BoeHHO-TeXHMYECKas NoUTUKA

B.IM. Cyrak, LOKTOP BOEHHbIX HaYK,
npodeccop

B.®. Bonkos, 4OKTOP BOEHHbIX HayK,
npodeccop

P.E. TpenkoB, KaHANOAT TEXHUYECKUX HAYK

MeTtoaonorus uccnepoaHus 3pdeKTMBHOCTU cUCTEMbI MHPOPMALLMOHHOIO
obecneyeHns aBTOMATU3MPOBAHHbIX CUCTEM YNPaBIEHUS CMELMaNbHOro
Ha3Ha4YeHUs Ha OCHOBE rapaHTUPOBAHHOrO pe3sy/bTaTta

Cmamess nocssiueHa paccMoOMpeHU 80nNpocos UccnedosaHus 3ppekmusHocmu UHGOPMAYUUOHHO-
20 obecneyeHuss a8MOMAMU3UPOBAHHbLIX CUCMEM YyNpasieHus CneyuansHo20 HasHadeHus. [pednaza-
emcsl ymoyYHeHuUe u3secmHsix no0xo008 meopuu 3¢pekmusHocmu u Heobxodumocmu nposedeHus 00-
NOJIHUME/bHbIX UCCIe008aHuUl, Ym0 006yca108/1€H0 cmoxacmu4yeckol npupodol psoa napamempos u
¢akmopos.

BeeaeHue

NHbopmaumoHHOe obecneyeHne ynpaBieHYeckom AesTenbHOCTM — 3TO OCYLWEeCTBIEHNE AeACTBUN
No NpefoCTaBEHUI0 CBOEBPEMEHHOW, AOCTOBEPHOW M MONHOM MHPOPMaUUKN CyObeKTy ynpaBneHus ¢
3a4aHHON nNepuoanyHOCTbi0. COBpEMEHHble MOACUMCTEMbI MHPOPMALMOHHOIO obecneyeHus, BXoas-
Wwue B COCTaB Nt060M KpynHoMaclTabHOM aBTOMATU3MPOBAHHOW cnctembl ynpasneHus (ACY) B kave-
CTBE OAHOM M3 (QYHKUMOHANbHbBIX NOACUCTEM, SBASIOTCA MPOCTPAHCTBEHHO pacnpeneneHHbIMU U pe-
AT 33434y NONYy4YEeHUS KOOPAMHATHOM MHbOPMaLMK O Lensx NocpeacTBOM npuMeHeHms becnmnor-
HbIX fleTaTenbHbiX annapatos (bINJ1A) n/unu KocMmMyeckux annapaToB AUCTAHLMOHHOIO 30HAMPOBA-
Hus 3emnu (KA 133). lanee 3Tv AaHHble NO COOTBETCTBYHOLMM MH(OPMALMOHHLIM KaHaNaM AOBOAST-
€S A0 NnL, NpUHMMaoWwmx pewenus (J1MP), u ncnonHWTeNbHbIX OpraHoB (CpeacTs).

UcxopHble nonoxeHus

B «knaccmyeckon» teopum apdektnBHoCTH [1-5] nokasatenm 3dOEKTUBHOCTU BOEHHO-TEXHUYE-
cknx cuctem (BTC), B ToM uncne u cucteM nHpopmaumoHHoro obecnevenns (CMO), npuHato pasge-
NATb HA ABe rpynnbl: BHeWwHue, xapaktepusywme CUO ¢ TOYKM 3peHns MHTEPECOB BbIWeCTOsLEN
CUCTEMDI, U BHYTPEHHME, XapakTepu3sylme MHOOPMALMOHHYID CUCTEMY MO, TaK Ha3biBaeMbIM, COb-
CTBEHHbIM MNOKasaTensM. MaTemaTuyeckme MoAenu ANs pacyeTa 3TMX MokKasaTenewn npennonarakot
aHaNU3 UX 3aBUCMMOCTU OT AAUTENBHOCTM 3TAMNOB LMKA YNPaBAEHUS, B YACI0 KOTOPbIX BXOOAT:

* cbop nHdpopmaumm o 6oeBbIX 3agayax, cCocTosHUKM H6oesbix cpencts (bCp), cocTosiHMM 06bEKTOB, N0
KoTopbIM npuMeHstoTcs bCp, u pesynbTaTax BbiNOMHEHUS 6OEBbIX 33434, O COCTOS\HUM Cpeapl, 3ne-
meHTax ACY v ap.;

» 06paboTka NpuHATOM MHPOpMaLmu, BeaeHne 6a3 AaHHbIX, NOArOTOBKA M BblAaya pPas/MyHbIX CNPaBoOK;

* MOArOTOBKA BapMaHTOB pelleHus, NpOBeAeHMEe pacyeToB, OUueHKa 0OCTaHOBKM, MAaHMPOBaHME U
onepaTuBHOE ynpasnieHne 60eBbIMKU AeNCTBUMSMU, NPUMEHEHNEM BOEBbIX CPEACTB;

* MPUHATUE U YTBEPXKOEHUE peLleHUs;

*  (GOopMMpPOBAHME CUTHANOB, KOMAHA, PACNOPSXKEHMM, YPABASAIOLWMX BO3AENCTBUN;

* [OBefeHMe CUIHAN0B, KOMaHA, PAaCNOPSHKEHMM, yNPaBASAKOLLMX BO3AENCTBUIN A0 OObEKTOB yNpaBieHus;

* MpueM ynpaBAslOWMX BO3AENCTBUIM M NOATOTOBKA 6H0EBbIX CPEACTB K BbINONHEHMIO HOEBbIX 3a4au.
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B pabote [6] nonyyeHO cnepytoliee BbipaXeHWe AN onpeneneHns nokasarens 3GGekTMBHOCTU

ACY cneumanbHoro HasHaveHna ACY CH:
PACy:[l—exp(—a yrclvo)][l —exp(—rp/@)]exp(—ry+rn/llf)exp (—7,/®), 1)

roe A - ko3dpduumeHT rybuHbl MCNOb30BaHMS MHOPMALUK;

A = MHTEHCMBHOCTb NOCTYNNEHMS MHDOPMALIMK;

T - BpeMs cbopa MHpOpMaLMK;

V, - cpefHuii 06beM MHPOpMaLMK, LOCTAaTOUHbIN AN NPUHATUS 0BOCHOBAHHOMO peLleHns;

T - hakTUYecKoe BpeMs peLleHus 3a4a4m ynpasneHns Ha IBM;

O - cpepnHee BpeM$ pelleHUs 33434 ynpaBneHus;

Ty - LMTENbHOCTb LIMKNA YNPaBNeHNs;

7,%T, - Bpems B TeUEHME LMKNA YNPaBeHUs, KOraa NPOTUBHMK MOXET BO34eNCTBOBaTL Ha BCp
n ACY;

T, - BpeMs BO34eMCTBUA NPOTMBHMKA Ha BCp n ACY;

1/4 - cpenHee YMCNo yCrnewHbiX BO3AENCTBUI NPOTUBHUKA B €AMHWLY BPEMEHMU;

Ts — (haKTMUECKOE BPEMS NEepEMELLEHNS LENH;

@ - cpepnHee BpeMs npebbiBaHUS 0ObEKTA B TOUKE MPULLESIUBAHMS.

CnepyeT 3aMeTUTb, YTO CpeaHss AJMTENbHOCTb 3TAMOB UMK ynpasnenus (LLY) 3aBucut ot o6beMa
MHpOPMaLMKM V=0 Y T, MOSY4EHHON HA MEPBOM 3Tane, T. €. AJIMTENbHOCTL ¢ nepsoro 3tana LY so
MHOIOM ornpeaensieT BeCb Xapakrep LMKna ynpasneHus. lNpuBeneHHoe BbipaXKeHWe MO3BOJISET PeLLUTb
HEeKOoTOpble 33JauM CuHTe3a. [ToKaXXeM 3TO Ha CNeayrLWweM YyNpoLeHHOM NpuMepe NPUMEHUTENIBHO K
MOAENn, onucbiBaeMon oTHowweHueM (1). MoHATHO, YTO B IKCTpeMasbHbIX YCN0BUIX GYHKLMOHMPOBA-
Hua nobor BTC cokpalieHne BpeMeHM OTbICKaHMS ONTUMANbHOMO pelleHms 3a4ay YNpaBneHUs Ku3-
HEHHO HeobX0AMMO, TaK KaK 3a4epXKKa C peLleHMeM MOXET NMPUBECTM K NOTepPe CMbIC/A BbIMOMHSTD Le-
neByt 3aaady. [ycTb LeneBas 3agaya 3ak/4aEeTCs B BO3AENCTBMM 6OEBbIMU CpeacTBaMMu No 06bekTam
nopaxeHus. boeBble cpeacTtea He MOryT ObiTb MPUMEHEHbI A0 TeX MOp, MOKa He ByayT peleHbl 3a4a4m
ynpaBieHus, OCHOBY KOTOPbIX COCTaBNSET 3afa4a uenepacnpenenenus (3LUP). Mpu 3tom TouHOCTL M AO-
CTOBEPHOCTb Pe3ynLTaTOB YBENNUYMBAETCS C POCTOM BPEMEHM pelueHns T .

Bynem nonaratb, 4To CO6bLITME, 3aKNOYalOLLEECS B BbINONHEHUU LeNeBOW 334ayu, CKAaablBaeTcs
M3 OCyLLeCTBNEHMS ABYX COObITMIA: 3a4a4a ynpaBneHus OyaeT peweHa 3a BpemMs T U MPOTUMBHMK 33
3TO BpeM$ He YHUUTOXMT 6oeBble cpeacTBa. [1o1Has BEpOSTHOCTb BbIMONHEHUS 60EBOM 3a4auuM 3anu-
WweTcs cnepyowmnm obpasom:

PulT)=P,(z)P,(1)=[1—exp(~7/6)]exp(c/¥), 2)
rae @ - cpenHee Bpems pelleHus 3a4a4u ynpasnieHus;
Y - cpenHee BpeMms, 3a KOTOPOE MPOTUBHMK CMOXET YHUUTOXMTb BCp.

HeobxonMmo onpenennTb Takoe 3HaveHne BpemMeHn t¥ 3aBucawee or @ u ¥, npu KOTOPOM
obecrneymBaeTcs MakCMMyM BEPOATHOCTH Pﬂu(f) ,T. €. 7¥=arg max Pﬂu(f) .

PelweHne 3TOM 3a4a4m NONYYAETCS QHANUTUYECKM U UMEeT CNeayoWwnin BUA,:

=0 In(1+¥/0).

AHanu3 nony4yeHHoOro BbIpaXEeHMs MOKA3bIBaeT, YTo yem bonbwe O u ¥, TeM fonblie ocyule-
CTBNSIETCS NPOLECC peLeHns 3a4a4m ynpaBneHus.

N3meHeHne xapakTepa 6oeBbix AencTBui 3a nocnenHue 20-30 net 0bycnoBuUNO CylLecTBEHHOE
MOBbIWEHWE 33aBUCMMOCTU Pe3ynbTaTUBHOCTU NpuMeHeHus 6oeBbix cpeactB OT IDDEKTUBHOCTU UH-
dhopmaumoHHoro obecneveHuss ACY CH. [Moka3aHHble Bbille METOA0M0rMYeCcKMe OCHOBbI MCCen0Ba-
HUS 3DHEKTMBHOCTM Bbinn pa3paboTaHbl B xoae npeabiaywero 3tana passutna ACY CH u B HacTos -
wee BpeMs TpebyeTcs MX HEKOTOPOe YTOYHEHMeE. OTO CBS3aHO C TeM, YTO annapaTHO-MaTepuanbHOM
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ocHoBon CMO cTanu kocMuuyeckune cpencTesa U 6eCcnUNOTHbIE neTaTeNbHble annapaTbl, O YeM CBuAe-
TeNbCTBYET MX MACITabHOe NpUMeHeHWe ANs peLleHns 33434 pa3BeaKku, CBs3u, 60eBOro ynpasneHus,
TOMOreoAe3n4yeckoro, reoPusnyeckoro M HaBUrauMOHHOrO obecnevyeHns B XOA4E NOKasbHbIX BOWMH
[7-9]. 2To obcTosTenbcTBO Npeponpenenser HeobxoAMMOCTb YaCTUYHOM NepepaboTkM HAaYyYHO-MeTo-
[AMYecKoro annaparta oueHnaHus 3@dexkTnHocTM CNO, Tak KakK M3NOXKEHHbIN «TPAAULMOHHbINY NOA -
XOA He yuuTbiBaeT cneunmduku npuMeHeHUs KOMMIEKCOB OONbLOM AanbHOCTU U BANAUCTUYECKMX
ocobeHHocTel agmxeHuns KA.

PaccMoTpuM noaxon, npeasioxeHHbin B pabote [10], cornacHo KOTOpOMY npu UccnenoBaHuu 3d-
(HheKTUBHOCTM BOEHHO-TEXHUYECKON CUCTEMbI Hanbonee 0O6beKTUBHOM XapaKTepUCTUKOM SBNSIeTCS Be-
posTHOCTb P, [OCTUXEHUS uenu B onepaumu. AHanu3 uHdopmalmmu, Heo6XoaMMOM Ans onpenene-
HUs P, NOKa3bIBAET, YTO Ha ONpeneNeHHON CTaAUM BbIYUCIEHUH AOMKHbI NPOBOAUTLCS AOMOMHM-
Te/lbHble BEPOATHOCTHblE MCCIef0BaHUS. JTO 0OYC/IOBNEHO CTOXAcCTMYEeCKOM MpuMpoaon psiaa napa-
MeTpoB M akTopoB. PacCMOTPMM ABa BO3MOXHbIX NOAX0AA K YYeTy 3TnX GpakTopoB.

BepOﬂTHOCTHaH moAae/ib, OCHOBAHHAaaA Ha UCNOJib30BaHUU TEOPUH q)yHKLI.Mﬁ cnyqaﬁHoro dPryMeHTa

1. BapuaHT nonyyexus nidopmaumm nocpencrtsom bI1J1A.

PaccMOTpWM YaCTHY0 3a4auvy BbIUMUCIEHWS BEPOATHOCTM 0bHapyxeHus P . uenu B HasHayeHHoe
Bpems. [lpumeM gonyweHus:

1) BINJIA c TeneBM3MOHHOM annapaTypor 3anycKaeTcs B pPaMoH MPeanonaraemMoro HaxoXxaeHus
Lenen, BefeT pa3Beaky B TeYeHne BpeMeHu T v HenpepbiBHO nepeaaer MHOOPMaLUMI Ha Ha3eMHbIN
MYHKT npueMa uHhopmaumu.

2) Mo npenBapuTenbHbIM AaHHbLIM, Nony4yeHHbIM oT KA [133, MecTononoxeHue uenn yCTaHoBAEHO
C TOYHOCTbH A0 3HAHMS 33aKOHA pacnpefeneHusl KOOPAMHAT M €ero YMCNOBbIX XapPaKTepPUCTUK.
B wactHocTu, cornacHo [11] pocTatoyHO 0OOCHOBAHHbLIM ABASETCA NPEAnoNOXEHUME O HOPMAIbHOM
(rayccoBoMm) pacnpeneneHun KOOPAMHAT Lenu C LeHTpoM pacnpenenenus B Touke C (pucyHok 1) m
CpenvHHOM olWwKnbKom E onpeneneHns mecta Lenu.

o
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PucyHok 1 - MNonoca noucka uenm (30Ha NpocMoTpa)

3) BI'NJ1A HaunHaeT pa3BeaKy Ha AANbHOCTU Dp OT LeHTpa pacnpeaenexus (pucyHok 1) u asmxet-

€A NPAMONMHENHO Ha 3TOT LieHTp co ckopocTbio V. CnycTs Bpems 7 OT MOMeHTa Havana pasBeku
bINJIA BxogauT B 30HY [EWUCTBMS MPOTMBOBO3AYLIHOMW OOOPOHbI M MOXeT ObiTb MOpaXeH C
BEPOATHOCTbIO J.

Mpwu BbiBEaeHUU dopMynbl Ans P, nposenem cnepylowme paccyxaeHus. M3 pucyHka 1 cneayer,
yTto 3a BpeMma T BIJIA, nmetowmii cpeacTBo NOMCKA C LUMPUHOM 30HbI 0BHapyxeHuna 2B, obcnenyeT B
yKa3aHHbIX YCNOBUAX MPsiMOYronibHyto nonocy 2BV T . BeposTHOCTL TOTO, YTO Lieflb OKAXeTCs B 3TON
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nonoce, eCTb BEPOATHOCTb COBMECTHOTO OCyLiecTBNeHns aByx HepaseHcTs: O0<x<V T u —B<y<B

(Hayano koopaumHat B Touke 0; x — Baonb ocn OC). OTciopa cnepyer:
B\1| ~[D ~|D,—=T

Pr=0|=|Z|0| 2L |-®
El2| \ E E

MNongeprasice obcTpeny, bINJTIA MoxeT focToBepHO 06CefoBaTh TOIbKO NOJIOCY AJIMHOM Vpr , TO-

)

rAQ KakK OCTasbHas 4aCTb MONOChI ASIMHOWM Vp(T—T) bynetr obcnenoBaHa AuWb NPU YCIOBUM, YTO
BMNJIA He ByaeT nopaxeH, T. €. C BEPOATHOCTbIO Vp(l—/) )

Mo3TOMy yC/IOBHAs BEPOSTHOCTb 0OHapyeHus Lenun «obctpenveaembimM» BINJ1A ByaeT paBHa (npu
[ONYyLWEeHUM ee MaeanbHOro pacno3HaBaHMs ONepaTopoM HA3eMHOMO NOCTa AUCTAHUMOHHOMO ynpaB-
neHuns nnu fewndpoBLLMKOM noapasaeneHns 06paboTku pasBenbiBaTenbHON MHDOPMaLMK):

P =P’ —® g % ) DPEﬁ -® w : @)

M3 nonyyeHHoro BbipaxeHus (4) cnepyet, YTO BEPOSTHOCTb OOHapPYXXeHWs Lenun ABNSeTcs cnyyam-
HOW BENMUYMHOM, TaK Kak 3aBUCUT OT Cly4aifiHOTO apryMeHTa T (ocTanbHble napametpel D,V u B,
BXoAsLLMe B BbipaxkeHue (4), MOryT 6biTb paLMOHanbHbIM CNOCOO0M BblIOpaHbl Ha CTaAMAX NPOEKTUPO-
BaHWS, NN1aHUPOBAHMSA 1 BOEBOro NPUMeEHeHUS, B 3aBUCMMOCTU OT OOCTAHOBKM M TAaKTUKO-TEXHUYE-
CKMX xapaktepuctuk umetowmxcsa br1J1A). Takum o6pa3om, BO3HMKAET HEOOXOAMMOCTb BbIYUCIEHUS
LONONHUTENbHOIO nokasatens 3PQPeKTMBHOCTU CUCTEMbl MHPOPMALMOHHOIO obecneyeHns — rapaH-

TUpyemoii BepostHoctu P°=P(P_>P™) rne P™ - Tpebyemoe 3HaueHMe BEPOSTHOCTW. 3akOH pac-

npeneneHus BeNUYmHbl P:,6 onpenenuTcs 3aKoOHOM pacnpeaeneHuns sennynHbl 7 . O6ocHoBaHue no-
cnepfHero npeactaBnseT coboin OTAeNbHY 3a4a4y, BbIXOAALY 33 paMKu AaHHOW cTatbn. O4eBnaHO
NMPOTUBHMK, B 3aBMCUMOCTU OT CUTYaLMUKU, MOXKET MPUHUMATb PasfiMyHble TakTU4Yeckme npuembl (COUTb
BIJT1A cpasy, BblaepXkaTb HEKYH Nay3y, MOMbITAaTbCA «MNOCAAUTb» U T. A.). KaxaoMy M3 3TUX npuemMoB
MOryT COOTBETCTBOBATb CBOM 3aKOHblI pacnpeaeneHus, KpoMe TOro, BbIpKEHUS AN UX BblUMCIEHUS
[OJIKHbI YYUTbIBaTb NapameTpbl Tpaektopumn BIJTA («no cnupanu», «rancMpoBaHue» 1 T. n.). BeegeM
cnepyowme ob603HauYeHUs:

PMO=¢(T) - 3aBMCUMOCTb, onpegensemas no dopmyne (4);

F.(T) - pyHKUMa pacnpeseneHms MOMeHTa Hadana AenCTBUiA NPOTUBHMKA;

W(P,,) - dyHkumsa, obpaTHas GyHKuMu @ (7).

C yyeToM MOHOTOHHOMO XapakTepa 3aBMCUMOCTM (4) BblpaKeHMe ON9 BblYMCNIEHWUS rapaHTupye-

MOW BEPOATHOCTMU BbIMNOMHEHWUS 3343a4M pa3BeaKU NPUHUMAET BUA:

.
PP=1— [ F.(z)dv; At=f(t ). (5)
w(P™)

2. BapuaHT nonyuyexunsa nidopmaumm nocpeacrtsom KA 133.

Paccmotpum BapuaHT npumeHenmsa KA [133. AHanu3 BbipaXkeHUI 4SS BblYMCIEHUS BEPOSITHOCTU
o6HapyxeHus uenen [11, 12] nokasbigaet, uto P . 3aBMCHUT OT MOMeEHTa t,, NPUHATUA pELIEHNA O
NpoBeAeHUN KOCMUYECKOM pa3BeaKku, Npy 3TOM MpPeanosioXkeHne 0 MOHOTOHHOM XapakTepe yHKUuK
@1, HEKOPPEKTHO. 3TO 0BYCN0BNEHO «DU3NYECKUMU» MPUUUHAMM, HANPUMED, ECIU B [AHHbIA MO-
MeHT KA [133 TonbKO YTO «npoLen» Haj Lenbto, TO CNeayroWwmuin «BbIXOA» Ha Lefb MOXHO ByaeT ocy-
WEeCTBMTb TONbKO Yepe3 MHTEPBAN BPEMEHM At:fl(tnp) ,rae f, - dyHkumsa, onpesensemas no 6an-
JIMCTUYECKUM anroputMaM. Bennuuna L - cinydyaiHas. B nepBoM npubanxeHnn ee MOXKHO CYMTaTh
paBHOMEPHO pacnpeneneHHon Ha MHTepBane NAaHMpoBaHUS (CYTKM — Tpoe CyTOK Bnepen), cnefosa-
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TENbHO, U BeNNUMHA At 9BNSETCS CYYaNHOM C 3aKOHOM pacnpeneneHuns, paccumMTbiBaeMbiM no dop-
My/naM Teopumn GYHKLMI CNY4alHOro aprymMeHTa.
Ina pacueta QyHKLMM At:fl(t,,p) MOXXHO MCNONb30BaTb, HAaNpuMep, anroputMmel [12], B ocHoBe

KOTOPbIX JIEXMUT «NPOCYET» BaPUAHTOB MEXBUTKOBOIO CMELLEHMS (PUCYHOK 2) M NapaMeTpoB MooChl
30HbI 0630pa (pUCYHOK 3).

loroca obzopa

PucyHok 3 - MNMonoca o630pa KA npu passenke B uHTepecax Kb/,

OpHako Kak NMokKa3blBAaeT aHaNU3 PUCYHKOB 2-4, 33aBUCUMOCTb At:fl(l‘np) OMMUCbIBAETCH CTyNeH-
4aTOW pa3pbIBHOM PYHKUMEN (HA PUCYHKE 4 NOKa3aH BMA 3TOM DYHKLMKM NS CNy4vas pelleHus 3a4a4u
pasBeabiBaTenbHOro obecneyeHms BOMCK OAGHUM KOCMUYECKMM annapaTtoMm, ABUXYLUMMCS Mo opbuTe ¢
nepuonoM obpawennsa 90 MUHYT 1 ang reorpaduueckorn wupoTsbl uenn 60 rpagycos). [ns Takoro
CNIOXHOMO BapuaHTa (MCxopHas YHKUMS — pa3pbiBHAS, 3HAYEHUS apryMeHTa — AMCKPeTHble) anro-
PUTM MOCTPOEHUA BYHKLUMM pacnpeneneHns Benunumnbl L, . (MOMeHTa Hauana 0630pa) MOXET BbITb
CBA3aHa C BE/IMYMHOW [, NOCPenCcTBOM AMCKPETHOM pas-
PbIBHOM (PYHKLMM fz(t,,p) . DTOT anropmuT™ CBOAUTCA K pacyetam no dopmyne [13]:

G(t,)=2 ] f,dt, (6)

i=1 t:”

TOJIbKO YMCJ/IEHHbIM, TaK KaK BeIMUMHA T

Mp3

roe Atnp,:[tzp,tzp] ~ YYaCTKM, Ha KOTOPbIX BbINONHAETCA HepaBeHcTeo I, <t .f, =~ - AMpekTuBHOe

BpeMs NpoBefeHMs 3a8aun MHPOpPMaLMOHHOro obecneyeHuns (pacyeTHbIM MOMEHT pa3Beakn 0bbekTa
nopaxxeHus);
[ = KONIMYeCTBO COOTBETCTBYHLUMX YYACTKOB.
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CnepyeT OTMETUTb, YTO FPaHULIbI MHTEPBANOB A,.(tm) MOTYT ObITb BbIYMCNEHBI TAKXKE YUCIEHHO
MO KOHKPETHOMY afnroputMy pacyera dyHkumm f,.

PacueTbl MOKa3biBAlT, 4YTO AN8 pPacCMaTpMBAEMOro BapuaHTa (PUCYHOK 4), nokasaTesnb
W=P(P,,>P"") MoxeT cHManTbCsi 10 BennumHbl 0,45 M €ro NoBbILIEHME BOIMOXHO TONLKO 3a CYeT
HapalMBaHUS OPOUTANbHOW rPYNNMPOBKM U M3MEHEHUS ee BaNIMCTUYECKON CTPYKTYPbI.

P
I .uac | =0

aEa

PAIPKE:
fpeman Tt Nes MO N a

I, HE

PucyHok 4 - Pa3pbiBbl B 30Hax pa3seabiBaTensHoro obecneyvenms Kb,

N3 BbILWEN3NOXEHHOrO CnepyeT, uto gns uccnenoBanuns adpdexktnsHoctn CMO HeobxopmMo BBe-
" orn
CTU B pacCMOTpPEHMEe rapaHTUPYeMYH) BEPOSITHOCTb — W=P(Puﬂ>Pﬂ ) BEPOSITHOCTb TOTO, YTO OLie-

HMBaeMas cMcTeMa MOXeT obecrneunTb pelueHue 3ama4y MO 3a 3afaHHOE BpeMs C BEPOSITHOCTbIO He
HUXKe 334aHHOM (NepBasi TPAKTOBKA KAaTEroOpuM «rapaHTUpyeMas BEPOSTHOCTbY).

BepomHocrHaa moaesb, OCHOBaHHaaA Ha NpUMEHeHUU Teopun CTOXaCTUYECKON MHANKALUK

MpocToTa npouenyp NONyYeHUs OLEHOK CPeaHMX 3HAYEeHUI BEPOSTHOCTHbIX XapaKTePUCTUK Npu-
BEMa K WMPOKOMY MCMONb30BAHUIO UX B NpaKTUYeCckux pacyetax. OoHaKo ocpegHeHue 3KCnepuMeH -
TaNbHbIX AAHHbIX BEAET K CyLLeCTBEHHOM notepe UHGOpMaLMmn 1M aenaet HEBO3MOXHbBIM NPOrHO3MpPO -
BaHME pe3yNbTaTOB eAUHMUYHBIX OMbITOB. Tak Bblna 0CO3HAHA HacToATEeNbHAas NOTPeBHOCTL B BEPOSIT-
HOCTHbIX MOAENAX, NO3BONAOWMX NPOU3BOAUTb MHOFOCTYNEHYaToe MCCNefOBaHUE XapaKTepuCTUK
CNy4YarHbIX 06bEKTOB (BEIMUYMH, BEKTOPOB, QYHKLMI). YKa3aHHble MOAeNnu COCTaBUIM 0BbEKT nccneno-
BaHMS TEOPMM CTOXACTMYeCKon nHamkaumm [10].

Ha paHHuX cTagmsax xkxusHeHHoro uukna CHO, B COOTBETCTBMM C KOHLENUMAMM CUCTEMHOTO aHa-
Jn3a, HEOOXOAMMO YUUTbIBATbL C/lyYaiiHyt0 NPUPOAY BENWUUMHDBI T, BCNEACTBUE HEBO3MOXHOCTM TOY-
HOW MHTeprpeTauun Komnaekca yciosuin npumerHenuns Kb/, 3apaHee, 3a HeCKONbKO neT A0 60eBbIx
nencrauit. Takum 06pasoM, BO3HMKAET HeEO6X0AMMOCTb BBEAEHNS B pAaCCMOTPEHME eLle OAHOro noka-
3atens 3popexktmsHocTn CNO BeposdTHOCTH W=P(l‘;,o<t;P) . OoMH 13 NOAXOMO0B K PELIEHUI0 TaKoro
poaa 3apay pa3pabotaH B paMkax Teopuu cToxactmyeckon nHamkaumm (TCU). ABTopaMu HOBOM KOH-
Lenuumn BbiN0 BBEAEHO MOHATME CTOXACTUYECKOro uHAamMKatopa ¥4 — ciydaitHOM BENMUYMHDBI, MPUHM-
MatoLLeit 3HaueHue 1, ecnn A npousonget, u 0 B NpoTMBONONOXHOM ciiyyae. CeMaHTUYeCKuIA aHanm3
KaTeropui «MCTMHHOCTb BbICKAa3blBAHMAY, «KAOCTOBEPHOCTb COBBITUSA», KBEPOSATHOCTb CAYYaMHOrO CO-
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ObITUA», «CTEeNeHb AOCTOBEPHOCTU C/y4aMHOro COObLITUAY, «BEPOATHOCTb BbICKA3blBAHUAY, «CTENEHb
MCTMHHOCTM BbICKa3bIBaHMUSI» MOKA3as, YTO BEPOSTHOCTb CIy4aitHOro cobbiThst A paBHa MaTeMaTuye-
CKOMY OXMAaHMIO ero uHamkatopa “4

PaccMoTpuM npuMep MCNONb30BaHUS TEOPUM CTOXACTUYECKON MHOMKALUKU NPUMEHUTENIBHO K pas-
Benke, NpoBoauMoit nocpeacteoM bINJTA. 0603HaUYMM: § — OTHOCKTE/NbHAs BEMYMHA MIOWAAM Npo-
CMOTPEHHOTrO paiioHa; Zz - TpebyeMoe 3HayeHMe OTHOCUTENIbHOM BEMUUMHbI MIOWAAU NPOCMOTPEH-
HOro panoHa. ycTb BO3MOXHbIN 1 TpebyeMmbli pe3ynbTaTbl NPOCMOTPA paoHa AMCIOKALMKM NPOTUB-
HWKa NOAYMHEHbI HOPMAJIbHLIM 3aKOHAM pacnpefeneHus, . e.

Fy(yksz(y,y,ay%:Fa(ngz), 7)
Fi(Z):F’;(Z,Z,aﬁ):FU(Za_?) : (8)

B paccMaTpuBaeMoM ciyyae CpefHAs BEPOATHOCTb LOCTMKEHMS Lienn onepaumu 6yaeT onpeae-
NATbCSA COOTHOLLEHUEM:

1°»

P.=P(Z<y) ij JaF,(y)=] wdF,,(0)=@ ©)

e &,=F,(y).
CDYHKLI,VIﬂ pacnpe,D,EHEHVlﬂ F@](w) Onpe,ﬂ,eﬂﬂeTCﬂ Cﬂe,D,YPOLLI,l/IM Bblpa)KEHl/IEM:

Folw)=F,|F(w)|=F,[AF;*+B]=F [0,5F ;! (w)~1]. (10)
MycTb B paccMaTpuBaeMoM anMepe y=0,7; 0,=0,1; 0,=0,05 Toraa, 0603Haums:
A=———05 B—Z Y4,

y
nocne NoACTaHOBKM U MOC/EAYHOLWero MHTerMpOBaHMﬂ (c yueToM 3apaHHbIX 3HAYEHUI NapaMeTpoB
pacnpeneneHns CyvaiHbIX BEMUYMH ¥ U Z ) NONYUUM:
&, =o=F,| =2
' “\W1+A?

Takum 06pas3oMm, B paMKax AaHHOTO NpuMepa anpuopHas (CpefHss) BepOSTHOCTb BbIMOMHEHMS 3a-
[aun passenku pasHa 0,815 npwu yposHe rapaHtuu 0,9.

MpencraBnsietcs, YTo Hanbonee oCTPO BOMPOC MHOIOCTYNEHYATOr0 BEPOSTHOCTHOrO MCCnenoBa-
HUS CTOWUT NPUMEHUTENbHO MHDOPMALLMOHHOMY KOHTYpY, peanusyeMoMmy ¢ ucnonb3oaHnem KA [133
(6onee cnoxHOMy No cpaBHeHUIO € KOHTYpoM MO Ha 6asze rpynnuposku BI1J1A, ocobeHHo npu npu-
MEHEHUM KOMMNNEKCOB BONbLION AANbHOCTM). ITO CnedyeT, HanpuMep, U3 aHanM3a BblpaXeHus AN
pacyeTta NPOAO/HKUTENBHOCTU NOPAKEHMUS LLENN:

=0,815 .

t53:tzp+tM/73+tMP3 +oy, (11)

roe tzp — MOMEHT NOJIYYEHUA Ha KM HuxHero YPOBHA NMpUKasa Ha NOPa>KeHUE LLENN,;

3+

{\yn3 — MOMEHT NOAAYM 3a59BKM Ha NPOBedEHWe Pa3BeAKM B OpraHbl ynpasneHus 6onee BbICOKMX
YPOBHEN pa3NnyHbIX BEAOMCTB;

f\p3 — MOMEHT Hayana 3emneob3opa (BbINOMHEHNS 3a5IBKM YPOBHS HEMOCPEACTBEHHbIX 3aKa34MKOB);

t, — BpeMs 3a4epXKu Mpu NMPOXOXKAEHWUMN pa3BeabiBaTeNbHON MHDOPMaLIMK Yepe3 pasHble YPOBHY;

Lum — NPOAOMKUTENBHOCTL pelweHuns 3LUP 1 pacueta noneTHoro 3agaHusg;

£, — MOMEHT NOpPaXeHWs NocneaHen Lenm B cootseTcTeum ¢ 3LP (MakcMmanbHoe noaneTHoe Bpems).

CnepoBatenbHo, Npu pacyeTe Aaxe Takoro YaCTHOro MokKasaTens, Kak BepOsSTHOCTb JOBeAeHMUs

ynpasnswowen mHbopmaumm, He06X0ANMMO YyUMTbIBATb CIyYaWHYK MPUPOAY BENUUYUHBI t . [pu Ta-

t
mp
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KOM MOCTaHOBKE 3a4ayu WUCCNef0BaHUA BEPOATHOCTb PODSZP(IOOBQ,W) TaKXe ABNAETCA C/y4anHOM
BE/IMUMHOM, U B PaCCMOTPEHME BBOAWTCA CTOXaCTMUECKMI MHAMKATOp COBbITMA W, (B AaHHOM Chy-
yae - goBefeHus curHana ot B3Y no ucnonHuTenbHOro opraHa). B Teopumn ctoxactuyeckon MHAMKA -
UMM W, onpeaensertcs Kak BeNMuMHa, pacnpeaeneHHas no 3akoHy bepHynnm, npu 3ToM BepoSTHOCTb
OLLeH1BaeMoro cobbITMg paBHa MaTeEMaTUYECKOMY OXMAAHUIO MHAMKATOPA:

W,=P(t,,<t,,).

CnepoBatenbHo, ANS OLEHUBAHUS anoOCTEPUOPHOM BEPOSITHOCTU P(P;OB<P300) HeobxoaMMO Bbl-
YUCIUTb KBAHTU/b, COOTBETCTBYIOLMI HEKOTOPOMY 33AaHHOMY ypoBHIO ¥ . PaccmoTpuM npumep.
NycTb NnaHMpyeTca onepaums, CUrHan 0 Havyane KOTopor AO/MKEH ObiTb JOBEAEH HEe NO3aHee AMpeK-
TMBHOro MoMeHTa BpeMeHn z. TTX CNO n peannsyemMoro et npouecca NpoXoXaeHUs CUrHana no3Bo-
NS0T 3aBEPLWMUTb AOCTAaBKY KOMaHAHOM MHDOPMAaLMM K MOMEHTY BpeMeHu ¥ . TpebyeTcs paccymTaTth
BEPOSTHOCTb [OBEAEHUS KOMaHAHOM MHPOPMALIMK NpU YCIOBMM, 4TO BO3MOXHas (y) u Tpebyemas
(2) mnuTenbHOCTM Npouecca AoBEAEHNS MHPOPMALIMM ANS KOHKPETHOI cTpykTypbl CMO nogumHeHsl
CMeLLeHHbIM NoKa3aTeNbHbIM 3aKOHaM pacnpeaeneHms, . e.

Fily)=F,(y.u,a)=[1-e"""]A(y-a),

y
FE(Z)=F2(z,v,c)=[1—e_v(z_‘>]A(z—c),
roe A - uHamkatop (cenektop) nyya [8].
[ns peweHns ncnonb3yem pesynbratbl TEOPUM CTOXACTUHECKOM MHAMKAUMK. B paccMaTpuBaeMom
c/lyyae cpeaHss BEpOATHOCTb AOCTMXKEHMS Lenu npouecca (noBeaeHus curHana) byaet onpenenstbes

COOTHOLUEHUNEM!

® 1
puﬂzp(ygé):_LFdeé(Z):fWdel(W)szfl, (12)
0

rme @,=F,(y).
Mpeanonoxum, yto ansa runotetndeckon CMO ncxonHble faHHbIE UMEKDT Ciefyolme 3HaYeHNs:
u=0,5; a=1; v=1; ¢=0,2 . DyHKUMs pacnpeneneHums onpenensieTcs BblpaXXeHUeM:
FWI(W)=F2[F}l(W)]z[1—ev(‘_a)(1—w)"1‘]ﬂ(w,Fy(c),1)+A(W—1):
=[1-e(1-w)N(w;0,39;1)+A(w—1)].
Mocne anrebpanyeckmx npeobpa3oBaHuii M NOCNEAYIOLLENO MHTErPUPOBAHUS NONYYUM:

( 1 )e'”("“):0,596 ,
V+u

MycTb BbICWMM 3BeHOM ynpaBnexus (B3Y) npeanucaH yposeHb rapantum P (P, >P. )=y =09
Wcnonb3ys annapat Teopum BEPOSTHOCTEM, MONYUUM:

w,=1-

u

r T\ -1 _ v _ula—c)

W1ﬂu(y)_wl(y)_":wl(1_)/)_1_)/ € :

[Tocne noacTaHOBKM MCXOAHbIX AAHHbIX, nosiy4yaeM 3Ha4vyeHue:

1 1-2
2

w,=1-09%¢ > =0,424 -

CnepoBaTefibHO, rapaHTMpyeMasl BEpOSITHOCTb [LOBELEHMS ynpasnsiolweli MHbopMauMu paBHa
u

Wll—ﬂu(y):wll-(y):/-_v_vi(1—3/):1—)/78#(0_6), M MMEHHO Ha 3TO 3HayeHuMe HeobxoauMO OpPUEHTUPO-

BATbCS NPU NPUHATUM pelieHus no cTpyktype CHO.
TaknM 06pa3oM, BTOpas TPaKTOBKA KaTeropum «rapaHTMpyemasi BepOSTHOCTb» CBSi3aHA C HEO6XO-
AMMOCTbIO y4eTa HeonpeaeneHHoOCTU B 3agaHun TpeboBaHMIM K pesynbraTy npouecca MHbopmaum-
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OHHOro obecneyeHuns. CnenyeTt NOAYEPKHYTb, YTO BEMUMHA 4 B AAHHOM MpUMEpPE He TONbKO Xapak-
Tepu3syeT KayecTBO NMOACUCTEMbI AOBEAEHUS MHDOPMALIMM, HO U SIBNSIETCS OAHUM M3 NapaMeTpoB pe-
3yNbTaTUBHOCTH (BbICTPOAENCTBUS) BCEr0 MHPOPMALMOHHOIO KOHTYpa A8 OLEeHMBAEMOr0 BapuaHTa
CTPYKTYpbl (CTAHUMI MOAYYEHUS NMEPBUYHOW MHGDOPMaLMK, MOACUCTEMbI Nepefaymn AaHHbIX, MYHKTOB
ynpasfieHus, LeHTpoB 06paboTkn nHdpopmauum 1 T. n.). CnegyeT 3aMeTUTb TaKXKe, YTO B paMKax AaH-
HOro NpuMepa 3a4aya NapaMeTPUYECKOro CMHTE3a 3ak/4yaeTcs B 060CHOBaHUM TpeboBaHMUI K Be-

1 o
nnunHe U . Hanpumep, npu w,=0,8 xapaktepuctuka BbiCTpOLENCTBUS LOMKHA ObITb HE MeHee Be-
NNYUHBI ‘ump=1,45 (CNO ¢ paHHbIM napameTpoMm M obecneynBaeT rapaHTUpPyeMyH) BEPOSITHOCTb
[OBefeHUs ynpaBnsitowero curHana He Huke 0,8).

3aknwoueHue

MNpun nccneposaHun addektmeHoctn CMO HeobxoAMMO yuMTbIBATL CAy4arHy npupoay dakTo-
POB Pa3/IMYHbIX MEpaPXMYECKNX YpOBHeW. B ctaTbe npepnoxeHsbl ABa nogxona K pacuety 13 CNO,
obecneynBaloLLMX rapaHTMPOBAHHOE BbINOAHEHME 334a4M MHPopMauuoHHoro obecnevenns Kb/, 3a
3afaHHOE BpeMS C 33a[aHHOM BepOSATHOCTbIO. [epBbit noaxon 6a3upyeTcs Ha yyeTe cneumdukn osu-
xeHus bINJIA n KA, exoaswmx B ctpyktypy CMO. BTopoi noaxon yumTbiBaeT HeYeTKui Xxapakrep Tpe-
6oBaHUM K pe3ynbratam GyHKunoHnpoaHua CNO, HensbexHbl AN paHHUX CTagUM XXM3HEHHOTO
uvkna KbA. CreneHb petanusauuu pas3paboTaHHbIX METOAMK OnpenensieTcs TOYHOCTbI0 MPOrHo3a
yCnoBUin 06CTaHOBKM, B KOTOPbIX ByaeT ocyuwectBnatecs npumeHeHne Kb, u yyetom cneunduku
dyHKUMOHUPOBaHUS KA (orpaHWyYeHns Ha MaHEBPEHHble AeNCTBUS, CTyneHYaTble pa3pblBHbIE 3aBUCHU -
MOCTU MHTEPBANIOB MOTEHLUMANBbHOMO NPUMEHEHUS OT MOMEHTA MPUHATUS peLleHus), cToxacTuyeckas
3aBMCMMOCTb MeXAy KOMMOHEHTaMK Noka3aTesiel pe3ynbTaTMBHOCTHU, ONepaTUBHOCTU U pecypcoem-
KOCTW). B panbHerweM M3N0XeHHas MeToAoNnorns AOMKHa ObiTb MPUMEHEHa NpW pelleHnn 3aaayum
ontumm3aumm coctasa CNO (B ToM ymcne no Kputepuio «3hGOEKTUBHOCTb-CTOMMOCTbY).
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