NOBBILEHVE
SOPEKTVBHOCTY
SKCMMYATALIM
HE®TEMA30BOIO
OBOPYIOBAHMS

HA OCHOBE OMTVMMAINBHOIO
[nasa 3 | qnAHVPOBAHMS

Kak nokasaHo B npeabigyLimx rnaBax aHHOW paboThl, CHUXEHUE
3KCMNyaTaUMOHHBIX XapaKTeEPUCTUK HedpTerazoBoro obopyaoBaHus ¢
TeYEeHMEM BpPEMEHN SABMSETCH €CTECTBEHHbIM MPOLECCOM, NMPUBOAS-
UM K CHWKEHUIO ero adhdpeKTMBHOCTU. [Ins nogaepXaHna TexHuve-
CKOrO COCTOSIHVMSI MEXaHVU3MOB Ha YPOBHE, ONYCTUMOM NO COOTBET-
CTByrOLLIMM HOpMaTtuBam, npoBOAUTCA KOMMIIEKC OpraHn3aunoHHO-
TEXHUYECKUX MEPOMPUATUIA, Ha3biBaeMbIX 0OCNYXNBAHNEM.

TexHnyeckoe obcnyxmaHue cucTem A4o0bIYM U TpaHCMopTa yrie-
BOAOPOOOB BKMOYaeT B cebsA aBapuiiHble, BOCCTAHOBUTESbHbLIE U
npodunakTnyeckne MeponpuaTus, NPpoBoaMMbIE Ans obecneyeHus
HEOOXOAMMBIX IKCMYTAUMOHHbBIX XapakTepPUCTUK — NPOM3BOANTESb-
HOCTW, 3HeprosaTpaT 1 YPOBHSA HAAEXHOCTMW.

Buabl o6cnyxmBaHmsa MoryT ObiTb NNAHOBO-NpeaynpeanTerbHbIE,
T.e. BbINOSHAIOLWMECS B 3apaHee 3agaHHOM o0beme 1 B 3annaHupo-
BaHHbIE CPOKM, U BbIHY>XOEHHbIE, HEOOXOAMMOCTb KOTOPbIX BbI3biBa-
eTCs BbIXOAOM 060pyaoBaHUs U3 CTpos.

lMpoBeneHne meponpuaTuiA Mo obcnyxmBaHU 060pyaoBaHMUS
TpebyeT 3HauuTenbHbIX 3aTpaTt, Yem OnpeaenseTcs akTyanbHOCTb
pa3paboTkn METOAOB MO MX CHWXEHMIO. Ecnun cHkeHne Yncna aBa-
PUAHBLIX PEMOHTOB ABNSIETCSA 3afadert AMarHOCTMKKU, TO Mepuoany-
HOCTb NPOBEOEHWsI MINaHOBLIX OMpeaenseTcsi COOTBETCTBYHOLLMMM
HOpMaTuBamu, BblpaboTaHHBIMKU Ha OCHOBE MCNbITaHW 06opyaoBa-
HWUS1 Ha HaOEXHOCTb.

O,EI,HaKO HOpMaTMBbl HA MEXPEMOHTHble nepuoabl yCTaHaBnnBa-
nuck ans obopynoBaHust, He BblpaboTaBLLUEro MakCUMarbHbIR ycTa-
HOBJEHHBIN paboynii pecypc, YTO NpU COBPEMEHHOM COCTOSIHUN TEX-
HWYECKOro napka npegnpusiTuin HedhTerasoBoro KOMMEKca BO MHO-
rMx cny4yasix He BbinomnHseTcd. [1odToMy BeCbMa akTyanbHOW CTaHo-
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BUTCS 3agadva onpeaeneHnsa onTMmMasnbHOro MEXpPEMOHTHOro nepmnoaa
C Y4ETOM TEKyLLEero TEXHUYECKOro COCTOSAHNSE 060pyaoBaHus.

Pa3paboTke MeTo4oB ONTMMM3aLMM U NNAHUPOBAHUSA OBCIyXu-
BaOLLMX MEPONPUATUIA, NNAHNPOBAHUSA 3aTpaTt Ha obCnyXuBaHue u
3Hepropecypchbl, NNIaHNPOBAHUIO pasMeLLeHNs 0OLEKTOB Ha TeppUTO-
pUn MECTOPOXOEHNIN MNOCBSALLEHbI UCCEeAoBaHUs, NPeaCTaBNeHHbIE B
[aHHOW rnase.

3.1. OBOBLUEHHBLIE XAPAKTEPUCTUKN ®OHOA
NOBbLIBAIOWKMX CKBAXKUH MECTOPOXOEHUA
N OLIEHKA 3®®EKTMBHOCTU I'TM

MeToapbl AMarHOCTUKM TEXHUYECKOro COCTOAHMSA HedbTeaobbiBato-
wero obopynoBaHusi, paCCMOTPEHHbIE B rnaBe 1 HacTosiLwern paboThl,
NO3BOSISIIOT CTPOUTb HEKOTOPYO LUKany OLEeHOK TEXHWYEeCcKoro co-
CTOSIHUSA OTAENbHBLIX ANTIEMEHTOB MECTOPOXAEHMUSA (CKBaXMHa, Hacoc,
konnekTtop 1 np.). OgHako nogobHas MHdopMauus HegocTaTovHa
ONS OLLEHKN YPOBHS TEXHNYECKOrO COCTOSIHUSA MECTOPOXAEHUS, pac-
CMaTpuBaeMoro kak eauHblii OOBHEKT.

Cam no cebe NOCTOSHHBIA KOHTPOSb TEXHUYECKUX M TEXHOOrM-
YEeCKMX XapakTepuCcTMK 06opyaoBaHUs, SKCNyaTUPYHOLLErocst Ha OT-
OenbHbIX CKBaXkKMHaX, NPeACcTaBnseT UHTEPEC NULLb C TOYKN 3PEHUS
OMarHocTukM obopyaoBaHus U NpeaynpexaeHus aBapuin Ha eauHNY-
HbIX 0ObeKTax, HoO He AaeT MHAPOPMALMN O TEXHUYECKOM COCTOSHUM
obbekTa (MecTopoXaeHue, uex, rpynna CKBaXkmH), Kak equHoro Le-
noro.

[axe onpegenns MHOXeCTBO KOIh(PULMEHTOB TEXHUYECKOIO CO-
CTOSIHUSA Pa3HOTUMHOrO 0OOPYLOBaHMUS, YCTAHOBIEHHOIO Ha HedTS-
HOM MPOMBbICIIE, CTankuBaeLwbCcs ¢ NPOBIEMO UHTErPanbHON OLEHKU
TEXHUYECKOrO COCTOSHMS BCEW COBOKYMHOCTU obopyaoBaHus, ycTa-
HOBJTEHHOIO Ha CKBaXXMHaxX C PasfU4YHbIM CPOKOM CIyxObl, pa3nuny-
HOW OGBOAHEHHOCTbIO AoObiBaemMon HedTW, PasfMyHbIM ra3oBbiM
dhakTopom U1 np.

B cBsA3M ¢ 3TMM NpepcTaBnseTcs akTyarnbHon pa3paboTka MeTogoB
WHTErpanbHOM OLEHKM YPOBHS TEXHWYECKOTO COCTOSIHUA BCero obo-
py4ooOBaHusA, aKCnnyaTUpylowerocd B npegenax ogHOro MecTOpOX-
OeHus.

PaccmoTpym ogvH M3 Noaxodos, MO3BONSAWUX AaTb KOMMEKC-
HYIO OLIEHKY COCTOSIHMSI (hOHAA CKBaXkMH. DTOT Noaxopn peanv3oBaH
aBTopamu B pabote [1].

MocTpoeHne npegnaraemMmoro KOMMSIEKCHOrO nokasaTenst TeXxHu4e-
CKOTO COCTOSIHUSI KakKOW-NMBO COBOKYMHOCTU HedTegobbiBatoLwmx
CKBaXXWH OCHOBaH Ha MCNonb3oBaHuMK KoaddpmumenTa xuHu [2].
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KoadhdpuuymneHt xkunHn — K; — mncnonb3yeTcsd B COLMONOruM ans
onuncaHus CTeneHn HePaBHOMEPHOCTU pacnpeaeneHns COBOKYMNMHOro
goxofda obuiectBa No pasnuyHbiM CrosM HaceneHus. MNpu nonHom
paBeHcTBe foxoaoB K, = 0, ecnim xe obLecTBo pesko anddepeHuu-
poBaHHO Mo cnoam (goxogam), 1o K; — 1.

Mopo6GHble cBoncTBa koadduLmeHTa XKNMHM NO3BONSAT KONu4e-
CTBEHHO OLEHMBATL BKMag €4MHUYHbIX COCTaBMAOLWMX B NONyYeHne
pe3ynbTUpYIOLLEro NpoayKra no BCEW CUCTEME B LIEMOM.

PaccmoTpum hmsndecknin cmbicn koadpdpuumnenta K; npyumeHu-
TENbHO K 3aa4ve OLEHKN TEXHNYECKOro COCTOsAHMS (boHaa AobbIBato-
LLMX CKBaXXWH.

Ha puc. 3.1 npegcraBneHbl pe3ynbtaTel 06paboTkM AaHHbIX NO
HaKOMMEHHbIM Aebutam OTAEnbHbIX CKBaXWH MecTopoxaeHus Crl
«BatOnn» TIIN «KoranbimHedTeraz» OO0 «JTYKOWJT — 3anag-
Has Cubupb», nonyyeHHbix 13 6asbl gaHHbix MNC «CkaT-95» ans
CIN «BatOnn».

Mpun noctpoeHun puc. 3.1 4edbuTbl €OUHNYHBIX CKBaXWH npeasa-
PUTENBHO PaHXMPOBaNUChb Mo BENNYMHE OTHOCUTENBHO BKNaaa B 06-
LWnii oobeM JoObIYKM B Npeaenax MeCTOpOXaeHNs. [eomeTpunyecku, B
KoopauHatax «obwun obbem JoObluM — OebUT CKBaKUHbI (MK
«kycTa»)» K; paBeH oTHoweHuo nnowanen OABCO k nnolwiagu
TpeyronbHuka OBD.

QOueBunaHo, 4YTO ecnun Obl BCe CKBaXKWHbI BbINNM NOEHTWUYHbLI MO na-
pameTpam 1 gaBanu Obl paBHbI BKNag B OOLWMIA CYyTOYHbIA OOBHEM
[obblun HedbTn No MecTopoxaeHuto, To ormbatowas OAB Bbipoau-
nack 6bl B OMCCEKTPUCY COOTBETCTBYHOLLErO KOOPAMHATHOIO yrna, a
KoadhpmumeHT K; Obin Obl paBeH Hynto.

1,0
0,8
0,6
0,4 -

0,2 1

Hona om oouieii 006viuu

I I I
0,2 04 0,6 0,8 1,0
Hona om oduiezo yucaa 0o0b18aOMUX CKEAICUH

Puc. 3.1. K nosicHeHuio cyuiHocTu koadpcuumeHTa hkuHun
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B peanbHbIX yCnoBusx paBHOMepHOe pacnpegeneHue Aebutos Jo-
ObIBaKOLLMX CKBaXWMH — COObITME MPaKTUYECKN HEBO3MOXHOe. Pak-
TMyeckoe pacnpegeneHme Jobblun Bcerga onvMcbiBaeTcs KPUBON, No-
no6Hon OAB (C TOW UNn MHOWM CTEMEHBLIO KPUBMU3HBI), KOTOpPasi HOCUT
HasBaHue kpuso JlopeHua (cm. puc. 3.1).

Mogo6Hoe NpeacTaBneHve NHopMauum o CyToYHbIX ebutax no-
3BONAET yTBepXaaTb, YTO KOA(pULUMEHT [KNHU, XapakTepusyoLuia
cTeneHb HepaBHOMEPHOCTM AEOUTOB OTAENbHbIX CKBaXKWH, 3aKMHOYEH
B npegenax

0<K;<1.

3HayeHunto K; = 1 COOTBETCTBYET TOT NpeAenbHbIv criyyan, koraa
[o6blvy BCero MectopoxaeHus obecneumBaeT NULLib O4HA CKBaXKUHA.

PaccmoTpum npegnaraemslii METOL, OLIEHKM TEXHUYECKOro COCTOS-
HUS POHAA IKCMyaTaUMOHHBIX CKBaXKMH Ha npumepe obpaboTku
WMHpopMaumoHHol 6a3bl gaHHbIX CI «BatOnn».

[Mpn aTOM B COOTBETCTBMM C pe3yrbTataMu UccrnegoBaHuii, npu-
BeeHHbIX B rnaese 1 kHuru, bygem cumraTtb, 4To Hambonee nHgopma-
TMBHbIM NapamMeTpomMm, Hanbonee NOMHO XapakTepusyoLnM TekyLlee
TexHU4eckoe cocTosHue HedpTeaobbIBatoLLEero 06opyaoBaHUs, ABNSET-
cs gobblva HedTw.

HeicTBUTENBHO, ECNM NPUX BHE3aMHbLIX 0TKa3ax HepTenpoMbICIo-
BOro obopynoBaHuns 4obblva No OTAENbHOW CKBaXKUHE NMPaKTU4eCKu
MFHOBEHHO CTaHOBMWTCS PaBHOW HYMHO, TO NPW pa3BMBaoLLMXCS OTKa-
3ax 3TOT napameTp, B NOAABMSAIOLWEM Yucrne cnyvyaeB, yMeHbLIaeTcs
[0CTaTo4YHO MeaNeHHO.

Byoem npegnonaraTtk, YTO M3MeHeHne gebuta HedpbTn KoppenupyeT
C YPOBHEM TEXHWYECKOrO COCTOSIHUSA CKBaXKWHbI, paccmaTprBaemMon
BMECTE CO BCEM CBOMM TEXHONOrM4YeCckum 0bopyaoBaHMEM Kak ane-
MEeHTapHas CTPYKTypHas eavHuua.

OnpepgeneHne BennuuHel koadduumnenta K, 6ygem nponssogutb
B COOTBETCTBUU C pekomeHgauusamu pabotsl [1]. Ona saToro coso-
KYNMHOCTb U3MEPEHUN CYTOYHbIX AEOMTOB BCEX IKCMMyaTauUOHHbIX
CKBaXXVH NPEeACTaBUM B BMAE KOHEYHOW MOCNefoBaTENbHOCTU ane-
MEHTOB: Xi, Xy, ... X, ... Xy, (FA€ i — HOMEp CKBaXvHbI B paccmaTtpu-
BaeMOW COBOKYMHOCTW), ANs KOTOPOW BblumcnseTcsa K.

lMpoparxunpoBas 3Ty NocneaoBaTenibHOCTb N0 BO3pacTaHUIo nory-
4YMM pAL NOPAOKOBbLIX CTATUCTUK {x;)}, X(1) < X@) < X@3) < Xy , (rAe
i — ynopsAo4YeHHOEe B COOTBETCTBUU C BO3PAaCTAHWEM 3HAYEHUE X).
Bbluncnum yactnyHble cyMmmbl 3TOro psiga

5= (3.1)
k=1
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B paHHOM cnydyae 3HayeHus S; npeacTaBnsioT cobor HakonseH-
HYI0 CYTOYHYH A0ObIMy i CkBaMWH. [MocnegoBaTtenbHble 3HAYeHus
OTHOLLEHUI S;/.S, 06pasytoT KpuByto JTopeHua. MNnowaab Noa KprBeoi
JlopeHua ecTb cymma

c_1xg
S =425,

noj=1

KoadhpuuymneHT [KnHM BbluMCASEeTCA Kak
K;=1--—-3"5,. 3.2)

3aBncmMMOcCTb (3.2) NO3BONSIET NPOM3BOAUTL PacyeT KO3hPULMEH-
Ta [KMHU 1 Ha pa3nuyHbIX 3Tanax pa3paboTkM MECTOPOXOEHWI, N B
npegenax rpynn CKBaXkvH, 060OPyAOBaHHbIX OAHOTUMHBIM HACOCHO-
cunosbiM 060pyaoBaHMEM.

PaccmoTprM BO3MOXHOCTb MpuUMeHeHUs koadduumneHta [HxuHu
ONnsa oueHkn 3dhPEeKTMBHOCTM paboTbl OTAENbHbIX FPYMN CKBaXWH,
00beaAMHEHHbIX MO KakoMy-nnMbo obLiemy nNpu3Haky, B npegenax og-
Horo HedTenobbIBaOLWEro NPeanpUATUS.

B kayecTBe npumepa paccMoTpuMm pacrnpegeneHne CyTouHbIX ge-
butoB HedTepobbiBarowmx ckBaxuH B CI «Batonn» B npeaenax
€[IMHWUYHOrO Lexa.

Llex HedpTegobbIBatoLero npeanpuaTma «BaToln» nvmeeT 6onee
500 pobbiBalOWMX CKBaXMH, OOBEAMHEHHbLIX B <«KYCTb» N0 5-—
15 ckBaxuH. B Kaxgom «kycTe» eCTb CKBaXuHbl, 060pydOBaHHbIE
KaK LTaHroBbiMU rnyGuHHbIMKM Hacocamu (LUMH), Tak n anekTpo-
ueHTpobexHbiMn Hacocamu (3BLH). YacTtb ckBaxknH npocTtamMBaeT no
npuynHam obCnyXMBaHUS WM  PEMOHTA, YacTb paboTaeT B
nepnoan4yeckoM pexumMme 13-3a HeOCTaTOYHOro MPUTOKa XXMUAKOCTMU.

[ns pelleHns NOCTaBNEHHOW 3adayn OLEHKM TEXHUYECKOro COo-
CTOSIHMA BCero hoHAa CKBa>KUH HaMu UCMNOMb30BanncChb AaHHbIE WH-
¢dopmMaynNoOHHO-U3MEPUTESNBHON CUCTEMbI, PETUCTPUPYIOLLEN B aBTO-
MaTU4YECKOM peXnme CyTouHble AebUTbl BCeX A0ObIBAOLLMX CKBAXNH.
PesynbTaThl NEpBOro atana pac4eToB NPeACcTaBneHbl Ha puc. 3.2, a, 6.

Ons ckBaxuH, obopygoBaHHbix LWIMH, koadbduumneHT OknHu co-
craensieT 0,768, B To Bpems kak ana ALH — 0,513. Nogob6Hble 3Ha-
YEeHMS yKasblBalOT Ha BeCbMa BbICOKYIO CTEMEHb HEPABHOMEPHOCTM
YCNOBMWI 9KCMNyaTauum HaCOCHO-CUNOBOro 06opyaoBaHus npu pabo-
T€ pasnuyHbIX CKBaXWH, 0cobeHHO obopypoBaHHbix LUMH. Kpome
TOro, aKcnnyataumsi ManofgebuTHbIX CKBaXkKMH NPUBOOUT K yBENMYe-
HUIO YAENbHbLIX 3aTpaT Ha UX 0BCNYyXNBaAHWE, PEMOHT, onnaTty 3Jek-
TPOSHepruu, Ha 3apaboTHyl nnaTty nNepcoHany u T.0., YTO B KOHEY-
HOM MTOre NPMBOOUT K POCTY 06LMX 3aTpaT Ha Aobblyy HedTw.
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Puc. 3.2. Kpusas JlopeHua ans poHaa CKBaXkuH:
a — obopynoBaHHbIx JLH; 6 — o6opynoBaHHbIx LLUMH

Takum 06pasom, UCNONb30BaHME TAKOMO MHTErpasnbHOro napameT-
pa, Kak KoappnumneHT [HKUHU, NO3BONSET KONMMYECTBEHHO OXapaKTe-
pu3oBaTb TEXHONOIMYECKY0 3PEKTMBHOCTL (hoHAa AOObIBAKOLLMX
CKBaXXVH MecTopoxaeHus. [pemmMyLyectBa Takoro nogxoga COCTOAT
B TOM, YTO HE3aBUCUMO OT MHOXECTBA KOHKPETHbIX YCMOBUA N OCO-
OeHHOCTEN MecTopoXaeHust ero achEKTMBHOCTb XapaKTepUayeTcsi C
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MOMOLLbIO BCETO NULLIb O4HON BENNYUHBLI — 0606LLEeHHOrO KO3adhdunLm-
eHTa. Tem cambiM obecneydmBaeTcs yHMBEPCANbHOCTL 4AaHHOIo napa-
MeTpa 1 BO3MOXHOCTb CpaBHEHUSA (HOHAOB CKBAXXMH PasfnnyHbIX Me-
CTOPOXAEHNNA.

Ha BenuuuHy koagpduumeHta [DKMHUM BAUAIOT MHOXECTBO dhak-
TOpPOB — pa3bpoc NpMPOOHO-KIUMATUYECKUX YCIOBUMA, CTEMEHD Bbl-
paboTku 3anacoB HedTH, ABWXKEHNE (DOHOA CKBaXXWH, BBOA B 9KC-
nnyaTayuio NpocTamBatoLLMX U HOBbIX CKBAXWH, YNCIIO PEMOHTUPYE-
MbIX 06bekToB M T.N. Mo3TOMY B OnpederieHHOW CTEeneHu Bce 3Tu
aKTopbl Y4UTBIBAKOTCA U KONMMYECTBEHHO OLEHMBAKOTCS C MOMOLLbIO
KoatbpmumeHTa [HKuHu.

PaccmoTpym B kadyecTBe npumepa Ucnonb3oBaHne aHHOro napa-
MeTpa npu onpegeneHnn onTuMarneHOro konudectsa HedTenoObI-
BalOLLIMX CKBa>KUH.

Bbilwe oTmevanock, 4TO aKcnnyatauusa ManogebuTHbIX CKBaXKWH
NpMBOAUT K POCTy oOWux 3aTpaTt Ha gobblvy HedTw. NosTomy Ha-
npawmBaeTcs HeOOXOAMMOCTb OLEHKU ONTMManbHOro ¢oHaa gobbi-
BAOLLUNX CKBAXMH, MMHMMMU3NPYOLWMX obwue 3atpaTbl Ha O06bluy
HedTH.

Mycts N — uncno AencTBYOWNX CKBaXWH, C — yaAenbHble pacxo-
[bl, CBA3aHHbIE C 3KCnnyaTalmern oqHON CKBaXUHbI (NpegnonaraeTcs
C = const), S — cTOMMOCTb eauHuLbl Npoaykuun (0OBOAHEHHON
HedTn). Toraa Nnpubbine NpeanpuATUSa onpeaenseTcs COOTHOLLEHVEM

1 = Si Q, - CN, (3.3)

i=1

roe Q;— Aebur i-i ckBaxuHbl. OnTuMansHoe Yncno N cOoTBETCTBYET
ycnosuto /7 — max.

PacueTbl npoBoaMnMCb pasdenibHO Afsi CKBaXXMH C Hacocamm
WIMH v 3UH. Yncno N 3apgaBanocb nocriegoBaTeNnbHbIM UCKIHOYe-
HMEM 4acCTW CKBaXXWH C ManbiMy gebutamu. PesynbTaTtbl pacyeToB
npeacTtasneHbl Ha puc. 3.3.

AHanns3 nony4veHHbIX pe3ynbTaToB NoKasbliBaeT, YTO MakcMMarb-
Hast npubbinb CI1 «BaTtonn» gocturaetca B TOM criyyae, Korga Ko-
acpomumeHT [knHn Ons paccmatpyBaeMblX Fpynn CKBaXXMH Haxo-
autesa B ananasoHe 0,35-0,45.

MeToauka pacyeTa He yunTbiBaeT 3aTpaT Ha KOHCEPBALNIO HEPEH-
TabenbHbIX CKBaXXMH, O4HAKO B LIENIOM XapakTep 3aBMCMMOCTU Mpu
ydeTe AaHHOro hakTopa He U3MEHUTCS, XOTS1 HECKOSbKO YBENMMYUTCS
onTuManbHoe 3HadeHue 4yucna N.

OueBnaHoO, YTO KOHCEepBaLMS HepeHTabenbHbIX CKBaXXWH He SIBNSI-
€TCA €AMHCTBEHHBIM METOAOM YBENMYEHUS YOENbHOW MpubbInm (m
cHmxeHusa K;). K Tem xe pesynbtatam npuBeaeT NepeBos HEpPeHTa-
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a — CKBaXWHbI, 06opyaoBaHHble SLH; 6 — ckBaxuHbI, 060pyaoBaHHble LUMH

Koayppuuuenm Jucunu

Koappuuuenm /rcunu

oT



66000 0,86
=
2 64000 E 0,84 §
= ‘?‘ 1 2
§ 62000 0,823
I S
= P S
< 60000 - 0,80 3
S 58000 - 0,783
< =
56000 . . 0,76
2306 13.07 0208 2208 1109 0110 2110

Hama

Puc. 3.4. [InHamuka COBOKYNMHOW CYTOYHOM A00ObIMM U KkoaddmumeHTa [KuHM BO
BPEMEHU

OenbHbIX CKBaXWH B POHA HarHeTaTeNbHbIX, NPUMEHEHne uranye-
CKUX MEeTOOO0B BO3OENCTBMA Ha nNnacT v 17.4. B atom cnyyae namenHe-
HWe BenMYMHbI K; MOXHO TpakToBaTh Kak nokasaTernb 3pdeKTMBHO-
CTM MeTo[a BO3OEeNCTBMA Ha nnacrT.

Ha puc. 3.4 npeacraeneHa anHammka koadpcuumneHta [xuHn Bo
BpemeHu ansa Bcex 510 gobbiatowmx ckBaxuH (LUMH n SLH).

OT4YETNUBO MPOCNEXMBAETCA TEHOEHLMS K CHVDKEHUIO OAHHOro
nokasarens, T.e. Nponcxoant HebormnbLLOe, HO YCTOMYMBOE BbipaBHU-
BaHWe BKMagoOB CKBaXKWH B CyMMapHyt gobblvy. bonee getanbHoe
n3y4eHune nokasbiBaeT, YTO 3TO ABMSAETCH CNeACcTBMEM BBOAA B (DOHA
OencTByLWNX psaa paHee NpoCTaMBaBLUMX CKBaXWH, UMEIOLNX No-
aToMy Oornee BbICOKWI NPUTOK XXMakocTn. Ha Tom e rpadmke npu-
Be[EeHa 3aBUCUMOCTb OT BpeMeHU 00LLel 400bIYM XKUOKOCTM NO AaH-
HOMY LieXy, KOTopasl HECKONbKO BO3pacTaeT 3a paccMaTpvBaeMbii
npomexyTok BpemeHu (100 cyT). MNpencraBnser MHTEpec BecbMa
TeCHasi oTpuuaTenbHas KoppensaunoHHasa CBa3b Mexay obLen Aobbi-
yYein n koadpcuumeHTom [xnHu, pocturarowas —0,875, Hanuyune Ko-
TOPOW MOXHO TPaKTOBaTb Kak AOMNOMHUTENBHOE NOATBEPKAEHNE Lie-
necoobpasHocTu KoHTponst K, kak 0600LeHHoro napameTpa, no3Bo-
nALero NPoBoAUTbL onepaTuUBHbIE OLEHKN 3((EKTMBHOCTU OENCT-
BytoLero ooHaa AOObIBaOLLMX CKBaXKUH.



3.2. PABPABOTKA METOAOB OMNTUMAJIbHOIO
MNAHUPOBAHUA MEPOMNPUATUN

MO OBCIYXUBAHUIO HE®TEITA3OBOIO
OBOPYOOBAHUA

OTKasbl TEXHONOrM4Yeckoro obopyaoBaHWs, ero pEMOHT 1 3aMeHa
NpvBOAAT K PUHAHCOBbLIM yObITKaM BCNeACTBUE 3aTpaT HA BOCCTaHO-
BUTENbHbIE PabOoTbl M YMEHbLUEHNS] 0OBEMOB LOOLITON MPOAYKLMM.

MHdopMaLMoHHO-N3MepUTerNbHbIE CUCTEMbI MO3BOMNAKOT HEMe-
NEeHHO ycTaHaBnuBaTtb hakT oTkasa. OgHako Oonblune paccTosiHuSA,
peakasi ceTka [OpOr, OrpaHMYeHHOCTb 3anacoB PEMOHTHbIX 6a3 1
npoyne pakTopbl HE NO3BONAT MIHOBEHHO NMKBMAMPOBATb OTKa3bl
060opyaoBaHus, YTO MPUMBOAMUT KaK K obLieMy YyMEHbLUEHUIO YPOBHS
HadEeXHOCTU, TaK U K (OMHAHCOBbIM MOTEPSAM 3a CYET HeJOMOCTaBOK
npoaykuun. B cBA3n ¢ aTUM, NpeacTaBnseTcsa akTyarnbHbIM peLleHne
3aJaun onNTMMu3aunmM CpoKoB N OO EMOB PEMOHTHBIX paboT 1 3aMeH
o6opynoBaHus.

B yacTtHoCTW, onTuMmn3auusa npoBegeHnst NponNakTUYeCcKnx pe-
MOHTHbIX MEPOMPUATUI NO3BONSET CHU3UTb Kak 3aTtpaTbl HA NpoBe-
JEeHVe camoro MeponpusaTus, Tak U UX Y1cho.

Mpu BbIBOpE MOMEHTa Havana peMOHTHbLIX MePONPUATUA HEOBXO-
OMMO YYUTbIBaTb CTOMMOCTHbIE XapaKTEPUCTUKWU, Takue, Kak CTou-
MOCTb 3JIEKTPO3HEPrUN, NOTPEeONAeMyt0 NPMBOAOM, 3aTpaThl Ha pe-
MOHT MU CTOMMOCTb AO0bITON NPOaYKUUN.

B cBs3n ¢ 3TMM 0CoOy0 BaXXHOCTb MpMobpeTarnT BOMPOCHI Mpo-
rHO3MPOBaHMWA 3aTpaT Ha codepkaHne HeobXxoaUMOro YpoBHSA Hadex-
HoCTU N Be3onacHocTM 06bEKTOB HedhTerazoaobblun B KOMMEKCe ¢
peLLeHneM 3ada4n MOBbILLEHUSA PpeHTAabenbHOCTN NPOU3BOACTBA.

HaHHbI pa3gen nocesweH Bonpocam pa3paboTku cTpaterni pe-
MOHTOB M 3aMEH TEXHOJIOMMYECKOro HedpTerasoBoro o6opyaoBaHus,
NO3BOMSAOLWNX MUHUMU3MPOBATL 3aTpaTbl HA 06CnyXMBaHWe obopy-
[OBaHWs, HEe CHWKas HeODXOAMMbIN YPOBEHb HAAEXHOCTU U Mpo-
MbILLEHHON Ge3onacHoCTu.

3.2.1. OMNPEAENEHUE OMTUMAIbHbIX CPOKOB NMPOBEAEHUA
PEMOHTHbIX MEPOMPUATUX MOA3EMHOIO OEOPYOOBAHUS
HE®TErA3000BbLIYN

Kak 6bIno yxe nokasaHo B NepBoii rnaBse, CHKeHne Aebuta Hed-
TenoGblBaloLLein CKBaXKMHbl SIBNSieTcs Haubonee MHMOPMATUBHBLIM
nokasaTerniem, caMbiM HernocpeacTBEHHbIM 00pa3oM XapakTepuayto-
MM NPOLIECC BO3HMKHOBEHUSI U pa3BUTUA AedekTa.

AHanus nHcopMaLnoHHbIX 6a3 AaHHbIX aBTOMATU3NPOBAHHbLIX VH-
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dopMaLMOHHO-U3MePUTENbHBIX cUCTEM nokasan (pasgen 1.3), yTo
57 % BCcex ono3HaHHbIX AedEKTOB HACOCHO-CUIIOBOro 060pya0BaHMS
COMNpOBOXOAeTCsl BO3HNMKHOBEHNEM TPEHAOB Aebuta CKBaXuHbI, a Xa-
pakTepHbIMX BPEMEHaMM MOSTHOrO pas3BuTUsS gedekta aBnseTcs H-
TepBan Bpemenun o 90 cyr.

B cny4yae, ecnv noteHumanbHas aBapusi TEXHONOrMYeCKoro obo-
PYLOBaHUA He YrpoXaeT 3KONOrMyeckom Katactpodoun, CTaHOBUTCA
aKkTyanbHOM nNpobnema onTUMMU3aLMn BpeEMEHM Hayana npoBeneHus
PEMOHTHbIX paboT.

Tem cambIM peluaeTcsi KOMNPOMUCCHas 3agada — obopygoBaHune
paboTaeT eLle HEKOTOPOE BpeMS nocne obHapyxeHusa gedekra, He-
CKOJbKO YMeHbLUast 0bLLMIA ypOBEHb HAAEXHOCTU, HO A00bITas (NycTb
W B MEHbLUMX KOMMYeCTBax) 3a 3TOT nepuon HedTb YaCTUYHO KOM-
NEHCUPYET YObITKN OT BbIHY)XXAEHHOrO NPOCTOS CKBaXKUHbBI B MEPUOA
npoBedeHNs1 PEMOHTHbIX paboT.

B camom gene, npoBegeHne peMOHTHbIX paboT HENOCPEACTBEHHO
nocrne obHapyxeHus passuBatoLlerocs gedekra HelenecoobpasHo,
nockonbKy obopyaoBaHue elle He MONHOCTbIO BblpaboTarno pecypc, a
3amMeHa ero HoBbIM TPeOYET 3HaunTenbHbIX 3aTpaT. C gpyron cTopo-
Hbl, 3KcnnyaTauus o0OpyooBaHUS C pasBUBAOWMMCH AedEKTOM
NPVBOANT K CHVIKEHWIO MPUBbLINM u3-3a yMeHbLUeHus o0blun Hed-
1. Kpome TOro, yGbITOMEH U MPOCTOW CKBaXXMHbI B TEYEHNE BOCCTa-
HOBUTENbHbIX paboT. Taknum obpasom, Heob6xoaNMO peLlnTbL MHOro-
KpUTepuanbHylo ONTUMU3ALMOHHYIO 3aJady — onpeaenuTb MOMEHT
Hayana pemoHTHbIX paboT, npu KoTopoMm yuwepb npeanpustus ot
yMeHbLUEHNs Jobblun HepTn BygeT MMHUMAaneH.

Mpun peweHun aton 3agaym bygem npegnonaraTtb, YTO MOMEHT Ha-
Yana nageHus gebuTta cKkBaXuHbl N3-3a BO3HMKHOBEHMS AedekTa Jo-
NOAJSIMHHO YCTaHOBIEH, a yuwepb npeanpusaTue HeceT TONbKO BCnea-
CTBWE YNYLLEHHON BbIroAbl (CHWXKeHME obbema [00bITON HedTH).

BpemeHHoW psig namepeHuii 4ebuTtoB Q; CKBaXWMHbI NpU ecTecT-
BEHHOM CHWXeHUn gebuta npeacTaBnsieTcd Kak CymMMa 3Ha4YeHuwn
MeOeHHO namMeHsLwencs yHkunin Q(Z;) n cryYyanHon cocTaBnsto-
wen &; ¢ HopMasnbHbIM 3aKOHOM pacnpeneneHnst U HyneBbIM CPEaHUM

(ME] = 0):
Qi= Q) +§&. (3.4)

Mpy BO3HWKHOBEHUW TOTO WM MHOTO <«MeAsIeHHOro» AedekTa,
COMpoBOXAatoLLerocss UsmMeHeHMeM AebuTa, pes3ko yBenMumBaeTcs
3KCTPanoNsiMOHHas ownbKa, KONMYECTBEHHOE 3HayYeHWe KOTOPOW
OLIeHMBaETCA BENUYMHOM AMCMepcun afekBaTHOCTU

o2, = i(Q,» ~Q), (3.5)

n—24<
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roe n — obbem BbIGOPKM AaHHbIX MO Aebutam; Q; — dakTnyeckue
OaHHble n3amepeHusa gebuta; Q; — pacdeTHble 3HayeHus gebuta.

370 nNpmBOAUT K HEOBXOoOAMMOCTM 3aMeHbl OLHOW annpoKCUMU-
pyloLien yHKLMM Ha Opyryto, 4TO MOXET camo no cebe cnyxuTb
WHOMKaTOPOM BO3HUKHOBEHUS AedekTa.

VMcnonb3oBaHue pa3paboTaHHbix B pa3gene 1.3 meTodoB onpeae-
neHvs mMopenen N3MeHeHWs NPOM3BOANTENbHOCTU CKBaXXWHbI OMNTK-
MaInbHOW CMOXHOCTU U CTAaTUCTUYECKUIA aHanu3 no aebutam HedTe-
pobbiBatowmnx ckBaxuH Cl1 «Batonn» 3a 5 neT akcnnyataumm npo-
MbIcnoBoi cuctembl «CkaT-95» nokasan, 4To npu HOpManbHOM
PYHKLMOHNPOBaHMN 060OpYyAOBaHMSA (HaMu UCNonb30Bascs BpeMeH-
HoW nHTepsan 60 cyT go nosBreHus gedekta) dpyHkunsa Q) ans
BCEX CKBaXXVH SIBMAETCS NMUHENHON, T.€.

Q(t) = Qu(1 + Ap). (3.6)

KoadbdbuuymneHtel Qp n A nHanBuayanbHbl ANs KaXO0W CKBaXMWHbI,
npuyem oba kos3dhPUUNEHTA MOTYT U3MEHATCHA MOCMe NpoBeAeHUs
NpoUNaKTUYECKOro peMoHTa nnu obcnyxmeanus. beino takke yc-
TaHOBIIEHO, YTO CNy4valiHas cocTaBnstowasn aebura &; 4enCTBUTENBHO
OonuncbiBaeTca HOpMarnbHbIM 3aKOHOM pacnpegeneHunsa. Oucnepcus
3HaveHu c[&] Takke uHauBMAyanbHa ONA KaxOoW CKBaXWHbI, Npu-
yem B OOnbLUMHCTBE CrydYaeB Habntogaetcsa obpaTHO-NPONopUuo-
HanbHasi ee 3aBMCMMOCTb OT Aebuta Qy:

5~ 1/Q,. (3.7)

AHanus gnHamukn gebuTos nocne nposesneHns gedekra obopy-
[0BaHWs MNO3BOMWI YCTaHOBUTb, 4YTO yHKUMA Q(f;) cTaHoBMUTCA
BLINYKNOMA, T.e. d>Q/dt* < 0.

YpaBHeHue (3.6) npeBpallaeTcs B KBaApaTU4HYHO 3aBUCUMOCTb
Buga (puc. 3.5)

Q(t) = Qu(1 + Bt + CP), (3.8)

roe A, B, C — amnupuyeckne KoappuumneHToi.

Mpn atom koadppuumeHT C Bcerga meHblle Hynd. KosdduuneH-
Tl B n C (onucbiBalowmne TeMn CHWXKeHUs aebuTa) BapbuUpyoTcs B
3aBMCMMOCTM OT Buaa pAedoekta.

BbiGop BUOOB 3aBMCMMOCTEN U OnpefeneHne nx napameTpoB npo-
N3BOOUIICA HAaMK B MOMTHOM COOTBETCTBMM C MOSNyYEHHbIMM B pasgene
1.3 pekomeHgaumamMmn No BeIBOPY Mogenu NpoLeccoB ONTUMAarbHOM
CTENeHU CrOXHOCTMU.

PaccmoTpum pelueHme nocTtaBneHHoW 3agaqm onTumMmM3anumn cpo-
KOB MPOBEAEHUSA PEMOHTHbIX paboT B NPeANONOKEHUN, YTO OYHKLUS,
onucbiBaroLwas CHmkeHne gebuta Q(t) CKBaXMHbI yxxe onpegeneHa un
napamMeTpr3nMpoBaHa.
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MpumeM 3a Ha4ano oTcyeTa BpeMeHu ¢ = 0 MOMEHT Havana CHu-
XeHust gebuta. Mpubbinb NpeanpuaTvs, noslyyaemasi npu sKcniya-
Tauun CKBaXWHbI B 3TOT nepuop, onpeaenseTcs A0Xo40M OT npoja-
XM MpoaykTa

Tpab
C=c [ Qyd, (3.9)
0
3a Bbl4ETOM CTOMMOCTM OOCNyXunBaHusl (pemoHTa) obopyaoBaHus
CKBaXMUHbl Cpew W 3MEKTPO3HEPrun Cyn = cnPt. B dpopmyne (3.9)
Tpas — 3TO MCKOMOE BPEMS Hayana peMoHTa, ¢ — CTOMMOCTb €4UHULIbI
obbema NpoayKTa, ¢,y — Tapud Ha SNEKTPOSHEPTUIO, P — MOLLHOCTb
NPVMBOAHOrO ABUraTens CKBaXXMHHOro Hacoca.
Mpumem Takke, YTO BpeMs, 3aTpadnBaemMoe Ha PEMOHTHbLIE MepO-
NPUATUA COCTABRSAET Tyew (ONPEOENANach No pekoMmeHJauuam pasgena
1.3). Torga ygenbHasa npubbinb S onpegenntbes Kak

Tpab

9 j Q(I)dt _CpCM _Csnp‘rpaﬁ
S(Tpas) = —2 , (3.10)

Tpa6 T Tpem

r0€ Tpas T Tpem — MPOOOIMKUTENBHOCTL LIMKNA 3KCMNyaTaumm obopyno-
BaHUs.

Ha puc. 3.6 rpacdudeckn npeacrtaBneH BMA 3TOW 3aBUCUMOCTU B
BuAe PYHKLMKN OBYX NEPEMEHHBIX — Tpas U Tpew

Onpegensas akcTpemyM dyHkuuoHana (3.10), nonyyunm

[CQ(Tpaﬁ) - CSIIP:| (Tpa() + Tpcm) -

Tpab

— [ Qydt+C,,, +c,,Pr

0

=0 (3.11)

pab

Mnmtzc y4yeTtoM KBagpaTtudHou 3asucumoctu Q(t) = Q¢(1 + Bt +
+ Ct):

|:CQ0 (1+ Bryy + i) - caﬂp] (Tt + Ty ) =

B> cd
pab pab
—cQ, Tpus + —2 + —3 + CpeM +c,, Pt

0. (3.12)

pab =

Puc. 3.5. lIunamuka cyTo4HOro geburta npu passutum pasnuyHbix AedeKToB:
& — W3HOC OpraHoB Hacoca; 61 B — 3aCOPEHUE OPraHOB HAacoca MeXaHUYECKUMM NpUMe-
csmMu
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YpaBHeHue (3.12) npeacrtasnseT cobon anrebpanyeckoe ypaBHe-
HVe TpeTbel CTeneHN OTHOCUTENIbHO UCKOMOTO PELLEHUS Tpag, KOTO-
poe MoxeT ObiTb BbluMcneHo no popmynam KapgaHo.

B kayecTBe npumepa npoBegem pacdeTbl MO BPEMEHHOMY psaay,
npeacraBneHHomy Ha puc. 3.5, 6. DyHKUUSA CHUXEHMS pacxoda ume-
eT Bug

Q(t) = 40(1 + 0,00017¢ — 0,0011¢%),
rae Qo = 40 M*/ cyT; B = 0,00017 m*/ cyt* C = 0,0011 M’/ cyT.

Puc. 3.7. 3aBMCUMOCTM CPOKOB PEMOHTa OT €ro ANMTENLHOCTM M CTOMMOCTU [Anst
ckBaXuH ¢ nebutom 40 M*/ cyT (&) u 130 M*/ cyT (6)
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Mpumem, yto MowHocTb ABuratena P = 50 kBT, ueHa npoaykta
€ yyeTom obBogHeHHocTM ¢ = 1000 py6/ v, cn= 0,3 py6/ kBT-4 (no
naHHbiM Cl1 «Batonn» Ha 2001 r.).

Ha puc. 3.7, a, 6 npuBeneHbl paccuntTaHHble 3aBMCUMOCTU OMNTU-
ManbHOro 3HaYeHNs BpeMeHN OCTaTOYHOrO Pecypca Tpas OT CTOMMO-
CTW PEMOHTHbIX MepPOnpUATUA Chew U ONMUTENBHOCTU PEMOHTA Tpe..
M3 rpadmkoB crnegyet, 4TO MpU ANMTENBHOCTM PEMOHTHBLIX paboT
fonee 2 cyT, onTMManbHOE BpeMsl Havyana BOCCTaHOBUTENbHbLIX paboT
NPakTUYeCKN He 3aBUCUT OT MX CTOMMOCTU, OCOBEHHO ONS BbICOKO-
[0EeOUTHBIX CKBaXWH.

AHanornyHble pac4eTbl, NPOBEAEHHbIE N1 CKBAXXWH C pa3fnyHbIM
nebutom g, Nokasanu, YTO BbICOKOOEOUTHbIE CKBaXMHbI TPebytoT
HanbonbLUen onepaTUBHOCTUN, OCOOEHHO, ECITN TEMI CHIDKEHUSA e0u-
Ta Bbicok. O606LeHne pe3ynbTaToB pacyeToB And 15 ckBakuH no-
3BOMMIIO cAenaTh BbIBOA, YTO CKOPOCTb MOMNOMHEHWs 6a3bl JaHHbIX MO
nebutam CkBakuH, ukcupyemasi MHOpMaLNOHHO-U3MEPUTENBbHOM
cuctemon «Ckart-95», nos3BonseT CBOEBPEMEHHO YCTaHaBNMBaTb
daKTbl HANNYUA pasBMBaOLMXCA Ae(EKTOB M Ha 9TOW OCHOBE Bblaa-
BaTb 0GOCHOBaHHLIE PEKOMEHAALMUN MO CPOKaM Hayana PeMOHTHbIX
pabor.

PacueThbl, npuBefeHHbIE C y4eTOM HapaboTKn HAaCOCHOro obopyno-
BaHUSA Ha OTKa3, mokKasanu, YTO Npu YCMOBWUW BbINOMHEHNS AaHHbIX
pekomMeHdauui yaenbHas npubbinb HedTegobbIBaloOLWeEro npeanpu-
TS Bo3pacTaeT Ha 57 %.

Takum o6pa3om, NonyveHHble pe3ynbTaTbl MOXHO UCMONb30BaTh B
KayecTBe METOAMKU, NO3BOJAOLLEN ONEepaTUBHO ONpeaensaTb CPOKU
npoBeAeHNs1 PEMOHTHbIX paboT, B 3aBMCMMOCTU OT TEMMOB NageHus
nebnta KOHKPETHbIX CKBaXXMH, BbI3BAHHOIO Pa3BUBAOLLENCS Heuc-
NPaBHOCTbID HACOCHO-CMITOBOro 06opyaoBaHuS.

3.2.2. NPUMEHEHME METOOOB MMUTALIMOHHOIO MOAESIMPOBAHUA
OnA ONPEAENIEHNSA ONTUMAJIbHOW NMEPUOOUYHOCTU
OBCJTYKMBAHUA HE®TEFASOTPAHCIIOPTHOIO OBOPYOOBAHUA

OHepreTuyeckne arperarbl, IPUMEHsSIEMbIE B ra3oHedTeTpaHcnopTe
(F'TIA, HedTAHbIE M HarHeTaTenbHbIE HACOChl, TpaHCOpPMaTOpPHbIE
noAcTaHuumM n np.) — BeCbMa AOPOrocTosiliee obopynoBaHue ¢ He-
NpepbIBHBIM LUKNOM paboTbl. [ToaToMy npoBegeHNE NPOMbILLIIEHHBIX
9KCMEPVMEHTOB C Lefblo onpeaernieHns ux nokasarenen HagexHocTu
Ha peanbHOM 060pyAOBaHMUN ABNSETCSA HEXenaTenbHbIM MepPonpUsTy-
eM. Bmecte ¢ Tem Takue nokasaTenu HeobxoouMMbl ONsi NPOrHO-
31MpOBaHNS aBapUHbIX OTKA30B, ONTMMMU3aLMM CPOKOB U HOMEHKa-
TYpbl PEMOHTHbIX paboT, onpegeneHus NepMOgMYHOCTM NIAHOBbLIX
PEMOHTOB U T.4.

172



B naHHOM pasfgene npegnaraetcs ucnonb3oaHve metoga MoHTe-
Kapno ans vMMTauMOHHOrO MOAENVPOBAHWUS aBapUHbBIX OTKA30B
aHepreTu4eckoro obopygoBaHus. 3TOT MeTOA NO3BONAET NPON3BECTU
pacyeTbl HEKOTOPbIX XapakTEPUCTUK WX HAOEXHOCTU U MPUMEHUM
ans onpegeneHns onTUManbHOW NEPUOANYHOCTM KanuTanbHbIX pe-
MOHTOB.

B kauecTBe npumepa Ons pac4eToB BO3bMEM rasonepekaynsaro-
WM arperaTt, CTOMMOCTb PEMOHTOB KOTOPOrO BbICOKA.

MMpuHATaa ana pacyeToB MoAenb UMEET CreayoLyo CTPYKTYpY.

Mpegnonoxum, 4yto MIA cocTtonT n3 N 3aneMeHTOoB, AN KaXO0ro
N3 KOTOPbIX MOXHO ONpeaennTb MHTerpanbHyto yHKUMIO pacnpee-
neHust BpeMeHn HapaboTkm Ha oTka3d Fi(¢), 1 < i < N. ABapwuiiHbli
OoTKa3 arperarta cuMtTaeTcd npousoLllewMm npu Bbixode U3 CTpos
X0Ts 6bl 0QHOro anemMeHTa (Npu Ux NOCNefoBaTENbHOM COEANHEHNM,
[3]). Mocne aBapwuiiHOro OTKasza MNPOM3BOAUTCS PEMOHT, KOTOPbI
MOMHOCTBIO UMM YacTUYHO BOCCTaHaBNUBaET Pecypc OTKasaBLUEro
anemeHTa [MA. CyliecTByeT Takke BO3MOXHOCTb OCYLLECTBMNEHMS
nnaHoBO-nNpeaynpeauTenbHbIX PEMOHTOB OAHOrO WM HECKOMNbKUX
3NEMEHTOB, a Takke TeX U3 KanutasnbHbIX PEMOHTOB, NPWU KOTOPbIX
pecypc 'MA BoccTaHaBnMBaeTcsa NONHOCTLIO. B pamkax paccmaTpu-
BaeMoOn mMogenu ANUTENbHOCTb PEMOHTHBIX paboT He yuuTbiBaeTcs
(F'TTA octaHoBnEH 1 HapaboTKa 3NIEMEHTOB HE yBENMYMBAETCH), NO-
3TOMY MpeanonaraeTcs, YTO TOT rNoka3aTesnb paBeH HYIH.

[ns npoBeaeHna pacyeToB HEOOXOAMMO 3HATL BUA U NapameTpbl
3aKOHOB pacnpegeneHus Fi(t), koTopble MOryT OblTb NOMy4YeHbl M3
aHanusa CTaTUCTUYECKMX JaHHbIX Mo aBapuiHbiM oTkasam [TIA. Pe-
3ynbTaTbl TAKOro PeTPOCMNEKTUBHOIO aHanunsa, NpoBeAEeHHOro Mo AaH-
HbIM MPOMBILLSIEHHON 3KCMyaTaumm ogHoro u3 nogpasgenenun Arl
«bawTpaHcras», npusedeHbl Ha puc. 3.8.

IMA paHHoro npegnpusatvia Tuna N'MK-10 mmenu o6yt Hapa-
©0TKy B cpegHem okono 120 Teic. 4 Ha arperat. U3 puc. 3.8, 6 cnepny-
€T, YTO HayanbHbIA Y4aCTOK JKCMyaTaymmn, OTCHUTbIBAEMbIA OT MO-
MeHTa nycka I'TIA nocne KanuTanbHOro peMOoHTa, SABNseTcst Hambonee
OnacHblM B CMbICIIE HEOXMAAHHbIX OTKA30B, YTO XapaKTepHOo Ans
fbonbwnHCTBa TexHuYeckux ycTporctB [3]. OTkasbl Ha HayvanbHOM
yyacTke 3KCnnyaTauuu CBsidaHbl C PasBUTMEM CKPbITbIX Oed)eKTOB
nocrie Heka4yeCTBEHHOr0 PEMOHTa, WX MHTEHCUBHOCTb C TeYEeHUEM
BPEMEHUN JOCTAaTOYHO ObICTPO yObIBaEeT (nepuod npupaboTtku). Haum-
bonee agekBaTHO (PYHKUUSA OTKa30B Ha 3TOM 3dTane 3JKcniyatauuu
IMA onuckiBaeTcsa pacnpeaenerHnem Benbynna npm 0 < a < 1:

F(t)=1-exp [—(m“]; (3.13)
J(@) = ()" exp[-(u)* |, (3.14)
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Puc. 3.8. SkcnepumMeHTanbHble aHHble no oTkasam [TA:

a — Hapabotka [TIA Ha MOMeHT oTkasa; 6 — KpuBasi BEPOATHOCTM OTKasa Npu yBenu-
YeHun HapaboTku. OTcYeT BpeMeHn HapaBGoTkM Ha OTKas MPOM3BOAUTCH CO AHS MNO-
cnepfHero KanutanbHOro pemMoHTa

roe f(t) — NNoTHOCTb pacnpeneneHns BpeMmenn HapaboTkm [TIA Ha
OTKa3; A — MHTEHCUBHOCTb OTKa30B; ¢ — BpeMs akcnnyatauum [MA.
[Mocne okOH4YaHuA nepuoga nNpuMpaboTKM OTKadbl B OCHOBHOM
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NPOUNCXOAAT B pesynbTate dmandeckoro nsHoca anemeHToB [TIA, n
dYHKUMA pacnpedeneHns OTKa3oB B 3TOM Cllyyae COOTBETCTBYET
HOPManbHOMY 3aKOHY.

[na onpegeneHnst HEOOXOANMMOro KONMYECTBA 3NIEMEHTOB, Hapa-
©oTka Ha OTka3 KOTOpbIX OyaeT yuuTbiBaTbCA MOAENbO, HaMmu Obin
npoBefeH CTaTUCTUYECKUI aHanu3 [aHHbIX N0 XapakTepy aBapui.
PesynbTaTthl 9TUX UCCnegoBaHWi NoKasbiBaloT, YTO aBapuitHble OTKa-
3bl MOXHO pa3genutb Ha Tpy Oonblumve rpynnbl — OTKasbl Kamepbl
CropaHusi, oTkasbl MOALUUMHUKOB U POTOPOB M OTKa3bl BCNeaCcTBUE
ocesoro casura ['T1A. lNocnegHwe gse rpynnbl OTHOCATCA K OTKasam
TypbuHHOW yactn TIA n ux MOXHO paccmaTtpuBaTb Kak OTKa3bl
ofHoro chyHKumMoHanbHoro 6noka. Takoe pasgeneHue ygobHo ele u
TeM, YTO NPUYMHbLI, Bbi3blBalOLME OTKa3bl anemeHToB [TIA BHyT-
P KaXXOoW M3 KnaccuMKauMOHHBIX Fpynm, OTHOCUTENbHO He3aBu-
CUMBI.

C y4eTOM paccMOTPEHHbIX 0OCTOSATENBCTB NPY NOCTPOEHWUM MaTe-
mMaTtuyeckon mogenu MA 6bino NPUHATO, YTO arperat COCTOUT U3
OBYX (PYHKLUMOHANbHbLIX 3N1EMEHTOB, KOTOpble MOryT BbIXOOUTL U3
CTPOSi NO HEe3aBMCUMbIM MPUYMHAM, NpUYeM oTka3 Mnboro M3 Hux
NPMBOANT K OCTAHOBKE arperaTta B LeSIoM. YYeT NOBbILLEHHOW UHTEH-
CMBHOCTM OTKa30B B Nepuoa npupaboTkyi NpoBoguncst myTem nocrie-
[oBaTeNbHOro NOAKMYEHUS K peanbHbIM anemeHTam [T1A gononHu-
TENbHOro «PUKTUBHOIO» 3NIEMEHTA, NNIOTHOCTb pacnpeneneHnst oTka-
30B f(£) KOTOPOro onucbIBaeTCs pacnpeaeneHnemM ¢ yobiBaroLwen nH-
TEHCUBHOCTbIO OTKa30B, @ UMEHHO pacnpegeneHnem Beribynna (3.13),
(3.14).

OnucaHHasa maTemaTudeckasi Mogenb Obina peanu3oBaHa B BUAe
KOMMbIOTEPHOW MNporpaMmbl, paboTalrlen No cnegylowemMy anro-
puUTMy.

M3ameHeHne COCTOSIHMS CUCTEMbI MPOCNEXMBANoCb BAOMb OCU
BPEMEHW, pa3deneHHoW Ha Manble paBHble UHTepBanbl At. Obwas
NPOTSKEHHOCTb pacCMaTpPMBAEMOro BPEMEHHOIO NPOMEXyTKa

T = nAt >> T(),

roe T, — maTtemaTnyeckoe oxvaaHue BpemMmeHn HapaboTku Ha oTka3s
Hanbonee HagexHoro ysna [TIA. B pacuyetax npuHumanoce T =
= (100—-500)-T,. nsi KaXxQoro MOMeHTa BPEMEHM ¢; pacCyUTbIBaNm1Ch
yCrnoBHble BEPOATHOCTU F(AYT;) aBapuii ANns BCEX 3MEMEHTOB

F,(T; - F,.(T;
FMKIEF%, (3.15)

roe T; — HapaboTka anemeHTa [TIA K MOMEHTY BpeMEHN ¢;.
C nomoLLblo reHepaTopa cry4variHbiX Yncen BbibpacbiBanoch cny-
yariHoe uncno R, 0 < R < 1, n B cny4ae F(A{T;) > R aneMeHT cuun-
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Tancd BbleALNM U3 CTPoSA U uKcupoBarncs gakT aBapum A, ane-
MEHTa k B MOMEHT BpeMeHH ¢;. [lanbHelillee pa3BuThe CUCTEMbI 3aBU-
CUNo OT BUAA 1 ycnosuin peMoHTOB. Npun 3ameHe HencnpaBHOro ane-
MEHTa HOBbIM BpeMsi HapaboTkn B MOMEHT, CreayoLwuin nocne asa-
pun, NpMHUManock paBHbiM Hymto: Ty = 0. Mpu nNpoBegeHun BocC-
CTaHOBUTENBHOIO PEMOHTA TeKyllee BpeMs HapaboTku T; CHMxanoch
Ha HeKoTopyto 3agaHHyto BenuunHy Ty = T{(1 — p), rae p — koad-
duymneHT BoccTaHoBneHns, 0 < p < 1.

YBenMyeHne MHTEHCUBHOCTU OTKa30B nocrie noboro U3 peMoHTOB
MOTI10 ObITb YY4TEHO NocrnegoBaTeNbHbIM NOAKHOYEHNEM K peanbHOMY
3MNeMeHTy «(UKTUBHOro» anemeHTa, obnagatwuero yHkumern pac-
npeaenenns BpeEMeHU HapaboTku Ha 0TKa3 C yObIBaKLLEN NHTEHCUB-
HOCTbH. «Bpemsa HapaboTku» T,; Takoro yana oTcYMTbIBANocChb ¢ Mo-
MEeHTa aBapuu/ peMoHTa 1 Npu criegytoLlert aBapmun/ peMoHTe OOHyNsI-
noco (B pacyeTe NpuHATO T,y = €At, € — Maroe YUCro).

[ns paccMOTpeHHOW MOAenu He UMEeET 3HAYEeHUA KOHKPETHbLIN
BUA pacnpepeneHuii Fy(t), bonee Toro, aTn pacnpegeneHnus moryT
ObITb 3KCNEPUMEHTANBHbLIMW.

Ocb BpemeHu pasbuBanu Ha UHTepBarbl At C y4€TOM CIeayoLmx
coobpaxeHun. [ins yaoBneTBOPUTENBHON TOYHOCTM pacyeToB HeOO-
XOAMMO, YTODbI LWar N0 BpeMeHU Obin 3HaUYUTENBbHO MEHbLUIE CPEAHErO
BPEMEHMN XU3HWN HauMeHee JOMNroBeYHOro anemMeHTa. AHanma cratu-
CTUKM OTKa30B Kamepbl CropaHusi, aHanornyHbelli NnpuBegeHHOMY Ha
puc. 3.10, 6, nokasbiBaeT, YTO MPU MCKIIOYEHUN U3 PACCMOTPEHMS
0TKa30B, NpoM3oLLeWmnX B nepuog npupaboTku, NIOTHOCTL pacnpe-
JeneHnst OTKa30B OMUCBLIBAETCS HOPMAarbHbIM 3aKOHOM C OLLEHKOW
MaTemaTtmyeckoro oxuganua M (t) = 20 TeiC. 4 n cpegHekBagpaTny-
HbIM OTKIOHEHMEM &1 = 5 ThIC. 4.

[na BTOpOro anemeHTa — PoOTOPOB C MOALUMMHUKOBBLIMU OMnopa-
MW — COOTBETCTBYIOLUMNE BENUYMHBI cOCTaBnaoT My(t) = 25 TbiC. Y 1
oy = 7,5 TbIC. Y. [10 3TON NpUYMHE, a TakKe C y4eTOM MpUemMrnemoin
ONUTENBHOCTM Npolecca pac4deTa, obiio npuHaATo At = 500 . MNapa-
MEeTpbI pacnpeaenexnsi Benbynna Haxogunucb MeTogom KBaHTUIEN,
N VX 3HAYeHWs Npu NPUHATOM macwTabe BpemMeHu At COCTaBnsnm
a=0,12, A = 0,001. CnegyeT oTMeTUTb, YTO NONYYEHHbIE NAapaMeTpbl
pacnpefeneHnii He sIBNSKTCA yHUBepCanbHbIMM U MPUMEHUMbI A1S
KOHKpeTHoro Tuna IMA ¢ 3agaHHbIMU pexxumMamMy Harpysok, 3aBUCAT
OT KayecTBa NPOBOANMbIX PEMOHTHbIX paboT 1 OT obLyen HapaboTku
arperara.

PaccmoTpum nosegeHne mMogenu B nNpocTerlem criyvae:

Puc. 3.9. PacueTHble Benuuubl F(ALlt) u f(t;) ona AByx nocrnegoBatenbHO coeau-
HEHHbIX 31IeMeHTOB (&, 6) U 3aBUCMMOCTU Yuchna aBapuii OT BpeMeHMU ( B)
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1. ArperaTt COCTOMT M3 ABYyX 9NeMeHTOB, obnagaroLmx Hopmarb-
HbIMW pacnpegeneHuamu Fi(t).

2. [pv pemoHTe nocne aBapuy NPOM3BOAMTCH NOIHOE BOCCTAHOB-
neHne pecypca OTKa3aBLUEro afieMeHTa.

3. PEMOHT unu aBapua He NpMBOAUT K YBEMUYEHUIO UHTEHCUB-
HOCTW OTKa30B.

Ha puc. 3.9, a, 6 npeacTasneHbl pacyeTHble BenuunHbl F(ALL) v
A(t;) Ans AByx nocnegoBaTenbHO COeANHEHHbIX 3TEMEHTOB, @ Ha puC.
3.9, B npuBedeHbl 3aBUCMMOCTU YMCna aBapui OT BpemMeHu. Pac4yeThl
nposeaexbl ansa Mi(¢) = 20 Tbic. Y, My(t) = 25 TbIC. 4, 61 = 5 ThIC. Y,
Gy =7,5 TbIC. 4, 0Owee 4ncno nHTepsanos 6000. M3 puc. 3.9, B cne-
AyeT, YTO YNCNO aBapwuii B eAuHWLY BpeMeHW B cpeaHem obpaTHo
nponopLmMoHansLHO MatemaTtuyeckum oxuaanuam 1/ My(t) = 0,05 asa-
pui/ Teic. 4 n 1/ My(¢) = 0,04 aBapwid/ TbiC. u.

ABapun A1 n A2 npeactaBnatoT cobor NOTOKM COOLITUN, KOTO-
pble TaKke XxapakTepusyTcs HEKOTOPbIMU pacnpeaeneHmamm. NoTok
(A1 + A2) ecTb KOMNO3MUMSA ABYX MOTOKOB. AHanMTUYECKU Bblpa-
3UTb pacnpeeneHne NHTEHCUBHOCTU 3TUX NOTOKOB Yepes fi(t) v fo(t)
B o6OlWeM cnyvyae Henb3s, HO M3BECTHO [3], YTO npu LOCTATOYHO
DonbLuon BeIDOpKE pacnpeneneHns OOMmKHbI aCUMNTOTUYECKU NpU-
bnkaTbCa K HOpMarbHbIM.

Ha puc. 3.10 nokasaHbl rMcCTorpamMmmMbl OTHOCUTESNbHBLIX YaCcTOT UH-
TepBaroB Mexay aBapusiMu NepBoro anemeHTa A1, BTOporo anemeHTa
A2 n noboro n3 Hux (A1 + A2). Kak BMaHO M3 guarpamm, Bce pac-
npegenennst 6nmskn K HopMarnbHbIM. OTOT pe3ynbTaT KOCBEHHO yKa-
3bIBAET Ha NPaBUIIbHOCTb PaboTbl anropnTmMa Nporpammbl.

Paccmotpum 6onee cnoxHbin cniyydan. [Nogknioumm nocneposa-
TENbHO C peanbHbIMK anemeHTamn 1 1 2 PUKTUBHBIN 3NIEMEHT, KOTO-
pbii UMEET BbICOKYHO BEPOSATHOCTb BbIMTU M3 CTPOS HEMOCPEACTBEHHO
nocrie Kakoro-To CrOXHOro pemMoHTa, Hanpumep, kanuTtansHoro. Pe-
MOHTbI nocrne asapuii A1 n A2 (Tekywime) He NPUBOOAT K BO3HUKHO-
BEHUIO CKPbITbIX Ae(EKTOB M HE OKa3blBalOT 3aMETHOMO BINSHUSA Ha
cnyyariHyto aBapuio OUKTUBHOIO anemeHTa. [NoctaBum 3agady onpe-
OeneHunst nepuoga BpeMeHu Mexay KanvtanbHbIMU PEMOHTaMM Takum
o6pasom, 4Tobbl ObLlee YMCNO OCTAHOBOK (aBapun U KanpemoHTbI)
ObINI0 MUHUMATBbHBIM.

Ha puc. 3.11 nokasaHbl NpuHATbIE ANA pacyeToB pacnpenene-
HWS1 — HOpPMasbHbIE AN y4YeTa CTapeHUsl SNEMEHTOB C NapameTpamu
Mi(t) = 20 Tbic. 4, My(t) = 25 TbIC. 4, 6 = 5 TbIC. 4, G3 = 7,5 TbIC. 4
n pacnpegenenusa Benbynna npy o = 0,12 n A = 0,001. Ha puc. 3.12

Puc. 3.10. lucrorpammbl pacnpefeneHnss 4actoT WHTepBarioB MeXxgy OTkasamu
(pac4eT no NpUHATON Moaenw).

Otkasbl: @ — 1-ro anemeHTa (A1); 6 — 2-ro anemeHTa (A2); 8 — 1-ro n 2-ro anemeHTa
(A1 + A2)
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Puc. 3.11. I'pachuku pacnpeneneHui, NPUHATLIX ANA pacyeTa.
MnoTHOCTb pacrnpeneneHnsi 0Tkasos: 7 — NEPBOro ANEMEHTA; 2 — BTOPOro 3NEMEHTa;
3 — bMKTMBHOTO 3nemMeHTa

npvBedeHa ructorpamMmma pacrnpefeneHns MHTepBanoB Mexay asa-
pUSMU PUKTUBHOIO dNeMeHTa.

PacyeTbl npoBOAMNUCL NpY 3afaBaeMblX Nepuogax Mmexagy Kanu-
TanbHbiMM peMoHTamu mexgy 10 n 100 At (5-50 Teic. 4). Ona goc-
TUXKEHUS YCTONYMBBIX COCTOSHUIA YMCIO PacCunTbiBAaEMbIX MHTEPBA-
nos coctaensno 6000.

Ha puc. 3.13, a nokasaHo ymcno asapuii Tunos A1, A2 n aBapuin
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X
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Puc. 3.12. T'ucrorpamma pacnpefeneHvs 4actoT MHTEPBANoB Mexay oTkasamu huk-
TUBHOTO dNIEMEHTa
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Puc. 3.13. PesynbTaTtbl YUCIIEHHOrO MOAENMPOBaHNUSA OTKA30B:

a — 3aBMWCMMOCTb uucna asapuin y3noB A1 (kpueas 7), A2 (kpuBas 2) 1 aBapwvii B
nepvoa npupaboTku (Kpusas 3) kak PyHKUMM OT Mepuofa Mexay KanutanbHbIMW
pemMoHTamu; 6 — 3aBUCUMOCTb Yncna ocTaHoBok [TIA oT MeXpeMOHTHOro nepuoaa no
npuunHam: 71 — aBapwuii, 2 — KanuTanbHbIX PEMOHTOB, 3 — 06LLee YMCo OCTaHOBOK

PUKTMBHOTrO 3nemMeHTa, Npom3oleanx Ha BCEM pacCy/TbIBAEMOM
WHTepBarne BpemeHu, T.e. ot 0 go 6000AL. N3 puc. 3.13, a cnepyer,
YTO YMCNO aBapwvii BcreacTane ctapeHus yanos (A1 n A2, kpusble 1
1 2) cokpallaeTcs C yMeHbLUEHNEM MEXPEMOHTHOro nepvoaa, B TO
BpeMS Kak 4Mcro aBapwii B nepvog npmupaboTku (Kpusas 3) GbICTPO
pacteT. O6uwee 4ncno asapwii (puc. 3.15, 6 kpuBasa 1) UMEET MUHK-
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MyM nNpuv MeXpemMoHTHOM nepuoge okono 15000 yacoB. C y4yeTom
TOro, YTO KanuTamnbHbIi PEMOHT Takke TpebyeTr octaHoBku [TIA
(kpuBag 2), obLyee Yncrno 0CTaHOBOK MMEET PE3KO BbIPAXKEHHbIA M-
Humym (puc. 3.13, 6, kpuas 3).

Takum obpasom, pacCMOTPEHHLIN NPUMEpP MoKa3biBaeT, YTO Mpu
HanM4YnUM 4OCTaTOYHOro 06beMa CTAaTUCTUHECKMX OAHHbIX MO OTKasam
IMA npepnaraemas mMofernb MO3BONSET paccynTaTb ONTUMAarbHbIN
MEXPEMOHTHBIV NMepuo 3KchnyaTaunm rasonepekadmBarLux arpe-
ratoB. B yactHocTtn, gns I'MIA ¢ TypOuHHbiM npuBogom TK-10 co
BpemMeHeMm obLen HapaboTku okono 120 TbiC. Y ONTUMAaInbHbLIM SIBNS-
eTcsa BpemeHHon nHTepsan 15000 u.

C y4eTOM BO3MOXHOCTY MPOU3BONLHOrO paclUMpeHns Yyncna pac-
cunTbiBaemMbix y3noB [MIA 1 3agaHusa ux peanbHbIX XapaKTepPUCTUK
HaOEeXHOCTU, PACCMOTPEHHYIO MOAESb MOXHO MPUMEHWUTb ANS nna-
HUPOBaHWS KaneHaapHbIX CPOKOB NPOBEAEHNS NaHOBO-Npeaynpeau-
TeNbHbIX N KanuTasnbHbIX pemoHToB [TIA nboro Tuna.

mutaumoHHble mogenn, nogobHble ONMCaHHOMW, ABNAOTCA YHU-
BepcarnbHbIMU, U MOTYT ObITb MPUMEHEHbI K 060OPYA0BaHUIO MGOro
TMNna.

3.2.3. PASPABOTKA METOAWKW OMPEAENEHUNA NEPUOANYHOCTU
OYNCTOK BHYTPEHHEW MONOCTU HE®TEMPOOYKTOMNPOBOAOB

CebecTtoumocTb nepekaykm HedTN U HEPTENPOOYKTOB B 3HAYM-
TENbHOW CTEMNEHW 3aBUCUT OT MPUCYTCTBUSI MOCTOPOHHUX CPen WUnu
OTnoXeHun B Tpybonposoae. lNponcxoxaeHne n npupoaa aTux obpa-
30BaHUN MOryT BbITb Pa3nUYHbLIMW — OT ra3oBblX NPOBOK M BOAHbIX
CKOMMNEHUn 00 BHYTPUTPYBHbIX oTnoxeHun (BTO) B Buge HepacTso-
PUMbIX KOMMOHEHTOB — acanbTo-CMOMNUCTbIX BELLLECTB, NnapaduHOB,
MeTOoAbl ANArHOCTUKM KOTOPbIX paCCMOTPEHbI BO BTOPOW rnaBe KHU-
m, u T.0.

BospenctBne nogoOHbIX o6pa3oBaHMIi Ha rMapoanHaMUYeckne
XapaKTepUCTUKM MOTOKa NPUBOOUT K CHWXKEHUIO 3PdEKTUBHOrO
OnameTpa TpybonpoBoaa, a, criefoBaTeNbHO, K YBENIMYEHWIO rMapas-
nnyeckmx notepb. MNpu 3agaHHON NPOU3BOAMTENLHOCTU NOTEPU Ha-
nopa Ao0MmkHblI KOMMEHCMPOBATLCS YBENMYEHNEM AaBnNeHNsi Ha HacoC-
HOW CTaHLMW, YTO NPUBOOUT K YBENMUYEHMIO 3aTpaT Ha ANEKTPOIHEp-
rmio 1 pocty paboyero gasneHus.

OpHum n3 camblx 3PdEKTUBHBIX U MPOCTbIX CNOCOBOB yaaneHus
BOASAHBIX U ra3oBbIX CKOMMEHWUN SBMSETCS yBENUYEHME CKOPOCTEN
nepekayky npoayKToB Bblllle KPUTUYECKMX 3HaYeHui [5, 6]. OgHako,
B CBSI3M C yMEHbLLEHMEM 0O LEMOB TPaHCNOPTa YrieBO4OPOLAHOrO Chi-
pbs, o6ecneunTb NogobHble pacxodbl 4OCTAaTOYHO MpobnemMaTyHo.
Kpome Toro, HeO6X0AMMO yUnTbIBaTb CTAPEHNE U U3HOC CYLLLECTBYHO-
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e cucTembl HedpTe- 1 NPOAYKTONPOBOAOB, KOTOPbIE OrPaHNYMBaIOT
OaBreHne nepekadku.

BTopbiM HanpaBneHWeM CHWXEHUS TMApaBAMYECKOro conpoTuB-
neHus gencTByoLWmMX TPyOONpOBOAOB SABMNSETCH MexaHuyeckas o4n-
CTKa (OYUCTHbIE MexaHu4eckue W refbHble YCTponcTBa). OTOT MNOoA-
X0 peanusyeTcs Ha OCHOBE NPOBeAeHUs 3aTpaTHbIX MEePONPUATUINA,
CTOMMOCTb KOTOPbIX 3aBUCUT OT CTEMEHM 3arpss3HEHHOCTM Tpybonpo-
BOAa, ero gvMameTpa, aare3moHHbix ceoncte BTO u gp. OcHoBHoOM
COCTaBnsiloLWLEen 3aTtpaT Mnpu 3TOM SBNSETCA CTOMMOCTb OYMCTHbIX
yctponcte (Tuna OCY, OJC, MO, A3K, MNP vnn gpyrmnx), kotopas
konebnetca ot 5 go 200 Tbic. py6./ wT. (B ueHax 1999 r.). MNockonbky
CTOMMOCTb OYUCTHBLIX MEPOMNPUATUIA AOCTAaTOYHO BbiCOKA, BCTAET BO-
npoc o BbIOOpe oNTMMarbHOW NepMoaNYHOCTU NpoBeAeHNs NOAOOHbIX
onepauun, MMHUMU3UPYIOLLEN 3aTpaTbl OpraHu3auui, OCyLLeCcTB-
NALWNUX TpaHCNOPT HedTN N HedTenpoayKTOB.

PaccmoTpym oavH 13 MoaoxodoB K onpedeneHvio onTMManbHON
NepruoauYHOCTU OYMUCTKN BHYTPEHHEN NONoCTM TPybonpoBoaos, y4uu-
TbiBalOLLMIA OTMEYEHHbIE Bbllle OrpaHUYeHus.

BeBegem o603HayeHus: S — HakonneHHasi cymma obLumx 3aTpaT Ha
nepekayky HedbTenpoayKTa 3a 4OCTAaTOHMHO ANMTENbHbIN CPOK &, (¢ >>
>> T, roe T — nepuog Mexagy OYUCTHbIMUA MEpOonpuaATUsIMn), Ay —
3aTpaTbl Ha Nepekadky B eguH1Ly BpemeHm (yaenbHble 3aTpatbl) npu
YCNOBMN OTCYTCTBUSA OTNOXeHUn, B(t) — BospacTawwasa yHKuus,
onucbiBaroLWwas ysennieHne yaenbHbelX 3aTpaT BCNeacTBue yBenuye-
HUSA rugpasnuyeckux notepb, npudem B(0) = 0, C — cTOMMOCTb
OYNCTHBIX MEPONPUATUA. TOrga KONMYeCTBO OYUCTHBIX MEPOMPUATIN
3a Bpewms ¢ bypet coctaBnsatb N = ¢/T n, cnegoBaTenbHO, YHKLNIO
3aTpaT MOXHO BblpasuTb Criegylowmm obpasom:

T .
S, T) = A += [ Bode+Lc. (3.16)
T T

=0

XapakTepHbli BUL 9TOW OYHKUMWM ONSA pasfinyHbIX YCOBUA SKC-
nnyatauumn Tpybonposodos npefcTasneH Ha puc. 3.14.

3ameTum npu 3TOM, YTO MpPM AOCTATOYHO OONblUMX ¢ BENWYMHA
Ap# const, a 3aBMCUT OT BpeMeHW aKcniyaTtaumm Tpybonposoaa. 310
00OBbACHAETCS YBENIMYEHNEM OTHOCUTENBHOM LUIEPOXOBATOCTU BHYT-
PEHHEN NoBEPXHOCTU TPyObl. B pamkax noctaBneHHor 3agaym bygem
npegnonaratb, 4To Ay = const n onpegenseTcs cebecTonmocTbio ne-
pekadkn No KakaoMy KOHKpeTHOMy Tpybonposogy B Kaxaom OT-
OenbHOM cry4ae.

O603HaunB ycpegHeHHble 3a BpeMsi ¢ obwme yaenbHble 3aTpa-
Tbl yepes s(T) = S(¢, T)/t, nony4ynm UCKOMYIO LerneByro (OYHKLUIO
BMAa
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Hakoniennsie 3ampambsl

Bpems

Puc. 3.14. Xapaktep n3MeHeH1s1 HaKOMMeHHOo! CyMMbl 0OLMX 3aTpaT BO BPEMEHMU:
1 — 6e3 OTNOXEeHWn; 2 — C NePUOANYECKON OYNCTKOW; 3 — 63 OUUCTKM

s(Ty= Ay ++ } B(v)de+ <. (3.17)
T T

=0

[na pelweHus nocTaBneHHON 3agavnm HeobxoaMmo onpeaenvTb
nepwog 7 n3 ycnosus:

s(T) — min. (3.18)

MapameTpbl A), C ABNSAIOTCA HOPMaTUBHBIMU W OMpedensTcs
nucxoas U3 avameTtpa v AnvHbl ounaemoro Tpybonposoaa.

OyHKuMs B(t) 3aBUcuT B 0OLLEeM cryvyae OT YCNoBUIN Nepekaydku,
Temna obpasoBaHua BTO, (pm3nko-xmummyeckmx CBOMCTB nepekayn-
Baemoro npogykta u, B obliem cnydvae, ABNSeTCH BEPOSATHOCTHOM
dyHKumen. Bug n napametpbl dyHKLMoHana B(t) Heobxoamnmo onpe-
0enaTb, ICX04s M3 3aBUCMMOCTH, ONMUCHIBAIOLLIEN POCT SHepro3artpar
Ha nepekayky BCNeacTBME YyMeHbLUeHNs apeKTUBHOIrO AnameTpa.

[MpoBeaAeHHbIN HaMU PETPOCNEKTUBHbLIA aHann3 AMHaMUKKA 3Hep-
rosarpaTt Ha nepekayky HepTenpoayKToB No HedTENPOAYKTONPOBO-
nam Ypanbckoro YMHII nokasan, 4To Hanbonee ageksaTHO onu-
catb yHkuuo B(f) yoaeTcsi 9KCMOHEHUMAnbHOW WM CTENEHHON
3aBUCUMOCTbIO BUAa

B(t) = B, [1 —exp(al Ti)] (3.19)

0

184



nnn
B(t)=B,(t/T,), (3.20)

roe 7o — uHTepBan BpeMeHu, Ha KOTOPOM ONpeaensioTcs napameTpbl
OaHHbIX 3aBUCUMOCTEN; a, 7, B, — aMnMpuyeckne KoapuumneHTs!.
PaccmoTpuM pelleHne nocTaBneHHOW 3ajadv Ans yHKLun
(3.20), BMA KOTOPOW NO3BONSAET MOMYYNTb aHANUTUYECKOE peELLEHNE.
HencteutensHo, nogctaensaga (3.20) B (3.17), nonyyum
r
Bl”_, ¢ (3.21)

B, 7 c
S(T)= Ay +—2 jr"dr+—=A0+ )
TTOr =0 T Tor(r+ 1) T

MpoBens anemeHTapHble npeobpasoBaHus (M3 ycnosus dS/dT =
= 0), onpegenum MuUHMMym dyHkumoHana (3.18)

1
T:T{C””)}r“. (3.22)
TyByr

PesynbTaTthl nccnegoBaHnsi NoBe4EHNUS MUHUMU3NPYEMOTO (OYHK-
LUMoHana B 3aBUCUMOCTU OT pasfnyHbIX NokasaTenen » npeacTaBneHbl
Ha puc. 3.15. AHann3 nony4YeHHbIX pe3ynbLTaToB CBUAETENLCTBYET O
TOM, YTO ONTMMAaIbHbIV NEPUOA NMPOBEAEHUSA OYUCTOK TpybGonpoBoaa
B HanborbLUEN CTENEHN 3aBUCUT OT TEMMNA N3MEHEHMWS 3Hepro3aTpaT
Ha nepekayky npogykTra.

B kadecTtBe npumepa onpeneneHns napameTpoB yHKuun B(f) n
BbIOOpa oNTUManbLHOro Neproga NnaHMPoOBaHUA U NPOBEaEHNSI Mepo-
NPUATUIA NO OYMUCTKE PACCMOTPUM AaHHble akcnnyaTaumn HIMM

@10
/r=0,! 0,5
L~

] 10—

| e —

—

S Se
—

+

ﬁ

Onmumansustit nepuood T, net

=

10 20 30 40 50
Cmoumocmp o4UCHIKH, TBIC. PYD

Puc. 3.15. 3aBucumocTb ONTUManbHOrO Mepuoda OYUCTHBIX MEPOMPUATUN OT KX
CTOMMOCTM U NnokasaTens crenexn r (wmdp KpUBbIX)
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«CanaBat — Ya», Ha koTopoMm B 1995 r. nepen nposefeHMeM Kanu-
TanbHOro pemMoHTa Oblna nNpov3BedeHa O4YUCTKA M OMOPOXHEHWE
BHyTpeHHen nonoctu HIMM.

O06o0LWMB anpuopHble AaHHble 00 M3MEHEeHUN 3HeprosarTpar Ha
nepekayky HedpTenpogyktoB no gaHHomy HIMIM 3a nocnegHue 14 ner,
YCTaHOBUIU, YTO B CBAI3M C PE3KUM NajeHueM Npou3BOAUTENBLHOCTH
HIMIM gocTtaToyHO CNOXHO BbIAENUTL B OOLLEW CyMME YBENUYEHUS
3HeprosaTpar Ha nepekayky Ty COCTaBnALLY0, KoTopas obycnosne-
Ha Bo3pacTaHuem rugpaenuyeckoro conpotmenennsa HIM ns-3a o6-
pasoBaHus BTO.

Ha puc. 3.16 npeacTaBneHbl SMNMpUyeckne AaHHble No odobemam
nepekavku HeTeNPOAYKTOB U COOTBETCTBYHOLLME UM SHEPro3aTpaThl.
AHanus puc. 3.16 nokasbiBaeT, YTO NpubnmanTensHo 4o 1994 r. ko-
3 HULMEHT B3aMMHOWN KOPPENALUN Mexay 3Heprosartpatamv 1 o6b-
eMamu nepekadkm no paccmarpmsaemomy HIIM 6bin 6nmn3ok k egu-
Huue. No3gHee TeCHOTa KOPPENSALMOHHON CBSA3W MexXay STUMK na-
pameTpamMu 3aMeTHO YMEHbLUMMAch (HapyLleHne SKBUOAECTAHTHOCTHU
KpMBbIX Ha puc. 3.16). No-BMaMMOMY, 3TO CBS3aHO C TeM, YTO Mnpwu
KPUTUYECKOM YMeHblLUeHun npowussoauTtenbHoctn HIM HacocHo-
cunoBoe obopyaoBaHMe 3KCMyaTMpoBanock B 061acTax NOHWKEHHO-
ro Kra.

[nsa onpepeneHus yHKLMM pocTa aHeprosaTpar BcreacTemne 0o-
pa3oBaHus BHYTPUTPYOHLIX OTNOXEHWI, MPUBOAALLNX K YBEMMYEHUIO

16000 4500
14000 A L 4000

= ' \ | g
& 12000 3500 2
2 19000 AVN-\ —3000§
Z \ 1 - 2500 $
= 8000 3
3 - 2000 S
S o0 2 S
jg_ - 1500%
S 4000 - 1000 3
2000 \Fé;'.;u- so0 &

0 — 0

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000
Toow

Puc. 3.16. MNpoussogutensHocTb HIM ( 7) n obwue 3atpatsel aHeprum (2) B 1984—
1998 rr.
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rMapaBnMYeckoro ConpoTUBIEHWS, NPEACTaBMM FOf40BbIe 3aTpaThl B
BUae

Si = Qig(®) + So, (3.23)

roe Q; — rogoBon 06bem nepekayvku no HIM; g(¢) — yaeneHble 3a-
TpaTbl 9NEKTPO3HEepPrun Ha nepekadky 1 T HedbTenpoaykra; S, — 3a-
TpaTbl S3HEPrMM Ha COOCTBEHHBIE HYXAbI.

AHanus puc. 3.16 no3BonsieT caenartb BbIBOA O TOM, YTO B MHTEp-
Barie BpEMEHMU, korga Mepa KOppensiuMoHHOW CBS3M MEXAy NpOn3BO-
auntenbHocTbio HIM v sHeprosaTtpatammn 6nuska K eguHuue, pyHK-
LM MOXHO onmucaTb Kak

Q@) = A+ B, (3.24)
rae Awn B — amnvpuyeckme KoauumneHTsI.
Torpa
S; = QA + Bt) + 5. (3.25)
KoadhpuuymneHTsl A, B n Sy Hangem mns ycrnoBus:
i(Si ~Q,(A+ Bt)+S,)* - min. (3.26)

i=1

3agaya MuHUMM3auMKn dyHKuMoHana (3.26) pewanacb C NOMO-
b0 anropuTMoB M NporpamMm, NpeacTaBneHHbIX B pabote [7].

[na paccmaTpuBaemoro npumepa ypaBHeHue perpeccun (3.25)
umeeT BUA (NOCTPOEHa Ha OCHOBaHWUM ANHAMUKN U3MEHEHUS SHEPrO-
3aTpaT 40 MOMEHTa NPOBEAEHUS1 OUNCTKM)

S, = Q42,349 + 0,0195¢) +300. (3.27)

O cTeneHn OOCTOBEPHOCTU PErPECCUOHHOro ypaBHeHus (3.25)
MOXHO cyauTb Mo puc. 3.17, rae npuBefeHa AuHaMuKa akTU4ecKmx
W pacCyYMTaHHbIX BENUYMH OOLMX roqoBbIX 3aTparT.

VccnegoBaHne U3MeEHeHNa aHepro3aTpaT Ha nepekayky HedhTe-
NPOAYKTOB NOCME OCYLLECTBNEHUS MEPONPUATUIA NO OYMUCTKE NOKa3a-
W, 4TO yAaneHne BHYTPUTPYOHbLIX OTNIOXKEHWUA M CKOMMEHWUA BOAbI U
rasa B konm4yectse cBbie 100 T N03BONUIIO CHU3UTb SHEpro3aTparbl
Ha nepekayky He Huxe, 4yeM Ha 10—15 %. Takow BbIBOg NOATBEPXKAA-
€TCs1 aHanM3oM ypaBHEHUS perpeccum, NOCTPOEHHOrO Ha OCHOBaHUK
00paboTkM AaHHbIX, MOMyYeHHbIX 3a 4 roga akcnnyaTtauum HedTe-
npoaykronposoda «Canasat — Yda», npowielime ¢ MOMeHTa npose-
OEHNA OYUCTKN ero rernbHbIM BA3KOYNPYrnM MOpLUHEM.

OTO aMnupuyeckoe ypaBHeHME UMeeT creayounin Bua:

S, = Qi(1,564 + 0,015¢) +300. (3.28)

Ha puc. 3.18 npuBegeHbl 3aBUCUMOCTM OT BPEMEHU haKTUYECKNX
obLMX yaenbHbIX 3aTpaT M AONOMHUTENbHblE yAernbHble 3aTpaThl,
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Puc. 3.17. daktnyeckue (1) u paccumTaHHble Mo ypaBHeHUo perpeccum (2) obwue
rogoBble 3aTpartbl

paccuMTaHHble No ypaBHeHuaM (3.27) u (3.28). 13 rpacmkoB cregy-
€T, YTO C MOMEHTa OYMCTKM SHEprosaTpaThbl Ha Nepekayvky HedTenpo-
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Mony4eHHOe BblpaxeHWe Ans ONTUManbHOro Nepuoaa OYUCTHbIX
meponpuatuin Ha HIMM (3.22) v HargeHHble [cM. dbopmynbl (3.27) u
(3.28)] BblpaxkeHust AnNsi BXOASLWMUX B HEE MapaMeTpoB MO3BONSAOT
BbIYMCNNTL 3HAYEHWE OMNTMMAaribHOro MEXOYMCTHOrO nepuoga Ans
HIMM «Canaeat — Yda». [ins atoro nepenuwem paBeHCcTBO (3.28),
NPUHYMAas, YTO CpeaHero4oBas NPoM3BOAUTENBHOCTL 3a NepuoA no-
cne ounctkm Q; = 500 ThIC. T U yuMTbIBas Tapud Ha 3MNEKTPoaHep-
rvio (0,34 py6/ kBT 4 Ha Hayano 1999 r.), B BUAE AeHeXHbIX 3aTpar
(B TBIC. PYO)

S; = 500-0,34-(1,564 + 0,015-¢) + 300 = 360,6 + 2,5-¢.

CnepoBatenbHO, B MPUHATBIX Hamu oObO3HayveHusix A, =
= 360,6 TbiC. pyb/roa, By = 2,5 TbiCc. pyb. YuuTbiBas NMHENHOCTb
annpokcummpytowen pyHkumn (r = 1) BblpaxkeHne (3.22) 3anuwem
B BMAE

B 2C
T=T |75 (3.29)

CToMMOCTb OYMNCTHBLIX MeponpusTuin (BenmumHa C B (3.29)) c
NPYMEHEHNEM BSA3KOYNPYroro reflbHoro MOPLUHSA ANS KOHKPETHbIX
napameTpoB Tpybonposoga (D = 500 mm, L = 170 km) coctaBnset
npubnuantensHo 40 Toic. py6. NMoacTtaBnsas HangeHHble 3HayYeHus
napameTpoB (C = 40 Tbic. pyb, 7y = 1 rog, By, = 2,5 Tbic. py6/ rog) B
(3.29) monyuynm onTUmarnbeHbIA NEPMOS OYUCTHBIX MeponpuATuin 7 =
= 5,6 ner.

Takum o6pa3om, Ha OCHOBaHWWM MPOBEAEHHBIX WCCrEeAOBaHWUN
MO>XHO caenaTb BblBOAbI O TOM, YTO npeafiaraemas MeToauka no3so-
nseT nnaHMpoBaTb ONTMMAaribHble CPOKM NPOBEAEHUST OYUCTHBLIX Me-
ponpuaTUA C y4yeToM OCOOEHHOCTEN 3JKCMiyaTaumMm KOHKPETHOro
HII, ecnun n3BecTHa anpuopHas uHgpopmaumsi 06 N3MeHeHUM anHa-
MUKW 3HEprosaTpar Ha Nepekaydky B Te4eHne JOCTaTO4HO NPOOOIKM-
TenbHOro nepmoga akcnnyatauum HIM.

3.3. METOAbl CHVKEHUSA 3ATPAT HA ABAPUMHO-
BOCCTAHOBUTENBbHbLIE MEPOMPUATUA
OBbEKTOB HE®TEA30BOWM OTPACIU

PaccmoTpeHHble Bbille MeTodbl MO3BOMAAIOT paccuntaTb Nepuo-
AVYHOCTb NNaHoBO-NpeaynpeanTenbHbIX paboT NpeanpuaTuii HedTe-
rasoBoW OTpacnvM Ha OCHOBE MUHUMM3aLUKW YObITKOB OT HeAonony-
YeHHOWN NpubbInNu 1 3aTpaT Ha PEMOHTHbIE MeponpusaTus. Ho 3aTpa-
Tbl HA PEMOHTHbIe pPaboThbl He ABNSATCA CTPOro OUKCUPOBAHHBLIMU.
Mx cTOMMOCTbIO MOXHO YNpaBnaTb, HAaNpumep, C MOMOLLbIO Bblaene-
HWSA CPEeACTB Ha yBENMYEHNE YMCMEHHOCTM Y OCHALLEHNS PEMOHTHbIX
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Gpurag, Bbibopa MOMeHTa Hadyana BblHY)XOEHHbIX BHEMMaHOBbIX paboT
W OpyrMmMn mMetodamu.

EcTtecTBeHHO, BblaeneHne OOMNoNHUTENBHBIX CPeACTB YBENUYMBaET
obwume pacxoabl npeanpuaTus. OTcloga BbITEKAeT NOCTAHOBKA OMTU-
MU3ALMOHHON 3aaa4v onpeaeneHns BenuyuHbl 3atpaT Ha cogepika-
HME PEMOHTHBIX CMYXO MO KPUTEPUI0O MUHUMYMa OGLUUX U3[AepKeK
npeanpusaTus.

3.3.1. MUHUMU3ALIUA SATPAT HA NMPOBEOEHVE ABAPUIAHO-
BOCCTAHOBUTENbHbIX PABOT OBbEKTOB HE®TEOBbLIYUA

MpocTon HedpTeAoObIBaAOWMX CKBaXKXWH BO BPEMS NUKBUOALMM
aBapui UM BO BPEMS TEXHUYECKOrO OOCNY>XMBaAHWUSI TEXHONOrn4e-
CKOro 0bopyaoBaHUA NPUBOAAT K CHWDKEHWUIO JoXxo4a MpeanpuaTus
BCreACTBME YMeHbLUEHNs 06bemMoB JobbiBaeMor HedpTn. CokpaTuTb
PEMOHTHbIV Nepuog AN CKBaXMH BO3MOXHO NWLb NyTEM yBenu4e-
HWUSI KONMMYECTBA UM YUCNEHHOCTU PEMOHTHbIX Bpurag v yny4weHus
NX TEXHNYECKOrO OCHALLLEHUS, YTO TpebyeT 3HaYMTENbHbIX (PUHAHCO-
BbIX 3aTpar. [MoaTomy BO3HMKaeT 3agada onTMMu3aumm 3aTpar Ha
COAEPXaHNE PEMOHTHBIX CINYXO MO KPUTEPUIO MUHUMYMA U3OEpPXKeEK
npeanpusaTus.

lMocTaByM crneayoLyo 3agavy: Ha OCHOBaHWM MMEKOLLMXCH CTa-
TUCTUYECKMX AaHHbIX MO aBapuiiHbIM OTKka3aM U pa3paboTaHHbIX pa-
Hee Mofenen AMHaMUKM BbIXOAa U3 CTPOSt TEXHOMOrMYeckoro ooopy-
[0BaHusi HeoOxoaMMo pa3paboTaTb METOAMKY ONpeaeneHns Konuye-
CTBa PEMOHTHO-BOCCTAHOBUTENbHBLIX Opurag n Mx TEXHUYECKOW Oc-
HaLLEeHHOCTM, NO3BONSAIOLLYI0 MUHUMMU3NPOBATL 3aTpaThl HedhTef00bI-
BaloLUX NpeanpuaTuii.

OpaHvM 13 nyTen pelleHna nogobHONM 3a4aun ABMASETCS UCMOSb-
30BaHMe MeTo40B TeOpMU MaccoBOro obcnyxusanus [8, 9, 10]. Otu
MeToZAbl NO3BONSAOT ONPEAENUTL ANMHY ovepeau (T. €. B HaLLeMm cny-
Yyae 4mcno eguHuUL obopyaoBaHMs, OXXMAAOWEro pEMOHTa) U BpeMS
HeobX0AMMOro NpPoCTosi CKBaXKUHbI. 10 n3BectHomy ebuty (Ha oc-
HOBaHMM anpuopHon uHdopmaumn MNC) npoctamBatoLlen ckBaxu-
Hbl MOXXHO OLEeHUTb 06bEM HeAOMNONYYEHHON NPOAYKLNN, ONPEAEnnUTb
(bUHaHCOBLIE MOTEPU U MPUHATbL PELLEHUE O LLeNIecoobpas3HoCTM yBe-
NMYeHns (CoKpalleHns) 3aTpaT Ha COAEPKaHWE PEMOHTHbIX CNyx0,
T.e. pelWwnTb ABYXKPUTEPUANbHYIO 3agadvy onTMMU3aunm.

Mcnonb3oBaHne MeTogoB TEOPMM MacCOBOro O06CnyunBaHms npea-
nonaraeT Hanuuue MHgopMauun o xapaktepe pacnpegeneHus Bpe-
MEHHbIX MHTEePBAaNoB Mexay 3anpocaMu Ha obcnyxuBaHue ¢, 1 anu-
TENbHOCTU PEMOHTHBIX PaboT ¢, NN CBA3AHHbIX C HUMW MOTOKa OT-
ka3oB 06opyaoBaHusa A[cyT '] 1 noToka BoccTaHoBneHus p[cyT ']. B
paboTe [9] nokasaHo, YTO NpY 3KCMOHEHUMANbLHOM 3aKoHEe pacrnpege-
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NeHna uHTepBarnoB MOCTYyMNNeHna 3arnpocoB Ha OGCﬂy)KI/IBaHI/Ie ts
cpenHAaA annHa odepean MoXeT ObITb BblYUCIIEHA MO COOTHOLLEHNIO

ﬁzf

2 2 2
A + AMog+(A /W) (330)
w2t/ pp?

roe o2 — AUcnepcus BpeMEHU O6CIyXMBaHUS ;.

W3 ypaBHeHus (3.30) BUOHO, 4TO Npy OMKCMPOBAHHbLIX 3HAYEHU-
AX A U p cpegHasn AnvHa odepean yBenmymBaeTcsl C pOCTOM aucnep-
cun c2. Mpy NOCTOSIHHBIX A U 1 MUHUMAarbHas CpeaHsa OnMHa ode-
pean cooteeTcTBYeT G2 = 0, T.e. NOCTOAHHOMY BpeMeHu 0BCnyXu-
BaHus. [pn NOCTOSIHHOM MOTOKE OTKA30B A U MOCTOSIHHOM BpPEMEHU
obcnyxumBaHus t,(p = const) u3 (3.30) nony4mm

—_ 0, /W’ 3.31
STV, 5D

Ecnn Bpems oGcnyxvBaHMA NOOYMHAETCHA 9KCMOHEHUManbHOMY
3aKOHY CO CpedHWM 3Ha4YeHUeM MOoToKa BOCCTAHOBMEHUA W, TO AMUC-
nepcua o = 1/u’. B aToMm cnyyae ypaBHenue (3.31) npuHumaet
BMA

n=_/H (3.32)
1-2/n

OueBungHo, 4YTo B ypaBHeHusx (3.30)—(3.32) gomkHo cobnopaTe-
Csl COOTHOLWEHne A/u < 1, B NPOTUBHOM Clyyae ovepeab byaet bec-
KOHEYHO pacTu.

Takum obpasom, Ana nonyyeHus 6onee 4OCTOBEPHOroO peLLeHus
nocTaBneHHONW 3a4aym onTMMM3aL M HeobxoauMo onpeaenuTb 3ako-
Hbl U NapameTpbl CTaTUCTUYECKUX PacnpedeneHnii BENUYUH W U A.

lMpoBedem OLEHKY 3TUX Mokas3aTenen Ha OCHOBE aHanumsa NATu-
neTtHero YHKUMOHUPOBAHUA OAHOro M3 npeanpusatui 3anagHon
Cwnbupn, B doHae koToporo HaxoasTest okono 800 HedpTepobbiBato-
LLMX CKBaXXWH.

O6paboTka AaHHbIX NPOM3BOAMNAChL HAMW Ha OCHOBaHUM aHanusa
6a3 gaHHbIX MNC un xxypHana KOHTPOMS PEMOHTOB TEXHOMOrMYEeCKo-
ro obopygoBaHus.

Mpumep, MNNIOCTPUPYIOWNIA UCXOAHbIE AaHHble ANs NoAoBHOro
aHanuaa, npeacTasneH B Tabn. 3.1, B KOTOpOW NpuBedeH parMeHT
XypHana pemoHToB ob6opygoBaHusa (OLH), no gaHHbIM KOTOpPOro
BbIYNCMIANOCH pacnpeaeneHe MHTEPBarnoB NOCTYNMEHUS 3aMpOCcoB Ha
peMoHT ¢, COOTBETCTBYIOLLAA ructorpaMmma npmeegeHa Ha puc. 3.19.
[MpoBepka CTaTUCTUYECKOW rMNOTE3bl O 3aKOHE pacrnpeaeneHns cny-
YalrHOW BenuYuMHbI ¢, MoKasan, 4YTo ¢, pacnpegerneHa no nokasaTerb-
HOMY 3akOHy C MartemMaTuyeckum oxugaHumem M) = 1,38 cyt
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Tabnuua 31
®parmeHT XypHana peMoHToB ckBaxvH (OLIH) 3a aHBapb 2001 r.

Homep Hapa-
Ne Howmep [ata [aTta octa-
CKBaXW- 6oTka Tunopaswvep
n/n ol KycTa 3anycka HOBKM (cyT)
1 1938 164 23.06.2000 | 03.01.2001 193 BHH25-1300
2 4274 134 09.09.2000 | 04.01.2001 117 3LHA5-45 «AHak»
3 25p 14.02.2000 | 06.01.2001 327 TD450
4 2362 190 05.09.2000 | 07.01.2001 124 OLHM5A-160-1500
5 271 174 13.05.2000 | 08.01.2001 | 240 OUHM5A-160-1750
6 2001 162 09.02.2000 | 13.01.2001 339 OLHM5-50-1700
7 2082 176 12.11.2000 | 14.01.2001 63 OLHM5A-250-1500
8 2171 174 14.01.2001 | 14.01.2001 0 TD1300
9 4347 134 08.06.2000 | 24.01.2001 230 128LHK5-80-1550

10 5249 134 24.07.2000 | 24.01.2001 184 123LIHK5-60-1350
11 2083 176 10.12.2000 | 24.01.2001 45 OLHM5-80-1550

12 2076 162 17.09.2000 | 25.01.2001 130 OLUHM5A-160-1450
13 5591 205 | 04.09.2000 |27.01.2001 145 QUHMS5-125-1500
14 2487 205 | 22.06.2000 |28.01.2001 | 220 1235LIHK5-80-1550
15 4579 29 13.03.1999 | 29.01.2001 | 688 TD450

16 8648 29 30.11.2000 | 29.01.2001 60 1BHHIM5-25-1500

17 8711 241 28.06.2000 | 30.01.2001 | 216 OLHM5-80-1550

18 1355 117 16.10.2000 | 30.01.2001 106 123LHK5-60-1350

(A =1/t = 0,72 cyT ). AHanornyHble JaHHbIe NONyYeHsl ANns doHaa
CckBaXuH, obopyanoBaHHbix LUMHY. Okasanock, 4TO pasHOTUMNHOCTb
HACOCOB He MEHSIET SKCMOHEHLMANbHOro Xxapakrepa pacnpeaeneHums

0,8

OmuocumenvHasa wacmoma

== —

2 3 4 5 6 7 8 9 10
Humepean nocmynnenus 3anpocog, ¢yt

Puc. 3.19. Cratucrtuueckoe pacnpefeneHme MHTepBarnoB MEXy 3anpocamy Ha TEXHU-
yeckoe obcnyuBaHMe U peMoHT TexHonorndeckoro o6opynoeanus CIl «Batoin>»
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BEMNUYUHBI £, yBENUYNBAETCS NULLIL CKOPOCTb MNOCTYMNMNEHUS 3anpocoB
[0 3HavyeHma A = 1,1 cyT’i.

3ameTum, 4To Hambonee TOYHbIE 3HAYEHNSI NOTOKA OTKA30B MOX-
HO MOMyYUTb U3 paHee YCTAHOBIIEHHOIO 3aKOHA U3MEHEHWS WUHTEH-
cuBHOCTM oTkasoB OLH (cm. pasgen 1.1.2). OgHako coOTBETCTBYIO-
e nHTerpansl (4Na matemMaTM4eCcKoro OXXMaaHusa U gucnepcum) He
OepyTca B aHanMTUYeCKOM BUAE, U MOXHO MOMYyYUTb NALWb YNCIEH-
HYI0 OLEHKYy. TeM He MeHee, yunTbiBasi, YTo nonpaska fomnepua no
OTHOLUEHMIO K 3KCMOHEHLMAaNbHOMY 3akOHy Ha npeBbiwaet 6,5 %
(BepxHsia cTpoka B Tabn. 1.3), npMMeM Ofisi OLEHOYHbIX pPacyeToB
BEpPOSATHOCTb 0e30TkasHoM paboTbl B BWMAE IKCMOHEHTbl: R(t) =
= exp(—Kyt), rae Ay = K; = 0,0028 cyt ' (cm. Tabn. 1.3). Torga
ana 260 ckBaxwuH, obopydoBaHHbIX JLH, nmeem A = 260-A; =
= 260-0,0028 = 0,728 cyT*, YTO MpPaKTUYECKN COBMagaeT C paHee
NOJTyYEHHOW OLEHKOW ANsi UHTEHCUBHOCTM OTKa3oB JLIH.

PacnpegeneHve anvtenbHOCTEN PEMOHTOB pacCYuTbiBanocb no
[aHHbBIM XXypHanoB pPeEMOHTOB, (hparMeHT OOHOro U3 KOTOpbIX Npea-
cTaBneH B Tabn. 3.2. AnuTenbHOCTb PEMOHTA paccynUThiBanachb Kak
pa3HOCTb AaT AEMOHTaXa M nocreaytoLlero 3anycka Hacoca (crtonbel
7 Tabn. 3.2). Pe3synbTaTbl pacyeToB Mokasanu, YTo pacnpegenexHve
BPEMEHN PEMOHTa TaKke BNU3KO K 3KCMOHEHLManbLHOMY C napameT-
pamn o2 = 1/u>= 9,18 cyt?, Te. u = 0,33 cyT . 3amMeTUM, 4TO 3KC-
nepuMmeHTanbHoe pacnpeaeneHme noToka BOCCTAHOBNEHMWS N OLEHKM
CcpefHero BpeEMeHM BOCCTaHOBMEHUSS 060pYyAOBaHNST CKBaXKWH MOIY-
YEHO B NPEANOSIOKEHNN CYLLECTBOBAHNS OAHON PEMOHTHOW Gpuragbl.
B cny4ae, korga nmeetca N peMOHTHbIX Opurag, NOTOK BOCCTaHOBIE-
HWS yBenuumusaeTcd B N pas.

Takum 06pas3om, usyvyeHne CTaTUCTUYECKMX AaHHbIX MO PEMOHT-
HbIM MEPONPUATUAM M XapakTepa pacnpeneneHuin cnyvyarHbiX Benn-
YUMH NOKa3biBaeT OOOCHOBAHHOCTb MPUMEHEHUA COOTHOLLEHWIA
(3.30)—(3.32) ons pacyeTa CpefHero 4Yucra CKBaXuH, OXuUaarLmx
peMOHTa.

Pewnm 3agayy ontMMm3aumm 3aTpaT Ha CoaepKaHne PEMOHTHbIX
cnyx6 Toro xe NpeanpusTUS B AETEPMUHMPOBAHHOW NMOCTaHOBKE.

Ta6bnuya 3.2
dparmeHT xKypHana peMoHTOoB ckBaxkuHbl Ne 2070 kycta 241 3a 1988-1998 r.
Homep |Homep Lata OaTa Data Lata T

CKBaXWHbI | KycTa MOHTaxa 3anycka OCTaHOBKU OeMOoHTaxa pem
2070 241 13.12.88 07.02.89 11.05.94 24.05.94 13
2070 241 25.05.94 26.05.94 06.05.95 11.05.95 5
2070 241 12.05.95 12.05.95 12.05.95 15.05.95 3
2070 241 13.05.95 13.05.95 13.05.95 13.05.95 0
2070 241 15.05.95 16.05.95 16.05.95 18.05.95 2
2070 241 18.05.95 19.05.95 13.10.98 15.10.98 2
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Ecnu n3BecTtHa oLieHka MaTeMaTU4eCcKoro oxmaaHma gebvrta goH-
Aa [o0bIBaloWMX CKBAXKWUH MO HedTN Qg M LieHa peanusauum npo-
aykumm npeanpustuem S, yobITkM 3a cyTkm npoctos (B py6/ cyT)
MOXXHO BbIYUCMUTb MO COOTHOLLEHMIO

Z=Q, S 2L (3.33)
1-%/p
AHanus umetoLenca anpuopHon MHgopmauum nokasar, 4to 3a-
BUCMMOCTb MOTOKa BOCCTaHOBIIEHWS |1 OT 3aTpaT Ha PEMOHTHblE
cnyx06bl (onnaTta Tpyaa nepcoHana, CTOMMOCTb TEXHWUKW, TpaHcnopTa
W T.N.) UMeET NMUHENHbIN xapakTep Bnaa

u=k-Z, (3.34)

roe Z, — CyTOYHble 3aTpaTbl Ha COAepXaHue PEMOHTHbIX CIyxO,
(py6/ cyT); k& — KO3(PPUUMEHT NPOMOPLMOHANBHOCTU, XapakTepu-
3yloLLMiA 3cPhEKTUBHOCTL paBoTbl PEMOHTHBIX cryx6 (py6. ).

B Takom crnyvyae MUHUMarbHbIE CYTOYHbIE YOBITKM NpeanpuaTms
COOTBETCTBYIOT MUHUMYMY (PyHKLMOHana:

A

kZp - A

F(Z)=2+7,=Q,-S- +Z, — min. (3.35)

Xapaktep 3aBMcCUMMOCTEN cnaraemblx yHKUMOHana oT Z, u ux
cymma npusefeHbl Ha puc. 3.20. Ycnosue A/u < 1 o3Ha4vaeT, 4to on-
TUMarnbHas ToYka HaxoauTCs NpaBee LUTPUXOBOWN NUHUM Ha puc. 3.22,
T.e. Zponr > Mk

B3sB npowaBoaHyto dF/dZ, v NpupaBHSB ee Hynto, NonyyYMm Be-
NMYUHY ONTUMAIbHbIX CYTOYHbIX 3aTpaT Ha cogepXaHne PEMOHTHbIX
cnyxo:

A G N (3.36)

pont T b

[ns Hawero npumepa Ha NpeanpuATMM 3a Mecsl B cpedHeMm
npoucxoauT 32 oTkasza HaCOCHO-cMNoBoro obopyaoBaHus, T.e. A =
= 32/30 = 1,1 cyt . CpeaHuii nebuT ckBaxuH No HedTN COCTaBs-
nsaet 8 Mm%/ cyT. Bennuunny S npumem pasHoit 8 % OT cpeHEMMpPOBO
ueHbl Ha HedpTb (BblueT Hanoros), T.e. S = 0,08-20 (monn/6ap-
penb)/ 156 (nuTpos/ 6appens)-1000 (nutpos/ M*)-30 (py6/ fonnap) =
= 307,7 py6/ M’

lMapameTp p MOXHO OLEHWTb, 3Has CpefHee BpeMsi pPeMoHTa
(~3 cyT B HaweM crny4yae) 1 4YMcno peMOHTHbIX 6purag (N = 5). To-
raa p = 0,33-5 = 1,65 cyT . KoadhbnLMeHT k BBIYMCTISIIOT HAa OCHOBE
CYLLECTBYIOLLMX CYTOYHbIX 3aTpaT Ha cogepXaHne PEMOHTHBIX CIyx0.
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Puc. 3.20. 3aBucumoctb cocTaBnsiowmx y6bITKOB HechbTeqoObiBalOLWEro npeanpu-
AITUS1 OT CYTOYHBIX 3aTpaT Ha coAepXaHWe PeMOHTHBIX CHYXO:

1 — 3aTpaTbl Ha coepXaHUe PEMOHTHbIX CIyX0; 2 — yObITKM OT MPOCTOSI CKBaXKMHbI;
3 — cyMMapHble U3EPXKKM

MpuHaB cToMmMocTb pemoHTa OLH ogHoW ckBaXkuHbBI B cpegHem
Z; = 70400 py6 [11], BbIYMCANM CYTOYHbIE 3aTpaTbl HA coaepxaHue
PEMOHTHbIX cnyx6 Z, = p-Z; =1,65-70400 = 1,16-10° py6/ cyT, Tak
yto k = p/Z, = 1,65/1,16-10° = 1,42-107° py6 .

Mpu paHHbIX ycnosusax pacydeT no (3.36) paeT Z, on
= 80440 py6/ cyT. AnuHa ouepeaw, BblumcneHHas no (3.32), coctaBuT
[BE CKBaXXWUHBbI.

OO6uwee Bpemst obCcnyxmnBaHus ¢, U €ro oXuagaHusa ¢, B nepecyerte
Ha OfHY PEMOHTHy Opuragy Ans Hawero npumepa COCTaBnsOT

(B cyT)

1

t, +t, = uj -N =91, (3.37)
YTO cornacyeTcs C 3KCnepuMeHTanbHbIMU AaHHLIMMU.

3ameTum, 4TO ecnu cpegHee BpeMsi PEMOHTA NPW TEX e YCNOoBK-
AX yBENnMuuTCs A0 4 CyT, TO Z, onr = 115000 py6/ cyT, ovepenb yse-
nmunTes oo n = 7,7 CKBaXWH, a cpeHee BPEMS NMPOCTOS CKBaXXUHBbI,
paccynTaHHoe no cooTHoweHuo (3.37) — go 33,3 cyT.

BaxHoCTb mocnegHero 3amevaHuss CTaHOBUTCS MOHSTHOW, ecnn
Yy4eCTb, YTO NPOAOIKUTENBHOCTL PEMOHTA SIBNSETCHA Cny4yanHou Be-
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NNYMHON. ONUTENbHOCTb PEMOHTOB 3aBUCUT OT CTEMNEHW CMOXHOCTMH,
TEXHUYeCKoro obecnevyeHnss peMOHTHOW Opuragpl, yaaneHHoOCTn aBa-
PUNHOWM CKBa)XWHbl OT MECTa PaCroSIOKEHNsT PEMOHTHOW CNy>Obl U
OPYrUX MpUYrH.

PaspaboTtaHHas meToauka pacyeTa 3aTpaTt Ha coaepXaHue pe-
MOHTHO-BOCCTaHOBMUTENbHbIX Opurag HedTerazogobbiBalowmnx npes-
NpuATUA NO3BONAET MUHMMU3NPOBATL yLepb OT aBapuii TEXHOMNOIM-
Yyeckoro obopyaoBaHus HedpTeaoObI4M 1 ONepaTUBHO yNpaBnATb aBa-
PUAHO-PEMOHTHBIMK Cny>X6amMu B 3aBUCUMOCTW OT CTENEHW WU3HO-
LIEHHOCTU OCHOBHbIX (POHAOB W OUHAMMKM LeH Ha [obbiBaemyto
HedTb.

3.3.2. PASPABOTKA METOAOB YYETA YLWIEPBA, MPUHOCUMOIO
NPOPUNTAKTUHECKUMUN MEPONPUATUAMU HESTEFASOBOMY
TEXHOJTIOr'MYECKOMY OBOPYOOBAHUIO

BmewaTtenbctBo B npouecc paboTbl NoGOro TeXHNYECKoro ycT-
poOWCTBa HexenaTtenbHo. ATO yTBEPXOEHNE CNefyeT U3 MOMOXEHWN
TEOPUUN HAJEXHOCTU, COrMAacHO KOTOPbIM CMeACTBUEM BMeELLATENbCTBA
ABMNSETCH MOBbILEHNE BEPOSATHOCTM OTKasa yCTPOWCTBA, Hanpumep,
n3-3a BO3HUKHOBEHUSA <«NPUPabOTOYHBIX» OTKa30B, OMUCbIBAEMbIX
pacnpegeneHunem Benbynna.

MHorve obcnyxuBatoLmMe MeponpusiTusl, NPou3BoaUMbIE HA TEX-
HOMOrM4yeckoMm obopyaoBaHUN, He BbI3BaHbI OCTPOM HEOOXOAMMOCTLIO,
HO UX NpoBeAEeHME CMOCOOCTBYET YNYYLLIEHNIO 3KOHOMUYECKUX MOKa-
3atenen akcnnyatauum obopygosanuns. OgHako gaxe Te BuAbl Npo-
dPUNaKTMKK, KOTOpbIE NPOU3BOAATCH 6€3 3aMeH M3HOLLEHHbIX Y3MOB,
6e3 pa3bopkn mexaHuama u gaxxe 6e3 0CTaHOBKM paboTaroLLero ycT-
POWCTBa MOIYT HAHOCUTb YLLIEPD, BbIpaXKatoLWUNCs B CHUXEHNN pabo-
yero pecypca mawwHbl. [NpuHATME pelleHus O Lenecoobpa3HoCcTu
npoBeAeHns NogoOHbBIX MEPONPUATUIN HYXXOaeTcs B HEKOTOPOM Teo-
peTuyeckoM 06OCHOBaHMM, B KOTOPOM Hapsgy C MOMOXWUTENbHbIM
apheKTOM yunTbiBanuCb 6bl U OTpULATENbHbIE MOCNEACTBUS Mep
NPOUNAKTUKN.

PaccMoTpyM NOCTaHOBKY 3a4avv Ha NMpUMeEpPE OYUCTHbIX MepOo-
NpuATUA Ha 06OPYAOBaHUMN ra30KOMMPECCOPHbIX CTaHLUNA.

lMepuognyeckoe NpoBeAEHNE OYMCTOK MPOTOYHOW YacTh OCEBOTO
komnpeccopa (OK) rasoTypbuHHonm yctaHoBku (I'TY) nossonser
NOBbLICUTb KOA(PPULMEHT MOMNE3HOr0 AENCTBMS YCTAHOBKM 3a CYeT
yaaneHua 3arp;|3HeHV||7| M BOCCTaHOBIEHMNA as3poAMHaMNYECKUX Xa-
pakTepuctuk nonatok OK n Hanpaengtowero annapata. HopmaTue-
HbIMW [OOKYMEHTaMuU peKOMeHOyeTCs NpPOBEAEHUE MNEPUOONYECKNX
OYNCTOK, HO Ha MpakTMKe OOCMYyXMBaKLUIN MEepcoHan no CBOeEMy
YCMOTPEHUIO OnpeaensieT MOMEHT NPOBEAEHNS OYNCTHBIX Meponpus-
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TWIA, KaK MpaBumo, No akTy CHUXKEHWUS MaKCUMarnbHOW MOLLHOCTM
yCTaHOBKW. Hanpumep, NpoBeAeHHbI aHanu3 gaHHbIX NpodunakTu-
yeckux paboT oaHOoM 13 koMnpeccopHbix cTaHumn OO0 «bawTpaHc-
ras» nokasars, 4YTO YMCO NPOBEAEHHbIX 3a OOUH rog OYMCTOK 3a Mo-
cnegHve gecAatb NeT BapbupoBanoch And pasHeix 'Y ot 0 go 13.

TpaguuMOHHbIA cnocob NPOBEAEHUS OYUCTHBLIX MEPONPUATUR —
3acblnka (ppykToBon KocToukM Ha Bxod OK — He pernameHTMpoBaH
Mo Macce 3acbiNaemMoro BELEeCTBa, Mo MacCOBOMY pacxofy B npoLec-
Ce 3acbInky 1 No hU3MYECKMM XapaKTepPUCTKaM OYULLIaIOLLIEro cpea-
cTBa.

B TO ke Bpemsi U3BECTHO, YTO 3acblinka OYMCTHOrO BeLLecTBa Mo-
XET npuBOAUTL K NOBOYHBLIM adchekTam, CHUXKaLWUM pecypc pabo-
ol [TY [12, 13, 14].

Llenbto nccnegosaHmin, NpoBOAUMBIX B JAHHOM pasgene, ABnsieTcs
OueHka 3TMx 3PdPEKTOB Ha OCHOBE N3MEHEHUSA BMOPAaLMOHHBIX Xa-
paktepuctuk 'TY, onpeaeneHve BAMSIHUA OYMCTOK Ha OTKasbl 060-
pyooBaHust U paspaboTka MEeTOAMKM ONpefeneHvns onTUManbHOro
nepvoga nNpPoBeAEHNs OYUCTHBIX MEPOMPUATMIA MPOTOYHOM YacTu
YCTaHOBKM.

O6bekTtoMm uccneposanHunsa obinn I'TY tvna 'MK-10-4 HoOMWHanNb-
Hon mowHocTeio 10 MBT n obwum cpokom Hapabotkm ot 90 go
100 TbIC. Y. [INgA pacyeToB UCMONb30BaNMCh AaHHbIE MNaHOBbLIX BUO-
poobcrnenoBaHui, a Takke AUCneTdYepckne gaHHble O NPOBOOUMBIX
pemoHTax 'MA ¢ 1989 no 1999 rr. Kpome Toro, anst usydeHus BuG-
pauui B BbICOKOMACTOTHOM 06nacTu crnekTpa bbina paspaboTaHa akc-
nepvMeHTanbHasi yCTaHOBKa, MO3BOMNAOLLAs perncTpnupoBaTtb BU6po-
curHan c yactotou guckpetusaumm 12 kl'y, n cooTBeTCTBYHOLLEE NPO-
rpammHoe obecneyeHve Ans NpoBeAEeHUS pacyeToB CMEKTPasnibHOro
coctaBa konebaHun B nonoce yactot 0,1-5 kl'u,.

lMpoBeneHHbIE HAMW NMOUCKOBbIE UCCIEA0BAHNSA BO3OENCTBUSA 04N~
CTOK Ha chnekTparbHbli cCOCTaB BMOpauumM nokasanu, YTo BO BCEX
crny4yasix B pesynbTare MpPOBEAEHHOrO MEpOnpuUSATUS  3HAYUTENBHO
Bo3pacTatoT (B 5—10 pas) cocraBnstoLme BubpocurHana B gnanasoHe
yacToT Bbiwe 1,5 kMY (puc. 3.21). 3T0T AnanasoH COOTBETCTBYET J10-
naTtoyHbiM YactoTam Bubpaummn OK, TypbuH Beicokoro (TBM) n Hus-
koro pasneHu (THO) v ux rapmoHukam. [loaTomy yBenuveHue
YPOBHS KOnebaHuii MOXXHO 0OBbSICHUTL YAaneHWeM Crosi 3arpsi3HeHns
Ha nonaTkax OK, uckaxatowero KapTuHy TypOyneHTHbIX nynbcauui
rasoBoOro MoToka, NPOoTeKalLWero Mmexay nonatkamu n Hanpasnsio-
wwym annapatom. C Te4eHnem BpemMeHn aMmnnuTyga BblCOKOYacTOT-
HbIX COCTaBMSAOLMNX CNEKTpa CHMxXaeTcs 1 yepes 15—20 cyT Bo3Bpa-
LaeTca B ucxogHoe coctosiHue (puc. 3.21).

Takum obpasom, yBenu4eHne ypoBHsi BUbpaLumn B BbICOKOHACTOT-
HOW YacTWu crnekTpa HEeMoOCPELACTBEHHO MOCMIE OYUCTKM MOXET CIy-

197



~
&
S

~
S N
S D

/

/

N
S

S

Cnekmpaﬂbnaﬂ RJIAOMHOCHb, OTH. €1.
N
5

50 100 150 200 250 300 350 400
Bpema nocne ouncmiu, 4

O
=
=

Puc. 3.21. [uHamuKa M3MeHeHusl CreKTpanbHOW MIOTHOCTM BuUOpaumMn B noroce
vyactoT 1-4 kl'y nocne NpoBeAeHUsi OMUCTKU

XWUTb KONMYECTBEHHbBIM MOKa3aTeneM ee KayecTBa, a CKOPOCTb BO3-
BpaTa K NpeXHeMy YpPOBHIO — MoOKasaTeneM CKOPOCTU 3arps3HeHus
npotoy4Hon Yactu I'TY. lMogoBHble KONMYEeCTBEHHbIE XapakTepucTu-
K/ NO3BOMAOT paspabotaTb MeToq OnpeaeneHnsa onTumarsbHoro ne-
proga Mexagy O4YMCTKaMu.

Kak y>xe oTMe4anocb, NpoBeAeHNE OYNCTHBLIX MEPONPUATUIA NpU-
BOAMWT HE TOMbKO K MONOXUTENbHBLIM 3dpdekTam, TakuM Kak MoBbILLe-
Hue KM, yesenuyeHve KoahPUUMEHTA TEXHUYECKOTO COCTOSHUS
arperaTa, yBenmyeHne MOLLHOCTM, HO U HeXenaTenbHbIM NocneacTam-
M — K CHUXEHWI0O MEXPEMOHTHOro nepuofa arperara. 310 yTBep-
XOeHue cnegyeT U3 AaHHbIX puc. 3.22, rae npuBedeHa 3aBUCUMOCTb
o6Lero yncna NpoBeAeEHHbIX PEMOHTOB 060pyAOBaHNsSt OT 4acToThl
OYMCTOK MO AaHHbIM gucneTdepckux 3anmcen anga socbmu MA. Ko-
achmymeHT Koppenauyumn coctaenset » = 0,72 npu ypoOBHE 3HAYM-
MocTu Bbiwe 98 % (pacyeTt nposegeH no metoauke [15]). Boicokuin
YpPOBEHb 3HAUYMMOCTU yKa3blBaeT Ha peanbHOCTb NpeanonoxeHnm ob
oTpuLaTenbHbIX MOGOYHbLIX 3dcheKkTax, BO3HUKAKOLMX B npouecce
OYMCTOK NPOTOYHOM Yactn [TY.

M3 ckasaHHOro Bblle cregyeT, YTO OYWUCTKU MPOTOYHOM YacTu
IMA wrpatoT gBosikyto posnib. C OOQHOW CTOPOHbI, OHM MO3BOSISAKT
3HAYMTENbHO COKPaTUTL pacxod TOMMBHOrO rasa, ¢ Apyrom — npu-
BOAAT K [OMONHUTENbHON BEPOATHOCTM BO3HUKHOBEHUSA OTKA30B
obopynoBaHus. [oaToMy npeacTaBnsieT MHTepeC NpoBepka CyLLecT-
BOBaHMS ONTUMarbHOro nepmoga Mexagy OYUCTHbIMU MeponpuaTUst-
MW C TOYKU 3PEHUA MMHMMM3AUMM OBLLMX 3aTpaTt Ha JKCnyaTauuio
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Puc. 3.22. Koppensiuysi konmyecTBa oTka3oB ¢ 4nciiom oumnctok (KC «MockoBo»)

n obcnyxuBaHue yCTaHOBKW. [ofnyyeHHble BbIlle KONMMYECTBEHHbIe
3aBMCUMOCTU NO3BOMSAIOT MPOBECTN Takue OLEHKW.

O603Haunm yaenbHble 3atparThbl, T.. 3aTpaThl B eQnHULY BPpEMEHM
Ha noagdepxaHue A B paboyem cocTosiHUK, Yepes Sy,. B aTy Benu-
YMHY BXOOAT 3aTpaTbl HA onnarty TOMMMBHOIO rasa U CTOMMOCTb pe-
MOHTHbIX MEpPONpUATUIA, MO3TOMY NpeacTaBum Sy, B Buae

Syn =58 + Sp.o6 + SpeMy (3.38)

roe Sy — yaenbHble 3aTpaTthl Ha TOMSMBHLIM a3 npu yCrnoBuMKU OTCYT-
CTBUS 3arpsAsHeHunst; Sy — A00aBOYHbIE 3aTpaThl HA TOMNMBHLIN ras,
BO3HUKatowwme BcneacTeme cHwkenus KI[ arperata npu 3arpssHe-
HWW NPOTOYHON YaCTU; Spew — 3aTPAThbl HA PEMOHTHbIE MEPONPUATUSA
B nepecyeTe Ha eavHULY BPEMEHMW.

PaccmoTtpum aTn coctaenswowme 6onee nogpobHo.

BennunHa S, siBNsieTcA CTOMMOCTLIO TOMMIMBHOMO rasa, noTpeb-
NsieMoro 3a eauHULYy BpeMeHU Mpu YCIoBUM OTCYTCTBUS 3arpsidHe-
HWUs1, NO3TOMY ANA ee onpedeneHns JOCTaTOMHO M3MEpUTb pacxos
TOMNMBHOIO ra3a HeMoCpPeACTBEHHO MOCNE OYUCTKN, N NPOU3BELEHNE
3TOWN BEMMYMHbI HAa CTOMMOCTb ra3a AacT 3HaveHue Sy, KOTOpoe MOX-
HO cuyMTaTb MOCTOSIHHOW BEMWYMHOW ANA AaHHOro arperarta: S, =
= const.

[lo6aBoyHbIe 3aTpaThbl Sy ABMATCA BO3pacTatoLlen yHKumen
BPEMEHMN, MpUYEeM cpagy nocre OYUCTKU Spes(0) = 0. Bug dyHKumo-
HanbHOW 3aBMCMMOCTM MOXHO ONpeaenvTb METOAOM HauMEHbLUMX
KBagpaToB M3 U3MEPEHMWI CKOPOCTU CHWDKEHWUSI YPOBHSA BbICOKOYAC-
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TOTHbIX CMEKTPanbHbIX COCTaBNAKLWMX BUbpaymmn (cm. puc. 3.21). B
NpocTenLemM crnyyae, NpMHUMas NIMHENHBIN XapakTep pocTa CTeneHu
3arpsi3HEHs, NOMy4Yum

Snos = Af, 0<t<T, (3.39)

roe T — nepuog mexay ovnctkamu; A — KoadduumMeHT nponopumo-
HanbHOCTU, onpeaensieMblin N0 AaHHbIM U3MepeHuit. [Npun paccmoTpe-
HUW NPOMEXYTKOB BPEMEHU, 3HAYMTENBHO NpeBbILLaoLWwmx nepuog, 7,
cpefHee 3Ha4YeHne Sy MOXHO BblYMCIUTL NO dhopmyne

T

1 1
S =—|Atdt =-AT. 3.40
=] ; (3.40)

J0
0

CwmbIcn 31O hopMynbl OYEBUAEH — MPU OYEHb MarnbIX Nepuoaax
mexay ounctkamm ( 7 — 0) go6aBoyHble 3aTpaThl HE BO3HMKAIOT, NO-
CKOJIbKY MPOTOYHAsA YacTb HE ycneBaeT 3arpa3HUTLCS.

YaenbHble 3aTpaTthbl HA PEMOHTHbIE PABOTbI Spey COCTOAT U3 ABYX
COCTaBNAWMX: Spem = S0 pem + St pems TAE So pem — PEMOHTHbIE 3a-
TpaTbl 6€3 yyeTa 4OOBABOYHBIX PEMOHTOB, Bbi3blBa€MbIX MOCNEACTBUS-
MU OYUCTOK; Si pew — 3aTPaTbl HA PEMOHTHbIE PaboTbl NO OTKasam,
SABNSAOLMMCS CrneacTBUAMU O4UCTOK. MogobHoe pasgeneHme YncTo
YCINOBHOE, TaK Kak ANsi KOHKPETHOro OTKas3a HEeBO3MOXHO CKa3aTb,
CBSI3aH NN OH C OYuCTKamu, unm HeT. OgHaKo 3TO He MMeeT 3Hade-
HWS, TaK Kak B JaHHOW MOCTaHOBKe 3agayvn TpebyloTcs cpegHecTaTy-
CTUYECKME MPUYUHBI O0TKa30B. C y4eTOM 3TOro MOXHO 3anucaTtb

Spem = nCpem, (3.41)

roe 7 — YACNOo OTKas3oB B eAuHWLYy BpeMeHU; Cyey — CTOUMOCTb pe-
MOHTa.

C [pyron CTOpOHbI, Ha OCHOBaHMK puc. 3.22 ans obuero yucna
0TKa30B N B IMHEWNHOM MPUONKEHMM MOXHO 3anucaTb

N = Ny + Bmg,, (3.42)

roe Ny — YMCro OTKa3oB 3a BpeMs ¢ MPU OTCYTCTBUMN OYUCTOK; Moy —
YMCNO OYUCTHBLIX MEPONPUATUIA 3a Bpems ¢; B — KoaddurumeHT npo-
NOPLMOHaNbLHOCTU.

Paspenus paBeHcTBO (3.42) Ha BpeMs ¢ NONy4YUM 4YacTOTy OTKa-
30B 7:

n = No/t + Bmy,/t = ny + B/T. (3.43)
Takum obpasom, ang yaenbHOW CTOMMOCTM PEMOHTOB MMEEM
SpeM = (7’10 + B/T)CpeMa (3~44)

N OKOH4YaTeslbHO cbopmyna ana O6LLI,I/IX yOenbHbIX 3aTpaT NnpuMeT Bua:
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Syn = So *AT/2 + (ng + B/T )Coem (3.45)

rae KoHCTaHThl A, B, ny onpegenstoTtca ns rpacukos puc. 3.20—3.21,
a Cpew — BbIYMCIAETCH HA OCHOBAHUM JaHHbIX (DUHAHCOBbIX JOKYMEH-
TOB NPeanpuUaTUs.

[na onpeneneHus onTUManbHOrO nepuoga MeXxay OYMCTHbIMU
MEpPONPUATUSIMU HEOOXOAUMO HANTU MUHUMYM dOyHKUMOoHana (3.45).
PesynbTat noucka akcTpemyma gaet ontumarbHOe 3Ha4YeHne NCKOMO-
ro nepvioga:

T, =2BC,. /A (3.46)

OueHuMm 3TOT nepuop, Ans KOHKPETHOro arperarta rasonepekadn-
Batowlero npeanpusatua OO0 «bawTpaHcras».

lMpoBegeHne OYNCTKM NO3BOMSET B CpedgHEM CHU3NTb NoTpebne-
HMe TONNnMBHOroO rasa Ha 5 %, 4To cocrtaBnseTr npubNN3MTENHHO
100 m*/ 4. MpuMeM NuHeliHbI PocT NoTpebneHns Tonnmea BCeaCT-
BMe HapacTaHWA 3arpsisHeHus, a ero ctoumocTs 0,222 py6/ m*. Mpu
aTnx ycnosusix A = 3,2:10° py6/ ron®.

Hanee u3 puc. 3.24 MeTo4OM HaUMEHbLUNX KBagpaTOB HECIOXHO
nony4nMTb 3aBUCUMOCTb OOLLEro 4vicna asapuu OT uucna OYUCTOK
unu, B NnepecyeTe Ha OOWH rof, 4YacToTy OTKa30B

n=0,13/T + 0,75,

T.e. k0appuumeHT B = 0,13. Npumem cpeaHIO CTOMMOCTb PEMOHTa
Coem = 0,5-10° py6. MoacTaBuB gaHHble B (3.46), nonyuum Ton =
= 0,20 roga = 73 cyT.

3ameTnm, 4YTO pekoMeHayeMbli Hopmamu nepuog 7y = 14 cyT.
Taknm obpasom, y4yeT yuiepba npuBoanT K HEOOXOAMMOCTU COKpa-
LeHMs Ynucna obenyxmsarLwmnx MeponpusTUii.

PaccMoTpeHHbIV NpuMep pacyeTa SBASeTcs NULlb AeMOHCTpaLuen
NPUMEHEHNST METOAMKN, U €ro peayrnbTaTbl HE MOTYT CIYXXUTb peKo-
MeHJauMen K npakTM4yeckomy ucnornb3oBaHuio. Mepen nonyvyeHnem
NPakTMYecKoro pesynbtata HeobXxoaAnMO ONTUMMU3MPOBaTb (C TOYKM
3PEHNS CHUXKEHWS OTpMLaTeNbHbIX NOCNEeACTBUI U, BO3MOXHO, CTOM-
MOCTK) M CTaHAAPTM3MPOBaTb CaM MPOLIECC MPOBEAEHUA OYUCTHBIX
MEpPONPUATUIA.

3.3.3. PABPABOTKA TEOPETUKO-UIPOBbLIX METOIOB NMPUHATUA
PELUEHWUA O MPODUINAKTUYECKUX PABOTAX
HA HE®TEFASOBOM OBOPYLOBAHWA

PelueHne o BbiBOAE B PEMOHT TaKUX CIOXHBIX U AOPOrOCTOALLMX
CUCTEM, KaKuMU SBNSIIOTCS rasornepekaymBatoLLme arperatbl KOMNpec-
COPHbIX CTAHUWI, B HacTosiLLee BpeMsi MPUHMMaeTCsl Ha OCHOBaHWUM
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cneylowmnx NpusHakos: 1) HEBO3MOXHOCTb AanbHeNLLen aKkcnnyaTa-
uunM arperata BCNEACTBME aBapuAHOIO OCTaHOBA; 2) HacTynfeHue
CpOKa MIaHOBOro peMoHTa; 3) CHMKEHUE nokasarterner 3KOHOMUYHO-
ctn TIA; 4) cHwkeHue HagexHocTu paboTbl [TIA (nNpegaBapuiiHoe
COCTOSIHUE).

M3 nepeuncneHHbIX Npu3HakoB NULLb NepBbIN BbIHYXOaeT Yeno-
BeKa MPUHSTbL €QUHCTBEHHOE peLLEHNE, KOTOPOE He 3aBUCUT OT CyOb-
eKTMBHOro gaktopa. Hanmune kombuHauum nobbix Apyrux npusHa-
KOB CNY>XUT TOMbKO MOTUBAUUEW MPUHATUS pELUEHMsl, HO camo pe-
LEeHNe NMPUHUMAET YeroBeK, PYKOBOACTBYSICb CBOEW MHTyMUMEN U
onbITOM (cny4ar NPON3BOACTBEHHOW HEOHXOOUMOCTU, HAaNpUMep, Tak
KaK pelleHne B 3TOM Criyyae Takke BblHYXOEHHoe).

Mpeanonoxum aanee, 4YTo peLLeHne O BbIBOAE B PEMOHT NPUHSITO.
B atom cny4yae Bo3HuKaeT Bonpoc 06 06beMe peMOoHTHbIX paboT. Ha-
npvMep, ecnv PEMOHT BbI3BaH HEUCNPABHOCTbIO KaMepbl CropaHus,
Hado nu, pas yXx arperat OCTaHOBIEH, 3204HO MPOBOAMTL PEBU3UIO
NOALIMMHUKOB, NonaTtok TypbuH n gpyrme paboTbl, CBA3aHHbIE CO
BckpbiTMeM kopnyca [MTIA? OTBeTUTb Ha 3TOT BOMPOC CMOXHO MO
OBYM npuynHam. C ogHoONM CTOPOHBI, Niobas nepebopka MexaHuama
NpMBOONT K BO3HMKHOBEHMWIO Mepuoga npupaboTkn geTtanew, korga
BEPOSITHOCTb aBapum MHOrokpaTHO Bo3pactaert [3]. C gpyrow cTtopo-
Hbl, €CMN PEBU3NI0 HE MPOBOAMTBL U Yepe3 KOPOTKOE BPEMS BO3HUK-
HYT HencnpaBHOCTU TypOUH, NPON30AET HEONpPaBAaHHOE COKpaLle-
Hue pecypca A n3-3a HebnaronpUATHLIX TEMMOBLIX PEXUMOB MpU
NMLWIHEM UMKIEe OCTaHOBKA — MYCK W, KpOMe TOro, notpebytoTcsa 3a-
TpaTbl CpeacTB Ha NonHyto pa3bopky arperata. PewweHne 06 o6beme
PEMOHTHBIX paboT Takke NMPUMHUMAETCH YENOBEKOM Ha OCHOBE WH-
Tynyuu n onbiTa.

VMHTYUTUBHO NPUHATOE peLleHne He MOXET ObiTb onTMMarnbHbIM
y>Xe NOTOMY, YTO KpUTEPUU ONTUMANbLHOCTU B 9TOM Criyyae He ornpe-
OeneHbl. BmecTe ¢ Tem, MHOrMe 13 NnapaMeTpoB, OKa3blBaoLLMX BNUS-
HWE Ha MPUHATME pEeLLEHUs, MOXHO opmann3oBaTb, T.e. ONMcaTb
MaTeMaTM4YeCKMMUN 3aBMCMMOCTSAMM, @, CefoBaTenbHO, Npu Belbope
KOHKPETHOro napameTpa OnTMMmn3auum okasblBaeTcs BO3MOXHON Ma-
TemaTmyeckas NoCTaHOBKa 3a4ayv onTumMu3auuu.

CyLecTBEHHON 0COBEHHOCTBLIO paccMaTprBaeMoi 3adadm ABNsieT-
CS1 BEPOATHOCTHbIN XapaKkTep MCXOAHbIX AaHHbIX. HecoBepLUeHCTBO U
CMNOXHOCTb AMarHoCTUYECKNX METOAOB NPMBOOUT K TOMY, YTO TeKy-
wee TexHu4veckoe coctosHme MA moxeT ObITb OnpegeneHo NuLLb ¢
HEKOTOPOW CTEMEHbIO 4OCTOBEPHOCTH, U, CnegoBaTenbHO, Aaxe KpaT-
KOCPOYHbIN MPOrHO3 COCTOSIHUSA arperata He MOXET ObITb TOYHbIM.
Mexay TeMm nmeHHo oxnaaemoe nosegeHue A cny>XUT ocHoBaHU-
eM Onsl NPUHATUS pPeLLeHuns.

3agady NpUHATMSA ONTUMAarbHOrO peLleHnst Npy CryYanHblX UC-
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XOOHbIX AaHHbIX MOXHO UCCMNefoBaTh ABYMS MaTeMaTUYECKUMU Me-
TogamMu: METOAOM TEOPWUWU WP U METO4AMM CTOXaCTUYECKOro npo-
rpaMmmMmmpoBanus [8, 9].

[MocTaHoBKa 3agayv O NPUHATUM PELUEHUS B TEOPUU WUIP BbIrMs-
anT cnegyrowmm obpasom. Kaxabin n3 aByx urpokoB A n B moxeT
NPUHATL OOHO M3 HEKOTOPOW COBOKYMHOCTW pelueHuid. IMycTtb ans
urpoka A ato 6yayTt A1 <i <m), a ana urpoka B—B(1 < j<n).B
pesynbTaTe NPUHATUSA ONpeaernieHHOro peLleHns KakablM U3 UrpoKOB
A; n B; 0OVH U3 HUX BbINIPbIBAET HEKOTOPYIO CyMMY Sy, ApYron Ta-
Kyt0 e cymmy npourpbiBaet. [paBuna Beibopa peLueHuin Ha3biBaroT-
ca cTparterven urpoka. TpebyeTtcs onpegenuTb Takyto CTpaTermto ur-
poka A, koTopasi MPUHOCUT eMy MaKCUMarbHbIN BbIUMPbILL.

Ycnosusa urpbl yaobHo 3anucbiBaTb B hopMe MaTpuLbl BbIUMPbI-
en pasmepa nxm:

By B,
A1 511 Sm
A St S

MocTaHoBKa 3agayu B Takon popmMe HasblBaeTCs aHTaroHNCTuye-
CKOW UrPoWi C HyNeBOW CYMMOW, NOCKOSNbKY MHTEpeChl Nrpokos A n B
NPOTUBOMNOSOXHbI, N BbIMIPbILL OAHOIO paBeH NPOUrpbIly Apyroro.

B Teopuu urp gokasbiBaeTcsl, YTO NPU aHTaroHUCTUYECKOWN Urpe C
HyNeBOW CyMMOW ONTUManbHasi cTpaterus urpoka A onpegensercs
13 ycrnosus MakcumuHa [17]: Ay = max{mind{S;}}. Takoe pelueHne
BblTEKAET M3 YCINOBUSA aHTarOHWCTUYHOCTM — 0Da Mrpoka yBepeHbl,
YTO NPOTMBHMK MOCTYNUT Tak, YTOObI HAHECTU emy MaKCUMarnbHbIN
YPOH.

Mpumem Ans Hawer 3agadu, YTo Urpok A — 31O YenoBsek, NPUHU-
MarLmin peweHre o BeiBoge TIA B pemoHT. Nrpokom B Torga 6y-
OeT «cnyyam» unu «npupoga» [17]. Cpasy 3ameTum, 4To Urpa nepe-
cTaeT BblTb aHTarOHUCTUYECKOW, MOCKONbKY NS «NpupoabI» HE nMe-
€T 3Ha4YeHus, BbIUrpaeT unm NnpourpaeT YenoBek, 1 OHa He CTPEMUTCS
HaHeCTU MakcuManbHbln yulepb yvernoseky. OHa pykoBOACTBYyeTCA
CBOMMM COBCTBEHHBIMU CTOXaCTUYECKMMM 3aKOHaMM, KOTOpble MOryT
ObITb B KaKOW-TO CTENEHWN M3BECTHbI YENOBEKY, @ MOryT ObITb N He-
N3BECTHBI.

Beegem o6o3HauyeHus: S, — CTOMMOCTb PEeMOHTa Mocre npounso-
WweaLwen asapum, S, — CTOMMOCTb 3ansiaHMPOBaHHOro peMoHTa (6e3
aBapun). CTOMMOCTU PEMOHTOB S, U S, AOIKHbI BKNoYaTh B cebs
3aTpartbl, yuMTblBaKOLWMe Kak ywepd oT NpocTos arperaTa, Tak U Co-
KpalleHue obuero pecypca paboTbl BCrieAcTBue HEGNAronpuATHbIX
NOCNeACTBUIA MYyCKOBOIrO pexuma.
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EctectBeHHO gonycTuTb, 4To S, < S,. MaTpuua BbiMrpbilen 3a-
nuweTcs criegyowmm obpasom:

ABapus HeT aBapuu
PemoHT =5 =5
Bes pemoHTa —Sa 0

[Mpeanonoxmm, 4To O 3ambiCax NPUPOAbI HAM HUYEro He U3BECT-
Ho. B aTom cnyyae Teopus wurp npegnaraeT Tpu KpuTepus Bblbopa
peLleHmns, KaXxaoe 3 KoTopblX B onpegeneHHOM CMbICe OnTUMarnbHO.

Kputepun Banbga (kpavHuin neccMMuam) npeanaraet cuutatb
npvpogy pasyMHbIM MPOTUBHWKOM, KOTOPbLIN CTPEMMUTCA HaHECTU
HaMm MakcumanbHbI yuwepb. MNMoatomy pekomeHgyemas ctpaTervs
coBnagjaeT CO cTpaTerner aHTaroHUCTUYecKkon urpbl. MakcumuH
max;{min{S;}} = —Sp, 3HaUNUT, peKoMeHOyemon cTpaTernein Kputepust
Banbga Bcerga 6ynet pemoHT.

Kputepuin mnHumakcHoro pucka CaBugka — TOXe NecCUMUCTU-
Yeckui, HO npu BblIbope cTpaTerMm pykoBOOCTBYKOTCS HE BbIUMPbI-
wem, a puckom [17]. MaTpuua puUcKoB 7; AN1A HaWero cny4as umeet
BUA

ABapus Het aBapumn
PemoHT 0 +5
Bes pemoHTa =Syt Sa 0

Mpu 25, < S, umeem min;{max{r;} = Sp,, 1 pekomeHayemas cTpa-
Terms — pemoHT. Mpu 25, > S, nonyunum mindmaxy{r;} = —Spt+ S
cnegoBaTenbHO, B 3TOM cryyvae kputepuii CaBugxa pekomeHayeT He
NpoBOANTbL PEMOHTHble paboTbl. CylHOCTbL kputepus CoBuaxa B
TOM, 4TOObI n3beratb GOMLLLIOTO pUCKa NPU MPUHSATUN PELLEHUS, U B
3TOM CMbICIie OH CXOAEH C «neccummsamom» kputepus Banbga, HO
CMbICI MOHATUS «MNEeCCMMU3M» 30eCb APYron.

Kputepuin MNypeuua H = max{ymin{S;} + (1—y)max{S;}} ssoaut
«k03hpMUneHT neccnmmnama» y, Bolbupaembin mexgy 0 n 1. 3Hade-
HMe y = 1 nepesoaut Kputepwui [ypBuua B KpuTepun Banbga
(kpariHUin neccumunam), a y = 0 cooTBETCTBYET «KpankHeMy ONTUMU3-
My>», PN KOTOPOM BbIGMpaeTca Ta cTpaTerus, Npu KOTOPOKr B MPUH-
uune BO3MOXEH camblii 6OMbLWON BbIUMPLIW. BbiGop BenMyuHbl
cybbeKkTMBEH — 4Yem onacHee MnocneacTeus aBapun, Tem bnvxe K
eauHMLEe HeOOXOAMMO MPUHUMATL 3Ty BENUYUHY.

Takum obpasom, gaxke nNpu MOfHOM OTCYTCTBUM MHGOPMaLMK O
BEPOATHOCTW aBapuu, TeEOpUs Urp NO3BONAET NPMHUMaTb 0GOCHOBaH-
Hble peLleHns], yYuTbiBaloLWwue kKak CTOMMOCTU aBapunHOIo N TekyLle-
ro PEMOHTOB, TaK M ONACHOCTb NOCNEACTBUIA aBapun.

B peanbHOM criyyae Mbl BCerga MoxXem nonyyntb MHopMaumio o
TexHn4yeckoM coctosHum [MIA ¢ NOMOLLLIO ANarHOCTUYECKMX METO-
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OB, a, crnefoBaTenbHO, MOXEM OLIEHUTbL BEPOSTHOCTL aBapun P B
TeYeHne HEKOTOPOro Gnnxkarwwero nepyuoaa Bpemenn T. BeposiTHOCTb
TOro, YTO aBapus B 3TOT Nepuog He npomsongeT, pasHa 1—P. Cnepo-
BaTeNbHO, Mbl 3HaeM cTparermio «npupogpl» — B 100-P cny4dasix us
100 oHa BbIGepeT aBaputo, a B octanbHbix 100-(1—F) aBapum He Gy-
net. OnTumanbHasa cTpaTernst onpeaensieTcsi U3 ycroBust Makcumarb-
HOro cpefgHero Bbiurpbiwa [ 16, 17]:

S, = ZP/. -8, — max. (3.47)

i

Mpy n3BECTHbIX BenuunHax S; u P; pelueHne 3TON 3agayn He
npeactaBnseT TPyAHOCTEWN.

PaccmoTpeHHOe pelleHne NpocTenllen 3agaym ¢ MaTpuLen Bbiur-
pbiWen 2x2 MOXHO YTOYHWUTb, €CNU  YYEeCTb, YTO CMOXHbIW arperat
cocTouT 13 bonee NpocTbix y3noB. Tak, ycnoBHoe pasdueHune A Ha
Kamepy cropaHusi, TYypOUHHYI0 YacTb U HarHeTaTenb NpMBeAET K MaTt-
puue 6x2, 4TO NO3BONUT C GonbLUel JOCTOBEPHOCTBLIO ONpeaennTb
BEMUYUHBI S; N P, 1 B TO e BPemsi He3HauUTenbHO NoBnunseT Ha
006BbEM BbIYUCIIEHWN.

PaccmoTtpum, kakmm obGpa3om MOXHO onpefenvTb BXogswne B
ycnoswus 3agaqv BenuuuHel n P;n S;. Npeacrasnexne 3agayn B cop-
Me Urpbl He TpebyeT TOYHOro 3HaHWs NnapameTpos S;. [N pelueHns,
B NPUHLMNE, 4OCTAaTOYHO 3HaTb, YTO CTOMMOCTb aBapUMHOIO PEMOHTA
BblLLE, YEM CTOMMOCTb 3anfaHUpOBaHHOro. [pu MHOrOKpaTHOM Mo-
BTOPEHMM CUTyaUMmM Aaxe Npu Taknx gaHHbix obLas cToumocTb pe-
MOHTOB OKaXXeTCsl HUXe, YeM npu criydyanHom Bbibope. OgHako, Yyem
BbILLE TOYHOCTb, TEM MEHbLLEE YMCIO MNOBTOPEHMWI AN 3TOro Tpedy-
eTcsl. BO3MOXHOCTb yny4LleHns TOYHOCTH onpeaeneHns S; Mbl 06cy-
OVM HUXKe, NMPpY pacCMOTPEeHMM 3aga4m 06 06GbeMe PEMOHTHbIX paborT.

BepoaTHoOCTh Bbixoaa 13 CTposa y3na P; B TedeHue BpemeHn 7 B
NpoCTENLIEM Crlydae MOXHO MPUHATbL PaBHOW NIoLwaam nog HopMu-
pOBaHHOW KpWUBOW pacnpeneneHus Beribynna, B3aTOW OT KanuTarnb-
HOro peMoHTa 0 TeKylllero MoMeHTa BpemeHu. PacnpeneneHue Bein-
Oynna cTpouTcsa MO CTaTUCTUYECKUM AaHHBbIM OTKa30B AN KOHKPET-
Horo yana unu ana MA B uenom. B pasgene 2.2.2 npusefeHbl xa-
pakTepucTukn pacnpegeneHus Benbynna B uenom ans arperara
™mna ['TK-10 (puc. 2.10, 6). MNpuHATbIE 3a OCHOBY 3HayeHus P; B
panbHerwem MoryT 6biTb YTOYHEHbI MO AaHHbIM AMArHOCTUYECKUX
obcrnenoBaHuin, a Takke Ha OCHOBAHMU CTATUCTMYECKMX AaHHbLIX MO
oTKasam.

3ameTum, YTO OTHOCMTENbHAs HECIOXHOCTb anroputma noucka
ONTUMAarbHOIO PeLLEHNs NO3BONAET BCTPOUTb €ro0 HEMOCPEACTBEHHO B
AmMarHoctTu4eckoe nporpaMmHoe obecneveHue.
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PaccmoTpym BTOpyto 4acTb 3agayn. [ycTb NPUHATO pelueHue o
BbIBOAE arperata B PEMOHT U TpebyeTcst onpeaennTb, KakoB [OMKeEH
ObITb 00BbeM paboT Ans MUHUMKU3AUMN 3aTpaT B TEYEHNE HEKOTOPOTO
NpomexXyTka BPEMEHMW, HanpuMep, OO CIEeAYHLWEro KanuTanbHOro
pemMoHTa. [pumem Ans NpocToThbl, YTO arperat CoCTOUT U3 ABYX y3-
OB, PEMOHT KOTOPbIX MOXET NPOBOAMTLCA HE3ABUCUMO, T.€. UMEETCS
BO3MOXHOCTb BbibOpa — peMOHTMPOBAaTb OAMH, N Cpasy ABa y3na.
Habop BO3MOXHbIX peLueHuid (CTPOKM MaTpuupbl), Takmm obpasom,
onpeferneH — UMeeTcs AiBa BapuaHTa aenctamin. O4eBMaHO, YTO YNCIO
cTpaTernii y «npuMpoabl» TOoXe paBHAEeTCs ABYM: MO0 BTOPOM, noka
ellle ucnpasHbIli y3en, ycnewHo gopabotaeT Ao cregylowleri ocra-
HOBKM Ha PEMOHT (MO NPUYMHE PEMOHTA NepBoro), NMbo oH BbINaeT
13 CTpos paHblLe. B nepBom criyyae onTvMarnbHoe peLleHne cocTouTt
B PEMOHTEe TONMbKO OAHOrO Yy3na, Bo BTOpoMm — [AByx. MaTpuua
BbIUrpbilel ByaeT nmeTb BUA

Het Ja
PeMoHT 1 —Sp1= 88" —Spt
PeMOoHT 1 1 2 —Sp1- Sz —Sp1— Sp2

roe Sp1 — CTOMMOCTb 3aniaHpoBaHHOrO PeMOHTa NepBOoro yana; Spo—
CTOMMOCTb 3anfiaHMPOBAaHHOIO pemMoHTa BTOPOro yana; S’ — crtou-
MOCTb LiMKNa OCTaHOBKa — MYCK C Y4E€TOM yBENUYEHUSI BEPOATHOCTHU
aBapuu B nepuog npupaboTku getanen.

Ecnu Bce napameTpbl U3BECTHbI, TO peLleHne 3ToK 3a4aun HUYeM
He oTnnyaeTcs oT npeabiayliero. 3aTpyaAHEHNsT MOXET BbI3BaTb Of-
pegeneHve napametpa ', HO, KaK y>Ke roBOpuroch, B UrPOBON 3agave
BaXXHO Yy)XXe TO, YTO Takow napameTp CyLeCTBYET, N OH yBenMunsaeT
3aTpaTbl Npy HEOBOCHOBaAHHOM OTKase OT PeMOHTa BTOPOro yana. Be-
POATHOCTb pPaHHEro BbIXOA4a M3 CTPOS y3na BTOPOro Takke MOXHO
OLEHUTb, UCX0OSA M3 TeKyLlero MofoXeHUs 3TOro yana Ha KpuBOWM
pacnpegenexHvus Benbynna, n yTOYHUTb €ro 3HayeHue C y4eToMm
ONarHOCTUYECKUX N CTAaTUCTUYECKMX OaHHbIX.

B 3akniouyeHve obpatum BHMMaHNE Ha HEKOTOPbIE CYLLECTBEHHbIE
obcTosTenbCTBa, KOTOPbIE HE BbINM YYTeHbl B NPeablayLLMX pacCyx-
OeHnax.

Bo-nepBbIX, yCrnoBue «paHHEro Bbixoda U3 CTpOsi» BTOPOro ysna
cnegoBano Obl 3aMEHWTb YCIMOBMEM <«CIMLLKOM PaHHUI», Tak Kak
BO3MOXHO, YTO K yKa3aHHOMY CpOKy OyaeT MOAXOAuTb K KOHUYy pe-
CypC MEepBOro ysna, HO He B TOW cTerneHu, 4tobbl [TIA BbIBOAWTL B
pPeMOHT. B aToM cnyyae onTMManbHOCTb NMPUHSTOrO peLleHunsi, BOOO-
LLle roBOps, Heo4YeBUAHA. YUeT Takmx hakTopoB TpebyeT NprMeHeHus
MeTO40B AMHAMUYECKOro nporpaMmmMmpoBaHusd [16], BecbMa CroXeH n
He BXOOWUT B Hally 3ajadvy.

Bo-BTOpbIX, 06€ PacCMOTPEHHbIE 3a4a4N MOXHO CBECTU K OLHOM
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co cTpaTternamm «He peMoHTUMpoBaTb», KPeMOHT 1», «PeMOHT 2» 1
T.4. Ho B 3aTOM cniyyae npouvsongeTt Ype3amepHoe yBenuyeHne vvcna
cTpaTterMin «npupogpl», U NoTEepPsSeTCs OYEBUOHOCTb PACCYXAEHWUNA.
Mpun peanu3aumm xxe B BUAe anroputma, Hanpumep, aAnst KOMnboTep-
HOro pacyeTa, Takon NOAX0o4 BrOfHE NPUMEHUM.

B-TpeTbux, TONbKO MNpWU peLLUeHUU BTOPOW 3aayn BbISCHSETCS
JencteutenbHasa CTOMMOCTb peMoHTa. [loaToMy npeacraBnseTcs pa-
3yMHbIM MOBTOPUTL pacyeT Nno NepBOMy anropuTmy ¢ y4eToM nonpa-
BOK, T.€. MPOBECTYU eLle OOHY uTepaumio.

B-ueTBepTbiX, B AaHHON paboTe HaMEepeHHO MPUHUMAETCs Mpo-
cteriwasa ctpyktypa [TIA, coctosiwas ns ogHoro (3agadva 1), unm
OBYX (3agava 2) ysnos. Llenb Takoro ynpoLieHns ogHa — HarnsgHo
nokasaTtb NMPUMEHUMOCTb UrPOBbIX METOAOB AN NPUHATMSA 060CHO-
BaHHbIX pelueHui. [Npn peanbHOM NPUMEHEHUWN 3TUX METOLOB, Ha-
npumMep, Npy paspaboTke KOMMNbIOTEPHOW NMPOrpaMMmebl, CrnegyeT y4yu-
TbiBaTb, YTO Yem Bonee getanbHO NpeacTaBnNaeTCs B pacyeTax cxema
IMA, Tem ¢ 6onblUe TOYHOCTBIO MOXHO OMpefennTb BXOAsLune B
yCrnoBus 3agayn napameTpsbl.

W, HakoHeL, nocnegHee. JTio6as matemaTudeckass Mogernb He MO-
XeT abCcontTHO TOYHO OnMcaTb NPOM3BOACTBEHHYIO CUTYaLMIO, B KO-
TOPOW BCcerga BO3HMKAET MHOXECTBO He YYTEHHbIX MOAENb0 HHaH-
coB. Noatomy ntobble maTemaTnyeckne MeTodbl, B TOM 4ncre n me-
TOAbl TEOPUN UTP, HE AAOT OKOHYATENbHbIX, HE NOAMNEeXallMX COMHe-
HUo pelueHun. OHM NULLL NOMOralT MNPaBUITbHO COPUEHTUPOBATLCS
B CUTyauMm U OTOpPOCMTb 3aBEAOMO MPOMUIPbLILLHbIE PELUEHMUS, HO
OKOHYaTEeNbHOE peLleHne AOMKEH MPUHSTL YENOBEK.

3.4. NNAHMPOBAHUME 3ATPAT HE®TEIA30BbIX
NMPEANPUATUA HA SHEPIOPECYPChI

M BbIBOP CTPATEIMN BSAUMOOTHOLLEHUI
C X NOCTABLUMKAMU

Hapsay ¢ skonormyeckumu nocneacTeuaMy aBapuii B HedpTeraso-
BbIX OTPAcnsix 1 ywepboM oT HedoNoCTaBkM NpoayKuum notpeduTe-
N0 BCNEACTBME NMPOCTOs 060PYA0BaHUS, BbI3BAHHOTO NMPOBEAEHNEM
PEMOHTHbIX paboT, HEOGXOAMMO YYUTbIBATL U (DUHAHCOBLIE NMOTEPY,
BO3HMKatoLLMe NpU BbinsaTe WTpadoB 3HeprocHabKatoLwmm opraHu-
3auusam.

Mpu cyluecTBytOLLEN CUCTEME B3aMMOOTHOLLEHWIA MexXay NocTaB-
LWMKaMU U NOTPEBUTENSIMU 3NEKTPOSHEPrMM OOBbEMBI €€ MOCTaBOK
TpebyeTcs NnaHMpoBaTh kak MOXHO Gonee To4HO. B npoTuBHOM Cry-
Yae, Mo YCMOBUSIM CTaH4aPTHbIX 4OrOBOPOB, Hegobop unm nepebop B
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ob6bemax NoTpebneHns SHeprum HakasblBaeTcs LUTPadHbIMKM CaHK-
UMSIMU, KpaTHO 3aBUCALLMMM OT BENMYUHBI OTKIOHEHUS MIIAaHOBOrO
aHepronoTpebneHns oT PaKTUYEeCcKoro.

AHanu3 gaHHbIX MO PEMOHTHBIM MEPONPUATUSM, MPOBOAUBLUNMCS
Ha NpeanpusaTMaAX oTpacnu, nokasan, 4to 43 % OT BCero umcna oTka-
30B TEXHONOrM4yeckoro ob6opyaoBaHUSA MPOMCXOAUT BHe3anHo, 0e3
NpeLBapUTENBHOIO MPOSIBMEHNST KaKUX-NMOO BHELUHUX MPU3HAKOB.
OueHnTb BO3MOXHOE KONMYecTBO NogobHBIX aBapuin kpaviHe 3aTpya-
HUTENBLHO (B OTNNYME OT MEeASIEHHO pa3BMBaloLMXCH aedeKToB).

OTKNOHEeHVe akTnyecKoro aHepronoTpebneHns, NPoncxoasLLero
BCreACTBME MPOCTOEB TEXHONOMMYECKOro obopyaoBaHud, OT nnaHo-
BbIX, NPeABapUTENBHO 3aKa3aHHbIX 00bEMOB, MPMBOAUT K BO3HMKHO-
BEHVIO OTKMNOHEHMWI BUaa

AP = i(PcbaKT - PnrlaH)r (348)

roe Pyaa — dakTuyecknii o6bem n3pacxogoBaHHON 3M1EKTPOSHePrum
3a pacyeTHbIN Nepuod; Prpay — 3annaHUPOBAHHbLIA Pacxof SHEPruu,
OroOBOPEHHbIV B IOroBOpe Mexay HedTerasoBbiM U 3HeprocHabxato-
LM NPeanpuATUAMM 3a TOT Xe Nepuroa.

MpeBbileHne BenNUYMHBI |JAP| HEKOTOPOro MOPOroBOro 3Ha4YeHus
NPMBOAUT K HaYMCneHuto WrpadHbIX HapgbaBok k Tapudam, o KoTo-
pbIM NPOM3BOAMTCA ONnarta 3NeKTPOdHeprun (Kak npasuno, ABYX-
UM MHOTOCTaBOYHbIV Tapud).

dPakTnyeckme 3HayeHus NoTpebnsemMoln aHeprum SBMSKTCA Cry-
YarHbIMWN BENMWYMHAMM, 3aKOHbI pacnpeaeneHnst 1 napameTpbl KOTo-
pbIX ONpeaensitoTCA MHTEHCUBHOCTBIO OTKA30B 060pyA0BaHNS U NpU-
pPOAHO-KNMMaTu4eckummn dakropamm, 60MbLIMHCTBO N3 KOTOPbIX HE
NnoadalTCs KONMYECTBEHHOMY M KavyeCTBEeHHOMY y4yeTy (puc. 3.23).

B nogobHon cutyauumn Heobxoanmo onpenenntb Takon A4OoroBop-
Hol 06bem NOTpebneHns aNeKTPO3HEPrK, KOTopbI obecnevmsan Obl
MUHUManbHbIE OOMNOMHUTENBbHbIE (DUHAHCOBLIE MOTEPU MPU BbIHYX-
OEeHHON BbiMnaTe HagbaBok K Tapudam.

B ycnoBmax noytv NOMHOM HenpeackasyemMoCTU Takux aBapui,
Kak nospexaeHusa cunosoro kabena vnu M3M, otkasbl HKT, 06pbiB
KOMOHHbI LWITaHr WU APYrMX NPUYMH, ANs Hay4yHO 06OCHOBAHHOrO Bbl-
6opa AOroBOpHbIX BENMYMH NOTpebneHns aHeprum Hambonee Leneco-
06pa3HO NpPMMEHEHME TEOPETUKO-UTPOBBLIX METOA0B, PACCMOTPEHHbIX
paHee B NPMMEHEHNMN K 0OOCHOBaHMIO HEOOXOAMMOCTU NPOBEAEHMS
PEMOHTHbIX paboT (cMm. pasgen 2.3.3).

PaccmoTpyM nocTaHOBKY 3agavv MUHUMM3aUUn WITpadHbIX CaHK-
Lun.

Mpeanonoxum, 4To NpeanpUsTUI0 HEOOXOAUMO 3aKIYUTb JOro-
BOP C 3HEProcUCTEMON Ha MOCTABKY SMEKTPO3IHEPTNN B KONUYECTBE
Py kBT-4 B Mecsl. OBbI4HON NPaKTUKOW NpU 3aKYeHUN NogoOHbIX
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Puc. 3.23. CooTHOoweHne ob6bemMoB gobblum HedTU M chakTMyeckoro notpebneHus
3MeKTpO3HEeprum

[OTOBOPOB SIBMSIETCS MPUMEHEHMe WTpadpHbIX CaHKUMIA MO OTHOLLEe-
HUIO K 3aKa34uKy Kak Mpy MpeBbLILLIEHUN YCTaHOBMEHHOIO NMMMMTa Ha
SHEpruio, Tak U NpU €ero HernomnHoMm ucnonb3osaHun. OGo3HAYUM
dhakTUyeckoe MecsyHoe noTpebrieHne aHeprum Yepes P, Toraa ycro-
BMS1 JOroBOpa MOXHO 3anucaTtb B CriedyloLlemM Buae:

b, mpu P = P,;

obP, +(P-F))o, npu P, <P<P,,;
S = (3.49)
Q‘I)() +(P_PO)KQ‘ pun P> [)lirn;

oP + (P, - P)a, mnpuP <P,

roe S — 3atpaTbl npeanpuaTms; o — ctoumocTb 1 kBT-4 aHeprum;
Py, — yCTaHOBNEHHbI B OOroBope npeden, HUxe KOToporo crou-
MOCTb OHOro KBT+ 4 3Hepruu, NpeBbILIatoLLER NIMMAT, COCTaBNSAET o
(npuyem oy > o), a Beiwe —K- a (K — Uenoe 41cno, onpegensoLiee
KpaTHOCTb Onnatbl NPy 3HAYNTENBHOM MPEBbLILLEHNN YCTAHOBIEHHOMO
nmmnTta); o, — Hagbaeka k Tapudy 3a 1 kBT-4 HeBocTpeboBaHHON
3Heprun (onnata HeyCTOMKN).

Hawa 3agaya 3akno4yaeTcsl B TakoM BblIOoOpe BENMWYMHbBI Py, KOTO-
pasi MUHUMMU3MPYET BENWYUHY 3aTparT, T.e. .S — min.

OCHOBHas CNOXHOCTb COCTOUT B TOM, YTO (pakTu4eckoe noTped-
neHve aHeprun P ABNAeTCs BENMYMHOM CryYalHOW C HEN3BECTHLIM
3aKOHOM pacnpegeneHus. 3T0 NpMBOAUT K TOMY, YTO Mpeanpusitue,
Kak npasufo, 3aBeJOMO 3aBblllaeT CBOW NOTPEBHOCTM B aHepruw,
4yTOObI N36exaTh BbICOKUX LUTPAdOB 3a ee nepepacxos, npeanovmtas
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3aBeJOMO ONnflayMBaTb HEYCTOWKY 3a HEMOJIHOE UCMOSIb30BaHWeE yCTa-
HOBJIEHHOIO NMMUTA.

MpenBapuTenbHO PACCMOTPUM YNPOLLEHHBIA BapUaHT NocTaBieH-
HOM HaMK1 3aa4yv MUHUMK3ALMMU, BCTPEYAIOLLENCS Ha NpakTuke 4oc-
TaTOYHO peako (Kak npaBuso, u3-3a Hecornacusa ¢ nogoGHbIMK JOro-
BOpaMM Ha MOCTaBKY 3NIEKTPOIHEPTMM CO CTOPOHbI 3HEProcHabxato-
e opraHusauun).

dopmanusys ycnosusi nogobHOro AOroBopa MOXHO 3anvcaTb
CUCTEMY OrpaHWYeHun Bnaa

o- Py, npu P < Fj;

S = (3.50)
o-P+(P-PF)-K-o,, npu P> P,.

MycTb f(P) — HensBecTHas Ham pyHKUWA pacnpeneneHus dakTu-
Yeckow MOoTpebHOCTU NpeanpusaTUs B 3Heprun. Torga yHKUuO 3a-
TpaT MOXHO NPeAcTaBuTb B BUAE

S(P,)=aP, + Kapufx (P - P,)f(P)dP, (3.51)

Py

roe P,.. — MakcumanbHoe 3HadeHune aKTU4Yeckoro noTpebneHus
3Heprun. B peanbHOM cny4yae 3HayeHue P, Bceraa koHeuyHo. Ecnu
Xe dbyHKUMs pacnpegenenns onpegeneHa Ha 6eckoHeYHOM MHTepBa-
e, HaNpMMep Npu HopMarsribHOM 3aKOHEe pacrnpefeneHus, To 3a P .
MOXHO MPUHATb BENUYMHY (MpU YCNOBUM HOPMAIbHOro yHKLMO-
HUPOBaHMA NPeanpuUsaTMS U OTCYTCTBUS BBOAA B 3KCMfyaTaumo Oo-
NONMHUTENbHBIX MOLLHOCTEN)

Prax = M[P] + 30,

roe M[P] — oueHka MaTteMaTuyeckoro oXuaaHusa Ans HopMarbHOro
3aKoHa pacnpegeneHnsi; ¢ — COOTBETCTBYIOLLEe CpeaHekBagpaTuye-
ckoe oTknoHeHne (CKO) sHepronoTpebneHusa HedTegobbiBaowmnm
npeanpusiTuem.

[Mpumem paBHOMEpPHOE (NPSIMOYTrONbHOE) pacnpeneneHne Benm-
YMHBI P, KOTOPOE B HEKOTOPbIX CIyyasix yAOBNETBOPUTENBHO OMNUCHI-
BaeT daktnyeckme gaHHole (puc. 3.24), t.e. npu P, < P < P
umeem f(P) = A, roe nNocTosiHHasi BenuyunHa A n3 coobpakeHuin Hop-
mupoBku paBHa 1/ ( P — Puin)- Torga us (3.51) cnepyer:

K(X Pmax

S(P,)=aPy + ———— [ (P=P)dP =

( max min) Py
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Puc. 3.24. daktnyeckoe notpebneHune anekTposHeprun HIOY «KoranbiMHedTb>»
(peTpoCneKkTUBHbIA aHanus 3a 2 roga)

2

= f)() +1K(I (Prax = Po) ) (352)
2 Pmax _Pmin

B3siB npou3BogHyto dS/dP, v NpvpaBHWBas €e Hymnto, Momny4um
ONTMMarnbHOE 3HauyeHue obbema 3akasa:

P= P, — om "o (3.53)
K

Cwmbicn copmynbl (3.53) odeBnaeH — nNpu BbICOKUX LUTpadpax 3a
nepepacxop aHeprum (K — o) cnenyet npuHaTb Py = Py , NpY KX
otcytctBuM (K = 1) Py = P

OpHako B 60oMnbLUMHCTBE pearnbHbIX CUTyaL M 3aKoH pacnpegene-
Hua F(P) Heu3secTeH, a noTpebrneHne aHeprum onucbiBaeTcs AOro-
BOPHbIM COOTHOLWeHneM (3.49).

PaccmoTpyM 0aMH U3 NOAXOA0B K peLLeHMo NOCTaBnNeHHON 3aaa-
YN TEOPETUKO-UTPOBLIMU METOAAMM.

lMocTaHoBKa 3a4ayvn O MPUHATMU pPeLLEHNs O TOM UM MHOM O6b-
eme npegBapuTeNibHOro 3akasa 3f1eKTPo3Heprnm, Heobxoanmon Ans
HOpMarbHOro MYHKLMOHNPOBAHNSA HACOCHO-CUIIOBOro 060pyAoBaHNS
B TEPMMHaxX TEOPUU Urp BbIFMSAUT Criegyrowmm obpasom.

Kaxgbii 3 asyx urpokos A n B (HedpTegobbiBatowee npegnpu-
ATNe N dHeprocHabxaroLlas opraHu3auusi) MoOXeT MPUHATb OQHO U3
HEKOTOPOW COBOKYMHOCTU peLueHuii. [NycTb anga urpoka A ato byayT
Al £i<m),apanawurpoka B — B(1 <j < n). PopmarnbHO anCKpeT-
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HOCTb 3akasa onpegenset sBenuynHa 1 kKBT-4 (AMCKpeTHOCTL oTCcHeTa
anekTpocyeTymKa). B pesynbTate npyHATUSA OnpeaeneHHoro peLleHns
KaKabIM M3 UrPOKOB A; U B; oonH 13 HUX BbINIPbIBAET HEKOTOPYIO
cymmy Sy, ApYrov Takyto e cymmy npourpbisaeT. Npasuna sbibopa
pelleHnr HasblBaloOTCa cTpaTerven urpoka. Tpebyetcs onpeaenvts
Takyto cTpaTeruio urpoka A;, kotopas NpUHOCUT MY MakcumarbHbIA
BbIMIPbILW (MAM MUHUMAnbHbLIA NPOUTPbILL, NPU 3aBE4OMO HEBbIrOAa-
HOW urpe).

Ycnosusa nrpbl 3anvwiem B oopme MaTpulbl BbIMIPbILLEN pasme-
pa nxm:

B1 Bﬂ
A1 511 Sin
Am Sm1 Smn

OnTumanbHasa cTpaTterns urpoka A B Takoln NocTaHOBKe onpeae-
nAeTca u3 ycnoeus MakcumuHa: Ay = max{min{S;}}.

Onsa dopmmnpoBaHUs MaTpuLpbl BbiMrpbiLLer pa3obbeM BeCcb Avana-
30H BO3MOXHbIX AOTOBOPHbIX 3HAYeHUN Ay Ha m NoaaManasoHOB CO
cpegHum 3HadeHueMm Py, 1 < i < m, a AnanasoH akTUYecKoro no-
TpebneHuna aHeprun Ha n nogauanasoHos A, 1 < j < n. Torga mart-
puLy BbIMIPLILLEN MOXHO 3anucaTtb B crnegyloLlemM Buae:

Py P,
Py Sii St
S”'
PUm Sm1 Smﬂ

roe S; — MecsiyHble 3aTpaThl, KOTOPbIEe BbIYUCIATCA MO YCNOBUAM
Jorosopa Ha noctasky aHepruu (3.49) npu P= P, n Py = F,. 3anaya
3aknoyaeTcsa B Bblibope cTpaTernv npegnpusTns (CTpokM maTpuubl)
Takum 06pasoM, YTOBbl MMHUMMU3MPOBATL 3aTpaThl S; HE3aBUCUMO OT
CrnyvanHon Benu4UMHbl P, (cTonbua matpuubl).

Mpegnonoxum, 4To BUA pacnpegeneHus P, HeusBecTeH. B atom
crnyyae Teopus Urp npeanaraet HECKONbKO KpUTepreB BbiOOpa peLue-
Hua (kputepun Banbga, Casuaxa, N'ypBuua), Kaxkgoe u3 KOTOpbIX B
onpeaeneHHoOM CMbIcrie ONTUManbHO.

PekomeHaoyemas ctpaterus kputepusa Banbaa coBnagaert co cTpa-
Ternem aHTaroHMcTU4eckon urpel. lNoatomy BbibMpaeTcsa Ta cTpare-
rma Py, npu Kotopon Py = max{min{S;}}.

Kputepuin mmHmmakcHoro pucka Casugxa npu Beibope ctpatermm
PYKOBOACTBYETCA CTeneHbto pucka. MaTpuua puckos || Bblumcns-
€TCA Ha OCHOBaHWUM MaTpuLbl BbIMTpbILWEi ||S;]: 7; = max{S;} — S;. B
OaHHOM criyyae OnTUMarnbHOW CYMTaEeTCs Ta cTpaTerus, npyu KOTopown
puck MuHumaneH: Fy = max;{ming{r;}} (cTparterns kpavHero neccw-
Mun3ma).
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Kputepun lypsuua Fy = max{ymin{S,;} + (1 — yx)max{S;}}
npegnonaraeT UCNosnb3oBaHWe <«KoadhdpuumeHTa neccmmmama» y,
Bapbupyemoro mexay 0 u 1. 3HaveHune y = 1 nepeBoaUT KpuTepun
l'ypBuuya B kpuTepun Banbga (kpaviHun neccumuam), a x = 0 co-
OTBETCTBYET «KpanHemy ONTUMWU3MY», Mpu KOTOPOM BbibupaeTca Ta
cTpaTervs, nNpyM KOTOpPOK B MPUHLUMMNE BO3MOXEH Camblii 6OMbLION
BbIUPbILL.

Takum obpasom, gaxe Npu MOMHOM OTCYTCTBUM MHGOPMaLMK O
BEPOATHOCTU (PaKTUYECKOro NOTPeONeHNss SHEPrn Ha NOoCneayoLwmni
nepuog Teopus Urp no3BossieT NoMy4nTb psid BO3MOXHbIX PELLEHNN,
KaXxxgoe 13 KOTOPbIX B onpeaeneHHOM CMbICie onTuMarbHO. ELI,I/IHCT—
BEHHOE pelleHue 13 npeanaraemblX JOMMKEH MPUHATL cneuuanuct
(nuuo, npuHuMatoLwee pelleHune, JMNP), 3agava KOTOPOro 3HauYnTeNb-
HO ynpowaeTca BCNEACTBME COKpaLlEHMs 4ucna [OnyCTUMbIX
peLleHniA.

MpnbnuanTb nonydYaemble peleHns K onTuMarnbHbIM BO3MOXHO
npun Hann4ynm CTaTtUCTUHECKMX OaHHbIX No (baKTI/I‘-IeCKOMy r|0Tpe6ne—
HUIO 3HEpPruu NpeanpuaTneM 3a npeabiaylive nepuoasl. Petpocnek-
TUBHbIA aHanu3 no3BoNseT onpeaenuTb BepOSATHOCTb Q; hakTude-
CKOWM NOTpeBbHOCTM NpeanpuaTusl B 3HEPTMU Ha NOCNeayoLWwmnin nepu-
oA, T.e. ONpefennTb CMELLaHHyto cTparteruto [17] nrpoka B. BeposiT-
HOCTb MPUMEHEHUS TOW WM WHOW CcTpaTernm Urpokom B nponop-
LUMoHanbHa YacToTe ee yaayHoro NpUMeHeHns B npownom, T.e. Q; =
= n;/N, rae n; — YACNO NEepUOLOB, Koraa gaktudeckoe noTpebneHune
3Heprnm P nonagaeT B BblAeNeHHbI nogananasoH F, a N — obuee
YUCNO NEPUOLOB, MO KOTOPbIM UMEKOTCS CTaTUCTUYECKUE AaHHbIE.

Ecnn umeetca mHdbopmaums no dakTnyeckomy noTpebneHuto
3HEPrun NpeanpuaTMeM 3a npegplaylive nepuogpl, TO ONTMMaIbHYO
cTpaTernto onpenendrT U3 yCcrnoBus:

Py, =2.Q,S; — min. (3.54)

PaccmMoTpyM npakTuyeckuii npumep cos3gaHns OroBOPHON CTpa-
Terum HIFQY «KoranbiMHedpTb». Ha puc. 3.25 npuBeaeHbl cTaTUCTK-
YeckuMe [aHHble MO COOTHOLLEHUO 06beMOB A0bbIYM HedTU U dak-
TMYECKOro NOTPEONEeHNs ANEKTPOIHEPTUN HA OAHHOM NPeanpuUATAM
exemecsa4yHo B TeveHue 2 net. Kak cnegyet us puc. 3.25, ogHo3Hau-
HOW (PpYHKLMOHANbHOW CBA3N MEXAY 3TUMU BENUYMHAMMK HE Habnto-
paetcs. [1osToMy MMeEET CMbICI FOBOPUTL MULLIb O BEPOSATHOCTU TOM
UM MHOW haKTUYECKOW NOTPEBHOCTU NPeanpUATUS B 3NIEKTPO3HEP-
run. Ha puc. 3.26 npuBegeHa HOpMUPOBaHHAs rMcTorpaMma 4acTtot
BO3HUKHOBEHUS (M BEPOATHOCTM) pas3nnyHon noTpebHocTn npen-
nNpuaTUS B 3HEpPruM Mo nsatu amvanasoHam. CpegHee exemecsvHoe
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Tabnuuya 33

Martpuua nnatexeit Ans nATUAMANA3oOHHOrO pa3breHnss o6bemoB
noTpebneHns aneKTposHepPrum

Po\P 40 44 48 52 56 Max;S;
40 357 154,8 2738 392,9 5119 5119
44 65,5 47,6 166,7 285,7 404,8 404,8
48 95,2 76,2 39,5 178,6 297,6 297,6
52 125,0 107,1 89,3 71,4 89,3 125,0
56 154,8 136,9 119,0 101,2 83,3 154,8

3HaveHue dakTmyeckonm notpebHocTn coctasnseT 49,4 'BT-4, ogHako
OHO He SABMAeTCH ONTUMarnbHbIM 3HAYEHWEM, TaK KaK He y4nTbliBaeT
puycKa Npuv CriyYamHbIX OTKIIOHEHUSAX OT 3TOW BEMMYMHbI.

Hamu Gbinv npoBefeHbl pacyeTbl Mo ycrnoBusaMm gorosopa (3.49)
npu o = 1,0 py6/kBT- 4, a4 = oy = 1,5 py6/kBt- u, K = 10, Py, =
= 1,2F,. MonyyeHHasa npun 9ToM maTpula nnaTexei S; npeacraeneHa
B Tabn. 3.3.

OTmeTnM, 4TO, PYKOBOACTBYACbL KpuTepueM Banbga Py =
= min,{max;S;} NnpeanpuaTMe AOMMKHO BbINO Obl 3aKMYNTL JOrOBOP C
3HeprocucTtemMon Ha noctasky 52 'BT-4, npn sTom cymma Bbinnat
rapaHTMPOBAHHO HE NPEBLICUT 125 MnH py6.

Ecnn xe pykoBoacTtBoBaTbcs Kputepuem [ypsuua npu =0
(«kpalHuii onTMMM3M», TO cregyeT 3akasbiBaTb Bcero 40 Bty
SMNEKTPO3HEPINN, TaK KaK Mpu 9TOM, B NPUHLUNE, BO3MOXHbI 3aTpa-
Tbl Bcero 35,7 MriH pyb (BepxHss cTpoka B Tabn. 3.3).

B Tabn. 3.4 npmMBeaeHbl 3HaYEHMS PUCKOB, BbIYUCIIEHHbIE MO AaH-
HbIM Tabn. 3.3 B COOTBETCTBUW C BbIpaKeHWeM: r; = maxi{S;} — ;.
Kputepuin Casumxa, T1.e.: Ay = max;{min,{r;}} pekomeHayeT B faHHOM
crny4yae TO Xe camoe 3HadeHue onTumanbHoro obbema 3akasa anek-
TPO3Hepruu, 4To u Kputepun Banebaa, 1.€. 52 'BT-4 (4eTBepTas cTpo-
Ka B Tabn. 3.4).

YyeT BEpOATHOCTEN BOSHUKHOBEHWST (DaKTUYeCKon NoTpebHoCTM B
3HEPrumM MNo3BOMSET YTOYHUTb cTpaTeruio. Ona aToro Heobxogmmo
BblYMCMNTL COOTBETCTBYIOLLYIO MaTpuly nnaTexen, T.e. npounsseae-

Tabnuya 34

Martpuua puckos Ans NATMAMANA30HHOMO pa3bueHns o6bemoB
noTpebrneHus aneKTposHeprum

Poi/P 40 44 48 52 56 Maxiry
40 476,2 357,1 238,1 119 0 476,2
44 339,3 357,2 2381 119,1 0 357,2
48 202,4 2214 2381 119 0 238,1
52 0 17,9 35,7 53,6 35,7 53,6
56 0 17,9 358 53,6 71,5 71,5
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Tabnuuya 35
Matpuua nnatexen ¢ y4eTOM BEPOATHOCTU BOSHUKHOBEHUS
dakTuieckor NOTPe6HOCTU B ANEKTPOSHEPrMm

Py/P 40 44 48 52 56 Cymma
40 17,0 33,3 65,7 11,8 20,5 148,2
44 31,1 10,2 40,0 8,6 16,2 106,1
48 45,2 16,4 14,3 5,4 11,9 93,2
52 59,4 23,0 21,4 2,1 3,6 109,6
56 73,5 29,4 28,6 3,0 33 137,9

Husa Q.S; (tabn. 3.5). MpoBeaeHHbIn aHanns Tabn. 3.5. NokasbiBaeT,
YTO oNTMMarnbHas cTpaTernsi COOTBETCTBYET AOrOBOPHOMY 3HAYEHUIO
anekTpoaHeprun 44 MBT1-u.

CHWKeHne OOroBOPHOIO 3HAYEHWs NO OTHOLUEHUIO K KpUTEpUIo
Banbaa o6bsAcHsieTCs y4eToM BeCbMa Manoi BeposTHOCTW ero npe-
BbILLEHUS, YTO AAET BO3MOXHOCTb CHU3UTb JOrOBOPHOE 3HAYEHNE, HE
BbIXOAS 3@ paMKu pa3yMHOro pucka.

Kputepun N'ypsuua npu y = 0 pekomeHayeT B JaHHOM cryyae
o6bem 3akasa B 52 [BT-y (YeTBepTas cTpoka B Tabn. 3.5).

CooTBeTcTBYIOLAA MaTpuua pUCKOB npuBedeHa B Tabn. 3.6. U3
AaHHbIX Tabn. 3.6 cnegyet, 4To cornacHo kpuTtepuio CaBuaxa ontu-
MarbHbIli 3aKka3 paBeH 48 BT-u.

Mcnonb3oBaHne aBTomatnyecknx MNC Ha HedpTerasoBbix npeg-
NpUATUAX NO3BONSAET NONyYaTb 3HAYNTENBHO Bonee TOYHbIE peLLeHns
Bnarogapsi BO3MOXXHOCTU MPON3BONBLHOMO YBENNYEHUS Yncna ctTparte-
T N NPUMEHEHMIO pa3HOOBpPasHbIX METOAOB CTaTMCTUYeCckon obpa-
60Tk AaHHbIX. B yacTHOCTW, cTpaTerna MmoxeT ObiTb yBA3aHa ¢ nna-
HOBbIMW MOKa3aTensAMn NPOU3BOACTBA, C CE30HHBbIMU KorebaHnsamm
noTpebneHns aHeprumn u T.M.

PesynbTatbl nccnegoBaHui nokasanu, YTo Aaxe npu nosiHoMm OT-
CYTCTBUM anpuopHOW WHGOPMaUMM O BEPOATHOCTAX W3MEHEHUN
YPOBHS yAenbHbIX 3HeprosartpaTt Ha eauHuly Aobbium HeddTn Teopus
Urp NO3BOMSET NOMYYUTb LENbIi pag BO3MOXHbLIX PELLEHUI, Kaxaoe
N3 KOTOpbIX B ONpeAerieHHOM CMbICIe ONTMMaribHO.

Tabnuya 3.6

Matpuua puckoB € y4ETOM BEPOSITHOCTU BO3HUKHOBEHUSI
chakTUyeckoil NOTPEGHOCTU B NIEKTPOSHEPTMU

Poi/P 40 44 48 52 56 Maxry
40 131,2 114,9 82,5 136,4 127,7 136,4
44 75 95,9 66,1 97,5 89,9 97,5
48 48 76,8 789 87,8 81,3 87,8
52 50,2 86,6 88,2 107,5 106 107,5
56 64,4 108,5 109,3 134,9 134,6 134,9

215



AnpobaLus nony4eHHbIX PeLleHnin Ha Lernom psige o6beKkToB Hed-
Terasogo0bblum nokasana, YTo NPUMEHEHWE eAMHOW CTpaTernm no3eo-
nseT yBENMMYUTb TOYHOCTb MPOrHO3a 3JHepronoTpebnenns Ha 15—
20 %, MUHUMU3NPYS NPU STOM BENUYUHY LUITPAdOHbBIX CaHKLMA.

Takum obpasom, NpUMEHeHne TeOoPEeTUKO-UrPOBbLIX METOAOB MO-
3BONSAET NPUHUMAaTb 060CHOBaHHbIE PELLEHUS MPU 3aKIi0YEHNW 4Oro-
BOPOB Ha MOCTaBKy 3MEKTPO3HEPrumn, C y4eTOM BEPOSTHOCTHOrO Xa-
pakTepa paboTbl HAacCOCHO-cMoBoro obopyaoBaHus. Tak Kak cTou-
MOCTb 39HEpPrnn HenocpeacTBEHHO CBA3aHa ¢ cebecToMMOCTbLIO Npo-
OyKUMU 1 COCTaBNSAET 3HaYMTENbHYIO ee YacTb, onTuMmn3auns obbema
NOCTaBKM 3aKa3blBaeMOM 3HEPrMn Mo3BOSSiET YBENNUYNTL peHTabenb-
HOCTb NMPOW3BOACTBA U NPUOLINbL NPeanpUATUS.

3.5. PASPABOTKA TEOPETUYECKUX OCHOB
MMAHNPOBAHNA N PASMELWEHNA OBBEKTOB AOBbLIYNA
N TPAHCINOPTA HE®TU U TA3A

3HaumTenbHasa NPOCTPaHCTBEHHAsA NPOTAXEHHOCTb HEQDTEra3oBbIX
NPOMBICIIOB, TPYOONPOBOAHBIX MarucrTpanen u TPaHCMOPTHbLIX KOM-
MYHMKaUun HedhTErasoBol OTpacnuv AenatT akTyanbHon npobnemy
NNaHMPOBaHNS pa3MELLEeHNss TEXHOMNOrMYeCcKMXx ODBLEKTOB M Tpacc
KOMMYHVKaUWA Ha TeppuTopuu npeanpustusa. B nepsylo oyepenb
AaHHas npobnema cBs3aHa C NOTEPSMM 3HEPropecypcoB (3neKTpo-
aHeprun B J13l1, Tennoson 3Heprum TennoTpacc), paumoHanbHbIM
NCMNOMb30BaHNEM BPEMEHU (ONepaTUBHOCTb NMPUOLITUS PEMOHTHBIX
Opurag kK MecTy aBapvuv, BpeMeHM 40CTaBKM 3anacHbIX YacTen v np.)
UM NaHNPOBaHMEM KanuTanbHbIX 3aTpaT Ha CTPOUTENbCTBO (MNpo-
TSXKEHHOCTb TPYBONPOBOAOB, AOPOT, IMHUN CBA3M U Np.).

PasmelleHne o6beKTOB HedTerazoBbix NpegnpusaTUin (Komnpec-
COPHbIX 1 HACOCHbIX CTaHLWIA, 3HepreTu4eckmx o6 beKTOB, TpaHCcdHOop-
MaTOPHbIX MOACTaHUWUA, PEMOHTHBIX CNYX0 U Op.) MOXET cyliecT-
BEHHO BINUATb HA HAAEXHOCTb U 3h(PeKTMBHOCTb MPON3BOACTBA U Ha
BENMWYMHY yAenbHbIX 3aTtpaT Ha Jobblyy 1 TPaHCMOPT YrneBodopoa-
HOro cblpbs. Hanpumep, cpoku npubbiTs pemMoHTHOW Bpuragbl Ha
MeCTO aBapun HedTenpoBoga HenocpeacTBEHHO 3aBUCAT OT yaaneH-
HOCTU M COCTOSIHUA NOAbEe3AHbIX A0POr K MecTy aBapun. Pacnonoxe-
Hne Tl B npegenax MeCTOPOXOEHWUS WM KyCTa CKBaXXWH 3HA4u-
TenbHO BNNSET Ha TENOBbIE MOTEPU B CUIOBLIX kKabensix, a cnegosa-
TenbHO, Ha 3aTpaTbl N0 A0ObIYEe HETH 1 rasa.

lMopgo6Hble 3agayn MoryT BbiTb pacCMOTPEHbI C NO3NLMK MeToga
onTUMM3aLMK pasmeLleHnss 06 bEKTOB B HEMPEPbLIBHOM NPOCTPaHCTBe
pelleHunin. B obuiem cnyyae 3agava oopmynmpyeTcs cnegyrowmm oob-
pasom [9].
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MycTb m cywecTBylOWMNX OOBLEKTOB pasMeLLeHbl B pasfUYHbIX
Toykax Pj,... ,P, NNOCKOCTU, a # HOBbIX 0O0bEKTOB — B ToYkax Xj,... ,X,,.
PacctosHue mexagy Toukamu pacrnofioXeHWsi j-ro HOBOro WU i-ro cy-
LecTBytoLLero o6bektoB 06o3Haumm — kak d(Xj, P;), pacctosiHue me-
Oy TOYKaMU PaCMONIOKEHWUS j-TO U k-rO0 HOBbIX OOBLEKTOB — Kak
d(X;, X;). O6osHaunm rogosble yaenbHble 3aTparthl (T.e. 3aTpaThbl Ha
€[MHULY pPacCTOsiHMUSA) Ha KOMMYHUKaUUW MexXay j-M HOBbIM U i-M
CYLLECTBYIOLLIMM OOBLEKTOM 4Yepes wy, a aHanorvyHble 3arpaTtbl Ha
KOMMYHUKaLMN Mexay j-M U k-M HOBbIMW OObeKTamn — 4epes vj.
Torga o6uwme rogoBble TpaHCNOPTHbIE 3aTpaThl, CBA3aHHbIE C pa3me-
LLleHNEM HOBbIX 0OBEKTOB Ha MIOCKOCTM B TOYKax Xy, ... , X, onpege-
NSOTCH COOTHOLLEHMEM

JXpn X)) = Y 0, d(X,, X))+ Y Sw,d(X, P), (355

1<j<ks<n j=t i=1

roe

d(Xf’ Xk) = \/(xj _‘xk)2 +(yj _yk)Z;

d(X,, P)=J(x; - a) +(y, - b)".

3agaya pasmeLLeHNss HECKONMbKMX OOBEKTOB Ha MITOCKOCTU COCTO-
UT B MUHMMU3aUUK Uenesoin yHkumm (X, ... X,) — min. Onpege-
NSA YacTHble NPOM3BOAHbIE [ MO X; U y;, NPUPaBHMBAsA MX HYMO U
paspeluas OTHOCUTESBHO x; U y;, NONyYaeM AN cryvas pasmelleHus
O[HOrO HOBOro ObbeKTa crneayLme nTepaumoHHble OPMYyIbI:

m m
h h
zwiai/Ei( ) zwibi/Ei( !
D) — i:r1” ; y(h+1) — i::n , (3.56)
h h
zwi/Ei( ) Zmi/Ei( )
i=1 i=1

roe

Ei(h) = \/(x(h) _ai)2 + (y(h) _bi)27

a BepxHuWe nHaekcbl 0603HavaloT HoMep uTepaumn.

B pabotax [9, 10] gokaszaHa YCTOMYMBOCTb MOJSIYYEHHOrO peLue-
HUS, YTO Ha NpPaKTUKe JaeT BO3MOXHOCTb NepeHoca TOYKM pacnoso-
XeHns1 ob6beKkTa unu Tpacc ero NMHUIA CBA3M Ha HEKOTOPOE pacCTOos-
HWe OT pacyeTHoro, 6e3 CyLeCcTBEHHOro yBenMyYeHns 3aTpar.
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®OyHKUMA yOerbHbIX 3aTpaT ©; CYMTaeTca U3BECTHOW. JTO MOryT
ObITb MOTEPU IMEKTPUYECKON 3HEPTUU Ha eanHuLy AnuHbl J1OT nnm
kabens, noTepun TENNOBOW 3HEPIMN C MOrOHHOrO MeTpa TenoTpaccehl
UM CTOMMOCTb CTPOUTENbCTBa KUIIOMETpa Aoporu. YcTaHoBMeHue
Buaa (YHKLMOHaNbHOW 3aBMCUMOCTU w; MPOBOAUTCA B COOTBETCT-
BUN C (PU3NYECKMMWN 3aKOHAMU UMM HA OCHOBAHUM CYLLECTBYIOLLMX
HOPMaTUBHLIX LEeH N He NPeacTaBnseT CMOXHOCTEN.

PelueHne 3agaym pasmeLLeHnsi HOBbIX OOBEKTOB B HEMPEPBLIBHOM
NPOCTPaHCTBE pPELUEHUN, MO CyLECTBY, MUHUMU3NPYET CYyMMapHYy0
ONMHY  KOMMYHUKaUWOHHBIX JIMHWA C Yy4eTOM TeppuTOpManbHOro
pPacnonoXeHns CyLLeCTBYHOLLNX OOBEKTOB U HEOOXOAMMOW UHTEHCUB-
HOCTWM KOMMYHMKaUMmK (nepegadn 3HEpPrum, Cbipbsi, aBTOMOOUIIBHBIX
nepeBo3ok 1 np.). OgHako Npu 3TOM npeanonaraeTcs, YTO HOBbIM
OOBbEKT M ero cBs3n ¢ ApyrMMmy obbekTaMmm MoryT ObiTb pacnosnoxe-
Hbl B MO0 TOYKE 3aAaHHOro NMPOCTPAHCTBA, YTO He BCeraa BbIMon-
HMMO. Hanpumep, TennoTpacca B BAXTOBOM MOCENKe He JOIMKHa ne-
pecekaTbCs C CyLlecTByOWUMM 34aHuamu, Tpaccel J19IM u tpy6o-
NPOBOAOB AOMKHbI ormbaTtb NpupoaHble NpensTtcTeus (o3epa, 6ono-
Ta), NPV COOPYXXEHUN OOPOr HEOOXOANMO YUMTbIBATL PACMONOXEHNE
CYLLIECTBYIOLLMX MOCTOB U Mepenpas u T.M.

B nogobHbiXx crnyyasix MOXHO MNPeanoXuTb cregylowme anro-
pPUTMbI.

B cnyyae ynopsgoyeHHOro pacrnofioXeHWs MnpensTCTBUA, YTO
UMeeT MecTO, Hanpumep, Npu NNaHUPOBaHUN PACMONOXEHNUS KOTEMb-
Hoi unu TOL Ha TeppUTOPUM HACENEHHOrO NYyHKTa, BO3MOXEH MyTh,
peanv3oBaHHbI aBTopamu B paboTte [18], CyLHOCTb KOTOpOro 3a-
KrnoyaeTcs B criegytoLem.

Mpn HammMuMM yNoOpsSiAOYEHHOTO PAaCMOSIOKEHUA NPEnATCTBUN
UMEETCS BO3MOXHOCTb BblAENUTL AOMNYCTUMbIE C TEXHUYECKOWN TOUKM
3peHus HanpaBneHusa NpoKnagku Tennorpacc, npuyemM 3TW Hanpas-
NEHUs COCTaBNAT OpPTOroHanbHyo ceTky (puc. 3.25). NpeHebperas
y4acTkamy TenNonpoBOAOB Ha BBOAAX B 34aHWs1, MPUMEM, YTO NoTpe-
OuTenn Tenna pacnonoXeHbl HA NepecevYeHnsX NUHMA ceTkn. Toraa
npv NpokKnagke TennoTpacchl MO fIMHUAM CETKU PacCTOsTHUE Mexay
nobbimy aByMA o6bekTamu X; 1 X; BblumcnseTcs no dopmyne

dX, Xp) =[x —xl + |y — yj

: (3.57)

roe (x; yi) v (x;, y;,) — AeKapToBbl KOOPAMHATbLI i-M0 U j-r0 0GHLEKTOB.
lMocTaHoBKa 3adauyn O pasmeLleHun OOBEKTOB Ha NIOCKOCTH, Ha
KOTOPOW paccTodHus onpegensaTca no gopmyne (3.57) (nnockocTb
C MeTpukon MWHKOBCKOro), BbIrMaanT creayowmmM obpasom.
MoactaBsvB B BblpaxeHue (3.55) pacCTOsHWUS, BbIYUCNEHHbIE MO
dopmyne (3.57), nony4mm
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1 X3 X3 Xy Xs

Puc. 3.25. ®parmeHT nnaHa 3acTpovku NpeanpusaTMs ¢ AONYyCTUMbIMU Hanpasne-
HUAMKM NMPOKNaAKu TennoTpace (ceTka M3 NYHKTUPHBIX JIMHWWA) M NpUMEpP MpoKnaaKu
TpyGonposoaa ot koterbHoi (K) oo notpebutens tenna (M) Ha nnockoctn ¢ met-
pukori MMHKOBCKOrO ( CNNoLIHasA NUHKSA)

f(X)= i”ziwid(x’f)i) = iwilx_ai|+

éwil y—bl=1,(2)+ [,(). (358)

W3 aTor chopmynbl criefyeT, 4YTo

min f(X) = min fi(x) + min fo(y).

Takum 06pas3om, onTUMarbHble x-KOOpAUHATbI pa3MeLleHunsi 06b-
eKkTa MoryT ObITb ONpeaeneHbl HE3aBNCKMMO OT y-KOOPAUHAT, MPUYEM,
BCMEACTBME OAMHAKOBOro BMAa hyHKUMIA fi U fo, N0 OOHOMY U TOMY
Xe anropuTtmy.

MpyuMeM 3a Hayano KOOpAMHAT MEBbLIA HWXKHWUIA Yron koopauHaTt-
HO CeTku, U MPOHYMEepyem CyLlecTByloLMe 06bEKTbl B Mopsiake
BO3pacTaHus Ux koopauHaT. Torga koopauHata x (Mnu y) onTu-
MasibHOro pacnonoXeHusi GyaeT onpeaensTscs U3 ycrioBust
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CIN S (3.59)
i J ) :

o in j=p

roe p — 4ucno obbEKTOB, PaCroONOXeHHbIX cneBa OT X, a (m—p) —
cnpasa. Takum 06pa3om, oNTUManbHoOe NonoxeHve obbekTa onpeae-
NAeTCA BECOBbIMU MHOXUTENAMU @;. YUUTbIBAA KOHEYHbIE pasmepbl
wara (s4enkn) ceTkn, cregyeT uckaTb MUHMManbHOE Mo MOAyIo
3HayeHue BblpaxeHuns (3.59), kotopoe MoxXeT BObiTb OTAWMYHLIM OT
Hyns.

YcnoBue OpTOroHanbHOCTM KOOPAMHATHOM CEeTKW, Takke Kak M
MOCTOSIHCTBO €€ Luara fno ocsM, He SiBMsieTcss HeobXoaAMMbIM YCIOBMEM
Ans npoBeAeHus pacyeToB Mo AaHHOMY MeToAy. [JocTaTouHbIM ABNS-
eTcs reomeTpuyeckoe nogobue sueek ceTku, 4To TpebyeTcsa Ans Bbl-
yncneHus pacctodHuin no copmyne (3.57) unn ee aHanory ¢ NocTo-
SAHHBIMU MHOXUTENAMM. [109TOMY NPYMEHMMOCTb AaHHOro MeToda He
OrpaHNyYMBaETCA CTPOroi NIIaHNUPOBKOW TEPPUTOPUUN NPEanpUATUA 1
MOXeT ObITb MCMOMb30BaHa NPW PasfUYHbIX NaHax UX 3acCTPOWKMU.

Mpeanonoxum, 4To KoopanHaTbl pacnonoXxeHus obbekTa Hange-
Hbl. [lanbHenLwee cokpalleHvue 3aTpaT BO3MOXHO MONy4nTb Npu no-
MOLLY ONTUMAanbHOro BblibOpa Cxembl MPOKNaAKN KOMMYHWUKALMOH-
HbIX Tpacc. [leficTBUTENbHO, ONpeaenve KOopauHaTbl KOTENbHON, Mbl
3adUKCMPOBanu NULLb paccTosiHMe Mexay oObeKkTamu, HO He 3adanu
XECTKO HanpaBneHus TensnoTpacc OT KOTeNbHOW A0 noTpebuTenen
Tenna. Npoknagka Tpaccbl MOXET ObITb pas3nnyYHoOK B npegenax ob-
nacTu, orpaHUYEeHHON NNHNAMU CEeTKU, NPOXOAALWNMY Yepe3 TOYKK
pacrnonoXxeHust KoTenbHoW (x, y) U i-ro notpebutens (a; b;), npu-
YeMm AnvHa Tpybonposoaa (a 3Ha4uT U NoTepu) He M3MeHNUTCA (puc.
3.26). 310 06CTOATENBLCTBO NpeACTaBnAeT 0Ccobbli UHTEPEC B CBA3U C
TeMm, 4TO NP NPOEKTNPOBaHUM TENIONPOBOAA OCTAETCH BO3MOXHOCTb
NPOWN3BOMBLHOMO BbiGOpa OTAENbHBIX Y4acTKOB TPacChl, HE NPUBOASA-
LLIero K yBeNMYEeHMIo NoTepb, HO NMO3BONSIOLLEr0 NCMOMb30BaThb CyLLe-
CTBYIOLLIME BCNOMOraTenbHbIE COOPYXXeHUS (3cTakaabl, MyTenpoBOAbI
nT.n).

Bo mHOrmx cny4yasix ygenbHble NoTepUM Ha KOMMYHWMKALMOHHbIX
NWHMAX 3aBMCAT OT MX NpousBoauTenbHOCTU. Hanpumep, 3aBucu-
MOCTb yAenbHbIX NOTePb g, Tenna OT MOLLHOCTM TENsonNpoBoAa g
uveeT Bug g, = Ag* [18]. U3 aToit hopmynbl crieayeT, UTo ¢ TOUKM
3pEeHUst COKpaLleHMsl NoTepb HEOGXOAMMO, MO BO3MOXHOCTM, 06beau-
HSATb ManoMOLUHbIE FIMHAM KOMMYHMKaLUun B ogHy Gornee MOLLHY1O,
TaK Kak MoTepu B NMHUAX BO3pacTaloT MeAfeHHee, YeM X NPOU3BO-
ONTENbHOCTD.

Kpome Toro, Takoe o6begnHeHe No3BONUT COKpaTUTb M 3aTpaThl
Ha CTpPOUTENbCTBO TpacC M3-3a COKpaLLeHMs 4ymcna HeobxoaumbliX
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Puc. 3.26. BosmoxHble Tpacchl (7 u 2) TpybonpoBopma mexgy kortenbHon (K) u
notpebutenem tenna (1), UMeloLmMe OQUHAKOBYIO ONUHY

BCMoMoraTenbHbIX COOpYXeHuiA. [oaToMy 3agaya onTuMmnsaLmm cxe-
Mbl MPOKNaAKM Tpacc AOMKHa ObiTb COPMyNMpoBaHa Crneayowum
o6pasoM: Mpu 3adaHHbIX KoopAMHaTax M MOLLHOCTU MCTOYHMKOB U
nony4vaTenen Heprum HamTK Takoe pacrnosioXXeHne y4acTKoB Tpaccehl
Ha KOOpAMHAaTHOW ceTke, 4Tobbl obwasa ee anuHa Bbina MMHUMarnb-
Hol. OgHMM M3 OYeBUAHbLIX CNOCOBOB COKpalleHus o6LLen AnvHbl
TpybONpPOBOAOB ABMSAETCA CO34aHue Marucrpanu.

MaTemaTnyeckas noctaHoBKa M 0630p MyTen pelleHns nogob-
HbIX 3aga4y B obuiem Buae umerotcs B nutepatype [19], Ho, no-
BYAMMOMY, NOMyYEeHNe TOYHOIO peLleHns 3agadm onTMMarnbsHON nNpo-
Knagku Tpacc, Tak Kak Npyv YacTUYHOW PEKOHCTPYKLUMM NPOEKTUPOB-
LUMKM BbIHYXXAEHbl MCXOAUTb U3 HaNMuns yXe CyLLeCTBYIOLMX BCNO-
MoraTernbHbIX COOPYXEHUN.

PaccmoTpum Tenepb cnydan, korga npensitcTBUst NPeACcTaBnsoT
cobon npvpogHble nperpagbl, He umetoL e ynopsigoYeHHOW CTPyK-
Typbl.

MHorve 3agayn onTMManbHOro pasmeLleHns o6 beKTOB MMEIOT Or-
paHu4eHusl, CBA3aHHbIE C HanNnunMeMm B HeNnpepbIBHOM MPOCTPaHCTBE
pelleHuii obnacten, rae uanM4eckn HEBO3MOXHO M 3aBe4OMO He-
BbIFOAHO pacnonaratb O0BbEKT UMK NIMHUIO CBA3W C APYrMMU OObek-
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Tamu. [MpumMepom TOro MOXET CNyXWUTb 3adadya onTUManbHOro pas-
MELLEHNS PEMOHTHOW CTaHuuu, obcnyxuBalLlen cylecTBylowmne
06beKTbl, KOTOPbIE PACMONOXeHb! Ha pa3Hbix Geperax peku 1 ceBsasa-
Hbl MOCTOM.

PelweHne nogobHbIX 3agay 3aBUCUT OT reOMeTPUN NPENATCTBUS, 1
pelleHne 3agaym B o6Liem crniyyae HEBO3MOXHO. KOHKpeTHble yacT-
Hble 3aa4m Takoro Tuna TpebyoT MHAMBUAYaNbHON MaTeMaTU4eCKom
MOCTAHOBKWN U 3HAYMTENbHbIX BbIYMCINTENbHbBIX 3aTpaT, NO3TOMY 3a-
4YacTylo CTOMMOCTb MONYYEHNA ONTUMArbHOMO PeLleHns npesbiliaeT
npubbinb OT camoro pellenna [9].

Hamu npegnaraeTcsa ynpoLweHHbIN METOA, peLUeHUs NepeYvmncneH-
HbIX 3a4ay, OCHOBaHHbIN Ha pa3bueHun NPoCTpaHCTBa C NpPensiTcT-
BMSIMW Ha HenpepbiBHblE 06NacTu, B KOTOPbIX PELUEHNS HaX0AATCs C
MOMOLLIbIO HECFOXHbIX MTepauMOHHbIX Npoueayp C Mocneaylowmm
obbeanHeHeM MosyYeHHbIX PeLleHnii B O4HO.

PaccmoTpum cnyyan, korga onTumManbHOE pacnosioXXeHne HOBOro
o6bekTa nMbo ero NMHUM CBSA3KN C OPYTMMN OB bEeKTaMun pacnonoXeHbl
B HeJOCTynHOM MecTe (puc. 3.27). B aTom cny4vae pelueHue, oveBua-
HO, 3aBUCUT OT reOMEeTPUYECKNX Pa3MepoB NPensaTcTBUA R 1 Benu-
YnHbl pasbpoca (aucnepcumn) D o6beKTOB P;Ha MECTHOCTU, MOSTOMY
paccmoTpum Tpu cnyyaa: D >> R, D << Ru D ~ R.

Mpn manbix pasmepax nNpenarcTeus, T.e. npyn D >> R, MOXHO
NPUHATL, YTO peLLeHne 3adadyn coBnagaeT C pelleHneM COOTBETCT-

Puc. 3.27. Cxema pacnorno-
JKEHUS1 CYLLIECTBYIOLUMX OOb-
ektoB P; mn HoBoro obbekra
X NMPpU HanM4Mmn npensTcTeusi
npu D ~ R
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BYIOLLIEN 3aayn B HEMPEPbIBHOM MPOCTPaAHCTBE PeLUeHW, Tak Kak
BCNEACTBME YCTONYMBOCTY PELLUEHUS Marble BO3MYLLEHNS UCXOL4HbIX
OaHHbIX HE NPUBOAAT K 3HAYUTENbHBIM U3MEHEHUSIM LieneBon (PyHK-
uunm [9].

Mpu ycnosum D >> R, T.e. B criy4ae o4eHb bonbLUnx reomeTpuye-
CKNX pasmepoB MPensATCTBUSA, peLleHne U3MEHNTCA TOMbKO B Cryyae
pasgeneHnst NpenaTCcTBMEM CYLLECTBYIOLNX OOBbEKTOB Kak MUHUMYM
Ha [Be oTAenbHble rpynnbl. PaccMoTpym Takon criyyanm Ha npumepe
pasmeLLeHnst CTaHLMK peMoHTa, obcnyxusarowen obbekTbl Ha pas-
HbIX 6eperax peku, COeanHeHHbIX MOCTOM (puc. 3.28).

OuyeBnAHO, 4YTO HOBbIM OBBEKT MOXET pacnonaratbcs nNubo Ha
ofaHon ctopoHe peku (A), nubo Ha apyron ( B). MNocne BbiGopa ogHO-
ro n3 6eperos Ans pasMeLLeHNst HOBOro 0GbeKTa Ha BENUYMHY Liene-
BOM (DYHKUMM yXe He OyaeT BNMATb pacrnofiokeHue OOBbEKTOB Ha
NPOTUBOMNOMNOXHOM Bepery, NOCKOMbKY BCE OHW AOMKHbI OblTb CBA3a-
Hbl C HOBbIM 06 BEKTOM Yepes MOCT, a, cnegoBaTernbHO, Hanbornee Bbl-
rogHble NIMHUK CBA3M — MPSAMbIE MTMHUM MEXAY MOCTOM U OO bEKTaMM.

YBenuueHve 3HadyeHns LeneBor yHKUNW, BHOCKMOEe 06bekTamm
Ha NPOTMBOMNONOXHOM Gepery, paBHO

fB = Z(wi\/(am_ai)2 +(bm_bi)2)+

ieB

@, - + b,y w, (3.60)

ieB

Puc. 3.28. Cxema pacrnonoxeHus CylecTByIOLMX OObLEKTOB W HOBOro obbekta X
Npy HanMyMy NpOTSKEHHOro NPUPOAHOTro NPEensATCTBUA (peka U MoCT)
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roe a, n b, — koopaMHaTbl MocTa. 34echb NepBOE criaraemMoe Y4YnTbl-
BaeT 3aTpaTbl Ha NepeBO3kn Mexay obbekTamu Ha bepery B n moc-
TOM 1 SIBNSETCSA NOCTOSAHHOM BENNYUHOMW, @ BTOPOE — TPaHCMOPTHbIE
3aTpaTbl Ha y4yacTke Mexay MOCTOM U HOBbIM OOBHEKTOM.

Bug 3aBucumoctn (3.60) nos3sonseT CBeCTU pelueHne 3agjaydu K
3apade 6e3 nNpensaTCTBUIA, ECMM HA MECTE PACMOSIOKEHNST MOCTa pas-
MEeCTUTb OUKTUBHBIA OOBEKT C YyAEnbHbIMW 3aTpaTtamu, PaBHbIMU
CyMMe yaenbHbIX 3aTpaT 00bekToB Ha Oepery B. PelueHne unwietcs
MeToAoM uTepauun no dopmynam (3.56).

Ecnu nonyyeHHoe onTuManbHOE pacnonoxeHne obbekTa cosna-
[aeT ¢ KoopanHatamu UKTUBHOrO obbekTa (MocTa), TO 3TO O3Ha4a-
€T, YTO HEBEPHO OblINo BbIOpaHO HaYanbHoOe MNonoXeHne HOBOro 06b-
eKTa, U ONTMMarbHOE PEeLUEHNE OOJKHO COOTBETCTBOBATb APYromy
Oepery peku. B aTom cniyyae npouenypy pacyeta Heob6xogmMmo nosTo-
pUTb MPU HOBbIX HaYanbHbIX AAHHbIX.

PaccmoTpum cnydan, korga pasmepbl NPensTCTBUS MO NOpsaKy
BEMMYMHbI CPaBHUMbI C paguycoM 30Hbl PacroNnoXeHUs1 OOBHEKTOB.
OyeBMOHO, YTO MPU CUMMETPUYHOM PAaCMONOXEHUA OOUHAKOBbIX
0OBbEKTOB BOKPYr NPENATCTBMSA CYLLECTBYET MHOXECTBO PELLUEHUN C
paBHbIMK 3HaYeHUsIMU Leneson yHkuun. MosToMy nonydyeHue
€[VHCTBEHHOr0 ONTMMAaIbHOMO PeLleHns npegnonaraeT Hanmyme on-
peneneHHon acMMMETPUN B pPacnonoXeHun (unu B Becax w;) 00b-
€KTOB.

YTtoObl Nnony4nTb pelueHne Hanbonee 6nmnskoe K oNTUManbHOMY,
HeoOXoAMMO OnpeaenuTb rpynny oObeKTOB, KOTOPbIE BHOCST Hau-
Oonbni BKNag B LENeByo (PyHKUUIO U, B TOXE BPEMS], HENPEpPbIB-
HOe peLleHre Anst KOTOPbIX 3aBeOMO He «KOH(PNMKTYeT» ¢ npendr-
cTBneM. B kauyectBe nepBoro npubnvxeHns nonydmm pelieHue 6e3
y4yeTa npenaTcTBusi. BoamMoXHbI Tpu crny4as.

1. Hn cam HOBbI OGBHEKT, HU €ro CBSI3N He NepeceKkarTcs ¢ npe-
naTcTBneM. B aTom criyyae nony4yeHHOe pelueHne U ecTb MCKOMOE
ONTMMarbHOE peLleHmne.

2. HoBbIn 0OBEKT He nexuT B obnactu NpensaTcTBUs, HO €ro CBsi-
31 nepecekarTcs C NPensaTCTBUEM.

3. HoBbIn 06bEeKT nexuT B 06nactn npenaTcTBuS.

Ons npygaHusa HarnsgHOCTU AanbHENLMM paccyXaeHusm obpa-
TMM BHMMaHWE Ha TO OOCTOATENbLCTBO, YTO BKNag B LENEBYIO (OYHK-
umo nroboro obbekTa, paBHbIi w;d(X, P;), MOXHO TpakTOBaTb Kak
CUMy HaTSHKEHUS MPYXMHbI C XKECTKOCTbIO w;, PACTAHYTYIO Ha ANUHY
d(X, P). Cuctemy cBsizeii HOBOro o6bekTa MOXHO paccMaTpuBaThb
Kak CMCTEeMYy pacTsHYTbIX NPYXWH, TOr4a ONTUManbHOE pacnosoxe-
HMe HOBOro O6beKTa COOTBETCTBYET MONOXEHNIO PABHOBECUS TOYKU
coefuHeHMs NpyxuH. MNoatomy B cnyydasix 2 u 3 npeacraensercs
pa3yMHbIM BPEMEHHO UCKIIOYUTBL M3 pacdeToB «Haubonee meliato-
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LLYI0 CBSI3b», @ MMEHHO Ty, NIMHWUS OEWCTBUSI KOTOPOW MepecekaeT
npensaTcTBue Gnuxke K ero reoMeTpuyeckoMmy LeHTpy. TeM cambiM
YCTPaHAETCS «MPUTSHXKEHNE» UCKIIOYEHHOrO OObekTa, U nocne no-
BTOPHOIO pacyeTa HOBbI OO LEKT NEPEMECTUTCS B CTOPOHY, MPOTUBO-
NoNoXHyto npensitcteuto. [pyn 9TOM CBSI3W, paHee nepecekaBlune
NpensATCTBUE, MOTYT BbIATU U3 3anpeLleHHon obnacTtu, a ecnm aTto He
Tak, TO npoueaypa UCKIMHYEHUSA NOBTOPSIETCS.

Mocne UcknYeHMs BCEX MeLLatoLmMX CBSI3el NonoXXeHne HOBOMO
obbekTa onTMManbHO Ans BCeX OOBEKTOB, KPOME MCKITOYEHHBIX B
npouecce pacyeTa. [lanbHelilee pelleHne CBOANTCS K peLLeHUto pac-
CMOTPEHHON Bbille 3agayn O pasmelleHun obbekTa npu Hanuymm
npensaTcTBusa GonbLloro pasmepa.

Mony4yeHHOE peLLeHne He ABNSETCS ONTUMarbHbIM B CMbICIE On-
peaeneHus rnobanbHOro MMHUMYMa LeneBol oyHKLMKU, HO MpocToTa
peanusaumn BbIMUCIIUTENBHOW Npoueaypbl U MUHUMANbHOE BpeMS
BbIYMCIEHUIA MO3BONAIOT NOMYYNTb HAOOP BO3MOXHbIX PELLEHUIA, N3
KOTOPOro MOXHO Bbl6paTb Hauny4yuwee He TOJIbKO N0 MUHUMYMY 3a-
TpaT, HO U MO ApPYrMM napameTpaM, KOTopble He Obinn y4YTeHbl Npu
NMOCTaHOBKE 3a4aun.

MpuMepbl NPaKTUYECKOro NPUMEHEHNST NPEaSIOKEHHbIX anropuT-
MOB ByayT pacCMOTpEHbI B YETBEPTOW rnaBe KHUMM Npu onpegeneHum
KOOpPAMHAT pasMeLLeHNS SHEPTrETUYECKNX OOBEKTOB Ha NPeanpUaTUsX
HedpTerasoBon oTpacnu.
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