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IIpeauciosue

V4aebHUK TpeHa3HAYEH JJIsi TeX, KTO IPUCTYIAET K U3y-
YEHUIO0 TEOPUU BEPOSITHOCTEH W MATEMATUYIECKON CTATUCTHU-
ku. OH HAIIUCAH Ha OCHOBE MHOTI'OJIETHETO OITBITA IIPeroiaBa-
HUs aBTOPOM Kypca “Teopust BepoITHOCTEH U MaTeMaTHIEC-
Kag cratucTuka’ B JHEmporeTpoBCKOM HAIMOHAJIBLHOM YHU-
BepcuTeTe Il CTYAEHTOB MEXaHUKO-MaTeMaTHIecKoro da-
KyJbTeTa, (pakyjJIbTera MPUKIATHON MaTeMaTUKH U JIPYTHUX
dakybTeTOB.

V4aeOHUK OXBATBIBAECT TPAJUIMOHHYIO TEMATHKY KYypPCOB
“Teopust BepogTHocTeii” u “MareMarmdyecKasi CTATUCTHKA :
CTOXACTUYIECKUN SKCIIEPUMEHT M €ro MaTeMaTHIeCKasl MO-
JIeJIb, TUCKPETHAST MOJIEJIb, CXeMa HE3aBUCUMbBIX MCITBITAHHUIA,
ciyJgaiinas BeJIMIuHa, ee PaclpeIe/IeHie U TUCIOBbIE XapaK-
TEPUCTUKH, CBEPTKA, CXOANMOCTh PACIPEICIeHN, XapaKTe-
puctuveckas (pyHKIMS, IpeIe/IbHbIE TEOPEMbBI, OIEHUBAHNE
[IapaMeTpoB pPaCHpeeIeHii, METO/bl ITOJIyIeHUsT OIEHOK,
[IPOBEPKA CTATUCTUYIECKUX TUIOTE3, ITapaMEeTPUIeCKUe U He-
napaMeTpuiecKkue KPUTEPUH, IIPOCTasl JIMHEHHAST PErpecCust
(o/THA TUIaBa IOCBAIIEHA KOMONHATOPHKE).

[Ipu repBoHAYAIEHOM 3HAKOMCTBE C KYyPCOM HEOOXOIUMO
PacCMOTpETh KaK MOXKHO OOJIBINE IPUMEPOB M PEIUTh KakK
MOKHO Oosblire 3amad. Vx 6orarass mombopKa IpUBEIeHA B
yaebnuke. [Ipu 3TOM JUIsT MILTIOCTPAINA TPUMEHEHUS METO-
JIOB TEOPUH BEPOSITHOCTEH U MATEMaTUYECKON CTaATHCTUKH
[IPU UCCJIEIOBAHIE PEAJIBHBIX SIBJIEHUN U IIPOIECCOB B 6OJIb-
IIIHCTBE CJIyYaeB 3a1a4u (popMyIUpYIOTCsI He B (DOpMAaJIbHO-
MaTeMaTHIeCKUX, a B €CTeCTBeHHO-HAYIHBIX TepMHUHaX. Ta-
KIe 3aJa9i eCTeCTBEHHBIM 00PAa30M BO3HUKAIOT B PA3HOOO-
pasHbIX cdepax AesITeJTbHOCTH YeJ0BeKa: B MHMOpPMaIlnoH-
HBIX TEXHOJIOTUSX, (PU3NKE, XUMUU, ACTPOHOMUU, OUOJIOTHUH,
reHeTHKe, MeIUINHE; B 9KOHOMUKE, MAITHHOCTPOEHUH, CTPO-
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HATEJIbCTBE, TEOJIOTHH, METAJIIy PTUH, SKOJIOTHH, CEJTBCKOM XO-
34HCTBE; B IICUXOJIOI'MH, COIUOJIOIMH, JIMHIBUCTUKE, I1€/1ar0-
ruKe, criopre u T. J. Perllenne npuBeeHHBIX B KHUTE 33,189
Tpedyer HedOPMAJIbHOIO OBJIAJICHUS MaTEpHAJOM: HEOOXO-
JINMO TPEJJIOKUTH Ty UJIN UHYI MATEMATHIECKYI0 MOJIE/b,
000CHOBATD 3TOT BBIOOP, MPEJJIOKUTH METOJ, PEIIEHUsT 33,18~
Y91, JATh UHTEPIPETAINIO IOy IeHHBIM Pe3yJIbTaTaM.

Bazaun KiaaccuUIUPOBAHbI 110 CTENeHH TPYIAHOCTH (XO-
TSl CJIOKHBIX 33124 B KHHUre Her). [Ipu 9T0M 3j1eMeHTapHbIe
3a1a91 0003HAYEHBI 3HAYKOM ©, DOJIee CJIOXKHBIE — 3Be310Y-
KOW, 3a/1a4M CPEAHE CJIIO?KHOCTU HE BbIJICJICHDI.

B otnenbHoill 1Ty1aBe NMpUBeEHbI peNeHus 3aJ/1a4, yKa3a-
HUsI U OTBETHI.

B yuebuuke Teopembl, npumepsbl, (HhOpMYJIbI, TAOJIHIIBI,
PUCYHKHU UMEIOT TPOIHYI0, a 3aJjadu — JBOMHYIO HyMepa-
muto. Hanpumep, sanmcs “dopmyita (3.1.2)” obosnauaer dhop-
Myay 2 u3 maparpada 1 rirasser 3, a 3anuch ‘3agada 5.127 —
3azady 12 u3 raassl b.

Bo Bropom u3manuu 66111 UCIIPABJIEHBI 3aMEYEeHHBIE Olle-
YATKU U HETOYHOCTHU ¥ BHECEHbI U3MEHEHUs B U3JI0KEHUE Ma-
TepuaJja, KOCHYBIIHecss B ocHOBHOM myaB 11, 12, 21.

V4eOHIKOM MOTYT MOJIb30BATHCSI KAK CTYIEHTHI MEXaHU-
KO-MaTeMaTUIECKIX (PaKyJIbTETOB, (haKyIbTeTOB MPUKJIAI-
HOJ MAaTEeMATHKN U KNOEPHETUKYN YHUBEPCUTETOB, TAK U CTY-
JIEHTHI TEXHUIECKUX, TI€IATOTUIECKIX, SKOHOMUIECKUX BBIC-
mux y4IeOHBIX 3aBeJICHUI.

Aprop Gnaromapen ceiny Esremuwto Typumny u moduepu
Harampe Osepux 3a TmiaTeibHOE IPOUTEHHE PYKOIUCH KHU-
' U ee CojieprKaTesIbHOe 00CY K IeHNUE.

[Ipetoxkennst u 1oKeJIaHUsT OTHOCUTEHLHO COJIEPXKAHUST
KHUTU U CTUJIS U3JI02KEHUsI MATEPUAJIa IPOCUM OCBLIATH 110
aJipecy:

VYxpanna, 49010, Tuenp-10, op. l'arapuna, 72, Jlnernpos-
CcKUil HANMOHAJIBHBI yHUBepcuTeT nMmenn OJiecsi [oruapa,
MEXaHUKO-MaTEMATHIECKIH aKy/IbTeT, Kadeapa cTaTuCTU-
ku u Teopun BepositHocreit, B. H. Typuwny nan mo agpecy
vnturchyn@gmail.com

AgTop



I'nmaBa 1

DJIeMEeHTbI
KOMONHATOPUKN

1.1 OcHoBHOIT TPUHITATI KOMOMHATOPUKHA

Kombunaropuka nsydaer KOHEUHBbIe MHOXKecTBa. MHO-
’kecTBa OysieM 0003HAYATH OOJIBIIUMU JIATUHCKUMU OyKBa-
vmu A, B,C, ..., uX 3JIleMeHTbl — MAaJIbIMH. IHCJI0 3JIEMEHTOB
KonewyHoro Muoxkecrsa A Gyjem oboznavars n(A).

Boramcsisist 9uci10 3/1eMEHTOB MHOKECTBA, A, YI0OHO HOJIb-
30BATBHCSA TAKUM (PAKTOM: €CIU MeXKy MHOxKecTBaMu A u B
YCTAHOBJIEHO B3AUMHO OJ[HO3ZHAYHOE COOTBETCTBUE, TO

— 3aYaCTyI0 YHUCJIO JIEMEHTOB MHOXKeCTBa B 1mojcuurarh
POITIE.

IIpsimoe npousBeaenne MHOXKecTB. [Iycrb A u B —
IPOU3BOJILHBIE MHOXKECTBa. KaxKiple J1Ba 3j1eMeHTa a € A u
b € B 3ajaor ynopsijiouennyio napy (a,b). Muoxkecrso Beex
ymopsiioueHHbx map (a,b),a € A,b € B, GyJeM Ha3bIBATH
dexapmosovim (npamowm) npouseedenuem MuaOKecTB A u B u
oymem obosnadare A X B

[Ipumep 1.1.1. Hatimu dexapmoss npoussedenus Ax B
uBx A, 2de A={1,2} u B =1{3,4,5}.

Pemenue. A x B = {(1;3),(1;4),(1;5),
(25)}, B x A= {(3:1), (3:2), (4 1, (52, (5 1),
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ycrs gano k muoxecrs AN, A®) . A®) Muoxkecrso
YIOPSAIOYEHHBIX HAOOPOB (a(l), a?, ..., a(k)), rnea® € AW,
a® e A@ ok e AK) Gynem naspiBaTh HEKAPTOBBIM
(psimbiv) mpomsseenned muozkects A AR AK) 4
6ynem oboznadars AL x A x ... x AK),

HOpuwmep 1.1.2. Ecau AV =R A@ =R AG) = R,
mo dexapmoso npoussedenue A1) x A?) = R! x R = R?
ABAACTNCA NAOCKOCTILI0, a dexapmoso npouseedenue AL x
xA@ x AG) =R x R xR = R3 — MPETMEPHBIM NPOCTT-
PAHCMEOM.

IIpaBusio ymHo>KeHusi (OCHOBHOM NPUHIUAI KOM-
ounaropukn). Jucao n(Ax B) aaemenmos dexapmosa npo-
useederun A X B xonewnwx mnoocecms A u B pasro npous-
sedenuto n(A)n(B) wucaa n(A) anemenmos muoorcecmea A
u wucaa n(B) asemenmos muoorcecmsa B:

n(A x B) = n(A)n(B).

B camom meste, Ut Kaxka0ro sneMenTa a € A cymecTBy-
er n(B) snementos (a,b), b € B, nekaproBa IPOU3BE/ICHHUsI
A x B. U nockonbKy MuOKecTBO A comepxkut n(A) semen-
TOB, TO 1ncyo (A X B) 2/IeMEHTOB JIeKapTOBA IPOU3BE/ICHUST
A X B paBHO

n(B)+n(B)+...n(B) =n(B)n(A),

B JieBoii uactu n(A) ciaraeMbIX — II0 YHUCIY JEMEHTOB B
MHOKecTBe A.
IIpaBuo yMHOXKEHHUS Jisl JTe€KapTOBa IIPOM3BEJEHUSA k

muozkects: wucao n(AM) x A x ... x AR spemenmos de-
xapmosa npouseedenus AL x A® x ... x A®) gopewnm
mnooceeme AL A AK) pasno npoussederuio

n(AMn(A@)) . n(A®R)

wucaa anemernmos n(AM) n(A®), .. n(A®) smuz mmo-
orcecms:

n(AD x A® x ..o AR = n(ADYp(AP)) . n(AR).
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Ipuwmep 1.1.3. ITyemv A = {1,2,3}, B = {4,5,6,7}.
Hatumu n(A x B).

Pemenune. n(Ax B) =n(A)n(B)=3-4=12.

IIpaBusio ymMHO>XKeHUsT B TepMUHaX JelicTBuii. Jac-
TO MPABUJIO YMHOXKEHUsI (DOPMYJIUPYIOT B TEpMHUHAX Jleii-
CTBUM.

Iycmo Heobxodumo svinosrums 0odHo 3a dpyeum k dedi-
cmeuti. FEcau nepsoe deticmeaue MoscHo 6bN0AHUMD T 4UC-
AOM CN0oCc0608, BMOPoEe — No YUCAOM CNOcobos u mak Ao k-20
deticmeus, Komopoe MONHCHO GHINONHUMD Nj YUCAOM CNOCO-
608, mo ece k deticmeuti emecme mo2ym Obimb BbINOAHEHDL
NiNg . .. NE YUCAOM CNOCOOOS.

B camom geie, obosnaunm uepes A mabop croco6os

BLINIOJHATH TepBoe Jeiicraue, yepes A2 — propoe, u . 1.,
aepes A — k-e neiicreue. Torma smement (al),a®, ...
.,a®) nexaprosa mpomssemenms A x A®) x ... x AK)

3aJaeT CII0cod BBIOJIHATD Bee k neiicrBuit BMecre. [Tosromy
9HCJI0 BCEX CIIOCODOB BBITIOJHUTH k JAefCTBUIl PABHO YUCITY

smeMenToB nekaprosa nponsseaerns AL x A2 x ... x AK)
CremoBaTe bHO,

(AW x A® x ... x AB)) =

= n(AMNn(A®) . n(A®)) = ning .. 0.

[MTpumep 1.1.4. Croavko vemuper3HaHbir HUCes MOAHC-
1o 3anucams yuppamu 0,1,2,3,4,5, ecau nu odna yudpa re
noemopaemcs borvuie 00020 pasa?

Pemenne. 3anucbiBast 9eThIPEX3HATHOE TUCTIO, MBI BbI-
[TOJIHSIEM Y€ThIPE IeHCTBHS: 3aIIUChIBAEM CJIEBa HAIIPABO IIep-
BYIO, BTOPYIO, TPEThIO, YeTBepTyto mudpol. [lepBoe neiicTBue
MOZKHO BBIITIOJITHUTH ITATBHIO CHOCO6aMI/I (Hyﬂb Ha IIE€pBOM MecC-
Te He MUIILYT), BTOPOe — IAThIO criocobamu (oHy mudpy yxKe
HCITOJIb30BAHO IIPU 3AIIMCH IEPBOI cjieBa Muppbl, HO, HAYHU-
Hasl CO BTOPOTO MeCTa, MOYKHO HCIOJIb30BATh HYJIb), TPEThHE
JIeiicTBUe — YeThIPbMsI clIocobamMu, deTBeproe — Tpems. [o-
3TOMY COIVIACHO IPABUJY YMHOXKEHUS BCE HEThIpE JICHCTBUA
BMECTE MOXKHO BBITTOJIHUTE 5 -5 -4 -3 = 300 cmocobamu. Cie-
noBaTesbHO, mudpamu ot 0 10 5 MoxkHO 3anucars 300 pas-
JIMYHBIX YeThIPEX3HAYHBIX YNCEJI, B 3AIIUCH KOTOPBIX IUQPELI
HE TIOBTOPSIIOTCS.
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YropsiioueHHbIe MHO>KecTBa. Mol OyzeM pazindaTrh
MHOXKECTBA U YIIOPSIIOYeHHbIE MHOXKECTBA.

Onpenenenune. MuoxkecTBo OyaeM Ha3LIBATH YNopado-
YEeHHDIM, €CJTA KayKIOMY €TI0 3JIEMEHTY IPUIIICAH HOMED, IPH-
9eM Tak, 9TO Pa3JInIHBIM 3JIEMEHTAM IPUIINCAHDI Pa3JInIHbIE
HOMEDA.

VIopsiioueHHbIe MHOXKECTBA PA3JIMIHBI, €CJIU OHU OTJIN-
qaf0TCsI JIN00 CBOMMU SJEMEHTAMHM, JTUOO0 WX TTOPSIIKOM.

KoneuHoe MHOXKECTBO MOYKHO YIIOPSIIOUUTH CJIELY FOIIM
CIIOCODOM: 3ANUCAMD GCE INEMEHMBL MHOHCECTNEA 68 CNUCOK
a,b,c, ..., f uxascdomy sremenmy npunucams €20 HOMED 6
CUCKe, UAU, 4MO MO HCE, PACTLONOHCUMD IAEMEHMBL MHO-
AHCECTNBA HA 3AHYMEPOBAHHBLL MECMAL U KAHCOOMY SNEMEH-
MYy MPUNUCAMb HOMEP MECMA, HA KOMOPOM OH OKA3AACA.
Kaxk npasmiio, Tak u OyZeM IMOCTYIATh.

IlepecTtanoBKU. n-DjeMEHTHBIE YIOPSIOYEHHBIE IIO/I-
MHOYKECTBa JAHHOI'O 7N-3JIEMEHTHOI'O MHOXKECTBa OyleM Ha-
3bIBATH €I0 NEPECNAHOESKAMU.

Pasyimanble mmepecTaHOBKY JIAHHOTO MHOXKECTBA, OTJIMYIa-
FOTCST TOJIBKO TOPSIIKOM 3JIEMEHTOB, HO HE CAMHUMH 3JIEMEH-
TaMHU.

Yucesio Bcex IMEePeCTAHOBOK N-3JIEMEHTHOI'O MHOMKECTBA
obosnagaior P,.

[ITpumep 1.1.5. Bunucams 6ce nepecmarosky, MHOHCECTN-
6a Q= {a,b,c}.

Pemenuwue. (a,b,c), (a,c,b), (bya,c), (b,c,a), (c,a,b),
(¢,b,a) — Bce mepecTaHOBKU MHOXKecTBa {a, b, c}, 3amernm,
aro P3 = 6.

Yucao nepectanoBok. Jucio P, scexr mepecmanogok
N-2NEMEHMHO20 MHONHCECTNEA (HUCAO CnOCcObO8 YNopAAOUUMD
N-INEMEHIMHOE MHONMCECTNB0) Pasho nl, m. e.

P, =n!

[ITpumep 1.1.6. Ckoavkumu cnocobamu, MOHCHO YNOPA-
douums mmostcecmeo wucena 1,2,...,2n max, 4mobv, wem-
HBLE YUCAG NOAYHUNML YEMHBLE HOMEDPQ Y

Pemenue. Pacnonoxum 2n umcen 1,2,...,2n Ha 2n
MeCTax, IMPUYEM TaK, ITOObI UeTHBLIE UMCJIa 3aHIJIU MECTa
C 9YeTHBIMU HOMEpaMHu (HpI/I 9TOM HEYETHBbIEC YUCJ/Ia 3&171MyT
MecTa ¢ HeYeTHBIMU HOMepaMu). BeinosHum 310 B jiBa Jeii-
crBus. JleiicTBue mepBoe — PACIOJIOKUM 7 9€THBIX UHCET
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Ha 7N YeTHBIX MecTax (YIOPSIOYUM 7N-3]I€MEHTHOE MHOYKECT-
BO); 9TO MOXKHO cjiesiath n! cnocobamu. [leficrBue Bropoe —
PaCIIONIOKIM 1 HEUETHBIX YUCEs Ha 1 HEYETHBIX MecTax (n!
criocobamn). JIBa jeficTBusi BMecTe (PACIIOIOKEHNE YE€THBIX
qHCesT Ha YETHBIX MeCTaxX, HEYeTHBIX — Ha HEYETHBIX) CO-

IVIACHO IIPABUJIy YMHOXKEHUSI MOXKHO BBIIIOJIHATH (n!)2 CIo-
cobaMu.

Pasmermenusi. Pasmeweruem u3 n 3jieMeHTOB 110 k Oy-
JTleM HA3BIBATH YIOPSIOYEHHOE k-3 IEMEHTHOE TTIOIMHOYKECTBO
N-37IEMEHTHOTO MHOXKECTBA.

Paszmernienust 3 n 971eMeHTOB O k Pa3IUYIHBI, €CIM OHU
OTJIMYAIOTCST WJIM CBOUMU JIEMEHTAMHU, WJIM UX TIOPSIJIKOM.

[Ipumep 1.1.7. ITyemv Q = {a,b,c}. Bunucamov ece
PA3MEWEHUA U3 3 INEMEHMOE NOo 2.

Pemenwue. (a,b),(b,a),(a,c),(c,a),(b,c),(cb).

Yucao pazmeniennii. Jucao Aﬁ 8cexr YnopadoUeHHBIT
k-2 MEHMHBIT NOOMHONCECTNG N-INCMEHMHOZ0 MHONCECTNEA,
(vucao pazmewenuti us n anemenmos no k) pasron(n— 1) ...
co.in—=(k—=1)), m. e

AF =nn—1)...(n— (k—1)).

[Mpumep 1.1.8. Ckoavko mpex3nauHur meaePhoHHbT
HOMEPOS MONHCHO cocmasums u3d yugp om 0 do 9 max, wmo-
Ol 6 3anUCU HOMEPG 6ce YuPpv, bvLAL pPadhbie?

Pemenne. Tpexsuaunslii TeedOHHBIII HOMED U3 pas-
JIMYHBIX TUPP — ITO 3-3JIEMEHTHOE YIOPSI0IEHHOE ITOIMHO-
»kecTBO MHOXKecTBa 0, 1, ...,9. A KotmaecTBO A%O 3-3JIeMEHT-
HBIX YIOPSJ0YEHHDBIX [TOJIMHOXKECTB, KOTOPbIE MO2KHO COCTa-
BUTb W3 3JieMeHTOB 10-3JIEMEHTHOIO MHOXKECTBA, PAaBHO
10-9-8, 1. e.

A3, =10-9-8 = 720.

Coueranusa. Couwemanuem u3 n asemenmos no k 0Oy-
JleM Ha3bIBATD Kk-3JIEMEHTHOE TIOJIMHOXKECTBO N-3JIEMEHTHOTO
MHOXKECTBA.

Coderanus n3 n JIEMEHTOB TI0 k Pa3JIMIHBI, €CJTH OHU OT-
JIMIAIOTCS CBOMMU 3JIeMEHTAMHU (110 MEHBIIEH Mepe OJHUM).
[TopsiTok 971eMEHTOB B COYETAHUM He CYIIECTBEHEH — COdUe-
TaHUsI, COCTOSIINE U3 OJHUX U TEX YKE DJIEMEHTOB, HEPA3JIu-
YUMBI.
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[Ipumep 1.1.9. ITyemv Q = {a,b,c}. Bunucamov ece
covemarua u3 3 asemernmos no 1 u uz 3 no 2.

Pemenuwue. {a},{b},{c} — Bce coueranus uz 3 siemen-
toB 110 1, {a,b},{a,c},{b,c} —u3 3 no 2. VI3 onpezesnenus
ciiepyer, uro, Hatnpumep, {a,b} u {b,a} — onno u 1o *Ke co-
qeTaHue.

Yucao coueranmit. Jucro CF scex k-anemernmmvix noo-
MHOHCECTNG T-INEMEHTMHO20 MHOHCECTNEA (HUCAO COMEMaHUT
u3 n aaemenmos no k) pasno n!/(kl(n — k)!), m. e.

Cn = El(n — k)

[Ipumep 1.1.10 (mmaxmarublii ropox). Paccmompum npsa-
MOY20AbHYI0 cemry Keadpamos — ‘“warmammsili 2opod”, co-
COAUWUT, U3 T X N KBAIPAMHBLL KEAPMAA08, PA3JENEHHVIT
n —1 “eopusonmarvrvimu” um—1 “eepmurasvroimu” yau-
yamu (puc. 1.1.1). Croavko na amoti cemike pasauHols Kpam-
watwur nymet, 6edYWUT U3 L6020 HUNMCHE20 Y2aa MoKy
(0,0)) 6 npaswii seprrud yeon (6 mouky (m,n))?

(0, m) (m,n)

(m,0)

Puc. 1.1.1: “IIlaxmaTrbIi TOpox”

Pemenne. Obozuaumm Oykpoit [ ropuzonTa bHBIN OT-
pesok nmyTu, OykBoit B — Beprukasbublit. Kaxkaprit kpaTaaii-
muit myTs u3 (0, 0) B (m, n) IMeeT n BEPTUKAIBLHBIX OTPE3KOB
U M TOPU30HTAJIBHBIX. OH HOJHOCTBIO 3aJaeTCsl YIOPsI0-
YEHHOU I10CJI€/J0BATE/IBHOCTDIO JIJIMHOM 1+ 1M, COCTaBIEHHOIT
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u3 m 6ykB ' u n 6yks B u naobopor. Ilosromy unciio kpat-
qalmmux IIyTeil paBHO YUCILy II0CJIeI0BATEIbHOCTEH! JJINHOR
n + m, cocrapjieHubix U3 m OykB I' u n 6yks B. Kaxmas
Takas HOCJE0BATEILHOCTh OIHOZHAYHO 33/IA€TCs BHIOOPOM
m mecT u3 1+ m jyist 6yksel [ (ocTaBiimecs: Mecta 3a1oJi-
HaoTcsa OykBamu B), mostomy ux umcio pasuo CJ,..

Pa3buenune muO>x)KecTB. Pasbuenuem n-3JI€MEHTHOIO
MHOXKeCTBa ) Ha M IOIapHO HEIEPECEKAIOIINXCs IOIMHO-
2KECTB, COJIEPIKAIINX COOTBETCTBEHHO k1, ko, . .., ky, dJIeMeH-
1oB (k1+ka+...+km = n), 6yJeM HA3BIBATH YIIOPSIOYCHHbII
HabOP

(A,B,C,...,9)
U3 M HEIEePeceKarnXcsl OJIMHOXKECTB MHOXKecTBa (), co-
IepKaIIIX COOTBETCTBEHHO ki, ks, . . ., k;y;, SJIEMEHTOB.

JlBa pas3bueHus Ha M MOMAPHO HEIePECEeKAIOINXC MO
MHOXKECTB, COAEPKAIINX COOTBETCTBEHHO k1, ko, . .., ky, 37e-
MEHTOB, PA3JIMYIHBI, €CJIU XOTsd Obl B OJIHOI IIape COOTBET-
CTBYIOMIUX kj-3JIEMEHTHBIX IOAMHOXKeCTB (j = 1,2,...,m)

UMEIOTCST PA3JINIHBIE 9JIEMEHTHI.

[Mpumep 1.1.11. Ilpusecmu 6ce 603modcHble pasbue-
Hus mroocecnea 2 = {a,b,c,d} na 3 nenepecexarowuxcs
noommnoorcecmsa: (A, B, C), codepotcauyue coomsememeento
k1 = 1 saemenmos (mmoorcecneo A); ko = 2 anemenmos
(mmnoorcecmeo B); ks = 1 anemernmos (mmoorcecmeo C).

Pemenune.
(fa} fe.d}, {0): (fa. {b.d}, e}

)

({a}, {b,c}, {d}); ( )i (

({6}, {a, ¢} {d}); ({b}, {c, d}, {a}); ({b}, {a, d}, {c}

({c}, {a, b}, {d}); ({c}, {a, d},{b}); ({c}, {b,d}, {a}

({d}, {a,b},{c}); ({d}. {a, c}. {b}); ({d}, {b, c}, {a}

Bamerum, uro nanpumep, ({a}, {b,c},{d}) u ({d},{b,c},
{a}) aBasrorcsa pazauaHBIME pa30bUeHUSIMU MHOXKecTBa {) =
={a,b,c,d}.

Ywucsio pa3buennii MHOXKECTBa Ha IIOJIMHOXKECTBA.
Yueno Cp(k1, ke, ... k) pasbuenutl n-siemenmmozo mHo-
atcecmaa §) Ha M HenepeceramouuTcs nodmmoscecms By, Ba,
.., B, codeporcawsux coomsememeenno ki, ko, . .., kny ane-
menmos (k1 + kg +...... + k= n), pasto

)

— N
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n!

Cn(kl,kQ,. . ,km> = m

IlepecTtanoBku c moBTopeHuUsiMu. [lepecmarosxoti ¢
nosmopenuamu. (CA060M) JJINHOI n, 0Opa30BaHHON k1 3Jie-
mentamu (6ykBamu) aj, ko s1ementamu (GyKBamu) ag, U
T. 1., ky, 971eMeHTaMu (OyKBaMu) ap, (k1 +ko+...+kyn =n)
Oy/eM Ha3bIBaTh YIIOPSJIOYEHHYIO TIOCIEI0BATEbHOCTD JIJIU-
HOIT 1, o6pa3oBanHyIo k1 s1eMentamu (OykBamu) a1, kg d71e-
mentamu (6ykBamu) ag, u T. 1., k,, smementamu (OykBa-
MHU) Gy

JlBa cmoBa ajmHoit n, obpasoBamnubie ki OyKBaMU aq,
ko OykBamMu ag, U T. 1., k,, OYKBaAMU a, PA3JIUIHBLI, €CJIN
OHM OTJINYAIOTCS HOPSIIKOM OYKB.

Yuci0 mepecTaHOBOK C MOBTOPEHUAMU. Jucao ne-
PECManosokx ¢ nosmopenuamu (cr06) 0Aunot n, Komopwie
MOAHCHO cocmasums u3 k1 aaemenmos (6yxks) ai, ko snemen-
moe (6yks) az, um. 0., ky, anemenmos (6yxs) any, (k1 + ko +
oo+ ki =n), pasro Cy ki, ko, ... k).

IIpumep 1.1.12. Ckoavko cywecmsyem cnocobos pas3-
MECTIUMD N PASAUNUMBLE HACTUY, O M ANETUKAM MAK, 4IMO-
OvL 6 nepsyro avetliky nonaso ki dacmuy, 60 emopyto — ko,
um. d., 6 m-10 — ky, ?

Pemenmne. [Ia oupeneseHnocTr 3aHyMepyeM IaCTUITBI
qucaamu 1,2)...,n, a gdeiikn (06aacTH IpoOCTpaHCTBA) —
"Homepamu 1,2, ..., m.

O6opor “pacupesiesuTb (pasMecTuTb) n YacTUIl 110 M
staeiikaM’ 0DO3HAYAET — KayKIOW JaCTHIE MPUITICATH HOMED
sSYefdKU, B KOTOPOIl OHa OKazkeTcsd. Tak 4To KazKIOMy pas-
MEIIEHUIO 1, JACTHUIL TI0 M stIeifKaM COOTBETCTBYET MOCJIEI0-

BaTEJbHOCTD JIJIMHON N, cOCTaBJeHHas u3 ducena 1,2,...,m,
JIPYTUMHU CJIOBAMH COOTBETCTBYET CJIOBO (41,12, . .. ,0y) JJIH-
HOl n, COCTaBJE€HHOe W3 HOMEpPOB gddeek 1,2,...,m

(i1 — HOMEp sA4eiiKu, B KOTOPOii OKa3aaach 9aCTUIIA C HOMe-
poM 1, i9 — HOMep sT9eliKM, B KOTOPO OKa3aJiach JacTUIIa C
HOMEDPOM 2 U T. II., iy, — HOMED STUeHKH, B KOTOPOI 0Ka3aJIacCh
gacTui@a ¢ HoMmepom ). VI HaobopoT, KaxK1ast Takast IOC/ 16,10
BATEIHLHOCTD (CJI0BO) 3a/1ae€T PACIPEIEICHUE N PA3THINMBIX
qacTurl 1o m sdefikam. [losromy uncsio Bcex pasmerreHuii n
YACTHI] IO M, sT9eifikaM paBHO m” — YUCIY CJIOB JIJIMHON N,
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COCTaBJIEHHBIX U3 dnces oT 1 10 m. A 4ucjo pasMereHuii n
qacTUl] 110 M g4YeiikaM, Y KOTOPBIX B IEepPBOU d4YeiiKe HaXo-
JuTCs k1 9acTHIl, BO BTOPOil — k9 9acTUIl U T. 1., B m-if —
Ky, 9aCTUIl PABHO YHCJIY CJIOB JJIMHON 7, COCTABJIEHHBIM U3
k1 snemenros (6yks) “17, ko smementoB (6ykB) “2” m 1. 1.,
km snementoB (6ykB) “m”, T. e. paBHO Cp(k1, ko, ..., kn).

Coueranusg ¢ moBropeHusiMu. Couemaruem us m aie-
MEHMO8 MO N ¢ NoemoperuAmy ByjieM Ha3blBaTh HAbop (MHO-
JKECTBO) U3 M 9JIEMEHTOB, KAXKJIblii M3 KOTOPBIX IIPUHAJIJIE-
KHUT OJIHOMY U3 1M THUIIOB.

Coueranne u3 m 3JIEMEHTOB II0 7 C TIOBTOPEHUSIMH OJTHO-
3HAYHO 3aJaeTCd YKAa3aHUeM UHCIa T1 JEMEHTOB IIEPBOIO
THIA, YUCIa T2 JEMEHTOB BTOPOIO THIA, U T. JI., YHCIA Ly,
QJIEMEHTOB -0 THUIIa, B HEI'O BXOJLAIINUX, T. €. 3aJaeTCd I10-
CJIEJIOBATENILHOCTBIO (X1, T2, . .., Ty) HEOTPUIATEIBHBIX e
JIBIX 9UCEJI, TAKUX, IYTO X1 + T9 + ... + T,y = N, 1 HA00OPOT
— coveTaHue U3 1M JIEMEHTOB 10 7 C MOBTOPEHUSIMHU OJIHO-
3HATHO OIPEJIE/IsSeT MOC/IeI0BaTeIbHOCTh HEOTPHUIATETbHBIX
[eJIbIX YUCeJ, TAKUX, YTO L1+ T2 +...+Tpym =N (1‘1 — YHCJIO
3JIEMEHTOB IIePBOr'0 TUIlA, L9 — BTOPOrO TUIA, U T. ., Ty —
YHCJIO HJIEMEHTOB 1M-T0 TUIIA).

JlBa coderaHusi ¢ MOBTOPEHUSIMU U3 171 JIEMEHTOB IIO T
PA3JIMYHBI, €CJIM OHU OTJIUYAIOTCS KOJTUIECTBOM 3JIEMEHTOB
XOTs1 OBI OJHOTO THMAa. [IOPSITOK 37IEMEHTOB B COUYETAHUH C
IIOBTOPEHUAMMN HE CYyHIECTBEH.

[Ipumep 1.1.13. Boinucams 6ce couemarus ¢ nosmope-
nuaAMY u3 4 anemenmos a, b, c,d no 2.

Pemenue. aa,bb, cc,dd, ab, ac, ad, be, bd, dc.

Hucsao coderanuii ¢ noBropeHusasmu. Yucao f, co-
YeMmaHuti U3 M IAEMEHMOE MO N C MOGMOPEHUAMU PAEHO

m—1
Cn+m_1, m. e.

n _ ~ym—1
fm - Cn+m—1'
Ecaun > m, mo wucio maxux couemaHut u3 m sremeH-
MO8 NO N ¢ NOBMOPENUAMU, 6 KOMOPLIT KAACOBT dAeMeHm,
scmpevaemcsa roms ove 00un pas, pasHo C;":ll.

I[Ipumep 1.1.14. Ckoavko neompuyamesvrvix pewerull
8 UEADIT YUCAAT UMmeem ypasHeHrue 1 + To + ...+ Ty =N ?
Pemenue. Pemenuem ypaBuenus

T1+To+ ... +Tm =N
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B II€JIbIX HEOTPUIlATEJIbHBIX YUCJIaX ABJACTCHA IIOCJICIO0BATECIIb-
HOCTB (Z1,Z92,...,%y) HEJIbIX HEOTPHUIATEIbHBIX YUCET Ta-
Kasgl, 9T0 1 + 9 + ...+ =, = n. Kaxknas Takasi mocjenoBa-
TEJIbHOCTD 3aJaeT COYETAHME U3 M II0 N C IOBTOPEHUSIMU U
Haobopot. ITosToMy MCKOMOE YMCIO pelieHuii PABHO YUCITY
fl coderanuit u3 m 10 N C HOBTOPEHUSAMH.

CoueTanns ¢ HIOBTOPEHUSAMU 1 cJioBa. [lycTh nmeer-
sl CJIOBO JUIMHOI 1, COCTABJICHHOE U3 M OYKB (SJEMEHTOB):
x1 OYKB a1, T3 OYKB a2 U T. M., Ty OYKB Qpy (21 + T2 + ...
oo+ 2 = n). “Cepimas” OyKBbI CJIOBA B YPHY, [TOJIYIUM Ha-
60p M3 N 9JEMEHTOB, B KOTOPOM YHCJIO 3JIEMEHTOB TEPBOTO
THITA PABHO T1, BTOPOTO — o, U T. J., M-T0 TUNA — Xy, T. €.
[OJIy9UM COYETAHNE U3 1M SJIEMEHTOB I10 1 ¢ IIOBTOPEHUSIMU
(0/1HO) € 3a/IaHHBIM YUCJIOM JIEMEHTOB KaK/[OI'0 THIIA.

Haob6oport. IlycTts MBI nMeeM codeTanune U3 1m 3JI€MEHTOB
[I0 M C IOBTOPEHUSIMH, B KOTOPOM YHCJIO 3JIEMEHTOB II€PBO-
ro THUIa PaBHO X1, BTOPOTO — To, U T. JI., M-TO TUMA — Xy,
(uMeeM HAOOD U3 M HJIEMEHTOB “CCHIIAHHBIX B yPHY: 1 dJie-
MEHTOB @1, Ty JJEMEHTOB Ay W T. JI., Ty, SJIEMEHTOB Uy ).
PaSMeCTI/IB 9JIEMEHTBI Ha 7l 3aHYMEPOBAaHHBIX MeCTaXx (yHO—
PSJIOUMB UX) HOJIYYHM CJIOBO. UHCIIO BCEX TAKUX CJIOB PABHO
Cn(z1,22, ..., Tm).

1.2 3agaun

A3:1.3°,1.10,1.14,1.16°,1.18,1.19, 1.22,1.23, 1.25.
C3:1.4°,1.5°,1.11°,1.15,1.17°,1.20, 1.24, 1.27, 1.30, 1.32.

B npeiaraeMbix jrajiee 3a1aqax, Mpexkae 9eM MOCIUThI-
BaTh YHCJIO 9JIEMEHTOB TOTO WJIM WHOTO MHOXKECTBA, HEOOXO-
JIAMO OTIPETIETTUTD: Ym0 UMEHHO NPedcmasaaom cobot amu
anemenmo, (m. e., wmo nodcwumuvieamy). Ilpexme dem or-
BeUuaTh Ha BOMpoc “Croavko?”, HeOOXOMMO OTBETUTH HA BO-
upoc “Ymo? Ymo 6ydem cuumamov?”

1.1°. U3 ropoma A B ropox B Bezmer n jopor, a u3 B B
C — m nopor. CKOJIbBKIME CIIOCODaMU MOKHO OCYIIIECTBUTH
myTerrecTBue o Mapmpyty A — B — C?

1.2°. Ha BepriiuHy ropbl BeIeT ceMb TPONMHOK. CKOJIb-
KUMHU CIIOCOHAME TYPUCT MOXKET MOJHSITHLCS Ha TOPY U CITy-
cruthest ¢ Hee? OTBETUTH HA 3TOT BOIPOC P YCJIOBUM, UTO
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BOCXOKJIEHUE ¥ CIIYCK OCYIIECTBJISIOTCS PA3JIMIHBIMU 1Ty Ts-
M.

1.3°. B posbirpeiiiie mepBeHCTBa CTpaHbl 110 (hyTOOITY
yuacTByiorT 17 komang. CKOJIBKUME CIIOCOOAMU MOI'YT OBIThH
pacupeie/leHbl MeXK Iy HUME 30J10Tast, cepedpsiHast u OpOH30-
Basg MeIajn’

1.4°. CKOJIBKO TPEX3HAYHBIX TUCET MOXKHO 3aITHCaTh -
pamu 0, 1, 2, 3, 47

1.5°. CKOJIBKO TPEX3HAYHBIX YUCET MO2KHO 3AIUCATH 1Tud-
pavu 0, 1, 2, 3, 4, ec/in KaxK/IyI0 U3 HUX HCIOJH30BaTh HE
6oJiee oHOTO pasa’

1.6°. CKOJIbKUME CIIOCODAME CEMb YEJIOBEK MOT'YT CTATh
B 0Yepe/ib K Kacce?!

1.7°. Yuenuku uzydaor 10 npeameroB. B nonemenbHuk
0 pactucaHumio 6 ypoKoB, IpudeM Bce pasubie. CKOTbKAMI
c1r1ocobaMu MOXKHO COCTABUTDH PACIUCAHME HA TOHEJETbHUK !

1.8°. CKOJIBKO CYIIECTBYET MSITU3HATHBIX GHUCE]I, JEJIs-
mumxcs Ha 5?

1.9°. ABTOMOOWJIBHBINA HOMEP COCTOUT U3 JBYX OYKB U
gerbipex mudp. Kakoe 4uciio pasjimaHbx HOMEPOB MOXKHO
COCTaBUTh, UCIOJIb3YsI 26 OyKB JJATHHCKOTO ajipasura’

1.10. B possbirpeimie mepBeHCTBa CTPaHbl M0 (HyTOOTY
npuHuMaioT ydactue 16 koman. KoMawpl, 3aHsBIINE TIEP-
BO€, BTOPOE U TPEThe MEeCTa, HArPaXKIAIOT COOTBETCTBEHHO
30JIOTOM, cepebpsiHON 1 OPOH30BOI MeTAISIMU, 8 KOMAHJIbI,
OKa3aBIINeCs Ha JBYX IMOCJIEIHAX MECTaX, TOKUHYT BBICIILYIO
sinry. CKOJIBKO Pa3JIMYHBIX PE3Y/ILTATOB IIEPBEHCTBA MOXKET
OBITH?

1.11°. CrombkumMu criocobaMu n3 9 4eloBeK MOXKHO BbI-
OpaTh KOMUCCHIO B cocTaBe 4 4ejIoBeK?!

1.12°. Cro/IbKUMU CIIOCODAMU IUTATEb MOXKET BBIOPATH
TPU KHUATU U3 IISITH !

1.13°. CkoJibKUMU CIIOCODAMU MOYXKHO PA3MECTUTH Ha, I10JI-
Ke 4 pa3Hble KHUTHU?

1.14. IlycTb p1, p2, - - - , Pn — PABIUIHBIC IPOCTHIC TUCTA.
Ckonbko JenmTereiil nMeer 4nciao m = piips?...phn, rie
Q1,Q9,...,0, — HEKOTOPbIE HATyPAJIbHBIE YuCIa’

1.15. CKOJIBKO CYyIIECTBYeT IIEPECTAHOBOK M3 7. JIEMEH-
TOB, Y KOTOPBIX /1B JAHHBIE JIEMEHTa CTOSIT PSIAOM?

1.16°. CrobKuMHU CIIOCOOAME MOXKHO PACcCauThb 4 yde-
HUKOB Ha 25 mecTtax?
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1.17°. Crynenty HeOOXOIMMO Ha INPOTSIKEHUH 8 IHEi
cnath 4 sx3amena. CKOMBKUME CTOCOOAMU ITO MOYKHO CIe-
JlaTh?

1.18. CKOMBKUMHE CIIOCOOAME MOXKHO YTIOPSITOYATH MHO-
xkecrBo {1,2,3,...,n} Tak, arobsl uyucia 1,2,3 crosam ps-
JIOM U B IOPSJIKE BO3pACTAHUsI?

1.19. CKOIBKO CYIIECTBYET Y€ThIPEX3HAUHDBIX YUCEJ, Y KO-
TOPBIX KaxKjias 1ocjeayomas nudpa 60JIbIIe MPe by et

1.20. CKOIBKO CYIIECTBYET YeThIPEX3HAUHDBIX YUCE, Y KO-
TOPBIX KaXK1ast TOCJIE Y IOIIast I pa MEHBIIIE IPE Iy IIeii !

1.21*. B npsaMoyroabHy 0 TabJIMILY U3 1M CTPOK H 7, CTOJIO-
[IOB HEOOXOMMO 3anucaTh dncia +1 u —1 Tak, 9To0bI 1Mpo-
M3BeJICHUE YNCe)T B KAXK IO CTPOKE M KayKJIOM CTOJIOIE OBLIO
paBuO 1. CKOJBKUME CIIOCOOAMHU TO MOXKHO CIIEJIATH?

1.22. Umeercst p GesibIx U ¢ 9epHBIX mapos (p > q).
CKOJIbKUME CIIOCOOAME MOXKHO PACIIOJIOKUTH B PsII BCE IMa-
PBI Tak, 9TOOBI HUKaKKe 2 YePHBIX IIapa He JIeXKaJIu PIIoM !

1.23. Ha mjockocTu mpoBeAeHO N IPSMBIX TaK, 9YTO HU-
KaKWe JIBe U3 HUX He MapaJsiie/bHbl M HUKaKue TPU He Iepe-
CEKaIOTCS B OJHOIN TOYKeE.

1) Haiiaure KOIMYIECTBO TOYEK MEPECEICHUS MTPAMBIX.

2) CKOJIBKO TPEyTOJbHUKOB 00pa3ytoT IpsMbie?

3) Ha ckosbko vacreii Ae1sT II0CKOCTD TpsIMbIe?

4) CKOJIBKO cpeju 4dacTreii, Ha KOTOPBIE JETUTCS IJI0C-
KOCTDb IPSIMBIMU, OTPAHUYEHHBIX U CKOJIbBKO HEOTDAHWICH-
HBIX !

1.24. CKOJIBKO JuAroHaJ el MMeeT BBILYKJIBIH 7-yTIOJIb-
HUK?!

1.25. B cko/IbKHX TOYKAX EPECeKarOTCs TUATOHAIN BbI-
[IyKJIOTO N-yTOJbHUKA, €CJIH HUKAKAE TPU U3 HUX HE Iepece-
KaloTCd B OIHOI TOYKe?

1.26*. B BBIIyK/JIOM n-yTOJbHUKE IIPOBEIEHO BCE JTUATO-
Haju. VI3BECTHO, YTO HUKAKHUE TPHU U3 HUX HE [I€PECEKAIOTCS
B oiHOI TouKe. Ha CKO/IBKO UacTeil pu 5TOM Pa3IeuTCs
N-yrOJIbHUK !

1.27. /TokazaThk, 4TO

(AW x AW .o ARy = n(ADY(AP)) [ n(AR).

1.28. JlokazaTb, 9YTO YHCJO CHOCOOOB YHOPSIOYUTH
N-3JIeMEHTHOE MHOYKECTBO PaBHO 7!
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1.29. JlokazaTb, 9TO UUCJIO Afl pasMelneHuit u3 n aJje-
MeHTOB 110 k pasHo n(n —1)...(n — (k—1)).
1.30. Jlokazarb, uro CF — wumcio k-saemMenTHbIX TOJI-

MHOXKECTB N-3JIeMEHTHOr0 MHOkecTBa paso n!/(k!(n—k)!).
n

1.31. Jlokazarn, uto (a + b)" = > Ckakpn=F.
k=0

1.32. [okasars, uro auciao Cy(k1, ks, ..., ky) ciocoboB
pasbuTh N-3JIEMEHTHOE MHOYXKECTBO HAa 1M HEITEPECEKAIOIIIXCST
[OJIMHOYKECTB, COJIEPXKAINUX COOTBETCTBEHHO ki,ka, ..., kn
ssiemenToB, paBuo n!/(kilks!. .. ky,!).

1.33. Jokasars, uro cymecrsyer Cy,(k1, ka, ..., kp,) cioB
aymHoM n u3 k1 6yKB a1, ko OYKB ag, U T. ., Ky OYKB Q.

1.34. CroJIbKEMU CII0COOAMU MOXKHO Pa3ieIuThb m-+n—+s
[PEIMETOB Ha TPU IPYIIILI TaK, YTOOBI B OJIHOM IpyTire 66110
m NPEIMeTOB, B IPpYyroil — n, B TpeTbeii — §7

1.35. Cko/IbKUME CIIOcOOAMU MOYKHO Pa3Ie/InTh 31 IPe/I-
METOB MEXKTy TPeMsl JINTIAMU TaK, ITOOBI KarKJIBIi Oy ImT
N PEJIMETOB?

1.36 (mosmmHOMManbHAasi TeopeMa). Jlokasars, 4TO BbI-
paxkenue (a1 +ag+...+an)" paBHO CyMMe BCEX BO3MOXKHBIX
cJaraeMbIX BUIA

rme k1 + ke +...+k,=n, T e

(a1+a2+...+am)”:

I
_ n: k1 ko km
- > T lkgl . el 1420 G

CYMMMPOBAHIE BEJIETCA 110 BCEM HMEJIOYUCIEHHBIM HEOTPUIIA-
TeJIbHBIM Tocsef0BaTeabHocTIM (K1, ko, . . ., kyy) TakuM, 910

1.37. Jlokazarb, 4TO 4HUC/IO f)} coueTaHnit U3 m 3JeMeH-

TOB II0 N C IOBTOPEHUSIMU PABHO C’Zﬁ;}b_l.

1.38. Jloka3aTb, 9YTO YUCJO COUETAHUN U3 M IJIEMEHTOB
10 N ¢ OBTOpeHUsiME (1 > M), B KOTOPBIX KazKJbIi 3JIeMEHT

BCTPEYaETCs XOTsI Obl OJINH pa3, PABHO C’;”__ll.
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1.39. CKOJIBKO pa3jnyHbIX YaCTHBIX IIPOU3BOJIHBIX I10-
psifiKa n uMeeT aHaauTHdeckas dyukmusa f(zy, o, ..., xs)?

1.40. CKOJBKO CYINECTBYET CIIOCOOOB Pa3MECTUTH TPU
HEpa3IMIUMbIE Mapa M0 TPEM HEPA3TUINMBIM SIIIIUKAM !

1.41. JToxa3aThb TOXKJIECTBO
Ot C+C2 4. 4O =2"

1.42. /Toka3aTh TOXKJIECTBO

n

> (Cr)? =Cs,.

k=0

1.43. Yepes KaxKIyi0 TOYKY C IEJTOYUCTEHHBIMU KOOD-
JUMHATAME B TPEXMEPHOM IIPOCTPAHCTBE ITPOBEICHBI IIPSIMBIE,
napaJsiiesbHble 0csM KoopauHat. CKOIBKO CYIIECTBYET KPaT-
qaiimux myreit u3 rouku (0,0,0) B Touky (m,n,k), m >
> 0,n > 0,k > 0, 0o JimHUSAM 3TOH CeTKU?!



I'maBa 2

CroxacTuueckKuii
SKCIIEPUMEHT

2.1 IIpocTpaHCTBO 3JIeMEHTAPHBIX
coObITHuii, ajiredpa coobITUil

Teopusi BepoITHOCTEH U3YyYaeT CMOTACTNUYECKUE IKCTE-
PUMEHMBL, UCCIEAYd UX MaTeMaTudeckue mojesu. [lon cro-
XaCTUIECKUM HKCIIEPUMEHTOM MBI ITOHUMAEM JKCIIEPUMEHT,
pe3yJibTaT KOTOPOI'0 HEBO3MOXKHO IIpeJICKa3aTh 3apaHee (110
[POBEJICHNUST SKCIIEPUMEHTA ), HO KOTOPBIA MOXKHO TIOBTOPHUTD
(Bocmpom3BecTn) B HPUHIMIE HEOTPAHMYEHHOE YHCJIO Pas,
IpUIeM TaK, YTOOBI PE3yAbTATHI IIPEIBIIYINNX IKCIEPUMEH-
TOB HE BJIUSIIOT HA TOC/IEMyoue (He3aBUCUMBIM 00pa3oM ).

IIpumepsnI cTOXacTUIECKUX IKCIIEPUMEHTOB.

1. ITonbpaceIBaioT JaBE MOHETBI U PETUCTPUPYIOT CTOPO-
HBI, KOTOPBIMI OHM JIETVIN KBepxy. Vcxom sKcriepuMeHTa —
“repb, repb”’, “repb, perrerka’, “pererka, repb’, “perierka,
pereTka’ — MIpeJICKa3aTh 3apaHee HEBO3MOXKHO.

2. TlonbpachIBaloT UIrpasibHYyI0 KOCTb W PETUCTPUPYIOT
9HCJIO BBITIABIINX OYKOB. VICX0 9KCIIepuMenTa — MOSBICHNE
1,2,...,6 — npeacka3aTh 3apaHee HEBO3MOXKHO.

3. IlogbpacbiBalOT MOHETY U PETHCTPUPYIOT HHUCJIO TIO/I-
OpachIiBaHUil 10 TIepBOro TogBIeHUs1 repba. Vcexom skcmepu-
MeHTa — uncjo mogbpaceBanmii: 0, 1,2, ... — 3apaHee Tpes-
CKa3aTh HEBO3MOXKHO.

4. PerucTpupyoT nHTEPBaJ BPEMEHH 10 BBIXOA U3 CTPOsT
npubopa. Ncxon sxcepuMenTa — MpOJ0I2KUTETLHOCTD 0€3-

19
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OTKa3HOI paboThl MpubOpa — 3apaHee MpeacKa3aTh HEBO3-
MOXKHO.

5. Hacruia ygacTByeT B OpOYHOBCKOM JIBUKEHUN — JIBU-
JKEeTCs IO/l BO3AEHCTBIEM YIAPOB MOJIEKYJI XKUIKOCTH, KOTO-
pble TIOCTOSIHHO MPEeOBIBAIOT B XAOTHYECKOM TEILJIOBOM JIBU-
skerun. Vexo | sKCIiepuMenTa — TPAEKTOPUIO JIBUYKEHUST Jac-
THUIBI — 3apaHee MPeJICKa3aTh HEBO3MOXKHO.

BaMeTnM, UTO KarKIblil U3 MepeunCIeHHBIX BBIIIE IKCIIE-
PUMEHTOB MOYKHO HE3aBUCUMBIM 00pa30M IIOBTOPUTH HEOI'pa-
HUYEHHOE YUCJIO Pas.

IIpocTpaHcTBO 3jIeMeHTAPHBIX COObITHIT. Kaxxmomy
CTOXACTHIECKOMY JKCIEPUMEHTY COOTBETCTBYET NPOCMPAH-
cmeo (MHOXKeCTBO) ero ucxoyoB. I[IpocrpancTBo ncxonos Oy-
JieM obo3HaYaTh Yepe3 ), a caMu UCXOJIbl, KAaK MPAaBUIIO (HO
He 00s13aTesbHO), OyaeM 0003HAYaTh depe3 w (BO3MOXKHO,
¢ unjekcaMn). VIeXo/bl CTOXaCTUIECKOTO IKCIIEPUMEHTA, ellle
Ha3BIBAIOT dJEMEHTAPHBIMU coObITHsAMU. Jlasee s nHac “uc-
XOJI, CTOXACTUIECKOTO 3KCIepuMeHTa’ 1 “dJeMeHTapHOe CO-
OBITHE CTOXACTHIECKOTO SKCIIEPUMEHTa’ 0003HAYAIOT OTHO 1
TO 2Ke.

B npumepe 1 B KauecTBe IPOCTPAHCTBA UCXOI0B CTOXAC-
THIECKOTO IKCIEPUMEHTA €CTECTBEHHO PACCMATPUBATH MHO-
xkecrso ) = {I'T, I'P, PI", PP}, B upumepax 2, 3, 4 coor-
BercrBeHHO MHOXKectBa ) = {1,2,...,6}, Q@ = {0,1,...},
2 = [0,00), B upumepe 5 B KadecTBe {) €CTECTBEHHO Dac-
CMaTpUBaTh MHOXKECTBO TPAEKTOPUI YaCTUIIHI.

Peaymszanuio croXacTu4ecKoro SKCIepuMeHTa Mbl HHTEP-
MpETUPyeM KakK CIYYalHBIA BBIOOD TOYKM W M3 MPOCTPAHC-
TBa €.

ITpocTpaHCcTBO J1eMeHTapHBIX coObITHI (ncx010B) §) Oy-
JIEM Ha3bIBATb JUCKPEMHbLM, ECITH OHO KOHEUHO UJIU CIETHO,
T. €. 9JIeMeHTHI () MOXKHO 3aHyMepoBaTh uncjamu 1,2, . ..

Asrebpa cobbiTuii. 113 onbiTa N3BECTHO, ITO C KAYKIHIM
CTOXACTHIECKUM SKCIEPUMEHTOM MOXKHO CBSI3aTh CeMefcTBO
COOBITHI, KOTOPBIE MOXKHO HADJIIOIATH (KOTOPBIE MOTYT IIPO-
M30{TH) B JAHHOM SKCIEPHMEHTE, Oy/IeM WX HA3BbIBATH Ha-
barodaemuimu cobvmuamu. HabmomaeMble coObITHSI cTOXA-
CTUYECKOTO IKCIIEPUMEHTA, KaK MPABUJIO, 0003HAYAIOT OOJIb-
muMu Jatuackumu 6ykBamu A, B, C ..., a ceMeiicTBO Bcex
HaOJII0/IaeMBIX COOBITHIT — roTnyeckoit OykBoit 2.
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Hab6uiroraembie cobbiTust B ipuMepe 1: A — “BbIajr XoTst
651 oquH repb”’, B — “MOHETHI JIeTJIn Pa3HBIMIA CTOPOHAMMN
B npumepe 2: C' — “BbIIIajio 4eTHOE YUCJIO OYKOB', . . .

Kaotcdoe cobvimue A cmoracmuueckozo sKcnepumMeHma
MOIHCHO ONUCAMD HEKOMOPBLIM NOOMHONCECTNEOM NPOCTPAH-
cmea Q anemernmaproir cobvimul (ucxodos), a umenno, noo-
MHOHCECTNBOM MET UCT0J08, Komopvie eaekym A:

A={w:w € Q, xomopwie erexym cobvmue A}.

[TosTomy B masbHeiineM HAOJIOIaeMOe COObITHE MBI OyIeM
OTO2KJIECTBJIATH C HEKOTOPBLIM ITOJAMHO2KECTBOM 3JIEMEHTap-
HBIX COOBITHII (MCXO/I0B), KOTOPBIM 9TO COOBITHE OIUCHIBAET-
¢ u OymeMm 0003HAYATDL X OJHOW U TOM kKe OyKBOIi.

Eciin B pesyabraTe MpOBEIeHUs] CTOXACTHIECKOIO IKCIIE-
PUMEHTa TOUKA W IIOIajia B MHOXKECTBO A, KOTOpPOe OINChIBa-
et cobbiTre A, 6yieM rOBOPUTD, 9TO COOBITHE A MPOU30IILIO,
B IIDOTUBHOM CJIy4yae — He IIPOU3OIILIO.

B npumepe 1 cobbiTre “MOHETHI JIETJIN PA3HBIMU CTOPO-
Hamu” onmcbiBaercsa noamuoxkecrsom {I'P; PI'} npocrpan-
crea ! = {I'T, I'P, PI", PP}; B upumepe 2 cobeirue “Bbl-
[1aJI0 YeTHOE YUCJIO OYKOB’ OIUCHIBACTCS ITOAMHOXKECTBOM
{2,4,6} npocrpancrea Q = {1,2,...,6}, B npumepe 3 co-
OBITHE ‘“SKCIIEPUMEHT 3aKOHUMIICS 10 YETBEPTOTO MOI0PACKI-
Banus’ onuceiBaercs moamuozkecrsom {0, 1,2, 3} npocrpan-
crea = {0,1,...}, B upumepe 4 cobbiTHe “HPOIOJIKUATE b
HOCTH 6€30TKa3HOI paboTh! mpubdopa npesbicuia 100 equHurr
BpeMeHn” onmcbiBaeTcst mogmuoxkecTsoM (100, 0o) mpocTpan-
crea Q = [0, 00).

Cpenu HaOIIODAEMBIX COOBITUH CTOXACTUIECKOIO IKCIIE-
PUMEHTa, BBIIEJISIIOTCS JIBA: COOBITHE, KOTOPOE ITPOUCXO/IUAT
P KaXKJOH peaiM3aIiiil CTOXACTUIECKOI0 3KCIIEPUMEHTA
(0HO HA3BIBAETCSI JOCMOBEPHHLM U OIIUCHIBAETCST MHOXKECTBOM
), u cobpiTHe, KOTOPOE HE MPOMCXOJUT HU TIPU OJHON pea-
JIM3AIUH SKCIEPUMEHTa (OHO HA3BIBACTCI HEGO3MONCHOIM M
OIINUCBhIBa€TCAd MHO>XKECTBOM @)

[Tycts A u B — mabimioiaeMble COOBITHS CTOXACTHIECKOTO
SKCIIEPUMEHTA, KOTOPBIE OMMUCHIBAIOTCS COOTBETCTBEHHO TIO]T-
MHOXKecTBaMu A u B mpocTpaHCTBa 3JIEMEHTAPHBIX COOBI-
it 2.

Ecnn xaxjipiit pas, Korja mpoucxoauT cobbitue A, mpo-
UCXOJIUT U cOOBITHE B, TO Oy/eM roBOopuTh, 9YTo cobbiTre A
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BJleder cobbiTHe B m Gymem obo3Hauarh 910 Tak: A C B
(B TepMHUHAX MTOJMHOYKECTB, KOTOPBIMH OIACHIBAIOTCS COOBI-
Tust, A SBJISIETCS TIOJMHOYXKECTBOM B).

Coberrust A n B, takne uto A C Bu B C A (1. e. A
u B npoucxosT BMeCTe), B TEOPUU BEPOSITHOCTE HepasJin-
quMBL. VIX OTOXKIECTBIIAIOT U 0003HAYA0T 3T0 Tak: A = B
(B TEpMHUHAX IIOJMHOYKECTB, OINUCHIBAIONIUX COOBITHUS, MO/
MHOXKecTBa A U B paBHBI).

CobbITHe, cocTosIIee B TOM, UTO ITPOUCXOIUT XOTSI OBI
oHO U3 cobbituit A mwin B, nHassiBaercst cymmot (0b6sedure-

nuem)! cobprtuit A m B u obosnagaercs tak: AU B (cymma
cobpiTuit A u B omucwiBaercst obbegunennem A U B mHO-
xectB A n B).

CobbiTHe, cocrosiiiee B TOM, YTO HPOUCXOJUT KaK CO-
Obitue A, Tak u cobbiTHe B, Ha3BIBAETCS NPOU3GEICHUEM
(nepeceuenuem) cobbiruit A u B u obosnauaercs tak: AN B
(mpousseierue cobbiTHit A 1 B omuchiBaeTCs epecevuenneM
AN B mHo)kectB A u B).

Eciu cobbitua A u B takue, uro AN B = (), To onn
HA3BIBAIOTCS HECOBMECTHLMAL.

CobbiTHE, cocTosiiiiee B TOM, UTO A mpoucxoiuTt, a B He
[IPOUMCXOUT, HA3BIBAETCST pa3HoCmbro cobbiTuit A u B u 060-
sHavaercst Tak: A\ B (pasnocTs cobbiTuii A n B onuckiBaercst
pasHocteio A \ B muoxects A u B).

CobbiTHe, cocTosiiee B TOM, 9TO A He mpomcxoauT, Ha-
BBIBAETCS NPOMUBOTLONONHCHHLM K COOBITUIO A 11 0003HATAETCST
A (cobertne A omnmceiBaercst gononaaerneM A MHOkecTBa A
1o ).

Kimace 2 cobbrTnii, KOTOPBI BMECTe ¢ KaryKIBIM COOBITH-
eM A coepKuT cobbiTe A 1 BMECTe ¢ KarXKJIBIMI JIBYMsT CO-
oprTusiMu A u B comepkut cobbitre AU B, 6y/1eM Ha3bIBATh
anzebpoti cobvimud. Tax 910 COBOKYITHOCTb COOBITHI, KOTO-
pble HAOJIIOJAIOTCS B CTOXACTUYECKOM IKCIEPUMEHTE SIBJISI-
eTcst asrebpoii (1ogpobHee OTHOCUTEILHO anredphbl COObITHIA

cM. L. 7).
IIycres B skcrepumenTte 1 cobbite B — “MOHETHI Jierin
pasHbIiMu cTopoHaMu’, A — “B pesysbTare mepBoro mojabpa-

coiBaHus BhImaj repb’. CobbiTus B u A Kak MOJMHOXKECTBA

1OrrocuTenbHO ornepanuii HaJ| COOBITUAMA CM. pa3s,. 7.1. B . 7.
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MIPOCTPAHCTBA JIEMEHTAPHBIX COOBITHIH
Q ={IT, TP, PT, PP}

omumyres tak: B = {I'P, PI'}, A = {I'T, I'P}. Torua, co-
[JIACHO HpUBEAEHHBIM onpenenenusm A N B = {['P} —
“B pe3ysIbTaTe IepBOro mogdpachiBaHus BhITa repb, a B pe-
sysibrare Broporo — pemerka’, AU B = {I'T, I'P, PI'} —
“xors1 661 osuH pas Beimasn repb”; A\ B = {I'T} — “Bbnasio

nBa repba’, B = {I'T, PP} — “Moners! Jieryiu ojiHOil cTOpO-
HOI.

[TpuBenem erre oHY MJLTIOCTPAIIUAIO OITepaIlnii HaT COObI-
THUSIMU.

ITpumep 2.1.1 (nuarpamma Benna). kcnepumenm co-
cmoum 6 OpocaHul Haydawy mouku 6 xeadpam u Habarode-
HUL cobuMUTl, COCMOAWUT 68 NONAdGHUY MOYKY 6 Me UAU
unvle €20 nodmmoosicecmsa. ObosHnavum 4eped A cobvimue
“mouka nNonana 6 GEPMUKAALHYIL NPAMOYLONOHUK ), @ Hepes
B — “mouka nonasa 6 20pu3onmansvhoili npaMoy20soHUK .
Tozda wmabaodaemovie cobwmus A, B, A, AUB, AN B,
B\ A cocmosam 6 nonadanuu mowku 6 cOOMEEMcmeyouue
sawmpuzosannve obaacmu (cm. puc. 2.1.1).

\
Q

_

A B

AUB ANB B\A

Puc. 2.1.1: duarpamma Benna
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2.2 3Bagaunm

A3:2.2°,2.5,2.8°,2.11,2.12, 2.15,2.16, 2.17.
C3:2.3°,2.4,2.6°,2.7°,2.10°, 2.13, 2.14, 2.18,2.19.

Jlamee TepMUHBI “3JIeMEHTAPHOE COOBITHE CTOXACTUIECKO-
ro KCIIepUMeHTa’, “MCX0JI CTOXaCTHIECKOI'0 IKCIIEPUMEHTA,
“pe3yJIbTAT CTOXaCTUIECKOIO SKCIIEPUMEHTa  0003HATAIOT O
HO U TO XKe€.

2.1°. YkazaTb COOBITHUS, ITPOTHUBOIOJIOXKHBIE K TAKUM:

a) A — “Bolnajienne repba B pe3ysbrare JIBYX I0IOpachl-
Bamnuit MoneTsl’; 6) B — “Tpu nomasanus B pe3ysbTaTe Tpex
BbIcTpesioB 1o muniern”; B) C' — “Xorsi ObI OJJHO HOIAJIaHUE

B pe3yJIibTaTe TPeX BBICTPEJIOB 10 MUIIEHU .

2.2°. Crenano Tpu BbIcTpesia 1o muiineru. [lycts cobbI-
THe A; COCTOUT B TOM, UTO B PE3YJIbTATE i-I'0 BBICTPEJIA IIPO-
n3onLIo nonaganue, ¢ = 1,2, 3. Boipasuth uepes A; Takue
cobbITHst: a) A — “npousonuio Tpu nonajanus’; 6) B — “ue
6b10 HE OoziHOrO Tonaaanus’; B) C' — “OPOM30ILIO POBHO
ozHo monaaanue’; ) D — “Npon30Iio He MeHee JABYX MOIa-
nanuit’.

2.3°. Ilycts A, B,C — nHabiromaemMble COOBITHS. 3alll-
CaTbh COOBITHS, COCTOSAIIME B TOM, YTO HE IIPOU3OINLIO HU OJI-
Ho u3 cobuituit A, B,C; u3 cobpiruit A, B, C' mpousouLio:
a) TosbKO cobbitne A; 6) cobbitust A u B u He 1Ipon301uIo
cobertue C'; B) Bce TpU COOBITHS; T') XOTs OBI OJTHO COOBITHE;
J1) OJIHO U TOJIBKO OJIHO COOBITHE; €) He 6oJiee JIByX COOBITHIA.

2.4. PajmosiokarimonHast CTaHIUs BeJEeT HADJIOACHIE 32
KOCMUYECKUM OOBEKTOM, IIPU ITOM IIPOBEJEHO 1 IIUKJIOB OC-
MoTpa. ObHapyrKeHre 00beKTa B i-M IIUKJIe — HabJII0IaeMOe
cobbITHE, 0003HAUUM ero depe3 A;, i =1,2,...,n.

Beipazute uwepes A;,i = 1,2,...,n, Takue COOBITHS:
A — “obbekT He Oyjer obHapy:KeH (HM B OJHOM IHKJe)”;
B — “obbekT Oyer obHApYIKeH (XOTsi ObI B OJJHOM IHKJIE)”;
C — “00beKT OyzeT 0OOHAPYKEH TOJBKO B OJTHOM ITHKJIE .

2.5. Kaxasg u3 m paJIMOJIOKAIIMOHHBIX CTAHIMH, Ce-
JATUX 38 KOCMUYECKUM OOBEKTOM, JIeJIaeT 7 IUKJIOB Ha-
6monennit. Obosnauum gepes Aj; cobeitue “00bekT Oyier
obnapykeH j-ii cramiumeit B ¢-M 1ukie’, j = 1,2,....m
1=1,2,...,n.

Bripasuts uepes Aj; Takue cobbitua: A — “o0bexT OyueT

)
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obHapykeH (xoTst ObI O/HOl cTanumeit)”; B — “00bekT Oyier
obHapy KeH KarKI0i cTaHmumeir’.

2.6°. JIBaxk 161 MOAOPACHIBAIOT MOHETY; IPEII0KUTD IIPO-
CTPAHCTBO 3JIEMEHTAPHBIX COOBITHI () 9TOr0 CTOXACTUIECKO-
ro skcrepumenTa. Onucarb Kak MoJIMHOKeCTBa () COOBITHS:
A — “xors 6bl OIMH pa3 BblIageT repd’, B — “npu BropoM
nonbpacbiBaHUN BhiaeT repd’. Haiitu uuncsio Bcex smemMeH-
TAPHBIX COOBITHI; UUCIO IJIEMEHTAPHBIX COOBITUI, IPUHAT-
gexamux A, B.

2.7°. NrpajibHYIO KOCTb HOJAOPACHIBAIOT JIBAXKIbI. [Ipes-
JIOXKUTH IPOCTPAHCTBO dJIeMeHTapHbIX cobbiTuii 2. Ouucarhb
KaK MOJIMHOXKEeCTBa ) coObITus: A — “CyMMa BBIIABIIAX OY-
KoB paBHa 8”7 B — “xora Obl omumH pas3 Bbimaja 67; C' —
“IIpHU IEPBOM ITOI0PACHIBAHUN BBINIAJIO0 YETHOE YHUCJIO OYKOB';
D — “npu oboux 1mo0pachbiBaHUSX BBIIAJIET HEIETHOE YUCJIO
oukoB’. Haiitu uucjo sjnemeHTapHbIX cobbiTHilt B (2, A, B,
C, D.

2.8°. IlogbpackIBarOT MOHETY, & 3aTeM UTPAJIBHYIO KOCTh.
IIpeanoKuTh NPOCTPAHCTBO dJIeMEHTAPHBLIX coObITHii €. Onu-
caTh Kak mojaMmHoxkecTsBa ) cobbitusi: A — “Bolmajier repd’;
B — “Bemager mudpa 5”. Haiitu dncio sjieMeHTapHBIX CO-
oniThii B €2, A, B

2.9°. IlycTb 9KCIIEpUMEHT COCTOUT B U3MEPEHUN JIBYX Be-
JIMYUH, TPHHAMAIONINX 3HadYeHus u3 orpeska [0; 1]. Onucars
[IPOCTPAHCTBO 3JIEMEHTAPHBIX COOBITHIA.

2.10°. Iz uudp 1, 2, 3,4, 5 cHada1a BEIONPAIOT OJIHY, & 3a-
TEM U3 YETBIPEX OCTABIINUXCST — JIpyryo. [IpesmoxuTs mpo-
CTPaHCTBO 3JIeMeHTaPHBIX coObITHi (). Onucars Kak MoIMHO-
xkecrBa ) cobbiTust: A — “Ha nepBoM Iare OynerT BbIOpa-
Ha 4deTHad nudpa’, B — “Ha BTOpOM mare OyaeT BbhIOpaHa
verHas nudpa”’. Haiimu 4ucio sjaeMeHTapHBIX cOOLITH B €,

)

2.11. Vs maptum, comepxkarmeii N wm3mennii, cpegum Ko-
Topeix M 6pakoBaHHBIX, HayJady BeiOupator n (n < M,
n < N — M) uznenuii. [TpeyioxKuTh HPOCTPAHCTBO JIEMEH-
TapHbIX cobbIThii (). Onmcarb Kak MOJIMHOXKECTBO ) cOObI-
e A — “cpeiu BLIOPAHHBIX 7 U3JIEJIMA UMEeTCd B TOYHOC-
Ti m OpakoBaHHBIX . HaiiTu 4mciio s71eMeHTapHbIX COOBITHI
B ), A.

2.12. B udre 7 naccaxkupos, TuT OCTAHABINBACTCS HA
10 sraxkax. s kaxkmoro maccaxkupa (pUKCUPYeTcsi HOMED
9TaXkKa, Ha KOTOPOM OH BBIXOUT. [IpesioyKuTh mpocTpaHcTBO
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3JIEMEHTAPHBIX coObIThil (2. Onucarh Kak IIOIMHOMXKECTBO §)
cobpiTe A — “Bce maccarKupbl BBIXOJIAT Ha PA3HbBIX 3TarKax .
Hajitu gucio sjemenTos B €2, A.

2.13. JIBa urpoka mo ovepenu MOAOPACHIBAIOT MOHETY.
Briurpeisaer Tot, y Koro Buepsble BbinajeT repd. [Ipemo-
JKATH TPOCTPAHCTBO 3JIEMEHTapHBIX coObITuil 2. Onmcarhb
Kak IOAMHOXKeCTBa ) coObIThus: A — “Urpa 3aKOHYUTCHA Ha
k-Mm mogbpaceiBanun’, B — “urpa 3akoHunTcs g0 k-ro moj-
opaceiBanust’, C' — “BbIMIpaeT HAYABINNIL UI'DY HepPBbIM, D —
“BBINI'DAET HAYABIIUN UI'DPY BTOPBIM .

2.14. B ypHe comepKuTCs OJUH I1ap, O KOTOPOM U3BECT-
HO, 9TO OH OeJiblii mian depHbiil. B ypHy momoxumn Oesbrit
map, a 3aTeM I0CJIe THIATETbHOTO ePEMENUBAHUS U3BJIEK-
JIL ONWH 3a JApyruMm oba miapa. [Ipe/ioxKuTh mpocTpancTBo
9JIEMEHTAPHBIX COOBITHIT () 9TOrO CTOXACTUIECKOTIO IKCIIEPHU-
MenTa. Onucarb Kak MOJMHOXKeCTBa ) cobbiTus: A — “npu
[IeEPBOM HU3BJIEUEHUU BBIHYT Oestblit map”’, C' — “mpu BTOpOM
U3BJICUEHNN BBIHYT O€JIbIil map’.

2.15. UrpajbHyIo KOCTb MOCJIEOBATEIHLHO OIOPACHIBA~
0T 1 pa3. [peiokuTh IPOCTPAHCTBO 3JIEMEHTAPHBIX COOBI-
it ). Onucars Kak MOJIMHOXKeCTBO {2 cobbiTe A — “BblITa-
JIeT My eJIUHUIL, Mg JABOEK, U T. JI., Ng 1ecTepok” (ng+na+. ..
...+ ng = n). Berancaurs KomuecTBO 3j1eMeHTOB B 2, A.

2.16. B TypHupe y4acTBYIOT 2n 4YeJIOBEK, KOTOPBIE IO
JKpebUIo pa3iesieHbl Ha JIBe I'PYIIIBL [0 1 YeJIOBEK B KaK-
noii. IIpenioKuTh NpocTPaHCTBO 3JIEMEHTAPHBIX COObITHII (2.
Omucars Kak nojmHoxkecTsa §2 codobitusa: A — “aBoe Han-
boJiee CHJIBHBIX UTPOKOB OYIYT UI'DATh B Pa3HBIX PYyIIax’,
B — “geTBepo HanboJjiee CUIBHBIX UTPOKOB OYIYT UI'PAThH TIO
JIBOE B PasHbIX Ipynax’ (Bce UIPOKH Pa3IMYaOTCs [0 CH-
ne). Beraucaurs gucio snementos B ), A, B.

2.17. B nmaynauy BbIOpaHHO! I'DyIIle, HaCUUTHIBAIOIIEH
r (r < 12) cTyueHTOB, HHTEPECYeMCsl MeCSIIIAMU UX POXK/Ie-
Hust. [IpeamoKuTh mIpoCcTpaHCTBO 3JeMEHTAPHBIX COOBITHIA §).
Omnucarsb Kak noaMHoKecTBa ) cobpirust: A — “xors ObI JBa
CTY/IEHTa POIWINCH B OJHOM Mecsne’, B — “ToibKo OfuH
cTyaeHT pojuics B cenTsiope”’, C' — “xorsi ObI OJINH CTYJIEHT
pomuscs B ceHTsOpe”, D — “HUM OJUH CTYIEHT HE POIUJICI B
cenTsiope”. Haiitu ancio smementos B 2, A, B, C, D.

2.18. Yucia 1,2, ..., n pacnonaraioT Haygady. Kaxmo-
My U3 HUX [PUIICHIBAIOT HOMED MECTa, Ha KOTOPOM PAaCIIO-
JIOKEHO 9uC/I0. 1IpesiokuTh MpoCTPaHCTBO IJIeMEHTAPHBIX
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cobpituii €. Onmcarb Kak IOAMHOXKeCTBa, §) cobbiTus:: A —
“aucyio 1 nomyuant HOMep 17, B — “ancjo 1 moxyaunT nomep 1,
a gucao n — nomep n’. Hairu uncio saemenTos B §2, A, B.
2.19. IlombpaceiBaloT Tpu HUrpaibHBIE KOCTH. lIpemmo-
JKUTH IPOCTPAHCTBO 3JIeMEHTapHbIX cobbiTuil ). Onmcarnb
KaK IOIMHOXKECTBa, £ cOObITHs: A — “eIMHUIIA BBITAIET TOJIb-

KO Ha OJHOIl KocTu’, B — “IecrepKa BBIIAJET TOJIBKO Ha
aByx KocTsx’, C' — “Ha BceX KOCTSIX BBIIAIYT Pa3Hble I'pa-
o', D — “Ha KOCTSX BBINAJAET OJMHAKOBOE UHCJIO OYKOB’.

Haitru aucio snementos B 2, A, B,C, D.

2.20. Monery ¥ urpaJibHyIo KOCTb IOJIOPACHIBAIOT IIO
odepe/ii HeOrpaHUueHHOe YucJIo pa3. [IpesiokuTh npocrpan-
CTBO 3JIeMeHTapHbIX coObITuil 2. Ommcarb Kax IOIMHOMKE-
crBo () cobpiTusi: A — “repb BBIIAIET PAHbIIE IIECTEPKH,
B — “nsarepxka BbllTajieT paHblie repba’.

2.21*. Kaxmast u3 n pa3anduMbIX YaCTHI] IIOMMAIaeT B
oniHy u3 m sdeek. [IpeioKuTh TPOCTPAHCTBO 3JIEMEHTaP-
HbIX coObITuit ). Onucars Kak MOJAMHOXKeCTBO ) coOBITHE:
A — “B mIepByI0 siueiiky momaJjo ki 9acTHUIl, BO BTOPYIO — Ko,
U T ., Bm-10 — ky,”. Halitu gucio suemenTos B €2, A.

2.22*, Kaxast u3 n HEpasJIMYUMbIX YACTHUIL [TOIATAET
B ofiHy u3 m (n > m) sdeek. [Ipe/yioKuTh IPOCTPAHCTBO
9JIEMEHTAPHBIX cOoOBITHI ). Omucarh Kak MTOJAMHOMXKECTBO §2
cobpiTie: A — “KaxKzas U3 d49eeK CONEPXKUT II0 MeHbIIei
Mepe oany dactuity’. Haiitu qucyio smementos B §2, A.

2.23. B noesne m Baronos. Kaxpiit u3 n (n > m) nac-
caxkKupoB BeiOupaeT cebe BaroH. I1peyiokuTh MpoCTPaHCTBO
sJIeMeHTapHBIX coObITuil (). Onuncars Kak MOAMHOXKecTBa {2
cobbITHs: A — “B KaXKJIOM BaroHe OyJeT 110 MeHBIIeil Mepe
onuH naccaxup”, B — “Gyzer 3aHsATO POBHO T BaroHos” (Ba-
TOH 3aHSITO, €CJIM B HEM HAXOJUTCs XOTs1 Obl OJIUH I1ACCAZKUD).

2.24. JIeBATb NACCAXKUPOB CAJSATCA B TpU Barona. IIpe-
JIO2KUTDH ITPOCTPAHCTBO 3JIEMEHTapHBIX cobbiTuil (). Onucars
Kak moaMHoykecTBa {2 cobblTus: A — “B KaXKIbIil BAroH Csi-
JIeT 1O TPU maccaxupa’, B — “B oquH BaroH CaayT UeThIPe,
B JIPYTOit — Tpu, B TpeTuii — JBa maccaxkupa’.

2.25. CrymeHT mpuimes Ha 9K3aMeH, 3Hast 35 u3 40 Borpo-
COB IPOTrpaMMBI. DK3aMeHaTOp 3aJaeT CTYIAeHTy 4 BOIpO-
ca. [Ipenno:KuTh IPOCTPAHCTBO JIEMEHTAPHBIX COOBITHIT ).
Omnucarb Kak HOAMHOXKECTBa () coObITUsS: A — “CTYIeHT 3Ha-
€T OTBEThI HA Bce BOIpochl’, C' — “CTyJIeHT HE 3HAET OTBETA
HU Ha OJuH Bompoc’, B; — “cTy/leHT 3HaeT OTBETHI Ha i BO-
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upocos” (i = 1,2,3), D — “crynent cuact sx3amen” (4robObl
ClaTh K3aMeH, HeOOXOINMO OTBETUTH He MeHee YeM Ha 3
BOITPOCA).

2.26. Yuacrauk Jiorepen “Croprioro” u3 49 naszpanwmii
BUsIoB cropra (06o3HaYeHHBIX dncaaMu ot 1 1o 49), cpeau
KOTOPBIX 6 BBIMTDBINIHBIX, JTOJ2KEH Ha3BaTh 6. [IperioxuTh
[IPOCTPAHCTBO 3JIEMEHTAPHBIX cOObITHI ). OnucaTh Kak moI-
MHOXKeCTBa §2 coObIThs: A — “yIaCTHUK MPaBUJIBHO yKarXKeT
BCe IIeCTb Has3BaHWil’, B — “yYaCTHUK MOJIYIUT BBIUTPBIIT’
(/151 TIOJTyYeHUsI BBIMIPBIIIA HEOOXOJAUMO ITPABHJILHO YKa-
3aTh He MEeHee 9eM 3 BHJIA).

2.27. /IBa jmra, JOTOBOPUBIINCHL BCTPETUTHLCS B Tede-
HUE Yaca, PENmIf, UTO KayKJbIf HEe3aBUCHMO OT JIPYroro
[PUXOJIUT Ha MECTO BCTPEUYN B HAY/AYY BBLIODAHHBIH MOMEHT
YKa3aHHOTO 4aca. [IpeoKuTh MpOCTPAHCTBO 3JIEMEHTap-
HBIX coObiThii ). Onmcarb Kak MOAMHOXKECTBO ) COOBLITHS:
A — “BcTpeda COCTOUTCSI, €CJIM KaxXKJblil Oy/1erT XKIaTh JIpy-
roro Ha NpoOTszKeHHH BpeMmenu t (f < 1), mocie dero yxo-
JUT ¢ MecTa BeTpeun’, B — “maHHOE JIMIO TpPUAET HA Me-
€TO BCTpeuu panbiie jpyroro”’;, C' — “maHHOEe JIUIO MPUJIET
Ha MeCTO BCTPEYH PaHbINEe JPYTroro Ha BpeMsi, HE MeHbIIee,
qem q (¢ < 1)

2.28. Haymauay GepyT Tpu oTpeska, JIJWHA KOTOPLIX HE
mpesbimaer 1. IlpemoRnTh TpoCTPpaHCTBO JTEMEHTAPHBIX
cobprruil ). Omucarh Kak nojmuoxkecrsa () cobbitue: A —
“U3 OTPE3KOB MOXKHO IIOCTPOUTH TPEYTOJIbHUK .

2.29. Yucia 1,2,...,n pacnojoxenol Haymady. [Ipen-
JIOXKUTDH IIPOCTPAHCTBO JIEMEHTAPHBLIX coOblTuii €. Onucarn
Kak I0JMHOXKecTBO §2 cobbite A — “amcia 1 u 2 pacmoJio-
»kenbl psaoM”’. Haditu guciio ssiemenTos B € u A.



I'maBa 3

JlnckpeTHoe
BEPOATHOCTHOE
ITPOCTPAHCTBO

3.1 BeposTHOCTD, KJIaccuYyecKasi MO/1eJTb

Yacrtora cobbiTusi. BepostHocTth. B oTmensHO B3s-
TOM CTOXaCTHUIECKOM IKCIEPUMEHTE MbI HE MOXKEM ITPEJICKa-
3aThb, IPOU30IAET WK He MPOU30AeT JaHHOE HabJII0IaeMoe
cobeitue A. Ho, Kak 1moKa3bIBAeT OIIBIT, OJHU COOBITHUSI IIPO-
HUCXOIAT “yarre”’, Ipyrue TpoucXoIsT ‘pexxe’ — KaxK oMy Ha-
6./11071aeMOMY CODBITHUIO CBOWCTBEHHA CBOSI JaCTOTA IOsIBJIE-
HU$, 8 UMEHHO, B JIJINHHON Cepuu HE3ABUCHUMBIX SKCIIEPUMEH-
TOB JIOJI TeX U3 HUX, B KOTOPBIX HAOJIIOIAETCS JAHHOE COObI-
THE, OCTAETCS IPAKTHIECKN Hem3MeHHOM. JIpyruMu ciioBamu,
ecnt ky (A) — 4uciio Tex IKCIEPUMEHTOB U3 N IPOBEICHHBIX,
B KOTOPBIX HACTYIHUJIO COOBITHE A, TO UX JI0JIs

kn(A)

= = () (3.1.1)

cpesi M, elne HasblBaeMast wacmomot cobwmus A 6 nocae-
dosamenvrocmu N IKCNEPUMENMOE, TPU OOJIBIINX 7 HECY-
IIECTBEHHO YKJIOHSIETCsI OT HeKoToporo vucsia P(A), npudem
C yBeJIHUEHHEM 7N 3aMeTHble yKjoHeHust kn(A)/n or P(A)
BCTPEYAIOTCs Bee pexke — ky(A)/n mpakTudeckn He OTInIa-
ercst or P(A). IMociesee maeT HaM OCHOBaHWE HPUINCATH

29
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KaxkioMy cobpituio A uncio P(A), HassiBaeMoe ero BeposiT-
HOCTBIO.
Bepoamnocmbv — 310 hyHKIMS

P:A—P(A),

CTaBsIas B COOTBETCTBUE KaxK oMy cobbiTuio A uncyio P(A)
(BeposiTHOCTB COOBITHS A) Tak, ITO
1° g Kaxxkgoro cobbirTusa A

P(A) >0 (3.1.2)

(BEpOSITHOCTH HEOTPHUIATE/IBHA);
2° J1sl HECOBMECTHBIX (HelepeceKatoIuxcs) cobbiruii A;,

i:1,2,...,(AiﬂAj:®, i#7)

P [j A = i P(A;) (3.1.3)
i=1 =1

(BEPOSITHOCTH CUETHO-a I JIUTUBHA);
3° 11 TOCTOBEPHOTO COOLITHS §2

P(Q) =1 (3.1.4)

(BepOSITHOCTH — HOPMUPOBaHHAsT (DYHKIHST MHOXKECTBA).
BeposiTHOCTD SIBJISIETCSI MATEMATUIECKON MOIENIBIO dac-
TOTBI Vp(A) cobbiTust A B 1MOCIEIOBATEIBHOCTH N SKCIIEPHU-
MmeHTOB. A cBoiictBa (3.1.2), (3.1.3), (3.1.4) BeposiTHOCTH —
9TO MOCTYJIMPOBAHHBIE OUYEBHUIHbIE CBOMCTBA YaCTOTHI:
1° s xKazkioro coobrrus A

vn(A) >0

(duacTora HEOTPUIATEIIBHA);
2° J1JIsT HECOBMECTHBIX coObIThii A n B

Un(AUB) = v, (A) + vp(B)

(dacroTa ajqUTHBHA);
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3° JJIst IOCTOBEPHOI'O COOLITHS §2
vp(Q) =1

(wacrora — HOpMHUpOBaHHAs (DYHKIMS MHOXKECTBA).

Ha Bepositnocts p = P(A) cobbiTist A MOXKHO CMOTPETH
KaK Ha KOJIMYECTBEHHYIO MepY MPOTHO3a IMOSBJICHUS COOBI-
Ut A, B TOM CMBICJIE, 9TO B JOCTATOYHO “/JIMHHON’ cepuu
SKCIIEPIMEHTOB YacTora vy, (A) nosiBiuenust coberrust A 6yer
“ouzka’ K p.

BepositHOCTh Ha AUCKpeTHOM IIpocTpaHcTse. [lapy
{Q, P}, rae Q) — auckperHOE (KOHEYHOE MU CIETHOE) IIPOC-
TPAHCTBO 3JIEMEHTAPHBIX COOBITHII CTOXACTHIECKOIO IKCIIe-
pumenTa, a P — BepositHOCTH Ha Kilacce cobbIThil (Kiacce
BCEX MOAMHOXKECTB (1), OyieM Ha3bIBAThL JUCKPEMHLIM 6EPO-
AMHOCTIHBIM TPOCTNPAHCINGOM.

Kaxnoe cobbitre A OIHECBIBAETCST HEKOTOPBIM IIOJIMHO-
JKECTBOM IIPOCTPAHCTBA 3JIEMEHTAPHBIX coObITHit ) (cM.
ri. 2). B quckpernom npocrpanctse {€2, P} cobbitne A onu-
chIBaeTcs He 0oJiee deM CUETHBIM MOJMHOKECTBOM, [IO3TOMY
€ro MOXKHO IPEJICTABUTD B BHJIE 0ObeMHEHNST He Hojiee 1eM
CYETHOI'O YHCJIA UCXOJIO0B W:

A=

wEA
u, cjaieaoBaTe/IbHO,

P(4) =) Pw) (3.1.5)

weA

(em. (3.1.3)).

Pagencrso (3.1.5) o3nadaer, 410 6 JUCKPEMHOM GEPOATN-
HOCTVHOM NPOCMPAHCINEE SEPOAMHOCTL CoOvIMUA A pasHa
cymme eepoammnocmeti P(w) ucxodos w, onucwearowur co-
6vimue A (B obuieM ciiydae — He JUCKPETHOro {) — 3710 He
tak). U, ciaemoBareabHo, wmobve 3a0amb 6epOAMHOCG HA
KAGCCE MOOMHOICECME JuCKkpemmno20 npocmparcmsa §2, doc-
mamouro 3adamsv eepoammnocmu P(w) ucxodos, w € Q, npu
STOM JJIs JIIOOOro cobbiTus A

P(4) =) Pw).

weA
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Juckpernoe BepositTHOCTHOE TpocTpancTBo {2, P} sBiis-
eTCST MATEeMATHIECKOW MOJENIBIO CTOXACTUIECKOTO IKCIEPH-
MEHTa ¢ KOHETHBIM WJIH CIETHBIM MHOYKECTBOM HCXOJIOB.

[MIpumep 3.1.1. Iodbpacwisarom uepasbhyro Kocms, u3-
20MOBAEHHYIO MAK, YN0 YACTMOMA NOABAEHUA 2DAHU TPO-
NOPUUOHANLHA YUCAY 04K06 Ha Hel. [locmpoums eeposam-
HOCTHOE NPOCTPAHCMEO IMO20 CIMOTACTNUYECKO20 IKCNEDU-
mernma. Onucamv kax nodmmoocecmsa ) cobvmusa: A
‘svinadem HUCAO 0'K0G, KPATIHOE 37, B — “sunadem wem-
Hoe wucao 0wk0s”, Buucaums ux BEPOAMHOCTIU.

H0(36pacmeamm CUMMEMPUIHYIO ULPAALHYI0 Kocmb (6ce
epany ewnadarom 0dunaroso wacmo). IIpedroocums eepo-
AMHOCMHOE NPOCTPAHCMEO IMO20 CMOTACTNUNECKO20 IKCNE-
pumenma. Bowucaums sepoammocmu cobwmut A u B.

Pemenue. B kauecTBe IpoCcTpaHCTBA 3JIEMEHTAPHBIX CO-
OBITHUI IEPBOTO U3 OMUCAHHBIX CTOXACTUIECKUX IKCIIEPUMEH-
TOB ecTecTBeHHO paccmarpuBarh 2 = {1,2,...,6}. Beposr-
HOCTB TTOSIBJTIEHUST €IMHUTIBI 0O03HATNM P, TOT/Ia BEPOSITHOCTH
MOSTBJIEHIST TPAHU C HOMEPOM j paBHA jp, U TOCKOIBKY

Z P(w

we

T0 p+2p+ ...+ 6p = 1. Orcioma p = 1/21, P(j) = j/21,
j=1,2,...,6. Tak uro BepositHOCTHOE ITpOcTpancTBo {2, P}
CTOXACTHIECKOTO IKCIIEPUMEHTA TTOCTPOEHO.

CobbiTust A u B OnuIIyTCsi COOTBETCTBEHHO TTOIMHOXKECT-
Bamu A = {3;6} u B = {2;4;6} upocrpancrsa (.

BepositHocTu cobbituit A u B (Kak BEpOSTHOCTH COOBITHI
B JINCKPETHOM BEPOSITHOCTHOM HpOCTpaHcTBe, cM. (3.1.5))
BBIUHCJISIIOTCST TaK:

P(A) = P({3;6}) = P(3) + P(6) = o+ - = =
P(B) = P({2;4;6}) = P(2)+P(4)+P(6) = %*%*2% ;

[Ipu nopbpackiBaHUM CUMMETPUYHON UI'DAJIBHON KOCTH
IIPOCTPAHCTBO 3JIEMEHTAPHBIX COOBITUI OYIeT TaKUM 2Ke:
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Q = {1,2,...,6}, a BepOSITHOCTH 3JIEMEHTAPHBIX COOBITHUI
€CTECTBEHHO 3a/1aTh CJIEYIOIUM 0OPA30M:

P(i)=1/6,i=1,2,...,6.

Torna
P(4) = P({36}) = P3) +P(6) = ¢ + 5 = 5
P(B) = P({2:4:6)) = P(2) + P(4) + P(6) = s+ <+ £ = 1.

SamMedaHue. 3aMETUM, YTO 3/eCh (PAKTUIECKHU Pellla-
10TCs JIBe 331291 (M 9TO CTaHJIAPTHAS CUTYAIIHS).

Samgaua 1. Crpourcst MaTeMaTuIeCKasi MOJIETb CTOXAC~
THUYECKOIO JKCIEpPUMeHTa (BEpOsSITHOCTHOE IIPOCTPAHCTBO),
T. €. BBIOMpAETCsI POCTPAHCTBO 3JIEMEHTAPHBIX COObITH ()
7 33JIAeTCsI BEPOATHOCTD KAXKJIOTO IJIEMEHTAPHOTO COOBITHS:

P(i)=1i/21, i=1,2,...,6,
(1711 HECUMMETPUIHON KOCTH) 1
P(i)=1/6, i=1,2,...,6,

(st cummerpuanoit Kocru). [Tpu sT0M HEOOXOIUMO 3ame-
TUTb, YTO TEOPUA BEPOATHOCTEN HUKAKUX yKa3aHUU U pe-
KOMEHJ Il OTHOCUTEJIbHO 33JIaHUsl BEPOSITHOCTEN 3dJjIeMeH-
TapHBIX COOBITHII HE JTAeT — HU U3 KAKUX TEOPEM HE CJIEIYET,
9T0, CKaXkKeM, JJid CHMMETPUIHON UT'PAJIbHOA KOCTH

P(i)=1/6, i=1,2,...,6.

W kaxk/iplit pa3, Korja (M3 TeX WM HHBIX COOOpPayKeHMil) Be-
POSAAITHOCTHOE MPOCTPAHCTBO BBIOPAHO, BOIPOC O €ro aeK-
BATHOCTU CTOXACTUIECKOMY IKCIIEPUMEHTY (O MPABHJILHOCTH
OIMCAHUST UM CTOXACTUYECKOIO SKCIIEPUMEHTA) OCTAeTCsl OT-
KpbITbIM. OTBETHTE Ha HETO IOMOTA€T MATEMATHICCKAS CTa-
THCTHUKA.

BameTuM, 9T0 nocTpoeHue (BbIGOP) BEPOSITHOCTHOTO IIPO-
CTPAHCTBA HE SIBJISETCS 33]1a49€il TEOPHU BePOSTHOCTEIA.
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Bamauaa 2. [Tocie BeIOOpa BEPOSITHOCTHOTO MPOCTPAH-
crBa {2, P} BBIYMCISIIOT BEPOSITHOCTU TeX UJIM MHBIX COObI-
Tuii (10JIB3ysICh TEOPEMAME TEOPUU BEPOSITHOCTEIH ).

Kunaccuueckass mozmenb. JIuckpeTHoe BEpOSTHOCTHOE
upoctpancrso {2, P}, ssiemenTapHbie cobbITUSI W; KOTOPOIO
PABHOBEPOSITHBI, T. €.

P(wz) = P(w]‘), Wi, wj € Q,

HA3BIBAIOT KAGACCUHECKOT MOOEABIO.

B xaaccuneckotc modeau {Q, P} npocmparcmeo anemen-
maprwix cobvimud Q koneuno, eeposmnocms P(w;) anemen-
mapnozo cobvimusa w; € ) pasna 1/n(K2), m. e.

1
P(wl) - m7 1= 1727 >n(Q)a
u 0as A106020 cobvmus A
_ n(4)
P(A) = m (3.1.6)

[ocmeamusst hopMysia HASBIBAETCS HOPMYAOT KAACCUHECKOT
8EPOAMHOCTNU.

[ITpumep 3.1.2. CummempuuHyo UpasvbHy0 KOCMB NO0-
bpacwvisatom wecms pas. Ilocmpoums mamemamuseckyro mo-
deav amo20 cmoracmuueckozo skcnepumenma. Onucams co-
bvimue A — “ewuinadym ece wecms 2panel” U SLIUUCAUMD €20
BEPOAMHOCTND.

Pemenmne. B kagecTBe mpocTpaHcTBa 9/IEMEHTAPHBIX CO-
OBITHI CTOXACTUIECKOIO IKCIIEPUMEHTa, €CTECTBEHHO PACCMAT-
pUBaTh MHOXKECTBO YIIOPAIOYEHHBIX IIOCJIEI0BATEIbHOCTEN
IAnHOM 6, cocTaBaeHHBIX 3 uncesa oT 1 10 6. Hampumep, mo-
caiesioBaresibHocTh (6,1, 6,3,2,4) omuceiBaeT MCXOI CTOXAC-
THUIECKOTO SKCIEPUMEHTa, COCTOAIINN B TOM, UTO IPHU Iep-
BOM II0JIOPACBHIBAHUU UTPAJIbHONW KOCTH BbIaJja 6, Ipu BTO-
poM — 1, u T. ;. upu 1mecToM — 4.

CobbiTre A — “BbIlIaJii BCe I'paHn’ OIUIIETCS HOIMHO-
JKECTBOM MHOXKECTBa MCXOIO0B {2, COCTOSIIIIUM U3 IIOC/IEI0-
BaTeJIbHOCTEH, B 3aIllMCH KOTOPBIX BCTPEYAETCHA KarKIasd W3

uudp 1,2,...,6.
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Jlajee, TOCKOJIBbKY KaK bl 13 UCXO/IOB CTOXACTUIECKOTO
9KCIIEPUMEHTa HUYEM He JIydIle U He XyXKe JPYyroro (KocTb
CHUMMETPUYHAs1), TO €CTECTBEHHO CUYUTAThH, YTO BCE JJIEMEH-
TapHble COOBITUS PABHOBEPOSITHBI (HU M3 KAKUX TEOPEM 3TO
yTBepXK/JIeHne He cienyer). IpyruMu cioBaMu, B KadecTBe
MaTeMaTU4eCKOl MOJe/In JaHHOI'O CTOXaCTHUYECKOI'O 3KCIIe-
puMenTa OyjieM pacCMaTPUBATH KJIACCUIECKYIO MOJIENb. TeM
CaMbIM BEPOSITHOCTHOE IPOCTPAHCTBO (MOJIEJIb CTOXaCTUIe-
CKOI'0 9KCIIEPUMEHTA) IOCTPOEHO — IIPEJJIOKEHO ) U st
KaxkJI0ro w € €) 3ajana ero BeposiTHOCTH P(w):

P(w) = 1/n(9).

Tenepsb BBIYUCIIM BEPOSITHOCTE cOObITAST A — “BBINIAIYT
Bce miecTh rpaneit’. IlockogbKy MoOmenb KjaaccudecKast, TO
cormacHo dbopmyse Kiaccudeckoir BepositnocT (3.1.6), Be-
POSITHOCTB cOObITHsT A paBHa oTHOIIeHUO ynciaa n(A) sie-
MEHTAPHBIX COOBITHUIT, BXOAANMX B coObITHE A, K unciy n(f2)
BCEX JIEMEHTAPHBIX COOBITHUIL 2.

DJIeMEHTAPHBIX COOBITUH B ) CTOJBKO, CKOJIBKO MOCTIE-
JIOBaTEJIbHOCTEN JJIMHON 6, KOTOpBIE MOYKHO ITOCTPOUTDH U3
mectu guces (or 1 jio 6). CorsiacHO IpaBUily yMHOXKEHHUSI
ux 65. DileMeHTApHBIX COOLITHII, BXOASINNX B COOBITHE A,
CTOJILKO, CKOJILKO MMEETCSI IIOCJIEI0BATEILHOCTEH, KOTOPLIE
MOKHO [OCTPOUTH U3 PA3IMIHBIX drces oT 1 j10 6 (CKOJIBKO
CYIIECTBYeT II€PeCTaHOBOK u3 uncen 1,2,...,6) — ux 6!

C.HG,ILOB&TGHBHO, HNCKOMasd BEPOATHOCTD

P(4) = o

3.2 3agaun

A3:3.1,3.3,3.7,3.13,3.14, 3.16, 3.21, 3.27, 3.28*, 3.38".
C3: 3.2,3.9,3.10,3.11, 3.18, 3.19, 3.20, 3.21, 3.22, 3.41.

B IPEJIO?KEHHDbIX JTaJiee 3a/iavdax IIPexKJIe Y€eM BbIYUC-
JIATH BEPOATHOCTDH TOI'O MJIM UHOI'O cnyqaﬁHoro COOBITUSA A,
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HEOOXOUMO MOCTPOUTH MATEMATUIECKYIO MOJIE/Ib CTOXACTHU-
TECKOTO YKCTIEPUMEHTA, T. €. 38/1aTh ITPOCTPAHCTBO §) 371eMeH-
TapHBIX COOBITHIT W U 3a/aTh uX BeposTHOCTH P (W), w € Q.
Barem omucarh cobbiTHe A Kak MOJIMHOMXKECTBO ) M BBIYHC-
JINTh €r0 BEPOSITHOCTH B JUCKPETHOM BEPOSTHOCTHOM ITPOCT-
panctse {2, P} (kak nmpaBuio, B KJIacCuIecKoii MoJIesn).

[Ipumeganue. 3amaun ¢ HOAOPACHIBAHIEM UT'PATBHBIX
KOCT€il, MOHET CJIEJIyeT PEIlaTh B IPEJIIOJIOKEHNN, YTO KOC-
TH U MOHETHI CHMMETPHUHBIE (€C/IM He OTOBOPEHO MHOE).

3.1. B nHaymauy BbIOpaHHOI Ipylilie, HACUUTHIBAIOIICH T
CTY/IEHTOB, HHTEPECYEMCsI UX JTHSIMU POXKJIeHUs. BbraucnTo
BEPOSITHOCTH COOBITUsT A, COCTOSIIIEr0 B COBIAJIEHUN JHE
POXKIEHUsT XOTsI Obl y ABYX CTY/ICHTOB.

3.2. B maynauy BuIOpaHHOIl rpylilie, HACIUTHIBAIONIEH T
CTY/IEHTOB, MHTEPECYEMCS MECSIIaMU UX POXKJIeHUs. Borunc-
JINTH BEPOSITHOCTH COOBITHST A, COCTOSIIIErO B TOM, 9ITO XOTSI
OBI J[Ba CTYJEHTA POJMJIACH B OTHOM M TOM K€ MECSIIIE.

3.3. Jlnst yMeHbIeHns ODIIEero KOJUdIecTBa Urp 2n Ko-
MaH[ (pasHBIX IO CHJIE) COIVIACHO YKPEOUIO JIeJIsIT Ha J[BE
HOJIIPYIIIBI 110 1 KOMAH]T, KaXKJ1as.

1. BoraucsuTh BEPOATHOCTH TOTO, YTO JIBE CAMbIE CHUJIb-
HbIe KOMaH/[bl OKaKyTCsi: a) B PA3HBIX MOArPyIax; 6) B oJi-
HOH IIOJIIPYIIIIE.

2. Beraucsintb BEpOITHOCTH TOTO, UTO Y€ThIPE CaMble CUJIb-
Hble KOMaHJIbl OKayKyTCsl: 8) B PA3HBIX HOArpyNnax (1o jBe B
KaxkJ10i1); 6) B OJHOI HOArPYIINe; B) B PA3HBIX MOJArPYIIIAX,
IpuYeM B OJIHON MOArpyIIne 3 KOMAHILI, B Apyroit — 1.

3.4°. B kopobKe COmepKUTC MATh OJUHAKOBBIX KyOu-
KOB, 3aHyMepOBaHHbIX uncjamu ot 1 1o 5. Haymaay mo ox-
HOMY BBIHUMAIOT BCe KyOUKHU. BbIaucnTh BeposTHOCTH TOTO,
9TO HOMEpaA KyOUKOB HOSBATCS B IIOPSJIKE BO3PACTAHUS.

3.5. Hucna 1,2, ..., n ynopaaoumBaioT Hayaady. Buramc-
JINTb BEPOSITHOCTb TOT'O, YTO 1 1 2 OyJIyT PACIOJIOXKEHDbI Psi-
JIOM.

3.6. Crynent npumes Ha 3K3ameH, 3Hast 20 u3 25 Bo-
MIPOCOB TIPOTPAMMBI. DK3AMEHATOP 33/1a€T CTYIEHTY TPH BO-
npoca. BeraucanTs BeposTHOCTD TOTO, YTO CTYJIEHT: 1) 3HaeT
OTBETBHI HA BCE BOIIPOCHI; 2) 3HAET OTBETHI HA J[BA BOIPOCA;
3) cmacT sK3aMeH (ecsiu il 9TOr0 HEOOXOIUMO OTBETUTH He
MeHee YeM Ha J[Ba BOIPOCa); 4) He CIaCT SK3aMeH.
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3.7. Urpaspuyio kocTh momdpaceiBaioT 6 pa3. Boruwmc-
JIUTH BEPOSATHOCTH TOTO, UTO BBIMAIYT TOJIBKO UeTHBIE I'Da-
HU.

3.8. U3 kaprouek pa3pe3Hoii azdyKu COCTABJIEHO CJIO-
Bo “crarucruka’. I[loToM u3 3TUX mecsaTw KapTodeK Hay/a-
4y BBIOMPAIOT CEMb. BBIUUCINTDH BEPOATHOCTH TOrO, YTO U3
BBIOPAHHBIX KAPTOYEK MOXKHO COCTABUTH CJIOBO “‘CTATHUKA.

3.9. Pebenok urpaercst ecsiTbio OYyKBaMU pPas3spe3Hoil as-
oyku A, A, A, E, U, K, M, M, T, T. BeraucjinTs BEpOSITHOCTD
TOrO, ITO IIPHU CJIyIaHOM PaCIOIOKeHnN OYKB B psit 0Opa-
3yeTcsI CJIOBO ‘MaTeMaTHKa .

3.10. Ilyctb n 4esoBeK, cpeiu KOTOPBIX IPUCYTCTBYIOT
A u B, crposiTcsi B psiji B IPOM3BOJIBHOM TOpPsiAKe. Bbramc-
JINTh BEPOSATHOCTH TOTO, UTO MeX)IAy A m B Oyaer cTosTh
POBHO 7 YeJIOBEK.

3.11. B maxmaTHOM TypHHUpPE ydacTBYIOT 20 4esoBeK
(pas3HbIX 10 cuJjie), KOTOPBIX M0 YKPEOUIO JIeJIAT Ha JBE IPYII-
bl 110 10 YesioBek KaxKjas. BuraucguTb BEPOATHOCTH TOTO,
9TO: a) JIBOE HAMOOJIeE CHIIbHBIX YIACTHUKOB OY/IyT UTPATh B
pasHbBIX rpyInax; 6) 4eTBepo HanboJiee CUIbHBIX YIACTHUKOB
OyJyT UrpaTh 110 JIBa B PA3HBIX I'PYIIIAX.

3.12. HaiiTu BeposSTHOCTH TOr'O, UTO CPEIIU JIBYX YHUCEI,
BBIOPAHHBIX HAy/IAUy U3 MocjaegoBaTebHocTn 1,2, ..., 1, O1-
HO OKAaXKeTCsl MEHBIIUM, 8 JIPYroe OOJbIINM 33 JaHHOTO TUC-
da k (1 <k<n).

3.13. eBATh maccaKupoB PACCaXKUBAIOTCS 110 TPEM Ba-
roHaMm. BbIMuC/IUTL BEPOATHOCTD TOT'O, UTO:

a) B KaxKJblil BArOH CsJIeT 110 TPH IacCarXKupa,;

6) B O/IMH BaroH CSAJIyT Y€ThIpe, B IPYrOif — TpH, B TpeTHii
— JIBa MACCayKupa.

3.14. B nudre 7 naccaxuposn. JIudrt ocranasiuBaeTcs
Ha JecsTu dTakax. HaiiTu BepogTHOCTH TOrO, 4TO HUKAKHUE
JIBa TAcCaXKWpa He BBIMAYT HA OMHOM U TOM K€ JTaxKe.

3.15°. BeraucnTh BEPOSTHOCTH TOTO, UTO JTAThI POXKIE-
HUA 12 9esmoBeK MpUyTCs Ha PA3Hble MECIIHI TOJIa.

3.16. Cpenu N uzgenuit M 6pakoBanubix. Haymaay BbI-
6upator n uzgemmit (n < N — M, n < M). Haiitu BeposiT-
HOCTH TOTO, YTO CpeJu HuxX m OpakoBaHHbIX. KakoBa Bepo-
SITHOCTB TOTO, UTO CpeJ HUX DoJiee ueM m OpaKOBaHHBIX !

3.17. B jyiorepee n 6my1eToB, Cpesid HUX 1 BBIUTPBIIITHBIX.
HaliTu BepOsSITHOCTD BBIUTPLIIIA I BAAJE/IbIA T OUIETOB.
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3.18. Ha sk3amene npeparaercs [N Bornpocos. CTyaeHT
3HAET OTBETHI HA N BOMIPOCOB. DK3aMEHATOP 3aA€T CTYACHTY
k BOIIPOCOB, a JIJIT TOTO YTOOBI CIATH IK3aMEH, HEOOXOINMO
OTBETUTH He MeHee ueM Ha 1 (r < k) Bonpocos. Haiitu Bepo-
SATHOCTH TOT'O, UTO CTYJEHT CJIACT K3aMEH.

3.19. Yuactauk Jsorepen “Croprioro”’ u3 49 nazBaHwmit
BUJIOB criopra (0603HaUeHHBbIX dnciaamu 1,2,...,49), cpenn
KOTOPBIX 6 BBIMIDBIIIHBIX, J0J2KeH Ha3BaTh 6. [losHblil BbI-
UTPBIII [OJIyYaeT TOT, KTO MPABUJIBHO YKAXKeT BCE IIECTh
Ha3BaHU. BBIUIPBINT TIOJIyIAT U T€, KTO yrajaeT He MeHee
Tpex HaszBaHuil. HaifiTu BEpOSTHOCTD MOJHOTO BBIUTDHIIIA B
“Cropmioro”. BeraucimTh BEpOSTHOCTH TOTO, ITO YIACTHUK
“Cuooptyioro” yragaer 5, 4, 3 Hazpanuii. KakoBa BeposiTHOCTh
[IOJIyIUTH BBIATPHI B “Croprioro”?

3.20. IlogbpaceBaror 12 urpaJbubix kocreil. Kakosa Be-
POSTHOCTB TOTO, UTO KaxkJioe u3 uuces 1, 2, 3, 4, 5, 6 BeImajier
IBAXKIIBI?

3.21. IloxbpaceiBatoT n urpajbHbIX KocTeil. Kakosa Be-
POSITHOCTH TOT'O, YTO BBIIAIYT 7] €IAUHUIL, Mo TBOEK, ..., Ng
mecrepok (ng +ng +...+ng =n)?

3.22°. YeTbIpexTOMHOE COOpaHNEe COUNHEHUIT pacCTaBJIsl-
0T Ha TOJIKE HayJAady. BBIYHCIUTH BEPOSATHOCTH TOIO, UTO
TOMa OKAXKyTCsl PACHOJIO2KEHHBIMU B MOPSIJIKE BO3PACTAHUS
UX HOMEDOB.

3.23°. JIpaxk bl 10JI0PACHIBAIOT CUMMETPUYHYIO MOHETY.
[Ipe/102KuTh BEPOSATHOCTHOE IIPOCTPAHCTBO ITOI'O CTOXACTH-
qeckoro skcrnepuMenTta. Omucarb cobbiTusi: A — “mpu mep-
BOM I0I0pachIiBaHUN BbIaaeT repb’, B — “Ipu BTOPOM IO-
6paceiBanu Beiaer rep6’. BeraucanTs Bepositnoctu P(A),
P(B), P(AN B).

3.24°. TpmK bl TOA0PACEIBAIOT CHMMETPUIHYIO MOHETY.
[Ipe10KUTh BEPOSTHOCTHOE IPOCTPAHCTBO 3TOI'0 CTOXACTH-
4Jeckoro skcuepumenTa. Omnmcarb cobbitusi: A — “aBazk bl
BBIIaIET repb”’, B — “xoTs Ob1 ouu pas BoinajeT repd’. Boi-
gqucsnthb BepositHoctu P(A), P(B), P(AN B), P(B/A).

3.25. IlogbpaceiBaioT n UrpaabHBIX KocTel. BerancanTs
BEPOSATHOCTH TOT'O, YTO HA BCEX UT'PAJIBHBIX KOCTSX ITOSBUTCS
OJIMHAKOBOE UUCJIO OYKOB.

3.26°. IloabpackBaroT IIECTb WIPAJbHBIX KOCTel. BbI-
YUCJIUTH BEPOATHOCTH TOIO, YTO CYMMAapHOE YUCJIO OYKOB HA
KOCTSIX OyJsieT paBHO 7.
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3.27. Ilycre n jun caggarcd B psa Haygady. Kakosa Be-
POSITHOCTH TOT'O, YTO JIB& OIIPEIEJIEHHBIX JIUIA OKAXKYTCS Psi-
JioM? Berauc/imTh BEPOSATHOCTD TOTO K€ COOBITHS, €CJIN JINTA
CANIATCS 38, KPYIVIBIA CTOJ.

3.28*. JlokazaTh, ITO BEPOSITHEE MOy IUTH IIPU IeTHIPEX
OIOPACHIBAHUSX UTPAJIHHON KOCTH XOTs Obl OJIHY €JIMHUILY,
geM 1pu 24 no0paChIBAHUSAX [TAPhI UI'PAJIBHBIX KOCTEH XOTs
OBl OJINH pa3 mapy €JMHMUII.

I[Ipumeuanue. 3amada u3BecTHa Kak rmapajgokc jae Me-
pe. IlpunBopHBIli KaBajiep U a3apTHBI UI'DOK IIEBAJILE JIE
Mepe, coBpemennuk Buesa Ilackasisi, cauras, 9To BEpOST-
HOCTH 9TUX COOBITUI OJIMHAKOBBI, U OOBUHSLII MATEMATHKOB B
CBOUX ITPOUTPHIIIAX.

3.29. Jlokazarh, 4T0 B KJ1accudeckoit mogenu {2, P} mpo-
CTPAHCTBO 3JIEMEHTAPHBIX COOBITUI {) KOHEUHO U JIJIsT KaXK-
JIOT'O 3JIEMEHTAPHOTO COObITHA w; € () 3HAYEHNEe BEPOSITHOCTU
P(wi) = 1/n(Q),i = 1,2,...,n(Q), rue n(Q) — 4aucio scex
9JIEMEHTAPHBIX COOBITHUI.

3.30. B kaxioit u3 ABYX ypPH HAXOJUTCS IO 7 IIapOB,
cpesi HUX 1 OeJIbIX U 7 YEePHBIX, Mapbl pasjindumbl. [lycTh
k — gucio GesbIxX mapos B nepsoit ypue. Hayna4dy Beibupator
iap 13 IIepBOM yPHBI, 1Iap U3 BTOPOIl YPHBI U IIePeKJIalblBa-
0T UX U3 OJ[HOU YPHBI B JPYI'YIO. BBIYUCIUTDL BEPOSITHOCTD
TOTO, YTO YUCJIO OEJIBIX [IIAPOB B [1EPBOii ypHE 1) yBeImInTcst;
2) yMEHBIIUTCsT; 3) HEe U3MEHUTCSL.

3.31 (crarucruka MakcBesuta-Bosbsnmana). Ilycrs
N Pa3IMIUMbIX YACTUIL PACIPEIE/ISIeTCs 0 m suelikam (06-
JlacTsM npocrpancTsa). Haiitu BeposTHOCTD TOrO, 9TO B 11ep-
BOIi, BTOpPOii, U T. 1., m~-i1 sTyeiike OymeT comep:KaTbCs COOT-
BeTCcTBEHHO k1, ks, . . ., ky, dacTuir.

3.32. 3a KpYyIJIBIM CTOJIOM PACIIOJIArafoTCa N JINI. BbI-
YUCJUTH BEPOSATHOCTb TOTO, YTO TPU OIPEJIEJIEHHBIE JIATIA
OKaXKYTCs PSIJIOM.

3.33°. IloabpaceiBatoT Tpu MoHeTHI. HaiiTu BepostTHOCTH
cobbiTuit: A — “Ha mepBoil MoHeTe BhInageT repd’, B — “BbI-
aJjieT poBHO jiBa repba’; C' — “Bbinajier He OoJiee JBYX rep-
60B”.

3.34. I3 MHOXKECTBa BCEX IIOCJEIOBATEIbHOCTEH M-
HO¥ n, coctaBienubix u3 1mudp 0,1, 2, Haymady BHIOUpaETCS
oxHa. Haiitu BepositHOCTH cOOBITHIE: A — “moOciiemoBaTenb-
HocTh HaynHaercs ¢ 07, B — “mociie10BaTeIbHOCTh COAEPXKUT
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m + 2 HyJeil, npudeM JIBa U3 HUX — Ha KOHIAX IIOCJIeI0Ba-
reabHocT”, C — “H0OCI/IeI0BATEILHOCTL CONEPKUT 1M €11-
oury’, D — “mocse1oBaTe/IbHOCTD COCTaBIeHa W3 Mg HyJIel,
M1 €IUHUIL, 1Mo TBOEK .

3.35°. IlogbpaceiBatoT j1Be UrpajbHble KocTr. Haiitu Be-
positHocTH cobbITHI: A — “cymMma o4YkoB kparHa 67, B —
“cymma 09KOB KpaTHa 2”7, C' — “mpousBejieHne 0YKOB — UeT-
HOE YHUCJI0" .

3.36". BeraucmmTh BEpOSITHOCTH TOTO, UTO Y€ThIPEX3HAU-
HBIl HOMEDP Hay/ady BbIOPAHHOI'O B OOJIBIIIOM TOPOJIE aBTO-
MOOUJIS: &) COCTOUT M3 Pa3HbIX nudp; 6) WMeeT POBHO JBE
OJIMHAKOBBIE MUMDPDI; B) UMEET JIBE TIaPbl OJIMHAKOBBIX 1UMD;
') IMeeT POBHO TPH OJIMHAKOBBIE UM PHI; JI) COCTOUT U3 OJIU-
HaKOBBIX IHdp.

3.37. Uz ypubl, comepxxKameit M mapos ¢ HoMepoMm 1,
M> mapoB ¢ HOMepoM 2, u T. 1., M}, mapoB ¢ HoMepoM k, Ha-
yaady ussjekator n mapos (n < My,n < M, ...,n < My).
Berancsints BEPOSITHOCTD COOBITHST A — “IIOSIBUTCST M 1A~
POB ¢ HOMEPOM 1, msg MIAPOB ¢ HOMEPOM 2, U T. JI., ITOTBUTCS
M}, MapoB ¢ HOMepoM k.

3.38*. 1. I3 muoxkectBa {1,2,..., N} nocienoBarejbHO
Haygady Oe3 BO3BpallleHHs BbIOMpaioT nBa duciaa & u Eo.
Borauciius BepositHocTh cobbitust {€1 < &2}

2. U3 muoxkectBa {1,2,..., N} nocienosaresbHO Hayja-
9y 06e3 BO3BpaIlleHus BLIOUpAIoT Tpu uncia &1, &o, 3. Berauc-
JINTH BEPOSATHOCTH TOrO, YTO BTOPOE UUCJO OYyJET PacIoJio-
JKEHO MEXKJIy T€PBBIM U TPETBbUM, T. €. BBIYUCIUTH BEPOST-
HOCTh cobbiTust {&1 < &2 < &3}

3. Uz muoxkecrBa {1,2,..., N} nocienosaresbHO Hayja-
qy ©0e3 Bo3BpareHusi BoiOwpaoT n uncesa &1,&s,...,&n
(n < N). BerancanTsb BeposiTHOCTB TOTO, 9To dncaa {1, o, . . .

., &n TIOSABSITCS B MOPsiJIKE BO3PACTAHUS.

3.39°. Ky0, Bce rpaHu KOTOPOTO MOKPAIIEHbI, PACITAIILIN
Ha ThICAIY KyOUKOB OJIMHAKOBOTO pa3Mmepa. Kybuku mnepeme-
maJyin. HaifTu BEpOsITHOCTD TOrO, 4TO HAy/Iady BbIOpAHHBII
KyOUK: a) mMeeT XOTst Obl OJ[HY OKPAIIEHHYIO IPaHb; 6) UMeer
JIBE OKDAIIICHHBIX TPAHN; B) UMEET TPU OKPAIIEHHBIX I'DAHU.

3.40 (mpusoBasi urpa). Bel yuacTByere B Ipu30BOii ur-
pe (mpu3z — aBromobmib). Ilepes BaMu Tpu 3aKpBITHIX JIBe-
pu. 3a omHON U3 HUX — aBTOMOOWJIb. Bemymuit mpemiara-
eT BaM BBIOpaTb JBepb. Bol BhiOupacte. Ilpexie wem ot-
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KPBITb BLIODAHHYIO BaMU JIBEPb, BEILYIIUi OTKPHIBAET OIHY
U3 OCTABINMNXCSI ABepeil — 3a meit aBromobmis HeT. Ilocie
9TOr0 BeAyIMUU IpejjiaraeT BaM JBa BapHaHTa IOCIEYIO-
IUX JEHCTBUNl — OTKPBITH BHIOPAHHYIO paHee BaMU JIBEPD
WIN OTKPBITH OCTABIIYIOCS JBEPb. Kcin 3a OTKPBITON JiBe-
PBIO aBTOMOOMJIH — OH BAIII.

Kaxkoit BoibOp crearh — OTKPBHITH [IEPBOHAYATIBLHO BbI-
OpaHHYIO ABEPh WJIN OTKPBITH OCTABIITYIOCS !

EcrecrBenno, uro npejmodruresibHee TOT BHIOOD, KOTO-
pbIit obecrieanBaeT OOJIBITYI0 BEPOSTHOCTD BBHIUT'PHIIIA ABTO-
MOOMJTSI.

Broruuciure BepOATHOCTD BBIUTPHIIIA aBTOMOOUJIS, €CJINU:
1) BBI OTKpbIBaeTe [IePBOHAYATIBLHO BEIODAHHYIO JIBEPD; 2) BB
OTKPBIBAETE OCTABIIYIOCS JIBEPh.

3ajlada U ee pellleHne CTAHOBATCH OCODEHHO “Ipo3pad-
HBIMI ', €CJI aBTOMOOMJIb HAXOIUTCS 38 OJHOU U3 N JiBepeil
(mycrpb st marsaoctu 1= 1000).

Bro1 Boibupaere 1Bepb, MOC/E Yero BeLyIInil JIeMOHCTPU-
pyeT, 9To 3a n—2 ABEepsiMU U3 1 — | OCTABIIUXCS aBTOMOOU/IsT
ueT. Terepb BHIOOD 338 BaMU — OTKPBITH [I€PBOHAYAJIBHO BbI-
OpaHHYIO JIBEPH UJIU OTKPBITH OCTABIIYIOCS JIBEDD.

3.41. 2n mapoB, cpeu KOTOPBIX i OEJIBIX U 7, YEePHBIX,
HayJa4dy pacIpeessiioT 110 JBYM ypHaM — IO N IIapoB B
KaXK Iy IO.

HaiiTu BeposiTHOCTH TOrO, 9TO B IIEPBOI ypHE OKAYKETCSI
k 6eabIX IapoB.

3.42 (npsiMmoe mpou3BeJeHNe BEPOITHOCTHBIX IPOC-
rpancts). IIycts {QM) PM} u {Q®) PG} — jmckpernbre
BEPOSITHOCTHBIE ITPOCTPAHCTBA!

0 — {wgl),wél), .. .w(l) 1,
PO (W) =pVi=1,2,..., N,
0® — {wgz), wéQ), .. .w§322> 1,

POW)=p® j=1,2,...,N®,
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P,y =p"p? i=1,2,.. NV, j=12. . N

i g

Hokazarb, uro mapa {2, P} siBisiercsi BepOsiTHOCTHBIM
[IPOCTPAHCTBOM U JIJIsI JIFOOBIX

A= {(wi(l),wj(?)) : wgl) e AW, wj(.z) e O,

B = {(wi(l),wj@)) : wi(l) € Q(l), wj(?) = B(Q)}

nMeeT MeCTO paBEHCTBO

P(ANB) =P(A)P(B).



I'naBa 4

YcioBHadg BEPOATHOCTD

4.1 dPopmyJia MMOJHON BEPOATHOCTH.
®opmyabl Baiiteca

VYcioBuasi BepositHOCTb. [Tycrs {2, P} — BeposiTHOCT-
Hoe upocrpaHcTBo. s mannoro cobwitust B (B C €,
P(B) > 0) ycaosnoti sepoammnocmovio Pp(A) cobbitust A npn
ycJI0BUH, 9TO cOObITHE B 1pon301110 (OTHOCUTEILHO COObI-

Tus B) OyieM Ha3bIBATH BEJINIUHY P(Ffl(g)B), T. €.
_ P(AnB)

Yenosayto BepositHocTh P p(A) obosnauator eme rak: P(A/B).

Ycenoras BepositHocTh Pp(A) — Mozes 9acToTsl coObI-
st A, Korja B 3aBeIOMO TMPOM3OIILIO, KOTJIa MBI WHTEPE-
CyeMcs 9acToTO# coBbITHST A TOJMBKO B MOCIEI0BATEIHLHOCTH
TeX YKCIIEPUMEHTOB, B KOTOPHIX B MPOU3OIILIO.

Oynkuusa muokectBa Pp(A), A C B, saBigercs Bepo-
ATHOCTBIO Ha KJlacCe IIOJIMHOXKECTB MHOZKeCTBa B7 IIO3TOMY
napa {B,Pp} — obpa3syer quckperHoe BEpOSITHOCTHOE PO~
CTPAHCTRO.

B xaaccuuecxot modeau {§2, P} yeaosnasn eeposmmocmo
P(A/B) cobvimusa A omnocumervro cobwmus B pasha om-
nowenuro wucaa n(ANB) ucxodos, exodswux ¢ ANB, K wuc-

43
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2y n(B) ucxodos, erodsuwur 6 B:

" P(ANB) n(AnB)
PAB) = "5y T )

Yenosuyio BepositHocTh p = P(A/B) cobbituss A oTHO-
CUTEJIBHO COOBITUS B MOXXHO MHTEPIPETUPOBATH KaK KOJIU-
EeCTBEHHYIO MepPY IIPOTrHO3a mosBieHus A, ecin cobbitne B
3aBEJIOMO IIPOU3OIILIO.

I[Ipumep 4.1.1. Iodbpacviearom mpu cummempuiHvlie
uzpasvrve Kocmu. Hatimu eepoammnocmsv mozo, 4mo roms
Ot 1a 00HOT Kocmu euinadem eQuHUUG, ECAU USBECTIVHO, YIMO
HG MPET BVINAAU PASHBLE 2DAHU.

Pemenune. Kocru 6ynem cunrars pasimanmbivu. B ka-
YeCTBE IPOCTPAHCTBA JIEMEHTAPHBIX COOBITHIT () paccMoT-
pPUM YIIOPSIJIOUEHHBIE TPOUKH, COCTaBJIEHHBIE U3 uncen 1,2, . ..
..., 6. ITockoIbKy KOCTH CUMMETPUYHBI, TO ECTECTBEHHO CYUU-
TaTh BCE dJIEMEHTAPHbBIE UCXO/Ibl PABHOBEPOATHLIMU. TeM ca-
MBIM BEPOATHOCTHOE IIPOCTPAHCTBO CTOXACTUIECKOI'O IKCIIE-
PHUMEHTa TOCTPOEHO (MOJIE/Ih KJIacCHIecKast).

IIycts B — cobblTre “Ha Tpex KOCTAX BbINNAJIU Pa3Hble
rpanu’, A — “Xorsa Obl Ha OJIHONW KOCTHU BbIIIAJIA €IMHUIA.
B zajiage HeoOX0IMMO BBIYUC/IUTD YCJIOBHYIO BEPOSITHOCTD

_P(AmB)
P(A/B)_TB)
Nmeem
6-5-4 Cl.5.4
P(B) = = P(ANB) = = 5,
1- . . .
P(A/B):P(AmB):C3 54 /6-5-4 1

P(B) 6 63 2

Beposithocrs P(A/B) Tak:ke MOXKHO BBIYHCJIUTH, BOC-
HOJIb30BABIIICH TEM, 9TO B Kiaccumdeckoit momemn {2, P}
ycsioBHast BeposiTHOCTH P(A/B) paBHa OTHOIIEHWIO YHCIIA
n(A N B) sjeMeHTapHbIX COObITHI, HpuHaIexkamux A N B,
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K qncsy n(B) sseMeHTapHbIX COOBITHIT, IpUHAIEKANX B,
T. €.

n(AﬂB)_C§-5-4_1
n(B)  6-5-4 2

SaMeTHM, YTO BEPOSITHOCTL TOTO, YTO Ha TPEX KOCTAX
BBINTAJIN PA3HbIe TPAHHU U XOTsI ObI HA OJIHON KOCTH BBIIAJET
€JIMHUIIA, T. €. BEPOSATHOCTH cobbiTust A N B, paBHa oTHO-
mennio n(A N B)/n()) aucra ucxonos, Bxogamux 8 AN B,
K uncsy n(§2) Bcex mcxomnos €2 :

P(A/B) =

n(ANB) Ci-5-4 5
P(ANB) = Q) - ® I

[Ipumep 4.1.2 (3anaua JIbonca Kappomna). B ypue co-
depotcumca 00ur Wap, 0 KOMOPOM UIBECTVHO, WIMO OH UAU
Geavti (¢ seposmmocmvro 1/2), uau wepnod. B ypuy noso-
HCUNY DEABLT Wap, U 3aMeM, MUGMENBHO NEPEMEULAE ULG-
Pbl, U3BAEKAU HAYIauYy 00UH wWap, KOMOPul 0KA3GACA be-
avim. Kaxosa eeposmrocms moz2o, 4mo nocae 3mozo u3 yp-
HoL U3BACKYM, BeAvill wap?

Pemenune 1. DKCrIepUMEHT COCTOUT B TOCJIEIOBATE b
HOM HM3BJIEYEHUU U3 YPHBI ABYX IapoB. O603HAUNM OeJIbit
map depe3 W, uepublit — uepe3 B. MHO2XKeCTBOM BCEX UCXO-
JIOB CTOXACTUIECKOTO SKCIIEPUMEHTA, STBJISIETCST

Q= {WW,WB,BW}.

Hanpumep, napa W B onucbkiBaeT ucxon; “nepBbIM H3BJI€YEH
6esblit map, BropbiM — depubiit”. [lycth A1 — cobbiTue “Oe-
JIBII TIap wW3BJjedeH mepBbiM’, Ao — “Oesiblil map u3BJievdeH
Bropbiv”. Heobxozmumo Bbranciautb P(Ag/A1). Coberrust Ay,

Ao, A1 N Ag Kak IMOIMHOXKECTBa, §2 OIUIIYTCS TaK:
Al = {WW, WB}, Ay = {WW, BW}, A1 NAy = {WW}

ITockosbKy B ) BXOJSAT TPHU 3JjIeMeHTapHBIE COOBITHSI, B A}
— nBa, B A1 N As — oniHO, TO

. P(AQﬂAl) . 1/3 . 1
P(4a/ ) = TgEL = =



46 I'naBa 4. YcaoBHass BEPOATHOCTD

Pemenue 2. Benblit map, KOTOPBIi KJIaIyT B YPHY, IO~
MeTHM, HaIlpUMep, 3BE3M0TKOM 1 0003HaUInM ero depes W*.
Torma MHOYXKECTBOM BCEX MCXOJIOB CTOXACTUIECKOTO YKCIIEPH-
MEHTa SABJISETCH

QF = {WW*, W*W, BW*, W*B}.

Coboitusa Ay, As, A1 N A Kak noaMHOXKecTBa 2% onuIryTes
TaK:

Ay = {WW* W*W,W*BY}, Ay = {WW* W*W, BW*},

AL N Ay = (WW* W*W}.

[TosTomy

CP(ANAy)  2/4 2
P(Ag/Ay) = P?Al) L -7i=3

JlBa perennst — JiBa PA3HBIX OTBETA — HEXOPOIIIO.

Boupoc 1. Kakoe u3 pemiennii nesepuoe?

Boupoc 2. I'me momyiena omubka?

[TonbrTaiiTech cHavaga OTBETUTH HA BOIPOCHI 1 U 2, HE
quTad JaJIbIIIe.

OrBer k npumepy 4.1.2.

Pemenne 1 neBepnoe. Mojiesib He Kaaccuyeckas, a Be-
POSITHOCTU COOBITUI BBIYUC/IAIOTCH KAaK B KJIACCUIECKON MO-
qesin. BeposTHOCTH 3/IeMEHTAPHBIM COOBITUSIM HEOOXOIUMO
IpUIINCaThb TaK:

PWW) =1/2, P(WB) =1/4, P(BW) = 1/4.

[TockobKy cHavYa A B ypHE HAXOIHUIICS OesbIil map (¢ Bepo-
SATHOCTBIO 1/2) min 4depHblit (¢ BeposATHOCTBIO 1/2), To 1o-
cJle TOTO, KaK B YPHY IIOJIOXKUJIM ONWH OeJsIbIil 1ap, B ypHE
HAXOJATCS ¢ BEPOSITHOCTBIO 1/2 mIapsl OJTHOTO IBETA U C Be-
positHOCTBIO 1/2 — pasuoro. B aToit Mogenn umeem:

P(Al N AQ) = P(WW) = 1/2,

P(A1) = PUWW,WB}) =
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=P(WW)+P(WB)=1/2+1/4=3/4,

CP(AnAp)  1/2 2
P(Ag/A) = P?Al)l -3

B permenun 2 KaxKjI0My MCXOIY MPUIKUCHIBAEM BEPOSIT-
HOCTh 1/4. 3ameTum, 4TO B ypHE, 1I0CJIE TOTO, KAK B HEe
[TOJIOXKUIN OJMH OeJIbIf Map W JO0 TOTO, KaK IMaphbl HATAJM
M3BJIEKATDH, HAXOAMUIOCH: JBa OEJIBIX mapa (¢ BEPOSTHOCTHIO
1/2), win oxuu GeJiblii, APyroii 4YepHBIH (C BEPOATHOCTHIO
1/2).

KovMMmenrapuit k npumepy. [Ipumep, B gactHoCTH,
WLTIOCTPUPYET TOT (DAKT, ITO JJIsi OJTHOTO U TOT'O YK€ CTOXaC-
THYIECKOTO SKCIEPUMEHTA MOXKHO HPEJJIOKUTH PA3HbIE IIPO-
CTPAHCTBA JIEMEHTAPHBIX COOBITHII, & BMECTE C HUMU U Pa3-
HBIE BEPOSTHOCTHBIE ITPOCTPAHCTBA, KOTOPBIE aJIEKBATHO OIIH-
CBIBAIOT CTOXACTUYECKUI 3KcIepuMeHT. B mnpumepe 6ObLIO
[IPEJIJIOYKEHO JIBA IIPOCTPAHCTBA 3JIEMEHTAPHBIX COOBITHIA:

Q= {WW,WB,BW},Q* = {WW* W*W, BW* W*B}.

Pacnpenenenne BeposgTHOCTEH Ha IPOCTPAHCTBE JIEMEHTaP-
HBIX coObITH ) Takoe:

PWW)=1/2, P(WB) =1/4, P(BW) = 1/4,
a Ha mpocrpaHcTee (1" Takoe:
PWW™*)=1/4, POW*W) = 1/4,

P(W*B) = 1/4, P(BW*) = 1/4.

Ob6e 3Tu MOJIe N aJeKBATHO OIUCHIBAIOT CTOXACTUIECCKUI 9KC-
[IEPUMEHT. 3aMEeTUM, UTO OJIHA U3 HUX KJIACCUIECKAs, IpyTrast
— HET.
®dopmyna nmoanoit BeposstHocTu. Cobwitus B; C §Q,
1 =1,2,...,n, 6ygeM Ha3bIBaTh NOAHOT 2pynnoti cobvmud,
eCJI OHH IonapHo He nepecekaiorcs (BiNBj = 0,1 # j)us
n

obbeuHeHnn Ja0T {) — JOCTOBEPHOE COOLITHE ( U Bi = Q)
i=1
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Teopemad.l.l. Ilycmv By, Bo, ..., B, — noanaa epyn-
na cobwmutil u P(B;) > 0,i = 1,2,...,n. Toeda das aobozo
cobvimua A umeem mecmo Gopmysa noAHoT GEPOATNHOCTIU

P(4) = Z P(A/B;)P(B;).
i=1

DopmyJia OTHON BEPOATHOCTU CIPABEJINBA U JIJIsI CUET-
HOI TOJTHOW T'PYIIIBI COOBITHIA.

[Ipumep 4.1.3 (“cuacriusbie” 6uierst). Cpedu N ox-
BAMEHAYUOHNBLET Ouremos umeemces n “cuacmaueviz” (6ce
cmydermu, ux 3uarom). Cmydenmuvr 0dun 3a dpyzum noo-
xodam 3a busemamu. Y K020 boavule BEPOAMMHOCTL GbIMA-
HYMB “cuacmausutl” busem — Yy mozo0, Kmo nodowes nep-
BbIM, UM Y MO20, KMO nodowes smopvim?

Pemenune. Obo3naunm gepes Aé cobbITHe “i-if CTYIEHT
BBITSHYJI CHACTJIUBBIN Omier”, ¢ = 1,2, a uepes A} —
“l-if CTYyIeHT BBITSIHYJI HeCYacTIUBLIN Ommer”. ajee Berauc-
naem P(AY) m P(AL).

CoryacHo dopMmyJie KIaCcCHIeCKOH BepOITHOCTH

n

P(4Y) = ¥

BepostaocTh cobbitus P(AL) Berancisiem no dopmysie mos-

HOll BeposiTHOCTH, yunThiBas, uro Al m A% obpazyror mos-
HYIO TPYIIY COOBITHIA:

P(A}) = P(A3/A})P(A}) + P(A3/A})P(A}) =

n—1n n N-—-n n

N—1N N-1 N N
CreioBaTe/IbHO, BEPOSITHOCTD BBITAHYTH ‘‘CUACTIMBBIN’
6user i 000UX CTYIEHTOB OJNHAKOBA.
SBameuganune. Takoil OTBET IOJIyYIaeTCs, €CIU IEPBBIil
CTYIEHT He OObABIII, KAKOI OH BBITSIHYJI OujieT. B mporuBHOM

299

cJIydae BEPOSITHOCTD TOT'O, UTO ‘CUACTIIUBLIN OUJIET BHITIHYJI
sropoii cryment, pasua P(AL/A) = (n —1)/(N — 1), ecrm

299

HEPBBIil BBITSHYIT “‘cYacTInBbIil’ Guiter (1 00bsBIII 06 9TOM),
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u pasra P(AL/AY) = n/(N — 1) — ecu iepBbiii BEITAHYIT
“HecYacTIIUBBIN’ OUJIET.

®opmyanr Baiieca. Ilyemv Bi, Bs, ..., B, — noanas
epynna cobwmut u P(B;) > 0,1 = 1,2,...,n. Tozda dan
06020 coovimus A (P(A) > 0)

P(A/B;)P(Bi)
3 P(A/BP(By)

P(B:/A) = L i=1,2,...,n.

[Ipumep 4.1.4 (curnan na done myma). Ha gone wyma
HA 6200 PadUOAOKAUUOHHO20 YCPOTCMEaA ¢ 6EPOAMHOCTIBIO
p (0 < p < 1) nocmynaem cuenas. Ecau nocmynua cuenan
(¢ wymom), mo ycmpolicmeo pezucmpupyem HAAUYUE CUu2-
HAAG C BEPOATMHOCTNBIO P1, €CAU TOALKO WYM, MO Ycmpoli-
CTNBO PE2UCTMPUPYEM, HANUMUE CULHAAL C BEPOATIVHOCTIBIO D3 .
Yempoticmeo sapezucmpuposano cuenan. Kaxosa eeposm-
HOCTD M020, YMO Ha 6T00 PAoUOAOKAUUOHHO20 YCTPOTICMEa
cugnan nocmynua?

Pemenune. Beegem rakue obosnadenusi: A, — Ha BXOJI
npuies curaal (¢ mymom), A — Ha BXOJ IPHIIE] TOJIBKO
myM, B. — yCTPOHCTBO 3aperncTpupoBaIo HAJIUIAE CUTHA-
Jna, B — ycrpoiicTBo 3aperncrpupoBajo mryM. Heobxommmo
Beraucantb P(A./B.). Bocionbsosasimcs dbopmyioit Baii-
eca (cobbitust A, 1 A 06pa3yioT MOJIHYIO IPYIILY COObITHIL),
HOJTY TiM

P(B./A:)P(A.)
(B:/A:)P(Ae) + P(B./A)P(A)

P(AC/BC) = p

ITo ycaosuto 3amaun P(A.) =p, P(A) =1 —p, P(B./A.) =
= p1, P(B./A) = pa. CienoBarenbHo, NCKOMasi BEPOSITHOCTh

p1p
P(A./B.) = .
(Ac/Be) p1p + p2(1l —p)
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4.2 He3zaBucumMmbie cOObITUA

NuTyurnsHo, ciryvaitnbie COOBITHS HE3aBUCUMBbI, €CJIM UH-
dopmarnust 06 oHOM COOBITUN (IPOU3OILIO, HE TPOU3OIILIO)
HEe MeHsieT IPOrHo3 nossienns napyroro. (Hampmwep, mpu
oIOPAChIBAHUU MOHETHI U UTI'DAJILHON KOCTH HHMOPMAIusd O
BBIIIQJIEHUN IIIeCTEPKU Ha KOCTHU He MeHsdeT IIPOI'HO3 I0osBJIe-
Husi repba Ha Mosere.) [losromy dhopMaIbHO HE3aBUCHMBIE
coObITUst A 1 B MOYXKHO OIIPENIESINTE KaK TAKUE, I KOTOPBIX
UMeET MECTO PABEHCTBO

P(A/B) = P(A)
WUJIA, 9TO TO XKe,

P(ANB)
B P(A).

ITocneamee paBeHCTBO MOXKHO IEPENUCATH B CHUMMETPUIHOM
BUJIE:

P(ANB)=P(A)P(B).
Onpenenenne. [lycrs {2, P} — BepositHOCTHOE 1TPO-

crpanctso. Cobuitust A u B (A C Q,B C Q) Oyaem Ha3bI-
BATh HE3A6UCUMbBLMU, €CIII

P(ANB)=P(A)P(B).

Cobbitust Ay, As, ..., A, 6yleM Ha3bIBATb HE3GEUCUMDL-
MU 6 COBOKYNMHOCTMU, €CJIA IJIs JI0060ro Habopa pasaImIHbIX
unyekcoB {i1,i9,...,ik}, k=2,3,...,n,

P(A;, NAjp N...MA;) =P(A;)P(As,) ... P(4;,).

Cobwirust Ay, As, ..., A, OyIeM HA3BIBATH NONAPHO HE3A-
BUCUMbBLMAU, €CJTH I JIIOOBIX JIBYX PA3JMIHBIX HHIEKCOB
suk

P(As N Ag) = P(As)P(Ag).

Ecmu cobbitust A u B He3aBUCUMBI, TO cobbITHs A U B;
A u B TakyKe HE3aBUCUMBI.
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[Ipumep4.2.1 (C. H. Bepuurreiin). ITod6pacvisarom npa-
BUADHBLT MemPasdp, MPu ePaHL KOMOPO20 OKPAULEHDBL COOM-
BEMCMBEHHO 6 KPACHbIl, CUHUTL U 3eAeHbL UBEMA, G 6 OKPAC-
xe uemeepmot epanu npucymemeyrom ece mpu usema. Co-
ovimua: R — “kpacrwd”, B — “cunuid”, G — “seaenvii” o3ma-
Yaom, WMo 6 OKPACKE 2PaHU, CONPUKACGIOUETCA C NoSepT-
HOCTIBIO, NPUCYMCMEYIOM coomeemcmesyroujue ysema. Yoe-
dumuca, wmo cobwmusa R, B, G nonapro Hezasucumot, HO
HE ABAANOMCA HEZABUCUMBLMYU 6 COBOKYNHOCTNU.

Pemenne. Vcxon skcrepuMeHTa — TeTpasap IAHHOM
rPaHbIO CONpUKAcaeTcsd ¢ MoBepxHOCTbIO. Ilockosibky Tet-
pa’sp HpaBUJIbHBIIA, TO B Ka4yeCTBE MaTeMaTU4eCKOI MoJie-
JII CTOXaCTUYIECKOT'O SKCIIEPUMEHTA €CTECTBEHHO PACCMATPU-
BaTh KJIACCHYECKYIO MOJIEIb.

Kaxkip1it niBeT npucyTcTByeT B OKpacke JBYX I'paHeil, 1mo-
TOMY

P(R)=2/4=1/2, P(B) =1/2, P(G) =1/2.
B okpacke TOIbKO OHOI IpaHU UMEIOTCS TPU IIBETA, IIOITO-
My
P(RNBNG)=1/4, P(RNB) =1/4,
P(RNG)=1/4, P(BNG) =1/4.
Tak 4aTo
P(RNB) =P(R)P(B), P(RNG) =P(R)P(G),
P(BNG)=P(B)P(G),
T. e. cobpiTus R, B, G — nonapuo He3aBucuMbl. Ho

P(RNBNG)=1/4+#1/2-1/2-1/2 = P(R)P(B)P(G).

ITociiennee o3nagaet, aro cobbitust R, B, G He aBastioTcs He3a-
BUCHMBIMHI B COBOKYIIHOCTH.
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4.3 3agaun

A3: 4.11°,4.12,4.13,4.21,4.22,4.23, 4.24.
C3: 4.3°,4.5,4.7°,4.9,4.10°,4.13, 4.16, 4.19, 4.24, 4.26.

4.1°. Coboitust A u B — mezaBucuMbl. JlokazaTb, 4To

cobbiTust A u B, A u B Takyke HE3aBUCHMBI.

4.2°. Cobbitust Ay, Ao, ..., A, HE3aBUCUMBI B COBOKYII-
Hocru u P(Ax) = pg, k = 1,2,...,n. KakoBa BeposiTHOCTB
TOro, 4TO:

a) He IPOM30HIeT HU OIHO U3 coObIThit A1, Ao, ..., Ap;

6) mpou3oiiLeT M0 MEHbIIEH Mepe OHO W3 CO6bITI/II/I Ay,
A2> <oy Ang
B) IIPOM30MICT OJ[HO U TOJIKO OJIHO M3 coObITHit Aq, Ag,
A ?

'4.3°. 3a OJIMH IIUKJ OCMOTPA PaJrOJIOKAIMOHHON CTaH-
KUK, HaOJIIOMAIomEel 38 KOCMHUYECKUM OOBEKTOM, OH OyIeT
00HAPYKEH € BEPOSITHOCTHIO p. OOBEKT B KaXKJIOM IIHKJIE 00-
HapyKUBAETCH HE3ABUCUMO OT APYTuX. [[poBemeHo n muk/ios
HabJroeHnsI. KakoBa BEpOSITHOCTH OOHAPYXKEHUST 0ObEKTA !

4.4°. ITpubop, cocrosruit u3 n 6JI0KOB, BBIXOIUT U3 CTPOS,
€CJIM BBIXOJUT U3 CTPOsi XOTsI 6bI ouH OJIOK. BJIoKM BbIXO-
JIAT W3 CTPOsi HE3ABUCHMO OIUH OT apyroro. HagexHocTs!
KazKJI0ro OJI0Ka paBHa p. BHIYUCINTE HAJIEXKHOCTD IpUbopa.

4.5. CucreMa COCTOUT U3 JBYX ITPUOOPOB: OCHOBHOIO TIPH-
6opa u npubopa ero ayOJUPYIOIIEro, HAAEKHOCTD KaKI0T0
npubopa pasHa p. B ciiydae BBIXOa U3 CTPOsI OCHOBHOIO IIPH-
O0pa IIPOUCXOIUT MI'HOBEHHOE IIePEKJII0OUeHNe Ha, XyOaupyio-
it ipu6op. I[Tpubopbl BHIXOAST U3 CTPOS HE3ABUCUMO OJINH
ot apyroro. Haittu Ha1eKHOCTD:

1) sT0it cucrembl TpuOGOPOB;

2) cucreMbl IPUOOPOB, €CJIU YCTPORCTBO TIEPEKTIOUEHNUST
cpabaThIBAET ¢ HAIEIKHOCTBIO P1.

4.6. CucreMa COCTONT M3 OCHOBHOTO mpubopa u (n — 1)
AyOJIIPYIOIINX ero IpobopoB, HAIEXKHOCTh KazKI0To IIpubo-
pa pasta p. [Ipubopsl BEIXOAAT U3 CTPOsI HE3ABUCUMO OJINH
or apyroro. Haittu Ha1e?KHOCT:

oz mazesknocTsO TpUGOPa MTH 6I0Ka, TPHGOPOB GyIeM MOHIMATE
BEPOSITHOCTD €ro 6e30TKa3HOI paboThl Ha OIPEIEIEHHOM (DUKCUPOBAH-
HOM WHTEpBAJIE BPEMEHH.
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1) ar0it cucrembl IPUGOPOB;

2) cucrembl IPUOOPOB, €CJIN KaKIbIi 13 TPUGOPOB, BKJIIO-
qalonuit 1y Iupyonmit npubop, uMeeT HaJAeKHOCTD P .

CkobKO HEODXOJUMO MPUOOPOB, YTOOBI HAJIEKHOCTD
cucreMbl TpUOOPOB ObLIa HE MeHbIe P7

4.7°. TlogbpaceBafoT [ABe UrpasbHBbIE KOCTH: KPaCHOTO
1 PO30BOIO IBETOB. KakoBa BEPOSITHOCTH TOrO, YTO CyMMa
OYKOB Ha KOCTAX OoJibllle win paBHa 10, eci ©3BECTHO, YTO:

a) Ha KPACHOI KOCTH BBINAJIO H OYKOB;

6) Ha OJHOIT M3 KOCTell BBIIAIO 5 0YKOB (BO3MOXKHOCTH
BBINAJICHNST 5 OYKOB Ha 00enX KOCTSX He MCKIIOYeHa)?

4.8°. B ypHe comepKurcst n IapoB. Bce Bo3MOxKHbIE
[IPEJIITIOJIOXKEHUST OTHOCUTEJIBHO KOJIMIECTBa OeJIbIX MAapoB B
ypHE paBHOBeposiTHbI. Haymady w3 ypHBI U3BJIEKAIOT OJUH
map. KakoBa BeposiITHOCTB TOTO, 9TO IIap OesibIii?

4.9°. B N ypHax conep:KuTcs ni,n9, . .., NN IapoB, cpe-
I HUX OeJIbIX COOTBETCTBEHHO M1,Mg, ..., my. Hayrady
BBIOMPAIOT YPHY, a u3 Hee — map. KakoBa BepOsiTHOCTH TOTO,
YTO 9TOT MIAP OKAXKETCs OeIbIM !

4.10°. B aByxX ypHaxX COIEP:KUTCS N1 U Ng MIAPOB, U3 HUX
OesIbIX MIapOB COOTBETCTBEHHO M1 W My. VI3 mepBoil ypHBI
[IEPEJIOYKUJIA BO BTOPYIO OJUH IIap, I[BET KOTOPOTO HEU3BEC-
TeH. 3aTeM M3 BTOPOIl YPHBI U3BJIEKAIOT OJUH Irap. KakoBa
BEPOSITHOCTH TOT'O, UTO 3TOT map Oebrii?

4.11°. ITogbpaceIBafoT IaBe WIpajbHbIE KocTH. Kakosa
BEPOSITHOCTH TOT'O, YTO CYMMa OYKOB HE MEHEE JIEBSITH, €CJIN
HAa OJIHOHN M3 KOCTE BBINAJIO YeThIPe OYKa?!

4.12. PajqmosiokanimoHHas CTAHIIMSI BeJeT HaOJIIOACHHIE 34
00bEeKTOM, KOTOPBIA MOXKET CO3/1aBaTh IIPOTUBOPAINOIOKA~
IUOHHBIE TTOMexu. Ecim 00beKT He co3/aeT MOMeXH, TO 3a
OJIVH TUKJ OCMOTPAa CTAHIUsS OOHAPYKUBAET €r0 C BEPOSIT-
HOCTBIO P, €CJIH CO3JIAET — TO C BEPOSITHOCTBIO P1 (P1 < Po)-
CoberTne A; — “B TedeHme -r0 IUKJIA OCMOTPA [IOMeXU Oy-
ayT co3manbl’, ¢ = 1,2,...,n, He 3aBUCAT OT TOIO, KaK U
KOT/Ia, CO3/TaBaJINCh IOMEXH B JIPYTUX IHUKJIAX, BEPOSITHOCTD
co3/anms momex B i-M 1ukiae P(A;) =p, i =1,2,...,n.

Haiitu BeposiTHOCTD OOHAPYXKEHMST 00BEKTA 110 MEHbBITIeH
Mepe OJIMH Pa3 3a N MUKJIOB OCMOTPA.

4.13. [Ipubop cocrout u3 n H6JOKOB, LyOJTUPYIONIUX APYT
Jpyra, 1 MOXKeT paboTaThb B OJIATOIMPUSITHBIX YCIOBUAX WJIN
B HEOJIArONIPUATHBIX. B HEOJIATONPUATHBIX YCJIOBUSIX HAJIEK-
HOCTB PabOTBI KaXKJ0ro OJIOKA paBHA P1, & B OJIATOIPUSIT-
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HBIX — pg. BeposTHOCTDL TOTO, UTO TIpUbODP OyIeT paboTaTh B
6JIArONPUATHBIX YCJIOBHUSX, PABHA P, a B HEOJATOIMPUATHBIX
— (1 — p). Baoku BBIXOAAT U3 CTPOsT HE3ABHCUMO OJIUH OT
Jpyroro. Beraucauts HageKHOCTH pubopa.

4.14°. B ypHy, KOTOpasi COJIEPKUT N MAPOB, MOJIOKUII
Gesbrit map. KakoBa BepOSITHOCTH TOTO, UTO W3BJIEUYEHHBIH
U3 yPHBI IIAp OKAXKETCsl OEJIbIM, €CJIU BCE IPEIITOI0KEHUST
OTHOCUTEJILHO HEPBOHAYAJILHOI'O KOJUYIECTBA OEsIbIX II1apoB
B ypHE PaBHOBEPOSTHBI?

4.15°. B ypHe HaxoauTcsd n MIapoB, 9acTh U3 HUX Oe-
Jible. Bce mpeooyKeHnsl OTHOCUTEIBHO KOJTUYIeCTBa OeJIhIX
IIapoB B ypHE paBHOBEPOATHLI. Haymauy mzBjiedeHHBbIN u3
YPHBI MIap OKazaJjicsa OejbiM. BeraucmTh BEpOITHOCTH BCEX
[IPEJIIIOJIOXKEHNNT OTHOCUTEJIBHO KOJIMYECTBa OEJIbIX IapoB B
ypue. Kakoe mpemmosioxkenue nHanboJiee BEpOSITHO?

4.16°. B xax10ii u3 ki ypH (mepsasi TpyIina) coJIepKuT-
cst my OeJIbIX U M| YEpPHBIX MIAPOB, a B KaXKJIoU u3 kg ypH
(BTOpasi rpyIna) COAEp:KUTCs Mg GEJIbIX U Ny YEPHBIX IIa-
pos. 3 nayna4dy BLIOpAHHON yPHBI H3BJIEKJIN IIAP, KOTOPDLIH
okazaJicst benbiM. KakoBa BEpOSITHOCTH TOTO, UTO €TI0 BBIOpa-
JIX U3 [E€PBOil I'PYIIIIBI yPH?

4.17. Crpeok A momajaerT B IEIb ¢ BEPOSATHOCTHIO
p1 = 0,6, crpenok B — ¢ BepostHOCTLIO P2 = 0,5, cTpe-
JoK C' — ¢ BepositHOCTBIO p3 = 0,4. CTpesKu cienaim 3a/i
Mo muiimenu. VI3BecTHO, ITO MMeeTCs JBa MOmaJaHus. ITo
BeposiTHee: monaj cTpeok C' B MUINEHb W HET?!

4.18. B ypue comepxkurcs 12 6ebix, 8 gepubix n 10 Kpac-
HBIX mapoB. Haynady m3BiekaioT asa mapa. KakoBa Bepo-
ATHOCTDb TOT'O, YTO STHU IIAPLI PA3HOTO IIBETA, €CJIU U3BECTHO,
9TO KPaACHBIN map He BbIOpaH?

4.19. U3z ypubl, comepxkaiieit 3 6eJbIXx U 2 9epHBIX IIa-
pa, MepesIoKUIN JIBa Iapa B YPHY, Co/epKaIlyo 4 6ebx u
4 gepubix mapa. KakoBa BepOSATHOCTH Telepb H3BJeYb Oe-
JIBII AP W3 BTOPOM YPHBI?!

4.20. Jlerajin U3roTaBJIMBAIOT Ha NBYX 3aBojax. O0bem
IPOAYKITUK BTOPOTO 3aBOJIa B N pa3 MPEBLIMIAET 00beM MPO-
AyKiun nepBoro 3aBoga. o 6paka Ha mepBoM 3aBOJIE P1,
Ha BTOpOM — po. Haynady BeiOpamHOe m3iesme OKa3aJioch
6pakoBaHHbIM. KakoBa BEPOSITHOCTH TOTO, YTO OHO M3TOTOB-
JIEHO Ha BTOPOM 3aBOje?

4.21*. Bl yuacTByeTe B UI'pe, OMUCAHHON B 3ajate 3.40,
HO TIOCJIE BBIOOpA BaMU JIBEPU BEIYIIUN U3 OCTABIINXCS JIBE-
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peil o/iHy BbIOMpaeT Hayady U OTKpbIBaeT. Ecin 3a Heil oka-
3aJICsd ABTOMOOHJIb, TO UI'Da INPEKPAINAETCs, €CJIU aBTOMO-
Ot HEeT — BeJIYIIUil [IpeJiiaraeT BaM OTKPBITh paHee Bbl-
OpaHHYIO JIBeph WJIK OCTABIIYIOCS JBEpb. Kciin 3a OTKPBITOR
JIBEPBIO ABTOMOOUJIb — OH BalIl.

Kaxoit Ber6op caemars? KakoBa BEpOSITHOCTEH BBIUTPHIIIA
aBTOMOOMIsI?

Mpr pacemorpuMm 6oJiee 0OIIyIO 3a/1ady: aBTOMOOU/IbL Ha-
xomuTes 3a omHoit m3 n aBepeil. Ilocie BeIOOpa BaMu IBEpH
Beymuit u3 (n — 1) ocraBuIuxcs nBepeil Hayady BbIOHpa-
er (n — 2) u oTKpbIBaeT MX. Ecin 3a HUMH OKa3aJcsl aB-
TOMOOWIb, UTPa MPEKPAIAETCS W BBl OCTaeTeCh Oe3 Ipusa,
€CJIU 2Ke aBTOMOOWJIS HET, TO BaM IIPEJOCTABJISIETCS MIPABO
OTKPBITH OJIHY U3 JIBYX OCTABIIUXCS JIBEPEii.

Kakoii Beibop cienarn? KakoBa BeposiTHOCTL TOI'O, 4TO
BBI BBINT'DAETE aBTOMOOMUIIL?

4.22. Tpem paguocTaHIIIsSIM pa3peliena paboTa Ha OIHOM
13 TPeX 3aJaHHBIX YAaCTOT. BepossTHOCTEH BBHIOOPA PaIHOCTAH-
nuedi Kaxk/oii u3 "acTor paBHa 1/3 M He 3aBUCAT OT TOrO,
KaK/e 9acTOThI BBIOPAHBI JIpyruMu pajuocraniusyu. Haii-
TH BEPOSTHOCTU COOBITHI: “BCe PAIMOCTAHIINNA PAOOTAIOT Ha
oJtHO#T wacToTe”, “Bce paJlMOCTaHIIUU PADOTAIOT HA PA3HBIX
JacToTax’.

4.23. Ilpu peHTreHOBCKOM 00CJI€IOBAHUN BEPOSITHOCTH
00HApYKUTH 3a00JIeBaHrEe Y HOJTBHOTO TYOEPKYJIE30M COCTAB-
jgsier 1 — 3, a BepOATHOCTHh IPHU3HATH 3JI0POBOIO UEJIOBEKA
60s1bHBIM paBHA «. IlycTb 10151 60IBbHBIX TyOEpPKYJI€30M OT-
HOCHUTEJILHO BCEr0 HACEJeHUsT cocTaBjsieT . Haiitu BeposT-
HOCTB TOT'O, YTO YEJIOBEK 3/I0POB, €CJIU OH OBbLIT TPU3HAH 00JIb-
HBIM TIPU 00CJIE/IOBAHUH.

4.24. BeposaTHOCTH TOTO, YTO U3/E/TUE IPEIIPUITHS Y10~
BJIETBOpsieT cTanaapTy, pasua 0,96. [Ipemsiaraercs ymporeH-
Hasl CXeMa KOHTPOJIsA, KOTopas KJAacCUMUIUPYET CTAHIAPT-
HOE U3JIe/ire KakK CTaHIapTHOe ¢ BepoaTHOCTho 0,98, a HecTaH-
JapTHOE KakK cTaHiapTHoe ¢ BeposTHOocThIo 0,05. Kakosa Be-
POSITHOCTDH TOT'0, YUTO U3JIEJINE, BhIJAEPKABIIEe KOHTPOJIb, Y10~
BJIETBOPSIET CTAHIAPTY !

4.25°. TlopbpacbiBaioT JBe HUI'pajibHble KOCTH. KakoBa
BEPOSITHOCTD TOT'O, YTO BBIAJIET 10 MEHBIIIEH Mepe OHa TIs-
TepKa, €CJIU U3BECTHO, UYTO CyMMa OYKOB PaBHA BOCHMU!

4.26 (06061nenue 3ama4un JIprouca Ksappoaa). B yp-
He HAXOJUTCS OJUH Iap, O KOTOPOM U3BECTHO, YTO OH JINOO
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Gesiptit (¢ BepositHOCTBIO 1/2), G0 wepHblii. B ypHy mosio-
XKmjid 1 OeJIbIX II1apoB, a 3aTeM IOCJe TIIATEJIHLHOIO Iepe-
MEIUBAaHUS TI0CIEI0BATEHLHO U3BJIEKJN N IAPOB, KOTOPbIE
0KAa3aJIuCh OEJIBIMU.

KakoBa BeposiTHOCTBH TOTO, 9TO CJIEJIYIONUM U3BJIEUEH-
HBIM U3 YPHBI IIAPOM OKAXKeTCsl OeJIhlii?!

4.27. meroTca Tpu ypHBL: B nepBoit Haxoaurca N Ge-
JeIX W My 4depHBIX 1mIapoB, BO BTOpoit — Ny Oenbix u Mo
YepHBIX, B TpeTheit — N3 6esbix u M3 gepHbix mapos (N; >
>2, M; > 2, i=1,2,3). Haysauay BoIOMpAIOT OJIHY U3 YDPH U
u3 Hee 0Oe3 Bo3BpalleHust JBa mapa. OJUH U3 HUX OKa3aJICs
OeJibiM, JIpyroii — depHbIM. HaliTu BepOSATHOCTH TOTO, YTO
mapsl ObLIN U3BJIEUEHDBI 1) U3 1mepBoii; 2) U3 BTOPOIt; 3) u3
TpeTbell YPHBI.

4.28* (3amaua o paspgesie craBkmu). /IBa urpoka ur-
paloT B CIPAaBEIJIMBYI0O UTPY — y OOOUX IMAHCHI BBIUTPATH
KaXKIyIO MMapTHIO UTPHI OJMHAKOBBI, HAIIPUMED, TOA0paCHI-
BaIOT CUMMETPUYHYIO MOHETY, €CJIA IIPU 9TOM MOHETa Jieryia
repboM, MapTUIO BBIUT'PAJI IIEPBBII UT'POK, €CJIN PEIeTKON —
BTOpOii. UIrpoKH IMOrOBOPUIINCH, UTO UI'DY BBIUTPBIBAET TOT,
KTO IE€PBBIM BbIUTpaeT 6 MApTUil, IPU 3TOM BBIUTDABIIHIL
moJiyvdaeT Bech mpu3. Ha caMoM fesie urpa ocTaHOBUIACH O
TOTr'0, KaK OJINH U3 UTPOKOB BLIUTPAJ 6 IAPTUil, CKAXKEM, TIep-
BBIl BbIMTpas b maptuii, a Bropoii — 3. Kak cupaseainBo
pa3aeanTsb npus?

Bajavua 0 pasjesie CTABKU MMeeT JaBHHE KOpHU. Brep-
BbIe ee onybuimkoBas B 1494 1. B Benernuu usBecTHbIil MaTe-
maruk Opa Jlyka I[ladosu, HO IMEIOTCST OCHOBAHUS CIUTATD,
qTO 3a/ada mMeeT apabckoe mpomncxoxkaenne. Ha ee perre-
Hue ObUIO TOTPAYeHO HEMAJIO YCUJINN 3HAMEHHTBHIX MaTeMa-
TukoB (6e3pe3ysbrarno). HenpasuibHoe perenue: mpus cie-
JyeT pasnenuth B oTHomeHun 2 K 1, naa Hukkosio Tapraibs
(1499 — 1557), x0Ts1 OH OBLI JTOCTATOYHO I'€HUAJIEH, YTOObI B
MaTEeMaTUYIeCKON My3Jik 33 OMHY HOUYb HAUTU (POPMYIY KOD-
Helt Kybudeckoro ypasuenus. [IpaBusibHoe pernrenne He3aBU-
cuMo nipyr ot zpyra nosyduiu [lackans u @epma B 1654 1.
DTO OTKPBITHE BBITJISAJIE0 HACTOJBKO BayKHBIM, YTO MHOI'HE
cuutaroT 1654 1. TOIOM POXK/IEHUsI TEOPUU BEPOSTHOCTEN.

4.29. /IBa urpoka UrpaioT B CIpaBeiuByI0 urpy. Tor,
KTO MEPBbIM BLIUTPAET 7 HmapTuii, mojaydaer Bech npus. Ur-
pa IIpeKpaTuiach, KOrjaa NepBblil BRIUrpaJj 6 ImapTuii, a BTO-
poit — 3. Kak crnpaBeqinBo pa3neanTb mpu3?
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JlnckperHagd
cJlydaiiHas BeJIn4YnHa
I ee paclpejeiieHne

5.1 Bpruuciienue paciipejejieHus
dbyHKIIIN OT caydaifHON BeJIMYMHBI

CayyaiiHasi BeIMYNHA HA JUCKPETHOM BEPOSITHOCT-
HOM IIpOCTpaHcTBe. Yuc/i0 KOCMUYECKUX YaCTHUIl, 3aperu-
CTPUPOBAHHBIX CUETUYUKOM, IUCJIO MyTAIii B KJIETKE [IPU pa-
JIMOAKTUBHOM OOJIyYeHHUH, YUCI0 Benblmek Ha CostHie, -
HA OYEPEU U3 3asBOK, YKAYIIUX OOCIY>KUBAHUS — BCE 3TO
CJly4aiiHble BEJIUYUHBI.

Ha uuaTyuTHBHOM ypOBHE 1O/ CIyYalHON BETMYIUHON MbI
HOHUMAEM BeJIMYUHY, HPUHUMAIONIYIO 3HAYCHHUS B 3aBUCHU-
MOCTH OT CJIydasl, B 3aBHCHMOCTH OT HCXOJa CTOXaCTUYIe-
CKOT0 3KCIepUMeHTa. VICX0/bl CTOXaCTUIECKOTO SKCIIEPUMEH-
Ta ONHUCHIBAIOTCS TOYKAMU W MHOXKECTBA MCXOJOB ), TO3TO-
My (HOPMAIBLHO CIIyYaHyIO0 BEJTUUUHY MBI ONpPEJIEIseM Kak
dyukmio § = £(w) HA TPOCTPAHCTBE UCXOJIOB (dJIeMeHTAD-
HBIX cOOBITHIT) ().

Ounpenenenune. Cayuwalinol sesunurol cO 3HAUCHUS-
mu B R" Ha IMCKPETHOM BeposTHOCTHOM ipocrpancrse {2, P}
OyeM Ha3bIBATDL (DYHKIIHIO

§=¢(w) = (&(w),&(w), -, &n(w))

o7
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co suadenusMu B R 3a7aHHyI0 HA IPOCTPAHCTBE 3JIEMEH-
TapHBIX coObITHl () BeposiTHOCTHOIO TpocTpancTsa {2, P}.

Eciu n > 1, 1o cayuaiinyo sesmuuny £ = E(w) =
= (&1(w),&(w), ..., &n(w)) nassBatoT 6exmoprol (caywat-
HOLM 6E€KMOPOM), B IaCTHOCTH, e n = 2 — JeymepHod,
ecit n = 1 — odnomeproli (CKaJISPHOl) WM TPOCTO CJIy-
JafHO! BeJUYNHON.

Oupenenenune. Ciaydaiinasi BeJIMIMHA, IPUHIMAOIIAST
He OoJiee UeM CUYETHOE UNCJIO 3HAYEHUI, HA3bIBAETCH OJuc-
KpemHol CAydaiiHON BEJIUINHON.

CiydaiiHasi BeJIMYMHA HA JIMCKPETHOM BEPOSTHOCTHOM
[IPOCTPAHCTBE BCErJa JUCKPETHA.

Pacnpenenenne muckpeTHOil cirydaiiHON BeJmin-
HbI. JuckperHast caydaiiHas BeJIMIUHA OIUCHIBAETCST CBOU-
MU 3HAUYEHUSIMU U BEPOSITHOCTSIMU, ¢ KOTOPBIMU OHA 3THU 3Ha-
YeHUs TPUHUMAET (KOPOTKO, CBOUM PACIIPE/ICICHIEM ).

Touky = € R™ OyneM HA3BIBATD 603MONCHBIM 3HAUEHU-
em ciydaiinoit Bequunsbl § = £(w) co 3HadeHusivu B R,
3aJIaHHON Ha JucKperHOM npocrpancree {€2, P}, ecsin

P{{ ==z} >0.

MHOXKeCTBO BO3MOXKHBIX 3HaUeHU £ OyemM 0603HAYATH de-
pe3s X(X C R").

Oupenenenue. Pacnpedeseruem TUCKPETHOM Cryuaii-
Hoii Besmunabl £ = £(w) co 3navenusivu B R™ GyjeM Ha3bl-
BaTb (PYHKIAIO

Pe:ax — Pe(z), z € X,

3aJaHHYI0 Ha, MHOXKECTBe X pa3/IMYHBIX BO3MOXKHBIX 3HA-
YeHnil CIIydaiiHoi BeJIMYuHbI £, U CTABAIILYIO B COOTBETCTBUE
KazKJIOMy BO3MOXKHOMY 3HadeHHIO T € X BepOSITHOCTD
Pe(x) = P{€ =z}, ¢ KoTopoit £ IpEHUMaET 9TO 3HAUEHHE.

Pacmpenenenne
Pe:(x1,22,...,2n) = Pe(z1,22,...,2) =
= P{§1 = 1'1,52 = 372,. -~7§n - .%'n}
cayyaitnoit Besmunsbl £ = (£1,&2,...,&,) €O 3HAUEHUSIMU

B R” (n > 1) elle HA3BIBAIOT COBMECTMHbIM PACIIPEIEIEHIEM
cayvaiubx Benuaud &1, &, ..., &y,
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Pacmpenenenne
PC : (xuyj) — P{(xlvy])7 (xzvy]) ceXC R27

carydaiinoit Besmansbl ¢ = (£, 1) O 3HAYCHUSIMU B R? y106m0
3alUCBLIBATEL B Buje Tabjr. 5.1.1.

Ta6uuna 5.1.1. Pacupenenenue ¢ = (£, 1)

Suaue- Suauenwue 7

Hne § Y1 Y2 Ym
z1 Pe(mr,y1) | Pe(zi,y2) | - | Pe(zr, ym)
T2 Pe(z2,y1) | Pe(w2,92) | -+ | Pe(z2,ym)
Tn PC(ZL‘n,yl) Pc(x”ayQ) PC(x’ﬂ?ym)

Pacnpenenenne muckpeTHO#l CydaiiHONl BeJIMYIUHDBI £ =

= ¢(w) co sradenmavu B R! wacTo sammchBaoT B Bujie Tab-
JIAIBI

T1 i) . In

Pe(z1) | Pe(z2) | ... | Pe(zn)

B BepXHEil CTPOKE KOTOPOH YKA3bIBAIOT Pa3IMIHbIe BO3ZMOXK-
HbIe 3HAYEHHs CJIy9ailHO BEJIMIUHDBI, a B HUKHEM — BEPO-
SITHOCTHU, ¢ KOTOPBIME 9TU 3HAYEHUS IIPUHUMAIOTCS.

[Tpumep 5.1.1. Ilycmv & — wucao 2epbos, 6vINGBWUT 6
pesyavmame nodopaculeaHus 06YT CUMMEMPULHBIT MOHEM.
Hatdimu pacnpedenenue &.

Pemenne. Ciyuaitnas Benuunna & — QQyHKIHS
¢ = &(w) Ha JUCKPETHOM BEPOSITHOCTHOM IIPOCTPAHCTBE
{Q,P}, tne Q@ = {I'T, I'P, PT', PP}, a BeposiTHOCTb KaxK-
JIOrO 9JIEMEHTAPHOrO coObITust paBHa 1/4 (MOHETHI cUMMeT-
puunbl); £ npuanMaer 3uadenns 0, 1,2, npuaem P{{ =0} =
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= P{lw : &w) = 0} = P(PP) = 1/4, P{¢ = 1} =
= P(IP,Pl) = P(IP) + P(PT) = 1/4 + 1/4 = 1/2,
P{{ =2} = P(I'T) = 1/4. CienoBaresibHO, pacipe/ie/eHIeM
& aBasieTcs

X4 O 1 2

Broruncienne pacnpenessenus QyHKIIAA OT CIyIaii-
Hoii BesmumHbl. Ilo pacupenenenuio Pe ciyvaiinoil sesm-
9uHbI ( BCErja MOXKHO HailTH pacrpeesienue Jodoi GyHK-
muu g(¢) or ¢.

Teopema 5.1.1. Ilyemv ( — cayuatinan 6eAUNUHA CO
sHaveruamu 6 R"™ Ha duckpemHom 6epoamHoCmMHOM Npo-
cmpancmese {,P}, Pe : o — Pe(x) — ee pacnpederenue
ug=g(x) — pynryua na R™ co snavernuamu 6 Rl

s npoussoavnozo mmuooicecmea B us R

P{g(() e B} = > Pc(a). (5.1.1)

z:g(x)EB

B wacmnocmu, ecau ¢ = (&,1), g = g(x,y) v Pe(x;,y;)
— pacnpedeserue ¢ = (€,m), mo

P{o() e BY=Plgl¢meBY= >  Pclaiy)
(z4,y5):9(z:,y;)€B
(5.1.2)
[Tpumep5.1.2. Jlsaorcdv nodbpacwvisarom napy CumMMmem-
PUMHBLT MOHEM, & — YUCA0 26608 NPU NOIOPACHIEAHUL NAPYL
Mmonem nepewvitl pas, n — 6mopod.
Hatmu pacnpedeaenue cayuatinot eesusuro, min{&,n}.
Pemenwne. Cuavana maiinem pacrnpenesnenne ¢ = (&,1).
Cayuaitnas Besmunna ( = ((w) = (E(w),n(w)) — dyHk-
sl HA JUCKPETHOM BEPOSITHOCTHOM mpocrpaHcTse {2, P}.
[IpocTpancTBO 3jIeMEHTAPHBIX COOBITHI {2 0Opa3yOT MOCIe-
JioBaTeibHOCTH “JiyinHOM YeTbipe” u3 6yks [ u P, mampumep,
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ssiemenTaptoe cobbitue w = (I'PT'T) osnauaer, uro npu nep-
BOM TOI0PACHIBAHUY [IaPbl MOHET Ha MEePBOil MOHETE BbIIAJI
rep0, Ha BTOPOit — pelrerka, a Mpru BTOPOM — Ha 00enX MOHe-
Tax BBINAJN IepObl. DJIeMeHTapHbIe COOBITUS PABHOBEPOSIT-
Hbl (MOHETBI CUMMETPUYHBI), BEPOSITHOCTh KAXKJIOIO M3 HUX
pasua 1/16. Berancius P¢ (4, j) nis Kazk1oii mapsr (i, j), mo-
ayanm pacipegenenne ¢ = (€,7):

Suaue- SHadeHuss 7

HAA & 0 1 2

0 1/16 | 1/8 | 1/16

1 1/8 | 1/4 | 1/8

2 1/16 | 1/8 | 1/16

Hanpuwmep,
Pc(1,1) = P{¢= (L, 1)} = P{(&n) = (1, 1)} =
= P{w: (§(w),n(w)) = (1,1)} =
= P{I'PT'P, I'PPT, PI'TP, PT'PT'} =
= P(I'PT'P) + P(I'PPT) + P(PITP) + P(PI'PI") =
=1/16+1/16+1/16 +1/16 = 1/4.

ITo pacupenenennio P¢(i, j), 4,5 = 0,1, 2, cayuaiinoit Be-
smansbl ¢ = (£, 1) Beerja MOXKHO HANTH pacipejieieHue JIro-
6oit dyukuun or Hee (cm. (5.1.2)), B gacTHOCTH, pactpe/e-

nenne g(¢) = g(&,n) = min{{,n}. Onma B = {k},k=0,1,2,

nMeeM:
P{min{¢,n} =k} = > Pelisg)
(i,4):min(i,j)=k
Hampuwmep, eciiu k = 0 umeem

P{min{¢,n} =0} = > Pe(i,j) =

(4,7): min(z,5)=0
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= P¢(0,0) + P¢(0,1) + P¢(0,2) + P¢(1,0) + P¢(2,0) =
=1/16+1/8+1/16+1/8+1/16 = 7/16.
Ananormuno
P{min{¢,n} = 1} = 1/2, P{min{{,n} = 2} = 1/16.

CrenoBaTesibHO, DACIpEIeIeHNeM CIy9IailHOi BeJMIHHBI
min{¢, n} sBisiercs

ZX; 0 1 2

Pyoy(xs) | 7/16 | 1/2 | 1/16

HeszaBucuwmbie cirydaiinble BeanduHbl. CiydaiiHbie
BeJIMIMHGBL £ U 1) OyjIeM HA3bIBATH HE346UCUMbBLMU, €CTTH COB-
MecTHOe pactpejiesienne Pg, cirydaiinbix Besmaun § u 1) pas-
HO IPOU3BEJICHUIO UX pacupejesenuii Pe u Py, T. e.

Pey(2is yj) = Pe(:)Py(y;) (5.1.3)

JUIsl BCeX BO3MOXKHBIX 3HAYEHMUN X;, ¥J; CIyJIalHBIX BEIUIUH
Eun.

Cayuaitubie Besimunnbl &1,&2,...,&, OyleM Ha3bIBATD
HE3A6UCUMDLMU, €CIIA X COBMECTHOE PacIpe/leIeHUe PaBHO
[IPOM3BECHUIO PACIIPEJIE/IEHUN CITyYaiiHbIX BeauduH &1, o, . . .

H&n.

QOyHKIUY OT HE3ABUCUMBIX CJIyYIAHHBIX BEJIUYUUH SIBJIs-
FOTCSI HE3ABUCUMBIMHU CJIYYaHBIMUA BEJIUIUHAMU.

[Ipumevanune. Ha uarynruBHOM ypOBHE CJIydailHble
BEJIMYMHBI HE3aBUCUMBI, €CJI HHPOPMAIINs O 3HAYEHUH, TTPU-
HATOM OJHOHI cily4daliHON BeJIMYMHON, He MeHsdeT HIPOrHO3
3HAYCHUN, IPUHUMAECMBIX APYTOM.

[Ipumep 5.1.3. Iycmov &1,&,...,&, — He3asuCuUMDBIE
CAYHATHDLE BEAUUHDL, KAAHCIAA U3 KOMOPLT UMeem, pacnpe-
denerue

Ak A
P{{ =k} = ge_ ,A>0,k=0,1,...(1=1,2,...,n).

B'bLnUC(Zm’b cosmecmHoe pacnpedeﬂenue C/Ly“taizH'bLZE 6eAU-
HUH gl?&?a cee 7£n-
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Pemenue. ITo pacupenenennsm Pe,, Pe,, ..., P¢, Hesa-
BUCUMBIX CIyYafiHbIX BesmduH £1,&s...,&, UX COBMECTHOE
pacIipe;iejieHnue

Pe(ki ko, ... kn) =P{& = k1,6 = ko, ..., & =k}

HOJIy4YaeM KaK IPOU3BEJECHUE PACIIPEIEJICHUNA ITUX CJIydaii-
HbIX BEJIMYUH:

Pe(k1 ko, kn) = [ [ Pe, (ki) =
=1

n Nk i=
ATy Ai=1 —nA

R B A

i

kir=0,1,...; ko=0,1,...;5...;k,=0,1,...
5.2 JIuckpeTHble pacnpe;jieienns Ha R!

HUcnbitanus Bepuynnu. BunoMmanabHoe paciipe-
JeJjieHune, MyacCOHOBCKOe pachpezesienue. [locenosa-
TeJIbHOCTDb HE3ABUCHMBbIX UCIIBITAHUI (IKCIIEPUMEHTOB) C JIBY-
Mst uexofamu (“yerex”, “Heynada’) M BEPOSTHOCTBIO yCIExa,
HEe MEHSIONENCST OT UCIBITAHNS K UCIBITAHUIO, HA3BIBACTCS
ucnvimaruamu Bepryaiu.

[IpocTpancTBo ) NCX0I0B B N UCHBITaHUSAX BepHym 00-
pasyior mocsegosarenbaocT w = (1,0,1,...,1) muHoil n,
cocrapyiernble u3 1 u 0 (1 wmHTEpHperwpyeM Kak ycrex,
0 — kak Heyjady). BeposiTHOCTb NCXOJ1a W ONIPeJIesISIeTCs pa-
BEHCTBOM

P(w) = p"“) (1 —p)" @) (0 < p < 1),

rae p(w) — YUHCIO EIMHUIL B IOCTEIOBATEIBHOCTH W,
P — BEPOSITHOCTH yCIleXa B OJHOM HCIIBITAHUH (/1ajiee MBI
Takzke Oy/eM Hucrosb3oBaTh obo3Hadenne ¢ = 1 — p). Ilapa
{Q, P} sBsieTcst BEpOSITHOCTHBIM IPOCTPAHCTBOM 7 UCIIBITA~
uuit Bepuyman.
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Oupenenenune. CayuaiiHas BequanHa £ UMeeT OUHO-
MUaAbHOE pacnpedenerue ¢ TapaMeTpamu (n; p), eCII ee pac-
pe/iesieHue

Pe(k) = CFpF(1 —p)" ™%, k=0,1,...,n. (5.2.1)

Hanee CFpk(1—p)"~* 6ynem obosnauats wepes By, (k) (ms
k > n+ 1 snagenus By, (k) =0).

Yucno £ ycuexoB B N UCHBITAHUAX DepHY/LIN C BEpOsIT-
HOCTBIO yCIIeXa P B OJJHOM WCIBITAHUNA UMeeT OGUHOMUATBLHOE
pacrpejiesieHre ¢ napamerpamu (n;p).

Oupenenenune. Ciayuaiinass Besimaunaa £ UMeeT nyac-
conosckoe pacnpedesenue (pacupeienenue Ilyaccona) ¢ ma-
pamerpoMm A (A > 0), ecsin ee pacupejieenne

k

A
Pe(k) = He—*, k=0,1,... (5.2.2)

Bo MHOro4nciaeHHbIX 3aJavax HEeOOXOINMO BLIYUC/ISTD
By.p(k), xorma n u k 6osbiue (corau u Toicsin). IIpu stom,
KaK IPaBUJIO, TIOJIb3yIoTcst TeopeMoit [Tyaccona (korma n 6016
moe, a p MaJsioe) u reopemoii Myaspa—Jlamaca.

Teopewma 5.2.1 (Ilyaccon). Ecau np — XA (A > 0) npu
n — 00, Mo daa Kaxcdozo purcuposannozo k, k=0,1,2, ...

. Ay
lim B,,(k) = —e

Nn—00 k!

U3 teopemnr Ilyaccona ciemyer, 910 jijis OOJIBIIUX N U
MaJIbIX P IIYACCOHOBCKOE PACIpeJIeIeHIe siBJISeTCs XOPOoIeit
AIMpPOKCUMAInell ONHOMUAJILHOTO PACIIPE/IETICHUS .

B ycioBusix teopemnr Ilyaccona mmeer mMecTo HEpaBeH-
CTBO

i B Aje,A - 22 min{2, A}
k! n

k=0

Byp(k) (5.2.3)

(}O. B. IIpoxopos).
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Teopema Myaspa—J/lanmnaca. Ecau npg — oo npu
n — 00, Mo 0As M, YI0BAEMBOPAIOULUL YCAOBUNO

<C

[

(C — npoussosvhas, HO PUKCUPOBAHHAA KOHCTMAHMA),

. 1 1 /m—np 2
it Bn;p(m)/ Varnpg T { 2 ( NOT > -
(5.2.4)
NuaTerpanbHad npegenbHas TeopemMa MyaB-
pa—Jlammaca. Ilycmbv m — wucao ycneros 8 n ucnvma-
HUAT Bepuyaiu ¢ 6epoAmMHOCM®IO YCNETa P 8 00HOM UCTbL-
manuw. Jas npouseosvHulr r1 < T

T2
. m —np 1 / { t2}
lim P11 < ——— <29, = — [ expq —— p dt.
n—00 {l N 2} V2m P12
1
(5.2.5)

IIpumep 5.2.1. Hssecmro, 4mo 6epOAMHOCTIL D POHC-
denus maavwura pasna 0,515. Kakxosa eeposmmnocms mozo,
ymo masvuukos cpedu n = 10000 nosoposicdennvr 6ydem
MeHvuLe, wem desouex?

Pemennue. Obo3naunm depe3 £ KOINICCTBO MATBLINKOB
cpemr n = 10000 HOBOPOXKIEHHBIX, TOT/A JIEBOYEK OyIeT
10000 — &. Heobxo/iuMO BBIYUC/IATD

P{¢ < 10000 — &} = P{¢ < 5000}.

n
KommaecTBo € MaIbINKOB MOXKHO TIPEJICTABUTD B BUJIE Y | [ij,
i=1
rJe [, TpUHUMAaeT 3HadeHne 1, ecau -if HOBOPOXKIEHHBIH 1B~
Jistercst MajbankoM u 0 — ecsn aeBoukoil. CiydaitHble BeJn-
9UHBI (4, ¢ = 1,2,...,n, — HE3ABUCUMBI, KaXKJIasd C pacIpe-
JeIeHneM

P{pi=1} =p, P{u; =0} =1-p=gq.
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Jlajiee BocmoIb3yeMcs HHTErpaIbHON Teopemoit Myaspa—
Jlamtaca. Ilockompky n 6ombmoe (n = 10000), To MOXKHO
CYUTATDH, YTO

)
G <of = {5
Pl < >—=<z = —F € —— > dt.
{ 1 g 2 5 Xp D)
T

N, cnemoBaTesnbHO,

P{¢ < 5000} =
& — 5150 —150
/10000 - 0,515 - 0,485 /10000 - 0,515 - 0,485

—-3,0
£ — 5150 1 / t2
- P 30 ~ — —— ¢ dt = 0,001
{ 1908 =% vor | TP ’

(3HAUEHME MHTErpaJIa HAlEHO 10 TabJINIe HOPMAJTBHOTO Pac-
upejiesiernst, cM. Tadur. 22.1.1).

MyibTuHOMUAJIBHOE pacnpejejaenue. KcrectBeHHBIM
00001IIeHreM UCTIBITAHUH BepHy 1IN sSIBJIsIeTCsT TOC/1e/10BaTE b
HOCTD 7 HE3ABUCHUMbBIX UCIIBITAHUI C T UCXOIaMu, 0003HATUM
UX 9€pe3 G1, a2, - . ., Gy, 1 BEPOATHOCTIIMU MCXOJ0B, HE MEHsI-
FOIUMUCST OT UCITBITAHUST K UCIBITAHUIO.

B kagectBe mpocTpancTBa {2 37/€MEHTAPHBIX COOBITUI N
HE3aBUCUMBIX HUCIBITAHUN C 7 UCXOTAMHU (1, G2, - - ., Ar, Oy-
JIEM PACCMAaTPUBATH MHOXKECTBO YIIOPSI0YEHHBIX TI0C/IEI0BA-
TEJILHOCTD JIJINHOM 7, COCTABJIEHHBIX U3 SJIEMEHTOB G1, A2, . . .
.+, Qp, WIH, 9TO TO K€, MHOYKECTBO CJIOB JIJIMHON N, COCTaB-
JIEHHBIX U3 OYKB a1, az, ..., a, (0 cioBax cM. B pasi. 4.3 ria-
BBl 4).

MuoxkecTBO ncx010B {2 KoHeUHO. BeposTHOCTE Ha Kjacce
IOIMHOXKeCTB {) 3a1a/TMM HEOTPUIATEIbHON PyHKIHEH TOU-
K

P:w— P(w) = pt@ph2@) @)y e
e pi(w) — wmesno 6yks a; (i = 1,2,...,7) B cioBe “niu-
HOIT” N, COCTABJIEHHOM W3 A1, A2, - . ., Ar, f1(w) + po(w) + ...
...+,~/L7"(W) =n,p1 >0,p2>0,...,p. >0,

pr+tpe+...+pr =1
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[Tapy {Q,P} u 6ynem paccmarpuBaTh B KadecTBe Mare-
MATHIECKONH MOJIEIN MOCIEI0BATENLHOCTH 1 HE3ABUCUMBIX
UCIILITAHUIT C 7" UCXOJAMHU A1, A2, - . - , Ay ¥ BEPOATHOCTSIMU WC-
XOJIOB, HE MEHSIIONIMMUCS OT MCIBITAHUS K UCIIBLITAHUIO.

O6o3HaYNM HYepe3 fi] IUCIO UCXOJIOB (1, Y€Pe3 [ig TUCTIO
UCXOJIOB U2, U T. JI. Y€PE3 [i; TUCJO MCXOJIOB Gy B N HE3aBU-
CUMBIX HCHbITaHusAX. Mmeer Mecto hopmysia aHaIOTHIHAST
dopmyne Beprysiu:

Plur = ki,pe =koyoooypr =k} =

:Cn(kl,kz,...,kT)plflpSQ...plﬁ"", (5.2.6)
ki=0,1,....n; ...5k-=0,1,....n: k1 + ko + ... + k. = n,

Pi — BEPOSTHOCTH Ucxoda a; (1 =1,2,...,7).

[Ipumep 5.2.2. Cummempurunyio u2pasvHyr KOCms noo-
bpacueaom ne3asucumbvim 06pazom 6 pas. Buiwucaumsv eepo-
AMHOCTIL MO020, YMO 08GHCIBL BHINAJEM, YUCAO OYKOE MEHD-
wee 3 u 0duH pas evinadem Wecmepka.

Pemenune. Mbl uMeem 1ejio ¢ 1OC/IEIOBATETBHOCTHIO
HE3aBUCUMBIX UCTIBITAHUI (6 MCIBITAHWIA) ¢ TPEMST UCXOaMU
B KaXKJOM HCIIBITAHUM: “BBIMAJIO UUCJIO OYKOB MeHbIee 37,
“poInaJio 3, 4 wian 5 0ukoB”, “Boinajo 6 0YKOB”, U BEPOSITHOC-
TSIMUA HUCXOJIOB, HE MEHSIONUMUCS OT MCIIBITAHUS K HCIIbITa-
HUIO, paBHLIMHI cooTBercTBenuo 1/3, 1/2, 1/6. Ilosromy co-

riacHo (5.2.6) nckoMast BEpOSITHOCTD

1\ /1\*1 5
P{,Ul:2““2:37#3:1}:06(2,371) <3> <2> 8:%

T'eomeTpuyeckoe pacnpenesieane. Ciydaiinas Beu-
quHa £ UMEET 2eomMempuyeckoe pacnpedeserue C IapamMeT-
pom p (p > 0), eciu ee pacupejeseHme

Pe(k) = (1 —p)*p, k=0,1,... (5.2.7)

Yucao ucnblTaHnii 0 MIEPBOro yeIexa B MOCJIEI0BATE b
HOCTH HE3aBUCUMBIX UCILITAHUN C BEPOSITHOCTHIO yCIIeXa P B
KaKJIOM UMeEeT TeOMeTPUIECKOe pacipese/ieHrue ¢ ImapamMeT-

pom p (p > 0).
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OTtpurnarenbHoe OUHOMUAJIBHOE pacIlipejiesieHue.
Cnyuaiinas BemuauHa £ UMeeT 0OMmpPuyamesvroe OUHOMUAAb-
Hoe pacnpedeserue ¢ mapamerpaMu (7;p), eciiu ee pacipejie-
JIeHUE

Pe(k) = Ciipp" (1 =p)", k=0,1,... (5.2.8)

YucJto Hey1a4 J10 7-T0 yCIexa B IIOCIe0BaTeIbHOCTI He3a-
BHCHMBIX HCIBITAHWIT ¢ BEPOATHOCTBIO YCIIEXa P B KArKIOM
UMeeT OTPHIATE/LHOe OMHOMUAILHOE paCIpPeIe/IeHIe ¢ Ia-
pamerpamu (7;p).

Eciu r = 1, orpunarenbsnoe GuHOMHUATBLHOE PACIIPEIEIIe-
HUE COBIAJAET ¢ FeOMETPUYECKUM.

T'uniepreomerpuyeckoe pacupeaenenue. Ciydaiinas
BeMInHA £ UMEET 2UNeP2eoMempuieckoe pacnpeiesenue ¢
napamempamu (N, M,n), n < M, n < N — M, eciau ee pac-
pe/jiesieHue
_ CuCN

Pe(m) = Py arn(m) = == 5=, m=0,1,....n.
N

(5.2.9)

IIycrs B ypHe naxomurcss N mapos, u3 uux M — OeJble,

ocrasibible (N — M) — uepnbie. Hucao GesibIx mapoB cpe-

mun (n <M, n <N — M) naynady BbIOPDAHHBIX U3 YPHBI,

UMeeT TUIEPreOMeTPUIECKOe PACIIPE/IESIEHUE C lapaMeTpa-
mu (N, M, n).

Ecau N, M — oo max, wmo M/N — p (0 <p < 1), mo

Py an(m)— Crp™(1—p)"™™, m=0,1,...,n. (5.2.10)

IIpumep 5.2.3. Cpedu N = 10000 wapos M = 500
beavix. Haydawy bepym n = 100 wapos. Ouenums eeposam-
HOCTBD M020, 4o cpedu nux bydem m =5 beavir.

Pemenue. Bepogrnocts TOro, 9ro cpegu n mapon Oy-
aer m 6eneix, pasna C Oy "y, /CR (em. paBencrso (5.2.9)).
[Tockosbky N u M OGosbliine, TO B KadeCTBE 3HAYEHUSA STON
BEpPOSITHOCTU MOXKHO paccmarpusarh Cl'p™ (1 — p)»~™ (cm.
(5.2.10)), rme p = M/N = 0,05. B cuny reopemsr Ilyac-
COHA, MOXKHO CUMTaTh, 9TO BepositHOCTL C)'p™ (1 — p)"~™
pasua e *A\™/m! (n = 100 “6onbimoe”, p = 0,05 “mamoe”,
a A\ =np = 5). B urore — nCKOMYI0 BEPOSITHOCTH MOYKHO
cunTaTh paHoit e 5% /5! = 0,1755.
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5.3 3agaum

A3: 5.3°,5.8(18), 5.8(2¢), 5.13,5.23, 5.28,5.29, 5.34, 5.44.
C3: 5.1°,5.4°,5.8(16), 5.8(23), 5.14, 5.18, 5.31, 5.40, 5.45.

5.1°. Ilyctb € — 4nc0 0YKOB, BBIIABIINX IIPU TOAOpa-
CBIBAHUM CUMMETPUIHON UrpasbHoit koctu. Hafttu pacupe-

JleJIeHre CIyIaifHON BEeJIMIWHEI 1) = Sin %5 .

5.2°. Ilyctb € — 4nCI0 OYKOB, BBINABIINX IIPU TOAOpa-
CBIBAHUY UI'PDAJIbHOIl KOCTU, U3rOTOBJICHHOM TaK, YTO BEpPO-
SITHOCTDH BBINIAJEHNS I'PAHU IIPONOPIINMOHAIIBHA THUCIY OYKOB
Ha Heit. HaifTn pacmpeesienne ciaydaliHONT BEJIWYIWHBI 1) =
= sign (cos %f)

5.3°. U3 ypubl, conepxkaireit 3 OebIXx U 2 YE€PHBIX IIa-
pa, MepeJIKUIN JIBa Mapa B yPHY, B KOTOPOl COIEPIKUTCS
1 Gesiblit 1 2 YepHBIX MIApa. 3aT€M U3 BTOPOW YPHBLI U3BJIE-
karoT 2 mapa. Ilycts £ — 4dnciio GesbIx mapoB Cpefu HUX.
Haiitu pacnpenenenue €.

5.4°. Ilycrs &1, &9, . . ., €, — HE3ABUCHUMBIE CJIyJalHBIE Be-
JIMYUHBI, KaXKIasd U3 KOTOPBIX UMEET I'€OMETPUYECKOe pac-
[peJieieHre ¢ IIapaMeTpoM p :

P{& =k} =Pg (k) = (1 —p)*p, k=0,1,2,...;

[=1,2,...,n.

Haiitu coBmecTHOE pacmpejesienne CaydailHbIX BeJIMTHH
£1,82,- - n.

5.5°. Ilycrb &1, &, . . ., &, — HE3ABUCHUMBIE CJIydaiiHbIE Be-

JIMYUHBI, KaXKJ1asd U3 KOTOPBIX MMeeT OMHOMHUAJILHOE PACIIpe-
JleJieHne ¢ napamerpamu (m, p) :

P{& =k} = Cfnpk(l —p)mfk, k=0,1,...,m;

I=12,...,n.
Haiitu coBMecTHOE paciipejiesieHne CIydailHbIX BeJIUIHH

E1,Eare s, |
5.6". Ilycre & = &(w), j = 1,2,...,n, — He3aBUCHMbIE
CIIy4aiiHble BEJMYHHBI, JJI KOTOPBIX

P{& >0} =p,P{& <0} =¢q,P{&=0}=f, ptqg+f=1,
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j=1,2,...,n; § — KOJINIECTBO CIyIailHbIX BEJNINH CPeIN
£, J = 1 2 ., My, OTJIMIHBIX OT HYJIA, & L — THUCJIO I0JIO-
KUTEJIbHBIX cpe;m §,7=12,...,n.

1° HaiiTu coBMecTHOe pacipe/ie/ieHue CIydailHbIX BesIu-
YUH (L U S.

2° TlokazaThb, ITO YCJIOBHBIM DPACHPEIEICHUEM CITydaii-
HOIi BEJINUUHBI [ OTHOCUTEJILHO COObITUsI {S = i} sIBJIsIeTCsI
H6uHOMHAJIbHOE pactpejiesierne ¢ napamerpamu (i, p/(p+q)):

P({n=3l(s =) = CH(2) () k=0, i

5.7. CroxacTuuecKkuii SKCIIEPUMEHT COCTOUT B TI0I0PACHI-
BaHUM MAapbl CHMMETPUIHBIX UTPAIBHBIX KocTeit. [TocTponTts
BepOsITHOCTHOE ITpocTpaHcTBo {€2, P} aToro croxacrmaeckoro
skciiepumMenTa. [Tycrs ¢ = (§,n) — caydaiinasi BesimunHa Ha

{Q, P} co smauenmamu B R?, Tie € — 4mc0 0uKoB Ha Tep-
BOIl MrpajbHON KOoCcTH, ) — Ha BTopoil. Haiitu coBMecTHOE
pacrpe/iesieHre CJAyJaiiHbIX BeJIMIUH & U 1) — pacupe/jiesie-
HIe BEKTOPHON ciydaiinoii Beamunnsl ( = (£,7). Jokasars,
4TO CJlydaiiHble BeJIMYUHBI £ U 1) HE3ABUCHMBI.

5.8. TlogbpacbiBaioT Tmapy CUMMETPUIHBIX HUTPATHHBIX
KOCTeil U paccMaTpUBaIOT ciydaiinyio seanauny ¢ = (&, 1),
rje & — YUCJIO OYKOB Ha MEpPBO#l MrpaJibHON KOCTH, 77 — HA
BTODO1A.

1. Haittu pacnpenenenus:

a) max{&, n};

5 min{¢, n};

BIYNCJINTD:

{€ <2, max{¢,n} > 4};
{max{¢,n} > 4};

r{[ln — & >3}

T UUUw
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a) & u £+n); ABISIIOTCS JIK CJTyJaiiHble BeJuauHbl & u £+
HE3aBUCUMBIMIU !

6) £ u max{{,n}; ABAAIOTC SN CIIyUaHbIE BEJUINHBI §
u max{&, n} He3aBHCHUMBIMH?

B) & u min{{, n}; ABAAIOTCS JM CIIydaliHble BETMIUHBI §
u min{{, n} He3aBUCHUMBIMUT

5.9. Tloa6pachiBaioT apy CUMMETPUYIHBIX MOHET ¥ CHM-
METPUYHYIO UIPATBHYIO KOCTb.

[TpeaiokuTh MaTEMATUIECKYIO MOJIE/b (BEPOSTHOCTHOE
upoctpancteo {€2, P}) aT0ro croxacTudeckoro sKcrepuMeH-
Ta.

[ycrs ¢ = (§,n) — cayuvaiinas Besmuuna Ha {Q, P} co

3HadeHnsaMu B R?, riie € — umciio rep6oB, BBIIABIINX HA [IAPEe
MOHET, 1) — YUCJIO OYKOB HA I'PAHU UTPAJIHHON KOCTH.
Haiitu pacupenenennst ciaydaiffHbIX BeJIUYWH, MEPEUINC-
JIEHHBIX B 3aJa4e 5.8, BLIYUCIUTDL BEPOITHOCTH, OTBETUTH Ha
BOITPOCHI.
5.10. IlycTsb € u n — HE3aBUCUMBIE CJTyYAHbIE BEJIUINHEI
C pacrnpeeeHusIMu

P{¢=ap}=ap, P{n=ap}=bx, k=1,2,...,n.

Berancaurs P{€ = n}.

5.11. CoBMmecTHOe pacipejesieHre CIyJIaiiHbIX BeJIUINH
¢ u n 3amano Tadbsureit 5.3.2.

Haittu pacnpenenenns ciaydafiHbIX BEJMYUH, EPEIUC-
JICHHBIX B 3aJia4e 5.8, BLIYUCIUTDL BEPOSITHOCTH, OTBETUTH Ha
BOIIPOCHI.

Tab6numa 5.3.2. CoBmectHoe pacmpejiesienne & u 1

Suaxe- Suauenust 7

HUs € 1 2 3 4 5 6 7 8
1 1/16 | 1/32 0 1/32 | 1/32 | 1/32 | 1/32 | 1/32
2 1/32 | 1/16 | 1/32 0 1/32 | 1/32 | 1/32 | 1/32
3 1/32 | 1/32 | 1/16 | 1/32 0 1/32 | 1/32 | 1/32
4 1/32 | 1/32 | 1/32 | 1/16 | 1/32 0 1/32 | 1/32
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5.12. Ilycts £ u ) — HE3ABUCUMBIE CIyIAHbBIC BEJTNIUHEI
C pacupee/IeHusIMI

P{¢=il=1/(n+1),P{n=1i}=1/(n+1),i=0,1,...,n.

Haiitu pacnpenesnenue ciydaiinoit equaussl ( = & + 7).

5.13. Ilycts £ u ) — HE3aBUCUMBIE CJIydailHbIe BeJIUIU-
HBI, UMeloIue pacnpeseseHne [lyaccona cooTBETCTBEHHO C
mapamMeTpaMu A U .

Haiitu pacrnpenenenune ciaydaitnoit Bestmaunbl ( = & + 1.

5.14. Ilycts £ m ) — He3aBUCUMBIE CIIyJallHble BeJTUIN-
HBI, UMelonue pacnpeenenue [lyaccona cooTBeTCTBEHHO C
rnapamMeTpaMu A U .

JlokazaTh, YTO YCJIOBHBIM PACIIpEIeICHUEM CJIyIaitHON
BeJIMYNHBI  IPH ycaoBuu §+1 = n aBageTcs bnHOMUAIbLHOE
pacupejesierne ¢ napamerpamu (n, A/(A+ p)), T. e.

B B i A k A n—k
P{f—k/g‘i‘??—”}—cn(w) <1_)\+H> ;

k=0,1,...,n.

5.15. Ilycts £ m ) — He3aBUCUMBIE CIIyJallHble BeJTUIN-
HBI, KaxKJlagd U3 KOTOPBIX UMEET reOMEeTPpUYecKoe paclpese-
JICHHBIE C TTapaMeTPOM P:

P{e=k}=p(1—pF k=0,1,...,

P{n=n}=p1l—-p", n=0,1,...

Haiiti coBMecTHOe pacripesesieHue CaydaiiHbIX BeJTMINH
¢ u max{&,n}; pacupejeseHne CJIydailHON BeJUIUHBI
max{¢, n}.

5.16. ITonbpaceiBaior jBe urpajbHble Kocth. [Iycrs £ —
cJiydaifHas BeJIMUMHA, paBHas HYJI0, €CJIU Ha IEePBOil KocTH
BBIITQJIET YNCJIO OUYKOB MeHbIllee 9eM 3, U eJINHUIE — B IIPO-
TUBHOM Cﬂyqae; 7'] - Cﬂy‘{aﬁHaH BeJINYMHA, paBHasd qI/ICJIy
OYKOB Ha BTOPOI UI'PAJILHOI KOCTH.

Haiitu pacnpenenenune ciaydaitnoit Besmaunbl ( = & + 1.

5.17. ITonOpachIBaloT CHUMMETPUYIHBIE MOHETBI: OJIHA, 10~
CTOMHCTBOM 25 KOII. 1 JABe JocTonHCTBOM 50 KoII.; {1 — 9HCII0
repOOB, BBITIABIINX HA MOHETE JIOCTOMHCTBOM 25 KOII., a £y —
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Ha IByX MoHeTax jgoctouHcTBoM 50 kotr. Haittu pacupenese-
HEe Ciydaitnoit Beamaunsl 1 = (&1, &2).

5.18*. Jloka3arh, 9YTO eC/IM KaxKIasi N3 HE3aBUCUMBIX CJTy-
JafHbIX BeJu4InH 1 U {g UMeeT reOMEeTPUIECKOe PACIIPE/Ieie-
HUe, TO U cilydaiiHas Beamunna 1 = min{&y, &} umeer reo-
MeTpHUYecKoe pacrpenesienue. Haiitu mapamerp 3Toro pac-
IIpeJeJICHusd, €CJIU IlapaMeTphbl paclpeie/IecHul ciydaiinbIx
BestmuuH & u £ PABHBI COOTBETCTBEHHO P1 U P2.

5.19°. CHUMMETPUIHYIO0 UTPATBLHYIO KOCTh MOI0PaChIBa-
foT 5 pa3. Haiitu BeposiTHOCTH TOTrO, WTO: 1) JABAXKIBI 11O
SIBUTCSI YUCJIO0 OYKOB, KPATHOE TpeM; 2) GoJiblle JBYX pas
MTOABUTCS IUCJIO OYKOB, KPATHOE TPEM.

5.20°. [Tapy cuMMeTpUIHBIX UTPAJIBHBIX KOCTEl Moa0pa-
cpiBaioT 6 pa3. BeraucguTs BEpOSTHOCTD TOTO, 9TO Ha 00enx
KOCTSIX TPHUKJIbI BBIIAJIET OJIMHAKOBOE UUCJIO OYKOB.

5.21°. CuMMETPUYHYIO UTPAJIbHYIO KOCTb MOJIOPaChIBa-
0T 6 pa3. BeraucuTb BEPOSITHOCTD TOTO, YTO TPHUKIBI BbI-
[aJIeT YeTHOE YUCJIO OYKOB.

5.22. Tlpu TexHUYECKOM KOHTPOJIE U3JEINN KaXKJI0e U3
HUX, HE3ABUCUMO OT OCTAJIbHBIX, MOXKET C BEPOSTHOCTHIO P
0Ka3aThCsT Te(DEKTHBIM.

1. KakoBa BeposiTHOCTH TOro, 9To m3 10 IMpOBEPEHHBIX
U3/ TOJTBKO OJHO OKaKeTcsl HedeKTHBIM !

2. Hafitu BepogTHOCTH TOrO, YTO IMEPBBIM JIePEKTHBIM
UBJIEJTUEM OKAXKETCst k-€ IPOBEPEHHOE U3JIEJIHiA.

3. HaliTu BeposiTHOCTB TOrO, 4TO nocieyiomue 10 uze-
JIH OKAXKyTCsA CTAHIAPTHBIME, IIPU YCJAOBUU, UTO IPEILIITY-
e | u3mesuit ObLIn CTaHJAPTHBIMU. 3aBUCHT JIX 9Ta BEPO-
SITHOCTH OT 17

5.23* (3agmauya Bamaxa). Maremaruk nHocur ¢ coboii
JiBe KOpoOKu crmyek. Kaxkpiit pa3, Korjga eMy Hy»KHa CIIAY-
Ka, OH HayJlady b6eper OJHy n3 KOPOOOK, BHIHUMAET CIUYKY U
BO3BpaIaeT Kopobky obparao. PaHo min mo3mHO HACTYIIAT
MOMEHT, KOTJIa BBIHYTasd KOPOOKA OKaXKeTCsI ITyCTOI.

HaiiTu BepossiTHOCTD TOTO, UTO JApyrasi KOPOOKa COMEPIKUAT
7 CIUYEK, B IPEJIITOJIOKEHNN, ITO CHAYAIa KaXK/1ash KOPoOKa
comepxkasia N (r < N) crmuex.

5.24. HaiiTn BeposiTHOCTD BBITIAIEHUSA XOTS OBI:

a) ONIHOI IIeCTepKH TPpHU MOJ0PAChIBAHUN 6 UTPATBHBIX
KOCTEI;

6) JBYX IIECTEPOK INPH MOAOPACHIBAHUU 12 UIPAJIbHBIX
KOCTeil;
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B) Tpex IIeCcTepOK IMpU MOAOPAChIBAHUU 18 UrpasibHBIX
KoCTeil.

5.25°. Cummerpudnyio MoHeTy mojbpachiBaioT 10 pas.
Haiitu pacupenesienne ciydaitHoi BeTUIUHBI £ — YUUCTIA BbI-
maBIux repbos.

5.26°. CuMMETPUYHYIO UTPAJIbHYI0 KOCTH MOI0PaChiBa-
or 10 pa3. Haiitu pacupenenenue ciydaiiHON BeJIUIUHBI &
— YHCJIa BBIIABIINX TPOEK.

5.27°. Ilapy cuMMETPUYIHBIX MOHET HOJIOPACHIBAIOT TPU-
2KJIBL, & — YUCII0 TeX MONOPAChIBAHUI, IPU KOTOPHIX Ha 00e-
X MOHeTax BbimaJj repb. Haiitu pacupenesenne ciydaiiHoit
BEJIMYMHBI .

5.28. Yrto BeposiTHEE, BHIUTPATH Yy UTPOKA, PABHOIO IO
custe (urpa BejieTcst 6€3 HUYBHX):

1) 4 naprun u3 8 win 3 u3 57

2) 3 maprun n3 6 win 2 u3 47

3) 3 naprun u3 4 wan 5 uz 87

4) ue Menee yeM 3 napTun u3 4 wim ze MeHee YeM b n3 87

5) ne Gostee YeM n mAPTHit U3 2n wiu 6oJiee YeM N MapTHil
u3 2n?

5.29. Haiitu pacupejesenne cymmbr ) = £1+Ea+. ..+ &,
HE3ABUCUMbBIX CJIyIailHbIX BEJIMYUNH, KaXKasi 13 KOTOPbIX UMe-
€T TeOMETPHYECKOe PACIIPE/IEICHIE C TTapAMETPOM P.

5.30. BeposiTHocTh TOTO, UTO B CIIpaBOYHOE DIOPO B Te-
JeHne yaca obparuTcs k deioBeK, paBHA

k
%e—k, k=0,1,...

JIUIst KaXKJI0ro U3 HUX BEPOsiTHOCTH OTKa3a paBHa p. Haiitu
BEPOSITHOCTH TOI'O, UTO B TEYEHUE TaCa § UeJIOBEK HE ITOJIyIaT
OTBET Ha CBOM BOIIPOC.
5.31. Ilpeamonoxkum, ITO HEKOTOPOE HACEKOMOE C BEPO-
k
A

SITHOCTBIO %e‘ orkmageBaer k (k= 0,1,...) aumn. Bepo-

ATHOCTDb TIOSIBJICHUS HACEKOMOTO u3 siinta pasua p. [Ipemmo-
Jlarad B3aMMHYIO HE3aBUCUMOCTDH IIOABJIEHNA HACEKOMBbIX U3
AUI, HAUTU BEPOATHOCTH TOI'O, YTO IIOTOMCTBO HACEKOMOI'O
OyIeT COCTaBJISTh ¢ 0CODeii.

5.32. B skcnepuMeHTaX Ha BCTPEYHBIX IJEKTPOHHO-TIO-
BUTPOHHBIX ITyYKaX BEPOATHOCTH TOTO, UTO 33 €JIMHUILY Bpe-
MEHU MPOU30UJET j CTOJKHOBEHUI, COIPOBOKIAIOIINXCS
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POXKIAECHUEM HOBBIX 3JIEMEHTAPHbBIX YaCTUIL, COCTaBJILAET

Ny
pj:Fe >\7 .7:0717"'7

A — TOJIOXKUTETbHBIN mapamMerp. Ipn KasKJIoM CTOJKHOBe-
HUM B pe3yJIbTrare B3auMOIAEHCTBUsI MOTYT 00Pa30BaThCs pa3-
JIMYHBIE TPYIIILI 3JIEMEHTAPHBIX YaCTHL, BEPOSITHOCTD 0SB~
JICHU A Ka)KﬂOfI T'PYIIIBI IIOCTOAHHAsA U HE 3aBUCUT OT PE3YJIb-
TaTOB B3aMMOJEHCTBUI MPU APYIUX CTOJKHOBeHUAX. B Ka-
9eCTBe OJHON M3 TaKWX T'PYII PACCMOTPHUM APy [i-ME30HOB
7 0603HAYNM Yepe3 P BEPOITHOCTD UX MTOSBJICHUS ITPU OTHOM
crosikHoBeHnu. Haiitu pacupemenenne ciiydaifHOM BeTUNINHbBI
& — KOIMYecTBa Map POXKJIEHHBIX L-ME30HOB.

5.33. ABroMarndecKyio Tesnedornyio crannuio A na 500
abOHEHTOB HEOOXOIMMO COEIUHUTH C TeaedOHHON CTaHIIN-
eit B. I3BecTHO, 9TO KOJINIECTBO TPeOOBAHMI CBsI3U abOHEH-
TOB TejiepOHHON CTAHIUN UMeeT pacipeaesnenue [lyaccona.

Ecsin napamerp myacCOHOBCKOIO PACIIPEJICTICHUs: &) A =
=5;6) A = 8;B) A = 10, TO KAKUM JIOJIZKHO ObITH MUHUMAJIb-
HOE YUCJIO JINHUIA cBsA3u crannuu A co cranmueil B, 4To6bl
BEPOSITHOCTH OTKa3a He npepbimasta 0,01; 0,02; 0,057

5.34. Teatp, smemarortuit 1000 1esloBeK, IMeET ABa Pas-
HBIX BXOja. Bosie Kakjoro u3 Hux mmeercs: rapiaepod. Ko-
JITYECTBO MECT B rapiepobax OJIMHAKOBOE.

Ka.KOG MUHHUMAaJIbHOE KOJIMYIEeCTBO MeCT JIOJI2KHO 6bITb B
rapepobax, 9Tobbl B cpeaneM B 9 cayvasax u3 10 Bce 3pu-
TeJIM MOTJIM Pa3leThCd B rapiepobe TOTro BXoa, 4epe3 KO-
TopbIil OHM BomLIM? Paccmorpure JBa ciydas: a) 3pUTeNIH
HPUXOJST HapaMu; 6) 3pUTeH IPUXOJAT 10 ogHOoMY. [Ipes-
[TOJIOZKHUTE, ITO BXOJbI 3PUTEN BLIOUPAIOT C OJNHAKOBLIMI

BEPOATHOCTSIMU.
5.35. Ilycte & — nuckperHas ciydaiiHas BeJIUYUUHA C
pacnpesiesieHueM
T 1 | T2 R 7
Pe(i) | pr | p2 | ... | Pn

Hnst kaxkoro o € (—o0, 00) Berancautb P{& < z}.
[Mocrpours rpadbuk dyskuuun F(x) = P{{ < =z},
x € (—00,00).
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UccnenoBars dyuknuio F(z) Ha MOHOTOHHOCTH U HEIIpe-
PBIBHOCTb.

5.36*. [lokazars, uTo ciaydaiiHas BeudauHa £ UMeeT reo-
METPUYECKOe pacIpe/ie/IeHle TOrJa U TOJBKO TOI/Ia, KOTJa
JJIs KaXKJIoro n, n = 1,2, ..., BBIIOJIHSIETCSI PaBEHCTBO

P{{=n+m/§>n}=P{{=m}, m=0,1,...

(CBOMCTBO OTCYTCTBUSI TOCTIEICHCTBIS T€OMETPIIECKOTO Pac-
[PeJIeJIeH ] ).

5.37. Jla urpoka mojopachiBalOT MO OYEPEIH MOHETY.
BemrpeiBaer TOT, y KOro BiiepBbIe BhiaeT repb. Haittu Be-
POSITHOCTH D), TOTO, UTO UIpa 3AKOHUIUTCHA Ha k-M momdpa-
coiBanun. Bo CKOJIBKO pa3 00JIbllle BEPOSITHOCTD BBIUTPHIIIA
JIJTsT UITPOKA, KOTOPBINl HAYMHAET TEPBHIM?

5.38. /IBa oquHAKOBO METKUX CTPEJIKA IO OUYePein CTpe-
JItoT B Mutiiedb. Kaxxipiit nestaer e 60Jiee IBYX BBICTPEJIOB.
[lepBolit TOTABIINIT B MUIIIEHD HOJIYIaeT IIPHU3.

1. Ecim BepositHOCTD N0 1alust p = 1/5, 10 uTo Bepo-
sITHEE: TIOJIyYaT CTPEJIKH [PU3 WU HET?!

2. YeMy paBHO OTHOITIEHUE BEPOATHOCTU MOJIYIUTH TPU3
IIEPBBIM CTPEJKOM K BEPOATHOCTHU IMOJIYYUTh ITPU3 BTOPBIM,
€C/IM BEPOSITHOCTh MOMAJaHusl cocTaBjser p = 1/3, a Koyu-
YeCTBO BBICTPEJIOB HEe OrpaHUIEHO?

5.39. /s sxcriepuMeHTaIbHON TPOBEPKH CBOHCTBA yCTOH-
YUBOCTU YaCTOThI B Pa3HOE BpeMs OBLIN MPOBEIEHBI CJIeITy-
OIIH€ OIIBITHI.

1° Momnery nogbpocunn 4040 pas, npu 5ToM repbd BbIIAJ
2043 pasa (Broddon).

2° Mounery mogbpocum 12000 pa3, nupu 3TOM YacToTa
BhITaIeHus repba coctapuiia 0,5016; B IpyroM sKCIiepuMeHTe
npu nogdbpacbiBanun MoueTwl 24 000 pa3 gacToTa BB IEHUS
rep6a cocrasuia 0,5005 (K. ITupcomn).

L1t KazKJIoro u3 SKCIEePUMEHTOB:

a) HalTH BEPOSITHOCTH TOrO, YTO B CJydYae MOBTOPEHUSI
9KCIIEPUMEHTA OTKJIOHEHHE YaCTOThI OT 1/2 1o abcosmoTHOI
BeJINYVHE HE TPEBBIIIaeT OTKJIOHEHNE YacTOThl OT 1/2 B 9KC-
IepuMeHTax, nmposeaeHHbIXx Broddonom u [Tupconom;

6) camras, 9TO COOBITHE, BEPOSITHOCTD MOSIBJICHUST KOTO-
poro cocrasiigeT 0,9999, npakTrydecku JIOCTOBEpHOE, Haii-
TH TaKOe€ MUHUMAJILHOE €, JIJIT KOTOPOI'O COOBITHE ‘acToTa
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110 aDCOJIIOTHON BeJIMYnHe OTKJIOHsIeTCs OT 1/2 MeHbIe deM
Ha €’ sIBJISIeTCs MPAKTUIECKN IOCTOBEPHBIM COOBITAEM.
5.40. I'pann cHUMMETPUIHON UI'PAJBLHON KOCTH 3aHyMe-
POBaHBI JIBYMsI €IUHUATIAMU, JIBYMS JTBOMKAMU U JIBYMS TPOW-
KaMH.
B kBajipaTHOM ypaBHEHUU

Ex? +nr+¢=0

&,m, ( OIPENIEISAIOTC KAaK PEe3YJIbTAThl TPEX HOCIE0BATE b
HBIX HE3aBUCHUMBIX Mojg0OpacbiBaHuii koctu. Haiitu BeposiT-
HOCTh TOrO, YTO ypaBHEHUe: 1) umeer JeHcTBUTEIbHBIE KOD-
HU; 2) UMeeT palMOHAJbHBbIE KOPHU; 3) He MMeer JeiicTBu-
TEJIbHBIX KODHE.

5.41. Ilo pacnpeesenuio

Pe: (mr,u1) — Pe(aw, wi)

cygaitioit Besmaunel ¢ = (€,7) co sHauennmamu B R? maitt
pacupejesenne &.

5.42. TlpuBecTu npumep JUCKPETHOIO BEPOSTHOCTHOIO
npocrpancrBa {, P} u ciayuaitabix Bemuunn § = §(w),
n = n(w) Ha HeM TaKuX, 4TO pacupejencnus Pe u P, ciy-
YafHBIX BEJIMUUH £ U 1) COBIAJAIOT, HO & # 1) B KaXKJ0# TOUKe
w e Q.

5.43. IlycTb € u 1) — HE3aBUCHUMBIE IIEJIOUNCIIEHHBIE CIIY-
YaiiHble BEJIMYMHBI C PACIPE/IEJTeHUSIMU

Haiitu pacrpejiesienue ciry4aitnoii Besudaunsl ¢ = € + 1.
5.44. CumMeTpuvHyio MOHETY mombpaceiBaoT 10 pas.
Kaxk mspecTHO, BEpOSITHOCTEH TOTO, ITO Tepbd BRIIAJAELT 4 pasa,

paBHa
Bio.1/2(4) = Cio(1/2)"°.

A gemy paBHA BEPOATHOCTH TOTO, UTO TPH TOC/IETOBATE b
HOM T0JIOPACHIBAHUY MOHETBI JIJIst TIOsABJIeHUs 4-X repOoB He-
obxomumo caesiath 10 moadbpacbiBaHmii?!

5.45. CuMMeTPUIHYIO MOHETY MOI0PACHIBAIOT 1 pa3. by-
JIeM TOBOPUTH, UTO 1ocje k-ro nojbpaceiBanust (k= 1,2, ...
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...,n — 1) uMeercs 1epemMeHa 3HaKa, €CJIU UCXOJAbI k-ro u
(k + 1)-ro moxbpachIBaHUil PA3INIHEL

Haiitn pacrpejiesienue ducsia rnepeMeH 3HaKa.

5.46. UrpaJibHyio KOCTb, BEPOSITHOCTD BbBINIA/ICHUS II1EC-
TEPKH KOTOPOil paBHA P, IIOCJIEI0OBATEILHO OJI0PACKIBAIOT N
pas. BeposgTHocTb TOTO, 4TO IIECTEPKA BBINAJIET I Pa3, PABHA

Bpyp(r) = Cop" (1 —p)"".

A gemy paBHA BEPOSITHOCTH TOTO, YTO TPU TOCJIEIOBATEb-
HOM TIOJIOPACBIBAHUY KOCTH JIJIsI TIOSIBJICHUS 7* IIIECTEPOK HEO0-
XOJIUMO CeJIaTh 1 MOA0paChIBAHUI !

5.47. Yernipe pa3juauMbIX IIapa, CPeJu KOTOPBIX JIBa
OeJIbIX U JIBa YePHBIX, HAY/IAdy PACIPEJEIISIOT 110 JIBYM yp-
HaM — II0 JIBa B KaXKIYIO.

Haiitu pacrpeenenue ciydaiiHON BeJIMIUHBI £ — YUCIA
OesIbIX MapoB B MEPBOI ypHE.

5.48. 2n pa3iInuUMbIX MAPOB (HALIPUMED, 3aHyMEePOBaH-
HBIX), CPEJIN KOTOPBIX 1 OEJIBIX U M YepHBIX, HayJady pac-
MIPEJIEJIAIOT 110 JIByM YPHaM — II0 73 IIApPOB B KaKJIYIO.

Haiitu pacupenenenue ciaydaiinoit BeJIMIuHbl € — 4duCiIa
OesIbIX MapoB B MEPBOI ypHE.

5.49. /lokazaTh, ITO CyMMa 71 HE3ABUCUMBIX OIMHAKOBO
pacupeie/IeHHbIX CIYyIaiHbIX BeanauH &1, &a, . . . , &, KaXKaasd
C pacrpeeaeHneM

P{szs}:ps(l_p)lfsj SZO,]-, j:]_’z?'”,n’

nMeeT OMHOMUAIBLHOE paclpe/iesieHne ¢ mapamerpamMu (n, p).



I'maBa 6

MaTremaTuudeckoe
O2KIJJaHUEe JUCKPETHON
CJIy4YaliHOI BeJIUYUHbI

6.1 Ompenesienus, cBoicTBa

CryuaiiHast BeJIMIMHA OIUCHIBAETCSI CBOUM PacIpeesie-
HUEM

Pacmpenenenue 3aaeT 3naveHust, IPUHUMAECMbBIE CJTY YaHON
BEJIMYIUHON, 1 BEPOSITHOCTH, C KOTOPBIMU 3TU 3HAYUCHUS ITPU-
HuMatoTcs. VHGOopMaInio 0 pacupeaejeHun CIyJIaiHol Be-
JIMIUHBI MBI, K&K [PABIIIO, [TOJIYYaeM 13 S9KCIIEPUMEeHTa (He3a-
BUCHUMBIX HaOJIIOJIEHUI ciiydaiiHoil Beauuunbl). meromux-
cs1 HaOJTIOIEHWIT He BCeraa JOCTATOTHO, YTOOBI MOXKHO OBLIO
COCTaBUTH IIPEICTABJIEHNE O PaCHpeie]IeHNN CIyJIaliHO! Be-
smanabl. Ho 110 Haburio/ieHnsiM, Kak IPABUIO, MOYKHO HAWTH
(o1eHnTD) MapaMeTpbl (XapaKTepUCTUKE ) PACIPEIEJICHUST, KO-
TOPBIE XOTSI U HE IMOJIHOCTHIO OMUCHLIBAIOT pacIpeiesienue, HO
MAI0T HOCTATOYHO XOPOIee MPEJACTaBIeHNE O HEeM. TaKuMu
XapaKTEePUCTUKAME, B GaCTHOCTH, SIBJISIOTCS MaTEMaTHIEC-
KOe OXKWJIAHUE U JIUCIIEePCUsi Ciydaiinoil Besmuannbl. Heko-
TOpBIe paclpeeeHns] MaTeEMaTHIECKIM OKIIaHUEM U JIVC-
mepcueil 3aJal0TCsl MOJTHOCTBIO, HAIIPUMED, ITYACCOHOBCKOE
pacIipe/iesieHue.

79
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Oupenenenue. Mamemamuueckum oorcudaruem ME
ciydaiinoil Besmaunnel § = &(w), 3aMaHHON HA JUCKPETHOM
BeposiTHOCTHOM nipoctpatcTse {2, P}, 6yiem HasbBaTH CyM-
My psizia

ME = Ew)P(w),

weN

€CJIM 3TOT Psifl, aOCOIOTHO CXOIUTCSI.

CBoiicTBa MATEMATUYECKOTO OXKUJIAHUA.

1. MaremaTndeckoe OXKXKHUIaHWE KOHCTAHTHI PABHO 3TOI
2Ke KOHCTaHTE:

Mc = ¢ (¢ — KoHCTaHTA).

2. MaremaTuyeckoe 0XKUJIAHUE CyMMBI CJIy4ailHbIX BeJIU-
4UH PaBHO CyMMe MaTeMaTUYeCKUX OKUJAHUN 3TUX CJLydaii-
HBIX BEJIMYUH:

M(§ +n) = ME + M.

3. Koncranra BeIHOCHTCS U3 1101, 3HaKa MaTeMaTHuIeCKOI'o
O2KNJTaHMA:

Maé = aME.

4. MaremaTndeckoe oXKUIaHNIE IPON3BEIEHNST HE3ABUCH-
MBIX CJIyYailHbIX BEJIMYUH PABHO IMPOU3BEJIEHUIO UX MaTeMa-
TUYIECKIX OXKUJIAHIIA:

Mén = MEMD.

BoluuciieHne MaTeMaTU4YeCKOro OXKUJaHus CIIy Yaii-
HOIiI BeJIMYMHBI 110 ee pacnpe/eseHuro. [1o pacupeaere-
HUIO CJTyYaifHON BEJIMYMHBI BCETIA MOKHO BBIYHMC/IATD MaTe-
MaTHIecKoe oxkujanue GyHKIMH OT Hee (€CJoH TOJIBKO OHO
CYIIECTBYET).

Teopewma 6.1.1 (o Bbraucsenun Mg(§) 1o pacupejese-
oo ). [Tyemo £ = {(w) — cayuatinaa eaununa co 3ua-
wenuamu 6 RY na duckpemmom seposmmocmmom npocmpari-

cmee {Q, P} u

Pf LT — Pg(.%‘i), x; € X,
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— ee pacnpedenenue, mozda das mobol pyrnkyuu g = g(x)
na RY co snavenusmu 6 R

Mg(€) =) g(wi)Pe(xs) (6.1.1)
8 NPEONONOHCEHUU a6comom7;0ﬁ cxodumocmu pada
> g(@i)Pe(i).
B wacmnocmu, Z

ME = aiPe(:) (6.1.2)

6 NPednoNoHCEHUYU abCOMOMHOT CTOIUMOCTIU PAIG
;

TeopeMa O BBIYUCICHUM MATEMATHYECKOIO OYXKUIAHUS
GYHKIMT OT CJIyIailHON BEJUYUHBI 110 €€ PACIPeIeIeHUIO
UMeeT MeCTO U JJIs Ccaydaitubix seanand & = (€1,&2,...,&)
co 3HadeHusimu B R"™.

Teopewma 6.1.2 (o Bbruucaenun Mg(§) 1o pacupesese-
oo §). Hyemv & = (§1,&2,...,&) — cayuatinas eeauvu-
Ha co snavenuAmu 6 R™ na Juckpemmom 6epoAMHOCTIHOM
npocmpancmese {Q, P} u

Pe:(x1,22,...,2n) = Pe(z1,22,. .., 20),
(x1,x2,...,2,) € X, — ee pacnpedenerue, mozda das A10601
pynwuuu g(x1, T2, ..., 1) Ha R™ co snavenusmu 6 R

Mg({l,fg,...,gn): Z g(xl,xg,...,:Bn)Pg(:L‘l,xg,...,xn)

L1, L2500y T

(6.1.3)

8 NPEONONOHCEHUU, YN0 PAJ
E g(x1, 22, .., 2n)Pe(x1,22,. .., 20)
L1,T25---5 T

cxodumcesa adcoNomHo.
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[Tpumeuanue. HacTo MaTeMaTnuecKoe oxKuianue (cpe-
JIHee) CJIydailHOM BEJIMIMHBI OTIPEJIENISAIOT paBeHcTBoM (6.1.2).

IIpumep 6.1.1. Ilycmov & — yucao BuNABWUT 0UKOS
npu nodbpacuearuy u2pasbholi kocmu. Ilpednoaosicum, 4wmo
KOCMb U320MOBAEHG TAK, YMO pacnpedeseruem CAYywatinot
BEAUNUNDL & ABAACTNCA

T; 1 2 3 4 5 6

Pe(zi) | 1/10 | 1/10 | 1/10 | 1/10 | 1/10 | 1/2

Buwucaumos mamemamuueckoe oorcudarue .
Pemenwue. Cornacuo (6.1.2)

1 1 1 1
MéE=1—+2 —4+...+5-—4+6-=-=4,5.
¢ 10 + 10 et 10 + 2 ’
SaMeTuM, 9TO eCIU UrpajbHast KOCTb CAMMETPUYHA, T. €.
pacupesenenueM £ ABJISIETCS

T; 1 2 3 4 5 6

Pe(z:) | 1/6 | 1/6 | 1/6 | 1/6 | 1/6 | 1/6

TO
1 1 1 1
MéE=1-—-4+2-—+...+5-=+6-=-=235.
¢ 6 + 6 + + 6 + 6 ’
[Ipumep 6.1.2. Cayuatinan seauvuna & umeem pacnpe-
denenue Ilyaccona ¢ napamempom A. Borucaumo

L
§+1

Pememnune. ITo uzBectHoMy pacupenenennio Pg ciydaii-
HOI BeJTMIUHBI € BCET/Ia MOYKHO BBIYUCTUTH MATEMATHIECKOE
oxunanre Mg(§) dyakimu ot €, eciii TOIBKO OHO CYIIECTBY-
er (cm. (6.1.1)). B mameit 3agade g(t) = 1/(1 4+ t), a cuy-
qaiiHas BequunHa & UMEET MyaCCOHOBCKOE PACIPEIE/IEHUE C
TapamMeTpoM A:

k

A
Pe(k) = Ee_/\, k=0,1,...
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ITosTomy
<1+k W
oA O kI oA —A
A 1-—
TXarm =
A A
k:O

[Ipumep 6.1.3. Jlsaotcdvr nodbpacvisatom napy cummem-
PUUHBLE MOHEM, & — HUCAO SHINABWUL 26pHO8 NPU NEPEOM
n0d6PaAcLIBAHUY NAPDL MOHEM, 1) — NPU EMOPOM.

Buiuucaums M sin (% min{¢, n}) .

Pemenmne. Pacupenesenne ciyvaiinoit Bequnyuunbl ( =
= (&, n) m3Bectro (cM. mpumep 5.1.2):

Suaue- Suaduenus 7

Hust € 0 1 2

0 1/16 | 2/16 | 1/16

1 2/16 | 4/16 | 2/16

2 1/16 | 2/16 | 1/16

ITo pacnpegenenuto ¢ = (£,7) MOXKHO BBIYUCJIUTH MaTe-
MaTHIECKOe OXKUJIAHUE (€CJIU TOJBKO OHO CYIINECTBYET) JIHO-
6oit pyHKIMU OT (, B 9aCTHOCTH, (DYHKINH

F(©) = flgm) = sin (5 min{é,n})

cM. Teopemy 6.1.2. B mamem npumepe

M sin (% min{¢, 77}) = sin < min{0, 0}) 6"

+ sin <6 min{0, 1}) 16 .+ sin <6 min{2, 2}) 16
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i ™ s 1
_ein(T.0). L 2 ). L -
sm<6 O) 16+51 <6 O) 16+ +sm(6 16
_8+3
32

Hucnepcus cayuaitaoii BeqmyauHsbl. /[ucnepcueti DE
cly4yaiiHo#l BesuyuHbI € OyJ/leM Ha3blBaTh MaTeMaTHYeCKOe
OXKnJaaHne KBaJipaTa OTKJIOHEHMA CﬂyqaﬁHOﬁ BE€JIMYUHBI OT
CBOETO CPEJTHETO:

D¢ = M(€ — M¢)*.

YacTo ymobHO I0IB30BATHCA CJIEAYIOMMM IIPEICTaBICHIEM

JUCIIEPCUH:
D¢ = M¢? — (M¢g)?,

KOTOPOE ToJIydaeTcsa u3 onpemenaeHust DE.

[IpuBenennbie qaiee CBONCTBA JIUCIIEPCUU HEITOCPEICTBEH-
HO CJIEJIYIOT U3 €€ OIpPEeJICTICHUS.

1. Iucnepcust KOHCTAHTHI PaBHA HYJIIO:

Dc = 0 (¢ — xoncTanTa).

2. KoncTraHTa BRIHOCUTCS U3-T10/] 3HAKA, JTUCIIEPCUU C KBAJI-
paTom:

Da& = a’DE.

3. lucriepcusi CyMMBbI HE3ABUCUMBbIX CJIYIaiHBIX BEJIMIUH
paBHa CyMMe UX JIUCIICPCUil:

D(§ +n) = D§+ Dn.

IIpumep 6.1.4. Boiuucaums mMamemamuseckoe oxicuda-
HUe U QUCTLEPCUIO DUHOMUGNADHO DPACTPEIENEHHOT, C NAPAMEM-
pamu (n;p) cayuatinot sesuvunss &.

Pemenue. Pacupenenenuem & siBisieTcst

P{¢ =k} =Pe(k) = CrkpF(1 —p)" % k=0,1,...,n
Cortacno (6.1.2)

Mfzzn:kPg Zk Epk (1 — )tk =
k=0
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O6o3naunB k — 1 = s, MOCTETHIO CYMMY TEPEIUIIEM TaK:

n—1
n_l n—1)—s
(D e e A

= np(p+ (1—p))" " =np.

CremoBaTe bHO,

M¢ = np.

Amnajornano
n
2= KO —p) T = np(np —p+1).

Orcrona

D¢ = M¢? — (ME)? = np(np — p + 1) — (np)* = np(1 — p).

[Ipumep 6.1.5. [lod6pacwisarom dee cummempuunoie ue-
PAABHBE KOCTIU. Buiuucaums mamemamuyeckoe odcudamnue
U QUCNEPCUIO CYMMDL BDINABUUL 0UKOB.

Pemenmne. Ilycth £ — 9nciio 09KOB, BHIIABIINX Ha, IIEP-
BOIl MrpaJIbHOM KOCTH, 1) — Ha BTOPOi, Torjga ( = & +1n —
CyMMa OYKOB, BBIIABINAX HA KOCTAX. KocTn cuMMeTpuYHbI,
[IO9TOMY pacIpesie/leHneM KaKJI0f U3 CJIydYalHbIX BeJMIHH
& n n gaBigercs

P(z:) | 1/6 | 1/6 | 1/6 | 1/6 | 1/6 | 1/6




86 I'naBa 6. Maremarndyeckoe OXKUJaHKIE

Orcrona
MC=ME+n)=ME+Mn=T/24+T7/2=T1,

D¢ = ME? — (M¢)? =

1 1 1 7\ 2
=12. 2422, -4+ ... +6%°- > — (=) =35/12.
N (2) 35/

A mockonbKy € M 1) — HE3ABUCUMBIE CIydailHble BEJTUUIMHEI,
TO

D¢ = D(¢ + 1) = D¢ + Dy = 35/12 + 35/12 = 35/6.

3aMeTuM, 9TO HEIOCPEJICTBEHHOE BBIMHMCJIEHUE MaTeMa-
THYIECKOTO OXKUJIAHUS U JIUCIEPCUU CYyMMBbI OYKOB OBIJIO ObI
I'POMO3BIKHUM.

Ounpenenenune. Kosapuayueti cayIailHbIX BeJIMIUH &
u 1) OyZeM Ha3bIBATH BEJUYUHY

cov(§,n) = M(§ — ME)(n — Mn).

Onpenenenune. Koapduyuenmom xoppesaryuu cirydaii-
HBIX Betm4uH & 1 1) OyJeM Ha3bIBATH BEJIMYNHY

ey — ME=ME)(n — Mn)
©m="""peyoq

Ecuu cityuaiinbie Besmmaunnbt £ u 1) Takosbl, ato (£, 1) = 0,
TO OHU HA3BIBAIOTCS HEKOPPEAUPOSIHHBLMU.

Teopewma 6.1.3 (mepasencrso Hebniména). Feau DE xo-
HewHA, MO 0AA NPOU3BOALHO20 € > ()

D
Pl — Mg > ¢} < —=.
€

W3 mepasencrsa YebbléBa, B 9aCTHOCTH, CJIELYET, UTO
ecam jucrepensi DE masia, Gosbiime oTKiIoHeHUsT (GoJIbIe
9YeM €) CJIydaiiHON BeJIMYMHBI OT CBOErO CPEJIHEr0 BCTPeva-
FOTCsT U3PEJIKA.
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Teopema 6.1.4 (3akon Gonbmmx uwncen). I[lycmo

&1,&9,... — mezasucumvie 00UHAKOBO PACTPEICAEHHDIE CAY-
yatinvle seauduts, co cpednum ME; = a u xonewnvmu Juc-
nepcusamu DE = 0% < 00, i =1,2,... Tozda drs npouseos-
nozo € > 0

1 n
P —g E—al>ep =0
n
i=1

npu n — 00.

IIpoussonsimue dyHKIMNU. BaskKHBIM KJI1aCCOM CJIydaii-
HBIX BEJIMYUH SIBJISIFOTCS HEOTPUIATE/IbHbIE 11eJIOUUC/ICHHbIC
cilydaiiHble BeJIMIUHbBI (IPUHUMAIOT 3HAUEHUST U3 MHOXKECTBA
{0,1,2,...}). Merog npoussosimux byHKIH SBJISIETCS HAU-
boJsiee OOIIUM TIPU MX U3YYEHUU.

Onpenenenue. Ilycts £ — HeoTpuaTEIbHAS IEJIOUNC-
JICHHAs CIydaiiHas BeJIMUUHA C PACHpeae/ICHIEM

P{€=jt=p;,i=01,...

Oyukruo P(t), onpeneseHHy0 PaBeHCTBOM
o0
P(t)=> thpg, [t| <1,
k=0

OyJieM Ha3bIBATh NPou3eodawets Pynryuet crydaitHoi Bem-
unnel £ (pacupenenenns {p;}).

ITockoJIbKY IOCTIEI0BATEILHOCTE {pj} OrpaHmdYeHa, TO
HPOU3BOAAIIAd PyHKIHA CYyIIECTBYET, 10 MEHbIIell Mepe IIpu
lt] < 1.

B cuny Teopemsr 6.1.1

(e 9]
Mt = thpe, [s| < 1,
k=0

[IO3TOMY HPOU3BOJLAIILYI0 (PYHKIIUIO CIIyYalHON BETUIUHBI &
MOZKHO OIIPE€JIEIUTH PABEHCTBOM

P(t) = Mt5, |t] < 1.
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Teopema 6.1.5. Ilycmv € — neompuyamesvras Ueao-
YUCAEHHAA CAYUATHAA BEAUNUHA U

P{¢=k}=pr, k=0,1,...,

— ee pacnpedenerue.
Ecau cywecmeyem mamemamuieckoe oncudanue caysatl
1ol seauvuns, £, Mo ee NPou3sooAULaA PYHKUUS

o0
P(t)=> thp, Is| <1, (6.1.4)
k=0

Jugdpeperyupyema na ompeske [—1,1] u
M¢ = P'(1). (6.1.5)

Ecau cywecmesyem mamemamuneckoe oscudanue £2, mo
npouseodawan Pynrkyus P(t), [t| < 1, caywatinot sesuvunol
€ dsaotcdv, dugppepenyupyema na ompesxke [—1,1] u

Me2 = P'(1) + P"(1). (6.1.6)

[Ipumep 6.1.6. Hatimu npoudsodawyro gyrxyuio u 6vi-

YUCAUMD MAMEMATNUYECKOE 0XHCUIGHUE NYACCOHOBCKOT CAY-
Yalinot 6eAUUHbL.

Pemenmue. Ilycrs £ — myacconoBckasi ciryvalinast BeJIu-
qmHa ¢ mapamerpom 6. Ilo ompenemnenmio

Pe(t) = Mt¢ = Zt’fge*’ =el%e ¥ = exp{O(t — 1)}.
k=0 ’

ok
Pan > k%e*(; cxojures, nmodromy ME cyiecrByer u co-
k=0 ’

FJIaCH(;(G.l.5)
M¢ = P{(1).

A mockombky P(t) = 0exp{f(t — 1)}, Pi(1) =6, o

Mg = 6.
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My bTHUNJIHUKATUBHOE CBOWCTBO MPOMU3BO I3~
mux ¢yHKIUA [Ipoussodawas GyYHKUUL CYMMbBL HEZABU-
CUMDLT CAYHATHBLT BEAUNUH PAGHA NPOUIEEICHUIO NPOU3EO-
QAWUT PYHKUUT CAG2AEMDLT.

Teopewmab.1.6 (equncrBennocTn). Pagauurvie seposm-
nocmmwie pacnpedeaenus na {0,1,2,. ..} umerom pasauvnwie
npouseodaujue GyrHKUu.

[Ipumep 6.1.7. Jokazamsv, wmo cymma HE3a8UCUMDBLT
NYACCOHOBCKUT CAYHATHDIL BEAUNUH ABAACTNCA NYACCOHOG-
crol cayyatinol seauvurnod.

Pemenmue. Ilycts £ u ) He3aBUCUMBIE TyaCCOHOBCKUE
CJIyYalHBIX BeJIMYWH ¢ mmapamerpamu 0y u O, ux mpousBo-
Jsmye QyHKIUH coorBeTcTBeHHO paBHbl exp{fi(t — 1)} u
exp{f2(t—1)} (cm. mpumep 6.1.6). [Tponssossimas dyHKIHs
cyMMbl ( = £ + 1) B CHILy MYJIBTUILINKATABHOTO CBOWCTBA

Pe(t) = Pe(t)Py(t) = exp{01(t — 1)} exp{fa(t — 1)} =

= exp{(91 + 92)(t — 1)}

C apyroit croponsi, exp{ (61 + 02)(t — 1)} — nponssoss-
mast bYHKIWs [yaCCOHOBCKOI CJIy9IailHON BEeJIMYMHBI C Ia-
pamerpom 601 + 3. ITosromy coryiacHO Teopeme eJUHCTBEH-
HocTH (Teopema 6.1.6) pacupe/ieieHue CiIy9aiHOii BeJIMINHbI
€ + 1) COBIIQJAET ¢ MyaCcCOHOBCKUM DACIIPEJIEIEHUEM C T1apa-
metpoM (61 + 602).

6.2 3agadn

A3: 6.1°(1), 6.4°, 6.5, 6.16, 6.18, 6.27*, 6.31*, 6.32, 6.38.
C3: 6.3°, 6.6°, 6.13°, 6.15, 6.17, 6.24°, 6.33, 6.45, 6.49.

6.1°. [TogbGpachIBalOT CAMMETPUYHYIO MOHETY U IIPABU/Ib-
HYIO UI'PAJIbHYIO KOCTb, £ — YHCJIO BBIIABIIUX IIPA 3TOM T'ep-
60B, 1) — OYKOB.

Boranciurs:

1
1M cos I77; 2) Me® sin %77.

E+1°6

6.2. B ypre conepxkurcs 2 6esibIx U 8 YepHbIX mapos. 13
YPHBI HayIady U3BJIEKAIOT Tpu mapa. Haiitu pacnpenesienue
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c/IygaiiHo# BeImIuHbI £ — YIUC/Ia BRIOPAHHBIX OEJIbIX ITaPOB;
Beraucauts ME u DE.

6.3°. IlycTnb € u ) — He3aBUCHUMBIE CIIyYaiiHbIe BEJTMINHBI
COOTBETCTBEHHO C PACIIPEIETICHUSIMI

T 0 1 2 3 Yj 0 1 2

Pe(zs) | 1/2 1 1/6 | 1/6 | 1/6 Py(y;) | 1/2 | 1/4 | 1/4

Borancaurs

M271.
ne+

6.4°. JIBaxkapl MOAOPACHIBAIOT CUMMETPUIHYIO MOHETY,
¢ — 49uCJIO BBIABIINX TIPU 9TOM TepboB. Bhraucaurb

M(—1)¢ sin z{.
3
6.5. Cayuaiinast BesinanHa { MPUHUMAET I€JIble HEOTPH-

naresibHble 3HaUeHnsd. JloKka3aTs, 9TO

o0

M¢ =Y P{¢>m}.

m=1

6.6°. [lycTb £ u 7 — He3aBUCHUMBIE CJIyYaiiHbIE BEJTHIUHBI
COOTBETCTBEHHO C PACIpPE/IeICHUSIMI

i 1 2 3 4 Yj —1 0 1

Pe(as) | 1/4 | 1/4 | 1/4 | 1/4 P,(y;) | 1/3 | 1/3 | 1/3

Berauncants
2. (T
Mn=sin ( =€) .
2
6.7°. Ciyuaiinast BeiuanHa £ UMeeT pPaCIpeie/IeHne

Ti -2 | -1 1 2
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Haiitu maremarmyeckue OXKUIAHUS CIyIAHBIX BeJIU-
9UH 7):

.
67

6.8°. Ciyuaiinast BeiuunHa £ UMeeT PACIpPEJIe/IeHNe

1)n =sin 2)77252‘5'; 3)n:§sin%§.

T; -2 | -1 1

Pe(as) | 1/2 | 1/4 | 1/4

Borauciurs
Mg227¢.

6.9°. Ciyuaiinast BemanHa £ UMeeT pPACIpeie/IeHIne

T; —1 1 2

Borancaurs:
1) M¢? sin g& 2) M2/¢! cos? 1125.

6.10. Ciyuaiinast BetmauHa £ UMeeT pacipeesieHne

T -2 | -1 0 1

Pe(ai) | 1/4 | 1/4 | 1/6 | 1/3

Haiitu:

1) pacmpeenenne ciydaiinoil Bemaunst 1) = |£|;

2) MaTeMaTUIeCKoe OXKUJIAHNE U JIUCIEPCHIO 7).
6.11°. Cayuaitnast BeJinunHa £ UMeeT PACIPEIe/IeHNE

T -2 | -1 1 2
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Brrancaurs

Mg sin® ——¢.
&sin 125

6.12°. CayyaiiHast BeqmauHa £ UMEET paclpeesieHue

T; -2 | -1 2

Pe(as) | 1/2 | 1/4 | 1/4

Brrancaurs:
1) M21¢ cos? %5; 2) Mg2lél.

6.13°. IlycTb £ u 1) — HE3ABUCUMBIE CJIyJIaiTHbIC BEJIUYIN-
HBI COOTBETCTBEHHO C PaCIpeeIeHuAME

i o 1| 2|3 n “1] 0 | 1
Pe(z:) | 1/2 | 1/6 | 1/6 | 1/6 Po(y;) | 1/4 | 1/2 | 1/4
Borancanrs .
Mi+ .
n* 4+ 2

6.14°. Ilyctb £ u 17 — HE3ABUCUMBIC CJIyUIaiTHbIC BEJIUYIN-
HBI COOTBETCTBEHHO C PACIIPEICICHUSIMU

i 0| 1| 2 y; —1] 0 | 1

Pe(zi) | 2/3 | 1/6 | 1/6 Pn(y;) | 1/3 1 1/3 | 1/3

Beraucaurn .
n—-n
§+1
6.15. IlycTp ciayuaiinas BesmuuHa £ TPUHUMAET 3HAYE-
st —n, —(n—1),...,—1,0,1,...,n—1,n ¢ BeposgTHOCTAME

1/(2n + 1). Beraucants: 1) ME; 2) M[€].
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6.16. Ciyuaitnas Benuanna £ nmeeT pacupenesenne [Tyac-
coHa ¢ mapaMerpoM \. BorameamTs: ME, ME2, DE.

6.17. Ilycts £ m 1) — He3aBUCUMBIE CJIydailHbIe BeJIUYU-
HBI, KaxKJ[asl U3 KOTOPBIX HMeeT pacupe;ienenne Ilyaccorna ¢
napameTrpoM \. BeramcauTb:

§

HM-——
1+n

; 2)MEn; 3)DEn; 4)D(E +n).

6.18. Coyuaiinast BeJindnHa & UMEET T€OMETPUIECKOE PAC-
1pejie/IeHne ¢ mapaMeTpoM p. Borumciants: ME, ME2, DE.

6.19. CuMMeTPpUIHYO UTPAJIBHYIO KOCTh MOA0PACHIBAIOT
JI0 TIEPBOTO IOSIBJICHUS ITECTEPKU.

1. CkroIbKO pa3 B cpejiHeM OyIeT MoAOpoIIeHa KOCTh?

2. KaxoBa BeposiTHOCTB TOTO, YTO Oy/IeT BBIIOJTHEHO He
boJtee IBYX MOAOpachIBAHUIAT!

6.20. Coyuaiinast BesindnHa & UMEET N€OMETPUIECKOE PAC-
IIpeJieJieHre C apaMeTpoM p. BuraucanTo:

1) M5, |t < 1; 2) Me™s.

6.21. Cioyuaitnasa Besqutnna £ nmeeT pacupenesenue [Tyac-
COHa ¢ mapaMeTpoM A. Beraumcanrs:

)Mt t > 0; 2) Me'®,

6.22°. BpraucauTbh MaTeMaTHYeCKoe OXKUIAHWEe U JHC-
[IEPCUIO CJIYIaHON BEJIUINHBI & — YHUCJIa MOSBJIEHUI COObI-
Tud B 100 He3aBUCUMBIX HCIIBITAHUSAX, B KAYKJIOM U3 KOTOPBIX
BEPOSTHOCTH TOsIBJICHUsI COObITUA paBHa 0,7.

6.23°. Tpmxk bl 10IOPACHIBAIOT MOHETY, BEPOATHOCTD BbI-
najeHus repba koropoit cocrasiser 1/3. Ilycrs £ — wmcio
BBIMIABIIUX [IPU 9TOM IepOOB.

Haittu pacnpenenenne ciaydaitnoii Benndunbl €. Berauc-
st ME u DE.

6.24°. CumMerpudHyO MOHETY mojbpackiBaoT 10 pas.
Haittu pacupenesnenne ciy4aiiHoil BeJIMYNHbBI £ — YUCJIA BbI-
maBmux repbos. Borauncours ME u DE.

6.25°. BeruucauTbh MaTeMaTH4YeCcKoe OXKUIAHNEe W JHC-
[IEPCUIO CITyvaiiHoi Beauaunbl & u3 3ama4qu 5.26.

6.26°. BpramcinTh MaTeMaTH4YecKoe OXKUJIAHUE U JIUC-
IIEPCUI0 CIIyJaitHON BeTmunHbI £ n3 3aja9u 5.27.
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6.27*. PaccMaTpuBaeTcsI 1OCJI€I0BATEIbHOCTD HE3aBUCH-
MBIX HCIIBITAHUiT ¢ BeposaTHOCTHIO ycmexa p (0 < p < 1) B
ofHOM ucnblTanuu. [lycth & — ciaydaiinasi BeJIMYMHA, PaB-
Hasl 9UCIy Heyjaad Jo r-ro yenexa. CoydaitHas Beqndauna &
UMeeT OTPHUIATE/bHOe OMHOMUAILHOE PACIpPEIe/IeHe ¢ Ia-
pamerpamu (7,p):

P{é=k}=Cp ) 1 pr(1—-p)F, k=0,1,...
Hokazarb, 910

1—p 1-p

ME =1 , DE=r—y
p

6.28.' Jlns coywaitnoit Besmmaunel ( = (&,m) u3 3amaun
5.8 BBIYHUCIUTD

1) Mmax{¢&,n}; 2) Msin(rmax{&,n}/6); 3) Mmin{,n}.

6.29. Ilo coBMecTHOMY pacIpele/IeHUIO CIIyJaliHbIX Be-
auaud € U 7 u3 337249 5.10 BBIUUCINTD:

1) Mmin{&,n}; 2) M cos(mmax{&,n}
3) Mmax{&,n — &}; 4) Msin(rmin{n,n — £}/4).

6.30. Coayuaiinbiii BekTop 1 = (f1, 42, .- -, fiy) UMeET
pacIipe;iejieHue
P{(Mlvu%"'a,ujv"':,u?") = (0707"'7071>O>"'70)} = Py,
B nocsiegoBaressinocru (0,0,...,0,1,0,... ,0) Ha j-m Mecre
HAXOJAUTCs €JIMHUIA, HA OCTaHbeIX — HyJI ,i=1,2,.
Borauciurn
Mexp{i(t, u)} = Mexp{i(tipn + topiz + ... + trptr) }-
6.31%. Ilycts £1,€&9,...,&, — HE3ABUCUMBIE OIMHAKOBO

pacIIpe/ieIeHHbIe CITydaifHble BeJININHbI CO 3HadeHnsIMA B R,

=X, Xan X =05 #1,
j=1

s pemenns 3amag 6.28 — 6.31 ciemyer BoCHOIb30BaThCs HOp-
Mmystoit (6.1.3).
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P{kaXj}ij,jzl,Q,---,T,

v = (v,ve,...,V) — CIyYailHBIl BEKTOD, j-s1 KOMIOHEH-
Ta Vj KOTOPOrO PaBHa KOJUYECTBY CIyJailHbIX BEJINIHH N3
£1,€2,. .., &, xoTopole nonam B X;, j =1,2,...,r.

1° Haiitu pacupemesienne j-it KOMIOHEHTBI BEKTOPA

v=(v,ve,...,0), 5 =1,2,... 7.
2° HaiiTu pacrpejiejieHue BEKTOpa
v=(vi,ve,...,Vp).
3° Borauciimrh
Mexp{i(t,v)} = Mexp{i(tivi + tova + ... + ty1p)},

t;eRYL j=1,2,...,7.

6.32. VY Oosbmioro yucsia k Jojieil UCCIAEAYIOT KPOBb.
Wccnenopanme MOYXKHO OPraHM30BAThH JBYMS CIIOCOOAMU.

Cnoco6 1. KpoBb KaKk/I0ro 4ejgoBeKa MCCIELYIOT OT-
JenbHo. B 3ToM citydae He0OXOAUMO BBITTOJTHUTE k aHAJIN30B.

Crnocob 2. Kposs k Jiofieit cMEIUBAIOT U aHAJU3UPYIOT
[IOJIyYEHHYIO CMeCh. Fcim pesyibrar aHaJm3a OTPUIATE b
HBL (JMArHO3 HE MOJITBEPKIAeTCs), TO STOIO OJJHOIO AHAJIH-
3a JIOCTATOYHO Myid k Jromeii. Kcau pe3yabrar mojioxKuTe b-
HBIN, TO KPOBb KaXKJIOT'0 UEJIOBEKa aHAJIU3UPYIOT OTIEIHHO
1 B I€JIOM Ha k 4JeJ0BEeK HeoOXOAUMO BLIIOJHUTL k + 1 ana-
Jm30B. [IpeanosokumM, 9To0 BEPOATHOCTD P MOJIOKATEILHOIO
pe3yJIbTaTa aHaJM3a OJHA M Ta Ke IJI BCeX JIIOAEH U 9TO
pPe3yabTaThl AHAJIU30B HE3aBUCHUMBI.

1. HaiiT BeposSITHOCTB TOTO, ITO aHAJIN3 CMENIaHHON Kpo-
BU k jrosell MOJIOKUTEJILHBIHA.

2. BeraucemmTs MaTeMaTuIecKoe OXKUIAHNe IUCTIa aHa -
30B £, HEOOXOIMMBIX BO BTOPOM CII0CODE 00C/IeI0BaHNUSI.

6.33. B ypue comepxkutcsa 2 6e/IbIX, 3 9epHBIX, 5 KPACHBIX
mapoB. U3 ypubl Haymgady 6epyT Tpu mapa. Haiitu pacmpe-
JIeJIeHHs] CIYyYaiHbIX BEJIMINH: & — YMCJIa BHIOPAHHBIX OeJIbIX
MapoB, 1] — 4YepHbIX, ( — KPACHBIX. BB{UC/INTE MaTEMATH-
YeCKOe OXKMJIaHVE U JIUCIEPCUIO KaxKJIOo U3 CiaydalHbIX Be-
JIMYMH.

6.34. /lokazarn Teopemy 6.1.5.
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6.35. Boraucauts npon3BogdInyo GYHKIINIO U MaTeMa-
THUIECKOEe OYKUIaHNE CJIyIaliHON BeIMIHbI nMeroreit: 1° reo-
MEeTpUIECKOe pacrpeienenne; 2° OTpuIaTe bHoe GHHOMUATb-
HOe pacrpejiesienne; 3° GuHOMHUATIBLHOE paclpeIeeHue.

6.36. [loxazarhb, UTO pa3jUvHbIE BEPOSTHOCTHBLIE Pac-
upesesiernst Ha {0,1,2,...} uWMeOT pasHbIe IPOU3BOJISIIUE
dyukIMN (TeopeMa eMHCTBEHHOCTH).

6.37. JlokazaTb, 9TO TPOU3BOJSIIAA (DYHKIIUST CyMMBI
HE3aBUCUMBIX [IEJIOYNCTIEHHBIX HEOTPUIATEBHBIX CITY YA HBIX
BEJINYUH PABHA IPOU3BEICHIIO TPOU3BOAAIINX DYyHKIM ca-
raeMbIX (MyJIBTHILIMKATHBOE CBOHCTBO IIPOM3BOJISIIIX (DYHK-
it

6.38. JlokasaThb ciedyIolie yTBePK IeHHsI.

1° CyMMa 7 HE3aBUCUMBIX P€OMETPUYECKH PACIIPEIETICH-
HBIX CAYYalHBIX BEJIMYUH C mapaMeTpoM f mMeeT OTpHIa-
TeJIbHOE GUHOMHAJIBHOE pacipe/iesieHne ¢ mapamerpamu (7, 0).

2° CyMMa HEe3aBUCUMBIX CITyUailHbIX BEJTMINH, UMEIOIIX
OTpUIIATEIbHOE OMHOMHUAJBLHOE PACIpEe/IEHHEe C TapaMer-
pamu (r1,6) u (ra,0), umeer orpunare/bHOE GUHOMUATBLHOE
pacrpejiesierne ¢ napamerpamu (ry + 72, 6).

3° CymMma HEe3aBUCUMBIX OHUHOMMAIHLHO PaCIpPE/IETEeHHBIX
cirydaiiHbIX BeJuduH ¢ napamerpamu (n;0) u (m;0) ssisier-
csl OMHOMUAJIBLHO PACIPEIC/ICHHON CIyJIaiiHON BEJTUIUHON C
napamerpamu (n + m;6).

6.39. Ilycrs

2={0,1,2,...}, Plw)=ap®, w=0,1,...,

p — npousBosbHOe dukcuposanHoe dnco u3 (0;1). [Tpu ka-
KHUX 3HAUYeHUsIX napamerpa a dbysknus P(w) = ap¥, w € Q,
3a/1ae€T BEPOATHOCTDb Ha, IOJAMHOXKecTBax ) 7
[ycrs £ = &(w) — cayuaiinas seqnunna Ha {§2, P}, 3a-
naHHas paseHcTBOM & = &(w) = 27%. Beraucaurs ME, ME2,
6.40. Ilycrb

2=1{0,1,2,...}, Plw) = w € Q.

a—,
w!
ITpn xkakux 3nHadeHusix a napa {2, P} sisiercst BepositHOCT-

HBIM IIPOCTPAHCTBOM !
[Iycrs € = &(w) — cayuvaiinas sesmunna Ha {2, P}, 3a-
JanHas paBeHCTBOM & = &(w) = 2%, Borancsmrs ME, DE.
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6.41. Ilycrs

w

Q=1{0,1,...}, Pw) = we Q,

a—',
w:

A — IIpou3BOJIbHOE (DUKCUPOBAHHOE IIOJIOXKUTETHHOE TUCTIO.
ITpu kakux 3HaueHusx a napa {{, P} sBisiercst BepositHOCT-
HBIM IIPOCTPAHCTBOM !

[Iycrs € = &(w) — cayuvaiinas sBesnunna Ha {Q, P}, 3a-
JanHas paBeHCTBOM & = £(w) = 2%, Borancsmrs ME, DE.

6.42. [lokazars HepaBeHcTBO UebbiméBa (Teopema 6.1.3).

6.43. lokaszars 3akoH Gosbux wuces (reopema 6.1.4).

6.44. Ilycts P (24, ;) — pacupeiesieHne CiryqaifHOro BeK-
topa ¢ = (£, 7). Berauciaurs ME.

6.45. IlonbpackiBaloT TpPU CUMMETPUYHBIE HUIPAJIHHBIE
KOCTH. Y IEPBOIl KOCTU TPHU I'PAHU 3aHYMEPOBAHBI €IMHUIIEIH,
TpU I'paHu — ABOWUKON, y BTOPOU TPU I'PAHU 3aHYMEPOBAHBI
TPOMKOI, TPU — YETBEPKOH, & y TpeTbeil KOCTU TPU I'PaHU
3aHYMEPOBAHbBI ISATEPKOi, Tpu — mectepkoit. Haiitu mare-
MaTUIeCKOe OXKUIAHUE, TUCIIEPCUIO U PACIPEEIEHIE CYMMbI
BBIMTABIIUX OYKOB.

6.46. IlombpachIBaloT TPU CHUMMETPHUYHDLIE HUIPAJIHHDLIE
KocTH. ["'panu 1epBoil KOCTU 3aHyMePOBaHbI YUCJIAMU OT €JTU-
HUIIBI JI0 TIeCTH. Y BTOPOIl KOCTHU JIBE I'PAHU 3aHYMEPOBaHBI
eIMHULE, IBe — JBONKOI, ABe — TPOHKOH. A y Tperbeil
KOCTH TPU I'PAHM 3aHYyMEPOBAHbI €JIUHUIIECH, TPU — JIBOUKOIA.
Haittu maTemaTnaeckoe OXKUaHIE U JUCIIEPCUAO CyMMBbI BbI-
MABIIIX OYKOB.

6.47. Ilycto &1, &9, . .., &, — cIydaiinble BEJIMIUHBI C KO-
HeYHbIMH Juciepcusyu, S, = & + &2 + ... + &,. Jokasarn,
9TO

DS, =Y D& +2) cov(é;, &),
k=1

= i<j
a ecJin ciIydaiiHbie BesinauHbl €1, o, . . ., &), MONAPHO HE3ABU-
CHAMBI, TO
n
DS, = E Dé&g.
k=1

6.48. Ilycts (1 u (o — He3aBUCHUMBIE CJIyYAHBbIE BEJIU-
YUHBI C OJIMHAKOBLIME pacmpejenenusymu u & = (1 + (o,



98 I'naBa 6. Maremarndyeckoe OxKugaHue

n = (1 — (2. Hokazarb, 4TO CiIydaiiHble BEJUYUHBI & U 1)
HeKoppesmpoBaHsl, T. e. (£, 1) = 0.

6.49. Ilycts & u 1) — COOTBETCTBEHHO CyMMa U Pa3HOCTD
OYKOB, BBIITABIIUX IIPU MTO0PACBIBAHUU JBYX UI'PAIbHBIX KO-
creit. JTokazarh, uro 1) ciaydaiiHble BeJIMYUHBL § U 1) HEKOD-
pesupoBaHbl; 2) £ U 1) He SABJSIOTCS HE3aBUCHMBIMU.

6.50. IlycTp cayuaitHas BeqnduHa £ MPUHAMAET 3HAYTE-
s —1, +1, —2, +2 Kaxko0e ¢ BepoaTHOCTBIO 1/4, a n = €2
Haittu coBmectnoe pacupemesienue & u 7. lokazarb, dro:
1) cotyuaiinbie BeJuauHbL § U 1) HEKOPPEJIUPOBaHbL; 2) & U 7
He ABJIAIOTCA HEe3aBUCHUMbIMU Cﬂy‘{aﬁHbIMI/I BeJINYNHaMU.



I'maBa 7

AKcuomaTuka
TEOPUN BEPOATHOCTEM

7.1 Axarebpsi, o-aaredpbl

Omnepanuu Haxa MHOXKecTBaMu. Jlasee mbl Oyzem
UMETD JIEJI0 ¢ MHOYKECTBOM (IIPOCTPAHCTBOM) ) 9JIEMEHTOB w
u ero nojMuoXKecTBamu ) (mogMHOXKecTBa §) Gy1eM 0603Ha-
9aTh NPONUCHBbIME JaTuHCKUME OykBamu A, B, C, .. .).

MHO>KECTBO TOJIHOCTBIO 3aJ[a€TCsI CBOMMH JIEMEHTAMH.
Ecim w sBistercst ajieMeHTOM MHOXKECTBa, A, TO 3TO OyeMm
3anmchiBaTh Tak: w € A (u Oygem gurarh: “w OpUHAIIE-
xkuT A”), ecin w He SBJISIETCsT SJIEMEHTOM MHOYXKeCTBa A, TO
5T0 OyJIeM 3aluchiBaTh Tak: w ¢ A (un Gygem unrarh: “w He
upusa et A”).

MHo>K€eCcTBO, He coJiepsKallee HI OJHOIO dJeMeHTa, OyaeM
Ha3BIBATL NYCMbLM U OyIeM 0603HaYaTh CUMBOJIOM ().

Ecnn kakpiit a1eMeHT MHOXKECTBA A sIB/IsteTcsT S/1eMeH-
TOM MHOXKecTBa B, To 6ymeM 3T0 0b603HauaTh Tak: A C B u
OyzeM 4nTaTh: “A — moaMHOXKeCcTBO 1.

Ecnn kaxkapiii 31eMeHT MHOXKECTBa A sIBJIsIeTCS 3JIeMEH-
tom MHOXKecTBa B (A C B) u KaxKJIplil 9J1eMEHT MHOYKECT-
Ba B sBiisiercs anementom MuOxkectBa A (B C A), 10 MHO-
xkectBa A u B OyneM OTOXKJIECTBIJIATH U OyJIeM 3TO 0003HAa-
gaTh Tak: A = B. st Toro, 4robbl yCTAHOBUTH PABEHCTBO
A = B, nocraro4Ho nposeputh, uto A C B u B C A.

99
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N3 syremenTOB MHOXKECTB A 1 B MOXKHO CTPOUTH HOBBIE
MHOKECTBA.

MHOXKeCTBO, COCTOSATIEE U3 TEMEHTOB, KazKIbIH 13 KOTO-
PBIX TIPUHAJIEIKUT XOTsT OB OJTHOMY M3 MHOXKeCTB A win B,
OyjieM HazbIBaTh ob6seduneruem MHOXKeCTB A u B u 6ymem
obosnauats AU B.

MHOKECTBO, COCTOSIIIEE U3 FJIEMEHTOB, IIPUHAJIEIKAIUX
KaK MHOKeCTBY A, Tak u B, OyJIeM Ha3bIBATH NEPEeCceeHUEM
muoxkecTB A n B u 6ymem obosnadats A N B.

MHO»KeCTBO, COCTOSIIIEE U3 JIEMEHTORB, TPUHATIEKAIITIX
MHOXKeCTBY A, HO He TpuHaIeKanmx B, 6y1eM Ha3bIBATH
pasnocmuro MHOXKeCTB A u B u Gynem obosHauars A\ B.

MHOKeCTBO, COCTOSIIIEE U3 SJIEMEHTOB (), He IpUHAIIe-
JKAIUX MHOXKeCTBY A, OyneM Ha3bIBATH JONOAHEHUEM MHO-
»kectBa A 1 6ymem obo3HadaTh A.

Bynem roBoputs, uro Mmuoxkectsa A u B ne nepecexarom-
ca (nenepecexarowuecs), ecomu AN B = ().

Mpumep 7.1.1. ITycmo {A,} — nocaedosamenvrocmv
nenepecexarowuzca mnosicecms (A; N A; = 0,1 # j) u

o0
By=|JAi, n=12,...
=n

(o)
Joxasamy, wmo (| By = 0.
n=1

[e.e]
Pemenmne. [peanonoxum, uro (| B, # 0, u nycrs
n=1

o o0
w € () Bp. Torma w € By = |J A; u, cienosaresbHo,
W TPUHAIEXKUT XOTsi OBl OJHOMY W3 MHOXKeCTB A;, 1 =
=1,2,..., anockoibky A;NA; =0,i # j, T0 TOIBKO 0OjHO-
My MHOKECTBY, 0003Ha4nM ero 4yepe3 A, . ITosromy

w ¢ U A; = Bno-l-l'

i=ng+1

[eS)
A nocsiejiHee IPOTUBOPEUUT MIPEIIOJIOKEHNIO W € (| By,.
n=1
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Aarebpa muoxkecTB. Hemycroit Kaace 21 IOIMHOXKECTB
mpocTpaHcTBa () OyIeM HA3BIBaTh GA2E0POTl MHOHCECTE,
ecJIn:

1° BMmecre ¢ J1oObIM MHOXKeCTBOM A € 2l ero jonoJinenue
A npunaiexuT 2A;

2° BMmecre ¢ JiIoObIME ABYyMs MHOKecTBamu A, B € 2 ux
oobenunenne A U B npunajiexur 2A.

Ounpenenenune. Ilycte & — HEKOTOPBIH KJIacc MOJ-
muoxkecTB ). Haumenvweti areebpoti, codeporcauseti xracc K
(anzebpoti, noposicdenroti kKaaccom R), 6yaeM Ha3bIBATH aJl-
re6py 2A(RK), koropasi:

1° comepxxkur Kiacc R, T. e.

R CAR);

2° comepakuTest B 110001 jipyroit anrebpe A, comeprxkareit
KJacc R, T. e.

A(R) C A.

o-Anrebpa muoxKectB. Hemycroit kmacc § moaMuO-
2KeCTB IpocrpaHcTBa ) OyaeM Ha3bIBaTh O -a.A2e0p0T MHO-
21CECTNG, E€CIIN:

1° BMecTe ¢ KaKpIM MHOXKecTBOM A € § ero momnosinenue
A IpUHAJIEXKUT F;

2° BMecTe ¢ 11000 CYeTHOM I10CJIeI0BATEIbHOCTHIO MHO-

(o]
xectB A; € §,1=1,2,..., ux obvenunenne |J A; npunaj-
i=1
JIEXKUT §.
MHuozkecTBa U3 g-aJiredpsl § eIe Ha3bIBAIOT COObIMUAMU.
Onpenenenue. [lyctb 8 — HEKOTOPBIH KJIacC IMOIMHO-
xkecrB ). Haumenvwet: o-arzebpoti, codepocaweti xracc K
(o-aneebpoti, noposicdennoli kaaccom RK), OyneM Ha3bIBATH
o-anrebpy o(R), Koropast:
1° comepxkur KJacc R, T. e.

R Co(R);
2° comeprkuTCs B 100011 o-anrebpe §, comepskarreit Kimace K,

T. €.

o(R) C §.
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Hpumep 7.1.2. Ilyemv K1 u Ky — dea xaacca nodmro-
orcecms 2, npuvwem R C Ro. Hoxasamuv, wmo

U(ﬁl) (- U(ﬁg).

Pemenwue. ITo onpenenenuio K2 C (R3), a 10 yCaI0BUIO
R1 C Ry, nosromy R C o(R2). U nockosbky o(R1) — Hau-
MeHbIIas o-ajrebpa, MopoXkKIeHHas KiaaccoM Ry, a o(Ry) —
OJ[HA U3 g-ajredp, comepKaImux Kjaacc Ki, TO

J(ﬁl) C O‘(ﬁg).

Bopenesckue muoxectBa Ha R!. o-Anzebpoti 6ope-
neeckuxr mmosicecms na RY Gynem HazpiBarh o-aare6py Bl
HOPOXKJIEHHYIO KJIaCcCOM R MPOMEKYTKOB Buja [a,b). Muo-
yKecTBa U3 0-airebpnl Bl Gynem HasbIBATL 60peAesCKUMU
mmoorcecmeamu 1a R

[Ipumep 7.1.3 Joxasamv, 4mo bopesesckum MHOAHCECT -
som na RY aeasemes:

1) Mnosicecmeo {a} daa xasicdozo a € R*.

) Cuemnoe MHOAHCECTNBO HA YUCA080T NPAMOT.
) Unmepsan (a,b).
) OmKpvimoe MHoMHCECNEO HA YUCAOB0T, NPAMOTU.

5) BamrHymoe MHONHCECTNEO HA YUCA080T NPAMOT.

Pemenne. Bamernm, 9aro o-aarebpa MHOKECTB 3aMKHY-
Ta OTHOCUTEJILHO OIEPAIluU [ePecevennsi B CYeTHOM YHUCIIE,
[TOCKOJTBKY

=W N

3
-

A= | A
i=1 i=1
1) Ouesn/Ho,
(a} = Na.a+1/n).
n=1

A 10CKOJIbKY KarKIblit U3 IPOMEXKYTKOB [a, a+ 1/n) npunas-
nexxut B, a Bl 3aMkHyTA OTHOCHTEILHO OLEpAIUH TIEpece-

o0

weHns B cueTHoM uucie, To (| [a,a + 1/n) € Bl a Bmecre
n=1

c unm u {a} € Bl
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2) CyerHoe MHOXKECTBO A MOXKHO TIPEJICTABATL B BUJIE
(o @]

U {ai}, u nockombxy {a;} € B! mus seex i = 1,2,... (om.
i=1
nynkr 1), To A € Bl

3) Tockombky (a,b) = [a,b) N {a}, [a,b) € B, {a} € B!
u B! 3aMKHYTAa OTHOCHTENLHO OMEpAIUM Iepecetdenus, TO

(a,b) € BL.

4) Kasxoe orkpbiToe Muozkectso O na RY mMozkmo mpe;i-
CTABUTH B BUJIE O0bEINHEHUs] KOHEYHOTO WU CIETHOI'O MHO-
2KeCTBa OTKPBITHIX HEMEPECEKAIOIINXCS THTEPBAJIOB:

O = U(ai, bl)

OTrkpbiThle uHTEpBAJLL (07, b;) TpUHAIIEKAT B!, nosromy

0= U(ai,bi) c Bl

5) BaMKHyTOe MHOMKecTBO TpuHaAiexuT Bl Kax momo-
HEHUE OTKPBITOIO.

[Tpumep mumocTpupyer TOT BakT, UTO KJacc Oopeses-
CKHX MHOKECTB JOCTaTOYHO “mmpokuii’. PaccmarpuBaeMbie
B KHHUTE TMTOJAMHOXKecTBa n3 R™ GopeseBckue.

BopesieBckue MHOXKkecTBa Ha R2. o-Anzebpoti Gope-
nesckux muosicecms wa R? Gynem HazpiBaTh o-aarebpy B2,
HOPOXKJIEHHYO KJIacCoM R IPSMOYTOJIbHUKOB BUIA [a1,b1) X
X [CLQ, bg) .

BopeinieBckne mHO2kecTBa Ha R". o-Aneebpoti bope-
aesckux mroocecms na R™ 6ynem HasbiBaTh o-aarebpy B,
HOPOZK/ICHHYO KJIACCOM R IapaJijieseluie /0B Buia [a1, by) X
X[CLQ, bg) X ... X [an, bn).

BopesieBckne MHO»KeCTBA B METPUYECKOM ITPOCT-
paHcTBe. 0-An2ebpoti 6OPeNe8CKUT MHONHCECTNE 8 MEMPU-
weckom npocmpancmee (X, p) Oymem HasbBaTL 0-aaredpy
B(X), HOPOXKIEHHYIO KIACCOM OTKPHITHIX B (X, p) IOAMHO-
JKECTB.
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7.2 Akcuomsbl Kosmoropona

IIycte 2 — TPOCTPAHCTBO 3JIEMEHTAPHBIX COOBITHII U
§ — o-anrebpa nmoaMHOXKecTB ).

BeposTHOocTb. Beposamnocmuvio OyneM Ha3bIBATL HEOT-
PUIIATETIBHYIO CUETHO-aJ[JINTUBHYI0 HOPMUPOBAHHYIO (DyHK-
U0 MHOXKECTBA, 3aJ[aHHYIO Ha g-ajredpe.

Jpyrumu ciioBamu, BEposATHOCTE P — 310 DyHKITHS MHO-
JKeCTBa, 3aJlaHHAasl Ha, g-ajredbpe § mojaMHOXKecTB (), Takas,
qTOo:

1° s xazkiporo A € §

P(A) > 0;

2° st ipousBosibHBIX A; € §, ¢ = 1,2,..., Takux, 9T0

AiNA;=0,i# 7,

p(Ja) =3 P
=1 =1

3°P(Q) =1.

B gactroctu, ecoim 2 = R™, a § = B, To BepOATHOCTH
HA3BIBAIOT GEPOAMHOCTIHBIM pacnpedeseruem wa R™.

Axcmombr 1°, 2°, 3° u3 ompesiesieHns BEPOITHOCTH 0Opa-
3YIOT CHCTEMY aKCHOM TEOpUU BeposiTHOCTel. B Takom Buje
oru 6bLH nipeytoxkeHbl A. H. KomMoropossiwm.

Oupenenenme. Bepoamuocmusim npocmparcmeom
Oynem HasbiBaTh Tpoiiky {2, §, P}, rme @ — npocrpancTBO
3JIEMEHTAPHBIX COOBITHI, § — o-ajrebpa MOIMHOMXKECTB IPO-
crpanctsa {2, P — BeposiTHOCTH Ha o-aaredpe J.

BepositHocrroe npocrpancrso {2, §, P} saBiasercs mare-
MAaTUIeCKON MOJIEJIBIO CTOXACTUIECKOTO KCIepuMenTa. [Ipu
sroM () — HIPOCTPAHCTBO IJEMEHTAPHBIX COOBITHI — MaTe-
MaTHIecKasi MOJebh MHOMXKECTBA HCXOJOB CTOXACTHIECKOTO
9KCIIEPUMEHTa, § — o-ajrebpa IMOAMHOKECTB IPOCTPAHCTBA
() — mMaTeMaTHYeCcKasl MOJEIb AJreOpbl CIIyIalHBIX COOBI-
TH, HADJIOIAEMbIX B 9KCIIEPUMEHTE, P — BEpOATHOCTH Ha §
— MaTeMaTuYecKasi MOJE/Ib YacTOThl COOBITUN B IIOC/IEI0Ba~
TEJILHOCTH SKCIIEPUMEHTOB.
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CsoiicTBa BEpPOATHOCTMHA. Bee IIepevdnuc/jIieHubIe J1aJiee
CBOIICTBA BEPOATHOCTHU LABJIAIOTCA CJICACTBUAMU aKCHOM

1°,2°, 3°
) ) *
1. BeposiTHOCTH HEBO3MOXKHOTO COOBITHSI PABHA HYJIIO:
P(®) = 0.
2. BepositHocts 1106010 cobbiTrst A € § He npesbimaer 1:

P(A) < 1.

3. Ecim A C B (A,B € §), T0 BEPOSITHOCTb PA3HOCTH
cobbiTuit B 1 A paBHa PasHOCTU BEPOSITHOCTEN ITUX COOBI-

i P(B\ A) =P(B) —P(A4).
4. P(A) =1—P(A).
5. s npousBoibHbIX A, B € §
P(AUB)=P(A)+P(B)—P(ANB) (7.2.1)

(Teopema CJIOXKEHHs).
[Ipumep 7.2.1. Teopema caoorcenus donyckaem caedy-
ouiee obobuleHue:

P(AiUAsU...UA,) =

= > P(Ai) - > PA,NAL)+...
1<i1<n 1<i1 <ia<n
U D > P(Ay, NA;,N...NA;,). (7.2.2)
1< <2< .<tn<n

Pemenne. Bocronb3yemcst MeTomoM MaTeMaTHIECKOM
urykin. st 1Byx MHOXKecTB paBeHCTBO (7.2.2) crpase/i-
auo (cm. (7.2.1)). Ilpeamosnoxkum, uro paseHcTBo (7.2.2)
UMeeT MeCTO JiJTst 1 — | MHOYKECTB, U JOKAYKEM, ITO OHO CITPa-
BEJIJTUBO JIJIsT 1 MHOKeCTB. Mmeem:

P(AiUAyU...UA,) =P(A1) +P(A2UA3U...UA,)—
—P((Al N Az) U (A1 N Ag) Uu...u (Al N An)) = P(A1)+
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+ > PA) - D P(ANAL) + ..

2<i1<n 2<i1<ig<n

A4 (=12 > P(A;, NAj, N ... N A )~

2<41<i2<...<ip<n
—P((Al N AQ) U (A1 N Ag) U...U (Al N An))

st 3aBepIneHnst J0Ka3aTeIbCTBa, OCTAETCS 3aMETUTD, ITO

P((A1NA2)U(A1NA3)U...U(A1NA,)) =

= > P(AINAy)— D) PAINA,NA)+...+

2<is<n 2<i9<ig<n

HEDE Y P(A; NA;, NA,N...NA).
2<12<43<...<ip<n

[Mpumep 7.2.2. Yucsa 1,2,...,n pacnoaroscenov, Hayda-
vy. Hatimu sepoammocms mozo, 4mo no merwvuiet mepe 00-
HO HUCAO COBNAJAEM C HOMEPOM c80€20 mecma. Hatimu npe-
denvHoe 3HAMEHUE SMOT 8EPOATNHOCTUY NPU T — 0.

Pemenune. DuiementapHoe coObITHE CTOXACTHIECKOTO
SKCIIEPUMEHTA, COCTOSIIIETO B PACIIOJIOKEHUN HAYIAdy N Id-
ceql Ha N MeCTax, — YIOPsJIOUeHHAasl MOCJIeI0BaTebHOCTD
9TUX YUCEJI. ECTeCTBeHHO CYHUTaTb, 9YTO BCE dJIeME€HTapHbIe
CO6BITI/IH PaBHOBEPOATHBI, ITO3TOMY CTOXaCTUYECKHUI dKCIIe-
PUMEHT OIHCHIBAETCS KJIACCUIECKON MOJIETBIO. 3aMETHUM, YTO
KOJIMIECTBO BCEX JIEMEHTAPHBIX COOBITHI paBHO 7!

O6o3naunMm vepes A;, cobbITHE, COCTOSINEE B TOM, YTO
YUCTIO 1s HAXOJIWTCS HA MeCTe C HOMEPOM iy, TOIJIa Iepe-
ceuenne A; N A, N...NA;, k= 1,2,...,n, onuceiBaer
COOBITHE “9UCJIO 1] HAXOMUTCS HA MECTe C HOMEPOM %1, THCIIO
19 — Ha MeCTe C HOMEPOM %9, U T. d., YACJIO ), — Ha MECTe C
HOMepoM " (ocTajbHble N — k 4uces Ha 1 — k MecTax yIo-
PATOICHDBI HpOI/I3BOHbHO). Ba;Laqa CBOJUTCA K BBIYUCJICHHUIO
BeposiTHOCTH coObITHst A1 U A U ... U A,,. Bocronssyemcst
Teopemoit ciroxkenust (cm. (7.2.2)):

P(AiUAU...UA,) =

= Y PAy) - > P4 [)An)+..

1<i1<n 1<i1<ia<n
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A4 (=1t > P(A;, NAi, N...NA;).

1< <ig <. <in<n

Beraunciamm kaxkayio cymmy B Ipapoit qactu. Hagnem ¢ cyM-

Mol », P(A;). Crnagana sorancianm P(A;, ). B cobortre
1<ii<n

Aj;, BXOIAT BCe II0CJIE/I0BATEIBHOCTH JIJIMHOM 1, y KOTOPBIX

Ha MeCTe C HOMEPOM 71 HAXOIUTCS UUCTIO ¢1. TaKUX MOCIeI0-

BaresbHOCTEl, oueBmno, (n — 1)! Cormacno dopmyste kirac-

CUYECKON BEPOATHOCTUA

_(n=1)! 1
Pl =" =
ITosTomy
1
1<i1<n 1<i1<n
Haiee paccmoTpum > P(A;, N A, N...NA;).

1< <i2<... <1 <n

Berancianm P(A; NA;, N...NA; ). B A, NA,N...NA,;,
BXOJISAT IIOCJIEIOBATEILHOCTH JJIMHON 7, ¥ KOTOPBLIX Ha Me-
CTe ¢ HOMEPOM 41 HAXOIUTCS UHUCJIO i1, HA MECTE C HOMEPOM
19 — YHUCJIO %3, U T. J., HA MECTe€ C HOMEPOM i} — YUCJO if,
a OCTaJIbHbIE 1 — k Ynces Ha 1 — k OCTaBIINXCS MECTaX, YIIO-
PSIIOYUEHBI POU3BOJIBHO. TaKuX IOC/en0BaTe/IbHOCTEH, OtTe-
Buzno, (n — k)! Ilo dopmyse Kiaccuaeckoit BEpOSATHOCTH

(n—k)!

n!

P(AZl ﬁAZ’Q n... ﬂAlk) =
TlosTomy

> P(A;, N Ay N...NA;) =

1<i1<i9<...<ip <n

n—k)!
- Z (n')

1<41 <9< ..<ip <n
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KO.HI/ILIeCTBO OJIMHAKOBLIX CJIaraeMbIX B HOCJIe,[[HeI/I CyMMe paB-
HO YHCJTy CIIOCOO0B BHIOpATH k MHJIEKCOB i1, 12, . . . , i U3 IPO-
MexkyTKa [1,n] Tak, 9Tober 1 < iy < iy < ... < i < n.

OdeBuIHO, 9TO YUCTIO PABHO Cﬁ. Tak uTo,

(n—Fk)! 1
> P(Ai N A NN Ay) = Ol = o
1<41 <i2<...<1p<n
Takum obpazom,
1 1 nfll
P(ALUA U U4y =154 ot (1)

3amMeTnM, YTO IPH N — OO MOCJIEIHSIST CyMMa, CXOJIUTCS
k1l—1/e.

7.3 3amaunm

AB: 7.12,7.13,7.14,7.15(1,2), 7.16(1), 7.
C3: 7.2,7.9,7.10,7.15(3, 4,5, 7.16(2), 7

0
)(B\(ADB),

7.1°. Jlokasarb, uro: a) AUB = AU )
upuuem AN (B\ (AN B))=0;6) An(U;B Ui(AN By),
npudeM, eciu BN B; = 0,7 # j, 10 (ANB;)N(ANB;j) =

::®7Z§£]'
7.2°. Tlocsie1oBaTeIbHOCTD TOAMHOKECTB { A, } T10CKOC-
THU olIpe/ieJIeHa TaK:

Ay ={(z,y) 2 +y* < 1/n?}, n=1,2,...

Omnucarsb TOIMHOYKECTBA,

A:GAn, B:ﬁAn.
n=1 n=1

7.3°. JlokazaTb paBEHCTBA:

a) A\B=A\(ANB)=(AUB)\ B;
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6) AN(B\C)=(ANB)\ (ANC);
) (A\O)N (31 C) = (ANB)\C
7.4°. Ilycte A, % %), n =1,2,... Omucarb MHO-

A={]J A, B=)A.

n=1 n=1

7.5. 1° Ilycre {A,} — nmpomsBosibHASI [OCJIE/IOBATEIIb-
HOCTH MHOXKeCTB. /lokazaTh, 4T0

oS [eS)
U An = U Bna
n=1 n=1

n—1
rie By = Ay, B, = A, \ U A, n=1,2,..., upuuem MHO-
i=1
JKecTBa B, TONapHO He MepeceKaroTCsl.
2° Ilycrs {A,} — BO3pacralas 1M0C/IeI0BATEIHHOCTD
MHOYKECTB, T. €.

AnCAn+1,’I’L:1,2,...

Jokazarb, 9T0

o0

U 4. = UA \ Ap_1)
n=1 =

riae Ag = (), npudaem
(Ai\ Aim1) N (A \Aj) =0, i # j.

7.6. Ilycts I — HeKOTOpOE MHOXKECTBO MHJEKCOB. Jloka-
3aTb, YTO

UAa: ﬂfa; ﬂAa: Ufa
aecl acl acl acl

7.7°. Ilycre /1 — anrebpa muoxkects, A, B € 2. Jloka-
3aTh, 410 AN B € A (anrebpa 3aMKHyTa OTHOCHTEIHHO OIle-
paruu rnepecevdeHusl).
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7.8°. Ilycte 2 — anrebpa muoxkects. /lokasars:
n

a) ecim Ay € A k=1,2,...,n,t0 |J A € 2;
k=1

6) ecim A € A, k=1,2,...,n, 10 (| A € 2;

k=1

B) QeA; P e

7.9. JlokazaTn, 4TO:

a) KJIacC BCEX MOJIMHOXKECTB MHOXKeCTBa {) sIBJISIETCs aJl-
rebpoii;

6) JuTst KasKJ0ro Kiaacca R IMOIMHOXKECTB ) CyIIecTByer
10 MEeHbIIIell Mepe ofHa ajrebpa, comepxkalas Kiaacc R;

B) mepecevenne Ji0O0H COBOKYIHOCTH Aaredp sIBJIsIeTCst
aJIreOpoii.

7.10. JokazaTh, ITO JJIs KaXKJI0r0 Kaacca R CyIecTByeT
HaMMEHbIIas ajirebpa, coyepKalias Kiaacc K.

7.11°. Ilycrs § — o-anrebpa muoxkecTB, A, € §, n =

o
=1,2,... Hokasarp, uro (] A, € §.
n=1

7.12. JlokazaThb, 4TO:

a) KJIacC BCEX IOIMHOXKECTB MHOXKECTBA () sIBIISICTCS
o-aJIrebpoit;

6) JUIst KasKJI0ro Kjaacca R IMOAMHOKECTB ) CyIIecTByer
110 MEHbIIIel Mepe ofHa o-aaredbpa, coaep:Kalast Kiaace K;

B) Iepecevenne Jirob0ii COBOKYITHOCTH 0-aJredp siBJIsieTCst
o-aJIredoPoIt.

7.13. lokazaTh, 94TO J/IsT KaXKJ0T0 Kjaacca K CyIecTByeT
HamMeHnbInas o-ajarebpa o(R), cogepkamias Kiaacc 8.

7.14. ITycts K — KJ1acC OTKPBITHIX HHTEPBAJIOB (a, b) Ha
qucaoBoit mpsamoit. JlokazaTh, UTO HamMeHbINas g-aarebpa
o(R), comepzkariast Kiacc R, siBsieTcsi o-ajarebpoii Gopeses-
ckux MHOXkecTB Ha R!.

7.15. Jlokazarb, 9T0 0-aJrebpbl, MOPOXKIEHHBIE KAZK IHIM
U3 MEPEYUCICHHBIX Jlajiee KJIACCOB, SIBJISIIOTCS o-ajarebpaMu
BopesIeBCKIX MHOZKECTB Ha R1:

1) & = {[a,b];a,b € R'};

2) Ry = {(—o0,z);z e R'};
3) A3 = {(—o0,2);z € R'};
4) Ry = {(z, +o0);z € R'};
5) Rs = {[z, +o0);z € R}
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7.16. Jlokasarh, 9T0 0-ajarebpa OOPEIeBCKUX MHOXKECTB
[TOPOK TAETCSI:

1) KJ1aCCOM OTKPBITHIX MHOXKECTB Ha YHCJIOBOIl IIPSIMOI;

2) KJIaCCOM 3aMKHYTBIX MHOYKECTB Ha IHUCJIOBOI MIPSAMOIi.

7.17. Ilycrs A — anrebpa muoxkects Ha R!, sjemenranmu
KOTOpOﬁ ABJIAIOTCA KOHEYHBIE O6’beILI/IHeHI/IH IPpOMEZKYTKOB
Bujia [a,b), (—oo,b), [a, +00), Tie a,b € RY. Jlokazars, uto
asrebpa 2 mopoxkmaeT o-anaredpy OOpesIeBCKUX MHOXKECTB
ma R

7.18. Ilycts § — o-anrebpa mommuoxkects (), B — mpo-
M3BOJIBHOE, HO (PUKCHPOBaHHOE MHOXKECTBO u3 §. Jlokazars,
4TO KJIacC MHOXKeCTB §p Bujma AN B, roe A € §, aBisiercst
o-aJIredPoii.

I[Ipumeaanne. HomomHerne 6epercst 10 MHOXKeCTBa B.

7.19. Ilycrs B! — o-anrebpa GopeseBCKIX MHOKECTB Ha
R!, B — mpousBosbHOE, HO (BPUKCHPOBAHHOE MHOXKECTBO M3
Bl Iycrs %}3 — KJIacC MHOKeCTB Buia BN A, tae A € B
Jokazarn, 4TO %}3 SIBJISIETCST 0-AJINeOPOIi.

[Ipumeuanne. Homosnenue 6epercs 10 MHOXKeCTBa B.

7.20. B! — g-anrebpa GoOpesIeBCKUX MHOXkKeCTB Ha RI.
[Mycrn ’B[lmb) — xJjlacc MHO¥KecTB BUIa B N [a,b), B € Bl

[a, b) — durcupoBanHbIil npoMexkyTOK. JJokazars, 410 %[1(1 b)

ABJISIETCsT 0-aareOpoii.

[Ipumeganune. Cm. Takxke 3agaqn 7.18, 7.19.

7.21. Ilycts R — komewHOe pa3buenne MHOXKeCTBa () —
KJace moaMmuoxkecTtB A; C Q, ¢ = 1,2,...,n, TaKuxX, 9TO

n
AiNAj=0,i#j,unJA4=Q
i=1
Ornucatpb aynredbpy, MOPOKICHHYIO pasdbueHneM K.
7.22. Ilycte 8 — cuerHOe pa3bueHme MHOXKecTBa ) —
KJlacc mnoaMHoxkecrs A; C Q, ¢ = 1,2,..., Takux, 4YTO

AiﬂAjZQ),i%j,I/I UAz:Q
=1

Onucarpb o-anaredbpy, MOPOKICHHYIO pasdueHneM K.

7.23*. okazarb, uro B R"™ GOpeIeBCKUM MHOXKECTBOM
ABJIAETCA:

a) MHOXKecTBO {a}, 1ast Kaxk 1ot Toukn a € R™;

6) cueTHOE MHOXKECTBO;

B) OTKPBITOE MHOXKECTBO.
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7.24. JlokazaTb, 9T0 KjaacC OECKOHEUHBIX HHTEPBAJIOB
Iny..an ={(z1,22, ... 2p) s 1 < a1,22 < a2,...,Ty, < an},

a; €ERY, i=1,2,...,n, nopoxaaer o-aaredbpy B".

7.25. Jloka3ars, 9T0 KJacc R OTKPBITHIX MHOXKecTB B R™
[IOPOXKIaeT o-aJiredpy 6oOpesIeBCKUX MHOXKeCTB B,

7.26. okazaTb, 4TO Kjacc R 3aMKHYTBIX MHOXKECTB B
R"™ mopoxkmaer o-aaredpy 60pesieBCKUX MHOXKeCTB B,

7.27. Ilycte (X, p) — cenapabesbHOE METPUIECKOE TTPO-
crpaHcTBO. /loKa3aTh, 4TO:

1) ofHOTOUEYHOE MHOXKECTBO SIBJISIETCSI DOPETIEBCKUM;

2) cYeTHOE MHOXKECTBO SIBJISIETCST OOPEJIEBCKIM;

3) 3aMKHYTOE MHOYKECTBO SIBJISIETCsI GOPEJIEBCKUM.

7.28. Ilycre (X, p) — cenapabesbHOE METPUIECKOE ITPO-
CTPAHCTBO, § — KJIacC 3aMKHYTBIX MHOYXKeCTB, U — KJtacc
muoxkectB Buja B(z,r) = {y : p(z,y) < r}, W — kiacc
muOXkecTB Buga B(z,r) = {y: p(z,y) < r}.

JlokazaThb, 9TO KayKIblil U3 MEPEUNCIEHHBIX KIACCOB TIO-
poxaeT o-aarebpy 60peeBCKUX MHOYKECTB B METPHUIECKOM
upocrpancrse (X, p).

7.29. Ilycrs {A,,} — moce10BaTeIbHOCTD MOJMHOXKECTB

MHuokecTBa (). ObozHaunm vepes limA,, MHOKECTBO 3JIeMEH-
TOB W, TPUHAJIEXKAIUX OECKOHETHOMY YUC/Ty MHOXKECTB Ay,
gepes lim A,, — MHOXKeCTBO 9JIEMEHTOB, IPUHAJIEXKAIIX BCEM
MHOXKeCTBaM A, HCKJIIoUast, ObITh MOYKET, KOHETHOE UX NC-
JIO.

Jlokazars, 9T0

it U Ay ot A O

n=1m=n n=1m=n

7.30. Ilycrs {A,,} — MOHOTOHHO yOBIBaOIIAsT [1OCJIEI0-
BaTeJIbHOCTDL ITOJAMHO2KECTB Q, T. €. JJIgd BCeX N uMeeT MeCTO
BKJIIOUEHUE

An+1 C A,.

Jlokazarb, 9TO

limA,, = limA,, = ﬂ A,

n=1
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I'eomeTrpnueckue
BEPOSITHOCTU

8.1 Omnpenenennsa. [Ipumepnbl

CroxacTHaecKuii SKCIEPUMEHT COCTOAT B GpOCAHMU Ha-
yJlady TOUKH B MHO¥KecTBO B (Gopesesckoe!) ns R”, mampu-
Mep, Ha OTPe30K [a, b], B IpsiMOyTosIbHUK [ag, b1 X [ag, ba], na-
paJutesienunes [ay, bi| X [ag, ba] X [ag, bs] u . 1. Tamnee B cioBa
“Touky Hayaady OpocaroT B MHOXKeCTBO B” MbI OyaeM BKJIa-
JILIBATD BIIOJTHE KOHKPETHOE COJIep:KaHme: OpOIeHHast TOUKa,
MOXKET TIONACTh B J06oe moamuokecTso A mmoxkecTBa B,
U BEPOATHOCTH TOTO, UTO TOYKA OKaxkeTcsa B A, mpomopnp-
onasbHa Mepe Jlebera L(A) muoxkecrBa A. @opMaiibHO 9TO
0003HAYAET, YTO B KAYECTBE MATEMATUICCKON MOIIEIN CTOXA-
CTUYECKOTO IKCIIEPUMEHTA, COCTOSINErO B OPOCAHUY HAyIady
TOYKU B MHOXKECTBO B, MBI OyjeM paccMaTpuBaTh BEpOsIT-
HOCTHOe mpocTpancTso {B,B%, P}, tne B’ — kmacc 6ope-
JIEBCKUX ITOJIMHOXKECTB MHOXKeCTBa B, P — BepoaTrHOCTL HAa
kyacce ‘B, onpefensdemad s Kaxjaoro A n3 B pasen-
CTBOM

L(A)
P(A) L(B)’ (8.1.1)

L — mepa JleGera na R"™. (3navenue mepsl L Ha mapasuiee-

1OrHOCHTEILHO GOPEJIEBCKIX MHOYKECTB CM. TI. 7.

113
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nunenax |a, b] X [ag,ba] X ... X [an,by] paBno [](b; — a;),

B uacraocti, L([a,b]) = b — a, L([a1,b1] X [ag,b2]) =
= (by—aq) % (ba—a2).) OupeesieHHy0 TaKUM 06PA30M BEPO-
SITHOCTH OyJIEM Ha3bIBAThH 2€0MEMPUHECKOl BEPOAMHOCTIDIO
(pasymeercst, JJist MHOXKECTBA B JIOJI?KHO BBIIOJIHSITHCSL YCJIO-
Bue 0 < L(B) < 00).

[Ipuwmep 8.1.1. Ha ompesox [0; 1] naydauy 6pocarom na-
Py mouex. Bunuciums 6epoamHocms mozo, wmo paccmos-
Hue mexcdy Humu menvuwe 1/2.

Pemenwne. Toukn Oymem cunmraTh pasananMbIMu (Ha-
npuMep, OHU OKpallleHbl B pasHble 1sera). [lycrs x u y —
KOOPpAWHATBI 9TUX TOYEK.

YuopsijiouenHoii mape Toyek Ha orpeske [0; 1] ¢ Koopu-
HATAMU & M Y COOTBETCTBYET OJiHA TOYKA B KBajpare
[0;1] x [0;1] ¢ xoopauuaTamu (x,y) n naobopor. IlosTomy
6pocanue Hayiady mapbl Touek Ha orpe3ok [0; 1] paBHOCHIIB-
HO OpocaHmIo Haymady omHoil Touku B KBajpatr [0; 1] x [0;1].
ITpu sroM napam Tovek Ha orpeske [0; 1], 11 KOTOPBIX pac-
crostune Menbie 1/2 (1. e. |y — x| < 1/2), coorBercTByer
MHO)KecTBO Todek (z,y) kBagpara [0;1] x [0;1], koopauna-
ThI KOTOPBIX YJIOBJIETBOPSIIOT COOTHOIIEHHIO |y — x| < 1/2, u
H&O6XpOT. O603HaYUM 9TO MHOXKECTBO TOYEK KBaJipara dJe-
pes A:

A={(z,y) € [0;1] x [0;1] : [y — x| < 1/2} =

={(z,y) €[0,1] x [0,1):z —1/2 <y <z +1/2}

(cm. puc. 8.1.1, MHOKeCTBO A 3aIITPIXOBAHO).

BeposaTHOCTD TOro, 9TO paccTOsTHIE MEXKTY OPOIMTEHHBIME
Hayady Ha orpe3ok [0; 1] roukamu Oymer menbine 1/2, pas-
Ha BEPOSITHOCTH HONaIaHus OPOIIEHHOM Haytady B KBajpaT
[0; 1] x [0;1] Touku B MHOKecTBO A.

MareMaTuIecKOoi MOIEIBIO CTOXaCTHIECKOTO SKCIIEPUMEH-
Ta, COCTOSAIIEr0 B OpocaHny Hay/ady Touku B KBajpar [0; 1] X
x[0; 1], stBsieTcst BeposiTHOCTHOE TpocTpancTso { B, B, P},
e B = [0;1] x [0; 1], B% — kaacc (o-anrebpa) 6opeseBeKux
nomuoKecTB KBaspara [0;1] x [0;1], P — reomerputeckast
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BeposiTHOCTh (eM. (8.1.1)) na B%. IosTomy

L(4) _3/4 3

PAO=tm -~ T 1
)
1
172
0
1/2 1 =

Puc. 8.1.1: K npumepy 8.1.1

[Mpumep 8.1.2. Cmeporcens daunot 1 naydawy passa-
MBLBAIOM, 1A MPU 4aACMU. Buiuucaums eepoammocms mozo,
YMo U3 00PA30BABULUTCA NPU IMOM HACMET MOIHCHO NOCTPO-
UMb MPEY20ALHUK.

Pemenune. Crepxkenb jyuHoit 1 yg00HO WHTEPIPETH-
poBarb Kak orpe3ok [0; 1] ma koopjuHaTHON mpsimoii. Pas-
JambiBaTh oTpe3ok [0;1] Ha Tpu wacTH OyjeM Cieyronum
obpazom: Haymady OpOCHM Ha HEro JBe TOYKHU U PA3JIOMaeM
OTPE30K B 9TUX TOYKAX (TOUKH OyJeM CUUTATH PA3IHIUMbI-
MM, UX KOOD/MHATBI 0603HAUUM &, y). [Ipu sTOM 06pasyorcst
TpH OTpe3Ka: KpaiiHuil jeBblil (Jymuoit min{x,y}), cpeanii
(mmuHoi |2 —y|), Kpaitauii npaserit (ol 1 — max{z,y}).
W3 3TUX OTPE3KOB MOKHO TIOCTPOUTH TPEYTOJILHUK, €CJTH JIJTH-
Ha KaXKJI0r'0 U3 HUX MEHBINe CyMMBI JIJTUH JIBYX JPYTHX:

min{z,y} < |z —y| + (1 — max{z, y});
{ |z —y| < min{z,y} + (1 — max{z,y}); (8.1.2)
1 —max{z,y} < min{z,y} + |z —y|.

Bpocanue sByx Touek Ha orpe3ok [0; 1] paBOoCHIBLHO GPO-
canmio ofuoit rouku B kBajgpar [0; 1] x [0; 1] (cm. Taxxke mpu-
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mep 8.1.1). ITpu sToM mapam Touek Ha orpeske [0; 1], koopu-
HATBI KOTOPBIX YJIOBJIETBOPSIOT HepaBeHcTBaM (8.1.2), coot-
BETCTBYIOT TOUKH (x,y) kBajpara [0; 1] x [0; 1], koopuHaTs
KOTOPBIX YJIOBJIETBOPSIIOT TeM 2Ke HepaBeHcTBaM. O003HAINM
9TO MHOXKECTBO TOUEK KBajpara yepe3 A. Ero yno6Ho npes-
CTABUTH B BH/IE

A=An{(z,y):x <y} U{(z,y) x> y}) =
=(AN{(z,y) 2 <yHhUuAn{(z,y) :2>y}) =
={(z,y):x<1/2, 2+ 1/2>y, y>1/2} U

U{(z,y):y<1/2, z—1/2 <y, z>1/2}.

172

1/2 1 =z

Puc. 8.1.2: K npumepy 8.1.2

Tak 9TO BBIYHUCIEHUE BEPOSITHOCTU COOBITHUS ‘U3 UacTeit
OTPE3Ka MOXKHO TOCTPOUTH TPEYTOJbHUK CBOIUTCS K BBI-
IUCIEHNIO BEPOSITHOCTHU TOINAJAaHUsT OPOIEHHON B KBaJIpaT
[0;1] x [0;1] Touku B MHOXKecTBO A (cM. puc. 8.1.2, MHOXKe-
cTBO A 3amTpUxXOBaHO). A MOCKOJBLKY TOYKY OpPOCAIOT Ha-
yJIady, TO UCKOMAasl BEPOATHOCTDL BBIUUC/ISIETCS KaK I'e€OMeT-
puvecKast:

PA) =
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[Ipuwmep 8.1.3 (3amaua Broddona). ITrockocms pasepadh-
AEHA NAPAAAEALHOMY NPAMBLMU, HATOOAUUMUCA HA PACCNO-
Aanuu 2a 00na om 0dnoti. Ha naockoemo naydawy > 6pocarom
uzay daunoti 21 (21 < 2a). Hatmu sepoammnocms mozo, wmo
U2AG NEPECEYEm 00HY U3 NPAMDLT.

Pemenne. Ob60o3naunM Yepe3 & pacCTOSHIE OT CEPEeIIH-
HBI UIJIBI JI0 OJmzKaifieil mpsiMoii, 4epe3 ¢ — yroJ MexK-
JIy UIJI0i 1 IpsMoii (¢ OyaeM OTKJIAIBIBATH MPOTHB Yaco-
BOIf CTPEJIKY OT HATIPABJICHUST UTJIBI IO HAITPABJIEHUST TPSIMOTt

(puc. 8.1.3)).
2 ;: [sin ¢

z

2a

Puc. 8.1.3: Ursia na pasrpadeHHON IJIOCKOCTH

Torma wria Ha 1mI0CKOCTH, pasrpad ieHHON MapaJiielbHbI-
MH NPSAMBIMH, 33JIa€T YIOPS0UYCHHYIO mapy ducesa (p,x),
¢ € [0,7], x € [0,a]. Ta e napa qucesn (¢, x) 3a1aeT HA KO-
OPJIMHATHO} MJIOCKOCTH (, & TOYKY € KoopauHatamu (¢, ),
IpUHAJTIeXKAILY0 IpsMoyroibauky B = [0, 7] x [0,a] (cm.
puc. 8.1.4). I obpaTHOo — KaxK/iasi TOYKa U3 [PSIMOYTOIbHU-
Ka B 3amaer napy qmces (¢, ), a BMECTe ¢ Hejl U MTOJIOKEHNe

2B 3amage obopor “Haymady 6GpocaiorT Hray”’ O0GO3HAYAECT CJIEILYIO-
mee: 1° cepenuna uriibl (TOUKa) PABHOMEPHO PaCIpeiesieHa Ha OTPE3Ke
JUTMHOHN 2a, MEPIEHIUKYIAPHOM MapalIeIbHBIM MIPAMBIM; 2° yTOJI @,
00pa30BaHHBIM UIVION C MapaJlIeIbHBIMU IIPSIMBIMU, PACIPEIESIeH PaB-
HOMepHO Ha npomexxyTke [0, 7]; 3° paccTosiHme T OT CepeTMHBI UTJIBL 10
OsyKalIIeil IPSIMOM U YIOJI ¢ SABJISIOTCS HE3ABUCHUMBIMU CJIyYaHBIMHI
BEJIMIUHAMU.
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UTJIBI OTHOCUTEJILHO ITapaJlJIeJIBHBIX IIPAMBIX Ha ITJIOCKOCTH.
[TosToMy Gpocanue Ukl Ha IJIOCKOCTh, pasrpadIeHHyIO Ta-
paJLIe/IbHBIME TPSIMBIMU, W PECUCTPAIUST €€ MOJIOKEHHs OT-
HOCHUTEJIBHO TPsMbIX (cM. puc. 8.1.3) paBHOCHIBHBI Opoca-
HUIO Hayjady TOYKM B npsmoyroubHuk B = [0,7] x [0,a
(cm. puc. 8.1.4). Ilpu 3TOM HIIa TIEepeceKaeT MpsiMyIo TOTIa
1 TOJIBKO TOr'J1a, KOI'/la BBIIIOJIHAECTCA HEPpaBEHCTBO

x <lsingp

(cM. puc. 8.1.3) min, 4To TO )Ke, Korja OPOIIeHHAsI B IPSIMO-
yronbauk B = [0, 7] X [0, a] Touka momasgaer B obacts A,
orpaHmdeHHy0 KpuBoil z = [sing u oceio Op (cM. puc.
8.1.4). A mockoJibKy TOUKY OpocaroT Hayjady, TO BEPOsIT-
HOCTH P TIONAJAHUSA TOUKA B MHOXKeCTBO A (BEPOSTHOCTD
HepeceveHrsl UIJION MPsIMOI), BBIUUCIIAETCS KAK IeOMeTPH-
Jeckast BeposaTHOCTD (cM. (8.1.1)). CieroBaTesibHO.

s
1 21
p= /lsingodcp: —
am
0

aT

I/IHTQPBCHO, 9TO IIOJIydeHHO€ COOTHOIIIEeHHEe MOXKHO HC-
IIOJIB30BaTh JJIf SKCIICPUMEHTAJIbHOI'O OIIpEeAe/JICHU A IUCJIa Tr.

x =1[sin g

Puc. 8.1.4: K zanaue Broddona
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[TpencraBuMm, 9To uriaa GpolleHa Ha IJIOCKOCTbL N pas3
(n — 6oJIBIIIOE), U IPH STOM OHA 1M Pa3 MePECeKJIa MPAMYIO.
Ecnm mocrpoennas MojiesIb a/IeKBATHO ONUCHIBACT SKCIEPHU-
MEHT, TO IpU OOJIBINUX 7 9aCTOTa M /N YUCIa IepecedeHuil
UIJIOH IpPSIMOIl JTOJKHA OBITH 6/IM3Ka K BEPOSTHOCTHU P, T. €.

%z%. Orcioma ”

n
S p—
am

8.2 3agaun

A3: 8.1°(3,10),8.2°(3), 8.3(1), 8.4(1, 7, 14), 8.12°, 8.18,
8.20,8.29,8.31.

C3:8.1°(1, 2),8.2°(1, 2),8.3°(3,6,8), 8.4(2, 10, 15), 8.11°,
8.16,8.17°,8.19, 8.25, 8.28, 8.30, 8.34.

8.1°. B kBazpar [0;1]x|0;1] naymaay 6pocator Touky. Bel-

YHUCJIUTH BEPOSITHOCTH TOT'O, YTO e KOOPJHMHATHI (T,Yy) CBsi-
3aHBI COOTHONICHUSIMU:

1) zy < 1/2; 6) 2% + y? < 1/4;
2) min{e™®, \fy} > e V2% T r+y<1/3;
3) min{y — 22, = —y?} > 0; 8) y+1/2<1/x;
4) max{y —e %, y—3/4} >0; 9)y<2?/2;

5) y > —x?+1/9; 10) |y — x| > 2/3.

8.2°. B kBapar |0;1]x[0;1] Haymady 6pocator Touky. O6o
3HAYNM ee KOOD/MHATHI Yepe3 (T, y).

Haiitn BeposiTHOCTH CJIE/IYIONMX COOBITHIL:

1) moma b NPsIMOYTOJIBHEKA CO CTOPOHAMHU & U Y GOJIb-
e 1/2;

2) paccTosiHEe OT OPOIIEHHO TOUKY JI0 HAavYaIa KOOP/IH-
HaT MeHbIe 1/4;

3) paccrosiane OT 6poIIenHoit ToukH 10 ToukH (1,1) 6osb-
mre 1;

4) paccrosinme ot 6porenHoit Toukn ;10 Touk (0,1) MeHb-
me 1.
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8.3°. Ha orpesok [0;1] maymauy Gpocator mapy Touek.
[Iycts © — xoopamHaTa OMHON TOUKH, y — apyroii. Haitru
BEPOSITHOCTH CJIETYIOIINX COOBITHI:

1) max{z,y} < 1/2; 8) max{z?,y} <a, 0<a<1;
2) max{z,y} >1/3; 9) max{x v’} >a, 0<a<l;
3) min{z,y} < 1/4;  10) ye® < 1,

4)m1n{x y}>1/2 11)y—|—\/1—x2—1>0

5) x y? <1; 2) y+ Vo —a?<1.

) )

) )

—_

6y+\/2x—x2<1 13) 22 —y? —x+y > 0.
Nax+Vy—vy>>1, 14) (y—x)(y—1/2) >0.
8.4. Ha orpesok [—2;2] naymady 6pocaioT mapy TOUEK.

IIycte © — KoopjuHaTa OJHON TOUYKH, y — JApyroii. HaiiTu
BEPOSITHOCTH CJIEAYIONTUX COOBITHUIA:

Da+lzl=y+yl; 8) (y—2x)(y+2z)>0;
2)z—lzl=y—lyl; 9) (2| +yl = D(z| + ly[ - 2) <0;
3) [y] = [=]; 10) [z =1+ |y = 1] < 1;

4) [y] = —[z]; 1) (y —x)(y+2—2) > 0;

5) [yl = [z — 1]; 12) ([y] — [=]){y} — {=}) > 0;

6) {y} <{z}; 13) (z —signa)? + (y —signy)?® < 1;
7) |z + |yl <15 14) |z —signz| + |y — signy| < 1;

5 )

15) (lz =1 + |y =1 =D (je = 1+ [y = 1] = 2) < 0;

16) ((x — signz)? + (y — signy)? — 1)(|o — sign x| +

+ |y — signy| — 1) < 0;
([a] — nenas gacre uncna a, {a} = a—[a] — npobHas yacTb
THCIIA )

8.5°. Ha mapxkernblii 1101 6pocaioT MOHETY paJiayca 7.
[Tapker umeer opMy TPAMOYTOJILHUKOB CO CTOPOHAMH
ub(a<b, 2r<a).

HaiiTu BepogTHOCTDL TOrO, YTO MOHETA IepeceveT MeHb-
IIyIO0 CTOPOHY KAKOTO-HUOYIIb MIPSIMOYTOJIbHUKA, €CJIA U3BECT-
HO, YITO OHA MEPECEKIa OJHY U3 CTOPOH.

8.6. Ha orpeske anuHoii | Hayaady BHIOPAHBI ABE TOUKH.
KakoBa BEpOsITHOCTb TOT0O, YTO PACCTOSTHAE MEXK/Iy HUMU He
upesocxoqut kI (0 < k < 1)?
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8.7. /IBa cymna D0/DKHBI IMOAOWTU K OJHOMY IIpUYAJIY.
MomeHThI TPUXO/a CyJIeH K HPUYAy — HE3aBUCUMBIE CJIy-
JajiHble COOBITHS, PABHOBO3MOXKHbBIE B TedeHun cyToK. Haii-
TH BEPOSITHOCTD TOT'O, YTO OJIHO U3 CYJICH OYJIET KJIaTh OCBO-
OOXKIeHUST MpUYajia, €CJAU BPEMsi CTOSHKU IIE€PBOIO CYJHA
(cynua Homep 1) — 1 wac, a Broporo — 2 gaca.

8.8°. Ha mapkeTHbIif 1101 HAaygady OPOCAIOT MOHETY JIHa-
Metpa d. [lapker mmeer dpopmy KBaIpaToB CO CTOPOHON @
(a > d). HaiiTu BeposiTHOCTb TOTO, YTO MOHETa, HE TIepecedeT
HU OJIHY U3 CTOPOH KBaJIPATOB MAPKETA.

8.9. B xpyr paauyca R naymady 6pocaior Touky. Haiitu
BEPOSATHOCTH TOI'O, YTO TOYKA OKAYKETCH BHYTPHU [IPABUJIBHO-
ro N-yrojibHUKa, BHUCAHHOTO B KPYT.

8.10. Ha okpyKHOCTH €IMHIYIHOTO PaJIUyca C IIEHTPOM B
HaJdajie KOOPJAUMHAT Hayaady BeIOMpatoT TouKy. Haittu Bepo-
SITHOCTB TOTO, YTO: &) IPOEKIUsI TOUKHU Ha 0Cb OX HAXOUTCSI
OT TEHTPA OKPYKHOCTH HA PACCTOSTHUN, HE TPEBLITIAIONIEM T
(r < 1); 6) paccrosiHme OT BBIOPAHHOT TOYKH JIO TOUYKH C KO-
opaunaramu (1;0) He npesbiaer r.

8.11°. B kpyr pajuyca R naynady Opocator Touky. Haii-
TH BEPOSTHOCTH TOT'O, 9TO PACCTOSHUE OT ITOH TOYKH JIO 1E€H-
Tpa Kpyra: 1) He mpessbimaer 7; 2) GoJblie 7.

8.12°. B kpyr paguyca R ¢ nenrpoMm B Touke O Hayaady
HE3aBUCUMO OJIHA OT APyroi 6pocaior N TOUEK.

Boraucsuth BEpOSTHOCTH TOTO, UTO:

1) paccrosinme OoT TEeHTpa Kpyra JI0 CaMoil yIaJeHHON
TOYKN He npesbimaer r (1 < R);

2) paccrosiHMe OT IIeHTpa Kpyra J0 OmzKainieil Touku
npesbimaer 1 (r < R);

3) Bce TOUKH mONAAyT B Kpyr pamuyca r (r < R) c nen-
TpoM B Touke O;

4) Hu oJiHA TOYKA HE Honajer B Kpyr paauyca r (r < R)
¢ eHTpoM B Touke O;

5) BCe TOUKH IOy T B JAHHBLT KpyT paanycar (r < R),
coJiepKaluiicss B Kpyre pajuyca R;

6) HU OJIHA TOYKA He MONAJIET B JAHHBIH KPYT pajmyca r
(r < R), comepzamuiicsi B Kpyre pajuyca R;

7) BCe TOYKH TONA/IYT B JAHHDI KBAIpaT CO CTOPOHOI a,
coJiepaKaruiicss B Kpyre pajuyca R;

8) HU OJ[HA TOYKA HE MONAJET B JAHHBIA KBAJPAT CO CTO-
poHoii a, cojiepzKaIuiicss B Kpyre pajunyca R.
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8.13. Ha orpesok AB jiuHOlt a Haymgady He3aBUCHMO
OJlHa OT JIpPyroii OpocaioT maATh Todek. HailTu BeposiTHOCTH
TOrO, YTO JIBE TOYKU OKAXKYTCsl HA PACCTOSTHUU, MEHbIIEM b
(b < a) or Touku A, a Tpu — Ha PaCCTOSHUH, OOJIBIIEM b.

8.14. PesynbraTbl HAOJIIOJIEHUI, TOJTy YeHHBIE C TIOMOIIHIO
TEJIECKOITa U CIIEKTPOMETpA, JIAI0T OCHOBAHUE CUUTATH, UTO
PsIZl XUMHUYIECKAX SJIEMEHTOB, HAWJIEHHBIX B 3€MHOM KOpe,
npejicrTapieH Takxke u Ha CojHIE. DTO 3aK/IIOUEHHe OCHO-
BaHo Ha (PU3UIECKOM 3aKOHEe, OTKPBITOM |'ycraBom Kupx-
rodoM, COryIacHO KOTOPOMY IIaphl 3JIEMEHTOB MOTJIOMAIOT B
TOYHOCTU T€ K€ JIyYH CBeTa, KOTOPbIe OHM U3JIydator ([pu
BBICOKOI TeMITepaType XUMUIECKUE 3JIEMEHTHI IIPEBPAIAIOT-
Csl B CBETSIIIUECS] TIAPHI).

Nznyaenne CoutHIla, MPOXoJsi depe3 MpHU3My, obpasyer
HEKOTOPYIO ITOCJIEI0BATEILHOCTD HapAaJIeIbHBIX JIMHUH, UX
6y/JieM Ha3bIBaTh CHEKTPaIbHBIMA ((bpayHrodepoBbIMT) JIn-
HUSIMU.

MBI MO2KeM OOHAPYXKUTH [TOCJIEIOBATEILHOCTH ITaAPAJLIE/Ib-
HBIX CHEKTPAJIbHBIX JINHUN TaK)Ke B U3JIy9IeHUU JIPYTUX JJIe-
MEHTOB, B YaCTHOCTH, KeJje3a. B kadecTBe Mojenun ppayH-
roepoBbIX (CHEKTPAJIBHBIX ) JIMHU U3/Iy YeHUsT XUMIYECKUX
3JIEMEHTOB — OyJIeM PACCMATPUBATD [IOCJIEI0OBATETLHOCTD T1a-
pPaJUIeJIbHBIX JIMHUN Ha IJIOCKOCTH.

B nabmonennsix I'. Kupxroda 60 cruekTpajabHbIX JTHHUIIT
U3JIyUeHns] Kejle3a COBIAIM® ¢ (bpayHrodepOBBIME JIHHH-
ssmu u3stydenus Couiana. OneHuTe BEPOSITHOCTH TOTO, YTO
9TH COBIAJIEHUsI CAYYAlHBbI, €CJIi Ha IKAJE, UCIOJIB30BaH-
woit I. Kupxrodowm, munun va paccroguuu menbiieMm 0,5 MM
y2Ke HEPA3JIMINMbI, 8 CPeJIHee PACCTOSTHIE MEXKJIy COCEeTHU-
MU COJIHEUHBIMU (ppayHIrOMEPOBBIMU JIMHUSIMEI PABHO 2 MM.

8.15. Ha orpesok [0;1] maymaay GpocaiorT Tpu TOUKH,
&, n,( — UX KOOPJAUHATHI.

1. BeraucanTh BEPOSTHOCTD TOTO, YTO U3 OTPE3KOB JIJIU-
HO#t &, 7, ( MOXKHO TIOCTPOUTH TPEYTOIbHUK.

2. Beruucaurs BeposiTHOCTD TOrO, uTo € + 1+ ¢ < 3/2.

3. Beraucsiurs BepositHOCTb TOrO, uTo max{{,n,(} < t,
0<t<l

3Ba,MeTI/IM, 9TO HUKaKOe (1)I/I3I/I'-I6CK06 Ha6JIIOLLeHI/Ie He sIBJISeTCS ab-
COJIFOTHO TOYHBIM. HOSTOMy JB€ JINHUH, KOTOPbI€ Mbl CIUTaEM COBIIaJda-
OIUMHU, B ,ZLefICTBPITeJIbHOCTI/I MoryT OBITH pPa3/IMYHbIMU, HO B IIpe/esjax
TOYHOCTHU HaIINUX Ha6JIIO,ELeHI/II7'I MBI HE MOKEM UX PA3JIAYUTD.
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8.16. /IBa ymniia, peniuB BCTPETUTHCS B TEUCHHUE Jaca, 10~
TOBOPHUJINCH, ITO KK IBII HE3aBUCUMO OT APYTOTr0 MPUXOIUT
HA MECTO BCTPEYH B HAY/[a49y BHIOPAHHBI MOMEHT YKA3aHHO-
ro Jaca.

1. Ecm umia 1oroBOPUIINACEH, UTO KK bl OXKUIAET B Te-
genne Bpemenn ¢ (t < 1), mocjie 4ero yxoauT ¢ MecTa BCTpe-
Y1, TO KAKOBA BEPOSITHOCTH TOT'0, UTO BCTPEYA COCTOUTCSI?

2. KakoBa BepOATHOCTH TOrO, UTO JAHHOE JIUIO MPUJIET
Ha MECTO BCTPEYH: a) PaHbIIle JIPYroro; 6) paHbIle Jpyroro
Ha BpeMsi, He MeHbIiee YeM g (¢ < 1)7

8.17°. B cdepy paguyca R, ¢ mearpom B Touke O Ha-
yaady He3aBUCHMO OfHY OT apyroit 6pocunu N Todek. Boi-
YUCJIUTH BEPOSITHOCTb TOT'O, UTO:

1) paccrosinue oT 1EHTPA JIO CAMON YJIaJIEHHON TOYKH He
npesbimaer  (r < R);

2) paccTosiHue OT HEeHTpa JI0 GJnKaliiell TOYKN IPeBbl-
maet 7 (r < R);

3) Bce Touku nonajayT B chepy pajguyca r (r < R) ¢
eHTpoM B TouKe O;

4) Hu ojiHA TOUKa He nonajer B cdepy paguyca r (r < R)
¢ meHTpoM B Touke O;

5) Bce TOUKHM TONAJYT B JaHHYIO cdepy pajumyca r
(r < R), comepzxarryiocst B cdepe paiuyca R;

6) Hu OJIHA TOYKA He NOIAJIET B JaHHy0 cepy paauyca r
(r < R), comepzxarryiocst B cdepe paiauyca R;

7) BCe TOYKHU MONAJYT B JAHHBINA Ky CO CTOPOHOM a, CO-
nepxKaruiics B cepe pagumyca R;

8) HM OfHA TOYKA HE MOIAJET B JIAHHBIN IIPSMOYTOJIb-
HBII mapaJiaesIenuIel co CTOPpoHaMu a, b, ¢, comeprKarmniicst
B cdepe paauyca R.

8.18. KakoBa BepOSTHOCTH TOI'O, YTO W3 TPeX HayIady
B3SATBIX OTPE3KOB, /VIMHA KOTOPBIX HE MPEBLIMAET 1, MOXKHO
[IOCTPOUTH TPEYTOJbHUK !

8.19. Ha orpeske [—1; 1] Haygady BHIOUDAIOT JBE TOUKH.
IIycrs p u ¢ — KoopAMHATHI 3TUX TOo4UeK. Haiitu BeposTHOCTD
TOro, UTO KBajipaTHOE ypasHenue x4 pxr + g = 0: 1) umeer
JIefiCTBUTE/IbHBIE KODHU; 2) HE MMeeT JeHCTBUTEIbHBIX KOP-
Hei.

8.20. Ha orpesok Haymady ofHy 3a ApPyroil O6pocaioT Tpu
TouKH. KakoBa BEPOSITHOCTH TOT'O, UTO TPETDLS 110 CUETY TOY-
Ka TOMaJeT MEXKJY JIBYMsI EPBBIMU !
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8.21°. B xpyr Buucan kBajzpar. Touky nHaymady Opoca-
10T B Kpyr. HailTu BeposiTHOCTH TOro, 9TO OHA TONAJeT B
KBaJIPAT.

8.22*. Ilycrb o = (21, x2) — KOOPJMHATHI TOYKHU, HAY/IA~
gy 6pomtennoit B kBajpat [0; 1] x [0;1]. IIpu kakux 3HaveHn-
sax r cobbitust Ay = {|z1 —x2| > r} u B, = {z1 + 22 < 3r}
HE3aBUCHMBI !

8.23. Ilycrb & = (z1, £2) — KOOPANHATHI TOYKH, HAYIATY
6pomtennoit B kBapar [0; 1] x [0; 1],

Al = {(1‘1,])2) LT S 1/2}, A2 = {(xl,xg) ] S 1/2},

A3 = {(.731,332) : (3:1 - 1/2)(1’2 - 1/2) S 0}

Jokaszarb, aTo J1obble aBa u3 cobbiTuii A1, As, A3 He3aBUCH-
MBI, HO BCE TPHU HE SIBJISIIOTCS] HE3aBUCUMBIMH.

8.24. ITnockocTh pasbura ceTKoil NpsiMbIX: 1) Ha KBaJI-
paThl cO CTOPOHOM 1; 2) Ha IMpaBUJIbHBIE TPEYTOJIBHUKH CO
cTopoHO 1.

Ha mrockocrs Haymady OpocaioT MoHeTy auamerpa 1.
KakoBa BepogTHOCTE TOTO, YTO MOHETa HAKPOET OIHY U3 BEp-
IIUH CETKH?!

8.25. Ha orpeske [0; 1] Hayady mocsieioBaTesibHO BHIOH-
pator Tpu uncia. KakoBa BepOSITHOCTH TOTO, UTO:

1) umciio, BEIOpAHHOE TIOCTIETHIM, HANOOIbINIEE;

2) umcsa BHIOPAHBI B MOPSIJIKE BO3PACTAHUS !

8.26. OTpe3ok pazjenuin Ha Tpu pasHble YacTu. Kako-
Ba BEPOSITHOCTH TOT'O, YTO TPU PA3TUIUMbIE TOUYKH, HAYIATY
OpoIIeHHBIE Ha OTPE30K, IOIAIyT B TPU pa3Hble IacTh’

8.27. Ha orpesok [0; 1], pasjieieHHblil Ha TpU pABHBIE Ya-
CTH, HayJa4dy OpoCaloT TPU pa3jIuduMble TOUYKH. Beraucantn
BEPOSITHOCTH CJICIYIOITUX COOBITHUIA:

1) Bce Tpu TOYKH MOMAIYT HA OJIHY YACTh;

2) 3aHATHIME OKayKyTCsl HE MEHee JIBYX Jacreii;

3) Ha CPEJIHIOI YACThb HE MOMAJET HU OJ[HA TOUKA;

4) Ha KpaiiHue JacTu He MOaJeT HU OJHA TOYKA.

8.28. Ha orpesok [0; 1], pasbuTsiii Ha 1 paBHBIX YacTeii
(oTpe3KoB), Haymatdy HE3aBHCHMO OJHA OT APYTOil, 6pocaloT
n (pa3IMIMMBbIX) TOUYEK. BBIYUCIUTD BEPOSTHOCTH CJIELYIO-
IIUX COOBITHIA:



8.2. Bamaun 125

) BCE TOYKHM TONAJLYT Ha OJHY YaCTh;
) Bce 9acTu OyJLyT 3aHSITHI;

) He OyzeT 3aHATa TOJBKO KPAlHss JIeBas 9acTh;

) 3aHATHI POBHO J[BE YaCTH;

) 3aHATHI POBHO TPU YACTH;

) 3aHATHI POBHO § YaCTel.

8.29. Ha oxpyx)kHOCTH Hayaady BBIOMPAIOT TPU TOUKH.
KakoBa BeposATHOCTH TOrO, YTO TPEYTOJIBHUK C BEPITUHAME
B 9TUX TOYKAX OCTPOYTOJILHBIH !

8.30. Ha oxpykHOCTM HayJady BBIOPAHLI TPU TOYKH.
Boruucsinth BepoSTHOCTH TOTO, YTO B TPEYTOJIBHUKE C BEp-
IMIIHAME B 9THX TOYKAX:

1) mmeercst yromn menbmmit 30°;

2) Bce yriibl 6osibire 30°;

3) nmeercst yroa 90°.

8.31%. Ha oxpyskHOCTH Haymady BeIOpanbl Touku A, B,
C, D. Beraucjintsb BEpOSITHOCTH TOrO, 4T0 oTpesku AC u BD
[I€PECEKATOTCS.

8.32*. Ha m1ockoit TOpu30HTAILHO pasMeIeHHOl oJb-
re HAXOJUTCS TOYEUHBIH MCTOYHUK PAJUOAKTUBHOIO U3JIY-
Y€HUsl, TOCBLIAIONINI JIyIr PABHOMEPHO BO BCEX HAIIPABJIE-
HUAX TPOCTPaHCcTBa. Eciu mapasienbao dosbre Ha eIMHITY-
HOM PACCTOSTHUU OT Hee MOCTABUTH dKPAH, TO HA HEM MOXKHO
HaOJIIOMATH TOYEUHBIE BCIIBIINKH, BBI3BAHHBIE PAIMOAKTUB-
HBIM n3JsiydenueM. HailTu BEpOSITHOCTD TOTO, YTO O4Yepe/iHas
BCIIBIIIIKA Oy/IeT HAOJ/IIOMATHCH HA 9KpaHe BHYTPU KpyTra pa-
auyca R, EHTP KOTOPOro HAXOUTCs HAJl HCTOYHUKOM H3JTy-
YeHUs.

8.33*. IIapuKONOMIMUITHIK MOXKHO COOPaTh, €CJIU paIu-
yc R BHelHero KoJjiblia, pajuyCc r BHYTPEHHErO KOJIblla U
auaMeTp d MapuKa y/IOBJIETBOPSIOT YCJIOBUSAM

Sy U= W N =

0<R—-—r—d<.

[Ipeamonoxkum, uro R, r,d — He3aBUCHMbIE I PABHOMED-
HO pacipe/ieJIeHHbIe COOTBETCTBEHHO Ha orpeskax [50,0; 51,0],
[40,0; 41,0], [9,5; 10,0] ciyvaiinble BesuauHbI.

HaiiTu BeposiTHOCTE TOTO, 9TO MIAPUKOIOIIIUAITHIK Oy1eT
cobpan, ecyim § = 0,5.

*Bacuaves H. B. Teomerpuueckue Bepostroctn // Kpant., — 1991.
— Ne 1. — C. 47 - 53.
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8.34. Ha orpesok [0,nd|, pasbureiii Toukamu kd, k =
=0,1,...,n, Ha 9aCcTU, HAyJady OPOCAIOT OTPE3OK CJIydaii-
HO¥ JUIMHBI. BBIYUC/IUTE BEPOSITHOCTD TOTO, YTO OTPE30K “Ha-
KpoeT” OJIHy U3 TOYEK JeJIeHUs, eCJu ero jjuHa 1° pacipe-
Jesiera pasHomepHo Ha [0, d|; 2° pacupejiesieHa paBHOMEPHO
ua [0,1] (0 <1< d).

8.35°. B eaunnunbIii KBajipaT Hayaady OpocaioT TOUKY.
KakoBa BeposiTHOCTB TOTO, UTO TOYKA OYJET HAXOJIUTHCH OT
IeHTpa KBaJipaTa Ha PACCTOSIHUU, MeHbiieM 1/3, eciu us-
BECTHO, YTO OT KaXKJIOW M3 CTOPOH KBaJIpaTa OHAa yIaJeHA
6osee yem Ha 1/67

8.36°. Ha miaockocTu TpoBeIeHBI MapajiebHbIe IIpsi-
Mbl€, PACCTOSTHUE MEXKJLy KOTOPBIME cocTaBJisieT 2a. Ha moc-
KOCTb HayJlady Gpocator MoHeTy pajuyca r (r < a). Kakosa
BEPOSITHOCTH TOTO, YTO MOHETA He IepecedeT HU OIHY Ips-
MyT0?

8.37°. Ha orpesok jymHoil L Haymady OpocaioT TOUKY.
Boraucsints BEpOATHOCTH TOrO, YTO OHA YIIAJET HE JaJee,
geMm Ha [ (I < L/2) or cepeauHbl OTpe3Ka.

8.38. Cayuaiinast Touka A paBHOMEPHO pacIpese/ieHa
B KBaJpaTe cO CTOpPoHOIl a. HaliTu BepOgTHOCTH TOrO, UTO
paccTosiHre OT TOYKU A 110 GJimKaiiiieil cTOpoHbI KBaIpaTa
MEHbIIIE PACCTOSAHU OT A j10 Oimzkaiiiieil guaroHam KBaJ-
para.

8.39°. Cuyuaiinasg Touka X paBHOMEPHO PAaCIIPEJIE/IEHA
B kBagpare A = {(z,y) : || < a,|y| < a}. Haiitu BeposiT-
HOCTB TOT'O, 9TO KBaJPAT C IEHTPOM B TOUKe X U CTOpOHAMU
IIUHOM b, TapaJlIe IbHBIMU OCSIM KOOPIUHAT, IOJTHOCTHIO CO-
JIepKUTC B KBajpare A.

8.40. JIge Touku, GporeHHble Hayjady Ha oTpe3ok [0, 1],
JIeJIST ero Ha Tpu YacTu. HallTu BeposTHOCTH TOTO, 9TO

1) kaxas u3 gacreii Menbine 1/2;

2) xorst 6b1 0JfHA YaCTh GoJbIe 1/2;

3) poBHO OjiHa YacThb Gosbire 1/2.



I'maBa 9

Pacnpeaenenne
CJIyYailHOM BeJINYUHBI

9.1 ®PyHKOWA U IJIOTHOCTH
pacnpeeieHud

Cnyuaiinas BeuamHa — QYHKIMS UCXOMA CTOXACTHIEC-
KOTo 9KcrepuMenTa (cM. i1, 5). DopmasbHO cirydaiiHyio Be-
JIMYWHY OINPEJIEISIOT CASAYIOMUM 00pasoM.

Ounpepenenne. Ilycrs {Q,F,P} — BeposrHocTHOE
npocTpancTBO. Cayuatinot sesununot OyreM Ha3bIBaTh (PYHK-
mmo ¢ = £(w) ma Q co snavennamu B R, Taxyto, uro ms

kaxkoro x € R}
{w:é(w) <z} ed.

Eciu € = €(w) — cayuaiinasi BesimauHa, TO JJisl J06010
mMHO)KecTBa B (60peseBcKoro)

{w:&w) e B} €5.

CapoiicTBa cayd4aiiubix Beauuus. Eciu € u n — ciy-
JalfHble BEJUIUHBI, TO CIYIANHBIMA BEJTMIUHAMU STBJISTIOTCST

E+n, E=n, &, §/n (n#0).

QyHKIINA OT CIyYIaHON BEJIMINHDI SIBISIETCS CIIyIailHOMN
Besmunnoit. [lompobuee, ecnmu € — caydaiiHas BeJIUYMHA,

127
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g — Gopenenckaz' dynkrus #a R co 3nauenmsmu B R!,

To g(&§) — ciydaiinast BeJIMIMHA.
Ecmm &1,&,...,&,, ... — cllydaiiible BeJIMYUHBI, TO CJIy-
YaHBIMU BEJIMIUHAMHU SBJIAIOTCH

supﬁn, inffny mﬁm himfm

B YacTHOCTH, Ipeea lim &, (ecau oH CymecTByeT) siBIsieTCst
cay4aiHoOll BeJIUYUHOM.

DyHKIUS pacipeiejIeHus CJIydJailHOi BeJIMYUHBI.
JluckperHas ciaydaiinas BeJimauHa £ OMUCHIBAETCS MHOXKECT-
BOM CBOHUX BO3MOXKHBIX 3HaUYeHHII X U BepPOATHOCTSIMU,
C KOTOPBIMHU 3THU 3HAUECHUA IPUHAMAIOTCA — PacIpe/ieleHu-
€M CJIy4aliHOU BeJIUYUHBI:

Pg X — Pg(.%'i) = P{f = a:i}, x; € X.

B obmeit curyanmn ciydaiinas Beudnna  OMUCHIBAET-
Cs TaK Ha3bIBAeMOW (DyHKIIMEH pacIpee/ieHus CIydaifHoml
BEJIMYUHBI.

Oupenenenne. OyHKIUO

Fe(z) = P{w: {(w) < 2}, v € RY,

Ha3BIBAIOT (hynKryuet pacnpedeseHus CIyIaiftHON BeJTMIHbI &.
ITo dbyHKIME pacipeiesieHus BCerja MOKHO BbIYUC/IUTD
BEPOSITHOCTD NOIAJIAHUS CJIyYaiiHO BeJIMUUHBI B JIIOGOM 1IPO-
MEXKYTOK [a,b) (1a u B s1000€ GopesieBcKoe MHOXKECTBO B).
DyHKIMS pacIpe/IeeHns CIIy YailHON BeJInInHbI 0671a,1a-
eT CJIeyOIIMI CBOMCTBAMN:
1) 0 < Fe(x) < 1;
2) F¢(x) — nmeyObIBatormas: ecam o1 < &g, TO

Fe(z1) < Fe(2);

3) F¢(x) HenpepbiBHA CIIEBA;

!®yukuus g : R* — R! Gopenesckasi, ecoy 11st IpOU3BOIBHOTO 6O-
pelleBCcKoro MHOKecTBa B ero mpoobpas g~ *(B) — GopeseBckoe MHO-
»kecTBO. HenpepoiBHbIE (DYHKIUU SIBISIOTCS OOPEJIEBCKUME, HO KJIACC
GopeneBCcKnX (hbyHKIMH 3HAYUTETHHO IIHpe.
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<b)

Fe(a);

5) dust mpousBosibHBIX a 1 b (a
P{€ € la,b)} = Fe(b)
6) st mpousBoILHOTO T
P{¢ =20} = Fe(zo+0) — Fe(xo — 0).
Oupepnenenune. Oyaknuro
P¢(B) = P{w: &(w) € B}, B € B,

OIIpeIeJICHAYIO Ha Kiacce B! GOpeseBCKIX MHOMKECTB Ipsi-
MOii, OyIeM Ha3bIBaTh pacnpedeseHuem CIyIailHOW BeIUIN-
HbI €.

IlnoTHOCT® pacipeiesieHus CJIyYaifHON BeJINYNHDI.
Ecan dynkuuio pacnpesenernst F(z) ciaydaifHoil Beamdn-
HBI £ MOXKHO IIPEJICTABUTDL B BUIE

T

F(z) = /p(t)dt, r R, (9.1.1)

—0o0

TO TOBOPAIT, UTO CHydaiiHas Bejauduna & mUMeeT abCoaom-
HO Henpepwuiehoe pacnpedeaenue (CAYHAtHAL 6eAuNUNA ab-
CONOMHO Henpepviena), a GYHKIUIO p(x) HASBIBAIOT NA0M-
HOCMB10 PACIPEIeJIEHNS CJIyYailHON BenIrHbI .

Henocpencrsenno us pasencrsa (9.1.1) cienyer, uro y
abCOJIIOTHO HEIIPEPLIBHON C/IyJIaiHONW BEJIUYHHBI ILIOTHOCTH
pacupejesieHns paBHA MOYTU I BCEX X ITPOU3BOIHON OT
GYHKINN pacipeIe/IeHns:

dz

[LnoraocTs pacupeesenust p(x) CaydailHON BeJINYUHBL
HEOTpHUIATEIbHA U

+o00

/ p(x)dx = 1.

—0o0
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ITo mwrorHOCTH pactpenesienus p(x) cirydaiiHol Beandn-
ubl € Beeryia MOXKHO Bbraucauts P{E € [a,b)}:

b
P{§€fab)} = /p(a:)dx. (9.1.2)

BouJtee Toro, nmeer MecTo ciie/yiorniee yTBepK/I€HUE.
Ecau ¢ — abcoaromio nenpepuienas cAyualinas 8eauvu-

na co snavenuamu 6 R, p(z) — ee naommocmv pacnpedene-
nus u g(x) — Gopesescran dynryus na R co snavenusmu
s R, mo

P{g(C) € B} = / p(@)dz, (9.1.3)

z:g(z)eB
6 wacmmocmu,

P{g(C) < 1} = / p(@)dz, (9.1.4)

x:g(z)<t

P{¢ e B} = [ p(z)dx. (9.1.5)
/

9.2 ®@OyHKNWA W IJIOTHOCTH
pacnpeaesjieHnusd CJIyYallHOTrO
BEKTOpa

Onpenenenmue. llycrs &1,&s,...,&, — caydaitibe Be-
JIMYUHBI HA BEpPOSTHOCTHOM TpocTpaHcTBe {2, §,P}. Oynk-
10 € = £(W) = (€1(w), €2(), - €0 (w)) Oyen HasbBaTs
CAYHATHDIM 8EKTOPOM, UL CAYHATUHOU 6€AUMUHOT CO 3Ha-
wenuamy 6 R™.

Ecmm &1, &9, ..., &, — cayJaiiuble BeJIMIUHBI, TO JJIsT JIIO-
OBIX T1,T2,...,Ty

{w: & (w) <z1,8 (W) < z2,..., (W) <xn} €F.
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Oupenenenne. OyHKINO
F(z1,29,...,2,) =

=P{w: & (w) < z1,&(w) <zoy...,6n(w) < zp}y

ompejiesiennyto Ha R™, Oymem Ha3bBaTh GyHKuuet pacnpede-
senua cirydaiinoro Bekropa ¢ = (1,82, ...,&n).
Oupenenenue. Oynkuuio

Pc:B = P¢(B) =P{w:((w) € B} =
=P{w: (&4 (w),&(w),. .., & (w)) € B}, Be B,

ompeJiesIeHHyI0 Ha Kjacce B" 60peieBCKUX MHOXKECTB IMPO-
crpaHcTBa R"™, OyeM HA3BIBATh pacnpedescHuem CJIyIaiitHo-

ro Bekropa ¢ = (£1,82,...,&n).
Oupenenenue. Ecim GyHKIMIO pacupeneieHns Ciy-

qaitnoro Bekropa ¢ = (£1,&2,...,&,) MOXKHO TIPEJICTABUTH B
BHJIE
F(z1,29,...,2,) =
T
/ / / tl, to,... ,tn)dtndtn_l coodtq, (9.2.1)
—00 —O0
To GyjeM rosoputh, 4to BekTop ¢ = (&1,&2,...,&,) UMeer
abcoarommo nenpepuienoe pacnpedeaenue (6eKMop abcosom-
HO Henpepuiehull), a GYHKIMO p(T1,T2,. .., Ty) HA3BIBAIOT
ero NAOMHOCMBIO PACTPEIENEHUA, UL COBMECTHOT NAOM-
HOCMBIO pacnpedeserus cayuatinor eeaudun 1,8, ..., En.
[TnorHocTh pacupejesenust p(x1, o, . .., Ty) CILydaiiHOro
Bekropa ¢ = (&1,&2,...,&,) HEOTPHUIIATEIBHA U
+00 00
/ / / tl,tQ,...,tn)dtndtnfl...dtl =1.
—00 —O0

Beraucnenne pacnpenesnenusi g(¢) o MIJIOTHOCTH
pacupeaesienus . [Tycmo ( = (&1,&2,...,&) — abcoarom-
HO HENPEPLIEHAA CAYUATHAA BEAUNUNA CO 3HAYEHUAMY 6 R™,
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p(z1,22,...,2,) — ee naomuocmo pacnpedeaenus, g(r1, 2,
.e vy Ty) — bopenesckan pynryua na R™ co snavenuamu 6 R,
B — 6openesckoe mroscecmeso ¢ Rl Tozda

P{g(¢) € B} = / p(z)dx, x € R", (9.2.2)
z:g(x)eB

6 HacmHocmu

P{¢ € B} = /p(x)dx, x € R™. (9.2.3)
B

Ecsn pacupenenenne ¢ = (£1,&2, . .., &) JAUCKPETHOE, TO
pacupenenenne ¢(¢) Beraucisiercsa mo dopmymam (5.1.1) u
(5.1.2).

HezaBucumsbie ciry4daiinbie BeJimduHbI. Cirydaiinbie

BesImauHbL &1, &, ..., &, co 3naveHumaMu B R! GyreM Hasbl-
BaTh HE3ABUCUMDBIMU, €CIIU I ITPOU3BOJIBHBIX X1,X2, ...

...,z €R!
P{¢&i <x1,§ < xo,....60 < xp} =
= P{& <21 }P{& < @2} ... P{& < )

Ecau &1,&,...,&, — mezasucumvie abCOMOMHO HENPE-
POHIBHBLE CAYHATHBLE BEAUNUHDL COOMBEMCMEEHHO C NAOMHOC-
mamu pacnpedeaenuti pi(x1), p2(x2), ..., pn(xyn), mo cywecm-
BYEM. COBMECTHAA NAOMHOCTVS P(T1, T2, . . ., Tp) Pacnpedese-
HUA CAYYATHUT eauvur £1,E9, ..., n, U OHA PABHA NPOU3-
sederuto ux naomuocmed p1(r1), p2(r2), ..., Pn(Tn):

p(x1,22,...,2y) = p1(z1)p2(x2) . . . pu(zn).

[Mpumep 9.2.1. Hycmo &1,&,...,&, — He3asucumble
00UNHAKOBO PACTIPEIENEHHBIE CAYUATHDIE BEAUNUNDL, KAHCOUA
¢ naommocmuio pacnpedeaenus p(x):

(2) 1 (x —a)?
p(2) = ——expl ————" .
V2ro? 202
Buinucams coemecmmoe pacnpedeserue CAYHATHDT eAUNUH

gl?&?a" : 7€n-
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Pemenue. [lockonbKy ciaydaiinbie Besmmansst £1,&2, . . .

.., &, He3aBUCUMBI 1 aDCOJIIOTHO HENPEPBIBHBIE, TO CYIIECT-
ByeT COBMECTHAsl IJIOTHOCTH P(T1,XT2,...,T,) pacIpeese-
HUsI, U OHA PaBHA MPOU3BEJIEHUIO TIJIOTHOCTEH pacrpeiese-

auii p(z1), p(r2), .. ., p(x,) cayvaitubix Beauans &1, o, . . ., &

n n '_a2
p(x1,m2,...,0) = Hp($1) = H \/2;76Xp{(x120.2)} =

i=1 i=1

_ (\/#)nexp{—%; Z:@f _ a)2}.

[MIpumep 9.2.2. llycmo £ un — nezasucumble CAYYATI-
HbLE BEAUMUNDL COOMBEEMCMEEHHO C NAOMHOCMAMU De(S) U
Py (t). Hatimu naomnocmo pacnpedesenus cAyatinot eeau-
yunor ¢ = € + 1.

Pemenne. Crauasa HaiigeMm YHKIIUIO PACIpeIeIeHus]
Fe(z) cymmnr ¢ = £ 4 0. Ilo onpenenennio

Fe(2) = P{C <z} =P{€+n <z}

Borauciium P{¢ + 1 < z}. Tlockosbky & u 1) — He3aBucu-
MBIE, TO CYITECTBYET COBMECTHAs ILIOTHOCTD PACIIPE/ICTICHUST
p(s,t) caydaiiHbix Besuuans £ u 1) 1

p(s,t) = pe(s)py(t).

Hanee Bocrosbayemcest (9.2.2), paccMOTpeB B KauecTBe T Ia-
py = = (s,t) € R?, B kauectse g(v) = g(s,t) — bynkmmo
g(s,t) = s+ t, a B KauecTBe MHOXKeCTBa B — HPOMEKYTOK
(—o00, z). Umeem

Fe(z)=P{{+n<zt =

// s, t)dsdt = / t)dsdt =

(s5t):s+t<z (s,t):s+t<

+oo z—t

:/ /pﬁ(s)ds po(t)dt =

—0o0 —00
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+00 z
= [ | [ petu—tiau | mitae -
z +oo
= [ | [ petw=tmtyt | au.
Takum obpazom,
z +oo
o) = [ | [ wetu- (ot | du

[Tosromy 1o oupenesenmio (em. (9.1.1)) dyuxuuns

—+00

p(w) = [ petu—tp (00 (9.2.4)

—0o0

SIBJISIETCS TJIOTHOCTBIO PACHPEJIEJIEHUs CIIyJailHOl Beman-
HbI ( =&+ 7).

[Lnorrocts p(u), oupejgesnennyio paseHcTsoM (9.2.4), Ha-
3BIBAIOT C6ePMKOT ITIOTHOCTEH pe(t) 1 py(t).

IIpumep 9.2.3. Ilycmov &, ©+ = 1,2,...,n, — nezasu-
CUMDBLE CAYHATHBLE BEAUNUNDL, Kadcdasa ¢ GyHKyued pacnpe-
deaenus F(x). Hatimu dynruyuro pacnpedeaerus cayuatinot
seaununv, min{éy, &a, ..., &{n}.

Pemenue. O6oznaunm 7 = min{&1,&o, ..., &, }. Ilo on-
peniesiennio (PYHKIME PACIPEIeIeHIsS CIyIaiiHON BeJITUINHbBI

Fy(z) = P{n <z}
Orcrona

1-Fy(z)=1-P{n<z}=P{n>a}=

= P{min{&,&,..., &} >z} =
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:P{flZZ’,§2Za?,...,fnZJj}:HP{&Zg;}:

=1
=[[0-F(@)=0-F()"
=1

(MBI BOCIIOJIb30BAJIICH HE3aBUCHUMOCTBIO CIIyYailHbIX BEJIH-
g £1,&2, .. .,&,). ChaenoBaresbHO,

Fy(z)=1—(1— F(x))".

9.3 AO0coiroTHO HenmpephIBHBIE
pacnpejienennsa Ha R!

1. Hopmanabuoe pacupeneaenue. Ciydaiinasi Beju-
qnHa & UMEET HOPMAALHOE PACHPEJEeHUE C NAPAMEMPAMU

(a;0?) (eayccoscroe pacnpedenenue, pacnpedenenue N, z2),
€CJIM €€ TIOTHOCTD PACIpeIe/ICHIsT

p(z) = ! = eXp{—W}-

2o 202

2. l'amMma-pacnpegaenenune. Ciyydaiinas sejinauna £ ume-
er eamma-pacnpedeaerue ¢ napamerpamu (v;6),0 > 0,v > 0
(pacupenenenue Gy.g), €l e MIOTHOCTL PACIPEE/ICHHsT

(@) = %x”_l exp{—0z}, ecmm x > 0;
0, ecau x < 0.

OrnpeiesieHHBIE Jlajiee [OKa3aTebHOE paclpeeseHne,
pacipe iesienne DpJianra, x> pacipeiesIeHIe siBISIOTCSH 4acT-
HBIMU CJIY9asIMU TaMMa-pacIpe e/IeHus .

Iloka3zaresibHOe pacnpeseneHue. Ciydaiinas Besu-
qnHa £ IMEEeT noka3amesvhoe pacnpedeserue ¢ mapamMmeTpom 6,
0 > 0, eciu ee JIOTHOCTH pacIpeIe/IeHus

_ ) Oexp{—0z}, ecim x> 0;
p(z) = { 0, ecin z < 0.
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[TokazarenpHOE pacipeiesieHIe siBJIsIeTCs] TaMMa-Pacipe-
JesterneM ¢ mapaMerpamu (1;0).

Pacnpenenenne Dpiianra. Ciyqaiinast BeudanHa £ nme-
er pacnpedeaenue Ipaarea ¢ mapamerpamu (m;6), > 0,
m=1,2,..., eciu ee MJIOTHOCTb PACIIPEJIeJICHUS

o™ m—1
———x exp{—6x}, ecim x > 0;
p(z) =4 (m—1)!

0, eciun x < 0.

Pacrpeiesienne Dpaanra ¢ napamerpamu (m; ) siisier-
csl raMMa-pacipe/iesienneM ¢ mapaMerpamu (m; 0).

Pacnpenenenne x?2. Ciy4daiinas sesmauna £ mMeeT pac-
npedesenue X ¢ n CTENEHAMHI cBOOOJIBI, €CIIH €€ MIOTHOCTD
pacrpe/ieJieHust

(1>n/2
2 n/2—1 {_l } .
p(z) = . % T exp 5T, ecmm x> 0;

0, ectn z < 0.

Pacnpeiesienne x? ¢ n cTeneHsMu CBOGOBI ABJISICTCS TaM-
Ma-pacipejiesenneM ¢ napamerpamu (n/2;1/2).

3. JIBycTopoHHee IoKa3aTeJjIbHOEe pacipeaeseHne.
Ciyuaiinas BemauHa & UMeeT J8ycmoporHee NoKa3amens-
noe pacnpedesenue ¢ mapamerpom 6, 8 > 0, ecsm ee WwIOT-
HOCTb PacIpejie/eHnst

p(x) = 3 exp{~0la]}

Pacnpenenenne Jlanmaca. Cioydaitias Bequnanna £ nme-
et pacnpedeaerue Jlanaaca c napamerpamu (6,0), 0 > 0, ecin
€€ IUIOTHOCTDb PAaCIIPeIe/IeHUs

pla) = & exp{~0la — b]).

Pacnpe/:peﬂeHI/Ie Jlarmaca — sTo CABHUHYTO€E JIBYCTOPDOHHEE
IIOKa3aTe/JIbHOE pacCIIpeaes/IeHue.
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4. PaBHoMmepHoe pacnpepesienne. Coydaiinas Besv-
quHa € UMEET PAGHOMEDHOE PACTIPEIENEHUE HA NPOMENCYMKE
[a; b] (pacupenenenue Ugyp), €cim ee IVIOTHOCTD PACIIpeiesie-
HUsT

L ecma e [a; b];
p(.'lf) — b _ CL’ 9 )
0, ecmmx ¢ [a;b].

[TnoTHOCTH PABHOMEPHOTO Ha IIPOMEXKYTKE [a, b] pacmpe-
JleJIeHust yA00HO 3allUChIBATh B BHIE

1
b o aI[a,b] (x)'

p(x) =

5. Pacnpenenenune Komu. Cryuaiinas BeguduHa &
umeer pacnpedeaenue Kowu ¢ napamerpamu (a;b), a > 0
(pacupenenenne Cgyp), €ciin ee INIOTHOCTD PACIIPEIEIICHIS

1 a
plr)=————-.
(z) wa?+ (x —b)?
Cayuaiinas Benmmauna & umeeT pacnpedesenue Kowu c
napamerpoM a, a > 0 (pacupenenenne Cgyp), eciu ee 1I0T-
HOCTH PACIPEIe/IeHUST

p(x) =

6. JlIorapudmMuyeckn HOpMaJIbHOE pacipeeseHune.
Chyuaiinast BesimanHa £ UMEET A02aPUPMUYECKU HOPMAND-
noe pacnpedesenue c napamempamu (ji;0?), ecm ee ILIOT-
HOCTH PACIIPEICIICHUST

1 _(nz —p)? .
p(l') _ m exp{ T , ecam T > 0,

, ecim x < 0.

1 a
ma?+ x2’

7. Pacupenenenune Ilapero. Caydaiinas Benuunna &
umeer pacnpedeaenue Ilapemo ¢ napamerpamu (X;60), A > 0,
6 > 2, ecu ee IIOTHOCTD PACIPEIeICHUST

[N
p(w) = 1.9-"-1’
0, ecn & < .

ecin T > A
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3 aMedYaHue. BMeCTe C KaxKJIbIM 13 IIEePEeINCJICHHBIX BbI-
Ire pacupeesieHnii ¢ WIOTHOCTHIO f(x) MOXKHO paccMaTpu-
BaTh “CIBUHYTOE” pacIpeie/ieHne ¢ IIOTHOCTBIO f(x — ¢).

9.4 3amaunm

A3:9.2°,9.4°(5),9.5,9.7,9.11,9.19,9.23,9.28,9.35, 9.44.

C3:9.1°,9.3°,9.4(1, 2,4,6),9.6,9.10,9.16,9.24,9.25,9.29,
9.36,9.38,9.42, 9.60.

9.1°. Ilyctp £ — caydaiiHas BeJUYMHA C IJIOTHOCTHIO
pacipee/leHusI

p(x):{ 0, ecmmx¢[-1;

—1;1
1—|z|, ecmz e [-1;1

J;
.

Boranciuts P{€2 > 1/4}.

9.2°. CiyuaitHast BeuunHa £ paBHOMEDHO PaCIIpe ie/IeHa
Ha npomexxyTke [—1; 3]. Borancanrs P{|¢] > 1/2}.

9.3°. Pacupeeenne ciyvaifHoi BeJTUInHbI £ aDCOJIFOTHO
HEIPEPBIBHO C MJIOTHOCTHIO

1 1
1+ a2

Berancmute: 1) P{—v/3 < ¢ < 1}; 2)P{|¢] > V/3}.

9.4°. Ha orpesok [0; 1] Haygaay Gpocaror mapy Todek.
[Iycrs £ — xkoopaunaTa omHONW TOYKM, 1) — apyroit. Haitrn
dyHKIMHN pacrpenesenus CIyIaiiHbIX BEJTMIUH:

1) ¢=max{&n}; 4) (=E+n;
2) ¢ =min{¢n};  5) ¢ = max{&%n};
3) ¢ = &n; 6) ¢ =|n—¢&|

9.5°. Ha orpesok [0;!1] naygaay 6pocator Touky, & — ee
koop/uHaTa. HaliTu GpyHKIMIO U IJIOTHOCTL PACIIPE/IEIEHUsT
CIIyYaliHOM BeJTMYUHBI &.

9.6. CiyuaitHast BesinunHa £ paBHOMEDPHO pacIpejesie-
Ha Ha mpomexyTke [—1;3]. Haiit dynknmo n miorHOCTSH

pacupejelieHus Cayd4ailHoil BeJIMYUHbL 1) = 52.

p(x) =
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9.7. Cayuaitnast BeqimanHa £ paBHOMEPHO paciipeiesieHa
Ha npomexxyTke [—2;2]. Haiitu nuorHOCTH pacupeseseHust
cirydaiiHoil BesimanHbl ) = |].

9.8. Cuyuaitnas Bejinunna £ PaBHOMEDPHO pacCIIpe/iesie-
Ha Ha npomexkyTke [0; 1]. Haiitu miuorHOCTH pacipe/iesienust
cayyaiinoil Besmuannel ) = 1/€ (ecau £ = 0, T0 10 Onpe/IEe-
uuio 7 = 0).

9.9. Cayuaitnas BeqnunHa £ paBHOMEPHO pacipeesieHa
Ha npomexkyTke [—2;1]. Haiitu moTHOCTH pacipe/iesienust
cyJaitHoit Bemaunbl ) = 1/£2.

9.10. Cayuaiinasa BenudnHa £ paBHOMEPHO paclipejiesie-
Ha Ha npomexkyTke [0; 2]. Haiitu muorHOCTH pacipe/iesienust
cayyaiinoil Besmannsl ) = |£ — 1].

9.11. Cuyuaitnas BeauunHa & paBHOMEPHO paCIIpe/iesie-
Ha Ha npomexkyTke [0; 1]. Haiftu mioTHOCTH pacupeseseHust
CJIyIaHOU BEJIMYINHDbI

¢ =—In€.

9.12*%. Cayuaiinast BesuunHa £ paclpejiejieHa OKa3a-
TeJBHO ¢ mapamerpoM A. HaiiTu mIoTHOCTH pacupeneaeHnst
carydaiinoit Besmaunbt ) = 1/(1 — &).

9.13. Ilycre F(x) — dyHKIus pacrupeeseHus corydaii-
Ho¥t Besimumubl €. Haiitu dyHKIUIO pacupeseieHns ciydaii-
HOU BeJIMYMHBI 1) = —&.

9.14. Ilycre F(x) — dyHKnus pacrupeneseHus corydaii-
ot Besmumabl . Haiitn dyHKIMIO pacupeenrenns ciyvaii-
HO¥ BeJIMIWHBI 1) = sign &.

9.15. Cayuaiinas BesimanHa & pacipejieieHa IoKa3aTe b
oo ¢ mapamerpom 1. Haiitu dyukmmuio pacmpeesienust ciy-
JaftHoil BesuuuHbl ) = 1 — et

9.16. Ilycrs p(x) — MIOTHOCTD paCIpPEICSICHUs CITyTaii-
Hoil Besimaunbl £. HaitTy moraHOCTH pacupegeaeHuii ciydaii-
HBIX BEJIUIHUH:

Dn=1¢2)n=a& a#0;3)n=—&4)n=E4+0.

9.17. [lycrs F(x) — dyHKuus pacupejeseHus crydaii-
woit Besmuunbl €. Haiitu dbyHKIMo pacupeienienus cydai-
HO#l BeJIMIuHBL 1) = &2,
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9.18. Cayuaiinas BesimunHa & pacipeieieHa IoKa3aTe b
HO ¢ mapamerpom A. Haiitu mtoTHocTn pacupesenenunii ciy-
wafineix Bemmann: 1)1 = |€ —1]; 2)n = (€ —1)3.

9.19. Oyukuus pacupejeienus F(x) ciayuaiinoil sesu-
4uHbI £ CTPOTO MOHOTOHHA U HenpepbiBHA. Hafitn dyHKImo
pacripejiesieust cirydaiinoit Besmaunst 7 = F(£).

9.20. Ilycrb p(x) — MIOTHOCTH pacIpeIe/IeHUsT CITydaii-
noit Besimuunbl £. HaiiTtu mioraHocTn pacupesaenenuii cyvaii-
HpIX Besmmann: 1)n = —26 4+ 1; 2)n = &2,

9.21. [Tycre F(x) — dyHKuus pacupejeeHus crydaii-
ot Besmmuunbl . Haiitu dyuknum pacipeneneHuit ciy4aii-
HpIxX Besmunn: 1)n = ef; 2)n = |€].

9.22. Ha orpesok [0; 1] maymady Gpocaror mapy TOUEK.
[Iycts & — xoopaunaTa ofHol, 17 — apyroi. s 0 < x <1
naiiti: 1) P{|n — &| < z}; 2) P{&n < z}.

9.23. Ilycrs &;,7 = 1,2,...,n, — He3aBUCUMBIE CJIyYaii-
Hble BEJIMYNHBI, KaxK/ast ¢ dbyHKImell pacupejgenenus F(x).
Haiitu dyHKIMIO pacrupejiesieHust CJIyIailHON BeJIMIMHbI

max{fl, 62, e ,gn ]

9.24. Ilyctb &,1 = 1,2,...,n, — HE3aBUCUMBIE CJIy4Yail-
HBbIE BEJIMYMHBI COOTBETCTBEHHO ¢ (DYHKITUSIMU PACIIPEIe/ie-
aus Fi(x), i = 1,2,...,n. Haiitu dbysxinuu pacupeesienuii

Cy4YalHbIX BEJIMYNH:

1) max{gl, 62, e ,fn}; 2) min{ﬁl, 52, e ,fn}.

9.25. Ilycrs &, = 1,2,...,n, — HE3ABUCUMBIE CJIyYaii-
HbIE BEJIMYUHBI COOTBETCTBEHHO C ILIOTHOCTSIMU PACIIPEIEIe-
uus pi(x), i = 1,2, ..., n. Haiitn murorrocTH pacupesenenuii

CHy“IaIL/'IHbD( BEJIMYUH:

1) max{fl, 527 s 7511}7 2) min{gla 62’ s 7511}‘

9.26. Ilycts &, = 1,2,...,n, — HE3ABUCUMBIE CJIyYaii-
HbIE BEJIMYUHBI, KazK/1asi C INIOTHOCTBIO pacrpeiesieHust p(x).
Haiitn moTHOCTH pacupeneaeHnil cayYaifHbIX BeJININH:

1) max{fl, 52) s 75?1}7 2) min{£17 627 s 7571}

9.27. CayyaiiHas BeJIMYMHA MMEET CBOEH IJIOTHOCTHIO
pacnpegenenns: dyakmuo p(z) = ae M A > 0. Haiitu:
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1) ko durment a; 2) GYHKIUIO pacupeieeHnst CIIy YaitHON
BEJINIMHBI.

9.28. Ha orpesoxk [0; 1] Hay a1y 6pocaior TOUKY, KOTOpast
JIeJINT ero Ha ABe JacTu. HaiiTu (PyHKIMIO paclpere/ieHus
JITMHBI MEHbIIIEeH JacTH.

9.29. Ha orpesok [0; 1] maymauy 6pocaror TOUKy, KOTOpast
JIeJIUT ero Ha e JacTu. HaiiTu (DyHKIMIO pacrpejie/ieHust
JJIMHBL OOJIBIIEH YaCTH.

9.30. Ha orpesok [0;7] maymady Gpocaror JBe TOUYKH.
Haiitn pyHKINIO W IJIOTHOCTDL PACHpPEIETeHNs PACCTOSTHUS
MEK/Iy HIMHU.

9.31%. Ilycrs & m nn — He3aBHUCHUMBIE CJIyJaiiHble BEJIU-
YHHBI COOTBETCTBEHHO ¢ DyHKIWMsAME pacrupejenenus F(x) u
G(z). Jokazars, uyro dbyHKIMs pacipeeierus (Q() cyMMbI

&+ n ecTb
Qz) =P{{+n <z} =
+o0 +0
= / F(z — y)G(dy) = / G(z —y)F(dy).

9.32. Ilycre caydaiinast BeqnauHa £ pacupejesieHa Hop-
masbHO ¢ napamerpamu (0;1). Haittn dyuknuio pacupese-
Jenust n = 1/¢€.

9.33. Ilycre caydaiinast BeqnawHa £ pacupeesieHa Hop-
masbHO ¢ napamerpamu (0;1). Haiitn dynknuio pacupese-
JIEHUs CJIydaitHol Besimauubl ) = 1/ 52.

9.34. Cayuaiinas BesmanHa { HA3BIBAETCS CUMMETPHUU-
HO pacIpe/IeJIeHHON (CUMMETPUYHOI ), e/ pacipeieieHust
CIIyYalHbIX BeJnduH £ 1 —& COBIAJIAIOT.

Hoxkazatb, aro N.,2-pacnpeienennas ciyIaiiHasg Be/n-
YMHA SIBJISIETCsI CAMMETPUYHO PacIpeieJIeHHO.

CdopmyupoBarh yCa0BHEe CHMMETPUIHON PaCIpeIesieH-
HOCTHU CJIy9aiiHOii BeJIMYMHBI B TepMHUHaX: a) ee (byHKIUH
pacrpejiesierusi; 6) ee IIIOTHOCTU PACIIPEJICJICHHSI.

9.35. Cuyuaitnas BequunHa & paBHOMEPHO paCIpe/iesie-
Ha Ha npomexyTke [0; 1]. Haiitu pacupezesnenne cirydaiinoii
BEJIMYMHBL 1) = 1 — &.

9.36. Ciyuaiinas esmuuna 7 pacupesesnena Ng.2. Jlo-
Ka3aTh, YTO ClaydaiiHas sesunuuna = (n — a)/o pacupee-
sena No.1.
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9.37. Cnyuaitnas Bemunna § pacupenesnena No.i. Haitru
pacrpe/jiesieHne cirydaiiHoil Bejmaunbl 1) = a + o€ (o > 0).

9.38. Cayuaitnaa Besmuuna 1) pacupegesnena No.i. Haiirn
pacinpe/iesienne ciydaitnoit Besmannbt 77 = max{0,n}.

9.39. Ciyyaitnas sesmunna 1 pacupejenena No. 2. Haii-
TH pacrpe/ie/ienue crydaiinoil semannn 1t = max{0,n}.

9.40. Ilycre F(z) — dyHKIms pacupejesieHus ciiydaii-
woit Besmumubl &. Haiitn dysknmo pacnpenenenus F(x)
ciayuaitnoit Bemunnbl 7 = (€ — a)T = max{0,£ — a}
(a — koHcranTa).

ITo rpaduxy dbyukiuu pacupeesnerust F () nocrpoutsb
rpaduk dyunkiun pacipeenenns F ().

9.41. Cayuaitnasa Benunanna & aBCOJIOTHO HEIPEPLIBHA C
wiorHocTbio p(x). Haiitu dyHKImio pacipeesenus ciyJaii-
woit Besmunnbl 1) = (€ —a)t = max{0,€ — a} (a — xoncran-
Ta).

Asnsiercst sim ) aOCOJIIOTHO HEIIPEPBIBHON CJIyYailHON Be-
JIMIUHOM?

9.42. I[Tycrs F(x) — dyHKIus pacupejeeHus cydaii-
woit BesimumHbl €. Haiitu dbyHKImo pacupeiesienus ciydaii-
Hoit Bestmannbl 1) = min{&, L} (L — KoHCcTaHTa).

9.43. Cayuaitnas BequvanHa £ aDCOTIOTHO HEIPEPBIBHA C
wioTHocThio p(x). Halitn dbyHkImo pacupeienenus ciydaii-
Hoit Besimamabl ) = min{¢, L} (L — koHcranTa).

SBnstercs su 1) ADCONMIOTHO HEMPEPBIBHOM CJTyYaiiHO Be-
JIMIUHOM !

9.44. Cuyuaitaas BequunHa £ pacipeesieHa paBHOMED-
Ho Ha [0;1]. Jokazars, 4ro ciydaiiHasi BesndnHa

n=1-¢

TaKKe pacipejesena pasHomepto Ha [0; 1], u BeposTHOCTB
TOrO, YTO 3HAYEHUsI 1) U £ COBIAJAIOT, paBHA HYJIIO.

9.45°. ITocTpouTs rpaduky IJIOTHOCTEH U PYHKITUI pac-
[peeeHns CAeAYIOIINX PaclpelesIeHnii: HOpMaJIbHOI'O, TaM-
Ma-pacnpegesienus, Jlamnaca, Kommu, papaomeproro. Kak ma-
paMeTphl paclpeie/IeHuil BIUAIOT Ha BUI I'PaUKOB?

9.46°. Ilycrs £ pacupenenena Ng. 2. Boraucaurs:

)P{la—0c<&<a+o}; 2) Pla—20 <¢<a+20};
3)Pla—30c<¢<a+30}; 4)Pla—40<¢<a+4o}.
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[Ipumeuanune. Bocronb3oBaTbest Tabiuiieit HOpMaJIb-
HOro pactpe/esenns (cm. Tabm. 22.1.1).

9.47. Ilycre &1,&,...,&, — He3aBUCHUMBIE CIyYailHbIe
BEJIMYMHBI, KaXKJ/ias U3 KOTOPBIX UMEET MOKA3aTebHOEe Pac-
HpeJiesieHne ¢ IapaMeTpoM .

HokazaTb, 9TO ciaydaiiHas BEeJIUIHHA

n= min{&laéZa o 7671}

“MeeT MOKa3aTeIbHOe PACIPEIe/ieHre C TapaMeTPpoOM NA.
9.48. Ilycrs &1,&,...,&, — He3aBUCHUMBIE CIyYailHbIe
BEJIMYUHBI, KaXK]lasd U3 KOTOPBIX UMeeT NOKa3aTeJbHOe pac-
[IpeJieJIEHIE C apaMeTPOM .
Haittu pacnpesiesierne ciaydaifHON BETMIUHBI

C = maX{£1,§27 cee )é-n}

9.49. Cucrema cocrout u3 n 0jokoB. Ilycres & — Bpe-
MsT 6e30TKa3HOI paboThl i-r0 6sioka. CiydaiiHble BeJTMIHHEBL
&1,&9, ..., &, — HE3ABUCUMBI M KaXKJ1asd N3 HUX NMeeT IT0Ka3a-
TeJIbHOE pacipeesenne ¢ mapamerpoM A. Crcrema BBIXOIUT
U3 CTPOsI, €CJIN BBIXOJUT U3 CTPOsT XOTsI 6bI ojiuH 6JI0K. Haii-
TH QYHKIIUIO pacIpe/ie/ieHns BpeMeHu 6e30TKa3Hoi paboTh
CUCTEMBI.

9.50. Coyuaitable Besmuunsl & = &;(w), i = 1,2,3, 3a-
JIaHBI Ha BEPOSTHOCTHOM mpocrpancrse {2, §, P}, e Q =
= [0;1], § = Byp,1}, P = L, pasencreavm:

w, ecin w € [0;

&G =%w)= { w+1/3, ecimw € [1/3;

w—1/3, ecimw € [2/3;
w+2/3, ecimw € [0;
2) & = &(w) = { w, ecm w € [1/3;2/3);
w—2/3, ecimw € [2/3;
w, ecim w € [0;1/4);
- . 1/4, ecm w € |1/4;2/4
3 & =8&W =19 —/1 /4, ecom w € {2?4 3?43
1/2,  ecm w € [3/4;1].
Haiitu dyuknum pacupeneseHust 3TUX CIyIaifiHbIX BEJIUINH.
9.51. CiyuaiiHble BEJIUIUHBI

G =&w), i=12 n=mnw), j=12,



144 I'naBa 9. Pacnpenenenne ciay4aifHON BeJTUIUHDBI

3aJlaHbI HA OJHOM M TOM K€ BEPOSITHOCTHOM IIPOCTPAHCTBE
{Q,F,P}. Pacupenesnenust 1 u o COBIAIAIOT, M PACIDPEJIEIIe-
HUSI 1)1 U 7)o COBIAAIOT. ByiyT jin coBIajaTh pacrpe ieneHnst
ciydaiiHeix BesmauH: 1) &1y u Eamo; 2) &1+ u o + 27

9.52. IlpuBectu npumep ciryudaitupix Beauuans § = &(w)
u 1 = n(w), 3aJIAaHHBIX HA OJIHOM M TOM K€ BEPOSTHOCTHOM
npocrpancrse {€2,§, P}, pacnpenenennsi KOTOpbIX COBIa/ (A~

10T, HO
P{w: &(w) #n(w)} = 1.
9.53. IIycrs ¢ = (£,17) — abCOIIOTHO HElPepbIBHASI CJIy-

vaiinas BeauuuHa co sHadenusmu B R? u f¢(z,y) — ee miotr-
HOCTB PaCIpe/Ie/IeHHs.

1) Jdokazark, uro & u ) — abCOIOTHO HEIIPEPBIBHBIE CJIy-
YyaliHble BeJNYNHBI COOTBETCTBEHHO C IIJIOTHOCTSIMU

/fcuvdv fn(v /fcuv

2) Jlokazarb, 9TO IPHU KazK10M (DUKCUPOBAHHOM Y dDyHK-
st

_ f (.%, )/fﬂ( )7 €CJIn fn( )>0;
fEIn(m‘y) = { ¢ yO, / ecn fn(z) =0,

SBJISCTCH IIIOTHOCTBIO PACIIpe/iesieHns BeposTHocTeil Ha R
[IpU KaxKJI0M (DUKCUPOBAHHOM & (DyHKITUS

e = { K e 7

SBJISETCH IIIOTHOCTBIO PACIIpe/iesieHns BeposaTHocTeil Ha R

9.54. Ilycrs f(t) — IWIOTHOCTH paCHpeIe/ICHUs CIIydaii-
HOH BEJIMYUHEI €.

Asnstercst s dyuxuus f(t — a) (e — koHCTaHTa) IIIOT-
HOCTBIO pacCIIpe/ie/IecHud HEKOTOPOU Cly4YailHO! BeJIMYUHBL U
eclIi Ja, TO KaKoit?

9.55. Ilycrs F — pacnpenenenue ciaydaiiHON Beandn-
Hbl &, @ > 0 — npousBoJibHOE (pUKCHpOBaHHOE Uucao. Haitu
pacupe/jiejieHue CayJdaiHON BeJIMYnHbL
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1) &a = &l gjt>a) (6);

2) Na = Elggpr<ay (§)-

9.56. Ilycts £ — paBHOMEPHO pacIpe/ie/ieHHas CJIydaii-
nas Besmanna. [lokazars, 4To cirydaiinas Bequduna

n=o0é+c

TaKyKe paclpejeseHa PABHOMEPHO.
9.57. [lycrs £ — cayuaitHast BeIudnHa, PABHOMEPHO Pac-
HpeJiesieHHast Ha IIpoMexyTKe [a, b]. Tlokazars, uro ciydaii-

HAasT BEJIMYNHA
_&—(a+b)/2

(b—a)/2v3

PaBHOMEPHO pacipe/ie/ieHa Ha IpoMexkyTke [—v/3,v/3].
9.58. Ilycre caydaiinast BesmamHa £ pacupeiesiena Hop-
MasbHO. IToKasaTh, 9To clydaiiHas BeJIUInHA

n=c{+b

TaKXKe HOPMAaJIbHO PaCIpe/ieieHa.
9.59. Ilycrp cuyuaiinas Beau4yuHa & UMeET pacIipe/iesie-
nne Komu. [Tokasars, 9T0 ciydaiiHast BeJIMIHHA

n=c{+b

TakzKe uMeer pacupegenenne Kormm.
9.60. Ilycts &,7 = 1,2,...,n, — HE3ABUCUMBIE CJIy4aii-
Hble BEJIMUNHBI, KayKJ1asl C IJIOTHOCTHIO pacipeiesennst p(x):

1) pl) = ﬁ, ecim x € [a; bl;
0, ecin © & [a; bl;
_J Oexp{—0z}, ecomx >0;
2)p(x) = 0, econ x < 0;

3)0(e) = g expf ~ 4o~ b1}

4)p(x) = éexp{—é(x—b)}, ecan x > b;
0, ecom x < b.

BrimucaTh cOBMeCTHYIO IJIOTHOCTDL PACIpPeesIeHus CIIy-
Jaiubix BesimauH €1, &2, ..., &,.
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9.61°. Ilo mtoTHOCTH pacHpeneseHus CIyIaiHoil Besu-
9UHBI HAWTH ee PYHKIIUIO PACIPEIEJICHIS, €CIU CIIyYaiiHas
BeJIMINHA;

1) HOpMAJILHO pacIpe/esena ¢ mapamerpaMu (a; o?2);

2) paBHOMEPHO pacipejieieHa Ha IPOMeKyTKe [a; b];

3) uMeeT raMma-pacipejiesieHIe;

4) mmeer pacupesenenne Koy,
5) uMmeeT pacipejiesieHIe DPJIaHTa.



I'maBa 10

MareMmarnueckoe
oKW JIaHWe

10.1 Omnpenesienus, cBoiicTBa,
BbIYWCJIEHUE

Pacopenernenue ciy<aaiinoit BETUTIHHBI TACTO MOYKHO OTTH-
CaTh HECKOJILKMMY YUCJIOBLIME XaPAKTEPUCTUKAMY. BarkHeii-
ITIME U3 HUX SBJISIOTCS MATEMATHIECKOE OKUJAHNE U JTHC-
nepcust (M. Takke 1. 6.1 B 1. 6).

[Tycrs € = &(w) — corydaiiHasi BeJIMInHA CO 3HAUCHUSIMU
B R! na BepoaTHocTHOM TIpocTpancTse {2, F, P}.

Oupenenenue. Mamemamuueckum oocudanuem ME
HEOTPUIATENBHON ciiydaiiHoil Besimunubl £ HGy1eM Ha3bIBATh

[ oPlde) — tim (S5 ).
Mf—Q/a )P(de ,LOO(Z Aug) + nP(B))

rie

7—1 J .
Anj_{w on Sf(w)<2n}7 j:1727"'72nn7

B, ={w:&w)>n}, n=1,2,...
JIrobyto corydaiiiyio BeudauHy & MOXKHO IIPEJICTABATH B

BU/Zie Pa3HOCTHU HeOoTpUulaTe/IbHbIX CJIyLIafIHbIX BeJIM4YMH

147
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&t =max{0,¢} u & = max{0, —¢}, a umenno

E=¢" ¢
Maremarudeckoe oxumanue ME caydaitnoit Besimanabr &,

MIPUHUMAIOIIEH 3HAUYeHUsT 000UX 3HAKOB, OIPeIesIsieTcs pa-
BEHCTBOM

Mg =M™ — M¢™,

ecan Tobko MET u ME™ He paBHBI +00.

CaoiicTBa MaTeMaTUIECKOTO OYKUJIAHWS:

1. Mamemamuueckoe 0ocudanue Koncmamnmo, pasHo 3mot
oice KoHcmanme:

Mc = ¢ (¢ — konemanma).

2. Mamemamuueckoe 0dcudaHue CYymmvl CAYHAGTEHT 6e-
AUYUH PABHO CYMME UL MAMEMATNULECKUL 0HCUIAHUTL:

M(§ + 1) = ME + M.

3. Koncmanma svirocumesa us-nod 3Haxa Mamemamuye-
CK020 OHCUOAHUA:

Ma& = aME.

4. Mamemamuueckoe oscudanue mpoussedenus He3a6uU-
CUMDLT CAYUGUHBIT BEAUMUH PABHO NPOUBEJEHUN UL MATE-
MAMUMECKUL 0HCUOGHUT:

Mén = MEMD,.

5. EBcruA=J AiuAinAj=0,i#j, mo
i=1

o0

M(E1a) =) M(E1a,).

=1

(ceoticmeo cuemmoti a0OUMUEHOCTNU MATNEMATNUYECKO20 0IHCU-
danun)

Brruncienne MaTeMaTU4eCcKOTO OXKUJIAHUS CITyYaii-
HOIi BesmuumHBbI. MaTeMaTndeckoe OXKUIaHUE CJIydaifHONl
BeJINIMHBI (1 DYHKIMH OT Hee), eCJIM TOJIBKO OHO CYIIECTBY-
€T, BCEer/J1a MOXKHO BBIYUCJIATD 110 PACIIPEICICHUAIO CIyYaliHon
BEJINYUHDL.
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Teopewma 10.1.1. Ecau cayuwatinas sesuvuna & = &(w)

co snavenusmu 6 R abcomommo nenpepusna u p(x) —
ee NAOMHOCTL pacnpedesehus, mo 0as A10001 6opesesckot

dynruuu g = g(x) na RY co snavenuamu 6 R

+oo

My(©) = [ glalpla)ds (10.0.1)
—00
+oo
6 npednoaoorcenuu cyuecmeosanun unwmezpana [ g(z)p(z)de.
—0o0
B wacmmocmu,
“+o0o
M¢ = / xp(z)dz (10.1.2)
—o0
+oo
6 npednoaosicenuu cyuecmeosanun unmezpana [ xp(z)dz.
—0o0

Ecau cayuatinas seaununa & = £(w) co snavenuamu 6 R
duckpemna u

Pg X — Pg(.%'i), x; € X,

— ee pacnpedeserue, mo 0is A000T bopesesckots GyHKUUU
g = g(z) na R' co snavenuamu ¢ R

Mg(€) = g(:)Pe(x:) (10.1.3)

6 npednonoscenuu, wmo paod Y g(x;)Pe(x;) abcomommo cxo-
@
dumea. B wacmmuocmu, 6 npednososcenuu abcoaommot; cro-
dumocmu pada Y x;P¢(x;)
@

ME = aiPe(). (10.1.4)
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Teopema o Burunciaenun Mg(§) no pacupejiesenuto nmve-
€T MeCTO W JUIsl CIyYailHbIX BeJIMYHH CO 3HadeHusiMH B R",
B YACTHOCTH, UMEeT MECTO yTBEPXKJIEHUE.

Teopema 10.1.2. FEecau cayuatinaa sesununa £ =
= (&,&,...,&,) co snauenuamu 6 R™ abcoarommo nenpe-
poera u pe(x) = pe(x1,T2,...,2,) — ee naommocmsv pac-
npedeaenus, mo oaa a060l bopesesckol pynryuu g(r) =
= g(x1,2,...,7,) na R™ co snauenuamu 6 R

Mg(§) = /g(x)pf(x)dx, x € R", (10.1.5)
Rn

6 npednoaoorcenuu cyuecmeosanun unmezpana | g(x)pe(x)dz.
Rn
B xoopdunammnoti ghopme zanucu

Mg(§1,§2,- . ;gn) =

= /g(xl,xg, o Tp)pe(T1, T2, L ) d(T1, T2, -, X))
Rn

Hucnepcus. /[ucnepcueti DE cny4aiinoit Benmumauabl €
6yem masbBaTh M(€ — ME)? (ecin M(€ —ME)? < 0 ), T e.
D¢ = M(¢ — Mg)?.

CsoiicTBa JIUCIEPCUN:
1. Jucnepcusa xoncmanmot pasha Hyal0:

Dc =0 (¢ — xoncmanma,).

2. Koncmanwma eviHocumcs usd-nod 3naxa Jucnepcul ¢
K8AOPAMOM.:

Da& = a’DE.

3. Jlucnepcus cymmovr HE3ABUCUMBLT CAYHATHDIT BEAUMUMN
PABHA CYMMe UL ducnepcuti:

D(§ +n) = D¢ + Dn.
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[Ipumep 10.1.1. Ha ompesox [0;1] naydauy 6pocarom
mouky. Ona deaum ompesox wa dee wacmu. Hatimu pacnpe-
desenue U BHHUCAUMD MAMEMATNUYECKOE 0XCUIAGHUE OAUHDL
OKPYIAHCHOCTU, PaIUYC KOMopol paseH daune boavulets 4ac-
mu ompesxa.

Pemenune. llycts £ — KoopauHaTa Haygady OPOIIEHHOMN
Ha orpe3ok [0; 1] Toukn, Torga n = max{¢,1 — £} — muna
OoJibiieil YacTu oTpe3ka, a ( = 27N — JJINHA OKPYKHOCTH,
paJinyc KOTOpOii paBeH 1).

Cravasia Haiiziem (QYHKIHIO pacilpeiesieHus: CJIydaiiHom
Besimansbl ) = max{{, 1 — &}. OueBngno, nupu x < 1/2

P{n<az} =0,

nupu x > 1
P{n<z} =1

A mpn 1/2 < z < 1 umeem
P{n<z}=P{max{{,1-¢} <z} =P{{<z,1-¢{<a}=
=P{l-z<é<z}=(x—-(1-2))/(1-0)=2zx—1

(P{1 — 2 < £ < =z} BbluHCIeHA KaK reOMeTpUYIeCcKasl Be-
POSITHOCTB, COOBITHs “OpolleHHast Hay/iady Ha oTpe3ok [0; 1]
TOYKa momnaja B mpoMexyTok [l — z,x]”. Takum obpasom,
dyuKIUMei pacipeenenns 1 sABJIsSIeTCs

0, ecmn © < 1/2;
Fylx)=14 20 -1, ecm 1/2 <z <1;
1, ecom x > 1

(n pacupezesnena paBaoMepHO Ha orpeske [1/2;1]). Orcroga
nojiydaeM (QyHKIIWIO pacrpejesienus (:

Fe(z) =P{( <=} =

:P{2W77<$}:P{77<%}:F77<%> =
0, ecn z/(2m) < 1/2;

— 2(%) —1, ecm 1/2 < z/(2m) < 1;
1, ecmu x/(2m) > 1.
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0, ecn ¢ < T
Fe(z)=4 £-1, ecmn <z < 2m;
1, eca x > 2.

JaJiee, TIOCKOJIbKY 7) PABHOMEDHO pacIpejiejieHa Ha OT-
peske [1/2;1], To

M¢ = M2 = 2nMn = 37 /2.

Bamernm, uro coryacuo (10.1.1) M{ MOXKHO BBIYHCIATD
KaK MaTeMaTHIeCcKoe OKuJanue pyHKINK

¢ = 2mmax{€,1 - ¢}

OT CJIydaiiHON BeauduHbI MO ee PACIpEIeseHNIO (paBHO-
MepHOMY Ha npomexyTke [0, 1]):

M¢ = M2rmax{{,1 — &} = 27r/ max{z, 1 — z}pe(z)dx =

1
=27 | max{z,1 — x}dr = 37/2.
0

IIpumep 10.1.2. ITycmsv cayuatinas sesuvuna & pacnpe-
deneHa NOKA3AMEALHO € NAPAMEMPOM, 6.
Haumu pacnpedenenue cayuainot eesuiuns n = [£], 6vi-

wucaums Mn ([z] — yeaasn wacmo x).

Pemenue. Coyuaiinas semuuuna 1 = [{] npunuMaer
suavenns 0, 1,2, ... (saBiasercs ;LHCerTH it). Haitnem ee pac-
peJiesIeHne:

Ppk) =P{n =k} =P{{l =k} =Pk <<k +1} =

k+1
= / Oe 9 dy = e % (1 — e %) = p(1 — p)F,

k
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rie p =1 — e Tak uro eciu cayuaiinas Besmunna & pac-
npeJiesieHa IMOKa3aTelbHO ¢ ITapaMeTpoM 6, To caydaiinas Be-
JuanHa 1 = [£] IMeeT reoMeTpUYIecKoe pacipeeseHe (¢ ma-
pamerpom p = 1 — e 7).

[To usBECTHOMY paCIPEIETIEHUIO CIYyYaiHON BETUIUHEI 7)
MOKEM BBIUUCJIUTD €€ MaTeMaTudeckoe oxuganue (cm. dhop-
myny (6.1.2) n 3agady 6.18):

oo 0o 1—p e
My = kPy(k) =Y k(1 —p)'p= =
k=0 k=0

—0

[Ipumep 10.1.3. Bunucaumsd mMamemamuieckoe 0dcu-
danue u QUCNEPCUIO CAYUATHOT BEAUMUHDL, PACTPEIEAEHHOT
nopmasvio ¢ napamempamu (a;c?).

Pemenue. IlnorHocTh HOpMAaIBHO pacHpeiesieHHON ¢
napamerpamu (a; 02) cJydaiiHo#f BeIMauHbI €

p(z) = ! > exp{—(x_a)Q}-

2ro 202

Beranciaum M(€ — a), Bocriosibzosasiucs dhopmystoit (10.1.1)
(Ipu 5TOM BBINOJIHUM 3aMeHy (x — a)/o = t):

+o0
M(E - a) = [ (@~ a)pla)ds =
+oo N 2

—+o0 9
1 /x—ae 1 /z—a da
= — X _— =
oY s o P 2 o

+oo
g /te { tQ}dt
= —_— X _— —
Vor P 2
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9 ¢ { £ }dt 0
= im exp{ —— =0,
Vor n P 2

[—TL,TL]

[IOCJIEJTHAM MHTErpaJl PaBeH HYyJII0 KaK MHTErpaj OT HedeT-
HOI (PYHKIUHU IO CUMMETPUIHOMY HMPOMEXKYTKY. Takum o0-
pazom, M(§ — a) = 0, a caegoBaTeIbHO,

M¢ = a.

Haree,

D¢ = M(£ — M&)? = M(¢ —a)* =

exp{_w}dx.

202

—00

[Tocsie 3amensb! epeMenHoit (¢ — a)/o = t noayaum

m / thXP{—}dt \ﬁ +Ootdexp{—t22} —

r/eXp{ Tpi=o

(mocste Mt mHTErpaA Kak nHTerpas ditiepa—Ilyaccona pa-

BeH v/ 27). Tak 4uro
D¢ = o2

[Ipumep 10.1.4. Buuucaumsd Mamemamuieckoe 0dcu-
danue, 8MOPot MOMERM U JUCTLEPCUIO CAYHUATHOT BEAUHUNDL,
umerowet 2amma-pacnpedesenue ¢ napamempamy (v;0):

pla) = { Ty e {—ba}, e > 0;

, ecau x < 0.



10.1. Oupenenennsi, cBOMCTBA, BEITUCICHIE 155

Pemenwue. ITo usBecrHoii miorHocru p(z) ciydaiinoii
BesinauHbl € corsiacuo dopmydie (10.1.2) moyunm

Mé = Zoxp(x)dx = :/ooxre(:)x“ exp {—0z}dx =
Fv+1) g
— o / [ o (frhdr =
CT(w+1) () v
oT (v) Cr(v) 6

Mz BOCIIOJIB30BAJINCH TEeM, 9YTO MHTEr'paJl

9u+1 y
/ 1_‘(1/7_'_1)1} exp{—@x} dx
0

paBeH eIUHUIE KAK UHTErPaJ OT IJIOTHOCTH IaMMa-pacipe-
Jlejienusi ¢ napamerpamu (v + 1,6).
Amnayorntmo
M€2 _ V(V + 1) )
92

Orcrona
_ 2 2 _ VY
D¢ = ME™ — (M§)” = 2k
HpI/I BbBIYUCJICHUU MaTEMaATUYECKUX O)KI/I,Z[‘aHI/IIjI Cﬂy‘{aﬁ—

HBIX BEJIMYUH 9acTO OBbIBAET IOJIE3HBIM CJIEIYIOIee yTBep-
XKJIEHUE.

[Ipumep 10.1.5. Ecau naomuocmo f(x) abcoarommo ne-
npepuieHot CAYHATHOT 8EAUNUHDL € CUMMEMPUYHE OTHOCU-
meavho npamoti = a, m. e. f(a —x) = f(a+x), mo

ME =a

6 npednoaosceruu, wmo ME xoneuro.
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Hokazareabctso. CUMMETPUYHOCTD IJIOTHOCTH f ()
OTHOCUTEJIBHO IIPAMOA T = a:

fla+t)=fla—t), t € R,

oznauaer, uro dyuxuus ¢(t) = f(a +t) yernas.
Hamee,
+o0o

M¢ = /xf(:p)dm.

—0o0

B IIocJIeITHEM MHTErpaJie cejiaceM 3aMEHYy T = t + a. Umeem

400 400
/ o f(2)da = /(t+ Q) f(t + a)dt =
—0o0 —00
+oo +o0o
=a / ft+a)dt + / tf(t+a)dt=a-140=a,
—0o0 —0o
+oo
unrerpan [ tf(t+a)dt paBen Hy/II0 KaK HHTErPAJI OT HEYeT-
—0o0

Hoii dbyukuu tf(t + a) 10 CUMMETPUIHOMY TIPOMEKYTKY.

Kaxk criencrBue JOKa3aHHOTO YTBEPIKICHHS IOy TaeM Ma-
TeMATHYIECKUE OyKHUJIAHNS IEPEUNCICHHBIX JIaJIee CIy YailHbIX
BEJIMYMH CO 3HAYeHNAMHU B R!, IJIOTHOCTH KOTOPBIX CHMMeT-
PUYHBI OTHOCUTEJILHO HPSIMON & = a (IIPU TeX WJIM MHBIX
SHAYCHUSX @).

1° MaremaTndeckoe oxXKuaaHre HOPMAJIBLHO PACIPEIe/IeH-
HOft ¢ mapamerpamu (@, 0?) CIyYaitHol BeIMYHHbl DABHO @ —
ee IIOTHOCTh

1 Y
fx) = Wexp{—@zag)}, re R,

CUMMETPpUYIHa OTHOCUTEJIBHO HpﬂMOﬁ T = Qa;,
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2° MaremaTrnydeckoe 02KHIaHUE CIIyYallHOM BEJIMYUHbBI, NMe-
fo1rieit pacupeenenne Jlamraca ¢ mapamerpamu (p, 6), paBHO
[l — €€ IJIOTHOCTD

0
f(@) = 5 exp{~0ls — ul}, = € RY,

CAUMMETPUYHA OTHOCUTEBHO MPAMOR T = [
3° MaremaTuueckoe OXKHJIaHHE PABHOMEDPHO DPACIIpE/ie-
JICHHOI Ha IPOMEXKYTKe |a,b] ciydaiiHON BeJIMYMHBI PABHO

(a+b)/2 — ee mwioTHOCTH

1 Bl
fa)={ T—a ecian x € [a;bl;
0, ecmzx ¢ [a;b].
CHUMMETPHUYIHA OTHOCHTEJILHO IpsiMoit * = (a + b)/2.
[Mpumep 10.1.6. Ecau & — abcoaromuo menpepuvieHas
CAYHATNAA BEAUMUHA € NAOTMHOCTBIO pacnpedeaenus f(T) u

mamemamuseckum odtcudanuem a, mo f(xr — c¢) — naom-
HOCTD PACHPEdENeHUA CAYHATHOT sesuvunbl =& + ¢ u

Mn =a+c.

Pemenue. Oyukius pacupeeseHus CaydaiiHoi Besu-
YUHBI 1)
Fylw) = P{€ +¢ < a} = Fela — o),

IJIOTHOCTD pPacIpeiesIeHIs

Fale) = S Fy(w) = S Fi(w = 0) = fela— ) = f(w— o)
Pasencrso

Mp=M(E{+¢c)=a+c

cjaenyer mu3 CBOIiCTBa JIMHEHHOCTH MaTeMaTHIECKOTO O2KH J1a-
HUA.
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IIycts, ¥k nmpumepy, & — MOKa3aTe/JbLHO pacIpee/eHHasT
¢ mapamMeTpoM 6 ciydaiiHas BeIMIUHA, ee MIOTHOCTD

_ ) Oexp{—0z}, ecomx >0
fla) = { 0, ecm x < 0,

Mg =1/6.
Torna

fz) = { 0 exp{—0(z —b)}, ecum z > b;

0, ecn x < b,

— IJTOTHOCTB PacCIpeie/ieHus CIyIaiHoi BeuauHbl ) = £+-b
n

Mé = 1/0 + b.

10.2 3amaunm

A3: 10.2°(1),10.4,10.6°(1),10.7,10.12,10.13, 10.16(2),
10.19(1a, 36), 10.20(5), 10.21, 10.42, 10.43.

C3:10.1°(1), 10.2°(2), 10.6°(2, 3), 10.8, 10.10(1), 10.16(1),
10.14,10.17(2), 10.19(16, 3a), 10.20(1, 2), 10.22(2, 3), 10.26,
10.41,10.45.

10.1°. Ilyctp & — ciyuaiiHag BeJIUYUHA, PABHOMEDPHO
pacupejieieHHas Ha TpomexkyTke: 1) [—a;al; 2)[a;b]. Boi-
qucsutb ME n DE.
10.2°. Ciryuaiinast BesimanHa £ pacipejiesieHa paBHOMED-
HO Ha npomexyTke [0; 1]. Beraucants MmaTemaTuueckoe 0xKu-
JaHue Cay4daiiHON BEeJIMYUHEBI 7):
1)n=1n(1/€); 2)n=sin’n&; 3)n= e
°. Cayuaitnast BeimauHa £ pacipe/iesieHa paBHOMED-
HO Ha [IPOMEKYTKe [a; b]. BquI/Icm/ITb:
1) M2, ecrma =0, b=
2) Mée~¢, ecom a =0, b—l
3) M(¢ — ),ecm/Ia—l,b—4;
4) Méelél) ecm a = —1, b=1;



10.2. 3amaun 159

10.4. Ilycre £ — caydaiiHas BeJIUYUHA C NJIOTHOCTHIO
pacipeie/ieHusI
(@) =~
T) = ——75-.
b (1 + 2?%)
Beraucats 1) Mmin{|¢[,1}; 2) Mmin{|¢],v/3}.
10.5. IIycTts £ — HOpMaJILHO pacIpeaeeHHasT CTy daiiHast
sesmmanna ¢ napamerpamu (0; 02). Boraucaurs Meb.

10.6°. Ilycrs € — caydaiiHas BeJIMYMHA C IJIOTHOCTHIO
pacIpeieeHus

1
p(x) = m

Boruuciints MaTeMaTrdeckoe OyKuaHue CIIyIaiHON Be -
HBL 1) :

1) n=(&+ DI 5(8); 2) = 521[1;\/3](5) ;
3) n = Ijiys.3(82); 4) n = I_1,1(8),

rie I4(x) — uagukaTop MHOXKecTBa A — (DYHKIWS, IPUHH-
Mmaorias Ha A 3uadenue 1, a na A — 3uadenue 0.

10.7. Ilycte £ mMmeer mOKa3aTeIbHOE pACIIPEIeSIeHUEe C
napamMeTpoM A. BoraucgnTh:

1) M&; 2) DE; 3) P{¢ > 1}; 4) MEX,

10.8. /IjmresbHOCTH pabOThI JIEKTPOHHOI JIaMITBI (€11
HUITa U3MEPEeHUs BPpEMEHU — CyTKI/I) - C.quaﬁHaH BeJINYU-
Ha, UMEIOITas TI0Ka3aTeIbHOE Paclpele/ieHre C IIapaMeTpoOM
A = 0,003. Yepes roj aMily MEHSIIOT, JIaXKe €CJIU OHA HE BbI-
mia u3 crposi. Haittu Maremarudeckoe OKUJIaAHNE BPEeMEHH
paboThI JIAMIIBL.

10.9. Haiitu maTremaTumyeckoe OKHIAHUE U JTUCIIEPCHIO
npousBesierns ( = £7) HE3aBUCUMBIX CJYyYalHBIX BEJIMYHH
€ ¥ 1) ¢ pABHOMEDHBIMU pacipejieieHusiMu Ha orpeskax [0; 1]
u [1;3] coorBeTcTBEHHO.

10.10. Boraucaurs ME 1 ME? st citydaiiHON BeJIHIHHbI
& ¢ IOTHOCTBIO PACTIPEIeTIeHUsT

0, ecn x € [a,a + 2);
p(z) = x — a, ecn T € [a,a + 1);
—z+a+2, eumz€a+l,a+2).
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10.11. Ilyctp € — cayuaiiHasi BeJMYUHA C IJIOTHOCTBIO
pacipee/leHusI

p(x) = %e’

Borancomrs MIjg.4(€%).

10.12. I[InoTHOCTL pacupesiesleHus CAyJailiHOW BeJTUYU-
HBI £

A
p(z) = 56_)"1", A>0

(IByCcTOpOHHEE TOKa3aTelbHOEe DACIpPEE/IeHNe C MapaMer-
poM ).

Boraucnurs ME u DE.

10.13. 13 Touku A, paBHOMEPHO PaCIPEJIEJIEHHON Ha OK-
pPyKHOCTH pajuyca R ¢ nmeHTpoM B Hadasie KOOPIUHAT, IIPO-
BeJieHa KacaresibHasi K OKpykHocTu. Halitu dyHKmuo pac-
IIpeJieJIeHUs U IJIOTHOCTh PacipelesieHus JUIMHBI € 0TPe3Ka
KacaTeJIbHOM MeXKJIy TOUYKOi A u TOUKOIl IepeceveHnst Toi
KacaTeJbHO# ¢ ocbio Ox. YT0 MOXKHO CKa3aTh O CYIIECTBO-
Baxuu ME?

10.14. Touka P paBHOMEpPHO pachpejiesieHa B Kpyre ¢
[IEHTPOM B Hauajie KoopiauHat pajuyca R. Ilycts n — pac-
crostare or ToYku P 5o nenTpa Kpyra. Haiitu dyHKImo
pacupeesnerns F(x) u mwiorHocTh pacupeesennst p(x) ciry-
qaitnoil Besmuunbl 7). [locrponts rpadukn dyuximii F(z)
u p(z). Beraucours Mn u D).

10.15. Touka A paBHOMEpPHO pacIpeje/ieHa Ha OKPYK-
HOCTH €JJUHUIHOTO PAJINyca, ¢ IEHTPOM B HaYaJie KOOD/IMHAT.
[Tycrs & — npoeknust Touku A Ha ocb Oz. Haiitu: 1) dyHk-
o pacipejesnenust |£]; 2) mioTHOCTH pacupejesnenust |£|;
3) Mgl 4) P{lg| > 1/2}.

10.16. /Inuna cropoHbl KBajpaTa £ — ciaydaiiHas Beu-
qUHA,

1) pacupenesieHHasi PAaBHOMEPHO Ha HPOMEXKYTKe [a; b,
a>0, a<b;

2) umerorasi raMMa-pacipe/iesienne ¢ napamerpamu (v; 0);

3) pacupejeneHHast IIOKA3aTEIbHO C TAPDAMETPOM .
Haiitn pacupenenenne ciaydaifHON BEJIUYIUHBI 1) — TJIOMIAIN
KBa/J[paTa CO CTOPOHOM & — U BBIYUCIUTH €€ MATEMATUIECKOE
OXKUJAHUE.
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10.17. Pajguyc okpy»kHocTH & — CilydaiiHas BeJIMYNHA,

1) pacupejesieHHasi paBHOMEPHO Ha [IPOMEXKYTKe [a;b],
a,b>0, a <b;

2) umerorasi raMMa-pacipe/iesienne ¢ napamerpamu (v; 0);

3) pacmpeeseHHast ITOKA3aTEIbHO C TAPAMETPOM .
Haiitun pacupenenenne caydaifHOW BEJIUYWHBI 1) — JJINHBI
OKPY2KHOCTHU pajuyca & — U BBIYUCIUTH €€ MATEMATUIECKOE
OXKUJTAHUE.

10.18. lynuna pebpa kyba & — ciaydaliHas BeJIUYMHA,
pacripejie/IeHHasT:

1) paBHOMepHO Ha npoMexyTKe [a;b], a > 0, a < b;

2) mokasarejbHO C HapaMeTpoOM .
Haiitu pacnpenesienne caydaifHoOl BeJMYIUHBI 1) — 00beMa
Ky0a ¢ pebpoM &, BRIUUCIUTH MATEMATHICCKOE OXKUIAHUE 1).

10.19. Ha orpesok [0; 1] naymauy 6pocator Touky. Ona
JIeJIAT ero Ha jiBe dactu. HailiTu pacupejiesienne u BbIYUCIUTD
MaTeMaTUIeCKOEe OXKUJIAHUE CJIYIANHON BEJTUIUHEI 7).

1. JIiuHbI OKPYKHOCTH, PAJIUYC KOTOPOI paBeH JJINHE:
a) MeHbIIIel 4acTh oTpe3Ka; 6) GOJIbIIel YaCcTH OTPE3KA.

2. Ilnomaau Kpyra, paguyc KOTOPOro paBeH JJINHE:
a) MeHbIIell YacTu oTpe3Ka; 0) Gosibleil YacTu oTpesKa.

3. Ilnomam KBajipaTra cO CTOPOHOM, PABHOMU JITUHE:
a) MEHbIIIeHl YacTh OTpe3Ka; 6) GOJIbIIell YacTH OTPE3KA.

4. O6bema Kyba ¢ pedbpoM, paBHBIM JJTUHE:
a) MeHbIIell 4acTu oTpe3ka; 6) GOJIbIIell YacTh OTPe3KA.

10.20. Ilycts & u 1 — He3aBHCHUMBIE CIIy4YaiiHblE BeJIH-
YUHBI. BBIYUCINTE MaTeMaTHYecKoe OKUJIAHUE CIIydallHbIX
senaui: 1° min{¢, n}; 2° max{{,n}; 3° &n; 4° n/(E+1);
5° nexp{¢}; 6° exp{—min{&,n}}, ecim: a) £ u n pacupee-
JIeHbI paBHOMepHO Ha mpomexyrtke [0;1]; 6) & pacupesede-
Ha paBHOMepHO Ha mpomexyTke [0;1], 7 — Ha IpoMexyTKe
[0;2]; B) & pacupejesiena paBHOMEPHO Ha pomekyTke [0; 1],
7) MMeeT IOKa3aTe/IbHOE pacIpelieieHre ¢ IapaMeTpoM A;
r) £ U m) UMEIOT MOKa3aTeJbHOe PaCIpeesieHne ¢ IlapamMer-
pom A (mas 1°, 2°, 3%, 6°).

10.21. ITyctb &71,&9,...,&, — HE3aBUCUMBIE CJIyYaHbIC
BEeJIMYUHBI, KaxK/1asd N3 KOTOPBLIX HMMeeT cBO€El IIJIOTHOCTBIO
pacIipe/iesieHust
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() = 0, ecn x < @

P =1 exp{a—z}, ecmmz > a.

Borancinre M min{&y, &o, ..., &}

10.22. Ilyctp &1,&9,...,&, — He3aBUCHMBIE CJIydaiiHblE

BeJIMYMHEI, KakK/lasd U3 KOTOPBIX Paclpe/iesicHa PaBHOMEPHO
Ha orpe3ke [a;b]. BoranmcanTs MareMaTHUeCKHe OXKHIAHMS
CIIy9aliHbIX BeJIMYIHH:

1) min{gl)ééa .. 7£n}a 2) max{é-laééa ... 7577,}7 3) % égl

10.23. Ilycts &1,&9,...,&, — HE3aBUCUMBIE CJIyYaiiHBIE
BEJIMUMHbBI, KaXKjiasi U3 KOTOPBIX UMEET CBOEil IJIOTHOCTHIO
pacmpeieieHus

() = 0, ecmzx¢]|[0—h;0+h]
PYI=9 1/2h, ecm x € [0 — h; 0 + h).

Breranciuth Maremarudeckue OZKNTJaHnuA CJIy‘IafIHbIX BeJIn-
YHUH:

]-) min{flv&% oo 7571}7 2) maX{&laf% s 7511};
3) (max{&1,&2,...,&} —min{&, &, ..., &n})/2.

10.24. Ilycts &1,&9,...,&, — HE3aBUCUMBIE CJIyYaifHbIE
BEJIMYMHBI, KaXKJas U3 KOTOPBIX HUMeEET CBOEHl IJIOTHOCTBIO
pacupe/iesieHns

0, ecin x < 0,
pz) = éexp{—é(x_e)}7 ecam T > 0.

Breruncimmths Maremarudeckue OZKM JaHMA Cﬂy‘{aﬁHbIX BEJIN-
YHH:

DE= 136 2) minfe);
i=1

Il
A
|
>

S

3, = minfe) - G, ),
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10.25. Ciyuaiinble BesimauHb €1, &a, . . . , &, pacupeese-
HBI 110Ka3aTeJIbHO ¢ napamerpoM 1/6. Berauciants marema-

n
THUYECKOEe OXKUJIAHUE CJIyYIaHON BEJIUIUHBI £ = % &
i=1
10.26. Ha orpesok [0; 7] maymady 6pocaior jiBe TOUKH.
IIyctns € — paccrosinue mexny aumu. Halitn dyuknuio pac-
IpelieJIeHUsT U IUIOTHOCTH pacrpejesicHus &, BBIYUCIUTH
ME, DE, Me™,
10.27. Touka P paBHOMEPHO paclipejesieHa Ha OKPYK-
HOCTH
2?4 y? =1,

IIycts  — pymHa npoekmuu pajnyc-Bekropa OP touku P
Ha ocb Ox. HaliTu mIoTHOCTD pachpesie/leHusT 1 MaTeMAaTH-
4ecKoe OXKUJaHue CiIydailHoil BeJIMYuHbL 1).

10.28*. Ha okpyxkHocTH pajgnyca R Haynady BIOHPAIOT
nBe Touku. Haiitu pyHKIMIO pacupeaeseHust PacCTOAHUS 1)
MeK/1y HUMHU M BBIYUCJIATE M7).

10.29. Ha orpesok ocu opaunar ¢ konramu (0;0) u (0; R)
Hayaqy OporreHa Touka. Uepes Hee TPOBeJIeHA XOPa OKPY K-
nocru 22 + y?> = R? nepnenpukynapuo k ocu Oy. Haiitn
GbYHKIUIO PACIIPEIESIEHUs] JITHHBI 9TON XOP/IBI.

10.30*. IIycrs Ay = {(u,v) : u + v < T} — MHO)KECTBO
3 R?, ¢ — mpousBosbHOE, HO PUKCHPOBAHHOE YHCIO0, ( =
= (&,n) — caydaitHas BeTWYMHA CO 3HAYeHUAMHI B R2.

Berauciurs M1 4, (§,n), ecan ussecrHo:

1) pacupeyesnenus: F u G He3aBuCHUMBIX CJIydailiHBIX BEJIH-
quH & u n;

2) moraoctn f m g abCOTIOTHO HENPEPHIBHBIX HE3ABUCH-
MBIX CJIyYafHBIX BeJUYIuH & U 7).

10.31. Cayuaitnas Besamuanna 1) pacupegeincaa No.i. Ber-
YUCJIUTh MaTEMATUIECKOE OXKUJIAHUE CJIYIalHON BeJIUIUHDBI
n* = max{0,n}.

10.32. Cnyuaiinas semuauna 1) pacupejenena Ny, 2. Boi-
YUCJUTh MATEMATUIECKOE OXKUJIAHUE CJIYIaiiHONW BEJTMIHHBI
n* = max{0,n}.

10.33. BoruncanTh MaTeMaTHIeCcKOe OXKUIaHnue, BTOPO
MOMEHT U JINCIEPCHUIO CJIYIaNHON BEJIMIHHBI £ C IJIOTHOCTHIO

_ ) Oexp{—0z}, ecim x> 0;
p(z) = { 0, ecin x < 0,
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napamerp 6 > 0 (p(x) — IJIOTHOCTBH MOKA3ATEILHOIO Pac-
npeJiesieHnst ¢ mapaMeTpom 6).

10.34. BeraucauTb MaTeMaTHIeCKoe OXKUIAHUEe, BTOPOi
MOMEHT U JIUCIIEPCHIO CJIyIAHON BEIUIUHEI € C IJIOTHOCTHIO

p(x) = @fﬁﬁﬁWJWP%ﬂﬂveMHw>&
0, ecrm x < 0,

napamerp 6 > 0 (p(z) — NIOTHOCTb pacupejie/ieHus: JPJiaH-
ra ¢ mapamerpamu (m;0), m =1,2,...).

10.35. Buruucantb MaTeMaTHIecKoe OXKUJIaHue, BTOPON
MOMEHT U JIUCIIEPCHIO CIIyIaTHON BEJTUIUHBI £ € IJIOTHOCTHIO

1 n/2
2)33"/21 exp {—lm} ecom x > 0;
p(;p) = F <% P ’ )
0, ectmzr <0

(p(xz) — mmoTHOCTL Y2-pacrpeie/ienust ¢ N CTENeHsSMI CBO-
60/1b1).

10.36. BoraucauThb MaTeMaTUIecKoe OXKUJIaHue, BTOPOM
MOMEHT U JINCIIEPCUIO CIIYYaNHON BEJIMYNHBI £ C IJIOTHOCTHIO

1 _(nz—p)° .
p(z) = Vonols exp{ 552 , ecmm x > 0;

0, ecn x < 0,

napamerp o > 0 (p(z) — wiorHOCTD JIOrapUdMUIECKH HOD-
MaJILHOTO paCTIpeie/ienns ¢ mapamerpamu (u; 02)).

10.37. BurancanTs MaTeMaTHIecKoe OXKNIAHIe, BTOPO
MOMEHT U JUCIEPCHUIO CJIYYalHON BEJTMINHEI £ C IIOTHOCTHIO

2N
p(r) =q 200
0, ecn x < ),

ecaa x > \ > 0;

napamerp 6 > 2 (p(z) — mwioTHOCTHL pacupeesenus [lapero
¢ mapamerpamu (\;6)).
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10.38. Ilyctb & u 1) — He3aBHUCHUMBIE CIIy4YaiiHbIE BeJIH-
YUHBI, TpUTdeM £ pacipeeieHa PABHOMEPHO Ha TTPOMEXKYT-
ke [1; 2], n uMeeT moKazaTebHOE PACHPEICICHAE C TApAMET-
pom 6. HaiiTu maTeMaTnaeckoe 03KUIAHUE U JUCITEPCHIO CITY-
vaitabix Bemunn: 1) (G =€n; 2) G =&+ n; 3) (3 =n/€.

10.39. Ilycrs ¢ = (£,m7) — abCOMIOTHO HENPEPBIBHBII
BEKTOD C IJIOTHOCTBIO f¢(2,y). Borancanrs ME, Mr).

10.40. Cayuaiinas Beqmmausa £ aOCOJIIOTHO HelpephIBHA
C IJIOTHOCTBIO

1
fl@) = 5(a—lz = b)p-apia(z), a>0.

Borauciurs ME.
10.41. Cayyaiinas Besmansa £ aOCOJIOTHO HElPEPHIBHA
€ MJIOTHOCTBHIO

1
f(.’B) = ﬁ‘x - b|I[b—a,b+a} (.’L‘), a > 0.

Boranciimrs ME.

10.42. Ilycrs &, j = 1,2,..., — He3aBUCHMBbIE OJMHA-
KOBO pacHpeeseHHbIe CIyYailHble BeJIMUYUHBI ¢ KOHCTHBIMU
MOMEHTAMHU BTOPOT'O IOPsAIKA, ¥ — IIyaCCOHOBCKAas CJIyvaii-
Hasl BeJIMINHA, He 3aBUCAIIAA OT CIyJafHbIX BeTHInH §;, j =
=1,2,...

Cuyuaiinast Besmmauna S, olpejieieHa PABEHCTBOM

Sy =&
j=0

Boraucanrs MS,,, DS,,.

10.43. Ilycte &1,&9,...,&, — HE3aBUCUMbIE OJIMHAKOBO
pacripeie/ieHHbIe CJIydaiiHble BeJIMINHBI, KaxK1ast ¢ (DyHKII-
eii pacupejenenust F(x).

Oynxius F,(x), onpenenennas na R pasencrsom

R 1<
Fn(az) = E Z I(—oo,z) (fk),
k=1
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Ha3BbIBACTCS IMIIUPUICCKON (DYHKIMEH pacipeesieHusi, mo-

crpoennoit o &1, &s,...,&,.
[Ipn KaxkaoM (PUKCHPOBAHHOM & SMIHpUUYecKas (DyHK-

st pactpegenennst F, (z), Kak QyHKIUS OT CJIydailHbIX Be-
simand £1,&9, . .., &y, SBISETCS CIyUANHON BEJTUINHOIN.

1) Haiitn pacupenenenne F,(z).

2) JlokazaTb, 9TO

DF,(r) =  F(x)(1 -~ F(x)).

10.44. Vcmonb3yst pe3ysibTaT, MMOJYyIEHHBI B IIpUMeEpe
10.1.5, HaiiTy MaTeMaTUYeCKIe OKUIAHUS CIYyIalHBIX BeJIH-
41H, UMEIOIUX PacIpe/iesIeHNsl: HOpMaJIbHOE, pAaBHOMEPHOE,

Jlamaca.
10.45. Cayuaitnas Benuanna £ ¢ pacupenesenneM F mve-

eT KOHeYHOe MareMaTudeckoe oxuganne ME = a.
IIycrn

gn = fI{y:\y|§n}(€)7 M = fl{y:|y|>n}(§)'

Brranciurs
Mny,, ME,.

Jlokazarb, 1TO

lim Mn,, = 0, lim M¢§, = M¢ = a.
n n
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CsepTka

11.1 CsepTKa BEpOSITHOCTHBIX
pacnpeaejieHuin

Oupenenenne. Bepoammnocmibim pacnpedeseruem Ha
R! Gymzem Ha3bIBATH HEOTPUIATENBHYIO, HOPMHPOBAHHYIO,
CUeTHOAIUTUBHYIO dyuknuio F, 3amannyio na o-aarebpe
B! Goperesckux MHOKecTB R

JIpyruME CJI0BaMHI, BEPOATHOCTHOE pacipeieienne Ha R
— 3TO BepoATHOCTH Ha o-aarebpe Bl (cm. pasa. 7.2 B v 7).

Ounpenenenue. Ilycrs F — BeposiTHOCTHOE pacupee-
nenme na RY. @ymkmmo Touku F(z), 2 € R, onpenenenmyo
PABEHCTBOM

F(z) = F((—00,2)),

OyaeM HazbiBaTh Pynryuet pacnpedenerus F.
Pacupenenenue F ogaozHaqHO 3a1aeTcs cBoeil pyHKIert
pactpegenennst F(x).
Ounpenenenne. Eciu dynknuo paciupesenenust F(x)
MOKHO IPEJICTABUTH B BHJIE

Nwz/f@@,

TO pacliipeaesieHue F mazpiBaior abcoaromio HENPEPBLEHBIM,

167
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a pyHKIHL f — naomuocmoio pacnpedesenus F, mpu aTom

d
T F(@) = f(2)

BepositHocTHOE pactpesesenne F Oynem HAa3bpIBaTH AmMo-
muneckum (Quckpemmvim), eciim CyImecTByeT He Gojiee dem

cuerHoe MHOKecTBO X C R! Towex x;, Takmx, 4To

F({z:}) >0, > F({z:})=1.

r,eX

Touku x; OymeM Ha3BIBATH amomamiy pacnpedesenus F u Oy-
JIeM TOBOPUTD, 4TO pacupeesnenne F cocpenroroyeno na MHO-
xectBe X.

Hamomuanm, aTo maTerpan Jlebera

/me@>

X

or dbyuknuu g(y) no pacupenesennto F paBen

/awﬂmw,

X

ecsim F — abCcomoTHO HEIpephIBHOE PACIIpEIeIeHne ¢ IIJIOT-

HOCTDLIO f, U
> g(@)F({wi}),

r,€X
ecau F — aroMudeckoe paciipe/iesieHue, CoCpe0TOUYeHHOe Ha
MHOX)KecTBe X .
Cseprku. Ilycrs ¢ — Gopenesckas dyukiums xa R co
smagenusmu B R u F — BeposTHOCTHOE pactpeencane Ha R

Oupenenenune. Ceepmkoti PYHKIIUU  C BEPOSTHOCT-
HBIM pactpejeienneM F Oyjaem HaseiBarh GyHknuo u(zr),

OTIpeJIeIEHHYTO JJIsT KaXKJI0TO & € R! pasencrsom

u@%i/ﬂx—MH@)

R1
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Ob6o3navaTh cBepTKY @ ¢ F Oymem Tak:
u=Fxqp.

[opstmox kommoneHT B cBepTKe F * ¢ cymmecreenen. Cum-
BOJI (0 * F, BooOIIle TOBOPsI, CMBICJIA HE NMEET.

HOpuwmep 11.1.1. ITyemo ¢(x) = Ijg,1)(z), F — amomu-
yeckoe pacnpedeserue:

F({i})=1/3, ¢

Hatimu u =F x ¢.
Pemenue. Ilo onpenenenuto ceepTKN

+oo +oo
mmzi/wm—ywww::/zmnm—ywum=

= Ijo,1)(2)-F({0}) +Ijo,1) (2 — 1) FH{1})+ 10,1y (z— ) F({2}) =
21[0;1)($)‘§+I[0;1)](33 1) +I[01)(90 2)- % = 103 ().

Creprrka yHKINHN @ ¢ pacupeesienueM F onpenensercs
U JIJIsI pacipejiesieHnii F, OTJIMIHBIX OT BEPOSITHOCTHBIX.

Ceepmia F x ¢ dyrxuyuu @ ¢ 8epoamuocmuovim pacnpe-
denenuem F

1) oepanumvena, ecau ¢ oepanuvera;

2) 02panuUMena U HENPEPBIBHA, ECAU P 02DAHUMERA U HENpe-
DPHLEHA;

3) asasemca sepoamnocmuolt pynruuet pacnpedesenus,
ECAU P — BEPOAMHOCTIHAA GYHKUUA PACTPEOCAECHUA.

Oupenenenue. Ceepmrot 6EPOAMHOCTIHOLL pacnpede-
aenuti G u F 6yneM Ha3blBaTh BEPOSITHOCTHOE PaCIIpPEJIeie-
e Q, dyHkuus pacupesesnenuss Q(x) KOTOPOro sIBJISIETCSI
cBepTKOii yHKiuu pacnpeesenusi G(z) ¢ pacrpe/iesieHu-

em F
=/Gm—ywmw.
Rl

ObozHauaTh CBEPTKY BEPOSTHOCTHOrO pactpejenerus G c
BEPOSITHOCTHBIM pactpejiesienneM F Oymem cumBosiom F x G.
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B kaacce sepoammocmuuir pacnpedeseruti  onepayus
CEEPMKU KOMMYMAMUBHAE U GCCOUUAMUSHE. L[py2umy cao-
samu, ecau F, G, Q — sepoammuocmmoie pacnpedeserus, mo

FxG=GxF,

(F+xG)*xQ=Fx*(GxQ).

BameTuM, 4TO ecau pacipejenenne F abcoaorHo Henpe-
PBIBHO U f — €ro IIOTHOCTb, TO

Q) = / Gl — y)F(dy) = / Gz —y)f(y)dy. (1111)
Rl Rl

Teopewma 11.1.1 (0 cBepTKE aTOMHUYECKUX DPACIIPEJIEIe-
mnit). Ceepmxa

Q=F=x*G

amomuneckus eepoammuocmunr pacnpedesenuti G u F, co-
cpedomonenmnvix na muoocecmse {0,1,. ..}, asasemcs amo-
MUMECKUM PACTLPEOeNEHUEM, COCPEOOTNOMEHHDLM HA TNOM HCE
MHOHCECTNGE, NPUUEM ECAU

G{i}) =g 1=0,1,...; F{i}) = £, =0,1,...,

k
QUEN =k =3 g sf50 k=0,1,...

J=0

Teopemall.l.2. CeepmraV = FxG abcorrommo nenpe-
PHIEH020 6EPOAMHOCIH020 pacnpedeasenus G ¢ eeposmmocm-
Howm pacnpedeaenuem Foasasemea abcoarommno menpepois-
HOLM PACTPEOEAECHUEM U €20 MAOTIHOCTMb U PAGHA CEEPTKE
naommnocmu g abcoaommo nenpepuenozo pacnpedescnun G
¢ pacnpedenernuem F:

o(z) = /g(x—t)F(dt). (11.1.2)
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B wactooctn, ceepmra abcosommo HENPEPLIBHHIT GEPO-
amuocmunx pacnpedeaeruti G u F coomeememeenno ¢ naom-
Hocmamu g u f AGAAEMCA aBCOAOMHO HENPEPLLEHBIM PAC-
npedeseruem, U €20 NAOMHOCD U PaBHAE CEEPTKE TAOMHO-
cmeti g u f:

o@) = [ gla =) i@y = [ flo =gy, (1113
RL Rl
CBEPTKY ILIOTHOCTE g u f Oynem obo3HAYATH Tak:
v=[fxg=gx*][

[Ipumep 11.1.2. Jloxazams, wmo xaacc 2amma-pacnpe-
denerutl 3aMKEHYM OMHOCUMEABHO ONEPAUUL CEEPTNKU

Gu.o * Guo = Gugp,
usU, 6 MEPMUHAT naomHocmeu:
fV;H * f,u;@ = f,u;@ * fu;@ = fu+,u;9~

Pemenue. IlnorHOCTL raMma-pacupejieleHust ¢ I1apa-
merpamu (v;6), 0 >0, v > 0,

foo(z) = %fkl exp{—f0z}, ecm x> 0;

, ectm < 0.

[Tpu x < 0 paBencrBo

fM@ * fl,;g(l') = fl/+,u;9(x)

cJIeJlyeT U3 OlpeJieIeHsT FraMMa-PaCIIPEIeICHIS.
IIpn z > 0 nmeem

+oo
Jus0 * fop(x) = / fup(x — y)fu;9(y)dy =
0
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= /fu;e(l’ - y)fu;(?(y)dy =
0

f 6” v—1_—6(z—y) o u—1_—6y
= T —y e —y' e Vdy =
0/ Y m

9V+M
_ /x_ul,uldy
0

Brimosmnus B IocJieIHEM HMHTErpaJie 3aMeHny Yy = ZL‘t, II0JIYy-

YHM:
T
gvtn

6—9x T — v—1, n—1 _
M) 0/ o

1
— U xzz+,ufl 79:1: /tu 1 1 . t v— 1dt
I(v+p) )

Nrak,

1
Fl/—i—
Fuo * Fop(3) = Forrpo(z “ /t“ 11— 87 Lt
0

IockonbKy fu.0 * fu9 ¥ fu4pu;0 — IJIOTHOCTH, TO, IIPOMHTET-
PUPOBAB TOCJIeHEe PABEHCTBO I10 MPSIMOIA, MOJIydaeM, ITo

1
Flv+p) /t“_l(l it =1
0
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CieoBaTesibHO,

f,u;@ * fu;@ = fl/+,u;9

nJjam
GV;O * Gu;@ = GV+M;0‘

11.2 PacnpegeseHune cyMMBI
HE3aBUCUMBIX CJIyYaliHbIX BeJIMYUH

Cremyroniiee yTBEPKICHUE YCTAHABIUBAET CBA3b MEXK]LY
CBEPTKOIN BEPOSITHOCTHBIX PACIIPEJIEJICHUI U PACIIPE/IEe/ICHU-
€M CYMMBbI HE3ABUCUMBIX CJIyJIARHBIX BEJTHIIH.

Teopema. Pacnpedenerue cymmov, He3a6UCUMBLT CAY-
YAUHOIT BEAUNUH PABHO CEEPTKE PACTPEICACHUT CAGLACMDBIT.

pyeumu crosamu, ecau € un — HE3ABUCUMBLE CAYHAT-
Hble BEAUNUHDL COOMBeMemaenHo ¢ pacnpedesenuimu F u G,
a Q — pacnpedeaerue cymmo, & + 1, mo

Qz) = /G(m—t)F(dt) - /F(:c—t)G(dt),
Rl

Rl

usU

Q=F+«G=G=xF. (11.2.4)

Orciona n u3 dopmys (11.1.2), (11.1.3) umeem.

Cymma HE3ABUCUMBLT CAYUATHLLT BEAUNUH, TOMA OvL
00HG U3 KOMOPBIL AOCOAOMHO HENPEPLIBHA, ABAAECMCA AO-
CONOMHO HENPEPHIEHOT CAYUATHOT 8eAUNUHOT, U €€ NA0OM-
HOCTML PACTPEOENEHUA PABHA CEEPMEKE NAOMHOCNU PACIPE-
denenus abCortoMmHo HENPEPLIGHOT CAYUAUHOU SEAUMUHDL C
pacnpedeseruem Opy2ot.

Ilromuocmos pacnpedeserus, Cymmv, HE3ABUCUMBLT GOCO-
AOMHO HENPEPLIEHBIL CAYUATHVIL BEAUNUH PABHA CEEPMKe
naomuocmed pacnpedesenutl caazaemvlx. Jlpyeumu caosa-
MU, ecat & U 1 — HE3ABUCUMbBLE GOCOMOMHO HENDEPLIGHDLE
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cayuatinbe eeaununst ¢ naommuocmamu pe(t) u py(t) cooms-
sememeenHo, Mo NAOMHOCIML U(L) PacnpedeseHus Cymmb
& + 1 pasna ceepmre naommrocmets pe(t) u py(t) :

u(z) = /pg(w—y)pn(y)dyZ/pn(w—y)pf(y)dy- (11.2.1)

R1 R?

B Tex ke mpeanosioxkeHusx MIOTHOCTb PACHpPEIe/IeHusT
v(z) pasnocru ¢ = £ — 1) paBHa

o(z) = / pe (e + 9)py () dy. (112.2)
RI

[Ipumep 11.2.1. ITycmv £ un — nezagucumvle CAYHAT-
HOIE BEAUNUNDL, KAHCOAA U3 KOMOPOLL PAGHOMEDHO pacnpede-
aena na [0;1].

Hatmu:

1° naommocmo pacnpedeserus cymmo, ( = &€ + n;

2° dynxyuro pacnpedenerusn cymmor ¢ =& +n;

3° eepoammocmo P{|€ +n—1/2| < 1}.

Pemenmne. 1° Ilo usBecTHBIM IJIOTHOCTSIM pacIipeiesie-
HUH CJIyJalHbIX BeJIUIuH & U 1:

1, ecm y € [0;1];
fﬁ(y) = { 0, EEHI/I z ¢ {0; 1},

w={ 5 sl

IUIOTHOCTD PACIIPEIeIeHUsT CyMMBI C = £ + 1) HaxXOMUM Kak
CBEPTKY IJIOTHOCTEl craraembix (cm. (11.2.1)):

1 x
- / fela — ) fy ) dy = / fe( — y)dy = / fe(t)dt
R 0 z—1

(BOCIIOJTB30BAJINCH 3aMEHOiT TIepeMenHoit © — y = t). Boranc-
JIUB TOC/IeIHUI MHTETPas JIs KasKJIoro 3HaveHns v € R



11.2. Pacupenenenne cyMMbI 175

(nHTErpHpOBaHKE BeJIETCs 110 IPOMEXYTKY [z — 1, x]) mosy-
IHM:

xX
ecm z < 0, t0 [ fe(t)dt = [ 0dt = 0;
r—1 r—1

T 0 T
ecm 0 <z <1,to [ fe(t)dt= [ 0dt+ [1dt=ux;
1 z—1 0

r—

T 1 T
ecm 0 <z—1<1 10 [ fe(t)ydt = [ 1dt+ [0dt =
z—1 z—1 1

=2—u

x x

ecmz—1>1,10 [ fe(t)dt= [ 0dt=0.
z—1 z—1

Takum 06pa3oM, IJIOTHOCTD PACIIPEIeIeHUs] CIyIaliHON Be-

guanael ( = £ +n

0, eco x < 0;
folz) = x, ecm 0 <z < 1;
)=93 22—z, ecml<z<2;
0, ecan r > 2.
2° OyHKIUS pacIpeie/ieHus
x
Fe(x) = / fe(t)dt =
—o0
x
J 0dt =0, ecmn x < 0;
—0o0
0 T
[ 0dt+ [tdt = x?/2, ecin z € [0, 1);
—00 0

1 T
Jtdt+ [(2—t)dt = —(z—2)*/2+1, ecm z € [1,2);
0 1

0 1 2
[ 0dt+ [tdt+ [(2—t)dt=1,  ecomz > 2.
0 1

—0o0
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3° Ilo m3BecTHOl 1IOTHOCTH pacupesetenus f¢(t) ciy-
JaiffHON BeJIMYUHBI ( BEPOSATHOCTD MONAJaHns 3HAaUeHUs ( B
MHOYKECTBO B, BBIMHCISIETCI TaK:

PiCeB) = [ e
B

(em. dopmyay (9.1.5)). B wacrHOCTH,
P{E+n—1/2[ <1} =P{I( - 1/2| <1} =
=P{-1/2<(<3/2}=

3/2 0 1 3/2
= / fe(t)dt = / 0dt+/tdt+ /(2—t
—-1/2 —-1/2 0 1

[Ipumep 11.2.2. Hycmo &£1,&,...,&, — HE3G6UCUMDIE
CAYHATHDBLE BEAUMUHDL, KAAHCOAA U3 KOMOPHIT PACNpedeseHa
No.1. Hatimu pacnpedenenue caywatinot eeausumos

n
n=y &
i=1

Pemenue. Cuauasa ybeaumcs, 9To0 KBaJIpaT HOPMAJIb-
HO pactpejiesieHHoii ¢ mapamerpamu (0; 1) ciyuaiinoit Besn-
qyuabl § WMEeT raMMa-paclpese/eHune ¢ IapamMeTpaMu
(1/2,1/2). B camom neste, byHKIUS paciipe/iesieHnst CIIy daii-
HO#l BeJIMUIMHBL 1) = &2

Fy(a) = P{n <z} = P{¢* < a}.
Ipu x < 0 snavenne F,(z) = P{¢? < 2} pasno nysmo, a npu

x>0
Fy(z) = P{[¢] < Va} =

Jz

Jz
- / exp{—t2/2}dt: J%/exp{—#/Q}dt.
—Vz 0
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I[Tocne 3aMensl t2 = s B IOC/ICIHEM MHTErPaJle NMeeM

_ 1 / “1/2 —s/2 . _ (1/2)1/2/36 1/2-1 —s/2
Fy(z) = mo/s e ¥%ds = T(1/2) O s e ¥/<ds.

ITocnennee oznagaer, uro Fy)(x) — dbynkims paciupeieneHns
raMMa-pacupezienenus ¢ mapamerpamu (1/2;1/2) (Bocmosnb-
3oBasinch TeM, uro I'(1/2) = /).

Hasee, MOCKOIBbKY raMMa-paclpe/iesienne 3aMKHyTO OT-
HOCUTEJIBHO oriepaliuu ¢cBepTku (cM. npumep 11.1.2), To cym-
Ma 7 HE3aBHCHMBIX aMMa-paclpe/IeJIeHHbIX C IapaMeTPaMu
(1/2;1/2) coyuaiiHbIX BeJIMYUH SIBJISIETCSI TAMMa-PaCIpe/ie-
JICHHOI cirydaiiHoil BesmmauHOl ¢ mapamerpamu (n/2;1/2).

lamma-pacipesesenne ¢ napamerpamu (n/2;1/2) eme Ha-
3BIBAIOT X 2-PACIIPE/IC/ICHHEM C 7. CTETIeHAMH CBOOOBI.

11.3 3amaun

A3:11.1,11.4(1),11.6(1),11.8,11.13,11.17(1), 11.25.
C3:11.2,11.3, 11.4(2), 11.5(2), 11.6(2), 11.7(2), 11.9, 11.14,
11.28,11.30, 11.32.

11.1. Haiitu cBeprky dyukuuu ¢ = ¢(z), 3aJaHHOI

Ha R, ¢ BepOSTHOCTHBIM ATOMIYECKIM PACIIPEIEICHIEM, CO-
CPEIOTOYEHHBIM B TOYKE d.

11.2. Ilycrs Q, — coOCTBEHHOE BEPOSITHOCTHOE ATOMU-
YECKOe pacIIpeiesIeHue, COCPEIOTOYEHHOE B TOUKE .

Haiitu ceprky Qg * Qq.

11.3. Ilycrs Q — cobcTBEeHHOE aTOMUYECKOE paciipe-
JIeJIEHHE, COCPEeJIOTOYeHHOe B Todke 1, pacupeuenenne Q*™
3aJIaHO PABEHCTBOM:

Q" =QxQ™ Y n=23..., Ql=Q.

Haitru Q*".

11.4. Tlycrs Uy 4) — paBHOMepHOe Ha mpoMeskyTre [0, al
pacnipenenenne, Py — myaccoHOBCKOe pacupesenenue ¢ Ia-
pamerpoM 0, G, — reoMerpuuecKoe pacipejeeHue ¢ napa-
METpPOM D.
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Haiitu ceprku:

1) Pg* Ujg 1);

2) Pg + Ujg 191 * Ujg,1/2)3

3) Gp * Uo,15

4) Gp * U[071/2] * U[O,I/Q}'

[TocTpouTs rpaduku MWIOTHOCTEH TEPEUNCIIEHHBIX CBEP-
TOK.
11.5. Ilycrs €, i, ( — HE3aBUCHMBIE CJIyYaiiHbIE BEJINYU-
HbI, { 1 1) PABHOMEPHO pacipejiesienbl Ha npoMexyrke [0, al,
ciaydaiinast BeJmduHa ( MMeeT IIyaCcCOHOBCKOE pacCIIpe/iesie-
HHe ¢ mapaMeTpom 6.

Haiitu pacripeiesieHust cjiydailHbIX BEJTUINH:

1) €4+ ¢, ecn a = 1;

2)E+n+(, ecima=1/2.

[HocTpours rpaduku MIOTHOCTEH CIyYaWHBIX BEJIHMIHH
E+Cué+n+¢.

11.6. Ilyctb i — cunTaromas Mepa — aTOMUIECKasT Me-
pa, cocpesioToveHHas Ha MHOXKecTBe N, Takasi, I4T0

n({k}) =1, k€N,

u mycth ¢ = () — 6openesckas dynknus ma R co snawe-

mnsivu B R
Haiitu cBepTKy 1 * @, ecin

1) p(z) = 41 1 (=) (z — 1/2)%;
2) p(z) = I 1y(2) (1 — 42 — 1/2)*);
3) p(x) = Ipy(@)|z — 1/2f;
4) ¢(x) = Ijp 1y (x)(1/2 — |z — 1/2]).
[Mocrpouts rpadukn dbyukIwmii g * ().
11.7. Ilycrs Q4 — BEPOSITHOCTHOE ATOMUYECKOE PACIIpe-
JleJIeHIe, COCPeJIOTOYEHHOE B TOYKE a, U IyCTh ¢ = p(x) —

6opesnesckast dpynkius Ha R! co snauenusvu B R
Haiitu cBeprKy Qg * (0, ecom

1) p(z) = Ijg1)(z), a Qu = Qu;

()
(:C) = .’E2, a Qa = QZ;

(z) = 1[71/2,1/2] (z)]z], a Qu = Q1/2;

(z) = I[—1/2,1/2] (z)(1/2 = |z]), a Qu = Q1/2;
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6) ¢(x) = Iy (x)]r —1/2], a Qs = Qu;
7) () = Io(x)(1/2 — |z —1/2]), a Qa = Qu;
8) p(x) = I_11)(z)2?, a Qs = Qu;
9) p(x) = I[_1,1}( z)(1—2%),a Qq = Q.
[Tocrpours rpaduku dysxImit Q, * ¢(x).
11.8. Ilycrn U[O,l] — paBHOMepHOe Ha npomexyTke [0, 1]
pacmpenesienue, Q — MUCKPETHOE paCIpeIe/ICHUE:

Q(k/2) =1/2, k=0,1.

Haiitn Q x Upg 1)
11.9. Ilycrs Ujg1/4) — paBHOMEpHOE Ha IPOMEXKYTKE
[0,1/4] pacupenesenne, Q — aToMHUYIeCKOe paclpe/ieieHue:

Q(k/4) = 1/4, k =0,1,2,3.

Haittn Q * U[0’1/4].

11.10. Ilyctb € u 1) — HE3aBUCUMBIE CJIyYaiiHbIe BEJIU-
quHBL; { paclpejieieHa paBHOMEpHO Ha mpomexyTtke [0; 1],
7) IMEEeT CBOMM paclIpejle/IeHueM

P,(k) =P{n=k}=1/2, k=0,1.

Haittu pacnpenenenune ciyuaitaoii Beudaunnt ( = £ + 1.
11.11. Ilyctb € m 1) — He3aBUCUMBIE CJIy4YaiiHblE BEJIU-

quHBl,  pacrpejiejieHa paBHOMEPHO Ha npomexyTtke [0, 2],

cllydaifHasl BeJIMYUHA 7) JUCKPETHA C paclipeeeHueM:

Q{n=k}=1/3, k=0,2,4.

Haiitu pacrpejiesienue cirydaitHON BeJTUIuHbI € + 7).

11.12. Ilycts & — KoopAwHATA TOYKM, OPOIIEHHON Ha-
yaady Ha orpesok [0;1], 7 — uncio repboB, BBIIABIINX IIPU
OI0PAChIBAHNN CUMMETPUIHON MoHeThI. Haiitu pacmpesme-
JIeHHe cirydaitnoil BesmauHnl ( = € + ).

11.13. Ilycrs £ — KoopawHATa TOYKH, HAyIady Opo-
mieHHON Ha oTpe3ok [0; 1], 77 — 4Ync/0 OYKOB, BBINABIIUX B
pesyJsibTaTe MoadpaChbIBAHUA CUMMETPUYHON UTPAJIBLHON KOC-
tu. Haiitu pacnpenesienue ciy4yaitHoil Beaudyunsl ¢ = £ + 1.



180 I'naBa 11. Ceeprka

11.14. Tlycts £ — KoopauHATA TOYKHU, OPOIIEHHON HA
orpe3ok [0; 1], n — duciio rep6oB, BHIIABIIMX [IPH HOOPACHI-
BaHWU TTapbl CHMMETPUYHBIX MoHeT. HaltTu pacmpenenenne
caydaiino#t Besmmaunbl ( = & 4 1.

11.15. Ilycts € u 17 — He3aBUCUMBIE CJIyYaiiHbIE BEJIU-
qnbbl. CiydaiiHast BemanHa & UMEeT PacIpe/lesieHue

P{¢ =k} =G({k}) =1/2, k=-1,1,

n umeer pacupenenerne Q. Haittu pacrnpenenenne ciytaii-
HO¥ Bestmumubl ( = £ 4 1.

11.16. CayuaiiHast BeJM9IHHA 7) PABHOMEDPHO pacIpe-
JleJieHa Ha TpoMexyTke [—h;h], & umeer cBoeit dynkuuneit
pacupezenenust F(x), & u n — nesasucumbl. Haiitn dyHK-
MO PACIIPEJIEJICHHs] 1 IJIOTHOCTD PACIpeIeIeHus (e OHa
CyIIECTBYeT) CyMMBI = & + 7).

11.17. Cayyaiinble BeJInauHbl £ U 1) HE3ABUCUMbBI 1 PAC-
peJieJIeHbl pABHOMEPHO Ha mpomexkyTke: 1) [a;b], a < b;
2) [0a],a>0; 3) [~a;a], a>0; 4) [-1/2;1/2].

Haittu torHocTs pacupesenenust cyMmmbl ¢ = € + ).

11.18. Ilycts £ u 1) — HE3aBUCUMBIE CTyYaTHbIE BEJININ-
HBI, PABHOMEPHO PACIpPEJIeICHHBIE COOTBETCTBEHHO Ha, TTPO-
mexkyTkax [0;1] u [0;2]. Haifte nimorHOCTS pacupenesreHns
p(x) cymmbr ¢ = & + 1.

11.19. Ha orpesoxk [0; 1] Haymady GpocaioT jBe TOUKH.
IIycTp £ — KoOp/mHATa OJHOW TOYKM, 1] — apyroii. Haiitu
GYHKITHIO paCIIpeIe/IeHrsT KOOPINHATHI CePEIMHBI OTPE3KA €
KOHIAMH & H 7).

11.20. Cayuaiinble BeJTUIUHBI £ U 1) — HE3aBUCUMBIE U
pacrpe/ieJieHbl paBHOMEPHO Ha npomexkyTtke: 1) [a;b], a < b;
2)[0;al,a > 0; 3)[—a;al,a > 0; 4)[0;1]. Haiitu muiorHoCTDH
pacupezenenns pc(x) pasHocrn ( = &£ — 1.

11.21. Ha orpesoxk [0; 1] Haymady GpocatoT jiBe TOUKH,
¢ — KoopauHaTa OmgHOM TOoUKHU, 1) — apyroi. g 0 <z < 1
naittu P{|n — &| < z}.

11.22. Ilycts & u 17 — HE3aBUCUMBIE CJIyYalHbIE BEJIU-
quHbI, £ pacnpejiesieHa pABHOMEPHO Ha poMexyTke [—1; 1],
n — Ha npomexyTke [0;1].

Borancsmrs:

1) PLE + > 1/2);

2) P{&+n>1}
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3) P{IE +n| > 1/2};
4) P{ln —¢] < 1/2}
5) P{n* — &> 0};
6) P{l¢| +n>1}.

11.23. Ha orpesok [0, 1] maymady GpocaroT TOYKY u
dukcupyror ee KoopauHaty £. 3aTeM MOAOPACHIBAIOT Tapy
CHUMMETPHUIHBIX UT'PAJIBHBIX KOCTEH U K OOJIBITIEMY TUCTY OU-
KOB 7}, BBIIIABIINX Ha KOCTX, mpubasaoT . Haiitu pacape-
Jiejienne ciydaiianoit Beauaunnsl ( = € + 1.

11.24. Haittu pacupeseseHne CyMMbBl N HE3ABUCUMBIX
CJIyYalHBIX BEJIMYMH, KaXKJasi M3 KOTOPBIX MMeeT IOKa3a-
TeJILHOE pacipejieieHne ¢ napamerpoM A. CpaBHUTE pacipe-
JeJieHne CyYMMbI HE3aBUCHUMBIX ITOKa3aTEJIbHO PacCIIpeIe/ICH-
HBIX CIyYaifHbIX BEJIMYHH C PACHPEECHIeM DPJIaHra (CM.
paza. 9.3 B 1. 9).

11.25. Ilycts &1, &9, ..., &, — HE3aBUCUMBIE PABHOMED-
HO pactpe/ienennblie Ha [0; 1] cayuaiinbie Besmaunbl. Haiitu
pacupezesienue ciaydaiHoil BeJIMYnHbL

n==E&%... .

Beraucsiurs Mn).

11.26. Ilycrs He3aBUCHMBIE CIydaiiHbIe BEJIMIUHDBI £ U
1) UMEIOT Y 2-paclpeie/IeHnsi COOTBETCTBEHHO C 1 U 11, CTelle-
HaMHu cBobobI. /lokazaTh, 4To ciayvaiinas Bemmduna & + 7
uMeeT y2-pacrpesesenne ¢ n 4 m CTEIeHAMI CBOOOJIBI.

11.27. JIBaxKabl MOAOPACHIBAIOT TAPY CAMMETPUIHDBIX
MoHeT. Haiitu pacupesesienne cyMMbl MUHUMAJIBHOI'O YHC-
Jia, TepOOB, BBINABIINX [IPU [IEPBOM MOJIOPACHIBAIOT MOHET U
MaKCHMAaJIbHOI'O — IIPA BTOPOM.

11.28. Ilyctb € u 1) — He3aBUCUMBIE CJIy4YaiiHble BEJIU-
YUHBI, CIy4daiinas Besindnna € pacupejeseHa PABHOMEDHO Ha
[0; 2], cayuaitnas Besqmauna ) — Ha [—2;0]. Berauciaurs

P{&-1]+n+1| >1}.

11.29. Ilycrs £ — HOpMaJIBHO paclpeeeHHas ¢ mapa-
merpamu (0, 1) cayuaiinas sesmuuna. Haiitu BeposiTHOCTB
TOr'0, YTO PACCTOsIHUE OT TOYKHU & JI0 HadaJla KOOPIAUHAT He
IIPEBOCXOIUT 3.
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11.30. Ilyctp & m n — He3aBUCHUMBIE HOPMAJIBHO Pac-
upegenennpie ¢ mapamerpamu (0,1) ciaydaiinble BeJUIHHBL.
HaiiTi BEeposITHOCTb TOrO, YTO paccrostHue ot Touku (£,1)
JIO HaYaJia KOOD/IMHAT HE IIPEBOCXOJIUT 3.

11.31. Ilycrs &1, &0, . .., & — HE3ABUCHMbIE HOPMAJIHHO
pacrpeenernbie ¢ mapaverpamu (0, 1) caydaiinbie Besnan-
Hel. HafiTu BeposgTHOCTH TOrO, 4yTO B R™ paccrosinue orT TOY-
ku (£1,&2,...,&,) /10 HAYATIA KOODJMHAT HE PEBOCXOUT 3.

11.32. Ilycts F u G — BeposSITHOCTHBIE PACIIPE/IETICHUST
na R!, u(s) — 6openesckas dyunkiua na R co snadenmsamu
B R!.

Hokazars, 9TO

/u(s) FxG(ds) = /u(x +y) F x G(d(z,v)),
R R2
[IpU YCJIOBUU, UTO UHTEI'PAJIBI OIPEJIEIEHDI.
11.33. Ilycts F u G — BeposiTHOCTHBIE PACIIPEJIETICHUST
na R!. JTokazars, uro

/sF*G(ds) _ /x Fd(x) —I—/de(y),

R! R1 R1
[IPU YCJIOBUU, YTO UHTErPAJIBI OIIPEJIEJIEHDI.

11.34. Ilyctp & un & — He3aBUCHUMBIE CIydaiiHble Be-
JIMYWHBI, TIOKA3ATEILHO PACIPEIEICHHBIE COOTBETCTBEHHO C
napamerpamMu A, A2 (A1 # A2).

Haiiti mrornoctn pacmpeenennst: 1) cymmbr & + &9;
2) pasHoctu & — &;.

11.35. Ilycts € u n — He3aBUCUMBIE CJIy4YaiiHble BEJIU-
YUHBI, paclpejiesIeHHbIe [TOKA3ATEJHHO C OJHUM U TEM Ke
mapamerpoM \. HaifTu mtoTHocTH pacupeesieHns Cirydaii-
HbIX BesmauH: 1) €+ 13 2) £ —n; 3) |€ —n).

11.36. Ilycte & u & — He3aBUCHUMBIE CJIyYaliHbIE Be-
JIMYIUHBI, PACIPE/ICTICHHbIE TTOKA3ATEIbHO COOTBETCTBEHHO C
mapamerpavu 1 n 2. HaliTu mioTHOCTD pacupeeienus Cy-
vaiinoit Benmauabl &1 + 3.

11.37. Ilyctp & u 1 — He3aBUCUMBIE OJIMHAKOBO pPac-
peJieJIeHHBIE CIIyYaiiHble BEJIMUUHBI ¢ TUIOTHOCTAMEA p(T) =
= exp{—|z|}/2. Haiitn miuorHocT pacupeieieHust Cirydaii-
HBIX BesimauH: 1) £ +1; 2) & — 1.
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CxoamMoCTDb
pacipejaejeHuni

12.1 Omnpeaenenusi. IIpumepnt

Mgl 6ymeM paccMaTpuBaTh BEPOSTHOCTHBIE PaCIIpeieie-
must Ha R (em. pasm. 11.1 B . 11).
HamomuumM, uro ays pacrpepenerus F u ero dgpyHnxmumn
pacnpeiesieHust
F(z) = F((—00,2))

VMeeT MeCTO COOTHOITIEHUE
F(la; b)) = F(b) — F(a)

(mpu a < b).

Buauenne F({zo}) pacupenenenns F ma ommHoTOUedHOM
muoxkecTse {xo} depe3 yHKIMIO pacupenenenus F(x) Bbl-
YUCJ/IdeTcd Tak:

F({zo}) = F(zo+0) — F(zp — 0).

Onupenenenne. Pacupenenenne F ma R! Gynem Hasb-
BaTb COOCTMEEHHBIM GEPOAMHOCTIHbIM pacnpedeseruem (Be-

POATHOCTHBIM pactpesesnernen), ecmm F(RY) = 1, u neco6-

cmeennvim, ecmi F(RY) < 1. B Tepyvunax dbyHknum pacupe-
nenennsi: F — cobcTBenHoe BEpOSITHOCTHOE paCIpejieieHue,

183
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ecmn F(+00) = 1 u F(—o0) = 0; F — mecobeTBenHOE Bepo-
SITHOCTHOE PACIIPEICSTIEHNE, €CJTH BBITOHIETCS XOTsE OB OJTHO
u3 nepasencTs F'(—oo) > 0 umun F(+00) < 1.

HecobcTBeHHbIe BEPOSITHOCTHBIE PACIIPEIETIEHNST €CTECT-
BEHHBIM 0DOPA30M BO3HUKAIOT KAK MPEJIE/Ibl TOC/IEI0BATE b
HOCTEH BEPOATHOCTHBIX PACIIPE/ICJICHUI.

Ounpenenenune. Touky xg OyaeM Ha3BIBATH AMOMOM
pacnpedeaenus F, ecim F({xo}) > 0. Pacupenesnenue F 6y-
JIeM Ha3bIBATD GMOMUYECKUM, €CJTH OHO COCPEIOTOYEHO Ha
MHOKECTBE CBOMX aTOMOB.

Onpenenenne. Koneunsit unrepsas I Buga [a;b) Oy-
JIeM Ha3bIBATb UHMEPEAAOM HENPEPHLEHOCTNU DACTIPEICTCHUST
F, ecniu Touku a u b He ABJAIOTCS €0 ATOMAMU.

Onpemenenue. Byaem roBopuThb, 9T0 OCTETOBATETD-
HOCTH BEPOSTHOCTHBIX pacnpenesennit {F,} cxodumca x pac-
npedeseruro F pu n — 00, ecam I KarXKJI0TO WHTEPBAJIA
HernpepbiBHOCTH [ pactpejenenust F

Fn(l) = F(I),

u Oyaem obosnavarh 310 Tak: F, — F mwm limF,, = F.
n

[Ipenen nocnenosarensuoctu {Fp,} BeposiTHOCTHBIX pac-
IpeJesieHnit MOXKeT OBITh KaK COOCTBEHHBIM, TaK W HECOO-
CTBEHHBIM.

Oupenenenue. EcimnocienoBarelbHOCTb BEPOSTHOC-
THBIX pactpesenenuit {F,} cxomurcs K cobcTBeHHOMY pac-
npegenennto F, o 6yaem rosoputs, uro {F,} cxomures x F
6 cobcmeenrom cmoicae (crodumocms Fp — F cobemeen-
HaA).

Ecau {F,} cxomurcest K HeCOGCTBEHHOMY pacCIpeIeIeHIIO
F, To 6ynem rosoputs, uro {F, } cxomures k F 6 necobemeen-
Hom cmuvicae (crodumocmv Fr, — F necobemeennasn).

ajiee MbI 6y1eM I0JIB30BATLCS CJIELYIOIUMU JOCTATOY-
HBIMU YCJIOBUSIME CXOJUMOCTH PACIIPE/IETIEHUT.

1° Ecau nocaedosamenvrocmsv gynkyutl pacnpedeserud
{Fp(x)} cxodumes x dynryuu pacnpedesenus F(x) 6 xaorc-
doti mouKe HenpepwvieHOCMU NOCACOHET, O NOCAEAOBAMENb-
nocmuv pacnpedeseruti {Fn} cxodumesa x pacnpedenenuro F
(6 cobcmsernom uau HECOOCMBEHHOM CMVLCAE).

2° ITocaedosamenvrocmv {F,} cobemeennvix seposmiio-
cmHbT pacnpedesenuti ¢ 0OHUM U TeM dHCe CPEOHUM G U
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ducnepcuamu o2, crodauumuca x 0, cxodumcsa x cobemeen-

HOMY BEPOATMHOCTNHOMY GTMOMUNECKOMY DACTPEIEAEHUIO, CO-
CPEIOmOoNEHHOMY 8 TOYKE .

3° Ilocaedosamenvrocmo {Fp} cobemeennvir eepoammro-
CMHBLT PACNPEIEAEHUT, COOMBEMCMBEHHO CO CPEOHUMY G,
crodawumuca ¥ a, u ducnepcuamu o2, crodaugumuca x 0,
CcTOUMCA K COOCMBEHHOMY BEPOATNHOCTNHOMY AMOMULECKO-
MY pacnpedeneruro, cocpedomoveHHoMy 8 Mmoske a.

Mpuwmep 12.1.1. ITyemw {F,,} — nocaedosamenvrocmo
pacnpedesenutl ¢ PYHKUUAMU DPACTPEIENCHUS

0, ecauz <O0;
Fo(r) =< nz, ecru0 <z <1/n;
1, ecaux>1/n.

Heenedosamv nocaedosamenvrocms {Fp,} na cxodumocme.
Pemenune. lokaykem, 4T0O IIpu n — 00 HOCJIEI0BATE/ b
Hocth dyukunit {F,(r)} cxomurcs xk dyHKIum

Fla) — 1, ecmm xz > 0;
(x)—{ 0, ecmax <0
ATOMUYIECKOTO PACIPEIE/IEHUsI, COCPETOTOIEHHOTO B TOYKE
xr = 0, B KaxKJI0l TOYKe, KpoMe, BO3MOXKHO, Touku = 0
(rouka z = 0 sBistercst TOUKOI paspsiBa F(x)).

B camowm nieste, 1o yCIOBUIO JIJTsI TPOU3BOJILHOMN, HO (DUK-
CHPOBAHHOI TOYKHU I, JIEXKAIEH cJieBa OT HyJisl, TIPU KaxK-
JIOM 1 uMeeT MecTo paBeHCTBO F,(x) = 0, nmosromy

1i£nFn(x) =0= F(z).

JList Tpou3BOILHOM, HO (DUKCUPOBAHHONW TOYKH X, JIEZKAIIIEH
crpaBa OT HyJIsi, HaunHas ¢ HekoToporo N (n > N) umeer
MecTo HepaBeHCTBO 1/n < x. Tlosromy syist n > N 3HadeHue
F,(z) paBuo 1, u cienoBaTesbHO, liinFn(a:) =1 = F(x).

Takum obpazom, Ipu n — 00
" 1
B Kaxk/I0if Touke x € R*, uckio4dast, ObITh MOXKeT, TOUKY (.

Orciofia, COrIaCHO JOCTATOYHOMY YCJIOBHIO 1° CXOTUMOCTH
pacupeiesiennii, mpu n — 00

F, — F.
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CileoBaTesIbHO, II0CJIEIOBATEIBLHOCTD  Paclpee/eHnit
{F,.} cxomurcst K cOGCTBEHHOMY aTOMUYECKOMY PaCIpejIese-
HUIO, COCPEJOTOYeHHOMY B Touke (.

MIpumep 12.1.2. Iyemv {Qp} — nocaedosamenvriocmo
pacnpedeneruli ¢ NAOMHOCTNAMY

n(z) = \/Z—ﬂeXp{—(x_ (_21)71)2”2}’ n=1,2,...

Heenedosams nocaedosamenvrocms pacnpedeaenuti { Qp }
HG CTOOUMOCTND.

Pemenue. Cormacuo J0CTATOIHOMY YCIOBHIO CXOTUMOC-
™ 2° TSI YeTHBIX 7N MOCJIE0BATETLHOCTD PaCIpeIeIeHn
{Qn} cxomurcst K COOCTBEHHOMY aTOMUYECKOMY paciipejieie-
HUIO, COCPEJOTOYEHHOMY B TOUYKe 1, a JijIsi HEYETHbIX — B
touke —1. [Tosromy nocsenosaresnbHocts {Qy, } He siBssteTCst
CXOJIAIIENCS.

[Ipumep 12.1.3. Ilycmov Fj, — seposmmocmuvie pacnpe-
derenus ¢ NAOMHOCTRAMY,

)= {2

Hceenedosamn Fy, na cxodumocmo 1° npu h — oo; 2° npu
h — 0.

Pemenme. 1° Bamernm, uro dymkmusa F(r) = c,
r € Rl rne ¢ — xoncranta uz npomexytka [0;1], sBs-
ercst pyHKIMEH HeCOOCTBEHHOT'O BEPOSITHOCTHOTO pacipeie-
JIeHHsl, TOXKJIECTBEHHO PABHOIO HyJIt0. B camoM Jiesie, 3Have-
uue F([a;b)) pacupenenenus F va npomexyrke [a;b) paBHO
F(b) — F(a) = 0, nosromy F(A) = 0 u Ha MHOXKecTBax A
n3 aaredopol A KOHEUHBIX 00bEeINHEHUN HelepeceKaroIuxCs
POMEXKYTKOB Buia [a;b) (a u b He 0Bsi3aT€/IbHO KOHEUHBI ),
a CJIeJIOBATEIILHO, U Ha GOPEIEBCKUX MHOYKECTBAX, IIOCKOIb-
Ky o(2) = BL. osromy ecm mocaenosaremsaocTs { F, ()}
dyukumit pacupesenenus cxomurcst Kk pynkuun F(r) = ¢
(¢ — xoucranTa n3 npomexyrtka [0;1]), To Fj mpu h — oo
CXOJIUTCSL K pacipe/ieJieHuio F, TOXKIeCTBEHHO paBHOMY Hy-
JIIO.
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Hauee,

Fu(z) = ifh(t)dt_@jexp{—“;};jy}dt_

(z—a)/h
_ L / _u
T exp 5 u

(MBI BOCTIOJTB30BAIINCDH 3aMeHOit (t—a)/h = u). Ljist Kaxk1oro
bukcupoBanHoro x

0
1 u? 1
lim F, = ——Sdu==.
i o= [l Yau-

Tlosromy Fp ipu h — 00 cxoauTcst K pacipe/ie/IeHIio, TOXK-
JICCTBEHHO PABHOMY HYJIIO ([T KAyKJIOTO ).

2° Tlpu h — 0 cemeiictBo pacupenesienuit Fp cxomut-
cs1 K COOCTBEHHOMY aTOMUYECKOMY PACIPEIEIEHUIO, COCpe-
JIOTOYEHHOMY B TOYKE @ (COIJIACHO JIOCTATOYHOMY YCJIOBUIO
CXOJTMMOCTHU K aTOMHYECKOMY PACIIPEJIEJICHHIO).

Ounpenenenmne. [locmenoBarebHOCTD pacipeeeHnit
{Fn} caabo cxodumesa x pacnpedeaenuro F npun — oo ommo-
cumenvro kaacca Gynrkyud U, ecim st Kaxk o (pyHKIIn
uelU

/ (@) (dz) — / w(@)F(dz) npu 7 — oo,
R! R!

Hausee gepes C'(—o0; +00) Gyiem 0603HAUATH KJIACC HEIPe-
PBIBHBIX orpanmdennbix dynkmnmii ma RY; Co[—o0o; +oo] —
KJIACC HEIIPEPLIBHBIX OrPAHNYEHHBIX (DYHKITAN, 1)1 KOTOPBIX

xgrfoou(:v) =0, xgrzloou(x) =0.

Teopewma 12.1.1. U3 cxodumocmu (cobcmeennol uiu
Hecobemeennoti) nocaAedo8amesbHOCU 6EPOATNHOCTVHILT PAC-
npedeaenuti {Fp} x pacnpedeaenuro F caedyem caabas cxo-
dumocmo {F,} & F omnocumenvro xaacca Col—o0;+00] u
Hnaobopom.
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N3 cobemeernnol cxodumocmu eposmMHOCIHOLT pacnpe-
deaenuti {Fn} x pacnpedeseruro F caedyem caabasn cxodu-
mocmo {Fp} x F omnocumenvno kaacca C(—o0;+00).

Mpumep 12.1.4. ITyems {F,,} — nocaedosamenvrocmv
BEPOAMHOCTIHOT pacnpedesenull, 3a0aHHbT CEoUMU PyHK-
yuamy pacnpedenenud,

0, ecau x < —1/n;
Fo.(x) =< Noai(z), ecau —1/n<z<1/n;
1, ecau x > 1/n.

Buwucaums

7};1{.10 e"F, (dx).

]Rl

Pemenwue. IlocaenoBarensuocrs pacupenenennii {F,}
CXOUTCA K COOCTBEHHOMY aTOMUYECKOMY PacIIpelesieHno F,
cocpenoToYeHHOMY B To4Ke (.

JlocTaTouHO yOEUTHCsI, ITO IIPU N — OO MTOCJIE/I0BATE b~
Hocth dyukuuii {F,(z)} cxomurcs k dbyHKIuM

1, ecmm z > 0;
F(z) = { 0, ecm z <0

ATOMUYECKOIO0 PACIPE/IeJeHNs], COCPEJOTOUEHHOIO B TOUYKE
x = 0, BO BCeX TOUKaX, UCK/II0Yasi, ObITh MOXKET, TOUKY & = 0
(rouka x = 0 siBisiercst TOUKOi paspsiBa F(x)).

B camom sieste, 0 yCIOBHIO JIJIsi IPOU3BOJIBHOMN, HO (DUK-
CHPOBAHHOI TOYKHU T, JIeXKaIlel cjieBa OT HyJsd, HAYMHAsI
¢ Hekoroporo N (n > N) umeer MeCTO HEPABEHCTBO T <
< —1/n, nostomy F,(z) =0 u lim F,,(z) = 0 = F(x).

n

JLJ1st TPOM3BOJILHOM, HO (PUKCUPOBAHHON TOUKY X, JIevKa-
meii cupasa oT HyJIs, HaunHas ¢ Hekoroporo N (n > N)
nmeeT Mecto HepaBeHcTBO 1/n < x. Ilostomy mis n > N
sHavenue F,(x) paBHO 1, M, c/iel0BATEJIbLHO, li;LnFn(x) =

= 1= F(z). Takum obpasom, upu n — oo

F.(z) = F(z)
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B Kaxioit Touke r € RY, nckmowas Touxy 0. OTciona, co-
[JIACHO JIOCTATOYHOMY yCJIOBHIO 1° CXOIMMOCTH pacipe/iese-
HU, IPU N — 0O IOCJEI0BATEILHOCTD pacupeaenennii F,
CXOZUTCSL K COOCTBEHHOMY ATOMHYECKOMY DPACIIPEIEICHHUIO,
cocpeloToueHHOMY B Touke .

CoruacHo teopeme 12.1.1 nocsenosarensaocts {Fy, } coa-
60 cxomures K F oraocurensro iacca C(—oo; +00). U mo-

cKosbKy €% € C(—00;400), To

lim [*F, (dz) = /emF(dgc):eitOF({O}):l.

n—00
R! R

[Ipumep 12.1.5. Ilycmo F — seposammocmuoe pacnpe-

deserue co cpednum my u ducnepcueti 0. Jloxkaszamsv, wmo

o e >0
2

o
F{x:|m—m1|2€}§€—2.

Pemenune.

o2 = /(x—ml)QF(dx) > / (2 — m1)2F(dz) >

Rt z:lz—m1|>e
> e2F(dx) = &* F(dz) = e*F{z : |z — mq| > €}.
x:|lz—m1|>e z:|lz—m|>e
[Ipumep 12.1.6. IIycmv F, — cobcmeennoe sepoam-

HOCTMHOE PAChPEdeneHue CO CPEFHUM G U KOHEUHOU Jucnep-
cueti 0.
Loxazamv, wmo pacnpedenenue Fq, npu a — +oo cxo-
dumces % pacnpedesenuro, moxicoecmaento pasHoMYy HYAO.
Pemenune. Ilyctb £ —rnponsposibHast, HO (pUKCHPOBaH-
Has Touka, ¢ > 0. Beibepem a Tak, 4robbl r < a — £ (1o-
CKOJIBKY @ — 00, 9TO MOXKHO ¢Jie1aTh). B cuity HepaBeHcTBa

Yebpimena (cM. nmpumep 12.1.5)

Fox)=F{y:y<z}<F{y:y<a—e} <

0.2
SFa{y:Iy—alzs}Sg-
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[Tosoxkus € = a/2, moyanm

0.2

(a/2)*

Orcroma ciretyer, 910 Ipu @ — +00

Fy(x) <

Fy,(z) = Q(z) = 0.
OyHKIUN pacupele/eHusl, TOXKICCTBEHHO PaBHOI KOHCTaH-
Te, COOTBETCTBYET paclipeie/ieHne, TOXKIeCTBEHHO PABHOE Hy-

amo. [TosTomy
F. - Q=0.

[Mpumep 12.1.7. Illycmv F — cobemeennoe seposmmrocm-
noe pacnpedenenue na RY, No.o2 — nopmasavroe pacnpedene-

nue ¢ napamempamu (0;02). Jokasams, wmo npu o — 0

F * No,p> — F.

Pemenune. [locrarovno ycTaHOBUTE, UYTO B KAXK A0 TOU-
Ke HempepbIBHOCTH Yy byHKIMK pacupeieinenns F(x) dyHk-
IUs PACIpEIe/ICHUS

Fo(y) = F* Nooz2(y) = F(y).
B CHUJIy KOMMYTAaTUBHOCTU OIlepalilil CBEPTKU
Fo = FxNp,,2 = Np.,2 * F.
Ilo ompemenennio omepalun CBEPTKA

+o0
Fy(y) = / F(y — 2)Ngya (dx) =

—0o0

+o00

:/F(y—x)\/zl?aexp{—;;}dx.

—00




12.1. Oupenenennsi. [pumepst 191

Crenas 3ameny x/o = t, nosy4nm

n= [ P oo (-2
= +/OOF(?J — ot)No,1(d?).

—0o0

[Mopprarerpanbhast byuknus F(y —ot) maykopupyeMa HHTe-
rpupyemoii mo Ng 1-pacupegernenuio dbyukimeii f(t) =1 u B
Kaxk 101t Touke HenpepbiBHOCTH Y byHKImu F(x) npu o — 0

F(y — ot) = F(y).

Tlosromy B cuity Teopembl Jlebera o MaXkopupyeMoit cxoau-
MOCTH

+oo
lim Fi(y) = lim [ F(y—ot)Ng1(dt) =

o—0 o—0
—o0

“+oo
= / (lim F(y = ot))Noa(dt) =
+00 : +oo
= [ FNosdn) = Pl [ Noa(at) = F(0).

Tel\/l CaMbIM MbI yCTaHOBI/I.HI/I, 9TO B Ka}KﬂOﬁ TOYKE HeIIpe-
peiBHOCTH Yy byHKIMN pacupeaeaenns F(x)

F(y) = lim Fy (y). (12.1.1)

CnencrBue. Jhoboe seposmmocmmoe pacnpedeschue,
8 YACMHOCTNUY GMOMUYBECKOE, MOAHCEM, HBIMb NPEICMABAEHO 6
sude npedeaa nocaedosamMeEeAbHOCU GOCOMOTHO HENPEPDIG-
HOLL BEPOAMHOCTIHGIL Pacnpedeserud.
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12.2 3SBagaum

A3:12.1,12.5,12.7,12.9,12.11,12.12, 12.17, 12.28, 12.33.
C3: 12.2,12.3,12.4,12.6,12.10, 12.13, 12.15, 12.16, 12.21,
12.22,12.23,12.24,12.31, 12.37.

12.1. Ilycrs {F,} — mocienoBarebHOCTD pacmpe/iesie-
HUM, 33JJAHHBIX CBOMMEU (DYHKITUSIMU PACIIPEIeJIeHAN

0, ecm ¢ < —1/n;
F.(x)=1¢ n(z+1/n)/2, ecim —1/n <z <1/n;
1, ecan x> 1/n.

Uccnemosars nociaemoBareabHoCTh pacupeaeaennii {F, }
Ha CXOJUMOCTbD.

12.2. Iycre F(x) — dyHkius pacipe/ie/ieHus Herpe-
PBIBHOTO COOCTBEHHOT'O BEPOSTHOCTHOTO PACIIPEICICHUSI.

UccnenoBath HA CXOAMMOCTD KAXKIAYIO M3 MPUBEIEHHDBIX
Jlajiee mOCJIeI0BATEIbHOCTENR pacupeieJICHN, 3a/JAHHBIX CBO-
uMu PYHKIIUSAME PACIIPE/IETEHUS:
) En(x)=F(zx+1/n), n=1,2,...;
) Gn(z) =F(x+n), n=1,2,...;
) Sp(x)=F(xr—n), n=1,2,...;
) Po(x) = (x/n) n=12..;
) Qn(z) = F(z 4+ (=1)"n), n=1,2,...

12.3. Ilycrs {F,} — mocienoBarebHOCTD pacipe/ieie-
HUI C IJIOTHOCTSIMU

n/2, ecim x € [—1/n;1/n];
fulz) = { (/)7 ecan T ; %—1471; 1?”%

QU W N =

Uccnenosarsb nocienoBarebHOCTb pacupeienenuii {F, }
HA CXOJIUMOCTb.

12.4. ITycrs F(x) — MOHOTOHHO Bo3pacTaomast (yHK-
st pacupejesienns. ccienoBarb Ha CXOJAUMOCTD MOCJIEJI0-
BaTeJIbHOCTD pactpeenennii {F, }, 3amaanbix ceonmu yHK-
[USIMU paCIpeieIeHuii,

0, ecn x < —1/n;
F(r)— F(—1/n
F.(z) = F(l(/zz)—}g’(—{/r)z)’ ecmm —1/n<x<1/n;

1, ecim x> 1/n.
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12.5. IIycrs {F,} — mocsenoBaresbHOCTH pacupeieie-
HUIT 3aJaHHBIX CBOMME (DYHKIUSMA PACIPEIeICHNUS:

0, ecmxz<—1/n;
F,(z) =} G(z), ecru —1/n<z<1/n;
1, ecimx > 1/n,

G (x) — MOHOTOHHO HeyObIBaOIas HelIPpEPbIBHAS CJIeBa (DYHK-
nust co 3Hadenusmu B [0, 1], sagannas va (—1,1].
Uccnenosars 1ocienoBarebHOCTb pacupeenenuii {F, }
HA CXOJIUMOCTb.
12.6. Ilycte Q — COOGCTBEHHOE ATOMHYECKOE paciipe-
JIeJIEHHE, COCPEeJIOTOYEeHHOe B Touke 1, pacupenenenne Q*™
3aJ1aHO PABEHCTBOM:

Q" =QxQ™ Y n=23..., Ql=Q.

UccemoBars mociiefoBaTeIbHOCTD pacupeseiennii Q*
Ha, CXOJUMOCTb.

12.7. O6osnaunmM depes Q, COOCTBEHHOE ATOMIIECKOE
paclpeie/ieHue, COCPeOTOYeHHOE B TOUKE dyp. ccienoBarh
HA CXOJIMMOCTB IOCJIeIOBATENLHOCTD pacupejenennii {Q, }
1° ecan a, — 4o00; 2° eciu a,, — —o0; 3° ecau a, — a.

12.8. IIycrs {F,} — mocsenoBaresbHOCTh pacupejieie-
HUI COOTBETCTBEHHO C ILJIOTHOCTSIMU

0, ecin x < —1/n;
_ n?(z+1/n)?/2,  ecmn —1/n <z <0;
(@) =91 202 1 /m)2)2, ecm 0 <@ < 1/m;
0, ecn x> 1/n.

UccnieioBars mocsieioBareibHOCTD pacupesesennii {Fy, }
HA CXOJMMOCTH IIPU N — O0.
12.9. Ilycrs D,, — aTomMuveckoe paciupeaeaeHue:

D.({k})=1/n, k=0,1,2,...,n — 1.

UccnenoBars mociie1oBaTeIbHOCTD pacupeienennit D, na cxo-
JUMOCTB IIpU 1 — OQ.
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12.10. Ilycre Q, — aToMmYecKoe pacipeieseHne, 3a-
JAHHOE PABEHCTBOM

Q.({k/n}) =1/n, k=0,1,...,n— 1.

Wccnenoarb Q, Ha CXOAUMMOCTD IIPHU 7 — OO.
12.11. UccraegoBarb Ha CXOSUMOCTDH IOCJIEIOBATE b

HOCTD PaCIIPEJICJICHUNA:

1) Fp: ( 1_/2 172>, n=1,2...;
2) Gy, : < _11/2” iég) n=1,2. .

. n n2 JE— .
3)Fn.(1/2 1/2>,n—1,2,...,
—1)n —1)n
4)Sn:<”( "o ),n:1,2,...

1/2 1/2
12.12. IIycTs
Y
1 (t —x)? 1
N.,.. = —— 5 dt R, o> 0.
02 (Y) 5 /eXp{ 52 } , vyeR, o
— 00
Boruncaurs

lim N,.,2(y).
o—0 ’

12.13. Ilycrs nocnenoarensrocts {F,} BeposTHOCT-
HBIX paclpesie/ieHIil U BEPOSTHOCTHOE paclipeiesernue F co-
cpesioTovueHbl Ha MHOXkKecTBe N Harypasbabix dnces. Jloka-

3aTh, YTO
1) ecom
Fn, —F,

TO I Kaxkaoro k € N
Fr({k}) = F({k});
2) ecsm st Kazkzoro k € N

Fn({k}) = F({K}),

TO
F, — F.
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12.14. Ilycts Fg, F1, ... — cobcTBenHbIE BEPOATHOCTHDIE
pacrpenenerns va R, {pp} — cobersennoe BeposiTHOCTHOE

o0
pacmpesenenne Ha {0,1,2,...} (Z P = 1). U nycto
k=0
n
k=0

Q(z) =Y prFr(z) = li}}lZPka(w) = lim Qy(z), = € R'.
k=0 k=0

Yoemurnesa, uro Q(x) — cobCTBEHHAS] BEPOSTHOCTHAS
dyHKIWMS pacrpeenenus u st pacupeaeneanii Q u Q,, co-
OTBETCTBEHHO ¢ (byHKIMsM pactpeseserust Q(z) u Qn(x)

Q. — Q

B COOCTBEHHOM CMBICJIE.

12.15. Ilycts G — cobcTBEHHOE BEPOSITHOCTHOE PaCIpe-
nenerne. Cemeiictso pacupeenennit Gy, (h > 0) 3a1aH0 cBo-
MU QYHKIUSIMA PACIIPEICTICHUN:

Gh(z) = G(z/h).

Uccnenosars Gy, Ha cxomumocTb npu h — 0.
12.16. Ilycts € u 1, — HE3aBUCHMBIE CJIyYaiiHbIe BeJIU-
YMHBI, COOTBETCTBEHHO ¢ pacnpeesenusmu F u No. ;2.

Hokazatb, uro npu o — 0 pacnpenenenue F, cayuaitnoii
BEJINYNHBI

Co =&+

CXOJITCS K pacupejienennto F ciydaiinoit Beimauns! €.
12.17. Ilycts F — cobcTBEHHOE BEPOSITHOCTHOE pPacIipe-

nesenne Ha RY, Ui_n,n) — paBHOMEpHOE Ha [—h, h] pacupe-
nenenne. Jokasars, uTo npu h — 0 pacupemneenue

Fh =Fx U[—h,h}

CXOIUTCS K pacupenenenuto F.
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12.18. JlokazaTb, 9TO €CJIU IMOCIEIOBATEILHOCTD PaC-
npejienenuii F,, COOTBETCTBEHHO CIIydaiiHbIX BeJIMIUH (p CXO-
JUTCS K ATOMIYIECKOMY PACIIPEJIEIEHIIO, COCPETOTOUEHHOMY
B TOYKE @, TO TOCJIEIOBATEILHOCTD CAYyJIallHbIX BEJIUYIUH (p
CXOJIUTCS 110 BEPOSATHOCTUA K KOHCTAHTE .

12.19. IIycrs Q — BeposTHOCTHOE pacipeesenue Ha R
s kaxknaoro a > 0 onpenenum pachpeserenne Q, Kax
qacTh pactpesenenus Q, COCPETOTOMECHHYIO HA MHOXKECTBE
(=00, —a) U{0} U (a,+o0) :

Qu(B) = Q(BN ((—o0, —a) U{0} U (a,+00))), B € B'.
Hoxkazatb, uro ipu a — 0
Qe — Q.

12.20. Ilycts € u 1), — He3aBUCHUMBIE CIyYaiiHbIE BEJIN-
YMHBI, COOTBETCTBEHHO C paclipeieeHuaMu F u paBHOMep-
HBIM PacIpeJieleHneM Ha IPOoMexyTKe [—h, hl.

Jlokazats, uro npu h — 0 pacupeneenue Fj, ciaydaitnoit

Be€JIMYUHBI
Ch=2E&+

CXOIUTCS K pacipejnesiennio F ciayyaitinoit Beudunor £.
12.21. Ilycts D,, — aTomudeckoe pacipejejicHue:

D.({k})=1/n, k=0,1,2,...,n —1,

Ujo,1] — pasHOMepHOe Ha mpomexxyTke [0, 1] pacnpenenenmue.

UccnemoBarh Ha CXOMUMOCTH TOCTEIOBATEIBHOCTL Pac-
upenenennit Uy 1) * Dy

12.22. Ilycrs Upp — paBHOMEpHOE Ha IIPOMEXKYTKE
[a, b] pacupesenenue.

Uccnenosats Uj,p ma cxommmocth 1) mpm @ — —00
(b duxcuposano); 2) upu b — +oo (a duxcuposaHo);
3) mpu a — —00, b — 400; 4) npu a — 1, b — 1.

12.23. Ilycts Qon — aToMUUYECKOE paclpejie/ieHue, 3a-
JIAHHOE PABEHCTBOM

Qu({k/2"}) = 1/2", k=0,1,...,2" — 1.

UccnenoBarh Qon Ha CXOAUMOCTH IPU 1 — OO.
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12.24. Ilycte C,p — pacupenenenne Komm ¢ mapame-
pamu (a,b).
Hokaszare, uto mpu b — 400 pacupenenenue Cgp cXo-
JUTCS K pacCIpeie/IeHII0, TOXKISCTBEHHO PABHOMY HYJIIO.
12.25. Ilycts Fj, — cemeiicTBO BEPOATHOCTHBIX PACIIPe-
JIeJIEHU! C IIJIOTHOCTSAMU

Fula) = %, ecan T € [a,a + hl;
0, ecuu x ¢ [a,a+ h)

(a — dukcuposano). UccnemoBars Ha cxoaumocTb Fp:
1) upu h — oo; 2) upu h — 0.

12.26. Ilycts Gj, — cemeiicTBO BEpOSITHOCTHBIX paciIpe-
JIeJIEHU# C TIJIOTHOCTSAMHU

gn(x) = { i, eciau © € [—h, hl;
0, ecuux & [—h,h].
UccnenoBars Ha cxomumoctb Gp: 1) upu h — oo
2) upu h — 0.
12.27. Tlycrs {F,} — mocienoBaresbHOCTL pactpese-
JIEHUH COOTBETCTBEHHO C IJIOTHOCTSIMU

_J n/2, ecmxze[(—-1)"—1/n;(=1)"+1/n];
fo(z) = { 0, ecmnz & [(—1)" — 1/n: (=1)" + 1/n].

Uccnenosars {F,} Ha cxoauMocThb 1pu n — 00.
12.28. IlycTb

N
F/\(y): Z ge >\7y€R17)\>07
k:0<k<y

k — 1iesible HEOTPUIIATEIbHBIE.
Haiitu
lim F
A—0 )\(y)’

€CJIU 3TOT IpeJiesl CyIIeCTBYeT.
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12.29. Ilyctp Py — myaccomoBcKoe pacrpeiesieHue c
napamerpoM 0. Nccnenosars Py na cxomumocts pu 6 — 0,
pu 6 — oo.

12.30. Ilycts Np . — cemelicTBO HOpMAJIBHBIX Pacipe-
nenenunit co cpeaguum 0 m jucnepcumeit ct, t > 0, ¢ > 0,
¢ — koncranTa. CemeiicTBo pacupesesnenuii Q; (t > 0) oupe-
JIeJIeHO PABEHCTBOM

1
Qu(B) = /dy2N0,ct(dy), B e Bl
B

[Tocnennee obosnadaer, 4To pacupeenenne Q; abCcoaOTHO
HEIPEPBLIBHO C IJIOTHOCTHIO éyQ OTHOCHUTEILHO PacIpeIesie-
Hud No ¢ 1 elle 3aImuchIBacTCA TaK

1
Qt(dy) = &y2N0,ct(dy)'

Uccnenopars Q; Ha cxomuMocTb npu t — 0.
12.31. IIycrs Q; (t > 0) — cemeiicTBO pacipee/ieHuii
C TJIOTHOCTSIMU )

-2
=Y fo,et(y),

rae foet(y) — IVIOTHOCTH HOPMAJIBHOIO PACIIPEIEIEHHUS CO
cpequumM 0 m jmcnepcueit ct, t > 0, ¢ > 0, ¢ — KOHCTaHTA.
Uccnenopars Q; Ha cxomuMocTsb npu t — 0.
12.32. Ilycte G, — reomerpudeckoe pacipejesieHue C
apamMeTpoM p :

a(y)

G,({k}) = p(1 —p)¥, 0,1,2,...

Uccnenosars Gy, na cxoguMocTs 1ipu p — 1.
12.33. JlokazaTh, 9TO aTOMUYECKOE PaCIIpe/Ie/IeHIe

D:<1(/)2 1}2)

MOYKHO IIPEJICTABUTE B BUJIE Ipejie/ia abCoTIOTHO HEIIPEPHIB-
HBIX PaCIIpe/ieJIeHni.
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12.34. JlokazaTb, 94TO J11000€ COOCTBEHHOE aTOMUIECKOE
pacmpesiesieHre MOYKHO TIPeJCTABUTL B BUJE Tpeneaa abeo-
JTIOTHO HEMPEPBIBHBIX PACIIPEICTEHIH.

12.35. Ilycrs {F,} — mocsenoBaresbHOCTD pacipe/ie-
JIeHUi, 3a/TAHHBIX CBOMMU (PYHKITMSAMU DACIPEICTCHUIH

0, ecm x < —1/n;
F.(z) =1 1/4+n(x+1/n)/4, ecu —1/n <z <1/n;
ecan x > 1/n.

)

Brranciurs

lim [sinxF,(dz).
n—0o0

Rl

12.36. Ilycrs F — cobcTBenHOE BEPOATHOCTHOE pacIIpe-
JleJIeHue,

Yy
1 t—x)?
Ny.o2(y) = /exp{—(Qaf)}dt, z,y e R o > 0.

2ro
— o0
Boruncaurs
+oo
lim [ N,.,2(y)F(dx),
o—0 ’
—0o0

ecju y — TOYKa HemnpepbiBHOCTH F.

12.37. Ilycrs F) —pacmpenenenne, 3amantnoe QyHKIAEH
pacIpeIeeHust

N
F/\(y): Z ﬁe /\7y€R17A>07
k:0<k<y
k — 1esible HEOTpHUIIATEIBHBIE.
Broranciurs
+oo
. a2
)l\lg% e V2 Fy (dy).

— 00
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12.38. CewmeiicrBo pacupegenenuit Q; (¢t > 0) onpeje-
JIEHO PaBEHCTBOM

1
Qi(dy) = gygNo,ct(dy),

cM. 3agaay 12.30.
Borancanrs
lim [ o(y)Qu(dy),
Rl

rie p(y) — dynkmus n3 kracca C(—o00, 00).
12.39. Ilycts Qgn — aTOMHUYECKOE paclipejiesleHue, 3a-
JaHHOEe PaBEHCTBOM

Qu({k/2"}) = 1/2", k=0,1,...,2" — 1.

Borancanrs

lim [ siny Qan(dy).

n—-4o0o
R?
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XapakKTepucTuieckas
D YyHKIUS

13.1 OmnpeneneHusi, cBoiicTBa,
BbIYHCJIEHUE

Oupenenenune. Ilycte € — ciyuaitnass Bejmaunna, F
— ee pacupe/iesienne. Xapaxmepucmuyeckot Gynxyuet cay-
watimot eeauvuns, & (pacnpedeserus F) Oymnem Ha3bIBATH KOM-
IUIEKCHO3HAUHYI0 (DYHKIUIO (t), Onpee/eHHy0 Jis BCeX
t € R! paBencrsoMm

o(t) = Me''t = /emF(dw).
R

Eciu pacupegnenenne F (pacipenesenue cirydaiinoit Besndn-
HBI §) MMeeT IUIOTHOCTD f, TO

p(t) = Me'™ = [ & f(z)dz;
/

€CJIN pacIIpe/iejienue F JAUCKPETHO:

Frap— F({zp}) >0, k=1,2,...; > F({zx}) =1,

Tk

201
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TO

p(t) = Me™ = " exp{itar }F({z1}).

MHOro4ncjIeHHble IPUMEHEHUsI XapaKTePUCTUIECKUX
PYHKIMI CBA3AHBL ¢ UX MYJIbTUILIMKATUBHLIM CBOACTBOM:

Xapaxmepucmuueckas GUHKUUA CYMMDL HE3AGUCUMDLE
CAYHATHT BCAUNUH PABHA NPOU3BEIEHUN TAPAKMEPUCTNU-
weckux PyHkyul caazaemwvix. B mepmunax ceepmox — xa-
PAKMEPUCTNUNECKAA PYHKUUL CEEPMKU BEPOATNHOCTIVHBIL PAC-
npedeserutl pasHa NPOU3EEICHUN UL TAPAKMEPUCTNUMECKUL
pymryul.

Teopema (o guddepeHEpyeMocTH XapaKTepUCTUIe-
ckoit dbyukuun). Ecau n-G abcoarommvits momenm pacnpede-
aerus F xoneuen, mo cywecmesyem n-sa npoussodnas rapak-
MePUCMUYECKOT, PYHKUUU

“+o00

o(t) = /eitIF(d:c)

— 00

pacnpedeaenusn F, u ee mootcho noaywums duddepernyuposa-
HUEM MO0 3HAKOM UNMELPANG:

+oo
oM (t) =" / e "F (di).
—00
CuencrBue. B ycrosuaxr meopemo.

+oo
©M(0) =" / 2"F(dz) = i"ME",

—00

u daa p(t) umeem mecmo pasaodicenue:

1) 2)
1 t+ ol t ++Tt +O(t ),

o(t) =1+

npu t — 0.
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[Ipumep 13.1.1. Bumucaumsd Tapaxmepucmudeckyro
PyrruU cAyHatinol sesununsl £, umerouwet pacnpedeserue
Ilyaccona ¢ napamempom \:

AR
Ple=k} = T5¢ k=012,

Pemenne. CorsacHo onpejie/IeHIio

_ g ztk — —A _
o(t) = Me"s = E E k" =
k=0 k=0

= exp{—A}exp{ e’} = exp{A(e" — 1)}.
[MIpumep 13.1.2. Hatimu xapaxmepucmuueckyro Pyrx-
Yur0 HOPpMaavHo pacnpedesernoti ¢ napamempamu (a; o) cay-
YatiHot 6EAUMUHDL.
Pemenne. Cuauana HaiijleM XapaKTEePUCTUIECKYIO
dyukmio p(t) ciyuaitHoit BemanHbL €, pacupeieenHoi Hop-

masbHo ¢ napamerpamu (0;1).
CoriacHO OIpeJIeIeHNIO

“+00 1
t) = Me'tt = /eime—ﬁﬁdx:
e (0) N
—00

2costrdr + — / 2sintz dr.

- [

HOCJIG,ZLHI/H/I nHTerpaJl paBeH HYJIIO, IIOCKOJIbKY

+o0o —+n
—22/2 . . —22/9 .
/e 2gntrdr = lim /e 2 ginte dx = 0.
n—-+oo
— 00 —n

[Mponuddepentupyem (), BOCIOIB30BABIIHCH TEOPEMOH O
b depeHIIpyeMoCcTH XapaK TepUCTIHIecKoit hyHKIuu (11ep-
BbIii MOMEHT HOPMAJIBHOTO Pacipe/ie/ieHnst KonedeH ). Mmeem

/7

1 oo
o (t) = Nor / x(—sintw)e_ggg/de =
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+oo
1 2
=—— [ sinted(e ™ /?) =
\/271'/ ( )

—+00

1
V2T
— 0

tcostz - e 2dy = —tp(t).

Orcrona /
@ (1)/p(t) = —t.

Pemas sTo ypaBuenue, mogydaem
o(t) = et/

(Mbr yain, aro ¢(0) = 1).
Hamee, ecmu  pacupezenena No.j, To ciydaiitnas Besn-
qnHA

n=of+a

pacrpe/ieieHa HOpPMaJbHO ¢ Tapamerpamu (a;o?) (mpose-
psieTcsi HEIOCPEJICTBEHHO). XapaKkTepucTuieckasi (OyHKIHsI
¥ (t) cayvaiiHON BETMYUHBI 7), PACIIPE/IEICHHON Na;JQ

@Z)(t) — Meitn — Meit(a£+a) _ eitaMei(Ut)§ _ eita(p(o_t) _

= exp{ita} exp{—c*t?/2} = exp{ita — o*t?/2}.

13.2 Teopema eAMHCTBEHHOCTH,
Teopema JleBu

TeopemMa efuHCTBEHHOCTHU. Pagauunvim geposam-
HOCMHBLM DACTPEICACHUAM COOMBEMCMBYIOM, PASAUYHBLE TG~
paxmepucmudeckue GYHKUUL.

Teopema JleBu. Fcau nocaedosamesvrnocms Tapak-
mepucmuyeckur dynrkyui pn(t) coomeememeento pacnpe-
deaenuti F,, cxodumces x menpepwenoti gynxyuu 6 xastcdod
mouke t € R, mo coomsememeyrowasn nocaedosamenvrocmo
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pacnpedesenudi F, crodumea e cobemeennom cmuicae, npu
amom npedea p(t) nocaedosamervrocmu Tapaxmepucmuiec-
Kux Gyrkyuls on(t) asasemes rapaxmepucmuueckot Gymk-
yueth npedeavrozo pacnpedeserun F.

Cnpasedauso u obpammoe. Cobecmeenan cxodumocms no-
CAEDOBAMEABHOCTIU BEPOAMHOCTIVHILT pacnpedesenuti Fy, eae-
yem croduMocmsd cOOMEememayouet nocAedosamesbHOCTU
xapaxmepucmuveckur dynkuul ©n(t) 6 Kasrcdolt mouke
t € RY, npu smom npeden ©(t) asasemca xapaxmepucmu-
yeckoll Pynruyuetl npedeavrozo pacnpedeserus F u crodu-
MOCTD

on(t) = ()
DABHOMEPHAA HA KAHCIOM KOHEULHOM TPOMEHCYMKE.

[Mpumep 13.2.1 Iyecms F u Q — nopmasvHovie pacnpede-
aenus coomeememeento ¢ napamempamu (ay;ot) u (az; o3).
Hatmu ceepmry F x Q pacnpedesenud Q u F.

Pemenue. Bocmomn3oBaBIch MyJbTUILIAKATHBHBIM
CBOICTBOM XapaKTepUCTUIEeCKUX (DYHKIUIl (XapakTepucru-
yeckasd (PYHKIUSI CBEPTKH BEPOATHOCTHBIX pPaclpeeeHuit
paBHA TPOU3BEMEHUIO XAPAKTEPUCTUIECCKUX (PYHKIUN ITUX
pacipejiesieHnii), Mo XapakKTepUuCTHIECKUM (DYHKIISAM

¢1(t) = exp {ita; — tQO'%/Q} u pa(t) = exp {itas — t2a§/2}

HOPMATBLHBLIX pactpesiesennii F u Q ¢ mapamerpavu (aj; o?)
u (ag;03) coorsercrenno (cM. mpumep 13.1.2) maxomumM Xa-
PaAKTEPUCTUIECKYTO (DYHKITHIO cBepTKU F * Q:

o(t) = p1(t)pa(t) = exp {it(ar + az) — t*(a} + 03)/2} .

Hautee, ¢ oiHOM cTOPOHBL, p(t) — XapakTepucTudeckas OyHK-
st ceeptku F x Q, ¢ npyroit,

©(t) = exp {it(a1 +ag) — tQ(O'% + ag)/2}

SABJISIETCS XapaKTePUCTUIeCKOi (DyHKIMe HOpMaJILHOTO pac-
TIpe/Te/IeHns ¢ TapaMeTpaMu (a1 +ag; 03 +03), T. e. XapaKTe-
puctryueckas byHKIMA pacrpesenenns F * Q u xapakrepu-
cTudeckass (PYHKIMs HOPMAJBLHOIO PacIpee/IeHus ¢ Hapa-
Metpamu (a) + ag; 0? + 03) coBHaNAOT. A MO3TOMY coryac-
HO TeopeMe eJMHCTBEHHOCTH COBIAIAIOT 1 CAMU PACIPe/IeIe-
nus. ClemoBaTesIbHO, C6EPMKA HOPMAALHT PACTPEIeACHUT
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¢ napamempamu (a1;03) u (ag;03) AGAAECMCA HOPMAALHIM
pacnpedeaenuem ¢ napamempamu (a1 + ag;or + 03) (xaacc
HOPMAAOHBIT PACTPEIENEHUT 3AMKERYM OMHOCUMENDHO ONE-
PAYUY CEEPMKN).

[Tpumep 13.2.2 Ilycms F u Q — nyacconosckue pacnpe-
desenus, COOMBEMCMBEHHO € NAPaMempamu \1 u As. Hatimu
ceepmry F x Q pacnpedesenuii Q u F.

Pemenune. XapakrepuctuiecKuMu (QPyHKIUIMA ITyac-
COHOBCKUX PACIIPE/IESIEHUNl COOTBETCTBEHHO C IIapaMeTpPaMU
A1 U Ay SBJIAIOTCS

p1(t) = exp{Ai(e” — 1)} 1 @a(t) = exp{Aa(e” — 1)}

(cm. mpumep 13.1.1). Tlosromy xapakrepucTudeckas pyHK-
st @(t) ceeprku F % Q, coryiacHO MyJIBTUIIMKATHBHOMY
cBoiicTBy, pasHa ¢1(t)p2(t), T. €.

(1) = p1(t)pa(t) = exp{(\1 + X2)(e” — 1)}

Ho exp{(A1+A2)(e — 1)} — xapakTepucruieckast byHKIus
[IyaCcCOHOBCKOI'O PacIpeesieHns: ¢ HapaMeTpoM A1 + As. Io-
9TOMY COIJIACHO TeopeMe eJIMHCTBEHHOCTH pacipeiesenue Fx
Q coBHAJAET ¢ MyaCCOHOBCKUM PACIIPEIEICHUEM C IIapaMeT-
poM A1 + Ag. CrieioBaTeIbHO, C6EPMKG NYACCOHOBCKUT PAC-
npedeseHuli ¢ napamempamy Ay u Ao ABAAECMCA NYACCOHOG-
crkum pacnpedeseruem ¢ napamempom A1+ e (Kkaace nyacco-
HOBCKUT PacnpedeseHuti 3amMKHYm 0OMHOCUMENLHO ONEePALUL
ceepmKy,).

[Mpuwmep 13.2.3. Ilycmo cayuatinas seauvuna &, p, pac-
npedeaena Gunomuasoro ¢ napamempamu (n; py). Jokazamo,
YIMO €CAU NPp — A NPU N — 00, MO PACNPEdEseHUE CAYHAT-
Hoti eeau Ul £y p, CTOOUMCA K NYACCOHOBCKOMY pacnpede-
aeruro ¢ napamempom X (meopema Ilyaccona).

Pemenne. Boruncinm xapakTepucTuiecKyo (pyHKITHIO
©n(t) ciaydaiiHoit BesUUUHBI &, p, U IIOKAXKeM, 9YTO HPH
n — 00 HOCJIEJ0BATEIbHOCTh XapaKTEePUCTUIECKUX (DYHK-
it { @, (t) } cxomurest K XapaKTepucTHIecKoii oy HKINM myac-
COHOBCKOT'O PACIIPEJIC/ICHUs] C TAPAMETPOM .

Xapakrepucrnieckast QyHKIH @, (1) GHHOMIAIBHO pac-
npejieJieHHol ¢ napamerpamu (n; pp,) CAydaitHONW BeJIMIUHBI
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&np, PaBHa (1+pp (€ —1))", T e

on(t) = (1+pn (¢ —1))"

(cm. perenue 3amaun 13.7 B maparpade 13.3). Hasee, mo-
CKOJIbKY NPy — A IPH N — 00, TO py, — 0 1 jyis

Inp,(t) =nln (1 +p, (e - 1))
IpY KaXKJI0M (PUKCUPOBAHHOM t MMeeM
In p,(t) ~ np, (eit - 1)
npu n — oo. Orciona

Inp,(t) = A" —1),

©n(t) = exp{A(e” —1)}.

Ho exp{A(e’ — 1)} — xapakrepuctideckas GyHKIHS Myac-
COHOBCKOT'O pacIpeie/ieHsi ¢ MapaMeTpoM A, TIO3TOMY CO-
rjacHoO TeopeMe JleBu pacupesiesieHne cirydaiiHOl BeTMIUHBI
&n,p, CXOIUTCS K IIyaCCOHOBCKOMY PaCHpPEIeIeHHIO ¢ Iapa-
METPOM .
[Ipumep 13.2.4. Borwucaumsv Tapaxmepucmuieckyro gym-

yuro pacnpedesenus Kowu ¢ napamempamu (a,0), e2o naom-
HOCTID!

Pemenne. CHauaia BBIYUCIMM XaPAKTEPUCTUIECKYIO
dyHKIMIO (1) ABYCTOPOHHErO TIOKA3ATEJILHOIO PACIIPEJIeIe-
HUS C IAPAMETPOM @ TIO €r0 IJIOTHOCTU

f(z) = %efam, r € R

Ilo ompenenenuio

+0o0

o) = [ pae = [ et s -

R1 —00

a2
a? +12°
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Jlanbine BOCHOJb3yeMCs YTBEPYKICHUEM, W3BECTHBIM IO
Ha3BaHUEM TeOpeMbl OOpAIleHUs JJIsl XapaKTePUCTUIECKUX
GyHKIHI].

Ecau zapaxmepucmuveckan gynryus p(t) sepoammocm-
nozo pacnpedenenus F unmeepupyema na RY, mo pacnpede-
aernue Foabcomomno nenpepvisro, u ezo naommocms f(x)
npedcmasuma 6 eude

fl@) = - / e~ (1) dt. (13.2.1)

o
Rl

Xapakrepucrudeckasi GyHknus @(t) = JIBYCTO-

a
a’ + 2
POHHEr0 TIOKA3ATEeTLHOTO pAacIpe/ie/iel s nHTerpupyema aa R,
[I09TOMY HMeeT MecTo paBeHCTBO (13.2.1):

17 2

a _alz| —igt @

—e = — e dt

2 o / a2 +1t2"
—00

KOTOPOE€ MO2KHO II€pENncaThb Tak:

“+o00

.1 a
6—a\m| _ /ezmt dt.
ma?+t2

— 00

Ocraercst 3aMeTUTD, YTO [TOCJIEIHAN HHTErPAJI — HE UYTO UHOE,
KakK XapakTepucrudeckasi QyHKIus pacipeenenus Kormu ¢
IIapaMeTpoM a.

13.3 3amaunm

A3:13.1,13.5,13.7,13.10,13.16, 13.17, 13.29, 13.30, 13.37.

C3:13.4,13.8,13.18,13.21,13.23, 13.25,13.38, 13.39.

13.1. Ilycre ciy4aiinas BeanvunHa £ NPUHUMAET 3HAUE-
Hust 1 u —1, Kaxkj0e ¢ BeposiTHOCTBIO 1/2. Beruncaurs xa-
PaKTEPUCTUIECKYIO (DYHKIIUIO CJIYIalHON BEJIUIUHBI &.
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13.2. Ilycrs cayyalinas BejanynHa £ NPUHUMAET 3HAYeE-
aust —1, 0, 1, Kax0e ¢ BepositHOCTBIO 1/3. Borunciurs xa-
PaKTEPUCTUIECKYIO (DYHKIINIO &.

13.3. JlokazaTh, uTo (p(2) = cos? z ABIAETCA XapaKTe-
puctuveckoil (byHKImel; HafiT COOTBETCTBYIOIIEE pacIpe-
JleJIEHUEe BEPOSITHOCTEIA.

13.4. JlokazaTb, 4TO

oo oo
p12) = S arcoskz, pa(s) = Y e
k=0 k=0

o0
(ap >0, > ap = 1) gaBiasrorcs XapaKTepUCTUIeCKUME by H-
k=0
KnusaMu. HafiTu cooTBeTCTBYIOMME pacupeeeHns] BEPOsIT-
HOCTEH.

13.5. Ilycre &1,&2,...,&, — He3aBUCHUMBIE CJIydaliHble
BEJIMYIUHBI, KaXKJasd U3 KOTOPBIX MPUHUMAET 3HadeHus 1 u
—1 ¢ BepositHOCTBIO 1/2. BbIUnCIUTD XapaKTepUCTUIECKY IO
GYHKIUIO CIIyIaiiHON BEJINIUHBI

Sn:£1+€2++£n

13.6. dokaszarb, 4t0o ¢(z) = cos™ z sBJIsIeTCsl XapaKTe-
pucTuaeckoil dyHkImei (111 KaXK10ro HATypPaJIbHOTO N).

13.7. Boruucauth XapaKTePUCTHIECKYIO DYHKITUIO CIIY-
JaiiHoil BeqImIuHbI £, pacipeae/ieHHo OMHOMUAJILHO C ITapa-
merpamu (n;p):

Ple=k}=CkpPQ—p)"* k=0,1,...,n.

13.8. Boruncanth XapakKTepuCTUIECKYIO (DYHKIIAIO CJIy-
JaiiHo#fl BeIMInHBI £, TeOMETPUIECKN PACIPEISIeHHON ¢ ma-
paMeTpoM p:

Plc=k}=pl-p)r k=0,1,...

13.9. Ilycrp &\ — ciuyuaiiHasi BeJIMYNHA, UMEOINAs pac-
npenenenne [lyaccona ¢ mapamerpom A.
BorancnTs XapaKTepucTUIecKyo (YyHKIINIO CJIydaitHoi

Besmmanne! (£ — A) /v
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13.10. Beraucauthb XapaKTepUCTUIECKYIO (DYHKITAIO aTO-
MITYIECKOTO pacHpelesIeHNsI, COCPEIOTOYEHHOTO B TOUKE Q.

13.11. BeraucanThb XapaKTepUCTUIECKYIO DYHKITUIO CITy-
JaifHOW BeJIMYMHBI, PABHOMEPHO PacIpe/ieJieHHoi 1) Ha mpo-
mexyTke [0;1]; 2) Ha mpoMexkyTKe [—a; al; 3) Ha IPOMEKyT-
Ke [a;b].

13.12. BeraucauTh XapakKTePUCTUIECKYIO (DYHKITUIO CITY-
qaifHol BemauHbL ¢ mIoTHOCTHIO p(x) = e~ 1*1 /2,

13.13. BorancanTh XapaKTepUCTHIECKYI0 PYHKIUIO I10-
Ka3aTe/JIbHOIO pacupeie/ieHnsl ¢ TapaMeTpPoOM a.

13.14. BeraucanTh XapaKTePUCTUIECKYTIO (DYHKIIUIO TBY-
CTOPOHHETO ITOKA3aTEILHOTO PACIPe/Ie/IEHNS C TapaMeTPOM .
[1s10THOCTD JIBYCTOPOHHETO TIOKA3aTEIBHOI'O PACIIPEJIETICHIS:

f(z) = ge_alw‘, a > 0.

13.15. Beraucauthb XapakKTepUCTUIEeCKYIO (DYHKITAIO TPe-
YIOJILHOT'O pacipejiesieHus ¢ napamerpom a, a > 0. Ilmor-
HOCTBb TPEYTOJIbHOTO PACIPEICTICHIS:

(z) = 0, ecan |x| > a;
P& = (a—|z|)/a?, ecrm |x| < a.

13.16. Ilycts G, — reomeTpmyecKoe paclpefeieHue C
apaMeTpoM p.

Uccnenoars G, Ha cxomumocTs mpu p — 1.

13.17. Ilycte I'-P n Q — pacnpenenenust Komu coorser-
crBenHo ¢ mapamerpamu (a,0) u (b,0). Haittu cBeprky F *Q
pacnpenenenuit Q u F.

13.18. IlycTs £ u 1) — He3aBUCUMBIE HOPMAJILHO PacIIpe-
JIeJIEHHDIE CJIyYaliHble BEJIMINHBI COOTBETCTBEHHO C IIApaMET-
pamu (a1;0%) u (ag;03). Haiitn pacipenenenme ciydaitmoit
BEJIMYUHBL & + 7).

13.19. Ilyctb & u 1) — He3aBUCHUMBIE CJIyYaHBIE BEJIMIH-
HBI, UMeloIue paciipenenierns Ko cooTBeTCTBEHHO ¢ ITa-
pamerpamu a; u ae. Haiitu pacupenenenue cirydaiiuoil Be-
Jjmyaunsl € + 1.

13.20. Ilycts £ u ) — HE3aBUCHUMBIE CJIyYailHbIe BEJIMIU-
HBI, UMEIOIIHE [IyaCCOHOBCKUE PACIIPEJIEJIEHUsI COOTBETCTBEH-
HO C mapameTrpamMu A1 u Ag. Halitu pacupenesenue ciydaii-
HOll BesInauHLI ( = & + 7).
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13.21. ITycrb ¢(t) — xapakTepucTryecKast (OYyHKIHs CIIy-

JaitHol BestmunHbl &, 118 KoTopoit Mé = a u D€ = 02 < oo.
Boimucars pasnoxenue Teitsopa jist ¢(t) B OKpecTHOCTH
touku t = 0, comeprkarmee t2.

13.22. Tlycrs {&,} — mocienoBaTebHOCTH HOPMAIBHO
PACIIPEIETEHHBIX CIYIalHBIX BETUNINH COOTBETCTBEHHO C Ta-
pameTpaMit (a,;02), TIpIIeM a, — a, o2 — 0 TIpu n — oo.

JokazaTb, 9T0 IpU N — OO paclpeie/leHne CaydaiHon
BEJINIUHBI &;, CXOJUTCSA K COOCTBEHHOMY ATOMUYECKOMY pac-
[IPEJIEJIEHUIO, COCPEJIOTOYEHHOMY B TOUKE G.

13.23. Ilycts &) — myaccoHOBCKas CydaiiHas BeJIUIHA
¢ TapaMeTpoM A < 00.

JlokazaTb, 9TO Ipu A — OO pacCIpeie/IeHne CIyIaifHoiMl
Bemanbl (€y — \)/vV/\ CXOAUTCS K HOPMAIBLHOMY PACIIpe/ie-
sernnio ¢ napamerpamu (0;1).

13.24. Ilycts Q — cobCTBEHHOE ATOMHYECKOE pacIipe-
JIeJIeHNe, COCPEIOTOUEHHOe B TOYKe a, pacrupeienenne Q*"
3aJIaHO PABEHCTBOM:

Q" =QxQ™ Y n=23..., Ql=Q.

Haiitu pacnpenenenne Q™.

13.25 (uenrpaJsibHas mpeaeibHasi Teopema 1).
[Tycts {&,} — mocaenoBaTeIbBHOCTD HE3ABUCHMBIX OJTMHAKO-
BO PACIIPEJIEJIEHHBIX CJIyUYafHBIX BeJimduH co cpegauMm 0 u

KoHeuHoi auctepcneii D&, = 2. JlokazaTk, 9T0 Ipu n — 00
pacIpe/iesieHue CJIyIaitHON BEeTHINHBI

1 n

CXOJIUTCST K HOPMAJIbHOMY DPACIPEJIE/IEHNIO ¢ IapaMeTpaMu
(0;1).

Ykazanune. Obosnaunm uepes @(t) xapakTepucTHYe-
CKyT0 (DYHKIUIO cirydaitHoii Besmanbt g (K = 1,2,...), a de-

n
pe3 Y, (t) — ciydaiiHoil BesMuuHbI 1 > &k
IV =1

[ToceoBaTEMBLHO penuTe TAKUE 3aIaH:
1° Beinuimumre XapaKTepucTuIecKyo MyHKIMO Py, (t) de-
pe3 xapakTepucTuueckyo dbyHkImo ¢(t).
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2° Bpmumute passoxkenne Teitmopa s ¢(t) B okpecT-
HocTu TOuKM t = 0, coziepKailiee t2.

3° BocnoJsip3oBaBImch pesyabraTraMu mIyHKTOB 1° u 2°,
HaiijiuTe 1pejen XapakTepucTuieckoi dbyHkimn 1y, (t) upu
n — o0.

4° Bocno/ib30BaBIINCh, PE3YJILTATOM IIYHKTA 3° W Teo-
pemoit JleBu, mokakure, 4TO MpPU N — OO PACIIPE/IETIEHUE

n
1 > &k cxoauTCsl K HOPMAJIbHOMY
k=1
pacupesesenuto ¢ napamerpamu (0;1).

13.26. Ilycrs {£} — mocsreioBaTeIbHOCTD HE3ABUCHMBIX
OJINHAKOBO PaCIIPeIe/IEHHBIX CJIYUIAHBIX BEJUINH.

Ecmn

CJIY YA HOI BEJIMYNHBI

D&, = 02 < o0,
TO U3 HepaBeHCTBa JeOBIMERA
P{I¢ = M| > e} < D¢/

CJIEJIYeT, UTO IIPU N — OO I10CJIeJ0BATE]bHOCTD

1 n

Sn = - Z gk
n
k=1
CXOIUTCS IO BepoATHOCTU K @ = M7, T. e. st oboro € > 0
P{|S, —a| >} — 0.

Teneps He GyeM TpeGOBATE, 9TOGL 02 < 00, HO MYCTh

Mé, = a # oo.

JokazaTb, 9TO IpU N — OO IOCJIEJOBATEIBLHOCTD Sy CXO-
JIATCST TI0 BEPOSITHOCTH K @ (3aKOH OOJIBINUX Yuces B hopme
XuH4anna).

13.27. Ecin {&} — nociiesioBaTesibHOCTh HE3aBUCHMbIX
OJIMHAKOBO PACIIPEICTCHHBIX CAYIAfHBIX BEJUIHH C KOHE-
HBIMU MaTEeMaTUIECKUMU OXKuAaHusMu ME, = my # 0o, TO



13.3. 3amaun 213

1 n
Sn:n;«si

CXOJITCSI IO BeposITHOCTH K My (cM. 3amady 13.26).

IIycrs &1,&9,... — He3aBUCHUMBIE OJUHAKOBO pacIipeiie-
JIEHHDIE CJIydaiiHble BEJUYIMHBI, KaXK/asi U3 KOTOPBIX MMeeT
pacmpegenerne Komm (¢ napamerpom a).

n

IokazaTb, 910 S;,, = % > &; He CXOIUTCS 10 BEPOSTHOC-
i=1
TH K KOHCTaHTe (HU K OJIHOIA).

VYkazanune.

1° Haiitn xapakTepucTuiIecKyio (pyHKIHIIO Sy,.

2° BpramcsmTh mpejienn XapaKTepUCTUIecKoil (yHKIIn
CIIyIalHOM BeJIMIUHBL S;,, IPU 1 — OC.

3aMeruM, 9TO y CAyYaillHON BeJIUYIUHBI, UMEIOIIel pac-
npenenenne Komm, MaTeMaTnyeckoe OXKuIaHue He CyIIeCTBY-
eT.

13.28 (umenTpasnbHas npeJeibHas TeopeMa 2).
[Tycrs {£,} — mociieoBaTeIbHOCTh HE3aBUCUMBIX OJ[MHA~
KOBO PpAaCIIPeJIeJIEHHbIX CIYYAlHBIX BEJMYUH CO CPEHUM @
(M&, = a # oo) u qucnepcueit 02 (D€, = 02 < 00). oka-
3aTh, 4YTO IIPU N — OO paclpelesieHue CAydaiiHoil Be/JIMYnHbL

1 n
Sp=—+ &k — na
o\v/n ;

cxXoUTCst K HopMaJsibHOMY ¢ mapamerpamu (05 1).
Ykazanme. Cum. 3amaay 13.25.
13.29. Ilyctb §1,0, &2 - - - vfk,mu- .- +&n,n, — HE3ABUCHMBIE
OJIMHAKOBO PACHPEIEIEHHBIE CIyJaiiHble BEJIMINHDI, KazK,1ast
C pacupejie/ieHIeM

P{&hn =7} =ph(1—pa)'™, 1 =01
k=1,2,...,n, upuiem
npp — A

pu n — 00.
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JlokazaTb, 9TO NIpu N — OO pAaCIpeeeHue CYMMBbI
n

> &k CXOMUTCS K IIyaCCOHOBCKOMY PACIIPEIENICHHIO C IIa-
k=1
paMeTpoM A:

m

n
A
P ;fk,n:m %me A m=0,1,...

13.30. Ilyctp &1,&2,...,&, — He3aBUCHUMBbIE OJIMHAKOBO
pacrpejiesieHHble (Kaxkas ¢ pacupejenenneM F) ciayuaitabie
BeJIMYIUHBI cO 3HadeHusMu B R® u mycth

.
R = X;, XinX; =0, i #j;
j=1

p; = F(X;) = P{& € X;} — BeposTHOCTB, TOTO, 4TO CIIy-

Jaiinass Besmuuna & mnomager B X, § o= 1,2,...,71;
Vj — UHCJIO CIIyYalHBIX BequduH &1,&2,...,&,, HOIABIINX
B Xj:

n
vi=Y Ix(&), §=1,2,...,7.
k=1

JokazaThb, UTO Ipu N — 0O pacupeiesieHne CIyJaitHon
BEJINIUHBI

s (e n)

CXOIUTCS K HOPMAJIBHOMY PACIPEeIeHNIO0 ¢ MapaMeTpaMu
(0;1).

13.31. BepositHocTHOE pactipeesenne F numeer cBoeii xa-
pakTepucTudeckoit dbyuximeit p(t).

Haiitu xapakrepucrudeckyto pacupesenenns F x Qg, rie
Q. — aToMUIeCKOE pacrpesiesieHne, COCPETOTOICHHOE B TOY-
Ke a.

IIpuBenennble majee 3aJaMd MOXKHO DPENINTDL, BBHIINCAB
xapakTepucTudeckue (PYHKIMH COOTBETCTBYIOIIUX PAaCIIpe-
JeJIeHUN U UCCIeI0BAB UX CXOAUMOCTD IIPU N — 0O.
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13.32. IIycrs {F,} — nmocienoBaresbHOCTb BEPOSITHOCT-
HBIX pacupeesennii ¢ pyHKIUAMA PaclIpeIeIeHust

0, ecmm x < 0;
Fu(z) =% nz, ecm 0 <z <1/n;
1, ecmmz >1/n.

JlokazaTb, 4TO IIpU N — 0O IMOCJIEIOBATEILHOCTL Pac-
upegenennii {F,} cxonuress K cOGCTBEHHOMY ATOMUYECKOMY
pacIpe/ieJIeHIIO, COCPeJIOTOYeHHOMY B Touke (.

13.33. {F,,} — nocsie0BaTEILHOCTH BEPOSITHOCTHBIX PAC-
npejiesienuil ¢ (PyHKIUSIMU pacipeieeHus

0, ecm < —1/n;
F.(x)=1¢ n(z+1/n)/2, eciu —1/n <z <1/n;
1, ecamn x> 1/n.

JlokazaThb, 9TO IIpH 1. — 0O MOCJEI0BATETHLHOCTD PACIIPe-
nesennii {F,} cxomurcs K aTOMHYeCKOMY paclpe/leJIeHuIo,
cocpenoToYeHHOMY B TouKe ().

13.34. {F,,} — nocje0BaTEIbHOCTD BEPOSITHOCTHBIX PAC-
peJieJIeHN ¢ IJIOTHOCTAMU

n/2, ecmm x € [—1/n,1/n];
fulz) = { (é, €C/In T ; {—1%% 1;”%

JlokazaThb, 9TO IIPH 7. — 0O MOCIEI0BATETHHOCTD PacCIIpe-
nenennit {Fp,} cxomuress K aTOMHYECKOMY pacrpe/Ie/IeHHIO,
cocpeoToYeHHOMY B Touke (.

13.35. Cayuaitnas BesimunHa & HOPMAJIBHO paciipeiesie-
Ha ¢ mapamerpamu (0;1).

Haiitn xapakrepuctudeckyo (QYHKIUO CIydaifHONW Be-
amauHbl ) = € + a (@ — KOHCTaHTA).

13.36. Boraucaurhb XapakKTepUCTHIECKYIO (PYHKIIUIO pac-
npegenenns Komu ¢ napamerpamu (a;b), ero mioTHOCTb:

1 a

—_— RL.
ma?+ (z—b)?’ re

p(x) =

Ykazaunue. Cm. npumep 13.2.4.
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13.37. Ilycts € u 1, — HE3aBUCHUMbIE CJIy4ailHbIe BeJIH-
YIMHBI, COOTBETCTBEHHO ¢ pacupenenenusmu F u No.,2.

BocrmosibzoBasiiuch Teopemoit JleBu, j0Ka3arh, 9YTO MIpH
o — 0 pacnpenenenne F, ciayaaiinoit BeuauHb!

e =&+

CXOIUTCS K paclpejiesienuio F cayyaitnoit BeTuIunot £.
13.38. IlycTb & u 1y, — HE3aBUCUMBIE CJIyYaiiHbIe BEJIMIU-
HBI, COOTBETCTBEHHO C paclipejie/ieHusamMu F u paBHOMEpHBIM
Ha npoMexkyTKe [—h, h] pacupeerenuem.
Bocnonb3oBasmmck Teopemoii JleBu, mokaszars, 9TO Ipu
h — 0 pacupenesienue Fp ciaydaiinoit BeJinmauHb

Ch=2E&+

CXOJIUTCSI K pacipejiesieHnio F caydaitioit Beuannsr £.
13.39. JlokazaTb, 9TO aTOMHYECKOE pacIpeie/IeHue

D:<1(/)2 1}2)

MOYKHO IIPEJICTABUTEL B BUIE Ipee/ia abCoTIOTHO HEIIPEPHIB-
HBIX paclpe/le/IeHU.

Ykaszanue. JJocTtarogHO yCTAHOBUTH, YTO XapaKTEPHUC-
TuiecKag pyuknus pacupenenenns F, = D*Ng ;2 cxomures
K XapaKTepucTuieckoil dyHknuu pacnpejiesienns D.

13.40. IIyctb Q,, — aroMudeckoe pacupeieseHne, 3a1aH-
HOE PaBEHCTBOM

Qn.({k/n})=1/n, k=0,1,...,n— 1.

Hoxazatb, uro Q,, cxomurest K Ujg 1] — paBHOMEpHOMY Ha
npomexyTke [0, 1] pacupenesenuto.

Ykaszanue. JJocTaTOYHO yCTAHOBUTH, YTO XapaKTEPUC-
Trdeckas PyHKIM pacrpeenenus Q, cXOIUTcs K XapaKTe-
puctuyeckoit bynknun pacupeenenns U ).

13.41. ITycts Py — myaccoHOBCKOe pacipejiesieHne ¢ Ia-
pamerpom 6.

Uccnenosars Py Ha cxomumocts ipu 6 — 0.



I'nmaBsa 14

OrnenuBanue
ImapaMeTpoB
pacupeae/ieHnin

14.1 Toue4yHbIe OIIEHKU

B MaremMaTn4yecKkol CTaTUCTUKE IIPUHSTHI CJIETYIOIIHE Oll-
pejiesieHusl.

Ounpenesienne. Ciyuaiinbiii Bektop & = (£1,82,...,&n)
co snadenusamu B R™ GyzeM HasbBaTh 6u160pkot (6v60pou-
HOLM BEKIMOPOM,) .

Bei6opky & = (£1,&2, ..., &), OOpA30BaHHYIO 1IOC/IEI0BA-
TEJIbHOCTHIO HE3aBUCUMBIX OJIMHAKOBO PACIIPEIEIEHHBIX CJTy-
JafiHbIx BeananH &1, &o, . . . , &, KaxKaasa ¢ pacupeaenreanem G,
OyIeM Ha3bIBATH 6bl60pKOT 00Bemom N u3 pacnpedeserusn G.

Buauenne {(w) = (&1(w),&2(w), - .., &n(w)) BoIOOPKE & =
= (&1,&2,...,&,) OylieM Ha3bIBATHL €€ pean3allueii.

MHuozkecTBo X BCeX BO3MOXKHBIX 3HAYEHUI (peasn3arimii )
BBIOOPKU OylieM HA3BIBATL BbO0POUHBIM TPOCTPAHCINEOM
(X — 910 R"™ i ero gacrn).

Mper1 6yem umers Jiesio ¢ Boibopramu & = (€1, 82, ...,&n),
pacupegenenus F(-; 6) (byuxmun pacupenenennst F(x;6)) ko-
TOPBIX 3aBUCAT OT Tapamerpa ), IPUHUMAIOIIETO 3HAYEHUSI
U3 HEKOTOPOTO MHOXKECTBa © BO3MOXKHBIX 3HAYEHUil, Kak
npaBuyio, ©® — MOJMHOXKECTBO KOHEYHOMEPHOI'O MPOCTPAH-
crBa R® (pacupejieneHusiMu, 3aBUCAIIMMEI OT IapaMeTpa, Ha-

217
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pUMED, SABJISTIOTCS: HOPMAJIbHOE PACIIPEIE/IEHIE, DABHOMED-
HO€, IIyaCCOHOBCKOE).

3asaya oneHMBaHUS IAPAMETPOB pacipeeeHusl.
Nmeerca peanmzaius &(w) = (&1 (w), & (w),. .., {p(w)) BB
Gopru & = (£1,82,...,&n), pacupenenenue F(-;0) koropoi
zaBucuT OoT mapamerpa 6 € ©. ITapamerp 6 menszpecten. [lo
peasmzannu &(w) BbIOOPKU £ (1m0 BBIOOPKE &) HEOOXOIUMO
oneHuTh (onpesesuTh) napamerp . Dra 3ajgaua U3BECTHA
KaK 3aJ1a9a OIEeHUBAHUs [IapaMeTpa PACIpeIe/IeHusl.

Euncreennoe, aro y Hac mmeercsi (4TO HAM H3BECTHO)
JUIS ONPEJIEJICHNsT HEeM3BECTHOTO napamerpa f, — 3To pea-
mzanust &(w) BeIGOpKU & (Kpome &(w) MBI He MMeeM HH-
4ero, 4T0 661 Hecso nHbopMaluio o mapaverpe ). [Tosro-
My “oneruTb 0 10 &(w)”, TOYHO MM XOTsI ObI HPUOIIMIKEH-
HO, O3HAYAeT IIOCTABUTL B COOTBeTCTBUE peanusanuun &(w)

3Hadenne f u3 MHOXKeCcTBa © BO3MOXKHBIX 3HAYeHHU 6, KOTO-
poe MbI OyJIeM UCIOJIB30BaTh B KAUECTBE HEU3BECTHOI'O HAM
mapamerpa . QopmasibHO, JJIs OlleHUBaHUs Hapamerpa 6
Ha, BBIOOPOTHOM IIPOCTPaHCTBE X — MHOXKECTBE PeaIu3aIlnii
BBIOOPKHN — HEOOXOAMMO OIPEEUTH (IIOCTPOUTH) (DYHKITHIO
h(-) co sHaUeHUSIMU B © — MHOXKECTBE BO3MOYXKHBIX 3HAYEHUI
mapamMerpa § — Takyro, UTO 3HaUeHHe

6 = h(Ew))

MbI 1 OyJleM HCIIOJIb30BaTh B KauyecTBe HEU3BECTHOIO Hapa-
metpa 6.

Ounpepnesnenne. I[ycrs & = (£1,&2,...,&,) — BbIOOP-
Ka, pacrpesesnerne F(-;6) koropoil 3aBucuT oT mapamerpa
0 € O. Bopeseckyto dyukiwmio A(-), 3a/aHHYIO0 Ha BEIOOPOY-
HoM mpocTpancTBe X C R”, co 3HAUEHUSIMU B MHOXKeCTBe ©
BO3MOKHBIX 3HaJYeHUil mapamerpa #, OyjeM Ha3bIBATH CMa-
mucmukot, a CIydaitHylo BeJUIHHY

0 =h(€) =h(&1,6,....En)

— (QYHKIHUIO OT BBIOOPKH — 0UEHKOU.
[Tosyuars (crponts) craructuxu h(-), a BMECTe ¢ HEME

u onerku 6 = h(&) napamerpa 6, To4HO (0HO3HAYHO) OIIpe-
JleJISAIONINe HEN3BECTHBIN apamerp 6:

0 =0=h(),
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3aBEOMO He YIACTCsI Y2Ke XOTsT ObI TIOTOMY, 9TO ) — KOHCTaH-
Ta, a OIEHKa 6 = h(§), kak yHKIUsS OT BBIOOPKHU, — CJIy-
Jaiinas BemauHa (U1t KaxK10il peasmsanun &(w) 3HAYEHUE
0 = h(§(w)), ncnomb3yemoe B Kadectse 6, coe). Ilosromy,

HPaBUTCS HAM 9TO WM HET, HO orieHKy 6 = h(§) mapamerpa
6 MBI MOZKEM PACCMATPUBATD TOJLKO KaK €ro NPUOIMKEHHOE
3HaYCHUE. .

Hasee obopor “0 = h(§) — onenka napamerpa 6” o3naua-

er, uTo 0 = h(§) ucnonb3yercss B KauecTse MPUOJIMZKEHHOTO
3HaveHus napamerpa ; obopor “oreHuTh napamerp 67 osna-
Jaer noJyuuTh npubsmkentoe suadenne § = h(§) mapamer-
pa 6; obopor “0 = h(§) — onenka”’ oznauaer, uro 6 = h(§)
— dyuknus (6opeseBckast) OT BBIOOPKH.

IlorpemmrocTU olleHMBaHUs TMapaMmeTpa. B cBs3u c

3aja4eil OIeHUBaHNSA HEM3BECTHOIO IapaMerpa 6 pacmupeme-
sierus F(-; 0) mo BeiGopKe &, Kak 3aja4eil moJry deHust mpub.iu-

»kerHoro 3Havenust = h(§) (omenku) napamerpa 6, Bo3HU-
KaeT BOIIPOC O IOTPEITHOCTHU OICHUBAHUS HapaMeTpa 6 oren-

KOl § — 0 morpemnrHocTu npu 3amMene f ero nNpuOINKEHHBIM

snadenueM 0 = h(§). Tosopurs 0 0 = h(§) kak o npubsu-
JKEHHOM 3HAYEHUHN apaMeTpa f MMeeT CMBICI TOJIBKO TOTJA,
KOIJIa MBI HMeeM BO3MOYKHOCTB OLEHHTH [IOIPEIIHOCTD IIPH

3amene 0 Ha 0. .

[Tycrs € — onenka napamerpa 6, 1. e. § = h(&) paccmar-
puBaeTcsa Kak MpubJIrmKeHHoe 3Hadenne mapamerpa 6. B ka-
YecTBe MOTPEITHOCTH MPU 3aMeHe mapaMeTpa f ero omeHkoit

0 = h(€) (B KavecTBEe KOIMYECTBEHHON MepbI pa3bpoca 3Ha-

YeHUil OleHKN § OTHOCUTEIHHO OlleHNBaeMoro napamerpa )
OyaeM pacCMaTpPUBATD BEJTHIUHY

M(0 — 6)2.
Iepemumem M(6 — 0)? rax:
M(6 — 0)> = DO + (M@ — 6)?

Besmauna pazépoca M(6 — 6)? onenku 6 orHocuTeBHO OtIe-
HUBaeMoro napamerpa 6 (morperHocTs 1pu 3amene § Ha )
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CKJIaJIbIBAETCS U3 BEJIMIUHBI Pa3bpoca caMoil OIeHKHN
M(0 — M)? = DI

u sesmauab (MO — 6)?2
s oyenusanua napamempa 6 ecmecmeenno ucnoib3o-

8aMb OUEHKU 0, pasbpoc M(é — 0)2 Komopuiw ommocumens-

1o 0 (noepewnocms npu 3amene 0 na 0) Karx MooHcHO MeHD-
we. M3 pasercmea

M( — 0)? = DI + (MO — 0)? (14.1.1)

caedyem, wmo 0as amozo om ouenky 0 napamempa 0 neob-
rodumo nompebosamv, wmobv, MO = 0 u umobvl xKax MOHCHO

MeHvwum oo pasopoc DO camoti ouenku 6.
B cBsi3u ¢ 3THM BBOJSATCS CJIEIYIONINAE ONPEJICTICHUS.

Onpenenenune. OtueHky 6 OyneM HA3BIBATD HECMEULEH-
HOT ouenkoti napamempa 0, ecan

Mé = 6.

Harysinnoe coneprkanue CBORCTBa HECMEIIEHHOCTH OTIEH-
ku 0 napamerpa 6 COCTOUT B TOM, YTO IIPU MHOIOKPATHOM
HCIIOJIb30BaHNM 6 B KadecTBe 3HAYEeHUS 6 cpejHee 3HAUEHHE

morpentHocT  — 6 paBHO HYJIIO.
YacTo MBI IMeeM BO3MOXKHOCTE “HAapaIuBaTh’ 00beM BhI-

6opku £ = (£1,&2,...,&y) U B CBI3U C 9THM PACcCMaTPUBATH
He onny onenky 0 = h(§) = h(&1,&,...,&,), a mocueno-
BaTEILHOCTb OLEHOK O, = h,(&1,82,...,&n), n = 1,2,...

B sTOoM citydae ecTecTBEHHO FOBOPUTD 00 X ACUMNMOTMUYE-
CKOM nosederu.
Omnpegenenne. IlociemoBaTeIbHOCTD OIEHOK

n_h (gl g?a"'vgn)a n:]-aQa"'v

Oy/eM HA3bIBaTh ACUMNIMOMUYECKU HECMEUEHHOT Nocaedo-
BAMENLHOCTNBIO OUEHOK Napamempa 0, eciau pu n — 0o

Mé,, — 0.
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Omnpenenenne. IlocnemoBaTeIbHOCTD OIEHOK

n—h (61 fg,...,fn), n:1,2,...,

OyeM HAa3bIBATb COCMOAMEALHOUT NOCAEIOBATNEAYHOCTLIO OUe-
HOK napamempa 6, ecin 11 Kaxkaoro € > 0 mpu n — 0o

P{|0, — 0] >} — 0,

JPYTUMH CJIOBaMU, €CJIN TOCTIEIOBATEIBHOCTE 6, CXOIUTCS
10 BEPOATHOCTH K 6.

~

CxomuMocTb 110 BeposiTHOCTH 6, K 0 OymeMm 0003HAYATH
TaK:

AP
0, — 0.

Sameqganne. CorylacHO CJIOKUBIIENCS B MaTeMaTHIeC-
KOil CTATUCTUKE TPAJIMIIK, BHIOOPKOIl HA3BIBAIOT HE TOJIHKO
ciydaiinerit Bektop £ = (£1,82,...,&,), HO U €ro peamsa-
U0, yIOTPeOJIsAst K TOMY K€ OJHU U Te YKe 0DO3HAYEHUsI
KaK JIJIsl CIYYafiHOTO BeKTOpa &, TaK U JIJIsT €r0 PeaTU3aIlii.

C UHTYUTHBHOI TOYKH 3PEHUSI, O ITPOBEJIEHUs IKCIIEPH-
MEHTA, BBIOOPKaA — 3TO CJydafiHblli BEKTOP, MOCJIE TIPOBE/Ie-
HUST — peajin3alis CJIyIailHoro BEKTOPa, XOTsl MO-TIPEeKHEMY
MBI Oy/IeM Ha3bIBATH €ro BHIOOPKOIA.

Hamnpumep, B 9KCIIepUMEHTE JIEBITH Pa3 HE3aBUCUMBIM
0obpa3oM M3MepsIeTCsl TOUKa TIIaBICHUs XKeje3a. “Byrymmit
pesysibrar’ 3KCIepuMenTa — ciydaitabrii Bekrop £ = (€1, o, . - .

.,&9), pe3ysbTaT KCHepuMeHTa ([IPOBEIEHHOI0) — TOCIe-
JoBaresibHOCTL duces: 1493, 1519, 1518, 1514, 1489, 1508,
1485, 1503, 1497 — peamuzanus &(w) = (&1 (w), &2 (w),

., &9(w)) cayuaaitaoro Bekropa & = (£1,&2,...,&9).
IIpumep 14.1.1. ITycmo &1, o, ..., &, — 6bibopra u3 pac-
npedesenus ¢ NAOMHOCTBIO

f(ﬂf;a,b) = ﬁ; ecau T € [a,b]’
0, ecauz ¢ [a;b].

PaCCMCmeUGCLTOmC.ﬂ, OUEHKU

él = min{ﬁl,fg, v 7£n}7 é2 = max{&l,fg, v 7£n}7
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1 = A n— + n
:*Z&’ 94:u_
n 2

Kaxue us ouyenox 61,02, 03,04 u das kaxur napamempos (603-
MOCHO, OMAUNHHLE OM & U b) AGAAIOMCA HECMEULLHHOIMU
ouenramu? CocmosmensHuMu oueHKamu?

Pemenue. PaccMoTpuM KaxK1yio U3 OIEHOK.

Onenka 0y = max{{,&,...,&, . Haiigem crauasa
pacnpeneserne fo. o ycmosuto €1, &s, . .., &, — BBIOOPKa U3
pPaBHOMEDHOIO Ha IPOMEXKYTKe [a;b] pacupejesnenus:, T. e.
£1,&9,...,&, — He3aBUCHMbBIE CIydaiiHble BEJIMIUHDI, KarK-
Jlasl 13 KOTOPBIX PACIIpeIeeHa PABHOMEPHO Ha IIPOMEKYTKE
[a; b]. Orcroma, yauThiBasi, 4TO PACIPEIC/ICHUsT CJIyIaiiHbIX
BesmuuH €1, Ea, . . ., &, aDCOIIOTHO HENPEPHIBHBI C TIJIOTHOCTSI-
mu f(z;a,b), nmeem

Fy () = P{fy < 2} = P{max {&,&,..., &} <a} =

:P{fl<9C,§2<$,---,§n<$}:HP{§i<x}:
i=1

n

—H/fy,ab /fy,ab

[Tostomy 02 — abCOJIFOTHO HEIpEpBLIBHAS CIyJaiiHasT BeJIu-
YUHA U €€ TIOTHOCTD PACIIPE/IETICHUST

z n—1
d
fi(e) = 5 Foa) = nfaiat) [ fabdy

X

A TOCKOMBKY

0, ecn T < a;

/f(y§a>b)dy= %:a ecm a < x < b;
1, ecau x > b,
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TO

0, ecin = & [a; bl;

fo, () = (b—#)”(x —a)" !, ecom x € [a;b].

I'paduk mornocru fg, () m3o6parken Ha puc. 14.1.1.

ITo u3BecTHOI INIOTHOCTH pacupejesieHnd OIeHKNU 02 MO-
2KeM BLIYUCJ/IMTL €€ MaTeMaTUu4deCKOe OXKUIaHue:

[e.o]

M0y = /mféz(ac)dx =

—00

n 1 n a
= ——(z— dx = b .
/m(b—a)”(x 2 Tt +n%—l

CienoBaTeIbHO, OIEHKA (9 He SIBISIETCST HECMEIEeHHO OIleH-
KOl HU IIapaMeTpa a, HU IapaMerpa b, Ho Ipu n — 00

Mby =
n—+1 n+1

— b.

Ilociiennee obosnadaer, 4To Oy sSIBIASIETCS ACUMITOTUYECKU
HECMEIIEHHOM OIeHKO mapamerpa b.

BbI}ICHI/IM, ABJIAEeTCA JIN 92 COCTOATEJILHOMI OHGHKOI'?‘I IHapa-

Merpa b, IpyruMu CJIOBaAMU, CXOMUTCS JIH U5 TI0 BEPOSTHOCTH
K
U1t 1oCTaTOYHO MAJIBIX € UMEEM

P{lfs—b| > e} = P{fs € (—00,b—e) U (b+¢,+00)} =

b +oo b—e
— /féQ(x)dx+/fgz(x)dx: /f@Q(CE)dx:

b+e
b—e

_ / ﬁ(z—a)n_ldmz (1— bfa)n,

a
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YTO CXOIUTCsA K HYJIIO IPU 17 — OQO. CrempoBaTe/ibHO,
P{|fy —b] > e} =0

upu n — oo. Ilocaeanee o6o3HadaeT, 9T0 Oy ABIIAETCA COCTO-
ATEJILHOW OIeHKOM mmapamMeTpa b.

f@2($)

0 a b T

Puc. 14.1.1: IlnoTHOCTL pacrpeaeeHus OIeHKN 05

Onenka f; = min {&1,&,...,&,}. Onenka 0, HCCTIEIY-
eTcsl AaHAJIOTHYHO OLeHKe 0.

Pacnpenenenne onenku 61 abcoJIFOTHO HEIIPEPBIBHO C ILJIOT-
HOCTBIO

i (@) 0, ecim © & [a; bl;
hj \ L) = . n _ _(py_ -1 .
61 (=K (b—z)", ecam x € [a;b].
Orcrona
A n b
Mo, = .
o n 4+ la * n+1

Ilosromy 67 He gaBjsteTcs HECMENIEHHON OIEHKOW HM Iapa-
MeTpa a, HU IapaMeTpa b, HO OHa ABJISIETCS aCUMITOTUIECKN
HECMEIIEHHON OIEeHKOH napaMeTrpa a.
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Omnenka 01 siBJIsteTCsI COCTOSITEIBHON OIEHKOM ImapamMer-
pa a (cM. uccyesoBanue oneHku 6s).

R n
Onenka 03 = % > &;. Hockomnbky &, i =1,2,...,n, —
i=1

PaBHOMEPHO paCIIpeIe/IeHHbIE Ha IPOMEXKYTKe [a; b] corydaii-
HbI€ BEJIMYNHBI, a JIJId HUX MaTeMaTUu4deCKoe OXKHuJIaHue 77,
Kak u3BecTHO, paBHO (a + b)/2, TO

R 1 < a+b
1=

CrnemoBaresibHo, 03 He SIBJIAETCA HECMEIIEHHON OIEHKON HU

napamerpa a, Hu mapaMerpa b, Ho f3 — HecMeleHHasT OIeHKa

napamerpa m; = (a + b)/2 — MaTeMaTHIECKOTO OXKU/IAHHS

PaBHOMEDHOTI'O Ha IIPOMEXKYTKe [a; b] pacupe/esieHusi.
Jlasee, coryiacHO 3aKOHY OOJIBIIIIX YHUCEJT OIIEHKA

1 n
O3 =~ &
i=1
CXOITCS 110 BeposTHOCTH K my = (a + b)/2, 1. e. 3 — co-

crosiTe/IbHAs! OlleHKa napamerpa my = (a + b)/2.
Onenka Oy = ({1 + &) /2. st onenxu 6y

A -1+ 1 a+b
My = ML FEn ~(M&p1 + ME,) = .
2 2 2
CJIG,ZLOB&TGJIBHO, é4 — HeCMeIllleHHasd OIICHKa ITapaMeTpa
my = (a+b)/2.

N

Ormenka 04 He CXOUTCSI TI0 BEPOSITHOCTH HU K OJIHOM KOH-
cranre (mapamerpy). B camom Jieste, miIoTHOCTBIO pacipeie-

JICHUSI CJIyYaiiHOM BEJIMYUHBL 0, = (€n—1 + &n)/2 siBasteTCst
PyHKIHS

0, ecn © & [a; bl;
[a, a—zi-b].

?

2 (x —a), ecnuz €

fo, (@) =1 (b—a

#(b— x), eciou T € [a’"zi_b,b]
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(cHavaJa MoJIyvYeHa IIOTHOCTh CYMMBI &,—1 + &, KaK cBepT-
Ka IJIOTHOCTEl PaBHOMEPHBIX Ha MPOMEXKYTKe [a; b pacipe-
JlesieHnit, a 3areM yuaren koaddurment 1/2, rpaduk fa, ()

n3o0pazked Ha puc. 14.1.2). ITosromy st smro6oro mapamer-
pa 6 1 IPOM3BOJIBLHOTO JOCTATOYHO Majoro € > 0 BeposarT-
HOCTD

P{0s— 0] > c} = / £, (2)dz
{z:|z—0|>¢}

He 3aBHUCHUT OT T (“II/IC.HeHHO OHa paBHa IJIOIIaJU 3aIllITPUXO-

BaHHON durypsr (cMm. puc. 14.1.2)) u, ciegoarensho, 64 He
CXOUTCS K 6 110 BEPOATHOCTHU TIPH 1, — O0.

f; @)

2
b—a

0 a 6—.8 0 é+e b T

Puc. 14.1.2: IlnoTHOCTBH pacipeesieHust OIeHKN é4

14.2 loBepuTebHbIE MHTEPBAJIBI

[ToMHMO TOYEYHOTO OIEHUBAHUSI APAMETPOB PACIIPE/ie-
JIEHUSI, UCHOJIB3YIOT TaK HA3BIBAEMOE UHMEPEAALHOE OUEHU-
6anue, CyTh KOTOPOIO COCTOMT B TOM, YTO JJIsi HEH3BECT-
HOTO IIapaMeTpa HaXOJAT HHTEPBAJI, COJepPXKAalMil ero ¢ 3a-
JAHHOI (0CTaTOYHO GOJIBINOI) BepOATHOCTHIO. PaccMorpum
JIOBEPHUTEJIbHbIE HHTEPBAJIBL JIJIsI [IAPAMETPOB HOPMAJILHOI'O
pacIpe/iesIeHusl.
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doBepurenbHubiii mHTEPBaAJ AJA a. lig BbIOOpKH
§ = (&1,%,...,&) us pacnpenenenus N, 2 clyJaifnas Be-

JIMYUHaA —a S uMeet t-pacupenesierne ¢ n — 1 creie-
Vn
n

HaMu cB0OobI. 1TosTomy

p{,§a|/\jﬁ < taml} =1-2a (14.2.2)

nJIn

P{f—\rtan 1<a<£+ftan 1}:1—2(1,

re to.m — BEPXHHI q-1IpeIest t-pacipe/ie/IeHust C 1M CTEIIeHsI-
Mu cBOOOABI (eM. 1. 22 u Tabm. 22.3.1). dpyrumu cioBamu,
UHTEpBaJI

(5 \/—tan 1, E+ \/ﬁtan 1> (14.2.3)

COJIEP2KUT HEU3BECTHBIN HapaMeTp a C BEPOATHOCTHIO 1 — 2q.
Wurepsai (14.2.3) HA3BIBAIOT 006EPUMENLHBIM UHMEPEAAOM
Uit mapameTrpa a ¢ KodddunuenToMm HajekHOCTH 1 — 200
(koop/mHATA € CePeIMHBI TOBEPUTEIHHOTO HHTEPBATIA I €T0
JJIIHA 2%15@;”_1 — cay4vaiinble Besmunabl). Kak npasuiio,

st KoadbdurimenTa HaieKHOCTU BuiOupatoT 3Hadenus (,99;
0,98; 0,95; 0,90.

Kosddunuenty name:knoctu 1 — 20 MOXKHO JATH CJIELY-
IOIYI0 YACTOTHYIO MHTEPIIPETAIUIO: €CJIU MPOBECTU J0CTa-
TOYHO JJIMHHYIO CEPpHUI0 HE3aBHCUMBIX 3KCIIEPDUMEHTOB, CKa-
kKeM 100, TO 9MCIIO TEX FKCIEPUMEHTOB, B KOTOPBIX JTOBEPH-
TestbHBI nHTEepBas (14.2.3) comep:KUT HEM3BECTHBIN mapa-
Merp a, 6umska k 100(1 — 2«).

U3 pasencrsa (14.2.2), mepenucanHoro B Buje

p{|g_a|<jﬁtam_l}:1_2a
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CJIEAYEeT, 9TO IIOIPEHIHOCTD IIPpU 3aMEHE ITapaMeTpa a €ro To-

YEeYHOMI OIEHKON £ He IPEBOCXOIUT ﬁtamfl (¢ BeposiTHOC-

b0 1 — 200).
s 2 E —
oBepuresnbHblii uHTEpBaJ 10151 0°. Econ § = (&1, &a,
-»&n) — BBIOOPKA M3 pacupesenenus N, ,2, TO CIydaifnast

semmauna (n — 1)s%/0? umeer pactpesenenne x2 ¢ n — 1
crerensiMu ¢BoOoibI. [TosTomy

(n—1)s?
P {X%a;nl < T < ng;nfl =1-2a

nJIm

(n —1)s? co? < (n —1)s?

P 2 2
Xa;nfl lea;nfl

=1-2«a
(X%’;m — BepXHHI B-TIpeies X 2-paciipeieieHust ¢ m CTeleHsI-
MU CBOOOMBI, M. T1. 22 u Tabs. 22.2.1). To ectb mHTEpBAT

(n—1)s% (n—1)s?

2 2
Xa;n—l Xl—a;n—l

(14.2.4)

COJIEPKUT HEM3BECTHBIH IapaMeTrp o2 € BEPOATHOCTHIO

1 — 2. Jpyrumu cioBamu, unrepsad (14.2.4) spisercst g0-
BEPHUTEILHBIM HHTEPBAJIOM I IapaMerpa o2 (jucrepcuu
HOPMAJIBHOTO PaCIpe/iesieHnst) ¢ KO9MOUIneHToM HaIeZKHOC-
™ 1 — 2a.

I[Ipumep 14.2.1. Hatimu dosepumenvHuiti uHmepsan ons
cpednezo nokazanuli mukpockona I (em. npumep 17.3.1) ¢ xo-
appunuernmom nadestcrnocmu: 1) 0,90; 2) 0,99.

Pemenmne. Ilokazanus MUKPOCKOIIA €CTECTBEHHO CUU-
TaTh peaju3alueil BHIOOPKM W3 HOPMAaJbHOTO pAaCIpejie/ie-
uust. JloBepuresbHbIil MHTEPBA JIst IapaMeTpa a (MareMa-
TUYIECKOIO OXKUJAHUsI) HOPMAJBHOTO PACIIPEJICJICHHs] MMeeT
B (14.2.3). B paccmarpuBaemom mpmmepe n = 12,
f == 2,34, 82 == 1,66, t0705;11 = 1,796, t07005;11 == 3,106. IToaTto-
MY JIOBEPHUTE/ILHBIM HHTEPBAJIOM JJIsl IapaMeTpa ¢ ¢ Ko3d-
dunmenrom magexuoctu 0,90 sisiercst uarepsad (1,68;3),
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a JIOBEPUTEbHBIM MHTEPBAJIOM € KO3((DMUIIMEHTOM HaeXK-
socru 0,99 — unrepsasn (1,19;3,49) (dbakruvyeckn HaiigeHbl
peain3aIiuu JOBEePUTEIbHBIX HHTEPBAJIOB, XOTS Mbl TOBOPUM
O JIOBEPHUTEIHHBIX NHTEPBAJIaX ).

O6paruM BHEMAaHME Ha TO, UTO 3a yBeJudeHue Koahdu-
[UEHTA HAJEKHOCTH MBI “pacijiaduBaeMcs’ pPaCIIupeHneM
JIOBEPUTEJILHOIO WHTEpBAaJa, U HA00OPOT — UYeM yiKe JIoBe-
PUTEJIBHBII HHTEPBAJ, TEM MeHbIIe KO3 MUIMeHT Ha eKHO-
CTH.

[Ipumep 14.2.2. Hatimu dosepumesvhbill uHmMePean OAf
ducnepcuu pasrocmu ypoorcaes (cm. npumep 17.2.1) ¢ xoagh-
Puyuenmom nadesrcrnocmu: 1)0,90; 2) 0,98.

Pemenue. PaznocTs ypoxkaeB eCTECTBEHHO CUUTATH Pe-
aJim3aleil BBIOOPKU U3 HOPMAJILHOTO paciipeieieHus. Jlope-
PUTETLHLI HHTEPBAT I/ TIapaMeTpa o2 (Juciepcuu) Hop-
MaJIbHOIO pacupejesiernst uMeer Buj (14.2.4). B paccmar-
pusaemoM mpumepe n = 10, s> = 0,667, X%,95;9 = 3,32,
X3,05;9 = 167927 X3,99;9 = 279a X%,OI;Q = 21767 HOSTOMY HO-
BEPUTEILHBIM HHTEPBAJIOM JIsl TApAMETPa, 02 ¢ Kohduiim-
enrom Hagexkuocrn 0,90 (TouHee, peanusalyeil 10BepUTE b
HOI'O MHTEPBAaJIa, MOCTPOEHHOI'O 110 BBIOOPKE) SIBJISICTCS MH-
repsai (0,35;1,81), a ¢ koabdunuenrom naxexuocru 0,99
— unrepsai (0,28;2,07).

14.3 OnueHKHN ¢ MUHUMAJIbHOM
aucnepcuen

[TorpemuocTs 1pu 3amMene mapameTpa  OIEHKOH 6 Mbr
“usmepsieM”’ BeJIMIMHON

M(6 — 6)% = DO + (M@ — 6)?

(em. (14.1.1)). [z onenmpanms napamerpa 6 ciesyer nc-

10JI630BATE OIEHKH ), y KOTOPHIX M (0 6)? Kak MOYKHO MeHb-
we. M3 ociesiHero paBeHcTBa CIeAyeT, UTo s STOr0 eCTe-

CTBEHHO HUCIIOJIB30BATh HECMEIIEHHbIE OLEHKH 0 napamerpa
f — oleHKHU, Y KOTOPBIX M@ = 6. Y HecMeIeHHbIX OleHOK 0
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napanerpa  norpemmocts M(0 —6)2 upu samene 6 na 0 pas-

ua DO. IlosTomy jutst onieHnBaHus TapamMeTpa f u3 cemeiicTBa
€ro HEeCMEIEHHBIX OIIEHOK €CTECTBEHHO BLIOUPATH T€, KOTO-

pble UMEIOT 110 BO3MOXKHOCTH MeHbIyIo aucuepcuio DO, a B
niaeaJjie MUHUMaJILHO BO3MO)KHyIO.

Onpenenenue. Hecmemennyio onenky 6* mapamerpa 6
Oy/ileM Ha3bIBATH €r0 HAUAY“ULET OUEeHKOT, OUEHKOT MUHU-
MANOHOT Jucnepcuy WIn sPdexmueHoti oueHKxot, ecian

D#* = inf DO.
0:MO=0

B cBasu ¢ 3tum onpeaeJieHueM €CTEeCTBEHHO BO3HHUKaET BO-
Ipoc: HACKOJIbKO MaJIOl MOXKET OBITH MIHUMAJILHO BO3MOK-
Had AUCIIEpCUd OIEHKHN (HaCKOJIbKO MaJIbIMHU MOTI'YT OBITD

orkyionenusi 0 or 0)? OkasbplBaeTCsl, UTO €CJIU CEMEHCTBO
pacnpenenennit F(-;60),0 € O, Boibopru £—(&1,&2,...,&)
JIOCTATOYHO PEryJISIPHO 3aBHCHUT OT OIEHMBAEMOI'O IapaMeT-
pa 0, TO MOXKHO yKa3aTh HUKHIOK TDAHUILY JUCHEPCHIl BCEX
HECMEIIEHHbIX OIEHOK Iapamerpa (HepaseHcTBo Kpamepa—
Pao). B HEKOTOpBIX cilydasix CyIIECTBYIOT OINEHKH IIapaMeT-
pa, Ha KOTOPBIX HUXKHSISI TPAHUIIA JIOCTUTALTCS. DTU ONEHKHU
ABJISTIOTCsT 3 pekTuBHbIMU. CpaBHUBAST JUCIIEPCUIO JTAHHOM
OIICHKM C HUKHEU I'paHulleil AUCIIEPCUNA HECMEIEHHDBIX OIle-
HOK, MOXKHO BBISICHUTH, HACKOJILKO OIeHKa OJIN3Ka K HAMIY I-
el BO3MOZKHOM.

[Tycts BoibOPKa & = (£1,&9, . . ., &) DUKCHPOBAHHOTO 00~
eMa N UMeeT IJIOTHOCTD PACIIPE Ie/ICHIST

f(x70) = f(x17x27"'7xn;0)'

[Tapamerp 0 OymeMm cuuTaTh OJHOMEPHBIM, 8 OTHOCHTEIHHO
MHOKECTBA €T0 BO3MOKHBIX 3HATYEHUH © MPEeIOIOKIM, 9TO
OHO SIBJISIETCSI KOHEYHBIM MHTEPBAJIOM YHCJIOBOM IIPSIMOIA.

HepasenctBo Kpamepa—Pao (pacupenesnenune ab-
COJIIOTHO HenpepbiBHOE). Hanomuum ycsiosue nuddepen-
IUPyeMocT (PYHKITUU 10 MapaMeTpy I10J 3HAKOM HHTerpa-
JIa.

Teopewma 14.3.1. Ecau dynrxyus f(xz;0), (z,0) € R™ x
x (a,b), dugpeperyupyema no 6 das noumu ecex x € R™ u
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npou3eodHas % f(x; 0) mastcopupyema urmezpupyemoti dym-
wuued:

0

aef(x;G)‘ <Y(z), /Y(f)dﬂﬁ < 09,
Bn

3} 0
%/f(x;ﬁ)dx:/aef(x;e)dx.
R™ R™

Onpenenenue. OyHKIMIO
10) =D In f(g:6), 6 < 0,

OyeM Ha3BIBATDH KoAUUECTNEOM unpopmavuy no Duwepy.
Teopewma 14.3.2 (nepasencrso Kpamepa—Pao). I[Tycmo

& = (&1,&,...,&) — abcomommo Henpepuervill 6ul00POH-

noull eexmop ¢ naomuocmwro f(x;0), v € R", § € O, u

0 = h(§) — necmewennan oyenka napamempa 6.

Ecau pynxuyuu f(x;0) uh(x) f(x; 0) ydosaemesopsrom yc-
aosuam dugdeperyupyemocmu no napamempy 6 € © nod
anarxom unmezpasra (cm. meopemy 14.3.1), npuuvem f(x;0)
— Jugpdepernyupyemocmu deascdot, u

82
M7 150

< 00,

mo I(0) < oo u

‘ —

Df > (14.3.5)

~

(0)’
NPUMEM PABEHCMEBO J0CMU2aeMCA Mo20a U MoAbKo mozda,
Kx020a 5
—In f(x;0) = C(0)(h(x) — 0).
o0
Cnencrsue 1. Ecau ouenka 0 = o ydosaemeopsem
YCAOBUAM MeopemMbl U OAL Hee Hepasencmeo Kpamepa—Pao
A 1
DO > ——
(9)
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obpawsaemes 6 paseHcmso, mo 0F asasemca spgexmusHot
ouerxot napamempa 6.

Cunencrsue 2. Ecau das naommnocmu pacnpedeserus
f(x;0) (x € R™) ewbopku & = (&1,&2,...&n) u ouenku

0 = h(§), ydosaemeopaowur Ycao6uUAM MEOPEMDBL, UMEETN,
MECMO COOMHOULEHUE

0
5 0 f(2:0) = c(0)(h(x) - 0),

mo h(§) — apexmusnan ouenrka napamempa 6.

HepasencrBo Kpamepa—Pao (pacnpenenenue quc-
kperHoe). Hepasencrso Kpamepa—Pao u yrBepx ienusi, ana-
JIOTUYHbIE TIPUBEJIEHHBIM BBIIIIE€, UMEIOT MECTO TAKKe TOT/IA,
korga pacupegenenne P(-;60) Boibopku & = (&1,&2,...,&n)
JINCKPETHO, T. €. CYIIECTBYET He Hojiee YeM CUETHOE MHOXKE-
CTBO TOUEK & = (T1,T2,...,Ty) € R™, 11 KOTOPHIX

Pe(w) = P(x;0) = P(21,22,...,2,;0) =
=P =21,% =22,...,& = x4;0) >0,

Z P(z1,ze,...,x,;0) = 1.

(-7717-7327---7xn)

Teopewma 14.3.3. Ecau ynryus P(x;0), x € X C R",
0 € O, npu scex x Judpepenyupyema no napamempy 0 u
psd

0
%P(xv 6)

zeX

cxodumea abcosomHo U PABHOMEPHO OMHOCUMEALHO O € O,
mo pad Y, P(x;0) mootcro nousenno duddeperyuposamo

zeX
no NapamMempy:

0 0
20 Z P(x;0) = %P(aj;ﬁ).

zeX rzeX
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Teopewma 14.3.4 (mepasencrso Kpamepa—Pao, pacupe-
nesterne guckpernoe). Hyemv & = (§1,&2,...,&,) — duc-
Kpemmwitl 6vbopounsill eexmop ¢ pacnpedeneruem Pe(x) =
=P(x;0), x € X, 0 € © uf = h(§) — necmewenran ouenra
napamempa 0.

Ecau psaow

Z P(x;0) u Z h(z)P(x;0)

zeX zeX

YO0BAELTNBOPAIOM, YCAOBUAM JuPPeperuupyemocmu no napa-

mempy 0 € O (em. meopemy 14.3.3), npuuem pad »y, P(x;0)
zeX

— Juddeperuyupyemocmu deastcdo, u

82

mo 1(0) < oo u
~ 1
DO > —
npuNeM pasenHcmeo Jdocmuzaemcs moada U MoAbko moaoa,
K0200

0
g P 0) = C(O)(h(x) - 0).

Cnencrsue 1. Ecau ouenka 0 = 0* ydosaemeopsem
YCAOBUAM TEOPEMDL U O Hee nepasencmeo Kpamepa— Pao

A 1
D6 > —
"> 10

obpawaemes 6 paseHcmso, mo 0F asasemcsa sdpexmustot
ouenkotl napamempa 6.

Cunencreue 2. Ecau daa pacnpedeserus P(x;0),
x € R", swbopru & = (&1,82,...&) u ouenku 0 = h(§),

yOoe/Lemsopﬂmmux YCAo8UAM TMEOPEMDL, UMEEIM, MECTMO CO-
omroweHue
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0
20 InP(z;0) = c(0)(h(x) —0),

mo h(§) — agpexmuenan ouenra napamempa 6.

[Mpumep 14.3.1. Ilycmv &1,&0,...,& — 6ubopka u3
HOPMaALH020 pacnpedesenus ¢ napamempamy (60;1), 0 npu-
nadaeostcum ompesky |a; bl. Heasemesn au

A~ o= 1
0=¢=— E &i
n -
=1
apexmuernoti ouenkoli napamempa 07
Pemenue. Onenka 6 = £ apisieTcss HECMEIEHHON OlEH-
KO MaTeMaTndecKoro oxuganus 6. YToObl BBISICHUTD, OyIeT

s 0 = & 3¢pekTUBHOI OTEeHKOiT 0, BOCIIOJIB3yEMCST HEpABEH-
crBom Kpamepa—Pao (cm. caencrsue 1 u3 reopemsr 14.3.2):
ecym

Dé:m,

To onenka 6 — apdekTuBHaS.
Cuavasia ybeauMcst, 9TO Jijist BLIDOPKU U3 HOPMAJILHOTO
pacrpejesierust ¢ napamerpamu (60;1) u dyHxym

1 n
h(z) = - Z Tp
k=1

BBITIOJIHSIOTCST YCJIOBUST TeopeMbl 14.3.2.
O6ozHaunm uepes ¢(t;6) MIOTHOCTH HOPMAJIBHOIO pac-
upegiesienns ¢ mapamerpamu (6;1). Ilinoraocts

f(a;0) = [ 9(x:;0)
=1

pacrpejesiernsi Bekropa § = (&1,&2,...,&,) ABaXKIbl aud-
depennupyema 10 6 u

5] 9.
a5 0/ (@:0) =52 ln}_[lg(xi, 0) =
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n

= Z Ing(x;;0) = Z(mz —0), (14.3.6)

=1
0?
8621nfx9 892

3}
‘60211&]”(5, )‘—M|—n|—n<oo.

Hanee, dbyukust h(z) f(x;0) nuddepennupyema 1o 6, upu-
gem

%(h(x)f(x, 0)) Bae(h(xl, xo, ..., xn)f(T1,22,...,20n;0))

o n n
j=1 i=1 j=1,57#1
1 n o n 9 n
= Th <899(xi;9)> . H 9(x5;0) =
i=1 k=1 J=1,j#1i
1 n
= ;xm —0) [T o(z;:0)

o . 0 1 (2 —6)") _
= B g 5=00)

3 1 (zi —0)*\ .
= (z; — 9)\/% exp {—2} = (x; — 0)g(z4;0).

Yr06b1 yOeIUTHCS B CYIIECTBOBAHUN UHTEIPUPYEMOI MazKo-
paHTbI 7151 byHKIWH h(T) % f(x;0), mocraTouHO yCTAHOBUTD,
9TO OHA CYIECTBYET JJIsT KaxXKI0i u3 pyHKIHi

xkxng(xj;G), kyi=1,2,...,n; 0 € [a;b)].
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IIycTp

— t:0
c tﬁgg[l;cb]g(, )

u v(t) — dyHKIWs, Olpe/Ie/IeHHAs] PABEHCTBOM

g(t;b), ecamt > b;
v(t) = { g(t;a), ecmt < a;
c, ecmn a <t <b.
Oynkriys |t|v(t) sSBIgETCS HHTErPUPYEMON MasKOPAHTOM
st yuknun tg(t; 0), 6 € [a;b]. B mociennem y6ex maemcst
HEeIocpeIcTBeHHON TpoBepkoii. [losromy dynkms

n

jerlo(ar)eilo(z) [ o)

J=Li#u,j#k

SIBJISIETCSL HHTCIPUPYEMOH MazKOpaHTOll Jyist PyHKIHK
n
TpTi H g(z;;6).
J=1

B sToMm Jterko yoenuThest, BOCIOIb30BABIIUCH TeopeMoit Dy-
OuHU.
Takum obpaszom, ycioBue TeopeMbl 14.3.2 BBITOJIHIAETCS
U, cjeloBaTesbHO, HepaBencTBo Kpamepa—Pao nmeer mec-
TO:
Di> -

~—

A TOCKONBKY
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TO HepaBeHcTBO Kpamepa—Pao obparmaercs B paBeHCTBO,
YTO SIBJISIETCST JOCTATOYHBIM YCI0BIEM 3 (DEKTUBHOCTH OIIEH-

ku 0 napamerpa 6.

Ilpyroii crrocob perneHust IpuMepa COCTOUT B IIPOBEPKE
JIOCTATOYHOTO YCJIOBUsA ODpalleHus HepaBeHcTBa Kpamepa—
Pao B paBencTBo, a nMeHHO:

B n
5 10 f(@:0) = c(0)(h(z) ~ 6), x € R".

U3 (14.3.6) umeem

0 0
%lnf(xﬂ) = %lnf(acl,xg,...,xn,ﬁ) =

n 1 n

= sz —nf=n (anz - 0) = n(h(z) — 0).

i=1 i=1

TTosTomy 6 = ¢ — sddekTusnas orneHka napamerpa .
[Ipumep 14.3.2. IIycmo &1,&,...,&, — 6vbopra u3

NYacconoscrozo pacnpedeserus ¢ napamempom A (A npurad-

aestcum ompesxky [a;b], a > 0). Heanemea au X = & sfex-
muenoti ouenkol napamempa A?

Pemenune. Ormerum, uro A = £ sABJIsSI€TCH HECMEIIEH-
Hoii onenkoit . [lajiee Bocmosb3yemcs HepaBencrBoM Kpa-
Mmepa—Pao. Yoemaumcs, 9T0 /It BHIOOPKU U3 IIyaCcCOHOBCKOTO
pacupeneienus u GyHKIIUN

1 n
h(z) = - Zxk
k=1

BBIIIOJIHSIIOTCsT yCI0BHs TeopeMbl 14.3.4 (nepasencrso Kpa-

€T
mepa—Pao). O6o3Haunm %e*’\ gepes g(x;\), © = 0,1,...
Pacupenenennem Boibopku &1, &9, . . ., &, ABIsI€TCS

n

P(z; ) = P(z1,29,...,20; ) = Hg(xj;)\) = H —'e*)‘.
j=1 j=1"7"
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Oyukuus P(x; A) geaxer nuddepennupyema 1mo A u

0
alnPa}/\ lana:j, =

Z g(zj; ) = %Z(xj —\), (14.3.7)
j=1

=1

O Py = 2 1Zn:( ) —fizn: |
aaz ax \ X&' VIR

J= J=1
0? n
‘QOP(gx‘ A2Z§J :pm:x«x).
QyHKIA
h(z1,x2,...,2n)P(x1, 22, ..., 2n; ) = TP(z1, 22, ..., Zn; A)

muddepennupyema Mo A, IpuaeMm

Z1,22, .. axﬂn)‘):

) 53 P
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Hasee, npu cymmupoBanuu 1o & = (&1, g, ..., Ty) BeJId-
qubbl ; (1 = 1,2,...,n) IPUHUMAIOT LeJIble HEOTPUIIATE b
HbIE 3HAYECHUS.

Psan

0
S ()51 P ) =

RN BB EACER IFCY B
(z1,22,...,2n) k=11i=1 j=1
::LZZ > xk(%—l)ﬂg(%’;k)
k=11i=1 \(x1,z2,....xn) j=1

MayKOpPUPYeTCs PSIJIOM

=595 91 D SENFTA LY | PTESPY

k=111=1 (zl,zg,“.,xn) =1

= % ((Zg(ﬂc1;>\)> (Zg(ﬂfz;)\)>
k=1 1i=1 T1 T2

. (Zxkg(xk;A)> (ZR\% - 1‘9(:@;)0)

o)

Tlocnemumit cxomuTcest aBCOTIOTHO M PABHOMEPHO OTHOCUTE b~
HO A € [a;b], HOCKOIBKY
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b* b*
<e™® E T— < eb—e E :U—'e_b = beb,
x! z!
x T

Tak 49To jist BRIOOPKHU W3 IIYACCOHOBCKOI'O pacIipejiesie-
Hus U QYHKIUU
1 n
h(z) = — E x;
n -
=1

BBITIOJIHAIOTCS yCA0BUSA Teopembl 14.3.4 m, ciienoBaTelbHO,
nMeeT MecTo HepaBeHcTBO Kpamepa—Pao

[Tpu sTom

0? 1 n
=-MoGPAO=-M[-5> &| =1

. 1 & 1 1 A
DA=D n;@ = —5nDg = —nA ="

ITosToMy 1Jist BLIDOPKM M3 IIyaCCOHOBCKOI'O PACIIPEICICHUsT
un omeHkn A = £ HepaseHcTBO Kpamepa—Pao obparaercs
B PABEHCTBO, a, CJIeI0BaTENbHO, & — 3PdheKTUBHAsT OIEHKA
mapamerpa A.

Ilpyroit criocob perennst TpuMepa COCTOUT B IIPOBEPKE
JOCTATOYHOTO YCJIOBUsA ODpalleHus HepaBeHcTBa Kpamepa—
Pao B paBeHCcTBO, 8 UMEHHO, yCJIOBHUS

0
5 InP(z; \) = c¢(\)(h(z) — A).
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U3 pasencrsa (14.3.7) nmeem

)
a1nchA Z

n 1o n
ij—n)\ = 72:1/‘]'—)\ :X(h(x)—)\).
j=1

ITosromy A= ¢ — sddekTuBHAs OIEHKA IapaMeTpa .

>/\>~
3

14.4 3anga4un

A3: 14.4,14.6,14.27,14.43.
C3: 14.8,14.9,14.22,14.47.

14.1. Ilycrs &1,&9, . .., &, — BBIOOPKA U3 paclpejie/IeHns
¢ IIOTHOCTBIO

Fla:0,h) = ﬁ, ecn ¢ € [0 — h; 0 + hj;
Y 0, ecmuz ¢ [0—h;0+h|

Ob6o3naunMm depes (é, iL) TOYKY, B KOTOPOi (DyHKIHs

n

Lo, h) =[] f(&: 6. h)

=1

JocTuraeT HarOOJILIIEr0 3HAYCHMSI.

Apnsrorest u 0, h oleHKAMU W, €CJId J1a, TO OyIyT JIH
OHU HEeCMeIeHHBIME OolleHKaMu rmapamerpos 6 u h? Cocros-
TeJIbHLIMU OLIEHKaMM 3TUX IapameTpos? Eciu mer, To, BO3-

MO2KHO, 0 n h ABJIAIOTCA HECMEIIICHHBIMI 1 COCTOATEJIbHBIMUA
OTIEHKAMU JIPYTHUX TAPAMETPOB PaCIpPeIeIeHUs !
14.2. Ilycrs &1, &2, . . ., £, — BBIOOpPKa U3 paCIpe/Ie/ICHIS

) 1 \"/ 6 \F
P(k;r,0) = 01:_,_7» 1<1+0) <1+9> , k=0,1,2,...,



242 InaBa 14. OtnenuBanre napaMeTpoOB pacipeeeHuit

r — PUKCUPOBAHHOE U M3BeCcTHOE, napamerp 6 > 0,
o0
my(0) =Y kP(k;r,0).
k=0
ObozuauuM 1uepes 6 peuienue ypaBHeHUa
1 n
m1(0) = - z; &i-
1=

Spastercst 1 0 OUEHKOH W ecim Ja, TO Oyser Ju oHa
HECMEIIEHHOM oleHKoil napamerpa 07 Cocrosare/bHol o1eH-
Koit 67

SBameuyanue. Ecim 0bo3HaunTh i }_ 9
JIeJIeHIe

) 1 \"/ 6 \*
P(k;r,9>=cg+r_1(1+9> <1+9> k=01

OPpUHUMaET BUL

= p, TO pacIpe-

-1 k
P(ka Tvp) = C}Z.H«_lpr(l _p) ) k= 07 17 ceey
XOPOIIIO U3BECTHOIO OTPHIATEIBHOIO GHHOMUAIBLHOTO DPAC-

upejesennst (cM. 3agady 15.35).
14.3. Ilycrs &1, &2, . . ., £, — BBIOOPKA U3 paCIIpPe I/ ICHIS
C IJIOTHOCTBIO

Fla0%) = s exp {~
x;0°) = expq —=——
0 TIpUHAJIeKUT KOHETHOMY OTPesKy [a; b], a > 0.

Asngerca mm
1 n
~2 2
==&
n 4
=1

3¢ HEeKTUBHOI OIEHKO TTapamMeTpa o2?
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14.4. Ilycrs &1,&9, ..., &, — BBIOOPKA U3 pacIpejie/IeHns
¢ IIOTHOCTBHIO

Fzia,b) = ﬁ, ecin x € [a;bl;
0, ecmmx ¢ [a;b].

Paccmarpuparorcst oneHkn
1 n
01 = min {§;}; 02 = max{§;}; 03 = - Z;ﬁi;
1=

04 = %; ég, = max {§} — min {¢;};

0o = 5 (maux {5} + min {&:));

b = min {&} — —— (max {€;} - min {&});

n—1

~

0 = max {&} + ﬁ(max {&} —min {&}).

BroisicHuTh, Kakue u3 oneHok 0;,1 = 1,2, ..., 8, aBjsiorcs
HECMEIEHHBIMI, COCTOATETbHBIMI OTIEHKAMA ITapaMeTpPOB @
u b. BosMokHO, cpeii HUX UMEIOTCS HECMEIEHHbIE U COCTO-
ATeJIbHbIE OIEHKU [1apaMeTpPOB, OTJUIHBLIX OT a 1 b7

14.5. Ilyctn &1, &9, . . ., €, — BBIOOPKA U3 ITyaCCOHOBCKOTO
pacupesesieHns ¢ IapaMeTpoM A:

k

A
P(k; \) = Ee_)‘, k=0,1,...

Oboznauum vepe3 A TOUKY, B KOTOPOil (hyHKITHs

n

Ly =[] P&

i=1

JOCTUT'aeT CBOEIr'o HaKOOJILIIEr0 3HAYCHMUSI.
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dABnsgerca u A OIEHKON u eciau Ha, TO OyaeT Jin OHA
HECMeEIIEHHOM olleHKoil rapamerpa A? CocrosTe/bHO#A o1eH-
KO#t A7

14.6. Ilycrs &1, &0, . .., & — BBIOOPKA U3 paCIpeIe/IeHUsT
C ILJIOTHOCTDBIO

1 B (Inz — uo)Z
p@) =3 Vamolz exp{ 202

0, ecan z <0

}, ec x > 0;

(p(z) — maoTHOCTD JIorapUMMUIECKN HOPMAJIBLHOIO pacIipe-
JeJIeHns ), [lg — W3BECTHO, 02 > () M MPUHA/IEKUT KOHEIHO-
My OTpe3Ky [a;bl], a > 0.
Asngerca u
1 n
A2 2
0 =— E (In& — po)
n -
=1
3¢ DEKTHBHON OIEHKOIT mapamMeTpa 27

14.7. Ilycrs &1, &9, . .., & — BBIOOPKA U3 pacCIpe/Ie/IeHUsT
C IJIOTHOCTBIO

F2:0) = %, ecm x € [0 — 1,0 4 1];
’ 0, ecmmaz ¢[0—1,0+1].

Obozuaunm vepes § TOUKy, B KOTOPOH (DyHKITUsT

n

L) =[] f(&:0)

=1

JOCTHUT'a€T CBOEIr'o HAUOOJILIIErO 3HAYCHUS.

dAsnsiercss 0 ouleHKOR W ecyu Ja, TO OyIeT JIX OHA
HECMEIIIEHHOM olleHKoi nmapamerpa 07 Cocrodare/bHOM OIeH-
Koit 67

14.8. Ilycrs &1, &9, . . ., &, — BBIOOPKA U3 paCIpeIeTeHns
C IJIOTHOCTBIO

f(z;,0) = éexp{é(xe)} ecnn x > 0,
0, ecomt ¢ < 0.



14.4. 3amaun 245

PaccmaTpusarorcst omnenkn

5—11171;1{5} by —F— by,

01 = min{&;} —
HecMelmenHbBIME, COCTOATEILHBIMI OLEHKAME KAKUX IIa-

paMeTpoB sBistioTcs O 1 Oy (BO3MOKHO, 9TH apaMeTPhI OT-
J4HbL OT o U 0)?

14.9. Ilycrs &1, &9, . . ., &, — BBIOOpPKa U3 pacIpeIe/IeHIs
C TJIOTHOCTBIO

f@:0) = ——s eXp{(x_f)Q},

20

0( — U3BECTHO,  NPUHA/JIEXKUT KOHEYHOMY OTpE3Ky [a; b].
ABngerca an
1 n
f=¢=— E &
n-
=1

3¢ HeKTUBHOI OIeHKOI TapameTpa 07
14.10. Ilycre &71,&9,...,&, — BBIOOPKaA U3 pacipejese-
HUsI C IJIOTHOCTBIO

L 0, ecn x < 0,
fx;0) = { exp{0 —z}, ecom x> 6.

ABnsierca nu

~

1
0= - + min {&;}

HECMEIIIEHHOM oreHKoil mapamerpa 07 CocrodarebHO OIeH-
Koit 67

14.11. Ilycrs £1,&2,...,&, — BBIOOpPKaA U3 pacupemese-
HUSL C IJIOTHOCTBIO

f(zia,0%) = N exp{_w}
Y V2ro? 202 '
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O6osznaunm uepes (@, 52) TOuKy, B KOTOPOH (DyHKIIH

n
2 . 2
L(CL,O’ ) = Hf(givaao- )
i=1
JIOCTUTAET CBOEr0 HAMOOJIBIIEro 3HAUEHUSI.
SIBJISIIOTCSL JIH G M 62 OLEHKAMM U €CJIH /1, TO OYIYT JIH
OHHM HECMEIIEHHBIMU OIleHKaMM COOTBETCTBEHHO ITapaMeTpPOB

a u 02? CocrosaTe IbHBIME OICHKAME STHX HapaMeTpPoB?
14.12. Ilycrs &1,&9,...,&, — BBIOOPKA U3 pacrpejee-
HUST

1 \"/ 6 \"

r — (PUKCUPOBAHO U MU3BECTHO, f IPUHAIICKAT KOHEIHOMY
oTpe3ky [a;b].
Asnsierca nu

R 1 <&
sz;@

¢ deKTUBHOI OleHKOoi Tapamerpa 07
Yrkaszanume. Cm. zamaay 14.2.
14.13. Ilycts £1,&9,...,&, — BBIOOpPKA U3 pacupenese-
HUSI C TTOTHOCTBHIO
Fz:0) = ﬁ, ecim x € [0 — ho, 0 + hol;
0, ecmuxz &[0 — ho, 0+ ho.

O6o3HaunM depes 0 TOUKY, B KoTopoil dyukiusa L(6) =

n
=[] f(&;0) nocruraer cBoero HanbGoOIIbIIEroO 3HAUECHUSI.
i=1

drasiercst u 6 oreHKoO# M ecsim ga, TO OyJIeT JIK OHA
HECMEIIIEHHOM oleHKoil napamerpa 07 Cocrosare/bHol OIeH-
Ko10 67

14.14. Ilycrs £1,&2,...,&, — BBIOOpPKaA U3 pacupenese-
HUS C IIOTHOCTBIO

1
, €0 —+V302,0 +v302;
f<x;e,02>={w3? o 2 € [0 = V302,64 V3o7]
0, ecm x & [0 — V302,60 + V30?.
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O6oznaunM depes , 02 pemenue cucTeMbl ypaBHEHUil

A 1 &
mi(0;0%) =~ &,
=1

A 1<
m2(970 ) n;é.za
rie
my(0;0°%) = /a:kf(x;e,aQ) de, k=1,2.
Rl

SIBnstiorcs m 6 u 02 olleHKAMM U, €CJIN Ja, ABJSIOTCA I
OHU HECMEIEHHBIMY OIIeHKAMK COOTBETCTBEHHO ITapaMeTpPOB
0 u 02?7 CocTosITe/IbHBIME OIEHKAME STUX HAPAMETPOB?

14.15. Ilycts £1,&2,...,&, — BBIOOpPKaA U3 pacupemese-

HHA .
1 0
P(k;0) = —| —— =0,1,...
(kﬂe) 1+9<1+9) 7k 07 Y )

rje 6 > 0 u NpUHAJIEKUT KOHEYHOMY OTPE3Ky [a; bl.
Asnaerca au

1
€=n;€z‘

s dexTuBHON OIeHKON mapamerpa 67

Ykazauue. Eciu 0603HAYUTD I }_ g = P, TO pacupe/ie-

JICHUEe .
1 0
P(k;0) = ——(—— ) , k=0,1,...
(k:6) 1+9<1+9> » k=01,

[PUHUMAET BUJ[ XOPOIIO M3BECTHOI'O T€OMETPUUIECKOrO Pac-
IIpeJIeJICHUS

P(k;p) = p(1—p)*, k=0,1,...
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14.16. Ilycrb &1,&9,...,&, — BBIOOPKA U3 pacipejee-
HUSI C IVIOTHOCTBIO

Fla:6) = ﬁ, ecian © € [0 — hg, 0 + hol;
’ 0, ecmux ¢ [0 — ho, 6+ ho,

ho — usBectHo (f(2;6) — WIOTHOCTH PABHOMEDPHOT'O Ha IIPO-
mexyTKe [0 — ho, 0 + ho| pacupeenenus).
Paccmarpusatorces oneHkn

f; = min {&} 05 = max {&} 93 = %Zfz,
i=1

0y = M(max {&} — ho) + (1 — A)(min {&} + ho), A € [0;1].

BbisicauTb, umerorcst s cpeju onenok 0; (i = 1,2,3), 0y
HECMEITEHHbBIE, COCTOSITE/IbHBIE OIEHKHU apamerpa . Bos-
MOYKHO, CPeJIU HUX UMEIOTCS HECMEIEHHDbIE, COCTOSTEIbHbIC
OIleHKHM Jpyrux mnapamerpoB? Kakux mmeHHO?

14.17. Ilycrs &1,&9, ..., &, — BBIOOPKA U3 HOPMAJIBLHOIO
pacupeie/ieHns ¢ IJIOTHOCTHIO

f(z;a,0?) = ! exp{—(x_a)Q}
Y Y \/ﬁ 20_2 *

O6ozHaunM uepes @, 62 pelieHne CUCTeMbI yPaBHEHHI

. 1
my(a;6%) = - Zfi,
i1

1 n
ma(a;6%) =~y &,
=1

rae

3

ol

8
q

\_5)
Il

/xkf(x;a,JQ)d:U, k=1,2.

R1
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dpnsorest @ u 62 onenkamu? W ecam ga, TO SIBIIS-
I0TCsI JIM G U G HECMEIeHHBIME OIIEHKAMHI COOTBETCTBEHHO
napamMeTpoB a 1 02? COCTOATENILHBIMI OIeHKAMH STHX Ia-
pamerpoB?

14.18. Ilycrb &1,&9,...,&, — BBIOOPKaA U3 pacipejese-
HUsI C IJIOTHOCTBIO

f(a;m,0) = @”U;—])ﬂmlleXp{_éx}’ eco @ > 0;

0, ecim z <0

(f(z;m,0) — noTHOCTH pacipe/iesieHnst JPJIaHra ¢ mapa-
merpamu (m,#0)), m usBecTHO, f UPUHAJJIEIKUT KOHEIHOMY
oTpe3ky [a;b].

Asngerca u

. 1 &
ezmﬁ;&

s dpekTUBHOM O1eHKO napamerpa 67
14.19. Ilycrs £1,&2,...,&, — BBIOOpPKaA M3 pacupemese-
HUSI C TTOTHOCTBHIO

f(CU;CL b): bla, eC‘HHl‘E[CL;b];
) 0, ecJIn X Q’ [a; b]

O6osnaqanm uepes (a, 13) TOYKY, B KOTOPOIi (pyHKIMA
n
L(a,b) = [ [ f(&sa,b)
i=1

JIOCTHraeT CBOErO HAMOOJIBINEro 3HaUeHUsT (MOXKET CyIIEeCTBO-
BaTh HE OJIHA TaKasl TOUKA).

Spastiorest m @ u b onenkamu? Ecim fa, TO sIBJISIIOTCS 1A
@ 1 b HeCMEIIEHHBIMU OLCHKAMI COOTBETCTBEHHO IApAMET-
poB a u b7 CocrosiTeIbHBIMI OIEHKAME 9THX HapamMeTpoB?

14.20. Ilycrs &71,&9,...,&, — BBIOOPKA U3 pacipejese-
HUSA

1 o \"
P(k;0) = —— — k=0,1,...; 0 .
00 = (135) (155)  B=0Li 050
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Ob6ozuaunM 1uepes 0 peleHne ypaBHeHUSsT

R 1<
i=1
rjae

mi(0) = kP(k; ).
k=0

~

Asnsiercs am 0 omenkoit? U ecan ma, TO sIBIsteTCS JIN
OHA HEeCMEITeHHO! oreHKoil napamerpa 07 CocrosgTeabHOit
oreHkoit 67

Ykazanue. Cum. 3amaay 14.15.

14.21. Ilycre &1,&9,...,&, — BBIOOPKA U3 pacupejese-
HUA C IIJIOTHOCTBIO

F(a:0) = % exp {—éx}, ecn x > 0;
0, ecm z < 0,

napamerp 6 > 0 (0 npuHa IeKUT KOHEYHOMY OTPE3KY [a; b]).
dABnsiercst n
.1 <
o= Z: &
1=

¢ deKTUBHON OIeHKO! napamerpa 67
14.22. Ilycts £1,&9,...,&, — BBIOOpPKA U3 pacupenese-
HUsI C IJIOTHOCTBIO

ecn © € [0 — h,0 + h;

1
f(x;0,h) =< 2R’
0, ecmx¢[d—h,0+h].

PaCClVIanI/IBaIOTCH OII€HKN
- 1 . - 1 .
01 = 5 (max {&;} — min{&}); 02 = 5 (max {&} +min {&:});

5 = min {€;} — —— (max {€;} — min {&});

n—1
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0, = max {&;} + ﬁ(max {&} — min{&;}).

Beisicuuth, umetorcs s cpequ 6;, ¢ = 1,2, 3,4, necme-
IIEHHDIE, COCTOSITe/IbHBIE OIeHKN napameTrpoB 6 u h. Bos-
MOXKHO, CPeJII HUX UMEIOTCsl HECMEIIEHHbIE, COCTOATETbHbIE
OIleHKHM Jpyrux napamerpoB? Kakux mmeHHO?

14.23. Ilycrp &1,&9,...,&, — BBIOOPKA U3 pacipejee-
HUS

Qk;p) =p*(1—p)' ", k=01, 0<p< 1.

OboznauumM yepe3 P TOUKY, B KOTOPOH (PyHKITUsT
n
. 1-¢;
Lp)=[[r"(1-p)"*
i=1

JIOCTUTAET CBOErO HAUOOJIBINETO 3HAYCHUSI.

SABasiercst jin P HECMEITIEHHON oreHKoit napameTrpa p? Co-
CTOSITEJILHON OIEHKOI 3TOro napamerpa’

14.24. Ilycrb &1,&9,...,&, — BBIOOPKaA U3 pacipejese-
HUsI C IJIOTHOCTBIO

F(a:0) = % eXp{—é(m—mo)}, ecan T > my;

0, ecin z < my,

napamerp 6 > 0 (mg — u3BecTHO, § IPUHAJJIEIKUT KOHETHO-
My OTpe3Ky [a;b]).
Asnstercss mm 0 = £ — my > dekTuBHON OIEeHKON Tapa-
meTpa 67
14.25. Ilycrs £1,&2,...,&, — BBIOOpPKaA U3 pacrupemese-
HUSI C TTOTHOCTBHIO

Flash) = ﬁ, ecim ¢ € [0p — h, 0 + hl;
’ 0, ecuux & [0p— h,0y+ hl;

0y 3amano.



252 InaBa 14. OtnenuBanre napaMeTpoOB pacipeeeHuit

Paccmarpusarorcst onenkn

0, = = (max {&} —min{&}); 0y = 6y — by;

N | —

93 =0y + é1; é4 = max {max {&} — 0o, 0p — min {fz}} .

Boisicaurs, numerorca m cpemqu 6;, ¢ = 1,2, 3,4, Hecme-
IIIEHHBIE, COCTOsITEJIbHBIE OIeHKHU mapamerpa h. Bo3zmoxkHo,
CpeJii HUX UMEIOTCsI HECMEIEHHBIE, COCTOSITE/IbHBIE OIEHKHI
Jpyrux mapamerpos? Kakux umeHHO?

14.26. Ilycrb &71,&9,...,&, — BBIOOPKA U3 pacipejee-
HUS C TUTOTHOCTBIO

flasa) = é exp {—éx}, ecsin x > 0;
0, ecmn x < 0.

Jlokazarb, 4TO
1 n
bh =— E &
n-
=1
SIBJISIETCS] HECMEIIEHHON U COCTOSATEIbHOM OIEHKON TapamMer-

pa a.
Asnaerca mm

é2 - %(gn—l + §n>

HECMEIEHHON o1ieHKo# apameTrpa of CocToATeIbHOM OIeH-
KOIf 9TOTO TmapaMeTrpa’

14.27. Ilycrs &1, &9, . . . , &, — BBIOOPKA U3 OMHOMUAJILHO-
I'o pacripe/iejieHust

P(k;0) = Cko*F(1 -0V k=0,1,...,N,

riue N — U3BECTHOE IIeJIOe YHUCJIO.
Asngerca nu
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R 1 &
ezmv;@

¢ dekTuBHON OIeHKOI mapamerpa 67
14.28. Ilycrb &1,&9,...,&, — BBIOOPKaA U3 pacipejese-

HHA C IIVIOTHOCTDBIO

o) =4 §ew{-f-n} cma>u
0 ecaun x < b.

PaCCManI/IBaIOTCH OLICHKN
1 n
91 = ﬁ E;f“ 92 = min {fz}, 93 = 91 — 02.
=

Wwnmerorcst u cpenu 61, 0o, 03 HecMelleHHbIE, COCTOATE b=
HbI€ OIIEHKH IapamMerpos 0 u b? BozMoxKHO, cpejiu HUX HMe-
IOTCsI HECMEIIEHHbIE U COCTOSTE/IbHbIE OLEHKHU IPYIUX Iapa-

MeTpoB? Kakux nMeHHO?
14.29. Ilycrs &1, &9, . . ., &, — BBIOOpPKA U3 OMHOMUAJIBHO-

ro pacrupejiesieHust ¢ napamerpamu m u 6 (m — U3BECTHO):
P(k;0) = Cko*(1—0)™ % k=0,1,...,m.

O6o3HauuM 4depes 0 TOYKY, B KOTOPO# (DyHKIIHS
n
L(9) = [[ ¢S50 (1 — o)™
i=1

JIOCTUTAeT HAMOOJIBINEro 3HAYeHNUs! (MOXKET CyIeCTBOBATD He
ojlHA TaKasi TouKa). HecMereHHoi u cocTosiTesIbHOM OIEeHKOT
KaKoro rapamMerpa sipjsiercst 07

14.30. ITyctb &1, &9, . . . , &, — BBIOOPKA U3 IBYCTOPOHHETO
MMOKA3ATEHLHOTO PACIIPEICNIEHNUS € TIOTHOCTHIO

1 1
flx;0) = 2 exp{—9|x —mol}, 6 >0,
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rJe mgy — U3BECTHAs KOHCTaHTa, ImapaMerp 6 nmpuHaIIe:KuT
KOHEYHOMY OTDPe3KY [a; b].
Asnserca

3¢ HeKTUBHOI OIeHKOoi TapameTpa 07
14.31. Ilycrs &1,&9,...,&, — BBIOOpPKA U3 pacrupemnese-
HU C IIJIOTHOCTBIO

fash) = ﬁ, ecan © € [0p — h, 0 + hl;
0, ecm x & [0y — h,0+ hl,
0y u3BeCTHO. R
O6ozHauM yepe3 h TOUKY, B KOTOPOH (DyHKITHST

n

L(h) =[] f&:h)

i=1

JIOCTUTAET CBOEr0 HAMOOJIBIIErO 3HAUEHMUSI.

dABasiercst mu h OMEHKOI U ecn 1A, TO ABJISETCS JIX OHA
HECMEIEHHOM oreHKoit mapamerpa h? CocTosTenbHOI OleH-
KOi1 9TOrO mapamerpa’

14.32. Ilycre £1,&2,...,&, — BBIOOpPKaA U3 pacupenese-
HHS C IJIOTHOCTBIO

2 2 exp _ a2’ ecm x > 0;
f(z;0%) = o2 202 [ ’
0, ecm x <0

(f(x;0?) — MWIOTHOCTDL HOJTYHOPMAILHOTO PACIIPE/ICIICHNS ).
Hecwmerennoit, cocrositesibHON U 9P HEKTUBHON OTEHKO
KAKOTo IapaMeTpa siBJIseTCst

;o1 =\ 5
o=—> &7

i=1
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14.33. Ilycts &1,&9,...,&, — BBIOOpPKA U3 pacrupemnese-
HUSI C IJIOTHOCTBIO

2
fwo— | Few{-g) ccmr>o

0, ecim x < 0

(f(z;0) — nnorHOCTL pachpeesnenust Pasest), mapamerp 6
[PUHA/TIEXKUT KOHEUHOMY OTPe3Ky [a; b].

Asngerca an
n

- 1
9_%;&2

¢ HeKTUBHOI OIeHKOoi mapamerpa 07
14.34. Ilycrs &1,&9,...,&, — BBIOOpPKA U3 pacrupemnese-
HUSI C TUTOTHOCTBIO

Fla:b) = ﬁ, ecin x € [ap; b);
0, ecim © & [ap; b),

ag — W3BECTHO.
Paccmarpusarorcst onenkn

R . 1 &
01 = iyy bo=—> &;
L= max (e =3

ég = max {fz} + L(max {&} — ao).

n—1

Broisicaurs, umerorcst jia cpeau 0;, 1 = 1,2, 3, HecMeleH-
HBIE, COCTOSITEIbHBIE OIleHKN ITapaMeTpa b. BoaMoxkHO, cpean
HUX UMEIOTCS HECMEIEHHDBIE U COCTOATEIbHbBIE OIEHKU JIPY-
rux napaMerpoB? Kakmx nMmeHHO?

14.35. Ilycrs &1, &9, . . ., &, — BBIOOpPKA U3 OMHOMUAJIBLHO-
IO PACIIPEJIESICHUSI C TIapaMETPaAMU 1M1, U P:

P(k;p) = CEpF(1 —p)™ % k=0,1,...,m.

ABnsierca nu



256 InaBa 14. OtnenuBanre napaMeTpoOB pacipeeeHuit

1 n
=mn;f@»

COCTOSITEJILHON OIEHKOH mapamerpa p?!
14.36. Ilycrts &1,&9,...,&, — BBIOOPKA U3 pacipejese-
HUsI C IJIOTHOCTBIO

2
1 (Inz — p)
——— exp{ — ¢, ecim x> 0;
flaspu) = V2ol p{ 203

0, ectm x < 0,

e o9 > 0 (f(x;pu) — maoTHOCTH JtorapndMUYeCKH HOP-
MAaJIbHOTO PACIIPEJIEIeHNs1), 09 U3BECTHO, (i PUHAJJIEIKUT
KOHEYHOMY OTPe3Ky [a; b].

dABnsercs

¢ HEKTUBHOI OIEHKOI TapameTpa !
14.37. Ilycts £1,&9,...,&, — BBIOOpPKA U3 pacupenese-
HUS$l C IIOTHOCTBIO

O)\° :
flazf,n) = q T come >
0, ecn © < A,

A >0, 6 > 2 (pacupenenenne [Tapero), 6 ussectHo.
PaccmaTpuBaioTcs OleHKH

N c o 0-2
)\1:%;&; )\2:%;@2-

HeCMeH_[eHHbIMI/I 1 COCTOATEJIbHBIMU OIICHKaMt KaKHUX I1a-

pPaMeTPOB SABJISIOTCS A1 U Ag?

14.38. IIyctb &4, &9, - . ., &, — BBIOOPKA U3 PABHOMEPHOTO
Ha IpOMexXyTKe |a; a+ 1] pacupenesnennst. Paccmarpusatorcst
JIBE OIIEHKH IapaMeTpa a:

n
n+1

1 ¢ 1
ap = nz;& — g5 G2 = max {§;} —
1=
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HokazaTb, 9TO 41 U (o SIBASIIOTCS HECMEIEHHBIMU OITeH-
KaMU IapaMerpa a.
Haiitu Da; n Dasg. Hokazarh, 910

D&Q = O(Ddl)

mpu 1. — 0.
14.39. Ilycrs £1,&9,...,&, — BBIOOpPKaA M3 pacrupemese-
HUsl C IJIOTHOCTBIO

F(z:0) = ﬁ(y)x”_l exp {—éw}, ecmn z > 0;

0, ecit ¢ < 0,

V — U3BECTHBII napaMerp.
dABnsercs m
1 n
b=—> &
ny 4
=1

¢ HeKTUBHOI OIeHKOoi Tapamerpa 07
14.40. Ilycre &1,&9,...,&, — BbIOODKA U3 pacipejee-
HUSI C IVIOTHOCTBIO

1 1
f(x;0) = 20 exp{—0|x}, 0 >0

(f(z;0) — MIOTHOCTH ABYCTOPOHHETO MOKA3ATEJIBHOIO Pac-
[PeJIeJIeH S ).

Asnaerca
n

~ 1
0=—-> Il
n-
=1
¢ dekTuBHON OIeHKOI mapamerpa 67
14.41. UsBectHo, uro &1, &2, . . . , £, — BBIOOPKA U3 paBHO-
MEPHOI'0 Ha IIPOMEKYTKe [a; b| pacupeesiennst, HO caM oTpe-

30K [a;b] mHemsBecren. MOXKHO MPEIOKUTD HECKOJIBKO OIle-
HOK CEPEJIMHBI 9TOro oTpe3ka. B wacTHOCTH,

1= > by = j(max (g} + min {6))
=1
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Jokazarn, uro 01 u Oy SIBJIAIOTCS HECMEIIEHHBIMHU OICH-
KaMI cepeuHbl (a + b)/2 orpeska [a; b] n

Dél > Dég.

14.42. Haiitu 10BepUTEJILHBIN UHTEPBAJ JJIs:

1° mpesiesia NPOYHOCTH Ha pa3pblB MarepuaJa (CM. Mpu-
mep 17.5.1) ¢ koapdunuenrom magexkuocru: a) 0,90; 6) 0,99;

2° jpucnepcuu 1pejesia MPOYHOCTUH HA Pa3pPhIB MaTepH-
asna ¢ koadduimenrom Hagexkuocru: a) 0,90; 6) 0,98 (jst
U3MEpPEHUi, IPOBEIEHHBIX Ha cTeHe A).

14.43. HaiiTu 10oBepUTENbHLIN UHTEPBAJ JJIs:

1° comepzkaHus 30J10Ta Ha KyOUYEeCKM METP ITOPO/IbI, J10-
ObIBaeMoii yJlapHO-KaHATHBIM OypeHmeM (cM. 3ajady 17.8)
¢ koaddunuenrom uagexkuocru: a) 0,90; 6) 0,99;

2° nmucriepcun COAEpKAHUS 30J10Ta ¢ KOIDMUITUEHTOM Ha-
nexxuocru: a) 0,90; 6) 0,98.

14.44. Haiitu 1oBepuTe/IbHBIN UHTEPBAJ IS

1° comeprkanms 3010Ta HA KyOUIeCKUil MeTp ITOPO/IbI, 10~
6bIBaeMblit 13 mypdos (cM. 3amady 17.8), ¢ koaddurmenToM
nazgexuocru: a) 0,90; 6) 0,99;

2° mucmepcnu CoepsKaHms 3010Ta ¢ Ko3dpuImeHToM Ha-
nexuocru: a) 0,90; 6) 0,98.

14.45. HaiiTu n1oBepuTeIbHbIA HHTEPBAJT JIJIS:

1° TOIIUHBI MJIACTUKOBOIO MOKPBITUSI TPOBOJA (CM. 3a-
nady 18.46) ¢ koaddunmenrom Hagexkuoctu: a) 0,90; 6) 0,99;

2° nucnepcuy TOJIIUHBL IJIACTUKOBOTO HOKPBITHS IPO-
BOJla ¢ Koaddurmenrom Hajgexuocru: a) 0,90; 6) 0,98.

14.46. Haiitu 1oBepuUTEJIbLHBIN UHTEPBAJ JJIs:

1° 3HaveHuUs BeJUYUHBI e, HaiigerHoit P. MujnkeHom
IpU OlIPEeJIeIeHUN 3apsijia JIeKTpoHa (cM. 3a1ady 18.34) ¢
ko dunuenrom uagexuocru: a) 0,90; 6) 0,99;

2° mucniepcuu u3MEPEHU BEJTMIUHBL € ¢ KO3(MDPUITMEHTOM
Hazexuocru: a) 0,90; 6) 0,98.

14.47. Haiitu 10oBepuTe/IbHBIN HHTEPBAJ IS

1° cozeprkanusi Mapramiia B CTaJIU, BHILIABIEHHON B KOH-
Beprope | (em. 3amaay 17.17) ¢ koadduimeHToM HaEKHOC-
tu: a) 0,90; 6) 0,99;

2° mucrepcun comeps;KaHns MAPraHIla B CTAIN ¢ KO3 u-
meHToM Hajexkuoctu: a) 0,90; 6) 0,98.
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14.48. Haiitu noBepuTe/IbHBIN UHTEPBAJ IS

1° orpazkaresnbHOil crmocobHocTH Kpacku A (cMm. 3aja-
qy 17.2) ¢ koapdurmenrom Hagexuocru: a) 0,90; 6) 0,99;

2° maumcrepcun oTparkKaTeabHOo# cIocoOHOCTH Kpacku B ¢
ko3 dunuenrom Hajexuocru: a) 0,90; 6) 0,98.

14.49. Haiitu noBepuTEJIbHBIN UHTEPBAJ JJIs:

1° conepxxkanns xpoma B craiau 18Cr10Ni2Mo (cm. 3a1aay
17.22) ¢ koapdunuenrom Hagexuocru: a) 0,90; 6) 0,99;

2° mucnepcun comep;KaHus Xpoma ¢ Ko3hduimeHToM Ha-
nexuocra: a) 0,90; 6) 0,98.

14.50. Haittu noBepuTeSIbHBIN UHTEPBAJ JJIS:

1° conporusienus nposoja Tuna A (cm. 3azgady 17.24) ¢
ko3 dunmenrom uagexkuocru: a) 0,90; 6) 0,99;

2° nucriepcun CONPOTHUBJIEHUST TPOBOJA ¢ KO DuUIimeH-
tom HaziexkHocru: a) 0,90; 6) 0,98.

14.51. Haiitu moBepuTebHBIN MHTEPBAJ JIJIST:

1° mopucrocTH KOHAEHCATOPHOU Oymaru maprunm |
(em. 3amaay 19.36) ¢ koadbdurnmenrom nagexuocru: a) 0,90;
6) 0,99;

2° nucriepcuu MOPUCTOCTH KOHJIEHCATOPHOM OyMaru map-
tuu [ ¢ koapdunmenrom nagexnocru: a) 0,90; 6) 0,98.

14.52. Haiitu moBepuTebHBIN MHTEPBAJ JIJIST:

1° remuepaTypbl JieBoit muHbI aBTOOYCa (CM. 3a1ady 17.31)
¢ koabdunuentom Hagexuocru: a) 0,90; 6) 0,99;

2° nucriepcuu TeMIiepaTyphl JIEBOH MIUHBI aBTOOyCa C KO-
sdbdurmentom nagexxuocru: a) 0,90; 6) 0,98.

14.53. Haiitu noBepuTe/ibHBIN UHTEPBAJ JJIs:

1° mmHBL W3Aeawnii mocse obxkura (cMm. 3amady 17.37) ¢
kovddurmenrom Hagexuocru: a) 0,90; 6) 0,99;

2° mucrnepcun AINHBI U3IeIUi mocae 00Kura ¢ Koahdu-
meHToM Hagexkuoctu: a) 0,90; 6) 0,98.

14.54. Haiitu noBepuTEJIbHLIN UHTEPBAJ JJIs:

1° riyOuHbl KaHABKU Ha IIMHE, [TOJyYeHHOH KOHTPOJIe-
pom I (em. mpumep 19.2.1) ¢ koabdunuenToM HaIEKHOCTH:
a) 0,90; 6) 0,99;

2° mucnepcuu rIyOWHBI KAHABKHU ¢ KOI(PPUITUEHTOM Ha-
nexxuocru: a) 0,90; 6) 0,98.

14.55. Haititu noBepuTeJIbHBIN UHTEPBAJ JJIs:

1° pasHOCTH TOJIIUHBI IJINTOK [PHU HU3HOCE JIJIT OTHO-
CUTEJIHHOI KOHIIeHTpaIy HanoaauTess 1 K 1 (cMm. mpmvep
19.2.1) ¢ koapdunuenrom nagexuocru: a) 0,90; 6) 0,99;
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2° mucmepcun pasHOCTHU TOJIUHBI IJIUTOK IPU M3HOCE C
kovddunuenrom Hagexuocru: a) 0,90; 6) 0,98.

14.56. HaiiTu 1oBepuTEIbHBIAN HHTEPBAJT JIJIS:

1° obbema xJIebHBIX OYJIOK, Co/lepKAaIIX 1 Mr OPOMUCTO-
ro kajus (cum. 3ajga4y 19.8) ¢ koadduimeHToOM HaIeKHOCTH:
a) 0,90; 6) 0,99;

2° nucriepcun 06beMa XJIEOHBIX OYJIOK ¢ KOI(MDPUITUEHTOM
nazexuocru: a) 0,90; 6) 0,98.

14.57. Haititu noBepuTe/JILHBIN UHTEPBAJ JIJIs:

1° TeMITepaTyphl BO3rOpaHUs SMAJIN, IOy IeHHON orrepa-
topom A (cm. 3azady 17.38) ¢ koadduimenToM Ha1e2KHOCTH
a) 0,90; 6) 0,99;

2° nucrnepcun TeMIEepaTypbl BO3TOPAHUST SMAJH ¢ KO-
dbunmenrom nagexxuocru a) 0,90; 6) 0,98.

14.58. Hajiitu moBepuTeIbHBIN MHTEPBAJ IJIST:

1° nmmamerpa mieiiku pabodeil gacTu cBeps1 (CM. 3389y
19.7) ¢ koapduimenrom Haexxkuocru: a) 0,90; 6) 0,99;

2° mucnepcun auaMeTpa miefikn paboteil YacTu CBepJI ¢
koaddunmenrom Hagexuoctu: a) 0,90; 6) 0,98.



I'maBa 15

MeToabl nocTpoeHus:
OLIEHOK

15.1 SDMmnupumyeckue OIEHKH

OMnupudeckas (pyHKIUS pacnpenesenus. llycts
&1,€9,...,&, — BEIOOPKA U3 HEM3BECTHOTO paciipeiesierus F,
110 KOTOPOIl ero HeoOXoauMo OmeHuTh. IlockobKy pacmpe-
nenernne F ogHosHauHo ompemensiercs cBoeil pyHKIMe pac-
upegenennst F(x), To pocrarodno oneHuTh (DyHKIUIO pac-
upegenennst F(x), T. e. oneHuTh 3uadenue F(zr) B KaxkK oIl
Touke T € R

Xoporueii orenkoit dbyukimu pacupe/enenus F(x) sBisi-
eTCsT TAK HA3bIBAEMAasT IMIUpUIEcKast (DYHKITHS PaCIIpeIese-
HUS. .

Onpenenenne. Oynxmuto F, (1), 3anannyio na R! pa-
BEHCTBOM

. 1 &
Fy(z) = n Z I(—c0,2) (€k),
k=1

HA3BIBAIOT amnupuyeckol dynkyuet pacnpedesenus (14 (t)
— MHJUKATOpP MHOXKeCTBa A).

DMIUPUUECKYIO (DYHKIMIO PACHPEIEIeHUsT eIlle MOXKHO
OIIPEJIEIUTD TaK:
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rie p(x) — KOaM4ecTBO BBIOOPOUHBIX 3HAUEHUiT &k, JJIsT KO-
TOPBIX & < T, IIOCKOJIbKY

p(r) = Z T(— o2y (&k)-
=1

st KaxK/10ro (PUKCUPOBAHHOTO T dMIMPUYEcKas PyHK-

st pacupesiesiennst F, (x) kKak GyHKIUs cry9aiiHOro BeKTo-
pa &1,&s, ..., &, ABAsgeTCs ciyvaitHoit BesmmanHOi. [losTomy

F,(x) ssasercst GpyHKImeii u ot w, T. €.
Fp(x) = Fp(z,w), weQ, zeRL

Omnupuueckasn Pynryus pacnpedeserus Fn(x) das waotc-
0020 PUKCUPOBANHO20 T ABAACTCA HECMEULLHHOT U COCTNOA-
meavholi ouenkol snauenua F () gynkyuu pacnpedeenus.

Bapwuarmonnsrtii psaj. [lo ciyaaitnpiv Bemmannam €1, £,

., &y ompenieMM ciIydaiinble BeJUdIHHBbI 7, &5, ..., &) cae-
JIYIOIUM 00pa3oM: JIJTsi KaXKJI0OTO (PUKCHUPOBAHHOTO W €
ynopsiounM 3Haderns £ (w), &2(w), . . ., &n(w) B HOpsiziKe BO3-
pacTaHus U 9T YIOPSIOUCHHbIE 3HAYCHIS 0D03HATUM Uepe3
& (w), &(w), ..., & (w), w e Q; 3ameTnM, 9TO, B YACTHOCTH,

£ (w) = min{& (w), &2(w), -, &nlw)},
& (w) = max{&; (w), &2(w), -, En(w)}

On peanejgeHnune. HOCJIG,ZLOB&TGJH)HOCTI) CJIy‘IafIHbIX BeE-

mmaun £7,&5, ..., & Ha3BIBACTCH 6GPUAUUOHHBIM PAOJOM O
cienoBarenbuoctu €1,&2,...,&,, a ciaydaifiHble BeJIUYIUHDI
¥, 1 =1,2,...,n, HA3BIBAIOT NOPAJKOSHLIMU CMAMUCTIUKA-
MU.

uznexc j B HOPsAKOBOI CTATUCTHKE §; PABEH “UCILY BbI-
OOpOHBIX 3HAMECHUI, JIeKaIKX JeBee & (BKJIIOUAST f}")

B repMuHax MOpSAIKOBBIX CTATUCTUK IMITMPUIECKYIO (DyH-
KITUIO paclipejleJIeHus] MOYKHO IIPEJICTaBUTh B BHU/IE

Fo(x) = “75‘””) (15.1.1)

rae p*(x) — KommdecTBo £, s KOTOPBIX & < .
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Henocpecreenno u3 pasencrsa (15.1.1) mosydaem, 9ro

pu (PUKCUPOBAHHOM W 3HAYEHUE Fn(a:) paBuO 0 B KaxJI0i
TOYKE T MPOMEKYTKa (—00,&]], HOCKOIBKY KOJIMYECTBO TeX
&, s KoTophix & < x, pasHo 0; Fn(ac) = 1/n B Kax Ol
TOUKe HpoMexkyTKa (£5,&5], MOCKOIbKY KOJIMYIeCTBO TexX &,
JIsl KOTOPBIX &; < &, paBHO 1, U T. 1., ¥, HAKOHEII, Fn(ac) =
= 1 Jy1st KazKJ0r0 T U3 npoMexyTKa (£, +00). Iloaromy st
Ka2KJ0r0 (PUKCUPOBAHHOTO W (DPYHKITUST

Fn(x) = Fn(:v,w)

HEOTPHIATE/IbHA; MOCTOAHHA Ha KayKJOM M3 IPOMEKYTKOB
(_Ooagﬂv (£Z’£Z+1]a k = 1a 2a e 7n - ]-a ( :1,7 +OO) (a CJIEI0-
BATEJIHHO, HEIIPEPBIBHA CJICBA) U HEYObIBAIONIAsS — PACTET B
Toukax &, k= 1,2,...,n, ckaukamu 1/n.

I'pacduk sMmnupudeckoii (pyHKINN PACIPEICTICHA Fn(az)
(Tounee, peaymsaryn F, (2, w)) uzobpazen na puc. 15.1.1.

E(x)
1

<~

e &g g e, & @

Puc. 15.1.1: T'paduk peajnsanuu SMITPUAICCKOMI
dbyukimu pacnpenenenus F, ()

Sameuanune 1. g Beibopok &1,&q,...,&, n3 Hempe-
PBIBHBIX paCIpEIeJeHuil BepOATHOCTh TOrO, UTO BHIOOPOY-
Hble 3HAYEHMsSI COBIQIYT, PaBHA HYJIO, HO IOCKOJIBKY MBI
dukcupyem pesyabTaThl ¢ 33JIaHHOM TOYHOCTBIO (HAIIPUMED,
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JI0 TPETHEro 3HAKA), HEKOTOPbIe BHIOOPOUHBIE 3HAUEHMUST MO-
CYT COBIMaIATh. [Ipu 9TOM CKAYOK SMIUPUIEcKO (DyHKIINN
pacrpejiesieHust B To4Uke & paseH [/n, rjae | — KOIMIecTBO
BBIOOPOYHBIX 3HAYEHUI, COBIATAIONTNX C &k, VIUTHIBAST U k.
Bameuanue 2. Pacupeseienne, COOTBETCTBYIOIIEE M-
nupudeckoit pyHkiuu pacupegesenusi Fy,(x), 6yaeMm Has3bl-
BaTh amnupuveckum. JImsa Kaxkmnoro pUKCUPOBAHHOTO W ITO
JIMCKPETHOE PACIIPE/IeJIEHUE, CTABSINEe B COOTBETCTBIE KaXK-
qoit Touke &, k=1,2,...,n, “maccy” 1/n (wm [/n, ecau c
&) COBHIAJAIOT | BBIOOPOUHBIX 3HAYEHUil, yIUThIBast U k).
OO0 yKJIOHEHUSIX SMIIUPUIECKON (PYyHKIIUM paciipe-
neqaenusi F,(x) or teopernueckoit F(x). Dmrupuuec-

Kasi byHKIMsI pactpe/ienenus Fy, (x), GyLydu npu KazkJioM T
HECMEIIEHHON 1 COCTOsITe/IbHOI onenkoii F'(x), maer xopo-
mree npubskenne s F(x). Ho B psze 3amad sToro Heo-
CTATOYHO — HEOOXOJMMO 3HATHL HACKOJBKO SMIHPUYECKAs
byukuus pacupegenenus E, (), mocTpoennas 1mo BHIGOPKe
&1,&2,...,& u3 F, yrionsiercs or F(x) (kakuMu MOy T ObITH
YKJIOHEHHS SMIINPUIECKOH (DYyHKINU PACIpeIesIeHns OT TeOo-
PETUIECKOIA ).

Mepy yKJIOHEHUST SMIMPUIECKOIT (DYHKIMU paciipeiesie-
st Fy, () or F(2) MOKHO BBOIUTE DA3IITIHBIMU CIIOCOGAM.
Hamnpumep, Tax:

sup ‘F(.T) - Fn(x)‘ (A. H. Konmoropos).

—oo<r<0oo

Nnu rax:

T . 2
Z o <& —pl-) (K. ITupcon),
=1 Pi 2T
rJie p; — BEPOSITHOCTH IOIIa/[aHKsI BBIGODOYHOIO 3HAUEHUST B
POMEXKYTOK [a;, b;), BbIYMCIIEHHAs 110 (DYHKIIUKM pacIpe/ie-
nenust F'(z), v;/n — BeposITHOCTD MONA/IAHKS B TOT K€ IPO-
MEXKYTOK, BBIUNCJEHHAS [0 SMIMPUYECKON (DYHKIMU pac-

upesesiernst Fy,(x) (Bes npsivasi pasbura Ha r HellepeceKaro-
T

muxcst poMexkyTKos [aj,bi): | [aj,bj) = RY, nsa xpaiinne
Jj=1

6eckoneunsl). Ykiaonenne F,(z) or F(x) sBisiercs ciydaii-
HOIi BEJIMUMHOM, M KOIJIa MBI TOBOPHM O TaKOM yKJIOHEHHH,
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HEODXOIMMO TOBOPHUTH O €ro pacipeseaeHnn. OKa3blBaeTcs,
ITO BBEJEHHDBIE MEPBHI YKJIOHEHUS SMIUPUIECKON (DYHKITHN

pactpeenennst Fy, () or Teoperndeckoii F'(z) obiagaor 3a-
MeJaTesIbHBIMI CBOHCTBAMU — BHE 3aBUCHMOCTH OT pacipe-
Jesienust F, 13 KOTOporo nostydeHa BoIOOPKA, IPH JIOCTATOYHO
OOILIINX N pACIPEJIeICHIE YKIIOHEHNUST

s |F() —Fn(:c)‘/\/lﬁ

—oo<r<o0

6sm3K0 K pacrpeenenuio A. H. Koamoroposa, ero byHKIust
pacIipe/iejieHu st

+oo

K@) = Y (-1)re e

n=—oo

a pacmpejenenne ykionenns K. Ilupcona 6im3Ko x y2-pac-
upejesennio ¢ (r — 1) crenenssMu cBOOOIBL.

Berunciienne sup ‘F(w) — F’n(a:)‘ ITycrs E,(x) — sM-

T
nupryeckas (pyHKIUS paclpeleIenns, ITOCTPOCHHAS 10 BbI-
6opke &1,&2, . . ., &, TOUHEE — TIO Peasu3anuy BEIOOpKH, F' ()

— HenpepbiBHas GyHKIUs pacipeesenusi. Heobxonumo BbI-
YHUCJIUTD

sup ‘F(x) — Fn(x)‘ .

Samerum, uto &1,&9,...,&, — He 00si3aTeILHO BLIOOPKA W3
pacmpenenenust F.

[MockonbKy Fj,(x) mocTosiHHA HA TPOMEXKYTKAX

(—OO, fﬂ7 (ffa 5;]7 e (f;—h g:z]a (g;kzv +OO)7 (1512)

TO OJ1d BbIYMUCJICHUA

sup |F(2) — Fu()

T

9

Kora x “mpoberaer” R!, smauenme sup ’F(x) — F,(z)| nocra-
x

TOYHO BBIYUCJ/IUTH Ha KaKI0M N3 YKa3aHHBIX ITPOME2KYTKOB
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(mpu TOM yuuThBaeM, 9T0 F'(x) MOHOTOHHO He yOBIBaeT),
a 3aTeM W3 IMOJyYEHHBIX YhCes BLIOpaTh HamboJibinee. [lo-
STOMY

sup |F(z) — F(2)]
x
paBeH HAUOOJIBbIIIEMY U3 UHCEN

F(&) = Fu(&)|, |F (&) = Ful(&h)|, k=1,2,...,m,

9

rae Fr (&) = 1.
IIpumep 15.1.1. IIycms» 2,4; 1,0; 0,7; 0,0; 1,1; 1,6;1,1;
—0,4; 0,1; 0,7 — swibopra u3 HENPEPLIBHO20 PacnpedeseHUA.
Hocmpoumv epagur peasudauyuu IMnUpueckots dyms-

YU pacnpedescHus Fn(x) u epaguru dyrryuu Ny 2 () Hop-
Maavhozo pacnpedeaenus ¢ napamempamu: 1) a = 0,8;
0=08;2)a=1; 0 =0,5. Bouucaums srauerue

sup Na,o'2 (l‘) - Fn(x)
x

Pemenmne. Hna mocrpoenns rpaduka pean3aiui M-

nupudeckoil dyHkmu pacnpeesernsi Fy,(x), pacmonoxum
BBIOOPOUHBIE 3HAYMEHUS] B BAPUAIMOHHBIN PsiJI;

-0,4;0,0;0,1;0,7,0,7;1,0;1,1;1,1; 1,6; 2,4.

[TockosbKy BBIOOPKA IOJIyY€HA U3 HEIPEPBIBHOIO Pac-
IIpeJieJIeHNs, OJIMHAKOBBLIX BLIOOPOYHBLIX 3HAYEHUN HE JTOJIXK-
vo ObiTh. Ho B paccmarpuBaeMmoii BbIOODKE OHU BCe-TaKu
nmerorcs: 0,7 m 1,1 BcTpedaroTcst JBaXKJbl. DTO CBSA3AHO C
TeM, 9TO U3MEPEHUsT TPOU3BOAATCS C OTPAHNIEHHBIM KOJIH-
TeCTBOM 3HAKOB, B PACCMaTPUBAEMOM IIPUMepe — 0 JIeCs-
ThIX. [loaTOMY HEKOTOpBIE BLIDOPOUHBIE 3HAYMEHUS MOTI'YT COB-
aJ1aTh.

it mocTpoeHust rpaduKa peasn3auy dMIMPUIECKON

dbyukiwn pacupesesnennst Fio(z,w) HaHeceM Ha 0Cb abCIuce
HopsAaKoBbIe cTatuctuku &, k = 1,2,...,10. Dvmupuiec-

Kasl (byHKIlI/Iﬂ pacipeaeaeHmnd Fl()(.fv, w) IIOCTOAHHA Ha IIPO-
MEZKyTKax (—OO, 8{]7 (527 €Z+1]7 k = 17 27 ety 97 (61(07 —{—OO) Ha



15.1. DMrmpuieckue ONeHKN 267

HpoMexyTKe (—00,&]| ona paBHa Hy/IIO H, “IEPeX0/s depe3
roukn” & (kpome 0,7 u 1,1), pacrer ckaukamu 1/10, a npn

nepexogie depe3 Touku 0,7 u 1,1 — ckaukamu 2/10 (mockoJIb-
Ky BbibOpounble 3HaveHus 0,7 u 1,1 B BEIOOPKe BCTPEUYAIOT-

cst iBazk bl ). ['paduk peasmzaruu Fio(r,w) sMumpuaeckoit
dyuknun pacnpenenenns Fo(x) n3obpazxen na puc. 15.1.2.

ﬁ;o (z,w) NI;O,ZS (z)
1

]\7(),8;0,64(33)

T

|

-0,4 0,1 0,7 1 1,1 1,6 24

Puc. 15.1.2: K sbruuciienuro
sup ‘N0,8;0,64($) - Flo(x)‘ " Sup ‘N1;0,25(33) — Fio(z)
X X

st BEIMHMCTIEHST
U [ N () = B ()

Kpome 3Hadenwii Fy(x), eme HeOOXOAMMO 3HATH 3HAYEHUSI
GYHKINN pacipeaeaeHnst

2
N,. o dt
= / {5
B Toukax 1,85, .. .,&,. Sunavenna dynxnun N, ,2(z) Haxo-

JIIM 110 3HaveHusM Tadynuposanuoit dynknnu No.i(x) HOp-
MaJIbHOTO pacupejienenus ¢ mapaverpamu (0;1) (cm. Tabir.
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22.1.1). Tocusie 3amenbl iepeMenHoii (t — a)/o = y B noceI-
HEM MHTErpaJie I0JIydaeM

Nyo(2) = \/2;7 / exp {—“2_03)2} dt =

) (x—a)/c t2

r—a
- Sl = N, :
V2T / exp{ Q}dt 0’1< g >

OTalbl BLIYUCICHUASI

)

6 = sup |F(x) — Fio(x)

korga F'(x) = Nysg.0,64(x), cBesennt B Tabr. 15.1.1, cormacho
koTopoit § = 0,1

Ta6nauma 15.1.1. K Boraucienuo sup ‘N078;0,64(a:) — Flo(x)
xT

>

& [Foen][FE)]1FE) — Fo@)I[IFED) — Folein)
-04 0 0,07 0,07 0,03

0,0/ 0,1 0,16 0,06 0,04

0,1 0,2 0,19 0,01 0,11
(2)0,7| 03 | 045 0,15 0,05

1,0/ 05 0,58 0,08 0,02
(2)1,1] 0,6 | 0,64 0,04 0,16

16| 08 |084 0,04 0,06

2,41 0,9 0,98 0,08 0,02
£Z+1 170

Ananornaso ImoJjyrydaeM, 4TO
sup N1;0’25<37) - Fl()(.%') = 0,26.
T

OmMnupudeckue (BIGOPOYHBIE) 3HAUEHUS [TapaMeT-
poB. Ilycte &1,&,...,&, — BbIOOpKa U3 paclpejesleHns
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F(-;0), saBucamero or napamerpa 6. IIpuuem napamerp 6 o-
HOBHAYHO ompejiesisieTcs: pactpesesenueM F(-;0) (byukiueit
pacrpenenennst F(x;60)), T. e. aBiasgercs QyHKIMOHATIOM:

0= o(F(;9)),

3a/IaHHBIM HA HEKOTOPOM MHOXKecTBe pacrpeesennit F (byHk-
uuit pacupenenenus F(z)). Hanpuvep, cpeanee a = [zF(dz),

R1
momentsl m, = [2"F(dz),r = 1,2,..., nucnepcust 02 =
R1
= [(z— ftF(dt))QF(dx) SIBJISAIOTCST (DYHKI[HOHAJIAMEI HA MHO-
R1 R1

)kectBe dyHKIHiT pactpeenenns F(x).
ITo smnupuueckomy pacupeeseruto F,, (1o smmnupudec-

Koii dynkuun pacnpepenenus Fy(x)) crposircss Tak Hasbl-
BaeMble SMIUpPUIEcKre (BbIOOPOUYHbIE) OIEHKH N1apaMeTPOB
0= &(F(+0)).

Beibopra &1,&9,...,&, u3 pacupenenenns F(-;0) 3ama-
er smmmprteckyio GyHKIMIO pacupesesenus F,(z). Y mo-

cKOBKY Fy(x) “6muska” k F(z;0), a 0 = &(F(-;0)), To B
KauecTBe OIEHKU Hapamerpa f eCTeCTBEHHO PAacCMaTpPHBAThH

Onpenenenne. Ouenka § mapamerpa 6 = &(F(-;0)),
OIpe/ie/IeHHAsT PABEHCTBOM

h=d (Fn(.)),

HA3BIBACTCS IMNUPUMEckoli ouenkotl 0 mim smnupuveckum
(6v160pOUNBIM) 3HATEHIEM MTapamerpa .

Hanpumep, smnupudeckuM (BbIGOPOYHDBIM) 3HAYEHUEM
CpeJIHero

a= /xF(dw) = &1(F(+))

R
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ABJIAETCA

1 n
a = /an(dx) = - E & =6,
n “
Rl =1
SMIUPUYECKUM (BBIOOPOYHDIM) 3HAYEHUEM JHUCIIEPCHN

o2 = /(g; — /tF(dt))QF(dx) = ®(F("))

R R1
&22/(x—/t|3n(dt)) F,(dx) = /@—Z@) o(dz) =
R1 Rl Rl
~ [(a - 9P - Ly -
R i=1

NuTerpanbl BoIYuC/IeHbI KaK HHTErpaJibl Jlebera mo quckper-
HOMY (aToMuIUecKOMY) pacupejeienuto F,, cocpemrorouento-

My B Toukax &1,&9,...,&, ¢ Maccoit 1/n B KaxkI0ii:
/g Zg (&)Fn ({&}) = Zgﬁk
R1

Teopewma 15.1.1. Ilyemv &1,&,...,&, — ewvbopka u3
pacnpedesenus F u g(x) — bopesescras dynwyus na RY co
snavernuamu 6 R'. Ecau

G= / F(dz) # oo,
Mo 6v60poUHOE 3HAEHUE

G = [ g@)Faldn) = >~ g(60)
k=1

Ry

geaunumnvt G ABAAENCA ee COCMOAMEALHOTL U HECMeULeHHOT
ouenrxol.
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Cnencrsue. [lycmo

G= /19(96)6195 # 00,
0

£1,€9,...,&, — 6LIOOPKG U3 PABHOMEPHO20 HA NPOMEANCYMEKE
1| pacnpedeserusn, moada

Gn== 3" gl@)
k=1

ABAAECMNCA COCMOAMEALHOU U Hecmewennol ouyenkot G.
U3 Teopembl cieilyeT, 9TO IPU OOJIBLIITUX 7N 3HAYUTE/Ib-

HbIEe OTKJIOHEeHUsI cyMMbI (G, 0T G BCTPEYAIOTCST M3PEJIKA U
[IO3TOMY B KadeCTBe NMPUOJUKEHHOI'O 3HAUEHUsSI WHTEIPAJIa
G MOXKHO paccMaTpuBaTh cyMmy Gi,.

OnucaHHbBIil METOJI BBIYUC/IEHUS WHTEI'PAJIOB H3BECTEH
oy HazBanueMm Meroja Monre-Kapiio (merona crarucrude-
ckux uctbitanuii). O 0cobeHHO 3(hheKTUBEH P BHIYHUCIIE-
HUU UHTErPAJIOB OOJIBIION KPATHOCTH, KOT/A JIPYTHe METOIbI
PUOJIMKEHHOTO aHAJII3a HEITPUTOJIHBI.

[Ipumep 15.1.2. Ha ompesox [0;2] naydawy bpocarom
mouKy, Komopas Jdeaum ezo na dee wacmu, U Gurcupyrom
xoopdunamy £ mouku deaeHus.

Ixenepumenm nposeden 10 pas. Ilpu smom noayuero
10 sHaueHutl He3a8UCUMBLT HAOAIEHUT CAYHATHOT 8EAUNU-
noe £:0,00; 0,31; 0,70; 1,40; 0,08; 1,93; 0,79; 1,43; 1,42;
1,69.

Ouerumos no evbopke mamemamuseckoe oxcudarue 00s6-
ema xyba ¢ pebpom, pasHvim bosbUET HaACTU OMPE3KA.

Pemenue. [To yciouto 3aga4un JimHa pedpa Kyba pas-
na max{¢, 2 — £}. O6wem g(€) = (max{¢, 2 — £})® xyba —
dyukuums ciayuaitnoii Bemunnsl . 3navenune G = Mg(§) ko-
HEYHO, ITOCKOJIBKY pacCIpeecHue CaydaiiHoil BeJIUuIuHbl &
COCPEJIOTOUEHO Ha KOHeYHOM npoMexxyTke |0;2], a dyHkImst
g(z) Ha sTOM poMeskyTKe orpanndena. [Tosromy Hecmeren-
HOM U COCTOSITEJILHON OIEHKOM MATEMATHIECKOTO OXKUIAHUS
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obbema Kyba G = Mg(£) = M(max{¢, 2 — £})® asasercs

Zg &) = Z(max{im 2-&})°

=1

Hns n = 10 u BeiOOpouHBIX 3Ha4denuii &1, &, . .., &y, IpuBe-
JICHHBIX B ycaoBun, 3uadenne G = 4,44.

15.2 Meroa MOMEeHTOB

IIycrs &£1,&2,...,&, — BbLIOOPKA u3 paclIpereeHust
(+;01,09,....,05), 3aBucamero or nmapamerpos 61, 60s, ..., 0.
[Tapamerpsr 61, 0o, . . ., 0 HEU3BECTHBI U UX HEOOXOIIMO OIle-
HATH 110 BBIOOpKE &1,&9,...,&,. IlepBbiM 00OIMUM MeTOmOM
[IOJIy9€HUs] OIEHOK HEM3BECTHBIX IIapaMETPOB 110 BBIOOPKE
&1,&, ..., &y ObLT MeTOT MOMEHTOB, ipeyiokennbiit K. TTup-
COHOM. DTOT METOJ, COCTOUT B IPUPABHUBAHUY OIIPE]IE/I€H-
HOTO KOJIMYECTBA BBIOOPOYHBIX MOMEHTOB 17, COOTBETCTBY-
FOIIUM MOMEHTAM

mr(91,02, co ,95) = /xTF(da;;Hl,Gg, . ~795) (15.2.1)

Rl
pacupegesierust F(-;01,0s,...,0s), BBIYUCIEHHBIM TIPU 3HAa-
UCHHSIX I1aPaMeTPOB 01,05, ...,0s, paBHBIX COOTBETCTBEHHO
01,0, ...,0, (momentTsl m, = m,(01,02,...,0s) pacupee-
nenust F(+;601,02,...,05) sBisirorcst byHKIMSIMU ITAPAMETPOB
01,0a,...,0s, cMm. paBencrso (15.2.1)). A nmenHo:

:/$F de‘ 01,92,...,9 ),

/ da: 91,92,...,9),
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. 5 s R
Ms = /a: F(dz;01,09,...,05).
Rl

Paccmarpupas KoJIM4ecTBO MOMEHTOB, PABHOE KOJIMYECTBY
HEM3BECTHBIX IIapaMeTPOB, IOJJIEXKAIIUX OIEHUBAHUIO, I10-
JIydaeM TaKoe Ke KOJIUYECTBO YPaBHEHUIA JIjIsI OLPEIeJICHMSI
HEU3BECTHBIX IIapaMeTpPOB. PeleHust 3TUX ypaBHEHUI OTHO-
cureabHo 01,05, ..., 0, 1al0T NCKOMBIE OIIEHKH.

MeTo IpUMEHNM, €CJIN CYIIECTBYIOT BCE IIEPEIUCICHHBIE
MOMEHTHI, I Ha IIPAKTUKE IPUBOIUT K CPABHUTEJIHLHO IIPOC-
TBIM BBIYHCJICHUSIM.

Ecim onenuBaeTcs s mapamMeTpoB, TO, KaK IIPABUIIO, IIPU-

pPaBHUBAIOT MOMEHTHI 11, U My (61,02, ...,05) ¢ 1-r0 110 s-ii.

Mpumep 15.2.1. Hoayuwums oyenku napamempos a u o>

HOPMAABHO20 PACTPEOCAEHUA

1 ’ t—a)?
Flaa,0) = J5—s / e"p{‘ﬁgg)}‘“

no Memody MOMEHMOG.
Pemenue.

1 (x —a)?
2
m1(a,o ):/:vexp{—}dx: ,
V/ 2 202
2 2o o

(z —a)?

—T d$20—2+a2,
o

ma exp

1
(a,0%) = / —
V2mro?
Rl
n n
. 1 R 1 5
le*E &, m2=*2 & -
n - n-
=1 =1
[pupasauBas MoMeHTH My (a,0?) 1 ma(a,0?), BLMUCTICH-
HbIE IPH 3HAYEHUAX HAPAMETPOB G U 02, PABHBIX COOTBET-
CTBEHHO @ U 02, COOTBETCTBYIONIAM SMIMPUIECKIM MOMEH-
TaM, TOJydaeM ypaBHEHUs OTHOCHTE/ILHO 4 U 02

ml(&,a2) = ml, mQ(&,Uz) = mg,
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opobHee:
a =1y, o2+ a%=rmo.

Pemrennst 3TUX ypaBHEHHUil OTHOCUTENLHO G W 02 U OyIyT

OIl€eHKaMM COOTBETCTBE€HHO ITapaMeTPOB a 1 0'2, ITOJIyY€HHBI-
MM 110 METO/y MOMEHTOB. OHeHKOﬁ IJId a ABJIdeTCs

=1y = — Za 3

Q>

tst 02

52 = 1y — (1n)? = ze £=23(6-9"

15.3 Meroa MmakcuMaJIbHOI'O
IpaBa0IIOa00MSsI

[Mycrs € = (&1,&2,...,&,) — BBIOOPKA ¢ pacipe/lesieHu-

em F(-;0) = F(-;601,02,...,05), 3aBucammM OT mapameTrpa
0 =(01,0,...,05) € ©® C R°. llapamerp 6 € O HeusBecren
U ero HeoOXOMMO OIEHUTH 10 BbIOOpKe (£1,&2, ..., &n).

O6umM (BaxKHBIM KaK € TOYKH 3DEHUs] TEOPUH, TaK U
NPUJIOXKEHUTT ) METOJIOM OCTPOEHHUSI OIIEHOK SIBJISIETCSI METOJ
MaKCHUMAaJILHOTO IIPaBJIONOoIobust, npeyiozkenubrii P. Purre-
poM.

Onpenenenne. Pynkyueli MAKCUMAALHOZ0 NPLEAONO-
dobus BebOpKY § = (€1, &2, . .., &) ¢ pacupeenenneM F(-; 0),
3aBUCAIIIM OT mapamerpa § € © C R®) maspiBaercs yHK-
st L(0) napamerpa 0 € O, onpejiesisieMasi pABEHCTBOM

L(0) = f(&0), 0 €0,

ec BeIOOpOUHBIH BekTOp & = (£1,&2,...,&,) abCOMIOTHO
HEIPEPBIBHBIN ¢ moTHOCTBIO f(230) = f(21,22,...,20;0),
x € R™, u paBencTsoMm

L) =F(;0), 0 €06,
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ecsm BbIOOpOUHBI BeKTOp & = (£1,&2, ..., &) IUCKPETHBII C
pactpeneneauem F(x;0) = F(xy,xo, ..., 2,0
Onpenenenne. Ouenkoll MaAKCUMAALHO20 NPABIOTO-
dobus mapamerpa f Ha3bIBaeTCS TOYKa 6, B KOTOPOi dyHK-
[UsT MAKCUMAJIBHOTO TIPAaB/IONOI00MST TOCTUTAeT HANOOIbIIe-
ro 3HAYEHWs, JPYTUMH CJIOBAMU, OIEHKA MaKCHUMAJBHOTO
[IpaBJIONOA00Ms TapaMeTpa  — 3To pelleHne ypaBHEHUsT

L(0) = max L(6).

[Mockonpky dyuxiwm L(0) u ln L(#) nocturaior nantosis-
Iero 3HAYEeHHsI B OJHAX U TeX K€ TOodKax (yHKIus
y = Inz MOHOTOHHO BO3pAacTaer), a HAXOAUTL TOUKY, B KO-
topoit In L(#) nocruraer HanGOIBIIErO 3HAYEHNUSI, 3aIACTYIO
[IPOITE, TO OIEHKY MAKCHMAJILHOTO IIPABIOIOI00UST MOXKHO
IOJIyYUTDh U KAK PEIleHre yPaBHeHHsI

In L() = In L(6).
n L(0) max In (0)

Oyukiuio In L(0) eme HasbBAIOT no02apudmuseckots Gyrk-
yueth MAKCUMAALHO20 NPa8Jonodobu.s.
Ecin dbynkims makcuMaibHoro npasonoaobust L(0) =
= L(61,62,...,05) venpepoiBro nuddepenipyema 1o 01, O,
., 805, TO JIsT perieHust ypaBHEHUST

lnL(él,éQ,...,Os) = max 1nL(91,92,...
(91,92, ,9 )E@

/-\
[

s)
15.3.1
L()

JOCTATOYHO HAUTHU CTAIIMOHAPHBIE TOYKU (PYHKIIH

=1InL(01,09,...,05), pemas ypaBHeHUsI
O L0105, ,0) =0, i =1,2,....5
89 1,V2y...,Us) — U, — Ly&y ey 9,
u, cpaBHUB 3HavYeHus dbyuknuu In L(61,0s,...,605) B ee cra-

[MMOHAPHBIX TOYKAX U 'PAHUIHBIX TOUKAX MHOXKeCTBa O, BbI-
6paTh TouKy 0 = (él, bs, ..., és), B KoTopoit dbyukims L(0) =
=1InL(0,09,...,60,) nocturaer HauGOJILIIETO 3HAYEHNSI. DT,
Touka u Oyjier perernem ypasuenus (15.3.1).
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YpaBaeHus

0 .
a—eilnL(Hl,Gg,...,Hs):(), 1=1,2,...,s,

HA3BIBAIOT YPASHEHUAMY MAKCUMAALHO20 NPaBJonodobus.
SBameuanune. [loxydas onenky napamerpa 6 Kak pe-

menne ypasuenns L(6) = max L(0), cnenyer orbpocursb Bee
€

pemennst Bujia # = const. O1eHKY, He 3aBUCAIINE OT BHIOOP-
KW, JJIsl HAC WHTepeca He IIPeCTaBJISTIOT.

[MIpumep 15.3.1. Ilo swbopxe £1,&3, ..., Eq us pacnpede-
AEHUA € TAOMHOCTDIO

o _ ) Oexp{—0z}, ecaux >0;
p(x,@)—{ 0, ecaux <0

HATMU OUEHKY MAKCUMAADHO20 NPasA0Nn0d06us napamempa 6.
P emrenue. CoBMeCTHOMN MIOTHOCTHIO PACTIPEICTICHIS HE3a-
BUCHUMBIX CJIy4afiHbIX Besn4uH 1,82, ..., &, dABIAETCH

p(@1, @2, .., a3 0) = p(a1;0)p(22;0) ... plan; 0) =
= O exp{—0z1}0 exp{—0z2}...0 exp{—0x,} =

exp{ ezxz}

eccimBece x; > 0, 1 =1,2,...,n, a ecan xoTst 661 oxHO T; < 0,
TO
p(x1, e, ..., xn;0) =0.
Oyuknueit mpapaomnoaooust BeIoopku &1, &9, . . ., &, sABIIETCS
L(0) =" exp { - ezgz}
ecau Bee & > 0,4 =1,2,...,n, u L() = 0 — B mporuBHOM

ciyaae. Oyuknus L(6) muddepennupyema 110 6, a mosromy
MOKEM BBIIIICATH YPABHEHHE IIPABIONIOI00Ms:

0
55 L(0) =0,
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win (nocie nuddepeHImpoBaHsi )

n-;—ifizo.
i=1

Permennem ypaBHeHust npaBionogo0ust siBJIsS€TCs

n ~1
0= %Z& =@
=1

Ha rpanure obsiactu A0IMyCTUMBIX 3HAYEHWIT mapamerpa 6
dyukuus L(0) upuaumaer suadenue 0, HO3TOMY B TOUKE

6=1/¢
dyukms MakcuMaabHOTO mpaBgonoaobust L(#) mocruraer
HAMOOJIBINEr0 3HAYEHNSI, & CJIe/IOBATEIBHO, § = 1/£ aBisgercs
OIIEHKOI MaKCHUMaJIbHOTO MPaBIONoA00ust mapaMerpa 6.

[Ipumep 15.3.2. ITycmo &1,&o, ..., &, — 6bibopka us pac-
npedeaenus ¢ NAOMHOCTIBIO

Flasa,b) = éexp{—cll(x—b)}, ecau x > b;

, ecaux <b
(f(z;a,b) — naomnocmo cmeuenozo NOKA3AMEABHO20 PAC-
npedeserus).

Haumu ouenxu napamempos a ub memodom maxcumano-
1020 NPasdonodobus.

Boacnumos, A6AA10MCA AU OUEHKU MAKCUMAABHO20 NPAG-
donodobus napamempos a u b ux HECMEUWEHHBLMU U COCTNO-
AMEALHBMU OUEHKAMU?

Pemenne. Oyuxiums MaKCHMAJIBLHOTO MTPABJIOIOI00MST

L(a,b) = aﬂexp{—ig(@ -},

ecin Bee & > b u L(a,b) = 0, ecom cymecrsyer &; < b.
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. n

Eciu b — Touka, B koropoit dyukmus Q(b) = > (& —b)
i=1

(& > b, i =1,2,...,n) gocTuraer HAMMEHBIIErO 3HAYECHUS,

a G — Touka, B KoTopoil dyukuus L(a,b) mocruraer Han-

6oJibItiero 3uadenns, To B Touke (a,b) dyukuus L(a,b) mo-

cTuraer HaubOJIbIIEro 3HaUeHUsT (B 9TOM yOeK1aeMcsl Hero-

CPEJICTBEHHOM MPOBEPKOif).
n

Oynknns Qb)) = > (& —b) (& >0, i=1,2,...,n)

=1
JOCTUTAET HAUMEHBIIETO 3Ha4Y€HUdA B TOYKE b = min{¢&; },
a byHKINA L(a, lA)) JIOCTUTAET HAMOOJIBIIEr0 3HAYEHUS B TOU-
ke a = Q(b)/n.

OHeHKI/I &,6 — ACHMIITOTHYECCKHN HEeCMEIICHHBbIE 1 COCTO-
ATeJIbHbIE COOTBETCTBEHHO [JIsd ITapaMeTpoOB a, b

15.4 3amaun

A3:15.3,15.18,15.28,15.32, 15.33.
C3: 15.13,15.24,15.31,15.38, 15.51.

15.1. IIycrs 1,31; 1,18; 1,50; 1,06; 1,01; 1,06; 1,33; 1,80;
1,30; 1,35 — BBIOOpKA U3 pACHPEIEJICHUS C ILJIOTHOCTHIO

%exp {—Cll(:v - b)}, ecau x© > b;

0, ecmmx <b

p(z;a,b) =

(cMelTeHHOE TTIOKA3aTEeIbHOE PACIIPE/IEJICHIE) TP 3HAYCHUSIX
napamerpoB a = 0,5; b= 1.

[To BeIGOPKE HOCTPOUTH rpacuK peatn3alii SMIUPUIe-
ckoit dyukiuu pacrpeenenust Fy,(x). Ilocrponts rpaduk
dbyukimn F(x) CMEIEHHOro MOKa3aTeJbHOTO paciipe/iesie-
nug ¢ napamerpamu a = 0,5; b = 1. Beranciuts

sup F(x) — Fy(x)].
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15.2. Ha orpesok [0;2] Haymady 6Gpocator TOUKy U puKCcH-
PYIOT ee KoopanHaTy &. DKCIlepuMeHT IpoBeneH 15 pas. [Ipu
9TOM MOJIy4YeHO 15 3HaUeHn He3aBUCUMBbIX HAOIIOIEHII CITy-
qaiino#t Besmramunr &: 0,14; 1,81; 1,58; 1,28; 1,39; 0,80; 0,31;
0,70; 1,40; 0,08; 1,93; 0,79; 1,43; 1,42; 1,68.

OneHuTh 1O BHIOOPKE MaTeMaTHIECKOe OXKHUIAHNE 00b-
eMa Kyba, pebpo KOTOPOro paBHO MEHBLIIEH YacTH OTPe3Ka
[0;2] upu ero nesiernn TOUKOI &.

15.3. Ilycrs &1, &9, . .., &, — BBIOOPKA U3 paclpe ie/IeHust
C TJIOTHOCTBIO

1 _(nz—p)? .
p(x;p,0%) = \Vonols eXp{ 9552 (v comz>0;

0, ectm xz < 0,

napamerp o > 0 (p(z; i1, %) — WI0THOCTD J10rapudMIYecKH
HOPMAJILHOTO PACTIPEIETICHNS ).
2

HatitTn oneHknm mapaMeTpoB (t U 0° MeTOJIOM MOMEHTOB.
SamedaHue. Boraucsist mepBbiii 1 BTOPOil MOMEHTBHI,

Inx —p
11e1eCO00PA3HO CJIeIaTh 3aMeHy ——-— = t.

15.4. Ilycrs &1, &9, . .., &, — BBIOOPKA U3 paCIpe/Ie/IeHUsT
C IJIOTHOCTBIO

F:0) = Tillo’ ecin x € [0 — ho, 0 + hyl;
’ 0, ecomz &[0 — hg,0+ hol.

Haiitu onenky 6 mapamerpa 6 MeTom0oM MaKCHMAaJIHLHOTO
IpaBIoIoao0us.

BoisicauTs, stBisieTcst u 6 HeCMEIEeHHON, COCTOATEILHOM
OITEHKOI mapamMeTpa, 6.

15.5. BocnosbzoBaBimch TabIUIEl CIyIaHBIX HHCET
(cm. Taba. 22.10.1), mosyanTh BEIGOPKY oObemoMm 1 = 20 u3
HOPMAJILHOT'O PACIPEJIEIEHUST CO CPEJIHUM @ = 2 U JIUCIIEPCHU-
eit 02 = 4 (cum. Taxxke mpmmep 19.1.1). TTo 3Toit BEIGOPKe TO-
CTPOUTH TpadUK pealn3aiui SMIUPUIECKOl (DYHKIUU pac-
upenenenns F(x). [ocrpouts rpadux dynkimn Nog4(x).
BoraucinTn

sup [No.y(z) — F,(z)|.
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15.6. C nomornpio TabuIpl crydailHbx ducest (M. Tabi.
22.10.1) onenursb 3HaveHue unTerpasa [Tyaccona

—+o00o

[l 2lar

—0o0

Ykazanue 1. Cuenarb B HHTErpaje 3aMeHy
1 1
y = —arctgxr + —.
s 2

Y kazanue 2. Bociosib3oBaBIuch Tabuieil ciayIaiHbrx
qucest (em. Tabst. 22.10.1), noaydurs BIGOPKY U3 pABHOMED-
Horo Ha orpeske [0;1] pacmpe/esieHust 1 TPUMEHATDH TeOpe-
My 15.1.1.

15.7. Ilycrs &1, &0, . .., &, — BBIOOPKA U3 pacIpejie/IeHUsT
€ IJIOTHOCTBIO

Fa:6,5) = Qjéexp{—;@rw - b\},

napamerp 6 > 0 (f(z;0,b) — MWIOTHOCTH CMEIEHHOTO JBY-
CTOPOHHETO TIOKA3aTE/ILHOIO PACIIPE/IE/ICHNUS ).

Haijitu onenku 6 u b napamerpos 6 u b MeTOI0M MOMEH-
TOB. .

Boisicautn, sBastorest in 6 u b HECMEIEHHBIMA U COCTO-
ATEJILHBIMU OIleHKaMu 6 u b.

15.8. Ilycrs &1, &0, . .., &, — BBIOOPKA U3 paCIIpejIe/IeHUsT

1 1 T 9 k
P(k;0) :Cg;«_l <1+9) (HH) , k=0,1,...,

napamerp 6 > 0, r uzBecTHO.

Haiitu onenky mapamerpa 6 MeTOIOM MaKCHMAJIbLHOTO
[IPaBIOIIOA00HSI.

BbIHCHI/ITb7 ABJIAETCA JIN OIlEHKa MaKCUMaJIbHOI'O ITpaB-
Joronobust 6 HeCMeIeHHOH, cocTosATe/bHOM, 3 deKTUBHOT

oleHKOl mapameTpa 6.
Ykazanue. CMm. 3amaay 14.2.
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15.9. Bocmosp3oBaBmiuch TabanIei CIydaiiHbpIX Uucell,
[TOJIyYUTHh BBIOOPKY 0O0beMoM n = 20 m3 paBHOMEPHOTO HAa
orpeske |0;1] pacupenerenns (cm. 3amady 19.4). ITo sToit BeI-
6opKe ToCTPOoUTh rpaduK peaaTn3aliui SMIUPUIECKON (hyHK-

muu pacupegesennst F,(z). Tocrpouts rpaduk dbyuxiun
F(z) paBaomepnoro Ha orpeske [0;1] pacupesesnenus. Boi-
YHUCIUTD

sgp F(z) — Fy(z)].

15.10. Ha orpesoxk [0;4] nayaaay 6pocator ToUKy u puk-
CHUPYIOT ee KOOpAWHATY &. DKCIIEPUMEHT IpoBeieH 15 pas.
IIpu stom mosyueno 15 3HaveHUil HE3ABUCUMBIX HAOIIOIE-
Huit coryvaitnoit Benuannst €: 0,55; 2,94; 0,65; 1,49; 3,08; 1,01;
2,38; 1,18; 1,63; 3,18; 0,39; 1,71; 2,72; 0,95; 1,18.

OteHnTh IO BBIOOPKE MATEMATHIECKOE OXKUIAHUE TLIO-
IaJIA TIOBEPXHOCTH IIapa, PAJNyCc KOTOPOro PABEH MEHbIIeH
gactu orpeska [0;4] npu ero menennn ToUKoi &.

15.11. Ilyctob &41,&9,...,&, — BBHIOOpPKA U3 reoMeTpUYe-
CKOI'O PacIIpeJleIeHusl ¢ IIapaMeTpPOM p:

P(k;p) = (1—p)fp, k=0,1,...

OrneHuTDh TApaAMeTp P METOJIOM MOMEHTOB.
15.12. Ilycrp &1,&9,...,&, — BbIOOPKA U3 pacipejee-
HId C IIJIOTHOCTBIO

1 1
f(z;a,b) = 2aexp{aﬂv - b|}7 a > 0.

Haiitu orenku nmapaMeTrpoB a u b METOJIOM MAaKCUMAJIb-
HOT'O IIPaBIOIOI00MSI.

15.13. Bommumure 10 caygaifHbIX, Ha Ball B3IV, TU-
cen u3 orpeska [0;1] (1yist onpeiesleHHOCTH — € YETHIPbMsI
3HAKaAMK [0CJIe 3amsaToil). X MOXKHO paccMarpuBaTh Kak
BBIOOPKY M3 HEKOTOpPOro pacipenesierus. 1lo 3Toit BeIOOD-
Ke TIOCTPOUTH I'padUK pean3alui SMINPUIECKON DYHKITIHT
pactpenenennst I, (x). Iloctpours rpadux dbysximm F(z)
paBHOMepHOTro Ha orpeske |0;1] pacupezenenus. Beranciaurs

sgp F(x) — Fy(z)].
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15.14. JInuTenpHOCTH PAbOTHI 9JIEMEHTA, 10 IIEPBOTO BbI-
XO/Ia U3 CTPOSI SIBJISI€TCS [TIOKA3ATEIHLHO PACIIPEJIETIEHHON CITy-
qajiroit Besmunnoit. Habmonanacs padora 20 sjeMeHTOB U
bUKCHPOBAJIN JJTUTEIBHOCTD UX PAOOTHI JI0 IEPBOI'O BHIXOJIA
u3 crpos (B yacax): 11, 149, 846, 563, 384, 950, 864, 63, 990,
77, 685, 158, 348, 318, 25, 278, 1803, 83, 1544, 380.

ITo BEIOOpKE HAWTH OIEHKY MATEMATHIECKOTO OXKUTAHUSI
IJAATETBHOCTH OE30TKA3HON pabOThI JIEMEHTa, €CII €r0 Me-
usitor nocsie 200 4acoB HeEIpPepBIBHOW PabOTHI, JTayKe €CJIu
3JIEMEHT HE BBIIIEJ U3 CTPOS.

15.15. Ilycrs &1,&0,...,&, — BBIOOPKA U3 pacipejese-
HUsI C IJIOTHOCTBIO

f(z;0,0) =

(x—(a—+0))/0, ecmmz € la—0,a;
=4 —(xz—(a++vh))/0, ecmuzx € [a,a+ V0O
0, ecmn x & [a — V0, a + V/1).

Hajitu onenku a u 6 napaMeTpos a U 6 MeTOI0M MOMEH-
TOB. N

BorsicauTs, sBastoTes n ¢ v 6 HECMEMEHHBIME U COCTO-
SITETLHBIMU OTIEHKAMHU TTApaMeTPOB a U f COOTBETCTBEHHO.

Y kazaHue. Borauciss Bropoit MOMEHT, 11e/1ec000pa3Ho
BOCIIOJTL30BATLCA COOTHOIIEHUEM 02 = Mg — M.

15.16. Ilycrb &1,&9,...,&, — BBIOOPKA U3 pacipejese-

HMA
Q(z) =p"(1—p)'™", x=0;1, p € (0;1).

Haiitu oneHky mapamerpa p METOIOM MAaKCHMAJILHOIO
[IPaBIOIIOA00HSI.

BoisicHUTB, sIBJIsSIETCSI JIM OLIEHKa MAaKCHMAJILHOT'O IIpaB-
JIOTIOIO0MST TTapaMeTpa p ero HeCMEIeHHOM, COCTOSITeIbHOIM,
3¢dPEKTUBHON OIEHKOIA.

15.17. IlomyunTs BBIOOPKY oO0bemom m = 10 m3 Ny,i-
pacnpeneenus. 1o sToit BLIGOPKE MOCTPOUTL rpaduk pe-

AJM3AIMN SMIUPUIECKOi GyHKImMU pacnpeesnerust F, ().
ITocrponts rpadux dyukimm No.j () HOPMAIBLHOTO pacipe-
nesternst ¢ napamerpamu (0;1). Borauncinrs

sup | No.1(x) — Fn(:n)
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VYkazanue. Eciu ciyuaiinag Bequunna £ nMmeer cBoeit
dbyuknmeit pacupenenenust F(x), To caydaiinas BeaumanHa

n=F(©)

pacipejiesiena paBHoMepHo Ha npomexkyTke [0;1]. Orcroma
CJIEJIy€T, UTO €CJIN CIyYaiiHasi BeJIMIUHA 1) DACIIPEJIEIeHA DaB-
HOMepHO Ha npomexyTke [0; 1], To ciryuaiinasi BesmanHa

¢=F1(n)

umeer coeii dbyHKImeil pacupenesnenust F(x).
15.18. Bocnosb3oBaBimchk Tabaureil caydaifHbIX Tuce
(cM. Tabur. 22.10.1), oneHUTH 3HAYEHNE HHTErPasa

o0 -IB

S px
/Md.’ﬂ, Oézl,le.
0

Ykazaunue 1. Caenars B mHTErpajie 3aMeHy
y = —arctgx.
us

Ykaszanue 2. [lo Tabnure nosyduTb BIOOPKY U3 paB-
HOMepHOTO Ha orpeske [0;1] pacupemenenusi u BOCIOJIB30-
BaThbcda TeopeMoit 15.1.1.

15.19. Ilycrs &1,&9,...,&, — BbIOOPKA U3 pacipejee-
HUSI C INIOTHOCTBIO

Fai0) = o exp {—-lol|

(f(x;0) — MIOTHOCTHL JBYCTOPOHHEIO IIOKA3ATEILHOIO PaC-
[PEJIEIICHNS] ).

HaiiTu onenky aucrepcuu MeTOJOM MOMEHTOB U BBISC-
HUTDB, ABJIAETCHA JIX OHa HeCl\leH_LeHHOIU/I 1 COCTOATEJIbHONI OIeH-
KOIl pucriepcuu.

15.20. Ilycts &£1,&9,...,&, — BBIOOpPKaA U3 pacupemese-
HUS C INIOTHOCTBIO

ecin x € [0y — h, 0y + hl;

1
flash) = q 20
0, ecomx & [0y — h,00+ h.
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Haiitu omenky mapamerpa h MeTOIOM MAKCHMAJILHOTO
IPaBI0IIoa00Ms.

BoisicnuTb, sBJIsieTCs Jin OTEHKA MaKCHUMAJILHOTO MPaB-
Jono1o0us mapamMerpa h ero HeCMEIEHHON U COCTOSTETbHO
OIIEHKOIA.

15.21. Habmromarorest ndpopbie dactu HOMepoB 10 aB-
ToMobmIell (B HOMepe HATh 1UMdp), MPOE3KAIMUX MUMO
Bac. llycrs a;, b;, ¢;, d;, e; — udpbI, BCTpedarommecs: B HOMe-
pe i-T0 aBTOMOOWJIs, €CJIU €r0 YUTATh cjieBa Hampaso. CTpo-
UTCS TOCJIEJOBATEIBHOCTD THCEJT

& =10"Ya; +1072b; + 107 3¢; + 107 4d; + 10 %,

1=1,2,...,10. x MoxkHO paccMaTpuBaTh KaK BBIOOPKY U3
HEKOTOPOT'0 PACIIPE/IeJICHISI.
ITo BBIOODPKE &1, &9, ...,&10 TOCTPOUTDL TpadUK IMIUPU-

vyeckoil (pyukuu pacupeienenust Fy,(z) (n = 10). Ilocrpo-
uthb rpaduk dbyuknun F'(x) paBaomepHoro Ha orpeske [0;1]
pacnpeesiennst. BoraucinTs

sgp F(x) — Fy(x)].

Bameuyanue. Ecim HOMEp aBTOMOOWJISI CONEPXKUT de-
ThIpe MUMPBI, TO PACCMOTPUM IIOCIEI0BATEIHHOCTD THCET

G =10"ta; +1072b; + 107 3¢; + 10~ 4d;,

1=1,2,...,10.
15.22. Ilyctob &1,&9,...,&, — BBIOOpPKA U3 pacupenese-
HIA C IIJIOTHOCTBIO

f(x;0,p) = % (%)p_l exp {—(%)p} , ecan x > 0;

0, ecit ¢ < 0,

napamerp € > 0 u p > 0 (f(x;6,p) — wiorHocTh pacupese-
nenust Beiibysia), p u3BecTHO.

Haiitu onenky mapamerpa 6 MeTOJOM MaKCHUMAJbLHOTO
IIPaB/IoIoa00Ms.

15.23. Ilycts &4, &9, - . . , &, — BBHIOOPKA U3 PABHOMEPHOIO

Ha orpeske [§ — V302, 0 + V302] pacupenenenns, o > 0.
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2

2 napamerpos ) U 0 METOIOM MO-

Hajitu onenku 6 u o
MEHTOB. .

BbISICHUTD, SIBJISIIOTCSE JI OLEHKH 6 1 02 HeCMeIeHHbIMY,
COCTOATEJIbHBIMU OIICHKaAMU COOTBETCTBYIOIUX IIapaMETPOB.

15.24. Ilycrp &1,&9,...,&, — BbIOODKA U3 pacipejee-
HUSI C IVIOTHOCTBIO

2
fla:0) = gexp{—%}, eci x > 0;
0, ecimr <0

(f(z;0) — mnorHOCTL pacupesenenust Pajest).

Haiitu onenky mapamerpa 6 MeTOJOM MaKCHUMAaJLHOTO
[IPaBI0IOa00MsI.

]3]:)I?ICHI/ITI:)7 ABJIAEeTCdA JIN OIlEHKa MaKCUMaJIbHOI'O IIpaB-
noronobust mapamerpa  ero HeCMENEHHOM, COCTOATEIBLHOM],
3G PEKTUBHON OIEHKOIA.

15.25. Umeem BwIOGOPKY: 2,22; 0,67; —0,14; —0,33;
—0,97; —1,81; —0,94; —0,91; 0,11; 3,94 uz pacnpeneneHus
C IJIOTHOCTBHIO

a

faa,c) = m(a2 + (z — ¢)?)’

riea=05uc=1(f(r;a,c) — NIOTHOCTH pacupeseIeHus
Komm).
[Toctpouts rpaduk peaau3auym SMIAPUIECKON DyHK-

mun pacupegesernst F,(z). Tlocrpours rpaduk dbynknuun
F(x) pacupenenenns Komu ¢ napamerpamu a = 0,5; ¢ = 1.
Brerauncaurs

sgp F(z) — Fy(z)].

15.26. Ha orpesoxk [0;3] nayaaay 6pocator 104Ky u puk-
CUpyIOT ee KoopjuHary £. DkcrnepuMeHT TposeseH 20 pas.
ITpu sTom mosydeno 20 3HAYEHUH HE3aBUCHMBIX HabJIIO/E-
Huit ciryvaiinoit Bemmanast €: 1,91; 1,08; 1,25; 0,87; 2,42; 1,49;
2,10; 2,21; 0,33; 0,09; 0,39; 0,54; 2,39; 0,51; 2,51; 1,44; 0,96;
1,85; 2,38; 0,67.

OneHnTh O BHIOOPKE MaTEMATHIECKOE OXKHUIAHNE 00be-
Ma Irmapa, pajinyc KOTOpPOro paBeH GoJibIeil 94acTu OTpesKa
[0;3] npu ero menenun TouKoii €.
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15.27. Ilycrp &1,&9,...,&, — BBIOOPKA U3 pacipejese-
Hug dpaanra ¢ napamerpaMu m 1 A. OIEeHUTH napaMeTpbl
m U A\ METOIOM MOMEHTOB.

[InorHOCTL pacupeeseHus JpJadra ¢ IapaMeTpaMu m
U \ UMeeT BUI

ATt |
Faam) =4 oD epi-Az}, comz>0;
0, ecn x < 0.

15.28. Ilycrs &1, &2, - . ., £, — BBIOOPKA U3 PABHOMEPHOI'O

pacrpeie/ieHusi Ha ITPOMEXKYTKE:
1)[0—1;0+1]; 2)[0;0 +1]; 3) [0 — ho; 0 + ho).

Haiitu onenky 6 napamerpa 6 MeTOIOM MOMEHTOB.

BrisicHnTh, siBIIsIETCST T OIleHKa, ) HEeCMeIeHHOI, cocTo-
sITeJILHOI OIIEHKOI mapamerpa 6.

15.29. Bocrob30BaBImchk TabIuIEil CIydailHbIX qaucet
(cm. Tabur. 22.10.1), moayunTs 10 HE3aBUCHMBIX BEIOOPOK 06b-
emoM 12 m3 paBHOMepHOro Ha mpomexyTke |0;1] pacupese-
nenust (cM. takxke 3azga4dy 19.4). O6oznaunm ux

gk,lvgk,% v a5k7127 k= 1>27 K} 10.

ITycTb
12
ng = E fk,i—6, k:1,2,...,10.
i=1
[ToceroBaTEIBHOCTD 1)1, 72, - - - , )10 ABJISIETCS BBHIOOPKON 13

HEKOTOPOro pacupesenenus. 1o 3Toit BLIOOPKE MOCTPOUTH
rpaduK peajn3anyuyu SMIUPUIECKOi (DYHKIMU pacipe/iesie-
must Fio(z). Iocrpours rpaduk dyuximu No.q () HOpMaIb-
HOrO pacupeienenus ¢ napamerpamu (0;1). Boraunciaurs

sup No;l(x) — Flo(ﬂj) .
x

15.30. Uurepsaib 6e30TKa3HOI SKCILTyaTanun (9achl Me-
JKJTy TIOCJIEIOBATE/IbHBIMI OTKA3aMHI) alllapaTyPbl KOH AN~
OHUPOBaHUsS BO31yXa Ha camosiere “Bounr-720" mpuBeeHbI
B Tabumie (YuTaTh MO CTPOKaM).
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6 23 261 87 7 120 14 62 32 24
47 225 71 246 21 42 20 5 97 18
12 120 11 3 14 71 11 14 100 7
11 16 90 1 16 52 95 97 98 5
51 11 4 141 18 142 68 77 85 91
80 1 16 106 206 82 54 31 3 230
216 46 111 39 63 18 191 18 3 131
163 24 50 44 102 72 22 39 18 95
3 15 197 188 79 88 46 5 62 74

5 36 22 139 210 97 30 23 81 48

Haiitu sSMIupuvIecKyro OleHKY MAaTeMAaTHIECKOTO OXKI 1A~
HUsI JJIATEIbHOCTA OE30TKA3HOM pabOThI allapaTypbl, €CJIH
ee TPOPMIIAKTUIECKUT PEMOHT ocyIecTsisgerca mocae 100
YACOB IKCILTyaTAIHH.

15.31. Ilycre &1,&9,...,&, — BBIOOPKA U3 pacipejese-
HUsl C IJIOTHOCTBIO

v

fva)=] T0)

v

' lexp{—az}, ecmu z > 0;

0, ecm x < 0;

v>0,a>0 (f(z;v,a) — WIOTHOCTH TaMMa-PaCIpeIeJIeHUsT
¢ mapamerpamu (V; ).
Haittu orneHku mapaMeTpoB ¥ U &« METOJIOM MOMEHTOB.
15.32. Ilyctob &1,&9,...,&, — BBIOOpPKA U3 pacrupemnese-
HUST

1 0 \*
N=—(—) k=0.1,....60>0
P(k79) 1+0<1+9> ) 07 9 b >0

Haiitu omnenky mapamerpa 6 METOIOM MaKCUMAJBLHOTO
[IpaBIOIIOI00uSI.

IBE)IFICHI/ITB7 ABJIAETCdA JIN OIleHKa MaKCUMaJIbHOI'O IIpaB-
JI010/1001s mapaMerpa f ero HeCMEIeHHOH, COCTOSITE/IbHOM,
5 PEKTUBHOI OIEHKOI.

15.33. Bocrosb3oBaBimchy TabIuIeil cirydaifHbIX duces
(cm. Tabsr. 22.10.1), mostyunTsb BEIGOPKY 00beMoM 20 u3 pac-
npe/iesiennst apkenyca (cm. takxke npumep 19.1.1). Io sroit
BBIOOPKE ITOCTPOUTH I'PaUK PeaIM3allny SMIIMPUIECKON PyH-
kiun pacupegenenns Fy(x), n = 20. Iocrpours rpaduk
bYHKIUK pACIIpeJIeSIeHUs apKCUHYCA

0, ectn x < 0;
A(r) = %arcsin\/f7 ecmm x € (0;1];
1, ecom x > 1.
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Boraucinrs

sup | A(z) - Fu(a)

T

15.34. Ha orpesoxk [0;1] maymaay 6pocator ToUKky u Gpuk-
CHUPYIOT ee KoopaumHary &. DKcrepumMeHT rposejieH 20 pas.
[Ipu sTom mosyueno 20 3HaYEHUI HE3aBUCUMBIX HaOJIIOE-
Huit caygaitnoit Benuanns €: 0,33; 0,93; 0,62; 0,38; 0,65; 0,53;
0,31; 0,07; 0,61; 0,04; 0,70; 0,85; 0,83; 0,81; 0,40; 0,59; 0,93;
0,24; 0,55; 0,17.

OrneHuTh 110 BBIOOPKE MATEMATHYECKOE OXKUJAHWE ILIO-
a1 Kpyra, pajuyc KOTOPOro paBeH OOoJIbIIell YacTu 0Tpe3-
ka [0;1] mpu ero jesienun TOUKOM &.

15.35. Obo3naunm depes £ cirydailHyIo BeTUIUHY — YUC-
JIO HeyJad A0 TOABJEHU: 7-I'0 yClleXa B HeOrpaHWYeHHON
[IOCJIETIOBATEILHOCTU HE3ABUCUMBIX UCIBITAHUN C BEPOSITHO-
CTBIO ycIiexa p B ojfHOM ucnbiranuu. Ciydaiinas BeuanHa &
MMeeT paclipe/ie/ieHne

Ple=kl=Cpt p'(1 —p)f, k=0,1,...

DT0 pacipeeaeHne Ha3bIBalOT OTPUIIATEILHBIM OMHOMUAIb-
HBIM C Tlapamerpamu (r;p) win pacupejeserueM [lackasis.
IIycrs &1,&9,...,&, — BBIOOPKA M3 OTPUNATEIHLHOIO OU-
HOMMAJILHOTO PACHPEICJICHUST ¢ TTapaMeTpamu (r;p), r — u3-
BecTHO. HaiiTu oreHky mapamerpa p METOIOM MOMEHTOB.
Ykazanue. O0Iee KOTHIECTBO HEYIAT JI0 7'-TO yCIIEXa
MOKHO TIPEJICTABUTD B BUJE CYMMBI

E=m+m+...+mn,

TI€e 11,72, - - - , 7} — HE3ABUCUMBIE CJIyIaiiHbIe BEJIMIUHBI, KAXK-
Jlast U3 KOTOPBIX UMEET I'€OMETPUYIECKOE PacCIIPeIeIeHIe C I1a-
paMeTpoM p.

15.36. C nespio onennTh KosimdecTBo N PbIO B 03epe,
BoLIOBIIN K pPBIO, HOMETWIM MX U BBIIYCTUIA B 03epo. e-
pe3 HEKOTOpOe BpeMsi B 03epe BbLIOBWIN N phid. [Ipn sToM
k N3 HUX OKa3aJIUCh IIOMEYEHHBIMU.

Kaxoe manbosiee BeposITHOE KOJIUIECTBO PHIO B 03epe?

VYkaszanue. 3aa9y PelIuThb B IPEIIOTOKEHUH, 9TO KO-
JsimaectBo N pbIO B 03epe 60JIBIToe 110 cpaBHEHUTO ¢ 1. B 3ToM
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[IPEJITIOJIOKEHUH CIYIARHYIO BEIUYINHY £ — KOJIMIECTBO Me-
YEHBIX PBIO CPEJIN N BHIJIOBJIEHHBIX — MOXKHO CYATATH OMHO-
MUAJIBHO pacClpe/iesIeHHOI].

15.37. CroxacTuuecKuil 3KCIIEPUMEHT COCTOUT B IIOCJIE-
JIOBATEJIbHOM TIOJ0PAChIBAHUY MOHETHI Y€ThIPE Pa3a U PEruc-
TPAIWHU PE3yAbTaTOB CJIEIYIONNUM 00pa30M: BBIIaIEHNE TepP-
6a (I') obosnauaercs exuuuneit, pemku (P) — mymem. Cka-
xxeM, pesysabrars! sxciepumernTos 'PPI, PI'PI, u 1. 1., pe-
ructpupyiorcsa coorsercrBeHHO Kak 1001, 0101, u 1. 1. Ilo-
JIYIeHHBIM IIOCJIE0BATELHOCTAM U3 HYJIed W eIWHUIl CTa-
BSITCsl B COOTBETCTBHE YKC/Ia U3 npomexxyrka [0;1], koropbie
B ,ZLBOH‘—IHOfI CUCTeMe MCHUCJIEHUA MO2KHO IIDpEJCTaBUTDL TaK:
0,1001; 0,0101 u T. ., T. e. 0,1001 — 3TO 3amUCh B JTBOUYIHOM
CHCTeMe THICTIa

11+0 1+0 +1 L_9

2 22 23 24 16’
a 0,0101 — umcia

1 1 1 1 5

0--4+1-—4+0-—+1 - — = —.

2+ 22+ 23+ 24 16

OxkcrepuMeHT nposeseH 16 pas. Ilosyueno 16 wumcen. Mx
MOKHO PACCMaTPUBATh KaK BBIGOPKY U3 HEKOTOPOTO PACIpe-
nesienusi. [lo 9T0it BeIOOpPKE 1OCTpOouTh rpaduK pean3alun
SMIUpHYIeCKOit (yHKImN pacupegenenus Fp(z) (n = 16).
[Mocrpours rpaduk dbyukimu F(x) paBHOMEPHOrO Ha OTpe3-
ke [0;1] pacupenesrennst. Boranciurs

sup | F(z) — Fu(a)
x
15.38. Bocno/ib3oBaBImch Tabuiei cryIaiHbiX qucest
(em. Tabur. 22.10.1), OleHUTH 3HAYEHNE HHTErPAJIA
1
arctg x
[ .
x
0

Vkazanune. C mOMOMBIO TAOIUIBI CAYyYANHBIX UHCE]T
HOJIy9UTh BBIOOPKY U3 paBHOMepHOro Ha orpeske [0; 1] pac-
IpeJieJIeHnsT U BOCIIOJIB30BaThcd Teopemoit 15.1.1.



290 ['maBa 15. MeToabl TOCTPOEHUsT OTIEHOK

Buauenne G = 0,915965 . . . u3BECTHO 1101, HA3BAHUEM “TIO-
crogunoit Karamana”.

15.39. Ilycrs £1,&2,...,&, — BBIOOpPKA U3 pacupeese-
HUS C IJIOTHOCTBIO

f(x;a,b) = }Lexp{—é(m_b)} ecau T > b;
0, ecn x < b.

Haiitu onenku mapaMeTpoB a u b METOIOM MOMEHTOB.
15.40. Ilycrb &1,&0,...,&, — BBIOOPKA U3 pacipejese-
HUsI C IJIOTHOCTBIO

f(x;a,b) = ﬁ, ecn z € [a; b;
07 ecinu & Q‘ [CL; b]

Haiitu ornenkn napamMeTpoB a u b METOJOM MAaKCHMAJIb-
HOTO IIPaBJIONO100usI.
BrigcHuTb, ABAMIOTCH JIM OIMEHKA MAKCHMAJILHOTO IPaB-

nornomobust a u b mapamMeTrpoB a U b UX HECMEIeHHBIME OTeH-
kaMu? CoCTOSITeILHBIMUA OITEHKAMU !

15.41. Bpewmsi, mokasbiBaeMOe OCTAHOBUBIIIUMUCS MEXa-
HUYECKUMHU YacaMU, €CTeCTBEHHO CUUTATL CJIYJIalHON BesIu-
YMHOl, pacipe/ieJieHHON paBHOMEpHO Ha orpeske [0;12].

Huxe npuBenenbl mokazanust 14 9acoOB B BUTPUHE JACO-
Boro maraszmua: 9 1 18 mun; 8 4 35 mum; 10 ¥ 45 mun; 11 4
30 muH; 3 9 06 muH; 7 9 50 muH; 4 1 22 muH; 10 9 12 MuH; 7 9
47 vun; 4 a 28 mun; 11 9 16 mun; 7 1 08 mun; 5 4 53 Mum;
8 1 00 munu. Ilo »T0it BLIOOPKE MOCTPOUTH IpadUK peasin-

3anuu Mnupudeckoit pyuknun pacnpeenenus Fy(x). Io-
crpouth rpaduk Gyukinuu F(r) paBHOMEpHOro Ha OTpe3Ke
[0;12] pacupenesnennst. Beraucinrs

sgp F(z) — Fy(x)].

15.42. Ha orpesok [0;1] naynady 6pocaror TouKy u k-
CHPYIOT ee KoopamHary &. DKcrmepuMeHnT mposeseH 10 pas.
IIpu srom mosydeno 10 3HavYEHUt HE3ABUCUMBIX HAOJIIOIE-
Huit cirydaitnoit Benmanasl £: 0,33; 0,93; 0,62; 0,38; 0,65; 0,53;
0,81; 0,07; 0,61; 0,04.
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OneHuTh O BBIOOPKE MaTeMaTHIeCKOe OXKUJIAHWE ILIO-
maan KBaJpaTra CO CTOPOHOI, PABHOI MEHBINEH 9acTu OT-
peska |0;1] mpu ero gesennn TOUKOIA &.

15.43. Ilycrts &1, &9, . . . , &, — BBIOOPKA U3 OMHOMUAJIHLHO-
IO pacIIpe/ie/IeHusI

P(k;m) = CEpF(1—p)™ % k=0,1,...,m,

M U3BECTHO.
Haiitu ontenky p napamerpa p METOI0M MOMEHTOB. Boisic-
HUTD, SIBJISIETCS JIM OIEHKA D HECMEIEHHOMN, COCTOATETbHOM
7 5P HEKTUBHON OIEHKOMN P.
15.44. Ilycts &1,&9,...,&, — BBIOOpPKA U3 pacrupemnese-
HUsI C IJIOTHOCTBIO

F(a;0,h) = ﬁ, ecan x € [0 — h; 0 + hl;
Y 0, ecmx ¢&[0—h;0+ h)

(f(x; 60, h) — nnorHOCTH PaBHOMEPHOTO Ha OTpe3Ke [#—h, 0+ h]
pacipe/ie/ieHus ).

Haittu omenkn mapamerpos 6 u h METOIOM MaKCHMAaJIb-
HOT'O IIPaBJIOIOI00HS.

BoIsicHUTD, SIBASIIOTCS JIM OIEHKNA MAaKCUMAJILHOIO IIpaB-
npomonobust # u h mapamerpoB 6 u h HeCMEIIEHHBIME OIEH-
kamu? CocTosiTeIbHBIMU OIEHKAMU !

15.45. Nmeem Beibopky: 0,04; 1,95; 0,38; 0,20; 0,24; 1,14;
0,10; 1,96; 1,00; 0,07 u3 pacrpeneseHus ¢ MJIOTHOCTbIO

fla;a) = }Lexp{—g}, eciau x > 0;
0, ecmn x < 0.

ITo 310l BEIOOpKE HOCTPONUTDH IpaduK PEATU3AIINN SMIIU-

puaeckoit dynknun pacupenesnenusi Fy,(z). Ilocrponts rpa-
dbuxk nokazarenbHoit dbyHnkimu pacupenesienust F(x) ¢ napa-
meTpom 1. Beraucantn

sgp F(x) — Fy(z)].
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15.46. ITosb3ysich Tabsuneii crydaitHbix qucest (em. Tabir.
22.10.1), oueHUTH 3HAUEHKE UHTErpaJja

o

/ cos Bx
———dr,
a? + x?

0

ecma=1,6=1.
Ykazaunue 1. Cuenars B HTErpasie 3aMEeHy

2
y = —arctgx.
us

Vkazanue 2. C moMOIIBIO TAOIUIBI CIYYAHHBIX TUCE]T
HOJIy9UTh BBIOOPKY M3 paBHOMepHOro Ha orpeske [0;1] pac-
IpeJieJIeHus] U BOCIIOJIb30BaThcd Teopemoit 15.1.1.

15.47. Ilycts £1,&9,...,&, — BBIOOpPKA U3 pacupemnese-
HUS C IJIOTHOCTHIO

ecim x € [0 — /3h; 0 + v/3h);

1
son - {
0, ecim z & [0 — /3h; 0 + v/3h).
Hajitu onenkn 6 u h napamerpos 6 u h MeTOI0M MOMEH-
TOB. o
BroisicHuTb, sBisrorest i 6 u h HeCMeIeHHBIMUA, COCTOsI-
TeJIbHBIMU OIEHKaMU IapaMeTpoB 6 u A COOTBETCTBEHHO.

15.48. Ilycre £1,&2,...,&, — BBIOOpPKaA M3 pacupeese-
HUsI C IJIOTHOCTBIO

2 #ex —M eco x > 0;
f($§ M, o ) = Vorolx P 202 ’ ’

0, ecit ¢ < 0,

napamerp o > 0 (f(x; p, 0?) — WIOTHOCTD JToTapubMIIeCKH
HOPMAJIBHOI'O PACIPEJICJICHNU ).
2

Haittu OII€CHKU IIapaMe€TpOB 4 1 0~ ME€TOJOM MaKCHUMaJIb-
HOT'O HpaB,ILOHO,HO6I/IH.
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15.49. Ilycrp &1,&9,...,&, — BBIOODKA U3 pacipejee-
HUS

P(k;0) =Cpot  (1/0)" (1-1/0)%, k=0,1,...,

7 M3BECTHO (CM. TakxKe 3a7ady 15.35).

Haiitu onenky mapamerpa 6 METOIOM MaKCUMAJIBLHOTO
IpaBIoIIoa00nsI.

BoisicHUTE, ABJISETCST JIU ONEHKA MAaKCUMAJIBHOTO MPAB-
Jro1o106ust mapamerpa  ero HECMEIEHHOM, COCTOSITETLHOM,
3bPEKTUBHON OIEHKOI.

15.50. Ilycts &£1,&9,...,&, — BBIOOpPKaA U3 pacupemese-
HUSI C ITIOTHOCTBHIO

b—ilao’ ecan T € [ag; b);

f(x;b) =

0, ecian T & |ao; b].

Haiitu onenky mnapamerpa b MeETOIOM MAKCUMAJBLHOTO
[IpaBIOIIOI00uSI.

BoisicHuTh, siBJIsSIeTCsI JTM OIlEHKa MAaKCHMAaJIbHOTO IIpaB-
Jo1o100usI mapaMeTpa b ero HeCMeIeHHON U COCTOSITE/ILHOM
OIICHKOIA.

15.51. Ilycts £1,&9,...,&, — BBIOOpPKA U3 pacupemese-
Hus Ilyaccona

k

P(k;\) = %e—k, k=0,1,...

Haiitu omenky mapaMerpa A MeTOIOM MaKCHMAJIHLHOTO
IIpaBI0Ioa00usI.

BroIsicHUTE, sIBIsIETCST I OIEHKA MAaKCHUMAJBLHOTO IIPaB-
JI01Io100us mapaMerpa A ero HeCMeIeHHOMN, COCTOSITE/IbHOM,
5 PEKTUBHOI OIEHKOIA.

15.52. Ilycts £1,&9,...,&, — BBIOOpPKA U3 pacupemese-
HUST

. 1\ / 6 \*
P(k70):CIZ;T—1 (H@) <]_—i-9) ; k:0,1,7

napamerp 6 > 0, r u3BeCTHO.
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Haiitu onenky 6 mapamerpa 6 MeToI0M MOMEHTOB.

Beisicauth, sBisiercs Jin 6 HECMEIIEHHON, COCTOSTE b
HO¥1, 93¢ DeKTUBHOIN OeHKON apameTrpa 6.

Ykazanue. CMm. 3amaay 14.2.

15.53. Ilycrse &1, &9, . . ., &, — BBIOOPKA U3 OMHOMUAJIBLHO-
IO paclpe/ieJIeHus

P(k;m) =CEpP*(1—p)™ % k=0,1,...,m,

M U3BECTHO.

OrneHuTh TTApAMETP P METOJIOM MAaKCUMAJBLHOTO MTPaB/IO-
TOI00MSI.

Boisicuutb, sBJIsieTCs JIM OIEHKA MaKCHUMAJILHOIO MPaB-
JIOTIOI00MST ITapaMeTpa P ero HeCMENIEHHOR, COCTOSITE/IbHO
1 5P HEKTUBHON OIEHKOIM.

15.54. Ilycrb &1,&0,...,&, — BBIOOPKaA U3 pacipejese-
HUsI C IJIOTHOCTBIO

2
F(a:60) = g;exp{—;w}, ec x > 0;
0, ecm x < 0.

Haiitu onenky 6 napamerpa 6 MeTOI0M MOMEHTOB.

BorsicHuTs, siByisteTcst i ) HECMEITEHHOM W COCTOSITE b
HOII OIIeHKOIT mapameTpa 6.

15.55. Ilycrb &1,&9,...,&, — BBIOOPKA U3 pacipejese-
HUsI C IJIOTHOCTBIO

o .
f(x,@, )\) — W7 ecau xr > A,
0, ecim T < A,

napamerp 6 > 1, mapamerp A > 0 (f(z;60,\) — maorHOCTS
pacrpegesierust [Tapero).

Haiitu orerku mapameTpoB 6 u A\ METOOM MaKCUMAJThb-
HOT'O TIPaBIOMIOI00MSI.



I''taBa 16

3aJjiada IIpoBepKuU
CTATUCTIYIECKNX TUIOTE3

16.1 Kpurepunii,
byHKIIUSA MOIITHOCTI KPUTEPU

3agava MpoOBEpPKU CTATUCTUYECKUX TUMOTE3. MHO-
rue 3aJa9i MaTEeMATHIECKON CTATHCTUKHU (DOPMYIUPYIOTCS
tak. Umeercsa pesynbrar {(w) = (&1(w),&(w), ..., &(w))
CTOXACTHIECKOTO SKCIIEPUMEHTA, COCTOSIIIErO B HAOJIIOIEHIH
cayqaitnoro Bekropa § = (£1,&2,...,&,)" co 3HaUeHUsAMU B
R"™. Pacnpenenenne £ HeM3BeCTHO. UTO MOXKHO CKa3aTb O
pacmpesenennn Pg BexTopa £ 110 ero nabsmoennio &(w)? Ha-
upumep, “MoxkHO Jin cunTaTh, YTO pacupejeneHueM Pg saB-
JisieTcd gaHHoe pacupenenenne G777 wian, HanpumMep, “MoxKHO
JII CUUTATh, YTO paclpejeneHueM Pg aBisiercs HopMabHoOe
pacupejenenne?”

OO6muit moaxoI K pelrennio 3Toil 3amadn Takoit. N3 kiac-
ca BO3MOXKHBIX pacipejieieanit P BekTopa & BeIOMpaeM pac-
npejiesenne G (wam Kiace pacupejesieHuit G) — KaHu/a-
TYPY Ha pacipejesicaue BekTopa &, haKTUIeCKN BBLIJIBUIa-
eM runoresy (IIpeJII0JIOYKEeHNe): pacipeieleHneM BeKTopa &
siBysieTcst pacupenesierre G (win pacrpejesenne BekTopa &
npuHasgiexuT kinaccy G). U nanee ciaemyem Cokpary, Ko-
/18 OH XOTEJT OMPOBEPTHYTH OMIOHEHTA — €CJIN BBIIBUHYTAsT
CUTIOTE3a TTPOTUBOPEYNT PE3YIILTATY IKCIEPUMEHTA, e Heob-
XOJIUMO OTKJIOHUTBH. Tak ¥ MBI — BBIJIBUHYTYIO THIOTE3Y O

295
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pacupezienenun Pe BekTopa £ OyzeM OTKJIOHATB, €CJIH OHa
IPOTHBOPEYNT pe3ysbTary &(w) SKcmepuMenTa u He Oyuem
OTKJIOHATH B npotuBHOM ciydae. Ho, B otstmaune or Cokpa-
Ta, y HAC CUTYyallUsi CJIOXKHEe, TIOCKOJIbKY MbI UMEEM JIeJI0 CO
CTOXACTHIECKUM HKCIIEPUMEHTOM U B HAINU BBIBOJIBI BMEIIIHU-
BaeTcd cay4dam.

Jlajiee MbI OyIeM I10/TB30BATHLCS CAEIYIONIUMEI TPUHSITHI-
MW B TEOPHUH IPOBEPKU CTATUCTUYECKUX TMIIOTE3 OIpeIe/Ie-
HUSIMUA U TOHSITUSAMH.

HyneBass u anbTepHaTUBHBbIE TUIOTE3bI. [ 'UIIOTE3BI
OTHOCUTEJILHO PACIPEIETCHUI CIyIallHbIX BeJIMIUH OyIeM
HA3BIBATH CMAMUCTNUYECKUMY TUTIOTE3aMU.

Bri6op n3 kiracca P BO3MOXKHBIX pacipeaeeHuil BEKTO-
pa £ KaHIMJIATypbl HA €ro paclipejlesieHue, HAIpUMep, pac-
npejenenneM P¢ apnsgerca G, HasbIBAIOT BHIOOPOM HyJIEBOI
runoresbl  (OCHOBHOI, mpoepsiemoii). HyseByio rumnoresy
00braHO 0obo3HaudatoT yepe3s Hy. Bmecre ¢ BoibopoMm HyJ1€BOiT
runore3bl Hy oTHOCHTEbHO pacupeienenus Pg (pacupese-
nenne P¢ = () u3 Kimacca BO3MOXKHBIX THIIOTE3 O PAaCIIpe-
JIeJIeHUU BeKTopa £ BBIOUPAIOT aJIbTePHATUBHYIO (KOHKYPH-
pytoniyio) Kk Hy runoresy Hy — pacupejenenne Pg BekTopa
¢ npunajyiexxur kiaccy Pi; C P. Hajee HyseBy1o runoresy
Hy 1poBepsioT mpoTUB AJIbTEPHATUBHOM TMIIOTE3BI — €CJIN
Hy uporuBopeunt pesyibrary &(w) skcmepumenta, To Hy
OTKJIOHSIIOT (B 110JIb3y AJbTEPHATUBHON I'HIIOTE3bI), B IPO-
THUBHOM CJIy4ae — He OTKJIOHSIOT.

AnvrepuaruBnast K Hy TumoTesa — 5TO THIOTE34, B TTOJIb-
3y koropoit Hy orkionsitor (ecau Hy orkionsitor). Hymnesast
CUIIOTE3a BCErJa IPOBEPSieTCs MPOTUB AJIbTEPHATUBHOMN I'd-
IIOTE3BbI.

B kadecTBe Kitacca P BO3ZMOXKHBIX PACIPEIETCHII BEK-
Topa & = (£1,&2,...,&,) MBI, Kak IpaBmUiIo, OyJeM paccMar-
pUBaTH MapaMeTPUIECKUil KJIacc:

P=1{Py:0¢c O CR.

[IpoustrocTpupyemM BBeJIEHHBIE TIOHSITHS HA IIPUMeEpPE 3a-
JIa4uu IIPOBEPKHU MOHETHI Ha, CUMMETPUYHOCTD.

Momnemy, sepoammnocmsb svnadenus 2epba 0 Komopot He-
UBBECTIHA, HE3ABUCUMBIM 00pa30M nodbpacveatom n pas.
Yucno svnaswur 2epbos oxasarocy pasrvm E(w). Mootcho
AU CHUMAMD, YMO MOHEME CUMMEMPUIHG?
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B Tepmmnax pacmnpemeneHust HabJ01aeMoO cirydaitnoi
BeJIMYINHBI { — YHC/Ia BBIMABIINAX IepbOB — 3a/a49a O CHUM-
METPUIHOCTH MOHETHI (pOPMYIUPYETCs TaK.

Pacnpenenenne ciaydaifHoit BeJMYUHBI £ TPUHAIICIKHAT
KJIACCY BEPOSTHOCTHBIX PacIpeaeeHmnit

P = {Bnﬁ; 0 e (0, 1)},

Bug(k) = Cko*(1 —0)" % k=0,1,...,n.

Ornocurenbho pacupenenenns Pe Berapuraercs runoresa Ho:
pacupezenenueM P¢ ciryudaiinolt BeJIMIUHEL § AB/IgeTCsS OUHO-
MuasbHOe pacupeenenue By, 1o, Ipyrumu cioBamu,

Hy : Pe(k) = CE(1/2)F (1 —1/2)" %, k=0,1,...,n.

AnbrepuaruBHoil (KOHKypupytomieir) Kk Hy siBasieTcst rumo-
TE3a

Hy :Pe(k) = CRo*(1—0)"", k=0,1,....,n, 0 #1/2.

Heobxomumo npoBeputh runoresy Hy HpOTHB aibTepHATH-
Bol Hi — orkjounTh Hy miu He OTKJIOHUTL. Ecau rumoresa
Hy npoTuBOpevdnT pesysbTaTy SKCIepUMeHTa — YHUCJIO BbI-
naBIux repboB paBHO &(w) — MBI ee OTKJIOHsiEM (B TIOJIb3Y
asbrepHaTUBbl H1), B IPOTUBHOM CJIy4ae — HET.

I'unoresa OTHOCUTEILHO PACIIPE/IE/IEHIS, OJJHOZHATHO €0
OTIPEJIEJISTIONIAsT, HA3bIBAETCST NPOCMoti, B IPOTHBHOM CJIydae
— caooichoti. Hampumep, rumoresa: ciayvaiinas Bemmdanna &
MMeeT CBOMM paclpeaeieHueM

Pgo(k) = Crlielg(l - QO)H_k7 k= 07 17 LD

(fp m n — WBBECTHBI) — NPOCTAasl, & TUIIOTE3a: PaCHpeieie-
HUEM CJIy4aiiHOW BEJINYUHBI & SBJISETCS

Po(k) = Cko*(1 —0)" %, k=0,1,...,n, 6 € (1/2,1)

— CJTOYKHASI.

Kpurepmii. Ilycrs {(w) — pesysabrar (HCXOI) SKCIIE-
PUMEHTA, COCTOSIIIEr0 B HADJIIOJEHUN BeKTOpa £ €O 3Hade-
nuamu B R™. Pacnpenenenue BekTopa & HemzsectHo, Hy —
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HyJIeBas THIOTe3a OTHOCUTEIbHO pacupesenenus P, mycTs,
K npumepy, Hy : P¢ = G, anprepnarusuas runoresa — Hi.
Heobxomumo tnipoBeputh rumoredy Hp, a MMEHHO, BbIHECTU
3aKJ/II0O9eHue: OTKJIOHUTHb T'HUIIOTE3Y HO NJIN HE OTKJIOHUTL.
Corytacuo narremy oOIeMy I0X0jly, Mbl runoresy Hg or-
KJIOHsieM (B MOJIb3Y ajibTepHATHBBI H1), eCciim OHa MPOTUBO-
PEUUT Pe3yIbTATY SKCIEPUMEHTA, U He OTKJIOHSIEM B TIPOTUB-
HOM cJiyuae. Pe3yibraToB sKCepuMeHTa, KOTOPBIM THIIOTe3a
Hy nporuBopevnT, pa3yMeeTcsi, MOXKeT ObITH MHOT'0, 0003Ha~
YHUM 3TO MHOZKECTBO NCXOJ0B — ITOJIMHOZXKECTBO BbI60quHOFO
npoctpancrBa X C R™ — gepes S. Torma mbr runoresy Hy
OTKJIOHSIEM, €CJIH UCXOJ] IKCIepuMeHTa & (w) OKa3aJIcsi B MHO-
»kectBe S (MHOYXKEeCTBe CX0J/I0B, KOTOPbIM H(y IIPOTHBOPEYHT )
1 He OTKJIOHSIEM B MPOTUBHOM CJIyYae.

Onpenenenue. BopeseBckoe MOAMHOXKECTBO S BBIOO-
pounoro mpocrpanctea X C R™ Takoe, aro npu & € S ruro-
Te3y Hy OTKJIOHsIEM, B IPOTUBHOM CJIy4Yae — HeT, Ha3bIBAET-
cst kpumepuem (KpUMmuveckum MHONCECMEOM, KPUMUNECKOT
06aacmv10) I IpOBEpKHU runoressl Hy.

Jasee ectecTBEHHO BO3HUKAET 33/a49a: kak 6uopams (no-
CMPOUMDB) KPUMUYECKOE MHOHCECNEO S 0AA NPOGEPKU DaH-
Hotl 2unomesv, Hy? YT0OBI HAITH MOIXOBI K €€ PENIeHuIo,
CHavYaja PaAcCMOTPUM TAaK HA3bIBAEMbIE ONIUOKU IMIEPBOTO U
BTOPOTO POjia, HeM30eKHbIE MPU MPOBEPKE CTATUCTUIECKUX
TUTIOTES.

Omubku mepBoro um BTOporo poxua. [lycrs S
— KPUTHIECKOE MHOYKECTBO JIJIsT TPOBEPKHU rumnoressbl Hy: ec-
i ucxog € (w) skcnepumenTa monagaer B .S, 1o runoresy Hy
OTKJIOHSIEM, B IPOTUBHOM cJjiyuae — HeT. [[0CKOJIbKY 3aKJIIo-
qeHue 06 OTKJIOHEHUUN MNJIN HEOTKJIOHEHUUN I'MIIOTE3bI HO MbI
JTeTIaeM TI0 MCXO/TYy CTOXACTUIECKOTO SKCIEPUMEHTA, TP TIPO-
BepKe TUNoTe3bl Hy BO3MOYKHA OJTHA U3 UETHIPEX CUTYAIIUIL:
runoreza Hy BepHa mwin Her (AIpPUOPH MBI 9TOIO HE 3HAEM ),
peanusanus &(w) caydaiiHOro BekTopa § momanga B S WiIH
wet. [Togpobnee.

1° I'unoresa Hy Bepra. Peanuzanus &(w) He nomnasa B S,
U COJIACHO Kputeputo S rumnoresy Hgy He OTKJIOHSIEM.

2° T'wnoresa Hy Bepna. Peanmuszanus &(w) nomnana B S,
M COTJIACHO KpuTepuio S rumoresy Hgy OTKJIOHSIEM.

3° I'unoresa Hy uesepna. Peammzarus &(w) me momasa
B S, u coryiacHo Kpurepuio S runoresy Hy He oTKIIOHSEM.



16.1. Kpurepuit, ¢pyHKIHS MOITHOCTH KPUTEPUST 299

4° T'unoresa Hy HeepHa. Peanmuzanus &(w) nomnana B S,
M COTJIACHO KpUTepwio S runore3y Hy OTKIIOHSEM.

W3 gerbipex curyanumit gBe: 1° u 4° yIoBIE€TBOPUTEBHBI
u jBe: 2° u 3° HEeYJIOBJIETBOPUTE/ILHEL.

B cay4gasx 2° u 3° Mbl TOBOPHUM, UTO B PE3Y/IbLTATE UC-
[TOJIb30BAHNS KpUTEpHs S TOIMYCKAETCs OINOKA.

Omubku “Bepuyto runorely Hy oTkiioHsieM” u “HeBep-
Hy[0 runoresy Hgy He oTKIOHSIeM’ KavYeCTBEHHO Pa3/IMIHBL.
[IpommtiocTpupyeM 3TO pa3iudne Ha TPUMEPE HCCIeT0Ba-
HUSI MEJIUIMHCKOI'O IIperapaTa Ha TOKCUIHOCTb.

MeuuHcKuii ipenapar nepes BBITYCKOM B IIPOJIAXKYy UC-
CJIEJIYIOT HA TOKCUIHOCTH OHOJIOITIECKUME METOJIAMU: OIlpe-
JIEJIEHHYIO JI03Y IIpenapaTa BBOJMSIT MOIONBITHBIM YKIUBOTHBIM
(MBIIIIaM, KPOJIUKAM) ¥, B 3aBUCUMOCTHU OT KOJIUIECTBO & Jie-
TAJBHBIX UCXOJOB (YHMCJIO JIETAJBHBIX UCXOJ0B { — Cilydaii-
Hasl BEJMYKMHA), JeJAI0T BBIBOJBI O TOKCUYHOCTH IIpernapara
— “mpenapar TOKCHYeH’ WX “‘IpernapaTr HeTOKCHIEH .

Sajady mccaeoBaHus Mperapara Ha TOKCUYHOCTH OHO-
JIOTHIECKUME METOJAMI B TEPMUHAX [IPOBEPKHU CTATHUCTHAYIE-
CKUX THIIOTE3 (POPMYJIUPYIOT TaK: OTHOCUTEBHO TOKCHIHO-
CTH TpernapaTa BbIJABUTAIOT runoresy Hy: mpenapar TOKCH-
4yeH (aJbTepHATHBHAs runoresa H; — mpemapar HETOKCH-
gen). Heobxomumo nposeputh Hy, T. €. oTka0oHUTL Hy min
HeT. Beibop Mexk 1y 3TUMU JeHCTBUSAME OCYIIECTBIISAETCS 110
peasmzannn &(w) caydaiiHoit BesuauHbl £ (10 9UCITY JIeTATb-
HBIX MCXOJIOB B I'PYIIIE KUBOTHBIX) — ecyn &(w) OKa3aioch
MaJIbIM, THIoTe3y Hy OTKJIOHSIFOT, B IPOTUBHOM CJIydae —
HET.

Kak u B ka0l 3a/1a9ue TPOBEPKU CTATUCTHIECKUAX ['HU-
oTe3, 371eCh BO3MOXKHBI ormubku: 1° runore3a Hy BepHa, HO
COTJIACHO KPUTEPUIO ee OTKJIOHSIOT, u 2° runore3a Hy nesep-
Ha, HO COTJIACHO KPUTEPUIO ee He OTKJIOHSIIOT.

[TocmoTpuM, KaKOBBI OCJIEICTBUS (KaKOBa “lieHa”) 9Tux
omubOK B MAHHOUW KOHKPETHOM CUTYaIluU IMPOBEPKHU IIpera-
para Ha TOKCHYHOCTHL (IpoBepKu runoresbl Hy: npernapar
TOKCHYEH).

1° Ilycrs pomymiena omwubKa: rumoresa Hgy BepHa, HO
coryiacHO Kpureputo Hy OTKIOHUIN (YUCIIO JIETAJTBHBIX UC-
x0710B &(w) okazanmoch MasbIM). YTBepKjenue “Hy BepHa”
O3HAYAET, YTO [PEIapaT TOKCUIEH (OIaceH Jisl 310POBbsI 11~
[[UEHTOB, €ro MPUHUMAOINX ). YTBepKaeHue “ Hy OTKJIOHU-
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Jin” O3HAYAET, UTO MperapaT COrIaCHO KPUTEPHUIO Kiiaccudu-
[IPOBaH KaK HETOKCHIHBIH. B MTOre — TOKCHIHBII TIpemapaT
(omacHbIil /17151 37I0POBbsI NAIMEHTOB) KJIACCUMUINPOBAH KAK
HETOKCHYHBII (6e301acHbIH [l 3/[0POBbsI [AIUEHTOB) U OT-
[IpaBJieH B POy Jist peasu3anun. [locaeacTeust ommubOKkn
TAKOTO POJia MOTYT TPUBECTH K JIETAJTLHBIM UCXOJAM TTAIlH-
eHTOB, IPUHUMAIOIIKX STOT Hpernapar (“rexa” omubku — Je-
TaJIbHBIC UCXOBI).

2° Ilycts momytmena omubOKa: rumnore3a Hy HeBepHa, HO
coriacHo Kpurepuio Hy He OTKJIOHWIN (9UCJIO JIeTATbHBIX
ncxos10B &(w) oKazaaoch GOJIbINM). Y TBEpKIeHNe “THIOTe-
3a Hy meBepHa’ B HaIlleil 3agade 03HAYAET, UTO IIPEIapaT
HeTOKcHUeH (6e30maceH it 3/I0POBbsl HAIMEHTOB). Y TBEp-
xkjienne “ Hg He OTKJIOHUIN O3HAYAET, YTO COIVIACHO KPHUTE-
pUIO TIpenapat KJIacCupUuIMpoBaH KakK TOKCHYHBINA. B urore
HETOKCUYHBIN Mpernapar KJaacCuPUIUpOBaH KaK TOKCHIHBIIH,
U, CJIEJIOBATEIHLHO, OTIIPABJIEH MOCTABIIUKY (J1J1sT mepepaboT-
KU Wi yHuITOXKeHust ). [locsaencrBusi ommbKu Takoro poja
BBIPAYKAKTCsI B (DUHAHCOBBIX YOBITKAX, YBEJIUYEHUU CTOU-
moctu npenapara (“nieHa’ onmOKy — (GUHAHCOBBIE [IOTEPH ).

OueBnHO, U3 ABYX OMMUOOK: BepHYyIO TUoTe3y Hpy oT1-
KJIOHUTD, (IIOC/IECTBUS OIMUOKN — BBITYCK B MPOJIAXKY TOK-
CHYHOIO Ipenapara), U HeBepHyIo runoresy Hy He OTKJIO-
HUTH (TOCJIE/ICTBIS ONIMOKN — BO3BPAIIEHUE MOCTABIIUKY
HETOKCHYHOTO IIperapara), BaykHee n30eKarThb MepBoii.

Omnpeaenenune. OmubKa, COCTOAIIAS B OTKJIOHEHUT BEP-
Hoit runioressl Hy, Ha3bIBaeTCs OMUOKOM nepsozo poda. Omubd-
Ka, COCTOsIIAsI B HEOTKJIOHEHUN HEBEPHON rumnoressl Hy, Ha-
3BIBAETCS OIMUOKON 6Mmopozo poda.

O BbIOOpE HYI€EBOIl rumnoresbl. VCIbITyeMyo THIo-
Te3y W3 COBOKYIIHOCTH BO3MOXKHBIX TMIIOTE3 MbI BHIOHpAEM
camu. OmuOKM, CBsI3AHHBIE C MPOBEPKOI THUIIOTE3 W COCTO-
sle B TOM, YTO JaHHYyIO rumnoresy Hy, € ©, orkioHs-
0T, KOTJIa OHA BEpHAa, MOYKHO PacCMATPHUBATH U HE BBHIOpaB
HyJIEBYIO runore3y. Tak BOT, B KauecTBe MPOBEPSEMOil I'd-
[IOTE3bI, KaK [IPAaBUJIO, BEIOMPAIOT TY, JJis KOTOPO#l BarkKHel
n306exKaTh OIMUOKM, COCTOSINEH B €e OTKJIOHEHNN, KOTIa, OHA
BepHa. OmubKa IIEPBOTO pojia — 3TO ONIHOKa, KOTOPOIl BarK-
Heil n3bexkaTh (“lieHa” KOTOpOii BhIIe).

OTHOCUTEJIBHO TOKCUIHOCTH IIPEapaTa UMeeTCsl JIBe TH-
norespl: Hq — npenapar verokcundeH, Ho — Tokcuuen (Kiacce
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BO3MOKHBIX THUIIOTE3 COCTOMT u3 AByX rumore3: Hy u Hj).
BesycoBro, BaxkHee n3bekarh OMUOKU, COCTOMAIIEH B KJIac-
cudUKAIIE TOKCHIHOTO Mpenapara Kak HETOKCUYIHOTO, T. €.
B oTkJioHeHUN BepHoit Ho. IloaTomy B kKadyecTBe mpoBepsie-
Moii runioressl Hy Bbibupaem rumoresy He — mpemnapar TOK-
CUYEH, TOTJIA OIMMUOKA, COCTOSIINAST B KJIACCU(DUKAIIUN TOKCUI-
HOT'O IIpernapara Kak HeTOKCUIHOr0, Oy/ieT OmuoKoii IepBoro
pojia.

YpoBeHb 3HAYNMOCTU KpuTtepus. MoITHOCTb Kpu-
Tepud. [Ipu npoBepke cTaTUCTUYECKUX TUIIOTE3 OITUOKHU He-
n30eKHBI — KaKUM Obl HU OBLJIO KPUTHIECKOE MHOYKECTBO S
J7Ist IpoBepKy runoresbl Hy, 3uadenue &(w) caydaitnoit Be-
JimauHbL £ Tpu BepHO#t Hy MO2KeT monacTb B S, 4TO IPUBOJIAT
K OIubOKe epBOro poja, a Mpu HeBepHoii runorese Hy 3Ha-
genne &(w) MOXKET He TONACTb B S, 4TO HPUBOJIUT K OIMIUO-
Ke BTOPOro pojia. M Kosib CKOPO HEBO3MOXKHO (HEBO3MOXKHO
B IIPUHIMIIE) CTPOUTH KPUTEPUH JIJIsi IIPOBEPKH JAHHO I'i-
[IOTE3bI, He IMPUBOJSAIINE K ONMOKAM, TO €CTeCTBEHHO IIbI-
TaTbCs CTPOUTH TaKWe KPUTEPUU, IIPU UCIIOJIb30BAHII KOTO-
PBIX 9aCcTOTa OMMOOK ObLja OBbI 10 BO3MOXKHOCTH MEHBIITeH
(3a ommbOku HaJo “miaruTs’). IlocMOTpHM, KaK 9TO MOXKHO
JIe/IaTh.

IIycts Hy — ucnbiTyemasd runoresa. [Ipeamomokmm Jis
HAIJISTHOCTH, 9T0 Hy — TmpocTast 1 KOHKYPUPYIOIIasl THITO-
Te3a TOJILKO OfiHa (0003HauuM ee H1) 1 OHa TakzKe IpoCTasi.
ITycts S — kpurnaeckoe MHOXKECTBO. Mcmonb3yst S st mpo-
Bepku rumnore3nl Hy, a umenno, orkouss Hy, eciu & moma-
maerT B S, U He OTKJIOHSISI B MTPOTUBHOM CJIYYIA€, MBI MOYKEM
JIOTIYCTUTD OIMMOKY TIEPBOTO W BTOPOTO pojia. BeposTHOCTD
oImubKU TEPBOTO POJia paBHA BEPOSITHOCTH TOMaIaHust £ B
KPUTHIECKOE MHOXKECTBO S IpHU BepHOU rumorese Hy, T. e.
pasaa P{{ € S|Hp} (koporko Gyiem tmcars P(S|Hyp)). Be-
POATHOCTD OH_H/I6KI/I BTOPOI'O poJa paBHa BEPOATHOCTHU IIOIIa-
nanus B S upu Bepuoit runorese Hy, 1. e. P{¢ € S|H;} (xo-
porko 6yznem nucarb P(S|Hy)). (3amernm, uro P{{ € S|Hy}
0603HAYAET BEPOATHOCTH cOObITHs {€ € S}, BBIYMCIEHHYIO

npu BepHOil runorese Hy, U He MMeeT HUYEro OOIIEro ¢
YCJIOBHO# BEPOSITHOCTBIO.) HacToThl OMMOOK [IEepBOro U BTO-

poro poja 6sm3ku K BepostHOCcTsIM P(S|Ho) n P(S|H1) sTux
OIIMGOK COOTBETCTBEHHO, [OITOMY, YTOObI YaCTOTHI OIIHOOK
6bLIM MaJIBIMU, KpuTepuii S jist mpoBepku runoresst Hy cie-
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TyeT BBIOHpaTh TaK, 906l P(S|Hy) u P(S|Hy) 6bimm 110 Bo3-

moxkHocTH Menbine. O6e BepositnHoctun P(S|Hy) u P(S|Hip)
OJTHO3HAYHO 3a/Iaf0TCST KPUTHIECKUM MHOX)KeCcTBOM 5. [loaro-
My, BbIOHpast S, CKaxkeM, Tak, 4Tobbl BepositHocTb P(S|Hp)
OIMMOKN TIEPBOTO POja ObLIa MaJoil, MBI OJHOBPEMEHHO IIO-
JIydaeM BEPOSITHOCTH OMIMOKH BTOPOro poja. (3aMeTnm, 9ro
KPUTHIECKOE MHOXKECTBO S MOYKHO BBIODATH W U3 YCJIOBHUST
MaJIOCTH BEPOSITHOCTU OIIMOKU BTOPOI'O POJia, HO IIPU ITOM
BEPOSITHOCTH OIMUOKY IEPBOI0 POJIa OIPEJIEUTCST BBIOpaH-
e S.) Tak uro BeIOUpaTh S Tak, YTOOBI MOXKHO OBLIO
KOHTPOJIMPOBAJINCEH BEPOSATHOCTHU OMMMUOOK TIEPBOTO U BTOPOTO
po/a “OAHOBPEMEHHO W HE3aBUCHUMO'® HEBO3MOXKHO. [TosTomy
Oy/ieM mocTymaTh caeayonuM obpasoM. [TockonbKy BaxKHee
n36eKarh OMUOKH TEePBOro poja (ee “neHa’ BbIilIe), KpU-
Tepuit S OyJaeM BbIOMpATH Tak, YTOOBI BEPOSITHOCTH OIIHMO-
k1 iepsoro poja P(S|Hy) 6euia manoii. (Torma, ucrnonssyst
Kpurepuii S 1jist mpoBepKu Hy, B IJIMHHON cepuy 3KCIIEPH-
MEHTOB BepHyio rumoresy Hy OyaeM OTKIOHATH U3pejiKa.)
Mautyto BepositHOCTB ontuOku 1epBoro pojga P(S|Hy) 6ymem
rapaHTHPOBATD CJAEIYIONINM 00pa3oM: (pUKCHpyeM MaJioe «
U KPUTHIECKOE MHOYKECTBO S BBIOEpEM TaK, ITOOBI BEPOST-
HOCTH ONHOKN TIEPBOTO POJia HE MPEBOCXOIMIA (X

P(S|Ho) < o

Kak npaBuio, 3T0 TpeboBanme MOXKeT OBITH yI0BJIETBOPEHO
e ojgHuM crocobom. [losromy okoHuYaTeTbHO KPUTHYECKOE
MHOKECTBO S BBIOMpPaeM Tak, YTOObI BEPOSTHOCTb ONINOKH

Broporo pona P(S|H;) 6buta Mmunnmasnbia. st sToro BbI-
bupaem S “mommpe”.

Onpepesenne. Ynciio o, orpaHnInBaIoniee CBEPXY Be-
POSITHOCTB OIIMOKH IIEPBOIO POJIA, HA3BIBACTCS YPOSHEM 3HA-
YUMOCTIU.

Eciu kpurnieckoe MHOMXKECTBO S yIOBJIETBOPSIET yCJIO-
BUIO

P(S‘Hg) S (e

1O ByJ1eM FOBOPHUTD, YTO OHO COOTBETCTBYET YPOBHIO 3HAUUMOC-
TH Q.

Onpepenenne. Bepostaocrs P(S|H1) oTk/IOHETD HyJIe-
BYIO TMIIOTE3Y, KOIJla BepHA aJibTepHATHBHasl ruiore3a Hi,
HA3BIBACTCST MOUHOCTNDIO KpUmMepus S.
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ECJ'H/I aJIbTepHAaTUBHasI T'UIIOTE3a CJIO2KHAasd, IIPUYIeM KOor1a
OHa BepHa, BEpHA OJHa M3 NMPOCTHIX runore3 Hy, § € ©, To
npu KaxjioM 6 € © moxkuo Bbraucauth P(S|Hp).

Onpenenenune. OyHKIHsT

B(0) = P(S|Hyp), 0 € O,

paBHasi BEPOSITHOCTH OTKJIOHUTH Hy/IeByIo runoresy Hy, ecin
BepHa runoresa Hy, § € ©, nazbiBaercss GyHryuet MouHOC-
mu Kpumepus S.

Mormnocrs kpurepusi P(S|H1) n BEpOsSITHOCTB ONIMOKH

sroporo poga P(S|H}) cestzanbt Tak:
P(S|H:) =1 —P(S|Hy).

YyBCTBUTEIBHOCTb KPUTEPUsI U BBIOOP YPOBHS
3HAYUMOCTHU. 33,1898 KPUTEPHs S JJIsl IPOBEPKH TUITOTE3bI
Hy — we orkiousaTh Hy, Korma oHa BepHA, U OTKJIOHSTD, KO-
IJla OHA HEBEPHA — MaJIO TOrO YTO0bI KPUTEPHii HE OTKJIOHSLT
BepHyo Hy, oH noskeH OTKJIOHATL Hy, Korna Hgy HeBepHA.
CaoiicTBo Kpurepust S oTkioHsATh Hy, Koja Hy HeBepHa (KO-
I/la BepHA aJbTepHATUBHAS runore3a Hi), HA3LIBAIOT TyB-
CTBUTEJILHOCTBIO KpuTepusi. KOJMIecTBEHHO YyBCTBUTE b
HOCTH KpuTepust S onuceiBaercst MorHoctsio P(S|Hy) xpu-
repus (byukuueii momuoctu 5(0) = P(S|Hyp), 6 € O, kpu-
Tepust) — 4YeM OOJIbIle MOIIHOCTh KPUTEPHsl, TeM KpUTepuii
9yBCTBUTEJIbHEE.

[Tponenypa mnposepku rumnore3bl Hy cOMPOBOXKIaETCS
ormubKamu (IIepBOro U BToporo pojia). BeilbopoM ypoBHst 3Ha-
YUMOCTH (¢ MBI HE TOJIbKO KOHTPOJIUPYeM (OrpaHUIUBAEM )
BEPOSITHOCTDL OMMOKK IepBoro poga (a mmenuo, P(S|Hp) <
< @), HO u oupejeiseM 4dyscrBuTeabHOCTH P(S|H) Kpu-
Tepust. [Ipu 3TOM 3a yMeHbBIIEHHE YPOBHSI 3HAYMMOCTH
(a BMeCTE ¢ HHM ¥ BEDPOSITHOCTH OINMUOKH IMEPBOTO POJa
P(S|Hp)) MBI paciuiaunBaeMcsi yMEHBIIEHNEM 1yBCTBUTE]b-
nHocru P(S|H1) Kpurepust — morepeii CBOWCTBA KPUTEPUST OT-
KJIOHATH runoresy Hy, Korja ona Hesepua. [Tociennee neo6-
XOJIUMO MMETb B BUJY IIPU BBIOOPE YPOBHSI 3HAYUMOCTH —
KPUTEPUH, COOTBETCTBYOIIHE CJIUIIKOM MAJIBIM YPOBHSIM 3HA~
YUMOCTH (v, IMEIOT MAJIYIO IyBCTBUTEJIBHOCTH (runoresa Hy
HEBEpHA, a KPUTEPHil ee He OTKJIOHSIET).
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I[Tpumep 16.1.1 (BoIGOpOUHBIl KOHTPOIB). [Ipednasta-
YeHHaA OAA npodascu napmus uddeautds 6 xoauvecmee 10000
WIMYK NPoTodum GubopouHbLl KOHMPOAL Ha Kavecmeo. [lo-
cmasuuk yeepen, umo doas dedexmmunir usdeauti pasra 1%
(uau menvwe), u rowem, ¥mobv, 6caxull pas, ko2da ama oA
cocmasasem 1%, napmus evdepircusana KOWMpPoss ¢ 6epo-
amnocmoro 0,90. Iloxynameav cuumaem, wmo napmuio ye-
NECO00PA3HO 3aKYNUMS 0adice 6 MOM CAYUaE, ecau doas de-
dexmmuvir usdeauti 6ydem boavwe 1%, no 6 % dedpexmmvix
uddeauti on cuumaem npedeavro donycmumoti dosett u To-
wem, wmobv, Konmpoav obnapyscusan napmuu ¢ 6 % codep-
orcanuem degpexmmvix uddesuti ¢ eepoammuocmoio 0,95. Ilo-
CMABUUK U NOKYNAMEND 002080PUAUCH OCYUECTNEAAMS KOH-
mpoav caedyrowum obpasom: u3 napmuy 6 10000 usdeaudi
UBBAEKAIOM, CAYHATHYIO 8LIOOPKY 00BEMOM N, ECAU NPU IMOM
Koaunecmeo &(w) dedexmmvir usdeauti 6 subopke okacem-
ca Maavim (Menvuie nekomopozo 1), mo napmus 6vlepircu-
BGEM KOHMPOAL U 3GKYNGEMCA, 6 NPOMUCHOM CAYUGE NaP-
musa opaxKyemcs.

Kaxum doasicern 6vimop 06Bem N 6bl00OPKU U3 NAPMUL U
aHaverue [ 7

Omeemumb Ha 9mMom 60npoc, CHOPMYAUPOEAE U PEULUB
NOCMABACHHYIO 30004y KaK 360a4Y NPOBEPKY CIMAMUCTIUYEC-
KUT 2UNOME3.

Pemenune. Uznenmus B BLIOOPKY 00bEMOM 1 M3BJIEKA-
0T Toc/eaoBaTeIbHO. [I0CKOIBbKY 00beM mapTuu OOJIBIION
(10000 m3esmit), TO MOXKHO CIUTATD, ITO CJIydaiifHas BeJIu-
quHa § — YUCI0 JeDEKTHBIX U3JIENi B BHIOOPKE — MMEET
GUHOMHAJILHOE pacipe/iesienne ¢ mapamerpamu (n;6):

P{¢ =k} = Bhg(k) =CF*(1 —0)" " k=0,1,...,n,

napamerp 6 HemsBecTeH (/107151 JieDEKTHBIX M3/eJUil Hen3-
BecTHa). CeMelicTBOM BO3MOXKHBIX PACIPEIC/ICHUI CIrydaii-
HO¥ BeJIMYWHBI & SIBJISIETCS

P ={Bnp,0 € (0;1)},

qepe3 Hy 6ynem 0603HaTaThL TUIIOTE3Y — £ UMEET CBOUM pPac-
upezenenneM By, g, 6 € (0;1).

Ormerum, 9TO pacipe/iesienne u3 ceMeiicTsa P olHO3HAY-
HO OIIpeJIeJIsieTCsl 3HAUYeHneM napaMerpa  u HaobopoT.
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151 HaC TIPEICTABJISIIOT UHTEPEC CJIEIYIOINe 3HATEHUSI
napamerpa 6: 61 = 0,01 u 63 = 0,06 (um coorsercrayer 1%
u 6 % conepxanue nedEKTHBIX U3IeJUi B TIADTUN).

HOSTOMy B Ka4deCTBe HyﬂeBOfI T'UII0TE3BI €ECTECTBEHHO BbI-
6paTpb onHy U3 runores: runoresy Hoor — § nmeer pacupe-
Jenenne B0 01, albTepHaTHBHAA THIOTe3a H, (0,01;1) — bac-
npejiesienne § IPHUHAJIEIKUT KJIacCy paclpejeenuii B, g,
6 € (0,01;1), umu runoresy Hpos — & uMeer pacipese-
Jenue B 06, anbrepHarusHas runoresa Hp.p o) — pac-
upejiesienne § IPUHAJICIKUT KJIaccy paclpejeaenuit B,.g,

0 € (0;0,06). OcranoBumMcs Ha mocsesneii, a nmenno, Hy =
= Hy 06, anbrepuatusnas runoresa Hy = H g, o). AsbTep-
narusa Hy = H g, 06) coxnast, korga Hgo,06) BEPHA, Bep-
Ha OJ/{HA M3 HPOCTBIX rutnore3 Hy: £ nmeer pacipenesenne
B9, 0 € (0;0,06).

Heorkiionenne Hysesoil runoressl Ho o O3HaYaeT Kiac-
cupuKayMIo NapTHH KaK NapThuu, comepxkameii 6 % medexrt-
HBIX U3JIeJIUil, ¢ MOCIEeYIONUM OTKA30M B 3aKyIIKe [apTUH.
OTkJloHEHNE HYJIEBOW TUIOTE3bI B TOJB3Y AJLTEPHATHBEI
Hy = H,,06) O3HaUAET KIACCHDUKAIMIO NAPTHU KaK Ta-

KO, KOTOpasi COAEPKUT OO Je(DEeKTHBIX U3IE/TUil MEeHb-
mryio 0,06, ¢ mocseayromeii 3aKynKoit mapruu. Eciiu npu sToM
maprusi ¢ 6% 6paka (runoresa Hy = Hpo BepHa) Kiac-
cudunupyerca Kak IapThsd, comepzkaiias Menbme 6% me-
bekTHBIX U3 eIl 1, KAK CJIeJICTBUE, 3aKyIIaeTcsl (JI0IyIeHa
ommbKa IEPBOro pojia), TO IMOKYINATEIb, Pa3yMeeTcs, MOHe-
cer yobITKH. Ecim kKakas-To M3 mapTUil ¢ MaJibIM IIPOIEH-
ToM JsiecheKTHBIX u3/euii — MerbuM 6 % (BepHa rumoresa
H; = H(O;()’Oﬁ)), KJIacCupUIUPYEeTCs KaK MapTHsd, COIepPKa-
mast 6% Opaka, To naprusi Gpakyercs (JomyIieHa ommbKa
BTOPOI'O POJIa), ¥ 3TO y¥Ke IIPOOJIeMa TOCTABIIHUKA.

st mpoBepKu runore3bl Hy B KadecTBe KPUTHIECKOTO
€CTECTBEHHO BLIOpaTh MHOKeCTBO Bujia S = {k : k < [}. D10
MHOXKECTBO OIIPEIEISIeTCST TUCIOM [ 1 00bEMOM BBIOOPKU 7.

ITo moroBopeHHOCTH MEXKIy MOKYyIIaTeJeM M ITOCTABIIHU-
koM MHOXKecTBO S = {k : k <[}, a dpakruueckn uncia n u l,
JIOJIPKHBI OBITH TAKUMU, ITOOBI BBIIOJTHSIINCH [IPUBEIEHHBIE
paHee JOrOBOPEHHOCTH MEXK]Iy IOKyIaTe/jeM ¥ IOCTaBIIU-
KOM, & UMEHHO.
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1. TTaptus ¢ 6 % nedekTHBIX U3mEN JOMKHA OOGHAPY-
JKUBATHCS ¢ BeposaTHOCTHIO 0,95, T. e.

P(§]H0706) > 0,95,
WA, 9TO TO KE,
P(S|Ho,06) = P{§ € S|Ho} = P{{ < I|Ho} =

l
= CH0,06)"(0,94)" " < o = 0,05.
k=0

ITocneamee HepapeHCTBO — (bOpMAIN30BaHHAST 3AINCH TPE-
6OBaHMI TOKYIIATE ST, COTJIACHO KOTOPBIM TTAPTHS, COTEPIKA-
mas 6 % 6Gpaka, JI0OJZKHA OOHAPYKUBATHCS C BEPOSITHOCTHIO
He MeHbIeit, dem 0,95.

2. 3uavenue [(0) = P(S|Hp) dyHKImu MOMHOCTH KpH-
tepust S B Touke f = 0,01 mokHO ObITH He MeHbIUM (,9:

£(0,01) = P(S|Ho1) = P{§ € S|Ho o1} = P{¢ < [|Hop1} =

l
=> " CH0,01)%(0,99)" " > 0,9.
k=0

ITocneamee HEpABEHCTBO SIBJISIETCST (POPMATNZOBAHHON 3aIln-
CbI0 TPeOOBaHUIl MTOCTABIINKA, COIVIACHO KOTOPBIM HAPTHLI,
cogepxxamag 1 % Opaka, JOJDKHA BbIAEPXKUBATL KOHTPOJIb C
BEPOSITHOCTBIO HE MeHbIneid, yeM 0,9.

Takum 06pazoM, UICKOMBIE N U | JOJIXKHBI YIOBJIETBOPSTH
COOTHOITTEHUSIM

l

> CE0,06)"(0,94)" " < 0,05, (16.1.1)
k=0

l
> CE(0,01)"(0,99)"* > 0,9, (16.1.2)
k=0

pasyMeeTcs, IIpu 3TOM N1 CJIEAyeT BbI6paTb II0 BOBMO2KHOCTH
MEHbIITNUM.
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B paccmaTrpuBaemoii 3aiadue 6HHOMUAIBLHOE pacIIpeieie-
HUE

Byo(m)=Com(1—0)"", m=0,1,...,n,

MOKHO IllIPOKCUMUPOBATH ITyacCOHOBCKUM. OCHOBAHUEM IS
9TOro siBjsiercst reopeMa Ilyaccona (cm. Teopemy 5.2.1) —

napamerp 6 masiblii (BeposiTHOCTD ) BbIGOpa JeheKTHOTO n3-

Jlesiust MaJia), a 00beM N BIOOPKU — GoJIbIiol. HTo6bI 110-

IPEITHOCTD AIlIPOKCUMAIINN OMHOMHUAIHLHOTO PACIIPEIEIEHUsT

[TyaCCOHOBCKUM ObLIa, HE3HAYUTE/ILHOHN, N JIOJIKHO OBITh He

MEHBIIIM HECKOJIBKUX JECATKOB (& JIydIle COTEeH), a MPOM3-

BegeHne A = nf gosnkuo Jjexxkarh Mexay 1 n 10. Torma npu

BepHoit runoreze Hy gg 3Hadenue Ao = n - 0,06, a

k

Neo
P{¢ = k|Hoos} = Py, (k) = k—?e o k=0,1,2,...

IIpu Bepnoit runorese Hy g1 snadenne A\ = n - 0,01, a

L
P{¢ = k|Hom} = Py, (k) = ?}e Mo k=0,1,2,...

A o0beM BBIOOPKH 1 U YHCJIO [ JTOJXKHBI YIOBJIETBOPATE CO-
OTHOIIIEHUSIM

l
)\k
P{¢ <I|Hops} = Y “2e 2 <0,05, \g =n-0,06, (16.1.3)

k!
k=0

l
)\k
P{¢ <IHon} =) k—}e—h > 0,90, Ay =n-0,01 (16.1.4)
k=0

(cpasuute ¢ HepaBencrBamu (16.1.1) u (16.1.2)).

Oupejiensist n ¥ [, MBI, €CTECTBEHHO, OYJIEM CTPEMUTHCSI
BBIOPATH 1 110 BO3BMOXKHOCTH MEHBIIM.

[TocmoTpuM, MOXKHO Jint, CKaxkeM, jjist n = 50 BeIOpaTD [
TaK, ITOObI BLINOIHINCH cooTHOmmennst (16.1.3) u (16.1.4).
Ecim mer, Boibupaem n 66IbIIAM, U TaK OyIeM IMOCTYIIATH 10
TeX 10D, II0Ka He HaiijeM n u [, KoTopble Oy/IyT y/I0BJIETBO-
psiTh HepaBeHcrBaMm (16.1.3) n (16.1.4).
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IIpun = 50 umeem \g = 50-0,06 = 3; A = 50-0,01 = 0,5.
[Tosb3ysich Tabsuneit pacupesesnenust [Tyaccona (cm. Tabir.
22.6.1), maxomum, uto HepaseHcTBO (16.1.3) ymoBierBopsieT-
cst ipu | = 0, a Hepasenctso (16.1.4) — mpu [ > 1. TTosromy
mist n = 50 He cymiecTByeT [, KOTOpoe ObI YIOBIETBOPSIO
nepaseHncrBaMm (16.1.3) u (16.1.4).

IIpu n = 100 umeem Ag = 100 - 0,06 = 6; Ay = 100 X
x0,01 = 1. U3 tabmumsr pacupenenenus [lyaccona naxo-
JM, 4To HepaseHCTBO (16.1.3) ymosiserBopsiercst npu [ < 1,
a HepaseHcTBO (16.1.4) — mpu [ > 2. TTosromy jyist n = 100
HEe CYIIECTBYET [, KOTOpoe ObI yI0BJIETBOPSIO HEPABEHCTBAM
(16.1.3) u (16.1.4).

IIpu n = 150 umeem A\g = 150-0,06 = 9; A\; = 150-0,01 =
= 1,5. st Takux A\g u A HepasercTso (16.1.3) ynosierso-
psiercst ipu | < 4, a Hepaserctso (16.1.4) — mpu [ > 3.
[TombrTaeMcst yMEHBITUTE 7.

IIycte n = 130. Torma Ap = 130 - 0,06 = 7,8; Ay =
= 130 - 0,01 = 1,3; nepasencrso (16.1.3) ymosierBopsiercs,
npu | < 3, a nepasenctso (16.1.4) — upu [ > 3. Takum 06-
pasom, myist n = 130 u [ = 3 mepasencrsa (16.1.3) n (16.1.4)
crpaBe iuBbl. 1, cjenoBare/ibHO, KDUTHIECKOE MHOYKECTBO
(kpuTepwii) Jijist IPOBEPKHU rutiore3sl Hy umeer BUj

S={k:k <3}

Hnst xkpurepusi S = {k: k < 3} BeposiTHOCTH OMIUOKH
HepBOro poja

3 )\k,’
P{{ < 3|Ho06} = Poos(S) = ??e_AO =
k=0

3 k

7.8

=Y ¢ T =0048
k=0 '

9TO MOXKHO NMHTEPIPETUPOBATHL TaK. HO.HI)SyHCb OIIMCaHHBIM
kpurepueM, Ha 100 napruii uzmenmii, cogepkamux 6 % Gpa-
Ka, B CpeJHEM OKOJIO b mapTuii Mbl OyaeM KJiacCuHUInpo-
BaTh KaK cojuepzKainue Menbine 6 % 6paka u, cjie1oBaTeIbHO,
OyZieM 3aKylaTh.



16.1. Kpurepuit, ¢pyHKIHS MOITHOCTH KPUTEPUST 309

SuaveHust PYHKIUA MOIITHOCTH

3
130 0
B(0) = P(S|Hy) = § e 1% 9 € (0;0,06),
k=0

KpuTepusi S B HEKOTOPBIX TOYKAX IIPHUBEJIEHBI B TaDJIUIE

16.1.1.

Tabnuma 16.1.1

0 0,005 [ 0,01 [ 002 [0,04 [005 |0,06 |0,08
B(0) | 0,996 | 0,957 | 0,736 | 0,238 | 0,112 | 0,048 | 0,008

Bamerum, uro 3nadenue 0,048 dyukmuu momaoctu ((6) B
touke § = 0,06 paBHO BEpPOSTHOCTHU OIMMOKHU IIEPBOIO POJIA
(mamomuuM, uto Hp: 6 = 0,06).

I'pacduk dyuximn moutaoctu () = P(S|Hp) kpurepust
n3obparken wa puc. 16.1.1.

11
0,8 |
0,6 |
04 |
0,2 |

0

0 001 003 005 007 009

Puc. 16.1.1: T'paduk PpyHKIIUN MOIITHOCTH KPUTEPUSI
B(0) = P(S|Hp)

B Touke 6 = 0,01 3naueHne GpyHKIIUU MOITHOCTU KPHUTE-

pust
B(0,01) = P{¢§ < 3|Ho,01} = Po,01(5) =

3 A\F 3 k
1,3
1 ) —-1,3
E —k = o e = 0,957.
k=0 k=0
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IMocsennee obosnadaer, yro Ha 100 mapruit nsgemmit ¢ 1%
6paka B cpemameM 0K0J10 96 mapTuii Oy1yT BbIIep:KUBATDH KOH-
TPOJIb.

B Touke 0,005 3nauenune

£(0,005) = P{¢ < 3|Ho,005} = Po,005(S) = 0,995.

DT0 MOXKHO UHTEPIIPETUPOBATH TAK: IIPY UCIIOJIB30BAHUU KPH-
repusi S = {k: k < 3}, B cpesem na 100 napruit uzenuit ¢
0,5% nedexTubix uzaennit okoao 99 napruit OyayT BbIAED-
JKUBATh KOHTPOJIb.

Hanee, xors runoreza Hy = Hogg IpoBepsaeTcs IPOTHB
anprepuartusbl Hi = H0 06 — napamerp 6 € (0;0,06),
(dOpMAIBLHO MBI MOYKEM BBIYUC/IATDH 3HAYEHUA PYHKIIUU MOIII-
nocru 3(0) = P(S|Hp) u upm 3nadeHusix mapamerpa 6 >
> (0,06, ITO COOTBETCTBYET T'UIIOTE3AaM O IOJIAX JTeDEKTHBIX
nsnennit B maprun 6osabmmux 0,06.

B wacraoctu, manmpumep, B Touke f = 0,08 3nauenume
GYHKIUT MOITHOCTH

£(0,08) = P{£ < 3|Ho s} = Po,08(S5) = 0,008.

ITocnennee obosHaudaer, 9TO IpU BepHOH runorese Hpog —
naprus couepkut 8% medekTHbIX n3gennii, rumoresa Hy ¢
BeposATHOCTHIO 0,008 Oy/1yT OTKJIOHSIETCS, U C BEPOSITHOCTHIO
1 — 5(0,08) = 0,992 ne Oymer OTKIOHATHLCS U, KAK CJIE]I-
cTBUe, mapTHd, cojepKamas 8% nedeKTHBIX U3Ie/mnil, ¢ Be-
positHocThio 0,992 Oyner 6GpakoBarhcsa. Tak 4TO KpUTEPHil
{k : k < 3} “xopomio paboraer” u npu 3HAYEHUSIX ITAPAMET-
pa 6 6osbmux 0,06.

16.2 3amaun

A3:16.1,16.15.
C3:16.9,16.11.

16.1 (o Tenemarax). Hekoropble Jiro/u yTBEpXK/IAIOT,
YTO OHM MOTYT YUTATH MBICJIU HA PACCTOSHUN — SABJISIOTCS
TenenaraMu. 1Ipy 3TOM TeslenaT He HpeTeHIyeT Ha Oe30IIn-
00YHOE YTEHHEe MBICJICi, HO yTBEPXKAaeT, YTO NHOra, Omuba-
[Ch, OH BCE-TaKHU Yallle YUTaeT MBICJM BEPHO, YeM HEBEPHO.
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Bam #HE0OX0amnMo TpOBEpPUTDH CIIOCOOHOCTHU Tejernara Ju-
TaTh MbICIN Ha paccrogunu. C ITON Tesbio MpejaraeTest
IIPOBECTH TaKOi 9KCIepNMeHT. BBl 38 1yMbIBaeTe HAy ATy UHC-
JIO (JIJIs1 IPOCTOTBI HYJIb WM E€JUHUILY) U (PUKCHpYeTe ero,
Hampumep, Ha Oymare. Tejenar yuraer Balry MbIC/Ib — 3a-
JyMaHHOE YMCJIO U TaKXKe (PUKCHUPYET ero, u Tak n pa3. Ecim
TesenaT AefiCTBUTE/IbHO YUTACT BAIH MBICJHU, TO JOJIS MpPa-
BUJIHO NPOYUTAHHBIX HyJiell (HyJIb YUTAeTCs KaK HyJb) U
esuHUI (€IMHUIA IUTACTCS KAK €JMHUIA), T. €. JIOJIs yCIie-
XOB (yCIIex — MpaBUJILHO IIPOYUTAHHBIN CHMBOJI) Oy1eT 60JIb-
IO

Ber mpe/iaraere TesenarTy MpoYUTaTh 1 CUMBOJIOB, &(w)
U3 HUX OBLIN MPOYUTAHBI MpaBUIbHO. CBUIETEILCTBYET JIN
9TO O CIIOCODHOCTHU TeJIernaTa YUTATh MBICJN Ha PACCTOSHUN !

[Tperoxkure npaBuiio (KpuTepuii), ¢ HOMOIIBIO KOTOPO-
0 MOXKHO OOHAPYKUTDH CIIOCOOHOCTH TEJIeNaTa INTaTh MbIC-
JI Ha PACCTOSIHIN.

CdopmynupyiiTe u pemnure MOCTABJIEHHYIO 33J1a9y B Tep-
MHUHAX MPOBEPKM CTATUCTUYECKUX TUIIOTE3, & UMEHHO:

OIIPEJICJINTE CAYIARHYIO BEJIMINHY, HAOIIOTaeMyIO B 9KC-
[IEPUMEHTE;

IPeJIJIOZKHUTE HyJIeBYIO (OCHOBHYIO) U JIbT€PHATUBHBIE [~
IIOTE3HI;

BBISICHUTE, B U€M COCTOST OIMUOKK TEPBOIO U BTOPOI'O
poja;

IpeJIOKATE KPUTEPHil [IJIsT MPOBEPKH HYJIEBOI THUIIOTe-
3bI;

BBIOEPUTE YPOBEHDb 3HAUUMOCTH KPUTEPUSI;

BBIYHUC/IATE BEPOSTHOCTD OIMIUOKH MIEPBOTO POJIA;

ocTpoiite rpaduk OYyHKINT MOITHOCTA KPUTEPUS;

uccaenyiire moBesieHne (pyHKIUU MOITHOCTUH KPUTEPUsI
B 3aBUCUMOCTHU OT YPOBHS 3HAYUMOCTH, B 3aBUCUMOCTHU OT 1

JaliTe 9JaCTOTHYIO NHTEPIIPETAIINIO IOy IeHHBIM Pe3yilb-
TaTaM.

16.2. HeobOxomuMo MpoBEepUTH MOHETY HA CHMMETPHY-
HOCTh. OHA MOXKET OBITh KAK CHMMETPUIHON — BEPOSITHOCTD
BbITajieHus repba cocrasiser 0,5, TaK 1 HECUMMETPUIHONR —
BEPOSITHOCTD BbINaieHus repba otymana or 0,5 (Hecummmer-
pUYHAsl U CUMMETPUYHAST MOHETHI BHEIHE HEepPa3JIMYUMBbI).
C sroit nesibio mogbpaceiBaeM MoHery n pa3 (n =5, 10,...)
U PETUCTPUPYEM KOJIMIECTBO BBINABIINX I'ePOOB.
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[TpemtokuTh HpaBusIo (KpUTepuii) JJist IPOBEPKH MOHe-
ThI HA CUMMETPUYIHOCTD.

Kakoe MunnMaibHOE 91C/IO pa3 HEOOXOINMO MTO0POCUTH
MOHETY, 9TO0BI CHMMETPUIHAS MOHETA KJIACCUPUITUPOBATIACD
KaK HECUMMETPHUYHAs ¢ BEPOSITHOCTHIO, He GostbIeit gem 0,1,
a HeCUMMeTPHUUIHAs, BEPOSATHOCTD BBLITaJI€HUsI repba KOTOPOi
pasHa 0,8, obHapYyKUBAJIACh C BeposaTHOCTHIO 0,957

Penuts nocrasiiennyio 3a1a4y Kak 3a/iady IPOBEPKHU CTa-
THCTUYECKHUX runoTe3 (cM. 3ajady 16.1).

[TocTpouts rpaduk OYHKITUH MOITHOCTH KPUTEPHSI.

JlaTh 9acTOTHYIO MHTEPIPETAINIO IOy ICHHBIM DPE3YJIb-
TaTaM.

[IycTh Temepb ypoBeHb 3HAUUMOCTH U UHCJIO 1. TOJ0pa-
CBIBAHUI MOHETHI MBI MOYKEM BBIOMpATh camu. VccmenoBaTs,
KaK MeHsieTcst (PYHKIINA MOIHOCTU KPUTEPHUS B 3aBUCUMOCTH
OT €ro ypoBHs 3HAYMMOCTH, B 3aBUCUMOCTH OT 7.

16.3 (o amarHocTuke HavaJIbHOI doOpmbI TYyGep-
KyJi€3a). PaccmorpuMm 3ajiady JuarHoCTUKU TyGepKy/ésa,
CBABAHHYIO C OTKPBITHEM TOro hakTa, UTO METOJ| PEHTIre-
HOBCKOI'O aHAJIN3a HE sIBJISETCs abCOJIIOTHO HAJEXKHBIM DU
OTIPEJICJIEHUN HAJIMYWS UJIA OTCYTCTBUS 3a00JIEBAHUS: 3J10-
POB MHJAUBUYYM WU HET, Pe3yJabTaT PEHTICHOBCKOI'O UCCIe-
JOBaHus Ha TyOEpKyJI€3 MOXKET OBITH KaK IIOJIOYKUTEIbHBIM,
TaK U OTPHUIATETHHBIM.

W3 ombiTa n3BECTHO, 9TO:

a) ecJid MAIMEeHT CTpajaer TyOepKyJI€30M, TO BEPOsIT-
HOCTBb TOTO, YTO OTJIEJIbHBI PEHTIeHOBCKUI aHAJIN3 BBISIBUT
3abosieBanne (aHasn3 OyjeT [OJOXKHUTEIBHBIM), COCTABJIS-
eT Po;

6) ecin y manueHTa HET HUKAKUX NPU3HAKOB TyOEepKy-
JI€3a, TO BEPOSATHOCTH TOTO, YTO OTIEJIbHBIN PEHTIEHOBCKUil
aHajm3 OyJeT MOJOKUTEbHBIM ([AIMEHTY OyIeT MOCTABJICH
JMarHo3 — 6oJjieH TyGepKyJI€30M ), PaBHA 1.

[Ipeamonokum, 9T0 B HEKOTOPOIl KJIMHUKE HpU 0OC/IEe-
JIOBAHUU COCTOSIHUS 3/I0POBbsI MAIMEHTA JIEJIACTCH OJJHUM U
TEeM Ke CIIOCOOOM 7 PEHTTEHOBCKUX CHUMKOB C IeJIhI0 ODHA~
Py?KeHHs BO3MOYKHBIX MPU3HAKOB TybOepky/ésa. omycTum,
9TO TOJIKOBaHNE€ CHUMKOB, IIPpUHA/JIE2KAITUX OJHOMY U TOMY
JKe TAIMeHTY, MPOU3BOIUTCI TaK, 9TOObI ObLIa obecredeHa
HE3aBUCUMOCTD JIMArHO3a MO KayKJOMY CHUMKY OT BBIBOJIOB,
CJIeTAHHBIX 110 MIPEJIBLIY MM CHUMKAM.
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IIycts po = 0,95, p1 = 0,05 u B ycja0BUSAX OIMUCAHHOTO
obcJteIoBaHMsT M3rOTOBU/IN TPHU cHuUMKa. [Ipu sToM omum u3
TPeX aHaJIM30B OKA3aJICH MOJIOKUTEIbHBIM. BhIHECTH 3aKJTIO-
YeHue, CTPAJIAET MAIUEHT TYOEPKYIE30M WIIN HET.

CcdopmynupyiiTe u pemnuTe MOCTABJIEHHYIO 33J1a9y B Tep-
MHHAX IIPOBEPKH CTATHCTUIECKHUX MUIIOTE3 (CM. 3aady 16.1).

UccnenyiiTe, Kak MEHSETCS MOITHOCTH KPUTEPUS B 3aBU-
CUMOCTH OT €0 YPOBHSI 3HAUUMOCTH.

16.4 (o Tenenarax). Ectb monn yrBepxkgatomue, 9To
OHHM MOTYT YUTATh MBICJH HA PACCTOSHUM — SIBJIAIOTCH Te-
jenaraMu (YyTBEPXKIAIOT, UTO YUTAIOT, HO HE apaHTUPYIOT,
YTO HTPABUIBLHO OYAYT IPOYUTAHBI BCE MBICJIHU, T. €. IIPU3HA-
0T, 9YTO UHOTJA OIMUOAIOTCST — MBIC/IU HA PACCTOSTHUY YATATD
HEIPOCTO).

Bam mperararor mpoBepUTh CIIOCOOHOCTH TeJIETATa -
TaTh MbICJIU HA paccTosdgHuu. C 3TOM 1ETbI0 IPOBEIUTE TAKO
skcriepuMeHT. [logbpockTe npaBMWIbHYIO MOHETY U 3apUKCH-
pyiiTe pe3ysibrar, HarpuMmep Ha Oymare. Tejenar unraer Ba-
[Ty MBICJIb — repbd WIN pelnreTka — M TaKxke (PUKCUpyeT pe-
gysbraT. Jlajiee moacauThIBaeM KOJUIECTBO IIPABUJIBHO IIPO-
YUTAHHBIX TepOOB (Tepb umTaeTcst Kak repb) u pereTok (pe-
[IETKA YATAETCs KaK pelnerka). ey Tesenar B caMoM JieJie
YUTaeT BAIlld MBICJIU, TO JIOJIsI IPABUJIBHO TPOUYNTAHHBIX Mep-
6OB 1 PEIeToK, T. €. J0JIsl yCIeX0B, Oy1er 60bmioii (ycrmex —
[IPABUJIBHO IIPOYNTAHHBIN CUMBOJI, HEyia4a — HEIPABUIbHO
OPOYUTAHHBI CUMBOJ).

Momnety nogopocuan n pas. [Ipu aTom Temenar npaBuib-
HO mpounTast & cuMBoJioB. CBUIAETEILCTBYET JIK 3TO O CIIO-
CODHOCTH TeJieraTa YUTATh MBICH Ha PACCTOSTHUN?

[IpoBepbTe TesenaTnyeckue CrroCOOHOCTH CBOETO TOBapH-
ma. [Ipemioxkure Kpurepuii, ¢ TOMOIIBIO KOTOPOI'O MOXKHO
ObL710 OBl OOHAPY2KUTH CIIOCOOHOCTHU TeJIeraTa UUTATh MbIC-
JIM H& PACCTOSTHUH.

CdopmynupyiiTe u penuTe MOCTABJICHHYIO 33J1a9y B Tep-
MUHAX IPOBEPKH CTATUCTUIECKUX TUoTes (cM. 3aja4y 16.1).
[Tocrpoiite rpaduk yHKIUNT MOITHOCTH KPUTEPHS.

Uccnenyiite, kak MeHsieTcst (DYHKIUS MOITHOCTH KPHUTE-
pUsi B 3aBUCUMOCTH OT €10 yPOBHSI 3HAUYUMOCTH, B 3aBUCHMOC-
TH OT YHUCJIa N MOJI0PACHIBAHUI MOHETHI.

16.5 (o craTucTuKe M 3KCIEpUMeEHTATOPE). Y JIBYX
CTY/IEHTOB (OJIHOIO HA30BEM CTATHUCTUKOM, JIPYTOr0 HA30BEM
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SKCIIEDIMEHTATOPOM) UMeeTCsl [apa MOHET: OJ[HA CHMMeT-
puyHasi, Jipyras HeCUMMETPUIHAS.

DKCIIEPUMEHTATOD U CTATUCTUK JOTOBAPUBAIOTCHA O CJie-
JIYIOIIEM: IKCIEPUMEHTATODP BBIXOJIUT B COCETHIO KOMHATY,
BBIOMpAET OJ[HY U3 MOHET (KaKyl — CTATUCTUK He 3HAeT),
HOIOPACKIBAET €€ N Pa3 M pe3y/IbTaT (YUCJI0 BHINAICHUIT rep-
6a) coobiraer craructuky. [locsieauuii yrBepKaaer, 4To Mo-
JKET OIPEJIEINTh, KAKYIO U3 JIBYX MOHET OA0PAChIBAJI SKCITe-
pumerTarop. OJHAKO 9KCIEPUMEHTATOD CTABUT IO, COMHE-
HU€ 3TH CHOCOOHOCTH CTATUCTUKA M KAK apI'yMEHT BbIJIBUTa-
€T TaKhe BO3PAXKEHUs: TOCKOJbKY PE3YJIbTAT IKCIEPUMEHTA
(4nciI0 BBINABIIMX repOOB) MPEJICKA3aTh HEBO3MOXKHO, MIPH-
JeM Kak JIjIsi CHMMETPUIHON MOHETBI, TaK W JJIsi HECUMMeT-
PUYHON 3TO YHCJIO MOXKeT OBbITh Ja00biM u3 0,1,...,7n, TO
OIIPEJIEJINTD, KaKasi U3 MOHET I0/I0pachiBajIach, HEBO3MOXK-
HO.

Kro mpaB — crarucTuk mim sKCIepuMeHTaTop?

YTo MOXKHO CKa3aTh OTHOCUTEJIBHO BOZMOYKHOCTHU PA3JIU-
YUTh CHMMETPUYIHYIO U HECHUMMETPUIHYIO MOHETHI?

CdopmynupyiiTe mocTaBIeHHYIO 3a1a9y € HMO3UIAN CTa-
THCTHUKA, T. €. KAK 33/1a49y IIPOBEPKU CTATUCTUYECKUX THIIO-
Te3 (cM. 3amady 16.1).

[TocTpoiire rpaduk GyHKIUNU MOITHOCTH KPUTEPHUS.

Uccnemyiite, kKak MeHsieTCsT (DYHKIUST MOITHOCTH KPHUTE-
pHsi B 3aBUCUMOCTH OT €r0 yPOBHST 3HAUYUMOCTH, B 3aBUCHMOC-
TH OT YHCJIa N NOJ0PACHIBAHUI MOHETHI.

16.6 (o mpoBepKe mpenapara Ha TOKCUYHOCTB ). [Tpo-
[IECC TPOU3BOJICTBA HEKOTOPOI'O MEIMITMHCKOTO IIPerapara 10-
CTATOYHO CJIOYKHBIN, TAK YTO HECYIECTBEHHbIE HA IEPBBIil
B3IVIsIJ] OTKJIOHEHUSI OT TEXHOJOTUNA MOTYT BBI3BATH IOSIBJIE-
HU€ BBICOKOTOKCHYIHBIX ODOYHBIX IIpuMeceil. TOKCHIHOCTD
[TOCJIETHUX MOKET OKA3aThCsl CTOJIb BBICOKOM, UTO JlaXKe He-
3HAYUTEIHLHOE X KOJIMIECTBO, KOTOPOE He MOYKeT ObITH 00-
HAPY2KEHO [PU OOBITHOM XUMHUYIECKOM aHAJIM3E, OITACHO JIJIst
JeJI0oBeKa, IPUHUMAIOIIEro 3TOT npernapat. [losromy 10 pea-
JIN3AIMY TIAPTUH IIPEerapaTa ero UCCIeyIT Ha TOKCUIHOCTD
ouostornaeckumu Metomamu. OupesesieHHasl J103a IIpernapa-
Ta BBOJIUTCS ITOJIOIBITHBIM KUBOTHBIM U PETUCTPUPYETCS Pe-
3ysbTaT (KOJMIECTBO JIETAIbHBIX MCX010B). Ecim mpemapar
TOKCUYHBIH, TO BCE WX MOYTH BCE YKUBOTHBIE TUOHYT — KO-
JIMYIECTBO JIeTAIbHBIX HCX00B &(w) Gosbinoe (§(w) > 1). Ec-
JIX TIperapaT HETOKCUIHBINH KOJTUIECTBO JIETAJIBHBIX UCXOOB
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¢(w) mamoe (§(w) < 1), wim, 9T0 TO XKe, KOJIUIECTBO BBIXKUB-
IIUX KUBOTHBIX OOJIBIIIOE.

W3BecTHO, UTO ecam mpenapaT TOKCUYHBINA, TO BEpPOSIT-
HOCTBH JIETAJILHOTO MCXOJla He MeHbIne yeMm 0,9, a eciu mpe-
apaT HETOKCUYIHBIH, TO BEPOATHOCTD JIETAJILHOIO UCXO/1a HE
npesbimaer 0,05. Kakoe MuHMMAIBbHOE UHCIO 1 YKUBOTHBIX
HEOOXOIMMO NHBEINPOBATE, UTOOBI TOKCUIHBIN ITpenapaT 00-
HapyKuBaJicst (KraccuuIMpoBaJIcsi KaK TOKCUIHBIN) ¢ Be-
pPOATHOCTBIO, He MeHbIIell yeMm (0,999, a HeTOKCUYHBII IIpena-
paT BbLIEPXKUBAJ KOHTPOJIb (KIacCubUIMPOBAJICS KAK HETOK-
CHUYHBII) ¢ BepogTHOCTBIO 0,987

Haiitu n, cdopmymupoBas moCTaBIEHHYIO 33124y KaK 3a-
Jlady IIPOBEPKH CTATHCTHYECKUX rutores (cM. 3agady 16.1).

16.7 (o BpIGOpOUYHOM KOHTpOJIe). Bosbmme naprun
W31/ IPOXOAT BBIOOPOUHBIN KOHTPOJb. KadecTBo map-
THH CYUTAETCS YJ/IOBJIETBOPUTEIbHBIM, €CJId J0Jist jedeKT-
HBIX M3Ieauil B Heill He Gomee geMm 2 %, HO IOKymaTeab JI0-
IIyCKaeT BO3MOXKHOCTH HE3HAUUTEJHLHOTO ITPEBBIIIEHUsT STON
nonu. Kakoe MUHUMAIbHOE KOJTUYIECTBO U3JIEIUI B MAPTUM
HEoOXOJIMMO HCILITAaTh, YTOOBI HAPTHS, cojepxkamias 8 % me-
deKTHBIX uze/mii, 00HAPYKUBAJIACL C BEPOSTHOCTHLIO, HE
menbineit gem 0,95, a naptus, cogepkamas 2 % Takux nuze-
JIUi, IPpUHUMAJIaCh ¢ BEPOATHOCTHIO, He MeHbIei gem 0,97

ChopMymupoBaTh 1 PEIIUTDb TOCTABIEHHYO 33,129y B TEP-
MHHAX [IPOBEPKU CTATUCTUYIECKUX runore3 (cM. 3aiady 16.1
u npumep 16.1.1).

[Tocrpouts rpaduk GyHKIIMM MOIHOCTA KPUTEPHUSI.

Berauciuts 3HavueHne PYHKINA MOIITHOCTUH KPUTEPHUS B
Toukax 0,01; 0,04; 0,06; 0,10.

JlaTh 9acTOTHYIO MHTEPIIPETAIUIO [IOJIYIYEHHBIM PE3YJIb-
TaTaM.

3ameqaanue. [lockobKy BBIOOPKY 11T KOHTPOJIST MOYK-
HO B3SITh OOJIBIIOr0 00beMa, a MPOIEHT AeeKTHBIX N3IeInii
MaJl, TO B KA4eCcTBe paclpe/iesieHus duciaa £ nedeKTHbIX n3-
Jenmii MOYKHO PacCMaTpPUBATBH IIyaCCOHOBCKOE paclperele-
Hye.
16.8. YToObI BBIICHUTD, SIBJIsIETCS JU 00JIe3Hb MHQEK-
[IMOHHON, OWOJIOr IPUBUBAET €€ IATU MbIINIaM U Pa3Mela-
€T UX B OJIHOIl KJIETKE C M HEeNPUBUTHIMHU MbIiaMu. Kcim
6os1e3Hb MHMEKITUOHHAS, TO BEPOATHOCTH TOTO, YTO HEIPH-
BUTasI MBIIb 3aboseer B Tedenne 10 mmeit, cocrasisger 0,9;
eciu ke 00Jie3Hb HEMH(EKIIMOHHAS, TO BEPOSATHOCTHL TOTO,
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YTO HEIIPpUBUTAsA MBIITb 3&60ﬂeeT Ha IPOTAZKEHUN YKa3aHHO-
ro Bpemenu, coctapisier 0,05. Yepes 10 mueit pukcupyercs
KOJINYECTBO HEIPUBUTBHIX MbINIEH ¢ IMpU3HAKaMu 3a00JieBa-
HUS.

Kakoe mMuHEMAJIBHOE KOJUYECTBO HENPUBHUTHIX MBIIIEH
HEOOXO/IUMO HCIIOJIB30BATh B 9KCIIEPUMEHTE, UTOOBI ¢ BEpO-
SATHOCTBIO, He MeHbIneil yem 0,999, obHapyKuTh MHMOEKINOH-
HOe 3a00JIeBAHUE U C BEPOSATHOCTBLIO, He Oouibieil uem 0,01,
KJIaCCUPUIIPOBATh HEMH(PEKIIMOHHOE 3a00IeBaHNe KaK WMH-
deximonnoe?

CcopmyupoBaTh U PEMIUTDH TOCTABIEHHYIO 3319y KaK
3a/1a1y [POBEPKY CTATUCTUYECKHUX Tutiores (cM. 3a1ady 16.1).

JlaTh 9aCTOTHYIO MHTEPIIPETAINIO MOy YCHHBIM PE3YJ/Ib-
TaTaM.

16.9 (o KOHTpPOJIE YNCTOTHI BOABI). [liist HY»K I HEKO-
TOPOr0 XUMUIECKOT'O IIPON3BOACTBA HEOOXOMNMO, ITOOBI HC-
moJib3yeMasi BOja Oblja YHCTON — cojepzkaja Majio Oak-
tepuit. Boja, conepxkainast B cpeJHeM MeHee OJHOU OakTe-
pUU HA eIUHUILY 00'bEeMa, CIUTACTCS ITPUTOTHON JJIsi TAHHOTO
XUMHUYIECKOT0 TTPOU3BOJCTBA. Hcym ke cpejHee KOJTUIECTBO
bGaxTepuii Ha eIUHUILY 00bEMAa BOJIBI PABHO OJIHON MU 0OJIb-
1€, TO €€ UCIIOJIb30BaHNe HEeIOILYCTUMO.

O6bILIHa$I METO/IMKa KOHTPOJIZ BOJAbBI Ha YUCTOTY COCTOUT
B ciaenytomnieM. Bepercst 10 (B obmiem ciydae n) npob Bobl
eIMHITHOTO 00beMa. 3aTeM KaxKIast U3 9TUX Ipob Jo0aBIsI-
eTcs B KOJIOBbI C MUTATEJIBHOI CPeJIoil, KOTOPhIE COJIEPKATCS
[IpU TeMmiieparype, 6JiaronpusiTHOl s pocra bakrepuit. Ec-
Jii Tpo0a 3arpsi3HEHa, T. €. COAEPXKUT 110 MEHbBITe Mepe OJIHY
bGakTepuio, TO KOJOHUSI OakTepuit OyneT pacTu U IE€pPBOHA-
JaJIbHO MPO3PaTHbBIi pacTBOp momyTHeeT. O YHUCTOTE BOJIBI
CYJISAT 10 KOJIMYeCTBY & 3arpsa3HEHHBIX 1IPO0: €C/Il 3TO KO-
JINYECTBO HE IPEBBIIIAET OIPEIEJIEHHOIO YUCiIa [, TO BOJA
CUUTAETCS YUCTOH; B NMPOTUBHOM CJIydae — 3arpsi3HEHHOI,
TOT/Ia TTPOBOJIATCST JIOTOJIHUTEIBHAS OUUCTKA BOJIBI, U OHA
CHOBa IIPOXOJUT KOHTPOJIb Ha YUCTOTY. (I[OHO.HHI/ITQ.HBH&S{
OIHCTKA BOJIbI, €CTECTBEHHO, TPEOYET TPY/a U 3aTPaT, OJIHA-
KO, €CJIN UCIOJIb3yeMast BOJIa COIEPKUT 3HAUUTEIHbHOE KOJIU-
4ecTBO DAKTepuil, TO BbI3BAHHBIE STUM IIOTEPU CYIIECTBEHHO
6oJb1re. )

Kaxknm mo/mKHO OBITE [, 9TOOBI BOJIa CO CPEIHUM COJIEP-
JKaHueM DaKTepuii, paBHBIM OJ[HOW Ha €JMHUIY 0ObeMa, 00-
HapyKuUBaJiach ¢ BeposiTHOoCThIO 0,997 Haiitu ykasauuoe [,
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cOpMyIIPOBAB ITOCTABJIEHHYIO 3a1a7y KaK 3aJady IIpOBep-
KI CTATHCTHYIECKUX Trurores (cM. 3a1ady 16.1).

[TocTponTsb rpaduk GYHKIINNA MOITHOCTH KPUTEPHSI.

[IycTh Temeph ypoBeHb 3HAYUMOCTUA U IUCJIO 1, IPOO BO-
el He hukcupoBano. VccienoBars, Kak MEHAETC (DyHKITHS
MOIITHOCTA KPUTEPHUSI B 3aBUCHMOCTH OT €r0 YPOBHS 3HAYMN-
MOCTH, B 3aBUCUMOCTH OT 7.

JlaTh 9acTOTHYIO MHTEPIIPETAIUIO TTOJTYUYEHHBIM Pe3yJIh-
TaTaM.

3aMeuanue. B kauecrse pacupeesienus 9ucia baxre-
puil B §IMHUTHOM 00'beMe BOJIBI CO CPEJTHUM COJEPIKAHUEM A
bakTepuil Ha eIMHUILY oObeMa OyJaeM pacCMaTpUBATDL IIyac-
COHOBCKOE PACIIPE/IeIeHNe C TTapaMeTPOM .

16.10 (o nemu, npobyrorueii uaii). Hekast seau yrBep-
JKJIaeT, 9TO, TOMPOOOBAB YAINKY dYasl ¢ MOJIOKOM, OHa MOYKET
OTIPEJICITE, 9TO OBLIO CHAYAJA HAJIUTO B TAIKY — MOJIO-
KO WJIN Yaii (pasjmdaer perenThl IpuroToBienns ast). [Ipu
9TOM JIeJIN HEe TpeTeHJIyeT Ha 6e301muboYHoe OTpe/IeIeHIe
PA3HHUIIBI BO BKYCe, HO YTBEPKIAET, UTO, IIyCTh WHOT/IA OIIHU-
basich, OHa Yallle IPABUIHLHO OIIPEJIEJISIeT PEEeIT MIPUTOTOB-
JIEHUsT Yasi, HeXKeJI HeIPaBUIbHO.

[Ipex e yeM mpu3HATHL HAJIWYWE Yy JIEIH CIOCODHOCTEIH
pa3InyaTh PENEenThl MPUTOTOBJIEHUS Yasi, efi MmpejjararoT
nonpoboBaTh ¥ KjaaccuuIMpoBaTh N Nap damiek das (110
nape Jallek 3a 3aBTPAKOM B TedeHue n nHeil). B kaxkmayio
mapy BXOJUT TIO YalllKe Yasi, TPUTOTOBJIEHHOTO 110 Pa3HbIM
pereniram. KosimaecTBo £ mpaBUIbHO KIaCCU(MDUITNPOBAHHBIX
nap perucrpupyercs. [lycTs jiein u3 n nap gariex mpaBuib-
HO KJaccudunuposasa &(w) nap. CBujeTeabCTByeT Jiu 9TO
0 CIOCODHOCTSIX JIEAM PA3JINYIaTh PENEnThl MPUTOTOBICHUST
yast?!

Bobr — 4iten 106poKeIaTeIbHOTO KIOPH — HE XOTUTE OT-
BEPrHYTH CIIOCOOHOCTH JIEJIA PA3JIUYIATh PEIENThI IPUTOTOB-
JIEHUsI dasi, eCJIN OHU Y JIeJU B caMoM Jiejie uMmerorcst. [Ipe;-
JIOXKHUTE TPABWIO (KPUTEPUii), KOTOPBIM JOJZKHO PYKOBOJI-
CTBOBATKCS XKIOPHU, BBIHOCS 3aKIIOYEHNE O CIIOCOOHOCTSIX Jie-
JIA Pa3IndaTh PENenThl MPUTOTOBIEHNUS Jasl.

CdopmynupyiiTe u pemnnre MOCTABJIEHHYIO 33/1a9y B Tep-
MUHaX [IPOBEPKU CTATUCTUIECKUX IHIoTe3 (cM. 3a1ady 16.1).

[Tocrpoiite rpaduk GYHKIUNT MOITHOCTH KPUTEPHSI.

Brisicaure, kKak MeHsi€TCsT (DYHKITHS MOIITHOCTHA KPUTEPHST
B 3aBHCHMOCTHU OT €r0 YPOBHSI 3HAYUMOCTU, B 3aBUCHMOCTH
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OT KOJIMYECTBa N I1ap JallleK dasi, IpejiaraeMbIX JIJIsT KJac-
crpuKaImm.

SBameuanue. Kak wieH Kopu, Bbl, pa3yMeeTcs, He XO-
TUTE TPU3HATH 38 JIEJU YIIOMSIHYThIE CIIOCOOHOCTH, €CJIU UX
HET Ha CAMOM JIeJjIe; I03TOMY B KadecTBe HYJIEBON IMITOTE3BI
npemaraere runoredy Hy: jsean ne mmeer criocobnocteit. Ho
KaK 4ieH J00POoXKeJIaTeTbHOIO KIOPU, HE XOTUTE TOHAIIPAC-
HY OTBEpPraTh CHOCOOHOCTH JIETH, €CJIM OHA WX MMEET, & I10-
9TOMY Ha3HAYaeTe He CJUIIKOM MAJIbI yPOBEHb 3HAUUMOCTH
KPUTEpUs.

16.11 (o BeiGopouHOM KOHTpPOJIE). [loTpeburess npu-
obperaer KpyIHbBIE MapTUX TOBapa. dToObl M30eKaTb IIPHU
9TOM 3HAYUTEJIBHON J107U HeEeKTHBIX W3Je/IUil, OCYyIIeCTB-
JISIETCST BEIOOPOYHBIN KOHTPOJIb. VI3 KaxK 10i TapTum Jijisi KOH-
TpOJIsg BuIOWpaeTca n uzaenunii. [laprusa npunumaercs, ecan
4ncIIo JeEeKTHBIX U3/IeJIUil CPeJin N IPOBEPEHHBIX HE Ipe-
BbIIIAET [.

IToTpeburens mpeabsBasIeT CAeAyIONe TPeOOBAHUS K
KOHTPOJIIO: €CJIH JI0JIsT JIePEeKTHBIX U3/e/INii B IAPTUU MeHb-
mre 8 %, TO MapTUSA BBIAEPKUBAET KOHTPOJIb M 3aKYIAETCs,
HO napTun ¢ 8 % nedeKTHbIX U3JIeIuii JOJKHBI 0OOHADY KU~
BaThCs C BEPOATHOCTHIO, He MeHbIeil 0,9. Y mocraBmmka
CBOU TIOXKEJIAHUS OTHOCUTETFHO KOHTPOJIsI: OH XOUeT, ITOOBI
nmapTusi, J10Jisi JIeEKTHBIX U3JEIUil B KOTOPO#l COCTaBIsSIeT
1%, 6pakoBaJjach ¢ BEpOATHOCTBIO He GoJbmieii, yem 0,04.

Kakum j10/17keH 6bITh 00beM 1 BBIOOPKHN u3 mapTun (pa-
3yMeeTcsl, MUHUMAJIbHbI) 1 3HaYeHue (7

ChopmyupoBaTh 1 PEIIUTD OCTABICHHYO 33J1a9y B TEP-
MUHAX [POBEPKH CTATUCTHYECKUX rurore3 (cum. 3amady 16.1
u npumep 16.1.1).

IToctpouts rpaduk QyHKIME MOITHOCTA KPUTEPUSI.

KakoBa BeposiTHOCTb 3a0pakoBaTh HMAPTUIO TOBapa, CO-
nepskaryto 1, 2, 4, 8, 10 % nedexkTabix nzmenuii?

JlaTh 9aCTOTHYIO MHTEPIPETAIMIO IOy IEHHBIM PE3YJIb-
TaTaM.

16.12 (06 urpanbHbIX KOCTSX ). IMerorcs jiBe urpasib-
Hble KOCTH: OJ[HA, — CHMMeTpUYHAas (BEPOSTHOCTDH BBINAIE-
HUsI KaxK /1071 rpann paBHa 1/6), Ipyras — HECUMMETPUIHAS,
[IEHTP TSYKECTH KOTOPOM CMEIEH TaK, ITO BEPOSITHOCTD I10-
SIBJICHWSI IUCJIA OYKOB, 6OJIbIIEro 3, mpesbimaet 1/2.

C mesnbio ObHApYXKEHNMsT HECUMMETPUYIHON KOoCTH, GepeM
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OJTHY KOCTH (KaKyl0 MMEHHO, HEM3BECTHO — KOCTH BHEIIHE
pa3JInYUTh HEBO3ZMOXKHO), TOJAOPACHIBAEM €€ 1 Pa3 U PEeru-
CTPUPYEM KOJIMYECTBO BBLIMIABIINX OYKOB. Kakoe MUHUMAJIb-
HO€ KOJIMIEeCTBO MOAOpaCBIBAHUN HEODXOINMO BBITIOJHUTH,
9TOOBI CUMMETPUIHASI KOCTh KJIACCH(PUITNPOBAIACH KaK He-
CHUMMETPHUYHAS C BEPOSATHOCTHIO, He HosbImeit aem 0,1, a He-
CHUMMETPUYHAS, BEPOSITHOCTD BBINAIEHUS KOJTUIECTBA OIKOB
6oJsibiiero yem 3 KoTopoit pasua 0,9, oOHapyKUBaJIACH C Be-
positHOCTBIO 0,957

Pemurs mocrasiernyio 3amady, chopMyTMmpoBaB ee Kak
3a/1a1y MPOBEPKHU CTATHCTUIECKUX runoTe3 (cm. 3amady 16.1).

[Toctpouts rpaduk HyHKIIUE MOITHOCTA KPUTEPUS.

BoramcnTh BEpOATHOCTL TOrO, YTO HECHMMETPUYIHAS
KOCTb, BEPOSITHOCTD BBIIAIEHUS YHCJI8 OYKOB OOJIBIIEr0 YeM
3 xoropoit pasra 0,6; 0,7; 0,8; 0,9, 6ymer obHapy:KeHa; He
Oymer obHapyKeHA.

JlaTh 9aCTOTHYIO MHTEPIPETAINIO IOy I€HHBIM Pe3y/ib-
TaTaM.

16.13. Pemwuts 3amatdy 16.9 B mpemmosioKeHUH, UITO B
9KCIIEPUMEHTE UCIIOIb3yeTCs 1 TPOO BOJIBI.

[Toctpouts rpaduk HyHKIUE MOITHOCTA KPUTEPUS.

BoisicauTh, Kak m3MeHsieTcst (DyHKIIASA MOITHOCTH KPHUTe-
pUs B 3aBUCUMOCTH OT €r0 YPOBHSI 3HAYNMOCTH, B 3aBUCUMO-
CTH OT KOJIMYECTBa 7 P00 BOJIBI, UCIIOJIb3YEMbIX B IKCIIEPHU-
MEHTe.

16.14. Hekoropble JI0JI TPETEHIYIOT HA YTEHWE MBIC-
JIeil Ha PaCcCTOSIHUM, WX HA3bIBAIOT TejernaramMu. Kax mpa-
BIJIO, TeJIelaThl He HACTAMBAIOT Ha 0E30MIMOO0YHOM YTEHUU
MBICJIell, HO YTBEP2KIAIOT, YTO Yallle YUTAIOT MBICJU BEPHO,
YeM HEBEPHO.

Bam Heo6xoquMo IIpOBEPUTH CIIOCOOHOCTH TeJiernara -
TaTh MbIC/M Ha paccrosgauu. C 3TOU MEJbI0 IPeIaraeTcs
[IPOBECTU TaKOW 3KCIiepuMeHT. Bbl 3ajyMbIBacTe HayIady
mudpy or 0 10 9 (Ipu 3TOM MOYKHO BOCIIOJIB30BATHCS Tab-
Jatieii cirydaiiHbIx ducest) u (pukcupyere pesysbrar. Tesenar
quraeT Barry MbIcsb 1 QUKCHpYET YeTHOCTD (JeTHAsT, HeIeT-
Hast) 3ayMaHHolt Bamu nudpsl, u tak n pas. Ecau addexr
TeJeaTuU B CAMOM JIeJie UMEET MECTO, TO JOJId IIPABUILHO
[IPOYUTAHHBIX YETHBIX U HEUETHBIX UMD OyIaeT OOJIBIION.

Bei ipejiaraere TesienaTy onpeiesinTh 9eTHOCTD 1 IUdP.
IIpu sToM TesenaT mpaBUILHO ONMPEIETUT YeTHOCTD & udp
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u3 N IpeioskeHHbIX. CBHUIETEIBCTBYET JIH 9TO O CIIOCODHO-
CTH TeJIeNaTa YUTATh MBICJH Ha PACCTOSTHUN?

IIpoBepbre TeIEnaTHIECKHIE CIIOCOOHOCTU CBOEI'O TOBapH-
ma. [Ipemioxkure Kpurepuii, ¢ TOMOIIBLIO KOTOPOI'O MOXKHO
OBbLTO OBl OOHAPYKUTH CIOCOOHOCTH TeJernarTa UYNTaTh MbIC-
JII Ha, PACCTOSIHUU.

CdopmynupyiiTe u permTe MOCTABIEHHYIO 381a9y B Tep-
MUHAX IPOBEPKH CTATUCTUIECKUX TUoTe3 (cM. 3aja4y 16.1).
[Tocrpoiite rpaduk GyHKIUN MOIITHOCTH KPUTEPUS.

Uccnenyitre, kak MeHsieTcst PYHKIINAST MOITHOCTA KPHUTe-
pHUs B 3aBUCUMOCTH OT €0 YPOBHS 3HAYMMOCTH, B 3aBUCHMOC-
TH OT KOJUYECTBA 7 IpejaracMbIX IJIsl YTeHUs Iudp.

16.15 (o Oysioukax ¢ m3oMoM). [ocygapcTBEHHBIM
CTaHJIAPTOM yCTAHOBJIEHO, UTO IIPH BBIMEYUKE CIIKUX OyJ10-
qek Ha 1000 mspenmit ok npuxoauTbea 10000 uztomuH
(B cpennem 10 ma oxny 6ys0uky). Y Hac, OJHAKO, MMEIOT-
Csl COMHEHUs, YTO BECh M3IOM MCIIOJIb30BAH 110 HA3HAYTEHUIO
(ero moryiu, 110 KpaiiHell Mepe YaCTUIHO, UCIIOJIb30BATD JIJIst
JIPYTHX TIeJIeit), ¥ Mbl XOTUM IPOBEPHUTH, Tak Jin 310. C 9T0i
[IEJIBIO TTOKYIIaeM OJHY OyJIOUKY U IOACYUTHIBAEM KOJIHYe-
CTBO M3IOMUH B Heil: 0Ka3aJoch, 9T0 B Oynouke &(w) usio-
muH. [Jo kosmmaecTBy &(w) u3IOMUH B OyJI0YKE HEOOXOMIMO
CIeJIaTh BBIBOJ: BECh M3IOM HIET HA BBINEYKY OYI0YEeK WM
OH PACXOJUTCsI U 110 JIPYTUM KaHaIaM (He [IPeLyCMOTPEHHbBIM
CTaHJAPTOM).

Pemurs nocrapierHyio 3aja4dy, cchopMyImpoBaB ee Kak
3a/1a1y IPOBEPKU CTATUCTUIECKUX rUurioTe3 (cm. 3auady 16.1).

[TocrponTs rpaduk QyHKINE MOITHOCTA KPUTEPHUSI.

Wccnenoarsb nosegerne (pyHKIMHA MOITHOCTH KPUTEPUsT
B 3aBUCHMOCTHU OT €r0 YPOBHS 3HAYUMOCTH.

JlaTh 9aCTOTHYIO MHTEPIIPETAINIO MOy YCHHBIM PEe3YJ/Ib-
TaTaM.

Kak nsMmeHsITCsSI BBIBOJIBI, €CJIM M3IOM ITOJCYUTHIBACTCA B
JBYX OyJiouKax?

16.16. MenumuHacKuii mpemapaT TpOXOIUT KOHTPOJIb Ha
TOKCUYIHOCTD 110 METOIUKE, OIUCAHHOI B 3ajade 16.6.

W3BecTHO, UTO BEPOATHOCTD JIETAJIBLHOIO UCXOa TIPU UC-
ITOJIb30BAHUU TOKCUYHOTO IIpertapaTa He menbire 0,6, a ecin
IIpernapaT HeTOKCUYIHBIN, TO BEPOSITHOCTD JIETAJILHOIO NUCXOIA
He mpesocxoauT 0,02.

Moxkuo 1, nabenupoBaB 10 MBI, ¢ BEPOATHOCTHIO
0,999 BBISIBUTH TOKCHYHBII TIperapar (TOKCHYHBII IIperapar
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kyiaccuuIpoBaTh Kak TOKcu4HbIN)? Eciau na, To Kakoa
BEPOSATHOCTH TOI'O, YTO HETOKCUYHBLIN IIPEIapaT BbIIEPIKUAT
KOHTPOJIb (Oy/1eT KiraccuuImpoBal Kak HETOKCUIHbII )7

[Ipemrapar 661 BBesen 10 MbImaM, Tpu 3TOM 3adUKCH-
poBana Tubeb IByX MbIieil. Kako#l BBIBOJ, OTHOCHTEIBHO
TOKCUYIHOCTHU IIperapaTa HeoOXOAUMO CIesIaTh !

Pemutes nocrasiennyio 3ajady, chopMympoBaB ee Kak
3a/1a1y [IPOBEPKH CTATUCTUYECKHUX Tutiores (cM. 3a1ady 16.1).

Kakoe MunnMasbHoOe 9uCJIO MBIIIEH JIOCTATOYHO, YTOOBI
BBISIBUTb TOKCUYHBIN IIpernapar?

Beraucgnts MOIMHOCTD KPUTEPUS.

JlaTh 9aCTOTHYIO MHTEPIIPETAIUIO MOJIYIEHHBIM PE3YJIb-
TaTaM.

16.17. YToOb! BBISICHUTD, sIBsSIETCS Ju 00JIe3Hb NHQEK-
[IMOHHON, OMOJIOT NMPUBUBAET €€ IISITU MBIIIAM U IIOMEIIaeT
UX B OJIHOI KJIeTKe C TPeMs HEIPUBUTHIMU MbIiaMu. FKcim
60J1e3Hb MHMEKITUOHHAS, TO BEPOATHOCTD TOT'O, YTO HEIIPUBU-
Tast MBIITb 3a00JIeeT B T€UEHHE JIBYX HeJlesb, paBHa 0,95; ec-
Jii ke 060J1e3Hb HeMH(MEKITMOHHASI, TO BEPOSITHOCTL TOTO, YTO
HEIPUBUTAasT MBI 3aboseet, paBHa 0,04. Yepes nBe Hemenn
dukcupyercs KOanIecTBO £ HEIIPUBUTHIX MBIIIEH ¢ IpU3Ha-
KaMu OOJIE3HHU.

MozkHo J1u, HADJIOAAsT TPU HEIIPUBUTHIE MBIIIU, C BEPO-
ATHOCTBIO, He MeHbIneit 0,99, BoisiBUTh WHMEKITMOHHOE 3200~
JIEBaHUE U C BEPOSTHOCTHIO, He TipeBbimatornieit 0,05, kinaccu-
dunupoBarTh HeMH@EKIINOHHOE 3a00/IeBaHNe KaK HHQEKIIH-
ounoe? Ecim Her, TO Kakoe MUHHUMAJBHOE JHCJIO HEIPUBU-
TBIX MBI HeOOXOINMO JIJIsT 9TOTO?!

CdopmynupyiiTe n permure MOCTABJIEHHYIO 33129y Kak
3a/1a1y MMPOBEPKHU CTATHCTUIECKUX TUoTe3 (eM. 3aady 16.1).

JlaiiTe 9acTOTHYIO HHTEPIIPETAINIO IOy YeHHBIM PE3YJIb-
TaTaM.

16.18. ImeeM nAThb BHEITHE HEPA3JIUYUMBIX MOHET, Be-
POSITHOCTD BBIMIAJAHNS repba KOTOPBIX COCTABJISIET COOTBET-
crBenno 0,5; 0,6; 0,7; 0,8; 0,9.

Bepem oxnny u3 momer (Kakyio MMEHHO, HEM3BECTHO —
MOHETBI 110 BHEIIHEMY BH/Ly HEPA3IMINMbI) 1 H016pachiBaeM
20 pas. Ilo pesymbpraTam mogdpacbiBaHuil CAeaTh BBIBOI O
CUMMETPUYHOCTH MOHETHI.

CdopmynupyiiTe u peniute MOCTABJIEHHYIO 33/1a9y B Tep-
MUHAX IPOBEPKH CTATUCTUIECKHUX IUoTe3 (cM. 3aja4y 16.1),
BBIOpAB MUIIOTE3Y “MOHETa CUMMETpPUYIHA KaK OCHOBHYIO. [1o0-
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CTPOITEe KpUTEPUl NJIsl IIPOBEPKU TOM I'MIIOTE3Bl C YPOBHEM
saadumMocT « = 0,05.

[TocrpoiiTe rpaduk GYHKIUH MOITHOCTH KPUTEPHSI.

KakoBa BepogTHOCTD 0OHADPYKUTH HECUMMETPUIHYIO MO-
HETY, BEPOSITHOCTDL BBITIaJIeHNsT Tepba KOTOPOH COCTABJISIET
0,6; 0,7; 0,8; 0,97

JlaTh YacTOTHYIO MHTEPIIPETAIUIO IOy I€HHBIM PE3YJib-
TaTaM.

[Iycrs Temepb ypoBeHDb 3HAUUMOCTH U IUCJIO 71 TIO0PACHI-
BaHMII MOHET MBI MOYKEM BbIOMpaTh camu. McciemyiiTe, Kak
MeHsIeTcsT (DYHKIIUS MOITHOCTU KPUTEPHUs B 3aBUCUMOCTH OT
€ro ypOBH?{ 3HAYUMOCTHU, B 3aBUCUMOCTHU OT 7.

16.19 (kxagecTBo mHcekTHUIUAA). Kak crenumascra ¢
MaTeMaTUIeCKo#l moAroroBKoit Bac npuriamator mpoaHaJim-
B3UPOBATh PE3YJIbTAThI UCCJIETOBATEILCKON PabOThI, CBSI3aH-
HOI ¢ MMPOU3BOJACTBOM MHCEKTHUIINI0B. KauecTBO MHCEKTUIIH-
& OIpeIesIsieTCs IPOIEHTOM TOPaYKeHUsT — IIPOIEHTOM II0-
rUOITNX HACEKOMBIX IMOMYJIAINE, 00pabOTAHHOW MHCEKTHUITU-
JgoM. JIydmmnit n3 UMerOMXCst HHCEKTUIINI0OB UMEET IIPOIEHT
nopaxkeaust 92. B maboparopun paspadoral HOBBI HHCEKTH-
uuy, INC. BosHukaer Borpoc: sgBJIsieTcs Jid OH DoJiee Kade-
cTBEeHHBIM? YTOOBI BBISICHUTE 9TO, IIpejlaraercs oopaboTarh
HOBBIM mHCEKTHIIHIOM 100 HACEKOMBIX M IOACYUTATH KOJIU-
9€CTBO BBIKHUBIINX. KCIN KOJTUIECTBO BBIKUBIIUX HACEKO-
MBIX MEHbIIE ompeesiennoro ducia [, to INC kagecrBennee,
B IPOTHUBHOM CJIydae — HeT.

ABTOpBI HOBOTO TIpenapaTa yTBEPXKJIAIOT, YTO IIpernapar
VMeeT MPOIIEHT MMOParkeHus He MEHbIHH 98, u XOTAT, ITOOBI
3TO €r0 CBOMCTBO IIPOABJIATIOCH C BEPOATHOCTBIO, HE MEHbIIEH
0,96. Uncekrunug INC gopoxke, 9eM UMEIONMINICS B IPOJIarKe
[pernapar ¢ IPOIEHTOM IopaxKeHusl 92, U MOKyIaTe/ib, eCTe-
CTBEHHO, OTKa3biBaeTcst mpuobperars INC, ecytu ero mporenT
nopaxkenust 92, 1 HacTaUBaeT, YTOOBI IPU TECTUPOBAHUU WH-
cektuiaa INC, npemapar, IpOLEHT MOpParXKeHUsT KOTOPOI'o
cocraBiisier 92, oOHApPYKUBAJICA C BEPOSTHOCTHIO HE MEHb-
meit 0,95.

Moxkuo su, ucmnosib3oBaB B skcuepumenTe 100 Haceko-
MBIX, CJeJ/IaThb BBIBOJ[ OTHOCHUTEJIBHO KavdeCTBa MHCEKTUIIHIa
INC, obecnieunB mepeunciennbie Boine yciaosus?! Ecan 100
HaCEKOMBIX B 9KCIIEPUMEHTE He JJOCTATOYHO, TO KAKUM JTOJI2K-
HO OBITh MHUHHUMAJIbHOE KOJMYECTBO HACEKOMBIX B I'pYIIIE,
4TOOBI MOYKHO OBLIIO OTBETUTH Ha ITOCTABJIEHHBIH BOIIPOC?
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JlaiiTe oTBET Ha IEPEUUCIEHHBIE BOIIPOCHI, COOPMYIUPO-
BaB IIOCTaBJIEHHYIO 3a/1a9y KaK 33/1ady IMPOBEPKU CTATUCTH-
JeCKuX rumore3 (cM. 3azgady 16.1).

[TocrpouTs rpaduk GyHKINE MOIIHOCTA KPUTEPHUS.

HaTh 9aCTOTHYIO MHTEPIIPETAIUIO IOy IeHHBIM PE3yIb-
TaTaM.

[Iycts Temeph ypoBeHb 3HAYUMOCTU U HHCJIO 71 HACEKO-
MBIX B I'PYIIIIe MBI MOXKeM BbIOnpaTh camu. Mccrmemyiite, kKak
MeHseTcsT (PYHKIINS MOITHOCTH KPUTEPHUsT B 3aBUCUMOCTH OT
€ro ypoBHS 3HAYMMOCTH, B 3aBUCUMOCTHU OT 7.

16.20. Bbl 3aHMMaeTeCh UCCIIEIOBAHUSIME, CBSI3aHHBIMU
C IIPOU3BOJICTBOM MHCEKTHUINIOB. KavuecTBO MHCEKTHUITN/IA OTI-
peJieisieTcss IPOIEHTOM IMOPaYKeHUsI — IPOIEHTOM HACEKO-
MBIX, KOTOPBIE THOHYT OT IIpenapara B UCC/IeIyeMO OIyJIs-
nun. JIydammit 13 IMeIomnuXcsa MHCEKTUIIAOB UMeeT IPOIEHT
nopaxkeaust 90. B yraboparopun moiydeH HOBbI HHCEKTUITNT,
NIP. BozuukaeTr BoOmpoc: SIBJISETCS JIM 9TOT IMperapaT Jyd-
M ?

YT100b! BRISICHUTH, OTJIUYIAIOTCS JIU WHCEKTUIUIBI 110 Ka-
9eCTBY, MOIYJIANMUS U3 N HaceKOMBIX obpabarwiBaercs NIP
¥ TIOJICIMTHIBAETCS KOJIMIECTBO BBIXKMBIIINX HACEKOMBIX. FKc-
JIM X MEHbIIE OIPEJIeJeHHOr0 YUC/a [, TO CIUTAETCI, 9TO
nucekTunn NIP KayecTBeHHEe, B IPOTUBHOM CJIydae — HET.

ABTOpBI HOBOI'O Iperapara yTBEp:KIA0T, I9TO OH HMeeT
[IPOIEHT MOparkeHus He MeHbIuit 99, 1 XoTaT, YTOOBI 3TO €ro
CBOIICTBO IIPOSIBJISIJIOCH C BEPOATHOCTHIO He MeHbIiei (0,98.
Nucexkturmun NIP moposke mMmerommxcst B IpoJaxkKe IIpela-
paToB, U MOKYyIaTe/b, eCTeCTBEHHO, OTKA3BIBAETCSI IIPHOOpe-
tarh NIP, eciim ero mpornenT nopazkenust 90, 1 HacTamBaeT,
q10o0bl nHcekTUNA NIP, IporieHT mnmopaskeHust KOTOPOro pa-
Ber 90, obnapykuBasics ¢ BeposaTHOCThIO 0,95.

Kakumu J0/KHBL GbITH 1 (110 BO3MOXKHOCTH MEHbIIINM )
7 [, 9T00bI MHCEKTHUIIH I, MPOIEHT HopaskeHus Koroporo 90,
obHapyzkuBaJicst ¢ BepoaTHOocTbio 0,95, a MHCEKTHUIIN, TPO-
[IEHT ITOpaXkKeHusI KoToporo 99, KiaaccuuuupoBasics Kak Ta-
KO ¢ BEpOSITHOCTBIO He MeHbIeit uem 0,987

CchopmymupoBaTh U PEIMIUTDH TOCTABJIEHHYIO 3aJ1a9y KaK
3a/1a1y [IPOBEPKH CTATUCTUYECKHUX Tutiores (cM. 3a1ady 16.1).
ITocTpouTs rpaduk GyHKINE MOITHOCTA KPUTEPUI.

JlaTh 9aCTOTHYIO MHTEPIIPETAIUIO IOy I€HHBIM Pe3y/ib-
TaTaM.
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[Iycth Temeph ypoBeHb 3HAYUMOCTU U UHUCJO 713 HACEKO-
MBIX B I'DYIIIe Mbl MOXKeM BbIOUpaTh camu. Vccnemyiite, Kak
MensieTcss (DYHKITUS MOIITHOCTA KPUTEPUsi B 3aBUCUMOCTU OT
€ro ypOBHS 3HAYMMOCTH, B 3aBUCUMOCTHU OT 1.

16.21. Ilyctp B yCcIOBUSX 9KCIEPUMEHTA, OMUCAHHOTO B
zajtavue 16.3, 3navenust pg = 0,98, p; = 0,01.

Kakoe MunumaibHOe KOJHMYIECTBO N CHUMKOB HEOOXO -
MO CJIEJIATh IPU OOCJIEIOBAHUY KAaXKJIOT0 IHAIMEeHTa, YTOObI
[AIMEeHTa C IPU3HaKaMU TyDepKyJie3a MOXKHO ObLIIO BBISBUTD
¢ BeposgTHOCTBIO (0,95, a MAIMeHT, He MMEIOMUl MPU3HAKOB
TyOepKyse3a, BbIICPXKUBAJ [IPOBEPKY HA TYOEPKYyJe3 ¢ Be-
positHocThIO 0,907

Onpenenurs n, cHOPMYJIUPOBAB MTOCTABJIEHHYIO 3aJ1a9y
KaK 33/[a9y IPOBEPKH CTATUCTHICCKUX THIIOTE3 (CM. 3aady
16.1).

JlaTh YaCTOTHYIO MHTEPIPETAIUIO MOy I€HHBIM PE3Y/Ib-
TaTaM.
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IIpoBepka rumores
O mapamerpax

pacnpeaesjieHud [N a:02

Kpurepun /s OpoBepKH THIOTE3 O IapaMeTpax HOp-
MaJILHOI'O PACIPEIEJIeHUs U3 3TOM IVIaBbl IOJYIEHLI Ha OC-
HOBaHUU CJEYIONIEN T€OPEMBI:

Teopema. Ecau § = (&1,&2,...,&,) — 6v60pKa u3 Hop-
Mmanvrozo pacnpedeserua Ny 2, mo ouenku

1< 1 n _
f:ngfz’USQZn_lz(&—g)Q

ABAAIOMCA HE3ABUCUMBIMU CAYHATIHOMU BEAUNUHAMU, TPU-
wem (n — 1)s? /o umeem pacnpedeaenue % ¢ (n — 1) cme-
nenamu c60600v, a & pacnpedenera Ngy.q2 /y,.

Caedcmeue. Ecau & = (£1,82,...,&,) — 6vibopka u3
nopmavhozo pacnpedeserius Ny 2, mo cayuatinas seausumna

E-af

umeem pacnpedesenue Cmwurodenma ¢ n—1 cmenenamu c6o-
600vL.

Ornocurenbuo pacupeenennii x2 u CTbIoJeHTa, CM. Iya-
By 22.

325
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17.1 IIpoBepka rumore3bl a = ag
(Aucniepcusi M3BECTHA)

ITocranoBka 3ama4du. Ilycrs &(w) = (§1(w), &2 (w),. ..
&n(w)) — peanmsanus Boibopku £ = (£1,8,...,&,) U3
HOPMaJILHOTO pachpejieienns ¢ mapamerpamu (a; o2). Iapa-
MeTp a Hem3BecTeH, [ucHepcus o> mspecTHa. OTHOCHTENb-
HO 3HAYEHUSI CPETHEr0 ¢ HOPMAJILHOI'O PAaCUpEeIeHUs Bbl-
Juraercst runoresa Hy: a = ag wim, aro 1o xke, £(w) =
= (&1(w),&(w), ..., n(w)) — peamuzanus Bei6opkn 13 Ny . y2.
Anwrepuarusa Hi x rumoreze Hg MoXKeT OBITH KaK OJTHO-
CTOPOHHSISI: €CJI a4 # ag, TO a > ag (OHA MOXKeT ObITh U
Takoii: a < ap), TAK M JBYCTODOHHSISI: €CJIU G # ag, TO
a > apg Wi a < ap (BbI60p aJIbTE€PHATUBLI OIIPEJeIsieTCsI
paccmarpuBaeMoil 3asadeit). HeobxoqumMo mpoBepuTh ruio-
Te’y Hy: a = ag.

Bpibop cTaTucTHKM JI IIOCTPOEHMWS KPUTEpUs.
Iycrs &1,&2, .-, §n — BbIOOPKa n3 N, .,2. Bre sapucumocrn
OT TOro, BepHa runore3a Hg: a = ag Win HeT, BEIDOPOTHOE
cpejiHee

1 &
fzn;&

ABJISIETCS COCTOSATEJIbHON U HECMEIIIEHHOU OIEHKON napaMeT-
pa a — SBJSETCS XOPOIIUM MIPHUOIMKEHUEM IapaMerpa d.

[Tocsiennee obo3Havaer, 4To yraonerue (£ —a) ouenku & om
NAPAMEMPE A MAAOE — NEAHCUM, 6 MPEJeAAT MOLPEUHOCTNU

ouenusarua' \/M(€ —a)?2 = o/\/n, m. e. ommowenue

9002(5—@)/%

orpemuocTy mpy onEHMBAHNM IAPAMETPOB HEM3GEKHEL, OLIEHOK
rapaMmerpa 0e3 morpemHocTeit He OpiBaer. Ilapamerp a BesmuuHOM £

omeHnBaercs ¢ morpentHocTsio \/ M(€ — a)? = o /y/n.
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asaaemea masvim. Ilosromy ecom runoresa Hy @ a = ag
BEpHA, TO OTHOIIIEHNE

p = 7—010/[ E—a)/%

mastoe. Ecin ke runoresa Hp: a = ap HeBepHa (CKaxKeM,
a > agp), 10 ykaonenue E—ag = (§—a)+(a—ag) oyenru & om
2UNOMETNUNECKO20 3HAMEHUA Gy Napamempa a boavuioe —
CYWECTNEEHHO NPEGHIULALT, NOZPEULHOCTG OUEHUBAHUA T [A/T

napamempa a O’LQEHEO’[Z g, m. €. omHrowerHue
g
_= — Q, —_—

ABAACNCA DONDUUM.
U, cremoBatenbHo, /i mpoBepku runore3bl Hy: a = ag
BBIYUC/IIEM OTHOIIICHUE

o= ( —ao/\f

— eCJId (p MPUHSIIO OOJIbINIOe 3HAYeHne, TO runoredy Hy or-
KJIOHSIEM, B IIPOTUBHOM CJIy4dae — He OTKJIOHSIEM.

Y106 MOKHO OBLIO CYINTh, OOJBIIIOE U MaJioe 3HaUe-
HUe IMPUHAJIO OTHOIIIEHUEe

¢ =( —ao/f

HEeOOXOMMO 3HATH, KAKNE 3HAUEHUSI OHO IMPUHUMAET, KOIJIa
runore3a H( BepHa (KOIjia OTHOIIEHHE © SIBJISIETCS MAJIBIM )
¥ KaKue 3HaYeHUs IPUHIMAET OTHOIIIEHUE (p, KOT/Ia THI0Te3a
Hj neBepHa (Korma OTHOIIEHHE @ siBJsieTCst bosrbimM). Ipy-
CUMU CJIOBaMH, HEOOXOIMMO 3HATH PACIIPEJIESICHUE 0, KOT A
runoreza Hy BepHa 1 Korjia oHa HeBepHa, (U XOTst ObI KOTJIa
runoreza Hy BepHa).
Ecnu runoresa Hgy BepHA, OTHOIIEHUE

SOOZ(E—G)/%
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uMeeT HOpMaJibHOe pactpejieienue ¢ napamerpamu (0;1),
IIOCKOJIBKY & MMeeT HOPMAaJIbHOE PACIIPEIeNICHIE C IIapaMeT-
pamiu (a; 02 /n). OTciofia, B 9aCTHOCTH, CJIe/TyeT, 9TO IPH Bep-
Hoit runoreze Hy oTHOIIEHHE (0, OYIYyIN MAJBIM, ‘TIOYTH BCE-
raa” — ¢ BEpOSATHOCTBIO 1 — 20 — IpUHAJIesKAT IIPOMEKYTKY
(=Na:0:1, Na0:1), tiie Nowo:1 — Bepxumit a-upegiesr No.j-pac-
upesiesiernst (em. puc. 17.1.1, ciesa).

Ecsm runoreza Hy: a = ap HeBepHa (IIyCTh JIUIsT OIpeie-
JIEHHOCTH @ > @), TO OTHOIICHIE

p=(E-aw)/ Z=E-a)) +@-w)/

nMeeT HOPMaJIbHOE paclipejiesienne ¢ aucnepcueit 1 m mare-
MaTUIEeCKUM OYKUIaHUEM

McpzM(—ao/f) a—ao)/%:b>0

(em. pue. 17.1.1, copasa). Orcrofa, B 4aCTHOCTH, CJIEJYET,
qTO0

P {b - Na;O;l < %2 < b+ Na;O;l} =1-2a.

[TosToMy B KadecTBe I'PAHMUIL, OTAEJSIONINX OOJbIINE 3Ha-
YeHUsT OTHOIEHUST (0 OT MAaJbIX, eCTECTBEHHO BHIOPATH JHC-
na —Na.0:1, Na:0;1. 3HAUCHUS OTHOIICHHUA , IPUHAJJIEKa-
e mpoMeRyYTKY (—Na0:1, Na:0:1), Oyaem kmaccudunmpo-
BaTh KaK MaJjble, a He IPUHAIJIEXKAINe — KaK OOJIbIIIHe.
Kpurepunii qis npoBepku rumoresbl Hg: a = ag.

Iyemo &1, &2, ..., 6 — evibopra us N2 ¢ useecmmoti duc-
nepcueti o2, Nao.1 — eeprnuti a-npeden No.1-pacnpedene-
HUA.

FEcau 2unomesy H(] L a = apg OmMKAOHAMb NPU

— g
‘90‘ = ’5 _QOI/% > Na;O;l

U HE OMKAOHAMD 6 MPOMUBHOM CAYHUAE, MO C BEPOATNHOC-
mwio 2a eunomesa Hy 6ydem omxaonamoces, xkoeda ona eep-
Ha.
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ODTHUM KPHUTEPUEM MBI ITOJIB3YEMCsl, IIPOBEPSIST TUIIOTE3Y
Hy: a = ap upotuB aBYyCTOpOHHEN AJBTEPHATHUBBI G < g
unmm a > ag.

Ecim anbrepHaTnBa OJHOCTOPOHHSS, HAIIPUMED, @ > dj,
TO ¢ CPaBHUBAIOT C Nq,0.1: IPH

o= (£~ ao)/% > Najos1

runoresy H( OTKJIOHSIOT, B IPOTUBHOM CiIydae — HeT (ypo-
BEeHb 3HAYMMOCTH ITOI'O OJJHOCTOPOHHEI'O KPUTEPHsI PABEH ().

Sameuanue. Kpurepuit mis npoBepku rumnoressr Hy:
a4 = ap TPOTHB JIBYCTOPOHHEIl aJbTepHATUBBI G # ) Kak
nomuOKecTBO S mpocrpancTBa R™ (ecom &(w) nomagaer
B S, 10 H() OTKJIOHSIETCSI, B IPOTUBHOM CJlydae — HET) HMeeT
BUI:

o
S = {(xl,xg,...,mn) : \f—a0|/ﬁ > Na;o;l},

n
—_ 1 2
rge r = n E ] Tj, 07 — U3BECTHad JUCIIECPCUI.
1=

*—t
~4 V0,1 Noo,1

Puc. 17.1.1: WmocTparust K KPUTEPUIO ITPOBEPKH
runoresbl Hy: a = ag, qucnepcust u3BecTHa (€JIMHUIIBL
[0 OCSIM PA3JIMIHbBIE)
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O6 ommmbkax mepBOTO M BTOPOro poia. Bue 3asucu-
MOCTH OT TOTO, BepHa rumnore3a Hy: a = ag Win HET, OTHO-

IIeHHe oo (o a)/%

umeer pactpejenenne No., 1 Kak cJIeJIcTBUe,

{\f—a!/<Na01}:1—2a.

[TosTomy nipu Bepuoit runorese Hy: a = ag oTHOIIEHUE © =
©0, “nourn Beerga’ (¢ BEPOSITHOCTBIO 1 — 2v) IpUHUMAsT 3HA~
deHnst u3 OKpecTHOCTH (—Na.0:1; Nay0,1) Touxu 0 (cMm. puc.
17.1.1, cieBa, COOTBETCTBYIONINE 3HAUYCHUS Qg ODO3HATCHBI
3BE3/I0YKAMH ), MOXKET, XOTsI U U3PeJIKa (C BEPOSITHOCTBIO 20v),
HPUHATH 3HadeHne BHe OKPecTHOCTH (—Na.0:1; Na:0:1) (cM.
puc. 17.1.1, cieBa, COOTBETCTBYIOIEE 3HAUCHIE ODO3HAUECHO
toukoii). IIpu sToM MbI runioresy H(y OTKJIOHUM U TEM CAMBIM
coBepImM omubKy — ommbKy mnepsoro pojga (Hy OTKJIOHS-
eTCsl, XOTsI OHA BEPHA).
HaJsee, npu HesepHoii runorese Hy: a = ag OTHOLIEHUE

p=E—aw)/ o= Ea)/ Tt a—a) [ o=

—a) / A b,
Vn

“mourn Beerma” (¢ BEPOATHOCTBIO 1 — 2¢v), IpUHUMAasT 3HAMC-
must u3 upoMexkyTka (b — Na:0:1,0 + Nao.1) (em. pue. 17.1.1,
cIpaBa, COOTBETCTBYIOIIME 3HAYECHUST ODO3HAYEHBI 3BE3I0Y-
KaMM), MOXKeT [PHUHATh 3HAYCHUsT U3 [POMEKYTKA
(—Na:0:1; Nao;1) (e puc. 17.1.1, cupaBa, COOTBETCTBYIOLIEE
3HavYeHne 0003HAYEHO TOYKOIT), IPHU 9TOM MbI runoredy Hy
HEe OTKJIOHUM U TeM CaMbIM COBEPIIUM OINMUOKY — OIIMOKY
Broporo poja (Hy He OTKJIOHSIETCsI, XOTsI OHA U HEBEPHA).

Morsocts Kputepusi. Kpurepuii S (kpurnieckoe MHO-
)KeCTBO) OIUCBHIBAETCs CBOEH (pyHKIMel MOITHOCTH

B(0) =P(S|Hp), 6 €O
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(B(0) paBHO BepOSITHOCTH OTKJIOHUTH rumore3sy Hy, Korja
BepHa runoresa Hy, 0 € O).

Kpurnueckoe MHOXKeCTBO S J1JIsT IPOBEPKU TUIOTE3bI Hy:
a = ap 0 mapameTrpe a HOpMaJbLHOTO pactpejenenust N o

(nucnepcust 02 U3BECTHA) IIPHU JIBYCTOPOHHEH a/IbTepPHATHBE
uMeeT BUJ;

S:{($1,x27"' In :l‘—a0|/ aOl}

OyHKIUS MOIITHOCTA KpuTepusi S

B(a) = P (S|Hy) = P{(£1,&,...,&) € S|H,} =
=P {[€ -~ aol /- > Nl Ha | =

- o
= P{|§—a0|/\/ﬁ > Na;O;l}a a &€ Rl,
— 1 n
e § = 5 >~ & Bbrumcsiena o BeIOOpKe &1, &9,...,&, U3
i=1
Ng.»2. [Tonpobuee,

pi@) =1 P {16~ a0l /7= < Mo | =
—1-P {ao—a/\f— 01 < (€ /%
<Go-af ““}
_1—<No;1<ao—a/f+Na;o;1>—
—N0;1<ao—a/\f a;O;l))v
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No.1(s) — 3uadenne GyHKIMT HOPMATLHOIO PACIIPE/IE/ICHHST
¢ mapamerpamu (0; 1) B Touke s € RL.

ITpumep (KOHTPOJIbL MPOYHOCTH HPOBOJIOKH). /[As
CMaAoHOT NPOBONOKU, UOYWET HA U320MOBAEHUE KAHAMOSE,
cpednee npedesvroe 3HAUEHUE PACMAZUBAIOULE20  YCUNUS

donorcno Goumv me menvwum 6720 xz/cm’. Cepua nocaedo-
B8AMEADHO NPOGEIEHHIT HaAOAI0IeHUT NOKA3AAA, WO cpedHee
npedesbHoe PACMAUSAIOULEE YCUAUE, BBLOEPAHCUBAEMOE NPO-
B0A0KOT, MOINCHO CHUMAMD HOPMANGHO PACTPEOCAEHHDIM,

a cmardapmuoe yxaonenue pasHovim 220 %Z/C./\/LQ. C yeavio
KOHMPOAA BEAUNUNHDL NPEIEADHO20 PACTNAZUBAIOULE20 YCUAUS
u3 KaHcdol napmuy npososoKy, nocmynarwel nae 3a600,
nodeepeaemca ucnvimanuto 20 sxzemnaapos. Pesysvmamot
00H020 U3 MAKUT ucnumarut npusederv, Huoce: 6300, 6870,
6720, 6980, 6780, 6780, 6760, 6720, 6630, 6650, 6900,
7130, 6690, 6750, 6560, 6700, 6930, 6720, 6950, 6960.

Mootcro au Ha 0CHOBAHUY IMUT JaHHBLL YMEEPHCIamD,
Ymo 0asa danHoth napmuu nPooasoky cpedree npedesvroe pac-
mazusarouiee ycuaue He menee 6720 7{;2/(:,/\42 7

Pewums 3adany, chopmyasuposas ee 8 MEPMUHGT NPO-
BEPKU CMAMUCTNUMECKUL 2UNOMES:

— 6bIOPAMb HYAEBYIO 2UNOMESY U GALTNEPHAMUBHYIO;

— BBLIACHUMD, 8 YEM COCMOAM OWUOKU NEPBO2O U 8MO-
pozo poda;

— npedaostcumsd Kpumepuli OAf NPOBEPKU HYAEGOT, 2UNO-
meawvi (@ smecme ¢ HuM U YpoGeHsd 3HANUMOCTIUL) ;

— BLINUCAUMD 3HAYEHUA PYHKUUL MOUHOCTIU KPUME-
pua 6 moyurxax 6000 + 504, ¢ = 10,11,...,15;

— BHYUCAUMD BEPOAMHOCTNG 3a0PAKOBAMD NAPMUIO, OAA
KOmMopotl cpedree npedeavroe PacmALUBAIOUWEE YCUAUE PAEHO
6500, 6550, 6600,

— onpedeaumn, KaKum OOANHCHO OBIMb KoAUMECTNEO 00-
PA3U0E O KOHMPOAA, WMOOBL NAPMUA CO CPEIHUM NPpedens-
HbM PACTNAZUBAIOULUM YCUAUEM HA Pa3pois pasHbim 6600 06-
HAPYIHCUBAAACH € sepoamHocmvro 0,99;

— uceaedosamy, kak 6ydem MenAMbCA Kpumepul ¢ u3-
MEHEHUEM T, HIMO USMEHUMCH, €CAU OAA KOHMPOAA 0MOU-
paemcsa 10 obpasuos, 30 06pasy0s;

— damo 4acmomnyo uRMePnPEMaUUI0 NOAYUEHHM pe-
3YALMAMAM.
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Pemenue. B kauecTBe HyseBoil (mpoBepsieMoii) ruro-
Te3bl paccMoTpuM runoresy Hp — BbIOOpKa MOJydeHa u3
Ngy.o2, D€ ap = 6720. Tlockonbky namra 3agava — obnapy-
2KHUTB IIPOBOJIOKY, CPEJIHEE TIPEIe/IbHOE PACTIATHBAIOINIEE YCU-
JIIe Ha PaspBIB KOTOPOil MenbIre 6720 Kr/cM2, To B KadecTse
AJIbTEPHATUBBI OYJIEM PACCMATPUBATH OJIHOCTOPOHHIOK AJIb-
tepuHatuBy Hg,: a < ag. llpu Takom BBIOOpE HYJIEBOW U aJib-
TEePHATUBHON I'MIIOTE3 OIUOKA [IEPBOr0 Pojia OYIeT COCTOATH
B TOM, 9TO IIPOBOJIOKA, CO CPEIHUM IPEJACTbHBIM PACTATUBAIO-
UM yCHJIeM Ha paspbiB B 6720 kr/cM? Gyzer 6paKoBaThCs
— KJAaCCU(PUIMPOBATLCS KaK IIPOBOJIOKA CO CPEJIHUM IIpe-
JIEJILHBIM PACTATMBAIONIAM yCHJIMEM HA Pa3PbIB MEHBIITHM
6720 kr/cm?. OmmGKa BTOPOTO POJIa COCTOUT B TOM, 9TO IPO-
BOJIOKA CO CPEJIHUM IIPEJIEIbHBIM PACTATMBAIONIAM YCHIHEM
Ha pa3pbiB, paBHbIM a (a < 6720), 6yger kiaccudumpo-
BaThCs KaK IIPOBOJIOKA, BBIIEPYKUBAIOIIAST CPETHEE TTIPEIeTh-
HOe ycuame Ha pa3phiB B 6720 Kr/cM? — GyIeT BbIICPKIBATD
KOHTPOJIb.

st nposepku runoresst Hy: a = ag (ag = 6720) nporus
OJIHOCTOPOHHE# asbrepHaTuBbl Hi: @ < ag BOCIOJIB3YEMCS
OJIHOCTOPOHHUM KPUTEPUEM: €CJIH

(g_ aO)/% < _Na;O;lu

To runoredy Hy OTKJIOHsieM, B MPOTUBHOM CJIydae — HET
(YypOBEHBb 3HAYNMOCTH KPUTEPHS PABEH (V).
B paccmarpuBaemoit zagate n = 20, & = 6775,

= 220. Ypopenb 3HaunMOCcTH « BbIOepeM papHbIM (0,05,
mpu 51oM No 05:0.1 = 1,65 (No,05;0,1 — Bepxamit 0,05-1pees
No.1-pacnpesenenus — HaiiieH 1o TabJ. 22.1.1). OrHomuenune

220
)/ 7 = e

=1,13 > —1,65 = —Noy05.0,1-

(6775 — 6720)

_ao

ITosromy na 5 % yposue 3nauumoctu runoresa Hy — cpejmee

IIPeJIeJIbHOE PACTITUBAIOIee yCuane Ha pa3pbiB paBHo 6720

KI‘/CM2 — H€ OTKJIOHAETCH.
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BHavenne GYHKIIUA MOITHOCTU KPUTEPHUSI

S = {(.731,.%2,...,27”) : ((Z‘—ao)/% < _Na;();l}
(17.1.1)
B TOYKE ¢ PABHO
ﬁ(a) = { 7_ ag /\/> < _Noc;O;l Ha} =

220
6720 “Naoq b
{(E ) \/7 ,O,l}

_ n
rae § = %z &, — oleHKa mapamMeTrpa @, IMOJIyueHHas II0

BBIGOPKE §1,&2, . . ., & M3 Ny, p2. TlosTOMy S(a) Moo mepe-
[IACATDH TaK:

B@) =P { (€~ a0) /T < ~Nawa | =
—P{((E-0)~ (@0 - )/ = < ~Naga | -
:P{(f_—a)/\;ﬁ<(ao—a/f am}

= 0 (@0~ )/ = = Vo

WM, yIUTBIBad, 9T0 ag = 6720, 0 = 220, n = 20, Tak:

MQ:Nm<%—a/J am>:

220
= Noa ((6720 — % -1 65)

(No;1(x) — 3Hadenne (yHKIUM HOPMAJIBHOIO PACIIPe/ese-
nus ¢ napamerpamu (0;1) B Touke ).

Buauenust [5(a) GyHKIMUT MOITHOCTH KpuTepust S B HEKO-
TOPBIX TOYKaX IpuBeieHbl B Tabit. 17.1.1. I'padux byrKImn
moruocTr Kpurepust (17.1.1) npusenen Ha puc. 17.1.2.
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Tabnuma 17.1.1

a; 6500 | 6550 | 6600 | 6650 | 6700 | 6720 | 6750
B(ai) | 0,997 | 0,965 | 0,785 | 0,409 | 0,108 | 0,049 | 0,012

BeposiTHOCTD 3a0pakoBaTh nMapTuio (KaaccuduimpoBaTh
KaK HMMEIONIYIO0 CpeliHee IIPeJIe/IbHOEe 3HadeHne Ha Pa3phbIB
MenbItee 6720), mist KOTOPOIl 9TO 3HAYMEHHE HA CAMOM JIeJIe
6500, paBua ((a) = B(6500) = 0,99, s napruit c
a = 6550 u ¢ a = 6600 3T BEPOATHOCTU COOTBETCTBEHHO
pasubl £(6550) = 0,96 u £(6600) = 0,79.

KommmaectBo n 06pasnos, HEOOXOmAMMOE I OOHAPY ZKe-
HUSA ¢ BeposaTHOCTBIO 0,99 mapTum co cpelHuM IpeebHbIM
3HayeHneM Ha pa3pbiB 6600, mmojrygaeM U3 COOTHOIIEHUS

22
B(6600) = No.1 ((6720 6600) / 20, 65) 0,99.

13 mocneanero paBeHCTBA, BOCIIOIBL30BABIINCH TAOIHUIEH HOD-
MAaJIbHOTO pacupezeaenus (cM. tabir. 22.1.1), nmeem:

220
120/ — 1,65 = 2,33.

Orcrona mostydaeM, 9TO HEOOXOJUMBIH 00beM BBIOOPKH CO-
crasiyisieTr n = 54.

1.00+
0.751
0.501

0.251

0.00+1
6500 6550 6600 6650 6700 6750

Puc. 17.1.2: ®ynknus mormuoctn Kpurepust (17.1.1)
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[Tpu usmenenun n (06beMa BEIGOPKH) YPOBEHb 3HAUUMO-
CTH KPUTEPHS HE MEHSETCs, HO MEHSIeTCS MOIHOCTH KPHUTe-
pusi.

Hast n = 10 3HaveHust (GyHKIUH MOITHOCTH KPUTEPHUST S
B HEKOTOPBIX TOYKAX IIPUBeJIeHbI B Tabs1. 17.1.2; a s n = 30
— B Tabs. 17.1.3.

Tabauma 17.1.2

a; 6500 | 6550 | 6600 | 6650 | 6700 | 6720 | 6750
B(ai) | 0,936 | 0,788 | 0,532 | 0,261 | 0,087 | 0,049 | 0,019

Tabauma 17.1.3

a; 6500 | 6550 | 6600 | 6650 | 6700 | 6720 | 6750
B(ai) | 0,999 | 0,996 | 0,910 | 0,534 | 0,125 | 0,049 | 0,008

[TosyuenusiM pe3yabTaTaM MOYKHO JTATh CAEIYIONTYIO Yac-
ToTHY0 uHTEpHperaiuio (st n = 20).

VYposenb 3Haunmoctu « = 0,05 obozHAUYaeT, UTO €cu
IIPOU3BOJINTL KOHTPOJb ¢ orbopom 20 obpasiior, To Ha 100
mapTuii co CpeHUM IIPEJIEILHBIM PACTITUBAIONIUM YCUIUEM

Ha pas3pbiB a = 6720 kr/ v’ B Cpe/IHEM TISTH HapTUil OyIyT
OpPaKOBaTLCA.

Buauenne ((a) = £(6500) = 0,99 dbyHKIMH MOIHOCTH
kputepus B Touke 6500 naTepnperupyercsa Tak. Ha 100 map-
THH CO CPETHUM MPeJeTbHBIM PACTATUBAIONINM YCUJINEM Ha
paspsiB a = 6500 kr/ o’ B cpenneM 99 OyiyT 6paKoOBATHCS.
Awnajiornano mHTepnperupyorcs 3uadenus ((a) B Apyrux
TOYKaX q.

Hanee, xots runoresa Hy: a = 6720 mpoBepsieTcs TPOTUB
aJibTepHATUBBI H1: @ < 6720, MBI MOXKEM BBIYUC/IATDH 3HAYE-
Hre HYHKIUA MOITHOCTA KPUTEpUd U B TOoUKax a > 6720.
Hamnpumep, B Touke a = 6750 3Hadenne pyHKIIUNA MOITHOCTH
B£(6750) = 0,012 (cm. Tabm. 17.1.1). Tlocneanee obozHaua-
eT, 4TOo 1pu BepHOU runorese Hgrsg — cpejee MpejiesibHOe
yCcuame Ha pa3pblB MPOBOJIOKN paBHO 6750, rumoresa Hy c
BepossTHOCTHIO 0,012 Oy/ieT OTKJIOHATHCS, U C BEPOSITHOCTHIO
1 — B(6750) = 0,988 He OyjeT OTKJIOHSITHCS, T. €. HapTHsl
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IIPOBOJIOKU CO CPEJHUM IIPEAECJIbHBIM PACTATABAIONINM YCHU-

2
JImeM Ha paspbiB paBHBIM a = 6750 Kr/cM” OyeT BbLIepKi-
BaTb KOHTPOJL ¢ BeposaTHOcThbio 0,988. Tak uTo mam Kpu-
Tepuit “IIpaBUWJIBHO paboTaer” u IPHU 3HAUEHUSX IapaMeTpa
a > 6720.

17.2 IIpoBepka rumoTre3bl a = ag
(aucnepcusi HEM3BECTHA)

ITocranoBka 3ama4yu. Ilycrs &(w) = (§1(w), &2(w),. ..
én(w)) — peasmsanus Boibopku £ = (&1,&,...,&,) U3
HOPMAJILHOTO pacrpe/ieenns ¢ napamerpamu (a; 02). Ilapa-
MeTphl a u 02 HenmsBecTHbL. OTHOCHTEIBHO 3HAMEHNS HEH3-
BECTHOT'O HaM, HO BIIOJIHE OIIPEJIEJIEHHOTO @, BbIIBUIAeTCsI [~
noresa Hy: a = ag, nim, ato 1o ke, (w) = (§1(w), &2(w), ...
én(w)) — peasmsanus Boibopku £ = (£1,&a,...,&,) U3
ag;02+ AJbTepHaTHBa y runoressbl Hy MoxKeT ObITh Kak OJI-
HOCTOPOHHSISI: €CJIM 4 7# G, TO @ > ag (OHa MOXKET OBITH U
Takoil: @ < @g), TAaK U JIBYCTOPOHHSSI — €CJIU G 7 Gp, TO
a > ap wmm a < ag. Heobxonmmmo mocrpours Kpurepuii st
IPOBEPKH ITON I'MIIOTESBI.

BbiGop craTucTUKM OJIsi IOCTPOEHUs KPUTEpUs.
U3 rex ke coobparKeHWil, 9TO U IPU IIPOBEPKE TUIIOTE3bI
Hy: a = ag, xorja o2 ussectna (cm. maparpad 17.1), ykio-
Henue (£ —ap) omeHKu & mapaMerpa @ OT €ro IUIOTeTUIECKO-
0 3HAYEHUS G( CJIEJI0BAJIO Obl CPABHUBATH C IIOIPEIITHOCTHIO

\/M(€ — a)? = 0/+/n onenuBanus MapaMeTpa @ ONEHKOI &.

Ecau yraonenue (§ — ag) aestcum 6 npedeaax nozpeusnocmu
ouenusarua, 2unomedy Hy: a = ag ne omxaonaem, ecay oice

YKAOHEHUE (f—ag) CYWECMBEHHO NPEBDIWAEIT NO2PEWHOCTD
OUEHUBAHUA, 2UTOTE3Y HO omxaonsem. Ho 31eChb IIoIr'per-

Hocth orenuBanus |/ M(€ —a)? = o/y/n neussecrna. Ilo-

9TOMY MbI OyjieM CpaBHUBATH yKJjoHeHUe (£ — ag) ¢ OLEHKOI
s/4/n morpemuoctu o /+/n, UCIOIBL3yst BMECTO HEU3BECTHO
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JAUCIIEpCUN 0'2 €€ HECMEIIECHHYIO COCTOATE/IbHYIO OIICHKY

n—1
a UMEHHO, €CJIM OTHOIIIEHNE

t= 7—&0

I

[PUHSIO OOJILIIOE 3HAUEeHNe, TUIIoTe3y H(y OTKJIOHSIEM, B IIPO-
THUBHOM CJIy4Yae — HeT.

Ecmm rumoresa H,y BepHa, orHourenune t, KOTOpOE IIPU
9TOM 0003HAYUM HUepe3 t,_1:

th1 = (E_a)/%a

Oyayum MajbiM, uMeeT pactipejeenue CreiofeHTa ¢ n — 1
crereHsiMa  ¢BOOObI. OTCrO/Ia, B YACTHOCTHU, CJIEJIYET, UTO

BHAYEHUSI OTHOIINEHUs 1, 1 “mouTn Bcerga’ — C BEPOSITHOC-
TeIO 1 — 200 — Jslezkar B HpoMeRyTKe (—tain—1,tan—1), TI€
ta:n—1 — BepxHHil a-upejien pacupesenenns CTBIOIEHTa C

n — 1 crenensiMu CBOOOJIBI, 1
Mt = Mt,,_1 = 0.

Ecin ke runoresa Hy: a = ag HeBepHa (IyCTh JJIsi OIpeie-
JIEHHOCTH @ > @), TO OTHOIICHIE

t=( —ao/\f E—a)/%Jr(a—ao)/%:

=tp 1+ a—ap

I

Orcrona, 9acTHOCTH, CJIELyET, ITO

P{(a—ao)/\jﬁ —tan—1 ST < (a—ao)/jﬁ+ta;n—1}
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paBua 1 — 2a.. [losToMy B KadecTBe TPAHUIL, OTIEISAIONINX
MaJible 3HAYEHNsT OTHOMIEHUS § OT OOJIBINNX 3HATEHUI, ecTe-
CTBEHHO BBIOPATH UNCHAA —tain—1, tayn—1. SHAYEHUSA OTHOIIIC-
Hust ¢, OIpUHAJIEXKAIINE IPOMEXKYTKY (—tam—1,tam—1), OYy-
JIeM KJIacCHpUIMPOBATD KaK MaJible, a He IMPUHAJIEIKAIINE
— Kak OoJIbIIIHe.

Kpurepuit CrhiogeHnTa /jiss MPOBEPKU TUIIOTE3BI
Hy: a = ag. Iyecmv § = (§1,&2,...,&,) — 6wbopka u3
Ng:o2, tazn—1 — 6eprrul a-npedea pacnpedenerus Cmwiro-
denma c (n — 1) cmenenamu c60600ui.

Ecau 2unomesy Hy: a = ag omxaonams npu

— s
[t] = [§ — a0l /) —= > tam—1
Vn

U HE OMKAOHAMD 6 NPOMUSHOM CAYHGE, MO C BEPOANHOC-
mwio 2ac eunomesa Hy 6ydem omxaonamoca, koeda ona eep-
Ha.

Ecyin anprepHaTHBa OJIHOCTOPOHHSISI, HAIIPUMED, @ > aQ,
TO { CPABHUBAEM C lq;n—1 @ 1IPU

t= 7—@0 /\/> >toz;n—1

runoresy Hy OTKJIOHsieM, B IPOTUBHOM cjiydae — Her (ypo-
BEHb 3HAYMMOCTH TOTO OJIHOCTOPOHHETO KPUTEPHs DABEH ().

OO0 ommbkax mepBoro u BTOporo poja. Bue 3apucu-
MOCTH OT TOI'O, BEpHa I'Iiore3a HO . = Qo UWJIN HeT, OTHOIIIe-

nue t, 1 = (£ — a) / ﬁ nmeer pacupegenenne CTbIOLEHTa

¢ n — 1 cremensimu cBOOOMBI, U, KAK CJIAEICTBUE, t, 1 “TIOUTH
Beerna’ (¢ BEPOSITHOCTBIO 1 — 2¢v) IPUHUMAET 3HAYCHUS U3
okpecTHOCTH (—tam—1,ta:n—1) Toukn 0. Ho m3penxa (c Be-
POSITHOCTBIO 2(x) OTHOIIEHUE Tty ] MOYKET IPUHATH 3HAYEHUSI
BHE OKPECTHOCTH (—tq-n—1,tan—1). II09TOMY Ipu BEPHOI I'i-
HOTe3epH0: a= ao( OT?igIIIIe’H;g 2 v b

t = — ap /f

MOXKeT (XOTsl U ¢ MaJIoil BEPOSITHOCTBIO) IIPUHSTH “G0JIbII0e”
3HadeHue, T. €. [t| > tq.n—1. [Ipu 3T70M MBI THIOTE3Y H|) OT-
KJIOHHM U T€M CaMbIM COBEPIINM OIMUOKY — OMIMOKY [1epPBOTo
posia (H(y OTKJIOHSIETCsI, XOTsI OHA BEPHA).
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Jlanee, npu nepepuoil runioreze Hy: a = ag yKJIOHEHUE

t= —ao/\f E—a)/% (a—ao)/%:

= tn_1+ (a — ag / NG

[IOYTH BCErJa IPUHUMAs “O0JIbITNe” 3HAYEHUsI, MOYKET IIPHU-
HATH 3HAUEHHE U3 IMPOMEXKYTKA (—lam—1,tam—1), IPH ITOM
MBI TUTIoTe3y H(y He OTKJIOHUM U TeM CaMBbIM COBEPIITNM OTITHO-
Ky — ommbOKy Broporo poja (Hp He OTKJIOHWIM, XOTsI OHA U
HeBepHA).

[Ipumep 17.2.1 (06 3cpdexTe UCIIOTB30BAHUST CIIETIHAI b
HOii cesiikn). C yeavto obnapyocenus sfexma ucnosv3osa-
HUA cneyuarvrot cearku 10 yuacmros semau 3aceanu 06vik-
nogenHoti cearkoli u 10 — cneyuasvroti, a 3amem CpasHU-
AU noayswenmvie yposcau. Cravanra 20 yuacmxos 00unarosot
nAOULA0U ObLAY PA30eseHDbL HA NAPDL, NPUMEM 6 KadHcIYI0 napy
800U CMENCHBIE YuacmKu. Bonpoc o mom, Karxol u3 deyx
CMENCHBLT YUACTNEOS J0ANCEN 0OPALAMBLIBAMBCA CREUYUAND-
HON0 MGUUHOT, PEWAACA NOOOPACHIBAHUEM MOHEDL.

B mabauue npusederv, pasHocmu Yporcaes ¢ nap CMeHc-
HHLL YUACKOS8, 3ACEAHHBLL CNEUUANLHOT CEANKOT U 00DIKHO-
B8EHHOT.

Csudemenvcmeyrom au npusedennve JGHHBIE 0 HAAUNUY
apexma ucnoAb306AHUA CNEUUAADHOT CEANKY, OPYLUMU CAO-
8aMU, Jaem AU UCTLOABIOBAHUE CNEYUAADHOT CEANKY NPUOAG-
KY K Ypoorcaro?

Homep | Pazmocrs || Homep | PasnocTn
mapbl | ypoxaes mapbl | ypoXaes
1 2,4 6 1,6
2 1,0 7 -0,4
3 0,7 8 1,1
4 0,0 9 0,1
5 1,1 10 0,7

Pemenue. B repmMunax npoBepku CTaTUCTUYECKUX I'U-
IoTe3 3Ty 3aJady MOXKHO chopmyanpoBarh Tak. Vmeem 10
HE3aBUCHMBIX HAOJIIONEHUN CJIydailHOil BeamauHbl (CM. Tab-

sty ) — peasmsanuio £ (w), &2(w), . . ., &10(w) BBIOOPKH &1, &2,
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,€10 13 HOpMaJbHOTO pacupejenennsd N

a u O'2 KOTOPOI'o0 HEU3BECTHBI (Hpe,ZLHOJIO}KeHI/Ie O HOPpMaJIb-

HOM pacIIpeieIeHuN Pe3yIbTaTOB U3MEPEHHI B OO/IBITNHCTBE
cilydaeB onpas/ibiBaercsi). OTHOCUTEIBHO apaMeTpa a pac-
npenenenust N, .2 BeiaBuraercsa runoresa Ho: a = 0 (0bm1-
Hast Jiisi pa3pabOTIMKOB HOBOH CesiyIKK). AJIbTEpHATUBA OJI-
HOCTOpOHHsIsT: @ > 0 (crernuasibHas cesiika KOHCTPYUPOBa-
JIaCh JJIsl ITOBBINICHUA ypO}KaﬁHOCTH). OTKHOHQHI/IG TUIIoTe-
31 Hp: a = 0 B nosnb3y ajbrepuaTusbl a > 0 Oyxem Tpak-
TOBATh Kak Hajan4dne 3(pdeKTa UCIOJIH30BAHUS CIEINaIbHON
CesilJIKM, HEOTKJIOHEHNE — KaK OTCyTcTBHE ddeKkTa.

Heobxoaumo mposeputs runoresy Hy. B coorBercTBum ¢
kpurepreMm CTbIOJEHTA [JIsT IIPOBEPKH TUIIOTe3bl Hy: a = ag
[P aJbTEPHATUBE @ > () BBIYUCJIEM OTHOIIEHUE

;02> 1APaMeTPBI

t= —ao

I

Y CPABHUBAEM €rO C lq(;,—1) — BEPXHUM Q-TIPEJEIOM E(,_1)-
pactpenenenusi. Ecan

t: 7—a0/—>tan 1)

runoresy Hy OTKJIOHsieM, B IPOTUBHOM cjiydae — Her (ypo-
BEHb 3HAYMMOCTH KPUTEPUs PABEH ().
B paccmarpuBaemom mpumepe n = 10,

1
Zgi = E(2,4+ 1,0+...4+0,7) = 0,83;

KR Z(@—5>2:;<<2,4—o,83>2+

+(1,0 — 0,83)2 + (0,7 — 0,83)%) = 0,667;

t-&/\/>—083/\/m_322
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Taxkum obpazom,
t_g/f =322>226=t
\/ﬁ ) 9 0,025;9-

ITosromy cornacuo kpurepuio CrbiojgeHTa runoresy Hy:
a = 0 OTKJIOHsIEM B T0JIB3Yy ayibTepHaTuBbl ¢ > 0. Ipyrumu
CJIOBaMU, TUIIOTE3a O TOM, UTO BBIOOPKA IOJIyIEeHa U3 HOP-
MAaJIbHOT'O pacIpeesIeHus CO CPEJIHUM HYJIb, TPOTHBOPEYHT
UMEIONIUMCS JIAHHBIM.

[Tosyuenusiit pe3yabTaT MOXKHO UHTEPIPETUPOBATH TaK.
[IpemmnoioxkerHne 0 TOM, ITO PA3HOCTH YPOXKAEB C yIACTKOB,
3aCeAHHBIX CIEIUAIBLHON CesIIKON U OOBITHON, HECYIIECTBEH-
HO OTKJIOHSETCS OT HYJIS, MPOTHBOPEYUT UMEIOIINMCS JTaH-
HbIM. JIJIs1 cestyikm, MCIo/Ib30BaHue KOTOPOii He j1aeT 3hdek-
Ta, YKJIOHEHUsS PA3HOCTU yPOXKAEB OT HYJIsA, IPUBEJIEHHBIE B
TabJinre, HEBO3MOXKHBI (TOYHEe, BOSMOXKHBI, HO KpaiiHe peji-
K0). Ciie/1oBaTeIbHO, SKCIIEPUMEHT JIA€T OCHOBAHUS yTBED-
KAaTh — 5P}eKT UCHONIB30BAHUS CHEIUAIBLHON CesIIKI Cy-
miecTByer (K pajiocTu ee pa3paboTINKOB).

17.3 IIposepka runoresnl Hy: a; = a,

IlocranoBka 3aga4m cpaBHEHUSI CPEeJHUX OABYX BBI-

Gopox. TTycts £(w) = (€1(w), E2(w), - -+, Enlw)) — peammsa-

st BIOopku £ = (£1,&2,...,&,) U3 pacupeeseHust Nug:o2

u nw) = (Mmw),n2(w),...,nm(w)) — peanusanusi BLIGOP-
K 7 = (11,72, -, Nm) U3 pacupenenenus N, .2, BHIGOPKH
§1,82, ..., & mn1,m2,. .., Ny He3aBucuMbl. Cpeanue ag, a, u

TcTIepenst o (omHa u Ta ¥)Ke jy1s1 06enx BHIOOPOK ) HEU3BECT-
HBI.

OTHocuTeIbHO 3HAYEHHIT ITAPDAMETPOB (¢ U a; BbIIBUTA-
erca runoresa Ho: ag — a, = 0, Wi, 970 TO Ke, BLIOOPKH
& U 1) MOJTyYeHbl U3 OJIHOTO U TOTO K€ HOPMAJIBHOI'O PacIpe-
JeJIeHusd. A.HbTepHaTI/IBa K I'uiiorese MozKeT 6bITb KaK OJI-
HOCTOpOHHEH, Tak u gaBycropouHeii. Heobxomqumo mocTpoutnb
KPUTEpUii [IJIs TPOBEPKHU TUIOTE3BI Hy.

Bpibop cratucTukm O IMOCTPOEHUS KPUTEPUs.
Bne zaBucumocTu or Toro, BepHa runoresa Ho: ag —a, =0



17.3. IIposepka runoressl Hy: ae = ay) 343

Wi HeT, & U 7] — COCTOSITe/IbHBIE U HECMENIEHHbIE OIEHKU
COOTBETCTBEHHO ¢ U Gy, U, CIEN0BATEIbHO, (£ —7]) — cocTo-
ATeJIbHasd 1 HeCMeIlleHHasd OIleHKa Pa3HOCTHU ag —an7 JApyrumn
CJIOBaMU, OleHKa (£ —7]) sIBJISIETCsT XOPOIINM HPUOJIZKEHUEM
pasHocTH (ag — ay). VI3 moceiHero ciieyer, 9To Ipu BepHOl
runorese Hy: ag —ay, = 0 paznocts (£ —7) — (ag —ap) = -7
OpUHUMAET MaJible 3HaAYCHUA — JICZKUT B IIpeesax IMorpemnl-

HOCTH \/M((E —7) — (ag — ay))? = 04/ % + % OlICHUBAHHSI

napamerpa (ag — a,) ouenkoit (£ — 7). Eciu xe rumnoresa

Hy: a¢g — a; = 0 HeBepHa, pasHocts (£ — 1), Oyydn 6/u3KOM
K (¢ — Qy, CyIIECTBEHHO OTINYAeTCs OT Hy/Id — IpPeBbIIaeT
[IOTPEITHOCTD OlleHuBaHusl. 1109TOMY 11T IPOBEPKU TUITOTE-
3b1 Ho: ag — a,; = 0 cieyeT BBIMUCIHTE PAa3HOCTB (& — 7))
1,1
ntm
ecu € —7] JIEKUT B TIpejiesiaX TOIPEITHOCTH OIleHUBAHUST, TU-
noresy Hy He OTKJIOHSIEM, B IPOTUBHOM CJIy4Yae — OTKJIOHS-
eM. A nockosbKy o2 Hem3BecTHa, TO £ —7) Gy/IeM CpABHUBATH

. 1 1 1 1
C ONEHKOM $4/ 7 + 777 HOIPEMIHOCTU 0\/ 77 + 77,
BMECTO 02 €€ HECMEIICHHYIO COCTOATEILHYIO OICHKY

n CpaBHUTH €€ C IOI'PEHTHOCTHIO OICHUBAHUA O

HUCIIOJIb3Ys

1
2 _ 2 2
s _n+m—2((n_1)85+(m_1)8”)’

a IMEHHO, €CJI1 OTHOIICHNE

=€ [ (sy/5+ )

[IPUHSLIO OOJIbIIOE 3HAYEHNE, THI0Te3Y H( OTKJI0HSIEeM, B IIPO-
THUBHOM CJIy4Jae — HeT.

[Ipw BepHoi runore3e Hy orTHOIIEHUE t, KOTOPOE B 3TOM
ciaydae OyjieM 0003HAYATD YePe3 by tm—2:

tngm—2 = (£ =7 (5 1 + 1) )

n m
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OyLyau MaJIbIM, UMeeT pacipeaeenne CThIogeHTa ¢ n+m—2
crenensiMu ¢BoOOabI. OTCroma, B YaCTHOCTHU, CJIELYET, UTO
tntm—2 “moutn Beerma’ (¢ BeposTHOCTBIO 1 — 2¢v) mpuHAI-
JIEZKUT LIPOMEZKYTKY <_ta;n+m—27 ta;n+m—2); r7ie tan+m—2 —
BEPXHUI Q-TIpeJies t-PacIpesesIcHus C 1 + M — 2 CTeICHSIME
CBOOOMIBI, U

Mt = Mt 4m_2 = 0.

Ecmn runoresa Hy: ag — a, = 0 HeBepHa (IIycTh ISt Ompe-
JICTICHHOCTHU ¢ > Gy), TO

= E-m /(52 +2) -

= tyim—a + (ag — ay) (8\ /% + ;) : (17.3.1)

U3 npejcrasienus (17.3.1), B uacTHOCTH, CIIEyeT, YTO

P {t(a& an) —tantm—2 <t < t(ag, an) + toz;n+m—2} =1-2q,

tag, ay) = (ag — ay) (s,/i + 7711) .

ITosToMy B KadecTBe I'paHUIl, OTAESIONINX OOJIbIINE 3HATE-
HHUS OTHOIIEHUS ¢ OT MAaJIbIX, €CTECTBEHHO BLIOPATH YHCIIA
—tan+m—2 1 tantm—2. SHAUEHHs YKJIOHEHH: ¢, IIpUHAJIJIe-
JKaIne IPOMEXKRYTKY (—tain+m—2, tasntm—2), OYyAEM KIaccu-
duinupoBarh Kak MaJjble, B IPOTUBHOM CJIy4ae — KaK 00JIb-
1iuge.

Kpurepuit CrbrogeHTa AJ NPOBEPKU T'MIIOTE3bI
Hy: a¢ = a, (o paBeHCTBe CpPeJHMX HOPMAJIbHBIX
pacnpe/:[eneHI/II/I). Hycm/b gla 527 s agn U MN5125---5Tm —
HE3ABUCUMDBIE BVIOOPKU COOMBEMCMBEHHO U3 pacnpedeseHuli
Nag;a2 uNg, .02, tas(nim—2) — 6eprHul a-npedea t-pacnpede-

rmue

aerud ¢ (n+m — 2) cmenenamu c60600bL.
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Ecau 2unomesy Hy: ag = a, omkaonams npu

- _ n+m
t] = 1§ — 77‘/ S\ T 2 la;(ntm—2)

U HE OMKAOHAMD 8 NPOMUBHOM CAYHAE, MO € BEPOATMHOC-
mw1o 2 eunomesy Hy 6ydem omxaonamo, xoeda ona eepha
(anvmepramusa deycmoponnas: ag < Gy UL Gg > Oy).

Ecau anvmepnamusa 00HoCmopornaa, HANPUMED Qg > Oy,
mo t cpasrusaem ¢ ty;(nim—2)° NPU

n-+m

t= (g - ﬁ)/ S i > ta;(n+m—2)

eunomesy Hy omxaonsem, 6 npomusnom cayuae — nem (ypo-
BEHD BHAMUMOCTIU 0OHOCTNOPOHHER0 KPUMEPUSA PABEH (L).

[Ipumep 17.3.1. Huowce npusederv, darrvie usmeperus
HEPOBHOCTNEY NOBEPTHOCTIU 0OHOT U MOTL JiCe HYUCTMOMDBL 00-
PAbOMKU ¢ NOMOULDIO I8YT J60TUHBIT MUKDOCKONOS.

Muxpockon I: 0,8; 1,9; 3,0; 3,5; 3,8; 2,5; 1,7; 0,9; 1,0; 2,3;
3,3; 3,4.

Muxpocxon II: 1,4; 2,1; 3,1; 3,6; 2,7; 1,7; 1,1; 0,2; 1,6; 2,8;
4,0; 4,7.

Mootcro au cuumamo, 4mo mescdy noKa3aHUAMY NPU-
60po6 Hem CUCMEMaAMUYECK020 Pacrostcoerus?

Pemenue. [lna omnpeneneHHOCTH 000O3HAYUM Uepe3
&1,€9,...,&, NaHHbIe M3MEPEHUN, MOJyIEeHHBIE C MTOMOIIBIO
[IEPBOI'0 MUKPOCKOIIA, Y€PE3 11,12, . - - , Ny — BTOPOTO.

B TepMuHax mpoBepKHU CTATUCTHIECKUX THIIOTE3 ITY 3a-
Jlady MOXKHO chOpMy/IupoBaTh Tak. VMeroTcs peajmsanun
JIBYX HE3aBUCHUMBIX BBIOOPOK &1,&2,...,&, U N1,M2,. .., Mm
COOTBETCTBEHHO u3 pacupefenennit Ny .2 1 Ny, o2 (mpest-
[IOJIOYKEHNE O HOPMAJILHOM PACIIPE/IEJIEHUN PE3YJIbTATOB U3~
MepeHuil B GOJIBIIMHCTBE CIIy9aeB ompasabiBaer cebs). Or-
HOCHTE/ILHO IapaMeTpPOB a¢ U dy BblABUraeTcs runoresa Ho:
ag = a;. DTO runoTe3a 00 OTCYTCTBUM CUCTEMATHIECKOIO
PACXOXKIEHIST MEXK/ 1y TOKa3aHUsIME MpuOOopoB. Anipuopu, ec-
T G¢ 7 Gy, TO MOJKET OBITH KaK Q¢ < @y, TAK U (¢ > Gy;
[IO3TOMY AJIbTEPHATUBA JIBYCTOPOHHsisi. OTKJIOHEHUE TUIIOTe-
361 Hy B 110J1B3Y 9TOi ajIbTePHATUBBI HHTEPIPETUPYETCS KaK
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HaJIMYAE CUCTEMATUYECKOI'O PACXOXKJIEHUS MOKA3aHUU MpPU-
60pOB, HEOTKJIOHEHWE — KaK OTCYTCTBUE PACXOXKICHUN IT0-
Ka3aHUM.

Cornacao kpurepuio CTbIOAEHTa /I IIPOBEPKU TUIIOTE-
31 Hy: Gg¢ = Qy TPU JIBYyCTOPOHHEN ajibTepHaTuBE a¢ < Uy
U Q¢ > Qp HEOOXOINMO CPaBHUTH OTHOIIEHUE

-1/ (fE2)

C tay(ntm—2) — BEPXHUM Q-TIPEIEJIOM ¢y 41— 2)-PACIPEIETIEHNUSL.

Ecan
- _ In+m
|t| = |€ - U‘/(S nm ) > ta;(n+m—2)’

runoresy Hy OTKJIOHsieM, B IPOTUBHOM cJiydae — Her (ypo-
BEHb 3HAYMMOCTU KPUTEPHs 201).
B paccmarpuBaemom nipumepe n = 12, m = 12,

E: (08+19+ .+ 3,4) = 2,34;
1
M= (LA+21+.. +47) =242
1 < _ 1 &
s =3 D (&8 st = = > (=)
=1 =1
P L (= 1)s 4+ (m—1)s,2) = 1,44;
n+m-—2 K R
n—+m
t =& - n\/(\/ >=
1,44(12 + 12)
92,42 — 2 4/ iz 1y =016
= 34 (12-12) 0,16
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Suagenne
‘t‘ =0,16 < 2,074 = t07025;22.

[Tosromy cornacuo kpureputo CrerojienTa runoresy Hg o pa-
BEHCTBE (¢ = () Ha D %-M ypOBHE 3HAUUMOCTH HE OTKJIOHS-
eM.

DTOT Pe3yabTAT MOYKHO TPAKTOBATHL Tak. lIpemmosroxe-
Hue 006 OTCYTCTBUU CHUCTEMATHIECKOTO PACXOXKICHUS MEXK LY
[MOKA3aHUSIMUA MUKPOCKOIIOB HE IIPOTUBOPEYUT IKCIIEPUMEH-
TaJbHBIM JIAHHBIM. Takue MOKa3aHUs BIIOJHE MOTJIA OBITH
[OJTyIeHbI IpU paboTe ¢ OHUM U TeM ke npubdopom. Ipy-
PUMHU CJIOBaMU, 3KCIIEPUMEHT He JlaeT OCHOBAHUI T'OBOPHUTH
O CYIIECTBOBAHUM CHCTEMATHYECKOTO PACXOXKJIEHUST MEXKLY
[MOKA3aHUSIMUA MUKDPOCKOIIOB.

17.4 IIpoBepka rumore3bl
Hy: 0?/02 =1

ITocranoBka 3amauu. Ilycrs (w) = (& (w), & (w),. ..

.+ &n(w)) — peammsarnus Beibopru £ = (&1,&2,...,&,) u3
Ng.o2. Tlapamerpor a u 02 menspecTHb. OTHOCHTEIHHO 3HA-

YCHHUA IMTapaMeTpa 0'2 BbI/IBUT'a€TCd T'UIIOTE3a

Hy: o0/} = 1.

Anbrepnarusa x runorese Ho: 02/02 = 1 MoxkeT GBITH Kak
ofHOCTOpOHHeit: ecn 02 /0f # 1, o 0?/03 > 1 (oma Mo-
KeT ObITh U Takoii: 02 /03 < 1), Tak u JByCTOpOHHE: ecyn
0?/o3 # 1, 10 0?/0d > 1 wm o?/of < 1. Anvrepuarusa B
KazK/I0fi 3a/1a9€e CBOSI.
Heobxomnmo 1o peammsain §(w) = (&1 (w), & (w),. ..
. 7§n(w)) BbI6OpKH 5 = (517 527 s aén) us Na;02 npuiitn K
BBIBOJLY: OTKJIOHATH rutioresy Hy nin Her.
BbiGop craTucTHMKM AJisi [IOCTPOEHUs] KPUTEPUs.
Heszasucumo ot Toro, sepua rurnoresa Hy: 02/os = 1 wm

HET,
n

2= 1 D (& -9)?

n—1
i=1
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ABJIACTCH HECMEIIIEHHON U COCTOATEJILHON OIEHKON ImapaMeT-
pa 0% — aBnsercs XOPOIIUM ITPUOJIMAKEHIEM ITapaMeTpa 02,
T. €. oTHOWIEHHE 52 /0% Maso yKyIoHseTcs ot 1. Tak 4ro ecm
runoresa Hy: 02/03 = 1 sepna, ornomenne s?/o3 = s%/0?
MaJio ykionsercst or 1, ecam ke rumnoresa Ho: o2/o3 = 1
HEBEpHA, OTHOIICHHE 52 /08 VKJIOHsIETCSI OT 1 CyIIIeCTBEHHO.
ITosToMmy, poBepsist rutiore3y Ho: o2 / (7(2) = 1, ee citeayer oT-
KJIOHSTh, €CJI OTHOTIeHue 52/ 03 [IPUHSIIO 3HAYEHUE, CyIIe-
CTBEHHO YKJOHSIONMEeecd OT 1, M He OTKJIOHSTH B ITPOTUBHOM
clydae.

['pauIpl, OT/IEJIAIONNe 3HAYCHUs $°/03, CYIIECTBEHHO
yKjoHsionmuecss ot 1, or sHauenmit s2/03, mMano (momycru-
MO) YKJIOHSIIOIIUXCSL OT 1, yCTAHABJIMBAIOTCS Ha OCHOBAHUU

Toro, uro jst Boibopku £ = (&1,&2,...,&,) U3 pacupejee-
nust N 2 ciydaiinas Beuauna
(n —1)s%/c?

nMeeT pactpesenenue X2 ¢ (n — 1) crenensvu cBo6oas (OT-

HOCHUTEJIbHO paclpeae/IeHns X2 cM. TIL. 22).
2
B .0 _
Kpurepuit nns npoBepku runoresnbr Hy: o2 = 1.

0
Hyemv € = (£1,82,...,8n) — suibopra us Ny y2, X%;(nfl) —
seprrutll B-npeden X%nfl)-pacnpeﬁeﬂenu‘ﬂ.

Ecau zunomesy Hy: o /08 =1 omxaoHamsd npu

s 1, 1
727 (qua);(nl)v n_lxa;ml))

U He OMKAOHAMD 6 NPOMUBHOM CAYHAE, MO € BEPOATNHOC-
mwi1o 2a eunomesy Hy 6ydem omxaonamo, xozda ona eepha

(anvmepnamusa deycmopornas: o Jog < 1 uaua?/od > 1).
Ecau  anvmepramuea  00HOCMOPONHAA, — HANPUMED

0?/o2 > 1, mo npu
s 1

2

2
37 =1 Xanm)

2unomesy H() OMEAOHAEM, 68 NPOMUBHOM CAYHAE — HEM, (ypo—
6EHD 3HAYUMOCTNU OaHOCTI”LOpOHH€20 Kpumepus paceH Oé).
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17.5 IIpoBepka rumnore3nl Hy: ag / 0'127 =1

ITocranoBka 3ama4yu. Ilycts &(w) = (§1(w), &2(w),. ..

. 7§n(w)) u n(w) = (nl(w)7 772(00)7 sy nm(w)) — peasnsa-
[[UY HE3aBUCUMBIX BBIOOPOK & = (&1,&2,...,&,) un = (N1, M2,
., Mlm) COOTBETCTBEHHO u3 pacupesesnennii N agio? 1 N

,2] HOPMAJIbHBIX PacIpe/leIeHU
Hen3BeCcTHBI. OTHOCUTEIBHO 3HAYEHU Ug u 072] BBIJIBUTAETCS
TUAIIOTE3a

2.
an;og

2
[Tapamerpsl ag, ay, oz 1o

Hy: 02/0727 =1

WJId, 9To TO XKe, BhIbopku § = (£1,&2, ..., &) un = (n1,m2, . ..
.y Mm) TIOJIyYEHBI U3 HOPMAJbLHBIX DPaclpelesieHuil ¢ oji-
HOI U To# ke mucriepcueil. AnprepHaTuBa K rumnorese Hy:
crg / 072] = 1 MozKeT ObITH KaK OJHOCTOPOHHEI: ecjiu ag / 0727 # 1,
2/ 2 . W)
T0 0¢/0, > 1 (ona moxer ObiThb u Takoit: of /o, < 1),
TaK W JBYCTOPOHHEN: ecyiu 02 /03] # 1, 10 02 / U% < 1 mm
O'g / 0727 > 1. Beibop a/ibTepHaTUBBI OIPEIEISIETCsT TTOCTABICH-
HOIT 3aJIaveil.
Heobxomumo mo peanusanusiM BbIOOpoK & = (&1,&2,. ..
&) mn = (n,m2,...,Mm) U3 pacupejieseHuit Nag;ag u
N, ;02 COOTBETCTBEHHO NPUITH K BBIBOAY: OTK/IOHATE THIIO-
n
te3y Hy min mer.
BpIi6op cTaTUCTHUKM JIS IIOCTPOEHUS KPUTEPUS.

Hezasucumo ot toro, Bepua rumoresa Hy: O’?/O’% = 1 wim
HET,

ABJIAIOTCA HECMEIIECHHBIMU 1 COCTOATEJIbHBIMI OEHKaMM CO-
OTBETCTBEHHO IIapaMeTpPOB O'g n 0'727 — ABJIAIOTCs XOPOHIIUMU

IPUOJINKEHUSIMY J1J15T Ug n 0727, a, CJIeJIoBaTeJIbHO, OTHOLICHUE
sg / s% ABJIAETCSA XOPOIINM IIPUOJINKEHIEM 171 ag / a% — MaJIo

YKJIOHSAETCH OT O'g / O‘%. Tak uro ecu runoresa Hy: O'g / 072] =1
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BEpHA, OTHOIIIEHHE sg / 3727 MAaJIO YKJIOHSIETCS OT 1, & eCJTH TUTIo-
Tesa Hy: 02 / 072, = 1 HeBepHA, OTHOIIEHUE sg / 3727 YKJIOHSIETCST
oT 1 CyIecTBEHHO.

[Tosromy, poBepsist runioresy Hy: ag /a% = 1, ee caemy-
€T OTKJIOHSITH, €CJIH OTHOIIEHUE sg /3727 MPUHSIO 3HAYCHUE,

CYIIECTBEHHO YKJIOHAIOIIECECA OT 1, 1 He OTKJIOHATH B IIPO-
THUBHOM CJIy4ae.

['panurnipr, oTpesstoniue 3HAYCHUS sg / s%, CYIIECTBEHHO
oTMYaoIecs or 1, oT 3HaYEHUI sg/s%, OTTHIAFOIITAXCST
or 1 majo (JOmycTUMO), yCTAHABJIMBAIOTCS HA OCHOBAHUM
TOro, 9TO IPHU Jg / 0727 = 1 ciayyaiinas BeJMYUHA sg / s% Me-
er F-pacupenenenne ¢ (n — 1,m — 1) crenensimu cBoOOJIBI
(ornocuresnsHo F-pacipesesnenust cM. rit. 22).

Kpurepwmit nas npoBepku runoressl Hy: O'g / 0'127 =1.
Hyemov €1,&9,...,&n U 1,72, -, — HE3ABUCUMDLE Bl
bopku coomeemcmeenHo U3 pacnpedeseHuti Nag;ag U Nan;g%,
Fg.s.,. — seprnuti B-npeden F'-pacnpedeserus c s,k cmene-
HAMU 8060001

Ecau 2unomesy Hy: O'g / 0,2] =1 omxaonamo npu

52 1
3
¢( 7Fa;n—1;m—1>
52 7 \Fasm-nysn—yy” 707V

U He OMKAOHAMD 6 NPOMUBHOM CAYUAE, MO C BEPOAMHO-
cmwio 2a eunomesy Hy 6ydem omxaonams, xoeda ona epha
(amum Kpumepuem noav3yemcs, ecau aAbMepHamuea J6y-
. 272 2/ 2

cmoponnan: og /oy < 1 uau of fo; > 1).

Ecau  asvmepuamusa  00HOCTMOPOHHAA,  HANPUMED

2.2

og/oy, > 1, mo npu

eunomesy Hy 6ydem omxAoHAMD, 6 NPOMUEHOM CAYHAE —
nem (Yposers 3HAMUMOCTIU 9M020 0OHOCTOPOHHEZO KpUme-
PuA Paser o).
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IIpumep 17.5.1. Onpedeasemcs npedea npournocmu Ha
paspwvie mamepuaira wa dsyx cmendax A u B. Iloayuenovr ma-
Kue 6ulb0pKY, 3HAUEHUT NPEJEAt NPOUHOCTIU HA PA3PYLE.

Cmend A: 1,32; 1,35; 1,32; 1,35; 1,30; 1,30; 1,37; 1,31;
1,39; 1,39.

Cmend B: 1,35; 1,31; 1,31; 1,41; 1,39; 1,37; 1,32; 1,34.

Boachums, MOHCHO AU CHUMAMDb, 4IMO MOYHOCMS U3-
MepeHutl npedesa npouHocu Ha pas3pue Ha cmendar A u B
oduraxosa.

Pemenue. B repmunax nmpoBepku CTaTUCTUYECKUX T'U-
[I0Te3 ITY 33129y MOXKHO chopMyIupoBaTh Tak. Mmeem maBe
pean3aIii He3aBUCUMBIX BEIOOPOK U3 HOPMAJIBHBIX PaCIpe-

nenennit N, co? 1 Nan;J% (IycTh JJIs OUpPEJEeSIeHHOCTH § =
(&1,&2,...,&,) — BBIOODKA, HOJIy4eHHast Ha crTeHje A, 1 =
(m,n2,...,Mm) — Ha crerge B). OTHOCHTEILHO HEM3BECT-

HBIX ITapaMeTpOB O'g u 0'127 BbIJIBUT'a€TCd TUIIOTE3a H()Z 02/0'72] ==
= 1 (310 runoresa 06 OJAMHAKOBOI TOYHOCTH U3MEPEHUI HA
crengax A u B). AnbrepHaTHBA JBYCTOPOHHSS: Ug / 0727 <1
§78) 011 ag / 072, > 1, IOCKOJIbKY HET HUKAKOW alpuopHoOil nHMOP-

Mallli OTHOCUTEILHO TOYHOCTU paboThl crenioB A u B. O1-
KJIOHEHWE TUTIOTe3bl H(y B MTOJIb3Y 9TOH a/IbTePHATUBLI OyIeM
MHTEPIPETUPOBATDL KaK HAJIUINE OTJNINA B TOYHOCTH M3MeE-
peHnii Ha CTEeH/aX, HEOTKJIOHEHHE — KaK OTCYTCTBHE OTJIH-
quif.

CorytacHO KpUTEPUIO JIJIsl IIPOBEPKU T'UIIOTE3bI

Hy: O’?/O’% =1

[IpU JBYCTOPOHHEN ajbrepHaTuBe runorely Hy oTKIIOHsIEM,

eCJIn )
7% 7Fa;n—1;m—1) )
527 \Fam-tya-py 07

¥ HE OTKJIOHsIEM B POTHBHOM CJIy1ae.
B mpumepe n = 10; m = 8; £ = 1,34; = 1,35;

n

d (G -9*=122-10""

=1

1
n—1

2 _
sg =
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1 m
2 _ N2 104
Sy = 1 ]E_l(m 7)) =14,0-107%

2 —4
S 12,2 - 10
= T = 08T
55 14,0 - 10—
Fa;(n—l);(m—l) = FO,01;9;7 =6,72;
1 B 1
Foym-1);n-1) 5,61

=0,18.

Suadenne sg / 3727 [IPUHAJJICXKUT IIPOMEXKYTKY

1
— Fatn—1);(m—1 > = (0,18; 6,72),
(Fa;(m—l);(n—l) (=i )

mosToMy runore3sy Hy: ag / a% = 1 ma 2%-M ypoBHe 3HAYN-
MOCTH HE OTKJIOHSIEM.

DTOT Pe3yJIbTAT MOXKHO HHTEPIPETUPOBATH Tak. lIpes-
noJsiozkenue (rumnoresa), 4ro creHbl A u B UMeroT oJnHaKO-
BYIO TOYHOCTb U3MEPEHUN IIpejiesia IPOYHOCTH Ha Pa3phlB, HE
[POTUBOPEYUT IKCIIEPUMEHTAIbHBIM JaHHbIM. (Takue jan-
HbIe BITOJIHE MOTJIA OBITH TIOJYYEHBI TPU paboTe Ha OJHOM U
TOM 2Ke cTenje.) IpyruMu ciioBamu, S5KCIEPUMEHT HE JaeT
OCHOBaHUIl yTBEPKIATH, ITO TOUYHOCTH U3MEPEHUII MIPEIesia
IPOYHOCTH Ha Pa3pbiB Ha cTeHjax A u B paznudna.

17.6 3Bagaun

A3:17.1,17.6,17.8,17.15.
C3:17.4,17.9,17.14,17.33.

Jlajee, ecau 3TO HE OTOBOPEHO CIEIUAIBLHO, MbI OyJieM
[IpeJIIIoJIararb, 9TO PE3yJIbTAThI U3MEPEHUIl SIBJISIOTCS BbI-
6opKaMu W3 HOPMAJBbHBIX pacupemeneHuii. B 6oabmmHcTBE
CJIy9a€eB 9TO IPEJIITIOJIOKEHNE OIIPAB/ILIBAET Ce0s B OIIBITE.

17.1. B Teuenue jeTHUX KAHUKYJI rpymnna u3 10 y4eHIKOB
HaXOUJIaCh B CIIOPTUBHOM Jarepe. B Havasie cezona u nociie



17.6. 3amaun 353

ero 3aBepIleHns] y HUX U3MePsLICs 00'beM JIETKUX (B MUJLIH-
surpax). ITo pesysnbraram u3mMepeHuii HEOOGXOIUMO CJIEJIATH
BBIBOJI, CYIIECTBEHHO JIM U3MEHUJICS 3TOT IOKA3aTesb II0JL
BJIUSIHUEM WHTEHCUBHBIX (DUBUYUECKUX yIIPAYKHEHUN.

O6beM JIETKUX O6beM JIETKIX
VYue- | B nma- ITocie Yue- | B na- ITocue
HUK qaJie OKOHYAHUS HUK JaJjie OKOHYAHUSA
Cce30Ha, ce30Ha, Ce30Ha Ce30Ha
1 3400 3800 6 3100 3200
2 3600 3700 7 3200 3200
3 3000 3300 8 3400 3300
4 3500 3600 9 3200 3500
5 2900 3100 10 3400 3600

17.2. C 11e/1bI0 CpaBHEHHUsI OTPAXKATEIBHON CIIOCOOHOCTI
JBYX BUJIOB Kpacku (A u B) 1poBesu CJiejiyoluil SKCIep-
MeHT: u3 10 BBIOpaHHBIX HayJady ITPOOHBIX OOPA3IOB IATH
IIOKPACUJIN OJHON KPacCKOIi, OCTajlbHble — APYIOi U U3Mepu-
JII UX OTPAKATETBHYIO CIIOCOOHOCTD € ITOMOIIBIO OIITHYECKO-
ro npubopa. [lomyauau cieyroriue pe3yabTaTh.

Kpacka A: 195; 150; 205; 120; 160.

Kpacka B: 200; 115; 220; 185; 170.

CBuIeTe/IbCTBYIOT JIM 9TH JIAHHBIE O PA3JIUINN OTParKa-
TeJIBHBIX CIIOCOOHOCTEH Kpacok?

17.3. OguH U3 METOJI0OB KOJIUYECTBEHHOI'O aHAIN3a CTe-
[IEHU M3HOCA, MUHBI COCTOUT B U3MEPEHUU IJTyOUHDbI IIPOHUK-
HOBEHHA IIyna’ B OIpee/IeHHOM MecTe muHbl VMeercs mo-
JIO3PEeHHe, YTO 3HAYUTEbHAS YACTb JUCIEPCUH U3MEPEHUit
CBsi3aHA C JIEHCTBUSMHU KOHTPOJIEPOB. UTOOBI BBIJIE/IUTH U3
obrieit Tucriepcuy M3MEPEHnt yKa3aHHyI0 YacTh, IBYM KOH-
rposiepam (X u Y') npemioxkuau nposectu 110 12 usmepenuii
B OJHO# U TOI ke Touke muHLI. [lomyunim ciemyromnue pe-
3yJIbTATHI.

KonTposep X: 121; 121; 126; 130; 127; 131; 127; 124;
125; 119; 126; 123.

Kontposep Y: 120; 129; 128; 136; 117; 138; 124; 119; 136;
136; 134; 132.

Cy1IecTBEHHO JIX OTJIMYAI0TCS IUCIIEPCUU U3MEPEHUI, Ipo-
BeJIEHHBIX KOHTpoJiepamu X n Y 7!

231ech Iyl — TOHKAsI IIPOJOJrOBATAS METAJLIMIECKAs! [LIACTHHKA,
MIPSIMOYTOJTBHOM (POPMBIL.
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17.4. B mporiecce IpON3BOICTBA SJTEKTPUIECKHIE CIeTUN-
KU C BPAIAIONINMCS JIMCKOM OBLIM OTPErYJINPOBAHDI TAK, YTO
X paboTa cTaia CAHXPOHHOM ¢ paboToi CTaHIAPTHOIO CIeT-
qrka (pabora cYeTdYnKa XapaKTepPU3yeTcsi IOCTOSTHHON, paB-
noit 1,000). IIpoBepka 10 cHYeTYHKOB, COCTOSAIIAS B OLPEIC-
JICHUW WX TIOCTOSHHOM € TIOMOITBIO TOYHBIX BaTTMETPOB U
CEKYHJIOMEPOB, MTOKa3aJja CIeIyIoNue Pe3yIbTaThl:

Howmep 3uadvenue Howmep 3uauenne
CYETUYUKA | IMOCTOSHHON CYETYNKA | IMOCTOSHHOM
1 0,983 6 0,988
2 1,002 7 0,994
3 0,998 8 0,991
4 0,996 9 1,005
5 1,003 10 0,986

Mo>KHO Ji OTKJIOHEHUsI OT CTaHJapTa PacCMaTPUBATH
KaK CJIy4daiiHble WJIM, HAIIPDOTUB, PE3YJIbTAThl YKA3bIBAIOT Ha
TO, 9TO IOCTOAHHAA OTPETYJINPOBAHHBIX CIETIYNKOB CUCTEMa-
THUIECKU YKJIOHSIETCS OT IOCTOSIHHON CTAHIAPTHOIO CIETIHU-
Ka?’

JlaTh oTBeT Ha ITOT BOIPOC, IIPOBEPUB I'UIIOTE3Y O TOM,
aro 10 uzmepeHuii 06pa3yroT BEIOOPKY, MOy IeHHYIO U3 HOD-
MaJIbHOT'O paciipeiesienus: co cpeauuMm 1,000.

17.5. C nesbio cpaBrenus apyx copros craiu (I u II) na
CITOCOOHOCTD K TVIYOOKOMY OTIYCKY U3TOTOBUJIM IO CEMb 00-
Pa3IoB 13 KaxKJI0r0 COPTa U MCIBITAIN UX IO METOIY JPUK-
COHA, COIJIACHO KOTOPOMY B oOpaszel] BIABIUBAETCsI KOHYC C
[IAPOBBIM HAKOHEYHUKOM. [ JIyOMHY TPOHUKHOBEHUS IIIAPUKA
U3MEPAIOT B MILINMETpax. Pe3y/bTaThl UCHBITAHUN TTpUBE-
JEHbI HUZKe.

Cranbs copra I: 10,85; 10,24; 10,48; 10,35; 11,07; 9,54;
11,18.

Cramnb copra II: 11,05; 10,07; 10,03; 10,57; 10,27; 9,97
9,92.

Mo2kHO JTu cUuTaTh, YTO 008 COPTA CTAJIU UMEIOT OJIMHA-
KOBYIO CITOCOOHOCTD K TJIyOOKOMY OTIIYCKY ?

Pemuts mocrasiennyio 3ajady, chopMymupoBaB ee Kak
3a/a4qy IPOBEPKN CTATUCTUIECKUX TUIIOTES.

17.6. Macca ymakoBKH C HaTypPaJbHBIM KpaCHTEJIEM
JIOJIPKHA COCTABAATh D0 KI, a JUCIHEPCUS MACCHI yIIAKOBKHU
He joszKkHa npesbimars 0,01 kr?. Basemusanne 10 ymaxo-
BOK JaJ10 cJieaytomnue pe3yibrarer: 50,105 50,07; 49,93; 49,81;
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49,70; 49,76; 50,08; 50,18; 49,79; 51,02 (Mmacca B Kuiorpam-
Max).

CBuUIeTe/IbCTBYIOT JIU IPUBEIEHHBIE TAHHBIE O TOM, 9TO
yKa3aHHbIe TPeOOBAHUS

1° K Macce yIIaKOBKH BBITIOJTHAIOTCS;

2° K JINCITEPCUM MACChl YIIAKOBKH BBITIOJIHSIIOTCS !

17.7. IlpuBeaeHubie HUYXKE TAHHBIE XaPAKTEPU3YIOT TBEP-
J10cTh 14 00pas3IoB CcijIaBa B YCJIOBHBIX enuaUax: 12,1; 13,7;
11,0; 11,6; 11,9; 13,4; 12,2; 12,5; 11,9; 11,5; 12,9; 13,0; 10,5;
11,7.

[Tpeamooykum, 9T0 TBEPAOCTD CILJIABA PACIPEIeIeHa HOP-
MaJIbHO. MOXKHO JIM CIMTATh, 9TO CPEIHEE  HOPMAJJIHLHOIO
pacripejiesienusi pasuo 12,07

17.8. VccnemoBanach BO3MOXKHOCTH CHUXKEHUST 3aTPAT
Ha pa3BeIKy 3aJjierkeil 30710Ta Ha OTHOM U3 YIaCTKOB PACCHIII-
HOro mMectopoxkjaeHusi. C 3TOH Ie/IbI0 BMECTO YacTh 3alljia-
HUPOBAHHBIX JJIsI 3aKJIAIKU IIyPQOB POy PUIN CKBaXKUHDI
YJIAPHO-KAHATHOTrO OypeHust (3aTparbl Ha OypeHue MeHbIIIE).
Tlostyunin Takue pe3y/IbTaThl UCCACTOBAHUN HA COJEPXKAHUEC
30J10Ta B 00pas3nax mopoj u3 mypdoB U CKBaxKuH (cojeprka-
HIE 30JI0Ta B MIJIJIUIPAMMAX HA KyOUUIeCKUil MeTp MOPOJIbI ).

Cxpaxkunsl: 322; 250; 225; 315; 399; 348; 192; 375; 381;
538; 198; 317; 293.

Iypdwr: 478; 299; 541; 457; 251; 221; 548; 431; 397; 462;
457; 251; 221; 548.

MOXKHO JI CIUTATh, YTO PE3yJIbTAThI UCCIEI0BAHUN 00-
Pa3IoB Ha cojepKaHWe 30J10Ta U3 CKBAXKWH U U3 TIypdoB
OTJIMIAIOTCST HECYIIIECTBEHHO?!

17.9. Ha cranke-aBTOMaTe MPOU3BOIUTCS OJUH B IIPO-
ayknuu. Kputudeckum pa3zMepoM u3Jesnil sBiIsieTCs BHeI-
unit nuamerp. Ilocne mactpoiiku cramka orobpasu 20 u3-
nenuii. [Ipum 3TOM OKa3a/0Ch, YTO BBIOOPOYHAS JIUCIIEPCHSI
pas3Mepa BHeIHero gmamerpa cocrasiser 0,84 mm?. Yepes
OIIPeJIeIEHHOE BPeMsl JIJIT KOHTPOJIS TOUYHOCTHA PAOOTHI CTAH-
Ka oTobpasu 15 nuznesnmit. Boranciennas 1o HUM BEIOOPOTHAST
JmcIepenst oKazajgack pasHoit 1,07 mm?.

CBuieTe/IbCTBYIOT JIM [IPUBEJEHHBIE JaHHBbIE 00 U3MEHe-
HUU TOYHOCTH PabOThI cTaHKa?

17.10. IIpoBepsiiach CKOPOCTb IOJUMEPH3AIUN Ha He-
CKOJILKHX 00OpasIiax IojmMepa. PacdeTHas CKOPOCTHb IOJIH-
Mepusaiuu pasia 24 %. B BocbMU sKCIepuMeHTaX 10Ty YeHbI
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takue pesysibrarel (B %): 23,6; 22,8; 25,7; 24,8; 26,4; 24,3;
23,9; 25,0.

NmeroTcst mu OCHOBaHUS CYUTATH, YTO PaCUETHAS CKO-
POCTB TIOJIMMEPU3AIUU COTJIACYETCS ¢ STUMU JAHHBIMU !

17.11. C 1enbio NpOBEPKU BJIMSHUS CIEIUAJIBHOTO CIIO-
coba TpuroToBJieHns 6€TOHA HA €ro MIPOYHOCTD ITPOBEJIN IKC-
nepuMeHT. V3 1aHHOW HapTUU CBHIPbSI B3SLJIM MIECTH IOPIIHIA.
3aTeM mopIUY CIyIaiHBIM 00PA30M PA3JIEIIIN HA TBE TPYTI-
IIBI 110 TPH B Kaxk,10i1. [Tocsie 31oro coipbe 0/1HO# I'PYIIIBL O/
BEPIJIN CIIENUATBLHON 00pabOTKe U U3 KarXKJ0W MOPIIUUA U3T0-
toBuwm pobHBIT Ky0. [locse 28-1HEBHON BBIIEPKKY IIIECTH
POOHBIX KyOOB OIPENE/ AN UX COIPOTUBJIEHUE Ha, CXKATHE.
Perucrpupopa/in 3Ha4YeHUsT HATPY30K, IIPU KOTOPBIX ITPOUC-
XOJUT pa3pylleHne o0pasioB (Ipejesi IMPOYHOCTH Ha CXKa-
tue). Tlosyunin Takue pesysbTarhl:

Beron (6e3 obpaborku) | 290 | 311 | 284
Beron (c obpaborkoit) | 309 | 318 | 318

CBuIeTe/IbCTBYIOT JIM 9TH JaHHBIE 0 HaauInu 3¢ dexra
crieruaabHoi obpaborku 6eTrona?

17.12. C mesblo yMEHBINEHUsT BBIXOJIa HEXKeJIaTeTbHO-
ro moOOYHOI0 IPOLYKTa HCIOJL30BaIN KaTaJIu3aTopbl A u
B. Jlns KaxkI0ro u3 HUX OBLIN IOJIyYUeHbl BHIOOPKU BBIXOJIA
HeXKeJIaTeIbHOTO npojykTa (B %).

Karanuzarop A: 41; 52; 29; 43; 38; 45; 52; 42; 36.

Karamuzarop B: 40; 27; 59; 42; 25; 58; 42; 26; 37.

MOXKHO I CIUTATh, 9TO Pa3dpOC BBIXO/A HeKeJIaTe b
HOT'O IPOJAYKTa IPU MCIOIL30BAHUN KaTajau3aTopos A u B
OMHAKOBLIN?

Bameuanue. Pa3bpoc xapakTepusyercst JIUCIEPCHEI.

17.13. Ha koMmbioTepe MOIEJNPYETCs HOPMAJJIBLHO pac-
pesiesieHHas CaydaifHas BeJndnHa. Peajn3arus BBIOOPKH
9TOM cirydaitHoit BeauauHbl: 2,41; 2,26; 2,10; 2,53; 1,96; 1,31;
2,32; 2,66.

Mo>kHO Jin yTBEPKIaTh, YTO BEIOOPKA OJIyUeHa 13 HOP-
MaJIbHOI'O PacCIpeje/ieHusl o cpeaauM 2,57

17.14. B kuracce 20 mereit, n3 Hux Haymaady orobpasu 10,
KOTOPBIM €K€IHEBHO HAYAJIN JaBATh alleIbCUHOBBIN COK, OC-
TajbHble 10 yIeHNKOB €2KeIHEBHO ITOJIyYa/Il MOJIOKO. Uepes
HEKOTOPOE BpeMs 3a(pUKCUPOBAJINA CJIEAYIOIIee YBeIUIeHHIe
Beca jereii B dynrax (1 dyur = 453,6 r):
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Cok 40125]135[40 | 15 ([10]35]3,0]25]3,5
Mogoko | 1,56 13,56 [2,5]3,0(2,5[20[20]25]|1,5]3,0

Cpemmee yBendenne Beca Ha OJHOTO YIEHWKA B TPYIIIIE,
rIe JaBaJIl alleIbCHHOBBIN COK, cocTaBmio 2,9 dyHTa, a B
rpylie, riae AaBajgn Mojoko, — 2,4. CyIiecTBeHHO U OTJIH-
qaeTcs yBeJUUYeHUe CPeTHEro Beca JeTeill B rpymmnax?

17.15. Bouin u3aMepeHbl HEPOBHOCTH TIOBEPXHOCTH C Pe-
IyJISIpHBIM TpoduieM (OIHOTO ¥ TOrO YK€ yPOBHSI YUCTOTHI )
¢ nomopio JBoiHbIX Mukpockonos (I u IT). TIpu srom mo-
JIYIEeHBbI TaKU€ PE3yJIbTATHI.

Mukpockon I: 0,8; 2,0; 3,1; 3,5; 2,1; 1,7; 0,9; 1,1;

Muxkpockom II: 0,7; 2,1; 3,1; 0,9; 3,6; 2,7; 0,8; 4,7; 0,
2,8; 0,6.

BoisscHUTE, MOXKHO JIN CINTATH, YTO TOTYHOCTD N3MEPEHUI
MHUKPOCKOIIOB OJINHAKOBA !

Samevanue. ToYHOCTH M3MEPEHUN XapaKTEPHU3YETCsI
JUCIIepCUEH.

17.16. HomMuHAIBHOE COMPOTUBIIEHNE TTPOU3BOTUMBIX Pe-
suctopoB 2000 Om. C 11e/1650 KOHTPOJIsT 0TOOPAJIN TAPTUIO U3
12 pesucropos. Ilocae nsmepeHnst COMPOTUBIIEHNST KAXKIOTO
nosiyaunn takue 3Hadenws: 2130; 2090; 2030; 2080; 1920;
2020; 2015; 2000; 2045; 1940; 1980; 1970.

MOXKHO /I OTKJIOHEHUSI COIPOTUBJIEHUI PE3UCTOPOB OT
womuuasia (2000 Om) paccmaTpuBaTh Kak CiIydaiHble (J10-
[IyCTUMBIE), WU, HAIPOTHUB, PE3yJIbTaThl M3MEpPEeHuil CBuIe-
TEJILCTBYIOT O TOM, YTO COIPOTUBJIEHIE PE3NCTOPOB CYIIECT-
BEHHO OTJIMYAETCsl OT HOMUHAJIA?

17.17. Ha cranenureitHoM 3aBOjie 1151 KOHTPOJISI COJEP-
JKaHUs MapraHila B OJHONW M3 Mapok cram ciaejajm 10 or-
JIMBKOB U3 KOHBepTOopa I m cTosmbpko ke m3 koHBepTopa II.
Huke npusesieno cojep:kanne mapraina (B %) B KaxJIoM
OTJINBKE.

Kounseprop I 1,20; 1,17; 1,15; 1,21; 1,14; 1,17; 1,18; 1,21;
1,25; 1,14.

Kougeprop I1I: 1,39; 1,29; 1,28; 1,34; 1,32; 1,30; 1,28; 1,35;
1,35; 1,30.

Mo2KHO it CIUTATD CO/EprKaHne MapraHila B CTaJId, Bbl-
ITABJIEHHOM B 9TUX KOHBEPTOPAX, OJMHAKOBBIM !

17.18. B mensax yMeHBIIEHUSA JUCIEPCUU OTPaKaTeTb-
HOII CIIOCOOHOCTH KpacKu ObLIN BHECEHBI N3MEHEHHsI B TEXHO-
JIOTHIO ee U3roToBJaeHnst. YTo0bl yOeIUTHCsS, YTO TaKIE N3Me-

3,3.
3;4,1;

) )
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HEHUs B CAMOM Jiejie MafoT 3 dekT, n3roroBun 10 mpobHBIX
06pasz1oB. C IOMOIIBIO CHEIUAILHOIO OITHYECKOro MIPUHOo-
pa OIpeIeIN/IA OTPaXKaTEJIbLHYIO CIIOCOOHOCTh KPACKHU, U3T0-
TOBJIEHHOM 110 TpaunnonHoii (A) n nosoit (B) TexHoIOINI
(B oTHOCHTENBLHBIX ejuHUIAX). [lojydmin ciejyromme pe-
3YAbTATHI.

Texnomorua A: 40; 45; 195; 65; 145.

Texnomorns B: 110; 55; 120; 50; 80.

CBueTe/bCTBYIOT JIM IIPUBEIeHHbIE JaHHbIE 00 M3MeHe-
HAM JMCIEPCHU OTParKaTeJIbHON CIIocOOHOCTH KPacKu?!

17.19. C 1eyibio KOHTPOJIST HAIIPSI)KEHUST B OCBETUTE b~
HOH CeTH! KazK/bIil YaC B T€YEHUE CYTOK PEruCTPUPOBAJIU Ha-
npsikenne (B BoabTax): 220; 222; 220; 220; 220; 222; 220;
218; 218; 220; 220; 222; 222; 220; 218; 220; 222; 216; 218;
214; 210; 218; 223; 215.

MoKHO Jin OTKJIOHEHUsI OT CcTaHjapTa (CTaHJapT paBeH
220 B) paccmarpusaTh Kak ciay4vaiinbie? Vi Hao6opor, mpu-
BeJEHHbIE JIAHHBIE YKA3LIBAIOT HA CUCTEMATUYIECKOE OTKJIO-
HEHUe HAIPsSKEeHUsT OT CTaHapra’

17.20. UccnemoBanusi, TpOBOIUMbBIE Ha TPOTS>KEHUN Psi-
Jia JIeT TIOCJIe TOrO, KaK B IIPAKTHUKE JIBIXKHOTO CIIOPTa CTaJsia
[IPUMEHSTHCH TEXHUKA KOHBKOBBLIX XOJIOB, JAIOT OCHOBAHUS
[IpEJIIIoJIaraTh, YTO OHA B YCJOBUAX CICITUAJILHO ITOIAIOTOB-
JIGHHOI Tpacchl 00eCIeYnBaeT Ha JAUCTAHIIME 15 KM y My»K-
YWH BBIATPBHIII 10 CPABHEHUIO C TPAIUIIMOHHON TeXHUKOMN 60-
Jiee 9eMm Ha, 1 MuH. HuzKe IpuBeieHBI pe3yIbTaThl COPEBHOBA~
HUil (B MUHYTaX) JABYX PYIII JbIKHUKOB (JucTanims 15 Km:
OJTHU TIPOXOJIUJ/IN JIUCTAHIINIO TPAIUITUOHHBIM XOJIOM, JIPYTHE
— KOHBKOBBIM).

Tpamummonnsiit xom: 37,02; 36,74; 37,82; 38,12; 36,91;
37,98; 38,21; 37,51; 37,56; 38,03.

Konbkosrriit xom: 35,81; 35,61; 35,02; 35,53; 35,84; 35,12;
36,12; 36,49; 35,62; 36,28.

MoykHO JIn Ha OCHOBAHUM PE3YIbTATOB ITUX COPEBHOBA-
HUIA cZ1e/1aTh BBIBO, 9TO 9P @PEKT TEXHUKU KOHBKOBBIX XOJIOB
Ha JUCTAHINU 15 KM cocTasisger 6osiee yem 1 mun?

17.21. Ha crankax A u B oHO0ro KJjiacca TO4HOCTH U3I0-
TaBJIMBAIOT OJMHAKOBbIE M3/e/nsd. KpUTUIecKuM pa3MepoM
U3/ ABJIAETCS €ro BHEITHU quamerp. Huke nmpuBeaeHb!
3HAYEHUSI HECMEIEHHBIX OIEHOK BHENTHEI'o JuaMeTpa U ero
JUCIIEPCUN, BBIYUCJEHHDLIE IO BhIOOpKam obbemoB 15 u 10,
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HOJIy‘{eHHI)IM COOTBETCTBCHHO JJId CTaHKOB A u BZ
E4=453; s4 =1,07; £5 =46,1; s =0,84.

CBuIeTe/IbCTBYIOT JIU IIPUBEJIEHHBIE JTAHHBIE O TOM, 9TO
BHEITHUN JUaMeTp W3Je/Ini, M3rOTOBJIEHHBIX Ha CTaHKax A
u B, onnHaKOBBI?!

17.22. UcciienoBanach KOPPO3NOHHAS CTOUKOCTD HEp2Kar-
serorrieit crasm 18Cr10Ni2Mo (crasb, comeprkamast 18 % xpo-
ma, 10 % nukesst, 2 % monubaena). DKCIEPUMEHT TPOBO/IIIIN
Ha 12 obpasnax. [Ipexe dyeMm uccsenoBaTh uX Ha KOPPO3U-
OHHYIO CTOHKOCTB, OIPEEIS/IN COIEPKAHUE XPOMA, HUKEJIS
u MOJIUOJIEHA B CTAJIU, U3 KOTOPOii OBLIN N3TOTOBJIEHBI 00pa3-
npl. B wacrHocTH, cojiepkaHne XpoMa (B IIPOIEHTAX MacChl)
B HCCJIeyeMbIX obpa3max Obuto Takum: 17,4; 17.9; 17,6; 18,1;
17.6; 18,9; 16,9; 17,5; 17,8; 17,4; 24,6; 21,0.

Mo>KHO JT HA OCHOBAHWU IIPUBEJIEHHBIX JIAHHBIX YTBEP-
JKJIATh, UYTO COJIepXKaHnue XpoMa B cTaJu cocTraBiser 18 %7

17.23. B naboparopuu, nu3ydarorieil BIusgHue OKpYyKaio-
meit cpesibl Ha YeI0BEeKa, C IEJIbI0 ONPEeIe/ICHIs KOMHATHON
TeMIIEPATYPbI, IPU KOTOPOI Hanbosiee KOM(MOPTHO TyBCTBY-
10T ceOsd MY>KUNHBI U YKEHIIUHBI, ObLTH 06ci1e/10Banbl 10 My K-
qnn u 10 xenmus. [lomydaun Takue 3Ha4MeHUsT TEMITEPATY PBI
Haunbosbiiei komdopraoctu (1o Papenreiry).

My»xawast: 74; 71; 77; 76; 72; 75; 73; 74; 75; 72.

Kenmunsr: 75; 77; 78; 79; 77; 73; 78; 78; 80; 76.

CBuIeTe/IbCTBYIOT JIU 3TH JIAHHBIE O TOM, 9TO TEMIIEPATY-
pa, IpU KOTOPOIl IeJIOBEK IyBCTBYET cebst KOMMOPTHO, JJIst
MY>KYIUH U KEHIUH OJIMHAKOBa?

I[Ipumeuganmue. t°F=(9/5)t°C + 32, rae t °F — remre-
parypa o QPapenreiity, t °C — remueparypa o Llesbcuro.

17.24. N3mepsiss CONPOTUBJIEHHE IPOBOJIA JIBYX THIIOB
(A n B), notyunin Takue JaHHBIE.

[Tposox A: 0,126; 0,131; 0,126; 0,127; 0,124; 0,130; 0,128;
0,124.

[Iposox B: 0,121; 0,121; 0,124; 0,122; 0,120; 0,124; 0,125;
0,120.

VTBepKIaeTCA, 9TO MEXKIY PA30POCOM COIMPOTUBJICHUST
npoBoja tuna A u Tuna B Her pasimawnii.

He mporuBopednTt Jjix 3T0 yTBEPKICHUE UMEIOITUMCS JIAH-
HBIM?
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17.25. PacderHast IpOYHOCTh HA MU3TUO M3TOTOBJICHHOM
pesunbl paBHa 11 ycjaoBHBIM equHUIAM. UTOOLI yOEaUTHCH,
JeCTBUTEIHHO JIN 9TO TaK, UCIBITAIN Ha u3rud 16 obpasmnos
3TOIl pEe3UHBI.

MoOXKHO T IO TPUBEACHHBIM HUKE JAHHBIM IPUUATH K
BBIBO/LY, UYTO U3TOTOBJIEHA PE3UHA C OXKHUJIAEMOI TPOIHOCTHIO
Ha u3ru6?

IIpounocts Ha m3rub: 10,3; 11,1; 11,8; 12,0; 10,8; 13,6;
12,0; 12,5; 11,6; 12,2; 12,3; 12,5; 12,6; 13,7; 13,3; 10,5.

17.26. B 3amage 17.21 yTBep:KIaaercs, 9TO CTAHKH, HA
KOTOPBIX U3TOTABJIUBAIOTCA MU3JEJINsI, UMEIOT OJMHAKOBDLIH
KJIacc ToIHOCTU. Tak Jim 9TO B JeHCTBUTEILHOCTH !

17.27. Ilpennaraercsd HOBass METOJUKA, OIPEJIEIEHUS CO-
JeprKaHusl Maprafia B OAHON m3 Mapok crajeir. Oxunaer-
Cs1, ITO 3Ta METOJIUKA JaeT MEHBINMHI pasdpoc pe3y/bTaToB
110 CPaBHEHUIO ¢ TpaauruonHoit. Hike npuBeseHo mporeHT-
Hoe cojiep:Kanue Maprauia B 10 oTjiMBKax, onpeae/ieHHOe 110
TPAIUIMOHHON METOAUKE, U B 8 OTJIMBKAX — II0 HOBOIA.

Tpagunmonnas meromuka: 1,22; 1,15; 1,17; 1,22; 1,26;
1,27; 1,19; 1,22; 1,20; 1,15.

Hosasa meromuka: 1,21; 1,24; 1,18; 1,17; 1,15; 1,18; 1,17;
1,17.

Wmerorcst i OCHOBaHMS CUYATATDL, YTO HOBasl METOIUKA,
OIIpe/IeJIEHUSI COJEPKAHNA MapTaHIla JaeT MEHbIn pa3dopoc
10 CPABHEHUIO C TPAJIUIIMOHHOM !

17.28. VccienoBaaach moTepst MAcChl IECATH OSUHAKO-
BBIX PE3MHOBBIX CTEPXKHEH IIPHU UCIBITAHUSX Ha U3HOC.

Jlist TIpOBEeIEHNsT WMCCJIEIOBAHUN OT KAaXKJIOTO CTEPIKHS
oTpe3au 1o aBa obpasmna. OmuwH U3 HUX MPOIIET BYJIKAHU-
zaruio npu temireparype 80°C, apyroit — npum TeMmmepary-
pe 150°C.

MoO2KHO JII Ha OCHOBAHUU IIPUBEICHHBIX JAHHBIX YTBEP-
KJIATh, ITO PA3JIAUINE MEXKIy CPEIHUMHU IIOTEPSIMU MACCHI
00pa3IoB, KOTOPHIE IIPOIILIN PA3IUIHYIO BYJIKAHUBAIUIO, STB-
JISIETCSI CYIeCTBEHHBIM 7

Crep- | Iloreps maccer || Crep- | Ilorepsi maccel
xeub | 80°C | 150°C || »xkenp | 80°C | 150°C

1 3,02 2,91 6 3,11 3,20
2 2,22 2,30 7 2,70 2,50
3 4,60 4,15 8 2,58 2,29
4 4,53 2,63 9 3,27 3,11
5 2,31 2,40 10 4,19 3,80
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17.29. /Isa upennpusrus (A u B) npousBoJsaT KUPIHI-
HYI0 PYTEPOBKY [IJIsT KUCJIOPOIHBIX KOHBEPTOPOB. IloTpedbu-
TeJIb XOUET BBISICHUTH, OTJINYIAETCs Ji (PYTEPOBKA MIPEJIIPHU-
ATHI 110 CBOUM XapaKTEPUCTUKAM, YTOOBI B TAJbHEHIIEM 3a-
KyIaTh MPOJYKIIAIO C JIYUIIUMU HOKaszareasmu. s sToro
OH PErucTpUpPyeT KOJMIECTBO ILIABOK, IIPOBEICHHBIX B KOH-
BepTOpe 110 ouepeHoi 3aMenbl hyTepoBKu. [Ipu sToM moy-
YeHbl TaKUe Pe3yJIbTaThl.

[Mpennpusrue A: 237; 224; 218; 227; 234; 215; 219; 225;
230.

[Ipenmpusitue B: 216; 202; 205; 200; 207; 198; 222; 214;
226; 204.

Mo2KkHO 1 HA OCHOBAHUM TUX JAHHBIX 3aKJIIOYUTH, YTO
pa3juunue MeXKJly YHUCJOM ILIABOK JIO 3aMEHbI (PyTEpPOBKH,
M3rOTOBJIEHHON Ha mpeanpuatusx A u B, cymecTBeHHO?

17.30. /Iucniepcus mpejesia IMPOYHOCTH Ha Pa3pbIB BO-
JIOKHa cocTaBiisteT 35,63 dyHTa’ (TIpeiest IPOIHOCTH — YCH-
Jie, TIPU KOTOPOM TIPOUCXOIUT Pa3pbiB BOJIOKHA). OxKuaer-
CsI, ITO BHECEHHBIE B TEXHOJIOTMYECKUI IIPOIECC M3MEHEHUsT
YMEHBITIAT JUCITIEPCHIO. 3apPErnCTPUPOBAHBI TAKNE SHATCHIS
peJiesia MIPOYHOCTH Ha pa3phiB (B dynTax, 1 byt =453,6 r):
151; 156; 147; 153; 155; 148; 160; 149; 156; 161; 154; 162; 163;
149; 150.

VMeHbImuIach Jin IUCIIEPCHs MPe/Iesia IPOIHOCTH Ha pa3-
PBIB BOJIOKHA C U3MEHEHHEM TeXHOJIOTUYECKOIo Iporecca’

17.31. Ha aBroMaTu1ueckoM cTaHKe 00pabaThIBAIOT BTYJI-
ku. Ilocite HACTPONKKM cTaHKA MOJIYyIUJIn BBIOOPKY 3 10 m3-
nesmii. OKa3aa0ch, 9T0 BEIOOPOTHOE CPeJIHEE THAMETPA BTYJI-

ku & = 2,059 MM, a 3HaUeHNe HECMEIIEHHOH OIeHKY JTUCIIEP-
CHU IuaMeTpa sg = 4,4 mxm?. Uepes HeKoTOpPOE BpeMs JiIst

KOHTPOJISI HACTPONKMN CTaHKa HA 3aJaHHBIN AuaMeTp BTYII-
KU CHOBA TIOJIyYUJIU BBIOOPKY n3 10 mzjenuii, /ijisi KOTOPOi
BbIOOpOUHOE cpejraee 77 = 2,063 MM, a 3HAYCHUE HECMEIEH-
HOU OTEHKN JUCTIEPCUU s?] = 8,6 MKM>. [Ipenmosoxkmm, 910
B TeUeHNe YKAa3aHHOIO NHTEPBaJa BpeMeH! N3MEHEHNU B Pa-
60Te cTaHKa MOTYT CKa3aTbCs TOJIBKO HAa €ro HAacTPOiike HA
3aJaHHbBIN JTUuaMeTp BTYJIKU, HO TOYHOCTb PAOOTHI CTAHKA, HE
U3MEHSIeTCS.

CBuIeTe/IbCTBYIOT JIM [IPUBEJCHHbBIE JaHHbIe 00 U3MEHe-
HUM HACTPOWKM CTaHKA 3a IMPOMEXKYTOK BPEMEHU, OTJIEJISIO-
Ul MOMEHTBI [TOJIy9eHUsT BBIOOPOK !
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Bameuanue 1. TouHocTs paboOThI CTAHKA XapaKTepH-
3yercd JAUCIepCHuei.

Bameuanue 2. 1 mm= 1073 a1, 1 mrm= 1076 m.

17.32. B nporecce pazpaboTkn MOAUMUKAIIIN aBTOOYC-
HBIX IIIMH, KOTOPbIe UMeJU Obl OOJIbINUI pober, TPOBOIU-
JIOCh WCCJIEJIOBAHME Psifa UX ImapaMmeTpoB. B uacrHOCTH, pe-
TUCTPUPOBAJIACH TEMIIEPATYPa, 10 KOTOPOI HarpeBaJsucCh Ie-
peJiHue IMUHBI BO BpeMsl JIBHXKeHust aBTobyca. [lo mpuseieH-
HBIM B TaOJIAIE 3HAUCHUSIM TEMIIEPATYPHI (B YCJIOBHBIX €11~
HUIAX) JIEBOI M PaBOii MIMH, KOTOPbIE UCIIOJIL30BAJINCH HA
12-tu aBTOOYCAX, BBISICHUTD, SIBJISTFOTCSI JIM CyIIECTBEHHBIMUI
OTJIMYHSI ITUX [APaAMETPOB.

Agro- MTuna AgTo- IMTuna
Oyc JleBasi | IlpaBas oyc JleBasi | IlpaBas
1 36 27 7 41 60
2 42 45 8 40 34
3 55 84 9 100 117
4 59 84 10 58 78
5 79 70 11 38 56
6 108 99 12 73 88

17.33. [Ipu koMHATHO# TeMIepaType UCCaeI0BaIaCh Ch-
Jla CIEIUIEHWS JBYX THIIOB KJEHKUX BEINECTB: M300yTHIIA
2-nmanakpuiara 1 MBR-4197. Huxke npuseiensl 3navueHust
cutbl crierienus st 20 o6pasIoB, KOTOpas U3Mepsijiach B
d)yHTaX3 Ha KBaJIPATHBII JIIOMM.

N3zo6yTun 2-mmanakpuiat: 365; 169; 210; 297; 228; 146;
163; 213; 300; 218.

MBR-4197: 518; 403; 473; 329; 457; 419; 437; 396; 424;
363.

Mo»XHO JIn CYATAThb, YUTO JUCIIEPCUU CHUJIbI CIIEILJICHUS
n300yTriaa 2-numanakpuiara 1 MBR-4197 onuHakoBbI?

17.34. B Tabauiie nmpuBeIeHbl JaHHBIE H3MEPEHNsT TJIMHbI
06pasnoB u3/euii (B MIJIJIIMETPAX) /10 U [OCJIe OTZKUTA UX
B BBICOKOYACTOTHOH medn.

[IpuBesna g TepmMooOpPabOTKa K H3MEHEHHIO Pa3sMEPOB
U3eInii?

31 dyur = 453,6 1, 1 moitm = 0,0254 M
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Jomaa, MM Jomaa, MM
Ob6pa- | Ho or- | Ilocie O6pa- | o or- | Ilocise
3eI1 JKWTA | OTKHTa 3eI1 JKWTa | OTXKHTa
1 11,94 12,00 6 11,96 11,98
2 11,99 11,99 7 11,95 12,03
3 11,98 11,95 8 11,96 12,02
4 12,03 12,07 9 11,92 12,01
5 12,03 12,03 10 12,00 11,99

17.35. C 11eJ1bI0 CpaBHEHUS IPEJEIIOB IPOYHOCTH HA PaC-
TSIKEHNE PE3MHOBBIX cMeceil THIOB A 1 B M3roToBmIN map-
THUIO U3 BOCbMU 06PA3I0B IPSIMOYTOJIbHON (POPMBI (110 YeThl-
pe U3 KarKJI0i CMeCH) ¥ HOJABEPIVIA UX HPOJOIBLHOMY PACTsi-
xkenno. (Oxua 3 06pasnos cmecu A, KOTOPBIH KBagudu-
IUPOBaAJIM KaK JAePEKTHDLIN, ObLI HUCK/IIOYEH U3 HMApTUU IO
Hadasa ucnbltannii.) Gukcuposasicss mpeiest IPOIHOCTH HA
pacTrsizkeHue 00pasloB JBYX DPE3UHOBBIX cMeceli (3HaueHue
PacCTArnBaIONIEI0 YCUJINA, IIPX KOTOPOM IIPOMCXOJUT Pa3py-
menne o6pasna). [omyunau cieyronye pesybTarhl.

[Ipenen npounocru (cmech A): 3210; 3000; 3315.

[Ipenen npounocru (cMmech B): 3225; 3320; 3365; 3145.

MO>KHO JIU CIUTATD, ITO COCTAB PE3MHBI HE BJIUSIET Ha, €€
[IPOYHOCTH?

17.36. B zamade 17.31 onmuchIBaeTCsT IPOIECC KOHTPOJIST
3a paboroil cranka-aBromara. lIpu sTOoM mpesnosaraercs,
YTO TOYHOCTH pabOTHI CTAHKA HE U3MEHSIETCS, XOTs 3HAUCHUST
HECMEIEHHBIX OIEHOK JIMCIIEPCUI MTOC/Ie HACTPONKHU CTAHKA
U Yepes3 OIpeeJIeHHOe BPEMs COCTABJISTIOT COOTBETCTBEHHO

sg = 4,4 MxM? u 5727 = 8,6 MKM?.

HBHHGTCH JIN O6OCHOBaHHbIM IpeaIIo/JIO2KEHNE O HEU3MEH-
HOCTH TOYHOCTHU PabOTHI CTAHKA?!

17.37 (aummresibHOCTH 06€360JIMBAIOIIETO AEACTBUS
npenapara). CpaBHuBaercs JieficTBue 06e360IMBAIONINIX TIPe-
napatoB A u B. (B HeKOTODBIX cirydasix OJHUM U3 “JIeKapcTs”
MOXKET OBITh MHEPTHOE ILTanebo (IyCTHINKA), KOTOPOe HC-
[TOJIb3YeTCsT JJIst “KOHTPOJIA TPU HCCAEIOBAHUN JIEHCTBUS
JIPYTOTO TIperapara. )

B rpyrime 601bHBIX, BEIPA3UBINNX KeJTAHUE TPUHATE YIac-
THE B 9KCIIEPUMEHTE, HACUUTHIBAETCH BOCEMb YesIoBeK. BIo-
JIHE BO3MOYKHO (M €CTECTBEHHO), UTO Yy ITUX OOJBHBIX BO3-
pact, obIIee COCTOSTHUE U T. JI. JTAJIeKO He OuHAKOBBI. [loaro-
My KaxKJI0My OOJILHOMY JaioT 00a Iperapara i KaxKJIbil pa3
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GUKCUPYIOT TPOIOIKATEIHHOCTE 006300/ IMBAIOIIETO JIeHCT-
Bus. UToObI 00€CIIEINTD YIUCTOTY SKCIEPUMEHTA, MPUHSITHI
BCe pasyMHbIEe MepbI IIPEI0CTOPOKHOCTH: BTOPOI Ipernapar
JAI0T He PaHbIE 9eM 3aKOHUNTCA JeHCTBUE IEPBOIro, YeTBe-
PO GOJIBHBIX MOJIyYAKT CHavaJa mpernapar A, a apyrue det-
BEpO — CHadvaJja B, Ipu 3TOM HU OJUH U3 OOJBLHBIX HE 3HAET,
KaKOl IMEHHO IIpenapar oH yrnorpebJisier, u T. 1. Pe3yabrars
SKCIIEPUMEHTa [TPUBEIEHBI B TaOJIHIIE:

Boab- | dnaurensHocts geiicrBusa | Pa3HocThb JymmTe/IbHOCTH
HOI rpernapara, 4ac JefiCTBYS MTPErnapaTon
A B Bu A, gac

1 3,2 3,8 0,6

2 1,6 1,0 —-0,6

3 5,7 8,4 2,7

4 2,8 3,6 0,8

5 5,5 5,0 -0,5

6 1,2 3,5 2,3

7 6,1 7,3 1,2

8 2,9 4,8 1,9

MOo2KHO JIX CYUTATD, YTO Ipernaparsl A u B pasimaaiorcs
5P HEKTUBHOCTHIO CBOETO JAEHCTBUS B MPEIIOJIOKEHUHU, ITO:

1° orcyrcrByer anpuopHas uHpopMalusg 06 3hdeKTuB-
HOCTHU IIPENapaTosB;

2° adpdekTuBHOCTD JielicTBUsA TIpenapaTa B He ycTymaer
JeiicTBuIo npemnapara A.

OTBer marb B TEPMHUHAX IIPOBEPKU CTATUCTHIECKUX I'H-
nores.

17.38. [Ipa omneparopa (A u B) uposesn 14 neszaBu-
CHUMBIX 3KCIEPUMEHTOB, HCCJIEysT TeMIIepaTypy BO3TOPaHUSI
SMaJii OJHOTO W TOrO K€ cocTaBa. KaxKmIelii m3 omeparo-
POB UCIIBITAJ 10 ceMb 00pa3IoB. Pe3yibTarsl 9KCIIepUMEHTOB
0Ka3aJIUCh TAKUMU:

Omeparop A: 1450; 1425; 1420; 1410; 1370; 1360; 1270.

Omneparop B: 1430; 1420; 1380; 1320; 1320; 1290; 1280.

SBysieTcst M CyIIECTBEHHBIM OTJIMYHE MEXKy Pe3yJibTa-
TaM’, IOy IeHHBIME OII€PATOPAMU’

Mo2KHO JII Ha OCHOBAHUU ITPUBEIEHHBIX JIAHHBIX YTBEP-
KJIATh, 9YTO Pa3udde MEXKJy CPEIHNMHU ITOTEPSIMH MacCChl
00pasIoB, KOTOPbIE TPOILIN PA3JIMIHYIO BYJIKAHUBAINIO, STB-
JISIETCSI CYIeCTBEHHBIM 7



I'maBa 18

Kpurepnii X2

18.1 Kpurepuii x? (runoreTuveckoe
pacrpejiejieHue He 3aBUCUT
OT ITapaMeTpOB)

ITocranoBka 3amauu. Ilycrs (w) = (&1 (w), & (w),. ..
., &n(w)) — peanuzanus BBIGOPKU U3 HEU3BECTHOI'O PACIIPE-
JeseHud F, OTHOCHTEILHO KOTOPOI'O BBLIBHIAETCS CUIIOTE3a
Hy: F = G, rne G npunajieXuT 3aJjaHHOMY KJIACCy pac-
npejenennii (B 9acraoct, G MOKET OBITH MOJTHOCTBIO OIPe-
JleJieHHbIM pactpeienennem). [unoresy Hy moxuO chopmy-
aupoBaTh 1 Tak: £ = (£1,&2,...,&,) ABIsAETCS BBHIOOPKON 13
pacupegenennsa G ¢ 3aJaHHBIMU CBOMCTBAM.

Heobxoaumo mposeputs runoresy Hp, T. e. 1o peaym3a-
1 BeIOOpKU & = (€1, &2, . .., &) ClenaTh BBIBOJ: OTKJIOHSITH
runoresy Hy mim Her.

BbiGop cTaTUCTUKM [AJisi IOCTPOEHUS KPUTEPHUs.
Heszasucumo or Toro, BepHa runoresa Hoy Wiy HeT, SMIUPU-
4Jeckoe pacrpesenenue  F,, 1OCTpoeHHOEe 10  BBIOOPKE
& = (&,&,...,&,) u3 F, Mano ykJoHsIeTCS OT pacipe/ie-
jgenns F, a mMeHHo, Ipn KaxkKaoM (PUKCHPOBAHHOM I SMIIH-
pudeckas GyHKIus pacupejesenns F,(x) asiasercs cocros-
TeJILHOI U HECMEIEeHHOI OIeHKO# (DYHKIH paclpe/IeIeHusI
F(z), a Bmecre ¢ atum Fp([a,b)) sBisiercst cocrosiresnbHOI
u HecMerenHoit orenkoit F([a, b)) (aust sobbix a < b). Tlo-

sTomy, ecyin BBectu ykjounerue D(F,, G) smnupuveckoro F,
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pacrpeiejieHusi OT TUITOTETUIeCKOro G, MpudeM Tak, ITOOBI
OHO NPUHUMAJIO MaJible 3HAYEHUs!, Korja rumnore3a Hy Bep-
Ha, u OoJiblline, Korjia runore3a Hy HeBepHA, TO THIIOTE3Y
Hy ecTecTBEHHO OTKJIOHATD WM HE OTKJIOHATD B 3aBUCHMOC-
TH OT TOrO, Kakoe 3HaveHue NpuHsiio ykionerue D(F,,G)
— DOJIBITIOE U MaJIoe.

Beibop D(F;,,G) oupenessier Tor win wHON Kpurepuii
nust mposepku runoressl Hy: F = G.

VYkaouenmne Ilupcona smmmpudyeckoro pacnpejie-
JIEHUsI OT TUHOTETUYeCKOro. BeposTHOCTHBIE paciipe/ie-

nenust F u G, 3amanneie na X C R, coBnajaior, ecou st
KaxKJ0r0 60opeeBCKOro MHOXKecTBa B 13 X crpaBeyinBo pa-
BercTBo F(B) = G(B). Ecim F u G pasiuansl, To Haiigercs
Bopesteckoe MHOXKecTBo B’ C X Takoe, uro F(B') # G(B').
[TosToMy B KadecTBe YKIOHEHUST MEXKJIY PacCIpeeTeHusIMI
F u G ecrecTBeHHO paccMOTpPETH BEJTUINHY

> c(FX)) = G(X)))%,
j=1

rjie ¢; — HeOTpUIaTE/IbHbIE KOHCTaHThI, {XJ} — pa36I/I€HI/I€‘
X Ha HelepeceKaroninecs 60p€JIeBCKI/Ie MHOZKeCTBa:

'
UXi=X XinX; =0, i#j 2<r<oo.
j=1

VYkionenne [Tupcona mMexk1y SMIUPUTIECKUM PACIIPEIeIeHI-

eM F,,, mocrpoenubIM 110 BbIOOpPKE &1, &9, . . ., &y, U TUIIOTETH-
geckuM G U3 3TUX COOOpayKeHuit u cTpouTcsi. A UMEHHO, B

KavdecTBe yKjoHeHus mexkay F, u G paccmarpuBaem
D(F»,G) Zc] Xj) = G(X;))%,

rae {X;} — pasbuenne X Ha Helepecekaroruecs 6opeJes-
ckme MHOXKecTBa (3avacryio X; = [aj,b;), j = 1,2,...,7)
G(X;) — BepOATHOCTD IMONAIAHNS BHIOOPOYHOIO 3HATEHHUS
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B MHOXKECTBO X, BBIUHCIICHHAS 110 IMIIOTETHIECKOMY Pac-
npegenennio G (manee G(X;) Gynem obosnauaTh Yepes pj),

F,.(X;) — BepogTHOCTD IOIAIAHUST BEIDOPOYHOIO 3HAUEHUS

B X, BBIUUC/IEHHAS 110 SMIMPHYECKOMY pacipeseaeHuio Fy,
(OHa YHCIIEHHO paBHA YaCTOTE V;/M INONaJaHHs BBIOOPOU-
HOT'O 3HAYEHHs B MHOXKECTBO X j, BBIYMCJIEHHOI 110 BHIOODKE
1,82, - .., &n, Vj — 1amuCiI0 BBIOOPOYHBIX 3HaUeHnit us {1, {2, . . .

., &n, monaBmux B X;), ¢; — Ko3bMUINEHTHI, BHIOOD KO-

Topbix u onpejensier ykiaonerue D(F,, G).
K. Ilupcon B KadecTBe ¢j NPEIJIOKUI PACCMATPUBATH

n/pj, j = 1,2,...,r. Ilpu sToM ykioHenue D(Ien,G) pu-
HUMAaeT BU/L

r

D(Fa,G) =3 2 (FulX;) - G(Xj))2 = Z o (% ‘pﬂ‘>2‘

=1 Pi =1 P

Bue zaBucumoctu ot Toro, BepHa runoresa Hp: F = G
HJIA HET, 9acTOTa V; /M TOIaJaHusl BRIOOPOUIHBIX 3HAYEHNUIT B
X, BbluucjieHHas 10 BbiOOpKe 1,82, .. .,&, u3 F, aBigercs

HECMEIEHHO! U COCTOsITeNbHOI orenkoit F(X), T e.
M(v;/n) = F(X;)

U IIPU 1 — 00
vi/n < F(X;)

(mig Beex j = 1,2,...,7). Ilosromy, eciam rumoresa
Hy: F = G BepHa, u, crenoarensro, F(X;) = G(X;) = pj,
TO

(v3/n —;)? = (vj/n — G(X;))? = (v3/n — F(X;))? 0

upu n — oo (jyist Beex j = 1,2,..., 7). Ilpu srom pacmpe/ie-
senne ykionenus K. ITupcona

D(F,,F) = Z = (£ —pj>2
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exonuTest K x2-pacnpesiesiennio ¢ (r—1) cTeneHsMu cBOGOIBI.
Ecnu xke runoresa Hy: F = G nepepna, T. e. F # G, 10

D(F,,G) = Zr: = <% —m)Q

=1 P

CXOAUTCA K 400 IIpu N — 0O, HOCKOJIbKY

vj 2 p 2 2
(%2 =) 5 (FOXG) = )" = (F(X,) = G(X,))?,
a cpes wmcen (F(X;) — G(X;))?, j=1,2,...,r, upn gocta-
TOYHO ‘“‘MeJIKOM” pa30MeHUu BBIOOPOYHOIO MpocTpaHcTBa X
HAWIyTCA YUCTIa CTPOro OOJIBINKE HYJIsS ¥, CJIeI0BaTEIHHO,
HaiiyTcsa X, I KOTOPBIX IPU 1L — 4-00

n (V; 2 p
— <—] —pj) — +00,
p; \1n

a Bmecre ¢ uumu u D(F,, G) — +o00. Tak 4ro, KOrjga rumo-
te3a Hy Bepna, yknonenne K. Ilupcona

e =3 (o) =3

1 n
j=1 Dj j=1 Pj

IPUHAMAET MaJIble 3HAYCHUS (IIPU 9TOM PACIIPE/ICJICHUE YKIIO-
nenust D(F,, F) 6;m3ko k pactupesiesiennio x2_; ), a KOTJIa I'ii-

noresa Hy wesepua, D(F,,, G) upuaumaer Goibliie 3HAYEHUsI
u
D(F,,G) —» +©

IIpu 1 — O0.
Takum obpaszom, jjsa npoBepku runore3nt Hy: £1,&0, . ..
-»&n — BBIOOpKa U3 pacupefesnenns G, BBITHCIISIEM YKJIO-
uwenne D(F,,G). Eciu upu srom D(F,,G) upunsuio masoe
3HaUEHNe, TO TuoTe3y Hy He OTKJIOHSIEM, B IIPOTUBHOM CJIy-
Jae — OTKJIOHAIEM.
I'panunpl, orjessonye OOJbIINE 3HAUYEHNUs YKJIOHEHUSI

D(F,,,G) or MaJbIX, yCTAHABIMBAIOTCS HA OCHOBAHUU TOTO,
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aro g BeibOpku &1,&9,...,&, m3 pacupenenenus F upwu
6osbmux n pacipenenerne D(F,, F) Mano ommuaercs or
pacrpesiesierns x2 ¢ (1 — 1) cTemeHsaMu CBOGOIBI.
Kpurepuii x? (runorerudeckoe pacrpe/iejieHue He
3aBHCHAT OT HEW3BECTHBIX IapaMerposB). [lycmv { =
= (&1,&,...,&,) — evbopka u3 pacnpedeaenusn F u Xi;(r—l)

— sepanuti a-npeden x2-pacnpedesenus c (r—1) emenenamu
€606000L.

Ecau 2unomesy Hy: & = (£1,&2,...,&,) Asasemcs 6bi-
6opxoti us pacnpedesenus G omKAOHAMS NPU

- (v — npi)?
D(Fn, 6) = EZ:“‘fg;f“* > Xa(r-1)
i=1 v

U HE OMKAOHAMD 6 MPOMUBHOM CAYYUGE, MO C BEPOAMHOC-
muto « eunomesda Hy 6ydem omxaonamovca, kozda ona eep-
HQ.

O BbIOOpE KiaccoB. CHadaja OTMETHM OJUH MOMEHT
U3 IIPpaKTUKN HUCIIOJIL30BaHUA KPUTEPHUA COTJIACUA X2.

AcuMnTornuecKas Teopusi KpUTEpHUs COIVIACHs X2 CIIpa-
BeJJINBA, TIPU JTI000M pa3dmeHny BBIOOPOYHOIO IPOCTPAHCTBA
X Ha Hemepecekaommuecst Kaacebl X; (1 =1,2,...,7):

T
X=JXi, XinX; =0, i#j,i,j=12...r
i=1
10 KOTOPBIM I'PYIIIAPYIOTCS HAOIIOAEHUSI, €CJTH TOJTHKO KJTac-
CBI OIIPEJICIISIIOTCST DE30THOCUTENIBHO K MOceHuM (6e30THO-
cuTesIbHO K BBIGOPKe). OIHAKO OOBITHO KJIACCHI BBIOUPAIOTCSI
10 BBIOOPKE, a 9T0 0003HATAET, UYTO T'PAHUIIBI KJIACCOB CJIy-
Jaitael. MOXKHO JIM IPH 9TOM MOJIb30BATHCS KpUTEpHeM X 27
Oxa3zbIBaeTCs1, MOXKHO — aCUMIITOTAIECKas TEOPHUsT CIIPaBEI-
JINBA, ¥ B OIMCAHHOM CUTyallnm.
Jlajiee OTHOCUTEIHLHO IPOOJIEMBI BHIOOPa KJIACCOB.
1° Eciin maHHbIe B 3ajia4€e IUCKPETHBI MJIM Mbl IMEEM BbI-
OGOPKY U3 JIUCKPETHOI'O PACIIpeiesieHus, TO 3a/iada O BEIOOpe
KJIACCOB BO3HUKAET TOJBKO B CMBIC/IE O0bEINHEHNS HEKOTO-
PBIX KJIACCOB C IEJbI0 YMEHBIIEHUs MOTPEITHOCTH P 3a-

MeHe pacnpejienennst ykiaonennss D(F,, F') pacrpeaenenn-
eM Y2 W C Te/IbI0 06beMHEHNs KJIACCOB, I'MIIOTETHICCKHE
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BEPOSITHOCTH IIOIQJaHUsI B KOTOPbIE MaJibl, KaK, HAIIPpUMeED,
JIJIsI IIyaCCOHOBCKOTO pacIpejieieHns HeoOX0auMO 00be -
HSITh KJIACCHI ¢ MAJIBIMUA IHIOTETHIECKIMU BEPOSITHOCTSIMHU.

Ho mno cymectBy mpobiiema BbBIOOpa KJIACCOB BO3HUKAET
TOIJIA, KOrJa Mbl IMEEM BBIOOPKY M3 HEIIPEPBIBHOI'O pacipe-
JleJIEHUSI.

2° O BBIOOpPE KJIACCOB 110 METOJIy PABHBIX BEPOSITHOCTEIA.

Ecan ms Tex mam mHBIX cOOOpasKeHHWIT UMCJIO KJIACCOB T
OIIPEJIeJIEHO, TO KJIACCHI CJIeIyeT BLIOUPATH TaK, YTOOLI ITHIIO-
TeTHYECKHe BEPOSTHOCTH ObLIM paBHbI 1/7 (1, ciiegoBaTesib-
HO, PABHBI MKy CO00i1) U, IT0-BO3MOYKHOCTH, KAK MOYKHO
6mmke K 1/r. (B nporuBHOM Ciiydae MOIPENIHOCTH MPH 3a-

MeHe pacupefenennst ykionenust D(F,, F') pactnpenenrennem
X2 6yayT 66abImIMu. )

Orpete/uBIINCH ¢ TPAHUIIAMEU KJIACCOB, MbI IPUXOIUM K
3aJ1ade 0 BBIOOpE JHC/Ia KJIACCOB.

3° Ilpobaema BbrIOOpa YHC/Ia KJIACCOB B METOJE PABHBIX
BEPOSATHOCTEH COCTOUT B CJIEYIOIIEM: €CJIM T HE JIOCTATOYHO
BEJINKO, TO KPUTEPUI MOXKET TEPATH “UyBCTBUTEILHOCTD HA
“xBoctax’ pacripejiesieHus. Kean yKe Iucio KJiaccoB 7 6071b-
110e, TO KOJUIECTBO BBIOOPOUYHBIX 3HAUYEHUIl, MOIABIINX B
KJIACCHI, MOYKET OBITb MaJIbIM, & 9TO YBEJMYUBAET IOTPEII-
HOCTb IIPH AIPOKCUMAIIUUA DPaCHpeeeHns YKIOHEHUS

D(Fn,F) pacmpenenennem y2. Ha mpaxTuke pyKOBOJICTBY-
IOTCS CJICYIOIIUM IIPABUJIOM: T BLIOMPAEM TaK, YTOOBI

np; > 10, 1 =1,2,...,r.

Manu u BaJIb,H J0Ka3aJid, YTO OIITHMaJIbHOE YHUCJIO
T = T'p KJACCOB IIPU 1 — OO YJAOBJIETBOPAET COOTHOIIIEHUIO

n 2/5
T~ 4210 ) ,
0;1;c¢

rie Nogi,o — Bepxuumit  a-upegen  Noj-pacupeie/ieHust
(o — ypoBenb 3HauMMocCTH). BriocsiegcTBun ObLIO yCTAHOB-
JIEHO, 4TO 0€3 CYIIEeCTBEHHBIX IIOTEPH MOIIHOCTH KPUTEPUS
MOXKHO CUHUTATD, UTO IPU OOJIBIIUX 1

1, 2. 21/5 (n >2/5.

NO;l;a
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PekoMeHanum 1Mo NpuMeHEeHUI0 KpUTepus X 2.

1° HUcnonb3oBaTh KJIACChl C PABHBIMHU WU OJU3KUMU K
PABHBIM BEPOSITHOCTSIMH.

2° Tob30BaTHCSA COOTHOIIEHUEM

2/5
Tn%2'21/5(n >/7

0;1;c¢

korga n > 450 m a = 0,05 m korma n > 300 m o = 0, 01.

3° Korma n < 450 4mciio r KJIaccoB BBIOMPAIOT I0-BO3-
MOXKHOCTH OOJIBIIKMM, HO IPU 3TOM JOJI?KHBI BBIIOJIHATHCSI
YCJIOBUST

np; > 10, 1 =1,2,...,r.

Ecan nmpu manaOM paszbmeHnn st HEKOTOPBIX KJIACCOB
X, 3HaueHUs

np; < 10,

TO 9T X; 0OOBEUHSIOT C APYTUMHA (MJIM PACCMATPHUBAIOT HO-
Boe pasbueHne) Tak, ITOObI JIJIsi HOBBIX X]’- BBITIO/THSJIUCD
HEPaBEHCTBA

np; >10, j=1,2,...,7,

re py = G(X}) = P{& € X7}, j = 1,2,...,7". Ecom xe n
HaCTOJIBKO MAJIO, ITO ITO CIE/IaTh HEBO3MOXKHO, KPUTEPUEM
X2 He MOJIB3YIOTCS.

O6u19HO Y 2-pacipeiesenue TabyIMPOBAHO JIJIsl UHCIIA, CTe-
reneit ¢cobowl, Menbinux 30. Ecan unciao cremneneit cBoOo b
6osbire 30, B KadecTBe X%-pacnpeﬂeﬂeﬂnﬂ MMOJIb3YIOTCsT HOP-
MAaJIbHBIM pacIpe/ie/ieHueM ¢ mapaverpamu (7 2r).

I[Tpumep 18.1.1 (moKasaHusl MeXaHUYECKUX TaCOB).
B mabauue npusedenvr noxazarus 500 Haydawy evibparHvLr
METAHUYECKUT HACO8, BHICMABAEHHDIT 6 BUMPUHAT HACOBDIT
MA2A3UHO8.

Coenacyemces AU ¢ NPUBEIEHHBMU OGHHBIMU 2UTLOMESG O

PAGHOMEPHOM PACTPEIEAEHUL NOKAZAHUT HACO6 Ha, UHMEPEa-
se [0;12) 7
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) N ) ni

0 41 6 41

1 34 7 33

2 54 8 37

3 139 9 41

4 49 10 47

5 | 45 11 39

Bceero | 500
3decv i — nomep unwmepsaaa om i-20 waca do (i + 1)-20
1 =20,1,...,11; n; — xoAuveCMBO “4ACO8,NOKA3AGHUA KOMO-

DOLT NPUHAOAEHCAM, T-MY UHMEPEANY.

Pemenmne. [lokazanusa 500 gacoB MOXKHO paccMaTpu-
BaTh KaK peajn3aiuio Bbioopku oobemom H00 n3 HEKOTOPOTO
HelpepbiBHOrO Ha uHTepBasie 0;12) pacupenenenust F. OrHo-
CUTETIBHO pacupesenenus F ciydaiinoit Beamanus € (moKa-
3aHMil yacoB) BbIBUraercs runoresa Hy: F — paBHomepHoe
na unarepsase [0;12) pacupenesnenne, T. €. mwrorHocts f(x)
pacnpenesienusi F umeer Bug

1/12, g z € |0;12);
flz) = { /O, EEJH/I i ¢ {0; 12;.

st mpoBepku rumnore3bl Hy BOCIOIB3yeMCsl KPUTEPHU-
eM 2. Pa3obber MHOKECTBO BO3MOMKHBIX 3HAUeHHH X =
= [0; 12) coryuaiinoit BesinunHbI £ Ha HellEPECEKAOIINeCs] TI0/T-
muoxkectBa X; = [i,i + 1), ¢ = 0,1,...,11. BepositHoCTB
nonaganus & B X;, BIMUCJIEHHAS [I0 TUIIOTETUIECKOMY Pac-
pEeIeICHHIO:

i+1

pz—P{56[22+1}_/d$_2

N mockoJIbKy
1 .
np; =500 - 75 =41,7>10; i=0,1,...,11,

TO MOYKHO BOCIIOJIb30BATLCS KPUTEPHEM X2 B IIPUBE/CHHOI
BhIIIe (hopme.
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Brraucaum 3navenue YKJIOHEHUA ME2KAY IMIIMPUICCKUM
pacupejesieHueM Fn u runorerudeckuM G. meem

T 2
S Vi — np;
D(Fn,G)ZE 7( o~ ) —

i=1 v

1
41,7

Takum obpazom,

((41 A1) 4+ (39— 41,7)2) — 9,99.

D(F»,G) = 9,99 < 19,7 = X3 0511 = Xou(r_1)-

IToaTOMY, COIJIACHO KPHTEPHUIO X2, PHIIOTE3a O PABHOMEPHOM
Ha unTepsase [0;12) pacupejeseHnnu MOKa3aHUHi MeXaHUIEC-
KHMX 9aCOB B BUTPHHAX Mara3uHOB HE OTKJOHseTcd. JIpyru-
MH CJIOBAMU, MPEIOIOXKEHHE O TOM, 9TO MOKA3aHHUs YacOB
pacipejiesieHbl paBHOMepHO Ha unrepsase [0;12), He npoTu-
BOPEYUT HAOJIIOICHUSIM.

18.2 Kpurepuii x?
(mapameTpbl HEU3BECTHBI)

IIycrs € = (&1,892,...,&,) — BBIOOPKA U3 HEM3BECTHOI'O
pacupeesnenns F, OTHOCHTEIBHO KOTOPOTO BBIIBUTAETCS TH-
noresa

HO:F(~):G(~;91,02,...,0k), (91,92,...,9k):9€ o,

(pactpesenenne G(-;01,0s,...,0k) 3aBUCAT OT HEU3BECTHBIX
mapaMeTpos 61,0, ..., 0, TIpryeM eIMHCTBEHHBIM HNCTOYIHM-
KoM HHMOpMAIMK O 3HAYCHUAX 3TUX HAaPAMETPOB SBJISCTCH
BoibopKa § = (£1,&2,...,&,)). Apyrumu cioBamu, rumoresa
Hj cocrout B ToM, uto & = (£1,&2,. .., &,) ABIsgeTCA BBIOOD-
KOl U3 paclpee/eHus, IIPUHAIIEKAIICTO KIACCy paclpese-
JIeHui

G(';01792a"'70k)7 0:(91702a"'79k) € 0,
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T. e. F(-) coBuamaer ¢ pacupenenennem G(-;601,6s,...,0%)
[IPY HEKOTOPLIX 3HaYEHUAX napamerpos 61, 0s, ..., 0. Heob-
XOJIMMO TIO peasim3anuu Biobopku & = (1,82, ... &,) cuenarsb
BBIBOJI; OTKJIOHATL runoresy H( mim Her.

ByneMm nocrynmarb Tak. PaccMOTpUM B KadecTBE HEU3-

BECTHBIX TTapamMeTpoB 61,0, ..., 0, ux onenku 01,0s,..., 04,
[TOJTy YeHHBIe 110 BBIOOPKE £1,&9, ..., &y, & B KA9eCTBe THIIOTe-
THYECKOro pactipejiesienusi pacemorpum G(-;601,6a,. .., 0).

Yrionenne D(F,, G) crpoum Tak ke, Kak u paHee:

2

D(E,.G) = Z (vi — (61,05, 61))
" i=1 np;(01,62,...,0k)

rie pi (01,62, . .., 0) — BEpOSTHOCTD LONAIAHUST BEIOOPOTHO-
ro 3HAYEHUsT B MHOXKeCTBO X;, ¢ = 1,2,...,7, BEIUNCIEHHAS
10 TUIIOTETUIECKOMY pachpeaeseHuio. P. Quinep ycraHoBmII,

qaro ecytu runiore3a Hy BepHa u otieHKH 1, 0s, . . ., O mosrye-
HBI 110 METOJIy MaKCHMAJIBLHOTO IIPABIOIOI00UsI, TO pacipe-
nenenne ykiaonenuss D(F,, G) mexuay Fp, u G mpu n — oo
exonuTest K pacrpesesennio X2 ¢ (r — 1 — k) crenensaMu cBo-
60/1p1, TJie k — KOJIMYECTBO I1apaMeTPOB, OIIEHEHHBIX 110 BbI-

bopke &1,&2; - .-, &n.

Takum 0b6pa3oM, ecjii IapaMeTpbl OIEHUBAIOTCS 110 BbI-
OOpKe 110 METOJy MaKCHMAaJbHOIO IIPaBJIOIOI00MSI, MOXKHO
IIOJIb30BATHCS KPUTEPHEM Y2 B ciieyiomieii opme.

FEcau 2unomesy Hy omxaonams npu

r PO )
: (vi — npi(01, 03, . .., 01))
D(Fn7 G) =5 Z N ~ ~ > th;(rf]_fk)
= (01, 02,...,6)

U HE OMKAOHAMD 6 MPOMUBHOM CAYYUAE, MO C BEPOATNHOC-
mwvio a eunomesa Hy 6ydem omxaonsmovca, xoeda ona eep-
Ha.

[Tpumep 18.2.1 Cpedu 2020 cemeti ¢ deymsa demwvmu 527
umerom 0eyr masvuukos, 476 — deyx desouek, y 0CmasbHYLL
1017 cemeti demu pasdrozo noaa.

Mootcro au cuumams, Mo KOAUMECTNEO MAABUUKOS 6 Ce-
Mue, umerowet deyr demeti, AGAACNCA OUHOMUAALHO Pac-
npedenennoti cayuatinotl sesununots?
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Pemenne. Obo3naunm depe3 £ KOINICCTBO MATBLINKOB
B CeMbe C AByMsl nerbMu, £ npuHuMaer 3Haderus 0,1, 2. O1-
HOCHTEIbHO pacnpesenenus Pg ciaydaiinoit seuaune! § Bbl-
JBUTAETCA TUIIOTE3a,

Hy: Pe(k) = G(k;p) = C5pF(1 —p)* 7%, k=0,1,2,

(rumoresa 0 GUHOMHAIBLHOM pacipeieieHnu &), KOTOPYIO HeoO-
XOJIUMO TIPOBEPUTD.

l'unoreTnyeckoe pacpeIecHIe 3aBUCUT OT HEM3BECTHO-
ro napamerpa p. OUeHKoOIl MaKCHIMAaJIbHOIO IPaBLOIOL00Ms
napamMeTpa p OUHOMHUAILHOTO PACIPEICICHUST

P(k;p) = CEpF(1 —p)™ %, k=0,1,...,m,

[TOJTy Y€HHOH 110 BBIOOPKE &1, &9, . . ., &, ABIsIETCS
n
. 1
p=—> &
mn
k=1

B paccmarpuBaeMoM mprumMepe 3HaUEHNE OIEHKT MaKCAMAJTb-
HOTO IIPABJIONOI00NUS ITapaMeTpa p PABHO

0-476+1-1017+ 2527
22020

HO3TOMy TUIIOTETUYIECKUM paclpeacieHueM ABJIAETCA
G(k;p) = C5(0,513)F(1 — 0,513)* %, k=0,1,2.

Ero mox#o 3ammcarh 1 B TAKOM BUae:

c( 0 1 2
= ( 0,237 0,500 0,263 )

B kauecTBe paszbuenust BLIDOPOUHOTO MPOCTPaHcTBa X =
= {0,1,2} paccmorpum Xy = {0}, X1 = {1}, Xo = {2}.
OLEeHKY P; TUIOTETUIECKUX BEPOSITHOCTEN p; BHIOOPOUHOMY
3HavYeHuIo nonactb B X;, ¢ = 0,1, 2, COOTBETCTBEHHO PABHBI
0,237; 0,500; 0,263; 06bem BbIOOPKH 1 = 2020, moTOMY

np; > 10, 1 =0, 1, 2,
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u, cjaeaoBaTe/JIbHO, IIOJIb30BaThCA KpUTEepueM X2 MOZKHO.
Breraucianm snagyenue YKJIOHEHU A HI/IpCOH& MEXKJ1y 9IMIIN-

PUIECKUM Fn u runorerudeckuM G pacupejgeJIiecHuAMM:

s (vo —npo)® | (v1 —np1)” | (v2 — nps)’
D(F,,G) = - + - + ~ =
npo npi np2

(476 — 478,74)? N (1017 — 1010)* N (527 — 531,26)°
478,74 1010 531,26 B

= 0,098.

Orcrona nMmeeMm
D(Fp, G) = 0,098 < 3,84 = X{, 051 = Xow(r_1)

(r—=1—k=3-1-1; k=1 — KOJIMIECTBO TAPAMETPOB,
OTICHEHHBIX TI0 BBIOOPKE; 1 = 3 — KOJIUIECTBO TOJIMHOXKECTB,
Ha KOTOpbIe pa30buBaeTcsi BHIGOPOUYHOE MPOCTPaHcTBO). [To-
STOMY COIVIACHO KPUTEPHIO X2 THIOTe3a O OMHOMHAILHOM
pacIpeie/IeHun carydaiinoit emmunnsl £ Ha 5% ypoBHe 3Ha-
YUMOCTH He OTKJIoHsieTcs. [Ipeanosokenne, 910 KOTUIECTBO
MaJIBIUKOB B CEMbSIX C JIByMs JIETHMU UMeeT OMHOMUAJIbHOE
pacrpejiejieHne, He TPOTUBOPETUT UMEFOITIMCS JTAHHBIM.

18.3 Kpurepuii x? kak Kpurepuii
HE3aBUCUMOCTHU

ITocranoBka 3aa4n. VMeercsa n He3aBUCUMDIX HADJIIO-

nennii (a;,b),i=1,2,...,s,j=1,2,..., k BeKTOpHOIi CiIy-

vaituoit Besmuuner ¢ = (§,7). Ilpu sTom smauenue (a;,0bj)

ciaydaiinas Beqmanna ¢ = (§,n) npuHsna v pas, i = 1,2,. ..,
s k

coy8, 5 =1,2,...k (acuo, ur0 ). > v;; = n). Pesyin-
i=15=1

TaTbl HAOJIIOJIEHNI y/IOOHO INPEJICTABIISIThL B BHJIE TaK Ha-

3BIBAEMOIi TabJIHUIIBI CONPSIZKEHHOCTU MPU3HAKOB (CM. TabII.

18.3.1). Ho uu pacmpe/ieieHre BEKTOPHOM CJIy9aiiHOf BeJiu-

aunst ¢ = (€, 1)
P{C:(ai,bj)}:pij, i:1,2,...,8; j:1,2,...,k‘
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(cM. Takzke Tabu. 18.3.2), HU pacHpeeseHnsl ee KOMIIOHEHT
§u

P{=ai}=pi, i=1,2,...,s;

P{?]:bj} :p.]’, ]: 1,2,...,]{},

HEeU3BECTHLI.

Ta6auma 18.3.1. Tabiuia CONPsSI2KEHHOCTH TPU3HAKOB

Suaue- 3HaveHus 17

Hust & by bo . b Cymma
ai Vi1 V12 ce Vik V.
a2 Vo1 | Vo2 | -+ | Vag V2.
as Vs1 Vs2 e Vsk Vs.

Cymma | vq | va | - | v n

B Tabmmure 18.3.1

k s
Vi, = E Vij, V-j:ZVijai:1,27---a57j:172>---7k-
Jj=1 =1

OTHOCUTEILHO COBMECTHOTO PACIIPEIEICHHsT CIy daliHbIX
sesimand € u 7 (pacupenesnenust Bekropa ¢ = (&£,7)), cM.
Tabs1. 18.3.2, BbIABUTAETCS TUIIOTE3A

Hg:pij = Pi-D-j, i:1,2,...,8, j:1,2,...,k‘.

Hpyrumu ciioBamu, Hy — 9To rumnore3a 0 HE3aBUCUMOCTH
cilydaiiHbIxX BeumduH € u 1) (ele roBopsT, THIoTe3a O He3a-
BUCUMOCTH IIPU3HAKOB).

ITo pesynpraram Habmonennit ¢ = (£,7) (cm. Tabm. 18.3.1)
HEOOXOIUMO TIPOBEPUTH TUIoTe3y Hy 0 HE3ABUCUMOCTU KOM-
HOHEHT & U 7) BEKTOPHOIH ciiyuaiinoii sesmaunbt ¢ = (&, 7).
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Tabauma 18.3.2. CoBMecTHOE pacupenaeaeHue
CJIyIaftHbIX BEJIUIUH € U 1)

Suaue- SHaueHns 7
Hus & by bo S b Cymma
a1 P11 | P12 s Pik p1.
a2 P21 | P22 | ¢ | P2k p2.
Qs Ps1 Ps2 e Psk Ps-
Cymma | p1 | p2 | =+ | D& 1
B Ta6a. 18.3.2

k s
pl:Zijal:Lz?aS; p]:Zp’L]7]:1727ak;a
j= i—1

s k s k
szt = ij = ZZPij =1
i=1 j=1

i=1 j=1

Jlst mpoBepku runore3nsl Hy BOCIIOIb3yeMCs KPUTEPU-

eM 2, KOIJia THIIOTETHYECKOe pACIpeJIe/IeHIe 3aBUCHT OT
HEM3BECTHBIX ITapaMeTpoB. HensBecTHBIMU TapaMeTpaMu siB-
adoTed pi. np.j, i =1,2,...,s; j=1,2,..., k, npuiem

s k
dpi=1) p;=1
i=1 Jj=1

B kawecTBe pasbueHmst BELIDOPOUHOIO IPOCTPAHCTBA
X ={(ai,b;), i=1,2,...,8; j=1,2,...,k}
PacCMOTPUM TIOIMHOYKECTBA

Xij ={(ai,bj)}, i=1,2,...,s; j=1,2,... k.
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YKJIOHEHIE SMIINPUIECKOI0 PACIIPE/IETIEHUST
Fol(aiby)t =22 i=1,2,....8 j=12. .k
n{(aza ])}_ ?7 t=14,...,8 1=1,4,...,K,
OT I'UIIOTETUYIECKOI'O

G{(alvbj)}:plp]7 i=1,2,...,8 7=12,...k,

paBHO
s k

D(F.6) = 3030 W ps)”
i=1 j=1 Pi-Pj
rie

Di. =vi/n, i =1,2,...,8 pj=vj/n, j=1,2,...k,

— OII€EHKU MaKCHMaJIbHOI'O HpaB,Z[OHO,ILO6I/IH COOTBETCTBEHHO

napamerpoB p;., ¢ = 1,2,...,s,up;, j=1,2,..., k. Toecrpb
(vij — vivg)/n)*
F G) .
-3 v
=1 j=1

Komu1aecTBo mapamMeTpoB, OIEHEHHBIX 10 BBIOOPKE, PaBHO
(s—1)+(k—1). KommaecTo noamuoxects Xij, i = 1,2,...,s;
7 =1,2,...,k, na xoropbie pa3buBaercs Bb16opquoe Hpo—
CTPAHCTBO X , paBuo sk. Ilosromy umcsio cremeHeii ¢cBobo-

bl x2-pactpenenenns, npenensnoro mis D(F,, G), pasno
sk—1—((s—=1)+(k—-1)=(s—1)(k—1).

Takum obpasom, eunomesdy Hgy o nesasucumocmu cay-
YAUHDT 6eAuUMUH € U 1) OMKAOHAEM, ECAU

(vij — (v )/n) 2
ZZ ev)/n Z Xoy(s=1) (k1)

=1 j=1

U He OMKEAOHAEM 6 MPOMUBHOM CAYYAE; NPU IMOM C GEPO-
amnocmuio a eunomesy Hy b6ydem omxaionsmo, koz2da ona
8EPHA.
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BHaueHus caydalHbIX BEIUInH & U 1) €Ille HA3bIBAIOT IPH-
3HAKAMI, U B 9TOM CJIydae TOBOPSAT O KPUTEPUH X JI/Isl He3a-
BUCHUMOCTH IIPU3HAKOB.

Pas6uenne Beibopounoro npocrpancrsa (X,Y) aBymep-
HOIt ciryuaiinoit Besmuunbl ( = (£, 7)) Ha HElEPECEKAIOTUECs]
rnmoaMHoXKecTBa X; X Y; MbI mpoBoguM camu. IIpu sTom HEoO-
XOIMMO CJIEINTH, YTOOBI JJI TUIOTETHIECKIX BEPOATHOCTEM
Di.p.; BBIOOPOUHBIM 3HadeHusAM (£, 7)) Honacts B X; X Y; BbI-
HOJIHSAINCh HEPABEHCTBA

(ﬁzﬁ])n = Vi.l/.j/n > 10

(mpu BCcexX BO3MOYKHBIX 3HAYEHUSAX i U j), TJe N — 00beM
BBIOODKU.

Bameuyanune. Cienyer OTMETUTH, YTO HUMEsI IEJIO CO
CTATUCTUICCKUMI 3aBUCAMOCTSIMU, HEOOXOINMO OLITH OYCHD
ocTopoxkHBIM. V3 Ham9ms craTrcTHYecKoii 3aBrucumocTn (0T-
CYTCTBUS CTATUCTUYIECKONH HE3aBUCHMOCTH) HE CJIeJLyeT IPHU-
YMHHAs 3aBUCUMOCTD. VlIen 0THOCHTE/IHHO IPUYNHHLIX CBsI-
3eil TOJIXKHBI IPUXOANTH “M3BHE” CTATUCTUKM.

[Ipumep 18.3.1 (mpuBMBKa IPOTUB X0Jiephl). B mabau-
ue (Ipunsyd, FOa, 1915) npusedenv, darnwe o 818 cayuasz,
KAQCCUPUUUPOSAHHBIT NO J8YM NPUSHAKAM: HAAUYUN NPU-
BUBKU NPOMUSE TOAEPDL U OMCYMCMEUIO 3ADONECAHUA.

Mootco au Ha 0CHOBAHUU IMUT JAGHHBIE NPUTMU K GbLE0-
JdY 0 CYUWLLCMBOBAHUY 3ABUCUMOCTIY MEHCIY OMCYMCMEUEM
3000484 HUA U HAAUNUEM NPUBUBKU?

Hasnmune Hanuune 3a6osieanust

IIPUBUBKYU He zabonemu | 3abosenu | Bcero

IIpuBursie 276 3 279
Henpusurblie 473 66 539
Bcero 749 69 818

Pemenue. B repMmunax nmpoBepku CTaTUCTUYECKUX T'H-
OTEe3 MOCTABICHHAS 38/1a1a (DOPMYTUPYETCS KaK 38/1a9a ITPO-
BEPKU IMITOTE3bI O HE3aBUCHUMOCTH [IPU3HAKOB (HAJINYNE IPU-
BUBKH ¥ OTCYTCTBHUE 3a00JI€BAHMUS ).

Tabuna COnpsiKeHHOCTH IPU3HAKOB (cM. Tads. 18.3.1)

NpUBeJeHa B YCJAOBUU MPUMEPA, 3aMETUM, UTO 371eCh § = 2,
k=2, n=818.
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ITockombKy
(ﬁzﬁj)n = l/Z'.I/.j/’I?, > 10, i,j = 1, 2,

TO MOZKHO BOCIIOJIb30BaTbhCsl KPUTEPUEM XQ.
SHaUyeHNe OTKJIOHEHUSI MEXK Ty SMIUPUIECKIM PACIIPEIe-

aeauneM F,, u runorernyeckum G:

DFLe =33 b

i=1 j=1 l/]/n

(276 — 279 - 749/818)* (3 — 279 - 69/818)°

279 - 749/818 279 - 69/818
(473 — 539 - 749/818)> (66 — 539 - 69/818)° 29 61
539 - 749/818 539-69/818

Takum obpazom,

D(Fn, G) = 29,61 > 3,84 = X3 051 = Xa(s—1)(-1)-

HOSTOMy COIVIaCHO KPpHUTEPUIO X2 TuIroTre3a O HE3aBUCUMO-

CTH NPU3HAKOB (OTCYTCTBHE 3a00JIEBAHUsS W HAJTUYUE [PU-
BUBKI) OTKJIOHSIETCsI; OHA IPOTHBOPEYNT UMEIOIINMCS JIaH-
HBIM. IpyruMu cioBaMu, TpUBEIEHHBIE SKCIIEPUMEHTATbHBIE
JIaHHBIE JTAI0T OCHOBAHUS YTBEPKIATH, YTO 3 HeKT IPpUBUB-
KU IIPOTUB XOJIEPHI CYIIECTBYET.

18.4 3amaun

A3:18.2,18.7,18.17, 18.20.
C3: 18.14, 18.23, 18.29, 18.52.

18.1 (amexkBaTHOCTH Mozenm). B psijie IpUKIIaHBIX
3879 IPH UCIOJb30BAHUN METOJIOB TEOPUH BEPOSATHOCTEIH,
IPEKJe 9eM BBIUUCIATH BEPOATHOCTH TOTO MM MHOTO COOBI-
THH, HEOOXOIUMO IIOCTPOUTHL MATEMATHYECKYIO0 MOIE/L CTO-
XaCTUIECKOIO SKCIIEPUMEHTa (BEPOSITHOCTHOE IIPOCTPAHCTBO ).
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BeposiTHOCTH COOBITHS MOXKHO BBITUCISTH TOJBKO TOTIA, KO-
[J1a OIIPE/IEJIEHO (SIBHO MJIM HESIBHO ) BEPOSITHOCTHOE IIPOCTPAH-
crBo. Teopust BeposiTHOCTEl JlaeT MpaBua, 110 KOTOPBIM B
JIAHHOW MOJIEJ/IA BBIYUCIISIIOTCS BEPOSATHOCTU COOBITHIA, HO HU-
Yero He TOBOPUT O BBIOOPE MOJIEJN CTOXACTUIECKOI'O IKC-
nepuMeHTa. U NpUHIUIHAJBHBIN BOIpOc: “AJIEKBATHO JIH
OIUCBHIBAET IIPE/IJIOKEHHAST MOJIE/Ib CTOXaCTUIECKUN SKCIIEePH-
MeHT?” ocraercss OTKPBLITBIM. Jlarh orBeT Ha 3TOT BOIPOC
MOXKET MaTreMaTudeckas crarucruka. OTBeT jaercs B Tep-
MHUHAX MPOBEPKH CTATUCTUYECKUX TUIIOTES.

Hamnpumep, paccMarpuBaeTcsi CTOXaCTHIECKHI 9KCIEpH-
MEHT, COCTOSIIINI B TOIOPaCcChIBAHNU UT'PaIbHON KocTu. Heob-
XOJIUMO BBIYUCJIATE BEPOSITHOCTD TOTO, UTO BBINAJIET Y€THOE
9HCJIO OYKOB.

B kagecTBe MHOXKECTBa 3JIeMEHTAPHBIX COOLITHIT ) BbI-
6epem {1,2,3,4,5,6}. BepositHOCTH 971eMEHTAPHBIX COOBITHIT
MOXKHO 33JaTh, CKAXKEM, TaK:

. 1
P(i) = g t= 1,2,...,6
TeMm caMBIM BEPOSITHOCTHOE IMPOCTPAHCTBO ompeaeseHo. [lo-
gemy umenno P(i) = 1/6, i = 1,2,...,6, Teopusi BeposiTHO-

cTell He JaeT OTBETa. BepOHTHOCTI/I MBI 3a/JaeM CaMH. Kro-To
,prTOfI MOKeT 3a/laThb 9TU BEPOATHOCTHU, HallpUMED, TaK:

i
P(i) = 20 i=1,2,...,6,
— [PONOPIMOHAJIBHO YHUCIIy OUYKOB Ha IpaHi (MJIH elre KaKIM-
HUOY/Ib CII0COOOM), 1 9TO (KaK BO3MOXKHAasi rHroresa) Oy/er
HUIYTh HE XyKe.
ITo m3BecrHoit MaTemarmueckoit mMogean {2, P} Bbrumc-
JIUTH BEPOSITHOCTH CJIydaitHOro cobbiTust npocro. Hampumep,
BEPOSITHOCTH COOBITHsT A — “BBINAJIO YETHOE UHUCIO0 OYKOB’,

BBIYUCJIACTCS TaK:
P(A) =P({2,4,6}) = P(2) + P(4) + P(6).
JUIs cHMMMETPUYHONM UT'PAJTBbHOM KOCTH UMeeM
1 1 1 1
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Takum obpazom, ecn IpeaIoXKeHHAST MOIEb a1eKBATHO OIIH-
chIBaeT dKcrepumMent, To P(A) = 1/2.

OpxHako, adeksamto AU ONUCHBAEMCA IKCNEPUMEHM NPed-
AOAHCEHHOTE MODenbIo?!

YT00bl OTBETUTL HA 9TOT BOIIPOC, HEOOXOAMMO IIPOBECTH
SKCIIEPUMEHT: MMOAOPOCUTH KOCTDb JIOCTATOYHO OOJILIIOE YUC-
JIO pas, 3adUKCUPOBATh pe3y/bTaT U Jajiee IPOBEPUTH, CO-
[JIACyeTCsl JTU MOJENb C PE3YABTATOM SKCIIEPUMEHTA.

Pesynabrarsl HabmoaeHnil yI0O0HO IPEICTABUTh B TAKOM
BHIE:

1t | 11213456
T

rIe ¢ — KOJUYIECTBO BBIMABIINX OYKOB; N; — YHUCJIO MOAOpa-
CBIBaHUI, B KOTOPBIX ObLIO 3a(pUKCHPOBAHO ¢ OYKOB.

18.2 (kosmyecTBO cMepTeil OT yZapa KOIIBITOM).
Jlaee mpuBeieHBI KJIaccuueckne JaaHHble (hoH BopTkeBmua
0 KOJIMYECTBE JIUI, yOUTBIX YJapoM KolbiTa KoHs B 10 mpyc-
CKHUX apMeiickux Kopirycax 3a 20 ser (1875—1895):

7 0 1 2 | 3|4 | 5wub6omee | Becero
n; | 109 | 65 | 22 | 3 |1 0 200

I

r7e ¢ — KOJMIEeCTBO CMEPTEH B OTHOM KOPITyCe 3a TOf; N; —
KOJITYECTBO HADJIIOEHMI, B KOTOPBIX CJIYYIUJIOCH § CMepTeil.

[IpoBeputh rurmoresy O MyacCOHOBCKOM PAaCIIpPeJIeIeHIN
KOJTUYIECTBA CMepPTEil OT yaapa KOIBITOM KOHS B OJHOM KOD-
myce B Te€UEHUE rojIa.

18.3. B rabaure npusenens! gannabie K. IIupcona o Bos-
pacTe KaHAUJIATOB, KOTOPLIE CIAIN U HE CIAJIN BCTYIIUTE b
Hble 9k3aMeHbl B Jlongonckuit yaumsepcuteT B 1908 m 1909 rr.
(JU1s1 JIByX CTAPIINX BO3PACTHBIX I'PYIIIT YKA3aHbI OIIEHKU CPEJI-

HErO BO3pacTa).

Bospact Pezynbrar sx3amena
KaHIUIATa Cpamn | He cmaqm | Bceero
16 583 563 1146
17 666 980 1646
18 525 868 1393
19—21 383 814 1197
22—30 (cpenuuit Bospact 25) 214 439 653
Csbite 30 (cpennuii Bozpacr 33) 40 81 121
Bcero 2411 3745 6156
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CBuIeTe/IbCTBYIOT JIU 9TH JAHHBIE O HAJTUINN 3aBUCUMO-
CTH MeXKJY BO3PAcTOM KaHIUIATOB M YCIIENIHO CAAHHBIMU
SK3aMeHamu’

18.4. CroxacTudecKuii 9KCIEePUMEHT COCTOUT B IMOAOpa-
CBLIBAHUM JIBYX UT'PAJBHBIX KOCTEH U PErUCTPAINA MIHUMATb-
HOI'O YMCJIa OYKOB, BBINABIINX Ha HUX.

[TpenmoxuTh MATEMaTUIECKYIO MO/IE/Ib 3TOTO CTOXACTHU-
4ecKoro sKcrepumMenTta. [IpoBepurs ee ajileKBaTHOCTD JKCIIE-
puMmenTy. [l7s 3TOTO IPOBECTH SKCIEPUMEHT JIOCTATOTHOE
YHCJIO Pa3 U IPOBEPUTD, COTJIACYETCs JIU MIPEIIOYKEHHAS MO-
JIeJTb C TOJIYI€HHBIMU JAHHBIMU.

ChopmymupoBaTh U PEIIUTD TOCTABIEHHYIO 33J1a9y KaK
38149y IPOBEPKU CTATUCTUIECKUX MUIIOTe3 (BOCIIOIb30BATh-
cs1 KpuTepueM x2).

Pesynbrarsl skcriepuMmenTa yo0HO MPEJICTABUTDL B BUJIE
TabJIAIIGL:

i | 112131456

%

rJe ¢ — MUHUMAJIbHOE YUC/I0 OYKOB, BBIIABIINX HA UTDAJIH-
HBIX KOCTSIX; 7; — KOJIMYIECTBO SKCIIEPUMEHTOB, B KOTOPBIX
MUHUMAJILHOE YHCJIO OYKOB HA UI'PAJILHBIX KOCTIX 0Ka3aJI10Ch
paBHBIM %, ¢ = 1,2,...,6.

SBameuanue. O BeIOOpe MOJIE/IN IKCIEPUMEHTA U MIPO-
BEPKE ee aJICKBATHOCTHU CM. 3aja4y 18.1.

Ykaszaunue. YTobObl IpeIIOKUTh TUIIOTETUYIECKOE PaC-
npejiesienne (B IPEJIIIoI0KEHUH, 9TO UI'PAJIbHBIE KOCTU CHM-
METPUYHBI), HAlliuTe pacipejiesieHue CJIydaiiHol BeJIMIMHbI
min{&,n}, rae £, 7 — YUCIO OYKOB HA WIPAJIBHBIX KOCTSIX.
Pacupenenenne dpynxmun

9(¢) = min{¢, n}

oT ciaydafinoit Besmuunsl ( = (£,7) 10 pacupejenenuio Pe
MOXKHO HANTH, BOCIOJIB30BABIIUCH (HOPMYJIOi

P{g(¢) € B} =P{g({,n) € B} = > Pelwiy;)
(zi,y5):9(xs,y5)EB

(oTHOCHTEJILHO pacrpeeseHust QYyHKIUNA OT CJIyJailHbIX Be-
JIMYUH CM. TaKKe IJI. 5 U, B 4aCTHOCTH, npumMep 5.1.2).
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18.5 (BeposiTHOCTBH poXKJeHusi Mmasbduka). C 1871
o 1900 rr. B [IIBeititapun pomuancet 1359 671 MAILINKOB 1
1285086 nmeBouek.

Cornacyercst JIu ¢ 9TUMH JaHHBIMEU runoresa Hy: Bepo-
SITHOCTH POXKJIeHUsT MaJsibunka pasta: a) 0,5; 6) 0,5157

18.6 (pacnpenenenue a-vyactui). B skcmepumente
Pesepdopna u leiirepa pagnoakTuBHOE BEIIECTBO HAOJIIO1a~
jgock B Tedenne N = 2612 unTepBasoB BpeMeHU (KasKblil
JUTATETHHOCTBIO 1 /8 MUH), /1J1st KOTOPBIX PErUCTPUPOBATIOCEH
KOJTMIECTBO (-IACTHUIL, JTOCTUTIINAX CUCTIUKA.

B rabsmiie npusenaeHo KoandecTBo Nj MHTEPBAJIOB Bpe-
MEHHU, B Te€YEeHWEe KOTOPBIX HaOJojasock k a-dactur. OO6-
mee KosmdectBo dacrur, T = > kNp = 10132. Cpennee ux

k

KOJIMIECTBO, 3aPETUCTPUPOBAHHOE 3a OJINH MHTEPBAJ, PABHO

A=T/N =10132/2612 = 3,879.

k N k Ny
0 57 6 273
1 203 7 139
2 383 8 49
3 525 9 27
4 | 532 10 10
5 408 > 10 6

Bcero | 2612

Bocmonib3oBaBiucs Kpurepuem X2> IIPOBEPUTH T'UIIOTE3Y
0 IyaCcCOHOBCKOM DAaCIIPEICIEHNH YUCIIa YACTHUIL, JTOCTUTTIIIX
CUeTYMKa, 38 UHTEPBAJ BPEMEHH JJIUTEIBHOCTHIO 1/8 MuH.

18.7 (CMBIIIIEHOCTHh M MaTepUAJIbHBIE YCJIOBUS).
B tabsmue npuBenenst pe3yabTarsl 00cemoBanust 697 MIKO/b-
HUKOB.

Majbuuku ObLIN yIOPsA 09eHbl corytacHo ux 1Q u ycio-
BHUSIM JKM3HHU JOMa. 1Ipr 3ToM HCIoIb30BaHbl 0003HAYEHUS:
A — o4eHb cocobublii, B — mocrarouno ymublii, C' — ume-
eT cpeaHne criocobroctu, D — HemocTaTodHO passut, F —
YMCTBEHHO OTCTaJIbIil.

MarepuabHas VpOBEHb CMBIILJIEHOCTH
obecriegennocTs | A B C D E | Bcero
Xopormmas 33 | 137 | 125 47 8 350
IToxast 21 | 127 | 129 61 9 347
Bceero 54 | 264 | 254 | 108 | 17 697
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MOKHO JI yTBEPXK/IaTh, U9TO YCJIOBHs KU3HU (obecte-
YEHHOCTb) JleTeil BJIUSIOT HA UX CMBIILIEHOCTD !

Bameuanue. IQ — Intellectual quality (ymcrsennbie
CIIOCOBHOCTH ) — MOKA3aTeIb YMCTBEHHBIX CITIOCOOHOCTEH TITKO-
JILHIKOB B OaJurax, UCHOJIB3YEMbIIl B aMEPUKAHCKON I1e/1aro-
TUYIECKON MpaKTUKe.

18.8. NmMmeercst Tpu MOHETBI: OJIHA CTOMMOCTBIO 1 KOII. 1
nBe — crouMmocThbio 10 korr. CTOXacTHYeCKUl SKCIIEPUMEHT
COCTOUT B BBIOOpPE HAy/Iady OJHOI U3 MOHET (C BO3BPAIIEHMU-
€M) U PEruCTPAINU KOJMIeCTBa IAroB JI0 HEPBOrO IOsIBIIC-
HUsI MOHETBI CTOUMOCTBIO 10 KOII., T. €. B PErUCTPAINN YUCIIA
[TOSIBJICHUIT MOHETBI CTOUMOCTBIO 1 KOII. JIO IEPBOT'O TOSIBJIE-
HHUSI MOHETBI CTOUMOCTBIO 10 KoII.

[IpeioKuTh MaTEMATUYIECKYIO MOJIEIh STOTO CTOXACTHU-
9eCKOro sKcrepuMenTa. [IpoBepuTsb ee ajeKBATHOCTD IKCIIE-
pumenty. st 3roro noyuuTh BEIGOPKY (70CTATOUHO 6OJIb-
I0ro 00'beMa) U MPOBEPUTH, COTTIACYETCs JIH MPEITIOXKEHHAST
MOJIEJIb C PE3yJIbTaTaMi IKCIEPUMEHTA — IOy YeHHON BbI-
OOPKOIi.

PesynbraTsl sxcuepumenTa yJ100HO IPEJICTABUTD B BHUJIE:

1 | 0]1]12]13[4]5|6]7[8]9

ng

rIe ¢ — KOJIMYECTBO ITTAaroB JO IMEPBOrO IMOSBJEHUT MOHE-
ThI CTOUMOCTBIO 10 KOII.; n; — KOJIMYECTBO IKCIEPUMEHTOB,
B KOTOPBIX IO TIOSIBJICHUSI MOHETHI CTOUMOCTBIO 10 KOII. OBLIO
CJIeJIaHO % IITaroB.

Bameuanue. O BBIOOPE MOJEIN CTOXACTUIECKOTO IKC-
IIEpUMEHTa U IIPOBEPKE €€ aJIEKBATHOCTU IKCIIEPUMEHTY CM.
zagaqy 18.1.

18.9. Yerbipe moHeThl ObLH TOIOpOITeHBl 20 160 pas,
IIPU 3TOM KOMOWHAITUN: YeThIpe repba, Tpu repba u pererka,
Ba repba u JBe PEIeTKN, OUH repd U TPU PEIIeTKU, YeThIPe
PEIeTKN — IOSBUJINCH COOTBETCTBEHHO TaKOe THCJIO pa3:

1181, 4909, 7583, 5085, 1402

(mamHbBIE 3KCIIEpUMeHTa, IpoBeienHoro B. V. PomanoBckum).
CBueTeNbCTBYIOT JIM 3TH JaHHBIE O TOM, 9TO KOJIUYe-

CTBO TepbOB, IMOSIBUBIINXCA HA YE€THIPEX MOHETAX, SIBJIAETCH

OMHOMUAJILHO PACIIPEIeIeHHON CIIydailHON BeINnImHON !
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ChopmymupoBaTh U PEIMIUTDH TOCTABJIEHHYIO 3a/1a9y KaK
3a/ady IPOBEPKU CTATUCTUIECKUX TUIIOTES.

18.10 (apomar curapet). Mene Keps! TabauHoil up-
MBI XOT€eJIN 6bI 3HAaThb, MOXKHO JIX OTIIPAaBJIATH 3aKa3INKaM CH-
raperbl u TpybouHbIil Tabak B o0mmeil ynakoeke. (Eciu npu
9TOM Ka4eCTBO CUTapeT He CTAHOBUTCS XYK€, TO MOXKHO Cy-
[IECTBEHHO COKPATUTDH 3aTPAThl HA TPAHCIOPTUPOBKY.) [liist
9TOro mpoBesn 3KcuepuMeHT. Marorosumin 400 KapTOHHBIX
KOPOOOK 1 B 250 m3 HUX MOJIOXKU/IU TaDadHble U3Jesus 0060-
nx THUIIOB, a B OCTaJIbHBIE — TOJIBKO CHUT'apEThI. qepe3 MECHAI]
KOpoOKu OoTKpbLH n Bee 400 yIIaKOBOK CHUrapeT PasJIOKU/IN
B cayvaifHom mopsiake. HecKoIbKo 9KCIIepToB aHaIn3upoBa-
JIT apOMaT CHTapeT, IbITasiCh OOHAPYKUTH €ro OTJIUYINE OT
HaYaJIbHOTO. Pe3y/ibTaThl 3KCIIEpUMEHTa, IIPUBEICHBI B Tab-
JIATIE.

BriBoj; oTHOCH- Tun ynakoBku

TesibHO apoMara | Obmast | Pasnenbnasi | Beero

He usmennica 72 119 191
Wzmennicst 178 31 209
Bcero 250 150 400

MOoKHO /T Ha OCHOBAHUY ITHUX JAHHBIX YTBEPIKIATE, UTO
CBsI3b MEXKJIy apOMaTOM CUTapeT W THUIIOM YIAKOBKU OTCYT-
cTByer?

18.11 (9xcmepument CseneGopra). B nauamre XIX
CTOJIETHST OBIIO OTKPBITO 3aMEYATETLHOE SIBJIEHUE, TTOJTY YUB-
1iee Ha3BaHUue GPOYHOBCKOIO JIBUKEHUsI (110 MMEHH OpUTaH-
ckoro 6orannka P. BpoyHa, oTkpbIBIIEro ero). 9ro sipienne
COCTOWUT B TOM, UTO MEJIBIAMNIIE JaCTUIIBI BEIECTBA, B3Be-
[IIEHHBIE B YKUJIKOCTH, TPEOBIBAIOT B XA0TUIECKOM JIBUKEHUN
663 BUAMMBIX Ha TO IIPUYUH.

[TpuauHb! 3TOTO, Ka3aa0Ch ObI, CAMOTPON3BOJILHOTO JIBH-
JKEHUS JIOJINO HE MODJTH OObSICHUTD, TIOKa KUHETUYECKAsT TEO-
pUsi Ta30B HE Jlajia MPOCTOTO U UCUEPIBIBAIOIIErO 00bsiCHE-
HUA: IBUKEHNE B3BECHICHHBIX YaCTUIL ABJIACTCA PE3YJIbTaTOM
VAapOB MOJIEKYJI YKUJIKOCTH II0 9TUM JacTuiiaMm. Knnerudaec-
Kasl TEOpUsT AT BO3MOYKHOCTD BBITUCIUTD BEPOSITHOCTD TO-
ro, 9TO0 B JAaHHOM OObeMe KUJIKOCTH He OyIeT HU OIHOMN
YACTUIIBI B3BEIIEHHOTO BEIIEeCTBa, TAKUX YaCTHUI] OyIeT OJI-
Ha, J[BE, TPU U T. JI.
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JList TpOBEpPKU PE3YJILTATOB TEOPUM OBLI IIPOBEICH PsiIT
9KCIIepuMeHTOB. [lajiee puBeieHbl Pe3yJIbTaThl 9KCIIEPUMEH-
Ta mBeJickoro ¢dpusnka Cejiedbopra.

B TonkoM cj0e pacTBOpa 30J10Ta Yepe3 OJMHAKOBBIE IIPO-
MEXKYTKHA BPEMEHU PErUCTPUPOBAJIOCH KOJUIECTBO UACTHUIL
30JI0Ta, MONABIINX B I0JIE 3PEHUs] MUKPOCKONA. BbLI0 1po-
Besieno 518 Takux Habmogenuit. [Ipu sToM ObLIN 1Oy Y€HBI
CJIJIYIOIIE PE3YIIbTATHL:

7 0 1 2 3 4 | 5|6 | 7| 8ubouee
n; | 112 | 168 | 130 | 69 | 32 | 5 |1 | 1 0

B rabinie i — KOJIMYECTBO YACTHUIL 30JI0TA B IOJIE 3PEHMUS
MHKPOCKOII&; T; — KOJUYIECTBO HAOJIIOIEHMI, KOI/Ia B II0JIE
3peHNs MUKPOCKOIA OBLLIO 3aperuCTPUPOBAHO 7 YaCTHI] 30-
JIoTa.

[IpoBepuTh IUIOTE3Y O IIYACCOHOBCKOM PACIPEIEICHIN
9HCJIa 9aCTHI] 30JI0Ta, HAOJIIOMABIINXCSI B II0JI€ 3PEHUST MUK-
pOcCKoIIa.

18.12. B Tabaumne mpuBemeHb! odUIMAIbHBIE TaHHLIE
IIBEICKON CTATUCTUKY 32 1935 T. 0 pacipe/ieieHIN HOBOPOXK-
JICHHBIX 10 MECSIIIAM.

Mecsan, | Jleouku | Beero || Mecsir Hesouku | Bcero
Jereit nerei

fuBaps 3537 7280 || Nronb 3621 7585
Depasb 3407 6957 || Asrycr 3596 7393
Mapt 3866 7883 || Cenrsabpn 3491 7203
Anpenn 3711 7884 || OkTs16pn 3391 6903
Mait 3775 7892 || Host6pn 3160 6552
Wionn 3665 7609 || lexabpb 3371 7132
Bcero 42591 | 88273

CBHﬂeTeHbCTByIOT JIX 9T JaHHbIE O TOM, 9TO B KazKJIOM
MeCsTe B TeUeHNE TO/Ia JIETH POXKIAIOTCS OIMHAKOBO 9acTO?
JleBOUKN pOXKIAIOTCS OMMHAKOBO dacTo! Mabaumku poxKia-
FOTCsI OJJMHAKOBO IACTO?

18.13 (HenpeaB3siTOCTH 3KCHepuMeHTaTopa). Kax-
nyio u3 150 crimvex pazsiomaiite Hayjady Ha JiBe 4acTu. Jlu-
HeUKOH ¢ MIJIMMETPOBBIM JleJIEHNEM U3MePhTE C TOUYHOCTHIO
JI0 IEeCATHIX AoJieit MuutnMeTpa aauny 300 Moy YeHHbIX da-
creit. [Ipu sTOM TpUIETCS OIEHUBATL TEPBBI 3HAK TOCJIE
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3aldToll B ILeCHTI/IIIHOI‘/'I 3alluCcu JJINHBLI 9aCTU CIIMYKMW B MUJI-
sauMerpax. 3adukcupyiite 3ToT 3HaK (HMOCIEAHION UMDY
3aIUCH ).

PesynbraThl nsMepenuil ya00HO [IPEICTaBUThL B TAKOM BU-
ze:

1 0] 112 ]3[4]5|6]7[8]9

g

rae ¢ — Iocje Hss Mudpa B 3aIUCU PE3YJIbTaTa U3MEPEHUsT
JJUHBL yacTu cimaku, ¢ = 0,1, ...,9; n; — 4uciio nosiBjieHui
rocaeaHeit udphl ¢ B U3MEPEHUsIX.

IIpoBepbTe C IOMOIILIO KPUTEPH X2 HEIPe/IB3sTOCTh Ba-
IUX U3MEPEeHUN.

Sameuanue. [IpeaB3saTocTb HpU CHATUM TOKA3AHUI
BCTpeYaeTcst JOCTAaTOYHO 4YacTo. COMHHUTEIHHO, YTOOBI ObI-
JIa Kakas-TO 0ObeKTUBHAsSI IpUInHa, o0yc/IaBauBarorias 60-
Jiee JacToe IMOsIBJIEHNE OHUX udp 110 CPABHEHUIO C JAPYIHU-
MW, TIO9TOMY €CTECTBEHHO IPEIIOJIOKUTD, UTO HEOTUHAKO-
Basl 9acTOTa MOsiBJIeHUs (P yKa3bIBaeT Ha MPEIB3sITOCTD
nabsriogaress. axke Te HabJromaresn, KOTOPbIE 3HAIOT O
BO3MOXKHOCTHU IPEAB3SITOCTH U O HEOOXOIMMOCTH OCTOPOXK-
HOCTU IIpU CHATHUHN HOKaSaHI/Iﬁ, BCe-TaKH HE Bcerga MoryT
n36exKaTh ee.

18.14. CuMMETPUUIHYIO MOHETY MTOJOPACBIBAIOT 10 BTO-
pOTro BBITIAJAEHNUsT repba U PEruCTPUPYIOT UNUCJIO & BBITABIINX
pemterok. OTHOCHTEILHO paclpeie/leHns CIyJIailHON BesIu-
qnuHBI £ BBIABUIAeTCs runoresa Hy :

k+1
Pg(k’)zw, k:O,1727...,

(13 KaKUX cOOOparKeHMil BbIJIBUHYTA TUIIOTE3A).

[Iposepbre rumnoresy Hy. C 9701 1e/1bI0 TPOBEIUTE IKC-
HEPUMEHT JIOCTATOYHO OOJIBIIOE YUCJIO Pa3 W BOCIOJIb3Yii-
Tech KpuTepueM X 2. Pesy/abTare! skcriepuMenTa yI06HO Ipe/-
CTaBUTH B BHJE TAOJIHIIbI

0 1 2 | ... | k

no ni no . ng

rJie Ny — YUCJIO SKCIEPUMEHTOB U3 N IIPOBEJEHHBIX, B KOTO-
PBIX JI0 BTOPOI'O BbIaJeHUs repba perneTka Bbiaja k pas,
k=20,1,2

Y Y PARE
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18.15 (uBer BoJsioc u 1Ber rias). B tabiune npuse-
JIeHB! JlaHHble 0 147 Hay/jady BHIODAHHBIX CTY/EHTaX, KOTO-
pble OBLIM PACIIPEJIEJICHbI COIVIACHO IIBETY UX BOJIOC (CBET-
JIble, TeMHbIE) U ri1a3 (ro/ryoble, Kapue).

IIser IIser rnas

BOJIOC Tlony6oie | Kapue | Beero
Temubre 31 41 72
Cserble 40 35 75

Bcero 71 76 147

MoxKHO i HA OCHOBAHUU ITUX JAHHBIX CJIEJIATH BLIBOI
0 TOM, UTO IIBET IJIa3 CBSI3aH C I[BETOM BOJIOC?

18.16 (upexnB3sitocTs Habomareds). [lepen naran-
KOM, COCTOAIINM W3 KPYIJIOTO JIMCKa, pasjeiaeHHoro xHa 10
OJIMHAKOBBIX CEKTOPOB, 3aHyMepoBaHHBIX oT 0 10 9, mocra-
Busn HabmofgaTess. Jluck Bpammacsa ¢ 60IbIION CKOPOCTHIO.
BpemMmst o BpeMeHn nepes HUM BCIBIXHBAJIA, SJEKTPHYCCKAST
JIAMITOYKA Ha CTOJIbL KOPOTKOE BPeMsI, UTO JUCK Ka3aJICs HEIo-
mBmkHBIM. HabmogaTenb D01KeH ObLT CMOTPETh Ha JIUCK U
3aIUCHIBATH HOMEP TOT'O CEKTOPa, KOTOPBIIf B MOMEHT BCIIBIIII-
KHI JIAMIIOYKH HAXOIUJICA HAITPOTUB (DUKCHPOBAHHOTO yKa3a-
TeJIsI.

[Tpubop mpeaHazHAYMAIC JJTsT TOJIYIeHUS CIYIaiiHbIX 1~
cesl 1 B CaMOM Jiejieé WX BBIIABAJI, KOT/a B IKCIIEPUMEHTE
y4JacTBOBaJI JApyroit Habsmogareas. OaHako HabrogaTes b,
0 KOTOPOM IILJIa PeYb BBIIIE, CHUMAJI ITOKa3aHUs C 3aMETHOM
[IPEJIB3SITOCTHIO.

Yacrore nosiByienns mudp B 10000 BBIIOTHEHHBIX HUM
HaOJII0/IeHUsX TpuBejieHbl B Tabuuie (B Tabsuie dyacrora
unpbl — KoamdecTBo ee nossienuii 8 10000 nabsronern-
SIX).

[IpoBepuThb, CBUAETENLCTBYIOT JIM 9TH JaHHLIE O IpE-
B3TOCTH HaOJIIOIATES.

Iludpa | Yacrora || Iludpa | Hacrora

0 1083 5 1007
1 865 6 1081
2 1053 7 997
3 884 8 1025
4 1057 9 948

Bcero 10000




18.4. 3amaun 391

Sameuanue. Ecim Ob1 HabIIOAATEIbL OBLI HEIIPEIB3s-
TBIM, TO IMUQPHI MOSIBJISIJINCHL ObI TPUOIM3UTETLHO C OIUHA-
KOBOI dacToToil. VI3 TabamIbl, OMHAKO, BUIHO, ITO OH MMeEJI
[IPUCTPACTHE K YeTHBIM IudpaM U IpeayoeKIeHne MpOTUB
veueTHblx mudp 1, 3 u 9. Ilpuunbna Takoro moBeleHUsT U
[IPE/IB3SITOCTH HEMOHSITHA U 3araJ0vHa, MOCKOJbKY HabJIIo-
JaTesib He JTOJKeH ObLI /1aBaTh OIEHKY, a JO/KEH TOJIbKO
3aIllCBIBATH TO, YTO BHJWT, WK AyMaJj, 9To BuIuT. OOb-
sICHEHUE, TO-BUIUMOMY, COCTOUT B TOM, UTO HabJIIOIATEb
oTJaBajl 3HAYNTEIbHOE TPEIITOUTEHINEe HEKOTOPBIM Idpam,
IpH 5TOM (PUKCHPOBAJ HE T€ M3 HUX, KOTOPbIE B MOMEHT
BCIIBIIIIKY JIAMIIOYKNA B CAMOM J€Jie BUJEJ HAIPOTUB yKa3a-
Tesst. 3JeCh Mbl IMEEM JIEJIO C OJHON U3 4PE3BLIYAilHO CUJIb-
HBIX (POPM IICUXOJIOTHIECKOTO TIPeyOerK IeHus.

18.17. PaccmaTpuBaeTcs CTOXaCTHIECKA SKCIIEPUMEHT,
COCTOSAIINI B MOAOPACHIBAHUYM YE€THIPEX MOHET W PEerucTpa-
MY KOJIMYECTBa BhINMABIIUX repbos. [Ipemiokure maremarn-
YeCKYIO MOJIEJIb 9TOTO CTOXaCTUIECKOro dKcrepumenTa. 11po-
BepbTe ee aJeKBATHOCTD dKCIepuMenTy. [l 3Toro nposeu-
Te SKCIIEPUMEHT JIOCTATOYHOE YUCJIO Pa3 U BOCIOJB3yUTECH
KpHuTepueM 2.

PesynbraTs! mogdpacbiBanmnil 9eThIpex MOHET yI00HO Ipe/I-
CTaBUTDH B BUJE TAOJINIIBL:

t (0] 11234

g

I

rje ¢ — KOJIMYeCTBO repOOB, BBHIIABIINX HA YETHIPEX MOHE-
Tax; N; — KOJUIECTBO SKCIEPUMEHTOB, B KOTOPBHIX BBHIIAJIO %
repOoB.

Sameganne. O BeIOOpE MOJE/N CTOXACTHIECKOTO IKC-
IIepUMEHTa U IIPOBEPKe ee aJeKBaTHOCTU SKCIIEPUMEHTY CM.
zagaay 18.1.

18.18 (mepecTpoiika xpoMocoM B KJjeTke). Penr-
TE€HOBCKOE ODJIyYeHME BBI3bIBAET B OPraHMYECKUX KJIETKAX
OTIpeJIeJIEHHbIE TTPOIECCHI, KOTOpPLIe Oy/ieM HA3bIBATL Iepe-
CTpOiiKoil xpoMocoM. Yucyo 1mepecTpoek XpoMOCOM B KJIET-
K€ COTVIACHO TE€OPUHU JOJIZKHO IOTIMHSITHCS PACIIPEIeIeHNIO
IIyaccona. B skcrepumMenTte 1mojCcYuThIBAIN KOJUIECTBO 1€~
PeCTpoeK XPOMOCOM IIOJ, BO3/IEICTBUEM DPEHTTEeHOBCKUX JIy-
veli. Pe3ysbTaThl 9KCIIEpIMEHTa OKA3aJIUCh TAKIMU:

7 0 1 2 3 | 4 u 6osee | Bceero
n; | 434 | 195 | 44 | 9 0 682
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311eCh § — KOJIMIECTBO MIEPECTPOEK XPOMOCOM B KJIETKE; 1; —
KOJITYECTBO KJIETOK, B KOTOPBIX HaOJIIOAJIOCH © IIEPECTPOEK
XPOMOCOM;

Corytacyercst Jin ¢ MPUBEIEHHBIMI JIAHHBIMU THUIIOTE3a O
[IyaCcCOHOBCKOM PaCIpeIeJIeHIN THUCJIa TEPECTPOEK !

18.19 (ruryxomemora u moJ). IIpu nepenucu nacele-
Husg Anriaum u Yaibca B 1901 1. ObLIO 3aperucTpupoBaHO
(¢ Tounocrbio 10 Thicsd) 15729000 myxums u 16 799 000
JKeHIH, n3 HuX 3497 mykumH U 3072 KEHIWH TTyXOHe-
MBbI€ OT POKJIEHUS.

IIpoBepuTh runoTe3y 0 TOM, UTO IVIyXOHEMOTA HE CBI3aHA
C TIOJIOM.

18.20 (cay4aiino u mpou3BosibHO). CiyvaiiHo He 03-
HaYaeT IIPOU3BOJILHO: CJIYIANHOCTD ITOINHAETCS CBOUM CTPO-
rum 3akoHaMm. Hampumep, Ha mepBBIf B3TJIsAM KayKETCsI, 9TO
[IPEJJIOYKUTD CIY YAHYIO ITOCIEI0BATEIHHOCTD P IPOCTO.
OHako Ha CAMOM JeJie 3TO MOTYT CJIeaTh HEMHOTHE JIIOTH.
[TocemoBaTeIbHOCTD CJIyYaHBIX UMD JTOJKHA YIOBIETBO-
pATb psigy TpeboBaHuit ciyuaitHoctu. B wactHOCTH, OT Ta-
KOl TI0C/IeIOBATEILHOCTH €CTECTBEHHO MOTPEOOBATDH, YTOOBI
nosiaenne mudp 0,1, ...,9 ObLI0 pABHOBEPOSITHBIM.

[IpoBepbTe cBOUM CIIOCOOHOCTH, & UMEHHO: BBIITUIIIATE CJIY-
Jaiinyto (¢ Bareil TOYKM 3peHust) TOCIe10BaTeIbHOCTD: 1) u3
150 “gerbIipex3HadHbIx” dnces1 (HyJb MOXKET 3aHHMATh Iep-
BOE MECTO CJieBa, Kak W Jirobas jpyras mnudpa); 2) uz 600
mudp. IposepbTe ¢ TOMOIBIO KpuTepus X2, JIeiicTBHTeb-
HO JIU B IIPEJIJIO?KEHHBIX BAMU [TOCJIEI0OBATETBHOCTSX UM PHI
0,1,...,9 Bcrpeuatorcst ¢ BepositHocTbiO 1/10.

CpaBunuTe pe3yabTATH ATUX IKCIEPUMEHTOB.

[Ipumevanune. BrimuceiBasg 1oC/I€10BATEILHOCTD, HE
[IpOCMaTPUBAiiTe U HE UCIOJIb3YHTE KAKUM JTUO0 UHBIM CITO-
coOOM y2Ke BBIMUCAHHYIO YACTb IIOC/IEI0BATEILHOCTH: KaXK-
JI0€ CJIe/TYIOIIee THCII0 (KarKIyIo CJIeLy Oy Io nudpy) BbIIIH-
chIBaiiTe Tak, Kak OyaTo BBI €ro (ee) mwmIieTe BIEPBBIE, KaK
OYITO 70 TONO HUYETO HE BLIMUCHIBAJIOCD.

SBameuanue. Berpewaiores JOqu, ¥ KOTOPBIX HCHXO-
JIOTUYECKHUE TIPOIECCHl HACTOIBKO XOPOIIO COATAHCUPOBAHBI,
YTO OHU MOT'YT IOJIyYaTh Cydaiinbie Beioopku. OOBITHO Ta-
KWe JINIA CINTAIOT ce0sl IPEe3BBIYAHO O/IaPEHHBIMHU.

18.21. CroxacTuvecKuil KCIIEPUMEHT COCTOUT B IIOCJIE-
JOBATEIbHOM MOAOPAChIBAHUN MOHETHI TPU Pa3a U PErUCTPa-
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UM PE3yJIbTATOB CJEAYIONuM 00pa30M: BBIIaJCHHE repda
(T") obosnavaercst equuuiieit, a pemerku (P) — mysem. Tak
4qTo, BBIMaJeHne, HanpuMmep, I'PP perucrpupyerca xax 100.
Pacemorpum atu mocsenoBaTesbHOCTA U3 HYJIEH W €IUHMUIIL
KaK 3aliCh 9UCeJ B JIBOUYHON CHCTEME UCUYUCJIEHUS, TOTJA
100 — »T0 3amuch B JBOMYHON CUCTEME UCUUC/ICHUS YETBEP-
ku. Haumbosibiiiee 9mucio, KOTOPOE MOYKHO IOJIYIUTH TAKUM
0bpa3oM, paBHO CEMH — €r0 3alIiCh B JBOMYHOI cucTeMe 111.

PesynbraThl sKcriepuMeHTa B JIECATUYHON CHUCTEME HUC-
YUCJIEHUS YI00HO MPEJICTABUTE B BUJIE TAOJIHUIIHL:

1 0] 112134567

Tvg

rae n; — KOJWIEeCTBO SKCIEPUMEHTOB, B KOTOPBIX OBLIO 3a-
PErUCTPUPOBAHO YUCJIO ©.

MozkHo s cauTarh nosisiaenne mudp 0,1,2,...,7 B onu-
CAHHOM 3KCIIEPUMEHTE PABHOBEPOSITHBIM 7

,ZLa.TI) OTBET B TepMHNHaX IIPOBEPKU CTATUCTUICCKUX I'UIIO-
Te3. Jj1st 9TOro mpeioKuTh MaTeMaTUIECKYI0 MOJIENb CTO-
XaCTHIECKOTO SKCIIEPUMEHTA, IPOBECTH €r0 JOCTATOYHOE YUC-
JIO Pa3 U, BOCIIOJIb30BABIINCH KPUTEPHEM X2, IPOBEPUTD a,1eK-
BATHOCTBH MOJIEJTH SKCIIEPUMEHTY.

18.22 (yMcTBEeHHBIE CHOCOGHOCTU U KAYECTBO O€XK-
abl). B Tabuuie npusesensl ganuble (mosydentbe ['nibn)
0 1725 ydenunkax, kjaaccuduIMPOBAHHBIX B COOTBETCTBUU C:
1) Ka4eCTBOM UX OJIXKBI; 2) YMCTBEHHBIMU CLIOCOOHOCTSIMU.
IIpu aTOM JJ1sT XapaKTepPUCTUKH YMCTBEHHBIX CIIOCOOHOCTEH
HCIIOJIb30BaHA CJIeIYIONMast rpajaius: A — yMCTBEHHO OTCTa-
JIBI; B — MeIMTe/IbHBI U HeJI0CTaTovYHo pasBuThlil; C —
HEJIOCTATOYHO Pa3BUTHIN; D — MeIINTEIbHBIH, HO yMHBIN;
E — nocrarouno ymubiit; ' — gBHO ciocobnbrit; G — odeHb
CITOCOOHBIIA.

YmMcTBeH- KauectBo o1e2K1B1
HBIE CIIO- Ouenb Xoporee | Cuoc- | Ogenn | Bcero
coGHOCTH | XOpoIiee HOE ILJIOXO0e
AuB 33 41 39 17 130
C 48 100 58 13 219
D 113 202 70 22 407
E 209 255 61 10 535
F 194 138 33 10 375
G 39 15 4 1 59
Bceero 636 751 265 73 1725
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MOXKHO JI Ha OCHOBAHHUU STHUX JIAHHBIX CIEJIATH BBIBOJI,
9TO Ka9eCTBO OJEKJbl YIEHUKOB W MX YMCTBEHHDIE CITOCOD-
HOCTH — HE3aBUCUMBbIE TPU3HAKMN !

18.23 (Gakrepun B uamke Ilerpm). B uamke ITer-
pu HabIIOIA0TCsT KOJToHnH baxkTepuit. I1oag MUKpOCKOIIOM nx
BUJIHO KakK TeMHble naTHbimKy. Yamka [lerpu (ee aHO0) pas-
JlejieHa Ha MaJIeHbKHE KBaJIPaTbl, B KaXKJIOM M3 KOTOPBIX
HOJICIUTHIBACTCS KOJIMIECTBO KOJIOHUIT (TIsITHBIIIEK ). Pesyiib-
TaTbl HAOJIIOMEHNI TPUBEIEHBI B TaOJINIIE:

k1012345 6|7
ng | 511926 ]26 |21 ]13|8]0]

rie k — KOJIMIeCTBO KOJIOHWII B KBaIpaTe; Nj — KOJUICCTBO
KBQJIPATOB C k KOJIOHUSIMH.

[IpoBeputh rumoresy o MyacCOHOBCKOM PaCIIpPeIe/IeHIN
KOJTMIECTBa KOJOHWI Ha KBaJIparT.

18.24. B rabymmiie npuBeaeHb BEPOITHOCTH IOsIBJICHUS B
Tekcre 6yKB pycckoro asidasura (BKJOUast pobest, oH 060-
3HAYEH YEPTOUKOI).

Boobiie roBopst, BepossTHOCTH MOABJIEHNsT OYKB B TEKCTE
3aBHUCAT OT €ro XapakTepa, OCOOEHHO 5TO 3aMETHO B CTH-
xax. B KadecTBe mpumepa MOXKHO Ha3BaTh CTUXOTBOPEHUE
K. /1. Baabmonta “Kambiiu’

[TosHOYHOI TOPOO B GOJIOTHON TUIyIITN

YyTb CJIBIITHO, OECITyMHO IIyPIIaT KAMBIIIH ...

Bce mocTpoeno Ha 0OBITPHIBAHUYT MIUATIAIINX 3BYKOB ‘I 1
“I’, TIO9TOMY 9acTOTa WX MOABJIEHUS 3aMETHO BBIIIE IIPUBE-
JEHHBIX B TabJ/IUIE.

— 0,17 =m 0,062 p 0,040 wm 0,026
o 0,090 T 0053 B 0,038 x 0,025
e 0,072 =w 0053 = 003 o 0,023
a 0062 c¢c 004 x 0,028 y 0,021
4 0018 6 0,014 x 0,009 u 0,004
st 0,016 r 0,013 x 0,000 m 0,003
3 0,016 =« 0,012 o 0,006 > 0,003
bb 0014 # 0,010 m 0,006 & 0,002

Pacemorpure orpeiBok u3 mosmel A. C. Ilymkuna “Pyc-
garn u Jloogmmra” or “Y Jykomopbst jy0 3ejeHsbrii ...” 10
“... CKa3Ky 3Ty Teleph IOBEMAI0 s CBETY .
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[TpoBepbTe, COrIACYIOTCS JIU B 9TOM OTPBIBKE YACTOTHI
[OsiBJIEHUS OYKB C BEPOSATHOCTSMHE, IIPUBEJIEHHBIMU B TA0JIU-
Iie.

18.25. CroxacTUYeCKuii 3KCIEPUMEHT COCTOUT B TOJICUE-
Te uncsta nosgsiernit mapsl (1;1) Ha 100 map, u3BIeYeHHBIX
U3 TabJIUIBI CIIyIalHbIX quces1, HanpuMep u3 tabir. 22.10.1.

[Ipey10KUTh MATEMATUYIECKYIO MOJIESb CTOXACTHIECKOTO
skcnepnMenTa. IIpoBepuTh ee aeKBATHOCTD SKCIIEPUMEHTY.
7151 3TOTO TPOBECTH IKCIEPUMEHT JOCTATOYHOE THUCJIO Pa3
¥ BOCIOJIb30BATLCH KPUTEPHEM X 2.

Jlamubie ya100HO MPEJICTABUTE B CJIEIYIONIEM BUJIE:

t |01 12 ]13[4]5|6]7[8]9

T

rjie ¢ — wucso nosteienuit mapsl (1; 1) ma 100 map, n3sieden-
HBIX U3 TAOJUIBI CJIyYaAlHBIX YHUCEJI; 1; — KOJUYECTBO TEX
9KCIIEPUMEHTOB, B KOTOPBIX Hapa (1;1) Bcrpedaercs ¢ pas.

SaMmeuanue. O BbIOOPE MOJE/N CTOXACTHYECKOI'O IKC-
[IEPUMEHTA U IIPOBEPKE €€ aJIEKBATHOCTU SKCIIEPUMEHTY CM.
zajiaay 18.1.

18.26 (cenekuus ropoxa I'. Mengenem). B skcuepu-
MEHTaX II0 cejieKruu ropoxa I'. Menmenb Hab/romnan 9acTory
HOsIBJICHUST PA3JINYHBIX BHUJOB CeMsiH (B 9TOM 3ajade 4acTo-
Ta — KOJIMYIECTBO CEMSIH OIIPE/ICJIEHHOTO BHJIA), MOy ICHHBIX
B pe3yJibTaTe CKPEIUBAHUS PACTEHUI C KPYIVIBIMU KeJIThI-
MU ¥ MOPIIUHUCTBIMH 3€JIEHBIMUA CEMEHAMHU. DTU JIAHHBbIE U
3HAYEHUS] TEOPETUICCKUX BEPOSTHOCTEH, OIpEe/IeIEHHbIE CO-
IJIaCHO TeOpHH HaCJIeACTBEHHOCTHU h&eH,ZLeJIﬂ7 nIpuBeJIeHbI B
TabJIAIIE.

Buy cemsn Yacrora | Beposaraoctb
Kpyribsle xxentrie 315 9/16
MOpIIMHUCTBIE YKEJIThIE 101 3/16
Kpyrubie 3enennie 108 3/16
MopimaucTbie 3es1eHbIe 32 1/16
Bcero 556 1

CoracyroTcs Ji BepOSITHOCTH, II0JTy Y€HHbIE COTJIACHO Te-
opuu MeHeJs1, C IpUBEIEHHBIME SKCIEPUMEHTAILHBIME JTaH-
HbIMU?
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18.27 (CMBIILJIEHOCTh M KAa4eCTBO IUTaHus1). B co-
muasibioM o6ospernn (ITupcon u Moy, 1925) 618 majbun-
KOB ObLITN KJACCU(MUIIMPOBAHBI COTJIACHO YPOBHIO UX CMBIIII-
JIEHOCTU U Ka49eCTBY IUTAHUSI.

PesynbraTer obcienoBanuii npuseiensl B Tabsmre. [Ipu
9TOM HUCIIOJIb30BaHbl 0603HaAUeHN: A — O0YeHb ClI0COOHLIN, B
— crocobHbIi, C' — cMBIILIeHbIH, I) — HEeJI0CTaATOYHO CMBIIII-
JieHbIit, F — MenauTenbHbilt, F' — O0YeHb MeJITUTEIbHBII.

KauecTBo YPOBEHDb CMBIIIJIEHOCTHA

U TAHUS A | B C D E | F | Bcero
Xoportizee 9 | 27 60 63 | 24 5 188
ITocpencrBennoe 5 | 41 | 126 | 120 | 36 6 334
[Tioxoe 5 |12 | 38 32 8 1 96
Bcero 19 | 80 | 224 | 215 | 68 | 12 618

Cy1iecTByeT Jin CBsI3b MEXKJIy KAUeCTBOM ITUTAHUSI JIeTei
U WX CMBIIIEHOCTHIO?

18.28 (aBTOMOOMIILHBIE HOMEPA). PUKCUPYIOTCS YUC-
JIOBbIE YACTU HOMEPOB aBTOMOOUJIEH, ITPOE3KAIONIIX MIIMO
Habuioaresisi. OTHOCHTEIBHO MOSIBJICHUS UMD BbIIBUTAET-
Csl BIOJTHE €CTECTBEHHAsl TUIOTe3a: MUGPBl B aBTOMOOUIb-
HBIX HOMEpax BCTPEYAIOTCsI OJUHAKOBO YacTO (BEPOSTHOCTH
nosiBJIeHUsT TGP B ABTOMOOUIBHBIX HOMEPaX OJIMHAKOBA).

C 1e1610 TPOBEPKHU BBIJIBUHYTOI TMIIOTE3bI, 32PETUCTPH-
pyliTe yncoByIo YacTh HoMepoB 40 — 50 aBromobueit, mpo-
e3KAIONMX MUMO Bac (modemy 3Toro Gyjuer jocTaTovHO?)

1 BOCIOJIL3YHTech KpuTepueM 2. Janubie yno6HO mpejicra-
BUTH B CJIEJIYIOIIEM BHJIE:

1 0] 1]2]3[4]5|6]7[8]9

N4

rae n; — KOJUYECTBO MOABJIEHUN IUMPHI ¢ B YUCTOBLIX Ya-
CTSIX aBTOMOOMJILHBIX HOMEPOB.

18.29. Bo Bpems Bropoit muposoit Boiinbl Ha JIoHmOH
ymajo 537 camMoJieTOB-CHApPAIOB. Bcio Teppuropuio JIommo-
Ha pasbmin Ha 576 ydacTkos miomapio 0,25 km?. Huxe
[IPUBEJICHO KOJIMYECTBO V; YYaCTKOB, HA KOTOPBIE YIIAJIO %
CHAPSIIOB.

] 0 1 2 3
vi 229 1211 |93 |35 [ 71010

I
ot
(=2}
\]

8 u 6osee | Bcero
0 576

—_
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BoCIIO/Ib30BABIIHICh KPUTEPUEM X2, IIPOBEPHUTH THIIOTE-
3y O IIyaCCOHOBCKOM PAaCIIPE/IeIEHIH KOJINIeCTBa CAMOJIETOB-
CHapsIIOB, YIABIINX HA YIACTOK.

18.30. O HOBpeMEHHO 1TOI0PACHIBAIOT 12 UTPAIbHBIX KO-
cTell U PerucTpUpPYIOT 3HAYECHUE CJIYIafHON BeJIUYIUHBI £ —
KOJIMYECTBA KOCTeH, Ha KOTOPBIX BBIIAJIO YUCI0 OYKOB 00JIb-
mee 3. Jlanubie 4096 3KCIIEPUMEHTOB IIPUBEJCHBI B TAOJIHIIE.

0 0 7 847
1 7 8 536
2 60 9 257
3 | 198 10 71
4 | 430 11 11
5 | 731 12 0
6 | 948 Bcero | 4096

3/ech ¢ — 3HaYEHUEe CAyYalHON BEJUYIUHBI &; M; — KOJH-
YeCTBO 3IKCIIEpUMEHTOB, B KOTOPBIX CﬂyqaﬁHaH BeJINYUHA §
npuHsiyia 3uadenne ¢, ¢ =0, 1,...,12.

[Ipoeputh rumoresy o OGHHOMHUAIBLHOM PACIIPEICICHIN
cIyIaiiHo#l BemanHb &.

18.31 (uBer BoJioc u Ber Gposeii). B Tabiuie npu-
BEJIEHO PacIpejiesieHne IBeTa BOJIOC U 1BeTa Oposeil y 46 542
IIIBEJICKUX IPU3BIBHUKOB.

IIBeT BOJIOC

et 6poseit | Cpersible nin poixkne | Temubie | Bcero

Csetible

WIH PBIXKHE 30472 3238 33710

Temmubre 3364 9468 12832
Bcero 33836 12706 46 542

CBuIeTE/IbCTBYIOT JIU 9TH JAHHBIE O CBSI3U MEXK]y IIBe-
TOM BOJIOC U I[BETOM OpoBeii?

18.32. B Tabimie nmpuBemeHbl JJIMHB THTEPBAJIOB MEXK-
JIy TIOC/IeIOBATEIbHBIMIA HMITYJIbCAMU BJIIOJb HEPBHOTO BO-
JokHa (eauHua usmepenust 1/50 ¢), oy YeHHbIe JJOKTOPOM
IT.®erom u npodeccopom B.Kamny (JlonmoHckuil yauBepcu-
Ter).
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30 255 55 145 180 7,0 275 140
20 05 470 365 25 35 55 190
10,5 245 190 190 05 3,0 65 30
05 80 25 50 80 30 30 30
55 220 25 45 20 135 250 125
125 40 05 350 20 40 80 190
40 16,0 19,5 290 280 370 75 13,0
125 85 325 305 7,5 130 15 25
170 35 50 45 10 150

[TpoBepuTh rumoTe3y 0: a) HOPMAJIBLHOM PACIPE/ICICHUN;
6) paBHOMEPHOM DACIIPEJICJIEHIN JIJINHBI WHTEPBAJIa MEXK LY
I/IMHy.Hbca.IVH/I.

18.33. IlocemoBaTe/ibHO ABaYKIBI MTOAOPACHIBAIOT TAPY
MOHET U PErHCTPUPYIOT YMCJIO & BBHIIABIINX IepOOB Ha mape
MOHET TIPY TIEPBOM MOOPACHIBAHUY U 1) — MPU BTOPOM, T. €.
PErucTpupyoT 3HaUYeHue Caydaiinoi Beaumansbl = (€, 7).

[IpenmoxuTh MaTEMaTUIECKYIO MOJIE/b 3TOI'0 CTOXACTH-
YeCKOT'0o dKcIepuMenTa. IIpoBepuTh ee ajeKBaTHOCTL SKCIIe-
pumenTy. C 3TOil IeJIBIO0 MIPOBECTH SKCIIEPUMEHT TOCTATOY-
HOE 9HCJIO pa3 U BOCIIOJIBb30BATHC KPUTEPHEM X 2.

PesynbraTs! mogdopacoiBanmii y100HO IpeICTABUTD B BUIE
CJIeIyTONIEeH TabTUIIbL:

Snadve- | 3HadeHus 7
Husa & 0 1 2 | Cymma
0 Voo | Vo1 | Vo2 1.
1 Vio | V11 | V12 V1.
2 V2o | V21 | Va2 va.
Cymma | vo | va | Ve n

31ech Vjj — KOIMYECTBO SKCIIEPHMEHTOB, B KOTOPBIX CJLy-
vaijinast Beamunna ¢ = (£, 1) upuHsiia 3Hadenue (i, j),

2 2 2 2
V. = E Vij, V.j = E Vij, Z,] = 0, 1,2, n = E E Vij.
7=0 1=0

i=0 j=0

SBameuanue. OTHOCUTEIHLHO BIOOPA MOJE/IN CTOXACTH-
YECKOT'0 SKCIIEPUMEHTa U [IPOBEPKU €€ aJIeKBATHOCTU IKCIIE-
PUMEHTY cM. 3ajia4y 18.1.
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18.34. B Tabaurie npuBeaeHbl JaHHBIE 0 1426 3aK/TFOUEH-
HBIX, KJIACCH(PUITMPOBAHHBIX 110 OTHOIIEHUIO K aJIKOTOJILHOMN
3aBHCHMOCTH (AJIKOTOJIMK, HE AJKOTOJINK) U XapaKTepy Mmpe-
CTYIUIeHUIi, 33 KOTOpble UX ocyamin (januble [opunra, mu-
tuposannblie K. [Tupconom). CTpokn TabJIuIbl yIIops10IeHbI
B COOTBETCTBHH C “HHTEJLIEKTYaJIbHOCTHIO” BUJIA IIPECTYILIE-
HUSI, XOTS 9TO YIIOPsIOUeHNe JTOBOJIBHO YCJIOBHOE.

Bun upecrymiennsi | Ankoronmuku | He ankoronmku | Bceero
ITomxor 50 43 93
Wsznacusiopanne 88 62 150
HacunbcrBennbie
JefCTBUS 155 110 265
Boposcrso 379 300 679
Wsrorosienne
(haJIbIIUBBIX JIEHET 18 14 32
MorreHHIYeCcTBO 63 144 207
Bcero 753 673 1426

Mo2kHO STt HA OCHOBAHUU ITUX JTAHHBIX CHIEJIATH BBLIBOI
0 HAJUYUN CBA3U MEXKJIY JIKOTOJIM3MOM U XapPaKTEPOM IIpe-
CTyILIeHUs1?

18.35 (o Tememarax). B I'apsapickom yHuBepcurere,
yHuBepcureTe /l1oka U IPyrux YHUBEPCUTETAX MPU ITPOBEP-
Ke CIIOCODHOCTEN TeJIenaroB “‘duTaTh’ MbBIC/IU, B YACTHOCTH,
CTaBUJINCH IKCIEPUMEHTHI 110 ureHuio mudp 0,1,...,9.

[Tpoeaure amasiornunbiit sxkcuepuMmenT. Haynaqay 3ay-
maiite tudpy: 0,1,...,9 u 3adurcupyiire pesyabrar. Tese-
[aT 4uTaeT 3aJyMaHnyio BaMu 1udpy U Takke DUKCUDY-
€T pe3yJibTaT. DKCIEPUMEHT ITPOBOIUTCS JOCTATOTHOE KOJIU-
1ecTBO pa3. Ecium Tesrennat B caMoM Jiejie 00J1a1aeT crocoo-
HOCTSIMU YUTATb MBICJU, TO O/ ITPABUJILHO IMPOUYUTAHHBIX
nudp: HYJIb YATAETCH KaK HYJIb, €IUHNAINA — KaK €JIUHUIA, U
T. JI., IeBITKA — KaK JICBITKA, T. €. J0JIs YCIEX0B OyaeT 00/1b-
mroit (ycrex — mpaBHJIbHO MPOYUTAHHAsS Iudpa, Heyrada —
HEIPABUJILHO IPOYUTAHHAS).

ITo pesysnbraTaMm IIPOBEJIEHHOIO IKCIEPUMEHTA CJIeJIaTh
BBIBO/[ OTHOCUTEJILHO CIIOCOOHOCTE! TeslernaTa YuTaTh MbIC/IH
Ha PACCTOSHUU.

Ykazauune. [JIg 9UCTOTH 9KCHEPUMEHTA, 3ayMbIBas
uudpser 0,1,...,9, monb3yiirech Tabuneil ciaydaiHbIX Uu-
cell.
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18.36 (3apsig snekTpoHa). B Tabimie npuseienbl 58
3HAaYEHUN BeJINIUHEI €, HalineHubx P. Mujinkenom mpu ompe-
JleJIeHNH 3apsifa 9JIeKTPOHa, KOTopelii paseH e - 10710 e

Crc.

4,740 |[ 13 [ 4,769 |[ 25 | 4,778 || 37 | 4,788 || 49 | 4,795
4,747 || 14 | 4,771 || 26 | 4,779 || 38 | 4,788 || 50 | 4,797
4,749 || 15 | 4,771 || 27 | 4,779 || 39 | 4,789 || 51 | 4,799
4,758 || 16 | 4,772 || 28 | 4,779 || 40 | 4,789 || 52 | 4,799
4,761 || 17 | 4,772 || 29 | 4,781 || 41 | 4,790 || 53 | 4,801
4,764 || 18 | 4,772 || 30 | 4,781 || 42 | 4,790 || 54 | 4,805
4,764 || 19 | 4,774 || 31 | 4,782 || 43 | 4,790 || 55 | 4,806
4,764 || 20 | 4,775 || 32 | 4,783 || 44 | 4,791 || 56 | 4,808
4,765 || 21 | 4,775 || 33 | 4,783 || 45 | 4,791 || 57 | 4,809
4,767 || 22 | 4,776 || 34 | 4,785 || 46 | 4,791 || 58 | 4,810
4,768 || 23 | 4,777 || 35 | 4,785 || 47 | 4,792
4,769 || 24 | 4,777 || 36 | 4,785 || 48 | 4,792

=
B S ©XO0 Ut W

[IpoBeputh rurore3y 0 HOPMAJIBLHOM PACIPEJIETIEHIN Pe-
3yJILTATOB U3MEPEHU BEJTUIUHBI € IIPU OIIPEIe/IEHUN 3apsijia
3JIEKTPOHA.

18.37. IlocemoBaTe/ibHO ABaXKIbI TOAOPACHIBAIOT TAPY
MOHET U PErUCTPUPYIOT YHUCJIO £ BBIIABIINX IepOOB IIPHU Iep-
BOM TOJOPACHIBAHUNA U MaKCHUMAJIbHOE YUCJIO 1) repOOB BbI-
[ABIIUX [IPU IIEPBOM U BTOPOM IIOJ0PACBIBAHUSIX, T. €. PErHU-
CTPUPYIOT 3HAaUeHUe ciydaiinoil Besmaunst ( = (£, 7).

[IpeioKUTh MaTEMATUYECKYIO MOJEIH STOIO CTOXACTHU-
YECKOTO IKCIEPUMEHTA. ATEKBATHO JIM OMUCHIBACT €0 TPe/I-
JIO2KEHHAsT MOJIe/Ib? SIBJISIIOTCS Jin CJIyYaiiHble BEJIMIUHbL & U
7) HE3aBUCUMBIMU !

JlaTe oTBeT Ha BOIPOC 00 aJeKBATHOCTH MOIEIH B Tep-
MHHAX [IPOBEPKU CTATUCTUYECKUX rutiore3. s sToro mpo-
BECTH CTOXACTUYIECKUI IKCIEPUMEHT JIOCTATOYHOE UUCJIO Pa3
1 BOCIIO/JIb30BaThCs KpuTepreM X 2. Jlammbie yno6Ho mpejicra-
BUTb B BHjIe TAOJIUIIbI.

Bameuanue 1. O BEIOOpe MaTeMaTHIECKON MOJIETH CTO-
XaCTUIECKOI'0 IKCIIEPUMEHTA U I[IPOBEPKE €€ aJIeKBATHOCTH
cM. 3agady 18.1.

Bameuanue 2. Pacupenenenue dynkuun g(¢) ciayuaii-
Hoit Besimaunbl ( = (§,7), B 9acTHOCTH (DYHKIIH

9(¢) = g(&m) = (§, max{{,n}),



18.4. 3amaun 401

10 pacipejiesieHnio ( MOXKHO HaiTH, BOCIIOJIb30BABIIICH CO-
OTHOIIIEHUEM

P{g(&,n) = (z,y)} = > P¢(i, §)-
{(4,9):9(i,5)=(z,y)}

Suaue- | 3uauveHus 7
Hua & 0 1 2 | Cymma
0 Voo | Vo1 | Vo2 V0.
1 Vio | V11 | V12 V1.
2 Vo | Vo1 | Va2 va.
Cymma | v | v | Vo n
B Tabmune v;; — KOTMYECTBO SKCIEPHMEHTOB, B KOTOPBIX
ciydaiinast Bequunda ¢ = (&,7) npunsiia 3Hadenue (i,7),
)= 0,1,2;
2 2 2 2
Vi = E Vij, V.j = E Vij, Z,] = 0,1,2; n = E E Vij.
=0 i=0 i=0 j=0

18.38 (mOpPO>KHO-TPAHCIIOPTHBIE IIPOUCIIECTBUS C
BoauTessimu aBTobycoB). Yacrornoe pacupenesenne 166
BOJUTE N JIOHIOHCKAX aBTOOYCOB B COOTBETCTBUU C KOJIH-
YEeCTBOM JIOPOXKHO-TPAHCIOPTHBIX ITPOUCIIECTBUMN, CJIYIUB-
IIUXCs C HUMU B T€UEHUE OJIHOTO r'o/la, IPUBEIEHO B TAOJIUIIE:

N
45
36
40
19
12 10 u Gosee

8 Bcero 166

g

O 00O
OO NDW

TR WN - o .

3/1eCb © — YHUCJIO JOPOXKHO-TPAHCIIOPTHBIX ITPOUCIIECTBUIA,
7 — KOJIMYECTBO BOJIUTENEN, C KOTOPBIMU CJIyYUJIOCH % JIO-
POXKHO-TPAHCIOPTHBIX IIpouctiecTsuit, ¢ = 0,1, ...
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MoXXHO 1 CUMTATH, UTO KOJUIECTBO HOPOKHO-TPAHC-
HOPTHBIX IIPOUCIIECTBUI, CJIyIUBIIMNXCA IIPU YYACTHH BOIU-
TeJid B TedeHHe Iojia, lofunnsdeTcd pacupeaesienuio 1lyacco-
Ha?t

18.39 (mupoxkHble U GakTepuaibHbIE KOJIOHUMN).
B Tabismne npuBeleHb! JaHHbIE O KOJIOHHAX OakTepmil, co-
JICPZKAIUXC B TPEX BUJIAX HUPOXKHBIX (naHHble A. AGpa-
XaMCOHA).

Moxuo Jjm yTBEepXK/IAaTh, 9TO CYIIIECTBYET 3aBUCUMOCTDH
MeXKJly BHJAMU IHPOXKHBIX W pasMepaMu OaKTepHaIbHBIX
KOJIOHHH, COJePIKAIIUXCA B HIX !

Bun Pazmeps! kosornn
mupoxkHbX | Mambie | Cpename | Boabmme | Beero
OkJep 92 37 46 175
Harmoneon 53 15 19 87
OpexoBoe 75 19 12 106
Bcero 220 71 77 368

OTBeT naTh B TePMHUHAX IPOBEPKH CTATHCTUYECKUX TI'H-
ores.

18.40 (MomeHT mocjenHero ypasHuBaHus). Cum-
METPHYHYIO MOHETY II0I0pPaChIBAIOT HYEThIPE pa3a U peru-
CTPUPYIOT 3HAUEHUE CJIydallHON BeJIMIUHBI — MOMEHT, KOTJa
B LIOCJIEIHUI pa3 KOJIMIeCTBO IepboB CpaBHSETCs C KOJIUde-
CTBOM penIeTOK (I\IOIVIGHT ImocJjie JHero ypaBHI/IBaHI/IH), STNMN
MOMEHTaMU B dKcIlepuMeHTe gaBjisiiorcs 0; 2; 4.

OTHOCHTE/IbBHO MOMEHTa IIOC/IE/IHEIO YPABHUBAHUS BbI-
JIBUTACTCA TUIIOTE3a: PACHpeJIeICHIEM MOMEHTa, IIOCTIeTHErO
yPaBHUBaHHUSA ABJIAETCH

(3(/)8 238 31/L8>

(ImckpeTHOe pacrpe/iesieHre apKCHHYCa MOPsiIKa 2).
[IpoBepuTh BBIABUHYTYIO rurioTedy. st T0ro moayduTnb
BBIOOPKY MOMEHTa TIOCJIETHEIO YPABHUBAHUS (JI0CTATOIHOTO
o6beMa) M BOCIIOJIL30BATLCS KPHTEPUEM X>2.
PesynbraThl npoBesieHusT 9KCIEPUMEHTOB YI0OHO MpeJI-
CTaBUTb B TAKOM BU/JIE:
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i | 0]2]4

ng

rjae ¢ — MOMEHT IIOCJIeJHErO yPaBHUBAHUS; 1; — KOJIHIEeCTBO
HaOJII0/IeHNiT (9KCIIEPUMEHTOB), B KOTOPBIX MOMEHT I10CJIE]I-
HEro ypaBHUBAHUSA OKa3aJICdA PABHBIM i.

18.41 (mokazaHusI MeXaHMYECKUX dacoB). MexaHu-
YeCKHEe YaChl, BBICTABJICHHbIC B BUTPUHAX JaCOBBIX Mara3h-
HOB, IIOKa3bIBaIOT CiIy4alinoe BpeMs. BolaBuraercs ecTecTBeH-
Hasd UIOTe3a: IOKa3aHUsd 1acoB PaclIpe/ieieHbl pABHOMEPHO
ua unrepsaje [0;12). Pesynsrarer 1000 nHabironennii npuse-
Jenpl B Tabsnne (narepsadt |0;12) pasout na 12 paBHBIX dac-
reii: [i,i+1),4=0,1,...,11).

0|77 6 73
1 | 81 7 70
2 | 95 8 7
3 | 86 9 82
4 | 98 10 84
5 | 90 11 87

Bcero | 1000

31ech i — HOMep MHTEpBaJsa OT i-ro 4aca Jjio (i + 1)-ro, i =
=0,1,...,11; n; — KOIMYECTBO YACOB, MIOKA3aHUsI KOTOPHIX
HPUHAIJIEXKAT i-My HHTEPBAJY.

Corylacyercs I BBLIBUHYTAs THIIOTE3a, C STUMHU JAHHBI-
Mu?

18.42 (cMBbIILIIEHOCTD U cJIoXKeHue). B rabiuie npu-
BEJICHBI JJAHHBIE O CTEIEHN CMBIILJICHOCTH yIeHUKOB C aTJIe-
TUYECKUM CJIOKEHUEM W C HEATJICTUIECKUM.

Croxkenne CreneHb CMBIIIIEHOCTH

yIeHuKa Bricokas Huszkas Bcero
Arnernueckoe 581 567 1148
Hearerutueckoe 209 351 560
Bcero 790 918 1708

Y10 MOXKHO CKa3aTh OTHOCUTEJILHO CBA3K MeEXK/y CMBbIII-
JIEHOCTBIO YYEHUKOB U UX CJIOZKEHUEM !

Orser JaThb B T€pMUHaX IIPOBEPKU CTATUCTUYICCKUX I'U-
11oTes.
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18.43. J/lamHble O KOJMYECTBE TPEIIUH B CTEpP:KHE, 00-
HapyKeHHbIX mpu ucnblTannu 600 HeNJTOHOBBIX CTepXKHEN,
[IpUBEIEHBI B TaOJIHIIE:

7 0 1 2 3 4 | 5| 6 ubosee | Bcero
n; | 275 | 207 | 81 | 23 | 8 | 6 0 600 |’

TJe ¢ — YUCJIO TPEIUH B CTEPXKHE; N — KOJUIECTBO CTEPHK-
Hell, B KOTOPBIX O0HAPYZKEHO % TPEeIiH.

[IpoBepuThb runoTesy O IIyacCOHOBCKOM DAacCIpe/lesIeHIn
KOJITYECTBA TPEIIUH B CTEPXKHE.

18.44 (skcunepument K. ITupcona). B pesynbrare
24000 nogbdpaceiBaruit moHeTbl K. Ilupcon 3apeructpupo-
Baut 12012 ciiygaes nosiBienus: repba.

Corytacyercst Jiu THIIOTE3a O CUMMETPUIHOCTH MOHETHI C
STUMM JAHHBIMUA!

18.45. B pe3syabrare mpoBepkn 500 KOHTEIHEPOB CO CTEK-
JISHHBIMU W3JIEJIUSIMU TIOJIy9eHbl TaKUEe JAHHBIE O KOJIUUe-
CTBE MTOBPEXKIEHHBIX U3JEJIHil:

7 nig 7 ng

0 |199 5 3

1 |169 6 1

2 87 7 1 |
3 31| 8 u 6osree | 0

4 9 Bcero | 500

rJie ¢ — YUCJIO MOBPEXKJEHHBIX W3JEJINil; Nn; — KOJUIECTBO
KOHTENHEPOB C ¢ MOBPEXKAEHHBIMU n3nenusamu, ¢ = 0,1, ...

MozKHO 11 CYUTATH, YTO KOJUIECTBO HOBPEXK IEHHBIX N3~
Jennit, TpUXoisieecs Ha KOHTeNHED, TOMINHIETCS pacipe-
nestennio [lyaccona?

18.46. B Tabmiie npuBeieHbl 3HAUEHUST TOJIIUHBI (B M-
KPOMETpaX) IJIACTUKOBOTO IMOKDPBITHS MEIHOIl MPOBOJIOKH
(B BBIOOPKY BOILIN 225 60OUH TIPOBOJIOKH ).

Tommunaa | Yacrora || Tommmua | Yacrora
145 1 153 37
146 3 154 25
147 3 155 23
148 7 156 11
149 11 157 9
150 25 158 2
151 33 159 0
152 34 160 1
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MO)KHO JIK Ha OCHOBaAHUMU ITUX MAaHHBLIX CYHUTaTb, YTO
TOJIIIUHA TTOKPBITHST IPOBOJIOKH NMeeT HOPMAaJIbHOE pacipe-
nejierue?

3amMeuanue. B aT0if 3amade yacrora — 3ITO KOJIUYe-
CTBO OOOMH IIPOBOJIOKH, JJisi KOTOPBIX OBLI& 3apEruCTPUPO-
BaHa JaHHad TOJIIIUHA ITOKPBITHUA.

18.47 (BO3pacT MOJIOJOKEHOB M YPOBEHb UX J[OXO-
10B). C 1esibio 00HAPYKUTH CBsI3b MEKJLy BO3PACTOM BCTYTI-
JIEHUsI B TIEPBBI OpaK U YPOBHEM JIOXOI0B MOJIOIOKEHOB ObI-
JIO TIPOBEJIEHO OOC/IEJI0BAHKE, PE3YJIbTAThl KOTOPOTo (KOJIH-
9EeCTBO CeMENHBIX 11ap) MPUBEJICHBI B TaOJIUIIE.

YpoBeHb BospacTt mostonoxkenoB

noxomos | Mo 18 | 1821 | Crapme 21

Huzkwnit 45 25 15
Cpenunii 35 60 25
Bricokuit 10 28 24

CBuIeTE/IbCTBYIOT JIM IIPUBEIEHHBIE JTaHHBIE O HAJIAINN
CBSI3W MEXKJIy BO3PACTOM BCTYILJIEHUS B IEPBLIN Opak u ypoB-
HEM JIOXOJI0B MOJIOIOXKEHOB?

18.48. B skcrnepumMenTe HAOIIOIATACH HEOTPUIIATEIHHAST
HeIpepbIBHAs ciiydaitHast Bequunaa £. st 48 HabrogeHnit
HOJIyYeHbl TaKue ee 3HaueHusl (YIOPsiJIOUEeHHbIE U OKPYTJIEH-
uble j10 0,01):

0,0l 0,04 0,17 0,18 022 025 0,25 0,29
0,42 046 047 056 0059 0,67 0,70 0,72
0,76 0,78 0,83 085 087 0,93 1,00 1,01
1,01 1,02 1,03 1,05 1,32 1,34 1,37 147
1,50 1,52 1,54 1,58 1,71 1,90 2,10 2,35
2,46 246 250 3,73 4,07 6,03 621 7,02

HpOBepI/ITb TUIIOTE3Y O TOM, YTO ITU JJaHHbIC ABJIAIOTCHA
peanuzareil BLIOOPKU U3 ITOKA3aTE/ILHOTO PACIPEIEIEHUS C
napamerpoM A = 1 (ero dyukius pacupenenenus F(x) =
=1—e" upuz > 0).

18.49 (skcmepumeHnT YasgoHa). B oxHoMm u3 skcie-
PUMEHTOB C UT'PAJBHBIMU KOCTSIMH Y 3JIJIOH TOIOPOCUII KOCTH
49152 pasz. Ilpu srom B 25145 caydagx Beimaam gucaa 4, 5
niu 6.

Coryacyercst Ji ¢ 3TUMH JAHHBIMUA THIIOTE38 O CHMMET-
pUYHOCTH KOCTei?
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18.50. Ilpu obcnenosannu mactu 1000 map 9uCTOKPOB-
HBIX CKAKOBBIX JIOIMadeii-mMarepeit u mouepeii: black, brown,
bay, chestnut, grey moJiyueHbl pe3yJbTaThbl, IPUBEJIEHHBIE B
TabInIe:

Macts Jiomatu- MacTsb Jromau-Mmarepu

Jodepu Black | Brown | Bay | Chestnut | Grey | Becero
Black 7 8 11 11 5 42
Brown 7 40 75 20 9 151
Bay 13 95 230 101 42 481
Chestnut 6 23 113 82 17 241
Grey 5 7 18 16 39 85
Bceero 38 173 | 447 230 112 | 1000

CBuIeTEJILCTBYIOT JIM 9TU JIAHHBIE O CBA3U MEXKJIy Mac-
THIO JIOMIAN-MATEPU U JIOIIAIU-T0Uepu T

18.51 (ocTpora 3peHmust). B rabiuiie npuBeeHbl JaH-
Hble 00 OCTPOTE 3PEHUST HEBOOPYKEHHBIM TJ1a30M 3242 MyXK-
quH B Bo3pacTe 30—39 ser — ciyxkamux KoposieBckux ap-
TUIIEpUICKUX 3aB00B Besmkobpuranun (1943 — 1946 rr.).

Crenennb oct-

POTHI 3peHnust Crenesb ocTpoThl 3peHnust (JIEBbI I71a3)

(nmpaspriit Tma3) | Beicmas | Bropas | Tperba | Husmas | Beero
Bricmras 821 112 85 35 1053
Bropas 116 494 145 27 782
Tperbs 72 151 583 87 893
Huzmas 43 34 106 331 514
Bceero 1052 791 919 480 3242

MOoKHO 7T HA OCHOBAHUU STUX JTAHHBIX C/IEJIATH BBIBOJ O
TOM, ITO OCTPOTA 3PEHUSI MPABOTO U JIEBOTO TJIa3 HE CBI3AHDI
MeXK Iy coboit?

18.52 (runoresa I’ Anam6epa). CroxacTuaecKnii 9Kc-
MEPUMEHT COCTOUT B MOJOPACHIBAHUE TAPhl CAMMETPUIHBIX
MOHET. 3aMeuaTe IbHbIN (DPAHILY3CKUI YIEHBI U MATEMATHK
JI’ Anambep cunrast, aro cobbitus A — “0b6e MOHETHI BhITAIN
repbom”’, B — “obe MOHeTHI BhIIaIN penterkoit”’, C' — “MoHe-
THI BBITIAJIN PA3HBIMU CTOPOHAMU, PABHOBEPOSITHEI 1, CJIEJTO-
BATEIHHO, BEPOSITHOCTH KAXKJIOr0 M3 HUX paBHa 1/3. A Brpo-
qeM, u 70 [’ Anambepa u mocsie Hero ObLT U3BECTEH TPABUIIH-
HBIHl TTO/IXOM, K PEIIEHUIO TON 3a/[ati: MOHETBI HEOOXO MO
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pa3andaTb. ﬂﬂﬂ CUMMETPUYIHBIX Pa3/JIMYMMBIX MOHET KazK-
nomy ucxomy I'T, PP, I'P, PI" meobxomumo mpumnucars Bepo-
sarHoCTD 1/4 (6yksa I obo3HauaeT nosiienue repba, Oyksa P
— pemerkn). Torna

P(A) =P(I'T) =1/4, P(B) = P(PP) = 1/4,

P(C) = P({TP,PT}) = P(TP) + P(PT) = 1/4 + 1/4 = 1/2.

Ho, mo-BumnMoMy, HEBOBMOYKHO JIOTHIECKU 0O0CHOBATD, IO-
gemy He mpaB [’Amambep, cumrasi, uro cobbitust A, B,C
paBHOBEPOSITHBI. B (busuke sjieMeHTapHBIX YACTHI BCTPEYa-
IOTCsT CUTyalun, B KOTopbix [I’Ayrambep ckopee mpaB, deMm
HEIIPaB.

PacemorpuTte nBe MOmEn CTOXACTHIECKOTO SKCIIEPUMEH-
Ta, COCTOSINErO B MOAOPACHIBAHUY JIBYX MOHET.

Mogenb 1° (runoresa /I’ Asambepa).

1 1 1
O ={A,B,C}, P(A) ==, P(B)==, P(C)==
3 3 3
(cobeitust A, B, C' onpe/ie/ieHbl BbIIIIe).
Mogens 2°.
Q={IT,T'P,PI, PP},
1 1 1 1
P(IT) = T P(T'P) = T P(PT) = T P(PP) = 1

C 1esbio MPOBEePKU aJeKBATHOCTU OIMCAHUS STUMHU MO-
JIEJISIMU CTOXaCTUYIECKOTO IKCIIEPUMEHTA, IIPOBEIUTE €ro 10~
CTaTOYHOE YMCJIO Pa3 U IPOBEpPHTE:

1. AnexBaTHO JIX OIKMCLIBAETCSI CTOXACTUYECKUI SKCIIEPH-
MeHT Mojiesibio 1° (cormacyercst s runoresa /I’ Anambepa ¢
pe3yJibraTaMi KCIepuMenTa)?

2. AIeKBaTHO JIM OIUCHIBAETCS CTOXACTUIECKUI SKCIIEPH-
MEHT MOJIe/bIo 2°7

3aMmeTnM, UTO, BOOOIINE TOBOPHA, MJIA OIMUCAHHUS OIHOTO
1 TOT'O K€ CTOXACTUIECKOrO IKCIEPUMEHTa MOXKHO IIPEJIJIO-
KHUTh HE OJHY MOJIE/Ib, KOTOPas aJIeKBATHO €I'0 OIMCHIBAET,
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HO U3 IIPEJJIOXKEHHBIX BBIIIE MOJIEJIell O/lHa 3aBeJOMO He Oy-
JIeT aJIeKBATHO OMHUCHIBATH YKCIIEPUMEHT, ITIOCKOJIbKY BEPOST-
HOCTH, HAIIPUMED, COOBITHA “MOHETHI JIETJIN PA3HBIMHU CTOPO-
HaMn’, BBIYHMCJIEHHBIE B PA3HBIX BEPOATHOCTHBIX IPOCTPAH-
CTBaX, Pa3JINIHBIL.

st ipoBepKH ajieKBaTHOCTH Mojean 1° 6ymeMm duxcu-
poBaTh YUCJIO MOAOPACHIBAHUN, B KOTOPBIX 00€ MOHETDI JIeT-
g repboM; obe — perreTKoil; MOHETHI JIETJIN PA3HBIMU CTO-
pOHAM.

st mpoBepKM aJIeKBATHOCTA Mojiesin 2° OyreM peru-
CTPUPOBATH YUCJIO MOAOPACBIBAHUN, B KOTOPBIX 00€ MOHETHI
Jieryin repbom; 0be — peIeTKoll; mepBas MOHETA JierJia rep-
O0M, a BTOpasi — PeIeTKOIl; IepBasi MOHETa, JIeTJIa PENeTKOIM,
a BTOpast — repoboM.

PesynbraThl 9KCIIEpUMEHTOB yI00HO 3AIIUCHLIBATH B BUIE
[IPUBEIEHHBIX Jajiee TabJIuIL:

A B C
Na | Ng | N¢ |’

IT PP I'P PT
Ner | Npp | Nrp | Npr

(mepBasi Tabsura JUIsi TPOBEPKH aJeKBATHOCTH Mojean 1°,
BTOpas — Mozen 2°), rjie, Hanpumep, Npp — KOJIHYECTBO
nogbpaceiBannit n3 N POBEIEHHDBIX, B KOTOPBIX Ha IIEPBOM
MOHETE BBINAJ Iepd, Ha BTOPOU — pEIeTKA.

18.53 (skcmepument 2K. Broddona). B pesyibra-
te n = 4040 nopdpaceBanuit Morersl 2K. Broddon 3apern-
crpupoBan v; = 2048 ciaydaeB mnosBieHus repba u
v = 1992 ciayuaeB NOSIBIEHUS PEIMIETKU.

Coryacyercst Ji ¢ 3TUMHU JIAHHBIMU THUIIOTE3a: BEPOSIT-
HOCTB BBINaJIeHNs repba papHa 1/27

18.54 (Bpemsi oxkupgauwus). PaccMarpuBaercst Bpemsi
OXKUJIAHUSI Y€THOTO YHC/Ia B IIOC/IEI0BATEILHOCTH 1IEJIBIX HEOT-
pUIIATEIBbHBIX CIydaiHbIX uncesi, MeHbimux 100. Ipyrumum
CJIOBAMM, PACCMATPHUBAETCs C/IydaiiHas BeJIMYWHA, DaBHAs
KOJIMYECTBY HEUETHBIX YHCEJI MEXKJTY JIBYMSI TIOCJIEIOBATE b
HBIMU (COCEIHUME) YeTHBIMU Yucaamu, MeHbinumu 100.

[TpeoKuTh MATEMATHIECKYIO MOJIE/E ( pACIIPE/IeTICHIE )
CIIy9IaliHOM BEJIMYMHBI — BPEMEHU OXKUJAHUS YETHOTO UNC-
Jjia. [IpoBepuTh aIeKBATHOCTH MOJIETU CTOXACTUIECKOMY IKC-
nepuMeHTy. Bocmoib30BaBIUCH TaOIUIIEH CTYYaliHBIX YUCEeT
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(rab. 22.10.1), moyIUTh BEIGOPKY BPEMEHU OXKUJIAHUS YeT-
HOr'O YncJIa (J0CTaTOYHOro 06'beMa) U IPOBEPUTH, COTTIACYeT-
csl JIU IIpeJIJIOYKEeHHAasl MOJIEJIb C Pe3yIbTaTOM SKCIEPUMEHTA
— MOJIyYeHHOH BBIOOPKOIL.

PesysbraTel nabsonenuil yio0HO IPeJICTABUTE B BHUJIE:

1 |01 12]13[4]5|6]7[8]9

TV

rje ¢ — BpeMsl OXKUJIAHUS YEeTHOIO YHCJIa; M; — YHCJIO Ha-
OJII0/IeHMIT, B KOTOPLIX BPEMsI OXKHJIAHUS PABHO ©.

Sameuganune. O BeIOOpE MOJIEN CTOXACTHIECKOTO IKC-
[EPUMEHTa U [IPOBEPKE ee aJIeKBATHOCTH IKCIIEPUMEHTY CM.
zajiaay 18.1.

18.55 (karacTpodbl Ha yroJbHBIX HIaxTax). B Tab-
JIUIIE TIPUBEJIEHbl MHTEPBAJIbl (B JIHSX, YATATH 1O CTPOKAM )
MezK/ly KaTacTpodaMu Ha YIrOJbHBIX IaxTax Besaumkobpura-
Hun ¢ 1875 mo 1951 r. (nauneie B. Mersio, E. Ilupcona u
A. Bunna). Maguire B. A., Pearson E. S., Wynn A. H. A. The
time intervals between industrial accidents // Biometrika.
1952. Vol. 39. P. 168 — 180.

[IpoBepuTh THUIOTE3y O MOKA3ATEIHLHOM PACIIPEICTCHUN
MHTEPBAJIOB MeXK/Iy KaracTpodaMu.

378 36 15 31 215 11 137 4
15 72 96 124 50 120 203 176
55 93 59 315 59 61 1 13

189 345 20 81 286 114 108 188

233 28 22 61 78 99 326 275
54 217 113 32 23 151 361 312

354 58 275 78 17 1205 644 467

871 48 123 457 498 49 131 182

255 195 224 566 390 72 228 271

208 517 1613 54 326 1312 348 745

217 120 275 20 66 291 4 369

338 336 19 329 330 312 171 145
75 364 37 19 156 47 129 1630
29 217 7 18 1357

[Ipumeuanue. Katacrpodoiil cunraercs: cuTyaryst, Bie-
KyIas 3a coboii rubesib 10 u Gosiee desioBek.

18.56 (mpeaB3siTOCTH 3KCcHepuMeHTaTopa). B 1ab-
JIATIE TIPUBEJICHO KOJIMIECTBO CJIYIaeB MOSIBICHUS TOCTEHEH
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nudpot B pesyabratax 1000 uzmepeHuil, BHIMOJIHEHHBIX 9KC-
mepuMenTaTopoM. COMHUTENBHO, 9TOOBI CYIECTBOBAIH 00D-
eKTUBHBIE (PaKTOPBI, 0OyCAaBINBAIONIE DoJiee JacToe I0-
sABJICHUE OJHUX UMD MO CPABHEHUIO C JAPYTUME; OITOMY
BIIOJTHE €CTECTBEHHO ITPEJIIOJI0KUATD, UTO OTKJIOHEHUE OT OJIH-
HaKOBOW BEPOATHOCTHU IOSBJICHUS UMD CBUICTEILCTBYET O
[IPEIB3SITOCTH SKCIIEPUMEHTATOPA.

CBUIETEBCTBYIOT JI MPUBEIEHHBIE JAHHBIE O MPEJIB3sI-
TOCTU IKCIIEPUMEHTATOPAT

k Nk k Nk
0 | 158 5 71
1 97 6 90
2 | 125 7 56
3 73 8 125
4 76 9 129

Bcero | 1000

B Tabmune k — mocnenmsis mudpa B pe3ysbTaTax H3Mepe-
HUM, Nj — KOJUIECTBO PE3YIbTATOB U3MEPEHU, B KOTOPBIX
riocsiegHeit oLt udpa k, k=10,1,...,9.

[Ipumeganune. O NpPeaB3SITOCTH MPHU U3MEPEHUSIX CM.
3aMedaHne K 3aaade 18.16.

18.57 (3amaua Jlprouca Kspposa II). Croxacrude-
CKUIl 9KCIIEPUMEHT M3 U3BeCTHON 3aj1adu JIpionca Kapposa
(cm. pumep 4.1.2) cOCTOUT B MOCTIEIOBATEILHOM HU3BJIEUE-
HUM U3 YPHBI JABYX mapoB. MoxKHO peJJIoKUTh 110 MEHbIIeH
Mepe JiBe MOoJIe/IH (J1Ba BEPOSITHOCTHBIX IIPOCTPAHCTBA) STOIO
CTOXaCTUYIECKOrO IKCIeprMenTa (Kak u B npumepe 4.1.2, Ge-
Jiblit map obosHadmMm uepes W, depHblit — 1uepe3 B, GeJbrit
map, KOTOPBIH IIOJIOXKUJIU B YPHY, IIOMETUM 3BE3J04YKON U
oboznadnm depe3s W*).

Mogenn 1°:

Q= {WW,WB,BW?},

POWIV) = % P(WB) = % P(BW) = %

Mogens 2°:

Q= {WW* W*W,W*B, BW*},
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POWW*) = 2, P(W*W) = =, P(W*B) = =, P(BW™) = ~.
4 4 4 4

[Ipasonoobuble paccyzkaennus (cM. npumep 4.1.2) ckio-
HSIIOT HAC K MBICJIM, UTO aJdeKBATHON MOIEIbI0 CTOXACTHIe-
CKOT'O 9KCIIEpUMEHTa sIBJIgeTca Mojesb 2°. Ho Tak i 910 Ha
caMoM jiesie?

[IpoBeaure cTOXaCTUYECKHII SKCIEPUMEHT JOCTATOYHOE
YHCJIO Pa3 U IPOBEpHTE:

1. AJIeKBATHO JIM OIIUCHIBAETCHA CTOXACTHIECKUI SKCIIEPH-
MEHT MOIesbio 1°7

2. AJIEKBATHO JIM OIUCHIBAETCS CTOXACTUIECKUI SKCIIEPH-
MEHT MOJeIbio 2°7

3aMeTHuM, 9TO XOTsI JJIsi OJJHOIO M TOT'O K€ SKCIIEPUMEH-
Ta MOXKHO IIPEJJIOKUTD HE OJIHY MOJE/b, KOTOPas aJeKBaTHO
€ro OIMCBLIBAET, HO JIjIsi JAHHOT'O CTOXACTHYECKOI'O IKCIIEPH-
MEHTa IT0 MEHBIIeH Mepe OHa U3 Mojesieil He Oy1eT aIekBaT-
HOI 9KCIIEPUMEHTY YK€ XOTs ObI IOTOMY, 9TO BEPOATHOCTH
OJIHOT'O U TOI'O K€ COOBITHSI, BBIYNC/IEHHBIE B PA3JTHIHBIX Be-
POSITHOCTHBIX NPOCTPAHCTBAX, pasHble (cM. mpumep 4.1.2).

CroxacTUYeCcKHii 3KCIIEPUMEHT OyJIeM IIPOBOJIUTDL CJIELYy-
oM o6pa3oM. BosbMeM JiBe ypHBI: BCIOMOIaTebHYIO U
ocHOBHYI0. Bo BcrmomorarebHON HaxXomdTCs ABa mapa: Oe-
JIBI U depHbIii. VI3 BerioMorarebHON ypPHBI Haymady BbIOe-
PEM OJIMH U3 IAPOB U IEePeIOKUM B OCHOBHYIO, HE PETUCTPH-
pys pesyabrar. Takum 06pa3oM, B OCHOBHOI ypHE HAXOINT-
cst Gestplit map (¢ BeposiTHOCTBIO 1/2) wim wepubiil. Tasee
B OCHOBHYIO YPHY KJajieM OeJiblii Imap, ero Mmpu IIPOBEPKE
aJeKBATHOCTU MOJeIn 2 IMOMEeTUM 3Be3T04Koil. 11 makoHerr,
13 OCHOBHOI yPHBI IOC/IEIOBATEILHO U3BJIEKaeM 0ba Imapa,
duKCHUpys pe3yabTaT SKCIEePUMEHTA,

WWwW,WB, BW
— B CJIyvae MPOBEPKHU aJIeKBATHOCTH Mojean 1° u
WW* W*W,W*B, BW*

— B C/Iy4dae IPOBEPKHU aJIEKBATHOCTU MOJETH 2°.
JlaHHble 9KCIEPUMEHTOB YI00HO 3aIncaThb B BUJIE Tad-
JTATL

WWw WB BW
Nww | Nwe | New |’
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Ww* W*W W*B BW*
Nww+ | Nw*w | Nw*B | Npw=

(mepBasi TabsnIa — s IPOBEPKU aJIeKBATHOCTU Mojiesn 1°,
Bropas — Mojenn 2°), rie, HanpumMep, Ny — KOJINIeCTBO
9KCIIepUMeHTOB 13 N IIPOBE/IEHHBIX, B KOTOPBIX UCXO/IOM ObI-
sa mapa WW.

18.58. IlogbOpaceiBaroT Iapy MOHET M UIPAJIbHYIO KOCTD,
npu 3ToM & — YUCJIO BBINABIIUX repOOB Ha IMape MOHET, 1) —
YHCJI0 BBIIABIINX OYKOB Ha UrpaibHOM koctu, ( = (£,0) —
caydaiiHas BeJndnHa co 3Hadennsvu B R?, rie ) = I (2,4,6)(1)-

[IpoBeputh runorTesy 0 HE3aBUCUMOCTU KOMIIOHEHT CJIy-
qaitnoit Besmuunbl ( = (£,60). C 910ii 11€/1b10 TOAOPOCUTH
MOHETHI U UI'PAJbHYIO0 KOCTh JIOCTATOYHOE UUCJIO Pa3 U BOC-
II0JIb30BATLCS. KPUTEPUEM X 2.

PezynbraTnl Habsonenuit yao0HO NMPEICTABUTL B BHUJIE
TaOJIATIHL:

Suade- | 3uavenns 0 | Cymma
Hus & 0 1

0 V00 Vo1 1.

1 V10 11 V1. )

2 V20 V21 va.
CymmMma | v.o Vi n

rje Vi — KOJIMYeCTBO IOJ0pachlBaHuii, B KOTOPbIX CJy4aii-
Has Besimunna ¢ = (€, 0) npunsiia suadenne (i,7), i = 0,1,2;
J=0,1

1 2
vie= Y Vi, vj=3 vij, i=0,1,2 j=0,1.
j=0 i=0

Bameuanue. O BEIOOPE MOJEIN CTOXACTUIECKOT'O IKC-
IIepUMeHTa U TTPOBEPKE ee aJIEKBATHOCTH CM. 3a1a49y 18.1.

18.59 (Trenmenarusi u KapTbl 3eHepa). Haunnas ¢ qsa-
JUATBIX TogoB XX crTojieTusi B ['apBap/JCcKOM YHUBEpPCUTE-
Te, yHuBepcutere f0Ka U IPYyrux yHUBepCHUTETaxX (hUHAH-
CHUPYIOTCS SKCIIEPUMEHTAJIbHBIE UCCIEIOBAHUS IO TEJICTATAN
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(“arennn” MbICJIEH HA PACCTOSIHNN ), B KOTOPBIX, B YaCTHOCTH,
HCTIOTB3YTIOTCS TAK Ha3bIBaeMble KAPTHI 3eHEPa, HA KOTOPBIX
n300paKEHBI AT CUMBOJIOB: OKPYKHOCTh, KBaJIPAT, ILIIOC,
TPH BOJIHECTBIE JINHAN, 3Be3/a (puc. 18.4.1).

C nomorIpio KapT 3eHepa [IPOBEPUTH CIIOCOOHOCTHU TeJie-
naTa ‘“aurath’ MbIC/n Ha paccTosHuu. C 3TOM 1eJIbI0 TpoBe-
cTH cJieyronuil sKcnepuMenT. M3 Kostoabl kKapT 3eHepa B
HayJIa4dy BeIOMpaeTe oiHy u pukcupyere pe3yabrarT. Tejenar
YUTAeT BEIOPAHHYIO BAME KaPTYy U TaKKe (PUKCUDPYET pe3y/ib-
TaT. DKCIEPUMEHT IIPOBOJIUTCS JOCTATOYHOE YHUCJIO Pas3.

Ecisin TesteriaT B camMoM Jiejie YUTAET MBICJIN, TO YACTOTA
IPABIJIBHO IPOYNTAHHBIX CHMBOJIOB (OKPYZKHOCTH YHTAETCSI
KaK OKDPY>KHOCTb, KBaJIpaT — KaK KBaJIpar, U T. J.), T. €.
9acToTa ycrexoB Oyjer GoJbInoi (ycrnex — HpaBHJIbHO IIPO-
YUTAHHBIN CUMBOJI, HEY/IaUa — HEIPABUILHO MPOIUTAHHDLIN
CHUMBOJI).

OOl +1lY ||l

Puc. 18.4.1: Kaprsr 3enepa

IIo pesynbraraM TPOBEIEHHOTIO SKCIEPUMEHTA CJIeJIaTh
BBIBOJI, OTHOCUTEJIBHO CIIOCOOHOCTU TeJIelaTa YUTaTh MbBIC/IN
Ha PACCTOsHUU.

VYkaszanue 1. ChopMyanpoBaTh 3aa49y IPOBEPKHU CIIO-
cobHoCTel TeJienara YuTaTh MBICJIM Ha, PACCTOSTHUU KaK 33,12~
9y MPOBEPKU CTATUCTUIECKUX IUIOTe3. B KadecTBe Hy/1€BOM
PacCMOTPETh THIIOTE3Y: TeJIelaT MbIC/IN He YnTaeT. Bocmoib-
30BaTLCs KPHTEPUEM X>.

Vkazaunue 2. IlpoBepurh TesmenaTudecKue CIOCOOHO-
CTH CBOET'O TOBAPUINA, 3HAKOMOTO (ITOMPOCATH MPOIUTATH Ba-
IIIU MBICJIN).

18.60. CuMMeTpUUIHYI0 MOHETY MOI0PACHIBAIOT JI0 TIep-
BOI'O TIOSBJICHUS Tepba M PerucTPUpyioT KOJUIECTBO [ Pe-
IIETOK, KOTOPbIE [P 9TOM BbIIAIN (KOJIUIECTBO IIATOB J0
[epPBOro MOsIBJIeHUsT Tepha).
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[IpenmoxuTe MaTeMaTUIECKYIO MOJEIbL STOTO CTOXACTHU-
4eckoro skcrepumenta. [IpoBepbre ee ajieKBATHOCTD JKCIIE-
pumenTy. [l 9TOrO MpoBeAWTE SKCIEPUMEHT JIOCTATOTHOE
YHCIIO PA3 U BOCIONL3YHTECh KPUTEpHEeM X 2.

18.61. IlonOpaceiBaioT Iapy MOHET U PETUCTPUPYIOT CO-
ObiTHE: “HAa 0OOUX MOHETaX BBINAJ repd’.

[Ipenyoxkure MaTeMaTUIECKYIO MOJEIb STOTO CTOXACTHU-
9ecKOoTo dKcnepuMenTa. [IpoBepbTe ee ageKBaTHOCTH JKCIIE-
pumenty. [ljs 3Toro mpoBeguTe KCIEPUMEHT JTOCTATOTHOE
YUCJIO Pa3 U BOCIOJB3YiTeCh KpuTepueM x2.

18.62. Hmxke npuBeieHbl MOMEHTHI MPUOBITUS TAITHEH-
TOB Ha MyHKT cKopoil momoru (Okcdopm, manneie A. Bap-
poy) B despasie, mapre, anpese, mae 1963 1.

4 despasasa | 11.00 17 mapra | 11.05 || 29 anpena | 18.45

17.00 20 mapra | 16.00 4 maz | 16.30

8 despansa | 23.15 22 mapta | 19.00 6 mag | 22.00

11 despansa | 10.00 24 mapta | 17.45 7 Mast 8.45

16 despansa | 12.00 20.20 11 masa | 19.15

18 despans 8.45 21.00 13 masa | 15.30

16.00 28 mapTa | 12.00 14 masa | 12.00

20 despass | 10.00 12.00 18.15

15.30 30 mapra | 18.00 16 maz | 14.00

21 despass | 20.20 2 anpensa | 22.00 18 mag | 13.00

25 despasts 4.00 22.00 19 masa | 23.00

12.00 6 ampens | 22.05 20 mag | 19.05

28 deBpadsts 2.20 9 anpensa | 12.45 22 mag | 22.00

1 mapra | 12.00 19.30 23 maga | 10.05

3 mapra 5.30 || 10 anpena | 18.45 12.30

7 mapTa 7.30 || 11 anpena | 16.15 24 magz | 18.15

12.00 || 15 ampens | 16.00 25 mas | 21.05

9 mapta | 16.00 || 16 ampens | 20.30 28 mas | 21.00

15 mapra | 16.00 || 23 anpensa | 23.40 30 mas 0.30
16 mapra 1.30 || 28 ampesna | 20.20

Mo2kHO It HA OCHOBAHWY ITUX JIAHHBIX 3aKJIIOUUTH, ITO
MOMEHT IPUOBITHS ITAIMEHTa PACIIPE/IEIeH PABHOMEPHO B Te-
qerre cyToK! Ecam HeT, mpemioKuTe CBOM BapUAHTHI pac-
[peJieJIeHuii MOMEHTa IPUOBITUS TTAIUEHTA.

18.63. [IpoBepuTh runoTe3y o MoKa3aTeIbHOM PacIpe/ie-
JIEHUU JJTNHBI MHTEPBAaJIa BPEMEHN MEXK Iy TPUOBITHEM ITaIi-
eHTOB Ha IyHKT CKOpOil nomomu (cM. 3a1a4dy 18.62).

18.64. Ha orpesok [0; 1] maymaday GpocaioT JBe TOUKH.
OHu J1es19T 0OTPE30K Ha Tpu YacTu. VIMEeITcst OCHOBaHUsT CUU-
TaTh, YTO BEPOSITHOCTH P coObITHS A = “u3 Tpex wvacreit,
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obpaszoBasIuxcst npu Jenenun orpeska [0; 1] nBymst Hayma-
9y OPOIIEHHBIMU TOYKAMU, MOYKHO IIOCTPOUTH TPEYTOJILHUK
paBHa 1/4, Apyrumu cJI0BaM#, OTHOCUTEIHHO BEPOSITHOCTH P
cobbiTusi A BbIBHraercst runoresa Hy : p = 1/4 (u3 xakux
coobparKeHuil BbIJIBUHYTA 9Ta MUIIOTE3a? ).

[Tposeputs runoresy Hy, JJIs 9€ro IMpOBECTH CTOXACTH-
YEeCKUil 9KCIEPUMEHT J0CTATOYHOE YUCJIO pa3. Bocmoabzo-
BATBCS KPUTEpHEM Y 2.

PesynbraTs! sxcriepuMenTa yJ100HO 3am1ucarh B BUJE Ta0-
JIATIBL:

A B
N4s | Ng |’

e NA — YHCJIO 3KCIIEPUMEHTOB, B KOTOPbIX IITPONU3O0IILJIO CO-
ObITHE A, NB — YHUCJIO IKCIIEPUMEHTOB, B KOTOPBLIX IITPOU30-

1o cobeitne B = A.

Bameuanue. PeasmsoBars (cMojennpoBarh) 6pocanue
TouKM Ha 0Tpe30K [0; 1] MOXKHO, HapUMEp, ¢ HOMOIIBIO Tab-
JIATBI CITyIafiHBIX 9UCeT.

18.65. Ha orpesok [0; 1] naynady 6Gpocaror mapy TOUeEK.
VIMeroTest OCHOBAHMS CYUTATH, YTO BEPOATHOCTH P COOBITHS
A="paccrostHre MeKJy TOYKAMU He MPEBOCXOJUT MTOJJOBUHBI
Jymusl orpeska [0; 1]” pasna 3/4.

Jpyrumu ciioBaMu, OTHOCUTEIHLHO BEPOATHOCTU P COOBI-
tust A BbiBuraercs runoresa Hy : p = 3/4.

[Tpoeputs runoresy Hy, Jjis 9€ro IpOBECTH CTOXACTHU-
YECKMH IKCIIEPUMEHT JOCTATOYHOE UHCI0 pas3. Bocmoab3o-
BATHCH KPUTEPHUEM 2.

PesynbraTs! sxcepuMenTa yao0HO 3alicaTh B BUIe Tab-
JIATIBL:

A B
Na | Ng |’

rjie N4 — 9UC/IO 9KCIIEPUMEHTOB, B KOTOPBIX TPOU3OIILIO CO-
obiTie A, Ng — YHCJIO 9KCIEPUMEHTOB, B KOTOPLIX IIPOU30-
1o cobeitue B = A.

Bameuanne. Peasmsosars (cMomennposars) Opocamne
To4YKN Ha oTpe3oK [0; 1] MOKHO, HAIIpEMED, C IOMOIIBIO Tab-
JINIIBI CﬂyanHbIX quceJI.

18.66. Urmy cayuaitnoii niuunbl (JymHa paBHOMEDPHO pac-
upesestera Ha [0;1]) maymady 6pocator Ha orpesok [0;1] u
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HaOJIIOJAIOT CAYyYaliHyI0 BeJIUYIUHY 6, KOTOpas IPUHUMAET
gHaveHre 1, ecim Wriia HAKPBLIA OJUH M3 KOHIOB OTPE3Ka
[0;1] m 0 B IpOTHBHOM CJIydae.

OTHOCUTENIBHO pACIpEIESICHUsT CJIyIaiiHON BeaunduHbl 6
BBIJIBUTAETCS TUIIOTE3a

Hy:P{0=j}=1/2, j=0,1.

IIposeputs runoresy Hy, Jjis 4ero IpOBECTU CTOXACTH-
YeCKMil SKCIePUMEHT J0CTaTOYHOe YHUCI0 pa3. Bocmosbso-
BATBCS KPUTEPHEM Y 2.

Bameuanue 1. [Tosoxenne urisl Ha orpeske [0; 1] onpe-
Jie/isIeTcs oJIoYKeHneM ee cepenubl. [losTomy o 6pocanu-
eM ursbl Ha orpe3ok [0; 1] Oymem noxpasymeBaTh GpocaHue
Hay/lady Ha orpe3ok [0; 1] ee cepeiuHbL.

Bameuanue 2. [lomyunTs peajmsanuio paBHOMEPHO
pacupeesiennoit Ha npomexxyrtke [0; 1] caydaiinoii Besnan-
HBI MOKHO, HAIIPUMED, C IIOMOIIBIO TabJIUIBI CITyYaiHBIX Y1-

cel.
18.67. B aByx ypHaX HaXOIATCH YeTHIpE IIapa — B Iep-

BOil ypHe JiBa 6eJibIX, BO BTOPOit — JiBa depubix. Haymnauy u3
KaXKJION ypHBI 6epeM 110 OJIHOMY IIapy U HEePEKJIabIBAEM U3
onHoil B nipyryto, u Tak 10 pa3. OTHOCHTEIBHO CJIyJaiiHOI
BeJIMUYMHBL ¢ — 4Yucja OeJIbIX IapoB B IEPBOH ypHE MOCTe
10 mepeknagpiBanuit BEIIBUTAETC runore3a Hy : ciydaiinas
BesmunHa £ UMeeT pacIpe/ie/IeHIe

0 1 2

1/6 | 4/6 | 1/6

(mocste HEE pacpe/iesieHne SBJISIeTCsT SPrOJINIECKIM PacIpe-
JleJieHrneM MapKOBCKoii rienu { &y, }, re &, — unciio 6eIbIx 1a-
POB B IEPBOil ypHE TOCIEe N-TO MepeKjaibiBanusi, cM. [15]).
[Tposeputs runoresy Hy. L1t 3TOro mpoBecT SKCIePUMEHT
(u3 10 mepekJapIBaHMIl) JOCTATOUHO GOJIBIIOE YUCIO Pa3 U
BOCIIOJIB30BATHCST KPUTEPHEM X 2.

PesynbraThl 3KCIIEpUMEHTOB yI00HO 3aIcaTh B BUIE Ta0-
JIVTIBI
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TIe N; — YHUCIO0 SKCIEPUMEHTOB U3 1 IPOBEIEHHBIX, B KOTO-
PBIX ciydaiinas Bestmduna £ mpunsiia 3uadenue ¢, ¢ = 0,1, 2.

18.68. YeTnipe mapa, cpean KOTOPBIX [IBa OEIbIX U IBa
YEpHBIX, Haylady PacIlpemessiorT IO JAByM ypHaM — IIO JIBa

B KaxK1y10. OTHOCUTEIHLHO CITyIaAfiHON BEIMIUHBI £ — YuCTa
OeJIBIX TIAPOB B MEPBOil ypHE — BbLABHUraeTcsi runoresa Hy:
caydaiinast BeJndnHa £ UMeeT paclpejiesieHne

0 1 2

1/6 | 4/6 | 1/6

[Tpoeeputs runorezy Hy. [las aToro mpoBectn sKcuepu-
MEHT JIOCTATOYHO OOJIBIIIOE YUCJIO Pa3 U BOCIOJIb30BATHCS
KpHuTepueM x>.

PezynbraThl 9KCIepuMeHTOB yI00HO 3AIUCHIBATDL B BHUJIE
TaOJIAIIBL:

0 1 2

1o 1 no

rjie n; — YUCJI0 SKCIIEPUMEHTOB U3 7 MPOBEJEHHBIX, B KOTO-
PBIX ciiydaiiHas BejmauHa  npuHsijia 3Hadenue ¢, ¢ = 0,1, 2.

18.69 (3amaua o paspesie crasku II). Bepremcs k
3as1aue 0 pasjesie craBku (cM. 3ajady 4.28).

JlBa urpoka WI'DAIOT B CIPABEJIMBYIO UTPY, HAIIPUMED,
1o/1OpackiBast CAMMETPUYHYIO MOHETY — €CJIM MOHETa JIeryia
repboM, MapTUIO BBIUI'DAJI IIEPBBIH UI'POK, €CJIA DPENeTKO
— BTOpOil. UIrpy BBIUIPBIBAET TOT U3 UTPOKOB, KTO IIEPBBIM
BhIMTpaeT 6 mapTwuii, Ipu 3TOM OH MOJIydaeT Bechb mpu3. Ha
CaMOM JIeJIe UTPa OCTAHOBUJIACH, KOT/Ia IIEPBBIN UT'POK BBLIUT-
pas b maptuii, a Bropoit — 3. Kak crpaBeajinBo pa3iaeanThb
npu3?

Ba/ady nelTaauch pemuTh (6e3ycIenHo) MHOTHe 3HaMe-
HuThblie MaTemaTuku. Perernue B 1654 1. He3aBUCUMO JIPYT OT
napyra nosyunin [Tackans nu Pepma — Hpu3 MexKLy Urpo-
KaM¥ CJIeIyeT Pa3/euTh POIOPINOHAIBHO BEPOATHOCTSIM
7/8 u 1/8 BBIUTDBIIIA MIECTH MAPTUIl COOTBETCTBEHHO IIE€P-
BBIM M BTOPBLIM UI'DOKaMU, €CJU Obl UT'Pa IpHU cueTe b K 3 He
ObLIa IpepBaHa.

Hy a kak #a camom gnejre?
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Cornacyercst i pererne [lackass u @epma ¢ onbrrom?
Benp pernenust, npejjiaraBiimecs panee BUIHBIMUA MaTeMaTH-
KaMH¥, BBITVISIJICSIN HE MEHee IIPABJIONOJ00HO U TEM He MeHee
Obun ommbounbIME, B YacTHOCTH, Hukkomo Tapranbs cun-
TaJj, YTO MPU3 HEOOXOIUMO PA3JE/IUTh B OTHOIIEHUU 2 K 1.
ITocTapeHHBII BOIIPOC 9TO (paKTUIECKU BOIIPOC 00 aIeKBaT-
HOCTHU MOJIEJTH IKCIIEPUMEHTY.

B cBs13u ¢ Takoit MocTaHOBKOI BOIIPOCA O COTJIACUU C OIIbI-
TOM DeIlleHns 331291 O Pa3Jieie CTABKY IIPOBEJIEM IKCIIEPU-
MEHT.

Bynem nonbpaceiBars cummerpudnyio Mouety. Ilpu sTom
BBINIaJICHUE Tepda MHTEPIPETUPYEM KaK BBIUTDBIIT HapTHH
[IEPBBIM UT'POKOM, PEIeTKu — BTOpbIM. MoneTy OyeM 1oJI-
OpacbIBaThb MOKa He MOABUTCH T'epd WM TPU pa3a PerreTKa
(pasymeercsi, kpsiy). Ha aroMm urpa 3asepriaercst — BbIUT-
pBIIIEM TIEPBOTO UI'DOKA, €CJIU BbINaJ I'epO U BTOPOI'O, €CJII
BBINIAJIN TPU PENIETKH.

[IpoBejieM 9KCIIEPUMEHT JIOCTATOYHO MHOTO pa3. Pe3yiib-
TaT YyI00HO 3aIlUCATH B BUJE TADJIUIGI

Gi | G
mn1 no

rJie n1— 9UCJIO0 IKCIEPUMEHTOB U3 N [IPOBEJICHHBIX, 3aKOH-
YHBIINXCsI BBIUTPBIIIEM UIPBI IePBBIM UIPOKOM (Urpokom G1),
ny— BTOPBIM (urpokoM Gig).

Jlajiee, BOCIO/I30BABIINCH KPUTEPHEM X2, MPOBEPHUTH,
corytacyercs Jjiu runoresa Hy :

G | Gy
7/8 | 1/8

O paciipeiejieHnn BepOHTHOCTefI BbIUT'DbII& UI'DBI IEPBBIM U
BTOPBIM UI'DOKOM C pPe€3yJjibTaTaMM OIIbITa:

G | G

ni n2

18.70 (sxkcnepument B. ®Pensepa). B. Pestep nos-
6pocun mouery n = 10000 pa3z. Ilpu stom momera jersa
repbom v1 = 4979 pa3 u pererkoit vg = 5021 pas.

MO>KHO JT CIUTATH, YTO MOHETA, KOTOPYIO MOI0PAChIBa
QDejuiep, ObLIA CUMMETPUIHO?
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18.71. s wmmoxkecrsa uncesn {0,1,...,99} Haymaay
6e3 BO3BpAIIlEHUS TOCIeI0BATEILHO BBIOMPAIOT TPU UHCIA
&1, &9, &3, VmeroTcst oCHOBaHUsT CIUTATH, 9TO BEPOATHOCTD P
cobbiTust A= “ancia &1, &2, {3 TMOABIAIOTCS B MOPSIIKE BO3-
pacranusi” pasaa 1/6.

JlpyruMmu cJIoBaM#, OTHOCUTETHLHO BEPOSITHOCTH P COOBI-
tust A BeiBUTAeTcst runoresa Hy @ p = 1/6 (cm. Takxke 3a-
mady 3.38, c. 40).

[IpoBeputs rumnoresy Hy, Jijisi 9€ro MpoOBECTU CTOXACTHU-
YeCKU IKCIEPUMEHT, COCTOLAINUIT B IOCJI€/I0BATEIbHOM BbI-
6ope 6e3 BO3BpAIIEHNSI TPEX TUCETI, JOCTATOTHOE TUCIO Pas.
BocIo/1b30BaThCsT KpUTEPHEM X 2.

PesynbraTh! 3KCiepuMenTa yaI00HO 3aliMcaTh B BUJIE Ta0-
JIATIBT

A B
Na | Ng |’

rae N4 — 9HUC/IO 9KCIIEPUMEHTOB, B KOTOPBIX ITPOU3OIILIO CO-
obiTe A, Ng — 9HCJIO 3KCIHEPUMEHTOB, B KOTOPBIX ITPOU30-
1o cobbitue B = A.

Sameuanne. [locaenoBaresnpHoil BoIOOD Haymady Oe3
BO3BpallleHus Juces u3 Muoxecrsa {0, 1,...,99} moxHO pe-
AJIM30BATD, HAIIPUMED, C ITOMOIILIO TAOJIUIIBI CJIYIaiHBIX 91~
ceJi, Ipu 3ToM “BbIOOp 6e3 Bo3BpalleHns’ 0003HAYAET, UTO
BbIOpaHHbIe paHee W3 TabOJMILI YMCIa Jlajiee B BbIOOpe He
yUacTBYIOT — UX HeT (OHM IIPOIYCKAIOTCS ).

18.72 (npusoBas urpa II). Bel yuacTsyere B npu3oBoit
urpe (mpu3 500 EUR). Ilepen BamMu Tpu ofMHAKOBBIE yPHBI
(KOpoOKM), B OJHON M3 HUX HAXOJIUTCS ODAHKHOTA JIOCTOUH-
creom 500 EUR, npe apyrume ypubl mycrbie. Bol BeiOupaere
ypay. Ilpexae yeM nmpoBepuTh comep:KaHne BbIOPpAHHON Ba-
MU yPHBI BeJIyIuii (B Urpe y4acTBYIOT JBOE) BHIOMPAET OJIHY
M3 OCTABIIUXCS YPH U JEMOHCTPHUPYET BaM €€ COIepKaHNe
— 6aHKHOTHI B ypHe HeT. I[locse 3Toro Beaymuil mpeiaraer
BaM /JIBa BapuaHTa ACHCTBUNI: IPOBEPUTDH COJICPXKAHUE IIEPBO-
HaJaJIbHO BBIOPAHHON ypPHBI, Wi ocTapiieiica. Eciau B ypre
HaXOIUTCsI OAHKHOTA — OHa, BaIlla.

OTHOCUTE/IBHO BEPOSITHOCTH P BAIEr0 BHIUTPHINIA, €CJIN
Bbl BbIOMpaeTe OCTaBIIYIOCs YPHY (MeHsiere IepBOHAYAJIb-
HBII BBIOOD), BhIBUTAETCsE runoresa Hy: p = 2/3.
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[Ipoeepbre runoresy Hy, /s 1ero nmpoBeauTe SKCIEPU-
MEHT, BBIOMPAasi OCTABIILYIOCH YPHY, JIOCTATOYHO DOJIBIIOE THC-
710 pa3. Bocrosb3yiitech Kpurepuem 2.

PesynbraTsl skcriepuMeHTOB y100HO 3a11CaTh B BU/IE Tab-
JIATTBI

A B
Na | Ng |’

rie Ny — 9UCI0 9KCIEPUMEHTOB, B KOTOPBIX BBIUIPBIII OBbLT
3a BaMu, N — YHCJIO KCIIEPUMEHTOB, B KOTOPBIX BBIOpaH-
Had BaMHU ypHa OKa3aJIaChb IIyCTOM.

18.73 ((3amaua JIprouca Ksppoaa IIT). Bepuemcst k
sajaue JIptouca Kapposa (cm. npumep 4.1.2), cocrosimeit B
OTIpeJIeJIEHNN BEPOSITHOCTH P TIOBTOPHOT'O U3BJIeYeHMs OE/TOTO
apa Mpu MoC/IeI0BATEIbHOM U3BJIEYEHNN JIBYX [IAPOB, €CJIH
IIePBBIA BRIOPAHHBIN IIAp OKA3AJICS OEJIBIM.

W3BecTHbI pa3iuyHble TaK WX UHAYE apPTyMEHTHPOBaH-
HbIE PEIIeHNs TOW 3a/]au, JAIOIIIe PA3JINIHbIC BEPOATHOC-
TH TIOBTOPHOT'O U3BJIEUEHUs OEJIOT0 IMapa, eCju MePBbIi n3-
BJICUEHHBIN TIap okaszaJjics OesbiM. Harne BCero Ha3bIBAIOT
qucsa 2/3 u 1/2 (em. npumep 4.1.2). TIpu sTom aBTOpPBI pe-
IEHUH, KaK IPaBUJIO, TVIYOOKO YOEXKJIeHbI B IIPABUILHOCTH
[IOJIy9eHHBIX pe3y/ibTaToB. [lo cyTu, perenus siBjisioTcs Bee-
IO JIWIIb apryMEHTAIMEH B [I0JIb3Y CIIPABEJINBOCTH TOM HJIH
WHO# THUIOTE3bl O BEPOSTHOCTH P MOBTOPHOIO U3BJIEUCHUS
6eJtoro Iapa, eciu IepBbIii U3BJIEUEHHBIN IIap OKa3aJcsa Oe-
abiv. Hy a kak Ha camom zeste? Kakast u3 runores: p = 1/2
wim p = 2/3 BepHa? A, MoXKeT ObITh, KaK OJ[HA, TAK U JIpyrasi
CUIIOTE3a IIPOTUBOPEUUT OIBITY !

B cBsi3m ¢ Takoil IOCTAHOBKOI BOIIPOCA O COIJIACUU C
OIIBITOM ITPEJIJIOYKEHHBIX PEIIeHNI 33)1a91 O BEPOSITHOCTH 110~
BTOPHOI'O U3BJIeUeHUsI OEJIOT0 IIapa, eCIu IePBLIi N3BJIeYeH-
HBI{ II1ap OKa3aJiCs OesIbIM, IIPOBEJIEM IKCIIEPUMEHT.

BozbMem jiBe ypHBI: BCIIOMOTraTe/IbHYIO U OCHOBHYIO. Bo
BCIIOMOTATEJIbHON HAXONATCS JBa IMapa: OesbIfi U UepHDI.
N3 BcriomoraTeibHOM YpHBI Haydady BbIOEpEM OJIMH W3 Ia-
POB U IIEPEJIOKUM B OCHOBHYIO, HE PDETUCTPUDYST PE3yJIbTaT.
Takum ob6pasoM, B OCHOBHOI ypHE HAXOIUTCA OeJIbIi Imap
(c BepositHOCTBIO 1/2) mn yepHbIil. [Tasee B ocHOBHYIO ypHY
KJ1ajeM OeJibiii trap. VI HakoHer, U3 OCHOBHON yPHBI HAYIATY
U3BJIEKAEM ITIap, €CJIM OH OKA3aJICS I€PHBIM — IKCIIEPUMEHT
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BaKOHYEH, €CJIN Iap OKa3aJicsd OeJIbIM, M3BJIEKAEM CJIeIyIO-
AN map.

PesyabraTh! sKCriepuMeHTOB yI00HO 3alIicaTh B BIIe Tabd-
JIATIBI

B WWwW WB
N | Nww | Nws |’

rjie Np — 9HCI0 3KCIIEPUMEHTOB, B KOTOPBIX IEPBbIil BbI-
Opanublii map YepHbiil, Ny — YUCI0 SKCIEPUMEHTOB, B KO-
TOPBIX TIEPBBI IMap Oeblil U BTOPOI mmap 6enbrit, Nyp —
YHCJIO SKCIIEPUMEHTOB, B KOTOPBIX IEPBLIil Map Oe/Iblil, BTO-
poii 11ap YepHBI.

BocCIoMb30BaBIICH KPHTEPHeM X2, TPOBepuTh: 1) rumo-
te3y Hp : p=1/2; 2) runoresy Hy : p = 2/3.

18.74. Haynady 6epyT Tpu oTpe3Ka, IIHHA KarKI0TO U3
KOTODBIX He IIpeBocxoauT 1 (jyimHa orpeska — ciydaiinas Be-
JIMYUHA, PABHOMEPHO pacipejiesieHHast Ha npomexyTke [0; 1]).
VIMeroTcst OCHOBaHUS CYMTATH, YTO BEPOSITHOCTH P COOBITHUSI
A = “uz Tpex Hay/ady BBIODAHHBIX OTPE3KOB, JIJIMHA KO-
TOPBIX HE IIPEBOCXOAUT 1, MOXKHO HOCTPOUTH TPEYTOJbHUK
paBHa 1/2, ApYrUME CJI0BaMU, OTHOCUTEJILHO BEPOSITHOCTH P
cobbitust A BbBUTaeTcs runoresa Hy : p = 1/2 (cMm. Takxke
sazady 8.18).

[Tposeputh runoresy Hy, JJIs 9€ro IMpOBECTU CTOXACTH-
YeCKUil 9KCIEPUMEHT JOCTATOYHOE YUCJIO pa3. Bocrnoabzo-
BATHCS KPUTEPUEM X 2.

PesynbraTsl skcepuMenTa yao0HO 3alncarh B Buie Tab-
JIATIBI

A B
Na | Ng |’

rjie Nj — YUCTI0 9KCIEPUMEHTOB, B KOTOPBIX ITPOU3OIILIO CO-
obiTne A, Ng — 9HCJIO 3KCIEPUMEHTOB, B KOTOPBIX ITPOU30-
o cobeitTre B = A.

Bameuanue. Peasmsoars (cMOeMpoBaTh) BBIGOD OT-
pesKa, JJIMHA KOTOPOrO PABHOMEPHO pacIpejiesieHa Ha Mpo-
mexkyTKe [0; 1] MOzKHO, HAIIpUMED, € IOMOIIBIO TAOJIHUIIbL CJIy-
YaWHBIX YUCEJI.

18.75 (3amaua Broddona II). Ha miockocrs, pas-
rpadIEHHYIO TApAJLIETbHBIMEA TIPSIMBIME, HAXOATIUMUCS HA
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paccTogHuM 2a = 2 OofHa OT JPYroii, HayJady OPOCAIOT Ur-
ay jymsol 20 = 3/2 (em. ¢. 117, upumep 8.1.3). Nmerorcs
OCHOBaHHSI CIUTATH, YTO BEPOITHOCTb P cOObITHA A = “uria
nepeceveT OJ[Hy U3 NpsAMbIX’ pasHa 3/(27), Apyrumu caoBa-
MU, OTHOCUTEJIbHO BEPOSITHOCTH p cOObITHsT A BbIIBHUTaETCst
runoresa Hy : p = 3/(27).

[Ipoeputs runoresy Hy, Jjisi 9€ro IpOBECTH CTOXACTHU-
YeCKHUil 9KCIIEPUMEHT JIOCTATOYHOEe 4ucjao pa3. Bocnosibzo-
BaTbCd KPATEPUEM X2~

PesynbraTs! skcriepumMenTa yj100HO 3anucarh B BuJe Ta0-
JIATTBI

A B
Na | Ng |’

rjie N4 — 9UC/IO 9KCIIEPUMEHTOB, B KOTOPBIX TPOU30IILIO CO-
obiTe A, Ng — 4YHCIJIO 9KCIEPUMEHTOB, B KOTOPLIX IIPOU30-
1o cobsiTne B = A.

Sameuanune 1. Peasm3oBarh 9KCIIEPUMEHT, COCTOSIIIIIT
B GpocaHMM WIJILI Ha ILJIOCKOCTb, pasrpadJIeHHYIO Iapal-
JICJIbHBIMU PSIMBIME, MOXKHO TaK.

1° BoibupaeM Hayady Ha OTPE3Ke JJIUHOM 2, MepIIeH u-
KYJISIPHOM MTAaPAJLJIEIbHBIM IIPSMBIM, U ¢ KOHIIAMU Ha IPIMBIX
cepeJIHy UIJIbl (CepeJiHa UIJIbl PABHOMEPHO pacipejiesieHa
Ha orpeske [0;2]). Hepes x 0603HAYUM PACCTOSIHUE OT CEpe-
JIMHBI UTJIBL 110 Osmzkadimeit npsimoit (em. ¢. 117, puc. 8.1.3).

2° Beibupaem Haymady yros ¢ us [0, 7], oOpasoBaHHBIIl
UIJION € TTapaJIeIbHBIME IPSIMBIMHA (0 PABHOMEPHO pacIipe-
nesier Ha [0, 7]). Yroa ¢ GyjieM OTKJIa/blBaTh IPOTUB Yaco-
BOIT CTPEJIKM OT HAIPABJICHHS WIJILI 10 HAIPABICHUS Ps-
MOYA.

3° Boruncisiem Ising = (3/4)sing. Urina nepecekaer
IPSAMYIO TOIJIa U TOJIBKO TOIJIA, KOTJIA BBINOJIHSIETCS Hepa-
BEHCTBO

x < (3/4)sin .

Bameuanue 2. Ecim & — paBHOMEpPHO paclpejiesieH-
Has Ha [0; 1] ciayvaiinast BeJmdauHa, TO CIIydaiiHasi BeJIMINHA
n = b¢ pacupenenena pasHomepHo Ha [0;b]. Tosromy pea-
JIM3AIMI0 PABHOMEDPHO paciipejiesienHoii Ha [0;b] cirydaiinoit
BEJIMYNHBI 7) MOYKHO HOJIyIUTh TaK:

n = bg,
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rje £ — peaJmusalysi pABHOMEPHO pacipeiesienHoii Ha [0; 1]
CJIYYailHOI BEeJIMNYUHBI.

18.76 (3apmaya Bamaxa II). V Bac aBe kopoOku crm-
YeK — 110 JIBeé CIIUYKKM B KaykJoil. Bbl Haymady BbiOUpaere
KOPOOKY, U3 Hee BbIOMpaeTe CIIMIKY U BO3BPAIaeTe KOPOOKY
00paTHO U TaK MPOJIOJIZKAETE JI0 TeX MOpP, MOKa B BLIOPAHHOI
KOpPOOKe He OKayKeTesl CIInYeK (BbIOpaHHasi KOPOOKa IyCcTast).
Torja BbI perucrpupyere KOJUIeCTBO CIUYEK B JPYToil Ko-
pobKe.

[TpeioxkuTe MaTEMaTHIECKYI0 MOJIE/b 9TOIO CTOXACTH-
YEeCKOIo KCIepuMeHTa. IIposepbre ee aJeKBaTHOCTD IKCIIe-
pumenTy. C 9TOl 1EJIbIO TPOBEINTE SKCIEPUMEHT JTOCTATOY-
HO GOJIBINOE YHCJIO PA3 M BOCHOJIB3YITECh KpUTEpHEM X>.

PesynbraTsl skcriepuMenTa yJi00HO MIPEICTABUTE B BUJE TA0-
JTUTIBI

0 1 2
no n1 n2

IIe ng — YHUCIO SKCIEPHMEHTOB U3 1 IMPOBEIEHHBIX, B KO-
TOPBIX KOJIMIECTBO CIIMYEK, OCTABIIUXCS B JAPyroil KOpOOKe
paBuo k, £k =0,1,2.

Sameuanne 1. OTHOCHTEIBHO BBIOOpPA MOIE/HN CTOXA-
CTHUYECKOIO SKCIIEPUMEHTA U [IPOBEPKU €€ aJIeKBATHOCTU CTO-
XaCTUIECKOMY IKCIEPUMEHTY CM. 3a7ady 18.1.

B kadecTBe I'MIIOTETHYECKOrO pacIlpeleseHusT duciaa &
OCTABIIUXCS CIUYEK, ECTECTBEHHO PACCMOTPETH PACIIpe/Ieie-
Hue

0 [ 1 ]2
3/8 | 3/8 | 2/8

(cm. 3amady Banaxa, 3agada 5.23).

Sameuanue 2. [Ipu BeiOope Hay/a1y KOPOOKH CIIUIEK
YI0OHO ITOJIb30BATHC TAOIUIEH CITyIaHBIX THCe.

18.77 (runepreomerpuvecKkoe 1 GHHOMUAIIBLHOE pac-
npenenenusi). B ypue 100 6ycun, cpeau Hux 50 KpacHble,
ocTajbHble — Oesible. V3 ypHBI Haygady BbIOUpaiOT Tpu Oy-
CUHBI, U MOJCIUATHIBAIOT IUCI0 & KPACHBIX cpeju HuX. OTHO-
CUTEJIbHO PACIIpe/ie/IeHusT CJIyIaiinoil BeuauHbl £ BBIJIBUTa-
ercs runoresa Hy :

1 3
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(0 ruIepreoMeTpUIECKOM U GHHOMHUATHLHOM PACIIPeJIEIeHUSTX
cM. ¢. 68, a Takxke (5.2.10)).

[Iposepbre runoresy Hy. C 9100 11e/1610 TPOBEIUTE IKC-
[IEPUMEHT JIOCTATOYHO OOJIBIIIOE HYHCJIO Pa3 M BOCIOJb3Yii-
Tech KpuTepueM X 2. Pe3y/bTarsl sKcIepuMenTa, yI06HO Ipe/i-
CTaBUTDH B BUIE TAOJIHUIIBI

0 1 2 3

o n1 n2 ns3

rJle Nj — YUCJI0 SKCIIEPUMEHTOB U3 1 IPOBEJIEHHBIX, B KOTO-
pbIxX cpemu 3 Oycun k kpacuwix, k = 0,1,2, 3.

18.78 (ommbouHOe coemumHeHUne TeaedOHHBIX HO-
MepoB). B rabiiuiie npuBeieHbl JaHHbIE O KOJIMYECTBE OIU-
OOUHBIX coenHEeHUN TemeOHHBIX HOMepOoB. Beero naburioma-
JIOCh 267 HOMEPOB.

k Nk k Nk k ngk
0 0 6 22 12 18
1 1 7 43 13 12
2 0 8 31 14 7
3 5 9 40 15 6
4 11 10 35 16 2
5 14 11 20 Bcero 267

3nech k — KOJIMYECTBO OIMUOOYHBIX COCJIMHEHUM, Ny — UHUC-
JIO HOMEPOB, JJIsI KOTOPBIX OBLIO 3adUKCHPOBAHO POBHO k
omuboYHbIX coennuenuii, k = 0,1,...,16.

[IpoBepuTh rUmIoOTE3y O IIYACCOHOBCKOM PACIPEIEICHIH
KOJIMYECTBa OIMOOYHBIX COEINHEHMIA.



I'maBa 19

Hemnapamerpuyeckue
KpUTEepUNn

19.1 Kpurepnit Koamoroposa

ITocranoBka 3agauu. Ilycrs &(w) = (&1 (w), & (w), ...,
.+ &n(w)) — peammzarnus Beibopku £ = (&1,&2,...,&,) u3
HEM3BECTHOTO HETIPEPBIBHOTO pactpeaeneans F. OTaocuTenn-
oo F BoiaBuraercs rumoresa Hy: F = G wim, 9ro TO XKe,
& = (&,8,...,&) — Boibopka u3 G, rae G — IOJIHOCTBIO
OIIpPEJIETIEHHOE HENIPEPBIBHOE PACIIPEIC/ICHNE.
Heobxoaumo mposeputs runoredy Hp, T. e. 1o peajm3a-
i BoIOOpKu & = (£1,&2,...,&y) CeIATh BBIBOJ: OTKJIOHSITH
rurnoresy Hy mian He OTKJIOHSTD.
Craructuka KosnmoropoBa. B rirase 18 ommcan 06-
I TIO/IXO/T K TIOCTPOEHUIO KPUTEPHUER JIJIsl TPOBEPKU TUIIO-

tesl Hy: F = G, ocnoBanusriii Ha ykiaonennun D(F,, G) sm-

NUPUIECKOTO pacipeenenns Fy,, mocTpoeHHoro mo BeIGOpKe
&= (&,&,...,&,), or runorernyeckoro G.
. H. KosMoropoe B KadecTBe YKJIOHEHUsI SMITMPUIE-
A. H. K

CKOTO pactpeesienus F,, mocTpoeHHOro 1mo BbIOOpKE & =
= (&1,&2,...,&,), or runorerndeckoro G IpEIOKUT pac-
CMaTpUBaATh

D(F,,G) = sup |G(z) — Fn(2)] .
xT
TaK BBE€JICHHOE yKJIOHeHI/Ie HpI/I BepHOﬁ I'uirore3le Ho, T. €.

425
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kormaa F = G, npunumaer 3HaveHust

Dy, = D(F,,F) = sup |F(x) - Fr(x)

U sIBJISIETCsl MAJIBIM 110 cpaBHeHuIo ¢ ykJjaoneauem D(F,, G),
kora pacupejeneane G orymano or F. Ilocinennee Brnosine
€CTEeCTBEHHO, IIOCKOJIbKY IJIs KarKIOoro (PUKCHUPOBAHHOIO T

sMmnupudeckas GyHKIWs paciupeesenus F, (x) sBiasercs He-
CMEIIeHHOH U cocTosiTebHOM onenkoil F'(x). K Tomy ke pac-
npejiesieHne YKJIoHeHust [),, SMIUPUIECKOTO PaCIpeIe/TeHns

F,, or Teoperuveckoro F, Bo-mepsbix, He 3aBucut or F (0xHO

U TO 2Ke JIJIst BCeX HempPepBIBHBIX F) 1, BO-BTOPBIX, mpu 60J1b-
X N B KaYeCcTBe paclpejie/IeHNs HOpPMUPOBAHHOT'O YKJIOHE-

o Dn/\/lﬁ = sup |F(@) — £y (2) /\/15

MOXKHO PaccMaTpuBaTh pacupejesenne Kosamoroposa, ero
bYHKIUS pacipeaeeHust

+oo
KX = Y (-1)Fexp{-2k*X*}, A >0.
k=—o0

Tlociennee cimenyer uz Teopembr Kommoroposa:
Teopema. Ilycmo &1,&9,...,&, — evbopka u3 Henpe-

poenozo pacnpedeserua F, F(x) — smnupuveckan @pymx-
UuA pacnpedeserus, nocmpoernas no evoopre £1,€2,...,&n,
mozda

i ~ 1
lim P {sgp ’F(x) - Fn(x)‘ /% < )\} — K(\), A> 0.
Tak aro nmpu Bepuoit runoreze Hy: F = G ykionenne

F(z) — Fy(x)

T

D(IA:n, G) = sup ‘G(a:) — Fn(:v)’ = sup

MaJjioe, B MPOTUBHOM cjydae — Oosbimoe. [loaTtomy, mpose-
psist runioresy Hy, ee ecrectBerno oTkjoHATh, ecau D(F,, G)
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MIPUHSIO OOJIBINOE 3HAUEHNE, W He OTKJIOHSTH B IIPOTUBHOM
ciyJae.
I'pannrpr €4y, OTJeNAI0IINE OOJIBIINE 3HAYCHUA YKJIOHe-

aust D(F,,, G) oT MasbIx, HAXOJST 110 U3BECTHOMY DACIpPeie-
nennio ykionenust Dy, = D(F,,, F). A umenno, €,., Haxonut-

csl KaK BepXHUil a-mpesen (KpUTHIecKoe 3HAYCHUE) Pacipe-
JeJeHnusl YKJIOHEHU

9

D(IA:n, F) = sgp ’F(w) - Fn(x)

T. €. KaK HaMMEHbIIEE €, JJIst KOTOPOTO
P {sup ‘F(:z:) - Fn(w)‘ > 5} <a.
x

BHAUEHHS €q;p IS 33JAHHBIX ¢ (YPOBHSI 3HAYMMOCTH)
u n (o6beMa BBIGOPKY) IpuBeieHbl B Tabs1. 22.7.1. [Tpu 60i1b-
mmx 1 (n > 100), B KAUECTBE €4y, PACCMATPUBACTCH g /1/1,

T. €.
Ao
Easn = )
n

rae Ao — Bepxuuii a-mpemgen pacnpenesnenns Koamoroposa,
T. €. A\ — KopeHb ypasuenus K ([\y, +00)) = a.

Kpurepuit Konmoroposa. ITyems £ = (£1,&2, ..., &)
— eulbopKa u3 Henpepvishozo pacnpedeserus F. Ecau euno-
mesy Ho: & = (£1,&2,...,&) Asaiemcsa 6vl60pkol u3 pac-
npedeaenus G omrAOHAMD NPU

D(F,, G) = sup |G(z) — Fu(z)| > o

U He OMKAOHAMD 6 NPOMUBHOM CAYYUGE, MO C BEPOAMMHOC-
muto, He npesocxodswels o, sunomedy Hg 6ydem omxano-
HAMD, K0200 0HA GEPHA.

Sameuanue. Kpurepuem Kosimoroposa MOXKHO I10JIb-
30BaTLCS TOJBKO TOTJIA, KOT/Ia TUIIOTETUYIEeCKOe pacipeesie-
are G HEIPEPBIBHO U MTOJHOCTBHIO OIPEIEICHO (He 3aBUCHT OT
HEU3BECTHBIX IAPAMETPOB).
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[Ipumep 19.1.1 Bocnoavsosaswucy mabauyeti caywaii-
nowx wucea (maba. 22.10.1), noaywums evibopky obsemom 10
U3 CMaHIaPMHO20 HOPMANLHOZ0 pacnpedenerus (HOPMaNb-
noeo pacnpedeserua ¢ napamempamu (0;1)).

C' nomowwro xpumepus Koamozoposa nposepumsv, deti-
CMBUMENLHO AU IMA BVOOPKG NOAYHEHE U3 YKAZGHHO20 PAC-
npedeseHus.

Pemenwue. [Tycrs dynkuus pacupenenenus: F(x) coy-
YaiiHOW BEJUYUHBI £ MOHOTOHHO BO3DACTAIONIAsT W HEIpe-
PBIBHA, TOTJIA CIydaifHas BeJTHMIUHA 1), OTIPEJICTICHHAs PABEH-

CTBOM
0 =F(), (19.1.1
pacupejesena pasaomepso ua [0, 1]. B camom ese,
Fy(x) = P{n <z} = P{F(€) < }.
Ecaun x <0, o
P{F(§) <z} =0,

ecyim x > 1, TO
P{F(§) <z} =1,

ecmm x € [0,1), To
P{F(€) < 2} = P{€ < F(2)} = F(F~}(x)) = x.

U3 pasencrsa (19.1.1), B gacrHOCTH, CIEIyeT, YTO CIIydaii-
Has BeJIUYMHA
1
§=F""(n)

umeer cBoeii dyHKuuen pacupezenenuss F(x), ecau 1) pac-
npe/iesieHa pasaoMepro ua [0, 1].

DTO yTBEpKJEHUE JaeT BO3MOXKHOCTH 110 BBIOODKE
n = (n,n2,...,n,) U3 paBHOMepHOrO Ha npomexyTke [0;1]
pacupeesiernst crpouts Beibopky & = (&1, &2, . . ., &) U3 1aH-
HOrO pacupejesenus F, a nmeHHo:

gi:F_l(ni)v i:1a27"'7n7
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— BBIOOPKA U3 pactpenenenus F. B wactnocTu, ecin B kauec-
tBe F'(2) paccMoTpers (DyHKIHIO CTAHIAPTHOTO HOPMAJIBLHO-
ro paclpeIeaeHnst

1 [ 52
No;l(w)_mfexp —5 (95

TO
é.i = N0_711(77’L)7 1= 1727 RN (2

Oyner Be16OpKOiT 13 No.1.

BeiGopky u3 pasHomepHoro na npomexyrtke [0;1] pac-
pe/JIeIeHIsT MOXKHO TIOJTY YU Th, BOCIIOJIb30BABIINCEH TaO HIIE
ciydaiiabix ncen (tabs. 22.10.1) (cm. Takxke 3amaqy 19.4).

U3 rabi. 22.10.1 Beibepem 10 ancen (st onpe/iesieHHO-
CTH — YeTBhIPEX3HAUHBIX ). BBIGOD MOXKHO HAYMHATH C JIHO-
6oro mMecra TabIUIBI (CKAaXKeM, ¢ BEPXHErO IIPABOro YIJIa) U
IPOJIOJIZKATD JIIOOBIM OrOBOPEHHBIM Harepe] criocobom. Ha-
pUMED, JIBUTASICh 110 JIUATOHAJIN, TIOJIYIHM

1009 5420 2689 2529 7080
3407 5718 1656 7048 7835

Yuciia

0,1009 0,5420 0,2689 0,2529 0,7080
0,3407 0,5718 0,1656 0,7048 0,7835

u3 npomexkyrka [0;1] MOXKHO paccMaTpuBaTh Kak peasn3a-
IIUIO BLIOOPKH 71,72, . ..,710 U3 PABHOMEDPHOI'O Ha IIPOME-
xkytke [0; 1] pactpenenenust. Ilo snavenusiv n;, i = 1,2, ...,
..., 10, momb3ysich TeM, uto dynkims No.i(x) TabyniuposaHa
(Tabur. 22.1.1), moayuumM peajn3anuio BHIOOPKU U3 CTaHIapT-
HOIO HOPMAJILHOTO PACIPEICICHNs KAK 3HAYCHIS

& = Noi (mi) -

~1,27 0,11 -0,62 —0,67 0,55
~0,41 0,18 —0,97 0,54 0,78
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[Tocmennuit 3HAK MOJYYE€H METOAOM JIMHEHHON WHTEPIOJIs-
[UH.

Hanee, mob3ysch KpuTepueM KoamMoroposa, MpoBepuM
runoresy Hy: BbiOOpKa mosydena u3 pacrpegesnenns No.i.
JLJ1s1 3TOr0 BBIYUCIUM yKJIOHEHUE

D(IA:n, G) = sgp G(z) — Fn(x) ,

rae G(x) = No.i(x) — dyHKIUA HOPMATIBLHOTO PACIpEIete-

uust ¢ napamerpamu (0;1), Fy,(z) — peanusanus smuupude-
cKoit (DYyHKIINY pacupeeenus, IOCTPOeHHas 110 BLIOGOpKe, 1
CPaBHHM €r0 ¢ KPUTHIECKUM 3HAYCHUEM Eqypp. SHATCHIE

D(IA:n, No.1) = sup |No.1(x) — Fn(az)‘ =0,21

(MeToIUKa BBIIHCIIEHNST SUD ‘G () — Fn(x)‘ onmcana B 171. 15),
x

KPUTHYecKoe 3Hadenue £q 510 = 0,4087 maiieno 1mo TabI1.

22.7.1,
D(F, Ng.1) = 0,21 < 0,4087 = £0.05:10 = Eam,

[I09TOMY COIVIACHO KpuTepuio Kosmoroposa rumoresa: Bbl-
6opka IoJIydeHa U3 HOPMAJIBHOIO DACIpEIesIeHHs ¢ lapa-
merpamu (0;1) He OTKIIOHSIETCS.

51 BBIGOpKH 00BeMoM 10 13 HOPMAIBHOTO PACIIpe/ieie-
Hust ¢ napamerpamu (0;1) MakCHMaIbHOE YKIIOHEHHE MEK Ly

sMImpnIeckoit pynkimeit pactpenenenus Fio(z) u bynknu-
eit pacupesenenust No.j(x), pasaoe 0,21, ne sBisiercss 60/1b-
oImM, TaKoe yKJIOHeHI/Ie €CTEeCTBEHHO U ,[LOHyCTI/IMO.

19.2 Kpurepnii 3HaKOB

ITocranoBka 3amaum (HaOGJIIOEHUs] IIOBTOPHBIE).
NmeeMm n map cirydaifHbIX BEJINUNH

(517771)7 (§27772)7 SRR (énann)7
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OTHOCHTEIHbHO KOTOPBLIX U3BECTHO, YTO PA3HOCTHU (j = 1) —§;
IIPeICTaBUMBI B BU/IE

(GG=0+e;, j=1,2,...,n,
y j

rjge 6 — KOHCTaHTa, a CIydailHble BEJUUUHBI €1,€3,. .. ,en!
1° nezaBucuMbl (camu 7); u §; MOI'YT ObITH 3aBUCHMBIMI);
2° CHUMMETPHUYHO DPACIpEJIeIeHbl OTHOCUTEJILHO HYJIsd (pac-
peJie/IeHnsT € 1 —€;j COBIAIAIOT) i aOCOIIOTHO HEIPEPBIBHbI
(astee 3o orpaHnveHne OyIeT CHSITO).

OTHOCHTE/IBHO HEU3BECTHOrO IIapaMeTpa  BbIIBUIAETCs
IHIIOTE32

H()ZQ:O.

AubrepraruBa K runorese Hp: 6 = 0 Moxer OBITh KakK OJ-
HocTOopoHHeH — ecau 0 # 0, To 0 > 0 (oHa MOXKeT ObITH U
takoii: § < 0), Tak u jBycroponHeit — ecyu 6 # 0, 10 6 > 0
wm 0 < 0. B xaxkoit 3aja4de ajabrepHaTuBa cBosi. Heobxo-
JINMO TIOCTPOUTH KPUTEPHUIl JIJIsT TPOBEPKHU ruriore3nl Hy.

Basewanme. Hapst (E1,1), (€2, 1) - - (Ens ) MOK-
HO MHTEPIPETUPOBATH KakK 21 HAOJOJIEHUI — 10 JiBa Ha-
OTI0/IeHNST HA KaXK/Ible 7 00bEeKTOB, MAIlNeHTOB, IPUOOPOB, U
T. JI., IPH 9TOM §; Ha3bIBAIOT HAO/IIOACHIAMHE /10 00paboTKN”,
a 1; — Hab/oJenusaMu “mocyie obpaborku”, j = 1,2,...,n.
[Tapametp 6, naspiBator 3ddekToM 0Opaborku. OTKIOHEHHE
runore3bl Hy CBUIETE/ILCTBYET B 10JIb3Y Hasu4dus 3¢ dekra
00paboOTKN, HEOTKJIOHEHUE — B I0JIb3Y OTCYTCTBUSI.

CraTucTuka Jijisi IOCTpoeHus Kpurepus. BepHa ru-
noresza Hp: 6 = 0 mmm Her, ciaydaiiHble BeJUYUHBI €,
j = 1,2,...,n, HE3aBUCUMBI, CUMMETPUYHO PAaCIIPEJIeIEHBI
OTHOCHTEJIBHO HYJIST 1 abCOJTIOTHO HenpepbiBHO. OTCIo/Ia Cite-
;LyeT YTO CaydaiifHas BeJIMYHHA, PaBHAd KOJIMYIECTBY €j,

= 1,2,...,n, KOTOpble NPUHSJIN IOJOXKUTETbHbIE 3HAYE-

HI/IH HMeET GUHOMEATHHOE pacripejiejieHue ¢ napaMeTpamu
(n; 1/2) U T03TOMY KOJIMUIECTBO IMOJIOYKUTEJHHBIX BEJIUINH
cpeau ej,7 = 1,2,...,n, 6/IU3KO K IIOJIOBUHE HMEIOIIUXCS,
T. e. K n/2.

O603HaINM Yepe3 (i KOJIMIECTBO IOJIOKUTEBHBIX pas3-
HOCTEN cpenn

G=n—&=0+e¢, j=1,2,...,n. (19.2.1)



432 I'nasa 19. Henapamerpuieckue KpuTepun

Ecnu runoresa Hy BepHa, T. . = 0, TO KOJIUIECTBO IIOJIO-
JKUTETBHBIX pasHocTeit cpeau (19.2.1) coBmamaer ¢ Komde-
CTBOM CJIyYaifHBIX BeIWYHH €5, j = 1,2,...,n, IpUHABIINX
[IOJIOYKUTEJIbHBIE 3HAYEHUS, a CJICJOBATEIHLHO, MAJIO OTJIMIa-
erTcst OT /2 — NOJOBUHBI UMeoIuXcsi paznocreit. Ecim xe
runioresa Hy: 0 = 0 HeBepHa, TO KOJMUYECTBO IIOJIOXKUTE/ b
HBIX pasHocreil cpeau (j, 7 = 1,2,...,n, CyIMecTBEeHHO OTJIN-
gaercst oT n/2.

Taxum obpazom, ecsin ruttore3a Hy BepHaA, KOJUIECTBO [
IIOJIOJKUTENIBHBIX pasHocTeil cpemn (j, j = 1,2,...,n (06o-
3HAYMM €r0 9Uepe3 (i) MAJO OTIMYAeTCs OT 1n/2 10 cpaBHe-
HUIO C OTKJIOHEHUEM [ OT n/2, Korga runore3a Hy HeBepHA.
[TosTomy, npoeepsist runtoresy Hy: 8§ = 0, ee ecrecTBEHHO
OTKJIOHATD, €CJIM KOJIMIECTBO MOJIOXKUTEIbHBIX PA3ZHOCTEH [t
CYIIECTBEHHO OTJINYAETCs OT 1/2, U HE OTKJIOHSTH B IIPOTUB-
HOM CJIydJae.

I'pannner me;p, oTjensionue OoJIbIINe 3HAYCHUSA YKIIO-
HEHUiT (4 0T /2 OT MAJIBIX, CTPOSATCS TI0 U3BECTHOMY PacIpe-
JICJIEHUIO KOJIMYIECTBA fi) ITOJIOKUTEILHBIX PA3HOCTEN

G=m—&=ej J=L2.m

KOTOpPpO€ MUHUMAaJIbHO OTKJIOHAETCA OT ’I’l/2 A HUMEHHO, Ma;n
HaXOJUTCA KaK MUHUMaJIbHOE 9IUCJIO T, JIJ1d KOTOPOI'O

P{uo > m} < a, (19.2.2)

rae jp — OMHOMUAJILHO DAcCIpe/ieieHHas CiydaiiHas BeJiu-
quHa ¢ napamerpamu (n;1/2).
BHAYEHUS Mg,y [0 JAHHOMY YDPOBHIO 3HAYHMOCTH (¢ U
06beMy BBIOODKH 1 TaOy/IHpOBaHb! (M. Tabi. 22.9.1).
Kpurepunii 3HakoB. [Tyems (§1,1m1), (§2,m2), - - (§ny n)
— N NAP CAYHATUHDIT BEAUNUHR, OAL KOMOPLLL PA3HOCTU (j =
=n;j — & npedcmasumol 6 cude

Cj:9+ej, 1=12,....n,

ede cayuatinvie seaununs ej: 1° nesasucumol, 2° cummem-
PUYHO PACTPEEAeHDd, OMHOCUMEALHO HYAS U GOCOMOMMHO He-
NPEPLIBHDL; YUCAO M.y Onpedeasemces us (19.2.2).

Ecau eunomesy Hy: 8 = 0 omxaonams npu

w > Megn
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U He OMKAOHAMD NPU
w < Magn,

Mo ¢ 6EPOAMHOCBIO, He npesocrodauwel o, 2unomesy Hy
6ydem omxaoHAMY, Ko2da ona eepha (00HOCTNOPOHHUT KPU-
mepuli 3nakos, asvmepramusa: 6 > 0).

Ecau 2unomesy Hy omxaonams npu

H Q/ [Tl — Ma;n; ma;n]
U He OMKAOHAMD NPU
pE [0 — Man; Maml,

Mo ¢ 8EPOAMHOCTDBIO, He npesocrodawel 2a, 2unomesy H
6ydem omraonams, Koeda ona eepra (d6YCMoOponHul Kpu-
mepuli 3nakos, asvmepramusa: § > 0 uasu 6 < 0).

Onmmbku 1mepBoro u BToporo poza. [Ipu BepHoii ru-
noreze Hy: 0 = 0 cayvaiinast BeJIMIUHA (I — KOJUYIECTBO II0-
JIOXKUTEIbHBIX pasHocreii ¢ = n; — &, j = 1,2,...,n, ume-
eT GUHOMMAJILHOE pacupefiesicHne ¢ mapamerpamu (n;1/2).
[Mosromy p, “nouru Beerya” MaJjio YKJIOHsASICh OT N/2, MO-
JKeT (XOTsI U U3pejIKa) MPUHUMATDH 3HAYEHHs, KOTOPbIE CyIIle-
crBeHHO orimyatorcs or n/2. Ilpu srom runoresy Hy: 6 =0
OTKJIOHSIEM U TE€M CAMBIM JIOIYCKAEM OINUOKY IIEPBOIO POJIA
(ee BEpOSITHOCTD He TIPEBBINIACT BHIOPAHHOIO YPOBHS 3HAUI-
MOCTH).

Ecym runoresa Hy nesepna, Hapumep, 8 > 0, To, HecMOT-
ps Ha TO, YTO CAydailHas BeJndIuHa [ (KOJMIECTBO IOJIO-
JKUTEIBHBIX PA3HOCTEN) II0UTH BCEria IPUHUMAET GOJIbIINe
3Ha4YeHus (CyNIeCTBEHHO OOJIbIINe, YeM 1/2), oHa MoxKeT (Xo-
TSI U U3PeJIKa) IPUHUMATH 3HAYEHUs, KOTOPbIE MaJlo OTJIH-
qatorcst oT n/2. Ilpu srom Mbl runioresy Hy He OTKJIOHSIEM U
TeM CAMBIM JIOIIYCKAeM OMIUOKY BTOPOTO POJIA.

Caasu. Ecim cuaTb TpeboBaHue 06 abCOJIIOTHON Helpe-
PBIBHOCTH pacHpesenenuil caydaifHbIX BeIuIuH 1 1 §;, TO
pasnocTu (j = nj— &, = 1,2,...,n, MOI'yT IpUHAMATD Hy-
JIEBblE 3HAUEHMsI C HEHYJIEBOIl BEPOSTHOCTBIO (TOBOPST, UTO
UMeIOTCst CBsi3u). MOYKHO JI B 9TOM CJIydae MOJIb30BaThCsI
KpUTEpHUEM 3HAKOB Jjist poBepku rurore3bl Hy: 6 = 07 Oxka-
3BIBAETCS, 9TO MOXKHO, MPEBAPUTEBHO OTOPOCUB pPABHBIE
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HYJIIO Pa3HOCTU U IIPpUMEHAA KpI/ITepI/IfI 3HAKOB K OCTaBIINM-
sl OTJIMYHBIM OT HyJIsl PA3HOCTSIM (Pa3HOCTH, PABHbIE HYJIIO,
He YYUTBIBAIOTCsI, KaK Oy/IT0o UX BOOOIIE He ObLIO).

Kpurepuit 3HakoB npu Haau4dum cBsseii. [lycrb
(&1,m), (&2,m2), ..+, (€n,Mn) — n WAp CIIyYalHBIX BEJIMUWH,
JIIS KOTOPBIX pasHocTh (j = n; — &, 7 = 1,2,...,n, npex-
CTaBUMBI B BUJIE

Cj:6’+ej, 7=12....n,

rjie cirydaiinble BeJTHMYUHBI €;: 1° He3aBHCHMBI; 2° CHMMeT-
PUYHO paCIpeJie/IeHbl OTHOCUTEIBHO HYJIS.
O6ozHaunM gepes § KOJIMYIeCTBO pasHocTeit (j = 1; — &,

73 =1,2,...,n, ONNIMIHBIX OT HYJIs, & YePe3 (4 — KOJITIECTBO
HOJIOKUTENBHBIX cpeay HuX. Jjs Kaxkaoro puKCHpOBaHHO-
ros (s=1,2,...,n) OIpeesnM TUCIO M5 KAK MIHIMAIIb-

HOE M, JIJIsT KOTOPOIo
P{u>m} <a,
r7e (4 — OMHOMUAJIBHO PACIPEIE/ICHHAS CIydaiiHas BeInIn-
Ha ¢ mapamerpamu (s;1/2).
FEeau 2unomesy Hy omxaonams npu

U > Meys
U HE OMKAOHAMD NPU

B < Mays,

Mo € BEPOAMHOCNBIO, He npesviuaowed o, sunomesdy Hy
6ydem omKAOHAMD, Ko20a 01Ha 6epHa (aNLMEPHAMUBE 00HO-
cmoponmasn: 0 > 0).

FEeau 2unomesy Hy omxaonams npu

1% ¢ [3 — Ma;s, ma;s]
U HE OMKAOHAMD NPU
1 € [S - ma;sa ma;s]a

Mo ¢ 8ePOAMHOCTILIO, He npesviuarouweti 2, 2unomesy Hy
6ydem omraonsmb, Ko2da ona eepra (aavmepramuea 06y-
cmoponnas: 0 > 0 uau 6 < 0).
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JAByxBBIOOpPOYHBIIT KpuTepuii 3HAKOB. [lycts &1, &a,
€n | m1,M2, ...,y — HE3ABUCHUMbBIE BBIOOPKU COOTBET-
crBenno u3 pacupenenennit F u G. Pacnpenenenus F u G
cesi3anbl cootHotenneM G(x) = F(x —6). Ilapamerp 6 (a-
dexr obpaborkn) nemsBecren. HeoOXOMMO BBISCHUTD, OT-
JITYHO 3Havenue 6 or HyJis Wik HeT. byjeM pemaTh mocras-
JIHHYIO 3aJ1ady, npoBepsist runoresy Hp: 6 = 0 (ayseByio
runoresy MoxKHO ccopmysuposarh u tak Hy: F = G). Aub-
repHaTuBa K runorese Hy: 6 = 0 MmoxkeTr ObITh KaK OJIHOCTO-
POHHEH, TaK U JIBYCTOPOHHEH.

INunoresy Hy: 6 = 0 MOXXHO HPOBEPSITH, MOJIB3YSICh KPHU-
TepreM 3HAKOB B TOI ke (hOpMYJIUPOBKE, UTO U JJIsT TTAPHBIX
HAOJIIOJIEHUIT: TIOJICIUTATD YUCJIO [ TOJIOKUTEIbHBIX Pa3HO-
creit (;j = n; — & cpemn (1,(2,...,(, W CPAaBHUBATL €TI0
C Mess-

[MIpumep 19.2.1 (cMeImEHHOCTL PE3YJILTATOB U3MEPEHMI
y KOHTPOJIEPOB). Odun u3 Memodos KoAuMECMEEHH020 aHa-
AU3A CMENEHU USHOCA ULUHDL AEBTNOMOOUNA COCTNOUM, 6 U3ME-
PEHUL 2AYOUNDL NPOHUKNOGEHUA WYNA' 6 KAna6Ky npomek-
mopa 6 ONPEIEAELHHOM MECTE ULUMHDL.

B pamxar 0opostcHo-sKCnaAyamayuoniolr uccaedosanul
084, KOHWMPOAEPE USMEPAIOM, 2AYOUHY KAHABOK HA UWUHAL NO-
cae kaotcdozo axcnepumenma. OCHOBHAA CAONHCHOCTG NPOGE-
0eNUA USMEPENUT, COCTNOUM 8 MOM, YIMO KaAHCIT KOHMPO-
AEP UMEEM CE0E, NPUCYWEE MOALKO EMY CMEULEHUE DPE3YND-
MAMO8 UMEPEHUTL, CEAZAHHOE C CUAOT OABAECHUA HA WYN
(om cuav, dasaerua 3a6ucum 2aybuUNG NPOHUKHOBEHUA ULY-
na 6 Kana8Ky NPomexKmopa,).

Pesyavmamor 10 usmepenuti, 8bnOAHEHHBT KOHMPOAE-
pamu 6 10 hurcuposarmvir mowkaxr wursl, npuseders, 8 mab-
AuUe.

Tou- [TepBorit Bropoit Tou- [TepBorit Bropoit
Ka KOHTDOJIED | KOHTPOJIED Ka KOHTDOJIED | KOHTPOJIED
1 126 125 6 159 152
2 128 120 7 152 150
3 157 163 8 138 136
4 131 118 9 138 140
5 142 129 10 142 136

13/1eck myn — TOHKas MpOZOITOBATAS METAJINUECKAS ILIACTHHKA
MIPSIMOYTOJTBHOM (POPMBIL.



436 I'nasa 19. Henapamerpuieckue KpuTepun

HUmeromesa ocnosarus npednosazamsv, wmo nepevit Kot-
MPoAEP NOAYHAEM BOAEE BHLCOKUE PEIYALMAMDL, YEM 8MO-
poii.

Cozaacyemces At 9mo npednosoHcenue ¢ Pe3YAomamamis
aKenepumenma?

Pemenue. Pesysbrarhl naMepeHnii, BHITIOTHEHHBIX [IEP-
BBIM KOHTDOJICPOM, 0003HAYNM UepE3 1), & BTOprM — gepes
fj, 1,2,...,10. Paznoctu (; = n; — &j, Jj 1,2,.

10, CCTECTBENHO CITAT MPEJICTABUMBIME B BUIE

Cj:9+e]~, 7=1,2,...,10,

rje ej — He3aBUCHMBbIe Caydaiinele Beanmaunel. Ilapamerp 6
XapakTepusyer pa3jindus (eCju OHU MMEIOTCsI) B CHJIE JIAB-
JIEHUs Ha, IILyTl IEPBOTO ¥ BTOPOro KOHTPoJiepos (ecu 6 = 0,
TO OTJMUMi HeT, a ecan  # 0, OHU UMEIoTCsl).

Heobxomumo 110 pesyibraraM U3MEPEHnil CIeaTh BHIBO/I
o 3HaveHnn napamerpa 6, a umenno: 0 = 0 wau 0 # 0. Cdop-
MYJIIPYEM IOCTABIEHHYIO 38029y B TEPMUHAX IIPOBEPKH CTa-
THCTUYIECKHUX TUIIOTES.

OrHocuresibHO mapaMerpa @ BblaBuraeM rumnoresy Hy :
0 = 0, T. e. KOHTPOJIEPHI IOJIYYaIOT OJUHAKOBLIE PE3YJIbTa-
ThI. [TOCKOIBKY MMeeTcsi MONO3peHne, ITO MEPBBIi KOHTPO-
JIep moJtydaeT 60jiee BHICOKUE Pe3YJIbTAaThl, B KAUECTBE AJlb-
TepHATHUBBLI K OCHOBHOII IMITOTE3€ BHIOEPEM OJHOCTOPOHHIOIO
aJbTepHaTusy: 6 > 0.

OTkJIoHEHNE THUIIOTE3bI OyIeM TPAKTOBAThL B IOJIL3Y 0O-
Jlee BBICOKHX Pe3yJIbTATOB IIEPBOI'0 KOHTPOJIEPa IO CpaBHE-
HUIO C pe3yJbTaTaMHi BTOPOrO, HEOTKJIOHEHNEe — KaK OTCYT-
CTBHUE Pa3/IMIil B U3MEPEHUIX KOHTPOJIEPOB.

st mpoBepku runoressl Hy BOCIOIL3yeMCsl KPUTEPUEM
3HaKOB. lIMeeM Takne 3HAKU Pa3HOCTEI:

++—+++++—+.

Bcero 10 pasmnocreii (Bce OHE OTJIMIHBL OT HYJIST), KOJMIECTBO
{4 TIOJIOZKUTEJIBHBIX cpeu HUX pasHo 8. IIpu srom

p=38 < 8 =mp,02510 = Ma;n-

ITosTomy coryiacHO KpUTEpHUIO 3HAKOB JJIs IPOBEPKU THIIO-
te3bl Hp: § = 0 uporus asbrepHaTussl § > ( rumoresa Hy
Ha yposHe 3Hauumoctu 0,025 He OTKJIOHSIETCS.
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DTOT pe3y/abTaT MOYKHO TPAKTOBATH TaK. JKCIEPUMEHT
He JaeT OCHOBaHUI yTBepxKJaTb, YTO PE3yJIbTaTbl U3Mepe-
HUi (CM. TAbJIUILY ), HOJIYYeHHBIE EPBBIM KOHTPOJIEPOM, CY-
IIECTBEHHO BBIIIE 110 CPABHEHUIO C Pe3y/IbTaTaMU, MIOJIyYeH-
HBIMI BTOpPbIM KOHTpoJiepoM. (Takue pesy/brarThbl BIIOJIHE
MOTJIH OBITH MOJIYYEHBI OJHUM H TEM K€ KOHTPOJIECPOM. )

19.3 Kpurepuit Buiakokcona

ITocranoBka 3amauu. Ilycrs {(w) = (&1 (w), & (w),. ..

nw)un(w) = (m(w), ne(w), ..., mm(w)) — peanuszarun
He3aBUCUMBIX BBIOOPOK & = (&1,&2,...,&n) un = (N1, m2,...
., Jm) COOTBETCTBEHHO U3 HEIIPEPbIBHBIX pacipejesernii F
u G. OTHOCHTEILHO pacupenetenuit F u G m3BecTHO JUITH TO,
4TO MX (PYHKIMN PaCIpeNeIeHnil CBI3aHbl COOTHOIECHIEM

G(z) = F(z —90).

ITapamerp 6 nenspecren. OTHOCUTEILHO HETO BBIIBUIAETCS
TUIIOTE3A,

H0:9:0.

AnbrepHaTuBa K HysIeBoil runorese Hy MoKeT OBITH Kak JIBY-
croponseit: ecau @ # 0, To § > 0 wan § < 0, Tak U OJIHO-
croponneii: eciiu € # 0, To 6 > 0 (0IHOCTOPOHHSIST AJIBTED-
HATHBa MOXKeT ObITh 1 Takoil: § < 0). Beibop anbrepHaTHBLI
onpe/jieigercsd peraeMoil 3a1a4ei.

Craructuka W (crarucrtuka Bunkokcona). Pacro-
JIOXKUM BBIOOpOUHBIe 3HAYeHUS £1,&2, ..., U N1, M2, -+, Mm
B 00IIMiT BaprannoHHbIN psifl. HIeKChl, KaK IpaBujo, Oyaem
oryckarTh. [losyyum nepecranoBky us n Oyks € u m OyKB 7,
HAIIPUMED

w = (En&mmmés ... &n). (19.3.1)

Hanee mist onpenenennoctu yepes £ = (£1,&o, ..., &,) Oyaem
0003HaIATDL BHIDOPKY MEHBIIEro 00beMA.

OrnpesiesiuM paHTr KaxKJIOro BBIOOPOYHOTO 3HAYEHUS KaK
HOMEp MecTa, Ha KOTOPOM OHO HaXOJUTCS B OOIIEM Bapu-
arronHoM psiay (19.3.1). Iockonbky & = (£1,&2,...,&,) 1
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n=(N1,7M2,...,Nm) — BBIOOPKU U3 HEIIPEPBIBHBIX PacIpejie-
JIEHUH, BEPOSATHOCTD TOT'O, YTO BHIOOPOYHBIE 3HAYEHUS COB-
a1y T, paBHA HYJIIO, HO HA IIPAKTUKE BHIOOPOUHbIC 3HAUECHUS
PETUCTPUPYIOTCS C KOHEYHBIM YHCJIOM 3HAKOB U TIO9TOMY OHU
MOTYT COBIJIATh C HEHYJIEBOW BEPOATHOCTHIO. B 3TOM city-
Jae COBIIQJIAIONIUM BBIOOPOYHBIM 3HAYUEHUSIM MbI ITPUITUCHI-
BaeM OJMH U TOT ke cpexuuii paur. Hamnpumep, ecin
& = 7,1;n; = 7,1, npudeM MMeIOTCA YeThbIpe BBIOOPOYHbIE
3HAYEHUs], MEHbIIUX 7,1, TO KaxKJIOMy U3 BBIOOPOUYHDLIX 3HA-
vennit § u 7;, paBHbIX 7,1 (OHM HaxomsgTcsa Ha 5-M H 6-M
MecTax) IpUIUChIBaeTcs cpepnuit panr (54+6)/2=155.

Hanee onpenenum W Kak CyMMy PAHTOB BHIOOPKHM MEHb-
mero oobema (T. e. BBIGOpKHU &1, &9, ..., &), & UMEHHO:

W=ri4+ro+...4+ 1y,

rae r1,72, ...,y — PAHTA BBIOOPOYHBIX 3HadeHuit £1,&9,. ..
., &, B mepecranoske (19.3.1).

Bemmunnoit W MOXKHO OINCBIBATEH CTEIEHDb ITepeMeITaH-
Hoctu OykB & U 7) B 00IIIeM BAPUAITMOHHOM PSIILY: €CJIU CyMMa
pauros W 6osbinast (6OJIBITMHCTBO BHIOOPOYHBIX 3HAYCHUIT
& pacioJiaraeTcs ClpaBa OT BBIOOPOYHBIX 3HAYEHNIT 1)) M
MaJiast (OOJIBIIMHCTBO BBIOOPOYHBIX 3HAYEHUIT §; pacrosara-
IOTCsI CJIeBa OT BHIOOPOYHBIX 3HAYEHHI 7)), TO OYKBbI & U 1) B
00I1IeM BapUAIMOHHOM Psi/ly IIEPEMEIAHbI IIJI0X0, B ITPOTHB-
HOM CJIyYae — XOPOIIIO.

3aMeTuM, 9TO MUHUMAJIbHO BO3MOXKHOE 3HAYEHUE CYMMbI
pauroB W pasno

1
1+2+3+...+n=”(n;),

MaKCHUMaJIbHO BO3MOXKHOE —

n(n+1)

(m+1)+(m+2)+...+(m+n)=mn+ 5

cpeanee —
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IIpu BepHnoii runoreze Hy: 0 = 0 MaTeMaTHIECKOE OXKHJIa-
uue W pasno n(n+m+1)/2 (3amernm, aro n(n+m+1)/2
— KOOpJIMHATA CePEJMHBbI OTpe3Ka ¢ KoHmamu n(n + 1)/2 u
nm+n(n+1)/2).

Beauuuny W naseiBatror cmamucmuxoti Buarxorxcorna. Ha
ee OCHOBE CTPOUTCS KPUTEPU JJIsi IPOBEPKU TUIIOTE3bI H):
F=0G.

Ecsn runoresa Hy: F = G Bepua, 10 £ = (£1,82,...,&n)
un= (N1,m2,.-,Nm) ABJIAIOTCS HE3ABUCUMbBIMU BHIOOPKAMU
U3 OJIHOI'O M TOT'O Ke pacipejiesienus. [losromy 6yKkBbI € 1 7
B nepecranoBke (19.3.1) mepemerransl xoporo u W npuan-
MaeT 3HadYeHus, OJIM3KME K CBOEMY CPEJIHEMY 3HAYEHUIO

n(n+m+1)/2

(crarucruky W, Korja runoresa BepHa, OyjeM 0003HAYATH
Wo). Ecim ke runoresa Hy nesepua, W npuunMaeT 3Hade-
HUS, KOTOPBIE CYIECTBEHHO OTJIMIAIOTCSI OT

n(n+m+1)/2

(mpu @ > 0 crarucruka W npuHEMaeT maJjble 3HAUEHHUs, a
npu 6 < 0 — 6osbmme). CrreioBaTesbHO, ecyu runoreda Hy
BepHa, ciaydaiinas senuauna W = Wy Majio yKJIOHsIETCsT OT
n(n+m++1)/2 no cpaBHeHUIO ¢ yKJIOHEHUEM BeJnauHbl W ot
n(n+m+1)/2, korna runoresa Hy nesepua. Ilosromy, mpo-
Bepsst runore3y Hy, ee eCTeCTBEHHO He OTKJIOHATD, Korga W
[PUHSLIO 3HAYEHHUEe, MAJIO YKJIOHstomeecst oT n(n+m-+1)/2,
U OTKJIOHSITH B IIPOTUBHOM CJjiydae. | paHuIlbl, OT/Ie/ISONINe
sHavenust W, masio ykionsomuecsi ot n(n-+m+1)/2, or 3ua-
genuit W, omnuatonuxcest or n(n + m + 1)/2 cymecrsento,
CTPOSITCSI TI0 U3BECTHOMY DPACIPEICJICHUIO CIyYaiiHON BeJiu-
qunbl Wy. [o nanubiM « (yposHio 3HauumMocTi) u 1, m (06b-
eMaM BBIOOPOK) ompeessieM Tuca0 Wo.p.p, KaK HanbosIbIee
neJioe t, Jjisi KOTOPOro

P{WO S t} § .

Torjia NCKOMBIMEU I'PaHUNAMU ABIAAIOTCH: Woipm — JIeBas, 1
(n(n+m+1) — Wap:m) — npabasi.
Buavenust Wy, Tabymuposansr (M. Tabir. 22.8.1).
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Kpurepuit Bunkokcona. [Tycms £1,&2,...,&, uni, 02,
<y Mm — HE3a6UCUMbBLE BBIOOPKY COOMBEMCMBEHHO U3 He-
npepwvienux pacnpedesenuti F u G, npuuem

G(x) = F(z —0).
Ecau eunomesy
H(]Z =0
OMKEAOHAMD NPU
w S Wa;n;m

U HE OMKAOHAMD NPU
W > Wanim,

mo ¢ 8eposammocmsvilo, He boavwel «, eunomesy Hy 6ydem
OMKAOHAMD, K0204 0WG 6ePHA (AAPMEPHAMUBE 0OHOCTOPOH-
Han: 6 > 0).

Ecau 2unomesy Hy omxsonams npu

W>nn+m+1)— Wanm

U He OMKAOHAMD 6 NPOMUBHOM CAYUAE, MO C BEPOAMHO-
cmwio, He npesocxodswets «, sunomesy Hy b6ydem omwkao-
HAMDY, Ko2da ona 6epHa (aAbmepHamuea 00HOCMOPOHHALL:
6 < 0).

FEeau 2unomesy Hy omxsonams npu
W & (Waspmin(n +m+1) = Wanim)

U HE OMKAOHAMD 8 NPOMUSHOM CAYUAE, MO C BEPOAMHO-
cmwio, ne boavwets wem 2, eunomesy Hy 6ydem omwkao-
HAMY, Ko2da oHa 6epHa (aabmepHamuea 08YCMOPOHHAL:
0 <0 uaub > 0).

Ecin o6bembl BBIGOPOK n 1 m Gosbinue (B KpUTEpUH
Busikokcona n u m 6osbiiue, korjga min{n, m} > 6, m+n >
> 20), To B kadectBe Woipn.pm UCHOIB3YeETCS

1 1
Weinm = in(n +m+1)+ za\/mnm(n +m+1),
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IJIe Zo — Q-KBaHTUIb HOPMAJBLHOTO PACIpEIeICHUs ¢ Iapa-
merpamu (0;1), T. e. 2z, — pemtenne ypasaenus No.i(zq) = o
(cm. Tabir. 22.1.1). Dro ciemyer us Toro, 4To IUpU N, M — 00,
CTaTUCTUKa W ACUMIITOTHUYIECK HOPpMaJIbHa CO CpeIHHUM
n(n 4+ m+ 1)/2 u qucuepcueit nm(n +m + 1)/12.

O1mubKu mepBoro m Broporo poga. I[Ipu BepHoit ru-
noreze Hy: F = G cayuvaitnas Bennunna W — cymma paHros
BBIOOPKH MEHBIIEr0 00beMa, IpUHIMAasd 3HAYCHUS U3 IIPOME-
KyTKa,

[n(n+1)/2,nm +n(n+1)/2]

M II0YTH BCETJIa MAJO YKJIOHSISICh OT CPEJHEro 3HAYEHUs
n(n+m+1)/2, r e.

W e Wamm; n(n+m+1) — Wanm)

MOZKET, XOTsl U U3PeJiKa, IPUHATH 3HAYEHNe, KOTOpOoe CyIIle-
cTBEeHHO oTimdaercst oT n(n +m+1)/2, . e.

W < Wanim wmn W >n(n+m+1) — Wanm.

IIpu sToM MBI runioresy Hy OTKJIOHSIEM M TEM CaMBIM JIOILYC-
KaeM OINOKY IepBOTO POjia.

Ecnm xe runoreza Hy neBepua, To W, mouTn Beerga npu-
HUMasl 3HAYEHUsI, CYIECTBEHHO OTJIMIAIOIIEeCs OT CPETHEro
n(n+m+1)/2 (majble nim GosbIme) MOXKeT, XOTsI U U3Pe/i-
Ka, IPUHATH 3HavYeHue, 6umskoe K n(n +m+1)/2; 1. e.

W e (Wa;n;m; n(n +m + 1) — Wa;n;m) .

IIpu sToMm MbI runiore3y Hg He OTKJIOHSIEM W T€M CaMbIM J10-
IIyCKaeM OIIHOKY BTOPOIO POIA.

[Mpumep 19.3.1. Jlra uccaedosarus ycmotiuusocmuy «
UCTNUPAHUIO INOKCUIHOT NAGCTIMACCDL C UCTLONDI0BAHUEM KAK
HANOAHUMENA OKUCY AAOMUHUA 68 PA3ZHOT KOHUEHMPAUUL US-
20mosuAl d8e NAPMUL NAUMOK.

Pacemampusanucy dsa 3Hauenus omuocumesvHoti Kot-
UEHMPAUUY HANOAHUMENL 6 CMONE, BBLPANCAEMBLE OMHOULE-
nuamu 1/2 k1 u 1 x 1. Hzeomosuau no 18 0bpasyos nau-
Mok, npu amom dee u3 Hux ¢ Konyenmpayued 1/2 x 1 6viau
300PaK0BAMHDYL U HE UCTLLIMBIBAAUCD. 3ATNEM KAAHCOYIO U3 TAU-
MoK NpuBodUAY 6 6038PATMHO-NOCTNYNAMENDHOE JBUHCEHUE
no abpasusromy mamepuary (no 10000 yuk.i06 das naumru).
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Hsmepanracv paznocmyv MOAWUNDE NAUMOK 0 U NOCAE
UCNBIMAHUT; MOYHOCTNG UBMEPEHUT, COCTNABAANG 104 dwoti-
ma (1 drotim = 0,0254 m.).

Konuenmpayus 1/2 x1: 7,0; 6,4; 7,3; 5,1; 5,7; 6,6; 5,0;
7,7, 6,8; 5,1; 4,6; 5,5; 5,8; 6,2; 4,8; 5,8.

Konuenmpauus 1 x 1: 7,1; 5,0; 6,4; 6,9; 5,7; 6,5; 6,5;
4,0; 6,2; 6,8; 4,0; 7,5; 7,2; 5,2; 7,8; 4,8; 4,4; 6,0.

Pasauvaromes au naumxu us anokcudHol naacmmaccst
N0 OMHOWEHUIO K UCTNUPAHUIO, 68 KOMOPHLL HANONHUMENEM
ObILAG OKUCH AAIOMUHUA 6 PASHBIT KOHUEHMPaUUAT? JIpyeu-
MU CAOBGMU, BAUAEM AU KOHUEHMPAUUA HOGNOAHUMEN HG
YCMotUuUBOCTD NAUMEKY K UCTNUPAHUIO ?

Pemenune. Chopmynupyem nocTaB/leHHYIO 3381841y KaK
3aJ1a9y MPOBEPKHU CTATUCTUIECKUX TUIIOTES.

Ob6ozuauum vepe3 F u G pacrpefiesieHust pa3HOCTH TOJI-
IIUHBL [UIATOK (10 ¥ HOCJIe HMCIBITAHWU) COOTBETCTBEHHO C
KoHIleHTparyeil HanosauTenst 1/2 k 1 u 1 x 1. Pacupenese-
uust F u G wmenpepwiBubl. Ilpennosnoxum, uyro G(zr) =
= F(x — 0) (§ — napamerp, XapakTepusyOIuii pasandust
B MCTUPAHUM, €CJIM OHU MMEIOTCH).

OTHOCUTENIBHO PA3INYIUNl IJIUTOK € Pa3HON KOHIEHTPA-
[ueil HaIlOJIHUTE IS BbIIBUTAaeTCs runore3a Hy: KoHIeHTpa-
[IUsi HATIOJIHUTEJISI HE BJIUSIET HA YCTONIUBOCTD ILIMTKU K UC-
THUPAHUIO. DTy TUIOTE3Y MOXKHO chOpMYyIupoBaTh Tak: Hy:
F = G wm, aro To xe, Hy: 0 = 0. IlockosIbKy OTHOCUTETBHO
BJIMSTHUS KOHIIEHTPAIIMY HAIOJHUTEIS HA UCTUPAHUE HIIErO
HE U3BECTHO, PACCMATPUBAEM JBYCTOPOHHIOIO AJIbTEPHATUBY
0 <0 wumu 6 > 0.

Heobxomumo nposeputs runiore3y Hy, T. e. 110 peaju3a-
U BBIOOPKU CII€JIATH BBIBOJ, — OTKJIOHSITH rurtoresy Hy wim
He OTKJIOHsITh. OTKjIoHEeHne runore3bl Hy Oyaem mHTEpIpe-
THPOBATH KaK HAJUYUE BJIMAHUS KOHIIEHTPAIIMHA HAIIOJIHUTE-
Jist Ha ucTupanue winTok. Eciin xxe runoresa Hy He OTKIIOHS-
€TCsl, TO MOXKHO YTBEPXKIATh, YTO B SKCIIEPUMEHTE BJIUSTHUE
KOHIIEHTPAIUU HAIIOJIHUTEJIST HA UCTUPAHUE He ODHADYKEHO.

st mpoBepku rurore3sl Hy BOCIIONB3yeMCcsT KpUTEPHEM
Bunkokcona. ['unoresy Hy oTkjoHsieEM 1Ipu

w §Z (Wa;n;m§ n(n +m+ 1) - Wa;n;m) )

1 HE OTKJIOHsIEM B IIPDOTUBHOM CJIy4dae.
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Cuagasna BoraucanM W — cyMMy PaHTOB BHIOODKH MEHbD-
mero oobema B o0mmeM BapuamuonnoMm psamy: 4,0; 4,0; 4.4;
4,6; 4,8; 4,8; 5,0; 5,0; 5,15 5,1; 5,25 5,5; 5,7; 5,75 5,8; 5,8; 6,0;
6,2; 6,2; 6,4; 6,4; 6,5; 6,5; 6,6; 6,8; 6,8; 6,9; 7,0; 7,15 7,2; 7,3;
7,5; 7,7, 7,8 (1019epKHY Tl BBIGOPOYHbIE 3HAYEHUST BHIGOPKH
MeHbIIero obbema).

W=44+5+6)/2+(7T+8)/2+ (9+10)/2+ (9+10)/2 +
+12+(13414)/2+ (15+16)/2+ (15+16)/2+ (18 +19)/2+
+(204+21)/2+ 24+ (254 26)/2 + 28 + 31 4+ 33 = 273.
Jlamee, yauTbiBasi, 9TO 00bEMbI BHIOOPOK OOJIBITINE, & UMEH-
HO:

n=16>6, m=18>6, n+m = 34 > 20,

B KadecTBe Wo.pn:m MOXKHO PACCMOTPETD

1 1
in(n +m+1)+ za\/unm(n +m+1),
IIe Zo — O-KBaHTHWIbL HOPMAJILHOIO PacIpee/IeHNs ¢ Iapa-
merpamu (0;1).

I[lo Tabauie HOPMAJIHLHOIO pacCIpeIe/eHnsT HAXOIUM
Zo = 20,025 = —1,96 (cm. Tabur. 22.1.1). Takum obpasom,

1
Weasnm = Wo,025,16:18 = 516(16 +18+1)—

1
—1,96\/1216 -18(16 + 18 + 1) = 223,2;

nn+m+1) — Wapnm =
= 16(16 + 18 + 1) - WO,025;16;18 = 336,8.
Jlnst cymmbr parros W = 273 umeem

Wa;n;m = WO,025;16;18 = 223,2 < 273 < 336,8 =

=16-35 — Wo025:16:18 = n(n+m+ 1) — Wopm.

ITosTomy cornacHo Kpurepuio Buiakokcona rumoresa Hy:
0 = 0 nme orkjonsiercsi. OHa He NMPOTUBOPEUUT PE3yJibTa-
tam skcrnepumenTa. (Cymma panros W = 273 ecrecrBeHHa
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(Tunmana) ayist BBIOOPOK obbeMa n = 16 u m = 18 u3 oxHoro
U TOTO ¥Ke PacHpe/leIeHusl. )

CutesroBaTesIbHO, IKCIEPUMEHTABHDBIE JIAHHBIE HE JIAI0T
OCHOBAHUI yTBEpzKJaTh, YTO IJIMTKU C Pa3HON KOHIICHTPA-
nyeil HalloJIHUTE A OTJIMYAIOTCA YCTOWYMBOCTBIO K HCTHpPa-
HUIO.

19.4 3amaun

A3:19.7,19.11,19.12.
C3: 19.1,19.13, 19.30.

19.1 (amkerupoBaume “IIpenopaBarenb rIazamu
cTyaeHToB” — 3d@deKT 3K3aMEeHAIIOHHOW OLEHKH).
Borpoc o HernpeaB3saToCTH OIEHUBAHUA TeX WU UHBIX Ka-
Y€eCTB, BEJUYNH, IApaMeTpPOB BecbMa mHTepeceH. [Ipu sTom
[IPEJIB3SITOCTh B OIEHUBAHUU BCTPEYAETCS 3aMETHO dallle,
YeM HelpeB3sTOCTb.

B HEKOTOPBIX CUTYAIMSX MPUYUHBI IPEIB3ATOCTH MOXK-
HO O0'bSICHUTD, B JIPYTUX OHU aDCOJIIOTHO 3ara IOYHbI U HEIIo-
HATHBI (CM., Hanpumep, 3agady 18.17 u3 1. 18, rue npuse-
JIEH IPUMEDP CHJIBHOTO TPUCTPACTHUS [IPU CIUTHIBAHUU DD
C BPAIIAIOIIETr0Cs ¢ BOJIBIION CKOPOCTHIO KPyTa).

IIpu obpaboTke pe3yiabraroB ankerupoBanud “IIpemnoma-
BaTe b IVIa3aMU CTYACHTOB’, KaK U IIPHU JIIOOOM JIPyTroM OIle-
HUBAHWU, BOBHUKAIOT BOIIPOCHI: 1) O HEIIPEB3sITOCTU OIEeHH-
BaHus (KOTOPYIO €J1Ba JIU CJIEJLyeT OXKUJIATH) U 2) O IPUIMHAX
IPEJB3ATOCTH (B 9TOM OIEHUBAHUY BIIOJIHE HOHSATHBIX ).

Mpl1, uccreaysi BOSMOXKHbBIE TTPUYUHBI [IPEJIB3SATOrO OIle-
HUBAHUsI, PACCMOTPUM:

1° acpdexr sx3amenanmonnoii onenku (3amaqa 19.1);

2° 3(bPeKT MPAKTUIECKOTO 3aHATUS — 3aBUCUMOCTD OIEH-
KU IPETOIAaBaTe sl CTYIEHTAMI OT TOI'0, ITPOBOIUT JIU IIPETIo-
JlaBaTesb B Ipymiie (MapaslebHO ¢ ITeHNEeM JICKITHiT) TpaK-
Tudeckue 3aHsaTus (3anada 19.5);

3° apdexT sx3amena (3amaqa 19.17).

Mo2kHO uccieioBaTh U Jpyrue GakTopbl KaK BO3MOXK-
HbIE IPUYMHBI PEJIB3SITOIO OIEHUBAHUS.

DddekT 3K3aMeHaAIMOHHON omeHKU. Eie 10 Hada-
Jla aHKETUPOBAHUSI BBICKA3BIBAJIMNCH COODPAaYKEHMSI, ITO OIEH-
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K& XapaKTEPUCTHUK IIPEIoaBaTe/is CTYIeHTAMH HE MOYKET
ObITH HerpeB3sToil. Kak Ha NpUduHy NnpesiB3sTOro OlEHU-
BaHUs YKa3bIBAJIOCh HA TO, YTO CTYJEHTY Ha SK3aMeHe IIPero-
JlaBaTesIb BBICTABJISIET OIEHKY, U IIO9TOMY, OIICHUBAS TPEIO-
JaBaTresis, CTYJIEHT CO3HATEIbHO WJIN TOJICO3HATEIBHO YUH-
TBIBACT PE3YJIHTAT IK3aMEHA — IIOJIYICHHYIO OIEHKY, OCOOCH-
HO €CJIM OHA HEYIOBJIECTBOPUTE/IHHAS.

B cBsa3u ¢ BbLiBuHYTON runore3oit o Hasimanu 3ddexTa
SK3aMEHAI[HOHHOI OIEHKM BO3HUKAET BOIIPOC: COIVIACYETCS
JIM OHA C YKCIIEPUMEHTOM (pe3yJsibraTaMi aHKeTHPOBaHUs)?

B rabuune 19.4.1 (croabipt 2 u 3) NpuBeIeHbl PE3yJIbTa-
Thl AaHKETUPOBAHUS B CTYJICHUYCCKUX I'PYIIIax: CTOJIOEI 2 —
B rpyume 1IM-84-4, cronberr 3 — B rpymme [IM-84-1. Ilpu
9TOM 00€ CTyJeHYeCKHe IPYIIIbl HAXOIUINCh B OJINHAKOBBIX
YCJIOBUSAX OTHOCUTEJILHO MPEIOJIABATENs: B 00enX I'PYIIIax
HA MIPOTSI?)KEHUH I'OJIa OH YUTAJI JIEKIINU, BEJI IPAKTUIECKUE I
JIabOPATOPHBIE 3aHATHUSI, IPUHUMAJT 3a9€Thl, 9k3aMeHbl. O/
HaKO PE3y/IbTAaThl 9K3aMEHa B 9TUX IPYyIIaxX 3aMETHO OTJIHU-
YarOTCsl KOJIMYECTBOM IOJIyYeHHBIX CTYIEHTAMH JIBOEK (CM.
tabs1. 19.4.2 u npumeyanue 1).

Cdopmynupopars 3a7ady 006 sdderTe 3K3aMeHAIn0H-
HOJ OIEHKM KaK 3a/1a9y IIPOBEPKH CTATUCTUYECKUX TUIIOTES
U PEININUTD ee:

BBIOPATH OCHOBHYIO TUIIOTE3Y M ajlbTePHATHBHBIE (UTO
0003HaYaeT OTKJIOHEHHME OCHOBHON THIIOTE3BI! €e HEOTKJIO-
HeHue?);

[IPEJJIOKUTDH YPOBEHb 3HAYMMOCTH U KPUTEPUil IJIst IIPO-
BePKU OCHOBHOI T'UIIOTE3HI;

[IPOBEPUTH OCHOBHYIO 'UIIOTE3Y;

JaTh YaCTOTHYIO MHTEPIPETAINIO TOJYISHHBIM PEe3yJib-
TaTaM.

[Ipumeganune 1. B rabsurne 19.4.1 npuBeienbl pe3yiib-
TaThl OIEHUBAHUS aBTOPA KaK IPEIOIaBATENIsI CTYICHTAME
rpynn [IM-84-4, 1IM-84-1, TIM-85-1, IIM-85-2, TIM-85-3,
T1IM-85-4, a uMmeHHO, OIleHKH B Oajljlax XapaKTEPUCTHUK IIpe-
mojaBaTe s — Cpe/iHee B IPYIIe WU B HECKOJBbKUX I'DYI-
nax (MakCHMAaJIbHO BO3MOYKHAs OIEHKA XapaKTEPUCTUKUA —
9 6aJiIoB):

crosiber; 2 — B rpynne 11M-84-4; na sk3amene 1ecTs CTy-
JICHTOB TIOJIy YUJIN HEYIOBIETBOPUTEbHBIE OICHKH (YeTBEPO
U3 HUX OTKA3AJIMCh OTBEYATDH I1OCJIE O3HAKOMJIEHUS C COJIEP-
KaHUEM 3K3aMEHAIMOHHOIO Omiera, T. €. (PpaKTUIECKU Ca-



446 I'nasa 19. Henapamerpuieckue Kpurepun

MU OIEHWJIM CBOM 3HAHUs KaK HEY/IOBJIETBOPUTEJIbHBIE (CM.
Tabi1. 19.4.2));

croyiber; 3 — B rpymnme 1IM-84-1; Ha sK3aMeHe JeBATH
CTYJIEHTOB TOJIyYU/IU HEYIOBJIE€TBOPUTEILHBIE OIEHKH (CM.
tabi. 19.4.2);

crosiber; 4 — B rpynmax [IM-85-1, TIM-85-2, rae jexTop
BeJI TaK2XKe MPAKTUICCKUE 3aHSITHSI;

Tabauma 19.4.1. OueHku CTyJI€HTAME XaPAKTEPUCTUK

IperojiaBaTes s
XapaKTepruCTHKA TPEIOIaBATEsT Orenka
1 2 3 4 5 6 7

1. IIpemnogaeT sICHO U JOCTYITHO 84 1731797917181
2. PazbsicusieT c/I0KHBIE MeCTa 831731(85|80]|75]|8,3
3. Boijessier ryiaBHbIE MOMEHTBI 8575185847885
4. YMeeT BbI3BATH U IOJIEPKATH

WHTEpEC ayJIuTOpun K npeiamery | 8,6 , 791875872
5. Caenur 3a peakuueit ayauropun | 84 | 83 (7,9 7,3 |6,1| 7,6
6. 3ajaeT BOIPOCHI, OOYXK1aeT

K JIUCKYCCHU 82155 |72]|6,0|4,7|6,7
7. Cobro/jaeT JIOTHIeCKyIo IOoCIIe-

JOBaTEILHOCTh M3JI0XKEHUST 85| 7,7189]|86|84|8,8
8. JleMoHCTpUpYyeT KyIbTYPY pedu,

YETKOCTb JUKINN, HOPMAaJIbHBII

TEMII U3JIOXKEHUST 701391]65]|64]55]|6,5
9. YMeeT CHATH HAIPsIKEHUE 811156 1|71]|58]|51]|6,5
10. OpueHTHpYyeT HA UCIIOJIBL30BAHUE

MarepuaJsia B Oyayiei nmpodec-

CHOHAJILHOU JIeSITeIbHOCTA 6,9 161|79]|51]|39]|6,5
11. TBopueckuit MOAXOJ U MHTEPEC

K CBOEMY JIeJTy 85| 721797917181
12. To6porkes1aTeIbHOCTh U TaKT IO

OTHOIIIEHUIO K CTYIEHTaM 80166 |79 ]|81|77|79
13. Tepnienne 8215885 |80|71]38,3
14. TpeboBaTeIbHOCTD 8,8 1831|89]|87]|88]|8,8
15. 3anMHTEPECOBAHHOCTh B yCIIEXax

CTYJIEHTOB 84164180 | 777278
16. OGbEeKTUBHOCTD B OIICHUBAHUU

3HAHUN CTYJIEHTOB 87162 |74 | 7717375
17. ¥YBaxKuTeIbHOE OTHOIIEHUE

K CTYJICHTaM 8665 |85|83|79]|84
18. Pacnostaraer k cebe BBICOKO#

spyaurmeit, Mmanepoi nopegenns | 8.8 | 6,5 [ 7,9 | 8,4 | 8,1 | 8,2




19.4. 3amaun 447

crosiber; 5 — B rpymmax [IM-85-3, TIM-85-4, rae jekTop
He BeJI IPAKTUYECKUX 3aHATH (MX HPOBOAMII JAPYroil mpe-
HoJIaBaTeb);

cronber; 6 — B rpymmax 1IM-85-1, TIM-85-2, TIM-85-3,
IIM-85-4 (aHKeTHpOBaHIE IIPOBEJICHO JI0 SK3aMeHa);

crosber; 7 — B rpymmax 1IM-85-1, TIM-85-2, TIM-85-3,
[IM-85-4 (amKeTHpOBaHUE IIPOBEJEHO MOCJIE IK3AMEHA).

Ankera 1puBejieHa B OPUTHHAJILHOM BHJIE.

Tabnauma 19.4.2. Pe3yaprars 9K3aMeHa

Ouenka Ha KosmmuecTBo oreHoK B rpyrmmax
9K3aMeHe TIM-84-4 | IIM-84-1 | IIM-85-1 | IIM-85-3
IIM-85-2 | IIM-85-5
Orymmano 1 4 3 4
Xoporio 7 2 10 6
Y10BAETBOPUTETHLHO 4 6 7 6
HeynosaersopurebHO 6 9 11 15

[Ipumeganue 2. B rabaune 19.4.2 npuBeieHbl pe3yiib-
TaThl TEPBO#l C/ladnM 9K3aMeHa: pedb ujeT 00 SK3aMeHe IO
Kypcy “Teopus BeposiTHOCTEHl U MaTeMaTHYeCKasi CTATACTH-
ka” Ha QakyjabTeTe MPUKIaIHON MaremaTuku JlHemporer-
POBCKOTO TOCY/IaPCTBEHHOIO YHUBEPCUTETA, BO BPEMsT 3UMHUX
ceccuit 1986,/87 u 1987/88 yueOHBIX rOJ0B.

19.2. CroxacTuueCcKnii 3KCIIEPUMEHT COCTOUT B IIOCJIEI0-
BaTEJIbHOM IOJI0PACHIBAHUN CHMMETPUIHON HUTPAIbHON KO-
CTU TPHUKJIbI U PECUCTPAIUHN PEIYJIHLTATOB CJIEJYIOIIIM 00pa-
30M: MOsABJICHUE | Wi 2 0YKOB 0D03HAYaeM HYJIEM, 3 win 4 —
enuuuIeil, b nan 6 — nBoitkoit. Ecam, nanpumep, pesyabrar
9KCIIEPUMEHTA: BBITAJIO 3, 5, 1 0YKOB, TO 9TO PErUCTPUPYET-
ca xkak 120, ecam pegynbrar: Bbiasio 6, 1, 4 04KoB, TO 3TO
peructpupyercsa Kak 201 u T. 1.

Bwmecre ¢ 3TuMu mocsie1oBaTeIbHOCTIMU U3 HYyJeH, eau-
HUI[ 1 JIBOEK PACCMOTPUM 4HUC/Ia U3 npoMexyTKa |0;1], koro-
pble B TPOUYHON CUCTEME UCUHUC/ICHUS 3AIUCHIBAIOTCI COOT-
percTBenHo Tak: 0,120;0,201;. .. Tak aro 0,120 — 310 3amuch
B TPOWIHOH cuCTeMe TInCiIa

1 1
1 - 42

+0 L
3 32 33 9
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a 0,201 — umcia

+ 0- 3+l ! 1
'3 38 o7

DKCIEPUMEHT TTPOBOJINTCSI BOCEMbB Pa3.

MOXHO JIH CYATATh, YTO TOJYyUYEHHBbIE TaKUM 0OpasoM
BOCEMb YHCEJI ABJIAIOTCS peau3arieil BHIOOpKU 06beMoM 8
u3 paBHOMepHOro Ha npomexyTke |0;1] pacupeesnenus?

JaTb oTBEeT Ha 3TOT BOIPOC B TEPMUHAX IPOBEPKHU CTa-
TUCTUYIECKUX THIIOTE3, BOCIOJIL30BABIIICH KpuTteprueM Koii-
MOTOPOBA.

19.3. Peructpupyiorcs MHTEPBaJIbl MEXKIY ITOCIIEI0Ba-
TeJIbHBIMU UMITYJILCAMHU BJIOJIH HEPBHOT'O BOJIOKHA Y WHJIUBH-
nyymoB A u B (emuauna usmepenus — 1/50 ¢). Onun okasza-
JIUCH TAKUMHU.

Namusuayym A: 2,5; 2,0; 7,0; 4,0; 10,5; 1,0; 31,5; 17,5,
0,5; 19,5; 21,5; 1,5; 19,5; 20 85 115 390 70 40 5,5;
225 230 100 95 255 45 110 145 05

I/IH,ILI/IBI/I,ILyyM B: 9,5; 3,0; 19,5; 4,0; 1,5;
22.5; 20,0; 3,5; 15,0; 8,0; 12,0; 40,5; 67,5; 0,5;
6,0; 16,5; 32,5; 4,0; 7,5; 34,0; 15,0; 3,0.

CBUIETENBCTBYIOT JIU 9TH JTaHHBIE 00 OTIHINSAX B WHTEP-
BaJIaxX MEYKJy UMIYIbLCAMA Y WHIUBUIYyMOB A u B?

19.4. C noMoIpo TabIuIb! CIIydaiiHbIX qrces1 (M. TadJI.
22.10.1) MOKHO HOJIYyIUTH (CMOJIEJINPOBATD ) PEAJIM3AIIUIO BbI-
6opku u3 paBHOMepHOro Ha npomexyTke [0;1] pacupemese-
HUsI OIMCAHHBIM HIKE CIIOCOOOM (KCTATh, MO BBIOOPKE U3
paBHOMepHOTrO Ha npomexyTke [0;1] pacipejieseHust MOXKHO
ITIOCTPOUTH BBIOOPKY U3 JIODOro pacmupesesneHust F ¢ mono-
TOHHO BO3pacTaromieil dyHknueir pacipeaenenns F(z) (cm.
npumep 19.1.1).

U3 rabmrp! caydainsix qucer (cMm. tabi. 22.10.1) Beibe-
pem n uucesn (mycrb, Hanpumep, n = 10). Beibop 4yucesn Mox-
HO HAYHUHATH C JIIOOOTO MecTa JTIOOBIM HaTepeT OTOBOPEHHBIM
crocoboMm. Haummnasi, ckaxkem, ¢ JIEBOTO BEpPXHEro yrja Tab-
JIMIBL U JIBUTASICh KHU3Y (J1JIsT ONPEJIeIEHHOCTH Oy/1eM BbIOU-
paTh deTblpex3HadHble dnciaa), moayanm 1009, 3754, 0842,
9901, 1280, 6606, 3106, 8526, 6357, 7379.

Pacemorpum wmesna u3 npomekytka [0;1], mosmydenublie
110 BeIOpaHHbIM caydaitabiM gucsaam: 0,1009; 0,3754; 0,0842;
0,9901; 0,1280; 0,6606; 0,3106; 0,8526; 0,6357; 0,7379.
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BocnionbzoBasriucs kpurepuem Koimoroposa, yoeanTecs,
9TO ITY MOCIEIOBATEILHOCTD UNCE/I MOXKHO CIUTATDH PEAJIH-
3aryeii BBIOOPKY 13 paBHOMEPHOro Ha mpomekyTke [0;1] pac-
peJIe/ICHUS .

19.5 (amkerupoBanme “IIpenogaBarensb riaazamm
cry1eHTOB” — 3 PEeKT NpaKTU4IecKoro 3ansaTus ). [lpu
OIIEHUBAHNY CTYICHTAMH IIPEITOIABATE IS BHIIBUTACTCS IIPEI-
[TOJIOYKEHNE O Haanduu dpdheKTa MPaKTUIeCKOrO 3aHSITUA:
€CJIM B TPYIIIE TMapaJuleJIbHO C YTEHUEM JIEKIUN IIPerojia-
BaTe/Ib BEJET NpakTudeckue (j1abopaTopHble) 3aHATUSI, TO
OIIEHKA €ro CTYJIEHTAMU BBIIIIE.

B Tabsuiie 19.4.1 npuBegeHbl OIIEHKN XapaKTEPUCTUK IIPe-
nojaBaTess crygeaTamu: crojoer 4 — B rpynmnax [IM-85-1 u
TIM-85-2, rye mpemnoaBaTe/ib YNTAJ JIEKIIMA U BEJT TPAKTHU-
JecKre U JIabopaTOpHbIE 3aHITHS, a CTOJIOEI] 5 — B I'PyIIIax
IIM-85-3 u IIM-85-4, rie npakTudeckue u JiabopaTopHbIE
3aHATUS BeJ JIPYroil mpenojaBareb (AHKETUPOBAHUE IIPO-
BEJIEHO TIOCJIE YK3aMEHA).

[Tposeputs, cymecTByeT Jin 3(hdEKT MPAKTUIECKOro (Jia-
6OpATOPHOIO) 3aHATHS.

CdopmynupoBars 3a1a4y 0 HaauIuu 3DdeKTa IpPaKTu-
9ecKOoro (J1abopaATOPHOTO) 3aHSITHs KaK 33/1a9y IPOBEPKH CTa~
TUCTUYECKUX T'UIIOTE3 U PEIIUTH ee, IOAPOOHEee CM. 3aJady
19.1 (Beibepure 5% ypOBEHb 3HAYMMOCTH ).

19.6. Pemmuts 3aa1y 17.8, BOCIIOIB30BABIINCH KPUTEPU-
eMm Buikokcona.

19.7. Ieitku paboueit yacTu cBepJ1 0O6PadATHIBAIOTCS HA
nuindoBaIbHOM cTanKe. HoMuHAIBHBIN quaMeTp Iieiiku cep-
Ja coctaBasgeT 9,8 MM ¢ TexHmdecKuM jjorryckoM 0,05 M.

Nsmepenns pabodeit yactu meitku 20 cBeps1 JajI0 Takue
pesysnbrarsl (B MummMerpax): 9,76; 9,77; 9,83; 9,79; 9,80;
9,81; 9,79; 9,75; 9,80; 9,78; 9,75; 9,81; 9,82; 9,76; 9,78; 9,77;
9,81; 9,79; 9,77; 9,79.

Mo>KHO JIn CIUTaTh, 9YTO HOMUHAJBHBIN JHAMETD HIeHKH
cBepJia paBeH 9,8 MM ¢ TexHrmdecknM jorryckoM 0,05 MM mipn
HopMme orxona 1%, ApyruMu cioBamMu, 9TO JUAMETP HICHKH
CBepJIa HAXOAUTCHA B mpejiesiax oT 9,75 1o 9,85 MM ¢ BeposiT-
Hocthio 0,997

CdopmynnpoBaTh IOCTABIEHHYIO 330241y KaK 3aa9y IPO-
BEPKHU CTATHCTUIECKUX I'UII0Te3. BoCIIOIb30BaTHCSI KPUTEPH-
em Kosimoroposa.
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YkazaHue. 33/1a9y PEIIUTD B IPEJIIIOJIOKEHNAN, ITO pe-
3yJIbTATHI U3MEPEHU SIBJISIIOTCS BBIOOPKON M3 HOPMAJJIBLHOTO
pacupeeieHus.

19.8 (Biusinme paboThI METPOHOMA HAa MJIABHOCTH
peun). B rabiuie npuBeseHbl pe3yibTaThl IKCIEPUMEHTa,
B KOTOPOM HM3y4aJIOCh BJIMSTHUE PAOOTHI METPOHOMA Ha Pedb
JIOJIEH, CTPAJAIOIINX 3aNKAHUEM.

Homep YHucno 3ankaHuit Howmep YHucmno 3ankanumit
YYaCTHUKA IIPU yCJIOBUU y4aCTHUKA 1PN yCJIOBUU

N R A N R A

1 15 3 5 7 10 0 2

2 11 3 3 8 8 0 3

3 18 1 3 9 13 0 2

4 21 5 4 10 4 1 0

5 6 2 2 11 11 2 4

6 17 0 2 12 17 2 1

O6cenoBanoch 12 dyenoBek ¢ Tskesoil (hopmoii 3aboJre-
BaHus. Kaxkjplii U3 HUX WMIIPOBU3UPOBAJ TPEXMUHYTHYIO
peub npu yeaosusx N, R, A:

N — roBopuTh 6€3 METPOHOMA;

R — roBOpUTH 1IpH PEryJIsIpHOi (PUTMUIHOIT) paboTe MeT-
poroma (120 yiapoB B MUHYTY ), IpUYEM YeJIOBEK OBLT Mpe/i-
BaAPUTEILHO TIPOMHCTPYKTUPOBAH O HEOOXOAMMOCTH IPOU3-
HOCUTDL OJIMH CJIOT CJIOBa HA KaXKJIBIA y1ap METPOHOMA,

A — roBOpUTH NIPU HEPUTMUIHON paboTe METPOHOMA, Pa-
6OTAIONIEr0 CO CAyYallHBIMU UHTEPBAIaMU MEXKY yapamMu
(or 0,3 510 0,7 ¢), coBepirasi mpu 3TOM B cpejiHeM Te ke 120
yZapoB B MUHYTY (mpu yciaoBuu A, Kak u 1npu ycjaosuu R,
YeJIOBEK JIOJIPKEH IIPOU3HOCUTH OJIMH CJIOI Ha KasKJbIH yaap
METPOHOMA).

[Tpusesiennble Jannbie, 6€3yCI0BHO, CBUJIETEIHLCTBYIOT O
TOM, 9TO paboTa MEeTPOHOMa (KAK PUTMUYHAsSI, TAK U HEPUT-
MUYHAsI) YMEHbITAeT KOJUIEeCTBO 3anKaHuil (modemy?). A cy-
IIECTBYIOT JIM OTJIMYUS BO BJIUSHUU HA 3aUKAHUE PUTMUIHO
U HEPUTMHUYHO PabOTAIONUX METPOHOMOB?

19.9. IIpo6bI 09eHDb YNCTOrO YKeJie3a, Oy IeHHBIE 110 Me-
TofaM A u B, uMmesnu ciiejiyrolye TOUKy IIaBjieHnsi (B rpa-
nycax Ilembens).

Meron A: 1439, 1519, 1518, 1512, 1514, 1489, 1508, 1503.

Meton B: 1509, 1494, 1512, 1483, 1507, 1491.
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Pasyimaatorcst in TOYKY TJIaBJIEHUST XKeJie3a, MOJIy YeHHO-
0 pa3sHbIMKM METO/AMMU?!

19.10. Ha orpesok [0; 1] maynady 6pocaior TOUKY u pe-
CUCTPUPYIOT ee KOOPAUHATY &, a 3aTeM MoI0PaCchIBAIOT CUM-
METPUYIHYIO UTPAJIBHYIO KOCTb U PETUCTPUPYIOT YUCJIO 1) BbI-
HABIINAX OYKOB.

[TpoBeauTe onucanublit croxacTudecKuii sxcruepumMent 20
pa3 m pacCMOTPUTE TIOCTIETOBATEIHHOCTD THCET

G=&+n,i=1,2,...,20.

MokHO Jti cunuTaTh, 9To UHcaa (1,2, ..., 20 0OpPasyoT
BBIOOPKY M3 PaBHOMEPHOI'O Ha MpoMexkyTke [1; 7] pacupeme-
siennsi? Bocnosib3yiitecs kputepuem Kosimoroposa.

N3 kakux coobparkeHuii BBIIBUHYTa TUIIOTE3a O PABHO-
MepHOM Ha poMexkyTke [1; 7] pacupeesennu ciyvaiiHoii Be-
JAIUHLL (7

Bameuanne. Peasmsosars (cMomennpoBars) Opocamne
ToYKN Ha 0Tpe3oK [0; 1] MOKHO, HAIIpEMED, C TOMOIIBIO Tab-
JINITBI Cﬂyqaf}leIX quceJI.

19.11. Jlns mccieqoBanus yCTOMINBOCTH K UCTUPAHUIO
SMOKCHUIHOM IJIACTMACCHI ¢ PA3HBIMU HAIOJTHUTEISIMUA W3TO0-
TOBWIN JB€ NMAPTUU ILUINTOK C MCIIOJBb30BAHUEM KaK HAIIOJI-
HUTEJIS KEeJIE3HBIX U MEJIHBIX OMmIoK. Vzrorosusu 1o 27 06-
Pa3nioB IIJIMTOK C KazKJAbIM HaIlOJTHUTEJIEM. BaTeM KazKIyTo
IIJINTKY IIPUBOJIUJIN B BO3BPATHO-TIOCTYIIaTE€/IbHOE JIBU2KEHNE
no abpasuBHOMy Marepuasy (BbiiosHsst npu stom 10000
[UKJIOB JIJIsl KaXKJION 1inTKK). M3Mepsiin pasHuily B TOJI-
muHe WmTok B moiimax (1 moiim = 0,0254 M.) 10 u mocse
HCITBITAHIH; TOYHOCTD M3MepeHnii cocTasisiaa 1074 moiiva.
[Tosydens! ciaeayolme pe3yabTaThl.

?Kenesnsre omunku: 3,6; 1,6; 2,3; 3, 8 1,0, ,5
2,4; 2,15 1,1; 1,7; 2,6; 1,1; 10 1,6; 0,9; 1,4; 2,3; 1,1;
1,2, 2,0, 2,1, 0,7, 2,4.

Menubte onmmnku: 2,8; 1,55 2,4; 2,6; 1,1; 2,1; 1,9;
2,1; 1 0 1 ,0; 1,05 1,6; 1,5; 1,2; 1,7; 2,6; 1,3; 2,6; 2,9;
2,8; 1 7, 1,8

FOBOpHT JIX 9TU JTaHHbIE O CYINECTBEHHOM Pa3/IMIUU yCTOﬁ—
YUBOCTH K HCTHPAHHUIO O00PA3IOB SMOKCHIHBIX ILJIACTMACC,
M3MOTOBJIEHHBIX C PA3HBIMU HAIIOJTHUTE ISIMHE !

19.12. Acrponombl A u B u3Mepsiin B MUHYTaX OOJIb-
IIOW InaMeTp HanboJiee STPKUX rajlakTuk. KarkIbiit m3meput

p—l[\:J

—_ =
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nuaMeTpsl 18 raylakTuk. Pe3yibraThl n3Mepenuil IpuBeIeHbI
B TaOJIAIE.

Howmep ActrporoM Howmep Acrponom
rajakTuka | A B rajgakTuka | A B
224 23 | 24 441 1] 11
272 1,5 | 1,5 557 55| 5,6
313 1,5 1,3 563 2,0 | 2,1
354 4,5 | 4,1 773 1,7 | 1,7
377 3,5 | 4,5 604 1,9 | 2,2
391 1,5 1,3 638 14| 1,3
407 1,0 | 1,2 796 2,3 | 2,8
427 3,0 | 2,0 805 2,3 | 2,6
436 12| 11 808 0.8 | 1.0

yKa3I)IBaIOT JIX 9TU JJaHHbIE Ha CYIMIECTBEHHOE OTJINYNE
pe3yIbTaTOB M3MepPeHMii?!

19.13 (MOMeHT MOC/IeJHEro ypaBHUBAHUSA). JKCIIe-
PUMEHT COCTOUT B TIOCJIEIOBATENHHOM IOIOPACHIBAHUN MO-
Herbl 2n = 40 pa3 u perucrpanuu MOMeHTa (HOMepa WC-
IBITAHNA ), KOTJa B IIOCIAETHUN Pa3 KOJIUYIECTBO BBIIABIINX
“repboB” m “pereTok” OBLIO OJWHAKOBO. BymeM ToBOpHUTH:
HADJTIOTAETCST MOMEHT TIOCTIETHETO YPABHUBAHUS KOJNIECTBA
“repboB” u “pereTok”’. B sKcllepuMeHTE STUMHU MOMEHTAMEI
moryT OwITh 0, 2,4, .. .,40.

OTHOCHUTENILHO  pACIPEIC/IEHNsST MOMEHTA  TOCTIEHErO
yPaBHUBAHUS BbIABUTACTCS ruioTe3a Hy: MOMeHT 2k Tioce -
HETO YPABHUBAHUS MMEET PACIIPEIeTICHIe apKCUHYCA, TIOpo0-
Hee — Hy: ciyuaiinast Benmanna 2k/2n = k/n umeer cBoei
dyHKIHEH pacpeieeHus

0, ecin ¢ < 0;
Alz) =< 2 arcsi .
(x) = arcsin/z, ecmm 0 <z < 1;
1, ecm x© > 1.

IIpoBecTu 3KCIIEPUMEHT HATH Pa3, PUKCUDPYS MOMEHT I10-
CJIeJIHETO YpaBHUBaHUs KOJIMIecTBa “‘TepboB” u “pereTok’”.

Mo2KHO JT1 Ha, OCHOBAHUM IOy I€HHBIX JAHHBIX CINTATD,
YTO MOMEHT ITOCJIE/IHETO yPABHUBAHUS UMEET PACIIPE/IEIEHUE
apKCUHYyCa?!

OrBer faTh B TePMHUHAX HMPOBEPKHU CTATUCTUIECCKUX T'H-
nore3. Bocrionb3oBarhea kputepuem Koamoroposa.
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Sameganue 1. IKCHEPUMEHT YI00HO MPOBOJIUTDH TAK.
IlombpacbiBaem MoHery um BhIlaJieHue ‘Tepba’ obozHaTaeM
gepe3 +1, a “pemerku’ depe3s —1. Ilocie 40 monbpacoiBa-
HUN TI0JIy9YaeM MOCJIeI0BATE/bHOCT, OOPA30BAHHYIO U3 Y-
cen +1 u —1. TociemoBaTeIbHO CKJIAJIBIBAST IJIEHBI TOC/IE-
JIOBATEILHOCTH, HAYMUHAS C TIEPBOr0, 3apUKCUPYEM MOMEHT,
KorJla cyMMa OyJleT paBHa HYJIIO — 3TO OYJIeT MOMEHT BTOPO-
ro ypaBHUBaHUs (MOMEHT [IEPBOIO yDABHUBAHWs DABEH Hy-
JII0), ¥ TaK MPOJIOJIZKAEM, [IOKa He HaiijleM 3HaYeHne MOMEHTa,
HOCJIe/IHEr0 ypaBHUBaHUs (CM. TakzKe 3a7ady 19.22).

Sameuanue 2. Hmxke npusesieHbl 3HadeHusi (QpyHK-
uu pacupejiesenus apkeunyca A(x) B roukax 0,05 -7, i =
=0,1,2,...,10:

x A(x) x A(z)
0,00 | 0,000 || 0,30 | 0,369
0,05 | 0,144 || 0,35 | 0,403
0,10 | 0,205 || 0,40 | 0,436
0,15 | 0,253 || 0,45 | 0,468
0,20 | 0,295 || 0,50 | 0,500
0,25 | 0,333

Mot Beraucaenns suadennit A(x), ecmm 0,5 < x < 1,0,
MOZKHO BOCIOJIb30BAThCA COOTHOIIECHUEM

A(z) =1—- A1 —x).

19.14. U3 6oJibIm0it rpymnsl pabovunx, KOTOPbie padoTa-
0T HAa COOPOYHOM KOHBelepe, Hay/ady BBIOMPAIOT JIBYX U
HECKOJIBKO Pa3 XPOHOMETPUPYIOT [POJIOJIKUTETBHOCTD COOP-
KU UMH OIIPEJIeJIEHHOT0 u3/esius (B MunyTax ). [losyamnin ta-
KI€ PE3YJIbTATHI.

[Tepsorit pabounii: 19.4; 21,1; 16,2; 21,2; 21,6; 17,8; 19,6.

Bropoit pabounit: 19,9; 15,7; 15,2; 19,8; 18,9; 16,1; 16,2;
18,5; 17,3; 20,4.

Cy1iecTBeHHO JIM pa3jndaercs BpeMs COOPKH H3JIeJIus
STUMU paboduMm?

19.15. Ilpu ucnplTaHul HA YCTONYIUBOCTL K MCTUPAHUIO
JiroMuHectieHTHON Kpacku Tunos A-102 u A-108 usmepsiin
[OTEPIO MAcChl (B rpaMMax) Yepes OlpeJlesIeHHbI MHTepBal
BPEMEHH, IIPUYEM HU3BECTHO, YTO YCTOHYUBOCTb K UCTHPA-
uuio Kpackn A-108 me menbie, geM kpacku A-102. Kpacky
KaXKJIOT'0 U3 JIBYX TUIIOB HAHOCHUJIM Ha BoceMb maHeseii. [1o-
JIYIUJIA TAKUE PE3YIIbTATHL:
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ITorepst macchl Ilorepss Maccer

A-102 | A-108 || A-102 | A-108
17 19 33 35
10 17 20 25
19 16 22 23
17 12 28 21

Mo>KHO Ji Ha OCHOBAHUU TUX JAHHBIX YTBEPKIATH, UTO
KPACKM CYIIECTBEHHO PA3JIMYAIOTCS 1O YCTONIMBOCTH K HC-
TUPAHUIO?!

19.16 (mokazaHusi MeXaHUYECKHUX HacoB). Mexanu-
JeCcKHe Jachl, BBICTABJIEHHbIE B BUTPUHAX YACOBBIX Marasu-
HOB, Yepe3 HEKOTOPOe BpeMs ocTaHaBauBaioTcs. MomMenT oc-
TAHOBKM YaCOB — CJydaiiHas BejqnunHa. KcrecTBeHHO mIpe/-
[IOJIOYKUTD, 9TO MOKA3aHUS 9aCOB PACIIPEIEIEHBI PABHOMED-
HO Ha npomexyTtke [0;12]. Habionenus 20 wacos jauu cie-
IYIOIIYIO BBIOOPKY:

10 wac 57 muH, 3 gac 28 muH, 5 yac 18 muH, 1 gac 32 muH,
3 yac 21 muH, 4 vac 13 mun, 4 gac 06 muH, 10 gac 10 mwuH,
6 gac 48 muH, 2 vac 51 mwuH, 0 yac 44 muH, 3 yac 57 MUH,
4 gac 16 mun, 4 gac 58 muH, 7 gac 47 muH, 11 vac 04 mun,
7 vac 54 muH, 10 vac 30 muH, 11 vac 06 muH, 11 gac 52 MuH.

Coryacyercst Jin ¢ 9TUMH JIAHHBIMU THIIOTE38 O PaBHO-
MEpHOM pacrpejesiennu Ha npomexyTke [0;12] mokazamumii
JaCOB?

19.17 (ankerupoBanue “IIpenogaBaresb riaazamu
cryneHToB” — addekrT sxk3amena). Aukeruposanue “IIpe-
[I0/IaBaTENb IJIa3aMU CTYIAEHTOB’ JOJI?KHO IIPOBOJIUTHCH 110~
cJte IK3aMeHa, HO B rpynmax 11M-85-1, IIM-85-2, TIM-85-3,
[IM-85-4 ero omubo9IHO MPOBEH J0 YK3aMeHa (Pe3yJIbTaThl
AHKEeTUPOBaHUsI TIPUBEJIeHbI B crosione 5 Taba. 19.4.1). Tlo-
TOM aHKETUPOBAHKE [IPOBEJIU U MOCJIe IK3aMeHa (Pe3yIbTaThl
npuBeieHb! B ¢Tos61e 6 Tabsr. 19.4.1). Dra ommubka Jama Bo3-
MOKHOCTb TOBOPUTDH O CyIIecTBOBaHUU dpdeKTa sK3aMeHa
(a Mmoxker, 310 3 deKT erre KaKoro-HuOy b Apyroro haxTo-
pa?), a MMEHHO, BJIUSET JI HAa OICHUBAHIE MPEIOIABATE IS
CTyIeHTaMU MpoBeieHne sk3aMena’ B ¢Bsa3u ¢ 910l rumore-
3001 BBISICHUTH, COIVIACYETCS JIM OHA C JAHHBIMUA AHKETHPO-
BaHusi. Peub nyer 06 sk3amene 1o rogoBomy Kypey “Teopus
BEPOSITHOCTEH 1 MaTeMarndeckasi CTaTucTuka’ (pes3ysibTaThl
9K3aMeHa IIPUBEEHBI B Ta01. 19.4.2).
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Cdopmynupopars 3a7a1y 0 Haanann 3pderTa 3K3aMeHa
[IPU OIEHUBAHUU IIPEIO/IaBaTENs KAaK 33/[a4dy [IPOBEPKU CTa-
TUCTUYIECKUX TUIOTE3 U PEINTH ee (MOoIpobHee CM. 3ajady
19.1).

[Ipumeganue. DddekT sK3aMeHa OKA3AICA TOBOJIb-
HO HEOXKUJIAHHBIM: HECMOTPSI HA BBICOKYIO TPEOOBATEIBHOCTD
npenogasares (cMm. Tabsr. 19.4.2, a Takzke crpoky “Tpebo-
BareabHOCTL B Tabi. 19.4.1), JaHHbIe AaHKETHPOBAHUST TIOCJIE
9K3aMeHa 3aMEeTHO BBIIIe, YeM JI0 IK3aMeHa (CM. CTOoJIOIbI H
u 6 Taba. 19.4.1).

19.18. Illeiiku pabodeit gacTu cBepJi 0OPAOATHIBAIOTCS
Ha nindOoBaJbHOM cTaHKe. HoOMUHAJIBHBIN [uaMeTp ek
coctapidgeT 9,8 MM ¢ TexHndeckuM jorryckoM 0,04 .

Boumn uzmepensr jmamerpsl pabodueit dactu ireiiku 16
ceepa1. [lostyyensr Takue ux 3HadeHus (B MuLIIMeTpax): 9,76;
9,78; 9,81; 9,77; 9,75; 9,78; 9,75; 9,77; 9,74; 9,78; 9,77; 9,83;
9,78; 9,81; 9,79; 9,80.

Mo>KHO JIi 3aKJIF0UUTH, YTO HOMUHAJIBHBII JJHaMeTp Ieii-
KI paBeH 9,8 MM ¢ TexaudeckuM gomyckom 0,04 MM ipu HOP-
Me orxoza 5%, T. e. 4TO pasMep JuaMeTpa HIeHKu CcBepJia
HaXOJIUTCs B mipejenax oT 9,76 o 9,84 MM ¢ BEpOSITHOCTHIO
0,957

Ykazanue 1. ChopMysmpoBaTh IIOCTABIEHHYIO 384~
4y KakK 3aJady IPOBEPKH CTATHUCTUYECKUX TUIIOTE3 U BOC-
oJThb30BaThes KpurepueMm Kosmmoroposa.

Ykazanue 2.3ajavy PENIUTb B IPEJIIOJIOKEHUH, ITO
Pe3yJIbTAThI M3MEPEHMUI SIBJISTFOTCS BBIOOPKOI 13 HOpMAaJIbHO-
IO pacIpee/IeHusd.

19.19. PerucrpupoBaiich WHTEPBAJILI OE30TKA3HON pa-
6orbl (B 9acax) KOHIAMIIMOHEPOB Ha JIByX camosierax “Bounr-
720”. IlosyveHbl Takue pe3yJibTaThl.

Camouer I: 74, 57, 48, 29, 502, 12, 70, 21, 386, 59, 22,
153, 26, 326.

Cawmouter II: 55, 320, 56, 104, 220, 239, 47, 246, 176, 182,
33, 15, 104, 35.

Mo>KHO J Ha, OCHOBAHUHW [TPUBEIEHHBIX JAHHBIX CJIeJIaTh
BBIBOJI, UTO BpeMsI O€30TKa3HOM pabOThl KOHIUITMOHEPOB HA
TUX CAMOJIETaX OIMHAKOBO?

19.20. Cpennuii 06beM CTOKa BOJbI B peke (B KyOude-
ckux dyrax 3a cekyHiy, 1 dyr = 0,3048 M) durcupyercst
eKeMeCsiYHO B TedeHne jByx Jjer (obosnaunm ux I u II).
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CpaBHuBasi CTOK 3a COOTBETCTBYIOIIME MeCAIBl (CTOK IO/
YUHSIETCST TOJIOBBIM I[UKJIAM), CJIEJIATh BBIBOJ, OTHOCHTEIHHO
orcyTcTBust (MM HAINYNSI) H3MEHEHH 00beMa CTOKa BOJIBI
B Pa3HBIC TOXBI.

Tox Ton
Mecstx I 11 Mecsig I 11
fAuBapb 14,1 14,2 || Uromab 92,8 | 88,1
®DeBpasib 12,2 10,5 || Asrycr 74,4 | 80,0
Mapt 104,0 | 123,0 || Cenrsiops | 75,4 | 75,6
Anpesnb 220,0 | 190,0 || Okrst6ps | 51,7 | 48,8
Mait 110,0 | 138,0 || Hosibpsn 29,3 | 27,1
Wionb 86,0 98,1 || lexabpb 16,0 | 15,7

[Ipoepurh Hy/IEBYIO TUIIOTE3Y 00 OTCYTCTBUM CUCTEMA-
TUYIECKUX U3MEHEHN 00beMa CTOKa 38 YKa3aHHBIE TOMIbI.

19.21. JIyia n3roToBJIeHUs KOp/ia ¢ OJMHAKOBBIMUA HOMU-
HAJIBHBIMU JIAHHBIMU J1Ba 3aBojia (A u B) ucnosib3yor pas-
HBbIE IIPOU3BOJCTBEHHLIE IIpoliecchl. IIpoBeneno mo 20 ucbl-
TaHUN Ha pa3pblB HMPOAYKIINH KaxKJI0To 3aBojga. Karyriky
KOPJIa )i UCOBITAHUN U MECTO pa3phbiBa Ha HEll BhIOMpasn
HayIaqy.

HpI/IBerZ[eHHbIe JaHHbIE ABJIAIOTCA OTKJIOHEHUAMU ITPOY-
nHocru ot 21,5 dynra (1 byt = 453,6 r). Ennanna n3mepe-
uusi cocrasyser 0,1 dynra.

Basom A: —1; —5; 1; 10; 2; —3; 6; 10; —1; 4; —8; —1;
—10; —9; —2; —2; —8; 1; 2; 5.

Basox B: 10; 8; 9; 12; 0; 8; 5; 9; —1; —1; 7; 16; —5;
1; 10; 9; —5; 6; 6; 15.

CyImecTBeHHO I OTJINYaEeTCs KOPJ, M3TOTOBJIEHHBIN Ha
zapogax A u B?

19.22 (BpeMsi mpebbIBaHWsI HA IIOJIOXKUTEIBHOM
CTOPOHE). DKCIEPUMEHT COCTOUT B IIOCJIEI0BATEIBHOM OJI-
6pacbiBannu MOHETHI 2n = 40 pa3 (0HO mOJOpaChIBAHUE 3a
enuuuity Bpemenn). IlosBienune “rep6a”’ Oymem 0003HAYATD
qepe3 +1, a nosiBiienne “‘pemrerkun’ — depe3 —1. Takum 06-
paszoMm, Ha k-M mmare, kK = 1,2,...2n, uMeeM CHUMBOJ Ef,
paBHBIH +1 win —1 B 3aBHCUMOCTH OT TOI'O, KaKO#l CTOpO-
Hoit jieryia moueta. [IycThb

Sp=€1+éex+...4+¢€k, s0=0, k=1,2,...,2n,
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rIe S — Pa3HOCTh MEXKY KOJUYIEeCTBOM ‘TLIIOCOB” © ‘“‘MU-
HycoB” (Mexiy KoamdecTBoM “repboB” u “pemerok”). Eciu
BOCITOJIb30BATHCSI TEOMETPUIECKOH TEPMUHOJIOTHEN U CHCTe-
Mot kKoopauHatr (t,Z), TO pe3yabTaT KCIEePUMEHTA MOZKHO
[PEJICTABUTD B BUJIE JIOMAHOIH ¢ BeprnHaMu B Toukax (k, Sg),

k=1,2,...,2n (puc. 19.4.1).

4 7 10/ \/\

Puc. 19.4.1: Pesynbrar sxcrepuMeHTa — JOMAaHAs C
sepmuaamu B roukax (k, sg), k=0,1,...,2n

Boramemm BpeMmst, Kormaa MOHETa HAXOIWIACH Ha, TOJIO-
JKUTETBHOM CTOpOHE, T. €. KOTJIa Pa3HOCTh MEXKJIy KOJINTe-
cTBOM “TepboB” u “perreTok’ ObLIA TOJIOKHUTEIbHOM. Hanpu-
Mep, ecjii B pedyJibrare 1mepBbix 10 mojdpachiBaHUil MOHETHI
noJjiydeHa mocjesioBaresbnocts +1,4+1, -1, -1, -1, —1, —1,
+1,4+1, -1 (cm. Takke puc. 19.4.1), To Bpemsi npeObIBAHUST
MOHETHI Ha TTOJIOKUTETHHON CTOPOHE COCTABISIET 4 € THHUIIHI.

[Tycts 2k — Koam4uecTBO euHUIL BpeMeHn (U3 2n eju-
HUII), KOTJIa MOHETa HAXOJU/IaCh HA IOJIOYKUTEJBHONH CTO-
pore. OTHOCUTEILHO BpeMeH! TTPEOLIBAHUS HA TTOJIOKUTE b
HOU CTOPOHE BBIABUTAETCS TUNOTe3a Hy: BpeMst mpeObIBAHMsT
Ha TOJIOXKUTELHON CTOpOHE MMeeT paclpejie/ieHne apKCh-
Hyca, T. e. caydvaiinasi BesmauHa 2k/2n = k/n umeer cBoei
dbyHKIMENH pacupeaeIeHns

0, ecmm x < 0;

Az) = %arcsin Va, ecm 0 <x <1
1, ecoa x > 1.
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[IpoBecTn sKCIIEpUMEHT IATH Pa3, GUKCUPYS BpeMsI pe-
ObIBaHUsI MOHETHI Ha ITOJIOKUTEJILHON CTOPOHE.

MozkHO I Ha OCHOBAHHUH IOJIYYEHHDBIX JAHHBIX 3aKJIIO-
YUTh, YTO BpeMs HPEOBIBAHUST MOHETHI Ha IOJIO2KUTETbHOI
CTOPOHE UMEeT paciipejieieHne apKcuHyca?

OrBer JgaTh B TEpMHUHAX HMPOBEPKHU CTATUCTUIECCKUX TH-
[I0Te3, BOCIIOIB30BaThest KpurepueMm Kosimoroposa. Cum. Tak-
JKe 3aMedaHne K 3aa4e 19.13.

19.23. YerHoe 9uCIO MBITIENR PACCAUIA HAYIady B KJIE€T-
KJ — IO OJIHOH B KJIETKY. 3aTeM KJIETKH CHOBA-TAKH Hay/la-
1y OOBEJUHUIN B JBE OIUHAKOBBIE MO KOJIMIECTBY MBIIIEH
rpytnbl. Mpim nepsoit rpymist (A) npejHasHAYATUCh J1IsT
KOHTPOJIsA, & BTOPOIl — MOAONbITHOl (B) moaBepraucs Jaeii-
CTBUIO omrpejiesieHHoro mpenapata. [locite aToro Bce Mblmu B
cJIydaiiHOM TopsijiKe MH(MUITUPOBAIUCH TyOEePKYIe30M.

BaMeTuM, 9TO SKCIIEPUMEHTATOPBI, KaK MPABUJIO, HHQPU-
[UPYIOT CHa4daJjla MbIIICH KOHTPOJIbHOU I'PYIIIBI, & 3aTeM —
[IOJIONBITHOM, YTO abCOIIOTHO HEBEPHO.

Jau rubesu Mblieii mocsie HHAGUITMPOBAHUS TTPUBEJIEHBI
B Tabsiune (JlaHHble 00 OJIHON U3 MbIIeil ObLIN yTEepsSIHBI).

I'pynma A: 5,6, 6,7, 8,9, 11, 12.

I'pynma B: 7,7, 8, 8,9, 10, 13, 14, 15.

B mpeapiaymux sKcrepuMeHTax yCTAHOBJIEHO, UTO HUC-
[IOJTb3YEMBIH TIPerapaT HeTOKCHIHbIH. [JoaToMy MoKHO TIpe/I-
[IOJIOYKUTD, YTO MBIIIHU B IIOJOIBITHON Ipymie rTuOHYT HE ObICT-
pee, 1eM B KOHTPOJILHOI I'pYIIIIE.

CBu1eTe/IbCTBYIOT JIU IIPUBEJIEHHBIE JAHHBIE O HAJIMIUN
sadpdekTa npenapara’

Ykazauue. [Iposepurs runoresy Hy: ipernapat He BIU-
sgeT Ha TedeHne Tybepkysiesa. Bocronb30BaTbcs KpuTepuem
Bunkoxkcona.

19.24. JIns cpaBueHusi 3pPEKTUBHOCTU JBYX METOJIOB
[IPEIOIABAHNS MATEMATUKHU C(OOPMUPOBAJIH JIBE TPYIIIIBL yUe-
HUKOB (A u B) 0HOr0O ypOBHsI OJITOTOBKHU, B KAXKJION U3 KO-
TOPBIX MATEMATUKY U3y4asd C UCIOJH30BAHIEM CBOErO Me-
toga. 1locsie okondanus y4ebHOTO roja KaxKJoMy YYeHUKY
6bLT TpesToXkeH Tect. Pe3yibrarsl Tecta (B 6asiax) okasa-
JINCh TAKWUMU.

I'pymma A: 94, 92, 90, 86, 86, 84, 82, 90.

I'pynmna B: 90, 86, 84, 82, 80, 82, 78.
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MO)KHO JIN Ha OCHOBaHHNHN ITUX JaHHBIX CJeJ/IaThb BBIBOJI,
9TO OIEHKH, IOJydeHHble B rpynnax A m B, cyIecTBeHHO
OTJINIAIOTCS !

19.25. IlpoBectu ceputo n3 10 SKCIIEPUMEHTOB, KaXK IbIi
13 KOTOPBIX COCTOUT B TIOI0OpachiBaHnn 16 MOHET U perucrpa-
I[[IM KOJIMIECTBA §; BBIABIINX ‘TepboB” (i — HOMEp IKCIepu-

meHTa, ¢ = 1,2,...,10). Paccmorpers mocsieioBaTeibHOCTS
qucet 3
S — .
fi: 5 121,2,...,10.
2
Moxk#O st cuuTaTrh, 910 £1, &9, . . ., 10 ABISIETCS BHIOOD-

KO U3 CTaHJAPTHOI'O HOPMAJILHOI'O PACIIPE/IESIEHUS !

N3 kakux coobpaxkenuil BeIABUHYTA CHOPMYIUPOBAHHAS
ruroresa’?

[Ipumedanne DKCIEPUMEHT, COCTOAIIUN B ITOIOPACHI-
Banuu 16 MOHeT, yI0OHO TIPOBECTH, HAIPUMED, TaK: ITOME-
CTUTH B KOPOOKY Bce 16 MOHET, & ITOTOM, XOPOIIIO BCTPIXHYB
ee HeCKOJIbKO Pa3, MOJICINTATDL KOJMIECTBO BBIMABIINX ‘Tep-
60B”.

19.26. IIpubopsr Tunios A u B jijisi n3MepeHusT KOJTuIe-
CTBa OCaJIKOB pa3MeIleHbl Hay/Iady Ha HEKOTOPOM yUacTKe.
3a ompeeleHHbIi TPOMEXKYTOK BPEMEHU HaJ KOHTPOJIUPY-
eMoit obJsracTbio 1poHecoch 14 yparanos. CpejiHee KoJinde-
CTBO OCAJIKOB, M3MEPEHHOE C TOMOIIBI0 MpubopoB A u B,
[IPUBEJIEHO B TabJIHIIE.

MoxKHO JIi 3aKJII0YUTh, 9T0 Hpubopbl A u B jator oju-
HAKOBBIE PE3yJIbTaThI?

IIpuGop Tuna IIpuGop Tuna
Vparan A B Vparan A B
1 1,38 1,42 8 2,63 2,69
2 9,69 | 10,37 9 2,44 2,68
3 0,39 0,36 10 0,56 0,53
4 1,42 1,46 11 0,69 0,72
5 0,54 0,55 12 0,72 0,72
6 6,94 6,15 13 0,95 0,93
7 0,59 0,61 14 0,50 0,53

19.27. B Tabiuite npuBegeHbl 3HAYEHNsT 00beMOB OYJI0K
(B MuLTIIINTPAX), BbIIeUeHHBIX u3 100-rpaMMOBBIX MOPIHit
TecTa, U3TOTOBJIEHHOIO U3 12 Pa3HBIX COPTOB MYKH, COIEP-
»kammeit 1 u 2 mr 6pomuncroro kanus (KBr).
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Copr | O06bem Oyiaku, M Copr | Ob6bem OyaKm, M
Mmykn | KBr 1 mr | KBr 2 mr || mykn | KBr 1 mr | KBr 2 mr
1 1075 1055 7 900 905
2 980 955 8 860 870
3 850 820 9 940 1000
4 815 765 10 1000 1015
5 1040 1065 11 935 965
6 960 985 12 835 870

CBHﬂeTeHbCTByIOT JIM IIpUBEJACHHBIC JTaHHbIC O BJIWAHUN
cojlepKaHusi OPOMUCTOIO KaJidsl Ha 00beM OYI0K?

OTBeT marb B TEPMHUHAX IIPOBEPKU CTATUCTHIECKUX I'H-
II0TE3.

19.28. CroxacTu4ecKuii 9KCIIEPUMEHT COCTOUT B IIOJ0pa-
CBIBAHUM UI'PAJILHOM KOCTH IATH Pa3 U BBIYUCIEHUU CyMMBbI
BBIIABIINX OYKOB. JlJIsT 4-r0 9KCIEepUMEHTa ODO3HAYHM STy
cymMmy 1epes s;. [IpoBemem skcriepuMenT 16 pa3 U paccMoT-
PUM IIOCJIEIOBATEIBHOCTD HUCETT

si— 175
= DY 12, 16.
gl 3782 ’Z b b bl

Mo2KHO JIU CYUTATD, YTO MOCAEIOBATEIBHOCTE £1,&2, . ..
.,&16 sBJsieTcs peasm3aiueil BHIOOPKU M3 HOPMAJIHLHOTO
pacupeesiennsi, co cpegauM a = 0 u jucnepcueii o2 = 17
N3 xkakux coobpazkeHuit OTHOCUTEILHO PACIIPEICICHUST CIIY-
JaifHoi BeuvInuHbI £ BBIJIBAHYTA UMEHHO 9Ta rumoresa’

OrBer faTh B TEPMHUHAX HPOBEPKHU CTATUCTUIECKUX T'H-
[I0Te3, BOCIIOJIL30BABIINCH KpuTepreMm KoiMoropoga.

19.29 (karacTpodbl Ha YyroJbHBIX IIaxTax). B rab-
JINTIaX PUBEIEHBI HHTEPBAJIBI B JIHAX MEXKJLY KaTacTpodamu
(karacrpoda Bireder cmepth 10 1 Gosee Ye0BeK) Ha YroJib-
HBIX maxTax Bemukobpuranuu ¢ 1875 mo 1951 r. (naxubIE
B. Mersto, K. Ilupcona, A. Bunna, ux cjaeayer 4urarh IO
CTPOKaM).

NurepBasbl Mexxay Karacrpodamu ¢ 1875 mo 1900 r.

378 36 15 31 215 11 137 4
15 72 96 124 50 120 203 176
55 93 59 315 59 61 1 13

189 345 20 81 286 114 108 188

233 28 22 61 78 99 326 275
54 217 113 32 23 151 361 312

354 58 275 78 17 1205 644
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WNareppaisr mexkay kartactpodamu ¢ 1901 mo 1951 1.

467 871 48 123 457 498 49 131
182 255 195 224 566 390 72 228
271 208 517 1613 54 326 1312 348
745 217 120 275 20 66 291 4
369 338 336 19 329 330 312 171
145 75 364 37 19 156 47 129
1630 29 217 7 18 1357

CBuIeTe/IbCTBYIOT JIU 3TH JIAHHBIE O HAJIUIUU CYIIECTBEH-
HBIX OTJIMYIUN MEXKJy WHTEPBAJaMU BPEMEHU OT KaTaCTPO-
duI ¥ KaracTpode 3a nepuoz ¢ 1875 mo 1900 r. u ¢ 1901 mo
1951 .7

19.30 (aBTOMOOMIBHBIE HOMepa). Boimmure mud-
poBble dacTu HOMEpPOB 20 aBTOMOOMIIEH, TPOE3KAIOIINX MU-
MO (HOMEDp cofiepKuT nsaTh nudp). Obo3HadMM Uepes a;, bj,
Ci, d;, €; tndPhl, BCTPETUBIITHECS] B HOMEPE, €CJIU €r0 YNTATh
cJIeBa HAIIPABO.

PaccmoTrpum mociie 1oBaTeIbHOCTD UCET

G =10"Ya; + 10720 + 107 3¢; + 1074d; + 10 %¢;,

et =1,2,...,20.

Mo2KHO M CYATATDH, YTO IOCIEIOBATE/HLHOCTD (;, & =
= 1,2,...,20, apasercss peajus3arueii BbIOOPKU U3 PaBHO-
MepHoro Ha npomexxytke [0;1] pacupenenenns?

3ameuanue. Ecainm HOMEp aBTOMOOHUJIST COAEPXKUT dUe-
ThIpe MUMPBI, TO PACCMOTPUM ITOCIEI0BATEIHHOCTD

G =10"ta; +1072b; + 10 3¢; + 107%d;,

et =1,2,...,20.

19.31. Ucciienopanack AIUTEIBHOCTD SKCILIYATAITUN aBU-
AIlMOHHBIX IMHEBMAaTUYIeCKUX IMH Mapok U u V Ha camoire-
Tax, Oasmpylonmuxcs Ha aBuaHocnax. Jljis ucnbiranuit 0To-
6panu 10 camomeros. IlpuBenennbie B Tabiuie TaHHBIE —
KOJTMIECTBO MTOCAIOK 0 Pa3pyIIeHus IIIH.

Mo2KHO Jrt TI0 pe3y/IbTaTaM STUX UCIBITAHU CIe/IaTh BbI-
BOJI O HAJIMYINN OTJINYIHIA B AJINTETLHOCTH SKCILTyaTaIlN ITHH
Mapok U u V7?7
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Camo- | Koamgecrso mocamok Camo- | KommuecrBo mocamnok

J1eT Mapka U | Mapka V JeT Mapka U | Mapka V'
1 5 5 6 7 24
2 55 14 7 14 38
3 5 24 8 32 41
4 32 27 9 10 32
5 56 24 10 8 24

19.32. Tokcuunoctsb aByX npenaparos (A u B) cpasHu-
BaJIM Ha JBYX rpymmax mbimei (mo 50 B Kaxk1oit). Mbimam
[IePBOIl I'PYIIIBI BBeJM mpernapar A, a BTOpoil — Takylo ke
o3y npenapata B. KomnmdecTBoO MBIIIER, KOTOPBIE OCTAIUCH
JKUBBIMHI B Ka)KIIOHl TPyIIe Uepe3 OMpejiesieHHOe BpeMs 1’

(B "wacax) 1mocjie BBEJIeHUs TIPEIapaToB, IIPUBEICHO B TabJIu-
1e.

KosmmyecTBo 2KUBBIX MBbIIIIEi
Bpewmst T' | Tlocne peitcteust A | Tlocne neiicrBust B
1 29 35
3 21 23
8 16 16
16 12 13
24 10 10
48 9 8
72 7 8
96 6 7

CBUIETENBCTBYIOT JIM TTPUBEJICHHBIE TAHHBIE O PA3TUYI-
HOl TokcmaHOCTH TpenaparoB A u B?

19.33 (ssekTporiok m akkomomarus). [Tpu mocie-
JIOBATEJILHOM UTEHUU BCIYX JIIOJbMU, CTPAIAIONIIMY 3anKar-
HUEM, OJTHOTO M TOTO YK€ TEKCTa HECKOJBKO Pa3 MOJIPSIJT, YHC-
JIO 3aUKAHUI UMeeT TEHJEHINIO K YMEHBIIIEHUIO. DJIEKTPO-
IIIOK KaK MeTOoJ1 O0PBHOBI C 3aMKaHUEM IIPETEH/IYeT Ha, yCKOpe-
HEIe 9TOro mporecca (akkomonarmio). Lleas onmcamnoro Hu-
JKe 9KCIEePUMEHTa — OTBETUTH HA BOMPOC: TAK JIH 9TO?

BocemuammaTh 9eoBeK CTYIEHIECKOTO BO3PACTa, CTpa-
JTATONNX 3aUKaHUEM, COTJIACUINCH YIACTBOBATH B 9KCIIEPH-
MEHTE — UHUTATH BCJIYyX (PPArMEHT TEKCTa MOCIeI0BATETHLHO
1o naTh pas (6e3 geiicrBus ssekrponioka). Ilorom oxu wu-
TaJIM BCIAYX TATH pa3 JPYroit pparMeHT TeKCTa U B MOMEHT
3aUKAHUS OIBEPTAINCH BO3IEHCTBUIO SJIEKTPOIITOKA.

B Tabsmrie mpuBeneHbI IOy YeHHbIE TI0 CIETHATBHON Me-
TOJIMKE OIEHKY aKKOMOoauu B 6asiiax. Beicokuii 6aJt coor-
BeTcTByer Jiydineii akkomozanuu. (Janusie uz padorsr: Daly
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D. A. and Cooper E. B. Rate of stuttering adaptation under
condition// Behav. Res. Theory. 1967. Vol. 5. P. 49-54.)

Howmep Baster Howmep Banner
yaact- | Bes | Cmo- || yuacr- Bes | C mo-
HUKa | IIOKa | KOM HUKa | [IOKa | KOM

1 57 51 10 50 50
2 59 56 11 44 56
3 41 44 12 50 46
4 51 44 13 70 74
5 43 50 14 42 57
6 49 54 15 68 74
7 48 50 16 54 48
8 56 40 17 38 48
9 44 50 18 48 44

CBuIeTe/IbCTBYIOT JIU 9TH JAHHBIE O TOM, UTO IIIOK B MO-
MEHT 3aMKaHUs BJIUSET Ha aKKOMOJIAIUIO?

19.34. Huzke npuBeJIeHbI JJaHHBIE O TIOPUCTOCTH KOHJIEH-
caTOpHOI OyMaru JByX napTuii (13 KayKJIoi apTuu pyJIOHbI,
IIOPUCTOCTH OyMaru B KOTOPBIX M3Mepsiach, OpaIu Hay/ia-
qy).

[Maptusa I : 1,5; 1,5; 2,7; 3,0; 1,6; 1,9; 2.4; 1,6; 1,7; 2,0.

[Maprtusa II : 1,9; 2,3; 1,8; 1,9; 1,5; 2,4; 2,9; 3,5; 4,7.

Mo2KHO 1 TIO 9TUM JAHHBIM CIEJIATH BBIBOJI, UTO ITOPHUC-
TOCTb KOHJIeHCATOpHOH Oymaru B naptusix 1 u 11 paznuuna?

19.35. Ha orpesok [0; 1] Haygady 6pocaror TOUKy U pe-
TUCTPUPYIOT ee KOOpAuHATy &, a 3aTeM MoA0pachIBaIOT CUM-
METPUYHYIO MOHETY W PErUCTPUPYIOT UHUCJIO 1) BLITABIIAX
repOoB.

IIpoBeanTe onmucaHHBIN cTOXACTUIECKUT SKcIepuMeHT 10
pa3 U pacCMOTPHTE TOCJIEIOBATETLHOCTD YUCET

G=&+mn,i=1,2...,10.

MoxkHO Jt cauTaTh, 9To ducaa (q,(s, ..., 19 0bpasyor
BBIOOPKY M3 paBHOMepHOro Ha npomexkyTtke [0; 2] pacupee-
sieansi? Bocnosib3yiitecs kpurepuem Kosimoroposa.

N3 xakux coobpakeHuil BBIIBUHYTA T'HIIOTE3a O PaBHO-
MepHOM Ha npoMexxyTke [0; 2] pacupeesennn ciyvaiiHoii Be-
JIIuHb (7

S3amedanue. PeaqnzoBars SKCIEPUMEHT, COCTOSIIHUI B
6pocanun Hayjady TOYKM Ha orpe3ok [0; 1], MOXKHO, HAIPU-
Mep, C IMOMOIIBI0 TabJIUIBI CIYyIalHBIX TUCE]T.
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19.36 (manTuccs! Jorapudmos gucena n!). B rabin-
1le IPUBE/IEHBI 3HAYEHUS JIECATHIHBIX JIOrapuMOB IUCET 7!

n n! lg n!
1 1 0,000000
2 2 0,301030
3 6 0,778151
4 24 1,380211
5 120 2,079181
6 720 2,857332
7 5040 3,702431
8 40320 4,605521
9 362880 5,559763
10 3628800 6,559763
11 | 39916800 7,601156
12 | 47900160 -10 8,680337
13 | 62270208 -10 | 9,794280
14 | 87178291 -10° | 10,940408
15 | 13076744 -10° | 12,116499
16 | 20922790 -10° | 13,320619

MOXKHO JIM CUMTATDh, YTO MAHTUCCHI JIOTAPU(MMOB YUCET
n! paBHOMEpPHO pacipejeseHbl Ha npomexkyTke [0;1]7

OrBer JgaTh B TEpMHUHAX HPOBEPKHU CTATUCTUIECKUX TH-
I0TEe3, BOCIIOJIb30BaThCA KpuTeprueMm Kosmoroposa.

Sameuanne Manrucca jorapudma 9ucia — 3TO Ipob-
Hasl 9aCThb JOrapudma.

19.37. [onyuwmmu 10 wucesr criocobOM, ONMMCAHHBIM B 3a-
nade 15.37. MoKHO /T CINTATH, 9TO MOy IeHHbIE TAKUM 00-
pazoMm 10 amcesn ABISIOTCS peann3alyeil BLIOOPKN U3 PaBHO-
MepHOro Ha npomexxyrke [0;1] pacupemenenns?

OTBeT naTh B TEPMHUHAX ITPOBEPKU CTATUCTHIECKUX T'H-
[10TEe3, BOCIIOJIb30BaThCa KpurepreMm Kosmoroposa.

19.38. C noMoIpio TabuIb! CIyYaitHbIx yncest (M. TabJI.
22.10.1) momyunTb BBIOOPKY OOBeMOM 16 M3 HOPMAILHOTO
pacipe/iesienns co cpepunM a = 1 u qucnepcneii o2 = 0,01,

IIpoBeputsh, Bocmosib30BaBIUCh, KpurepueMm Kommoropo-
Ba, JIEMCTBUTE/ILHO JIU TOJIyYeHHAs ITOCIEI0BATEIbHOCTD T~
ceJl SBJIIETCS peasn3alueil BHIOOPKU W3 YKA3aHHOI'O HOP-
MaJIbHOTO PaCIIpeIe/ICHUS.



I'maBa 20

JImnaeiinasi perpeccus

20.1 HopmaJgbHasi JUHeHasa perpeccus

3agava BOCCTAHOBJIEHHUsI 3aBUCUMOCTH. B marema-
TUYIECKOM CTATHCTUKE TaCTO BCTPEUIACTCS CJIEIYIOMIAST 3814
qa.

I/ISBeCTHO, Y9TO BEJIMYUHBL iy U T CBA3aHBbI beHKI_H/IOHa..Hb—
HOIl 3aBHCHMOCTBIO, caMa »Ke 3aBHCHUMOCTb y = f(z) Hems-
BecTHA. MBI UMeEM BO3MOXKHOCTb B JIAHHBIX, BIIOJIHE OIpe-
JIGJIEHHBIX TOYKAaX X1, T2, ..., L, HADIIOJATH COOTBETCTBYIO-
e 3HAYEHUS Y1, Y2, - - - , Yp BEJTUIUHBI Y, HO HE TOUHO, & C
HEKOTOPBIMH HOIPEIIHOCTAME €5, § = 1,2,...,n (mabmome-
HUI, 3MepeHnii 6e3 morperHocTeii He ObIBAET), T. €. HabJIo-
Jlast Y5, Mbl (DaKTUYIECKN B Ka9eCTBe Pe3yJIbTaTa HAOJII0/ICHIS
[OJTy 9aeM

fj:yj+e]-, 1=12...,n.

Iorpemmnoctu e, j = 1,2...n, HEN3BECTHDI, OJJHAKO UX €CTeC-
TBEHHO CUYMTATh HE3aBUCUMBIMU (HAOGJIOIEHUS MPOU3BOIAT-
sl HE3ABUCHMO) HOPMAJILHO PACIIPEJICTIEHHBIME CJIy Qi HBIMU
BEJIMYMHAMHI CO cpefnuMu Me; paBHBIME Hy/IO (IPH 9TOM
M¢; = y;, j = 1,2,...,n) u oaHOI U TOIl ’Ke HEH3BECTHOI
mcniepeneit 02 (MOCAeIHSST B TIPE/ITIONIOKEHIH HOPMATHHOC-
TH KaK Pa3 M ONPEJe/IsSeT MOIPEIIHOCTh HABJIIOICHNI ).

ITo pesympraram mHabmomenuit £1,&o, ..., &, BEJUIAHDI Y
B TOYKAX I1,T2,..., Ly HEOOXOIUMO BOCCTAHOBUTHL (HANTH)
3aBUCUMOCTD BEJIMYUHBI Y OT X.

465
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Jlajiee MBI Oy/ileM pacCMaTPUBATD IIOCTABJICHHYIO 3189y
BOCCTAHOBJICHNsI 3aBUCcHMOCTH Yy = f() B 9acTo BCTpeda-
IOIIEHCsT CUTYaAIN, KOIJIa U3 TeX WM WHBIX COOOparKeHmil
U3BECTHO (MOXKHO CYUTATH), 9TO 3aBUCUMOCTH y = f(x) Be-
JIMYVHBL Y OT T JINHEiHAsI, T. €.

y=a+ bx.

B srom citydae BoccTaHOBJIEHHE 3aBUCHMOCTHU CBOJUTCH K
oTrpe/iesienio (OIeHMBaHmIo) MTAPaMeTpoB a, b, o2 1o mabimo-
genusim  €1,&o,...,&, BEWYUH  Y1,Y2,...,Yn B TOUKAX
x1,T2,...,%T,. Pasymeercs, Koib CKOpO 3Ha4YeHHA Yj, j

= 1,2...n, HADOJOIAIOTCS C MIOIPENTHOCTHIO, TO U IIapaMeT-
pbl a, b, 02 Hem36e:KHO GY/IyT ONEHUBATLCS C IIOIPENIHOCTHIO.

B crporoit maremaTudeckoii MOCTAaHOBKE 3aJiada BOCCTa-
HOBJIeHUs (OUpPeJIeJIeHnsT) 3aBUCUMOCTH i = a + bx dopmy-
JINPYETCs CJIEIYIONNM 00pa3oM.

Jlana mocJie1oBaTeIbHOCTh HE3aBUCUMBIX HOPMAaJILHO PAC-
peJie/IeHHBIX ClIydaliHpIX Beqndun §;, j = 1,2,...,n, coor-
BETCTBEHHO CO CPEJHUMH Yy; = a + bxr; 1 onHOIl U Toii XKe
mucnepeneii 2. Tlapamerps! a, b, 0 HEM3BECTHBI, H UX HEOO-
XOJIMMO OIEHUTH 10 &1,E&9,...,&,.

@ YHKITATO

y = a+ bz,

3aJAI0IIYI0 3aBUCUMOCTD y OT T, HA3bIBAIOT IIPOCTON HOP-
MaJIbHOI JIMHEIHON perpeccueil, KpaTko — JUHEUHOU perpec-
cueii (“npocrasi” 0b0O3HAYAET 3ABUCUMOCTH OT OJIHON IIepe-
MmenHoit). Korya niepemennast y siisiercst pyHKIUeR oT &, TO
rOBOPHUM “perpeccusi y Ha T’, KOTJIa T sBjsgeTcs (QyHKIIeHl
OT Y, TO TOBOPUM ‘‘perpeccust x Ha i’ .

IIpocraa nuneitHasa perpeccusi. [Ipocryio smHeitHy1o
perpeccuio yao0HO 3alMChIBATH B BUJIE

y:()é-i-ﬁ(ﬂf—i'),

n
roe T = % > x4, x1,x9,...,%, — 3HAYCHUS [IEPEMEHHOI X,
i=1
o, 3,0° — HeW3BECTHBIE IAPAMETPHI.
Jlajiee IPUBOIATCS OIEHKN MAKCAMAJILHOTO TTPAB/IOIIO IO~

Ous mapaMeTpoB «, 3, o? juHeitHON perpeccun u ux CBOUCT-
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Ba. IIpu sTom ncnosns3yrorcess obo3HadeHMs

T = %Zl‘z, S% = %Z(ﬁi—§)2, S1 = \/S?’
; =1

E= 26 8P 697 s /5h

Teopema 20.1.1 (06 omeHKax MaKCHMAJBLHOTO IIPABJIO-

101061t TTapaMeTpoB «, 3, 02). Ilyemv &1, &, ..., &y — nesa-
BUCUMbBLE HOPMANOHO PACIPEICAEHHBIE CAYUATHDIE GEAUMUHDL
co cpedruM

Mé-l:a'i_,g(xz_f); i:172)"'5n7

u ducnepcueti 0.

OuenKkamu MaKcuUMarbHo20 NPasdonododus Napamempos
a, B, o aunetinot pezpeccuy

y=a+p(r—7)

ABAANOTNCA

6=F =2 5= 15— (a+ B -2

2
S n

3amMeuaHue. ﬂﬂﬂ OII€CHKHN O'2 nmMeeTr MeCcTo Ipe/cTaB-
JIeHHue

2
N2 gt
oc=511 252
192
Hastee Mbl OyeM ncCosb3oBarh 06o3Hadenue & = V o2,

3HaK ~ 3aMeHsieT 00OpOT “UMeeT pacipejiesieHue’.
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Teopema 20.1.2 (o pacupejeseHun OUEHOK A, A, (;2).
Ouenru MaKcumasbho2o npasdonodobus

37122, O > (&= (6 + Bla —T)))

S n
1 i=1

a=¢ fB=

napamempos o, 3,02 HOpMarbrot pepeccun
y=a+ f(zx—7)

06.4a0a10m CACOYOUUMU CBOTICTNEAMU.

1) &, B, 02 AGAANOMCA HEZABUCUMBLMU 6 COBOKYNHOCTNAU
CAYUATUHBMYU BEAUHUHAMU,

2) &, — Hecmewernbie U COCOAMENLHBIE OUEHKU CO-

omeemcmeeHHo & U B,’ 0'2 — ACUMNIMomu1eCru HECMEeULEH-

HasA U COCMOAMENDHAA OUEHKA 0'2,'

3)
(ola)/\/% ~tp s, (20.1.1)
(8- ﬂ)/Sli_2 ~ tn_a, (20.1.2)
L X2 (20.1.3)

((a—a)?+s2B-52)/2
0?/(n—2)

~ Fop_o. (20.1.4)

IIpoBepka rumore3 o mapaMmerpax MPOCTOil HOp-
MaJIbHOI1 perpeccun. 13 coornomennit (20.1.1) — (20.1.4)
[OJIY9alOTCs KPUTEPUH JJIsi IPOBEPKU IMIOTE3 O Kobdhu-

IUEHTAX (v, # U JUCIHEPCHU 02 U CTPOATCA JIOBEPUTEILHBIC
WHTEPBAJIbL JIJIs HUX.

2
Hanee gepes ty.x, X5k Ey.m oboznadaeM BepxHHE Y-
peJieJibl COOTBETCTBEHHO paclipejesieHui i, X%, Frm.
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Kpurepwmit giyist npoBepku runore3sbsl Hy: a = ap.
Ecau eunomesy Hy: o = g omraonams npu

a — Qp > t'y;n—2 (20.1.5)

/=
U HE OMKAOHAMD 8 NPOMUBHOM CAYHAE, MO € BEPOAMHOC-
mwio 2y eunomeda Hy 6ydem omxaonamoces, koeda ona eep-
na (aavmepramuea 06YcmopoNHAA).

Kpurepuit nqns npoBepku rumnore3nt Hg: 3 = Bp.
Ecau eunomesy Hy: 8 = By omxaonsmo npu

>t o (20.1.6)

(B~ ) [
—By) ) ———
Sl n—2

U HE OMKAOHAMD 6 MPOMUBHOM CAYUAE, MO C BEPOATNHOC-
muio 27 eunomesa Hy 6ydem omxsonamocsa, xoeda ona eep-
Ha (arvmepramusa 08YCMopoHHALL).

B uacraocTu, mist npoBepku runoresst Hy: = 0 (rumo-
Te3a 0 3HAYUMOCTH PErPECCHn) UMeeM KPHUTEPHIi.

Ecau 2unomesy Hy: 8 =0 omkaonams npu

> tyino (20.1.7)

%)
vn —2
U HE OMKAOHAMD 6 MPOMUBHOM CAYHUAE, MO C BEPOATNHOC-
muio 27y 2unomesa Hy 6ydem omxaonamuocsa, xoeda ona ep-
na (aavmepramuea 06YcmoponHAA).
2 _ 2

Kpurepnii nina nposepku runoresnl Ho: 0° = oy.

Ecau eunomesy Hy: o2 = ag OMKEAOHAMD NPU

~

2
no 9
—3 > Xym—2 (20.1.8)
90
U HE OMKAOHAMD 6 NPOMUSHOM CAYUGE, MO C 6EPOATHOC-
mwi1o ¥ eunomesda Hy 6ydem omxionamoca, xoeda ona eepra
(arvmepnamuea odnocmoponnasn: o> > of).
Kpurepwmit ajist mpoBepku rumnore3bl Hy: a = oy,
B = Bo. Ecau eunomesy Hy: a = ag, B = By omxsonamo
npu

((&— 040)% + S3(B - Bo)?)/2
o?/(n—2)

> F'Y;Qm,Q (2019)
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U HE OMKAOHAMY 6 NPOMUBHOM CAYUGE, MO C BEPOAMHOC-
mwio y eunomeda Hy 6ydem omxaonamoca, koeda ona eepra
(anvmepnamusa: o # o uau 5 # Bo).

JloBepuTresibHbIEe UHTEPBAJIBI JIJIsl IAPAMETPOB MPO-
CcTOM JiImHeliHOl perpeccuu. /loBepuresbHble HHTEPBAJIBI
IS TAPAMETPOB «v, 3, 02 IPOCTOl JIMHEHHO perpeccun ode-
BUJIHBIM 00pa3oM mnojyvarorcs u3 coorHomienuii (20.1.1),
(20.1.2), (20.1.3), a mMeHHO, C BEpOSITHOCTLIO 1 — 27 mMe-
€T MECTO KaXKJI0€ U3 HEPABEHCTB:

o o

& —typg——— < @ < &+ tymog———0, (20.1.10
vin—2 n—2 — — vin 2m ( )
B—t L<3<B+t o (20.1.11)
TG n—2 = T T T g =2
) )
e (20.1.12)
X'y;n—Q Xl—v;n—Q

CoBMmecTHasi JIoBepUuTejJbHast 006JacTb A o u 3.
3 coornomenust (20.1.4) nosyuaem

P{«a—aﬁ+sﬂ@—@%m
a?/(n—2)

< Fﬂ/;2;n72 =1-7

(20.1.13)

Pagencrso (20.1.13) o6o3HaUaeT, 9TO MHOKECTBO TOUYEK (T, Y),
3a/laBaEMO€e HEPABEHCTBOM

A\2 5\2
) N VR ) .
2F 2m-20%/(n=2)  2Fy05-20%/(S7(n - 2))

(20.1.14)
SIBJISIETCsI JIOBEPUTEIIBHON 06/1aCThIO sl TapaMeTpos («, )
¢ koaddurmentom gosepust 1 — 7y (moBepureabHas 06IaCTh
(20.1.14) “makpbiBaer” Heu3BecTHbIe napameTpbl (a, ) Ju-
HellHoit perpeccun y = « + f(x — T) ¢ BEPOATHOCTBIO 1 — 7).

[Mpanureit 3Toit 06IACTU ABJISAETCS IJLIUATIC

s N )
2Fy0m—2 o?/(n—2) 2F5 22 ‘72/(5’%(71 —2))

)

=1
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¢ TeHTpoM B TouKe (&, ) U HOIyoCsMu

V2P0 202/(n = 2), /20 202/(S2(n — 2)).

IIpoBepka azmexkBaTHOCTH perpeccuu. Kak u B 3a/1a-
9e BOCCTAHOBJIEHUST 3aBUCUMOCTHU, CM. €. 465, M3BECTHO, UTO
BEJIMYUHBL Y U & CBA3AHBI (PYHKIIMOHAJIBHON 3aBUCUMOCTBIO,
HO caMa 3aBUCUMOCTH Hen3BeCTHa. MBI MMeeM BO3MOXKHOCTH
B TOYKAaX T1,T2,...,T, HAOIIOJATD 3HAYECHUS Y1, Y2, - - - , Yn,
pasyMeercst, ¢ HEKOTOPBIMHU IIOTPEINHOCTAMH €5, j = 1,2,...
...,Nn, cM. c. 465.

OrHOCUTE/IBHO PYHKIIMOHAJIBHON 3aBUCUMOCTH Y OT & U3
TeX WJIM UHBIX COOOparkeHuil BblBUTraeTcs runoresa Hy: 3a-
BUCHUMOCTD Y OT & UMeeT BU]T

y = f(z),

rie f(x) — Boosne onpenenennas dyukius (uwu f(x) npu-
HaJUIE’KUT JIAaHHOMY Kitaccy dbyukuuii). 'unoresa

Ho:y = f(z)

— 9T0 runore3a 00 aJeKBATHOCTHU OIUCAHUS 3aBUCUMOCTH
or x dbyukiueit y = f(x) (perpeccueit y = f(z)). Ilo pesyib-
TaTaM HaOsomennit &1, &9, . . ., &, 3HAYEHUNA Y1, Y2, - - - , Yn CO-
OTBETCTBEHHO B TOYKAX I, X2, ..., L, HEOOXOIUMO CIEIaTh
BBIBOJIBI O runiorese Hy — oTkaouATh Hy Wi He OTKJIOHSATD.
Eciu runoresa Hy: y = f(z) He OTKIIOHsSIETCsI, TO MBI [OBO-
puM, 9TO perpeccusi y = f(x) ameKBaTHO (XOPOIIO) OMUCHI-
BA€T 3aBUCUMOCTH ¥ OT T, B IPOTUBHOM CJIy4ae — HET.

[Tpu mamuauu MOBTOPHBLIX HAOJIIOACHUN MOYKHO IOCTPO-
UTh KpUTepuil Jyisi nposepku runoressl Hy: y = f(x), 1o
MeHbIIE Mepe JIJIsi IPOBEPKH TUIIOTE3bI

Hy:y=a+p(zx—7).

ITox, nosmoprvimu Habaroderuamy 3Hadenus y; (B TOU-
Ke ;) OyseM HOHHMATb HE3aBUCHMBIE HOPMAJBHO PAaCIIpe-
JIeJIEHHbIE CIIyYaiiHble BeIuHbl &5 1,852, - -, &jn; CO CPell-
HIM j:

M& =y, v=1,2,...,n;, (20.1.15)
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I AucIepcueii o2, OnHOM 1 TOil Ke J7Is BceX HAOJIIOeHnil &
D¢y =02, v=1,2 :
=0, v=12,...n;,

N — KOJMYEeCTBO IIOBTOPHBIX Hab/o/enuil B Touke ;. Bee-
ro umeeTcs k Touex xj, j = 1,2,...,k, B KaiKJI0ii 13 KOTOPBIX
IPOBOJINIOCH COOTBETCTBEHHO 110 1 j Habmrogennit. Kommaect-
BO BcexX HaOJIIOJIEHUi, Kak U paHee, OyJeM 0DO3HAYATDH ‘e-
pe3 n, sCHO, YTO

k
E ng=mn
=1
B repmunax nabmogenuit &, v =1,2,...,n;j,j = 1,2,
,k, runoresza Hy — 3aBHUCUMOCTb Y OT & HMEET BUJ

y = f(x), dopmyaupyercs Tak: y HE3aBUCUMBIX HOPMaJlb-
HO PaCHPE/IeJICHHBIX CIyYaifHbIX BeJINYHH §j, CO CPEHUMU
M =y, v=12,...,n5, 7=1,2,...,k, u oxgnoit u Toit
Ke Jucnepcueit o

W nest mocTpoennst KpUTEPHsI /17151 TPOBEPKY I'ANOTe3RI Hy):
3aBHCHMOCTD y OT x OmmchbiBaercst dbyuknuein y = f(x), co-
cTouT B cieyoneM. TeMm miu MHBIM CrocoboM (darie Bcero
METOJIOM MaKCUMAaJIbHOTO IIPABJIONOI00US NI METOIOM HaHU-
MEHBIITNX KBa,ZLpaTOB) 10 pe3yabTaTaM HabIoenuii &, vV =
=1,2,...,n5, 7 = 1,2,...,k, oleHuBaeM T'UIIOTETHYECKYIO

3aBUCHMOCTD ¥ = f (m) — IOJIyYaeM 3MIUPHIECKYIO perpec-
cuto y = f(x), ecam mpoBepsieTCs TUTIOTE3a,

Hy:y=a+p(x—7),

SMIIPHIECKAs perpeccus nveet sug y = &43(z—7). U ecom
dbyukiws y = f(z) agekBaTHO (XOPOIIO) ONUCHIBACT 3aBUCH-
MocTh y oT x (runore3a Hy BepHa), TO yKJIOHEHHs HaOJIIO-
nemmit &, v = 1,2,...,n4,7 = 1,2,...,k, orHOCUTE/ILHO
SMIMPHUYUECKOR perpecenn y = f (&) T0MKHBI GbITH MAJIBIMH.
Ecimu xe dynkius y = f(x) HealeKBATHO ONUCHIBAET 3a-

BUCUMOCTH y oT & (runoresa Hy HeBepHA), TO HABJIOJCHUST
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S, v=12...,n;,7=12,..., k, yKIOHSIOTCA OT SMIIU-

pudeckoii perpeccun y = f() 3HAYUTETHHO.
Kommmuaecrsenno yknonenne nabmonennit &, v = 1,2,
c.o,my,J =1,2,..., k, OTHOCHTEJILHO SMIIMPUYIECKOI perpec-

cun y = f(z) (pasymeercs, B TOYKax &j) €CTECTBEHHO OIH-
CBIBATH BEJIMINHOM

k 1y
B= s IS - Fa)? (20.1.16)

j=1v=1

[Mostomy mist mposepkn runore3st Hy @ y = f(x) BBI-
YHC/IsIeM YKJIOHeHUe S3. ECIM s3 NPHHAIO Majoe 3HaueHue
— JIEXKUT B IpejesiaX MOTPeITHOCTH HabI0IeHui 02, T. €.
oTHOIIeHNE $3/02 Majoe, MBI THIIOTe3y H) He OTKJIOHsIeM.
EC.HI/I 3HaYCHUE YKJIOHCHUSA S% IIPEeBLINIaCT IIOTPEITHOCTL Ha-
GUIIO/IeHHi 02, T. €. OTHOIIEHHE s% /o2 GOMbINoe, MBI THIIOTESY
Hy orkioHsIeM. A MOCKOJIBbKY IIOIPEIIHOCTD HAOJIIOIEHIH o2

HEU3BECTHAa, MBI 6y,ZLeM CpaBHUBaThb YKJIOHECHUE S% HEe C 0'2,

a ¢ ee HeCMeEIIeHHON OIIeHKOM

k. nj
=S (G -5

j=1v=1

rie
1 n; k
&j:;Z§j7V7j:1727"'71€7nzznja
Jv=1 j=1

— eCJIM OTHOIIeHNe 53 /55 MPUHSAJIO GOJIBIIOE 3HAYCHHE — TH-

nore3y Hy oTkj0oHSIEM, B TPOTUBHOM C/Iydae — HET.

Ba,MeTI/IM7 YTO OIEHKY JJIsd 0'2 MOZKHO ITIOJIYYUTDH TOJIBKO

[IPY HAJIMIUH IOBTOPHBIX HAOJIIOIEHUN.
B cnydae mpoBepku runore3bl Hy: 3aBUCUMOCTD Y OT &
onuchbIBaeTCsd (DYHKITHEH

y:a_‘_/ﬁ('%_j)v
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YKJIOHeHne s3 (em. (20.1.16)) mabmogenuit &, v = 1,2,
...,nj,j=1,2,..., k, OTHOCUTE/LHO SMINPUIECKOI perpec-
cun

y=a+pz—7)

AMeEET B
1 U )
F= 52D (G~ 6+ Bla; — 1)) =
j=lv=1
1 E X )
= 5> (G — @+ B - (20.117)
j=1

N, aro BaxkHO, npu eeproti cunomese Hy omnowenue s%/s%
umeem Fi_o.,_-pacnpedeserue. Ilociennee naer BO3MOXK-
HOCTH OIPEIE/INTh I'PAHUIIBI, OTIEJIAIONE OOJIbIINe 3HAYE-
HUsI OTHOIIIEHUS sg / s% OT MaJIbIX U BMECTE C Te€M IOJIYIUTh
CJIETYIOMUA KPUTEPUI JIJIA IMIPOBEPKHU TUIIOTE3bI

Hy: M, =a+p(x;—=), v=1,2,...,n4, j=1,2,...k,

— I'UIOTE3BI 06 aIeKBATHOCTU OIMCAHUS 3aBUCUMOCTH i OT
x JmHeitHO perpeccueit y = o + f(z — T).

Ecau eunomesy Hy 06 adexsammocmu sunetinoti peepec-
CUU HE OMEAOHAID NPU

2
s

2
- < Fyk—2n—k (20.1.18)
51

U OMKNOHAND 8 NPOMUBHOM CAYHIAE, MO C BEPOATNHOCTNGIO Y
eunomesy Hy 6ydem omxAoHaMb, K0200 0HG GEPHA.

Bameuanue. B ciaydae MOBTOPHBIX HAOJIOIEHUI, BbI-

HHUCLIBas 3HaYeHHe T U 3HA4YeHusl OIEHOK &, /3,02 cooTBeT-
CTBEHHO IIApaMeTpoB «, (3, 02, VI0OHO MOJIB30BATHCS JIBOM-
HBIMH MHJIEKCAMHU HE TOJILKO I HaOJIIOMeHMIA:

Ewy v=1,2,....n5, j=1,2,... kK,

HO U JJIsA TOY€EK 5, B KOTOPBIX IIPOBOAWJIACH Ha6JIIO,ZLeHI/IH,
a UMEHHO

rjy =5, v=12,...,n5 7=12,... k.
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[pu stom i T, S7, €, S3, Ria (em. Teopeny 20.1.1 06 oren-
KaX [1apaMeTpoB) MbI [OJIY UMM CJICIYIOIIIe BhIPAZKEHUSI:

ZZ Ljv = Z"]"L’w

] 1v=1
1 e
St =5 2> (i =) =
j=1v=1
1 kK nj 1 k
B B IRy
j=1lv=1 j=1
R P
£=EZ 5],1/7
j=lv=1
1 en
S5 == (&u -8
j=lv=1
1 k
Rio = — ZZ Tjv— §ju nz x]_$ szz 5)
] 1v=1 j=1lv=1

ITpoBepka ageKBaTHOCTH TEOPHUM IKCIIEPUMEHTY.
JI7Is1 BeJIMYMHBI  M3BECTHO TEOPETHYECKH IPE/ICKA3AHHOE
(BbIUKCIEHHOE) 3HAYEHMe x. Besmunna y HabIII01aeTcst B 9KC-
HepUMEHTEe 1 Pa3 U JIs KasKJ0Tr0 HAOJIIO/IeHNS §j Mbl IMeeM
€ro TeOPeTUICCKH IpeJICKa3aHHoe 3HadeHne rj, j = 1,2,.

M.

B skcnepumenTe Mbl HaOJTIOa€M 3HAUEHHST §J; C IOTPE-

HOCTSIMH, T. €. HaOJIO1asI Y;, Mbl (DAKTUUECKH TIOJTy9aeM

gj:yj+€j7 j:1727'~'an7

rjie e; — IOIPEIIHOCTb j-To Habmojgenud, j = 1,2,...,n
Ilosromy maxke ecytm TeOpeTHIECKUE 3HAUEHUS L1, L9, - - . , Tpy
TOYHO HPEICKA3BIBAIOT Y1,Y2,.-.,Yn, T. €. Y1 = T1,Yo =

=122,...,Yn = Tp, — TEOPUS COIVIACYETCS C IKCIEPUMEHTOM,
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nabJriogaemMbie 3Hadenus &1, £, . . . , €, COOTBETCTBEHHO BeJIHU-
YUH Y1,Y2, - -+, Yp U UX TEOPETHUIECKUE SHAYEHUS X1, L2, ...
..., Xy COBHAJIATH HE OYJIYT — IOrPEITHOCTU

§j—xj:ej, j:1,2,...,n,

Hen30eKHO OTJIMIHBI OT HYJIS.

B cBsazu ¢ sTum BozHuKaeT Bompoc: “MoxKHO Jiu 110 Teope-
TUYECKU [IPEICKAZAHHLIM 3HAYEHUAM X1, L2, . . . , Ly BEJTUIUH
Y1, Y2, - - -, Yn U UX HaOJIOJAEMBIM 3HaYeHusAM £1,&9,...,&,
CJIeJIATh BBIBOJIBI O COTJIACUY (UJIM HECOTTIACUY ) TEOPHUU C IKC-
nepuMeHTOM?” JIpyruMu cjoBaMu, MOXKHO JIM CYUTATh, 4TO

pacxoxpaenud & —x1 = e1,& — X3 = €3,...,&, — Tn = €
MexK/1y HabJIroaeMbIMu 3HadYeHuAMu &1,&, . .., &, BEJIMIUH
Y1,Y2,-- -, Yn U UX TEOPETUIECKUMHU 3HAUEHUSIMU T1, T2, . ..

..., Ty HaXOAATCS B IIpeesax MOIPEITHOCTeN HaOJIIoIeHmit
U 2KE€ 3TU PACXOXKJIEHUS CBUIETEJIBCTBYIOT O HEalcKBaT-
HOCTHU OIIMCAHMSI TeopHeil HabIIoaeHuiA?!

OMH U3 BO3MOXKHBIX IOJXOJIOB COCTOUT B CJIEJYIOIIEM.
[Iycts U3 TeX WM HWHBIX COOOPaXKEHWUil M3BECTHO (MOYKHO
CUUTATH), YTO BEJUUUHA Y U €€ [IPeJICKA3aHHOE TeOpHUeil 3Ha-
YEeHNE L CBA3aHbI JUHENHON 3aBUCUMOCTBIO

y=a+ p(z—1).

ITo nHabmogerusim &1, &o, . . . , &, MOXKHO IIOJIy YUTh OLIEHKH &, 3,
115t K03 dUIMEeHTOB JuHeiiHoi perpeccnn y = « + f(x — )
U IPOBEPUTL T€ WJIM UHBLIE IHIOTE3bI O IapaMeTrpax o, f.
B paccmarpuBaemoii 3aj1ade 00 aJIeKBATHOCTU TEOPUH IKCIIE-
PUMEHTY IIpeJicTaB/sieT MHTepeC Pe3yJibTaTbl IPOBEPKU I'U-
mores3

1) Hop: B=0; 2) Hop: B=1;
3) Hyz: B=Po=1 a=0ay =7,

KOTOPBIE JIAI0T BO3MOYKHOCTH TOBOPUTH O COTVIACHH UJIA HECO-
[JIACHH TEOPUHU C IKCIEPUMEHTOM.

1. I'mnoresa Ho.1: B = 0. Ecsin runoreza Hy.1: f = 0 e
OTKJIOHSIETCSI, TO 3aBUCUMOCTD Yy OT L UMEET BH/I

y=a+px—-7)=a.
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Tlociiennee obozmadaeT, ITO BEJIUIUHA Y HE 3aBUCUT OT X,
T. €. 3Ha4YeHne ¥, ‘IpeTen/yiomee” Ha POJIb IPEJCKa3aHHOIO
3HaYEHNus Yj, Ha CAMOM JleJle TAKOBBIM He SBJIACTCH.

2. I'mnoreza Hyo: 8 = 1. Heorknonenne rumnoress! cBu-
JIETEJILCTBYET B IOJIB3Y COIJIACUSI TEOPUU C SKCIIEPUMEHTOM,
ecJiu Ipu 3ToM ov— T # (), TO IPUCYTCTBYET CUCTEMATHIECKAST
OIIOKA.

3. T'unoresa Hy3: 8 = Pop = 1, « = a9 = 7. Ecin ru-
noresa Hosz: = o = 1, & = ap = T He OTKJIOHAETCH, TO
MOKHO CUUTATB, YTO 3aBUCUMOCTL §y = « + [B(x — T) Besn-
YU HDBI y OoT I UMeeT BUJI

y=a,

9TO €CTEeCTBEHHO MHTEPIIPETUPOBATH KaK COIJIaCHe TEOPUU C
SKCIIEPUMEHTOM.

3aMmeuanue. ['unoresa 06 aIeKBaTHOCTH OIUCAHUST TE€O-
pueit Hab/IO/Ia€MOI B OIBITE BEJIUYUHBI ) ITPOBEPSIETCS B
OPEJIIOJ0XKEHUN O JIMHENHON 3aBUCUMOCTU

y=a+p(r—7)

BEeJIMYUHDBl Y U €€ IIPeJCKa3aHHbIX Teopueil 3HadeHuil x.
B cupasemyimBocTy (Mam OMUGOUHOCTH) MOCJIEIHErO TIPe/-
ITOJIOYKEHUST MOYKHO YOeINThCSI MTPOBEPUB, THIIOTE3Y 00 aIeK-
BATHOCTH JINHENHO# perpeccun y = o+ B(z — T) (npu Ham-
UM TOBTOPHBIX HAOJIIOJCHUIT 9TO BCEr/Ia MOXKHO CJICJIATH).
Ecan mpu sTom rumoresa o6 ameKBaTHOCTH JIUHEHHOHN pe-
rpeccur He OTKJIOHSAETCS, TO MOXKHO BOCIIOJIb30BAThHCA U3JI0-
2KEHHBIM IIOJIXOJ0M IIPOBEPKHU COIVIACHS TEOPHH C JKCIIEPH-
MEHTOM (C OIBITHBIMU JIAHHBIME), B IPOTUBHOM CJIydae —
HET.

[Ipumep 20.1.1 (sxcepument Daunrrona). Pacemoms-
PUM NPUMED NPOBEPKU GOEKBAMHOCTNU MEOPUL IKCNEPUMEH-
my. Peuv udem o nposepke obw,eti meopuu 0mHoCUMeNbHO-
CMU O OMKEAOHEHUIO AYUA CEEMA 8 NoAE MA2omenus. Jar-
HOLE OAA CTMAMUCTNUNECKOT 00pabomKu 634mbL U3 cOOPHUKA
cmameti Aavbepma Itnwmetinag “Qusuxa u peasrvrocmsv”
(M.,“Hayxa”, 1965).

Cxema onvima, nposederto2o nod pyrosodcmeom Jddure-
mona, cocmoum 6 caedyrousem (cm. puc. 20.1.1). Hycmsv 36e3-
da AedHcum NPUMEPHO 6 naockocmu 3emnoti opdumo. Tozda
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68 MOMEHM, k0200 3emas naxrodumcs 6 nosodcenuu 1, 36esda
sudHa 6 Hanpasseruu 1.

Yepes noszoda 3emasn oKaiHcemces 6 nosodcerul 2, u ec-
AU 6v Ayw ceema 6 noae msazomenus Coanua He 0mMKAO-
HANCA, 36€300, U3 NONOAHCEHUSA 2 3eMAU 6 HANPABAEHUU 2 He
Habarodanacs 6v. Tem ne menee 36e30a U3 NOAOKHCEHUA 2 HA-
omodaemesn (cm. puc. 20.1.1), 1o ona Kak 6L cmewsera u 3mo
cmewsernue Modrcho svucaums. (Pasymeemes, nabarodamo
38e30Y U3 NoAoNHCEHUA 2 emMAu 8 HANMPABAEHUU 2 MONHCHO
AUUD 8 MOMEHIM, MOAHO20 COAHEWHO20 3AMMERUA — Ko20a
Connye “ne mewaem” nabarodamo 36e30y.)

Zan nwabarodenun 6viao evbparno 7 36e3d. Hx sudumovie
nepemeuienus (6exmopot na nebechot chepe, Komopwvie u3-3a
MAAOCTU MOHCHO CHUMAMb BEKMOPAMU HG NAOCKOCIU) PA3-
AG2AGAUCH NO 08YM ocam Koopduram. [loayuenHovie pesynv-
mamoi (6 yeaosvx cexyndaz) npusedenv. 6 mabauyazr 20.1.1,
20.1.2, 2de x; — sviMUCAEHHAA KOOPOUHANG GEKMOPG NEPEME-
werus, £ — HabA00erHas Koopourama 6eKmopa nepemeuie-
HUA.

3emns 6 Hanpaesnenue 2 x%
nonooicenuu 2 e
e Buoumoe
nonodicenue
36€30b1

Jhyu ceema,

Wﬂoné’}mbm Connyem

3emnasn 3emns 6
opouma nonoocenuu 1 - Hanpasnenue 1 3se30a

Puc. 20.1.1: OrkJjioneHnue jyda cBeTa 3B€3bI B MIOJIE
rarorerust CoJtHITA
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Tao6auma 20.1.1. [lepBasg koopauHaTa

z; | —0,22 +0,31 40,10 40,12 +0,04 40,09 40,85
& | -0,19 40,29 40,11 40,20 40,10 —-0,08 40,95

Tabuauma 20.1.2. Bropas koopauaaTa

z; | 0,02 —043 +0,74 +0,87 +040 40,32 —0,09
& | 40,16 —0,46 40,83 +1,00 40,57 +035 —0,27

Co2aacyromces AU BbYUCAEHHDLE BHAYEHUA KOOPIUHATN, GEK-
mopos nepemeuserutl ¢ Haba0deHHbLMU?

Pemenne. PaccMoTpuM BOIIpoC 0O COrJIACHM BBIYUC/ICH-
HBIX 3HAYEHU KOOPAMHAT ¢ HAOJIIOIEHHBIMHA JJI TIEPBOH KO-
opauuarsl (cM. Tabu. 20.1.1).

IIpoBenennble panee HAOTIOMEHNS TAIOT OCHOBAHNSI CUU-
TaTh, YTO BBIYHCICHHBIE (IIPEJCKA3aHHBIE TEOpUEil) 3Hade-
HUS T KOODAWHAT M HAOJIIOAEHHDIE Y CBSI3aHbBI JIMHEIHOM 3a-
BUCHUMOCTBIO

y=oa+pB(x—-71).
31ech

=~/

7
1
T=:) z;=0184.
=1

ITo pesymnbraram wabmogenuit (cm. taba. 20.1.1) mosydanm
OIEHKM HEU3BECTHDLIX NapaMETPOB PErPeCcCUH:

& =¢=0,197, 3 = 1,081, 02 = 0,006, S? = 0,0948

(cm. Teopemy 20.1.1).

Cnauasia mpoepum runoresdy Ho.q: 5 = 0, HeOTKJIOHeHTE
KOTOPOU CBUJICTEILCTBYET 00 OTCYTCTBUU KaKOW-TM0OO0 CBA3U
MezK/ly TeOpUeil U SKCIEPUMEHTOM.

Cormacno (20.1.7),

~

B B 1,081
6/(S1vn—2) 1/0,006/(0,0948 - 5)
= 9,61 > t0701;5 = 3,365.

Tak 9ro obuaHas /i DUHIITEHA TUIOTE3a 00 OTCYTCTBUN
CBSI3U TEOPUU C OIBITOM OTKJIOHSETCS.
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Hainee posepum runoresy Ho.o: B = By = 1. Corsacuo
(20.1.6),

B — fo B 1,081 —1
6/(S1v/n —2) 1/0,006/(0,0948 - 5)
= 0,72 < tp 01,5 = 3,365.

1, cneposaressro, runoresa Hoo: = Sy = 1 He OTKIIOHS-
ercst. TlociieHee MOXKHO TPAKTOBATH KAK COIVIACHE OIBITA C
9QKCIIEpUMEHTOM, HO IIpHU 3TOM BO3MOZKHa CHUCTEMaTHUYICCKasl
omubka (ecian « # T).

B comtacun (MM HECOITIACHU) TEOPHU C OIBITOM MOXKHO
yOeIUThCs, IPOBEPsisl TUIIOTE3Y

Ho;gi B = 1, o = 0,184
Cormacuo (20.1.9)

(6—0?+SHB-P2/2 _
?/(n—2)
((0,197 — 0,184)2 + 0,0948(1,081 — 1)) /2
0,006/5 B
=0,33 < F0,01;2;5 = 13,3.

Crnenosarenpao runoresa Hy.3 He OTKJIOHACTCS, O3TOMY MOZK-
HO cuuTaTh, Yro 8 = 1, a = 0,184, a 3aBUCUMOCTDL Yy OT T
MeeT BUJ,

y=uz,
YTO MOATBEPKIAET COTJIACUE TEOPUU C ONBITOM II0 IEPBOM
KOOpJIMHATE.

AHaornIHO MOXKHO yOEIUTHCS B COIVIACHHI TEOPHUH C OIIbI-
TOM TI0 BTOPOII KOOp/IMHATE.

[MIpumep 20.1.2. B xnuee J[. U. Mendeaeesa “Ocro-
8vl xumuu”’ npusedens, JaHHbIE 0 PACMEOPUMOCTNU G30TMHO-
xucaozo nampua NaNQOg 6 sasucumocmu om memnepamypo.
600v. B mabauye npusedenvs danHble 0 KOAUYECNEE YCAO-
nox wacmetd NaNOs, xomopoe pacmeopsaromes ¢ 100 wac-
MAT 600, Npu coomeememsyrowur memnepamypaxr (r —
memnepamypa 6 epadycax no Leavcuro, & — pacmeopumocms
6 yeaosrvir wacmazx wa 100 wacmetd 600w).
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z | & z £
0| 66,7 || 29 | 92,9
4 1 71,0 | 36 | 99,4
10 | 76,3 || 51 | 113,6
15 | 80,6 || 68 | 125,1
21 | 85,7

Teopemuueckue coobpasicerus dar0m 0CHOBAHUL NPEIno-
AA2GMH, YMO 3a46UCUMOCTD KOAUYECTNEA PACTMEOPEHHO20 6€-
ULECNBG OM MEMNEPAMYPbL ABAAEMNCA AUHETHOU!

E=a+ f(x—7T).

Hatimu ouenku makcumasviozo npasdonodobus napamem-
pos o, B u ducnepcuu 0. Ilocmpoums dosepumenvrvie uH-
mepsaav. ons o, B, o2. Iposepumsb 2unomesy Hy: f = 0
0 3HAYUMOCTIU PESPECCUL.

Pemenne.

"9 P 9 &
1 9
55_9;(1; —7)? = 451,11
2 1 :
Sy = 9;(& —§)7 = 342,66
i _
Rip =5 D (xi =) (&G — §) = 392,75.

i=1
OrneHKN MaKCHMaJbHOTO PAaBIOI0I00ust KOpUIneH-
TOB (v, 3 IPOCTOI JMHEIHOI perpeccun:

OleHKa MaKCHMAJIBHOT'O IIPABIOIIOL00US IUCIIEPCH 02

) 2 R%2
04=55(1- 22 =0,72.
1+~2
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VpaBHeHNE SMIUPUYECKON JINHUU PErPECCUu:
y = 90,14 + 0,87(x — 26).

IIpoBepum rumoresy Hp : = 0 0 3HAUUMOCTH JIMHUH
perpeccun. Coruacuo (20.1.7)

=

B 0,87
(n —2) /0,7158/451,11(9 — 2)

= 57,83 > t0,05;7 = 1,895,

nosromy runoresa Hy: 8 = 0 orkioHsieTCsl, JTUHEHAs pe-
rpeccusd 3HavdnuMa.

Cormacuo (20.1.10) — (20.1.12) noBepUTEILHBIMU HHTED-
BastaMu ¢ Koaddurmentamu Hamexkuoctu 0,90 115 mapameT-
poB perpeccun siBisiores: (89,54; 90,75) — s mapamer-
pa «, (0,84; 0,90) — st mapamerpa S, (0,46; 2,97) — st
nmapameTpa 2.

Ll

5/./3

20.2 3agaun

20.1 (Topmo3sHO# 1yTh). Ilpn u3yvyeHUu JIBUZKEHUS
YJIIMIHOTO TPaHCIOPTa (GDUKCUPOBAIOCH PACCTOSHUE S, TIPOii-
IeHHOe aBTOMOOWIEM II0 WHEPITUU II0CJIe CUTHAJA ‘OCTaHO-
BUTBHCsT (TOPMO3HOI IyTh) B 3ABUCHMOCTH OT CKOPOCTH V.
Habutiofienusi poBOIMIIMCH [IJIsi PA3JIMIHBIX aBTOMOOUIIEIH,
C DPa3HBIMHU BOJUTEJSIMHU, PA3JIMIHBIM MOBEPXHOCTHBIM I10-
KPBITHEM JOpOTu U T. 1. Pe3ynbrarsl HabJoneHuilt mpuse-
JIeHbl B TabJuUIE, TAe S — TOPMO3HOM IyTh B MeTpax, v —
CKOPOCTBb aBTOMOOMUIISI B KM/ Yac.

B npeanonoxkennn, 4T0 3aBUCUMOCTD MEXK/TY TOPMO3HBIM
[IyTeM aBTOMOOUJIS U CKOPOCTBIO JIMHEHHAS:

s=oa+ B(v—"7),

HafTH OIEHKU MaKCHUMAJILHOTO IIPABIOIO0I00Us [TapaMeTpoB
@, B u aucnepcnn o2; HOCTPOUTD JIOBEPHTEILHbIC HHTEPBAILI
IS IAPAMETPOB «, 3, 02; IPOBEPUTDH I'MIIOTE3Y O 3HAUMMOC-
T JuHeiiHol perpeccun. IIpoBepuTh runoresy ob ajexkBaT-
HOCTHU JIMHEHHON perpeccuu.

Ha mrockocru (v, $) n306pa3uTh UCXO/HBIE JAHHBIE U 110
CTPOUTDL 3MIIMPUYECKYIO JIMHUIO PEI'PECCUN.
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v S v S K S v S
6| 06 19| 731 26| 9832146
6| 30| 19| 851 26| 122 32| 156
11| 1221 791 27| 98| 32| 17,1
11| 6,71 21| 104 || 27| 1221 32| 19,5
13| 49| 21| 104 || 27| 15,2 || 35 | 20,1
14| 301 21| 140 || 29 | 128 || 37 | 16,5
16| 55 23| 791 29| 17,1 | 39 | 21,3
16| 7,9 23| 11,0 || 29 | 23,2 || 39 | 28,0
16 | 10,4 || 23 | 18,3 || 29 | 25,6 || 39 | 28,4
18 | 52| 23| 24,4 || 31| 11,0 || 39 | 36,6
18] 851 24| 6,1 31| 14,0 | 40 | 259
19| 43 24| 791 311208
19| 61241651 32| 98

20.2. Uccnenyercs comepkanne aCKOPOMHOBOM KUCIOTHI,
COXPAHUBIIIENCS B OBOIIAX B IIPOIIECCE X CYIIKUA U XPAHEHUSI.

Jlasiee TIPUBEIEHO COJIEPXKAHUE CYyXOI'O BEIECTBA B CBe-
2KeM MIIMUHATE U COJIEPKAHUE ACKOPOMHOBON KUCJOTHI, CO-
XPpaHUBIIEHCs TOCsIe CYIKY mmrHaTa npu remmeparype 90°C
(r — cozmep:KaHUe CyXOro BEIeCTBa B CBEXKEM INIUHATE B
IIPOIIEHTAX; Y — COJIEPKaHuE aCKOPOMHOBOM KUCJIOTHI I10CJIE
CYIIKH B IIPOIEHTAX).

NmeroTcst ocHOBaHUS TPEIIIOIATAT, YTO 3aBUCUMOCTH CO-
JIepYKAHUsT COXPAHMBIIEHCsT aCKOPOUHOBOM KHUCJIOTBI OT CO-
Jep2KaHus CyXOT'O BEIeCTBa JIMHeTHA:

y=oa+fB(x—-71).

HaiiTu onenkn MakCcUMaIbHOTO IIPABIIONOI00MS ITapaMeT-
POB @, 3 IPOCTOI JIMHEHHOII perpeccun u JAUCIIEPCHI 02, HO0-
CTPOUTH JOBEPUTEIbHBIE UHTEPBAJIBI JIJIsI IAPAMETPOB «, 3,
i 02, IPOBEPHUTH I'MIIOTE3Y O 3HAYUMOCTH PErPECCHH, THIIO-
Te3y 00 aJIeKBATHOCTU JIMHUHU PErPECcCHi.

z Y z y z Y
7,8 | 69,4 || 10,0 | 66,7 || 11,2 | 89,6
8,2 | 50,9 || 10,0 | 88,9 || 11,2 | 83,8
8,9 | 74,0 || 10,1 | 76,0 || 11,2 | 67,9
8,9 | 58,6 || 10,2 | 77,2 || 11,8 | 79,9
9,0 | 66,4 || 10,3 | 69,8 || 12,3 | 83,1
9,2 | 80,6 || 10,7 | 69,0 || 12,5 | 74,2
9,5 | 61,9 || 10,8 | 65,2 || 12,9 | 86,0
10,0 | 70,9 || 11,1 | 77,2 || 14,9 | 88,2

Ha mrockocru (x, y) n306pasuTh UCXOIHBIE JAHHbIE U [10-
CTPOUTH SMIUPUYECKYIO JTUHUIO PErPECCHUM.



484 I'masa 20. JIuneiinas perpeccust

20.3. B Tabsuie npuBeaeHbl Pe3ybTaThl KCIIEPUMEH-
TaJbHOT'O MCCJIEIOBAHNS KOJUIECTBA, TEIJIA, BbIJIEISIEMOrO B
[poIiecce 3aTBEP/IEHUS TOPTIAH/ICKOIO IIEMEHTA B 3aBUCUMOC-
TH OT COCTaBa KJIMHKEPOB (T — COJIepKaHne B KJIMHKEpax
aroMuHara Kaabiust 3CaOAlo O3 B mporieHTax 0T Beca KJIMH-
KEPOB, Y — KOJIMYECTBO TEILIa, BHIICICHHOTO HA IPOTIKEHUN
180 sHeill, B KAJIOpUSAX HA TPAMM LEMEHTA).

T y z y T y
1| 743 7| 785 || 11 | 109,2
1| 725 7| 959 || 11 | 113,3
1| 838 | 10| 1094 || 21 | 1159
2| 93,1 11 | 104,3
31102,7 || 11| 876

IIpenmonarast, ITO KOIUIECTBO TEILIa ABJISAETCS JIMHE-

HOll (pyHKIMEH comeprKanns aTIOMAHATA KaJIbIUSI:

y=a-+ B($ - T)a
HalTH OIEHKN MAaKCUMAJILHOTO IIPABIONOI00MS ITapaMeTpPOB
@, B IPOCTOil JTMHEIHON PEerpeccun u IUCIIEPCUN a?. TToctpo-
UTH JOBEpUTEJbHBIE HHTEPBAJIbI JJid IapaMeTpOB a,ﬁ,aQ,
[IPOBEPUTH THIIOTE3Y O 3HAMUMOCTH PErpPecCuu, TUIOTe3y 00
aIeKBATHOCTH JIMHEHHON perpeccun.

Ha mrockoctu (x, y) m306pasuTh UCXOIHBIE JAHHbIE U 110
CTPOUTH SMIUPUIECKYIO JIMHUIO PETPECCUN.

20.4 (bapomeTpuYeckoe HJaBJI€HUE W TOYKA KUIle-
Hus BoApl). VccienoBanrach 3aBICHMOCTD MEXK Ty GapoMeT-
PUYECKHM JIaBJIEHUEM U TOYKOU KuIleHusi Bojbl. [lenb ncce-
JOBaHUs — OIEHUTH BBICOTY HaJ| YPOBHEM MOpPs II0 TeMIle-
paType KHUIICHUs BOJbI. B NOPHBIX YCJIOBUSX JJis OIIpeesie-
Husg 6aPOMETPUIECKOrO JABICHNS YI00HEee N3MEPATDL TeMIIe-
paTypy KuieHus BOAbl. B Tabsniie npuBe/eHbI JaHHBIE 00
M3MepeHusIX 6HApPOMETPUIECKOrO JABJIEHNA U TOUYKA KUITEHUS
BOJIBI B 17 9KcIIepuMeHTaX.

[Ipenmosaras, 970 3aBUCUMOCTE DAPOMETPUIECKOrO JIaB-
JICHHs OT TOYKHU KHIICHMs BO/bLI JIMHeTHasI:

y=a+ ﬁ(.’l)‘ - E)a
HalTH OIEHKN MAaKCHUMAJILHOI'O IIPABIOIOI00MS IIapaMeTPOB

a, ﬁ n guciiepcuumu 0'2. HOCTpOI/ITb JOBEpUTEJIbHbIE NHTEPBa-

JIb1 1t @, 3, 0. TIpOBEpUTD MUIIOTE3Y O BHAYMMOCTH PErpec-
cun.
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Has- Touka, Has- Touka
Howmep | sienme | kunenwusi || Homep | Jienme | KumeHwst

1 20,79 194,5 10 24,01 201,3
2 20,79 194,3 11 25,14 203,6
3 22,40 197,9 12 26,57 204,6
4 22,67 198,4 13 28,49 209,5
5 23,15 199,4 14 27,76 208,6
6 23,35 199,9 15 29,04 210,7
7 23,89 200,9 16 29,88 211,9
8 23,99 201,1 17 30,66 212,2
9 24,02 201,4

Ha ntockoctu (7, y) n306pa3suTh UCXO/HbIE JIAHHbIE 1 110-
CTPOUTDH SMITUPUIECKYIO JIMHUIO PErPECCHH.

20.5 (morpebjieHNMe BUHA U CMEPTh OT CEPAEYHO-
ro npucryna). [losesno jin BuHO j1y1st 3/10poBbsi? VMerorcst
JaHHBbIE, CBUIETEILCTBYIOIIIE O TOM, UTO yIIOTpeOIeHNe BU-
Ha B YMEPEHHBIX KOJUIECTBAX CIOCOOCTBYET IperoTBpalie-
HUIO CEP/IEIHBIX IPUCTYIIOB.

B Tabauie npuBeneHbl JaHHBIE O TOIOBOM MOTPEOIEHNN
BUHA Ha YeJI0BeKa (B JIUTpax [ aJKoroJisl, BHIIUTOIO C BHHOM )
¥ KOJIMYIECTBE 1, CMepTeil B TOJ OT CEepeYHBIX 3a00eBaHni
(ma 100000 wesoBek) B 19 pasBUTHIX CTpAHAX.

[Tpenmoarast, 9T0 3aBUCUMOCTDH KOJIMIECTBA 1 CMEpTEit
OT TOJIOBOIO TOTpebsIeHusT | BUHA JIMHEHHAS:

n=a+pB(l-1),

HaUTH OIEHKU MAaKCUMAJILHOTO IIPABIONOI00US ITapaMeTPOB
«, B u nucnepcun o2. IlocrpouTs JOBEpUTE/IbHEIC HHTEPBA-
aBl st «, 3, 2. IlpoBepuTh IUIoTe3y 0 3HAMHMOCTH PErpec-
CUM.

Crpana l n Crpana l n
Agcrpanus 2,5 | 211 || Hunepsanmst 1,8 | 167
Agcrpust 3,9 | 167 || Hosas Senanmust | 1,9 | 266
Benbrusa 2,9 | 131 || Hopserus 0,8 | 227
Kanasa 2,4 | 191 || Ucnanus 6,5 86
Hanms 2,9 | 220 || IIserus 1,6 | 207
Quunaamua | 0,8 | 297 || Iseitnapus 5,8 | 115
Opannusa 9,1 71 || Bemukobpuranust | 1,3 | 285
Ncnanansa 0,8 | 211 || CIIA 1,2 | 199
Npnanmgusa 0,7 | 300 || T'epmanus 27 | 172
Wrammns 7,9 | 107
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Ha miockocru (1, n) n3o06pa3uThb UCXOHbIE JAHHBIE U T10-
CTPOUTDH SMIUPUIECKYIO JIMHUIO PErPECCHH.

20.6 (ocreomeHusi M KOJIUYECTBO BBIBOAMMOIO U3
opranu3ma Kanbims). [loreps Kasblus B KOCTHOH TKa-
HU YejloBeKa — ocTeonenud 1, 2, 3, 4 cTeleHEn B CBOUX Ts-
XKeJbIX dopMmax (4-s CTEmeHb OCTEONEHHH — OCTEONOPO3)
BeJeT K pa3pyIllIeHuIo KOCTHOW TKaHW. B Hacrosiee Bpe-
MsI OCTEOIIOpo3 mpuobperaeT (GOPMBbI IMIUPOKO PaCIpOCTpa-
HeHHOTO 3abosieBanusi. CTeNEHb MOTEPU KAJIbIlUsT B KOCTHOI
TKaHN YeJIOBEKa OIIPeJC/IAI0T IIPU IIOMOIIN yﬂpra:SByKOBOﬁ
JEHCATOMETPHH, KOTOpad He BCErJia JIOCTYITHA KakK II0 IIPHU-
qUHE ee JOPOTOBU3HBI, TAK W HEJOCTATOTHONW 00eCIevIeHHO-
CTU COOTBETCTBYIOIEH armaparypoit. [Ipennaraercs meros
JMArHOCTUPOBAHMS CTEIIEHN OCTEOIEHUN — II0 COIAEPKAHUIO
KaJIbIIMs, BBIBOAUMOro ¢ Modvoil. ObosnaumMm uepe3 1 pe-
3yJIbTAT JEHCUTOMETPUIECKOIO HUCCJIEIOBAHUSI, XapaKTepH-
3YIOIIEro IJIOTHOCTh KOCTHOH TKAHU W COJEPKAHUE KAJlb-
musa B Helt. Ecim 3mnadenme T npwHAIIEKUT TPOMEKYTKY
[—i—1; —7), TO coCTOSTHIE KOCTHO! TKAHU OIPEIEIISETCsT KAK
1-s1 crerieHb ocreornenuu, ¢ = 1,2,3,4. Ilpu 3navennn T u3
HPOMEXKYTKa [—2; —1) creneHb OCTeoeHn  KIacCuhDUuImpy-
ercst Kak cpennsisi, upu 1 < —2 — kak Tsikenasi. Yepes Ca
000BHAYNM KOJNIECTBO KAJbBINs, BEIBOANMOTO ¢ Mo4oit. Mc-
XOJIsl U3 JaHHBIX VHCTUTYTa racTpO3HTEPOJIOrnr AKageMun
MEIUIMHCKUX HAyK YKpauHbl (M. TabuIry ), ybeaurech, 9o
Mexkay BeaudnHaMmu 1 u Cla cyliecTByeT JUHERHas 3aBUCH-
MOCTb — MOCTpoiiTe JimHeliny0 perpeccuto T Ha Ca.

Ca T Ca T Ca T Ca T

2,20 0,23 || 3,12 | -1,63 || 3,84 | —2,10 || 4,40 | —1,77
2,20 0,60 || 3,20 | -0,21 || 4,10 | —1,51 || 4,63 | —1,61
2,24 | -1,21 || 3,20 | 2,06 || 4,12 | ~1,86 || 4,80 | —1,04
2,32 | -0,04 || 3,20 | -1,20 || 4,12 | 0,65 || 5,80 | —2,13
2,50 0,14 || 3,20 | -1,49 || 4,20 | 0,80 || 5,84 | —2,94
2,60 0,49 || 3,35 | —0,90 || 4,20 | —0,60 || 5,90 | —2,34
2,60 0,07 || 3,50 | —1,40 || 4,20 0,54 || 6,10 | —2,56
2,62 | —0,02 || 3,50 0,23 || 4,20 | —2,23 || 6,70 | —1,62
2,64 | —0,27 || 3,60 | 0,15 || 4,24 0,15 || 6,80 | —2,67
2,67 | -1,62 || 3,60 | 0,20 || 4,24 | 0,00 || 6,82 | 2,96
2,76 | 0,05 || 3.60 | 0,20 || 4,30 | -1,43 || 7.82 | —4,08
2,80 | 1,84 || 3,60 | 1,00 || 432 | -1.80 || 7.82 | -3.61
2,80 | 2,04 || 3,64 | 1,46 || 4,40 | ~1.61 || 7.82 | 2,01

IIpoBepbTe TUMIOTE3BI O 3HAYUMOCTHU U aIeKBATHOCTH JIU-
ueitnoit perpeccun. Ilo usBectnoit 3aBucumoctu 1T or Ca
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muddepenupyiite Tsizkesnyo dhopMmy ocreoneHnu (0CTEOIO-
po3) 10 KosimdecTBy BbiBOMMOrO Ca.

Ha mnockocru (Ca,T) n306pasuTh UCXO/HbIE JaHHBIE U
[TOCTPOUTH SMIUPUIECKYIO JTUHUIO PETPECCUN.

20.7. B Tabauie mpuBeIeHO COJeprKaHUe B IIPOIEHTAX
KpaxMaJia U IPOTEerHa B 3epHAX IIITEHUIIBI, KOTOPBIM XapaK-
TepU3yeTCss KaueCTBO MIMEHUIB (Y — COJIepKaHie IPOTENHA,
x — cozep:kanue kpaxmada). Oupejesienue nporenta Tpedy-
€T CJIO2KHOTO XUMHUIECKOI0 aHAJM3a, TOT/Ia KaK COJAepKAHUE
KpaxMaJja OIPeIeuThb IIPOCTO.

y |z ||y |z y | =
10,3 | 60 || 10,8 | 45 || 14,4 | 85
12,2 | 75 || 11,4 | 51 | 15,8 | 96
14,5 | 87 || 11,0 | 17 | 15,6 | 92
11,1 | 55 || 10,2 | 36 || 15,0 | 94
10,9 | 34 || 17,0 | 97 || 13,3 | 84
18,1 | 98 || 13,8 | 74 || 19,0 | 99
14,0 | 91 || 10,1 | 24

[Ipenmosarast, 9TO 3aBUCUMOCTH COJIEPXKAHUS IMPOTEUHA
OT COJeprKaHusd KpaxMaJla JIMHeHHas:

y:()‘+/8($_f)v

HalTH OIEHKN MAKCUMAJIHLHOTO TPABIONOI00US TapaMeTPOB
a, B u mucnepcuu o2, IlocTpouTh OBEpHUTEILHBIC HHTEPBA-
JIBI JJIs TIAPAMeTpoB «, 3, o2. [IpoBepuTh rUnoOTE3y 0 3HAYNU-
MOCTH PErpeccuy.

Ha mrockocru (x, y) m306pasuTh UCXOIHBIE JAHHbIE U 10
CTPOUTDH SMIUPUYECKYIO JTUHUIO PErPECCUMU.

20.8. B Tabsuiie npuBeaeHbl pe3yabTaThl HK3MEPEHUsT CKO-
pocreii v (B KM/CeK) U pACCTOSTHUI § OT 3eMJIN JI0 TYMAHHOC-
T (B MJTH IAPCEK ) JIJIsT JIECATH BHETAJTAKTHICCKAX TYMAHHOC-
Teil.

1,20 630 9,12 4820
1,82 890 || 10,97 5230
3,31 | 2350 || 14,45 7500
7,24 | 3810 | 22,91 | 11800
8,92 | 4630 || 36,31 | 19600
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IIpenmonarast, YT0 CKOPOCTh TAJAKTUKHU JUHEHHO 3aBU-
CHUT OT PaCCTOSTHUSI:

v=a+pB(s—-73),

HafTH OIEHKH [aPaMeTPOB (v, 3 U JUCIIEPCHHI 2] HOCTPOUTE

JIOBEPHUTEILHBIE MHTEPBAJILL JIJIs HAPaMeTpoB «, 3, o2. IIpo-
BeputTh runoresy Hy: f = 0 0 3HATUMOCTH PErpeccuu.

Ha mockocru (8, v) n306pasuTh UCXOJHBIE JAHHBIE U I10-
CTPOUTDH SMIUPUIECKYIO JIMHUIO PErPECCHH.

20.9 (cTOMMOCTb 3KCILIyaTalld¥ CaMOJIeTa U €ro
Bo3pact). /lupekiusi aBUAKOMIIAHUK C IEJIbIO [IJIAHUPOBa-
HUsl PACXOJIOB XOUET YCTAHOBUTH KOJIMYECTBEHHYIO 3aBUCH-
MOCTb CTOUMOCTH 3KCILIyaTAIlMl CaMOJIETa OT IPOJIOJIXKU-
TeJIbHOCTH ero dKcIiIyaTanuu (ot “Bospacra”’ camodiera). Co
BpEMEHEM U3-3a CTAPEHWs JeTajieil W y3JI0B CaMOJIeTa KOM-
ITaHusT HeceT OOJIBINIME 3aTPAThl Ha MOJIEPXKaHue ero B pa-
60YeM COCTOSIHUM, B YaCTHOCTH, HEOOXOIMUMO dalle IIPOBO-
JIUTH PEMOHTHO-IIPOMUIAKTHIECKIE PabOThI, 3aMEHSTH OT-
JIeJIbHBIE Y3JTBL.

B Tabsuiie npuBeeHbl JAHHBIE O CTOMMOCTH SKCILTyaTa-
IIMM CaMOJIETOB M WX Bo3pacre (r — BO3pacT camoJiera B
rojlax, iy — CTOMMOCTDb 3KCILIyaTallud CAMOJIeTa B TE€UEHUE
HOJIyTO/Ia B JOJLIAPax).

[Ipenmonarasi, YT0 3aBUCUMOCTb CTOMMOCTH SKCILIyaTa-
MU caMoJeTa OT ero “Bospacra’ JuHeiHas, HANTH OIEeHKN
MaKCHMaJILHOTO TIPAB/IOOI00MST TapaMeTPOB «, 3 U JTUCIIEep-
cun 2. TTocTpOUTD JOBEPUTENbHbIE HHTEPBAJbI IS apa-
METpoB «, 3, o?. IIpoBeputsb runoTe3y 0 3HATUMOCTHU JIUHET-
HOIl perpeccuu, rurnore3y 00 aJeKBATHOCTH JUHEHHON per-
peccun.

T y T y
45| 619 || 55 | 987
45| 1049 || 0,5 | 163
45| 1033 || 0,5 | 182
40| 495 || 6,0 | 764
40| 723 | 6,0 | 1373
40| 681 | 1,0 | 978
50| 890 || 1,0 | 466
50 | 1522 || 1,0 | 549
5,0 | 1194
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Ha mockocru (z, y) n300pa3UTh UCXOTHBIC JAHHBIE U T10-
CTPOUTDH SMIUPUIECKYIO JINHUIO PETPECCHUH.

20.10. Huzke mpuBeieHBI PE3YIbTATHI SKCIIEPUMEHTA, 110
M3yYIEeHUI0O HOBOTO METO/Ia M3MEPEHNsI CKOPOCTU KPOBU B OP-
raHu3Me 4dejioBeka (& — CKOPOCTh KPOBH, HailJleHHAsI CTaH-
JTAPTHBIM METOJIOM, § — C TIOMOIIBIO0 HOBOT'O METOJIA).

z Y z Y € Y
1190 | 1115 1900 | 1830 || 2720 | 2630
1455 | 1425 1920 | 1920 || 2710 | 2740
1550 | 1515 1960 | 1970 || 2530 | 2390
1730 | 1795 2295 | 2300 || 2900 | 2800
1745 | 1715 2335 | 2280 || 2760 | 2630
1770 | 1710 2490 | 2520 || 3010 | 2970

[Tpenmoarast, 9T0 3aBUCUMOCTb MEK/Iy CKOPOCTHIO KPO-
BH, I3MEPEHHOI! C ITOMOIIBIO HOBOT'O METOMA, U CTAHIAPTHOT'O
JIAHEHHA:

y=a+ IB(‘/B - f)a
HAWTH OIEHKU MaKCHUMAJIBHOTO IIPABIOINOI00UsT TapaMeTpoB
a, B u mucnepcuu o2, IlocTpouTh JOBEpHUTEILHBIC HHTEPBA-
JIbI 14 v, 3, 02, TIpoBepuTh THIIOTE3Y 0 3HAYMMOCTH PErpec-
CHUN.

Ha mwrockocru (x, y) n306pasurh UCXOIHbBIE JAHHbIE U 110
CTPOUTH SMIUPUIECKYIO JTUHUIO PEIPECCHUM.

20.11. OyHKIMOHAJILHON U CTPYKTYPHON eIUHUTICH HEPB-
HOIT CHCTEMBI SIBJIsIeTCsT HeHPOH (HepBHAS KJIETKA), COCTABJISA-
I0I1Ieli KOTOPOT'O SIBJISIETCsT ACHAPUT (OH 110 (hOPME HAIIOMUHA~
eT 7iepeBo). BosbImimHCTBO XapakTepuCTK JIeHIPUTa Hefipo-
Ha — CJIyJaifHble BeJTUYINHBI, B YaCTHOCTH, TTaMeTP CETMEHTa
JeHIpuTa HeifipoHa.

B rabuuiie npuBeieHbl pe3yJIbTaThl U3MEPEeHHUH (B MKM)
JauaMeTpa y HadaJsa JJOUYePHETO CerMeHTa U THaMeTpa T MaTe-
punckoro cermenTa. [Ipejonaras, 9To 3aBUCUMOCTD Y OT T
auHenad:

y=a+ /8(1: - E)a
HalTH OIEHKN MAKCUMAJIHLHOTO TPABIONOI00US TapaMeTPOB
a, B u mucnepcun o2, IlocTpouTh JOBEpHUTEILHBIC HHTEPBA-
JIBI JIJIS TIApaMeTpoB v, 3,02, IIpoBepuTh rUIoOTE3y O 3Ha-
YUMOCTHU PErPEeCcCUU, TUIOTe3y 00 aJIeKBATHOCTU JIMHEHHO
perpeccuu.
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(cm. mpumep 20.1.1 n janabIe

MEHTOM TIO BTOPOit KOOpJMHATE

rabunbt 20.1.2).
Haittu orteHKT MaKCHMAaJILHOTO ITPaBIOIIOA00MS TapaMeT-

POB v, f 1 AUCIEPCHN 02, IOCTPOUTD JOBEPUTEIbHbIE HHTEP-

20.12. IIposeputhb, coriacyercs Ju TEOPUsl C DKCIEPU-
BaJIbI JIJISI IAPAMETPOB «, 3, 2.

Ha mwrockocru (x, y) n306pasuTh UCXOIHBIE JAHHbIE U 110

CTPOUTH SMIMUPUICCKYIO JINHUIO PETPECCUu.
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Penienusi, ykazanus,
OTBEThI

21.1 K raase 1

1.1° mn. 1.2°.49; 42, 1.3°. 17-16- 15.
1.4°.4-5-5. 1.5°.4-4-3. 1.6°. 7! 1.7°. AY,.
1.8°.9-10-10-10-2. 1.9°.26%.10*. 1.10.16-15-14-C%,.
1.11°. Cg. 1.12°. C3. 1.13°. 4!

1.14. Hesurenn uuciaa m = pi'p§? ... phn nMeoT Buj

pflng .. .pﬁ" U OIIPEJIesIsIOTC] HAOOPOM IEJIbIX HEeOTPHIA-

restbHbIX unces (1, B2, ..., 0n) (0 < B < ay,i=1,2,...,n).
Yucsio TakuX yIopsiJOUeHHbIX HaOOpOB (a BMeCTe ¢ HUMU U
Jlesiuesieii) CoriacHO MPaBUILy YMHOYKEHUsI PABHO

(a1 +1)(aa+1)...(an +1).

1.15.2-(n—1)! 1.16°. A3,. 1.17°. A 1.18. (n—2)!

1.19. C’g, YKa3aHHbIE YUCJIa OOHO3HAYHO 3aJIaI0TCA MHO-
KECTBOM CBOHUX ITHDP.

1.20. Cf, (cm. pemenne k 3amaue 1.19).

1.21%. 3amosHsieM BCe KJIETKUA TaOJIMITBI, KPOME KJIETOK
HOCJIe/IHeli CTPOKU M HOCJIEHEro cTosiona (IpaBoro), Juc-
gamu +1 m —1 (cormacHO MpaBUILy YMHOYKEHHsI, 9TO MOYKHO
caenars 2~ Dm=1) crocoGamu). Bamommsem n — 1 KiIeTok
HocJIejiHeli CTPOKU, KpoMe MocjieHeil (paBoit) Tak, 4ToObl

491
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[IPOUBBEICHUE YKMCE/ B KaXKJI0M CToJIOIe paBHsiioch +1. 3a-
MTOJTHSIEM KJIETKHU ITOCJIETHEr0 CTOJIOIA TaK, ITOOBI IPON3Be-
JieHre Yrces B KaxKJ0i u3 m — 1 TepBbIX CTPOK M B TOCJIE]I-
HeM cTosibIe paBHANIOCh +1. ClegoBaTebHO, IPOU3BEICHNE
qHCcesl B KayKJIOM CTOJIOIe Oyaer paBHO +1 M B KaxKIOM U3
m — 1 1epBBIX CTPOK OyIeT paBHO +1, HO TOT/A IIPOU3BEIE-
HUE YUCe/T U B IIOC/IEIHEH CTPOoKe Oy/neT paBHO +1, HTOCKOJIbKY
B TabJINIlEe IPOU3BEIEHNE UNCEN IT0 CTPOKAM PABHO IPOU3BE-
JEHUIO II0 CTOJIOIIAM.

Orger: 2(n—1)(m=1)

1.22. 3 p + 1 mpoMeKyTKOB MEXKIy OeJbIMU IapaMu
(yuurbiBas JBa KpaiiHue GECKOHEUHbIE TPOMEXKYTKA) BbIOe-
PEM ¢, B KOTOPBIX PACIIOJIOXKUM YEpHbIE IaPhl. DTO MOXKHO

c/leaTh Cg 41 crocobamm.

1.23 (3). IlocseqoBaTesIbHO IIPOBOJIUM HA IIJIOCKOCTH TIPSi-
Mmble. IlycTs nposenero n — 1 npambix u A, 1 — 9HCIO Ya-
cTeil TIOCKOCTH, KOTOPBIE TIPH 9TOM obpasoBainch. IIpose-
JeM n-io pamyio. K A, _1 gactam n-s npsmast J00aBUT erre
n dvacreit, nosroMy A, = A,_1 + n. Ilogpobuee: A; = 2,
Ay =A1+2,...,A, = A, 1 +n,... CkiagplBas IOWIEHHO
nepBbie N paBeHcTs, noayunm A, =n(n+1)/2 4+ 1.

Otsersr: 1) C2; 2) C2; 3)n(n+1)/2+1; 4)2n — xommue-
CTBO HEOIPaHMYEHHBIX 4dacTeil, n(n —3)/2+ 1 — KoaudecTBo
OrPAHNYEHHBIX.

1.24. n(n —3)/2.

1.25. Kaxasg ToYka IepecedeHrs uaroHaJieil 3ajaer
YeThIpe BEPIIUHBI N-YTOJbHUKA ¥ HA0OOPOT, MOITOMY UUCTIO
TOYEK TIepecevenns auaronaseii pasuo Ca.

1.26*. Beero juaronaneit N = n(n — 3)/2 (cMm. 3amaay
1.24). ITycts k — 1 mepBbIX auaroHajieil JejsiT MHOIOYTOJIb-
nuk Ha Ap_1 vacreit. [Iposenem k-to quaronans. O6o3HaInM
yepes py IUCI0 TOYEK IepecedeHust k-l JuaroHau ¢ nepBbi-
mu k — 1 quaronansimu. Torma Ay = Ag—1 + (pr + 1).

Otser: 1+ C} +n(n — 3)/2.

1.27. Bocmoib30BaThCs METOJAOM MaTEeMATUIECKOW WH-
JUYKITHH.

1.28. Bamucarb 3JIEeMEHTHI B CIIHCOK W IPUIIACATH KarK-
JIOMY U3 HUX HOMED MECTa B CIIMCKE.

1.29. Bocmob30BaThCst IPABUJIOM YMHOKEHHSI.
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1.30. C oxHoi1 CTOPOHBI, N-3JIEMEHTHOE MHOYKECTBO MOXK-
1o ynopsaouuth n! crocobamu. C apyroii — C¥E!(n—k)! cro-
cobaMu — cHadasia pa3dbUTh €ro Ha J[Ba HEIEPECEKAIOIIXC ST
noavmozkecTsa (CF criocobamu), a 3aTeM yIopsIOuHTD KasK-
noe u3 Hux (coorsercrenHo k! u (n — k)! cnocobamu). Ilo-
sromy n! = CXkl(n — k)!

1.32. C oHOIT CTOPOHBI, N-3JIEMEHTHOE MHOXKECTBO MOXK-
HO yropstaounThb n! crocobamu. C Apyroil cTOpoHBI —

Crlk1, ks )y Veo! . Ko

criocobaMu — cHadIa 18 pa3duTh ero Ha M HellePeCceKaroIIXC s
MTOJIMHOYKECTB, COIEPKAINX COOTBETCTBEHHO ki, ko, ..., kn
951eMeHTOB (310 MOKHO cenarh Cp(ki, ka, . . ., k) crocoba-
1\/II/I)7 a 3aTeM YHOpAJ0YUM KaxKJ/10€ U3 HHUX COOTBETCTBEHHO
kil  kol, ..., k! aucitom crioco6os. TloaTomy

n! = Cn(kl, k‘g, e ,k‘m)/ﬁ”@! e km!

1.33. Ci0B0 3a1a€Tcst BBIDOPOM MECT IIOJ OYKBY KazK 10~
ro Tumna (pasbUeHNEM MHOYKECTBA Ha [IOJIMHOYKECTBA).

1.34. Cpyints(m,n,s). 1.35. Csp(n,n,n).

1.36. CuioBy jyinnoit n u3 k; OykB ap, ka OYKB ao, ...,
kpm, 6YKB a,y, (a Takux cios n!/(k1lks! . .. kp!)) coorBercrByer

[Ipou3BeJIcHIE a]fl a’;? ...akm

1.37. Kax/oMy coYeTaHUIO C IMTOBTOPEHUSIMUA U3 M, dJIe-
MEHTOB 110 72 MOYKHO IIOCTABUTH B COOTBETCTBUE IIOCIEIO-
BATEJILHOCTh W3 N HyJel, pa3jeseHHbIX m — 1 eauHUNaMA
(mprdaeM YncsIo HyJIel MeXK/y ¢IMHUIAME PABHO YUCIIY dJIe-
MEHTOB JIAHHOI'O TUIIA) U HAOOOPOT.

1.38. m — 1 emuHUI] JOJKHBI pacioJjararbcsd B n — 1
IPOMEKYTKAX MEXKJY HYJISIMU (CM. IPEABIAYILYIO 33184y ).

1.40. OTBer: 3, a UMEHHO: B OJHOM SIIIIUKE TPH IIaPa;
B OJHOM SIIUKE JBa IMapa, B JPYIOM — OJWH; B KaXKJIOM
SANIUKE 10 OJIHOMY IITapy.

1.43. Cm+n+k (’m, n, k)
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21.2 K riaase 2

2.1°. a) A — repb6 me Bbma; 6) B — XOTs GBI OJIUH

pOMax IPHU TPeX BeICTpeax; B) C' — HU OHOTO MOIATaHUsT
IIPU TpeX BBICTPEJIaX.

2.2°. a) A = A1 N Ay N A;g; 6) B = Zl ﬂZQﬂZg;
B) C = (A1 QZQ ﬂz;g)U (Zl N As QZQ;)U (Zl QZQ ﬂAg);
I‘)D:(A1ﬂAgﬁZg)U(AlQZQQAg)U(ZlﬂAQQAg)U
U(A1 NAsN Ag)

2.3°. a)ANBNC; 6)ANBNC; BANBNC;
r) AUBUC; n) (AnNBNC)UANBNC)U(ANBNCQO);
e) ANBNC.

2.4.

C=(ANANA3N...NA)U(A NAsNA3N...

2.5.
m n m n
4= QU 5-AU
Jj=1l:=1 j=1l:=1
2.7°. IlpocTpancTBo ) — MHOXKECTBO YLOPSJIOUECHHBIX
nap (i, j) i,j = 1,2,...,6, coracHO IPaBUJIy YMHOXKEHHsI
n(Q):6'6 36 A—{(2 6),(3,5),(4,4),(5,3),(6,2)},
n(A) = 5; B — mHOoxkecTBO 1ap (i,7), B KOTOPbIX BCTPe-

qaercs 6, n(B) = 11; C — muOo)kecTBO 1MAp (7,j), B KOTO-
pbix ¢ npunumMaer 3uadenns 2,4,6, n(C) = 18; D = {(,7) :
i,7=1,3,5}, n(D) =9.

2.11. IIpocrpancrso ) COCTOUT U3 M-3JIEMEHTHBIX I10/I-
MHOKeCTB N-3JIeMEHTHOIO MHOYKECTBa U3JIE/IHil; B COOBITHE
A BXOIAT T€ U3 HUX, KOTOPbIE COAEPKAT POBHO 11 OpaKOBaH-
ubix msgennii; n(Q2) = CY; n(A) = O Cv_"y-

2.12. IIpocrpancTBO §) COCTABIISIOT MTOCJIEI0BATEIBHOC-
TH JHON 7, obpasoBamnble m3 10 umcesn (HOMEpOB 3ITa-
JKeil, Ha KOTOPBIX OCTaHABIUBAETCst JTUdT); B cobbiTHEe A BXO-
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JAT IIOCJIeI0BATEIBHOCTH, COCTOLAIINE N3 PA3JINYHBIX THUCEI;
n() =107; n(A) =10-9...4.
2.13. Q = {I,PI,PPT,...}; A = {PP...PL'}; B =
S—_———

k
= {I,PI,PPI',...,PP...PT'}; C = {I',PPI", PPPPT,...};
k—1
D = {PI",PPPI', PPPPPT,...}.

2.14. MoxKHO TpeJJIoKUTL IO MEHbITeil Mepe IBa IIpoc-
TPAHCTBA JEMEHTAPHBIX COOLITHIl 3TOIO CTOXaCTUIECKOI'O
9KCIIEPUMEHTA.

Ecmu oboznaunTh Gesbrit map depes W, depubiit — de-
pe3 B, TO MHOXKECTBOM HCXOJIOB CTOXACTUIECKOI'O IKCIIEPHU-
menTa oyner Q = {WW, W B, BW}.

Ecu 6esbiit map, KOTOPBIH KJAQIYT B YPHY, 0O03HAUUTD,
Hanpumep, depes W*, ro Q* = {WW* W*W, BW* W*B}.

2.15. ) cocrouT U3 CJIOB JJIUHOA 7, 0OPA3OBAHHLIX W3
“yks” 1,2,...,6; n(Q2) = 6". Cobeitue A onmcbiBaercs
CJIOBaMU JIJTMHOM 7, 0Opa30BaHHLIMI U3 N1 OYKB 1, g OYKB 2,
u T. 1., ng 0yks 6; n(A) = n!/(nilna!. .. ng!).

2.16. n(Q) = C3,: n(A) = C5,,Ch: n(B) = 3, % CF.

2.17. n(Q) = 12"; n(B) = r11"" Y n(Ad) = 12" —
—12-11...(12 — (r — 1)); n(C) = 12" — 11"; n(D) =
=11".

2.18. n(Q) =nl; n(A) = (n—1); n(B) = (n —2)!

2.19. QQ — MHOXKECTBO YIOPSIJIOYEHHBIX TPOEK, COCTAB-
JIEHHBIX U3 qucej or 1 1o 6; A — MOAMHOXKECTBO YIOPSIIO-
YEHHBIX TPOEK, B KOTOPBIX 1 BCTpedaeTcs onuH pa3; B — B
KOTOpBIX 6 BCTpedaeTcss pOBHO JiBa pasa; C' — IOAMHOXKECT-
BO YIOPSIJIOYEHHBIX TPOEK, COCTABJIEHO W3 PA3JUIHBIX Y-
cem; D = {(1;151),(2;2;2), ..., (6;6;6)}; n(Q) = 6% n(A) =
= C35% n(B) = C35; n(C)=6-5-4; n(D) = 6.

2.20. 2 — MHOXKECTBO BCeX OECKOHEYHLIX IIOCJIeI0Ba-
TeJbHOCTEl, 0bpazoBaHHbIX OykBamu [, P Ha HeueTHBIX Me-
crax u mudpamu 1,2,...,6 #Ha verHbix. CobbiTHe A omu-
CBIBAETCS MOCJIeI0BATEIbHOCTIMEU 13 (), KOTOpBIE 3aIiChIBa-
IOTCS JI0 TIepBOTO TosiBjieHus OykBbl I OykBamu P ma meder-
HBIX MecTax u mudpamu 1,2, ...,5 — Ha geraprx. CobbiTre
B ormucbiBaeTcst OCe0BaTEIBHOCTIMA 13 (), KOTOpbhIE 3a-
MIICBIBAIOTCS JI0 TEePBOro mosiBjieHus mudpol 5 6ykBamu P
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Ha HEYeTHBIX MecTax u nudpamvu 1,2,3,4,6 — Ha YETHDHIX.

2.21*. Kaxknoil dacTuie MMOCTaBUM B COOTBETCTBUE HO-
Mep sTUeiiKu, B KOTOpOil OHa okasajach. {) — MHOXKECTBO
HOCJICIOBATEJILHOCTENA, NJIUHON 7, COCTABJICHHBLIX M3 YHCEJI
1,2,...,m. CobblTie A ONUCHIBAETCS IIOCJIEI0BATE/ILHOCTSI-
MU JIJTHHOM 7, COCTaBJIEHHbIMU U3 ki eaununil, ko TBOEK, ...,
k,, aucea m.

2.22%*. ) — MHOXKECTBO TIOC/Ie/I0BATEeIbHOCTE (21, T2, . . .
..+, Tp), COCTABJIEHHBIX U3 HEOTPUIIATEIHHBIX YUCEJI, TAKHX,
9T0

1+ T2+ ...+ =n.

CobbITHe A ONHMCHIBACTCS TTOCTIEI0BATEILHOCTAMNA (1, T2, . . .
..+, Tpy), OOPA3OBAHHBIMU TIOJIOKUTETHHBIMHE IIEJIBIME TUCIIA-
MMHA.

21.3 K riaase 3

3.1. P(A) =1—-P(A) =1 — A% /365".

3.2. P(A) =1—-A1,/12" ecrm r < 12, u P(A) = 1, ecin
r > 12.

3.3. Mbr 6yaem pazimdarh HOATPYINIGL moArpymma 1°
u moxarpymnma 2°. VMcxom sKcmepuMenTa — yIOPSTOIeHHAST
napa n-3JeMEeHTHBIX MTOJIMHOYKECTB 271-3JIEMEHTHOTO MHOKE-
cTBa (IIPOCTPAHCTBO JIEMEHTAPHBIX COOBITHH — MHOXKECTBO
Bcex Takux map). [Ipu 570M BBIGOP OMHOTO U3 N-3J1€MEHTHBIX
[OJIMHOKECTB Napbl (OJHON M3 HOJArPYII, HAIPHUMED, HOJI-
rpynnsl 1°), ompejesisier cocTaB JIPYroro IMOJMHOYKECTBa
(moxrpymst 2°). ITosromy ucxonos Beero CF, . Mogens Kiac-
CUIecKast.

Cobpitne A — “nBe Hanbojiee CUIbLHLIE KOMaH LI OKa3a-
JINCH B PA3HBIX HOILI‘pyHHaX” OIIUCBIBACTCA YIIOPAJOIECHHBIMU
mapaMy N-3JeMEHTHBIX MTOJIMHOYKECTB, B COCTAB KarXKJI0TO N3
KOTOPBIX BXOJUT POBHO OJHA U3 HANOOJIEE CHIBHBIX KOMAH]T.
IToaTomy

P(A) = C3C3, %, /C3,.

CobbeiTe B — “mBe caMmble CHIbHBIE KOMAHIBI OKA3AIIChH
B OJHOM IOArpyiie”’ OINUCLIBACTCH YIIOPSIOUEHHBLIME IIapa-
MM 71-3JIEMEHTHBIX ITOAMHOYKECTB, IPUIEM B COCTaB OJHOIO 71~
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9JIEMEHTHOT'O [IO/IMHOKECTBa (IIEPBOrO MJIM BTOPOIO) BXOIAT
JIBe caMble CHJILHBIE KOMAHJIBI, B COCTAB IPYTOTO — HU OJTHOM.
[TosTomy cravasta Boibepem noarpytiy (1€ mwiun 2°), B cocras

KOTODOii BOMIYT JBe camble cHIbHble KoManasl (C4 croco-
H6amn), a 3areM cHOPMHUPYEM STy MOATPYIILY — CSJ_QQ CI1o-
cobamu. Orcrona

P(B) = C3C3.2,/Cy,..

3.4°.1/5! 3.5.2/n.

3.6.1) 05,/ C35; 2) C3,C5/C35; 3) C3,C3/C35+C50/Css;
4) 1—(C3,/C3:+C3,CL /C3:). (Cm. Takxe 3amaun 3.16; 3.17;
3.18; 3.19; 3.37.)

3.7.1/26. 3.8. Clc20l/C,.

3.9. Pemenue 1. Bynem canrars 6yksor A, M, T pazin-
YUMBIMH, HanpuMmep, 3anymepyem: A1,Ao, Ag M Mo, T, Ts.
Ncxon skcrnepumenTa — mepectaHoBka u3 10 pasamaImMbIX
6ykB. Mogens kmaccmdeckasi. CobbiTHe A — MOTYYIUIOCH
CJIOBO “MaTeMaTuKa’ — 00pa3yioT IepecTAHOBKHU, B KOTOPBIX
OYKBBI CTOSIT Ha CBOMX MecTax. Takmx mepectaHoBok 3!2!2!
[Mosromy P(A) = 3!12!12!1/10!

Pemenne 2. Vcxon sxcriepumenTa — caoBo fAaunoi 10,
cocrasiiennoe u3 6yks A, A, A, E, 11, K, M, M, T, T, Bcero ra-
kux cioB C10(3,1,1,1,2,2), momens kiaaccuueckasi. Bepo-
SITHOCTH UCKOMOTO cobbitust paBua 1/C10(3,1,1,1,2,2), no-
CKOJIBKY OHO 00pPa30BaHO OJHUM CJIOBOM.

3.10. Ucxom skcnepuMeHTa — IEePEeCTAHOBKA W3 N 3JIe-
MeHTOB. CobbiTHE “MeKTy A M B PaclosoKeHbl 7 YeJ0BeK”
OIIMCHIBAETCS IIEPECTAHOBKAME, B KOTOPBIX MEXKJLY dJIEMEH-
ramu A u B pasMeneHo r 3jieMeHTOB. JHCJIO TaKux Iepe-
cTaHoBOK pasHo (n —r — 1)2!(n — 2)! Vckomasi BEposiTHOCTD
pasua 2(n —r —1)/(n(n — 1)).

3.11. a) C3CY/Cog; 6) CCTs/Cp.

3.12. (k—1)(n — k)/C2.

3.13. Ob6opor “HeBATH LACCAXKUPOB PACCAXKUBAIOTCS 110
TpeM BaroHaMm OOO3HATAET, UTO KarKIOMY MACCAXKUPY MPHU-
[IICAH HOMED BaroHa, B KOTOPBIi OH CeJI; UCXO/T W — ITOCJIEI0-
BaTEJILHOCTD JJIMHOM 9, cocTaByieHHas u3 yucena 1,2,3 — cio-
BO JyinHOM 9, obpazoBanuoe “OykBamu’ 1,2,3; MOsesb Kiac-
cuvecKast.
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CobbiTHe “B KaXKJplii BaroH CSJYT [0 TPU HACCAXKHUPA’
ONHUCHIBAETCS CJIOBAMU JIMHON 9, 0Opa30BaHHBIMU 3 €IMHU-
namu, 3 aBoiikamu, 3 Tpoiikamu; Takux cyios Cy(3,3,3). [To-
aTOMY HMCKOMas BeposiTHocTh pasaa Cy(3,3,3) /3.

CobbiTHe “B OUH BaroH CsJIyT YeThIpe MMacCaykKupa, BO
BTOPO# — TpH, B TpeTuit — ;Ba” ONMHUCHIBACTCS IIOC/IEI0Ba~
TeJIbHOCTSAME (cstoBaMn) JInHOIT 9, obpaszoBaHHbIME I pa-
mu (GykBamm) 1,2, 3, npudyem ojHa mudpa BCTpedaercs de-
TBIpE pasa, Apyrasl TpU, TPeThs ABa pasa. Ilomcanraem unc-
710 Takux cyoB. IlepBeiM JeiicTBrEeM BbiOHpaem OykBy (Tmd-
PY), KOTOpasi BCTpevaeTcs 4eTbipe pa3a (TpeMsi ciocobaMmu),
3aTeM 1udpy, KOTOpasi BCTpevaeTcst Tpu pasa (AByMs CII0CO-
Hamu); nudpa, BCTPEYAOIIAsics JABa pa3a, MOXKeT ObITh Bbl-
OpaHa ogHUM crocoboM. BTopbeIiM fmeficTBreM 13 BHIOpAHHBIX
6ykB (1udp) obpasyeM cI0BO IIHHON 9 ¢ 3aaHHBIM THCIOM
6yks, Cy(4, 3, 2) cocobamu. [TosToMy 4HCIIO0 ONUCAHHBIX BbI-
1€ CJIOB, COMJIACHO IpaBMly yMHOXKeHust, pasHo 3!Cq(4, 3,2).
Uckomas BeposiTHocTh pasa 3!C (4, 3,2) /3.

3.14. Kaxx oMy naccakupy MPUITHIIIEM HOMED dTayka, Ha
KOTOpPOM OH BhIte . Orser: AIO /107, 910 NpUGIKEHHO PaB-

Ho 0,06.
cpery o Cherh,

| 12 —M " IN=M
3.15.121/12'%. 8.16. —M A=, D
min{m,r} Cs O3
3.17. > %, ectn r < n—m, n l, eciin
s=1 n

r>n—m. - .
min{n,k s —S
3.18. 70"0}5—"
s=r CN
3.19. A, = {yuacrnuk yrajau r BujioB}, r = 3,4,5,6;
As) = 0,017650, P(A4) = 0,000969, P(As) = 0,000018,
(Ag) = 0,00000007151, P{yuacTHuK 1OJIy“IH/I BLIAIPHIIT} =
P(A3 UALUA;5 UAG) = P(Ag) + P(A4) + P(A5) + P(A@) =
0,018637.
3.20. 12!/(256'2), uro cocrapnser npubiusurensro 0,0034.
3.21. Cn(nl,ng,...,ng)/G”. 3.22°. ]_/4'
3.24°. P(A) = 3/8, P(B) = 7/8, P(AN B) = 3/8,
P(B/A) = 1.
3.25. 1/6" 1. 3.26°. 1/6°.

Il o
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3.27. Ecau smia camsarcss B psifi, ICKOMasi BEPOSITHOCTh
paBHa 2/n.

CrocobbI pasMerieHust JIUIL 38 KPYIJIbIM CTOJIOM OTJINYa-
IOTCsl TOJTBKO B3AUMHBIM Pa3MEIIEHUEM JIUI MEXKJY CODOM.

CrauaJjia pasMeniaeM 3a KPYIJIbIM CTOJIOM [IEPBOE U3 JIBYX
YKA3aHHBIX JIAI (HE UMeeT 3HAYeHUs] Ha KAKOM MeCTe — CTOJI
Kpyribiii). laee mepenymepyem ocTaBIMecst MeCTa, HAIPU-
Mep, IPOTUB YaCOBOH CTPEJIKH, U PACIIOJIOXKIM HA HUX OCTATb-
uble (n—1) g, (n—1)! cnocobamu. ITpu srom unciio crioco-
60B, KOIJa JIBA YKa3aHHbIE JINIA OYIyT CUACTb PSAIOM, PABHO
2l(n — 2)! TIlostomy wuckomasi BEpOSITHOCTH paBHA
2n-=2))/(n—1)!'=2/(n-1).

.28*. Vcxo sKCIiepuMenTa, COCTOSIIIETO B Y€THIPEX TO/I-
OpacbIBaHUAX UTPAJBHON KOCTH, — IIOC/IE/I0BATE/IbHOCTD JIJTH-
Hoit 4, cocrapiienHas u3 qucen or 1 go 6. Yuceno takux 1mo-
CJIeIOBATEJILHOCTEA paBHO 64, YUCJIO ITIOCJIEI0BATEIbHOCTEIR,
B KOTOPBIX 1 He BCTpedaercs, paBHO 52, ITosTomy BeposiT-
HOCTD TOSBJIEHUS XOTsI Obl OJHON €IWHUIILI IMPHU TOA0paChI-
BaHUI 4YeThIpex Kocreil pasa 1 — (5/6)%.

Wcxom sxcriepuMeHTa, COCTOSIIIErO B TOA0PACHIBAHNIH TTa-
PBI KOcTell 24 pa3a, — MocJIen0BaTeIbHOCTD JUTUHON 24, 3/1e-
MEHTaMU KOTODOii sBJIsiioTcst napet (i,7), 4,7 = 1,2,...,6.
YncsI0 TAKHX MOCIEI0BATEILHOCTD — 3624, wumeiio mocsteo-
BaTesbHOCTEl, B KOTOPBIX napa (1,1) He mosiBuTcst HU pasy,
pasro 3524, OSTOMY BEPOATHOCTH IIOSBJICHUS HAPBI (1,1)
x0Tsi ObI OJuH pa3 npu 24 1moAOpaChIBAHUSAX MAPhl KOCTEH
pasna 1 — (35/36)%4.

Heobxomumo fokaszars, arto 1 — (5/6)* > 1 — (35/36)%4.
JIj1s1 3TOrO JOCTATOYHO yCTaHOBUTD, uTo (35/36)%4 > (5/6)%
i (35/36)% > 5/6. ITocieanee cieyer, HaIpUMeD, U3 Hepa-
BEHCTBA

1+2)">1+nz, z> -1,

npu n =6, z = —1/36.
3.29. Bocronb30BaThCs TEM, UTO

> Pw) =1.
weN

3.30. Ucxon skcniepuMeHTa — YIOPSI0UEHHAs T1apa Ia-
poB (ai,b;), rae a; obO3HAYAET IMAp, BBIHYTBHIH U3 IIEPBOi
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ypHEL, b; — u3 BTOpoit. Yncio Bcex MCXOI0B n?. Mozennb
kJtaccndeckasi. CoobiTue A — “aucyio 6eJIbIX MapoB B EPBOit
yPHE yBeJHIuTCsI OIMCBIBAaETCA mapamu (a;, bj), B KOTOPBIX

a; — depHblit map, b; — Gesblil; Takux uexonos (n — k)2,
sepoaTHocts P(A) = (n — k)?/n%. Amajornuno mosiydaem
BEPOATHOCTH TOTO, YTO YHCIIO OEJIBIX [IAPOB B IEPBOIl ypHE
yMenbimaTes — k2 /n?, me msmenures — 2k(n — k) /n?.

3.31. O6opor “pacupesiesnTsb (PasMecTuThb) 1 YaCTHUIL O
m staeiikaM”’ 0003HATAeT — KaXKI0i YacTUIle MPUINCATH HO-
Mep sd49eifiki, B KOTOpOU OHa okKasaJiach. VcxXom w cToXacTH-
YECKOI0 IKCIEPUMEHTA — [OCJIeI0BATEILHOCTD (CJIOBO) TN~
HO# n, coctapjerHasi u3 qucea 1,2,...,m. CorjiacHo mpa-
BUJIy YMHOXKEHUS YHUCJIO BeeX UcxonoB paBHo m'. ITockoiib-
Ky OTHOCUTEJIbHO d4Y9€€K BCE€ YaCTHUIbl HAXOAATCA B OJAUHAaA-
KOBBIX YCJIOBHSIX, TO KaXKJIOMY HCXOIY €CTECTBEHHO IIPHUIIU-
caTh OJIHY W Ty K€ BEPOSATHOCTH (MOJENb KJIACCHIECKAS ).
CobbiTHe “B 1EPBOii, BTOPO#A, ..., M- sgdeiikax OyIeT CO-
oTBeTCTBEeHHO k1, k3, ...,k dactun’ obpa3yioT CJIOBa, JIjIHd-
HOI n, cocTaBjiennbie u3 ki eaunut, ko NBOCK, ..., Kk, 9u-
cex m. Beero takux cios Cy(ki, ko, ..., kp). VI nockosnb-
Ky MOJIEJIb KJIaCcCHUecKasi, TO MCKOMasi BEPOSITHOCTb paBHA

Crlky, ka, . k) /™.

3.32. MW (eM. Takyke perrenne 3aa49u 3.27).

3.36. a) BeposTHoCTh TOTO, UTO YeTHIPEX3HAYHBIN HOMED
cocTouT U3 pasHbX nudp, pasua 10-9-8-7/10%.

6) Uckomas BeposiTHOCTE pasna 10020 (2,1,1)/10%.

B) UeThlpex3HadHbIil ABTOMOOHIIBLHBIN HOMED — YTIOPSII0-
YeHHasl [I0CJIe/[0BATeJIbHOCTD JITMHOI 4 (cj10B0), 0OpasoBaH-
voe mmmdpamu 0,1,2,...,9; Bcero Takux IOCTIEI0BATEILHO-
creit 10%. Homepa, nMeromniue jiBe napbl OJMHAKOBEIX 1HMD,
— 3TO MOCJIeI0BaTeIbHOCTU JnHOl 4 (coBa), o6pasoBaH-
HbIE JByMsI Pa3HbIMU IuMPaMU, KOTOPbIE BCTPEYAIOTCS 110
mBa pasa, nx seero C3Cy(2,2). (Cnavama u3 10 mudp BHI-
bupaeM JiBe (0120 criocobaMm), a 3aTeM U3 HUX 00pasyeM CJio-
BO JUIMHO# 4, B KOTOpOE KaxKjasi OYKBa BXOJUT JIBAYKIbI —
C4(2,2) cnocobamu.) ITosTomMy BEpOSITHOCTH TOIO, UTO He-
TBIPEX3HAYHBI HOMED MMeeT J[Be Hapbl OJIMHAKOBBIX 1P,
pasaa C%)C4(2,2)/10* (cm. Taxxke 3amaqay 3.13).
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F) BepOHTHOCTb TOTr0o, 9TO LIeTI)IpeX3Ha.LIH]:)H7I HOMED nuMe-
er Tpu omuHAKOBBIE MBI, pasHa 10 -9 - Cy(3,1)/10%.

ﬂ) BepOHTHOCTb TOT0, 4YTO LIeTpreX:gHaLIHbH'?I HOMED CO-
CTOUT M3 OMHAKOBBIX mudp, pasna 1/103.

m m m

3.37. Cy Chp - - CM:/C}{/[IJFMﬁ”_JFMk.

3.38. 1. Ucxom sKkcnepuMeHTa — YHOPSAI0YeHHAs IEJI0-
gucaennas napa (4,7), 1 <i,7 < N,y xkoropoii i # j. Huciio
Bcex ucxooB pasuo N (N — 1).

Yuopsiiouennast napa (i,7), y KOTopoii i < j, 0JHO3HAY-
HO 3ajaeTcd HAOOPOM dUmces, ee 0OPA3YIONINX, & KOJUIECT-
BO Takux HAOOPOB PABHO CJQV. Vckomast BepOSITHOCTH paBHA
CN/( (N —1)) =1/2.

3. Mcxop sKcrepuMenTa — IEJ0YUCIeHHAs [0CTIe10Ba-
TeJIbHOCTD (11,12, ... ,1y), COCTABJICHHAS U3 PA3TUYHBIX UU-
cen i € [I,N], k = 1 2,...,n. Uucsmo Bcex TaKuX MOCJIENO-
BaTEJILHOCTEH PABHO N(N —1)...(N—=(n—-1)).

Kazxnoit yropsimodeHHol MOCIe10BATE/ILHOCTH U3 N -
cen (i1,%2,...,0n), y KOTOPOH i1 < i < ... < ip, COOTBET-
CTByeT Ha60p w3 n Pa3IMYHBIX YUCE, o6pa3y10nmx 9Ty HO-
CJIEJIOBATE/ILHOCTD, U KaXKJIOMY Ha60py {i1,12,...,in} U3 N
Pa3/IMIHBIX YUCEJI COOTBETCTBYET YIOPAIOUeHHAs MOCTIeJI0-
BATEIBHOCTD (41,72, .- ,0n), Y KOTOPOH i1 < ig < ... < fp.
ITosTOoMYy KOTHIECTBO ynopsmoquHbe HOCHe,ZLOBaTeJIbHOCTeI/I
qucest (i1,19,...,10,), TAKAX 9T0 i1 < i9 < ... < i, PaBHO
KOJIMYECTBY N-3JIEMEHTHBIX HAOOPOB YUCEN, U3 KOTOPBIX TH
crposTcs, T. e. pasHo O}

VckoMasi BEpOSITHOCTH paBHA

O /(N(N —1)...(N — (n— 1)) = 1/n!

3.40. BeposgTHOCTH TOTO, 9TO aBTOMOOM/IL HAXOIUTCS 38
JlaHHOI (BBIOpaHHON BaMM) JABepbIo, pasHa 1/3, a ciemosa-
TeJIbHO, BEPOSITHOCTD TOT'O, UTO 34 JAHHON IBEPHIO aBTOMO-
OuIIst HeT — aBTOMOOMIIb HAXOJINTCSI 38 OCTABITUMUCS JIBEPSI-
Mu — paBHa 2/3 (BHE 3aBUCUMOCTH OT TOTO OTKPBLI By Uil
nBepb uin Her). [loaromy cieyer oTKasaTheCsi OT MepBOHA-
9aJIbHOTO BBIOODA JIBEPH U BHIOPATH OCTABIILYIOCS 1BEPH (O/1-
HYy JIBEPb BeJYIIUNl y»Ke OTKPBLI U 3a Heil aBTOMOOWJIS He
0Ka3aJI0Ch ).



502 I'nasa 21. Pemenus, ykazanus, OTBETbHI

[IpennoskenHOE pelreHne 0COOEHHO “TIPO3PatIHO’, €CIN aB-
TOMOOU/Ib HAXOIUTCS 3& OJHONH W3 M jaBepeil (Hampmmep,
n = 1000).

BeposiTHOCTBE aBTOMOOMITIO HAXOINTHCS 38 BEIOPAHHOI Ba-
MU JBEpBIO paBHaA 1/n, U ce10BaTeIbHO, BEPOSITHOCTD IIPO-
THBOIIOJIO?KHOTO COOBITUST — aBTOMOOUIIb HAXO/IUTCS 38 OCTaB-
mmmucst aeepsyMu — pasaa 1 — 1/n. [Ipu n = 1000 sTa Be-
posaTHOCTE cocTapiseT 0,999. Tak UTO OTKPBIB OCTABIIYIOCH
JBEPD, BBl TIOYTH HABEPHAKA yeleTe JIOMOI Ha aBTOMOOUIIE.

3.41. Bynem cunrarh mapb paziauunMmbiMu. Mcexom skce-
[IEPUMEHTA — N-3/IEMEHTHOE TTOJIMHOYKECTBO 271-3JIEMEHTHOI'O
MHOXKECTBa (1 [MapoB, KOTOPBIE MOJIOXKIIIN B IIEPBYIO YPHY ).
Yucao ncxomaoB, 61aronpusTCTBYIONUX COOBITAIO “B IIEPBOM

ypue k Genprx mapos”, pasuno CFCP~F. Vckomas seposr-
HOCTH paBHA

CrCr*/Ch,.

21.4 K riaBe 4

4.2°,
n n n n
a) [T(0—pi); 0) 1=T1(L=pi); 8) >Xopi IT (1 —pr)
i=1 i=1 i=1 k=1,ks#i
4.3°. O6o3naunM gepes A; cobbiTre “06beKT 0OOHAPYIKEH
B ¢-M 1ukje’, ¢ = 1,2,...,n; cobbrtust A;, 1 = 1,2,...,n,
HezapucuMbl. CobbiTe C' — “00beKT OOHapyKeH — depes
n
cobbiTust Ay, Ag, ..., A, MoxkHO Bhipasuth Tak: C' = |J Aj;
=1

P(C)==1-P(C)=1- P(ﬁAi) - (1—p)"

4.4°. A; — cobeitue “i-it 6j10Kk paboraer”, i = 1,2,...,n;
n

cobbiTust A; Hesasucumbl. A = (| A; — cobeirue “npubop
i=1

paboraer”; P(A) = P(() A4;) = p" (cum. Tak xe 3amady 4.6).
i=1

4.5.1) 1—(1-p)* 2) 1= (1 -p)(1—pp).
4.6.1) 1—(1—p)"; 9T0OBI HAJIEXKHOCTH CHCTEMBI ObLIA HE
MeHbIleit P, 9ucjo ayObJupyronux MpuooOpoB JTOJXKHO OBIThH
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HE MCHBbIIIE

In(1 — P)/In(1 - p).

2) Ay — “ocuoBHoii mpubop paboraer”; A; — “pabora-
er 1-it aybsmpytomuit mpudop”, 1 = 2,3,...,n; B; — “pa-
GoTaer mpubOp BKJIIOYEHUs i-TO JlyOsmpyiomero npubopa’,
i = 2,3,...,n (Bce cobbiTusi He3aBucuMbl); C' — “cucrema
BBIIILJIA U3 CTPOS,

czAlm(ﬁ (Biu (B:nA)):

=2

P(C)=1-P(C) =1~ (1—p)(1—pp1)"
4.7°. a)1/3; )3/11 4.8°.1/2.
N
o m; o M1+ nimo
4.9°. NZ i 4.10°. s+ 1)
4.11°. 4/11
4.12. 1 — (1 —pp1 — (1 = p)po)™. )
4.13. 1 — (1 —ppy — (1 — p)p1)™. 4.14°. 2("71711)
4.15°. BeposiTHOCTB Mpeoiokenns: “B ypHe k OeJbIx
mapos” pasaa 2k/(n(n + 1)).
4.17. Bepositaee, ato cTpesiok C' B MUIIEHDb TOTIAJ.

np2
4.18. 48/95. 4.19. 0,52. 4.20. LT nps

4.21*. ObozHaunm depe3 A cobBITHE ‘3a MTEPBOHATATLHO
BBIOPAHHOI BaMU JBEPHIO HAXOJUTCST aBTOMOOMIIL , Yepe3 B
— “3a OTKPBITBIMHU HAyJIAdy BEIYIIUM N — 2 JIBEPSIMEU HAXO-

qurcest apromobus”. Beraucium P(A/B) u P(A/B) u Boibe-
peMm Ty u3 cTpaTreruii BbIOOpa, KoTopas obecrieanBaeT 00Jib-
IIYI0 BEPOSTHOCTH BBIUTPBINIA aBTOMOOWIIA. Bocmonb3yem-
cs1 dpopmysioit Baiteca (B KadecTBe TOMHON IPyTIbI COOBITHIT

pacemorpuM A u A):

P(B/A)P(A)
P(B/A)P(A) +P(B/A)P(A)
Vcexoms U3 KJIACCHYECKON MOJIENIN, UMEeM

P(A)=1/n, P(A)=1-1/n, P(B/A) =1,

P(A/B) =
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P(B/A) =1/C""? =1/(n—1).

n—

I/L cjiea10BaTe/IbHO,
P(A/B)=1/2, P(A/B) =1-1/2 = 1/2.

Tak 4To ecam aBTOMOOMJIb HE OKa3aJIiCsd 33 BHIOpAHHLIMU Ha-
yaa4dy BeAyIIUM JABEPsSAMHU, TO HE UMeeT 3HAUYCHUA KaKyIO U3
JIBYX OCTaBIIUXCs JBEpeil BbIOpaTh — aBTOMOOHUJIb C BEPO-
SATHOCTBIO 1/2 HaXOAMTCs KAk 3a OJHOM, Tak ¥ 3a JIPYToif
JIBEPBIO.

astee, cobbITHE “BbI BHIUT'PAETE ABTOMOOUIIb, OCTAHOBUB-
[IIUCh HA IEPBOHAYAJILHOM BBIOOPE” MOYKHO ITPEJICTABUTH KaK

BN A, a cobbiTre “Bbl BEIUTPaeTe aBTOMOOU/Ib, M3MEHUB TIeP-

BOHAYAJIBHBIN BBIOOP” MOXKHO 3amucarh Kak B M A. Beposit-
HOCTHU 3TUX COOBITHIA:

P(BNA)=P(B/APA) =1

S
= 3=

1 n — _1

n—1 n n

P(BNA)=P(B/A)P(A) = .
3aMeTnM, 9TO BEPOSITHOCTH BBIMIDHIIIA ABTOMOOUJIS paBHA
1/n (ecin, manpumep, n = 1000, sTo cocrasisier 1/1000).
BeposiTHOCTH BBIMTPBIIIA ABTOMODUIISI, €CJIM 38, BBHIOPAHHBI-
MU Hay/Ia9qy BeLyIMM J[BEpsSIMU aBTOMOOMIS HeT, paBHA 1/2
— B 500 pa3 6ouibiite. Ho cobbiTre “3a BRIOpAHHBIME HAYIATY
BEJLYIIIUM JIBEPSME aBTOMOOUJIS HET  eIle JOJIZKHO ITPOU30ii-
TH.

BeposiTHOCTB TOTO, ITO aBTOMOOUIL OKA3aJICS 32 BHIOPAH-
HBbIMU BeAyHIUM JIBEPAMN

P(B) = P(B/A)P(A) + P(B/A)P(A) =
:0-;+CZ:§ (1—1> 12

IIpu 6oabIMIX N BEPOATHOCTE TOTO, UTO aBTOMOOMIIL OKa-
JKETCsI 38 BBIOPAHHBLIMU Haymady BEAYIIUM IBEPAME 0OJIb-
mas, a CJIeIoBaTeJIbHO, BEPOSITHOCTh BBIMI'PHIIIA ABTOMOOH-
JIsT BAMH MaJia, YTO BIIOJIHE COIJIACYETCs C HAIllei MHTYUIIAEH.
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4.22. O6osnaumnM depe3 A;j coObITHE “I-51 PAIOCTAHITHS
paboraer Ha j-it wacrore”, i,j = 1,2, 3. Torna cobbitne B —
“Bce paJInOCTAHITUN PADOTAIOT HA OIHON YACTOTE OIHUIIETCSI
TaK:

3
B = U(Alj N Agj N Agj),
j=1

a cobbite C' — “Bce paIUOCTAHIIME PaDOTAIOT HA Pa3HBIX
gacTorax’ — Tak:
C= |J (AN Ayn Asy),
(k,,m)

obbeunenue o Tpoiikam (k, [, m), 06pa3oBaHHBIM Pa3/Iy-
HBIMH 4ncjJIaMu k,[l,m, KaxKJoe U3 KOTOpPbIX pasHO 1,2,3;
P(B)=1/9; P(C)=2/9. B

4.23. Ilycrs cobbitue S — “uestoBek Oosien”, S — “gejio-
BeK 3/10poB”’, Rg — “pe3y/jibraT PEeHTTeHOBCKOIO aHAJIN3a 110~
JIOXKUTEJIbHBIH (4e/IOBEK COIJIACHO Pe3yJIbTaTy DEHTIeHOB-
CKOro aHajm3a npusHad 6osbHbIM). [To yeoBuio 3amaqan

P(Rs|S) =1- B, P(Rs|S) = a, P(S) =, P(S) =1—1.
Heo6xoaumo sorancuth P(S|Rg). Cormacuo dbopwmyite Baii-

O P(EIRs) = al —)/(a(l - 1) + (1 - B)).

4.24. Ilycrs cobbrtue S — “nsnenue cranmapraoe’, S —
“usnenme HectangapTHoe’, Dg — “KitaccuduKaims W3 HaeIust
kak crangaptaoro”. Ilo ycaosuio

P(S) = 0,96, P(Dg|S) = 0,98, P(Ds|S) = 0,05.

Heobxomumo Beraucints P(S|Dg).

P(S|Dg) = 0,9978.

4.25°. 2/5.

4.26. Ilap, xoTOpBIfl M3HAYAJIBHO HAXOJIUTCA B yPHE,
obozuatumM depe3s W, ecnu o Oenblit, u uepe3 B, eciu on
YepHBIi (Tak ke OymeM 0003HAYATH W COOBITHS “B ypHE M3-

HAYaJIbHO Oesblil map”, “B ypHe M3HAYAILHO YepHBIH map”).
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Bebie mapnl, KoTopble KAy T B YpHY, 0b0o3HadnM depe3 W,
i =1,2,...,n (6ymeM cuuTaTh UX PA3IUUUMBIMHU). JKCIe-
PUMEHT COCTOHT B [TOCJIEIOBATETHLHOM H3BJIEUCHUH U3 YPHBI
(n + 1) mapos. Vcxoapl 9KCIepuMeHTa — M0C/Ie0BATEb-
HocTn JymHOM (n + 1), cocraBiennble u3 6yks Wi, Wa, . ..

, Wi, W nmm us o6yxs Wy, Wo, ..., W,,, B. IlockoibKky cHa-
4aJjia B ypHE C BePOSITHOCTBIO 1/2 HaxoauTest GesIblit niin dep-
HBIIl 1P, TO €CTECTBEHHO CUUTATH MOJE/b KJIACCHIECKOIA.
HyCTb A, — cobbITHe “mlepBbIe 1 U3BJIEYEHHBIX IIAPOB Oe-
Jbie”, A — “mociienHuit M3BJIEUEHHBIH map Oesbrit’. fcHo,
q9To0 HeO6XO,Z[I/IMO BBIYUCJINTH BEPOATHOCTD

Berauciunm Bepositnoctu P(Ay,) u P(ANA,,) o dopmyie
[TOJTHOI BEPOSITHOCTH, B KAYECTBE ITOJIHON TPyl COOBITUH
paccmoTrpum cobwrtust W, B. Nmeem

P(4/W) = 1. P(44/B) = 2 ),znil

_11+ L1
2 a4+l 2 2 n+1
)P(

P(ANA,) =P((ANA,)/W)P(W)+P((ANA,)/B)P(B) =

Tak 4uTo

1/2 _n+l

P(A/An) = (1/2)1+1/(n+1)) n+2

(21.4.1)

BaMeTnM, 9TO ec/i B YPHE HAXOJIUTCsI YE€PHBIN IIap, TO
BEPOSITHOCTDH TOT'O, YTO II€PBBIE 71 BBIHYTHIX IIIAPOB OKaXKyTCH

OeIpIMT
P(A,/B) =

n+1’
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A BEPOATHOCTDb TOI'O, YTO CpeJu NIEPBLIX 71 BBIHYTLIX IIIapOB
OKaXKeTCs YePHBIIT

1 n
n+1 n+1’

P(Zn/B) =

T. €. €CJIM B ypHE MMeeTCsl YEePHBIl IIap, TO OH CKOpee BCEro
MIOSIBUTCSL CPEJIA MEPBBIX N BBIHYTHIX.

W ecnu nepBble N BBIHYTHIX IAPOB OKA3aJUCH OEJIBIMU,
TO CKOpEee BCEro YepHOro Imapa B ypHe U He ObLIO —

n+1_ 1
n+2 n+2

P(B/An) =1- P(A/An) =

(em. (21.4.1)).

[TosTOMY €CTECTBEHHO, UTO €CJIU CPEJIH MEPBLIX 7 IAPOB
OKaXKyTCsl TOJIbKO Gesible, TO U (n + 1)-ii map ckopee Bcero
OymeT GesbIM:

n+1
P(A/A,) = .
(4/An) n-+2
[Tonydennnlie pe3yabLTATLI BIOJIHE COTIACYIOTC C HaIei

AHTYUIUEH.
3aMeTuM, 9TO B YACTHOM CJIydae, Koriaa 1 = 1, Mbl IMeeM
neno ¢ 3amaqeit JIsrouca Kappoita, mpu aTom

- n+1 2
P(A/A -
49TO COBIIaJdacT C OTBETOM K 3TOM 3aJda4qe.
4.27.
3 -1
N M, 5 N; M;

(Nk—i-Mk)(Nk—i-Mk—l N—l—M (NZ'—I—Mi—l) ’

i=1

k=1,23.

4.28*. 3amauy o pasjesie craBku Ilackanb u @epma pac-
CMaTpUBAJIU KaK BEPOSTHOCTHYIO.

[IycTh BMECTO UTPOKOB, KOTOPLIE IIPEPBAJIM UI'DY, €€ IIPO-
JIOJIZKAIOT JIBOE HOBBIX UT'POKOB (OJIMH 3a IEePBOro, JPYroii —
3a BTOPOI'O, MBI IIO-IIPEKHEMY Oy/ieM Ha3bIBAThL UX ITEPBHIM
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1 BTOpbIM urpokamiu). OHI UIPAOT 10 BHIMIPBIIIA OTHUM U3
UTPOKOB ImecTu maptuit. Ilpm 3ToM 6 mapruit MOXKeT BBINI-
paTh KakK IEpBBI UI'POK, TaK U BTOpoil. Bor Tonmbko ¢ pas-
HBIMH BeposTHOCTsIME. [[09TOMY ecTecTBEHHO CYNTATh CIIpa-
BEJJIUBBIM Pa3/es IPU3a IIPOIOPIUOHAIBLHO BEPOSITHOCTIIM
BBINTPATH 6 MMapTUil COOTBETCTBEHHO IIEPBBIM U BTOPBIM IIpH
IPOOOJIZKEHNN MI'DBI.

Wrpa opomomkaercs He 6osee Tpex mapTtuii. Bropoit ur-
POK BBIUI'PBIBAET UI'PY, €CJAU B TPEX IOCJIEI0BATETbHBIX MO
OpachbIBAHMSIX MOHETBI BBIIAJIET TPU PEIleTKr. BeposiTHOCTD
BbINaJIeHust Tpex pereTok — 1/8. Tloaromy BeposiTHOCTD BbI-
UTPBIIIa UCPBI BTOPBIM HIPOKOM paBHa 1/8. BepositHOCTB
BBIUT'DBIIIA UI'PBI IIEPBLIM UI'POKOM paBHa 7/8. CiiejioBaresib-
HO, IpU3 HEOOXOANMO Pa3neanTb B OTHOIEHN! 7 @ 1.

4.29. IIpu3 neobxoaumMo pasnesuTb B oTHOmennn 15 : 1.

21.5 K rigase 5

5.1°.
T —/3/2 | 0 | V3/2
Pe(z:) | 1/3 | 1/3| 1/3
5.2°.
yj 1| 1
Po(ys) | 3/7 | 4/7
5.3°.

T 0 1 2

Pe(z:) | 0,27 | 0,58 | 0,15

5.4°. P{&1 = k1, & = ko, ..., & = kn} = [[ p(1 — p)¥i;
=1
ki=0,1,...; ks =0,1,...5...;k,=0,1,...
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5.6%. (u,s) = (u(¢*), s(¢*)) — bdyukuus cayvaitHoro Bex-

Topa ¢* = (sign &, sign &a, . .., sign &).
CuavaJjia Haitmem pacupeneinenne (*:

P{(" =z} =

= P{(Signglasigné.?? e 7Sign€n) = (xlw%.?; vy Ty )} =

n
= H P{sign¢&; = z;} = p#(m)qS(ﬂf)*u(ﬂf)fn*S(w)j
i=1
re x;, ¢ = 1,2,...,n, npuauMaeT 3HadeHus —1,0,1,
$(r) — KOJIMYECTBO KOMIOHEHT BEKTOPA & OTJUYHBIX OT HY-
as, p(x) — paBabIX +1.

P{u="Fk,s=j} =P{u((") = k,s(C7) = j} =

= > APC*(x) =

z:p(@)=k,s(z)=j
— Z pu(x)qS(fc)—u(fv)fn—S(x) — C%C]’?pkqj_’“f”_j,
z:p(@)=k,s(z)=j
k=1,2,...,5:i=12...,n.

5.7. Cm. 5.8.

5.8. Pemenue k myunxry 2(i). CHauana Haiigem pac-
upegenenne ¢ = (&, 7).

Coyuaiinas BesmanHa ( = ((w) = (§(w),n(w)) aBisercs
dyukumeit Ha BepositHocTHOM TIpocTpancTse {2, P}. IIpoct-
PAHCTBO 3JIEMEHTAPHbIX COOBITHI 00pasytoT napsl (i, ), i =
=1,2,...,6,7=1,2,...,6,aP(i,j) = 1/36 mus Bcex (i, )
(BBIOpaHa KJIACCHIECKAsT MOJIEIh, TIOCKOJIBKY KOCTH CHMMET-
puunbl). [Tosromy pacipenenennem ¢ = (£, 1) sBisieTcs

P(i,j) = P{C = (i,j)} =1/36, i,j =1,2,....6.

Tabsmanas dopma 3amncy pacipe/Ie/IeHus CIyIaiHONl BeIu-
qunbl ( = (§,7n) npusegena B tabi. 21.5.1.

[To u3BECTHOMY pacCIpe/eeHuIo CIyIaitHOi BeTMInHbI
¢ = (&n) (em. tabu. 21.5.1), noaw3ysice dopmysnoi (5.1.2)
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(B kauecTBe ¢(s,t) u B pacemorpum g = g(s,t) = max{s,t},
u B = [3,+00)), HAXOMM

P{max{¢,n} > 3} =1 — P{max{¢,n} <3} =

=1- > Pe(i,§) =1 — (Pe(1,1) + Pe(1,2)+
(¢,4):max{i,j}<3

+P¢(2,1) + P¢(2,2)) =1 —4/36 = 8/9.

Ta6uuna 21.5.1. Pacupenenenne ¢ = (£,7)

Suaue- SHaveHuss 7

Hust & 1 2 3 4 5 6
1 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36

2 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36

3 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36

4 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36

5 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36

6 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36

Pemenue x nyukry 3(8). CoBMecTHOE pacupejerie-

e & u min{&,n} (pacupenenenne sekropa (&, min{&,n}))
HAXOJIUM KaK pacupejiesienne pyHKIun

or ¢ = (&,7n) nmo msBectHOMy pacupenesnennio ( = (&,n)
(cm. Tabut. 21.5.1). Tlosnb3ysich dopmyioii (5.1.2), Beraucanm
HecKosIbKO 3Hadenuit Pg(i,5) = P{({, min{{,n}) = (4,5)}.
Nmeem

(i,j):(i,min{i,j}):(l,l)
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= Pe(1,1) + P(1,2) + ...+ Pc(1,6) = 6/36;

(4,5):(¢,min{i,5})=(1,2)

P{(é.vmin{gvn}) = (Lk)} = Z Pﬁ(iuj) =0;

(i»j):(ivmin{ivj}):(lvk)

k=3,4,5,6.

Cosmectroe pacnpegesenne £ u min{&, n} (pacupesene-
Hue ciaydaiinoii Besmunubl § = (£, min{&, n})) upusejeHo B
Tabma. 21.5.2.

CiyuaiiHble BeJIMUMHBI HE3aBUCUMBI TOTJIA U TOJIBKO TOT-
Jla, KOTJIa COBMECTHOE paCIpPE/ICICHIe STUX CJIydaliHbIX Be-
JIMYUH PABHO IPOU3BEJICHUIO UX PACIpeesenuii (M. Takke
(5.1.3)).

Coyuaiiable Besmaunbl & 1 min{{, n} He sIBISIOTCS HE3a-
BUCHMBIMH, TIOCKOJIbKY WX COBMECTHOE PACIPEJEIEHIEe OT-
JITIHO OT NMPOM3BEJIECHUs PACIIPEIETCHUN CIyIailHbIX BEJIH-
quna £ u min{&,n} (pacupeznenenne min{{,n} npuseeHo B
orsere K nyHKTy 1(6)).

Tabmuna 21.5.2. Pacupeenenne 6 = (&, min{&,n})

SHave- Suauenust min{&, n}

st €| 1 2 3 4 5 6
1 6/36 0 0 0 0 0
2 1/36 | 5/36 0 0 0 0
3 | 1/36 | 1/36 | 4/36 | 0 0 0
4 | 1/36 | 1/36 | 1/36 | 3/36 | 0 0
5 1/36 | 1/36 | 1/36 | 1/36 | 2/36 | 0
6 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36

Ortser K myHkTy 1(a):
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1 2 3 4 5 6

1/36 | 3/36 | 5/36 | 7/36 | 9/36 | 11/36

Ortser k mynkry 1(6):

1 2 3 4 5 6

11/36 | 9/36 | 7/36 | 5/36 | 3/36 | 1/36

Otsersr: 2(a) 1/6; 2(6)3/4; 2(8)1/3; 2(r)1/3; 2(x)1/9;
2(e)4/9; 2(x) 1/9; 2(i1) 8/9; 2(m) 7/9.

Ortser k mynkry 3(6).

Pacupenenenne ciyvaiinoit Besimunsst 0 = (€, max{§,n})
(coBmecTHOE pactpeenerne & u max{£,n}) IpuUBEIEHO B
Tabs. 21.5.3.

Cuayuaitabie Besmannbl § 1 max{&, n} He sABISIOTCS He3a-
BUCUMBIMHU, TIOCKOJIBKY MX COBMECTHOE pacipejiesieHue (CM.
Tab1. 21.5.3), OTJIMYHO OT IPOU3BEICHUST PACIPEIC/ICHUT CITy-
qaiiabix BenmanH § u max{{,n} (pacupenenenne max{&,n}
IPUBEJICHO B OTBeTe K IIyHKTY 1(a)).

Tab6auma 21.5.3. CoBmectHoe pacnpesienerne £ u max{&, n}

Suaue- Bnauennss max{¢{,n}

mum £ | 1 2 3 4 5 6
1 1/36 | 1/36 | 1/36 | 1/36 | 1/36 | 1/36
2 0 |2/36|1/36|1/36 | 1/36 | 1/36
3 0 0 |3/36|1/36 | 1/36 | 1/36
4 0 0 0 | 4/36 | 1/36 | 1/36
5 0 0 0 0 |5/36 | 1/36
6 0 0 0 0 0 6/36
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5.10. P{¢ =1} = ki axby.

5.12.
ﬁ, ecn 0 < k < n;
Plé+n=Fk)=
{ n } 27(1#]{31—;217 ecm n < k < 2n.

5.13. Cuyuaitnas Beqmanna ( = £ + 1 UMeeT pacrpeie-
nenne [lyaccoma ¢ mapamerpom A\ + u.

Bocnonbayiirecs dopmysoii (5.1.2). Ilpu srom coBmect-
HOE paclpejiesieHue CJIYUYalHbIX BeJTUIUH £ U 1) PABHO MPO-
U3BEJICHUIO TIyaCCOHOBCKUX pacupejieienuii, a g = g(x,y) =

=x+y.
5.15. .
P{(§, max{¢,n}) = (¢,7)} =
PP -p)H,  ecmi<j;
=q p(L=p)'(1 = (1 —p)*h), ecmi=j;
0, ecau 1 > j;
i,j=0,1,...

Pacupenenenne max{{,n}:
Z{mgxi{ﬁ,n} =k} =p*(1-p)* (20 -1 -p)")/p+ (1 -p)"),
516

1 2 3 4 5 6 7

1/18 | 3/18 | 3/18 | 3/18 | 3/18 | 3/18 | 2/18

5.17.

Pacupenenenne ciay4vaiinoit Besmannst 7 = (€1, £2)

3Hadge- Suavenuss &2
Hust &1 0 1 2
0 1/8 | 1/4 | 1/8

1 1/8 | 1/4 | 1/8
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5.18*. Bocmosib3yiiTechb COOTHOIIIEHTEM
P{min{§1,§2} = m} =

- P({é-l = m7§2 > m}U{§1 > m7§2 = m}U{§1 = m7£2 = m})
[TapameTp TeoMeTpUYECKU pacIpe/ie/IeHHON CIIydaifHOil Be-
ananabl min{y, &2} paBeH p1 + p2 — p1po.

5.19°. 1) 80/243. 5.20°. 0,0536. 5.21°. 5/16.

5.22. 3aeck “yeniex” — uzgmenue nedpekTHOE, “HEymada’ —
W3/eIMe CTaHIapTHOE.

1. BepostHocth omuoro ycmnexa B 10 ucnbiTanusx Bep-
HYJUIN C BEPOSITHOCTBIO yCIIEXa P B OJHOM UCIIBITAHUN PaBHA
Clop(1 —p)°.

2. KomudecTBo Heymad 0 MEPBOrO ycIexa B ITOCTEI0-
BATEJILHOCTU HE3aBUCUMBIX HCIBITAHUI MMeeT reoMeTpude-
CKOe pacIlpefiesieHne, TTO3TOMY MCKOMas BEPOSTHOCTH PaBHA
(1—p)*'p.

3. Chayuaiinast BeuuuHa £ — YNUCIO CTAHIAPTHBIX W3-
Jlesii (9ucsIo HeyJlad) JI0 1ePBOro HOsiBIeHHsI J1eDEKTHOIO
uzJesinst (0 MEepBOro yCIieXxa) MMeEeT IeOMEeTPUYECKOe Pac-
IpeJiesieHne ¢ IapaMeTpoM p:

P{¢=m}=(1-p)"p; m=0,1,2,...

BepositHocTs TOTO, UTO nocstenyomue 10 uznesnii Oy iy T cTan-
JIAPTHBIMHU, €CJIU [epBbie | ObLIN CTAHIAPTHBIMUA DABHA

P{¢>1+10[6>1} =

CP{¢>1+10,6>1}  P{¢>1+10}
B P{¢>1} P>

= > a —p)"”p/Z(l —p)fp=(1-p)".
k=I+10 k=l

5.23*. [lomerum ojHY M3 KOPOOOK, HAIIPUMED, 3BE3/10U-
koit. Obo3HaunM 1uepe3 B* cobbiThe “mycToil oKasajach Io-
MedeHHas KOpoOka’, uepe3 B — cobbiTme “mycToil okasa-
JIach HelloMedeHHas Kopobka', yepes A, 0603Ha4YMM cOObITHE
“ocTaBIiasics Kopobka comep:kut 7 cuunvek’. Torma

P(4;) = P(A,|B*)P(B") + P(Ar|B)P(B).




21.5. K riase 5 515

Kopobku 6epyT Haymady, MOSTOMY €CTECTBEHHO IIOJIOYKUTH
P(B*)=1/2,P(B)=1/2

Beraucium P(A,|B*). Kosb ckopo npounsornuio cobbiTre
B* — “mycroit okazajachk IoMedeHHast KOpoOKa”, To coObITHE
“ocTaBIIasicss KOPOOKa COMEPIKUTCS T CIMYEK ITPOUCXOINAT
Torna, Korjaa Kopooku 6paau (2N — r) pa3 (ocrajsocs r cru-
YeK ), ipuyeM nomedennyto 6pauau N pas. [Tosromy P(A,|B*)
pasHa BeposTHOCTH N ycrexoB (ycrex — BbIOpaHa MOMEYEH-
Has KopoOka) B (2N — r) ucnblitanusix BepHysiu ¢ BeposiT-
HOCTBIO ycriexa 1/2 B OJTHOM HCIIBITAHWH, T. €.

P(4,|B") = Coy_,(1/2)** "
AnajiornaHo mostydaem
P(4,]B) = Coy_,(1/2)" .

TaK 9gTO UCKOMAaLA BepOHTHOCTb
1 .~ ON—r . L N IN—
P(A,) = §C2N—r(1/2) "4+ §CQN—T(1/2) "=

=N, (1727 r=1,2,...,N.
5.24.

56 17 - 511, 268 - 516
a)l—@,@l— 612 73)1—T-

5.25°. P{¢ =k} = CK, /2% k=0,1,...,10.
5.26°.

1 k 5 10—k
P{g:k}zcﬁ)<6> <6> , k=0,1,...,10.

5.27°.

1 k 3 3—k
P{g:k}:C§<4> <4> , k=0,1,2,3.

5.28. BeposiTHee BBIMI'DATH:
1) 3 mapruu us b;
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) 2 mapruu u3s 4;

) 3 maprun us 4;

) He MeHee 5 mapTuit u3 8;

5) He Gosiee yem n U3 2n MAPTHIL.

5.29. Cuadajia BBIIUIIEM COBMECTHOE PAaCIIpPEJIe/IeHIe

2
3
4

£1,&9,...,&, a3aTem pacnpemeneHne pyHKIIIH
n=&+&E+... +&
OT CIOyJalHbIX BeauduH &1, &9, . ..,&.
CoBmecTHBIM pactpeseserneM £1,&o, ..., & SBIISIETCS

P(ki,kay... ky) =P{& = k1,6 =ko, ..., & = kp} =

r
= Hp(l — p)kz — p'f'(l o p)k1+k2+...+kr’

ki=0,1,...; ke =0,1,...; ...; k. =0,1,...
s xkaxporo k, k=0,1,...,

Py(k) =P{n=k}=P{&i+&+...+& =k} =

_ r Fi kot _
= > p"(1—p)Te =
(k1,k2,....kr):k1+ko+-+kr=Ek

= > pPr—-p)f=Cpl_p(1-p)

(k1,k2,...kr ) k1 +ho+-+kr=k

(cyMMUpOBaHUE BEJIETCsI TI0 BCEM IOCJIEI0BATEIbHOCTSIM HEOT-
punaTe bHbIX duces ki, ko, . . ., ky, SBJISIONIUXCS PEIICHUSIMA
ypaBHeHUS T1 + T2 + - - + T, = k, BCEro TaKuxX perreHuii —

C’,’; +i 1> CM. TIpUMEP 1.1.14). Tak gTo 1 ¥MeeT oTpuUIATE b

HOe OMHOMUAJILHOE PACIpEIeIeHne ¢ mapaMerpaMu (7, p).

5.30. IlycTb £ — KoTM9ecTBO JIUIl, OOPATUBIINXCS B CIIPa-
BOYHOE 6I0pO, 1) — KosmdecTBO orkazas. Cobbitus { = k},
k=0,1,2..., obpasyror nosHyo rpyiiry cobbiruii. Corrac-
HO (popMyJIe TIOJTHON BEPOSTHOCTH

Pln=s}=) P{n=sl¢=kP{¢=k}=
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=) Plu=sl¢=kP{c=k} =

k=s
- k! s k—s i A
_ e_ApS i 1 (1 p)k 8)\]{‘
s' k=s (k B )'
Oboznauus k — s = m, MOJIyIUM
P{n=s}= _psii p)"ATTT =
77 - - ~ m| -

_ e*)\ps )\se(l—p))\ _ ()‘p)se—)\p
s s ’

CretoBaTe/IbHO, KOJUIECTBO OTKA30B MMeEET IIyacCOHOB-
CKO€ pacIpejie/ieHne ¢ apaMeTpoOM Ap.

5.31. IlyacconoBckoe pacupeliesieHre ¢ mapaMeTpoM Ap
(em. 3azaay 5.30).

5.32. IlyaccoHoBckoe pacupejiesieHre ¢ mapaMeTpoM Ap
(cm. 3amaqay 5.30).

5.34. Obo3nauuM 4epe3 k KOJIUYECTBO MECT B KaXKIOM
rapaepobe. Ilyctb p; — ciaydalinasi BeJIMInHa, TPUHIMAIO-
mas 3Havenne 1, ecym i-it 3puTesb Buibpas Bxox 1, u 0, ecin
BBIOpaJT Bxox, 2, ¢ = 1,2,...,1000; pu; — He3aBUCHUMBIE CJTy-
JalfiHble BEJIMYUHBI, KayK/Iasl C PacIpeiesIeHIeM

P{u =z} = (1/2)%(1/2)'%, 2 =0,1.

1000
Torga = > p; — KOJUYECTBO 3puTesieil, KOTopble BOILIN
i=1
4gepe3 BxoJL 1, a 1000 — p — 4depes BxO1, 2.
CobbiTHE “BCe 3pUTEIN UMEIOT BO3MOYKHOCTD Pa3eThCsT
B TEPMUHAX CJIYUANHON BEJIUUUHBI L 3AIUIIETCH TAK:

{1 < k,1000 — pu < k} = {1000 — k < pu < k}.
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KosmmvecrBo mect k (B KaxKoM rapjepobe) HaxOIUTCst
KaK MUHHMAJIbHOE HaTypasbHOE YHCIIO, YJIOBJIETBOPSIOIICe
YCJIOBHIO

P{1000 — k < pu < k} > 0,90.

Yrobbr Haiitu k, BOCHOJIL3yeMCs WHTErPAJbLHON TEopeMOoi
Myaspa-/lamnaca (cm. dopmyny (5.2.5)). Cum. Takke mpn-
Mep 5.2.1 m 3amaay 5.39.

Orser: k = 527.

5.35. YuopsiiounTsh T, X2, ..., L, 10 BO3PACTAHUIO.

5.37. pr, = (1/2)F. BeposTHOCTb BBHIUIDBINIA JIJIs HAYH-
HAIOIIEro MEPBBIM B JIBa pa3a OoJIbIIIe.

5.38. 1. BeposiTHee, 4TO CTpeIKA MOIYIAT IPU3, TOCKOJIb-
Ky P{crpenxn me nomyuar npus} = (1 —1/5)* < 0,5.

2. OrHoleHre BEpOATHOCTEN paBHO 3/2.

5.39. Pemenune. Yacrora v, paBHa ju/n, rje j — 4ucio
TeX SKCIEPUMEHTOB U3 1 IPOBEJICHHBIX, B KOTOPBIX COOBITHE
[IPOM3OIILIO.

Orkironenne B ombite Broddona cocrasmsier 2048 /4040—
—0,5 = 0,007 = ¢. HeobxonmMo BBIUUCINTH

P{lvn, — 05| < &}

s n = 4040.
YacTory v, = j/n UpejcTaBuM B BHJIE

1 n
Vp = p/n = nz;m
1=

rje f; UPUHAMAET 3HAYCHHWE 1, €CIM B 9KCIEPHMEHTE CO-
ObrTue npousonuio u 0 — B uporuBHoM ciydae. Ciydaii-
HblE BeJIMYMHBI f1; He3aBucuMbl n ¢ = P{u; = 0} = 1/2,
p = P{p; = 1} = 1/2. TTocKOJIbKY 9YHCJIO IKCIEPHUMEHTOB N
6osbioe (n = 4040), To mis Beraucaenus: P{|v, — 0,5 < e}
MOXKHO BOCIIOJIb30BAThCsI MHTEIPAJIBHOMN 1IpeJIeJIbHON Teope-
moit Myaspa—/lamnaca (cm. (5.2.5)):

P{|Vn—05|<5}—P{05—5< <05+g}

_P{n(0,5 )—np< np<n(0,5+€)—np}_
Vipg T /mpg v
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jt—np
=P{-0,88< <088 ¢.
{ v 1pq }

A mocte THSIST BEPOATHOCTD ¢ HE3HATUTETHLHON TIOTPEITHOCTHIO
paBHa

—12

(3HAaUeHMe WHTErpaJsa HaiiaeHo no Tabsr. 22.1.1 HopMasIbHOTO

pacipe/ie/ieHust ).
5.40. YpaBHeHue mMeeT IeHCTBUTEIbHBIE KOPHU, €CJIH
n? —4£¢C > 0.

Corytacuo (5.1.1) st caydaiiHON BeJWYUHBL @ =
= (&,7,¢) ¢ pacupejenenuem

Po(i, g, k) = P{(&n. ¢) = (i, 4, k)} = 1/27, 4, j,k =1,2,3,

ymmn g(g) = g(6,7,¢) = 1 — 4€C n amoectsa B —
= [0, 00) umeem

P —46¢>0} = Y Pu(i,jk) =

(i,4,k):j2—4ik>0
= > 1/21=4/21.
(i,,k):52—4ik>0
5.41.

Pe(xi) = P{¢ =z} = P{(&,n) € {m:} xR} =
= Z xkayj ZPC xzay]
(Ik:yj)e{xi}XRl

5.42. Tlycts Q = {wi,wa}; P(w1) = 1/2, P(w2) = 1/2.
Coayuaiiasle Besmunsbl £ = €(w), 1 = n(w) 3a1a1uM paBeH-

CTBaMHU
§lwr) = =1, §lwa) = 15

n(w1) =1, n(wz) = —1.
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Pacnpenenennst
Pe((—1)") =1/2, i =1,2;

P,((—1)) =1/2, j=1,2

COBITAJIAIOT, IIPU ITOM

§(w) # n(w)

7181 Beex w € ().
5.43. IlockonbKYy ciydaiiHble BEJIMYUHLI £ U 1) HE3ABUCHU-
MbI, TO UX COBMECTHBIM pAacCIpeJIeJIeHUEM $IBJISIETCS

P{(é.vn):(kJ)}:kab k:07177Z:0717

Hanee, cormacno (5.1.2) nmeem

P{¢=m} =P{{+n=m} =

m
= Z kal:Zkam—kamzoula”-
(k,1):k+l=m k=0

Pacnpenenenne

m
fn =Y Prlm—k = PoGm+P1dm-1+- . +Pmdo, m=0,1,...,
k=0

HA3BIBAIOT CBEPTKOil pacupenesnennii {px} u {q}.

Tak 49TO pacupeeaeHne CyMMbl HE3ABUCUMBIX HEJIOUNC-
JIEHHBIX CJTy9aiiHbIX BEJIMUINH PABHO CBEPTKE PACIPEIeIeHuit
cJTaraeMbIX.

5.44. Yucno neymad £ 10 r-ro ycrexa B IIOC/IEI0BATE/ b
HOCTHM HE3aBHCUMBIX HCIIBITAHUN ¢ BEPOATHOCTBIO yCIleXa p
B KazKJIOM MCIBITAHUN UMEET OTPUIATETHHOE OUHOMHUATBLHOE
pacipejiesienne ¢ napamerpamu (r;p):

Pe(k) =Crot ((1—p)fp", k=0,1,...
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PeLHeHI/Ie 3aJa91 CBOAUTCA K BBIYUCJICHHUIO BEPOATHOCTU TO-
ro, 9TO YUCJIO0 HEYyAad J0 4-10 yciexa paBHO 6 (BEpOSTHOCTD
ycrexa B KaxKJioM uctibitanun 1/2). Mckomast BeposSTHOCTD

Cora1(1/2)°(1 = 1/2)* = C5(1/2)"°

5.45. Ncxo sKcriepuMeHTa — IO0CJIeI0BATETbHOCTD JIJTH-
HOIl n, cocrapiennas u3 0 u 1, Moje/Ib Kaccudeckasi, BEpo-
AaTHOCTDh ucxoga 2. Ilepemennl 3Haka o003HAYUM ‘‘pas3iesTu-
TeJIMU — BEPTUKAJIBHBIMU I€PTOUKAMHI MEXKTY €TUHUIIAMU
u Hyssimi. Beiopars u3 (n—1) mMect k 1oz pasaenTestn Mox-

k k
Ho C)_; cnocobamu, npu 3ToM nosydnm 2C7 | UCXo10B ¢ k
HepeMeHaMy 3HaKa ([lepeMeHa 3HaKa [IPOMCXOJNT, CJIH Psi-
oM Kak O m 1 TaK u 1 u0). [Tosromy BepositHOCTh k TIepeMen
sHaxa pasaa 2CK_, /2" = CF_ /2"l £ =0,1,...,n—1, re.
qucsa nepeMeH 3HaKa umeer pacupegenenue B, 1y1/2.

5.46. Bepoatunocts £k = n — 1 Heymad g0 r-ro ycrexa
paBHa

Ck+7' 1P (1 ) =Cpt +r 2P (1_p)n—1’

CM. TaKKe pelieHne 3a;1a9u 5.44.
5.47. Pacupenenenne dnciia GeJbIX IapoB B IEPBOI ypHE:

0 1 2
1/6 | 4/6 | 1/6
5.48.
P{¢=k}=CrCenk/c, k=0,1,....n
5.49. ITockoabKy caydaitabie Beaudunbt £1, &o, . . . , &, HE3a-

BUCHUMBI, X COBMECTHO€ pacCIIpeleJICHEe (paCHpe,ILeJIeHI/Ie BEK-

Topa§= (517527"'7570)
Pe(z1,29,...,2n) =P{&i =21,8 =22,... .6 =20} =

- & T —x izb n—ixi
=[[Pl& ==} =]]p"Q-p' " =p= (1-p =,
i=1 i=1
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IJIe Tj — BO3MOXKHOE 3HAUEHUE CJTy IaifHOW BeJTUINHbI §j, pas-
moe Ommu 1, 5 =1,2,...,n.

Pacrpenenenne ciayvaiinoit Besimannabt Sy, =& + &2+ ...
...+ &, BBIYHCINM KaK pacipejeieHne (QyHKINT

Sp=&+&+.. . +& =9(61,8,...,&)

or ciay4vaitroro Bekropa £ = (£1,&2,...,&,) 1O ero pacmpe-
nesiennio (cM. Teopemy 5.1.1):

P{Sn:k}:P{£1+§2+~--+£n:k}:

= Z Pe(z1,22,...20) =

(z1,22,...n): T1+T2+...+Tn=Ek

- Yoy AT

(z1,22,...Tn): T1+T2+...+T0 =K

= >, Pa-prt=Chta-ph

(x1,22,...%n): T1+T2+...FTn=k

21.6 K riaase 6

6.1°. 1) —1/8; 2)(1+¢)(2+V3)/12.
6.2. M¢ = 3/5, DE = 28/75,

i 0 1 2
Pe(z:) | 7/15 | 7/15 | 1/15

6.3°. 27/40. 6.4°. —/3/8. 6.6°. 0.
6.7°. 1)0; 2)0; 3)3v/3/4. 6.8°.69/8.
6.9°. 1)/3; 2) (8 ++/3)/4.

6.10. My = 13/12; Dn = 59/144,

Yi 0 1 2
Pg(yj) 1/6 7/12 1/4
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6.11°. (2 —+/3)/12. 6.12°. 1) (20 +/3)/8; 2) —5/2.
6.13.5/6. 6.14. 29/54.
n(n+1
6.15. 1) M¢ = 0; 2) M|¢| = Q(TliJrl)
6.16. ME = A, ME2 = A+ A2, DE = A,
6.17. Pemenne x nmyHkTy 3):

Dgn = Mg%® — (Mgn)* = MEMy® — (M&)*(Mn)?
(cM. Takke npumep 6.1.2).

Otsersr: 1)1 —e™; 2) A% 3) A2(1 + 2)); 4) 2\
6.18. s |z| < 1

1

o
k_
Zl‘ C1l—z

k=0

IIpoauddepeniuponas mocie Hee paBeHCTBO U YMHOXKUB Ha T,
TIOJTY TIM

Y ket = ﬁ (21.6.2)
k=1

[Mponuddepentuposas pasenctso (21.6.2) U yMHOXKUB €ro
HA T, TOJIYIUM

ik%’f = M (21.6.3)
k=0

U3 reopemsr 6.1.1, Bocniosib3oBasiuck paBercramu (21.6.2)
u (21.6.3) mpu = = 1 — p, umeem

ME=D k(1 —p)fp=p) k(1 —p) =p—5-=—,
k=0 k=0

M = K (1-p)lfp=p) K(1-pF=
k=0 k=0

DE = Mg? - (Mg)? = .
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6.19. Yucmo £ noadbpacbiBanuii KOCTH 0 IEPBOrO BbI-
[a/IeHNs TIECTEPKH — IeOMETPUYECKU PaCIpe/ie/ieHHast CJIy-
Jaiinast BesmumHa ¢ mapamerpoMm p = 1/6. Ywucsmo n nom-
OpacbiBanmit Koctu paBuHo £ + 1, . e. n = £ + 1. IlosTo-
My Mp = M(E4+1) = MéE+1 =5+1 = 6; P{n < 2}=
= P{¢ <1} =11/36.

6.20.

P : P
DMt =— P oymeité = P
) 1-(1-ppt’ ) Me 1—(1—p)et

6.21. 1) Mté = At=1: 2) Me'€ = exp {A(e* —1)}.

6.22°. M¢ = 70; D¢ = 21.

6.24°. P{¢ =k} = Ok /210, k=0,1,...,10;

Mg = 5; DE = 2,5.

6.25°. P{¢ =k} = O} (1/6)k(5/6)1°°% k =0,1,...,10;
M¢ =5/3; DE = 25/18.

6.26°. M¢ = 3/4; D¢ =9/16.

6.27*. Pacupenesnenne cirydaifHON BeJTUIUHBI £ COBIIAJIA-
€T C pacIpe/jiesienneM CyMMbL 1) = &1 +&2+. . .+ &, He3aBUCH-
MBIX CJIyYalHBIX Betn4ud &;, 1 = 1,2, ..., r, KaXKJaasd u3 KOTO-
PBIX UMEET FeOMETPUYECKOE PaclpesiesIeHHe C TapaMeTPOM p
(em. Taxke 3aady 5.29), mosromy ME = Mn, DE = Dn.

leomerpuyecku pacupejesieHHas C IapaMeTPOM P CJIy-
JajiHas BeJIMYNHA UMeeT MaTeMaTHIeCKOe OXKIIaHUuE PABHOE
(1 —p)/p, a macnepcuto — (1 — p)/p? (cm. samady 6.18) wu,
CJIEJIOBATEIHHO,

Mn:M(fl-i-fz—i-...—{—fr):Tl;p,

Dn:D(§1+§2+...+&)=r1p_2p.

6.30.
.
Mexp{i(t,v)} =D pg exp{ity}.
k=1

6.31*. IlociiemoBaTe/IbHOCTL HE3ABUCUMBIX OIUHAKOBO
pacIpeie/IeHHbIX CayYailHbIX BeJIUIuHb £1, s, . . ., &, CO 3HA-
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vyennamu B R n pazbuenne mpsmoit
T
R =X, Xen X =0,s #1,
j=1

3aJ1aI0T TI0CJIEI0BATEIbHOCTh N HE3ACUMBbIX HCITBITAHUN C 7
ncxoyiaMu. VcnbiTaHne 3aKOHIMIIOCh j-M UCXOJIOM, €CJINA CJIy-

vaiiHas BesmuuHa § nonasaa B Xj;, j = 1,2,...,7, Bepoar-
HOCTB j-r0 ucxona p; = P{&, € X}, j =1,2,...,r Ilosromy
pacupeesnerueM v = (V1, Vs, . .., Vy) SIBISETCS MYJbTHHOMHU-

aJIbHOE paCIpe/Ie/IeHue:

P{vy =ki,vo=ko,...,vp =k, } =

= Ch(k1, ks k)PP D52 D k4 ko 4 R =

PacrpezeiienneM vj, 04€BUIHO, SIBIISETCH
k. k —k
P (k) =Copi(1—pj)" ", k=0,1,...,m

Yrob6nt Borancnts Mexp{i(t,v)}, npeacraBuM BeKTOp
v=(v1,v2,...,V) B BUJE CyMMbI BEKTOPOB

p™ = (Ix, (), Ixa (6, -, Ix (6)), K =1,2,..m

(I4 — uHAMKATOP MHOXKeCTBA A), a UMEHHO,
n
k
v=(vi,ve,...,vp) = Z,u( ),
k=1

Bekropnr ,u(l), p(Q), e u(”) HE3aBUCHUMBI, KazK/Iblil C pacupe-
JleJIeHIEM

P{u® =(0,0,...,0,1,0,...,0)} = P{& € X;} = pj,

j=12,...,r Buociaenosareasuocru (0,0,...,0,1,0,...,0)
HA j-M MeCTe HAXOJUTCs €UHUIA, Ha OCTATbHBIX — HYJIH.
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BOCHOHB3OB&BH_II/ICI) MYJIBTUILJINKATUBHBIM CBOIICTBOM Ma-
TEMATUYIECKOTO OXKUJIaHUs U Teopemoit 6.1.2, momydnm

Mexp {i(t,v)} =

= Mexp {z (t’iﬂ(k)) } = Mexp {z Y (t”u(k))} =
k=1 k=1

=M kf[lexp {z (t, M(k)> } = kfll M exp {z (t, H(k)> } =
= (M exp {z (t,,u(l)> })n = (;W exp{itk}> .

6.32. Haiimem pacmpenenerne ciaydaiiHofl BeudInHbr &
— KOJIMYECTBA AHAJU30B, HEOOXOJIMMBIX JIjist 00CJIeI0BaHUS
KpPOBH Kk €{eJIOBEK, eciu 00C/Ie/IOBAHUE MPOBOJUTCI CIIOCO-
6om 2.

Cnyuaiinas Bemnanna £ TPUHAMAET JBa 3HAYeHus: 1 u
k + 1. BeposaTHOCTB TOrO, YTO WHAUBUYAJTbHBI aHAJN3 OT-
puniaresieH paBHa 1 — p, a BEpOATHOCTH TOTO, YTO Kk WHJIMBU-

JyaJbHBIX aHAIM30B oTpunaTeabia pasha (1 —p)F. Tlosromy
Ple=1}=(1-p* P{e=k+1}=1-(1-p".
Orcrona
ME=1(1-p)" + (k+1)(1 = (1-p)*) = k(1 - (1 —p)*) +1.
6.34. Ecimn
Z kpy < oo,
k=0

TO P

(o]
>kt pg, [t <1,
k=0
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[IOJTyIEHHDBI  TOWIEHHBIM  auddepeHnnpoBanueM  psiaa

o0

S thpe, |t| < 1, cxomures B Touke t = 1, a, ciegoBaTeNh-
k=0

HO, CXOJUTCsi paBHOMEpHO Ha orpe3ke [—1,1]. TTosromy psiz
(6.1.4) mMoxkHO TOWIeHHO auddEpPEHIMPOBATEL HA OTPE3Ke
[—1,1], a umenno

o0
Pl(t)=> kt"p, Jt] < 1.
k=1

IIpu sToM B TOouke t = 1
[o¢]
P'(1) =) kpp = ME.
k=0

AHAOrUYIHO JOKA3BIBAETCS BTOPAst YaCTh TEOPEMBI.
6.35. 1° Ilycrb cayuaiinast BeuauHa & UMEET reOMETPH-
JecKoe paclpejiesieHne ¢ IapaMeTpoM p:

P{e=k}=(1-p)fp,pe(0;1), k=0,1,...

Torna
P(t) =Mt =Y " (1 —p)fp=
k=0
- p
_ pkzzo(t(l )= =Tt it <1.  (21.6.4)

oo
Pan 3 k(1 —p)Fp exomures, mostomy cymecrsyer ME u
k=0

cortacHo (6.1.5) snauenne M = P’(1). 3necn
1—p) (1-p)
Pl t - p( 9 Pl 1 - )
SR () i R
U, CJIEJIOBATEIIHHO,
1—
Y ——
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2° IlycTp ciyuaiiHas BeJquyduHA & UMEET OTPUIATETHLHOE
6uHOMMAJILHOE pacIpe/iesienne ¢ napamerpamu (7,p):

P{&=k}=Crr_(1=p)™p", k=0,1,...; p€ (0;1).

Torna

k k,r
MtS—Zt CIZ+i ((L=p)"p" =

=P ch‘-i—r 1 —p)t)*.

Y4uThBas pasiosKeHne (byHKLu/H/I 1/(1—x)" B psix Teittopa:

ch:+r 2 o < 1,

l—x

HOJTy9aeM MPOU3BOAANLY 0 (DYHKIMIO OTPUIATETHLHOTO OMHO-
MUAJIBHOTO PACIIpeJiesIeHusI ¢ apamerpamu (7, p):

r

p

PO=

It| < 1. (21.6.5)

oo
Psan > kCy, ; ne — p)Fp" cxomures, HO3TOMY CylecTByeT
k_

M¢ n EOFJIaCHO (6.1.5) smauenne ME = P’(1). Bnech

, r(1—p)p" oo r(l—ppr | 1-
P = g g P = TR =

u, cjaieaoBaTe/IbHO,

/ 1—p
M¢ = P = .
3 1)=r )

3° IlycTb € — GuHOMUAILHO pacIpe/ie/ieHHas ¢ apaMeT-
POM p ciiyyaiiHasi BEJIUINHA:

P{é=k}=Chp*(1—p)" % k=0,1,....n; pe (0;1).
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Torna
P(t) =Mt =Yt Chph(1—p)nF =
k=0

=S Chp)* (1 - p)"F = (tp+ (L))"
k=0

Tak 4uTo mpousBozdIias PYHKIUI OMHOMUATIBLHOIO pPacipe-
JleJIeHusi ¢ napaMerpamu (1, p)

Pt)=(tp+ (1 —p)"™ (21.6.6)
ITockosrbKy
P'(t) = np(tp + (1 —p))"~*, P'(1) = np,
To coriacHo (6.1.5)
M¢ = P'(1) = np.

6.36. Ilycts px, k =0,1,..., u fr,,n=0,1,..., — Be-
POSITHOCTHBIE PACTIPEICJICHNSI,

0 o)
k=0 k=0

— ux npousBomgmue GyHkiun. [Ipeamnosoxum, 910
P(t) = F(t), |t| < 1. (21.6.7)

U3 pasencrsa (21.6.7) npu ¢t = 0 umeem P(0) = F(0), mwimn
po = fo. Crenennbie abCOMIOTHO CXOJSIIMECS PAIBI MOKHO
nouieHHo JuddepeHnuposars, nosromy u3 (21.6.7) caexyer

o0 )
Ykt lpy=Pl(t) = F(t) =) Kt fi
k=1 k=1

Orcroma npu t = 0 umeem P'(0) = F'(0) wim p1 = fru . 1.
Tak aro mig Bcex k=10,1,...

Pk = frs
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T. e. pacupegesennst {pg} u {fi} coBnanator. [Tociennee 06o-
3HAYAET, YTO PA3JIUIHBIM BEPOATHOCTHBIM PACIIPEIETECHIIM
COOTBETCTBYIOT Pa3JIMIHbIE TIPOU3BOASAIIIE (DYHKIUH.

6.37. Eciu € u 1) — He3aBHCHMBbIE CIydaiiHble BeJIUTH-
Hbl U Pe(t), P,(t) — ux npousBogsmue DyHKIMH, TO B CH-
JIy MyJIbTHILIMKATUBHOTO CBOMCTBA MaTEeMaTUIECKOTO OXKHU-
JTQHUST

Peyy(t) = MEETT = MEST = MtEMtT = Pe(t) Py (t).

6.38.

1° IlpousBogsiiast (DyHKIIHS NeOMETPUYECKU PaCIIpee-
JIEHHOW CJIy9ailHO# BeJIMUYMHBI € IapaMeTrpoM @ paBHA
0/(1 —t(1 —6)) (em. (21.6.4)), a nupoussomsitiast dbyHKIUS
cyMmbl ( = &1 + &2 + ... + & HE3aBUCUMBIX CIYUIAHHDBIX Be-
gmand €1, &, ...,& B CWIy MYJIbTUINIMKATUBHOIO CBOMCTBA
MPOU3BOJISAIIIX (PYHKIINN, PABHA

Pe(t) = [[ P(t) = (1_15(9;_9))w t] < 1.
i=1

IIpoussonsimas dyukius P (t) cymmer ( =& +&+...+&
COBITAIAET C IPOUBBOILINEH (DYyHKIMEH OTPUIATEILHOIO Ou-
HOMMAJILHOTO pacrpesesenns ¢ napamerpamu (r,6). [Tosto-
My B CHJIy TEOPEMbI eJIMHCTBeHHOCTH (cM. Teopemy 6.1.6)
ciay4vaiinas Besimanna ( = £1+Ea2+. . .+&, nMeeT oTpUIATE b
HOe OMHOMHUAIBHOE PacIpeie/ieHne ¢ mapaMerpamu (r,6).

2° TIlpousBosiue GyHKIINE OTPUATIATETLHBIX OMHOMHA/ b
HO PACHpPEJIeIEHHBIX CIYYailHbIX BEJIMYUH € HapaMeTpamMu
(r1,0) u (r2,0) COOTBETCTBEHHO PABHBI

o
Palt) = T —y)
o2
Pelt) =T
(em. (21.6.5)), a npousBogsiias GyHKIWs cyMMbl ( = &1 + &2

B CUJIy MYJIbTUIIJIMKQTUBHOT'O CBOIICTBA MIPONU3BOJAIINX DaB-
Ha

ot < 1

= 1t <1,

97’1+r2
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IIpoussomsamas dbynkmus FPe(t) cymmsr ( = & + & coma-
JlaeT C TMPOUBBOJISATIEH (PYHKITHEH OTPUIATETHHOTO0 OMHOMI-
aJILHOTO paclpejieieHus: ¢ napamerpamu (r1 + 72,60). Ilo-
5TOMY B CHJIy TEOPEMbI €UHCTBEHHOCTH CyMMa HE3aBUCH-
MBIX CJIYIAMHDBIX BEJIUTHH, UMEIOIINX OTPHUIIATETbHbIC OUHO-
MUAJIbHBIE pacipejiesienns: ¢ napamerpamu (ri,6) u (ro, )
COOTBETCTBEHHO, UMEET OTPUTIATEIHHOE OMHOMUAILHOE pac-
npejiesienne ¢ mapaverpamu (rq + o, 6).

3° IlpousBossinast dyukiust cyMMbl ( = & + 1) HE3aBUCH-
MBIX OMHOMUAJIBLHO PACIPEIETIEHHBIX CJIYYARHBIX BETUYNH C
napamerpamu (n,6) u (m,0)

B(t) = Pe(t) Py(t) =

= (t0+ (1= 0))"(t0 + (1 — 0))™ = (t6 + (1 — 6))"*™.

(em. (21.6.6)). C apyroii croponst (t0+(1—6))" ™™ — npous-
BozsImast QYHKIMs GUHOMHATIBHO PACIIPEICJICHHON CITyvaii-
HOI BesinuuHbI ¢ napamerpamu (n+m;, ). Iloaromy corsiacHo
Teopeme ejuHCTBeHHOCTH (CM. Teopemy 6.1.6) pacmpeseie-
Hue cyMMBbI ( = &1 + &2 HE3aBUCHMBIX OMHOMHUAJILHO pacipe-
JIeJIEHHBIX ¢ mapamerpamu (n,0) u (m, ) ciaydaiiHbIx BeJiu-
YUH COBIAJAeT ¢ OMHOMHUAJBHBIM pACIpeJeJeHIeM C Iapa-
merpamu (n +m, ).
6.39.

1
@)=Y =a =0y
weN weN

Orcioa a = 1 — p, nosromy P(w) = (1 — p)p*¥,w € Q, win,
9TO TO Ke,

P(k)=(1-p)p* k=0,1,...
ME = 3 €(w)P(w) = Y271 - ppt = 2L
we k=0 p
6.40.
1 < 1
1=P(Q) = Zaa :Zaﬁ = ae.
k=0

wef)
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Orciona a = e~ !, nosromy P(w) = e_lﬁ, w € Q, wim, 9To
TO XK€,
L
P(l{?) He k'_(),l, .
(o) 1 3 B
M¢E = Zf(w)P(w) = ZQ’“He e le? =e.

weN
ME = ¢, DE = M(€)? — (ME)* = ¢® — ¢
6.41. Cwm. pemennst 3aga4 6.39, 6.40.
a=e ME=et, DE=M(E)? — (ME)? = &3 — 2\,
6.42.

DE = M(§ = M&)? =) (£(w) — ME(w))?P(w) >

weld
> > ((w) = ME(W))*P(w) =
w:lg(w)—Mg(w)|>e

>e? Y Pw) =eP{w: [§(w) — ME(w)| > €}
w€(w) ~ME(w)[>e

6.43.
1 n
P<|— i—al >
{n;§ al >
1 & 1 & 1 1 &
=PqJl= i—M| - i|l|zep<3zD| - i =
i (nzf) of <o (13¢)
=1 =1 =1
o2
52712 ZSZ £2n2 _nisz_”)

6.44. Chyqaiinas Benuuuna & sBjsercd QyHKIHERH oT
pexropa ¢ = (€,7):

§=9(¢) =g(&mn)-
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ITosTomy
ME = Mg(&,m) = ) ziPcl(a;).
IR
6.45. O603HAYUM YHCJIO OYKOB, BBIIABIINX HA i-if KOCTH,
gepes &;,1 = 1,2,3. Torma & = &1 4 & + €3 — cymMMa OYKOB

BBINMABIINX Ha TpeX KocTsax. Ciydalinbie BeuduHbl &1, Eo, €3
— HE3aBUCUMBI, UX PACIIPEJIEJIEHUS] UMEIOT BU/I

Pe (i) =1/2,i=1,2;

Pe,(7) =1/2, j = 3,4;
Pe,(k) = 1/2, k = 5,6.

ITosTomy
M¢ = M&; + M&; + ME,

D¢ = D& + D&g + DéEs.

Pacrpenenenne & = & + & + €3 MOKHO HaiiTh, HAIPHU-
Mep, Tak. OmnpejenuM ciydailHble BEJIMUUHBL 11, 72, 13 CJie-
JYIOIAM 00pa30M:

=G -1)+1=m+1,

&=(6&—-3)+3=m+3,
& =(&—5)+5=mn3+5.

Ciyuaiiuble BEeJIUYUHBL 1)1, 1)2, )3 HE3aBUCUMBI KaK (PYHKIIAN
OT HE3aBUCHUMBIX CJIyYailHbIX BeaIudnH &1, &o, €3 U OJUHAKOBO
pacIpeiesieHbl, KaXKIasl C paclpee/ieHueM

n 0 1
pn | 1/2 ] 1/2

Torua

E=L+L+8=m+np+p+9=1+9,
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rae n = 11 +n2 +n3. OdeBuano 1) UMeeT GTHOMHUAIBLHOE Pac-
npejiesienne ¢ napamerpamu (3,1/2). Pacupenenenue dbyHk-
nuu € = 1n+9 or ciyuaiiHON BeJIMIUHBI 1) HAXOIUM COTJIACHO
(5.1.1).

6.48.

cov(&,n) = M((G1+¢2) —M(G+6)) (G —¢)—M(G—&)) =

= M((¢1 = M) + (G2 = M) (¢t — M) — (G2 — MGp)) =
=M((¢ — MG)? = (G — M2)?) = D¢ — DG = 0.

21.7 K raase 7

7.2. A={(z,y) :2* +y* <1}; B=1{(0,0)}.
7.10. PaccMoTpuTE COBOKYIHOCTL BCex aureop ., co-
JiepKamux kiace K, u jgokaxure, aro [ A, = A(R).
o

7.13. PaccmoTpuTe COBOKYITHOCTD BCEX 0-aaredp §q, CO-
JepKamux Kiaace K, u gokaxure, 9ro (| Fqo = o(RK).

[0
7.14. Iycrs K1 — Kknace mpomeskyTkos {[a, b) : a,b € R}
(mamommmm, ato o(81) = Bl). Vmeer MecTo BKITIOUEHNE

R C O'(ﬁ)

B camom nese, o(R) conepxkut {a}, MOCKOIBbKY

n

{a} = ﬂ(a —1/n,a+1/n),

n=1

a [a,b) = (a,b) U{a}.
W3 onpenenenus o-aaredphl, TOPOXKIEHHON KIaccoM R,
nMeeM

o(R1) C o(R).

A nockonbky o(f1) = B, 0 B C o(R).
Hanee, & C (K1) = B! (310 ycranasmsaercs amaso-
I'UYHO TOMY, KaK yCTaHaBIMBaeTCs BKiodeHne K C o(R)).
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Tloromy corsiacHo omnpemeseHuIo o-aJredpol, MOPOXKICHHON
KJ1accoM R, UMeeM

o(R) C B

CireoBaTesibHO,
o(R) = B

7.15. Ykazanue. Cm. pernenne 3amaqu 7.14.

7.16. Ykazanue. Cm. pemenue 3aua4u 7.14.

7.22. o-Anrebpy o(R) obpasyer kiacc He Gosee Uem
CYETHBIX OObEIMHEHNI HEIIEPECEKAIONIUXCA MHOMKECTE Aj.

IIycTp

B=|JAi, TCN, AinA; =0, i#j,

iel
TOrda
E:Q\UAZ-: UAi, AiNA; =0, i#j.
el iET
IIycrs

Be=|J A, AinA;=0,i#j, I,CN, k=1.2,...,

i€l
TOT A

DBk:ﬂ<U Ai> -4 1=

ki€l el k

21.8 K riaBe 8

8.1° 1) (1 +1n2)/2; 2)(1 —e 1)/2; 3)1/3; 4)1/4 +
+e 14+3(In3—1n4)/4; 5)1-2/3% 6)7/16; 7)1/18; 8)1/2+
+In3—-1n2; 9)1/6; 10)1/9.

8.2°. 1) (1-1n2)/2; 2)7w/64; 3)1 —7/4; 4) /4.
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8.3°.1)1/4; 2)8/9; 3)7/16; 4)1/4; 5)1 — mw/4;
6)1—m/4; T)7/8; 8)av/a; 9)1—av/a;10)1—1/e; 11)7/4;
12)1 —7/8; 13)1/2; 14)3/4.

8.4.1)1/4; 2)1/4; 3)1/4; 4)3/16; 5)3/16; 6)1/2;
7)1/8; 8)1/4; 9)3/8; 10)1/8; 11)1/2; 12)5/8; 13) w/4;
14)1/2; 15)1/4; 16) (7w — 2)/4.

8.5% a/(a+b—2r). 86.1—(1—k)>

8.7. Eciu £ — MoMeHT npuxoa K IprdaJIy IepBoro CyaHa,
7) — BTOPOTO, TO COOBITHE “OHO U3 CYIeH OVIeT XK IATh OCBO-
00K IeHns ITprdaJia’ MOXKHO IPEJACTABATL B BUIE

{&m):nelg s+ 1 u{(&n): §€nn+2]}

Orser: 0,121.
8.8° (a—d)*/a>. 8.9. 5-n s12n?,§r
. ”" .
8.10.a) 1 — %arccos r; 6)4 watcsitiyg, ceamT <2
1, ecm r > 2.

8.11°. 1)r2/R2. 8.12°. 1) 2N /R2?N,

8.13. C2(b/a)*(1 —b/a)?.

8.14. CymmapHas JyinHa “OKPECTHOCTEN HEPA3IMINMOC-
tn” dpayHrodepoBbix JmHUH cocrasiaser 1/2 or cymmap-
HOH JIJTMHBI MEXK/Ty COTHEIHBIME (DPayHTO(EPOBLIMU JIMHUSI-
mu. [TosTomy BeposgTHOCTE TOTO, 9TO (bpayHrodepoBa JUHAST
JKejie3a COBIIaeT ¢ ppayHrodepoBOil JUHUEH COTHIIA PaB-
na 1/2, a BeposTHOCTL 60 Takmx cosnajennit papma (1/2)%.

Bamermm, uto (1/2)%° — 310 Takxke BeposTHOCTL TOTO, UTO
npu 6pocanuu cummMerpuyanoit MmoueTsl 60 pa3, 60 pa3 Bbia-
et repb.

8.15. Touku OymeM cunTaTh Pa3IUIUMBIMU. TpU TOUKU
Ha orpeske [0, 1] 3agaror oxny Touky B Ky6e [0, 1] x [0,1] X
x[0,1].

1. U3 orpeskoB anmuo# &, 7, ( MOXKHO MOCTPOUTEL Tpe-
yroapHuK, eciim € < N+ (¢, n < £+ ¢, ¢ < £+ n. Uckomas
BEPOSITHOCTH paBHa 1/2 U BBIYHUCIIAETCS KAK T€OMETPUIECKast
BEPOSATHOCTD.

2. B kyGe [0,1] x [0,1] x [0,1] Toukm, st KOTOPBIX
&+ n+ ¢ < 3/2, nexkar ke wiockoctu £ + 1+ ¢ = 3/2,
upoxozsiieit yepes rouku (3/2,0,0), (0,3/2,0), (0,0,3/2).
O6bem yacTu Ky6a, oTceKaeMblii I0CKOCTbio {+1+( = 3/2
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paBeH pa3HOCTH O0beMa MUPAMUILI ¢ BEPITHHAMKI B TOYKAX
(0,0,0), (3/2,0,0), (0,3/2,0), (0,0,3/2) u 06beMOB Tpex mu-
PAMU/JT, OTCEKAEMBIX TPAHIMU Kyba, mapasie bHBIMI KOOp-
JIMHATHBIM TJIOCKOCTSAM. VICKOMast BEPOSITHOCTD BBIYUCTISIET-
csl KAK TeOMEeTPUIecKasi BEPOsITHOCTh U paBHa 1/2.

3. BepoaTnocts Toro, uto max{¢{,n,(} < t, pasna t3.

8.16. 1)1 — (1 —1)%; 2)(a)1/2; 2)(6) (1 — q)?/2.

8.17°. 2) Ilycrb & — paccrosiHue OT i-# TOYKHU JI0 TI€H-

Tpa cdepor, ¢ = 1,2,...,N. Torma mckomasi BEpOSITHOCTD
Plain{s} > 1) = P(A (6 >n) = Hrie>n -
=(1—r*/R3N.

8.18. 1/2. 8.19. 13/24; 11/24. 8.20. 1/3.

8.21°. 2/m. 8.24.1)7w/4; 2)7w/(2V/3).

8.25.1)1/3; 2)1/6.

8.26. O6o3HaunM KOOpAMHATHI ToueK Ha orpeske [0;1]
gepes £, 7, (. Bpocanne Hayady Tpex Todek Ha oTpe3ok [0; 1]
PaBHOCHJILHO GpOCaHMIo Hayiady oHoi Touku (£, 7, () B Ky
[0; 1] x [0;1] % [0; 1]. Touka u3 xy6a [0; 1] x [0;1] x [0; 1] npu-
HAJIJIEZKUT OJTHOMY U3 KyOUKOB

[(i=1)/3,i/3]x[(1=1)/3,4/3]x[(k=1)/3,k/3], 4,5,k = 1,2,3.

ITpu 9TOM TOYKHM HAXOJATCS B pas3HBIX dacTsx orpeska [0; 1],
€CJIM OHM NIPUHAJIeKAT KyOrmKaM, y KOTOPBIX Bce i, j, k pa3-
smmaHbl. Beero rakux Kyoukos 3-2- 1. VIx cymmapHbiii 06bem
pasen 6/27. IlosroMy mcKOMasi BEpOSTHOCTD, BBIYUCJICHHAST
KaK reoMeTpuvecKasi BeposTHOCTb, paBHa 2/9. CMm. Takxke
penienue 3aga4un 8.28.

8.27.1)1/9; 2)8/9; 3)8/27. Cm. Takzke pelenne 3aja-
an §8.28.

8.28. BamymMmepyeM 1acTi OTpe3Ka CJIeBa HAITPABO TUCIa-
mu OT 1 710 n. ToUKH pa3InanMbl, HAIIPUMED, 3aHYMEPOBAHBI.

O6opor “Ha orpe3ok [0, 1], pa3burslii Ha n wacreii, 6po-
IITEHBI N PA3ININMBIX TOUEK O0O03HATAET, UTO KaXKIOW TOY-
Ke MPUIICAH HOMEp YaCcTHh, Ha KOTOPBIA OHa momaja. Tak
9TO MCXOJ, OPOCAHUST N TOYEK — yIOPsIOUeHHAasT TOCIeI0Ba-
TeJIbHOCTD (X1,X9, ..., Ty) JJIAHON N, COCTABICHHAS U3 UU-
cenl,2,...,n; T] — HOMED YaCTHU, HA KOTOPBII TOITAJIa TOTKA
¢ HOMepoM 1, £9 — HOMEep YaCTHU, Ha KOTOPBIi IMOITajIa TOUKa
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C HOMEPOM 2, U T. JI., Ty, — HOMED YaCTH, Ha KOTOPBIii T1omaJa
TOYKA C HOMEPOM 7, BCETO UCXOJOB N’

Kazxomy ucxony (21,2, ..., Ty) IPUIUCHIBAEM BEPOSIT-
HOCTb M3 cJiejyomux coobpazkenuit. [Tockonbky Touku Ha
OTPE30K OpOCAIOT Hay/ady, TO BEPOSTHOCTH TOYKE IMOIACTD
Ha JIAHHYIO YacTh OTpe3Ka paBHa 1/n (BepositHOCTB 1/n 10-
JIydeHa KaK IeoMeTpHUecKas BeposTHOCTE). Toukn Ha oTpe-
30K OPOCAIOT HE3ABHCHMO, II09TOMY BEPOATHOCTH TOLO, UTO
OHM TIOAJYT HA YaCTH C HOMEDAMU U, U2,. .., Uy, DABHA

% . % e % = n—ln (BEPOSATHOCTH MTPOM3BE/ICHNST HE3ABHU-
CHMBIX COOBITHI paBHA MPOU3BEICHUIO UX BEPOSITHOCTEI).
Tak uro ucxony (x1,x2,...,T,) IPUIUCHIBAEM BEPOSTHOCTD
1/n™. C apyroil CTOPOHBI, N/ — 9TO YUCJIO MOCIIEI0BATE b
HOCTE JIJIMHOM 7, COCTABJEHHBIX U3 Yuces oT 1 J1o n — 4uc-
JIO BCeX MCX00B. 11oaToMy B KadecTBe MaTeMaTHIECKON MO-
JIEJTN CTOXACTHIECKOTO SKCIEPUMEHTa Oy/IeM PacCMaTpUBaTD
KJIACCHIECKYTIO MOME/b. DaKTHIeCKn MBI IMEEM JIEJI0 C MO-
nenbio MakcBesia-BonbIiMana pa3MeneHus 1 pa3InduMbIX
gacTull 1o n sueiikam (cm. maparpad 4.3).

1) CobpbiTne “Bee TOUKM MOMAJYT B OJ(HY YaCTh’ OMHUCHIBA-
eTCsI TTOCJIEIOBATETLHOCTIMU JIJIMHOM 7, COCTABJIEHHBIMU U3
OJIMHAKOBBIX YHuCes. Takux MOCIe0BATEeIbHOCTEN 1, TI09TO-
My HMCKOMasl BEPOSTHOCTB paBHa n/n" = 1/n" "1,

2) CobbiTre “Bce yacTn Oy/IyT 3aHATHI OMICHIBACTCS TTOC-
JIeJIOBATETLHOCTSIMY JITMHOM 71, COCTABJIEHHBIME U3 YHUCEN OT
1 10 n, B KOTOPBIX BCTpevaeTcs KaxKjaoe u3 uuces 1,2, ..., n.
Takux 1ocjemoBaTeIbHOCTEN 1!, TT09TOMY HUCKOMAasi BEpOsIT-
HOCTBb pasHa n!/n'".

3) CobbiTre “He 3aHATA TOJBKO KpaiiHssl JieBas 4acThb’
OIIMCHIBAETCSI [TOCJIEIOBATEILHOCTSIME JIJIMHOM 1, COCTAB/IEH-
HBIMU U3 YUCeN 2,3, . .., N, KaXKJI0e U3 KOTOPBIX BCTPeYaeTCs
X0TsI 6bI 0JTHH pa3. YncIo TaKux MocIe0BaTe IbHOCTEN paB-
10 (n—1)C2(n—2)! — cHauasa BEIGEpeM HOMep SUEHKI, B KO-
TOPYIO monajyT jiBe dacTuilbl — (n — 1) cnocobamu, 3arem
BBIGEPEM JTBe TACTHUIIBI C OMHAKOBBIME HoMepamu — C2 crio-
cobamu, ocrasimecs: (n — 2) gacrur ynopsgoanm (n — 2)!
criocobamu. U, ciemoBaTe/ibHO, NCKOMAasi BEPOSITHOCTD PAaBHA
C2(n —1)!/n™.

6) CobblTHe “3aHATBHI POBHO S 9YacTeil” ONMMCBIBACTCS II0-
CJIEJIOBATE/IBHOCTSIMU JIJTHHOM 7, COCTABJIEHHBIMU U3 § Pas-
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JIMYHBIX qrces (KaxKioe or 1 /1o n), T. e. CJIOBaMHU JJINHOM 7,
cocrasiaeHHbIME 13 § OykB. CHavasia BbIOEPEM S PA3JIMIHBIX
ncen (C) crmocobamn). Hucsao mocsesoBaTeIbHOCTEN JITH-
HOIT 7, COCTABJICHHBIX U3 9TUX S UNCE], PABHO

> Culki ko, ... k),

CYMMUPOBAHME BEIETCS II0 TAKUM IIOCJIEI0BATEILHOCTSIM
(k1,ka, ..., ks), nusa xoropbix ki + ko + ... + ks = mn,
k1 >1,ky>1,...,ks > 1. Tak 4T0 BCKOMasi BEPOSITHOCTD
paBHa,

C3 > Culkr, kg, ... ks) /™.

8.29. Toukm OymeM CYUTATDH PA3TUINMBIMU, HAIIPUMED,
OKPAITICHHBIMU.

[Tpu 1060M TOBOPOTE OKPY2KHOCTH BEPOSTHOCTH COODI-
TUS “TPEYTOJBLHUK OCTPOYTOJIBHBIN’ (M HE TOJBKO 9TOrO CO-
ObITHsI) OCTAETCST HEU3MEHHOMN, MO9TOMY MOYKHO CUUTATD, UTO
u3 Tpex pepmuH A, B, C ogna, nHanpumep C', (bukcupoBaHa.
JlBe npyrue BuIOMpAIOT Haymady. Bymem 3agaBaTh MOJI0XKeE-
uust Touek A u B orHocuTenbHo Toukn C' BeTUIUHAMHA YT
CA =au CB = (3 (puc. 21.8.1), orkjiajibiBas UX IPOTUB
JIBUYKEHUST JaCOBON CTPEJIKH, JAyru OyJieM H3MepsiTh B pa-
nuanax. Tpeyrosbauk ABC' ocrpoyrobhbiil (ipu o < [3),
ecmn kaxknast u3z gyr CA = a, AB = 3 —a,BC =27 — f3
MeHbIIIE T, T. €.

B>a, a<m, f—a<m >, (21.8.1)

win (npu f < «) kaxgas u3 gyr CB = , BA = a — 3,
CA =27 — o MeHbBIIE T, T. €.

b<a B<m a—pf<mT a>m. (21.8.2)

Paznuunmoit mape Touek Ha OKPY?KHOCTU COOTBETCTBYET
YIIOPSIZIOUEHHAST TIapa YHUCesI, a yYIIOPSAJOUICHHON mape Iucet
(a,5), 0 < a < 2w, 0 < < 27 COOTBETCTBYET OJ[HA TOYKA
kBagipara [0, 27| x [0, 27| Ha wiockoctu ¢ ocsimu O u Of u
HA060poT. A citeIoBATEIEHO, MHOXKECTBY JIyT (v, [3, KOTOPBIE
YZIOBJIETBODSIIOT OffHOMY u3 yciaosuit: (21.8.1) nmm (21.8.2),
COOTBETCTBYET MHOXKECTBO ToueK Kpajpata [0,27] x [0, 27],
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KOOPAUHATBI KOTOPBIX Y/IOBJIETBOPAIOT OJIHOMY U3 YCJIOBUIA:
(21.8.1) num (21.8.2). DT0 MHOKECTBO TOUEK KBA[PATA UMEET
BHJI, aHAJIOTUYHBINA n300pakeHHOMY Ha puc. 8.1.2.

A

21—
Puc. 21.8.1: K zamaue 8.29

2m2/2 1
(2m)? &

8.30. 1) 3/4; 2)1/4 (cm. rakxke 3amady 8.29).

8.31. Badukcupyem ojmny u3z touek, Hanpumep A. To-
I8 MOJIOXKEHUEe JAPYyTruX MOXKHO omnucarh jgyramu AB, AC,
AD, KOTOpBIE OTKJIAJbIBAIOTCS MPOTUB JIBUYKEHUST TACOBOI

crpesiku (CM. Takzke 3ajady 8.29).
Orser: 1/3.

8.34(1°). Ilomoxkenune orpeska, Gpocaemoro Ha [0;nd],
OTIPeJIe/IsIeTCs TTOJIOXKEeHNEeM ero cepeannbl. [losTomy Gpoca-
Hue orpeska Ha [0; nd] paBHOCHILHO OPOCAHUIO HAyady ero
cepeJiHbI Ha IPOMeXKyTOK [d/2,d(n — 1/2)]. dyist Bbraucie-
HUS BEPOSTHOCTU TOrO, UYTO OTPE30K “HAKPOET OIHYy U3 TO-
TeK JIeJIeHUsI, TOCTATOYHO PACCMOTPETH OPOCAHNE CEPETIMHBI
OTpe3Ka Ha IPOMEXKYTOK [d/2,3d/2].

O6o03HaunM depes 1) KOOPJUHATY CEPEINHBI OTPE3Ka, a de-
pe3 ( ero gyiuny. OTpe3oK “HaKpbhIBAET TOUYKY C KOODJMHA-
TO# d TOT/Ia U TOJIBKO TOT/A, KOTJA

[d—n| < ¢/2.

Wckomast BEPOATHOCTD pPaBHA
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Pemenne 3anaun ceopurces K suraucienuio P{|d —n| < (/2}.
DTa BEPOSITHOCTDH BBHIUHCJISETCS KAK €OMETPUIECKasT BEPO-
SATHOCTDB coObITHs |d — 1| < (/2 B 9KCIEPUMEHTE, COCTOSIIEM
B Gpocanuu Haynady Todku (1,() B kBagpar [d/2,3d/2] x
x[0,d], n pasua 1/2.

8.35°. w/4. 8.36°. (a—r1)/a. 8.37°.2l/L.

21.9 K riaase 9

9.1°. 1/4. 9.2°.3/4. 9.3°.1)7/12; 2)1/3.

9.4°. Pemenue k uyuakry (5). Bpocanne nmapser
To4eK Ha 0Tpe3oK [0; 1] paBHOCHILHO 6POCAHMIO OJIHOM TOUKH
B kBajpar [0;1] x [0;1] u Haobopor (cM. TakXkKe IPUMEPLI
8.1.1, 8.1.2, 8.1.3).

O6o3HaYIM
Fe(z) = P{¢ < 2} = P{max{¢®,n} < z}.

Ouesngno, Fe(x) =0, ecmn < 0, u Fe(x) =1, ecmm x> 1.
Ecmm 0 <2 <1, 10

Fe(z) = P{max{€®,n} <z} =

= P{{ <Va,n <a} =P{(n) € A},
rae A = [0;y/z] x [0;x]. BepositHocts cobbitust {(§,n) € A}

BBITUC/IAEM KaK I'eOMETPUYICCKYIO BEPOATHOCTD:

L(A) _ zx — 3/2
L([0;1] x [0;1]) 12 ‘

Fe(z) = P{(§,n) € A} =

CireioBaTesibHO,

0, ecmmx<O;
Fe(x) = { 232 ecrm 0 <z <1;
1, ecmmz > 1.
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OTrBeTnr:
0, ecmux < 0;
1)Fe(x) = { 22, ecm 0 <z <1;
1, ecmm x > 1;
0, ec x < 0;
2)Fe () = { 1-(1-2)? ecm0<x<1;
1, ecyt © > 1;
0, ecm x < 0;
3)Fe(x) = { z(1—Inz), ecm 0 <z <1;
1, ecoim ¥ > 1;
0, ecn x < 0;
72/2, ecin 0 <z < 1
() = { 1—(2-2)%/2, ecmml<x<2;
1, ecan T > 2;
0, ecmu x < 0;
6)F¢(x) = { 1—(1-2)2, ecm0<az<1;
1, ecomm x > 1.

9.5°. OyHKIMS PACIPE/IE/IEHUs] CIIYIANHON BeTUIUHBI &

0,
Fe(z) { z/l,
1,

IJIOTHOCTB pacCIIpeaeJIeHU A 5

07
pg(ZL‘) = { 1/l>

07

9.6 0
x,2,

Fy(x) = { (\/5\/:{/1)/47
9.7. B 0, ecom z &[0;2];
py(z) = 1/2, ecom x € [0;2].
9.8. 0
= { ot

ecn x < 0;
ecmm 0 < z <
ecoa T > [

ecmn x < 0;
ecn 0 <z < I;
ecomt x > 1.

ecm x < 0;
ecm 0 < x < 1;

ecm 1 <x <9;
ecom © > 9.

ecmm x© < 1
ecan x > 1.
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9.9.
0, ecmn © < 1/4;
() = xfg/fi, ecm 1/4 < x < 1;
x_%/3, ecm x > 1.
9.10.

0, ectmaz & (0;1

Py() = 1: eciu T g {0: 1}

9.11. Ilycrs F¢(x) n F¢(x) — dbyHKIun pacupeieeHus

caydaiinbix Besmann € u ¢, a fe(x) u fe(x) — ux mwiornocT.

Jlerko Buzers, uro Fe(x) = 1 — Fe(e™), a fe(x) =

= f(e™")e~*. I3 mocieaHero paBeHCTBA, yIUTHIBasA, ITO &
paBHOMEDHO pacIpejesiena Ha npomexyTke [0; 1], nmeem

9

—x

_ ) e™*, ecmmzx > 0;
fc(x)—{ 0, ecmmzx<0.

9.12*. Bocnosayiirecs (9.1.3).

1-1/z
J e Mdt, ecim = < 0,
1
+oo
Fy(z) = [ Ae Mdt, ecin 0 <z <1,

1-1/x +00
[ AeMdt+ [ Ae7Mdt, ecm x> 1,
1 1

(@) = 0, ecin x € [0;1];
Pu\®) = Nexp {—A(1—1/x)} /22, ecrm z & [0;1].

9.13. F(z) =1—- F(—x +0).

9.14. CuaauaJia HafiTu pacupejesieHue JTUCKPETHON Ciry-
JaflHO#l BeJIMYUHBI 1) = sigh &, MOTOM IO pacCIpeJIeJIEHHIO 1)
BBIIIUCATD €e (DYHKITUIO PACIIPEICIICHUST:

0, ecm z < —1;
F(0), ecm —1<zx<0;

() = F(0+0), ecm0<x<1;
1, ecn T > 1.
9.15.
0, ecmm x <0;
Fyz)=< =, ecm0<z <1

1, ecom xz > 1.
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9.16.
1 . 0, ecim x < 0;
) py() = p(z) + p(—z), ecau x> 0;
2) pol) = pgrp(e/a);
3) pn(x) = p(—=);
4) pn(‘r) = p(z —b)
9.17.
Fy(z) = F(\/z)— F(—/x +0), ecm z > 0;
n B 0, ecm x < 0.
9.18. Otser K mynkTy (1):
0, ecaun x < 0;
pp(x) =4 A (e_/\(xH) + e)‘(“”_l)) , ecim z € [0;1];
e AMatl) ecam x > 1.

9.19. Cayuaiinas Besmauna ) = F(§) pacupeesnena pas-
HOMepHO Ha orpeske [0; 1].

9.20. 1) py(z) = &p (1 > x);
—F z) + p(—v/x)), ecmu x > 0;
() | TUROWE ()
0, ecaun x < 0.
9.21.
0, ecn x < 0;
1) Fy(z) = F(lnzx), ecmnx > 0;

0, ecn x < 0;
() F(z) — F(—z+0), ecau x > 0.
9.22. 1)2r — 2%, 2)z(1 —Inz). 9.23. (F(z))".
9.24. 1) [[ Fi(z); 2)1— [[(1 — Fy(x)).
=1 =1
9.25.
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9.26.
x n—1 +o0 n—1
1) np(x) / p(y)dy ; 2)np(z) / p(y)dy

M /2, ecmn z < 0;
—e /2 ecim x> 0.
9.28. MOXKHO TIPEJIIOKUTH IO MEHBINEH Mepe JIBa ITOJI-
X0/1a K PEIIeHUI0 3TOH 3a/1a4u.
ITycrs £ — KoopuHaTa 6poreHHol Ha oTpe3ok [0; 1] Tou-
KW, TOTJIA JIJIMHA 1) MEHDIel YacTu OTpe3Ka pPaBHA

n=g(§) = min{¢, 1 —¢}.
Ilo ompenenenuio
Fy(x) = P{n < v} = P{min{¢, 1 — &} < a}.

Ouesuano, Fy(r) = 0, ecmm z < 0 n Fy(z) = 1,
ecn x> 1/2. Ecoim 0 < 2 < 1/2, T0

Fy(z) = P{min{¢,1-¢} <z} =1-P{min{¢,1-¢} > 2} =

=1-P{{>z,1-¢(>a=1-P{le<{<1—x}.

9.27. a=\/2, Fy(z)= { ]

Bepositrnocts P{x < & <1 — 2} BeIumciIsieM Kak reoMeTpu-
YECKYIO BEPOSTHOCTE.

Jpyroit moaxos.
Fy(z) =P{n <z} =P{g(§) <z} =

_ / pe(t)dt = / pe(t)dt.

t:g(t)<x tmin{¢,1—t}<z

CirenoBaresibHO,

2z, ecmn 0 <z <1/2;

0, ecmx <0
1, ecmmx >1/2.
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9.29. Cwm. pemenue 3aa4u 9.28.

0, ecaun x < [/2;
F,(x) = { 2z —1)/l, ecm /2 <x <I;
1, ecmu x > 1.
9.30.
0, ecn x < 0
F(ﬂ:):{ 1-(1—2/T)% ecm0<z<T;
1, ecmn x > T

0, ecom x < 0
p(z) = { 2(1—2/T))T, ecmn0<z<T,
0, ecom x > T.
9.32. Bocnosbsyemcest hopmyioit (9.1.3):

P =plg <o} = fz?// exp {~#2/2) dt =

0
f exp {—t?/2} dt, ecmn x < 0;
T1/z
= 1/2, ecn x = 0;

ﬁ\

1,1
5+ 7= i exp{—t2/2} dt, ecm x > 0.

V2 1z
9.33. F)(v) =0, ecim 2 <0, a ecstr > 0, 10

—1/v
/ exp{—t?/2} dt + — /exp{ —t%/2) dt.
1/\f

Fy(x) = \ﬁ

9.34. Ilo onpenenenuio, ciayvaiinas BearnauHa £ CUMMET-
pudHO pacupejienena, eciu Pe(B) = P_¢(B), B € B, um,
aro To ke, F¢(x) = F_¢(z), v € RL.

[Iycrs F(z) — dbyHKuus pacupejesienus ciydaiiHoil Be-
mmaunsl &, T. €. Fg(x) = F(x). @ynxuus pacupeeseHns

F_g(z)=1—F(—z +0).
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Tlostomy ciydaiinasi BeIUYMHA CUMMETPHUYIHO pacipeesie-
Ha, eCJn

F(z)=1- F(—z +0).

[Tycts £ — abcomoTHo HEIpPEpbIBHAS (C MIIIOTHOCTHIO Pac-
upegenenns p(x) u dbyrknueir pacupenesenust F(x)) u cum-
METPHYHO paclpeie/ieHHas CaydaiiHas BeJIUInHa, T. €.

F(z)=1- F(-x).
IIpoanddepeniupoBas mocaeaHee PaBEHCTBO, Oy YUM
p(z) = p(—x)
— YCJIOBHE CHMMETPUIHON pacIIpeIe/IeHHOCTH CIyYaiiHOM Be-
JIMYUHBI B TEPMUHAX IJIOTHOCTU PACIIPEICICHUSI.
9.35.
Fy(z) =P{n<a}=P{l1-¢<a}=
=1-P{{<l—a}=1—-F(1—-u),

pala) = 5 Fy(e) = 4 (1= F(1 - 2) = pe(1 - 2) = pe(a).

Otser: n = 1 — £ paBHOMEpPHO paclipejie/ieHa Ha [IPOMe-
xyTke [0;1].
9.36.

Fg(az):P{§<x}:P{naa<a:}:P{7]<a+ax}:

a+ox T
1 (t —a)? 1 5
= S —u2/2} d
2wg/exp{ 57 } m/exp{ u/} U

(Bocmosib30BasINCh 3aMeHOll (t — a)/0 = u B HOCJIE/(HEM HH-
Terpase).
9.37. Cryuaiinast Besimuunna 1) umeet pacnpegenenue N,z
9.38. Bocnoubsyemcst dopmyioit (9.1.4):

Fyr(z) = P{max{0,n} < z} =
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exp{—t?/2} dt =

- | &

t:max{0,t}<z

X
_ %+L2fexp{—t2/2} dt, ecmu x > 0;
= 0

™
0, ecm x < 0.
9.39. F,. (z) =
1,1 7 {_i} .
_J) 5+ W{exp 557 dt, ecmm x > 0;

0 ecm x < 0.

9.40. BocnonbzoBarbest (9.1.4):

Fy(z) =P{(¢ —a)" <a} =

- /Pf(dt): / Pe(dt) =

t:(t—a)t <z t:max{0,t—a}<z
_ 0, ecin ¢ < 0;
~ | Pe(—o0,2+a), ecim x> 0.

CietoBaTe/ibHO,
0, ecm x < 0;
Fy(z) = { F(z+a), ecmuz > 0.

9.41. Bocnomayiitecs dhopmysoit (9.1.4) (cMm. Taxxke pe-
menne K 3asade 9.40).

T+a
t)dt, ecim x > 0;
Fy(z) = _{o p(t)
0, ecan x < 0.

Cayuaitnas Besmunna 1 = (£ — a)t abcomoTHo Herpe-
pbiBHA, ecyu jyist ¢ < a 1wioTHOCTD P(t) ciayvaiiHoll Besndn-
HBI £ paBHA HYJIIO.
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9.42. Bocnonbzosarbest (9.1.3):
Fy(z) =P{n <z} =P{min{{, L} <z} =

_ _ ) Pe(—o0,2), ecmmzx < L;
B Pe(dt) = { 1, ecim x > L.
t:min{¢,L}<z

CretoBaTe/ibHO,

_J F(x), ecmmx < L;
Fy(z) = { 1, ecou x > L.

9.43. Cwm. permenue 3aa4u 9.42.
9.44. Cwm. perrenne 3aga4an 9.35.

0, ecmu x € (—o0;0];
x, ecau z € (0;1];

1, ecim x € (1;00).
0, ecum x € (—o0;0];
x (0;1];
1

2) FEQ (33) = { , eclIin T €
, ecmn x € (1;00).
0, ecin © € (—o0; 0];
B z, ecm z € (0;1/4];
3) Fe,(x) = x+1/4, ecom x € (1/4;1/2];
1, ecn x € (1/2;00).
9.51.
[Tycts Q = [0;1], § = ZB[01] P=L,
B |1, ecmw e [0;1/2);
§1=6(w) = { 0, ecmmw € [1/2;1];
] 0, ecimw € [0;1/2);
2 = &o(w) = { 1, ecmw € [1/2;1];
() = 1, ecm w € [0;1/2);
m=m\w)= 0, ecom w € [1/2;1];
1 [ )

— (W) = , ecm w € [0;1/2);
2 =12 10, ecmw € [1/2;1]-

Tak OIIpeJIeJIEHHbIC cnyqaﬁHme BEJIMIUHBI yI0BJI€TBODSI-

10T YCJIOBUSIM 3aJ1atu, HO 1) pacupenesnenus {11 u Ean pas-
JIMIHBL; 2) pacupeenenust £ + n1 u o + 172 PA3IUIHBIL.
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9.52. Ilycrs Q = [0;1], § = Bjg,), P = L. Pacmpenerne-

HUA C.qualebIX BEJINYNH

B [, € [0;1/2);
§=¢(w) = { -1, et o ¢ [1/2;1];

un=n(w)=—¢(w) coBnagaror, Ho P{w : {(w) # n(w)} = 1.
ITpumepom abCOIOTHO HENPEPBIBHBIX CJIyYailHbIX BEJIV-

YUH (H& OJIHOM U TOM K€ BEPOSITHOCTHOM IIPOCTPAHCTBE),

V/IOBJIETBOPSIIOIIIX YCJIOBUSIM 381841, sIBJISIOTCS

(=C(w)=w, x=xWw)=1-w

(obe paBHOMepHO pacupejesensl Ha [0;1]).
9.53.

Fy(y) = P{n <y} =P{(&,n) € R" x (—o0,y)} =

/ kuu (u,v) !/ /ﬂuvdudv

—00 Rl

Fy(y) = / [ fetwydu | ao

—00 ]Rl

T.C.

HOCJIG,H,HEG PaBEHCTBO O3Ha4Ya€T, 9TO CJIy‘IafIHaH BeJINIUHA 7]
abCOJIIOTHO HeIIpepbIBHa U €€ IIJIOTHOCTDb

Z/kW@m
o

9.54. Oyukius f(t — a) siBiIsIeTCs IIOTHOCTBIO PACIIpe-
JleJIeHUsl cirydaiiHoil Besmyaunsl € + a.

F(x), ecin x € (—00; —a);
F(—a), ectn x € |—a;0];
Fe,(z) = Fg—ag + P{¢ € [-a,a]}, ecmmz € EO; a];]
F(x), ecm = € (0; +00);
0, ecin x € (—oo; —al;
Fy.(z) = { F(z), ecmnx € (—a;al;
1, ecn x € (a;400).
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21.10 K ruaase 10

10.1°. 1)M¢ = 0, D¢ = a?/3; 2)ME = (a + b)/2,
D¢ = (b—a)?/12. 10.2°. 1)1; 2)1/2; 3)e — 1.

10.3°.1)3; 2)1 —2/e; 3)3; 4)0.

10.4. 1) (In2)/7 +1/2. 10.5. exp{o?/2}.

10.6°. Pemenne (nyukt (3)). Maremarmaeckoe 0xKu-
naxne bynknun 7 = Ijy/33) (€2) or cayuaiinoit BeamUuHBI &

BBIYUHCJISIETCS [0 IUIOTHOCTH pacipe/ieernst & coriacto Gpop-
myste (10.1.1):

—+00

1
My = MI = |1 ) ydr =
n [1/3,3](5 ) / [1/3,3}(‘75 )w(1+:1:2) z
+00 1 9 V3 1 1
=2 [ Iujpy(a®) —mgde =~ | ——dr =1
/ /3,32 )F(1+$2) i / 1+ 73
0 1/V3

Otsersr: 1)v/3/m; 2) (V3 —1)/7—1/12; 3)1/3; 4)1/2.

10.7. 1)M¢ = 1/X; 2)DE = 1/A%; 3)P{¢ > 1} =
=e 4) k!/)\k.

10.8.

+oo
Mmin{¢, 365} = /min{m, 365} A exp{—Az}dx =
0

365 400
= )\/:L‘ exp{—Az}dx + 365)\/exp{—)\$}daz =
0 365
= (1 — exp{—365A})/\ = 222.
10.9. M¢ = 1; D¢ = 4/9.

10.10°. Mé = a + 1 — moCTATOYHO 3aMETUTD, UTO IIJI0T-
HOCTBb £ CUMMETPUYIHA OTHOCUTEJILHO IpsiMOit & = a + 1.
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M2 = (a+1)% +1/6 (cm. Takuxe npumep 10.1.5).

10.11. 1 —1/e% 10.12. M¢ =0, D¢ = 2/)\2

10.13. Boipaxenue “Touka A paBHOMEpPHO pacipejieieHa
Ha OKPYKHOCTH C IEHTPOM B Touke () 03HAYAET, YTO YIOJI

Mexkty ockio Oz 1 pajuyc-BekTopoM OA paBHOMEpHO pac-
upesiesier Ha orpeske [0; 27|, OueBumno, & = |Rtg|. dus
x>0

Fe(z) = P{€ <z} =P{|tgy| < x/R} = P(A),

e A, — MHOXKECTBO TOUEK (), YAOBIETBOPSIONINX COOTHO-
HNIeHUAM
|tg | < x/R, ¢ € [0,27],

IOpoOHee
A, = [0, arctg(x/R)|U

Ulr — arctg(xz/R), m + arctg(xz/R)| U [2m — arctg(z/R), 27].

Bepositnocts F¢(x) = P(A;), BoIunciieHHas KaK reoMeTpu-
YecKasl BEPOATHOCTD, paBHa (2arctg(x/R))/m.

Otser:
0, ecm x < 0;
fe(x) =9 2R
(P + R ecam x > 0.

MareMaTuIecKoe OXKUIaHNIe CIyIaiiHON BeTMINHEL £ paB-
HO —+00.

10.14.
0, ecm x < 0;
F(z)=<{ 2?/R? ecrm 0 <z < R;
1, ecim x > R;

(z) = 0, ecn x ¢ (0; R];
)= 22/R%, ecrm x € (0; RJ;

Mn = 2R/3; Dn= R?/18.

10.15. O6opor “rouka A paBHOMEPHO pacipejiesieHa Ha
OKPYZKHOCTH O3HAYaeT, YTO yToJl ¢ MexJy ocbio Ox u pa-

muyc-BekTopoM OA paBHOMEPHO pAacIpeesieH Ha OTPE3Ke
[0; 27]. Coryuaitnasi BesimauHa £ paBHA COS @, TIOITOMY

0, ecmn x < 0;

Fe(r) =49 1- %arccosaz, ecn 0 <z < 1
1, ecnun x > 1;
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0, ecmn x ¢ (05 1];
p|f|($) - 7_‘_\/%71'2, eCIN T € (0, 1];
M|¢| = 2/
10.16.
0, ecm = < a?;
F(z) = \bf_—aa7 ecrn a? < x < b%;
1, ecym x > bQ;
_ v —add.
M= 30— ay
0, ecm x < 0;
_ ) vE o,
AF(@) = J F@ t'~le=O%dt, ecom x> 0;
o T'v)
vir+1
Mn = %;
0, ecin x < 0;
3)F(x) = { 1 — e MVE, ccmz > 0;
Mn = 2/\2.
10.17.
0, ecmn x < 27a;
xr —27a_ .
1)F(x) = (b —a)’ ecin 2ma < x < 27bh;
L, ecau ¢ > 27b;
M = m(a + b);
0, ecan = < 0;

o z/(2m)
2)F(z) = [ LtV—le—etdt, ecan x > 0;
o T
Mn = 27v/6,
0, ecin x < 0;

1-— exp{—%x} , ecm x > 0;

3)F(z) =
Mn =27/

4 4
10.18. 1) My = f(b —45; 2)%.
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10.19.
0, ecmx <0;
1(a) Fy(z) = { x/m, ecm 0 <z < ;
1, ecm x> m;
Mn = 7/2;
0, ecn © < T
1(6) F(z) = { x/m—1, ecimm <z < 2T,
1, ecau x > 2m;
Mn = 37/2;
0, ecm x < 0;
2(a) Fy(x) = { 2y/x/m, ecm 0 <z < 7/4;
1, ecan x > 7/4;
Mn = /12;
0, ecmn © < m/4;
2(6) Fy(r) =< 2/z/mr—1, ecmw/4 <z <m,
1, ecan x > m;
Mn = Tm/12;
0, ecmx <0
3(a) Fy(x) = { 2z, ecom 0 < ax <1/4;
1, ecimx>1/4;
My = 1/12;
0, ecmn x < 1/4;
3(6) Fy(x) = { 2yx —1, ecmm 1/4<x<1;
1, ecy x > 1;
Mn = 7/12;
0, ectn < 0;
4(a) Fy(z) = { 2Yz, ecrm 0 <z < 1/8;
1, ecmmx > 1/8;
Mn = 1/32;
0, ecom x < 1/8;
4(6) Fy(x) = { 2¥x—1, ecm 1/8 < x < 1;
1, ecau > 1;
Mn = 15/32.

10.20. B zagagax 1°, 2°, 6° memecoobpas3no cHadasa Haii-
TH paclpeneseHns] COOTBETCTBYIONINX CJIyYafiHbIX BEJIMYNH,
B OCTaJIbHBIX 3a/1a9aX yI00Hee BOCIOJIb30BATHCS MYJIHLTUILIA-
KATUBHBIM CBOHCTBOM MaTEMaTHYECKOIO OXKHUIAHUSI.
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1°a) 1/3; 2°a) 2/3; 2°6) 13/12; 3°a) 1/4; 3°) 1/2;

3°8) 1/(2)); 3°r) 1/A2; 5°8) (e — 1)/A; 6°1) 1/(A3(1+ N)).
10.21. o + 1/n.

n L . n 1 .. ayatb

10.22. 1) - pa+t b 2) - qbt Lpa; 3) 250,

n—1;. n—1;. n—1

10.24. 1) ME = 0 + ; 2) Mmin{¢&;} = 0 + a/n;
3)Mb; =0+ a/n?; 4)Mby = a(1 — 1/n?).

10.25. M¢E = 0.
10.26.
0, ecmn x < 0;
2
F(z) = 1—%, ecm 0 <x < T}
1, ecmu x > T.
0, ecmn x < 0;
p(x) = w, ectn 0 <z <T,
0, ecom x > T.

_T. pe_ T2 \en — 27"
ME=3 DE=13 M = ) msay
10.27.

0, ecan x ¢ (0;1);
p(x) = \/%, ecm x € (0;1);
m™1l—x
Mn =2/7.

10.28*. IlockobKy mpu JIFOOOM ITOBOPOTE OKPYZKHOCTH
BEPOSITHOCTH COOBITHS, 3aBHUCAIIAST TOJBKO OT PACCTOSTHUSI
7 MEXKJy JBYMsI TOYKAMU OKPYZKHOCTHU, OCTAETCsl HEU3MEeH-
HOI1, TO OJIHY U3 TOUeK (Hampumep, TOUKy A) MOXKHO CIUTATH
dukcrpoBanHoii, a mojgoXKeHne BTOpoit Toukn (Toukn B) 1o
OTHOIIEHUIO K Touke A OyjeM OmmMchIBaTh JIyroil ¢, oTK/a-
JabiBaeMoit or paguyc Bekropa OA Kk pajuyc Bekropy OB.
Ouentao, n = [2Rsin(y/2)]. Hanee, anamornano roMmy Kak
31O Jienatock B 3ajade 10.13, morygaem

0, ecim x < 0;
Fy(z) = %arcsin %, ecmn 0 < x < 2R;
1, ecin x > 2R.
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10.30*. TlockombKy & m 1) — HE3aBUCHMBIE CJIyJaiiHbIE
BEJINIHMHBI, PACIIPE/IeJIEHIEM CIIy JaifHoil Beamanusl (€, 1) AB-
sstercst F x G. CorytacHo Teopeme O BBIYUCIEHUN MaTeMaTH-
9eCKOTO OXKMIAHUSA (DYHKIIMH OT CJIyYIaifHON BEJIMIMHBI 110 ee
pacupee/IeHII0, TMEEM

MLy (E,7) = / (1, 0)F % G(d(u, v)) =

R2

:/(/IAz(u,v)F(du)>G(dv):/F(x—v)G(dv).

Rl “RI R1

A ecu & m 17 — abCOTIOTHO HEMPEPBIBHBIE CIyJaiiHble BEJIN-
YUHBI, TO JIJIS TIOCJIEJHETO UHTErpajia NMeeM:

/ Fla — v)G(dv) = 7( I/_vf(s)ds ) g(w)dv

R1

Bamerum, uro M1y, (§,7), Kak MaTeMaTHIECKOE OXKUIIA-
HIIE OT TPOCTO cirydaiinoit Besmaunst 14, (€, n), paBHO 3HAa-
yennto P{£+n < x} — dyukimu pacupeesnenus cirydaiiHoit
BEJIMYMHBI £ + 1) B TOUKE .

10.31. Myt = 1/y/27. 10 32. Myt = o/v/27.

10.33. M¢ = %; D¢ = 02, ME2 = % (cMm. TakKe TpU-
mep 10.1.4).
_m. _m. pge2 - m(m+1)
10.34. M¢ = R D¢ = ek Mg = — (cM. Tak-

ke nipumep 10.1.4).

10.35. M¢ = n; DE = 2n; ME2 = n(n + 2) (cM. Takske
npumep 10.1.4).

10.36. M¢ = exp{u + 02/2}; ME? = exp{2u + 202};
DE = oxp {2y + a?}(exp{aQ} 2.

2 _ )2

10.37. M¢ = IVI€ =9-79
3 _ 29 . _ 3, L
10.38. 1)I\/IC1 = 553 DO = T3 IMG = § + g

2 f—
D2 = 1y + i BIMG = 12; DG = M2~
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10.39. Cayuaitnas Bemuanna £ sBAsIETCs DYHKITNEH BEK-
Topa ¢ = (&,7):

§=9(0) =g(&n) =¢,

II03TOMY

M¢ = Mg(¢) = /g(x,y)fc(%y)d(w,y) = /wfc(w,y)d(w,y)-

R2 R2

10.42. Cymmy
Sy=>¢

cieanyer nmoHuMaThb TaK:

SV = Z SkI{Z/Zk}
k=0

— IIOCKOJIBKY
1= Z I{l/:k}7
k=0
TO
So=8> Tery =Y Sulpery =Y Seliepy-
k=0 k=0 k=0

O6o3HaUM TIEPBBI U BTOPOIl MOMEHTBI CJIyUIaiHON Be-
JITYUHBL §j COOTBETCTBEHHO Yepes3 1mq U Mg, HapaMeTp ILyac-
COHOBCKOTO pacIpeienenus: 00o3HaunM depes 6 (HamoMHUM,
YTO Yy IIYACCOHOBCKOH CJIydaliiHON BEJIMYUHLL  C IIapaMeTpPOM
6 sravenns My = 0, Mv? = 62 + 0).

B cumy cBoiicTB cU€THOM aIIUTUBHOCTA U MYJIHTUTLINKA-
TUBHOCTU MaTEMaTHYECKOI'0 OXKUJIaHUA NMeeM

MS, = M(S, Ijy—iy) =
k=1
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=> M(SkIjpopy) = Y MSMIf,_py =
k=1 k=1

—OOMS AP kek =m0

=> ke => m e =mb;
k=1 k=1

DS, = MS2 — (MS,,)?;

MS?2 = Z M(S2(,—ry) =
=1

[ee] o] [ee] Hk
E : 2 § : 2 2 : 2 -0
=1 k=1 k=1

Haiee,

k 2 k k
MS; =M (Z@-) =M (Z§?+ > @-@-) =
=1 i=1

17]71:#]

= kmg + k(k — 1)m3,

IIO3TOMY
2 pe? o 20"
MSZ=3" MSE e = > (kma + k(k — mi) e’ =
k=1 k=1

- ek —0 2 S 20k —0 S ek —6
:mQZkye +m1 Zk ye —Zkye =
k=1 k=1 ' ’

= mof +m3(0% 4 0 — 0) = maf + mi6>.

Tak 4To

DS, = maf + m26% — (m10)? = my#.
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10.43. ITycTb & nmpousBosbHoe pukcuposannoe. Jluckper-

Hasl ciydaiinas Benmauna F,(z) npunumaer suadennst k/n,
k=1,2,...,n. OueBumgHo,

P{ Fr(z) = %} =P {nku(@) =k} = P{zn: Loy (&) = k.
j=1

Chyuaiinas Besndnna

nFn(az) = ZI(_OO@) (&)
=1

KaK CyMMa HE3aBUCHMBIX OJIMHAKOBO PaCIpPE/IeJICHHBIX CJIy-
HalHbIX BeJIUIHH J(_ g o) (&), j=1,2,...,n, KaxK1as ¢ pac-
npeJjie/IeHueM

P {I(foo,x)(gj) = 1} = F($)7 P {I(*oo,z)(gj) = 0} = 1_F(‘T)7

OUHOMMAJILHO pacipejiesieHa ¢ napamerpamu (n, F(z)), T. e.
P {nﬁn(sc) - k:} = CK(F(a))*(1—F(2))" %, k=1,2,....n.

Tlosromy npu KaxkoM (PUKCUPOBAHHOM X

P Eu(x) = *) =P {nbu(e) = k) = CB(P(@) (1P ()",

n

k=1,2,...,n.
Hasee, y 6GMHOMHAIBHO paCIPeIeIeHHON ¢ HapaMeTpaMu
(n, F(z)) cay4aiinoii Besqmaunsl nk, (z)

M(nE,(z)) = nF(z),

D(nF,(x)) =nF(x)(1 — F(x)).

Orcroga
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10.45. Ecom

a= /xF(dx) # 00,
R1
1O (DYHKIUST MHOXKECTBA,

Q4) = / +F(dz)

A

SIBJIIETCS HEIPEPBLIBHON 110 MOHOTOHHO yObIBaIONIEH mociie-
JIOBATEJIbHOCTH MHOXKECTB, T. €. u3 Ap11 C Ap,n=1,2,...,

caenyer
Q(( An) = tim Q4.
n=1

B JaCTHOCTH, HJId IIOCJI€J0BaTC/ILHOCTH

Ay, = (=00, —n)U (n,4+00), n=1,2,...,

th = hm/mF (dz) / F(dx).

I/L cjiea10BaTe/IbHO,

nmMeeM

lim M7, = lim/xIAn (x)F(dz) = lim/xF(dm) =0.

Hautee, MOCKOJIBKY

§=2%&n+ M,

TO
ME = M&, + M,

Orcrona
lim M&,, = M = a.
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21.11 K ragase 11

11.2. CobcTBEHHOE ATOMUYECKOE PACIIPeiesIeHne, cocpe-
JIOTOYEHHOE B TOUKE 2a.

11.3. Q" — aroMwuuecKoe paclpejiesieHne, COCPeoTo-
YeHHOE B TOYKE 7M.
11.4.
1) Inorrocts ceeprrE Py * U 47
filz) = e Tjo 1y (z — k).
k=0

2) nornocts ceeprru Py * Upg 1/9) * Upg,1/9) :

X pk

rie p(z) = Ijp1)(z)(2 — 4|z — 1/2|).
11.8. [lnorHOCTL paBHA CBEPTKE ILJIOTHOCTU abCOJIIOTHO
HETPEPBIBHOIO PACIpeJIesIeHNs ¢ pacIpeesieHneM JIpyroro:

p(x) = I (2)/2 + Ljg (7 — 1/2) /2.

11.9. Pasnomepnoe na npomexytre [0;1] pacupeseie-
HUE.

11.10. £ — abco/IOTHO HEIpepbIBHAA CyvaiiHas BesIu-
qnHa, modToMy ( = & 4+ 1) TakKe abCOIOTHO HEIIPEPBIBHA U

fel@) = [ fela = w)PUy) = 3 few) + 3 felo — 1) =
Rl

0, ecm x < 0;

_ fe(x)/2,  ecm 0 <z <1

) fe(w—1)/2, ecem0<a—-1<1;
0, ectmzr —1>1.

1/2, ecmm x € [0;2].

)

folz) = { 0, ecmmzx¢ [8,3],
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11.12. PaBromepHoe Ha npomexyTke [0, 2] pacupeseste-
HUE.

11.13. I[lnoTHOCTL pacupeeneHns CAyJaiiHOW BeJTUYIN-
HBI (

o
W
[}
o)
=
=
o
O
s
o
5
I
il
&
o
+
N
> &
oy
|
\.H
[\
D
=
@)
[0}
=
o
£
<

6
1
pc(fC)ZEZP Zl[kk—f—l) [17)( ),

T. €. CydJailHas BeJIWYMHA ( paclpejesieHa PABHOMEDHO Ha
npomexyTke [1;7).

11.15. Oyuxius pacupeesienus cyMMbl ( = £ + 1) He3a-
BUCHUMBIX CJIyYaiHBIX BEJIUYIUH & U 1) paBHA CBEPTKE (DYHKITHI
paclpejiesieHus cjaraeMblx, T. €.

- / Qlz — y)G(dy).
RL

y‘{I/ITbIBaH, qyro G — ,ZLI/ICerTHOQ pacupejesienue, CoCpeaoTo-

vyeHHOe B Toukax —1 u 1 (¢ “maccoit” 1/2 B kaxk10i1), nMeeM

~ [ Q-6 = 306 - 1 + 500 + 1.

11.16. Oyuxius pacupenesienns cyMMbl ( = £ + 1) He3a-
BUCHMBIX CJIYUYANHBIX BeJIMIUH & U 7) paBHa CBepTKe (DyHK-
it pacupeenenus F(z) u H(x) craraembix § un (H(z) —
dyHKIMs pacnpe/iesieHnst CIyIaifHoi BeJIMIUHBI 7)), T. €.

Fe(x) = / F(x — y)H(dy) = / H(x — y)F(dy).
RL

R1
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Tlockombky pacupesnenenne H mmeeT miIoTHOCTH

] 1/2h, ecom y € [—h;h];
hiy) = { 0, ecmuy ¢ [—h;h],

TO

&uwifF@—mW@n—/F@—mmw@—

R R
h x+h
—1/F( —y)d —1/F(t)dt
o YW= gy
h

—h r—
(BOCIIOJIB30BAJINCE 3aMeHOi T — Yy = t).
Ilasee, pactpeesieHne CIyYaifHOM BeTUINHBI 7] aDCOIOT-

HO HEIIPEPBIBHO, MOITOMY PACIIpe/IeJieHue CyMMbL ( = & + 1)
TaKzKe abCOTIOTHO HEIPEPHIBHO M €ro INIOTHOCTD f¢(x) paB-

Ha CBEPTKE IJIOTHOCTU pacupejieiienust h = h(t) cayuaiiHoit
BEJIMYIUHBI 1) C PACIIPEIC/IEHIEM C/IyJIalHON BEJIMIUHBI &:

k@%=/h@—yﬁww-
Rl

[To onpenenennio dbyuxiwm h(t)

0, ecmm x —y < —h;
hx —y) =4 1/(2h), ecmm —h<xz—y<h;
0, eciu x —y > h,
nJjm
0, ecim y < x — h;
hz—y)=< 1/(2h), ecmaz—h<y<z+h;
0, ecim y > x + h.
TTosromy

k@»:/%@—ywuw

R1
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KaK WHTErpaJs OT IPOCTOi (DyHKINU, TPUHUMAIOINIEH 3HaIe-
uue 1/(2h) na npomexyrke [x — h;x + h] u 3nadenne 0 BHE
upomexkyrtka [r — h;x + h], pasen F([x — h;x + h])/(2h).
CiieoBaTe/ibHO,

1
= = F(lx — I .
fe(x) o ([x — h;z + h))
11.17. Otser K myHKTY 1):

, ecan z < 2a;

0
(z) = (r —2a)/(b—a)?, ecmu22a<x<a-tb;
plt) = (2b—2)/(b—a)?, ecmma+b<z < 2b;
0, ecan x > 2b.
11.18.
0, ecn x < 0;
x/2, ecmn 0 <z < 1;
p(z) = 1/2, ecm 1 < x < 2;
(3—12)/2, eciim2 <z <3;
0, ecan x > 3.
11.19.
0, ectt z < 0;
_ 222, ecn 0 < x < 1/2;
Felz) = 1-2(1-2)% ecml/2<x<1;
1, ecom x > 1.
11.20. Otser k nyHkTy 1):
pe(x) =
0, ecn ¢ < —(b— a);

(x+(b—a))/(b—a)? ecmm —(b—a)<z<O0;
(b—a)—2)/(b—a)? ecm0<zx<b-—a;
0, ecin x > b — a.

11.21. 1—(1—2)2
11.22. Cravasia HaiiTu pacupejiejieHue cyMMbl (pa3HO-
CTH) COOTBETCTBYIOIIUX CIydaifHbIX BeawduH. Ipyroit mosu-

X0/ — HaiiTH COBMECTHYIO IUIOTHOCTH pacIpeesenust & u 1,
a [OTOM BOCIIOJIb30BaThCs paBeHcTBoM (9.1.3).
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Otsernr: 1) 1-1/(3v/2); 2)1/4; 3)9/16; 4)7/16; 5)2/3;
6)1/2.
11.24.

n
)‘7,93"_16_’\“3, ecm x > 0;
fa) =< -
0, ecmn x < 0.
11.25. Yrobnl HailTu pacupe/ie/ieHue 7, BOCIOJIb3YHTeCh
TeM, 9TO — In §; uMmeeT moKazaTeIbHOE PACIpeIesIeHue.

Mn = M&i&s ... & = MEME, ... ME, = (1/2)"

11.28. 1/8. 11.29. 0,9974. 11.30. 0,9889.

11.32. JIis He3aBUCUMBIX CIyJIafHBIX BeJIMIUH & U 1) CO-
OTBETCTBEHHO ¢ pacmpenenenusyvu F u G cragama BbIdmc-
autb Mu(€ + 1) Kak MaTemMarndyeckoe oxKujaHue QyHKINT
or ciay4aiinoii Besmuannbl ( = £+ (¢ paciupesenenuem FxG),
a 3aTeM KaK MaTeMaTH4ecKoe OXKUJaHue OT CIydailHoi Be-
mmanust (€,7) (¢ pacupenenennem F x G).

11.33. Jocrarouno B 3ajade 11.32 nosnoxkurh u(s) = s.

VTBepKICHIE MOXKHO MOIYIUTDh U U3 PABEHCTBA

M(§ +n) = ME + M,

3allicaB €ro B TepMUHAX paclpeesieHuil COOTBETCTBYIONINX

CJIy‘IafIHbIX BCJIMYNH.

11.34.
0, ecin ¢ < 0;

1) p(z) = MAy =Dz Mz :
(e e~MT), ecom x > 0;

1) pla) = { 0, ecmn x < 0;
ANze ™ ecom x> 0;
{ e /2, ecrm x < 0;
Xe /2 ecmm x> 0;
0, ecom x < 0;
{ Xe M ecom x> 0.
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11.37. IlnoraocTs pacupezesnenust f(x) cymmbr £ + 1

+00
1
f(z) = 1 / e 1yl vl gy =
—0o0
0 400
1 —lz—yl oy 1 —lz—yl—y
=1 e eVdy + 1 e e Ydy.
—00 0

Cnenaem B mHTErpasiax 3ameny - — y = t. [logyanm
+o00 T

fx) = i e’ / e e tdt + e / e~ et dt
x o0

Pacemorpum nBa caygas: ¢ < 0 u x > 0.
IIpn x < 0 mveem f(x) =

0 +o00 T
= % e’ /ete_tdt + / e 2dt | +e7® / e ltletar | =
z 0 —o0
=e"(1—x2)/4.
IMpu z >0
400 0 x
f(zx) :% ex/ e 2dt e / et + /e_tetdt =
T —00 0
=e *(1+x)/4.

AHaJIOrMYHO HAXOIUM IIOTHOCTH ¢(X) pacipejiesieHust
pazHocTH; £ — 1.
Tak uto

_J e*(1—x)/4, ecmmx <0
) f(@) = { e *(1+4z)/4, ecmu x > 0;

[ e*(1—2)/4, ecom x <0;
2)g(x) = { e *(1+z)/4, ecom x> 0.
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21.12 K rigase 12

12.1. [locnemoBaTeIbHOCTh paCHpeieIeHIN CXOMUTCA K
CcOOCTBEHHOMY aTOMHYECKOMY PaCIIPEIeIeHIIO, COCPEI0TOYEH-
HOMY B TOouke 0.

12.2. IlocaenoBaresnsrocts pacupenesennii {F,} cobc-
TBEHHO cxonuTcs K F; mociemoBaTeibHOCTH pacipeaeeHuit
{Gn}, {Sn}, {Pn}, {Qn} cxomgarcs k HecobGeTBEHHOMY pacipe-
JICJIEHUIO TOXKJIECTBEHHO PABHOMY HYJIIO (CM. TAK¥Ke IIPUMEP
12.1.3).

12.3. IlociemoBaTeIbHOCTD pacIIpepeIeHnil CXOIUTCA K
CODCTBEHHOMY ATOMUYECKOMY PACIIPEJIETICHUIO, COCPEIOTOIECH-
HOMY B TOouke (.

12.4. TlocremoBaTeIbHOCTh pPACIPENEICHNN CXOMUTCS K
COOCTBEHHOMY aTOMHIECKOMY PACIIPEIeIeHUIO, COCPEI0TOIEH-
HOMY B TOouke (.

12.6. Pacnpenenenne Q™" mpu n — 00 CXOIUTCS K HECOD-
CTBEHHOMY PAaCIIPE/IeJIEHHUIO, TOXK/IECTBEHHO PABHOMY HYJIIO.
JlocrarodHo 3aMeTUTh, 9T0 Q*" sIBJIsieTcst COOCTBEHHBIM aTO-
MHUYICCKUM pacIIpejJejieHnueM, COCPEJOTOYCHHBIM B TOYKE 7.

12.7. Pacupenenenne Q, u 1upu a, — +00, U IIPHA ay —
— —O00 CXOJUTCS K HeCOOCTBEHHOMY PaCIIPEICICHUIO, TOXK-
JIeCTBEHHO paBHOMY Hyso. Ilpu a, — a pacupenenenne Qj
CXOJIATCsT K COOCTBEHHOMY ATOMMYECKOMY PacIpee/IeHUO,
COCPEIOTOYEHHOMY B TOYKE G.

12.8. IlociemoBaTeIbHOCTh PACIPEIEIEHNN CXOMUTCS K
COOCTBEHHOMY aTOMHIECKOMY PACIIPEIeIeHUIO, COCPEI0OTOIEH-
HOMY B TOouke 0.

12.9. [ns 106010 KOHEIHOTO IPOMEXKYTKA [a, b) 3Hade-
uue Dy, ([a,b)) = 1/n, rue | — qucsio aroMoB pacipeieseHust
D,, u3 npomexyTka [a,b), CTpeMUTCS K HYJIIO [IPU 1. — OO.
TTocnennee oboznagaet, uro D, cxoauTcst K HeCOOCTBEHHOMY
pacupeesieHnio, TOXKIECTBEHHO PABHOMY HYJIIO.

12.10. Pacupenenenue Q, 1upu n — 00 CXOAUTCI K PaB-
HOMepHOMY Ha mpomexkyTke [0, 1] pacmpeaesrenuto.

Hocrarouno 3aMeTuTh, 4ro 1pu 0 < x < 1 mra GyHKInmI
pacnpegesierust Q, () aromuueckoro pacupejeienus Q, u
byskmm pacnpenenenns Ul 1j(z) = @ paBHOMepHOTo Ha
[0, 1] pacupe/iesieHusi UMEIOT MECTO HEPABEHCTBA

Upp,1)(z) — 1/n < Qu(x) < Up y(2),
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a, CJeJ10BaTeJIbHO, 1
[Ujo,1)(x) — @n(2)] < 1/n.

12.11. Bocnosb3yiiTech JIOCTATOYHBIM yCI0BHEM 1° €XO-
JIMMOCTU BEPOSITHOCTHBIX PACIPEJIIHU (CM. TaK¥Ke MpH-
mep 12.1.3).

Otsersr: 1) mocsienoBaresibHOCTb pactpesenennii {Fy,}
CXOIINTCSA K HECOOCTBEHHOMY PACIIPEIEICHNIO, TOXKICCTBEeH-
HO PaBHOMY HYJIIO; 2) IOCJIEI0BATEIbHOCT PACIPEICICHUT
{G,,} cxomurcst K COOCTBEHHOMY aTOMHYECKOMY PaCIpejiee-
HUIO, COCPEJ0TOYeHHOMY B ToUKe 0; 3) MOC/Ie10BaTebHOCTD
pacupezesnernii {Q,} cxomurcst K HeCOBCTBEHHOMY paclipe-
JICJIEHUIO, TOXKJICCTBEHHO PABHOMY HYJII0; 4) MOC/Ie10BaTe b-
HOCTb pactpejenennii {S,} npeena He umeer.

12.12. B unaTerpae

Y
1 t—ux)?
News) = feo {5 bar

—0o0

clesaTh 3aMeny (t — x)/o = s u Haiitn lir% Ny.o2(y).
o— ’

Hpyroe pemenne. N,.,2(y) — ynxnus pacnpeenenns

BEPOATHOCTHOrO pacupejiesienust Ny.,2 €O CDEJIHUM T U JIUC-

nepcueit o2, crpemsieiics K Hyao. 1losromy Ny. o2 1pn

o — 0 cxoaurest K cCOOCTBEHHOMY aTOMHYECKOMY DPACIpeie-
JICHUIO, COCPEJOTOYCHHOMY B TOUKE ', & BMECTE C 3TUM (DyHK-
nus pacupenenenus N,.,2(y) cxonuresa K QyHKIMHI pacrpe-
JIeJIeHnst COOCTBEHHOTO aTOMUYECKOTO PACIIPEIETIEHNS, COCPE-
JIOTOYEHHOTO B TOUKe T, T. €. cXOmuTes K I(; o)(y) B TOU-

Kax y # .
12.13. Ilockonbky F,, m F — aromuueckue pacmpenese-

HUSI, COCPeIOTOUeHHBbIE Ha N, TO JJIsT KaXX10ro k
Fr(lk —1/2,k +1/2)) = Fa({k}),

F([k—1/2,k+1/2)) = F({k}).

IIycTb
F, —F,
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TOrJIa JIJIst JIFDOOrO IIPOMEXKYTKA HElPEPLIBHOCTH [a, b) pac-
upenesennst F, B wacrnocrn u qist [k — 1/2,k + 1/2)

Fo(lk —1/2,k+1/2)) = F([k —1/2,k + 1/2));
Fn({k}) = F({k}).
Ilasee, mycTh

F.({k}) — F({k}) (21.12.3)

11t Kaxk1oro k € N u mycers [a, b) — KoHedHbIiT IPOMeZKyTOK
HEIPEPLIBHOCTH pacipejenenns F, a, cienoBarenbno, MHO-
skectBo N N [a,b) koreuno. [Tosromy B cuny (21.12.3) upm
n — 0o

Falla,b) = Y Fal{k) = D F({k}) =F([a,b)).
keNN[a,b) keNN[a,b)

12.15. Cxoaurcst K COOCTBEHHOMY aTOMUYECKOMY pac-
[IPEJIEJIEHTIO, COCPEIOTOTEHHOMY B TOUKE HYJIb.

12.16. Cm. upumep 12.1.7.

12.17. JlocTaTOYHO yCTAHOBUTH, YTO B TOYKaX HeEIpe-
peiBHOCTH Yy byHKnuu F'(x) pacupenenenus: F upu h — 0

Fy(y) = F(y).
B CHJIy KOMMYTAaTUBHOCTHU OII€pallu CBEPTKU
F % U[fh,h} = U[fh,h] * F.

ITo ompemnemenmio

400 +h
Fuy) = [Flo= o) n(de) = [ Fly—a)5de
J J

Cpuenas 3ameny x/2h = t, nomyanm
1/2

Fuy) = [ Ply—2ht)dt = [ Py 20U 12073 d)
—1/2 R1
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e U_1/2,1/2) — paBHOMepHoe Ha [—1/2,1/2] pacupenere-
uue. [ogpiaTerpanbuas dbyuxius F(y — 2ht) maxkopupye-
Ma MHTerpupyemoit 1o pacipesenennto Ui_y /o 1 /9 bynkimeit
(nanpumep, dbyukueit f(t) = 1) u upu h — 0

F(y — 2ht) — F(y).

[Tosromy B cuiry Teopembl Jlebera 0o MaxKOpUPyeMOil CXOTH-
moctu ipu h — 0

1/2
Faly) = / Fly — 20Uy o1y (df) —
~1/2
1/2
— /F(y)U[—1/2,1/2](dt):F(y)~
~1/2

12.18. Bocrosib3oBaTbcsi HepaBeHCTBOM  1eOblIlieBa,
cM. npumep 12.1.5.

12.19. HenocpecTBeHHOI TPOBEPKOHT yOEKTAEMCSI, ITO
Qq(x) = Q(z) upu ¢ — 0 B KaxKJOi TOUKe HEIPEPLIBHOC-

12.20. Cm. mpumep 12.1.7.

12.21. Pacupenenenne Ujg 11%Dy, cxoquTest K HecoOCTBEH-
HOMY PpacCIIpPeIeJIeHUIO, TOXKJIECTBEHHO paBHOMY HYyJ0. Jo-
craTouHo 3aMeTuTh, uTo U 1) * D,y — pasrOMepHoe na [0, n]
pacupeiesieHue.

12.22. QyHKIUA pacupeseaeHus

0, ecm x < 0;
U[a,b} (z) = (x—a)/(b—a), ecma <z <b;
1, ecau > b.

ITycrs [c,d) — nponsBosibHBI (DUKCHPOBAHHBIH IPOMEKY-
ToK. Tak Kak a — —00, b — 400, TO MOKHO CUUTATDH, UTO
a<c<bmua<d<b 3nauenne

Ula,p([e;d)) = Ujap)(d) — Upapi(c) =
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1 1 d—c
_b—a(d_a)_b—a(c_a)_b—a’

910 TIpu @ — —00, b — 400 crpemurca K 0. ITosromy 1o
ompenenenuio U, p CXOmuTes K HECOOCTBEHHOMY pacipejie-
JIEHUIO, TOXKJIECTBEHHO PABHOMY HYJIIO.

12.23. Pacupenenenne Qon CXOOUTCA K PABHOMEPHOMY
Ha upomexyTke [0,1] pacnpenenenuto. locrarouno 3ame-
tuTh, 9To 1pn 0 < = < 1 mis GyHKIUE pacipeeeHust
Q2n(x) aTommaeckoro pacnpesenernst Qon 1 QYHKIMU pac-
npezenenns Upg 1(7) = x pasrOMepHoro Ha [0, 1] pactpesie-
JIEHUsT UMEIOT MeCTO HEPaBEHCTBA

Uppy(z) — 1/2" < Qan () < Ujgqy(2).

Orcroga
[Upo,11(2) — Q2n(2)] < 1/27,
HO3TOMY

QQn — U [0,1]

12.24. Oyuknnusa pacupeaeaeHnst

i 1 a 1 x—b
Cor(2)= [ 22 _dy=—(arctg 2"+ T
+l2) /7ra2+(y—b)2 Y 7r<ang a +2>

—0o0

npu b — +00 cxXoauTCst K (DYHKIIUU PACIIPEIEJIEHUST, TOXK IECT-
BEHHO paBHOMN HYJIIO.

12.27. IlocenoBarensrocts pacupeaesenuit {F, } re sis-
JISIETCS CXOOAIIENCS.

12.28. F)\(y) — dyuknus pacripe/ieieHnst yacCOHOBCKO-
ro pacupenesnenus Fy ¢ mapamerpom A. Maremarudeckoe
OXKUJIAHUE W JIUCIIEPCHsT MTyacCOHOBCKOTO PACIPEICTICHUS C
mapamerpoM A paBubl A. I[Ipu A — 0 myaccoHoBckoe pac-
pesiesIeHNe CXOTUTCS K COOCTBEHHOMY ATOMUYECKOMY pac-
[peJIesIeHnIo, cocpeorodeHHomy B Touke 0 (cMm. jrocraTod-
HOe ycJjioBue 3° CXOJIMMOCTU K COOCTBEHHOMY aTOMUYECKOMY
pacrpe/ie/ieHnio). A Tak Kak cOOCTBEHHAsI CXOIAUMOCTH Pac-
npesiesieHuil PaBHOCUIbHA CXOJAUMOCTH (DYHKIIUH pacipee-
JieHust, 70 (pyHKIust pacupejenenns F)(y) myacCOHOBCKOIo
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pacupenenenus Fy nmpu A — 0 cxogurces K pyHKIMH pacipe-
JIeJIEHUsT ATOMUYECKOIO PAaCIpPeJIesIeHnsi, COCPEIOTOUEHHOTO
B Touke 0, T. €. K [(g_yo0)(¥)-

12.30. Boruuciurs 1nepblii MoMeHT mq (t) U Aucrepeuto
02(t) pacupenenenus Q;.

12.31. Boruuciaurhb 1nepblii MoMeHT mq (t) U Aucrnepeuto
o2(t) pacupenenenus Q;.

12.32. Pacnpegenenne G, cxonnTcs K COOCTBEHHOMY aTo-
MHIYECKOMY PACIIPEIEICHIIO, COCPEIOTOUCHHOMY B HyJte (Hc-
CJIEZIOBATH HA CXOJIMMOCTD TI€PBBIH MOMEHT my(p) u aucuep-
cuto o2(p) pacipenenenus G, npu p — 1).

12.33. PaccmoTpuM pacipe/iesieHue

Fh =Dx U[—h,h]-

Pacnpenenenne Fj, abcomorno nenpepsieno, T. K. U_p, 5 ab-

COJIIOTHO HENPEPBIBHO U €ro IUIOTHOCTHL fj, paBHA CBEPTKE
WIOTHOCTH U(X) pacrupeiesieHust U(_p 4 ¢ pactipeniesienmem D:

) = o) + Jule — 1) =

1 1
= g lenn @) + o len (@ = 1).
IIpu h — 0 pacupenenerne

Fh =D=x U[fh,h]

cxomuTes K pactpesenernio D (em. 3amady 12.17).

[Tonezmo mocTponTsb rpadukn GHYHKIUNA PACITPETETeHIST
Fp(x) n wiorHocTn pacupenenennst fp, () n MCCIeI0BaTh UX
nosejieane npu h — 0.

12.34. Ykazanme. Cm. mpumep 12.1.7.

12.35. BocmonbpzoBaThest Teopemoii 12.1.1, mpeasapuresib-
HO YOEeIUBINCH, ITO TOCTIEIOBATEILHOCTE PACIIPEICTICHUT
F,, cxomurcst B cobecrBenHoM cMmbicie. OTser: 0.

12.36. Ilocye 3aMeHbI t — T = S UHTErpauI

Yy
1 t —x)?
Nerl0) = | exp{‘(zgz)}dt

—0o0
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3allUIIeTcd B BUJIE

1 2
S
Nagslt) = <o [osp{ =25} ds = Noaly ),
—00

a, cJIeJoBaTeJIbHO,

/ F(de) /N y — 2)F(dz) = F * Nyga (9).

[Ipenenbnoe nosenenne F * Ny.,2 npm 0 — 00 omucano B
npumepe 12.1.7.

Otser: F((—o0;y)).

12.37. Bocmonb3zosarhest Teopemoii 12.1.1, mpeasapurenib-
HO ybeuBIuCh, uTo 1ipu A — () pacupeneenue Fy cxomurest.
Orser: 1.

12.38. Otset: ¢(0).

12.39. Orser: 1 — cos 1.

21.13 K raase 13

13.1. cost. 13.2. (e +e7% +1)/3.

13.3. Ykazanume. Cwm. 3amaam 13.1,13.5.

13.4. Cwm. 3agaay 13.1.

13.5. cos™ z.

13.6. Cm. 3agaqay 13.5.

13.7. Kak u3BecTHO, CaydaifiHyio BeJuInuny &, UMEIOILY 0
OUHOMMAJILHOE paCIipe/iesIeHne ¢ mapaMeTpaMu (n;p), MOXK-
HO IIPEJCTABUTH B BUIE CyMMBbI

=
k=1

HE3aBUCUMBIX CJIyYailHbIX BEJIUYUH 1, 42, . ., bn, KAXKIALA
73 KOTOPBIX UMEET PACIpPEIC/ICHUC:

P{ue=s}=p’(1—p)' %, s=0,1; k=1,2,....n
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XapakTepuctuieckas OYHKIUA [if;:

pr(t) = Me'ts = elp 4+ 01— p) = 1+ p(e” — 1).

Orciofia, MOMB3yICh MYJIBTUILINKATUBHBIM CBONCTBOM XapaK-
TEPUCTUIECKUX (DYHKIUH, TTOTyIaeM

H (1+p(e" ~1))"

— p

13.8. p(t) = = et(i—p)

13.9. Haiiti xapakrepucTudeckyio dbyHKImo ¢ (t) ciy-
Jaiinoil Besmmauubl £. Bocmosb3oBaTbest TeM, ITO XapaKTepu-
cruyeckas GYHKINUS @ (t) cIydaiiHON BeJIHIHHbI 1) = @ + 0§

ita

pasHa e"%p¢(at).
OTgert: exp {f)\ — itV X+ A exp{it/ﬁ}}.

13.10. p(t) = e
ita —ita ith ita

13.11. (2) p(t) = S—o—3  (3) 9(t) = ﬁ
13.12. o(t) = ﬁ 13.13. o(t) = —4—

__a® 1 —cosat
13.14. p(t) = % 5. 13.15. (1) = 215500

13.17. Ceeprka F x Q aBisiercs pacnpeﬂeﬂeHHeM Kommu
¢ napamerpom (a + b;0).

13.18. Cymma & + 7 pacipejiejieHa HOPMAJIBHO C Iapa-
Merpamu (a1 + ag; o3 + 03).

13.19. Cymma & 4+ 1 mmeer pacrpesenenne Korrmu ¢ ma-
pamerpoM (a1 + ag).

13.20. Cyma & 4+ 1 uMeeT IIyacCOHOBCKOE pacIIpejiesieHne
C mapaMeTpoM A1 + As.

13.21. o(t) = 1+ ita — (0% + a®)> + o(t2).

13.23. Haiitu xapakrepuctuieckyio dbyHKIO @) (t) ciy-

waiinoit Besrannbr (£ — A)/VA, HCCIEI0BATL CXOTUMOCTE
©a(t) mpu A — oo (cM. Takxke 3amaay 13.9) .
13.24. Bocmoab3yiiTech T€OpEeMOil e uHCTBEHHOCTH.
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13.25.

1%y (t) = (90 <J\t/ﬁ>>n

2 p(t) = 1 - 0% + o(t?);

3° lim oy (t) = exp {—t?/2}.
n—oo
13.26. O6oznaunm dvepe3 (t) XapaKTePUCTHIECKYIO

dyukumio ciayvaiinoit Besmunnbt & (K = 1,2,...), a uepes
Yy (t) — xapakrepucTudeckyio (QYHKIUIO CIydailiHol Besu-

YU HBI
1
Sn=-3 &
n nkilfk

[TocnemoBaTeIbHO peruTe CIe/lyome 3a,/1a49u:

1° Beipasure xapakTepucTudecKyro GyHKIM0O Yy, (t) de-
pe3 xapaKkTepucTuieckyro GyHkImo o(t).

2° Boimummmre passioxkenue Teiiopa st ¢(t) B OKpecT-
HocTu To4uKu t = 0, BKJIO4aoniee t.

3° BocCmoJyib30BaBIINCH PEIIEHUSIMU 3312491 U3 ITYHKTOB
1° u 2°, HajimuTe Mpeies XapaKTePUCTUIeCKON GyHKIMN 1y, (1)
opu n — 00.

4° BoCHoIb30BABIIUCH PEIIEHUEeM 3a/a9i U3 MyHKTa 3° 1
TeopeMoii JIeBu, JOKaXKuUTE, 9TO IPU N — 0O PaCIIPEIeTIeHNe
CAydYaiHON BeJIMYUHBI S;, CXOAUTCA K COOCTBEHHOMY aTOMH-
YECKOMY PACIIPEIETIEHNIO, COCPEIOTOYECHHOMY B TOYKE d.

5° CxomumocTs 1ocenoBarensaoctu {Fp,} pacupenese-
HHI K COOCTBEHHOMY aTOMHUYECKOMY pacipeaeneruio Fg, co-
CPEJIOTOUYEHHOMY B TOUKE (1, PABHOCUJIbHA CXOIUMOCTH (DYHK-
nuii pacupejesnenuii Fy, () k dbyukiuu pacupesenenns Fo(z),
T. €.

0, ecmm z < a;
Fu(w) = P{ISu/n <z} > Fo@) = { T comesa

Hasee Hec10KH0 yOeUThCs, ITO IPU N — OO U3 CXOJU-
moctu Fy,(z) — Fy(x) crenyer

P{|S, —a| > e} — 0.
13.27. Ykazanue. YoeauTech, 9TO MPH JIOOOM N CITyvaii-

n
Hasl BeJIMYMHA, S;, = % > & umeer pacupejenenue Kormn.
i=1
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13.29. Haiinure XapaKTepUCTUYECKYIO (DYHKIMIO CJIy-
n

JaifHoit BesmauHbl » |, &k, U BOCIOJB3YIITECh T€OPEMOI He-

k=1
ITPEPHIBHOCTM.

13.30. Bocronp3yiiTech MeHTPaAJIbHON MPEJIEeJTLHON TEOo-
pPeMoii.

13.37. Ilycts p(t) u ¢, (t) — xapakrepucrudeckue dbyHK-
MM COOTBETCTBEHHO CJIyYallHBIX BeJuduH & U 1),. B cuiy
MYJIBTHILINKATHBHOTO CBOMCTBA XapaKTepucTuieckas (pyHK-
g caydaiinoit Benuaussl (, = £ + 1),

Yo (t) = p(t)po (t) = p(t) exp{—t?0?/2}.
Orcrona
lim Yo (t) = o(t).

[TosTomy B cuity Teopembl JleBu pacupesesienne ciiydaiiHoM
BeJIMYIUHBI (, CXOJIUTCA K pacupeiiesienuito F ciayuaiinoit Be-
JINYUHBI €.

13.38. Cwm. pemenue 3aaun 13.37.

21.14 K raase 14

14.1. Oynxrusa L(0, h) gocruraer HaubOJIBIIErO 3HAYE-
HISI B TOUKE

(0, h) = ((max{&} + min{&})/2, (max{&} — min{&})/2).

Y4uTeiBasd, 4TO CiydaiiHble BeIU4YuHsl &1, o, . . ., &, He3aBU-
CHUMBI U KaK/lasl U3 HUX uMeeT cBoeii miorHocrbio f(x; 0, h),
CHaYaJIa HaXO/IMM IVIOTHOCTH CJIyYailHBIX BeJIUINH

max{{;}, min{§;},

a 3aTeM BbIYHCJIAEM

Mmax{&}, Mmin{¢}, P— li_>m max{¢;}, P— 1i_>m min{¢; }

1 yoexk 1aeMcst, ITo  — HecMeIlleHHAasl U COCTOSITeJIbHAsT OIEH-

Ka 6, a h — acUMITOTUYECKU HECMEIEHHAS U COCTOATEIbHAST
onierka h (cm. takxke npumep 14.1.1).
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~ n
14.2. 0 = % Zlgi — HeCMeIlleHHas W COCTOsATe IbHAasd
1=
oleHka 0.
14.3. Jla.

14.4. OrHOocuTenbHO OIEHOK 0O1,605,035,04 cM. mpumep
14.1.1; 65 — acuMmOTOTHYECKH HECMEIIEHHAA 1 COCTOATE Ib-

Hasl OIleHKa mapameTrpa b— a; 96, 97, 08 — HeCMEIIEHHBIE U CO-
CTOSITEJIbHBIE ~ OIIGHKH  COOTBETCTBEHHO  IIapaMeTpPOB
(a+0)/2,a,b.

14.5. A — HecMeIlleHHAasI U COCTOSITeIbHAs OIIEHKA .

14.6. /la.

14.7. Oyuxius

L(9) = 1/2™ ecom Bece & € [0 — 1,0 + 1];
- 0, ecin cymecryer & & [0 — 1,60 + 1]

npuHUMaeT JBa 3Hadenus: 1/2" u 0. Haubosbiee 3navenne,
pasroe 1/2", dbyuknus L(6) nupuanmaer, eciu

0—1<&<0+1,i=1.2,. .. n,
WM, 9TO TO Ke, ec/Iu
max{&} —1 <60 <min{§} + 1,

japyrumu cioBavu, L() npunumaer HaunbGoJiblee 3HAUEHUE
B TOYKaX

6y = Amax{&} — 1) + (1 - A)(min{&;} +1), A € [051],

npomexkyrka [max{{;} — 1, min{§;} + 1].
OTHOCHTEJILHO HECMEIIEHHOCTH U COCTOSATEJILHOCTH Oy
cM. Takxke npumep 14.1.1.
14.8. 01,605 — acUMOTOTHIECKN HECMEIIEHHBIE U COCTOSI-
TeJIbHbIE OIEHKU COOTBETCTBEHHO IapaMeTpos 0, a.
14.9. /a.
14.10. 0 — HecMellleHHASI U COCTOATEIbHAS OIEHKa 0.
14.11. @ — HecMelleHHas U COCTOATE/IbHAsI OLEHKA ,
— aCHMIITOTUYECKH HECMEIIEHHAsT I COCTOSITE/TbHAST OIEH-
2
Ka o°.

6'2
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14.12. Jla.
14.13. L(#) mocruraer HanbOJIBIIEroO 3HAYCHUST B TOYKAX

0y = Mmax{&} — ho) + (1 — N)(min{&} + hg), A € [0;1],

npomexyrka [max{&;} — ho, min{&;} + ho]. Cm. Takxe 3a/1a-
ay 14.7.
14.14.

-1 1< 1\’
== & *=->&"—|-> & .
; =1 =1

0 — HeCMeEIIeHHad 1 COCTOATEe/IbHasdA OLICHKa 9, 5'2 — ACHUMII-

TOTHYECKHN HECMEIICHHasd 1M COCTOATE/IbHaA OIEHKa 0'2.

14.15. Jla.

14.16. 01, 02, 0\ — acuMITOTHYECKN HECMEIIEHHBIE U CO-
CTOSITEJIbHBIE OLIEHKM Iapamerpos 6 — hg, 0 + hg, 8 coorBer-

CTBEHHO; 93 — HeCMeIIcHHasd N COCTOATE/IbHasdA OIICHKa 0.
14.17.

1 — 1 — 1 — ?
&:EZ&; 52252&2— EZ& .
i=1 i=1 =1

€L — HeCMeIIeHHasd 1 COCTOATE/IbHasd OIEHKa a, 6’2 — ACHUMII-
TOTUYECKU HeCMelleHHasd 1M COCTOodTe/IbHad OIlCHKa 0'2.
14.18. Jla.

14.19. Oyuknus L(a,b) mocruraer HanbGOJIBIErO 3HAUE-
uust B Touke (a,b) = (min{¢; }, max{&;}); @ u b — acummro-
THYCCKN HECMEIECHHBIC M COCTOATEIbHBIE OINECHKH COOTBET-
CTBEHHO IApaMeTPOB a 1 b.

~ n
14.20. 0 = %Z £, — HecMeIlleHHasi U COCTOATEbHA
i=1
OIleHKa IapameTpa, 6.
14.21. a.

14.22. 05, 03, 04 — HecMelleHHBIE U COCTOATEILHBIE OICH-

KM COOTBETCTBEHHO mapamerpos 0, § — h, 0 + h; 01 — acumi-
TOTUYECKU HECMEIEHHAS U COCTOSITeJIbHAsT OIeHKA h.
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n
14.23. p = %Z § — HeCMeIeHHAsd U COCTOATEIbHAs
i=1

OIEHKa IIapaMeTpa (_1 —p)/p.
14.24. Ta.

14.25. 01, 05, 03, 4, — acCUMIITOTUIECKN HECMEITEHHBIE 1
COCTOSITEJILHBIE OLEHKH COOTBETCTBEHHO IapaMerpos h, — hg,

0+ hgo, h. OTHOCUTEIBHO O1EHOK 01, 02, O3 cM. npumep 14.1.1.

JlJtst mccyteToBaHusI ONEHKY 04, CHadaJIa HalijgeM ee PyHK-
muio pacupenesennst G(z).
[TockoabKy citydaiiHass BeJIUInHA

0, = max{fy — min{&;}, max{&} — 6o}
HeoTpUIaTe bHa, TO Ipu & < 0 3HAYEeHUS
G(z) = P{fy < 2} = 0.
IIpu x > 0, yunrsiBas He3aBUCUMOCTD &1, &2, . . . &y, UMEEM
G(zx) = P{ls < 2} =
= P{max{6y — min{¢&}, max{&} — 0o} < z} =

= P{0y — x < min{&}, max{&} < Oy + z} =

—P{ﬁ{@o—x<§i<90+x}}—

n=1

:Hp{eo—x<fi<90+a}}:
n=1

=P{lp—z<&<bOo+a})" =(F(lp+x)— F(Oy—x))",

rjae

0, ecin t < Oy — h;
F(t)y=< (t— (6o —h))/2h, ecmu Oy —h <t < 6y+ h;
1, ectut >0y + h

— yukius paBHOMepHOro Ha orpeske [0y — h, 0y + h] pac-
npenenenud. [Ipu x > 0
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_J (®4+h)/2h, ecun 0 <z < h;
F(fo +2) = { 1, eciia x > h;

_J (h—x)/2h, ecom 0 <z < h;
F(fo — ) = { 0, ecau x > h.

[Tocste HECTIOKHBIX TTPeOOpPA3OBAHMI IOy UM

pl) = .G 0, ecan ¢ & [0, h].

d () = nz"1/h" ecmu x € [0, hl;
dx a 0,h

ITo m3BecTHOI IJIOTHOCTH PaCHpEIe/IeHIsI ONEHKN #4 HaXo-
JIAM

P{]94—h\>5}:<1—%>n (0 < e < h).

HOSTOI\/Iy 94 — aCHUMIITOTHYECKHU HeCMellleHHad U COCTOATE/Ib-
Hasl OIeHKa h.
14.26. 6y — HecMelienHas OIEHKa IapaMeTpa ¢, HO He

SABJISIETCS €0 COCTOATEJILHON OIEHKOIA.
14.27. Ja.

14.28. 01 — HecMellleHHAs U COCTOSITE/IbHAS OlleHKa 6+ b;

02, 03 — acUMITOTHYECKH HECMEIIEHHBIE U COCTOSITE/IbHBIE
OIIEHKM COOTBETCTBEHHO IapaMeTpoB b u 6.

n
5 1
14.29. 0 = 75 § . & — HecMellleHHas U COCTOSITe/IbHAs
i=

onenka 6.
14.30. [a.
14.31. L(h) pocruraer HanbOJIBIIErO 3HAYEHNS B TOUKE

h = max {max{¢&} — 6o, 6y — min{&;}},

i h SABJISIETCS ACHMITOTHYCCKI HECMEIICHHON U COCTOATE b
HOIT oneHKOi h (cM. Takyke 3amady 14.25).

14.32. 6 — HecMeIleHHAS U COCTOSITEIbHAS OI[CHKA 0>.

14.33. Jla.
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14.34. 65 — mecMmenenHasg U COCTOSITC/ILHA OIEHKA, I1a-

pamerpa (a+b)/2; 01, f3 — acUMIITOTHYECKH HECMEIIEHHbIE
U COCTOSATEJIbHBIE OIECHKHU b
14.35. Jla.

21.15 K raase 15

15.1. 0,3. 15.2. 0,18. 15.3. i = 2In7my — (Inmg)/2.
15.4. Onenkoii MaKCHMaJILHOIO IPaBIonono0ust 6 siBjisi-
ercst

0y = Mmax{&} — ho) + (1 — A)(min{&;} + ho), A € [0;1];

0) — ACHMITOTHYECKH HECMEIIEHHAS U COCTOSTE/IbHASI OLIECH-
Ka mapamerpa ; 0 /2 — HECMEITeHHAs 1 COCTOATE/TbHAS OTCH-
Ka 0. . . .

15.7. b =1y, 0 = (1o + (111)?)/2; b — HecMernennas u
COCTOSITEIbHAS OLEHKA HapaMerpa b; § — ACHMITOTHYECKH
HECMEIIIEHHAsT I COCTOSITE/IbHAs OICHKA I1apaMeTpa 6.

A~ - 1 . ~
15.8. 0 = 7 Z &; 0 — HecMeleHHasi, COCTOATEIbLHAST

u 3 peKTUBHAST OIeHKA 6.

15.10. 5,47, 15.11. p=1/(+1).
15.12. Oyuximeit MAKCHMAJIBLHOTO IIPABIOIOA00UsT B~
JIsIeTCs

L(a,b) =

(21 eXp{ Z & — bl}

~ n
Eciu b — Touka, B kotopoit Q(b) = > [& — b| mocruraer
i=1 R
HAMMEHBIIEro 3HAYEHNUs, & 4 — TOo4YKa, B KoTopoit L(a, b) mo-
cruraeT HanGOJIbINEro 3HAYEHUsI, TO B TOUKe (&, D) dyHKIms
L(a,b) pocruraer HambOJIBIErO 3HAYEHHs. DTO YTBEPIK/Ie-
HUE [IPOBEPSIETCsI HEIIOCPEICTBEHHO.
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Hanee, mycrs £7,&5, . .., & — BapUAIMOHHBII P/ BEIOOD-
ki &1,89, ..., & Ilpu n = 2k, dbyuxnusa Q(b) nocruraer nau-
MEHBITIETO 3HAUEHHs B KazK/I0f TOUKe IpoMesKyTKa [§f, {1 1],
[IO9TOMY OIIEHKOH b siBJIsieTCst

by = A&+ (1= Ny,

A €[0;1). Ecomm n = 2k + 1, dynkuusa Q(b) mocruraer nan-
MEHBIIIEro 3Ha4eHns B TOUKe b = ;| ;. DTO XOPOIIO BUJIHO U3
rpadukoB Gyuknun y = Q(b) (1pu YeTHOM U HEUETHOM n).

~

O6oznaunm Q* = Q(b). Pynkius

~ 1 1
L(a,b) = expq —— Q"
(a,b) 2oy p{ L@ }
JIOCTUTAeT HAMOOJIBINEro 3HaUeHUs B Touke 4 = Q*/n. Cie-
JIOBATEJILHO, OIEHKON MaKCHMAJILHOTO IPaB/1o01o106us (a, b)
napamerpa (a,b) sBisercsa (Q*/n,b).

15.14. 158,3.

15.15. Jlns caydaiiHON BEJIUYUHBI C IJIOTHOCTBIO pac-
IIpe/IeJIeHNST

f(z;a,0) =

(z— (a—+0))/0, ecmmzx € la—0,a;
—(xz— (a+0))/0, ecmnz € [a,a+ 0]
0, ecmn z ¢ [a — V6, a+ V0]

nmMmeemM

my =my(a,0) = a, my = ma(a,d) =a®+6/6.

CorJtacHo METOLYy MOMEHTOB OIICHKHU aund IIoJgIiydaeM KakK
penreHne CuCTeMbl

m

m

Il
>

24+4/6.

R
I
Q>

Orcrona
6(rha — (1)?).

joN
Il
>
—
D>
Il
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W3 rteopembr 15.1.1 ciemyer, 9To G U 6 — COCTOSITENIBHBIE

OTIEHKU COOTBETCTBEHHO TAPAMETPOB a U 6; G — HeCMeITeH-
Hast olleHKa a. [IoCKOIbKY BBIGOPOUHAS JUCHEPCHs: G2 sIBJIs-

€TCAd aCUMIITOTHUYIECKHN HeCMeIHeHHOfI OHGHKOfI 0'2, TO 0 ABJIA-

€TCd aCUMIITOTUYICCKHN HeCMeHLeHHOIU/I OHeHKOfI 6.

15.16. p = &; p — HecMellleHHAsI, COCTOATEIbHAsA, -
dekTuBHAS OIEHKA IMapamMerpa p.
15.20. OyHKIINA MAKCUMAJILHOTO ITPABIOTOI00MST

L(0) = 1/(2h)™, ecau Bce & € [0 — h, 0y + hl;
- 0, ecin cymecrByer & & [0 — h, 0y + h]

JIOCTUTAET HAMOOJIBIIEr0 3HAYEHNS JIJIsT HAMMEHBITEro h, mpu
KOTOpOM TpoMeskyToK [min{¢; }, max{¢;}] conepxxurcs B npo-
mexyTke [y — h, Oy + h|. Takum h, a BMecTe ¢ TeM U OLEHKOI
MaKCHUMAJIbHOTO TIPaBIONono0us h sIBJIsSIeTCsT

h = max {| max{&} — 6|, |6o — min{&;}|} .
@yHKINSA pacipeaesieHus OIeHKN h:
F(z)=P{h <z} =
= P{max {max{{} — 6p,00 — min{&}} <z} =

= P{max{éz} — 6y < x, 0y — min{{i} < .’L‘} =
=P{0y — v < min{&} < max{&} < by +zx} =

:P<ﬁ{90—x<fi<90+x}> =

i=1

n
=[[P{o—2 <& <bo+a}=(P{lo—2 <& <bp+a})"
i=1
1 mockonbKy ciydaiiabie Beudaunsl &;,1 = 1,2,...,n, pac-
peJieJIeHbl PABHOMEDHO Ha IIpoMexyTke [0y — h, 0y + hl, To

F(z)={ (z/h)", ecm0<z<h

0, ecn x < 0;
1, eciu x > h.
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Orcrona

Mh = h— h,

n+1

IpU N — 00, T. €. h ABJISETCS ACUMIITOTHIECKN HECMEIIEHHO
OIIEHKOI h.
Jljist mocTaTovIHo Majbix € > 0

P{lh—h|<e}=P{h—e<h<h+e}=

N o h — n
:P{h—5<h}:1—P{h<h—5}:1—< h5> ,

4TO cTpeMuTcd K 1 upu n — oo, T. €. h — cocrosgTebHas
oleHka h.

N 1 n 1/p
15.22. 0 = <n Zlgp> .
1=
15.23. 0 = 1y, 62 = 1y — (11)?; 0 — mecmerenHast u

COCTOsITE/IbHAS OIEHKA 0; 62 — aCHMITOTUYECKN HECMEIIeH-

Hasd 1 CoCTodATeIbHad OIIeHKa 0'2.

n A~
15.24. 0 = % > €2, 0 — mecmernennas, cocTosTebHAS
1=1

1 5 heKTUBHAsI OlIEHKa IapamMerpa 6.

15.26. 15,52 - 7.
15.27. 1 = 1/ (1ha/(111)% — 1); A = 1/ (rag /11 — my).
15.28.

~ n ~
1) 0= % Z &; 0 — HecMerenHast, COCTOATEIbHAs, -
dexkTuBHasS oueHKa napaMeTpa 0.

2) 6= 7 Z & — %; O — HecMeleHHAs, COCTOATEbHAS,

3(1)cbeKTI/IBHaH oueHKa napamerpa 6.

3) = ,,%Zil & o — HECMEIIeHHAsI, COCTOsITe/TbHAsT, 3d-
dexkTrBHAS OleHKa mmapamerpa 6.

15.31. 0 =1/ (thg/m3 — 1); & = 1/ (/1 — ).

15.32. 0 = M1 — HeCMeIlleHHasl, COCTOSITe/IbHAT U -
dekTrBHAsI OlleHKa 0.
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-1
n

15.34. 0,567, 15.35. ) = <1 + > §i> .
=1

15.36. Ilockosibky N ©00JbINIOE IO CPABHEHUIO C 7, TO
YHCJIO TIOMEYEHHBIX PBHIO CPEeIU 1 BBLIOBJICHHBIX MOXKHO CUU-
TaTh OMHOMUAJILHO PACIPEICICHHON CIyJailHOW BEJINIUHON
¢ mapamerpamu n u K/N:

P{¢=j}=CI(K/N)Y(1—-K/N)"7, j=0,1,...,n.

O06beMm BoIOOpKE paBeH 1, peaymsanust BeiOoprm: & = k.
OyHKINA MAKCUMAJILHOTO ITPaBIOIOI00MsT

L(N) = CK(K/N)*(1 — K/N)"*.

Onenka MakcumasibHOro npasgononobus N = (nK/k).
15.39. a = \/’rﬁg — (’rﬂl)z; b= ml —a.
15.40. [TockomnbKy &1, &9, . . ., £, — HE3ABUCUMBIE CJIyYaii-
Hble BeJIMYHUHBI, TO UX COBMECTHAasl IIJIOTHOCTb DacIIpe/ieie-

n
uust pasaa || f(x;a,b), a byHKIMS MaAKCUMAIBHOIO IPaB-
i=1
JOTIOT00M ST
n

L(a,b) = [ [ f(&s;a,0) =
i=1
_ { 1/(b—a)™, ecmu BCe & € [a,b];
o 0, ecnn cymectsyer & & [a, b).

Oynknust L(a, b) rocTuraeT MaKCHMaIbHOTO 3HAYEHNUST B TOU-

ke (a,b), e pasnocts (b—a) mocTUraeT MUHIMAILHOIO 3HA-
YEHHsl, IIOCTIE/HSIS YK€ JIOCTUraeT MUHUMAJIBHOIO 3HATCHMUSI
pu

a=a=min{&}; b=0b=max{¢}.
@, b — aCHMITOTHYECKH HECMEIICHHDIE I COCTOSITE/IbHbIE OICH-

KU COOTBETCTBEHHO [TAPAMETPOB @, b (cM. Takzke mpumep 14.1.1).
15.41. Bpemsa yKa3aTh B Jacax,

sup |F(z) — Fua(x)| = 0,306.
x
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15.42. 0,09.

15.43. p = % > &; D — HecMelleHHas, COCTOSITEb-

Hast 1 9PPeKTUBHAS OIEHKA P.
15.44. Onenkoii napamerpa (0, h) sipisiercs

(8, h) = ((max{&} + min{&})/2; (max{&} — min{&;})/2);

9, h — acUMIITOTUYECKH HeCMEIIEeHHbIEC 1 COCTOATE/IbHbIC OIICH-
K11 COOTBETCTBEHHO IIapaMeTpPOB 0 uh.

15.45. sup |F(z) — Fn(x)‘ — 0,287.
T

15.47. 0 = 1y, h = mo—(1m1)?, 0 — HecMermennas n co-
crodTe/bHad OleHKa §; h — aCUMITOTHYECKU HeCMEIleHHad
1 COCTOATE/IbHAA OIEHKa M.

3\1\3

n n n 2
15.48. i = 1 S ng; 62=23 (mgi -3 ln§i> :
i=1

il =1

15.50. b = max{fz} b ACUMIITOTUYIECKH HeCMeIlleHHAs!
¥ COCTOSITE/IbHAS OIEHKA b.

15.51. \ = £ A — HECMEIIeHHAsI, COCTOSITeIbHAST U -
deKkTUBHAST OIEHKA A.

15.53. p = % > &; D — HeCMelleHHAasl, COCTOSTE b

Has 1 9pPEeKTUBHAS OIEHKA, P.

15.54. 0 = %ml; 0 — HecMmelleHHas M COCTOSITEIbHASI

oreHka, 6.
15.55. OyHKIU MAKCUMAJIBHOTO TIPABIOIOI00M ST

nynf
%, ecyu Bce & > A;
Lo.) =1 (11&)
0, ecsiu XoTst 6bI oHO & < .

BadukcupyeMm 3HaUeHWE HepeMeHHON 6, T. e. f mnpous-
BOJIbHOE, HO (bukcupoBannoe. Oyukius L(0, \) oaHoii mepe-
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MeHHON A (He jnuddepeHipyeMast) OCTUTAeT CBOETO Hau-
GOJILIIETO 3HAYEHUSA B TOUKE

A = min{&;}.

Oyuxius L(6, 5\) nuddepeHnupyemMa u J0CTUTaeT HanbO b
[Iero 3HAYCHUS B TOIKE

6= 1/(% zn:ln& - lnmin{fi}).
1=1

U nocxomsky L(6, A) < L(0,\) < L(0, \), 0 (A, ) — onenxka

MaKCHUMAaJIbHOIO IpaBonoqobus mapamerpa (6, ).

21.16 K ruaBe 16

16.1. Ilycts runoresa H,, — Tenenar “autaeT” MBICIHU C
BEPOSITHOCTHIO P (Kaxk bt cumBoit), p € (0,1). Hysesas ru-
noresa Hy — mesenar Mbicau He dutaer: p = 1/2. Anbrep-
HartuBHast K Hy runoresa H: p € (1/2,1) — resenar mbiciu
quraer (rumnoresa H BepHa, KOIJa BepHA OJHA M3 IHIIOTE3
H,, p € (1/2,1)). B xauecTBe KpuTepus Jjisi IPOBEPKHU I'H-
nore3nl Hy niporus ajbrepuaTuBbl H ecrecTBEHHO paccMat-
pusath S = {z:x > 1}.

16.2. HyneBas runoresza Hy: MoHeTa ciMMeTpUYIHAS, aJTb-
TEePHATHBA — JIBYCTOPOHHsIST (CM. TaKyKe yKa3aHHe K perre-
HIIO 3aja4n 16.1).

16.3. HyneBas rumoresa Hy: 6osbHO#I cTpamaer TyOep-
KYJIE30M.

16.4. HyneBas runoresa Hy: TesieriaT MbICIM HE YATAET
(cM. TakzKe yKasaHue K perreHnio 3agaqu 16.1).

16.5. Hynesas runoresa Hy: MOoHeTa CHMMETPUYHAS, aJTb-
TEPHATUBA — JIBYCTOPOHHsIsI (CM. TaKyKe yKa3aHUe K pelle-
Huio 3aja4n 16.1).

16.6. HyseBas runoresa Hy: npernapaTr TOKCHYIHBIN.

16.7. O6o3naunm depe3 Hy runoresy “moss gedekTHbIX
uzenunii B maprun pasua 07, 6 € (0;1). Jdns wac npejcras-
JISTIOT WHTepec 3HadeHus nmapamerpa 1 = 0,02 u 65 = 0,08.
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B kauecrse HyseBoil runoTesnl BeioepeM runoresy Ho og, a B
KavuecTse aJabTePHATHBHON I'MIOTe3bI K runorese Hy og rumo-
re3y Ho,0,08)- AnbTepuaTusnas runoresa H g, g) cioxuas,
koryia H(g,0,08) BEpHA, BepHa OJIHA U3 HPOCTHIX runores Hy,

6 € (0;0,08). B kauecTBe KpUTEpHsi JIJIsI IPOBEPKH MUIIOTE3bI
o = Ho s nporus amsrepraTusbl H o, 0g) OyaeM ucnosunb-

soBate S = {x:x <}
Yucno n w3nennit B naptun u | BoIOUpaeM Tak ITOOBI

P(S|Hp0s) > 0,95, P(S|Ho2) > 0,90.

16.8. HyneBas runoreza Hy: 6ose3ub uHEKIINOHHAL,
aJbTepHATHUBa — 00JIE3Hb HEMH(MEKITMOHHAS.

16.9. Hynepas runoreza Hy: A\ = 1 — cpennee cozep-
KaHue OakTepwii Ha eJIMHUIYY OO0beMa BOIbI COCTaBJseT 1.
AnbrepuarusHast runoresa Hy (A < 1) — cpejHee cozepxka-
Hue OaKTepuil HA eIUHUILY 00beMa BOILI MEHbIe ueM 1.

Habmonaercs ciyvaiinas Beandnna & — KOJHMIECTBO 3a-
IPSI3HEHHBIX 11p00; & nMeeT OMHOMUATIBLHOE PACIPEICTICHIE C
napamerpamu (10; p), rje p — BEPOSITHOCTH TOIO, YTO B IIPO-
6e OyzeT o MeHbIell mepe oxna baktepus. Eciu rumoresa
Hy BepHa, T. e. cpesiHee cojepxkanne A OaKTepuii Ha e THHUILY
obbema paBHO 1, To p = pg = 1 — e~ !. B kauecrBe Kpure-
pus jIs TPOBEPKH Tumore3bl H(y ecTeCTBEHHO pacCcMaTpH-
Barp S ={k: k <I}.

16.10. IIycts Hy, — runoresa “Jiein pasianyaeT perenThl
IPUTOTOBJIEHNUS 1Yast ¢ BepositHocThio p”, p € (0, 1). Hysenast
ruroresa Hy — Jjean He pa3indaeT pernenThl MPUTOTOBJIE-
HUs 9asl WK, 9TO TO Ke, p = 1/2. Asbrepnarusnas kK Hy
runoreza H: p € (1/2,1) — jenn pasiamdaeT perenTsl Ipu-
roropjeHus das. AnbrepHarupa H cioxkHast — rumoresa H
BepHa, KOIa BepHa ojHa u3 rumnore3 H,, p € (1/2,1). B ka-
YecTBe KPUTEPUsl JIJIsl IPOBEPKHU TUMIOTE3bI Hy ecTeCTBEHHO
paccmarpusars S = {k : k > [}.

16.11. O6oznaunm gepes H), runoresy “moss JedeKTHBIX
uzsesuiit B napruu pasha p’, p € (0;1). Hynesast rumoresa
Hpos — nonsa pedextnbix mspenuii cocrasisger 0,08, amb-
TepuaruBHas K Ho s runoresa Hg,0,0g)- I'mnoresa H g, os)
coxHast, Korna H g, 0g) BepHa, BepHa OJlHa U3 IIPOCTHIX T'U-

nores H,, p € (0;0,08). B kauecTBe KpuTepust Jyist IPOBEPKU
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runoresbl Hy = Ho s mpoTus anprepHarusbl H g, og) Oyziem
ucnosbzoBarh S = {z : © < [}. TpeboBanue norpedbuTelIs:

P(gyﬂovog) > 0,90,
IIO2KeJIaHUA ITIOCTaBIIUKA —
P(S|Ho01) > 0,96.

Cwm. Takxke 3aja4y 16.7.

16.12. Hynesas runore3a — Hy: urpaJibHas KOCTb CUM-
MeTpudHasi, ajgbTepHaTHBHAs rumoresa — Hy: p € (0,5;1].
Kpurnueckoe muoxkecrso: S = {k : k > [}.

16.15. O6o3naunmM yepes Hy runoresy “moJist n3oMa, KO-
TOpBIii To1Ies B Gystouku, pasHa 07, 6 € (0;1).

B kauecrBe mysnesoit runore3nl Hy paccMOTPUM THUIIOTE-
3y: § = 1 — Becb m3OM IOIIEST B OYJI0UKU. AJIBTepHATHB-
nag x Ho runoresa H ;). Anbrepnarusnas runoresa H g,y
coxkHas, Korja Hg,1) BepHa, BepHa OJHA U3 NPOCTHIX T'H-

nore3 Hy, § € (0;1). B kauecrBe Kpurepusi Jjisi MPOBEPKU
runoressl Hy nporus ansrepHarussl H g,y Oyaem ucionb3o-
Barb S = {k: k <I}.

Pacrpeiesienne uncia € u3toMuH B OyJI0UKE €CTECTBEHHO
cuuTaTh 1myaccoHoBckuM. llpu BepHoil rumorese Hy dwuciio
M3IOMUH, KOTOpBIe ronum B Oyiouku pasHo 6 - 10000. Kax-
Jast u3 6 - 10000 u3roMUH OMAIAET B JAHHYIO OYJIOUKY C Be-
postriocteio 1/1000 (6ymogex 1000). ITosTomy mpu BepHOit
runioreze Hy ciydaiinas Besimdnna { UMeeT yacCOHOBCKOE
pactpejiesierne ¢ napamerpom A = (1/1000)-6-10000 = 10-6.

Eciin B kayecTBe ypoBHs 3HaunMocTu BbIOparh 0,05, TO
| B kpurnaeckom muoxkectse S = {k : k < [} Beibupaem n3
YCJIOBUST

P(S|Ho) < 0,05.

16.16. PeructpupyeM KOJIUIECTBO ITOTUOIINX MBIIIIEH.

Hymnesasi runioreza Hy: nmpernapar TOKCUYHbBIN, ajJbTepHa-
THUBHAas runore3a H; — mpenapar HeTOKcHaHbIH. Kpuruie-
CKO€e MHOYKECTBO JIJIsl IPOBEPKM TUIOTe3bl H(y IPOTUB aJlb-
TepHaTUBBLI H] OylIeM MCKATb B BUJIE

S={k:k<I}.
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ITo ycnoBuio
P{S|Hp} < 0,0001

nJIm
l

S CF(0,8)%(0,2)107F < 0,0001.
k=0

[Tocsiennemy nepaseHcTBy yiaosiersopsitor [ € [0;2], mosro-
my S = {k : k < 2}. BeposiTHOCTH TOTO, UTO IPHU [IPOBEPKE
Ha TOKCUYHOCTD C IIOMOIIBIO KPpUTepus S HETOKCUYIHBIN Tpe-
[1apaT BBIIEPKUT KOHTPOJIb:

2
P{S|H1} = C1,(0,02)"(0,98)'°"* > 0,996.
k=0

PezynbraT sxcrepumenTa CBUIETEILCTBYET B IOJIB3Y He-
TOKCHUYHOCTH IIperapara.

16.18. Hynepas runoresa — Hy: MOHeTa CUMMeTpPHUYHA,
aJbTepHaTHBHAsA runoresa — Hj,: p paBHO OJHOMY U3 4HCel
0,6; 0,7; 0,8; 0,9 (aTbTepHATHBA CJIOKHAS).

16.19. O6o3naunm uepes Hy ruroresy “moJist BBIKUABIIAX
HacekoMbIx pasHa 07, 6 € (0;1). B kauecTBe HyJsieBoil ruro-
Te3bI paccMoTpuM rumnoresy Hy og. B kauecTse anbrepnaTns-
noit runoressl K Ho g pacemorpum H g, 0g), albrepHaTus-
Hag runoresa H .o gg) cinoxuas, koraa H .o 0g) BepHa, Bep-
Ha oJfHa u3 npocrbix runores Hy, 6 € (0;0,08). B kauecrse
KpuTepus Jjis NpoBepKu runoressl Hy = Hy g IPOTUB aJlb-
TepHaTUBbl H (,0,08) Oy/1l€M HCHOIB30BATH S = {z:x <I}.

TpeboBanusi K KOHTPOJIIO (KPUTEPUIO) ABTOPOB UHCEKTH-
mma:
P(S|H0702) > 0,96,

TpeboBaHMsI K KOHTPOJIKO (KPUTEPHIO) MOKYIaTe el
P(gyﬂoy()g) > 0,95.

16.20. Cm. ykasanue K 3ajaqde 16.19.
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21.17 K raase 17

Hamee, mpopepsia runoresy Hy: a = ag, gepe3 t Oymem

0603HAYATD (g —ap) / %, a nposepss runoresy Ho: ag = ay),

gepes t Gyzem obosnagaTh (€ — 1) / (sW)

17.1. Paccmorpum pazmocts ( = n — & Mexay 00be-
MOM JIEFKHX II0CJIe U JI0 Ce30Ha (B JIAHHOM CJIydae MOJIb30-
BaTbcd KputepueMm CTbIojIeHTa JIJIsi IPOBEPKHU rutioTe3nl Hy:
a¢ = a; HeJIb3sl, IOCKOJILKY BBIOOPKH 0ObeMa JIerKUX Mocie
U JI0 Ce30HA HE SIBJIAIOTCS He3aBUCUMBIMU). OTHOCHTETHHO
cpennero pasnoctu ( BbLIBHUTaeTcd rumore3a Hg : a = 0
(rumoresa 06 orcyrcrBun 3ddekTa PU3NIECKUX yIparKHe-
HUI1), B KQUeCTBe aJbTePHATUBHOMN K rumnorese Hy ecrecTBeH-

HO paccMmarpuBaTh runoresy a > (. 3uadenne £ = ( / ﬁ =

= 3,36 > 1,833 = t0,05,9 = ta;n—1. IloaTOMY cornacuo Kpure-
puto CrbrozenTa runoresa Hy orkionsiercs (Ha b %-M ypoBHe
3HAYMMOCTH ), YTO HHTEPIIPETUPYETCsI KAK CYIIECTBEHHOE YBe-
JImgeHne o0beMa JIEPKUX 101, BJUsIHIEM (PU3NIECKUX yIIParK-
HEHUA.

17.2. Hynepas runoresa Hy: az = a,, ajlbTepHaTuBa
asycroponnsist. 3uadenue |t = 0,51 < 2,306 = tpo258 =
= tam+t+m—2. [loaToMy corsacno kpurepuio CTbIOJEHTa TH-
noresa Hy He oTkioHsiercs (Ha 5 %-M ypoBHE 3HAYMMOCTH ),
9TO MHTEPIPETUPYEM KaK OTCYTCTBHE Pa3jIMyMii oTparKa-
TEJIbHBIX CIIOCOOHOCTEN KpacoK.

17.3. Hynesaga runoreza Hy: 0? /0727 = 1, anmprepnaTu-
Ba JIBYCTOPOHHSISI. JHAUEHUE sg/s% = 0,24. I'untore3za Hy Ha

2 %-M ypoBHE 3HAYMMOCTH OTKJIOHAETC. [lociennee 06o3Ha-
9aeT, 9TO TOYHOCTHh pabOThl KOHTPOJIEPOB HEOOXOIMMO KBa-
JIMUIIPOBATE KaK Pa3IUIHYIO.

17.4. Hynesast runoresa Hy: a = 1, aabTepHATUBA JBY-
croponusist. 3Hadenue [t| = 2,35 > 2,262 = 19,0259 = tan—1-
[Tostomy rumoresa Hy (#a 5%-M ypoBHE 3HAYMMOCTH) OT-
KJIOHSIETCsI, 9TO YKa3bIBaeT Ha TO, YTO CUYETIUKU OTPEryJIH-
POBAHBI HEYIOBJIETBOPUTEJIHHO.
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17.5. Hynesas rumoreza Hy: ag = a;, aJbTepHaTHBa
jasycroponnsisi. 3uadenne [t = 0,891 < 2,262 = g p25,9 =
= tantm—2. 1losToMy runoresa Hy ua 5 %-M ypoBHE 3HAH-
MOCTHU He OTKJIOHsIeTCsl (He [IPOTUBOPEYUT IKCIIEPUMEHTAI b
HBIM JIaHHBIM ). JIpyrumu cjioBamMu, 9KCIEPUMEHT JaeT OCHO-
BaHUS yTBEPXKIATh, 9TO cTayb | u cranab I me oTnmuaarorcsa
10 CIIOCOOHOCTH K IVIyOOKOMY OTIIYCKY.

17.6. (2°) Hynepas rumoresa Hy: 02/0,01 = 1, anbrep-
naTuBa oxHocToponuss: 02/0,01 > 1 (Hac mHTEpecyeT ToJIb-
KO IIPEBBIIIIEHNE JUCIepcreii 3aJaHHOr0 yPOBHs ). 3HAYEHUE
s2/0,01 = 14,53, X2, 1)/(n = 1) = X§50/9 = 1,88 <

< 14,53 = 52/0,01. [Tosromy rumoresa Hy ma 5 %-M yposHe
3HAYMMOCTHU OTKJIOHsIeTCsI. Pesynbrare! B3permmuBanue 10 yia-
KOBOK JIAIOT OCHOBAHUS YTBEPKIATH, 9TO TPEOOBAHUS OTHO-
CUTEJIbHO JAUCIIEPCUU MaCChl YIIaKOBOK HE BbIIOJHACTCA —
pasbpoc MacChl YIIAKOBKU IIPEBBIIAET 33 IaHHYI0 HOPMY.

17.7. Hynesas runoresa Hy: a = 12,0, anbrepHaTruBa
JIBYCTOPOHHSIs. 3Hadenne [t| = | — 12,0|/ﬁ = 0,56; |t| =
= 0,56 < 2,160 = 20,025,13 = ta;n—1. [Hoaromy runoresa Hy
HE OTKJIOHSIETCSI.

17.8. Ilycts a, — cpeasee cojepxKaHue 30j10Ta B 00-
pasnax u3 mypdos, a ag — B obpasnax u3 ckpaxkuh, Hy:
a¢ = ay), AILTEPHATHBA OJIHOCTOPOHHAA: a¢ < Ay (pe3ysbTar
MCCJIeIoBaHusT 0OPa3IoB Ha COIEPKAHIE 30/I0Ta U3 CKBaYKUH
He Bbille, YeM u3 1rypdos). Mbl He XoTuM nperebperaTh BO3-
MOXKHBIM CHUKEHHEM PACXOJOB (3a cueT OypeHUsl CKBarKUH
BMECTO 3aK/JIaJKU MIypPdOB), MO3TOMY HAa3HAYAEM HE OUEHb
00JIBIIION ypoBeHDb 3HAUYNMOCTH, cKaxkeM, o = 0,025. 3Hawe-

nue t = (7 — 5_)/<3\/W> =182t = 1,82 < 2,06 =

= 10,025:25 = tamn+m—2. llosromy runoresa Hy nHe oTKJO-
Hgercd. Tak 9TO MOXKHO CYUTATh, UTO PE3YJILTATHI UCCTIE-
JOBaHUs 0OPA3IIOB U3 CKBAXKWH U U3 MIYPQOB CYIIECTBEHHO
He oranvatorcs. CreoBaTeIbHO, JJIsT PA3BEIKH PACCHITHO-
0 MECTOPOK/IEHUs 30JI0Ta MOYKHO PEKOMEHI0BaThH OypPHUTDH
CKBaKUHBI BMECTO 3aKJ/IaJIKU MIypQOB, 9TO CHUKAET 3aTpPa-
ThI HA PA3BEIKY.
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17.9. Ilycto ag, a% — JIUCIIEPCUU Pa3Mepa BHEITHETO Jiha-

MeTpa U3IeJIUsl COOTBETCTBEHHO II0CJI€ HACTPOUKN CTAHKA U
Jepes ompeieeHHoe BpeMs Iocje 3Toro. Hymnesas rumore-
3a Hy: O'g / 072] = 1, aJbTepHATUBA OIHOCTOPOHHSISL: ag / a,% <
< 1, HOCKOJIBKY CO BpEMEHEM TOYHOCTH PabOThI CTAHKA MO-
JKET TOJBKO YMEHBIIUThCsI (JUCIepCrsi KPUTHYECKOTO pas-
Mepa M3JIeIHsT MOXKET TOJBKO YBEJIWIUTHCs ). SHAYEHHE OT-
HOIITEHU S Sg/s% = 0,77 > 0,44 = 1/Fp05,14:19. [Tosromy
runore3a Hgy me orknousiercs. Ilocmenmee obo3HaUaeT, ITO
[IpUBeIeHHbIE JAaHHBIE HE HAIOT OCHOBAHUN I'OBOPUTHL O CHU-
KEHUHM TOYHOCTH PabOThI CTAHKA.

17.10. Hynesast runore3a Hy: a = 24, aabTepHaTuBa

JBYyCTOpOHHsAA. 3Hadenme [t| = |€ — 24|/ﬁ = 1,363 <

< 2,365 = tp,025:7 = ta;n—1. [losTomy rumoresa Hy me oT-
kyonsiercst (Ha 5 %-m yposae s3unaunmoctn). CrieoBaTebHO,
MO2KHO CUHUTATb, YTO pPacCHYeTHasd CKOPOCTH IIOJIMMEpPpHU3allun
cocrasiger 24 % 3a yac.

17.11. IlycTb a¢ u a,; — cpejjHue IIpeie/IbHOrO CONPOTUB-
JIGHUS Ha C2KATHe COOTBETCTBEHHO OETOHA, IIPUIOTOBJIEHHOIO
6e3 00paboTKu, 1 H6eTOoHA, IPUIOTOBJIEHHOIO C 0OPabOTKOIL.
OTHOCI/ITe.HbHO CL& n an BbI/IBUT'a€TCd T'HIIOTE3a HOZ CL& = an
— runore3a 00 oTcyTcTBUH P PEKTa CIeIUaATHLHOIO CrIocoba
OpUroTOBJIeHUsT GeToHa (00HMIHAS [IIT ABTOPOB HOBOTO CIIO-
coba). AJbTepHATHBA OJHOCTOPOHHSS: (¢ < a; (CHEnua/Ib-
HBII CI10cO0 MPUrOTOBJIEHUSI OETOHA OPHEHTUPOBAH Ha IIO-
BBIIIIEHUE €r0 IPOYHOCTH Ha CxKarue). Ber — wien g06poke-
JIATeJILHOI KOMUCCHH 10 IIPOBEpKe 3(PdEeKTa CIIeNUaIbLHOIO
c1rocoba IPUrOTOBJICHNsT GeTOHA (HE XOTUTE HECHPABE/JTMBO
nperedperaTb 3PPEKTOM CIENUATHHOTNO CIIOC00a IPUTOTOB-
JieHusi OETOHA, eCJIM OH CYIIEeCTBYET), [OITOMY Ha3HadYaere
HE OYeHb MAaJIblil YPOBEHb 3HAUUMOCTHU. BbibepeM, ckarKeM,
5 %-it ypoBeHb. 3HavueHne

t= =8 / [sy/2E) — 200>
nm

> 2713 = t0,05;4 = ta;n-{—m—Z.

HOSTOMY HYyJIEBad I'I110TE3a H() OTKJIOHAETCH. HOCJIG,Z[HGG 000-
3HAaYae€T, YTO IKCIIEPUMEHT JJa€T OCHOBaHH:A YTBEP2K/IaTh, 9YTO
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CIIeNUAaJILHBIN CII0c00 MPUTOTOBJIEHNsT OETOHA TOBBIIIAET €ro
COIPOTHUBJIEHNE Ha CYKATHE.

17.12. Ilycrp ag, 0’% — JIUCIIEPCUM BBIXO/Ia HeXKeJlaTe b
HOTO TIPOJYKTa IPH HMCHOJIB30BAHUN COOTBETCTBEHHO KaTa-

smzatopoB A u B. I'unoreza Hy: ag /03] = 1, ajprepHaTn-

Ba JIBYCTOPOHHSS: ag/a% < 1 wmm ag /o% > 1, MOCKOJIBKY
AITPUOPHU HUYIEr0 HE U3BECTHO O CTAOMIBHOCTH BBIXOJIA HEXKe-
JIATEJILHOTO MPOAYKTa KaK B C/Iydae HCHOJIb30BAHUS OJIHO-
ro KaTajan3aTopa, TaK U JAPYroro. SHaUeHNe sg / 3727 = 0,335;

_ _ 2 /42 _
]-/Fa;(m—l);(n—l) = ]-/F0,01;8;8 = 0,166 < Sé/sn < 6,03 =
= FO,Ol;S;S = Fa;(nfl);(m71)~ HOSTOMy TuIoTeE3a HD HE OT-
KJIOHSIETCsI. DKCIIEPUMEHT He JaeT OCHOBAHWI CINTATh, UTO
pa3bpoc BBIXOIA HEXKEJIATETHLHOIO MPOAYKTa IIPU UCIOIb30-

BaHUU KaTaJau3aTopos A u B pasimden.
17.13. Hynepas runoresa Hy: a = 2,5, ajgbrepHaTuBa

JBYCTOpOHHsAA. 3Hadenme |t| = |€ — 2,5\/% = 2,08 <

< 2,365 = t0,025:7 = tan—1, HO3TOMY rumnoTesa Hy me or-
kyonsiercst (Ha 5 %-m yposae 3uaunmoctn). Crie0BaTeIbHO,
MOYXKHO CYUTaTh, YTO BBIOOPKA TOJIYUY€HA W3 HOPMAJJIBLHOTO
pacupejesieHust Co CpeJHUM 2,5.

17.14. Ilyctb a¢ u a, — cpejjHee yBeJUYEHUE MacChl
JeTelt, KOTOPBIM BBIJAaBaIl COOTBETCTBEHHO COK M MOJIOKO.
Hynesast runoresa Hy: ag = a;, anbrepHaTHBa JBYCTOPOH-
HAA: a¢ < Gy WA ag > a,. SHadenne [t| = 1,30 < 2,01 =
= 10,025;18 = ta;n+m—2. [loaTomy runoresza Hy ne oTKI0HACT-
Csl, ITO Mbl MHTEPIIPETUPYEM KaK HECYIECTBEHHOE OTINYUE
B YBEJIMYEHUU CPpeJiHell MacChl JeTeil B Ipyliax.

17.15. Hynesas runoreza Hy: 05/0727 = 1, aabrepHa-
TUBA JIByCTOPOHHSISI: ag/a,% > 1 wm 02 /ag < 1 (ecmm Hy
HeBepHA, TO aIPUOPU HEU3BECTHO, TOYHOCTHL KAKOI'O MUK-
POCKOIIa BBIIIE, a KAKOrO HIKe). SHaUeHHe sg/s% = 0,47;
1/Fa;(m—l);(n—1) = 1/F0’01;11;8 = 0,17 < 8%/8727 < 4,714 =
= Foorg11 = Fa;(n—l);(m—l)' Ilosromy rumoreza Hy Ha
2 %-M ypOBHE 3HAYMMOCTU HE OTKJIOHAETCS. DKCIIEPUMEHT

HE JIAeT OCHOBAHUN CTABUTH 10J] COMHEHUE OJINHAKOBYIO TOU-
HOCTBb m3MepeHuit Mukpockonamu [ u II.
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17.16. Hynesaa runoresa Hy: a = 2000, ajxprepHaTu-
Ba JIBYCTOPOHHSIsI (COIMPOTHUBIICHNE PE3UCTOPOB MOXKET OBITH
Kak MeHbIuM, Tak u 6osbium 2000). Suadenue |t| = 1,02 <
< 2,20 = tp,025:11 = tamn—1. [losTomy rumoresa Hy ne or-
kyonsiercst (#a 5 %-m yposue 3nauumoctn). [Tocieanee 06o-
3HAYAET, YTO TAKHE OTKJIOHEHUsI 3HAYEHMS COIPOTHUBJICHUS
PE3UCTOPOB OT HOMHUHAJIA JOIYCTUMbBI (OHU €CTECTBEHHBI U
n36€KaTh MX HEBO3MOYKHO).

17.17. Hynesaa runoresa Hy: az = a,, ajlbTepHaTuBa
aBycroponnsist. 3uadenue [t| = 8,566 > 2,10 = tp 02518 =
= tain+m—2. 1loaTomy rumoresa Hy orkionsiercst (Ha 5 Y-M
YPOBHE 3HAYUMOCTH ).

n
COOHOCTEN KPaCKM, N3TOTOBJIEHHON COOTBETCTBEHHO II0 TEX-

HosjiorusiM A u B. Hysnesas runoresa Hy: Ug / O’% =1, anb-

17.18. IIycTb ag, 02 — JQUCIEpPCHN OTPAYKATEIbHBIX CIIO-

TEPHATHUBA OJTHOCTOPOHHSIS: 02 / 0727 > 1 (M3MeHEeHUsT B TEXHO-
JIOTUU HATIPABJIEHBI HA YMEHBITIEHNE JTUCIIEPCUN OTPAXKATE b=
HBIX CBOICTB Kpackn ). OTKJIOHEHHE B 110JIb3Y ITOM aJibTepHa-
THBBI OyJIET CBUIETEILCTBOBATE 00 YMEHBIIIEHUHU JTUCIIEPCHH.
Buavenue Sg/s% = 4,74 < 6,39 = Fo 0544 = Foy(n—1);(m—1)-
[Mosromy runoreza Hy Ha 5 %-M ypoBHE 3HAIMMOCTH HE OT-
KJIOHSIETCsl. DKCIIEPUMEHT He JIaeT OCHOBAHUIl yTBEPK/IATh,
YTO U3MEHEHUSI B TEXHOJIOTUU, HAIIPABJICHHBIE HA yMEHBIIIE-
HUE JUCIIEPCUN OTParXKaTeIbHBIX CBOMCTB KPACKH, OKA3AJIUCH
3 peKTUBHBIMU.

17.19. Hynesasa runoreza Hy: a = 220, anbrepHaTHBa
JByCTOpOHHAA: a > 220 wm o < 220. 3uadenue

t] = |€ - 220|/ﬁ = 1,48 < 2,07 = to,025:23 = tasn—1-

[Tostomy rumoreza Hy He orTkioHsiercst (Ha 5 %-M ypoBHe
3HaLII/IMOCTI/I). OTKJIOHeHI/IH OT CTaHJapTa MO2KHO CYUTaTb
JIOILYCTUMBIMHU.

17.20. Ilyctb a¢ m a, — cpeaHue 3HAYEHHs pe3y/ibTa-
TOB MPOXOXKJIEHUS JTUCTAHIIMYA B 15 KM COOTBETCTBEHHO TPa-
JUITMOHHBIM XOJ0M U KOHBKOBBIM XonoM. HyseBas rumoresa
Hy: a¢g — 1 = ay, anpTepHaTuBa OJHOCTOPOHHAA: ¢ — 1 >
> a,. OTKJIOHEeHHe HyJIeBON TMIOTe3El B MOJL3Y aJbTepHa-
TUBHOI: ag — 1 > a;, OyzneT cBUIETEILCTBOBATL O HAJIMYUH
GoJiee YeM OTHOMHUHYTHOrO 3(PdeKTa TEeXHUKU KOHBLKOBOI'O
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X0/1a, HEOTKJIOHEHUE TUoTe3bl Hy OyaeT CBUAETE/ILCTBOBATD
00 oTcyTCcTBUH Takoro 3pdekTa. SHAUEHHIe

— n—+m

t=(E-1) -1/ |s

nm

CpaBHUBaeM C tqnim-—2, €CIH t > lapim—2, TO THIOTE3A
Hy orkJjonsiercsi, B IPOTUBHOM cJiyuae — HeT. Vmeem: ¢t =
= 3,774 > 2,10 = tp0518 = tamnt+m—2. [loaromy cormac-
o kpurepuio Crblosenta runoresa Hp: ag — 1 = a, Ha
5 Y%-M ypoBHE 3HAMUMOCTH OTKJIOHSAETCS, UTO HHTEPIPETUPY-
ercst Kak 0oJiee YeM OJHOMUHYTHBII BBIUTDHINI BO BpeMeHH
[IPU UCIIOJIHL30BAHNN TEXHUKH KOHBKOBBIX XOJIOB IO CpaBHE-
HUIO C TPAAUIIMOHHON TEXHUKOM.

17.21. Hynesaa runoresa Hy: ag = a,, aabTepHaTHBa
JIBYCTOPOHHSS: a¢ < Oy WIH Q¢ > Qy, IIOCKOJIKY HeT allpy-
opHO# nHMOPMAIUN OTHOCUTEILHO JTHAMETPOB U3eJIN, U3~
roroByleHHBIX Ha cTankax A um B. Smadennme [t| = 1,98;
|t| =198 < 2,07 = t0,025:23 = ta:n—1- TloaTomy rumoresa Hy
HE OTKJIOHSIETCs. DKCIIEPUMEHT He JlaeT OCHOBAHWII yTBEp-
2KJIaTh, YTO JUAMETPBI U3JIeJIHil, N3TOTOBJIEHHBIX Ha PA3HbBIX
CTAHKaX, OTIMIHBI.

17.22. Hyneas rumnore3a Hy: a = 18, ambrepHaTnBa
aBycroponnsist. 3uadenue [t = 0,89 < 2,20 = tpoo511 =
= tqn—1. [losromy rumoresa Hy He orkionsieTcst (Ha 5 %-M
ypoBHe 3HaunmMocTn). [locsienee TpakTyercsi Kak BbIIOJIHE-
Hue TpebOBaHM CTAHIAPTA OTHOCUTEIBHO COMEPXKAHUS XPO-
Mma B craju 18Cr10Ni2Mo.

17.23. Hynesas runoresa Hy: ag = ay, albTepHaTHBa
JIByCTOpOHHsIsA. 3Hadenue |t| = 3,63 > 2,10 = tg 25,18 =
= taint+m—2. 1losromy rumoresa Hy orkionsiercst (Ha 5 %-M
YPOBHE 3HAYMMOCTH ). DKCIEPUMEHT J1a€T OCHOBAHUS yTBEP-
2KJIaTh, 9TO KOMMOPTHAS TEMIIEPATYPA JIJIs >KEHIIUH U MY K-
YUH Pa3/nvIHA.

17.24. HyneBas runore3a Hy: ag / 0727 = 1, aJlbTepHATUB-

Hasl TWIIOTe3a JIBYCTOPOHHSISI. 3HAYEHUE sg / s% pasuo 1,71;
1/Fa;(m71);(n71) = 1/F0701;7;7 = 0,14 < 82/8% < 6,99 =
= F0’01;7;7 = Fa;(n—l);(m—l)' HOSTOMy TUIIoTe3a H() He oT-
kjoHsiercst (Ha 2 %-M ypOBHE 3HAYUMOCTH). DKCIIEPUMEHT
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CBUAETEJILCTBYET B IIOJIL3Y OTCYTCTBUSA pa3JII/ILII/II71 MeXKJy pa3-
6pocoM colpoTuBieHuii nposoaa tuna A u B.

17.25. Hyneas rumoresa Hy: a = 11, anbrepHarnpa
ommocTopoHHsist: @ < 11 (mpouHocTs Ha m3rub MenbIme 11).

Buauenne t = (£ — 11)/% =38 > —1,75 = —too5;15 =
= —tam—1. [losTOoMy runoresa Hy ue orkionsiercs (Ha 5 %-m
ypoBHe 3HaunMOoCcTH). Takum 06pa3oM, MOKHO CYUTATH, UTO
[IPOYHOCTh Ha U3rud He MeHbIre dem 11.

17.26. TouHOCTD CcTaHKa XapaKTEPU3YeTCs JIUCIEPCUE:
MeHbIIIe JUCIePCUs — OOJIBIIE TOUYHOCTD, OOJIBIIE IUCTIEPCUS
— MEHBIIE TOYHOCTb.

[Tpoeepsiem rumoresy Hy: 0124 / 0123 = 1, aJgbTepHaATHUBA
aBycToponnds: 03/0% > 1 wm 0%/0% < 1, HOCKOILKY
HEU3BECTHO, TOYHOCTH KAKOT'O CTAHKA DOJIBIIE, 8 KAKOI'O MEHb-
I1Ie. BHa‘{EHI/Ie 834/82B = 1,27; I/Fa;(m—l);(n—l) = ]_/F0’01;9;14 =
=0,25 < 1,27 = 8124/823 < 5,00 = F0701;14;9 = Fa;(nfl);(mfl)'
[Mosromy rumnoresa Hy He orkionsiercst (Ha 2 %-M ypoBHe
3HAYMMOCTH ). DKCIEPUMEHT He JIaeT OCHOBAHUI yTBEPKJIATh,
YTO CTAHKU IMPUHAJIEZKAT PA3HBIM KJIACCaM TOYHOCTH.

17.27. Pazbpoc xapakrepusyercs mucrepcueii, 60JibIie
guctepcusi — 6ouibiie paszbpoc. Ilycrs og — JIACIIEPCHUsT CO-
JepzKaHusl Mapraniia B CJIydae ero ompeieseHus 1Mo TPa u-

ITUOHHOM METOJINKE, a, 0727 — 1o HoBoit. HyseBast rutoresa Hy:

O'g / 0,2] = 1, aJbTepHATHBA OJHOCTOPOHHSIS: Ug / 072] > 1 (oxku-
JIAETCST, ITO HOBAsI METOJIMKA OIIPEJIEJIEHNUsT COIEPyKAHUST Map-
raHIa JaeT MeHbIuii pa3dpoc pesynbraros).Orkiaonenue Hy
B II0OJIb3Y 9TON aJbTEePHATHUBLI OYIET CBUIETEILCTBOBATEL 00
YMEHBIICHUH JIUCIIEPCUU. SHAYCHUE sg /s% = 2,15; sg /5727 =
= 2,15 < 3,68 = F,059,7 = Fy;(n—1);(m—1)- 1ooTomy ruro-
Te3a Hy HE OTKJIOHSIETCSI. DKCIEPUMEHT HE JTAeT OCHOBAHWUIA
TOBOPUTHL 00 yMeHbIIeHnn pa3dbpoca.

17.29. Hynesas runoresa Hp: ag = a, ajibrepHaTHBa
JIBYCTOPOHHsIsI (HeT alpuopHOil HHGOPMAIH OTHOCUTEIHLHO
XapakTepucTk pyrepoBKu npeanpusituii A u B). 3nauenue
|t| = 4,05 > 2,11 = t07025;17 = ta;n+m—2- HOSTOMy TUIOTE-
3a H(y OTKJIOHsIETCsI. DKCIEPUMEHT JTAaeT OCHOBAaHUs yTBEp-
KIATh, 9T0 (PyTEpOBKa, U3rOTOBJIEHHAs Ha IIPeIIPUITUIX
A n B, ormm4aercs 110 CBOMM XapaKTEPUCTUKAM.
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17.30. Ilycts Hy: 02/35,63 = 1, anbrepHaTHBA OTHOCTO-

ponnss: 02/35,63 < 1. Orknonenne Hy B TI0/IB3Y 3TOMH aJlb-
TEpHATUBBI OyJIeT CBUJETEIbCTBOBATH 00 YMEHBIIEHUU JIUC-

IIePCHH, B IIPOTUBHOM CJIydae — HeT. SHAUYCHHE S /35,63 =

sToMy rurnoresa Hy He OTKJIOHAETCA. DKCIIEPUMEHT HE JIaeT
OCHOBAHUI yTBEPXKIATh, UTO JIHMCIIEPCHSI 3a CUYET TEXHOJIO-
MMYECKUX U3MEHEHUH [IPOIecca YMEHBIINIACh (HECMOTPsT Ha
OKUJIAHWS UX aBTOPOB).

17.31. Hynesas runoresa Ho: ag = ay, albTepHaTHBa
aBycroponnsisi. 3nadenue [t| = 3,5 > 2,10 = {9 025,18 =
= tamn+m—2 - 1losTomy runoresa Hy oTkiionsercsd. DKciie-
PHUMEHT JaeT OCHOBAHUSI yTBEPKIATH, UTO B T€UEHNE 3a1aH-
HOI'O MHTEpBaJia BPEMEHU IPOU3OILIN U3MEHEHHUs] B YPOBHE
HaACTPOMKU CTAHKA.

17.32. IlockoJIbKy perucTpupyercs TeMmIieparypa Ipa-
BOI1 U JIEBOI IITUH JIJISI OJTHOT'O U TOTO Ke aBTo0yca, TO BEIOOP-
KU He SIBJISIOTCS HE3aBUCUMBIME (& CJIEJOBATEIBHO, HEJIb3sI
[IOJTb30BATHCA KPUTEPUEM JIJIsE ITPOBEPKH I'MIIOTE3bI O PABEH-
CTBE CPEJIHUX), TIO9TOMY PaCCMOTPHM DPas3HOCTh ( = 1) — &
TeMIIepaTyp, CKaxkKeM mpaBoil u JieBoit muH. OTHOCUTETBHO
cpesHero a pasnoctu ( BbIBuraercs: rumnoresa Hy: a = 0,

aJbTepHATHBA JIBYCTODOHHss. SHadenne |t| = [¢| / ﬁ =

= 2,26. Tak uto ’t’ =226 > 220 = t0,025;11 = ta;n_;_m_g. ITo-
sTomy rumnoreza Hy orkionsiercs (Ha 5 %-M ypoBHe 3HAYN-
MOCTH), YTO CBHJIETEIbCTBYET B II0JIb3Y CYIIECTBEHHOI pas-
HUIBI TEMIIEPATYPHI, 10 KOTOPOI HATPEBAIOTCSI IIPABAs U Jie-
Bad IINHBI aBTO6YCa BO BpeEM €TI0 ABUZKCHUA.

17.34. Paccmorpum pasHocTh ( = 1) — £ MeXK/Ly JIJIMHOMR
0b6pastos nocste orzkura u o uero. (Ilonbp3oBarbes kpurepu-
eMm CTplofieHTa [IJI IPOBEPKH T'UIIOTE3bI O PABEHCTBE CPel-
HUX HEJIb3sI, IOCKOJIbKY BBIOOPKHU HE SIBJISIIOTCS HE3aBUCHMbI-
MU — U3MEPSIeTCsl JJINHA OJIHOIO U TOTO Ke 00pasia J0 OT-
)ura u nocje Hero.) OTHOCUTENBHO CPEIHEro a PpasHoCcTu (
BhIIBUTaeTcst Tunore3a Hy: a = 0, ajJbrepHaTHBa JBYCTO-
pounsist: @ > 0 wim a < 0. Buadenne |t| = 2,14 < 2,262 =
= 10,025;9. IlosTomy rumoresa Hp ne OTKJIOHAETCH. DKCIIE-
PHUMEHT HE JaeT OCHOBAHMI TOBOPUTH 00 M3MEHEHUH JJINHbI
00pAa3IoB U3e/INil [TOC/Ie UX OTXKUTA.
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17.35. Hynesas runoresa Hp: ag = a, albrepHaTHBa
nsycroponnsist. Suadenue |t| = 0,916 < 2,015 = tgos5 =
= ta:n+m—2. 1losromy rumoreza Hy ne orknondercs. IIpes-
[IOJIOYKEHUE O TOM, UTO COCTAB PE3UHBI HE BIUSET Ha ee IPO-
HOCTb, HE MPOTUBOPEUYUT HKCIIEPUMEHTY.

17.36. TounocTh pabOTHI CTAHKA XapaKTEPU3YETCs JIC-
nepcueil 1 co BpeMeHeM He Bo3pacraer (& JMCIepcHsi CooT-
BETCTBEHHO HE yMeHbIaercsi). B repMuHAX MpPOBEPKU CTa-
THUCTUIECKUX TUIIOTE3 TPEIIOJIOKEHNE O HEU3MEHHOCTH TOU-
HOCTU pabOThI cTaHKa opMyaupyerca Kak rumnore3a Hp:
crg /0727 = 1, aJapTepHATUBA OJHOCTOPOHHSIS: ag / 0727 < 1. 3na-
YeHue 32/372] =0,51 >0,31 = 1/F0705;9;9 = 1/Fa;(mfl);(n71)'
TlosTomy myseBast rumoresa He OTKJIOHdAETCHA. TakuM obOpa-
30M, MOXKHO CIUTATh, ITO TOYHOCTb PAOOTHI CTAHKA HE YMEHb-
MUIach (XOTsl 3HAYEHUE OLEHKH JUCIEPCUH U BO3POCJO C
sz = 4.4mxM? 710 572] = 8,6 MKM?, HO 3TO JIOIyCTHMOE yBe-
JIMYEeHNE JIUCIEPCUH ).

17.37. PaccmoTrpum pasHocTh ( = 1)—& MEXKIY IJTATE/ b
HOCTBIO 00€300/IMBAIOIIEro IeiCTBUA HIpenaparoB B u
(B mannom ciryvae mosib3oBaTbest KpurepreM CThIOJIEHTA JIJIsT
nposepku runoresel Hp: a¢ = a, HeIb3s, HOCKOJILKY BBI-
GOpKH HE SIBJIAIOTCs He3aBUCUMBIME.) OTHOCHTEIBHO Cpe/l-
Hero a pasnoctu ( BbLaBuraercs runore3a Hy: a = 0, upu
sTOM B caydae 1° (anpuopnast nadopmanus 06 3¢ dekTuBHO-
CTH IPenapaToB OTCYTCTBYET) AJIbTEPHATUBA JIBYCTOPOHHSISL:
a < 0wmmu a > 0; a B caayuae 2°, Koria u3BeCTHO, UYTo0 B nme-
eT He MEHBINYI (PapMaKOJOTHIECKYH aKTHBHOCTb UeM A,

aJibTepHATHBa OfHOCTOpOHHSss: a > 0. Hasee, t = ( / \iﬁ =
n

= 2,43; |t‘ = 2,43 > 2,365 = t07025;7 = ta;n—1~ HOSTOMy
B ciydae 1° rumoresa Hy orkionsiercst (Ha 5 %-M ypoBHe
3HAYMMOCTH), YTO MBI TPAKTYEM KaK Pa3JnIHyIio (apMaro-
JIOTUYIECKYIO0 aKTHBHOCTH MpenapaToB B u A.

Orkyonsiercst runore3a Hg v 1Ipu HAJIMYUU AlPUOPHON
urdopmarn (papmakosoruieckas aKTHBHOCTb B He MeHb-
me gem A), mockosbKy t = 2,43 > 1,895 = 0 05,7. 10 CBU-
JIETEJILCTBYET B TIOJIb3Y OOJIbIIEll (hapMaKOJOTHICCKON aK-
THUBHOCTH Iiperapara B 10 cpaBHEHHIO ¢ mpermapaToM A.
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17.38. Hynesas runoresa Ho: ag = ay, albTepHaTHBa
JIBYCTOPOHHSIS: Q¢ < Gy WIHA Gg > ay. 3Hadenue [t = 1,14 <
< 2,179 = tp,025;12. IlosToMy rumoresa He OTKIOHAETCA. DKC-
[IEPUMEHT HE JIAeT OCHOBAHUI yTBEPK/IATh, YTO PE3YIBTATHI
OTIepaTOPOB CYIIECTBEHHO PA3JIMIAIOTCS.

21.18 K riase 18

[Ipumepsb! nHTEpIpPETAIINN HEOTKJIOHEHUS HYJIEBON TUIIO-
Te3bl, OTKJIOHEHNS HYJIEBOM I'MIIOTE3BI B TIOIB3Y TOU UJIN JIPY-
roit aJbTEPHATUBBI MOYKHO HAUTHU B PENIEHUSAX U YKa3aHUAX
K 3ajadam 1. 17.

18.7. YT006bI 0b€eCIIenTD BBIIOIHEHNE YCIOBUS V. V. /1 >
> 10 nsa Bcex i, j, He MCKJIOYEHO, 4TO npusHaku D u E
HEOOX0IUMO Oy/ieT OObeUHUTEL B OJIUH NPU3HAK S — HEJOo-
CTATOYHO Pa3BUTHIA MJIM YMCTBEHHO OTCTAJIBIA.

18.19. ®opmaibHO TUIIOTE3a O HE3ABUCUMOCTH [Ty XOHE-
MOTBI OT 110J1a (DOPMYITUPYETCH KaK IUIIOTE3a O HE3ABUCUMO-
CTHU IPU3HAKOB: IIOJI M TJIYXOHEMOTA.

Crayajia HeOOXOIMMO TIOCTPOUTH TABJIMILY COIIPSIKEHHOC-
tn npusnakoB. Habmomaercs 15729 000416 799 000 3unawe-
Huil (10 KosimuecTBY xkuTeseil AHDIMM u Yajbca) cirydaii-
HOIT Besmunnbl (€,7), rae & — “unpukarop”’ nosa (IpuHUMAa-
et 3nadenne () JIs XKEHCKOTO HOJIa M 1 — JIJIT My?KCKOIO),
7 — “uHpuKaTop” IIyXOHEMOThI (IIPUHUMAET 3HavYeHue 1, ec-
JIM 9eJIOBEeK TUIyXoHeMol u ) — B IPOTHBHOM CJIyUae).

18.22. YTo0bI 006ecIednTh BBITOJIHEHNE YCIOBHSI

Vi.V.j/n > 10

JIUISE BCEX 4, j, He UCKJIF0YEHO, ITO JiBa npu3Haka: F'u G (win
JIBa IIpU3HaKa: “CHOCHOE” U “oveHb 110X0€”) HEOOXOIMMO Oy-
JieT OObeIMHUTD B OJINH IPU3HAK.

18.25. I'nnoresa Hy: wucso nosiiaennit (1, 1) ma 100 map
MMeeT ITyacCOHOBCKOE pacIpe/iesIeHue.

18.27. He uckjoveHo, 9T0O HEKOTOPbIE MPU3HAKHU HEOO0-
XOJIUMO OyJ1eT OObEJIMHUTE B OJIUH (CM., HAIIPUMED, yKa3aHUe
K 3ajade 18.7).

18.35. Ecnu TesienaT MBICJIH He YUTAET, TO BEPOATHOCTD
IPaBWJILHO MIPOYUTATH 3a/lyMaHHyo nudpy pasua 1/10.
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IIycts € — ciyvaiiHad BeJIMYMHA — YUCIO ITPABUJIBHO
IIPOYUTAHHBIX UMD B OFHOM 3IKCIIepUMeHTe, & IPUHUMAET
suavdenus 1 u 0, pacupenesienne £ umeer BUJ

Pe(k) =081 —0)'"% k=01, 0 € (0;1).
OTHOCUTENIBHO PacIpeIeIeHus] Pg BBIABUTaCM T'AIIOTE3Y
Hy : Pe(k) = (1/10)%(9/10)' %, k=0, 1.
AﬂbTepHaTI/IBHaH TUIIOTE3a
Hp: Pe(k) =61 —0)"%, k=0,1, 6 > 1/10.

OTKJIOHEHNE HYJIEBO THIOTE3bl B I0JIb3Y aJbTepPHATUBHON
CBHUJETE/ILCTBYET O HAJIMIUHU CIIOCOOHOCTEN Tesernara IuTaThb
MBICJIN, HEOTKJIOHEHHE — 00 OTCYTCTBUM TAKOBDLIX.

21.19 K ruase 19

[Ipumepbl HHTEpPIPETAIINN HEOTKJIOHEHUST HYJIEBON TUITO-
Te3bl, €€ OTKJOHEHHS B IOJb3Yy TOW WU JAPYyroil aJbTepHa-
THUBBl MOYKHO HalTH B PeIIeHUAX U yKa3aHUIX K 3aJadam
. 17.

19.7. HomunambHBI auaMeTp Ineiiku padodeil wacTu
cBepJia cocTaBiisgeT 9,8 MM, HO B IIPOIECCE ITPOUBBOICTBA 110~
JIY9aeTCsl TO, YTO IMOJIYYIaeTCst (CM. BBIOODPKY), IO-IPYTOMY
B IPUHIAIIE HE MOXKET OBITb — YK OYE€Hb MHOT'O CJIydaii-
HBIX (HEKOHTPOJIMPYEMbIX) (AKTOPOB BJIHMSET HA KOHEUHBII
pesyabtat. [IoaToMy m3mepeHus auaMeTpoB Imeek 20 cBepi,
KaXKJbIfl U3 KOTOPBIX JOJIZKEH OBITH paBeH 9,8 MM, JalOT He
oo uncio 9,8, a peanu3aiuio BLIOOPKHA HEKOTOPOH ciryvaii-
HOH BeJIMIUHBI (, KOTOPYIO MbI I HA3bIBAEM JIMAMETPOM IIeii-
KW CBepJia.

OTHOCHUTEJILHO pacIpeIe/IeHns 3HAYeHNH JipaMeTpa Heii-
KW CBepJia BBIJIBUTAETCS BIIOJHE €CTECTBEHHOE ITPEIITOJIOMXKE-
Hre: ( — HOPMAJILHO PacCIpe/ie/IeHHas CIydaiiHast BeTMIIHA
(TeopernyeckuM OOOCHOBAHUEM ITOIO MPEIIOJIOKEHUsI, KO-
TOpPOE B OOJIBIITMHCTBE CUTYAIIUil OPABILIBAETCS, SBJISIETCS
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HeHTpaJIbHasl [IpejiesibHast TeopeMa). HopmasibHoe paciipe/ie-
nenue N, 2 onpejiesiercs AByMst HapaMeTpaMu: a 1 o?; ero
GYHKIUST pacipeae eHnst

Nyo2(z) = W / exp{ _a)Q}dt

[TockosIbKy HOMUHAJIBHBIN JuaMeTp ek cBepia 9,8 M,
to0 a = 9,8. TpeboBanne “HOpMa OTXOJA TPU TEXHUIECKOM
nomycke 0,05 MM moszKHa cocraBiaTh 1 %’ obosHadaer, 4To

P{9,75 < ¢ < 9,85} = 0,99.

HOCHG,H,HGQ PaBE€HCTBO, C YI€TOM IIPEIIOJIO2KEHNA O HOPpMaJIb-
HOCTU pacIIpeJesIeHNA C, MO2KHO IIepelirucaTb TaK:

9,85 ( )
1 t—9.8
—~ 7 Adt =0,99
V2ro? / exp{ 202 } T
9,75

a nocse 3amensl (t — 9,8) /0 = u Tak:

0,05/

1 u?
— expq —— pdu = 0,99,
V2T / p{ 2 }

—0,05/0

njam
0,05/

u2
m / exp{ }du—0495

[To Tabmume 22.1.1 HOPMAJIBLHOIO PACIIpPEIeIeHNs] HaXOIUM
0,05/0 = 2,575, 0 = 0,02. Takum obpazom, DYHKIUST THITO-
TETUYIECKOTO PACIIPEIeICHUS JUAMETPA IIeH KU CBEPJIa TMEET
BHJT
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(z—a)/o

Sorte)= e [ {5

o2(r) =— expy —— pdu

a;o \/ﬂ 9 )
—00

rae a = 9,8, o2 = 0,0004.

Ocraiocs, Bocriosib3oBasimchk kpurepuem A. H. Kosmo-
ropoBa, IpoBepuTh runoredy Hy: auamerp mielKu cBepJa
umeer pacupegenenne Ny ;25 a = 9,8, o2 = 0,0004.

19.16. Ilokazanns 3anucars B yacax (1 mum pasra 1/60
Jac).

19.25. CnyuaitHyto BeIMYUHY S; MOYKHO TTPEJCTABUTH B

BUJIC
16 )
S; = Z EI(;),
k=0
(4)

rae g, k=0,1,...,16, — He3aBUCHMBIE OJIMHAKOBO paclpe-
JeJIEHHbIE CIIyYallHble BEJIMYUHBI, PACIpeIeseHneM KazK 10
U3 KOTOPBIX SABJIAETCS

P{e¥ =j1=1/2, j=0,1.

CortacHO IEHTPAJIBLHON IpeebHON TeopeMe, HOPMUPOBAH-
Hasl CyMMa, HE3aBHCHMBIX OJMHAKOBO PACIIPEIEeJIEHHDBIX CJIy-
YafHbIX BEJIMYUH (C KOHEUHBIMU JMCIIEPCUSIMU) UMEET Pac-
upezenenne, 6umskoe K No.1-paciipeieieHuo. 3aMeTuM, 9TO

16 16
Ms;=MY el =8 Ds; =D &l =4,
k=0 k=0

II03TOMY
S; — MSi . S; — 8

DSZ' B 2
19.28. Cwm. 3amaay 19.25.
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21.20 K ruaase 20

20.1. Onenku & = 13,11, 8 = 0,74, 02 = 20,57. Hose-
pUTETbHBIMIA WHTEPBAJIAMU ¢ KOIPPUITUEHTOM HAIe?KHOCTH
0,90 sipastrorest: (12,015 14,21) — ayist napamerpa o, Jyisi 1a-
pamerpa [ — (0,61; 0,87), (15,78; 31,08) — mist mapamer-
pa o2.

VYpaBuenune perpeccun

s = 13,11+ 0,74(v — 24,78).

Coryacuo (20.1.7) suavenue |t| = 9,661, aro 6osbme 1,677 =
= 10,0548, mosToMy runoresza Hy: 5 = 0 orkiounsiercst (Ha 5%
YPOBHE 3HauMMOCTH). Perpeccust 3HaunMA.

Jlj1s1 TpOBepKU aJeKBATHOCTH JIMHEIHON Perpeccuu Bbl-
YUCJIUM

) .
S%: ZZ(SJ';V S])Q,
n—k
j=1v=1
1
5 = mznﬂs’j — (& + Bv; — 0))?,
j=1
1 & k Lo
= o Dt d = b2k =3 0= 03
Jy=1 = P
Nmeem ny = 2, ng = 2, ng = 1,...,n19 = 1, n = 50,

k =19, s? = 20,31, s3 = 23,55, snadenme 1,16 = s3/s? <
< Fyp—om—k = Fo,05:17:31 = 1,96, mosTomy corsracuo (20.1.18)
rUATI0TE3a 00 aIeKBATHOCTH OIINCAHNS JTMHEHHON MOIEIBIO 3a-
BHUCUMOCTHA TOPMO3HOT'O IyTH OT CKOPOCTH aBTOMOOWJIsT HE
OTKJIOHSIETCH. . A
20.2. Ouenku & = 73,98, f = 3,85, 02 = 59,44. Jlose-
PUTEIbHBIMIA HHTEPBAJIaMU ¢ KOIPPUITHEHTOM HaIe?KHOCTH
0,90 siBastrorest: (71,15; 76,80) — syist napamerpa o, Jjisi la-
pamerpa 8 — (2,06; 5,64), (42,06; 115,6) — mus napamer-
2
pa o“.
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VpaBHeHUE SMIIMPUYECKOH JINHUK PEI'PECCUU:
y = 73,98 + 3,85(x — 10,53).

Cormacuo (20.1.7) snadenue |t| = 3,689, aro Gosbiie ty 5.0 =
= 1,717, nosromy runoresa Hy : 5 = 0 orkionsiercs (Ha 5%
YPOBHE 3HAYUMOCTHU) — PErpeccust 3HAIMMA.

ITpoBepka ajIeKBATHOCTH PETPECCUN: UMEEM N1 = 1, Ng =
=1,n3=2...,n9=1mn=24 k =19, s3 = 12984,
8% = 45,72, 3HavIeHNe S%/S% =0,35 < F’y;k72;n7k = F0’05;17;5 =
= 4,59, nosromy cornacuo (20.1.18) runoresa o6 ajexkBar-
HOCTH HE OTKJIOHSIETCS. X .

20.3. Ouenku & = 9542, f = 1,87, 02 = 97,36. Jose-
PUTEIHLHBIMI UHTEPBAJAMU ¢ KOI(DPUINEHTOM HAIEKHOCTH
0,90 smBsiiorest: (90,08; 100,76) — myist mapameTpa o, JJIs
napamerpa 5 — (0,92; 2,82), (64,31; 276,35) — msa napa-
MeTpa, o2

YpaBHEHHE perpeccuu:

y = 95,42 + 1,87(x — 7,46).

Corsacno (20.1.7) snauenme [t| = 3,55, uro Gosbiie
t0,05;11 = 1,796, mosTomy rumotesa Hy : 3 = 0 oTKIOHSAETCH
(na 5% yposhe 3HaunMmocTh). Perpeccusi 3Haunma.

IIpoBepka aeKBaATHOCTH PEIPECCUN: UMEeM Ny = 3, Ny =
=lL,ng=1,....n=1,n=13 k=7, 53 = 101,17, s3 =
= 131,7, 3nadenue S%/S% =13 < F,y;kfz;n,k = F0’05;5;6 =
= 4,39, nosromy coriacHo (20.1.18) runoresa o6 ajexkBar-
HOCTU HE OTKJIOHSIETCSI. . )

20.6. Onenkn & = —1,10, = —0,59, 02 = 0,75. lo-
BEPUTEJILHBIME WHTEPBAJIaMUA ¢ KOIDDUINEHTOM HaIEIKHO-
ctu 0,90 sasores:: (—1,31;—0,90) — masa mapamerpa a,
(—0,73; —0,45) — musa napamerpa 3, (0,58;1,12) — aist ma-
pamerpa o2.

VpaBHEHUE PErPECCHn:

T = —1,10 — 0,59(Ca — 4,09).

Corsacno (20.1.7) snavenme [t| = 7,19, uro Gosbiie
t0,05:50 = 1,676, mosTomy rumoresa Hy: f = 0 oTkIoHdAET-
cst (Ha 5% ypoBHE 3HAYUMOCTH) — DErpeccust 3HAIMMA.
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ITpoBepKa ajIeKBaATHOCTU PErPECCUU: UMeeM N = 2, Ny =
=1,n3 =1,...,n34 = 3, n =52, k = 34, s2 = 0,87,
S% = 0,73, 3Hayenue S%/S% =0,84 < ka,Qm,k = F0705;32;18 =
= 2,19, mostomy coryacuo (20.1.18) rumoresa 06 a/ileKBATHOC-
TH ONMCAHUSA JTUHEHHONR MOIEIBIO 3aBUCUMOCTU 3HadeHusS 1
JIEHCUTOMETPUYECKOrO aHAJIM3a OT KOJUYECTBA BBLIBOIUMOLO
Ca He OTKJIOHSIETCSI.

B coorBeTcTBUE C ypaBHEHHEM pErpeccur 3HAYCHUIO
T = —2 (rpanure Mex/1y cpejHeil u Tsizkesoit (hopmoii ocre-
OIIEHUM) COOTBETCTBYeT 3HaveHue 5,7 Mmoib/n Ca. Ilosro-
my ecan Ca > 5,7 (Ca BeiBouTCs GOsIbIIe YeM 5,7 ¢TMHNUI),
TO CTEIEHb OCTEOIEHNN €CTECTBEHHO KIacCH(PUINPOBATE KAK
TSXKEJIYIO.

20.9. Onenku & = 804, f = 131,84, 02 = 70873,68.
JloBepuTeIbHBIMI MHTEPBAIAMA ¢ KOI(MPUIINEHTOM HAaTeK-
Hocru 0,90 siBistrorest: (683,475 924,52) — nyist mapameTpa a,
(69,29; 194,14) — musa napamerpa 3, (48235,57; 166034,03)
— IS IapaMeTpa o>,

VpasHeHnne perpeccun

y = 804 + 131,84(z — 3,65).

Cormacuo (20.1.7) 3nauenue |t| = 3,69, aTo Gosbite ty o515 =
= 1,753, moaromy rumnoresa Hy : f = 0 oTKjOHsieTCsT Ha
yposue 3uauanmoctu 0,05. Perpeccust 3nadnma.

IIpoBepka ajileKBaTHOCTH PEI'PECCUU: UMEEM N = 3, Ny =
=3,n3=3,...,n7 =3, n=17k =T, s7 = 68475, s3 =
= 104130, snauenne s3/s = 1,52 < Fyp_on—k = Fo05510 =
= 3,33, mostomy corutacuo (20.1.18) rumoresa 06 a/IeKBATHOC-
TH HE OTKJIOHSIETCH. . )

20.10. Onenkn & = 2125,28; 3 = 0,97; 02 = 2826, 22.
JloBepuTebHBIMU UHTEPBAJIAMHU C KOIMDMUIIMEHTOM HAJIEXK-
nocru 0,90 steysiiorest: (2102, 07; 2148, 48) miist napamerpa «;
(0,93;1,02) st mapamerpa ; (1934, 29;6390,95) st 1a-
pamerpa o2,

YpaBHEHUE perpeccuu

y = 2125,28 + 0,97(x — 2165).

Cormacuo (20.1.7) suadenue |t| = 38,74, aro 6osbie g 516 =
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= 1,746, nosromy runoreza Hy : § = 0 orknonsiercs (Ha 5%
yPOBHE 3HAYUMOCTH ). Perpeccust snauma.

20.11. Onenxn & = 0,63, 8 = 0,46, 02 = 0,02. Tose-
PUTEILHBIMU UHTEPBAJIAMU C KoacbcbI/ILLHeHTOM HaJIeYKHOCTU
0,90 siBssirorest: Jyist napamerpa « — (0,606;0,653), s na-
pamerpa  — (0,377;0,543), (0,017;0,026) — st napamer-
pa o2

VpaBHeHne perpeccun

y = 0,63 + 0,46(x — 0,81).

Cormacuo (20.1.7) 3suadenne |t| = 9,184, 4ro 6osbine tg 5101 =
= 1,660, mosromy runoreza Hy: S = 0 orkionsiercst (Ha 5%
ypoBue 3HaunmocTn). Perpeccust 3naqmnMa.

[IpoBepka aeKBATHOCTH PEIPECCUE: UMEEM 1| = 1, Ny =
=5mn3="7,...,n9 =1, n =103, k =25, 52 = 0,017, s3 =
= 0,033, smauenue s3/s7 = 1,92 < Fog—om—1 = Fo,01,23,78 =
= 2,1, mosromy coriacuo (20.1.18) rumnoresa 06 aJeKBATHOC-
Tu perpeccun Ha ypoBHe 3HaunmocTu 0,01 He OTKJIOHSIETCH.

20.12. OueHKI/I IJist BTOpoit koopmumuHaTthl & = 0,311;
ﬁ = 1,154; o2 = 0,009. [loBepuTesIbHBIM UHTEPBAJIAME C KO-
scbcbmu/leHTOM nagexkuocru 0,90 ssisrores: (0,228; 0,395)
st mapamerpa «; (0,96; 1,349) JUTST TIapaMeTpa [3; JJist ma-
pamerpa o2 (0,005; 0,052).

VYpaBHenue perpeccun

z = 0,311+ 1,154(t — 0,261).

Cormnacuo (20.1.7) suagenue |t| = 11,959, aro Gosbite to 05,5 =
= 2,015, mosTomy runoresa Hy : f = 0 06 orcyTcTBUN CBSA3K
MeXK/1y Teopueil U HabOJIIOMEHUSIMU OTKJIOHSETCS HA yPOBHE
saaanmocTu 0,05. Perpeccus 3naumma.
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21.21 3amaHusa
JJIsI CAMOCTOATEJILHOI PadOTHI

Sadarnue 1
CroxacTu4yecKnii 3KCIIEPUMEHT.
JInckpeTHoe BEPOATHOCTHOE MPOCTPAHCTBO

Bapuant 3axaua
1 1.10 2.26 2.11 3.14 3.36 4.2 4.17
2 1.14 2.14 2.12 3.13 3.37 4.3 4.18
3 1.15 2.13 2.15 3.12 3.36 4.26 4.19
4 1.19 2.25 2.14 3.11 3.40 4.5 4.30
5 1.20 2.10 2.21 3.9 3.32 46 4.21
6 1.22 29 222 3.8 3.28 4.7 4.22
7 1.24 2.8 221 3.7 3.27 4.8 4.23
8 1.25 2.7 220 3.6 325 49 424
9 1.23 2.5 2.19 3.5 3.21 4.10 4.28
10 1.33 2.4 2.18 3.3 3.20 4.12 4.19
11 1.21 2.3 2.17 3.2 3.16 4.13 4.23
12 1.21 2.2 2.16 3.1 3.38 4.26 4.12
Sadanue 2

JuckperHas cayd4aiiHas BeJIMYUHA,
ee pacnpejejieHue 1 YNCJI0BbIE XapaKTEePUCTUKN

Bapuant 3ajiaua
1 5.41 5.8(1la) 5.10 5.28 6.34 6.32
2 5.42 5.8(16) 5.11(2a) 5.29 6.35 6.30
3 |5.44 58(18) 5.12 530  6.37 6.28(1)
4 5.6 5.8(2a) 5.13 5.31 6.39 6.27
5 5.45 5.8(26) 5.14 5.32 6.5 6.21
6 5.19 5.8(28) 5.15 5.34(a) 6.40 6.20
7 5.20 5.8(2r) 5.43 5.34(6) 6.41 6.18
8 5.21 5.8(2m) 5.18 5.38 6.45 6.17
9 5.22 5.8(2e) 5.48 5.39 6.46 6.16
10 5.23 5.8(3a) 5.8(2¢) 5.40(1) 6.49 6.30
11 5.24 5.8(36) 5.8(2:xx) 5.40(2) 6.50 6.28(2)
12 5.27 5.8(38) 5.8(23) 5.39 6.51 6.28(3)
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3adarue 3
Akcnomatuka Teopum BepOSATHOCTEN
Bapuant Sajiaua
1 7.1 7.7 7.15(1) 7.18
2 72 78 7.7 7.19
3 7.3 7.9 T7.15(3) 7.20
4 7.4 7.10 7.15(4) 7.29
5 7.5 7.7 7.15(5) 7.30
6 7.6 7.8 T7.15(1) 7.20
7 7179 7.15(2) 7.14
8 7.2 7.10 7.15(3) 7.21
9 7.3 7.7 T7.15(4) 7.22
10 7.4 7.8 7.15(2) 7.30
11 7579 7.16 7.16
12 7.6 7.10 7.17 7.14
3adarue 4
I'eomeTpuyeckue BEpOSITHOCTHU
Bapuant Sajiaua
1 8.3(1) 8.4(1) 8.6 8.18 8.33
2 8.3(2) 8.4(2) 8.7 8.17 8.15(3)
3 8.3(3) 8.4(3) 8.32 8.19 8.13(2)
4 8.3(4) 8.4(6) 8.40 8.20 8.18
5 8.3(5) 8.4(7) 8.9 8.23 8.19
6 8.3(6) 8.4(8) 8.10 8.25 8.20
7 8.3(7) 8.4(9) 8.33 8.26 8.23
8 8.3(8) 8.4(11) 8.36 8.28 8.25
9 8.3(10) 8.4(13) 8.36 8.24 8.28
10 8.3(11) 8.4(14) 8.29 8.30 8.16
11 8.3(12) 8.4(15) 8.15(1) 8.31 8.6
12 8.3(13) 8.4(16) 8.15(2) 8.34 8.7
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Sadanue 5
CayuJaiiHasi BeIM4uHAa U e€e paclpeesieHne

Bapuant Sajiada

1 9.47 9.12 9.23 9.33 9.61
2 9.48 9.11 9.24 9.34 9.58
3 9.49 9.13 9.60 9.35(1) 9.57
4 9.50 9.14 9.25 9.35(2) 9.54
5 9.51 9.15 9.25 9.36 9.53
6

7

8

9

(1)
(2)
9.52 9.16 9.26(1) 9.37  9.49
9.53 9.17 9.26(2) 9.38  9.51
96 9.18 9.27 939  9.50
9.7 919 928 940  9.50
10 9.8 9.20 929 941  9.55(1)
11 9.9 921 930 942  9.55(2)
12 ]9.10 9.22 9.32 943  9.52

3adarue 6
Maremarudeckoe oXXugaHue
CJIyJalfHOU BeJIMYUHBI

Bapuant Sazada
1 10.42 10.10 10.19(1a) 10.21 10.31
2 10.43 10.11 10.19(16) 10.22(1) 10.32
3 11038 1012 10.19(2a) 10.23(1) 10.33
4 10.39 10.13 10.19(26) 10.23(2) 10.34
5 10.40 10.14 10.19(3a) 10.24(1) 10.35
6 10.4 10.15 10.19(36) 10.24(2) 10.21
7 1105 10.16(1) 10.19(4a) 10.24(3) 10.23(1)
8 10.41 10.16(2) 10.19(46) 10.25 10.23(2)
9 ]10.6(3,4) 10.16(3) 10.20(1a) 10.26  10.31
10 10.45 10.17(1) 10.20(26) 10.27 10.32
11 [10.8 10.17(2) 10.20(3a) 10.28  10.22(1)
12 10.46 10.17(3) 10.20(46) 10.29 10.22(2)
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3adarnue 7
CBepTKa
Bapuant Sajiaua

1 11.1 11.6(1) 11.17(1) 11.15
2 11.2 11.6(2) 11.18 11.27
3 11.3 11.6(3) 11.19 11.22(1)
4 11.8 11.6(4) 11.24 11.22(3)
5 11.7(1) 11.4(1,2) 11.25 11.22(5)
6 11.7(2) 11.4(3,4) 11.26 11.32
7 11.7(3) 11.5(1) 11.28 11.33
8 11.7(4) 11.5(2) 11.29 11.25
9 11.7(5) 11.12 11.30 11.30
10 11.7(6) 11.13 11.31 11.9
11 11.7(7) 11.14 11.35 11.35(1)
12 11.7(8) 11.23 11.19 11.22(6)

3adarue 8
CxXoamMOCTh pacipeaeaeHnii.
XapakTrepuctudeckass QPyHKIIUS

BapuanTt 3aava

1 12.1 12.10 12.12 13.1 13.17 13.37
2 12.2 12.11 12.13 13.4 13.18 13.38
3 12.3 12.16 12.14 13.5 13.19 13.39
4 12.4 12.17 12.18 13.21 13.20 13.40
5 12.5 12.20 12.19 13.7 13.22 13.41
6

7

8

9

12.6 12.21 12.22 13.8 13.23 13.42
12.7 12.23 12.26 13.9 13.24 13.21
12.8 12.24 12.27 13.10 13.25 13.30
12.9 12.25 12.28 13.11 13.26 13.27
10 12.32 12.30 12.36 13.12 13.27 13.26
11 12.33 12.31 12.38 13.14 13.29 13.30
12 12.34 12.37 12.39 13.16 13.30 13.29
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Sadanue 9
OrneHuBaHue IIapaMeTpoOB paclipeaeICHMI.

Bapu- Banaua Bapu- Samada
aHT aHT
1 |14.1 14.2 14.3 14.40| 7 (14.1914.2014.2114.46
2 (144 145 14.6 1441 8 (14.2214.2314.2414.47
3 147 14.8 149 14.42| 9 [14.2514.26 14.2714.48
4 114.1014.1114.1214.43|| 10 |14.2814.2914.30 14.42
5 [14.1314.1414.1514.44| 11 |14.3114.3214.33 14.40
6 [14.1614.1714.1814.45| 12 |14.3414.3514.36 14.41
3adarue 10
MeToapl OCTpOEHUsT OIEHOK
Bapu- Saaua Bapu- Baaua
aHT aHT
1 |15.1 15.2 15.3 154 7 |15.2515.26 15.20 15.28
2 [15.5 15.6 15.7 15.8 8 ]15.2915.3015.31 15.32
3 [15.9 15.1015.1115.12| 9 |15.3315.3415.3515.36
4 ]15.1315.1415.1515.16|] 10 |15.3715.38 15.39 15.40
5 [15.1715.1815.1915.20|| 11 |15.4115.4215.4315.44
6 [15.2115.2215.2315.24|| 12 |15.4515.46 15.47 15.48
3adanue 11

3agaya NpoBepKU CTATUCTUIECKUX T'MIOTE3.
Kpurepwmii, pyHKIMsT MOIITHOCTH KPUTEPUs

Bapuanr| 3amaua | Bapmanr| 3amaua
1 16.1 16.7 7 16.10 16.15
2 16.2 16.9 8 16.12 16.20
3 16.3 16.11 9 16.14 16.20
4 16.5 16.15 10 16.18 16.19
5 16.6 16.7 11 16.5 16.11
6 16.11 16.12 12 16.5 16.19
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3adarue 12
ITpoBepka rumores o mapamMerpax
HOPMAJILHOT'O pachnpegeieHus

Bapuant

Sanaga

Bapuant

3amaua

DO WN -

17.1
17.4
17.7
17.10
17.13
17.16

17.2
17.5
17.8
17.11
17.14
17.17

17.3
17.6
17.9
17.12
17.15
17.18

7
8
9
10
11
12

17.19
17.22
17.25
17.28
17.31
17.34

17.20
17.23
17.21
17.29
17.32
17.35

17.26
17.24
17.27
17.30
17.33
17.36

3adarue 13
Kpurepwmii x?

Bapu-
aHT

3axaua

Bapu-
aHT

3axaya

NeNo N RerRy Iy GUR O

18.1 18.2 18.3 18.13
18.5 18.6 18.7 18.14
18.9 18.1118.1018.60
18.1218.18 18.15 18.20
18.16 18.23 18.19 18.21
18.7018.11 18.7 18.61
18.26 18.2918.2218.71
18.30 18.32 18.27 18.73
18.26 18.55 18.19 18.66

18.4118.36 18.34 18.35
18.4418.38 18.34 18.35
18.53 18.46 18.47 18.40
18.56 18.55 18.59 18.52
18.62 18.63 18.51 18.54
18.70 18.78 18.58 18.57
18.5 18.4318.3918.64
18.1218.4518.42 18.65
18.62 18.29 18.58 18.69

3adanue 14
Henapamerpuyeckune KpuTepun: KpuTepuii
A. H. Koamoroposa, Kputepuii Bujikokcona,

KpuUTepuii 3HAKOB

Bapuanr Samada Bapuanrt 3agada
1 19.1 19.2 19.3 7 19.19 19.20 19.21
2 194 195 19.6 8 19.22 19.23 19.24
3 19.7 19.8 199 9 19.25 19.26 19.27
4 19.10 19.11 19.12 10 19.28 19.29 19.30
5 19.13 19.14 19.15 11 19.31 19.32 19.21
6 19.16 19.17 19.18 12 19.34 19.35 19.36
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3adarue 15
Jluneiinas perpeccust

Bapuanr| 3amaua || Bapuant| 3amaua
1 20.1 20.5 7 20.5 20.7
20.2 20.6 8 20.2 20.8
20.3 20.12 9 20.9 20.11
20.4 20.11 10 20.5  20.7
20.7 20.8 11 20.10 20.11
20.9 20.10 12 20.9 20.12

OOk~ W N




I'maBa 22

Tabaunmbl
MaTeMaTn4ecKon
CTATNCTUKN

B a1y rmaBy BK/IIOYEHBI BCe HEOOXOAMMBIE IS PADOTHI
¢ yuebHuKOM Tabsmiel. B gacTHOCTH, TPUBEICHBI KBAHTH-
JIM, BEPXHHUE IMpenesibl (KPUTHYECKHe 3HAYCHUsI) OCHOBHBIX
pacupeie/leHnii MaTeMaTUuIeCKOi CTaTUCTUKN: CTAHIAPTHO-

ro Hopmasbnoro, Creiozenta, Ouirepa, x2-pacipeie/IeHus.

I[Iycts F — abcosioTHO HempepbIBHOE pacipeescHue.
Hns xaxmgoro B € (0;1) umcio g, sIBISIONIEECs PeIIeHN-
€M ypaBHEHUS

F(zg) =B,

win, 910 To ke, F((—o00,25)) = [, HaspiBaercs (-KBaHTH-
b0 pacupenenenns F.

Hust kazkporo a € (0;1) aucsio z,, sABJISIOINIEECS perlie-
HUEM ypaBHEHUS

1 —F(zq) = a,

win, 4To TO ¥XKe, ypaBHeHusi F([zq, +00)) = «, Gylem Ha-
3BIBATH BEPXHUM Q-TipesieioM (BepxHuM 100q-IporeHTHBIM
upegesioM, 100cq-mponenTHoit Toukoil, 100a-KpuTHdecKuM
3HavYeHneM) pacipejesenus F.

615



616 22. Tabaunpl MaTeMaTUIeCKOH CTATUCTUKH

22.1 HopmaJgbHOe pacrpejeieHne

B rabmune 22.1.1 npusesens 3nadenuss dyuknun P(t)
HOpMaJIbHOrO pacupeesenust ¢ napamerpamu (0;1) (kBas-
TUJIM HOPMAJIBLHOTO PACIIpe/Ie/IeHust ): JJisl 3aJaHHbIX ¢ Taly-
JIUPOBAHbI 3HaUeHUsT (DYHKIUN

WZMZEZ S

st xkazkioro ¢ 3nadenne No.i(t) 9UCIEHHO PABHO ILIOIIAIH
3aIITPUXOBAHHON Ha pucyHkKe 22.1.1 durypsi.

f(x)

Ny.,(0)
0 ¢ T

Puc. 22.1.1: K onpenenenunio KBaHTUIN
HOPMaJIHOTO pactpejesierns; f(x) — MI0THOCTD
pacupesenenus No.q

Bnauenne Ny.,2(2) — byHKIME HOPMAILHOTO pacpe/ie-

JleHns ¢ mapamerpaMu (a;0?) — BBLIMHCISETCS M0 3HAMCHH-
siM Tabysmposatnoit dyukimu N, (z) = ®(x) nopMasbHoro
pacrpeenenns ¢ napamerpamu (0; 1) caemyrormumm o6pasom:

N2 () = @(m — a).

g

Tabsmra 22.1.1 gomyckaeT JUHEHHYIO UHTEPIIOSIUIO.



22.1. HopmasbHoe pacrpe/iesieHue 617

Tab6auma 22.1.1. 3uavenns byuxuun P(¢)

t] o 1 2 3 4 5 6 7 8 9
~0,0(,5000 ,4960 ,4920 ,4880 ,4840 ,4801 ,A761 4721 ,4681 ,4641
—0,1[,4602 ,4562 ,4522 ,4483 4443 4404 4364 4325 4286 4247
—0,2(,4207 4168 ,4129 ,4090 ,4052 ,4013 ,3974 ,3936 ,3897 ,3859
—0,3(,3821 ,3783 ,3745 ,3707 ,3669 ,3632 ,3594 ,3557 ,3520 ,3483
—0,4(,3446 ,3409 ,3372 ,3336 ,3300 ,3264 ,3228 ,3192 ,3156 ,3121
—0,5(,3085 ,3050 ,3015 ,2981 ,2946 ,2912 2877 ,2843 2810 ,2776
—0,6(,2743 ,2709 ,2676 ,2643 ,2611 ,2578 2546 ,2514 ,2483 2451
—0,7(,2420 ,2389 ,2358 ,2327 ,2297 ,2266 ,2236 ,2206 ,2177 ,2148
—0,8(,2119 ,2090 ,2061 ,2033 ,2005 ,1977 ,1949 ,1922 ,1894 ,1867
—0,9(,1841 ,1814 ,1788 ,1762 ,1736 ,1711 ,1685 ,1660 ,1635 ,1611
—1,0(,1587 ,1562 ,1539 ,1515 ,1492 ,1469 ,1446 ,1423 ,1401 ,1379
—1,1[,1357 ,1335 ,1314 ,1292 ,1271 ,1251 ,1230 ,1210 ,1190 ,1170
—1,2(,1151 ,1131 ,1112 ,1093 ,1075 ,1056 ,1038 ,1020 ,1003 ,0985
—1,3(,0968 ,0951 ,0934 ,0918 ,0901 ,0885 ,0869 ,0853 ,0838 ,0823
—1,4/,0808 ,0793 ,0778 ,0764 ,0749 ,0735 ,0721 ,0708 ,0694 ,0681
—1,5(,0668 ,0655 ,0643 ,0630 ,0618 ,0606 ,0594 ,0582 ,0571 ,0559
—1,6(,0548 ,0537 ,0526 ,0516 ,0505 ,0495 ,0485 ,0475 ,0465 ,0455
—1,7(,0446 ,0436 ,0427 ,0418 ,0409 ,0401 ,0392 ,0384 ,0375 ,0367
—1,8(,0359 ,0351 ,0344 ,0336 ,0339 ,0322 ,0314 ,0307 ,0301 ,0294
—1,9(,0288 ,0281 ,0274 ,0268 ,0262 ,0256 ,0250 ,0244 ,0239 ,0233
—2,0(,0228 ,0222 ,0217 ,0212 ,0207 ,0202 ,0197 ,0192 ,0188 ,0183
—2,1(,0179 ,0174 ,0170 ,0166 ,0162 ,0158 ,0154 ,0150 ,0146 ,0143
—2,2(,0139 ,0136 ,0132 ,0129 ,0125 ,0122 ,0119 ,0116 ,0113 ,0110
—2,3(,0107 ,0104 ,0102 ,0099 ,0096 ,0094 ,0091 ,0089 ,0087 ,0084
—2,4/,0082 ,0080 ,0078 ,0075 ,0073 ,0071 ,0069 ,0068 ,0066 ,0064
—2,5(,0062 ,0060 ,0059 ,0057 ,0055 ,0054 ,0052 ,0051 ,0049 ,0048
—2,6(,0047 ,0045 ,0044 ,0043 ,0041 ,0040 ,0039 ,0038 ,0037 ,0036
—2,7(,0035 ,0034 ,0033 ,0032 ,0031 ,0030 ,0029 ,0028 ,0027 ,0026
—2,8(,0026 ,0025 ,0024 ,0023 ,0023 ,0022 ,0021 ,0021 ,0020 ,0019
—2,9(,0019 ,0018 ,0018 ,0017 ,0016 ,0016 ,0015 ,0015 ,0014 ,0014
t |—30 —31 —32 —33 —34 —35 —3,6 —3,7 —38 —3,9
®(t)[,0013 ,0010 ,0007 ,0005 ,0003 ,0002 ,0002 ,0001 ,0001 ,0000
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Oxonuanue maba. 22.1.1

t] o 1 =2 3 4 5 6 7 8 9
0,0 |,5000 ,5040 ,5080 ,5120 ,5160 ,5199 ,5239 ,5279 ,5319 ,5359
0,1 |,5398 ,5438 ,5478 5517 ,5557 ,5596 ,5636 ,5675 ,5714 ,5753
0,2 |,5793 ,5832 ,5871 ,5910 ,5948 ,5987 ,6026 ,6064 ,6103 ,6141
0,3 |,6179 ,6217 ,6255 ,6293 ,6331 ,6368 ,6406 ,6443 ,6480 ,6517
0,4 |,6554 ,6591 ,6628 ,6664 ,6700 ,6736 ,6772 ,6808 ,6844 ,6879
0,5 |,6915 ,6950 ,6985 ,7019 ,7054 ,7088 ,7123 ,7157 ,7190 ,7224
0,6 |,7257 ,7291 ,7324 7357 ,7389 ,7422 7454 7486 ,7517 ,7549
0,7 |,7580 ,7611 ,7642 7673 7703 ,7734 7764 7794 7823 7852
0,8 |,7881 ,7910 ,7939 ,7967 ,7995 ,8023 ,8051 ,8078 ,8106 ,8133
0,9 |,8159 ,8186 ,8212 ,8238 ,8264 ,8289 ,8315 ,8340 ,8365 ,8389
1,0 |,8413 ,8438 ,8461 ,8485 ,8508 ,8531 ,8554 ,8577 ,8599 ,8621
1,1 |,8643 ,8665 ,8686 ,8708 ,8729 ,8749 ,8770 ,8790 ,8810 ,8830
1,2 |,8849 8869 ,8888 ,8907 ,8925 ,8944 ,8962 ,8980 ,8997 ,9015
1,3 ,9032 ,9049 ,9066 ,9082 ,9099 ,9115 ,9131 ,9147 ,9162 ,9177
1,4 ,9192 ,9207 ,9222 ,9236 ,9251 ,9265 ,9279 ,9292 9306 ,9319
1,5 ,9332 ,9345 ,9357 ,9370 ,9382 ,9394 ,9406 ,9418 ,9429 9441
1,6 ,9452 ,9463 ,9474 ,9484 ,9495 ,9505 ,9515 ,9525 9535 9545
1,7 [,9554 ,9564 ,9573 ,9582 ,9591 ,9599 ,9608 ,9616 ,9625 ,9633
1,8 [,9641 ,9649 ,9656 ,9664 ,9671 ,9678 ,9686 ,9693 ,9699 ,9706
1,9 [,9713 ,9719 ,9726 ,9732 ,9738 ,9744 9750 ,9756 ,9761 ,9767
2,0 |,9772 ,9778 9783 ,9788 ,9793 ,9798 ,9803 ,9808 ,9812 ,9817
2,1 |,9821 ,9826 ,9830 ,9834 ,9838 ,9842 ,9846 ,9850 ,9854 ,9857
2,2 |,9861 ,9864 ,9868 ,9871 ,9875 ,9878 ,9881 ,9884 ,9887 ,9890
2,3 |,9893 ,9896 ,9898 ,9900 ,9904 ,9906 ,9909 ,9911 ,9913 ,9916
2,4 |,9918 ,9920 ,9922 ,9925 ,9927 ,9929 ,9931 ,9923 ,9934 ,9936
2,5 |,9938 ,9940 ,9941 ,9943 ,9945 ,9946 ,9948 ,9949 9951 9952
2,6 |,9953 ,9955 ,9956 ,9957 ,9959 ,9960 ,9961 ,9962 ,9963 ,9964
2,7 |,9965 ,9966 ,9967 ,9968 ,9969 ,9970 ,9971 ,9972 ,9973 ,9974
2,8 1,9974 9975 ,9976 ,9977 ,9977 ,9978 ,9979 ,9979 ,9980 ,9981
2,9 |,9981 ,9982 ,9982 19983 ,9984 ,9984 ,9985 ,9985 ,9986 ,9986
t 130 31 32 33 34 35 36 37 38 39
®(t)[,9987 ,9990 ,9993 ,9995 ,9997 ,9998 ,9998 9999 ,9999 ,1000




22.2. x2-pacupeenenue 619

22.2 x?-pacnpejeseHue

x2-pacnpedenenuem ¢ n emenenamu 60600, (KOPOTKO

X%—pacnpedeﬂeﬂuem) OyaeM Ha3bIBaTh paCIpeIe/IeHUe CIIy-
YallHOI BeJIMYUHBI

n
2 _ Z 2
i=1
rae &1, &9, - . . , &, — HE3ABUCUMBIE CTy YaHbIE BETUINHBI, KayK-

nag ¢ pactpesesnerneMm No.p.
st maHHBIX « U N 3HAYEHUE ng'n OITpeJIesIsIeTCsT Kak
K

+o00
pemenne ypasaenust [ f(z)dz = «, rue f(x) — wiorHocTH

X3
X2-pacnpenenenus (cM. puc. 22.2.1).

f(x)

o

2
0 X T

Puc. 22.2.1: K onpezenenuto ng;n — BEpXHero
a-Tipesiena x2-pacnpeenenust, f(x) — IJIOTHOCTD
X2-pacrpe/iesienust

B rTabaumne 22.2.1 npuBeseHbl 3HATEHUST Xgm, WA, 9ITO
TO Ke, BepxHHe a-lipeesbl (100a-Kpurnieckue 3HAYEHMs )
x2-pacmpeesnennsi.



620 22. Tabaunpl MaTeMaTUIECKOH CTATUCTUKN

Tabauma 22.2.1. SHayeHus Xim

SHaveHust o
n | 0,990 0,975 0,950 0,900 0,100 0,050 0,025 0,010
1| 0,00 0,00 0,00 0,02 271 384 502 6,64
2|1 0,02 005 0,10 021 461 599 738 9,21
31 012 022 035 058 623 7,82 935 11,34
41 030 048 0,71 1,06 7,78 948 11,14 13,28
5| 055 083 1,14 1,61 9,24 11,07 12,83 15,09
6| 087 124 1,64 220 10,64 12,59 14,45 16,81
71 1,24 1,69 2,17 2,83 12,02 14,07 16,01 1848
8| 1,65 2,18 273 349 13,36 15,51 17,53 20,09
9] 290 270 332 417 14,68 16,92 19,02 21,67
10| 2,56 3,25 394 486 1599 18,31 20,48 23,21
11| 3,06 3,82 4,58 558 17,28 19,68 21,92 24,72
12| 3,57 440 523 6,30 1855 21,03 23,34 26,22
13| 4,11 5,01 589 7,04 19,81 22,36 24,74 27,69
14| 4,66 5,63 6,57 7,79 21,06 23,68 26,12 29,14
15| 5,23 6,26 7,26 855 22,31 2500 27,49 30,58
16| 581 6,91 7,9 9,31 2354 26,30 28,85 32,00
17| 6,41 7,56 8,67 10,09 24,77 27,59 30,19 33,41
18| 7,02 823 939 10,86 25,99 28,87 31,53 34,81
19| 7,63 891 10,12 11,65 27,20 30,14 32,85 36,19
20| 826 9,59 10,85 1244 2841 31,41 34,17 37,57
21| 890 10,28 11,59 13,24 29,62 32,67 35,48 38,93
22 | 9,54 10,98 12,34 14,04 30,81 33,92 36,78 40,29
23 110,20 11,69 13,09 14,85 32,01 35,17 38,08 41,64
24 | 10,86 12,40 13,85 15,66 33,20 36,42 39,36 42,92
25 [ 11,52 13,12 14,61 1647 34,38 37,65 40,65 44,31
26 | 12,20 13,84 15,38 17,29 35,56 38,89 41,92 45,64
27 | 12,88 14,57 16,15 18,11 36,74 40,11 43,19 46,96
28 [ 13,56 15,31 16,93 18,94 37,92 41,34 44,46 48,26
29 | 14,26 16,05 17,71 19,77 39,09 42,56 45,72 49,59
30 | 14,95 16,79 1849 20,60 40,26 43,77 46,98 50,89
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Oxornuanue maba. 22.2.1

Suadenus o
n | 0,990 0,975 0,950 0,900 0,100 0,050 0,025 0,010
40 | 22,16 24,43 26,51 29,05 51,80 55,76 59,34 63,69
50 | 29,71 32,36 34,76 37,69 63,17 67,50 71,42 76,15
60 | 37,48 40,48 43,19 46,46 74,40 79,08 83,30 88,38
70 | 45,44 4876 51,74 5533 85,53 90,53 95,02 100,4
80 | 53,54 57,15 60,39 64,28 96,58 101,9 106,6 112,3
90 | 61,75 65,65 69,13 73,29 107,6 113,1 118,1 124,1
100 | 70,06 74,22 77,93 82,36 1185 1243 1296 1358

22.3 Pacnpeaenenne CTbiojieHTa

Pacnpedesernuem Cmurodenma unu t-pacnpedeseruem c
n cmenenamu c60600b (KOPOTKO ty,-pacnpedenenuem) Gyaem
Ha3bIBaTh paclpe/ie/ieHue CiIydaliHol BeJIMYnHbL

P S (22.3.1)

1
ﬁX%

rae £ u X%L — HE3aBUCHUMbBIE CTyYaiiHble BeJIUIUHBI, £ pacipe-
nenena No.1, a X2 mmeer y2-pacnpenernenne ¢ n cremensaMu
CBODOO/IBI.

B rabmune 22.3.1 npusesieHbl 3HAUYEHUA lq;p, WIN, UTO
TO Ke, BepxHUe a-mipenenbl (100a-KpuTnyaeckie 3HAYCHMUS )
pacupesesnernst CTbIOJIEHTa ¢ 1 CTeleHsIMU CBOGOIBI (ty,-pac-

[PEJICIICHNS] ).
JI1st JAHHBIX (v U N 3HAUEHHE t.p, OIPEJIENSIETC KK pe-
+oo
urenue ypasuernst | f(x)dz = a, rae f(z) — IWIOTHOCTS -
toen

pacipeJiesieHns, to., — 9HACIIO0, OTCEKAIOIIee IIPaBhIil “XBOCT”

t,-pacIpesiesieHus, Ha KOTOPbIT IpuxoanTces “‘Macca” o (CM.
puc. 22.3.1).
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f(z)

O ta, X

Puc. 22.3.1: K onpezenenuio ty;, — BEpXHEro
a-upejiena t,-pacupeenenus, f(x) — MIOTHOCTH

tn-paclpejiesiIeHu S

Tabnaumna 22.3.1. 3HaYeHNA g,y

3HayeHus « Suadenus o
n {0,060 0,025 0,010 0,005 n 0,050 0,025 0,010 0,005
116,314 12,706 31,821 63,657 | 18|1,734 2,101 2,552 2,878
212,920 4,303 6,965 9,925| 191,729 2,093 2,539 2,861
312,353 3,182 4,541 5,841 201,725 2,086 2,528 2,845
412,132 2,776 3,747 4,604 | 21(1,721 2,080 2,518 2,831
512,015 2,571 3,365 4,032 221,717 2,074 2,508 2,819
61,943 2,447 3,143 3,707| 231,714 2,069 2,500 2,807
711,895 2,365 2,998 3,499 241,711 2,064 2,492 2,797
811,860 2,306 2,896 3,355 251,708 2,060 2,485 2,787
911,833 2,262 2,821 3,250 261,706 2,056 2,479 2,779
101,812 2,228 2,764 3,169| 271,703 2,052 2,473 2,771
111,796 2,201 2,718 3,106 | 28|1,701 2,048 2,467 2,763
121,782 2,179 2,681 3,055 29|1,699 2,045 2,462 2,756
131,771 2,160 2,650 3,012 301,697 2,042 2,457 2,750
141,761 2,145 2,624 2977| 40(1,684 2,021 2,423 2,704
151,753 2,131 2,602 2,947| 60|1,671 2,000 2,390 2,660
161,746 2,120 2,583 2,921/ 120|1,658 1,980 2,358 2,617
171,740 2,110 2,567 2,898 oo|1,645 1,960 2,326 2,576




22.4. Pacnpenenenne Qurrepa 623

22.4 Pacnpeneaenne Puinepa

Pacnpedesenuem Quwepa nim F-pacnpedeseruem ¢ n, m
cmenenamu c60600b. (KOPOTKO F%’m—?acnpedeﬂenuem) Oyaem
HA3BIBATH paclpee/ieHne CJIyIaiiHON BeJIMINHBI

2
Xn/T
Frym =~ (22.4.1)
Xon/m
e X,% " X?TL — He3aBUCHUMBbIE CﬂyqaﬁHbIe BeJH/I‘{I/IHbI, X?L numMe-

et pacrpejiesienne [IUpcona ¢ n cTeneHsaMu CBOGOJIBI, X2, —
C M CTEMeHsIMU CBOOOIBI.
s JanubIx o, n, m 3nadenue F.,., onpejenaerca Kak

“+o0o
pemenne ypasuenns [ f(z)dr = «, tae f(xz) — mior-
Fa;n;m

HOCTD Fp.-pacupenesrennst (cm. puc. 22.4.1).

f(z)

o
0 F x

on;m

Puc. 22.4.1: K onpenenenuio Fe.p.;, — BepxHero
a-nipegena Fy,.,-pacupenenenust, f(x) — mI0THOCTD
Fn,m-pacipeienenns

B rabmunax 22.4.1 n 22.4.2 npusenens! 3Ha4eHUA Fly.p.m,
win, 9ro TO Ke, BepxHue a-npeienbl (100a-kpurnyueckue
suadenusi) Fp.n,-pacupezgerenusi.
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Tabnuna 22.4.1. 3uavenus Fop.m a1 o = 0,05

n (aucso creneneil cBOGOABI YUCAUTEILS)

1 2 3 4 5 6 7 8 9 10

TS © 0o o s w3

ST R W RN NDNDNDNRRF R &= =
O OO O 0O RN O © 0O U WN

100

10,1 9,55 9,28 9,12 9,01 894 889 8,85 88l 8,79
771 6,94 6,59 6,39 6,26 6,16 6,09 6,04 6,00 596
6,61 579 541 519 505 4,95 4,88 4,82 4,77 4,74
599 5,14 4,76 4,53 4,39 4,28 421 4,15 4,10 4,06
559 4,74 4,35 4,12 3,97 3,87 3,79 3,73 3,68 3,64
532 4,46 4,07 3,84 3,69 3,58 3,50 3,44 3,39 3,35
512 4,26 3,86 3,63 3,48 3,37 3,29 323 3,18 3,14
4,96 4,10 3,71 348 3,33 322 3,14 3,07 3,02 2,98
4,84 3,98 359 3,36 3,20 3,09 3,01 2,95 290 285
475 3,89 349 326 3,11 3,00 2,91 285 280 275
4,67 3,81 341 3,18 3,03 2,92 2,83 2,77 2,71 267
4,60 3,74 334 3,11 2,96 2,85 2,76 2,70 2,65 2,60
454 3,68 3,29 3,06 2,90 2,79 2,71 264 259 254
4,49 3,63 324 3,01 2,85 274 2,66 2,59 2,54 2,49
445 359 3,20 2,96 2,81 270 2,61 2,55 2,49 245
4,41 355 3,16 2,93 2,77 2,66 2,58 2,51 246 241
4,38 352 3,13 2,90 2,74 263 254 248 242 238
4,35 3,49 3,10 2,87 2,71 2,60 2,51 245 239 235
4,30 344 3,05 2,82 2,66 2,55 2,46 2,40 2,34 2,30
426 340 3,01 2,78 2,62 251 242 2,36 230 2,25
423 3,37 298 274 2,59 247 2,39 2,32 227 2,22
420 334 295 2,71 2,56 245 2,36 2,29 224 219
4,17 3,32 2,92 2,69 2,53 242 233 227 221 216
4,08 3,23 284 261 245 234 225 2,18 212 2,08
4,03 3,18 2,79 2,56 2,40 2,29 2,20 2,13 2,07 2,03
4,00 3,15 2,76 2,53 2,37 225 2,17 2,10 2,04 1,99
3,94 3,09 2,70 246 2,31 2,19 2,10 2,03 1,97 1,93
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Ta6auma 22.4.1 (okoHuaHKE)

n (ducso crerneHeil cBOGOABI YUCIIATEIS)

12

14 16 18 20 30 40 50

60

100

D2 © ® o o w3

S U B W NN DNDNDNRF = = = = =
O O O O 00O HENOO©OOWNNO ULk WN

100

8,74
5,91
4,68
4,00
3,57
3,28
3,07
2,91
2,79
2,69
2,60
2,53
2,48
2,42
2,38
2,34
2,31
2,28
2,23
2,18
2,15
2,12
2,09
2,00
1,95
1,92
1,85

8,71 8,69 8,67 8,66 862 859 8,58
587 584 582 580 5,75 572 5,70
4,64 4,60 4,58 4,56 4,50 4,46 4,44
3,96 3,92 3,90 3,87 381 3,77 3,75
3,53 349 347 344 338 3,34 3,32
3,24 320 3,17 3,15 3,08 3,04 3,02
3,03 2,99 2,96 2,94 286 2,83 280
2,86 2,83 2,80 2,77 2,70 2,66 2,64
2,74 2,70 2,67 2,65 257 253 251
2,64 2,60 2,57 2,54 247 2,43 2,40
2,55 2,51 2,48 2,46 2,38 2,34 231
248 244 241 2,39 231 227 224
2,42 2,38 2,35 233 225 2,20 2,18
2,37 2,33 2,30 2,28 2,19 2,15 2,12
2,33 229 2,26 223 2,15 2,10 2,08
2,29 225 2,22 219 211 2,06 2,04
2,26 2,21 2,18 2,16 2,07 2,03 2,00
2,22 2,18 2,15 2,12 204 1,99 1,97
2,17 2,13 2,10 2,07 1,98 1,94 1091
2,13 2,09 2,05 2,03 1,94 1,89 1,86
2,09 2,05 2,02 1,99 1,90 1,85 1,82
2,06 2,02 1,99 1,96 1,87 1,82 1,79
2,04 1,99 1,96 1,93 1,84 1,79 1,76
1,95 1,90 1,87 1,84 1,74 1,69 1,66
1,80 1,85 1,81 1,78 1,69 1,63 1,60
1,86 1,82 1,78 1,75 1,65 1,59 1,56
1,79 1,75 1,71 1,68 1,57 1,52 1,48

8,57
5,69
4,43
3,74
3,30
3,01
2,79
2,62
2,49
2,38
2,30
2,22
2,16
2,11
2,06
2,02
1,98
1,95
1,89
1,84
1,80
1,77
1,74
1,64
1,58
1,53
1,45

8,55
5,66
4,41
3,71
3,27
2,97
2,76
2,59
2,46
2,35
2,26
2,19
2,12
2,07
2,02
1,98
1,94
1,91
1,85
1,80
1,76
1,73
1,70
1,59
1,52
1,48
1,39
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Tabnuna 22.4.2. 3navenus Fi.p.m g o = 0,01

n (aucso creneneil cBOGOABI YUCAUTEILS)

2 3 4 5 6 7 8 9 10

TS © 0o o s w3

ST R W RN NDNDNDNRRF R &= =
O OO O 0O RN O © 0O U WN

100

34,1
21,2
16,3
13,7
12,2
11,3
10,6
10,0
9,65
9,33
9,07
8,86
8,68
8,53
8,40
8,29
8,18
8,10
7,95
7,82
7,72
7,64
7,56
7,31
7,17
7,08
6,90

30,8 29,5 28,7 282 27,9 27,7 275 27,3 27,2
18,0 16,7 16,0 155 152 150 14,8 14,7 14,5
13,3 12,1 114 11,0 10,7 10,5 10,3 10,2 10,1
10,9 9,78 9,15 875 847 826 8,10 7,98 7,87
955 845 7,85 7,46 7,19 6,99 6,84 6,72 6,62
8,65 7,59 7,01 6,63 6,37 6,18 6,03 591 581
8,02 699 642 6,06 580 561 547 535 5,26
7,56 6,55 599 564 539 520 506 4,94 4,85
721 6,22 567 532 507 4,89 4,74 4,63 4,54
6,93 595 541 506 4,82 4,64 450 4,39 4,30
6,70 5,74 521 486 4,62 444 430 4,19 4,10
6,51 556 504 4,69 4,46 4,28 4,14 4,03 3,94
6,36 542 4,89 456 4,32 4,14 4,00 3,89 3,80
6,23 529 477 444 420 4,03 3,89 3,78 3,69
6,11 5,18 4,67 4,34 4,10 3,93 3,79 3,68 3,59
6,01 5,09 4,58 4,25 401 384 3,71 3,60 3,51
593 5,01 450 4,17 3,94 3,77 3,63 3,52 3,43
585 4,94 443 4,10 3,87 3,70 3,56 3,46 3,37
572 4,82 4,31 3,99 3,76 3,59 3,45 3,35 3,26
561 4,72 4,22 390 3,67 3,50 3,36 3,26 3,17
553 4,64 4,14 3,82 359 342 329 3,18 3,00
545 4,57 4,07 3,75 3,53 3,36 3,23 3,12 3,03
539 451 4,02 3,70 3,47 3,30 3,17 3,07 2,98
518 4,31 3,83 351 3,29 3,12 299 289 280
506 4,20 3,72 341 3,19 3,02 289 279 270
498 4,13 365 3,34 3,12 295 282 272 263
4,82 3,98 351 321 299 2,82 269 259 250
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Ta6auma 22.4.2 (okoHUAHKE)

n (ducso crerneHeil cBOGOABI YUCIIATEIS)

12

14 16 18 20 30 40 50 60

100

D2 © ® o o w3

S U B W NN DNDNDNRF = = = = =
O O O O 00O HENOO©OOWNNO ULk WN

100

27,1
14,4
9,89
7,72
6,47
5,67
5,11
4,71
4,40
4,16
3,96
3,80
3,67
3,55
3,46
3,37
3,30
3,23
3,12
3,03
2,96
2,90
2,84
2,66
2,56
2,50
2,37

26,9 26,8 26,8 26,7 265 264 264 26,3
14,2 142 14,1 14,0 138 13,7 13,7 13,7
9,77 9,68 9,61 9,55 9,38 9,29 9,24 9,20
7,60 7,52 745 740 7,23 7,14 7,09 7,06
6,36 6,27 6,21 6,16 599 591 586 582
556 584 541 536 520 5,12 507 5,03
500 4,92 4,86 4,81 4,65 4,57 4,52 4,48
4,60 4,52 4,46 4,41 4,25 417 4,12 4,08
429 421 4,15 4,10 3,94 3,86 3,81 3,78
4,05 3,97 3,91 3,86 3,70 3,62 3,57 3,54
3,86 3,78 3,72 3,66 3,51 3,43 3,38 3,34
3,70 3,62 3,56 3,51 3,35 327 3,22 3,18
3,56 3,49 342 337 321 3,13 3,08 3,05
345 3,37 3,31 326 3,10 3,02 2,97 293
3,35 3,27 321 3,16 3,00 2,92 287 283
3,27 3,19 3,13 3,08 2,92 281 278 275
3,19 3,12 3,05 3,00 2,84 2,76 2,71 2,67
3,13 3,05 2,99 2,94 278 269 264 261
3,02 2,94 2,88 2,83 267 258 253 2,50
2,03 2,85 2,79 2,74 258 249 244 240
2,86 2,78 2,72 2,66 2,50 242 236 2,33
2,79 2,72 2,65 2,60 244 235 230 226
2,74 2,66 2,60 2,55 2,39 2,30 225 221
2,56 2,48 242 237 220 2,11 2,06 2,02
2,46 2,38 2,32 227 2,10 2,01 1,95 1,91
2,39 2,31 2,25 220 2,03 1,94 1,88 1,84
2,26 2,19 2,12 2,07 1,89 1,80 1,73 1,69

26,2
13,6
9,13
6,99
5,75
4,96
4,42
4,01
3,71
3,47
3,27
3,11
2,98
2,86
2,76
2,68
2,60
2,54
2,42
2,33
2,25
2,19
2,13
1,94
1,82
1,75
1,60
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22.5 DBunoMmaibHOe pacrpeaejeHne

IIpu nosyuennn 3nadennii By, (1) mg p < 0,5 ¢ momo-
mpio Tabut. 22.5.1 He HOIB3YIOTCH JABYMS KPAWHUMHU [IPaBbI-
MU CTOJIOIAME ¥ JIBYMsI HOCJICHUMHA (HUZKHIMHI) CTPOKAMI,
a Ipu HoJydeHuu 3uadenuit By, (i) qist p > 0,5 He mosb3y-
I0TCsL JIByMs KDAWHUMU JIEBBIMU CTOJIONAMU ¥ JIBYMsl TI€PBbI-
MU (BEPXHUMHU) CTPOKAMU.

TaGauna 22.5.1. Suavenus B, (i) = Cip'(1 —p)" "

P
n| i 0,1 0,2 0,3 0,4 0,5
0 | 0,34868 | 0,10737 | 0,02825 | 0,00605 | 0,00098 | 10
1| ,38742 | 26844 | ,12106 | ,04031 | ,00977 | 9
2 | ,19371| ,30199 | ,23347| ,12093 | ,04395 | 8
3| ,05740 | ,20133 | ,26683 | ,21499 | 11719 | 7
4 | ,01116| ,08808 | ,20012 | ,25082| ,20508 | 6
10| 5 | 0,00149 | 0,02642 | 0,10292 | 0,20066 | 0,24609 | 5 | 10
6 | ,00014 | ,00551 | ,03676 | ,11148| 20508 | 4
7 | ,00001 | ,00079 | ,00900 | ,04247| 11719 3
8 ,00007 | ,00145 | ,01062 | ,04395 | 2
9 ,00014 | ,00157 | ,00977 | 1
10 ,00001 | ,00010 | ,00098 | O
0 | 0,20589 | 0,03518 | 0,00475 | 0,00047 | 0,00003 | 15
1| ,34315| ,13194| ,03052 | ,00470 | ,00046 | 14
2 | ,26690 | ,23090 | ,09156 | ,02194 | ,00320 |13
3| ,12851| ,25014 | ,17004 | ,06339 | ,01389 |12
15| 4 | ,04284 | ,18760 | ,21862 | ,12678 | ,04166 | 11 |15
5 | 0,01047 | 0,10318 | 0,20613 | 0,18594 | 0,09164 | 10
6 | ,00194 | ,04299 | ,14724 | ,20660 | ,15274 | 9
7 | ,00028 | ,01382| ,08113| ,17708 | ,19638 | 8
8 | ,00003 | ,00345 | ,03477| ,11806 | ,19638 | 7
9 ,00067 | ,01159 | ,06121 | ,15274 | 6
0,9 0,8 0,7 0,6 05 |i|n
P
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IIpodonoicerue maba. 22.5.1

P
nli 0,1 0,2 0,3 0,4 0,5
10 0,00010 | 0,00298 | 0,02449 | 0,09164 | 5
11 ,00001 | ,00058 | ,00742 | ,04166 | 4
15 | 12 ,00008 | ,00165 | ,01389 | 3 |15
13 ,00001 | ,00025 | ,00320 | 2
14 ,00002 | ,00046 | 1
15 ,00003 | 0
0 | 0,12158 | 0,01153 | 0,00080 | 0,00004 20
1| ,27017 | ,05765| ,00684 | ,00049 | ,00002 | 19
2 | ,28518 | ,13691 | ,02785| ,00309 | ,00018 | 18
3| ,19012 | ,20536 | ,07160| ,01235| ,00109 | 17
4| 08978 | ,21820| ,13042 | ,03499 | ,00462 | 16
5 | 0,03192 | 0,17456 | 0,17886 | 0,07465 | 0,01479 | 15
6 | ,00887 | ,10910 | ,19164 | ,12441 | ,03696 | 14
7 | ,00197 | ,05455 | ,16426 | ,16588 | ,07393 |13
8 | ,00036 | ,02216 | ,11440 | ,17971| ,12013 |12
9 | ,00005| ,00739 | ,06537| ,15974 | 16018 |11
20 | 10 | 0,00001 | 0,00203 | 0,03082 | 0,11714 | 0,17620 | 10 | 20
11 ,00046 | ,01201 | ,07099 | ,16018 | 9
12 ,00009 | ,00386 | ,03550 | ,12013| 8
13 ,00001 | ,00102 | ,01456 | ,07393 | 7
14 ,00022 | ,00485 | ,03696 | 6
15 0,00004 | 0,00129 | 0,01479 | 5
16 ,00001 | ,00027 | ,00462 | 4
17 ,00004 | ,00109 | 3
18 ,00018 | 2
19 ,00002 | 1
20 0
0,9 0,8 0,7 0,6 05 |i|n
P
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Oxonuanue maba. 22.5.1

P
n| i 0,1 0,2 0,3 0,4 0,5
0 | 0,07179 | 0,00378 | 0,00013 25
1| ,19942 | ,02361| ,00144 | ,00005 24
2 | ,26589 | ,07084 | ,00739 | ,00038 | ,00001 |23
3| ,22650 | 13577 | ,02428 | ,00194 | ,00007 | 22
4 | ,13842| ,18668 | ,05723 | ,00710 | ,00038 | 21
5 | 0,06459 | 0,19602 | 0,10302 | 0,01989 | 0,00158 | 20
6 | ,02392| ,16335| ,14717| ,04420| ,00528 | 19
7| ,00722 | ,11084| ,17119| ,07999 | ,01433 | 18
8 | ,00180 | ,06235| ,16508 | ,11998 | ,03223 |17
9 | ,00038 | ,02944 | ,13364 | ,15109 | ,06089 | 16
10 | 0,00007 | 0,01178 | 0,09164 | 0,16116 | 0,09742 | 15
11| ,00001 | ,00401 | ,05355| ,14651 | ,13284 |14
12 00117 | ,02678 | ,11395 | ,15498 | 13
25 | 13 ,00029 | ,01148 | ,07597 | ,15498 | 12 | 25
14 ,00006 | ,00422 | ,04341 | ,13284 |11
15 0,00001 | 0,00132 | 0,02122 | 0,09742 | 10
16 ,00035 | ,00884 | 06089 | 9
17 ,00008 | ,00312 | ,03223 | 8
18 ,00002 | ,00092 | ,01433 | 7
19 ,00023 | ,00528 | 6
20 0,00005 | 0,00158 | 5
21 ,00001 | ,00038 | 4
22 ,00007 | 3
23 ,00001 | 2
0,9 0,8 0,7 0,6 05 |i|n
P
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22.6 Pacnpeneaenmne Ilyaccona

k

Tabauna 22.6.1. Suadenns Py (k) = %e’/\

SuadeHust \
k| 0,1 02 03 04 05 06 07 08 09
01,9048 ,8187 ,7408 ,6703 ,6065 ,5488 ,4966 ,4493 ,4066
11,0905 ,1637 ,2222 2681 ,3033 ,3293 ,3476 ,3595 ,3659
21,0045 ,0164 ,0333 ,0536 ,0758 ,0988 ,1217 ,1438 ,1647
31,0002 ,0011 ,0033 ,0072 ,0126 ,0198 ,0284 ,0383 ,0494
4 ,0001 ,0003 ,0007 ,0016 ,0030 ,0050 ,0077 ,0111
5 ,0001 ,0002 ,0004 ,0007 ,0012 ,0020
6 ,0001 ,0002 ,0003
SuadeHust \
k| 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0
0 [,3679 ,1353 ,0498 ,0183 , 0067 ,0025 ,0009 ,0003 ,0001
11,3679 ,2707 ,1494 ,0733 , 0337 ,0149 ,0064 ,0027 ,0011
2 |,1839 ,2707 ,2240 ,1465 , 0842 ,0446 ,0223 ,0107 ,0050
31,0613 ,1804 ,2240 ,1954 , 1404 ,0892 ,0521 ,0286 ,0150
4 |,0153 ,0902 ,1680 ,1954 , 1755 ,1339 ,0912 ,0573 ,0337
51,0031 ,0361 ,1008 ,1563 , 1755 ,1606 ,1277 ,0916 ,0607
6 |,0005 ,0120 ,0504 ,1042 , 1462 ,1606 ,1490 ,1221 ,0911
71,0001 ,0034 ,0216 ,0595 , 1044 ,1377 ,1490 ,1396 ,1171
8 ,0009 ,0081 ,0298 , 0653 ,1033 ,1304 ,1396 ,1318
9 ,0002 0027 ,0132 , 0363 ,0688 ,1014 ,1241 ,1318
10 ,0008 ,0053 , 0181 ,0413 ,0710 ,0993 ,1186
11 ,0002 ,0019 , 0082 ,0225 ,0452 ,0722 ,0970
12 ,0001 ,0006 , 0034 ,0113 ,0264 ,0481 ,0728
13 ,0002 , 0013 ,0052 ,0142 ,0296 ,0504
14 ,0001 , 0005 ,0022 ,0071 ,0169 ,0324
15 , 0002 ,0009 ,0033 ,0090 ,0194
16 ,0003 ,0014 ,0045 ,0109
17 ,0001 ,0006 ,0021 ,0058
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22.7 Kpurepuii A. H. Koamoroposa.
Kpuruvieckue 3HadeHus

B Tabmume 22.7.1 npuBegeHbl KpUTHYCCKUE 3HAYCHU € s,
CylpeMyMa MOJYJI PA3HOCTH WCTUHHOW W SMIIMPUIECKOMN
GYHKIMNE pacipeaeIeHnii.

3HaueHne €q.y, A1 JAHHBIX (v X N OLIPEJIeIIAeTcs KaK M-
HUMAaJIbHOE £, JIJIT KOTOPOTO

P{sgp |F(z) — Ep(z)| > ¢} < a.

Tabnuma 22.7.1. Kpurnueckne 3HAYEHUA €.y, JJIS CYTIPEMYMA
MOJTyJIsI PA3HOCTU UCTUHHON U SMIUPUIECKON (DYHKITHIL

pacIiipe/jiesieHust
SHavueHust o SHavueHust

n 0,05 0,02 0,01 n 0,05 0,02 0,01

1 | 0,9750 0,9900 0,9950 25 | 0,2640 0,2952 0,3166
2 | 0,8419 0,9000 0,9293 30 | 0,2417 0,2702 0,2899
3 | 0,7076 0,7846 0,8290 35 | 0,2243 0,2507 0,2690
4 | 0,6239 0,6889 0,7342 40 | 0,2101 0,2349 0,2520
5 | 0,5633 0,6272 0,6685 45 | 0,1984 0,2218 0,2380
6 | 0,5193 0,5774 0,6166 50 | 0,1884 0,2107 0,2260
7 10,4834 0,5384 0,5758 55 | 0,1798 0,2011 0,2157
8 | 0,4543 0,5065 0,5418 60 | 0,1723 10,1927 0,2067
9 | 04300 04796 0,5133 || 65 | 0,1657 0,1853 0,1988
10 | 0,4093 0,4566 0,4889 70 | 0,1598 0,1786 0,1917
11 | 0,3912 0,4367 04677 75 | 0,1544 0,1727 0,1853
12 10,3754 0,4192 0,491 || 80 | 0,1496 0,1673 0,1795
13 | 0,3614 0,4036 0,4325 85 | 0,1452 0,1624 0,1742
14 | 0,3489 10,3897 0,4176 90 | 0,1412 0,1579 0,1694
15 | 0,3376 03771 0,4042 || 95 | 0,1375 0,1537 0,1649
20 | 0,2941 0,3287 0,3524 || 100 | 0,1340 0,1499 0,1608

ITpu n > 100 MOKHO CUUTATH, ITO
- 1,36 - 1,63
0,05;n — \/ﬁ y 0,01;m — \/ﬁ .
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22.8 Kpurepnit Buikokcona.
Hwuwxane Kputuieckue 3HaY€HUS

B Tabmume 22.8.1 npuBeseHbI HUXKHIE KPUTHIECKIE 3HA-
genusd Wo.n.m pactpesenennsa W — cyMMBI DAaHTOB BEIOODKH
MEHBIIEro oobemMa.

Buadennst We.p.m 1181 JAHHBIX (¢ (yPOBHS 3HAYHMOCTH),
n 1 m — 06beMOB BBIGOPOK (N — 06'beM MeHbIIeil BIOOPKH,
m — GOJIbIIIel) oIpe/IesisieTcsl KaK HauboJIbIiee neJioe t, jijist
KOTOPOTO

P{W <t} <.

[Tpu 3Havenusix N 1 M OOJBINUX TPUBEICHHBIX B TA0JIU-
e (a dpakTUIecKn mMpu 1 U M, YAOBIETBOPSIONINX HEPABECH-
crBam min{n,m} > 6,m + n > 20), MOXKHO CYNTATH, UTO
Weain;m DPaBHO

1 1
§n(n+ m+1)+ za\/unm(rm—m—i— 1),

IJ€ Zq — 9TO (-KBAHTHJIb HOPMAJBHOIO DACIIPEIE/ICHUS C
napamerpamu (0;1) (em. Tabi. 22.1.1).

Tabnuna 22.8.1. Huxxkane xpurnaeckne 3Ha9eHIA Woipn:m
pacrtpeeseraust W

O6b- O6b-

eMbl 3HaveHns o eMBbI SHaveHns o

n|m | 0,005 0,01 0,025 0,05| n|m|0,006 0,01 0,025 0,05

6|6 | 23 24 26 28 || 6|18| 37 40 45 49
7 24 25 27 29 19| 38 41 46 51
8| 25 27 29 31 ||7| 7] 32 34 36 39
9| 26 28 31 33 8| 34 35 38 41
10| 27 29 32 35 9| 35 37 40 43
11| 28 30 34 37 10| 37 39 42 45
12| 30 32 35 38 11| 38 40 44 47
13| 31 33 37 40 12| 40 42 46 49
14| 32 34 38 42 13| 41 44 48 52
15| 33 36 40 44 14| 43 45 50 54
16| 34 37 42 46 15| 44 47 52 56
171 36 39 43 47 16| 46 49 54 58
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Tabauma 22.8.1 (okoHUAHNE)

O6b- O6b-

eMBbl SHavenus « €MBbl SnaueHnsa o

n[m|0,006 0,0l 0,025 0,05]| n |m |0,005 0,01 0,025 0,05

T|17| 47 51 56 61 || 9 13| 65 68 73 78
18| 49 52 58 63 14| 67 71 76 81

8| 8| 43 45 49 51 15| 69 73 79 84
9| 45 47 51 54 16| 72 76 82 87
10| 47 49 53 56 |10 10| 71 74 78 82
11| 49 51 55 59 11| 73 7 81 86
12| 51 53 58 62 12| 76 79 84 89
13| 53 56 60 64 13| 79 82 88 92
14| 54 58 62 67 14| 81 85 91 96
15| 56 60 65 69 15| &4 88 94 99
16| 58 62 67 72 |11 11| 87 91 96 100
17| 60 64 70 75 12 90 94 99 104

919 56 59 62 66 13| 93 97 103 108
10| 58 61 65 69 14| 96 100 106 112
11| 61 63 68 72 |12 12| 105 109 115 120
12| 63 66 71 75 13| 109 113 119 125

22.9 Kpurepuit 3HaKOB.
I'panurnpr kputudeckoii obaacTu

B Tabumie 22.9.1 npusesnens! jgeBas (N — Me;y) (1€BbL
crosiber) u IpaBasi My, (IPaBblil cTOIOEI) TPAHUIBI KPH-
TUIECKON 06JIACTH KPUTEPHs 3HAKOB (00JIACTH OTKJIOHEHUSI
runoressl Hy: 0 = 0).

BHAYEHNST My I JAHHBIX (¢ (YPOBHSI 3HAYNMOCTH) 1 7
(dnciia OTJIMYHBIX OT HYJIsl PA3HOCTEl) ONpeNessieTCss Kak
MUHUMAaJIbHOE 11esi0e m, juist kotoporo P{u > m} < a, rue
[t — OMHOMHUAJILHO paclpejie/ieHHas CIydaiiHas BeJTUIUHA C
napamerpamu 1 u 1/2.
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Kpurudeckue obiactu Kpurepus 3HAKOB:

(Masn; n] 1718t omHOCTOPOHHEH abrepHaTUBH § > 0;

[0;n — Mg;p) A7 opHOCTOPOHHEH aybrepHaTHBLL 6 < 0;

[0; n—mq;n)U(Ma:n; 1] UTsT IBYCTOPOHHETT a/IbT€PHATHBEL
0 < 0w 6 > 0;

VpoBeHb 3HAYMMOCTH OJHOCTOPOHHEIO KPUTEPH He IIpe-
BBLIIACT (v, ABYCTOPOHHEro — 20v.

Tabauma 22.9.1. ['panunsr KpuTHaecKnx 00JIacTell KPUTEPUST

3HAKOB
3HaveHust o 3HaveHns o

n | 0,025 0,010 0,005 n | 0,025 0,010 0,005
510 5 0 5 0 51 25 8 17 7 18 6 19
6|1 5 0 6 0 6 || 26 8 18 7 19 7 19
711 6 1 6 0 7| 27 8 19 8 19 7 20
8|1 71 71 7 28 9 19 8 20 7 21
9|2 7 1 8 1 8 || 29 9 20 8 21 8 21
10 | 2 8 1 9 1 91 30 |10 20 9 21 8 22
11| 2 9 2 9 1 10 31]10 21 9 22 8 23
12 | 3 9 2 10 2 10| 32|10 22 9 23 9 23
13(3 10 2 11 2 11 33 | 11 22 10 23 9 24
14 (3 11 3 11 2 12| 34|11 23 10 24 10 24
514 11 3 12 3 12 35|12 23 11 24 10 25
16 |14 12 3 13 3 13|36 |12 24 11 25 10 26
1715 12 4 13 3 14| 37|13 24 11 26 11 26
185 13 4 14 4 14 (| 38|13 25 12 26 11 27
19 |5 14 5 14 4 15|39 |13 26 12 27 12 27
2006 14 5 15 4 16|40 |14 26 13 27 12 28
2106 15 5 16 5 16| 41 |14 27 13 28 12 29
2216 16 6 16 5 17|42 |15 27 14 28 13 29
237 16 6 17 5 18 |43 |15 28 14 29 13 30
24 (7 17 6 18 6 18|44 |16 28 14 30 14 30
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Tabauma 22.9.1 (okoHUaHNE)

Suavenus: o 3HayeHus «

n | 0,025 0,010 0,005 n | 0,025 0,010 0,005
45116 29 15 30 14 31 73128 45 27 46 26 47
46 |16 30 15 31 14 32 74129 45 27 47 26 48
47|17 30 16 32 15 32 75129 46 27 48 26 49
48 |17 31 16 32 15 33 76 | 29 47 28 48 27 49
49118 31 16 33 16 33 77130 47 28 49 27 50
50 | 18 32 17 33 16 34 78 130 48 29 49 28 50
51119 32 17 34 16 35 79131 48 29 50 28 51
52119 33 18 34 17 35 80|31 49 30 50 29 51
53119 34 18 35 17 36 81132 49 30 51 29 52
54120 34 19 35 18 36 82132 50 31 51 29 53
55120 35 19 36 18 37 83133 50 31 52 30 53
56121 35 19 37 18 38 84133 51 31 53 30 54
57121 36 20 37 19 38 85133 52 32 53 31 54
58 122 36 20 38 19 39 86|34 52 32 54 31 55
59 122 37 21 38 20 39 87134 53 33 54 32 55
60 | 22 38 21 39 20 40 88135 53 33 55 32 56
6123 38 21 40 21 40 89|35 54 34 55 32 57
62|23 39 22 40 21 41 90 | 36 54 34 56 33 57
63124 39 22 41 21 42 91136 55 34 57 33 58
64 |24 40 23 41 22 42 92|37 55 35 57 34 58
65 |25 40 23 42 22 43 93137 56 35 58 34 59
66 | 25 41 24 42 23 43 94 138 56 36 58 35 59
67126 41 24 43 23 44 95138 57 36 59 35 60
68 | 26 42 24 44 23 45 96 | 38 58 37 59 35 61
69 | 26 43 25 44 24 45 97139 58 37 60 36 61
70 | 27 43 25 45 24 46 98139 59 38 60 36 62
71127 44 26 45 25 46 99 140 59 38 61 37 62
72128 44 26 46 25 47| 100 |40 60 38 62 37 63
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22.10 PaBHoMepHO pacnpeaejieHHbIe
cJly4daliHbIe 4YUCJIa

[Ipusenennsnie B Tabmuite 22.10.1 1t phbl MOXKHO paccMaT-
pUBaTH KaK PEAJM3AINU HE3aBUCUMBIX U OJINHAKOBO PacIipe-
JIGJIEHHBIX CJIYYAWHBIX BEJUYUH, MPUHUMAIONIUX 3HAUEHUS
0,1,2,3,4,5,6,7,8,9 c onuoit u Toit ke BeposTHOCTHIO ,1.

Tabynmupoanubie 1mudpbl CrpynnupoBanbl mo ase. [la-
PBl MOXKHO pacCMaTpHUBATDL KAK PEAJTH3AINN HE3ABUCUMBIX
¥ OJIMHAKOBO PACIIPE/IEIEHHBIX CJIYyIalHBIX BEJTAINH, TPUHHA-
Maromux 3Hadenus: or 00 1o 99 ¢ omHOI U TOM 2Ke BePOsSITHO-
croio 0,01.

AHajloruvuHble yTBEPXKJIEHUsT MOXKHO CGhOPMYJINPOBATD,
ecsu 1Pl TPYIIUPOBATH IO TPH, YETHIPE . . .

Paccmorpum rpymnmet u3s k nudp kak mnesbe unciia. [lepe-
MHOKHM Kazk joe n3 unx na 107%. ITosydennble qucia MOK-
HO CYHMTATH PEAJIUBAIMSIMEI HE3aBUCUMBIX CJIYyJIallHBIX BEJIU-
Y1H, PABHOMEDHO pacIpejiesieHHbIX Ha orpeske [0; 1].

Tabuauma 22.10.1. PaBHOMepHO pacupejeeHHbIe
cay4daiinble 4ucia

10 09 73 25 33
37 54 20 48 05
08 42 26 89 53
99 01 90 25 29
12 80 79 99 70

66 06 57 47 17
31 06 01 08 05
85 26 97 76 02
63 57 33 21 35
73 79 64 57 53

98 52 01 77 67
11 80 50 54 31
83 45 29 96 34
88 68 54 02 00
99 59 46 73 48

76 52 01 35 86
64 89 47 42 96
19 64 50 93 03
09 37 67 07 15
80 15 73 61 47

34 07 27 68 50
45 57 18 24 06
02 05 16 56 92
05 32 54 70 48
03 52 96 47 78

14 90 56 86 07
39 80 82 77 32
06 28 89 80 83
86 50 75 84 01
87 51 76 49 69

34 67 35 48 76
24 80 52 40 37
23 20 90 25 60
38 31 13 11 65
64 03 23 66 53

36 69 73 61 70
35 30 34 26 14
68 66 57 48 18
90 55 35 75 48
35 80 83 42 82

22 10 94 05 58
50 72 56 82 48
13 74 67 00 78
36 76 66 79 51
91 82 60 89 28

80 95 90 91 17
20 63 61 04 02
15 95 33 47 64
88 67 67 43 97
98 95 11 68 77

65 81 33 98 85
86 79 90 74 39
73 05 38 52 47
28 46 82 87 09
60 93 52 03 44

60 97 09 34 33
29 40 52 42 01
18 47 54 06 10
90 36 47 64 93
93 78 56 13 68
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Ta6uauma 22.10.1 (npomoikenue)

65 48 11 76 74
80 12 43 56 35
74 3509 98 17
69 91 62 68 03
09 89 32 05 05

91 49 91 45 23
80 33 69 45 98
44 10 48 19 49
12 55 07 37 42
63 60 64 93 29

61 19 69 04 46
15 47 44 52 66
94 55 72 85 73
42 48 11 62 13
23 52 37 83 17

04 49 35 24 94
00 54 99 76 54
35 96 31 53 07
59 80 80 83 91
46 05 88 52 36

32 17 90 05 97
69 23 46 14 06
19 56 54 14 30
45 15 51 49 38
94 86 43 19 94

98 08 62 48 26
33 18 51 62 32
80 95 10 04 06
79 75 24 91 40
18 63 33 25 37

17 46 85 09 50
1772 70 80 15
7740 27 72 14
66 25 22 91 48
14 22 56 85 14

68 47 92 76 86
26 94 03 68 58
85 15 74 79 54
11 10 00 20 40
16 50 53 44 84

26 45 74 77 74
95 27 07 99 53
67 89 75 43 87
97 34 40 87 21
73 20 88 98 37

75 24 63 38 24
64 05 18 81 59
26 89 80 93 54
45 42 72 68 42
01 39 09 22 86

87 37 92 52 41
20 11 74 52 04
01 75 87 53 79
19 47 60 72 46
36 16 81 08 51

45 24 02 84 04
41 94 15 09 49
96 38 27 07 74
71 96 12 82 96
98 14 50 65 71

58 04 77 69 T4
45 31 82 23 74
43 23 60 02 10
36 93 68 72 03
46 42 75 67 88

46 16 28 35 54
70 29 73 41 35
32 97 92 65 75
12 86 07 46 97
40 21 95 25 63

51 92 43 37 29
59 36 78 38 48
54 62 24 44 31
16 86 84 87 67
68 93 59 14 16

45 86 25 10 25
96 11 96 38 96
33 35 13 54 62
83 60 94 97 00
7728 14 40 77

05 56 70 70 07
15 95 66 00 00
40 41 92 15 85
43 66 79 45 43
34 88 88 15 53

44 99 90 88 96
89 43 54 85 81
20 15 12 33 87
69 86 10 25 91
31 01 02 46 74

73 03 95 71 86
21 11 57 82 53
45 52 16 42 37
76 62 11 39 90
96 29 77 88 22

94 75 08 99 23
53 14 03 33 40
57 60 04 08 81
96 64 48 94 39
43 65 17 70 82

65 39 45 95 93
82 39 61 01 18
91 19 04 25 92
03 07 11 20 59
26 25 22 96 63

61 96 27 93 35
54 69 28 23 91
77 97 45 00 24
13 02 12 48 92
93 91 08 36 47

86 74 31 71 57
18 74 39 24 23
66 67 43 68 06
59 04 79 00 33
01 54 03 54 56

39 09 47 34 07
88 69 54 19 94
25 01 62 52 98
74 85 22 05 39
05 45 56 14 27
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Ta6aunma 22.10.1 (npomonxkenue)

74 02 94 39 02
54 17 84 56 11
11 66 44 98 83
48 32 4779 28
69 07 49 41 38

09 18 82 00 97
90 04 58 54 97
73 18 95 02 07
75 76 87 64 90
54 01 64 40 56

08 35 86 99 10
28 30 60 32 64
53 84 08 62 33
91 75 75 37 41
89 41 59 26 94

77 51 30 38 20
19 50 23 71 74
21 81 8593 13
51 47 46 64 99
99 55 96 83 31

33 71 34 80 07
85 27 48 68 93
84 13 38 96 40
56 73 21 62 34
65 13 85 68 06

38 00 10 21 76
37 40 29 63 97
97 12 54 03 48
21 8264 11 34
73 13 54 27 42

775573 2270
80 99 33 71 43
52 07 98 48 27
3124 96 47 10
87 63 79 19 76

32 82 53 95 27
51 98 15 06 54
47 67 72 62 69
20 97 18 17 49
66 28 13 10 03

78 54 24 27 85
81 33 31 05 91
81 59 41 36 28
61 61 36 22 69
00 39 75 83 91

86 83 42 99 01
69 97 92 02 88
93 27 88 17 57
68 10 72 36 21
62 53 52 41 70

93 58 47 28 69
11 30 32 92 70
44 03 55 21 66
17 39 59 61 31
87 64 88 52 61

8171911711
01 30 47 75 86
87 08 33 14 17
47 14 33 40 72
95 71 90 90 35

97 7901 71 19
05 33 51 29 69
59 38 17 15 39
02 29 53 68 70
35 58 40 44 01

04 22 08 63 04
94 93 88 19 97
62 29 06 44 64
90 42 91 22 72
00 68 22 73 98

13 66 15 88 73
40 51 00 78 93
51 21 59 02 90
50 26 39 02 12
12 60 71 76 46

68 41 48 27 74
552102 97 73
05 68 67 31 56
94 04 99 13 45
69 77 71 28 30

51 92 66 47 21
28 83 43 41 37
73 85 27 00 91
10 12 39 16 22
34 31 36 58 61

71 60 29 29 37
56 27 11 00 86
21 81 53 92 50
64 63 88 59 02
85 79 47 42 96

52 52 75 80 21
56 12 71 92 55
09 97 33 34 40
32 30 75 75 46
10 51 82 16 15

83 38 98 73 74
91 87 07 61 50
27 12 46 70 18
95 37 50 58 71
20 71 45 32 95

04 61 89 75 53
32 60 46 04 75
28 46 66 87 95
55 78 17 65 14
48 94 97 23 06

51 90 81 39 80
74 28 77 52 51
07 08 28 50 46
42 83 60 91 91
74 81 97 81 42

58 30 32 98 22
73 51 59 04 00
61 22 26 05 61
8549 65 75 60
45 87 52 10 69

74 21 96 40 49
47 32 46 26 05
75 23 76 20 47
49 13 90 64 41
08 78 98 81 56
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Ta6auma 22.10.1 (oxoHuaHUE)

07 63 87 79 29
60 52 88 34 41
83 59 63 56 55
10 85 06 27 46
39 82 09 89 52

59 58 00 64 78
38 50 80 73 41
30 69 27 06 68
65 44 39 56 59
27 26 75 02 64

91 30 70 69 91
68 43 49 46 88
48 90 81 58 77
06 91 34 51 97
10 45 51 60 19

12 88 39 73 43
21 77 83 09 76
19 52 35 95 15
67 24 55 26 70
60 58 44 73 77

53 8534 13 77
24 63 73 87 36
83 08 01 24 51
15 44 42 43 34
60 79 01 81 57

0399 11 04 61
38 55 59 55 54
17 54 67 37 04
32 64 35 28 61
69 57 26 87 77

03 06 11 80 72
07 95 41 98 14
06 95 89 29 83
99 59 91 05 07
43 62 26 31 47

75 56 97 88 00
23 79 34 87 63
94 68 81 61 27
18 28 82 74 37
1319 27 22 94

19 07 22 42 10
84 47 31 36 22
54 74 52 45 91
42 67 27 86 01
14 21 03 37 12

65 02 76 11 84
38 80 73 69 61
65 12 25 96 59
35 58 31 65 63
07 50 03 79 92

36 06 69 48 50
74 38 48 93 42
38 99 22 28 15
36 1519 90 73
57 17 86 57 62

93 71 61 68 94
32 88 65 97 80
92 05 24 62 15
95 81 90 68 31
39 51 03 59 05

96 20 74 41 56
59 17 52 06 95
05 12 80 97 19
13 49 90 63 19
64 42 18 08 14

88 83 55 44 86
90 82 29 70 22
56 19 68 00 91
49 63 22 40 41
07 47 74 46 06

36 69 95 37 28
62 12 69 84 08
35 70 00 47 54
11 88 30 95 28
91 34 23 78 21

04 28 50 13 92
31 64 94 20 96
86 28 36 82 58
79 24 68 66 86
4513 42 65 29

58 83 87 38 59
52 62 30 79 92
07 7595 17 77
2749 37 09 39
1116 17 85 76

66 08 32 46 53
08 35 56 08 60
5512 12 92 81
00 91 19 89 36
14 06 04 06 19

23 8219 95 38
05 53 35 21 39
77 43 35 37 83
53 07 57 18 39
43 80 00 93 51

23 76 80 61 56
17 71 90 42 07
82 06 76 34 00
08 33 76 56 76
17 98 54 89 11

28 82 53 57 93
12 84 38 25 90
83 82 45 26 92
63 01 19 89 01
88 32 58 08 51

17 97 41 50 77
63 28 10 20 23
69 57 21 37 98
76 46 33 42 22
26 76 08 36 37

49 36 47 33 31
12 36 91 86 01
97 37 72 75 85
85 13 03 25 52
4581952979

84 60 95 82 32
29 73 54 77 62
59 07 60 79 36
76 35 59 37 79
29 54 96 96 16
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TYPYHYUH
Banepui Hukonaeeuy

Astop 125 HayyHbix 1 Hay4HO-
MeToauueckux pabor,

|7 y4eBHukos 1 yuebHbix nocobuit
Mo TEOpUW BEPOSTHOCTEI

¥ MaTeMaTU4eCKOW CTaTUCTHKe.
3aeegyroLumii kadpepoit
CTATUCTUKU U TEOPUU BEPOATHOCTEN
[HenponeTpobckoro
HaLMOHANLHOTo YHUBEPCUTETa
umenn Oneca lNoHyapa.




