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Mopyas 1. BIKTuMaaabIKTap TeOpHUsACHI 3JIeMeHTTepi

1 Topic Nel. BIKTUMANABIKTAP TEOPUSICHIHBIH AJIFAIIKBI YFBIMIAPbI

1.1 BIKTUMaJABIKTAP TEOPUSICHI MIHI

«bIKTUMANIIBIKTAp TEOPHUSACHI KOHE MATEMATHKAJIBIK CTATHCTHKA» IIOHI
KE3JCHCOK TMPOIECTEP/IIH BIKTUMAIABIKTBI — CTAaTHUCTUKAIBIK 3aHIBUIBIKTAPBIH
3epTTEUTIH MaTEMAaTHUKAJIBIK FBUIBIM caylachbl. BIKTUMaNIBIKTap TEOPHUSACH >KOHE
MaTEeMaTHKANbIK CTATUCTHKA OJICTepl alyaH Typil cajajapia KeHiHeH
KOJTAHBLIa/Ibl, OHBIH IMIIHJIE aKMmapaTThl 0acKapy, TeoJe3usi, aTKblIay TEOPHSCHI,
TICUXOJIOTHS, JHWHTBUCTHKA, OWOJOTHS, COIMOJIOTHS, apXCOJIOTHUS KOHE aJTaMHBIH
0acka Ja KpI3MET cajajlapblH/Ia MaijaTaHbLUIaIbl.

biprekTi  Ke3nelcoK ~ OKWUFajap[blH  3aHJBUIBIKTApbIH  3€pTTEUTIH
MaTeMaTUKAHBIH  OOJITH,  bIKMUMALObIKMAP  meopuscel AN  aTalJbl.
blkTumanapiKTap TEOPHUSICHIHBIH HET13T1 YFBIMIAPHI - OKUFa MEH BIKTUMAJIIBIK,.

Oxuza nen ToKIipuOe HOTHWXKECIH aiTamel. Okuranmap ymr Typre OestiHel:
aKUKAT, MyMKIH eMeC JKOHE Ke3/ICHCOK OKHFa.

ToxipuOe HOTHXKECIHJIE MIHAETTI TYpAe Naiga OOJaThIH OKUFAHBl aKuKam
oxuea nen ataiapl. Erep okura myijie maiaa 00JIMaiThiH 00JIca, OHAa OHBI MYMKiH
emec JeN aTanjpl.

Toxipube HoOTHXKeciHAe maiga Oomybl Ja, maiina OoaMaybl Aa MYMKIH
OKHFaHbI Ke30elicoK oKuea JEI aTtaijapl. MbIcallbl, «TeHIeHl Olp peT JIaKThIpraHaa
«['epb» ’kaFbIMEH TYCTI» JIeTeH OKHFa Ke3Jeicok okura Oosanel. Kesneicok
OKHFajap JaTbiHHBIH A, B, C, ... 6ac apinrepimMen OenrineHel.

Erep Oip oxuraHblH naiga OoOJIybl, EKIHINICIHIH TMaia OOMYbIH >KOKKa
IIBIFAPMAUTBIH 00JICa, OHAA OKUFAIAPJbI yilecimoi Jen anTanabl. Mbicalbl, OWbIH
CYHeriH Oip peT JaKThIpFaHlla «TaK YIail TYCTI» *KoHE «S5 YIail KarbIMEH TYCTI»
JIETeH OKHUFajap yHiIeciMIl OKuFaap.

Erep OipeyiniH maiina 0oiybl €KIHIIICIH JKOKKa IIbIFapaThiH 0oJica, OHJA
OKUFaJIapAbl yiliecimciz e auTaasl. Mbicanbl, OMBIH CyHeriH Oip peT JaKThIpFaHaa
TaK ymail TycCyi >KYIT VI1aid KaFbIMEH TYCyiHe Kenmepri xkacaiapl. COHIBIKTaH «TaK
yrai TYCTi» )KOHE «KYI YIail TYCTI» JETeH OKUFajap e3apa YiIeciMcis.

Erep oxuranmapnpiH OipeyiHiH maijia 0oiybl €KIHIIICIHIH Maiaa OolyblHaH
apTHIKIIBUIBIKTa OOJIMANUTBIH 00JIca, OHJA OJIAPJIbI mMeH MYMKIHOI 1T aTalIbl.

Erep Toxipnbe HOTHXKECIHE Maiiga O0JiFaH OKUFa aKuKaT oKura 0oJjica, oHJa
OJ1 JHCANIRbL3 MYMKIHOIKMI OKU&a JIETI aTajiaJibl.

JKanrpl3 FaHa MYMKIHJIIKTI OKUFQJIapABIH KUBIHTBHIFBIH OKUFATAPBIH MOJIbIK
mobwbt Aen arainpl. backamia alTkaHaa, ToXIpuOeHIH opOip KalTallaHybIHIA
OKWFaJap/blH €H OosiMaraHaa Oipeyl maifia OoJbIN OThIpca, OHJA OKUFaap TOJIBIK
TOI Kypaupl.

Bip-0ipine yiineciMci3 ekl OKHFaHBI Kapama-Kapcwl OKudiap IeI aTanibl.

Erep A nen okuransl Oenrinece, onna A Jier oraH Kapama-Kapchl OKUFaHbI
oenrineil.



1.2 KomOnHaTopuka 3JjieMeHTTepi

blkTuManapIKTEl ecenTey YIIH, KeWlip >karmaiiia, KOMOWHATOPWKAHBIH
dbopMyaapbIH KOJJIaHyFa Typa KeJe/Ii.

bip OipiHeH ailBIpMAIIBUIBIFBI OpHAJacy peTIHAE HeMece KypaMbIHaa
OoJIaTBIH N 3JEMEHTTIH K—1aH KacalFaH KOMOWHANMSIIAPBIH OPHAIACMbIPYAAP NIEN
ataiiipl. OpHaIACTHIpyJIap CaHbIH Ta0y YILIH

« _n!
(n—k)!"
(dbopMyIIachIH KOJITaHAIBI.
Anmacmuipynap nen Oip-OipiHEH aWbIpMAIIbUIBIFBI OpHAJIACY PETIHIE FaHa

OonaThlH N DBJIEMEHTTIH N-HEH JKacalfaH KOMOMHAIUSIApbIH aWTajbl >KOHE
aJIMacThIpyJIap CaHbIH KeJiecl (opMyllaMeH ecenTen/Ii:

P =nl=n(h-1)(n-2)..3-2-1,
bip OipiHeH albIPMAIIBLUIBIFBI TEK KYpaMbIHIa O0JIATHIH N 3JeMEHTTeH K—mnaH

KacalraH KOMOMHALMATIAPBIH mepyiep ACT aTalibl )KOHE TepyJep CaHbIH Keleci
dbopmyiiameH ecenrteiai

Ck _ n!
" kl(n=k)!"

1.3 bIKTHMAIABIKTBIH KJIACCHKAJIBIK, JKIHeE CTATHCTHKAJIBIK
AHBLIKTAMACHI

Ke3 kenaren toxipubene Olp-OipiHe KaHImbl KeaeTIH HeEMece KOJIaWThIH
HOTIKEJIEp Kom O0JIybl MYMKIH. AMTambIK, acalaThlH TOKIpuOenae Olp koHE TeH
MyMKinal, yinecimciz W, W,,..., W mymkiagixrepl (karmaitnapsr) 6ap 00JICHIH.

Erep A oxuracel OCBIHBIH M >KarjaibIHIa maiiga OoJbIN, KajaFaHn N—M
JKaraimga naiga 0oaManTeiH Oolica, oHOa A OKWFAChIHA M sKargalbl Koaiabl I
anTagbl.

A OKWFACBIHBIH Maiiia 001y sIKMUMAIObiebl T M KOJANIBI KaFIauaap by
CaHBIHBIH N - OapJIbIK O1p JKOHE TE€H MYMKIHJI, YIJIECIMCI3 KaFaiaapIblH CaHbIHA
KamblHACbLIH ATAUbI, SFHU

P(A=".

byn anpikramansl OipiHmn (paniry3 matematuri Jlammac OepreH »koHe OHBI
BIKIMUMATIObIKMbIY KAACCUKAIBIK AHBIKMAMACHL NI aTalIbl.

bIKTUMaNIBIKTBIH ~ KJIACCHKANBIK  aHBIKTAMAChIHAH  IIBIFATBIH  KEHOIp
KacUEeTTep/Il aTall oTeNliK:

1) aKMKaT OKMFaHBIH BIKTUMAJIJIBIFBI OIpre TEH;

2) MYMKIH €MeC OKUFaHbIH BIKTUMAJJIBIFbI HOJITE TCH;

3) Ke3/1eMCOK OKUFaHbIH BIKTUMAaJIJIBIFbI 0<P(A) <1 apachIH1a 00Ia/Ibl.



Mpican. OlibiH cylieri Olp peT JNaKTBIPbUIFAHMIA JKYIT YIail KaFbIMEH TYCY
BIKTUMAJIIBIFBIH Ta0y KEpeK.

Ilewyi: Ttoxipube HoTWKeCiHIe Talga OomaTelH  OapiblK  MYMKIH
xarmainapasl kazames: Q ={1;2;3;4;5;6}, srau n=6. Enxi i3geninin orsipran
OKHFaHbI Jka3aMbI3: A={3kyn ymaii ;xareiMeH Tycyi}={2; 4; 6}, sraun m=3.

m 3 1

n e 2™

XKorapeima OepinreH BIKTUMAIBIKTBIH KJIACCHKAIBIK aHBIKTAMAachl KOl
KoJimanbuta OepMmeiini. Erep oHbIH Oip MYMKIH/I, T€H MYMKIHI1 JKOHE YisieciMci3
mapTTapblHBIH Olpeyl OpbIHIalIMaca, aHbIKTaMa >KYMbIC icTemeli. COHABIKTaH,
KOeIl JKarjmaiia ©Oacka aHbIKTamanapabl KosjmaHambid.  ComapabiH  Oipt  —
BIKTUMAJIABIKTBIH, CTATUCTUKAIBIK aHBIKTAMACHI.

Kacanran toxipubenepae A OKWUFaHBIH Iaijia OOJFaH CaHBIHBIH, OapJIbIK
TOKIpUOCHIH CaHbIHA KATBIHACBIH A-HblH CANbICMbIPMALbLL Jicuiniei JIeT aTaibl,
SAFHU

AHI)IKTaMa OoiibIHIIIA OKHUFraHbIH BIKTUMAJIIbIFbI P(A) =

m
W =P*(A)=—
n
MYHIaFbl M- OKUFaHbIH Maiifia 00JIFaH CaHbl;
N - 6apJbIK TOKIPUOE CaHBbI.

bIxkTuManabIK CHUSKTEBI A-HbBIH CaJILICTBIPMAJIBI JKULTIT] YIIiH

0<P” (A) <1 OPBIHJBI.

Ochl xepAe alThIl KETEWiK: BIKTUMAJABIKTBI TOXKIpHOE »xkacamail TypbI
ecenTeill, ajl CalbICTRIPMAIIbI JKUUTIKTI TOKIPUOEIECH KEeHIH CaHaNIbI.

A OKHWFaChIHBIH bIKMUMALObIebl Jel, N MEWJHIIe YIKeH OoJiFaHAarbl
CcaBICTBIPMAITBI KHiiK TeHiperinae Tontanatein P(A) canbH aTaifisr.

byn aHbIKTaMaHbl BIKTUMAQIABIKTBIH, CMIAMUCIMUKATLIK AHbIKMAMACLL JEIl
aTanabl.

2 JTopic Ne2. BIKrumaaabIKTapAbIH HEri3ri TeopemMaJiapbl

2.1 bIKTMaaabIKTapAbl KOCY KoHe KoOelTy Teopemasapbl. IlapTThl
BIKTUMAJIJIBIK

Erep A oKWFachIHBIH BIKTUMAJIABIFEI B OKUFACBIHBIH Maiia OOJIFaHbIHA,
HeMece maija OoJiMaraHbIHA OalJIaHBICTBI ©3repMelTiH 0oJsica, oHaa A OKUFachl B
OKUFAChIHA maye/ci3 AT aTajiajibl.

Erep A oxuFachIHBIH BIKTHMAJIABIFbI B OKHFACBIHBIH Maiiga OOJIFaHbIHA,
HEeMece Maima OoJiMaraHbIHA OalIaHBICTBI ©3repeTiH Oojica, oHma 4 OKuracel B
OKUFAaChIHA mayenoi IET aTaliajibl.



Mbican. Komrikre 3 ak, 2 kapa map Oap. JKomrikren OipiHeH coH Oipi exi map

3

anbiEFaf. BipiHim ToxipuGene ak rap aqy HIKTHMAIIBIFSL 1 (4) = 5 Exinm pet

1

aK Iap ajy BIKTUMAJIIbIFbI P(B) = E OlpiHIIT TOXKIPUOCHIH BIKTUMAJIIBIFBIHA

Toyenai. byn meicana 4 MeH B Toyenal okurasiap.
Teopema. Exi yineciMci3 OKHUFaJIapJbIH KOCBIHJIBICHIHBIH BIKTUMAJIBIFbI,
OJIapJIbIH BIKTUMAJIILIKTAPBIHBIH KOCHIHABICHIHA TCH:

P(A+B)=P(A)+P(B).
Canoap. Erep A, A, ,...A, xoc-KocTaH yilnecimcis okuranap 6oica, oHa

P(A+A +..+A)=P(A)+PA)+..+P(A,),

OPBIH/TAJIAIBI.
Teopema. Erep xoc — KocTaH yiineciMcis keszeiicok okuramap A, Ay, A,
TOJIBIK TON KypaTblH 0oJica, OHJai OKUFalIapJblH BIKTUMAJIBIKTAPhIHBIH

KOCBIHJIBICHI Oipre TeH:
P(A)+P(A)+...+P(A) =1

Teopema. ©O3apa KapamMa - Kapchl €Ki OKUFaHBIH BIKTUMAJABIKTAPhIHBIH
KOCBIHJIBICHI Oipre TeH:
P(A)+P(A) =1.
A OKHMFacBIHBIH B OoKHWrachl maiaa OosFraHgarbl TAOBUIFAH BIKTUMAJIABIFBIH A

OKWFACBIHBIH Wapmmyl bIKMUMAI0bI2bl IeTI aTaiiabl xkoHe Pg (A) nen Gesrineiii.

Teopema. Exi Toyenai okuragapablH Oipre maijga 00JybIHBIH BIKTUMAJIIBIFBI
OipeyiHiH BIKTUMAaJbIFbl MEH EKIHIIICIHIH, OIpIHIIICI Mmaiaa OOJFaHaFrbl, MAPTTHI
BIKTUMAJIABIFBIHBIH KOOCUTIHICIHE TEH OOJIaabl, SFHA

P(A-B)=P(A)-P,(B) mnemece P(A-B)=P(B)-P,(A).

Ecxep Ty - Erep 4 xone B yineciMci3 okuraiap 0oJjica, oHa

P(A-B)=0.

Canoap. bipHeme Toyenai OKuFajgapAblH Olpre maiiga OOJyBIHBIH
BIKTUMAJIJIBIFBI  OIPIHIINICIHIH, ~ BIKTUMAJIBIFBIH  KaJFaHJAPBIHBIH  IIIAPTTHI
BIKTUMAJIBIKTapbIHA KOOCUTKEHTE TeH O0oJaapl. OpOip Kelecli OKUFAHBIH IIapTThI
BIKTUMAJIJIBIFBI AJIJIBIHFBI OKUFAJIap Taia OoJIFaH JeI eCeITelIHIN TaObLIaIbl:

P(A Ay s A) = P(A) - Py (A) - P, (A) - Paa, a L (A

Teopema. Exi HeMece OipHelIe ToyesCi3 OKUFalIapblH KOOSHUTIHIICIHIH
BIKTUMAJIJIBIFBI, OJap IbIH BIKTUMAJIIBIKTApbIHBIH KOOCUTIHAICIHE TEH, SFHU

P(A-B)=P(A)-P(B),

P(A-A,-..- A)=P(A)-P(A)-..-P(A,).



Teopema. Toyenciz A, Ay,...A, oxuramapasiH keM nerenze Gipeyiniy maiina
00Ty BIKTUMAJIIBIFBI
P(A+A+..+A)=1-P(A)-P(A)..P(A),

TeH O0J1abl.
2.2 ToabIK BIKTUMAJABIKTAP opMmyaackl. baiiec popmyiacel

AWTaNBIK, A OKUFAChl TOJBIK XYyile OOJaThIH Bl, Bz,---Bn OKUFaJIapIbIH
Oipeyl oOpbpIHAQJIFaHIAa FaHa TalWjga OosiathlH OOJICBIH. OChl  OKHMFaJlapbIH
BIKTUMAaJJIBIKTapbl P(B,),P(B,),...P(B,) xome A4 oxuraubH apTThI

BIKTUMAaJJIBIKTapbl Pgl (A), F)B2 (A),..., PBn (A) Oepinredn OoJnceiH. bynm skepnae
B,,B,...B, OKHUFaNapbIH eunome3sa I aTauIbl.

Teopema. Tonplk TONM KypaTbiH, e©3apa YHiIeciMci3 B,,B,...B,

OKUFAJIapBIHBIH Oipeyl maija OoiFaHga FaHa MAPTTHI TYpAE Maina OonaThiH A
OKUFACBIHBIH BIKTUMAJIJIBIFBI OChl OKHFaJap/blH opOipeyiHiH BIKTUMAIIBIFBIH A
OKUFACBIHBIH OJIapFa COMKEC MIAPTThl BIKTUMAJIBIFbIHA KOOCUTIIT KOCKaHFa TEH:

P(A) =3 P(B) P, (A)
P(A)=P(B,)P; (A) +P(B,)P; (A)+...+P(B,)P; (A),
MYH/IaFbl P(Bl) + P(BZ) +...+ P(Bn) =1,

Ocpl eki (popMyIaHbl MoIbIK bIKMUMATOLIK popMynacel e aTauiIbl.
TonbIK BIKTUMANABIK (OPMYJIachl OpbIHAATATHIH O0JIChIH. EHAl A OKuFachl

mariga OOJabl €T, Bi (i =12,..., n) OKWFaJIapJblH BIKTUMAIBIKTAPBIH Ta0AUBIK;

P(AB,) = P(A)P,(B;) = P(Bi)PBi (A).

Ocprman
P(B;)- P (A)
PA (Bi ) =
P(A)
TosbIK BIKTUMATIBIK (hOpMYaHbl Naiigananwin batiec ghopmynacvin anaMpl3:
P(B.)-P, (A
AL RN

ZP(Bi)' Pe, (A).

2.3 Toxipubesnepain Kaiitananybl. bepuysuiu gpopmyJiacsl

AMNTaNBIK, opOip ToxipuOenae A OKUFACBIHBIH Maiga 00Jy BIKTUMAJIIBIFBI

Oipeit J)xoHe P(A) = P 0GomackiH, oHOA P(Z) =(0=1-p Gonanm.



Erep bikTuManapirbl Oipaed ToxipuOenep kacaraHia, OKUFaHbIH Maia
OoJlyplHAaH HeMece Taljga OoJMayblHaH ToXIpuOenaep Toyenci3 0Oosca, OHAA
TOXKIpUOenepai mayesnciz aen aTaubl.

Teopema. Erep opOip Toyenci3 ToxipuOene A OKUFACBIHBIH IMaiga 0oy
sIKTUManIbIFsl p-ra e 6onca (0 < P <1), omma n toxipubene A OKuFaCHIHBIH K-
peT naija 001y BIKTUMAaJIbIFbI

P.(k)=Cy-p*-q""

I L
~ k!(n—k)! b

dbopMyIIackIMEH €CerTeNIHEeI].

Ocbl TeHmikTi Bepuynnu ¢opmynacet Jen aTtaljipl, aja €cenTey >KOJbIH
bepuynnu cynbacer nei.

bepuymnmun  Qopmynackl apKbUIbl KelleCcl  BIKTUMAJJIBIKTAp/Abl  €CerTeyre

OoJIaabl:
1) m —HeH KeM peT maiiia 001y BIKTHMAaJIIBIFBI

P<m)=P (0)+P,(D+...+ P, (m-1);

2) M- HEH KeM eMecC peT Maii1a 001y BIKTUMAJIIbIFbI

PEm)=P (m+P (M+D)+..+P (n):

3) M- HeH apThIK peT naiaa 00y BIKTUMAJIBIFbI

PCGm=P (M+)+P (M+2)+...+ P, (n):

4) M- HEH apTHIK eMeC PeT Maiaa 001y BIKTHMAIIIbIFbI

PEM) =P, (0)+P,(1) +...+ P, (m).

bipak bepnymnu ¢opmynacklH N MoHI YJIKEH OOJiFaH »Kardaija KoJJaaHy
KOJIaChI3, COHIBIKTAH KYBIK ecernTey (opMynalapblH KOJIaHFaH JKOH.

2.4 MyaBp —JlanjacTbIH JOKAJIBABIK KIHEe HHTErPAJJIBIK TEOpeMaJiaphl.
IIyaccoH TeopeMacsl

bepuymnu  gopmynaceln  ToXKipuOenepAiH caHbl a3 OoiFaHAa FaHa
naigananaasl. Erep ToxipuOe caHbpl N ke 0osica, OHJIa BIKTUMAJABIKTHI Oy
dbopmynameH ecenTey KubIHFAa corajbpl. MyHai xarmaiina MyaBp — JlammacTeig
JIOKaJIbJILIK T€OPEMAChIH KOJIJJTaHFaH THIM/II.

Teopema. Erep opOip Toyeinci3 ToxipuOene A OKUFACBIHBIH Iaija 0oy
BIKTUMAJIJIBIFBI p-Fa TEH 0oJica (O< p<d), ouma n ToxipuOene A OKUFachIHBIH K-

peT maiina 601y BIKTUMAJIBIFBI

P, (k) =

L ()
Jnpg T

dhopMysIacbIMEH €CenTeNiHe 1, MYH/IaFbI

1 K—n
o) =—=e ", il -

10



@(X) -1 Jlanaac ¢hynryuscel e aTaipl JKOHE OHBIH MOHIEPI KecTe
apKBUIBI aHBIKTANAABL. @(X) QYHKIMACH Kyl QYHKIUS, SFHHA

P(—X) = p(X) .

Teopema. Erep opOip Toyenciz ToxipuOene A OKUFAChIHBIH IMaiiga 0oy
pIKTEMaNBIFsl p-Fa TeH Oonca (0< P <1), omma n toxipubene A OKMFACHIHBIH

naiina 6oy caubl K; —neH keM 6onmay K, — neH acnay bIKTUMAIIBIFBL
P, (ki K,) = D(x,) — D(xy)
0oJazbl, Oy Kepe
_k —np k, —np

=1 __— X, =—4—
Jopg T Y Jnpg

X

- 2 .

\/ﬂ Ie dt byHKIUACHIH Jlannac gyuxkyusceyl Aen aTailbl, OHbIH
0

Xq

t2

d(x) =

MOHJIepi KecTeMeH Oepiesi (2 KOChIMIIACHI).

Eckepmy. Kecrene ®(X) ¢ynxmmaceaerr 0< X <5 ymin wmonzepi
kenTipiiren, X <0 OojraHma Ja OChI KeCTe€ KOJIAHBUIAJBLI, TEK OYJI JKarjaaiia
®(X) byHKUHSICHIHBIH TaK eKkeHin eckepy kepek, sran P(—X) = DP(x), an x> 5
6onranga P(X) =0,5 nem ansinampL.

Erep BIKTUMAIIBIKTHIH MoHI ore a3 Oonca, ssau P <01, ompma xorapeina
Oepinren QopmymanapabiH Oipeyl A€ BIKTUMAIABIKTEI €CCHTEYre  BIHFAMIIBI
oonmaiiasl. by sxarmaiina [Tyaccon ¢popMynachklH KoaaaHabI.

Teopema. Erep opOip ToxipuOeae 4 OKUFACHIHBIH Maiaa 00y BIKTUMAJJIBIFbI

p-eTe a3 Ooiica, al TOKIpUOCHIH CaHBl ©Te Kem Oojica, oHAa N Taxkipubene A

OKHUFAaCBhIHBIH k- peT naﬁz[a 60J'Iy BIKTUMAJIAbITbI
k . —A
Ate
Ph(k) = ——
n (K) a1

00J1a1bl, MYH/IaFbI A=n-p - OYTiH caH.
Ocnbl hopmynansl Ilyaccon ghopmynacet nen ataipl.

3 Iopic Ne3. Ke3neiicok mamaJjiap

3.1 Ke3neiicok mamaJjiap skaiibIHaa TYCIHIK

CanaplKk MoH KaOBUIIANTBIH, Olpak KaHJIaid MOH KaOBUIIAUTHIHBIH aJIJIbIH ajia
OoJpKaIl alTy MyMKiH OOJIMANTBIH IIaMaIap/ibl Ke30elicoK wama AeT aTanbl.

Keszneiicok mamanapasl XY, Z,... xone 0acka /1a J1laTblH 0ac opinTepiMeH,
an onapIblH KaObUIIauTeiH MoHIEpiH X, Y, Z,... jxoHe Oacka ma Kimn opimrepMeH
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oenrineimiz. KaOblmmalThiH MOHZAEp JKUBIHBIHA Opail Ke3leWCOK IaMaiapibl €Ki
TOmKa OeJie/i: TUCKPETTIK KOHE Y31IICCi3.

Erep kesnmeiicok mramanapJblH MOHIH Ti30€K TypiHZIE jka3zyra Oosica, OHJa
OHBI QuCKpemmik A€M, all MOHJIepl Oenriial O1p apaibIKTa )KaTca, OHJIa OHBI Y3i1icCi3
eIl aTauabl.

3.2 JIuckperTi Ke31eHCOK mamMaJjiap

Kesnmeiicok mamMaHbIH MOHIEpPI MEH OJapAblH  BIKTHMAJIIBIKTAPBIHBIH
apachIH/IaFbl COMKECTIKTI TUCKPETTI Ke3JCHCOK MaMaHbIH Jlecmipim 3aHbl HEMECE
yaecmipim  @yHkyuscel e aTtaapl. by coiikecTik KecTe, cyii0a KoHE
aHAJUTUKAJBIK TYpiHJIE Oepliayl MyMKIiH.

JIMCKpeTTI Ke3leMCOK IaMaHbIH YJIECTIpIM 3aHbl KECTe apKbUIbl Oepiiyl
MYMKIH.

X |x1 |x |x3 eee | Xn

P [p1 [P2 [Ps |.. |Pn

by xepae, OipiHII KoOJIa Ke3AeHCOK I1amMa X-ThIH KaOBLIAaNTBIH MOHEPI,
SKIHIII JKOJIZIa COJI MOHIEP/Il KaObLIay BIKTUMAJIIBIKTAPHI Ka3bLIa/Ibl.
Keszneticok mama X-ThIH MoHAEP1 TOJIBIK JKYHe dKacalThIH OOJIFaH IbIKTaH:

p+p,+..+p,=1 (p;=01=12,..,n)
bunomunanoer oen  bepuymniu  ¢GopMmynachkl  apKbUIbl  AHBIKTAJIATHIH
BIKTUMAJIABIKTAP YJIECTIPIMIH aTal/Ibl
K ~t ~N—K
P.(K)=Cyp'a™,
myHgarel K =0,1,2,...,n,
Erep ke3meiicok mramaHblH MoHZIEP KaObLIAay BIKTUMAIbIKTapbl bepHymiu

dbopMynackiMeH TaObLICa, OHAA KE3ACHCOK IaMa OuHOMUALObl YACCTIpIATeH Aem
aTajajapl, OJ1 KecTe TypiHae Oepiieni.

X n n-1 K 0
PP mp"q | Grp'a™ | q'

bunoMuHanARl  yiAECTIpIM  YIIIH  KE3ICMCOK  IMaMaHbIH  CaHJIBIK
CUIIaTTaMaJapehl.

M(X)=np, D(X)=npd, o(X)=npq,
MYH/IaFbl N — TQYJICI3 OKUFAIAp CaHbl;
p — OKWFaHBIH Naia 001y bIKTUMAJIIBIFBL;
g =1-p - okuransiH naiina 00JIMay BIKTUMAJIJIBIFBI.
Okuranap caHbl YJKEH, ajl op OKUFaHbIH BIKTUMAJJBIFBl ©T€ a3 IIama
GoaThIH xoHe N- P kobeiTingici TypakTel A=N-p MoHIH KaObUINAFaHIA OKUFA JII
K peT maiina 601y BIKTHMAJIIBIFBI
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dbopmynamen ecenrtenideni. byn dbopmymna N yikeH, ax p ere a3 mama OOJaThIH
karmaiaarel [IyaccoH yiecTipiMiH aHBIKTaNIbI.

Erep ke3geiicok mramMaHbIH MOHACP KaObUIIAy BIKTHMAIABIKTaphl IlyaccoH
dbopmynaceiMeH TabObLICca, OHJA KE3JCHCOK IIaMaHBIH YJecTipiM 3aHbl [lyaccow
yriecmipyi €N atajaabl.

A mapametpi 6ap Ilyaccon yiecrtipyi GoiiblHIIa aHBIKTaaraH X IUCKPETTI
IIIaMaHBIH CAHJIBIK CHUTIaTTaMaJlaphl:

M(X)=4; D(X)=4 o(X)=+A.

3.3 JluckperTi Ke3aefiCOK IIAMAHBIH CAHABIK CHIATTAMAJIAPBI KIHE
0JIApAbIH KacueTTepi

Keszneiicok mamMaHbl yJIECTIpIM 3aHbl TOJIBIK CHIATTAMTHIHBIH KOFapblIaH
oinemi3. bipak keiijie 3aHIBUIBIK TOJBIK OeplIMereHje, Oacka Imamaiap apKbUIbl
Ke3/IeHCOK I1aMaHbl 3epTTeyre 6osaabl. CoHbIH Oipl - Ke3[eHCOK IIaMaHbIH OpTa
MOHIH O€peTiH MaTeMaTUKAJBIK Ky TiMI.

AWiTanslk, X Ke31elCOK IaMaHbIH YJIECTIPIM KecTecl OeplICIH:

X [x1 |x2 |x3 |... |Xxp

P Ips |[P2 [Ps | ... |Pn

X - Ke3[eHCOK IIaMaHBbIH MameMamuKkdaiblk Kymimi JeN OHBIH OapiIbIK
KaOBLIJAUTBIH MOHJEpPI MEH COJ  MOHJIEPIre COHMKEC BIKTHUMAJIBIKTAPBIHBIH
KOOCHUTIHIUICPIHIH KOCBIHBICHIH aliTaIbl, SFHU

M(X)=X1'p1+X2'p2+...+Xn-pn=Zr_]:Xi P

MaremaTukanblk  KyTiM X  Ke3l€MCOK  IIaMachIiHBIH  KaOBUITAWTHIH
MOHJIEPiHIH, )KYBIKTAIl aJFaH/a, OpPTa MOHIHE TeH 00IaIbl.

MaremaTuKaibIK KyTIMHIH KaCHETTei:

1) TypakThiHbIH MaTeMaTHKanbIK KyTiMi e3ine Ten M (C) =C (C - typaxrs
CaH);

2) TYpaKThl KOOEUTKIINTI MaTeMaTHKaJblK KYTIM TaHOACBIHBIH aJIJbIH/A
KOOEUTKII PEeTIH/AE WIbIFapyFa 00Iaabl

M(CX)=C-M(X)-

3) erep Kke3nelcoK IaManap Toyenci3 0osica, OHJA KOCBIHIABIHBIH

MaTEeMaTHUKAJIBIK KYTiMi, MATEMATHKAJIBIK KYTIMAEP/IIH KOCBIHABICHI TCH

M(X+Y)=M(X)+M(Y):
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4) erep Ke3mEWCOK IMamManap Toyenci3 OoJica, OHIAa KOOEHTIHIIHIH
MaTeMaTUKAIBIK  KYTIMi, KOOCHTKIIITEpJIH MaTeMaTUKaIbIK  KYTIMJACPIHIH
KOOEHUTIHICIHE TE€H, IFHU

X Ke3IeHCOK IaMachIHBIH Oucnepcusicbl JaereHiMmiz, x 1eH M(X)-TiH
aiBIpMachl KBaIPaTHIHBIH MATEMATHKAIBIK KYTiMi, SIFHA

2
D(X) =M (X — M (X))*.
MareMaTUKaJIBIK ~ KYTIMHIH = KAacHETTEpiH MaijalaHblll, JUCIECPCUSHBI
ecernreyre Kojaiasl popMysaHbl aTaMbI3:

D(X)=M(X?)-M?(X).
JlucnepcusiHbIH KacUeTTepi:
1) rypakrsimbg gucnepcuscs vonre e D(C) =0, C - typakTsi can;

2) TYpaKThl KOOSWUTKIITI JIUCTepCcHs TaHOACBHIHBIH allIbIHA KBaJpaTTall
HIBIFapyFa 00J1a/bl, SFHU

D(CX)=C?-D(X) .
3) erep X xoHe Y Ke3eHCOK IaMalnap Toyesci3 0oJica, OH/la OChl Ke3/IeHCOK

Iramajap KOCBIHJABIHBIH AUCIICPCHUSICHI, oJIapAbIH AUCIICPCUATIAPbIHBIH
KOCBIHABIChIHA TCH, AFHU

D(X +Y)=D(X)+D(Y).

Keszaeiicok mamMaHbIH TaFbl O1p CaHIBIK CHMATTaMachl — OpTallla KBaJIPaTThIK

aybITKybl O MbIHa opMyname anpikranamst O (X) =+/D(X) .
4 Jlopic Ned4. Y3iiicci3 ke3aeicoK mamaJjiap

4.1 Kesneiicoxk HIAMaHbIH yJiecTtipim pyHKIUACHI JKOHE
BIKTUMAJIIBIKTAPAbIH YJeCTIPIMIHIH THIFbI3AbIFbI

AWTanbIK X -y3uTicci3 Ke3/IeUCOK 1mamMa OOJICHIH.

X Ke31elcoK IIaMachIHbIH yriecmipim yHkyuscsyl 1ereHiMi3, X maMachIHbIH
alfHBIMAJTBI X-TEH KIIlll MOH KaObUIAy BIKTUMAJIIBIFGI, SFHU YJIECTIPIM (DYHKITUSCHI

F(x)=P(X <x),

TEHAINMEH aHBIKTaIabl.

YnectipiMm GyHKIUSICH apKbUIBI KE3JCMCOK IIIaMaHBIH OCEpUITeH apalibIKTa
XKaTy BIKTUMAIIBIIBIFBIH TAYbIT aTyFa 001a Ibl.

Teopema. X xe3neiicok maMansly MoHaepi [&,D] apanbireiama sxary
BIKTUMAJIIBIFBI

P(a<x<b)=F(b)—F(a),

(bopMyIaChIMEH aHBIKTAJIATBI.

Enpi ynecrtipiMm QyHKIUSHBIH KACUETTEPIH aTal OTENIK:
1) ynectipiM (GyHKIHS MIEKTENTeH (QYHKIHS
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0<F(x)<1.
By kacuer F (X) (GYHKIUSHBIH BIKTUMAJABIK CKEHIITTHEH OPBIHIATIABI;
2) ynectipiM GyHKUUACH — KeMiMeHTiH (yHKuus, arau X, < X, OoiraHna
F (x,) < F(X,) rencizairi opianasr;

3) ynectipiM PyHKITUSCHI COJI JKaFbIHAH Y31UTICCI3, SIFHH

lim F(x) =F(X,);

X—>Xg—0
4) erep ke3neiicok mama x-ThiH MoHzepi [, D] uareppanbaa sxarca, onna
F(x)=0, erep X<a;
F(X)=1 erep x>h.
YKorapeina ansikranran F(X) ynectipiM GyHKIMsACH - y3idiccis Ke3aeicok
maMaHblH OepinyiHig 01p Typi. Kesnelicok mamanbiy 6epiityinig 6acka O1p Typi:
f(x)=F'(x),
JIeTI 5Ka3bLIabl JKOHE OYJ1 PYHKIUUSAHBI y1eCmipim mblebl30blebl IeTl aTaiIbl.

YnectipiMm GYHKUMSICHIH YJECTIPIM THIFBI3ABIFBI APKBUIBI Ja AaHBbIKTayFa
OoJIaabl:

F(x) = j f(t)dt.

BIKTUManABIKTap THIFBI3ABIFGI TYBIHABI, Al YIECTIPIM (YHKIMACH HHTErpa
aMajjapblHa OalIaHBICTBI  OOJIFAHIBIKTAH, TBIFBI3ABIKTEL  Ougghepernyuanoviy
@yukyus, yaectipiMm QyHKIUSACHIH urmezpaiovik (hyHKyus ACT aTaIbl.

YecTipiM THIFBI3ABIFBIHBIH KACHETTEPI:

1) ynecripim teiFbiasEsl T (X) > 0;

2) [f)dx=1;
3) X ke3neiicok mamansiy (8,0) unTeppanbinga xaTy BIKTUMAJIIBIFBL
b
P(a<x<b) = f(x)dx
a

TeH OOJIaIbI.
Yecripiv dyuxumsiceiasiy cynbacst ¥ = 0, ¥ =1 rysynepimen mexrenren.

x < a 6onca, cynba opauHATachl Henre TeH, X =D Gomnca cynba opauHATACH
O0ipre TeH. JlMCKpeTTi Ke3AeMCOK IaMaHblH cyiidackl 1 cyperre, am y3iiicci3
Ke3/EICOK IIaMaHbIH CyJ10achl 2 CypeTTe KOPCETIITEH.
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A
A
F(x) F(x)
] —
0 a X X, b X 0fa b X g
1 cyper 2 Cyper

4.2 Y3imicci3 ke31elcoK MaMaHbIH CAH/IBIK CHIIaTTaAMAaJIapbl

Erep kesmeiicok mama X-tin f(X) TembBI3aersl Gepinren Goinca, onpa
MaTeMaTUKAIBIK KYyTiMi

M (X) = Tx- f (x)dx,

aJI AUCIICPCUACHL

D(X) = T(x— M (x))° f(x)dx,

—o0
dbopmynanapbIMEH aHbIKTaIa Ibl.
JlucnepcusiHbl ecentey yuIiH MbIHa (popMyJia

D(x) = sz f (x)dx — [M ()],

KOJIaJIBI OOJIabI.

MatemaTuKanblK KYTIM MEH AMCIEPCUSHBIH TUCKPETTIK KE3IEeWCOK Iama
YIIIH KacueTTepl COJI KaJIbIHAA ©3repPMECTEeH Y3UIICCI3 KEe3AEHCOK Iamara jaa
OPBIHATATBI.

5 Hopic NeS. Ke3aeiicok mamaapabiH yJaecTipiM 3aHIapbl

5.1 BipkaabInTsl YyjecTipiM 3aHABLIBIFbI

(a, b) apaJIbIFbIHAH MOH KAaOBUIMAWTHIH KOHE YJIECTIPIM THIFBI3IBIFBI OCHI

WHTEPBAJABIH,  V3bIHABIFBIHIA TYpPaKThl OomatblH X  KE3[EHCOK  IaMaHbI
OipKanLinmel YIECTIPUITSH JICTT aTaiibl. AHBIKTaMa OOMBIHIIIA

0, X<a,;
f(x)= 1 , a<x<b;
b—a
0, X >Dh.
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bepinred THIFBIBABIKTHI TaWJaTaHBIN, OIPKAJIBINITHI KE3AEHCOK IIIaMaHbIH

yiaecTipiM QyHKIUACHIH TaOyFa 00JIaIbl:
0, X<a,
X—a
F(X)=<——, a<x<b;
b—a
1 X >Db.

BipKanbInThl YaECTIPIMHIH CaHIBIK CUITaTTaMaslaphl:

¢ a+b
M(x):ix- f(x)dx:T,

b JRY:
D(X) = [x? - f (x)dx ~[M ()] :(bl;);
b—a
N

Kesnmeiicok mamansiy ~ Oepinren  [C,d] €[a,b]  wunrepsanra
BIKTUMAJTIBIFI
d-c

Ple<X <d)=—.
—a.

5.2 KepceTKIilTIK yJecTipiM 3aHIbLIbIFbI

Keszneiicok mamanbiy guddepeHuanabK GyHKIUACH! (THIFBI3IBIFRI):

f(x)={ 0, x<0

e x>0

TYCy

TEH YJECTIPIMII Kopcemkiuimik yaecmipim nen ataiasl (A - TypakThl can). Ocblian

F(X) =1—e ™ exenin nonengeyre Gonazst
0, X <0;
1-2e7, x20.

KepceTkimTik  yJecTipiM  apKbUIbl  KE3JIEWCOK  IIaMaHbIH
cUIaTTamanapsbl:

F(X) = Tf(x)dx:
1

M(x)%: D(x)=%; (9=

5.3 KaasInThl yjaecTipiM 3aHAbLIBIFbI

CaHIIBIK

(—oo, + oo) apaJbIfbIHAH MOH KaOBUIJAWTBIH KOHE BIKTUMAaJABIKTap

TBIFbI3AbITbI
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1 _(x-a)?

f(X)=——¢e 2°
W=t
MmyHaarsl a,0 >0 - HakTel mapamerpiep: a — MaTeMaTHUKAIbIK YMIT, G —
opTamia KBaJpaTThIK aybITKybl TCHJITIMEH aHBIKTAJIATHIH X KE3[CHCOK IaMachiH
Kanvlnmbl YIASCTIPIM JICTI aTaIbl.
Kesneiicok mamMaHbIH yIecTipiM QYHKITUS MbIHA TYPJE JKa3blLIa/Ibl:
x (t-a)?

1
—— | e ¥ dt
G\/Zﬂ'_’[o

OHBIH MOHJIEP1 K€CTE apKbLIbI Oepiiiei.
Jlanmac  QyHKUOMSCHI ~ HEMece  BIKTUMAJJIBIKTap  MHTErpajibl  Keneci
dbopmynamen Oepineni:

F(x)=

D(x)= e 2 dt

N

Ocpl Jlammac GyHKUOUACHI apKbUIbl  KANBIOTHL  YJIECTIPIIreH KE3ACHCOK
IIIaMaHbIH yJIecTipiM (YHKIUACHIH OacKala aHbIKTaca 00abl:

F(x) = <p( ) +05
O

YectipiM QyHKIUSCHIHBIH KACUETTEPIH KOJIAAHBIN KAJIBINTHI YiecTiplireH
Ke3Jieiicok mamanbiH (&, #) apaibiFbiHa TYCY BIKTHMAIIBIFBIH TaOyFa 60J1a bl
—a a-—a
P(a<X<ﬁ)=cDﬁ —- @D :
o o
Ecenrep misirapy 6apbIChiHA KEJIEC1 KACUETTEP/Il €CKEPY KaXkKeT:

1) @(0) = 0;

2) D(—0) =—%, D(+0) =%;
3) O(—x)=—-D(x).

Kes kenren X >5 monpgepi ymin Jlannac ¢gysxuusceisl moni @ (x) = 0,5
TEH.
KanbimThl ynecTipiMHIH CaHIbIK CUIIaTTaMasaphbl:

M(x)=a, D(x)=0c°.
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Moayab 2. MaTeMaTHKAJBIK CTATUCTUKAHBIH 3JIeMeHTTepi
6 Iopic Ne6. MaTeMaTHKAJIBIK CTATHCTUKAHBIH AJIFAIIKbI YFBIMJIAPbI

6.1 MaTteMaTHKAJBIK CTATUCTUKA MIHI, HETi3ri YFbIMAAp

Jlyauene OONbIN JKaTKaH Ke3[EHCOK KYOBUIBICTApABl 3epTTey YIIIH
OaKpLIaYyIapIbIH HOTHIKEICP] — CTATUCTHKANIBIK MAJIIMETTED KaKET eKeHIH Oliaemis.
CoJl CTaTHCTHKAIBIK MOJIIMETTEp/l >KMHAI, OHJICH, FhUIBIMH Tallfay >KacayMcH
IIYFBUTIAHATBIH FRUTBIMIBI MAMEMAMUKAILIK CIMAMUCMuKa 1T aiTabl.

AWiTanbik, OeplireH OOBEKTUIEpIHIH >KUBIHBIHBIH CalachlH CaH JKarbIHaH
3epTTey Kepek OOJChiH. 3epTTey yiiH oOBbekTinepaiH 6opiH Hemece Oip Oedirin
tekcepenl. Erep oObekTiiep oTe KyHIBI KOHE caHbl a3 0o0Jjica, OHJA OapIIbIFbIH
TeKkcepyre Oonaibl. AJl erep caHbl KOI XKOHE 3€PTTEYre YJIKCH IIBIFBIH KETCTIH
0osica, oHJ1a OHBIH Oip OeTiriH 3epTTeyMEeH TOKTaIa Ibl.

Kesnelicok ambiHFaH 00BEKTIIEPIIH KUBIHBIH Manoama JCT aTaiibl. Al COJ
TaHJ1aMaJap »KaTaTblH KUBIHIbI OAC HCUbIH 1ETT aTalIbl.

TannmamanbiH (0ac KUBIHHBIH) Kejeml JIEN COJ JKUBIHIAFBI OO0BEKTIIepAIH
CaHBbIH anTalIbl.

Erep tanmama oObekTicl, ekiHII TaHTamMa anblHOAM, KaiTamaH Oac YKUbIHFA
KOCBLJIAThIH 00JIca, OH/Ia TaHAaMaHbl Kalmalanamoli IET auTapbl.

Erep anepiHFaH TaHgama Oac JKUBIHFA KaWTHAWTBIH OoJica, OHJA OHBI
Katumananbaimoly TaHIaMa AT aluTaabl.

[IpakTukama, kebiHe KalTalaHOAUTHIH TaHAaMallap KapacThIpbUIaabl. OpUHE,
TaHJlamMa ajibIHYy YIIiH, opOip 00BEKTIH TaHAaMara Kipy BIKTUMAJJIBIFRI O1paei 0oy
KepeK, SAFHU TaHJIaMa penpeszenmanmmuol O0JCBHIH neiai. TaHmamanap, Ke3IeHcoK,
©31HE TOH 3aHIbUILIFEIMEH AJIBIHAGI.

6.2 IMnMpUKAJIBIK YJIeCTIpiM PyHKIMACHI

A¥Tanelk, 6ac >KMpIHHAH Olp TaHJama albIHCBIH JemiK. bys Tapmamana X;

oOwekTict N; per, X, oObekrici N, per, T.c.c. X, o0bekTici N, per OaiikanraH
k

OOJICHIH JKOHE Z N, = N— rannamanbiy Kenemi Goncw, conaa, X; (1=12,...,N)-
i=1

JepAl eapuanmanap, aj oOJIApJbIH OcCIelll TYPJE JKa3bUIFaH TI30€TiH — 8apuayusivly

n.
o o .. i

Kamap ACI1I aTanuabl. BaI/IKa.TIFaH ni CaHaapAabl ofCuLllK, all — — CAAblCmMblpMAajlbl
n

JHCUINIK JETT aTANBI.

Bapuantanapnbiy ©31H  KOHE oOJlapFa CoMKeC  OKUUIIKTEpJl HeMmece
CAJIBICTRIPMAJTBI JKUUTIKTEP/Il KOPCETETIH KECTCHI CMamucmukanvly yaecmipin et
atannapl. MpIcaibl, MbIHA KECTE.
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Xp [ X2 | X o [ K | X
N [Ny [Ny feee Mg | T
BapHaHTAJIAPMEH OHBIH XKUUTIKTEPiHIH COUKECTITIH KOPCETE 1, SIFHU CTaTUCTUKAIBIK

yJiectipim 0oJabI.
X <X OKWFaHBIH CAIBICTHIPMAIBl JKUUITIH OMAUPUKALGIK — YIeCmipim

pynxyuscer nen aiitansl xkoHe F*(X) Genrineiini. AupIkTamMa OOMBIHIIA
Fr(0 ="
n
MyHJaFbl N, - X-TeH Killll BApHAHTAIap/IbIH CaHBbI;
N - TaggamMa KeJieMmi.

blktuManapik TeopusicbiHAarbl AU depeHIUaNAbIK (QYHKIUS F (X) —
BIKTUMAJJBIKTEL KopceTeni, an F (X)-TiH MOHAEpl CalnbICTBIPMabl KHUiTIKTEpAi
oepeni. bipak, ekeyiHiH KacueTTepl Oipacit:

1) sMOupuKanbIK QYHKIUSHBIH MOHAEP1 [0, 1] apaJbIFbIHA JKATa/Ibl;

2) F*(X)— kemimeiitin pyHKns;

3) erep X,— e Kimui BapuanTa 6onca, orma F*(X) =0 (X<X,),

an X, — eH YJIKeH BapuaHTa Goica, oHna F(x) =1 (X>x,).

6.3 I1o1MrOH K9HE rucTOrpaMma

KepnekTi 6oy yIIIiH, IPaKTUKAIBIK €CENTEP/IC MOJUTOH JKOHE TUCTOrpaMma
JIEUTIH CTAaTHCTHKAIBIK YJECTIpIMHIH cyi10a TypiHae OepiieTiH YFbIMIAp.Ibl
KapacTbIpa/ibl.

Mema (X, ), (X5,N5),..., (X, , N, ) HyKTenepin KecinminepiMeH KocaThiH
CBIHBIK KUCBIK ChI3BIKTBI M#CULTIKMIK NOJUCOHBL ICTT aTal/Ibl.

An, (X, W), (Xo, Wy ),y (X, W, ) HyKTETEpAT KeciHinepiMEH KOCATBIH
KHUCBHIK CBI3BIKTBI CATbICMbIPMATILL HCULLIKMIK NONUSOHbI JACT aTaiibpl. Mbicaibl,
TOMEH/ICT] CyJ10a CaTbICTBIPMAJTBI JKHUUTIKTIH MOJIMTOHBIH KopceTei (3 cyper).

W

3 cyper
CratucTukaiblK KaTapJblH KeJieMi YJKeH OoJjFaH XKarjaiiga Ke3aencok

IIIaMaHbIH MOHJEPIH Y3BIHIBIKTapbl Oipjiel Ooibll MHTEpBagapra Oeieni. by
OTIepallMsHbl BapHAIMSIIBIK KaTapIblH AJIEMEHTTEPIH monmacmolpy IeI aTaubl.
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Kesneiicok mamaHblH MOHAEpIH TONTACTBIpFaH[A, opOip 3JaeMeHT Oip FaHa
MHTEpBaJIa )KaTybl MIHJIETTI. Opl Kapai, op HHTepBaJiFa KIpETiH TaHJaMa MOHJEPIH
caHarl, XUUTIKTEP/I1l eCenTen/Il.

T | W .
TaGaHbIHBIH Y3bIHABIFEL N, OWikTIri — Hemece (F'j TEH TIK OYpBIIITHI

TOPTOYpHIITapAaH KypanfaH Oacnanjgak (UTypaHbl KHUUIIKTIH (CaJIbICTHIPMAIIBI
KUUTIKTIH) eUCOSPAMMACHL JIET aTalIbl.

Mpicanbl, TeMeHeri cyjabareri TIKOYPBIITH TOPTOYPHIIITHIH Kypambl —
CaJIBICTBIPMAJTBI KU UTIKTIH TUCTOTpaMmMachl (4 cyper).

WI A

h

[ ] [ ]

5 10 15 20 25 30 X

v

4 cyper

6.4 Bac KUBIHHBIH K9HE€ TaAaHIaMaHbIH CAH/JBIK CHIIaTTaMaJIaphbl

Anneiven, N xememal  X;,X,,..,X, BapHaHTalapAaH KypairaH Oac
JKUBIHHBIH CHUITaTTaMaJIapblH AaHBIKTANBIK.

bac >KUBIHHBIH OpTachlH X5 Jien Oenriienal xxoHe

N
2%,
TR RS Rt =
N N
Erep X,,X,,..., X, -mapra caiikec N , N, ,..., N, xuinixrepi 6epinren Goica,
OHJA

k
X N
)—(E:x1N1+x2N2+...+kak:; mom
N N
oy xepre N =N, + N, +...+ N_.

TanmamansiH N Kexemal opTackl Xr Kemeci hopMyIaMeH aHbIKTaTaIbl

N
2%,
- XXt tX, &
= = .
n n
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Erep X, X X, TaHIaMaHbIH MOHJEpiHe cdkikec N, N,,...,N, XuUiIiKTEpI

oepinren Oosca
k

XN +XN, +..+Xxn
n n

X, =
MyHIarel N=N +N, +...+N,.

N kenemi 6ac KUBIHHBIH X,y X, yee0y X, DIEMEHTTEP] OCpUITeH O0JICa, OHIA

> (6 —x:f

_ il
D, = N
— 0ac KUBIHHBIH JUCIIEPCHUSCHI ACH/I.
Erep Gac HbIHHBIH X, X,,..., X, 2iaemenrrepine coiikec N, N,,...,N,
XKULTIKTEp1 OepuireH Oonca, oHAa
k _
Z(X - XE) i
_ =l
D, = ! N :
0OoJIaabl.
Erep XXX — N KeJeMJl TaHjama OoJica, OHJa TaHjJaMa
JIACTICPCHSICHI
n -\
Z(Xi - XT)
D, == :
! n
An, erep X, X,,...,X, BapuaHTajapra cdiikec xwuimkrep N;,N,,N,,...,N,
Oosica, oHZIa
k Y
>, (xi — xT)
_ =l
D, = ,

n

oy xepae N=N,+N, +...+N,.
Hucnepcusinbl (0ac KUBIHHBIH HEMECE TaHJIaMaHbIH) caHay YVIIIH MbIHA

dbopmynanap eTe KoJanbl

—2 — 12
D=x — [x] ,
M¥HI[3FBI
2
— n X —2 n. X.
X — Z | | ’ X — Z | 1

Kesneiicok >kubIHAApAbIH Tarbl OIp cUMarTraMachl - OpTa KBaJPaTThIH
AYBITKYbI
o, =+D, .
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[IpakTuKanblK ecenTepial MIbIFapyFa Kepek OoNaThlH €Ki aHBIKTaMaHbI
oepeitik.

Mooa M, nen BapuaHTagapAblH iIIiHIE €H JKHi Ke3ECETIH BapHaHTa MOHIH
aitrazsl (5 cyper).

Di

O M, '
5 cyper

Meouana nen BapuALMSIBIK KaTapIarbl MOHAEPIIH 97 OPTACHI OOJATHIH
BapuaHTaHsI aiitansl (6 cyper), sran P(X <M,)=P(X>M,)

CUMMETpHUSIIBIK yJecTipiM OoJiFaH >KarJaija MeauaHa MoHI MOJA JKOHE
MaTeMaTUKaJIbIK YMITIICH Oip/ei 0oJabl.

(A f(x) 4

P(X <M)) P(X>M))

v

v

O M, X O M X

e

6 cyper 7 cyper

7 Hopic Ne7. Hykreaik Oaranaynap. WuHTepBaaabIiK OarajayJiap.
CeHiMIijIiKk HHTEpPBAJIAPbI

7.1 HykreJiik 6aranayap

bac xublHHAH  aJbIHFaH n KoJIeMl XXy X TaHIaMacChIH

n
KapacThIpaliblK. ByJ1 Ke3aeicok ImaManap Toyelci3 jKoHe oapiblH yJiecTipimi
Oipaeit, sFHU TeH yJiecTipimal. ATan alTKaHaa, X-TIH OpPKaHCBICHIHBIH YJeCTipiMi
Oac >kubIHFa cail KeyeTiH X Ke3/IeHCOK IIaMaChIHbIH YJIeCTIpIMiHE TeH O0JIabl.

Bac xubHHbIH @ cunarTamaceiHa 6aea Jen TaHgaMa MYIIEIepiHeH Kacaaran

&* = 0(X,, X, ,...X.) OYHKUHUSACHIH aliTabL.
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@ * Garachl X,y X, .00y X, TaHZAaMachl OOMBIHIIA KYPBUIFAHJBIKTaH, TaHJIaMa

xoseMine OainanbicTel Gonansl. ConnpikTan, @ * mapamerpinin OarachlH (9n i (S

Oenrineiimis.

Bac sxublaHbIH € mapamerpi ymiiH myxmenik €N aTanaThiH OaraaayblH
MaKcaThl — OaranapabIH imingeri e Toyip @ * Garacwin caiinam any.

Erep GaraHbIH MaTeMaTHKaIbIK YMIiTi OaranaiiTein 6 mapamerpre TeH 6Gosica,
sran M (%) = O tenniri opeinnanca, ona 6araHbl bi2blCnalimoii A€ ATaHbL.

0 napamerpinin 6 * Garachl yuIiH Ke3 KeITeH OH £ caHbl Oepinrense
lim P(60, -6/ <¢)=1,
n—oo
TEHJIiri opeIHAanca, ouga 6@ * Garacein @ mapaMeTpiHiH mbiHebLIbIKMbL GAFACHI JETI
aTauIpl.
Teopema. X ke3l€NCOK IIaMaHbIH A MaTeMaTUKaJbIK YMITI YIIIH TaHJama
OpTachl

— 1
X, =— Z X s
N iz
BIFBICIIANTHIH JKOHE TBIHFBIJIBIKTHI Oara 6OJIaIII>I, ATHU
1) M(x,)=a;
2) lim P(x: —a| <£)=1 (¢>0),
N—0

Ocwinpaii Oaranayapl TaHJIaMaHBIH JUCIICPCHUSICHIHA J1a KOJIJaHATHIH OOJICaK,
M [DT ] # D, exenin kepemis, sFHM TaHZaMaHbIH aucriepcusicbl D, 6ac KUBIHHBIH
JIUCTIEPCHUSICHI DE YIIiH BIFBICIIANTHIH Oara OoyiMaiiabl. byn skarmaiina mMbiHamai
dhopmyIia KOJIJIaHFaH KOJIAMIIBI:
~n-1
n
S? 11 «m y3emijieeny TUCTICPCHS JICTI aTakIbl.

S? D,.

o 2 .
Teopema. X xe3pmeiicok mamaceiHblE o =D gucnepcusickl  yunin
«TY3€TUIreH» TUCTIepCcusi

— n —
s'= L3007,
nN—1ix
BIFBICTIAWTHIH KOHE THIHFBUIBIKTHI Oara OoJaabl.
ConbiMeH, 0ara eH Toyip 0OJy YIUiH, OJ1 BIFBICTIAWTBIH, THIHFBUIBIKTHI JKOHE
s ekt 60Ty KEpek.
7.2 UuTepBanabIk 0arasnayiap. CeHiMALIIK HHTepBaIIapPbI

Biz 6 napamerpinig 6ip rana @* Garacel Typaibl MOCENEHI KapacCThIPABIK.
Mynpmait Oaranbpl HYKTENK Oara jgem artaiasl. bip FaHa HyKTemik OarameH
HIEKTeNeTIH OoJcaK, epecken KaTtenep OOMybl MYMKIH, COHIABIKTaH, Oip Oenrini
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ceHiMAlTKNeH (o, f})  UHTepBalblHOA  SKaTaTblH  Oeirici3  mapaMmerpal
KapacThIpalbIK.
€ mnapamerpinin 6@* Garachl OGOMBIHIIA cewimOiniei Iem ‘6’—49*‘ <o

TEHCI3ITIHIH OPBIHAANY BIKTHMAIIBIFBI ¥ -HbI alTa/Ibl, SIFHA P(‘H — Hﬂ <o) =y,
OyJ1 XxKepae O -OaraHbIH JIIITI.
(9*—5 L 0*+0 ) WHTEPBAIBIH ¥ CEHIMAUNNIMEH albIHFAH —CeHIMOLILIK

UHmMepeaivl NEI aTaubl.
1 KansInTsl yaecTipIMMEH OEpiIreH CaHAbIK CUIIATThl X Ke3CHCOK IIaMaHbIH

Oenrici3 @ MaTeMaTUKaJbIK YMITIH TaHIaMajblK opTama X; apKbUulbl ¥

CEHIMJIUTITIMEH Oarasiay YIIiH MbIHaai CEHIMJITIK HHTEPBAJILIH aJlaMbl3:
a) erep O -6ac opraiia KBaIIpaTTBIK aybITKYbI Oenriii 6oJica, oH/Ia

—t <a<x +t-

(o}
Jﬁ Jn’
myHnarel t-caner O(t) =g TEHJICylHEH TaObUIaThIH caH, OHbI Jlamac

(YyHKUMSICBIHBIH MOH/IEp KECTECIHEH aJlaMbl3;
0) erep o - 6enrici3 Ooica, OHI[a

—t <a<x +t

f J_

MYHJAFbl S -Ty3eTiAreH TaHJaMajiblK oOpTallla KBaApaTThIK aYBITKYBI;
t = t(y, N) -mamack! KecTeeH aHBIKTANIAIbL.

2 Kanpmter ynectipiMmmen Oepinren X-TeIH 0ac opTama KBaapaTThIK
aybITKybl O -Hbl O€pUIr€H ) CEHIMAUIrIMEH Oarajay YIIIH MbIHAJal CEHIMIALIIK
WHTEPBAJIIapbIH AJIAMBbI3:

SA-q)<o<S1+q), eep <1,

O<o<s(l+0), ecep (>1.
Byst sxepae 4 = (N, ¥) - kecTeeH abIHaIbL.

8 Jlopic Ne8. MomenTTep 9ici. EH Kol mIBIHABIKKA CHISITHIH JIiC

8.1 MomeHnTTep daici

Abitaneik  X-ke3neiicok mamackl oHbiH M (X) MaTeMaTUKAJIBIK YMiTi
OepiyciH.
M (X") mwamaceia N -wi pemmi momenm nemn, an M (X — M (X))" mamacen

N-un perti yeumpaix momenm Jen ataabl. MoceineH 1-mi peTTi MOMEHT —
MaTEeMaTHKANBIK YMIT, 2-II11 PEeTTI MOMEHT, SFHU LEHTPIIK MOMEHT - JUCIEPCHS
0oJaabl.
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MowmenTTepi Obutait Oenriieii

m =M(x"), u =M(x-M(X)".
MomMeHTTEp  apKbUIbI

KE3JCHCOK IIaMaHblH  TYpIi
AHBIKTAJIA/IbI.

cumnaTTamMmasapbl
X xe31elicoK MmaMaHblH accumempusi Ko3hPUIMeHTi

_Hs

S 3!
(o2

TEHIITIMEH aHBIKTaNanbl. byin jkepae O jgereHiMmi3 X-ThIH oOpTa KBaIpaTThIK
ayBITKYBI.

X Ke3/1€MCOK IIaMaHbIH 2Kcyeccl IEI

a

E=ﬂ4

s VS
(o)
TeHIITIMEH aHBIKTAJIFaH [IIaMaHbl alTabl.

DOMNUPUKAIBIK HEMECE TaHIaMaHbIH MOMCHTTEPIH JIe aHBIKTayFa 0O0JIaIhI:
* 1 S k * 1 S - k
mk:_znixw /uk:_zni(xi_XT) ,
N iz N -t
MYHJIAFbl m: neredimiz K- perTi 6acTankbl SMIOMPHKAIBIK MOMEHT; ,u:

nereHimis K - peTTi LeHTpIIik SMIUPUKAJIBIK MOMEHT.

Enni M, , 4, MomeHTTEpAl (MapameTpiiepl) OaraJaiTeIH MOMEHTTED JMiCIH
KENTIpEeHiK.

Erep Gac sxubiHHBIH Tapamerpuepi 6,,0,,..0, Gonca, oHIa TEOPUSIIBIK
MOMEHTTEp MbIHA (OpMyJIaMEH aHBIKTaIaIbl
a,(6,,6,,...05)=M(x"M), (m=12,...,9).
Tannaymnapbl 6aKbIay apKbUIbl TaHIAMaHBIH MOMEHTTEPIH TaOaMbI3
« 1
An == %", m=12..5.
Ni=1
Enpi 6ip-0ipiH TeHeCTipy apKbUIbl MbIHAIAM KYyHere Keaemis
., (0,,0,,...0s) =, (m=12,...,9).

Ocsl kyiieni 6,,0,,...,0, Genricisnep apkpuibl weirapsim, G,,0,,..., 0, -TeH
00JIaThIH TTapaMeTpJIep/aiH OaraapblH TaOaMbI3.

8.2 EH Kol HIBIHABIKKA CHISITHIH J/icC

X Ke3NeHWcoK IamMachl Y3/1KCi3 OOJIFaHlia, OHBIH THIFBI3IBIK (PYHKIIUSCHIH

f(X,6) apxbuel Genrinenik, myHnarsr @ - yiecTipiM mapameTpi. X, X,,...,X

n
Tapmamacel OoibiHma 6 napamerpinin @* OGarachiH Taly YIIIH wblHOBIKKG

CbISIMbIH OYHKYUsL TTETI aTalaThiH QYHKIHS KYpaMbl3

L=1f(x,0) f(x,,0)-.... (x,0).
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Erep L ¢yukuusacer 6 Golibinma auddepeHimanianaTbii 6oica, onga 6 -
HBIH GaracelH Ta0y moceneci L GpyHKIuACHHBIE @ GOMBIHIIIA MAKCUMYMBIH TabyFa
tipeneni. L, InL ¢yuxuumsiape! o31epinin Mmakcumymaapsia 6 Gipaeil Mongepine
KaObLIAaiIbl, COHABIKTAH INL (yHKIMSACHIHBIH MaKCHMYMBIH 137€y THiMml. By
(GYHKIHUSHBIH THIFBI3IBIK () YHKIIHSICHI

f(x,A)=2e*, 1>0, 0<x<o0,
—lexi

TeniriMen 6epinexi. ILIbIHABIKKA ChISITEIH GYHKIMS MpiHamail L = Ae

n
Bynan Hatypan norapudre kemcex N L=nln A -4) X .
i1
1) InL byHKUMSACHIHBIH OipIHIII JKOHE SKIHII PETTI TYBIHIBICHIH Ta0aMBbI3:

dinL n 2InL n
=—— =——<0;
dA A O N

2) OlpiHIII PETTI TybIHBIHBI HOJITE TeHCCTlpln, 0™ cbIH HYKTEIepiH alaMbi3,
mMyHaarel @ - anpinran Tenueyain TyOipnepi. Byt TeHumeymi wninovikka colamolt
menoey Aen aTaljbl,

3) erep @ =07 moninge exinmi perrti TyslHABI Tepic Goica, onma OF -
MaKCUMYM HYKTECI;

4) @* - makcuMyM HyKTeciH @ mapaMeTpiHiH €H KOIl HIBIHIBIKKA CBHIATHIH
(GyHKUUSCBHIHBIH Oaranaybl pEeTIHJIE alaMbl3.
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I'noccapuii

AKukam oxuza - KaHgalW pga Oip mapTrap OpBIHAAJIFaHAa ChIHAK
HOTIKECIHAC MIHJETTI Typ/e naiiga 60JaThIH OKUFA.

bac scuvtn - 3epTTEyTE )KATATHIH OAPJIBIK JKHBIH/IBIK.

bepuynnu gpopmynacer - n Toyencis ceiHaKTa A OKUFACBIHBIH M PET Maiaa

6OITybIHBIH BIKTUMAJIBIFEL Py (m=C'p"q"™™, p=P(A), q=1-p.
bunomowix  ynecmipim - X Ke3[AeWCOK IaMachkiHbIH — bepHyum

dbopmynackiMeH TaOBLIATHIH YJIECTIPIM 3aHBI.

bipkanvinmul ynecmipimoinix — bIKTUMAIABIK THIFBI3ABIFBI TYPAKThI, OAPIIBIK
MYMKiH MOHJIEpi [a; b] KEeCIHICIHAC ®KaTaThIH X y3UIICCi3 KE3EeHCOK IMaMachIHbIH
YJI€CTIPIMILIITI.

Bapuanmanap - KbIHIBIKTBIH MYLIEIEpIHJIEe OaliKanaTblH OCNTIHIH 9pTYpJil
MOH/EDI.

Bapuanmanwiy ycuinizi — ocel BapuaHTa TaHAaMa/la Hellle peT 0O0JIaThIHBIH
KOPCETETIH CaH.

Bapuanmanwviy canvicmulpmansl  dtcuinizi — BapUAHTAHBIH O KUUTITIHIH
TaHJaMaHbIH KOJIEMIHE KaThIHACHI.
Bapuayuanwik kamap - BapuaHTalap MOHJAEpPl COMKEC KHUITIKTEPIMEH

HEMece CaIbICTHIPMAJIbI JKUUTIKTEPIMEH OCY PETIMEH OpHAJIacKaH KaTap.
Jluckpemmi ke3oeiicok wama ([KIII) - 1i30ex TypiHjae ka3zyra 0onaThiH
OPTYPJIl MOHJIEPAl KaOBUTAANTHIH IaMa.
JIKII-nwviyy ynecmipimoinik 3anpl — KE3ACHCOK MIaMaHbIH opOip MYMKIH
MOHIHE OChI MOH/I1 KaObUIIAUTHIH BIKTUMAJIBIKTHI COMKEC KOSITHIH E€PEKeE.
JIKIII-noiy mamemamukanovlK Kymimi — JTUCKPETTI KE3JIEUCOK IIaMaHbIH
OapJIbIK MYMKIH MOHJAEPIHIH COMWKEC BIKTUMAJJIBIKTapblHa KOOCUTIHAICIHIH

KOCBIHIBICHI M (X) =XP+XP,+ X P, = in P .
i=1

JIKIII-nbiy Oucnepcuscvl — JIHUCKPETTI KE3JCHCOK IIIaMaHBIH KE3JICHCOK
[IaMaHbIH MaTEeMaTUKAJIBIK KYTIMIHEH aybITKYBIHBIH KBaJIPATIHBIH MATEMATHKAJIBIK,
xyrivi D(X) = M((X =M (X))’

Kanzviz mymkinoikmi oxuzanap - CbhIHaK HOTIDKECIHAC €H OoJIMaraH[ia
Oipeyi maiia 6071aThIH OKUFAIAP.

Humepeanovlx 6aza - OaranaHaThIH TapaMeTp.ll XabaTblH HMHTEPBAIIBIH
IMIETKI HYKTeJlepl OoJlaThIH €Ki CaHMEH aHBIKTAJAThIH  YJIECTIPIMILTIKTIH
napaMeTpiHiH Oaracel. Kapama-xapcvl oxueanap - >KalIFbl3 MYMKIHTIKTI JKOHE
yHJIeciMCi3 €Kl OKHuFa.

Kapanaiteim oxuza - keneci maptrapisl KaHaFaTTaHILIPATHIH OKWFa: 1)
TOJIBIK TOIl KYpaibl, SFHU opOip ChIHAKTa oJapblH TeK Oipeyi maiina Oomnanbl; 2)
OyJ1 OKUFajap TeH MYMKIHAIKTI.
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_(xa)?

20?2

Kanvinmut ynecmipim - BIKTUMAIIBIK THIFBI3IBFEL | (X) = —F——€
o~ 2r

OonmatbiH X y3UTCCI3 Ke3ACHCOK IIaMachlHBIH YJECTIPIMIAUIIT, MYHAAFBl a -
MaTeMaTUKAJIBIK KYTIM, o -OpTallla KBaIpaTThIK aybITKY.

Ke3oeiicok oxuza - CblHAK HOTIDKECIHIEC Maiiga Ooiybl na, OGoaMaysl 1a
MYMKIH OKHFa.

Ke3oeiicox wiama - can MoH1 ChIHAK HOTIDKECIHE TOYEIN/Il ©3TepeTiH Iama.

Mamemamukanvl, cmamucmuKka naHi — CTATUCTUKAIBIK 3aHbUIBIKTAP/IbI
aHBIKTAY MAKCAThIHIA OaKbUIAyIbIH  HOTIDKENEPIH OHICYMIH, J>KWHAYIBIH
MaTEeMaTHUKAJIBIK dJIICTEePi.

MymKin emec oKuza - CbIHAK HOTIDKECIHIE TIakiga 00IMaiThIH OKWFA.

Hyxkmenik 0aza - ynecTipiIMIUTIKTIH Olp CAaHMEH ©PHEKTENTeH IMapaMeTpiHIH
Oaracsbl.

OKuzanapwinwtyy Kedemindici - ocbl OKUFanapAblH Oipre maiiga 0oJybIHaH
TYpaThIH OKHUFA.

OKuzanapvinvly KOCbIHObICHL - OCHl OKHMFaJlapAblH €H OoJiMaraHza Oipeyi
naiiyia 00TybIHAH TYPAThIH OKHUFA.

OKuzauvly canvicmulpmansl sHeuinizi — A oOKurachl naiiga 60JFaH ChIHAKTap
CaHBIHBIH JKYPri3UIreH 0apiblK ChIHAKTAp CaHbIHA KATHIHACHI.

OKuzanapovly monawvlk mo0vl - XKAIFbI3 MYMKIHJIKTI KoHE YiieciMci3
OKHUFasap.

OKuz2anvly bIKMUMAN0bI2bl — OChl OKUFAFa KOJAWJIbl KaFJaijiap CAHBIHBIH

. m
GapibIK jkaraiinap cansia KaTeiHackl P(A) = 'y

Opmawa keadpammoulK ayblmkKy - JUCIEPCUAIaH KBAJApaTThIK TYyOIp

o(X)=,D(X).
Cenimoinix unmepean - 0ac KUbIHABIKTBHIH 0€Nrici3 © mapameTpin OepiiareH

¥ BIKTHMAJIIbIFBIMCH Ka0aThIH ((9* ) ; 0 + 5) WHTEPBAJIbI.

CenimMOiniK  bIKMuUmMaiobik, ‘6’—6’*‘ <O TeHci3miri OpBIHAANATHIH ¥

BIKTUMAJLIBIFBI P(‘Q—Q* <0) =y, mynnarsl 6 - GarananatbiH napamerp; 0% -

TaHaaMa OOMBIHINA TaOBUIFaH OCHI TapaMeTPAiH 6arackl, O - JAIIIK Oarachl.

Cmamucmukanvlk HcublH - KaHaai qa Oip opTak camajiblKk HEMece CaHIBIK
OeinriepMeH OipireTid OIpTEKTI OOBEKTIIEDP KUBIHBI.

Coinakmoly OpvlHOANYbIHA  KOJAUAbL Hcazoaunap - A OKWAFAachl mMaija
OOJaThIH KapamaibiM OKUFaap.

Tanoama — 3eptrey YlIiH 0ac JKUBIHABIKTAH aJIbIHFAH OOBEKTUIEP KUBIHBI.

Tayenciz okuzanap - onapAblH OlpeyiHIH maijga Oofybl EeKIHINICIHIH
BIKTUMAJIIBIFBIH ©3TEPTIICHII.

Tayenciz ceinakmap - opOip CHIHAKTBHIH KaHgad na Olp HOTHXKECIHIH
BIKTUMAJIIBIFBI 0ACKA CHIHAKTAPBIH HOTHKECIHE TOYEIICI3.

29



Hlapmmul vikmumanowvlk - A oxurachl maiina Oonapl Aen yiiFapraHHaH
ketiiari P,(B) ecentenred B OKUFaCHIHBIH BIKTHMAIIIBIFEL.

bIkmumanovikmap meopusacel noHi - KE3IEHCOK KYOBLIBICTAPIBIH
3aHJBUTBIKTAPBIH 3ePTTEHTIH MaTeMaTUKAHbIH CaJlachl.

bIkmumanovlk moiebi306126l - YACCTIPIMAUTIK (YHKIUSCHIHBIH TYBIH/BICHI,

f(x)=F'(x).

Yitnecimciz oxuzanap - Oipaeil yakpITTa ChIHAKTa Tmaiiga OOJIMaWTHIH
OKHUFaJIap.

Y3zinicciz ke3deiicok wama - KaHgail na Olp CaHIBIK apalbIKTarbl OapIibIK
MYMKIH MOHJIEp/I1 KaOBLIIaWTHIH Ke3eHCOK I1ama.

Ynecmipim ¢ynkuuacer - X Ke3neWcOK IamMa X-T€H Killll MoHAEpi
KaOBUIIAI THIHABIFBIHBIH BIKTHMAIIBIFBIH aHbIKTalTeH - (X)  dyHKUmsCh, srHu
F(X)=P(X <X).

Yecmipimoinikminy napamempin 6azanay — TaHnamaHblH OepiiareHaepi
OOMBIHIIIA €CEeTITENHTeH MapaMeTPIiH KYbIK MOHI.
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2

1 KochIMIIIACKHI

1 X
@(X) = N eXp L— ?j (GYHKIIUSICHIHBIH MOHIEP1

0 1 [2 |3 |4 5 |6 |7 [8 |9
0,0 | 0,3989 | 3989 | 3989 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 | 3973
0,1] 3970 |3965 | 3961 | 3956 | 3951 | 3945|3939 3932|3925 | 3918
0,2]3910 |3902 | 0894 | 3885|3876 |3867|3857 | 3847|3836 | 3825
0,3/3814 3802|3790 3778|3765 |3752|3739 3726|3712 | 3697
0,4|3683 | 3668 | 3652 | 3637|3621 |3605|3589 3572|3555 | 3538
0,5|3521 | 3503 | 3485 | 3467 | 34448 | 3429 | 3410 | 3391 | 3372 | 3352
0,6 3332 33123292 |3271[3251 |3230 32093187 | 3166 | 3144
0,7/3123 3101|3079 | 3056 | 3034 | 3011|2989 | 2966 | 2943 | 2920
0,8 2897 |2874 28272803 |2780 |2756 |2756 | 2732|2709 | 2685
0,9|2661 | 2637|2613 |2589 | 2565 | 2541|2516 | 2492 | 2468 | 2444
1,0]0,2420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 2203
1,1]2179 |2155|2131 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
1,211942 [1919 1895 | 1872|1849 |1826|1804 | 1781|1758 | 1736
1,3]1714 [1691 1609 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518
1,4]1497 [1476 1456 | 1435|1415 |1394 | 1374|1354 1334|1315
1,5/1295 [1276]1257|1238|1219 |1200|1182|1163 1145|1127
1,6 1109 [1092|1074 1057 | 1040 | 1023|1006 | 0989 | 0973 | 0957
1,7[0940 [0925 0909 | 0893 | 0878 | 0863 | 0848 | 0833 | 0818 | 0804
1,8[0709 [0775]|0761 | 0748 | 0734 | 0721|0707 [ 0694 | 0681 | 0669
1,9/ 0656 | 0644|0632 | 0620 | 0608 | 0596 | 0584 | 0573 | 0562 | 0551
2,0 0,0540 | 0529 | 0519 | 0508 | 0498 | 0488 | 0478 | 0468 | 0459 | 0449
2,1/0440 0431|0422 | 0413|0404 |0396 | 0387 [ 0379 | 0371 | 0363
2,2/0355 | 0347|0339 | 0332 (0325 |0317 | 0310|0303 | 0297 | 0290
2,3/0283 | 0277|0270 | 0264 | 0258 | 0252 | 0246 [ 0241 [ 0235 | 0229
2,410224 02190213 | 0208 [ 0203 | 0198 | 0194 | 0189 | 0184 | 0180
2,5/0175 0171|0167 | 0163 | 0158 | 0154 | 0151 [ 0147 | 0143 | 0139
2,6/0136 0132|0129 | 0126 | 0122 | 0119|0116 [0113[0110 | 0107
2,7/0104 0101 | 0099 | 0096 | 0093 | 0091 | 0088 [ 0086 | 0084 | 0081
2,8/0079 | 0077|0075 | 0073 | 0071 | 0069 | 0067 [ 0065 | 0063 | 0061
2,9/0060 | 0058|0056 | 0055 | 0053 | 0051 | 0050 | 0048 | 0047 | 0046
3,0 | 0,0044 | 0043 | 0042 | 0040 | 0039 | 0038 | 0037 | 0036 | 0035 | 0034
3,1/0033 |0032|0031|0030]0029 |0028|0027 | 0026 | 0025 | 0025
3,2|0024 |0023 | 0022 | 0022|0021 |0020|0020 0019 | 0018 | 0018
3,3/0017 |0017 | 0016 | 0016 | 0015 | 0015|0014 | 0014 | 0013 | 0013
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3,4{0012 0012|0012 | 0011|0011 | 0010|0010 | 0010 | 0009 | 0009
3,5/0009 | 0008 | 0008 | 0008 | 0008 | 0007 | 0007 | 0007 | 0007 | 0006
3,6 0006 | 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 | 0005 | 0001
3,7/0004 | 0004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 | 0003 | 0003
3,80003 | 0003 | 0003|0003 | 0003 | 0002 | 0002|0002 0002 0002
3,9[0002 | 0002|0002 | 0002 | 0002 | 0002|0002 | 00020001 0001
2 KOCBIMIIACKI
1 | t?
D(x) = or J. EXp (_ EJdt (QyHKUHMSICBIHBIH MOHEPI
0

x [0 |x ) [x [Ox) [X [dx) [x [Dx)

0,00 | 0,0000

0,010,0040|0,51/0,1950 | 1,01 /0,3438 1,51 |0,4345 |2,02|04783
0,02 | 0,0080 | 0,52 |0,1985 | 1,02 | 0,3461 | 1,52 | 0,4357 |2,04|0,4793
0,030,0120|0,53|0,2019 | 1,03 |0,3485| 1,53 |0,4370 | 2,06 | 0,4803
0,04 | 0,0160 | 0,54 | 0,2054 | 1,04 | 0,3508 | 1,54 | 0,4382 | 2,08 | 0,4812
0,050,0199 | 0,55/0,2088 | 1,05|0,3531 | 1,55|0,4394 |2,10|0,4821
0,06 | 0,0239 | 0,56 | 0,2123 | 1,06 | 0,3554 | 1,56 | 0,4406 | 2,12 0,4830
0,070,0279 0,57 |0,2157 | 1,07 | 0,3577 | 1,57 | 0,4418 |2,14|0,4838
0,08 0,0319 | 0,58 | 0,2190 | 1,08 | 0,3599 | 1,58 | 0,4429 |2,16 | 0,4846
0,09 0,0359 | 0,59 |0,2224 | 1,09 | 0,3621 | 1,59 | 0,4441 | 2,18 | 0,4854
0,10 0,0398 | 0,60 | 0,2257 | 1,10 | 0,3643 | 1,60 | 0,4452 | 2,20 | 0,4861
0,11/0,0438 | 0,61/0,2291 | 1,11 | 0,3665 | 1,61 | 0,4463 | 2,22 | 0,4868
0,12/0,0478 | 0,62 | 0,2324 | 1,12 10,3686 | 1,62 | 0,4474 | 2,24 |0,4875
0,13/0,0517 0,63 |0,2357 | 1,13 |0,3708 | 1,63 | 0,4484 |2,26|0,4881
0,14 | 0,0557 | 0,64 | 0,2389 | 1,14 | 0,3729 | 1,64 | 0,4495 | 2,28 | 0,4887
0,15 0,0596 | 0,65 | 0,2422 | 1,15 |0,3749 | 1,65 | 0,4205 | 2,30 | 0,4893
0,16 | 0,0636 | 0,66 | 0,2454 | 1,16 | 0,3770 | 1,66 | 0,4515 | 2,32 |0,4898
0,170,0675|0,67/0,2486 | 1,17 | 0,3790 | 1,67 | 0,4525 | 2,34 | 0,4904
0,18 0,0714 0,68 | 0,2517 | 1,18 | 0,3810 | 1,68 | 0,4535 | 2,36 | 0,4909
0,19/0,0753 0,69 | 0,2549 11,19 | 0,3830 | 1,69 | 0,4545 |2,38|0,4913
0,20 0,0793 0,70 | 0,2580 | 1,20 | 0,3849 | 1,70 | 0,4554 | 2,40 | 0,4918
0,21/0,0832|0,71/0,2611 | 1,21 |0,3869 | 1,71 | 0,4564 | 2,42 | 0,4922
0,22/0,0871|0,72|0,2642 | 1,22 |0,3883 | 1,72 |0,4573 | 2,44 | 0,4927
0,230,0910|0,73|0,2673 1,23 |0,3907 | 1,73 |0,4582 |2,46|0,4931
0,24 10,0948 | 0,74/ 0,2703 | 1,24 10,3925 | 1,74 |0,4591 | 2,48 | 0,4934
0,250,0987 | 0,75/0,2734 | 1,25|0,3944 | 1,75|0,4599 | 2,50 | 0,4938
0,260,126 | 0,76 10,2764 | 1,26 | 0,3962 | 1,76 | 0,4608 | 2,52 | 0,4941

32




0,270,1064 | 0,77 |0,2794 | 1,27 10,3980 | 1,77 | 0,4616 | 2,54 | 0,4945
0,280,1103 0,78 |0,2823 | 1,28 | 0,3997 | 1,78 | 0,4625 | 2,56 | 0,4948
0,29/0,1141|0,79|0,2852 11,29 10,4015 1,79 10,4633 |2,58 | 0,4951
0,30{0,11/9/0,80|0,2881 | 1,30 0,4032 | 1,80 | 0,4641 | 2,60 | 0,4953
0,31({0,1217|0,81|0,2910|1,31]0,4049 1,81 |0,4649 |2,62|0,4956
0,32/0,1255|0,82 | 0,2939 | 1,32 | 0,4066 | 1,82 | 0,4656 | 2,64 | 0,4959
0,33/0,1293 0,83 | 0,2967 | 1,33 | 0,4082 | 1,83 | 0,4664 | 2,66 | 0,4961
0,34/0,1331 /0,84 | 0,2995 1,34 0,4099 | 1,84 | 0,4671 | 2,68 | 0,4963
0,35(0,1368 | 0,85|0,3023 | 1,35 0,4115|1,85|0,4678 | 2,70 | 0,4965
0,36 | 0,1406 | 0,86 | 0,3051 | 1,35]/0,4131 1,86 |0,4686 | 2,72 |0,4967
0,37(0,1443|0,87|0,3078 | 1,37 0,4147 | 1,87 | 0,4693 | 2,74 | 0,4969
0,38 0,1480 | 0,88 | 0,3106 | 1,38 | 0,4162 | 1,88 | 0,4699 |2,76|0,4971
0,39/0,1517/0,89|0,3133|1,39|0,41/7 1,89 ]0,4706 |2,78|0,4973
0,40 0,1554 10,90 | 0,3159 11,40 10,4192 1,90|0,4713 |2,80|0,4974
0,41[0,1591/0,91|0,3186 | 1,41]0,4207 191 /0,4719 |2,82|0,4976
0,4210,1628 |0,92|0,3212 | 1,4210,4222 1,92 |0,4726 | 2,84 | 0,4977
0,43]0,1664 | 0,93]0,3238 | 1,43]0,4236 |1,93|0,1732 |2,86|0,4979
0,44/0,1700 | 0,94 | 0,3264 | 1,44 10,4251 1,94 |0,4738 |2,88|0,4980
0,45/0,1736 |0,95|0,3289 | 1,45|0,4265 1,95 |0,4744 |2,90]|0,4981
0,460,1772 (0,96 | 0,3315| 1,46 | 0,427/9 11,96 | 0,4750 |2,92|0,4982
0,4710,1808 | 0,97|0,3340 | 1,47 0,4292 11,97 /10,4756 | 2,94 | 0,4984
0,4810,1844 10,98 |0,3365|1,48]0,4306 | 1,98 |0,4761 | 2,96 | 0,4985
0,4910,1879/0,99]0,3389|1,49/0,4319 1,99 |0,4767 |2,98|0,4986
0,50/0,1915|1,00 | 0,3413 | 1,50 | 0,4332 2,00 | 0,4772 | 3,00 | 0,49865
3,2 10,49931 |3,8 |0,499928
3,4 10,49966 |4,00|0,499968
3,6 |0,499841 | 4,50 | 0,499997
5,00 | 0,499997
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