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Bo3MoxKHbie OAXO/IbI K ONpeeJeHui0 06'beMa TEXHUUECKOH PEBU3UU CUCTEM
BOEHHOT'0 HA3HAYEHUS MPH SKCIUIyaTalUH 3a NPeJieiaMi TapaHTHUHHBIX CPOKOB
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MopasibHoe U (PU3HUIECKOE CTAapeHHE TEXHUKH, JePUIUT PecypCcoB cilesalii KpaiHe akTyaJbHbIMH 3ajlaui paluo-
HAJIbHOTO PACXOJ0BaHMsT (DMHAHCOBBIX U MaTepHAJIbHBIX CPEICTB, JOJITOCPOUHOrO MPOrHO3a MOCJECTBHI MPHHUMAE -
MbIX pelLeHHH MPHU NMPOJIEHUH CPOKA IKCIyaTallMi CUCTeM BOEHHOTO HazHaueHHUsl. CJI0XKHOCTD YIIpaBJeHHUs TeXHHYE -
CKHMM COCTOSIHUEM CHCTEM BOEHHOTO Ha3HAUEHHUS HA pa3HbIX ITarax IKCIlyataluu, orMedenHas B [ 1, 2], o6ycsosiena
BBICOKMM JAMHAMU3MOM U3MEHEHHsI ITOTO COCTOSIHUS B YCJOBHSX 0OL1Ero CHHKEHHS! HafleXKHOCTH TEXHUKH, BbIPAOOTKH
pecypca W rapaHTHHHBIX CPOKOB, HEJOCTATKA CPEACTB HA BOCCTAHOBJIEHHE TEXHHUKH, HU3KOH JJOCTOBEPHOCTH M orepa-
TUBHOCTH MH(OPMALIHH O €€ COCTOSIHUH, CJIO)KHOCTH OLIEHOK TMOCJIEACTBUE IPUHHMAEMbIX PEILIEHHH.

K 15 - 18 romy skcrityatauyn cUCTEM M arperaToB HaYMHAETCsl EPUOJL U3HOCA COCTABHbIX YaCTel, a napameTp Io-
TOKa OTKAa30B 3JleMeHTOB ¥t) HauMHAeT MOHOTOHHO Bo3pacTarth. [locTeneHHble HaKaNIMBaoLIMeCs H3MeHeHUsT (hU3HU-
KO-MeXaHUYeCKHX, (PU3UKO-XUMHUYECKHUX U JIPYTHX XapaKTepPUCTHK 3J€MEHTOB MPUBOAAT K CTOJb 3HAYHUTEIbHOMY CHH-
JKEHHUIO COMPOTHBJISIEMOCTH BHELLIHUM BO3JEHCTBHSM, YTO OTKA3bl HACTYNAIOT JIaXKe MPH YMePEeHHbIX Harpy3Kkax.

B 3aBucuMOCTH OT CBOHCTB MaTepHasioB, U3 KOTOPBIX H3FOTOBJIEHB] 3JIEMEHTbI CUCTEM, H YCJIOBUH UX paGOoThI, TPO-
11I€CChI CHUYKEHHST COTTPOTHBJISIEMOCTH MOTYT ObITh 3aMe//IEHHBIMU UJIH HHTEHCUBHBIMU. KpoMe TOro, B 3aBUCUMOCTH OT
CTereHH HEOJHOPOJHOCTH HAuya/lbHBIX XapaKTePUCTHK 3JEMEHTOB CHCTeM, OOYCJOBJIEHHBIX XUMHUECKOH W (PU3HKO-
MeXaHH4eCKOH HeOJHOPOIHOCTbIO MaTepHalloB, HeCTAOUILHOCTBIO TEXHOJNOTHH U3TOTOBJIEHHS, HE MIEHTHYHOCTbIO Be-
JIMUUH 3KCIJIyaTalMOHHBIX HATrPY30K, H3HOCOBbIE OTKA3bl JUISl OJIHUX JIEMEHTOB MPOSIBJSIIOTCS HA CPABHUTENBHO KO-
POTKOM OTpe3Ke BpeMeHH, a /151 IPYrHX UMEIOT 3HAUUTebHbIH pa3opoc 110 BpeMeHH.

[TockoJ/ibKy B epHOL M3HOCA TapaMeTp I0TOKA 0TKA30B HelpepbiBHO MeHsieTcsl (MOHOTOHHO BO3pacTaer), To oye-
BUJIHO, YTO BeJIMYMHA YCJOBHON BEPOSITHOCTH 6€30TKA3HON paboThl CUCTEM M arperatoB, 3aBUCHT OT CPOKA ee 3KCILIy-
aTtallM, U B HEKOTOPbIl MOMEHT BpeMeHH t; BOSHHKHET CHTyalHsl, Korjia TpeOyeMblil ypOBeHb HAleXKHOCTH He MOXKET
ObITh OGecreyeH OJHUM H3MEHEHHEM MePUOUYHOCTH MTPOBEPOK U 0OCYKUBAHHH.

Ilnst nanbHerero npuMeHeHUsl CHCTEMbl 110 Ha3HAYeHHI0 MOXKHO H3MEHWTb YCJIOBHSI IKCIIyaTalluu (Hanpumep,
CHU3WTb 3aJIaHHbIH YPOBEHb MOKa3aTeJis TEXHUYECKOTO UCIOJb30BaHUs cucTeMbl K, WM rokaszaresss 6€30TKa3HOM
paboThl P,,,, yBeIMUHTb CpeIHErooBble 3aTpaThl Ha ee IKCMyaTaliio C,,,., YBeJHUHTb POJI0JIKUTEbHOCTD U i 06D
eM V,, [IJIAaHOBOTO TeXHHYECKOro 00C/yKUBaHHS1, IPOBECTH HEMJIAHOBBIH peMOHT U 1p.). OHaKo yisl psiia HePEeMOHTO-
MIPUTOZHbIX U HEPEMOHTHPYEMbIX CHCTEM BOEHHOrO Ha3HAYEHHs CYLLECTBYET M JPYrof crocod A0OMTbCs yBeJUYEHHUS
CPOKa MX 3KCIIyaTallH, CBA3aHHbBIN C POBE/IeHHEeM KOMILIEKCA MEPOIIPUATHH, HallpaB/AeHHbIX HA yMeHbllIeHHe napa-
MeTpa MoTOKa 0TKa30B ¥t) myTem 3aMeHbl YACTH 3JIEMEHTOB HA HOBbIE, MPOLLUE/UINHe TPUPAOOTKY, TO €CTh POBEIEHHS
TEXHUYECKOH PEBU3UH CHCTEMBI.

TexHuyeckue peBU3HM — 3ITO KOMIIEKC OPraHH3aLMOHHO-TEXHUYECKHX MEPONpPHUSITHH, POBOAUMbIX YISl ONpese-
JIEHUS] TEXHHUECKOI0 COCTOSIHMS1, YCTAHOBJIEHHsI CTENIEHH H3HOCca 00pa3lia BOOPYKEHHsI UM €ro OT/AE/bHBIX 3J1€MEHTOB
C LeJIbIO NPOBEJIeHHUs] PEMOHTA, NPOBEPKH Ge30MaCHOCTH, HaeKHOCTH y3JI0B U jleTajiedl i BOCCTaHOBJIeHUsT paboTo-
CIOCOGHOCTH 000PYLOBAHUS MOCJE AJIUTEJNbHOH IKCIJyaTallii, TIPUMEHEHHUs] 10 HAa3HAYeHWIO, aBapHi, CTUXHHHbBIX
6eJICTBHH, a TakxKe JI/Is IPOJJIEHHs] Ha3HAYEHHOI0 pecypca WM cpoKa sKcruyatauuu [3, ¢.736]. T1pu atom TexHuve-
CKHe pEeBH3UH MOTYT MPOBOAUTCS KaK Ha 00Opaslie BOOPYKEHHUS B LIEJIOM, TaK U Ha OT/EJIbHBIX €r0 3/IeMeHTaXx.

AHa/u3 JaHHBIX SKCIUyaTallMd CHCTeM BOEHHOIO Ha3HAueHHsl MO3BOJISIET MOJNYYUTh HH(OPMALMIO O HaJleXKHOCTH
OJIHUX M T€X K€ 3JIEMEHTOB Y151 JIByX Pa3/IMYHBIX I€PHOJ0B SKCIyaTalMu: TapaHTHHHOrO U rnocJjerapantuiinoro. [pu-
BeJleHHbIE K OJIHOMY 00pasLly BOOPYKEHHS! JaHHbIE 110 TapaMeTpaMm I0TOKa OTKA30B ero 3J1eMEHTOB 34 LIeCTOH, TPHHA-
AUATBIA U ceMHaLATBIH TO/lbl SKCI/IyaTaly MpHUBeIeHbl B Tab 1. 1.

Tabauua 1. 3nayeHre napameTpa NOTOKA OTKA30B 3JieMeHTOB Ha 6, 13 u 17 roj skcnjyarauun

DJIeMEeHT 1 2 3 4 5 6 7 8 9 | 10
6)*10°% | 1.1 01103|10|16(24]0.1]0.1]0.7
13)*10°%q" | 1.4 02104|1.1]120(27]10.1]0.1]1.0
£17)*10%q" [ 2318|0304 | 1.4[28[28[0.1]0.1]1.1

Ananus [NPpUBEACHHBIX JAaHHBIX [TOKa3bIBa€T, YTO /s GOJIbIIMHCTBA CHCTEM U arperaroB, BXOISILIUX B COCTaB 00-

1.5
1.7




www.esaconferenceru

pasiia BOOpY:KeHHsI, TapaMeTp TMOTOKA OTKA30B B T0C/erapaHTHHHbINA nepuo (13 — 17 rojisl) HaUMHAET MOHOTOHHO
BO3pacraTh (Harpumep, asnemenThl 1, 2, 3,5, 6,7, 10).

MOoKHO BBIIEJUTH [Ba BHA OTKA30B, XapaKTePU3YIOILHX TPOLECC H3MEHEHHsT SKCIUTyaTalliOHHBIX TapaMeTPOB BO
BpPeMeHHU: BHe3aIHbI{ U 1ocTeneHHbli [4]. BHe3anHblil 0TKa3 xapakTepuayeTcsi CKaUKOOOPA3HbIM BbIXOJOM 3HAUEHHS
KOHTPOJIMPYEMOTO NapaMeTpa 3a MpeeJbl JIOMyCKOB U MepeXooM 060beKTa B HepaGoTOCOCOOHOE COCTOSTHHE.

[locTerneHHbIH 0TKA3 XapaKTepU3yeTCsi MOCTENEHHBIM H3MEHEHHEM 3HaUeHUsT KOHTPOJIUpyeMoro napamerpa. Takue
OTKa3bl CBsI3aHBbI C MPOLECCAMHU U3HOCA, YCTAJIOCTH, KOPPO3UH, TEKYUeCTH MaTepuana u ap. st mocTeneHHbIX 0TKa30B
XapaKTepHO, UTO, XOTs1 U HeJlb3sl yKa3aTh BIIOJIHE OIpe/ie/ieHHble TPAHUIILI BpEMEHH HauaJa uX MOsIBJIEHHs], OHH HMEIOT
SIPKO BBIPAXKEHHYIO TEHIEHIMIO K PYIITHPOBAHHIO OTHOCHTEJNBLHO CPEIHEH A0ITOBEUHOCTH (CpelHero BpeMeH! 6e30T-
KasHoli pa6otbi) T, onpese/sieMoro U3 ye/J0BHs MOSIBJEHHsT TOILKO MOCTENEHHbIX OTKA30B.

[losiBjieHHe MOCTENEHHBIX OTKA30B SIBJSIETCS 3aKOHOMEPHBIM U HEM30EXKHBIM /sl JIGOro 00beKTa, HaXOSAIIErocst
B sKcryataud. OnHako BpeMst paboThbl 0G'beKTa 10 MOMEHTA MOSIBJIEHHUST TOCTENEHHOTO 0TKA3a SIBJISIETCS ClydalHOM
BEJIMUHHOH U XOPOILIO OMHUCHIBAETCST HOPMAJILHBIM SaKOHOM pacripejieJieHHs1 € MJIOTHOCTBIO f(1)[5]
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e t — o6Luasi NpoLo/KUTEIbHOCTL pabOThl CHCTEMbI C MOMEHTA BBOJIA €€ B KCIIIyaTaLHIo;
T,, — cpennss napaGoTka 10 0TKa3a;
U— cpeHee KBajpaTHiHOE OTKJIOHEHHE HApaGOTKH J10 oTKasa ot T,
M apameTpoM [0TOKa 0TKa30B (1)
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| , BbIpa’KeHHas! B €IUHULIAX CTAHIAPTHOIO OTKJIOHEHHUSI;
| — TabyJupoBaHHasH PYHKLHS ABYMEPHOIO HOPMAJILHOTO pacpeieieHus;
;| —2— UeHTpUPOBAHHAs HOPMHUPOBAHHAS CJydalHaAs BeJHUHHA.

M3 ckazaHHOro BhILIE C y4eTOM JaHHBIX Tabil. 1 MOXKHO cliesiaTh BBIBOJ O TOM, YTO B MOCJerapaHTHHHBIH IEPUOJL B
napameTpe MOTOKA OTKAa30B HAYMHAIOT MpeobsafaTh H3HOCOBBIE oTKasbl. Ha puc. 1 mpuBesieHbl KpHUBble H3MEHEHHS
HAJIeXKHOCTH CHCTEM C YY€TOM TOJILKO BHE3AITHBIX OTKA30B (KpHBasi 1), TOJNBKO MOCTENEHHbIX (H3HOCOBBIX) OTKAa30B
(KpuBasi 2) U JijIst CyMMapHOT'0 MOTOKa OTKA30B (KpI/IBaﬂ 3).
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Puc. 1. XapaKTep H3MEHEHHA HAIE2KHOCTH CUCTEMbBI B 3dBUCHUMOCTH OT THIIA OTKa3a

Anasus rpadukos 1-3 puc.l nokasbiBaer, 4to 10 HapaboTKH T, PyHKIMs HanexHocTH P(t) coBnanaer ¢ sKCnoHeH-
uuanbHoi. [losnHee HauuHalOT NpeobsagaTh NocTeNneHHble (M3HOCOBbIE) OTKA3bl M KPHUBAsl, yUUThbIBaIOLLAsl COBMECT-
HOe BJIMsIHUE BHE3alHbIX H U3HOCOBBIX OTKA30B, pe3Ko yObiBaeT. OfHUM M3 MyTell KOMIEHCALMH BJHSHUS MOCTEMNeH-
HbIX (M3HOCOBBIX) OTKA30B rocJie BpeMeHH T, siByisieTCs poBeeHHe TEXHHYECKOH PEBU3UH CUCTEM W arperaros C 3a-
MEeHOH YacTH U3 HUX HA HOBBIE, MPOLLe/LIHe TPUPabOTKY.

B upeanbHOM BapuaHTe HEOOXOAMMO MPOBECTH 3aMEHY BCEX CHCTEM H arperaroB H3jleJIisl BOGHHOTO Ha3HaueHHus,
Ha KOTOPBIX HAYaJ/IH CKa3blBaThCsl H3HOCOBbIE OTKa3bl. OJIHAKO B peasibHOM KH3HH Mbl CTaJIKUBAEMCS C OFPAaHUYEHHSIMU
Ha CTOMMOCTb NJIaHHPyeMbIX paboT Cg,,;, HaJH4YKeM HeoOXOAMMbIX KOMILIEKTYIOLIMX MOJ 3aMeHy V., BpeMeHeM Ha
nposesieHHe JanHbix pa6ot T,, 1 ap. DT0 NPUBOAUT K HEOGXOAMMOCTH PelleHHs] ONITHMH3ALMOHHON 3ajlauk onpejesie-
HUst 06'beMa POBOIMMbIX B X0l TEXHMUECKOH PeBU3UH paboT. B KauecTBe rnokasareJis /s onpejiesieHust BO3MOKHOTO
o0beMa TeXHUYeCKOH peBU3UH V,,, 32 OCHOBY MOXKET ObIThb B3SIT M0Ka3are/b «3(hHeKTHBHOCTL — CTOUMOCTb>. B pac-
CMaTpPHBAEMOM HAMH CJly4ae 5TO COOTBETCTBYET rokasareiio «Ay¥,/ C, », T0 €CTb COOTHOLIEHHE PUPOCTA BEPOSITHO-
CTH 6e30TKa3HoH paboThl 06pasla BOOPYKEHHUS B pe3yJibTaTe IPOBeeHHsI TEXHHYECKONH peBU3HH BO3MOXKHOT0 00beMa
V,on K CTOMMOCTH JIaHHBIX paboT. B 3ToM ciydyae, B kKauecTBe KpUTEpHs VISl 3a/1a4H ONpesie/ieHHs] BO3MOXKHOI0 00'beMa
TEXHHYECKOH PEBU3HH CHCTEM BOCHHOIO Ha3HAYEHHsI MOXKET ObiThb BbIGPaH KPUTEPHIT

A’X’p lf!H /CXP lﬂH Ymax : (3)

PacemoTrpuM anropuTm onpeie/ieHUst BO3MOXKHOIO 00beMa TeXHHUECKOH PEeBU3HH Ha PUMeEpE.

Mmeercst cTpykTypHast cxema HapexxkHoctd (CCH) uanenust, cocrosiiast U3 rn=I[+m nocjeaoBarejbHO COeJIUHEH-
HbIX 3/1eMeHTOoB (cM Ta6/1. 1). [lns j=1,1 cuctem mapameTp 1oToka OTKa3oB He 3aBUCHT OT BpeMeHH (¥ = cornst), /s
i=1,m cucrem ([+m=n) napaMerp MOTOKA OTKA30B paclipejiesieH 110 HOPMaslbHOMY 3aKoHy (¥ = var). [1pencraBum
OTKa3bl 3J1€MEHTOB KakK [OTOK CJIy4alHbIX COOBLITHH. B 3TOM cilydae MOTOK OTKa30B MOXKHO MPEACTaBUTb MPOCTEHLIMM
HeCTALMOHAPHBIM IOTOKOM CJlyYaiiHbIX COOBITHH JIMILIb HA MPOMEXKYTKE BPEMEHH, 3aKJIOYEHHOM MEXK]ly JBYMsl 1POU3-
BOJIbHBIMM MOMeHTaMu T u T+t(t<l,v}m) MpoBejieHHst PaboT 10 0GCIIYKUBAHHIO C MEPHOAUYHOCTBIO U, ¥ mposio/Ku-
renbroctbio U, [Tockonbky U, >>0), aist npoctorsl nonoxkum Bpems ooeaykusanus [, mrauosennbiM [6]. Torna Bepo-
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STHOCTb 6e30TKa3Hoi paboThl cucrembl Ha uHTepBadie [T, T+t] paBHa

%, (4)

rie €t) - 060061IEeHHbIH TapaMeTp MTOTOKA 0TKa30B 06pasiia BOOpYKeHHus Ha mpoMeskyTke Bpemenu [T, T+t].

[Tpeanonoxum, 4To mapameTp MoToKa OTKA30B | CHCTEM M3MEHSIeTCsl 110 9KCIIOHEHLIMAIbHOMY 3aKOHY (BHe3arHble
otkasel) ¥ = B, j=1,1, a Ha m cucTeMax HauaJUCh MOCTENeHHbIe (M3HOCOBbIE ) OTKA3bl ¥ = W, , i=1,m (I+m=n). To-
rj1a o600LIeHHbIl MapaMeTp MOTOKa OTKa30B OyjeT MPelCTaB/siTh cOOO0H CyMMy BHe3alHbIX M M3HOCOBBIX OTKA30B
=YY

AprymMeHT KCrOHeHUHMAIbHON (PYHKIMH B ITPABOH YacTH (popMyJibl (4 ) npejctabisieT co60H MJI0LIA/b MO KPUBOH ¥
=¥ +¥ B npenenax or T go T+t, 1.e.

v O v B H O B O v H O ( 5 )

Wnrerpan O i TIPOMEXKYTKOB HeBOJILIION JITTUTELHOCTH MOYKHO MPUGJIHAKEHHO OLIEHHUTh, MOJICTABJISIS
H H
2
v H o Hep 9. (6)
Torna BeposiTHOCTb 6€30TKA3HOH paGOTHI CUCTEMBI TPUOJIM3UTENBHO OyjieT paBHa [7 ]
B uupo. (7)

Bri6paB HopMasibHOe pacripesie/ieHde B Ka4eCTBe anMpoOKCHMallMd U3HOCOBBIX SIBJIEHUH U 3HAsl 3HAUEHHe TTapamer-
pa MoToKa BHEe3aIHbIX 0TKA30B, MOXKHO paccuuTaTh 3HaueHue €t) Ha MomeHT BpemeHH t. AHanu3 dopmyJibl (7) noka-
3bIBAET, YTO C POCTOM ¥ 3HAUEHHE BEPOSITHOCTH 6€30TKa3HOH paboThl U3/Ie sl yMeHbllaeTes. HacTHIHO KOMITEHCHPO-
BaTh 3TO H3MEHEHHe MOXKHO 3a CUeT 3aMeHbl YAaCTH 3JIEMEHTOB Ha HOBbIE, MpOLLe/IIlINe NPUPAGOTKY, TO €CTh 32 CUET
yYMeHbIIeHHsI TapaMeTpa ¥ Mo pe3yJ/ibTaTtam NPoBeJIeH s TEXHUIECKOH PeBU3HH.

CyMMapHbIi TapaMeTp MOTOKA 0TKA30B 06pasiia BOOPYKEHHUs B cJlydae 3aMeHbl i-i CHCTeMbl HK3MEHHUTCSI HA BEJIM-
yuHy A¥ =¥, - . Mcnosbayst nosyueHHoe 3HaueHHe A¥, MOXKHO MPOCUHATATh BEJUUHHY AY Ha KOTOPYIO H3MEHHUTCSI Ma-
paMeTp MOTOKa OTKA30B U3JIe/IHs B LIeJIOM B pe3ysibTaTe 3aMeHbl | ajeMeHToB (i=1,m) Ha HOBble, MpolLe/IIre Mprupa-
60TKy. Takum o6paszom, B pesy/brare NPOBeJeHHUsT TEXHUIECKOH PEBU3UM CHCTEMA TMPUJIET B COCTOSIHHE, KOT/a BEpPO-
SITHOCTb BO3HUKHOBEHMSI HI3HOCOBOTO 0TKa3a OyaeT MUHUMaJbHaA. KoJiMuecTBO 3/1eMEHTOB H3J/le/Insl, Ha KOTOPBIX 10JIXK-
Ha MPOBOJMTBCS TEXHUYECKAs! PEBH3Hs, TO €CTb ee 00beM V., OyleT 3aBHCETb OT BbIIEJEHHbIX HA e MPOBEAeHHe
cpencts C,,, ¥ BpeMeHH, He0OX0MMOro Ha IPOBe/IeHHe IaHHbIX paboT U,

Cdopmynupyem 3aady ornpejeseHlsi BO3MOXKHOTO 06'beMa TEXHUUECKOH PeBU3UH CUCTEMbl BOEHHOIO Ha3HAYeHHsI
(o6pasua Boopy:kenust) V., CCH koTopofi cocTOMT M3 N Moc/iefoBaTe/bHO COeMHEHHbIX CHcTeM. M3BecTHa cTOH-
MoCTh Kaxkioil cuctembl C, (i=1,...,n) u 3atpatsl Z, (i=1,...,n) B JleHEKHOM BbIpaXK€HUH, CBsI3aHHbIe C paGoTaMHu MO
ee 3ameHe. Torna cymMmapHble NMpUBe/IeHHbIE 3aTPAThl HA TPOBEJIEHHE TEXHHUECKOH PEBU3UM C 3aMEHOH i-H CHCTEMBbI

C,,; 6y/lyT paBHbI
(8)

MO/ 3HAK MHTerpasia cpefHeapudmeTuyeckoe [7] , ¢, . C yuerom sroro BuipaxkeHue (5) npeobpasyercsi B
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Ha npoBeaeHue TeXHUYECKOH pPEBHU3UH U3 O1O/KETa BbIIeISIeTCs] C-
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