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KHBY-

YcTaHoBNEHa CBSi3b OLLEHKM M3MEHEHMSI HaOE>KHO-
CTU OTOEnbHbIX 3MIEMEHTOB M CaMOM CUCTEMbI MMM
YCTPOMCTBA C 3HTPOMMEN KAaK MEPOM OLLEHKU He-
onpepneneHHoCTM COCTOSIHMSI CUCTEM, BbI3BaHHbIX Psi-
OOM CIy4aMHbIX 3KCMTyaTauMOHHbIX HaPYLUEHWMM MX
PYHKLUMOHMPOBaHMSI B MPOLLEcCe MPaKTMHECKOro
npumeHexus. MIHTEHCMBHOCTb OTKA30B MPM 3KCMiya-
Taumm obopyposaHus obblMHO onpepgernseTcs uvepes
napameTpbl MOTOKA OTKA30B, MOMyYeHHble Ha OCHOBE
MCMOSIb30BaHUs CTAaTUCTUHECKON MHGOPMaLMK haKTH-
yeckon paboTbl obopypoBaHMs U CPEOCTB KOHTPOS
M puarHocTuku. [ns npocTeMlero nyacCOHOBCKOro
NMOTOKa MHTEHCMBHOCTb OTKA3OB SIBASETCS Mapamert-
POM 3TOro MOTOKA M MHTErpasnbHas Mepa MoToKa
U3MEHEHUs1 CBOMCTB 0BOPYQOBaHMS KOHTPONS M ama-
FHOCTMKM Kak obbekTa HabniopgeHus Ha uHTepBane
ero »wu3Hu. [NokasaHo, 4To Hanbornee NOMHbIM UHTE-
rpanbHbIM ~ OTPa)EHMEM  3aBUCMMOCTM MOBELEHMS
SHTPOMUIMHOM, B KOHEYHOM CUETEe, 3HepreTM4ecKom
XapaKTEPUCTUKM IKMBYYECTM B TPUHATOM CUCTEME
BEPOSITHOCTHbIX KOOPAMHAT MOXET CHyXWTb Nno-
LWaak, KOTopas orpaHuyYeHa ocbto abcumcc U KpUBOM
pacnpepenexusi BeposTHOCTH 6He3oTKasHoM paboTbl.
Ha pspe npumepos, B TOM uucne c npuBnedYeHUem
M3BECTHbIX B NUTEpAaType pe3ynbTaToB UCCIEeoBaHMM
OPYrMx aBTOPOB, MOKAa3aHO MPAaKTUHECKOE MPUMEHEe-
Hue (anpobaums) paccmoTpenHoro B pabote nopxo-
03 (POPMMPOBaHMSI 3IHTPOMMMHOM OLLEHKM MOTEHLM-
anbHbIX BO3MOXHOCTEN TEXHUKM KOHTpons. B paborte
NPeanonoXeHa CrpaBeffiMBOCTb  MOKAa3aTenbHOro
(3KcroHeHUManbHOro) 3akoHa pacnpegeneHus Bepo-
ATHOCTM BpemeHn besoTkasHon pabotbl cuctembl. B
TaKOM MPEAMONOXKEHMN HaMLEHO, HYTO AMAanasoH Ko-
MUYECTBEHHbIX 3HAYEHWM 3SHTPOMUMHOM OLLEHKM Ans
Pa3HbIX TUMNOB 3MEMEHTOB, Y3rIOB, YCTPOWCTB M CH-
CTEM JEXMT B [OManasoHe MHTepBana M3MeHEeHUM
3HaYeHUM YPOBHS 3HTPOMMIHOro nokasartens, nopob-
HOro MPMHATOMY B OLleHKE OCOBEeHHOCTeN noBepeHuUs
XaoTUUYECKUX MNpoueccoB nokasatento Xepcra. Ero
BENMYMHA MPMMEPHO paBHa BefMuYMHE, KoTopas Je-
MMT B MHTepBane 3HadveHmi: 0,1<k <03. Konkper-

HO€ 3Ha4deHue 3HTpOI'IMﬁHOFO noKasaTensa XXuBy4decTtH,

At

TOXAECTBEHHOIO MO CMBICIY XaOTMYECKOMY MOKasa-
Teno Xepcra, sBRsetcs, xoTs U B crnaboi B3aumo-
CBSI3U, HO sBnsieTcs (PyHKUMEMN YCIOBMM MPUMEHEHUs
KOHTPOMNbHOM M BUArHOCTMHECKOM TEXHUKMU B YCIIOBUSX
aKcnnyaTaummn.

Keywords: entropy, evaluation, viability, chaos,
Hurst exponent, system.

The connection between the evaluation of chang-
es in the reliability of individual components (or sys-
tem) with the entropy was revealed. We take en-
tropy as a measure of uncertainty evaluation of the
systems states. These states are caused by a num-
ber of random operational violations in the practical
application. Usually the failure ratio in devices opera-
tion is determined by the parameters of the failures
flow. They are derived from the statistical information
of the actual equipment operation time by control
and diagnostics devices. For the simplest Poisson
flow the failure ratio is a parameter of this flow and
the integral measure of the flow of changing proper-
ties of control and diagnostics devices. These devic-
es are targets during their effective life. It is shown
that the area bounded by the x-axis and the distri-
bution curve of probability of failure-free operation is
the best indicator on the behavior of the entropy
(ultimately the energy) characteristics of survivability.
It is in the probabilistic system of coordinates. A
number of examples, including well-known research
results of other authors, the practical applications
(testing) of entropy evaluation method on the de-
vices potential is shown. Assuming the validity of an
exponential (exponentially) distribution law of failure-
free operation probability is expected. Under this
assumption, it is found the range of quantitative val-
ues of the entropy evaluation for different types of
elements, assemblies and devices is in a certain
range of the variation interval of the entropy index,
such a chaotic Hurst exponent. Its value is approxi-
mately equal to the value that is within
0.1 < k, < 0.3. The specific value of the entropy in-
dex of vitality is identical to the chaotic Hurst expo-
nent. It is a function of the of use and maintenance
conditions although their correlation is weak.
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Beepnenune

Mooxopbl, MeTodpl M CPEACTBa KOHTPONS M
LOMarHOCTMKM MPOMBILLTIEHHbIX cuMCTEeM M obopy-
poBaHus npepcTaenstoT cobor 6ypHo passuBa-
FOLLMICS CErMEHT 3KOHOMMKM MHOMMX CTPaH.
310 06YyCnoBneHo Tem, 4YTO TexXHOreHHble aBa-
pUM, 4HacTo MNPMBOASLLIME K MAacCLITabHbIM KaTa-
CTPOPUHECKMM COBBITHSIM, SIPHaULLMI NPUMEpP —
CasHo-LLlywieHckas aBapus Ha [2C, no cteneHnu
ywepba MoryT npesbiwats ywepb or cobbitui,
KOTOpble OBbIMHO OTHOCSAT K CTMXMMHBIM MPH-
poaHbim siBrieHnsim. OHM cnocobHbI BbI3BaTh M-
6enb nogen M NPUUUMHUTL 3HaYMUTESIbHbIE Paspy-
WweHus. bonblUMHCTBO cpepcTB M YCTPOMCTB KOH-
TpoOns, KOTopble CMy»aT Ans OLEHKWM HayarbHbIX
CTagMi OTKIMOHEHUS OT HOPMbI MapPameTpoB
pasnuuHbIX dM3MHecKux npoueccoe u obopypo-
BaHusi, OBbIYHO M yalle BCEro, MCMonb3yroT Be-
POSATHOCTHBIM annapaT Ans dopMMPOBaHMs oLe-
HOK COCTOSIHMSI NPUOOPOB U CPEnCTB KOHTPOSs
[1-27]. HecmoTps Ha aTto npobnema paspabort-
KM MOAXOOOB M MeTonoB OBOBLLEHHOM OLLEeHKM
CcnocobHOCTH CPEencTB KOHTPOMS K HagEXKHOMY
PYHKLUMOHUMPOBAHMIO M MCCIEOOBaHMs METOOOB
OLLEHKM TEKyLLero, B peanbHOM BpPEeMEHW Me-
HSIOLLEerocsi COCTOsIHMS CPEACTB KOHTPOMNs U Au-
arHOCTMKM SIBMIEHUM OUYEHb Ba)KHa.

MopMmupoBaHHe anroputma ynpaeneHus pa-
60oTol 0bBOpPYynoOBaHMSA U MPUHATMS PELUEHUs aB-
TOMAaTMKON WNM YMNPAaBMNEHYECKUM MNEPCOHANoOM
Heobxognmo pns BbicTporo nepepacnpegene-
HUSi peXnMoB paboTbl M pecypcoB cucTem B
3KCTPEHHbIX cuTyaumsax. [na peweHus Takowu
330a4M, BO MHOMMX TEXHUHYECKMX MPUIIOMEHUSX
aBRstoLLencs croxactmieckon [1-27] no npupo-
[,& CBOEro CIy4anHOro nposBereHus, MoryT bbiTb
MCNOMNb30BaHbl 3HTPOMMMHBLIM MOAXOM M COOTBET-
CTBYIOLLME  aNrOPUTMbl  OLEHKM  COCTOSIHMS
CpeacTs OMarHoCTUMKu 6e3 ucnonb3oBaHus Me-
TOonOB onTummu3aummu [4-6, 9-13, 18].

MpuopuTeT BHMMAaHMS K npobneme HapEKHO-
ctM obopypoBaHMs CyLLeCcTBYeT Ha BCex 3Tanax
MX JKM3HEHHOro Myt (MPOEKTUPOBaHUS, W3ro-
TOBNEHWst u 3KcnnyaTtauum). [loaToMy pelueHue
3TMX 3apady  sBnsieT cobor LenbiMi KOMMNEKC
Hay4HO-TexHu4ecknx npobnem. TeopeTtuueckas
ocHoBa nopxopa MeTOoJMKa, M3MoXeHHas B
[4-6].

Kak nokasbiBaeT aHanus nurepaTypHbIX MC-
TOYHMKOB, Npobrnema OUEHKU OMTUMANBHOro
COCTOSIHMSI CPEQCTB KOHTpOMs pellaeTtcs Ha
YPOBHE OTAEnbHbIX 3agay, TaKMX KaK 3KOHOMMS
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3HEpropecypcos, MNPOBEAEHME  AMarHOCTMKU
obopynoBaHus, COKpalleHue TPYLOEMKOCTH
TEXHMYECKOro obcny»uBaHus nobbix TexHuye-
CKMX CPencTB, PYHKUMOHMPYIOLLMX 4acTO, €Cnu
MONb30BaTbCsl MOHSATUEM TEPMOOMHAMMKM, KaK
OTKPbITbIE CUMCTEMbI, KOTOpPbIE HaxopsTcsi B CO-
CTOSIHUM HENPEPLIBHOrO B3aMMOLENCTBUS M B3a-
UMHOro obmeHa (3Hepruein, BeLLeCTBOM, WH-
dopmaumer) ¢ okpyKarowen cpegon. B takux
Cry4asx Haunyylwum Moaxo4oM M, HaBEpPHOE,
Hanbonee KayeCTBEHHbIM [fif MOSyYEHUs] BCE-
obLielt mepbl oueHkM HeonpepenéHHocTH, bec-
nopsAKa, Xaoca, HEeOpPraHM3oBaHHOCTM Mo[o6-
HOro pofa BEPOSATHOCTHbIX CUMCTEM M CPEQCTB
noboii npupopbl Byper ABNATbCA BEPOSATHOCT-
Hbii [4-7], B TOM uuncne u 3HTponuiHbIM [9-11],
noaxof, PaccMaTpuBaemblM B HacTosien pabo-
T€ B TPUMOMKEHMM K OLEHKE IKMBYUECTH
YCTPOMCTB U CUCTEM.

MonyyeHue paumoHanbHOro pesynbtata CBs-
33HO C pELUEHMEM TEOPETUHECKUX, METOLOMNo-
FMYECKMX M MPAaKTMYEeCKMX 3apad obecnedeHwus
dpyHKUMOHaNbHOM HaAEXHOCTM obopypoBaHus,
YyUMTbiBasi TOT PaKT, UTO KaK Ha CTagum MpoeK-
TMPOBaHMA, TaK M Ha CTagusaX MNOCMNEAYoLLEro
nprumeHeHus nroboro obopynoBaHMs Ha NPaKTH-
Ke BCerga MPMCYTCTBYET 3MIEMEHT Heonpege-
NEHHOCTM B MPUHATMM KOHKPETHbIX PELLEHMM,
KOHKpPEeTHbIX obrnacTei u yCnoBuM 3KCNyaTaumm.
Npu 3TOM OCHOBHOM yrop B HamnpaeneHun pe-
WeHni nopobHbix 3apay pomkKeH bbiTb cpenaH
Ha onpegeneHue OMTMMAarNbHOro, 3KOHOMMYECKH
OMNPaBOaHHOrO, OOCTMXXMMOIO YPOBHSI HafEM-
HOCTH, C Yy4éTom obecneyeHus 6HesonacHocTH
3KCMnyaTauMmM CPencTB KOHTPOMS, a TaKXKe OKa-
3aHuo HGornbluero BHMMaHMs paspaboTke Bepo-
ATHOCTHbIX METOOOB PAaCYETOB, OCHOBAHHbIX Ha
MCMOMb30BaHMM CTAaTUCTMUECKOrO M 3KCMEPUMEH-
TanbHOro Mmarvepuana, AN HaXOXAEHUs OnNTu-
MarbHbIX PELUEeHUH Ha CTagMsaX MPOEKTUPOBAaHMS,
U3rOTOBMEHMSI U TEXHWMHECKOMN 3KCMyaTauum 3THUX
CpepncTs.

HecmoTps Ha 3HaumTenbHoe uucno pabor no
U3y4YeHUIO HapEXHOCTHU, MPOBEEHUEe Mccrepo-
BaHWM MPUMEHUTENBHO K ObHOPYROBaHUIO KOH-
TPOMs M TEeXHWMKM [MArHOCTUKM, C Y4YETOM e€é
MOBUMBHOCTM M  MOJBUIKHOCTHM, MO-MPEMKHEMY
ABMSIETCA AKTYyanbHbIM M MMEET CYLLECTBEHHYIO U
MPaKTUYECKYIO 3HAa4YMMOCTb. OTO oObbsAcHseTcs
BECbMA 3HAYMTENMbHbIMM MAaTEPMasbHbIMK 3aTpa-
Tamu Npu €€ oTKasax, NMPUBOASLLUX K CHUMKEHUIO
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3PPEKTUBHOCTM CPEACTB KOHTPONS U YCTAaHOBOK
B LLENOM.

OCHOBHblIE@ NMONOMEHUSA OLLEHKM BEPOSITHOCT-
HbIX CBOMCTB. [Ins oueHKu xuBydectn noboro
obopynoBaHMs KAaK TEXHMYECKOro CpPeAcTBa,
COrnacHoO OCHOBaM TeOpPWM BEPOSITHOCTHU [5, 6],
MOXHO 3anmcaTb:

<1

PZZUPi >0 '

roe P — ypoBHM 3anaca Haf€XHOCTHM Ha COOT-

BETCTBYIOLUMX 3Tanax JKu3Hu obopyposaHus
(npoekTHoM P, TexHonoruueckon P, akcnny-
ataumoHHon P,.).

B upeanbHom criyyae ypoBeHb HAAEMHOCTH

F, ~1; B peanbHoii npaktuke P > P, > P

n B pesynbtate B <1 (r.e. Ha Bcex nocnepy-

FOLLMX CTaAMAX KM3HU TEXHUKM YPOBEHb HA[EM-
HOCTM, MO CPAaBHEHMIO C TeOpeTHMYeCKHU 3ano-
>KEHHOM B npoekTe, byper HuKe). DTo NpaKTu-
YECKM MOATBEPKAAET PaKT Hen3berKHOro CHu-
)KeHUs pecypca 3araca HapgEXHOCTM Ha BcCex
nocrneayroWwmx CTagMaX XMU3HM MO CPAaBHEHUIO C
NMPOEKTHbIM YPOBHEM.

AHanM3 MHOroYMcneHHbIx nybnukaummi u cra-
TUCTUYECKMX MccnepoBaHum [4-6] rosoput o
TOM, 4YTO CHMIKEHME pecypca HapeéxHoctn obo-
PYAOBaHUs fBNSETCS CNEeACTBMEM BIMSHMS ecTe-
CTBEHHbIX MPOLLECCOB M3HALLUMBAHMUS, KOPPO3U-
OHHbIX U APYrMX MPOLLECCOB C 3NEKTPOXMMUYE-
CKMMHU U TEPMMHYECKMMM SBMEHUIMM, MPUBOLS-
LWMX K MOCTENEHHbIM M BHE3anHbIM OTKAasam
3MEeMEHTOB B 3KCMnyaTtauun. [laHHble LUMPOKO
M3BECTHbIX CTAaTUCTMHECKMX MCCNEROBaHWUI FOBO-
pPAT O TOM, YTO AN OOAMHOYHBIX, MEMKMX CEPUH
U KpyrnHocepuiHOro obopypoBaHMs BCe OTKasbl
no NMpMYMHaM OTKA3OB AENATCS Ha ABE YCTOMYM-
Bble rpynnbl: ~30% oOTKa3oB BbI3BaHbl 3KCMNya-
TaUMOHHbIMK MNpuunHamK, ~70% — KOHCTPYKUM-
OHHbIMM M MPOMN3BOACTBEHHBIMU AeeKTamM.

Ins Toro, 4utobbl CBA3aTb OLLEHKY M3MEHEHMs
HaOEHOCTU OTAErNbHbIX 3MEMEHTOB M CaMOM
CMCTEMbI MIM YCTPOMCTBA C MEpPOM Heonpepe-
NEHHOCTM WX COCTOSHMSA, BbI3BAHHOTO PSAOM
Cry4anHbIX HaAPYLUEHUM MX PYHKLMOHMPOBAHMS B
npouecce MPaKTUYECKOM 3KchnyaTauuu, KpaTKo
PacCMOTPHUM TMOHSATME 3SHTPOMMM KaK Mepbl
OLLEHKM HeOoNnpepeneHHOCTH COCTOSIHMM CUCTEM
KOHTPONSs, BbI3BaHHbIX TaKMMM IKCMMyaTaLMOH-
HbIMM HapYyLUEHWUSIMH.

B Hactoswee Bpems Hambonbliee pacnpo-
cTpaHeHne [4-6, 10-13, 18] npu uccnepoBaHum
noboro TMNa cUcTEM Kak mepbl Heonpepenét-
HOCTM MX COCTOSIHMSI MOMY4YMNO MOHSTME 3SHTPO-
nuu, Bnepeble BBefeHHoe B 1865 r. HemeLKum
dmn3nkom (ocHoBaTenem TEPMOAMHAMMKM U MO-
NEKYNAPHO-KMHETMHECKON  TEOPMM  TEnmnoTbl)
Knasuycom Pyponbdom HOnmycom DmaHyanem.
BenuumHa sHTponMM, Kak Mepbl, SBRSETCS OLLEH-
KOM PpyHAAMEHTArbHbIX CBOMCTB COCTOSIHMA NHO-

ObIX CUCTEM, KOTOpPbIM, B BonbLuen unu MeHb-
wen Mepe, npucylle HeonpepenéHHoe, Heop-
HO3Ha4YHOE, C TOYKM 3PEHMSI OETEePMMHMPOBAH-
HOroO OMMUCaHusi, BEPOSITHOCTHOE, TO €CTb He
BCErga BbIMOMHAIOLLEECs, NoBeaeHue Habnopa-
€MOM CUCTEMBI.

Tak, B CTaTUCTMUECKOM (PU3MKE MOHATME 3H-
TPOMNMU TPAKTYETCs KaK M3MepHmasl Mepa Bepo-
ATHOCTU BO3MOXHOro npebbiBaHus Habnropae-
MOM MM UCCNELYEMON CUCTEMBI B OAHHOM CO-
ctosHuu. Bsammocessb npocta. Yem 6Honbie
becrniopsgKa, Tem 6ornblie 3HaYeHUE 3SHTPOMUM.
Ho, kak B ntobol sHepretTMyeckn orpaHMHeHHOM
cMcCTEME, TPAaeKTopusi COCTOsIHMS ntobon cucTe-
MbI MOCTEMEHHO C TEUYEHUEM BPEMEHM MPUXOJUT
K CBOeMYy Hambonee BEpPOSTHOMY MOMOMEHHIO,
oTpakarouLeMy Haubonee yctonumMBoe cocTos-
HMe cuctembl. Ecnim B cucteme, Haxopsuierics B
3TOM, KaXYLLEMCSi YCTOMYMBBIM, COCTOSIHWMM
Bo3pacTaeT 6ecnopsifoK, YBEnMUMBAETCS Xao-
TMYHOCTb TPAEKTOPUM CMEHbI COCTOSIHMM, 3TO
O3HayaeT — PacTET SHTpoNnus.

M3meHeHUe yCTOMUMBOrO COCTOSIHMSI CUCTEMBI
He sBnseTcs 4em-To ocobeHHbim, HBonee Toro,
HOPMarbHbIM SIBASILOTCS HENPEPbIBHbIE BapHaLMu
COCTOSIHUS cUCTEM. DTO OBYCNOBNEHO TEM, UTO
B NMOBbIX OTKPbITBIX CUCTEMAX B MPOLECCE MX
CYLL,EeCTBOBAHMS HEnpepbIBHO MAET obmeH (uH-
dopMmaumen, sHeprven, BEWECTBOM M T.A4.) C
BHELLUHEN OKpYyatwen ux cpegomn. lNpu B3au-
MopencTBun cuctem (BHELLHsis cpefa TOMe siB-
NAETCS OTKPbITOM CMUCTEMOM) MO MNPUHMHE B3a-
UMHOro OBMeHa 3Hepruen 3HayYeHUe 3SHTPOMMM
CMCTEM MOXKET HE TONMbKO PAacTH, HO U YMEHb-
waTbCcs.

Opyrumun crioBamm, 3HaAYEHWE 3SHTPOMUM Mto-
60 OTKPLITOM cMCTEMBI €CTb PyHKLMA. [Mpuuém
OHa siBNseTcs apgUTMBHOM (PYHKLUMEMN Craraembix
nopsipka n b6ecnopsgka. OgHO M3 cnaraembix,
yBEMUMBAIOLLMX MOPAROK, npeacTasnsetr cobomn
U3MeHeHue 3HTponuu, obycnasnveaemoe Heob-
PaTMMBIMK MPOLLECCAMM, MPOTEKAFOLLMMMU BHYT-
pu camon cuctembl. Bropoe cnaraemoe, ysenu-
uMBatoLLEE MNOPSAHQOK, — M3MEHEHME 3SHTPOMNMUM,
obycnaenMBaemoe 06paTMMbIMM  MPOLECCAMM
obMeHa CUCTEMbI BELLLECTBOM, 3HEPrvem M WH-
popMauMer C BHELUHEM, OKpYKalolien cucte-
MY, Cpepnom.

Mopgenb OLEeHKM BEepOSITHOCTHbIX CBOMCTB.
Pacnpepenenne Bpemenn 6e3oTkasHoM paboTbl
Kakoro-nMbo 3anemMeHTa unM yCTPOMCTBA TEXHM-
YeCKOM cucTembl, 4Yawe Bcero [5, 6], nopunHs-
eTCcs MoKasaTenbHOMY 3aKOHy pacnpegeneHus
NMOTHOCTU BEPOSITHOCTHU, TOYHEE, 3SKCMOHEHLUM-
anbHOMY 3aKOHYy BEPOSITHOCTM pacnpepeneHus
cobbITUM, B TOM uucrnie U aKkToB KoHTpons. Oc-
HOBHbIM MaAPaMETPOM — XaPaKTEPUCTUKOM 3KC-
MOHEHUMANbHOrO PacnpeneneHust CryXuT napa-
meTp A, KOTOpbIM Ha3bIBalOT MNAOTHOCTLIO MOTO-
Ka WM MHTEHCHMBHOCTbIO MOTOKA OfHOPOAHbIX
cobbITMI C MNPOM3BOMbHBIM HAa4Yanom OTCYETa
MOMEHTA TEKYLLLEro BPEMEHU. DKCMOHEHLUMasb-
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HOMY pacnpegeneHuio NoguMHaeTCs, Hanpumep,
BEMIMYMHA MHTEPBAaNa BPEMEHU MEXAY [HABYMA
CMEXHbIMM COBbITMSIMM MPOCTENLLIEro MOTOKa.
Bmecte ¢ A pns oueHku pacrnipepeneHusi 4acTo
npumeHsitor napametp A, — cpepHee Bpems
MEeXAY MOMEHTaMM HAaCTYMNeHus ABYX CMEeX-
Hbix CcObbITMIH. MX 3aBUMCMMOCTb B3aMMOCBA3U
npocra:

-1
A =2t
MaTtemaTtnueckoe oXunpaHme un pgucnepcusa
3KCNOHEeHUHManbHOro pacnpepneneHus:

£= A, = I
D=c"=A"=2".
Ero nnotHocTb pacnpegeneHus BeposSTHOCTH
f(A,,2)={0 nput<0; te™ =A,e™"'™
npu ¢ >0 }

XapaKTEepPMCTMKU MOTOKa oTkaszoB. [loatomy eé
4acTO Ha3bIBAIOT YACTOTOM OTKA3OB.
MyHKUMs pacnpepeneHms

F(A,2)={0 mput<0; 1-de™ =1-A,e"'™
nput >0 }

OTpaaeT BEpPOATHOCTb TOro, 4YTo odepegHoe
cobbitMe — cbOM MnM OTKA3 — HACTYMUT B MHTEpP-
Bane Bpemenu [0, f].

OTctofa BepOSITHOCTb OTCYTCTBUSI COBbITUM
cbos unu oTkasa (T.e. BeposATHOCTb He30TKas-
HoM paboTbl) B TOM € BPEMEHHOM MHTepBarne
[0, f]:

P=Je " = Ateft/A’ WM Npm

t=A:P=e"""|_, =e'=03679.

Opyrumun cnoeBamwu, BeposiTHOCTb 6He3oTKas-
HOM paboTbl HE 3aBUCMT OT TOro, CKOMbKO Bpe-
MeHu paboTano yCTPOWMCTBO O[O MOMEHTA €ro
MCNOMb30BaHUs B JaHHbIM MOMEHT. DTO CBOM-
CTBO CIly4aMHOM BEMMUMHBbI, MOAUYMHSAIOLLENCS
3KCMOHEHUMaNbHOMY pacnpegenernro (cocrtas-
HOM 4acTM M3BECTHbIX 3aKOHOB pacnpeperneHus,
MHoroe o606LatoLmx, MapKOBCKMUX CryYamHbIX
npoueccos), obycnoBneHo OTCYTCTBMEM MOCIe-
LENCTBUS B NPOCTEMNLLMX MOTOKAaxX CObbITHHA.

AHanorMyHbIM 06pPa3oOM MOIKHO OMpenenTb
MaTeMaTMUYEeCKoe OXMOAHWE M OUCMEPCUIO YMcna
X — nNpUMEHEeHWM 3nemMeHTa u npubopa KOH-
TPONsi MHOrOKpaTHOro pencTeusi. BeposTHOCTb
ero oTKasa Mnpu j-M MCMONb30BaHWM, B Npenno-
noxexun, uto (j-1)-# pas oH npumeHsncs
ycnewHo, pasHa

p,=(j-a)/j . roe 0<a<l.

1=A,

BepositHocTb Toro, uro anemeHt 6yper npwm-
MEHEH poBHO k pas, coCTaBuT:

k
Ple=k]=T] (= p,)pe, = " (k+1-a)/(k +1)k!

Jj=1
Mcnonb3ys MeToguKy MNpPOM3BOAALLMX PYHK-
umi [5, 6], MOXKHO HaMTK OCHOBHbIE XapaKTepH-
CTMKM CIy4aMHOro MpoLecca, OTpPaaroLLero

M3MEHEHNA 3aKOHOMEPHOCTU 3Ha4YeHUda HapexK-
HOCTHU — BepOﬂTHOCTHOﬁ MEpPbl XXMBYYHECTU. Ma-
TeémaThyecKoe oXXKumpaaHue:

M[x]=y(1)=e* -1
1M gucnepcumio:
D[x]==e¢“(2a +1)-e™.
3aKOHOMEPHOCTb U3MEHEHMST HAQEKHOCTH Ha
uHTepBane Tekywen akcnnyataumm [0; f] obbiu-

HO nNPEACTaBMAIOT MOKAa3aTenbHOM YHKUMEN
BMAa:

P(t) = exp| - jl(t)dt '

roe P(t) — BeposTHOCTb 6e30TkasHoi paboTbl

ANeMeHTa H“ ﬂ,(t) — MHTEHCMBHOCTb MNMOTOKa OT-

KasosB.
Torpa dyHKUMS pecypca XMBYYECTM HA MH-

TepBane A, npumer Bua:
A,

R, = [Ale)d.
0

Opyrumn cnosamu, c ysenmueHmem A, —
NPOAOMMUTENbHOCTH XM3HU INIEMEHTA KOHTpONs
dyHKUMs ero pecypca R pactér u ko Bpeme-

HW 3aBepLlUeHnsa XU3HU 3NnemMeHTa MNpUuHHUMmaeT
HeKOoTopoe, BMNnoJiHe onpe,uenéHHoe 3Ha4YeHune:

R, > max <«

Ecnu npuHATE BO BHMMAaHME TPAKTOBKM WH-
hPOpPMaLMOHHOIrO U TEPMOAMHAMMHUECKOrO MOHSI-
™M 3HTponmn H, To PyHKUMIO pecypca >KuBy-
yecTM R, B OTHOCMTENBHOM Mepe MU3MEpPEHMUs
MOXHO MNPMHATL B Ka4ecTBE 3HTPOMMMHOM Ry —
Mepbl OTPAa)XXEHWUsi COCTOsHMS pecypca obopy-
[OBaHMS KOHTPOMS, @ TaKXe MNpu 3TOM Mepbl
COOTBETCTBMSI BEPOSATHOCTH CHUIKEHUS €ro pe-
Cypca MnM 3amnaca ero >XMBy4yecTu. Torpa mMox-
HO 3amMcaTb COOTHOLUEHWE (PU3MUYECKOM TOXKAE-
CTBEHHOCTM 3TMX MOHSATUM:

R =R, ={<1;20}.

DTO COOTHOLUEHME OTPAXaeT pearbHYo
CYLLHOCTb COCTOsIHMs ntoboro anemeHTa wumm
KOMIMMEKCa 3MeMEHTOB MoBONM TEXHMKU KOH-
TPpONs M AMArHOCTMKU. MaKCMMYM BENUUMHBI 3H-
TPOMMMHOM MeEpPbl Pecypca XMBYYEeCTH AOCTUra-
eTCsl K MOMEHTY BPEMEHM ero KartacTpodbl
(paspyLwienus, perpapaumm), TO €CTb BPEMEHM
BbIPabOTKM 3NEMEHTOM CBOEro Pecypca KM3HM
(akcnnyaTtaumm, cTapeHus), 3HayYeHue KOTOopOoro
YyCTaHaBNMBaEeTCs Ha CTaAMM €ro MpPOEeKTUPOBa-
HMS, ABNSIOLLLENCS CTaAMEN Havyana >KM3HMu.

Opyrumu cnoBamu, 3SHTponMiHas mepa pe-
cypca xuByuectu Kak mobas o6o6wéHHas Be-
posiTHOCTHasi Mepa Kakoro-nmbo ycTporicTea
byneT ABnATbCS PE3yNbTUPYHOLLLEN MEPOM XMBY-
4YEeCTU KOMMMEKCa 3MEMEHTOB M Y3MIOB, COCTaB-
nsloWMX 3TO YycTpoucTBo. B KoHeuHom cuérte,

smax *°
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MOXHO YTBEPXAATb M IHTPOMUMHON MEPOM M-
BYYECTH CAMOro YCTPOMCTBA M CAMOM CHUCTEMbI.

Ha HauanbHOM 3Tame akchnyaTauumM 3MemeHT
obnapaetr HaMbBOMbLUMM PECYPCOM KMBYHECTM.
CreneHb HapEeXHOCTU €ro BbICOKA, MOTOMY Me-
pa CTOXaCTMYHOCTM — SHTPOMMS MMHUMMANbHA MM
6nM3ka K HyneBomy YpoBHIO. 3aTem, no mepe
ero ucrnonb3osaHus B paborte (akcnnyataumu),
pecypc HapEMXHOCTM KaK Mepbl YXMBYYECTH MO-
HMXKaeTcsi, NPU 3TOM BMOSIHE E€CTECTBEHHO, YTO
YPOBEHb 3HTPOMMM MOBbIlIAEeTCs B obpaTHoOM
NPOMNOPLMM K MOHUMKEHUIO CTEeNneHU HaZEMHOCTH.
B koHeYHOM uTOre, K MOMEHTY 3aBepLUeHMs
rapaHTMPOBAHHOIO 3KCMMyaTauMOHHOro nepuopa
(cpok cny»x6bl) Hapé>HOCTb 3MEMEHTa CHMIKa-
eTcs [0 MWHMMAnNbLHOroO YpPOBHs, 4TOo obycnas-
NMBAET PEe3Koe CHWXKEeHWe BeposTHOCTU He3oT-
KasHon paboTbl [O nNpepenbHO MMHUMMANbHbIX
3HaueHui. Takum obpasom, mMepa CTOXaCTUHHO-
CTM COCTOSHMSI 3MEMEHTa — 3HTpONMs — npH
3TOM CTPEMMTCS K MAKCMMAarbHO BO3MOMXHOMY
3HAYEHUIO, OTpPaXKaloLEeMYy 3aBepLUEHME 3KC-
NnyaTauMoOHHOrO LMKMA >XM3HM 3SMNemeHTa, TOo
ecThb:

H

MpuHsAB 3a OCHOBY npousBOAHYyO, TO Mony-
YMM COOTHOLLEHME

dH /dt = a,, Alt).

<H<H

S min smax "

Ecnu cuutath, uto @, — HOpPMMPYIOLLMI
6e3pasmepHbii KOIPPULMEHT, TO TOrAa UHTEH-
CMBHOCTb MNOTOKA — MapaMeTp M3MEHEeHus

CBOMCTB Habniopaemoro obbekTta — Z(t) aBns-
etcsa PYHKLMOHANbHOM MEpPOM M3MEHEHMUS 3Ha-
YEeHMUs 3HTPOMMM, OTPAXKArOLLLEM CKOPOCTb MoTe-
Y KUBYYECTH INIEMEHTOM.

MNpu atom Z(t) — noKasaTenb HafEXHOCTH
& yHKLMOHMPOBaHUSA npepensHoe
3HaYeHMe KOTOpPOro

M), (telo;T]),

ecTb He YTO MHOE, KaK MpeaenbHO AOonycTuMas
MHTEHCMBHOCTb OTKA30B 3TOrO KNacca 3nemeH-

T0B, @ AT — CpPOK (PYHKLUMOHUPOBAHUS 3NEMEH-
Ta (rapaHtupoBaHHoe Bpems T, ero »usHu).

AreMeHTaq,

MHTEHCUBHOCTL OTKa3oB ﬂ(t) npuv 3Kcnnya-

Taumm obopyposaHns obbluHO onpepensieTcs
yepes MapamMeTpbl MOTOKa OTKA30B, MOMyYeH-
Hble Ha OCHOBE CTaTUCTMHYECKOM MHOPMaLmM
hakTHyeckon paboTbl obopyposaHus. Ons npo-
CTEMLUEero MyacCOHOBCKOrO MOTOKa OTKa30B

l(t): A, (t) ABNAETCS NapameTpoMm 3TOro NoTo-

Ka M MHTerparbHas mepa MOTOKa M3MEHEHMs
csorcTB obopypoBaHus Kak obbekta Habniopge-
HUSl HA MHTEPBArne ero MW3Hu

AT
R, = [ ,(¢)dt.
0

PeweHne 3toro uHTerpana ocywiectsnsercs
MpUBREYEHUEM METOOOB UYMCIEHHOIO MHTErpU-
poBaHua (Hanpumep, no dopmyne TpaneLmi
urm CUMMCOHA) MNM YNPOLLLEHHBIMU METOOAMU —
NyTEM anmpPOKCUMALMU (PYHKLMM MPU CIOXKHOM
3a3paHun PyHKUMOHaNa unu TabnuyHbiM 3apaHu-
eM YHKLMM MO MMEIOLLMMCA AaHHbIM 06 3KC-
nnyatauun obopyposaHus. Takum ob6pasom,
pes3ynbTaTbl peanbHOM 3KCRyaTauuu, SBASIOLLM-
ecsl HUYEM MHbIM, KaK AaHHbIMM CTaTMCTMYECKO-
ro 3KCNepumeHTa Xueyyect obopypoBaHus,
NO3BONAIOT ONPERENTb PYHKUMIO NOJ, MHTErpa-
NOM, CRYXKaLLyHO OCHOBOM OToBpaeHus napa-

MeTpa notoka A, (t) — 33BMCMMOCTM M3MEHEHMS

OTKa30yCTOMUYMBOro noBefeHus obopyaoBaHus
KOHTpoOns.

Hanbonee nonHbIM MHTErpanbHbIM OTpPaXke-
HMEM 33aKOHOMEPHOCTM MOBEREHUsI SHTPOMMMHOM
(3HepreTMyecKoN) XapaKTEPUCTUKM KMBYHECTH B
MPUHATOM CUCTEME BEPOSTHOCTHBIX KOOPAMHAT
MOXEeT Cny»XWTb MMoLWaAb, OrpaHuumMBaemas
KPMBOM pacrnpepeneHusi BeposTHOCTM 6e30Tkas-
HOM PaboTbl, KOTOPYIO MOXHO OBO3HauMTb Ye-

pes - P (t)

g

B upeanbHoi, 6e3oTkasHon pabote obopy-
[O0BaHWsI KOHTPOMNsS BEpPOSITHOCTb ero He3oTkas-
HOM paboTbl paBHa eguHuue (KaK MaKCMManbHO
BO3MOMHOMY 3HAY€HMIO OTHOCMTENbHOM MMBY-
YecTH) Ha BCEM MHTEpBAne BPEMEHM XM3Hu T,
obopypoBaHus. B ycrnosusx peanbHon akcnnya-
TauMM CPEACTB KOHTPOMS 3aKOH pacnpepeneHus
NNOTHOCTH BEpPOSITHOCTH Be3oTkasHou ux pabo-
Tbl B BonblUEN CTENEHW COOTBETCTBYeT MoKasa-
TENbHOMY 3aKOHY pacrnpefeneHus aKToB OTKa-
3a. [NloBepeHne BeposTHOCTM 6e30TKasHoOM pa-
60Tbl SBNSETCS HArnsQHOM MINIOCTPAaUMENn Toro,
KaK LUMPOKO MOTYT M3MEHSTbCS XapaKTepPUCTHUKM
TMNoBoro ob6opyAoBaHMs MMM OTAENbHOro 3ane-
MEHTa CUCTEM KOHTpons B noboW MOMEHT
BPEMEHN M3-3a HanuMuusi TEXHOMOTMYECKMX MPOo-
M3BOACTBEHHbIX MOrPELUHOCTEN M B TEYEHUe BCe-
ro CpoKa a3Kcnnyatauun (BPEeMEHM >KM3HM Mpu-
6opa) BeBMAY nocTeneHHoro usHoca. [loesegeHue

KpHMBOM pacnpepeneHus P(t) B Hayane >»W3Hu

(s3kcnnyataumm npubopa) sBRsSETCS SAPKUMM OT-
paXKeHMeM  BIMSIHUS MPOM3BOACTBEHHbIX MO-
rPeLHOCTEeN CBOMCTBEHHbIX KOHCTPYKLMM cHUCTe-
Mbl, 06OpynOBaHHUs MM €ro 3remeHToB. TpeHp,
MoCTEMNEHHOrO M3HOCA MOKa3biBaeT MoCTEMEHHOEe
yXyALUEeHME HOMMHAmNbHbIX XapPaKTEPUCTUK B Te-
YeHMe 3KCnnyaTaumu — BPEMEHM XXM3Hu npubo-
pa.

Ha pspe npuvmepos, B TOM uucne u c npu-
BlleYeHNeM M3BECTHbIX PEe3ynbTaToB MCCRefoBa-

HMM ppyrux aeTopoB [4-27], npaKTMyeckoro
npumeHenus  (anpobaumm) npepcraBneHHOro
Bbille MOAXOAA (POPMMPOBAHMS  SHTPOMMMHOM

OLLeHKM MOTeHUMarnbHbIX BO3MOMHOCTEM TEeXHU-
KM, HaMOEHO, 4YTO [JManasoH KOMNUYeCTBEHHbIX
3HAYE€HUM 3SHTPOMUMHOM OLLEHKM [fiS PasnMuHbIX
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TUMOB 3NIEMEHTOB, Y3MOB, YCTPOMCTB M CUCTEM
MeXWT B [ManasoHe MHTepBana M3MeHeHUH
YPOBHSI 3HTPOMMMHOrO MoKasaTens, MnoaobHoro
XaoTMYECKOMY Mnokasatento XepcTa, NPUMEpPHO
paBHOro Mo Benu4MHe, MNeXKallkleM B MHTepBane

namerenmii: 0,1 <k <0,3. Benuumna koHkpert-

HOro 3HaYeHMsl SHTPOMMMHOrO MOKAa3aTENs M-
BYYECTH, TOXOECTBEHHOrO MO CMbICNY XaoTuye-
CKOMY rnokasaTento Xepcra, fBMseTcs, XOTa M B
cnaboin B3aMMOCBS3M, HO sBnseTcs, PYHKLMEN
ycnosum akcnnyaTtaumm [4-6, 19-20].

KoHcTpyKTHMBHBIE M  TexHomoruyeckue mno-
FPELHOCT B KaXXAbld KOHKPETHbIM MOMEHT
BPEMEHU pacrnpepeneHsl ¢ onpepenéHHon nnoT-
HOCTbIO BEPOSITHOCTM OTHOCMTEMbHO HOMMHAlb-
HbIX 3HA4YeHWM MAPaMETPOB M OTPAKAIOT OCO-
6EeHHOCTM XapaKTepa M3MEHEHMsi MX KaK CcTaTu-
CTMYECKMX XAPaKTEPMCTMK Ha MHTepBane Bpeme-
HU >KMU3HW 3emeHTa, npubopa M CpepncTB KOH-
Tpons.

3aknmoyeHue

YuutbiBasi NPOBEQEHHbIM YWUCMEHHBbIM aHanus
n obobLieHne OBLIMPHBIX TEOPETUHECKMX M 3KC-
MepMMEHTarbHbIX AaHHbIX, OMybOnNMKOBaHHbIX B
paboTtax pasHbix aBTOPOB, MO MCCMNEAOBAHUIO
HaJEMHOCTM LUMPOKOrO CMEKTPA OTAErbHbIX
SMNEMEHTOB, CPEACTB M KoMmmrekcos obopypo-
BaHMSi, MOXXHO CAenaTtb crepyrollee 3aknoye-
Hu1e.

Ha pspe npumepos, B TOM uucne u c npu-
BrI€eYEHMEM M3BECTHbIX PEe3ynbTaToB MCCnepoBa-
HUM JPYrMx aBTOPOB, MPAKTMHECKOro MpMmeHe-
Hus (anpobauum) NpepncTaBneHHOro Bbille MOf-
xopa (POPMUPOBAHUS IHTPOMUMHOM OLLEHKM Mo-
TeHUManNbHbIX BO3MOXHOCTEN TEXHMKM KOHTPONS,
HaMOEeHO, YTO AMAaNasoH KOMMYeCTBEHHbIX 3Haye-
HMIM SHTPOMMMHOM OLLEHKM ANs PasnMyHbIX TMMOB
3MEeMEHTOB, Y3MOB, YCTPOMWCTB NEXMT B AMana-
30He MHTEpBana M3MEHEHWM YPOBHS SHTPOMMM-
HOro rokasarens, nofobHOro XaoTUYECKOMY
nokasatento XepcTta, MPUMMEPHO PAaBHOro Mo
BENIMYMHE 3HAYEHWUM, TNeXalWMm B MHTepBane

namenenmi: 0,1<k <0,3. Crout otmetuts, 4to

pe3yrnbTaTbl PacHeTOB Ha OCHOBAHUM MOCTPOEH-
HOM MOfAENM JOCTAaTOYHO XOPOLLO COrnacyroTcs
C NPAaKTUYECKMMM [aHHbIMM, MOMYHYEHHbIMK B
aKkcnepumeHTax [4, 7-14, 21-27].
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