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Kypc nexuuii cocTaBieH ¢ y4eTOM OCHOBHBIX KBaJM(UKALMOHHBIX TpeOOBaHUIl, 00s3aTeNIbHBIX
3HAaHUW W HABBIKOB, HEOOXOJMMBIX [UIsl POCCUMCKOW cepTU(UKAIMN CIELHUATUCTOB [0
HEpa3pyIIAOMIEMy KOHTPOIIO U TEXHUYECKOW JMArHOCTUKE, M CepTH(HKAINN WHKCHEPOB U
ayIUTOpPOB B 0OJACTM HAJAEKHOCTHM M KadecTBa, Ha ocHoBe wmupoBbix (TK 56 MDBK

«Hanexnoctb») u poccuiickux (TK 119 «HanexxHOCTh B TEXHUKE)») CTaHIapTOB.

Marepuan JIeKUUMH T[OCBALLIEH OCHOBHBIM pPAacCUYE€THBIM MOJEISIM OLEHKH HaJeKHOCTU
HEBOCCTAHABIMBAEMBIX M BOCCTAHABIMBAEMBIX TeXHUYeCKuX 0OBekTOB. [lomguepkHyTa
YHUBEPCAIBHOCTh MPEJIAraeMbIX MOJEIICH, BO3MOXXHOCTb TPUIIOKEHUS WX B Pa3JIMYHbBIX
obnactsax TexHUku. [TockombKy 0a30i1 OCHOBHBIX MOHSTHUH M MOJENIEH HAICKHOCTHU SIBIISFOTCS
MOJICJIA TEOPUU BEPOATHOCTEH, HEJOCTATOYHO WJIM HE BCErJa HU3ydyaeMble CTYIAEHTaMH, Kypc

J'IeKI_[I/Iﬁ COOCPIKUT ITPHUIIOKCHUEC C HCO6XO,I[I/IMBIMI/I CBCACHUAMU U3 TCOPHUU BepOHTHOCTCﬁ.
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Jlexkyus 1

OCHOBHBIE THOHATUA HAJAEXHOCTH. KIACCUPUKAIIUA
OTKA3O0OB. COCTABJJIAIOIIUE HAJJEXKHOCTH

TepMuHBl U ONpENENEHUsl, UCMOJb3yeMble B  TEOPUM  HAJIEKHOCTH,
pernamentupoBanbl ['OCT 27.002-89 «HapexxHOCTh B TexHUKE. TepMUHBI U
ONPENECTCHUS.

1. OcHOBHBIC NIOHATHUSA

HanexxHocTh - CBONHCTBO 00OBEKTa BBIMOJHATH 3aJaHHbIE (PYHKIIMHM, COXpPaHsS BO
BPEMCHHU W B 3aJIaHHBIX Mpejeax 3HAYCHHUS] YCTAHOBJICHHBIX JKCIUTyaTallMOHHBIX
IoKa3aTeJen.

O0beKT - TEXHHUYECKOE U3ACIUC OIIPCACIICHHOIO IMICJICBOIO HA3HAYCHHA,
pacCMaTpuBacMOC B IICPHOABLI IIPOCKTHUPOBAHMA, IIPOU3BOACTBA, HUCIBbITAHUN U
9KCILIyaTalluu. OOBexTaMu MOT YT OBITH Pas3’IndHbIC CUCTCMBI K UX 3JICMCHTEI.

JIeMEeHT - HpOCTGfIHI&H COCTaBHaA 4aCTb U3ACIINA, B 3aa4aX HAACKHOCTHU MOXKCT
COCTOATDb N3 MHOI'MNX I[GTEUIGﬁ.

CucrteMa -  COBOKYIIHOCTb  COBMECTHO  JCHCTBYIOIIMX  3JIEMEHTOB,
npeaHa3HaueHHass JUIsli CAaMOCTOSITEILHOTO BBITIOJHEHUS 3aJaHHbIX (PYHKIIHM.
[lonatust »neMeHTa W CHUCTEMBI TPAaHCHOPMUPYIOTCS B 3aBUCUMOCTU OT
MOCTaBJICHHOW 3a7aun. Hampumep, cTaHOK, MPU YCTAHOBJICHUH €r0 COOCTBEHHOM
HAJIe)KHOCTU PacCMaTpPUBACTCS KaK CUCTEMA, COCTOAIIAS U3 OTACIbHBIX JJIEMEHTOB
- MEXaHM3MOB, JETaJel WU T.N., a IPU U3YYEHUU HALECHKHOCTU TEXHOJOTHUYECKOU
JIMHUM - KaK DJIEMEHT.

HanexxHocTh 00beKTa XapaKTepU3yeTCs CIICIYIOMIUMH OCHOBHBIMHA COCHLOAHUAMU
U coobtmusamu.

HcnpaBHoCcTh - cOCTOSIHME OOBEKTa, MPU KOTOPOM OH COOTBETCTBYET BCEM
TpeOOBAHMSM, YCTAHOBJIEHHBIM HOPMAaTHMBHO-TEXHUYECKOW  JTOKyMEHTalUueu

(HTHO).

PaGorocnocoOHoCTH - cocTosHME OOBEKTa, NpPU KOTOPOM OH CHOCOOEH
BBITIOJTHATh 3aJlaHHble (YHKIIMU, COXpaHss 3HAYCHHUsS] OCHOBHBIX I1apaMETpOB,
ycranoBieHHbIX HT/I.

OcCHOBHBIE TIApaMETPhl XapaKTEpU3YIOT (YHKIMOHUPOBAHUE OOBEKTa MpH
BBITIOJTHEHNH TTOCTABJICHHBIX 3a7a4.

[IoHsiTHE  MCHPaBHOCTL  IIMPE, YEM  TOHATHE  PadOTOCIHOCOOHOCTD.
PaboTocnocoOHbIi 00BEKT 00s13aH yAOBIETBOPATH Jinilb TeM TpeOoBanus HT/I,
BBITIOJTHEHHE KOTOPBIX OO0ECIeunBaeT HOpPMalIbHOE MPHUMEHEHHE OOBEKTa II0
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HazHadeHuto. Takum o00pa3oMm, eciu OOBEKT HEepabOTOCHOCOOEH, TO 3TO
CBHJIETEIILCTBYET O ero HeucnpaBHOCTU. C JApyrod CTOPOHBI, €ClU OOBEKT
HEHCIPABEH, TO 3TO HE 03HAYAET, YTO OH HEPaOOTOCHOCOOCH.

IIpenesibHOE COCTOSIHME - COCTOSIHUE O0BEKTa, MPH KOTOPOM €0 MPUMEHEHUE 110
HA3HAYCHHIO HEJIOMYCTUMO WJIH HeleJIecooOpasHo.

[IpumeneHnue (UCMOIB30BaHUE) OOBEKTa 1O HA3HAYCHUIO TMPEKpaIllaeTcs B
CIIEIYIOLIUX CITy4dasX:

o IIPU HEYCTPAHUMOM HapyILIEHUH 0€30MMaCHOCTH;
o IIPY HEYCTPAaHUMOM OTKJIOHEHHWH BEJIMYMH 3aJaHHBIX [1aPaMETPOB;
o IIPU HEJOIYCTUMOM YBEIMYEHUHN IKCIUTYaTallMOHHBIX PACXOI0B.

JI1si HEKOTOPBIX OOBEKTOB MPEACIIBHOE COCTOSIHUE SIBIIACTCA IMOCJIEIHUM B €ro
GYyHKIMOHUPOBAHUH, T.€. OOBEKT CHHUMAETCS C OJKCIUTyaTalluu, JUIsl JAPYTUX -
ornpejienieHHOW ¢a3oi B AKCIUTyaTallMOHHOM Tpaduke, TpeOyrolel MmpoBeneHUs
PEMOHTHO-BOCCTAHOBUTEIBHBIX Pa0OT.

B cBs13u ¢ 3TUM, OOBEKTHI MOT'YT OBITH:

¢ HEBOCCTAHABJIMBAEMbIC, /151 KOTOPBIX pa60TOCHOCO6HOCTB B CJIydac
BO3HHMKHOBCHU OTKa3a, HC ITOAJICKKHT BOCCTAHOBJICHHIO,

e BOCCTAHABJIMBaeMble, PA0OOTOCIIOCOOHOCTh KOTOPHIX MOXKET OBITh
BOCCTAHOBJICHA, B TOM YHCJIC U ITyTeM 3aMCHBI.

K 4uciny HeBocCcTaHAaBIMBAaEMbIX OOBEKTOB MOXKHO OTHECTH, HaIlpuMep,
MOJIIMITHAKY KaueHHUs, MOJYNPOBOJIHUKOBBIC W3JENHs, 3y0daTbie Kojieca U T.IL
OOBEKTHI, COCTOAIIME M3 MHOTHUX 3JIEMEHTOB, HANpUMEp, CTAaHOK, aBTOMOOWIIb,
AJIEKTPOHHAs allaparypa, SBISAKOTCS BOCCTAHABIMBAEMBIMM, ITOCKOJIBKY HX
OTKAa3bl CBA3aHbI C IMOBPEXKIACHUSIMUA OJHOTO WM HEMHOTHMX 3JIEMEHTOB, KOTOPBIE
MOTYT OBITh 3aME€HEHBI. B psizie cimydaeB OJIUH U TOT k€ OOBEKT B 3aBUCUMOCTHU OT
OCOOCHHOCTEM, JTAmoOB »JKCIUTyaTallud WJIM Ha3HAYEHUS MOXKET CUUTAThCS
BOCCTaHABJIMBAEMbIM WJIM HEBOCCTAHABIMBAEMBIM.

OTka3 - coObITHE, 3aKITI0YAOIIeeCs B HApPYIICHUHA PabOTOCIIOCOOHOTO COCTOSTHUS
00BEKTA.

Kpurepuii oTKa3a - OTVIMYUTEIbHBIM NPU3HAK WJIM COBOKYIHOCTH IPHU3HAKOB,
COTJIaCHO KOTOPHIM yCTaHaBIMBAETCs (DaKT BOZHUKHOBEHUS OTKA3a.

2. Knaccupukanus 1 XapaKTepUCTHKH 0TKa30B

ITo TUIIY OTKa3bl IOAPA3ACIAIOTCA Ha:



® omkazvl (ynkuyuonupoeanus (BBIIIOJIHEHHE OCHOBHBIX (DYyHKIUI

00BEKTOM IpEeKpaIiaeTcs, HanpruMep, NoJIOMKa 3yObeB IECTEPHH );

omkazwl  napamempuyeckue (HEKOTOpbIE TMapaMmMeTpel  OOBEKTa
U3MCHSIOTCSI B HEAOIyCTUMBIX Tpenesax, HampuMep, MoTepss TOYHOCTH
CTaHKa).

ITo cBoeii mpupoe 0TKa3bl MOTYT OBITh:

e cayuaiinple, OOYCIIOBIICHHBIE HEMPEIYCMOTPEHHBIMU TEpErpy3Kamu,

I[e(bCKTaMI/I Martcpuaiia, omnOKamMu IICpCoOHAJIa HIIA CcOOSIMH CHCTEMBI
YIIPaBJICHUA U T. II.,

cucmemamuueckKue, 06YCHOBHCHHI>IC 3dKOHOMCPHBIMHU U HEN30CKHBIMU
ABJICHUAMHM, BBI3BIBAIOINIMMHK ITIOCTCIICHHOC HAKOIIJICHHUC HOBpC}KIICHI/If/'Il
YCTAJI0CTh, U3HOC, CTAPCHUC, KOPPO3UA U T. II.

OcHoeHble nRpuU3HaKku maccm[)umuuu omkKkaszoe.

XapaKTep BO3HUKHOBEHHS,

PUYMHA BO3SHUKHOBEHUS,;

XapaKTep YCTPAHEHMUS;

HOCJIEACTBHSI OTKA30B;

JaJIbHENIIEE UCIT0JIb30BAHNE OOBEKTA;
JIETKOCTh OOHAPYKEHUS;

BpPCMs BOBHUKHOBCHH:.

PaccmoTpum noipobHee KakIbIi U3 KJIacCU(PUKAIIMOHHBIX TPU3HAKOB:

Xapakrep BOBHUKHOBEHMSI:

BHE3aNHbI OTKa3 - OTKa3, NPOSABISIIONIMICA B pPE3KOM (MTHOBEHHOM)
M3MEHEHUHU XapaKTEePUCTUK OOBEKTA;

MOCTeNeHHbIe OTKa3bl - CBS3aHBI C HW3HOCOM JIeTalled W CTapeHueM
MaTepUalioB.

Bne3anHbie 0TKa3bl 0OBIYHO MPOSBISIOTCS B BUJIE MEXaHHUYECKUX MOBPEKICHUN
AJIEMEHTOB (TPELIUHBI - XPYIKOE pa3pylieHue, TpoOOr U30JISIIIUU, OOPHIBHI U T. II.)
U HE CONPOBOXIAIOTCA TMPEABAPUTEIbHBIMA BUJIUMBIMU TPU3HAKAMHU HX
npubamxeHus. BHe3anmHbIii 0TKa3 XapakTepusyeTcs HE3aBHCHMOCTHIO MOMEHTA
HACTYTUICHUS OT BPEMEHU NPEAbIAYIIEH paOOThlI.



Hpnana BO3HUKHOBCHMUA .

KOHCTPYKIMOHHBIN OTKAa3, BbI3BAHHBIM HEJOCTAaTKAMU M HEYJayHOMN
KOHCTPYKIIUEN 00BEKTA;

HpOl/I3BOIlCTBeHHbIl7[ OTKAa3, CBSI3aHHBINA C OIIMOKaMU IIpU M3TOTOBJICHUU
00BEKTA MO IMPUYINHC HCCOBCPIICHCTBA WJIM HAPYIICHUA TCXHOJIOTUH,

3KCHJ1yaTaIIHOHHLIﬁ 0TKa3, BBI3BAHHBIM HapymcHnuemM IIpaBUJI
OKCILTyaTalu.

Xapakrep yCTpaHEHHUS:

YCTOMYMBBIN 0TKA3;

nepeMeXAIIMACA 0TKAa3 (BO3HUKAIOUIMN/MCUE3AI0NINI), TOCIEACTBUS
OTKa3a: JIETKUW OTKa3 (JIErKOYCTPaHUMBIN);

CpeaHUil 0TKAa3 (HE BBI3BIBAIONIMN OTKa3bl CMEXHBIX Y3JIOB - BTOPUYHBIC
OTKa3bl);

TSKeJIbI 0TKA3 (BHI3BIBAKIINN BTOPUYHbIE 0TKA3bI WJIH MPUBOSIIHIA
K Yrpo3e sKU3HH M 310POBBIO YeJIOBEKA).

JlajgbHelee nCNoJb30BaHue 00beKTA:

MOJIHbIE OTKAa3bl, HCKJIIOYAIONIUE BO3MOXKHOCTH pabOThl 00BEKTa O HUX:
yCTpaHEHUS;

YaCTH4YHBIC OTKa3blI, IIpu KOTOPBIX 00BEKT MOXKCT JaCTHU4YHO
HCIIOJIB30BaTbHCA.

JlerkocTb 00HApYyKeHUA:

OYeBHU/IHbIE (SBHBIC) OTKA3HI;

CKPBIThIE (HESIBHBIC) OTKA3bI.

Bpemsi BOBHUKHOBEHMS:

npnpaﬁoTquble OTKa3hbl, BO3HHKAIOIINC B HayvaJIbHBIN nepnong
OKCIITyaTalluu,

OTKAa3bl P HOPMAJIbHOM IKCIIYyaTALlMH,

M3HOCOBBIE OTKa3bl, BBI3BAHHbIE HEOOpPATUMBIMU MIPOLIECCAMH H3HOCA
JeTajel, CTapeH!sl MaTepHaioB U Ip.

3. CocTaBisonye HaJe;KHOCTH



HaI[C}KHOCTI: ABIIACTCA KOMNJIEKCHbIM CBOI\/'ICTBOM, BKJIIOYAaroImyuM B ceds B
3aBUCHMOCTH OT Ha3HaueHUs OOBEKTa WU YCJIOBI/Iﬁ Cr0 IJKCIUIyaTalluu pﬂd
npocmulx CBOUCME:

e be3oTrka3HocTh - CBOMCTBO 00BeKTa HCIIPCPBIBHO COXpPAaHATb
pa6OTOCHOCO6HOCTB B TCUYCHHUC HGKOTOpOﬁ Hapa60TKI/I Hnin B TCUCHHC
HCKOTOPOI'O BpCMCHHU.

e Hapabomka - npogoIKUTENBHOCTD WU 00BEM PabOThl 00bEKTA, U3MEpsieMast B
JOOBIX HEYOBIBAIOUIUMX BEIMYMHAX (€IUHUIA BPEMEHM, 4YHUCJIO IUKIIOB
Harpy>XeHusi, KUJIOMETPhI Mpobera u T. 1.).

L J_IO.]'IFOBe‘IHOCTb - CBOMCTBO OOBEKTa COXPAHATDb pa6OTOCHOCO6HOCTI> a0
HaCTYIUICHUA  IPCACIIBHOIO  COCTOSHHA  IIPHU YCTaHOBHCHHOﬁ CHCTCMC
TCXHHUYCCKOI'O O6CJIY)KI/IBaHH5[ H PCMOHTOB.

L PCMOHTOHPHFOI{HOCTL - CBOMCTBO O6’beKTa, 3aKJIII0Yaromeccss B CIo
HpI/ICHOCO6H€HHOCTI/I K MNpCaAYyIpCIKACHUTIO u O6Hapy}i(€HI/IIO IIpUYHH
BO3HHMKHOBCHU OTKa30B, MMoaAACPKAaHHUIO )41 BOCCTaHOBJICHHIO

paboTOCIOCOOHOCT  TMyTEM TMPOBEJICHHUS PEMOHTOB U  TEXHUYECKOTO
00CITyKUBaHUSI.

e CoxpaHsieMOCTb - CBOMCTBO OOBEKTa HEMPEPHIBHO COXPaHATh TpeOyemble
HKCIUTyaTAllMOHHBIE [OKa3aTeJM B TedeHue (M IMOCie) CpOKa XpaHEHUs U
TPaHCHIOPTUPOBAHMUS.

B 3aBucumoctH oOT o00BEKTa HAaACKHOCTb MOKCET OIPCACIIATBCI BCEMH
NePCUNCIICHHBIMHA CBOMCTBAMHM MJIM YacThIO HX. Haan/IMep, HaACKHOCTBh KOJICCa
3Y6anOﬁ nepeaadun, MOAMMHUITHUKOB ONIPEACIIACTCA UX JOJITOBCYHOCTBIO, 4 CTAHKA -
JOJI'OBCYHOCTBIO, 0E30TKa3HOCTBIO U PEMOHTOIIPUTOJJHOCTBIO.

4. OcHOBHBIE MOKA3aTeJIN HAACKHOCTH

IMoka3aTesib HAJAEKHOCTH KOJMYECTBEHHO XapaKTEPHU3yeT, B KaKOW CTENeHU
JAaHHOMY OOBEKTY TPUCYIIH ONpENEICHHBIE CBONCTBA, OO0YCIOBIMBAIOIINE
HaZeKHOCTh. ONHHM TIOKa3aTeld HAJECKHOCTH (HampuMmep, TEXHUYECKHH pecypc,
CPOK CIIy’ObI) MOTYT UMETh Pa3MEpPHOCTb, PAJl IPYTUX (HAmpUMep, BEPOSTHOCTH
0e30TKka3HOM paboThl, KOAPPUIIMEHT TOTOBHOCTH) SBJISIIOTCS O€3pa3MEpHBIMH.

Jlnst  OGonpImMHCTBA OOBEKTOB  DJICKTPOMEXAHWKHM B KauyeCTBE  KPUTEPUS
JIOJTOBEYHOCTH Yallle BCETO UCMOJIb3YETCSI TEXHUUECKUM PECYpC.

Texnnueckuii pecypce - HapaboTka 00BEKTa OT Hadaja €ro SKCIUTyaTalluu WM
BO30OHOBJICHHS JKCIUTyaTalldd TIOCIIE PEMOHTa J0 HACTYIUICHHUS TPEIeIbHOTO
coctosinusg. CTpoOro roBopsi, TEXHUUECKHIN pPecypc MOXKET OBITh PEriaMeHTUPOBAH
CIIEYIONUM 00pa3oM: 10 CpPEIHEro, KalWTadbHOTO, OT KAalHUTaJIbHOTO [0
OnMKalIero cpeaHero peMoHTa W T. I. Ecim permameHTarusi OTCyTCTBYET, TO
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HMCCTCA B BUAY PECYpPC OT Hadadjla 3KCIUTyaTalluM 0 AOCTUKCHUA IPCACIbHOIO
COCTOAHUMA II0CJIC BCCX BHIAOB PEMOHTOB. I[JBI HEBOCCTAHABJIMBAEMBIX OOBCKTOB
IMOHATHA TCXHHUYCCKOI'O peCypCa U Hapa6OTKI/I J0 O0TKa3a COBIIaAaroT.

TP =t +(t;—t,)+(ts—1,)+(t; —t5 )+ (1o — ;)

Ha3nauennwtii pecypc - cymMmapHas HapaOoTka OOBEKTa, MpU JTOCTHXKCHHUU
KOTOPOM IKCILTyaTalusl 10KHA ObITh MPEKpalleHa He3aBUCUMO OT €0 COCTOSIHUS.

TH =1, +(t,—t,)+ (15— 1, )+ (t; — 15 )+ (1, — 15)

Cpok cayx0bl - KaJIeHIapHas MPOJOJLKATEIIBHOCTh SKCIUTyaTaluu (B TOM YHUCIIE,
XpaHEHUe, PEMOHT U T. 1.) OT €€ Hayaja J0 HACTYIUICHHS MPEACIbHOTO COCTOSIHUSI.

N MM |
to=0 t1 t2 t3 tg ts ts 7 g to tio t

Ha pucynke mnipuBeneHa rTpaduyeckas HHTEpIpETalus NepeUUCICHHBIX
MOKa3aTesen, Py 3TOM:

t, =0 - mauano sxcrnyaranuu;

t,, Iy - MOMeHTBI OTKIIFOUEHNMS TI0 TEXHOIOTMYECKUM TIPHIMHAM;

t,, 1, t;, &g - MmomenTHI BiTIOUEHUS 0OBEKTA;

t;, t, - MoMenTBI BBIBO/IA 0OBEKTA B PEMOHT, COOTBETCTBEHHO, CPEHMI M KaITMTAIbHBII;
ty - MomenT Ipexpamenus skcruTyaranuy;

t, - MoMeHT oTKa3a 0OBeKTa.

KoHnTpoJibHbIE BOIPOCHI:

1. B ueM 3akiro4acTcs IMOHITHE HaJeXKHOCTU KaK CBOMCTBA o0BeKkTa?

2. llepeuncnure ¥ JaiiTe ONpeNeNeHUST OCHOBHBIX COCTOSHUH H COOBITHH, KOTOPBIMHU
XapaKTepU3yeTcs HaZle)KHOCTh?

3. Buem O6H_IHOCTB U OTJIMYUS COCTOSHUM «UCIPABHOCTb» U ((pa6OTOCHOCO6HOCTB» o0BeKTa?

4. Tlpu KakMX YCIOBHSIX HACTYIAeT MpeJleIbHOE COCTOSIHUE 00BEeKTa?
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5. Kakumu MOryT OBITh OOBEKTHI MO CHOCOOHOCTH K BOCCTAaHOBIICGHHIO PabOTOCTIOCOOHOTO

COCTOSIHUSI?
6. KakuMu MOTyT OBITH OTKA3bI I10 TUITY U TIPUPOJIE TIPOUCXOKACHUS?
7. Tlepeuncnure OCHOBHBIEC MPU3HAKH KJIaCCU(UKALINU OTKA30B?
8. IlepeuuncnuTe u naiiTe onpeneieHne CBOMCTB (COCTABISAIONINX ) HAJIC)KHOCTH ?

Jaiite onpeneneHne nokasaTesis HaJle)KHOCTH?

10. Hepe‘II/ICHI/ITe " IIOSICHUTE ITOKa3aTCIIn ,Z[OJ'II‘OBC‘IHOCTI/I?
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Jlexuyus 2

KO/IMYECTBEHHBIE IIOKA3ATEJIM BE3OTKA3HOCTH: OBIIUE ITOHATHA.
OCHOBHBIE CBEJIEHHUA U3 TEOPUU BEPOSATHOCTEI.

1.00umme nouaTUsd

Haubomnee BakHbIE INOKa3aTeiIu HaaACKHOCTHU HCBOCCTAaHABJIMBACMBIX 00OBEKTOB MOKA3aTeJIn
6830TK33HOCTI/I, K KOTOPBIM OTHOCATCA:

® BEpPOATHOCTH 0€30TKA3HOM padoThI;
¢ ILUIOTHOCTH pacmnpeiesieHUusl 0TKa30B;
¢ HHTEHCHBHOCTH OTKA30B;
e cpenHsisi HAPadOTKA /10 0TKa3a.
[Toka3zarenu HaACKHOCTH MPEICTABISIOTCS B IBYX (opMax (ONpPEACICHUSX ):
® CTaTUCTHUYECKas (BBIOOPOYHBIC OIICHKH);
® BCPOSITHOCTHASI.

Crarucruyeckue omnpenejeHusi (BbIOOpPOYHBbIE ONIEHKH) IIOKa3aTeled IOJIY4arOTCs IO
pC3YJII)TaTaM I/ICHI)ITaHI/If/i Ha HAAC)KHOCTD.

I[OHYCTI/IM, 9TO B XOJ€ HUCIBITAHUN KakKoro-TO YHCIa OAHOTHUIIHBIX 00BEKTOB IIOJIYUCHO
KOHEYHOE YHCJIO MHTEPECYIOILIEro Hac mapamerpa - HapaOOTKH 110 oTkasa. [lomydeHHble uncna
NPEJICTaBISIIOT co00M BBIOOPKY HEKOero oobeMa u3 OO0IIed «TeHEepaJbHOM COBOKYITHOCTHY,
UMeEIoIel HeOrpaHWYEHHBIH 00BbEM JaHHBIX O HapaOOTKe JJ0 0TKa3a 00OBEKTa.

KonnuecrBeHHbie IMOKAa3aTeiivu, OMPCACIICHHBIC JIA «reHepanLHoﬁ COBOKYITHOCTH», ABJISIFOTCA
UCMUHHbIMU (eepOﬂmuocmemu) nokaszameyimu, IOCKOJIbKY 00BEKTUBHO XapaKTCPU3YIOT
cnyqaﬁHon BCJIIMYHUHY - Hapa60TKy J0 OTKa3sa.

[Tokazarenu, ompeaeneHHbIE ISl BBIOOPKH, H, IMO3BOJISIONIME CAENATh KaKHWE-TO BBIBOIBI O
CllydyalfHON BEJMYUHE, SBIAIOTCA 6blOOpouHbiMU (cmamucmuyeckumu) oyenxkamu. OUEeBUIHO,
YTO MPU TOCTATOUHO OOJIBIIOM YHCIIC UCTIBITAHUN (OOJBIIION BEIOOPKE) OIIEHKH NPUOIUACAIOMCS
K BEPOSITHOCTHBIM ITOKa3aTelsIM.

BepO}ITHOCTHa}I (bopMa MMPEACTaBJIICHUA MoKa3aTesen y;[06Ha IIpU aHAJTTUTUYCCKUX pacyeTax, a
CTaTUCTHUYCCKAA - IPU SKCIICPUMECHTAJIbHOM UCCIICAOBAHNHN HAACKHOCTH.

J1st 0603HaYeHNS CTAaTUCTUYECKHUX OLIEHOK OYyIeM HCIIONIb30BaTh 3HAaK "CBEPXY.

[IpumeM cIEQyOIyI0 cxemy ucnvimaHuil A OUEHKH HaaexHocTu. [lycTh Ha ucCHbITaHUS
ITIOCTABJICHO N OANHAKOBBIX CepI/II\/'IHI)IX O6’I)GKTOB. yCJ’IOBI/ISI I/ICHI)ITaHI/Iﬁ UICHTHUYHBI, a
UCTIBITAHUS KaXJOro M3 OOBEKTOB TMPOBOJATCS N0 €ro oOTKasza. BBemem chemyromiue
0003HaYEHN:

T=1{0, 11 ... tn} = {t} — cinyuaiinasi Benu4ynHa HapaOOTKK 00BEKTa 10 OTKA3a;

N(t) - uuciio 06beKTOB, pabOTOCIIOCOOHBIX K MOMEHTY HapaOOTKH t;
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n(t) - unciio 00bEKTOB, OTKA3aBIINX K MOMEHTY HapaOOTKH t;
An(t, t + At) - yrciao 00bEKTOB, OTKA3aBIINX B MHTEpBaje HapaboTku [t, t + At];
At - UIMTENFHOCTh HHTEPBaJla HApaOOTKH.

[TockonbKy B najbHEIIEM OnpeeneHrne BBIOOPOUHBIX OIIEHOK 0a3upyeTcsi Ha MaTeMaTHUYECKHUX
MOJICNIAX TEOPUH BEPOATHOCTEH W MATEMaTUYECKOW CTATUCTUKH, TO HIKE MPUBOISTCS
OCHOBHbIE (MUHUMAJIbHO HEOOXOAUMbIE) CBEICHUS U3 TECOPUH BEPOSTHOCTEH.

bonee HOI[pO6HBIfI MaTcepruaial Hu3 TCOpUHU BCPOHTHOCTeﬁ YUTaTClIb MOXCT IIOJYUYUTH B
HpI/IJIO)KeHI/II/II «OCHOBHBIC HOHATHS U KpaTKuEC CBCACHHUA U3 TCOPUU BCpOHTHOCTCfI».

2. OcHOBHbBIE CBCICHHUA 0 MATCEMATUYICCKUX MOAECIAX pacdyeTra B TCOpUHU BQPOHTHOCTCI‘/’I

Teopuﬂ 6€p0}17’l’ZHOCm€L7 - MaTéMaTuveckas HayKa, U3ydaromas 3aKOHOMCPHOCTHU B CJ'Iy‘IaI‘/‘IHBIX
SIBJICHUAX.

2.1. Ocnoenble nonamus meopuu MHOMCECMe
OaHUM U3 OCHOBHBIX TMOHSATHH SBJISICTCS - CIIy9allHOE COOBITHE.

Cobvimuem Ha3biBaeTCs BCAKUN (PaKT (MCXO[H), KOTOPBHIA B pe3yiabTaTe OMNbITa (MCHBITAHUSA)
MO>KET IPOU30MTH WU HE IPOU30UTH.

KaxxgoMy #3 Takux COOBITH MOXHO TIOCTaBUTh B COOTBETCTBHE OIPEICICHHOE YHCIIO,
HA3bIBAEMOE €r0 6EPOSAMHOCHIbIO W SBJSAIONICECS MEPOH BO3MOXKHOIO COBEPIICHHS 3TOIO
COOBITHA.

Teopnﬂ BCpOfITHOCTCI\/JI OCHOBELIBACTCA HAa aKCUOMATHYCCKOM IMOJAXOAC U ONHUPACTCA Ha IMOHATHA
TCOPHUU MHOKECTB.

Mmuooscecmgo - 310 1M00asi COBOKYIHOCTb OOBEKTOB INPOMU3BOJIBHON NPUPOABI, KaXIbld M3
KOTOPBIX Ha3bIBACTCS YIIEMEHTOM MHOXECTBA.

[Tpenmonoxum, 4To MPOU3BOAUTCS HEKOTOPHBIH OMBIT (MCIBITAHKE), PE3YJIHTAT KOTOPOTO 3apaHee
nemsBecteH. Torma muoocecmso €)  BceX BO3MOMKHBIX HCXOJIOB OIBITA HPEICTABISET
IPOCTPAHCTBO SIEMEHTAPHBIX COOBITHH, a KaxIblil ero sneMeHT & € () (OTAENbHBIA HMCXON
OTIBITA) SIBJISIETCSl 27lemMeHmapHuim cobbimuem. JI1000i HabOp IEeMEHTApHBIX COOBITHI (JTF000€
WX COYETAHHE) CUMTAETCSA NoOMHOdNCecmeom (YacThio) MHOKeCTBA ) M SABJIAETCS CAVUALIHbIM
cobvimuem, T. €. moboe cobbiTHe A - 3T0 o AMHOKecTBO MHOKecTBa (2. AC Q).

B o0wmem ciydae, eciu MHOXKECTBO {2 COJNEPIKHUT 71 DIIEMEHTOB, TO B HEM MOYKHO BBIIEIUTH 2"
MOJIMHOXKECTB (COOBITHIA).

BBenem psn onpeneneHui.

Coemecmnvie (Hecoemecmmuple) codObimuA - TAKUe COOBITUS, MOSIBICHUE, OJHOTO U3 KOTOPBIX HE
UCKJTIOYaeT (MCKIII0YaeT) BO3MOKHOCTH MOSBJICHUSI IPYTOro.

3asucumole (Hezasucumvie) codblmus - TaKUe COOBITHA, TOSIBJICHHE, OJHOTO W3 KOTOPBIX
BIUSET (HE BIMSIET) HA MOSBICHUE IPYTOro COOBITHS.
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Ilpomueononosicnoe codvimue OTHOCUTEIHLHO HEKOTOPOTO BHIOPAHHOTO COOBITHS 4 - COOBITHE,

COCTOsiIIee B HE HOSBICHUHU 3TOTO BBIOPAHHOTO coObITUsA (0003Hauaercs A).

Ilonnas epynna codbimuil - Takasi COBOKYIIHOCTb COOBITUH, IIPH KOTOPOH B pe3ysbTaTe OMbITa
JIOJKHO TIPOU3OUTH XOTSI ObI OTHO M3 COOBITHIT 3TOI COBOKYITHOCTH.

2. 2. AKcuomul meopuu eeposimuocmeil

BepositHocTh coObITUst A 0003Havaetrcst P(A) wim P{A}. BeposTHOCTh BBIOMpAIOT TaK, YTOOBI
OHa YJIOBJICTBOPSIJIA CIEIYIOIIUM YCIOBHUSAM UM aKCHOMAaM:

P(Q)=% P(0)=0. )

P(0)<P(A)<P(Q) )

Ecnu Ai u Aj HecoBMeCTHBIE COOBITHS, T. €. A A Aj =0 , TO

P(AvA)=P(A)+P(A) 3)

TAC V - 3HAK JOTUYECKOI'O CIOXEHHUS CO6LITPII>1, 0- ITyCTOC MHOKECTBO (OTCYTCTBI/Ie CO6I>ITPII>1).

Axcnoma (3) 0600maeTcs Ha 1r000€ YHUCIIO HECOBMECTHBIX coObIThi (Ai}i=1:

P QA =iZ;lP(A) (@)

Yacmommnoe onpeoenenue epossmuocmu ar06020 coovimusn A:

P(A)=—2 (5)

IPEJICTaBIISIET OTHOLIEHHE 4YHcia ciiydyaeB (Ma), OMArompHUsATHBIX MOSBICHUIO COOBITHS A, K
o01ieMy yrciy ciiydaeB (BO3MOKHOMY YHCITY UCXOIOB OIIbITA) A.

[Ipy HEorpaHWYEHHOM BO3pAaCTaHWU 4YHCIa 7 HAOMIOJAeTCs CTAaTUCTHUYECKOE YIOPSI0YECHUE,
Koraa uacmoma coovimusi A (6bl00poyHas oyenKka) BCe MEHBIIE U3MEHSETCS U MPUOIIMKACTCS K
MOCTOSTHHOMY 3HAUEHHUIO - 8epOsimHOCmU codvimusi A.

2. 3. Ocnoenvle npasuna meopuu 6epoAmHoOcmen
2.3.1. Teopema ci10:keHMs1 BEPOSITHOCTEIA.

Ecmu A1, Az,...,An - HECOBMECTHBIE COOBITHS M A - CymMMa 3THUX COOBITHH, TO BEPOSTHOCTH
coOBITHS A paBHA CyMMe BEpOSITHOCTEH COOBITUI A1, A2,...,An!

P(A)=P QA =§P(A) (6)
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[TOCKOBKY MPOTUBONONOKHBIE COObITUS A 1 A HECOBMECTHHI H 00Pa3yIOT HOMHYIO IPYMITY, TO
CyMMa UX BEpOATHOCTEN

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

2.3.2. Teopema ymnoxncenusn éepoamuocmeil.

BepostHocTh mpousBeneHuss IByX COOBITUH A1 W Az paBHa BEpPOATHOCTH OJHOTO M3 HUX,
YMHO)XEHHOW Ha YCJIOBHYIO BEPOSITHOCTH JAPYIOro, B IMPEANOJOXKEHHWU, YTO IEPBOE COOBITHE
IIPOU30LLIO:

P(AAA)=P(A)P(A|A)=P(A)P(AIA) (8)

I/I€ YCIIOBHAsl BEPOSITHOCTh COOBITHS A1 IPU HACTYIUICHUH COOBITUS A2 — BEPOATHOCTh COOBITHS
A1, BEIYHCIICHHAS B TIPEIIIOJIOKEHUH, YTO COOBITHE A2 TTPOU3OIILIO:

P(AI/&)=% 9)

Jl1s m060ro KOHEYHOI 0 YKciia COOBITUN TEOpEMa YMHOKEHUSI UMEET BU/

p @A CP(AIA..A)P(AIA..A)s.oP(ALIA)P(A). (10)

Ecau coObitust A1u Az HE3aBUCUMBI, TO COOTBETCTBYIOIIHNEC YCJIIOBHLIC BEPOATHOCTH

P(AIA)=P(A); P(AIA)=P(A),

MO3TOMY T€OpEMa YMHOKEHHUS BEPOATHOCTEH (8) mprUHUMAET BUI

P(AAA)=P(A)eP(A), (11)

a JJI1 KOHCYHOI'O YrcJja II HC3aBUCHUMBIX COOBITHI

2.4. Cneocmeus 0CHOBHBIX meopem

CnenctBusi OCHOBHBIX TeopeM - (opmyina nonHoi BepositHoctu (PIIB) u dopmyna baiieca
HaXOJAT IMPOKOE MPUMEHEHHE TPU PEIIeHUH OOJIBIIOT0 YUCa 3a/1a4.

2.4.1. @opmyna noanoii eepossmuocmu.
Ecin no pesynpTaTam ONbITa MOYKHO CIEJIaTh # HWCKIIOYAIOLMX APYT Apyra IpeanoyioKeHnun
(rumore3) H;, H,,..., Hn’ MPEICTABISIONINX MOJIHYI0 TPYIINY HECOBMECTHBIX COOBITUH (AJist

KOTOpOH Zi=1”P(i)=1), TO BEPOSTHOCTH COOBITHS A, KOTOPOE MOXKET TMOSBUTHCS TOJBKO C

OJHOM U3 3TUX TUIIOTE3, ONPEETACTC:
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P(A)=P(H;)eP(AlH;), (13)

riae P(Hi) - BeposiTHOCTD rumnoTe3s! Hi;

P(A4 | Hi) - ycnoBHasi BEpOsSTHOCTb COObITUS A Tipy runotese Hi.

[Tockonbky coObITHE A MOXET TMOSBUTbCA C OJHOM M3 THUIOTE3 H17H2""!Hn,! TO

A=AH,v AH, v...v AH, 1o necoBmecTHbI, mosTOMY

P(A)=P(A AH,)+...+4P(A AH,) ZPA “H;) 0

I1pu 3aBucuMoCTH cOObITHS A OT nosiBieHus rurotessl Hi P(AH;)=P(H;)eP(A|H,), ortkyzaa

u cienyet Beipaxkenue (13).

2.4.2. @opmyna Baiteca (popmyna eeposmuocmeii zunomes).

Ecnu 10 onbita BepositHOCTH runotes Hi,Ha,...,H, 6bum pasust P(H,),P(H,),...,P(H,), aB

pe3yibpTaTe oOIlbITa IIPOU3OULIO COOBITHE A, TO HOBBIC (YCJ'IOBHBIG) BCPOATHOCTH THUIIOTE3
BBIYHCIIAKOTCA:

p(AlH )= P(H)SP(AIH) _ P(H)eP(AIH)
AIR)=S P(H)eP(AlH)  PA (14)

i=1

Hoonvimnvle (nepgoHauanvHvle) BEPOATHOCTU TUTOTE3 P ( H 1) P ( H, ) U ( H, ) , Ha3bIBAIOTCA

anpuopHuvimu, a nocieonvimuvle- P ( H, | A) voun P ( H, | A) - anocmepuopHbLIMU.

®opmyna baiieca mo3BOJISET «IIE€PECMOTPETH» BO3MOXKHOCTU THIIOTE3 C YYETOM IMOIYyYEHHOTO
pe3ynbTara OmbITa.

Hoxa3zarensctBo @opmyiisl baiieca cineqyer u3 npeamectsyronero marepuaia. [I0OCKOJBKY

P(H;AA)=P(H,)*P(A[H;)=P(H,)eP(H | A):

P(Hi /\A) B P(Hi)o P(A| Hi)
P(A) P(A)

P(H;|A)= , (15)

0TKyJa, ¢ yuetoM (13), monyqaercs Boipaskenue (15).

Ecnu nocne onbiTa, qaBiiero coObITHe A, MPOBOAMUTCS €II€ OJIMH OMBIT, B PE3YIbTAaTe KOTOPOTO
MOKET TTPOM30NTH WM HET COOBITHE A1, TO YCIOBHAs BEPOSTHOCTH 3TOTO MOCIIECTHEr0 COOBITHUS

BeryHCIsgeTcs 1o (13), B KOTOPYIO BXOAAT HE MpekHUe BepostHocTH runote3 P(Hi), a HoBble
P(HilA):
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P(AIA)=3 P(H, | A)sP(A | HA) o5

Bripaxkenue (16) Ha3sIBaIOT (hopmynoii 0nsi epossimuocmelt 6Y0YuuUx coobtmuil.

Koumpwzbubte eonpocoel u 3aoauu:

1.

N oo o &

[lepeuncnure mokazareny OE30TKA3HOCTH OOBEKTa M MOSICHUTE, YeM OTIHYAOTCS
CTaTHCTUYECKas (BHIOOPOUHBIC OIICHKM) M BEPOSITHOCTHAsS (popma (onpeeneHus)?

[TosicauTe «CcXeMy WCHBITAHUN» OO0BEKTa MPHU ONPEACICHUN BBIOOPOYHBIX OIEHOK
okasareJieii 0e30TKa3HOCTH?

Jlaiite ompeneneHHe «OLIEHKH» BEPOSITHOCTH COOBITUS U OOBSICHUTE YCIOBHE
CXOJIMMOCTH OILICHKU U BEPOSITHOCTU COOBITHSA?

[lepeuncnure U NOACHUTE OCHOBHBIE AKCHOMbBI BEPOSITHOCTH?
[lepeuncnure U NOACHUTE CMBICII OCHOBHBIX IPaBUJI (TEOPEM) TEOPUU BEPOSATHOCTEN?
HazoBure ciiecTBUS OCHOBHBIX TEOPEM TEOPUHU BEPOSITHOCTEH?

[TpuGop moxket paboTaTh B ABYX pexxumax: «1» u «2». Pexxum «1» nabmronaercs B 80%
ciiyyaeB, pexuM «2» - B 20% ciydaeB 3a BpeMs pabGotel T. BepostHocTs TOro, 4to
npubop OTKaXeT mpH padote B pexxume «1» pasaa 0.1, a BEposATHOCTh OTKa3a mpuodopa B
pexxume «2» - 0.7. Haiftu BepossTHOCTH 0TKa3a npubopa 3a Bpems T? Otser: 0.22

[Tpubop coctout U3 3-X GJIOKOB, KOTOpPBIE HE3ABUCUMO JPYT OT JApYyra MOTYT OTKa3aTh.
OTtka3 Kax10r0o U3 OJOKOB MPUBOAMUT K OTKa3y Bcero mpubdopa. BepostHOCTH TOTO, YTO 32
Bpems T paboTsl mpubopa oTKaxeT nepBblil 0110K, paBHa 0.2, Bropoi - 0.1, Tpertnit - 0.3.
Haiitu BeposiTHOCTB TOTO, uTO 32 BpeMsi T npubop nmpopadoTraet 6e30TKa3HO?

[Tpubop coctout U3 2-x OGJIOKOB, AyOIUPYIOMUX APYT Apyra. BeposarHocTs TOro, 4TO 32
Bpems T kaxnaelii u3 O10KOB mpopabotaer Oe30TkazHo, paBHa 0.9. Otka3 mpubopa
MIPOM30MIET NMpH OTKa3ze oboux OsokoB. HailTu BepoATHOCTH TOro, uro 3a Bpems T
npubop npopaboraeT 6€30TKa3zHO?

Oteer:0.504
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npubap

Otget: 0.99
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Jlexkuus 3

MMOKA3ATEJM BE30TKA3HOCTHU: BEPOSITHOCTh BE3OTKA3HOWH PABOTHI,
IVIOTHOCTB PACIIPEJAEJIEHUSA OTKA30B, UTHTEHCUBHOCTDB OTKA30B

OOume nNOHATUS O IOKa3aTensXx O€30TKa3HOCTH, (opMax HX NPEACTaBICHUS M CXeMe
UCTIBITAHUN OOBEKTOB MPUBEICHBI B JIEKLIUU 2.

1) BeposiTHOCTh Ge30TKa3HOl padoTshl (BBP)

Cmamucmuuyeckas oyenka BBP (smnupudeckas GyHKINS HAICKHOCTH) ONPEEIIAETCS:

I;’(t) = NTC[) )

otnomeHreM uncina N(t) o0bekToB, 6€30TKa3HO MPOPAOOTABIIMX 10 MOMEHTa HapaboTKu i, K
quciTy 00BEKTOB, UCIPaBHBIX K Havany ucnbitanuii (I = 0) - k obmemy uyuciay oobektoB N.
Ouenky BBP moxHO paccMarpuBaTh Kak IOKa3aTellb JOJU PabOTOCIOCOOHBIX OOBEKTOB K
MOMEHTY HapaboTKu t.

[Mockoabky N(t) = N - n(t), o BBP 1o (1)

() =1-" <1-Q0), @

n(t)

rae Q(t) = N -oyenxa seposmuocmu omkaza (BO).
B craructuueckoM ompeaencHud oleHka BO MpeAcTaBIseT OSMIMPHUYSCKYIO (YHKIHIO
pacrpeieJieHus: OTKa30B.

Tak kak CO6I)ITI/I$I, 3aKIII0OYAar0MMUECd B HACTYIUVICHUU HJIM HEC HACTYIUICHUH OTKa3a K MOMCHTY
Hapa6OTKI/I t, SABJIIFOTCS IIPOTUBOIIOJIOKHBIMU, TO

P(t)+Q(t) =1 @

HerpynHo yOeautbesi, uro BBP sBasiercs yObiBaromiei, a BO - Bospacratomiein QyHkimein
HapaboTku. [lelicTBUTEEHO

B MOMEHT Hayaya uchbiTanuid t = 0 ymcimo paboTOCHOCOOHBIX OOBEKTOB PaBHO OOLIEMY WX
guciy N(t)=N(0)=N, a uucno orkazasmmux - N(t) = n(0) = 0, moaTomy

P(t)=P(0) =1, 2 Q(t)=Q(0) =0

npu HapaboTke t —oo Bce 0OBEKTHI, OCTABICHHBIEC HA UCIBITaHMs, OTKakXyT, T.e. N(©) =0, a
n(o) = N nosmomy P(t)=P(x0)=0,a Q(t) =Q(x) =1

Beposmuocmuoe onpeodenenue BBP
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P(t)=P{T <t} 0

Taxum o6pa3zom, BBP ecTh BeposiTHOCTB TOTO, UTO CiTydaiiHasi BeTU4rMHA HApaOOTKH 10 oTKaza 1’
OKa)KeTCsl He MEHbIIIE HEKOTOPOH 3a/laHHON HapaOoTKH .

OueBugno, uro BO Oyner sBhsATbCS (QyHKIMEH pacmpeneiieHus CIy4alHOW BEIMYWHBI I H
npeicTaBisieT u3 cebsd BEpOATHOCTH TOTO, YTO HApabOTKa 10 OTKa3a OKAXETCs MEHbIIe
HEKOTOPOH 3aJIaHHON HapaboTKH 1

Q(t) =Q{T <t} 0

I'padpuxu BBP u BO npuBenens! Ha puc. 1.

B npenene, ¢ poctom unciaa N (yBenuueHue BBHIOOPKH) UCIBITBIBAGMBIX 00BeKTOB, JO(t) u (t)
CXOIATCS TI0 BEPOATHOCTH (mpuOsmKaroTcs mo 3HadeHusMm) K P(t) u Q(t). CxomumocTts 1m0
BEPOSITHOCTH MPEJCTABISETCS CICAYIOUIIM 00pa3oM:

p{ymw_p(t):o}:l ®

rey fQw

Puc. |
[MpakTryeckuii HHTEpEC MpeacTaBiseT onpeaeieuue BEP ¢ unmepsane napabomru [t, t + A t],

IpU yCJIOBUH, YTO OOBEKT 0e30TKa3zHO MpopaboTtan 10 Hadana t uHTepBana. Ompeaenum 3Ty
BEPOSATHOCTb, UCIOJIb3YSl TEOPEMY YMHOXKEHHS BEPOSTHOCTEHN, U BBIJCIIUB CIIEIYIOIINE COOBITHS:

A = {6e30TKa3Has paboTa 0OBbEKTa 10 MOMEHTa 1};

B = {6e3o0Tka3Has pabota 00bekTa B nHTEpBaie A t};
C = AB= {6e30TKa3Has pabora oObekTa 10 MoMeHTa {t + A t }.
Ouesunno P(C)=P(AB)=P(A)P(BJ|A), mockonbKy coObITUSI A U B, OyIyT 3aBUCUMBIMHU.

YcnoHas BepositHocth P(B| A) mpeacrasnser BBP P(t, t + A t) B unrepBane [t, t+ A ],
IO3TOMY
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P(C) P(t+At)
P(B|A)=P(,t+At) = —
(Bl A)=P(t,t+At) PO o
BO B unrepsaie napaborku [t,t + A t], ¢ yaerom (7), pasna:
Q(t, t+At) =1—P(t,t + At) = [P(t) —PF;t(; +At)] .

2. IlnoTHOCTH pacnpenesenust orkazos (ITPO)
Cmamucmuueckas oyenka I1PO onpenensercs

OTHOIICHHEM YKciaa 00bekToB AN(t, t + At), oTkazaBmInx B nHTEpBasie HapaboTku [t, t + A t] x
IPOM3BEICHIUIO 0011ero uncia 00bekToB N Ha JUIMTEILHOCT HHTEPBaa HapaboTKU A t.

N

f(t)= % [e0.napabomxu™], 9)

IMockombky An (t, t + At) =n (t + At) - n(t), 20e n(t + At)- uncio 0ObEKTOB, OTKA3ABIIUX K
MoMeHTYy HapaboTku t + At, To ouenky [IPO MoxHO npencTaBUTh:

[O(t + A - Q)] = 24 (10)

p An(t,t+At)—n(t) _ 1
N At At At

f(t)=

rae Q(t, t + At) - ouenka BO B uHTEpBae HapaOOTKH, T. €. mpupaimeHne BO 3a At.

Onenka ITPO mnpezacraBiseT «4acTOTy» OTKA30B, T. €. YACIO OTKAa30B 3a €AMHUILy HapaOOTKH,
OTHECEHHOE K IepPBOHAYAIbHOMY YHCIIy OOBEKTOB.

Beposmnocmnoe onpedenenue I1PO cnenyet u3 (10) mpu cTpeMiIeHUU WHTEpBaja HapaOOTKH
At —t, u yBennueHnss oo0bema BEIOOpKH N — o0

(0= im Q(t,t+At) _dQ(t) _dii-P(®)] _ dP() 1)
A0 At dt dt dt

[TPO mno cymecTBy sBIseTcs IJIOTHOCTBIO pacmpeseneHust (IMIOTHOCTbIO BEPOSTHOCTH)
city4aiiHOM BennuuHbl 7 HapaOOTKU 00BEKTA /10 OTKa3a.

[Mockonbky Q(t) siBisieTcst HeyObIBaroILeH (GyHKIMeH cBoero aprymenra, to f(t) >0.
OnuH 13 BO3MOXKHBIX BUI0B rpaduka f(t) mpusenen Ha puc. 2.

Kak BumHo u3 puc. 2, [TPO f(f) xapaktepusyer 4actoTy oTka3oB (wiu npuBeneHayio BO), ¢
KOTOpPOW pacIpeessiFoTCsl KOHKPETHbIe 3HayeHUs HapaboTok Bcex N o0bekToB (1, ... , tn),
COCTaBJISIIONIME CIy4allHyI0 BEIMYMHY HapaOOTKM T 10 OTKa3a OOBEKTa JAaHHOTO THIIA.
JlomycTuMm, B pe3ylibTaTe MCIBITAaHHA YCTAHOBJIEHO, YTO 3HAueHHWe Hapa®oTku ti mpucyie
HauOoNbIIeMy YHCTy 00bekTOoB. O YeM CBHICTENBCTBYST MakcuMmaibHas BenuuuHa f(1)).
Hanpotus, Gonpmias Hapa®oTka /y ObUla 3aHUKCHpOBAaHA TOJBKO Y HECKOJIBKHUX OOBEKTOB,
nostomy u vactota f(tj) moseienus takoi HapaboTKH Ha 00IIeM GoHe OyeT MaJIOH.
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OT0XHUM Ha OCH aOCIIMCC HEKOTOPYIO HapaOoTKy t M1 OECKOHEUHO MaJlblii MHTEpBaJl HAPaOOTKH
mmpuHoi dt, mpumbikaromuii k t. Torma BepoOSATHOCTh MOMagaHWs CAYYalHOW BEITUYMHBI
HapaboTku T Ha 3JIEMEHTApPHBIH yd4acTOK MHPHUHOW Ot (C TOYHOCTHIO 10 OECKOHEYHO MAJIbIX
BBICIIETO MOPsJIKA) paBHA:

P{T e(t,t+dt)} =P{t<T < (t+dt)} ~ f(t)dt (12)

rae f(t)dt - smement BO oObexra B umuTepBane [t, t + dtf] (reomerpuyecku 3TO IUIOIIAIb
3alITPUXOBAHHOT'O NPSMOYTOJIBHUKA, OMUPAIOLIErocst Ha oTpe3ok dt).

f(t) L) rapaboris - A (8)

£t fit)dt

)

Hapabomxa

-
™

t t % tn t

Puc. 2

AHaIOrMYHO BEPOSATHOCTH MOMaaaHus HapaOoTku T’ B uHTEpBal [k, tn] paBHa:

tm

PTe.t)l~ > f(t)dt zj f (t)dt, (13)

tie(ty ty) t,

YTO TEOMETPUUCCKU WHTEPIPETUpPYETCs Turoniaapto mo kpusoit f(t), ormmparoreiicss Ha yuacTok
[tk1 tm] .

BO u BBP moxHo BbIpa3uts B pyHkiuu [1PO.

[Mockonbky Q(t) = P{T < t}, To ucnonb3ys Beipaxerue (13), monyunm

Q) =P{0<T <t} =P{T €(O,1)} =j f (t)dt, (14)

.S(

pacinp€HUEC NHTECPBAJa CJIeBa 1O HYJIA BBI3BAHO TEM, UYTO T He MOKET OBITh OTpHULATCIIBHO

Tk. P(t)=P{T >t} ,mo

P(t)=P{t<T <o} = T f (t)dt. (15)
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OueBuano, uro Q(t) mpeacrasisier codoit miomaaek moa kpusoii f(t) ciesa ot t, a P(t) -ruromans
nox f(t) cnpasa ot t. [TockosbKy BCe, MOJIy4eHHBIC TIPU UCIIBITAHUSX 3HAUCHHS HApaOOTOK JieKaT
no kpuBoii f(t), To

© t

j f (t)dt = j f (t)dt+of f (t)dt =Q(t) + P(t) =1. (16)

3. UaTeHcuBHOCTH 0TKa30B (UO)

Cmamucmuueckas oyenka Y10 onpenensercs

A(t) = % 3 % [e0.napabomuu™], (17)

OTHOIIEHHEM uucia 00bekToB A n(t, t + At), oTkasaBmux B uHTEpBane HapaboTku [t, t + A f]
k npoussenenuio umcia N(f) paboTocnocoOHBIX OOBEKTOB B MOMEHT t Ha JUIMTENHLHOCTH

vHTepBana HapaboTku At.

CpaBauBas (9) u (17) moxHO oOTMeTHTBH, uTO MO HeECcKONbKO NOIHee Xapakmepusyem
HaoedcHocmb 00beKma Ha Momewm Hapabomku t, T. K. TOKa3bIBa€T 4YacTOTy OTKa30B,
OTHECEHHYIO K ()aKTUIECKH pabOTOCTIOCOOHOMY YUCITYy OOBEKTOB HA MOMEHT HapaOOTKH t.

BepositHocTHOE onpenenenue MO momyduM, YMHOKUB U TOJCTUB MPABYIO YaCTh BBIPAKCHUS
(17)na N

t o _ANE+AY) N _An(tt+At) N

A(t :
O="N0oa "N~ Nat NO 0
C yuerom (10), ouenxy MO ﬂ,(t) MOYHO TPEJICTABUTD
p t,t+ At 1
ap -2, L 0
P(t)
Otkyna ipu crpemiienun At —0 u N — co monmyyaem
G0 - lim QUEEA) 1 dow) 1 f(©) )

Bo3MosxHBIE BUABI H3MEHEHUS Hno ﬂ“(t) NPpUBCACHBI HA pI/IC3
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PRI

2d. napabomiu ™’

AE =1

Hapabomi

t

Puc. 3

Konmponwsnuie 6onpocwt u 3a0auu:

1. [lepeuncnure mnokazarean O€30TKa3HOCTH OOBEKTa W IMOSICHUTE B YEM OTJIWYMS
CTAaTHUCTUYECKUX OI[EHOK OT BEPOSTHOCTHOM (POPMBI UX MpEACTABICHUS?

2. JaliTe ompeneneHue BeposITHOCTH Oe30TKa3HOM paboTel (BBP) oO0bekTa n mosicHuTe ee
CMbICH?

3. Uem otnmuaercs BBP oO0bekTa k Hapabotke t or BBP B mHTepBasie Hapabotkm [t, t +
At]?

4. Jlaiite ompeneneHue MIOTHOCTU pachpenenenus otkasos (I[IPO) u mosicHute ee cmbica
P OLIEHKE Ha/IeXKHOCTU 00BEKTA?

S. Maiite rpaduueckyro unTepnperanuto noHstiit BBP u BepostHocTn otkazos (BO)?

6. Jaiite onpeneneHrne nHTEHCUBHOCTU 0TKa30B (MO) u mosicHUTE ee CMBICT MpH OLEHKE
HaJEKHOCTH 00beKTa?

7. [To pesynbratam ucnbiTaHuil N=100 OJIHOTHIHBIX 3JEMEHTOB OIPEAEIUTH MMOKA3aTeIN
0e30TKa3HOCTH MUl 3aJaHHBIX HapaOOTOK ti, eclM WM3BECTHO, YTO YHCIO OTKAa3aBIINX
aemeHTOB N(ti) K MOMEHTaM HapabOTKH COCTaBIISIET:

t,=100u n(1,)=5

T.2=1509 n(t.) =8

t3 =200 4 n(tz) =11

T4 = 2504 n(ts)=15

ts =300 4 n(t) =21

[Toctpouts rpaduku pacueTHbIX MOKa3aTesen P(t| )1 Q(t| )1 f (t| )1 j“(t| ) ?
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Jexkuus 4

YPABHEHHUE CBA3U IMMOKA3ATEJEN HAJEXHOCTH YUCJIOBBIE
XAPAKTEPUCTUKHU BE3OTKA3HOCTH

1. YpaBHeHne CBSI3M NMOKAa3aTeJdeH HaJeKHOCTH

B nexuum 3 npuBeneHbI BBIPAXKEHUS, ONPELISIIONINE BEPOATHOCTh Oe30TKa3HOoM paboThl (BBP)
u BeposTHOCTh 0TKa30B (BO) B ¢yukuuu ITPO f(t). [Tockonbky uHTeHCHBHOCTH 0TKa30B (1O)

X(t) sBasiercst GoJiee MOJHOM XapaKTEPUCTHKON HAJEKHOCTH, MPEACTABIACT HHTEPEC BBHIPA3UTH
BBP P(t) uepes UO.

HCHOJ’IBSyﬁI BBIPAKCHUC JJIs1 MHTCHCUBHOCTU OTKAa30B

o

A(t) = P’
dP(t)
— =~ AOPO

Pa3nenss nepemennbie (YMHOKUB 00e yacTu Ha dt/P(t)), moayunm

PO _ )t

P(t)

Wuterpupys or 0 go t u mpunumas Bo BHUMaHue, uto npu t = 0 BBP obwekra P(0) =
noJyqaeM

dP(t)
j 0 =InP(t)[\=InP(t) = jzayn

OTKYZa YPAaBHCHHUC CBA3U OCHOBHBIX MoKa3aTeliell HaAeKHOCTH UMEET BU/I:

P(t) =exp {—jl(t)dt} (23)

Bemuunna X(t) dt - ecTh BEpOATHOCTH TOTO, YTO DJIEMEHT, 0E30TKA3HO MPOpabOTaBIIUN B
untepsasie Hapadotkw [0, t], otkaxker B maTepBae [t, t + dt].

VYpaBHeHHE CBsI3M TOKa3bIBaeT, 4TO Bce Mmokasatenu Haaexnoctu P(t), Q(t),f(t) u ﬂ,(t)
PaBHOIPABHBI B TOM CMBICIIE, YTO 3HAS OJWH M3 HUX, MOKHO ONPEAETHUTD IPYyTHE.
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2. YncaoBble XapaKTePHCTHKH 0€30TKa3HOCTH HEBOCCTAHABJIMBAECMBIX 00bEKTOB

2.1. Cpeonaa napadomka 00 omkasa

PaccMmoTpenHbie Bbilie (PYHKIMOHANBHBIE MoKasaTenn Haaeknoctu P(t), Q(t), f(t) u ﬂ«(t)
HIOJTHOCTBIO OMKCHIBAIOT CIYy4aliHYIO BelMunHy Hapabotku T = {t}. B To ke Bpems i penieHus
psiAa MNpaKTUYECKUX 3aJad HaJeKHOCTH OBIBA€T JIOCTATOYHO 3HATH HEKOTOpPHIE YHCIIOBBIC
XapaKTEPUCTUKU ATOU CIIy4ailHOM BEJMYUHBI U, B NIEPBYIO OUYEPENb, CPEOHIOW HAPAOOMKY 00
omkasa.

Cmamucmuyeckas oyenka cpeonetl Hapabomku 00 OmKa3a

A 1 N
To==—>t 1)
N5

rre ti - HapaboTka /10 OTKa3a i-2o 00beKTa.

[Ipu eeposmuocmuom onpedenenuu cpeaHsss HapabOTKa [0 OTKa3a MpPeACTaBIseT coOoi
MareMaruueckoe oxcuoanue (MO) cnydaiiHoi BenuduHbl T 1 onpeensercs:

To=M{T}= th (t)dt. 0

HCHOHBSYSI BBIPAXKCHUC JI MJIOTHOCTHU paCIPCACICHUA OTKAa30B

dP()

M=%

U MHTETPUPOBAHKE TI0 YaCTsIM, MOXKHO IpeoOpa3oBaTh (2) K BUAY

T =Tp(t)dt,

¢ yueToMm Toro, uto P(0) =1, P(%0) = 0.

W3 (3) cnemyer, 4TO CpeiHss HapaOOTKa 10 OTKa3a IEOMETPUYECKH HHTEPIPETUPYETCS Kak
Iomazab moja kpusoi P(t) - puc. 1.

OueBHHO, YTO C YyBeaudeHweM BbIOOpKHM uchbsiTanuii N —> 00 cpennsis apudmernyeckas
HapaboTka (oueHka 7p) cxoauTcs 1o BepositHocTd ¢ MO HapaOOTKH /10 OTKa3a.

MO nHapabotku 7, 03Ha4aeT MaTEeMAaTUYCCKH OXKUIAeMyI0 HapaOOTKy JI0 OTKa3a OJHOTHITHBIX
3JIEMEHTOB, T. €. YCPEIHEHHYI0 HapabOTKYy JI0 TIEPBOrO OTKAas3a.

Ha npaktuke Taxxe MpeacTaBiIsIIOT HHTEPEC YC108HbIE CPeOHUe HAPADOmMKU:
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1. cpeonnn nonesnaa napavomka (Tolt < t1) onpeneneHHas Py YCIOBUH, YTO P TOCTHKCHHU
HapabOTKH 11 Bce ocTaBiIrecs paboTOCIIOCOOHBIMU O0BEKTHI CHUMAIOTCS C IKCILTyaTalllH;

2. cpednsasn npooocumenvHocms npeocmosueir pavomeot (To|t<t1) Ipu yCIOBHH, 4TO OOBEKT
6e3o0Tka3Ho padotan Ha unrepsaie (0, ty).

P{t)

1 V// e

Puc. 1

HpI/I‘lI/IHBI KCIIOJIB30BaHUS ATHUX ITOKA3aTENICH:

BricokoHaexxHble 0OBEKTHI (JIEMEHTHI AJIEKTPOHHBIX CXEM), KaK MPaBUIIO, IKCILIYyaTUPYIOTCS
MeHbIIH cpoK 4eM To (toxe <To ), T. €. 3aMEHSIOTCS 110 IPUYMHE MOPATBHOTO CTAPCHUSI PAHbIIIE,
YyeM ycleBaroT Hapabortath 7.

YacTo st yka3aHHBIX OOBEKTOB COKpPAIIAIOT MEPUOJ] MCHBITAHWKM (IIPOBOJAT O HApabOTOK
COOTBETCTBYIOIIUX UX MOPAIBLHOMY CTapeHHIO), MO3TOMY 70 B TaKOM cly4yae MOHUMAIOT Kak
CpeIHIOI HapabOTKy, KOTopas uMena Obl MECTO B JEHCTBUTENBLHOCTH, eciiu Ob1 IO octaBanach
TaKoH, KaKkoil OHa ObLTa B HAYANBHBIN MTEPHO]] UCTILITAHHA.

Cpennsis mosiesHas HapaboTka To|t<t1 (o anamoruwu ¢ 7o):

4
Tol.,= [ P(Ddt,
(0]

Cpensist pOI0/KUTEIBHOCTD MPEACTOSIIICH paboTh o<ty

Toly=M{T -t} = %tl)'[ P (t)dt.

CooTHoOIIEHHE MEKTY

To |t£t1 , To |t>t1 u To
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To |t$t1 +To |t>t1 .P(t1)-

['padmyeckue noHATUA T 0 |tgt1 u To |t>t1 WTIOCTPUPYIOTCS puc.2. B To ke BpeMs cpeaHsis

Hapa60TKa HC MOXCT IMOJIHOCTBIO XapPaKTCPU30BaATH 0e30TKa3HOCTh OOBEKTA.

Tak npu paBHBIX CpEHUX HApaOOTKaX /10 0TKa3a 7,, Ha/Ie)KHOCTh OOBEKTOB | U 2 MOXKET BechMa
CYIIECTBEHHO paznndathes (puc. 3). OueBHIHO, YTO B BUAY OOJIBIIETO PaCCEUBAHKS HAPAOOTKH
1o otkasa (kpusas [T1PO f2 (t) Huwke u mupe), 00BEKT 2 MEHEEe HaICKEH, YeM 00BEKT 1.

A P(t)

Tok»ut - P(ti)

SRR RN
AV

h §
Tok a1 =J PH)at
0

Puc ?

-1

£(t) 4 e napabomuu

Hapabomxa

A
-

t

Puc. 3
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AN

HOBTOMy JJI1 OOCHKHW HaIAC)KHOCTU 00BbeKTa IO BEIUYUHE TO HCO6XOI[I/IMO €€ 3HaTbh U

NIOKa3aTellb pacCeMBaHUs CilydaitHoil Benuaunbl T = {t}, okono cpenneit Hapabotku 7To.

K uwmcny mnoxasateneil paccenBaHUS OTHOCSTCS Oucnepcus U cpeoHee K8AOPAMuUyHoe
omxkaornenue (CKO) napabomku 0o omkasa.

Jlucnepcus cayuaiinoi eeudunbl HAPAOOMKU '

CTaTH4YCCKasa OICHKa

LZN:(t Ty @
N_1% i~ lo/ o

BCPOATHOCTHOC OIIPCACIICHHUC

D=

0

D{T}=M {(T T, )2} = [(€-To)* f @©)ct. 5)

CKO cnyuaiinoii eenuuunsl Hapabomku:

SAZ:[A)I/IJH/I SZZSZ{T}:D{T} (6)

Cpennsis HapaboTka 10 oTkaza 7o u CKO HapaboTku S MMEIOT pa3MEepHOCTH [el. HapaOOoTKH ], a

nucniepens D - [en. mapa6orkn 2.

KOHmpOﬂbele 80npocol:

IlosicauTEe CMBICTT YpaBHCHHU: CBA3U roka3sarelieil 0e30TKa3HOCTH?

JlaiiTe ompeneneHUe CTAaTHCTHYECKOW OIEHKM UM BEPOSTHOCTHOTO TMPEICTABICHHS
cpenHeit HapaboTKH 10 0TKa3a?

[lepeuncnure ycnoBHbIE cpeHHEe HapaOOTKH 0 OTKa3a U MOSICHUTE HEOOXOAUMOCTh MX
HUCIIOJIB30BAHUS?

Jlaiite omnpeneineHue CTAaTUCTUYECKUX OLEHOK M BEPOSATHOCTHOIO IIPEICTaBIICHUS
XapaKTePUCTHK PacCeUBAHUs CIIy4aliHON BEJIMYUHBI HApaOOTKH.
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Jlexuua 5

MATEMATHYECKHE MOJIEJIM TEOPUU HAJEXHOCTHU. CTATUCTHYECKASA
OBPABOTKA PE3YJIbTATOB HCHBITAHUI

1. O01Me MOHATHA 0 MOJEJAX HATEKHOCTH

I[J'IH pe€UICHUA 3aaa4 IO OUCHKE HAJACKHOCTHU U IIPOTHO3UPOBAHUIO pa6OTOCHOCO6HOCTI/I 00BeKTa
H€O6XOI[I/IMO HMCTb MATCMATUUYCCKYIO MOJCJIb, KOTOpasA MNpCACTAaBJICHA aAHAJIUTUYCCKUMU

BBIPA’KEHUSAMH OJIHOTO U3 mokasareneit P(t) wu f(t) mmn A(t) . OcHoBHOI myTh 17151 HONYdYeHHS

MOACIN COCTOUT B IIPOBCACHHU HCHBIT&HHIZ, BBIYUCIICHUHM CTATHCTHYCCKHMX OHLOCHOK MU HX
AlMpoKCUMalM aHAJIUTHYCCKUMUA (byHKI_[I/IﬂMI/I.

B nocnegyromux gekuusx OyayT pacCMOTPEHBI MOJIEIH, UCTIOIb3YEMbIE B TEOPUU HAJIEKHOCTH.

BBIHCHI/IM, KaK H3MEHSETCST 0€30TKAa3HOCTh OOBEKTOB Ipu HX OKCIUTyaTaluu, 4YTO ITO3BOJIUT
KJIaCCI/I(i)I/ILII/IpOBaTI) MOZACIIN U OPCACIUTb BO3MOXKHOCTH UX IPUMCHCHUS.

OnbIT JKcmmyaTanuu mokasbiBaer, uto m3menenme MO A(t) momasnsromero GombmmacTBa
00BbexToB onuckiBaercst U- oOpasHoii kpuBoii (puc. 1).

(B 4 ed mapafome !
1 |
| I
1 |
1 1
1 1
i i
i 1
) 1
1 1
| 1
! 1
I 1
1 1
) 1
1 1
[ §
I I
! |
Hepund E HHapriod HopranbvroOL E fepung
npupaﬁamifu IKCHAYAMALLL i CIRAPEHUS Hﬂpa5GMHﬂ
0 t

Puc. 1
KprByr0 MOKHO YCIOBHO pa3/ieIuTh HAa TPU XapaKTEPHBIX ydacTKa:
IlepBrlii - nepro npupaboTKy,
Bropoii - nepro1 HOpMaIbHOM HKCILTyaTalNH,
Tperwnii - nepuoa crapeHus 00bEKTA.

Ilepuoo npupabomku o6bekTa uMeeT mnosbileHHYI0 MO, BbI3BaHHYIO NPUPAOOTOYHBIMU
OTKa3aMM, OOYCJOBJIEHHbIMH Je(eKTaMH TIPOU3BOJACTBA, MOHTaXa, Hajmanku. HHorma c
OKOHYAaHUEM JOTOr0 TEepUoJAa CBSA3BIBAIOT TrapaHTUMHOE OO0CIy)XHBaHHE OOBEKTa, Kornaa
YCTpaHEHHUE OTKa30B IPOU3BOIUTCS U3TOTOBUTEIIEM.

B nepuoo mopmanvnoin sxcnayamayuu MO ymeHbiaeTcss M NPaKTUUECKH OCTaETCA
HOCTOHHHOI\/'I, IIpru 3TOM OTKAa3bl HOCAT CHy‘—I&fIHBIfI XapaKTEp U MOABIAIOTCA BHE3AITHO, IMPEKAC
BCEro U3-3a HECOOTIOJNEHUS YCIOBHM JKCIUTyaTallid, CIy4alHBIX W3MEHEHUH HarpysKw,
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HEOJIaronpUsATHBIX BHEIIHUX (DAaKTOPOB U T. M. IMEHHO 3TOT MEPHO] COOTBETCTBYET OCHOBHOMY
BPEMEHH JKCILTyaTalluu O0HEKTA.

Bozpacranue O oTHOCUTCS K hepuody cmapenus oOBbEKTa U BBI3BAHO YBEIUYEHHEM YHCIIA
OTKa30B OT U3HOCA, CTAPEHUS U APYTUX MIPUUUH, CBSI3aHHBIX C JUIUTEIILHON IKCILTyaTaluei.

Bupn anamutrueckol (GyHKIMH, OMKMCHIBAIOIICH W3MEHEHME MoKa3atesneit HajaesxkHoctu P(t), f(t)
win A(1), OTIPENICIISICT 3AKOH PACHPEOCNeHUA CIYUAUHOU 8e/IUYUHDL, KOTOPBIA BBIOMpPACTCS B
3aBUCHUMOCTH OT CBOMCTB 00BEKTa, €r0 YCIOBHM pabOThI K XapaKTepa OTKA30B.

2. Cmamucmuueckan 00padomka pe3yiomamos UCNbIMAHUIL U OnpedelieHue noKazameJeil
HaoexcHocmu

2.1. ITocmanoeka 3a0auu

[To pe3ynbratam wucnbiTaHuid N HEBOCCTaHABIMBAEMBIX OJMHAKOBBIX OOBEKTOB IOJyYeHA
CTaTHCTUYECKasi BBIOOpKA - MacCUB HapaOOTKU (B JIIOOBIX €AMHMIIAX HM3MEpPEHHs) IO OTKasza
Kaxaoro u3 N HcHbITBIBaBIIMXCS O0BEKTOB. BhIOOpKa XapakTepusyeT CilydaillHyr0 BEIUYHHY
HapaboTKu /10 0TKa3a oobekTa T' = {t}.

HeoOxonuMo BbIOpaTh 3aKOH pachpeiesieHuss ciaydailHoW BeduuyuHbl 1 W IPOBEPUTH
IPaBUIBHOCTH BEIOOpA 110 COOTBETCTBYIOLIEMY KPUTEPHIO.

[TonGop 3akoHA pacmpeesieHUsT OCYHISCTBIISICTCS Ha OCHOBE alMPOKCUMAIMH (CTIIKUBAHU)
9KCIIEPUMEHTANBHBIX TJAHHBIX O HapaOOTKe /10 0TKa3a, KOTOpPbIE JOJHKHBI OBITh MPEICTABICHbI B
HanOosiee KOMIAKTHOM rpaduveckoM Bujae. BpiOOp TOW WM HHOHW amnmpoKCHUMHUPYIOIIEH
GyHKIIMM ~ HOCUT  XapakTep  THUIOTe3bl,  KOTOPYIO  BBIJIBUTaeT  HCCIEAOBATEb.
OKCHEpUMEHTAJIbHBIE JIaHHbIE MOTYT ¢ OOJIBIIMM WJIM MEHBIIUM IpaBaonogoOuem
NOATBEP)KJIaTh WJIM HE IMOATBEP)KIATh CIPABEUIMBOCTE TOM WM WHOW rumnoressl. Iloatomy
HCCJIEN0BATENb JIOJDKEH IIOJIYYUTh OTBET Ha BOIPOC: COIVIACYIOTCS JIM  PE3YNbTaThl
HKCIEpUMEHTa C TUIOTe30M O TOM, YTO CiIydailHas BeJMYMHA HApaOOTKU TMOJAYMHEHA
BbIOpaHHOMY MM 3aKoHY pactpeneieHus? OTBET Ha 3TOT BOIIPOC JAaeTcs B pe3yjbTaTe pacuera
CIEIIUAJIBHBIX KPUTEPUEB.

2.2. Anzopumm oopadomku pe3yiomanos u paciema noKazamesneil HadeicHocmu

2.2.1. @opmuposanue cmamucmuyeckozo paoa

[Ipu GONBIIOM YHCIE UCTILITHIBAEMBIX 0OBEKTOB TONy4eHHbIH MaccuB Hapabotok {..., L, ..}

SBJISIETCA TPOMO3JIKOM M MaJlo HarysiiHOM ¢opmoit 3amucu ciyvaiiHoit Bennuusbsl 7. [loatomy
JUIsT KOMIIAKTHOCTH M HArJIIJHOCTH BBIOOpKA MpPEJCTaBIsIeTCs B rpapuuyeckoM H300pakeHUuu
CTaTUCTHYECKOTO PsiJia - TUCTOrpaMMe HapaOOTKH 10 0TKa3a. JlJist 3Toro Heo6X0AUMO:

e ycraHoBuTH nHTepBan Hapaborku [t ., t ] wero mmmy St=t -t .

t . <MHUH{.. ¢, ..}, t, =MAKC{.., ¢, ..}

max —

rjae — pa3ouTh MHTEpBaT HApaOOTKH [tmin, tmax] Ha K mHTEpBamOB paBHOW mmpuHBI At - mmar
TUCTOI'paMMBbI
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At=2Y At=t—t-t—t.
k

IoACYUTATh YaCTOTHI ITOABJICHUA OTKAa30B BO BCEX k HHTCpBaIax

|A3' = An(ti’ G +At) _ An(ti' ti+1)
i N N ’

rae An(t, t +At) - uncno o0bEKTOB, OTKa3aBIINX B MHTEpBaie [t, t +At].

O4eBHUIHO, YTO

ilgi =1
1

MOJYYCHHBIH CTATHCTUYECKUN PSII MPEICTABISCTCS B BHJIE THCTOTPAMMBI, KOTOPAs CTPOUTCS
crnenyrommmM obpasom. Ilo ocu abenmcc () oTkimaapiBalOTCS MHTEPBaIbl At, Ha KaKIOM U3
KOTOPBIX, KaK Ha OCHOBAaHUHU, CTPOUTCA NPAMOYI'OJIbHUK, BBICOTA KOTOPOI'O NPOIOpHHOHAIbEHA (B

n

BbIOpaHHOM MacIiuTade) CcOOTBETCTByOIIEH dYactoTe P . Bo03MOXHBI BHJI THCTOrpamMMBbl
IPUBEJIEH Ha puC. 2.

Pi
Pa |
P

____________________ Ps
P -
Pl __________________________ P5

9] twmin 1l tz tmaxe —;
At
Lol
X 1 2 2 4 5 £
Puc. 2
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2.2.2. Pacuem amnupuueckux pynKkyuil

Hcnonb3ys naHHble chOPMUPOBAHHOIO CTATUCTUYECKOIO P, ONPEEIIAIOTCS CTaTUCTUYECKHUE
OLIEHKHM TI0Ka3aTesel Ha/le)KHOCTH, T. €. SMIHPUIECKUE (yHKINU:

@yHryus pacnpedenenus omxazos (oyenka BO)

(/-\\)(tmin) = % =0;

Sy N) AN, t) S
Q)= N - N =Py

n(t) _ An(tn,, t)+An(t, t,) I;1+ |;2'
N N ’

Q) =

Qt,) =%=L

@ynxyus naoesxcnocmu (oyenxa BEP)

IA:)(tmin) =1- (S(tmin) =1

P('[max) =1—Q('[max) =0
il:tlj ]
Q)

1
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nIOmMHOCMb pacnpeodenenusi omxkazoe (oyeunka I1PO)

: _ An(ti' ti+1) _ E

flt)= N(t)- At At

uHmeHcusHocmov omkazos (oyeuxa MO)

/A’t(t)—An(ti’ L) An(t, t,,)
TON()-At [N —n(t)]- At

;— -
® A —
£t=) Alts)
) f----e- M)
fw oo O
E(taan) [~ YR IR
| _I (i)
0 trmin f t2 tmax t [
0 tn  t1 B2 bras t
5 1 2 3 4 5 6 ) 5 3 4 5 6
Puc. 4 Puc. 5

N
Ha puc. 3, 4, 5 npuBezieHbl COOTBETCTBEHHO rpaduku craTcTHUecKuX oreHok Q(t) . Ilpasmia

MOCTPOEHHUS IPa(PUKOB SICHBI U3 IPUBEIEHHBIX BbILIE pacyeTHBIX Gopmyi. Kaxblil u3 rpagukon
uMeeT CBoi MaciTao.

2.2.3. Pacuem cmamucmuueckux OUECHOK HYUCII0B8bIX XAPDAKMEPUCMUK

Jlna pacuera CTaTHUCTUYECKMX OLIEHOK YHMCIIOBBIX XapaKTEPUCTHUK MOYKHO BOCIIOJIB30BATHCA
JaHHBIMU C()OPMUPOBAHHOT'O CTATUCTUYECKOTO psiaa. OLEHKU XapaKTePUCTUK OIPeEsOTCS:

oyeHKa cpeownell Hapabomku 00 OMKA3a (cmamucmuyeckoe cpeoree HapabomKu):

—|/:o ZZK:Ei |A3;
1

OYeHKa oucnepcuu Hapabomku 00 OMKa3a (AIMIUpUYEcKas OUCnepcus Hapabomxu):

N K - N N
D = Z(ti_To)z‘ P;
1

e ti=t +At/2=t_,—At/2 - cepenuna i-ro unTepBasa HapabOTKH, T. €. CPEHEE 3HAYCHHE
HapaOOTKHU B MHTEpBAJIE.
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N

Ouenka CKO D=52.

[lenecooOpa3Ho paccyuTaTh OLEHKM U HEKOTOPBIX BCIOMOTAaTENbHBIX XapaKTEPUCTHUK
paccerBaHMs CIIy4ailHON BEIUYUHBI T’

8b100POUHBLL KO Puyuenm acummempuu Hapabomxku 00 OmKa3a

K A N
A:Z(ti—TO)S'Pi/SS;
1

8b100POYHBILL IKCYECC HAPAOOMKU 00 OMKA3A

K . oa A A
E :[Z(ti—TO)4 .Pi/S*]-3.
1

OTH XapaKTePUCTUKH UCIIONIB3YIOTCA JUIS BBIOOpA almpOKCUMUPYIOHIeH QyHKINU.

Tak KO3(pOUIMEHT aCUMMETPHH SIBJISIETCS XapaKTEPUCTUKON «CKOIIEHHOCTH» pacIpeaeeHHUs,
HaIpuMep, €ciii pacupeieIeHue CUMMETpUYHO oTHOcUTeNbHO MO, 10 4 = ().

4 ) 4 )

a) 6)
Puc. 6

Ha puc. 6, a pacnpenenenue f2(t) mmeer momoxkurenshHyto acummerputo A4 >0, a fa(t) -
oTpuuarenbuyo 4 < 0.

DKclece XapaKTepU3yeT «KPYTOCTb» (OCTPO- WM IJIOCKOBEPUIMHHOCTD) pacupenencHus. Jlns
HopmainbsHOro pacnpenencaus E = 0. Kpusbie f(t), Gonee ocTpoBepHIIMHHBIC MO CPaBHEHHIO C
HOpMaJbHOU, UMEIOT E > (), a Ha000poT - OoJIee MI0CKoBepIHHEIE, E < () (puc.6, 0).

2.2.4. Boioop 3axona pacnpeoenenus

Breibop 3akoHa pacmpeneneHusi COCTOUT B MOAOOpE AHATUTUYECKOW (YHKIMH HAWTYYIIUM
00pa3oM anmpoKCUMHUPYIOIEH IMIUpHIeckue GyHKIIUA HaJIeKHOCTH. BbIOOp, B 3HAYNTEIHHON
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Mepe, IpoLeaypa HEONpeeIeHHAs! 1 BO MHOTOM CyOBEKTHBHAS, IPU 3TOM MHOTO€ 3aBHUCHUT OT
anpUOPHBIX 3HAHUI 00 OOBEKTE M €ro CBOWCTBAaX, YCIOBHUSIX Pa0OTHI, a TaKkKe aHaIu3a BUAA

rpadukoB Ig('[), ]2('[), i(t)

OueBHuIHO, YTO BBIOOP pacrpeneieHus OyaeT 3aBUCETh, MIPEKE BCEro, OT BUJA SMIUPHUUECKON

¢byukuuu ITPO f(t), a takke or Buma - A(t). Mrak, BeIOOp 3aKOHA pacHpeaeacHHS HOCHT
XapaxkTep NPUHATUSA TOW UM UHOW TMITOTE3bI.

[IpenmonokuM, 9YTO MO TEM WIM WHBIM COOOpaKCHHSIM, BHIOpAaH THIIOTETUYECCKHA 3aKOH
pacrpenenenus, 3aJlaniblii Teoperndeckon [TPO

f()=w(t, a b, c, ..),

rae a, b, C, ... - HCU3BECTHBIC IapaMETPhI pacIpeacICHUA.

TpeOyercst momoOpaTh STH mHapameTpbl Tak, u4ToObl QyHkims f(t) Hawrydmum oOpa3om

crmaxuBana crynenyareiid rpaguk f(t). Ilpm 3ToM uCHONB3yeTcs CICAYIOUMA MpHEM:
napameTpel @, b, C, ... BBIOMpaOTCS C TaKMM pacyeToM, YTOObI HECKOJBKO BaKHEUIIIMX

YHUCJIOBBIX XAPAKTCPHUCTUK TCOPCTHYCCKOI'O PACIIPCACICHUA ObLTIH PaBHbI COOTBETCTBYIOIIUM
CTaTUCTHYCCKHUM OLICHKAaM.

Ha rpaduke Bmecte ¢ f(t) crpourcs teopermueckas ITPO f(t), yro mo3BosseT BU3yaIbHO

A

OLICHUTh PE3yJbTaThl ammpokcumanuu (pacxoxiaenus mexay f(t) u f(t)). IMockonbky 3TH

PACXOXKACHUSA HCI/I36C)KHI>I, TO BO3HHUKACT BOIIPOC: OOBICHSIOTCSL JU OHH CJ'Iy‘IElﬁHBIMPI
OOCTOATENILCTBAMM, CBSI3aHHBIMH C T€M, 4YTO TEOPETHYECKOE paclpeieieHue BbIOpaHO
omn6oyHpIM? OTBET Ha 3TOT BOIIPOC JAET PACUET KPUTEPHS COTIIACHSI.

2.2.5. Pacuem Kpumepus coznacus

Kpumepuit cocnacua - 370 KpUTepUil MPOBEPKU TUIOTE3bI O TOM, YTO Cly4yaiiHas BenuuyuHa T,
IpeJICTaBIeHHAs CBOEH BBIOOPKOM, UMEET paclpeesieHUe MPeArnoaaraéMoro TUIia.

IIpoBepka cocrouT B ciaeaywomeM. PaccuutbiBaeTcss KpUTEpHi, Kak HEKOTopas Mepa
PacXOKIEHUsI TEOPETUUECKOTO U SMIUPHUUECKOTO paclpe/ieIeHuid, IPUYeM 3Ta Mepa SIBISETCS
CIIy4ailHON BETMYMHOM.

Yem GoJpiie Mepa pacxoXkICHHS, TEM XYXKe COTJIACOBAHHOCTH AMITUPUIECKOTO PACTIPEICIICHHS C
TEOPETUYECKUM, T. €. MEHbIIEe MaJjla, TO THUIOTe3y O BHIOOpE 3aKOHA pacIpeiesieHUs! ClelyeT
OTBEPrHYTh, KaK Majo IpaB10no100HYIO.

B nmnportuBHOM ciy4yae - OSKCIEPUMEHTAJbHBIC JaHHBIE HE MPOTHBOPEYAT MPUHATOMY
pacrpeieieHuo.

W3 W3BECTHBIX KpHMTEpHEB Haubolee MPUMEHSEMBIH KpUTepuii cornacus y° (Xu-KBajpar)

[upcona. ITpoBepka COTTACOBAHHOCTHM pACIpeieNeHHil MO0 KPUTEPHIO x> TPOU3BOIUTCA
CJIETYIOIIUM 00pa3oM:

e paccuuThiBaeTcs Kputepuil y° (Mepa pacxoixkieHus)
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k A
27 =N-Y(Pi-RY IR,
1

rae R = f(ti)At - TEOpEeTUUECKasi YacToTa (BEPOATHOCTD) MOMAJaHUs CIIy4ailHOW BETUYHHBI B

uHTepBan [t, t +At];

® OnpeeNseTcs YUCIIo cTeneHel cBoooasl R=K—L,

n

rac L —4mciio He3aBUCUMBIX YCHOBHﬁ, HAJIOJKEHHBIX Ha 4acTOTHI Pi , HAIIpUMCEP:

a) yCIoBue Z Pi=1
0) ycioBue COBIAJCHUS ZE Pi=T,

B) ycnosue cobnanenus Y (t-To)* P =D nr. 1.

Yamie Bcero L = 3. Yem Oosplie uncino creneHeid cBoOOIbI, TeM OOJIbIIE CiTydaiiHasi BeIHIUHA
y° nomumHsAeTCs pacmpejeneHHio IIMpcoHa; 1O paccuMTaHHEIM x> u R ompenensercs
BEPOSITHOCTh P TOro, YTO BelIMYMHA, MMerolias pacrpenencnue [lupcona ¢ R crenensmu
cBOOOIbI, TIPEB30IIET PACCUMTAHHOE 3HAUCHUE y°.

OTBeT Ha BOIPOC: HACKOJIBKO Majia JOJKHA OBITh BEPOSITHOCTH P, YTOOBI OTOPOCUTH THIIOTE3Y O
BBIOOPE TOTO MM MHOTO 3aKOHA paclpeeNIeHs - BO MHOTOM HEOMpPeIeICHHBIH.

Ha npaktuxe, ecnu P < 0,1, mo pekoMeH1yeTcs MOABICKATh APYroil 3aKOH pacipeesIeHuUs.

B HeJIOM, C MOMOIIBKO KPUTECPHUA COIJIACHA, MOKHO OIIPOBEPTrHYTH BLI6paHHy1-O THUIIOTE3Yy, CCIIN
xe P A0CTAaTOYHO BCJIMKA, TO O3TO HE MOXET CIYXWUTh JOKa3aTCJIbCTBOM IPABUIBHOCTHU
THUIIOTE3bI, 4 YKA3bIBACT JIUIIb HA TO, UTO I'MIIOTE3a HEC IPOTUBOPCUUT AAHHBIM 3KCIICPUMCHTA.

KOHmpOﬂbele eonpocol:

1. Yro npencraBiseT MaTeMaTuueckasi MOJIelb, U JJII KaKUX IeJIeil OHA UCTIONB3YETCs B 3a/1auax
HaJIE’KHOCTHU?

N

. 13 xakux ycinoBui BBIOMpAETCs 3aKOH pacripeaeeHust HapabOTKU A0 0TKa3za 00beKTa?

w

. B deM 3akirouaeTcs IIocTaHOBKA 3aJauu IIPpU UCIIBITAHUAX 00BEKTOB Ha Ha,[[e)KHOCTB?

D

. Urto nmpexacTasnseT codboit nmporeaypa GOpMHUPOBAHUS CTATUCTUYECKOTO PsAia MO Pe3yIbTaTam
UCTBITAaHUN?

(S}

. Kakue smnupuueckre GyHKIIUN pacCUUTHIBAIOTCS IPU 00pabOTKE pe3ybTaTOB UCTIBITAHUN?

6. B duem 3akirouaeTcss BBIOOp 3aKOHA pacmpeeNeHus HapaOOTKU 0 OTKa3za Mo pe3yiabTaTaMm
UCIILITAHUN?

7. Uto mpencTaBisieT cOO0M KPUTEPUiA coTyiacus?
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Jexkuus 6
HOPMAJIbHBIN 3AKOH PACIIPEJIEJIEHUSI HAPABOTKH 10 OTKA3A
1. Knnaccuveckoe HOpMaJIbHOE pacipeeieHue

Hopmanbsnoe pacnpenenenue wiu pacnpenenenue ['aycca siBisiercss Hanboiee YHUBEPCAIbHBIM,
YIOOHBIM U IIUPOKO MIPUMEHSIEMBIM.

Cuutaercs, 4Yro HapabOTKa MOJYMHEHAa HOPMAIbHOMY paclpelesieHu0 (HOpMalbHO
pacmpeneneHa), eclid IJIOTHOCTh pacipenenenus oTka3oB (ITPO) onuckiBaeTcs BhIpaXKeHUEM:

ft)=— @ exp (tha) , @

rae a u b - mapamerpsl pacnpenenceuus, coorserctBenHo, MO u CKO, KoTopbie 10 pe3yJibTatam
WCIIBITAHUN TPUHUMAIOTCS

n N

ax~To;, b*=~D,

N N

rae 1o, D -onenxu cpenneit HapabOTKM M AUCTIEPCHUH.

I'paduku u3MeHeHHs ToKazarened O€30TKa3HOCTH IMPU HOPMAJIbHOM  paclpeesieHuu
IpUBEJeHbI Ha puc. 1.

BrrsicauM cmbicn mapametpoB T, u S HOpmaneHOTO pacupenenenus. U3 rpaduka f(t) Bugmo,
qTOo TO ABJIACTCA LCHTPOM CHUMMETPUU PaCIpPCACICHUSA, IMOCKOJIBKY IpHW HW3MCHCHHUH 3HAKa

pasHoctu (t - T, ) BeIpaxkenue (1) He Mensiercs. IIpu t = T, TIPO gocturaer cBoero Makcumyma

1
f(t =,
( )maX||t:T0 S\2rx

f(r) P
o |

1 ““\

Pit)

£1)

Puc. 1
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IIpu cnsure T, BieBo/BmpaBo Mo ocu abcruce, kpusas f(t) cmemaerca B Ty ke CTOpoOHY, He
usMeHss cBoed Qopmbl. Takum oOpasom, T, sBIsgeTCSs LEHTPOM PacCEMBaHUS CIydaiHOM
BeUYUHEI T , T. €. MO.

[Mapametp S xapakrepusyet ¢opmy kpuBoit f(t), T. e. paccemBaHue ClydyailHOH BETHYMHBI T .
Kpugast I[TPO f(t) Tem Bbie u ocTpee, ueM MeHbIIIE S.

Usmenenue rpadukos P(t) u A(t) npu pasmmunsix CKO napabotok (SI < S2 < S3) u T, = const
IPUBEEHO Ha pHC. 2.

4 PO p O
/;/_,-Sl
1 e SZ
R 2
Pi=Ty) =
=05
0 ¢

Puc. 2

Hcnonb3ys noinydeHHble paHee (JieKuuu 3, 4) COOTHOIICHUS! MY MIOKA3aTeISIMUA HAJICKHOCTH,
MOKHO ObLTO OBl 3amucath Bhipaxenus i P(t); Q(t) m A(t) mo usBectHOMY BhIpasenuio (1)

s f(t). He mamo oGmamate Ooratoii (haHTasuel, 4TOOBI MPEACTAaBUTH TPOMO3JKOCTH 3THX
UHTETPAbHBIX BBIPAKECHUH, MOITOMY IS MPAKTHYECKOTO pacyera MOKaszaTeaeld HaJeKHOCTH
BBIYKCJIEHUE HHTErPAIOB 3aMEHUM HCIIOIb30BAaHUEM TaOJIHII.

C oT0¥ 11eNbIo TIepeiiieM OT CiTy4aiiHOM BeTMYMHBI /' K HEKOEH CIIy4aitHOM BeTMYnHE

t-T,
X:T , ()

pacupeneneHHOM HOpPMalIbHO ¢ MapaMerpamu, coorBerctBeHHO, MO u CKO M{X}= O wu

S{X } = 1 U INIOTHOCTBIO PACHIpPCACICHUA

f(x)= Lexp(—x2 12) . 3)

NPT

Bripaxxenue (3) omuchiBaeT IUJIOTHOCTh TaK HAa3bIBAEMOIO0 HOPMHPOBAHHOTO HOPMAJIbLHOTO
pactipenenenus (puc. 3).
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3 oo

Puc. 3

@YHKIMS pacIpeesIeHUs CIIy4aiiHON BeIMYMHBl X 3alMIIETCs

X

F(x):j f (x)dx ,

—00

(4)

a u3 cummerpun Kpupoii f(X) otHocutensHo MO M{X}=0, cneayer, uro f(-x) =f(X), oTkyna

F(-x) =1-F(x).

B cmpaBouHO# nmTepaType mHpuBeneHbl pacueTHbie 3HaueHus ¢ynkuuit f(xX) m F(X) s

paznmuuHbIX X = (t - To)/S.

[MTokasaTtenu 6e30TKa3HOCTH 00BEKTa uepe3 Tabmuunbie 3HadeHus f(X) u F(X) ompeaesnsirores mo

BBIPAKEHHAM:
f)=1()/S; (5)
QM) = F(x); (6)
P{t) =1-F(x); ()

At) = (X)/ SA-F(x)).

(8)

B mpakTtuueckux pacuetax yacto BMecto ¢yHkuumu F(X) momes3yrores ¢ymkiumedt Jlarutaca,
MIPEJICTaBIISIIOIICH pacpeeNieHUue MOJ0KUTENbHBIX 3HAYSCHUH clTy4ailHOW BeTHMYMHBI X B BU/IE:

X 1 X
D(x) = dx =——— = | exp(—x* / 2)dx . 9
(%) !f(x)x ﬂ!p(x )dlx ©
OueBuaHO, uto F(X) cBs3aHa ¢ @(x) crieayrommM o0pa3om:
X 0 X
F(X) = j f (x)dx = j f (x)dx + j f (x)dx = 0.5+ D(x). (10)
—0 —0 0
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Kak u Bcst pynkus pacnpenenenus, pyHkius @(x) o0namaet CBOWCTBAMU:

P(x)(-0) =—0.5, P(x)(e0) =0.5, P(x)(-x) =—P(x).

B nureparype MOryT BCTPETUTbCS M Opyrue BhIpakeHHs g D(X), MOITOMY, KaKOW 3aIUCHIO
@(x) noJIb30BATHCSA - ITO JEJIO BKyca.

[Tokazarenu HAAC)KHOCTH OOBEKTAa MOXKHO OMPENENUTh Yepe3 @(x), UCIONb3ys BhIpaxeHus (5)-

(8)m (10):

Q(t) =0.5+dD(x); (11)
P(t) =0.5—&(x); 12)
A(t) = f(x)/S(0.5—D(x)). (13)

Yame Bcero mpu OLIEHKE HAIEKHOCTU OOBEKTa NPUXOAUTCS PEIIaTh MPAMYIO 3adauy - TpU
3aJJaHHBIX TapaMeTpax To U S HOPMAIBHO pacnpeAeNeHHOM HapaOOTKU 10 OTKa3a ONpeaAeseTcs
TOT WM WHOW IOKaszarenb Oe3oTka3zHocTu (Hampumep, BBP) k mHTepecyromeMy 3HAYCHHUIO
Hapabotku t. Ho B Xoae MpoekTHBIX paboOT MPUXOAUTCS pellaTh U o0pamuyrw 3alayy -
ompeeneHue HapaOOTKU, TpeOyemMoil 1Mo TexHuueckomy 3ananuio, BBP oobekTa. [lns pemenus
MOI0OHBIX 3a/1a4 UCIIOJIB3YIOT KBAHTUIIU HOPMUPOBAHHOTO HOPMAJILHOTO pacipe/iesieHusl.

Keanmunw - 3HaueHue ciy4ailHOM BEJIMYHUHbBI, COOTBETCTBYIOIIEE 3aJaHHOU BEPOSTHOCTH.
O0603HaUNM:
tp - 3HaYeHHe HapaOoOTKH, cooTBeTcTBYOIIee BBP P;

Xp - 3HAUYCHUC CJ'Iy‘IElfIHOfI BCIIMYHHBI X, COOTBCTCTBYIOIIICC BEPOATHOCTU P.

Tornma u3 ypaBHEeHHS CBSI3U X U

t —T,

P

P S

IpU X = Xp ; t = {p, momyuaem

t, =T, +Xx,5

tp, X, - HEHOPMHPOBAaHHbIE W HOPMHUPOBAHHBIE KBAHTWJIA HOPMAJIBHOTO pacCHpenesIeHus,
COOTBETCTBYIOLIUE BEPOATHOCTH P.

3HaueHusl KBaHTWJIEH X, MPUBOASTCS B crpaBouHOU jutepatype misi P >0.5. Ilpu 3amanHoit
BEpOATHOCTH P < (),5 NCIOIb3yeTCs] COOTHOILICHUE

Xp = _Xifp .

Hampumep, npu P = 0,3
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Xoz3 = X3 = %oz

BepostHOCTh NonafaHus cilydailHOW BelMuuHbl HapaOoTku T B 3ajaHHbIM MHTepBan [t, t,]
HapaOOTKU OIpeAesaeTCs:

P{T e(t, 1,)}=F(%)-F(x)=2(x,)-P(x), (14)

rae X =(t,—T,)/S, x,=(t,—T,)/S.

Otmerum, 4TO HapaOOTKa /IO OTKa3a Bcerjga mosoxurtenbHa, a kpuBas [1PO f(t), B obmem
ciaydae, HauMHaeTced oT = —oou pacnpocTpansercs 10 t=oo.

DT0 He SABIAETCS CYIIECTBEHHBIM HEJOCTATKOM, eciid T, >> S, mockoibky no (14) merpynHo

MOJICUMTATh, YTO BEPOSTHOCTh TIONMAJAHUSl CIYYallHOW BEJIMYMHBI | B  HMHTEpBal
P{T,—3S <T <T,+35}=10 c TouHocthto 10 1%. A 3TO O3HA4YaeT, YTO BCE BO3MONKHBIE

3HaueHus (C MOrPEeIHOCThIO He Bbille 1%) HOPMAaJIbHO paclpeaeeHHON CIly4ailiHON BEJIMYMHBI
C COOTHOILIEHUEM XapakTepuctuk 7o > 35, Haxoaarcs Ha ydacTtke T, +£3S.

[Tpu Gonbiiem pa3bpoce 3HAUCHMI CilydailHOW BeanuuHbl 1 007acTh BO3MOKHBIX 3HAYEHUU
orpannuuBaetcs ciea (0, oo0) M HCIONIB3YyeTCs YCEYCHHOE HOPMAIILHOE PACIIPE/ICIICHHE.

2. YceueHHOe HOPpMAJBbHOC pacnpeaecjicHue

M3BeCTHO, YTO KOPPEKTHOCTh HCIOJb30BAHUS KIACCHYECKOTO HOPMAIBLHOTO paCIpe/IeICHUs
HapaOoTku, mgocturaercs mpu T1,>3S. Ilpu manbix 3HaueHusx To u OosbimiomM S, MOXET

BO3HUKaTh cutyamus, korma [IPO f(t) «mokpeiBaeT» cBOeil JeBOW BETBBIO 00JIACTb
OTpHUIATENbHBIX HApaOoTOK (puc. 4).

A f'([;}

t<

&S

Puc. 4

Takum O6p3.30M, HOPMAJIbHOC pacnpCACJICHUC ABJIAACH 06H_II/IM CJIydacM pacIlpCaciiCHus
CﬂyqaﬁHOﬁ BCJINMYHMHBI B JAMAIIa30HC (—OO, OO) JIMIIIB B 4YaCTHOCTH (HpI/I OIMPCACIICHHBIX

YCJIOBHSIX ) MOXKET OBITh UCIIOJIB30BAHO JIJISI MOJICNICH HAEKHOCTH.
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Yceuennvim nopmanvneim pacnpedenenuem Ha3bIBa€TCS PACHpPEACIICHHE, MOIY4aeMOE U3
KJIACCUYECKOTO HOPMAJIBHOTO, MPH OIpaHMYCHUH WHTEpBaJa BO3MOXHBIX 3HAYCHUN HapaOOTKU
JI0 OTKa3a.

B ob6miem ciydae ycedeHue MOKET OBITh:
o sesvim - (0; —o0) ;
e osycmoponnum - (1, t,).

Cwmbicn yceueHHOro HopMaibHOTo pacnpenenenus (YHP) paccMoTrpen ass ciiydast orpaHUYeHUS
cydaiiHO# Benu4uHbI HapaboTku uaTepsaiom (i, t,).

Tnorrocts YHP f t)=cf(t), rme

(t_To)2 .

exp+ — ;
P 25°

1
0=z

C-HOPMUPYIOIIUNA MHOXXHUTEIb, ONMPEACSIeMbId M3 YCIOBHS, 4TO Iwiomanb mox kpuod f(t)
paBHa 1, T. e.

tj f(Odt = tJ%Cf (Hdt = Ctjz' f(t)dt =1

4

Otkyna
1
C = 5 ,
j f (t)dt
4
rue

t

[ f(dt=P(t <T <t,)=F(t,)-F(t) =Qt,)-Q(t) .

b

[IpumeHsis mepexo oT ciydaiHou Benuuunbl 7' = {t} k Bennunne X = {x}:

X, =(t,-T,)/S;

X =(t1_To)/S,

MoJIy4JacTCs
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[ 1Ot =Q(t,) - Q(t) = 0,5+ b(x,) ~0,5- () = b(x,) - D(x,

b

IIO3TOMY HOPMHUPYIOLUNA MHOXKHUTENb PABEH:

c= 1 .
D(x;)—P(x,)

[Mockonbky [D(x)(x2) - D(x)(x])] < 1, T0 ¢ > 1, mo3TOMY lz(t) > f (t). Kpuas %(t) BBIIIIC, YEM

f(t), T. k. mIoLIAK IO KPUBBIMHU 1;('[) u f(t) onunakoBs! U paBHbI 1 (puc. 5).

Ty+3S

o
J. f(t)dt = _[ f(t)dt (c morpemmHocThI0 <1%).
t

T,-3S

tew, Eo

h J

Q t To to t
(t1, t2)
Puc. 5

[ToxasaTenu 6e3otkasHoctu Juist YHP B nuanasone (i, t,):
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f(t) =cf (t) =cf (x)/S;

P(t) = ch (t)dt = cT f (t)dt = c[0,5- D(x)];

Q =1-¢[0,5+D(x)];
A(t) = @)/ P(t) = F(x)/S(0,5-D(x)) = A(2).

YHP st monoxutenbHON HapaOOTKu 10 oTKa3a - nuana3oH (0; o) umeer [TPO

f®)=c,f(t),

rae C, - HOPMUPYIOIIUI MHOKUTENb OIPEICIISAETCS U3 YCIOBHS:

6| f(t)dt=1
0

Y paBeH (aHAJIOTUYHO MPEABIAYIIEMY):

= 1 = 1 = 1 - 1
0 Tf(t)dt Q@) -Q(0) @(x)-D(-T,/S) 0,5+D(T,/S)

IToxaszarenn 6e3otkazHocTH YHP (0; )

f(t)=c,f(x)/S;

P(t) = ,[0,5— ®(x)];

Q(t) =1—c,[0,5+ P(x)];

A) = A(t) = F()/S(0,5-D(x)) = A(£), x=(t—T,)/S.

HN3meHeHue HOPMHPYIOIICTO MHOXKUTCIIA CO B 3aBUCHUMOCTH OT OTHOIIICHU A TO /S IMPUBCACHO Ha

puc. 6.
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, ¢o (To/ 5)

.
To/ S

Puc. 6.

Ilpu T,=S, T,/S=1 c,=max(=12).

Mpu T,/S>25 c,=10 1. e f(t)t)="f(t)

Konmponwsnuie 6onpocwt u 3a0auu:

1.
2.

O6’b${CHI/ITe, [No4YeMy pacrpeacjacHuc Faycca Ha3bIBACTCA HOPMaAJIbHBIM

IlosscanTe Ha W3MEHEHHU KpHBOI;'I IIJIOTHOCTU PaCIIpCACICHUA OTKa30B BJIMAHUC
mapaMETpoOB PACIIPCACICHUA: MAaTOXKUAAHUA U JUCIICPCHUH.

[puBemuTe pacyeTHbIC BBIPAKEHUS U TOKa3aTeneil Oe30TKa3HOCTH, OMpPEICICHHBIC
yepe3 tabnmuunbie pynkimn: f(x), F(X) u @(x) .

[Ipy Kakux YCIOBUSIX KOPPEKTHO HCHOJB30BaTh KIIACCHUYECKOE HOPMAaJIbHOE
pacrpesiesieHre, U B KaKuX CIIy4asiX 11eJ1eco00pa3HO MPUMEHSATh YCEUEHHbIE HOPMAaJIbHbIE
pacrnpeneneHus?

HpI/IBe,I[I/ITe paCUYCTHBIC BBIPAKCHUA mmoka3areliell 0e30TKa3HOCTH IJIsL YCEUYCHHOT'O
«CJICBa» HOPMAJIBHOTO paClpCaCICHUA.

HapaGoTtka 10 OTKka3a cepuiiHO BBIMYCKAaEMOM JAeTaly pacipeesieHa HOPMaJIbHO C
napamerpamu: To - M(T) = 104 vac, S =S (T) = 250 yac. Onpenenursb:

a. BEpOSATHOCTH TOTO, YTO NPU MOHTaKE MPUOOpPa B HETO OYIYyT MOCTABICHBI ACTANH,
HapaboTKa /10 0TKa3a KOTOphIX OyaeT HaxoauThes B uHTepBasie [5000, 9000 uac];

b. BEpOSATHOCTH TOTO, YTO MPH MOHTAXKE MPHOOpPA B HETO OYAYT IMOCTABJICHBI JICTAIIH,
HapaboTKa JI0 0TKa3a KOTOPBIX OyaeT HaxoauThes B mHTepBaje [To - 3S, To + 3S];

C. BEpOSTHOCTH TOTO, YTO OE30TKa3HO MpopaboTaB 10 MoMmeHTa Bpemenu 5000 dac,
neTanb 6e30Tka3zHo npopabdotaet u 10 9000 gac?

d. Orsetsr: a) 0.00003, 6) 0.9974, ¢) 0.99997.

KOMHHeKTYIOH_[aﬂ ACTallb, UCIIOJb3yEMasA IPHU U3TOTOBJIICHHUU YCTpOI\/'ICTBa, 110 JAaHHBIM
MOCTAaBIIMKA JTOM JeTaql HMeeT HOPMalbHOE pachpeseicHne HapaObOTKUu ¢
napamerpamu: 1o = 4 * 103 gac, S = 800 wac. OmnpeneiauTh HHTEPECYIONIYIO
KOHCTPYKTOpa mpuoopa:
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HapabOTKy 70 OTKaza, cooTBeTcTBytomyo 90% HaAeKHOCTH JCTallu;
BEPOATHOCTh TOTO, YTO TPHU MOHTAXE JeTalb UMEET HapabOTKy, JIeKAIIyI0 B
untepsaiie [2.5-103,3-103];

BEPOSATHOCTH TOTO, YTO MPH MOHTaXeE JeTalb UMEET HApaOOTKY, OOJIBIIYIO, YeM
2.5 103 yac?

OtseTsr: a) 2974.4, 2) 0.0755, 6) 0.9699.
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Jlexkyusn 7

3AKOHBI PACHPEJIEJEHUS HAPABOTKH A0 OTKA3A:
IKCIIOHEHIIMAJIBHBIN, TOT'HOPMAJIBHBIU U 'AMMA - PACITPEJAEJIEHUE

1. DKcnoHeHIIUAJILHOE pacnpeieieHne

OKCIIOHEHIIMAJIBHOE paclipejieIeHUue ONUCHhIBAeT HapabOTKy 10 OTKa3a OOBEKTOB, Y KOTOPBIX B
pe3ysbTaTe CAATOYHBIX MCIBITAHUH (BBIXOJHOTO KOHTPOJISA) OTCYTCTBYET MEPUOJ MPUPAOOTKH, a
Ha3HAYCHHBIN PECYPC YCTAHOBIIEH JO OKOHYAHUS IIEPUOA HOPMAJIbHON DKCILUTyaTalluH.

DT 0O0BEKTHl MOKHO OTHECTH K «HE CTaperollUM», MOCKOJIBKY OHHM paboTaroT TOJBKO Ha
yuactke ¢ A(t) = A =const. Kpyr Takux 00bEKTOB HIMPOK: CIOKHBIE TEXHUYECKHE CHCTEMBI C
MHO>KE€CTBOM KOMIIOHEHTOB, CPECTBA BHIYMCIUTEIBHON TEXHUKUA M CUCTEMbl aBTOMATUYECKOTO
peryaupoBaHus U T. M. DKCIIOHEHIIMAIBLHOE PACIIPECIICHHE IIIUPOKO TPUMEHSETCS ISl OLIEHKH
HAJIC)KHOCTH SHEPTreTHYECKUX 00BEKTOB.

Cunraercs, 4YTO ciy4aiiHas BeJMYMHAa HapaOOTKM OO0bEKTa /0 OTKa3za IOAYMHEHa
HKCIIOHEHLIMATIBHOMY pacmpenenenuto, eciu [IPO onuckiBaeTcs: BeIpaXkKeHUEM:

f (t) = aexp(—at), ()

rac o - napamMeTp pacCrupCaciiCHusd, KOTOpLIfI I10 pe3yJibTaTaM HUCITBITAHUH MMPUHHUMACTCA paBHBIM

a=1/T,,

rae To - olleHKa cpeaHei HapaOOTKHU 0 OTKa3a.

OcranbpHble MOKa3aTenu 0e30Tka3HoCcTH npu u3BectHOH f(t), onmpenensrores:

seposimuocms bezomkaznoil pabomol (BHP): P(t) = exp(—at), @)
seposimruocms omkasa (BO): Q(t) =1—exp(—at), (3)
unmencuernocmos omkazos (M0): A(t) = aexp(—at) / exp(—at) = a. | (4)

N3 (4) cnenyer, uto MO siBiseTcss MOCTOSHHOM BEIMYMHOW, HE 3aBUCAIIECH OT BPEMEHH, U
00paTHO IPOMOPIIMOHATILHON OIIEHKE CpeAHEeH HapaOOTKU

At)=2=1/T,.

YucnoBble XapaKTEpUCTUKH HAPAOOTKH 10 OTKa3a ONPEIEISIOTCS:

cpeonsa napabomka (MO napabomxu) 0o omkaza

T, =[P(t)dt=1/4, )
0

49




oucnepcusi Hapabomxu 00 OMKA3a

D =D{t}= T(t ~T,)* f (t)dt =1/ A°. (6)

I'padukn m3MeHeHus: mokasaTeneid 0€30TKAa3HOCTH TPH AKCIIOHEHIMAIBHOM pacIpeaeIeHUuH
IIpUBENIEHBI Ha puc. 1.

L) Pt

M)

A
1/ To

P

£(t)

-

Puc. |

Cnenyer orMmeTuth, uTo npu At <<l T. e. nmpu Hapa®oTke t MHOro MEHbILIEH, YEM CpeaHss
-t
HapaboTka T, Beipaxkenus (1) - (4) MOXHO yIpPOCTHTB, 3aMeHUB € = IByMs IIEPBEIMU YJIECHAMH

—at .
pasioxeHus € B CTENIEHHOU PsA.

Hampumep, Beipaxenue miia BbP npumer Bun:

P(t)=1-At+

2 3
CNC I

31

TIPH 9TOM HOTPEIIHOCTh Bhducaenus P(t) ne npessmaer 0,5 (At)?

Bce PACCMOTPCHHBIC NAJICC 3aKOHBI PACHIPCACIICHUA Hapa6OTKI/I A0 OTKa3a HUCIIOJB3YHOTCSA Ha
MMPAKTUKE I OIMMCAHUA HAACKHOCTH «CTAPCHOUINX) O6’BGKTOB, MOABECPKCHHBIX H3HOCOBBIM
OTKa3aM.

2. JlorapupMudecku HOpMaJibHOe (JIOTHOPMAJIbLHOE) pacnpeaejieHue

[Tpu norapudmuyeckn HOPMAJIBLHOM pacHpeieseHUd HOPMalIbHO paclpe/ieleHHbIM SBISETCS
ngorapupm (Ig t) caygaiinoit Benmumumubl 7, a He cama 3Ta BenauuuHa. Jlorapudmuyecku
HOpPMaJIbHOE paclpeie]IeHne BO MHOTOM 0oJjiee TOYHO, YeM HOPMaJbHOE OMHMCHIBAET HAPaOOTKY
0 OTKa3a TeX OOBEKTOB, Y KOTOPBIX OTKa3 BO3HHKAET BCJEICTBHUE YCTAJIOCTH, HAIpUMED,
NOJIIMITHUKOB KadyeHus, dJICKTPOHHBIX JaMn U np. Ecom Benmumna |g t mmeer HOpManbHOE
pacnpenenenue ¢ napamerpamu: MO U u CKO V, to Bennunnaa T cunutaercs JorapupMUUecKu
HOpMasbHO pacnpeaeneHHoi ¢ ITPO, onuceiBaemoi:
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1
f(t)=————exp(—(lg t-U)*/2V?). (7)
V -tJ27
[Tapamerpsl U 1 V 110 pe3ynbrataM UCIIBITAHUN MPUHAMAIOTCS:
A 1 N
UrU==>lg t, )
N 7
) i .
VaVi=——3(lg t,-U)% ©
- 1

rae Y u V - onenkn napamerpo U u V.

[Toka3areny HaJCKHOCTH MOXKHO PACCUYUTATh 0 MPUBEIACHHBIM B JICKIMH 6 BBIPAKCHUSM,
noib3ysck TaOynupoBaHHbiMH (yHkuusmu f(X) u, coorBercTBeHHo, F(X) m @(x) mns

HOpMalbHOTO pacupenencaus mpu x = (Igt-U)/ V.

['paduiky wW3MEHEHUs TIOKa3areied HAJACKHOCTH MPH JIOTAapU(OMUYECKA HOPMAILHOM
pacrpeielieHuH MPUBEICHBI Ha pucC. 2.
UmcnoBble XapaKTePUCTHKH HapaOOTKU A0 OTKa3a:

cpeoussa napabomka (MO napabomxu) 0o omkaza

T, =exp(U +V?/2), (10)
oucnepcus HapaboOmKu OmKa3a

D = D{t} =exp(2U +V *)[exp(V %) —1]. (11)

f(r) P
)

PO
X0

£t

Pue. 2
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3. 'amma-pacnpenesieHne

CrnyuaiiHas Benmu4rHA HApaOOTKH 0 OTKa3a 1 MMEEeT raMma-pacipe/elieHne ¢ mapaMeTpamMu o
(MacmtabHbIi napamerp) U £ (mapamerp Gopmsl), rae «, >0, npuueM [ - menoe 4yucio,
ecnu ee [TPO onuchIBaeTCsl BIPAXKEHUEM:

f(t)= % exp(—at), (12)

rne I'(B)=(F-D! - ramma-¢pynkmus Oinepa. OueBumno, 4ro mpu S =1Bbipaxenne (12)
yrpouaercs 10 Buja (1), COOTBETCTBYIOIIEr0 SKCIOHESHIIHAIBHOMY PACIPECIICHHIO.

['amma-pacnipenienieHne Haubojee XOpOIIO OIMUCHIBAET paclpe/ieIeHUe CyMMbl HE3aBHCHMBIX
CIIy4alHbIX BEJIMYMH, KaXKasi U3 KOTOPBIX paclpezesieHa 0 IKCIOHEHIINAIbHOMY 3aKOHY.

HpI/I OOIBIINX ﬂ raMmMa-pacrnipeaciicCHue CXOoAUTCd K HOPMaJIbHOMY paclpeACJICHUI0 C

napamerpami: @ = f3-a, b= 3-a.

['paduku n3MeHeHus mokaszarenel HaIe)KHOCTHU TIPU raMMa-pacipe/ielieHUy PUBEICHBI Ha PUC.
3.

UucnoBble XapaKTEPUCTUKU HApAOOTKU JI0 OTKa3a:

cpeonsia napabomra (MO napabomxu) 0o omkaza

T,=pla (13)

oucnepcus Hapabomxu 00 OmKa3a

D=D{T}=p/a’ (14)

fi1) Pt
A(L)
P

a0

0

Puc. 3

[ToMrMO pacCMOTPEHHBIX 3aKOHOB paclpeieNieHus], B KauecTBe MoJiesiel Hale)KHOCTH 00BEKTOB
MOTYT HCIOJBb30BaTbCcsd M JIpyrHe, HampuMmep: pacnpeaeneHue Beiibymia, xopoio
OMNKCHIBaIolee HapaOOTKy 0OBEKTOB JI0 OTKAa3a MO YCTAJIOCTHBIM Pa3pyIICHUsM, pacripesiesieHue
Penes, pacnpenenenue Jpianra u T. 1.
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KOHmpOJleble 80nRpOCoHL U 3a0auu:

1.

Kaxk OIIMCBhIBACTCA U3MCHCHUC IIJIOTHOCTH pacnpeaciiCHuA OTKa30B npu
OKCIIOHCHIIMAaJIbHOM PACIIpCACICHUN Hapa6OTKI/I a0 OTKa3a?

[Tonyunte pacuetHoe Boipaxkenue i BBP, BO u MO npu skcnoHeHIMaaIbHOM
pacripeniesieHul HapaOOTKH 710 OTKa3a.

Kak cBsg3aHBl 4YHCIOBBIE XapaKTCPUCTHUKU Hapa60TKI/I J0 OTKa3a C HMHTCHCHUBHOCTBIO
OTKa30B IIPpHU SKCIIOHCHIHUAJIBHOM pacCpCaciICHUun Hapa6OTKI/I a0 OTKa3a?

Jnst  omucaHus HANEKHOCTH KaKUX OOBEKTOB HCHOJB3YETCs JIOrapu(MUYECKHU-
HOPMAaJIbHOE paclpeneacHue?

Kakoli U3 mapamMeTpoB B BBIP@)KEHUU IJIOTHOCTH PACHpPENENIEHUs] OTKa30B IPU raMma-
pacripenieieHui HapaOOTKHU SIBISIETCs MapaMeTpoM (opMBl U MapaMeTpoM macmTaba?
W3BecTHO, 4TO CEpHIfHO BBIITyCKaeMasi JAeTallb UMEET SKCIIOHEHIIUAILHOE pacIpeesieHIe

HapaboOTKH 0 oOTkaza c¢ mapametpoMm A =107 yac™. JleTans uCHONb3yeTCs

KOHCTPYKTOPOM Tpu pa3paboTke HoBoro mnpubdopa. HasnaueHnuslii pecypc mnpubopa
npeanonaraercs T, = 10* yac. OnpenenuTs UHTEPECYIOIIYI0 KOHCTPYKTOPA

a. CPEIHION0 NOJIE3HYI0 HAPAOOTKY AETallk K MOMEHTY T ;

b. BCPOATHOCTb TOI'O, YTO ACTAJIb 6630TK8.3H0 npopa60TaeT B MHTCPBAJIC Hapa6OTKI/I
[0 T1;

C. BEpPOSITHOCTh TOTO, YTO J€Tallb OE30TKA3HO MPOPabOTAET B HHTEPBAJIEC HAPaOOTKH
[10°, 10* wac].

d. Otsets: a) 9.5-10° uac, 6) 0.905, c) 0.914.

Ha C60pKy an/I60pa MNOoCTynurJIa ACTallb, IpoIICAIIas HCHBbITAHHUA Ha HAACKHOCTD.
HSBCCTHO, 4qTo Hapa60TKa A0 OTKaza JAC€TaIn TMOAYMUHACTCA OSKCIIOHCHIHAJIBHOMY

pacnpenenennio ¢ mapamerpoM A =5-10" yac™. OnpenenuTs BEpPOSATHOCTH TOTO, UTO
Ipy MOHTaXe Mpubopa B Hero OyayT MOCTaBJICHBI AeTand, HapabOTKa IO OTKa3za
KOTOPHIX OyeT HaxomuThes B mHTepBane [10°, 10* uac] . Otser: 0.345.
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Jexkuyusn 8
HAJTE) KHOCTDb CUCTEM. OBIIIME ITOHATHUS U OITPEJAEJIEHUSA
OcHOBBI pacueTa HaJAeKHOCTH cucTeM. O0IME MOHATHS

3a0aua pacuema Hadexcnocmu: OnUpeNCICHUE TOKa3arenedl 0e30TKA3HOCTH CHCTEMBI,
COCTOAIICH W3 HEBOCCTAHABIMBACMBIX 3JIEMEHTOB, 10 JaHHBIM O HAJEKHOCTU 3JIEMEHTOB W
CBA3AX MCIKAY HUMMH.

Ilen» pacuema naoexcunocmu:
*  000CHOBaTh BHIOOP TOI'O MJIM MHOTO KOHCTPYKTUBHOI'O PEILICHUS;
*  BBIICHUTbH BO3MOXKHOCTb U LI€J1€CO00Pa3HOCTh PE3EPBUPOBAHUS;

*  BBIICHUTBH, JOCTHXKHUMA JIU TpeOyeMas HaJIeKHOCTh IPHU CYILECTBYIOIIEH TEXHOIOIUU
pa3paboTKU U TPOU3BOICTBA.

Pacuem naoerxcnocmu cocmoum u3 cnedylomux manoe:
1. Onpez[eneHI/Ie COCTaBa paCCYUTBIBACMBIX roxKa3arejie HagCKHOCTH.

2. CocraBinenue (CHHTE3) CTPYKTYPHOM JIOTUYECKOW CXEMBI HAAEKHOCTH (CTPYKTYPHI
CHCTEMBI), OCHOBAHHOE Ha aHA/IN3€ (PYHKIMOHUPOBAHMS CUCTEMbI (Kakue OJIOKH BKJIIOYEHBI, B
YeM COCTOMT HX paboTa, MepeuyeHb CBOMCTB MCIPABHOW CHUCTEMBI U T. II.), U BBIOOp MeToJa
pacyeTa HaJIe’KHOCTH.

3. CocraBiieHHe MaTeMaTHYECKOU MOICIIH, CBSI3BIBAIOIICH PaCCUUTBIBACMBIC TTOKA3aTCIIN
CHUCTCMBI C ITOKA3aTCIAMU HAACKHOCTHU DJICMCHTOB.

4 BBINIOJTHEHUE pacyueTa, aHAIN3 TOYIEHHBIX PE3yJIbTaTOB, KOPPEKTHPOBKA PACUCTHON MOJIEIH.
Cocmas paccuumoléaemvlx nokazamenei.
1. Cucrembl ¢ HEBOCCTAHABIMBAEMBIMU dJICMEHTAMHU
a. cpenHss HapaboTka 10 otkasa (Toc);
b. BBP k 3amannoii Hapabotke Pc(t);
c. MO x 3agannoit Hapabotke C(t);
d. TIPO x 3amannoit HapaboTke fc(t)
e. Toc; P¢(t); koadduumeHt roroBHOCTH,

2. CucteMbl C BOCCTaHABIMBACMBIMH  JJEMEHTAMH  KOA(O(UIIMEHT  OmepaTuBHOM
TOTOBHOCTH, ITapaMeTp MOTOKA OTKA30B.

Cmpykmypa cucmemsl - JOTHYECKas CXeMa B3aUMOJCHUCTBUS JJIEMEHTOB, OMPEICIISIOIIAs
paboTOCIIOCOOHOCTh CHCTEMBI WJIM WHade rpaduyeckoe OTOOpaKEHWE JJIEMEHTOB CHUCTEMBI,
MO3BOJISIOIIEE OJTHO3HAYHO OTIpeeTUTh COCTOSTHUE CHUCTEMBI
(paboTocrocobHOe/HEPabOTOCITOCOOHOE) o COCTOSIHHIO (paboTocmocobHOE/
HEPabOTOCTIOCOOHOE) STIEMEHTOB.
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[To cTpyKTYpe CHCTEMBI MOTYT OBITh:
® cucmema be3 pe3ep8upoBanus (0CHOBHAS CUCTEM);
® cucmemvl ¢ pe3epsupoOsaHUeM.

Jis OMHMX M TEeX JXK€ CHUCTEeM MOTYT OBITh COCTABIICHBI Pa3IMYHBIC CTPYKTYPHBIC CXEMBI
HAaJIeKHOCTH B 3aBUCUMOCTH OT BHJAa OTKA30B JIEMEHTOB (CM. Ta0JIHILY).

CTPYETYPA HAEKHOCTH
VD1 Ina otkasa tuna
K 2% P, P,
CHCTEMA CKA3HBaLTCA —
VD2 HepaboTocnocobHa IpH
0TKAa3E COHOTO ZHOZA.

NN

(smexTpoHHAN cXe Ma:
HpHHENEITHAIE Has)

CTPYKTYpPa HaleXHOCTH

Ilpw oTxase Tuna
«obpues P
Cucrema

paborocmocobra, moxa
paborocnocobed xoTa bul
OANH RHOJ.

P

CTPYKTYpa HATEXHOCTH

Jna otxasza Tuna P
WKL 2B

C G
(mpobok xoHZEHCATOPA)
——I H )—— CHCTEMA OKA3HEARTCH

paboTocnocobuol By

Mamemamuueckas modenv HaoexcHocmu - GopMalibHble TPeoOpa3oBaHMs, MO3BOJISIONINE
MOJYYUTh PACYETHBIE (POPMYIIBL.

Mogenu MOTYT OBITh pcaIn30BaHbl ¢ TIOMOIIBIO:

. METOJIa HHTETPATBHBIX U MU epeHInanbHbIX ypaBHEHU;
o Ha OCHOBE rpada BO3MOKHBIX COCTOSIHHI CHCTEMBI,

o Ha OCHOBE JIOTUKO-BEPOSTHOCTHBIX METOJIOB;

. Ha OCHOBE JIEIYKTUBHOT'O METO/a (JIEPEBO OTKA30B).

Haubonee BaxXHBIM 3TanioM pacyeTa Ha/IeKHOCTHU SIBIISIETCS COCTaBIEHHE CTPYKTYPhl CUCTEMBI U
OIIpEIEeTICHUE TI0OKA3aTeNIel HaIeX)KHOCTH COCTABISAIOIINX €€ JIEMEHTOB.

Bo-nepBhixX, Kinaccupunupyercss MoHATHE (BHJ) OTKA30B, KOTOPBIH CYIIECTBEHHBIM 00pa3oM
BIIUSIET Ha pabOTOCIIOCOOHOCTH CUCTEMBI.
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Bo-BTOpBIX, B COCTaB CUCTEMBI B BHUJI€ OTIEIBHBIX 3JIEMEHTOB MOTYT BXOAMTH JJIEKTPUUYECKUE
COECIMHEHUS IANKOH, C)KaTUEM WJIM CBApKOM, a TaKXe APYTrue COEIMHEHUs (IITEINCENbHbIE U
p.), MOCKOJIbKY Ha uX Joito npuxoautcs 10-50% oOmiero yucia 0TKazoB.

B-TpeTBI/IX, HNMCECTCA HCIIOJIHAasA I/IH(bOpMaI_[I/ISI 0 IMOKa3aTeidXx HaACKHOCTHU 3JICMCHTOB, ITO3TOMY
MMPpUXOAUTCA 1100 HHTCEPIIOJINPOBATE ITOKA3aTECIIN, JI00 MCITOJIB30BaTh ITIOKA3aTEIN aHaAJIOI0B.

HpaKTI/I‘IeCKI/I pacucT HAACKHOCTH NPOU3BOJUTCA B HCCKOJIBKO OTAIlOB!

1. Ha cramuu coctaBieHUs] TEXHUYECKOTO 33JaHUS HAa MPOCKTHUPYEMYIO CUCTEMY, KOrjaa
€€ CTPYKTypa He OIpeJesieHa, IPOU3BOIAUTCS MIPEIBAPUTEIIbHAS OLIEHKA HAJJe)KHOCTH, UCXOs U3
anpuopHoON HMH(OpPMAIMM O HAACKHOCTH OJIM3KUX MO XapakTepy CHCTeM U HaJe)KHOCTH
KOMIUJIEKTYIOIIMUX AJIEMEHTOB.

2. CocraBnsercs CTPYKTypHasaA CX€Ma C II0Ka3aTCjsIMU HaACKHOCTH OJIEMCHTOB,
3aIaHHBIMHU ITPU HOPMAJIbHBIX (HOMI/IHaJII)HbIX) YCJIOBUAX SKCILITyaTalluu.

3. OxonuaTenpHbI (K03 (PUIIMEHTHBI) pacyeT HaAEKHOCTH IMPOBOAUTCS Ha CTaIHH
3aBEpIICHNS] TEXHUYECKOTO MPOEKTa, KOT/la MPOU3BEIeHa SKCIUTyaTals ONBITHBIX 00pa3loB U
U3BECTHBI BCE BO3MOJKHBIC YCIIOBHS IKCIUTyaTaluu. [IpyM 3TOM KOPPEKTHPYIOTCS IOKa3aTeln
HaJIS)KHOCTH 3JIEMEHTOB, YaCTO B CTOPOHY MX YMEHBUICHUS, BHOCATCS U3MEHEHUS B CTPYKTYPY -
BbIOMpAETCs pe3epBUPOBAHUE.

2. Cucrtemsbl ¢ peepBupoBanueM. Q0uue mNOHATHUS

PaborociocoOHOCTH cucteM 0e3 pe3epBUpOBaHUs TPeOyeT paboTOCTIOCOOHOCTH BCEX IJIEMEHTOB
CUCTEMBI. B CIIO)KHBIX TEXHHYECKHUX YCTPOWCTBaxX 0€3 pe3epBUPOBAHUS HHUKOTAA HE YyIASTCS
JIOCTHYb BBICOKOW HAJICKHOCTH JTAXKe, €CIIM MCIIOIB30BaTh AJIEMEHTHI C BRICOKMMH TIOKA3aTeIISIMUA
0€30TKa3HOCTH.

Cucmema c pezepgupoganuem - 370 CUCTEMA ¢ N30BITOYHOCTBIO DJIEMEHTOB, T. €. C PE3EPBHBIMU
COCTABJIIIOLMMH, M30BITOYHBIMH IO OTHOIIEHHIO K MHUHUMAJIBHO HE00XOAUMOW (OCHOBHOI)
CTPYKTYpE U BBIIOJIHSIOMIKUMH Te€ k€ (PYHKIIUHU, YTO U OCHOBHBIE 3JIEMEHTHI.

B cucremax ¢ pesepBupoBaHueM pabOTOCTIOCOOHOCTH OOECIEUMBACTCS /10 T€X IOp, MOKa It
3aMEHbI OTKA3aBIIMX OCHOBHBIX AJIEMEHTOB UMEIOTCS B HAJTMUUU PE3EPBHEIE.

CmpykmypHoe pe3epeuposanue modxcem Obimby.:

(D ugee fosnemenmuoe (pazdeasroc)
OCHOBHEIS SMEMEETE
— s ssssssssa= =
F— .
(cHCTEMA pesepEHpPYETCA B LIENOM) {pezepBHPYIOTCS OTALNEHEIE 3NEMEHTE KK

FPYANH SMNEMEHTOB CHCTEMED)

I1o 6udy pezepsuposanue noopazoensiom Ha.
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e fmaccuBHOe (HArpy:KaemMoe) — pE3EepBHbIC OJJIEMEHThl (PYHKIMOHUPYIOT HapaBHE C
OCHOBHBIMH (ITOCTOSTHHO BKJIFOUEHHI B paboTy);

e AaKTHBHOe (HeHarpy:kaemoe) — pe3epBHBIC JIEMEHTHI BBOIATCS B pabOTy TOJBKO IOCTE
0TKa3a OCHOBHBIX 3JIEMEHTOB (PE3€pPBUPOBAHUE 3aMEILLIEHUEM).

[Ipu nacpyocennom pesepsuposanuu pe3epBHBIE JIEMEHTHI PAaCXOAYIOT CBOH pECypC, UMEIOT
OJIMHAKOBOE paclpejeeHre HapabOTOK /10 OTKa3a M MHTEHCHBHOCTb OTKa30B OCHOBHBIX A, M

pe3epBHBIX A, d7eMEHTOB oauHakoBa (4, =4,).

[Tpu Harpy>kKeHHOM pE3EePBHUPOBAHUU PA3INIHE MEKITY OCHOBHBIMU U PE3EPBHBIMH DJIEMEHTAMHU
gacto ycioBHoe. s oOecrmedeHuss HOpMAIbHON paboThl (coXpaHeHUs pabOTOCIOCOOHOCTH)
HEOO0X0AUMO, 4YTOOBI YHUCIO pabOTOCIOCOOHBIX 3JEMEHTOB HE CTAHOBWJIOCH MEHBIIE
MUHUMAJIBHO HEOOXOAMMOTO.

PazHoBHAHOCTRIO Harpy>X€HHOro pe3CpBHUPOBAHUS ABJIACTCA pe3epsuposaHue C obne24eHHbIM
pesepeom, T. €. PE3CPBHLIC JJICMCHTBI TAKIKC HAXOIAATCA 10 Harpy31<0171, HO MeHLmeﬁ, 4CM

OCHOBHEIC. IHTEHCHBHOCTH OTKA30B PE3CPBHLIX 3JICMCHTOB 106 HHKC, YCM Y OCHOBHBIX 210 , m.

e ﬂ,o >/105.

[Ipu Haepyswcennom peszepsuposanuu pe3epBHBIE SJIEMEHTHI HE IOJBEPIalOTCs Harpyske, HX
MOKa3aTeld HAJACKHOCTH HE M3MEHSIOTCS M OHM HE MOTYT OTKa3aTh 3a BpeMs HaXOXKIEHUS B
pe3epse, T. €. MHTEHCUBHOCTh OTKa30B PE3€PBHBIX 311eMeHTOB A, =0.

I[IpuMepbl HEeHATPYKEHHOTO Pe3ePBUPOBAHMSA:

Obuyee
PRIEPEUPOSAHUE
1epekmoYaTeni

L J L J L {loanemennmoe
N A\ N\ pesepeuposanue

Pe3epBHbIE 37€MEHTHI BKJIIOUAKOTCSI B Pa0OTy TOJBKO IIOCIE OTKa3a OCHOBHBIX 3JIEMEHTOB.
[TepexiroueHue MPOM3BOAUTCS BPYYHYIO HJIM aBTOMAaTUYECKH (aBTOMATUYECKH - BKIIIOUEHHE
pPE3epBHBIX MAIlIMH U 3JIEMEHTOB B SHEPreTUKe, B OOPTOBBIX CETAX CYAOB U CaMOJIETOB U T. 1.;
BPYUYHYIO - 3aME€HA MHCTPYMEHTA WJIA OCHACTKH IIPU IIPOU3BOJACTBE, BKIOYEHUE HCKAIATOPOB B
METPO B 4Yachl «IUK» U T. J.). Pa3HOBUIHOCTHIO HEHArpy>KEHHOTO PE3epPBUPOBAHUS SBIISETCS
cKonb3siyee pezepeuposanue, KOTAa OJUH U TOT JK€ PE3EPBHBIA JIEMEHT MOXET OBITh
UCIIOJIb30BaH /17151 3aMEHBI JTF000T0 U3 3JIEMEHTOB OCHOBHOM CHCTEMBI.

Ecnu paccMoTpeTh Ba XapakTepHBIX BUA pe3€PBUPOBAHUS:

57



AN

TO OYUCBUAHO, YTO IMPH PAaBCHCTBC YMUCJIa OCHOBHBIX W PC3CPBHBIX 3JICMCHTOB HeHany)KeHHBIf/’I
pe3epB obecreunBaeT OOJBIIYI0 HaAEKHOCTb. HO 3TO cropaBemIMBO TOJBKO TOTJa, KOTAa
MEPEeBOJ] PE3EPBHOTO DJIEMEHTAa B PaboTy NpoucxoauT abcomoTHOo HanaexHo (T. ¢. BBP
nepekiodarenss JobkHa ObiTh paBHa 1,0). BeimosHeHHE 3TOTO  YCIOBHS CBS3aHO CO
SHAYUTCIbHBIMHU TCXHUYCCKMMU TPYAHOCTAMHU WA ABJSCTCSA HMHOT' A HGHGHGCOO6paSHHM 10
SKOHOMUYECKHM WJIM TEXHUYECKUM ITPUUHHAM.

O003HAYNM:
N - YUCJIO OJHOTUITHBIX YJIEMEHTOB B CUCTEME;

I - 4YHUCIIO DBJEMEHTOB, HEOOXOMUMBIX Uil (YHKIMOHMpPOBAHUS CcUCTeMbl. Kpamuocme
pe3epeuposanusi - 3TO COOTHOILIECHHE MEXAy OOIIMM YHCIOM OJHOTUIHBIX SJIEMEHTOB H
9JIEMEHTOB, HEOOXOIMMBIX IS PAOOTHI CUCTEMBI:

k=(M-r)/r

KpaTHOoCTh pe3epBHUpOBaHHS MOXET OBITH IENIOW, ecnu I = 1, wim npoOHOM, ecmu I >1.
Hampumep:

N r=1.k=(3-1)1=2

L\

Konmponvnwvie éonpocw:

1. OcHoBHBIE 1IENM U 337a4u pacyeTa MoKazareiae HaJJe)kKHOCTH cucTteM?

2. OmpenenyTe COCTaB paCCYMTHIBAEMBIX TIOKa3aTeel 0€30TKa3HOCTH CHCTEMBI.
3. [lepeuncanre 1 MOSICHUTE OCHOBHBIE ATAITBI pacyeTa Ha/Ie’KHOCTH CHUCTEM.

4. Yrto Takoe CTPYKTYypa HaAeKHOCTH?

5. Uto Takoe MaTeMaTHuYeCKasi MOJEIb pacueTa HaJeKHOCTH?

6. Kakue BuApl pe3epBHpPOBAHUS CYHIECTBYIOT. B dWeM oOTiIWuuMe HAarpyKeHHOTO |
HEHarpy>KEHHOTO PE3epPBUPOBAHUA?

7. Yo Takoe KpaTHOCTh PE3EPBUPOBAHUS U B UEM OTJIMYME 1IeNI0N U IpOOHOI KpaTHOCTH?
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Jexkuyusn 9
HAJEXHOCTbh OCHOBHOM CUCTEMBI

OcHoBuble cuctembl (OC) SBISIFOTCS NPOCTEMIIMMU TEXHUYECKMMHU CHUCTEMaMHU, B KOTOPBIX
OTKa3 OJHOT'0 JIEMEHTA IPUBOAUT K OTKA3y BCEH CHUCTEMBI.

Pabomocnocobnocmv  ocnoeHoul  cucmemvl  obecneuusaemcst npu  YCiosuu, Ko2od 6ce n
9IEMEHMO8 CUCIEMbL HAXOOAMCS 8 PaDOMOCNOCOOHOM COCTMOAHUU.

Cmpyxkmypa cucmembst |/ Cnyuaiinas napabomka 00 omkasa

T,=MUH{T,...,T,| =MHH{T},i =1,n.

i=Ln i=ln

[TockonbKy COOBITHS, 3aKITFOYAIONTUECS B PAOOTOCIIOCOOHOCTH 3JI€MEHTOB CHUCTEMBI, SIBIISFOTCS
HE3aBUCHMBIMH, TO

BEPOATHOCTb Be30TKasHoN paboTei (BEP) _ _ . )
oc: Pft) =Pyt)- . Pyft) =[] Pt}
i=1
n
BEOSTHOCTb OTKasa (BO)  OC: Cuft) =1-Ft)=1- H FPit);
=1
IMpu unentruHbix smemenTax OC Pi(t)=...=Pn(t)=P(t):
BEP Pc(t)=P"(t);
BO: Qe(t)=1- P"(t);

HOCKOJILKy Ha Y4YaCTKC HOpMaHLHOﬁ 9KCILTyaTaluu Hapa60TKy J0 OTKa3a MOXXHO OIIMCaThb
SKCIIOHCHIUAJBHBIM PpaCpCACICHUCM KaXXJ10ro 3JIECMCHTA

Pt) =exp(-4 1).

e //L, =const, To

BBP OC:

P =] [expl-A -0 =exp(-Y. 4 )
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Hcnonp3yst ypaBHEHHUE CBS3M MTOKa3aTesie 0€30TKa3HOCTH, Bhipakatomiee BBP moboro oobekTa,
B TOM YHUCJIC U CUCTEMBbI

P = ept ) At },

H 11oJjaras

P.(t)=exp(-4,-t) = exp(—Zn: A -1).

noytyyaem, uto uHTeHCuBHOCTH 0TKa30B (MO) OC paBna cymme MO 351eMeHTOB:

A= S

B ob6mem cityuae, st mro6oro pacrpeneneHus Hapadotku O cuctemsl paBHa:

A= 40+ +4,0=Y 40

Jst N uoenmuunwix >IEMEHTOB

A0)=...=4,0) = A0):

1.0 =Y 40 =n- ()

[Tpu sxcnonenyuanvrom pacnpedenrenuu napabomxu 0o omkaza Kaxaoro u3 N snementoB OC

Pi (t) = E‘Xp(—ﬂi 't) ,Te A; =const nokasarenu 6e30TkazHocT OC ONpenensoTCs:
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Hewdenmusisie 3neMenmst Hoenmuunsie anemenms

M=... =k =R W= =l =
BEP: = T .
Pot) = HPﬁ) =exp(-t- E%fL) Poft) =exp(-n-t-A),
=
=exp(-t-4A);
BO: Ct) =1-Pt)=1-exp(-t A ); Ceft) =1-exp(-n-t A);
HO: " =n A
A = Z;& A =n- A,
i=
MO ! i ] i ]
napabomiu o _ _ _ _ _
00 omkaza: ‘0 - . - n — Toe A o1
/lc Z}"L !-%jf Tﬂ! Fi Tﬂ
n- 1/ 7o 1

Beipakenus qiist MO HapaOOTKH 10 OTKa3a MOJIYYEHBI U3 POPMYJIBI:

o0

T.= [P (t)dt_jexp 7, )t =—%exp(—t-/1c)|;°=

0 (o

1 1 1
:—i—[exp(oo)—exp(o)] :—/1—(0—1) =

c c C

ITPO: dP(t)

fo(t)=———

=A. exp(—t-A,):

Takum 0b6pasom, npu dKCHOHEHYUATbHOU HApabomke 00 OMKA3ad KAHWCO020 U3 N INEMEHMOS,
pacnpedenenue Hapabomku 0o omkaza OC makdce NOOYUHAEMCA IKCHOHEHYUANbHOMY
pacnpeoeieHuro.

Jns OC HazneXHOCTh MEHbIE HaJeKHOCTH KaXAOro M3 3jeMeHTOB. C yBeIMYEHHEM 4YHcia
31eMEeHTOB Hale’)KHOCTh OC yMeHbIIaeTcs.

Hanpumep, npu n = 1000, Pi(t) = 0,99, Pc(t) < 10* « cpennss HapaboTka 10 OTKa3a CHCTEMBI B
1000 pa3 MeHbIIe cpeTHEH HapaOOTKH KaXI0TO U3 DJIIEMEHTOB.

Pacnpedeﬂeuue HOpM HAOEIHCHOCMU OCHOBHOU CUCHIEMbL RO I/IEMEHMAM.

PaCCMOTpeHHLIC MOZCIIN MTO3BOJIAIOT OIMMPEACIIUTD MMOKA3aTCIIN 0e3otkazHocTH OC 10 U3BECTHBIM
MMOKAa3aTCIIM HAACKHOCTU JJICMCHTOB - TaK PCIIACTCA 3aJada IMpU 3aBEPIICHHUU TCXHHUYCCKOI'O
IMMPOCKTa, IMOCJIC HCIIBITAaHUIN ONBITHBIX 06pa3I_IOB CHUCTCMBI U COCTAaBJIAIOIINX 2JICMCHTOB.

Wnaue: 3HaueHus Pi(t) 1-X 271eMEHTOB XOpOIIIO M3BECTHBI U JIUIIIb yTOUHsETCs 3HadeHue Pc(t) u
cpaBHHBaeTcs ¢ 3amaHHbIM B T3 Ha nipoekT. [Ipu 3ToMm, ecin Pc(t) monydaercs MeHbIeH, YeM B
T3, TO NpUHUMAIOTCS MeEphl 1O €€ TOBBIIICHHIO (pe3epBUPOBAHUE, HCIIOIB30BaHHE Ooliee
HAJISKHBIX JIEMEHTOB | T. I1.).
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Ha wnavanpHOl cTaguum npoektupoBaHus B T3 ykaswiBaeTca Juiib BBP mpoektupyemoit
cucteMsl. [Ipu IpOeKTUPOBAHUM UCIIONB3YIOTCS KaK 3JIEMEHTHI C U3BECTHOM HAJIEAKHOCTBIO, TaK
U DJIEMEHTBI, O Ha/IeXKHOCTU KOTOPBIX MOKHO CYAHUTb JIMIIb M0 UX aHajioraM (mpototunam). [Ipu
ATOM HEOOXOAMMA TpeBAPUTEIbHAS OI[CHKA HAJC)KHOCTH DJIEMEHTOB, KOTOpas, B JadbHEHIIEM,
YTOYHSETCS B X0J1€ UCIIBITAHUS OIMBITHBIX 00Pa31IOB CUCTEMBI U 3JIEMEHTOB.

Cyl11ecTBYIOT pa3IMYHbIE CROCOObL pacnpedeneHUs HOpM HAOEHCHOCU
® [0 IPUHLUITY PABHOHAEKHOCTH 2JIEMEHTOB;
® C y4yeToM JaHHBIX 00 aHaJorax 3Je€MEHTOB;
® C YYETOM IMEpPCIEKTUB COBEPIICHCTBOBAHUS 3JIEMEHTOB.

Buvioop mozo unu unozo cnocoba 3aBUCHT OT UMEIOIIEHcs WH(DOpPMAIMKU O MPOEKTHPYEMOM
CUCTEME.

1. Pacnpeodenenue naoesxcnocmu no nNpuHyuny pPAasHOHAOEHCHOCMU INeMeHmos. 3adaHo. 10
TexHHYeCKoMy 3amanuio Pc(t); n - uncio snemMeHTOB cucTembl. Pacrpenenenne HapaOOTKH 10
0TKa3a JIEMEHTOB - 9KCHOHEHYUATIbHOE.

[Tpu uaeHTUYHBIX (PaBHOHA/IEKHBIX) 3JIEMEHTAX

(A== d=...= 2 = A):

A =nNn-A; TOCziT.
N

C

WHTEHCUBHOCTE OTKa3a i-ro dJeMeHTa:

INnP.(t)=—n-A4-t.

2=21 (ZInR@®
n t

2. Pacnpeoenenue nadedxcnocmu ¢ yuemom OAHHBIX O HAOEHCHOCMU aHAN0208. 3a0aHo. TO
texHndeckomy 3amanuio T3 Pe(t); n - 4rciI0 371eMEHTOB CHCTEMBI:

HMHTCHCHUBHOCTH OTKAa30B aHAJIOT'OB

—A_;,1 =1, nN.

a

OHpCI[CJBIeTCH J0JIA OTKa30B CUCTCMBI U3-3a OTKAa30B I-ro DJaeMeHTa:

rac
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ﬂ’ai — i ﬂ’ai

i=1

HO cucremsl o ganHbM 00 ananorax. Onpeaensiercss MO 1mo mpoeKTUPYEeMOil CUCTEMBI:

P.(t) =exp(-4, -1)

___ ~InR(@®
“ t(4>0CInP(t) <0)

3. Pacnpedeﬂeﬂue HaoedcHocmu C y4emom nepCcneKkmus COBEPULEHCMEOBAHUA DJIEMEHN 6.

3adano: no texundyeckomy 3amanuio T3 Pc(t); n - uncno snementoB cucremsl. M3menenne MO
aHajoro 3a BpeMeHHou nepuos [ 19XY mo 200Z] roapl, anmpoKCUMHAPOBAHO BBIPAKCHUE

Ay = 0| A, 19XY |,

ai !

rne ﬂ‘ai - O i-ro ananora B 19XY roxy.

ITo BeIpaxkeHuto BbllIe 3kcTpanoaupyercs MO 3eMeHTOB — aHAIOroB K HbIHEIIHEMY ToAy (Toay

IMPOCKTUPOBAHUA CI/ICTGMI)I), MOJIy4JaroTCs: /Ial(94) 1o /,i‘ai(94) 1o

OHpeI[eJ'IHeTCH J0JI OTKa30B CUCTCMBI U3-3a OTKA30B i-ro sJeMeHTa:

ai(94) 1
I'(i — /1—’ 2oe ﬂ’ac(94) = Z/’Lai(94)’
i=1

ac(94)

u O »iieMeHTOB CUCTEMBL:

A=k-A =k - M

[TpuHuMIBI pacnpezeneHus nokasaTenell HaJeKHOCTH Mo 2 U 3 crnoco0aM OTJIMYAOTCS JIUIIb
DKCTpAIOJIALMEN 3HAYCHUH Ha TOJ IPOEKTUPOBAHUS.

Konmponwsuwie 6onpocwt u 3a0auu:
1. Yto Takoe OCHOBHAs CHCTEMa U B UYeM COCTOHUT YCIIOBHE ee 0e30TKa3zHOU paboThI?
2. Kak omnpenenstorcs nokasareian 6e30TKa3HOCTH OCHOBHOM cuctembl: BBP u 1O?

3. Kak onpenensroTcs mokazaTeld 0€30TKa3HOCTH OCHOBHOM crucTeMbl: [TPO u MO HapaboTku
IO OTKa3a?
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4. Kakoif 3aKOH pacrpeesieHuss HapaOOTKU 10 OTKa3za OyaeT MMETh OCHOBHAsI CHCTEMa, €CITU
3aKOHBI pacrpesielieHrss HapaOOTKH J0 OTKa3a 3JIEMEHTOB SIBISIOTCS 3KCIOHEHIMAIbHBIMU
(TIpUBECTH 10KA3aTEILCTBO)?

5. B uem 3akimouaercs HEOOXOJUMOCTb paCHpEACNICHUs] HOPM HAJCKHOCTH  MEXIY
3JIEMEHTAMU OCHOBHOM CUCTEMBI?

6. Kakue CymCCTBYIOT CIIOCOOBI pacnpeaciiCcHuss HOPM HAACKHOCTH MCKAY JJIEMCHTaAMH
OCHOBHOM CUCTEMBI, U UYEM OHH OTJINYAIOTCS?

7. CTpyKTypa pOEKTUPYEMON CUCTEMBI ITPEJICTABISETCSI OCHOBHON CUCTEMOM, cocrosien u3 10
JJIEMEHTOB «A», 15 snemenToB «By, 32 snemenToB «D» n 8 snemenToB «F». MIHTEHCHBHOCTH
OTKa30B AJIEMEHTOB W3BECTHBI u PaBHBI:

Ay =2 10 %yac™, Ag = 4-10%yac™, Ay =2, 5.10 %uac™, A = 5.10%uac™. Onpenenuthb
CpenHIor HapaboTKy 110 oTka3a T00 u BBP cuctemsl 3a Hapaborku U = 100 gac, = 1000 wac u B
UHTEpBaJIe YKa3aHHBIX HapaboTok? ONpeaesauTh MIOTHOCTh PACHPEACICHUS] OTKA30B CHCTEMBI
npu HapaGotke t; = 1000 wac? Otset: Toc = 5- 10° wac, P(t1) = 0.98, P(t2) = 0.819, Pc(t1, t2) =
0.836, f(t2) = 1.64 10 * yac™

0
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Jlexuusa 10
HAJEX KHOCTBb BOCCTAHABJIIMBAEMbBIX OB BEKTOB U CUCUTEM
1. IToctanoBKa 3aga4yu. O01as pacyeTHass MOIe]b

[Ipu pacuere mokazaTenieil HaJEKHOCTH BOCCTAHABIMBAEMBIX OOBEKTOB M CHCTEM Hambolee
pacnpoCTpaHEeHO JonyuyeHue:

- OKCIIOHCHIIUAJIBHOC pacCpEeaCICHUC Hapa6OTKI/I MCXKIAY OTKasaMu,
- OKCIIOHCHIIMAJIBHOC pacpeACICHUC BPEMCHHN BOCCTAHOBJIICHH .

Honyimenue BO MHOIOM  CHPaBEUIMBO, ITOCKOJIBKY  BO—TIE€PBBIX, 3KCIIOHEHIUAIHLHOE
pacnpezeneHue HapaOOTKU OMUCHIBACT (YHKIIMOHUPOBAHUE CHCTEMbI Ha y4acTKE HOpMalbHOU
JKCIUTyaTallil, BO—BTOPBIX, 3KCIOHEHIHAJIbHOE pACHpPEEeICHUE OINMCHIBAET Ipolecc Oe3
«TIPEABICTOPUI.

HpI/IMeHeHI/Ie OKCIIOHCHIHWAJIbHOI'O pacCIpCaACICHUA I OIIMCaHUA IIpOoHeCCa BOCCTAHOBJICHUA
IMMO3BOJIACT IIPpHU OPAMHAPHBIX HE3aBHCHUMBIX OTKa3ax HNPCACTABUTL aHAJIU3UPYCMbIC CHUCTCMbI B
BHAC MAPKOBCKUX CUCNIEM.

[Ipr  SKCIOHEHIMAIBHOM paclpeiCcieHUd HapaOOTKU MeEXJy OTKa3aMd W BpPEMEHU
BOCCTAHOBJICHMsSI, HJIsi pacueTa HaACKHOCTH HCIOJb3YIOT Memoo oOuggepenyuanbhovix
YpasHeHnuii 0114 eepoamuocmeii cocmoanui (ypasnenue Koamozoposa — Yenmena).

CrnyJaiiHblid TIporiecc B Kakoi — JIM00 (hU3NYECKOH cucTeMe S, Ha3bIBACTCS MAPKOBCKUM, €CIH
OH o0NamaeT credyrowum ceoucmeom: i THOOOr0 MOMEHTa to BEpOSTHOCTH COCTOSIHUS
cucteMsl B Oyaymiem (t > to) 3aBUCHT TOIBKO OT cocTostHus B HacTosmeM (t = to ) U He 3aBUCHT
OT TOro, KOrja W KakuM oO0pa3oM cHCTeMa TIpHIUIa B 3TO COCTOsHHE ( HMHaYe: TpH
(UKCHPOBAHHOM HACTOsIIEM Oy/yIiee He 3aBUCUT OT MPEABICTOPHH POIIEcca — MPOIILIOTO).

JInsi MapKOBCKOTO TIpoliecca «Oyayliee» 3aBUCUT OT «IIPOILIOT0» TOJIBKO Yepe3 «HACTOSIIEe»,
T.c. Oyayllee NMPOTEKaHUE MPOIecca 3aBUCUT TOJBKO OT TEX MPOIIEAIINX COOBITHIA, KOTOPHIC
MOBJTUSUTA Ha COCTOSIHHE TPOIIecca B HACTOSIIINNA MOMEHT.

<1 1>ty

npoutioe oyoyujee

HacmoaAliee

MapkoBckuii npoiiecc, Kak mporecc 0e3 mocineACTBHsI, He 03HAYaeT MOJIHON HE3aBUCUMOCTH OT
IIPOLIOTO, TOCKOJIBKY OHO IIPOSIBIISIETCS B HACTOSIIMI MOMEHT.

65



[Ipu wucnosb30BaHMM METOJA, B OOMIEM ciydae, ISl CHCTeMbl S, HEO0OXOAMMO HWMETh
MamemamuyecKylo Mooeib B BUJE MHOXKECTBA COCTOSIHUM CHCTEMBI Si, S2, ... , Sn, B KOTOpPBIX
OHA MOJKET HaXOJUTHCS ITPH OTKA3aX M BOCCTAHOBIICHHUSAX JIEMEHTOB.

I[J'ISI PaCCMOTPCHU IPUHIIKIIA COCTABJIICHUA MOACIIN BBEACHBI JOIIYIICHUA:

® OTKa3aBIIMEC 3JICMCHTBI CHCTCMbI (I/IJ'II/I caM paCCManI/IBaeMHﬁ O6’beKT) HEMCAJICHHO
BOCCTaHaBJIMBAIOTCs (Haqano BOCCTAHOBJICHHA COBIIaJacT C MOMCHTOM OTKaBa);

® OTCYTCTBYIOT OFPaHUYEHHUS HA YUCIIO BOCCTAHOBJICHHUIA;

® eCJIM BCE MOTOKU COOBITUHM, MEPEBOSAIINX CUCTEMY (OOBEKT) U3 COCTOSTHUS B COCTOSIHHE,
SIBJITFOTCSI TyaCCOHOBCKUMU (TIPOCTEHIIMMU), TO CIy4alHBINA MPOIecC NMepexo 0B Oymer
MapKOBCKUM IPOLIECCOM C HEMPEPHIBHBIM BPEMEHEM U JUCKPETHBIMU COCTOSHUSIMU S,

Sy, ..., Sh.
OcHogHble npaguna cocmagieHus Mooenu.
1. Maremarnueckyro MoeNb M300pakaroT B BUJIE Tpada coCTOSTHUMN
Dnemenmul cpaga:

a) Kkpyosicku (sepuiunst epaga Si, Sz, ..., Sn) - BO3SMOXKHBIC COCTOSTHHS CHCTEMBI S, BOSHUKAIOIIHE
IPH OTKa3ax 3JIEMCHTOB;

0) cmpenxu - BO3SMOXHBIC HAIIPABIICHUS TIEPEXO0JIOB U3 OJTHOTO COCTOSHUSA Si B Ipyroe S;.
Hapn/mon cTpenikaMu yka3bIBalOTCSl HHTEHCHBHOCTH TIEPEXO/I0B.
[Tpumeps! rpada:

«BOCCHIGHAGRUERAL b HHEEOTTHIAHABIUEACYI

ARBMERINY : TN HIR Y

(Mepexon B COCTOAHME OTKA3A)

e |

et O

B \
(mepexon E pabotocmocobuoe
COCTOARHE NVTEM BEOCCTAHOENEHHA)
So - paboTOCIIOCOOHOE COCTOSIHHUE,
S1 - COCTOSIHUE OTKa3a.

«[letneit» 0003HAYAIOTCS 3aIEP’KKH B TOM HIIM HHOM COCTOSIHHH So M S1 COOTBETCTBYIOIIHE:

¢ HUCIPABHOC COCTOSAHUC MMPOAOIJIKACTCA,
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® COCTOSTHME OTKa3a MpojosikaeTcs (B HabHEHUIIIEM MET/IM Ha rpadax HE paccMaTpPUBaEM).
I'pad cocrossHMIT OTpakaeT KOHEYHOE (JMCKPETHOE) YHCIO BO3MOXKHBIX COCTOSIHUH
cucteMbl S1, S2, ... , Sn . Kaxknmas w3 BepmmH rpada COOTBETCTBYET OJHOMY W3
COCTOSTHHI.

2. Jlns ommcaHusi CIy4alHOro Tpollecca Mepexoja COCTOSHUN (0TKa3/ BOCCTAHOBJICHHUE)
MPUMEHSIOT BEPOSITHOCTH COCTOSIHUH

R(t),R,(t)..... R®).....R,(t),

rie Pi(t)- BeposATHOCTh HaXOXICHUS CUCTEMbI B MOMEHT t B I-M COCTOSTHUH, T.€.

P(t) =P{S(t) =si}.

OueBHIHO, UTO I JIF0OO0rO t

n

>.RM=1

i=1

(HOPMHPOBOYHOE YCIIOBUE, MOCKOJIbKY UHBIX COCTOSIHHM, Kpome Si, Sy, ..., Sp HET).

3. Ilo rpady cocTosHUI cOCTaBIseTCSd CHCTEMa OOBIKHOBEHHBIX au(depeHIInanIbHbIX
ypaBHEHMI iepBoro nopsaka (ypasHeHuit Konmoroposa-Henmena), UMEIOIIMX BHUL:

RO _3 4RO-RO A i=Ta1=1...0

) >

) ©

B o0miem ciydae, HHTEeHCUBHOCTH IOTOKOB ﬂ.,”- v Hjj MoryT 3aBHCETh OT BpeMeHH t.

0 <

4 ™
'

e

Ilpu cocmasnenuu ougpepenyuanohvlx ypasHeHuu NONLIVIOMCA NPOCMbIM MHEMOHUYECKUM
npasuiIoMm:

a) B JICBOI 4acTH - MPoM3BOIHAs 10 BpeMeHH t ot Pi(t);

0) YMCIO WICHOB B MPaBOW YacTH PABHO YHCIY CTPEJIOK, COCAMHSIONIUX pacCMaTpUBaeMoe
COCTOSIHHE C IPYTUMU COCTOSIHUSIMU;

B) Ka)KI[LIﬁ YJICH HpaBOﬁ YaCTH PpaBCH NPOU3IBCACHHIO HWHTCHCUBHOCTH IICPEXOJa Ha
BEPOATHOCTH TOT'O COCTOSAHMSA, U3 KOTOPOI'O BBIXOAUT CTPEJIKA,
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I) 3HaK TMPOU3BEACHHS TOJOXKHUTEICH, €CIIM CTpPEelIKa BXOAWT (HampaBieHAa OCTPUEM) B
paccMaTpuBaEMoOE COCTOSIHUE, H OTPULIATENICH, €CITU CTPEJIKa BBIXOAUT U3 HETO.

Ilposepxoii npasuibHOCMU COCMABIEHUS. YPABHEHULL S8ISeMCsi PABEHCIMEO HYII0 CYMMbl NPABLIX
yacmetl ypasHeHu.

YroObl pemuTh CUCTEMY TU(PPEPCHIUATBHBIX YpaBHEHHI Uil BEpOATHOCTEH coctosiHuid Pi(t),
Pi(t), ..., Pn(t) HEOOX01MMO 3a1aTh HaYaIbHOE 3HAYEHUE BEPOSITHOCTEM

R0),R(0).....R.(0), mput=o0,

CyMMa KOTOPBIX paBHA €AUHHUIIC:

n

> P(0)=1.

i=1

Ecnu B HavanpHbIii MOMeHT t = 0 cocTosiHue cucTeMbl u3BecTHO, Hampumep, S( t=0)= Si, mo
Pi(0)=1, a ocTanbHbIC paBHbI HYIIO.

2. Iloka3zaTeau HAJACKHOCTH BOCCTAHABJIUBAECMbBIX CUCTEM

Bce cocTossHHS CHCTEMBI S MOYKHO PasacInTb Ha IIOAMHOKCCTBA:

SK S -moamuoxectBo cocrosiamii | = |, K | B koTopsix crcrema paGorocmoco6Ha;

SM C S -noamuoxkectBo cocrosuuit Z = |,—M , B KOTOPBIX cCUCTEMa HEpabOTOCIIOCOOHA.
S=S,VvS,

S, vS, =0

@yukyusn 2omosnocmu I'(t) cucmemwr omnpenenser BEPOATHOCTh HAXOXKICHUS CUCTEMBI B
paboTOCIIOCOOHOM COCTOSSHUU B MOMEHT t

rt)=2 P =1-2 P)

rie Pj(t) - BeposITHOCTD HAX0KICHHUSI CHCTEMBI B PA00OTOCIIOCOOHOMY J-M COCTOSIHHH;
Pz(t) - BeposITHOCTh HAXOXKIACHUSI CUCTEMbBI B HEPAOOTOCTIOCOOHOM Z-M COCTOSIHUH.

@Dyuxyua npocmosn I1(t) cucmemot

T1(t) =1-T(t) = ipz (®).

3.Koagpdpuuyuenm zomosnocmu ke.c. cucmemvl ONPENENICTCS TPU YCTAHOBUBIIEMCS PEKUME
skerunyatarmu (mpu L —>00), TIpu U —> 00 ycranasnusaercst npedenvuoiii cmayuonaphoiii
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pedicum, B XOJI€ KOTOPOTO CHCTEMA NEPEXOAUT U3 COCTOSHHUS B COCTOSIHUE, HO BEPOSITHOCTH
COCTOSIHUM YK€ HE MEHSIOTCSA

limR(t)=R,i=1n.

KoaddurmuentT roToBHOCTH ke.c. MOXKHO paccuuTarh mo cucreme (2) muddepeHmaibHbIX
YpaBHEHHMH, MpUpaBHHBas Hymo ux Jesbie vactu dPi(t)/dt = 0, T.x. Pj = const mpu t —> 0.
Torma cuctema ypaBHEeHH (2) IpeBpaliaeTcs B CUCTEMY alreOpandecKux YpaBHCHHM BHIA:

0 g
O:Z}'HF;_Pizﬂ’lj, )
1=1 j=1

J

1 KO3 PHUITUEHT TOTOBHOCTH

Kk =limI(t),

o>

CCTb IIPCACIIbHOC 3HAYCHUC Q)YHKHI/II/I TOTOBHOCTH IIPpHU YCTAHOBUBIICMCA PCIKUME t —> 0,

Hapamemp nomoka omkKazoe CUCTCMbI

w(t) = iiﬂ’jz Pj (t), (4)

j=1 z=1

rae ﬂjz ~ uHTeHCHBHOCTH (0000IIeHHOE 0003HAYEHHE) MEePEXOAO0B M3 PabOTOCTIOCOOHOTO

COCTOSIHHS B HEPaOOTOCTIOCOOHOE.

(DyHKl(u}l nomoka omkKaszoe

W (t) =tfa)(t)dt. ©)

Cpeonsn napabomka mexcoy omkazamu Ha nHTepBasie t

jr(t)dt.

To (1) = ° W (1)

(6)

Ipumeuanue: Tlpu T —>00, xorma Pj(I =00)= Pj(0) = Pj , cpenmss HapaGoTKa Mexmy
OTKa3aMH
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rne W(00) = .

t

jr(t)dt. )
limT, () = Iim?—z‘liml“(t) =k limo(t)=o|=—2=T,.
t—o t—o0 t—>o t—o 1))

ja)(t)dt

0

B kauectBe  nmpumepa  evluucnenmus — nokaszameneil — HAOEHCHOCMU,  PACCMOMPEH
soccmanasnugaemvili 00vekm, y KOTOPOTO IMOTOK OTKAa30B MPOCTEHIHK (IIyaCCOHOBCKUH) ¢
napaMeTpoM MoToKa

a pacIpeaciICHnue BpCMCHHU BOCCTAaHOBJICHHA IIOAYHMHACTCA 9KCIIOHCHIIUAJIBHOMY
pacupeaCICHUIO C MHTCHCUBHOCTBIO BOCCTAHOBJICHU A

/U=T—B’

rae To— cpenusis HapaOOTKa MEXIY OTKA3aMH;

Cocmoanua snemenma. Sp = paborocnocobuoe,; St = HepaboTocnocobHoe

Tpad cocmeosnui:

COCTOAHHA OPH £,

?‘_,. Poff) — sBepoarsocrs paborocmocobroro

i’ Pift) - mepoarsocts nepabotocnmocobHors
COCTOAHMA NpH £
Tg — cpeiHee BpeMsi BOCCTaHOBJICHUS.
Po(t) - BeposiTHOCTH pabOTOCTIOCOOHOTO COCTOSIHUS TIpH 1]
P1(t) - BeposTHOCTH HEPAOOTOCTIOCOOHOTO COCTOSHUS TIPH 1.

Cucmema oughghepenyuanvrvlx ypasHeHuil:

(dit(t) =—AR () + 1P (t);
S0 iR -4R0)
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Hauansubie yemous: mpu t = 0 Po(t = 0) = Po(0) = 1; P1(0) = 0, mockonbKy cocTostHuS So U S1

NPECTABIISIOT MOJIHYIO IPYIITY COOBITHIA, TO

RO+AM)=1

0

Boipaxas Po(t) = 1 — Pi(t), u noacraBnss B (7) moaydaercs onaHo auddepeHmuanbuoe

ypaBHEHHE OTHOCHTEIBHO P(t)

de) AL-PR) - 4P 1)

9)

Pemenue ypaBaenus (9) mpou3BOIUTCS ¢ UCIIOJIb30BaHUEM Tipeodpa3zoBanus Jlamnaca.

[TpeoOpaszoBanue Jlamnaca i BeposiTHOCTEH cocTostHus Pi(t):

P(t) = T P(t)e *dt,

T. €. Pi(S) = L{Pi(t)} - uzobpaxenue BepositioctH Pi(t).

[TpeoOpaszoBanue Jlamnaca ais npoussoauoi dPi(t)/dt:

dR®)| _ IR sy _
L{T} l . dt =P (0) + SP(S).

[Tocne nmpumenenus npeoOpazoBanus Jlamnaca K 1€Boil U MpaBol YacTsIM ypaBHEHUS, MTOJIyUYEHO

ypaBHEHHE N300pakeHU:

i )
L{%}: L{AY - LR+ ).

~R(0)+ SR =S -R(S)(4+ 4),

e L{z}:m}:é

[Tpu P1(t)=0
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SB(S)+R(S)(A+4) =5

Pl(sxsmw:g,

OTKYyJ1a N300pakeHNEe BEPOSATHOCTH HAXOXKACHHUS 00BEKTa B HEPAOOTOCTIOCOOHOM COCTOSIHHH:

A
P(S)= : 10
) =55 (0
Pasnosxenue npoOu Ha 3JIEMEHTapHBIE COCTABIISAIONINE TPUBOINT K:
ﬂ/ Bseoem a— /J a— ﬂ a
S(S+A+ ) S(S+a) a (S+a)
a—u 1 1
==+ ——]
a S (S+a)
[Ipumenss o6parHoe nmpeodpa3zoBanue Jlamnaca, ¢ yaerom:
1
L{ f (t)} :§, to f(t)=1
L{f(t))= ,To f(t)=¢",
HO =g ™ fO
BEPOAMHOCNb Haxoocoenust 0ovekma 6 Hepa60mOCHOCO6HOM cocmosAruu OIPCaCIISACTCA:
a— _ A (A
RO =" [-e®]=—"—[1-e ], (11)
a A+ u

Torna eeposimnocms naxosicoenus 6 pabomocnocoorom cocmosinuu Po(t)=1-P1(t), paBHa:

P(t)= £ [1+ ie““")t]. (12)
A+u H

C NMOMOIIIBIO TMOJYYCHHBIX BLIpa)KeHI/Iﬁ MOKHO pacCCUUTaTb BCPOATHOCTH paGOTOCHOCO6HOF0
COCTOSIHHS ¥ OTKa3a BOCCTAHABJINBAEMOT'0 00BHEKTA B JTI000M MOMEHT {.

Koagbcj)uuueHm comoerHocmu CUCTEMBI KrI.C. ONPECACIIACTCA IMPU YCTAHOBUBLIEMCS PCKUME

t —>o0, npu stom Pi(t) = Pi = const, mo3ToMy COCTaBJIS€TCS CHCTEMA aIreOpandecKhx
YpaBHEHUH C HYJIEBBIMHU JIE€BBIMU YaCTSIMHU, TOCKOJIBKY
dP (1)

i =0

dt
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Tak Kak Kr.c eCTb BEpOSATHOCTbh TOTO, YTO CHCTEMa OKaXeTcsl paboTOCOCOOHON B MOMEHT t mpu

t—>0o0, 10 w3 nonydennoit cucrembl ypaBHeHumi ompenensiercs Po = xr.c . Ilpm
t — o0 anreGpanveckue ypaBHEHHSA UMEFOT BUJL:
O=-AF +uP; )
O=AP,—uP.

HononuurensHoe ypaBuenue: Po + P1= 1.

Bripaxas P1 =1 — Po, monydaem 0 = A Po- 4 (1- Po), mmu 4 =Po (A + W), otkyna

M
A+

) = (14)

OcTanbHbIC TOKA3aTSIN HaaACKHOCTH BOCCTaHABJIMBACMOI'O 3JICMCHTA:

@yukyus comosnocmu I'(t), pynxyus npocmos I1(t)

F®)=R); Tt =1-T) =R).

napamemp nomoka omkazos @(t) mo (4)

o(t) = AP, (t) = AT (t).

[pu t —> 00 (cTanmonapHbIil yCTAHOBUBLIMICS PEKMM BOCCTAHOBJIEHHS )

o(t) = (o) == AR = K,

eedywas hynkyus nomoxa omxazos ( L —> o0)

(M) =R (1), I(t)=1-I'(t) = R (),

cpeonsisi napabomra mexcoy omxazamu (L —>00)

Ha pucC. MPUBCACHO HU3MCHCHUC BCPOATHOCTU HAXOKIACHUA 00bEKTa B paGOTOCHOCO6HOM
COCTOSAHHMU.
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t Polt)
1= 7 (REMOMAMLYOCKOT BOCCIAROEREHIUE)
1
i Ot =z ?
=t put7 7
Ly g gy . Y =
7 >
o~
0 B85 SOCCMANGEREHILE t
Puc. 1

Amnanu3 nu3menenus Po(t) mo3Bosser cenath BIBOJIBI:

[Tpu MTHOBEHHOM (aBTOMaTHYE€CKOM) BOCCTAHOBJIEHUH PabOTOCIIOCOOHOCTH

p=0

1—0
;_ u Po(t)=1

IIpu oTCYyTCTBUH BOCCTAHOBIIECHUS

=0

A
;:OO n Py(t)=e",

U BCPOATHOCTH pa6OTOCHOCO6HOFO COCTOSIHHSI OO0BEKTa paBHa BBP HeBoccTaHaBIMBAaeMOIO
OJICMCHTA.

Hexomopuwie dononnenus no npumenenuro memooa oughghepeHyuanvHuix ypasHenuil 0isi OYyeHKU
HAOeHCHOCMU

Merton nuddepeHnanbHbIX YpaBHEHUNH MOXKET OBbITh MCIOJB30BaH JJIsl pacdera IHoka3aTesen
HaJIe’KHOCTH U HEBOCCTAHABJIMBAEMBIX OOBEKTOB (CUCTEM).

B sToM ciydae HepaOOTOCTIOCOOHBIE COCTOSIHUS CHCTEMBI SIBISIOTCS «IIOTJIOMIAOIIUMUY» U
MHTEHCUBHOCTH "BEIX0JIa U3 3TUX COCTOSIHUI UCKIFOYAIOTCSI.

Jlns1 HEeBOCCTaHABIMBAEMOT'0 00BbEKTa Tpad COCTOSTHUN UMEET BU/I;
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// {IIQrACLIARLIICEY: CQCTOAHHE
OR T

Cucrema anddepeHumanbEbIX YPaBHEHMI:

dPotydt = - APyft);
AP/t = APyt

HauanbHeie ycnoBus:

RO=1R)=0,

N3ob6paxenue o Jlammacy nepBoro ypaBHEHHUs! CHCTEMBI:

dR()| .
L{T}_ PIRYOIE

—P,(O) + SPF,(S) =-AF,(S).

[Tocne rpynmupoBKu:

SP,(S)+ AR, (S) =1;
P(S)(S+1)=1

OTKYy/1a

1

PO(S) :m'

Ucnionp3yst obOpatHoe mpeoOpazoBanue Jlamaca, OpUTHHAI BEPOSITHOCTH HAXOXJICHUS B
paboTocrnocoOHOM cocTosiHUH, T.e. BBP k HapaboTke t:

P(t)=e".

3. CBs3b JIOTHYeCKOM cXeMbl HaJeKHOCTH € rpadoM cocTossHUI
[Tepexon OoT JOrM4ecKOl CXeMbI K Tpady COCTOSHUN HEOOXOHM:
1. mpu cMeHe MeTOJI0B pacyeTa HaJeKHOCTH U CPABHEHUH PE3YJIbTATOB;

2. Ui OLIEHKH BBIMTPHIIIA B HAAEKHOCTH TMPH TEpexoJie OT HEBOCCTAaHABIMBAEMOM
CHUCTEMBI K BOCCTAHABJINBAEMOMU.
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PaccMOTpuM  THUNOBBIE  JIOTMYECKHME CTPYKTYPBl HAICKHOCTH. THIOBBIE
paccMOTpeHbl ISl HEBOCCTAHABJIMBAEMBIX cHUCTEM (Tpad - OJHOHANpPaBICHHBIN, MEPEXOJIbI

xapaktepusytorcs 1O A ).

COCIUHECHUA

I[J'ISI BOCCTaHAaBJINBACMBIX CHCTCM B rpa(bax COCTOSTHUH I[068,BJ'I$IIOTCH O6paTHbIe CTPCJIKH,

COOTBCTCTBYIOIINEC UHTCHCUBHOCTAM BOCCTaHOBJICHUH ’Ll .

Fpadu cocmoanuii

Cripymypros BaZuNecKin Onereumbl paisuyrotl Fasnonadencrule SREMEHINEL
Xt HAJEHRCHOCHILL
L)
pEIREIRE O

i

O6 03Haqernna Ha rpatdax cocTosammi:

1} - paboTocnoco€HOE COCTOMME,

- HepaboTOoCIOC0DHOE COCTOAHHE.

2) 0502HAY eHMA BHYTPH Kp VKH0B:
‘1- paboTocnocobHOE COCTOAHME 37IE MEHTE,
0 — HepaboTocmocoPHOR COCTOAHHE NEMEHTA

KOHmpOJleble 60npocol:

1. B uem ocoOeHHOCTH MapKOBCKOI'O cnyqaﬁHoro nmpomnecca, Ha OCHOBE KOTOPOI'0O CTPOUTCA
pacu€THas MOACIIb AJId BOCCTaAHABJIMBACMBbIX 00BEKTOB U cUCTEM?

2. OCHOBHBIE dTAIbl COCTABICHUS PACYCTHON MO ?
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Uto mpencraBisier coboii cucrteMa auddepeHnuanbHbiX ypaBHeHHH KoimMoroposa-
Yenmena? OOBACHUTE CMBICH KaXJ0TO M3 COCTABISAIOMIMX B U EpeHIHaTbHOM
ypaBHEHUU?

[TosicauTe MHEMOHHMYECKOE TMPABUJIO COCTaBleHUS AU(PPEPEHIIMATBHOTO YypaBHEHUS
BeposTHOCTEH cocTosinus (ypaBHeHue Konmoroposa - Uenmena)?

JlaiiTe ompeeacHHe M MOSICHUTE CMBICI MTOKa3aTeae HaJIeKHOCTH BOCCTAHABIMBACMBIX
00BEKTOB U cucrem?

HOSICHI/ITC, KaK U3MCHAIOTCA ITOKa3aTCJIn HaACKHOCTH BOCCTaHABJIMBACMOI'O 00BeKTa npu
H3MEHEHUY HHTEHCUBHOCTH BOCCTAaHOBJICHUA?

OcobenHoct mpuMeHeHUs MeTofa auddepeHnnanbHBIX YypaBHEHHMH [ pacyera
HaJIS)KHOCTH HEBOCCTAHABIMBAEMBIX 00BHEKTOB?

Ha nro0oM U3 mpuMeEpoB MOSCHUTE CBsI3b Ipada COCTOSHUM C JIOTUYECKON CTPYKTYpOM
HagexxuocTu?

0
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Jexkuus 14

HAAEXKHOCTb OBLBEKTOB IIPM IIOCTEIIEHHBIX OTKA3AX. OCHOBHBIE
PACYETHBIE MOJIEJIN

Ecnu oTKa3bl NpoHCXOAiT M3-3a CIydyalHBIX U3MEHEHUH mapaMeTpoB oObekTa BO BpeMeHu t (B
o0mieM cimyyae B (yHKIMH JIFOOOW MOHOTOHHO BO3pACTAlONICH BEIMYMHBI - HAPAOOTKH), TO ITH
OTKa3bl Ha3bIBAIOTCS HOCHENEHHbIMU VTN RAPAMEMPUYECKUMU.

HazexxHOCTh ompeessieTcss BEpOSTHOCThIO Oe30Tka3Hoi paboTsl (BBP) P(t), koTopas sBiseTcs
(YHKIIMOHAJIOM HEKOTOpOro ciydaiiHoro mpomecca (t), XapakTepH3YIOIIEro H3MEHECHUE
napameTpoB o0bekTa Bo BpeMeHH. BBP o0bekTa Ha oTpe3ke BpeMenu [to, t] paBHa BEpOSITHOCTH
HaxoxaeHus mporecca V(t) B 3amanHON gomycTuMol obnactu () B TEUCHHE STOr0 OTpE3Ka
BPEMEHHU:

PO =P{V(t) e T<lty, t]} ©)

OObekT sBiseTcss pabOTOCHIOCOOHBIM, TOKa H3MEHSIOHasics BO BpeMEeHH BenuuuHa V He
JIOCTUTAET TPAHMIIBI JOYCTUMOM paboyeit obmactu €2 .

1. IlocTanoBKka 3agayi. OCHOBHBIE NOHATHUA H onpeaejaeHust

Ilocmanoska 3a0auu: paccMOTpEHUE MOJENEl MPOLECCOB Pa3BUTHS OTKA30B U1 3a7ad TUIA
"Harpy3ka - mpo4yHocTh" M "mapamerp - moje gomycka'. Kpome perieHusi OCHOBHOM 3amadyu
HAJCKHOCTH - HaXOXKJEHUS paclpeaeseHUuss HapaOOTKU 10 OTKaza, ONPEeAeNsieTCs MOMEHT
BPEMEHHU, B KOTOpPBIH OOBEKT JOJDKEH OBITh IOABEPTHYT PEMOHTY, NPOQWIAKTUKE WIH
PETyIHUPOBKE B IENSAX COXpaHEHUsI pabOTOCIIOCOOHOCTH.

PaccmaTtpuBaeMble pacdeTHble MOJENH YHUBEPCAIbHBI M MOTYT HCIOJIB30BaThCS IS
IMPOTrHO3MPOBAHUA OTKA30B Pa3JIMYHbIX 00BEKTOB (MeXﬁHI/I‘IeCKI/IX, OJICKTPOMCXAHUYCCKHUX U
DIIEKTPOHHBIX), MOATOMY  OCHOBHBIE  TEXHMYECKHE  IapaMeTphbl, XapaKTepHU3yIOIlue
paboTocrocoOHOCTh OOBEKTA U SIBJISIONIMECS €r0 MEPOMl KauecTBa, HA30BEM OHPeOenalouuMu
napamempamu (OII).

[Tpu pemennn KoHKpeTHOU 3agaun B kKadectBe Ol X MoryT BeICTYNaTh BETUYHHBI JeOpMaLIUU
WIA MEXaHWYECKOTO HANpPsKEHHS, OJJIEKTPUUECKHE WM T'eOMETPUYECKHe MapaMeTphl
(XapakTepUCTUKHN) OOBEKTA.

B ob6mem cmygae OIl MoxkeT OBITH BEKTOPOM, T.€. HWMETh HECKOJBKO COCTaBIISIOIINX.
[IpenenvHbIC 3HAUCHHS, YCTaHABIMBaeMble Ha Kaxablii Ol 00beKTa, SIBISIOTCS 0OnyCHmUMbIMU
3HaueHussMu Oll, KoTopbie OrpaHUYUBAIOT padouyro odracms (noae oonycka).

[Toxa 3nauenus BekropHoro OIl oObekTa HaxonATCs BHYTpU MHOTOMEpHOU paboueil obnacty,
00BEKT cuuTaeTcs paboTocrnocoOHbIM. OTHAKO ¢ TEYCHUEM BPEMEHH MOJI BIUSHUEM (DaKTOPOB,
CBSI3aHHBIX CO CTAPCHUEM, U3HANIMBAHUEM WJIH pa3peryarupoBaHreM KoHell Bekropa X(t) MoxeT
nocTHYb TpaHuiel €2 pabouelt obmactu. Ilpm 3TOM 00BEKT TepsieT paboTOCIIOCOOHOCTD
(mpoucxonut oTka3). M3-3a ciaydallHOro XapakTepa BHEIIHUX W BHYTPEHHUX (aKTOpOB,
BIMSIOIMX Ha TMpolecc MnpuOmmkeHus oOBbeKTa K OTkazaMm, xapakrep uzMmeHeHus OIl Bo
BpEMEHU M BpeMs nocTrxkeHus KaxapiM OIl cBoell IpaHMIBI TAKKe SIBISIIOTCA CIy4alHBIMU.
[TosToMy Hamboee MOTHO CITydaitHBIN MPOIIecC BOSHUKHOBEHUS MOCTETIEHHBIX OTKa30B 00bEKTa
no kaxzaoMmy OII omuceiBaeTCs COOTBETCTBYIOLIEH IUIOTHOCTBIO PACHpPEICICHUsI BPEMEHHU
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nepeceuenust OIl rpanutel paboveit 001acTH, HHAYE - INIOTHOCTHIO PacIpeie/ICHUs BPEMEHH 0
OTKa3a.

B npakrtuke skcrutyatanuu o0beKTa BaKHee 3HATh HE IJIOTHOCTb PACIpe/leieHUs BPEMEHU [0
0TKa3a, a KOHKPETHOE @pemsa COXpaHeHus padomocnocoonocmu, B teuenue koroporo OIl e
JIOCTUTHET IPpaHuUllbl paboyeil 0061acTH.

B o0wmieil mocraHoBke 3afauu rpaHuily padodel 00JacTH MOKHO pacCMaTpHUBATh KAaK CHCTEMY
CIIy4alHBIX BEJIMYMH WM BEKTOPHBINA CIIy4alHbIN IIPOLIECC.

PaccmoTpuM xapakTep ciyd4ailHOro mporecca NpHOIMKEHHs K OTKasy Ha Ipumepe oOBeKTa,
paboTocnocoOHOCTh KoTOporo onpezensercsa ckaaipHbiM OII (ogHON KOOpAMHATONH BEKTOPHOTO
OII). IIpu 3tom npoctpancTBo OIT X Oyner ogHOMEpHBIM, a pabodas o0nacTe ) orpaHuveHa

oTpeskoM mpsiMoii (mpexensHoe 3Hadenme OIl Xy). Ilycte mmeercst MHoxectBo J =1,N
OJINHAKOBbIX OOBEKTOB, OJIHOBPEMEHHO BKIIIOUEHHBIX B pabdory (mpu t = 0), u OIl xaxnoro

00BEKTa U3MEPSIETCSI B OAHU U T€ )K€ MOMEHTHI BpEMEHH ti L(1=1, K ).

[pouecc m3menenus OIl onnHAKOBBIX 0OBEKTOB MPH IKCILTyaTallK OyJaeM pacCMaTpUBATh Kak
cyudaitayro ¢pynkmuio X(t) Bpemenu. Jlns kaxmoro j-ro oovexra ( ] =1,N) usmenenue OII

sBIIIeTCS peanmsanuei (cocrasisomeit) X i (t) ciyyaitnoit ¢pynkiuu X(t). Touku nepecedeHust

peanusammii X j (t) CIIy4yallHOTO TIpoliecca ¢ TpaHuled Xy padoueit oOnacTu (MMOJs JOIMYCKa)
COOTBETCTBYIOT MOMEHTaM BPEMEHH OTKa30B J-X 00BEeKTOB. [103TOMY Ciy4ailHBIN xapakTep
BO3HHUKHOBCHUS ITOCTCIICHHBIX OTKA30B IIPH 3KCIINTyaTallu OAVUHAKOBBIX 00BEKTOB OIMMCHIBAETCS

wiotHocThiO pactpeneneHust F{X(t)} Bpemenn nepeceuerus OIl rpanuibl Xy, T.€. INIOTHOCTHIO
pacnpeneneHus BpeMeHH J10 0TKa3a.

Ecnmu ¢ momenTa BkitoueHuss B pabory (nmpu t = 0) myreM H3MepeHMH ¢ OAMHAKOBOU

At=t,,—t =t —t | wm pasmmuunoii nepuoauunoCTHIO (MHTEpBaNOM) At KOHTPOIHMPOBATH

spavernss OI | =1,N o6bekros, To MoOXKHO npeacKazath (IKCTPAnoJMpoBaTh) JaJIbHEHIIEe

usmenenus OIl u, cienoBarenbHO, MOMEHT HACTYIUIEHUSI OTKa3a. JTO MO3BOJHUT OPraHU30BaTh
TEXHUYECKOE OOCTY>KUBAaHUE TPYMIBI OOBEKTOB, T.€. OOCCIEUUTH YIMPEKIAIOIIMA BBIBOJ B
TEKYIIMHA WM KAaUTAJIbHBIA PEMOHT, WJIM Ha PErylupoBKy. MHTepBal BpeMEHHM OT Hayaia
JKCIUTyaTanuu o0bekra t=0 10 MOMeHTa, KOTJla BBIXOJl OTIENbHBIX peamusamuii X (t)

ciyuaitHoro mporecca X(t) 3a rpanuny X, paboueit 007JaCTH CTAHOBHTCS YACTBIM SIBIICHHEM,
Ha3bIBACTCS 6peMeHemM COXPaneHus pabomocnocoonocmu 1C.

[TpaBbiii KoHEl UHTepBaja tC onpeaenseTcss aOCIUCCON XapaKTEPHON TOUKH KPUBOI MIOTHOCTU
H{X(t)} pactnpenenenuss BpeMeHHM IO OTKa3a, HauWHas C KOTOPOH HAONIOAETCs PE3KUH poCT
kpuBoil. Takum oOpa3oM, ompeneisisi ¢ NOMOUIbIO CpPEACTB TEXHUUYECKOTO KOHTPOJS B

(DUKCHpOBAaHHBIE MOMEHTHI BpeMeHH L, ..., {, tC smawemma OIl J=1N opgmoTummmx

06’LCKTOB, MOXHO IOJYYUTH pCain3dalilun X](t) pCaIbHOI0 Mmponecca U3MCHCHUA OIl. HpI/I

stom m3mepennbie B 1, 1=1K MmomenTsr Bpemenn smawenms OII sBisioTcs ciydaitHOi
semmumnoit X, = X ()i ={X,, X,, ..., XyH;, Xapakrepusyemoii IIOTHOCTBIO PACIIPEICTEHHS

f(X)i 1 olleHKaMH YKCIIOBBIX XapaKTEPHUCTHK - CPSIHUM (MaTeMaTudeckuM oxuaanuem) My; u
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JUCIIepCcHeit DXi- Cayuaiinyro BenmnuuHy {X} HasoBeMm 3HaueHueMm peanusarmii OIl mpu i-m
KOHTpOJIE.

2. AHa/m3 cay4daitHbIX npoueccos usmenenusi OIl o6bexkTOB

Cayuaiinsnii nporecc u3menenus OIT X(t) B oOmieM cirydae MOKET OBITH HPEACTABIEH CYMMO
CIIy4alHBIX IIPOLIECCOB:

X(t) = x()+ (1) +£(t) )

Cmayuonapuuiii - cayuaiinoii  npoyecce & (f)  ob6paTHMBIX n3MeHeHMH TapaMeTpoB mpu

U3MEHEHUH BHEUIHHMX YCJIOBH, NMPUBOJUT K IMEpeMexaromumcs (TOSBISIOTCS / HCYe3aioT)
OTKa3aM.

Hecmayuonapnwiii cryyaiineiii npoyece Y (1), xapakrepusyer 101roBpeMeHHbIE HEOOPaTHMbIE
W3MEHEHUSI TapaMETpOB B pe3yJIbTaTe€ W3HAIIMBAHUS, CTAapEHUs WA Pa3peryIMpOBaHHUS.
Iponecc y(t) spasercs ocHOBHOI MpUYMHOIN OTKA30B, U B JaibHEHIIEM OyleM Ha3bIBaTh €TI0
npoyeccom U3HaAUUEaAHUA.

OTMeTUM, YTO BO3MOXKHOCTh BO3HUKHOBEHHUS OOpAaTUMBIX W3MEHEHUN NapaMeTpoB CTaparoTCs
MPEeIyCMOTPETh MPU KOHCTPYHPOBAaHUM OOBEKTOB. [lo3TOMYy OTKa3bl MO MpUYMHE IMpoliecca
£ (t) cpaBHMTenbHO peaKoe sBJIEHHE U PacCMaTpUBAThCsA HaMHU He OynyT. Be3yclloBHO Takike,
4TO MpPHU MOIydeHHH peanbHoro mpoiecca X(t) B pesynbrare usmepenus OIl Ha xo1 mporecca
OyJeT OKa3blBaTh BIMSHUE U CMAYUOHAPHLIL CIYYAUHBIU npoyecc & (t) oumbox W3MEPEHHU.

Ipuaem nporeccer €(L) u £(t) ne Beerna ymaercst pasnenuts ,T.e. OTACIUTS ACHCTBUTEIBHBIC
obparumbie u3MeneHust OIl OT KaXyIIMXCs, BBI3BAHHBIX OIIMOKaMH H3MepeHuid. IlosTomy
ciydaiiaeiii - mporiece  u3meHenus OIT - X(f) Oyamem mnpeacTaBiasTh TOJABKO —IMPOIECCOM
m3HammBanus X (t) = y(t).

Jlia cimydaliHBIX IPOLIECCOB M3HAIIMBAHMS TUIINYHBI BECbMA KECTKUE CBA3HM MEKIY 3HAUCHUSIMU
nmapamerpa B IIOCIEeJOBaTeNbHBIE MOMEHTHI BpeMeHH. Ha Bma peammsamum mpomecca X(t)
OosbllIOe BIMSHME OKa3blBaeT (U3MKO-XUMHUECKas CTPYKTypa MaTepuaga M TEeXHOJIOIUs
U3roTOBJIEHUS 00bekTa. OMHOTUIIHBIE OOBEKTHI Jat0T Oau3KHe Mo (popme KpUBbIE U3HOCA, HO C
pa3IMYHBIMM 3HAYEHUSIMM CKOPOCTH M3HamuBaHus. 1loaToMy Mozenu npoueccoB U3HAILIMBAHUS
JOJKHBI MMETh (YHKIMOHAJIBHYIO 3aBUCUMOCTh OT BPEMEHM, a HX CIydyallHbIM XapakTep
00ycJOBIMBAETCS CIyYalHBIMU IapaMeTpaMu, HE 3aBUCAIIMMU OT BpeMmeHH. [lomoOHbIe
CilydaiiHbl€ MPOLIECCH MHOT 1A HAa3bIBAIOT 0€MEePMUHUZUPOGAHKBIMU VI RO CIYYATIHbIMU.

Cayuaiinsrii mporiece X(t) u3HammBaHus MOKHO pacCMaTPUBATh

X{t)=X, +j B(r)dr (3)

X, - HauanbHOe (3aBosackoe) smauenme OIT; B(7) - momycnywaitubiii nporecc usmenenus

CKOPOCTH U3HAIIMBAHUA.
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Hawanbnoe snauenne X, OII aBngeTcs ciy4aliHOM BEIUYUMHOM, MHOTJA MMEIOMIEH YCEYEHHOE
(13-3a 3aBOJICKOTrO JIOIYCKa) pacIpeesieHue, HO He 3aBHUcsLIei oT Bpemenu t. IHTerpan

9(t) = j B(r)dz, r<[0,t] @)

XapaKTepU3yeT HAKOIUICHHE HEOOpPaTHMMBIX U3MEHEHUH B pe3yibTaTe CTApEHUs, M3HAIIMBAHUS
WJIH pa3peryupoBaHus. JTo ciaraeMoe B (3) MOXET ObITh OYCHD OOJIBIIHAM.

Crenyer OTMETUTh, YTO B NPAKTUKE SKCIUIyaTalMW AaXKe MPU HAJIWYUU BCTPOCHHBIX WIIU
MEPEHOCHBIX CPEJCTB KOHTPOJIA HE BCEr/a ynaercs 4acto umepsath 3HaueHus Ol oTnenbHbIX
o6bekToB. [TosTomy peamusauun X (), IOCTPOECHHBIE MO IKCIIEPHMEHTAILHBIM JTAHHBIM ISt

MoMeHTOB t, (i=1K ), UMeIoT BUJ JIOMaHbIX JIMHUI ¥ MOXKHO JIMIIb IPEAIONAraTh 10 JaHHBIM

OrPAaHUYEHHOTIO YHUCJIA BEPTHUKAJIbHBIX CEYEHUH, KAaKOB B JICHCTBUTEIBHOCTH CIyYalHBIN
nportecc X(t). st 37010 HEOOXOMMO MMETh THIIOTE3Y O XapaKTEPHOM BHE KPHBBIX H3HOCA,
KoTopast Oa3upyeTcss Kak Ha JaHHBIX OJKCIIEPUMEHTA, TaK W ampHOpHON HHGOPMAIMH O
IpoIieccax U3HAIMBAHUSA aHATOTHYHBIX 00BEKTOB. [IpH 3TOM 1 Hayraa B3ATOrO j - 0 00beKTa
CKOPOCTh M3HAITUBAHUS CITydaiiHa JIJIsl KaKJ0T0 OOBEKTA - CBOSI.

N3menenne OIl B 3aBHCHMOCTM OT BpPEMEHH WJIM HapabOOTKH MOKHO B 0OLIeM ciiydae
IIpeJICTaBUTh TpeMs nepuoaamu (puc. 1).

Ilepswiii nepuoo - npupadboTka o0bekTa. K KOHIlY 3TOTO IMepuojia CKOPOCTh U3HOCA CTAHOBUTCS
noctosiHHOM. OOBIUHO B Mpoliecce MPUPAOOTKH MPOMCXOAUT YMEHBIIEHHE CKOPOCTH H3HOCA,
OJTHAKO, XOTSI M pEeXe, BCTPEYAIOTCS CIIydal BO3pPACTaHUS CKOPOCTH 1O CTAallMOHAPHOTO
3HaueHusi. Cepbe3Hble  (QUPMBI-IPOU3BOJIUTENN  JUISI  TOBBIIMIEHUS  HAJCKHOCTH U
KOHKYPEHTOCTIOCOOHOCTH HU3JIETTUN OCYIIECTBISIOT MPUPAOOTKYy Ha 3aBOJAAX, MOATOMY OOBEKT
MOJKET UMETh MOCTOSHHYIO CKOPOCTh U3HOCA C Hauasa SKCIUTyaTaluu.

Bmopoii nepuood xapakTepuszyeT OCHOBHOW INEpHOA 3KCIUTyaTallud, IpU 3TOM JOCTUTHYTas K
KOHITYy IPUPAaOOTKH CKOPOCTh N3HOCA, COXPAHSIETCS IPUMEPHO MOCTOSIHHOM.

Tpemuii nepuoo - mnepuopa "crapeHus" oOBbekTa. BO3MOXHOCTH CyIIEeCTBOBaHHS OOBEKTa
ucuepnbiBatoTcsi. Ckopocth uamenenus OIl karactpoduyecku pacTer.

CooTHoOIIEHHE CKOPOCTH HM3HOCA NIpU MNPUPAOOTKE U OCHOBHOM paboTe MOXKET CIYXUTh
nokazarenem 3 (HEeKTUBHOCTH IPOU3BOJICTBA U Ka4eCTBa MaTEPHUATIOB.

o | %

Puc.1
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3. Moaesu npoueccoB NpudJIHKeHUS 00beKTAa K 0TKa3aM
3.1. Ocnoenvie Knaccol mooenei

Kak ormeuanoch panee, OCHOBOM ciydailHbIXx mponeccoB wu3Menenuss OII  sBistoTCs
HeoOpatumble ciydailHple u3MeHeHuss OII, BbI3BaHHBIE CTapeHUEM, M3HOCOM WU
pa3peryaupoBaHUEM M HMEIOIIME OMNPEACNICHHYI0 3aBHUCUMOCTh OT BpemeHu. [lpu sToM
CIIy4ailHBI XapakTep TaKuX W3MEHEHHH OOYyCIOBIEH CllydalHBIMH [apaMeTpamu, He
3aBUCAIIMMU OT BpeMeHH. CrnenoBarenbHO, Mojaenu peaidbHoro usmeneHuss OIl oObekTa
JOJIKHBI MIPE/ICTABIIATH CllydaliHble GYHKIIMH, apryMEeHTaMi KOTOPBIX SBJISIOTCS TOCTOSIHHBIE BO
BpEMCHHA cnyqaﬁHble BCJIMYHHBI U CaMO BpCMs.

PaccmoTpuM Hambonee pacmpocTpaHEeHHBbIE MOJAENH (KJIACcChl MOJENel) HEeCTalnOHAPHBIX
CIIy4aifHbIX MPOLIECCOB MPUOIMKEHHS K OTKa3aM.

3.1.1. JIuneiinwie cayuaitnvie oynkyuu

[pyu nuHeapu3auy peanbHOro Mpolecca H3HOCa 00beKTa Kax/as peanusanus X (t) npomecca

3aMeHSIeTCST TpsSMOW, T.e. peanbHbll mpomecc usMenenuss OIl X(t) anmpokcummpyercs
ciy4aifHOM GyHKIMeH Buia

X =X,V -t ©)

rne Xo = X(t=0) = {x}o - cinyuaiiHoe HauanmbHOe 3Hauenue OIl (mpu t = (), mmeromiee
MmaremaTtnaeckoe oxuaanne (MO) m, , = M{Xo} u cpennee kaapatuanoe orkinonenue (CKO)

Syo=+Dyo; V{V} - cnyuaiinas HopmanbHO pacmpeseneHHass ckopocth usmenenus OIT Bo

BpeMenH, obmanatonias MO mv = M{V} u CKO S, = «/DV .

3.1.2. Henuneiinvle cayuaiinvle hynkyuu

I[J'IH MHOTUX OOBEKTOB THIIUYHA HEKOTOpAasa NMOCTOAHHASA OTHOCUTCIIbHAsA CKOPOCTbH HU3MCHCHUA
oIl

dx(©)/dt _,,,
Xt

4TO COOTBETCTBYET HENHMHEHHOMY chydaitHomy mnporeccy X(t), ammpokcumMupyeMomy
ciy4aifHOM ¢yHKIMeH Buia

X = X, exp(4V -t) (6)

rae Xo = X(t=0) = {x}o - kak u paHee, cny4aitHoe HadanpHOe 3Ha4deHue OIl; V' -crnyuaitnas,
HOpPMAaJIbHO pacmpesiefieHHass CKOpOCTh U3MEHEeHUsl HaTypaibHoro jorapugma OIl Bo BpemeHu,

umerormas MO mv = M{V} u CKO S, = /Dy

B monensix o6oux kimaccoB (5) u (6) 3HaKW “ + 7 W ¢ - HCIONB3YIOTCS JUISl alllIPOKCHMAIIAN
COOTBETCTBEHHO BO3PACTAIOIINX U YOBIBAIOIIUX BO BpeMeHH mpolleccoB. CrnyuaiiHas BelIUYUHA
Xo B Mogensx (5), (6) ABisieTcsi MOCTOSTHHOM BO BPEMEHH, KaK M CIy4yaiiHas BEJIMUYMHA CKOPOCTH
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V u3menenus OIl B moxenu (5). B monenu (6) mOCTOSSHHON BO BPEMEHH SIBISIETCS CKOPOCTH
u3MeHenus jorapudma OlIl, cam ke OIl umeer nepeMeHHYIO BO BpEMEHU CKOPOCTh U3MEHEHHUS.

B janpHeieM 11 IpocTOThl 0603HAYEHUS Oy/IeM TIoaraTh, 4to X (t) = X(t). s yno0cTBa

JAIBHEHIIET0 PAcCMOTPEHUs MOJENEeH TOJIBKO B JIMHEWHOM BapuaHTe Mojenb (6) myrem
JorapupmMupoBaHus npeodpasyeM K JUHEHHOM Moienu n3MeHenus jgorapudma OI1:

InX(t)=InX,xV'-t 7

O0603Havas HarypanbHblii torapudm Ol ciaydaitnoit pynkuumeit Y (t)

Yt)=InX(t);, Y,=InX, (8)

BbIpaxkeHHe (7) MOKHO NMPEJCTABUTH B BUJIE

Y(t)=Y, £Vt (©)

nogo6H0M Mojenu (5).

PaccMOTpHUM pa3fenbHO KaKAbIA THI JIMHEHHBIX CIyYaiHBIX MOJEJICH, anmpOKCHMHUPYIOIIIX
ciy4aiinbiii mponece u3menenus OI1 X(t) uim ero norapudpma Y (t).

3.2. Ocnoénvie munst mooeneil

U3 pasnuynbix MOAUGHUKAINI JTHHEHHBIX BO3PACTAIONINX CITyvaiiHbiX GyHKImi u3menenus: OI1
X({t) wm InX(t) wnHaunbosee wdacTo mpolecc NPUOMIKCHHUS OOBEKTa K OTKa3aMm

aNnpOKCHUMHUPYETCS CIEAYIOIMMU TUIIAMH MOJEIIEH:

@) 8eepHoll c HeHYIe8biM HaAUaAIbHLIM pacceuganuem (puc. 2a);
0) 6eeproll ¢ HynesbIM HaualbHbIM pacceusarnuem (puc. 26);
8) pasnomepHoll (puc. 28).

4 X

- £330

=

m, (1) my

I

Puc. 2a
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F 3 X(t)
{1
F 9
%o m, (t)
ITlyj
v
t=0 5
Puc. 20
&
>ty
£
U o
(g o
T T
_f-"____'_r o — '::_-_—f_ - Y
| e e
[ gt
f_fff""i-*:fi;f*\’f
= L () e
IlL.n A J
-
Puc. 28

Tun monenu nuHeHoN QyHkuuu X(t) win In X(t) 3aBUCUT OT yKcna cilydyallHbIX apryMEHTOB,

ONpeNieNAIIUX €€ CiydailHbli XapakTep. BeepHas ¢yHKUMS ¢ HEHYJNEBBIM HayallbHBIM
paccenBaHUEM ONMCHIBAETCS:

qutst iporiecca X(t)

X(t)=y+V(t+7) (10)

qutst iporiecca In X(t)

INX@®) =Y () =In z+V'(t+7) (11)

[Ipu t = 0 3nHadenuss Qynkuuit (12) u (13) nmpeacraBisioT coOoi cilydyailHyr0 BEIHYUHY,
COOTBETCTBEHHO

X,=y+V 1 (12)

u
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InX,=Y,=Iny+V'-z (13)

npuyem V =V'. C yuerom (12) u (13) mozenu (10), (11) nerko mpencrasistorces B Buae (5) u
(9). CuyvaitHplii XapakTep PpPAacCMOTPEHHOW MOJCIHM ONPEEIIeTCsS JBYMS CIy4allHBIMH
aprymentamu: X, wm In X, - ciydaiiHoe HauanbHoe 3HaueHue OIl mimm ero nmorapudma: V

wim V' - ciiydaiinas ckopocth u3MeHenus: OI1 unm ero jgorapugdma.

Kak cnenyer u3 puc. 2a, Bce peau3aiiil BEEpHOI TMHEWHOW CilydaitHON (YHKIMHU C HEHYJIEBBIM
HaYaJIbHBIM PACCEUBAHHUEM IPOXOJIAT Yepe3 OOy HECIYyIalHYIO TOUKY - "mostoc".

ApryMeHT pacCMOTPEHHOW MOJENH - ciydaitHas ckopocTs u3merenus: Ol (V) wnm norapudma
OIT (V ) - uMeeT HOpMAJIBHOE PacCIpe/Ie/ICHUE C TUIOTHOCTBIO PACIIPE/ICIICHUS] COOTBETCTBCHHO:

1
f =———.exp{—(V-m,)* /2S5
V) =g P —m) /28] (14)
f(V')=;-exp{—(\/’—w)2/285r} (15)
S, V27
Jluneitno 3aBucsmas ot V ciydaiiHas ¢yakius X(t) (10) Bo Bcex i=0,k ceuenmsx Oyner

pacpeaciicia HOpMaJIbHO € INIOTHOCTBIO U ITapaMCTpaMH PaCIpCaACICHHA:

1 2 2
f(x). ZSX—\/EeXp{—(X, —mxfl) /ZSX—I} (16)

matoxuaanne My, =M {X;};

CpeaHeC KBaAAPpaTUIHOC OTKIIOHCHUC

YHCIIeHHbBIC XapakTepucTuku — marokuaanne Mx(t) u CKO Sx(t), camoli ciry4aifHOW BENUYHHON
¢ynkuuu (10) BeIpaxaroTcs 4epe3 YUCIIOBbIE XapaKTEPUCTUKU My U Sy CIIy4aifHOM CKOPOCTH:

m, (t) = x +m,(t+7) (17)

5,(t) =5, (t+7) (18)

Crnyuaitnoe HauansHoe 3HaueHue OIl X, coorBerctByeT cevenuto ¢pynkimu X(t) (10) npu t =0,

MO9TOMY TaK)Ke UMEET HOpMaibHOE pactpezaencHue mo (16) mpu | = 0 ¢ mapameTpamu My(t = 0)
= myo u CKO Sx(t = 0) = Sxo,, onipenensembiMu u3 (17) u (18) npu t=0:

me=Z+rn\/'T (19)

SxO = Sv T (20)

C yuerom (19) u (20) Beipaxkenus (17), (18) 11 4MCIOBBIX XapaKTEPUCTUK CIIy4altHON (HYHKIIUU
(10) uzmenenus OIT X(t) npumyT Bu:

m, () =m,+m, -z (21)
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S, (1) =S, +S,-7 (22)

B coorBerctBue ¢ (11) HOpmanbHOEe pacrpezaeneHue ckopocTd V' HPUBOAUT K TOMY, 4YTO
nuHeitHo 3aBucsanmi ot V' norapugm OIT In X(t) = Y(t) Takke Oyner pacupenesieH HOpMaITbHO

BO Bcex | =0,K - CeUCHHUAX C MIIOTHOCTBIO PACTIPEICIICHHUSI:

f(lnxx:f(Y>i=ﬁ-exp{—(vi—w)2/28é}, i=0k 23)

Yi

Cam xe OII mpu 3ToM OyIeT UMeTh JIOTapUPMUIECKH HOPMAaIbHOE paCIpe/leieHHe, TNIOTHOCTh
KOTOpOTO:

1 2 ) o2 .=
f(X)i=W-exp{—(Xi—mi)/ZSYi}, i=0k (24)

Bripakenus (23), (24)

m,; =M {In X},

sw=J5;=JM«mx,me}

COOTBETCTBEHHO, MaTemartmueckoe oxuiganue u CKO norapupma OIl B i=0,Kk ceueHusx
cinyvaitnoit ¢pyukiuu (11).

Maremarudeckoe oxunanue My(t) u CKO Sy(t) nuneapusoBaHHON myTeM JorapudMupoOBaHUsS
¢ynxm (11) MOXKHO TOJYYHTh, UCIIONB3Ysl YHCIOBBIE XapaKTEPUCTUKU CIy4allHOW CKOPOCTH
V: m' u Sy. IlpoBons ananoruunsle, kak Ui ¢yHkuuu (10), mpeoOpazoBaHus, MOIydaeM
YHCIIOBBIE XapakTepucThku Moaenu (11) usmenenus sorapudpma OIT InX(t) = Y(t):

m, (t)=m+m-t, (25)

S,(1)=S,,+5,t. (26)

Beepnas ¢ynkyusa c nynegvim HauanbHuM pacceugaHuem SIBISETCS YaCTHBIM CIydaeM MOJEIH
(5), (9) m moxer ObITh MOJy4YeHAa M3 YKa3aHHBIX BBIPAKEHMH IyTEM 3aMEHbl B HUX,
COOTBETCTBEHHO, CllyyaliHbIX HayanbHbIX 3HaueHuil OIl Xo mmm ero norapudma 1nXo = Yo
HEKOTOPBIM Hecay4aiHbM 3HaueHueM Ko mim InKo.

[Tockonpky BeepHass MOJENh C HEHYJEBBIM HayaJIbHBIM pPAaCCEUBAHUEM SIBIIIETCS YaCTHBIM
cyqaem mozneneit (10), (11), To ee cBoiicTBa OMpPEENSIOTCS CBOMCTBAMHU YKa3aHHBIX MOJEIEH,
MOATOMY YHCIIOBBIE XapaKTEPUCTUKHU ONpeestoTcs (0e3 BRIBOA):

s pyrkimu X(t) = Ko + Vit usmenenuns OIT u3 (21), (22)

m () =K, +m,-t (27)

S,(t)=S, -t (28)

st pysknuu Y(t) = InX(t) = InKo + V't usmenenuns OI1 u3 (25), (26)
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m,(t)=InK,+m -t (29)

S,(t)=S!-t (30)

Pasnomepnas gynukyus taxxe SBISETCS 4aCTHBIM cirydaem mojened (5), (9) u Moxer ObITh
MoJlyueHa M3 MOCIEAHMX IIyTeM 3aMeHbl B HHMX COOTBETCTBEHHO CIIYy4alHBIX CKOpOCTEH
uszmenenust OI1 V unu ero jorapudma V Ha HecmyuaitHbie (moctostHHbIC) ckopocTr V. mmm V'

YucnoBble XapaKTePUCTUKH CIy4dailHbIX (GYHKIHM onpenenstoTcs (6e3 BbIBOIA):

s yrkimu w3menenns OIT X(t) = Xo + Vt u3 (21), (22)

m@)=m,+v-7 (31)

S, (t)=S,, =const (32)

st pynkuuu Y(t) = InX(t) = YO +V't u3 (25), (26)

m@t)=m,+0" 7 (33)

S,(t)=S,, =const (34)

PaCCMOTpCHHHe JIMHEHUHBIC MOJICIHN y,Z[O6HI>I A alllIpOKCUMallun CﬂyqaﬁHbIX IIpoueccoB
m3MmeHenus OI1 TEM, YTO IMO3BOJAIOT XapaKTCPHU30BaATb 3THU HPOLUECChl OIrpaHUYCHHBIM YHCJIOM
APpryYMCHTOB  MOZACIIH, IJid OHNPEHCIICHUA KOTOPBIX Tpe6yeTc;I MHHHUMAJIBHEIH  00BbEM
SKCIICPUMCHTAJIbHBIX JaHHBIX.

Konmponvnwvie é6onpocwi:
1. TlosicHuTe CMBICT U NPUPOY OCTENIEHHBIX OTKa30B?

2. Uto Ha3bpIBaeTcs, OMNPEACNSIONUM MMapaMeTpoM, W B YeM 3aKJIIOUaeTCsl YCJIOBHE
pabotocrnocoObHOCTH 00BEeKTa?

3. Uro npencrasinseT coboil Bpems coXxpaHeHUs! paboToCcrocOOHOCTH?

4. V3 KakuX, COCTaBJISIOIIMX COCTOUT CIIy4alHbIH HPOLECC M3MEHEHUS ONPEIelIsIONEro
napaMerpa? JaiiTe XapakTepUCTHKY KaKJOW COCTABIIAIOIEN?

5. Kak u3mensercs onpenensionyii napaMmeTp B 3aBUCUMOCTH OT HapabOTKU 0ObeKTa?

6. IlepeunciuTe OCHOBHBIE KJIACCHI MOJIENIEH MPUOIKEHUST 00BbEKTa K OTKa3aM, B 4eM UX
PUHLMIIAAIBHOE OTINYHE?

7. Tlepeuncnante OCHOBHBIE THUIBI MOJENEH MPUOMIKEHHsT 00BEKTa K OTKa3aM, B YeM HX
MPUHIUIINAIBHOE OTINYHE?
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Jlexmusa 15

HAAE)KHOCTb OBBEKTOB IIPM IIOCTEIIEHHBIX OTKA3AX. OIIPEJEJIEHUE
BPEMEHU COXPAHEHIA PABOTOCIIOCOBHOCTM.

1. Cocras PacCInTbBIBAEMbIX nokasarejen

Kak ormeuanock panee (nekius 14), npu Beixoae 3HaueHuit OIT X(t) 3a rpanuny X,, paboueit
0o0JacTl MPOMCXOIUT OTKa3 oOO0BeKTa. [l XapaKTepUCTHKH HAJIeKHOCTH OOBEKTa TIpHU
MOCTENICHHBIX OTKa3aX, CBA3aHHBIX CO Cly4aiHbIM mporeccoM uamenenus OIT X(t), moryr
BBIUUCIIATHCS MOKA3aTEINU JIBYX THUIIOB:

1) eeposmnocmb  Haxodcoenusi obvekma 8 pabomocnocobHom  cocmosnuu  (IONA
paboTocmocoOHbIX 006eKTOB), T.¢. BBP k HapaboTke (Bpemenn) ti P(ti) ~ P{X(ti) <Xu} IIpu stom
paccMaTpuBaeTcs cirydaiiHas BenuunHa - 3Hauenue OIl B MoMeHT Bpemenu (HapaOoTkn) ti;

2) nokasamenu nHapabomxu (épemeHu) 00 noAGNEeHUs: nocmeneHHo2o omkasa - nepeceuenue OI1
rpaHulbl Xy MOJIA JOomycKa. J[sl OIEHKW HAJASKHOCTH B 3TOM CIIydae MOTYT HCIOJb30BaThCS:

IUIOTHOCTh pacrpenenenns Hapabotku no otkasa f(t)=f[X(t)], ¢ysxums mamexnocTn
(BBP) P(t) - P{T > t}, uatencuBnocts 0TkazoB A(t).

PaccmorpuM Momenu pacuera mpeaCTaBICHHBIX THIOB MokaszaTenei. CuurtaeM, 4yTO OOBEKT
paboTocnocobeH, eciu 3HaueHus ero OIl OyayT MeHbIlie TpaHUIbl X, OIS AOMYyCKa.

1.1 Beposamnocms Haxoxcoenus ¢ pabomocnocoOHOM cOCMOAHUU

Jns puKcupoBaHHOTO MOMEHTa BPEMEHHU tj BEpOSTHOCTH TOTO, YTO OOBEKT pabOTOCMOCOOEH,
paBHa

Xﬂ

P(t) =P{X(t)<X,}= [ f(X),dx 1)

0

rae f(X),- mrorHOCTh pactpenenenus 3HaueHnit OIT mpu t = tj, T.¢. B i- M ceueHUH CIrydaifHOTO
nportecca X(t).

B wactHOM ciyuae nipu HopmanibHOM pactpenenenun OI1 BepositHocTs P(ti) onpenensiercs

1 J 2
P(t)=———- [ exp{—(X.—=m,. ) /252 ldx 2
(I) SXi'\/E _([ p{ ( i XI) XI} ()

rae My, S, - yKa3aHHbIE paHee IapaMeTpbl (YUCIIOBBIE XapPAKTEPUCTHKM) paclpeieneHHs

ciyaaiiroro OIT X; = {X }i :

ITepexons k ciiydyailHOM BEJIMUUHE

. X —my,
Syi

@)

UMEIOIIEH HOPMaIbHOE pacipeeiicHue ¢ mapameTpamu, coorsercrBenno, MO u CKO M{Z}=0,
S{Z}= 1 u mnoTHOCTEIO pacmpeneneHus
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f(2) :%-exp{—zzm} ()

BhIpakeHHE (2) MOXKHO 3anucath uepe3 pynkmuro Jlamnaca @(z)

P(t) =P{X(t) < X,}=0,5+(z) (%)

rae @(z) onpenensercs Mo BIPAKSCHHIO

f(2) =

exp{-U?/2}dU (6)

%“ [N
S}
ot—n~

U SIBJISICTCS Ta0YIMPOBAHHOM.
ITnomnocms pacnpedenenuu HapabomKu 00 OMKa3a

[Tpu cnyuaitnom npouecce usmenenus OIIl, nMeroleM MOHOTOHHBIE peajn3aluy, MIOTHOCTh
pactipenenenust Bpemenu Beixoga OIl 3a rpanmuny X, paboueid o6nacté (TUIOTHOCTh
pacrpeeneHus BpeMEeHHU 0 0TKa3a) [JIsl MOMEHTa i, paBHa

f(t)=—dP(t)/dt|t=t =dQ/dt|t=t )

rie  Q(t) - BeposATHOCT, HaXOXKJIEHHA O0O0beKTa B HEpabOTOCHOCOOHOM COCTOSHMH,
omnpenenseMas uepes uspectuyto mo (1) P(ti)

Q) =P{X(t)X,}=1-P(t) (8)

C yuerom BbIpaxeHuil (1) u (8) BEeposATHOCTh HaXOXJIEHUS O0BEKTa B HEPaOOTOCIOCOOHOM
COCTOSIHUHU

X, %
Q) =PEX (t) > X, }=1- [ F(X),dX; = [ f(X),dX, ©)

0 Xy
a ¢ yuetom ¢yHnkiuu Jlamutaca @(z) npu HOpManesHOM pacnpeneneHun OIl B tj, i=0k
CEYEHMAX
Q) =05-2(z) (10)

2. O0ume Moe/ M pacyeTa IJIOTHOCTH pacnpeaeieHusi HApadOTKH 10 0TKa3a

Ha mpakTuke BBIYHCICHHE IUIOTHOCTH pPAaclpeseieHus HapaOOTKH 10 TOCTENEHHOTO OTKa3a
o0bekTa mpu ciydaitHom u3MeHeHnn Ol mpOBOAUTCS ABYMsI MTYTSMH, UCTIOIb30BAHUE KAXKIOTO
U3 KOTOPBIX 3aBUCUT OT BUIa ciiydaiiHoro mpoiecca X(t).

2.1 Cnyuaunviti npoyecc X(t) omauuen om aumeiinoeco. JIns Kaxaoro WHTEpBaia HapaOOTKH
At =t +1 - t, onpenensercs cpelHee Ha TOM MHTEpBAJIe 3HaYE€HNE INIOTHOCTH pacupeesIeHus

HapabOTKH 70 OTKa3a IyTeM JIeJICHUS MPUPAIICHHUS BEPOSITHOCTH TOTO, YTO OOBEKT HAXOJAUTCS B
HEepaboTOCIOCOOHOM COCTOSIHUM, Ha JAJTMHY UHTEpBaja
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t..) - Q) _P(t)-P(t,
(1], - )=00) PGP

ti+1 - ti ti+l - ti (11)

[To nonay4eHHBIM 3HAUCHUSM [ f, ]Cp , B 1=0,K ceueHnsx cTpoutcsi ructorpaMma pacrpeesieHus

BPEMEHU [0 OTKa3a, KOTOpas CIVIa)KMBAETCS HENpEpBIBHOW KpUBOW. I[Ipm 3TOM BO3MOXKHO
noJ00paTh 3aKOH pacHpelesieHus] ¢ NPOBEPKOH HE NPOTHBOPEYMsI PAaCUETHBIM J@HHBIM IIO
kpureputo [Iupcona.

I[J'ISI BBIYHCIICHHUA [fl ]Cp, COOTBETCTBYIOIICTO HHTEpPBAITY Atl . HCO6XO,I[I/IMO 3HAaTb 3aKOH

pacnpenenenus OIl BHawane (t;) u xoHue t,,, =t + At 3TOro uaTEepBana.

2.2. Cnyuainwui npoyecc X(t) auneen. ®opManbHO B 3TOM ClIydae MOKHO MCITOJIB30BaTh IMEPBBII
nyts. Ilockombky pacnpenenenue OIl  f(X),Bo Bcex ceueHHsX HOPMAJbHO, TO CpEIHEE

3HAYCHHUE IUIOTHOCTH [fi ]Cp, c yuerom BbipaxkeHuit (5) u (10) ompenensiercs mo (11) yepes

¢dbyukmuto Jlannaca

— ®(Zi+l) — @(Z| )

ti+l _ti

[f],

(12)

Jlns HOpMaJIbHO pacrpesieieHHoN cinydaidHod ¢yHkiuu X(t) mpu MOCTPOSHUM THUCTOTPAMMBI
CPeIHMX 3HAYCHHUU [fi ]cp JOCTaTOYHO 3HATh JIMIIb €€ YUCIOBbIC XapakTepucTuku Mx(t) u Sx(t),

M0 KOTOPBIM HAXOJATCS 3HAYCHHs Sx , Sxi ,Mxi , Mx, COOTBETCTBYIOIIME HavYany ti U KOHIY ti+1
KQK0T0 U3 HHTEPBAJIOB tj, HCOOXOAMMEBIE JIJIs OIpeieIeHus apryMeHToB Gpynknuu Jlamnaca:

Zi — Xi — M, :
Sxi
7 = Xi+l —Myig )
i+l S

Xi+1

Jis TMHEMHBIX CIy4YalHBIX MPOLIECCOB 3aKOHBI pacHpe/leleHus] HapaOOTKU /10 OTKa3a MOXKHO
HOJYYUTh aHATUTHUYECKHU U3 BbIpaxeHus (7).

3. OnpenesieHHe BpeMeHH COXpPaHeHUsI padoTOCIIOCOOHOCTH

N3 paccMOTpeHHBIX TIOKa3zaTellell HaJeKHOCTH OOBEKTOB TMPH IOCTENEHHBIX OTKa3ax,
BBI3BaHHBIX ciy4ailHbIM u3MeHeHueM OII, HauOonee BaXKHBIMH SBIAIOTCSA: BEPOATHOCTH
HAXOXJIeHUs OOBEKT a B PabOTOCMOCOOHOM COCTOsSHMM W IIoTHOCTH f(t) pacmpeneneHus
BpeMeHHU (HapaOoTku) 10 OTkasza. [locieaHioro MOXHO TakKke ONpPEeAETIHTh, KaK IUIOTHOCTh

pacripenenenus Bpemeru poctmxkenus OIl rpanuier X, paboueit oomactu u 0603uauuTh T [X(1)]
= f(1).

Jlnsg TpaKkTHYECKWX WeNed OpraHu3alid TEXHUYECKOro OOCIy)XHBaHUS OOBEKTOB U
NPOTHO3UPOBAHUS PabOTOCIOCOOHOCTH TpH mneproandeckoM Koutposie OIl BaxkHO 3HATH
KOHKPETHOE BpPeMsl COXpaHEHHs pabOTOCTIOCOOHOCTH.

Ha npumepe npuBeneHHBIX paHee JTUHEHHbIX Mojened nu3Menenus OI1 X(t) wnu ero norapudma
In X(t) = Y(t) (mextus 14) monyuum pacnpenenenue T [X(t)] u pacueTHble BuIpakeHHS IS
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ompeneseHusT BpPEMEHHM  COXpaHeHHMsi  pabotocrocobHoctH  oObekTa. Hmke  Oyayr
paccmaTpuBaThcst ToJdbKO Moxenu udMeHenus OIT X(t). [lnsg nuHeapu30BaHHBIX IyTEM
norapudmupoBanus mogaeieii In X(t) = Y (t) pacueTHbie BeIpakeHUs OYAyT aHATOTHYHBIMH.

3.1 Beepuwvie mooenu uzmenenusn OIl

Jns 00bexToB, ciydaitHblii npouecc u3MeHeHuss OIl KOTOPBIX MOXKHO MPEACTaBUTh BECPHBIMU
MOJICIIAMH, CiydaiiHas BennurHa Bpemeru goctikenus OIT X(t) rpanunsl X, paboueii o61actu

T=Z Mo VA (13)

Oyner sBAATHCS (YHKIMEH CiaydaiiHOW Benmu4wHBl - ckopoctd V m3meHenus OII, 3akon
pacupeneneHus KOTOpOl HOPpMaJIbHBIN.

[TnotHOCTh pacnpenenenus BpeMeHu goctuwxkeHuss OIl rpanuner X paboueil obmactu
ONpEeACIAeTCs IO M3BECTHOMY M3 TEOPUM BEPOSATHOCTEH IpaBUWILy IIOJYy4YEHHUS 3aKOHOB
pacnpenernenus GYHKIUN CIIy9allHbIX apTyMEHTOB:

f(t)= F[X(O]=f(V)|dV /dt] (14)

Jlnst BeepHO# (DYHKIIMHU C HYJIEBBIM HavalbHBIM paccerBanueM mpu Xo = Ko = const, T.e. mx, =
Xo , Sxo = 0 mutoTHOCTH pactpenenenus f [X(t)], onpenenennas mo Beipaxkenuio (14), umeer BUI

f(t)= f[X(t)]— J_ -exp{- / (B1t-a’)} (15)

C mapaMeTpaMu

p=2o=%o S_v al (16)
_m.

a= Sv (17)

e ﬂ MOXXHO CUYHUTAaThb HCKHM OTHOCHUTCJIBbHBIM 3allaCOM AOJIOBCYHOCTH O6’beKTa, HUMCIOIIINM

pa3MepHOCTh BPEMEHH; d. - OTHOCUTENIbHas cpeAHss ckopocTs m3meHeHus OIl (mapamerp a
Oe3pa3mepeH).

Jlyiss BeepHO# MOJENIM C HEHYJIEBBIM HAauyaJIbHbIM PACCEMBAaHUEM (IUIS TOYYEHUS TUIOTHOCTH
pactipenenenust f [X(t)] Beipaxkaem ckopocts um3menenus: OIl mpu YCIOBHH JAOCTHIKCHHS
nporieccom X(t) rpanuibl X, padoueii obiacty, T.e. X(t) = Xu.

(18)

[InotHocTh pacnpenenenus BpemeHu nepecedenuss OIl  rpanunsr  paboueit  obnactw,
onpezaeneHHas no (14), umeer Bua

- B 3 a2
XO)= 7 o Pt (A ot-at) (29)
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B KOTOPOM TlapaMeTp pacmpeaeneHuss a ompexaensercs no (17), a mapamerp 3amaca
JI0JITOBEYHOCTH [3; yYHUTBIBACT CMENICHHE "MoM0ca" QyHKIMH U BBIPAKACTCS

X —
,Blznz

5 (20)

T.€. I10 BUAY CXOXK ¢ mapamerpoM [ pacnpeznenenus (15).

3aKoHbI pacnpeieNieHus] BpEMEHH J0 0TKa3a, BhIpaKEHHBIE MNIOTHOCTAMU pacnpeaeneHus (15) u
(19), nonyunnu Ha3BaHue anbQa-pacnpeecHue.

AOcCIHCChl, WMEIONUE pPa3MEPHOCTh BPEMEHH, XapaKTePHBIX TOYEK KPUBOW IIJIOTHOCTH
pacrpenenenus T [X(1)], onpenensiemoit (15) wau (19), MO3BONIAIOT ONMPEACTUTH HCKOMOE BPEMSI
tc coxpaneHus paboTOCIIOCOOHOCTH 0OBEKTA.

Hwxke npuBeneHbl (0e3 BBIBOAA) pacyeTHbIC BBIPAKEHUS JJIS OINpPEICIICHHs BpeMeHH IC
COXpaHeHHs] PaboOTOCIOCOOHOCTH 00bekTa mpu cieaywmmx wmoxemsix X(f) u3MeHeHus
onpezenstomniero napamerpa (OII).

Jns Beeproit mogenu X(t) ¢ HyJleBbIM HaYalbHBIM PACCEUBAHUEM npu paccuumannvix no (16),
(17) napameTpax u MOMEHT BpeMeHH t, paBHbIii tc onpeensiercs:

t,=t.=p-9,(x)~p/2c (21)

Ins eeepnou mooenu X() ¢ Henynesvim HauanbHbiM pacceusanuem BPEMS COXPAHCHHS
paboTocnocoOHOCTH Takxke onpenensercs us (21) npu 3amene £ Ha [ 1, o (20):

t =t —t=4-9,(0)-t=p/20—-7 (22)

Koopmunars! (7 , X) "momoca" GyHKIHMH, OT KOTOPEIX 3aBUCHUT ONpeJeIeHUe t, 110 BEIPAKEHHUIO
(22), mocne moacTaHoBkH B Hero (20) onpenenstoTes:

_Sx
=% (23)
X=Myo—M, -T=My,—a-S,-Sy,/S, =My, —a-S,, (24)

3.2 PapHoMepHas moaesb u3meHenus OI1

Jlns paBHOMEpHO# nuHEWHOW Mmomenu (dekiws 14), xorma ciydaiinsii mpomecc OIT X(t) ¢
MOCTOSIHHBIMU aprymeHTamu SX(t) = Sxo ¥ mpuOImKkaeTcst K rpaHuie Xn, 3aKOH PacipeeieHHsI

OIl B KaXJIOM W3 CEYEHUM = (ﬂ HOpMAJICH W TIINIOTHOCTH PACHPCACIICHHUA BpPCMCHU
nepeceuenust OIl rpanuiel paboueit o01aacTu onpenenseTcs
ﬂ 2 2
FIX (O] = —==exp{-(t-m)"/2S 25
S, -\2r e (23)

Beipaxenue (25) mmorHoctu f[X(t)] cBuaeTenscTByeT 0 HOpMAJIBLHOM 3aKOHE PACIpe/ICICHHsI
HapaOOTKM 00BEKTA J0 MOCTEIIEHHOTO OTKa3a ¢ IMapaMeTpaMu paclpeelICHHs;
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m = 2o Mxo (26)
1Y
5, = 2x (27)
v

Bpewmst coxpanenust paboTocrocoOHOCTH IC mocie nmpeodpa3zoBaHus NIPUHUMAET BHU]L

t. =mt—St-/3 (28)

4. YacTHbIe BONPOCHI OLIEHKH NapaMeTPUUYecKoil HA/IeXKHOCTH 00beKTOB
4.1. OueHka HaJIe)KHOCTH OOBEKTOB MPH pa3peryIupoBaHUN

[ToMuMO paccCMOTPEHHBIX TApaMETPOB, OMPEACISIOMNX PadOTOCIOCOOHOCTE OOBEKTOB, BO
MHOTHX TEXHMYECKHX YCTPOWCTBAX MMEIOTCS XapaKTEPUCTUKHU, KOTOPBIE MOKHO TIEPUOTUYCCKU
peryjanupoBaTrb, T.C. YCTaHABJIMWBATb PaBHbBIMW HOMHWHAJIbHBIM 3HAUCHUAM. CpeI[I/I HECKOJIBKHUX
PEryIMpPYEeMBIX XapaKTEPUCTHK O00BEKTa MOXHO BBIOPAaTh OCHOBHYIO, KOTOpas SIBJISCTCS MEpOU
€ro KadecTBa W OMNpEACIsIeT HEOOXOAMMOCTh MpOBeleHHUS mpodmiaktudeckux pador. Ilo
ananoruu ¢ HeperyiaupyembiM OIl HazoBeM 3Ty xapaktepuctuky peryaupyemsim OIT (POIT).

[Ipu mpoBenennn Texuuueckoro oociyxkuBanus POIl B MoMeHT BpemMeHU to1 yCTaHaBIMBAETCA
PaBHBIM HEKOTOPOMY HECIy4YalHOMY HOMHUHaJIbHOMY 3HadeHut0 Ro. Ilpu panbHenmen
skciutyataiuu oobekta POIl ciiydailHO W3MEHSIETCsl, 4TO MOXKHO TPEICTABUTh TOJIOCHOU
cinyvaitHoOM (QyHkumelr Bpemenu R(t), Bce peanuzanuu KOTOPOH MPOXOAAT UEpe3 OJHY
HecnyJaiHyro Touky - "momroc” ( Ro, to1).

R1)

L

I

" .

X

I

A
iy
t

0 tg; fgz

[lpn oYepeqHOM TEXHWYECKOM OOCITY)KMBaHMM B MOMEHT BpeMeHH toz y Bcex J=1n

AKCIUTYaTUPYEMBIX OOBEKTOB OMSTh YCTaHABIMBAETCS HayalbHOE 3HaueHHWe mnapamerpa Ro u
CIIy4aiHBIN NPOIECC pa3peryJIupOBaHus TOBTOPSETCS BHOBb (CM. pHC.)
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PaccmoTpeHHBINl  TIpollecC  pa3perysMpoBaHUs — aNMpOKCUMHPYETCS HM3BECTHOM  BEEPHOM
¢dyHKIMEl ¢ HYJIeBBIM HaYaJIbHBIM PACCEMBAHUEM

R(t) =R, +Q(t) (29)

rane Q - cimyuaiiHas CKOPOCTh pa3peryiaupoBaHus; t - Bpems, OTCUMTHIBAEMOE OT MOMEHTA
npoBeeHuUs ol TIOC/IEHEr0 TEXHMYECKOTO 00CITYKUBAHUS.

JluHeapu3anusi Tpolecca pa3peryIrupoBaHUsl OCYIIECTBIISIETCS TaKUM e 00pa3oM, Kak H
JUHeapu3aluusa Ipouecca u3Hoca. [l ompepeneHuss OLEHOK XapaKTepUCTUK Mg U Sg,
OTKCHIBAIOIINX TPOLIECC Pa3perylupoBaHusi, HEOOXOAUMO XOTS Obl B OJUH MOMEHT BpPEMEH
uzmeputh 3HaueHue POIl j =1 nomHoTHnHBIX 00BeKkTOB. Kpome TOro, HEoOXOAMMO 3HAThH
MomeHT mpoBejaeHust (fo) u pesynbrar (Ro) mpeapiayiiel peryJaupoBKH IPH TEXHHYCCKOM
obcnyxuBanuu. OtmeTnM, 4To Ha HOMHUHaIbHbIC 3HadeHus POIl Ro B GonpimHCTBE CBOEM

YCTAHABJIIMBAOTCA AOITYCKH IIO3TOMY HAYAJIbHBIC 3HAYCHUS Ro Ipu i-X peryinupoBKkax MOTI'YyT
OTIIMYATHCA B IPCACIax OOIYCKOB.

I:20 € (ROmin; ROmax)

Kak cBuaeTenbcTByeT mpakTHKa, 3HaueHus ciydyaiiHoi ckopoctu usmeHenust POII orpannueHst
HIDKHMM (|, ¥ BEPXHMM (], IPEIEIaMHu:

Qe(q,, 9,) npu  q,, q,>0.

B atom ciyuae apryment Q moxenu (29) Oyner UMeTh yCceU4eHHOES HOPMAIILHOE PacIpeieiicHHe,
IUIOTHOCTHh KOTOPOTO MMEET BH T

Q) =t (@)= S erp{ -2 D0 (30)

q

rne f(Q) - WIOTHOCTP HOPMAIBLHOTO pacmpenelieHus (HEyCeYeHHOro), € - HOPMHPYIOIIHAN
MHOXXUTENb, ONpPEACTSIeMBId M3 YCIOBHS, YTOOBI IUIOIIANb TIOJ KpPUBBIE IUIOTHOCTH
pacrpeneneHus OblTa paBHa eIMHUIIE, T.C.

Oy
¢ | f(g)dg =1 @

a;
ITocpencTBoM MoOJICTAHOBKHU

Q-m

Sq

rie mg, Sq - coorBeTcTBeHHO Maroxujganne U CKO HeycedeHHOro HOPMaJIbHOTO
pacnpenenenus ckopoctu usmeHenust POIL, mocne npeobpazoBanus moimyyaem
=t (33)

@(22) - cD(Zl)
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7z, =——; z,=——*, (34)

d(2) - HopmupoBanHas Gpyrkius Jlamnaca, onpeaenentas mo (6).

Jna POII takke ycTaHaBIMBAaeTCs HEKOTOPOE KPUTHYECKOE 3HAu€HHE Ry, NMpu JOCTHXKEHUU
KOTOPOI'0 HapyImaeTcss paboTocrmocoOHoCTh 00bekTa. Cirydaiinoe Bpems qoctikenus POIT R(t)
3HaueHus Ry onpenensiercs ananoruyHo (13):

T=RH_RO

0 (35)

[InotHOCTL pacnpeneneHusi BpemeHu pgocTikenus POIl 3nauenus R, npu ycedeHHOM
HopManbHOM pactpenencHun  (30) ckopoctu Q ¢ wmcmonb3oBanueMm (14) wmeeT BUI,
aHajoruyHeIi (15):

f(t) = f[R(t)]:%-exp[—%(g—azﬂ (36)

npu t1tto, roe

R, —R
t=—4—2; t,=—1—2, 37
1 q 2 q (37)

SBJISIFOTCSL rpaHunamu u3MeHenus: Bpemenu T = {t} Beixoma POIl 3a 3nauenue R, mnpu
BO3MOXHBIX ITpe/iesiaXx n3MeHeHUs ckopoctu Q.

[Tnotaocts pacnpenencuus f[R(t)] mo (36) cooTBeTCTBYeT paccMOTpPEeHHOMY paHee anb(da-
pacIipeielIeHuI0, MapaMeTpbl KoToporo o axHanoruu ¢ (16), (17) caenyromue:

_R,R,
pete (39)
a=r§—: (39)

a HOPMHPYIOITUH MHOXKHTEIb C OIpeIesieTcs: coryacHo (33), mpu 3ToMm

7, =2, Z,=—-a.

L b

W neHTuyHOCTh paccMaTpUBaEMON MOJIETH B MPUHATOM MOCTAHOBKE C MOJIETBIO OLICHKH BPEMEHU
paboTOCTIOCOOHOCTH MO3BOJISIET OMPEAEIUTh BPEMsI COXpaHEeHHs paboTocrnocoOHoCcTH tC= tp Kak
UHTEpBall OT MoMeHTa mnocienHed perymupoBku POIl (mpunsaro ti — 0) no mnotepu
pabotocrnoco6HocTU. O1leHUB 3HaUeHue tp, MOXKHO YCTAaHOBUTH ONTUMANBHBIN, C TOUYKHU 3pEHUs
HA/IeKHOCTH, TEPHOJ] TEXHUYECKOTro OOCIy)XKHBaHUS, CBA3aHHBIA C perymupoBkoii POIL
be3ycioBHO, 3TO UL OJMH ACTIEKT Ha3HAYEHUSI CPOKOB MPOBEACHUS MPOPHUIAKTUYECKUX padboOT
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JUISL UCCIIETyEMBIX O0BEKTOB, TIOCKOJIbKY Ha MPAKTHUKE HEOOXOAMMO YUUTHIBATH €IIE IENBIA Pl
(haKkTOpOB: OpraHU3AIMOHHBIX, JKOHOMUYECKHX U TIP.

[Tpu cymiecTByroIEeM TEXHHUYECKOM 00CTYKUBAaHUHU, OPUEHTUPOBAHHOM Ha KaJeHJIapHOe Bpems,
U3Mepsisi B MOMEHT MpOBeNeHUs NpoduIakTHIecKoid padorhl 3HadeHuss POIl ogHOTHUITHBIX
00BEKTOB, MOKHO MPOBEPUTH, HE MPEBBIIIACT JIM YCTAHOBJICHHBIA IMEPHOJ BpeMEeHH tnp IO
CIENYIOLIEH PpEeryJupoOBKHM pacueTHOro 3HadeHus tp. Ecim 3TO0 mMMeer MecTo, TO Cclemyer
OrPaHUYMTh MEPHON tup (IPUHATH trp tp).

Konmpwzbubte eonpocol:

1.

Onpenenure COCTaB PACCUYMTHIBAEMBIX IIOKa3aTelied HAICKHOCTH OOBEKTa IPHU
MOCTEIEHHBIX OTKa3ax?

[TosicauTe ompeneneHWe BEPOSTHOCTH HAXOXKIACHUS OOBEKTa B PpabOTOCIIOCOOHOM
COCTOSIHUU?

Kak omnpenensiercst IIOTHOCTD pacnpeeneHust HapaOOTKU A0 0Tkaza? UTo mpeacTaBisoT
o011re MoJIeNu pacyeTa MIOTHOCTH pactpeeneHus?

[TosicHuTe NpUHLIMII pacyeTa BPEMEHHM COXpaHEHUs pabOTOCIOCOOHOCTH O0BEKTa MpU
BEEpHBbIX Mozelsax usmenenust OI1?

[TosicHuTe NpUHLMII pacyeTa BPEMEHHM COXpaHEHHUs pabOTOCIIOCOOHOCTH OOBEKTa IpH
paBHOMepHOU Mozaenu uzmenenus OI1?

B uem 3akirodaercsl oLleHKa HaJEKHOCTH O00BEKTa IpU pasperynuposaHuu? UYrto takoe
perynupyemsiit OI1?
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IMPUJIOKEHUE

OCHOBHBIE TIOHSITUSI U KPATKHME CBEJEHUS W3 TEOPHUU
BEPOSITHOCTEM

[IpencraBneHHbId MaTepuaid paccuyMTaH Ha CTYACHTOB, 3HAKOMSAIIUXCS C
BEPOSITHOCTHBIMUA METOJaMH ONMCAHMS M aHaJIM3a CIy4YaWHBIX SBJICHHUM, KOTOPHIC
COCTABJISIIOT OCHOBY MAaTEMaTHYECKUX MoOJeJed OOLIETEXHUYECKOro Kypca
«HaaeXxHOCTh TEXHUYECKUX CUCTEM.

I1.1. IlpyuMeHeHHE TEOPUH BEPOSITHOCTEN B TEXHUKE
Teopus BeposSTHOCTEH HEOOXOMMA TIPH PEIICHUN MHOTUX TEXHUUYECKHX 3a]1a4.

OCOOEHHOCTh TEOpHUH BEPOSTHOCTEH COCTOUT B TOM, YTO OHA paccMaTpUBAET
SBJICHHS, T JI€ B TOW WJIK HHOM (hOpME MPUCYTCTBYET HEONPEAELICHHOCTh. [loaTOMY
CYLLIECTBYET  IPEIACTABICHUE, UYTO  BEPOSATHOCTHBIE  METOJABI  PELICHUS
IPaKTUYECKUX 3aJad CUUTAIOTCS MEHEE IPEANOYTUTEIbHBIMHU, YEM «TOYHBIN»
aHalu3, T. K. OOpamarbCcsi K 3TUM METOJaM BBIHYKIAET SIKOOBI OTCYTCTBHE
JOCTaTOYHO TMOJIHOM wuH(opmanuu Kpome TOro, MHOrMe CUHTAIOT TEOPUIO
BEPOATHOCTEN 3arafjloyHON 00JaCThbl0 MATEMAaTUYECKOM HAYKHU.

[103TOMY CTaHOBHUTCS SICHBIM, YTO TaK Ha3bIBAEMOE «TOYHOE PELICHUE)» BOBCE HE
BCEI/la SABJIAETCSA TOUYHBIM U, O0Jiee TOTo, IPEACTABIAET COOOM UAeaTn3UPOBAHHbBIN
YaCTHBIN Cllyyald, KOTOpbIA Ha npaktuke [IpeacraBieHubie MHEHUSI HEBEPHBI. Bo-
NEPBBIX, BPSA JIM €CTh elle X0Tsa Obl 0fHa 00JaCTh MaTeMaTHKHU, KOTOpasi C TaKOH
MOJIHOTOM 0a3upyeTcst Ha CTOJIb OTPaHMUYEHHOM HAa0OPE UCXOHBIX MPE/ICTaBICHUN
(Bcero TpH akCHOMBI, KOTOpPBIE MOYTH OYEBUAHBI). BO-BTOpBIX, JOrMaTH4eCcKOe
CTpEMJICHUE TPEACTaBUTh (PU3UYECKHE 3aKOHbl JETEPMUHUCTUYECKUMHU U
CIpPABEAJIUBBIMUA TPHU JIIOOBIX OOCTOATENHCTBAX. be3ycloBHO, HENb3s OTPHUILIATH
3akoH OMa, OJHAKO Ha MHMKpPO YPOBHE IPOUCXOIAIIMX NPOLIECCOB OH HE
BBINIOJIHAETCS - (DaKT, KOTOPBIM OYEBUJIEH JTIOOOMY, KTO KOT1a-HUOYAb TOKIIOYAI
pe3ucTop OOJBIIOr0 HOMHHANA K BXOAY YCHIIUTENS C BBICOKMM KOA((DHUIHEHTOM
YCUJIEHUS U CIIBIIIAN IYMBI, MOSIBJISFOIIMECS B PE3YJIbTATE TOr0 HA BBIXOE.

HNrak, B nydmeM ciay4dae, HENPENOKHBIE 3aKOHBI OTPAXKAIOT «IIOBEICHHUE
MPUPOIBI, TAaK CKa3aTh, «B CpeAHEM». BO MHOIMX CUTyalUsX TaKO€ «CpeaHee
MOBEACHUE» JOCTATOYHO OJM3KO K TOMY, YTO HAOJIOJAeTcsi Ha NpPaKTHUKE, U
UMEIOIIUMHUCS OTKJIOHEHUSIMH MOXKHO INpeHeOpeub. B Apyrux, He MeHee Ba)KHBIX
CUTyalUsX, CIIy4allHblE OTKJIIOHEHHS MOTYT OKa3aTbCs 3HAYUTEIbHBIMHU, YTO
TpeOyeT  HCIOJIb30BAHMS ~ AHATUTHUECKUX  METOJOB, IOCTPOCHHBIX  Ha
BEPOSITHOCTHBIX ~KOHLEMUUAX.MOYTH He BeTpedaercd. C  Opyroil CTOpPOHBI,
BEPOSATHOCTHBIN MOAXO[ - JAJIEKO HE XyIIIas 3aMEHA TOYHBIM METOJaM PELIEHUs U
HauboJIee MOJHO OTpaXkaeT (PU3MUECKYIO pealbHOCTh. KpoMe Toro, OH BKIIIOYAET B
ce0s pe3ysbTaT IeTEPMUHUCTUYECKOTO MOAX0/1a B KAUECTBE YaCTHOTO CITyvasl.
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Tenepb HNMCEET CMBICJI OITMCATh B O6H_I€M THIIBI CI/ITyaLII/II\/’I, B KOTOPBIX IIPUMCHCHHUC
BCPOATHOCTHBIX MCTOJOB pacucTa IIpU PCHICHHUH IIPAKTUYCCKHUX 3aJdad CKOpPCC
ABJIACTCS ITPABUIIOM, YCM HCKIIIOUYCHHUCM.

Cnyuaiinvie napamempuvt cucmem. B psjge ciydaeB T€ WIM WHBIE HapaMeTphl
CUCTEMbl MOTYT OBITh HEU3BECTHHI WJIM H3MEHSTHCS CIy4alHbIM 00pa3oM.
TUNUYHBIMU TIPUMEpPAMU TaKUX CUCTEM SIBIISIIOTCS JIEKTPOIHEPIETUUYECKUE CETH,
Harpy3kKd KOTOPBIX HEIMpPEACKa3yeMbl U BapbUPYIOTCS B IIMPOKUX MpEAeiax;
TeraedOHHBIE CUCTEMBI, YMCIIO IMOJIb30BATENEH KOTOPBIX CIy4alHBIM 00pa3oM
MEHSETCSI BO BPEMEHHU; 3JIEKTPOHHBIE CHCTEMBI, MapaMeTpbl KOTOPBIX HOCST
CIIy4ailHbI XapakTep, M3-3a TOr0, YTO XAPaKTEPUCTUKU IMOTYIPOBOJIHUKOBBIX
npUOOPOB YCTAHABIMBAIOTCS AUANa30HOM BO3MOXKHBIX 3HAYEHUH.

Haoescnocmo cucmem. B coctaB 110001 TEXHHYECKON CUCTEMBI BXOIUT OOJIBIIIOE
KOJIMYECTBO PA3JIUYHBIX 3JIEMEHTOB, OTKa3 OJHOTO MM HECKOJBKUX U3 HUX MOXKET
BBI3BaTh BBIXOJI M3 CTPOsi Bcel cuctembl. I[Io mMepe yClIOKHEHUS U TMOBBIIICHUS
CTOMMOCTH CHCTEM Ha CTaJIMM KOHCTPYHpPOBAaHUS BO3HUKAET 3aJaya CHUHTE3a
JIOTUYECKUX CTPYKTYPHBIX CXEM HAJEKHOCTH U ONTUMHU3AIIUHA 0€30TKAa3HOCTH.

Konmponws kauecmea u ouaznocmuka. I10BbIIeHHE TOTPEOUTENHCKUX CBOMCTB U
KOHKYPEHTOCTIOCOOHOCTH TPOAYKIIMM MOKET OBITh JIOCTUTHYTO BBIXOJHBIM
KOHTPOJIEM MU JUATHOCTHKON B mMpolecce sKciutyatanuu. s 3Toro tpedyroTcs
npaBuiia MPOBEPKU OTJEIBHBIX CIy4YalHO BHIOPAHHBIX 3JIEMEHTOB, BEPOSITHOCTHBIE
METO/IbI pacro3HaBaHus Ae()EKTOB U MPOTHO3UPOBAHUS PAOOTOCIIOCOOHOCTH.

Teopusa ungopmayuu. KonuuectBeHHass mMepa WHOOPMAIMOHHOTO COJACPIKAHUS
pa3iIMyYHBIX COOOUICHWM: 4YHCIEHHble M TpaduyecKkue JTaHHbIe, TEXHUYECKHE
U3MEPEHHsI HOCAT BEpPOSITHOCTHBIM XapakTtep. Kpome TOro, mnpomyckHas
CIIOCOOHOCTh KaHAJIOB CBSI3M 3aBUCUT OT CIyYalHBIX IIYMOBBIX BO3JIEHCTBHIA

Cmamucmuueckasa ounamuka. Bo MHOTUX CUTYalUsIX CJIOYHBIE AJIEKTPOHHBIE U
IEKTPOMEXAHUYECKUE CHUCTEMbl TTOMHMO TOJIE3HBIX M, BO MHOT'OM, CIIy4ailHBIX
BXOJIHBIX CHUTHAJIOB (YIIpaBJICHUs, HABEJICHUS, U3MEPEHHUS U T. I1.) UCIBITHIBAIOT
CIIyJaiiHbIe HEKeJaTeIbHbIC BO3MYIIICHUS. BO3HHMKaeT 3ajaya OIEHKH pPEaKIuu
CUCTEMBl KaK Ha CJy4alHbIC BXOJHBIC TAapaMeTpbl, TaK W Ha Tapa3uTHHIC
BO3MYIICHUS.

M3 KpaTKOro NeEepeyuclieHus SCHO, 4YTO TMpH pEHIeHUH OOJBIIOro YHcia
TEXHUYECKUX 3a7a4 NPUXOAUTCS BCTPEUYAThCA C HEONPEIAECIEHHOCTBIO, a 3TO
JiefaeT TEOPUI0 BEPOSITHOCTEN HEOOXOAMMBIM HWHCTPYMEHTOM COBPEMEHHOIO
WHXEHEpa.
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I1.2. OcHOBHBIE MOHATHS
I1.2.1. Ocnoevlt meopuu mHoscecms.

Teopus seposamnocmeii - MaTeMaTH4eCcKas HayKa, U3ydaromias 3aKOHOMEPHOCTH B
CIy4allHbIX siBJICHUSX. OJHUM U3 OCHOBHBIX TMOHSITUW SIBJISIETCS TOHSTHE
CITy4alfHOTO COOBITHS (B TaJIbHEHMIIIEM TIPOCTO COOBITHE).

Coovimuem HazpIBaeTCs BCSIKHM (AKT (MCXOMd), KOTOPHIM B pe3ysibTaTe OIbITa
(McTBITaHUs, PKCIICPUMEHTA) MOXKET MPOM30UTH MM He Tpon3oith. Kaxkaomy u3
TaKMX COOBITHUHA MOXHO TIOCTaBUTh B COOTBETCTBHE OIPEIACICHHOE YHUCIIO,
HA3BIBAEMOC €T0 8ePOSMHOCHIbIO U SBISIOIICECS MEPO BO3MOYKHOTO COBEPIIICHUS
JTOr0 COOBITHS.

CoBpeMeHHOE  IOCTPOCHME TEOPUM  BEPOSITHOCTEM  OCHOBBIBACTCS  Ha
aKCMOMATHUYECKOM IIOJXO0JIC M ONUPACTCS Ha DJIEMEHTAPHBIC MOHSATUS TECOPUHU
MHOKECTB

Mnuooscecmeo - 310 1100asi COBOKYITHOCTh OOBEKTOB MHPOU3BOJIBHON MPHUPOIbI,
KOKIBIA W3 KOTOPBIX Ha3bIBACTCA DJIEMEHTOM MHOXecTBa. MHOXecTBa
0003HAYaI0TCS MO-PAa3HOMY: WU OJHON 00JIbIION OYKBOM HIIM IEPEUUCIIEHUEM €TO
3JIEMEHTOB, JJaHHBIM B (DUTYpPHBIX CKOOKax, WIN yKa3aHueM (B TeX k€ (PUrypHBIX
cKOoOKax) mpaBuia, IO KOTOPOMY 3JEMEHT OTHOCHTCS K MHOXKecTBY. Hampumep,
KOHEYHOE MHOKECTBO M HaTypaJibHbIX uncen oT 1 7o 100 MoxeT ObITh 3alIMCaHo B
BUJIE

M ={l, 2, ..., 100}={i —yenoe; 1<i<100}.

[Tpenmnosnoxxum, 4To MPOU3BOJUTCS HEKOTOPBIM OMBIT (IKCIIEPUMEHT, HCIIBITAHHE),
pe3ysbTaT KOTOPOro 3apaHee HEM3BECTEH, ClydaeH. Torja MHOXECTBO  Bcex
BO3MOXXHBIX HCXOJIOB OMNbITa MPEICTaBISIET MPOCTPAHCTBO BJIEMEHTAPHBIX
COOBITHH, a KaXkIbIH €ro 3JeMEHT o € Q (OJUH OTJEIbHBIN UCXOJ OIbITA) SIBISIETCS
AJIeMEHTapHbIM coObITHEM. JI000i HabOp 37MeMeHTapHbIX COOBITHH (J000e X
COUETAHUE) CUUTAETCS NOOMHOMCECmEOM (YacTbi0) MHOXKECTBA U SBISETCA
CIIy4yallHbIM COOBITHEM, T. €. JI000e COOBITHE A - ITO MOJMHOXKECTBO MHOYKECTBA
Q: AcQ. Hampumep, mpocTpaHCTBO 3JIEMEHTapHBIX COOBITUI TIpH OpocaHUU

UTPATHPHOM KOCTH COCTaBJISET IIECTh BO3MOXKHBIX McxonoB {1, 2, 3, 4, 5, 6]. C.
Y4E€TOM nycmo20 MHOXECTBa & , KOTOpOE BOOOIIE HE CONCPKHUT DJIEMEHTOB, B
npoctpanctee CMoxkeT ObITh BbIENEHO B o0meil cmoxknoctu 25 = 64
MOJIMHOKECTBA:

g . {8E{ 2. B ek 2 3. Q

B o0mem cnyuae, ecnu MHOKECTBO CcO JIEPKHUT 1 DIIEMEHTOB, TO B HEM MOYKHO
BBIIEIUTH 27! TOJIMHOKECTB (COOBITHIA).
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Paccmampueas cobbimue Q (6e0b kadxcooe MHOXKECTBO €CTh CBOE COOCTBEHHOE
MIOJIMHOKECTBO), MOXXHO OTMETHUTH, YTO OHO SIBJISICTCSI 00CHI06EPHBIM COObIMUEM,
T. €. OCyHIECTBIIsIETCs TpH JitoboM ombite. [lycToe MHOXKECTBO & Kak COOBITHE
SIBIISICTCST HEBO3MONCHLIM, T. €. TIPH JTFOOOM OTIBITE 3aBEIOMO HE MOYKET TPOU30UTH.
Jlis mpenwiaymiero mpumepa: gocrtoBepHoe codeitme Q= {1, 2, 3. 4, 5, 6} =
{BBINTaJICHUE OJHOTO W3 IIECTH OYKOB}; HEBO3MOXKHOe coObiTne @@= {7} =
{BBIMIaIeHNEe 7 OYKOB MIPH OJHOM OPOCAHHWH UTPATHHOU KOCTH | .

Coemecmmble (H€C06M80mele) coobimus - Takue CO6BITI/ISI, ITOABJICHHUC, OJHOI'O
N3 KOTOPBIX HC UCKIIFOYACT (I/ICKJ'IIOLIaCT) BO3MOKHOCTH ITOABJICHUA APYTOTO.

3asucumple (He3asucumole) codblmusa - Takue COOBITHS, MOSBICHUE, OJHOTO U3
KOTOPBIX BJIUSIET (HE BIUSET) Ha MOSBJICHUE IPYTOTrO COOBITHS.

Ilpomueononoscnoe codvimue OTHOCUTEIHHO HEKOTOPOIO BHIOPAHHOTO COOBITHUS
A - coObITHE, cCOCTOfAIEE B HE TMOSBICHUU OTOrO BBHIOPAHHOTO COOBITHS
(oOo3HauaeTcst A).

[lonHast rpynna coObITUI - Takas COBOKYHNHOCTb COOBITMHM, MpPU KOTOPOW B
pe3yabTare OmbITa JOJDKHO MPOM30NTH XOTs Obl OAHO W3 COOBITUM STOMU
cOBOKyNHOCTH. O4YeBHAHO, 4TO COOBITHS A M ACOCTaBJIAIOT IIOIHYIO TPYIILY
COOBITUH.

OnHa W3 NpUYMH TNPUMEHEHHsS TEOPUM MHOXKECTB B TEOPUU BEPOSATHOCTEMN
3aKJII0YaeTCsl B TOM, YTO JUIsl MHOXECTB ONpEIEIeHbl BaKHbIE MPEoOpa3oBaHus,
KOTOpbIE HMMEIOT MPOCTOE TEOMETPUYECKOE TMPEACTaBICHUE U OOJeryaroliee
NOHMMAaHUE CMbICIA 3TUX MpeoOpa3oBaHuil. OHO HOCUT Ha3BaHUE AUArPaMMBbI
DOiinepa-BeHHa, W Ha HeW MNPOCTPaHCTBOQ  M300pakaeTcsi B  BHIE
NpsIMOYTOJIbHUKA, a pa3jMYHble MHOXECTBa - B BHJAE IUIOCKMX (uUryp,
OTPAaHWYECHHBIX 3aMKHYTBIMHU JIMHUAMU, [IpuMep nuarpaMmsl, WILTFOCTPUPYIOIIEH
BKJIIOUEHHE MHOXKeCTB C — B — AlipuBe/ieH Ha puc. 1.
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Pucynox 1.
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Buano, uro B sBusercs moamMHoxkecTBOM A, a C — MOAMHOXECTBOM B (u
OJIHOBPEMEHHO TOJIMHOKECTBOM A).

I11.2.2 AnreGpa coObITHH.

B mpuknagHeIx 3aa9ax OCHOBHBIMU SIBJISIIOTCS HE TIPSIMbIC, @ KOCBEHHBIE METO/IbI
BBIYHCIICHUSI BEPOSTHOCTEH HMHTEPECYIONIUX HAc COOBITUH 4Yepe3 BEPOSATHOCTH
JIPYTUX, C HAIMH CBS3aHHBIX. JIJIT 3TOTO HY)KHO YMETh BBIpaKaTh MHTEPECYIOMINE
HAac COOBITHS Yepe3 Ipyrue, T. €. UCIOIh30BaTh aNre0py COOBITHH.

OTmeTuM, 4TO BCE BBOJAMMBIC HIDKE TIOHSITHS CIIPaBEUIMBBI TOT/IA, KOT/Ia COOBITHS
O KOTOPBIX HMJIET peyb, MPEACTABISIOT COOOM MOAMHOKECTBA OJHOTO U TOTO XKE
MPOCTPAHCTBA AJIEMEHTAPHBIX COOBITUN (.

Cymma wnu odveounenue coovimuii A, A, ..., A - Takoe coosiTue JI, mosiBieHue

KOTOPOTO B OTBITE SKBUBAJICHTHO MOSBICHUIO B TOM € OIBITE XOTS ObI OJTHOTO M3
cobeiTuil A, A, ..., A .CymMMa o003Ha4aeTcs:

A:Av%vmvﬁ:gA 1)

rje V- 3HaK JIOTHUYECKOTO CJIOKEHHS COOBITHM, - 3HAaK JIOTUYECKOM CYMMBI
COOBITHUH.

Ilpou3seedenue vnu mnepecedyeHue coObITHIE A, A, .., A- Takoe coObITHE A,

TIOSIBJICHHE KOTOPOTO B OTMBITE K6UBAIEHMHO TIOSBICHUIO B TOM K€ OIBITE BCEX
cobeiTuil A, A, ..., A ogHoBpeMeHHO. [IponsBenenne o0o3HavaeTcs

A:AA@AMAA:QA 0

II€ A- 3HAK JIOTHYECKOTO YMHOXEHUS COOBITUH, [(1- 3HAaK JIOTMYECKOTO
MPOU3BEACHUS COOBITHIA.

Onepanuu CIOKEHUST M YMHOXEHUSI COOBITHM 00JaJat0T PsIIOM CBOWCTB,
MPUCYIIUX OOBIYHBIM CJIOKEHHUIO U YMHOXKEHHUIO, & UMEHHO: MEPEMECTUTEIbHbBIM,
COYETATEJIbHBIM U PACHpPEICIUTEIbHBIM CBOMCTBAMH, KOTOPHIE€ OYEBUIHBI U HE
HYXJAIOTCS B TIOSCHEHUH.

Juarpammel Ditnepa-Benna miis cymmsl (a) u ipou3sBeieHus (0) AByX coObITHiA Ag
u A, IpuBEEHBI HA pUC. 2
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Cymmoit (o0bequHeHneM) coOblTuid A; U Ay sBisieTcs COOBITHE, COCTOSIIEE B
MOSIBJICHUH XOTSI OBl OJTHOTO M3 ATUX COOBITUH (3aIITPUXOBAHHASI 00JacTh Ha PUC.
2, a). IIpousBenenue coObituit A; u Ay 3T0 COOBITHE, COCTOSIIIEE B COBMECTHOM
BBITIOJTHEHUU 000MX COOBITHH (3alITPUXOBAHHOE IepeceueHue coowbitTuii Ay u Ay -
puc. 2, 0).

N3 OIIPCACIICHUA CYMMBI U IIPOU3BCIACHUA COOBITHI CICAYCT, 4TO

A=AVA A=AvT, Q=AvQ
A=ArA O=ArAT;, A=ArAQ

Ecnu coObitust A(i=1, ..., n) uau {A}'i=1 COCTaBJISIOT MOJHYIO TPYNITY COOBITHIA,
TO UX CyMMa €CTb IOCTOBEPHOE COOBITHE

UA=0 ®)

N300paxeHne NPOTUBOIOIOKHOTO COOBITUS A NpHBeAeHO Ha puc. 3 O6macts A
JIOTIOJTHSIET A JIO TIOJTHOTO MpocTpaHcTBa Q . M3 onpeaeneHus: IpOTUBOTIOI0KHOTO
COOBITHS CJIETYET, YTO

(K):A; Q=0; =0 4)

Jpyrue cBOCTBa MPOTHUBOIOIOKHBIX COOBITUI OTPaXKEHBI B 3aKOHAaX e Moprana:

Al\/AZ:Kl/\Kz; Al/\Azlevﬂz (5)

MOSACHSIEMBIX puC. 4
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I1.2.3 AKCHOMBI TEOPHUH BEPOSATHOCTEI

ComocTaBuM KaxJa0My COOBITUIO A 4YHCJIO, Ha3bIBaeMoOe, Kak M IpexXIe, €ro
BEpOSTHOCTBIO U o0o3Hauaemoe P(A) umu P{ A}. BeposTHOCTh BHIOMpAIOT TaK,
YTOOBI OHA YIOBJIETBOPSIA CIACAYIONINM YCIOBUSM MIIH aKCHOMaM:

P(Q) =1 P()=0. (6)

P(D) < P(A) < P(Q). (7)

Ecimu A u A, HECOBMECTHBIE COOBITHSA, T. €. AAA =D , TO

P(A v A)=P(A)+P(A) (8)

[IpuBeneHHbIE aKCHOMBI TOCTYJHMPYIOTCA, U TOMBITKA J0Ka3aTh WX JIAIIEHA
cMbicia EIWHCTBEHHBIM KPUTEPUEM CIPABEIJIMBOCTH SIBJISIETCS CTEINEHb, C
KOTOPOU Teopus, MOCTPOEHHAs Ha KX OCHOBE, OTPAXKAET pEAIbHBIN MUP.

AxcruoMy (8) MOXXHO OO0OOIIMTH Ha JHO00€ KOHEYHOE YHCIO0 HECOBMECTHBIX
coowiTHii { A }", iI=1,...,n

Pl0Af=3 P(a) ©

C mnoMOIIbI0 aKCMOM MOXHO BBIYHUCIUTHL BEPOSTHOCTH JIIOOBIX COOBITHI
(MOAMHOXECTB MPOCTPAHCTBA (2) C MOMOILBIO BEPOATHOCTEH SJIEMEHTAPHBIX
coObITHil. Bormpoc 0 ToM, Kak onmpenenuTh BEPOSITHOCTH DJIEMEHTAPHBIX COOBITHH,
ABIsSeTCSl puTopuueckuM. Ha mpakThke OHM ompenenstoTcs b0 U3
COOOpaKECHUM, CBA3AHHBIX C BO3MOXKHBIMU MCXOJaMH ONBITA (HapUMeEp, B CiIydae
OpocaHusi MOHETHI E€CTECTBEHHO CUUTATh BEPOSTHOCTH BBHIMAACHUS OpJia WIU
PELIKH OJJMHAKOBBIMU), MJIM HA OCHOBE OMBITHBIX JAaHHBIX (4aCTOT).
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[locnenHuii MOAXOJ MIMPOKO PACHPOCTPaHEH B MNPUKIAJAHBIX HHKEHEPHBIX
3a/layaxX, TOCKOJIbKY TIO3BOJISIET KOCBEHHO COOTHECTH PE3yJbTaThl aHallM3a C
(bu3nUecKoil pearbHOCTbIO.

[Ipennonoxkum, 4To B OMBITE MPOCTPAHCTBO 2 MOXHO MPEJACTABUTh B BUJIEC
IOJIHOW TpyMNIbl HECOBMECTHBIX U PAaBHOBO3MOXXHBIX COOBITUH A, A, .., A

CorunacHo (3) ux cymma npejcTaBIisieT JOCTOBEPHOE COOBITHE:

Ja=e

TaK Kak coObITUsL A, A,, ..., A HECOBMECTHBI, TO COTJIaCHO akcuomam (6) u (9):
Pl0A[=3 P(a)-P@)-1 (10)

= i=1
ITockonpky coObiTust A, A,, ..., A, PaBHOBO3MOXKHBI, TO BEPOSITHOCTb KaXI0T0O U3

HHUX OAMHAKOBA U paBHA

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

OTcroa HEMOCPEACTBEHHO TTOTYYACTCSl YACMOMHOe OnpedeieHue 6epoAnHOCIU
0000 COOBITUS A

P(A) =% (11)

KAaK OTHOILEHHE YMClia ciiydaeB (m,) OJaronpHsITHBIX MOSBICHUIO COOBITUSA A, K
o01ieMy 4uciy cirydaeB (BO3MOXHOMY YHCIY UCXOJOB OIBITA) A.

CoBEpHIEHHO OYEBUAHO, YTO YACTOTHAsl OLEHKA BEPOSITHOCTH €CTh HE YTO WMHOE
KakK CJEJICTBUE AKCHUOMBI CIIOXEHHsS BeposiTHOcTeil. I[IpencraBuB, 4TO 4HCIO 7
HEOTPAaHWYEHHO  BO3pPACTAET, MOXXHO HaOJIOAaTh  SIBJIEHWE, Ha3bIBaEMOE
CTaTUCTUYECKUM YIOPSAOUYCHHEM, KOT/Ia YacToTa COObITUSS A BCE MEHbIIe
WU3MEHACTCS U MPUOJIMKACTCS K KAaKOMY-TO MOCTOSIHHOMY 3HAau€HUI0, KOTOPOE U
MPE/ICTABIISIET BEPOSTHOCTH COOBITHS A.

I1.2.4. Ocnoenvle npasuna meopuu éeposmHocmeil

BeposaTHOCTH CITOKHBIX COOBITHI MOKHO BBIYMCISTH C TOMOIIBIO BEPOSTHOCTEN
0oJiee TPOCTHIX, MOJB3YSICh OCHOBHBIMHM MpaBWIaMHU (T€OPEMaMM): CIOXKEHUS U
YMHOKEHUSI BEPOATHOCTEN.

11.2.4.1 Teopema cnoxncenusn sepoamuocmeii
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Ecim A, A, .., A- HECOBMECTHBIE COOBITHUSI U A - CymMMa 3TUX COOBITUH, TO

BEPOATHOCTH COOBITHS A paBHA CYMME BEpPOATHOCTEW COOBITHI A, A, ..., A
P(M=P|UA| =3 P(A) (12)
= i=1

DTa TeopemMa HEMOCPEACTBEHHO CIIEAYET U3 aKCUOMBI CIIOKEHHS BEpoATHOCTEH (8).
B dacTHOCTH, TOCKOJIBKY JIBa MTPOTUBOIOJIOKHBIX COOBITHS 4 U A HECOBMECTHBI U
00pa3yIoT MOJIHYIO IPYIIY, TO CyMMa UX BEpOSTHOCTEH

P(A)+P(A) =1 (13)

UtoObl chopMyaupoBaTh B 00IEM cCllydae TEOPEMY YMHOXEHHUS BEPOSTHOCTEH,
BBEJIEM ITOHSTHUE YCIOBHON BEPOSTHOCTH.

Ycnosnas eeposmmocms  coObITHS A; TIpU  HACTYIUICHHH COOBITHS A2 -
BEPOATHOCTh COOBITHS A; BBIUMCICHHAs B MPEANOIOKEHHH, YTO COObITHE A2
IIPOU3O0IILIIO:

P(A[A)=P(A—-A)IP(A) (14)

11.2.4.2 Teopema ymnosrcenus eeposmuocmeit

BepostHoCTh mpou3BeeHusi (COBMECTHOTO TOSIBIICHMS) IBYX COOBITUM A / U A3
paBHa BEPOSITHOCTU OJHOTO M3 HUX, YMHOXXEHHOW Ha YCIOBHYIO BEpPOSTHOCTH
JPYroro, B MpeanoJIoKEeH!H, YTO MePBOE COOBITHE TPOU30LLIO:

P(A AA)=P(A)-P(A | A)=P(A)-P(A[A) (15)

Ji1st mi000Tr0 KOHEYHOTO Yrciia COOBITHI TeopeMa YMHOKEHHUSI UMEET BU/T

P{i_rn]A}=P(MAz o A)P(A A A)- . -P(AL[A)-P(A) (16)

B ciyuae, ecniu coObiTHsI A M A, HE3aBUCHUMBI, TO COOTBETCTBYIOILLME YCIOBHbBIE
BEPOSITHOCTU

P(AIA)=P(A),  P(A|A)=P(A),

MOATOMY T€OpEMa YMHOXKEHHS BEPOSITHOCTEW MPUHUMAET BUJI

P(AAA)=P(A)-P(A) (17)

a JJI1 KOHEYHOT' O YHucia N HE3aBUCUMBIX COOBITHI

P{NAY=T1P{A} (19
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CrecTBUEM MPABUII CIIOKEHUSI 1 YMHOKEHUSL BEPOSITHOCTEN SIBIIIETCS meopema o
noemopenuu onvimog (cxema bepuynnu). onvimer cuumaromcs He3a8UCUMBIMU,
eciu 8epOsAmMHOCMb MO20 UIU UHO20 UCX00Ad KAHCOO20 U3 HUX He 3A8UCUM Om
mo2o, KaKue ucxoovl umenu opyaue oOnvimol.

[IycTb B HEKOTOPOM OIIBITE BEPOSTHOCTH coObITHS A paBHa P(4) = p, a
BEPOSATHOCTH TOTO, YTO OHO He mpousoiner P( A ) = g, npudem, cormacHo (13)

P(A)+P(A)=p+q=1

Ecnn IMPOBOAUTCA 7 HC3aBHUCHUMBIX OIIBITOB, B KaXIOM H3 KOTOPBIX coorITHE A
MMOABJIACTCA C BEPOATHOCTBIO P, TO BEPOATHOCTH TOI'O, YTO B I[&HHOﬁ CCpHUHU OIILITOB
coOBITHE A TTOSBIIICTCS POBHO m pa3, OIIPCACILACTCA 110 BBIPAKCHUIO

P (m) ={cobbimue A npousowno m pas}=C, p"qg" ", (19)

n! .
rae C;' =———— - ONHOMHHAJIbHBIN KOA((DUILIMEHT.
" ml(n—-m)!

Hanpumep, BEpOATHOCTh OTHOKPATHOM OMIMOKH MPU YTEHUH 32-pa3psHOro CIOBa
B Qopmatre DBM mnpencrasistomero komOuHanuio 0 u 1, mpu BeposSTHOCTH
OIIMOKK uTeHus ABonuHoro urcna p=10 cocrasnser no (19)

P, (0) =1-(10*)°-(0,999)* ~ 0,969.

rae q=1-p=0,999; n=32; m=1.

BeposTHOCTh OTCYTCTBUS OMIMOKH uTeHus ipu m=(0, C2, =1

P, (0) =1-(107°)°-(0,999)* ~ 0,9609.

YacTo BO3HUKAIOT 3a7a4d OMNPEICICHHUS BEPOSTHOCTEH TOTO, YTO HEKOTOPOE
coObITHE JI IPOU3OUIET IO MEHBIIEH Mepe m pa3 uiu He Oosiee m pa3 [logoOHbIe
BEPOSITHOCTH OIPEACIISIOTCS CIOKECHUEM BEPOSTHOCTEH BCEX HMCXOJOB, KOTOPHIC
COCTaBJISIFOT pacCMaTPpUBAEMOEe COOBITHE.

PacueTHbie BBIPpAKCHHUA JII TAKOI'O THUIIA CI/ITyaI_[I/Iﬁ HUMCIOT BH:

m-1
P{ CobsITHE A npousoiiieT B N onbITax MeHee M pa3 } = Y P, (i);
i=0

P{ CobbiTHEe A mpou3oiaeT B N onbITax Oojee m pa3 | = Zn: P (i);

i=m+1

106




P{ CoGriTne A mpou3oiaeT B n ombITax He 6omee m pas } = > P, (i);
i=0

P{CoGriTne 4 mpou3oiiaeT B n ombITax He MeHee m pa3 } = > P, (i);

i=m

rae P (i)onpenensercd no (19).

[Tpu GonbImMX m BBIMUCICHUE OMHOMUAIBHBIX KO3 GUIIMEHTOB C'M BO3BEIICHUE

B OOJIBIIIME CTETIEHH P U (] CBSA3aHO CO 3HAYUTENIbHBIMU TPYIHOCTSIMH, [TOATOMY
1[eJ1eCO00pa3HO MPUMEHATh YNPOIIEHHbIE CHOCcOO0bl pacueToB. [Ipubimxenue,
Ha3plBaeMoe meopemou Myaspa-Jlanniaca, WMCHNONB3yeTcd, €ciau npg>>1, a

|m—np |< (npg)®° B TakoM cirydae Beipaxkenue (19)3amuceiBaeTcs:

_(m=npy’

1
__.ex 20
J27zpgn P 2npq (20)

R.(m)=C'p"g" " =

I1.2.5 ®opmyna mnogaHoi BepossiTHOCTH M ¢Gopmyaa baiieca (dopmy.ia
BEpPOSITHOCTEH TUIOTE3)

B mnpakTtuke pemienus OOJpIIOro uyucia 3anad (opmysa MOJHON BEpPOSITHOCTU
(®PIIB) u popmyina Baiieca, ABisronIMecs ClIeACTBUEM OCHOBHBIX TEOPEM, HAXOISAT
HIMPOKOE TPUMEHEHUE.

I11.2.5.1. @opmyna noanoi eeposasmuocmu

Ecin mo pesynpTaTam ombiTa MOXHO CJelaTh N HCKIIOYAIOUIMX ApPYyr Apyra
npeanosjoxkenu (rumore3) H,, H,, .., H , TPeICTaBIAIOMIMX MOJHYIO TPYIITY

n?

HECOBMECTHBIX COOBITHH (11 KOTOpOil » i=1"), TO BEpOATHOCTH COOBITUS A,

KOTOPOC MOJKCT ITOABHUTLCA TOJIBKO C OI[HOﬁ N3 3TUX T'HIIOTC3, OIIPCACIIACTCA:

P(A):P(Hi)'P(A| Hi)’ (21)

rae P(H,) — BEpPOSATHOCTBb T'MIIOTE3BI H, ;
P(A|H,) - yclloBHasi BEpOATHOCTb COOBITHS A MpH runorese H; .

[TockonbKy coObITHE A MOXKET MOSBUTHCS C OJTHOM M3 rumote3 H,, H,, .., H_, TO

n?

A=AH,vH,v..vAH ,HO H,;, H,, .., H HECOBMECTHBHI, IO3TOMY.

P(A)= P(AAH,)+..4+ P(AAH) = Y P(AH,)

i=1

B Buay 3aBucumoctd coOBITUS A OT TMOSIBACHUS COObITUS (TMIOTE3bl) H,
P(AH,)=P(H,)-P(A|H,), oTKyaa u ciiexyeT BolpaxeHue (21).

107




11.2.5.2 @opmyna baiieca (hopmyna eepoamnocmeii cunomes)

Ecim ngo omblTa  BeposTHOCTH  rumore3  H,, H,, .., H Obuin  paBHBI
P(H,), P(H,), .., P(H,), a B pe3yibTaTe ONbITa NPOU30LLIO COOBITHE A, TO HOBBIE
(YCIOBHBIE) BEPOSTHOCTH TUIIOTE3 BHIYUCIISIIOTCS:

P(Hi)' P(A| Hi) — P(Hi)'P(Al Hi)

PIATHD =3 P(A) 22
> P(H,)-P(A[H,) ) %2
i=1
JloonbITHRIE (MEpBOHAaYaNbHBIE) BEPOATHOCTU runore3 P(H,), P(H,), .., P(H,),
Ha3bIBAlOTCS  @MPUOPHBIMU, A TIOCHIeonbITHBIE - P(H,|A), .. P(H,|A) -

anocmepuopHbsimu

q)OpMYJ'Ia baiieca mo3BosieT «IICPCCMOTPCTE» BO3MOKHOCTH THUIIOTC3 C YUCTOM
IIOJIYUYCHHOI'O pE3yjabTaTa OIIbITA.

HoxazarensctBo dopmynbl balieca ciaeayer I MpeauIecTBYIONIETO MaTepuaa.
ITockombky P(H, AA)=P(H,)-P(A|H,)=P(H,)-P(H,| A):

P(Hi/\A)_P(Hi)'P(AlHi)
P(A) P(A)

P(Hi | A) =

OTKy/a, ¢ yueToM (21), monydaercs BeipakeHue (22).

Eciu nocne omnbiTa, JaBiier0 coObITUE A, MPOBOAUTCS €Ll OAMH OIBIT, B
pe3yibTare KOTOPOTO MOXET MPOU30MTH WM HET COOBbITHE A, TO YCJIOBHasd
BEPOSITHOCTh 3TOr0 MOCIAEAHEr0 COObITUSL BbIUMCHseTCs Mo (21), B KOTOpYIO
BXOIAT HE MPEKHUE BEPOATHOCTHU rumore3 P(H,), a HOBBIE - P(H, | A):

P(A|A) =Y P(H,| A)-P(A| H,A) 23)

Bripaxkenue (23) Ha3pIBatOT GOpMYIIOi ISl 8eposmuocmel 6y0yuux coobimui.
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