AHannTu4yeckne MeToabl OLEHKN HaJeXHOCTU
NC

[Noa aHanNnUTUYeCKNM uccrneaoBaHNEM HaaEeXXHOCTU HEKOTOPOW
CUCTEMbI MOHMMAIOT pacyeT ee HaJeXHOCTU Ha OCHOBE JaHHbIX O
HaEeXHOCTU KOMMOHEHTOB, CTPYKTYpE, YCIOBUSIX
PYHKLMOHNPOBAHUSA N PEXNME 0OCNYKUBAHUS.

MeToabl OLIEHKM HAZEXXHOCTU CNOXHbIX CUCTEM MOTYT ObIThb
cBefeHbl B 3 rpynnbi:

1. mMeToabl, Gasupyollnecsa Ha annapaTe KIacCU4YecKon Teopuu
BEPOSATHOCTMU;

2. MeToAbl, ucnonb3ylwme annapat Teopun MapKOBCKUX WU
MONyMapKOBCKUX NPOLIECCOB;

3. MeToAbl, OCHOBaHHble Ha annapaTte Teopun YHKLMM
CrnyYalHbIX apryMeHTOB.



MeToAbl, ba3upylomMmecsa Ha annapare
Kflaccu4eCcKkom Teopumn BEPOSATHOCTU

Npadho-BepOATHOCTHLIN METOA, OCHOBaH Ha MCMNONb30BaHMK rpadoB
ONa  HarnsgHoro OoTobpaXeHMa BO3MOXHbIX MyTEN pasBUTUSA
COCTOSIHUM cuctembl. [logobHbIn rpad sABNSAETCS OPUEHTUPOBAHHbLIM,
ero HasblBalT 0epesoM JlI02UYECKUX 803MOXHocmeu. B ero ysnax
YKa3blBalOTCA COCTOSAHMA CUCTEMbI, a Ha pebpax — BEPOATHOCTU
COOTBETCTBYHOLUMX NEPEexonoB, B pe3ynbrate 4Yero nonyyaercs
pa3MeyeHHbIN rpad.

Y3en, C¢ KOTOpPOro Ha4yuMHaeTca MNOCTpoeHue rpadpa, HasbliBaeTCH
HayalrlbHbIM.  Tpaekmopuel  HEKOTOPOro  y3/sia  Ha3blBaeTCs
COBOKYMHOCTb pebep, CoeanHSAIWMX AaHHbIN Y3€en C HaYasribHbIM.
BepossmHocmb 0oCcmuXXeHUSI HEKOTOPOro y3s1a rpada paBHa cymme
BEPOATHOCTEN BCEX €0 TPAEKTOPUN.

BeposmHocmb mpaeKkmopuu paBHa NPOU3BELEHUID BEPOATHOCTEU
BCEX BXOOSALLNX B HEE pebep.



Jlornko-BepoATHOCTHbLIN MeTopA, NpeactasnsaeT cobon obbeanHeHne
TEOPETUKO-BEPOSATHOCTHOIO annaparta ¢ annapaTom anrebpbl TOrmKu.

cnonb3oBaHne annapata MaTtemMaTudyeckonm  NOrMKM  MNO3BONSAET
dopmanunsoBaTb ycnoBusi paboTOCNOCOOHOCTM CHOXHbIX CTPYKTYP W
nonyyartb bopMyrnbl AN pacyeTa HaOeXHOCTMW.

[NonoxeHns mateMmaTU4ecKkom NOrnKu:

1. Ecnun 06 nsgenumn MoXxHo yTBepXaaTb, YTO OHO paboTocnocobHo, ecnu
paboTocnocobeH ero anemMeHT a usiu b, MOXKHO caernaTbh BbIBO O TOM, YTO
pabotocnocobHocTb m3nenusa (cobbiThe ¢€) U paboTocnocodbHOCTU
aremMeHToB a n b (cobbiTne a mn cobbiTe b) cBs3aHbl Mexay coboun
NOrM4YecknmM ypaBHeHneM paboTocnocobHOCTH:

c=a\/b

2. Ecnn 06 nagenum MoxHo yTeepXaaTb, YTO OHO paboTocnocobHo, ecnu
pPaboTOCNOCODOHbI 3NIEMEHT a N 3NeMEHT b, MOXXHO caenaTb BbIBOA O TOM,
4yTO paboTtocnocobHoCTb M3genust (codbbiTe c¢) u paboTocnocobHOCTH
aremMeHToB a n b (cobblTne a mn cobbiTe b) cBs3aHbl Mexay coboun
NOrMYecknmM ypaBHeHneM paboTocnocobHOCTH:

c=a/\b



3. Ecnu pabotocnocobHoe COCTOSAHME arneMeHTa a 0603HaunTb a, TO
HepaboToCcnocobHOE COCTOSAHME AnemMeHTa a 06o3Ha4YaeTcs

4. Jlornyeckme onepaumm AM3blOHKLWUM, KOHBIOHKLUN 1 OTPULLAHKA -
OCHOBHbIE onepaunmn, Ucnosnb3yemble B NPUKIagHoON Teopum
HaOEXHOCTU, TakK Kak K HUM MOryT ObITb CBEAEHbI BCE APYrmue norndyeckmne
ornepauun.
5. CNOXHY0 NOrMYecKyo PyHKLMNIO MOXHO MUHUMU3NPOBATD, T. €.
npeobpas3oBaTb ee Taknm 0bpasomM, YTO OHa byaeT coaepaTtb
HaMMeEHbLLEE YMCI0 YTIEHOB UMK B HEW HE DyOET NOBTOPSAIOLLINXCS
YSIEHOB.
6. llorndyeckne doyHKLUUN MOXKHO NpeobpasoBaTb B (PyHKLNN
anrebpandeckue, eCnu 3aMeHUTb BCE NOrMyeckme onepauum
apndMeTNYECKMMIN NO CneayLwnm npaBunam:
a\/b=Pa+Pb-Pa-Pb; a/\b=Pa-Pb, «=1-Pa a-a=P
(a)



NMpnumeHeHue chopmynbl NOSTHON
BEepPOATHOCTU NPU pacyeTe HAAEXHOCTU

cUcTeM
[Mpu ncnonb3oBaHUM OPMYIibl NOSTHON BEPOATHOCTU YYNTHIBAIOTCSH

rMnoTesbl:
H, H, ..., H — HecoBMeCTHble npefnornaraembie cobbITuA, obpasyowmne
NOMHy0 rpynny. B mecte ¢ ogHMM M3 3TUX COOLITUN MOXET NPOU3OUTU
paccmaTtpuBaemoe cobbiTe X — 6e3oTkasHada pabota cUCTEMbl B TEYEHUMU
3aflaHHouM HapaboTku (0, t).
BepoAaATHOCTb NoaBNEHUs CO6anTI/IF| X paBHa cymMmMe npousseneHunn
BEPOATHOCTU Kaxaom rymanesbl Pl) HayerioBHyo BEPOATHOCTL P(X | H)
coObITUA NpU 3TOU rMnoTese: /=
[Tpn pacyeTe HageXXHOCTN NO PpopmMyrie NOSTHOM BEPOATHOCTU BblOMpaeTcs
onpeaerieHHas rpynna af1eMeHTOB TOrM4eckom CXemMbl U POPMUPYIOTCS rMNoTE3bl O
TOM, YTO Xe NPOU3OLLSIO C 3TOWN rpyrnnouv 3fIEMEHTOB B Te4eHUU 3a4aHHOM
HapaboTku. B kaxgom n3 runoTes yunuTbiBaeTCs, YTO A4S Ntoboro anemMeHTa
paccmaTpmBaemMou rpynnbl BO3MOXXHbIM NCXOA0M siBRAeTCs NMbo 6e3oTkasHas
paboTa, NnMbo oTKas.
[Tpun BblYMCIIEHNN YCITOBHOW BEPOATHOCTN 6€30TKa3HOW paboTbl CUCTEMBI
npeanonaraeTcs, YTo NPOU30LLSN COOTBETCTBYOLLNE COObITUSA (be30TkasHasa paboTa

NI OTKa3 04HOro UM HECKOSbKUX 3NIEMEHTOB) U paccMaTpunBarOTCA
cooTBeTCTBYOLNE YCITOBHbIE NNTOTNYECKNE CXEMbI.



[Mpumep. Paccmotpum rpynny U3 1-ro n 3-ro
9fIEMEHTOB

rmnoTe3 | COCTOSAHUSA BeposaTHOCTbL | YCrnoBHas
bl rmnoresbl BEepPOATHOCTb

1 <IN P(Hj) P(X|Hj)
H1 1 1 PP, 1
H, 0 1 (1-p,)p, P,
H, 1 0 p,(1-p,) P,
H, 0 0 (1-p,) (1-p,) P,P,

p.=pps+d=p)psp, + p(0=py)p, +A-p)1-py)p,p, =..



lNMepexon oT nornyeckom cxembl K rpady COCTOAHUN CUCTEMBbI

Takon nepexon Heobxoaum Npu cMeHe MeToaa pacyeTa HaEeXHOCTH,
Npu conocTaBfeHUn pe3ynbLTaToB PAacYETOB, BbIMOSIHEHHbLIX Pa3fINYHbLIMU
MeTo4aMMn, BbIMUCNEHUS BbIUrpbILLA B HAOEXHOCTU MNpU nepexoge oT
HeBOCCTaHaBNMMBaeMoOU K BOCCTaHaBMBaeMOW CUCTEME W [OpPYyrux

Clriydad
y X|'I/II'IOBbIe CTPYKTYpbI AJ14 HEBOCCTaAaHaBJIMBaAEMbIX

cncremMm
Tun [padobl
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CTpYKTYpHbIX aHaNn3
CnOXHOCTb U TPYAHOCTb PacYETOB HAAEXXHOCTU BbI3bIBAETCS TEM, UTO
CTPYKTYpa nccnegyemMbix 06beKTOB crioxHasi. [loaTomy, npexae 4yem
Ha4YMHaTb pacyeT HadEXHOCTU, HeobXxoaMMO Npeobpas3oBaThb CIIOXHYHO
CTPYKTYPY B Doree npocTyto u v/nnhnn nna ngcyeToB.

EA NN
W nﬁg}

avbe=xny P,+BP,~PRP =FP,
bvac=xnz B, +PP.~PRP =PP,
cvab=ynz P.+PF,-PPP =PP,



METOObIl, UCNOJIb3yOLLNE arirnapart Teopumn
MapPKOBCKUX U MOJTYMapPKOBCKUX NMPOLIECCOB

Ecnn cnyyanHas BenuynHa U3MeHHAETCA B npouecce onbita, TO
BO3HUMKAET crnyyanHad (PyHKUMA — (PYHKUUA, KOTOpas B pesyrnbrarte
onblTa MOXET NPUHATbL TOT UNU APYron BUA, 3apaHee He U3BECTHLIN.

Ecnn aprymeHToM criydyanHou oyHKUMN ABNAETCA BpeMs, TO Takas
cryyanmHas yHKUMA HasblBaeTCsa 8epOSSMHOCMHbLIM (CrlyYalHbIM)
npoueccom. PyHkumoHmposanme ACY, UC, BT npegcraBnaeTr cobon
peann3aunto BEpOATHOCTHbIX NPOLIECCOB.

UToObI OXapakTepusoBaTb BEPOSATHOCTHbLIN NpoLecc, Heobxoanmo
yKasaTb TUM npouecca U ero YNcrioBble xapakrepuctuku. Hambonee
nogoxogdawmm ansa onvcaHms NpoLEeCCOB, NPOUCXOOALNX BO MHOIMMX
0bnacTax HayKn N TEXHUKU, SIBSIETCA MapKO8CKUU NpoLecc.

Mapkoeckuli npouecc — rMpouecc, Yy KOTOpPOro Afa Kaxaoro
MOMEHTAa BPEMEHMN BEPOATHOCTb JIODOro COCTOAHMA OObeKkTa B
byaywem 3aBUCUT TOSMbKO OT COCTOSIHUA 0ObekTa B HaCTOALMUMN
MOMEHT BPEMEHU U HE 3aBUCUT OT TOro, KakMum obpa3omMm OOBLEKT
npuvLlen B 3TO COCTOSIHME.



CxeMbl npegcraBiieHnNAd BEPOATHOCTHOIO

I'Ig)OB €CCda

eéMeHHad nocneanoBartesibHOCTb CMEHDI

COCTO?HMM
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OKCMNOHeHUManbHOEe pacnpeneneHne BpeMeHn paboTbl OO0 OTKasa U
BPEMEHWN BOCCTAHOBMEHNSA PpaboTOCNOCOOHOCTN — HEODXOANUMOE YyCroBME
ONs MapKOBCKOro npouecca.

BaxHenwas xapaktepuctuka MapKOBCKOro npouecca — BEepPOATHOCTb
nepexoga obbekTa B TO UMM MHOE COCTOSIHME 3a 3afdaHHbIA NPOMEXYTOK
BpemeHn. MIHdopmauma o BEpOATHOCTAX nepexoda obbekTa B pasfinyHble
COCTOSIHMUA NO3BOMNSET ONpenennTb BEPOATHOCTU KaXXOoro U3 BO3MOXHbIX
COCTOSAHWM NpoLecca.

[TycTb OOBEKT UCcrneaoBaHMa HaxXxoOUTCS B HEKOTOPbIX COCTOSAHUSAX,
YMUCNO KOTOPbIX KOHEYHO, paBHO n. M3 i-ro cocTosiHMA B j-0e OObeKT
nepexoanT ¢ NOCTOSIHHOW MHTEHCUBHOCTBLIO Aij, 0OpaTHO — C MOCTOAHHOW
NHTEHCUBHOCTbLIO Wji.

[na onpeneneHns BEPOATHOCTEN KaXXOQO0ro U3 COCTOSAHUN NPUMEHSIOT
cuctemy anddepeHumanbHbix ypasHeHUU A.H.Konmoroposa



1
2 OERONRO

dF, Jdt = =2, B () + 1B ()
AR, Jdt = 3oy By (1)~ oy + 1) R(0) + 113, By (1)
b, Jdt ==y, Py () + 2, B (t)

[Tony4nTb cucTemy ypaBHEHU MOXHO MO BUAY rpadpa COCTOAHUN, eCrn
Nonb30BaTbCA CreayLlnM NpaBUNOM: NS KaXO4Oro M3 BO3MOXHbIX
COCTOSIHUN OObLEeKTa 3anucCbiBaeTCs YypaBHEHWE, B JleBOM 4acTu
KoToporo dPi/dt , a cnpaBa — CTOSIbKO CrnaraemMbiX, CKOJIbKO CTPEenokK
rpadpa conpukacaetcd C [faHHbIM CcocTodaHMeM. Ecnu  cTpenka
HanpaBfeHa B JaHHOEe COCTOAHWe, TO Mepen cnaraemblM CTaBUTCA
NfloC, MHaye - MUHyc. Kaxpgoe w3 cnaraemblx OydeTr paBHO
Npon3BeLEHNI0 MHTEHCUBHOCTM Nepexona U3 AaHHOro coctosiHua (nnbo
B [OaHHOE COCTOAHME) Ha BEepPOATHOCTb COCTOAHUA, W3 KOTOPOro
BbIXOOAWUT CTpeska.

A\




PelleHne cncrtembl ypaBHEHNIN OCYLLIECTBNSAETCA MO N3BECTHLIM
npasunam pelwieHna andodepeHunarnbHbIX ypaBHEHUN.
PaccmartpusaeMbln npouecc — NpoLecc cTauuoHapHbIn, Angd
KOTOPOro npousBoaHble dPi(t)/dt MOXXHO NPUHATL paBHbLIMUK O

0=, P, (1) + P (1)

0= A 15 (1) = (A, + i) B () + 1y, (1)
0=—p, P (1) + A, P ()

R+H+P =1




PeweHne cuctemsl

ypaBHEeHUM
By =1/ A,/ o + 20140, /(a1 40))
P = By
Hio
P, = Py2oi s
Ha1Hyo

PesynbraThl pelleHns CUCTEMbl YPaBHEHUN MOTYT ObITb MOMy4YeHbl NO
BUAOY rpada COCTOSHUW, ecrnn MoSib30BaTbCA creayrowmmMm npaBuIioM:
BepoATHOCTL HYyNeBOro COCTOAHWUA ONnpenenseTca BblpaXeHnem rae
YMCnnTenb NpaBou YacTu - Bcerga 1; 3HameHartesnb — CyMMa, CoCcTosALas
N3 eguvHuubl 1 gpoben, YnCcnuTennm KOTOopbIX — TMPOM3BeOEeHUd
NHTEHCUBHOCTEN, N306paKEeHHbIX HA BEPXHUX CTPErKax, 3HaMmeHaTenn —
npou3BeaeHNa MIHTEHCUBHOCTEN Ha HUXKHUX CTPEnKax.



NonymapkoBcKkue npouecchl

HekoTopaa cuctema S MOXET HaxoOUTCA B KOHEYHOM (Unu
CYETHOM) MHOXECTBE COCTOSIHUU E={z, z,, z,, ..., z }. [lycTb B
HayanbHbI MOMEHT BPEMEHMN CUCTEMA HAXOOUTCHA B COCTOSIHUM
z, NEPEXOANT U3 HEro B COCTOSHME z, C BEPOTATHOCTHLIO d.. B
oTNMuMeE OT CUCTEMBI, ONMNCLIBAEMOMU O,EI,HOpO,EI,HbIM MapKOBCKI/IM
npoLeccoM, npegnonaraeTtcd, 4YTOo BpeMs nNpedbiBaHMA B

COCTOSIHWM z. €CTb ClyYanHasi BenmynHa T, 3aBUCALLAA KaK OT z,
Tak n ot z. Takum obpasom, T, — Bpemsa npe6b|BaH|/|s'-| CUCTEMbI B
COCTOSIHUMN z NPV ycrioBuw, 4TO creayroLwmmM COCTOSIHUEM, B
KOTOpOE NepexoaunT cucTema, ABnAeTCs z.. Bpewms TH 3aBUCUT He
OT npeAbicTOpuUK Mpouecca, a OT COCTOSHUM z. 1 z.

CnepgoBaTensHO, Npu nepexoae K norlyMmapKoBCKUM MnpoLieccam
MapKOBCKOE CBOUCTBO COXPaHSAETCS.



CnocoObl 3agaHunsa NoflymMapKOBCKOro rnpouecca:

- C MNOMOLb  (yHKUMW  pacnpefenexHust  F(t) BpemeHw
npebbiBaHUSA B COCTOSHUU Z W YCNOBHbIX BEPOSITHOCTEM
nepexonos qij(t) M3 z B z; MpW YCIOBWK, YTO B COCTOAHUM Z,
NnpoLecc Haxogurnca B Te4EHUN BPEMEHMN t;

- C MNOMOLLbI MaTpuLbl {Rij(t), z, Z, € E, i#j} BepoATHOCTEMN
nepexoaa 13 z, B z, 3a BpEMs, He NpesblllatoLLee t.

Mexay xapakTepucTukaMu, C MOMOLLbI KOTOPbIX 3aJaeTcs
NoNyMapKOBCKUI NPOLIECC, CYLLEeCTBYET B3aMMHOE OfIHO3HA4YHOEe
COOTBETCTBME:

F(y=>"d, F, (). R, ()= [q,wdF,u):
R, (1) =d,F,(t), F, ()= R, (1)

d, = |q,)dr@). > d,=1
0 =0



MeTtoguka pacyeTta nokasatenem HageXHOCTU C MOMOLULHO
NoSyMapKOBCKMX MPOLLECCOB:

1) BbIABNEHME BCEX CBSAA3EM B CUCTEME W OMNpeaereHue
MHOXeCTBa E={zo, 2y Zy e Zn} BO3MOXHbIX COCTOSIHUW;
pasbneHne MHoxecTBa E Ha [OBa HenepecekarwLlnxcs
noaMHoXxecTtBa: paboTocnocobHbl E. 1 HepaboTocnoCcoOHbIX E.
COCTOSAHWNIN; NOCTPOEHNE rpadpa COCTOAHUN;

2) BblIOOp Hambonee noaxoadawero cnocoba 3apgaHus
NOSyMapKOBCKOro MnpoLecca, UCXods M3 XapaKkrepa peliaemMon
3agauu;

3) onpeaernenne TpebyeMbix nNokasaTenen HageXXHOCTH.



Annapat Tteopumn (byHKLUUN CNyYauHbIX

aprymeHToB
[ycTb 3agaHa Npoun3BonibHas PyHKLMS h apryMeHTOB

Y=0 (X, X, ..., X ).

Ecnn aprymeHTol X npeactaBnaldT cobon  criyvyaunHble
BESIMYMHLI, TO MPU KOHEYHOM n YHKUMS Y TakkKe SBNSETCHA
cnyyamHon BenunduHow. Torga ee  HasblBalT  @yHKUueu
criyqdauHbix apaymeHmos (PCA).

Ecrimn Bce aprymeHtel ®PCA nogyYMHeHbl HEKOTOPOMY
onpeneneHHOMY 3aKoHYy pacnpefeneHnsa v pesynbsrTupytoLlee
pacnpegeneHne OCA okasbiBaeTcsd NOAYMHEHHBIM TOMY Xe
3aKOHY, TO OH Ha3blBaeTca ycmouyusbiv ana naHHom GCA.

Ecnn aonga  nNpou3BOSibHbIX  3aKOHOB  pacrnpeneneHus
apryMmeHToOB Mpu HEKOTOPbIX YCIOBUSAX (Hanpumep, npu n —«)
ona  gaHHon OCA MOXHO YyKasaTb 3aKOH, K KOTOpPOMY
aCUMMTOTUYECKN CTPEMUTCA NCTUHHOE pacrnipegeneHne OCA, 1o
OH Ha3biBaeTca yribmpaycmouyusbim onga aton OCA.



PaccmMmoTpuM cUCTEMY, COCTOSILLYIO U3 n anemMeHToB. CriydyanHoe
Bpemsi paboTbl OO OTkasa i-ro anemeHta obosHaymum T. Bpewms
be3oTka3zHOW paboTbl CUCTEMbI Ty Takke sBnaeTcs CIyYanHOn
BENMNYNHOU U 3aBUCUT OT T. Ncxoaoa ns atoro

To=0(T, Ty ..y T)).

Buao doyHKUMK ¢ onpenenaeTca CTPYKTYPOU CUCTEMbI, a Takxe
NPUHATBIMU ONpeaeneHnaAMn ee CoOCTOSAHUM PaboToCNOCODHOCTU U
OoTKa3sa.

MeTtoauka npumeHenna ®@CA B nccnegoBaHnmn HageXXHOCTH:
1) NOCTpoeHue (Ha OCHOBE MMEILLIEroCcsa OnMcaHUsa CUCTEMBI U
B3anmopgencTeuns ee anemeHToB) PCA-moaenn nccriegyemomn
CUCTEMbI;

2) 3anucartb Ha ocHoBe PCA BblpaXXeHUs1 A4ns 3akoHa

pachnpegeneHnd TZ N ero YNCIroBbIX XapPaKTePUCTUK.



®OCA, TunnyHble ona 3agad uccnegosaHus 6esortkasHocTtu UC,
BT, ACY

1) HensbbITOYHasA CTPYKTypa, BCE 3NEMEHTbLI KOTOPOM COEANHEHDI
. LK »

nocrnenoBaTenbHO Tczbgnﬁﬁn Ml;I’HI/lll\é){’lglw, .

2) CTpyKTypa c napansnenbHblM COeAUHEHUEM ANTIEMEHTOB UK

Harpy>XeHHbIN (ropsiunn) peseps. Bpemsa 6e30TkasHom paboThbl

9TOM Moaenun MoXeT ObiTb onpegeneHo kak PCA «MakcuMmym» oT

BpemMeHn 6e30TKa3HoW paboTbl 9NEMEHTOB CUCTEMbI
Iy =max(1;), i=L2,..,n

3) CTpyKTypa C pe3epBnpoBaHMEM 3aMeLLEHNEM («XONOOHbIN»
pe3epB). PCA «KoMMo3nums»

Ir.=2T, i=12,.,n



4) MaxxopuTtapHasi CTPyKTypa, oTKa3blBaeT nNpu oTkase bonee
nonoBuHbl ee anemMmeHToB. MaxxoputapHas PCA

Is =maj(T;), i=12,.,n

5) BecbMa 06LLMM KNaccoM n30bITOYHbBIX CTPYKTYP ABNSOTCS «d-
6e30TKasHble CTPYKTYpbI». K HUM oTHOCHUTCA ntobasi cuctema,
OTKa3 KOTOPOW HacTynaeT Npu oTkase Nnobbix d N3 n ee aNemMeHTOoB.
Opyrnmun crioBammn, Bpemsi 6e30TkasHoM pabdboTbl d-0e30Tka3HOM
CUCTEMbI paBHO BpeMeHM 6e30TKa3zHOW paboTbl arieMeHTa,
oTKasaBLlero (d+1)-m no cyety. Npu d=0 d-6e3oTKasHasi CTpyKTypa
CBOAMTCA K HEN3DObITOYHOW, NPU d=n-1 — K CTPYKTYpE C
napannenbHbIM CoegUHEHUEM 3NEMEHTOB, Npu d=(n+1)/2 — K
MaXkopuUTapHOMW.

®CA, onpegenswoLyto Bpems 6e30TkasHom pabdboTbl d-0e30TKa3HOM

CTPYKTYPbl 000Q3HaYaKT
PYKTYPE! O3 T, i=12...m

n Ha3biBalOT PCA «MUHUMYM d
paHra»



6) ®CA «onepexeHne» onpegensieT Bpems 6e30TkasHon padoThl
OBYX3fIEMEHTHOW CUCTEMBI, Y KOTOPOU OTKa3 onpeaereH Kak
cobbITUE, CoCTOoSALLEE B TOM, YTO NEPBbLIN SNIEMEHT OTKaXET

aHbLLEe BTOPOro.
P PO 1y = on(r,. 1)
7) ®CA «oTcTaBaHune» onpegensieT Bpemsa 6e30Tka3Hon paboThl
OBYX3MEMEHTHOM CUCTEMBI, KOTOPada OTKa3bIBAET B Cry4vae, ecnu
NepBbIN ANEMEHT OTKaXeT Mno3xe BTOPOro.

TZ ZOI’I/Z(TI,TZ)

8) pyrue ®CA, Hanpumep, «Npon3BeadeHne»,
«4aCcTHOE»



Metog ®CA

UncnoBasa xapaktepuctnka ®CA n oOMHAKOBBLIX N HE3aBUCUMBbIX

apryMmeHToOB MOXET ObITb NpeAcTaBrieHa B BUae npon3BeaeHus
A=h(k, n)a,

rae a - ymcrnosasl xapaktepuctuka aprymeHTa; h(k, n) — dpyHKkumsa

nepecyeta, Buag kotopon onpegensetrca tmnom ®CA n BMOOM

YMCIIOBOMN XapaKTEPUCTUKN; k — napamMeTp dbopMbl pacnpeneneHuns

Benbynna, npeacraBnsoowmnm cobon dyHKUMKO Ko dpuuMeHTa

Bapuaumu u, k=k(v). Jr(ui)—rz(n’i)

L=

Ir'a+ l)
K

OyHKUMKM nepecdeTa onpegensarTcd AOnsd mMaremMaTUdecKkoro
oXngaHus, gucnepcmm n KoapdduymeHTa sapuauun,

[anee onpepensietca yncnoBas xapakrepuctuka ®CA A=h(x, n)a,
rae h(x, n) — yHKUMS nepecyeTta (Haxooautca M3 Tabnuubl Ha
nepeceyeHnn cTpokn, cooreetcTaytowlen snay ®CA, n ctonbua
NCKOMOW YMUCITOBOW XapaKTEPUCTUKMN); X — HAXoauTcsa no Tabnuue
No 3agaHHOMY 3HA4YEHUIO U aprymMeHTa; n — YACno apryMeHTOB.



OueHKa cpeaHero BpemMmeHu 6e30TKa3HOU paboTbl CUCTEMDI
1) BbiOnpaem ®CA, COOTBETCTBYIOLLYIO TUMOBOW CTPYKTYPE;

2) no Tabnuue onpegendem 3HadyeHne QyHKLMK nepecyeTa
MaTeMaTU4eCcKoro oxxmaanusa n ana HamageHHom OCA,;

3) ecnu pacnipegeneHne T aNeMeHTOB HE OTHOCUTCA K
BeNOYNNOBCKOMY M €CNN HE 3aaH KO3dUUMEHT Bapmnaumn ang

3MNeMeHTa, TO BblYMCNsieM 3TOT KOB(PPULIMEHT No popmyne
T

1

roe o — cpeaHekBagpaTUYHOE OTKIOHEHUE BPpEMEHM BE30TKa3HOM
paboTbl ANEMEHT3;

4) nonb3ysicb Tabnuuen, No BbIMUCIIEHHOMY 3HAYEHMIO U HaXoanm
BENMYUHY X. ECnn anemMmeHTbl UMEoT BENDYNNOBCKOE
pacnpegeneHue T, TO NO 3Ha4YeHUIO NapamMeTpa pacnpeneneHus k
no Tabnuue onpenensieMm BENMUUNHY X;

5) B BblpaxeHue angd pyHKunm nepecyeTta n (NyHKT 2) nogctaBnsaem
3Ha4YeHuda X 1 Yymcna anemMeHToB CUCTEMbI n U NoJlydaeM YNCheHHoe
3Ha4yeHue n; B B
6) onpenensem cpeaHee Bpems 6e3oTkasHon paboTbl cuctelip=nT



