BoeHHO-TexHMueckas nonuTuka

A.A.T1bSIHKOB, KQHAMOAT TEXHUYECKUX HAYK,
NOLUEHT

MaTtemaTtuueckaa Moaenb npouecca BOCCTAaHOBIEHUSI BOOPY)XXEHUSA U BOEHHOM
TEXHUKM B XoAe 60eBbIX AEHCTBUN TaAKTMUECKOr0 BOMHCKOro (hopMupoBaHua’

B cmamee paccmampusaemcss nocmaHoska 3adaqyu onMuMAanbHO20 ynpassieHus npoueccoMm
goccmarosneHusi BBT 8 xode 6oesbix delicmauli makmu4yecko20 80UHCK020 OpMUpPOBAHUS HA npuMe-
pe maHKo8o20 6amanboHaA. B kauecmee kpumepues onmumu3ayuu pacCMoOmMpeHsl NOKA3amenu ucnpas-
Hocmu u 6oecomosHocmu BBT, a make yoensHele 3ampamel Ha soccmaHosneHue BBT. [ins onucaHus
npouecca mexHu4ecko2o obecnedyeHus: 80UCK UCNOMbL3yemcs mMamemMamu4yeckuli annapam Maccoso2o
06CYMUBAHUS C pa3PbIBHLIMU UMNYIbCHLIMU PYHKUUSMU UHMEHCUBHOCMel NomokKoe 3as80K U Oug-
pepeHyuansbHele ypagHeHUs «OUHAMUKU CpeOHUX». B cmamee npusedeHbl npumepsl, 0eMOHCMPUPYHO -
wue pabomocnocobHocms paspabomaHHol MoOenU npu pasauyHbIX NPoOO/IHUMENbHOCMU U nepuo-

ouyHocmu 6oes, a Makxe npu pasnuyHol UHMEeHCUBHOCMU 8occmaHosneHus BBT.

HeobxoaonmbiM  ycnoBuem  6e30nacHOCTU
Poccuiickon depepaumn gBNSeTCS rOTOBHOCTb
BoopyxeHHbix Cun (BC) k BbicTpoMy m 3ddek-
TMBHOMY pearnMpoBaHUI0 HA HOBbIe BbI30BbI. [1pu
3TOM TexHW4yeckoe obecneyeHne BOMCK ABNseT-
CS BaXHeulen COCTaBNAOWEN KOMMeKkca Mme-
pOMpUSATUIA, HanpaBfieHHbIX Ha MNoAAEepXaHWe
6oerotoBHoCTM M BoecnocobHocT BoMcK [1].
OHo BkAtOYaeT B ceba MeponpusaTmua no obecne-
YEHMI0 BOMCK HOBbIM BOOPYXXEHWEM U BOEHHOM
TexHukon (BBT), paketamu u 6oenpunacamu,
NpOBeAEHMID 3KCMayaTauuMn U BOCCTAHOBIEHUS
obpasuos BBT.

MWPOBOM OMbIT BOMH M BOOPYXKEHHbIX KOH-
GANKTOB CBMAETENBCTBYET O TOM, YTO FPAMOTHas
opraHu3auusi MeponpusaTUii TexHM4yeckoro obec-
neyeHuns (TO) no cBOeBpeMeHHOMY BOCCTAHOB-
nexuuio BBT B gnMHaMuke 60eBbix AEWCTBUN §B-
nseTcs 3anorom ycnexa onepauun. Mapwan Co-
Betckoro Cotoza leoprui XXykoB noguyepkusan,
4yTo ntobasa bnecrawe paszpaboTaHHas onepauums
6e3 COOTBETCTBYHOLLErO ThIIOBOrO U TEXHUYECKO-
ro obecrneyeHuns OCTaHETCS KPaCMBbIMU CTpena-
MK Ha Bymare. 3a roabl Benvkorn OTteyecTBeHHOM
BOMHbI PEMOHTHO-BOCCTAHOBUTE/bHbIE OpraHbl
OTPEMOHTMPOBANM NouTM B 4,5 pasa Gonbuwe
TaHkoB M CAY, yemM OblIO0 MX BbINYLWEHO MPO-

MbIlWEHHOCTbD. B xome AdraHCKoM BOMHbI,
6naropapsa 4yeTkom paboTe peMOHTHbIX MOoApas-
penenun, n3 5270 egmMHuL NoBpeXaeHHOM 6po-
HeTexHUKM 3BakyupoBanu 6onee 4000, oTpe-
MOHTMpOBaB U3 HUX 6onee 2750. B xone 6oec-
TOonKHOBeHu Ha CeBepHOM KaBkase Kommnekc-
Hble PEMOHTHO-BOCCTAHOBMUTENIbHbIE  OpPraHbl,
chopMmupoBaHHbIe Ha 6aze Tpex OKpyros, nos-
BOMIM/IM OXBATUTb PEMOHTOM M 3Bakyaumen 80—
90% 6poHeTexHMKH, BbieaLwen 1u3 ctpos [2].

B ycnoBumsax coBpeMeHHbIX BOMH, XapakTepu-
3YHOLWMXCS BbICOKOM MHTEHCMBHOCTbKO M Hanps-
XEHHOCTbI0 O0EeBbIX AENCTBMIA, @ TakKXKe BBUAY
pOCTa TEXHMYECKOM M TEeXHONOrMYeckom CNoX-
HocTu BBT BeposiTHOCTb BbIXOAa MX M3 CTPOS MO
60eBbIM U TEXHUYECKMM MPUYMHAM CYLLECTBEH-
HO Bo3pactaeT. COOTBETCTBEHHO BO3pacTaeT U
BaXXHOCTb CBOEBPEMEHHOIO0 M KayeCTBEHHOro
TexHuyeckoro obecneyeHus. IMEHHO MO3TOMY
nepsooYyepefHON 33adayerd BOEHHOr0  pyKo-
BOACTBA CTpaHbl ABNgeTca GopmMupoBaHue 3¢-
(HEKTUBHOM, YCTOMUYMBOM M HAYy4YHO OOOCHOBAH-
HOM  CUCTeMbl TexHu4yeckoro obecnevyeHus
BOMCK, COOTBETCTBYHOLWEN COBPEMEHHbIM YCO-
BMSIM BeeHUs1 60eBbIX AENCTBUN.

AHanu3 CylecTBYKOLMX MOAENen OLEHKU
3DheKTMBHOCTM  TeXHUYecKoro obecnevyeHus

1 CraTtbs noaroToBneHa npn nogaep>Xke rpaHTa I'Ipe314,u,eHTa Poccuiickon (De,El,epaLl,MVI Aana rocyp,apCTBeHHoﬁ nognepx-
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BOMCK NOKa3as, 4YTo CyLLEeCTBYOT ABE OCHOBHbIE
rpynnsl Mogenen. K nepBor M3 HUX OTHOCHTCS
MMUTALMOHHbIEe Mopgenn. [logobHble Mopenu
CTPOATCS Ha OCHOBE [eTaNbHOro OnuCcaHus
dopmM u cnocoboB 60eBOro MNpUMEHEHUS
(dYyHKUMOHMPOBAHUS) CpencTs BedeHUs BOOpY-
YXEHHOro npoTMBObOpCTBA — CUCTEM, KOMMJEK-
coB 1 obpasuos BBT [3, 4]. B Teopun Boopyxe-
HUS MMUTALMOHHOE MOLeNnvMpoBaHWe Haubonee
pacnpoCcTpaHeHO [A1S BOCMPOM3BEAEHUS pa3-
NIMYHBbIX BMOOB 60EBbIX AENCTBMI U Onepauui,
HanpuMep, mogenn 6058 MOTOCTpenkoBoro 6a-
TanbOHa, Moaenu 605 MOTOCTPenKoBOM bpuraabl
m aop. Mopenm kpynHoro Macwrtaba B
OONbLUMHCTBE C/y4YaeB CTPOAT KaK aHANUTUKO-
UMUTALMOHHbIE (K4eN0BEKO-MaLUMHHbIEY), B KO-
TOopbiXx obecneymBaeTcs BapbMpOBAHME MCXOA-
HbIX AAaHHbIX HA OCHOBE OLLEHKM CreunanmcTamm
KOHEYHbIX WX NPOMEXYTOUYHbIX Ppe3yNnbTaToB
pacyeta. B npouecce mopenupoBaHusa npepy-
CMaTpMBaeTC BO3MOXHOCTb M3MEHEHUS He
TONbKO NapaMeTpoB, HO M CaMOM MOAENU Ha
OCHOBE aHanM3a Mnosly4yaeMblX pe3ynbTaTos.

OCHOBHbIM  A,OCTOMHCTBOM WMMMUTALMOHHbIX
mMozenen ansetcs obecnevyeHne BO3MOXHOCTU
LEeTaNbHOMO «PO3bIrpbilla» OTAENbHbIX O0eBbIX
3NU3040B BMIOTb A0 BbISIBNEHUS KOHKPETHbIX
xapaktepuctnk BBT, B Hambonbwen creneHn
BAMSIOWMX HA 3DDEKTUBHOCTb pelleHms 6oeBbIX
3apay. OgHako obpaTHOW CTOPOHOM TaKMX BO3-
MOXHOCTEN $IBNSETCS 4pe3Bbl4aHO 6onbLias
pa3MepPHOCTb U CNOXHOCTb, @ 3a4aCTyl0 HEBO3-
MOXHOCTb MCMONb30BaHUSA UMMUTALMOHHBIX MO-
Aenevi Npu MOAEeNMpPOBAHUMN CNOXKHbIX HAABMAO-
BbIX CMCTEM 6GOEBOr0 Ha3Ha4YeHUsi C Pa3/InYHbI-
MW YPOBHAIMU arpernpoBaHus.

K opyron rpynne mopenen OTHOCATCS pac-
4yeTHO-aHanuTM4yeckne moaenu. [laHHble Momenu
XapakKTepu3yTcs ryboKoK cTeneHbio npopabo-
TAHHOCTU M y4uTbIBAKOT cneundumyeckme napa-
MeTpbl AN9 KaKaoro Buaa (poga) Bonck [5-8].
TeM He MeHee, CywWecTByOWME MOLENN OLEHKM
apdekTnBHocT TO pasnMyHbIX NOACMCTEM BO-
OPYXXEeHUS, KaK MPaBUIO, HE UMEKT MexAay COo-
60V GYHKUMOHANbHBIX M NIOTMYECKMX CBSI3EW,
MeTOAMYEeCKM HEeCOBMECTUMbI, UCMOMb3YT pas-

NINYHbIE KPUTEPUM M MEeToAbl OLEHOK, U MOryT
ObITb MPUMEHEHDbI TONBKO A9 PELIEeHNS YaCTHbIX
cneumManbHbIX 3343y uccnenoBaHusa. Hanpumep,
B pabote [5] npeanoxeH NoAXoA4 K NOCTPOEHUIO
NOTUKO-aHaNUTUYEeCKUX Mopenen (Ha npumepe
cuctembl MBO), roe B kauecTBe Mepbl 3P PeKTUB-
HOCTM pPaCCMOTPEHbI MOKA3aTeNMn, Xapakrepusy-
loWwme cTeneHb AOCTUXKEHMS OCHOBHbIX Lenen
000POHbI MO MPUKPLITUIO 06bEKTA U OTPAXKEHMIO
YAAPOB MPOTMBHMKA B 3aBMCMMOCTM OT YPOBHS
60eBbIX BO3MOXHOCTEW CMCTEMbI 0BOpOHbI. B
pabote [6] npu oueHke 3HDEKTUBHOCTU DYHK-
LMOHMPOBaHNS cucteMbl MTO obecneueHns cmn
BM® rnaBHbIM nokasatenem 3ddeKTUBHOCTU
BbICTYNaeT BEPOATHOCTb YCMELHOro BbIMOHE-
HMS BCEX MOCTaBNEHHbIX 33434 B 3aBMCUMMOCTU
OT 3aTpayeHHOro BpPEMEHW U BO3L4EeNCTBUS
BHELWHMX (aKTOpOB.

[lng onepatMBHOro pelleHns 3a4ay naaHu-
pPOBaHUS U yMpaBieHUs TexHu4yeckum obecne-
YeHMeM BOMCK Ha HaABMAOBOM YpOBHe Heobxo-
AMMO WMETb arperMpoBaHHble MoAenu, Aonyc-
Kalowme npubAMKEHHY OueHKY 3dDheKTUBHO-
ct1 cuctembl TO Ha pasfMUHbIX YPOBHAX yNpaB-
nexus. B 10 e BpemMs UMWUTALMOHHbIE MOAENU
LenecoobpasHo MCNonNb30BaTb AN MONYYEeHUS
CTAaTUCTUYECKON WMHbOpMauuK, HeobxoamMMon
AN NOATOTOBKM MCXOAHbIX AAHHBIX, UCMONb3ye-
MbIX B aHaNIMTUYECKMX Moaensix (Hanpumep, Be-
POSITHOCTU MOPAXEHUS LeNu, MHTEHCMBHOCTU
nopaxarowiero AencTaums, UHTEHCUBHOCTU BbIXO-
na u3 ctpost BBT).

B paHHOM cTatbe paccmaTpuBaeTcs obwuin
MOAXOA4, K CO34aHUI0 MaTeMaTuyeckon Mopenu
npouecca BocctaHoBneHwms BBT B xone 60eBbix
[EeUCTBUM TaKTUYECKOro BOMHCKOro (opMmnpoBa-
HMS Ha npuMepe TaHKoBOro 6aTanboHa. 3a
OCHOBY MpeafiaraeMon Mofenu BblbpaHbl MaTe-
MaTuyeckMe MOJenn TexHu4yeckoro obecnevye-
HMS, NO3BONSIOWME OLEHMBATb MOKa3aTenu, xa-
pakTepu3yloLime 6oeBble BO3MOXHOCTH
BOMHCKMX (DOPMMPOBAHUM, UCMPABHOCTb U Boe-
roToBHOCTb MX BBT, a Takxke 3aTpaTbl, Heobxoam-
Mble ANS OCYLLEeCTBNEHUS MepOnpUSTUN TeXHU-
yeckoro obecneyeHus Ha onpeaeneHHbIM nepum-
0f, BOEHHOro MNJaHUPOBAHUS B YCIOBUAX MUp-
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Horo BpemeHu [9-11]. laHHble MoZenu nocTpoe-
Hbl C MCMONb30BAHMEM MATEMATMYECKOrO METOo-
A «OMHAMWKKM CpedHux». 3To 0bycnoBneHo,
OOHOW CTOPOHbI, OTHOCUTE/IbHOM MPOCTOTOM aHa-
NNTUYECKOrO OMMCaHMS NpoLeccoB QYHKUUOHU-
POBaHUS CNIOXHbIX CUCTEM, @, C ApPYron, — BO3-
MOXHOCTbIO NosyYeHusi 0606LEeHHbIX BeposT-
HOCTHbIX nokasaTtenen 3PPeKTUBHOCTU QYHKLM-
OHWPOBaHUS 3TMX cuctem [12]. HecmoTps Ha To,
4TO MeToA AaeT NpubAMXKeHHbIe pe3ynbTaTbl, OH
obnajaeTt onpepeneHHbIM AOCTOMHCTBOM: YeM
bonbwe cuctema uMmeet 3nemMeHToB (06pa3uos
BBT) 1 cocTosiHMi, TeM To4Hee pe3ynbTaTbl Ma-
TEMATUYECKOro MOAENMPOBAHMS.
OTnnumntenbHOM 0COBEHHOCTbIO npepsarae-
MOW MoJenu 9BNsieTcs To, YTO B YC/0OBUSAX 6oe-
BbIX AEMCTBMI NOTOK BbIXOA4A U3 CTPOS 06pa3uoB
BBT He aBngeTcs CTauMoHapHbIM, @ ero QyHKUMS
WMHTEHCMBHOCTM $IBNSIETCS pa3pbiBHOM W Mpea-
cTaBnsieT cobon uMnynbCcHy GyHKumto. MNpnbnum-
XeHue Takon (GyHKLUMM NOCTOSHHOM BENUYMHOW,
BEpOsiTHEee BCero, AACT 3HaYuUTeNbHble OLWWOKKN B
oueHke 3ddekTnBHocTn cuctembl TO. Kpome
TOro, B MOZeNe y4YTeHbl Pa3MyHbIe YPOBHM CUA U
CpeancTB TexHMyeckoro obecnevenns BBT.
MocTtaHoBKa 33apaun. OpHOpOAHOEe TaKTuye-
CKoe BOMHCKOe (OpPMMPOBaHWE, Ha npuMmepe
TaHKOBOrO 6aTasboHa, Ha BOOPYXXEHUWM KOTOPOro
Haxopatca N ogHopopgHbix obpasuos BBT, Beger
6oeBble AeNCTBUS, BKIKOYAKOLWME NOC/eaoBaTesb-
HOCTb OOEB C NEPUOAMYHOCTBIO ¥ NpuU CpepHewn
npogomkutensHoctn 6osa 7. Mpu BepeHun 605
obpa3upl BBT BbIXOAAT M3 CTPOSA C OnpeaeneHHom
MHTEHCMBHOCTbI. BocctaHoBneHwne (peMoHT) 06-
pa3suos BBT ocywecrsngerca cunamu TexHuye-
ckoro obecneyeHuss 6HaTanboHa (PEMOHTHbIM
otaeneHvem) nmbo CuMnamm TexHuYeckoro obec-
MeYeHUs BbILLECTOSLLEro BOMHCKOro opMMpOoBa-
Hus (6puraabl), B 3aBUCMMOCTM OT CTENEHU MOBpe-
Xaenus. BocctaHoBneHHble 06pasubl BBT cHoBa
NOCTYNaT B pacnopsbkeHne TaHKOBOro 6atanbo-
Ha. Obpa3ubl BBT, Henoppatowmecs BOCCTAHOB-
NIEHWIO, OCTAKOTCS B MOAPA3LENEHUSAX TEXHUUYECKO-
ro obecneyeHns Gpuragpl. BeposiTHocT Bbixoaa
n3 ctpos obpasuosB BBT mexay 6osamu, a Takke
BbIXOAA M3 CTPOSi UCMPaBHbIX, HO HEBOeroToBbIX

obpasuoB BBT, Haxoodwmxca B noapasfeneHuu,
HUYTOXHO Masbl, NO3TOMY B PpaccMaTpUBaeMomn
3a434e UMM MOXHO npeHebpeyb.

Jliobort obpasen BBT, Haxopswwmica B
TaHKOBOM 6aTanboHe, MOXET MMEeTb CneayLme
HecoBMecTHble cocTosHus [9, 10]:

S, - ucnpaeHoe (paboTOCNOCOGHOE), HO
Heb0erotoBoe COCTOSIHUE MPU HAXOXKAEHUWU €ro
B BOMHCKOM YaCTu;

S, - ucnpaBHoe 1 6oerotoBoe’ coCTosHME
MpY MCNONb30BaHMM €ro Mo Ha3Ha4yeHuw (co-
CTOSiHUE 609);

S, - HeucnpasHoOe COCTOsiHMe, Tpebyollee
PEMOHT CMNIaMM  TexXHM4YecKoro obecnevyeHus
6aTanboHa;

S, - HeucnpaBHoe cocTosHMe obpasua
BBT, Tpebytowee peMOHT cunamm bpuragpbl.

Ha pucyHke 1 npencraeneH rpad BO3MOX-
HbIX cocTtosiHMin obpasua BBT. CopepxxaHmne BBT
B ONpefeneHHOM COCTOsHMM TpebyeT 3aTpaT mMa-
TEpUanbHbIX M TPYAOBbIX PeCypcoB, KOTOpbie
MOryT ObITb BblpaXeHbl B €AMHOM CTOMMOCTHOM
WKane 3aTpat. B gaHHoW Mopenu nepexonbl U3
OLHOr0 COCTOSIHMS B APYroe OCYLLEeCTBAAKTCA C
WHTEHCUBHOCTSIMM, KOTOpble 3aBUCSAT OT BO34eN-
CTBMS BHELWHEW cpenbl U YNpaBAsSoWmMX BO34en-
CTBWI CO CTOPOHbI CUCTEMbI YNPaBNEHMUS.

Ha rpade 0603HauyeHbI:

Ayt - MHTEHCMBHOCTb nepexoga BBT B
60eroToBoe COCTOSIHUE;

Ao - MHTEHCMBHOCTb nepesoga BBT B co-
CTOSIHME NMOCTOSSHHOM rOTOBHOCTY;

A1 - UHTEHCMBHOCTb OTKa30B 06pa3sLiOB
BBT, Haxopoawuxca B cOCTOsStHUM OOEeBOM roToB-
HOCTM (B ycnoBusix 605), peMOHT KOTOpbIX OCYy-
WEeCTBNSAETCS CMNAaMM TeXHMYECKOoro obecnevye-
HMA OaTaNboHa;

1 Tllopg 60eroToBbIM COCTOSIHMEM MOHMMAETCA COCTOSIHME
obpasua BBT, onpenensitowiee creneHb ero noaroTos-
JIEHHOCTM K UCMO/b30BAHMIO MPU BbINOIHEHUM BOEBbIX
3agay. OHO onepaenseTcs HaAEeXHOCTbI0 U BEIMYMHOM
TEXHMYECKOrO pecypca; HaiMuymMeM pacyeTta (3IKkunaxa),
60eBOro KOMMJIEKTa, CPEACTB TPaHCMOPTUPOBKU M
obecneyeHuns; yKomMnaekToBaHHoCTblo 3MIMoM u 3kc-
nayaTaLMOHHOM AOKYMEHTaLMeN.
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A3 - WHTEHCMBHOCTb OTKa30B 06pa3LOB
BBT, Haxopdawmxca B COCTOAHUM GOEBOM rOTOB-
HOCTK (B ycnoBuax 605), peMOHT KOTOPbIX OCYy-
LWeCTBNSETCA CMAaMu TexHuyeckoro obecneve-
HUS BbILIECTOALLEr0 BOMHCKOrO HOpMMpPOBaHMS
(6puraabl, nonka);

30 - UHTEHCMBHOCTb BOCCTaHOBNEHMS BBT
CuMnaMm TeEXHMYECKoro obecneyeHmns 6aTanboHa;

M35 — MHTEHCMBHOCTb BOCCTaHOBMEHWs BBT
CMNaMK TeEXHUYECKoro obecneyeHms BbllLECTOSLLE-
ro BOMHCKOro popMupoBaHus (bpuragpl, NOIKa).
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PucyHok 1 - Ipad coctosaHuin obpasua BBT

CornacHo ycnoButo 3agavm Bbixog 06pasLoB
BBT u3 cTpoq ocywecTBnseTcs TONbKO B Nepuo-
Abl BefeHus 605, N03TOMYy (YHKLMS UHTEHCUB-
HOCTM BbIXO4Aa W3 CTPOS MpeacTaBnsieT cobon
NepuoaMYEeCcKy0 MMMYIbCHY (QYHKLMIO, KOTO-

pasi 3aBMCUT OT npoponxuTensHoctn 6os [13].

TaknM 06pa3oM, MHTEHCMBHOCTbL 0TKA30B 0bpas3-
uoB BBT, Haxoasawmxca B cOCTOSHMM 6GOEBOW ro-
TOBHOCTM (B ycnoBusix 605), pEMOHT KOTOpPbIX
OCYLLECTBNSETCS CMIaMM TexHMyeckoro obecne-
yeHma 6aTanboHa, )le(t) npeacraBnseTcs cne-
AylLWmMM 06pa3om:

Mo tE[Ly 5t ]
Ao (t)=]"2 2k—27 bok—1
al?) 0,r€lty iy )ik=12,.> O
roe t2k—2:t2k_T’.tZk:k(T+T);t2k+1:t2k+T =  MOMEHTDbI
pa3pbiBOB QYHKUUU UHTEHCUBHOCTEN;
dn,(t)
" =—Ag Ny (t)+ A0, (1)
dn,(t)
761# =—2y, N, (t)
dn,(t)
dt
dn,(t)
;t :_M3on3(t)

* Lo (T )+ gy 1, () 1y (0)=

+/101n0

=—u,n,(t)+A,n,(t); n,(0)=N

+)L13 n,

T - nepuoamyHocTb 609 (Bbixoga BBT u3
CTpos).

TakuM xe 06pasom onpepensietcs UHTEH-
CMBHOCTb MOTOKa 0TKa3oB obpasuos BBT, Haxo-
ASLWMXCA B COCTOSSHMM 6OEBOM FOTOBHOCTU (B
ycnoBusix 604), pEMOHT KOTOpPbIX OCYLLEeCTBASET-
CS CMNaMu TeXHWYecKoro obecrneyvyeHus Bbllle-
CTOALLEro BOMHCKOro GpopmupoBaHus (bpuraabl,

nonka):
As(t)= A 1€ty oyt ] )
0,t€(ty s ty) k=12,..."

B cootBeTcTBMM C rpacdOM COCTOSHUM BbINK-
WeM CUCTEMY YPaBHEHUM AN CPeOHUX YUCIEH-
HocTen BBT onpegeneHHOro tMna, Haxo4swWwmxcs
B Pa3nunyHbIX coCcTosiHMAx [12]:

N

0

(£);n,(0)=N

(£); n5(0)=N

n(t)+n,(t)+n,(t)+n,(t)=N(t) .
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Cucrema ypaBHeHuUI (3) He UMeeT NornoLLa-
IOWMX COCTOSAHWM, @ TaKXKe BXOAHbIX MOTOKOB
MHTEHCUMBHOCTM W3 BHELWHUX UCTOYHMKOB. Cne-
L0BaTenbHO, cucTema (3) SBNSeTcs 3aMKHYTOM, B
KOTOpPOM CyMMapHag umcneHHoctb BBT N(t), Ha-
XOASLWMXCS B Pa3HbIX COCTOSHMUSAX, IBASIETCS NO-
CTOSIHHOM Benn4MHOW. BMmecte c Tem, cneayet
OTMETUTb, YTO He BCEerga MMeeTcs BO3MOXHOCTb
BOCCTAHOBUTb TEXHMKY, MO3TOMY B COCTOSIHUM
S, 6yaer HakaniuBaTbCs HEBOCCTaHaB/AMBae-
Mas TexHuKa (notepw).

Ina panbHenwero aHanusa cuctemy aud-
depeHuManbHbIX ypaBHeHW (3) npeacTtaBuM B
BMAE [AMCKPETHOro npouecca C WMHTepBanoM
AMCKpeTM3aumm At , KOTOpbIM 3ajaeTcs U3
YyCNOBUS 33aJaHHOM TOYHOCTM peLlleHus 33a[auu.
YunTbIBag, YTO BOEHHbIE OMNepauMu NAaHMPYHOT-
€ C BpeMeHeM auckpetusaumm 1 yac, To uene-
coobpasHo npuHate At=1uac [3]. [Mocnenosa-
Te/IbHOE WHTErpMpOBaHUE CUCTEMbI YPABHEHWI

(3) Ha  wuHTepBanax  t€[t, ,;t, .l wu
telt, _,;t,] npuBoanT K cUCTEME pasHOCTHBIX
YPaBHEHUMN.

MHuTeHcnBHOCTM A, Y onpepensawoTcs cpea-
HEM YWUCIOM COOLITUIA, NPUXOOALLMXCS HA enu-
1

8pems

HULY BPEMEHM U MMEIOT Pa3MEPHOCTb

Mpu 3toM 401,410 A1, M A4 onpepensiotcs Ha
OCHOBE pe3yNbTaTOB MOAENMPOBaHUS HOEBbIX
LEeNCTBUN.

NHTeHcnBHOCTL peMoHTa BBT # 3aBucut ot
BPEMEHU OOCNYKMBAHUSA €4MHULbI TEXHUKU M
onpenensieTcs Kak:

3 Au,, 3 Au, 4
Mzo_nz(t)At ’ M3°_n3(t)At ’ *)
roe Au, - 06beM NPOM3BEAEHHOTO PEMOHTA
BBT cunamum MTO 6atanboHa 3a BpeMsa At ;
Au; - 06beM NpPOM3BEAEHHOTO PEMOHTA
BBT cunamu MTO 6puragbl 3a Bpems At .

CBSXKEM C KaXAbIM COCTOSIHMEM 3aTpaThl
C,(t) (j=0,3), Heobxonmumble ans nposeaeHus
MeponpuaTuii TexHuyeckoro obecnevenms. Mpu
3TOM:

Co(l‘) - TO 3aTpaTbl Ha coaepaHue BBT B
peXxxuMme MOCTOSIHHOM FOTOBHOCTU;

C,(t) - satpaThl Ha comepxanue BBT B
60erotoBOM COCTOSIHUMU;

C,(t), C,(t) - 3arpatbl Ha BbINOAHEHME
peMoHTa cunamm MTO 6atanboHa M Gpuragpl
COOTBETCTBEHHO.

Bce 3aTtpathl uenecoobpasHo pasgenuTb Ha
ABe rpynnbl. [lepBas rpynna BK/OYaET TekyLime
3aTparThbl, CBA3aHHble C coaep>aHnem BBT B Bow-
CKax. JTO B MepByK oyepenb 3aTpaTbl, CBSA3aH-
Hble C NoALEPXAaHMEM UHDPACTPYKTYPbl XpaHe-
HWS TEXHWKK, 3apabOoTHOM NNaToM 06CNYKMBAKO-
Lero nepcoHana u ucrnonb3oBaHWMEM PACXO4HbIX
MaTepuanos, HEOHX0AMMbIX AN 0BCNY>KMBAHMUA
BBT. lNMo3TOMy MOXHO MpeanonoXuTb, YTO 3aTpa-
Tbl Ha cogepkaHue opgHoro obpasua BBT B pe-
XUME XPaHEHUS UK OXMAAHUS PEMOHTA OOM-
HaKOBbl MU JIMHEMHO 3aBMCAT OT BPEMEHM HAXO-
XneHus obpasua BBT B naHHOM pexume

C,(t)=c,t, (5)
roe C, - 3aTpaTbl B €4AMHULY BPEMEHM.

AHanornyHoe fonyueHne NnpuMeM u ang 3a-
TpaT npu cogepxanun BBT B 6oerotoBoM co-
CTOSIHMM, HO Npu Gonee BbICOKOM MX UHTEHCUB-
HOCTU:

C,(t)=c t,c>c,.

Torpa BennumHa 3aTpat Ha copgepxkaHue BBT
B PA3/IMYHbIX COCTOSHMAX 33 BPEMS NPOrpamm-
HOro nepuoaa T COCTaBuT:

CT)=c,[ng(TJn,(T)+n,(T)|+c,n,(T). (6)

Bropas rpynna 3aTpar BKK4YaeT 3aTpartbl,
CBSI3aHHble HENOCpPeACTBEHHO C BbIMOJHEHUEM
MeponpuaTUii No BocctaHoBneHuto BBT. 3Tn 3a-
TpaTbl 6yaeM nonaraTb TaKXKe NIMHEMHbIMMU, HO
OTHOCUTENIbHO UYMCNIEHHOCTM BOCCTaHaB/MBae-
Mbix o6pasuos BBT. lNyctb €,C; - 3aTpathbl Ha
peMoHT BBT cunamm MTO 6atanboHa u 6puraabl
COOTBETCTBEHHO, NPMUXOAALMECS HA OOAMH 06pa-
3ey, BBT. Toraa nonHblie 3aTpaTtbl HA PEMOHT 3a
BpeMs T COCTaBsT:

C,(T)=c,n,(T)+csny(T). (7)
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MpuHATbIE BbiWe [OMNYWEHUS B OCHOBHOM
COOTBETCTBYIOT MpPAKTMKE MJAHMPOBAHMS MaTe-
puanbHO-TexHU4Yeckoro obecneyeHuns BBT.

CyMMa Tekywmux U OXMAAeMbIX 3aTpaT Xa-
pakTepu3syeT nonHble 3atpathl C.(T) Ha TexHu-
yeckoe obecneyeHne BOMCK B TeYEHME paccMaT-
pYBaEeMOro Nepmoaa BpeMeHM.

[MonyyeHHass Modenb MO3BONSET NPOBOAMTH
aHanM3 BAMSHMS OCHOBHbIX MAapaMeTpoB cucTe-
Mbl TEXHMYECKOro ob6CnyxmBaHus GaTtanboHa B
ycnoBusix 60eBbIX AEMUCTBUI HA Nokazatenu 3¢-
dektmBHoCTM cucteMbl MTO, OCHOBHbIMK M3 KO-
TOpbIX 9BNAOTCA:

- KoadbPpuumeHT ncnpasHoctn BBT 3a Bpema T:

Tabnuua 1 - MicxoaHble AaHHble NpuMepa

1
=
- K03 duumeHT 60erotosHocTM BBT 3a Bpe-

ma T:

n, (t)
== K =1 ; 9
K T; S(t)==1 ©)
- yOenbHble 3aTpaTbl Ha peMoHT BBT:

_ C(T)

c =——, 10

» N-T (10

roe N - obwasa ymncneHHocts BBT (noctosiHHas

BE/IMYMHA);
T — pacyeTHbIn Nnepuog, 3KCnyaTaumm.
PaccMoTpMM npuMep, UNNOCTPUPYIOLLMIA pa-
6oTocnocobHOCTb pa3paboTaHHOM Modenu npu
Cnenyowmx UCXOAHbIX AaHHbIX (Tabanua 1).

Mapametp 0603HaueHne 3HaueHue
LWar mogenvpoBaHus At 1 yac
BpeMeHHoOW nHTepBan MoaenMpoBaHums T 48 yacos
O6bwas ymcneHHocTb BBT N 50
HauanbHas umcneHHocTs 6oerotosoro BBT rlz(O) 40
MNepuoanyHocTb 605 T+t 12 yacos
CpepnHsas NpoaoMKUTENbHOCTL 605 T 3 vaca
MHTeHcBHOCTL NepeBosa BBT B 6oerotoBoe cocTtosiHue 101 0,2
MHTeHCMBHOCTb NepeBoaa BBT B cocTosiHMe NOCTOSIHHOM FOTOBHO- 2 01
T 10 ’
MHTeHCMBHOCTb 0TKa30B BBT, noanexawmx peMoHTy cunamm MTO ¥ 01
6aTanboHa 12 ’
MHTeHcMBHOCTL 0TKa3oB BBT, noanexawmx peMoHTy cunamm MTO A 0.2
6puraapl 1 ’
MHTEHCMBHOCTb NOTEPb 13 0,1
MHTeHcuBHOCTL BoccTaHoBneHnmsa BBT cunamm MTO 6atanboHa Uy 0,1
MHTEeHCMBHOCTb BoccTaHoBNeHMst BBT cunammn MTO 6puragpl U, 0,15
CronmocTb copepaHus ogHoro obpasua BBT B yactu ¢, 0,2 ycn. en.
CronmocTb copepykaHus ogHoro obpasua BBT B yact B 60eroto-

¢, 0,3 ycn.en.
BOM COCTOSIHUM
CTonMoCTb peMOHTa B NofpasaeneHmm Csq 2 ycn. eq.
CronumocTb peMoHTa B bpurage C, 3 ycn. eq.
Ha pucyHkax 2-3 nokasaHbl rpaduku amMHa- t=3v4aca, T+r=12yacos. Bo BTOpOomM cnyuae

MUKM M3MEHEHMS MCNpPaBHOCTM napka BBT wu
6oerotoBHocTM BBT npu pasnuyHoM cpenHen
NPOAOIXUTENBHOCTM 60€B T U UX NEepUOamY-
HocTM T+7. B nepBomM cnyyae (puCyHOK 2):

PacCMOTPEH MpuUMep, B KOTOPOM CpefHsis npo-
LOMKUTENbHOCTL 601 B TpU pasa MeHblue
t=1y4ac, npu yBEIMYEHUU NEPUOAUYHOCTU
6oeB B 3 pa3a: T+r=4vaca.
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B nepBOM M BO BTOPOM C/ly4ae CpeaHui Ko-
3dduunenT mncnpasHoctn BBT 3a Bpemsa T co-
craun K,=0,6 | a koadduLMeHT 6oeroToHO-
ctu K,=0,46 . [Ipn 3TOM B MOMEHT OKOHYaHMs

paccMaTpuMBaeMoro Nepuoaa B MepBoM Ciyyae
K,(T)=0,62 ,aso Bropom K,(T)=0,52 (pucy-

YpoBeHe wMcnpaBHOCTM W
BoerorosHocTi BBT

HOK 4), 4TO rOBOPUT B MO/b3Y NEPBOro BapuaHTa.
OpHaKo MMHUMaNbHAs MHTEHCUMBHOCTb B NEPBOM

cnysae  min(K,(t))=0,36, a Bo BTOPOM
min(K,(t))=0,42 | 4yto MOXeT GbITb KPUTUUHO
Npu BefeHU BOEBbIX ALHCTBUIA.

T
1| == McnpaBMoC T
|| = BoeroTossocTe
i —Cpe,
1 IHAR ML MPABMOCTE {
““““ T —Cpeprnn GoaroToamocTe
H

L T T

Boeswe
AedcTENA

]

24 0 kL]

&
5]
o
-

Pasomt _
BBT #

PucyHok 2 — [IuHamMuka nsmeHeHuns KoadbduumeHTa nCnpaBHOCTU M H0eroToBHOCTM napka BBT
npu T=34aca

1,0 T r ' T s
i ——licnpaBHOCTL
= ! -=- BOEroTOBHOCTL
= 08 e S — CpeaHanA NCnpaBHOCTL
6 ai] L :-\_'*—-—__. — CpenHss 6oeroToBHOCTL
o i s T
&= ' #0\ ™ et Hnare '
g © \-,I" : s v/ \;/‘/ ;
e @ : ra e RN T R T
= g5 04 T w L " o e \ e
25 i : : :
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' ‘ . MpogonxurensHacTb FKCNNyaTauum ; " "
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PemoHT 15 : :
uouT 41 S S S

PucyHok 3 — InHaMumka nameHeHns KoadhPuLmeHTa MCNpPaBHOCTM M BOeroToBHOCTM napka BBT
npu t=1vac

B nepsom 1 BO BTOPOM Cnyyae cpeaHui Ko-
adpduumeHT ncnpasHoctn BBT 3a Bpema T co-
crasun K,=0,6 | a koadpuumeHT 6oerotoBHO-

ctn K;=0,46 . Mpu 3TOM B MOMEHT OKOHYAHWS

paccMaTpMBaeMOro Nepuoaa B MepBoM Ciyyae
K,(T)=0,62  ago sropom K,(T)=0,52 (pucy-
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HOK 4), 4TO rOBOPUT B MONb3Y NEPBOro BapuaHTa.
OnHako MUHUMaNbHas MHTEHCMBHOCTb B MEPBOM
cnysae  min(K,(t))=0,36, a Bo BTOpPOM
min(K,(t))=0,42 , yto MOXeT GbiTb KPUTUYHO
npu BegeHun 60eBbiX AeNCTBUN.

Ha pucyHke 5 nokasaHbl rpapuku ouHaMu-
KM M3MEHEHMS TeKYLLMX 3aTPaT Ha TeXHU4Yeckoe
obecrneveHne H6aTanboHa B AUMHAMMKE 3a4aHHO-

1,0

ro BpEMEHHOro uHTepBana T ANS pacCMOTpeH-
HbIX NPUMeEpPOB. YaesbHble 3aTpaTbl HA PEMOHT
BBT B nepBoM 1 BO BTOpOM C/yyae npubnusun-
TenbHo oamHakoebl C,=0,29y.e. Ha eaunuuy
obpasua BBT 3a oguH yac, ogHako no-pasHoMy
pacnpeneneHbl BO BpPeMeHM, 4To 00yCnoBIEHO
Pa3IMYHOM WHTEHCMBHOCTbKO BOCCTAaHOBNEHMUS
BBT no BpemeHu.
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PucyHok 4 — [lnHamuka nameHeHms koadhduumeHta ucnpasHoct BBT npu pasnmuyuHon cpegHen
NPOAO/HKUTENBHOCTH HOEB M UX NEPUOAMUYHOCTHIO
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PucyHok 5 — IMHaMMKa M3MEHEHM TEKYLLMX 3aTpaT Ha TexHuyeckoe obecneveHne BBT 6aTanboHa B
OLLHOCMEHHOM UM ABYXCMEHHOM pexmnmax paboTbl
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B Apyrom npuMepe nokasaHo, Kak U3MeHs- BapuaHTe gononHutenbHole cunbl TO noakntoya-
0TC B AMHAMMKe nokasatenu ucnpasHoctu BBT 0TCA B C/1yYae, KOraa MCMpPaBHOCTb MafaeT HUXKe
W yAenbHble 3aTpaTbl Ha BOCCTaHoBneHue BBT 60%, 70 ecTb 1,,=0,3 ecnn K,<0,6 8 npotus-
npy pasfiMyHbIX BapuaHTax BocctaHoBneHus BBT.
[Mpu nepBOM BapuaHTe MHTEHCWMBHOCTb BOCCTA-

HosneHus BBT cunamm TexHuueckoro obecneve- nenns BBT. YeTeepTbiii BapuaHT COOTBETCTBYET
Hus GaTanboHa Hy,=0,1 (cootBetctByeT paree  nonnomy oTcyTCTBUIO MepompusTMit Mo BoCCTa-
PaccMOTPEHHOMY — MpWMepy),  BO  BTOPOM  pognemmio BBT: =0, 15, =0

U,,=0,3, uto coorBetcTByeT ycunenuto cun TO

HOM cnyyae U,,=0,1. 370 cootBercTByeT cutya-
LMOHHOMY YNpaBNeHUI0 MPOLLECCOM BOCCTaHOB-

Ha pucyHke 6 nokasaHbl rpadmkm gUHaMm-
6aTanboHa 3a CYET OOMONHUTENbHbIX pe3epBOB KW WM3MEHEeHWs MCNPaBHOCTM MNapka BBT npu
(Hanpumep, cocefHero 6atanboHa). B TPETbEM  pazpuyHbIX BapMaHTax BOCCTAHOBAEHMSI.
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PucyHoK 6 — [InHaMuka n3MeHeHMs ncnpaBHOCTU napka BBT npu pasnmyHbix BapnaHTax
BOCCTaHoBNeHus BBT

Ha pucyHkax 7, 8 nokasaHbl AMHAMUKU W3- 6aTanboHa B AMHAaMMKe 3a[4aHHOr0 BPEMEHHOMO
MEHEHMSA TEKYLLMX 3aTpaT M CyMMapHbIX 3aTtpaT nHTepsana T.
COOTBETCTBEHHO Ha TeXHUYeckoe obecrneyeHue

Tabnuua 2 — Pe3ynbTaTbl MOAENMPOBAHMS

Mokasatens u,,=0,1 u,,=0,3 t,,=0,3npnK,<0,6 U, =0
Koadduument ucnpasrocru K, 0,60 0,71 0,67 0,23
KoadduumenT Goerotosroctn K, 0,46 0,55 0,52 0,17
YnenbHble 3aTpathl C_p 0,29 0,34 0,32 0,18

B tabnuue 2 OTPpaXXeHbl pe3ynbTaTbl OLLEHKU TENAM, XapakKTepusyrowmMm MUCNpaBHOCTb, 6oero-
pacCMaTpuBaeMbIX BaAPUAHTOB TO no nokasa- TOBHOCTb U 3aTpaTbl Ha TO, pacCynTaHHbIE MO
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dopmynam (8), (9), (10) cooTBeTcTBEHHO. Ha pu-
CyHKe 9 npepactaBneHbl rpadmkm ypaBHEHUN 3a-
BMCMMOCTU MOKa3aTenewn McnpaBHOCTU u Boero-
TOBHOCTM OT 3aTpaT Ha TO. [NonyyeHHble 3aBUCK-
MOCTM NO3BONSIKOT ONPEeAensTb BEIMYMHY 3aTpaT
Ha TO npu obecneyeHnn 3a0aHHOTO YPOBHS UC-

npaBHOCTU M B6oerotoBHOCTM BBT TakTMueckoro
BOMHCKOro OpMMPOBaHUS B YCIOBUAX BOEBbIX
AeNcTBMr, Unu, HaobopoT, NPOBOAUTb OLEHKM
YypOBHSI 60erotoBHOCTU 1 ucnpasHoctu BBT npwm
334aHHOM IMMUTE aCCMITHOBAHMM Ha nposeje-
Hue meponpuatuii no TO.

1 1 1 1 1
800 +H =——m20=0.3, ecnu Kn<0,6
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PucyHok 7 - [InHaMunka M3MEHEHUS TeKYLIMX 3aTpaT Ha TEXHUYeCcKoe obecneyeHune
BBT 6aTanboHa npu pasinMyHbIX BapMaHTax BocctaHoBneHus BBT
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PucyHok 8 — InHaMuMKa M3MeHeHMs CyMMapHbIX 3aTpaT Ha TeXHMYeckoe obecrneveHune
BBT 6atanboHa npu pasnuyHbiX BapMaHTax BoccTaHoBneHus BBT

TakuM obpasam, paspaboTaHHass MaTteMaTu-
yeckas Mogenb NO3BONSIET MOAENMPOBATb MPO-
uecc BoccraHoBneHns BBT B xone 60eBbix oen-

CTBMIM TaKTUYECKOr0 BOUHCKOro popMMpOBaHUS
M NPOBOOMTb OLEHKY 3PGHEKTUBHOCTU CUCTEMDI
TeXHMYeCcKkoro obecneyeHnss BOMCK MO nokasa-
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TensiM, XapakTepusyLmMM YypoBHU HOEroToBHO-
CTM U UCNPABHOCTU BOMCK, @ TAKXe 3aTparT, Heob-
XOOMMBIX 019 OCYLLECTB/IEHUS TEeXHWYEeCKoro
obecneyeHnss B yCnoBUAX OOEBbIX OEUCTBUN.
Mpu 3TOM B MOAeNu UCNOMb30BaHbl nepuoamye-
CKMe WUMMYNbCHble QYHKUMU MHTEHCUMBHOCTEN
BbIXoZa M3 CcTpos obpasuos BBT, kotopblie 3aBu-

CAT OT NEPUOAMYHOCTU U MPOAOSIKUTENBHOCTH
6oeBbix aencreui. NonyyeHHas mMoaenb MOXeT
ObITb MCMONb30BaHA KaK ANS aHanU3a CUCTEMbI
TexHuyeckoro obecneyeHuns, Tak u ANs peleHums
ONTUMU3ALMOHHbIX 33434 YNpaBNeHUs TeEXHUYe-
CkuM obecneyeHunem [14, 15].

E () E(T)
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PucyHok 9 — XapakTepucTmka pe3ynbTaTtoB MOAEIMPOBAHUS
NpW pasNMYHbIX BapuaHTax BoCcCcTaHoBneHns BBT

BmecTe ¢ Tem, cnegyeTr OTMETUTb, YTO NMpenno-
YXEeHHas Mopenb SBNSETCS O4HOKAHANBbHOM, YTO BO
MHOrom obneryaer ee MaTeMaTM4eCKoe ONMCaHue.
OpHako npn NpoekTMpoBaHM BOUHCKUX NOApPa3-

feneHvin 6Gonee BbICOKOTO YPOBHS, Hanpumep,
Opuragpl, MOryT BO3HUKHYTb C/IOXKHOCTM B MoOAe-
NIMPOBaHWUM, MOCKOJIbKY NMOSABNSETCS HECKOJIbKO Ka-
HaNOB 06CNY>KMBAHNS 3a5IBOK.
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PucyHok 10 — O606weHHbIM rpad coctosiHmi 0bpasua BBT

Ha pwucyHke 10 otobpaxeH 0606LeHHbIM
rpad coctosaHui obpasua BBT npu mopenupo-
BaHMM TaKTUYECKOr0 BOMHCKOrO hOpMUPOBaHMS,

copepxalero B cebe Tpu BOMHCKME HOPMUPO-
BaHMs 0Oofiee HU3KOrO YPOBHA (HampuMep,
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BoeHHO-TexHMueckas nonuTuka

TaHKoBas Opuraga, coctoawas M3 Tpex TaH-
KOBbIX 6BAaTanbOHOB).

B coctosHMe S; (HeucnpaBHOE COCTOSHWE
obpasua BBT, Tpebytowee peMoHT cunamm 6pu-
ragbl) nNpUXOOMT TPWU HE3aBUCMMbIX MOTOKA
HeucrnpasHoro BBT, KoTopble akKyMynupyroTcs
yepes KoHuUeHTpatop K. BbixogHon noTok
BOCCTaHoBneHHoro BBT noctynaet B ynpasnse-
MbI pacnpegenutens P, KoTopbii pacnpegenset
obpa3ubl BBT no 6aTtanboHaM B 3aBUCMMOCTM OT

3HaueHuit nokasateneit K, u K, kaxmoro u3
HUX (MYHKTUPHBIMU JIMHUU HA PUCYHKE).

TakuM 06pasoMm, NpennoXeHHbI B AAHHOM
CTaTbe MNOAXOA4 K CO34AaHMI0 MaTeMaTUyecKow
MOAENn npouecca TeXHWUYeCKoro obecnevyeHus
MOXeT ObITb pPacnpoCTpaHeH Ha BCH CUCTEMY
TexHunyeckoro obecneyenunsi BC P®. Pesynbtathl
MCcCnenoBaHUM MHOTOKaHasIbHbIX MOAEenen Tex-
HMYeckoro obecnevyeHns TaKTUYECKWUX, onepa-
TUBHO-TAaKTUYECKMX WM OMEPATUBHbIX BOMHCKUX
dopmupoBaHnin byayT bonee noapobHO onuca-
Hbl B C/IeAYOLLMX CTATbAX.
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