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BCTYII

HapuanpHa mnporpama 3 JUCHMIUIIHKA «IMiTanifiHe MOJAENIOBaHHS KOMI IOTE€PHO-

IHTErPOBAHUX Ta TEICKOMYHIKAIIWHUX CHUCTEM» 3 IUKIYy BHOOpPY CTYyJIEHTa CKJIaJeHa

BIJIITOBITHO /IO OCBITHBO-TIPO(hECIHHOT MpOTrpaMu MiArOTOBKY OaKaiaBp CremiaibHOCTeH 172

TenexomyHiKaili Ta pagiorexHika, 151 ABromarusaiisg Ta KOMI IOTEPHO-1HTEIPOBaHI

TEXHOJOr1i yciX (hopM HaBUaHHA J[OHEILKOT0O HALIOHATBHOTO TEXHIYHOTO YHIBEPCUTETY.

TI'onoBHa MeTa Kypcy - BHBUEHHS TEOPETHUHUX OCHOB Ta KOHKPETHHX MPUKIIAIIB
BUKOPUCTaHHS METOJIB Teopii IMOBIPHOCTI Ta MaTeMaTHMYHOI CTAaTUCTUKU HJs aHali3y
TEJIECKOMYHIKAI[IHHUX MEPEX Ta CUCTEM.

MiskaucuuItiHapHi 3B ’SI3KH. Jucnumaina «ImMmiTariiine MOJICJTIOBAaHHS

KOMIT FOTEPHO-IHTETPOBAHUX Ta TEJICKOMYHIKAIIMHUX CUCTEM» 0a3yeThCs Ha JUCIUTLIIHAX

UKy TTPUPOAHHYO-HAYKOBOT MArOTOBKH: « KOMIT IOTEpHI TEXHOJIOTIT Ta IpOrpaMyBaHHsI»,
«Buma Marematuka». 3HaAHHSA, OTPHMaHI CTYJCHTAMU TPU BUBYCHHI JUCITUILTIHH,
BHKOPUCTOBYIOThCS B Kypcax HUKIy aucuuiniin «Teopis Tenerpadiky», «OCHOBH Teopii
MEpeX Ta CUCTEM 3B’s3Ky», «TemekomyHikalliiHl Ta iHpopmarliiiHi mepexi», «CucremMu
KoMyTallli Ta posnoaury iHdopmarii», «CuctemMH MOOITBHOTO 3B’SI3KY», BHKOHAHHI
KypCOBUX Ta JIUIJIOMHUX TMPOEKTIB, MariCTepchKUX Ta OakamaBPChKUX KBaji(ikamiiHUX
poOiIT.
B pe3ynbTari BUBUCHHS AUCIUILTIHU CTYJCHTH TIOBHHHI:

® 3HATH CyYacHHWH CTaH HAyKOBOi JUCHMILTIHU «IMiTalliiHe MOJETIOBaHHS KOMI IOTEPHO-

IHTerpoBaHUX Ta TejdekoMyHikaliiHux cucrem» (IMKITC), TenmeHiii Ta mepCcneKTUBH il

PO3BUTKY, ii METOJOJIOTI0, TUIOBI Kiacu 3aaad, 1o 3yctpivaiotbes B IMKITC, 3akonwu
PO3MOJITYy BUMAJKOBUX BEIWYUH, 110 BUKOPUCTOBYIOTHCS TPU MAaTeMaTUYHOMY OITHCI
CUCTEM 3B 3Ky, OCHOBHI UMCJIOB1 XapaKTEPUCTUKHU BUIAJKOBUX BEJIMYMUH; MAaTU YSBICHHS
npo MoxiuBocTi BukopuctanHs MetoniB IMKITC mpu BupimieHHI KOHKPETHHX 3ajad
aHaJi3y CUCTEM 3B’SI3KY, IPU BUBYCHHI 1HIIUX TUCITUILTIH,

BMITH: OTPUMYBaTH Ta OOpOOJATH TEPBUHHI CTAaTUCTUYHI JaHi B pPe3yJbTaTi
CIIOCTEPEKEHb Ta EKCIEPUMEHTIB, OyJyBaTH CTAaTUCTHUYHI MOJEIl CHCTEM MacOBOIO
obcnyroByBanHs (CMO) Ta wmomemoBath CMO 10 cXxeMi MapKOBCBKHX JIQHITIOTIB,
BukopucroByBatu Metoau IMKITC mis oTpumaHHS HayKOBUX 1 MPaKTHYHUX PE3yJbTaTiB,

OyIIBHHUIITBA MEPEXK 1 CUCTEM 3B’ SI3KY.
M p y



3BIT 3 BUKOHAHHS IHJUBIAYaJbHOTO 3aBAaHHS CTYJIEHTH O(QOpPMIISIOTH Ha
OKpeMHUX apkyiiax (popMaroM A4 4u y OKpEeMOMY 30IIUTI BIAMOBIAHO 1O 3MICTY 1
MMOBUHEH MICTUTU HA CTYIIHI CKJIAJIOBI:

— TUTYJIbHA CTOPIHKA (3pa30K O(POPMIIEHHS TUTYJIBHOI CTOPIHKU 3BITY MOJAHO Y
noaatky A);

—KOpOTKa YMOBa 3aBAaHHs BIAMNOBIIHO JI0 BapiaHTy;

—OMHC YCIX €TalniB BUKOHAHHS 3aB/IaHHS;

—BIJIOBI/Ib 32 pe3yibTaTaMu POOOTH.

[nnuBinyansHa poOOTa, BHKOHAHa 1 3axXMIleHa 3a Trpadikom, BCTAHOBIECHUM
poO0UYOI0 MPOTrPaMOI0 KYpCY, OIIHIOETHCS 3a KPUTEPIEM OIlIHIOBaHHS 3HaHb 3a 100-

0aJILHOIO IIIKAJIOKO.



InguBinyanbHe 3aBaannsa. Yacruna 1
TEOPISI UMOBIPHOCTI.

[lepmia yacThHa 1HAMBIAYAaJbHOTO 3aBJAHHS CHOpsIMOBaHA Ha 3aKPIIUJICHHS
TEOPETUYHUX 3HaHb Ta HAOYTTA MPAKTUYHUX HABUYOK 3a MarepiajamMu MEepIIOTO

3MICTOBHOT'O MOAYJSI Kypcy «IMiTaiiiiHe MOICIIOBAHHS KOMII FOTEPHO-IHTEIrPOBAHUX Ta

TEJIEKOMYHIKALIMHUX CUCTEMY Ta MICTUATH 3aJ1a4l 32 TEMAMU:

1. OCHOBHI TOHATTS TeOpii IMOBIPHOCTEH, (POPMYyNIH KOMOIHATOPUKH 1
reOMETPUYHA IMOBIPHICTb.

2. Teopemu pgonaBaHHs 1 MHOXEHHs iMoBipHOCTel. dopmyna MOBHOI
imoBipHOCTi. ®opmynu betieca. [ToBropenns Bunpodysanb. @opmyina beprysii.

3. JIMCKpEeTH1 BUIAIKOBI BEJIMUMHH.

4, OyHKIIT Ta MUIBHICTh PO3MOAUTY IMOBIPHOCTEH JUCKPETHUX 1
Oe3MepepBHUX BUITAIKOBUX BEJIMYHUH.

[lepimia yacTiHA 1HAUBIAYATBFHOTO 3aBJAHHSI CKJIAJA€THCA 3 BOCBMH 3aJ1a4, CIM
3 SKUX MICTAThCS Y 30ipHUKY [2]. BapianTu 3aBaaHHs HaBeaceHI B TaOJIWIll BapiaHTIB
1o I3 Ne 1 (crop. 12). Ilpu BUKOHAHHI 1HIUBIAYaJbHOTO 3aBIAHHS JJIi OTPUMAaHHSI
noBHO1 1H(OpMaIi BapTO KOPUCTYBATHCH JIITEPATYpOlO, HABEICHOKI Yy MEPENiKy
nocwiaHb. TeOpeTHYHI BIJOMOCTI B METOAWYHUX BKa3ziBKax JO BHUKOHAHHS
1HAMBIIYaJIbHOTO 3aB/IaHHs BUKJIQJICHO B HACTYIHIN MOCTIOBHOCTI:

e I PpO3B’s3aHHA 3amad 3 mepmoro 3aBgaHHa  (NeNel2-42)  cmin
BUKOPUCTOBYBATH TEOPETUYHI BiOMOCTi 1-0r0 po3airy — «OCHOBHI MOHSATTS TEOpii
HMOBIpHOCTEM Ta KOMOIHATOPUKMY. J{JIs1 OTpuMaHHs 1oaaTKoBOi iHGopMarii auB. [1,
c1.5-16], [2, ct. 8-18];

e JIs poO3B’sizaHHA 3adad 3 aApyroro 3aBgaHHsa  (NeNed47-88) cmin
BUKOPUCTOBYBATH TEOPETHYHI BiTOMOCTi 2-T0 po3airy — «OCHOBHI TeOpeMH Teopii
rMoBipHOCTEl». Il oTpuMaHHsS a0oAaaTKoBOi iH(opmamii mue. [1, cr.18-26], [2,
ct.18-30];

e /Uil PO3B’sA3aHHS 3amad 3 TpeThoro 3aBmaHHs (NeNe9(0-118) cain

BUKOPHUCTOBYBATH TEOPETHYHI BiTOMOCTi 2-T0 po3airy — «OCHOBHI TeOpeMH Teopii



nMoBipHOCTel». [l oTpuMaHHs ngomaTkoBoi iHdopmarii qus. [1, cT1.18-26], [2,
ct.31-37];

e s pO3B’SA3aHHA 3a7ad 3 YETBEPTOro, IT'ATOTO Ta IIOCTOTO 3aBAaHb
(NoNel167-229) cmig BHUKOPUCTOBYBAaTHM TEOPETUYHI BIJOMOCTI 3-0ro pO3AUTYy —
«OHOMIpPHI BUMAAKOBI BEIMYMHU» Ta 4-TO po3auty «OCHOBHI 3aKOHHM PO3MOILTY
JTUCKPETHUX Ta HEMEPEPBHUX BUIAIKOBUX BEIMYMH». JIJIsI OTpUMaHHS J0IaTKOBOi
iHpopmartii aus. [1, ctT. 34-56], [2, ct. 52-79];

e sl pO3B’si3aHHSA 3ada4 3 choMmoro 3aBiaHHS (NeNe263-289) cnin
BUKOPUCTOBYBATH TEOPETUYHI1 B1IOMOCTI NMyHKTY 4.2 4-oro po3niny — «OCHOBHI
3aKOHHM PO3MOJIIY JUCKPETHHX Ta HEMEPEPBHUX BHUMAJAKOBUX BEIWYUHY». JIs
OTpUMAaHHSI 10JIaTKOBOI iHpopmarrii auB. [1, cT. 61-65], [2, ct. 87-97];

e sl pO3B’si3aHHSA 3adad4 3 BocbMmoro 3aBmaHHs (NeNe 330-370) cumin
BUKOPUCTOBYBATH TEOPETUYHI BIOMOCTI 5-oro po3auly — «HopmanbHHI 3aKoH
pPO3MOALTYy Ta MOro 3HA4YCHHS y Teopii WMoBIpHOCTEH. ['paHnuHi TeopemMu Teopii
nMoBipHOCTel». [yt oTpuMaHHs 10aaTKoBO1 iHopmartii auB. [1, cT. 66-71], [2, cT.
106-119].

3MICT MEPLIOI YACTUHU IHAUBIAY AJIbHOI'O 3ABJIAHHS

3aBmanns 1-5 1 7-8 namegeni y 30ipuuky B.E. I'mypman. PykoBoacTBo k
PEIIeHUIO 3a/1a4 110 TCOPUHU BEPOSITHOCTEH M MateMaThuieckoi craructuke. M.-2003.
3aBaanHsa 6 Mae HaCTYIHI BapiaHTH:

A. 3 smuka, y sskoMy 3 4opHi Ta 2 OUTi KyJbKH TMOCITIZIOBHO BHHMAIOTh
KyJbKH, JJOKH HE 3’SIBUThCA Oina Kylbka. BusHauutu psa po3noairy, GyHKIIIO
posmoainy, MO, mucnepcito, CKB BHIanKOBOI BEIMYHMHH, IO JJOPIBHIOE
KUTBKOCT1 BUMHSATHUX YOpPHHX KynboK. [loOymyBaTu 0araTOKyTHHK PO3MOALTY 1
rpadix ¢pyHKIIIT po3noaiTy.

B. ¥ mimens pobasate 3 moctpum. IMOBIpHICTE BIYYEHHSI TIPU KOKHOMY -
0,8. ¥V pasi BmyueHHs cTpimok orpumye 10 OamiB. Jlnms BB, ska mopiBHIOE
KUIBKOCTI OTPUMaHUX OaiiB, BU3HAUUTH PsiA PO3NOAUTY, (YHKIIIO pPO3MOJILTY,
MO, aucnepcito, CKB. IloOyayBatu 6araTokyTHUK po3nonainy i rpadik ¢yHKIii

po3noainy.



C. Buznauutu 3akoH po3noainty BB — kinbkocTi BuUmamanHs 6 O4OK Ha
rpajbHIN KICTI, SKIIO 11 KMAa0Th 3 pa3u. Po3paxyBatu ¢pyHkuito posnoaury, MO,
mucnepcito, CKB. IloOyayBatu OaraTOKyTHHK po3noAuty 1 rpadik (yHKmil
PO3MOALTY.

D. ABroMo06u1b TpoikmKae 3 cBITIOPOpPH, KOXKHUK 13 iMoBipHicTIO 0,5
Moxe abo 3a00poHsTH, a00 103BOJATH Tipoi3ad. s BB, sika nopiBHIOE KITBKOCTI
CBITI0(OPIB, 110 MPOHAEHI A0 MEPIIOT 3yMUHKU, 3HAUTH Pl PO3NOALTY, (PYHKIIIIO
posnoauny, MO, nmucnepcito, CKB. IloOynyBaTu OaraTOKyTHHUK pO3MOALTY 1
rpadix ¢GyHKIIIT po3noaiLy.

E. Monery niakunynu 4 pasu. IMoBipHicTs Bunaaanus rep6a 0,5. Jlns BB,
sIKa JIOPIBHIOE KUTBKOCTI MOSIB Tep0a 3HAUTH Psijl PO3MOALTY, GYHKIIIIO pO3MOALTY,
MO, nucnepcito, CKB. IloOyayBatu 6araTokyTHUK po3noauly i rpadik QyHkiii
PO3MOALTY.

F. IMOBIpHICTh BJIydEeHHS PYyXOMOi IUII OJHHM TOCTpiioM nopiBHIoe 0,3.
Crpinsba TpuBae 10 TMepHIOr0 BIy4deHHs. JOKM IUIh 3HAXOAUTHCS B 30HI
o0cTpiny, y Hel BCTHUTarOTh 3po0uTH 4 mocTpiin. ki cepeHi BUTpAaTU CHApSIiB
npu ctpiie6i y 100 mineit. Jdns BB, sxa mopiBHIOE KITBKOCTI BUKOPUCTaHUX
CHapsIIiB, 3HAUTHU psan po3nonainy, QyHkiio posnoairy, MO, mucnepcito, CKB.
[ToOGynyBaT 6araToKyTHHK po3moALTy 1 rpadik GyHKIT po3moaiTy.

G. IMOBIpHICTh BIYYECHHS 1O Il OJHUM MOCTpUIOM AopiBHIOE 2/3. Jlis
BB, sika 10opiBHIOE KUTBKOCTI BIy4eHb MpHU 4 MOCTpLIaxX, 3HAUTH Psi PO3MOILTY,
dynkmito posmoauty, MO, mucnepcito, CKB. IlobynyBatn O6aratokyTHUK
po3nonity i rpadik GyHKIIT PO3MOALTY.

H. Cepen 20 mpwranie 6 Herounux. Jms BB, ska mopiBHIOE KITBKOCTI
TOYHUX TPUIAIB CEpel S5 MOBUTBHO OOpaHUX MPUIIAIiB, 3HAUTH PSJ PO3MOILTY,
¢ynkiito posmoaury, MO, mucnepcito, CKB. IlobynyBatm OaratokyTHUK
po3noniny i rpadik GyHKITIT pO3MOALTY.

|. Ilpu migroHmi pgerajged MOXE€ BUKOHYBAaTHCh JEKUIbKa CIpPOO.
ImMoBIpHICTB TOTO, 110 MOTPiOHA 1 cripoba - 0,3; 2 cripobwm - 0,5; 3 ciipodbu — 0,1; 4

cripobu — 0,1. Ckuabku cripod notpidHo ays oOpoonenns 200 neranei? ns BB,



sKa JOPIBHIOE KIIBKOCTI CIIPOO, 3HAUTH psijl po3noauty, GyHKIli0 po3noaury, MO,
mucnepcito, CKB. IloOyayBatu OaraTOKyTHHK po3noAuty 1 rpadik (yHKmil
PO3MOALTY.

J. MoHeTy miIKuIaTh 10 TOSIBU PEIIKH, ajie He Outbiie 5 pasis. /s BB,
sKa JIOPIBHIOE KUTBKOCTI MIJKUAaHb, 3HAUTH PsiJ] PO3MOALTY, GYHKIIIIO PO3MOALLY,
MO, nucnepcito, CKB. IloOynyBatu 0araToOKyTHUK po3MoAuly 1 rpadik ¢yHKIIi
PO3MOALTY.

K. 3 amuka, y sskomy 5 4OopHUX 1 3 OUIMX KyJbKH MOCHIZIOBHO BUHMAIOTh
KyJbKH, JIOKM HE 3 SABUThCA Oia Kyiabka. BusHauutu psig posnoaury, (QyHKIIIO
posnioauty, MO, nucnepcito, CKB BuMankoBoi BEJIWMYMHHU, 110 JOPIBHIOE
KUTBKOCTI BUMHATHUX YOPHUX KyibokK. [loOyayBatu OaraTOKYTHHUK pO3MOALTY 1
rpadix ¢pyHKIIIT po3noaiLy.

L. V mimens poOaste 3 moctpuid. IMOBIpHICTD BIyYEHHSI IPU KOKHOMY -
0,6. Y pa3si BnydeHHs CTpUIOK oTpuMye 5 6aniB. [l BB, sika 1opiBHIOE KIJTBKOCTI
OTpUMAaHUX OaiiB, BU3HAUMTH PAJ po3noaury, dyHKIio posnoainy, MO,
muctiepcito, CKB. TloOyayBaTtu OaraTOKyTHUK po3nonauty 1 rpadik (QyHKITi
PO3IOALTY.

M.Busnauntu 3akoH posnonainy BB — kinbkocTi BumamaHHs 3 O4YOK Ha
IpaJIbHIN KICTI, SIKIIO 11 kuaaroTh 4 pasu. Pospaxysatu ¢yHkiio po3noairy, MO,
mucnepcito, CKB. IloOymyBatu OaraTOKyTHHK po3noAutry 1 rpadik dyHKil
PO3IOALTY.

N. ABToM00611s TIpoiKMKae 3 cBiTaoQopu, KOXKHUK 13 iMoBipHicTIO 0,5
MOke a0o 3aboponsTH, a00 Ho3BosATH Tipoiza. s BB, sika mopiBHIOE KUTBKOCTI
cBiTI0(OPIB, 10 MPOHAEH] A0 MEPIIOi 3yMUHKH, 3HAUTH Pl PO3NOALTY, (PYHKITIIO
posnoniry, MO, mucnepcito, CKB. IlobygyBaTu 0aratrokyTHUK pO3MOALTY 1
rpadix ¢yHKIIIT po3noaiTy.

O. Monery migkuayau 3 pasu. ImoBipHicTh Bunaganus repoa 0,5. [lns BB,
sKa JIOPIBHIOE KUTBKOCTI MOSIB TepOa 3HAUTH psifl po3MOALTY, GYHKIIIIO pO3NOALLY,
MO, aucnepcito, CKB. IloOyayBatu 06araTokyTHUK po3moauty i rpadik QpyHKIil

po3noainy.



P. IMOBIpHICTh BIy4€HHSI pyXOMOi I[UIl OJHUM MOCTpiTIoM AopiBHIOE 0.4.
Crpinpba TpuBa€e [0 MepHIOr0 BIy4YeHHsA. JOKM IIb 3HAXOAUTHCS B 30HI1
o0cCTpiLy, y Hel BCTUTaloTh 3p00UTH 3 mocTpuiM. SIKi cepenHi BUTpAaTU CHapsIIB
npu ctpuib6l y 200 nineit. Jna BB, sika A0piBHIOE KUIBKOCTI BUKOPUCTAHUX
CHapsiB, 3HAUTU psa po3noauty, QyHkiio posnoniry, MO, mucnepciro, CKB.
[To6ynyBaTt 6araToKyTHUK po3noALTy 1 rpadik GyHKIT po3moaLTy.

Q. IMOBIpHICTh BIYYEHHS MO Il OJHUM MocTpiioM AopiBHioe 0,4. [lns
BB, sika mopiBHIOE KUTBKOCTI BIYyY€Hb IIPU 5 MOCTpUIAX, 3HAUTH P PO3MOILTY,
dynakuito posnoaity, MO, nucnepcito, CKB. IloOynyBatu OaratokyTHHUK
po3noaty 1 rpadik GyHKIIIT po3MOILTY.

R. Cepen 15 mpwnanie 5 nerounux. Jns BB, sika mopiBHIOE KiTBKOCTI
TOYHHMX MPUJIATIB cepell 6 MOBUTLHO OOpaHUX MPUIAAIB, 3HAUTH P PO3MOALTY,
dynakmito posnoaity, MO, nmucnepcito, CKB. IloOynyBatn OaratokyTHHUK
posmnoainy i rpadik GyHKIlIT po3MoOaLTy.

S. Ilpu manaromkeHH1 npuiaay HeoOXiTHO BUKOHYBATH Bix 1 10 3 TecTis.
ImoBipHicTh TOTO, 1O TOTpideH 1 Tect - 0,3; 2 Tectn - 0,5. CKiIbKM TECTiB
noTpiOHo st HamaromkeHus 200 mpunaxis? ns BB, sika mopiBHIOE KiTBKOCTI
cnpo0, 3HalTH psg po3moauny, GyHkmito posnoaity, MO, aucnepciro, CKB.
[ToOGynyBaT 6araToKyTHHK po3moALTy 1 rpadik GyHKIT po3moaiTy.

T. MoHeTy MiIKWIA0Th 10 TOSIBU PEIIKH, ajie He Outbiie 3 pasiB. s BB,
sKa JIOPIBHIOE KUIBKOCTI MiTKUAaHb MOHETH, 3HAWUTH PsJ PO3MOALTY, (PYHKIIIFO
posnoniny, MO, nucnepcito, CKB. IlobyanyBaTu 0araTrokyTHUK pO3MOALTY 1
rpadix ¢hyHKIIIT po3noaiTy.

U. 3 smuka, y sikomy 4 4opHi 1 3 OUIMX KyJbKM TMOCTIIOBHO BHMMAIOTh
KyJbKH, JJOKU HE 3’SBUTHCA Oina KynbKa. BusHauwTw psg po3moainy, (GyHKIIO
posmoainy, MO, mucnepcito, CKB BHIangKoBOI BEIWMYHMHH, IO JOPIBHIOE
KUTBKOCTI BUMHSATHUX YOpPHHX KynboK. [loOymyBaTu 6araTOKyTHHK PO3MOALTY 1
rpadik QyHKIIT po3noalTy.

V.V mimens poOasite 3 nmocTpuid. IMOBIPHICTh BIIyYEHHSI IPU KOKHOMY -

0,6. YV pas3i BaydeHHs cTputok oTpumye 10 OamiB. JIns BB, sika mgopiBHIOE
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KUIBKOCTI OTPUMAaHUX OaiiB, BU3HAUUTH DS PO3NOAUTY, (YHKIIIO pPO3MOJILTY,
MO, nucnepcito, CKB. IloOynyBatu 0araTOKyTHHK pO3MOAUTY 1 rpadik (yHKIII
PO3MOALTY.

W.Busnauntu 3akoH posnoauty BB — kinbkocTi BUnagaHHs 6 OYOK Ha
rpajbHIN KICTI, SIKIIO ii KUAAaOTh S5 pa3iB. Po3paxyBatu ¢yHkiio posnoaity, MO,
mucnepcito, CKB. IloOyayBatu OaraTOKyTHHK po3noAuty 1 rpadik GyHKil
PO3MOALTY.

X. IMOBIpHICTh BIIY4EHHS PYXOMOi LIl OJHMM MOCTpuioM nopiBHioe 0,3.
Crpinsba TpuBa€e 10 MepHIOTO BIydeHHs. JIOKM IUIb 3HAXOAUTHCS B 30HI
o0cTpiy, y Hei BCTUraloTh 3pOOUTH 5 MOCTPUIIB. SKi cepeHi BUTpATH CHAPSIIB
npu ctpuib0i y 100 mineit. s BB, sika 1opiBHIOE KIIBKOCTI BUKOPUCTOBYBaHUX
CHapsiB, 3HAUTU psa po3noAuty, pyHkiiro posnoaiury, MO, nucnepcito, CKB.
[To6ynyBaT 6araToKyTHHK po3noALTy 1 rpadik GyHKIT po3moaLTy.

Y. IMOBipHICTh BIy4YeHHS MO LIl OJHUM TocTpuioMm mopiBHoe 0,3. s
BB, sika mopiBHIO€ KITBKOCTI BIIYY€Hb NP 3 MOCTpUIAaX, 3HAUTH PSJI PO3MOJLTY,
dynakmito posmoaity, MO, nmucnepcito, CKB. IloOymyBaTu OGaraToKyTHUK
posmnoainy i rpadik GyHKITIT po3MoOaLTy.

Z. Cepen 10 npwraniB 3 Hetouni. [{ns BB, sxa mopiBHIOE KITBKOCTI TOUHHX
npwiaaiB cepen 4 Ha3jgorag oOpaHUX MPUIAAiB, 3HAWUTH PAI  PO3MOILTY,
¢ynkuito posnoauty, MO, nmucnepcito, CKB. I[lobyanyBatu O6araTtokyTHUK

po3nonity i rpadik QyHKIIT PO3MOALTY.
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InguBinyanbHe 3aBaannsa. YacTuna 2

MATEMATHYHA CTATUCTHKA.

OpHi€ro 3 LEHTpalIbHUX 3aJad MAaTeMAaTHYHOI CTAaTHUCTHKU € 3ajadya OIL[IHKH
TEOPETUYHOTO0 PO3MOJLTY BHUIMAIKOBOT BEJIMYMHM Ha OCHOBI BHOIpKOBUX AaHux. l[lpu
OMY YaCTO MPUITYCKAETHCS, 1110 3aKOH PO3MOALUTY T€HepabHOI CYKYITHOCTI BIOMMM, ae
HEBIJIOM1 MapaMeTpH LIbOr'0 3aKOHY (HANpPUKIAJ, MaTeMaTUYHE CIOAIBaHHS, AUCIEPCIs).
[ToTpiOHO 3HalTH HAOIM>KEHE 3HAYEHHS LIUX MapaMeTpiB, TOOTO OTPUMATH iX CTATUCTUYHI
OIL[IHKHU.

Jlpyra yacTMHa I1HAMBIAYaJbHOTO 3aBJAaHHS CIPSIMOBAaHA Ha 3aKPIIUICHHS
TEOPETUYHUX 3HAHb Ta HAOYTTA MPAKTUYHUX HABUYOK 3a MaTepiajaMu JIPyroro

3MICTOBHOTO MOJAYJs Kypcy «ImitalfiiiHe MOJENOBaHHS KOMII IOTEPHO-IHTETPOBAHUX _Ta

TEJIEKOMYHIKAIlIMHUX CUCTEM» Ta MICTHUTH 3a/1a4l 3a TEMaMU:

1. Tlo6ymoBa emmnipuuHoi ¢pyHKIlT po3moainy. [To6ymoBa ricrorpaMu Ta MoJiroHy
4acToT (BITHOCHUX YaCTOT).

2. ToukoBi OIIIHKM TlapaMeTpiB pO3MOALTY. IHTEepBaJbHI OIIHKMA IapaMeTpiB
PO3IOALTY.

3. IlepeBipka CTaTHCTHYHHX TIlOTE3 MpO mapamerpu posnoxairy. IlepeBipka
CTATUCTUYHUX TIMOTE3 PO BU PO3MOILITY.

Jlpyra yacTWHa IHIWBIIYaJbHOTO 3aBAaHHSA 2 CKJIQJIA€ThCS 3 IIECTH 3adad, sKi
MICTATBCS y 30ipHUKY [2]. BapianTu 3aBnaHHs HaBeJeHI B TAOIMI B KIHI[I METOIUYHUX
BKa3iBOK. [Ipy BUKOHaHHI IHIWBIAyaJbHOTO 3aBAaHHS JJI1 OTPUMaHHS MOBHOI iH(OpMaIii,
BapTO KOPHCTYBATHCH JITEPATypoOl0, HABEICHOIO Y TMEpeniKy IOoCWIaHb. TeopeTuyHi
B1JIOMOCTI B METOJIMYHHUX BKa3iBKax JI0 BUKOHAHHS 1HAMBIIYaJIbHOTO 3aBIAaHHS BHKJIAICHI
B HACTYMHIN TOCIiJOBHOCTI:

° JUIS pO3B’sI3aHHS 3a7a4 3 mepiroro Ta apyroro 3aaanas (NeNe 440-494, 635-

658) cmig BUKOPUCTOBYBAaTH TEOPETHYHI BIJOMOCTI 7-0T0 pO3ALTYy —
«EneMeHTH MaTreMaTU4HOi CTaTUCTHKH. BubipkoBuit Metoa». Jlus

OTpUMaHHs J0aaTKoBoI iHpopMmaii aus. [1, C.102-118], [2, C.151-156];
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o JUIS pO3B’sI3aHHSA 3a]1a4 3 TPEThOro Ta yeTBepToro 3apaaHHs (NeNe 451-528)
CJI1/1 BUKOPUCTOBYBATU TEOPETUYHI BIIOMOCTI 8-0r0 po3aury — «CTaTUCTUYHI
OLIIHKM MapaMeTpiB po3noaury». s oTpumaHHS 10AATKOBOi 1H(pOpMarii
au. [1, C.119-134], [2, C.157-163, 174-180];

o JUISL pO3B’sI3aHHS 3aj]1ad 3 1’ SITOTro Ta mocTtoro 3apaaHHs (NeNe 555-667) cuin
BUKOPUCTOBYBATH TEOPETUYHI BiOMOCTI 9-oro po3auty «CTaTUCTHYHA
nepesipka rinote3y». s otpuManHs nonatkoBoi iHGopmarii qus. [1, C.135-
144], 12, C.206-230, 251-282].

3aBnanns 1-6 HaBeneHi y 30ipauky B.E. 'mypman. PykoBoacTBO Kk penieHuto 3aaad

10 TEOPUHU BEPOSATHOCTEN U MaTeMaTnueckoil ctatuctuke. M. — 2003.

3aBaannsa Ne 1 mepenbavyae BUKOHAHHSI OJTHOTO 3 3 THIIIB 3a/1a4:

1. [To6ynoBa emnipudHOi GyHKIIIT pO3MOALTY.
2. [ToOynoBa MOJIrOHY 4acToOT.
3. [ToGyoBa MosiroHy BiTHOCHUX YacTOT.

Tomy B Tabnmii BapianTiB BkazaHo Ne 3ajadi B 301pHHKY, 3 SKOi HEOOXITHO B3ATH
BUXIJHI JaHl — psij po3moaily BHOIpKH, 1 B ayxkax mudpa 1, 2 adbo 3 — mo HeoOXiaHO
3poOuTH JUIsS UX BUXiAHUX AaHux. Hampukman, 442a (3) — aig BUXITHUX JaHUX 3a7adi
442a HeoOX1THO MOOYAyBaTH MOJITOH BITHOCHUX YacTOT.

3aBnganusa Ne 2 mependadae BUKOHAHHS OJTHOTO 3 JBOX THITIB 33]1a4:

1. IToGymoBa ricrorpamMu 4acToT.

2. [ToOymoBa ricrorpaMu BiIHOCHUX YacCTOT.

3aBaaHHs BUKOHYETHCS aHAIOTIYHO MOMEPEIHHOMY.

IITa 3aBJaHb Iiepea0ayae po3B’I30K BKa3aHUX y 30IpHUKY 3a/1ad.
Pemra 3aBaa 0 ’ y 30 y
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1 OCHOBHI TEOPUTHUYHI BIJIOMOCTI

1.1 Bu3HayeHHs1 IMOBIPHOCTI

3a KJIaCUYHUM BU3HAYECHHSIM IMOBIPHICMb NOOTi BUBHAYAETHCS K

P(A) =m/n,

J€ M - KUIbKICTh €JIeMEHTapHUX pe3yJbTaTiB BUIPOOYBaHb, IO
CIPUSIIOTH TOsB1 TOAIT A; N - 3arajibHa KUIbKICTh MOXJIMBHUX €JIEMEHTAPHUX
pe3yabTaTiB BUNPOOYBaHb. [TepenbavaeThes, 10 eJIeMEeHTapH1
BUIIPOOYBaHHS CKJIaJIal0Th MIOBHY T'PyNy MOii Ta € pIBHOUMOBIPHUMU.

[3 BU3HAYEHHs IMOBIPHOCTI BUIUIMBAIOTh TakKi 1l BIACTUBOCTI:

Baactusicts 1. [nogipuicms 0ocmogiproi nodii 0opisHioe 00uHuyi.

P(A) =m/n=n/n=1.

Baactusicts 2. [mogipuicms Hemodicausoi nodii 00pieHIOE HYIIIO.

P(A) =m/n=0/n=0.

Baactusicts 3. Imosipricms 6unadxogoi nodii — dodammue 4ucio, ujo
3HAXO00UMbCSL 8 IHMEPBAli 8i0 HYJISL 00 OOUHUYL.

0<P(A)<1.

Baactusicts 4. Imosipricms 6y0b-axoi nodii — dooamue 4ucio, ujo
3HAXO00UMbCSL 8 IHMEPBA 8i0 HYJISL 00 OOUHUYL, BKTIOUHO.

0<PA<L

Bionocna yvacmoma nopii A BU3HAYa€TLCS, SIK

wia) =18,

ne W(A) - KUIBKICTh BUIIPOOYBaHb, y SKuX BimOymace momis 4; N -
3arajibHa KUIBKICTh BHUIPOOYBaHb, 110 mnpoBoguwiucs. Ilpum 30uIbLIEHH]
kitbkocTi BurpoOyBanb N BimHocHa dwacrora W(A) HaOmmkaeTscs [0

3Ha4yeHHs iMoBipHOCTI P(A).
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1.2 OcHoBHi popmyin KOMOIHATOPUKH

KombinaTopuka BuBuYae KOMOIHAIi, 110 BIAMNOBIJAIOTh MEBHUM
yMOBaM, $IKIi MOXXHa CKJACTH 3 €JIEMEHTIB OyIb-sIKOi MNPUPOAU 3aJaHOi
KiHIIeBOo1T MHOUHU. [Ipu Ge3nocepesHLOMY BU3HAYEHHI IMOBIPHOCTEN 4acTO
BUKOPHUCTOBYIOTH (DOPMYIIN KOMOIHATOPUKHU.

llepecmanosku — KOMOIHAIIIT, TIIO CKIAJAIOTHCS 3 OJJHUX 1 TUX CaMUX N
OyIb-SIKMX €JEMEHTIB 1 BIJIPI3HAIOTHCA JHIIE iX MNopsakoM. KiIbKiCTh
MOJKJTUBUX TIEPECTAHOBOK:

P, =nl,

me n'=1-2-3..n.

Posmiwenns — xkomOiHaIlii, o0 yTBOPEHi1 3 N PI3HUX €JIEMECHTIB
0 M EJIEMEHTIB, SIKI BIAPI3HAIOTHCS CKJIAJIOM €JIEMEHTIB, a00 1X MOPSIKOM.
KinbpKicTh MOKIIMBUX PO3MIIIICHB!

Al =n(n-1)(n-2)...(n—m +1).

Cnonyyennss — KOMOIHaIlli, 0 YTBOPEHi 3 N PI3HUX €JIEMEHTIB Mo M
€JIEMEHTIB, sIK1 BIAPI3HAIOTHCS X04a O OJTHUM €JIEMEHTOM.

m_ n!
" mi(n—m)!

IIpu po3B’si3aHHI 3a/7a4 KOMOIHATOPUKH BHUKOPHUCTOBYIOTH HACTYITHI
npaBuia:

IIpasuno cymu. Slkmo 00’ ekt A Moxe OyTH oOpaHUM 13 CYKYITHOCTI
00’ekTiB M crnocobamu, a IiHImMHUHA 00’ekT B Moxke OyTtu oOpaHuii n
criocobamu, To 06paTu abo A4, a6o B MOKIMBO M-+N criocobamu.

IIpasuno 0o6ymxky. ko 06’ exT A Mmoxke OyTH oOpaHUil 13 CYKyITHOCTI
00’€kTiB M croco0aMu 1 Mpy KOKHOMY TaKoMy BHOOpPi 00’ €KT B Moxe Oytu

oOpanuit N ciocobamu, To napa (4,B) Mmoxe Oyt oOpaHa M- N crocobamu.
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1.3 TI'eomeTpu4Hi imoBipHOCTI

[Ipunyctumo, mo Biapizok | € wactuHoro Biapizka L. Ha Binpizok L
JOBIIBHO MOCTABUIIM TOYKY. SIKIIO MPUITYCTUTH, IO IMOBIPHICTH MO aHHS
TOYKHM Ha BIJIPi30K | mporopiiitHa JOBXKHUHI LIOT'O BIAPI3KA M HE 3aJIEKUTh
BiJl MOro po3TamryBaHHS BIIHOCHO Bipi3Ky L, TO IMOBIpHICTH MOMaJaHHSA
TOUYKH Ha BIAP130K | BUBHAUAETHCA, K

P Josxunall

Josxxuna L '

[Ipunyctumo, 1o miocka ¢irypa g € yacTuHO 1iockoi ¢pirypu G. Ha
¢irypy G HaBMaHHS MMOCTaBWJIM TOYKY. SIKIIO MPUIYCTUTH, IO IMOBIPHICTH
MOMAa/laHHd TOYKKM Ha QIrypy g mNpomnopiiiiHa TuioniuHi 1miei Girypu i He
3alleXuTh H1 BiA ii posramryBaHHa BigHocHOo G, HI Big dopmu g, TO
IMOBIPHICTh TIOTIAAAHHS TOYKU Y (Irypy g BUSHAYAETHCS, SIK

P [nomuna ¢

[nomunua G
AHAJIOTIYHO  BHU3HAYAETHCS  IMOBIPHICTH  IOMAJAaHHS TOYKH Y
IPOCTOPOBY Irypy Vv, sika € YaCTHHOIO Qirypu V:

p_ O0'emV
06'emV'
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2 OCHOBHI TEOPEMHA

2.1 Teopema goxaBaHHA iMOBIpHOCTEH

Cymoro A+B 0eox nooiu A 1 B € nopis, sika nossrae y nosisi abo noxii
A, a6o noxii B, abo 06ox mux moxiil. SAkmo A i1 B "HecymicHi, To A+B —
OIS, sSIKa CKJIAJIA€ThCA 3 MOSBU OY/b-SKOT OJTHIET 3 IIUX TO1H.

Cymoro Oekinbkox nooiil HA3UBAIOTH TMOJ1I0, KA TOJIATa€ y MOsBI X0ua
0 oaHIET 3 UX ITOIH.

Teopema. IMOBIpHICTh MOSABH OJHIET 3 ABOX HECYMICHUX MOJ1M, Oyib-
AKOI, OPIBHIOE CyMi IMOBIPHOCTEH ITMX MOIi:

P(A+B)=P(A)+P(B).

Teopema. Cyma imoBipHOCTeM momiit Aq,A,,...,A,, 10 CKIANAIOTh
MOBHY TPYNY, TOPIBHIOE OJIMHMIII:

P(A))+P(Ay)+..+P(A,) =1

Ilpomunesxcnumu € Bl €IUHO MOXJIUBI TOJll, SIKI YTBOPIOIOTH MOBHY
rpymy.

Teopema. Cyma IMOBIpHOCTEH TPOTHUIICKHUX TIOAINA JOPIBHIOE
OJTUHUIL:

P(A)+P(A) =1.

2.2 TeopeMa MHO:KeHHsI iIMOBipHOCTeH

Jlobymkom 0sox nooiti A 1 B € monis AB, sika monsirae y cymicHIA
MOsIBl IUX TOMIA. /{oOymkom OeKintbkox noodiil € TOJif, IO IOJISTaeE Y
CYMICHIH TIOSIBI BCIX ITUX MOJIIH.

Vmoenoro imosipnicmio P (B) HasuBaroTh iMmoBipHicT momii B,
po3paxoBaHy IIPU YMOBI, 110 MOJis A BXe BimOynack. YMOBHY IMOBIpHICTh

MO’KHA pO3paxyBaTH HACTYITHUM YHHOM:

Po(B)=P(AB)/P(A) (P(A)>D0).

19



Teopema. IMOBIPHICTP CyMICHOi MOSIBM JBOX MOJIA € J00YTKOM
IMOBIPHOCT1 OJIHI€I 3 HMX Ha YMOBHY IMOBIPHICTb IHIIOi, pO3paxOBaHy 3a
YMOBH, 1110 TIepIIa MO/l BXKe B1A0ynach:

P(AB) = P(A)PA(B).

BucHoBoOK. IMOBiIpHICTh CyMICHOT OSIBU JEKIIBKOX MOJIA N TOPIBHIOE
N00yTKY IMOBIPHOCTI OAHIET 3 HUX HA YMOBHI IMOBIPHOCT1 YCIX IHIIMX, IIPU
YOMY IMOBIPHICTh KOXHOI HACTYIHOI MOJIIi pO3paxOBYETHCSA 32 YMOBH, IO
BC1 MMOTepe/IH1 MO1i BXKe BIAOYIUCH:

P(AAAz..Ay) =P(A)Ps (A2)Paa, (A3)..Paa,..a, , (An),

ne Paa,. A  (Ag)- imosipricts moxii A,, po3paxoBaHoi 3a yMOBH,
mo noaii A, A, A,,...,A,, BIIOYIUCE.

Ilooiss B € nesaneosicrnoro Big nodii A, sSxio mosiBa noaii A He 3MIHIO€E
iMOBIpHOCTI oAl B, To6TO SKIIO0 yMOBHA iIMOBIpHICTh MoAli B mopiBHIOE i
0e3yMOBHIM IMOBIPHOCTI:

PA(B) =P(B).

Omxe, skuo noxais B He 3amexuth Big moaii A, To @ moxmis A He
3aJIeKUTh BiA mojii B; 1ie o3Hayae, 1m0 BIACTUBICTh HE3AJIEKHOCTI MOMIH €
B3a€MHOIO.

JIB1 o111 HA3UBAIOTh HE3ANEHCHUMU, SIKIIO IMOBIPHICTD X CITOTyYCHHS
TOpiBHIOE A00YTKY IMOBIDHOCTEH ITMX IIOAiH; 1HAKIIEe TOdii HAa3WBAIOThH
3anexcHumu. JIeKiabKa TOJIA HA3UBAIOTh HONAPHO HE3ANEeHCHUMU, SIKIIO
KOXKHI JIBI 3 HHMX He3allexkHi. JIeKiIbKa MO HA3WBAIOTh He3AIeHCHUMU Y
cykynHocmi (200 HezanedcHumu), SKIIO HE3aJeKHI KOXKHI JIBI 3 HUX 1
He3aJIe)KH] KOXKHA OIS 1 BC1 MOXKIIMBI JOOYTKH 1HIITHX.

BucHoBOK. IMOBIpHICTP CYMICHOI TOSIBH TOMiA, HE3aJICKHUX Y
CYKYIHOCTI, JOPIBHIOE TOOYTKY IUX TIOJTIM:

P(AJA,...A,) =P(A)P(A,)..P(A,).

Mpumirka. Sxmo moxii Aq,A,,...,A,, HE3QJIEeKHI y CyKyITHOCTI, TO H

HOPOTUIIEKHI iM moaii Aq, A,,...,A, TaKOX HE3aJIEXKH] y CyKyITHOCTI.
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2.3 BUCHOBKHM 3 TeOpeM MHOKEHHS i J00YTKY

JIBi moxil Ha3WBAaIOTh CYMICHUMU, SKIIO TOSBA ONHIET 3 HUX HE
BUKIJIIOYAE MOSIBU 1HILIOT B OJJTHOMY BUIIPOOYBaHHI.

Teopema. IMOBIpHICTh MOSABU X04ya O OJHIET 3 JBOX CYMICHUX IOJIH
JIOPIBHIOE CYyM1 IMOBIPHOCTEH IIUX MOJ1M O3 IMOBIPHOCTI iX CYMICHOT NOSIBU:

P(A+B)=P(A)+P(B)-P(AB).

Teopema. IMoBipHICTh TIOAIT A, sIKa MOX€ BIAOYTHCH JIMIIIE 32 YMOBH
NosIBU OJHIET 3 HecyMicHMX moaid By, B,,...,B,, gkl cTBOpIOIOTH MOBHY
rpyny, JAOPIBHIOE CyMil JOOYTKIB IMOBIPHOCTEH KOXXHOI 3 IIMX MO Ha
BIJIMOBIHY YMOBHY IMOBIPHICTb MO1T A

P(A) = P(Bl)PBl (A) + P(BZ)PB2 (A)+...+ P(Bn)PBn (A).

Lle piBHSIHHS Ha3UBAIOTh POPMYI0I0 NOBHOI IMOBIPHOCII.

®opmyaa beiieca. Skmio nmoaist A Moxe BiIOYTHCH JUIIE 32 YMOBU

MOSIBU OJHIET 3 HECyMICHMX ToAaiil (rimore3) B,,B,,..,B,, SKi CKIaIal0Th

no
MOBHY T'PYITY MOJIiH, TO MIiCJS MOSBH MOAII A, TO IMOBIPHOCTI T'IIOTe3 MOXKHA
BHU3HAYMUTH 3a popmysiamu betieca:

P,(B,)= P(B"]j('j’j 4 iciam)

ne P(A)=P(B,) Py (A)+P(By) Py (A)+...+ P(B,) Py (A).

2.4 IloBTOpennss BumnpoOyBanb. Popmyaa bepnyJii.

Sxmo BimOyBarOThCS BUNPOOYBAaHHS, MPH SKUX IMOBIPHICTH TOSBH
momii A y KO)XHOMY BUINPOOYBaHHI HE 3aJICKWTH BiJl PE3yJbTATIB IHIIAX
BUNIPOOYBaHb, TO TakKi BUMPOOYBAaHHS HA3WBAIOTH HE3ANEHCHUMU BITHOCHO
momii A.

Teopema. IMmoBipHiCTH TOSIBM xoua O opHiei 3 momid A,A,,. A,

HE3aJIe)KHUX B CYKYITHOCTI, JOPIBHIOE PI3HUIIl TOMIXK OJIMHUIEIO 1 1OOYTKOM

IMOBIpHOCTEH MPOTUIEKHUX HOIIH Ar, Az,..., An
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P(A)=1-P(AA,..A ).

Sxmo noxii A, A,,...,A, MalOTh OJJHAKOBY IMOBIPHICTb, IO JOPIBHIOE
p, TO IMOBIPHICTH MOSBHM Xoua O OJHIET 3 IUX MOJIM OOYUCTIOETHCS 3a
dbopmyoro:

P(A)=1-(-p)

®opmyna bepnynni. IMOBIpHICTE TOro, MmO Y N HE3aIEKHUX
BUIIPOOYBAHHAX, y KOXXHOMY 3 SIKMX IMOBIPHICTb MOSIBU MOl JOPIBHIOE
p(0<p<1),nonisa BinOyzaetbcs k paziB (y Oyab-sKii TOCIITOBHOCTI), TOPIBHIOE

P,(k)=Clp*q"™,

abo

n! k n—k
P(k)=——— ,
QST
ne g=1-p.
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3 JMCKPETHI BUIIAIKOBI BEJIMUNHHU

Jluckpemnoro Ha3UBaIOTh BUNAJAKOBY BEIUYHMHY, MOXJIMBI 3HAYEHHS
AKOT — OKpeMI 130JIbOBaH1 Yucia, sIK1 1 BeIMYMHA NMpUMae 3 BU3HAYEHUMU
HMOBIPHOCTSIMH. 3aKOHOM pO3n00iny ITUCKPETHOI BUMAAKOBOI BEJIWYUHU
HA3MBAIOTh MEPENiK 11 MOKIMBUX 3HAYEHB 1 BIAMOBIIHUX HUM MMOBIPHOCTEH.
3aK0oH PpO3MOJIUTY MOXKHA 3aJaBaTh y BUIJISAAl TaONuWIll, aHAJITUYHUM Ta
rpadiuaum  crocobamu. [l BUpakeHHA TpadiuHUM  crocoOoMm Y
OPSIMOKYTHIM cUCTEeMI KOOpJIUHAT CTPOSITh Kparku
M;(X1;P1), Mo (X55P2),. My (XpiP,) ( X; - MoxiuBi  3HaueHHs X,

P; —BIAMOBIAHI IMOBIPHOCTI), $KI TMOEAHYIOTh BIJpI3KAMU  MPSMUX.

OTtpumany irypy Ha3UBaIOTh OA2aAMOKYMHUKOM PO3NOOLLY.

biHOMiaJlbHUM Ha3WBaIOTh 3aKOH PO3IMOALTY JUCKPETHOI BUIAJIKOBOT
BETMYMHU X- KUIBKOCTI MOSB MOJIl y N HE3ICKHUX BUMPOOYBAHHAX, Y
KOXXHOMY 3 SIKHX IMOBIPHICTh TOSIBH TOAii — p. IMOBIPHICTH MOKJIUBOTO
3HaueHHS X=K (KUIpKOcTi k mMOsSB mofii) po3paxoBYIOTh 3a (HOPMYJIOH0
bepnymmi. SIkmo Benwka KUIBKICTh BHIPOOYBaHb, a IMOBIPHICTH 3 TIOSIBU
noJii y KO)KHOMY BHIIPOOYBaHHI Ay’Ke Masa, TO BAKOPHUCTOBYIOTh MPUOJIHU3HY
dopmyiry

P. (k) =2e ™" /K1,

ne k — KimpKIiCTh TOSIB MOAIi y n BUMPOOYBaHHSX, A =Np (cepemaHs
KUTBKICTh TOSIB TOJIA Y n BHUMPOOYBaHHSX), 1 KaXXyTh, IO BHUIIAJKOBA

BCINYHNHA po3n0z[ineHa 3a 3aKOHOM Hyaccona.

3.1 HaiinpocTimuii noTik moaii

[ToTokOM TOMTi¥ HA3WBAIOTH MOCTIJOBHICTH TOIIH, SIKi BiTOYBAIOTHCS Yy

BI/IHaI[KOBi MOMCHTH 4acy.
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Haiinpocrimmii  (MyacCOHIBCbKMI) MOTIK Ma€ Taki BJIACTUBOCTI:
CMayioHapHicms, 8i0CYmHicmy nicasA0ii ma opoOUHApHiCMb.

Cmayionapnicme O3Ha4ae, 110 3 IUJIMHOM 4Yacy IMOBIPHICHI
XapaKTePUCTUKU TOTOKY He 3MIiHIOIOThCA. CTalioHapHICTh  TMOTOKY
PIBHOCHJIBHA TIOCTIMHIN HIUILHOCTI IMOBIPHOCTI MOSIBU MOJIA B OyAb-IKUU
MOMEHT Yacy, IHaKIle Kaxydd, JUIsl CTalllOHApHOTO MOTOKY IMOBIPHICTb
nosBu K moii 3a MpOMiKOK JTOBKHUHOK Af 3aJI€KUTh TUIBKH BiJ BEIUYHHN
OPOMDKKY 1 HE 3aJIeXKUTh B1J] 1Oro po3TairyBaHHs Ha BIC1 4acy.

Biocymnicme  nicnaodii  o3Hadyae  HE3aJNEXKHICTh  IMOBIPHOCHHUX
XapaKTEePUCTHUK MOTOKY Bij momepeAHix momaiit. ToOTo, iMOBIpHICTH TosiBH K
BUKJIMKIB 32 MPOMDKOK [t1,t2] HE 3a/Ie)KUTh Bij MOSIBU MOA1H JO MOMEHTY 1.

Opounapricms O3HAYa€ TMPAKTUYHY HEMOXKJIUBICTH MOSIBU ABOX abo
OUIBIIIE TOJIN 32 OYIb-IKWM HECKIHUEHHO MaJIMM MPOMDKOK yacy At.

®opmyna Ilyaccona — iMOBIpHICTh TOsIBU Kk MOJiA HAWUIPOCTIMIOTO

IIOTOKY 3a 4ac t:

k -t
AT e
Py =" e
k!
ne A — IHTCHCHBHICTh IOTOKY - CEpeIHsS KUIBKICTh IOMIH, SKi

3’SIBJIAIOTHCS 32 OJIMHULIIO Yacy.

3.2 OCHOBHI XapaKTEePUCTHKH IUCKPETHUX BUINAJAKOBUX BeJIHYHH

Mamemamuunum O4iKy8aHHAM 8UNAOKOB0I 8eIUYUHU HA3UBAIOTh CYMY

N0OYTKIB YCIX 11 MOKJIMBUX 3HAYEHB HA iX IMOBIPHOCTI:
n
M(X) =X,P; + XD +.c X, Py = 2 X, ;-
i=1

MaremaTuyHe O4YiKyBaHHS OIHOMIaJIbHOTO PO3MOJUTY JOPIBHIOE
N00yTKy KUTBKOCTI BUTIPOOYyBaHb Ha IMOBIPHICTH TMOSBA TMOJIi B OJHOMY
BUNPOOYBaHHI:

M(X) = np.
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Jlucnepciero eunaokoeoi eenuuunu X

OUIKYBaHHS  KBajJpaT

MaTEMATHUYHOI' O OquYBaHH}II

BIIXWJIEHHS

Ha3WuBAaKOTb MAaTCMATHUYHC

BUIIAAKOBOI  BEJIWYMHHU Big 11

D(X) = M[X - M) [ =M(X)? - [M(X)[*.

Hucnepciss G1HOMIAJIBHOTO PO3MOALTY JOPIBHIOE AOOYTKY KUIBKOCTI

BUIIPOOYBaHb Ha
BUITPOOYBaHHI:

D(X) =npq.

IMOBIPHICTh TIOSIBU 1

HE TMOABU TIOAlI B OJHOMY

BnacTuBOCTI MareMaTMYHOTrO OYIKyBaHHA Ta JUCIEpcii HaBEIEHI Y

tabnu 1.1.

Tabnuus 1.1 - BracTUBOCTI MaTeMaTUYHOTO OYIKYBaHHS Ta AUCTEPCii

MaremMaTuuHe O‘IiKyBaHHSI

Hucnepcis

1. MaremaTuuHe OLIiKyBaHH}I KOHCTaHTH

1. Jlucmepciss KOHCTaHTH JIOPIBHIOE

JIOPIBHIOE caMiii KOHCTAHTI: HYJIIO:
M(C)=C D(C)=0
2. ITocTiiunii MHO>KHUK MO>KHA 2. IocTiiiHMIT MHOKHHUK MOJKHA
BUHOCUTH 32  3HAaK  MaTeMaTUYHOTO | BAHOCUTH 3a 3HAK JHUCIIEepCii, MONepeaHbO
OYIKyBaHHS: BO3BECTH HOT0 B KBajpar:

M(CX) = CM(X)

D(CX) =C?D(X)

4. MaremMatuyHe OYiKyBaHHS JOOYTKY
B3a€EMHO HE3QJICKHUX BUMAIKOBUX TOJIN
JIOPIBHIOE

T00yTKY MaTeMaTHIHUX

OYiKyBaHb MHOKHHUKIB:

M(X X5... %) = M(X;) - M(X,)...M(X,,)

3. Jlucmepcis cyMu He3aJIeKHHUX

BUITAJIKOBUX BEJIMYHWH JIOPIBHIOE CyMi

JUCTIepPCIH TOTaHKIB:
DXy + X, +...+ X)) =
=D(X;) +D(X5) +...4+ D(X})
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4. MareMaTuuHe OYIKYBaHHS CyMU
HE3aJIEKHUX BUIAIKOBUX BEJIMYUH
JIOPIBHIOE CyM1 MaTeMAaTHYHUX OYIKyBaHb
JOJTaHKIB:

M(OX; + X5 +...+ X)) =
=M(X;) + M(X5) +...+ M(X,,)

CepenHbO-KBaJ[paTUYHE BIIXWUJICHHS BUMAJKOBOi BEJIUYUHU € KOPIHBb

KBaIpaTHUH 3 TUCTIEPCIi:
o(X) =,/D(X).

3.3 TeopeTn4Hi MOMEHTH

Ilouamkosum momenmom TIOPSAAKY K BUMATKOBOT BEIMYMHU X
Ha3MBAaKOTh MAaTEMATUYHEC OIIiKyBaHHSI BCJIMYHNHHU Xk:
_ K
vV, =M(X").
[ToyaTkOBHIT MOMEHT MEPIIOTO TMOPSAKY TOPIBHIOE MATEMAaTHUYHOMY

OYIKyBaHHIO:

lenTpasibHUM MOMEHTOM mTOpsAAKY Kk BumagkoBoi BeanunHH X

. k.
HA3MBAIOTh MaTeMaTHYHE OuiKyBaHHs Bemmumun [X - M(X) [ :

k
mi = MX=MX)[*.
[lenTpasibHUIT MOMEHT MIEPIIOTO MOPSIAKY TOPIBHIOE HYIIO:
My = M[X - M(X)]=0.
LlenTpasibHUI MOMEHT JPYTOT0 MOPSAKY AOPIBHIOE TUCTIEPCIi:
2
1, =M[X = M(X)J = D(X).
[lenTpasibHI MOMEHTH 3pYYHO PO3PaXOBYBaTH BUKOPHUCTOBYIOUH
dbopMynH, SKi BUpaKarOTh IIEHTPATbHI MOMEHTH KPi3h TTOYATKOBI:
2
Mo =V —=Vyp,

g =V, —4v,Vs +6VEV, —3v;,
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4 ®YHKIII TA IMIJIBHICTh PO3NOALTY IMOBIPHOCTEMH
BUITAIKOBUX BEJIMUYUH

4.1 @yHkuii Ta WJIBHICTH IMOBIPHOCTE BUNIAIKOBUX BeJIUYHUH

@yuxyicto po3noodiny HazupalwTh (GyHKIIIO F(X), sika Bu3Ha4ae miis
KOXXHOT'O 3HaYE€HHs X IMOBIPHICTb TOTO, 1110 BUIAJKOBA BeJIMUMHA X MpUHMae
3HAYEHHS, MEHIIIE HIXK X, TOOTO

F(X)=P(X<Xx).

Uinvnicmes  po3nodiny imogipHocmeli HENEPEPBHOI  BUIMAJAKOBOI
BEJIMYMHU HA3UBAIOThH MEpIIy MoxXiaHy Bin GyHkIil posnoainy: f(X) = F'(X).

BrnactuBocTi (yHKINT po3moaiTy 1 HMIUTBHOCTI PO3MOJTY HaBEeJICHO B
Tabnuui 4.1.

Tabmuis 4.1 - BmactuBocTi GyHKINT po3MOALTY 1 IIUTBHOCTI PO3IOILTY

OyHKIIIST pO3MOLTY [inpHICTE pO3MOALTY
1. 3nayenns ¢QyHKIIi  po3monainy 1. [{inpHICTE PO3MOILTY
HaJIeXUTh BiIpizky [0;1]: noaaTHa (MO3UTHUBHA):
0<F(x) <1l f(x) > 0.
2. OyHKIIL ~ poO3MOALTYy —  He 2. HeBnacHuii iHTETpan BiA
youBaroua QyHKIIis: IIUTBHOCTI PO3MOJIUTY B MEXI Bij

F(X,) = F(X,), SKITO X, > X, | ~ 00 JO 00 JOPIBHIOE OJIMHUILI:

Tf(x)dx =1.

3. SIkmo Bcl MOXIIKMBI 3HAYEHHS
BHUIAIKOBOI BEIWYMHM X HajleXKaThb
MPOMIXKY (a,b), To

F(X)=0mpux<a; F(X) =1mpux>Db.

4. OyHKIST po3mOAUTy HemepepBHa
371iBa:
lim F(x)=F(xq).

xTX,
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4.2 XapaKkTepuCTHKH HellePePBHUX BUIIAAKOBUX BeJIMYHH

Mamemamuune ouiky8anHs HenepepeéHoi 6unadkosoi eeruduHu X,

MO>KJIMB1 3HAUEHHS SIKOi HaJleXaTh BCiil oci Ox, BABHAYAETHCS PIBHAHHSAM:

M(X) = Txf (x)dx,

ne f(x) — mMUIBHICTH PO3MOALUTY BUNAAKOBOI BETUYUHU X.

Sk1110 BC1 MOKJTMB1 3HAUEHHSI HAJIEXKATh 1HTEpBany (a,b), To
b

M(X) = [ xf (x)dx.
a

Mooow My(X) HemepepBHOT BUMAKOBOT BeMMYMHN X HA3MBAIOTh TE

il MOXKJTMBE 3HAUCHHS, SKOMY BI/IIOBiJIa€ JIOKAJTbHUH MaKCHMYM IIIUTBHOCTI
IMOBIpPHOCTI. SIKIIIO PO3MOJIJICHHST Ma€ JiBa OJHAKOBUX MaKCHUMYMH, TO HOTO
HA3UBAIOTh OIMOOAILHUM.

Menianoro M, (X) HemepepBHOT BUNAIKOBOI BEIMYMHHE X HA3WBAIOTh
Te 11 MOXKJTMBE 3HAYCHHSI, IKE BU3HAYAETHCS PIBHAHHSM:

PIX<M.(X)]=P[X>M,(X)].

['eoMeTprIHO MemiaHy MOJKHA TOSICHUTH SIK TOYKY B SKid OpJMHATa
f(X) AUATH TUTONTY HABITUI, TIKa 0OMEXXeHa KPUBOIO PO3IOILTY.

Jlucriepcisi HerepepBHOT BUMAIKOBOI BETMYMHU X, MOKJIMBI 3HAYCHHS

SAKOT HaJIeXaTh BCil oci Ox, BUBHAYAETHCS PIBHSIHHSIM:
0
D(X) = [[x = M(X)]*f (x)dx.
—00
Sx1o Bci MOKIIMBI 3HAUCHHS HaJIeXKaTh iHTEepBaiy (a,b), To

D(X) = ?[x — M(X)?f (x)dx.
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4.3 Buau posmoaginy iMOBIpHOCTEeHl HemepepBHUX BHIAJAKOBHX
BeJIMYUH

o Pignomipnum Ha3MBalOTh PO3MOILT
IMOBIPHOCTEW HEMEpPEepBHOI BUIAJIKOBOI BEJIUYUMHU X,
AKIIO Ha 1HTepBaidl (a,b), sskoMy HajexaTb BCl MOXKJIMBI

3Hau€HHA X, WIUIBHICTh 30epirae mocTiiHe 3HAa4YeHHs, a

came f(X) = bi; no3a intepBayiom f(x)=0.

o Hopmanvnum Ha3UBalOTh pO3MOALI
IMOBIPHOCTEW HEMEepepBHOI BUIAJKOBOI BETUYMHH X,
IUIBHICTH IKOTO MA€ BUTJIS:

_(x-a)?

e 2(52

f(x) =

1
1
o 2T
¢ a — MaTeMaTHYHe OYIKyBaHHS, G — CEPEaHBO-

KBaJpaTUYHE BiIXWICHHS X.
IMOBIpHICTH TOTO, IO X MpPUKMAE 3HAYEHHS, SIKI HaJIe)KaTh 1HTEPBATY

(o).
Pla<X<B)= CD(?) - q)(a_—aj’

(¢

X2

e O(x) = 2 gx- ¢ynukiis Jlamraca.

1 X
— e
N2my
IMOBIpHICTH TOTO, 110 a0COJIOTHA BETMYMHA BIAXMIY MEHIIA 32 YUCIIO
P(X -a|<3) =20(5/c).

[Tpun a=0:
P(X|<8) =20(5/c).
AcumeTpisi, eKcrec, Moja 1 MediaHa HOPMAJIBHOTO PO3MOALTY

BIIMIOBIJTHO JIOPIBHIOIOTH:

A, =0,E, =0,M,=a, M, =a, 1e a=M(X).
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o Excnonenmnum 3aKOHOM Ha3UBaIOTh
po3moAlT  IMOBIPHOCTEH  HENEpPEepBHOI  BUMAJAKOBOI
BEIMYMHM X, IIUTLHICTH SKOTO Ma€ BU/I:

0 mpux <0

f(x) =
re M pux >0,

7€ A — MOCTIiiHA NO3UTUBHA BEJTUYUHA.
@OyHKI[IS PO3NOJALUTY €eKCIOHEHTHOTO 3aKOHY:

0 npux <0
F(X) = X
1-e npu x > 0.
ImoBipHicTh MoOmNagaHHs B 1HTepBai (a,b) HemepepBHOI BUIAJKOBOI
BEJIMYMHM X, SIKa PO3MOUICHA 32 EKCIIOHEHTHUM 3aKOHOM:
Pla<X<b)=e™® _g™P,
MaremaTuyHe O4YiKyBaHHS, JHUCIIEpPCIi Ta CepeaHbO-KBaJIpaTUUHE

BIJIXUJICHHSI €KCITIOHEHTHOT'O PO3IOILTY BIAMOBITHO JOPIBHIOKOT:

M(X) =1/A, D(X) =1/22, 5(X) =1/2.
4.4 @ynkuisa HAXIHOCTI

TpuBamnicTe yacy 6€3BiIMOBHOT pOOOTH €lIEeMEHTa Ma€ €KCITOHEHTHUM
po3moaii, GyHKINS PO3NOAUTY SIKOTO:

FO) =P(T<t)=1-e™ (A >0),

BU3HAYa€ IMOBIPHICTh BIZIMOBH €JieMEHTa 3a 4ac t (A — IHTEHCHUBHICTb
BimMOB, T- TpuBamicTh 6€3B1IIMOBHOI POOOTH €JIIEMEHTA).

@yukyiero Haodiunocmi R(t) Ha3uBalOTh (QYHKINIO, SKa BU3HAYAE

IMOBIpHICTH 0€3BIIMOBHOT pOOOTH €IeMEeHTa 3a Jac t:

R(t) =e™.
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5 BUBIPKOBUII METO/]

5.1 CraTucTHYHMIA 32aKOH PO3MOALTY BUOIPKH
Hexail 13 reHepajibHOi CYKYNHOCTI B3STO BUOIpKY. I[lpu mpomy X

cnocrepiranu N, pas3, X, — N, pas, ..., X, — N, pas.
Bapianmom Ha3uBaeThCs 3HAYEHHS O3HAKU X, , 1110 CIIOCTEPIraeThCs.
Bapiayitinum psioom Ha3UBAETHCS TOCIIIOBHICTh BapiaHT, 3allMcaHa B
NOPSAJKY 3pOCTaHHs abo criajaHHs.
Bapianiitauii psg Mmoxxke OyTH TUCKPETHUM a00 HENEepEepPBHUM.
Yacmomoro Ha3UBAETHCS KUTBKICTh pa3, Ky CIIOCTEPIraloTh O3HAKY X; .
YacroTa o3HaKu X, IO3HAYAETHCA yepe3 ..

Bionocnow wacmomoro Ha3UBacTHCA BIAHOIIEHHS YacTOTH 10 00’ ema

BUOIpKH:

Cmamucmuynum  3aKOHOM — pO3noOily  6ubipku  Ha3HUBAETHCS
BIIMMOBIIHICTh MK 3HAYCHHSAMH JOCTIHPKYBAHOI O3HAKM Ta YacTOTaMH abo
BIJHOCHUMM YaCTOTaMH, 3 IKUMH 11 O3HAKa 3’ SIBIISIETHCS.

CraTtucTUYHUH 3aKOH PO3MOILUTY BUOIPKH MOXKHA 3a7aBaTH

— Ta0IHUIIElo,

— QHAJNITHYHO,

— rpadivHo.
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5.2TabauyHe 3aBJAHHS CTATHCTUYHOIO 3aKOHY PO3MOAiLY

BUOIpKH

TabnuyHe 3aBAaHHS CTATHCTMYHOIO 3aKOHY pO3MOAULY BHUOIPKHU
3MIACHIOETHCS 332 JIONOMOIOI0 TaONUIll, NEPIIUNA P SKOI MICTUTH MEpeItiK
O3HaK, L0 MpUHMAaE IOCIKyBaHa o3HaKa. Jlpyruil — BIANOBIIHI O3HAKaM

4acTOTHU a00 BITHOCHI YaCTOTH.

3ayBaXMMO, 10 VY BHIAJAKYy, KOJM JOCHIUKyBaHa O3HaKa €
HENEPEPBHOIO  BEJIMYMHOIO, CTAaTUCTUYHHI 3aKOH PO3MOJAUTY BHOIPKH

3aMUCYy€EThCs Y GOpMi PO3MOALUTY YACTUHHUX IHTEPBAIIIB.

X1 - Xz Xz - Xa Xk B Xk+1

5.3 EmnipuuHa (pyHKIisa po3noginy

Hexail BimoM#ii CTaTHCTMYHWUN PO3MOMLT YaCTOT KUIBKICHOT O3HAKH

[To3HaunMo uyepe3 N, YUCIIO BapiaHT, SKi MEHIII 3a 3HAUYEHHS O3HAKU

X, adepe3 N — 3arajibHe YHUCJIO CIIOCTEPEKECHD.
. . n, .
BinnocHa yactoTta moaii X < X gopiBHIOe —*. SIKIIO X 3MIHIOETHCH,
n

TO 3MIHIOETHCS 1 BiIHOCHA YacTtoTa. OTXKe, BITHOCHA YacTOTa € (PYHKIIIEIO Bij
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X . L1 yHKIIS 3HAXOUTHCS 3@ JOIMOMOT0I0 BUIPOOYBAaHHS 200 eMIIPUYHUM
(pO3paxyHKOBHM) IIJISIXOM, TOMY HAa3UBAETHCSI eMNIPUYHOIO (hYHKYICETO.

Emnipuunoro gynxyicto poznooiny HasuBaerbess GyHkiis F*(X), sxa

JUTSL KOYKHOTO 3HAYEHHSI X BU3HAuYa€ BIAIHOCHY YacTOTy mojii X < X:
« n
F (x)=—=%,
n

7e: N, — cyma 4acToT BapiaHT, 1[0 MEHIII 3a X ;

N — 00’ eM BUOIPKHU.

BaacTuBocTi eMunipu4Hol GyHKIiT po3noaity.

BaacruBicts 1. 3HadeHHs eMmipuyHOl (QYHKIII HAJIEKUTh BIJIPI3KY
[0:1].

Baacrusicts 2. F*(X) — He yOyTHa QyHKIIis.

Baacrusictes 3. Skmo X, — Haiimenmia Bapianta, To F(X)=0,
KO X < X i, -

Slkmo X, — HanOutema Bapianta, To F'(X)=1, skmo
X>X

max *

5.4 T'padiune 3aBOaHHS CTATHCTHYHOIO 3aKOHY PO3MOALTY

BHOIpKH

3 METOI HAOYHOCTI CTAaTUCTHYHHMM 3aKOH pO3MOJUTY 3adal0Th
rpadivuHO 3a JOTIOMOTOIO MOJIrOHA Ta T1ICTOTPaAMH.
Iloniconom yacmom HA3UBAETHCA JIaMaHA, BIAPI3KH SKOI MOETHYIOTH

TOYKH 3 KoopamHatamu (X;,N,), (X,,n,), ..., (X.,n,), Ae X, — BapiaHTH

BUOIpKHU, a N, — BIATIOBIIHI YaCTOTH.
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Pucynok 5.1 — Iloniron yacrot

Ilonieconom GiOHOCHUX uacmom HA3UBAETbCA JIaMaHA, BIAPI3KU SIKOT
MOETHYIOTh TOYKU 3 KoopauHatamu (X, W,), (X,,W,), ..., (X,,W,), oe X, —
BapiaHTH BUOIPKHU, a W, — BIIMOBIHI BITHOCHI YaCTOTH.

Skmo o3Haka po3MOJiieHa HENepepBHO, BECh IHTEPBaJ, B SKOMY
MICTATBCS BC1 CIIOCTEpPEKEHI 3HAUCHHS O3HAKH, pO30MBAIOTh Ha PsIa

YaCTHHHHUX IHTEPBaTIB JOBXHHU N =X, —X; 1 3HAXOAATH N, — CyMy 4acToT

BapiaHT, SKi MOTPAIWIH JI0 | -TO IHTEpBAIY.
Licmoepamoro wacmom Ha3UBAEThCA CTymiHYacta (dirypa, ska

CKJIAJIa€ThC 3 TMPSMOKYTHHKIB, OCHOBAMH SIKUX € YaCTHHHI IHTEPBAJIH

. . n.
JOBXXHNHOIO h , 4 BUCOTH JOP1BHIOOTH BIIHOIICHHIO FI .

BigHomenus F‘ HA3UBAETHCA WINbHICINIO YACMOMU.

. . n. .
[Tomia YaCTUHHOTO | -r0 MPSIMOKYTHHKA MOpiBHIOE h-—=n. — cymi
h I

4acTOT BapiaHT, IO MOTPANWIA JO |-ro iHTepBany. Ilmoma ricrorpamwu

94acTOT JOPIBHIOE CyMi BCiX 4acToT, TOOTO 00’ €My BHOIpKH N .

Hpuxaan. [loGyayBaTu rictorpaMmy 4acTOT BUOIPKH.
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Pucynok 5.2 — I'ictrorpama gactor

Licmoepamoro siOHOCHUX wacmom HA3UBAEThCA CTyHiHYacTa ¢irypa,

sKa CKJIAJIA€ThCS 3 MPSMOKYTHUKIB, OCHOBAMH SIKUX € YaCTHUHHI 1HTEPBAIH

. . W.
JOBKHHOIO N, a BUCOTH JOPIBHIOIOTH BiHOIIEHHIO —- .

h

BigHomeHus F‘ Ha3UBAETHCS WINIbHICMIO 8IOHOCHOI Yacmomu.

. . W.
[Imoma 4YacTUHHOrO 1-rO NPSMOKYTHHKA JOPIBHIOE h-W':Wi —

BITHOCHIA YacTOTI BapiaHT, MO MOTpamwid 10 |-ro iHTepBany. I[liomia
riCTOrpaM# BiTHOCHUX YacTOT JOPIBHIOE CyMi BCIX BITHOCHUX YacTOT, TOOTO
OJIMHHUII].

3ayBa)kMMO, 1[0 BHUPA3HICTh TICTOTPAMHU CYTTEBO 3aJICKUTHh Bij

00OpaHHS TOBKHHU N 4aCTHHHMX iHTEpBaJIiB.
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6 CTATUCTUYHI OUIHKHX TAPAMETPIB PO3IIOALTY

6.1 ToukoBi Ta iHTEepBaJIbHI OLIHKH

Cmamucmu4How OYiHKOW Hesi0oM020 napamempa meopemuiHo20
PpOo3n00iny HA3UBAETHCS (QYHKINS BiJl BUOIPKOBUX 3HA4YeHb (BapiaHT), sKa B
MIEBHOMY CTaTHCTUYHOMY CEHCI € OJM3BKOI JO CIPaBXHBOTO 3HAYCHHS
IILOTO TIapaMeTpa.

OTke, B3HAWTH CTAaTUCTUYHY OIIHKY HEBIJIOMOTO TMapaMmerpa
TEOPETUYHOTO PO3IMOALTY O3HAYa€ 3HAUTH (DYHKIIIIO BiJl BUOIPKOBUX 3HAYEHD,
sIKa J1a€ HaOJIM)KCHE 3HAYCHHSI HEBIJIOMOTO TTapameTpa.

VYci OIiHKY AUISTHCS Ha TOYKOBI 1 IHTEPBAJIBHI.

Touxo6010 HA3UBAETHCS OIIHKA, TKA BU3HAYAETHCS OJTHUM YHCIIOM.

InmepeanvHol0 HA3WBAETBCS OIlIHKA, SKa BHU3HAYAETHCA JBOMA
YUCJIaMU — IMOYATKOM 1 KIHIIEM 1HTEpBamy.

3ayBakuMoO, SKIIO BHOIpka Mae Majauii 00’€M, TO TOYKOBa OIlIHKA
3HAYHO BIJPI3HAETHCA BIJl TapameTpa, M0 OIIHIETHCSA, TOOTO Beae 0
3HAYHUX IMOXMOOK. TOYKOBI OITIHKM 3aCTOCOBYIOTHCS TOMI, KOIM 3a iX
JIOTIOMOTOI0 MOJKHA TIPOBECTH IIe 1 1HII PO3paxyHKH. TOUKOBI OIIIHKH HE
HecyTh 1HopMaIlii Tpo TOYHICTh KOHKPETHOI OIIHKUA. TOYHICTh 1 HAMINHICTh

OIIHKH JI03BOJISIIOTh BUSHAYHMTH 1HTEPBAJIbHI OIIHKH.

6.2 Bumoru 10 cTAaTHCTHYHHUX OLIHOK

[MosHauumo € OIIHKY JESKOTro TeOpeTHYHOro mapamerpa @. Skio

PO3TIIIHYTH BUOIPKOBI 3HA4YeHHS X, X,,..., X, SK peamizaimii BHUITaJKOBHX

n

BemuunH X, X,,..., X, 0 OTPUMAaJIM KOHKPETHI 3HAYEHHS B peE3yJbTaTi

ns
BUTIPOOYBaHb, TO MOKHA OIIHKY @ MpeAcTaBUTH (QYHKITI€IO BiJ BUMAAKOBHX
BemuarH X, X,,..., X

n-

0" = (X, X, X, ).
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Jlis Toro, mo0 cTaTUCTUYHA OLIHKAa JaBaja Ja00pe HaOIMKEeHHS
HEB1JIOMOT0 MapamMeTpa, BOHA Ma€ OyTH

— HE3MIIICHOIO,

— e(peKTUBHOIO,

— IPYHTOBHOIO.

Hesmiwenoro cmamucmuynoio oyinkoio @ HeBimoMmoro mapamerpa 6
HA3WBAETHCSI CTATUCTHYHA OIliHKA, MAaTEMAaTUYHE CIOJIIBaHHS SKOi JOPIBHIOE
napameTpy, IO OIIHIETHC:

M(@)=6.

B npotuBHOMY pasi, TOOTO KOJIH

M (@) =0,

TOYKOBA CTATHCTHYHA OIiHKa 6 HA3UBAEThCA 3MilyeHoi0 BiTHOCHO

napaMeTpa TeHepalbHOI CcykymHocTi 6. PisHuus |6 —6| Ha3uBaeThes

3MiujeHHAM CTATUCTHYHOI OLIHKY 6 .

Edexmusnoro cmamucmuunoro oyinkoio Hegi0oM020 napamempa
HA3WBAEThCS CTATUCTHUYHA OIlIHKA, KA TPHU 3aJaHOMY 00’eMi BHOIpKH Mae
HAMEHIITY MOXKIIUBY TUCTIEPCIFO.

Ipynmosnolo Ha3MBacThCA CTATUCTMYHA OLiHKAa, sgKa B  pasi
HEOOMEXKEHOTO 30UTBIICHHS 00CATYy BHUOIPKHM N —>00 HAOIMKAETBCA 10

OI[IHIOBAJILHOTO TIapameTpa €, a came:

lim P( 6" -0l<s)=1.

N—o0
3ayBaxuMo, 1110

1) orinka reHepanbHOIT CEPEeTHBOT BUOIPKOBOIO CEPEIHBOIO

nX +N,X, +...+N X Znixi
17 T T e T A i
n n

Xg =

€ HE3MIIIEHOIO 1 IPYHTOBHOIO, SKIIO BUOIpKa MOBTOPHA, 1 HE3MIIIEHOIO

JU1s1 0€3MOBTOPHOT BUOIPKH;
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2) B AKOCTI OI[IHKU T€HEpaJbHOI JAUCIEPCIi MpUIMAaIOTh BUMPABICHY

BUOIPKOBY JAMCHEPCIIO:
n
S?=—D;,
n-1 °
k N
2 =x)" _
D, == n = X; _[XB]Z'

s o1iHKa 3a10BOJIbHSIE YMOB1 HE3MIIIIEHHOCTI;
3) s OUIHKK CEePeIHbOKBAJPATUYHOIO BIIXUJICHHS TE€HEPaTbHOL
CYKYITHOCTI BUKOPHUCTOBYIOTh BHUIIpaBJeHE BUOIPKOBE CEPEIHHLOKBAIPATUYHE

BIJIXWJICHHS, SIKE JIOPIBHIOE KOPEHIO KBAJAPATHOMY 3 BUIIPABJICHOI TUCIIEepCli.

6.3 To4HICTh OLIHKH Ta JOBIPYMH iHTEpPBAJI

Hexait orpumana 3a 1anuMu BUOIpKH CTaTUCTUYHA XapaKTepucTuka 6

€ OIIIHKOI HeBijomoro mapamerpa €. Hexait 6 — mocrtiiiHe uuciio (BOHO
MOKe OYTH 1 BUIIQJIKOBOIO BEJIIMUMHOK). € THUM Kpallle BU3HAUYA€E MapaMeTp

€, yuM MeHIa aOCOIIOTHA BennduHa BiaxuieHHs |€—6 | . TooOrto, sakio

0>01|0-6 |<5, 10 ynMm MeHIIe § , THM OIliHKA TouHirra. OTke, JoAaTHE
YHUCIIO O XapaKTEPHU3YE MOUHICIb OYIHKU.

Haoitinicmio (0osipuoio imogipuicmio) oyinku 6 3a 6@ Ha3UBAEThCA

IMOBIPHICTB ¥, 3 IKOIO BUKOHY€THCS HEPIBHICTb
|0—-0 |<o.
3BHYaiiHO, HAAIMHICTh OIIHKKA 3Ja€ThCs Hamepena. B skocti

HaJITHOCTI O€pyTh YUCIO, OIU3BKE IO OJUHUILL.

Hexait Bimoma HamiliHICTh ¥, TaKa, 10
P(O0-6 <o) =y.

Toni

P(O -5<0<6 +6)=y.
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To6To imoBipHicTs Toro, mo intepan (6 —J;60 +0) wmicTuth
HEBIIOMUI apaMeTp €, JOPIBHIOE ¥ .
Jlogipuum inmepsanom HasuBaeThes iHTepBan (6 —0;60 +6), axuii

MOKPHUBAE HEBIJOMUI MapaMeTp 13 3a1aHOI0 HAAIMHICTIO ¥ .
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7 CTATUCTUYHA IIEPEBIPKA CTATUCTUYHUX I'TTIOTE3

7.1 CtaTucTUYHI rimore3u

Cmamucmuunoro  2inome3or)  HA3UBAEThCA TINOTE3a TPO  BHUI
HEBIJIOMOr0 po3moAuTy abo Mpo mapaMeTpu HEBIIOMHUX PO3MOJLIIB
reHepajibHOT CYKYIHOCTI, SIKa MEePEBIPAETHCS yepe3 BUOIPKY.

Ilpocmoro HaA3UBAETHCA CTATUCTUYHA TIMOTE3a, SKa MICTUTh TUIBKH
OJTHE TIPUITYIIICHHS.

Cknaonorn Ha3sHBAETHCA TINOTE3a, SIKA CKJIAJA€ThCd 3 CKIHYEHOTO abo
HECKIHYEHOTO YKCJIa MMPOCTUX TIIMOTE3.

Hynvogorw (ocHo6HOM0) HA3UBAIOTh BUCYHYTY Tinote3y H,.
Konkypyrouoro (anbmepnamusenoro) Ha3uBaeTbcs rinoresa H,, ska

CYNEepEeUnuTh HYJIbOBIH.

7.2 Ilomuaxku I Ta Il pony
Bucynyra rimoteza Moxke OyTH sIK BIpHOW, Tak 1 XuOHOw. s

nepeBipku  1i  TPaBUIBHOCTI BUKOPUCTOBYIOTh CTaTUCTHYHI JlaHi 1
CTaTUCTUYHI METOJI, TOMY IEPEBIPKY HA3UBAIOTh CIAMUCIUYHOIO).

OCKUTbKM BHCHOBOK TIPO TIPaBUJIBHICTH TINOTE3H POOUTHCA 3a
pe3yiabTaTaMi CKIHYeHOI BUOIPKH, TO 3aBXKIH ICHYE PU3UK NMPUUHATH XHOHE
pimenHs. [Ipu 1mpomMy B pe3ynbTari MEpeBIPKM MOXKYTb OyTH JOMYIIEHI
MTOMUJIKH JIBOX POJIiB.

Ilomunka nepwioco pody monsarae B TOMy, IO Oyae BiAXuicHa
mpaBwiIbHA Tinore3a. IMOBIPHICTP TOMWJIKK TEPIIOTO POAY HA3UBAIOTh
pisHem 3Hauywocmi 1 TTIO3HAYAIOTh . 3ayBaXKUMO, 10 HAWYACTIIIE PiBEHb
3HauymocTi npuitmae 3aadeHHs 0.01 a6o 0.05.

Ilomunka opyeoeco poody monsrae B ToMy, 10 OyAe MNpUMHATA

HEMpaBWIbHA TiMoTe3a. IMOBIPHICTH TOMIIIKH APYTOTO POY MO3HAYAOTH /3.

Bipue pinienHst Moxe OyTU NPUUHSITE TAKOXK B IBOX BUMAIKAX:
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— rinores3a NpUiMaeThCs 1 BOHA IHCHO MpaBUIIbHA,

— TifnoTe3a BIAXWISETHCA 1 BOHA 1MCHO HEBIpHA.

7.3 CtaTUCTUYHHMHA KPpUTEPiil nmepeBipKH rimores
Jlns mepeBipkM HYJIBbOBOi TINMOTE3M BUKOPUCTOBYIOTH CIEIIAIBLHO

niAi0paHy BHUMAJKOBY BEJIMYMHY, TOYHUNA ab0 HaOIMXKEHMH pPO3MOAUT SIKOi
BiJIOMUH.

Cmamucmuunum  Kpumepiem (cmamucmuxo)  Ha3UBAETHCS
BUTIaKOBa BenmunHa K, sika BUKOPHUCTOBYETHCS IS TIEPEBIPKU HYJIBOBOI
TiNOTe3HU 1 3aKOH PO3IMOALTY SIKOi BIIOMMUIA.

JIIsi  KOKHOTO KOHKPETHOTO BHIAJAKy BenwunHa K cremianbHo
migOMpaeThCsl 1 MOXKE TO3HauvaTucs pizHuUMHU Jitepamu: U abo Z nnus
HOpMaJIbHOTO po3noaity, F nms 3akony dimepa-CHenexopa, K s 3akony
KomMmoroposa i T.1.

Jlns  mepeBipkd TIMOTE3W 3a JIAHUMHU BHUOIPKM  OOYMCIIIOIOTH
criocTepeKyBaHe 3HaYCHHS! KPUTEPIIO.

Cnocmepedicysanum  (emnipuunum) 3navenusim kpumepito K

cnocm

HA3WBAETHCS 3HAUYCHHS KPUTEPi0, 00UHCIICHE 32 TaHUMHU BUOIPKH.

Kpumuunoro obracmio Ha3uBaeThCs CYKYMIHICTh 3HAUYCHBb KPHUTEPIiIO, 32
SIKUX HYJIBOBY TIMTOTE3Y BIIXUJISIOTb.

Obaacmio npuiinamms 2inomesu (001acmio 0ONYCMUMUX 3HAYEHD)
HA3MBAETHCS CYKYIMHICTh 3HAYCHBb KPUTEPIIO, 32 AKUX TOTE3y MPUHMAIOTh.

OcHOBHULL NPpUHYUN NepesipKu  CMAMUCMUYHUX 2inomes: SKIIO0
CIIOCTEpEKYyBaHE 3HAUCHHA KPUTEPII0 HAICKUTh KPUTHYHIN 00JacTi, TO
HYJIbOBY TINOTE3y BIIXWISIOTH; SKIIO CIIOCTEPEKYBAHE 3HAUCHHS KPUTEPIrO
HAJIC)KUTh 00JIACTI IPUHHATTS TIIIOTE3H, TO TITOTE3y MPUUMAIOTh.

Kpumuunumu mouxamu K, Ha3MBalOTh TOYKH, AKi BiJIOKPEMIIIOIOTH

KPUTUYHY 00JIacTh BiJl 00J1aCTI MPUUHSITTS TIIOTE3U.
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7.4 Kpurepiii ®imepa-CHenexopa
3a 1BOMa He3aJeKHUMU BHOIpKamu, 00’ eMH SIKHX N, 1 N,, BUOpaHUM 3

HOPMAJIbHUX TIEHEpPAIbHUX CYKYyHNHOCTEH, OylinM 3Hai/IeH] BHIIPaBJIEHI
BubipKoBi aucnepcii s> i Si. Heo0xiaHO MOpiBHATH L1 JUcCHEpCii.

IpaBuao 1. J{na Toro, mo6 npu 3aaHOMy piBHI 3HAUYIIOCTI «
nepeBipuTH HYIp0BY rinmotesy H,: D(X)=D(Y) npo piBHICTh TeHepalbHIX
JUCHEPCii HOPMAJIbHUX CYKYIHOCTEH TMpU KOHKypyrouid rimore3i H,:
D(X) > D(Y), HEOOXiTHO OOYUCIUTH CIIOCTEPESIKYBAHE 3HAYCHHS KPUTEPIIO

(BiTHOIIIEHHS OLIBIIOT BUMIPABIICHOT TUCTIEPCIT 10 MEHIIIO1)

cnocm

m|cn
=2 NS N

1 B TabiuIl KpUTUYHUX TOouok posnoaity Dimepa-CHenexopa 3a

3aJJaHMM pPIBHEM 3HAUYYNIOCTI ¢ 1 4YMCiIaM cTeneHiB cBoboau K, =n, —1,
k, =n, -1 (k, — uucno creneHiB cB00OOAM OLIBIIOT BUIIPABICHOI TUCTIEPCil),
3Halitn kputnuny Touky F(a,k,k,).

Sxmo F

cnocm

< F,, HEMa MiICTaB BIIXUIIATH HYJIBOBY TilIOTESY.

Sxmo F

cnocm

> F,, HyJIbOBY TiNOTE3Y BIIXUIIAOTD.

IpaBudo 2. [pu xoukypyrodiit rimore3i H,: D(X) = D(Y) xpuruuny
touky F,(a/2,k;,K,) mykaroTe 3a pisHeM 3HauymocTi o/2 i uncmam
crereHiB cBobomu kK, Kk, (k, — wumcio creneHiB cBoOOAM OiMbIIOT
BUIIPABIICHOT IHCTIEPCii).

Sxmo F

cnocm

< FKp HCMa I11ICTAaB BIAXWIATH HYJIBOBY I'lIIOTC3Y.

Sxmo F

cnocm

> F,,, HyJIbOBY TINOTE3Y BIIXUIIAKOTD.

IMpukaan. 3a n1BoMa He3alneKHUMHU BHOIpkamu, 00’emu sikux N, =11 i
n, =14, BuIydeHHX 3 HOPMAJIbHUX TEHEPATBbHUX CyKymHocTed X 1 Y,
3Haiieni BunpasieHi BuGipkoBi gucmepcii S5 =0,76 i s{ =0,38. [Ipu piewi
snauymocti o = 0,05, nepeBiputu HynpoBy rimoresy H,: D(X)=D(Y) mpo
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PIBHICTh T'€HEpaJIbHUX JUCHEpCiii, Npu KOHKypyrouuil rimore3i H,:
D(X)>D(Y).
Po3B’sa130k. 3HaiiieMO BIAHOLIEHHS OUIBIIOI BUIPABIEHOI IUCIEPCIi
J10 MEHIIIOI:
_076 _,
cnoem = () 3g
B Tabmumi kputuyHuUX TOYOK posnoauty dDimepa-CHenekopa, 3a

piBHem 3Hauymocti o =0,05 1 uncnam creneniB cBobomu k, =11-1=10,
k, =14 —1=13 3HaxX0AMMO KPUTUYHY TOUKY
F, (0,05;10;13) = 2,67 .

Ockimekn F,  <F — BHUOIPKOBI  BHUIIpaBJ€HI JAHcCHepcii

cnocm Kp

BIJPI3HSAIOTHCS HE3HAYHO.

7.5 Kpurepiii 3rogu Ilipcona
Kpurepiit 3rogu IlipcoHa He MOBOAUTH CIIPaBEJIUBICTH TIMOTE3H, a

TUTBKM Ha TPUHHATOMY PIBHI 3HAUYIIOCTI, BCTAHOBIIIOE ii 3TiHICTH a00 HE
3TIHICTH 3 JAHUMH CIIOCTEPEIKCHD.

3a kpurepiem IlipcoHa mnepeBipslOTH TIMOTE3y MNP0 HOPMAIbHUMN
PO3MOT TeHEePATbHOT CYKYMHOCTI. JJIT IIbOTO BUKOPUCTOBYIOTH eMMipuHi
(cmocrepexxyBani) 1 meopemuuni (OOYHCIEHI Yy 3B’SI3Ky 3 TIMOTE3010 MPO
HOPMAaJILHUW PO3MOJILT) Yacmomu.

Hexait 3 reHepasibHOi CYKYMHOCTI B3SITO BHOIpKY 1 CKJIaA€HO ii

CTATUCTHUYHUM 3aKOH PO3MOLTY

Heo6xiaHo, BukopuctoByroun kputepiit [lipcona nepeBiputu rinoresy

po Te, M0 TeHepalbHa CYKYIMHICTh X PO3MOJUICHa HOPMATBHHO.
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Jns toro, mo0 mpW 3aJaHOMY pIBHI 3HAYYLIOCTI «, NEPEBIPUTH
rinoTe3y Mpo HOPMaJIbHUM PO3MOALT F€eHEPAIbHOT CYKYITHOCT1, HEOOXITHO:
1. O6uucnuTu 6e3nocepeHbO (MPU MAJIOMY YHUCI1 CIIOCTEPEIKEHB) a00

CIIPOILIEHUM METOJOM (IIPU BEIUKIN KUIBKOCTI CIIOCTEPEKEHB), HAPUKIA,
MeToaoM JOOyTKIB a0o cyMm, BHOIPDKOBY CEpelHI0O X; 1 BHOIPKOBE
CepeHbOKBAIPATUYHE BIAXUIIEHHS O .

2. O0YUCAUTH TEOPETUYHI YACTOTH

, nh
n=—-o(;),

Op

ae N — 00’em BuOIpkU (CyMa Bcix 4actoT), h — kpok (pi3HUIS MiXK

. . . Xl - XB 1 _u2/2
JBOMa CyCiIHIMH BapiaHTamu), U, = ——, p(U) =——e" '°.
Op N2m

3. TlopiBHATM eMmmipu4yHI 1 TEOPETUYHI YACTOTH 3a JIONOMOIOI0
kputepiro Ilipcona. Jns mporo:

a) OOUHUCIIOIOTH CIIOCTEPEKYBaHE 3HAUEHHS KPUTEPIIO

"2
2 _ Z (ni — ni) .
chocm - ny '

|

0) 3a TabNMIIEI0 KPUTHYHMX TOUOK PO3HOALTY y° 3a 3aJaHUM piBHEM
3HAYYIIOCTI @ Ta YMCIOM CTerneHiB cBoboau K=S—3 (S — uwmcno rpym y

. . 2
BUOIPILi) 3HAXOJATH KPUTHYHY TOUKY ¥, (¢, K).
2 2 . . .

Ao ¥lpem <X, — HEMAE TMINCTAB BIIXWINTH TiNOTE3y MPO

HOPMAaJIbHUW PO3MOJIUT T€HEPATIbHOT CYKYITHOCTI, TOMY ii PUIMAIOTh.
2 2 . .
AKWO %00 > X,y — TIIOTE3Y BIIXUIISIOTH.

Ipukaan. BuxopucroBytoun kputepii Ilipcona, mpu piBHI
3HauymocTi 0,05, mepeBipuTH, YU y3rOoIKYEThCA TINOTE3a MPO HOPMAJIbHUM
PO3MOMIUT TEHEPaIbHOI CYKYIMHOCTI X 3 €MITPUYHUM PO3IMOALIOM BHOIPKH

06’emy N=200.
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5 6 |5 |06 |1 |4 |0 |3

: 2
Po3B’si30k. O0YHMCIMMO CIIOCTEPEIKYBAHE 3HAYEHHA KPUTEPIIO . . .

JIJist IbOTO CKIIaJIEMO PO3PAXYHKOBY TAOIMIIIO:

’ (n'_n")z
n-n (n+n)> ——
(I I) nlr
- 34
3,8
5 |1 5,9 ,81
9 90
3,6
6 |65 |5 25
— 0’
0,0
5 |53 |03 09
— 4’
0,1
0 20 |20 00
- 62
1,9
6 139 |79 41
. 77
2,3
1 (98 |88 44
2 4,
0,2
4 (20 |,0 00
6 42
3,0
0 |35 |5 25
6 36
5,1
31,0 ,0 ,00
2 lcznocmzzo’o
00
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Otpumamu y’,  =20,0.

OOYHCITIOEMO YHCIIO cTeneHiB cBoboan K =5—-3=9-3=6.

3a Tabmuuero posnoniny y° mykaemo g, (o, k) = x. (0,05,6) =12,6.
Ockinbku — y2, > ;(fp, rinoTesy 0po HOPMalIbHUHA  PO3MOALI

reHepajibHOT CYKYMHOCTI BIIXUJISIEMO.
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