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IIpenuciaoBue

HeobxoaumocTs yckopeHus TeMnos MpUpOCTa COBOKYyMHoro obiue-
CTBEHHOrO NPofyKTa TpebyeT npeofoneHns psafia ObbEKTUBHBIX TPYRHOCTEH,
oTpaxatowmx ocobeHHOCTN coBpeMeHHOro ypoBHA npoussoncTea. floctenen-
HO BO3POXAAIOTCA NPeXHUe MacluTabbl SKOHOMUYECKORN CUCTEMbl, NPOACH-
Katolanca Creunann3auua yCnoXKHAET BHyTpeHHne ceasn. Bmecte ¢ poctom
MaclyTaba NpoM3soaCcTBa N NOBbILLEHWEM POU3BOAUTE/ILHOR CUAbI TPYAS NO-
CPe4CTBOM KOONEpaLuun, pasaeneHns Tpyaa, NpUMEHeHns MalliuH v T.4. yBe-
ANYNBAETCA U MACCa CbiPpbA W BCMOMOraTe/IbHbiIX MaTepuasnos, BXOAALMNX B
eXeAHeBHbIA Npoljecc BOCNpOU3BOACTBa.

B cospemerinbix MatmHOCTpouTenbHbIX ¥ NpubopocTponTensHbIX Npea-
NPUATUAX, BbINYCKAOWMX MACCOBYIO UK KPYMHOCEPUAHYIO NPORYKLUIO, CUH-
xporusauna Tpebyetca He Tonbko npu cbopo4HO-TPAHCMOPTHBIX, HO W MpPW
BCEX OCTasIbHbIX ONepauunAx, Bkaodaa paboty sarotosnTensHbix texos. 06-
Wen3BECTHO, YTO KasleHAapHble NAaHbl MPOM3BOACTBA U 3aKYMKN HaYynHatoT
KOPPEKTUPOBATLCA, KaK TO/bKO OHW COCTaBrieHbl. 3afepKKa C oAHoOl AeTa-
Ablo nomaeT sech rpachuk cbopkn. OcHacTka He onpaBAbiBaeT OXMUAAHWI.
WameHeHus TexHONOrUW, TPYRAHOCTH OCBOEGHUA HOBON npoaykuum, 6pak, ne-
peaesiku, nporynsi, 3abacrtobkn — Bce 3T byaxw npombiwnedHocT. Pas-
HomepHoe obecnedeHne noTpebuTeneh faeT Kak MPAMON PKOHOMUYECKWIA
achbehekT {cHudKeHue 3aTpaT Ha QONOAHUTENLHO NPUBJEKAEMYIO B MUKaX Ha-
rpysku pabouyro cuny, B HaCTHOCTU Ha OMNaTy CBEPXYPOUHBIX, U BOSMOXK-
HOCTb U3BaBUTHCA OT NUWHUX poHAoB 0bopyAOBaHKA, NPOCTaNBatoOWEro BHe
MUKOB), TaK W KOCBEHHbBIA — Yepes ynydileHue yCnoBui TpyAa W KadecTsa
npoayKunu

Henabexnan paccornacoBaHHOCTb pUTMa NPOM3BOACTBA NOCTABLUM-
KoB 4 noTpebuTesell, AMCKPETHOCTE MPOUECCa NOCTaBOK, BO3MOXHOCTb
CAy4anHbiX KonebaHUA B MHTEHCUBHOCTM NOTpebneHUA wAM [AUTENbHO-
CTU MHTEPBANOB MEXAY MOCTaBKaMM OTHOCUTE/bHO CpefHero (pacyeTHoro)
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YPOBHA BbIHYXAAKOT Cco3faBatb B cUCTemMax CHa6)K€HVlﬂ 3anacwvt XpaHeHme
3anacoe BoO MHOIMx cnyudasx’ obxopuTcs geweene, yem nobol apyroi crio-
cob obecneueHNs PUTMUHHOTO MNPOU3BOACTBA. PE3EPBHbLIE MPONIBOLCTBEH-
Hble MOLHOCTY (UX Ay'Lue MCNOAB30OBaTL ANA OCBOEHWA HOBOR MPOAYKUMK),
TPYAOBbBIE PECYpChbl, DKCTpeHHble MocTasku M T.N. B coctas sanacos moryT
BXOAWTb Cbipbe, MaTepuanbl, nosydabpukaTbi, KOMMAEKTYOWME U3gennA,
rotosas npogykuusa, oTxogbt npomssogcyea OTmeTum, 4To KanuTan Toxe
MOXeT PacCMaTPUBATLCA KaK 3anac, NPUYeM LeHa ero XpaHewus onpepens-
eTcA TemMnom MHMAALUN :

Henbss He cornacutoea ¢ 10.A. bensesbim [4] 8 Tom, yto «bes sa-
MacoB HUKTO U HUYTO CYLUECTBOBATh He MOMET: HM MALIMHA, HN 4YenoBex,
HW rOCYRapCTBO, HW BeeneHHaA. Dea sanaca npodHocT MocT paspyliuTes,
a napaltoT nopseTcA npu manedwen neperpyske. HagexHocTb TexHu4e-
CKOM CUCTEMbI CO3[1aeTCs 3aNacoM MPOYHOCTA KOHCTPYKLMA, aybanposaHu-
em onemeHToB, npupaHnem 3sanuactedr. Hoprdpens sakasos pepakumm obec-
neunBaeT paBHOMEPHYIO 3arpysKy coTpyaHWKoe W paboty Tunorpadwu. 3a-
nac MyApoCTu PYKOBOAWTENER No3BonseT um npeasuaets byaywwme sabotol
W pasrnAgeTb NPOPOKOB B CBOEM OTEHECTBE; OUEHUTH HEOPAMHAPHbIE NAEN 1
CNpaBeANMBYIO KPUTUKY; MNOHATL MONB3Y MAKOPAIN3Ma MHEHWA W rpa>kgan-
ckux ceobog 3amacki CKYQOYMUA, MHEPUUN, NPOHeccHoHanbHON HerpamoT-
HOCTM MOTYT MPUBECTW K HE MeHee MopasnTesbHbIM pesyabTaTams».

KonoccanbHeln obbem cpefcTB, BAOXKEHHbBIX B 32Nackl, NpUAaLT Npo-
Baeme HayyHOro ynpaBieHWs UMK NepsocTeneHHyro BaXKHocTh. Ha pybexce
1990-x rr. cymmapHan croumocts sanacos 8 CCCP npesviwana 450 mnpa.
pybnen s Torpawtem macwrabe ueH. B CLLIA 90% kanutana chupm snoxesl
B 3anacbl. B 1976 r. ToBapHbie 1 nponssoacTeeHHsie 3anacel CLUA coctasns-
an 276 mnpa. ponn. (17% eanosoro HauuoHansHoro foxoaa) [200]. B sty
CTATACTNKY He BKWOHEHL OrpoMHble 3aMachi OPraHoB YNpapieHUA — MecT-
HbIX, WTATOB W MpPaBMTENbCTBaA, B TOM Y4MCNe BOeHHbie, KoTopble B 1969 r.
ouenusanucs 8 50 mapa. aonn. [89]

N3briTouHble sanackl Boian NpubuHoi MHOrux Heyaay B buaHece, oka-
amBann gectabunuanpytoliee BanAHUE fipy Kpusucax. Wanvwhue sanacel
ABNAOTCA TOPMO3OM Ha NYTM Hay4Ho-TexHu1eckoro nporpecca. [lepexog Ha
HOBBIA BUA NPOoAYKUMM obbiuHo caepxkuBaeTcsa TpeboraHnem sbipaboTku Beex
MMeeMbIX 3anacoB UNN JOPOroCTOSLLUM crnucaHuem ux. Bee atu npobnemsbl
0BOCTPUNNCD B CBASKN € YCKOPEHWEM Hay4HO-TEXHWUUECKOrO mnporpecca, au-

lCymecrayror 3amaun (B a7eKTpoaHepreTHKe), Iae cosnaHue GydepHbix sanacos
HEBO3MOXKHO, 2 B ra3osoll MPOMBINIJIEHHOCTN U FMAPOSHEPTETUKE — CIIOKHO. JHECH
IJ1A TIOKPHITHA MEHAKMUXCA noTpebHocTel} NCNoNb3yeTCA pe3epB MOWHOCTEN.
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BepcucbuKaumeidh CNpoca M MHAWBNAYaNN3aLuMell NPOU3BOACTBA, COKPaLLeHW-
€M CPOKOB MOPasbHOro cTapeHus TexHnku. Boapocau cnoxHocTs pelwaembix
3afay W ueHa owubouHbIX pewennii.

B Takux cnyqasx nosnesHo BCMOMHNTL, YTO «HET HUYEro Nyylle XOpo-
wep Teopuu» (J1 Boasuman). MpunaTne pewenunin gonxHo BuiTe ocHoBaHo
Ha Modeau peansHol cutyayuu CoBOKYMHOCTE MpaBUsl MOCTPOEHUA KMOAE-
nel v paboTbl ¢ HUMU oBpasyeT COOTBETCTBYIOLIYH NPUKAAZHYID TEOPUIO.
Obwenpustano (cm [124]), 4To 13 BCeX CneLNan3npoOBaHHbIX BETBEN UCCNe-
nosanuA onepaunit ynpasachue sanacamu (Y3), ¢ opHoR cTopoHsl, umeet
HanbonblIne BO3MOXHOCTY A7 NPaKTUYECKOrO NPUMEHEHNA N C APYron —
Hanbonee passutyro Teopnro Ceronna no Y3 exxeroaHo TonbKO Ha aHrAWiA-
ckom Asbike NybnnkyeTca cebide 100 »kypHaneHbix cTaTell, MOHorpacbuu,
y4ebruku, Tpyabl kotdpepeHunin Obcyxnerne npobnem yacto naet & bonee
LIMPOKOM KOHTEKCTe (MPOMBBOACTBO, NOrUCTUKA, TPaHCNOPTHbIE acnekTb).
Pasymeercs, cytuecTsyeT orcraBaHue npakTuku ot Teopun (1 HaobopoT), Ho
NpUMEHEHVE NaHHOW Teopun yxe B Tedenve 80 neT BO3IMOXHO 1 onpasaaHo.
Cornacro [190], Tunuynas komnaHna MoXeT yasouTh obbem npoaak npw
coxpanerun obbema 3anaca naM COXpaHWTh 3TOT 0bbEM, YMEHbLINE 3anach
sasoe. B rnase 1 byayr npusenenst mHorne apyrue npunepsl ek TUBHO-
ro NCNONBb30BaAHUS PEKOMEHOaLNA Teopun ynpasnenus sanacamu (TY3) s
oTeuecTBeHHON 1 3apybexkHoR NpakTWKe, a Tak ke ob3op ee passATMA

ABTOp CTOS y UCTOKOB OTeHeCTBEHHOM WKOSb! Teopun 3anacos [56]
W HaBeeTCs, YTO COREPXMUMOE NPeanNaragMoR KHINFY TakXKe OKaXKeTCA Nones-
Hbild LWWPOKOMY Kpyry mnpenogasaTenied, CTYQEeHTOB # OPraHUsaTopos npo-
wssopctea. Ee otnnunem ot [56] ssnaetca Bonee petanbHam npopaboTka
IKOHOMUHECKMX acMeKToB n cheuncbukn cuctem cHabxeHna BoeHHoOro Ha-
3HaqeHnA, a Takxe obcToaTenwHoe paccwmoTperne npobnemel soccTanasnmn-
saemoro 3Mfla ¢ npumenennem cospemenHbix mMeToRos TeOprn MaccoBoro
obcnyxmusaHua (oHa xe — Teopus oqepeaen) Kak n asTopsi [190],

«MBl NIONAraem, YTO AOCTUrAM pasymHoro banaHca mexay
obsopom TeopeTuecknx npobnem ¥ METOOOB W NPaKTUHECKNMN
NoAXOHaMK, UMEIOLUMYU TeopeTuyeckoe 3syyaHune B kHure cove-
TaIOTCA TEOPHA, MPaKTHU4ecKire coseThl (Koraa oHa He paboTaet)
u dbunococbus — pns nepcnektusbl Wmerno:

® Ba)KHOCTh 3aMacoB ANA NMPUHATUA pelLleHWRt Ha BbICLLIUX
YPOBHAX;

® B33aNMOCBA3b MEXAY ATPErnpoBaHHbIMU M HONBUAYANbHbLI-
M PELIEHVAMN,
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® HEeJOCTOBEPHOCTbL Cripoca Ha OTAeNbHble WU3AENUA u YyeT
OXWA3EMOro PUCKa ANA CTPaxXoBbIX 3anacos;

e coobpaxxeHuna peanusaumnu, BKAOYas KOMABIOTEPHbIE NpPo-
rpaMmbi».

Hobasum K sTomy, 4TO NCMONB3OBAHUE CAOXHBIX a/IFOPUTMOB MOXKET OKa-
3aTbCA He ONpaBAAHHLIM W3-3a NOrPELHOCTER NOCTPOEHUA MOLENM, NOrpeLl-
HOCTER MCXOAHBIX JaHHBIX K HEM ¥ MaNoro OTHOCUTENbHOro BbIWrPbIWa NpPU
nepexofe K YC/OMHEHHOR Modeny.

ABTOP NPUHOCUT U3BUHEHWUA 33 HEKOTOPYIO YCTapenocTh OTEHeCTBEH-
HbIX SKOHOMNYECKMX BaHHbBIX — WX He NYBAUKYIOT yXXe MHOro neT, a AKypHan
«MartepnansHo-TexHuyeckoe cHabxerune» «nouun B boses.

PasymeeTca, cyujecTsyrolas Teopus He petnaeT Bcex npobnem, B oco-
BeHHOCT NPUMEHMTENLHO K ONTUMW3AUMK CAOXKHBIX cucTem cHabxeHins
3necb Bcerna ocTaeTca noste ANA UHOMBULOYANbHOTO MOAXOAa K cneuuduke
sapauu. [lpeacrasnsercs, ogrnako, 4To Habop wacmHbBL monenen ABNAETCA
AocTatouno nonHeiM. Bosuukatowine cepoeanbie npobnemsl cneayet paccia-
TPUBaTh KakK BLISOB U NPUIrNaLIEHVe K CAMOCTOATENLHOMY pasBuTUiO Teopun
CospemenHomy MeHegkepy, 4acTo cbexasiwemy 8 busHec M3 TOHHbIX Hayk
(npumep — wunen-koppecnonpeHt PAH b.A bepesosckui), sto snonne no
cunam.

PaccmoTpeHHble B KHUre maTemaTudecKue MOQENM 3a4acTylo 3aun-
CTBOBASINCH U3 nepBoHadanbHo pasoblieHHsix obnacTen nccnegosaHna co
CAOXKMBLIEACA B KaXKAOA W3 HUX cucTemon obosradenni Yrobet obnerynts
paboTy c nepBoMCTOYHUKAaMK, NPULLNOCL OTKA3aTbCA OT NONHOWA YHWbUKa-
uun obosHaueH M, COOTBETCTBEHHO, OT cnoBapsA Takoswix. Camu obosHa-
YeHUA BblAN NO BO3IMOMHOCTH YNPOUWeEHbl, B YacTHOCTH, y6paHbl NHOeKCh W
3HauKUN, NOACHAIOLUNE Pa3MEPHOCTb SKOHOMUHECKUX NapameTpos (LeHa Xpa-
HeHUA, «wTpach», CymmapHble 3aTpathl). JTa pasmepHocTs anbo noacHaeTcs
npu NOCTpoeHUN odepenHoR Mogenu, Anbo ferko yCTaHaBAWBAETCA NO KOH-
TEKCTY WAW aHaW30M CTPYKTYPbl UeneBoh thyHKUMW.

KomnbioTepHblid Habop W BEPETKA KHWUTY BLINONHEHLI aBTOPOM B W3-

Aatensbckolt cucteme INTRX ¢ npumeneHvem kupunnudeckux wpugpros sbi-
COKOro paspetueHns cemedctea LH.
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I'maBa 1

IlocTanoBka 3amauu

1.1. IIpobsemnl ¢ 3anacamu

MaTepuanbHble 3anachl NOAPa3neNAOTCA Ha TOBapHbie W MPOW3BOA-
CTBEHHble ToBapHble 3anachl — 3TO roToBas NPOAYKWLUA Y MOCTABLUMKOB
(cBbiToBasn), Ha cknapax u basax (cknanckas). [poussoacTeerHbIMMA CHMTa-
IOTCA 3aMachl, y>Ke HaxoAALMecs Y noTpebuTenen, HO ele He BCTYNUBLINE B
npouecc nepepaboTku.

C npyrofi TOHMKW 3peHiA 3anachl MOXHO KnaccubuLmMposaTh Ha pac-
xoaHble U pesepsHbie. Pacxonnble npeanasHayeHbl ana obecneyenusa notpeb-
HOCTel MPON3BOACTBA NPU HECOBMANEHUN CPOKOB W Pa3nMepoB NOCTYMAEHUA
n noTpebrenus pecypcop PesepBHbie N0/1KHBI Y0BAETBOPATL NOTpebHOCTYH
K MUKy Npofax, cTpaxosaTb oT 3abacToBoK, 3afepeK U CPbiBa MOCTABOK,
YHYNTBIBATL BO3MOXKHbIE YpesBblyaiHble obcToATenseTsa (MOBMAN3ALNOHHBIR
3anac). lHorna RONONHUTENLHO BbIAEAAIOT 3aMac, HAXOAAUMACA B NYTH Me-
XKAY 3BEHbAMU CUCTEMb! UM Pa3amyu NPOUBOACTBA.

OcrosHbiMu thakTopammu obpasoBaHNA 3aMacos roTosod NPOLYKUWN
ABNANOTCA 33[EPKKNU, HEO6XO,ElVIMble nna-

® HAKONJIEHWA roTOBOR NPOAYKUWW AO PasMeEpOB OTTPYIKaeMbiX napTua;

® YKOMMJIEKTOBAHWUA NapTUi NOCTaBKY, ECAK NOTPebUTENIO OAHOBPEMEH-
HO OTTPYXKAIETCA HECKONLKO HOMEHKATYR;

® YNaKoBKW U 3aTapusaHia NpoaykKyn;

o ObOPMASHNA OTIPY3OHHON AOKYMEHTALMNHA;
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® rOrpysKu B TPaHCMOPTHLIE CpeAcTBa

Heobxoaumoctp napexHoro obecnedenns cnpoca noakpennaemas
Cepbe3HbIMN DKOHOMUHECKMMIY NOCNEACTBUAMK HEegoONOCTAaBOK, BbIHYXAaeT
YBENWUUBATL 3aMackl YTO NPUBOAUT K BPEMEHHOMY UCKAtoHeHuto na obopoTa
3HaAYNTENIbHbLIX MaTepnanbHbIX uesHoCcTen an HEO6OCHOBBHHOM COoKpatue-
HUM 3anacos (Hanpnmep BCAEACTBUE HapYLLUEHNA NOCTaBLUKOM CPOKOB WM
obbema nocTaBoK) BO3MOMHA OCTaHOBKa NpoussoacTsa [lpumensaeMbie K He-
aKKypaTHOMY NOCTaBLUMKY CAHKUWA NKLb OTHACTV KOMMEHCUPYIoT yObITK®
npeanpuaTus HegocTaTok HyXHBIX HacefNeHWto TOBApOB B PO3HMYHOR TOp-
rosoft ceTu BO3poXKAaeT 3abbiTble Bbino o4epean, CTaBUT Ha FpaHb BbIXU-
BaHus obHWIABLIKE rpyNNbl HACENEHNA U MOXET MPUBECTM K TANENEALINM
COLNANBHO-3KOHOMUYECKUM TI0C/IEACTBUAM

Besikoro poga nepecTpaxoskn TAXeNsiM rpy3om NoOXKaTeA Ha brogxer
cucTeMbl cHabxeHua n BKMouatowmx ee opranusaumin  MHorouucnertbie
npuMepbl Takoro poaa Mo fAaHHbiM Ha cepeauHy 1960-x rr npusognnucs
B moHorpacmm astopa [56] Torpa yposews sanacoe B Toproene no mHo-
rUM nosnumnsamM npubnvxkanca k ecdosomy obtemy npoaax B nocnegytowme
ronbl cuTyauns mensnace mano [10] (cm 1abn 11u 1 2)

Tabnuwua 11

dunamunka sanacoe s Toprosne, msapg pyd

| Cobepa | 1966 | 1969 | 1970 | 1971 | 1972 |
OnToBan Toprosns 34 32 29 26 23
W APOMbILWAEHHOCTD
PosHuyHas Toproens 96 84 85 88 91
Bceero 1301 116 | 114 | 114 114

AsTopbi [10] obbACHANT pocT 3anacos HeCOOTBETCTBAEM CMPOCA MPeanoxe-
HUO U POCTOM [OXO[OB HaceneHWsi cTaHoBsAlerocs bonee pasbopuusbim
CHyKeHne LeH yMeHbWano 3anacbl 3aMeTWM, YTO HOPMaTUs TOBAPHBIX 3a-
nacos B 1966-1971 rr cokpaiwanca Tpuxasl (c 84 no 76 aven) Xpotiude-
cKVA xapakTep npobnembl pasgysaHnA 3anNacoB WISIIOCTPUPYETCA HAHHBIMU
[4] & koHue 1980-x rr B marasuHax noTpebkoonepaLuy MMeNocL fONaT u
kuHoannapatos Ha 430 gHen Toprosaun, koc — Ha 353, a doToannapaTos —
Ha nonroaa Heyawsutensho, wto 8 1977 r pasmep obopoTHbix cpeacTs B
3anacax TOBapHO-MaTepuanbHbIX LUeHHocTeld npesbiwan 230 mnpa pyb . a k
1991 r pocrur noutn 500 mapa pybnenr [30]
- 16 -




Tabnuwua 12

Toprosbie sanacsl, B gHAX obopoTa

Lva ToBapa [ 19661 19701 1972 l
Xnonyatobymaxubie Tkann | 201 1 211 157
Llepctanie Thann 227 | 102 103
Ulenkosbie TkaHu 298 | 175 ¢ 142
Jibtarbie Tkanm 216 | 131 108
Opexaa w benve 130 | 114 | 139
Mexosuie uagenna 73 46 52
TpukoTax sepxHui 109 67 91
Tpukotax HuxHui -1 171} 176
Koxanan obysb 118 | 107 ; 138
Peannosan obysb 147 | 113 97
Yaceo 154 90 77
XoRoANAbHNKM 11 17 21
Nbinecocy 63 37 41
CrunpanbHbie MawnHbi 16 68 | 207
InekTpoyTiorn 138 23 33
Merannuueckana nocyna 205 150 133
Crekno, drapdop, dannc 209 98 66
Tenesusopel 21 ] 108 90
®oToannapaTbl 268 | 142} 135
Wroro 145 128 | 132

OAHOM 13 OCHOBHBLIX NpWYKMH 3TOW cuTyauuyn Bbino To, YTO yueT u
NNaHMpOBaHWUe BENUCH B arPernpoBaHHbIX NOKA3aTENAX U ONepaTMBHOE ynpa-
BrieHWE OCYLIECTBNANOCH Ha OCHOBE YCPEAHEHHBIX HOPMATUBOB T & MpaKTw-
yecku bes obpatHon cesan CoeepluieHcTBOBaTH HOpMamuesdt Becnonesto
Komnnekcroe obbacrenue Toprosbix 6escbpasuin O A Benses [4] naxoant
B pykonucHom Hacnegnn @ 3 [lsepxurckoro

1) «ToBap npoxoanT cAVKOM BoMbLLOE YUCNO 3BeHbEB MEXAY
nponsBoacTeom ¥ rotpebneHven,

2) cAMIWKOM RONTC UAET,

3) cAVILKOM MHOTO MUY NUTAETCA W3 TOPrOBNW, CAULIKOM [O-
poro Bce aTO obxoamTCA®

-17 -

He namnoro nyuwe obctoanc geno n s npomsiwnentocT. OTHocnTensHo
ceexun npumep [20]: Ha sepranbHo-bypHUTYPHOM KOMBUHaTe obbeanHeHua
«Cessanmebens» va 1 utona 1980 r. obpasosanock ceepXxHOpMaTUBHbBIX OCTAT-
koB cbipba Ha 750 Teic. pyb. M3-3a HegocTaTouHOCTH CKNapckux fsoujanen,
HapyLIeHUA YCNOBNA XpaHeHns Bbifo NepepacxofoBaHo OKOHHOFO U NOUPO-
BaHHOTO cTekna Ha 537 Tbic. pyb.

Mo npobnemam maTepuanbHO-TEXHUUECKOTO CHabxeHus B8 NpPOMbi-
WAEHHOCTM W TOProbsie MNPUHUMAANCh MHOFOYWUCEHHBIE NOCTAHOBAEHNA.
B uactroct, Ha XXIV n XXV cvesgax KICC ykasbisanoch Ha He-
obXoOQUMOCTL COBEPLUEHCTBOBATL MEXaHU3M NNAHAPOBaHUs, obpasosaruns
W WCMIONb3CBAHWA 3anacos MaTepuanbHbIX PECYPCOB, Ha HEAONYCTUMOCTb
obpasoBaHinA CBEPXHOPMATNBHbBIX U USIULLIHUX 3aMacoB U MaTepuanos u obo-
pynosanus [loaxe, Kak oTmevaetcs 8 [7],

«B XOLE& MepecTponKW BO3HUKAA HacywHas HeobxoanMocTb
B OCYWECTBAEHN TaKOW KOHUENUWW YNpaBNeHWA HapOOHbIM
XO3ANCTBOM, KOTopas obbeKTUBHO obecnequnna Ebl coueTaHue
WHTepecoB Bcex CybbekTos NPOU3BOACTBA Ha PasHbiX YPOBHAX
YyNpaBsAeHNas.

B yacTHOCTH, BOSHMKAWN NpobnemMbl, CBA3aHHbIE ¢ MPOTUBOPEHNBOCTLIO A&~
CTBUA Ha NpaKTUKe pAda NOAOXKeHNt 3aKOHa O rocyAapcTBeHHOM MpeanpusA-
TAW U MOCTAHOBJEGHWA O fepexose Ha  XO3ANCTBEHHLIR  pacyeT,
OMTOBYIO TOProB/lO CpPeAcTBamMu MPOU3BOACTBA, O BHELUHEIKOHOMMUYECKMX
CBA3AX, NPUBATU3aUMU SKOHOMM4ecKUX obbekToB. [leueHTpanusauns n ge-
MOKPaTU3aLUNA SKOHOMMUKMW, KYPC K KanuTajnsmy cCylleCTBEHHO NOBLICUAN
poJib SKOHOMUYECKMX (haKTOPOB B OpraHn3aumis cHab>xeHus n cnocobcTeo-
BafW MEPEHOCY LEHTPa TAXECTUN Ha NOKAJibHbiE DKOHOMWYECKIKE CTPYKTYpht
W peleHus.

PasymeeTca, peljeHMe BO3PacTaloWMX NO CBOER aKTyasbHOCTM Npo-
bnem ynpasiaeHUs sanacamu QaeT He MUHUMU3AUNA, @ ONMUMUIGUUS 3ana-
CcOB.

1.2. Monens ynpaBJjieHHA 3ariacaMH
U ee 3JIEMEeHThI
OGCCHCHEHM& HOTPEGHOCTEW XO3ANCTBEHHbIX, COLUNAABHBIX N BOEHHbIX

obbekToB B pasnuyHbiX MaTepuanbHbIX Cpegereax (TOI’U‘IVIBe, npojoBonb-
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CTBNU, Chipbe, NonydabpukaTtax, KOMNAEKTYIOWNX OeTaNAX, PacXOAHbIX Ma-
Tepnanax v T.Nn.) BksitoHaeT B ceba Tpu basbl MIaHUPOBaHUE, NPON3BOACTBO
n pacnpegeneHne Kak npaeufio, K MOMeHTY peafnnsaliny NoCcTaBKU faHHble,
NONOXKEHHbIE B OCHOBY 3aABKMW, OKa3biBalOTCA ycTapeswnmi 1 obbem noctas-
KM yr>ke He cooTaeTcTByeT dhakTuydeckon noTpebroctn. [ina npepoTspaiuervs
QCTAHOBKU NPOM3BOACTBA B CyHae HE4OCTATONHOCTM MOCTaBKN ¥ noTpebuTe-
nen n B cucreme cHabxenna cospatoTca zanacwu. K HeobxoaumocTn cosganus
3anacoB NpuBoaAT cnegyrowne pakTopbi:

1) [uckpeTHocTs nocTasok.

2) Chy4vaitHbie konebaHua

¢ B Crpoce 3a UHTEepsa  MeXAY NMNoCcTaBKamMu,

e 8 obbeme nocTaBok (Hanpumep, nMpu NNAHUPOBAHWK MNOCTAaBOK
CENbCKOXO3ANCTBEHHOR NPOAYKLAN, 3aBUCALLMX OT YPOXKas 1 op-
raHusaunn ero cbopa),

® B A/IMTENHHOCTU MHTEPBASIOB MeXAY MOCTaBKaMM,
3) Mpeanonaraembie U3MEHEHNS KOHBIOHKTYPbI:

® CE30HHOCTb Cnpoca,

® CE30HHOCTb NMPOU3BOACTBA,

® Vchbﬂﬂ LUNOHHbIE OXUAaHUA,
® OXNOaeMOE NOBblileHWE LeH.

MepeuncnenHble dakTopbl, NeACTBYA NOPO3HL WAW FPYNNMPYsACH B pasAny-
HbIX COYeTaHWAX, CO3/atOT TEHAEHUKIO K YBEANYEHNIO 3aNacoB.

WmeeTcn, oarako, pAR coobpaxeHund B Nonb3y MUHUMU3AYUU 3ana-
cos. K vx 4ucny oTHOCATCA,

1) nnava 3a pnanveckoe xpaHenue 3anaca;

2) ynylweHHbid [oxod, KOTopbld Mor Bbl BbiTb MOAYHEH NpU BAOXKEHUN
OMEPTB/IEHHbIX B 3arace CPEACTB B MPEANPUATUA C TBEPAbIM AOXOAOM
(B npocTeitiem cyqae — yqeTHbiIfl NPOLEHT);

3) noTepu B konuuecTBe 3anaca (ucnaperue, ycyilika, yTpycKa, paanoak-
TUBHBIN pacnaf, XNLIEHNA);

4) kadecTBeHHble U3MeHeHNs (yxydluerne NoTpebUTeNbCKNX CBONCTB BCAiea-
cTBNE HeoDpaTUMBIX MPOLIECCOB B XPaHUMOM NPOAYKTe —— PasnoxKeHue,
FHUeHNe, yXyAlUeHNE BHELIHEro BWAA, CTapEHNE N30AALNM);
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5) ycrapesarue (MopasibHbI M3HOC), 0CODEHHO XapaKTepHbIA AnA Moa-
HbiX TOBAapOB, BLITOBOA 3NEKTPOHUKMN, NEPCOHANbHBIX KOMAbLIOTEPOS,
NUTEpaTypbi NO HUM 1 UX NporpammHoMy obecnedetuto.

VYnpasaenue sanacamu 3aknioHaeTéa B yCTaHOBAEHUM MOMEHTOB M
obbemoB 3aKka3za Ha BOCNOJIHEHWE UX W pacnpefefieHnu BHOBb rpubbiBLIEH
NapTuy NO HUKECTOALLMM 3BeHbAM cucTembl cHabxxennn. CoBoKynHOCTb npa-
BWA, NO KOTOPBIM NPUHUMAIOTCA 3TN PelueHnn, Ha3oBem cmpameauetl ynpa-
Bnerna sanacamu, Kaxpana Takaa cTpaTerua cBAsaHa C onpefeneHHbIMU
(4awge Bcero B BEPOATHOCTHOM CMbICNE) 33aTPaTaMn NO [OBEACHUIO MaTepu-
anbHbiX CpeAcTe Ao notpebutened. Bygem cumtath onTumanbHoR Ty CTpa-
Ternro, KoTtopas MuHumusnpyeT aTu 3atpaTel. OTbickannme onTuManbhbix
CTpaTerni W ABNAETCA NPEAMETOM MECPUU ONMUMAALHOLO YNPABAECHUA 3a-
nacamu.

Mpn cpaBHenny cTpaTernit Y4UWTHLIBAFOTCA TOJbKO NEPEMEHHbBIE CO-
cTaBnAoWmne byHKUMKM 3aTpaT, 3aBucalne oT Boibopa cTpaTteruun. [akum
obpa3oM, BO MHOTUX MOAENAX yNpaBiaeHUs 3anacamu yAaeTCA UrHOpUpOBaTh
BSnblyto YacTb 3aTpaT Ha COAep)KaHWe ynpasieH4eckoro annapata (Kpome
pacxofos No opopMieHnto NOCTaBOK), @ TaKXKe NPonopuUroHansHyro obbemy
NapTUM CTOUMOCTb MPOU3BOACTBA MaTepnaibHbLIX CPefCTs, KOTOPas Ha fo-
CTaTOMHO ANNTENLHOM OTPE3KE BPEMEHU ONPENENSETCs CYMMapPHLIM CHPOCOM
¥ He 3aBUCUT OT OpraHu3aumm cHabxeHus.

MaTtematuueckas hopMySIMPOBKa 334a4n O HaXOXOEHUN ONTAMASIb-
HOW CTpaTermu CyWecTBEHHO 3aBWCUT OT nccnepyemon cutyaumu. OpmHako
obuyHocTe yunToiBaembix PakTOPOE MO3BOAAET FOBOPUTL O €AUHON MOOENU
ynpaeneHua sanacamu. [pusenem ee KavecTeeHHoe onucaHue, orpaHUYnBs-
WKCL [AA NPOCTOTbI OAHUM CKNAfiOM, Ha KOTOPLIA AOCTYNaeT ¢AyqalHbIA
NOTOK Ka4ecTBEHHO OJHOPOAHLIX TpeboBaHWA — 3aA80K OT noTpebuTenen.

3asBKyu HemenneHHO YAOBNETBOPAIOTCA 4O Tex Nop, NokKa UX cyMmap-
Hbil obbem (c Hadasa NNaHMpyemoro nepuofa) He MPeBLICUT HAYaNbLHOrO
sanaca. Bce nocrepyrowmne TpeGosanua ve moryT boith obcnyxeHsl ToTHac
Ke, BCNEACTBME Yero noTpebuTelb NpocTanBaeT U HeceT HeKOTOPLIA YOBITOK.
IToT YBbITOK MO CNPaBeaNMBOCTIN OTHOCUTCA Ha CHeT CUCTeMbl cHabxenna —
oHa BbinnaunsaeT wmpad. Bpems oT BpemeHn aanac xpaHnmoro nMyLwecTsa
NONOAHAEMCA CO CKIANA BLILECTOALLErO obbeauHeHna, ueHTpansHon Haswl
VI U3 NPOMBbILAIEHHOCTH, NPUYEM C Ka)KAbiM TaKuM MOMNOJHEHWEM CBA3a-
Hbi OMpeaesieHHble AONOAHNTeNbHBIe 3aTpaTol. HakoHew, cknan neceT pacxo-
Abl NO IPAHEHUIC HAXOJALUErOCA B HeM UmMyllecTsa | pebyetca Tak suibpath
MOMEHT 1 obbem 3akasa Ha BOCNOSHEHWe, YTODbI CyMMapHble 3aTpaThl Ha
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xpaHetine, wrpad n nocrasku bbinun munumanshb. Ha paboTy cknana moryt
BbiTs HaNOXKeHbl HEKOTopbie oepanutdenus (Hanpumep, MakcUMabHbIR 3anac
He QOJIXKeH NpeBbillaTs BMECTUMOCTb CK/I3Aa, a o CTOMMOCTb — 334aHHOR
cymmbl). B a1ux cnydasx pasbickuaeTcsa yCNOBHBIA MWUHIMYM 3aTpar.

dnemeHTamu 3afjaun ynpabieHua 3anacamu, Takum obpasom, asns-

loTCA:

1) cuctema cHabxenus;

2) cnpoc Ha npeameTbi cHabxekns;

3) BO3MOXXHOCTL BOCNOJIHEHWA 3aNacos;

4) cbyHkuus 3atpar,

5) orpatuuenus;

6) cTpaTerus ynpasneHus sanacamu.
HanomHumM, 4to 3aece 1 aanee «CTpaTerna» NOHMMAETCA B CMbICNE TEPMUHO-
JIOFMW NPUHATUA pPellieHunil, T.e. Kak BbibpaHHas mMeHenKepom NWHNA MOBELE-

HUA, NONHOCTBIO ONpeAenAtoLIan ero AeACTBNR B PaMKax paccCMaTpuBaemon
Moaenu.

Cuctembl V3 MOXHO KAaccudpnumposaTts No MHOMMM NMpUsHaKam:

e BMA 3anacos (cbipbe, nonydabpukaTbl, roTosas NPOAYKUNA, MHCTPY-
MEHTbI, 3an4acTu);

® MEeCTO XpaHeHNs (npomasonmenb, noTpebutens, cHabxxendeckan basa
WaKn [pyrue snemeHTbl TOBaponpoBogalyer ceTn);

® CTPYKTypa cucTembl (M30NMpoBaHHBIA CKNaA, MOCNesoBaTeNbHaA CH-
CTeMa CK/1afioB, WepapxvMHeckas CUCTeMa, C PEMOHTHbLIMUA BO3MOXKHO-
cTsimu unm bes Hux);

& cBOCTBa 3anacos (OAHO- WAW MHOrOHOMEHK/IATypHble 3anachl, Ux
B32MMO3aMEHAEMOCTb, OIPaHNYEHHOCTL CPOKA FOAHOCTH, Nopya npw
XpaHeHnu);

® CTaTUCTN4ECKME XapaKTepUCTMKW MpPOLIECCOB CNpoca W MOCTaBok
(cTaumoHapHOCTb, KOPpPeNNpOBaHHOCTb CNpOCa, YNpaBAAEMOCTb, CJy-
4aHOCTb MOCTaROK);

® e CUCTEMBI (CTOMMOCTHbIE U BEPOATHOCTHbIE KPUTEPUN, MHOTOKPH-
TepUanbHOCTD);
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e orpaHudeHns (Ha obbem U HOMEHKNATypy 3anacos, pasmvepbl
NapTUN, HaleXHOCTb N 3KOHOMWUYECKWE XapaKTepuCTWKK npolecca
cHabxxeHua);

e undbopmauvorHble xapakTepucTuku (nepuoanuHocTs cbopa AaHHbIX,
HabnoAaeMOCTs CNpoca, NOMHOTa 3HAHWA O KoadhdULMeHTaxX NoTeps).

1.3. U3 ucropum teopuu 3aracosn

VrpabneHne sKOHOMUKOR Ha BCeX YPOBHAX AOMKHO CTaTh TOYHON Ha-
YKOW, MCKAKOYAtOWER BCAKYIO NPOM3BOALHOCTL U BostoHTapusm [lpusenen-
Hble Bbille coobpaeHns n Unpbl NO3BOAAIOT YTBEPXAaTh, YTO AOCTUIKEHWE
HaMBLIrOgHeALLEro KOMRPOMMCCa MeXAy NpoTuBopeunsbiMu Tpebosanusamu
COKpalLeHUA PacxofoB Ha xpaHeHWe U HapgexHoro obecnedeHnsa niaTexe-
cnocobHoro cnpoca ABMAETCA OENOM AOCTaTOYHO CAOXHBIM U TpebyeT Tila-
TENbHOTO KOAMYecTBeHHOro aHanmsa MeToabl Takoro aHanu3a n COCTaBAAIOT
npeameT meopuu ynpasacus sanacamu (TY3).

B TeueHune nepeoro nonyctoneTua COBETCKOro Mepuroga OTCYyTCTBUE
[OCTaTO4HO pa3paboTaHHOM TEOPUI N TEXHUUECKUX CPEACTB YMPaBieHUA 5Ko-
HOMWHYECKMMM CUCTEMAMK HE NO3BOJANO MONHOCTBIO Peann3osaTb Npenmy-
WwecTBa coumanncTudeckoro crnocoba BepeHus xossaiicrsa. WasecTHyto posnb
CbirPano W HUTMANCTUHECKOE OTHOLLUEHME K MpUMEHEHMIO MaTemMaTnHecKnx
METOAOB B SKOHOMMUKE, NOA KOTOPOE fAa)e MNOABOAMNA «PUNOCOPCKYHOD
Basy, MCKyCCTBEHHO MPOTUBONOCTABARA KayeCTBEHHBIE W KOANYECTBEHHblE
CBA3M MeXAY ABNEHUAMMN, MaTEMaTUHECKIA ¥ AMANEKTUHECKUA NOAXOR, NPU-
YNHHBbIE 11 (BYHKLMOHANLHbIE 33aBUCUMOCTH

B Hauane wecTngecsTeIX rogos cTasllias, HaKoHEL, O4YEBUAHOM He-
0BX0QMMOCTL KOHKPETHOrO PYKOBOACTBA, OCHOBAHHOTO Ha KOJN4ECTBEHHOM
aHanu3e, Npneena K NepenoMy B OTHOLIEHMN K MATEMATUKO-3KOHOMUYECK UM
wccnegosaHuAm. W maTemaTuKK, 1 SKOHOMWUCTB! BCMOMHNAN 3aMeYaTesbHble
cnosa M1.J1 Yeboiwepa o ToM, 4TO «MaTemaTuKa Co3danach 1 pasensanace
nog sAnsiHnem oblied 3afaym Bcel YenoBe4eCKO [EATENBHOCTU: pacrnops-
ANTHCA MMEOLLMMUCA Nof pyKamn cpeacTBamMm AnA OOCTWXKeHMA Hanbosb-
wed sbirofbi». Hauann nHTEHCMBHO pa3BMBaTHCA Kak MaKPO3KOHOMMYECKUE
Teopuu (pasnuyHble MaTpuYHble Mofenn u banaHcosble Cxembl), Tak v Mu-
KposkoHoMnuecKne (SokanbHbie), oxBaTbiBatoWMe MeHee MactuTabHble op-
raHW3aumm u/nnuw oTHeNbHbie cTopoHbl ux aeatenpHocTu. Ocobbii pasmax
NOAYHUAU NCCAEROBAHUA NO NMHERHOMY NPOrpaMMUpoBaHunio (B HacTHoCTH,
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TPAHCNOPTHBLIM 33fla4aM), HENWHEAHOMY W AMHAMUHEeCKOMY MporpamMmMupo-
BaHWIO, Teopn nrp.

Hosas BOsIHa NOBBLILLIEHHOTO NHTEPECA K SKOHOMUKO-MaTeMaTUHECKNM
merofam Dblna CBA3aHA € UHTEHCUBHLIM PassUTUEM Meopuu BeAbUWUT CU-
cmem. CNCTEMHBIR aHanna — 3TO He UTO UHOE, KaK NPOoCBelleHHbIA 3ApaBbii
CMBICA, Ha ¢Ay»By KOTOPOro NOCTas/ieHsl COBPEMEHHEIE aHaANTMHECKNe Me-
Toabl. XOTA CUCTEMHDBI aHaNU3 — MPeX Qe BCEro MCKYCCTBO, 3TO MCKYCCTBO
TpebyeT n cneumanpHod MaTemaTudeckon noarotoekn. CvcTemHbIA aHa vz
paccMaTpUBAETCA Kak METOAONOrMA YNOPAJOHEHNA N YACHEHUA npobnemsl,
KOTOpaA 3aTem YXKEe MOXET PellaThca ¢ npumMeHeHuen uau ez npumeHe-
tnA matematukn n IBM. Cnctemubinl ananus orpaHu4msaeT sanadvy bes cy-
LLUECTBEHHBIX OTK/JIOHEHUR OT CTPOTOR ee (POPMYNINPOBKI € NOMOLIBIO TaKnX
CpeacTs, KakK

© MaTemaTuyeckle MeTOdbl, MO3BOAAIOUIME COKPAaTWThL NOCNeROBaTeNb-
Hbll aHa/N3 BCEX BO3MOMHbBIX KOMBUNaLUHA;

® OlECHKAa HYBCTBMTEMBHOCTW 3afaqit K pasinyHbli dDaKTOpaM n 0T6pa-
CblBaHWe HecyLUeCTBEHHbIX NepeMEeHHbIX;

® arperpopaHue nepemMeHHbIX, pelleditii W JeACTBUA;

e paunotanbHan ¢opMynuposka KpMTepres oNTUMMA3aLIAN.

[TpentmyiliecTBOM MaTEMATUHECKUX MOAENEN ABNAETCA NpeXAe BCEro To, YTO
OHW NO3BONAIOT NPOBEPATL 3(PPEKTUBHOCTL NPUHNMAEMbIX PELIEHWA, He
npwberan K NpakTUYecKoh peannsaunn. A BONAOLLENNA peKOMeHayHOTCA
TO/IBKO PELUEHUA, COOTBETCTBYIOWME LEU, HEM UCKAOHAIOTCA MOTepW Ha
onpoboearue (1 oT onpobosaHna) HeyRadHbIX BapuaHTos. Pasymeetca, npu-
XOOWTCA CUNTATbCA € HENONMHOTON COOTBETCTBUNA MeXy moaensbto U peanb-
HOCTbIO.

XapakTepHoit YepToi bosbluoih cucTembl ABAAETCA To, YTo paboTa ee
3BEHBLEB N CUCTEMbI B LESOM OUEHNBAETCA ¢ TOUKU 3PEHNA BKAIOUAIOWENR UX
CNCTEME! 60}186 BbICOKOrO paHnra. B CRA3ZN C 2TUM TEOPETUHECKWN HUN ONA ogHoOn
KOHKPETHOM CUCTEMDb! HENb3A TOYHO U CTPOro OnpenennTs KpuTepuit sgdex-
TUBHOCTU, HE NMOQHUMAACH NP pelseHnn ITOR 3a3Ja4N [0 CaMOr0 BbICOKOMO
YPOBHA, NPU KOTOPOM B pacCMOTpeHWe BBOJATCA coumanbHble 4)3KTOPI>| rno-
BanbHoro macwraba. MNpakTuyeckn oKasbiBaeTca HeobXxopnmbim oUeHMBATD
IKOHOMUNECKUT BEIMIPLIL, NPUHOCUMBIN KaXKAOR TaKoW CUCTEMON, CONOCTa-
BAAA €ro ¢ 3aTpaTamMu Ha hpyHKLUNOHUPOBAHWE OAHHOrO Komnjexca. |akum
obpasom, 8 Teoputo ynpasaeruR, UCCNEROBaHne onepauni, TEOPUIO HaneX-
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HOCTU U OpPYrMe AMCUMNAMHBI, M3[aBHa WCMOJbL30OBaBLIKe MaTeMaTuyeckue
METORb!, HAaYNHAEET BXOAUTb SKOHOMMKA.

Onnaxo, kak nucan akagemuk B.C. HemunHos, «npumnTusHoe noHu-
MaHne B3aUMOOOTHOLWEHNA MeXAY DONbWINMU ¥ MaNbiMN SKOHOMUHECKN MK
CNCTEMaMMN MOXKeT CO3[4aTh JiNllb TaKylo OKOCTEHEeNYlo CuCTeMY, B KOTOPOWM
sCe MapameTpb ynpasneHuA 3agaHbi saparee. Takan cncTema byner Topmo-
3UTh COUMNANBHBIA U TeXHWYECKUA NPOrpecc u Noj HafnopoM peanbHOro fnpo-
LECCa XO3ANCTBEHHON MUSHN PaHO UAK NO3RHO DyneT cromaray. Akagemuk
&KaK B BOY MAJENS> — MPOTrHO3 UCMONHUACA C NPeBblleHeM OXXNAaHWR.

Beixog v3 npexHero v HOBOro TYNUKOB HYXKHO WCKaTb 8 Npeao-
CTaBNeHUU obbenuHEeHUAM MNPESNPUATUN, OTAENbHLIM MPEeANPUATUAM U Op-
FaHV3aLUAM LUMPOKOR SKOHOMUYECKON CAMOCTOATENILHOCTU W 33JaHUU UM
B OUPEKTUMBHOM NOPAAKE Wil MWHUMANLHOFO 4YMcna nokasaTened. Co-
BRNafeHne >XKe WHTEPeCOoB MPeanpusTUA ¢ rocyAapcTBeHHbIMW [OCTUraeTcAa
&OMNONHEHNEM MaHa TOBAPHO-AEHEKHBIM MEXaHU3IMOM C MpUBEAeHNEM B
QelcTBME LUMPOKOW CUCTeMbl DKOHOMMWYUECKWUX pbiYaros ¥ MaTepuanbHoro
CcTUMYNUpOBaHUA. . . [IBORHON MexaHW3M MAaHWPOBaHWA W YNpPaBieHWA no-
3BONAET COEAAMHNTL CBONCTBEHHYIO LUEHTPANKIOBAHHOR CUCTEME HAYUHYtO 0b-
OCHOBAHHOCTb MpPOrpamMmMbi PaspuTna, bonbwyto UsbnpaTenbHOCTh petleHun
C BLICOKOW MMBKOCTLIO, NPUCNOCOBAREMOCTHIO M UHILUATUBHOCTHION.

QuesupHo, uTo u paspaboTka MaTeMaTUyecKuX MoaeseR yrpasieHus
BOJHKHA UATA NO ABYM HanpaBiaeHUAM:

1) UEHTPAMN30BAaHHOTO YNPaBACHNA KNtOYE€BbIMA SKOHOMWHYECKUMW NO3N-
Unamu,

2) NoKanbHbIX CUCTEM C YNPaBneHuem Yepes TOBAPHO-QHEXHbIE OTHOLLE-
HUA.

B MoaenAx UeHTpaNN3oBaHHOIO ynpasneHnA, KPpOMe OCHOBHLIX Ha-
TYPanbHbIX NOKasaTeneh, AONIKHbI BblpasaTblBaTbCﬂ n napameTpbl, KOCBEH-
HO perynupyiroulne SGeATeNbHOCTL ACKANALHBIX CUCTEM. Npaekia U.eH005P330-
BaHWA, HOPMBI I'lpVI6b|}1VI, npyuHUUNLI HanoroobRoXeHNA U CTaBKW HanNnoros,
ypOBEeHb OTYUCNEHUN B 6PO,QN(6T u T.n. JlokansHble cUCTEMbl, CcHUTaa yno-
MAHYTbIE NapameTpbl 3afaHHbiMW, MOTYT NAaHnpoBaTh CBOW Aencrems no
KPpUTEPUKD MAKCUMaNbHOR 3KOHOMUYHOCTU Npu COSJ’]I‘OEEHMV‘I HaNOMeEHHbIX
nAaHoM HEMHOIOYMUCNEeHHbIX (B CpaBHeHuun C HefaBHUM ﬂpOLLI)'lbIM) orpa-
HUYeHUA. Pa3)/MeeTCﬂ, «npasuna Uurpbi» npeagnonaratoTcsa AOCTaToMHO CTa-
6VlfleblMV|, 4Tobbl MOXHO Bbino NN3aHWPOBATL Ha NepcnekKkTusy W aenatb
AROJITOCPOHHbIE KANMNTAAOB/TONKEHUA.
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Mopenu ynpasneHus 3anacamy 3a/0XKNAKM OCHOBbI CHHTE3a MatTema-
THYECKOR SKOHOMWKM W Teopuw YrpasNeHWA, BHECA B MEPBYIO AWHAMUYeE-
CKME W BEPOATHOCTHbIE MPEACTaBAeHUA, @ BO BTOPYIO —— 3KOHOMUYECKWE

(40, c. 12].

MonwiTkn HanapguTs ecaym He Hay4yHoe, To xoTa Obl pasymHoe ynpa-
BAEHWE 3anacaMy NpeaAnpuHumannce pasno. B dacTHoctw, npepcTasnser
uHtepec onblt 1920-x rr. no xospacueTHbIM CHabeH4ecKo-cOBITOBBIM Fo-
cynapcTeeHHbiM cuHankatam OHU CBA3bLIBAAK NPOMBILLNEHHOCTb C PHIHKOM,
He BMELLMBAACH HErlocpPefCTBEHHO B MPOM3BOACTBEHHYIO AeaTenbHocTh. Bsa-
UMOAEACTBYA C NOTpebuTensammn, onn ocrabnsann MOHONOABHLIA AUKTAT NPO-
ussonutener. Ycronuusyo paboty obciynusaembix TPECTOB U NPERNPUATYA
oHn obecneuuBanu 3a cHeT CO37aBaeMbiX 3aMNacoB, OTAYCKasA B CAydae Heob-
XOAMMOCTYN fecbUUNTHLIE NPeaMeTH CBEPX MNaHa — Ha KOMMEePHECKOR OCHO-
pe. (BuiToBbIE CUHANKATLI NOAYHann ¢ NoTpebutened KOMUCCUOHHYIO AONIO
B 32BMCUMOCTYA OT HaAeXHOCTN nocTasok [28].

MpeanpuHumManuch ¥ NonbiTKM aBTOMaTU3aUMM CMCTEM YMNpaBAeHWUA
cHabxervem. Ewe B 1930-e rr. 8 Mockse B8 LUYMe sBoamnuce TosapHbie
APAbIKK AAA MawwuHHON obpaboTkn Ha nepdopauuorHol TexHuke. JTu no-
nbiTk yxe Ha base DBM nwitannce sosobHosuts B 1960-x rr., HO Takxke
neypauro. Hu opHa ACY 3anacamu (n He Tosibko umun) He Bbina gosepeHa
Ao koHua. He okynanuce paxke skcnnyaTauuoHHble pacxogsbt. OCHOBHbIMU
npUYMHaMn nposana BbAM crepyroLlne:

e CraBunach Hesepras uenb — «acpektnsrocts ACY» (sarpyska 3BM,
YACNO PeLIaEMbiX 3afaY) BMECTO «3thcheKTUBHOCTU YNpaBisemoro
npoueccas.

o [lpoeKTbl OpUeHTNPOBA/NIUCEL HE Ha MEPCNEKTUBHYIO, @ Ha CYLLeCTBYHo-
lwyto TexHuKy (0TcTanan n goporocToAwan TexHu4eckan basa) u ycra-
peBasin «Ha KopHIo».

o KonoccansHble 3aTpaTbl Ha Acy CKOBbIBanUW BCe fanbHeRllne HOBa-
umn,

e Ha DBM nepesoaunacs pomalumnnas opraHusauua pabot {8 YacTHo-
ctu, nepdoneHTsi Bosunu 8 Bll Ha asToTpancnopTe, dukcuposanu u
TUPaXKUPOBANN MPOMEXYTOUHbIE PesynbTaThl cHeTa Ha Bymare).

¢ Oneparopckue nynbThl ¥ TexHoNoruA paspabaTbiBanucs B pacyeTte Ha
nehpULMTHBIX B TY NOpPY NpPorpammMucTos.
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o [Ipouecc coanarns ACY xecTko pernameHTUPOBancA, NPUHYAUTENBHO
HacaXKAaNUCh TUNOBblE pelueHnA» .

o WrHopupoBanuce oNTUMW3aUWOHHBIE 3afady, PEWANUCh B OCHOBHOM
yqeTHble.
o OtcyrcTeoBana ponxHaa undopMmauntonHan basa (npexae ecero no

cnpocy).
e He korTponmpoeanach A0CTOBEPHOCTb BBOAMMOR UHOPMaLMK.

Teopusa ynpasneHns sanacamu CHATaeTCA OTHOCUTENbHO MONOAOH OT-
pacniblo uccneaoBaHuA onepauwd. B nepsoit Tpetu XX Beka noasunca psaa
cTaTeil No onpepneneHuto onTumansHoro obbema 3sakaza — @. Xappuca
(1915 r.), K. Crecbanux-Anmenepa (1927), K. Anpnepa (1929) v P. Vun-
cona (1934), ¢ umeHem KOTOPOro obeIUHO 1 CBA3LIBAGTCA COOTBETCTBYIOLIAR
rpynna copmya. ITU 3aBUCMMOCTU MCKAKOHUTENBHO pobacTHbl U ABNAITCA
KOMMOHEHTaMN aAropUTMOB pelleHus MHorux bonee cnoXHbix 3afay, 8 Tom
4mncne co ctoxacTusecknm cnpocon. LLiseackan komnanna «Bonbso» naxe s
HaLLY QHU TPUYMa DNEKTPOHHOR BbIMUCANTENLHON TeXHMKM cHabxaeT cBo-
WX areHTOB U [UNEPOB CreuManbHON CHeTHOR NUHeRKo, paspaboTarHHon Ha
ocHoBe hopMynbl YuncoHa,

Qopmuposatie Teopun ynpasBneHNA 3anacamu Kak HayqHoll ARuUcLy-
NAWHBl Hadanock B cepepmnbe 1950-x rr. ObcToATenbHbin 0630p aToro sTana
ee pas3suTihs Bein cpenan B [56]. B khure [161] ucropuyeckuin obsop saxsa-
TbIBAET elle ABa ACCATUAETUA U JALTCA NO Cleayrouwnm pasaenam:

® SKOHOMU4HbLIA obbem 3aKasa;

® OJHOMEPUOAHbIE CTOXAaCTUYECKUE 3aaauu,

® CTOXacTu4eckue 3afa4il C NOPOrosbiM YPOBHEM;
® HENpepblBHLIA KOHTPOAb YPOBHEIR,;

® 3a7a4n obecneyeHna HaAeXKHOCTY,

& MHOroOHOMEHKNaTypPHble MOLEAN;

® Mepapxnyeckue cucTembl CHabxkeHus;

® MMUTAUUOHHOE MOJENNPOBaHNE;

® HOBblEe Pe3ynbTaTbl.

13107 nponece MOCTOBEPHO U XYIOKeCTBERHO onmcan B pomane A. Mopososa «IIpo-
rpammuct» (M.: Monopas reapoua, 1979).
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3neck (M B cnvcke ANTepaTypbl) Mbl OrPAHUYUMCA ANLWL AOCTYMHBIMU A5
POCCUACKOrO YnTaTens nepeBofamMn MHOCTPaHHbIX Monorpadun [5, 14, 85,
89].

BHumanve oTedecTBeHHBIX WCChepoBateneldl — MaTEMaTUKOB, SKO-
HOMWCTOB, BOEHHbIX, NMPaKTUKOB —— TEOPWA 3aNacos NPUBMAEKSA B Hayane
1960-x rr. Cpenn nanbonee akTueHbiX aBTopos Hasosem E B Byanncxyro B
1969 r. sbitina HanucakwHan aBTOPOM AAHHOA KHUMM NEPBam OTEHECTBEHHAA
Mororpadpun {56], nosxe nepesegenrnas s [OP. B Hei npusoautcs obsop
PaHHMX STanos pas3suTua otol Teopun 3a pybexxom n 8 CCCP, a takxe
obwupHan aHHoTuposaHHas bubnuorpacdus, k kotopon (a Takxe k [161])
Mbl U OTCbIlaeM 4YWTaTens, UHTepecylolierocs uctopuen sonpoca K aTo-
My cnenyeT nobasuTe M oTeyecTseHHY npenbicTtopuio 3a 1§20-1950-e rr.
[77, c. 28-32]

Mo3sxe nossunca uensin pag y4ebubix nocobui [4, 7, 8, 9, 13, 18, 19,
20, 21,24, 27,29, 33, 34, 35,36, 37, 41, 42, 43, 47, 77, 79, 80, 87, 88, 96, 97},

B CBA3W C KOTOPbIMMU HCO6XOD,I/|MO OTMETUTD.

e wupokyto reorpacuto manatenscts (Mocksa, Jlenunrpan, Mukhck,
Pura, Oaecca, Kaparanga),

L 4 06Ll.lHOCTb OCHOBHOIO CoAepMaHa,

® C[eNaHHbIA B pALE CNYYAEB 3aMETHBIN aKLEHT Ha NpUKSaaHblie 3a8a4w
no npoguito Bysa (TOProsasA, OPraHW3aLMA NPOU3BOACTBA WUPOKOTO
npoduNA, METANAYPIUA, CENbCKOE XO3ANCTBO).

Hanuune B HekoTopbix M3 Hux obumnpHbix noabopok 3anay roBopuT O ToM,
YTO ynpaBfienne 3anacamu ABAAETCA ODBLEKTOM CEPLE3HOTO M3YHEHWUA B NyY-
WX SKoHOMMUHeECKMX By3ax cTpadbl Colunemca Takxke Ha To, 4To 3apadm
ynpaeneHua sanacami pacCMaTPMBArOTCA W BO BCEX COBPEMEHHbBIX PYKOBOA-
CTBAX MO WCCNEfoBaHWNIO Oflepauuit, Hanpumep B [1, 6, 94].

[Noa pykosoncteom E A. Xpyukoro 8 UMW AH CCCP & 1969 r. 6uin
nposegeH Nepsbilt, a 8 1972 r. — 8Topon CUMNO3UYM MO YOPaBAEHNIO 3aNacs-
mi [44]. B 1982, 1984 1 1989 rr. Benrepckon akagemuen Hayk Boinn nposeae-
Het MexxayHapoaHble cumnosuymel no a1oi npobnematuke [193] ¢ yuactuem
coBeTCcKUX YyueHbIx [46]

W3 HegaBHMXx OTedecTBeHHbIX MOHOrpachuit OTAENLHOMO YNOMUHAHMA
sacnyxueaet [30]. 3peck B KauyecTBe rnaBHOro nokasaTens WCNOAL30BA-
Ho ycnoeue obecnedernn 3apadHOR HapeXHOCTU cHabxeHus. [Mpepnarae-
Mble anropuTMbl pa3paboTaHbl C NOMOLLBIO aNAapaTa KAACCWYeCKoR Teopiny
yNpaBneHa  COBPEMEHHbIX METOAOB TEOPUW afanTaunyn, MaTeMaTUHECKOro
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ApOrpaMMrpoBaHNA, CTOXaCTUHECKOR ONTUMW3ALNM, NPUHLUNA MAaKCUMYMa,
OMHAMUYECKOro NpOrpaMMMUpOBaHMUsA, MapKOBCKMX NPOLECCOB C QOXOAAMU.
Otmedena Takke cyuwecTsenran creundpunka sagad Y3, ANR KOTOPbIX He Tu-
AviHeH LWMPOKO UCNobayemeli B obuied Teopun ynpasneHna KBaapaTU4HbIii
KpUTepuit.

B neuatn npueogstcs gamHbie ob 3KoHOMMU4ecKON ShdeKTUBHOCTU
pekoMeHAaun# Teopuy sanacos. B monorpacun @. Xoncemerna [93]} coob-
UAeTCA, 4TO HEKOTOPLIM KOMMAHUAM YAa8asfock CHU3NTH YpoBeHs 33nacos
HanoAOBUHY NPK yysiueHun obcnyxusaHua notpebutenein. Ha kpynHon xe-
nesHoi fopore cHuxeHue sanacos coctasuno 20%. Mo Axoncony [162], exe-
roaHbLIR BHINIPLILI OT PaUMoHaNbHoro Nnatmnposanun sanacos 8 BBC Kanagw
coctasu 300 Thic. fOANAPOB NPY OAHOBPEMEHHOM yBennyeHun boeroToBHo-
ctn camoneTtoB Ha 24%. Cepua paboT, nposenerHbix nabopatopuen cuctem
crabxenun RAND Corporation no 3akasy amepuxkanckux BBC, nossonuna
BABOE COKpaTWTb 3anace! O AOPOrOCTOAWMM 3aM4acTAM NPU COXpaHeHUU
YKUCNa HEROCTay MO HUM NPaKTUYECKW Ha MpPeXKHEM YPOBHe.

Bbiwe yxe oTMeuanoch aKTWBHOE Y4acTUe BEHIEPCKUX Y4eHbIX B
paboTax no Teopuu sanacos. OTvactu no atoli npuunHe ypoBeHb 3ana-
cos B Benrpwu 3a 1970-1982 rr. chusunca. Tam noayunna sHauuTenbhoe
Pa3sBUTME cuUCTeMa NAAHOBOIO pacnipefeneHus CPeacTs NPOV3BOACTBA Ny-
TEM ONTOBOR TOProBAM, 3a CHET KOTopoi nokpuisanock 60% norpebrocTn.
CenpgeTenscTBOM Cepbe3sHOIro OTHOLLEHUA K Teopuu 3anacos 8 Benrpun Asns-
etca sblwenwuin B8 1990 r. cnpasodnnk [161], conepxawmi 336 monenen

Teopinn 3anac052 .

K coxanennio, B oTeuecTseHHo# npakTuxe, kak oTmedanocs B [30,
¢. 5], aapybexHvie paspaborkm B obnactv ynpaBneHma sanacamu uMenu
KpadHe OrpaHUteHHYI0 NPUMEHUMOCTb. ITO BbiNO CBA3AHO C CWABHON 3a-
BUCMMOCTbIO MOAEAEN YNPaBAEHWA 33Nacamu OT OCHOBHDBIX XO3SNCTBEHHbIX
MEXaHU3MOB, NPUHLMNOB LIEHOOBPAa30BaHNUA ¢ HANOroobIoXeHWA, OpraHusa-
uvK poiHka v T.4. bbisio npakTUHeckn HEBO3MOXKHO ONpeaenuTb N3AEPXKKM
“3-33 NOTEPU NPEANoCHTEHNA, BONEBOrO Ha3HaYeHNA HOPM MOTEPb NpW Xpa-
HEHWUN, CYLIeCTBOBAHNA LENOro pAfa OrpaHUYeHHO KOHBEPTUPYeMbIX AeHer
— HaAN4HbIX ¥ DE3HaNMYHbIX, BANOTHBIX HecKonbkux Kateropunn. K atomy
nepedHto apyroit astop [77] pobasnser

® OTCYTCTBINE KOMNNEKCHOro NOAXOAA K COCTaBHbiM HacTAM COBOKYNHbIX

2113 uux 36 NpeaIoKeHbl aBTOPOM JaHHOH KHHIH.
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3anacoB Ha BCEM NYTU UX ABUIXKEHUA N X pacnpefeneHnio mexay 3pe-
HbAMU CUCTEMDI;

e npeacTaBaeHue UCTOYHUKOB cHabxenus B BuAe ByHkepa ¢ HeorpaHu-
YeHHbIM HAaAUYUEM,

® Hey4eT AUHaMuKu npoussoacysa u n0Tpe6neva;

® HefocTaToyHo rMOKUA U B obLEM APUMUTUBHLIA yYeT NocnesCTBUiA
aecbnunTa;

@ HenpucnocobAEHHOCTD CYLLECTBYIOWNX hopM cTaTUucTuYecko?d u byx-
ranTepckoil OTHETHOCTYW K BbiENEHNIC NapaMeTpoB, HeobxoanMbix AnA
peLueHMA 3afay ynpasieHUA 3anacami,

[axe cefinac, 8 Hauaswuitcs u gana Poccun sex asromaTusaummn, cocTonaHue
uHpopmaumorroro obecneuenns Toproean cornacko [98] xapakTepusyetcs

¢ HU3KUM YPOBHEM aBToMaTusauvm v I/IHCbOpMaTVISELWWI VIHCbOpMaLWIOH-
HbIX NMOTOKOB,

e Goabwon n3bpiTouHocTbIO MHOpMaunn B Byxrantepckux, ctaTuCTu-
YECKMX U ONEPATUBHLIX TOProBbIX [OKYMEHTaX;

® NPaKTHUECKON HEBO3MOXHOCTbIO NOMYYEHWA OfnepaTMBHON Wrdopma-
UMK O TEKYWEM COCTOoAHWUM ToBapoobopoTa;

® HECOBEPLUEHCTBOM WH(OPMAUNOHHBLIX CBA3eR MeXAy OTAenamu
cnyxbamn TOProsbix NMPeRnpUsTUi, CaMUMK NPeAnpUATUAMU U pas-
JIMYHBIMIA YPOBHAMM yNpPasieHus TOProsaen;

® MHOrOKPaTHOCTLIO 0bpaboTKM U PasMHOXEHUA OOHNX N Tex Xe NOKY-
MEHTOB;

e BonbLWON TPYAOEMKOCTLIO BeleHua foKymeHToobopoTa.

B obuiem »xe npuunHbl paspbiba MeXay Teopued u NPakTUKON ynpas-
NeHNA OOMHAKOoBbI Ha BCex LWMpoTax n mepuanaHax. Heobxogumo:

1) npexae Bcero pewatb 3a4aqn, 3HaYNMbIe ANA NPAKTUKMA, N NCXOANTD
U3 NpaKTUHeCKUX NoTpebHOCTER, 3 HE N3 MATEMATUHECKUX BO3MOXKHO-
cTen;

2) nobuneaTbca «NpPo3paiHOCTU» apryMeHTauun v pelweHwna,
3) nonb3oBaTbCA PeanbHLIMK W NEPEUNHBMU QAHHBIMMK;

4) yunTbiBaTh 3aTpaThl Ha ynpasieHue;
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5) ybeauTs nepcoHan B nosbae (ANA OPraHM3aUMK U AUHHO ANA HEro) oT
BHeApeHUs pekomeHpaunm TY3.

OcHoBHbIMU ObbekTamu AanbHeRLNX nccaegosannii asTopst [30] cuu-
TaroT

® uHTeérpupogaHHyto forucTuky {APON3BOACTBO, XPAHEHUE © TPAHCAOPT
COBMECTHO);

® TO M€ — B 3WeNOHNPOBAHHbBIX CUCTEMAX]

® NCCNe[OBaHUE UTPOBLIX MOCTEAHOBOK U NOAXOA0B, N3BECTHLIX U3 TEOPUK
NPUHATUA pellieHWt, B YaCcTHOCTWU, afanTUBHOroO nNogxoga N MeTog0B
yApapaeHAa NO HENOAHbLIM QaHHbIM,

e 4yacTuyno Habaropaembli cnpoc;
® MHOTOHOMEHKNATYPHbIE 3a0a4y ¢ KOPpPENNPOBaHHBIM CMPOCOM;
® 3aMKHYTHIE MO Cnpocy CACTEMbI,
® nepemeHtbln 0bbem TpebosaHuii;

® WMEKILYIO CYLLECTBEHHYO CI'IELlVICbViKy 3afnavy CHaB)KEHMﬂ 3an4yacTamMn.

HekoTopble 3 atnx npobaem Bygyt obcyxaatecst B fanbHellem.

1.4. Knaccudukanua Mmomeseidn Y3

MHorooobpasue peanbHbix CNTYauUiA BbI3BaNO HEOBXOAMMOCTb B pac-
CMOTpPEHMU OrPOMHOrO Y4MC/1a BapUaKToOB 3a4aqy yNpasneHns 3anacamm, Ko-
Topble CUCTEMaTU3MpoBaHbl AnWwb YacTudHo. WcronbsosaHue Borateditero
maTepuana, HakonnexHoro Teopueir Y3 (Inventory Control), Hembiciumo Ges
ero ynopAgoueHus 8 pamkax equHoi knaccudpukauue, NonbiTku Takoh Knac-
cupuKkaumnm U BBeAeHuA yHUdNLMpoBaHHbIX 0bosHadveHni (Mo TNy n3secT-
Hon HoTaunu Kenaanna s Teopun maccosoro obcnyxusanna — pasa. 3.9)
fipeanpUHAManuCb HEOAHOKPATHO, HO OKA3aanCk ManonpoayKTUBHLIMU.

[ WN. ®Pexnucoe [87] npemnaran xapakTepusosaTb MOAeNb cCUCTEMbI
yrpaBaeHus 3anacamu 17-KOMNOHEHTHLIM BEKTOPOM, 3afaroLWM CTpaTeruo
chopMupoBaHUA 3aKa3a, obbemMbl Navek TpeboBAHWA N NOCTABOK, CTAaTUCTUYE-
¢KNe pacnpejesieHWs MHTEPBANOB MeXAY NadKamMu KaX<4oro poga, Hajudue
CKIaACKON N TPasuTHOA hOPM NOCTaBOK, KONNHECTBO YPOBHEN CUCTEMDI, Xa-
paKkTep CBA3eR MeXAy YypOBHAMM, (hOPMMDOBaHME DacXOAOB Ha XpaHeHue 1
wTpacbbl, HanuYne orpaHnyenni {No TUANYHBIM UX KNaccam) u T.4.
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B cnpasoununke [161] knaccudbukauus mMogesneil NpoBoguTcs yxe o
45 snemeHTam. YKpynHeHHO OHa pasnnyaeT MOAEM Nno

© HUCY HOMEHKNATYP;

® 4UCNy CKNajos.,

® XapaKTepy BOCMOAHEHWUA;

® XxapakTepy cnpoca;

® crnocoby paccMOTpeHWA AUHAMUKY;

e ueneBol hyHKUUM;

® CTpaTerviv BOCMONHEHUA,

® cnocoby KOHTPONsA ypoBHS 3anaca;

e y4eTy HegocTay;

® 3afeprKKe NOCTABOK,
Ha c7p. 56 cnpasoyunnka [161] npusenena Tunosan xaptouka moaenn. Yactb
3/1EMEHTOB He OMpPefesAeTCA C ROCTATOHHOM To4HOCTbIo {HanpuMmep, cnpoc),
Tak 4To TpebyroTcA poronHuTenbHble NoAcHeHUs, COOTBETCTBEHHO KOZMPO-

BaHNe CUCTeMbl CBA3AHO C HEKOTOPOR nmepeﬁ CYLLEeCTBEHHON V\chopmaumm.
ﬂ,OﬂOJ’IHMTe.ﬂbHO MojeNlb XapaKTepUsyeTcs ee MaTeMaTU4HecKon npopa60T—

KOW:
® ONTNManbHOE peLieHue He NpUBOANTCA;
& faevca B 3aMKHyTOM Bitae (popmyna); :
® [aeTcA COOTHOLUeHWe, onpefensollee NTepauun;
® ONNCaH NMUTALWUOHHBIA ANTOPUTM;
e rony4eHo NpubnnikeHHoe pelleHue;

® pEeKOMEHPOBAH APYrod BLIMUCAUTENLHBIA Npouece

Cpasy e OTMETUM, HYTO MEXAY STUMU NYHKTaMWU He BCeraa yAaeTcs npose-
CTW CTPOroe pazfintiue, a NocAearui HewHdropmaTHBeH.

B rnase 5 [161] nposoanTca cratucTuyeckmnit ananna 336 cobpantbix
B KHUTe MOAeseA B paspese NpearokeHHoN kiaccudbukaunu. B vactrocTn,
obHapyXunocb, 4To

¢ 82% mopaenen oanopoatibie, 18% — MHOroHOMEHKNATYpPHbIE, TOILKO B
1% paboT paccmaTprearoTca OTHOWEHUA 3aMeHbl/ AONONHEHNA; SINiLb
B 7% paboT yuuTbiBaroTca obuine orpaHuyeHuns;
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o Tonbko 10% Bbiny cBA3aHBI C KOHKPETHBIM BUAOM NPOAYKTa;
e 79% paboT paccmaTpuBatoT AeTEpMUHMPOBAHHbIH CNPOC;

e 77% paboT nocealeHbl CTaTU4ECKUM MoRenAM (C HENIMEHHbIMU na-
pameTpamu);

e 5 60% paboT ucnonbayroTCA HenpepoiBHbie YMPaBAAOLUE NepemeH-
Hble;

e cTpaTernu ynpaenenus suaa (s,q) paccmoTpensl 8 25% pabor, a no-
porosbie suaa (T,5) — B 20%;

o 5 24% cnyuaes paccmatpusaetca beageduuutroe cHabxenue, B 55% —
oTAOXeHHbIR cnpoc, B 14% — notepaHHbIA;

® BEpOATHOCTHble Mopenu paccmoTpeHbl B 51% paboT, meTopnl mate-
MaTUYECKOro aHanuM3a Ucrosb3osarel B 26% cayuaes, guHamuueckoe
nporpammuposatue 8 11%;

® onTuManbHoe peiweHne noaydeno 8 30% cnydaes; 8 8% pabor npen-
NOXeHbl nTepaunoHHbie cxemsl, 8 4% — annpokcumauny, meHee YeM
8 3% paboT Ans cnoxHbIX 3aflad NpUBeaeHs [ETanbHas CXema anro-
puTMa Ny Nporpamma.

Jra cratncTnka Hpessoluainio noyqutensna. OHa paer AcHyo u ao-
BONBHO IPYCTHYIO KAPTUHY pacnpepenetia YCUNnil nccnegosaTeneil. Apenmy-
WEeCTBEHHG YTO nonerde, B abecrpakTHON nocTaHobke, bes cepbestoit npopa-
boTkn BBIMNCAWTERBHBIX aCNEeKTOB.

HetanbHan knaccucbmkaums mopgenen Y3 umeer peanshylo nosnes-
HOCTb AL NPN CO3JAHMU ANA NOCAEAHUX KOMMbIOTEpHON Basbl 3HaHUA.
Toraa MOXHO NOCTPONTL ANANOrOBYIO CMCTEMY, ONPalUNBatOLLYIO MOMbL3O-
BAaTeNIA W MOCNEAOBATENBHO (HOPMUPYIOLLYIO KOA HYXHOR MOAENW — nAn
Bavxanwen k Hen (ananormuno onucanHomy B pa3sg. 3.17 nakety nporpamm
MOCT). Mo koay monenu (KOHBIOHKUMM NMPU3HAKOB) MOXHO BOWTU B Basy
3Hauul, Hamtn bubnuorpaduueckuit CTOSHUK, MOCMOTpeTs noapobHoCTH,
nyYlle YACHATL HONYLIEHWA 1 METOR NOAYHeHUA peaynbTata, Npn Heobxoau-
MocTU 1 cnocobrocTt — moandnumposaTts Moaenb. 3aTeM MOXKHO BBECTU
PeneBaHTHYIO 3afa4e KONMYECTBEHHYIO MHOopMaUuto.

Lna onucanua TeopeTU4eCKMX OCHOB YNpaBfeHMA 3anacamv Kiaccu-
rKaumio JOCTaTOHHO MOCTPOUTD Ha NepeHucaeHHbix Bblte {c. 21) ocHoBHBIX
3/1EMEHTaX MOJe N
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MNog cucreMoit cHADXKEHHUSI NOHUMAETCA COBOKYMHOCTL UCTOYHU-
KOB 3aABOK W CKNa[oB, MeX[y KOTOPbiMU B XOA4e Onepauni cHabxeHuwa
OCYLIECTBAAIOTCA NEPEBO3KIA XPaHUMOrO uMylecTea B cocTas cucTembl mo-
ryT BXOAWTL 3BeHbA, obecrieunparoline BOCCTaHOBSIEHME OTKA3ABLINX Y NOAb-
aoBaTeNed ycTpOWCTB. lorpa B CUCTEME AOMXKHbI XPaHWTLCA KaK cbopku
{obopoTHeif 3anac), Tak ¥ ucCNoAb3yenble MPH MX BOCCTAHOBNEHUUA SNemMeH-
Tl B npocteitiuem (n Haubonee m3ydenHoM) ciyvae CUCTEMA CBOAMTCA K
enuHcTBeHHOMY cknagy. DyHKUMA 3aTpaT COCTABNALTCA U MUHUMU3UPYETCA
AANA CUCTEMBI B LieJOM

BoamoxxHbl Tpy BapuaHTa NOCTPoEHA CUCTEM CHabeHua: peueHTpa-
NU30BaHHAA, AMHEAHaA ¥ sWwenoHuposatHaa B nepsowm cnyvae Bce ckna-
Abl HENoOCpeacTBEHHO oGE:nyxmsarOT notpebuTened, u HeqocTa4a Ha OAHOM
WK HECKONBKUX CKAAAAX NO PELUEHNIC OpraHa yrpaBieHus cHabxernem mo-
meT DbiTb nokpbiTa 3a cHeT usboiTka 3anacos Ha apyrx cknagax. NecTounnk
BOCTIO/IHEHMA 3afacos ANA BCEX CKNafoB NpUHUMaeTCA Heucqepnaemsim. Bo
BTOPOM PacCMaTpUBaeTCs MPOU3BOACTBEHHAs Leroyka (4acto — KoHBeep)
N paccHnTbIBaeTCA pacnpefenedne bydbepHbix 3aMacoB Mo CTeneHAM roTos-
HOCTU NpoaykTa. B TpeThem cnyvae Ka>kgas HeocTaqa NOKPbIBAETCA 3a CHET
KOHEYHbBIX 3afacoB CKMaAa Bbicllel CTynenn

Cucrembl cHabxeHUs KIaccMPUUNPYIOTCS TAKIKE NO HKCAY XPaHMbIX
HOMeRKAATyp (OAHOPOAHBIE W MHOFOHOMEHKNATypHbIE) 1 no cTabuabHocTy
CBOMCTB XpaHuMoro unyuectTsa. MHOrOROMEHKIATYPHOCTL ABSIAETCA OCHOB-
Hotm hakTopoM, YCAOKHAOWNM MOAENL, U pasHoobpasHo npoeunpyeTca Ha
BCE OCTajibHble daeMeHTol Mogesm B 4acTHocTn, cnpoc Ha pasHble HomeH-
KAATYpbl MOMET DbiTb HE3ABACMMbIM, KOMIMEKTHLIM U KOPPEAMPOBaHHbIM,
MOCTaBKA — 4acTUHHO ANBO NOAHOCTBLIO COBMELUAEMbIMN 1 Pa3AenbHBI MU
(aHanornyHo — BoOCCTaHOBNEHWE peMOHTONPUroaHbix snementos 3MMMa):
BblHUCAelne WTPadboB MOXKET DbiTh He3aBUCUMbIM UAN NPON3BOAUTHER MO
oXMUgaeMomMy MakcumyMy aeduumTa nubo BepoaTHOCTU gecbnunTa; orpatu-
HeHWA 3a[atoTCA HE3ABUCAMO W/ COBMECTHO MO IPYMIie HOMEHKATYP.

Hawe Bcero npefiionaraeTca, 4To HU KOANHECTBO, HU CBOACTBA Xpa-
HUMOTO MPOAYKTa eCTECTBEHHLIM U3MeHeHwAmM He nopsepenbi. OpgHako
moryT BeiTe cnydam ero ybuinm (mcnapenue, yteuka, ycylika, yrtpycka),
€CTECTBEHHOM MOPYN (NPOAYKTHI NUTaHWA) Wan, HaoBopoT. BO3pacTaHus
UEHHOCTYN NpefMeTOB XPaHEHWA cO BpeMeHem (BUHA, Cbipbl, AHTMKBapUaT).
[Tpu usmeHeHun cBORCTB NPeaMETOR XPaHeHMA CO BPEMEHeM W NMpU HaAUYAN
HECKOMBbKNX MapTUi C Pasnv4HbIMU AaTaMu BbiNYCKa safada npuobperaer

RONOMIHNTEALHbLIA acMekT — HeoDXORUMO PEeWnTs, 3@ CHET KaKOR napTun
YAOBNETBOPUTL CHepenHoe Tpeboatkive,
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Haxoneu, Bce cucTembl cHabXKeHWUA B 3aBUCUMOCTA OT MOCTOAHCTSA
NX NapameTpoB W 3HAYEHUR YNPaBAAOWMAX NEPEMEHHbBIX MOXHO PasfennThb
Ha cTaThueckue W guHamuueckue. B nepsom cayvae paccumaTpusaeTcss Mu-
HUMW3AUMA 32TPAT 33 CAMHCTBEHHLIA NEPUOA AN B €QUHULY BPEMEHU, BO
BTOpoM — Ja ykasaHHoe (BOaMoHO, BeckoredHoe) Yncno nepnopos, npw-
4eM cymMa 3aTPaT NPUBOAWUTCH K Ha4a/ibHOMY Nepuoay.

Cuopoc Ha npenmeTbl cHabxenns moxeT BbiTh

® CTAaUuNOHapHbIM W HeCTalMOHapPHbBIM]

LeTEPMUHMNPOBAHHBIM UAWM CTOXaCTUMECKNM]
® HEMPEPLIBHO pacnpeleAeHHbIM WAN OUCKPETHDIM,

® 3aBUCALLKUM OT Cripoca Ha fpyrve HOMEeHKAaTypbt U HE3aslCUbirt.

Tunuunbimu npuMepamy HeCTaLNOHaPHBIX CUTYALUR ABARIOTCA TOPro-
BIIA CE30HHBIMM W MOAHBIMI TOBapaMu, a TakXe fephofsl NuKoeoro (npea-
ApasgHudHoOro) crpoca.

B cnayvae auckpeTHoro cnpoca Kaxaoe oTAeNbHOE TpebosaHne fgonon-
HWTENIbHO XapaKTepnayeTca ceonm obbeMoM (HUCNOM 3aKasaHHbIX eqnHuL).
Ob6vei Tpebosarna MoXeT bbiTb MOCTOAHHONR N nepemeHHoR (B HacTHoCTH,
cAy4aiHoll C N3BECTHBIM pacripenenexnem) BennHnHoin. TpebosaHus nocto-
AHHOro obvema Ges noTepn obBLHOCTU CBOLATCH K AUHNYHBIM, TpeboBaHuUs
nepemMerHoro obbema 3aqatoTeR pacnpeaeaeHnen obbema naukn n 0CoberHo
XapakTepHbl ONA NUPamMubaisHbelX CUCTEM €O CMPOCOM, HaKan/NBaembIM B
HVKHWX 38erHbaX. HecTaumoHapHbin ¢cnpoc B odepeaHoR nepuon MoXeT BbiTo
3aBUCAMbBIM MJIM HE3aBUCUMbIM B CMbIC/IE CBA3U € NMPERLICTOPVEA Npouecca.
NpakTuyecks uccnenosarbl Ciaydan CTaUNOHaPHOTO U HE3aBUCUIMOTO B 0BOUX
CMblciax CApoca.

Detann ¢ 3asucumbiv cnpocold (KOMMNEKTbI) HEnb3A NAaHUPOBaTh
HE3aBUCMMO, NOCKOALKY CMpOC Ha WUk ByeT vMeTb CUNbHYIO NOADXNTeA L
Hyto Koppenauuto. B crydae Bsaumosamersenmbix napenuii (xapakTepHbif
npuiep — AUTepaTypa NO KOMMbIOTEPHbIM TEXHONOMUAM) MMESTCA OMmpu-
UAMEALHASL KOPPENALUA.

HonoJiHene 3a1aCOB BCErpa NPONCXOANT C HEKOTOPOR CAY aIHON
330ePXKKON OTHOCUTE/IbHO MOMEHTa BbiAaqn Tpebosatua. OnaHako ponb w
ANNHa 2TOW 334EPXKKV CUMBHO 3aBUCAT OT KOHKPETHbBIX yCAOBUIA, 4TO NMo3Bo-
NAeT B pAAE CAy4vaes ynpocTwTb 3anaqy. (Tenens BO3MOXHOMO yripoljeHus
onpenenneT OOUH N3 CNedyroWMX BapuaHToB:
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® WMTHOBEHHQaA NOCTabKa,

® 3a7epXKKa NocTaBoK Ha pUKCUPOBaKHbIA CPOK (B YACTHOCTU, KPaTHBIRA
ANVHe nepwona);

e C/iyHanHaA 3afeprKKa ¢ M3BECTHbIM pacnpefeseHnem AANTEAbHOCTH.

3afep>KKa NOCTABOK MOXET YBENNYMBATLCA B NEPNOA HWUBKOro Crpoca, Ko-
rga nNocCTaBWKWK HakanaupaeT 3akKa3bl Nepen 3anyckom MpousBoacTBa. 3Ty
MOfenb XOPOWO ONUCLIBAET CHCTEMA MaccoBOro obCNyKMBaHUA C MOPOroMm
BK/tO4EHUA 1 pasorpesom (cm. pasa. 9.7). ToT xe acbcpekT MoxkeT Habfito-
AaThCA W MpW OYEHb BBICOKOM CMpOcCe, CO3JatolleM OHepeNb 3aABOK.

B HekoTopsoix mopensax ¢ 3afnepXkoi, kpome obDblHHOR, BBOANTCA
BNC?Tl])eHH(Iﬂ nocTasKa, KOTOpasn, Kak fipasuno, l'lleHVHV]aeTCﬂ MIHOBEHHOW .
BosmeHoCTb TakoR nocCTaBky WCKAtOHaeT OTpWijaTenbHble YPOBHW 3anaca
(saponxetinocTb). CUTyaunn ¢ OTNOXKEHHBIM CNPOCOM TUMNSHB) ANA BOEH-
HbIX ¥ FOCYAapCTBEHHbLIX OPraHM3aUWi, a C NOTEPAHHLIM — [AA TOProBsA.
HakoHeu, moXeT cylecTBOBaTh pasnnyve B obbenMe NOCTABOK:

® NOCTapKa pPabHa Tpe6yeMomy KOWHECTBRY,

® [IOCTaBKa pasHa Cay4alHOM BeNMHUHe C XapakTepucTtnkamu 3akKoHa
pacnpenenesna, e O6LLleM cyHae 3aBUCAMbBbIMK OT BENWMYHUHDB! 3aKasa.

C npuHUMNNanbHO cAydalHbIMI NOCTaBKaMM CBA3aHbI NPOLECCh, BKAMOYa-
folline B3anMOAeRCTBNE C NPUPONOIA: 3anosHeHne Bogoxpanmviy {ocanku,
ucnapexune, uabTpauna), cbop cenbcKoxo3ANCTBEHHOR NPOAyKUMN (3nech,
OAHaKO, UMeeTCs onpefefieHHas 33aBMCMMOCThL OT «3aKasa», T.e. Nojroto-
BJAEHHbLIX W 3a8CEAMHbBIX nnomaneﬁ). Cnyuainbln obbem nocTasok MOXeET
VMETb MECTO WM B SWENOHUPOBAHHbBIX CUCTEMax cHabxeHrA, B 0cobeHHOCTH ¢
d71eMeHTamMK NPOU3BOACTBA. 34ECh HEHAREXKHOCTL B3AUMHBIX NOCTAaBOK ABNA-
€TCA CAeACTBUEM NPUHATON CTPYKTYPb! YNPABAEHUA C €€ XapPaKTEPHBIMU HYep-
TaMW: ANCKPETHOCTHIO KOHTPOAA, YKPYNHEHHOM OTHETHOCTbIO, AOMWHAHTOR
BHEIKOHOMUHECKMX cTUMynos. CyluecTseHHy0 ponb UrpatoT U BHYTPeHHNe
arokTyauum n3-sa asapuii, bpaka, BHENNAHOBbLIX PEMOHTOB U T.N.

Ecnn cnyvantocTs asnsetca cneactsneM naoxol opraHn3aumm cHab-
MKEHWUA, HeoDXOAMMO OpFraHN3aLMOHHBIMN MepamMu [obusaTbcA CBOEBPEMeEH-
HOro W rNOJIHOro BbINOHEHUA 33Ka308B.

Oyukius 3arpar obpasyeT nokasaTtend 3¢pdeKTUBHOCTU NPUHATOR
CTPaTEerun v YHUTLIBAET C/eaytoline N3NEPIKKN:

® pacxXoabl Ha XpaHeHue;
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® TPARHCNOPTHbLIE PacxoAbl W 3aTpaTbl, CBA3aHHLIE C 33aKa30M KaXgon
HOBOW napTun,

® 3aTpaTbl Ha WTpadbl.

WHorpa B MUANMN3NPYemyro (byHKUNIO BKAOHAOTEA (€ OTPULIATENBHBIM 3Ha~
KOM) AOXOAb!, NOJYHEHHbIe OT NPOAAXKM OCTATKOB 3aNaca B KOHLUE KaXX{oro
nepwona. B HekoTopoIx cayuanx cTaBuTca 3anava Maxcumussyuyu doxados.

B sasucumoctu oT ocobeHHOCTER uccnegyeMoR CUTyayum paccmaTtpu-
BaloTCA cAedyouive BapuaHTel Bbibopa oTAeNbHBIX CocTaBnAWMX (ByHKUNN
3aTpar.

Habepocxu xpanenus;

® NponopHUuoHanbHble CpegHeEMY YPROBHIO NOSIOXKNTEILHOrO 3anaca
3a nepuoa v BpeMeHU CyLjecTBOBaHUA NONOXUTENDbHOIC 3anaca;

® NponopunoHasibHbie NONOXUNTENBbHOMY OCTAaTKY K KOHLYY Nepuoaa;
¢ fiponopuUuoHabHble MAaKCUMaNbHOMY 3aMacy;

® HenuHehHble PYHKUMA ORHOMO U3 BbILIEYKa3aHHbIX KONNYECTB.

Cmoumocmo nocmasku {ponyckaworca nobbie KOMBMHALUUN nepeyncneH-
HbIX HNXKE BaPUAHTOB):

e nponopuuoHansHas obbeMy NocTasky;
® MOCTOAHHAA HE3ABUCUMO OT OBbEMA M YACAA HOMEHKNATYP;

® cymMma PUKCUPOBAHHBIX COCTABAAIOLMNX ~— NO HUC/Y HOMEHKNa-
TYp B 3aABKe,

® MpoMopUUOHAiLHAA HeODXORAUMOMY TPUPOCTY WUHTEHCUBHOCTY
NpOW3BOACTBA.

Cymstaprsiti wompag:

® NPONOPUUOHAJIbHBIA CPpeiHEMY YPOBHIO MOJIOXKNTENBHON HefocTa-
HY 33 NEPUOL ¥ BpeMEHUN CYLLECTBOBAHUA HEJOCTaxun;

® nponopuunoHanbkble HEROCTaHe K KOHUY 1eprnoga,;
® HenuHenhHble beHKLWIM O HOro N3 BbILLEYK33aHHBIX KONN41eCTs,

® NOCTOAHHbIN (BBINAAYNBACTCA NPU HEHYNEBOR HeROCTaue).

B mHoroHomeHkAaTypHbIX 3afaqax WTpadgbl MOrYyT CYMMWUPOBAaTLCA WAM
Ha3Ha4aTbCA MO MakcumanbHomy gecpuunty (Tpebosanme xomnnekTHOro
obecneyetunn cnpoca).
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Orpanyudenns 8 3zaadax Y3 moryT buite pasnuyHoro xapakrepa.
Ykaxkem cnegyouie BUAb OTPaHNHeEHNA:

e no makcumanbHoMmy obbemy (Becy, cToumocTu) sanacos;
® 10 cpeanel CTOMMOCTH;
® 0 YMCAY NOCTaBOK B 3afaHHOM MHTEpBase BpeMeHn;

® o MakcumansHomy obbemy (Becy, CTOMMOCTU) MOCTaBKU UAN KPaTHO-
CTW 3Toro obbvema HeKOTOPOR MUHUMANLHON BenuuuHe {LeNoe HnCao
CTaHAAPTHbIX «YyNaKoBOK» —— BaroHos, uncTepk, bouek, kopobok);

e no pone TpeGoBaHMil, YAOBNETBOPAEMBLIX W3 HANUYHOFO 3anaca
(6e3 nononHuTeNbHbIX 3aaepXKeK).

BeeaeHue orpaHu4eHnA MOXKET CYLUECTBEHHO U3MeHWUTL hOPMYIMPOBKY 3a-
paun Y3. B uacTtHocTM, B cTOXacTnueckon mopenn 6es orpanmsienvii onTu-
MafbHbIA 3anac, obpatiyan B MUHUMYM CYMMY 33TPaT Ha NocTaBKW, XpaHeHue
n wrpadbl, asToMaTUYeCKN aaeT Hanbonee BBIFOAHYIO BEPOATHOCTL HERO-
craun. OrpaHndenne Ke NOCNEAHErO TUMA MOMHOCTLIO ONpeaenaeT CyMMy
wrpacha, 4TO NO3BOAAET UCKAIOHUTD €€ U3 YHKLNM 3aTpaT ¥t MUHUMU3NPO-
BaTb TONLKO pacxofbl Ha NOcTaBku u xpaHenune. Ecan pacxonbl Ha xpaHeHne
¥ MOCTaBKMN 3afaHbl, TO OTLICKMBAETCA CTPATErUA, MakKCMMM3NpylolWan Bepo-
ATHOCTb obecnevenna cnpoca. Takoi BapwaHT ocobeHHO 4acTo BCTpevaeTcs
B MHOFOHOMEHKNATYPHbIX 3afaqax

Wuorga B 3apade ynpasneHus 3anacamu MAHUMU3UPYIOTCA He REHEX-
Hbie pacxoflbl, @ Kakon-inbo apyroi pedpuunTHBIA pecypc (Bec, obbem) —
obbiuto MipK 3apnaHHOR BepoATHOCTH obecreyeHA MHOrOHOMEHKAATYPHOro
cnpoca. Ha maTtematuueckoit ctopoHe Bonpoca Takas 3ameHa MO CYLUECTBY
He oTpa)kaeTcs.

OnbiT pelueHUs MHOMMX 3afay WCCNENOBAHWA ONepauvi 1 ynpasie-
HWA 3aMacamu B YacCTHOCTM CBMAETE/bCTBYET O TOM, YTO Lenesan (OyHKUUA
B OKPECTHOCTY ONTUMYMa MeHAEeTCA MegfieHHo. B codetanun ¢ nenabexHoin
MOTPELLHOCTBIO UCXOAHBIX [JaHHbIX 5TO ONpasfAbiBaeT NpubnnxeHHbIA pac-
HET ONTUManbHbIX NapamMeTPOB CUCTEMBL ¥ Pa3NNYHble JoNyuieHUA, KOTOpble
'NPUXOAMTCA RenaTb AAA NOAYHEHUA PeLIEHU.

B sapaue ¢ yuetom cnyuamHbix cdakTopos (sapuabensHocTs cnpoca,
3aflepXX KM NOCTaBOK, CNy4aiiHoe BOCNO/HEHWE) OXKUAaeMble 3aTpaThi BCeraa
Bonblue, Yem B CTPOro AETEPMUHUPOBAHHOM CAyYae fipn CONOCTaBMMbIX UC-
XOAHBIX AaHHbIX, JTO NpesbilleHne CNefyeT PACCMATPUBaTL KakK BbiHYKAEH-
Hyto nnaTy 3a paboTy B YCNOBUX HEONpPEAENeHHOCTH.
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CrpaTeris ynpasieHns sanacamu, T.€ CTPYKTYPa Npasun onpepene-
HMA momenTa 1 obbema 3akasa, B NpUNOXKeHUAX OBBIYHO CHMTaeTCA U3BeCT-
HOM, 1 3aRa4a CBOANTCA K ONPEAENEHNIO HECKOLKIX KOHCTaHT (napameTpos
ctpaterun). B nepuodureckuxr cTpaTernsx 3akas NpousBOAUTCA B KaXKAOM
nepuoge 7', 8 CTpaTervsix ¢ KPUTUYECKAMU YPOBHAMU (&ONepaTuUBHLIXS,
«C HeNpepbIBHLIM KOHTPONEMS) — NPK CHUXKEHWN 3anaca o Nopora § unn
Huwke. Bropoe pasnuuue mexay npocTeRluumy CTpaTerMamu onpenenneTca
NpaBriom onpeaeneHna o0seMa 3aKasa. NOCTOAHHaA NapTun obbema ¢ wau
NapTus, BOCMONHANOLIAA HAANUHBIA 3anac (B CyMMe € paHee COenaHHbIMM
3akasamMu) RO BepxHero Kputudeckoro ypoeua S . [lepeuncnennsie npasuna
OTHOCATCA K CTAUUOHAPHBI CUTYALMAM N MOTYT BPEMEHHO KOPPEKTUPOBATDL-
€A ANA HECTaLMOHapHbIX (HaNPUMEP, HaKaHyHe OHepeHOro NpefnpasgHnt-
HOrO NUKa B TOprose)

Heononmmo OTMEeTWTh, YTO obnacTs NPpUIMIEHEHWNA Teopu ynpaBneHns
3anacamMn OTHIOAb He OrpaHNYmBaeTCA CKNaACKUMh onepaynamn, B vacTho-
cTyt, nNod 3anacom MOMXHO nNodpasymesatb.

® Hanuuue ToBapa;

e pabouyro cuny, nnaHnpyemyto AN BbINONHEHWA KOHKPETHOFO 3afaHunA;
® pasMep KanmTana CTPaxoBON KOMMNaHWy;

® eMKOCTb CKAAACKUX MOMEUIeHIUN;

e obvem nHdopmaunu B 6aze ganmbix;

® rpYy30N0ABEMHOCTL TPAHCNOPTHBIX CPEACTB;

& MPOWU3BOACTBEHHYIO MOLWHOCTL NPEANPUATUAR,

e Hanop Boabl B Bogoxpatnauwe [3C;

& YUCNEHHOCTb fiepcoHana faHHoR keanudmkaumi (Mpu naaHnposaHun

NOArOTOBKY KaApoB) 1 T 4

HAcHo, 4To B COOTBETCTBUAM C DTUM MeEHAETCA COAepXKaHWe CAOBa «33Kasy,
KOTOpO: Terepb NogpasymMeraeT bosiee OOWMA aKT ynpaBneHWa: 3aKynka,
LOropop O Halme paboued Cuabl, HA4aNo CTPOUTENLCTBA HOBLIX NPOW3-
BOOCTBEHHBIX UEXOB, MO &MOCTABKOMY K& NOHWMAETCA Peann3auua co-
ovseTcTBytowero akTa. «lrpad» sa HegocTauwy onpepnenennoro pecypca,
eCcTeCTBeHHO, paccunTbiBaeTcs cneyuduyeckum obpasom. Takum obpasom,
NPpU MepeoCMbICAVBAHUKA BNEMEHTOB MOfeny mMeTogamu Teopun Y3 moxet
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BbiTh peLleH oYeHb WNPOKUA KPYT 3afad onTumManbHoro nnaHuposanuns. Oa-
HaKO ANA YAoDCTBa M KOMNAKTHOCTY U3NOXKEHUA Mbl COXPAHUM YACTO CHab-
MKEHYECKYHO TEPMUHONOTNIO

1.5. Buibop BapuaHTa MOIeJIH

Bbiwe boinn nepevncnenbl aaeMeHTEl, COHETAHNE BapNaHTOB KOTOPBIX
obpasyeT KOHKpeTHYto Mogens Teopwu sanacoe, Beiscium, xak knaccincpu-
LNpOBaTb BApPWaHTbl 3TUX 3MeMeHTOB B MPaKTNHECKNX CUTyaLunaX.

Cucrema cuabxenusa. CooTBeTCTBYIOUIMA BapuaHT onpegenfeTcs
cneundKoi 1 pasmelleHnem noTpebuTened 1 cknanos. H30auposartbiat
MOXKHO CHMTaTh AtoDON CKAaf C eAUHCTBEHHBIM UCTOYHUKOM BOCMOAHEHWNA N0
KaX 0N HOMEHKNATYpe Mpn YCNOBNMN, YTO BEPOATHOCTHIO OTCYTCTBUA 3aNacoB
Y NocTaBLiMKa MOXHO npeHebpeus.

Ecnu mexpy HeckonbKUMW TakUMW CKNaOaMn B KPUTUHECKNX CUTYa-
UMAX BO3MOMEH OBMeH 3anacamu, vmveeT MeCTO AEUEHTPANWN30BAHHAA CU-
ctema cHabxerns [lpn uctoyHuke cHabeHUA OrpaHU4eHHOR MOLLHOCTM
no HeobxogumocT npuxognTca TpebosaTb sanac us bBonee BbiCOKOro 3pe-
Ha. B pesynbTare mopesis npuobpeTtaeT SLIENOHUPOBAHHYK CTPYKTYpy —
Kak NpaBuNO, NMPaMUAanbHOro Tina (KaXKAbiA ¢kAad Bbiciiero padra ob-
CNYKNBAET HECKOMBKO CKIaROB Hi3wero paHra). [1pu paccmoTtperuun sanacos
CbipbA 1 noaydabpukaTos AR MHOFOCTYNEHYATOrO NPOU3BOACTBEHHOIO MpPo-
yecca npurofeH NNHeMHblA (LEMHON) BapUaHT SLWENOHUPOBAHHOMR CMCTeMbI
Ecnu HekoTopble W3 NPOMEXYTOYHLIX MPORYKTOB MOMYT WCNONHL30BATLCA B
HECKOMBKNX MNpoueccax, NPOXOAALMUX OAHOBPEMEHHO, CWCTeMa BHOBb NpW-
obpeTtaeT nupamnaansHoe cTpoeHue.

B nopasnsouen CoNbLIVHCTBE CNYYaes Ha cKAagax cucrem cHabxe-
HWA XPAHUTCA HECKONBKO WM MHOFO (BNAOTH [0 COTEH THICAH) HOMEHKIA-
Typ. Tem He MeHee, 4acTo YAAETCA CBECTW 3ajady K OAHOHOMEHKAATYPHOM,
pelueHne KOTOPORA CyWecTBeHHO npoLle. | akux cuTyaunin Tpu

1) Kaxpan HomenknaTypa noctaensercs Hesapncumo (obveaunerue
NOCTaBOK HEBO3MOMKHO), a LWITpadbbl NO OTAENbHBIM HOMEHKNATypan
cymmupytotca B stom cnyqae sapasa pacnapaetca va N (no uncay
HOMEHKATYP) OAHOKOMNOHEHTHBIX.

2) Nocraskn OCYUWIECTBAAOTCA KOMMNIEKTAMUN, KaXKObih DNEMEHT MOXET
6b!Tb ncrnonbl3opaH TONBKO B AaHHOM KOMMIEKTE (‘QETaJ'IIA v y3nbi
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COXKHBIX TEXHUYECKNX YCTPONCTB). 1aKOA KOMNIEKT MOMHO CHMTaTh
onHon obobLWEHHON HOMEHKNATYPOR.

3} Cnpoc Ha rpynny HoMeHKAaTyp, MPWUXOAALMX OT OAHOrC NOCTaBLIN-
Ka, MMEET CANbHYIO NONOXKUTEALHYIO KOPPENAUMIO. DTN HOMEHKAATY-
pbl BHOBb obwepnHATCA B 060bwieHHbi npeameT cHabxenns.

Knacendbukauna no cmabuatHocmu CBORCTS NPeaMETOB XPaHeHus
NPOBOAWTCA B  33BUCHMOCTW OT BbICTPOTHI U3MEHEHWR 3STUX CBONCTB
{ckopocTin ecTecTsenHoON YOBIMM WAKM NOpP4K) B CONOCTaB/IEHNA C NEPUOANH-
HOCTbIO nocTasok. Ecnu ata ybeinb 3a nepuon (a yxyaiuernne cBoicTs xpaHu-
MOTo ODBIMHO NPUBOANTCA K 3KBMBANEHTHOMY YMEHbILIEHNIO KOANYeCTBa Npu
YCNOBHOM COXPaHEHI Ka4ecTBa ) 3Ha4MTEIbHO MEHbLUE OXKIAAEMOro Crpoca,
XpaHuMble MaTepuaibi U NPOAYKTHI MOXHO CHUTaTh cTabunbHbimu, Mekito-
YeHWe MPEACTaBAAET CAyHalt OveHb GOPOrOCTOALLMX MPORYKTOB (Hanpumep,
KOPOTKOXUBYLUMX PaanocakTUBHbIX u3oTonos). flaxe manas ecrecTseHHas
ybbiAb MX 33 Nepnol MEXAY NocTaBKaMii BHOCUT CyLLeCTBEHHblA BKjag B
3aTpaThl Ha XpaHeHue, W Ux HecTabuNbHOCTE OOMKHA obA3aTENbHO YUKTHI-
sathcA B mogenn. Tewm Bonee 3To OTHOCMTCA K CUTyauulu, KOrFAa NPOAYKTHI
pacnaga 3aTPYLGHAIOT UCNONb30BAHNE XPAHUMOTO BELLECTBA, KOTPaBAAA» £rO,

Bce mopenn menmtea wa cTatudeckne w punamundeckue. K craTuue-
CKUM 333343l MOXKHO OTHECTU CHTYaLMn, rAe BCe NapameTpbl He 3aBUCAT OF
BPEMEHN, & MOAMEHM 33TPaTh) ONPEOESEHHON CYyMMbl C TOYKW 3PEHMA WTOFO-
BOro NoKasatensa Beapaznuyer. B yacTHocTH, 370 Mogenu ¢ MuHUMUIayMen
3aTpat B enuknuy Bpemeny. B puHamnyeckux 3agavax npuxQanMTCA CHNATaTb-
CA C DKOHOMWHECKOW BbIFONOW OT PaccPoMKu ANaTexked, YTO NpoABnAeTCA
B CTPEMAEHUN OTTArMBATL 3aTPaThl Ha KOHEL MAAHUPYEMOro Nepuona. 1akK,
ecnan Lp - 3atpaTot B k-# unMTepsan 3Toro nepwopa, To oblune 3aTpaTh

n

byayT noacuuTeiBaThCA CcornacHo L = Z o1 roe a < 1 — 7aKk Hasbl-
Baembiii puckoHT-chakTop, a n — oni.e 1Lu/lcno MHTEePBaNOB. DTUM NPUEMOM
BCE 3aTpaTbl NPUBOAATCA K HACTOALLEMY MOMEHTY BpemeHn (Ha nepsbiii ne-
puon). Bropoi ocobernocTbio auHamMnuecknx 3apad ABAATCA 3aBUCAMOCTD
Ha4a/NIbHOTO 3aMaca B KaXXAOM MEpuope oT pellennil, NPUHATBIX B npeaile-
cTsytowmx meprionax. Pelwerne grHamudeckax 3agad 3HAYNTENBHO CAOXKHEE,
Yem CTaTUHECKNX,

Cupoc Ha npenMernl cuabxkeHust. B sTom NyHKTe Mol paccmo-
TPUM TOoNbKO Bbibop BapuahTa 3agavua cnpoca. Cnocobel uccnegoBatuns
KONNYECTBEHHBIX XapaKTepucTuk cripoca pasbupatotca B rnase 4.
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Heobxoaumo paznuuaTe gse cutyaunn llepsas xapakrtepuayetcs Tem,
UTO NOTPEBUTENLCKMA CNPOC, HE YAOBNETBOPERHbIA Ha A3HHOM 3Tane, MOXHO
YAOBJIETBOPUTL Ha ORHOM W3 Nochepytownx (NpeabssaeHtbie noTpebuTtens-
MU 33Ka3bl CTAaBATCA Ha yHeT U BbINONHAOTCA B AanbHehwemn). OHa cooTseT-
cTByeT 3akpenneHuio notTpebutened 3a nocraswmkom. Hokasano (H. Scarf),
4TO B DTOM CAy“4ae ONTHMAJIbHOE YNPaBAEHUE ONPERESAETCA TONBKO OAHOM
KYyMYyAATUBHON NepemMenHOol COCTOAHUA, paBHOR CyMiE Tekylllero sanaca u
BCEX paHee CRENaHHLIX, HO ele He Peain3oBaHHbIX 3aABOK Ha BOCNOIHEHUE
0ns cucrem ¢ noTepAmMU ONTUMANLHBIA 3aKa3 SOKEH 3aBUCETh OT KaX Ao
U3 YNOMAHYTHIX NEPEMEHHBIX NOPO3HL.

Bropas curyauns nopoxaaet oTkas B obcyMuBannu, n notpebutens
obpatiaetca K APYromMy NOCTABLUUKY. TUNUHHBIM NPUMEPON ABARETCA TOPro-
sna. CrencTene oTkasa ANA TOProBOro NPEANpPUATAA — yMyLLeHHbIA paso-
Bblii AOXOQ, BO3MOMHAA NOAHAA NOTEPA [QaHHOIO KAWEHTa W ero 3HaKOMBIX
¥ NOTEHUNAALHOTO «HACTPUra®» C HUX.

Cmauuoraprocmy ¢npoca ONPenenfeTca NpeXie BCEro YCNOBUAMM
paboTbi noTpebutens (Tporo rosopsa, TpyAHO OXUAATh NEACTBUTENLHO CTa-
LIMOHAPHOTO CMPOCa B TeYeHWe LAATENBHOMO NPOMEXYTKa BPEMeHn. HO B
HenAax ypobcTea aHann3a ManbiMin V3MEHEHUAMU NaPAMETPOR MOXKHO NpeHe-
Bpesis i, NEPROANYECKY NEPECMATPUBAA NOCALRHINE, CHATATL CNPOC KYCOHHO-
CTAUMOHApHbIM. XapakTepucTUKamu cnpoca, DAUSKUMYW K CTaunoHapHbIM,
obnagarot npomblilineHHble 0BBEKTHI, BBEAEHHBIE B HOPMaNbHbI PEXUM 2KC-
nayatauun, 8 ocobeHHOCTI C MHOTOHOMEHK1aTYPHBIM NPOU3BOACTBOM, KOTAA
U3MEHEHUA MPOUIBOACTEEHHON NPOrPaMMbl MO OTAE/LHLIM NO3ULUAM, Tpe-
Bytowwum oBLINX NCXORHBIX MATEPUaNoB, HaCTUHHO HUBEAMPYIOT Konebarins
B CMPOCE HA MOCnesHue.

Jemepmunuposanrocmy cnpoca (UHaue roBOps, ero npeackasye-
MOCTb) ONPERENAETCA POJbI0 CAyNalHbIX hakTopos (1 pencTsmem sakona
bonbuinx uncen) s npouecce noTpebneHna maTepnanbhbix cpeacts [las
3aBOfA C XKECTKOR IPOW3BOACTBEHHON MpPOrpaMmMofl WAW MmarasiHa npogo-
BO/ILCTBEHHBIX TOBAPOB 3TA PO/ib OTHOCUTENIBHO HEBESUKA, M CHPOC MOXET
BeiTe CAPOrHOSUPGBaH € AOCTATOMHOR QNS NPAKTUKA TouwocTeie. Haobo-
pOT, MAaHUpOBahye MOCTABOK 3aNacHblX YacTel, KaK npasw/io, NpuBoOAnT
K YrpaBneHuio 3anacammn ¢ BEPOATHOCTHBIM cripocom. Kputepuem nepexc-
fa K TakiAM MOAEAAM MOXKHO CHNTaTh KodphunenT sapnaunv (oTHOLLEHME
CPeaHeKBaapaTUYECKOro OTKIOHEHUA K CPeHEMY CTIPOCY), MpeBbliLaroumni
anavenne 0.2

Ocobbiv knaccom 3afad ynpasieHns 3anacami ABAAETCA UCCAER0Ba-
HUE CUTYaUNR, rae B CBA3M C HOBU3HOM TEXHWKM M OTCYTCTBMEN JOCTaTOYHOIC
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onblTa 3KCMNyaTaUMmK KOHKpeTHbiX 0bpasyos n3secTeH TONBKO TUN pacnpepe-
feHua OTKa30B, HO He ero NapameTpbl. 34eCt NMPUXOQUTCA MpUMeHATs ada-
NUSHHE, T.e. COBEPLIEHCTBYEMbIE B NpoLlecce WX peannsauun, crpaternv
ynpassieHus 3anacamun.

Juckpemmocine CNpoca xapakTepHa QA8 [BOPOrecTosuero obopyno-
BaHWA 1 NPeIMeTOB noTpebieHun A4ANTeNLHOro NoAb30BaHuA, [lnckpeTHbim
npefcTaBNeHnen Crpoca NoAb3YTCA MPeUMyLLECTBEHHO NP MAOR NHTEH-
cnBHoCTH cnpoca (Manom cnpoce 3a NnaHupyembih nepnoa). Mpun aocTatouHo
Bonbliom cripoce 3a nepuof (He MeHee HeTblpex eAnHuL) npumenstoT bonee
yRobHOE ¢ TOUKW 3peHNs ODbIYHBIX BLIYNCANTEABHBIX METOBOB HENPEPUEHOE
NpeacTaBieHWe cnpoca, a ApobHble pe3ynbTaTbl OKPYrAsatoT Ao Baunkaiwe-
ro uenoro vucna, EgvHWUER B 3aBUCMMOCTM OT 3afa4n MOXKeT BolTh AWMK
MOJIOTKOB, AIOXWHA MONOTKOB WK OANH MOAOTOK® BaXXHO fWLLb, 4TODbI Bbl-
Bop eamHNULl He MEHANCH Ha Bcex Tanax pelueHus sagaqn. BosmoxHocTb
OKpYrierns BasupyeTca Ha ManccTh NPOU3BOAHON LeNeBON byHKUMY Mo ee
aprymenTy B okpectHoctu onTumyma. [pu onpegeneruu ctpaxosbix 3ana-
COB, YMEHbLUEHNE KOTOPLIX NPUBOAUT K BbicTpoMy POCTY CymMbl tTpadhos,
okpyraeHne uenecoobpasto nposoanTs 8 6SaBLWYIO cTOpoHY

[Tpv peweHnu MHOronepuoAHLIX UM MHOFOHOMEHKAATYPHLIX 3aAad
MeTodaMit AUHAMMHECKOTO NPOrPaMMUPOBaHIAA 4N COKpalleHnn obbema bbi-
ypcaeHnin, HaobopoT, NPOBOAAT ANCKPETU3AUMIO CNpoca

Mononnenne zanacos. Kputepuenw sbibopa sapnanTta sgecos asna-
€TCA OXXKuaaemoe 3HayYeHne Crpoca 3a BPeMA T 3afjepXXKu MeXQy nogavedn
3aABKK W BbINOAHEHMEM 3aKa3a. Ecav 3Ta senmyura npenebpekumo Mana,
QONYCTUMO WCTOAb3OBAHUE MOOEAN C MIHOBEHHOR nocTtaskod. B npotue-
HOM CAy4Yae NMpU MaioM KoodbduuueHTe Bapuayuu safepxku ewbupaercs
Moaenb ¢ hUKCMpPOBAaHHOR 3aAEPXKKOR, a Npu BoNbLIOM — CO CAYYaRHOM.
Pacnpepenerne cnyuaifHol 3aepKn yCTaHaBAMBAETCA CTATUCTNHECKYN TeMI
e MeTOAamMu, YTO U pacnpepesieHne cnpoca.

Obbem socnonHeHna cayvaeH, eCAin BOMGIKHOCTY NOCTaBLMKA B MO~
MEHT 3aKa3a HeJJoCTaTO4HO NpeAcKasyembl.

Qyuxpmsa 3aTpaT (oHa Xe — Lenebas PYHKUNA) ANA CTATUHECKON
moaenwn npeacrasnser coboi satpaTthi 3a nepnod. lpu ocywecTsneqnn an-
HaMUHECKOR MporpamMmMbi, paccHTaHHOM Ha HeBoNblioe 4UCNo 1 CpasBHU-
TeNbHO MPOAOCIKUTENbHBIX NEPUOZOB, Hallie BCEro NPUMEHAETCA B3BELLEHHOE
(BVCKOHTWpPOBAHHOE) CYyMMMWPOBaHNE 3aTPaT B OTAeNbHble nepuopbl. [lpw-
BefeHne OBbIMHO AeNaeTcA K HYNEeBOMY NEPUOAY, HAa KOTOPbIA NpUXOAATCS
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kanuTanosnoxerua. Mpy 6onbWon NPofoNKUTENLHOCTH onepaumni 1o cHab-
MEHWNIO B Ka4ecTse LieneBon yHKLWM BeibupatoT npeaentroe (npn n — o0 )
3HauYeHWe YNOMAHYTON B3BELEHHON CYMMbl WM MUHUMYM 3aTpaT B eQUHULY
BpeMeHU.

B sasncumoctu oT avoro enibopa ycTaHaBavsaeTca cnocob pacueta
3aTpaT Ha xpaHernue u wrpadbl. [lpn MuHUMU3aLMN pacxonos 3a nepuog
3TN 3aTpaThl Yalle BCEro WUCUUCAAIOTCA N0 OXupaemomy octaTky (Aedbu-
UnTY) K KoHUy nepuoda. B npoTusHom cnydae npeanouTnTeneH pacyeT no
MMNY/IbCY» 3TUX BEJMHUH — MPOM3BeNeHMNtO CPenHel HepgocTaqw (3anaca)
Ha Bpems ee (ero) cyllecTBOBaHWA ITOT e NOAXOA MpumMeHAeTca B MoAe-
AAX € NOBbILEHHOR ponbio dhakTopa BpemMenu, rae HeobxoanMo y4uTbIBaTh
spems npocmos notpebutenein. Nrorga Bennsunna wrpadpa He 3asucuT He
TONLKO OT MOMEHTA NOABIEHWUA HEJOCTAYN, HO N OT €e BeAUYUHLI, TaK YTO
HEKOTOpan MOCTOAHHAA CYMMa «BbIMAauvBaeTCA» Npu NepsomM e Heobcny-
xernHom Tpebosanun. B aTom cnyvae.wtpad onpenenserca sepoamnocmbio
HegocTadn Kak npasuno, saTpaTbl Ha XpaHeHUe UAM wWTpacbl ABNANOTCA
AVHeRHOR byHKUMER ynomsaHyTbix BennyuH. [NpumeHntensHo k ocobo oT-
BeTCTBEHHbIM cucTemam (06beKTbl SHepreTUKy, XunsHeobecneyeHna, cucTe-
Mbi BOEHHOTO Ha3Ha4eHNA) cTpoATcA cneunduyeckne (obbiuHo HenuHenHbie)
WTpathHble hyHKLMY,

OrpaHryendst obbI4HO 330210TCA PYKOBOAUTENIEM CUCTEMBI MPY MO-
cTaHOBKe 3aAa4l ob onTumanbHom ynpasnerun 3anacamu B ocobenHocTu
9TO OTHOCUTCA K OFpaHWYeHUAM, UcKAtodaowmm dyrkunio wTpados. OHu
KnaccupnUMpPyIoTCs Ha OrpaHnqeHna

e rnocTasluka (MUHUManbHBIA ¥ MaKCUManbHbIA pasmepbl 3aKasa,
KPaTHOCTL €ro CTaHAapTHol NapTuu);

e poika (yposeHb obCiyXWBaHUA, CTOWMOCTHBIRA cnpoc);

® BHYTpeHHUE (BMECTUMOCTL CKNapa, brogxer)

Haubonee TnuHHbI OrpaHNHeHUA NO BMECTUMOCTI CKNAAOB, CYMMapHORN CTO-
WMOCTI 3aMacoB ¥ MOMeHTam BblAaqn 3akasos. flpuxoantca cyutatbes u
C NOHATMEM &«TPaH3UTHas HOpMa OTrpy3ku» — obbem napTum, nocTaBKa
KOTOPOW CHUTAETCA DKOHOMMUYECKK UefecoobpasHoR. Jtot obvem obbivHo
OMpenenseTCA eMKOCTbIO TUNOBOrO TPaHCMOPTHOrO cpeacTea (TaHkep, BaroH,
uMcTepHa, nnaTopma, KOHTeMHep, rPY3OBUK W T.M.) U MeHAeTCA B 32BUCK-
MOCTU OT XapaKTepa NepeBo3nMoro rpysa
Boilbop koHkpeTHOro orpaHuuexns onpenenseTcs ycrosuamu pabo-
Tbl cucTenmbl. Boamorken n ogHOBpemMeHHbIA YHET HECKONbKUX OrPaHWUHEHUN,
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TpyRHOCTM BbIMACNEHWA ONTUMAbHEIX NapaMeTPOB 3HAYUTENDHO BO3PACTA-
FOT C BBEAEHMEM KaXAOro HoBoro orpaHudermna [loatomy nmeer cmbics cHa-
Yana pewwnTb 3agadvy bes orpaHuueHud W, NoNy4me pelueHue, MNPOBEPUTL
CYWeCTBEHHOCTE KaXAoro ua HuX. flanee Hy>KHO NOCNEA0BATEILHO BBOANTD
3TN OrpaHNH4EHNA, HA4NHAA € MEIOWNX HaWDONLLLYIO OTHOCHTENBbHYIO »KecT-
KocTb (CTeneHb ux OTHOCKTEALHOFO HapyileHWA «cBOBOAHBIMY pelueHnem).

Crparernu ynpasienna sanacamu obbiyto sbibupatotca w3 nepe-
YNCNEHHBIX BbilIE NPOCTERLINX, ONTUMANBHOCTL KOTOPLIX fOKa3aHa Teopuen
ANA BECbMa WWMPOKOro Kpyra cuTyauuit. Ha sBoeHHbIx U npombienHbIX 0bb-
eKTax B HeJaBHEM MPOLUNOM TOPa3R0 Ualle WCHOAL3OBANMUCH CUCTEMbI C Ne-
puoguyeckon rnposepkoit, Ho ¢ nonsnennem ACY crabxenuem ycunusaerca
TEHQEHUMA K NEPEXORY HAa CUCTEMbI ¢ OMEPaTUBHOR MHPOPMaLIMen.

[Tepnonunuyeckue cTpaTernn NCNoONbL3IYIOTCH MpU PUKCUPOBAHHBIX CPO-
Kax nopayu 3anaeok (Hanpumep, Npu cHabXXeHUN UEHTPANbHBLIX U PErnoHaNb-
HbIX CKNafOB W3 NPOMBILINEHHOCTH UAKM OT sKcnopTepa). [lepnoguurocTs
NpoBepoK MoXXeT KonebaTbca OT ORHOrO AHA A0 ABYX HeAeAb AAA rPynifbl
A, oT Hegenw Ao mecaua — ana B v ot nsyx Hepenb ao 6 mecaues panA
rpynnet C 3.

BaxxtbiMu acriekTamn cTpaTerwii yrnpasfeHuAa 3anacamu ABAAIOTCA
YHeT 3aflepXKKM NOCTAaBKUM W BO3MOXKHBIX BapnaLmii ee obbema (ypoxai cenb-
CKOXO3ANCTBEHHOMR NPOAYKUUMN, YN0B PuibhI, NOCTyNNeHye BOabI B BOAOXPaHN-
ANLLE, OFPaHMYEHHOCTD BO3MOMHOCTER BbILLIEEKALINX YPOBHER CUCTEMBI).
Peanbnas 3afepxka AeXwuT B Opefenax oT ABYX-TPex 4acos JO HECKONb-
KUX MeCALIEB U onpeaenseTes reorpacbutieckumm hbakTopamMu u opraHnsauuned
CHabXKeHNA.

WHorpa saseaomMo orpaHnunBaroTca Kakum-anbo ecTecTeeHHbIM KNac-
COM MNOJSIUTNK YNPaBNEHNA, 3aBUCAWMNX OT HeDOMBLIOrO YUCNa NapameTpos.
Toraa 3apava cBOAUTCA K onpefesieHnio ONTAMaIbHbIX 3HAYEHMA TUX napa-
meTpos. Obbiuto oHa MoxeT bbiTh pasfeneHa Ha ABe: 3apaya NPOrpaMMHOro
YMPaBAEHAA Ha OCHOBE AETEPMWHWPOBAHHOM KOMMOHEHTbHI CNpoCa u 3aja-
4a yrnpasserns ¢ obpaTHOM CBA3bIO, NpN3BaHHas obecnednTb KOMMEHCAUWIO
ero dayktyauni. flepsas, netepmuHMpoBaHHas, onpedeniAeTcs UeHON 3aKa-
3a 1 cpegHUMY 3aTpaTamu Ha XpaHerne. BTopas CAYXUT OAs NOAAepIKaHUA
CTPaxoBoro yposHs, obecrequnsatolero ofipegesieHHyo rapaHTuo yLoBAeTE0-
perusn cnpoca. Cama rapaHTuA 3aBUCHT OT LeHbI WTPadha U ¢ POCTOM ee cTpe-
mutca K abcontotron. OaHako NpU TakKOM MOAXOME OCTAIOTCA COMHEHUA, He

3Homenkmarypu IPYMINPYIOTCA B 3aBUCHMOCTH OT UX ROJIU CTOMMOCTHOrO CHpoca
B CyMMapHOM 1o y6biBanmio 31uX Aoneli (cM. rmasy 6).
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cyiuecteyet nu bonee cnoXHoro npasuia Nofauu 3aKa3oB, BbIXOAAUlEro 3a
paMKy paccMaTpuBaemoro Knacca n obecrieunparolwero MeHbLUNE N3NEPIKKA.
B HekoTopbix cnyvasx yaaerca BbIAeNUTL YC/OBUA, NPU KOTOPBIX NPOCTbie
noAuTuku ByayT onTuManshbimu B raobansHom cumbicne. Heckonbko Takmx
CUTYauui CO CCbITKONM Ha NEePBONCTOYHWUKM paccMoTpero B {5].

KauecteeHHble ocoberHocTn paboThl cucTem ynpasieHus 3anacamu,
peanu3yoLnx v3noMxeHHble Bollue npuHUunbl, ovesnaHbl, Ha puc. 1.1 npu-
BefeHb! MpachvKK U3MEHEHNA 3anaca ANA TPEX OCHOBHbIX CTpaTerviA npy cie-
A[YOLWLUX RONYLEHUAX'

® BOCMOJIHEHWE MIHOBEHHO;
® YPOBHW 3aflaca KOHTPOJIUPYIOTCA NEPUOBUHECKU Yepes UHTepBaabl T

® [fonyckaeTcA OTpulUaTenbHbil 3anac (backorders — 3310NXEHHOCTD,
KOTOpaA racuTCca Npyu oyYepeaHomn nOCTasKe);

® Cnpoc HefpepbieeH o spemexu u obbemy;

e obbem noctasxm AETEPMUHNDPOBAH.

He nokasannas Ha pucynke ctpaterua (7, ¢) ¢ nepuonu-eckum soc-
MOAHEHWEM M MOCTOAHHLIM ObbeMOM 3aKa3a ¢ haKTUYECKN HE COQepMKMT
snemeHTOoB 0BPaTHOM CBASK, N NpoUece OKasbiBaeTCA Heynpasnaembliv. OHa
COOTBETCTBYET YNACTO HOPMATMBHOMY CHabXeHNIo U MoXKeT BbiTh NpUMeHeHa
NUWb B ycaoBuaxX ctabunsHoro cnpoca.

lepuopuueckas crpaterns ¢ npepensHbim sepxHum ypoeHem (71),.5)
nerko scTpanBaeTcs B obbidtble CxeMbi KaneHaapHoOro rnaaHuposaHus, rub-
KO pearwpyeT Ha wusmeneHua cnpoca. Obbivnan obnacTe ee npwmeHenns
— npu sbicoKoi UeHe wiTpada. Mogenu ¢ nepuoguyeckum nonoaHeHuUem
AMEIOT HEPEryfNpyeMyto YacToTy 3aKa308. JTO BbI3bIBAET N3AMIUHME TPaHC-
NOPTHLIE W aAMUHNCTPATUBHBIE PAaCXOAbl NOC/IE NEPUOAOE C HUSKUM CMPOCOM
W yBenNUMBaeT cpeaHnit fechuunT npu sbicokom cnpoce. C gpyroi cTopoHsl,
VX NPeUMYWECTBOM ABNAETCA COBMAajeHUEe MOMEHTOB NPOCMOTPa U 3aKasa,
4TO CBOAMT K MUHUMYMY PAcxofbl Ha MPOCMOT U CBA3AHHYIO C HIM KaHue-
napekyto paboty. Obbem rapanTuitHoro sanaca sgech gosxkeH obecnedmnsartb
hyHKUMOHMpPOBaHNE Ha WHTepBane ANNTensHocTbie 1 -+ 7, TOFAA Kak npu
noporoeoi (C HerpepbiBHBIM KOHTPONEM) — TONBbKO Ha BPeMA 3afepIKKu
noctasok 7. [loaTomy cTpaxosble 3amachi Npu NEPUOAKYECKUX CTpaTernax
Sonblue.
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Puc. 1.1. Tunosbie cTpaTéruv ynpabieHuAa sanacamu
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B MHOFOHOMEHKNATYPHBIX 3afayaX ANA JOCTUXEHWA SKOHOMUKA Ha
nactaskax Heobxoanmo coBMelaTh MOMEHTL! 3aka3ob [lna nux Haubonee
nogxoanen Byaer ctpaterua (T,.5) B ee BekTopHOR hopme, Te. ¢ pasnuy-
Hbvn, Boobile rosopa. sHadenmamu {7;,.5,} ANR Ka>kAof HOMEHKAATYpbI,
npuyen nepuogsl {T,} ona obecneveHus coBmelleHUA 3aKA30B JOSIXHbI
BoiTb KpaTHbI HekoTopomy basucHomy nepnoay T

CTpaternn ¢ NOporoBbil YPOBHEM 3aKa3a peafnayroT NpuHunn obpat-
HOM CBA3M MO cocToAHMK npouecca. Mopaens ¢ kpuTndeckum yposrem (s, q)
pearnpyeT Ha cnpoc Bonee meaneHHo, yem (7', S) , TaK KaK cnpoc ¢ MOMeHTa
nocaegHel NOCTaBKW U GO NEpexofa KPUTUYECKOro YPOBHS HaKanAnBaeTcs,
He BbisbiBan peakunun cuctembl, Cama sTa peakuma He ABAAETCA [OCTaTON-
HO TOHKOM W NpuU BPeMeHHON cTabUNU3aLKN CNpOca HA aHOMaNbHO BBICOKOM
YpOBHE MPUBOAMT K HacTblM HEZOCTaqam.

Cuctema «npyx yposHei» (unan apyxbyHkepHan) (s,.5) AsnAeTea Han-
bonee rnbkoON O OTHOLWEHNIO K CNPOCY 1 NO3BOASAET NOAAEPXMBATL OTHOCK-
TE/IbHOE NOCTOAHCTBO 3anaca 80NN KPUTUHECKOTO YPOBHA NpU QOCTATOUHO
PeAKMX MOCTaBKaX. 3AECh MPU CHUXKEHUU 3anaca [oO YpoBHA Y < § BblgaeT-
CA 3aKa3 Ha napTuro obvema S — y. B npakTudeckom ncnonbsoBaHuu oHa
cnoxHee, dem (8,q). YnoTpebutenbHbiM HacTHBIM CY4aeM ABAAETCA ee Ba-
puant ¢ s = S — 1 (npu AuckpetHom cripoce). 3pecs 3akas NpousBOAUTCA
npu NOCTyNnAeHUn Kaxporo ovepeaHoro Tpebopanmna. Ewe bonee dactubin
cnydaih — OTCyTCTBWE 3anaca Ha cksage AaHHoro yposHs (S =0).

Heobxoanmo oTMeTUTb, 4TO MpPU HerpepbiBHOM KOHTPOJE YPOBHER U
noctoanHom obveme tpebosannii cTpaterun (s,.5) u (s,q) npu S=s+¢
ToXAecTBeHHbI. Paanuune mex gy aTumn cTpaTernamy no onpeaeneHnto obs-
M3 33Ka3a BO3HWKAET TOMLKO NPW AWCKpeTU3auuu MOMEHTOB KOHTPOAR
TeKylero yposHA (B 4acTHOCTH, UMEHHO TakK oBCToANO A€o B HeaBTOMa-
TU3MPOBAHHDBIX CUCTEMaX CHaBXKeHWA) MAN NPU NepeMeHHOR Benu4uHe Tpe-
Bosanun.

Mpn noctynnenun TpeboBaHnin 8 GUCKPeTHbIE MOMEHTb! BPEMEHY HeT
CMbICAa KOHTPOAWPOBATL YPOBHN HENPEPbLIBHG — AOCTAaTOMHO CPaBHWBAThb
C NOPOroM S OCTaTOK NOCAE YROBNETBOPEHNA KaMaoro ouvepegHoro Tpebo-
BaHua Y4eT aTorc obcToATEeNbCTBA MO3BOAAET CYUTATH, HTO AAA OLHOMPO-
AYKTOBOW (MNN NpuBORALIERCA K TakoBoW) 3anauu cTpaterna (s,S) Bcerpa
ABNAETCA Hauay4Liend.

Ws Bonee cnoxmbix cTpaTeruit viMeeT CMbICA paccMaTpMBaTh Tpexiiapa-
meTpudeckue ctpaterun snpa (T,s,S5), komBuHupyrowme ocoberHocTu ne-
PUOAWMYECKUX U NOpOrosbix cTpaTernn. B HeaBToMaTuanpoBaHHbix cucTemax
CHabXeHNA CTONMOCTL NPOBEPKN MOXET BbiTh coOUsMEpHiMa CO CTOUMOCTHIO
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nofauu 3akasa. HexenaresibHo NPOBOAKTE NPOBEPKH, HE 3aKaHYMBAOLLNECH
BbiAaved 3akasa — 570 Bbino bbl cAMLIKOM pacTounTenbHO. 37O o3Hawa-
eT, 4To B cucTeme (T, 5,.5) ¢ nepronuteckunM KOHTPONEM ¥ YPOBHEM 3aKi3a
nocse NPOBEPKN AONIKEH BCerfa CiefosaTb 3akas, a NnoTomy oHa byaeT ngak-
Tiuecku sksusanentron (71).5).

JOpyrof Bo3sMOXHbIN BapWaHT CTpaTernu AR MHOTOHOMERKAATYPHbIX
3ajay —— 3aKa3 napTuit obbema S, — y; No BCem HOMeEHKAaTypam ¢, ANA
KOTOPBIX B MOMEHT OBHapyeHus ypoBHs y; < s, 0Ka3anoCh, YTO HANUHHbIR
sanac y; < s, npudem s > s

B pasHbix 3BeHbAX CKAAACKOW CMCTEMbI BO3MOXXHO WCRO/B3OBaHNe
pasHbixX CTpaTerni.

MNpy cpasHeHnn cTpaTernii JONKHA YUNTBIBATHCA U LiEHa YNpaBneHns
(cbpabotku nanHbix) Cospemennbie ACY chabikenuem, nckntodan cambie
BonbliMe. MOryT DbITL peannaosaHbl Ha base nepcoHanthbix IBM u wupo-
KO pacrpoCTpaHeHHbIX TUMOBLIX CUCTeM ynpasneHua Dasamm OaHHLIX AR
HUX. JTO ONpeAeNsAeT YMEpPEHHbIE HAYANbHBIE KAMUTANOBAOXKEHNA N Manble
onepaunoHHeie pacxoibt Ha 0bpaboTKy Tekyluen nuchopmaumnu. [Npn ynpasne-
HWWM 3anacamu No CoBpeneHHOR NHPOPMALMOHHOR TexHoAorM (C noMoLbIO
3/1EKTPOHHBIX Ba3 NaHHbIX) peasn3aLns NOporoBbiX CTPATEruil He CIOXHee,
HeM MepPRoANHECKMX.

B sakniouernne otmeTum crpaternio ynpasaenus Just in Time (Touno
B CPOK), PEaNU30BaHHYIO B INOHMM HA NPOM3BOACTBE aBTOMALLUH « | ofoTa®
HroHubl obxoaATcs ABYX4ACOBbIM 3aNacoM AeTaned; aMepukaHUbl B aHasno-
FUHHBIX YCAOBUAX COREPXAT MeCAYHbIA, HTO CKa3biBAETCA HAa UEHE U KOH-
KypeHTocnocobHocTu npoaykunm. [octaskn «c konec» TpebytoT naeanbHoR
OPraHU3aLUmN, NOSHOCTLIO ONPEAENATCA MPONIBOACTBEHHbIM rpachukom 1 ¢
TOYKK 3peHnA TEOPUN 3aNacoe ABAAIOTCA BLIPOMAEHHON CUTyaunen — 3[€eChb
3anacyt OMCYMemsyrom.
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I'nasa 2

DKOHOMUUYECKHUE
mapaMeTpbl MOIEJIH

2.1. YKoHoMUKA cHaADXeHHsI

Koraa npobnema (ynpasnennn sanacamn) ccopmynmposata, LeHTp
TAMECTN NEPEHOCHTCA Ha nouck, cbop, aHann3 n oTces UcxoHOR MHdOpita-
UMM, KOTOPaA MOXeT BbiTb HEMOHOR, HEAOCTOBEPHOR U A3XKE MCKAIKEHHOM
cosHaTenbHo. MaBecTHo, 4To NocTaoBka KaX[on HOBOR 3aaaqn TpebyeT ans
CBOEro pellleHWs U TaKoi MHDOPMaLMIK, KOTOPaR paHblIe OTCYTCTBOBANa MK
He Bbiaensnach (npusiep — PUKCUPOBAHHAA COCTABAARIOWAA TPAHCIOPTHBIX
3aTpaT u 3aTpaT Ha obOopMeHIe 3aKa3a).

Ans xpadeHun, nepemeweHns, obecrneqeHUA COXPaHHOCTM W yue-
Ta NpoaykToB Tpyaa TpebyloTca cKkAafcKie eMKOCTM, NOABMIKHOA COCTas,
NoaBEMHO-TPAHCNOPTHOS U 3]EKTPOHHO-BbINUCAUTEbHOE obopyfoBaHue,
COOTBETCTBYIOLLNE COOPYXKEHUA U NepeaToLHble yeTpoicTsa (npoayKTonpo-
BOGbI, 3APALHbLIE U 3aMpaBoYHbIE CTaHUMKM, CTaKaabl, AOPOrM, MOCTHI W
7.1 }. OcHoBHbie NpowssofcTseHHble boHAbI TPebylOT 3HauUTeNAbHBIX €au-
HOBPEMEHHDLIX KanmuTaibHbiX BNOMKEHWA A7 NEPBOHA4anbHOrO BBORA WX
B AeRCTBUE, NEPUOMUYECKOrO KAaMNTAaNbHOrO, CPEOHErO N TEKYLIEro pemoH-
Ta, @ TAKXKe OPraHuaauni CMCTeMbl aMOPTU3AUNOHHBIX OTYACAEHAR ANA Ha-
KanauBaHWs CpPelcTB, HeODXORUMbIX ANS DEMOHTa ¥ NoNHOoro obHOBAEHUS
busmyecKn UM MOPasbHO N3HOCUBLLMXCR OCHOBHBbIX hoHAos. Memoduku
WX pacHeTa NpakTUYECKW He 3aBUCAT OT npenmeTHol obnacTu.
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Tekyuime saTpaTbl crienucbnttisl — no KpakHed mepe, Ha pasﬂéﬂx
3Tanax KpyroobopoTa MpoaykTos Tpyada ux Kaaccudbuumpyrot no-pasﬁ&my
(c yueTom crieuncbuky :—>Tar|a). Ha TpaHcrnopTe, Hanpumep, paccmaTpuBatoT
Ha“a/bHO-KOHEYHble onepauny (:—rra COCTaB AW AA He 3aBNCUT OT paccTos-
va) n cobcTaensto nepeasmxerune. Ha cranunm npowsBoacTBa 3aTpaThi, CBA-
3aHHble C NMPOW3BOACTBEHHbLIM 3aMacom W C 3anacom roTOBOM Npoaykumu,
NHTEPNPETUPYIOTCA COOTBETCTBEHHO KaK 3aTpaTbl Ha cHabkeH4YecKyo 1 chbl-
TOBYIO A€ATEADHOCTb.

llna pewennsa s3aflay ynpasfieHua 3anacaMu NOABAAETCA Heobxoau-
MOCTb M3MEHUTb MEeTOAUYECKUi Noaxon K NMOACHETY 3aTpaT B COOTBETCTBUN
CO crneagyoWuMu NpuHLMnNamMn:

1) NcTouHuKomM BO3HWKHOBEHWA 3aTpaT ABAAIOTCA MaTepuanbHble pecyp-
Chl — XpaHuMble, NepemMeltjaemble 11 COXpaHAeMbie.

2) Cucremnbiit noaxon Tpebyet equHoro coctasa saTpat ana atobown cra-
aMn cyuwecteoeaHus 3anacos. CocTae 3aTpaT OMpenenserca oemeH-
TaMW 3aTpaT XKWBOTO N OBELWLECTBAEHHOrO TPYAa, WCMOJb3YeMOro Ha
pasanyHoro pona paborax ¢ maTepnanbHbIMU pecypcami,

3) Knaccudburauns poaxkHa paspenate paboTy ¢ MaTepuanbHbiu pecyp-
caMW MO HemnepeceKaroWMMCA BUAaM AeATeNbLHOCTW B COOTBETCTBUU C
TexHonornen hopMUpoBaHNs, XpaHEHUA, NEPEMELUEHUA N COXPaHEHUA
MaTepuanbHbIX PECypcos.

4) W3 3atpaT ROSIKHBI UCK/KOHATLCA SNEMEHTD!, BbI3BaHHbIE HU3K M YPOB-
HeM MNaHMpPOBaHNs W yripasnenna (MOTepM OT MPOCTOA TPaHCMOPTHbIX
CPEeRcTB MO BiHE CKNafa, CBEpPXHOPMaTUBHOM ecTecTseHHON YBbIAM U
XULUEHUT, BBINNATbI NPOUEHTOB MO CCYAaM, HEYCTOMKYM 3a HapylueHue
AOroBopHbIx 0BA3aTeNLCTE NO CPOKaM, acCOPTiMEHTY U obbemy nocTa-
BOK ).

B Tekywem yHeTe U nepuoanyeckoil OTHETHOCTN KOHKPETHbIE AaHHble
0 pacxofax Ha ynpasieHue CHabxeHuew He BbieNAloTCs, a byxrantepckas
[OKYMEHTaUNA COAEPIKUT NX B «KOTN0BbIX» cTaTbAx: «Cbipbe n MaTepnanbi»,
«Tonnueo», «Obliesasoackue pacxoabi». [ns nonyyenme HyXHbIX ycTom-
UUBLIX faHHBIX Heobxoaum Bonbwon obbem BLIBOPKU NO PA3ANYHBIM MUHM-
cTepcTBaM, sBefoMcTBaM, pUpMam, NPEANPUATNAM pasHbix Tunos. [losTomy
CNeLnanncTbl Mo TeEOPUI 3aNacOB NPEANAraloT U3 CYLLeCTBYIoLEeA OTHETHOCTH
onpegenatb JULWbL MOPAROK BEAWYUH 3aTpaT, AONOAHUB UX BBIBOPOUHBIMU
obcnenoBaHUAMN ¥ SKEMEPTHBIMU OUEHKAMMU.
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3aTpaTbl HeoBXOANMO YHMTLIBaTL NG MECTY UX BO3HUKHOBEHWA B KPY-
roobopoTe, UCKAtOHAA NOBTOPHLIA cdeT. [lpu Hanu4wun peanshbix Tapudos
CHabeHUeCcKo-COLITOBOM OpPraHn3aUmn HeT HeoBXORUMOCTIN KOHTPOINPOBaTH
W onnaunBaTh MyXKYK OeATe/bHOCTb. B 4acTHocTu, B cocTase TpaHcnopT-
Hb PACXOAOB SOMKHBI OCTATHCH TONLKO T€, KGTOPbIE BO3HUKAIOT HENOCPEA-
CTBEHHO BHYTPW Hee B pe3y/bTaTe NepemelleNnia rpy3oB ee TeXHONOrNHECKUM
TpaHcnopTom. Obcyxpaembie HUXKe QaHHbIE B COBPEMEHHbBIX SKOHOMNYECKUX
YCIIOBUAX UHTEPECHDBI 1 MONE3HE! MabHbIM 0bpa3om nepedHen 1 rpynnupos-
KOW cTaTell pacxofa w npegnonararoT NpoBeAeHNe SKOHOMUYECKOTO aHannsa
KOHKPETHOM CUTYaLuu.

2.2. TpascnoprHble pacXonbl

Bo wmHorux sapavax ynpasnenua sanacamu (npexkae Bscero npm
cuHTese cucTem cHabxenur) HeobxoaMmMo paccmaTpusaTb anbTepHaTUBHbIE
cnocobbl TpaHCNOPTUPOBKYK MPOLYKUMM U CBA3AHHLIE ¢ HUMW 3aTpaThh. K
konuy cyuecrsosanuna CCCP so sHyTpucowsHom rpysoobopoTte yaenbHblR
Bec orceaesnoloposcHozo TpaHcnopTa coctasnan okono 80%. Ipysonotok
mpybonposodroeo TpaHcnopta 3a 1965-1975 rr. ysenudunca Gonee yem s
OBa pasa. JTO CBA3aHO € €ro 3(PPEKTUBHOCTLIO — FAIPU €0 UCMCbIOBaHNN
NOYTN OTCYTCTBYIOT 3aTpaThl Ha HadasnbHO-koHedHble orepauwn. Hona as-
MoMOBUALHOZ0 TPAHCTIOPTA HECKONLKO NOBLILIAETCA —— B YAaCTHOCTW, BC/led-
cTBMe pocTa Napka bonbluerpyaHbix asTomobuned. Jatuneld Bna TpaHcnopTa
umeeT Deccnoproe NPerMyLecTso NP NepeBo3Kax Ha KOpoTKNe PacCTOAHUA,
NpW Nogso3e rpysos K CTAaHUWAM, NPUYaiaM 1 OT HUX, 8 TaKe Npu nepepos-
Kax MeNKux mapTuid rpysoB, Tak Kak He TpebyeT gAUTeNbHOrO HaKOMJEHUA
rpy308 1 He HeceT Bonblunx YOLITKOB OT HERONCNO/b30BAHUA TPY3ONOLBEM-
HOCTU NOOBUKHOIO COCTaBA.

Mpu pacueTe cTOMMOCTM AOCTaBKN TOBapa Y4YMTHIBAETCA TONBKO
NPONOPLMOHANLHAR PacCTOAHUIO COCTaBAAMLLAA, NpY OrnpeaeneHny hnken-
POBAHHOM KOMMOHEHTBI CTOMMOCTN NOCTaBOK — HavafibHo-Koxe4rasn. [lpn-
BeAeM [oAN (B NpoueHTax) pacxofoB MO HaYaibHO-KOHEUHBIM ONepaLnAm
¢ norpysko#t w Bbirpyskoi [27] ana nepesosok Ha paccTtoatue 500 km (B
ckobkax — na 100 km):

® >KenesHoAopoXHbIn TpaHecnopt — 45 (80);
e peuHoin — 55 (86);

e mopckoit kabotax — 91 (94);
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e asTomobunbHb — 3 (12);

e so3gywHbin — 25 (63).

Bce TPaHCROPTHbIE 3aTpaThl, PasyMeeTcsa, NO3Xe OTHOCATCA Ha cHeT nony-
HaTtenA.

2.3. PacyeT cTOMMOCTH XpaHeHUSA

CTONMOCTL XpaHeHna MaTepNanbHbix CPEACTE — eAUHCTBEHHLIR dak-
TOp B MOAENN YNPaBAeHUA 3anacamu, onpeensoui yenecoobpasHocTs co-
kpaweHua rocneannx. Kak npasuno, oHa ABAAETCA NUHedAHOM byHKUMeN
XapakTepucTuk AsuxeHns sanaca. Koagpcpuymentom nponopunoHasisHocTy
CAYXNT LieHa XPaHEHUA eanHULBI [AHHOrO NPOAYKTA B EANHULY BPEMEHN UK
3a nepnop mexay noctaekamu. [lo Moctanosnenno UK KMCC u Cosmuna
oT 12 wrona 1979 r nnata 3a CBEPXHOPMATMBHLIE N HENPOKPEAUTOBAHHbIE
3anachi MaTepUanbHbIX CPEACTE U He YCTaHOBAEHHOro obopyloBaHNa BHOCK-
naco u3 npubbinn npeanpuaTua. Hesasncnmo oT 3TOro NocTaHoBMEHWA TaK
xe obcTouT Aenc ¢ 3anacamy NPeanpuATAl HerocypapcTBenHbIX dopm cob-
CTBEHHOCTH.

Motepn o1 xpanenua (cobcTeento xpatienwe, CTpaxoska, Hanor,
ybbinb, ycTapeBanne) MCUMCAAIOTCA OT CPeAHero ypoBHA 3anaca, omepTee-
HWe — OT MaKcumanbHoro (kpaTkocpouHo ocsoboxpaemble cpeacTsa Bbl-
rogHo BNOXMUTbL He yaaetca). CroumocTb xpatenns obbidHO cunTaercs
NPOMNOPLNOHAbHOR CTOUMOCTH UMyllecTsa («kak B8 nombapne» [80]). tor
NOCNeAHNUA NOAXOR ABNALTCA Cyrybo npubaukenHbim OH ocHoBaH Ha Bonb-
LWOM YAeNsHOM Bece B LieHe XpaHeHUA MAaThl 33 OMepTBIIEHWEe CPeAcTB U
BBEAEHUN K NOCAERHEN YCPEAHEHHBIX MO MHOXXECTBY HOMEHKNATYP NMPOUEHT-
Hbix Haabasok. B xo3skcTBeHHON NpakTuKe 3anack! pacueHNBAtOTCA B 33BU-
CUMOCTY OT MECTa UX HaxoXXAeHWA: QAs npogyueHTa — no cebecTonmocTy,
B ONTOBOJ TOProB/e == Mo ONTOBLIM tieHam nokynatens (bes Hanora ¢ obo-
poTa), y OTAE/bHBIX NOTPebuTeNned — Mo ONTOBLIM LeHaM NPOMbILLIEHHOCTH
(Bxsitouan nanor ¢ obopoTa), B PO3HWYHOR TOProBRe — NO POZHUUHBIM Lie-
Hawm.

Knaceudpukauun satpat B cuctemax crabrkenns onpenensetca uens-
mu ananusa. Huxke npusonstes panubie (27, 1. 3] o pacnipepenequn oTHo-
CUTENbHbBIX N3lepXeK COAEPXKaHMA NPON3BOACTBEHHbLIX 3anacos no Habopy
CTaTef, «K/IACCUYECKOMYS> /1A SKOHOMUKMN COBETCKOro Neproaa.
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Paczodut no ynpasaenuro cnabrceruem (13%), 8 Tom uncne na onna-
Ty cobcTeenno ynpasneHyeckoro nepcorana — 5.6; na pabotHukos no npue-
My MaTepuanos — 4.2; Ha M3pacxoAOBaHHbIE NPY NpuemKe maTepvannl —2.3.

Tpancnopmuwe pacrodu {34%): onnata XenesHOMOPOXKHBIX Tapu-
cpos TpaHauTHOM noctasku — 1.7; cknafckaa HaueHka npu noctaskax ¢ ba-
3bl — 2.9, pacxoabl Ha nogady BarOHOB M MOrpy3o-pasrpysouHbie paboTsl,
BLINOAIHAEMbIE TPAHCNOPTHBIM 1 KpaHoBbIM uexamu — 11.4; ctoumocTs po-
CTaBKW aBTOTPAHCNOPTOM MpeanpuaTna — 4.5, aBTOTPaHCNOPTOM CTOPOHHMUX
opranmsauumii — 6.7; npouvne TpaHcnopTHbie — 6.8.

Hsdeporcxu codeporcanus 3anacos (52.6%). ocHoBHan n pononHu-
TenbHaA 3apnnata paboTHMKOB CKNAAOBs W CeKTOPa CKAAACKOrO XO3ANACTBA
oTaena cHabxenus — 7 0; ycnyrn scnomoraTenbHbix uexos — 20.5; amop-
T3aUMOHHbBIE OTYNCAEHUA OT CTOMMOCTM OCHOBHbBIX (hOHAOB U MHBEHTapsA
cknagos — 1.5; nnata 3a ocHoswble orgbt cknagos — 3.9; Tekywue pac-
XOAb! NO COAEPKaHMNIO CKNafos (OTONNEHME, ocBelLeHNe, BOAOCHabXeHNe) —
2.3.

3ampamun Ha ummobuauzayurw 3anacos (YOBITKN OT OMepTBAEHNA
AeHeXKHbiX cpeAcTs) ouerusanucs B 17 3%.

B untuposaunon pabote pnanee chopmynuposarbt NPERAOKEHUA NO
M3MEHEHWIO NepesHa cTaTeR. | paHcnopTHole Tapuddbl NEPENOIKEHBI Ha NOTpe-
buvens. B noson rpynnupoeke (60.3% ot nepsoravansHbix 3aTpat) pacxoasl
Ha ynpasnexue coctaBnsoT 21.5%; Ha nepemewenue — 26.3%; Ha copep-
xanne — 52.2%. [pueenem cooTBETCTBEHHO UCMpaBAeHHbIE AaHHble U3 TOFO
XE NCTOHYHMKaA.

Pacxodw no ynpasaenuro craborcernuem coctasnsot 58.6%, B Tom
4ucse Ha onaaTy cobcTeeHHO ynpabaeHYeckoro nepcoHana — 28.5; cnyxeb-
Hble KOMaHaNposky — 2.3; KaHUeAAPCKME pacxofbt vt yciayra csasum — 1.5;
cofep>katne nepcoHana cknanos — 13.7; ynakosky — 11.6.

Tpancnopmuwie pacrodu enympu npednpusmus — scero 33%.

Hadeporcru codeporcanua sanacos (8.6%): coneparne OCHOBHBIX
cbongos — 5.1; Tekywinin pemoHT 1 amopTuaauna — 3.5.

C nosuuwni Teopum ynpasneHna sanacamu, 8 obpa3oBaHuu UeHbl Xpa-
HERNA MPUHAMAIOT yHacTue crnegytowune hakTopbi:
® CTOUMOCTL CKNAACKOTO MOMELUEHNA N TEXHNKU;
® 3KCMJyaTaUunoHHble Pacxofbl W 3aTPaThbl Ha ynpassieHue;

® TPaHCMNOPTHbIE Onepaunn;
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® 3aTpaTel Ha pernamenThHble paSOTbl, NPOBOAVMbBIE C XPanunbiM niylije-
CTBOM;

® MoTepyn OT ecTeCcTBEHHON YBbINYM MMYLIECTBa;
o yOLITKU OT CHUXKEHUA €ro NoTpebuTensCKUX KadecTs;

® NoTept OT OMEPTBNEHUA AEHEXHDbIX CPEeACTB, BAOXKEHHLIX B 3anac.

PaccmoTpum cnocob yueTa Kaxgoro vus HuX.

CrouMocTs noMenieHusa. (TOMMOCTb CKNBACKOro NMOMEWEeHWA
BKAtoqaeT B ceba NiaTy 32 OCHOBHbIe thoHAbl (3eMAA, cobCcTBEHHO 3maHue,
orpaxpaeHue n obopyaosaHue), aMOPTU3aLUMOHHbIE OTHUCAEHUA (CTOMMOCTS
CKNafa, AENEHHAA Ha OPUEHTUPOBOYHbBIN CPOK ero cnyxboi), oxpaHy, pac-
XOAbl Ha OTONJEHNE WM OXNaKpAeHue (B 3aBUCMMOCTU OT KIUMATUHECKUX
ycnosuii n Bpemenu rofa), ybopky, ocselueHve, BEHTUALMIO, NoaaYy BOALI
n 1.n. CTporo rosopsi, Bce 3Ti pacxofibl He 3aBUCAT OT BEMUMHbLI 3anaca (npu
YCNIOBWW, 4TO BECH 3aMac NOAHOCTLIO PasMellaeTcs Ha AAHHOM cKnafe), Tak
YTO NpPW XPaHeHun Yy cefs OAHOPOZHOro NPOAYKT3 Ha Cksafe AOCTAaTOHHOM
BMECTUMOCTU C HUMU UHOFAA MOXKHO He cqmnTaTbhen («ouerka» no J1.B. Kan-
TOPOBUYY eMKOCTH CKAaAa paeHa Hynw). B cayuae apenani onnata cknaa-
CKUX NOMELLEHNT AOJIDKHA HAYNCAATLCA NPONOPUNOHANLHO MAKCUIMANLHOMY
YPOBHIO 3aMacos.

B MHoroHoMeHKAaTYpHbIX 3a4aqax, rie BO3HUKAET BONPOC O pacape-
LEeeHUM OTPaHUUYEHHDBIX CKAAACKUX NAolagei MeX Ay OTAeNbHbIMMU NPoAYK-
Tamu, 3TV 3aTpaTbl AOSXKHbI 0bA3aTeNbHO YHUTHIBATLEA, 4TO, B HacTHOCTH,
MOXET MPUBECTU K HeuesecoobpasHOCTU CO3RaHWA 3aMaca No OTAESbHbIM
HomenknaTypam. -[nA pacHeTa UeHbl apeHObl BCE CBA3AHHbie C Hel pacxo-
Obl AENAT Ha NOME3HYIO Miowanb (eMKOCTb) CKAAAA U NOAyHeHHyl LUndpy
YMHOXatOT Ha nsowanb (obbem), 3aHumaemblil eArHAUER XPAHWNIMOTO NpPO-
aykTa. [lnaTta 3a apenay 3gech NOAMHA YHUTHIBATHCA HE3aBUCUMO OT TOTO,
MMeeT N MeCTO (popMasibHas apeHAa WM NpPeanpuATAe ABAAETCA BAAAENb-
uemM cKnaga.

JKCIIyaTAHOHHBIE PACXOMBI. 386Ch AOMKHbI YY4UTbIBATLCA
TOABKO Te€ Pacxofbl, KOTOPbIE HEMNOCPEACTBEHHO CBA3aHbI C 0BCAYXMBAH -
em noTpebuTteneii: NOAroTOBKa HApAAOB, KOMMAEKTAUMA Ipy3a, €ro yNaKkoBKa,
norpyska n oTnpasxa noTpebnTento, a Tak»Ke Pacxofbl Ha MallUHHO-CUETHbIE
paboThi, Tapy (3a BbI4ETOM [OXOA0B NO OMEPALMAM C Tapol), BCNOMOraTenb-
Hble MaTepnabl, CNeUoaexay, HBEHTapusauuro, npodbniakTuyeckine ochvo-
TPbl XpaHumMoro umyliectsa. B sasucumocty oT cTaTedt pacxoga ovu nunbo
ONpefensitoTCA CTaTUCTUHECKU NO KaXKAOA HOMEHKAATYPe U 3aTeM OTHOCAT-
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CA K FOQV\‘-IHOMy cnpocy Ha Hee, ﬂVl6O pPacKRaasIBaOTCA npOﬂOleVlOHaﬂb—
HO NACLIEAN, 3aHNMEEMONR KaxKaol eaunHiuen xparenun. Onnara nepcorana
PacCUUTBLIBAETCA OTAE/BHO MO KAaXKAOW FPYnNe onepaunid ¢ y4eTom goMon-
HUTENbHOM ONMaTbl, PacxoJoB Ha COUMANBHOE CTPaxosaHue W HakaagHbix
pacxonos (YApasaAOWMA NepcoHan). YHuTeiBaloTes Takxe KaHUenspcKkie u
noy4ToBso-TenerpadHbie pacxoinl (Bkato4an e-mail), onnata MexayroponHsix
reperosopos No Tenecony.

Tpancnopmusie pacrods.. B a7y ctaThto paHee BKANOYAANCE BCE 3a-
TpaTbl Basbi, CBA3aHHbIE C NEPEMELIEHNENM XDAHWIMOro WMYLecTBa: orjara
MKENEIHOLOPONKHBIX Tapvscbos TpaH3VITHOIZ NOoCTaskKW, CKAafacKkaa HaleHKa ﬂpl/l
noctaskax ¢ Basbl; pacxodki Ha NOJadvy BarcHOB U MOrpyso-pasrpysouHbie
paboTbl, BoiNOAHAENMbIE TPAHCMOPTHbLIM 1 KPAHOBBLIM LieXaMK; CTOUMOCTE Lo-
CTaBKIK aBTOTPAHCMOPTOM NPEANPUATUSA; aBTOTPAHCNOPTOM CTOPOHHMUX Op-
raHusauui; npouve TpaHcnopTHele. Uix obujan nonsa 8 cTOMMOCTM XpaHeHUs
pocturana 34% [26]. Mo cospemeHHbiM BO33peHAM, NORABAAIOLLAR UX HACTb
OTHOCUTCA Ha cHeT NoTpebuTena B COCTase NOCTOAHHON UM NPOMOPLIMOHANb-
HOM CTOMMOCTU 3aKas3a.

Bce saTpaTbl, cBAsaHHbie ¢ opzaHUZAUUET BOCMOSHEHUA Ml OTrPY3KN
33NacoB Ha CKNaae, Y4uTLIBAKOTCA MpU pacyeTe CTOMMOCTU MOCTABOK U B
BaHHYIO CTaTbO PACXOROB HE BKAIOHAIGTCR,

K peaiasternmuoim pabomaat MoXHoO oTHecTn ntobbie fononHnTeNb-
Hble MepPONpUATNA, NPOBOAVMBIE Ha CKAagax C Uensto obecriedHeHns coxpaH-
HOCTW UMYU{ECTBA, MATEPUaNcB U TOBApOB., 3aTpaThl Ha HUX WrpalT BeCbMa
3HE4NTENBHYIO POAb Ha CKNafax TEXHUYECKOrO MMYyLIeCTBa U B pacHeTe Ha
eanHLLY XpaHeHus ONpeleNAtoTCA KaK NponsseneHine cTOUMOCTU OaHOrO pe-
rnamMeHTa {C yyeTom KBasMpUKaLMM MPOBEPAIOLIErO, aMOPTU3aLN NCNOb-
3yenmoll annapaTypbl U 3aTPa4eHHOro BPEMEHN) Ha HWCIO MPOBEPOK B rof.
[TpuHuMnuansHo MeTooWKa pacueTa 3aTpaT Ha pernamMexTHbie paboTshl byneT
obuieft Ans cknaga paavodNeKTPOHHOTO obopynoBaHUA U JNA OBOLLEXPAHU-
anula.

ITorepun ot ectecrnenHHOM yObLINH XpaHMMOTO. B HekoTOPbLIX
CNy4anx xpaHeHue NpofyKTa CBA3AHO C €ro ecTecTseHHoM ybbutbto (neTyune
XKUAKOCTU, CKUKEHHbIE Tasbl, PaANOaKTUBHbIE usoTonbl). Y6binb npoucxo-
BVUT NO 5KCROHEHUNaAbHOMY 3aKoHy: Y(t) = ype~ ¥ . B TunuuHeiX yenosunx
ManocTy nponseenenns vt umeer mecto y(t) & yo(l — yt), Tak 4To OT-
HOCUTENBbHbIE NOTEPU B AMHULY BpeMeHi (MO KOAUYECTBY Y NO CTOMMOCTH)
paHbl . [ns netyuux xnakocted yBeinb nponopunoHansHa MOBepXHO-
cti uenapennn. Nostomy B cnyvae nonycepuueckoro KoTha (B oTAMUUE OT

MOCTaBAGHHOM BEPTUKANLHO LIWTUHAPUYECKON BOHKM) CKOPOCTL MCMapeHns
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ByaeT ybbiBaTh N0 Mepe yMeHbLIEHUS COREPXXNIMOro.

VYOBLITKHA OT CHAMXKECHHA IMOTPEONTEIHLCKHUX KadecTB. Lisnbl na
ChiPbE, UCMOJIb3YEMble 3aroTOBATENEM, MOTYT NOABEPraTbCA 3HAYUTENbHbBIM
ce3oHHbiM Kosiebannam. Korga LeHa HU3Ka, Bbiro/iHO CO3aBaTh 3anachl Cbi-
PbA, KOTOPLIX XBATUNO Bbl Ha BECH CE30H BBICOKOTO CNPOCA ¥ KOTOPLIE MOXKHO
6b1n0 bbi no mepe HagobrocTk ucnonbaosats 8 nponssogcTee. [lotepw npu
XPaHEHW MOTYT BOSHUKHYTH MO PUBNKO-XNMUHECKM NpuHuHai (Hanpumep,
CHUKEHWE CaXapUCTOCTH CaxapHOl CBEKAbI) 1 W3-33 MOPANbHOTO ycTapesa-
HUA NPOAYKTa. TN PACXOAbi MPUHUMAIOTCA NPCNOPLAOHAIBHbBIMYA CTONMO-
CTV eAMHMLbLI NPOAYKTa W CHYKeHuto noTpebutenscknx kavects. [locnennee
OMNpefefAETCA NO yMEHBLIEHNIO PECYPCa {HAOeXHOCTH, KOHUEHTPaUNK NoJied-
HOFO KOMMOHEHTa ), MPUPOCTY NpoLeHTa oTbpakoskn B eauHuLy Bpemern (3a
rof) UK BbiHYXReHHoI yueHke. [loTepu o1 mopanbHoro ycrapesanus onpe-
BENAIOTCA NO OTHOCWTENBHOMY YMEHBLUEHWIO CIIPOCA B €AUHMWLY BPEMEHN ¥
KOMPEHCUPYIOLLER €ro yueHKe.

Horepu o1 oMeprBIIEHHs CPEACTB. JTN NOTepu hakTUHECKH
O3HEYaloT YAYLWEHHYIO BbITOAY # AOCAXKHbBI BbIMUCAATLCA B COOTBETCTBMU
C HOPMON 2tbcheKTUBHOCT F AeHEeMXHbLIX BIOXKEeHUR B 0BOPOTHLIE CPeACTBa.
K onpegenenuto F cywecTeytoT pasnuyHbie NOAXOAb — CM., HarnpumMep,
[77, c. 223-226]. Bo spemena «passutoro coumanuama® oHa COCTaBNAANA
10-15%. lo-snauMomMy, B HbiHELUHER HECTABMALHOM SKOHOMNYECKOR CUTYa-
UMM HVXKHER FpaHbio OLEHKW chegyeT cuuTaTe npouent (bepbanka no Brna-
nam Hacenenus. CocTasnAowan CTOMMOCTA FOQ0BOrO XPaHEHUA, CBASAHHAA
€ OMepTBNIEHWEM HEHEXHbLIX CPeACTB, ONpeaeNAeTCA KaK NpoussefeHme cTo-
VMOCTH €ANHNLDB! XPAHUMOTO Ha NPUHATYIO HOpMy achdbekTuaHOCTN 0DOPOT-
HbIX CPEACTB.

C ropmoin achdpekTuBHOCTY CBA3AHO 3Ha4eHe GUCKOHT-haKTopa a =
1/(1+ E) &~ 1 — E. C ero nomowpro 3aTpaTsl L, , CRenaHHbie B i -il rog
paboThl CHCTEMbI, MEPECHUTLIBAIOTCA ¥ HAYANBHOMY MOMEHTY KanuTalbHblx
BAOMEHWA cornacHo f:i =o',

B cbopruke «Opratusauus NpousBoACTEa HA NPOMBULACHHBIX Npes-
npuatusx CLLIA» [38, rn. 18] npnsoaatca csoawble pesynbTaTsl aHann3a
cToumocTu xpaHenun Ha 50 npeanpuatusax CLUA — tabn. 2.1. [To mHoroun-
CheHKBIM AaHHbIM 3apyDeXHO NeHaTH, Ha NPaKTUKE AONYCTUMbB! 3HAUEHWA
ot 0.15 a0 0.35 ot uenbl usgenun. Cornacro [190], uena xpanenun s crabnins-
HbIX YCNOBMAX HA3HA4aeTCs Kak ODWMA O MHOMMM NPOAYKTal MNPOUEHT OT
UeHbl 1 B cpeaHem cocTasnseT 25 ueHToB Ha posnap. ns menknx komnaHun,
BEAYLLVX PUCKOBaHHbIE ONEpauuy, oHa NoebillaeTca sasoe. Boentbie opratu-
3ayun ponroe spems ucnosnbsosanu Hopmatue 0.03 n nsmerunn ero anws
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B koHue 60-x rr [89, c. 478]. 31y GesycnosHo ycTapeswyto urdgopmauunio
Mbt PUBOAKM, 4TODbI MOKa3aTh XPOHUHECKYIO HELOOLEHKY IKOHOMWNHYECKMX
aKkTOPOB BOEGHHBIMU BCEFO MUPa.

PacueTbl 0Te4ecTBEHHLIX SKOHOMUCTOB NOKA3LIBANK, YTO YPOBEHb 3a-
TpaT Ha CKAAfAax, CBA3AHHBLIX C 3afacamu, cocTasaseT okono 25 Kof. Ha
pybns ctoumocTn 3anaca, w3 wux 60% — saTpaTel Ha ummoBunusauuto,
16% — na ocHoBrble npovasopcTBertbie donabl, 24% — Tekywme pacxo-
abl.

Tabanuwuua 21

Nagepxku xpaHeHun ra npegnpuaTusx CHIA

Wapnepxkn 8 % oT cTonmocTw
CraTbu nspepxex
MUHMMANbHbIE | MakcMManbhbie | cpeaHue

NpoueHT Ha kanuTan 35 6.0 3.5
Hanoru v ctpaxoska 05 3.0 1.0
Aperaa nomeuienns 0.7 2.5 2.5
Hoavemuo-TpaHcnopTH. 25 6.7 45
onepauun u yuer

[fopua u xuwierun 0.6 3.0 1.5
YeTtapesarve 35 20.0 4.0
Uroro 11.2 41.2 17.0

Obopauynsaemocts mpou3sodemeent bt 3aNacoB MeHbile M YpoBeHs
MexaHnsauuu Ha Hux Huxe. [lns Hux HassiBanace gpyras undpa — 40 xon.
Ha pybnb. Ha TTI3-1 no [81) wsgepxku copepXaHns APOU3BOACTBEHHBIX
3anacos coctasnann 18.25 koneikn Ha pybnb croumocTyn (6e3 omepTene-
HUA). YunTbiBast NpvBeaeHHOE BbilE COOTHOLIEHWE 3aTPAT OT OMepTBAEHNA
CpencTs u npoymx v ymerbwedne obopaynBaemocTn, U3 sTol Lugpsl BbIBO-
AVM KAK HIKHIOKD OLEHKY CTOMMOCTW xpaHeruns 45 kof. Ha pybnb.

[pu cknapckon dopme cHabxernst KOrAa NOcTaska OPraHU3yeTca He
HEMNOCPEACTBEHHO OT NPOUSBOLWTENA, 3 HePER NPOMEKYTOMHbIV CKnaa (onTo—
BYlO 6a3y), HeHa xXpaHeHWs BXOAWT B CKAAACKYK HaueHky, noGaBnﬂemyro K
ONTOBOW LieHe MNOCTaBNAEMON NPOAYKUNN.
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2.4, CrouMoOCTb IOCTABKH

B dhyrxuuto pacxonos Ha cHabxeHvne BKAtoHaeTCA TOAbBKO Ta AONA
3aTpaT Ha BOCMOJIHEHWE 3aNacoB, BEANYMHA KOTOPOR 3aBUCUT OT MPUHATOR
opraHusauny cHabxenna. B 4acTHOCTA, NPy MUHUMKU3aLAN 3aTPaT B eQuHNLY
BpeMeHU HeT CMbICAa YHUTLIBATE COCTABAIOLUYIO PACXOA0B, NPONOPLUOHANb-
Hyto obbemy nepesosok. Beab 3a noctaTtouHo ganTenbHOE BpEMA CyMMapHbif
obbem NepeBo30K OKaXKETCA O4eHb DANIKUM K CYMMapHOMY CNpocy, T €. K Be-
SIUYUHE, He 33BUCALLEN OT OpraHu3auuy NocTaBoK, ¥ CooTBeTCTBYIOLlee CRa-
raemoe hbyHKLUMKM 3aTPaT He NoBANAET Ha Bbibop onTumalibHOR CcTpaTernu.

B obiem cnydae B CTOMMOCTE NOCTaBKN BXOAAT:

® NOCTOAHHAA COCTaBnAoOUlaA,

® cnaraemble, NPONOpLNOHanbHble cymmMapHomy obvemy (Becy) napTim
n/nnu konndectsy saTpebosaHHbIX HomeHKNaTyp Anbo (B HeoaHopoA-
HOM CAy4ae) CyMMa COOTBETCTBYIOWIMX (hUKCUPOBaHHBIX COCTaBAsAIO-
WX,

K noctosHkon cocTaBnstolel OTHOCAT pacxonbl, CBA3aHHbIE C CaMUM
aKkToM odpopiinerus noctaskn (MpocmoTp Basbi AaHHbIX, BLIMUCKE N 0POPM-
NeHne Hapafga, NoYTOBbIE paCXOﬂ,bl). PasmellleHne 3aka3a Ha BOCMOSHEHUeE
3anaca ABAAETCA LOBOJbHO OOPOrOCTOALUMM A€NOM. ITOT NPOLECC MOXET
BKJIlOHaTb Crefytoine onepaunu:

® U3yHeHNEe KapTOTEKU ABMXKEHWUA 3aNacos B Liensx onpeaenenuns obbema
3aKasa;

® [NKTOBKA, HanucaHue WIN revaTaHue 3akasa Ha bnaHke;

e OTMpaBKa 3aKasa;

® MpUHATNE 3aKa3a no ero npubbiTuu;

® rposepka COOTBETCTBUA TOBapa CONPOBOLUTENbHOMY NOKYMEHTY;

& npu HeobxoaumMocTn — odropMneHmne NpPeTeH3ru MO HECOOTBETCTBUIO
cOCTasa, KOMUYECTBY, NOBPEXAEHUAM;

® DAacCNakoBKa ¥ pasmellerHne Ha cknaje,
® CBCPKa CONpPOBOANTENbBLHOMO AOKYMEHTa CO CHeTOM NOCTaBLinKa,
® NMpoBEPKa LUeH W CpoKa NnaTexa, YKas3aHHbIX B CHETE]

® perucTpaynAa NoNy4HeHHOro 3akKasa B KapToTeke KOHTPOAA 3anacoe;
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® YHET CHETOB NOCTaBLUMKA;
® poBepKa ¥ onsaTa cHeTa,

® nepeHOC COOTBETCTRYIOWMUX NPOBOAOK U3 BEAOMOCTU eXEeAHEBHOro yue-
Ta 3aKynoK B oblyyto BEJOMOCTh;

® NPOBEPKA COrNAacoBaHHOCTU JaHHbIX © 3anacaX WU CHETOB, U T.4.

B uenax 1970-x rr. nogobHoro snaa «KaHueNApCKUe pacxoably COCTaBAAMN
B po3Hu4HON Toprosnae fo 5 pyb., 8 onTtoso#t 3—4 pyb.

Ecan nocTaska csasaHa ¢ opraHusaumned creyuansHoro peiica TpaHc-
nopTHoro cpepctea (camoseTa, aBTOMOBWU/SA, XKeNe3HOQOPOXKHOFO BaroHa,
LNCTEPHbBI, KOHTERHEPa), TO CTOMMOCTb 3TOTO Pefica BKAtOYaeTCA B NOCTOAH-
HYH COCTABSIRIOLLYIO, @ N3 TPAaHCMOPTHBLIX 3aTPaT UCK/toYaeTcA ciaraenioe,
nponopunoHansHoe obbemy nepesosku. [lpy nonHoi sarpyske, HaoboporT,
13 TPAHCMOPTHBLIX 3aTPaT OCTaBARIOT TO/LKO MPOMNOPUMOHAJIBHOE CRaraemoe.
Kosddbuunents! nponopuroHanbHOCTU ONpPeAensioTcs AeACTBYIOWMNMY Ta-
puchbamy B pacHeTe Ha BECOBYIO eauHULY.

CocTaBnstowan dbyHKUMK 3aTpaT, NPONOPLUOHAbHAA YUCAY HOMEH-
KJaTyp B NOCTaBKe, MOABAAETCA B Npouecce NOArOTOoBKM Hapsaga. [lnn ee
BBIYMCAEHNA HEOBXOAMMO NPOCYMMUPOBATL CTOMMOCTHLIE BbIPAXKEHUA TPY-
[03aTpaT NepcoHana, CBA3aHHbIX C NOUCKOM WHOPMaLMKU O HaNUYHOM 3a-
nace no QaHHORW HOMEHKaType, onpefeneHnem obbema sakasa U pacHeToOM
CTOMMOCTN NapTUW, NPUEMOM MOMOSHEHUA W €ro pasMelleHnem B XpaHu-
nuwe. [lpu peskom paznnuuin B saTpaTax, CBA33aHHLIX C AOMNOAHUTEABHbIM
33KA30M KaXKAOMA HOBOM HOMEHKNATYpPhI, LienecoobpasHo ycpeaHeHne He npo-
BOAWTL M paccMaTpwBaTh ST 3aTpaTbt Kak 10DaBOUHbie hUKCUpoBaHHbIE CO-
CTaBAAIOWNE, BBIMNAAYMBAEMbIE NP 3aKa3e COOTBETCTBYIOLIMX HOMEHKATYP.
3apabotHyto naaty paboTHUKOB, 3aHATLIX COAEPKaHMeM 3anacos 1 opraHu-
3auviedl 3aKa3os, AEAT RFPONOPUMOHAABHO UX 3AHATOCTU KaXKOblM BUAOW
pabor.

Heobxopumo nmeTb B BIAZLY, 4TO OPraHM3auMA NOCTaBOK CTOUT AeHer
KaK nony4atento, Tak ¥ NOCTaBLynKY, NPUYeM NOCNEAHWA OTHEceT CBA3aH-
Hble ¢ 3TUM cobcTeBeHHble pacxofbl Ha cueT nonydaTtens. B pononueHune K
CTaTbAM 3aTPaT, aHANOMYHBIX BO3HUKAMOLWUNM Y NONYHaTENA, K HUM B NPOU3-
BOACTBEHHBIX YCIOBUAX A06aBATCA ycpefHeHHble 3aTpaThl Ha 3anycK UAW Ha
nepenananky ctankos. OHu BbisbiBatoTcA HeOBXOAUMOCTBIO OCTaHOBKM Mpo-
W3BOACTBA ANA NepeHanaiKit TEXHONOTNHECKUX AMHUA {onnaTa Hanag4ukam,
NOAroTOBKA HOBOW AOKYMeHTaUuu, yEeITKI OT NpocTon obopynosaHna 3a Bpe-
MA nepeHanafkn u NEpBOHAa4aNbHOMO CHUXKEHUA ero NPOM3BOANTENLHOCTH).
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Qbbitno NepeHanaakn cBasbiBaloTea ¢ paboToid meTannoobpabaTbisarotinx
arperaToB M aCCoLnuupyroTca € JONONHUTEIbHbIMW 3aTpaTami Ha YCTaHOBKY
(cmery) npucnocobnennin. B notoumbix cucTemax (Hanpumep, mesbHuilax »
Tpybonposogax) npu fiepexofe Ha HOBbI NPOAYKT B MPOLECCE fepeHana-
KM BLIMYCKAETCA CMECH CTaporo M HOBOMG NpoaykTa. JTa cmech nnbo npeT B
Bpak, nnbo peannayeTcs Kak NPOAYKUNA HU3LIEro KavecTsa — CleaoBaTe b
HO, € noTepen Joxoaa.

PasymeeTca, nony4aTtens He B COCTOAHUN BLIROAHWUTb CTPOrWi pacyeT
3TUX 33TpaT — QAR DTOrO Y HEro HET UCXORHLIX AAHHBIX, HO OH ROJKEH
3anpoOCUTb NTOroBbIE CBEAEHNA Y NOCTABLIMKA.

MoxHO y4ecTb W HENOCTOAHCTBO CTOMMOCTW 3anycka (B 3aBuCMMOCTY
OT YWCna napannenbhbix Texronorudeckux nuuni). Mpu xpanennn >xunpkux
U ras’oobpasHblx NPOAYKTOB MOFYT BO3HMUKHYTb OrpaHWYeHUA, CBA3aHHbie C
obbemom Bycbephbix emkocTein. WHorpa «nocrosxHany coctasnarowasn pac-
CMaTPUBAETCA KakK cTyneH4aTas byHKUMA UENOYUCNEHHOTO aprymeHTa (Ha-
npUMep, KONMYECTBa BaroHOB, HeOBXOAUMOro OA/iA peann3auvm MocTasKin).
[lpn aToM cymmapHbie 3aTpaThl CTaHOBATCA pa3pbiBHONR dyHKkunen obvema
NOCTaBKM, UTO CYLLECTBEHHO YCAOMHAET HaXoX AeHUe ONTUMANLHOrO obbemMa
nocnegHen.

OpnHoBpemeriHbil 3aKa3 pPasnU4YHOf ApoAyKUnMW MoxKeT notpebosath
SHa4YUTENbHbIX NEHEHbIX CPEACTB Ha 3aKa3, a TaKXe CMWKOM eMKUX nepe-
BO30O4HBLIX CPeaCTs.

2.5. Onpeneserre BeJWIUHLI mTpada

BarkHeRwmnm anemeHTOM 3a8a44 ynNpasaeHna 3anacamMn ABNAETCA pe-
rynuposanwe fecbuvumta. Bpemena ToTanbhoro aecbuumnta XOpowo NOMHWT
crapuwee nokonernue rpaxpan Poccun. Hekotopeie pestenn (A.W. Jlesun,
[10, c. 9]) Teopetuyecku oBoOCHOBBIBAAN 3AKOHOMEPHOCME MpPeBbilLEHUA
pocTa cnpoca Haf PocTOM NpeanoXeHuws npu coumanuame. [apanTupo-
BaHHbIA cObIT Npoaykuun He cnocobcToBan opueHTaumn Ha obecneuenwe
peansHoro cnpoca. Wmeer ocxosarns muenue [4], yto «8 CCCP pedw-
UUT CO3[aBanCA WCKYCCTBEHHO U Bbll WHCTPYMEHTOM ynpaBneHus Macca-
My u kaapamu. Heponponseoncteo nossonano BcyyuTb notpebutento HTo
yroano. .. Cnekynauma v koppynuusa, BlopokpaTnam u CHUXKeHWe KadecTsa,
noTeps npocheccmoHanbHoro MacTepcTsa — BCe 9TO NOCNEACTBUA AedpuLnTa
CbIPbA W FOTOBOR NPORYKLUMUM, BO3MOKHOCTER U FPa>KAAHCKMX NPaBs, 34pasoro
CMbICNA ¥ NPOeCCUOHANBHON KOMMNETEHTHOCTU, cBoBOAbI NPUHATAA pellie-
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HURA ¥ MaTEpUaAbHON 3aMHTEPECOBAHHOCTY B TPYAE, KOHKYpeHUMM 1 cBobogs!
nNpeanpuHUMaTENbCTBAD.

Hapgo npussaTh, ORHaKO, YTO AePUUMT BCEro BbilLENEpeHUCiEHHOro
coxpatunca (bonee Toro — ycyrybunca) B noctnepectpoeytoe spema. Kpome
Toro, kKak bypet nokasaxo Huxe, nonHocTso bespecbmumTHoe cHabxerne Le-
necoobpasHo nuiib B NpeaensHom cayydae (npu beckorneuHoi ueHe wpada).
Takas cutyauus ssnaeTca teopeTnyeckon abeTpakumen, u onpegeneHnio pe-
anbHOrO 3HAYEHWA YNOMAHYTOM LeHbl (xoTa bel u npubanixeHHoro) 4o xHoO
YAERATLCA nepsocTenerHoe sHuMaHme. Ha Haw B3rnsg, oaHow v3 npuduH
CYUIECTBOBaHMA Y NOTpebnTeneit NOANTUKYM N3NUILHENO 3aNacaHun ABAAETCA
OTCYTCTBUE BOSMOXKHOCTN M SKOHOMUHECKON HEODXORMMOCTH CONOCTAaBNEHNA
noTepb OT CBEPXHOPMATMBHBIX 3anacos C yuwepbom us-3a neduumTa Npoayx-
LW — NpeXX e BCEro NPou3BoaCTBEHHO-TEXHNHECKOTO HasHadveHusA. [lorpeiu-
HOCTb B UeHe wTpacha cpaBHUTENbHO cnabo CKasbiBaeTcAa Ha napameTpax
CTpaTervu, HO CYLUECTBEHHO BAWAET Ha BEJMYMHY ONepaLyoHHbIX 3aTpaT.

Ins ycranosnenus uensl wTpadba MCAONL3YIOTCA ABa OCHOBHBLIX Me-
Tona:

® onpefeneHue NpAMbIX YObITKOB W/WUAKM ynyweHHOR BbIFOAbI;

® «uepes obpaTHyro 3agauy».

CywHocTo nepsoro meTofa COCTONT B AETA/bHOM IKOHOMMHECKOM
aHanuse nocneacTeuii HefocTaun. B pykosomswiux AokymeHTax HegaBHe-
rO BpEMEHU NpUBOAUAUCH cTaHAapTHble wTpadHble cankuun (8-12% or
croumocTu HeponoctasnenHon npogykumni [28]). HUW LUCY pekomenposan
30 kon. na pybnb pedwunra, UIMW v HWW MTC yeenmuusann wx go
60 kon. bbin ykazaH npenenbHuii NPOLEHT HEQONOCTABOK, NPWU NPeBbILIEHUM
KOTOPOro BK/t04aaach WKaia NPOrpecCMBHONO CHUXKEHUA NPeMutit pyKOBOaM-
TENAM MNPeAnpUATUR-NOCTABLUIMKOB — BMIOTb A0 NOAHOTO JIMLLEHNA NpemMui
npu 1toboRt HeQONOCTaBKE MO nosnunam, yTeepxaaemsim [ocnnarnom. Oana-
KO, KaK OTMeYany MHOTME UCCeOBaATENN N NPaKTUKK, ST CAHKUMN OTHIOAb
He KomneHcuposanu yuiepba, npuunterHoro notpebutensm Ecnm rpaduk
NOCTaBOK U ¢OUKCUPOBAICA B AOTOBOPE, TO 3aNA3ALIBAHNA B NOCTABKAX CPO-
xom o 10 cyTok soobLue He HakasbiBanuch, a WTpadbbl 32 M3MeHeHNe CPOKOB
NOCTaBOK BbIAM CAVILKOM He3HauuTesnbHbl, 4TODbI CylLeCTBEHHO BANATL Ha
NONNTUKY MOCTaBLWNKA. K TOMY >Xe nOCTaBlIUK OTBEYan nepel BbilecToA-
LWUMW OPraHamMu 3a BbINOJIHEHNE CYMMAPHO20 NAaHa peannsaumum, rniaH xe
NOCTaBOK KOHKpeTHOMY noTpebutento (B ocobeHHOCTH MENKOMY) 4acTo OKa-
3bIBA/ICA HENOBbLINOAHEHHbLIM.
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Mo yxasaHHbIM NpUYKAHaM [NA OLEHKM NOCNeacTeui aecbuunTa obbiy-
HO MCRo/bayeTcAa noacdeT YObITKOB & KOoHKpeTHoW cutyaumu Ecnu yrpo-
3a AecbnLMTa NNKBUAMPYETCA SKCTPEHHBIMM Mepamu (Hanpumep, NocTasku
MPOAYKLAN CAMOMETOM BMECTO OBBIYHBIX METE3HOAOPONHBIX, CBEPXYPOUHbie
paboTbl, packomMnAeKTOBaHWUE W3QENMA, UIrOTOBMEHWE HeQOCTAlOWMUX Npea-
MeTOB Ha HecheunannanposaHHoM obopyaoBaHwv, UCHONb3OBaHUE 3aroTo-
BOk n3 Bonee gopororo mMaTepwana uau ¢ usbbITOYHBLIMW MAPUNYCKaMu Ha
obpabotky), To UeHOM WTpadba ABAAETCA NpeBblLUEHNE CTOUMOCTN SKCTPEH-
HOW NocTaBkyM HaA obbiyHOM (BKNtOUAA CTONMOCTL OPOPMAEHUA SKCTPEHHOR
NOCTaBK®, KOTOpas TakXe 3HaunTensHo eospactaet) Yiiepb B pesynbTaTe
peanbHoro npocTos ANA Uexa {NpeanpuaTvA) CKNAaAbIBAETCA U3 MPAMbIX
ybbiTkoB (onnata pabodum BbIHY>KAEHHOrO MPOCTOA, CBEPXYPOHHbLIX paboT
Ha APYrUX NPOU3BOACTBAX, OTKJOHEHNA OT ONTUMa IbHBIX PasMepoB NapTuu )
W ynyLeHHON Bbiroabl (MPOLEHT Ha 3aMOPOXKEHHbIE B He3aBepLUEHHOM npo-
nssoacTee BcnencTeue gecpuumta obopoTHbie cpeacTsa) Ecan us-za Hepo-
NOCTaBOK OCTaHABAUBAETCA YCTPOMCTBO NPUHOCALLEE U3BECTHBLIM AOXOR /N
MOfyliee ero npuHOCUTL (Hanmpuwep, TAaBHLIA KOHBEReEp asToO3aBofa WM
IBM, pabouee Bpems KkoTopon cpaeTcs B apeHAy BHELIHUM 3aKa3uukam),
TO K cyMme wTpacba nobasnsAetca noTepAHubln aoxod [lnAa GonbwuwHcTea
nepedncredrbix cutyauniz 8 LIOMIW AH CCCP 6sinm paspaboTambl cooTeeT-
cTsytowne mMetoaukn — cm {77, ¢ 233-234]

Bropon criocob oueHkn wrpacha B 3HaUUTENBLHOR cTeneHu Gasupyer-
¢ Ha cybBEKTUBHOM TOAXOAE, HO NpeacTasAAeTCs hMeHee Tpynoemkum Ero
CYLLHOCTL 3aK/HO4aeTCA B TOM, HTO A5 UCCNEfyemMon CuTyaunmu nogbupaeTca
Hanbonee Brnskan mMogenb ynpaBneHna 3anacamMn ¢ U3BECTHLIM pelieHnem
Hanee cuntaem, 4To ynpaBneHne sanacamy NPOUCXOAUAC ONMUMAABH bIM
obpasom, 1, pewan obpaTHYHO 3agayy, HaxoOUM, KaKoR tieHe WwTpacha cooT-
BETCTBYIOT MPUHATLIE NapameTpsl cTpaTeruyn |ak, ecan gns «3agadu raser-
uMKa® oNTUManbLHBIR 3anac S™ onpeaensetca no dopmyne (5 6 2), To uena
wrpada MoXKeT BbITh HaleHa No cdopmyae

c+ hF(S)
1— F(S%)

[lna moaenn ¢ NOCTOAHHBIM CMPOCOM MHTEHCUBHOCTM A ONTUMAanNbHLIA ne-
pnoa Mexay noctaskamu selducasetca cornacto (5 1 6), tak uro

2 -1
d= (*i_ 1)
24 h

Haﬁ,EIEHHble BEINYUHDBI MOTYT UCNONb30OBATECA NP yrnpasneHW 3anacamMn B
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YyCNOBUAX, BANBKUX K YCNGBUAM NCXoARHOR 3apadn Ecnun xe onn okaxyT-
CA B ABHOM NPOTUBOPEYNM C Pas3yMHbLIM NpPeAcTaBleHUEM O UeHe WTpada,
HeOBXOANMO MepecoTPeTh NapamMeTPpbl UCXOQHON CTRPATErMn, 4TO NO3BOANT
npubnnantecs k Bonee peanncTuyeckon OUEHKe UCKOMOTO napameTpa

HekoTopbie 3agaun pacueta wrpadboB npy HeobecnevyeHHOCTN crpoca
Ha 3anacHbie HacTu ByayT paccmoTpensl B pasg 8 9

B ycnoBuax pbiika BaxHoR cocTaBNAIOUIEN U3fAEepKeK W3-3a noTepn
TpebosaHna ABNACTCA yTpaTa npeanodTenunsa notpebutenen OHa MoXeET Bbl-
3BaTh CHYDKEHUWE AOXOAO0B OT ByAyLMX Npofark, Tak Kak notpebutens Byger
BECTW 0eNO ¢ APYIUM MNOCTABLLIMKOM ¥ MOXKET COOBLWNTL ApYrium BOSMOMXKHbBIM
KSIMEHTAM O HEYNOBNETBOPUTENLHOM OBCAYXUBaHIN
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I'nmaBa 3.

DJ1eMeHThI
TEOPHHM BEPOSTHOCTEN
1 odepelneH

B nanHo@ rnase npusoguTcs (c MUHUMYMOM AOKa3aTeanTB) Heobxo-
AVUMbIA AS1A [anbHelilwero Habop ceefieMnin U3 yKasaHHbIX Teopult, «Cnpoe-
uuMpoBaHHbIX> Ha NpobieMaTuky ynpasneHus sanacamu,

3.1. OcHOBHBIE NOHATHUA
TEOPHUH pacHperegeHuit

3.1.1. Onpenenenus

Moa duckpemsim cobeiTneM NOHUMAETCA PeaNN3aLNA 3HAYEHUA Heo-
TpUuaTeNbHOM CHYYaWHOR BEAUYMHBI U3 wMHOoXkectsa A = (,1,... —
Hanmpumep, 4UCNa 3aABOK Ha HEKOTOPOE U3Lenve B NJaHupyemblit nepu-
oa. Bepoammnocmbv ero pj, onpefenAeTcs Kak OTHOLWEHWE KPaTHOCTU T
NOABAEHURA COBBITUA K MONHOMY HUCAY N NPON3BEJEHHBIX HE3ABUCHMbIX
OMbITOB NPU YCTpeMaeHwn nocaeaHero k beckoHeynocTw {craTucTuHeckoe
onpeneneHue) MK Kak CTeneHb yBEPEHHOCTU B NOABNEHUN 3TOro cobbiTua.
HenpepwieHas chydadHas BeAvUMHA 330aeTCA NAOMHOCMbI0 pacnpedeae-
nus f(x). BepoATHocTb Toro, HTO TaKas BEAUUNHA MPUMET 3HAYEHNA W3
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wHTepsana [z,r + Az], npubanxenno pasa f(x)Ax .
Dynxyus pacnpedeaenus (DOP)

F(z) ¥ Pr{k < z}

ONA AWCKPETHBLIX pacnpenefieHWi onpefenseTcs CyMMWPOBAHWEM COOTBET-
CTBYIOLINX BEPCATHOCTEN, a AN1A HENPepbIBHBIX —— WHTErpupoBaHuem NACT-
HocT CooTBeTCTBEHHO BEPOATHOCTb KOHKPETHOIG 3HAYEHUA B JUCKPETHOM
CAyHae BLIMUCNAETCA KaK PasHOCTL cMexHbiX sHadennd PP, a 8 Henpepois-
HOM NAOTHOCTb pacnpenenenunn — anddeperunposannem PP

MouTn Bce ucnonbayemble B faHHOR KHUME pacripefeneHis onpeaene-
Hbl Ha nonyocu [0,00) naKM MHOXKeCTBe HaTypasibHbiX Ymucesn. It1o obcros-
TEALCTBO B fasibHefilleM QONOMHUTEABHO He OrOBapuUBaeTCA.

NpakTuyeckne npobnembl Teopuw ouepeneid ¥ ynpaBieHws 3anaca-
My OBBIHHO CBA3LIBAIOTCA ¢ AOCTUXKEHUEM BLICOKUX BepOATHOCTEN cBOEBpE-
MeHHOro pewenun sapaqu {obecneuerna cnpoca). mMano 4HyBCTBMTENbHBIX
K u3MeHeHMo napameTpoB B Takux cayuasx ynobree pabotate ¢ donoa-
HumeavnbMmu Pyrkumammu pacnpenenenuns (OP)

Frit) € pr{T > 1),

Nhaekc umenu cnyvadHoR seNvyuHbl Tam, rae 3TO He BeAeT K HeOQHO3HAY-
HocTh, mbl bynem onyckatb.

3.1.2. YucjoBble XapaKTepHUCTUKH

Ilnn cpaBHeHus pacnpefesiednii yaobHO NoAB30BATLCA UX HUCIOBBIMMU
xapakTepucTukamn. Keanmuavio ¢ CAYHadHOR BENNUYUHBI MO BEPOATHOCTH
P HasbiBaeTca pellervie ypasHeHua F{g) = p TipakTuuecku ucnonsayroTtca
KBaHTUNM no sepoaTHoctu 0.5 (MenmaHa), 0251 0.75 (Kaap'rvmw), pexxe —
AeUnRN.

Havanshbid mowenTt k-ro nopapaka HENpepbiBHOA CAYYHaRHOW Benm-
HUHbI

00
:.Ek:/xkf(x)d:c, k=12, ..
0

370 »Ke NOHATNE AAA OUCKPETHON CAYYaNHOW BeNNYUHEI ONPENenAETCA Hepes
s3BeleHHoe cyMMuUpoBaHue sepoaTHocTen. [1na skoHomuu mecTa mbl Byaem
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3anuchiBaTh aHaNOrWYHble BbipaXkeHNA C nomouwlbto wHterpana Cruntbeca,
0bbeEANHAIOLLIErO QUCKPETHBI N HENpPepbiBHbLIA CayHaun

o8]
ik:kadF(x), k=1,2,...
0

Ocobyto ponb UrpaeT nepBbii MOMEHT Z, Ha3blBaeMblll MaTeMaTUYECKNM
oxnpaHnem. Ero cratuctudeckum aHanorom ABAAETCA cpedHee 3HadeHue
cny4aiHoOn BesiNYUHbI.

B npoueccax oBcnyxuBaHUA BaXKHYtO PoSib WrpaeT pacripenenexue
ocmamka obcny>XMBaHUA RPN PaBHOMEPHOM BbIBOPE KOHTPOMBLHOR TOHKM
Ha WHTEepBane ero cnyvaiHol AnuTensHocTh. MomenTbl ocTaToqHoro pac-
npepenerua {by} sbipaxatoTcs yepes momeHTbl ucxoaHoro {bx} cornacho

¥ by 41
by = ————oi| k=1,2,... 3.1.1
o= (3.L.1)
B vacTHocTn,
b= 2 (3.1.2)
1= le A,

Uenmpcmbnwe MOMEHTNI VL BEIYUCAAKTCA OTHOCUTENBHO MaTeMaTNYe-
CKOrQ oXUgaHuAa:

j;i:/(:c—:ﬁl)de(x), k=23,...
0

BTopoii ueHTpaneHbin MomenT I§ = D HaswiaeTca Jucnepcueti pacnpepe-
SlEHNA 1 CAYXMUT Mepod pasbpoca CAyualiHOM BEAUYUHBI OTHOCUTENBHO ee
cpenHero 3Hauennsn. B tex xe uensx ucnonbsytotea cpednexsadpamuneckoe
omwaonenue o =D, pasmMepHOCTb KOTOPOro COBlafaeT C Pa3smMepHOCTbIO
cnyvafHOM BENNUNHbI, a Takke DeapasmepHbid OTHOCWTeNbHbIA NOKa3aTenb

= 0/%1 — roafPuyuenm sapuayuu Oboznauenna M[] n D[] nnxe
ByayT vCNOBb30BATECA KaK ONEParopbl BLIYNCIEHNA MAaTEMaTNIECKOro OXM-
AaHUA W QUCNEPCUN COOTBETCTBEHHO

3.1.3. IlokasarenbHOe paciipeesieHue

[lokasaTenbHbim (3KCHOHeHuV]aﬂbeIM) Ha3biBACTCA pPacnpeaeneHne c
NAOCTHOCTHLIO BiALA

f(t) = pe™*, (3.1.3)
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[OMNONRATEALHON hYHKLUMKER pacnpeeneHns
F(t) = e # (3.1.4)
1N HavasibHbIMW MOMEHTaMU
fo=dljyt,  i=1,2,... (3.1.5)

Ins onpepenenHocT obcyaum npouece obcnyxusanua YernosHas
NAOTHOCTL pachnpefesieHns QAUTEABHOCTW OCTaTKa obChyXUBaHuA, KOTOpPoe
NPOAO/IKAETCA YIKE B TeveHue 7, ONUCHIBALTCA POPMYNOH

. e~ #{t+T)
fm = ) e

— Lt

= ue

He3aBUCUMO OT yXKe ucTekiueil AnnTensHocTn obenyxueanus (1), FosopsrT,
4TO nokasaTensHoe pacnpedenerue obnagaeT MApPROGCKUM CBORCTBOM —
oTcyTcteuem nocneneictenn (namatn) [lapametp notoka obeny>xusanui ¢
dbyHKumen pacnpepenedna B(t)

B(r + At) — B(7) B'(r)

def . _
ulr) = Jlimy B(rAt  ~  B(r) (3.1.6)

B Ccay4ae nokKasaTesbHO pacnpeneneHHoﬁ ONUTeNbHOCTN paseH [ W He 3a-
BUCNT OT yXK& UCTEKLUEro BpeMeHn 7. CooTeeTcTBEHHO BEPOATHOCTbL 3aBep-
wieHnA OGCﬂy)KMBaHVIﬂ Ha MafntoMm uHTEpBane AAUHLI At

Pr.{t,t + At} = pAt + o(At)

He 3aBUCUT OT NONOXKEHWA STOrO KHTEPBAsa Ha OCA BpPEMEHU.

OTMC‘-IEHHHE YHWKabHbIE CBOWCTBA NOKa3aTeNbHOro pacnpegenehna
LEeNatoT €ro UCKAYNTENbHO y,El06HbIM B aHaNNTUHECKIKX BblKAaAKax, CBA-
3aHHbIX € ONUCaHNEM MPOLIECCOB OGCﬂy)KVIBaHVIFI

3.2. AnmpoKcumaliusa pacupenejeHui

BuipaBHMBaHMe cTaTUCTMUeCKMX pacnpefeneHnid, T.e nonbop Teope-
TUYECKNX 3aBUCUMOCTE, ONUChIBatOLLNX pakTuHecki Habnopaslinecs AaH-
Hble, 0BbIYHO NPOBOANTCS NPYU YCIIOBUN COXPaHEHNs 3HaYeHN MHTErpabHbIX
YUCNOBBIX XapaKTEPUCTMK pacnpeneneHnil, akKyMynnpyowmnx ero oCHOBHble
cBoiicTBa. B kadecTBe Takux xapakTepwcTK 4alille BCEro BbICTYNarOT HaYa  b-
Hole MomeHTbl Kak oTmedaetcs B [23, ¢ 127],
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&MOXXHO OXXMWAATb, H4TO €CAU ABa pacnpefeneHUs UMerT He-
KOTOPOE HYWCNO OAUHAKOBLIX MOMEHTOB, TO OHW B KaKOW-TO
cTeneHn CxOXM v annpokcumunpyroT apyr apyra. ObocHosaHu-
€M 3TOTO CYXLEHWA ABNAETCA COBMAfeHMe WX annpokcumaluii
no MeToAy HauMeHbLUMX KBaApaTOB NPU KOHEYHOM pasmaxe n
pasfoXeHWN MO OpToroHaNbHbIM MHorodneHam — npu becko-
HeuHom .. .[lpakTudecku annpokcumauwa Takoro popa okasbi-
BaeTCA O4YeHb XOpouled, fiaXKe eCAU COBNAafaloT TONMbKO nepBble
TPU NI HeTbIPpe MOMEHTa®.

B Toit e kHiure NpnBoaATCA HeobxoauMble U JOCTAaTOUHbBIE YCIOBAA BO3MOXK-
HOCTU MOCTPOEHUA MO MOMEHTaM Xapaxmepucmuueckotd $yrKyul, ogHO-
3HaYHO ONpefenAoLUEN pacnpeneseHUe BO BCeX TOHKAX €0 HenpepbiBHOCTH,
JTv YyCHOBUA, KaK NPAaBUIO, BLINONHAITCA, XOTA U3BECTHLI U OTPNUATEAbHbIE
npumepbl (norapudpmuteckn HopmanbHoe pacrpepeneHne).

Mpu scex cBoux HepocTaTKax (Halle NOTEHUNANbHBIX, YeM PeasibHbiX)
MeTOA MOMeHTOB ocTaeTca Hanbonee ynobHbim 8 pabote u obbiuHO NpuMeH -
eMbIM MeTOLOM BbipaBHUBaHUA pacnpefeneHud. KonuvecTso coxpaHaemblx
MOMEHTOB PaccCMaTPUBAETCA KaK MOPAROK annpokcumaunn. OHo paBHO Yi-
cny ceoboaHbIX NapameTpon TeopeTudeckon kpuson. OTMeTUM TakXxe, 4TO

& Hapau{uBaHue HUcCaa yYUThiBaeMbiX MOMEHTOB HE BCErga CONPOBOXKAA-
€TCA MOHOTOHHbLIM Yhy4dlleHUeM KadecTea annpoKCuMaunn,

e ntoboe 4MCNO YHTEHHBIX MOMEHTOS He MOXeT obecrieunTb xopoluero
COTNacMa Ha «XBOCTE» pacnpefesieHns — B 0BAACTU ManbiX 3HaeHNH
NOP (no oneity pacuetos — menee 0.01);

® OTHOCUTENbHan NOrpeliHOCTb BbLICIIUX MOMEHTOB, HaWAEHHbIX CTaTu-
CTUYECKNMK MeTOoLaMMn, 6blCTp0 BO3pacTaeT No Mepe ypesIn4eHUA no-
PAOKE MOMEHTOB.

lMosToMy NpakTU4eCK# OrpaHWHMBArOTCA BLIPABHUBAHWEM HE MeHee ABYX
{cm. pasa. 9 2), Ho He bonee HeTbipex MOMEHTOB.

CyuwiectsytloT meToan, noseonsiowme aBTOMaTU4eCKn BbibpaTh TUn
BbIPaBHNBAIOWErO pPacnpeneneHuUn B 3ajaHHOM cemeicTse (Hanpumep, ogHy
us kpuebix K. lnpcona ebibupatot no wetsipem momentam — cwu. [56]). Kpu-
Tepun cornacus ( x* P ®uwepa, nw® H.B. Cuuprosa, A.H. Konvoroposa)
CTAaTUCTUHECKMX W TEOPETUYECKNX pacripefeneHni ¢ HeCKoMbKmMmu obwumn
MOMEHTaMKU Mano 4yBCTBUATENIbHBI K BUAY pacnpedeneHnii. JTo No3BoNAeT B
knacce pyHKUMI C 3aAaHHBLIMU HECKONbKMMI MOMEHTaMu BoiGupaTh Aatollne
T€ WAW MHbIE BLIMNCANTE bHBIE MPEMMYLLIECTBA — HanpuiMep, JomnycKaroLme
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sdpcpekTuBHOE Beivucnerue PP nau obneruatouume pacyer dyHkunoHanos
creunancHoro supa. Mmerro Takue pacnpenenerun (B nepsyro odepeab no-
KasaTeNibHOE U PORCTBEHHLIE eMy) U DyayT MCNONB30BaTLCA B Aa/IbHERLLEM.

Mpu sbibope Tuna annpokcuMauuy BaXKHO 3HaTb CTeNeHb OTAUHMA
WCXOAHOro pacnpegenerns OT NOKa3aTeIbHOTO MpW PaBEHCTBE CPeaHNX 3Ha-
uenuit. B nepsom npubaukenny Mepod oOTAMHNA MOXET CAyXuTb Kosdh-
dbuunent papnauum (AnA nokasatenvhoro sakona v = 1). Oanako ¢ ue-
Abro eAnHoobpasHoOro NpeacTaBNeHnA OTANYUURA B BBICIUMX MOMEHTax yaobHo
sBecTit Habop xeadPunytenmos Hemaprogocmu

E=f/fi-i  i=23,. .. (3.2.1)

C nowmowysto (3 1.5) nerko nposepnTb, 4TO ANA NOKa3aTeNbHOro pacnpepe-
fleHUs BCe OHM PaBHbI HYIO.

3.3. TunoBbie pacnpenejieHud

3.3.1, PacnpeneneHus ¢asoBoro Tuna

Myctb npoyecc npoxoant cuctemy has ¢ NoOKasaTesibHO pacnpeaeseH-
HOM 3afepXXKOWM B Ka>kOoR u3 Hux.
Pacupenenenue Idpianra r-ro nopajka uMeeT NAOTHOCTb

)r—l

ft) = ’z?{’f———i)—?e—uf, (3.3.1)

RONOAHUTENbHYIO PYHKLMIO pacripegeneHus

r—1 i
Pt) = (‘ft,) eht (3.3.2)
im0 ?.
1 MOMEHTHI
fo=rir+1) - (r4+k=1)/4", k=1,2,... (3.3.3)

OHo npeanonaraeT nocnenosatenbHoe NPoxoxaeHue r das (cm. puc. 3.1).

BX0n BbIXOJ]
2 r

1

Puc. 3.1. SpnaHrosckoe pacnpeaeneHmne

-69 -

Ducnepcna spnanrosckoro pacnpenenenuna D = r/u?.

Pacnpegenetne Jpnarra — fByXnapamMeTpUUecKoe, Mpuyem 7 [OSAXK-
HO BbITh uenbiM. ITo oBCTOATENBCTBO OMpeaeiAeT CAEAYIOWYIO CXEMY NOa-
bopa napameTpos pacnpeseneHna JpnaHra:

1) wantu » = [f2/D + 0.5] (Banxkadwee uenoe K yKasaHHOMY OTHOLUe-
HIt10);

2) BLIYMCAUTDL BElleCTBEHHbIA NapameTp = r/f1 .

INpn 310M cTporo BoipasHuBaeTCA NEPBLIA MOMERHT W NpUbANXKEHHO — BTO-
poit.

I'miieposKcTioHeHIManbuoe pacnpenesienne, |lpeacTasnenne
OOP B supe ’

k
F(t) = Zyie_“‘t (3.3.4)

NO3BOAAET CHMTATb UCXOAHbLIA NPOLIECC NPOXOAALYMM OAHY U3 N anbTepHa-
TusHbix das. 3necy {yi}, 0<y <1, S0y =1 unTepnpetupyrotcs
Kak BepoATHOcTM Bbibopa ¢-i asel, a {i;} — Kak napameTpbl nokasa-
TEeNbHOTO pacripefieneHns BpemeHu npebbisaHus B Hed. [narpamma runep-
SKCMOHEHUMANbHOFO pacnpeaeneHna npusefeHa Ha puc. 3.2.

BXOIL

Y1 Y2 Yn

BBIXOM

Puc. 3.2. TunepakcnoreHumnansHoe pacnpeneneHne

Cpean nassanHbix BennunH wmoryT bbiTs KomnaekcHble (MonapHo conpaeH-
Hble), YTO MOBUEepKMBaeT BUKTUBHBIA XapakTep pacluenneHus npolecca Ha
chasbi. HonycTumocts Takux napameTpos bbina srepssie otmevera [. Kok-
com 8 1955 .

Wcnonb3sosaHue chopmynbl AN MOMEHTOB NOKa3aTeNbHOrO pacrnpene-
NeHnA NpueoanNT K Ccucreme ypaBHeHVll?l OTHOCUTENbHO napameTpOB annp0K~
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cumMauinm

n + w +...F Y =1,

yifpr + w/pe .o+ Yn/in = f1,

n/e + w/u o+ wm/eE = ff2),

v/l + /ey ot v/, = fifi, 0 i=02n-1
(3.3.5)

3aeck f; — i- MOMeHT ucxopHoro pacnpeneneHns. Beegem obozHaueHns
;= ,ui_l . Ji = fi/#!. Torpa cucrema (3.3.5) nepexoput 8

n
Zij;'-:ﬁ, i=0,2n-1. (3.3.6)
i=1

JTa cuctema pewaeTcs MeToaoM, onncaHHbiM B8 kHure P.B. Xemmunra [90,
c. 139-141].

HucneuHsie 2KCNEpUMEHTBI NOKa3anmn, 4To ocobbIMM CAy4asMu ANA
H, -annpokcumauny asnawtca Mobble pacnpepeneHna IJpraHra nopAaaka
k < n. 7o BNONHE ecTecTBeHHO, NOCKONbKY NOCAefHMEe NPeAnonaratoT no-
cllepoBaTensHyto cucTemy has, TOrga Kak rmnepakcrioHeHTa — Aapasnienb-
Hyto.

Mpuw Ha-annpokcumaunyu sapada noabopa ee napameTpoB MOXKeT
briTb cBepeHa K peweHnto KBagpaTHOro ypasHewus. [leTanbHbli aHanus
nokasbiBaeT, 470 npu Ha-annpoxkcumauuu obcyxiaaembix HuXe ramma-
pacnpeaeneHuin ¢ napametpom 0 < o < 1 Bce napameTpbi BeLLeCTBEHHbI
n nonoxutenshsl. B cnyuae 1 < o < 2 opna us «sepoatHocTeds {y;}
6yneT oTpuuaTenbHOR, a Apyras npeebicuT egnHily. Kak nokasanm euiuncnm-
TeNbHblE SKCNEPUMEHTBI, CTOb NApajoKCaNbHbie NPOMEXYTOUHbIE pe3Ysb-
TaThl He MELWAT yCnewHOMY pacHeTy cucTem obenyusanna. Hakoweu, npu
@ > 2 napamertpbl Ho-annpokcumaunk GyayT KOMMIEKCHLIMUA COMPAXKEH-
HolMN. 3Ta BOBMOMHOCTb NOPOXKA3ET KOMNAEKCHbBIE BEPOATHOCTN COCTOAHNA
PaccHMTbIBAEMbIX CUCTEM W COOTBETCTBEHHO YABawnBaeT pacxod MamaTu npu
MaLLIMHHOM c4eTe. \

3.3.2. 'amma-pacnpenesenue

raMMa—pacnpeneneHMe UmMmeeT NAOTHOCTD
Ft) = plut)e!
I'(a)
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emht, (3.3.7)

rae T'(a) — ramma-cbyHkums co cBORCTBaMM
o0
T(a) def Jzote " dr,
0
(1) = 1, (3:3.8)
Ta+1) = al(a).

Ono sensetcs obobuiennem pacnpefenenns Jpnanra Ha CAyual Heuenbix
a > 0. Mostomy ero Henbsn cuutaTb cpasosbim. Ha puc. 3.3 nokasano
HECKOJIbKO TUNUHHBIX FPachUKOB ramMmMa-fLIOTHOCTH ¢ OANHAKOBBIM CPeAHUM
afp =1 wpasanuneimn « . Cnyuais a = 1 cooTeetcTayeT nokasaTensHoMy
3aKOHy.

1.8 =
1.6 .
1.4 E
1.2 1 =

0.8 - - -
0.6 - 3.0 N

0.2 - 0.5 =

0 l I ! !
0 0.5 1 1.5 2 2.5 3

Puc. 3.3. N'amma-naotHocTH

MowetToi [-pacnpenenerus ssivucnsatoTes no cpopmynam Tuna (3.3.3)
c sameron 7 Ha a. Ero aucnepcua D = fy — f2 = o/u?, a koacpduunens
Bapwauun v = 1/ /o

Chatue TpeboBaHus uenouncneHHocTn « noseonmeT obecneunTs
TO4HOE BbipaBHUBAHWE [BYX MOMEHTOB, ECNKN NOOXKNTL

u=h/D,  a=upf. (3.3.9)

ﬂ)’lﬂ BbipaBHWBaHWA Bonblierc 4ucna MomMeHToB ApnxoanTCca nNpuMeHATb
ramMma-naoTHOCTb € MONpPaBoYHbiM MHOMOY1EHOM. y,aoSHo I'lO.ClO6paTb an i
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cornacko (3.3.9), nocrne yero HeTpyAHO cHOPMMPOBATL CUCTEMY NUHEAH bIX
YPaBHeHU OTHOCUTENBHO KO3hPUUMEHTOB NONPABOYHOTO MHOFOUASHA 1.

3.3.3. HopmanbHoe pacripenesenue

Ha puc. 3.4 npusegenbi rpaduky nrparoLero BaXkHeRwyto posb B Te-
OpUN BEPOATHOCTER U MaTEMaTMHECKOR CTaTUCTMKE HOPMUALHO20 pacnpe-
penenus ¢ nnothoctoio f(z) = exp[—(z — a)?/20°)/o/2m npu obiiem
cpeatem a = 3 mn pasawunbix o . [lapametp 0 — 370 cpenHekBanpaT-
yeckoe oTknoHenve (KsaapaTHbtid KopeHs n3 aucnepcnn). ®P HopmansHoro
pacnpenenenuns sbipaxkaeTca qepes dyrkunro Jlannaca

- 2/ ® di (3.3.10)

corstacHo

Flo) = %[ (cr\/_> + 1] (3.3.11)

PyicyHOK HarfsgHO WAMIOCTPUPYET KOHUEHTPALUMIO 3HAYEHUR CNy4alHom
BE/IMUNHBI B OKPECTHOCTW CPeAHero sHadeHus (TOuHee, MaTeMaTA4ECKOro
OXWUAAHNA) NPU YMEHBLUEHNN CPeAHEKBAAPATUYECKOro OTKAOHeHus. [lno-

LaAn non Ka>Kaoh KpuBoA OANHAKOBLI, MOCKOAbLKY ANA ntobod nnoTHOCTH
=]

J f{#)de =1.OTnn4mua nopmanbHoro pacnpeaeneHus oT Apyrux, Wmeto-
—00

WKX Te e CpeRHEE W RANCMEPCUID, MOXHO OXapaKTepUsoBaTh 4CNMETpNen
s = pz/o® u skcueccom & = pg/ot — 3. B aux cdopmynax {u;} cyte
YEHMPAALHBIE MOMENTHI, BbIXUCAEHHEIE OTHOCUTENLHO CPeaHero.

13ra TeXHOMOTHA HIKe PACCMATPHBAETCA IJA paclipenesienna Belbyina.
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Puc. 3.4. HopmanbHbie naoTHocTu

3.3.4. Pacnpenenenune Beiibynia

OcHosrbim nokasaTenem KadecTsa pyHxunonvposanna mrornx CMO
asnsetca [1OP spemenun npebbiBanus 3asBkM B cucTeMe, Nonydaeman B
Buae Tabnuubl ans sagaHHbix 3HaveHun aprymeHTa. HewHTerpupyemocTs
raMMa-naoTHOCTN BbIHYXAaeT uckatoe ana sbiuncneduns JPP no sapaHHbim

MOMEHTaM ApYryro annpoKcmaumto. YnobHo npumenenve pacnpepenesns
Benbynna

Fty=et"/W, (3.3.12)

£ro momenThI

fi = (Z) (%)WJ/‘c WJ/kr( +3j/k), i=12,..., (3.3.13)

a = fo/ f2 = 2kT(2/k)/T2(1/k) = 2T (2u)/ (uT2(w)), (3.3.14)

rae u = 1/k. Bocnonbaosaswuch opuynoi yasoeHus aprymeHta ramma-
pyHKUMM, MoxHO nepenucaTe (3.3.14) & suge

_22T(w)l(u+1/2)  2%T(u+1/2)
o w/ml(w) T Yrl(u+ 1)
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oTkyaa cnefyeT obecneuunparol|an beICTPO CXOAALLNACA UTEPALMOHHBIR NPo-
uecc yTouHeHns u dopuyna

1 l a/rT(u,-1 +1)
= n
2In2 T(w,—1 +1/2)

i=1,2,... (3.3.15)

Uj

HauanbHoe npubnuxerine
ug = In2a/(2In2). (3.3.16)

anl HEOSXOJJVIIVIOCTVI y4eTa bonee ABYX MOMEHTOB MOXHO NMPUMEHNTH
TY Xe 63305}/&0 annpokKcUuMalnto ¢ NonpasoYHbiM MHOMOHAEHOM!

N
Fity=e""1"3 " gitt, (3.3.17)
=0

MowmeHTel aT0ro pacnpegeneHnA

. N
sz‘ézgif(%i)w("””k, j=0,N. (3.3.18)
i=0

Tenepp ncer anroputm noabopa napameTpos annpokcumauun (3.3.17) no
momentam {f;}, j=1,N:

1) Boiuncnuts a = fo/ fi.

2) Onpegenuts ug cornacto (3.3.16).

3) Pewnts ypasHenue (3.3.15) meTonom utepauni.
4) Boancnuts k= 1/u, W= (f1/T(u+1))*.

5) Cepopmuposats cuctemy (3.3.18) nureiubix anrebpansecknx ypaste-
HWiA oTHocuTenbHO {g,} .

6) Pewinto 3Ty cuctemy obbiM CTaHAAPTHLIM METOROM.

3.3.5. JIuckpeTHBle paclpeneyieHus:

HuekpetHbie pacnpegenenns obbiuHO 3afaloTes Habopom BEPOATHO-
CTell MORBAEHWA BONYCTUMBbIX 3HAYEHUN.
Pacnpenenenne IlyaccoHa onuceisaeT BepoATHOCTU penKuX

cobbITUR: Af)e
A
CL
z!

. z=01,... (3.3.19)
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3neck A — WHTEHCUBHOCTL MOTOKa peaknX cobbiTui, a ¢ — epems Habato-
peruna. [na storo pacnpenengHna

M[X] 5 D[X] = At. (3.3.20)

BunoMuasibHOEe pacupenejleHHe NojlyydaeTca npu noBTopeHun
He3aBUCUMBIX VUCMBITAHUA, KaXK[oe U3 KOTOPbIX UMEET TONbKO [iBa BO3MOX-
HbIX ucxoaa. bes notepn obHOCTY 3TN NCXoabl MOXHO KnaccuduLmposaTs
KaK «ycrnex» u «Heypadys», Habntogaembie ¢ BePOATHOCTAMYN p u 1 — p co-
oTseTcTaeHHO. BepoaTHOCTE NOABAEHWA T YCNexXoB B 7 WUCABITAaHWAX paBHa

Pe = (”) P(1—p)""",  z=0n (3.3.21)
i
na BuHomuansHoro pacnpegeneHus
M[X] = np, D[X] = np(l - p). (3.3.22)

Orpunarenphoe OHHOMHAJIBHOE paclpeNeICHHAE

n—1

—1
px:<x+n )pn(l_p)x, z=0,1,... (3.3.23)

flaeT BEPOATHOCTH TOro, YTO NOTPebyeTcA poBHO T + N WUCABLITAHWA ANA
nonyueHws n ycnexos. 3aech

M[X]=n(1=p)/p, D[X] =n(1 - p)/p°. (3.3.24)

T'eoMeTpHYecKOe PpaCHpeNelIcHHe ABNAETCA €ro 4YacTHbIM ClyHaem
(n=1). 3necs

p: = p(1 —p)*, r=0,1,..., (3.3.25)
a YUCNOBbIE XapaKTEPUCTUKN
MIX]= (1= p)fp,  DIX]=(1—p)fs. (3.3.26)

3.4. IIpeobpazoBanusa pacnpenejieHHH

Ilna HeKOTOpbIX BEPOATHOCTHBIX pacueTos YAODHO NoNb3oBaTLCA npe-
obpasosaHuAMM pacnpegeneHnii. B cayuae HenpepblBHBLIX pacnpegeneHmii
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sTo npeobpazosanue Jlanraca — Cmuamveca (11C)

oQ

e(s) = /e_”dF(x). (3.4.1)

[¢]

MowmenTbl pacnpegenennn swipaxkarotca vepes NJIC cornacno
fo = (=0Fp(s)Pmo;  k=1,2,... (3.4.2)

Npw nssectHom npasune soiuncnenns NNAC gudpdepeHynposanne moxeT
6bITh BBIMOAHEHO aHANUTHHECKN B0 C MOMOLBIO MHOTOKPaTHOrO HNCiTeH-
Horo andpchepeHUNPOBaHWA B HYJIE Ha OCHOBE MOAYHEHHOR aNropUTMUYECKM
Tabnuust. CooTseTcTaytowan npouenypa exoauT B cocTas naketa MOCT —
cm. pasa. 3.17.

IlnA guckpeTHbix pacnpepeneHni BBOANTCA npoussodawas PyHxuusa

o0

P(z) = Z i, 0<z< 1L (3.4.3)
i=0

Nponssoaswan dyHKUMA NyaccoHOBCKUX BEPOATHOCTER
P(z) = eM(1-2), (3.4.4)

s oTpuuaTensHoro SuHomnansHoro pacnpeaenenins NPou3BoasLIan PyHK-
uns

P(z) = [TTUQZW]H : (3.4.5)

B sapauax Teopun ouepefed v ynpasaeHua 3anacamy 4acTo Mpuxo-
AMTCA BBINONHATL ceepmyy pacnpedeacnudi, T.e. HAXORWTL pacnpeneneHne
CYMMbI HE3aBUCUMbBIX Cly4adHbix Benuuud. [Ipumepom Takon 3apaqm cay-
XUT NOCTPOEHNE pacnpefesieHNA BpeMeHU NpebbiBaHUA 3afBKM B CUCTeMe
V(t) no pacnpepenenusm W (t) spemenu oxupanus v B(t) uncton aaw-
TesibHocTK obcnyxusarus. B tepmunax MTJ1C

v(s) = w(s)B(s) (3.4.6)

(MIIC ceeprru pasro npouzsepennto MIIC coctasnaowumx). Ceeprka moxer
BbiTh BLINONHEHA HENOCPEACTBEHHO B MOMEHTAaX Ha OCHOBE CMMBOVNYECKOro
pasnoXkeHus

v* = (w+ b, (3.4.7)
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B KOTOPOM NOCAE Pa3BepTLIBAHUA BUHOMA NOKA3aTeNU cTerneHU nepesofATes
B MHOEKCHl COOTBETCTBYIOLLUMX MOMeHTOB. [lpocToTa aTux cooTHOWeHWRn —
Cepbe3Hbit apryMeHT B NoJib3y NPUMEHeHUs MeTo4a MOMEHTOB.

MMponasonsias yHKUUA CYMMbl JUCKPETHbBIX CAYHalHbIX BEJNYWH
(T.e. nx cBepTKN) paBHa NPOM3BEAEHUIO MPON3BOAALLMX DYHKLMA CAaraembix.
Ecnu npoussoaswan yHKUNA pacrpepeneHna cnaraemoro ects Pi(z), a
nponseoaAian dyHKUMA dnucna cnaraemblx — FPa(z), To nponssopsuias
hyHKUUA CYMMBbL

CeepTka AWcKpeTHLIX pacnpeAeneHi B MOMEHTAX BEINOAHACTCA Tak e, Kak
BNA HenpepblBHbIX pacnpefeneHni. [1aa nonyyYeHUs oTAeNbHbIX BEPOATHO-
CTell CBepPTKUA npviMeHseTca dhopmyna

k
Pk =Y PLPh-i- (3.4.9)
=0

3.5. 3amaum Teopuu ouepenei

Teopun ouepenein B PyCCKOASLINHOM AWTEPaType Hallle MMEHYeTCA Te-
opuen maccoeoro obcayxmsanna (TMO) w saech paccmaTpmpaetca noTto-
My, 4TO AB/NAETCA OCHOBOW MaTemMaTU4ecKoro anmapaTa AAA pacyeTa BOC-
ctanasnusaemoro 3lMMMa. Tepmunt «maccosoes npearonaraeT MHOrOKpaTHYO
NOBTOPAEMOCTL CUTYaLUA B TOM UAK WHOM CMbicne {MHOTG npubsbisinx &
cucTemy v 0DCAYKeHHBIX 3astBOK, BobLIOE HinCN0 HaXOoQALLMXCA B DKCRAyaTa-
UMW aHAOMMYHBIX CUCTEM) U CTATUCTUHECKYIO YCTORUMBOCTL KapTiHbl. Bbi-
BOADI ¥ peKoMeHfauwun, nonydaembie metosamu | MO, npumerHumbl Anws
APV HanM4yun oaHoro unu obonx HaspaHHbIX hakTOPos.

Mogens sagauu maccosoro obcnyxusarna sratoHaer s cebs:

® [OTOK 3aABOK;
® KaHafbl 0bCAyIKUBaHUA;
® OpraHM3aunio oYepean 1 AUCUMNAMHY obcny>Xneanna,
® nokasaTenn adbdeKTUBHOCTH.
Hanum copepxatensroe onncanne u nepeveHb BO3MOXKHbLIX BAPWAHTOB 3a-

A2HVA 3TUX 3M1EMEHTOB U YCTAaHOBUM MaTeMaTU4eCKoe COePIKaHNe COOTBET-
CTBYIOWNX NOHATUA.
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3.6. TIoToK 3asBOK

3.6.1. OcHoBHBIE onpeneeHuA

Bxogawui notok 3anan, ecnu ANA KaXKLOro HOMEpa 7 3aAaHo co-
BMECTHOe pacripefeneHie uHTepsanos {zi,2s,...,2n} MEXAY CMEXHBIMU
sasBkamu: z; = t; — t;_1, to = 0. Ecam anuesl ynomaHyTbIX uHTepsa-
NIOB HE3aBUCUMb! B COBOKYMHOCTYN, TO 33BUCUMOCTb MOMeHTa npubbiTua oye-
peaHoil 3amBKU ; OT NpeabiCTOpUM npoLecca cBOANTCA K chukcauum #;_3
(notox ¢ 0ZPAHUNEHHDIM nocaedeticmeuem). Takon noTok MoxeT BbiTh 3a-

def
nan dyrrumami pacnpenenenns A;(1) = Pri{z < t}. Ecnu A;(t) = A1)
npu Bcex 1 > 1, MOTOK HasbiBaeTcA pexyppenmHuM. ITo Hanbonee obwmii
cay4ai n3 peasibHO UCMOMbL3YEMbIX B pacHeTax.

ObosHadnm Zi(t, T) cobbiTve, cocToAllee B NOABACHUN PoBHO K 32-
ABOK Ha nonywuTepsane [t,1+ 7). CeoicTea noToka 3aAsok MoryT EbiTe
oxapaKTepinsoBaHbt Yepes sepoaTHocTH {pi(f,7)} Takux cobuitnin. MNoTok
Ha3bIBAETCA CTNAUUOHAPHBIM, €CAW STV BEPOATHOCTU ONPEenstoTCA TOAL-
KO ANMHOW MHTEPBasa T W HE 3aBUCAT OT €ro MONOXKEHUA Ha OCK BPEMEHU
(nepemernan t). Tlotok HasbisaeTcs noTokom be3 nocaedeticmeusd, ecnu
cobuitna Zi (81, 71) W Zx,(t2, ™) AR HenepekpbIBAtOWINXCA WHTEPBANOB
BpeMeHu Hesasncumbl. [loTok cuuTaeTca oplunapHuim, ecnu BeposTHOCTDL
NoABNEHNA Ha SNeMeHTapHoM yuactke [{,1+ At) Bonee yem opHoro co-
BuiTUA umeer nopapok manoctu o(At), te. sowe At. [lotok, ogHospe-
MeHHO YAO0BNETBOPAIOWMUA BCEM MepedncieHHbiM TpeboBaHnaM, MMeHyeTCA
npocmetwum.

Yka3sanupie ceocTsa HabaropgatoTea 4acTo, Ho He seeraa. Hanpuwep,
MHTEHCUBHOCTb MOTOKA 3aABOK MOXET 33BNCETH OT BPEMEHMW CYTOK WAN roja,
3aABKW MOMYT NOCTYyNaTb rpynnamMn MOCTOAHHOIO WK ChyvaliHoro obbema.
Cpa3sy »e 3ameTum, 4To B CAyvae HeopaMHapHOro noToka TpeboBaHni B Bnae
«nadvek» noctoarnoro obvema ynobHee nepexoguTtb K OpAMHAPHOMY NOTOKY
rpynnosbix 3aABOK.

ﬂﬂﬂ ONpPeAeNeHNA KOANHECTBEHHDBIX XaPAKTERPUCTUK NOTOKOB BEEAEM
BepoATHocTe I3 (¢, 7) nossaeHus xots bt ofHOro TpeboBaHNA 3a UHTEPBAA
ANUHBL T, NpuieraroWni cnpasa K t. Ilapamemp NoToKa BEIYNCAAETCA NO
chopmyne

< . t)
A lim EE(TQ (3.6.1)
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3.6.2. Yucno cobviTuit Ha PpUKCHPOBAHHOM HHTepBaJie

WssecTho, 4To urTtepsant mexay TpebosaHuaAMU CTaUMOHAPHOFO Op-
auHapHoro notoxa bes nocnegencTenn (NpocTeniero NOTOKa) NOAYNHAIOTCA
nokasaTenbHomy pacnpeaenenuto. Ero napamerp A= 1/a; , rpe a; =a —
cpeaHuii MHTepBas Mexay Tpeboeanusamn.

[lna nopcyerta pacnpenenenua uucna Tpebosannn npocreiulero no-
TOKa 33 BpemMs | BLINOAHMM CBEPTKY foKa3aYensHbix pacnpepenedwid. Wx
ceepTka k -ro nopaaka ecTb pacnpeaenetve IpnaHra Toro e nopagka (cm.
pa3n. 3.3.1). BepoaTHocTb noABNeHUA Ha uHTepsase pavHbl { posHO k
3anBok pasHa Fri1(t) — Fi(t). Moactasnan 8 10 Bhipaxerune cbopmyny
(3.3.2), ybexpaemca, 4To BepoaTHocTb npuxoda 3a {0,t) posHo k Tpebo-

B3HWA k
t |
(Akf e, k=0,1,... (3.6.2)

J7a cbopmyna 3ajlaeT pacnpefienedue ﬂyaCCOHa € napamMeTpom A, oTvero
pOCTENUVA NOTOK HA3LIBAOT TAKIKE NYACCOHOBCRUAM.

pi(t) =

B Tecpuu maccosoro obcnymupaHus NpOCTEAWMA NOTOK 3aHWMaeT
ocoboe mecTo 110 cneayroWUM NPUYUHaM:

1) Cymma koHeHHOro 4ncna He3aBNCMMBIX NPOCTERLLnX NoTokos obpasyeT
NPOCTeNUUA NOTOK C UHTEHCUBHOCTHIO, PABHON CYMME WHTEHCUBHOCTER
COCTRBNAMOWNX.

2) CymMMa N He3aBUCUMBIX CTALMOHAPHLIX NOTOKOB C OrPaHHeHHbIM No-
cnegencTaneM fpy ycaoBUM Manol WHTEHCMBHOCTW COCTaBAAOWNX B
CpaBHeHMW C CYMMapHOM MHTEHCUBHOCTLIO NP N —+ OO CXOAUTCA K
npocTeituemy rnoToky.

3) ChyuaiiHoe npopexcuBatie NPOW3BONBHOTO CTAaLMOHAPHOrO OpAMHAp-
HOTO MOTOKA € OFpaHuueHHbiM NocaefeircTaneM, T.e. BbibpachisaHune
KaXxaoro odepenHoro TpeboBaHuA HE3aBUCUMO C HEKOTOPOW BEPOAT-

HOCTBIO, MPU YBEANYEHUM BEPOATHOCTU BbibpachiBaHua npubauikaer
MOTOK K MpOCTeRLLemy.

4) BepoaTHocTh HacTynaeHUs cobbiTA NpocTedlers (U TOAbKO NpocTen-
Wwero) NOTOKa Ha ManoM WHTepBase AnuHbl Af NPONopUMOHasbHa
RAVHE 3TOro NHTEPBana v He 3aBUCWT OT ero TMOJIOXKEHWA Ha OCh Bpe-
MEHW, YTO AAET KOAOCCa/IbHbIE pacHeTHble MPeuMyLlecTBa.

Hapsay ¢ npocredwum NHOTOKOM H4acTo pacCMaTpvBaroT Tak Ha3piBae-
MBI BPUMUMUEHDIT NOTOK, CBA3AHHbIA C NOHATHEM O 3aMKHYTbHIX CUCTEMAX
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maccosoro obcnyxmsanna. B rtakux cuctemax nmeeTca KoHeunoe umcno R
MCTOYHMKOB 3aABOK, NPUHEM CYMMapHOE KONWMMECTBO AefCTBYIOLMNX UCTON-
HUKOB M HeobcaysKerHbix 3aABok noctoanto. Ecnn 8 cucteme Haxoantea k
33ABOK, TO BXORALUME NOTOK CHATAETCA NPOCTERLINM C MIHOBEHHOR MHTEH-
cneHocTbio A(R — k), rae A — MHTEHCWBHOCTL MpocTediuero noToka B
pacuete Ha oawnH uctourink. flpy & = R noTok 3sassok npepbiBaeTcs.

3.6.3. Yucqo cobpiTuil HA ciiy4yalHOM MHTepBaJe

Mycte A — napameTp sxomAwero noToka. 10raa BepoATHOCTb
noAsneHns posHo j cobbiITwiA noToka 3a cay4aiHoe BPEMA, NOQMHEN HOE
pacnpenenenwro B(t), pasna

g = / MY gpay =01, (3.6.3)
0

YkasaHHKble BePOATHOCTY UrPateT BaXKHYIO ponb B pacdeTe cnoxHbix CMO,
Heobxoanmo ymeTb 3hheKTUBHO VX BBIMUCAATL AAA BO3MOXKHO Bonee wupo-
Koro kpyra pacnpegenequnn. CneunanbHbl MHTEPEC Bbi3blBaeT BEPOATHOCTb

¢o . KOTopas nmoxeT paccmarpusatbes kak 11J1C ot pacnpegeneruns B(t) ¢
napamerpom A .

Mpn pasHomepHom pacnpeaeneHny cNyHaRiHOrO BPEMEHU Ha OTpe3ke
l[a—1 a+1] vckombie BepoATHOCTY

LI M=) ey = DMa+0) aan]
qJ:m{z-————————Z' € ( —Z'—““. —€ ( >;‘]:O>I5"'
1=0

B qacrtHocTH,

= (e'x(a"l) - e‘)‘(““))/(Q/\l)‘

Ecan t pacnpepenero na oTpeske [a — [, ¢ +!] no TpeyronbHomy 3akony,
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TO

i=0

jt+1 SO aatn
o {a+ l)]; T
+ L Ma =Pt eAa-n 4 L Ma+ D+ - AatD)

T L

j+1 4 (Aa)i =)a 2 ()‘a)j-H —Aa 2
i=0
j=0,1,...

Ha4qanoHol koadbhuumenT

I:e—)\(a—l) + c-)\(a+i) _ 26’_’\(1}.

qo = (/\3)2
ns ramma-pacnpepenerus ¢ napametpom popmbl T
o0 A j —1 o
g = ('i) e e Ript) e~ g }l / ==t gy
! jt I(r) NG J

oo
— r+j— le
- (A+W+J /

0

- (Af—u)r(Aiu) 1;(rfirj))’ 7=04
(3.6.4)

MNonyuum pekyppeHTHble cbopmynbl sbiuncnenns {q;} npu speme-
HM obcyKnBaHuA, NofuMHEHHOM ramma-pacipegenequto. Tpexae scero, ns
(3.6.4) cnepyer gq = (p/(A+ p))" . Hanee,
¢ A Tr+7-G-1D!' X r+j-1
gi-1 A+p jID(r+j-1) Adp

WNtak, npn ramma-pacnpeaenenn

- (. >
q i H
‘ (Aﬂ‘ L (3.6.5)
G = Qj—l——*)\i#“u*'z'““rnjr] : J=12...
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YacTHbiM caydaem ramma-pacnpegeneHua npu r = 1 aAsnseTcA
nokasaTenbHoe pacnpeaenenue. [pn aTom
J
H A .
;= —— | — =0,1,... 3.6.6
QJ )\"‘P ( )\+,U ) ) ] y ( )

Hakoneu, onsa ramMma-naoTHOCTM C NOMPaBOYHbLIM MHOFOYIEHOM, 3a-
nuceisaemodt aHanorudHo dopmyae (3.3.17) ana JOP Benbynna, nckomeie
BEPOATHOCTM

o= () () 3 Dt o
TN+ Ap) JV= A+t T

i=0
(3.6.7)
Pacuet {q;} n 3nece moxeT BbiTh oprannsosaH pekyppeHTHO, Ho no bonee
CROXHOR cxeme.

3.6.4. CayuaiiHoe nmpopeKuBaHHe MOTOKOB

MycTh B pekypperTHOM BroasAwenm notoke ¢ [1J1C untepsanoe mexay
safABKaMU @ (S) Kar)KAaA 3aABKa COXPAHAETCA B MOTOKE C BEPOATHOCTLIO Z
He3aBNCUIO OT OCTaNbHbIX 3aABOK. Torpa AnA npocesHHoro notoka JIIC
pacnpefeneHnNs UHTEPBaIOBE MeXXay 3aABKaMu

p(s) = 3 21 — zyrtan(s) = — o)

= TTl=ae) (3.6.8)

n=1

MomeHThl peaynbTupyrowiero pacnpenenerus

fl = a}/z,
k—1

Jr [ag + (1= Z)Z (?)fiak_z]/z’ k=23,... (3.6.9)
i=]1

i

B 4acTHocTu,
fa=laa+2(1 - 2)fra]/z.

Bropon koaddbuument HemapkosocTu £ ANs NPOCEAHHOro MOTOKa
e = el (3.6.10)

Mpn 2z = 0 koadbdUUNEHT HEMapKOBOCTM CTPEMWUTCA K HyAw, T.&. pe-
3YNLTUPYIOWMA NOTOK CXORNTCA K npocTehuwemy. [lpocTehwnd noTok npu
CAyHamHOM MPOPEXKMBAHUN OCTAETCA NPOCTEAIMM — MEHACTCA TOMbKO €ro
WHTEHCUBHOCTD.
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3.6.5. PerysnsapHoe npope>XuBaHue [IOTOKOB

«Cnpaseannsoes {UNKAWYECKOE) pacnipefeneHue NOCTYRAOWUX 3a-
ABOK MeXXay n obcnyXusarowmnmy ycTpocTBaMu NOPOXKAAET ANA KaXKAOTO
3 HUX NOTOK ¢ PErynspHbly Npopexusanuem (ocTaeTca n-8 3asABKa uC-
xonHoro notoka). CooTeTcTBEHHO pacnpenesieH e NHTEPBAIOB MeXAY 3aAB-
KaMn OKa3biBaeTCA 7 -KPaTHOW CBEPTKOM NCXOAHOTO PacnpefeneHns, a ero
NJC — n-# cTenexbro UCXOAHOTO.

Mony4nTs MoMerThl NpoceaHHoro Taknm obpasom MOTOKAa MOXHO Ro-
CNEROBATENLHON CBEPTKOA B MOMEHTaX MAN 4ncneHHbiM Andddeperumnposa-
nuem ynomsanyton MJ1C 8 nyne. OgHaxo sasucumoctb (1) MOXKHO BbIBECTY
U3 snemenTapHbix coobpaxcenuit MNockonbKy cpeaHme v gucnepcun MHTepPBa-
7108 MEXAY OCTABLUMMUCA 3ARBKAMIA CYMMUPYIOTCA, 3 BTOPOA MOMEHT paBeH
KBaapaTy MepBoro MC AUCRepCUs, UMeeM

&(n) = [fin)+ D(n)]/Fi(n) - 2!
= ndf(na;))?+1-2=(d/a})/n—-1=v?/n—1.

3nech v ~— koadphULMEHT BapUauuy ncxoaHoro pacnpeaenerunn. OuesuaHo,
npegen lim, o {2(n) = —1 u coBnanaet co sHaueHnem Ea ONA BbIPOXKAEH-
HOrO pacrnpeaeneHns, Tak 4To PeryiapHoO NPocenBasMblil NOTOK B YKa3aHHbIX
ycnoBnax npnbanKaeTcs K AeTEPMUHUPOBAHHOMY.

3.6.6. CymMupoBaHue IOTOKOB

Paccmotpum npegnoxentyto B [70] meToamKy cymmuposaHua asyx
peKyppeHTHbIX MnoTokos. (Mbicn onepauuu cyMMUPOBAaHWA WANIOCTPUpYET
puc. 3.5.

1 Ne NE NG > t
/_\ /} /.\ -

Y K>

Puc. 3.5. Cxema cymmupoBanua noTokos

MomeHT noasneHnA oHepeiHOMN 3aABKY CYyMMapHOTo NOTOKa — TO MUHUMYM
W3 MOMEHTOB MOABAEHNA Bnvxaniumx 3aasok cocTasstowux. Ecau npegbi-
aytuen Obina 3aABKa NEPBOro NOTOKa, TG pachpefeieHne BPEMEHN OXKUAAHUA
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3aABKI BTOPOro 3aMeHAETCA Ha COOTBETCTByPOLuee OCTaTo4HoOe pacnpegene-
Hue, u HaobopoT. YacToTa sribopa BapuaHTOB onpeaenneTca ynenbHbIM Be-
COM 3aABOK KaX@[Oro TUNa B CyMMapHOM MOTOKE, T.e. oTHowenmnamu {X;/A} .
Wrax, [JPP nwHTepranos mexay 3anBkamu CymMMapHOTO NOTOKa

A .
ZA:(0) A7), (3.6.11)

As(t) = 2 A,(0)A3(0) +
A
J1a Jopmyna ocobeHHO Nerko peanusyeTca AU FUMNEPIKCAOHEHLKANLHOM
annp0KCMMauvm COCTaBnAOWMNX pacnpeneneHmﬁl, nnAa KOTOprX cnyqaﬁHaﬂ
MORVICbMKaLWIﬂ TakXe faeT rMﬂepSKCﬂOHeHTy. nepenmu.ieM Bbipa)KeHVle ansA
MOMEHTOB pacnpegeneHnAa s smae

fk:/tk k/tle
0 0

Tenepsb cocTapnstowme momenTtos pacnpenenequs ¢ APP tuna (3.3.4) moryr
6bITb BbIMWUCIEHbI COTNACcHO

2
k ftk 1(2 yie M > (Z u]e""‘it) dt
i=1 j=
kae uj ft" LGt dt = 3 3 gy B (s M)
j=1 fzz] gzl
(3.6.12)

MocnenosatencHoe cymmunposaHue nwboro 4ucna NOTOKOB MOXKHO
BLINOAHNTS, aNAPOKCUMMPY Ho -3akoHamwn pacripefeneHna MHTEPBANOB
CYMMapHOFo MOTOKa W o4epeaHoro cnaraemoro. Ipu Gonswom yncne cna-
FaembiX VIMEeT CMbICSI OPraHM30BaTb CYMMWPOBAHME TIO CXeMe ABOWMHOTO
nepesa.

li

Jx

H

3.7. Ilponecc obcay X MBaHUA

Cuctenmbl 0BCAyKUBAHIA MO HUCAY YCTAHOBAGHHBIX YCTPOACTB AEAAT-
€A Ha OfHO- W MHorokaHanbHble. Konuvectso Tpebosanni, opHoBpemeHHo
MOTYLUMX HaXORWUTHLCA Ha obcAyKUBAHNW, He NPeBbILAET YACNA KaHANOB T
Mpu oueHb BosbLIOM uucne KaHAaNOB MOXHO cuuTaTh n = oo . Kauanbl
MOryT BbiTe OAHOPOAHBIMW, CNELNanU3MPOBaHHBIMU MO TUMAM 3aABOK, Pas-
JNINYAIOLIMMNCA MHTEHCUBHOCTBIO ODCny>XusaHna n T.n.

-85 -

B cnyuae nokasaTenbHOroO pacrnpefesieHfs HETPYAHO HANTW BEPOAT-
HOCTb OKOHYaHWUA XOTA Dbl oaHOro 0BCNYKMBAaHWA ANA MHOMOKaHANbHOR CU-
ctembl. [lycTh obcny>knsaHmem sakaThl k& KaHanoB. 1orna Ka>KAbld U3 HUX
3a manbli nHTepsan anvHbl At 3akoH4HUT 0BC/YXUBAHUE ¢ BEPOATHOCTHIO
puAt + o(At) . Mo orpeaenennto, napameTp noToka obcayxusaHni

o — (1= pADF +o(AY) . kuAt+o(At)
Hk = Aiiri?o Al - AI%I}}O At B

a BepoAaTHOCTb obcnyxuBanua 3a Al aByx u bonee 3asBok nwMeeT NopARoK
o(At) . Takum obpasom, B MHOroKaHaIbHOW CUCTENE MPY SKCMOHEHLNANBHO
pacnpenesieHHON ANUTENbHOCTY OBCAYIKMBAHUA NOTOK OKOHYaHMA obcnyxn-
BaHWA NpU HaxoXAeHUu B KaHanax k TpebosaHWN AsnAeTca OpJuHAPHbBIM,
a ero napameTp

| kp, k=0,n-1,
Mk—{ ny, k=nn+1,... (3.7.1)

(MHTEHCMBHOCTb 06CJ’Iy)KV|BaHVIﬂ orpaH#4mnBaeTCA YUCA0M KaHa.ﬂOB)A

3.8. Opranusaius M IMPOABUXKeEHHUE oUuepenu

3aABKM, NpUIesLLMEe B 3aHATYIO CUCTeMY, He MOFYT BbiTh obcyxeHbl
HeMefneHHO 1 obpasytoT odepenb. Ouepenb MOXeT BbITh orpaHnyeHa Mak-
CUMAfIBHOR BAMHOA R WAn mMakcnmanibHbiM BPeMeHem 1% npebbisatuns 8
Hen. [lpnmeponm 3aga4v ¢ BpeMeHHBIM OrpaHU4YeHNeM ABAAETCA ApMbbITHe
Ha CTpoiKy camocBana ¢ beToHHOR ¢meckto. [1pU Hapywennu orpaHnqeHuns
3anBKa rnonyyaeT oTkas. Beegenune orpaHnueHns asTomMaTMHecKN nckaoYaeT
odeHb Bosibllivie 3agep> K, HO CBA3AHO C OOMNOJHUTENLHBIMN «LUTpacbammn»
3a 0TKas B obcnyxusaHny.

BHoeb nprbelswan 3aseka B 3aBMCUMOCTI OT OpraHW3aLnKU n HasHa-
YEHUA CCTeMbl CTaHoBUTCA Nnbo B KoHel odepeau (aucumnnnda FCFS: First
Come — First Served), nubo b ee Hawano (LCFS: Last Come — First Served).
MocneaHuin BapuaHT MHaYe Ha3bIBAETCA CTEKOBbIM («MarasuHHbIM») NpuH-
UANOM.

[Tpu HeopHOpOAHBIX 3aABKAaX MOXET BBOANTLCA npuopnTeTHOE obcny-
xusaune. B sToM cnyvae 3asBKM BoICTPaWBAIOTCA B HECKO/ILKO OuYepenen, 1
B 0cBOBOAMBILMACA KaHan NOCTYNaeT 3aABKa W3 HenycTod ouepenn ¢ Haun-
BbICLINM NpnopuTetom. B Hekotopeix cuTyaumnax (abcontoTHein npuoputeT)
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CpouHas 3aABKa MOXeT NpepBaTh yxe HaqaToe obcnyxusanue. CHATan 3a-
ABKa MOCTYnaeT B OAHY U3 ouepepeih wnw Tepaetca. [lpumepom saasku ¢
abcontoTHLIM NpuopuTeTOM ABARETCA NonomMKa obcnyXusatoulero ycTpon-
ctea. Obcnyxusanne NoaobHOM 3aABKU COCTOUT B OTLICKAHWMA W yCTpaHe-
Huu HeucnpaeHocTy. [loTok rionomok kaHanos obcryXxusarHua dopmupyeTca
3EMKHYMBM UCTOMHUKOM 3aABOK, YTO HE MO3BOAAET paccHMTbiBaTb ROACD-
Hole CMO npocton cmeHoR uHTepnpeTauny 3aABOK € HanBbiCnM abcontoT-
HbIM NPUOPUTETOM.

3.9. Knaccudukanua u o6o3HaueHHE
CHCTEM MacCCOBOIro OOCJIy KHUBAHHA

[ns coxkpaiueHHoro Haumerosanua abctpakTHoix CMO [1. Kenpann
NpeanoXua ncnonbaosaTb obosHaqenun suaa A/B/n/R, rae A yxassisa-
eT pacnpeneneHue nHTepsanos mexay Tpebosanuamu, B — pacnpepenenune
BpemeHi obcnyuBaHwa, n — uncno Kavanos, K — npeaensHoe 4ncno
3a5BOK B o4epean unu B cucteme (nocnesHui sapuanT ynobree). Tunbl pac-
npegeneHnii obosHavaroTca cnegyrowmm obpasom:

M — nokasatenbHoe (C MapKOBCKAM CBOACTBOM);

E. — spnanrosckoe nopsaagka 7 ;

D — petepmuHupoBaHHoe (nocTosHHOE BpeMa obcnyXusaHus uan pery-
NAPHBIA NOTOK);

Hj — runepakcroHeHunanbHoe ¢ k COCTaBAAOLIMMN,

G — nponssonbHoe pacnpenenexue.

Mpn R -~ 0o 4eTsepTylo NO3UUNIO NPUHATO ONyCKaTh. |akum obpa-
3om, sanuch Buaa M/G/1 osnavaer ogrokananstylo CMO ¢ npocrenwnm
BXOAALMM MOTOKOM, MPOU3BONLHLIM (TOUHEE, HE KOHKPETUSMPYEMbIM) Pac-
npepeneHnem BpemeHn oBCRyXUBaHUA 1 HEOrpaHU4EHHON OHepeablo.

3.10. ITokazarenu adpPeKTUBHOCTH

Ilepeuyenn nokasaresieii. [okasatenn addekTUBHOCTM NpoLeccos
obcnyxunBatina obbIYHO YCTaHaBANBAIOTCA ANA cTaunoHapHoro (npepensHo-
ro npn t — 00 ) pexxuma. x MoxHo pasaennTs Ha ABe rPYnnbl — CHeTHbIE
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n spemennsie. CueTHbie NOKasaTenu CBA3aHbI CO CTAUMOHAPHLIM pacnpege-
nernem {p;} umcna 3aABOK B cuCTeMme AN PUHAABHBIM PacripedeseHnem
{m;} umcna 3assok nepen npubeiTuem ovepeaHon 3aABKM (37w pacnpenene-
Hus, Boobiue rosops, He cosnanaroT). K cuemubim nokasaTensM OTHOCATCA:

1) camu ynomaHyTble pacnipenenetuna (B HaCTHOCTH, OHW HYXHbB! ANA pac-
4eTa eMKocTu DycbepHbiX HakonNUTened W3 YCAOBUA pasMelleHns ode-
Penn C BEPOATHOCTBIO HE MeHee 3aflaHHOR);

2) BEPOATHOCTb TR OTKa3a B Npwueme 3aABKN Ha chnermaane;

n-1
3) sepoaTHocTb Hynesoro oxunauna Ilg = 3 mj;
Jj=0

I
)=

4) cpeaHee 4ncno 3asaBoK B cucteme L ipis

J

5) cpefitee 4NCNO 33RBOK B Ouepesn ¢ = (G —nkp;;

1

1l 1l
i1s

3
-

6) cpeaHee 1ncno csobonHbix kananoe f = ) (n— j)p;;
j=0

7) cpenHee 4MCNO 3aHATHIX KaHanoe z =n — | .
N3 spemennsiz noxkasatenehr Haubonee cywiecTseHHb

1) NOP V(t) epemenn npebuisanns 3asBkn B cncTeme;
2) JOP spemexu supTyanbHoro (HeHyneBoro) oXuaaHus;
3) MOMeHTb! Ha3BaHHbIX pacnpeaeneHui;

4) pacnpepeneHue U MOMEHTbI [AUTENLHOCTA HEMPEPLIBHON 3aHATOCTM
cncTemsl,

OnepaTusHOCTL CUCTEMBI OLEHMBAIOT MO XapaKTePUCTUKaMm pacrnpege-
NeHna BpemeHn npebbiaHWA. XapakTepUCTUKN OXNAAHWA U, B 4aCTHOCTH,
€ro CpefHAA ANUTENBHOCTb OTPaXaloT LeHy, KOTOPYIo KJIMEHT AOJKEH 3a-
NNaTWTL 33 COBMECTHOE C APYTUMIA KNneHTamn {3asBKamMu) WCNOAb30BaHME
obcnyxmnBaroLLen cucTembl.

Wmes pacnpepenenus uucna 3asBok B cuCTeMeE, MOXHO MOAYYUTb
BONbWMHCTBO MHTEPECYIOWNX UCCNE[0BaTENA BPEMEHHbIX XapakTepuCTiK ¢
NOMOLLBIO MPUHLMAA COXpaHeHua cTaunoHapHon oqepean (cm. c. 90).

MokasaTens nponyckHoti cnocobHOCMU CUCTEMBI — UHTEHCUBHOCTb
NOTOKa OBCAY>KEHHbIX 3aABOK — UMEET CMbIC/ ONPeRensTs BAA 3aMKHYThIX
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cuctem n CMO c orpannuenHoi odepeabio. B octanbhbix cnyyasx ona pasHa
MHTEHCUBHOCTU BXOORLIENO NOTOKA.

Bru16op nokasareseii. Hactb HassaHHbIX noka3aTeneh xapakTepy-
ayet CMO c Touku 3peHus novpebutens, Apyrue — c NOULUA 3KCNAYaTaLy-
OHHOFO nepcoHana. Yiydllenue onepaTwBHOCTM obcnyXuBaHuA, B KOTOPOM
3aMHTePeCOBaHb KJIMEHTB CKCTEMbl, NOCTUIAETCA NyTem yBennyeHns Mol
HOCT# CHCTeMbi W yXy[waeT nokasatenn 3arpysku. [lostomy rosopute ob
ONTUMU3ALNY CHCTEMbBI MOXKHO TONBKO MPW KOMMJIEKCHOM Noaxoae K Hed. B
radecrse oboblieHHoro nokasatenn spheKTUBHOCTU obbiuHO bepeTca B3Be-
UleHHaR CyMMa ROKa3aTenei pasHbix rpynit — no ogHomy ot kaxgoin. [pu-
MEepPOM KOMMJIEKCHOMO MOAXOAa U UCTOMHUKOM MONE3HBIX 3HANIOTUA MOXKET
cny>uTb 3agaqa o sbibope ontumanbHoro obopoTHoro sanaca {cm. rnasy 9).

HacTo cucTeMbl NPOEKTUPYIOTCA U3 YCAOBUA obecneyeHna 3aAaHHbIX
BLILLIECTOALLUMM OpPraHoM Nokasatenei obcayKuBaHuA npu MUHUMENbHDBIX 3a-
TpaTax. OpgHako obocHoBaTh Tpebyembie NoKasaTenn oveHb TPYAHO.

BoibparHbii noxasatens adpcpexTuBHOCTH fonxkeH bbiTh pgocTtaTou-
HO YYBCTBUTE/IEH K BapbMpyembiM napameTpam cuctembl. ITo TpeboBaHue,
B uvacTHocTy, AenaeT paboty ¢ [IPP npeanourntenvhHee, yem c obbiunon
dynKUneR pacnpefeNeHna, Tak KaK MOCIEAHAR B NPaKTUHECK NHTEPECHOW
obnacTn BLICOKUX BEPOATHOCTER YCMELUHOrO pelleHUs 3ajayu MeHAeTCA
Hpessbl4anHo MeANeHHO.

3.11. 3akoHBI COXpaHEHUS
B TEOPHH MacCcOBOTO 00CIy XWBaHUMA

CyluecTaoBaHue CTaLUMOHAPHBLIX PEXUMOB B CNCTEMaX MaccoBoro ob-
CyXusarna nNpu CTaunoHapHOM BXOAAULEM NOTOKE BO3MOXKHO MWL MpK
BbINOTHEHN (PYHAAMEHRTANLHBIX COOTHOLWEHNA TN 3AROHOE COTPAMENUR
MEXAY HEKOTOPLIMU KOSUYeCTBaMU, XapaKTEPUIVIOLUMU COCTORHMNE CUCTe-
Mbl. JTH 3aKOHbI UMEIOT OTHeTNMBOE (hM3N4ECKOE UCTONKOBaHME, a X NpuMe-
HeHue ynpouaeT aHanus CMO. Mpu kaxyuedics oyesugHocTu BepbanbHbIX
POPMYNMPOBOK YNOMAHYTHIX 32KOHOB M3 HMX YAAETCA W3B/eYb AANEKO He
TPUBUASIBHbIE U BECbMa KOHCTPYKTUBHbe crneacTsus. PaccmoTtpum Hanbonee
Ba>KHble U3 3akoHoB coxpanenua | MO.

CoxpaHnenHe 3afBOK. 3aKOH COXpPaHEHNA 3asBOK BOPMYNMpYyeTCs
B Cegylolem Buge:
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Yacrora NOCTYIIVIEHU A 3aABOK B KaHaJ OéCJTy}KHBaHHH B Ccpel-
HeM paBHa 49aCTOTE BBIXOOOB U3 2TOI'O KaHaJa.

Mokaem, KaK UCNOAb30BaATL 3TOT NPUHLMUMN ANA pac4eTa BEPOATHOCTMU CBO-
GoaHoro coctonnna oaHonuHenHol cuctemst GI/G/1. Myets a w b —
CPeoHUR MHTEPBaN MEXLY NPUbLIBAtOWLMMIA 3aABKAMU U CPERHAR ANUTENb-
HOCTL OBCNYXXNBAaHUA COOTBETCTBEHHO, CPefiHMs YacToTa npubbiTus 3aABOK
A = 1/a. Yacrota obcnyxueaknit pasHa BepoaTHocTM saHAaTocTM 1 — po,
peneHHol Ha b. 3HauuT, B CTauMOHapHOM pexunve [OonAXHO Bbite 1/a =
(1~ pa)/b, oTkyma cnepyer

,[],.ﬂﬂ T -K3aHaNbHOW CUCTEMbl YCAOBUE BanaHca 3assok CBOANTCA K

n-1

Z(n——j)pJ =n—Ab=n(l - Ab/n). (3.11.2)

7=0

OtHowenue

p=\b/n (3.11.3)

Ha3bIBAETCA K03 fUUUEHNOM 3a2DY3KU CACTEMbI U ANA OAHONMHEAHOR
CMO coenaaaeT c BEPOATHOCTBIO €€ 3aHATOCTA

CoxpaHeHHe o4epeni. 3athukenpyem HUCNO 3aABOK B OYepean Ne-
ped npubbiTuem o4epeaHON 3aABKU U B MOMEHT Npuema ee Ha obcayxunsarie
OuesugHo, 4To npn aucuunanHe odepean FCFS

pacnpenejieHie 4HUcC/1a 3aABOK, HpH6bIBIIIHX 3a BpPEMA OXH-
JaHusd HadaJjla OGCJ'IY}KHB&HI/IH, coBagaer ¢ pacnpeileJICcHHeM
AJIHHBI OYepean repen HpH6bITH€M 3aABKH.

CdbopmynupoBaHHbid npuHUMA cnpaseanue ans cuctemsr G/G/n u seex
HacTHBIX BapUaHTOB €€ DJTOT K& MPUHLWM B HEKOTOPBIX CAyHasX MOXKET
BbITb yeuneH U NpuUMEHEH K CUCTEME B LENOM:

pacnpenejieHye 41cCJ1a 3aABOK, HpI/I6bIBIHHX 3a BpeMsd OXKHHOa-
HHA OKOHYaHHA O6C.7'Iy}KHBaHHﬂ, COBIlazaeT C pacrpencyicHn-
€M YHCJIa 3AABOK B CHCTEME IIEPEN HpH6b1TH€M 3aABKH.
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[MockonbKy ycnosne «nepsbiii npuwen — nepebln obcayxer» poaxHo buiTo
coxpaHeHo, ycunerHana dopmynvpoeka pabotaet gns bonee yskoro knacca
cuctem G/G/1 w G/D/n , B KOTOPbIX rapaHTUpyeTCA coBNafeHue NOpAAKa
3apeplueHns oBCAyKUBaHUA ¢ NOPAAKOM BLIBOPKYK U3 ouepean

3aKoHbI COXpaHEHUA oYepein MO3BONAIOT YCTaHOBUTL CBA3b MEXKAY
pacnpegeneHuem BpemMeHU rpebblBaHWA 3aABKU B OHEpedn M MPOU3BOAALIEN
doyHKUVER pacripeaesieHnA HKCaa 3aABOK B Hel Nepen npubbiTem odepesHOR
3aABKKW

MpounssonAwen hyHKUMN MOXKHO NMPUAaTbh MPAMORA BEPOATHOCTHBIN
CMbICA €C/IA cYNTaTb, YTO KaXKAaA 3asABKa C BEPOATHOCTbIO Z He3aBUCK-
MO OT OCTanbHbiX ODAafaeT HEKOTOPbIM CBORCTBOM (Hanpmmep, ABNAAETCA
<<KpaCH0|7|>>), TO H(z) eCTb BEPOATHOCTb MMETb BCE 3aABKUN KKPACHBIMUD

MycTb

w(l) — NNOTHOCTB pacnpegeneHus BpeMeHn OXUAAHUA Havana obcayKin-
BaHMUA,

-_ a BO
(= npoussogAllas yHKUWsA pacnpefesieHna YNCa 3a5BOK B o4epesn
B MOMEHT NPUOLITUA HOBOM 3aABKMU

Mockonbky TI(z) MoOXHO UCTONKOBATL KakK BEPOATHOCTL OTCYTCTBUA B CH-
CTeMe CUHWX 3aABOK B MOMEHT NpubeiTns HoBOM, U3 cHOpMYNMPOBAHHOTO
BbiLLIE 3aKOHa COXPaHeHNs oyepeau CliefyeT PaBeHCTBO

I(z) = /e"’\(l_z)tw(t) dt,
0

KOTOpOe NoC/ie NOACTaHOBKK 2 = 1—5/)\ MOXHO nepenncaTh Kak ypaBHeHMe
ans TU1C pacnpepgenenns spemeny 0XuU[aHA Havana obcay X uBaHNs

wis) = II(1 = s/A). (3.11.4)

OHo ycTaHaBnnBaeT CBA3b MEXOY KLWUTYYHLIMU® U KBPEMEHHbIMUD MOKa3a-
Tenamu pabotel CMO [lpupasHAB MHOXUTEAN NPY OLNHAKOBLIX CTENEHAX S
B CTENEHHEIX pasnoxenuax obeux vacted paseHcTsa (3 11 4), ybexnaemcs,
4yTo

wy = qpy/ A, k=12,.., (3115)
roe
9[k) d:—e_on(n—~1)‘ {n—k+Dm,
n=k
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ecTh k- cpakTOpUanbHp?l MOMEHT PacrmpeieneHnA HACAa 3aABOK B oHepe-
av. IToT pesynbTat nonydex B ctatbe [115]. B vactHocTn, cpearee Bpema
OXUAaHAA B Ouepenu

(nseectran cbopmyna JlutTna).
AHanornyHas caasb CyLIeCTBYET MeXAy pakTopuanbHbBIMU MOMEHTa-
MU pacnpefesieHUs YUCAa 3aABOK B CUCTEME U MOMEHTaMW pacnpefeneHus
Bpemern npefdsanus 3asBku B Hed ans cuctem M/G/1 w M/D/n . Yeu-
nenran copmyna Jlurrna
vy = L/ (3.11.7)

BepHa [NIA BCEX CUCTEM M ceTed obCcnyUBaHWA HE3ABUCUMO OT BbIMOSHEHUA
npurumna FCFS.

Coxpanenue BeposTHocTel coctosuuid. PaccmoTpum npouecc
nepexonos uepes paspes AB B mapkoBckon cucteme (Anarpamma nepexonos

puc 3 6).

(fjlxpi(%Z\pZ‘ A HEPk
Xopo APt YRR B
0 1 k-1 k

Puc. 3 6. K 3akoHy coxpateHUs BEPOATHOCTEN OAA MAPKOBCKMX CUCTEM

CocTonHUA CMCTEMbI XapaKTepN3YIOTCA YUCAOM k HaxO@sulMxca 8 Heild 3a-
asok. OuesuaHo,

B CTAIlHOHAPHOM PEXHME CpeAHHe TaCTOThHl IEPEXOIOB Yepes
pa3pe3 B OpOTHBONOJIOKHBX HAOPABJICHHAX PABHEL.

[na puarpammsi puc. 3.6 ¢ nepexonamu TONBKO MeX Y COCERHUMMN COCTOSR-
HUAMU NpUMEHEHNE STOTO 3aKOHA HENOCPEACTBEHHO MPUBOAUT K PaBEHCTBY

Pr—1Ak—1 = D fik, (3.11.8)

TaK 4TO HEOOXOAUMbIE BEPOATHOCTN MOXHO ONPefenTh peKyppeHTHO:

Akt
Pr =

DPk_1, k=1,2,..., (3.11.9)
Hie

-92-




OTNPaBAAACL OT Ha4asbHOW BEPOATHOCTU Py

YacTHbIM Caiydaenm paspesa ABNAETCA KOSbLEBOR pa3spes, BbiAeNdAo-
WA OBHO U3 COCTOAHMA cucTembl Flpn 3TOM NPOTMBOMNONOKHBIM Hanpasne-
HUAM COOTBETCTBYIOT BXOAALUINE W BBIXOGALLME CTPENKM

Coxpanenve obbema paborbl. Boigenum knacc Tak HasbiBaenbix
«KOHCEPBATUBHbLIX> AUCUANANH OBCAYXWUBAHWA, B KOTOpOoM Bo3obHOBNEHMe
npepeaHHoro obcnykusaHua NpounssoauTea bes noTepu paree 3aTpaqeHHbIX
pecypcos B ykasanHoM Kjacce gucuunaus

pacrupegejesne o6beMa HeBBIITOJIHEHHON paboThI, HaxonAlle-
rocs B CMQ, HocToAHHO H HE 3aBHCHT OT BBIGOPA KOHKPETHOI
JHCIHTITHHEL.

MNokaxem npumMeHeHne 2TOro NPUHUNNA K PacHeTy CpeaHEero BpemeHn OXu-
NaHus 3asBKK B opHONUMHeRHoR cucTeme [lpex e scero, B [aHHOM caydae
cpeaHwii obvem paboTht coBNaaeT co CPeNHUM SHAYEHMEM W BPEMEHN OXKU-
faHus Hadana obcnyxusaHua BHOBL npubbiBlield 3asBKoR. ITo Bpema Oy-
[eT CKNafblBaTbCA M3 BPeMEHW 3aBeplieHins i HavaToro obcnyXusaHua
M BpeMeHn OBCAYXNBAHNA HaXOAALIMXCA B OHepean paHee NPULLEALLUX 3a-
asok. Cpennun octaTok HavaToro obciyxusaHus onpegenserca opmynoi
(3 1 2) v posmkeH yHUTBIBATLCA C BEPOATHOCTBIO 3aHATOCTYM CUCTEMbI, PaBHON
p= Abl :
fl jrss pbz/(le) = /\b2/2

CpenHee 4ncno 3asBoK B ouvepean Ha ocHosaHuu popmynsl JIntTna cocrasu
AW, NprYEm Ka)<aaa M3 HUX B CpeaHemM oDCNYXUBaeTcA by equHNL BpeMeH!
Wtak, sakoH coxpaHetus obbema paboTbl NpNBOAUT K paBeEHCTBY

w = \ba/2 + Awby,
oTKyAa cneayeT dopmyna ([lonaveka—XunHuwHa)
w = Abo/[2(1 — p)] (3.11.10)

ANs cpenHero BpemeHn oxuaanna B AM/G/1.

3.12. PacueT MapKOBCKHX CHCTEM
0 3aKOHAM COXPaHeHUudA

Mlpnimennm 3aKoHB! COXpaHEHUA K pacHeTy OCHOBHbIX NoKa3aTenei cu-
ctemol M /M /1. pexnpe Bcero oTmeTum, 4to ansa atoid CMO A(k) = A n
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u(k) = p Hesasucumo ot k. CrneposatenpHo, ans Beex k umeeT MecTo
UPk+1 = Apk . man prp1 = (A )Pk = ppr , ¥ CTAUMOHAPHbIE BEPOATHOCTH

o = (1= p)pF, k=0,1,... (3.12.1)

obpasyioT reomeTprueckyto Nporpeccuto co sHameHaTenem p = A/u. Yeno-
BUEM CYLIeCTBOBAHUA CTAaUNOHAPHOIO peXXuMa ABAAETCA HepaseHcTeo p < 1.
BepoaTHocts po = 1 —p, HalAeHHan 34eck U3 YCNOBUA HOPMUPOBKM, COBMa-
maeT c Boipaxkeruem (3.11.1) npu cooTseTcTBYIOWER 3amerHe obosHaueHNA,
4TO NOATBEPXKAAET 3aKOH COXpaHeHnn TpebosaHua.

[na n-kananbHo®W cUCTembt pacnpefesieHne Yucna TpebopaHuit & cn-
CTeEME 3a[AE€TCA BEPOATHOCTAMU

P = [”i YD CY/D }_1’

= ! (n=1)11-p

Y — 3.12.2

pi = pO(_/i'il)_3 'L:]_,TL, ( )
pi = paptT", i=n+1ln+2,...

3.13. Cucrema M/G/1

Beligennm cmexuble momenTor {n,}, n =1,2,..., okoH4ahwsa ob-
cyXKuBaHua odepeaHoro Tpebosarnua s cncteme M/G/1 n paccmoTtpum co-
CTOAHWA cuCTeMbl B Momenmat peeenepayuu {n, + 0} . B atn momentol
cuctema nubo ceoboaHa, nubo ToabKo HavmHaeT obCAyxuBaHWe, Tak uTo
drKkcnposaTh 3HadeHne NCTeKWero BpemeHn obCayXUBaHMA He HYXKHo. |a-
KON MPOUECC ABARETCA BJOMEHHBIM B WCXOAHLIA M, NOCKOABKY MOAHOCTLIO
(B BEPOATHOCTHBIM CMbICAE) ONPefeNAETCA CBOMM TEKYLUNM COCTOAHNEM, Ha-
sbiBaeTca saodcenHotl yenvro Mapkosa.

ObosHa4nm ¢; BepeATHOCTL MpubbiTUA j HOBbIX TpebosaHWii 3a Bpe-
Ma obcnyxusanua. Hetpyaro supers, 4to {¢,} onpepenstotca cornac-
Ho (3.6.3) u npw annpoxcumaumu pacnpepeneHna BpemeHn obcnyXusaHnsa
raMma-fiIoTHOCTbro NpobaeM ¢ ux BbidncneHunem He byaer. B yctanosuswew-
CA peXxume 3acTaTb 8 cucteme k TpeboBaHMA B OHepenHON MOMEHT pereme-
paLMK MOXHO, €C B HERA:

a) B MpeablAYLUIMA MOMEHT pereHepauuu Haxoawnace j -+ 1 3aseka
(j < k), onna obenyxunace n npuwno ewe k — j > 0 3assok;
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6) 3a spems obcnyxkubaHua nepsoi 3amBkM, Npubbibien B coboptyto
cucTemy, npuwno ewe k Tpebosarui.

CnepoBaTensHo, gunasvnme (NpenensHbie Npu yCTPEMAeHUW HOMeEpa MO-
MeHTa pereHepaumy K BECKOHEHHOCTI) BEPORTHOCTYA COCTOAHMA BAOXKEHHOM
Lenn cBA3aHbl CUCTEMOR ypaBHEHUN

k k+1
Wk=ij+19k—j+7roq;cZzﬂjfﬂcﬂ—j"'ﬁo%, k=0,1,...
j:D j:l

(3.13.1)
s a1ux chopmyn nerkc nonyyuTb peKyppeHTHble BbipaXeHus ANA pacyeta
BEpPOATHOCTER:

k-1

T = (Tp—1 — Toqr—1 — Z Tiqk—5)/ 0, E=1,2,... (3.13.2)
j=1

MoxHo noKasaTb, 4TO [AA paccmanwBaeMoﬁ CNCTEMbBI BEPOATHOCTU COCTO-
AHUA BNOXKEHHON LE€NU COBNAAANT CO CTAaLMOHAPHBIMU.

3.14. MHuorokaHajibHbI€e CHCTEMbI
¢ a3oBBIMU pacnpeneeHuAMIA

3.14.1. MHuorodgasHoe mnpencrasjeHue ciioxkHbpix CMO

Peannsauyma nwboro meroga pacyeta Npoueccos B cucTeme C oue-
peasMn TpebyeT ee npensapuTesbHOA MapKOBW3aLWK, T.e. MpeacTaBieHuA
TEKYLLEro COCTOAHWA CUCTEMbl MapaMeTpamu, MOJHOCTbIO ONPEnessNMA
(8 BeposTHOCTHOM cMbicne) Byaywee noseaerne npouecca. JpdpekTMBHbIM
MeToRoM Mapkosusaunu cnoxubix CMO sensetca dpasosas annpokcuma-
uMA coctasaatolumMx pacnpegenerni. Kaxpas kombnHauma pacripenenenuii
(v mx nopspxos) nopoxaaer creuncbnueckylo AUArpamMmy, KOTOpas MOXKeT
BuiTh NpeacTaneHa pasnuuHbiMU cnocobamn. PasymeeTca, npu msobpaxe-
HUW Ouarpamm NOpPAAKW pacnpeaenieHnii NpUxoauTCA KOHKPETU3NpoBaTh.

Ha anarpamme nepexonos nnsa M/E3/2 (puc.3.7) coctosnue cucte-
Mbl UAEHTUOULUPYETCA MOSHLIM KOANHECTBOM 3aABOK B Hel (Homep Apy-
ca) 1 pacnpepeneHnem NPoxoAAlNX obcayXKusaHne 3aABOK Mo ero cpasam
(«kAtoH» cooTBeTCTBYIOLLErO MUKPOCOCTOAHNSA). 3A€Ch U Ha NOCNeAyOLUNX
AMarpamMmmMax CyMMa 3HAYEHWUA MO3ULKA KNKOHa paBHa YUCAY 3aAefcTBOBaH-
HbIX KaHanoB obcayXusaHus.
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Puc. 3 7. Mepexoaw B cucteme M/E3/2

MNopsnok cneaoBaHus kntoded obecneunBaeT «BEPTUKASBHOCTY MEPEXOAOB
No NPWOLITUIO 3aABKKU, 4TO YHPOLIAET NOCTPOSHME MATPUL WHTEHCMBHOCTER
Nepexoaos MeXay MUKpococTosHuAmMK spycos. flepexoabl no sasepiieruto
Fasv obcnyKnBaHnA NepeBOAAT 3aABKY AuMbDO 8 MUKPOCOCTOAHME TOFO XKe
apyca, nubo {ecan dasa nmocnreaHAa} — Ha BbillieneXKawi Apyc, TaK Kak
3asABKa cuuTaeTCA oBCny>KeHHON NONHOCTBIO U MOKMAAET CUCTEMY.

PaboTa cuctembl M/ Hi/n moxeT BbiTb uHTEpNpeTUpoBata Kak npouecc ob-
CNY>KMBaHNA HEOAHOPOAHOro NoToka 3ansok |68], npuuem Tun 3assku onpe-
AenAeT NapaMeTp rokasaTeNibHO pacrpepeneHHoro obcnyKusaHna |eneps
KAOY MUKPOCOCTOAHNA YKa3bIBAET KOMNHECTBO HaxOQAUWNXCA B KaHanax ob-
cnyxmnsanua 3aseok kaxgoro tuna (puc.3.8, 3.9) CymmapHbid sxogAwmiA
NOTOK NMeeT MHTEHCMBHOCTL A NpubbiBaoilas (wnw sbibupaeman na ove-
pean) 3asBKa C BEPOATHOCTbIO Y, OTHOCMTCA K i-my Tuny, ¢ = 1,2. Ha
NOCNefHeM PUCYHKE NpW j > N NapameTp NOTOKa ODCAY>XNBaHWE 3aRBOK
{-ro TUNA paBeH M, M, , TA€ 1M; — COAEPNMOE I -#f MO3nUMM Karo4a 3a-
BeplieHune obCnyXusaHnus C BepoaTHocTamMu {y;} B 3aBucumMocTM OT TUna
BLIOpaHHOM W3 O4Yepean 3aABKM MPUBOANT B ORHO U3 MUKPOCOCTOAHUA Bbl-
Wwenexailero Apyca
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3.14.2. YpaBHeHus rnobasbHoro bamanca

OBo3nauum Hepes S; MHOXECTBO BCEX BOZMOIKHBIX MUKPOCOCTOAHWNA
CNCTEMbl, MPU KOTOPbIX Ha OBCAYXWUBAHWM HaxoAWTCA POBHO j 3aABOK, a
Hepes ¢ — konu4ecTso snementos B S; . [lanee B cooTseTcTBUM C nMa-
rPaMMOM Mepexoacs AAA BuibpaHHON MOLENU NOCTPOMM MATPULIbI MHTEHCUB-
HOCTeR repexofoB U3 MUKPOCOCTOAHWUA J -ro Apyca:

Ajlo; X 0j41] — 8 Sjy1 (npubbitue 3ansku);

C,lo;x0j] —8 S; (komeu npomexxyTtouHon hassl obcayxuBaHna);

Bjle; x 6j_1] — 8 Sj-1 {nonvoe sasepuienue obecayxusanns);

Djlej x ¢j] — yxona w3 coctoaHni apyca j
(s kBaapaTHBIX cKobKax 3aech M fanee yKasbisaeTcA pasmep MaTpuL).

Bsenem sexTopui-cTpokn ;= {¥j,1,7%j,2:- > Vj0,} HaXOXKAEHUA
CMO 8 cocroanmn (j,i), j=10,1,... Tenepp MoXHO 3anucaTe BEKTOPHO-
MaTpuuHble ypasHeHUst BanaHca nepexofos MeXAy COCTOAHUAMM

YoDo = %Co+m B,

. 3.14.1
5D; = YA 450 4y B, G=12... O

B cBA3M ¢ 3aBUCUMOCTBIO CTPYKTYPbl MaTpUL, Nepexoaos oT TUNa u fo-
PAAKA anApPOKCUMUPYIOLINX ha30BbIX pacnpeneneHunii LeHHOCTb Nporpami-
HOM peanusaluu PacqeTHOR CXEMbl OMNPEfEsAETCA BOMOMXHOCTHIO aBTOMA-
TUYECKOro MOCTPOEHUA MaTpuL nepexogos. ITy Npobriemy MOXHO pelunTb
cneayrownm obpasom:

a) ana Kaxgoro j-ro spyca cuctems, j = 0,n, aBTOMaTuHeckn crete-
puposaTb NOCNER0BATENIBHOCTb KJItOHER MUKPOCOCTOAHUMA;

6) copmuposaTe MaTpULbI MEPEXOROB, CONOCTABAAA KAOHU-CUCTOUHMN-
KU» j-ro Apyca u COBMECTUMBIE C HUMI NO BbIGpaHHOMY TUNY Nepexo-
AOB KMOUU-LKNPEEMHUKN»: 0AA MaTpiuubl B Ha (j — 1) -m apyce, ana
matpuuel C — Ha j-m, ann A — Ha (j + 1)-m apyce.

WmenHo Takon noaxoa npumeHeH s onucaHHom Huxke (pasa. 3.17) nakere
noanporpamm MOCT.

Cuctema (3.14.1), pononHeHHan ycnosuem HOPMMPOBKM, AaXke ANA
MofeseR ¢ OrpaHNyeHHon OYEPEabrO XapaKTepU3yeTCA YpPe3BbiYaitHO BbICO-
KOWM pa3sMepHOCTBIO, U CTaHAapPTHbIE METOAbLl PEeLUEeHWA CUCTEM JMHEAHbIX
anrebpavieckux ypaBHeHWUR NMPUMEHWTENbHO K Hell OKa3LiBalOTCA Manoad-
cbekTuBHBIMU. Mbl paccMOTPUM [Ba METOAA €€ PElUeHNA: WTEPALNOHHBIA
MaTPUHHO-FEOMETPUYECKOR Nporpeccnn.
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3.14.3. Urepaunonusiii meton,

Wpes sTo cxembl Bolna BRepsble NpeanoxXeHa Takaxack v Takamn
[209]. Mbi onusen ee B Bonee obuleir hopme u ¢ aetanbrod npopaboTkon
pacueTHbix 3aBncumocTedn (66, 67, 68].

MNonoxkum ¢, ==, /pj. roe p; — CyMMapHas BEPOATHOCTb HaNUY®A
B CNCTeMe POBHO j 3aABOK, u obosHaunm

z; = pi+1/p;, z, = pi-1/p;. (3.14.2)

Torna cucremy (3.14.1) MoxHO nepenucaTb OTHOCUTENBHO BEKTOPOB YCI0B-
HbIX BEPOATHOCTER {l;}, HOPMUPOBAHHBIX K ¢fANHULIE B npegenax Apyca:

toDyg = toqCo+ xot1 By, (3 14 3)
;D = zitjaAj 450+ etiaBiyg, j=12,.0 YT
C nomouwbto sekTopos-ctonbuos 1; = {1,1,..., 1} pasmepa o AnA Beex

7 moryT BbiTb 3anucanbi gononHawowmne cuctemy (3.14.3) ycnosua Hopmu-
poBKM
1, =1 {3.14.4)
w BanaHca CYMMapHbIX NHTEHCUBHOCTEN MEPEXOAOB MEXAY CMEXHbIMUA Apy-
camun
tjA]1j+1 = .’Ejtj_HBj_,_llj. (3145)
AnropuTwm pacueTa Habopa sektopos {f;} w uncen {z;} wn {7},
yaosneTsopaowmx cootHowennam (3.14.3)-(3.14.5), 8 cnyyae pasomkHy-
TOR CUCTEMbl C HEOrpPaHNYEHHON OYEPeAbld OMUPAETCA Ha CyLleCTBOBaHMe
NpenesbHOTO BEKTOPa YCOBHbIX BEPOATHOCTEN (o, = lin;_, o 1, KOTOpOE
ABSiseTCA CAeACTBMEM CTabUAM3aUnN NepexodHbIX MaTpuy npu j > n. Anro-
PUTM OCHOBAH Ha MOC/ENOBATENBHOM NMPUBAMIKEHNN K NCKOMbBIM XapaKTepU-
CTVKaM ANA OTPaHNHEHHOrO MHOMECTBA MHAEKCOB § = 0, N W no cyllecTsy
ABAAETCA BAOUHBIM BaPUAHTOM M3BECTHOTO uTepaUloHKoro meToaa | aycca-
3enpens.
flepennwenm ypasHenns cuctembr (3.14.3) pna j > 1 & supe

t"(D; - C)) = AT A+ 2 B, j=1,2,

c3

rae BEpXHMA UHAEGKC YKasblBaeT Holep uTepaunn (No npuuymHam, KOTOpble
MOACHAIOTCA HIXKE, NTEPaLNI NPERNOYTUTENbHO BECTU OT BOALLINX UHAEKCOB
K MeHblwum). Tenepb ACHO, 4To

(m) _ m) (m)
i B+ B, (3.14.6)
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rae ( )
)6 — m 1 A . D -, _1
. ( ) (3.14.7)
m —
ﬁ”—tJ.H Bj+1(DJ' _Cj)
Mtpu j = N cuuraercs, 410
B =tV By (Dy — Cn) (3.14.8)
OcTtanock ykasaTb cnocob pacueTa { } {xg.m)}. Mepennwem
(3.14.5) c yuetom (3.14.6):
(Zd,gm)ﬂ;' + £§nl)ﬂ}/)Aj1j+1 = a,g ) _§+iBJ+11J
O7rcrona cregyer nponopunmoHanbHOCTD
J(m) _ (m)
™ = caf (3.14.9)
¢ KoachpuUMEHTOM
) Bilj — 87 4,1
¢ = in1Birili — B d 1 (3.14.10)

B340

B 3Toli n nocnepylownx Qopmynax npoussefeHrun MaTpul, nepexoaa
Ha BeKTOp 1; paBHbI CyMMaM CTPOK COOTBETCTBYIOWMX MATPULL U MOTYT BbiThb
BbIYMCAEH I A0 HaYaNa UTepauni.

Moncratoska (3.14.8) 8 (3.14.6) n ymHoxeHne obeux uacTe pesynb-
Tata Ha 1; parot

1 = t(m)lj — .17 (cﬁ' ﬁ;l)lj
Wrak,
™ = 1/[(cB) + BI)L,). (3.14.11)

YoobHbim KpuTepuem npekpalueHus uTepaunii ABNAETCH YCI0BME

(m)
max|z: ' —x; < ég;.
J ]] 3 I_ 1

OnucaHHbIR aNrOPUTI B CBA3N € YCeUeHNeM YNCAa APYCOB — ¢, cop-
myny (3.14.8) — ByneT aasaTh HafeXHbie pesyAbTaThl ANLLL NPU YCAOBUM

Ity — teoll < . (3.14.12)
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LlenecoobpasHo BeINOAHNTE UTEPaUNU AR YMepeHHOro 3HadveHua N, nocie
Yero nposepnTb BbiNonHeHne ycrosna (3.14.12).

VHnomaHyToe YCNOBWE YKa3biBAET eCTECTBEHHbI RYTb 3a0aHWA Ha-
YanbHoro npubnuxxeHua, tS\?) = Ly, . PaccmoTpum cnocob Haxoxaenus Ta-
Koro npubnukeHns. bypem obosnauaTs npepenthbie NPU j — 0O MaTPULLY,
BEKTOPbl M OTHOLIEHUA CMEMHbIX BEPOATHOCTERA MPEXHUMW CUMBONAMYN, HO
Bes unpekcos. Ecam cyuiectsyer to, = 1, TO CywecTsyroT o npegeibHbie
3HAYEHUA OTHOLIEHUA CMEXHbIX BepoaTHOCTEA & W 2z = 1/x, npuuyem us

(3.14.5) cnepyer
¢ = 1A1, /tBl, (3.14.13)

¥ CTALNOHAPHBIE BEPOATHOCTY COCTOAHUA ¢ BoablummMu uHaekcamu obpasyroT
reOMETPUHECKYIO MPOFrpeccuio.
PacyeTsi cBnaeTENbCTBYIOT O XOpOLLER annpokeuMaLnm & Popmynodi

'z = p? WitvE), (3.14.14)

Monaran x wssecTHbiM, Kak cneactsue (3.14.6) umeem npenesnbHoe paBeH-
cTBO

t=(2MA+xtB)YD-C) ' =t(z7'A4+2B)(D-C)" =1Q,

roe
Q=("'A+eB)(D-C)"

O6osHaunm (@ — )1 maTpuuy, nonyuernyto us () — I sameHomn ee nepeoil
cTpoky Ha epuHuyHyto, u nosoxum 83 = {1,0,0,...,0}. Toraa nckomsii
BEKTOP MOJYHAETCA KaK pelleHune crucTembt AnHeliHbix anrebpandecknx ypas-
HeHni

B kauecTse HawanbHbIx Npubnnxennin k sektopam {t;} B xone onu-
CaHHbIX BbilLe UTEPaUVi, OXBATHIBAIOWNX BCE APYCbI AWarpaMmsl, AR j > n
cnepnyeT BocnonbsoBaTbeA pewennen (3.14.15) npu 3HaueHun =, HahaeH-
Hom no copmyne (3.14.14). Ha sbiwenexaluux apycax MOXHO MPUHATL BCe
COCTOAHNA paBHOBEPOATHbIMU. OnbIT pacHeTos cBMAETENLCTBYET O cnabom
BAMAHNM Bbibopa HavanbHbIX npubanxernd (B pamkax paccmMoTpeHHbIX Nof-
xof0B) Ha Tpebyemoe 1ucno utepauni.
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MNocne npekpailenns uTepaunii MOXXHO MEPEXOAUTL K HAXOXOAEHUO
abcontoTHbIX 3Haderni sepoaTHocTedn. [pexae Bcero oTmeTuM, H4TO U3 Ofpe-
penenns ducen {x;} cnepyroT paseHcTBa

Pi+1 = P25, j:O,N——l. (31416)

MoacTasne nx B ycnosue (3.11.2) 6ananca npubeiTus u yxona 3ansok

—

71—

(n—jlpj =n—>b/a,

[y
1
o

nony4aem CbOley.ﬂy ANA BEPOATHOCTU CBO60,EIHOI'O COCTOAHNA CUCTEMDbI

n—=bla
n—1 -1
n+ 3 (n—J) ][]
i=1

po = (3.14.17)

i=0

Nocnenytouine BepoATHOCTY ANA j = 1, N ONpenenstoTCs pekyppeHTHO C

nomowsto (3.14.16). Npn HeobxonumocTn Ta xe cbopmyna moxeT BbiTs Npu-

MeHeHa 07 BENbLIUX 3HAUYEHNA | C UCNONB3OBAHUEM T = Lo -
WTepaunonHblii METOR NPUMEHNI 1 ANA pPacyeTa 3aMKHYTBIX CUCTEM.

3.14.4. Meton MmaTpu4YHO-reoMeTPUIECKOH nporpeccun

Hna pacyeTa «basosbix» cucTem obecnyxusanna Becbma sdpcpekTh-
BeH npepnoxerHbifi Wesncom [137] meTon matpuaro-reometpuseckon npo-
rpeccun. Vgen ero 3akntoyaeTcA B npeacTaBfeHnn BEKTOPOB BEPOATHOCTE(
MWKPOCOCTOAHWA RONROCTBIO 33HATON CUCTENbI COOTHOLLEHMENM TUNa

vi =R j=aa4l,. (3.14.18)

roe @ — wmaTpuyHbIn 3HameHaTesib nporpeccun. Beinuwem onHo ws ypas-
HeHu cuctemst (3.14.1) ana j > n, onyckas uHaekcsl y cTabnansuposas-
LINXCA K BTOMY APYCY MaTpuL Nepexofos:

VD= 0A+v4B+17;C. (3.14.19)

lMoncTasus BbiparkeHus BekTopos BepoaTHOCTeR cocToaHui us (3.14.18),
MOXHO nepenwcaTs {3.14.19) B Bupe

¥j-1R(D = C) = vj_1A + v, 1 R*B,
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OTKYLA CNeayeT, 4TO UCKOMbIA 3HAMEHaTe b NPOrPeECcCUn AOJIXKEH YAOBIIETBO-
PATL MaTPHYHOMY KBaAPATHOMY yPaBHEHUIO

R*B-R(D-C)+A=0. (3.14.20)

flpu nssectHom R sektopui {v;}, j = 0,n, Haxogum peexnem
cucTembt ypasHeHuit rnobansHoro basaHca pnA MUKPOCOCTOAHWA COOTBET-
CTBYIOWIMX APYCOB, AONONHEHHON ycnosnem BanaHca 3aABokK:

n—1

ZO("-J')'rjlj = n-—bfq,

]:

‘)’O(Do - Co) = v 5B,

(D =C;) = yiAja+vaBiy, J=ln—1
')’n(Dn - Cn) = 7n-—1An—1 + 'YnRBn-H-

(3.14.21)
[TpakTudeckn sTy cucTemy nepes petlieHrem Heobxogumo pacnucatb No KOM-
NOHeHTaM YNOMAHYTHIX B Hell BekTOpoB. PewweHne moxer beiTs nposeneHo
KaK NpAMbIM METOAOM TUNa rayccoBa NCKNIOYEHUR, TaK U METOAOM UTepayni.
Mocnenytolme BekTOpbl BepoATHOCTERN onpepenatoTcsa Ha ocHose (3.14.18)
peKyppeHTHO — QOMHOXXeHUeM npeabiayilero sektopa Ha R.

OcHoBran npobnema peaansauun MaTpuyHOrO METOAA 3aKNIOHAETCA B
onpeneneHun snanveHaTens nporpeccuu R . YpasHernue suaa (3.14.20) mo-
XeT BbiTh pelleHo Aub 4ucheHHsIMU MeTodamu. Hannyuwmm peeHunem
BOMPOCA OKa3aN0Ch BbIYNCAEHME NONPABOK K 3HaMEHATENO NPOrpeccun B Au-
Hetom npubanxernn. nn ynpoulenns obosHadernni nepenuien (3.14.20)
¢ yyeTom pasercta C = 0 (npu runepakcnoHeHumansHom obCayKuBaHUM
nepexonbl MeX Ay MUKPOCOCTOAHNAMM B Mpefenax Apyca OTCYTCTBYIOT — CM.
puc. 3.9) v onpeaenum nonpasky A us ycrosus

(R+A)YR+AB—(R+A)D+A=0.
[perebperan uneqom, cogepkalunm KsagpaT nNonpasku, NMeem
R’B+ ARB+ RAB—~RD—-AD+ Ar 0,

nnn

A(RB - D)+ RAB~ RD — R*B — A.

[TocnepHee ypasHeHne NpnBoanTCca K BuAay

AF + RAB=G . (3.14.22)
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W ABNAETCA AUHEUHBLM OTHOCWTENbHO nonpasodHo#t maTpuubt A Koad-
chuumenTbl passepHyTol chopmbl cucTembl ypasHenui (3.14.22) moryT Boite
BbIpaXKeHbI MEpPE3 3nemMeHTbl W3secTHbiX Matpuy A, B w D, nocne 4ero
OHa peulaeTcs CTaHAapTHbIM Metofom. Pasmep cncTembl MOXKeT OKa3aTbCs
BeCcbiMa BHYWUTENbHBIM (AAA Mofenu HZ/HQ/S — 144 HeM3BeCTHbIX), yro
MPEABABAAET 3HaYUTENbHBIE TpeboBaHUA K OnepaTsHOR NamATH U AcnaeT
TPYROEMKUM Kaxabint Wwar nTepauun. OnHako Yncno uTepaumnii pesko cokpa-
LiaeTca.

[lanbHefwee ymeHblileHNe YNCNa UTEPaLNA GOCTUTAETCA NOAYHEHUEM
Ayywero HavanbHoro npubnuxenns. B sTux uensx nepenuivem ypasHenue
(3.14.20) 8 dbopme 2 RB~ RD+ A = 0. Tenepb AcHO, 4TO MOXKHO NPUHATH

Ro = A(D - zB)™".

CoBMecTHOe npumMeHeHue STUX NPUEMOB OKa3aNoCh UCKAIOYUTENbHO 3dh-
chekTuBHbIM. Tak, ana cuctemul Ho/H2/3 ¢ koacbcbuumneHTom 3arpyskn
2 = 0.9 n koadbdbuunenTamn Bapraunm NCXogHbIX pacnpesenenni vy = .4
w v = 3 (RaHHble, BAN3KME K HaUXYALWMM M3 NPOBEPEHHDBIX B CMbICAE CXO-
AMMOCTI) APV HavansHoh Hopue Hesasku 19.280 s Tpex nocnepoeaTenbHbIx
uTepaumax Gbuin nonyuerst Hesasku 3.350, 2.30-1073 n 7.23-1071°. 3a-
METUM, 4TO UCXOAHLIA BapMaHT MeTORa RMAA CHUXKEHUA HOPMbI HEBAZKK A0
107°% notpebosan 266 waros, U3 KoTopbix 104 npuwaock Ha nocreaHNd no-
pafok. Hu B oaHoM 13 noaycoThy obcHuTaHHHBIX cay4aes He noTpebosanoch
Bonee ueThipex Waros uTepauni.

3.15. CeTn 0ob6CAy XHNBAHUA

Ananus peanbHeix npoueccos obcnyxusanns (B TOM 4nucie pemoHTa)
HacTO MoKa3sbiBaeT, 4TO 3aABKAa MoJly4aeT «MONAHOE YAOBETBOPEHWEY SiNUb
nocie NpoxoXAeHna Heckonbkux hpas obCiyXnBanns B CRELNAAN3NPOBaEH-
HbIX y3nax. B Takux cnyuasx npuHaTo rosoputh o cemsAr obcnyxunsanus.
Co3nanve Teopun ceTeil obCyXiuBaHWA CTUMYNNPOBANOCh KaK BO3BPaTOM K
CTapbim 3afia4am Ha Hosom (bonee neTanbHOM) yposHe, Tak M APUHUMINEb-
HO HOBBIMI NPUNIOXKEHNAMYN, CPEAYN KOTOPDIX NPEXae BCEro HYXKHO OTMeTNTb
BbIYUCNUTENbHBIE CETH N CETY Nepefayn NaHHLIX C WCMOML3OBaHMEM BbI4U-
CANTEABHBLIX YCTPOHCTE.
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3.15.1. Onpenenenusa v NONMYIMIEHUA

Cetb obcayxusaHns cocTout na paboumx y3nos, 3aHYMepoBaHHbBIX
oT 1 po M, nctounnka (ysen «0s») u croka (ysen «M+1s). Hosasn 3a-
ABKA POXKAAETCA B WCTOMHUKE, C NONadaHuenM 3amBKN B CTOK hukcupyeTca
OKOH4aHue ee n.¢bbisanua B cetu. Ecnn cymmapHan NHTEHCWBHOCTb BXO-
DAWETO MOTOKA HE 3aBUCUT OT KONNHECTBA HAXOARWUXCA B CEeTU 3aABOK,
CeTb CYUTAETCA OMKPHNOU, B NPOTUBHOM caydae — 3aMKHYMOL . ﬂpaK—
TUYECKWN nccnenobaH eQNHCTBEHHbBIA YacTHBIA CAyvail 3aMKHYTbIX ceTenr —
ceTb € MOCTOAHHOR nonynaunen (menom 3aﬂaox) KA. 3nech Bmecto Ka-
XKAOW nonaslier B CTOK 3aABKW B UCTOYHWKE MIHOBEHHO reHepupyeTcA (VI
nepepaetcs B OfUH U3 pabouux ysnos) HoBasi. 3aMKHYTbie CeTh 3Toro BuAaa
XOPOWO MOAESNPYIOT JIOKANbHBIE BbIYUCANTE/tbHbIE CUCTEMbBI KOMNEKTUBHO-
ro nonbsosarua. flpu Hanuym B CETM HEOQHOPOAHbBIX 3aABOK OHA MOXKET
BbiTh 3aMKHYTOR RO OOHWUM TUMAM U PasoOMKHYTOR Mo Apyrum. lakas ceTb
cyuTaeTcA cmewarHotl.

Mapwpyr 3assku B cetu, BoobLle FrOBOpA, C/lyHaeH W ONpenenseTcs
Hepasnoxumon matpuuen nepepad R = {r;;}, 1,7 =0,M +1, obpaso-
BaHHOW BEPOATHOCTAMMW Nepexoaa W3 i-ro B j -N y3ea. JTu BEPOATHOCTH He
33BUCAT OT MapuipyTa, y)XKe npoiiaeHHoro sasskon. Hepasnoxumocts (He-
NPUBOAMMOCTb) CETH O3HA4aET HEBOSMOMHOCTb €6 PasfeneHua Ha He CBA-
3aHHble QONYCTUMbBIMU MEPEXOLAMN KOMMOHEHTHI.

Ina kaxporo j-ro ysna safaroTca MOMEHTHI pacnpefesieHns HUCToMN
anuTenbroctn obeayxmsanna {b,;}, =1, uncno kananos n; u anc-
yunnnHa obcnyxXunsanusa.

Mpn Hann4mmM 3aABOK HecKOAbKMX TWNOB ¢ = 1,() oHy pasbuatoTcs
Ha KJIacChl «3aMKHYTBIX® (. N «OTKPBITHIXS (J, , @ BCEM NepeHuceHHbIM
BbILLIE BENNYWHAM NPUAVUCHIBAETCA AONOAHNTENbHBIR (BEPXHWA) MHACKE TVNA
3aABKU ¢ .

Kak brino nokasaHo B Npeabiaywnx paspenax, OCHOBHblE NOKAa3aTesu
pabotet CMO moxHo paccunTaTs, NONYYNB pacnpenesieHne BEPOATHOCTER ee
cocToaHmii. PasymeeTca, npensaputensHo gonxHa BoiTs npoBeagHa Mapko-
BW3auWA npoiecca.

CocTosnue cemu obcnyusanus B obLiem ciyuae NPUXOAUTCS Xapak-
TepU30BaTh COSMECTIHbLM PacnpenesieHNnem BEPOATHOCTEN COCTOAHUMA, YU~
THIBAOWMM B3AUMHYIO 33BUCHMOCTb NPOMCXOAALLMX B y3nax npoueccos. Co-
BMECTHbBIE pacrpefeneHua KpaiHe Heynobubl B paboTe, B CBA3M ¢ Yem Mpu

aHannse ceTel AeNatOTCA JOMYLLUEHUA, CBOAAWNE YNOMAHYTYIO 3aBUCUMOCTD
K MUHUMYMY.

-105 -

e BepoaTHocTn {7; ;j} Mepexona 3asBKM U3 ysna i B y3ea j He 3aBMCAT
OT NpPERBICTOpUN 3a7BKW (B 4aCTHOCTW, OT KPAaTHOCTN NPOXOXAEHWA
Y3N1a) N OT COCTOAHURA y3Na-NpeemMHuKa j ;

e pacnpegeneHna gnuTensHocT obcnyxuearus B yanax onpeaenaoTcs
TONBKO TUNOM 33ABKN i HOMEPOM Y3/a 1 He 3aBACAT OT obcayKmBaHUA
OPYrux 3asABOK.

Pexum paboTet ceTn mbl byaem npepnonarats cTaumoHapHbim. Ouesnatblit
KPUTEPU# BO3MOXHOCTN TaKOro peXXuma — 3TO [OKpATUYECKas 3arpyska
BCEX ero y3noB, 4To obecnednsaeT KoHedHble cpegHWE ANWHbI o4epened B
y3nax.

B kauectse nokazameaeti pabomaot ceTein obCnyHUBAHNA UCMOALIYIOT:

® «MapruHanbHble» pacnpeneneHuA 4WCna 3adABOK B y3nax, T.e. ycpea-
HeHHble MO pacrpefeneHUsM 3aABOK B QOMOAHANIINX NOJCETAX
(yxasaHHble pacnpenenenus HyXHbl ans obocHosaHua TpebosaHui K
eMKOCTN HaKonuTenel 3asBoK);

® pacnpegesieHue BpeMeHU npebbiBaHUs 3aABKW B CETW Ut er0 MOMEHTHI
(aundbdeperuuposarHo no enaam 33ABOK);

® NMPOU3BOANTEJIDHOCTDb CETH (VIHTeHCVlBHOCTb noToKa OGCJ‘Iy)KeHHbIX 3a-
ﬂBOK) — TONbKO MO 3aMKHYTbIM TUMNaM.

Crporo rosops, He3aBUCUMBIf PacueT Y3708 BO3MOXEH TONIbKO ANA
MynbTUnIMKaTuBHbIX ceTed ([l-ceTeir), AnA KoTopuix coBMecTHOe pacnpene-
NeHne BEpOATHOCTER COCTOAHUA Y3n0B MPeRCTaBNMO NpPOM3BEASHUEM HacT-
HbIX pacnpefeneHuin Ha Hopmupylowmii mMHoxutenb. CooTsercTsytolume
ycnosus ccbopmynnposarbl B nssectHon Teopeme BCMP [108].

TpuauatuneTHee passuTHe MeTOAOB CTPOrof [EKOMMO3MLMUM ceTed
obcnyxusaHua npakTuvecku ucHepnano ux sosmoxroctTu. Paa ocobetiHo-
cTeit peansbix 3agad (yane Tuna FCFS ¢ Hemapkosckim obcayxupatuem,
C pasAn{HbIMK pacnpeaeneHnsmn obcnyKnNBaHuA Ans 3aABOK pasHbIX BUAOB,
¢ NpuopnTeTHbim obcayxusatinem) nckntoqaer BoamoxHocTb [l-peluerns.
Kak byaer nokasaHo s rnase 9, xapaktepnctukn pabotsl CMO cunbHo 3asu-
CAT OT Bapwauuy pacnpefileNeHunil, Hey4eT KOTopoh gaeT HamHoro 66nbwwue
ownbku, 1em «cunosan» aekomnosuuus cetn. Kpome Toro, «knaccueckue»
MEeTOLbI pacdeTa ceTedl UMEIOT CAMWKOM ObICTpbIfi pOcT TPYAROEMKOCTH MpW
yBenuueHUM pasmepHocTu 3agaqm (B ocobennocTu no obvemy nonynsuvu
M 4ACAY TUNOB 3aABOK) M BO MHOMMX C/IyH4asxX BbIHYXKAAMOT OrpPaHUYNTbCA

CPEeAHMMUN XapaKTepUCTUKaMN, HeaoCTaToYHbIMK gns BONbLUMHCTBA Npuao-
MKEHURA.
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Bce npubankerHoie metonbl pacudeta CeMO onwpatotca wa Ty unm
uHyto chopmy Jderomnosuyuu ceTn. lekomnosnuma npeaoctasnaeT BO3MOX-
HOCTb"

o cBefeHus HonbIOR 3aRaMN K CEpuit 3aka4 MEHbLUEH PasMepHOCTH,
® OOHOKPaTHOrO aHa/in3a TUNOBON NMOACTPYKTYPbI obuiedi mogeny,
® aHaNNTUUECKOrO UCCNENOBARUA NPOCTbIX MOAMOAENEN;

® ynpolieHun napamMeTpuHeckmx UccnenosaHni (pasgensoTtca dukcupo-
BaHHbIE Uf M3MeHAEMbie MOAMOAENH);

® NpUMEHEHUS K NOANOAENAM PazfinyHbIX BpeMeHHBIX mMacwTabos;

¢ NpuMeHeHnAa K pasHbiv nogmMojenam pa3ansHbiX MeTo40B UCcaejopa-
HUA, Hanbonee AOOXOAAUWX B KOHKPETHBIX YCNOBUAX.

PacueT ceTu BbinonHAeTCs B cnefyroLlen oyepeHOCTU:

1) Peweruem ypasreHun bananca nnu ) Taknx cUcTem B HEORHOPOAHOM
Crlyqae onpefenstoTCs CpeHWE MOTOKU HEPE3 Y3Nbl C TOYHOCTLIO A0
NOCTOAHHOrO MHOXNTENS

2) W3 cetn nocnenosatensHo BhIAENAOTCS NO OAHOMY y3abl j = 1, M ¢
NPUCYLUMMU UM HUCAOBBIMU XapaKTepucTuKamu obcayXuBaHns, npu-
4eM AOMOJHANWAS NOACETh 3aMeHAETCA MYacCOHOBCKUM UCTOHHUKOM
3aABOK MOCTOAHHOM MHTeHcuBHOCTU BoipeneHHsid ysen paccunTeia-
eTCA KaK W30/MPOBaHHAA cucTema.

3) B cnysae orpaHuteHHon monynAuMM no pesyabTaTam BTOPOro aTana
‘POBOANTCA KOPPeKLUs NOTOKOB, MOC/IE YEro STOT 3Tan NOBTOPAETCA
(mo BBINO/NHEHUA YCNOBUA CXOQMMOCTH UTEPAUMIA).

4) [locne CT86VIJ'IVI38LWIVI NOTOKOB KaXX[btil yY3€a pacCYNTbLIBAETCA KaK N30-
NNpoBaHHaA cucTema CO cBoeft AUCUURNANHON chnyxmsava

5) OnpepenstoTes arpernpoBaHHble XapakTePUCTIAKN PacnpeaeneHns Bpe-
MEHU NpebblBaHUA 33ABOK B CETU B LENOM.

Hanuune stanos arperaumn 1,3 n 5, obecneuenne GanaHca noTtokos
(s7an 1) u noctosHcTsa nonynaumni (aTan 3), HesasncumocTs sTana banau-
CUPOBKM OT OUCLUMAUHBI OBCAYXNBaHNSA, a TaKXKe NpUMeHeHne MTepaumi,
UCKTIOHAIOWMX ANNTEIbHOE HAKOMAEHWe MOrpelHocTeR, obecnednBaroT Bbl-
COKYto yCTORUMBOCTL (pOBAcTHOCTL) METOROB YKA3aHOro THna.
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3.15.2. PasoMKHyTas ceTh C OOHOPOIHBbIM IIOTOKOM

[ina pasomKHyTOR ceTu BCe MOTOKM MEXRY Y3namMu CHUTArOTCA Mpo-
crenwunmyn. PacueT HauymHaeTca ¢ onpepeneHns w3 ypasHeHwun banaxca 3a-
ABOK

M
No=Aroit+ Y Mg, i=T1M, (3.15.1)
j=1
uHTeHcusHocTed {A;} Bxoasiwux B yane notokos. 3aece A -~ cymmap-

HaA NHTEHCMBHOCTb NOTOKa OT BHEWHUX UCTOYHUKOB. ﬂanee ANA BCEX y3noe
[OAMNKHO 6bITb fIPOBEPEHO YCNOBNE OTCYTCTBNA NEPErpy3Kn

Az‘biy]_/ni <1, (3152)

obecnevupatoLLee CylLleCTBOBaHNE B CeTi cTayuoHapHoro pexxuma. flonoxu-
TEeNbHbIA pe3ynbTaT NpoBepKU NO3BOJAET MPOAO/IKUTL BHIYUC/IEHUA B 3a-
BUCUMOCTM OT a/IfOPUTMUYECKUX 1A BBIYUCIUTENbHBIX BO3MOMHOCTER, KOTO-
pbiMA pacnonaraeT uccnegosatens. B dactHocTn, npeanonoxenue o Towm,
4TO BCE MOTOKM B CETM — MPOCTelillne, NO3BONAET HENOCPEACTBEHHO MpU-
CTYRUTb K pacHeTy MapriHasbHbiX pacnpefeneHnii Yncia 3aABOK B y3nax C
3afaHHbIMK AN1A HUX pacrnpeaeneHnAMU ANUTENbHOCTY obCayKuBaHuA, Yu-
CNOM KaHanoB 1 Nony4eHHbiMi U3 cucTembl (3.15.1) nnTeHcusroctamn {A;}
BXOAALLMX NOTOKOB.

OTka3s oT yrnomaHyTON rvnoTesbl NpeanonaraeT AeTafnbHbIA yyerT:

® CBOWCTB BHELWHWNX NOTOKOB;

® paculenneHna BbIXORALLAX N3 Y3/10B NOTOKOB BCAEACTBUE CNYHaMHOrO
(c BepoaTHocTAMU {r; j} ) nubo perynspHoro pacnpenenenus obcny-
XeHHbIX 3aABOK MO y3/1aM-NpeeMHUKaM;

® CYMMUWpPOBAHWA Ha BXOAe fpeeMHMKa NOTOKOB OT HECKOJbKUX UCTOY-
HUKOB;

e npeobpaszoBaHns BXOAALUUX MOTOKOB B y3nax obcnyxusaHus.

ITOT yuYeT Npu HANNYMKU LUKINYECKNX MapWpYToB TpebyeT UTepaunoHHOro
YTOYHEHUA pacnpeaeneHUil NHTEPBANOB MEXAY BXOAALWMM B Y3Nbl 3aABKa-
MU, NpUYeM BHYTPU UTEPaLIMIA NPUXORNTCA cronib3osaTb bonee Tpyaoemkmne
anropuTMbl pacHeTa y3/0B — € HEMAPKOBCKUMM BXOGAWMMN NOTOKaMM.
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3.15.3. PacueTt ceTu ¢ HEOOHOPOIHBIMH ITOTOKAMHU

Anroputm paspa. 3.15.2 ectecteenHo obobiuaerca Ha cnydain @ Tu-
NoB HeoAHOPOAHbLIX 3aABOK ¢ audpepeHUMPOBaHHBIMI XapaKTepucTnKamu
becnpuoputeTHoro obcnyxusaHus kaxkgoro tuna. ObobwieHHbin anropntm
COCTOWT W3 CAEAYIOWNX Waros:

1) Pewenne cuctembr ypasrennin banarca (3.15.1) no kaxpomy ¢ -my Tu-
My 3aABOK OTHOCWTESIBHO CPeNHUX MHTEHCUBHOCTEN NOTOKOB {/\g-q)} B

yanax j =1, M ; 3ametum, uto maTpuua nepeaad 1, soobuie rosops,
33aBNCUT OT ¢.

2) MMposepka oTCyTCTBAA neperpysku: mJaX{Z AEQ)bg-?l)/nj} <1
q
(npu ero HapyiueHMM HeobxoaUMa KOPPEKLNA MCXOAHBIX AAHHBIX).

3) Pacuet ypnensHoro Beca 3asiBOK KaXXAOrO TUMa BO BCEX Y3/aX U CpefiHe-
B3BELUEHHbIX MOMEHTOB pacnpefeneHnin 4AnTebHOCTI obCnyKuBaHua
no KaXxaomy yany.

4) PacueT MOMEHTOB pacnpegeneHus BPeMEHU OXWUAaHUA, obwmnx aan
BCeX THMOB 33ABOK, NO KaXAOMY W3 Y3708,

5) [Ina Bcex TMNOB 3aBOK:

® fonyyeHue OnA BCexX ysnNOB MOMEHTOB pacnpefiesieHna BpeMeHK
npe6blaava npu OQHCOM RocCeleHn NOCpPedCTROM CBEPTKU MO-
MeHTOB pacnpeneneHwV\ BpeMEHU OXUAaHna n HYUCTON ANUTeNb-
HOCTH OGC]’Iy)KMBaHMﬂ 33aABOK DTOrO TUNAa,

® PACHET MOMEHTOB pacnpencnNeHUA BpEeMeEHN ﬂpesblBaHMﬂ 3aABKN
3TOro Tuna B CeTw,

o noctpoerune PP spemern npebbibanna e cetu.

6) Koneu anroputma.

3.15.4. 3aMKHyTasi ceThb

[lnsa uHTepecytowled Hac 3aMKHYTOW OAHOPOAHOR CETH, MOQENNPYIO-
wen NpoLeECChbl PEMOHTa, COXpaHAETCA NOCTOAHHOE 3Ha4eHne [X’ CYMMapHO-
ro 4MCna 3aABOK B MCTOYHMKe u B pabounx ysnax cetn. ObosHayum depes

_ M
{ki} cpennee 1ucno sameok B pabouux ysnax, 0 = Y. k; — uX cymmy,
i=1
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ko = K — 0 — cpepHee 4UCN0 UCTIPaBHbiX arperatos, lo = YA€/ bHYIO UH-
TEHCUBHOCTb WX OTKa30B. Joraa ycnosua banaHca 3aABOK MOXMHO 3anucatb
B BUAE

M _ B

2/\i7’i,j+lok()r0,j—'>‘j = 0, j: l,ﬂ/f— 1,

" (3.15.3)
AiTi M+1 = loks.

1=1

NocnenHee ypasHeHne urpaeT poNb HOPMUPOBKM — OHO NPUPaBHUBAET Cpea-
HUe NHTEHCUBHOCTI HOBbIX OTKa30B M 3aBepLUeHUA peMoHTa.

Pacuer cuctembl npons3soanTCcA cne,dyromwvl 06p330MZ

1) Buibpats HauansHoe npubnuxerne ko = K /2.

2) Pewennem cuctembl (3.15.3) HaiTu cpegnue wnrTencusHocTv {A;}
BXORAWMX B y31bl MoTokos. [lonoXuTb cpesHee 4Yncno 3asABOK B
pabounx yanax cetn ¢ =0.

3) [ns ecex yanos j=1,M:

® paccyWTaTh pacrpepeseHne YNCa 3aABOK B Y3J1e KaK B Pa3OMKHY-

Toii CMO ¢ uHTeHCcMBHOCTBIO NOTOKa 3aABOK Aj |
® BbLINUCANTD cpeAHee Hucno k; 3aABOK B Hel;

;3
® nNepecuuTaTh CymMmy: ¢ =0 + k; .

4) Boiuncnuts Hosoe npubnvixkenne ky = N — o .
5) Ecnu |ko — kj| > eK , samennts ko Ha kb w sepHyTbca Kk aTany 2.

6) lpu HeobxoanmocTu B pacHeTe pacnpepneneHns BpemMeHu npeboibaHns
32ABOK B CETW NOBTOPUTL 3Tanbl 2 # 3 ¢ AOMOAHUTEABHBIM BbI4UCAEHN-
€M MOMEHTOB pacrnpefesieHNA BpeMeHU npebbiBaliA 3asBKU B KaXOOM
U3 y3/0B ceTy.

7) Kowey anroputma.
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3.16. PacnpeneiieHne BpeMeHH
npeOLIBaHUA B CETH

3.16.1. PemeHne B cpeqHuX

Ha ocHosanum CbOPM}’ﬂbl NutTna anAa CETU B LEIOM CpeiHee BpeMA
I'Ipe6blBaHMﬂ 3aABKW B Pa3’OMKHYTOW ceTun

M
v=Y I_c,-/A. (3.16.1)

Sﬂer cpeqHee YACNO 3aABOK B CETN AENUTCA Ha CYMMapHYyO MHTEHCNBHOCTb
BXORALLEro MOTOKaA. ﬂ)‘lﬂ 3aMKHYTOR CETW NPUMEHAETCA Ta e cbopmyna C

M _
sameHoin »_ k; Ha K w
i=1

M
A= ZAiri,Mﬁ-i (3.16.2)
il

(3To cymmapHas MHTEHCUBHOCTb MOTOKa OBC/IY>KEHHBIX 33#BOK, MO 3aKOHY
COXpaHeHUA 33ABOK PaBHAA WHTEHCMBHOCTM BXOQALIErO NOTOKA).

3.16.2. IlpeoGpasoBaune Jlanaaca u Bpiclie MOMEHTBI

Ilna Hanbonee oTBeTCTBEHHBIX NPUMEHEHWT 3HATbL CpeaHee BPpeMA Npe-
bbiBaHNA 3aABKN B CETH HEQOCTATOHHO: B NOAODHBIX CyHanax obbiYHO BCTaeT
BOMPOC W O BbICLIMX MOMEHTAX U/ AN NocTpoeHnn hyHKUMK pacnpeseneHms.

Boigenum us matpuubl nepegay R:

& sextop-cTpoky P = {ro1,70,2,...,T0,M} BEPOATHOCTER repexoaa n3
WCTOYHNKA B KOHKpeTHbie paboune y3nbl;

e BekTop-cTonbey T = {r1YM+1,r2,M+1,...,TM,MH}T BEPOATHOCTER
nepexoaa us paboynx yanose b CToK;

o matpuuy Q = {ri;}, i,j =1, M, sepoaTHocTeil nepexonos Mexay
pabouumu yanamu.
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Kpome Toro, onpeneanm aunaroHanbHyto matpuuy N(s) npeobpasosaHui
Nannaca {v;(s)} pacnpenenenunin spemeru npeboisanua s paboqnx ysnax
cetn u chopmupyem MaTpuLy

I(s) = N(s)Q. (3.16.3)
NNC pacnpeaenernsa BnUTENbHOCTY OLHOWATOBBIX MEPEXOAOB B CTOK
v1(s) = PN(s)T.
Ona asyxwarosbix nepexonos
¥2(s) = PT(s)N(s)T

n soobuie ansa k-Liaroebix

v (s) = PT*Y(s)N (s)T.

Monnoe NJIC pacripeaenetna spemenn npebuisanna 3anekn B ceTu

(e = 3o wle) = B[ ST VT = U - R N
k=0

k=1

CyuwlecTBeHHbIM 21EMEHTOM DTOIM TEXHOAOTUN ABNAETCA BblYWCAEHUE
npeobpasosarni Jlannaca pacnpepenenuin spemetin npeboiBaus 3aABOK B
y3nax no MOMeHTaMm 3TWUX pacnpefefieHniA — CM. pacHeT ¢u ANA PasNHHbIX
annpokcumauuit, nogobpaHHsix N3 ycnoBua BoipasHuBauusa wmomernTos. Mo-
MeHTHI {g;} pacnpepeneHns epemenn npeboiBaHua 6 ceMmu MOMKHO NONYHUTE
qucneHHbim aundbeperumposatuem y(s) B hyne.

Monb3osaTenein ceTn obpIMHO MHTEpecyeT BOMPOC O BEPOATHOCTH npe-
ObiBaHNA 3aABKK 8 ceT¥ JOA€E 3a7aHHOrO BPeMeHU, MpPUYeM CamMo 3TO Bpe-
MA YKa3blBAeTCA €O 3HAYUTENbHbIM DNeMeHTOoM npoussona. [lpakTudeckn B
TAKUX CRYHAAX HYXHO CTPOUTL MO HaiAeHHbIM MomenTam PP Bpemenn
npebbiBaHKA 3aABKA B CETU QA 3HAYEHUA aprymeHTa, NEpPeKpbiBarOLLUX Ana-
NasoH BO3MOXKHbIX W3MeHeHUR aupekTusHoro cpoka. labanua PP moxer
66iTb NocTpoeHa Ha ocHose annpokcumauun ee [JOP Beibynna. Hanomnww,
YTO He C/eayeT OXXUAaTh XOPOLIeR OTHOCUTEABHON TOMHOCTU BAA 3HA4EHUR
OOP, menbunx 0.01.
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:3.17. ITaker MOCT 1o pacuerty
CUCTEM C O4YepelsiMHu

Mevonbi Teopun cuepepei npumenunmbt Kk Aoboim cayuahtnim npo-
LeccaM CKOMJIEHUR U PaccacbiBaHUA OYepefeRd Ha TPaHCNopTe, B MpPOMbI-
WAEHHOCTH, TexHnKe (Npexkae BCEro BbIYMCANTENLHON), 3APABOOXPAHEHUM,
BuitoBom obcnyuBaHuw, BoeHHoM pene, obpa3zoBaHUM, OpraHWzauun Ha-
Y4HbBIX 2KcrepumeHTOB Ha pecbnuuTHOM obopyposanun n 7.n. Kak byper
nokasaHo B 4vactu I s70@ kHuru, pakHedwas npobrema pacueTa BoC-
craHasnusaemoro 3MlNa pewaetca metogamu HassanHon Teopuu. [lpepsa-
PUTENbHAA OLEHKa AOCTUIKNUMBIX NPU [aHHBIX YCAOBUAX W KOHDUrypauum
cnCTeMbl MokasaTenei kadectsa obcnyxunsanua (cpesHeR AnnHbI Ouepenn,
BEPOATHOCTN NpeBbitieHNA AONYCTUMOTO BpEMEHN OXNaaHus nauv NoTepn sa-
ABKM 1 T.M.) nossosseT n3BexaTte Kak OPOrocTosLLEN NePecTPaxoBKi U3-3a
CO3AAHNA cUCTeM N3BBITOMHOW NPOV3BORUTENBHOCTU MO HUCAY WAK MO~
HOCTW KaHanos obcnyXusawumns, Tak 1 HEONPaBAAHHOTO CHUXXEHWA Ka4yecTBa
obcnyxusanna. lMocneaHee ocobenHo onacHo B CMTyauuax ¢ BoICOKUM puc-
KoM (CcucTeMbl ynpasieHs nocanKoi caMoneToB, aBapuitkble CyXbbi, rpyn-
Nbi BbiCTporo pearnposaHns, sKCTpernHan MeAWLMHCKAan MOMOLLb), a B bonee
OBbIYHBIX CAYHARX rapaHTUpPyeT KakK MUHUMYM NOTEPH KAKEHTYPHI.

3ameTum, 4TO NOofoGHLIA pacyeT TpebyeTca He TOMILKO NpPU NpoekTu-
poBaHWU cucTembl oBCAYIKUBAHNA: OH HEOBXOAUM MPU KaXOOM CEpbe3HOM
N3MEHEHVN UHTEHCUBHOCTER NOTOKOB 3aABOK, UX MapLUpyTN3aunmn, Tpynoem-
KocTh obpaboTku, Tpebosanui k xavectsy obcayxusanns. Takum obpasom,
HEODXOANMbIMI PacHETHbIMW CPeACTBAaMY AOMXKHbI BbITh OCHALLEHb! HE TOb-
KO MpPOoeKTUPOBLINKK, HO W YMPpaBAAIOWNA NepcoHan peasbHO 3KCMAyaTupy-
embiX cucTem obcnyxusaHus,

O6wen3secTHa BO3MOXHOCTL pacHeTa NPOU3BOAbHbLIX cucTem obcay-
MKNBAHMA C NOMOWBIO UMUTALIMOHHOTO MOALNNPOBAHNA, PEaN3yemMoro cpea-
creamu tuna GPSS. Oarako 3t cpeacrea wernbkmn, TpebyroT Honboro
pacxofld MaWMHHOTO BPEMEHM U, H4TO CaMOe HEMPUATHOE, [RANT HWU3KYHO
TO4HHOCTH OnpefesieHUA BEPOATHOCTER pedkinnx cobwitui. [MosTomy npepno-
YTUTENLHO WCMO/IB30BAHNE aHANUTUYECKNX MeToRoB — npv Heobxoaumo-
CTU B COYeTaHWM C YucneHubimu. [lpocTedmwne npeanonoxetnsa ob skeno-
HEHUWAAbHLIX PACTpPene/IeHNAX NHTEPBASIOB MEXKAY CMEXHbLIMN 3aABKamMu 1
ANNTETBHOCT OBCAYXUBAHNA NPUBOAAT K nM3BECTHbIM chopMynam IpraHra
(okono 1910 r.), norpelHOCTb KOTOPLIX ANA PacnpeaeneH i, 3aMeTHO OTAN-
HANOWMNXCA OT NOKA3aTENLHOTO, MOMET BbiTs CKONb YIORHO BEMNKA.
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Teopun maccosoro obcnyxusanus wmeeT [ENO €O CNOXHBIMWA CAY-
Yya@HbiMKU npoueccamu. Peanuctuueckne pacueTHele MeTOAUKYU 4S8 pelieHns
AOCTATOHHO LUMPOKOro Kpyra 3afa4, 4acTb KOTOPbIX OfMcaHa B 3TOW rnaee,
TpebyoT cncTemHol pazpaboTkn yncnenHbix metogaos TMO u ux peanusa-
unmn B nakete npuknagtbix nporpamm ([MI1M). Obwan opranunsauma TN u
noaxoast K ux ouexke obcyxpatotes, Hanpumep, 6 [76]. Opranusauua, npu-
obpeTwasn roTosbI NakeT, Noay4aeT cheaytowmne npeumytuectsa [190]:

1) cobcTsenHan paspaboTka moxeT bbiTe HemoavemHoRn (no peduunty
BpeMeH! 1 KBanudrunpoBaHHbIX Kaapos) ANA Manon bupmbi;

2) Ro BHeapeHUA NPoRAeT MEHbLIE BPEMEHU, MOCKOIBbKY NPOEKTUPOBaHWE,
nporpaMmupoBaHue, oTnagka, AOKYMEHTUPOBAHNE YIKe BbIMOSHEHDI;

- - - *
3) roTosbiit nakeT oboiperca netuesne cobcTserHon paspaboTku;

4) ero KauecTBo HasepHAka ByaeT Boiwe, a 4ncio owubok u noTpebHoCcTb
B pecypcax KOMMbloTepa — MeHblue;

5) nakeT byaeT xopollo AOKYMEHTUPOBaH 1 yaobet B paboTe;

6) Byaer posmoxen obmeH MHpopMauned 1 ONbITOM C APYrUMM NOJb30-
BaTenNAMU,;

7) obHosneHue sepcuit u passnTme nakeTa oboOMAYTCA CPaBHUTENLHO
AeLieso.

PaaymeeTca, nmeroTca aprymeHThl U B NOAb3Y CaMOCTOATEIbHOR Pa3paboTku:

1) Tpyana cpaBHuTenbHass OUEHKa NakeTo (HYXHO Y4MTHIBaTH OYeHb
MHoro ¢pakTopos).

2) MpakTuueckn HewsbexkHbl pasnnyua B TEPMUHONOTVM, FOAXOAAX,
obosnaveHmnnx, chopmatax.

3) Bcerna s kakoii-To cTeneHyn (4acTo — BecbMa CyLLECTBEHHOR) Heobxo-
AMa NOACTPOIKa NOKYMHOTO NakeTa, KOTOpas MOXKET OKa3aTbCA OMeHb
CAIOXKHOR.

4) Pa3paboTunkos TpyAHO YroBOpUTb YTO-TO M3MEHUT.

5) Conposoxpaenue Hyoro NpoaykTa coBCTBEHHLIMU CUAAMU O4EHb TPY-
D0eMKO.
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3.17.1. Ucropusa IIIIII ona pacyera
cucTeM 00CIYKMBAHUA

PaboThl No co3aHnto YUMCNEHHBIX METOROB pacyeTa cucTem obcnyxu-
BaHuA NyBAUKyloTCs B MUpoBOW nedaTw ¢ koHua 1970-x rr. (RESQ — CLUA,
QNAP — ®paruns, PERFORMS — fAnonus u ap.). Toraa xe nossuancs
¥ nepeble OTEHECTBEHHbIE Pa3paboTKi aHaNOMMYHOTO HasHadeHWA (Kosinek-
Tus B.®. Matseesa, 0.1. Mutpodbanoe, B.M. [Mopxoshuk, KO .U, Peixukos,
T.H. Abnoxosa).

Huxe gano onucaHue cocTaBa, BO3MOMHOCTEN W TEXHONOIMW MpM-
meHenns naketa MOCT 2 (Maccosoe Obcnyxusanne — CTaumoHapHble
3agaqn), paspabortaHuoro asTopom u bonee 20 net npumeHaemoro npu yTe-
By aucuunankel «MoaennposaHue BBIMMCANTENBHBIX CUCTeM» B Boenrom
WHXKeHepHO-KocMudeckom yHueepcutete un. A. D Moxanckoro.

[tepsas Bepcus naketa boina peannsosana B 1977 r. Ha asbike Anron-
60 pna mawnn Tuna M-220 [66]. HanbHeRwne paspaboTkn Bennch Ha Asbike
MJ/1 ans mawun Tuna EC, nporpammuo cosmectumbix ¢ IBM/370. Bepcuna
n3 83 dyHKUMOHaAbHEIX nNpoueayp B 1987 r. Guina nepepana ana Tupaku-
poBaHUs W pacrnpocTpaHenus B [ocyRapcTBeHHbIR hoHA aArOpUTMOS W Npo-
rpamm (Sctorckoe HMO BTU) u skennyatupyetca no HemonHbiM AaHHbIM
npubnunsutensro B 30 oprannsaumax. Bepecus MOCT-2 (1993 r.) B cocrase
135 npouenyp v nporpammtoin obonouku peannsosana Ha EC-1066 n pabo-
Taet noa yrnpaenedunem VM/SP. PaboTa ¢ Heit onncaHa B pykosoacTee [74].

3.17.2. «Ilepconansusbiity MOCT

B 1995 r. ewinonnex MepeHoc nakeTa <o CTAUMOHAPHBIX MaluH TH-
na EC na IBM-comectumsle MTIIBM. B kauecTse asbika nporpammuposa-
HuA Bein Bbibpan PopTpan-77 (Microsoft, Bepcus 5.0) kak egurcTBeHHaRn Ha
TOT MOMEHT W3 pacnpoCcTpaHeHHbLIX CUCTEM NPOrpaMMUPOBaHWUA, WMENLIas
BCTPOEHHbIE CPencTBa paboThl C KOMMNNEKCHBIMI NepeMEeHHbIMN N AUHAMNYe-
CKOTrO BblfeNeHWUA NAMATY NOA 0O BEKTHI 3aAaHHOR CTPYKTYPSI (ALLOCATABLE—
maccussl) — cm. [75].

3.17.3. Ilpodeccuonanbnasn Bepcus MOCTa

Mpocbeccuonanehbin naker (MOCT-FP) nossonser pewats He Tone-
KO MPaKTUYeCKUe, HO U NCCAEAOBATENbCKNE 3a0aUIt TEOPUM OUHEPERER C Hail-

2K omnoumennofi puHaHcOBON FpyNNe HUKAKOTO OTHOIEHUA He UMeeT.
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Bonblen rubkoctbio, TouHocThio 1 adbpekTuaHOCTI0. OH OTKpbIBAET MOL-
30BaTesl0 BOCTYN Ha CBOM BHYTpeHHui yposenb (137 npouepyp) Pexunm
paboTsl nonbaoeaTens ¢ naketom — cbopodHoe nporpammuposatue [laker
COCTONT U3 CNEAYIOWNX FPYNN YHKUNOHANbHBIX NpoLeAyp (YKPYNHeHHO):

e ocHoeuble (aHanus konkpeTHbix Tunos CMO);

& NPUOPUTETHBIE;

e BpewmeHHble (Nepexon K BpPEMEHHBIM NOKa3aTenAaM);
e cetesble (pacdeT ceTel obcayxUBaHNA);

e annpokcumaumnorHbie (nonbop napameTpos hasosbixX U MHBIX YAOBHBIX
AR NocnegyoWnX BEIYUCNEHWHA pacnpeaeneHsit no MOMEHTaM UCXOA-
HbIX pacrnipefeneHnit);

o «dasosbie» (MocTpoeHne MaTpul MHTEHCUBHOCTER MEPEXOSOB MEXOY
MUKPOCOCTOAHUAMU ha3oBbIX MOAENei);

® (1aTEMaTUHeCKue PasHOM CTeneHu obLiHOCTY (pelleHne cucTem NUHER-
HbIX anrebpavyeckux ypaeHeHu#t, obpalieHne MaTpuy creumrasbHOM
CTPYKTYPbI, BblMuUC/IEHUE MPON3BOAALLMX PYHKUUA AUCKPETHBIX pac-
npeaeieHyRn BEPOATHOCTEN, MHOrOKPATHOTO YNCReHHOro AucbdbepeHumn-
posaHus B Hyse 1 T 4.), usbasnatouine ot HeoBXOANMOCTH NprBAEKaTL
apyrue bunbsinoTtern.

Brarogaps Takol CTpykType nakeT obecneuusaeT MaKcUManbHyro rnbkocTb
npuMeHeHnA npu ymepeHHom obbeme. PyHkunoHanbHaA U3bbITOHHOCTL ero
Mo3BO/IAET B KAXKAOM KOHKPETHOM CNydae WCMoab30BaTh npoueaypy MWHW-
MafibHOR ODLYHOCTH, T e. PeWwnTb 32424y C MUHUMYMOM 3aTPaT MALUMHHBIX
pecypcoB, a TaKKe OpraHv3oBaTh B3alMHOE TECTUPOBaHMe npoueayp Ha obna-
CTAX nepeceyeHnst UX OYHKLUNOHANBHbLIX BO3MOXHOCTE.

[lakeT cooTBeTCTBYET MUPOBOMY YPOBHIO TEOPHUM OYepeaen M B 3HaYu-
TENLHOM CTeNeHW NOCTPOEH Ha AWUHBIX Hay4HBIX pesynbTaTax aBTopa.

[Mpouenypel naketa ocbopmnens: B Buge 6nbnnotekn obBEKTHBLIX MO-
AYNER W BLI3BIBAIOTCA U3 COCTaBAEHHON NONb3OBATENAEM TNABHON NPOUeayph,
3anucanHon Ha QoprpaHe-77. B obiwem cnyyae pacier CMO npoxoaut cre-
gytowne stansi:

® annpoKcuMauntc WUCXOAHbLIX pacnpeaeneHni no meToay MOMEHTOB
(B page cnydaes pacnpeneeHna MoryT noAcTaBNATLECA HENOCPEACTBEH-
HO CBOMMWU MOMEHTAMWU NN napaMeTpaMm);
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® pacyeT pacnpefeneHnAa 4YUcna 3anABoOK B CMO KOHKPETHOrQ TUNa
(B TOM Yucsie MHOroKaHanbHbIX HemapKoscxwx);

¢ pacyeT MOMEHTOB pacnpeneneHnA BpeMeHU OXKUAaHUA NO HEMY,

pacyeT MOMEHTOB pacnpeneneHns spemMeHi ﬂpeSblBaHMﬂ
3aABKW B CUCTEME,

® nocTpoerve No MomMeHTam Tabauubl 3Ha4YeHNA AONOAHUTENbHOMN
yHKUNM pacnpegeneHun.

Yactb oTanos B 0OTAENbHLIX CAyqasnx MoxeT bbiTb onylueHa. aa npuopnTet-
HbIX ONHOKAHAbHBIX CUCTEM MOMEHTbHI pacnpeneneHua spemenn npebuisanus
B CUCTEME 3aABOK Ka>KAOro TWMNa BbIYUCNAIOTCA HEMOCPEACTBEHHO.

3.17.4. Obmasn xapakrepucruka MOCTa-F1

NonHoe ucnonbsosakne BosmMoxHocTed naketa (paboTa ¢ npoasuHy-
Tow ero sepcued ) TpebyeT yrnybaennoro usy4eHus Teopuu sonpoca no noa-
FOTOBNEHHON aBTOPOM MOHOrpachun «ANrOpUTMUYECKUA NOAXOA K 3aaadam
maccosoro obcnyxusarusy. Kpome toro, Heobxoanmo 3HaTe nporpammMupo-
BaHne Ha Poptpane-77 ana [19BM (cnpasouynble cBeaeHWA npuBoOAATCA B
Pykosopctee k MOCTy-FP). OpHako BecbMa Lumpoknin Kpyr npakTuuecku
BaXKHbIX 3aflay4 MOXHO pewaTb u bes nepeducnentbix nosHannit. Hapagy ¢
noareim MOCTom ansa keanucbuumposatHbix nonbsosaTeNel, peannsosaHa
ero ycedenHan sepcua MOCT-F1 pns Henpodeccuonanos. Ona nossons-
€T PacCcUUTLIBATh 3aMKHYTbIE W PasOMKHYTbIE CHCTEMbl U ceTu obcnyxusa-
HNA ORHOPOAHBIX 3aABOK C YYETOM TPexX MOMEHTOB MCXOAHbIX pacnpegeseHnii
(c cornacns nonbaosatens MOCT-F1 no nsym mMomeHTaM MOXeT camMocTos-
TenbHO nogobpaTe TpeTtui). Jonyckaetcs Takxke yKasaHWe KOHKPETHBIX Tu-
nos pacnpefesieHnit (NokasaTenbHOE, 3pNaHrOBCKOE, AETEPMUHUPOBAHHOE).

flo paHHbIM, BBEAEHHBIM B peXxuMe Anadora, U TpebyeMblM NoKasa-
tenam MOCT-F1 asTomaTuuecku cdpopmupyer QopTpaH-nporpanmy, Boi3bi-
BatOLLYIO HY)XKHble MOAY/MM NaKeTa, W 3aNycKaeT ee Ha KOMAWAAUNIO W CHeET.
Beixoatble nokasatenn (ekarouas [PP spemenn npeboisaHus) saHocaTcs
B OTBeTHbIA baitn B hopme, yAOBHOR ANA UCNOMIB3OBAHNA COBPEMEHHBIMU
rpacpuyecknmMn cpeacTeami.

lMakeT ncnonbayer ¢hasosyto annpoKCUMaLUnto pacnpeneneHnin n He-
nocpegpcteeHHo BbisbiBaeT 21 npoueaypy MOCTa. Beero B Hero Bxonat 50
npoueayp (WX crUCOK BblA NOCTPOEH aBTOMATUYECKN KaK TPaH3MTUBHOE 3a-
MBIKaH1e NepsuyHOro).

HokymenTtauna kK MOCTy-F1 coctout us:
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® COKpalleHHOR BEPCUM YNOMAHyTOW MOHOrpachuv «3agaqm v meTodbl
pacyeTa CUCTEM C OYepeAAMUY, BBOAALLEA MNOJIb3OBaTENA B KPYr OCHOB-
HbiX naei v 6asoBbIX NOHATUR;

o PykosopcTea, BKIIOUAIOLLEro, B YaCTHOCTYU, OMUCaHNe LUUKAA U3 Tpex
nabopatopHbix PaboT ANA OCBOEHWA NaKeTa, YACHEHUA ero BO3MOXHO-
CTel 1 McrioNb3oBaHUA B yyebHoM npouecce BY30B n Kypcob nepeno-
roToBkn crneunannctos (B npodpeccnoHanbHol Bepcuy MpeanaratoTea
11 takux pabor).

MakeT peanusosan Ha [13BM, nporpammHo coemectumbix ¢ IBM PC,
u pabotaer noa ynpasnenuem MS DOS. Ins ero npumenenus Heobxoauma
cuctema nporpammumposaHus ®oprpan-77 pupmsl Microsoft sepcuu 50 u
CTaplie, B KOTOpPbLIX peanimsoBaHbl snemenTbl PopTpara-90. [taker nocrasns-
eTCA Ha OofHOM AWcKeTe, ynakosavho#i apxweaTopoMm ARJ. Pacnakosahrbin
MOCT-F1 conepxnT wecTs NoakaTanoros.

B katanor BASE Bk/itO4YeHbl .eXe-MOAY/AN YeTbipex reHepaTOpoB
®opTpaH-nporpamMm (N0 OCHOBHbLIM KNacam peliaeMbiX 3aaad) — BCEro OKo-
no 150 K6. 3peck xe HaxopaTcAa bwbrnuorteka mfl obbekTHnIXx Mogynen
MOCTa (303 K6) v ee cTaHaapTHan onunch

Katanor FRG conep»uT HeTbipe chaiina 3aroTosok — chparmerHTos by-
nywunx Qoprpan-nporpamm (ONATh e No KAaccam 3anady)

Katanor GO BknrouaeT fsa pakeTHbIX cbanna’ mogenl gns sanycka
cucTembl U ucnonbsyemeln um fclg, ssaumonencTeyownin ¢ PopTparom.

B katanore INS naxoaaTcs 50 cdhainnos ¢ bnokamn INTERFACE TO,
obecnievnpato MM CONPAXKEHNE BbI3bIBAOLLMX MPOFPamMm C Bbi3blBaeMbiMu

B katanor RES nomeluenbl sTanoHHble pesynsTatel nporoHa MOCT-
F1 no 4ertsipem ocHoBHbiM BeTBAM, a B TST — npoTokoAbl AwWanora, sTi
pesyNbLTaThLi NOPOXKAIOLLEro.

lns sanycka nakera cregyer BoTu B AupexTopuio GO U BbI3BaTh
cannmogeni.bat. MOCT-F1 nosgoposaetcs c sBamu u npeanoxuT sbibpaThb
Knacc petuaeMon 3afaqu (PacueT M3OANPOBAHHOM CUCTEMbI NN CETU — 3a-
MKHYTbiX nn6o pasomkHyTbix). CaenaHnbih BLIGOP onpeaennT reHepaTop, Ko-
Topblt ByneT BecTi panvHenmwmin puanor. B npouecce avanora sBoguman c
KAaBWaTypbl wHdopmauna

® KOHTPONUPYETCA Ha KOPPEKTHOCTD,

® UCrONb3yeTCA ANAA NNaHNPOoBAHWA MoANeXailled BbI3OBY UENOHKHK
npoueayp,
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® HaKananeaeTcA AJIA HENOCPEACTBEHHOTO MUCMONL3OBAHUA NpPU pacqeTe
(aanmcusae‘rcn 8 pann moct.dat, oTKyaa ByneT cunTaHa NOCTpoeHHON
reHepaTopoMm QopraH—nporpaMMOW),

KoxTponio nogeepratorcs:

® ZuMCrepcuyM BpeMeHHbIX pacnpefeneHnit (Ha HeoTpuuaTeNnbHOCTB):

® BLIMUCAAEMbIA KOSPDULMEHT 3arpysku cucTem! (fonikeH BbiTb meHb-
we eguHNLb);

® 5/leMeHTbl CTPOK MaTpuLbl BEPOATHOCTER Nepexofa MeXay ysnamu ce-
Tv obcyxuBaHua (CymMma 51eMEHTOB CTPOKM AoJs1XKHa ObITk pasHa ean-
HULE).

Mpwn HapyweHun ykasaHHbix TpeboBaHUR cUCTEMa MPOCAT NOBTOPUTL BBOA
nnan NpuHyanTenbHO 3apepliaeT guanor.

Mo sasepwenuyn BBoRa rexepatop chopmupyer PopTpaH-nporpammy,
BbI3bIBAIOLLYIO HYXKHYHO LIEMOYKY MPOueayp u coaepxallyto Tpebyembie onu-
CaHWA M OnepaTopbl BBOAA-BLIBOAA (B MOCAEAHUX MCMONBIYIOTCA CTaHAapT-
Hble uMmeHa daiinos moct.dat n moct.res). 3aTem 3anyckaeTca naxkeTHbif
dann fclg.bat, noa ynpaeneHnem KoToporo

® nporpamMma KOMNuAUpyeTcs,

o 13 6ubnnoTekn K Hel MPUCOEAUHAIOTCA BbidbiBaembie (B TOM 4ncae
TpanauTusro) moayam MOCTa u dopmupyetca exe-moaynb,

& NOCAeNHUA 3anyCKaeTCcs Ha CYeT,

& nocne 3asepluerina ero paboTut yaanawTca sce pabouue ainnbl, Kpome
moct.res.

PeaynbTaTbl BbIZAOTCA € HEOBXOAUMbLIMU MOACHEHWAMU, MPUHEM MACCUBbI
BEPOATHOCTEN BLIBOAATCA B OANH cTobel (HymMepauus cocToAHWA noapasy-
MeBaeTcA ¢ HyAA), a Tabauua [IOP & gsa (apryment u sHavenne yHkunm).
Takas pepakuna (nocne KONNPOBAHUA HYXKHbIX HacTen dhafina CTaHAAPTHbI-

MU cpeacTsamn) obnerdyaeTt B3aUMOAERCTBUE ¢ aBTOMAaTUMECKMMMU NOCTPOU-
Tenamu rpacdukoe Tuna GRAPHER nan GNUPLOT,
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I'nasa 4

IIporanosuposanue
TAHHBIX

4.1. IIpobneMbl IPOrHO3ZUPOBAHUA

Wcxoatbie mammbie ana samad ynpasienns 3sanacamn (cnpoc, ue-
Hbl, BPeMeHHEIEe 3aAepXKN, OrPaHM4EHNA) NOABEPKEHbI 3aMETHOMY BAUA-
HWIO CRy4alHbiXx hakTOPOB W, KPOME TOrOC, MOTYT MEHATBCA BO BpemMeHu
Ha WHTepBasne nnaHuposaHua. [11a peweHns peasnbHbIX 3aAady yNpaBneHUR
3anacamu HeobXORUMO Npo2HoIUPOBaHUE Nepesncnerblx AaHHbix. CTpaTe-
FAA NPeCKasaHui 3aBACAT OT KOMMNETEHTHOCTI NPOrHO3UCTA, BO3MOXKHOCTENR
KOMMbtoTEPa, €ro MaTeMaTu4eckoro O6eCﬁe‘-leHMﬂ, Hanun4nAa n npeacraen-
TE/IbHOCTN AaHHbIX, cpoka nporHosa. boicTpas peakuna Ha ownbkn nporHo-
3UpQBaHWNA NpPeanoYTUTEIbHEE CBEPXTOHYHOTO NPOFrHO3a.

MeTognka NpOrHO3MPOBAHNA XapaKTePUCTHK BPEeMEHHBIX Nocneaosa-
TenbhocTed cnabo ceBAsaHa ¢ npeameTHon obnacToio n oceelleHa B Arobom
PYKOBOACTBE NO MaTeMaTU4ecKod cratuctuke. Mol onuwem Anilbs oCHOBHbIE
UAeUN NPOrHOZUPOBAHUA MPUMEHUTENBHO K CMPOCY, a 3a MaTemaTUyecKnmu
ﬂOﬂPOGHOCTﬂMVI oToWNeM HUTaTeNna K KHwure [84], co,qep»(au.xeﬁ onncaHwne He
TOJIBKO METORO0B, HO W PEasiM3yroinx UX NakeToB CTATUCTMYECKUX MOANpo-
rpamm,

B ycnosuax ToBapHOro npoussoacTsa noTpebHOCTU TpaHcbopmupy-
totes 8 cnpoc. Cnpoc Ha cpepcTBa NponssoacTsa chopmMmupyeTcs foa Bosaen-
CTBMEM MHOMXeCTBa PakTOPOB: HayHHO-TEXHUHECKMI NPOrpecc, Temnbl pocTa
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obLemMoB NMpous3BoAcTsa, HOPMbI pacxofa, B3aumosamMeHsemocTs u T.4. [lpn
pellieHUH 3a0ay YNPaBAEHUA 3aMNacaMu CNpoc HAAO NPOZHO3UPOSAMbL. ITY
paboTy chedyeT NpoBOANTL B 4BYX HANPABJCHUAX:

1) yTouHerune obbemor npousBoACTBA ¥ CTPOMTENbCTBAa W paspabot-
Ka MpOrpeccUBHbLIX HOPM PAcXoda MPOAYKLWUM Ha NPOU3BOACTBEHHbIX
npeanpuATUAX;

2) craTmcTnyeckoe NPOrHO3MPOBaHUE CApOca y NoTpebuTenen, Ha ckaapax
1 Basax TeppuUTOpPUanbHBIX YNpaBneHWd u ynpasfaeHnA TexHonorm4e-
CKOM KOMMAEeKTaLuu — B CUCTEMaX OMTOBO-PO3HNYHON TOProB/v.

PacueTHo-aHannTuyecku cnocob NONXKeH COUETATLCA CO CTATUCTUHECKUMMN
MeTORamMM.

TpyaHocTb NpUMEHEHNA pacHeTHBIX METOAOB 3aKAOHAETCA B TOM, 4TO
K MOMEHTY COCTaBfIEHNA MPOrHO3a MPeAnPUATUA elle He WMEetoT MJ1aHOB-
3aka308 (MeX Ay NPo4uM U MOTOMY, HTO CAPOC Ha UX NPOAYKLMUIO ABIAETCA
OCHOBO# ANA coCTaBReHnA nnaHoe). [lononHuTenbHblE CIOXKHOCTY BO3HMKa-
10T B MOAENAX C «3aMKHYTBIM» CMPOCOM, 3aBACALLUM OT LEeHOBON NOANTUKHN
(2 cnpoc Bcerna 3aBMCUT OT LIEHOBOI TICAUTUKM) 1 OT CTENEHU YAOBNETBOPE-
HUA noTpebuTenei, T.e. OT CTPaTErun yNpaBReHNA 3anacamu.

Csoto cnoXHocTb — HenosiHyto HabniogaeMocTs CNPoca — WUMEOT ¢
craTucTnyeckne metoasl. lpuiunamn storo asnaroTca:

® yKpynHeHHan (hUKCAUNA CNPOCca B CTOMMOCTHOM WJIW HaTypasibHOM WC-
umcnenun (LWTYKW, TOHHBI, NOTOHHbIE WM KBaApaTHbIE MeTpbl) be3 pe-
TanbHoW pasbuexi NO HOMeHKAaTypam;

® Hey4eT HeynoOBJETBOPEHHbIX 3a7BOK (B ocobeHHOCTU B TOprosne u AN
AechMLUTHBIX TOBAPOB).

B nacrosulee spema B cBA3KM C BHEAPEHUEM 3MEKTPOHHbIX ba3 aaHHbIX co-
3nanuck obbeKTMBHbIE YCNOBMA ANA YnyuleHUa HabAoAaeMocTH cTaTneTy-
Yyeckux obbeKTOoB.

4.2. XapakTepUCTHKH BpeMEHHBLIX PAI0OB

Bpemennbie pagbl onuchiBaroTCA OBYMA FPynnaMn nokasaTenew: xa-
PaKTEPMCTMKN Cevernit n xapakTepucTukn audammxn. K nepsoim MoxHo oT-
HEeCTN CpefHUA YpOBeHb, AWUCMEPCUO, CPEAHEKBAAPATU4HECKOE OTK/IOHEHMe,
koaphbuLMeHT Bapuaumu Ons BbIBPaHHOro MOMEHTa BPEMEHU; KO BTOPbIM
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— abcontoTHbIlk npupocT (KoHeuHylo pasHOCTb), koadbuuvenT (Temn) po-
cTa, apTokoppensumnio n ap. OBmiuHoO nporHosuposake BeAeTCA Ha ypOBHe
cpeauux w aucnepcuin. Ecnn Takosble oueHeHbl, TO fanee NPUHUMAIOT [O-
ROMHUTENbHYIO rURoTe3y O Buae hyHKUMW pacnpeaeneHus.

Mpu HepocTaTKe CTATUCTUYECKOR WM aHaNUTUHECKOR WHbopMaLnm
WCMONB3YIOTCA IKCNEPMHMHBE METOAbl, KOTOPbIE ONUPAKOTCA Ha OABIT 1 MHTY-
VLMIO CreunanncTos.

Ouerkn MoryT BbITb TOHEHHBIMU, MHTEPBAALHLIMU W KBIHTUABHLIMUA.
CratncTUYeckni aHaNN3 SKCNEPTHBIX OLEHOK «NO NOAHOR NporpamMmMes npeg-
nonaraeT cnoxHyro obpaboTky mHenni skcnepTos. B kadecrse pesynbTupy-
POWER TOHEHHON OLEHKM, HANPUMEDP, PEKOMEHAYETCA NPUMEHATL MEANaRYy,

B cnyqae aByxToueuHbIX OUGHOK 3KCEpT onpeaenfeT Tmm W Tmax -
QyHKkuuA naoTHocTu beTa-pacripegeneHna nimeeT BUL

f(x) = C(CE - xmm)a(xmax - I)v'

B npakTunke cetesoro nnannposarna (npn oueHke aanTensHoctT paboT) pe-

KomeHayeTca npuHaTe o« = 1, ¥ = 2. Toraa C = 12/(2max — ), 2

MaToXuaaHNe W CpeaHeKBAaApPaTUYECKOE OTKAOHEHWE MOACHUTLIBAIOTCA CO-
" rnacHo

= (217max + 3xmm)/5, g = (zmax - xmm)/5-

UmetoTca BapuaHThl NOMlyUEHNA Tex XKe XapakTepucTuk ¢ ydyeTom Hawnbonee
BEPOATHOIO 3HAYEKUA CAYHAMHOR BRAUUMHBY Tprob (TPEXTOUEHHbIE OLEHKM

{40]):

_ 1

r= g(xopt + 4a7prob + xpes); T = g(xopt - fﬁpes)-
3pech Iopt —— ONTUMUCTUHECKAA OLEHKA, Lpes — NECCUMUCTMHECKaA,
Tprob — Haubonee BepoATHa.

Hanbonee sdppekTnsHbIM METOROM KPaTKOCPOYHOrO NPOrHO3MPOBa-
HUA Ccnpoca ABNAETCA aHann3 BpeMeHHbix psfos. WasyueHune namenenunsa no-
TpebHoCTed BO BpemeHN ABAAETCA OCHOBOR MHMOPMaLUNOHHOTO obecneqeHns
3afay ynpasieHus sanacami.

BonbwunHcTso BpemeHHEIX pAROB XapaKTepusyeTca KonebaHMAMN, Ko-
TOpble MOXHO PaspennTb Ha «BeKOBble» (TPeHA), Ce30HHble U ChyYaiHbie.
TpeHp onuceiBaeT ycpepHenHyto mexdenyuto usytaemoro npoyecca (ero pe-
TEPMUHUPOBAHHYIO KOMROHeHTY) JlMHWIO TpeHOa MOXHO OTOXAECTBATH C
IAHNER perpeccuit B KOPPeNAUUOHHOM aHannse. | peHA y4uTolBaeTCA Nyu-
we, ecnn nHpopmaLna bepeTca No HECKONBKUM Nepropam:

T =ar" 1421 - )3 - (1 - a)z" 2
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3nech Hepes Iy obosHauew cnpoc B k-It nepuof, a Ty — ero nporHos.
Ipyrne AuHamMuyeckue nokasaTenu YCTAHABAWBANOTCA CpaBHEHUWEM
DaHHbIX O Cnpoce B NOCNAEAOBaTEsbHbIE MEPUOAbl, AANTENBHOCTH KOTO-
pbix onpeaensertcs crneuudpukon sagadn RMosdduyuenm pocma nokasbi-
BaeT, BO CKONbKO Pa3s yposeHb (CpeaHee 3HaudeHWe) 3aAaHHOro nepuona
Bonbiue ypoeus OasucHoro nepuopa. Cpedrull memn pocma onpepens-
eTCA Kak reomeTpudeckoe cpefHee Koatbduumentos pocta {k,}: k =

Ykika ...k, . Tlporsosupyemeiit yposens Zparir = Zar -+ k" .

4.3. MeToq ckoJb3gIed cpemuei

Hanbonee npocrtbim meTonom sbiABAEHWA TEHAEHUMN BPEMEHHOTO PA-
da ABNAETCA crhaiupaHue ero yposHed. B wetope croavsaweti cpedned
chakTuHeckme YpoBHU 3aMEHAOTCA PAAOM CPEQHUX, KOTOpble paccHuTbiBa-
FOTCA ANA NOABUIKHbLIX WHTepsanos (hUKCUPOBAHHOR AAWHBLI U OTHOCATCA K
cepelnHe Kaxaoro us Hux. Yem npofosKumTenbHee UHTEPBaN CrAaXKNBaHWA,
TeM CniibHee ycpeaHewue u bonbwe noraowatotcs konebanna. B npakTuke
BbIYUC/IEHUA HAWE BCETO UCMONb3YIOTCA Tpex-, MATA- 1 cemuyneHHble dhop-
mynsl. B obwem cnyqae

] 1
BEgT DL E

1=t=2m=-1

Mpn bonbwom uncne Habniogennn ynobree nonwb3oBaTbeA peKyppeHTHOR
dopmynon
Ty = Xy + (-1 — Ty—am-2)/(2m+ 1).

MeTon ckonb3sluen cpeHed yenecoobpasHo NPUMEHATL AULLIL AAR NpoLec-
COB C He3HAYMTEeNbHbiM U3MeHeHMeM CPeiHUX BO BpemMeHW, a TakdKe AnA
KPaTKOCPOYHOTO MPOTrHO3UpoBaHMA. 3hech 8Ce [aHHbLIE MMEIOT OfNHAKOBbLIA
sec 1/(2m + 1) . On Tpebyet xpaneHusn ganubix 3a 2m + 1 nepwopos, 4To
npn paboTe ¢ MHOTUMU ThiCAYaMU HOMEHKNATYP CTAHOBWTCHA BecbMa obpe-
MeHuTeabHbIM. 13BeCTHb! BapnaHTsl 5TOro MeTORA ¢ OTHECEHNEN pe3yNbTaTa
YCPeAHeHNs K KOHUY nepuoga, ¢ MHorodasHbIM craaxkusarvem n ap [77].

4.4. IKCHOHEHIHUAJIbHOE CIVIAXKUBaHUE

BTOT METOR COCTOUT B CrIaX>XUBaHWK BPEMEHHOFO pAala C NOMOLWbLIO
s3seweHHOl CKONb3ALWen cpenHeﬁ, B KOTOPOVI BeCa NOAHYUHACTCA SKCNOHEH-
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UnabHOMY 3aKOHY. 3Ha‘4€HVle NPpOrHoO3npyemMoro napameTpa ONPEAENAETCA
no cdopmyne
.C‘C.t _—_it_l—}—a(rt_l——i't_l), (441)

roe koacbdpuument a, 0 < a < 1, oTpakaeT cTeneHb yuieTa paccorfa-
COBaHUA MEXAY NPOrHO3OM Z;_i MW haKTu4eckoh noTpebHocTbIO X1 B
NpenbiaAyWUn nepuog. JTy POpMYaY MOXHO NepenncaTt B PeKYpPPeHTHOM
suAae:

Ty = axpoy + (1 - Ck).’i‘z_l. (442)

BeinonHue nocnepoeatensHble AOACTAHOBKY, NMpuxoanm K cboplvlyne

t
Ir=a § (1— )tz + (1 — ) &, (4.4.3)
1=1
KoTOpan 06*bﬂCHﬂeT Ha3saHWe N CMbICN MeToOda — MoKa3aTenbHo beIBaro—

e Beca «crapbix» Habarogenun. Meron obecneunsaer ycroiivusyro peak-
L#IO CUCTEMBI Ha U3MEHeHUEe NOTPEDHOCTER, CKOPOCTL peakyuuit peryaupyeTcs
koadbbuunentom « . [lns menneHHo MeHAOWEACA NOTPeBHOCT MOXKHO pe-
komeHgosaTs « = 0.1, ana bonee guHamuunon — o =0.3-0.5. Ouesngno,
o BOAKH3 yBbiBaTb C yBenudennem ANUHbI nepuopos. BoamoxHeim nog-
XOAOM K ONpPEAefeHNto ONTUMANbHOrG (¢ ABAAETCA MUHWMU3AUUA CYMMb
KBAAPATOB OTKNOHEHNA MPOrHo3a OT akTUHECKOro cnpoca NO UMEKLWUMCH
peafibHbIM JaHHBIM.

4.5. AnanuTHvyecKoe BhIpaBHHBaHHE

AHannTuYeckoe BbIPaBHUBaHNE BPEMEHHbIX PSAOB aHANOTMMYHO Onpe-
ReNeHNIO TeOPETUYECKOA JIMHWKM perpeccMi B KOoppenaunoHHOM aHannse.
llepas 3agayva cocTout B BHIDOPE TURA KpUBOK: MHOrOYAEHbI, ApobHO-
palnoHasbHble OYHKLUM, SKCROHEHTbI, AOrucTudeckne kpussie u ap. Bug
KPWBbIX NPEeAMOYTUTENLHO OMPeAenvTb U3 TEOPeTUYHECKUX CcoobpareHuni:
BHYTPEHHEN JIOFWKW MpoLecca v ero ceaseli ¢ oKpy>Xatowimm mMupom. flo-
MOTaeT TaK>Ke 3Ha/iN3 KOHEUHbIX PasHOCTER U UX OTHOCUTENbHbIX 3HAYEHWUH
[77, c. 266]. Mpu BbipaBHMBaHAM MHOTOUNEHAMM NONE3HO NPEABAPUTENLHOE
BbIMMCAEHNE KOHEYHBIX Pa3sHOCTER: NMOPAAOK MHOrO“eHa PaBeH HauBbicLie-
My riopAfAKy HeHyneBsiX pasHocTeid. Ha npuemnemocTs skcnoHewuuansHom
annNpPoOKCUMaUnM yKasbiBaeT 611M3Kaa K NHEAHOR 3aBUCUMOCTE OT BPEMeEHH
A026PUGMOE NCXOLHBIX OaHHBIX.
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Umnknuueckne (TouHee, rapmoHu4ecKkme) Kpubbie pocTa NpussaHbl oT-
pa3nTb NOBEAEHWE CMPOCa, UMEIOLLEro Ce30HHBLIE UAW UHBbIE NepUoanYecKue
konebanna. Jlobble unkandeckne konebaHna MOMHO npeacTasuTb B BUAE
CYMMBbl MPOCTbIX FAPMOHUK, T.e. pasnoxuTtb B paa Dypee:

r = dg + Z(a’ cos iwt + b, sin iwt).

jzzl

CesoHHble BpeMeHHble PAALI Pa3fiaraloTcA Ha CAegyloline KOMIOHEHTSI:
Ir=u-+w-+eE,

rae u — TeHpeHuus (TPeHN); W — Ce30HHARA BOJIHA; £ - ClyHalHble Koe-
Banus ¢ HynesbiM cpeaHum. Havano cesoHa moxkeT onpegensThcs ocobbimu
ycnosuamu (norognbimu, natoi [lacxu B Texyulem rogy v T.n.).

3aTem pewlaeTca BTOpan 3alaqva — ONPEAENAOTCA NapaMeTpbl perpec-
cun (MeTopom HaumeHbLIMX KBaApaTos). BbibpaHHan kpneas nposepaeTcs Ha
sHaunmocTs no kputepinto Puwepa. MMocne oxoHvatenbHoro Bbibopa KpuBoH
fPOrHO3MPOBaHNE OCYLLECTBNACTCA HA OCHOBE SKCTPANONAUMN TEHAEHLAN.

Cpean SKOHOMWKO-MaTEMaTUYECKUX METOAOB MOAEAUPOBAHUA MO-
TpebHocTen cnenyeT BbIAenUTL MHorodakTopHbin aHanus. Cornacxo [89],
npouenypa NpeacKasaHWs [Js BOeHHbIX caMoseToB BasupyeTcs Ha onpe-
AeSIeHNN NO APOLWIOMY OMbITY CPEAHEro YUCNa 3anacHbiX HacTed Ka>k[oro
Bnaa, Heobxoammbix Ha yac Hanerta. Oblwee Yncno vacos HaneTa AnA BCex
CaMOJIETOB OLEHUBAETCA Ha OCHOBE OMEPATWUBHbIX NAAHOB M YMHOXKAETCA Ha
yoenbHbli pacxod aetanei. [TocnegrHuin oHeHb TPYAHO HaOeXKHO OLEHNUTH Npu
HU3KOM CMPOCe Ha 3amacHble 4acTh — TWM CaMOeTOoB MOXET BbiTo CHAT ¢
SKCNAyaTauuw go Toro, Kak byner cobpana goctaTodHas WHpopMaLnA.

4.6. Onpenesienue KayecTBa IMPOTHO3a

,D,}'lﬂ OUEHKN HafeXxHoOCTu NpeackasaHuil fenaerca npoeepka wUx Ha
KOHTPONBHON NOCAELOBATEABHOCTU, HE sowedueli 8 UCNOABIOGANHOE npu
pacdeme napamempos MHOMCECTMEO. U,enecoo6paaHo nnaHupoBaTb paccTa-
HOBKY SKCNEPUMEHTAAbHDBIX TOYEK TaK,‘lTO6bI NPy orpaHN4YeHHOM YUcsae oKC-
NepuMeHTOB NOAYYUTb OLEHKWN ANA UCKOMbIX 3aBUCUMOCTER C HAUMEHbLLENW
NOrPELUHOCTLIO, Pacnonoxenue Toqek Tem ny4dle, Hem bosblue oTAnYaeTCA
OT HYNA ONpPefennTeNb CUCTEMBL HOPMAabHbIX YpaBHeHUA B MeTO4e HanMeHb-
WUX KsagpaTos.
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4.7. Koppeasauousa

KoppenupoeaHHocTe cnpoca B cucTemax cHabikeHus MPOABAAETCA B
TpeX OCHOBHLIX hopmax:

® 3BTOKOPPENAUUA NO BPEMEHN;

® KOPPenAuUnA CNpoca Ha OAHOM CKNafle MEXAY PasHbIMU HOMEHKNaTy-
pamu;

® KOPPEeNNpoBaHHOCTbL Cnpoca Ha pasHbIX cKnagax

3aBucuMocTb cnpoca MpW ynpaeBieHWM 3anacamu BHYTPU MNPOMbI-
WAEHHOTO NPEANPUATAA npakTudecky HeuwsbexxHa. Ona onpepenserca Tex-
HoMoTUel NPon3BoaCTBa, HEODXOANMOCTEIO KOMMNEKTHBIX MOCTABOK AeTanen,
Y3/10B, KOMAOHEHT, peareHToB, 3aBUCUMOCTBIO CNPOCa Ha 3anmacHble YacTh oT
CNPOCa Ha OCHOBHOW MPOAYKT W T4

Cnpoc moxeT BbiTs KoppennposaHhbivi v B Toprosne [lonoxu-
TeNbHaA KOPpenauuA peanusyeTcs npu nopbope Komniektos, aHcambren
n akceccyapos (rotosas oaexpa, aBToMobuAN, KOMNbIOTEPSI), OTPULATENb-
Haf — [BAA B3aUMo3aMeHAeMbIX NpeameToB MHoroHoMeHkAaTypHble Moaenn
€ KOPPE/NINPOBAaHHBIM CMPOCOM CAOMXKHBI U PeaKo obCy)KaatoTcA B MTepaType
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Yacts 11

ba3oBbie Mmonenu
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I'masa 5

OnoHOonpooyKTOBBLIE
MOIEJIH

5.1. deTepMuHUPOBAHHBIH CIIpPOC

5.1.1. Ob6wmi cayuaii

PaccmoTpum cnyual NOCTOAHHOA WHTEHCUBHOCTW CNpoca A U No-
CTaBOK fi. JTa MOAeNb OTNNYAETCA PACTAHYTOCTHIO MPOLIECCA NOCTAaBOK BO
BpemeHU ¥ Xxopolo onucoisaeT paboTy Tpybonposonos. [MonyTHo oTmerum,
470 ux gosA B obuem obveme TpaHcropTHbIX yeayr 3a 1965-1985 rr. sospo-
cna B 6 pas, a cpenHAA QaNbHOCTL nNepekaqky HecpTy M rasa — & 3.2 pasa
TexHnueckn peleHbl Npobaembl NepeaBUKEHA MO NPOAYKTONMPOBOAAM U Cbi-
Ny4UX FPY30OB: YIAA, PyAbl 8 BUAe NyAbNel, LieMeHTa, Necka, rpaBus, LWebHa,
sepHa. ['pacduk nsmeHenus yposHs sanaca nokasaH Ha puc 5 1.

MosHbin unkn paboTsl cuctemsl umeet npogonxutenstocts 1 . Obo-
3Ha4YuM Yepes S npeaenbHbit 3anac Ha ckaage (4uTana pacxofbl Ha Xpa-
HeHNe W Ha LWTpacbl NPOMOPLMOHANLHEIMIU cpeaHemy 3anacy (aeduuuTy)
i BpemMeHN Ux cyiulecTBoBaHuA ¢ KosdbuumnentTamn i n d COOTBETCTBEHHO,

-129 -

v

Puc. 5.1. flunamuka 3anaca npu geTepMUHNPOBaHHOM Cripoce

noay4yaem AAA 3aTpaT 3a UNKA BbipaXeHne

t1+tg T
Lr=g+h [ y(t)dt —d / y(t) dt,
0 ti+t2
rge g — CbVIKCVIpOBaHHblE pacxofbt, CBsA3aHHbIE C 3aNyCKOM NpoON3BOACTBA

(opranmsauuen nocraeku). Ouesngro, uto Tekywua 3anac

. {n— M)t npu 0 <t <ty,
y(t) = S = At —t1) npn iy <t <ty +toy -+ 13,
S+(;L—>\)(t—t1—t2—13) nput; +ta+i3 <t <T.

OcHoBanuna TpeyronbHukos Ha puc. 5.1 paBHbl BbiCOTe, YMHOXEHHOW Ha

(1/(—A) +1/A] = p/(A(it = A)) . CooTBeTcTBEHHO
T=(S-9)3

oTKyAa

g_Me—))

i
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5= T. (6.1.1)




«Mmnynecy nonoxutensHoro sanaca (Mnowanb TPeyronsHnka) pasen

S? 1 +1
2 \p=A " AJ)

AHanor4HO BbIPaXKaeTCA MMNyAbc oTpuuaTefibHoro sanaca. C yqeTom
(5.1.1) satpatbi 3a UMKA COCTaBAT

huS? du A 2
SR e USECEE

a B egqunHULY BpemMeHn

Ly =g+

2

hps? dy A
TN (p %) " TN = ,\)[ (n=NT - S]

+
(d + h)pS? dA
[ Y } —”(M—)\)T—dS.

L =

g
T
1
T

Hadgem vacthsie npoussoansie ot L no S u T  npupasnsem ux nynro:

oL _ (A hps o
85 ~ ANp-nT T
- 0L dA 1 (d+h)uS*)
R TA )_T—{ TSV ke

CoemecTHO® peLueHue 5Tux ypaBHeHnA aaeT ana onTumanbHbix S n T ycno-
BUA

o - [P =Mp)
- h(1+ h/d)

. 29(L + h/d)

! ML= /1)

lpw aTom RocTuraeTcs MUHMMYM 3aTpaT B €GVHULY BpemeHM

2Agh(1 — M/ p)
1+ h/d
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L* =

MomeHT 3anyckKa NPOoN3BoCcTBa ONpPeeNACTCA ROCTUXKEHNEM .uecbquTa

5.1.2. IlpemesnibHble BAPUAHTHI

N3 nonyderHsIX COOTHOWEHNA KaK HaCTHbIE CAYHaN NErKo BuIBOAATCA
bonee ussecTHble hopmynbl Teopun 3anacos [lpn sbicokom WTpade MOXHO
npuHaTte h/d = 0. Toraa

5 = \/ — M u), (5.1.2)
™ = m (5.1.3)
L* = /2Xgh(1=A/p), (5.1.4)

a HEJOCTau# MOMHOCTbIO UckoHatoTes. [lpyron vacTHbI cayyan cooTeeT-
CTBYET OY4eHb BBICOKON MHTEHCUBHOCT BOCNOAHEHNA 3anaca (Hanpuwvep, npu
rnocTaBke BCEM NapTWW C BbiLecTosAWero cknana) B ston monenu A/p — 0

n
20y
v = ./ 1.
S h(1 4 h/d)’ (5.15)
™ = 1/2(’”]1/‘[ (5.1.6)

2Agh
L = . 1.
1+h/d (5.17)

Hanbonbluee npumererne nonyquuanm gopmyas. Yuacona, BbiseneHHblie npu
oboux paccMoTpeHHbIX ZONyLUEeHNAX

S = V/2ag/h, (5.1.8)
™ = 2g/(Ah), (5.1.9)

L* = \/2\gh. (5.1.10)

flomumo PacCMOTPEHHbIX Bblle Moka3aTesel, npeacTapnAOT UHTEPEC eule
aBa — obbem 3akasbiBaeMon 1apTii ¢ WU TOYKA 3aKasa S NPpU 3aepxKKe T
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MeXQy 3aKa3oM W Ha4danom NocCTasku. nePBbIVI N3 HNX paBeH Cnpocy AT 3a
nepuond, Tak 4To ONA on.uero cnyqan

2x9(1 + h/d)

h(1=A/p)
anpn A/u—0
2
= hg(1+lz/d). (5.1.11)

Ipachbuk hyHKUMU L(g) B OKPECTHOCTH MUHUMYMa 3aTPaT ABIAETCA BeCbMa
nosiorum. JTO NO3BOAAET NOACTPaUBaTh ¢ C Y4ETOM ABOMONHUTENbHbIX CO-
obpa>xxeHnii (KpaTHOCTb CTaHAAPTHBIM ynakoskam, yaobHas nepuoAnHHoCTb
T = ¢/\) npakTudeckn bes ysennueHus pacxopoer B mopensx ¢ sbicokum
wrpadom g &2 S .

Touka 3akasa npu 3afiepXXKe NOCTaBOK ONPeAensneTcs Kak s+AT, rae
T — CpefiHAA 3afepiKa.

5.1.3. OmubdKku B napamerpax
1 QYHKILHUA 3aTpaT

Pac4eT napameTpoB cTpaTeruii ynpasieHus 3anacamu no popmynam
paHHoW rnasbl obecnedmBaeT MUHUMYM 3aTPaT NPU UHTEHCUBHOCTAX Cnpoca
N BOCCTAHOBNEHWA W CTOUMOCTHBIX MapameTpax, W3BECTHBIX € [LOCTAaTOYHON
TouyHocTsio B nporusHom cnyyae norpelwiHocTi B UX onpeaeneHwn npuso-
BAT K BbIbOpY napaMeTpoB CTpaTeruu, OTANYHLIX OT ONTUMASbHBIX, U Kak
CHeACTBME — K HEKOTOpoMY yeenndenuto satpaT C Apyrod CTOpoHbI, WHO-
roa NpUXOAWTCA WMATW Ha 3aBeAOMOE OTKNOHEeHWUe rapameTpos CTpaTernn oT
TEOPETUHECKWN ONTUMANbHBIX, HaNpUMep, MpW OFpaHW4eHHOR BMECTUMOCTMW
CKJ1aQ10B, 33[1aHHOMA BHILIECTOALUUMU OPraHaMu NEPUOAMHHOCTM; Heobxoan-
MOCTU obecrnequnTb NONHYIO 3arpyaKy TPaHCMOPTHLIX cpedcTB (BaroHoBs, KOH-
TeiiHepos) bonbloOA eMKOCTH, He coBnapatolen ¢ onTMManbHbiM obbemom
naprTuu.

B mogenn ¢ peTepMuHUpOBaHHBIM U NOAHOCTBLIO YAOBAETBOPAEMbIM
CNPOCOM MOCTOAHHON WHTEHCUBHOCTU 3aTpaThl B €AUHULY BpeMeHu NOACHM-
TbIBAlOTCA COMMacHo

Ag(1=A/p) kS
=200 A e 112
s T3 (5.1.12)
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(a7a popmyna nerko nony4aeTcaA Kak HacTHbI cAyyal MOAENM, PacCMOTPeH-
Ho@ B Hadane paHHon rnasbl) CooTBeTcTBeHHO ONTUManbHOe pelueHue S*
naetcs dopmynoit (51 2), a murumym satpat — (5 1 4)

[lycTe makcumanbrbil 3anac Buibpan ¢ OTHOCMTENBHORM MOFPELLHO-
cTbto Jg , Tak 4TO 3aTpaThbi

Ag(l =X

AbcontoTHoe NpupallieHe 3aTpaT cocTasnT

Ag(1— A
AL = -1 =20 = I (1 4 65)71 = 114 h5*8)2

Lo | P L Ag(l = A/p)
= S5 |=— 2
e

Mogacraens crona snavenne S us (51 2) ybexpaemcs, 4to

_ s [P 1 M= Mp)
AL =t/ S )\/H)[Q l+552/\g(1—)./p)/h}

2Ag h 1 h
= d51/—(1~ A ——
sV ¢ /")(2 1+552)

Bna mansix ds moxno npunate 1/(1+d5) 1 —ds B atom cnyvae
1o
AL = 5(55\/2/\gh(1 — A ).

OGpaTMBUJMCb K (5 1 4), 3aMeHaeMm, 4TO MHOXWUTENDb NPU 5%/2 pa-
BeH L™ CneposaTenbHo, OTHOCUTENbHOE yBenUeHNE 3aTPaT NP HETOHHOM
Bbibope L B OKpecTHOCTM onTuMyMa

AL 1,

oL

Hanpew saBucumocts 0L oT owmbok B ucxonHbix AaHHbIX DA pacyera S*
lMponorapucbmuposae (5 1 4), umeem

1
InS* = 5 {In2+Ing—Inh+ InfA(1 - A u)l}.
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[ndbcbeperimposatue aToro BbipaxeHus v sameHa anchbdpeperunanos KoHes-
HBIMMU NPUPALLEHUAMY AaIOT
AS  1[Ag Ah | (1=2Xp)A)X (A% - AN
S T2 [—g_ﬂvh_ AL = /p) A(1—>«/,U)]
1/Ag Ah  p-=2XAX A Ap
2 (7 B S W F:_A‘??") ’

2

oTKyaa

1
55=§{59—(5h+

Ecnu sHak gonyujexHod norpewHocTy HeussecTer, To fpn dp cheayer no-
CTaBUTb MJOC.

(1 — 22)8x + NS,
p=2A '

5.1.4. 3aBucuMble napameTpbl

Bxoasuwine 8 bopmynbl faHHOro pasgena aKOHOMMUYECKUE MapamMeTpbi
MOXHO CHWTaTb NMOCTOAHHBIMW NUWb B NEePBOM NPUBAMIKEHUA — B HEKO-
TopoMm auanasoHe obbemMoB napTu ¢ TaK, UeHa 3aKasa ¢ W LeHa Xpa-
venus h MoryT BbiTe CcTynenuatTbiMu BospacTarowmmn dyrkunamn ¢ (npu
yBefnuyeHun ¢ MoryT noTpeboBaTsCA AONONHWTESbHBIE 3aTpaTbl Ha Opra-
HU3aLMIO NPOU3BOACTBA, HOBble CKNaackue emkocTu). B nopoBHbix cayvasx
HeobXoANMO 3afaTbCA HaYabHbIM 3Ha4eHeM ¢ (Hampumep, cepeanHa pa-
3ymHOro AunanasoHa), paccyntats h(go) v g(go) w no npusenerHbiM Bbile
cdbopmynam Hantv g1 Ecnu h{go) = h{g:) v g(g0) = 9(q1), nonyuen-
Hoe 3Ha“eHMe ¢ ABAETCA OKOHYaTenbHbIM B npoTusHom caydae npouecc
nostopsercs npu h(g1) w h(g:), w T.a. Pacyer, kak npasuno, cxoourcs
BoicTpo.

[locTtaswuk 8 oTaundne ot noTpebuTened aanHTepecoBaH B OTrpysKe
MaKcUManbHOA NapTUM, Tak Kak 3To ocsoboXKgaeT ero o7 3Ha4YWTENbHON Ha-
CTY 3aTpaT Ha coaepaHue sanaca. [ToaToMy oH fenaer cTyneHYaTbie CKN-
KW, KOTOpble OTParkatoTcA B mMofenn Yepe3 ueHy h xpaneHun sanaca. Bo-
npoc o ckupkax obblYHO paccMaTpusaeTca B nByx sapuadTtax [89, c. 82-87].
B nepsom cknaka HasHauvaeTcA Ha KaXAyro eANHWLY 3aKynaemoro Topapa B
3aBucMocTy oT obiuero obvema naptun ¢. na ¢ € [y, ¥14+1) LeHa WTykK
pasHa b, , nocneposaTenphocTe {b,} — yboisarduian. bes novepu obwnocTu
¥y1 =0, Yn41 = 00. Lenesasn ynkuns onpegenserca no uHTepsanam:

f-big Mg

Le(‘]) = —+

5 ‘;""'/\bu ¥ < ¢ < Yugt.
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3pece f — ueHa xpaHenus (B BOAAX LeEHbI) U ¢ — CTOWMOCTb 3aKasa, He
3aBucALLan oT obbvema napTun. MutencusHocTb cnpoca A cunTaetca nocro-
AHHOM, 3aKa3 BbIRAETCA NPM CHUXKEHWW 3anaca o Hyna @PyHkuwa satpat
nony4aeTca paspbiBHON KombuHauuen kpusbix L(g), n onTumansHoe pewse-
HWe focTuraeTca B MuHwumMyme oanol u3 Hux (¢, puc 5.2a) wan B Touke
paspbiba (¢’ , puc. 5.26).

An ropuTM onTnmMusalnm:

1) Betuucants g, = /2Ag/(f - bn) . Ecin g > Yn—1. ¢» ONTUManbHo.

2) Ecan qp < Yp—1, paccunTath ¢,_1 .

3) Ecan ¢p—1 > Yn—2, cpashnts L(qn_1) ¢ L(Yn-1), ¥ MuHUMYM 03
HAX [acT ONTUMasIbHOE ¢ .

4) Eciu gn—1 < Yn—n , BBIMUCAUTD §p_2.

5) Ecm ¢n-2 > yn-3. munumym us L{gn-2), L(Ya-1) 1 L(yn-2)
AacT oNTumanbHOoe ¢, N 1 4.

Mpouenypa TpebyeT He Bonee yem n waros.

Bo BTopom cnydae paetca «anddbepeHuManbHan ckuakay Ha Ka-
KOV ACAONHUTENbHYO eantuly, npuobpeTaemyto CBepX OYEpefHOro ho-
pora. 3neck onsiaTa XpaHeHUA «NOPOTrOBOA» NapTUN MOMeT BbiTh OTHeceHa
K bUKcnpoBaHHON COCTaBAAtolWeR CTOMMOCTU 3aKkasa, w copmyna Yunco-
Ha QaeT ONTUMasbHOE NprpalleHne oTHocuTeNbHO aToro nopora. Wrorosan
hyHKLUA 3aTpaT MMEET BUR HUXKHEA Ornbaloiell ceMeRcTsa KpUBLIX, a rio-
HaNbHBIR MUHUMYM COBMAafaeT ¢ HaMMEHbILUM U3 MUHUMYMOB obpasytouiux
kpusbix. [lpumepbl cooTBeTcTBYOWMNX rpadnkos nokasaHbl Ha puc 5.3.

B oBwem ciyuae Bce napameTphl Monenn MoryT sasuceTs oT obbewa
naptuu. Myctb ueHa sakynku ectb b(g), uera xpaterus h = f-b(q) . Cro-
NMOCTb BocnonHenna § = g + gb(q) . Llenesas dyrkums

20) = it + LD = L4 2y dogg),
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Puc. 5.2. MunnmaneHble 3aTpaThl Npu WHTErpasbHOR CKUAKE

A

0 9,

Puc. 5.3. Munnmanetie 3aTpaThl Npu gudpepeHLnansHON cKnaKe

Pewenue sasucut ot Buna b(q) . Benyuae b(g) = bo—brg, bo > by,

229+ 2fb P
T=\ “rbo — 200,

¥ HaxoAUTCA METOLOM MTepauui.
fipakTnueckuin nHTepec Boi3biBaeT 3agauya onpeneneHuAn NPofa<HoOM
LeHb! U3AENNA U C YYeTOM 33BUCMMOCTU OF Hee MHTEHCHMBHOCTH cnpoca A .
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Byaewm cuutaTth, 4To cnpoc obecnedmsaeTca noAHoCTbi, a cebecToMMocTb
eauuMubLl npopykuwn coctasnaer u Mcnonbsya pna saTpart Ha cHabxenue
cpopmyny Yuncona (5 1 10), moxxHo ans noxoaa b eAnHVULY BpemeHU 3anu-

caTb BbipaXkeHue
R = (v—u)A(v) — /2g9hA(v).

Makcumanehbiid goxog aocturaerca npu GR/dv = 0, uam npu
v=u— Aw)/N(v) +/gh/2X(v).

1o ypaBHeHUe peluaeTes MeTOAOM UTepauui
PaccmoTpum KoHkpeTusaumro gavHoro nogxopa B mogenu ¢ gedpu-
LUNTOM M MFHOBEHHbLIMU MocTasKaMu Jorod 3a LUKA
hS?

RTzc/\T-—g——?)\——,

annna umkna T = (S — s)/A CooTseTcTeHHo goxog B eAUHULY BpemeHy

Bynem cumtath, Y4TO WHTEHCWBHOCTL CUIPOCA ONpeenseTCA OTHOCUTENLHOR
YAOBNETBOPEHHOCTLIO NnoTpebutened —s/(S — s) cornacHo
A= Ao _ ,\O(S - S)
1= -2 S —({a+1)s’
S—s

rge a -— NOCTOAHHBLIA MHOXUTE/b, C y4eTOM 3TOW 3aBNCUMOCTH

R= C/\()(S —S) - /\og _ hSz
T S—(a+1)s 2(S—-s)

Nudbdbepenumnposanne R(s,S) naet ycnosua onTumansHocTy

C/\o C)\o (S - .S‘) - )\og S h S 2
S—(a+1)s (S—(a+1)s)? "s-s+§<5—s) 0
o (a+1)(cxo(s—s)—,\og)_E(_g_)i’ - 0
S—(a+1)s (S = (a+1)s)? 2\S5-s -

C nomolybio maTemaTtuueckoro nakera Maple V ypanoch ycTaHoBUTb, 4TO
ONTUMANbHLIA BepxXHUh nopor S* ABnAeTcA KopHeM KyBWHHOro ypaBHeHWUA

cahz® — (a+ 1)gh2? — 20¢% = 0.
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HauansHoe npubnuxenve ons s* Beibepem U3 YCAOBUA KOMMGHCALUN
noTepb €5 OT HEYAOB/MIETBOPEHHOIO CMpoca 3a LUK SKOHOMUER Ha opraHin-
saumm noctasok Makeumusnpya cymmy ¢.5/(S — s) + s, nonydaem

s=S5—+/g5/c

5.2. XpaHeHHe NPOILAYKTa
IpHU ecTecTBEeHHOH yObLIM

[peanonoxum, HTo CNPOC Ha ApPeAMeT XpaHeHUA NMEET MOCTOAHHYIO
MHTEHCUBHOCTD A, CKOPOCTb BOCMONHEHUA COCTaBAAET LI, @ CKOPOCTb ecTe-
CTBEHHOM yBbi/in B KaXAbi AaHHbIl MOMEHT RponopunoHanbHa (¢ kosd-
duunenTom 7y ) Hanuuromy sanacy [uHamuka nsmemneHus 3anaca 3a opuH
AOAHBIA umkA aauTenbHocTh ' nokasaHa na puc 5 4

A
y
S
0 Ly t >
4 ty t\/
S

Puc 54 [lnHamuka 3anaca npu ecTecTseHHoW ybbiniu
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v onuceiBaeTca nuddbepeHUMaNnbHbiMK YpaBHEHMAMN

u—A, 0 <t <1y,
dy(t)  Ju—A—ry, t<t<ty,
) -A-1y, ty <1< 13,
C peLueHnAMM
s+ (p—A)t, 0<t <y,
Cle_'Y(t_tI) + g;)\.’ 1<t < ta,
y(t) = A
Coe~v(t=t2) _ 2 t, <t <3,
v
—A(t —t3), ts<t<T.

Ns ycnosnia y(0) = s (yposeHb Ha4ana socnosnHenna) u y(la) = .5 (makcu-
ManbHbI 3anac) onpepensem NOCTOAHHbIe nHTerpuposatna OkonyvaTenbHo

s+ (g — M, 0<1 <y,

g L= (u= 2yt <t<ts,
u(t) = (S + Ay)e” 7t _ Ny, ty <t<{s,
“A(t — t3), ts<t<T.

Boluncnum satpatet L7 3a uuka. OuesnaHo, 3aTpaTe! Ha XpaHeHue

ts
L =h / y(t) dt, (5.2.1)
ty
a cymMa wTpacgos
t T
LY = —d t)d
T = y(t)dt + | y(t)dt
0 ta

nOTepVI oT y6biﬂl/| MOXHO ONpPEAC/INTb NO PA3HOCTU MeXAY MOCTaBMEHHbIM
3a UMK KONNYECTBOM NPOAYKTa ¥ ero (baKTM"IeCKVIM no‘rpe6nermem, TaK 47O

LY = c(uty — AT).

Hobasum K 3TuM saTpaTam pacxodbl Ha OpraHU3auuio UMKAa ¢ u nepengem
K 3aTpaTtam B eaunuuy spemeru. Mcknouan cnaraemoe —cAT /T = —cA kak
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He 3aBuUcsillee OT Bbibopa ynpasnAAtoOLWUX NapaMeTpos, NPUXOANM K

L= {g-{—h}ay(t)dt—d[]ly(t)dwr[Ty(t)dt] +cyt2}/T. (5.2.2)

ty 3

Bbiumucanm exoanwme B 310 Bbipaxerne nuterpanst Wa yenosna y(fy) =0,
y(t2) =S, y(t3) =0, y(T) = s MoxXHO NONYy4UTL BpPEmMeHHbIe NapameTpbi

b= s/h- )

ig = tl - 1I1 1 - _)\

K 5 (5.2.3)
t3 = tz -+ ; In{1 + 3’)‘—)
T = t3+ .S'//\

Pasobbem nxterpan B (5.2 1) Ha ase yacTu w Halinem ux senuumHy. lNeppas
YacTb

to tz—1t1

A/ e ) t:————ﬂ_)\<t+le‘“’t)
y y

u—)\[ 1 ( 75) S ]
= 2 |-=In(1- - .
Y v p=A) p=2A

Futyar = Ls-2m(1+38)].

ta—ty

Nl

—
o

~—
o
=~
1l

0

AHxanorunuxo

HaKOHeu, N3 3NeMEHTAPHbLIX COOGPB)KCHVIﬁ

t)dt = ————= Hdt = — .
0 i3

W3 (5.2.3) MoXHO nonyunTb ABHOE BbIPaXKeHUe AANHbLI LUKNA

us 1 1+vS/A
=’y ll—’rS/(u—A)'

MopcTanoska nonydeHHbix Bbipaxenndt 8 (5.2.2) naeT uckomyto yHKUUIO
3aTpar.
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MpencTaBnAloT nHTEpec 4acTHblie CRyYaw PacCMOTPEHHOR MODENM.
Mpun BeckoHe HOM CKOPOCTU BOCNOIHEHNA (MOCTABKM C BBILLIECTOALLEFO CKAA-
Ba) B Ha4aNbHLIA MOMEHT BPEMEHW YPOBEHL 3anaca CKa4KoM MOAHMMAETCA
oT s po S [lansHeiwee ero naMeHeHne NPOUCXORNT TaK >Ke, KakK U Ha UH-
Tepsanax [ts,t3) u [t3,T) B obuwewm ciyyae ®ynkuus saTpaT npurumaet

sng
ts

L:}f[lz/y(t)dt+dfy(t)dt+g+C(S—s—/\T) |

to t3

rae

s 1
T = Y + ;111(1 +vS/A),

ati=ty=0
Bbicokas ueHa wTpachos, Kak 1 B npegbigylien pasgene, NpuBoanT K
HeJoNYLLEHNIO oTpuLlaTenbHbix yposHed, Te s =0 B atom cnyuae

t3
1
L:T{h'/y(t)dlf—l—g—[—Cﬂ(tz——tl)—)\T],

t1

roe
T 1 | 1+4S/A
=-lnh—
v 1=78/(k =)

at; = 0 ) t3 =T

HakoHel, kombunupys ocobenHoctn obonx cryvaes, nonyqaem Mo-
[eNb € HEOTPULATEbHBIM YPOBHEM 32MaCOB 1 MIHOBEHHOM NMOCTABKOR, ANS
koTopon 13 =t = 0, f3 =T, 3aTpaTsl

td

L= %[h/y(t)dt—i—g-FC(S"}\T)},

t2

a ANHa UMKANa

T= %ln(l +vS/N).

Munumunsauuto satpat, nonyvaembix no cbopmynam sToro pasgena,
npuxoanTca NpoBognTb YucieHHo B kavecTee pasymHbix HavanbHbIX 3Ha-
yeHuir ana S, T v § MOXKHO NMPUHATL ONTUMasbHbIE NapaMeTpbl MOGEAN
Bea ectectsenton yEoinm
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5.3. Craperomuii IpoayKT

K cTapetowyum npoayKTaM OTHOCATCA NUULA, leKapcTea, hoTomaTepu-
aNibl, KOHCEPBUPOBAHHaA KPOBb, @ Tak>Xe MOAHbIE U UHble TOBapbl C BLICOKNM
TEMNOM MOPabHOro cTapeHus (Hanpumep, nepcoHasibHbie KOMMLIOTEPBI, aK-
ceccyapbt K HUM, nporpammHoe obecneyetune) VYnpasnenue sanacamu nofob-
HbIX TOBApOB peasin3yeTcs NpU CNeayolnx AOMYLUEHNAX:

® DPAcCCHUTLIBAIOTCA NepUoAUHecKue CTpaTeru npy 3afaHHoOM AaAuHe ne-
puoga T';

® 3aABKa Ha BOCNoONHeHUe nofaeTcs B Ha4vane nepuona;
® BecChb ﬂpVIGbIBUJVIVI NPOAYKT CHUTAETCA KHOBbIM»,

® OTNYCK NapTui AeSaeTCA MO NPUHUMNY «NepBblA MNpuiles — nepsbiit
BbilUen»;

® CNpoC B NocnenoBaTesibHbie NEPUOAbl — He3aBUCUMasn ciayvafHan
nepeMeHHan ¢ 06UJMM pacnpenenceHnem,;

® Hey[oBJIETBOPEHHbIA CAPOC 33AaNXKNBALTCA,

® NpoaykT, He BoCTpebOBaHHLIA B TeueHWe 1M NEpPUOAOB, TepreT
FOAHOCTD;

® B Uenesyio PyHKUMIO BKIIIOHRIOTCA PAacXofbl Ha xpaHenue, aechbuluT u
cnUcaHue ycTapeslunx NapTUi.

CocTosnue 3anaca B Mogensx 3Toro TMNa NpeacTaBNAETCA BEKTOPOM U3 m—1
KOMMOHEHTBI (Hann4une NPoayKTa € pacnpefeneHneM No OCTaBLIMMCA CPOKaM
rogHocTn B nepuogax). OnTumanbHas cTpaTerna CNOXHbIM Obpasom 3asu-
cUT oT Beex ero koMmnoHeHT [lpubnunkeHHbid MeTop pewenns sTol sajaum
paccmoTpeH B pabote [182].

5.4. O6bem 3aKa3za ¢ yueToM HHOIAIAHA

B sTom pasnene mbl pagum obsop pesynstatos [118] ¢ ucnpasnenHst-
MU MTOrOBLIMU hOpMYIamMu.

lNpennonoxkeHre 0 NOCTOAHHOM TeMmne UHGAALUK NPUBOAMT K Npea-
CTaBNEHWUIO peasibHOl CTOMMOCTU B Buae

b(t) = boekt.
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Bygem cHUTaTh, HTO MO TaKOMY XKE 3aKOHY MEHANTCA HeHa 3akasa g(t) w

ueHa sakynku u(t) MWrrencusHocTs cnpoca A npumem noctoanHon Llensto

CHMTAETCA MaKCMMW3aLUMA AOXOAa K KOHLY ropusoHTa nnaHunposanna I
ObosHauum v(t) ueHy npomakn Tosapa B MOMEHT i, a BLIPYNKY —

yepes
H

R= /v(t)A dt.

HucToiit noxon paseH BbIpyHKe MUHYC 3aTpaThi |0Bap NOKYMNaeTcA B KPeauT
C NOCTOAHHOM MPOUEHTHOR CTAaBKOM 7, KPERUT roralaeTcs nocae npogaxku
tosapa Ecav uHdnAuns oprHakosa AnA NpoaakHom UeHbl 1 cebecTonmoctu,

TO Bbipy4Ka
t

R= /v(t)/\dt = 3‘%9(6“1 -1)
0

W He 3aBMCMT OT 4acToTbl 3akasoe [lonoxum ¢ = H/T uenwim. 3atparo
Ha nocTasKm

G =g(0)+9(T)+9(2T) + .. +g[(i = VT] = go(e*™ = 1)/(*T - 1).
CroumocTts 3akynok
C = MNT{u(0)+u(T)+u(2T)+. . .+u[(i—1)T]} = MTup(e*? —1)/(*T —1).

Croumocte XpaHeHnA

1—1 T
ArT? .
Z//\h(jT,jT+t}dt: "2 ug(eFT — 1)/ (T — 1.
J=0 0

Obwme satpaTsl

(5.4.1)

2\ JkH _
L(H,T) = <go + uohT 4 2T ) e 1

2 kT 17

Tpebyetca HainTu 3Hauenne T', ApU KOTOPOM OHU MUHUMANbHBL (BbIPYHKa
chukenposana).

Bpemerno otkamemes o1 Tpebosatus kpatHoctn H/T w orparuqnm-
cA kpagpaTusHbim pasnoxennem €7 — 1 kT + k*T?/2 Torna

ugArT? eFH
3 ) KT+ R

L(H, T) = (gg + upg AT +
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OnTumansHoe pelteHne

1

SRS Yr) [%‘”r VI8K? + 2400 - k)] :

B otcytctene undnaumm (k = 0) npu npoueHTHOM cTaBke r MoNyuaem

Knaccuyeckyro opmyny
[ 2
T* — gO .
Augr

ObbiyHbl ABE BO3MOXHOCTY HA3HAYEHUS LieHbl ¢ NpoLeHTHO! Hanbas-
KO K CTOUMOCTU 3aKynku u ¢ abcostoTHol Hapbaekod

IIpouentnaa nanbaska. Ecan u(t) — uena sakynku aetanu, To
npofaxkHas ueHa Ha untepsane [{,1 + T

u(t, t +T) = (1 + m)u(t),
rae m — nauenka Obwasn sbipyuka

1—1

R=Y"ATu(jT)(1+ m).

J=0

Ecnu sakynousbie LeHbl nogsepeHbl uHbnaunn, Tak uto u(jT) = ugefIT
To obuias Beipydka

€

kH 1
Yuctuith aoxon

rugAT?\ (e — 1
R(L,T):(quT(1+m)—go~quT— 9 )(ew_l :

OHTVIMBJ'IbHaﬂ nepuoan4HOCTL

) 1

S S .
= ugA(r + mk) [ gok + \/gﬂk +290U0)\(T‘+mk)] )

AGconrorHas HanbaBka B aTom cayqae

u(t, t+T) = u(t) + p.
- 145 -

ObLyan Bripyuka
eF g

YucTeiit poxon

_ rugAT? ebH l)
w7 = - (P80 ) (S7)

OnTumanbrbih nHTepsan
T = ! gok + 1/g2k2 + 2goughr| .
UQGAT 0

5.5. leTepMUHHUDPOBAHHBIH
HecTallMOHAPHBIN cIIpoc

5.5.1. IlocranoBKa 3anaym

Mogenu paza. 5.1 ngeannsupyioT aercTBWTENbHOCTL, MpeAnonaras
MHTEHCUBHOCTb CNpoca A nocTosAHHoi. YacTo cnpoc 3afpaeTca kak nocne-
[OBaTeNbHOCTb PaCCHUTaHHbIX, HaNpuMep, 8 COOTBETCTBAW C W3BECTHOW Ha
secb nepuon nl' Npon3sBoOLCTBEHHOW NPOrpPaMMoR BeAWYMH CYMMapHOro no-
Tpebnenns {zx}, k = 1,n, B cMexHble uHTepBansl Bpemern annHel 1.
[lpoHymepyem vHTepBanbl 1 BBeAEM ANA HUX 0BO3HAYEHUA!

zr — octaTok ot (k — 1) -ro nepuopa,

T — cnpoc B k- nepwog,

Sk — 3anac, cospnasaembil Ha k-# nepuop, Sk > =k,

hi(Sk — zx) — pacxombl Ha xpaHeHue n3bbiTouHoro sanaca 8 k - nepuon,
ck(Sk — zx) — pacxogbl Ha foBefieHne 3anaca A0 BenM{UHBL S .

CymmapHble 3aTpaTbl Ha cHabxeHue nogcumnThiBatoTcs no dopmyie

Lar = Y [ex(Sk — 2r) + he(Sk — 2x)]- (5.5.1)
k:
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5.5.2. [IuHamMu4eckoe nporpaMMmpoBaHHe
KaK MeTo[, pelleHUs:

Hna manmmusauvm L BocnonbayemcAa MeTOAOM BUWHaMNHECKOro
nporpammuposaina byaem nocnenosatensHo MUHUMW3KMPOBATL 3aTpaTel 3a
1,2 v T4 wHTepBasioB Ha ocHose npunyuna onmumaasnocmu P. beanmana:

I aQOQUTHBHOM HeeBof (DYHKIHH pelUeHHA Ha BCE OCTABIIH-
eCA HHTEPBaJIkl JOJAKHB COCTABIATEL OMTHMALHOE TOBEAEHIe
OTHOCHTEJIBHO COCTOAHNA, TOJYIeHHOrO B pe3yIbTaTe Ipelbl-
JOYIIETO pelreHnA, He3aBHCHMO OT paHee NPHUHATBIX peuleHHit
H HaYaJIbHOIO COCTOAHHA.

MuHnmanbHble 3aTpaTthl 32 nocnaegHuN nepuoj

Lr{zn) = min [ca{Sn — 2n) + hn(Sn — zn)).

Sn>2n

3aTtpaTel 3a ABa nocnegHWUX riepruopa

Lor(zn-1) = 5 I‘1’1>11;1 l[cn—l(snul"zn-l)
n—122n—

4+ ha1(Snci = 2no1) + Lr(Sno1 — 2a-1))-
Boobuwe gna £ =2,3,...,n
Lir(ang1-x) = min  [enp1-k{Snp1-k — Znt1-k)
Spd1—k2Znt1-k

Fhng1-r(Snt1-k = Ens1-k) + Lg-1)7 (Sng1-k = Tnt1-k)].

B npouecce muHnmMusaumn satpat gna noucka {Si} Heobxomumo nc-
nonssosate ceolctaa dyHkunn {cx} v {hy} B TUnnuHom ans npakTtnkm
cnyyae, koraa {cx} n {hy} — sospacTatoiune cyHKLUNN CBOUX aprymeHTOB,
paBHble HY/IFO MPU HY/EBOM apryMeHTe, ONTUMAabHbIA 3anac ANA NOCIefHero
nepuopa *

IS :{ Tn NpW 2, < Ty,
Zn  NPW 2 > Tp.

Otcrona nerxo Hantn Lr(z,)
Moo nokasats, 4To pna Aoboro Neprnoaa onNTUMaNbLHAA CTpaTerns
uveeT BUA
gF — Sk npu zx < Sk,
T Xz npwm oz, > Sk,

npudem bYHKUNA Lip(Zpti-k) AOCTUrAET MUHUMYMA NPU Znii—k = Ok -
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MonyueHHbIe COOTHOLIEHUA NO3BOAAIOT NOCTPOUTE NPOCTON aNroPUTM
YNCNEHHOrO pelleHns 3afaqun YCTaHOBMM ANanasoHbl UameHeHnn ans Si w
zk . OuesnpHo, uto ax < Sk < Y., x, (3anac Ha kaxablid nepuoa pon-
Henr 6bﬂ'b HE Menblle CNpoca B 5TOM Nepuoie, HO He 60ﬂbLUe cnpoca 3a BCe
ocTasweeca spema). Wa atoro TpebosaHna BbiTekaeT u ycnosue aaa ocTat-
kop: 0 < zx < 3.7, &, . Pasobbem 5T AManasotsl Ha UnTepBabl C HeKo-
TopbiM Warom A n Ans Bcex ponycTumsix {zp} paccuntaem onTumanbHble
Sk w Lp(z;) . Danee, uncnenHo MUHAMUBUPYA CymMMbi

Cn—l(Sn—l - Zn—l) + hn-—l(Sn—l - xn—l) + LT(Sn—l - xn—l)

no S,—1 € UCNONbIOBAHNEM NMOAYHEHHOR Ha npeabifylem wWare Tabnnubl
Ly(z,), nonyunm Hosyto Tabnuuy dynkunm Lop(z,-1) v cBA3anHyto ¢
HeA Sp—1(zn—1), ¥ T.a. Pesynbratom ouepepHoro wara sBATCA, HaKoHeL,
Tabnuusl Ln_1yr(z2) v S2(22) . Munumym cymme

c1(S1 — z1) + ha(S1 — &1) + Ln-1yr(S1 — 21)

BacT Ham UToroBoe 3HadeHme 3aTpat L,p(2z1) v yKaxer onTuManbHbiil 3anac
B nepeom nepvone Sy . Teneps, npocmatpuean Tabauusi {Sk(z)} B obpar-
HOM FOpAAKe, Nerko NOJNy4uTb ONTUMAaNbLHYIO MOCAenOBaTe/lbHOCTb HOPMa-
TWBHbIX 3aNacos. aprymeHT zp , Mo KoTopomy sbibupaercs Sp ana k > 2,
paBeH Sp_1 — Tp_1.

3ameTum, 4TO Ha KaXaoM 3Tane MUHUMM3AUMK HeoBXOANMO WMETb
Tonbko ogHy Tabnnuy Lir(zn41-k), NOAYHeHHYO Ha Npeablayliem Liare,
paHee HalAeHHble {L(k_1yr} Gonee He HyXHbl, a Tabnuuel {5} ncnonssy-
IOTCA TOALKO Ha 3aKNIOMUTEbHOM STane BLIYUCAEHUA. DTO NO3BOIAET NErKo
pasMmecTuTb Bce Tpebyemble pesynbTaTel B8 onepaTusHon namsiTn IBM.

C obLuemateMaTHECKUX NO3NUMA ANHAMITHECKOE NPOrPaMMUpOBaHme
peluaeT 3afaqy peKypCUBHO — Kak Habop mofgsafay gns orpaHUYeHnin BUga
C < C (nanpumep, no ctoumocTy 3anacos) u k < n, npuuem nocnen-
Has 3afava (k = 1) wmeer TpusmansHoe pewwenne Baxnbie ocobenrocTn
meTona:

o Oynkuun sarpat {L;} He obasanbt Bbitb RuddepenunpyeMoiMmu n
MOFYT 3ajaBaTbCAa T36}1VI‘-|HO.

[ ] rapaHTwpyeTCﬂ nonydyeHune rnobansHoro MWHUMYMa, npu4em Haan4ue
NOKaNbHbIX MUHUMYMOB He COo3aeT HMKaKUX TPYAHOCTENR.

L] ﬂOnOﬂHVITeﬂbele OrpaHU4YeHNA TOABKO obneryatoT nony4yeHwne peluse-
HWA, NOCKOMbKY CYXaroT NPOCTPAaHCTBO NONCKa.
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e [locne Toro Kak nonydyeHo pewenne gns (', ero nerko NOAy4UTL ANA
ntoboro C < C', BbINOAHAR TOAbKO 0BpaTHbLIA XOA aAropuTMma.

e Bass C' ¢ HEKOTOPLIM 3aMacoM, MOXHO ONPeAeAnTb HyBCTBUTENb-
HOCTh pelweHuns n UenecoobpasHocTb ocnabnenns orpanvueHus.
Boigenne opuH ns aTanos v packpy4npan ocTaBLUINECA HacTy BO BCTPEY-
HbiX HanpaB/eHUAX, MOXKHO OLEHUTL BANAHME Ha PeLeHWe NapaMeTpos
Bblge/IeHHOro 3Tana.

] MCHOJ’IbSyﬁ 4acTh NOny4HeHHbIX TESJ'IMLl, MOMXHO pPeWnTb 3afavy C MEHb-
WM HuciaoMm neproaos.

o Meton MoxeT BbiTb obobilien Ha MHoropecypcHble 3afayu (B YacTHO-
CTW, C NpenBapuTebHbIM PacnpeaeeHemM 3aTpaT No YPOBHAM).

HuHamuyeckoe nporpammupoBaHue NpUMeHAETCA U 8 APYrUX 3afayvax
MHOTOSTANHOro pacnpeaeneHns pecypcos (Hanpumep, MeXAY OTASAbHLIMU
HOMEHKNaTypamu, ckaaganu u T.n.). ABCTPaKTHbIN TEPMUH €PECYpPC» MOXKET
OTHOCUTLCA K AeHbraM, Becy, obbemy. 3anaHHbIi pecypc onTUMaNBHbIM 0bpa-
30M pacnpeAenseTcA MeXAy YKasaHHbIM YACAOM «aKTuBHOCTeN» (Hanpumep,
obwumir 3anac — no vepapxuyecknim yposusm cucTtembl) [lpegnonaraercs,
4To 3dbdpeKTbl Beex HasHaueHnn MoryT BuiTb M3mMepeHbl HekoTopol oblien
mepoii, a obwnn sdekT usmepaerca ux cymmoin (npoussesernem). Ecau
cukcuposaHa oblas cymma, TO 3ajada OQHOMEPHAA, ecnn (bUKCUPOBAHbI
CyMMbi MO YPOBHAM CUCTeMbl ~— MHOromepHas. Ecnum mepon adchbekTusHo-
CTV CAYXMUT YNCNO Cyvaes fedbnunTa Ha HUXKHEM YPOBHE WAKM OXKMaeMble
3a0epXKKU NOCTaBOK, TO BTO aAANTUBHLIE MOHOTOHHO yObIBatOLME PYHKUMK
ypoBHeii 3anaca. JcpcheKTUBHOCTL MeToRa 3aBUCHT OT NOPARKA, B KOTOPOWM
pPaccMaTpUBaOTCA «aKTUBHOCTD.

Cxema gnHaMUYECKOro AporpaMmMupoBatns mMoxer bbiTb flerko nepe-
bopMynnpoBaHa ANA 3a4ay MaKCMMU3ALMM.

[uHamMnyeckoe NporpamMmMmpoBaHite HermocpeacTBEHHO OpUeHTPOBa-
HO Ha pelleHne QUCKPeTHbLIX 3aflay; ORHAKO ero MOXKHO MCMONMb30BaTh U AN
3afad, B KOTOPbiX BCe NepeMeHHble HenpepbiBHbl. B aTux cnyyasx Henpe-
pbiBHas 061acTb NMPOCTPAHCTBA PeleHUA [UCKPETU3YeTCA W OTLICKMBAETCA
ONTUMaNbHOe ynpassenne. 3aTeM B ero OKpPeCTHOCTM NCTONb3yeTca bonee
menkasn ceTka, u T.n. 'Henpepbishbie pyHKUMM 3aMeHAIOTCA annpokcumalm-
AMU MO PARY BUCKPETHbIX Toyek. [lokasaHHaA BOTFHYTOCTL WA BbINYKAOCTb
cpyHKuMA poxoga (3aTpaT) cywiecTseHHo orpaHnumusatoT nepebop.
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5.6. Craydyaliubid copoc,
nmepuoIAYecKas cCTpaTerus

B § 4.3 [56] npueenexbl peaynbTaTbt KNACCUHECKAX NCCNEAOBAHWUA NO
TuNam oNTUMasIbHbIX NEPUOANHECKMX CTPATErMA NpK BEPOATHOCTHOM CNpoce
W MOKasaHo, YTO Mpu becbMa obwmnx gonyweHnsx (B HacTHOCTH, ANA nu-
HeRHbIX PYHKUMA 3aTpaT) ONTUMAaNbHA CTPATErnA C KPUTUHECKU YPOBHEM
PaccmoTpumM TunnYHble 3agaqu 3TOro KAaacca.

5.6.1. HenpepoIBHEBIH cripoc

OpnHonepnonHas 3agaqa Co CAy4alHbiM CNPOCOM W MFHOBEHHOM MO~
CTaBKOM 4acTO Ha3blBaeTCA «3afaden raseTyukas (cnpaluneaeTcs, CKOAbKO
raseT QOJIKEH B3ATb pacnpocTpannTend, 4Tobbl MUHUMN3NPOBaTL YOBITKN
OT BO3BPaTa HENPORAHHBIX DKIEMIAAPOE W YNYLUIEHHON BLIFOAbI NPU HEYAO-
gneTBopeHHom cnipoce). CTonb e NONyNApHbIM ee NPUNOIKeHNEM ABAAETCA
3apada o HoeoroaHux enkax. B [89, c¢. 252] ona unntocTpupyetca Takxe Ha
npoaaxe paguornpuemHukos (ctoumocTb kaxkgoro 40 gonn ; HeyaoesneTso-
peHHas 3aABka obxoguTca mMarasuHy B 20 QOAN. U3-3a NOTepn NpennouyTe-
HWA natoc noTeps 25 Aonn. BasoBoro OOXOAa; CTOMMOCTb NOgaqyu 3aKasa
ouexusaetcs 8 3 gonn.). HakoHel, npuseaem us Toro e ucToHHuKa «xeb-
Hylo» 3aady. B yHMBepcame HeobxoQumo onpeaennTb, CKoNbko xjeba HyXHo
saka3aTb Ha meHb. Cnpoc 3a AeHb MOXKHO CHMTaTh CaAyHafHOM BEANYNHOM,
NOQUMHEHHOR HOPManbHOMY 3akoHy co cpeprvm 300 u cpeaneksagpatide-
ckum oTknoHeHrem 50. OgnH baToH npoaaeTca 3a 25 ueHToB, cebecTonmocTs
ana MarasuHa 19 ueHToB, Bech HenpopawHbiit xneb cOmipaeTca Ha chegyro-
wun aeHe no ueHe 15 uentos 3a wTyky (ontumansio S = 313, noxon
L* = 16.07; npu 3akase no cpeare#t notpebroctn S = 300, L* = 16.01).
3ameTuM, 4TC AOBOJIBHO 3aMETHOE OTK/IOHEHUE PELLEHWUs OT ONTUMYMA OUeHb
cnabo roBnMANO Ha OXupaembie 3aTpaTsl,

«3apava raseTHNKay XopoLio ONnchiBaeT cneund Ky TOproBaN OCTPoO
MORHBIMW 1 CE30HHLIMW ToBapamu. bonee cepbesHble ee NpuMeEHEHUA MOTYT
BbITs CBA3aHb! ¢ MOCTABKAMMU 3anacHbIX 4acTel W [ONONHWTENbHOFO oBo-
PYOOBAaHUA K YHUKAsbHBIM KOMMAeKcaM Ha NAaHOBbIA CPOK DKCMyaTaumu
(TypborerepaTopam, bU3NHECKNM YCTaHOBKAM, XUMU4ECKAM peakTopam,
MPOKaTHbIN CTaHaM, KpYNHbIM kopabaam, cTaunoHapHbim cynepIBM) [eno
B TOM, 4TO BMECTE € OCHOBHbIM 0bopyaoBaHUem 3andacTu MoryT BbiTh nocTa-
BIEHBI MO OTHOCUTENBLHO HU3KOW LieHe, a No3XKe — NULUL No ropasao Sonee
BbICOKOM (13-3a HeobxoAMMOCTU NOBTOpHOrO 3anycka npoussoactsa). K To-
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My >Ke, OHeHb AOpOro mMoxeT oboATUCE NPOCTOR 0bOPyROBaHNA B OXKUAAHUM
noctasku. HakoHew, Kk asTomy knaccy oTHocaTcA npobnembl cHabxxeHus obb~
€KTOB C CE30HHBIM 3aBO30M (apKTUUECKUE, aHTAPKTHNHECKUE 1 BLICOKOTOPHbIe
FAALMONOrNYECKME U METEOPONOrNHECKNE CTAHLMMN, MAAKM) 1 Pa30Ban 3aKyn-
Ka TOM/NBa Ha OTONUTENbHbIA CEe30H NPY HEAOCTOBEPHOM NPOTHO3€e Noroasbl.

OnTuManbHbie peuleHUA. [1pn noacdyerée 3aTpat Mo COCTOAHUI
3anaca K KoHUy nepuoga uenesan pyHKUNA

S 00
Liyy=h /(S —z)f(z)dz + d/(a: - SYf(z)dze +¢(S—2z). (5.6.1)
0 S
W3 ycnosun

S 00
% = h/f(:::)dx-—d/f(a:)d.’t+c
0 5

= hF(S)—d[l-F(S)]+c=0

A7A HaxXoXeHua ONTUMANBHOIMO YpPOBHA 3anaca nony4daem ypasHeHue

d—e¢

F(8) =3 (5.6.2)

rae F(-) — nHterpanbHan cyHKUMA pacnpeneneHns cnpoca 3a spema 1 .

ﬂpuaeneM HECKONbLKO KOHKPEeTW3auuA aToro pesynLtata pAA 4vacT-

HbiX BMAOB pacnpenenennn cnpoca. [lna noxasameavrozo sakoHa popmyna
(5.6.2) ceopuTea x

1~exp(—s*/f)=§g—{-,
TakK 470 h+d
*=zl . 6.
5" =l (5.6.3)

3aect & = AT — cpeanuit cnpoc 3a Nepuoa.
Ina pacnpedeaenus Peaea nmeem

d—c
d+h

1 —exp[-S*/(2M?)] =
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n
. / h+d
S*=M4y/2In Fic (5.6.4)
Hakowneu, gns pacnpedenenusn Betibyana w3 ypagHeHus
d—e¢
o Qk - -
1 — exp(—=S" /W) ih
nonyyaem
. h+d 1/k .
S = (Wln T c) (5.6.5)

Munnmagabnsle sarparbl. B pabortax no ynpaenenwnro zanacamu
06bl'-IHO OCHOBHO€ BHMMaHNe YOeNAETCA pacHeTy onTumMasibHbIX CTpaTeI'IAﬁ
ynpasnenus s3anacamu. Mexay Tem, He MeHee BaXKHa OLEHKA U3AePIXKeK, CBA-
3aHHbIX € UX peanmsauweﬁ' TONBKO Ha €€ OCHOBE MOMHO onpeaennTob O6'beM
CpeaAcTs, aCCUrHyembixX Ha onepauinoHHbie 3aTpaTbl B CUCcTeMax CHa6)KeHVIﬂ.
CpasHeHune »xe MUHMUMANBHBIX W3AEPXKEK CO CPeAHUMYU (HaKTUHECKUMU MO~
3BONAET OUEHNTb Ka4ecCTBO MpPpUMEHAEMbIX MEeTOQO0B ynpabsieHWA 3anacamMu
W cjenathk BLIBOJ O HeOBXOﬂVEMOCTV! X KOPPEKTUpPOBKN. ,D.ﬂi! MHOIuX 3agad
WccnenoBaHuA onepaunid (B YaCTHOCTW, YRAPaBNEHUA 3aNacaMu) XapakTepHo
OMEeHb MEANEHHOE N3MEHEHWE NOKa3aTeNA KayecTba B paﬁOHe onTnvyma. BTO
fIO3BONAACT KOPPEKTRPOBATL ONTUMANbLHbIE pPelleHNA C YHETOM yﬂOGCTBB nx
peanusaluMu: Hanpumep, NEPUOANHHOCTD NOCTaBOK NpUbANaUTL K KBapTans-
HORA UN Nx obbem — K TPaH3UTHOW HOpMe. ‘

Ouem(a MUHMMAIbHbBIX 3aTpPaT MOXMeT 6bITb nojay4yeHa l‘lpﬂMOﬁ noa-
cTaHoBKOM B hyHKUMIO 3aTpaT onTumMansHoro pewenua. OgHako Takon nyTs
Tpebyer bonbworo obvema sbivucaeHnn. Huie paccmaTpuBaerca obwuia
MEeTOR HEeNOCPeACTBEHHOIO OnpeacneHNA MUHUMANLHDLIX 3aTpaT B Nepuon-
HecKon mogenu ynpasneHns 3anacaMun co CﬂyqaﬁHblM CNpocoM # ero KoH-
KPEeTM3aLUMKU ANA HEKOTOPBIX HacTHBIX pacnpefeneHnin cnpoca 3a nepuoa

Mepenuwem dopmyny (5.6.1) s suge

L(S) = thf(x)dxwhofgmf(w)dx
- d'SZof(as)dx+dzxf(:c)d:c+c(5—z).
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3ameTum, 410 ff(m) dr = F(S) n Tf(x) dz =1~ F(S) . Kpome Toro,
0 5

0 00 S
{wf(a:)dm = bf:cf(:c)da:—of:cf(x)dx

roe T — MaTemaTu{eckoe OXupaaHue cnpoca 3a nepuon. fenepb

s

L(S) = (d+h)SF(S) — (d+ h)/a:f(m)da:+c(S—z)+d(a‘:—S). (5.6.6)

Mpu suibope S = S* cornacHo (5 6.2) umeem (d + R)F(S*) = d —c.
Mopcrasnas s1oT pesynbrat B (5.6 6), Haxoaum npoctoe BbipaXceHue A
MWHUMaNbHbIX 3aTpaT

5
L"=L(S")=dz —cz — (d+ h)/xf(.z) dr. (5.6.7)

B oTauuve o1 (5.6.1), 3neck Heobxoanmo BbIMMCNATE TONBKO OAUH UHTErPan.
MNockonbKy ONTUMaNbHBLIA 3aNac ORHO3HAYHO OMpPefeNseTcA U3 ypaBHeHUs
(5.6.2), MuHNMaNbHBIE 33TPaThl 33BUCAT TO/IBKO OT HauafIbHOTO 3anaca 7 .

[ns HekoTopbiX YaCTHbIX pacrpefeneHnii BO3MOXHbBI OanbHedllune
ynpouenus. [yctb, Hanpumep, cnpoc 3a nepuoa MMeeT nNOKA3aMEABLHOE Pac-
npeneneHve co cpegHum I . lorpa

s*

g
/;cf(a:) de = /(95/;?:)6"”/f de =i[1—e 5 /3(8" /2 4+ 1)].

0

[ns atoro pacnpeaenenun

d+h

S —xlnm, (5.6.8)
TaK 4TO
e™5T —exp <-—lnd+h> = c—l—h‘
c+h d+h
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Moactaenan pesynstat 8 (5.6 7), Haxoanm

. - d+h
L —x[(c+h)(1+lnc+h> —h] —ez.

OueHb npocTon pesynbTat (npn nsgecthom S* ) MOXHO BbIBECTU A/1A
2amma-pacnpedeacHuss ¢ NAOTHOCTbIO

’\(’\x)k—l - Az

B stom cnyqae Z=k/), a

2 H T k-1
/wf(f) dz = /m%e‘*” dz = ;\-Fl(-k—)'r(k+ 1,AS)
0

= A—F-lm [k-y(k, AS) — (AS)%~*S]

k[y(k,AS)  (AS)ke—*S
X{ T(k)  T(k+1) ]

3nect Bbino UCNONB30BAHO W3BECTHOE pPEKYPPEHTHOE COOTHOWeHWE ANA
HenonHoi ramma-cpyHkuun. HopmuposanHas nenonHas ramma-pyHKUNSA B
AaHHOM Cfly4ae paBHa ONTUMasbHOA BepoATHOCTW obecnedeHHocTU cnpoca,
"

* o . vk _—AS*
L* =c(z Z)+—_)\I‘(k) (AS*)"e .
Weknouuns A = k/Z, nonydaem
* _ = d+h * f=\k —kS*[E| _
L*=Z|c+ ) (kS* /%)% cz.

[apamertp k Bbiparkaetcs 4epes cpeaHee m gucnepewto DD cnpoca 3a nepu-
oa: k=(2)?/D.

Ina cnpoca, noaynHeHHoro sakoHy Peses ¢ NAOTHOCTHIO

) = Zpems
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rae M — wHanBonee seposTHoe shadeHne (mopa) cnpoca, cpedaHnid cnpoc

& =M+\/7/2 Kpowme Toro, sgecsb

S

s s
2
£ _r210M2 2 2 _c2 2
zf(z)de = [ —¢ My = [ m M gy GemST/MT
M
0 0 0

Mocneannit uHTerpan Bbiparkaetcs uepes pymkumio Slannaca @(-), a ske-
MoHeHTa — uepes WHTerpanbHyto thyHKUMIO pacnpefeneHus sakoHa Penes,
Tak 4ToO

*

/ dl-M\/—Q( ) S*[1 — F(S")]

Ho M+\/7/2 = &, a sbipaxerne 1 — F(S) npu ontumansHom Bbibope
S = S* ceonutea k (c+ h)/(d+ h) Tostomy

L=z [d_(dm)@ (I\fﬁﬂ — ezt (e +h)S".

B 2Ty CbOpMyJ'Iy MOXHO NOACTABUTL ABHOE BbIPpaXkeHwe Nisa ONTUMaNLHOTO
3anaca npu pesseBCKOM pacnpefeneHnm cnpoca

S* = M~\/2In[(d+ h)/(c+ h)].

OxoHuraTensHo

x_ = d+h .
L _x[d—(d—!-h)@( lnc+h>+2(c+h) -

5.6.2. Ydyer morpeimmHocTell B napamerpax

Ons ctaTuyeckon BepoaTHocTHOR Mogenu cyrkuma (5 6 1) saTpat 3a
nepuoga sierko npeobpasyercs K sBUAY

L = ¢(S—2)+S(d+h) ffm)dm—— d(S —z)
s ’ (669)
- (d-}-h)ofxf(x) dz.
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B sacTHocTu, Npu onTumanbHom Bbibope HOpMaTUBHOrO 3anaca no chopmMye

(562)

. __ * * d-c * =
L = ¢S _Z).+S (d+h)d+h (S* - &)
- (d+ h)bfrf(x)dx (5.6.10)
S‘
= di—-cz—(d+h) [ zf(z)dx.
0
Moacranoska 8 (5 6 1) S =S* + A naet
S*4+A
L = cA+(S*+A)d+h) [ f(z)de—dA
0

Sy (5.6.11)

— (d+h) bf rf(z)dz +c(S* — z) — d(S* — z).

Bocnonbaosaswmnces Teopemon o cpennem, NpubanikeHHO NPeACTaBUM BXOAA-
e B nMocneaHoro popmyny UHTErpansl B sBuae

St4a s*

f)dn e [ f@)dat g5+ A/

0

(=]

S*

s'4A
/ v f(2) de ~ /mf(x) do + A(S* +A/2) - F(S" + A/2).

0

Ocywectens 8 (5.6 11) 571 3ameHbl um BbiuTA w3 L(S* + A) peanuuny
L{S*), nonyyaem npupailerine 3aTpaT 3a nepuoa

AL w -‘H—h—y F(S™+A/2). (5.6.12)

Mockonsky B TUNUuHoA obnacTu BeiIcokux BeposiTHocTen obecnevyenus cnpo-
ca S* > A, sasncumocts AL(A) ¢ goctaTo4HOR ANA NPAKTUKW TOMHO-
CTBHO MOXHO CHUTATb KBagpPaTUHHOM.
VeraHoBum sasucumocts AS oT nmorpelwHocTu B ueHax c,h v d,
QNA 4ero npumeHumM norapudpmuueckoe gucpcepeHuMposanmne K chopmy-
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ne (562):

ln/f(:c)dac = In(d—e¢)~In(d+ h),

[(5) g - D4 Ac  Ad A
s T d—c¢ d—c d+h d+h

nDnCTaBﬂﬂﬂ OnTMMaﬂbHy)O BEPOﬂTHOCTb OSECHEHeHMﬂ Cnpoca W T'pynnnpyﬂ
cnaraembie, nOﬂyHaeM
AS = (et WA~ (d+ R)A, — (d - A
f(S*)d+h)
ﬂ.eVICTBMﬂ B CJ‘IyHae HespeCTHLIX 3HaAKOB nOrpeUJHOCTem dHaNOrMYHbI rlpe—
AblOYLEMY CAYYato

5.6.3. uckpetunlit cnpoc

Mpu auckpeTHom cnpoce onTumanbHbid 3anac S* sbibupaetca us
yCHOBUiA

L(S*+1)—-L(S*) > 0,

L{S™=1) = L{S*) > 0.

MocTpoum Lenesyto yHKUNIO MO OXU[aeMbiM N3BBITKY U HefoCTaTKY

(5.6.13)

S)mhz —af:)pﬁ)—}—dz ) + ¢S — 2).

r=S+1
CooTseTcTBEHHO

5 o0
LS+ 1)=h> (S+1-z)p(a)+d Y (z=S—1pla)+c(S+1-2).

=0 =542

lNpupaileHne 3aTpaT npw yBeAUHEHWW 3arnaca OTHOCUTEABHO OMTUMYMa
[ONKHO bbiTh HEOTPULATENLHEIM®

AS) = L(S" +1) = LS") = (h+ ) Y ple) —d+ e > 0,
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nnun

d-c¢
p >
Z (2) 2 d+h’
=0
QueBMAHO, HTO 3HAK aHANOTMHHOMO NMPUPALLEHWA MPY YBEANYEHNI 3anaca oT
S* —1 po 5 ponxeH HpiTs obpaTHbIM

§*-1

=0
VlTaK, ycnosue onTMManbHOCTN 3anaca S* eCTh

5*-1

> p(r) < 4=

z=0

(5.6.14)

ITO YCAOBNE MONHOCTLIO aHaNOMMYHO NOAYHEHHOMY paHee ANA HENPEPbIBHO-
ro cnydas [loaTomy Mbl B ganbHedwem Bygem paccmMaTpueaTh TONLKO OAMH
13 BapvaHTOB BbiBoAa {loNyTHO OTMETMM, HTO MPWHUWN NPOBEPKM CMEHBI
3HaKa hYHKUMKN NpU eaNHNYHOM MPUPaLLEHNA apryMeHTa UCNONb3YeTCR BO
MHOTUX APYrUX SKOHOMUYECKUX 3a4a4aX U Ha3bIBAETCA MAP2UHAAbHDLM AHA-
AUIOM

5.6.4. «MnynbcHbIe» pacxonbi

lMpu ncuncneHnu pacxonos no cpednessseweHHbiM 3aNacy N AebuLim-
Ty Bcnydae x < .S cpeAHuiA nonoxuTenbHbld 3anac ¥y = [S+{S-1)]/2 =
S - x/? a Bpema Haaudua sanaca 74 = T, cooTseTcTBEHHO CpeaHuMit oT-
PULATENbHbIR 3anac J- = 0 v BpemsA cyulecToBanua gecbuunta 7. =0
Ecnu cnpoc npesbicun sanac, To gy = S/2, y- = (z — 5)/2, a 4acm
nepuofa € NONOXKUTENbHLIM U OTPULATENbHLIM 3aNacamiu COOTBETCTBEHHO
byayt pasubi Ty = T'S/z; T- = (1 — S/z)T Oxunpaevoe 3HaqeHne 3a-
TPaT AO/MKHO NOACHNTHIBATECA COMNAcHO

) [e'e
S2
LS) = h[(S—z/f(x)de+h | Zflz
0/ S/Qz
+ d/ﬁ“ig‘-j—)?f(a;)dmc(s_z).
5
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Dudbdbeperumnpysn no S, nmeem

S 00 [*]
b h/f d:v-{-h/ f(z)de —d /x_Sf(.r)d:c—{-c
dsS z
4}
r s

= (d+h) /f da;+5/f dz| —d+c
0

de| —d+c.

(d + h) F(S)+s/ff)
S

b

Venosuem mutnmyma L(S) asnaetca pasencTso

(1@, _d=c
S dz = . 5.6.1
)+ S/ z d+h ( %)
Mockonbky
o0 OOS o0
sff(’”) :/ £)d.’x<5/f(x)dz
5 5 s
npm S — oo npeden nesoir uvacTu paserctea (5 6.15) — Hyab. Ho
F(co) = 1; cnenosatensHo, pewwenue ypasHerna {5.6.15) cyiiectsyeT, ecan
: fl=
im S / d n b

Octaetca nokasatb ero eanncteertocTs ObosHaunm nesyro wacts (5.6 15)
vepes Q(S) w Hanpem ee nponssoaHyr,

aQ _ 5)+/f(m) 'ﬂsﬂzjﬂfldm>0
S

s~

npy scex S CnepoBatensHo, cbyHkuua @(S) MoHOTOHHA, 4TO M [OKa3bi-
BaeT Tpebyembiit pesynbTaT.
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5.6.5. IlITpad no BeposaTHOCTH dedpunyTa

Onpepenum cyrnkumnio sarTpat

S o0
S) = h/(S —z)flx)dz + d/f(m) dx +¢(S - z), (5 6.16)
0 S

Te co wTpachom d, BbINAauMBaeMbIM B Cllyuae XOTA Bel OQHOW HepocTa-
UM He3aBUCUMO OT BeauUnHbl Aecbuunta HausbirogHedwmi yposeHs 3anaca
faeTca pelueHnem ypaBHEHWA

s
L'(S) = h/j (z)de — df(S) +c=0,
0

uwnan

ff df(g) —° (5 6.17)

Ouesugrio, L'(c0) =c+h >0, u 4na cywecTBOBaHUA peWieHna ero gocTa-
TOYHO BBLINOSIHEHUA B HEKOTOPOM fAMana3scHe 3Hadennn S ycnosus

o o
[ s < E5=
0

VpasHenue (5 6 17) ans yHumonanbHbix pacnpeneneHuin Aubo niieer He me-
Hee nBYX KopHed, nbo He umeeT ux coscem B cnyuae asyx kopHed MUHUMYM
PACXOA0B COOTBETCTBYET DONBILEMY KOPHIO, NOCKOMLKY NMEHHO B DTOR TOUKE
3HaK MpousBOAHON MEHAETCA € MUHYCA Ha NAKC

5.6.6. lIItpad no Bpemenu gedunura

Npu cnpoce z, NpeBbICMBLIEM HOPMATWBHLIA 3anac, [ONA BPeMEHN
cyulecTsoBanna fdepuunta pasHa 1 — S/r Dyukuus saTpaT moxeT BbiTh
3aMNCaNa Kak

L(S) = h/(S - ) f(x)dz + d/(l — §/2)f(z)dz + (S ~ ). (5.6.18)
S
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[MpupaBHAeM HY/tO e NPOU3BOAHYIO NO 3anacy

S

c+h/f de —d ]Of(“)
S

0

fleras HacTe sTOro ypasHeHns MOHOTOHHO Bo3pacTaer no S flpu S — oo,
OUEBNAHO, UMEenm c+h > 0 Jna cywecTsoBaHUA 3KCTpeMyMOB Heobxoanmo

BbINOJIHEHNE ¢ < df z)/x]dx

Paccmotpum 6onee nogpobHo cayYai NyaccOHOBCKOro pacripeaesieHuns
cnpoca Dymkuuns 3atpat OyneT umeTb Bu, aHaornYHbii (5 6 18), c 3a-
MEHOW MHTErpupoBaHua no I cymmuposaHvem Hanagem nnoThocTs thg(T)
pacnpefeneHns spemeHu geduynta PacnpegeneHue spemMeHit HaCTyNAeHUA
k -ro cobeitiia nyaccoHoBCcKOro NoToKa NogunHeHoO 3akoHy Jpaanra k -ro no-
paaka [leduunt HaunHaeTcAa Npu W3pacxofoBaHWM Bcero sanaca S W eute
OAHOM egnHKLbI, Tak 4TOo

bs(r) = jf\_b,‘—)]—q’ﬁqw'ﬂ. (5.6.19)

Boiuucanm cpeaHee Bpema cyuiecTsoanua gecbuunta

T
s
Fg = //\7'[/\(7;’ 7)] e MT=7) g
/ I
[ DT =S
— T —
_ /——————S!————e"A(T )(Mr — AT+ AT) dr
0
T
S
= f e M=) gr +/\T/ —-_——_T)] e~ MT=T) gr.
0

Mpouseensn sameny nepemennbix A(T — 7) = u , nonyvaew

AT AT

Fo = _5177{ — -}\-/usﬂe"“ du—}-T/uSe'“ du}.
0

0
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3akntoueHHbie B urypHble ckobki MHTErpanbl ABAAIOTCA TabanuHbiMu —
cm. [11], popmyna (567.9). B yacTHocTH, nepebiit M3 HIAX

7 H (S+1
/u5+1e““ du = —e “’\TZ ")‘T+(S+1)!.
0

3anuncas aHanorn4HOe BoIpaXkeHite QAR BTOPOrO W NOACTABUB KX B hopmyny
ANA Ts, nMmeem

S+1 k S k
- _ L (A7) 1 , ars A7)
Ts = e (S+1) kézo o A(S—{—l).—Tc kgzo +T.

Mocne HecnoxHbix npeobpasosakuil NpUxoguM K

_ S+1 (AT S+ 1(AT)5H S+1
Fs=e xT[(T_T>Z Tt (S+1)!}"< 3 —T).

k=0

OnTumanbHeid S BHOBb nonkeH Bbibupatbca us ycnosun (5.6 13).
KoHkpeTusupyem ux ans panHoro cnyvas. pu samene S Ha S+ 1 ponon-
HWTENbHbIE OXKMAAEMble PACXObl HAa NOCTaBKM, XpaHeHWe W BbinAaTy NocTo-
AHHON cocTaBNAOWeR WTPadbOB COCTABAT

S
- Z W) r_ O
Al = c++ h Te - d(S—-f—i_)Te

- oo

[TpupauleHue nospemerHbix WwTpachos

_ _ S+2 S+1
Az = d(‘r5+1 - 7'5) = d{ - —“‘/\ + _—)\
S+2 (T 542 (AT)5H
R(Caubt
A kzd; k! A (S+2)!
5 3 5+1
_ (S 1"T)Z (AT) S+1()\T) ]}
A = A (S+ 1)
S+1 k
= g— [1 )\T) ]
A — k!
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Takum obpasom, nepsoe ns ycnosui (5 6 13) npecbpasyerca 8

) s S+1
B DL A S
AL = —X+c+e [hkzzo X d(5+1 /\kg
S
_ d . _rlfd (AT (d ( )5+1

Bropoe ycnosue (5 6 13) moxeT bbiTb nonydeHo U3 Hero sameHolt S Ha
S — 1 u obpawterunem 3Haka HepaBeHCTBa

5.6.7. Muorormnepuoauble 00001IeHUA

[lpuseneHHbie Boile hOPMY/ibl OTHOCATCA K CTaTUHECKOW MOOENn ¢
MUHUMN3aLMeR 3aTpaT 3a nepuod. OaHako KoKa3aHo, YTO OHU BEPHbI U ANA
BeckoHeYHOLWaroson MOAENU ¢ AWCKOHTWPOBAHHBIM HAaKOMAEHWEM 3aTpaT W
fIEPEHOCOM BO3HMKAIOLWEro pehvlnTa B O4EpeaHOMm Nepuog — Npu yMHO-
XKEHWM UeHb! 3aKYNKu ¢ Ha MHoxuTens 1 —a B anHamuyeckux sapayax
C KOHEMHBIM HUCAOM Wa206 ONTUManbHble YpOoBHW 3anacos bydyT Haxo-
OWTHCA MEXAY PelWieHVUAMIW ONA CTaTU4ECKOFO W AWHAMWYECKOro Chy4aes.
TouHee,

S1< S < .. Sea.

Te e coobpareHnn NpUMEHUMBL K NEPUOSMHECKUM CTPATErNAM C 3G~
Jepotcroti nocmasok, ecnuw sTa 3afepxka NocTosAHHa n pasta kT B sTom
crlyHae HanMuHbIA 3aMac PaccMaTpPUBaETCA Kak CyMiMa chusnveckoro Hann4ns
W BCex paHee CHENAHHbIX, HO elUe He BbIMOJIHEHHbIX 3aKa30B, a pacrpesese-
Hue cnpoca sameHseTcs Ha (k+ 1)-kpaTHylo cBepTKy pacnpefeneHus oaHo-
nepnoaroro cnpoca {cm [56] n MmetoLInecs Tam LONOAHUTEBHBIE CCBIAKM).

5.7. HensBecTHasg MHTEHCHUBHOCTH CIIpOCa

[loBoabHO HacTo BMA pacnpefeneHns OTKA3OB YCTaHaBAMBAETCA W3
TeopeTnyeckinx coobpaxeHuin, a obnacTe BEPOATHBIX 3HaueHWA napameTpa
MOMXeT DblTb yKa3aHa B peayibTaTe aHann3a onbiTa paboTbl aHaNOTUHHBIX
ycTpoiicte B aTom cnydae ynpasnexuve 3anacamu AONMHC NPOBOANTBLCS
Ha OCHOBE CTaTWCTWUHECKUX RaHHBIX, KOTOPble NO Mepe CBOEro Hakonje-
HUA MO3BONAIOT YTOUHATHL MapamMeTpbl pacrnpefeneHUs Cnpoca v MNepecyu-
ThiBaTb KPUTUYECKKE yucna cTpaTernin ynpasneHus HopumaTtnsHeld sanac
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OnpeaenseTes Kak To ero 3HaYeHWe, NPU KOTOPOM MaKCUMYI PUCKE MUHUMAE-
neH (MWHUMaKCHas CTpaTerus), WAKM Kak BEIMYWHA €ro, MUHUMU3MPYIOLIas
MaTeMaTU4eCKOe OXMAaHNe GYHNUUU PUCKA MO BCEM BO3MOXKHBLIM 3Hade-
HWAM NapamMeTpa ¢ YHETOM WX anocTepuopHbix sepoaTHocTen (banecosckas
ctpaterus). lNokaxkem aTy meToamky Ha npumepe 3anadqw ynpasneHua sana-
camy Co CAy4amHbiM CNPOCOM, NOBYUHEHHbIM pacnpefeneruto [lyaccoHa ¢
napameTpom (CpegHMM 3HaueHunem cnpoca 3a fepuog) z € [a, b].

NopcTaBum 8 ycnosue onTumansroctu (11.2.3) nesyro rpatmuy Halwe-
ro uHTepBana a W Halfewm 3Ha4eHMe 3aNaca Y , ONTMMaNbHOE NPU To = @ .
Crporoe BbinoniHeHne STUX HepaBEHCTB O3Ha4aeT, YTO 3aNac y; ONTUMaJeH
8 auanasore a < z < 1, rAe I €CTb KOPEHb ypaBHEHNA

N2k . d—c(l-a)

k=0

Ona coxparenus (11.2.3) npu & > 21 NpUAETCA yBENUUUTL YMCNO charae-
MbIX B cymme (ANA Havana Ha eaunuuy). 3acpukcuposas y2 = y3 + 1, Haii-
A€M COOTBETCTBYIOLLEE eMY FPaHMYHOE 3HA4YEHWE CNpoca &y M T.4. — 0O Tex
nop, NOKa He OKaXeTCA, YTo oyepefHOe 3HayeHue , > b. B stom cnyqae
npumem &, = b. B pesynbTate 0obnacTb BO3MOXHbLIX 3Ha4eHWA NapameTpa
OKa3bIBaeTCA PasbuToN Ha n HENePeceKaroWNXCA OTPE3KOB, B KaXKOOM W3
KOTOpbIX OMTUManeH BNOAHE onpegeneHHbin 7. |akum obpasom, B oTbic-
KaHWW TOYEYHOM OUEHKU ANA & HeT HeobxoAMMOCTU: [OCTaTOYHO ykazaThs
Auwe wntepsan X; = [z;_1,%;], K KOTOpoMy 2TOT NapameTp NpuHaane-
XuT. [lpumem, 4TO B KaXKAOM W3 UHTEPBA/IOB 3HAYEHWA X PachnpefeneHb
paBHoBeposATHO. [lpu 3Tom maTemaTudeckoe oxuaaHue 3aTpaT 3a nepuoa,
cBA3aHHOE ¢ BbIbopoMm pelienna y npu & € X; , paBHo

Ty

4 k
Liy) = e _1‘%_1 / |:c(1 —ajy+h Z(y - k)%e_

Tyl
+ d Z(k—y)ﬁe—z}dz
k=y+1 '
1 z2
= ————“x,—xl_l{[c(l—a)_d]xy—*_d-?_
d+h _, o 2]
~ ST -k k45
k=0 Ty

Cnaraemoe d - z?/2 B duryprbix ckobkax He sasucut oT sbibopa ¥, a
MOTOMY NPy pacyeTe CTpaTernit U PUCKa MOXKeT bbiTb onyileHo.
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Moo4epenro nogcTasiaA B Boipaxkenne ana L(y) noayqentbie paHee
sHavenna {y;}, J = T,n, MOXHO nonyuuTs oxupaempie 3atpatbi L, (y;),
cBA3aHHbie ¢ Bbibopom Kaxgoro na Hux npn x € X; . Puck e, cBA3aHHbIRA
C NPUHATUMEM pewenus Y, suecto y;, pased L7, = L.(y;) — Le(w) . Mo
CMbIC/Y BENUYMNH {Lf’j} obpasosarHan umu MaTpuua pucka L° cocTouT us
HEOTPULIATENbHbBIX S1EMEHTOB, a Ha rNaBHON AuaroHaan nMeet Hyaun. Bekrop
OXXWNAEMOTO PUCKA

R(m) = L° x P(m),
roe P(m) — BekTop anocTepuopHbix sepoaTHocTen X € X; Ha m-m
Liare npouecca; ero MUHWMAaNbHAaA COCTaBAAIOLLAA YKa3biBaeT HOMEp ¥,

ONTMMAbHOTO Ha AaHHOM ware. ANpropHble BEPOATHOCTU RepecHnTbIBatoT-
¢ no cdopmyne baneca, & paHHoM cayyae npuHumarouien B

(i —wz-x)ﬂ Priz:|e € X}

Pz(m) = " =_ s
12%(171 - 2-1) H Pr{zi|z € X}
B KOTOpOR
, . )
Pr{zi|z € X;} = L e“’” dr = ( - Z —ai—) -
ry — Tja k! Ti; — Ti-1 — k!

Ta—1 -

OnwncanHbin 3ArOPUTM boin peanusoBaH Npn cneqyrowinx UCXonHbix
AaHHBIX!

a=2 b=10, d=80, ¢=20, h=15 o =0.95.

Becb nnanason z okasancs pasbut xa 11 wHTepBanos ¢ KoopanHaTamm To-
yek aenenusn 2.00, 2.14, 2.90, 3.70, 4.49, 5.31, 6.14, 6.98, 7.83, 8.68, 9.55,
10.00, 4To pano pAA anpuopHbLIX BEPOATHOCTEN MpUHaANEXHOCTH MNapamve-
Tpa K nHTepsanam 3HadeHus 0.0175, 0.0947, 0.0984, 0.1007, 0.1024, 0.1040,
0.1051, 0.1061, 0.1070, 0.1077, 0.0564 cooTeetcTBeHto. MaTpuua pucka
npueegeHa & Tabn. 5.1, @ MUHUMaNbHAA COCTABAAIOWAR BEKTOPE OXKNGAEMO-
ro pucka 71 = 30.24 . Obpaliaet Ha ceba sHumarue sameTHo bonee BuicTpoe
BO3pacTaHWe pUCKa Mpi YMEHbLIEHN 3anaca OTHOCUTENBHO ONTUMaNBbHOrO,
qem npu ero yseandenun. B [56, pasn. 8.1] a1oT npumep paccmatpusaercs
KaK OCHOBa AfA MMWTAUWOHHOrO DKCAEPMMEHTa —— CO CYHaiHO BbIbpaHHbiM
CpefHUM CnpOCOoN, TeHepatlnen COOTBETCTBYIOWUX peann3alunii, nepecyeTom
BEPOATHOCTEN «MHTEPBANbHBIX» rMIOTE3 N BEKTOpPa OXKWUAAEMOro pucKa.
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Tao6anuima 5.1

Marpuma pucka

([t 23745 ] 6 [7]8[9 [10]u]
1| 0.0 1.2 11.6] 25.7| 41.2] 57.10|73.1{89.1{105.1{121.1{137.1
2 751 00| 5.2| 17.0] 31.5| 47.03|62.9{789] 94.9(110.91126.9
3| 30.1] 6.5 0.0 48] 159| 29.96|45.3|61.1| 7.0 93.0}109.0
4| 66.0| 26.7| 5.8 0.0| 4.5| 14.98[28643.7| 59.3| 75.2{ 91.2
51111.9] 59.5| 24.1| 5.3| 0.0 4.18|14.2127.4] 42.3| 57.8{ 73.6
611649110265 54.5) 22.1) 4.9, 000} 3.9113.6}) 264} 41.07 56.4
71222.1|153.4| 95.1| 50.4| 20.6| 4.58| 0.0| 3.8| 13.0| 25.5| 39.8
81282.5|209.51143.8| 88.9| 47.0| 19.24| 4.3 0.0| 3.6] 12.5] 24.7
91344.9(269.31198.5|135.6| 83.6| 44.2618.1| 4.1| 0.0] 3.4} 120
10}408.5 [331.4|257.3|188.7|128.4| 78.99|418|17.2] 3.9 00| 3.3
111457.5[379.71303.91232.1/166.91110.87:166.0133.1] 12.2 1.8t 0.0

5.8. PacudeT moporoBbIX cTparerui

lpu oTcyTcTBUM pernameHTUPOBAHHON MEPUOAUYHOCTM NOCTABOK
oKa3sblBaeTcA uenecoobpasHbiM MpulieHeHWe CTpaTerui € KPATUHECKUMN
YPOBHAMN — rpeXxae BCero BMAa (S,): Mpu CHUXEHWW 3anaca AO ypoB-
HA s 3aKka3biBaeTcA napTus obbema ¢ . Byaem cumtaTs, YTo wTpad BO BCex

cAlydasx nporopuvoHaieH OXuAaemomy AebUUUTY K KOHUY unkna (nepes
npnbbiTnem noctasku)

D= ]0(93 —s)f{z) d,

rae f(z) — nnoTHocTb pacnpefesieHns cnpoca 3a BpeMA 3afepXKK# NOCTas-
xun. Onpenennm Takxxe cpefHee 3HadeHne NONOKUTENBHOTO OCTaTKa K KOHLY
ymnkna

8

R= /(s—x)f(:c)d:c.
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3ameTum Ha 6ynyu4ee, YTO OflHa U3 3TUX BE/INHUH NerKO BbIparKaeTca 4Hepes
APyryto:

}o(x—~ s)f(z)dz = jfo.z:f(ac) de — s;}of(:n)da:

- 5 jmf(:c)dx—s(l-»ff(m )

= 5:—-s+0f(s—a:)f(:z)da:.

3aecb & ~— cpenannit cnpoc 3a Bpema 3adepxku noctasok. Mrak,
D=z-s+R, R=D+s-%. (5.8.1)

Ona sbivncneHna navanbHbix npubanxenun (Sg,¢o) K ONTUMasbHbIM
napamerTpam cneayer:

1) MUHUMU3BUPYA 3aTpaTbl 3a BPEMA 3aAePXMKN NOCTABKM, ONPeAe/MTb No-
porosblit yposeHs $o cornaco (5.6.2) npu ¢ = 0 u nepec4nTaHHOM
Ha BpeMA T LeHe XpaHeHWs,

2) BLIYMCANTL COOTBETCTBYIOWME MIUHUMANbHBIE 3aTpaTht L 3a Bpems 3a-
nepxku no copmyne (5.6.7);

3) nonaras uewy sakasa pasHon g + L, no cpopmyne Yuncona (5.1.8)
AN1A MAKCUMaNbHOro 3anaca BblYUCANTL BeanyuHy S ;

4) npunaTte go =S — 5.

Bapuantel pacteTHom cxembl ONPefensioTCA BO3MOXHOCTLIO NepeHoca Ae-
duunTa B cneayrolwui yukA.

5.8.1. Monenn 6e3 nepenoca meduuuta

B stom BapuanTe npegnonaraertcs, 4To obpasoBaBLMACA K KOH-
Uy UMKAa BebULMT AMKBUBMPYETCA NOCPEACTBOM SKCTPEHHbLIX MOCTABOK,
TaK 4TO 3anac HeMmOCPeACTBEHHO Nepes MOCTAaBKOM 3aBeOMO HeoTpuuaTe-
nen. Onnata xpaHeHUs cpedHero 3anaca B eAWHWLY BPeMeHU COCTasAseT
h(g/2 + R)=h(q/2 + s — & + D). Kpome Toro, s unkne sbinnasusatoTca
CTOMMOCTb 3aKasa ¢ w wTpac dD), a cpeanss anuHa unkna pasHa g/ A7 .
3aTpaThl 8 eauHULY BpemeHM

L = h[g/2+s5-%+D]+

1 _
q/)\+F[g+dD]
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_ g d .
= h(q/2 — AT) + -+ | h+ -~ D.
(0/2+s ) q/A+ T ( q/)\+r>

Ycnosua onTumManbrocTy napamMmeTpos

o0

b2 = o/ /A + 7] = s [ - ) =0,

s

Ly

I = h- [h+q//\d+%]7f(1:)da::0

$

MOXHO npusectt k Bonee yaobHomy By, AonycKarolemy WTepauvoHHbIR
pacyeT

h
[fei =

g = 2}? [g+d7(m—s)f(a:)dx] — \F.

5.8.2. Monens ¢ nepeHocom medunuta

3Aaech orpaHuyeHue Ha HEOTPULATENbHOCTb OCTATKa K KOHUY LUMKAa
cHuMaeTca Bcpearem oH paBeH $—AF | Tak 4TO 3aTpaThi 8 eQUHNLY BPEMEH U

L="n(¢g/2+s5~- A7)+

/A (g+dD)

Venosua ONTNMANBHOCTY NapameTpod NPpUHNMaroT g

[ee]

= h/z-m g—{-/‘(x:-s)f(:c)dx =0,

I = h- (q/Ad+ %> ]Of(x) d =

B stoit moaenn s onpemenserca ws ycnosua

/f q//;JrT),
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a doopmyna ANA BLIMUCAEHUA ¢ OCTaeTCA Npexhen

Huxe paccmaTpubatoTca OBa 4acTHbIX BapnaHTa 3TOA Mogesu — npu
HenpepbIBHOM MOKa3aTebHO PacnpefesieHHOM Crpoce U Npr NyacCoOHOBCKOM
Crpoce 33 raMMa-pacrnpefeneHHoe BPEMA 3aAePIKKN

5.8.3. TlokasarenbHO pacnpeneleHHbId cnipoc

o0 o0
B otom cnyyae [ f(z)dz = e, a [(r—s)f(z)dz = e™#/u
8 3
MoacTtaBnas 3w pesynbTaThl B hOpMybl ANA ONTUMAJIBHBEIX NapamMeTpoB ¢

onHospemeHHOR 3ameHoit 1 = 1/(AT), nonydaem

_ d
s = /\Tll]m,

2A _
qg = —h—(g+(1)\%e‘5/(’\7)).

5.8.4. IN'amMma-pacnpenesieHHas 3aepXKKa

INpwu nyaccoHOBCKOM MOTOKe 3aABOK U 3a3d€pXKKe NOCTABOK, NOAYNHEH-
HOM ramMma-pacripefesieHt0 ¢ NapameTpamn T W [i, BEPOATHOCTW CApPOCa
Ha j eauHuu sbidncaatotea cornacto (3 6 4). [lna nokasatensHoro sakoua
(r = 1) pesynbTaT ynpowaercs

u Ay :
=L (2, =0,1,...
P /\+u(/\+u) !

3aecb MOXKHO NONYHUTL ABHYK POPMYNY ANA BEPOATHOCTW AechuuMTa npu
riopore 3akasa §

o & AN oAyt
p_(s)*k+uJ=§1(f\+u) _()‘”Hl) ’

a8 MaTEMaTUYECKOoE OXnaanne nedavsuMTa

y-(s) = i (=~ sp; = % (7\%)!

=541

,D,anee, BpeMeHHO nonaraa s U g BEUECTBEHHBIMU, MOMHO MNOACTABUTL 3TN
BbipaXeHua B yC/iOBUA ONTUMAaNbHOCTN BMECTO COOTBETCTBYMOUWNX UHTerpa-
nop
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OkoHuaTenbHbid BoIGOp S W ¢ AOAXKEH NMPOBOANTLCA € YYETOM WX
uesnouucneHHoct B 3apavax ¢ yuetom wTpadbos 3a HefocTady npu ymeHs-
weHnn 3anaca PYHKUNA 3aTpaT BO3pacTaeT 3HAa4YUTENbHO BuicTpee, Yem npu
ero yseandenun [lostomy smecto nepebopa HeTbipex TOHEK € KOOPAUHATAMU
(s,q) , BAMXKANWNX K HAAAEHHOR, MOXHO NPUMEHATL YNPOLLEHHOE NPaBUIO
s OKpYyFnaTb B BAnbuwyio cTopoHy, a ¢ — Ao bnuxkanwero yenoro.

5.9. KomOuHUpOBaHHBIE CTpATEruu

KombyHauva npasun 3akasa nepuoauy4ecKux W MOPOrosbix cTpaTe-
rul paet crpaterwto Tuna (7, s,S) — ypoBeHb 3anaca & KOHTPOAMPYeTCs
4epes uHTepBansl 1', v npu obHapy>kenun octatka y < § 3aKasbiBaer-
ca naptua S — Yy ITo npaBuno coyeTaeT ynobcTea KaneHBapHOro niaHu-
pOBaHUA C JOCTATO4HBIMIA BO3MOXKHOCTAMMW ORTUMU3aUMK [lanubid cayvain
CBOAMTCA K PACCMOTPEHHOMY BbILL€, €CNK CHUTATh MOMEHT NepecedeHns Kpu-
TUYECKOro YPOBHA pacrnpegeneHHbiM paBHoMepHO Ha uHTepsane [0,7] u
B3ATb B Ka4yecTse pacrnpefefieHUA NepecKkoKa COOTBETCTBEHHO ycpedHEeHHoe
pacnpepeneHue cnpoca.
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I'maBa 6

MHoroHomMmeHKJIaTy pHbIE
3aaun

6.1. Knaccudukanuss HOMEHKJIATyp

Cuctema cHabikenunsn, kak npaBuao, BkAto4aeT B ceba sanacol pasany-
HbIX 1IPEAMETOB ¢ KOMNHECTBOM X BUAOB OT HECKOMLKUX eRMHui SO COTeH
ToicAY Hammenosatnin Cornacro [190], B HekoTOpbIX BOeHHbIX OpraHW3saum-
Ax yuduTbisaetca cebiwe 600 Toic nosuuwi, B Toprosne — go 100 Teic,
Ha cpenHem npeanpuaTun nopaaka 10 Teic [lononnuTensHo ysenn4msatoT
YUCNO YUNTBIBAEMBIX HOMEHKIATYP Pa3finyiuns

® o Becy, UBETY, pasmepy, ¢hacoHy,

® Mo HOMUHany (eMKOCTW, MOLLHOCTW, COMPOTMBAEHUs, bGbicTpoaed-
cTBuA),

® MO BMAY N KPAaTHOCTW yNaKOBKW, U T 4

[lpn Bonblom uncne HoOMEHKAATYP peann3aunsa CKOABKO-HUBYAb CNOXKHBIX
METOLWK YNpaBNeHnA 3arlacaMn OKasbiBAeTCA HEBO3MOMKHOM, a CTOMMOCTb
MHPOPMALNOHHOR CUCTEMbI MOXKET MEPEKPbITh BO3MOXHYO skoHomuto [lo-
3TOMY B 33aBUCAMOCTW, rnaeHblM obpasom, oT 3aTpaT Ha cHabxenune no
Ka>XAOW HOMEHK/IAType WX AeNAT Ha rpynnbl, MOAXOA K KOTOPbIM OCYyLe-
cTenAeTca Andcpeperunposanto («cxema ABC»)

Mepebim Wwarom onTumusaun Y3 ABNAETCA paHIKUPOBKA CMUCKa HO-
MeHKAaTyp B Nopafke ybbiBaHua cToumocTtHoro cnpoca [lo mHenno cneuu-
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anuCToB, CTpPOras ONTUMW3AUWNA [AOJXKHA MPOBOAUTLCA AWWL No rpynne A
us 5-10% HomeHKNATYP, CYMMapPHbLIA CNPOC Ha KOTOPble B CTOWMOCTHOM UG-
uncnenum coctasnset no 65% ot obwerc. [Jna rpynnel B (okono 25% no
coctasy 1 30% no cTOMMOCTHOMY CNPOcy) AOMYCTUMO NPUMEHEHNE NPOCTER-
WX pacueTHbIX MeToaoB. [1ns scex octanbHbix (C) BosobHoBNEHNE 3anacos
opraHusyetcs U3 coobpaxeHnii npakTudeckoro yaoberea uanm no crabune-
HblM Hopmam. flonaslue croga poporocToAlyme MPeaMeThl ¢ KpaitHe HU3KUM
CNPOCOM XPaHATCA Ha CK2LAe BLICLIErO 3BeHa CUCTeMb! cHabxkeHus, ux 3anac
NOMONHAETCA NPU BOSHWKHOBEHWM KaXCAoh noTpebHocTy.

B [193, c. 191-195] paccmatpusaerca obobuieHne aToro noaxoaa ¢
AONOMAHUTENBHLIM YHETOM KPUTUYHOCTM M TPYAHOCTH AvkeuAaunn aecbu-
unTa no Kaaow HomeHknaType: | — Kkputndyeckan, il — Gespasnnunan,
H — npomexyTouHbin cnyqan, Wrorosas knaccucbukauua soiraapnena cne-
Aytowum obpasom:

AA — {Al All, BI},
BB — {Alll, BIl, Cl},
cc — {BIill, CIl, CIlI}.

B kHure [190] kaxpon rpynne ABC-knaccucbukaunu nocssiienbl oT-
penbuble rnasbl. K 2pynne A oTHeceHbl uspaenua ¢ 6onbWMM CTOMMOCTHBIM
CNPOCOM, @ TaKXKe HEKOTOpble ApYrue — C y4eTOM AOTONHUTENbHbIX coobpa-
MKEHUR BAXKHOCTU, KOMMNEKTHOCTH, TPYAHOCTYN opranusauum noctasku. Ot-
MeYaeTCA MenaTeNbHOCTh aHANWTUYECKOTO NPOTrHO3MpoBaKuA cnpoca. [as
[eTaned C BHICOKUM M HU3KUM CMPOCOM BHYTPY rPynnbl UCNONb3yOTCA pas-
Hble nogxogbl. YpoBeHb 3aNacoB KOHTPOSMPYETCA NPU KaXaoM cooblueHnn
(peanusyrotea noporoseie npasuna, obeiuHo ¢ = 1). Mpu Huakom crpoce
PEMOHT U 3aMeHa NAaHWUPYIOTCA MpN NPoBEfeHUN pernaMeHTa. Yuer wrpa-
oB cuuTaeTcAa nNpegnoyTUTenbHee paboTbl ¢ yposrHem obcnyxmnsaHus.

B ocobo cnoxHbix cay4asx OnA oueHku cTpaTerit ynpasneHw
3anacamMu No HOMEHKAAaTypam rpynnbl A PeKOMEHAYETCA WMUTALMOHHOE MO-
aenvposatue. K Takum cuTyaumam oTHocATCA:

& 33BUCUMbLINA CNpPoOC;
® COBMECTHbIA 3aKa3 CO crugkamu,

® 3UeNOHUPOBaHKblEe CUCTEMbBI;

nepexofiHbie (HecTauMoHapHble) pexxums! paboTbt;
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® NfaHNpoBaHue NOCIeaoBraTesIbHOCTU 06p360TKV];

® arpernpoeaHHoe nnaHnpoBaHue NPon3BOACTBa U cHabxxeHus.

B [56] man obsop sbinonHeHHbix B 1960-x rr. pabot dupmsl RAND
Corporation no moaenupoBaHuio cuctem cHabxeHus amepukaHckux BBC
(8 Tom uncne 6as mexxkonTuHernTanbHbix pakeT). Cetvac 3n paboTst unTe-
peCHbl ANb € UCTOPUYHECKON TOYKU 3PEHNA U KaK NPUMEP COHETaHUA BOEH-
HOW Hay4YHO-NCCNefoBaTENBCKOW UIrpbl C obyueHunem AMHERHOFO NepcoHana.
flo ux nroram Bein NpUHAT pAR BaXkHbIX ¥ BecbMa 3hdeKTNBHBIX OpraHn3a-
LMOHHbIX peuleHni. 3

B ynomsanyThix u mHorux gpyrux pabotax no MMUTaUNOHHOMY MOZEAN-
POBaHNIO NOAYEPKUBAETCA, OAHAKO, M0 Cepbe3Hbi HENOCTaTOK: TECTUPYeTCA
TONbKO 3aMNaHUpOBaHHbifi Habop pelleHnil, Cpenn KOTOPLIX HaunyYllee Mo-
XeT oTcyTcTBoBaTh. [Jobasum k a3Tomy Huskyro (bes ncnonbsosanma metogos
nosnxeHua aucnepcun [71]) oTHocWTeNbHYO TOYHOCTL ONpeAeneHNs Bepo-
ATHOCTER PenKMX CODBITUR, KOTOPEIMY B AaHHOM Clyyae ABNAIOTCA 0cODeHHO
MHTepecyrolune Hac caydan Aecdbuumra sanaca.

K nnanvpoBaHuto ynpasneHus 3anacamn nagenui epynns § apume-
HAOTCA TaKue (MeTOfbi, KaK 3afla4a rasev4iuka v pacyeT NOPOrosbixX CTpaTe-
rui npw cnyyaitom cnpoce. MoryT paccmaTpneaTbca 3aaati ¢ COBMECTHBIMM
orpatudeHnamy (Ha mHoxuTenn Jlarpanxa). Muoxuntenu Jlarpanxa unrep-
npeTupyoTCA Kak ueHbl aecdbnumTHoro pecypea. [lpu pewenuu sapay storo
TUMa PeKOMEHAYeTCA Beeraa BBINOJHATL pacyeT ¢ ocnabneHHeimn orpaHu-
YEHUAMN — RAA OLUEHKW ero BJAUAHWA Ha ueneByro hyHKLUMIO W Ka4vecTBo
cHabxernua. Takol pacHeT MOXET CAYXWUTb OCHOBaHWEM AR NepecMoTpa
OrpaHNYeH A B MEHbILYIO CTOPOHY AJA UCNOAL30BaHNA 4ebULMTHBIX pecyp-
€OB B APYIUX Uenax, B 66nblyto — npu BLIABNEHUN BO3MOXKHOCTY 3aMETHOFO
BBIVFPbILLIA LEHOW HE3HAYNTENBHOTO O0CNnabneHA oTpaHnyenna.

Ona vapennin epynnw (' pewenuna npuHuMaroTCA O COBOKYMHOCTH.
W3 3710l rpynnst MoryT GuiTh nepesenertl B B KpuTudeckun BaxHble, TPYAHO
nobbisaemble, npeameTsi ocoboro mHTepeca Hadanbhuka [190]. Wndbopma-
UMA © CNPOce PeruCTPUpYeTCA yKpynHeHHo (Hanp., nsmepserca B Kopobkax).
CooTeeTtcTBeHHO MoXeT bbiTh chOpMYNNpOBaHO 11 MPaBUAO BOCMONHEHWUA:
BbldaBaTh 3aKa3, Koraa byger BckpblTa NocnegHAA Kopobka,

flo rpynne C obbiuHo cospatoT Boablon cTpaxoson 3amac, Tak Kak
570 obxoaunTca negoporo. Ho cnpoc ponxen bbiTh obecneqer B komnaekTe,
HlockonbKy 5Tux HOMEHKNATYP OueHb MHOTO, BEPOATHOCTL AecbulmnTa x0TA Bl
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No oaHOM BeNMKa. ANA Npumepa ykakem, 4To npu 1 = 20 1 HagexHocTM
obecrnedenna no kaxaon 0.95 oHa coctasnt 1 — 0.95%% = .64

Ocobas npobnema B TOM rpynne — Kak MocTynaTb € O4eHb PeAKO
Tpebyemsimun napennammn (cornacko [190, c. 432], npoueHT peTanei, He uc-
TpebosanHbX 33 ron Wi pa3y, coctanaeT oT 16 po 47) 3pech paccmaTpm-
BalOTCA CAefyroLLNe anbTepHaTNBbI.

® BepHYTb NocTaBLIMKaM (CO CKNAKOi),

® fepefaTh B BbICLLUEE 3BEHO;

® NpOMaBaTh B HArPY3KY UM [aBaTh & BUAE MPEMUM 33 MOKYMKY,
® UCNONB30BaTL Ha HnaroTeopUTENbHLIE Lenu;

® YCTPOUTH ayKLMOH;

e npoaaTh B yTUAbL AAA nepepaboTkm.

Huxe paccmaTpnsatoTcsi anropuTmbl yripasieHus 3anacamu QAR HO-
MEHK/IaTyp, AOCTOMHLIX CEPbEe3HOro BHUMAHWA SKOHOMWCTA W WUCCNedosa-
Tens. 3agasy MHorna yRaeTCA pacufieHMTb Ha pag ofHonpoayktoseix. Ho
B TEX CAy4asx, Korga HOMYCKAaeTCs COBMELUEHWE 3aKa30B MO HECKOSBKUM
HomeHkNaTypam (oBwmit NOCTaBLUMK), WTpadpbl UCHUCAAOTCA C yHeToM obec-
nedeHUa cnpoca no rpynne HomeHknaTyp (obwmui wrpad) nan xe MmeroT-
cA oblwue orpaHnyeHusA, oNTUMNU3ALNA LOAXKHA NPOBOANTLCA ONA 2pynnsl
HOMEHKAATYP, OOBEAVHACIMbIX OGHUM UAN HECKONBKAMW M3 REPEYUCerHBIX
daxTOpOB.

6.2. IerepMHUHHPOBAHHLIN CIIpOC

ﬂpennonoxw\n, HTO CTOMMOCTb opraHmMsaunn nNOCTaBKU NMapTunm N3 n
HOMEHKNATYP OT OAHOro NoCTaBLUMKa MOXHO NpeaAcTasnTb 8 cbopme

g =g+, (6.2.1)

rae go — LeHa akTa 3aka3sa [lpn sbicokon ueHe wTpada n Hesasucu-
MbIX 3aKa3aX ¢ ONTUMaNbHOW AAA KaXAON HOMEHKAATYPbl NEPUOAUYHOCTBIO
cornacro (5.1.10) cymmapHble pacxonsl B €AUHULY BPEMEHN COCTaBAT

N
L=Y 200 +¢)\h. (6.2.2)
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ﬂplﬂ OOQHOBPEMEHHOM 3aKa3e BceX N HOMEHKNaTyp ero nepunogu4d-
HOCTH 6yneT B 06LLl€M caydae oTAanYaTbea oT onTUManbHoOn NepUOaNYHHOCTN
No Ka>KAaon 13 KOMMNOHeHT Npu He3aBncumMom CHQS)K&HVIVI, 4TO NPNBERET K
HEKQOTOPOMY YBEAWHEHWIO PAacXo[0B. C .upyroﬁ CTOPOHBL!, 3TO NO3BONANT COKO-
HOMWTbL Ha 3aKasax. Cyr\nl\naprle 3aTpaTbl B €quHMUY BpeMEHU Npn AaHHon
OopraHu3auny NocCTaBOK AOJXKHbBI NOACHNTLIBATLCA NO cboplviyne

:-TZAh +TZgz

1=0

U npn onTumMansHoMm Bbibope T' cocTaBAT

= 221}1 ZAh (6.2.3)

i=0

Cpasenne copmyn (6.2.2) u (6.2.3) ykasbisaeT Ha TO, 4TO coBMeCTHaA onTH-
MU3aUNA MOXKET AaTb HEKOTOPYIO SKOHOMWUHKD,

HocTounctea oboux paccmoTperHbIx noaxoaos (Hesasucumon u non-
HOCTbIO COBMELLEHHOA ONTUMN3ALUM) COEAMHAIOT MOCTABKM MO CUCTEME
kpamuur nepuodos. [pn sToM OTAENbHLIE HOMEHKNATYPh! CO CXORHbLIMU
3HAYEHUAMM CTOUMOCTHOrO CNpoca oBBeANHAKTCA B COBMECTHO 3aKasbiBa-
eMble TPynifbl, 4TO MO3BONAET NOJYHYNTb Masioe PACXOXKAeHue MeXay rpyn-
NOBbIM 1 MHAMBUAYANbHLIM ONTUMYMaMW. 3a CHET K€ KPaTHOCTM MEpPMOAOB
cHabxxeHUA No rpynnam yaaeTcs AOCTUYb HAacTOroO COBMELLEHUA 3aKa30B. | a-
Kas cTpaTerus Ebina Bnepsbie npennoxexa asTopom 8 [52] (1966 r.) u mHo-
rokpaTHO nepeoTkpbiBanach B panbHewem [104, 105, 106, 109, 122, 134,
136, 146, 158, 163, 166, 170, 175, 203].

MocTaeum 3apauy © pacyeTe ONTUMaNbHOR CACTEMbI KPaTHbLIX nNepu-
Of0B, B KOTOPOM NO KpalHe#A mMepe oAHa M3 HOMEHKAATYp 3aka3blbaeTcAa B
kaxpom GaszucHom nepuope T . OboaHaumnm:

(k) — mMHOXeCTBO HOMeHKAATYp C NepuoANHHOCTbIo nocTasok kT,
k=1,2,...;
Ti — HYUCAO 3NEMEHTOB TAKOTO MHOXKECTBA.

[lna HekoTopbix k cOOTBETCTBYIOLIME MHOXKECTBA MOFYT ObiTb 1 NYCTbHIMM.
Pacxonbl Ha cHabxxeHue 7 -f HOMEHKAATYpOR B EAUHWLY BPEMEHN Mpw
k; > 2 coctasnstoT

1
L= =,

2 kT
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a 717 HOMEHKIaTyp NepBOro MHOXeCTBa

AhT e
+ +711T

(spech cToWMOCTh 3aKa3a, HE 32BUCAWIAA OT HWACNA HOMEHKNATYP, PaBHO-
MEpHO Pa3fioXkeHa Mo HomeHKAaTypam nepsoro mMHoxecTsa). Heobxoanmo
Takium obpasom ebibpaTe Gasuchbin nepnoa 1’ n Tak npouseectu pasbuexy
BCEX HOMEHKAATYP Ha YNOMAHYTHIE MHOXECTBa, YTODH CymMma

1 N
L(T) = 5:1“2 A hiki(T) + (oa + Z i (7 ) (6.2.4)

bbifia MUHUMBABLHOM.

Haipem npouwssonnbie chynkuuu L(7T) B unTepBanax nocTOSHCTBA
rPYRAVPOBOK, T.€. Npu hukcuposantbix {1k, } :

dL gi
. —Z/\hk <JO+Z )
d’L 2 i
= ?5(9”275)‘

i=1

Bropas npoussoaHas Ha sTux MHTepBanax Bcerfa nonoxuTensHa. Paccmo-
Tpum noseserue dL/dT B kpainux obnactax noayocn [0,00). Tpu no-
ctaTouHO Gonbwom 17 BCe HOMeHKNATYpbl OKaXyTca B MHoxecTse (1) w
npousponHan bypeT paBHa

z/\h, fzzgz,

i=0

oTKyaa
1 N
Jim dL/dT = ; Z: Aihi > 0.

C apyro@ cropoHb!, npn o4eHb Manpix T KaXkpoe MHOXKECTBO NP HepaBHbIX
{A\;ih;} cseneTca Kk oaHOMy snemeHTy. Toraa rnasHyrO 4acTb Pacxofos B
eauHuuy spemenn coctasnt go/T ; cootserctserto dL/dT = —go/T? w
limypo(dL/dT) = —
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Hanpaenm Tenepb rpanuubl noctosHcTBa rpyAnuposoK. KosdbutimerTel
npu T w 1/7, exonswme B {6.2.4), MeHAI0TCA NpK NEperpynnupoBKe HOMeH-
KNaTyp, CBA3aHHOM C NePEXOAOM HOMEHKNATYp MHoXecTBa (k) B MHOXeCTBO
(k — 1) npu ysenuuerun 7. OueBuaHbIM ycnoBUeM TaKoro nepexoaa & -i
HOMEHKNaTypbt ABAAETCS HEePaBencTso

1 gi 1 i
“NhR T+ == -1 =Mh(k; — DT+ ————| >0,
(2 * kJ) [2 ks =0T nT] =

a MOMEHT Nepexofaa OnpenenAeTCA PaBeHCTBOM YMEHbBLLIAEMOro 1 Bbl4MTae-
Moro, T.e.

(6.2.5)

(nnaekc «n» osnavaeT npasy rpaHnLy wuHTepBana).

Pacnonoum Bce HOMeHKNATYpPbl B MOPARKE BO3PACTAHNA OTHOLIEHUA
{gi/(Aihi)} w neperymepyem nx sanoso. Toraa ycnosue (6.2.5) byaer sbi-
NOAHEHO MpPeXXAe BCEro ANA NEpBOro dnemMeHTa MHOXecTBa (k) , wmerole-
O HaUMEHbLIYIO B AAHHOM MHOXECTBE BENYUHY YNOMAHYTOrO OTHOLIEHUA.
MycTtb B Touke Th, HomeHknaTypa r nepewna us mHoxecTsa (k) B MHO-
wectBo (k — 1) . Oyukuna L(T) . ouesnano, Henpepbisra. Ckavok npouns-
BOAHOM B Touke neperpynnvposkn Tn, cocTasuT

1 : 9r 1 _l_
A = 2)\,.}7,,[(;67,- — 1) — k] Tr%r [ - :‘
9r 1 1

SRRy 2

Ho cornacho (6.2.5)

29,

Tor = Mohok, (ke — 1)

CheposaTensHo,

_,(lr)\rhrkr(kf — 1) — l)\rhr = ——/\,-]Ir.

A=
20,ke(ky — 1) 2

Takum obpasom, dpyHkuna L(T) HenpepbiBHa, KYcOHHO-BbIMYKAA U WMe-
€T oTpMuaTenbHble CKa4Kn MPOM3BOAHON HA MpasbiX rPaHULAX UHTEPBasoB
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nocrosHcTea rpynnuposok Ouesnano, 4To MuHumym dbyukuun L(7T), sa-
nasaemoi Npasoi dacTsto (6 2 4), paBeH HaumMeHbLIEMY U3 MUHUMYMOB ee,
AOCTAraeMbiXx NP NocToAHHON rpynnuposke Homenknatyp Hausbiroaren-
Wuit NephoOR NPN NOCTOAHHOM TPYNNUPOBKE ONPEAENAETCA NPUPaBHUBAHEM
Hyaro npoussonHon dL/dT

N N
T — Q(Zi—’—f—gg)/z/\,hlkz. (62 6)
=1 t

=1

Emy cooTseTcTBYtoT MutumanbHble 3aTpaThl B eAMHNLY BpemeHu

N N
* Js
L= 2<Zk—l+go)z/\,hzk1 (6.27)
[E3) 1=zl

ObBosHaunmM H4ucAnTeNb N 3HaMeHaTeNb NOAKOPEHHOTO BbIPaXKEHNA B (626)
depes G u H cooTeeTcTBeHHO U HaMAEM MX NPUPAlL&EHWA NpU nepexoae
HOMEHKNATYpbl T U3 MHoXecTBa (k.) B MHoXecTBo (k, —1), Te 3a npason
rpaHnuel nHTepsana

1 1 29,
AGny = 2 (— = )=
n 29 (k,—1 k,) Ky (ky — 1) (628)

AHnr = Ahelky — 1) = Mohpokp = =Aphy.

[ockonbky B HOBbIX 06O3HaYEHNAX

T = \/GJ/H (6 2.9)

L* =VGH, (6 2 10)

YMeHbLUEHNE CYMMapHBIX PaCXOA0B TI0C/IE TAKOrO Nepexoda Bo3MOMHO NULLb
npn ycnosuu AG/G < |AH|/H , wan AG/|AH| < G/H Wspnekas us
obeux HacTel nocneaHero paBeHCTBa KBafApaTHbIE KOPHU U NOACTaBAAA 3Ha-
vyenna AG n AH , ybexpaemcs B ero sKBMBafeHTHOCTU YCAOBUIO

Thy < T*. ; (6 2.11)

Kak Buato us cpopmyns (6 2 5), senmqmna Th, BbicTpo Bospactaet
¢ ymenbwennem k, , Torna kak 1* yBennunpaerca oyeHb MEANEHHO |aknm
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obpasom, seinonnenue yenosus T > T* pgns scex r roBoput o Heueseco-
obpa3srocTu Aanbhenwero ysenudeHna T 1 CBA3ZHHOrO ¢ HUM yMEHbLIEHNA
koabduumenTtos {k,}, Tak Kak muHumymbl L* BymyT BospacTaTh

AnanorudHbie paccy>aeHMA MOryT BbiTb NpoBedeHbl 1 41A BO3pacTa-
rownx koscbdpuunentos {kr} npn asuxenun no ocu T' 8 cTOpoOHY yMeHb-
weHua BasucHoro nepuoaa PacueTHoe cooTHoweHune ANA €60l rpaHWUb
WHTepBaaa NOCTOAHCTBA rPYNNUPOBOK

2
Tﬂ'{‘ — g?‘

TR T (6.2.12)

onpenenAeTcA nocaedHuM dSnemeHTOM rpynnbl v nonydaerca us (6 2 5) sa-
meHod k wa k+1 QPopmynsl gna pacuera npupawenni AG v AH npu-
HUMatOT BMA

2vg
AGp, = ——lme,
7 ky (k, + 1)

AHne = Mhy. (6 2 13)

Venosuem uenecoobpastoctin ymenblerua T ¢ OHOBPEMEHHbIM YyBe-
nndenvem koabdpunumenTtos {k,} cTaHoBATCA HepaseHcTBa

Thr >T7, r=1,N

MNpuseneHHble coobpaxeHus MO3BONAIOT YTBEPXKAATb, 4TO rpaddnkn yHK-
unir L(T) n L'(T) wvmeroT Bua, nokasarksid Ha puc 6 1 (wrpuxossimn
AVHUAMU NOKa3aHbl rPaHuLibl MOCTOAHCTBA rPYNNUPOBOK, MYHKTUPOM == 0~
KanbHble onTUMyMbl) OHU Jat0T OCHOBAHWA NPEANOKUTE CNEAYIOWUA anro-
PUTM NAGHNPOBAHWA MHOrOHOMEHKNATYPHBIX NOCTABOK

1) YnopanounTs HoMeRKNaTYpbl RO Bo3pacTahuio oTHowennd {g,/(Ah,)}
¥ NPOM3BECTU NX NepeHyMepauunto
2) Boibpatb HavanbHoe npubauxkerne ans GasucHoro nepuopa 1y

3) PaccuutaTh anA Hero onTumansHbii Habop koacbdbuunentos {k0}

4) Paccuntath sHauenua G, H pna atux koadduumnerTos no copmynam
(616)w (617) Beruucaure T n L*

5) Mo copmyne (6 25) paccunTaTh npassie rpaHnLbl nHTepBana NocTo-
anctea rpynnuposok {75 (kY)}, no (6 1 12) — neswie

6) VeTaHoBUTH B HyNb yKasaTenb key HanpaBaeHUs uameHenns 1

- 179 -

L A
1 ! * !
o T, T T, T
A :
L' : |
0 D SNt LI
=

Puc 61 ®Pyukuna satpaT n ee NnponsBoAHan

7) Ecnn cywectsyet Takoe i, 4T0o Tn, < T, nonoxutb key = 1, nHaue,
ecnu cywecTsyeT Takoe 1, ¥To Th, > T, nonoxwnts key = —1

8) MNoka key = —1 ycranosute key =0 Paccuutats AG u AH no
BCEM HOMeHKnaTypam, ans koTopbix {7n,} > T, nantn TAG n
YAH , 3amMeHuTb gns Bcex 3TUX HoMmewknatyp k, #Ha k, + 1 u pac-
cumtath Hoeble {Thn,} Bbitimcnuts Hosbie 3navenna G = G+ AG ,
H = H4+AH wnepecunrate novum 7% n L* Ecnun koppektuposku
bbinu, ycTaHoBMTL key = —1 1 BEPHYTHCA Ha HAYalo MyHKTa
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9) MNoka key = 1 ycranosute key = 0 Paccuntate AG v AH no
BCem HomeHknaTypam, ans xotopex {Tn,} < T*, nawtw LAG u
YAH , 3ameHnTb ANA BCEX DTUX HOMEHKnaTyp k, Ha k, — 1 wu pac-
cunTate Hosble {Tp,} Beiuncaute Hosble sHavenns G = G + AG,
H = H4+AH wnepecuntate no Hun 1™ u L* Ecnu koppektuposku
Bbiaun, ycTaHosuTs key = 1 1 BepHYTbCA Ha Hauyano MyHKTa

10) BoccTaHoBnTb NepBoHadanbHyto Hymepauwto W Beipate 17, L* u
nabop {k,}

11) Koney anroputma
Mpouecc yeennueHns (ymeHblieHun) 7' 3akaH4MBaeTCs 3a KOHEUHOE

4MCNO LWAroB, Tak Kak B MepBoM CjyHae C NepexofoM BCEX HOMEHKNaTyp B
mMHoxecTBo (1) okasbieaerca {Tp,} = oo, Torna kKak 1™ uMeeT KoHeu-

HOe 3HaYeHue \/2 Zf\_’__o 92/25\;1 Ah, Tpn ymenbwenun xe T rpavnub
{Tn,}, B 3HameHaTesn KOTOpPbIX BXOAAT Y/IeHbl NOPAAKAa k, YMEHbLWIAOTCA
Buictpee, yem T, w yenoeue {Th,} < T™ B KoHue koHuos BypeT soinon-
HeHO ANA BCex ¢

Ocraetca paccmoTpeTb Borpoc o Bbibope HauvasibHoro 3Havexna Ty m
COOTBETCTBYIOWEN emy rpynnupoBke HomerknaTyp B kauectee 7 pasymHo
NpUHATH

T =/2(go + 91)/ (M k1), (6.2.14)

Te HavBbIrOAHERLNA NePUOT 3aKasa ANA NEPBOA HOMEHKAATYPbl — C MUHU-
Ma bHON BEANYUHON OTHOWEHNA gl/()\z hz) — Np¥ HE3ABNCUMON ONTUMNU3a-
unn OCHOBa HUEM ONA TAKOro petlleHnA ApnaeTca oyesnHan HEO6XO,QVIMOCTb
,ﬂOCTaTOHHOVI 6J’Wl30CTM UTOroBoro T* K ONTUMaibHOM nepnoaAnYHoOCTN Haun-
60}166 HacTo 3aKa3biBaemMon HomeHKnaTypb!

B npouecce HaYabHOW rpynnmposKM HOMEHKaTyp Ka><gon N3 Hux
AOSKHO BbiTh MOCTasNeHO B COOTBETCTBNE TakKoe £, , NPU KOTOPOM PACXOAb
Ha ee noctasku OygyT munumanshel flo yenosuro, ky = 1 [lpu eospa-
ctanmn {g,/\.h,} no i, 4To obecneunsaeTca npeaBapUTENbHBIM YNOPALO-
YeHMeM, MHAMBUAYaAbHbIE ONTMMalbHbIE Nepuoasl W, cnegosatensho, {k,}
SyayT 803pactath N 1 3TO NO3BOAAET e NPOBEPATDL ©-10 HOMEHKAATYPY
Ha 3Ha4eHuAa k,, meHbwmne k,_; Yeennuenne xe k, uenecoobpasHo npu

)\1]'),1 'y )\zhl Ga
RT 4+ 2 ) = 12 (k4 DT 4+ —2— | >
(2 *kT) [2(+)+(k+1>:r 0
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nan
2q,

P R . —
= k(k+ )72

= R, (T) (6.2.15)
NoacTtasnsasa aHadene Ty, MOXKHO NOAYUUTH

G A1hy

BT} = o ke )

(6.2.16)

[ina -7 HOMeHKNaTypb! ONTUMAAbHLIM ABAAETCA HauMeHbluee Kk, Npn Ko-
Topom Ak, > 24, /[k(k+ 1)T7].

B [56] npuBeneH npumep peanusaumv oNMCaHHOro anropuTMa Ana pe-
aNbHBIX NEXOAHBIX AaHHEIX HA Npumepe crabxerns 3BM nepsoro nokonenus
NaMnamMu 1 NOSYMPOBOAHNKOBLIMI AUOAaMW € NOLIAroBsIM BbIBOAOM NpoMe-
XKyTouHbIX pe3yabTaToB, Haubonee muTepecHo conocTapienne cymMmapHbIX
3aTparT:

® /cxofHas opraHusaunAa noctasok — 52.50;

e pasfencHaa onTuMmsauma — 23.70;

e obbeanHeHue NOCTaBOK No BCeM HomeHKknaTypam — 14 58;

® CUCTeMa KpaTHbIX Nepnodos npu rpynnuposke no 1y — 12.81;

& OHa )Ke NMpu rpynnuposke No onTumanbHomy nephoay — 12.74,

B [77] coobwiaeTca, 4to 3Tv Mopenn wupoko npumeHanuce 8 benopyccun
Npu POPMUPOBAHIUM ONTUMA/IbHBIX MOCTABOYHBIX KOMNAEKTOB CTPOUTENLHOM
W aNeKTpoTexHuHeckon npoaykunm Ha basy benctporicnabcbuita. Oxugae-
Mbie 3aTpaTbl NpU pasAenbHol onTumMusauun coctasnnnu 84%, npu cosmect-
Hoin — 60%, a npu cucTeme KpaTHbIX Nepnogos nnws 42% oT cTapTOBbIX.

06 yny4duwrenuu HavadbpHeIX npubiamxenuid. B [158] npea-
noxeHo BbibupaTs T MO MHOICECTREY HOMEHKNATYP, 3aKasblBaeMbiX B
Ka>xxgom nepuoge. lycTb BoinoaHeHo ynopaaoyeHne no ybbisanunto oTHOLWe-
Hat {g,/(h;\,)} v nepebie j HOMeEHKIaTyp 3aKa3blBatOTCA OQHOBPEMEHHHO.
OnTumanbHas NepnoguyHOCTL NMpY 3TOM ONPEAENUTCA COMNACHO

J J
To = ‘ZZgz/Zh@)\z. (6.2.17)
=1

1=0
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[MpucoeanteHne K 3TOM XKe rpynne cieayroLiel HOMeHKIaTypbl HEBLIFOAHO,
ecNn ANA Hee Apu yKasanHom T( ABOMHAA KPaTHOCTb MpeanoYTUTenbHee
ofuHapHo@, T.e.

g1 hiridin Gitl Lo T
T + 5 To > 5T i+1A5+170,

wan

gi+1 > hj T
NoacTasnan clona eblweykasaHHoe 3HadeHne 1o, MPUXOANM K YCAOBUIO Npe-
KpaweHua Hakonnenna (1) -rpynnoi

_dixt zzg,/Zh A (6.2.18)

hyt1Aj41

[lpoBepka HaunHaeTca €O BTOPOV HOMEHK/1ATYPbI, HA4aIbHbIE 3HAYEHNA CYMM |

B npasoit Yact S1 = go + g1, Sz = h1A1 . CyMMbl nepecynTbiBaroTen pe-
KyppeHTHO. [Tpu BeinoaHeHnn yenosua (6.2.18) ana j - HoMeHKNATYpLl ANA
BCEX MOCNEAYOLUX > j BbIYNCAALTCA ONTUMANbHAA NepUOAUYHOCTE 17 U
no otHowenmo T; /Ty — HadanbHaa KpaTHocTb. Hanee B cooTsercTanm co
CXEMON OCHOBHOMO anroprTMa onpeaenaeTca HeobxoanmMocTs yrodHenuna Tg
M COOTBETCTBYIOLEro NepecyeTa KPaTHOCTER,

Peanusyiowas aToT anroputm nporpamma na Poprpane 90 (emecte ¢
BHYTPeHHeR npoueaypon ynopagoueHua) aana e lpunoxernn A. B 1abn. 6.1
NPVBOAATCA UCXOAHBIE AaHHBIE W PE3YbTAThl PacHeTa CUCTEMbl KPaTHLIX fe-
pnogos cHabxkenusa ana 19 HomenknaTtyp. KoacbcbuumnenT go = 1.33 sadar 8
TekcTe nporpammbl, 3HaqeHua {g;} = 0.29 seogunuce us cdaitna u 4ns aKo-
HoMUy Mecta b Tabnuuy e sratoHeHbl. CTOMMOCTH XpaHeHUA ¥ MHTEHCH BHO-
¢Tu cnpoca (ABa Nesbix cTonbUa) yNOPAAOHEHDBI B COOTBETCTBIN ¢ UCXOAHOM
HyMepaunen HomeHknaTyp. Hanee credyoT HoBas Hymepauua, ee cooTbeT-
CTBUE CTAPOA W Pe3ynbTaThi CHETa — KPUTEPWI YNOPAROHEHMUA, CTApTOBbLIE
KPaTHOCTW W rpaHuuUbl MHTEPBANOB NOCTOAHCTEA IPYNNUPOBOK, ONTNMasbHbBIE
KpaTHoCTH.

3aTpaTbl NpN He3aBNCMMOW ONTUMM3aunn cocTasaateT 28.623 n ans
AanbHeRwnx conocTasnennid npunaTol 3a 100%. Mpu ogHospementbix no-
ctaskax (nepuwop pasetn 0.677) oum pasnet 20.200 (70.58%). Havaneusiin
oTan anropuTma npuesoant K 3atpatam 16.367, wnu 57.18%. Munumym
saTpar 16.356 (57.14%) 6btn1 QocTUrHYT Ha TPEeTbEM Luare OCHOBHOro an-
ropUTMa NpW ABUIKEHUNW BeBO No ocn T u coorTeeTcTBOBAN BasncHOMY ne-
proay 0.416.
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Tabawua 6.1

Pacuert cuctembl KpaTHbIX Nepwosos

b T X Tinewligglo/th*N] k[ Tn [ Tn [k"]
0.9006.2]0.075e2] 1] 15] 183eL] 1] 135] o] 1
0.300e-1]0.1963| 2| 2| 4931 1] 22| o] 1
0100e1|03822| 3| 13| 8471 1| 291| ool 1
0.150e-1|0.1262| 4| 1| .330e+0| 2|.332| 575| 2
0.420e-1|0740e1| 5| 11| .35ie+0!| 2|.342| 593| 2
0.100e-1]0.650e1| 6| 8| 365e+0| 2| 349|604} 2
0.800e-2 | 0340el| 7| 9| 5a6e+0| 2|.427| 739! 3
0.100e-1 |0.795¢2| 8| 3| .759e+0| 3|.356| 503 | 3
0.150e-1]0.354¢2| 9| 5| .933e+0| 3|.394].558] 3
0.100e-1|0.115e2| 10| 4| .153e+1| 4|.392] 506 4
0.14Q0e-0 1 0.590e1 11 14 17he-+1| 41.4181 540 | 5
0.110e-1]0640el| 12| 10| 252e+1| 5|.410] 502| s
0.500e-1 | 0.685e2| 13| 16| 203e+1| 5|.442| 541| 6
0.200e.1|0.830el| 14| 17| 300e+1| 5|.447| 548 6
0.800e-1]0.198e3| 15| 12| 412e+1| 6| .443] 524| 7
0.200e-2 | 0.495e2| 16| 19| 426e+1| 6| .451]533] 7
0.200e-2|0.483¢2| 17| 6| 446e+1| 7].399]| 261| 7
0.600e-2|0.106e2| 18| 18| 456e+1]| 7|.404] 466 7
0.200e-2 | 0.340e2| 19| 7| .107e+2|10].440] 48711

Takum obpasom, yxe HauasibHanA rpynnuposka fana pPelieHne, NpaKkTMHecku
COBMaAaoLIee C ONTUMAALHBIM MO 3HaYeHNIO Lenesoi hyHKLIMN.
Onucantoe Bhlie «yAyqweHHoe» npubanxeHne buino ceasano ¢ 3a-
TpaTamu 16.928 u gns gocTuKeHNUA MuHUMymMa (Toro xe) noTpebosano AByx
[ONOAHUTENALHBIX WAros, JTO HEe UCKMOUAET BOIMONKHOIO MNDenMyLiecTea
YNYHLIEHHOFO» HaYaNbHOrO NPUBAMIKEHUA NPU APYTNX MCXOAHBIX AAHHBIX.
Aprymentamn 8 RoAb3y obbegnHeHUs 3aKa30B ABAAIOTCA TaKXKe
ONTOBbIE CKMAKM K BO3MOXHOe TpeBoBaHMe MOCTaBWMKa O CTOMMOCTW Ka-
XEOrO 3aKa3a He HIKe HekoToporo Nopora. B nobom cnyyae HauuHaTb cne-
AyeT ¢ peanmsaunu Bbiweonucannoro aaroputma. Ecnum ctommocTs 3akasa
no < 1 >-mHOMXecTBY NpeBblillaeT NOPOr CKMAKW, TO PacyeT c/ieqyeT MosTo-
PUTE € YHETOM CKMAOK U HA STOM BbiMMNCAEHUA 3aKoHYMTb. VIHave Heobxoau-
MO MOACHNTATL CTOMMOCTM 33Ka30B ANA KaXKAoro riepuoga M3 nabopa s K
nepuofos, rae K — HaumeHblwee obujee kpaTHoe uncen {k,}, onpepenuts
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noTepn OT YNYLWEHHBIX CKUAOK B eANHWUY BPEMEHW K OTHECTW UX K OSLLLWM
3aTpatam Ha OpraHn3aunio nocTaBok. Ecan NOTEpWN CYLUECTREHHDb!, HeOGXOJ:WI'
Ma MOJJMd)MKaLWIﬂ anropuiMa € UeNbio MAKCUMU3aLUWKU NOAYYEHHbIX CKUAOK

(190, <. 504-505).

6.3. BzamMmo3amMeHnsieMble NPONYKThI

PaccemoTpum aByxnpodyKTOBYIO MOJAENb C BO3MOXHON 3aMeHOR BTO-
poro npogykTa nepebim [lpeanonaraetcs, uTo Ha 3amMeHy efuUHULbI BTOPOro
npoaykTa TpebyeTcs k eAMHML NepBOTO W AONOAHWTENbHbIe 3aTpathl ¢ . Ha
puc. 6.2 NpefcTaBaeHbl CUHXPOHU3UPOBAHHBIE rPachnKit N3MeEHEHUA 3aMacos
nepsoro W BTOPOro TUNOB 4AA OOHOrO yukia paboTel cucTembl.

A
9,
U
t
0 —p
q, A
0 t
L —»
t2 T

Puc 6.2. K Mmogeny ¢ sameHon npoaykTa
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3anaTb| 3a UKD U RAAUTENBHOCTDL U,MK.na'y,ﬂ06HO Bbipa3nTb 4epes
obbem NOCTaBKN ¢ 14 OCTATOK u 3anaca No nepsomMy NpoAyKTy, obecneun-
BaloLUMi MOKpbITHE cnpoca NO oBonm NpoayKTam Nocne UCHepnaHuA sanaca
no sTopomy. MNpexae scero oTMeTUM, YTo ty = ga/As . [lanee,

g1 = u+ qar1/As.

Pacxoabt Ha xpaHeHe 3a LMK/ NPONOPUMOHANBHbBI KUMNYAbCY» COOTBETCTBY-
towero sanaca. [lna emopozo npoaykTa Ha ydactke [0,%] cpeaHui sanac
paseH ¢2/2, a «umnynbc sanaca» — ¢3/(2)2) . Ha sakniouuTensHon dase
UMKN2 3aNac W UMNYNLC paBHbi Hyno. T1o nepsomy NPORYKTY Ha ywacTke
[0,t5] cpeaHnd sanac paseM U M/IOC MOAOBMHA CAPOCA 3a STO BPEMA, YTO
npueoamnT k umnyascy [u+ A1g2/(2X2)]ga/Ae . Ha yHactke [ty, T] sanac u
pacxopyeTca 3a spema u/(A1+kA2), a cpennuii sanac pasen u/2 . mnynsc
sanaca pasen u?/[2(Ay + kA9)].

B kaxxaoMm uukAe BLINNAYNBAIOTCA TaKXKe CTOMMOCTb BOCMONHEHNA
U CTOUMOCTb KOMNEHCaLuu AehUuLNTa BTOPOro NPoayKTa COOTBETCTBYOLMM
obbemom nepsoro no LeHe . JTOT obbem paBeH NepPeCUMTaHHOR K MepBo-
My NpoayKTy nmoTpebHOCTM BO BTOPOM B 3ak/tounTenbHol ase ynkaa, T.e.
kAau/(Ay + kX2) . Takum obpasom, cymmapHbie 3aTpaTbl 33 LKA

LT = g+ Cuk)\g/(/\1 + k‘)\g) + hzqg/(2/\2)
Mgz ¢ u?
T K”“L %) Y a0 R

- g+u( ckAa +hlq‘2>

Ar+kh A

2 2
A2 b 4 hod R
T g Hhede) + g

Insa nepexona Kk saTpaTam B €AWHWUY BPeMEHW >Ta CYMMa RONMHa ObiTb
pasfeneHa Ha ANUTENbHOCTL LKUKAa

T= q2/)\2 +U/()\1 -+ k/\g)

OﬂTIﬂMaﬂbele U U ¢ HaxXOQATCA HYNCAEHHbLIMW MeTodamMu. LlTOGbI
nony4YnTb Ha4vanbHbie FIPI/I6J1M)KCHVIH, 3annuwem beHKLlVHO 3aTpaT 3a nepunopn
T no eTopoi HomeHknaTtype. B Hee BomayT pacxogbt:

® Ha cofepxaHne cpeaHero 3sanaca ¢o/2 B Tederue ga/\2 — wToro

haqd/(2Xa)
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® Ha NOKpbiThe U3BLITOYHOrO CMpoca NO BTOPOW HOMEHKIaType Sana <OM
no nepsoit — scero ckAa(T — g2/ A2) = ck(A2T — q2) ,

® Ha xpaHeHMe BCEro 5TOro 3anaca B TedeHuwe gs/Az u B cpefHem &ro

nonosuHbl — Ha unTepsane annusl (T — ga/A2), wToro
kA 4 hik .
hy | k(T —Qz//\z)——+72( —q2f/A2)7| = 5;—“[(/\2T)2—-qgj-

Cymmupysa HalaeHHble KOMMOHEHTBI, flony4aem obline 3aTpaTbl 3a Uukn N0
BTOPO/A HOMEHKIaType

hag} hik

55, kT - 02) + 5=[(1)? - 63].

Ly = e

Hudbcbeperumpys no gy, nieem ycsiosne ero onTUManbHOCTH

% _ haga ok — hikgo ~0,
Oq A2 Az
OTKyAa
_ Ck‘)\g
= kb,

Danee naxonum 12 = ga/Ay v sbiancnsem u = (A + kA2) (T —t5) .

6.4. IlnmanupoBaHHe 3a1acoB
PpHA OrPAaHAYEHUIX

6.4.1. Metron MHoxkuteselt Jlarpanxa

Kak bbino nokasano Kywom u Taxkkepom, onTumansHoe peuwreHpe Y
CBA3aHHBIN C HUM BEKTOP MHOXWTesnen obpasytoT cenoByto TouKy dhyHky g
Narpanxa B vacTHocTn, npobaema onTuManbHOro KomnaekToBaHua Habo P2
3an4acTent CBOAWTCA K MOWUCKY MaKCUMYMa CKanApHOR Uenesol dyHKUKN

&1}2‘? ¢(X)7 G(X)Séa ‘Xr:{xl}s ‘731:031\21"’1 l:ff
(6.4.1)
lenesan yHKuMA oObINHO MOHOTOHHA W BLINyKNa, apryMeHTbl — Lenowqs M-

clieHHble HeoTpuUaTesbHble, BeKTOp-byHKUMA G(X) cocTouT us nuHenHu~1%
KOMMOHeHT (cTommocTs, Bec, obwem) “awe scero orpanudenne ogHo
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CylwecTBeHHbIR SneMeHT MeTona — 3ameHa 3agaum (6 4 1) Ha makcu-
MU33UMIO BCNOMOraTenbHOM thyHKLUMUN

P(X) - 6G(X)]. 64.2
max [®(X) — §G(X)] (64.2)
3pece 6 — mnoxuTens Jlarpanxka (BewectsenHbI, HeOTpULATENbHbIN)

B cnaydae m orpaHuueHWin pellaeTca 3afadva Makcumnsauuu
m
O(X) =D 0G(X
=1

6.4.2. MuoroHoMeHKIaTypHble 3aKyNKH

CoBmecTHOE OrpaHuyeHmne Halle BCEro UMeET Bua
C=¢k E 4,¢4,
J

rae k — koadppuument ogHospenmentoctu (npaktudecku 1/2), ¢, — obvem
napTayu; ¢, — CTOMMOCTL 3aKynku efuHuUbl Tosapa Lleny xpanenus npes-
ctasum B Bupe h, = fc, [na «beagedbnumTHOAS MOJENN € MIHOBEHHbIM
BoCnonHeHueM dyHKUUA 3aTpaT

o5 (3 122) o (0-k o).
J

rae C — AONYCTUMbIE KannuTanoBNoXerHWsa N 7 ~—— MHOXUTENDb ﬂarpam«a
OntumansHoe peleHne npn U3BeCTHOM 3HaYeHun =z

2X\9,
¢;(f — 2kz)’

CnenoaaTeano, OorpaHn4YeHne MOXHO nepenncaTth B Buje

q, =

2X,¢,9
L 199 _ o
; f—2kz ¢

MNonaran 3 +/2M\c,9, = U, npecbpasyem ero 8 U/\/f —2kz = C/k w
J

nocne HeCNOXHbIX npeoGpaaoaava Haxonunm

2 = [f - (RU/C)")/ (2h).
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Bonee obwiue (u Bonee peanncTuieckme) NOCTaHOBKY 3aRasm ¢ orpa-
HAYEHWAMY TUNa HepaBeHCTB NPUBOAAT K npobrsieme maTemMaTUHeckoro npo-
FPaMMUPOBaHnRA, ODBIHHO peliacMof HUCACHHO C MPUMEHEHRWEM PA3ANYHBIX
MOANUKAUNA rpafneHTHOro CRycKa

6.5. Ilepuommdyeckue MocTaBKHU,
BEPOSATHOCTHBIU CIIPOC

6.5.1. 3anasHas I€PHOOUIHOCTDH

B nanHom paspene bBynem cuuTaTh OAnHY nepuofa (PUKCUPOBaHHOM
(4To nsbaenneT Hac OT yHeTa PUKCMPOBAHHBIX COCTABAAIOLLNX CTOMMOCTY
3aKa30B), @ BCe CTOMMOCTHbIE NapaMeTpbl U pacripeAesieHns crnpoca — 3a-
OaHHbIMKM B pacuveTe Ha STOT Nepuoa 3aTpaTol Ha XpaHEHWe ecTeCTBEHHO
MPUHATL NPOMOPUMOHANbHBIMI OCTaTKaM K KOHLY nepuopa

Mimes B BUAy KomnsiekTHoe obecnederne cnpoca, CAeAyeT UCHUCNATD
wrpach Ha OCHOBE paclpegenielus MakKcumyma gecuyuTa

=T 7(S +w),

rae {S,} — sannanuposaHHbie yposHu 3anacos OpgHako npu sTom no-
Ny€nMTh npocToe pewerue He ypaetca [losTomy bypem cunTtats wTpad
NPOAOPUMOHABHBIM MAKCUMYMY 8368€eHH020 oocudanua deguruma, Te
MCHUCNATb ero Kak

o0
maxd,f S)fi(z)de (651)
51

C yyeTom 3aTpaT Ha foBegeHNE NCXOAHBIX YPOBHeR 3anaca {z,} Ao pacueT-
HbIX MUHUMASAUNY NORASKUT CYMMa 3aTpaT 3a nepuog

. N 5,
L(S) = Z [01(51 —z)+h [(S - 2)fi(z) dz::l

= 0
+ maxdf S fi(x)yde

s (6.5 2) BuoHo, 4TO TpaHCNOPTHbiE 3aTpaTbl W W3AEPXKKW Ha Xxpa-
Henne MoryT ObiTb COKpallieHbl Ges Kakoro-nwbo ysenudernunn wrpacha —
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BbipaBHBaHNeM B3BELWEHHbIX OXXWAaeMbiX ,U,ed)VIUMTOB Hepes yMeHbuieHne
3anacos. Tor,ua ANA BCEX 1 MOXHO 3anucaTtb

o0 o
!

di/(a:——Si)fi(x)dx:d1/(:c—51)f1(;13)d1:. (6.5.3)

S, Sy

Vpasterus (6.5.3) ykasbisatoT Ha cBAsb mexay andpepeHumanamu {S:} 8
OMTUManNbHOR TOYKE BULA

di(Zf,(x)d:c)dS; =d; (Ifl(m) d:c)dSu
dSi /fl(“’ d‘”(/fz ) : (6.5.4)

Ins naxoxpenus ontumansHoro S; npoaucbdeperunpyem (6.5.2)
no 51 W NPUPaBrHAEM NPOW3BOJHYIO HYMO!

OTKyLa

N ! s, }Ofl (z)de o0
E% ci+hi/f,(1‘)da: %——————ch/fl(az)dxzo.
i=1 o ffi (z)dz é,

5,

Takum obpasom, onTumanehbiin Habop {S;} ana dbyHkumu satpar (6.5.2)
[AeTCA pelleHnem CUCTEMbl ypaBHeHUR

g e Jrow) 4]

diT(x*Si)fi(iIf)dx—dlf(as—Sl)fl(:c)dx = 0, i=2N.

l
=

5, Sy
(6.5.5)
Heobxoaumbim yenoBuenm CyLecTBOBAHUA PeLleHns 3TOR CUCTeMbl B obnactu
N
HeoTpuuaTensvHbix {S;} asnsetca Y. ¢;/d; < 1 — oHo nonydaerca u3
i=1

nepsoro ypasHeHus cuctembl (6.5.5) npn scex S; = 0.
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Pewerne nonobHbix cuctem BosmMoxKHO Tonsko Hucnenro. B [56, §6 3]
NPUBOAUTCA RPUMEp pacyeTa 3arnaca No TPem HOMEHKAATypaM coO Cpocom
3a nepvofl, pacnpefenieHHbiM no 3akoHy Penes, u HaqanerbiMu {5}, Hap-
LeHHBIMK HE3aBUCUMOR onTuMnsaumned, Pewenne Bu110o monyyeHo MeTodom
HeroTona. flpu Bonbwom uncne Homeriknatyp ynobree, ogHako. CBecTU 3a-
Aady K ofHOMepHOMY noucky S; , [0BMBaACL BbINOAHEHNA NeEPBOroO U3 ypas-
Herud (6.5.5) u Ha Ka)koM Liare BbIPaBHUBAA WTPadsbl.

VBenuuerue 3anaca no HEKOTOPbIM HOMEHKAATYPamM OTHOCUTENLHO Te-
KYLLEro HaIMunua MOXKET OKasaTbeA HeuenecoobpasHbim. Kputepui storo —
HepPaBeHCTBO

d,/z:fi(z)da: < d1/(x - S1) fi(z) dz,
0 S

KOTOPOE€ MOXHO UCNONb3OBaTh U Ha NPOMENYTOHHbLIX 3Tanax anropurma Mun-
HUMN3aue 3aTpar. COOTBGTCTBnyLLI,Vle MHOeKCb W3 AanbHeRWNX BhYUCae-
HUA UCKNOYAKOTCA.

B saknoueHne pgaHHoro pasgena npusenem BapuaHThl OCHOBHOf
CUCTeMbi YpaBHEHUA ANA Opyrux cnocobos NocTpoeHna dbyHKUMM 3aTpaT.
[lpn pacxopax Ha xpatieHune U WTpabsl MO KUMMYABCAMD MONOHKUTENbHO-
ro ocTaTka v feduunTa, T.e. AN Uenesol yHKLUUN

s = g{c,(s,—z,Jrh[f (Si — 2/2)fi(x) da +—/ L ]

1 Fe-5),
+ 2mia,xd,/ " fi(z) dz,

ONTUMaNbHbIE PELLEHVA AC/XHbLI YOAOBAETBOPATL CUCTEME ypaBHEHWR

N

%[oo ci + h; —hi]—l = 0,
i=l ' f(l—S,/.L’)f,(I’)dl?
S,
. an? (Y2 —
di/&iﬂ‘fi(x)dm—dlf(_x‘;&‘)‘fl(w)dw = 0, 1=2,N
S, Sy
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HakoHeu, Npu ucyucneHU 3aTpaT Ha XpaHeHue Mo N3bbLITOMHbIM 3a-
nacam, a wWTpachoB Mo B3BEeWEHHbIM BEPOATHOCTAM HELOCTAYUM UMEEM

N S

LS = Z{cl(S,—-z,, )+ A, [/ ) fi(z )dm}—}—maxd /fz

=1

;

v YCNIOBUA ONTUMANbHOCTH

N € +h,<l— Tf,(a)dm)
5 - =
2 55 b=20

1=1

d@/ﬁ(x)dz—dl/fl(:c)d.r = 0, i=2N.
S S

1

Havanohbie npubnuikeHns Bo ecex cryvanx ecTeCTBEHHO onpefennTh
He3aBUCUMON MWHUMWU3ALMEN 3aTPaT No OTAENbHBIM HOMEHKNATYpam

Wsnoxerubie pesynbtaThi npumMenatoTca K ctaTudeckold moaenu On-
HaKO [AA BApMAHTOB 33f[auyl C NepeHOCOM AeddulnTa OHU MPUMEHUMBI 1N B
mHOronepnoaHon cxeme — ¢ yxe obcyxaasweinca sameHon ¢ na ¢l — @)

6.5.2. Bpibupaemas mepuonuYHOCTDb

B pasg 6 2 beino nokasaHo, 4TO Npu AETEPMUHNPOBAHHOM Crpoce
HauBbirofHeAWINe nepuoabl cHabeHua BAA pasfnyHbIX HOMEHKNATYp He
coenapatot. MoxHo nonarafe, 4To B C/ly4ae BepPOATHOCTHOrO CNpPoOca Hau-
NYHWWA pesynbTaT TakXKe AOCTYraeTCA NPU OpraHn3aluvu BOCNOAHEHWUA MO
cncreme KpaTHbix nepuogos. Onucannsiii Hyxe npubauicentudi MeToq 3a-
K/FOHAeTCA B PacHAEHEHNN 333Ul Ha YCNOBHO He3aBUCUMbIE 3Tanbi:

1) Cny4aitnbid cnpoc no Bcem HOMeHKAAaTypamMm 3aMeHACTCA AeTEPMUHU-
poBaHHBIM C TOW e CpeaHel uHTeHcusHocTbo [lanee ¢ nomowbo
anroputMa pasg 6 2 paccunTbIBAETCH CMCTeMa KpaTHbIX Nepuojos
cHabXxeHun, T.e. onTumManbHbld BaancHed nepuoa 1 u Habop wucen
{k,} . Nonyyentible nEPNOAbI CHUTAIOTCA OKOHYATENBHBIMI N RaIbHER-
weln KoppeKTUpoBKe He noasepratorca. CpeaHee 3HaueHe N gUcnepcus
cnpoca npuHumaloTcs nponopunonansheivn {k, 7'}, nocne yero Bbi-
bupatoTca annpoKCUMUpYIoULIAE pacnpeseseHns
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2) CocTtaBsineTcA pyHKUNA QONOTHNTENbHBIX 3aTpaT, BO3HUKAIOWMX U3-3a
cNyHaiiHbiX OTKAOHEHWA CNPoOca OT ero CPefHero 3HaueHus, 3a nepu-
on NT, roe K ecto obiee HanmMeHbliee KpaTHoe ducen {k,}. [nn
5TOro

® B8blHUCAANOTCA 3anaTbl Ha XpaHeHune V|36bITKOB OnA 7—[7] HOMEH-
knaTypol 3a nepuon k1 u ymHoxatoTca Ha N/k, — uucno
nepuonos cHabkeHna NO AaHHOW HOMEHKNATYPE, YIOXUBLIUXCA
B oTpesok AT ;

® OTY 3aTpathl CYMMUPYIOTCA MO BCEM HOMEHKATYPamM,

® BBIYNCAAIOTCA OXuAaemble WTpadpbl Kak npousseaeHue wa A
wTpagos No neppoi HomeHKNaType 3a basobbiit Nepuog;

® pe3ynbTaThl CYMMUPYIOTCA U Aenatea Ha N1 .
B urore npuxoanm K Uenesoi pyHkymU

S, %}

N 1
L = ; h, /(Sz - .E)fz(£) du + —%dl /(l‘ — Sl)fl(x) dr, (6.5'6)

0 S

MUHUMM3aLNA KOTOPOA NPOBOQUTCA YXKE PACCMOTPEHHBIM CNOCObOw

Bropoin 31an anroputma moxket ObiTh peanusosad W C APYrAMW Ba-
PUaHTaMN NOCTPOEHNA BEPOATHOCTHON CoCTaBAsAoLLeR hyHKUMK 3aTpaT Ha-
MOMHMM, UTO PacnpefeneHUa CApoca W LUeHbl XpaHeHWA B 3Ton dbopuyne
BepyTtca ans wntepsanos {k,T'}

6.6. 3onHas cTrparerus

B pasg. 58 buin onucaH npubnuxkeHusid cnocob pacdera onTu-
MasbHbIX NapameTpoB cTpaTeruu (s,q) ANA OQHOPOJHON 3afaqn n Maod
3afepKKMU nocTaeok [Ins MHorotomeHKNaTypHol npobiembl 3Ta cTpaTerna
HeynobHa TeM, YTO OHa 13-33 HEOAHOBPEMEHHOTO JOCTVIMEHUA KPUTUYECKMX
YPOBHER NO PasHbIM NpeAMeTaM cAabXeHNA He AONYCKaeT COBMEILEHNA 3a-
Kasoe. B «30oHHOMY» BapuaHTe Moporosoi cTpaTeruy 3aKas Ha BOCNOAHEHWE
BblaaeTcA, ecnu XoTA 6l 0nA OfHOR HOMEHKNATYPbl | BbIMONHAETCA YCNO-
Bue 2; < §), @ oObembl 3aKasa ONMpeAenAOTCA ANA BCEX HOMEHKIATYP i
COrnacHo

v, = { S, —z, emz <s;
0 uHave
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Taknm obpasom, QnA KakAol HOMEHKNATYpbl CYLUECTBYET 30HA 3aKa3a
[si, 5] n sepxuni nopor sanaca S; .

Mpu Bonblwiom uucne NAIHUPYEMBIX HOMEHKNATYp KaXKAas U3 HUX,
Kak npasuno, ByneT 3akasbiBaTbCA MPU CHUXKEHWNW 3anaca z; Ao s) (ueHa
3aKasa ¢; ) ¥ AnWb B PeaKNX CAYHAAX — Npn CHUXKeHWW z; Ao s; (ueHa
3akasa gg + g; ). OTciona BbiTeKaeT CrefytowN NPUBANIKeHHbIR anropuTiv
pacyeTa ONTUMAsbHOM 3OHHOW CTpaTermn ans i =1, N :

1) Pewenmnem cooTseTcTByIOLER CUCTEMBI ypaBHenuiA u3 pasa. 5.8 ¢ no-
NOAHWTENbHBIM WHACKCOM HOMEHKAATYPHI 1 W NPW uUere 3aKasa g
onpepennTs onTumMansHbie noporn {s’} u obvems sakasos {g!'}.

2) Bbluncauts onTumanbHble 3anacel no dopmye

Si=s!+4q]. (6.6.1)

3) CornacHo MeToauke ANA OAHOPORHOTO Ciy4as ONPEAEAUTL HUXKHUE
noporu {si} n obvemet noctasok {g;} npu uere sakasa G; = go+gi
¥ orpaHUYeHun

i+ =5;. (6.6.2)

Cnocob pacuera s/, ¢/ w S; mononHMTeNbHeIX NoacHeHuid He Tpebyer.
In#s HaxoxaeHus s 3anuwem cbyHKUMIO 3aTpaT B eNMHNLY BPEMEHM

A

/ / = /
L=h{¢'/2+s -—AT)+?[G+ w(s')], (6.6.3)
rae qepes m(s’) obosHaueHo MaTeMaTuyeckoe oxupaHue wTpacpa 3a LMK
Npu NOpOroBoM 3anace s’ , a MHAEKCH © ANA KPaTKOCTH oRylueHsl. [ToacTa-

BUE B 3TO BhIpaXenue nanaennoe us (6.6.2) snauenne g, nosydaem

S+s A
L=h|{—=AF} + ——[G+ =(5)]. 6.6.4
(555 -%)+ gogfoentll (069
Mockonbky MakcumanbHbIfl 3anac S yXKe U3BECTeH, BENUYMHA 3aTPaT OKasbi-
paeTcA hyHKunen Tonbko oaHol nepemeHHon s' . [ludbdepenunpys npasyro
4acTb ypasHerun (6.6.4) no s’ umeem

-g-f/- = g + (-5—5\—‘;75—5[#'(3')(5 -s)+G+n(s)).
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MNpnpaBHAB pesynbTaT HYHO, NOAYYaeM ypaBHeHune AiA ONTUManbHoro s’

h N2 __ I INIQD N N
— 5 (8 =) = w(NE = ) + G ls), (6.6.5)

NanbHediwne npeobpazosaHna 5TOro ypasHeHUA MpoOBOAATCA ANA KOHKPET-
HbIX BapwaHToB onpefenedus w(s') C UesIbIO MOAYYEHUA WTepaLNOHHOI
cbopmynbl Buaa s = (s’) . B kadectse HavanpHoro npubanxenns pasymmo
BbibupaTh s; = 5.

6.6.1. IlokasaTenbHo pacnpenerdeHHBIH cnpoc

[lna nokasaTenbHO pacnpefefieHHOro Cnpoca CoO CPENHMM 3HayeHUu-
eM 3a BPeMA 3afepXKu noctaekw T = 1/pg n wTpacpom no oxuaaemomy
8ehULTY MOXKHO NONYHNTL BbIPaXKEHUA

m(s) = dze ",

T'(s) = —de ™.

Moncraroeka nx B ypasnenue {6.6.5) Ans nuxHero nopora naet

—%(S — ) = —de * (S = &)+ G + die "
nnu
de™* ' [5— (S — &) = -G — -2%(5 —&')2.
Otcropa ¢ yueTom & = 1/p BbiBOoaUM UTepaumoHHyto dopmyny
o =L (Sh‘ z=9) (6.6.6)
G+ a(S —§')?

6.6.2. IIuckpeTHO pacrmpenesieHHbIH cripoc

B paccmotpertom sbiwe (pasa. 3.6.3) cnydae npocTeiwero noToka
33ABOK W MOKa3aTesIbHO pacnpefeneHHOR 3a4epXKN NocTaBoK npu ucHuce-
HWW Wrpada no oXuaaemomy feduunTy ypasnenune (6.6.5) obpaiiaetcs B

h ha AL AN , AT
2)\(5 s') _dp </\+N> In/\+ux(5 S)+G+dﬂ()\+ﬂ> .
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Nocne snemeHTapHbIx npeobpasosaHuil NoAyHaeM pacueTHyto Popmyny
: d2 [(S — &) In(1 + u/X) = 1]
, n
L (S —5)+GC
In(1 + p/X)

Mpumenum o1y MeToanky Kk 3agade pacdeTa opraHM3auny NOCTasoK
no 10 HomenksaTypam npu uere wrpada 500 pyb. 3a HepocTauy equHuLbl
3anaca B rof, cpefHed 3apep>xke noctasok T = 0.2 ropga u ctommocTn
nocrasok g¢g =100 py6. Octanbhble ncxoaHble AaHHble cBegerbl B Taba, 6.2

Bce HeHbi BbIpaMeHbl B py6ﬂﬂ)(, UeHb! XpaHEeHUWA 1 AHRTEHCHUBHOCTKU 3aABOK
AaHbl B pacyeTe Ha o

(6.6.7)

Tabawnwuya 6.2

K pacuyeTy 30HHOR cTpaTeruu

N g | st sY S
1 (201010 ]| 15| 19| 28
2 1300 5|5 12513344
311586 111522
4 12| 5| 4 |10 13|20
5110 4519 (12}19
6851 6] 7]9]15
71684157111
B 1415|5225
9 1204 6 |4 |1622|30
10 115 8 | 10 | 12| 15| 23

B o1y xe Tabanuy skntouens ontumanbhbie ypoenu {sf, s, S;} . Onn snon-
HE COOTBETCTBYIOT WHTYWTWBHbLIM MPEACTaBAEHUAM O POCTE COOTBETCTBYIO-
LLWX NOPOroB NPU YBEENMYEHNN UHTEHCUBHOCTY OTKA30B 1 CTOMMOCTY 3aKasa
M YMEHbLUEHUN ~— C POCTOM UeHbI XpaHeHUs (Npu NPOUNX PaBHBIX yCNOBUAX).
Mporpamma pacyeta npeacrasnena s [lpunoxennn b.

Cornacto [190], ymenbluenue 3aTpaT B NpuMepax UCRONb30OBaHUA 30H-
HbiX FOPOroBbIX CTpaTernn gocTurano 15-20% .

Mpu ucuncrenun wrpada No BepOATHOCTW AebUlNTA, BLINOAHAR CO-
oTseTCTBytolWwMe noacTanosku B (6 6.5), Haxoaum

h AV A\
_ S_ngzd o N
2)\( s') (_—/\'1“/1) ln/\_Hlx(S s)+G+d(-————/\+u> ,
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, OTKyAa cneayet

1 dl(S = ) In(L+ p/N) — 1]

. (S —8)2+G
In(1+ p/A)

" 1t
Nopanok pacueta s u g, He MeHATCA.
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(6.6.8)

I'maBa 7

CucreMbl cHabDXXKeHUus

7.1. Obmime moJioXKeHus

PaccmoTpeHHble Bbillle CyHan OTHOCUMCH K YrpaBieHuto 3anacamu
Ha W30AWPOBAHHOM cknapge (Tounee, Tpoiike «notpebutens — cknap —
nocTaswuk»). OAHAKO 4aCTO BCTPEHatoTCA CUTYauwn, B KOTOPbIX OTAesb-
Hble MY BCE SEMEHTHI STOM TPORKN ABAAIOTCA MHOXeCTBaMu: obecneyeHmne
epynnut NoTpebuTenel, 4depes cucmemy craados, OT HECKOALRUT NOCTaB-
LIMKOB '

Peanbhan cuctema cHabxkenns, Kak Npasuo, skitodaeT B cebs uenyto
CeTb CBA3AHHbIX MeXAYy coboto CKNafoB HECKONIbKUX CTYNEHER, UMErownX
pasfnuHbiA obbem u cneunanusaunto xpaHenus. Ycroeus paboTbl oTgenb-
HbIX 3BEHDEB €€ OKa3blBAlOTCA 33BUCALUMMUN OT COCTOAHNA 3anacos B APYrnx
3BEHbLAX W OT CTPYKTYPbl CUCTEMBI B LENOM. | UNVUYHA UEPAPTUNECKASA CACTE-
Ma cHab>xeHUs, B KOTOPON MPOLYKT, MPOXOAA MyTb OT BHELIHEro NocTabBLIMKa
K noTpebuTento, MOXeT HakanAMBaTbCA HA HECKOJbKUX cKAadax (Hanpumep,
CKNafbl NPEANPUATUA-U3rOTOBUTENS, onToBon Ba3bl, marasuHa). B yenmpa-
AU30BAHHOT cucTeme ANA DOPMUPOBAHUA 3aKA30B Ha MOCTABKY B KaXAbif
CKNaR [BOMYCKAETCA UCMO/b30BaHue NHMOPMaUUU © COCTOAHUM 3anacos Ha
Ntobbix cKMafax, BXOAALLMX B CUCTEMY, 2Ta UHOPMALUA [OMXKHA NOCTYNaTh
B eUHBIA LEHTP NPUHATUA pelleHnd, rie U hOPMUPYIOTCA 3aKa3lbl NOCTas-
wukam. B nepapxuyeckoi cucteme sepxHne yposHU OCYLLECTBAAIOT ynpasaa-
toulne Bo3aeicTeuA bonee peliko, a camu BO3AEACTBUA OKasblBAtOT BAUAHME
Ha Bonee anuTeNbHble CPOKU
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OnTtumusaunn paboTbl cucTembl cknapos Tpebyer Gonee wmnpokoro
MoAX0Aa — MOoWcKa MUHMMYMa 3aTPaT € TOYKMU 3PeHnA CUCTEMbI & UeaoM.
floTepu oT nponexxusaHua NPORYKTOB TPyAa HECPaBHUMO MeHbLLe, Yem Mo-
Tepu oT nedmLUnTa, KOTOpLIe NPUBOAAT K NpocTosm obopyaosarus, paboyen
cuabl U cokpalleHuto Beinycka npogykuuu. [loatomy npeanpuaTtus nayt Ha
rnpeBbilUeHe NPON3BOACTBEHHbIX 3aNacoB Haa obiuecTeeHHo Heobxognmbim
yposHem. JTOT 3anac He NMeeT AOCTaTOHHON MaHeBPEHHOCTY U pacnbiien No
pecaTkam Teicay npegnpusTuit. [1pu 110bbix nameHeHUAX NoTpebHOCTH HacTb
ero CTaHOBMTCA HEHYXHOM MpPeanpuaTuio, soapacTaloT ybbITkuM oT npone-
»ueanun. Beenennem obiyero cTpaxosoro aanaca BMeCTO WHAMBWAYaNbHBIX
AAA rPpynn cKNafos ¥ obbeanHeHNeM NOCTaBOK HECKOABKUM noTpebuTensim
BNAOTb RO HUsLero 3seHa (noTpebuteneit) ynaetcs aobuTeca QonoaHUTEN b-
HOFO CHU)KEHUWA 3aTpaT ro CPaBHEHWIO C OMWCAHHBIMMU Bbillle HE3aBUCUMBbI MY
peweHnamu. Benuunna skoHomun onpeaennetca macwtabamu cucTtembl U
ponbto CAyHalHbix ¢hakTOpOB W BO3PACTaeT C POCTOM YMCNa CKNAdoB M Ba-
pnaunn cnpoca. Kpome Toro, oHa CyllecTBEHHO 3aBUCMT OT OpPraHW3aunu
cucTembl cHabxxeHna u cnocoba pasmellieHUn pesepBHOro 3anaca.

Mo Bcem pasymubiM nokasaTensm (CpeaHemy HMCAY NMPOCTOEB, CpeaHe-
MY BPEMEHUM NPOCTOR, NOTEPsM MPOUSBOAUTENBHOCTN W3-33 NPOCTOEB W T.M.)
LeHTpanusosaHHoe obcnyxuneanue obnanaer npenmywecteom. lNpu Heyue-
Te MHOPMaLUNOHHbIX acneKkToB Npolecca [eUeHTpann3aUvna MOXeT TObKO
YXYAWUTb KadecTBo paboTel, MOCKOLKY OHA OrpaHU4MBaeT Knacc AonycTu-
mbix cTpaTerun. Boobiye »e HOAKHBL yHUTHIBATLCA pacxodbl Ha obpaboTky
uuchopmaumy n nossiwenne BoicTpogedcTana (caoﬁcmo NpamMbIX csﬂseﬁ).
YnobHo cuMTaTh ONTMManbHbIM Takoe NPaBuac MPUHATUA PELLEHWR B Ka-
XOOM JIOKaNbHOM LeHTPe, NPU KOTOPOM MUHUMU3NPYHOTCA 3aTpaThi Ha Xpa-
HeHMe 3anaca TONLKO B aCCOLMMPOBAHHBIX C STUM LeHTPOM ckaapax (npu
¢hUKCUPOBAHHON rapaHTUW YACBNETBOPEHWA BHEWHEro OAA 3TUX CKNajoB
cnpoca).

[lockonsky B ycnosuax kpynHomacitabHoro npoussoacTea wnu bonb-
WON CUCTEMbI CHaDXKeHWA WMEETCA MHOMO MEPEeMEHHbIX W YNpaBAAoUMX
BO3ACACTBUR, MOXHO MPEaNoONOXNTL, YTO CUCTEMa YNpaBieHUa byaer cTpo-
UTHCA C MPUMEHEHNEM MPUHLMTIOB AeKOMNO3NLUN U KoopAnHauun Flo ogHum
KaHanam cuctema byger noSHOCTBIO aBTOMaTNYECKOR, NO APYrNM — BbICTY-
naTb B POJIA COBETHMKA, NO TPETbUM OrpaHu4nTCA cbopom v yriopagoHeHmen
nHcpopmaumnu. KoopanHupytowyto poab UrpatoT orpaHuyeHnsa n nepapxun ue-
nesbiX chyHkunin. B TunnyHom cnyuae yenesnie ¢hyHKUWN BEPXHUX 3BEHLEB
hopMUPYIOT OFpaHNYEHNA AAR HUXKHUX.
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7.2. PakThbl 1 TEHIOEHIINH

OCHOBBHV]QM aNnA ananula cucrem CHabXeHus ABAAETCA KONOCCab-
HaA CTOMMOCTb COAEPMALINXCA B8 HUX 32NacoB — CM., Hanpumep. 3anMCTBO~
BanHyto n3 [27] Tabn 7.1.

Tabnanunwuya 7.1

Ob6opoThbie cpenctea B 3anacax CCCP, mnpa. pyb.

I OTtpacnu xossnhcTea ]_1966 rJ 1968 r. ] 1970 r I 1972 r. [ 1974 r. ]

MpombltuneHHocTs 4706 | 56.35 | 63.28 69.18 | 77.51
Cenbckoe xossincTao 11.72 14.40 18.50 21.42 25.38
TpatcnopT # cBsAsb 1.65 1.93 2.56 2.82 3.14
CrpouTenscrso 5.24 8§13 10.69 18.35 | 28.04
3aroToBku 923 1014 9.20 9.06 | 1174
CHabxerune n cbuiT 5.52 8.30 9.31 10.38 | 11.55
Toprosna 29.00 37.42 43.74 49.14 54.81
Mpoune 3.33 5.10 6 08 6.83 8.84
Wroro 11275 | 141.77 | 163.36 | 187 17 | 221.02

TpagnuvoHHoR ¥ BO MHOM#X OTHOLUEHWAX MPeRNoHTUTENbHOR hop-
MO cHabxeHusA cumTannce npsiMble CBA3W NOCcTaBWWK — noTpebutens
(«TpansuTHbie nocTaskn»). TpAmble cBA3m

® YCKOPAIOT PEAKUNIO W3TOTOBMTENEN Ha HOBbIe TpeboBaHWA K KauecTsy
 ACCOPTUMEHTY OPOAYKUAN,

e obecneunpatoT PUTMUYUHOCTE NOCTABOK,
e CHMXAIOT “ucno nepenanagnok obopyposanua n bpak,

® NOBbILIAIOT Ka4eCTBO KOHEYHOW NPOAYKUNW. [OaH0T 3KOHOMUWIO Cbipbs W
MaTephanos.

OnHako upesmepHoe NCNONb3OBaHNE TPaH3UTa NPUBOANT K 3aBLILLIEHNIO NO-
TpebHOCTY Tex 3aKa34MKOB, ¥ KOTOPbiX CYyMMapHas noTpebHocTb B rMnaHupy-
EMOM NePROse MEeHbLUE TPAH3NTHOA HOPHbI, HTO BbI3bIBAET MCKYCCTBEHHbIN
AepnunT. 3aMeTUM, 4TO FPY3ONOABEMHOCTb XKENe3HOAOPOXHbBIX BaroHOB 3a
nocnenHue rogpbl Bospocna 8 6 pas (¢ 20 go 129 Tokn), KoHTeHepos — B
4 pasa (¢ 5 go 20 ToHH), aBTOTpaHcnopTa B 2.5 pasa, peyHbix cyfos 8 5 pas
(c 1 no 5 Toic. Tonn). Kpome Toro, 3aKasuuKu TPaH3NTHbBIX NOCTaBOK N3-3a
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orpaHn4eHHocT obopOTHBIX CPEACTB MOTYT OCTaThCA 63 JOCTaTOYHOro 3a-
naca Mo HEKOTOPLIM APYruM HoMeHKnaTypam. Ha auHamuke 3anacos npambie
CBA3W CKa3biBAlOTCA OTPULIATENLHO (BENUKM TPAH3NTHBIE HOPMbI — PELKM
MOCTaBKU — BEANKM MAKCUManbHbIA U CPEAHUA YPOBHU 3anaca).

3a cxaaderyro dopMy cHabXeHNA MONHO NPMBECTU ChegyloLlime ap-
rYMeHTbI:

® COBMELLAIOTCA MOCTaBKU AAA rpynn noTpeburenein:

® yMeHbUW3eTCA BpemMa OMNepaTUBHOW MOCTaBKYK OAA AUKBUZALUK Jechu-
uuTa;

® B CBA3N C yBEeNUYEHUEM O60p0Ta C KaxabiM NOCTaBWNKOM Npoaykuna
anOGPETaeTCﬂ HE NO PO3HWYHbBIM, @ NO ONTOBbLIM LieHaM (BO3MO)KHO,
C AONOAHUTENMDbHbBIMIK CKMﬂKaMVI);

® yMeHbUiaeTCA COBOKyﬂHbIﬁ CTanOBOVt 3anac;
® CHUMAETCs npoGnema TP3H3MTH0171 HOPMbI NMOCTaBKK,

® OTHOCWTENbHO AELIEBO BLINOAHAETCA [AOMNONHUTENABHAA nofapaboTKa
NPOAYKUMN C YHETOM HY>XA KOHKpeTHoro noTpebutens (Hapeska u
PacKpoi MeTaIONPOAYKLMUM 1 APeBecUH !, Npopunuposarue, nepdo-
pUpPOBaHUE, CBAPKa, OKPAcKa, HaHECEHWEe BUHWIOBbIX NOKPLITAR, fpw-
natine KBafpaTHOM WK WeECTUrpaHHoOR dopmbl U T.n.).

Hasa unnocrpaumn nociegHero nyHKTa 3TOro NepeqHA yKaXkem, 4TO yaeib-
HbIA Bec MpPORYKWuu, nopsepratowjenca nofobHon obpabotke, 8 CLUA
coctasanet 75% (ctoumocTs ycnyr nopanka 18 mapa. aonnapos), s ®PT
oxono 30%.

OTtmeudenHble oBCTOATENBCTBA OMpPefennmM JOATOCPOYHYIO TeHaeH-
unto yeenudeHun abconroTHoro obbema v 1OSM CKABACKWX MOCTaBOK K CO-
OTBETCTBYIOLLYIO peopraHv3aunio cuctem cHabxenun. CTpyktypa onTosoro
TosapoobopoTa cpeacTs npoussoacTsa Ha 1970 r., no panubim [81], nokasa-
Ha B Tabn. 7.2, '

B 7e rogbl B CTpaHe [eMCTBOBANO HECKOABKO CKAAACKAX CUACTEM
maTepuansHo-TexHnueckoro cHabxenus. Ewe 8 1961 r. 6bisn0 opratuzosa-
1o Beecorostoe obveanHernue «CenbxoatexHnka» no npoaaxe MuHepa bHbIX
YROOpeHUn, CenbCKOXO3ARCTBEHHOM TEXHWKY, 3aMacHblX 4acTed W PeMOHTY
aToir Texnmku. B 1965 r. 6oin cospan Foccnab CCCP, kotopoiin Brnepsbie
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Tabnuwua 7.2

TosapoobopoT cpeacTs npoussogeTsa

s Hux cknaackon
Opranusauvonnan cdbopma

Bcero, mnpa. pyb. > wnpa. py6. | 5 %

FoccHab CCCP 132.2 25.4 19.2
BepomcTteeHtbie cuctems: 70.3 9.2 13.1
«CenbxoaTexHuka» 14.0 11.2 80.1
MecTHbie cuctemsi g6 2.3 24.0
WNroro 226.1 48.1 21.3

B MCTOPWM HAPORHOTO XO3ARCTBA 0bbEAVHUN B CaMOCTOATENbHYHO OTPacsb
cHabxeHune n cObIT ans obecneyerunss maTepuassHbIMKU pecypcamm noTpebu-
Teslel He3aBUCNMO OT WX BEROMCTBeHHON npuHagnexHoctu. Opranw NoccHa-
ba obecneunpanu okono 60% obuiero TosapoobopoTa cpeacTs NPON3BOACTBA.
Kpome Toro, buinu coxpaHenbl cucTenmbl cHabxenna npeanpuATUR 1 opraHu-
3auMii Ha TPAHCNOPTE, B CBA3W, DHEPTETUKE, rasoBOA NMPOMbILLAEHHOCTA W
pAfe APYrUX MUHUCTEPCTB, a TakXXe Npu ucrnonkomax mectHoix CoBetos ne-
NYTATOB TPYLALINXEA,

Bcero B 1985 r. Ha cknafax npeanpuATAn 1 cucTem cHabxeHUs Haxo-
aunocs obOpoTHLIX CPERCTE B 3anacax Ha cymmy caoise 300 mnpg. py6. 3a
1970-1986 rr. sanosbin obuiecTBeHHbIA NMPOAYKT YBENUYUICA BABOE, a 06BbEM
sanacos ~— 8 2.83 pasa. B cTpoutensctee 3a Te xe rogb obbem cTponTensHo-
MOHTaXxHbIX paboT sospoc B 1.53 paza, a obopoTHbie cpeacTsa B 3anacax —
8 7.6 paza. OT nepemewennn & cuctemy [occnaba sanacos Ha 12.4 mnpa.
pyb. oXuUAanock cHyXeHUe COBOKYMHOrO 3amaca CPeacTs NPOU3BOACTBA Ha
28.4 mnpa. pyb. [28].

B 1980-x rr. ocHoBHble hoHAbI CKNagcKoro xo3aicTsa cHabxeHYecKo-
cbbiTosbix opraHos oueHusanucs & 55 mnpa. py6. Obwasn ctoumocTs TonbKo
TapHoro xosancTea coctasnana 10 mnpa. pyb.: cesiwe 1 Mnpa. ALUKOB, OKO-
no 60 mnu, Gouek n Gapabatios, 1 mnpa. mewkos.

CosepiueHcTBoBaHMe pasMeLLeHNA 3anacos ¢ HeobxoanMocTbio npea-
fonaraeT nepcrnexkTUBHOE MJIaHWPOBAHWE MPOU3BOLCTBEHHOA W CKMaacKoR
CTPYKTYPbI CUCTEMB!, COBEPLUEHCTBOBAHIE NPAMbBIX AONTOBPEMEHHBIX X035~
¢TBeHHbIX cBAsen. Jliobble UaMeHeHus CTPYKTYpbl COBOKYMHOrG 3anaca He
moryT 6biTb ocywecTeneHbl 6e3 npeABapMTENbHOrO M3MEHEHMA oOTpachne-
BO# CTPYKTYpbl BNOXKEHWA. TaK, yBenudyeHne [onn CKNAACKOrO cHabxeHWs
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n, cnefoBaTesibHO, 3anaca B cHab>xeHYecKo-cObITOBOM 3BEHE npexxne Bcero
Tpe6yeT [ONOJITHUTEsIBHbBIX KannTanbHbIX BJOXKEHWA B HOBOE CTPOUTEIBCTBO
nnn B paclpeHne cKaagcknx noMeLleHunn, yBeANHEHME flapKa NOoABEMHO-
TPAHCNOPTHBLIX MEXAHN3MOB, CTPONTENBCTBO NOABE3AHbIX nyTel, oCHalleHne
OpI'TeXHVIKOVI, KOJ/inHeCcTBEHHOE N Ka4YeCTBEHHOE Pa3BuUTUe TAapHOIo XO3AWCTBRa.
B csasn ¢ nocnegHum HanpabacHNEM OTMETUM, YTO

o cebecTonMocTh KapToHHOro AWiUKa B 2.2 pasa MeHblue, YeM AEPEBAH-
HOTO,

e 1 T kapToHa cbeperaet 14 kybomeTpos kpyraoro neca,

® B CNOXEHHOM BUA€ KAPTOHHbLIE AWWNKN 3aHWUMAKT BAECATEPO MEHbLUIE
MecTa, 4Yem NOPOXKHUE AepeBAHHbIE TON >Ke eMKOCTH!

Kak #aubonee nporpeccusHole BapuaHThl cknanckon dopibl cHabxe-
HUA OTMETUM rapaHTWpoBaHHOE cHabxeHue v ontosyto Toprosaro [ apan-
muposaHHoe cHabacenue — 970 obecnedeHune NOCTaBOK MO COMAACOBaHHbIM
rpachnkam. CHabxervecko-cbbiToBOR opraHusauni nepeaaetca 50 50% npo-
N3BOACTBEHHbIX 3aMacoB, 4TO TPebyeT BLICOKON CTeNeH AOBEPUA U B3AUMHOM
oTeeTcTBeHHOCTH cTopor. B 1980-1985 rr obvem Takmx nocTaBok cocTasnan
okono 10 mapa. pyb , a 4MCnNo OxBadeHHbIX UMU NPEANPUATUR YBEANYANOCH
¢ 7 toic, po 8600. B GonbwmnHeTBe parioHOB cTpaHbl OMAaTa YCAYT NO rapan-
TuposaHHoMy cHabxxeHumo cocTasnsna 0.2% oT cTOMMOCTM MOCTABOK WM
ochopmARnack OTAENbHbIM LOrOBOPOM Ha OCHOBE COTJaCOBAHHON KasibKySs-
unn [28] Mo [18], 8 Yexocnosakun npu komnnekcHom obcayxunsarnn basa
ycTaHaB/AMBasia HaueHky B pasiiepe 5—6% smecTo obbiuHbIx YeTbipex

IKOHOMUYHOCTL rapaHTUPOBAHHOIO CHabKeHWa NpUBena K TOMY, 4To
8 [occHab oT 22 mMuHWCTEpPCTB NOCTYNUAU NPEANOXKEHUA MPUHATL Ha CHab-
xeHve ux npeanpusatna. B Jlenuwnrpage sce HUWN u KB. a takxe psa npen-
npuATUA bbinu nepesenertl Ha rapaHTUPOBaHHOE KOWMAEKCHOE cHabXenne.
B pesynbTate Ha 1 uiona 1970 r ceepxHOpMaTUBHBIE 3anachl NPOAYKUUN o
obveguHeruio um Ceeppaosa cHusunuck Ha 25%, no sasoay um. Kotnskosa
Ha 39%, no «DnexTpocune» — Ha 61%.

Mpn BHeapeHuu cknapckoi chopmbl cHabrkeHWA NOAHOMOYMA U OT-
BETCTBEHHOCTL NepenaBasnch BCe HUXKE ITO BbI3bIBAAO NPOTUBOAERCTBUE
paboTHUKOB cpeaHero 3seHa, KOTopble BOANUCH NOTEPU KOHTPOAN HaA pecyp-
camu, yBenuqewna obbvema n oTeeTCTBEHHOCTU paboTel. [JansHeRwrm Lrarom
ABMAACh ONMOGAA MOPZO6AA, NOCTABMBLLAA 3AC/OH BOMOHTAPUCTCKUM pe-
WeHNAM B pacnpeaencHun matepnalbHbix pecypcos. PaboTHukn cHabxenns
He BblAK 3aUHTEPECOBaHbLI B OpPraHU3aL iy ONTOBOR TOProBil, MenKue oTrpys-
K B KOTOpO# TpeboBanu Mo4Ti Tex e 3aTpaT Ha oopmaeHue, 47O U Npn
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KPYMHbIX MapTUax IJTa HE33aUHTEPeCOBAHHOCTH NPEORONEBANACh BINMaHeM
AOMONHUTENLHOR HAUEHKN 33 YCAYMM MenKoonToeon Toprosnu [loguepk-
HeM, YTO 3anachl B PO3HW4HOW TOProBMe YTPAUUBAIOT CBOIO MaHEBPEHHOCTD,
a pacxofbl Ha UX xpaHerue suiuie (8 1980-e rr & posHUdHOM 3BEHE OHW
coctasnanu 3 27%, a & ontosom 2 32%) Kpome Toro, Ha ontoesix Basax
BO3MOXHBI BONEe NOMHAA 3arpyska MEpCOHana, ero cneumanwsauma, Mexa-
HW3aLMA YUYETHbIX W NHbIX onepauni.

B OcHoBHbix HanpaBAeHUAX 2KOHOMUYECKOFO U COLUMANLHOrO pasbu-
Tna CCCP wa 1986-199C rr. » nHa nepnoa ao 2000 ropa bGuina noctasne-
Ha 3a0aya «passuBaTh U COBEPLLUEHCTBOBATL OBLIEroCYRapCTBEHHYIO CUCTEMY
MaTepuanbHO-TEXHUHECKOro cHabXXeHnaA, NoBbICuTL OTBETCBEHHOCTL T occHa-
ba CCCP, opranos cHabxenus 3a cobntogenne AncLUNNNHL NOCTaBoK, obec-
neYeHne IKOHOMHOIO ¥ PaLMOHANBHOIO YUCMONb30BaHUA TOMAMBE, ChIpbA,
MaTepuanos, BTOPUUHbLIX PECYPCOB», NepeATH K MAaHOBOMY pacnpegeneHunro
obopynosaHus, MmaTepnanos u nonycabpukaToB NnyTem ONTOBOA TOProBa
Beegenue B 11-i# natunetwe B opraHax [occHaba nakeTHo-KoHTeAHepHOro
cnocoba NepeBo3kM ¢ YHETOM LEHTPaAM30BAHHON AOCTABKN FPY30B NO3BOAN-
N10 NOBBLICUTL MIPONIBOANTENLHOCTL TPYHA Ha NOrPy3O-pasrpysoyHbix paboTtax
8 4-5 pa3; yBenU4UTL NPONYCKHYIO CMOCODHOCTL rPY30BbLIX OIPOHTOB BABOE;
COKPaTNTDL NPOCTOWN MENE3HOAOPOKHOIO TpaHcnopta 8 4-5 pas, a aBTomoO-
tunbroro — B 56 pas

MMepexon K pbiHOHHOM SKOHOMMKE MOBbIWaeT akTyanbHOCTb npobem
ONTOBOW TOProB/yn, y4eTa CKMAOK, YCKOpeHUs obopadnBaemoCcTi 3anacos #
HaAeXHOCTUN NOCTaBOK, HE OTMEHAA LenecoobpasHOCTH BbiLLENepeynCcAeHHBIX
Mep MR XO3ANCTBEHHBIX CTPYKTYP OBWePOCCHACKOrO U PErMOHaNbHOrO [ac-
wraba. NHdnaynorHbie OKNAAHNSA ABAAIOTCA aprymMeHToM B NOAL3Y yBEAW-
YeHWs 3anacos.

7.3. IJeTepMHHHPOBAHHBIH CIIpOC

MonbiTku MOCTPOEHNA 1 CTPOroro aHav3a MoAeNnelt BETBALLWXCA CA-
cTem cHab KeHUs HATaNKWMBAIOTCA Ha 3HAYUTENbHbIE aHaNuTUYeCcKne TPpyaHo-
CTHU, 3 NonyHeHHble De3yNLTaTLl OCHOBAHBI HA TeX UNun MHLIX gonyuieHuax
Takum 06p330M, NoBbiLLEHE TOUYHOCTU ONUCAHUA pPeanbHOW cuTyaynuu co-
MPOBOXKOALTCHA CHUXKEHNEM MaTeMaTUNHECKOR TOMHOCTA NONYYAEMBIX PE3YNb-
TaTtos. ﬂpocmTa MOL €M NOIBONAET HE TONABKO 3aMETHO NPOABUHYTLCA B €€
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aHaNUTAYECKOM AN HNUCAEHHOM ncenegoBakmit, HO U CYLUECTBEHHO ocna6wa
Tpebosarina k uncdopmaunoHHomy obecrneqenmno pelleHna NpakTUiecknx aa-
aad Ka"ICCTBeHHOC NOHNMAHNE XapaKTepa MpoTeKaloWnx npoyeccos MOXKeT
CTaTb XOPOLUWM OPNEHTUPOM NPW pelienn bonee cnoxubix sana4 Pasyme-
eTca, Hanbonee cyulecTseHHble hakTopbl QONXKHE GeiTh yuTeHs C apyron
CTOPOHbI, OTMETUM, YTO Ha COBPEMEHHOM STane passuTnA BblYUCAUTENBHON
TEXHUKN MPUNEHNTENBHO K KHEMPOrpaMMupyrolnM noab3osaTenaM» Tpe-
fobaHue NPOCTOTHI PacHeTHbIX MeTOAUK MoXeT BbiTo ocnabnero (Ho 370
npegnonaraeT UeHTPaAN30BAHHYIO NpodbeccnoHanbHyo paspaboTky maTema-
Tudeckoro obecneveHna cucTeM YNPaBeHNA 3anacamu).

B pasHbix 38eHbAX CNOXKHON CKNAACKOR CUCTEMBI BO3MOMKHO UCMOb-
30BaHe PasHbIX CTPaTErni.

K  cuHTesy  cucTem  cHabxeHus  BO3MOXHBI  Pas/fin4Hbie
noaxogb!. [pexpe Bcero oTMeTUM, 4TO OTHOCMTENLHO NPOCTO PELLAETCA MpPO-
brema nokanusauun ee sseHbes [losioxeHne UeHTpanbHOro cknapa Moxet
BbITb M3BECTHO 3apaHee MO BHEWHUM YCAOBUAM O Xe UHOTAa MOXKHO CKa-
33aTh © NPOMEXYTOUHBIX CKNAAAX, KOTOPLIE ECTECTBEHHO NPUBAILIBAIOTCA K
yanam TpaHcnopTHow cetn Ecnu Takon npussiskn HeT, TO 817 onpenenenns
MeCTa NPOMEXYTOUHbLIX CKNAJ0B CJEAYET NPOBECTU OKPYMKHOCTM ¢ LeHTpa-
MU B MeCTax CKOMMEHUA ROTpebuTeneld u paauycom, OnpeacAsemMbiM Bpe-
MEHHEIMU orpaHudenuamu (3aaepxka noctasok) [lpomexyTouHble cknaab
pasmellaloTca B 30He nx nepeceveHna OQHOBPEMEHHO ONPEAEANTCA ¥ YUCNO
NPOMEXYTOUHbIX CKNaAoe (NO KONMHECTBY 30H nepecedeHnA).

OnuncaHue TeXHUKN SKOHOMUYECKOR OLEHKN BapMaHTOB CTPYKTYpPbl Mbl
HadrHeMm C NPOCTeAlEn MOQENWN NepapXnHecKon CUCTeMbl CHabXeHnA npu ge-
TEPMUHMPOBAHHOM CRpoce JKOHOMUYECKUR achcbekT obbeanHeHnsa ckaanos
B CUCTEMY B TOM Cly4ae CO3[3eTCA COBMELLEHWEM NOCTaBOK ANA FPynn no-
TpebuTeneit, B pesynbTaTe HErc yMeHblIaeTca YMCNO NPSMbIX CBA3EA NOTpe-
buteneit ¢ NocTaBUWMKaMY 1 COKPalLaeTcx obliee YNCNO MepeBosoK B cUcTeMe

Ouennm BENNYNMHY DTOTO BLINTPBILIA ANA ABYXKACKaJHOM CACTEMb,
COCTOAULER U3 M HU30BLIX CKIAAOB, OAHOIO UEHTPANBHOIO U T NOCTaBLLU-
koe [11A NpocTOTbl M HarNAKHOCTH NPEATIONOKNM, YTO KaXXgaa U3 HOMeH-
f KAaTyp NpoM3BOaUTCA TONLKO oaHMM 13 noctasuinkos [lycts, aanee,

M, — WMHOXeCTBO HOMEHKAaTyp, NOCTaBAAEMBIX 1-M NOCTaBLUVKOWM,
1=1,n,
(2, — MHOXecTBO HOoMeHKAaTyp, noTpebnseMbiX j-M HU30BbIM CKAA[OM,
j - ]" m '
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/\1‘ ; = CMpoC Ha HOMeHKNaT T no | - HU3CBOMY CKNEAY, 7 [ .

7 p J

gzj - MNOCTOAHHAA COCTaBNAMOLLAA CTOUMOCTN NEPEBOICK NO MapLWpyTy
t=17,

g, — NOCTOAHHaA cocrTasnArOllad CTOMMOCT MEPEBO3OK OT Z-"I"O nocTab-

wuka, ¢ = 1,n, K UeHTpaabLHOMY cKAany,

Joj — MOCTOAHHAA COCTABAANOLLAA CTOUMOCTU NEPEBO3OK OT LEHTPasIbHOTO
CK/Tafla K HN30BOMY C HoMmepoMm 7, j = 1,m,

hy = CTONMOCTb XpaHEHNA eANHULIbI HOMEHKNATYPbl 7* B €ANHILY BPEMEH U
(He3aBucMO OT MecTa XpaHeHus).

Cuutan ponro Y CTOMMOCTHW 3aKasa, NPUXOAALLYIOCA Ha NOCTaBKy Ka-
XKOOA AONOAHWUTENbHOW HOMEHKARAaTYpbi, He 3aBucAulieh oT 7, W j ANA
3aTpaT Ha NOCTABKU B YCAOBUSX NPAMBLT CBA3elN i — j cornacHo pasa. 6.2
umMeem

D=3 |20 (v 3 Wky+1) 3 Agheky. (1.31)

j=14=1 r€Q,;0M, reQ,nM,

3nect cymmupoBate NOA KOPHEM MPOUCXOAWT MO MepeceqeHnto MHOXECTSs
@, n M;, Te no Tem HOMEHKNATypaMm, KOTOpble fIPOU3IBOAATCSH §-M Mo-
CTaBWMKOM 1 NOTPEBAAtOTCA j-M CKNAROM, a KOIPPNUMEHTLI KPATHOCTH
nepnoaos noctasok {k,,} onpepenstoTcs no metoaunke pasa. 6.2.

Mpu nocTapkax yepes yenMpaibHbE CKNaa APOUIBOAUTCA He3aBUCH-
Mas MUHUMK3auna 3aTpaT Ha oboux yposHAX cucTembl. Pacxoabl Ha obecne-
4eHue HN30BbIX 3BeHbeB MOFYT BbiTh BbIMUCAEHBl KaK

Ly=>" |20 7 Y 1k + 1) > Avjhokys. (7.3.2)

j=1 r€Q, re€Q;

HeHTpanbHbin cknaa cymmupyeT cnpoc HU3OBbIX 3BEHLES MO KaXAoM U3 HO-
meHknatyp. Ero satpatel Ha obecnedenne aToro cnpoca

L3 :f: 2g1~<7 > l/kr+1> > hrkri/\r]u (7.3.3)

i=1 reM, reM, a=1
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Mpu Takon oprannsaunmn NOCTaBOK CymmapHbie saTpatl L = La+ L3 posmk-
Hbl cpasHuBaTbca ¢ Li . Kpome Toro, crnenyer yyecTs AONONHUTENbHbLIA
abhexT: B cknanckol chopme MocTaBoK nepeeoskn Bonee KpynHbIX MapTui
MOTYT ocyluecTBnATbCA bonee peluesbiM TpaHcnopTom (Hanpumep, pedHbim
WA JKeNe3HOAOPOXKHBIM BMECTO aBTOMOBUBHOTO), BOSMOXHO yaeluesieHue
XpaHEeHWA U opraHW3auun OTrpysoK. [aKue conocTaBneHUA AOMXKHbLI MPoBO-
ANTHCA B MpoOLECce NPOeKTUPOBAHWA cMcTeM cHabxkeHua ANA onpefesieHun
uenecoobpasHoCT¥ NPOMEXYTOUHBIX 3BEHBEB.

Obobuierna npefoMeHHOR PAcHETHOMN CXeMbl Ha CAyYau nepemMeHHbix
{7i;} . 3aBucawmx ot mecta xparenus uen {h,;}, a Takxe Bosbiee Yncno
Kackagob Bnonxe odesnanbl. Cpasy Xe yKaem, 4TO CTOMMOCTb XpaHeHMA Y
NOCTaBLUMKOB onpegenseTca cebecToMMOCTbIO NMPON3BEAeHHHOR MPOAYKUNY,
Ha onToBbiXx Hasax — ONTOBOW LEHOM, @ Ha HUXKHEM YPOBHE CHUCTeMbl ——
PO3HUYHOA. ITo coobpaXkeHne CTaHOBUTCA AONOMHWTENIbHbLIM aprymMeHTOM
3a «CABUM® 3anacos B CTOPOHY BbICLIUX 3BEHbLEB.

Cnegyet oTMeTMTb, HTO B CiCTemax cHabXXeHWA, NOCTPOEHHBLIX MO
BTOpoMy BapuaHTy (4epe3 NMpoMeXyTouHbie CKNaAbi), PacHeT ANA BbICWIMX
3BeHbEB yKasblipaeT AMllb CPedHION NEPUOAVYHOCTL 33Ka30B MO Ka)XKAOW
HomeHknaType. [Insa obecnedenus noTpebHOCTU HU3OBBIX 3BEHbEB, Mepu-
OAWYHOCTE M obbembl MOCTABOK NO KOTOPbIM OyayT W3BECTHBI TOHHO,
NPUAETCA BHECTU HEKOTOPYIO HEPaBHOMEPHOCTL B 0GbeMbl NOCTABOK, NOCTY-
NaloWmnX 8 UeHTpaibHbli CKNaA: Nonpaska AOAXKHA BbliTb paBHa pasHocTH
mexay hakTuHeckn obbEMOM NOCTaBOK B HU30BbIE CKAaAbli 3a WHTEPBas
k.T , onpepensieMblil coBMeLleHNeM KaneHAapHbix rpacdukos obecneqesus
HW30BbIX CKNaAoB, U UX cpeaHum obvemom k.7 Z?:l Arj . OTHocuTeNnbHAA
BEAMYMHA BTON NONpaBKKM AOMKHa yBbiBaTh ¢ POCTOM YMC/a HU3OBBIX CKAa-
noe.

IIpamep, Ouesum cpaBHUTENbHbIE 3aTpaThl MO BapUaHTaM OpraHu-
saumin cHabxernus OaA obcyXAaBLIeNcs Bbille CUCTEMbl B NPEANOONKEHNN,
YTO KaXKAblfi NOCTaBLUMK NPOUSBOAUT TONLKO OAHY HOMEHKATYPY, @ KaX bl
HK30BOR ckaana noTpebaneT nx sce. B atom cnydae uHaeke r moxer boiTb
OTOXAECTBAEH € ©, a pacHeTHble PbOpMYbl YNPOLLAIOTCA U NPUHUMAIOT BUL

L= Z Z \/QQU(I + 'y))\,-jh,- (734)

j=14i=1
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(Heaasmcmmue NoCTaBKknM NO BCeM HOMEHKAATYPAM N HU3OBbLIM CKﬂaﬂaM),

Ly=Y_ |20 (7 > o 1/kiy + 1) zxjh,-kij (7.3.5)

j=1 1==1 i=1

(MHOFOHOMeHKﬂaTyprIe NOCTaBK N3 UEHTPRA/IbHOMO CKAaga B HVISOBble),

n

Ly= Z Qg,'(l + y)h; Z)\ij. (736)

1=l g=1

(HesaBucumble MOCTaBKU MO KaXAOR W3 HOMEHKNATYP B ULEHTParbHbii
cknag). llyere v = 0.20, crommoctn xpanenun {h;} v cnpoc {Aj;} sananbi
Tabnnuen 7.3, a cTOMMOCTM NOCTaBOK NPONOPUUOHANbHBI FEOMETPUHECKUM
PACCTOAHNAM MEXKAY COOTBETCTBYIOWMMY NYHKTaMN 1 3afantl Tabn. 7.4

Tabnuya 73

CﬂpOC N CTONMMOCTN XpaHEeHWA

Husoeble cknagei
1] 2] 3] 4] 5] 6] 7] 8
100 801 40 60! 601 30 40| 50 450 | 0.08
350 { 140 | 270 | 20| 50 40| 200 | 160 1210 | 0.40
240 | 60| 40| 30 701 60 120 50 670 | 0.15
1807 70 11501 2047 80} 130} 250 80 960 | 0.20

80 | 300 | 120 | 250 | 140 | 200 | 20 | 300 1410 | 0.25
20 50 90| 801200 | 100 | 40| 120 700 | 0.15

UenTp hi

-

DO W N
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Tabnwnua 7.4

CTOVIMOCTM NeEpPeBo3cK

n [Monyyatens
oCTaBLINK
1 12131 4 1516 [7 | 8 Juentp
1 1.511182120511491208]1.83(226|241| 1.88
2 150180211 [133{201{161[{205(228| 1.74
3 1911204240155 1207]150]1.7412.101} 177
4 2461225(190(275122212801262]226| 250
5 22011021160[245 (177232205168} 2.08
6 2331208(12091226({180}192]149]1.43| 1.9
UenTp 0.441032|064|0.41 032028044054 0.00

MoacTaHoBKa yKasaHHbBIX BEAUYMH LaeT ANA NPAMbIX CBA3EN NOCTABLUNK —
HusoBol cknap L = 471.

CrouMoCTh TOCTABOK B LEHTPanbHblA cknaf cocTasnser La = 175.5.
Mpumensas meToauky pasg. 6 2 K pacueTy onTUManbHLIX MepUOAUHHOCTER
MOCTaBOK W3 UEHTPANbHOIO CKJlafla B Hu3oBbie, mosy4aem Loy = 21.1,
LQQ - 152, ng = 22.6. L24 = 129, L25 = 128, L26 = 1]9,
Loz =17.1, Log = 20.6, orkypa L2 = 134.2 . Obwan ctoumocTs opraHuaa-
UMy cHabxxeHus no cknagckomy sapuanTy coctaenser 309.7, T.e. okazanacs
Ha TPeTb HUIKE, HeM JN1A TPaH3NTHBIX NOCTaBOK.

HekoTopoe ynpouieHne nanoxeHHON MeTOAMKY NyTem 3ameHbl CUCTe-
Mbl KPaTHbIX MEPUOAOE CHAbXeHUA 06UUM NEPUOAOM MO BCEM HOMEHKNATY-
Pam, MOCTaBKYU KOTOPLIX MOXHO 0bbegunnTs, cornacro (6.2.3) npusonut
dopmynam

j=1i=1 reQ,nM,
m

Ly = Y 290; (1 +71Q51) D Arjhe, (7.3.8)
j=t1 reqQ,

n

Ly = Y 12044 Y A S Ay, (7.3.9)

. i=1 reM, Jj=1

B KoTopbix noa |M| nompasymesaetcs 4ucno anemenTos mHoXkecTsa M .
PeaynsraTel pasa. 6.2 nossonsioT npeanonaraTe cpasHuTenbHO bansKoe co-
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BNajeHue 3aTpaT € NOJAYHEHHbIMWN NO UCXOQHbLIM 3aBUCUMOCTAM, H4TO NOd-
TBEPXQAETCA pacHeTOM AAA NPUBEAEHHOro Bbiwe npumepa. B ykasanHom
cnyqae dopmyna ana Lo npeobpasyerca s

m

Ly =Y | 200,(1+91) ) Aigh, (7.3.10)

i=1 1=1

a octansHoie coxparatoTea. [logcuer satpat Ha cHabxeHue HiK30BbIX CKNaa0B
paet Loy = 21.6, Lag = 15.3, Lag = 23.0, Loy = 13.1, Ly = 12.7,
Log = 12.1, Loy = 17.7, Log = 20.9, Tak uto L = 136.4 Obuwan
CTOMMOCTh CHabxeHnsa no sTopomy BapwanTy cocTaeut 311.9, 4o ecero Ha
0.7% 6Bonblue nony4eHHoR TouHbIM cnocobom.

OkoHuaTenbHoe pewieHne o Buibope BapuaHTa OpraH1M3auuy CUCTEMb
CKNAA0B QONXKHO NPUHUMATHECA C YHETOM CTOMMOCTU CamMOl CUCTEMbI ~— TOY-
Hee, € YHeTOM TeX 3aTPaT, KOTOPble HE KANUEHB, B CTONMOCTU XPaHeHUs W
NOCTAaBOK, HallAeHHEIE COFNAcHO PeKOMEHAaLWAM rnassbt 2.

7.4. CHHTE3 CUCTEMBI
IpH JeTePMHHHPOBAHHOM cIIpoce

PeaynoTaTbl [aHHOrO paspesa NPUMEHUMbl B TEX CAYHaAX, KOrQa He-
obxoaumo cHabxaTte obwwpHbiA paihon ¢ npubanauTenbHO pPaBHOMEPHbIM
pacrnpeneneHnem OaHOPOAHbLIX NOTpebuUTEneR, T.e. € NOCTORHHLIM CNPOCOM
€ eguHMubl nAaowagn. YumTbigan, 470 pacxoAbt Ha NOCTaBKW Yepes Kpat-
Hble Mepuofbl MOMHO YROBAETBOPUTENLHO aNNPOKCUMUPOBaTL 3aTpaTamMit B
mogenn ¢ obwum nepuogom, Mbl Dyaem 3agasaTb NNOTHOCTL CYMMapPHOro

cTonmocTHoro cnpoca B Buae Ah =Y A.h, Ha eannnuy nnowanu.
T
Mpepnonoxum, 410

® cknapbl BCex paHros (cTyneHed) pasHOMEPHO pacripeAeneHbl B pafioHe
ancnokauvn notpebutenen;

® BCe cKnagbl OAHOro paHra oBCAYXWBalOT OAMHAKOBbIE RAOLLAOYU
(paimonnt);

® pacxofbl ¢ = a + bd Ha nocrasky NapTWM W3 OAHOrO CKAafa B APY-
roit ABAAIOTCA NUHEAHON byHKUNER paccTOAHNA d MeXay HUMU 1 He
3aBUCAT oT obbema nepeso3okK;
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® BCe paloHbl 0bCNY>KUBAHUA aNNPOKCUMUPYIOTCA Kpyramu.

Ins orpeneneHHOCTU paccMOTPUM CUMMETPUUHYIO CUCTEMY, COCTOR-
wiyto us ogHoro uexTpanbHoro cknaga (1), na cknagoe stoporo pawra (ll)
W np-ny cknagos nepsoro panra {1). MycTs ueHTpanbHeIn cknan cHabxaeTca
C paccTosHnA [ BHEWHMM MOCTaBLINKOM, a NAOWAAb obC/yXKNBaeMOro nm
pamoHa pasHa 5. Ecan S — nnowank kpyra, To ero paguyc r = /S/r.
Cpenree paccToAHue ToHKM BHYTPU Kpyra OT €ro LeHTpa

R
1 2
R,z/p-%rpdp: gR,

0

ﬁ:

CnenoBaTe.ano, CpefHee pacCToAHNE OT LUEeHTPaIbHOIO CKNaga 4o cknaga I

2 /S
d3_g = =1/ —.
3-2 3 T

Takum e B cpenHem bypet u pacctosHue ds_;. CpegHee paccTosHue of

cknana H po cknapa |

2 S

d2_1=— .
3V ng-m

[lycTe vnTepBan mexay nocTaskamu U3 NpomblLneHHoCcTU pased T,
3a 270 Bpems cpepHue 3aTpaThbl Ha xpaHeHne cocTasaT AhST? /2 nesasucu-
MO OT pacripege/ieHus 3anaca BHyTpu cuctembl. Kaxgas noctaska 8 cknag |l
cBA3aHa ¢ PUKCUMpoBaHHBIM pacxofoM a + bl . 3aTparTel B eguHULY BpeMeHu
coCTaBAT

MST -+ bl
= — e —— 4.1
L=+ 25 (7.4.1)

Pacnpenenerine npubblBliero NononHeHua A0KHO MUHUMU3KPOBATL Pacxo-
Abl Ha NepeBO3KW BHYTPW cucTembl B eguHuuy spemenu. Cneposatensho,
nocnefHWe [OSKHBI OCYLECTBAATLCA BO3MOXKHO PeKe U BO BCAKOM c/yyae
€ WHTepBanoMm He MeHee T BepxHssa rpanviua »TOro uH{Tepeana onpeaens-
eTCA HeobXOAUMOCTLIO OTMPaBAATL NapTU XOTA Bbl ogHoMy noTpebuTtento
npy Ka>kKAoM NOMOAHEHWMM U, cnepoBaTenbHo, pasHa n71' Ans cknapos Il wn
n1nyT Ans cknaga l. KoHkpeTHbie yenoena MoryT noTpeboBaTh yMeHbLIEH U
3TUX WHTEPBAsIOB.
PaccmoTtpum Tpu Bo3mMoXKHBIX cnocoba pacnpeaeneHuns NONOAHEHWUR;

® rpu KaXJoW MoCTaBke YAOB/ETBOPATL TOIbKO ORHOTO U3 noTpebute-
nen (noouepenHo);
-211-

& pacnpenenATb KaXAo€ nonosHeHue NoposHY Mexay BCeMh nOTpe6VI-
TENAMWN

® Npn KaXk[ol NOCTaBKE MOoYepesHO YAOBAETBOPATL FPYNMbi foTpedu-
Tenen

TpeTuin BapuaHT B 3aBUCKMOCTW OT YAcna rpynn ¥ obpasyeT pasnuuHble
NPOMENXYTOUHbIE CAYHAN MeXAY ABYMA nepsbimn [ina onpepeneHHocTy Mol
bygem cuutats v = 2 [lockonbky cnpoc B cucTeme JOAMEH YAOBIETBO-
PATLCA AOAHOCTLIO, YaCTb PacxXofos nponopumoHaibHas obbemy nocTaBok
ANA KaXAoro noTpeburens, nameneHa boiTs He moxeT OgHako paunoHab-
Han OpraHU3aLnA NepeBO3OK MO3BOIAET COKPATMTb WX HKCAO N YMEHbLUUTD
cpeatioro npoTaxeHHocTe ObosHaunm depes gy cymmy Bcex cpUKCNpoBaH-
HbIX TPAHCMOPTHBIX PACXOQOB NPU AaHHOR OpraHMsaumu nepesosok lorna
ONTUMANbHAA NEPUOANHHOCTb NOCTABOK W COOTBETCTBYIOWMA ef MUHAMYM
pacxofnos Ha cHabxeHne moryT BbiTb HafigeHbl N6 oOpmMynan

T 295/ (SNR), (742)

L* = /2gz S\ (743)

Bce Bennunnb Bxoaswme B 3T hopMynsl kKpoMme gtz 3ananbl Crneposa-
TeNbHO, CYMMapHble pacxofbl TPONOPUNOHabHBl (/gs W ANA BbibOpa opra-
HM3aLUN CHADXKeHUR [OCTaTOHHO CPaBHUTL 3HAYEHUA g% MOSYYEHHbIE NPU
pasnnyHbiX ee BapnaHTax Mbl Halgem gy ANA BCEX NEpPEeUUCTIEHHBIX Bbille
BApUAHTOB B [BYX- W TPEXKACKALHON CUCTEME, a TAKXKE YCAOBUSA, NPN KOTO-
pbiX BBEAEHNE NPOMEXYTOUHBIX CK/1aA0B NPUBOANT K YMEHBLLIEHWO PacXOaoB
B xopne paccy>kaennit 4na ynpolleHns BbIKNanoK NpumMem nqy = Ny =N YTO
NpMBANIKEHHO BLINOAHAETCA B peasibHblX cucTemMax cHabxeHus

IHoouyepenHoe cHabkeHHe

B Teuenne oaHoro nepuona noctaska, npubbisian B UeHTpasbHbIR
CKRah, UeJIMKOM NepeanpecyeTcs opHOMY U3 cknanos yposHa |1, nocnepnun
)K€ HanpaefAET ee B Kakoi-HNbyAb 13 MOAYMHEHHbIX €My HW30BbIX CKAAA0B
Mepeas M3 3Tux nepeBo3ok cBA3aHa ¢ 3aTpaTamn a + %b\/S/ﬂ', a BTOpas

2 -
— c 3atpatamn a + 5b./S/(nm) C yd4eTom cTOMMOCTU BHELIHER NOCTaBKY

a + bl vmeem
2 /S 1
gg—3a+b [+§ ;(1—{“%)
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ﬂpw HENOCPENCTBEHHBIX NOCTaBKax U3 UeHTPanbHOroc ckjlaga B HNU30Bble NoO-

AYYUM
gz = 2a+b<l + g\/_—bj>
3Vna

OueBnAHO, YTO NpU NOOUEPENHOR NOCTAaBKE MPOMEXKYTOYHbIE CKNagbi He
HYXKHbI

PaBHOMepHOG paciupenesieHue 1IocTaBoK

B 2tom cnyuae nepesosok nepsoro Tuna Syaer n, a BToporo Tuna —
2

n® CymmunposaHne pacxogos gaert
[+ 2n\/‘§+ 2 2\/ 5
— — _n ——— B
3 T 3 nw

gz=a(l+n+n2)+b[l+gn(l-i—\/ﬁ)\/g] (744)

HenocpencTeeHHble nocTagku B HU30BLIE CKNafbl AatoT AAA gy <popmyny

l+§n2\/’—i—] (745)

Botqucaum pasHully mexay sTUMu OUeHKaMW gs W NPUPaBHAEM ee HYJIo

Ag=an+ %bg(n+n\/_—n2) =0,

gb\/g(n—\/ﬁ) - (a+ gb\/g) =0

3amenus /n Ha m, NPUXORUM K KBagPaTHOMY ypaBHeHUo

P 3a+25\/5'/7r
2b\/S/m

Cmbicn nMeeT TONBKO NONOMUTENbHBIR KOPeHb 2TOFO ypasHeHuA

ge=a(l+n4+n?)+b

unun

gs = a(l+n?) +b

nwnn

m

TR N R L R R L
4 2 /Six) 2 4 2/S/x
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[lpu m > my BBEAeHWe NPOMEXKYTOUHbIX CKIAA0OB ABNACTCA ONpaBAaHHbIM
(ecnv He yunTeIBATL CTOMMOCTL MX aKcnayaTaunu). PakTudeckn npu paspa-
BoTke cucTembl Ham 3afaeTcs TONbKO obliee 4Ncno n? HNU30BBIX CKNAA0B
CnenosaTenbHO, BONPOC O BBEAEHMWM TPOMEXYTOYHOM CTYNeHn BO3HUKaeT
npv BbIMONHEHUM HEPaBEHCTRA

4
n? > (—1- + é+ 3aﬁ> ‘ (7.4.6)

2 4 9/S

PaBHOMepHOe pacnipenesieHne MOCTABKU MeX Iy
nmoJioBuHOU moTpeburelsiell KaxKIoro cKaaxa

Takan OopraHm3salilAa NOCTaBOK BbI3bIBAET 3a UWKA T cnegyrouine 3a-

TpaThI®
2 (a —+ Qb\/—g)

2 3 7

Ha NOCTaBKW C LEHTPASILHOrO CKnaaa B NONIOBUHY MPOMEXYTOHUHbIX,

?j _*_gb __$_
4 ¢ 3 nir

Ha MOCTaBKN B HM30Bble 3BeHbA. B ntore

gzza<1+2+f—>+bl+3< "V_)\/;} (7.4.7)

2 4
Mpu HenocpeAcTBEHHOA NOCTaBKE B HW30Bble CKAAfdbi YNCNO NEPEBO3OK CO-
2
cTaBUT n°/2 no uewe a -+ %b\/S/ﬂ', oTKyaa

n2 1., /S
— i ny) =1, 4.
) a(1+g>+b[l+3n”ﬂ} (7.4.8)

Ag:n[§<1—ﬁ) g{( +\—/————n>}.

IlnA onpeseneHnsa npenenbHo AONYCTUMOrO HMC/1a CKNaRoB B ABYXKAcKaAHOM
cNCTeME MMeeM KBafpaTHOE ypaBHeH ue '

z+9§_é\ﬁ a b5
173Vr ) TMeVE T 273V )T
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pelueHne KoTOporo gaeTcs opmynon

b/ST + \[ 17625/ 7 + 1802 + 36aby/ST
- 3a+4b\/S/m )

my

(7.4.9)

Venosue 4na n o4esnaHo,

IloouepenHbie MOCTaBKY B IPOMEXYTOYHbI€ 3BEHbA
¥ paBHOMepHOe€ pacnpeaesieHue MeXIy
HABLIHMHU CKJaJaMu

an 3TOM B KaXAOM LUKMKNe cHabxenuns npon3BoAUTCA OAHa NOCTaBKa
B NPOMEXYTOHHOE 3BEHO U N NOCTaBOK — B HU3Wee, O‘-@eBVIL\,HO, 4TQ

gz =a(l+2n)+b|l+ §(1+\/ﬁ)\/§ . (7.4.10)

Mo CMbICJTY 3TOr0O BapmaHTa YNCNO KaCKapos He MOXKeT bbITh MeHblLe Tpex.

PaccuoTpetitbie npuMepsl He UCHEPMLIBAOT BCeX hOPM OpraHN3alLvMu
cHabxeHus B TpeXKacKagHoOW CUCTEME, HO WANIOCTPUPYIOT MeTogbl WX aHa-
nm3a, Buibop sapnanTa BoNXKeH NPOBOANTHCA Ha OCHOBE BLIMMCNEHNA CYM-
MapHblx 3aTpaT L™ anA 3sHadeHWUll ¢y, COOTBETCTBYHOLUX CPaBHUBAEMbIM
BapuaHTaM. [lpu aTom TpexkackaaHbiii BapyaHT BbIFORHeE ABYXKAcKaAaHOro
nulib B TOM CNyHae, Korpa pacxofbl L B eauHuuy epemeHun npu 3anaHHOM
n® QA TpexKkackaRHOM MOAENM MeHblue 3aTpaT B ABYXKAaCKagHOW Ha Beau-
HUHY, NPEBbILIAOLIYIO PAacXOAb NO COAEPIKAHMIO CKAAROB NPOMEXYTOUHOM
crynenn. OnucarHas meroanka obobiiaerca Ha /Moboe 4CNO Kackaaos.

Ecnn cnpoc Ha npeameTsl cHabkeHUs NopBepIXeH 3HAYUTENbHBIM
KonebaHnAmM, RaHHAA MeToAWKka Ao/KHA BbiTb AonoaHeHa obcyxaaembiMi
HUXKe coobpa’KeHNAMU NO SKOHOMUYN OT LUEHTPaNN3aLNN pe3epBos.

7.5. IleneHnTpanu3oBaHHaA cucTeMa
IIpA BEpPOATHOCTHOM CIIpocCe

,D,OCTOV\HCTBOM cuctem cHabxenun ¢ BEPOATHOCTHbLIM CPOCOM ABAA-
€TCA BO3MOXHOCTL OsbeﬂMHEHMH pe3epBOB OTAE/IbHLIX CK/1AA0B B LeNAX Mo~
KppITUs necbwu,ma Ha HEKOTOPKIX N3 HUX, O7kas ot MUHUMU3aLNN pacxonos
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Ha Ka>X[JOM CKN1afie Nopo3Hb NO3BONAAET LLEHOW Masioro yeennyeruns wrpados
A0 OTHOCUTENbHO XOpotuo obecriederHbiv CKNafam AOBUTHCA CYLIECTBEHHOIG
YMEHbDLUEHNA cymmb WTpados Mo cucTeMe 8 UE10M. [aKaa BO3ZMOIKHOCTD,
B CBOIO O4epeflb, NO3BOAAET cHU3NTL obwni 3anac. OueHumM 3To cHUXeHne
KOSINYECTBEHHO.

MNycTe aaHa cuctema U3 71 CKNAJOB C OAVHAKOBLIMM YCAOBUAMMU Xpa-
HeHWA, pacnpeaeneHMAMIM Cpoca W LeHamn wTpadob, [oraa npu pacuere
3aTpaT 3a Nepuog Mo MaTeMaTUYHECKUM OXMUAaHMAM ocTaTka u aecuumta
ONTUMArbHbIA 3aNac Ha Ka>kAoOM CKAajge, B3ATOM OTAEbHO, ONpenesMTCA
n3 ypasrexna (5.6.2) n moxet bbiTb NpeacTasneH B BMAe

S* =7+ ko,

rAe MHOXUTENb Kk MOSHOCTLIO OnNpefenseTcs BUAOM pacripefeneHus u oT-
Howenuem (d — c)/(d + h). Takum obpasom. cymmapHbiit 3anac B cucTeme
okaxerca pasHbiM n(Z + koy) .

Ecnm cuutaTh BO3MOMXHBIM MAeanshoe (BecnnaTHoe) nepepacripene-
nevivie, TO (PYHKUUA 3aTPAT N0 CUCTEME B LENOM 3aMULLETCA KaK

Sv oo
Ls = o(Ss — z5) + hf(sE — ) fs(x) da:+d/(a: ~ So)fe(z) de
0 Sy

(MH,QCKCOM Y, oTmeudeHbl CRpoC, 3anac n oCTaToK Ao CUCTEME B uenom), aee
MUWHUMabHOE 3Ha4YeHWE [OCTABNACTCA PEUieHNEM ypaBHEHWNA

Fe(S™) = (d = ¢)/(d + k). (7.5.1)

Pacnpepenenun cnpoca Ha oTaensHbiXx ckAafax obbIMHO XOpowWwo annpox-
CUMNUPYIOTCA HOpManbHbiM. PacnpepeneHue cymMmapHOro cnpoca yxe npw
HebonbwoM 7 okasbiBaeTcA BAN3KMM K HOPMAsbHOMY HE3aBUCMMO OT pac-
npeaeneHuin cocTasnaowmx. CreposatenvHo,

S“:“, =Zzz+ kaZb

roe mMHoxuTens k octaetcs npexuum. QuesngHo, Iy = ni u cr% = nai,
a nocTuraemMoe CHuKeHue 3anaca

AS = k{noy —vnog) = ko (n — /n).

Jobasum Kk 3ToMy, 4TO pacueT o cymMapHbiM XapakTepucTukam obecnedn-
8aeT ONTUMANbHYIO BEPOATHOCTE pP* OTCYTCTBMA AedbuumTa NO CucTeme 6
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UEA0AL, TOFA3 KaK pasfiensHbiil AaeT Ty Xe BEPOATHOCTb NO KaXAOMY CKNa-
Oy MOPosHb M, cnefoBaTesibHO, N0 cucTeuie B Leaom nuwb (px)”™ . 3HaumT,
TpeboBaHUA K «CUCTEMHOR» BEPOATHOCTY U COOTBETCTBEHHO CMCTEMHbIA 3a-
fac MOXHO CHU3UTL AonoAHuTentHo [lpw sHayuTenbHoM 1 BBIUFPBIW OT
yMeHbLIEHMA 3araca MOXeT NEPEKPLITb OXKUAaEMbIE 3aTpaThl Ha nepepacnpe-
peneHune

NponnntocTpupyem 571 addekTbi Ha yucnax. PyHKUNa pacnpepene-
HUA HOPMa/bHOro 33KOHa

R !

rae ®(-) — dbyrkuna Jlannaca Taxkuwm obpasom,
Yy—
P - =2p-1,
( V2 ) !

y=7+0V20~(2p—1) =2+ k(p)o.

OTKYyAa cnepyeT

Bblllll’pblLU B BeNIHNHe 3anaca CoCTaBnT

) Ay = (n - k(p) — V- k(p"))o.

Ins onpegenerHoctu soasMem p = 0.95, n = 10. Torga plo = (.59874,
u

Ay = (10 -1.64485 — 0.250087v/10)0 = 15.65770.

anMeHMTeﬂbHO K A€UEHTPaNN30B3HHON CNCTEME WUMERT CMbICN pac-
CMaTpuBaTh criegytoLyne 3anayu:

1) OpraHuaaynsa BocnonHeHna CyMMapHOro 3anaca B cucTeme,
2) ONTUMaNibHOE NepepacnpeéfeneHne HaNMYHOTO 3anaca,

3) onTuManbHoOE pacnpeneneHne HpVI6bIBLU€l7I napTnin MeXXay cKknagamwu.

PaCCMOTpMM cnocober nx peleHna B 3aBUCUMOCTU OT HucC/ia HOMeHKNaTyp B8
CNCTEME,
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7.5.1. OnHoponHbIA 3anac

MNpu 3apaHHOR NEPUOANYHOCTH CHABXKEHUA ONTUMaNbHLIA cymmap-
HBIl 3aMac MoXeT BbiTs Haitaen cornacHo (7.5.1) ¢ noacTaHoBKO#A cpepnHei
uenst wrpada d. Ecan xe nepnon ABnseTca csoboaHON NepeMeHHOM, TO 4AA
HaxoX[eHWs YPOBHA 3aKasa Sy ¥ obbemMa NOCTaBKW ¢xr MOXKHO BOCMONB-
30BaTbCA MeTofamu pasa. 5.8 ¢ noacrtaHoBKoR cymmapHbIX XapaKTepucTuk
Cnpoca N cpepHen UeHbl wTpadpa.

[lpu nocTtaHoBke 3afauu o pacnpedeseruu 3anacoe, BBUAY npubnu-
3UTENLHO OVHAKOBLIX YCNOBUN XPaHEHMA B cUCTeMe, CYMMa 3aTpaT Ha xpa-
HeHWe CHMTAeTCA He 3aBuCALLedl OT NPUHATONO PELUEHUA N UCKIIOHaeTCa 13
paccMOTPeHNA, TakK 4TO MUHUMUSALUN NORMEXKUT CyMMa 3aTpaT Ha wTpadhl
v pacnpeaenenue (nepepacnpegenerue) sanaca. Beegem obosHatenns:

Cij — UeHa €NWHWYHOM MEepeBO3KN MeXAy cKknapamu i—j, i,j=1,n;
¢i; — obbeM NepeBo3OK MeXAY ITUMW CKNAaAaMK;

Z; —— HaAUuYHBLIRA 3anac Ha j-M cknaae;

d; ~— uena wTpada Ha cknane j;

M™ — MHOXeCTBO CKNaA0B, NOAYHAIOWNX 3aNac NPU NepepacnpeaesieHnu;
M7 — MHoXecTBO CKNafoB, OTAAOLINX 3aNac NPy nepepacnpeneneHni.

Torna oxxunpgaemble 3aTpaThl 3a BPEMA 4O O4EPEiHOA NOCTaBKN COCTABAT

L *od [ (r—zj - 3 qij)fj(l‘) dx
€M=Y g, €M+
teMt

+ 2 di T (a:—zi— T q,-j>f,-(a:)da: (75.2)

€Mt o g, jEM~-
JEM™
+ 2 2 it
JEM—ieM+

(NnoTHOCTM M LeHb! faHbl B pacHeTe Ha Bpems oXMAaHUA noctasku). B pa-

Gote C. Annena [102] nokasaHo, 4To Ana Bbinykabix PYHKUWA 3aTpaT, K

KoTopbiM nputagnexut u (7.5.2), B onTumansHom nnaHe nepepacnpegene-

Hus nubo OL;/0q;; = 0, aubo OL;/dqi; > 0 w ¢i; = 0. Buinosnan
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audbchepeHyupoBatue, ybexxgaemen, 4To

gf@ = —d; / file)yde + d; / fi{e) dx + ¢4,
7]

23+ Z Gy 2 Z Qs

e M+ JEM—

Huxktne npepensl nHTerprpobaHua B NOCNEfHEM YpaBHEHWM NpeacTaBAAOT
cobol ONTUManbHbIe 3anacbl NOCAE NepepacnpeneseHns, Tak HTo ycnopue
ONTUMAaNbHOCTU NePeBo3kU ¢,; MOXET bbiTb 3anucaHo B hopme

d, | fi(e)dz—d, | fi(xe)dz+c,; =0 (7.5.3)
Jrass]

(7 — noctaBwuk, j — nony4atens).

Dns pasgenedns cknanos na mHoxectea M7T u M~ wmoxHo, spe-
MEHHO OTBMIEKAACh OT TPAHCMOPTHbLIX PACXOROB, MUHWMU3MPOBATL CyMMY
wrpacos B cucTeme

Li=Y d, /(a; — S)fi(2) dz (7.5.4)
=/

APV YCAOBUM, YTO CYMMapPHBIA 3anac B CUCTENME OCTaeTCA HenamerHbIM. ud-
cpepenumpyn (7.5.4) no {S;}, npuxoanm Kk cucreme ypabHeHud 4R YCAOBHO
OATUMAAbHBIX 3aNacos

d@}of,(az)dm = dl?jfl(x)dx, i=2n,
3, 5 (7.5.5)

;5} = Zzi.

Wckatb kopHu Takol cucTembl yaobHo, safasasc Habopom sHadeHnit ogHo-
ro us {S’;} (AN onpefeneHHOCTU MOJCXKWUM, HTO 3TO 5’1 ). Hesasucumuisim
pelweHnem nepsoit rpynnbl ypasHeHuin (7.5.5) moxHo nonyuuts {S;(S;)}
ans i=73J.7m, a 3aTem n ux cymmy. Pelwan oTHocuTenbHo S; ypasHehue

n

YN Si(S) ==,
=1

=1
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HaxoAuM S| W, BLIPaBHUBAsA B3BELLEHHble BEPOATHOCTU AedbnUUTa, paccym-
Toisaem octansHsle {.S5;} . Oueugno,

ie MY, ecnn S <z,

7.5.6
teEM™, ecnum S >z ( )

Mipn S; = z; cknan B nepepacnpeneneHy he y4acTeyerT.

PaccmoTpum puHamuky msmenenus neson dactu (7.5.7) B npouecce
nepepacnpenenenun. flockonbky 3anac y nocTaBLiuka CHUXaeETCA, a y nony-
yaTens pacTeT, 2Ta cbyHkumna bynet BospactaTs. Ho ee 3HaueHue B onTumans-
HOW Touke paBHO Hynr. CnenoBaTenbHo, NpuM MCXOAHOM COCTOAHNMA 3aMacoB
AOJIKHO BbINONHATHLCA yCnosue

di/f,(l‘) diE—-dJ/fJ(II:) d.l‘+Cij <90 (757)

ONA BCeX Nap CKNafoB, yqacTeylowwnx b nepepacnpepenennu. [posepka aan-
HbIX COOTHOWeHMA nossonseT cpopmuposath MHoxectsa {U;} nonyuare-
neld cknana ¢ u mHoxectsa {V;} nocTaBMKoB cksiafa j M YTOMHUTL
CMWUCKN Nony4aTened ¥ NOCTABLUINKOB B CMbIC/IE UX COKpPalUeHNA.

HeTtpyaHo nokasaTb, 4To B fipolecce nepepacnpefefieHus HoBble Ha-
npasieHus LenecoobpasHbiX NEPEBO30K BO3HWKATh He MoryT. B camom aene,
MycTb CKNaf ¢ — MOCTaBWMK, j —— NojyyaTenb, a cknag k B nepepacnpe-
AeneHuu B HaYaibHbIA MOMEHT BPEMEHU HE y4acTByeT. JTO O3HayaeT, 4To
s S =z, S5 = z;

di/f,(x)dx - dk/fk(x)dx+c,-k >0,
S, 2k

dk/fk(x)dx - d]/fj(:r)da:—i-ckj 20
Zk S,

Ho 8 xofe nepepacnpeaenenns f;? fi{z) dx pacTeT, a f;j fi(z)dze ymens-
waetca. CneposaTensHo, CNMCKN NOCTaBLUMKOB W NoAyyaTened MOryT TONbKO
COKpaLLaTheA.

Bbinnwew ypasrenns (7.5.7) ans scex nap nepesosoK, uenecoobpas-
HbIX MPU WCXOAHOM COCTOAHMM 3araca, U NPOCYMMMPYEM WX KBagpaTbl Mo
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Ka»Xaomy NOCTaBWWKY W NONAYyHATENto. B pesysibTaTe UMeeM cucremy ypas-
HeHnR

2 2
(o) oo
U di ff,(a:) dr e Z dj f fj(.ﬁ) diL’—Cij = 0, iE ]W+,
5, Jjev, S,
o0 o 2
v; | d; [ fi(@)de - Sldi [ Jix)de+e;)] =0, jeM.
S, ZEVJ S.

(7.5.8)
3neck Yepes u; w v, obosnaqensl mouwHocTn MHoxecTs {/, u V) cooteer-
CTBEHHO.

Pelierune aToit cuctembl 41 onpefeneHns oNTUMaAbHbLIX 3aMacoB MO-
XKET NPOBOANTLCA OQHUM U3 YUCIEHHBIX MeToa0B — Hanpumep, no HoroTony
NN MeTonoM cKopeiwwero cnycka. Ha ka)kgom ware Heobxogumbi:

® KOHTPOJIb HECTPULIATEABHOCTHN 3aNacCoB ¥ NOCTaBlUNKOB,
e Npwu H606XO£\V\MOCTM — W3MeHerne uwara;
® WCKNHOYEHUE NEPEBO3OK, CTaBilUvX HepaUuMOHanbHbiMW,

® KoppekTupoBka coctasa mHoxecTs UV, Mt n M~ .

Pacuer {5} sakanuupaerca, korpa mHoxectso M ™ okaxeTcAa nycTbim
(oAHOBPEMEHHO OMYCTEIOT U BCe OCTasibHBIE MHOXECTBA).

Conoctaensns obvembl {S;} 3anacos Ha Ka>AOM cknaae nocne nepe-
pacnpepenieHUs ¢ Ha4afbHbIMIA 3anacamu, MOXHO ONpPenesnTb CYyMMapHbIRA
obbem NocTaeok, nosyyeHHbIx (OTAPaBAEHHbIX) AaHHbBIM CKNaaoM, U, peLlas
TPAHCNOPTHYO 3a1avy, HaNTK Hanbonee SKOHOMULHBIA NNaH NepeBO3OK, pea-
AnsyonA OKoHYaTenbHoe pacnpeaeneue {S7} . Obwasn cxema anroputma:

1) Pewan cuctemy (7.55), nony4uTb ycnosHo ONTMManbHble 3anachl
{9}

2) CdpopmnpoBaTh UCXOQHBIE MHOXECTBa NOCTAaBLUMKOB W NOAy4vaTened
cornacto (7.5.6).

(s 0]
3) Paccuurate npoussenenna d; f anseeex 1€ MY UM~ .

4) Ina scex j € M~ npunate V; nyctoim, v; = 0.

5) Ins scex § € M1 BrinoAHMTL cneaylowme onepauuu:
a) nonoxute U, nycteim, u; =0 i
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6) ana scex j € M~ , ynosnetsopstowux ycnosuo (7.5.7):
® 3aHeCTM j B MHoXecTBo [/, W 3amMeHUTb U, Ha u;+ 1,
® 3aHECTU i BO MHOXeCTBO V) W 3ameHnTs ¥, Ha v; + 1.

6) Onn secex ¢ € M1, ecan u; = 0, BbidepkHYTb CKNap ¢ ©3 4ucna
MOCTaBLIUKOB.

7) Onn secex j € M~ ecnu v; = 0, BblyepkHYTb CKAaa j M3 qucna
nony4aTesedt.

8) Pewan cuctemy ypasHenudd (7.5.8), HaiTn onTUManbHbie 3anach
*
{57}
9) CdropmuposaTh okoHUaTeNbHbIE MHOXECTBA NOCTABLUNKOB U NONyHa-
Tenel, AAA Hero ONA BCeX i:

® BbINUCAUTL ¢; = 5]

— 2,
e ecan ; > (J, OTHECTU 3TOT CKAAR K NoARydaTensm ¢ obiel no-

TPCSHOCTM‘O q; , uHade K nocTasllinKkam Cc Hann4nem —gq; .

10) PewmTb TpaHcnopTHyto 3aaa4y no Haubosiee aKOHOMUHHON NepesosKe
Fpy3a . @i OT MOCTaBLUMKOB K NosyHaTenaAm.
1€EM—
11) BbipaTb B kauecTse pesynbTaTa obbembl i Hanpas/ieHUs NePEBO3OK.

12) KoHeu anroputma.

Pewenne okasbipaeTcA 3Ha4YNTENLHO NpoOLLE NpyY PacnpeaeseHny BHeLU-
Hero nonoaHenua. [pegnonoxum, 4To BCA nNapTua ¢ npubbiBaer Ha yano-
BYIO CTaHUMWIO XKEIE3HOM OOPOrv W OTTYAa pacnpeaenAeTcs nNo ckaajam b
KonuuecTsax {¢,} c TpaHcrnopTHbiMM pacxofamn {c,q;}. Toraa dyHkums
3aTpaT npumMeT BUA

o]

L= Z (dj / (x — 2z, — ¢;)f, () de + cj;qj> (7.5.9)
i=1 2514,

n

npu ycnoeuu y_ g; = ¢. MeTon Heonpenenennsix mHoxuTenen Jlarpanxa
j=1
NPUBOAUT K CUCTEME ypaBHEHWU

o0

[ h@de = (e;+8)/d;,  j=Tm,

SR (7.5.10)
SSgi—q = 0.
i=1
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Pewienne 310t cnctemsl yaobHo noayumTs ¢ NOMOLULbLIO HE3aBNCHIMOrO Ofpe-

nenerus (z; + ¢j) no obpatHbIM yHKUNAM 33KOHOB pacnpefe/ienu cnpoca

ana dukcuposanroro £ us auanasona 0 < & < min;j{d; —¢;}. MNosTopns

pacHeT ONA pasSNdYHbIX 3Ha4eHURt £, MOXKHO AMMNPOKCHMUPOBATH 3aBUCH-
n

mocTb . ¢;(£€), nonyuuTe obpawatowee cymmy 8 ¢ 3Hadenne £ n, sep-
it

HyBLWKUCH K nepsoid rpynne ypasHenui (7.5.10), naintu nckombie {g;}.

7.5.2. MHoOroHoMeHK/JIaTypHbI{ 3anac

MHoroHoMeHK NaTypHan 3a1a4a Tak»Ke COCTONT U3 KBYX HacTei: cHab-
XKeHne CUCTeMbl B UENOM W pacnpegeneHine sanacos. Kak yxe oTmeuanocs,
ANA OPUEHTUPOBOYHBIX PaCcHeTOB 3aTPaT AOMNYCTMMO NAaHNPOBaHe NOCTABOK
B cucTemy no obuemy nepnoay cHabxkenna. CneqosaTtensHo, onTUManbHas
nepnoan4HoOCTe cHabXxerns

4

N
T = Qg,;/ZA,h,, (7.5.11)
r=1

a 061>eM NOCTaBOK MO HOMEHKNaType T
¢ = AT (7.5.12)

3apnaua pacripefeneHuns 3anaca B MHOTOHOMEHKIATYPHOW cucTeme
cTaByTcA B fByx BapuaHTax. Ecnu wrpadbl no otaenbHbiM HoMeHKAaTy-
paM Ha Ka)ioM CKjiaje CYMMUPYIOTCA, TO pelieHune MOXXeT ObliThb nony-
ueHo N -kpatHbiM (MO HWCAY HOMEHKNATYP) HE3ABUCUMBIM NPUMEHEHNEM
MeTOAWKN rpefbigyliero nogpasfena. [lpu sminnate wrpados Ha Kaxkgom
CKNlajie no MakcumymMy B3BelleHHoro gedulnTta HeobxoaNMO CBECTH K MUHK-
MyMY 3TU MaKCHMyMbl, Npyyem HeobXxOoQUMOCTL nepepacnpedeneHus byaeT
ONpefenaTbCA COCTOAHMEM 3anaca Ha AaHHOM ckjafde Mo BCeM HOMeHKNa-
Typam. B Takux cnyyasax B cucTeme Bcerga oKasbieaeTca ofHa Haumbosnee
AebunumnTHan («KNloHEBaA>) HOMEHKNATYPa, Ha/UYHbLIA 3anac no KOTOpo
NOAHOCTbIO ONpefenseT MUHUMANbHYIO cyMmy wTpacpos. B pesynbTate 3a-
Aaya pasbusaeTca Ha Tpu 2Tana:

1) BbiAeNINTb K/IOYEBYHO HOMEHKNATYPY,

2) onTumanbHbiv obpa3om pacnpeaennTs 3anac no Hed;
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3) pacnpenenuTs pecypcbi Mo OCTasbHbiM HOMEHKAATYpam Takuu obpa-
30M, 4TODBI WTpathbl MO HUM Ha BCex CKaafax He NpeBbilany wTpados
No KAoHEBON HOMEHKSATYpe, a TPAHCNOPTHLIE pacxogdbl BbiAN MuHN-
ManbHbl.

Haubonee BEPOATHDLIM KAaHAMAATOM B LKKJItOUEBbIE» CjefyeT CHUTATb Ty HO-
MeHKNaTypy, Ana KOTOpOVI MaKCuManbHa B3BeUWEHHaA BEPOATHOCTL HEJQOCTa-

oo
Y NO cuctTeme B HenoM, T.€. AOCTUraeTCA Illaxdr f fE r(x) de , rae dl’
r 2E,r
€CTb CpellHEE 3Ha4YeHuNe (l“' no BCem j. CXeMa BbIHUCAWUTEABHOIO Npouecca
BbirNAQNT CACAYIOUINM 06pa30M:

1) Paccumtath cymmapHble 3anacst {zg .} NO BCEM HOMEHKNATypam.
_ o0
2) Boiuncnuts saseientbie sepoathoctn dp [ fy (@) dz w soibpate

28,
HOMEHKMATYPy 70, AJA KOTOPOi 3TO NpousseaeHite MAKCManbHO.

3) Ons Homenknatypsl Pp NPUMeEHeHUeM METOANKU NPefbiAyuiero pas-
[ena paccHyUTaTh NO BCEW CKAadam j HOpMaTMBHbLIC 3anacki { J,_U}

4) PelwinTb ypasHeHn

/ Sye)fir(x) dz = dyy, /(

oTHocuTenpHo 3anacos {S;}, j=1n, r=1N.

Syra)fyra () - (7.5.13)

noo.
5) BoiumcnuTh ana Bcex HOMEHKNATYP T PasHOCTU ¢r = » . Spr— ) Zjr
3=1 =

#

]

meXxny 3anacom, Heobxopumbiv anA Bbpastusanan wrpados nog 7o, |

W nMeroulnmca B Hann4dmnu

6) Ecnu mexpy 3TumMu pasHOCTAMU HET NONOMUTENbHBIX, NEPERTI
K aTtany 8.

7) Buibpatb HomeHkNaTypy 71, AR KOTOPOR ¢, MAKCUMAABHO.
3ameruTb T Ha r; flepeittu k sTany 3.

8) Paccuutate pasHocTu ¢, = z;r — S, MO BCEM CKNADAM 1 HOMEHK /13-
Typam.

9) Cdbopmuposats 3HaueHus M3BbITKOB No Bcem j w I

AT = Dry 8CIM Gy > 0;
I 0 WHaue.
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10) Ccbopmuposath snadenus AeddMUNTOB NO BCeM j U 1

A = {——qu, ecan ¢jr < 0;
4 0 nHaue

11) 3anecn {AL} w {A}r} 8 Tabauuy nOCTaHOBKW TPaHCMOPTHOM
3afaum.

12) Npuctynute Kk Bbibopy obbemos Nepesosok {g;r} No MuHUMymy
TpaHCMOpTHbIX 3aTpaT (B Npouecce MUHMMMU3AUWW 3aTpaT Mbl bypewm
WCMONb30BaTh OBBLIYHO BeINONHAEMEIE Ha NPAKTHKE YCNOBUA €, =
€,y - Cr ), ANA Hero.

a) Beibpare min, ; ¢,

" AT AT

6) [Ana panHon napel cknafos BoIMUCAUTS ¢iyr = min{A;; AT} u
CKOPPEKTUPOBATL OCTATKMA MYTEM WX YMEHbLIEHUA Ha (5, . [Ipo-
AenaTb 3Ty onepaunto AAA Bcex . Ecnum va cknane j sce {AJ’T}
OKasannch PaBHbIMU HYAO, UCKNOYUTL CKAAA j U3 Hucna nony-
yatenen. Ecau Ha cknape 1 Bee {Aj,,} OKa3anuch Hynesbimu,

BbiMEPKHYTL CKAag 1 na 4yucna noCcTaBLUKOB.

8) [Inn Toi e napbi CKNafoB BLIUUCAUTL OOBEMbI NMEPEBO3OK BO
— ind AT A
BCTPEYHOM HanpasieHun ¢, = mm{AJr,A”}, CKOpPeKTHpo-
BaTb OCTAaTKK W CMWCKKU NOJtyHatenei U NocTaBLNKOB.

r) Mposeputs, ocTanca nu xoTb oauH noayvatens (UHaue rosops,
ecTb AW MONOXKUTENbHBLIA feduunT A;r) Ecnu octancs, Hatitu
MUHMMaNbHLIR SeMeHT 8 ocTaBliedcs JacTy Tabauubl. TlepeiTu
K wary 6).

13) KoHey anroputma.

3ameTum, 4TO NPeANOXeHHbIA B QAHHOW 3ajade MHOTOMEPHbBIA aHa-
NOr MeTOAa MUHUMaNAbHOFO DNEMEHTa HaXOXAEHUA ONOPHOFO MlaHa TpaHc-
NOPTHOM 3afayn ANHeRHOro NpPorpamMmMuposanna He TpebyeT ncuepnanuna
W3/INLLKOB Y BCEX NOCTABLUMKOB, HEODXOQUWO AWLUb NOKPLITUE [echnuuynToB
(Mpn 3Tom fo KAOHEBON HOMEHKNATYPE OQHOBPEMEHHO 3aKPbIBAIOTCA W N3~
ANLWKK).

CoBeplueHHo aHafor4Ho pelaeTcs ¥ 3agada O pacnpegesieHunn
npunbbiBLero 8 CUCTEMY NONOAHEHNA NO HECKOLKIM HOMEHKAATYpam: npea-
BAPUTENBHO BLIABAAETCA Camas gepuuUMTHAR HOMEHKNaTypa, ¥ Ans Hee
pewaetca cnctema ypasHenun (7.5.10). [lanee Hesasucumsbim pewserven
ypasreHun (7.5 13) onpepenatotcs HeobxopuMbie 3anachl, NOACHNTLIBAETCA
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MX CYMMa U CpaBHWBaeTCA ¢ pacrionaraemblM pesepsom. OKOHYATENBHO Bbl-
LENVNB KNHOHEBYHO HOMEHKATYPY, BHOBb peiiaeM cucTemy ypasHenui (7.5.10)
W HasHa4aem obbem nocTaBoK ¢jr NO BCEM J, 7 A0 ypaBHMBaHWA WTpachos.
NanuwHsan 8 ykasaHHOM CMbICE HaCTb NOCTaBOK HanpaenAeTca rno Hanbonee
AeWeBbiM MaplpyTam ¢ yHeTOM Hanm4na ceobogHoOro mecTa Ha ckiajax.
3apaum co cnocobom pacyeTa WTpachoB, OTAUYUHBIM OT MaKCMMalib-
HOTO B3BelledHOTO AehnunTa, MOryT ObiTh PellieHbl NO aHANOTUYHON CXEeME,

HeBonbiwas MORUUKALMA NPEaNOKEHHBIX anropuTMOB NO3BONAET
NOAY4UTE MNPUBAUIKEHHYIO METOANKY PELIeHWA 3amaqvi C YHeToM hukcupo-
BaHHbIX COCTABNAKOWNX {¢i;} no mapwpyTy 7 — j. [lna sToro Heobxoaumo
BCAKWA Pa3s CONOCTABAATL BLIAMPLIL OT YMEHBLUEHUA WTPachOB ¢ TPaHCMOpT-
HbIMN pacxofami. B 4acTHOCTW, ANA OJHOPOAHOrO CAyYas 3TO YMeHblile-
HWe WTpapa 3a BLIHETOM PaCcXOHOB, NPOMOPLIMOHAIbHBIX OBbeMy nepesosky,
COCTABUT 7

o] o0
Aij =di [ (&=8 —q)fi(@)de+d; [ (257 +q;)f;()da
S:+q1] S;_(Il]
el o

- d, J (:l? — S;‘)fz(ﬂ}) dr — djs“{ (.”B - S;)fj(a;) dr — Coy iz -

7

n

Pasbus nepeble ABa UHTErpana Ha Aba charaemMbiX, MOXHO NOKa3aTh, HTO

57 +q:; S;
Bij= — di Sf (ﬂf—Sf)fi(Jf)d$+dj5 [ (@=8))f(x)de
N ;"'QW
+ g, |d; [ fi@)de—d; [ fi(z)dz - cij
57 —qu; Stt+q;,

Ina maneix obvemos nepeposok {¢;;} conepxumoe KsaapaTHbIX cKobok
MOXHO NpupasHATe Hynwo. [IpumerHus Teopemy o cpeanem, umeem

g
2
Echw Ajj > gij, Takan nepesoska ssaseTca onpasnaHHon. B npoTtusHom
c/y4Hae OoHa JONIXKHa BbITE MCKTOYEHA. npOBepMB BCE BO3MOXXHbIE NepeBO3-
KW W 3anpeTue HEBbLITC[HbIE, HeosXO.U.MMO BHOBb BEpPHYTbCA K anropnimy
pasf. 7.5.1 v T.4. — RO Tex Nop, NoKa He oBHaPYyXXMUTCA, HTO BCE OCTaBLUMECA

nepeBo3Kn BbirogHbl. ﬂocxsenHme Nony4vYeHHbIR AaH NEPEBO30K CHMTaeTcA
OKOHYaTeNnbHbIM.

Aij Y [djfj(S; — qij/?) — d,‘f,’(S{ -+ q,'j/2)]. (7.5.14)
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7.6. JIuHelinble MHOTOKacKalHbIE
CUCTEeMbl CHAaOXenusa

Moo nuHedHon cUCTeMON CHabXXeHun NoHUMaeTcs Lenb CKAaAoB, U3
KOTOPbIX KaXk Abil NocnefyioUIl YAOBIETBOPALET 3aABKI NpeablAYLero, Npu-
uem NoBoR nocTaBlMK umeeT TONLKO oaHoro notpebutens. Takas cxewma,
pasymeercs, nuilb BecbMa NpPUBNUIKEHHO ONYCLIBAET peaslbHble SLIENOHU-
poBaHHble CMCTEMbI. [eM He MeHee OHa 3ac/yKUBAET BHUMAHWA, MOCKObKY
NpU OTHOCUTENLHOA NPOCTOTE MOAGAN COXPAHALT KAaUeCTBEHHOE cBoeobpasne
SLWENOHNPOBaHHBIX CMCTEM.

Bonbwunerso paboT no ynpaBneHuto 3anacamu npegnonaraeT Hesa-
BUCUMMOCTb 3afepXXKu BbinonHenus TpebosaHuii oT obbvema sTux Tpebosa-
Hui. Takoe ponylieHne HEBEPHO OAA MHOFOKACKaAHbIX CUCTEM, FAe Bpems
3apnepXku ByaeT onpefenATbCA TEKYWMMK YPOBHAMM 33MacCa B PasinHHbIX
ee 3BeHbAX. JTa 3ajepXkKa, Boobiie rosopa, Byner cocTonTb U3 cayvaRHo-
TO “MCNa BEPOATHOCTHLIX cnaraembix. Kpome Toro, orpannyennocTs 3anacos
B BbICIUAX 3BEHLAX CUCTEMblI MOXET MPUBECTW K HEMONHOMY YLOBAETBOpPE-
Huto TpeboBaHuil HUawero 3seHa. [1pu aToM ycaoBUe oNTUManoHocTi obbema
NOCTaBKW, NOAYYEHHOE METOAAMW NPEALUECTBYIOWMNX I/1aB, OKaXKETCA Hapy-
LIEHHbIM, W PacxOAbl B HUXKHEM 3BEHE OTKJOHATCA OT CBOEro MWHUMYMa,
OnTumanbHas cTpaTerus B SLUENOHNPOBAHHOM CUCTEME ROJIXKHA CTPOUTHCSA C
YHETOM TaKo# BOBMOMKHOCTH.

dns  nanocTpauun  MeTogoB  UCCNefoBaHUs  IMHERHbLIX  CUCTEM
pPaccMOTPUM CTaTUHECKYIO 3afadqy W3 TPex3BeHHOR uenu cknagos 1, 2 u 3,
XPaHAWMX NPOJYKTHI NPOM3BOACTBERHOrG npouecca (1 — okoH4aTensHbIR
NPOAYKT, 2 — npomexxyTouHbin, 3 — chipbe)l. Cnpoc Ha womeuHbili npo-
AyKT 3a nepuoa 1, Ha KOTOPbIN CO30aeTCA 3anac, UMeeT UIBECTHYIO MJI0T-
HocTb pacnpegenetna f(z) . byaem cyurate, 4To npn aeduunte Ha ckNage
1 BbINAa4YMBaeTCA WTpad No ueHe d, Ha eguHULY JedUUMTa U HEYAOBIETBO-
PeHHbIA CNPOC NepeaaeTcs B ciegyrowiee apeHo, [lonoxum Aanee, 4To 3anac
BO BCEX 3BEHbAX WCHWCIAETCA B pacyeTe Ha eAUHWNLY KOHEYHOTO MPOAYKTa.
EcTtecTBento cunTath, 4To uenbl xpanenna {h;} Bo3pacTaroT ¢ nosbiweHnem
FOTOBHOCTA NPOAYKTa, YTO AeNaeT HEBLIFOLHLIM XPAHEHUE TOMBKO npegme-
ToB HeNocpeacTBeHHoro cnpoca. Pacxoabl Ha xpaHeHue npumMen nponopuno-
Has/bHbLIMU OCTaTKy MPOAYKTa Ha Kaxaom cknage. Heobxoaumo nantu Takne
BenUUnHbl 3anacos {S;}, npu KoTopbix obiiue pacxopbl L Ha xpaHeHune

1()‘IGBI/IILHO NpUMEHEHLE 3701 cXeMbl K 3a1a4aM TECOPHUH HaAIEAKHOCTH NpH pacyeTre
HHCTTa 3TIEeMEHTOB, HAXOAAUIMXCA B TOPAYEM, TEIJIOM U XOJOIHOM pesepBax.
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wTpad BYAYT MUHMMANLHbI.
B saBucumocTy oT BeSMUMHBI cripoca pacyeTHbie hopmyabt byayT pas-
AnuHbl. Wmenno:

Ly = (S —2)+h5 + h3Ss, 0<z <S5,
L, = dl(l‘ ‘—51) +h2(51 + 52 — ©) + haSs,
S <z <S5+ 852,
L: = di(z=8S1)+do(z— 51— 52)+ha(S1 + 52+ 5 — ),
St 4+ 5 <r <5 + 5+ 5.
Lqs = d1(.L‘—-Sl)+d2(.’L‘—-51—Sz)-{-ds(.t[‘—S]—SQ—Se,),

r>S1+5+5:

Mpocymmunposas {L;} c y4eTom BEPOATHOCTU COOTBETCTBYIOLIMX COBBITNRA,
fl0C1e NepPerpynnmpoBKY 4J1IEHOB NOayHaem MaTeMaTU4eCKoe OXKMAaHWe 3a-
TpaT:

Sl 5]
L = (h151 + thg + hgsg)/f(l‘) dx — hl /.’L‘f(.’[ﬁ) dzx
4] 0
S145, S1+S2
+  [ho(S1 + S2) + haSs) / flz)de — hs / zf(x)de
S 5,
S1+52+53 S1452+5s
+  h3(S1+ Sz + S3) / flx)dz — hg / zf(x)de
S1+S52 S1+S2
S, SI+S2
— di 5 I:l—/f(l) dm} —-dg(Sl +Sg) |:1— / f(l) d.T:I
0 0
51452453
— d3(S1 + 5o + 53) [1 - / f(a:) dr]
0
oo o 00
+ dlfr_f(m)dx+dg / rf(z)dr +ds / zf(z)de.
Sy 814853 S14+S2+53
Boluncanm wactHele npouwssogHbie GL/OS, i = 1,3, n npupasHaem ux

51 SI+S'2
wyato [Ana ynpowenus nonoxum [ f(z)de = m, [ fla)de = m.
0 §
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S1+52+8s .

f(z)dz = m3. B peaynbTaTe npuxoaum K cuCTeMe ypaBHeHuf,
S1+52

AIMHERHBIX OTHOCUTeNbHO {7} :

Mw
i

mi{di +dy+dz + hy) + malda+ds+ha) + w3(dz+ h3) =

i

m1(ds + d3 + h3) + malda +ds+ ho) + ma(ds+ hs) = Zg:qdi,
71(ds + ha) + ma(dz + h3) + maldzs+ h3) = d;.
Onpeaenutens atoih cuctembl
A = (dy + ho — h3)(di + hy — ho)(d3 + hs). (7.6.1)

Mo ycnoeuto, hy > hy > hs. Kpome Toro, uenbl wrpadda Bbie cTonmo-
cteit xpavenua. CnegosatenbHo, A > 0, n cucTema MMeeT eQUHCTBEHHOE
pewenne. Haxogum ocTansHble onpegennTeni:

dl(dg + }13)(d2 + hy — 1)3),
As

2 (ds + ha)ldi(hs — ha) + da(h1 — R2)],
A3 = (dl + hl _ hg)[d:g(hg — h3) - d2h3].

A

i

It

Takunm obpasou,

ik di+hy ~ he’
di(hs — ha) + da({hy — hs) .
Y = , 7.6.2
2 (da+ hy — h3)(d1 + h1 — ho) ( )
da(ha = h3) — dahs
Ty =

(da + hy — h3){ds + ha)’

BaeneM Tenepb HOBble NEpeMEHHbLIE

71-1 = ™,
= w4+, (7.6.3)
™ = m 4w+

Moactasnsn 8 (7.6.3) paree HahaenHble T, Ty U T3, UMeeM
ﬂ'o = —dl
! dy + hy —hy’
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d
0 _ 2
i oy me T i (7.6.4)
ds
0 —_
s s+ ha

C nowmoubto (7.6 4) no Tabnnuam UHTErpanbHOrO 3aKOHa pacnpeAenerns
F(zr) cnpoca Ha KOHeUHbIA NPOAYKT MNWN HENOCPEACTBEHHbIM BbIYUCIEHUEM
MoxHo Haltm 51,57 + S n 51+ Sy + Sz, a satem u camy MCKOMble
nepemeHHbie.

o cux nop mbi cyntanu sce ennumHbl {m;} NonoXxuTenbHbIMK
[fonydum Heobxopnmble U JoCTaTodkbie YCAOBMA CMPaBeganBOCTiA STOro
npegnonoxeuna. AHanns cuctembt (7.6.2) ¢ yueTom McxoaHbix pomnyLleHni
noKasbiBaeT, 4To

1) m scerna bonbiue Hyna;

2) w2 >0, ecnu di(he — hg) < do(hy — ha), nam
dy dsy

S 7.6.5
hl-—-h2<h2—-h3 ( )
3) 73> 0, ecnu dé(hg — hg) > dshz, wan /
dy ds

P < T (7.6.6)
CneposaTensHo, sce {m;} nonoxuTenbrbl, Koraa
dq ds ds

- —. 7.6.7

hl——h2<hg—h3<hg ( )

Obwmii anropuTm pacdeTa TPEX3BEHHOR NUHERAHOW CNCTEMbI:

1) Beluucante m, cornacto nepsomy us ypasHenui (7 6.2).

2) Ecnu yenosue (7 6.5) BbinonHeHo, BeiNncANTs To NO BTOPOMY M3
ypasHeruit (7.6.2), nnade nonoxuts m = 0.

3) Ecnu ycnosue (7 6 6) noxHo, nonoxuts 73 = 0. NHaye

e ecan m3 > 0, BMUNCAUTL T3 MO TpeTbeMmy W3 ypasHenuit (7.6.2),

e nHaye nonoxuts w3 = ds/(d3+hg)—m (270 TpeTbe ypaBHeHne
NCXONHOW CUCTEMbI C MOACTAHOBKOM B Hero mp = 0 ).
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4) CornacHo (7.6.3) paccuntats {ﬂfo)} .
5) HaTu cooTBeTcTByIOWNE UM KBAHTWUAW pacnpeneneHni.

6) Koweu anroputma.

7.7. ACY cHabxeHueM: ONIBIT U NPODBJIeMBI

Mpouecc nonyuenna nHcbopmaumn npu pyyHon obpaboTke saHumaeT
40-70% spemenn onepaTusHbIX paboTHUKOB cucTembl cHabxenus. [penmy-
WecTBa Hay4HOro YNpaBAeHM” 3anacamMu B cucTemax cHabxenna moryT 6biTh
Peann3oBaHbl TOMBKO C NOMOULBIO COOTBETCTBYIOLUX 2BTOMATUSUPOBAHHBIX
cuctem ynpasnenun (ACY). B skoHomuuecki pasenTbix cTpaHax 37o Bbino
OCO3HaHO [QOCTaTO4YHO AaBHO. B NOATBEPXKAEHUE HAaNOMHKUM YNTaTento pac-
WrbpoBKY HanMeHoBaHWA KpynHeduwed kopnopauwu |IBM — International
Business Machines, a takxe paty cosganus aswbika Cobol (Commertial
Oriented Business Language) — 1960 r. B finonuu no coctosnuto Ha anpessb
1970 r ws 6700 2BM ncnonbsosannce 8 Toprosne 1116,

Buenperinto ACY cnabxernem 8 CCCP (naumnas ¢ 1965 r.) 6bin
NPUCYLL PAA NPOCHETOB CTPATErn4ECKOro M TaKTudeckoro xapaktepa [81].
OcHoBbl HenpaBuAbHON cTpaTeru 3aKNaAbiBaUCh Ha BbICWEM YpOBHE TO-
rOaWwHero pyKkoBOACTBA, OTCTANOCTb KOTOPOrO B Hay+4HOW MOArOTOBKE NO-
POXOana HeroHWMaHwe CUTYaUWW B LESIOM, NOTEHUNAMbHbIX BO3MOMHO-
crer ACY wu ux rpaHuu, ycnosui ycnewHoro npumenenns. Pykosoamn-
TENN OPWEHTUPOBAAUCH Ha ABTOMATUZAUMIO pPELUEHMS TPAAULNOHHBLIX 3a-
na4 («6onbwoi apucpMomMeTp») NPy COXpaHeHWN HeN3MEHHbBIMI CTPYKTYPbI
opraHusauun n chopM ynpaBreHUn, CHUTANN HeoBXOAUMbIM «AAA HaneX-
HocTu» OyBnupoBaTh MallWHHbIA cHeT py4Hbim. OnaceHne 3a npecTu>x #
DOMKHOCT U XKenaHue NoKasaTbcA Ha rpebHe Hay4HO-TexHW4ecKoh peso-
Arounn BbiHyXaano dopenposats paspabotku ACY chabxervem. Mexay
Tem npoektuposatue ACY ceasaHo ¢ coBMecTHOR paboToh cneunanncTos nNo
BBIYUCANTENBHON TeXHUKE, MAaTEMaTNKOB 1 SKOHOMWUCTOB, TOABKO AOCTUXE-
HNe B3aWMOMNOHWMaHWA MeXay KoTopbimu Tpebosano 3—-4 ner. Ho sa sT0
Bpems Tpebosanock BeipaTe rotosyto ACY!! Paspabotumkn HepooueHunu
CNOXHOCTb W HOBM3HY npobnembl, He NPOBENK MOUCKOBbIE MCCNEAOBAHMA,
He yunn 3apybexHblit onwiT. Mano BHUMaHUs yRensanock LeHTpanUsaLun v
Tunnsauny paspaboTkn NporpaMm, CpeacTBam W TEXHOAOTUM HACTPORKK Ha
KOHKDPETHbIE YCIOBUR, YHUDUKALNU JOKYMEHTALMY, HOMEHKNATOPOB NPOAYK-
unn, ckeosHol uHTerpaumm cuctem. Bee 5To obHapykusanock ha 3aseplia-
toLumnx sTanax U Tpebosano raobanbhbix nepeaenok. Ectectsennko, 4To npu

-231-

5TOM MOr/N BbiTh peann3osaHbl TONbKO (paemernmat neobxoaumoro uenoro,
KOTOpble fenaloTcn slerye n bbicTpee (yueTHO-CTaTUCTUHECKMAE 3a34M).

CpeaHee 3BeHo ynpasneHues BOME3HEHHO BOCMPUHUMANO CyXXeHue
cchepbl CBoel QeATeNbHOCTN, pe3kuit pocT TpeboBaHuil K KauecTsy uHOp-
Mauum 1 ee aHanusy. | peboBanock onpenennTs coctas Tpebyembix QaHHbLIX,
UX CTPYKTYpYy n cnocob npeactasnexun, paspabotate Habop knaccudukato-
pos (MPOAYKLMA; NOCTABLUNKN W NOTpebUTenn; MUHUCTEPCTBA N BEROMCTBa;
yenyru 1 paboThi; UX UCNONHUTENU; OCHOBHbie BOHALI, 3AaHUA N COOPY-
MEHUA; TPAH3NTHbIE HOPMbI; TapuddHble COPABOYHUKMN, BUALI Tapbl U T.4.).
Hapnexano cobpath u cuctemaTnanposaTh COBCTBEHHO faHHble — pa3me-
weHmne obbekTos cucTembl, cnpoc, Tapudbl, NPAMbie CBA3W, NPOAYMATh Tex-
HWYeCKWe CPERCTBA M OPraHu3aunoHHbie chopmbl X obHOBAEHNA N nepecHeTa
«no cpakty». WagaHHoe no sToMmy nosody so mcnonHenne nopydenna [lpe-
auanyma Coseta MunncTtpos noctavosnenve Tocnnana ot 10 mapra 1971 r.
CBOEBPEMEHHO BbINOIHEHO He bbino. [lokymerThl 0Ka3aNnch pasHOTUAHBIMU
10 oTpacisam, YacTb WHGOPMaLUN — BLIBOAMMOA U3 APYrHUX CBEAEHWUA W no-
TomMy u3bbiTouHol. B To ke Bpema BbiAcHWMAMCH W ynyweHua, muororo (8
ocobeHHOCTU fAna peltenus 3agay onTumusalum) nepgoctasano. WHdopma-
UMs OKasanach He npucnocobneHHol [N Nepegaqn No Kakanam CBA3N.

No3xe ToccHab nposen paboty no yHudmkaumu [81, c¢. 170, cHusme-
wyto 4ucno copm ¢ 1015 no 41 — Ho ToNbKO ANs BEPXHUX YPOBHER CU-
cTembl ynpasneHna cHabxxenvem. BHusy Tak n octanca pasHobof, oTuactu
NOPOMXAABLWNICA PAa3HOTUNHOCTLIO YCTPOWCTE NOATOTOBKYA MEPBAYHON WH-
popmMatiun. HBHO HEROCTATOHHOE BHUMAaHUE YAGNANOCH NPOBEPKE MPaBub-
HOCTU BBOAA W BbIMNOJIHEHHBIX BbIMUCAEHNA (KOHTPOSILHBIM KOAUPOBaHeM n
CYMMNpOBaHNEM ).

MatepuanbHas sanntepecosattocts 8o sHeaperunt ACY chabxeHvem
Ha Bcex ypoBHsX oTcyTcTsosana. He Bbino caoeBpementio ocosnaro (1 pasb-
ACHeHO cTapbim Kagpam), 4To IBM nHapo ncnonbsosath He samecmo venose-
Ka, a emecme ¢ Hum (Ho obyuenHbin). CuTyauns muorokpatho ycyrybunace
YYNOBULLHOM CTOMMOCTBIO, HU3KOM HAAEXHOCTLIO U «HEAPYKECTBEHHOCTbIO
K nonesosatento» JBM nepsoix nokonennn. Mawmnnbl knacca «Munck» no-
cnegoBaTebHbIX cepui He bbinu nporpammto copmecTumbimu, flporpammsl
ANA SKOHOMUYECKUX 33434 — BCE MHOTOKPATHOrO NCNO/Ib30BaHNA — HE KO-
NAEKCUPOBANNCH B LIENOYKI RO NCXOAHBIM RarHubim,. He Boina Boinepxana
obljas cucrtema nporpamMmMupoBaHus.

Tem He meHee bbli nprobpeTel U BeccrnopHO MONOXKUTENBHBIA ONMBIT.
Yaanoce oTpaboTaTh cXaTue vHpopMaLtie, NNAHUPOBaHNE W YHET B YKpyN-
HeHHOM HomeHknaType (B BepxHMX 3BeHbsx). bbino BbiAcHeHo, 4To Ans
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AOCTOBEPHOFO NAAHUPOBAHMA NPaKTMYECKN AoCTaToueH aeTanbHbili obcueT
kpynHbix notpebutenen (sce ToT xe npunumn 20/80 %). Bonee 90% sdbdbek-
Ta, nonydenHoro & 8-n naTnnerke B opranmsaunax [occHaba, Goino pocrur-
HYTO Ha HETPAAWUMOHHBLIX ONTUMaNbHBLIX 3afavax (a wux Guino mexee 10%
ot obwero uncna asTomaTuauposaHHbix). Hanpumep, peuwenue zagaum no
nepepacnpeaeneHmnio NponssoacTBa J1akos W KpacoK no 8 sasoaaMm CHU3MAO
3aTpaTbl Ha ux waroTosneHue Ha 700 Twic. pyb. 8 roa. lNepennanvposanne
3arpyakn TpyBHbIX CTaHOB NO3BOAWAO fononHuTensHo npomnasecty 200 Teic.
TolH aednunTHbix TPyb. MonHomMacwTabHoe BHeRpeHE ONTUMANBHBIX Ria-
HOB NepeBo30K Aano Bblurpbiw B 170 maH. pybnen. Ketatn sametum, uto o1
KOMMIEKCHOFO BHELPEHUA HAaYUHbBIX DOCTUXXEHWA B YNPaBAEHNE aMePUKAaHLbl
oxwnnanw exerogroro goxofa s 40 mapa. aonn. Mo aannoim Crandopackoro
yHupepcuTeta, oT ocHawennsd ACY 5000 cxnagos CLUA oxuganack exeroa-
HasA sKoHomus B 250 man. gonn.

C y4eTom HakonneHHoro ofbita B 9-i naTunerke obbem KanuTaso-
gnoxenni 8 ACY bbin yeenunuen g 6 paa.

Takum obpasom, nakaHywe nepectpoitku 8 CCCP cnoxunuce yuu-

KaabHO BraronpunATHbiE YCNOBUA ASA PEanbHOMO Nepexofa K HayqHoMy ynpa-
BJECHMIO 3anacamu; :

& CoCpefOoTOYHYEHUE B pyKaX FrocyfapcTBa SKOHOMUYECKUX U agMmuHuNCTpa-
TUBHBIX pbI4aros ynpabaeHUA SKOHOMWNKOMN;

® OCO3HaHue KakK pepxaMu, Tak U HU3aMil aKTyanbHOCTU pauuoHaNbHOro
ynpasaenuna sanacamu;

@ [OCTaTo4Hbiit TEOpPeTUYECKWA 3a0es1 NO ynpasieHWo 3anacamu,

® LWNPOKOE BHEAPEHNE TEOPNN 3anacop B YHCGHbH'/t Npouece NOArOTOBKN
SKOHOMWCTOB W OpraHn3aTopos NPoU3BOACTBA;

e Gonswoit (NycTs HeyAauHbIR, HO NPABUABHO OCMBICAEHHBIR ) OMBIT pas-
pabotkn ACY cHabxenunem;

® MOABIIEHUNE BLICOKONPON3BOANUTENbHBIX, HaAEXKHBIX N Hegoporux [19BM
W yHUBEPCaNLHOro nporpamMmHoro obecnedenus ux (odbuckHble cucte-
Mbl, CUCTEMbI yNpaBaeHusn basamu faHHbIX).

Bce 57U dhakTophl MMEOT MECTO U celvac — Yy «eCTECTBEHHbIX MOHONOAN-
ctoB» Tuna lasnpoma, PAQO EC, muHncTepcTe nyTen coobusenusn, obopotbl
u T.0. Opnaxko metoant TY3 akTyanbhbl ¥ B poiHO4HON 3KOHOMUKE — OT
YAOMAHYTHIX FUFAHTOB A0 NPOMbBILAEHHOrO WAW arponpearpuaTUA U faxe
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pbiHOMHOTO fapeka. KcTaTh, NMPRATHO OTMETUTH, 4TO Kadpoe npuobpere-
HUe B Napbke cevac hPUKCUPYETCA MPORABUOM C TOYHbiWM YKasaHuem Ky-
MAEHHOro =~ HEeCOMHEHHO, B LEAAX ONTUMANbHOrC ynpassleHUA 3anacamu
(B 3aBuCUMOCTH OT 0BpasopaHnA — B BLITOBOM WM HayHHOM CMbICNE).
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Yactp 111

IIpoGaema
3allacHbIX dacTeu
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I'nmaBa 8

CHabOxxeHue
3allaCHBIMY YacTIMU

8.1. Cnenuduka npobdbiieMbl

MonoMKku cnyqaloTca Ha caMbiX COBpeMEHHBIX MPEANPUATUAX W DeK-
TPOCTaHUMAX, NpKU 3KCNAyaTauun Hanbonee cosepLuerHbiX NOTpebuTenbeKmMx
npoaykTtos (asTomobunu, BuaeoTexHuka, nepcoHanbHule IBM), B cynepHa-
AEXHOM aBNauUMM M B CUCTEMax BOEHHOTO Ha3Ha4eHWs, ONUPAOLMXCA Ha
Hosedwume TexHosormu Kakosa 6bi HU Bbina npuumHa oTKasa, Ans noTpe-
buTenell oyeHb BaXkeH KOahpULNEHT FOTOBHOCTU CUCTEMbI, 3aBUCALUMA OT
BO3MOIKHOCTM 3aMeHbi OTKasasuiero ysna Bens Gonbwoin ylwepb moxeT GbiTh
npudnHeH faxke 3a manoe ppemsa. OueHb CyliecTBeHHa fesiosas penyTauua B
cunbHO KoHKypeHTHOM Bushece (19BM), B ocobennocTu nopaepxanue ra-
paHTuposaHHoro obcnyxusarusa. [lpumepsl kKpuTndeckux cuctem: ynpasne-
HVe BO3RYLWIHLIM ABXKeHuem, ssnekTpoHHbie CMU, cucrembr moanepxanus
JKN3HE[EATENLHOCTU B FOCNNTANAX, CUCTEMbI BOEGHHOrO HasHaveHns Kawoue-
BbIM D/1IEMEHTOM MOAAEPXKaHUA FrOTOBHOCTEN CNOMHbIX TEXHUYECKUX CUCTEM
asnnetca UM,

3WMom obbiuso HasbIBAKOT KOMMNAEKT 3aMacHbiX DAEMEHTOB, NpegHa-
3HaueHHbIX ONA NOAAEPXaHUA TexHUKU B pabotocnocobHom cocTosHum B
TeueHne pacyeTHoro cpoka ee akcnayatauun. B UM yacto sknrovator cne-
UMaNbHbBIA UHCTPYMEHT, MPUHARIEIKHOCTY U HECTaHAapTHbIE MaTepuansb

Oaurounsin komrnekt 31 npeanasnadeH nnsa Tekywero peMonTa
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annapaTypbl NyTeM 3aMeHbl HEWCMPABHBIX SEMEHTOB, @ TaKXXe LR NpoBe-
aeHus npocbunakTmyeckux paboT u HacTpoRKM annapaTypbl B SKcCRayaTa-
unoHubix yenosuax. Opunounsin 3WT npupaetcs ogHomy onpenesneHHoMy
N3HeNUnIo,

[pynnosoit komnnekt 3UM cayxut gnsa nononHeHusa oOauHOYHOrO
32 n obecnedernn TexHUKU Temy dneMeHTamMil, KOTOPbIX HET B OAUHOY-
tvom 3MMe [pynnoeon KomnnekT npuaaeTcsa rpynne us n arperatos. Kak
npasuno. komnaekTbl 3Wlla noctasnawoTcs BMecTe € U3AENMAMN 3aBOLOM-
nsrotosutenem. B npouecce skcnnyaTaumu annapatypst komnnektol 3MMa
NOMNONHAIOTCA® OAMHOYHbIA — 3a CHET rpynnoBoro, a rpynnoBoA — co Creumn-
aNbHOFO CKaja nan 13 oprava cHabxxeHus. Takne snemvenThl Hasosem 3WT]-
poccbinsto. MNononnenne 3NMa moxeT NnposofuTLCA cpasy Nocae U3BATUA K3
Hero snemMeHTa AAA YCTAHOBKW B annapaTypy Waw Yepes onpedefieHHble UH-
TepBasbl sBpemenn. HetpyaHo suaets, yto socnonnenne 3NMMa aHanoruuno
npoueccam, NPOUCXOAALMUM 8 CUCTEMAX CHAaDXeHUs NUpaMuaanbHON CTpYK-
TYpbI.

Croumocts 3MIMa o0bbiuHO NpUBOANTCA K CTOUMOCTI OAUHOHHOIO KONM-
nnekTa gobasneHnem K Hed n - 4acTh CTOUMOCTMN rPYNMoOBOro.

NsroTosutenn MalwyH cTaparoTca ONTUMM3NPOBATL HOMEHKNATYPY U
cocTas 3N, BkNtouan B aCCOPTUMEHT NPEUMYLLECTBEHHO Y3Abl U arperaThbl U
ymeHblaa Habop cTaHAapTHbIX AeTanedl (kpenex, namMno4ky v T.n.), AocTyn-
HbIX U3 APYTUX UCTOYHUKOB, YHUMUKaUna y3AO0B, KakK Npasuio, CyLIecTsyeT
B Npefenax HOMEHKNATYpbl O4HOMO N3rOTOBUTENA, HO BCTPEHAETCA M Ha ypOB-
e cybnoctaswmnkos. Hanpumep, anraniackni cdunnan «Popaa» soinyckaet
AU 4YeTbipe Basogbix Mogeaun ¢ DONbWKUM YUCAOM BapuaHTOB KOMMNIEK-
Taunm M3 TUNOBbLIX Y3108, BonThbl, rafiku, wWnaHrn, NOBLWNNHUKN KadeHWH,
cBEHU — YHUDULMPYIOTCA MO MALIMHOCTPOEHUIO B LIEJOM.

PemoHTupyenble y3nbi TexHuueckn CAOXHBIX n3gennit obbluHo 3ame-
HAtoTeA Ha BaaToie 3 3WlNa, a oTkasaBwine NnocTynaroT B peMOHT W NononHA-
tor 3NN, CooTseTcTBYOWINE Oprabl 4ONMHbI BXOAUTE B CTPYKTYPY CUCTeMbl
NoAfep>KaHNA FOTOBHOCTM YnpasfeHne 3artacamy ¢ yHeTOM BOCCTaHOBAGHUA
n sanepxxexk — Bonee croxHas 3agada. [lockonbky cToumocTb BoccTaHa-
B/IMBAEMbIX Y3/I0B MOXET B QECATKW Pa3 MpeBbllaTh CTOUMOCTb PACXOAHbIX,
npobnembl faHHOro BWAa Bbi3blBalOT 0CObBIA MHTepeC.

Kak cnpasepanso oTmMedanu Knaccnku Teopun Hagexroctin b.B. [He-
nerko, H0.K. Benses u U.H Kosanenko 8 «Mrorax nayku» za 1966 rog,
«METORbI pacHeTa KOMMHECTBa 3anacHbix YacTed, HeobXoQWmMoro gnA Hop-
ManbHOM 3KCNyaTauuu oBopyAoBaHuUA, HAaxXOAATCA B KpailiHe 3amnyLleHHOM
cocToAaHumn». B ocobeHHOCTH 3TO OTHOCUTEA K MaTEMATUKO-3KOHOMUYECKN M
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meTogam. K coxaneHuro, ¢ Tex NOp HW B TEOPUK, HY B €€ UCNONLIOBAHWNM
3Ha4MTesbHOrO fporpecca He HabaroaanoCh.

3anacHbie 4acTy Kak TOBap MMEIOT CAOXKHYIO TEXHUHECKYIO N KOMMEp-
yeckyto cneuyudbnky Kaxpweiih asTomobuab, xombain n T.n. cobupaetcs us
ThiICAY OeTasleit, N B Nepuoa aKCrayaTauuu MoXeT noTpeboBaTbca 3aMeHa
npakTUYeckn Nboi 13 Hnx. XapakTepHbIM NPUMEPOM' CTATUHECKON 3aRa4M
ABAAEGTCA Npobnema 3akynKW 3anacHbiX YacTed BMmecTe ¢ Kaknm-anbo yHu-
KafibHbIM M QoporocToawum obopyaosaHueM (aTOMHBIM NEAOKONOM, Mpo-
KaTHbiM cTaHom, TypBoreHepatopom Bonblwon mowHocTy, obpabatsisarownm
ueHTpom). Bmecte ¢ ocHoBHEIM 0BopynoBaHMem 3anyacTy MoryT BbiTb nocTa-
BIEHBI MO OTHOCUTENBHO HU3KOW LeHe, a No3)e — Mo ropasfno bonee BbICO-
ko (n3-3a HEOBXOAMMOCTM NOBTOPHOTO 3anycka NPON3BOACTBa). TUNNYHBIM
npumepom asnseTcA 3afada us [89, ¢ 361] oTHocuTenbHO AeTanu pynesoro
mMexaHusmMa TaHKepa: Ha4anbHas UeHa b Thic. AONA., UeHa decduunta 25 Thic.
Ewe opun npumep us Toi xe kuuru [89, c. 344-346] caAzaH ¢ 3anacHbIMU
YacTAMMN ANA CaMOJSeTa: Kapas 3anacHas 4aCTb CTOWT 2 ThiC. AOAN., YTU-
nusaunA HemcnonbsosarHoix — no 100 ponn., nukenaauua Kakaoro cay-
yas pecpuuymnta obxogutes g 13 Thic. nonn. Hobasum, 4To B obonx cayydasx
WTpach UCHUCAANCA TONBKO NO CTOUMOCTW ANKBUAAUAN OeBUUATA, 1 K HEMY
crnenyeT fobasutb ylwepb o1 npoctos obopynosarua B OXUAAHWM MOCTAaBKMU.
Beicokue «wiTpadbbl» 4acTo npMBOAKAN K 33BbILIEHNIO 3aNacos, 0cobeHHO B
cucTemMax BOEHHOro HasHauveHus. Ha nstom cumnosuyme CLUA no napex-
HOCTM OTMe4anocb BoNblIoe HaKOMeHNe 3anacHbIX SN1EMEHTOB Ha CKNagax
MunucTepctea oboponsbt. CtonmocTb aTux anemeHToB aocTurna 21 mapa.
AONN 1 eXeroAHo YBENM4NBanach Ha 2 MAPA.

AkTyanbHOCTb npoBnembl B BeK UHGOPMATMKIA BO3POCAa B CBA3W C
TeM, Y4TO B Ka4ecTBe CMeHHbIX 3ieMEeHTOB SAEKTPOHHOM annapaTypb! BCe Ya-
e MCNOoAL3YIOTCA MUKPOCXeRb, MOayK, cybnaHeny u T.n., CTOMMOCTb KOTO-
PbIX 3HAYUTENbHO BbiLLE LEHB! OTAENbHbIX CXEMHbIX 51eMeHToB (pesncTopos,
KOH[EHCATOPOB, 1IaMN U NOJTYNPOBOAHUKOB) HelaBHEro MpoLIoro:

«B kadecTBe opHol M3 CepbesHbiX BBLIYUCAUTENLHBIX MPO-
Bnem MoXHO HaseaTh npobnemy opraHusauun B Haleil cCTpaHe
cncTembl obecrieqeHna TUNOBBIMMN 3aNacHbIMN AeMeHTamu nap-
ka IBM EauHoin cuctembl "Pag’. VunrbiBas, 4rto BCe Mogenw
EC DBM uwmetor eaunyto TexHmueckyto 6asy, MoxxHO nerko no-
HATb, HAaCKO/IbKO CYLLleCTBEHHbIF BbiNrpbill MOXKET gaTb cMcTema
LUEHTPaAN30BAHHOrO obecrnedeHnn BCeX BLIHNCANTENbHBIX MalliviH
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3anacHbiMit DNEMEHTAMIN. Coanahme Hay4HO obocHoBaHHOW LeH-
TPanu3oBaHHOM CUCTEMbl cHabxxeHns n0Tpe6yeT npnBREYEHNA
BCero apceHana yxe pGSPBSOTaHHbIX MartemMaTuvecKmx mogenen
TEOPUUN ynpasaeHnAa 3anacami, a TakXe NpopefeHnA HOBbIX UC-
chepoBaHuiny

(n3 npeavcnosna N A. Ywakosa k [50]).

BakHenwnmu OCOEQHHOCTHMM cncTem cHabikeHWs 3an4acTAmMU ABNA-
OTCA:

o rnobanbHbiil xapakTep NoacbHbIX CUCTEM, CAOKHOCTD UX CTPYKTYpPbI 1
dyHKUMOHNPOBAHNA,

® BKJtoYeHMe B cucTeMy bYHKUUA W OpraHoB PemMoHTa BbUUEAWNX N3
CTpPOR ReTaned u y3nos;

® KONOCCA/IbHOE YUCO NAaHIUPYEMbIX HOMEHKAATYD,
® BbICOKas LeHa xpaHeHWs n «wTpachosy» 3a gepuunT;

e bonbwas pons ¢bakTopa BIaUMO3aMeHAEMOCTH.

ITtn ocobeHHocTn obycnosuam usmeHeHue meToaos paboTbl ¢ 3an4a-
CTAMU ¥ MPOBEAEHME KPYMHBIX HayHHbIx nccneposavnit 8 obnacTu opraHu-
3alUn U CTIELMANN3AUNI NPOUBBOACTBA, MAPKETHHIA, YIPaBAeHUA 3anacamu
ux. K onpenenenuto ToapHoOA NONNTUKN OTHOCATCA paspaboTka meTogos no-
CTaBKMU Ha PbIHOK {MCTOUHWKY, NEPUOANHHOCTD, OBbeMbl 1 CPOKM), YNAKOBKY
W MapTUOHHOCTU (KOMNAEKTHI), 3aKynKu, cknaguposanna u T.n. BaxcHocTs
W CAOMHOCTH (TeopeTuueckas w npakThdeckas) sTux npobsem npusenn «
ToMYy, 4YTO BCE KpynHehlve MpoayueHTbl BblAeANWan Npon3soacTso U cboit
3aNacHbIX 4acTel B CAMOCTOATENbHBIE CNYXEbi.

OpraHu3saumns TexHu4eckoro obeayMuBaHUA W PEMOHTA —— BaXKHEAL A
0bA3AHHOCTL MPOAYLIEHTE TEXHUHECKI COMKHOIO TOBAPa U KPUTHYeCKuih sne-
MeHT mapkeTuHra. Pasymeetca, TexHnueckoe obenyxusarune fonxHo bbiTh
peHTabenbHo Ana obenx cropod. [lpakTuyecky uyeHosas NOANTUKA BbICTPa-
MBAETCA Tak, YTO BO3MOXKHAA AONOAHUTENbHAA NpNbLIL BABOE NpeBbiliaeT
Aoxop ot npoaax [17].

Crporo rosops, 3agauu Bbibopa HOMEHKNATypbl 3aMACHBIX 3/leMeH-
TOB ¥ ONTUMANBHOFO Ha3HaYeHUNA NepuoanuHOCcTU M obbema NocTaBok A
obecneyeHns HenpepbiBHOrO BYHKUMOHUPOBAHUA CUCTEMbI CedyeT pewaTb
cosmecTHo. Hure onucana cornacro [17] cTpykTypa cuctem obecrieueHusn
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3aM4acTAMM UMMNOPTHBIX asTomobunen. Takue cucTemst Becbma pa3suTel, 40-
CTAaTOMHO TUMMNYHBI U MHTEPECHD! WWPOKOMY KPYry nuu.

Mactepckne umnoptepa He aBAAOTCA rAaBHbiMW noTpeburtensmu
3anacHbIX Yactel, Tem ne menee Ux JONA B cbbiTe 3anacHbIX HacTeRd 3Ha-
yntensHa. [lna ausepoe npogaa uepes UX MacTepckue sBJAETCA OCHOB-
HbIM MeToaom cbbiTa 3anacHbix uacTeir. HaknanHble pacxonbl mMactepckux
ouYeHb BEAUKU BCAGACTBUE WCMONLIOBAHUA LOPOrocTOALLEro obopynoBaHUA,
[ns ynyyweHns nx okynaemocT opraH1u3aTopsl aBToCepBUCa CTPEMATCA yBe-
AmdnTL obvem npopak 3anachbix YacTed. MacTepckue cHabxaroTea B kpaT-
Yatine CPOKYU HEMOCPEACTBEHHO CO CKJ/IaAa; MEXaHUKOB 3anHTepecoBbIBalCT
B NPOAalke 3anyacTelt U BMEHAOT UM B ODA3AHHOCTH He MPOCTO 3aMeHUuTb
OTKasaBlUMe NeTanu, HO ¥ yKasaTb KJMWeHTY Ha Te feTasu, KOTopbie fopa
3aMeHNTb

CheunanucThl, 3anumMatowneca TexHndeckinm obcnyxusatuem obopy-
OOBaHNA, ABAAIOTCA OCHOBHBLIM WCTCYHMKOM WAeft NO COBEPLIEHCTOBAHMIO
npon3soannbix hUPMOil nsgenni

8.2. Cucrembl obecriedyeHusd 3al9acTAMU

8.2.1. CrpyxTypa

B pabotax no Teopun cHabxewuss sanacHbiMu HactAMUM obbi4HO
M3y4aroTca Cchelylowne BapuaHTbl. OAWH CKAaf, AkHeRHas cucTema, Me-
papxuyeckan cuctema. MuoroyposHeBble cucTembl [atOT LUAHC MOBLICHTH
achcheKTUBHOCTD M 3KOHOMMYHOCTb 3anacos. W3 Humx, kak npasuno, pac-
CMaTpuBAETCA ABYXypoBHeBan —- «basbi» Ha HUKHEM YpOBHE U KAENO» Ha
sepxHeM. YunToiBas KpaTKOCTb W HAarAsAHOCTb 3TUX TEPMUHOB, a TaKiKe
oBBIYHOCTL MEPBOro N3 HUX BN BOEHHBIX MPUNOXKEHUA, Ml Byaew B pansb-
HefLemM UCMONb30BATh MMEHHO UX. YBEUYEH e YIMCa YPOBHEN He Bbi3biBaeT
NPUHYUNUGADHHLT TPYRHOCTER,

[ins onucanns cTpyKTYpbl CUCTEMb! MPUMEHAOTCA TEOPETUKO-MHOXKe-
cTBeHHble, rpacbosble N Kombunnposarmble obosHauenna. B rpadoebix cxe-
max yaobHo onpeaenaTh 3seHba-npeplwecTseHHukn. C Touku 3peHua
NPorpammMnpoBaHinA PacHeTHbIX METOANK 3HAYWUTE/IbHbIE NMPeuMyLecTsa Aa-
10T CMUCKOBBIE CTPYKTYPbl AaHHbBIX

[opusoHTaNnbHbI OBMEH MeXAy 3BEHbAMU OAHOMO UEPAPXUHECKOro
swenoHa obuidHO He paccmaTtpusaeTca. [locTaskyu U3 BHewWwHero NCToHHWUKA
NOCTYNaKOT TONBKO Ha BepxHUit yposeHb. Ha HUMHUX yposHAX mMoryT BbiTh
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«burTusHbtey (shadow — Tenesbie) cknagbl, He xpaHAwWwmne 3anac dbusnde-
CKU U OpraHuzyrouine yaoosneresopedne 3aABKOK No noyte.

Cucmemnniti nodrod Tpebyer NOCTOANHO WMETb B BUAY HE MaKCu-
ManbHYH SKOHOMMIO HA OTAEMbHbLIX CKAAQAX UK NO KAXK KON HOMEHKNATYPE,
HO KOHeYHYo Uenb. B cBA3M ¢ 5TnM KOHUENUWA UeHbl HepocTaun npencTa-
BAAeTcA nouTh Hemsbexxrnon. Ee moxHO nonbiTaToea oboiTn Hepes yposeHs
obcsyxusanus ¢ sadepicrod, ne npesviwarouet donycra. BoamoxHeie Ba-
PUaHTbI Lienesol yHKyUM:

¢ CyMMapHbll oXupfaeMuil NpocTol noTpebuTenen, BbIABAHHLIA OTCYT-
cTBUEM 33Naca;

® OXUJaewnmoe HUCAOC OTNOXEHHBIX Ha HUXHEM YPOBHE NOCTaBOK;

® OXUAAEMOE HUCNC HAXOAALLMXCA B FOTOBHOCTH
KOHeUHbIX noTpebutenen

B BOEHHbLIX MPUNOXKEHUAX HaCTO WCMOAL3YIOTCA KO3hMDULUEHT rOTOBHOCTY
noTpebuTtenen nnu oXKuaaemMoe HNCNO HEROCTaY Ha HUKHem yposHe (6asbl),
HENOCPELCTBEHHO CBA3AHHbIE C WX ONEPaTUBHbIMK BO3MOXHOCTAMYU. Llean
ONTUMU3ALUNN HA PA3HbIX YPOBHAX MOTYT ObiTh HacTUHHO NPOTUBOPEHUBHI,
IT0 eCTECTBEHHO N HEOBXOAWMO ONA yCrelwHod paboTel CUCTEMbBI B LIEAOM.

CywiecTBeHHO HOBbLIM 3/EMEHTOM paccMaTpWBaeMblx B 3TOW 4acTu
KHUAMA 33434 ABARETCA BKIIOYEHNE PEMOHTHbIX 3BeHbes. PemouTHble yeayru
MoryT BbiTs Ha BCex yposHax. WHorpa pasnuuatetca (no mecTy nposeneHus,
3afieP)KKaM 1, Pa3yMeeTcn, YCAOBUAM ONAaThi) rapanTUiiHoe U Nocnerapan-
Tuitnoe obcnyxusatine. Obbiuno pemonTHbh opran (PO) ceasan co ceoum
cknagom u PO soicwero yposHa. OTpemonTuposatitible arperaTol 0CTarOTCA
Ha CKj1afie CBOEro YPOBHA.

HoBbiMn acnekTamu vepapxMyecKnx CUCTEM ABNAOTCA Cheayrolimne
npobaemsi:

® CBA3AHHOCTE HU30BbIX 6a3 obuwen BO3MOXHOCTHIO gedwuuTa Ha

BEpXHEM ypobHe,

® Buibop B cnyuae fecduumMTa (KOMY OTKasaTe WM Kak pacnpenennts
pechuunT);

® BEPTVKA/bHAA CUHXPOHU3AUNA NEPUOSUYECKUX CTpaTerui (cornacosa-
HwWe nepmonw—mom’eﬁ NOCTaROK ANA PAIHBIX 2WENOHOB CMCTeMbl)',

e obwan cTpykTypa pemoHTa (CymMapHas 3arpyska, Ha KaKoM YpoBHe
BOCCTaHAB/INBATb, KOMY afpecoBaTh BOCCTaHOBAEHHbIA arperaT; BBO-
[UTH N NPUOPUTETHOE BOCCTaHOBAEHME).
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Elle oAuH HOBLIA acnekT — ApPesOBNOHaA CTPYKTYpa CaMux 3an4yacTedn
(cTonKm. moaynu, TI3bi, MMKPOCXEMI:I). JincTesimu AepeBa ABNAOTCA Hepe-
moHTUpyemble (pacxopyembie) AeTanu, 3anac KOTOpbix BO30bHOBnAeTCA OT
HOCTABLUMKOB Yepes 3WeNoHupoBarHyto cucTemy cknagos. [lapa (i, k) obo-
sHadaeT ysen ¢ Ha k-M ypoBHe uepapxvui vsfenma ITa CTPYKTYpa MOXeT
6bITb HAAOXKEHa Ha MEpPapxnio CNCTeMbl MaTepuasabHO-TexHU4ecKoro obecne-
yerns. PemMoHT cBA3bIBaETCA C onpefesieHHbiM YPOBHEM CTPYKTYPbl U3aenns
1 SLUEAOHOM CUCTEMBbI.

CucTemibl TOro TWMa CAOXKHbLI AMA aHANM3a, HO cyluecTsyeT obuee
ybexaerne B ux npeanoututensioct. OnHa U3 NPUHNH — HEBO3MOXKHOCTD
OpraHW3oBaTh PEMOHT BO BCex Toukax noTpebnewus. Bropas — rnobans-
Hbilt MaciTab HeKOTOPbIX OpraHu3auuin. TpeTbs 3aKA04AETCH B YMEHbLUEHNN
CTPaxXoBbIX Pe3epBOB W BO3MOXMHOCTU NOCTaBUTL UX Ha cAyxXby Bonbluemy
ymcny notpebuTtened.

BoznuKkarolwne TpyAHOCTH aHaNN3a MOXHO PasfeNiTt Ha KOHLENTY-
anbHble ¥ pacHeTHbte. KoHueNTyasbHble NOPOXKAAOTCA CAOXHOCTHIO CUCTe-
Mbl U MHOXECTBOM ee pyHKUMA (MOCTaBKM, XpaHeHie, TPAHCNOPT, PEMOHT) B
X B3aWMOCBA3K, a TaKKe ee BXOXAeHNUEM B cynepcucTemy. Henerko nposectu
AEKOMNO3NLUIO 334241 PUHAHCHI, Ha4aNbHble 3aMachl, CTPaTernA NOCTABOK,
pacnpeaenenne, nepepacnpegenermne n T.4. flostomy oTaenbHsle nogsanasn
NPUXOANTCA pewlaTh NOCNER0BATENBHO, @ BECH WX KOMMSIEKC — C NpUMeHe-
HUeM nTepauun.

PacyetHbie TpyoHocTH nopoxpaoTcs bonblIOR pasmMepHOCTbIO 3a0a4
(BecATKW ThICAY HOMEHKNATYP, COTHI NoTpebutenen), a TakxKe COMHOCTbIO
MOJyYeHUA pacnpefeneHna Cnpoca B BbICWNX 3BeHbAX. Ecnu, Hanpumep,
umeetcs J CKNafoe, TO TOYHOE BbIpaXeHNe AAA MNNOTHOCTY pacnpeaeneHuA
HeHynesoro cnpoca B BbiClieM 3seHe byneT nmets 27 — 1 cocrasastowmx.
On# enonne peanbroro svadenna J = 100 s1o 103°.

8.2.2. Opranusaiusi MoCTaBOK

NcrouHnkamm noctaBox sanmacHbix 4actell K WMMOPTHbIM asToMalun-
Ham (HanOMHVIM, 49TO Mbl paccMaTpuBaeM 3TY CATYyaUMIO Kak TMl’!OByl'O) cny-
AT

® CKJlagbl NMpl 3apcgax — UIrOTOBUTENAX MaWWH (nna AeTanen HeBbl-
COKOro cnpoca cobCTBEHHOrO npomasoncwa);
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e LeHTpanbHble cknaabl B cTpaHe skcropTepa (ans aertaned, nonyga-
embix oT cybnocrtaBwnkos, u peTanen cobCTBEHHOrc NpoMsBORCTBa C
BLICOKNM CTPOCOM);

® buarankl UEHTpadbHbiX CKAAfOB B CTpaHe SKCropTepa, crneunannsu-
poOBaHHble Ha XpaHeHUN AeTaned onpefeneHHON HOMEHKAaTypbl

MecTkana koHkypeHuus upm-npoussosnTesiefi, NMACPTEPOB ¥ MeECTHbIX
npoayueHTos obecneqnna BLICOKYO NAOTHOCTE cbbITOBON CeTu 1 obnerynna
nokynavensam npnobpeTeHne getaned, Ho yMeHbwnAa obvem cObiTa oTaeNb-
HOro npoRasua n ero npubbine.

KpynHble skcnopTepbt! #MetoT NPOMEXYTOHHbIE CKAafbl He TONLKC B
csoeid, Ho u B Apyrux cTpaHax MmnopTepy obsidHo nopyuaercs npogaska ma-
WWH 1 3aMacHbiX YacTedt OT €ro UMeHW 1 32 ero cyeT {4Tobbr skcropTep He
obnaranca Hanoramu B cTpaHe WMMOPTEPA, HE HEC OTBETCTBEHHOCTH MO Npe-
TEH3UAM MOKynaTenedl u ybbITKOB ¥3-3a UX HECOCTOATENLHOCTH) IJKcnopTep
OTBEHAET TONbKO 33 KONNYECTBO, KadecTBo u CpOKM MOCTaBKK B HacCcTO CO-
rnawaeTcA Ha onAaTy no Mepe peannsaumn BosspaT HenpopaHHbIx AeTanen
obbiuHo orpanuunsaetca 5-15% ronosoro obvema nposax (kak npaeuno —
C YLeHKOM).

Cetn pacnpegeneHus ¢ ONTOBLIMM MPOMEXYTOYHbIMKN Gasamu cyu-
TatoTca bonee nporpeccnetbimn Ha posHnuYHbIX CKNagax XpaHATCA TOMBKO
aetanw rpynnbl A, Ha onTtosbix — A u B, Ha 3asoackux — C. Tlpu TpananT-
HOW ¢popMe MOCTaBOK BE3[€ XPaHWTCA 3aMac BCex KAaTeropwi. 3HaunTenbHo
yMeHblaeTca cTpaxoson 3arac. Ha cknapax umnopTepos obbiuno xpaHutca
20% HowmeHknaTypbl, Ha npomexyTounbix — go 50% u Ha ueHTpanbHbIX —
ao 80% Octanbrbie 20% aetanei HW3KOroO CNpoca NOCTAaBAAOTCA MO Mepe
HeobXoauMOCTI €O CKNAJOB 33BOQOB-U3rOTOBUTENER.

"CbbiToBaa ceTb MHOMMX KPYMHbIX KOMAaHUA CTpouTcs Takum obpa-
30M, 4TOBbI rapaHTUpOBaTh NOMyHEHNE KAMEHTOM AeTaneilt, OTHOCAILUMXCA K
rpynne A, nemennennro, a K rpynnam B u C — wne nosanee cytok nocne no-
nydeHus sakasa. [Ina obecneuyenna nogobHoro obcayxusaHus Ha CKapax
AVNNepa XPaHATCA OQHO-ABYXMeECAUHbIE 3aNachl feTaeil BbICOKOro Cnpoca, Ha
cKNajax UMNOPTEPOB — TPex-4eThbipexMecAYHble 3anackl feTaned BbICOKOTO
M NMOCTOAHHOrO Crpoca, Ha MPOMEXYTOHHLIX — TO XKe ANA HeperyaapHoro
cnpoca. Heobxogumo yuutsisate, uTo ABC-knaccudpukayus oTHocuTensHa
¥ 3aBMCMT OT ypOBHA CKAafa.

HekoTopbie KOMAaHWM NPUMEHAIOT TaKYIO CTPYKTYPY, fipu KOTOpPO#A 3a-
facbl Ha CKAafax PaccMaTpuMBatOTCA KaK COBOKYMHbIA 3anmac U MOryT nepe-
pacnpenenfaTeca MO pelleHnto pykoBoacTsa (cknaabl komnaHuun «QPopay &
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Aurnuu, bensruu n Jannu) Komnanua «[xon [ups, umeroutan 8 Kana-
fe UeHTpasibHblid CKNa[ 3anacHbIX 4YacTell ¥ HeCKoNbKO hunanos, Beena
B 1973 r eaunnyro cuctemy FLAH (Fast Locating and Handling) ynpasne-
HUA 3anacami Ha Bcex cknapax B cTpaHe. UenTpaneHbid cknan pacnonaraer
uHcpopmaLnen o 3anacax Bo scex chunuanax Teneps 95% cpounbix sakasos
AVAEPOB BBEINOAHATCA Banxanwnm punmanom, 3% — ero cocenom 1 ALk
2% — ueHTpanbHbiM CKNafoM, AHANOTUNHAA CUCTEMA CO30aHa B KOMAGHUN
«WNHTepuawHn XapsecTep» ’

VposeHb yaoBAeTBopeHus cnpoca peako npeeblwaet 90-95%. [e-
Tann HeperynApHoOro crnpoca [atoT Mafbit MPOUEHT BLIPYHKM W XpaHAT-
cA Mo coobpaeHUAM NpecTKa U COoXpaHeHws pbiHka YYacto awnnepam
NpeAnUCbIBAETCA COAEPIKaHMe 3anaca AeTael onpeneneHHon HOMeHKNATYPbI
UNN Ha onpeaenexHyto cymmy. Pacnpenenss mexay aunepamu scio HOMEH-
KnaTypy 3an‘-|a<:Te|7|, BKNOYaA [eTanin PEeaKoro cnopoca, MMﬂOpTepbl nmMeroT
BO3MOXKHOCTb COKPaTUTh 3anachl HA CBOWX CK/Aafax 3a CHeT HEXOLO0BON HO-
meHknaTypet. Hawbonee vacto B Toprosne sanacHbiMW YacTaAmMu B 3BeHe
VMNOPTEP—IKCAOPTEP NPUMEHAETCA CUCTEMA C (DUKCUPOBAHHbIM WHTEPBAAOM
3aKasa {AnA NNAHNPOBAHMA NPOU3BOACTBA UAN MACCOBbLIX 3aKYNOK) U ¢ hUK-
cupoBaHHbiM obbemom —— B 3eere aunep—umnopTep OcHoBHbLIM NAaHuposa-
HUEM, KaK MPasusio, ABAAETCA TpexMecAYHOe. 3asiBeHHoe Ha NepBbiil MecsL
paccMaTpuBaeTCA KaK MECTKU 3aKas, Ha BTOPOA W TpeTun —— Kak NporHos
cripoca (ckonb3silee nnaHnposanue). [lna 3anyacTen K MalwuHam, CHATBIM ¢
NPOM3BOACTBA, NPUMEHAOTCA nonyrogosbie 3akasbl. [lonyck (1-5%) obbiuno
[eNaeTcsA B CTOPOHY yBennueHusa, 4Tobbi nabexaTb pUcka HeynoBNETBOPEH-
HOro cnpoca

Cknanet «Poppa» s Quunanann n Hopaernn HanpaenatoT 3akasbl Ha
OETann BLICOKOrO CMNPOCa eXEeHERENbHO, MOCTOAHHOIO —— EXEeMECAYHO, He-
perynapHoro — exeksapTanbHo. Cknaas! 3anacHbix YacTed areHToB Komna-
Huil «PrnaT» n «ToiloTay B aTMx XKe CTpaHax pasMellaroT 3aKasbl Ha AeTanu
BLICOKOrO CMpOCa ABA Pa3a B MECAU. JKCMOPTepb! PeKNaMUPYIOT MOCTaBKY
3anacHbiX 4acTed No 3aKa3am areHTos B TeveHue 1-3 mecauee. Ha npakTtuke
B 3TU CPOKU OTrpy>KaeTca He Bce (no obbemy W HaUMEHOBaHWIO) 3aKasaH-
Hoe. Heponocraska cocrasnser ot 5% («@onbkearens, «Dopas») ao 30%
(«Puars).

CpouHble 3aKa3sbl Ha [ETANU BLINONHAIOTCA DKCHOPTEPaMN B CPOKY
OT HeckonbKnx 4acos No 3-15 gHeft C MOMeHTa NONYYeHUA 3asABYv NO Te-
nekcy. Cpok OfpeaensieTca mecToHaxoXaeHnem UCToMHUKa nocTasku. Asua-
OTrpyska Npu Takux nocTaskax onnaqvsaeTca umnopTepamun. KpynHsie akc-
NopTepbt, ocylecTBAAOWNe HoNbLIOe KONNYECTBO CPOYHBIX MNOCTABOK, 4acTo
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3aKAIOHAOT [OroBOPbl C @BUaKOMMaHUAMKN Ha pPe3epBMPOBAHWNE rPY30BbIX
mecT B camonetax. Hanpumep, «Wnteprawnn Xapsectep» (CLUA) no po-
roBOpY € aBMaKoMnaHued UMeeT NPaBo OTrpyxXaTb Kaxable cyTkn 1 T 3anac-
HbIX YacTel HouvHbim camonetom & [lapux. B Kanape sakoHopgaTenbHble ak-
Tol PErAamMEHTUPYIOT MaKCMManbHble CPOXKM NOCTaBKY sandyacTen depmepan
(72 vwaca B nepnopn cesornbix paboT v 2 Hepenn B OCTanbHOE BPEMA ).

flpn oTrpyske KpynHbix napTuil Ha bonbliMe pPacCTOAHMA npen-
NOYTUTENEH MOPCKOft, PeYHOR WU MHENe3HOLOPOXKHBIA TPaHCNOpPT Kak
Haubonee aewesbtin. [lns oTrpysku Hebonbwux naptni (o 20 T) npume-
HAtOTCA asTomobunbHbie nepesoakn. B Espone umeerca Heckonwko dupm,
3aHUMBIOWMXCA aBTonepesoskamu 3andacted. [locTouncTeamu Takux nepe-
BO30K FABAAIOTCR. MaHEBPEHHOCTL, MOBbLILIAIOUIEE COXPAHHOCTD OTCYTCTBUE
MepeBaniok; sKOHOMUA Ha Tape: Donee pbicokan ckopocTh. AsTomobunbhbie
NepeBO3KM MPAaKTUHECKW BCErfa UCMNOJL3YIOTCH B COYETAHUM C APYrUMMN BU-
Aamu Ha KOHEYHbIX YYacTKax MapLupyTa.

bonblwinHeTeO 2KCMOPTEPOB YNakosbIBalOT MENKUE 3aMacHble YacTy B
CTanAapTHble KapToHHble Kopobku. Tem cambiv 3apaHee ycTaHaBnusaeTcs
MUHUMaNbHLIA pasmep 3akasbiBaeMoil napTun aetanen. [lpyrum sapuanTtom
ABNALTCA yNAKOBKA HEOBXOAUMOrS ANA ORHON MaLiMHbl KOMIAEKTa aeTaned
B ORHY KOPODKY ¥ NOCTaBKa feTaned TONBKO KOMNNEKTOM (Hanpumep. Nopiu-
HU — no 4 n 6 wTyk). TpeTnin BapuanT — ynakoBKka B OAHY KOPODKY pemMoHT-
HbIX KOMNAEKMOE ANA KapbtopaTopos, beHsoHacocos, reHepaTopos, a TakxKe
KOMNAEKTbI MPOKNAfOK, CanbHUKOB U T.4. 3anacHsle aeTanu bonslioro pas-
Mepa, HO Manoro seca (AeTanu Ky3osa) MOryT He WMeTb WHAMBMAYabHOMN
YMNaKoBKN W OTIPYXKAtOTCA B KapPTOHHbLIX KOpobKax, ALMKaX 1 KOHTeAHepax ¢
cenapauuer. KpynHole Tsikesble yanabl, Kak Npasuno, KpenaTcR Ha canaskax
¥ YKNAALIBAtOTCA B KOHTEMHERDI WM aBTOPYProHbl ¢ NPEROXPAHNTENBHBIMY
pacnopkamun. [peuunsuoHHbie NoBepxHOCTI Y3MOB 3alUMiLaloTCA cneynanb-
HBIMW NPOKMagKaMu Un ToncToiMun naedkamn, Komnannst «DonbkesareHs»
opraHmsopana Ha 3aBOACKMX cKnafax v CKflajax eBponedcKuX MMMopTepos
eaunRHYyo cucTemy oBoOpPOTHBIX CKNaBCKUX KOHTeRHepoB. «XapBecTep» UCNOsb-
3yeT aBUAKOHTERHEPD!.

8.3. Boennsle cucreMbl cHa0OX)XeHUd

Boennbie cuctembl cHabxennn oTHocaTcA K umcny Hawbonee mac-
WrabHbix N akkyMmynupyroT B cebe Bce TunudHble npobnembr: rnobanbhble
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MacwTabbl, rpomagHoe uucno Homerknatyp (4o 600 Twic.), AoporosusHy
sanyacTeid, bonblwyto ponb npoueccos pemonta. [lo [184], 65% scex sro-
werHnn B 3anacet BBC CLIA — pemonTupyemebie, nx cTonmocTs npesbiluaeT
10 mnpa. gonn. B BM® pona pemoutupyembix netaned cocrasnaet 58%.

WNcnonbsoBanmne MaTeMaTUKO-5KOHOMUYECKMX METOAOB B OpraHW3alum
cHabXeHus BOOPYKEHHbIX CUJ UMEET [aBHUe TPaauunu, B 0CODEHHOCTN Ha
dnoTe (yBbl, He Halwem 1), 0 YeM CBUAETENbCTBYET BLIXOAALLMMA C Cepenu-
nbt 1950-x rr. Ha Boicokom TeopeTudeckom yposre xyphan «Naval Research
Logistics Quarterly». Tem He meHee 3HaunTenbHaA 4aCTb BOEHHBIX 3aNacos
BCE etle YNPaBAAfeTCA MO NPaBUNaM, He UMEIOLLMM TeopeTuyeckoro obocHo-
sannn [124]. Muoro net cywectsyer npobriema oLeHKU onepamusHoli 3Hauu-
MOCTM 3anacos (TpaanuMoHHble NokasaTenu obecnedeHHOCTH He BLIBORMAN
Ha ToT yposeHb). CTONMOCTHBIN 3KBMBANEHT HeBbINOAHEHHOTO TpeboBarna
Ha npakTUKe He ncnonbsosanca. B npakTuueckon paboTte cronkHynance pBa
KpUTEpUsA — xopollero busHecas u onepaTusHoi rotoBHocTn. B 1971~72 rr.
3a 4 ropa Tonbko 10-15% rosvuna xopabensHoro 3MTMa nmenun Henyneson
CNpoc. JTO NPUBENO K YMEHBLUEHWIO BJOMEHWA B 3an4acTi — W CHW3WNO
onepaTUBHYIO FOTOBHOCTL, B 0COBEHHOCTYU cTapbix Kopabnen,

B asrycte 1971 r. xomanaytownn mopckumu onepaunsimn (Chief of
Naval Operations) seinycTun AnpekTuBy, B KOTOpoit Npeanucan paspaboTaTs
aBTOMATU3NPOBAHHYIO MOAENb, CBA3LIBAIOWIYIO 3aTPaThl Ha cHabikenue (3a-
nackl, PEMOHTHBIE BO3MOXHOCTY) ¢ BoeBon roTosHOCTbIO doTa. bbin yupe-
XAeH KOMUTET 13 npegcTaBuTenei cooTaeTcraytowux cnyxb. B 1975 r. 6oino
NPUKA3aHO Pa3BUTL W NETaAM3UPOBATL STN UCCIENOBAHNA, BCAEACTBME YEro
Bbina Bhinontena cepus paboT no maTemaTuyeckomy obecneyennto cHabxe-
HAA bperaTos 1 acMuHues. B pamkax aTux pabot Knapk [124] npeanoxun
mopens Logistics Support Economic Evaluation (LSEE), 8 octoy koTtopoin
Obinu NosfoXKeHbl Nepapxnueckme cxembl Kak CUcTembl cHabXeHns, Tak n
camoro obopynosaHus. Mpegnonaranocs, 4To oXugaenoe BpeMa AONOAHN-
TeNbHblX 3aAEPIKEK 3aBUCUT OT HA/MHUA 3AMACA U PEMOHTHBIX BOIWMOMHO-
cTel (B TOM uYucne B BLICLIMX 3BeHbAX). 3afaden cyuTanoch obecnederne
MaKCUMasIbHOM FOTOBHOCTU MPU BbIAEAEHHbBIX 3aTpaTax WiN [ABOACTBEHHASA
en — MWUHUMYM 3aTpaT Ann obecneuennn sapanHon rotosHocTu. OHa pe-
wanacb ans coeavHeruns ws 10 scmuues v Beperosod Basbl no 243 Tunam
obopynosanmna. Ha npensapuTenbhbix 37aNax BO3HUKANO MHOrO TPAANLUOH-
HbIX TPYAHOCTER C HOMEHKIaTOPaMKU N UCXOAHBIMU JaHHbIMU. B yacTHOCTH,
peanbHble ypoBHY PasbopKi He COrNacoBbIBAaNCE C HOMERKAATYPOR 3aMNaCOB.

'eppas ny6amkauus o6 ynpasnenny sanacamun 8 BM® CCCP npuHaniexur as-
Topy orolt xHurn — cm. Mopcxkott Chophuk, 1964, Ne10.
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Mpumepbt TpexypoBHeBLIX CTPYKTYPMPOBaHHbIX HOMEHKAATYP: KopabenbHas
nomna (34 petaau), komnstotep (280 petanenn). Baxnyto ponb ceirpana as-
TOMaTH3aunA oGpaboTki CTATUCTNHECKOR MHpOPMaLUWK U3 yHeTHbIX hainos.
CTanw yunTeiBaTHCA HasHaueHve obopynoBaHWs, BO3MOXHOCTD MHOFOWeNe-
BOTrO MCMOMIL3OBaHUA OeTaneil W arperaTos.

[Ins cpasHeHus ¢ Mmogensto hakTU4ecku HabroAaBLIENCA FOTOBHOCTM
BbIN0 MCMONBL30BAHO peTpocnekTuBHOe Mofenmposatue. Pacuer sbinoanancs
cHnsy Beepx (MO ypoBHAM cucTembl 1 cOOPOK) ¢ UTepaTUBHbBIM NEPECHETOM
3a[ePXKeK B BEPXHUX YPOBHAX B 3aBUCUMOCTN OT XapaKTepa PeMOHTA U 3ana-
coB B Hix. B KoHue KoHUOB NO KaXaomy TRy KoHe4dHoro obopyaosakna Ha
ocrHoBe aHannaa CTouMocTh/3dhexTuBHOCTL onpegenanca ontumym. Wyor
pacdeTa npefcTaBaan cobolt 3aBMCUMOCTL MaKCUManbHO AOCTNXNMOR Doe-
FOTOBHOCTM OT BROLXKETHBLIX OrpaHUyeHun,

PacueTol nokasanmn, 470 Ha 3aTpaTe!l N roToBHOCTb KOpabren cnnbhee
BCEro BNUAET U3MeHeHUe 3anacos cbopok sbicwwero yposHa. CymmapHble 3a-
TpaThl Boian cHuxenbl Ha 40%. Henocpeacteento Ha kopabaax Gbisio npea-
noxero xpanuTh 63% HomeurnaTyp smecto 10% no crapoit cxeme.

Te xe npobnembt BosHnkanw (n npumepHo Tak >xe pewanucs) b BBC
CLLA (Air Force Logistics Command [129]) TpencrasnatoT unTepec ocHos-
Hbie TPYNMbE NO3MUWA, NO KOTOPLIM NPOU3BOANSACA pacHeT:

o Koneuwble nsgenns (camoneTsl, rpy3oBMKM, HaseMHOE 3anpaBodHoe 1t
ncribiTatensHoe obopynosatue).

o PemoHTupyembie uzgenns (HaBuraumoHHbie KOMMIBIOTEPLI, HACOCH!, Pa-
nwo, reHepatopsi) — 170 Tuic. Bugos nsgennn croumoctsto 10 mapa.
aonn.

e [lsuratenn (B npuHumne 1o 0cobo BaxHbIe U ROPOTOCTOAMNE PEMOH-
THUpYyeMble YacTy, BblesIeHHbIe OTAEMBHO).

ve Pacxopyemble getann (500 Tbic. sugos, 2 mapa. Aona.).

e [opioue-cmMa3odHbie MaTepuanbi.

o Boopyenne (6ombbi, pakeTbi, 3axuraTensHbie cpencTsa).

e [lpenmeTsr obecnevenus nuuHoro coctasa (oaexaa, MUIa, Meuka-

MEHTb).

Obbiuno paccmaTpueanace ctpaTerus noctasox (S — 1,5). B cn-
cTeMe BOCCTAHOBNEHMA MpeAnonaranock (kak B obcypaemon HuXe cxeme
METRIC) GeckonedHoe YNCAO KaHanoB W COOTBETCTBEHHO — OTCYTCTBYE
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ouepeneii Monens bbina npumeHeHa s BBC ana pacyera opraHusaumu cHab-
wenna ncrpebntenen-bombapauposwukos F-15 [184].

ABTOpbI UNTNPOBaHHbix paboT oTMeHatoT, 4To 0bHOoBNEHNE U POCT Ha-
[EXKHOCTH TeXHUKY, obyyeHne peMOHTHOrO NepcoHana, COBEpLLIEHCTBOBaHME
koHTponbHoro obopynosanna TpebyroT neproauteckoro (4epes 4-5 neT) ne-
pecdeTa CTpaTernil ynpaeneHus sanacamu.

8.4. DKOHOMHUYECKHE MapaMeTpsbl

Buinyck aetanei «BNpok» CBA3aH CO 3HA4YUTENbHbIMU YbbITKamm oT
ux hU3NYECKOro XPaHEHNs 1 OMEPTB/EHUA KanuTana. JTn peaibHblie obcTos-
TeNbCTBA UCNO/L3YIOTCA B Ka4eCTBe LWMTA NPOAYLEHTaMU, KOTOPEIE CHATALOT,
4TO «NPOAATH MALIMHY 3HAa4YMT NOcaguTh [lepeBo, NpopasaTh 3an4acTy —
cHUMaTbL ypoxah ¢ aToro aepesa» LleHbl Ha 3anuacTh pacTyT BoicTpee, yem
Ha mawntbl. OTHacTU 3T0 0bbACHAETCA POCTOM Ha€XKHOCTU TEXHUKU, BCAEM-
CTBME Yero YMEHbLIAETCA CYyMMapHbill CNPOC U YOPOIKAETCA OJMHOYHOE N3-
penvie. C Apyrod CTOpPOHb!, HeKOTOphie (PUPMBI NLITAOTCA KOMMNEHCUPOBaTh
CHU)KEHVE LiEH Ha HOBbIE MalLMHLI POCTOM CTOMMOCTY 3anyacTed noche 3a-
poesaHns poiHka B utore cTowmocTt MalnHbl, cobpaHHOR ®3 3anuacTen,
okasbiBaeTca B 2—3 pa3sa Bbilie cTouMocTi HoBo#. [lpoTusBocToAT aTOR TeH-
ACHUNMW NI KOHKYPEHLMA W PbIHOK MOGEP’KaHHBIX 3aMacHbiX YacTed.

[TocToAHHoe 0BHOBMEHNE TEXHMKM 1 LLAPOKAA NPOLaXa NoAEpAHHbIX
MalnH obyCNOBUAN HEODXOANMOCTL HaNMYNA 1, BO3MOXKHO, W3rOTOB/IEHNA
3an4acTedn U nocie CHATWA MaluHbl ¢ npoussoactea. «[laimnep-benu» ra-
panTupyeT 15-neTHee cHabxkeHne. Pupmbl Anbo cospaioT 3anackl Ha Takom
CPOK, ANBO COXPEHAIOT TEXHONOrMYECKYHO [OKYMEHTAUNIO M OCHAcTKy, rno-
Ka unMeeTcAa bonee niaum menee yCTOM4MBEIA CNPOC. JKCNOPTEPbI Y4UTLIBAIOT
Aaxe noTpebHocTn NrobuTened cTapbix MalWUH, 8 TOM YUC/IE HOBOEHHbIX.
fpoayueHTol 3amHTepecoBaHbl B TaKUX CUTYauWAX Kak B Jydlied pekname.
Hetanu Hecepnitnoro rponasoacTsa cHNTaOTCA NOPOXKe cepMitHbix B 4-5 pas.
Habntopaetcsn 3naumtensHoe pacxoxpaenue B LeHax Ha aHafOrAyHYO Npo-
aykumro. Llenbl Ha 3anyactu k crapbiv mMalimHam pacTyT Haubonee bbicTpo.
70 obbACHAETCA M3nEPKKAMN XPaHEHUA, YMeHbLIeHEM oBbeMoB BEINYCKa
W CTpemneHMeM OKasaTh AasJieHne Ha noTpebutens («Kynu, HakoHel, HOBYIO
mawuHy!»). Menkue cdbupmbl, a uroraa u noctaswmkn («Popa», «Bonbeo»,
«CAABs», «Kpaitcheps, «BMB») npakTukytoT BoccTaHoBNGHNE N3HOWEHHDBIX
fevanen (peurateneh, kopobok nepeaad, BOAAHBIX U MaciAHbIX HAaCOCOB M
T.n.).
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3an4acTit AenATcA Ha ocobo KOHKYpupytowne (0T MHOrOYMCNEHHbIX
NOCTABLUNKOB), KOHKYpUpPYowre (M3rOTOBARIOTCA HA CRELUANINPOBAHHBIX
33BOAAX), HEKOHKYPUPYIOLLNE (TONBKO OT UBTOTOBUTENR MalUMHL! it ero cy6-
noapAaunkos). B caszu ¢ obocTpeHmnem koHKypeHUNN nokynatens ybexaaror
npnobperaTs TONBKO OPUTHANbHBIE 33NaCHbIe HacTh, WHbopMUpYT 06 wnx
npenmyliecTsax u ob oTpuUaTeNbHbIX NOCNEACTBUAX NPUMEHEHUA 3anYacTen,
fipeafaragmbix KOHKypeHTamu.

B oblem ueHnt Ha san4acty cnabo ceAzaHbl € U3AEPIKKAMUA NPOM3-
BOQCTBA W ONPEABNAIOTCH PriHOYHEIMU coobparenuami. [nnepam parT sos-
MOXHOCTb UMeTh Npubbinb Ha ypoBHE cpeHell NO PaloHy US4 YyTb Bbilue,
octanoHoe 3abupaer okcnoptep. PosHuuHble UeHbl 0BbIHHO HAaMHOrO Bsile
(s Espone — g0 asyx pas, B acbpukarckux cTpaHax B b pas u Bosee), dem 5
CTpaHe NPOAYLEHTA, W HE TOMBKO U3-33 HA/IOrOB, TPAHCMOPTUPOBKM W Tamo-
Xewtbix nownuH. B Uenbl 3anacHbix YacTeR, He NOABEPIKEHHBIX KOHKYpPeH-
uar, BBOAAT 63nbwyro pono npubbiau ANA KOMMEHCaUUM MasOROXOAHOM
Npofadki KOHKYpPURYOWKX Aetaned.

CywecTsyrolne HOpMbI NPeAYCMaTPHBAtOT OLEHKY 3aNacoB B aBToLeH-
Tpax v Ha CTaHUNAX TeXOBCAYXKUBaHUA B POIHWHHBIX HeHax, a Ha CKNapax
Bonee BLICOKOro yPoBHA B CYWECTBEHHO Boslee HU3KUX ONTOBLIX UEHAX.

[pusenem usgepKKY aHFAMACKUX GUNEPOB HA XPAHEHWE aBTOTPAKTAp-
HbIX 3anvacTeid (B NpoueHTax oT 3aKyno4Hon ueHsi) [16]:

Bcero notepb 55
B tom 4ncne
HEMKBNAbI 1.0
nospexaeHna npw obpaboTke 1.0
XWLLEHUA 15
MOpYa NPU XpaHeHnn 0.8
ycTapesatue 1.2
CroumocTs Hakma nomeuleHun 12.0
AmopTusauua uHBeHTapa v obopynosaHusa IR)
CrpaxoBaHuie obopyposatur, uMmyliecTsa v sanacos 2.0
3apaboTthHas nnaTta nepcoHana 10.5
Uroro 45.0

aTM OHEeHKW CYLIECTBEHHO CTAKHAIOTCA OT NPUMEHABLLIUXCA B CUCTEMAX
BOeHHOro HasHadenus. B 1abn. 8.1 NPpUBOJZATCA daHHDBIE NO aMepuKaHCKum
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BBC ans Huswero ssena cncTembi cHabxerus (basa) n okpyxHoro cknaga
w3 ctatem [leTepcena n Hxucnepa [189].

Haubonee nonHbi aHanus ueH aaetcs B pabote [162], nocssawennon
McCnenoBanunio cncrembl cHabxenns BBC Kawaaw, rae npegnoxeno pac-
CYNTLIBATL FOAVYHDIE PACXORLY, CBA3aHNLIE ¢ obecnevennem notpebuTtened
OfHON HOMEHKNATYpoM, no dopuyne

L =T+ cohy + cang -+ cany + csns + cans.

Bxonsituve B Hee nepemMmenHbie UMEOT CaeaAyroWNiA CMbICH:

T — Bpemsa XpaHeHWsi HOMEHKNATYpPb!;

y — cpeanwin 3a T yposeHb ee 3anaca;

ng — sucno TpebosaHWi Ha NONONHeHWe 8 rog;

ng — uwncno TpebosaHnii Ha cKnNag BbICLIEN CTYMeHN B rof;
Ny —— YUCNO SKCTPEHHbLIX TpeboBaHuil B roj;

Ng — YNCNO U3IMEHEHWN COCTOAHWA 3anaca B rof.

CooTsercTBeHHO 3agaeTcA pasmepHocTb Koadhduumentos {c;}.

Tabnuwuya 81
CroumocThiie daxtops 8 BBC CLUA

Uensl, $
Cnaraemble dyHKUMK 3aTpat | ann cknana Lnﬂﬂ Basr
Odopmnenue sansry obbitinyro 0.72 1.03 }
(na oany sanexy) CPOLHYIO 3.88 4.93 }
QObpaboTtka coobiyeHus {098 2.62 ﬂ
Xpaxerue n obpaboTka 13.84 750
(3a ToHHy)
Ynakoska 1 norpyska 1418 14.18
(3a ToHHy)
obbidHbie X/ 4 0.05
TpancnopTHbie pacxodb) | aKcRpece 0.19
camonet 0.50
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Cumbicn w BenuuuHbl Uen ¢; —cg Aatotes Tabn. 8.2, MMoyuurensHo conocTa-
BUTL WX 3HAYEHUA C NPUBEAEHHBIVMW B rNase 2 No NEPeHHIO CTaTeR U YnCreH-
HbIM 3HaYeHUuAM. [TonuepKHeM yxKe OTMEHaBLIMECA N TUNUYHbIE RAA BOEHHbIX
cucTeM HecoobpaaHo HU3KWE oleHky yilepba oT omepTsieHWA KanuTana, a
Tak)Ke NnoTepy OT MOPaNLHOrO CTapeHus (BoeHHasm TexHUKa obbiYHO OTHO-
CUTCA K ObICTPO CTaperowmn BbICOKOTEXHOMOrnHHbIM n3nenusim). Werons-
30BaHKe ANA ONTUMM3ALNYM STUX LiEH HABEPHAKS NPUBENET K 3aBblUeHHbIM
3anacam. 3ToT apdEKT OTHACTI KOMMEHCUPYETCA HEBLICOKOW LEHOR «1iTpa-
thoB>, CBOARMXCA 3R€CE K CTOUMOCTU IKCTPEHHOR NOCTABKM.

Tabnuua 82

Lenwt 8 cHabxennn BBC Kanaae

‘0603H. I Pacxonb TKOMHOHEHTbI ] Uena, $ ’ N3 pacweTa‘]

1 Anmunuctp. | Baatue na xpatetne 0.25 {Broa
[Iposepka cuera, ocmotp | 0.25
Ntoro 0.50

es Mponopu,. MpoueHT Ha kanuTan 0.04 |Ha$
CobetserHo xpateHme 0.04 [Ha$
MopanbHoe crapetine 0.06 |Ha$
WNtoro 0.14

c3 Hopmanenas | [loar. nepdokapre 0.05 {Ha sansky

nocrasKa floprotoeka Hapapa 0.68

ObpaboTka Ha cknape Q.74
Odvopmnenue npuema 0.40
#roro 1.80

c4 llena otkasa | [loarotoska saseku 0.20 {Ha sasneky
O6paboTka sassku 0.63
Kontopcekue packonst 0.74
FKCNEAUT. gOKYMEHTDI 0.25
Hon. Tpancn. pacxoabi 0.40
Odhopmnerne npuema 0.40
Wroro 2.50

Cs Cpoun. Tpeb. 0.70 | Ha nocrasxy

e Kopp. yuera 0.10 | Ha xopp.
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8.5. Cnpoc Ha 3anm4acTH

8.5.1. O6iiue coobparkeHUA

Cnpoc Ha poporue fieTanu C HUSKUM CIPOCOM U BOCCTaHaBANBAEMbI
3N scerpa paccMaTpnBaeTca KaK AMCKPETHbIA. 3aBACUMbIR CNPOC Ha B3a-
pMO3aMeHAEMbIE N Ha KOMNAEKTYowue AeTann (C nosoXNTeNbHOM N oTpn-
LaTENbHOM KOPPEAALNeA COOTBETCTBEHHO) HacTo BCTPEYAETCA Ha NpaKTKe
1 penko — 8 Teopun.

Heobxopumo TiaTenbHoe NPOrHO3MPOBaHNe CNPOCa Ha 3an4acTv Ans
BCEFO >KU3HEHHOro LUMKAa cucTemsl {Mapkyn asTomobunsa unm camoneTa, Bo-
opyxenus). [lpu sTom npuxoanTca oTeevaTb Ha CTaHAaPTHble BONPOCH! U3
CRERYIoULero nepe4Ha:

® Ha KakyxX QaHHbIX OCHOBbLIBATL pacqeT noTpebHocTw;
® KaK 4acTo M3roToBNATL (3aKasbiBaTb);
® CKOMbKO CTOWUT 3annaTuTs;

¢ Kak bbiTb ¢ HOBBIMW MpoayKTamu;

® Kak y4eCTb U3MeHEHWe nonynAunn noTpebutened (Hanpumep, B cnyvae
3an4acTei K ycrapesarouleld TeEXHUKE YUCAO MHCTAANAUNA pacTeT, UH-
TEHCUBHOCTE OTKa30B TOXE, C APYroft CTOpPOHbI, 4acTb noTpebnTenen
NepeXoANT Ha HOBYIO TEXHUKY).

CrpykTypa cnpoca Ha 3an4acTu HenocpeacTBeHHO Ha arperate (aB-
TOMOBUNE) ONPERENAETCA CTPATErNel €ro TexHWYecKod SKCMNyaTauum: «no
pecypeys Unu «mo CocToAHuo». B nepsom ciyyae geTanb NOONeXNT 3ameHe
nocne HapaboTKN PacyeTHOro KOAMYECTBA 4acOB UM KUNOMETpoB npobe-
ra, BO BTOPOM — NpW OBDHAPYMKEHUN KPUTNHECKOrO COCTOAHUA €€ B MOMEHT
NpoBeeH A OHEPERHOTO PErNaMeHTHOTO UNKAa. 3aecs ANA QnarHocTitki bes
pasbopku Tpebyetcs poporocrosiuee obopyacsanve. Pasymeercs, omrasas-
wast feTans B obDOWX CNy4anX 3aMEHAETCH HEMELNEHHO,

Cnpoc, nopoxpaembiit pernaMeHToM, MOXKHO BbiPasuTb KaK AeTepmu-
HUpOBaHHYt cocTagnstowyro. lpakTuuecky Bonsluee aHaueHne nmeeT cny-
YalHbid cnpoc.

[IporHoz MoXXHO fenaTe ¢ y4eTOM YChOBUI SKCRAyaTaunn — Tepne-
paTypbl, BAaXHOCT®, KBanndpukaynu nepcoHana, PakTUHECKOR HapaboTku
W T.4., @ TakXe HeloCTOBEPHOrO 3HaHUA WHTeHcusHocTW oTkasos B cpen-
Hem cpok cayxbbl aBTOMOOMAER ¥ aBTOTPAKTOPHOM TEXHMKWM B TPONUKax
cocTasnseT 3-5 net, B Espone 8-11. CooTseTcTBeHHO U pacxoa 3anvacTei
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B Tponukax Bbiwe B 2-3 pasa. [lo oneiTy cpepHerofoeas CTOMMOCTb 3aKy-
naembiXx 3an4acTed B rog anAa asTomobuna pasHa 2% oT ero cTommocTy,
Ons konecHoro Tpaktopa 3-5% Kaxpoe HaumeHoBaHue uneeT csou cpoku
cnyxBbl 1 cneuucpuyeckne NpUtMHbl CNPOCa N BBICTYNAET KaK OTAeSbHbil
ToBap. OfHako B MalMHaX WMEIOTCA U TaKue QeTann, KOTOpbie NpaKTUyecKn
He M3HAWNBAITCA; NOTPeDHOCTL B MX 3aMeHe BhI3bIBAETCA CAYYAMHLIMU WK
aBapuitHbLIMU NONOMKAMU.

ACCOpTMEHT 3anacHbiX 4acTell fa)e K OAHOR MOAEAW MAWMUH No-
CTOAHHO MEHSETCA #3-3a MOAWUKaUWA arperaToB W OTAeMbHbLIX AeTaned,
BbI3bIBAEMbBIX OMBITOM BKCANYATaLUM WNK NOCTEMNEHHBIM NEPEXOAOM K HOBbIM
unu MoauchbuUMpPOBaHHbLIM MoaensM MawuH, MsmeHenns B HomeHknaType 3a-
MacHbIX YacTen TpebyloT YeTKOro MH(POPMUPOBAHNA ONTOBLIX N PO3IHNYHBIX
nokynaTenei ob 5TUX U3MEHEHUAX, O CTEMEHWN B3aMMO3aMEHAEMOCT HOBbIX
W CTapbiX AeTanelt, O NPasBUiax MOHTaXKa U TeXHUYECKoro obcnyxupaHusn
HoBbiX yanos. ObbiuHble cOPOLWOPOBaHHBIE KATANOMM 3aMEHAIOTCA Katao-
ramMu CO CMEHHBIMYW JINCTaMK. 3aTeM NOABM/IUCD KaTalorvm Ha MUKPOdUax
(CLUA, Aurnua, ®PI, ®panuus). B Haww aHn npocmoTpeTb KaTanorn u
npafc-ancTsol mMoxHo Yepes WHreprer

Cokpatyerne obbema cbbiTa B HEKOTOpBIX pailoHax MoMeT bbiTh pe-
3yNAbTATOM MX HU3KOTO nOTeHUWana, NajeHUs crnpoca, U3MEHEHUA B MOTU-
8aX W NPWBLIYKAX NOKYRATENEN, HEYRAUHOW PeKNaMbl, OCTPON KOHKYPReHUUN,
NAOXoR paboTbl pasAnYHbIX 3BEHbEB cbbiTa,

Nportosbl obwero obvema c¢buiTa genaTcs Ha KpaTKOCPOUHbIe,
cpeAHecpoyHble N JONTOCPOYHble. A pamKrocpourbie COCTABAANOTCA Ha U~
HaHCOSBbIf ¥AN KaneHAapHbIA To4 W UCNOMAB3YIOTCA B KajyeCTse OCHOBBI ANA
naalnposaHua noTpebHocTel B ReHeXXHbIX CPeAcTBax, Tosapax W paboyen
cune s Tevenue roga. Paspabotas nporpammy cboiTa no Bcem paioHam phiH-
xa, upma COCTaBARET NPOrpamMmMy 3aKa30B U CKNAANPOBAHWA Ha Beck rog,
4TODbI BbiTh FOTOBOR K CE3OMHBIM WN3MEHEHWSM NPORAXK B KA>KAOM paio-
He CpedHecpounvie NPOrHo3sl OXBaTolBatoT Nepuog oT RBYX A0 NATW NET U
obBIYHO ABNAKTCA IKCTPANONALUENR CyLWecTBYOWNX TeHaeHL A Ha ByayLiee
C yHeTOM NpepnoniaraenblX U3MeHEHUA B Napke MaWuk, Cpoka cNyxbol u
obbema Npopark paree BoINYLEHHbIX MaPOK, KOHBIOHKTYpPbI pbiHKa U T.N.

[porHos genaeTes Ha ocHoBe npownoro ToeapoobopoTa, aHanu3a
TEHAEHLUUA ¥ LMKNOB, KOPPENALUNOHHOrO aHannza. OxxuaaeTcs Koppenayuns
cBbiTa MaWNH W 3anyacTel (¢ COOTBETCTBYIOWINM BPEMEHHbIM JlaromM, nepe-
MEHHbIM Mo HoMeHKNaTypam). [1o BO3MOMKHOCTI BBIABAAIOT MHOMKECTBEHHYIO
koppenAunto. Mctournkammn nHdopmaummn ob oftytir INOHOMUNECKUT YCAO-
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sUAT MOryT bbiTh ocbnumanbHbie nybnnkauuv, bankosckue bronnetern n 7.0
W3BecTHO, HanpumMep, 4To sHepreTnyecknid kpusinc 1973~1974 rr. Boi3Ban co-
KpalleHne npoaa’< asTomobusedl, Ho NONCKUTENBHO OTPasUICA Ha NPOAarKe
3aM4acTen No cheaylowmnM HpuHnHam’

® Yy KNAWEeHTOB He CTano JeHer Ha HOBbie EBTOMO6VI}'M,
® BBWOY HeEXBaTK# TOANAMBaA BOQNTENM Ay4HUie CAeQvnn 3a vMallnHamn,

® MO TOM JXKe MPUHNHe BO3POCNA AROMA KOPOTKUX MOE3AO0K, CBA3AHHbLIX ¢
HauboNblNM W3HOCOM peTafield U3-32 YacTbIX Pa3rOHOB U TOPMOXKe-
HUR

B obuiem cnykae paccHuTbIBaETCA Cymma CNpoca MO MAaHOBbiM 3a-
MeHam W cToxacTudeckoro — no oTkasam UmeroTca pasHbie noaxonbl K
pacyeTy NOCAedHEro B 3aBUCUMOCTW OT TWna oBopynoBaHWUA: 2NEKTPOHHOE,
SAEKTPOMEXaHWYECKoe, MexaHuueckoe, ruapasnudeckoe [lna snekTpoHUKY
TUMNYEH MYacCOHOBCKUA CNPOC, HE3aBUCMbIN OT APYrnX KOMMNOHEHT PasHble
MHTEHCMBHOCTY OTKa30B gNsA paboyero pexuma, oxugaHua v npebbisatns
Ha NOSIKE YMHOXKAIOTCA Ha cooTeeTCTBYoMe KoandecTsa. OBbiuHo OTKazamu
XpaHAWUXCA GeTanel npenebperaror. PakTuyeckne NHTEHCMBHOCTY U3MEHA-
totcs B avanasore ot 1072 go 1078 1/4ac. Cnpoc yacTo He KoppennposaH
€ anuTensvHocTeto paboTel nog Harpysxkon. CnopAT o TOM, HYXHO vt npw
fIpOrHo3e Cnpoca B OQHOM MECTE YYMTHIBaTb AaHHble 0 Apyrux B cratuctu-
HeCKOM CMbICNE 3TO XenaTenbHo {yMeHblIaeTes pasbpoc UTOrosbIX OUEHOK);
HO OZHOBPEMEHHO 33TPYOHAETCS BbIABIEHNE MECTHON CNeUntbuky,

Heobxoarmo oTMeTHTb CyLLECTBEHHbIE YCMEX B NOBLILUEHVIM TOHHOCTH
PacyeTOB UIHOCOCTOMKOCTI ¥ yCTaNOoCTHOR NPOYHOCTU AeTaneil, 476 No3so-
JifeT Ayyile NPOrHO3UPOBaTh AUHAMMKY CPOCa Ha 3anyacT

3anacbl HEKOTOPLIX OeTaneR BbICOKOro cnpoca umMetoT obopoT ao 8-10
B rof, HO cpeaHnis obopoT B 3-5 pas meHbiue B CBA3M € HEOBXOANMOCTHIO

XpaHeHuA feTaned ¢ HU3KUM (HeperynspHbim) cnpocom — cm 1aba. 8.3 no
mavxbiv 1972 ., [16].

Tabnwuya 83

Bespencraytowme sanacsl

Ctpana «Dopa» | «Ponbkcsaren» | «Puat»

Liseymnn 1/35 10/24 2/8

Punnanaus 1/4 8.8/28 2/76
-255-

3neck nepsan undppa NokasbiBaeT NPOUEHT HE3AENCTBYIOWMX 3aNacoB MO CTO-
MMOCTW, @ BTOpas — MO HOMEHK/aType.

HekoTopble umnopTepsl cokpauiatoT MepTable u GeapedcTyiouiune
3anackl nyTeMm Pacnpefenenuna wx Nno CKNafam OUNepoB K Npu NOABNeHUN
3aABKY BbICTPO paskicknBatoT AeTanb. [leTanu MaliuvH, CHATBIX G NPOU3BOL-
CTBa, CTApaAOTCA 3aMEHWTL [ETanAMU OTHOCUTENHHO HENABHEra BBINYCKE,
€C/IN KOHCTPYKUUSA JOMNycKaeT 3amMeHy C He3HAYUTeNbHoW AOAroHKon. “a-
We BCEro Tak NOCTyNatoT Npr PEMOHTE NOREPIKaHHbIX asTomobunen ¢ uenbro
nocneaywouien nepenpogaxu. [na nukemaauun mepteoix u besaefcTeyrouimx
3anacoB OpraHW3yIOTCA CreuuasbHblé PacAPOfadKM W ayKUWOHbI, NpegocTa-
BLAIOTCA NOBBILIEHHbBIE CKUAKW.

CraTncTnka cnpoca AMIEPOB CYLWECTBEHHO OTANHAETCA OT TEPBNYHON;
OHa yKPYNHeHa, CT1aXKeHa W oTcTaeT oT pakTHyeckon KapTurbi. Ee Barknen-
Wwen ocobeHHOCTLIO ABAAETCA 2PYNNosoil cnpoc, KOTOPLIA NpelbABARETCA
naukamm cay4afiHoro obbeMa B NPOMEXYTOHHbLIM WAV UEHTPaNbHbIR cKNag
C yCTaHOBJIeHHOMR NepnoamnYHocTsto. Ha aTom choHe MoryT peannsosbiBaTsCs
(33 cuet KAMeHTa) IKCTPEHHbIE MOCTABKM CO CKAAMOB BBICLIUX YPOBHENR.

8.5.2. PacnpepesieHue crpoca
Jisl Pe3epBUPOBAHHBIX CHCTEM

Pesepsuposarue texHuueckux cucrtem haKTUMECKWU DSKBUBANEHTHA
BBEAEHWIO B HUX BCTPOEHHOrO 3anaca, KOTOpbl pacxoayeTca u Bpema o1
BpeMeHW NonoAHAETCA B npouecce akcnayaTauwu. Brewrnwm npossnennem
BLIXOAA W3 CTPOA pe3epBHBIX DMNEMEHTOR C TOYKW 3PEHUR TEOopwuy 3anacos
ABAAETCA CMPOC Ha 3anacHble 2AeMeHThl, HabatofaeMbil TOALKO B MOMEHTI

KOHTPOAA NCIPaBHOCTN CUCTeMbl XapakTepucTWKM Crpoca OrpenenatoTca
Tpems hakTOpamMn:

® TUNOCWM pe3epBa (((XOﬂOﬂHbH?t)) wnn <<ropﬂtmﬁ>>),
® rnyGMHon KOHTpoNA (l’lOﬂHbIVl nan LlaCTw-lelih),

® opraHnsaumel KORTPons (NEPUOANMECKNTA MAN HENPEPBIBHBIRA),

KOTOpPbie MOFYT ¢OYETaTbCA B PasnuWyHbIX KoMBUHauuax. PaccmoTpum Bana-
HE KaXKOOro M3 HUX NOPO3Hb. .

Tun pesepsa onpepenseT dhakTuyeckylo (B 0TAMNNE OT BHELIHE NPo-
ABNAEMOroO CMPOCA) CKOPOCTH PACXOAA Pe3epBHbIX demeHToB. [1pn roa00roM
pesepee 97a CKOPOCTH NOCTOAHHA, ONpPERENALTCA TONBKO 4ucaom paboTato-
UIMX 3S1eMeHTOB W HE 3aBUCUT OT HaYalbHOrO COCTOAHUA cucTembl. A skc-
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NOHEHUWAbHOro pacnpefenerun spemeHn HapaboTKM Ha OTKa3 BEpOATHOCTD
CHUIKEHUA YUCNA PE3EPBHLIX DNEMEHTOB Ha I eauHuL, 3a BpemA 1

t)* S
pe= 2 ,) e, w=0k+1, (8.5.1)
xZ.
rae k —— KpaTHOCTb pe3epBUpPOBaAHUA.

B caydae 2opAuezo pesepsa yaenbHaa WHTEHCMBHOCTb OTKa3OB Bbl-
uie, NpuyenM 8eCb peaeps TAKXKE NOABEPMXEH OTKa3aM. Pacnpeueneﬁme HKcna
OTKA3aBLUKAX DNEMEHTOB

by = (k : 1) e~ _oMyE o EFL. (85.2)

311 BepoATHOCTH YAODHO paccynTbIBaTh PEKYPPEHTHO MO COOTHOLUEHUAM
e~ (AL

k+2—x(ekt
xr

P =

Pe = Pr_1 -1, z=1k+1.

Iny6una KOHTPOIIA onpefenseT ero NOAHOTY, KOTOPYHO mMbl Dyfem
paccMaTpuBaTh B ABYX BapuanTax. HasoBem no.anbiM KOHTponem nosnemexT-
HY!O NPOBEPKY CUCTEMBI, @ NACT UYHBM — NPOBEPKY Ha PyHKLUOHUPOBaHWE
cucTempt B tenom. lpu nonHom koHTpone BoifBAseMbll B MOMEHT NPOBEPKY
CNpOC paBeH YMCAY OTKa3aBLiUX 3NleMeHToB. Tlpn YacTuuHom cnpoc paseH
HYJI10, €C/IM CUCTEMa B LIESIOM UCTIPaBHa, U YUCNY OTKA3aBILIMX 3/1eMEHTOB —
B MPOTUBHOM cryyae.

Opranusanust KOHTPOJsi. HenpepbiBHbit KOHTPOAL APUBOAKUT K
TOMY, 4TO MOMEHT NpeNbABMEHUA CMPOCA HA 3aNACHON 3neMeHT (HeCKOsb-
KO 3/1eMEeHTOB) COBNafaeT ¢ MOMEHTOM OTKasa O4ePefHOro dJeMeHTa Wau
cucTembi B uenom. flpu nepuognyeckom KOHTpPOJe CNPOC HaKanAnBaeTcs B
TeHeHue NEPUoda N NPedbABAAETCA B MOMEHT OYepPeAHOl NPOBEPKHA.

Komniekcusie sapuanTsl. CodveTaHue nepequcnentbix pakTopos
nopoxaaer cneundudeckue crocobsl pacueta cripoca. Tlpu HenpepwisHoM 1
NOMIHOM KOHTpONie NOTOK TpeboBaHMA coBNafjaer C NOTOKOM OTKa30B: A/A
XONOAHOro pesepsa 37O ByaeT NyacCOHOBCKUA MOTOK C WHTEHCUBHOCTBIO A,
a pns ropavero — ¢ uHTeHcnsHocTbro (K + 1)A . Orpannuenne nonnoTh
KOHTPOJ1A NPU COXPaHEHWUMN €r0 HENPEPbLIBHOCTM CYLECTBEHHO MEHAET CTPYK-
Typy noToka TpeboBannii Ha Bocnonwenue. [Ipn xosogHoM peseppe NoToK
NpopexuBaeTcs U cTanoBuTca spnanrosckum (k + 1) -ro nopapka ¢ rpyn-
nosoiMu Tpebosannamn obvema (k + 1) . [lpu ropsauem pesepse nmeem pe-
KYPPEHTHbLIR NOTOK € BpPEMEHEM MEXAY NOCNefoBaTeNbHbIMUA FPYNNoBbiMY
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TpeGoBaHuAMK, onpeaenAemMbiM BpemeHem pacxogosaHua (k + 1) anemen-
Ta B8 «cxeme rubenus. B aTom cnyuvae nnoTHocTe pacnpegeneHun BpemeHm
MexXay nocnegosatesbHbiMn TpeboBaHnAMY ecTb .

d

) = —oplt) =

. Tl - e

dt
= (k4 DAL= e M)k

(s npeanonoxenunn, uto 1/X\ sHauuTensHo Bonblue BpemeHu 3ameHbi)

Mpu nonnom nepuopmnyeckom KoHTpone cnpoc 3a nepuen ¢ B Tou-
HOCTM paBeH Pacxofy S/EMEHTOB 3a 3TOT CPOK M AAA XONIOAHOrO pesepsa
pacnpepenes cornacxo (8.5.1), a ans ropsiuero — s cootsetcTeuu ¢ (8.5.2).

Haunbonee cnoxeH Ana pacyeTa cyyai HEMOAHOrO MEPUOAUHECKOrO
KOHTponA. 3[ecb PacXol S/MeMEHTOB NOACHNTHIBAETCA KaK B MpefbiayLiem
BapKaHTe, HO BOCMO/IHEHUE NPONSBOAUTCA JINLLbL NPU CHUXKEHNU pe3epea Ao
YpoBHA, obHapyxusaemoro cucTemol koHTpons. EctectsenHo, 4To Bepoat-
HOCTb 3TOro cOBBITUA 3aBMCUT OT HadanbHOro 3anaca. PacnpeneneHue cnpoca
3a nepuon, cnegosatesibHo, byneT ONpefenATbCA CTaUMOHAPHLIM pacrpefie-
Nexnem HavanbHoro sanaca. Obosnayum

S — mMakcumanbHbI 3anac,

S ~— NOPOroBbIA YpOBeHb, NOCTUXEHUE KOTOPOro obHapy>Xupaerca cucte-
MON KOHTpONA,

P. — CTauNOHapHaA BEPOATHOCTL HayanbHoro aanaca z = 0,5,
T,y — BEPOATHOCTL CHUXKEHMA 3anaca 3a nepuoa oT YPOBHA ¢ [0 ypos-
HA J.

3anac z K Ha4any odvepeaHoro nepuoaa ana z = s+ 1,5 moxer
obpasosaTtbca B ABYX caydasx:

1) k nadany npegbifyiuero neproaa Bbin 3anac, MEHBLUMA UAN PaBHBIA S,
TaK 4TO 3anac BOCMOAHUAN [0 YpoBHA S ; B TedeHne nepuopna 3anac
U3MeHUCa ¢ ypoBHA S po S — z, T.e. CAPOC COCTaBUA Z eAMHML;

2) k Hauany npegpbiayilero nepuoaa bbin 3anac T > S, Tak 4TO BOCHON-
HeHWe He NPOW3BOOWNIOCH, B TEHEHWe NEPNORa 3aNac W3MEHWACA C &
Ao 2.
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[na =z = 0—,; Nepebil CAy4anm aHa/lornyeH, a BTOPON JONYCKAeT HavalbHbIA
sanac . =s+ 1,5

CyMmMupyA BEpOATHOCTM COOTBETCTBYIOWMX cobbITud WM cuuTana pac-
npeaesieHne BepoATHOCTEN Ha4dabHblX COCTOAHUNA He 3aBUCALLUMM OT HOMEpPa
nepuona, NpuxoanmM K cucteme ypasHeHWUR

5 S .
P: = T§55-; Zpr"‘ Z Tr,zPr, z=s5+1,5,
w0 i B (8.5.3)
Y, = Ts.85-; Z br + Z My 2Px, z=0,s.
=0 r=s+4+1

B dacTHOCTH, Npu XON0AHOM pesepse Ty, = m(r—z) (BEPOATHOCTL Mepexo-
na onpepensieTcs pasHoCTbio uHAeKcos) [lonyueHHble cucTemst ypaBHeHMN
AVHENHBI OTHOCATENIBHO {P,} M B NPakTUHECKUX CUTYaUMAX WIIEIOT Masyro
pa3smeprocTe Pacnpenenenne cnpoca 3a nepuog umMeeT cRegyrownil BUA

<
QO = Z 1Pm>
r=s+
Qz = PS-:z, < = S - SaS) (854)
QZ - O, Z:].,S_'S‘_I.

flpueenem nopcumtatHbie no (8 5 4) cpearve sHadenna cnpoca n ero auc-
nepcun npu s =2, S =5 (rabn. 8 4)

Tabauwua 84

XapakTepucTrikit pacnpeneneHins crnpoca

AT 02 03 05 07 10 156 20
CpeaHee 020010299 10496 | 0.688 [ 09h9 | 1345 | 1655
[ucnepens | 0686 | 0867 | 1398 | 1878 | 2.488 | 3206 | 3628

[Tpu nyacconosckom crnpoce cpepHee n gucnepcna coenaparoT w pasHbl AT
(nepsas cTpoka). Kak BAHO U3 Tabanubi, CPEAHNA CMPOC 33 MEPUOH CO-
BNafaeT CoO CpeaAHUM 3HaYeHWeM MyacCOHOBCKOro Crnpoca Auilb Npv MasbixX
3HaYEHUAX YNOMAHYTOro NPON3BEfEHINA, 8 JUCTIEPCUA BO BCEM ANanasoHe Cy-
LLECTBEHHO NpesbiLllaeT AUCMEPCUIO NYaCCOHOBCKOro Cnpoca | akum obpasom,
nperebpeskeHne NOAHOTON KOHTPONA MOXKeT MpueecTn K rpybbiv ownbram
B OLEHKE BO3MOXKHOIO CMpoca 3a nepuon

«Orkasosbity cnpoc Habnropaetca u Ha choHe NEPUOANHEcKOro KoH-
Tpona
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8.6. PacueT pacrnpeneseHusa
BpeMeHH PEMOHTA

Bpema pemotTa — cymmMa AANTENBHOCTER ANAFHOCTUKNA, AOCTaBKM
B PemMOHT, coBCTBEHHO PEMOHTA M [OCTABKM BOCCTAHOBNEHHOrO arperaTa Ha
cknag HucTtas pgAnTeABHOCTb PEMOHTa 32aBUCUT He TOJIbKO OT BUAa ReTanm
W NOAOMKMW, HO U OT KBafWUpnKaunik NepcoHana 1 OCHALWEHUA PEeMOHTHOMO
oprada [lpouece MOAEAUPYETCA FOCPEACTROM CUCTEM MACCOBOTO ODCAYIKY-
BaHWA C YWCAOM KaHanoB 1, n, 00. 34ech paccMaTpuBaloTCA TONLKO ABa
dakTopa. paznudHbIe JANTENbHOCTN PeMOHTa (U X BEPOATHOCTM) W Nepu-
OANYHOCTL BO30bHOBMEHUA pemonTa. ONTUMU3AUMA MOXKET 3aKNI04aThCA B
BanancuposaHu Mexay Bonblinm 3anacom U mMasbiM BpeMeHem BOCCTaHO-
BReHusn (peluaeTcA BONPOC, BO HTO NPEANOHTUTENbHEE BAOKWUTL AEHLIW: B
obopoTHLIR 3aNac MAW arinapaTypHoe ocHalleHhe, KOMUHeCTBO W KBanudu-
KaLMIO PEMOHTHUMKOB).

[lonHoe Bpema pemoHTa orpenenneTca, B 4aCTHOCTW, OpraHusaum-
en pabodero umkna. Yncras anutenshocTh cobcTeeHHO pemMonTa B obbiuHo
UCHIOMb3YEMbIX METORUKAX NPEnnoNaraeTca pacnpeaeneHHON NoKasaTeNbHO,
OfHAKO COBPEMEHHOE COCTORHWNE TEOPUM OHepeaei NO3BOMAALT PAacCHNThLIBATSL
BpemMerinbie 3anepXku npu bonee obumx gonywenmnax — cw rnasy 3 Oco-
Bo noguepkHem HeOBXOOMMOCTE U BOSMOXKHOCTD NPEACTaBAeHNSA PEMOHTHBIX
OpPraHoB BbICILWNX 3BEHbEB Kak CEMElt 00CAYHCUSAHUS.

8.6.1. O pacnpenesieHNH MJIUTENbHOCTA IHATHOCTUKHU

B Texnuyecknx cuctemax pexyphHble CMeHbl NOKanw3yroT Hencnpas-
HOCTU ¢ ToudHoCTbro A0 Baokos, copepxaluux gecatkin snemenTos. [logospn-
TenbHbte baoku 3amenntoTen ucnpasrioimu us 3WMNa n nocrtynarot 8 rpynny
PEMOHTa, rae NPOUCXOAUT NOWUCK OTKA3aBWEro a/ieMeHTa u ero samena [lns
pacueta ontumansHoro 3WIMa Heobxogumo 3HaTh pacnpeneseHue BpemeHn
BOCCTaHOBAeHUA B/I0Ka, OAHAKO CTaTUCTUHECKUX HAHHBLIX AAA €ro MocTpoe-
HUs, Kak npasuno, uveetcs mMano. B sToit cutyauun ecrecreseHHo BosHuKkaeT
Borpoc o6 anpuopHomM MOCTPOEHUM YNOMAHYTHIX pachpenenerdnt Mol pac-
CMOTPUM €ro peLlieHne NPY NONCKE HENCMPaBHOTO /1eMeHTa HEMoCPeacTBEH-
Hbim nepebopom. OboaHauum

w(t), f(t),9(t) — nnoTHocTw pacnpenenenns Bpemenn pemonTa Gnoka,
NPOBEPKW WCNPaBHOrO 2/1€MEHTa W NPOBEPKW HEUCNPABHOroO 3AeMeH-
Ta C NocnepyoLLel 3aMeHOR COOTBETCTBEHHO,
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wg, fr, g — MOMEHTHI 3TUX pacfipeaeneHut k-ro nopsnka, k=1,2,...;
w(s), (s}, v(s) — AJIC rex »xe pacnpenenenni.

Bynem cuutath bnox coctoswmm us N paBHOHaAEMHbLIX S1EMEHTOB, U3
KOTOPbIX OTKa3an OAWH W Tofbko oauH. [lepebupas nopaakosble Homepa
oTkasaBlunx anemenTos, nonyqaem ana [J1C pacnpepenenna spemenn Boc-
cTaHoBnenus broka Bbipacetire

N

_ 1 sty s PN (s) -1
w(s) = EZV(L")"" Hs) = N ol =1 (8.6.1)

=1

Mpumerus obpathoe MMJC k npason vactu (8 6.1), MoxHO HalkTV nckomoe
pacnpenenerue w(t) . bonee sbirogro, ogHako, paccunTtath MomeHTsl {wy |
3TOro pacnpepeneqHus u no Hum noaobparte yROGHYIO ANA PacHeToR annpoK-
cumaunto naotHoctn w(t) . MpepcraBum nesyro yacts (8.6.1) 8 Buge

[='e) o0
3

—s s? ., 8.
w(s) :/e tw(t)dt:/(l—sf—%—a—!t —3—!13+...>w(1)dt.
0 0

Wuterpupya noqnenno, ybexaaemea, 410

i 3
w(s) =1—sw; + gwg— gng—t-...

AHanoruyHbim obpasom mMoryT 6e1Te 3anucarbl ©(s) u v(s) . Moactasum stu

pesynbTaTol B {8.6.1) u n3basumcs ot sHamenatensn [lpupaeHusan koacbcpu-

UMEHTBI NPY OBWHAKOBBIX CTEMEHAX S B JIEBOW Y NPABOR YaCTAX NOAYHEHHOTO

ypaBHeHus, nojydaem Bbipa>eHUA Ana UCKOMBIX MONMEHTOB.

wy = N—;—l“fl—i‘gh

wp = (1\’—1)[;+flgl+%—3f§] + g2,

as = =024 it o)+ (- 20+ 152
. (N—2)4(N-3) f]+y

C vx nomowbio MOXKHO HaMT BUCNEPCHIO:

N -1 N?2 -1

D,=D D 2,
g + 7+ 12 f1

2

- 261 -

s obwimx cpopmyn npu bonbuimx N crieaytoT acHMITOTHHECKNE OLIEHKH

7 3
wy A ﬁ’—fl; wa A N——ff w3 & E_ff (8.6 2)
2 3 4
PaccmoTpum BO3MOXKHOCTL annpokcumayun  w(t) npu Bosnblom
N kakum-nubo ymobHbiM B pacyeTax M nerko noabupaembiv fo nMeTo-
gy momenTos pacnpeaenchuen [lpoule Bcero BOCNONB3OBATLCA Tamma-
pacnpeaenexnem
plut)" ™
OB
napaMeTpbi KOTOPOrO BbIPaXarOTCA YEPe3 CpefHee 3Ha4YEHNE 1 AUCNEPCNIO MO
cbopmynam g = wi/Dy, = wi/Dy Ho Dy = wy—wi=(Nf)/12
3naunt, =6/(Nf1) ,a r=3 CnegosaTenbHo, anNpoOKCUMUPYOLLUM NO
LBYM MOMEHTAaM ABAAETCA pachpenesiene JpnaHra TPeTLEro NopALKa | pe-
TUit WOMeEHT SToro pacnpepenenua wy = 3 -4 -5/p3 = (N f1)2/3 6 scero
Ha 10% oTnuuaetca oT HaitgeHHoro ua cuctembl (8 6 2) 3wauut, spnan-
FOBCKOE pacripefefieHine TpeTbero NOpsAfKa B PacCMOTPEHHOM MpeaesibHOM
cAyYae npakTUYeckU obecneunpaeT BbIPABHNBAHNE TPEX MOMEHTOB UCKOMO-
ro pacnpeneneHna

w(t) =

8.6.2. Yder opranusaumuu pabodero iukJa

B HekoTopbix 3agavax pacueTa socctanasnunsaenmoro N1 npuxopuT-
CA [OenaTb MOMPaBKY HAa PasHULY B pexumax paboTsl UCTOHHUKOE 3aRBOK
opraHa BOCCTaHOBNEHUsA, KOTOpaA MoXeT DuITh BeCcbMa CyliecTBEHHOR 1 ak,
B BbIUACAMTENbHBIX LEHTPaX PEMOHT TUNOBLIX dNemeHToB 3anerb {TI308)
OBLIHHO MPOU3BOANTCA B TeUEHWE OAHOM CMEHBI, TOrAA KaK MaLINHA (MOoWHasA
crauuoHapHad IBM) paboTaer ase nnv Tpn

Vkaxem crnocob pacdeTa MOMEHTOB HeoBXORWMbIX pacnpegesnieH i
Hanee BynyT ncnonbsosaTbca cieayiouine obosHaveHnA

1, — NPOJONKUTENLHOCTE PEMOHTHOW CMEHSI,

F(t) — pacnpenenenne yncroro spemern obenyxusaHus,

F.(t) — pacnpenenenue spemerit obCAYKNBAHNA C YHETOM CMEHHOCTH,
¥(8) — pacnpenenerine momeHTa NpnbbITUA 338K,

T — pantensHocTh UMKNa
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3ameTuM, HTO U3 UNKA3 AOAHOCTHIO UCKIOHAETCA BPeMA, B TeHeHe KOTOPO-
ro He paboTaloT HU CUCTEMA, HY PEMOHTHBIA OPTaH, TaK HTO NPN ABYXCMEHHOM
paboTe cucTeMbi MOXHO cunTaTe t. =8, T =16 4vacam.

Hpuxon 3asaBku B cBoboIHYIO cucremy. Pacemotpum Tpu sa-
puaHTa obcnyxusaHua:

A — Ha4aToe n 3aBeplueHHOe B TeqeHune paboyen cmebl,
B — 3asBka nocTynuna B nepepelB,
B — pemoHT pa3sopBaH MeXAYCMEHHBIM NPOCTOEM.

B cny4ae A MOMeHTbI pacnpenenenna peMoHTa ¢ y4eTOM CMEHHOCTH
1 COOTBETCTBYHOLNE MOMEHTDI PacipeacneHnA 4MCTOro peMoHTa CoBnafgaroT

A=f, k=12...

B cnyyae b k wucromy spemenn pemonTa nobaensercs cnyyaitoe Bpe-
MA OXWOAHNA HEY8/a CMEHbI, PaBHOMEPHO pacnpefeseHHoe Ha WHTepBane
[0,T —t.] . MomeHTHI pacnpeneneHns BpeMeHn OXKNBAHUA

O __ (T - tc)k

ke = k+1 s k:1,2,.'.,

a MOMEHTbI CBEPTKU pacnpeneneHMﬁ OXUgaHua n YNCToro peMoHTa

k
K\ (T = 1)
B:E e, k=1,2,....
I J:O(J) el !

B cayuyae B spems oxuganns He cayyaiiHo U B TouyrsocTu passo 1—f,

TaK 4TO
k

=Y (ﬁ)(f—tc)ffm, k=1,2,....

=0

Hadgem BeposiTHOCTY COOTBETCTBYIOWUX COBLITHM B MPefNONOKEHUH,
YTO BEPOATHOCTH MPEBLILIEHNA YUCTOR LANTEABHOCTBIO PEMOHTa NPOROSIKM-
TENLHOCTY CMeHbl npenebpexxnmo mana. Tlpexpe scero,

to teto—0

Pr{A/AUB} = / LF(t~6)dd = tl / / F(r) drdd

c
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. tc(tc—r > . te

= — d0 ) f(r)ydr=— | (te —7)f(r)dr
2y o

_J ].—-fl/tc.

CoBokynHas BepoaTHocTb BapuanTos A u B coctasnaer i./T , a sepoaTHocTb
sapnanTa b nononnaer ee no eaunnubl. Cnenosatensto,

t. il t. — fi1 T te _
P. = Ly _J°. = Ppg=—=[ift.= .
A = T( tc) T Py 7 Pe Tfl/ A/

C yyeTom 3TUx BepOATHOCTER NONYHAEM MOMEHTbI pacnpefeneHNs BpeMeHu
obcnyxusaHus ANA 3aABKM, NocTynatoilen 8 c8obogHyo CUCTEMY:

k
i =gt nr Y () a-eiss (Tean)] k=t
=0

(8.6.3)

IIpuxon 3asgBKW B 3aHATYIO cucremy. [InA 3aHATOR cucTemsl

Havdano obcnyxupaHus OuepesHOR 3aABKU COBMANaAEeT C OKOHYaHuem ob-

CAYMUBAHUA Npeabinylied U oba3aTenbHo NPUXORUTCA Ha pabouyio cmeny.

[nuTensHocTs OXXMAAHNA Hauana OBCAYMBAHIA NOJUMHENA UIBECTHOMY U3

TEOPUI BOCCTAHOBEHWA PACNPERENEHNIO MEPECKOKa® C HONOSAHUTENbHOMN
yHKUMER pacnpeneneHus

N MOMEHTaMy -
fiy1
wr = SE)
(k+1)ff
Whpekcet ¥ oTHocaTcA K cpeHeB3BelLEHHBIM MOMEHTaM CYMMapHOTO MoTo-
Ka.

k=1,2,...

Ecnu sauatoe obcnyxuneanue 3as8kun 1 -ro TUNa ycneBaeT 3aBepiLNThb-
ca Ao koHua paboueir cmenbi (cnydqam A), To momenTbl obcnyxusaHna ¢
Y4eTOM CMeHHOCTU

k
k
ffk:Z(j)sojfi,kq, k=1,2,...

j=0
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BepoaTHocTh 3Toh cuTyaumun

= /<p(x)F,-(tc —g)dz = fl? / Fa(@)Fi(te - 2) da.

0 0

B npotusHom cnyuyae (B) k spemenn obcnyxusanua pobasnseTca mexay-
CMeHHbI NpocTon:

k

k ,
fEk:Z(Jffk-j(T—tc)J, k=1,2,...

j=0

MomMenTel pacnpepenerus BpemeHin obBCAY)KNBAHUA ONA 3aABKU, NPU-
XOARALWEN B 3aHATYIO CUCTEMY, CYTb

Vz{,k:Wiffk+(1—7fi)ffk, k=1,2,...

O6cnyxuBanue NMpoU3BOJBLHOrO Tpebopauus. floayyum pac-
npeneneHne ppemeny obcayxmsanna ana NpowssosbHoro TpebosaHns, CHu-
TaA PEMOHTHbLIW OPraH OAHOANHENHOR CUCTEMOR MAacCOBOrO obCAyXNBaHUA.
M3pecTHO, 4TO BEPOATHOCTH 3aHATOCTU TAKOR CHCTEMBbY

p= Z Aiviq.
i
O4eBnaHo, pesynbTupylowlne MOMEHTDI

Vig = pVi g+ (1 = p)vi. (8.6.4)

YmHOXan 3TO ypaBHenwe npu k = 1 Ha A; U cymmupys no scem 1,
NPUXOOUM K

i/
Z/\H/i,l = PZ Avii+ (1= p) Z/\iVifl-
i i i
Ho neeas ero wacTs pasHa p. CneposaTensho, koadbpulmeHT 3arpysku
Z Aivy
. i
i- ZAW{J + Z/\il’ff1
2 1

p (8.6.5)

Teneps MOXHO BBIYMCAUTL UCKOMBIE MOMEHTbI cornacto (8.6.4).
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0606menue Ha ciy4ailt BpIxoaHbix jgueii. [lpu wenpepwis-
Hon paboTe cucTembl ¥ HaNWUWW BLIXOAHBIX AHER y PEMOHTHOrO opraHa
(4eTbipexcMeHHbIR pPeXXUM) W3NOMEHHAA Bbile METOLMKa HYKAAeTcA B Ao-
nonrnTeabHoMm yToutenn. flycTb NPon3asoaCTBEHHBIA LMK CUCTEMB) PEMOH-
Ta copepxut M nepuoaos gavnbl I', #3 HUX M BBIXOAHBIX MOMELLEHb! B
KoHue uukna {Tunuunsin cnyvain T =1 cyr., M =7,m =2). Torpa ann
a/eMeHTa, NOCTYNatoWwero B cBOBOAHYIO CUCTEMY, MOMEHTLI pacnpeaeneHus
BpEMEHMN pemorTa ¢ sepoaTHocTbio (M —m—1}/M 6yayT sanasaTben paHee
nonydeHHbiM cooTHowenmnem (8.6.3), a ¢ sepoaTHocTbio (M +1)/M — um
xe ¢ samenor T na (m + 1)T. Takum obpasom, gns yeTbipexcmeHHOro
peXxnma pesynbTupylowme MOMEHTBI NMOACHNTBLIBAIOTCA COrNacHoO

y _ M-m-—1 m+1

Vi = Y v {(T) + _‘M—V/Ic/,i((m +1)T).

AHnanorvdno obCTOWT Aen0 N ANA 33HATOR CUCTEMBI, PEMOHTA.

8.7. Ilosmuruka 3aka3oB
U NIPOIEeRyPhl yIIPaBIeHU

OcHoBHble Tunbl cTpaTeruid ynpasnewus sanacamu obcyXpanucs B

rnase 1. 3neck Mbl 0bcyamnm HeKOTOpble NX OCOBEHHOCTU MPUMEHUTENBHO K
nepapxnueckum cuctemam cHabxenua. lpexae scero oTMETHM, 4TO B Npak-
TUHECKW WCROMb3yeMbiX METOANKax obbi4HO OrpaHU4MBarOTCA pPasyMHbIMU
_annpoKCUMaLMAMU, KOTOPbIE MOXHO peasbHO oBCHNTLIBATS.
‘ «3anpoc—sakasy (S—1,5) dakTudeckn TpaHcanpyeT cnpoc ypos-
Hem Bbille, rae oH cymmupyeTca. Tpu nyaccoHoBCKUX MEPBUYHBLIX NOTOKax
pesyNbTUPYIOWINA MOTOK Tak>Ke OKa3blBAETCA TYaCCOHOBCKMM C CyMMapHOM
WHTEHCMBHOCTBIO BO BCEX BbILUECTOALUMX 3BeHbAX. JITO LeHTpanbHan {oveHb
npoctas u enosfiHe obocHoBaHHas) METOANKA ANA [OPOTOCTOALIMX Y3NOB C
Huskum cnpocom. HassanHan ctpaterus koauuecmsom 3akasos He ynpapna-
€T — OHO NOAHOCTLIO ONpeAenneTcs dhakTuueckum cnpocom. Ee panbHerwne
BapuaHTbl. PAacXOQHble NOCTaBAATb CPasy WM NEPUORNHECKU; PEMOHTUpYe-
Mblé YMHWTb CPasy WM B COOTBETCTBUM C pabo4um UMKAOM.

CMeuIaHHAasl CTPaTernsi Ha HYUXKHNX YPOBHAX CUCTEMbI WCMO/b3yeT
npasuno (S —1,5), a B Beiclumx 3seHbax (s, S) . OHa MoXKeT NpUNMeHsT-
CA KaK K pacxoayembim, Tak W K PeMOHTUPyeMbiM n3genusm. [lyaccoHos-
CKWI NepBUYHbIN CNPOC COXPAHAETEA A0 NepBOro YposHA ¢ npasunom (s,.5)
BKJ1IO4NTENBHO.
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O6uras noporopast (s,S) ¢ HenpepbiBHbIM NPOCMOTPOM Ha BCex
YPOBHAX, KPOME HMXXHEro, NpegnonaraeT rpynnoseie 3asexkn (Ha ypoBHAX
Bbitile BTOPOro — chyqaiHoro obbema, MOCKOAbKY rpynnosbie 3aaBKW No-
pOXAatoT CAyHailiHbIl ypoBEHb 3anaca B MOMeHT 3aka3sa socnonHenns). B
NPakTUHECKUX METOANKAX HacTUUHble NOCTabKM obbivHO NekAtoYaoTeA. Bee
AANTEABHOCTI MOCTABOK NPUHUMAIOTCA NOCTOARHbIMU. JebnunT cunTaeres
HaKanAMBaeMbiM. JTa CTpaTerns peKOMeHOYeTCA ANA pacxogyemblx 3anya-
cred. [Insa BoccTanaBivBaembiX oha enecoobpasta npu bonbluom yaaseHnn
PEMOHTHOTO OpraHa U BLICOKO LieHe TPaHCNopTUpPoBK M (B cucTemax raobanb-
Horo mactutaba).

lMpakTnyecku n ¢ Touky 3peHns yaobcTea aHanW3a NpegnoyuTUTENbHA
yHUMKaLMs npaBun 3akasa (XoTa Obl MO sWenoHaM cuCTembl cHabXeHus).

8.8. ITapameTrpsnl Momesei

Mlepeuvcanm napameTpbl Mogeneid cuctem obecnedenns zanqacTaAMU
¢ ux obosHaveHUAMY.

Heranu. w; — Bec, v; — obvem, h; — ueHa xpaHeHus, d; —
UeHa HEAOCTa4Yn, A; — MHTEHCMBHOCTb OTKa30B (B HECTaLMOHAPHOM Cy4ae
sapaeTca pacnpenenenuen Bembynna), p; — cpeanss ckopocTs pemoHTa
(moryT bbiTh 3apansl napa {pin,Tin} — BEPOATHOCTb U ANMTENBHOCTH pe-
MOHTa Twra 1 ).

CKnapl XxapaKTepuayoTca caegytowmnm Habopom napaveTpos:

e Yucno Homenknatyp [, no swenonam I,41 > [, . [lpu cocTasnenuu
crvcKka cHa4ana NepedncnAroT AeTan, XPaHALNECA Ha BCEX YPOBHAX;
3aTem Ge3 nepeoro, bes nepsbix ABYX U T.A4.

¢ Orpanudenna no secy W, , no obvemy Vi, , no satpatam Ol .
o WHTercusHoCTb cipoca A;;, Ha cknage j ypoBHS M.

e Oxupaenmoe spems 3agepxkn noctaskm L u ero ancnepcns D ¢ Ton
xe nHaexcauven {ijm ).

o Cpeatee Bpema soccTaHoBAEHUA Tjjp .
o 3aneprkka sKcTpeHHol noctasky (emergency provision) i .

e BepoaTHocTb 75, peMOHTUPYeMOCTU ¢ B 3BeHe (jm) .

® S;jm — YpOBeMb 3aKasa, Sj;;m, ~— BEPXHUM  ypoBeHb,
Ty — NepUoaMYHOCTD MPOCMOTPA.
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CucreMa B IIeJIOM ONpefenAeTcA YNCAOM YPOBHER, KOMMYECTBOM
CKNAfoB Ha Ka>X[QOM, NOCTABLINKOM KaXAOTo {ero ypoBHem n HOMepom)
BroaxeTHbie orpaHuderna obosnaqatorca ' Onn moryT BmiTh geTanusmpo-
BaHbl Mo swWwesoHam nau HoMenxknatypam [lns oTAenbHbiX cknages, aweno-
HOB CUCTeMbl MAW HOMEHKAATYp MOryT ObiTb 3afaHbl OrpaHUHeHNA CHU3Y Ha
KadecTBo obecneveHun

Oxpy»KeHne CUCTEMBI 3aAaeTcsa KonnecTsom noTpebutenen N,
UHTEHCUBHOCTLIO uX paboTbl, pabounuu TemnepaTypamu v T4, QONONHW-
TenbHbiMU Napamerpamu (Hanpumep, yposHAmu pasbopku uspenunin) Ecnn
OeTaNb BXOAUT B HECKOAbKO cBOPOK, TO BO3HUKAKT AONONHWUTESbHbIE TPYa-
HOCTI

8.9. IIpobnema mrpadon
JJIf BOEHHBIX CHCTEM

O6urvHbit noaxon K pacyeTy WTPadboB CBA3AH C OLEHKOW CHUIKEHNA
KoacduuvenTta roTosHocTn obecneqnsaemon Texnnku (Cpenree Bpemn Boc-
CTaHOBAEHUA W3AENUA ONpPEALNAETCA KAK CPedHEB3BelleHHOe MO BCEM TUMO-
BbIM OTKasam (C y4eToM OxMBaeMOW 4acToThl MUX) Torpa ycTaHoBuBLIEeCH
3HaveHuA koadrhuLmerTa rOTOBHOCTU annapaTypbl MOXHO NPefcTasuTb B
Buae

K= L+T ok
panuy pume ')’
To+T Lo+ L +T, 0 °
rae 1y, 1, T, — cpeanune pantensHocTn beaoTKasHom paboTbl, 4UCTOR

ANTENBHOCTN PEMOHTA 1 3aAEPKKM PEMOHTa n3-3a HexsaTku 3MITa cooreet-
cTeeHHO, N AaeT KoahUUNEHT roToBHOCTN Npu HeorpanndeHHom 3WMe,
a A2 — ero cHnkenne n3-3a orpaHn4eHHOCTI NOCNEAHErO

B oreetcTaeHnbix cay4anx pacueT wipados wa-3a neduumta 3anac-
HbIX HacTed YyCnoXXHAeTca pa3Hoobpasnem nocnegcTeunii gecbuuuta n Tpeby-
eT cneunduyeckoro noaxoaa kK Kaxao# KoHkpeTHoRh cutyaumm [lpobnema
0CcOBEHHO OCTPO CTaBUTCA OAA CUCTEM BOEHHOrO HasHa{eHMA — BNAOTb 0O
NPUHLNNVANBLHOMO OTPULIAHNA TaKoih BOSMOXHOCTW W, CleAoBaTeNibHO, npu-
MEHEHWA TEOPVM 3aMacos B BOEHHOM aefe Boobuie ITa CuTyauws BRoOAHE
BNUCbiBaeTCA B knaccndeckyto cxemy «Kto xoueT paboTaTh, uieT 80O3MOX-
HOCTU, KTO He XO4YeT — MpU4MHbi» B nopaake «noncka BO3MOXHOCTER» Mbi
paccMoTpuM ABe 3ajaqu O pacdeTe wipacos cTapyro (aBnauns) u cpasHU-
TesIbHO HOBYIO (pakeTHbie KOMMIEKCHI)
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8.9.1. ABuaumus

[lpocreditiee pewsetite 334a4u CBORUTCA K CTOUMOCTY apeHabl HOBOFO
camosieTa B3aMeH oTkasaswero Hanpuwmep, B [89, c 255] Ha YyKas3aHHON OCHO-
BE HeReNbHbii NPOCTON CaMONeTa N3-3a OTCYTCTBUA 3aMacHOW YacTw oueHu-
paetca 8 10 Teic Aosan

Bonee pasBuTbim NOAXOA K STOA CUTYaLMM ~— TaKMe U3 ONbiTa CHab-
xenna BBC — vmeetcs y Kappa [165] B stoit pabote npegnaranocs cuntatn
«M0Ne3HOCTbY AeTanu (pyHKUNER [BYX NEPEMEHHBIX BIUAHUA HENCTIPaBHO-
CTV RaHHO® aeTann Ha 60ecnocobHOCTL caMosieTa 1 BO3MOMHOCTN KOMMEH-
cvpoBaTb ee oTcyTcTene Kaxabin us sTux dakTopos umen naTe rpagauni,
Hanpumep, Nepeblin U3 HUX

1) CaMONEeT He MOXeT feTaTh, U Npu nepe6a3mposaHmw acKagpunbu ero
MPUAETCA YHUHTOXINTD,

2) camoneT MOXeT neTaTb, HO TonbKo Npu abeontoTHOM HeobxoaumocTy
1 ¢ BoNbLIMM PUCKOM ANIA dKWNaxa,

3) camoneT wmoxeT sfeTaTh, HO ero boeBoe WNCNONb3OBaAHWE AOMYCTUMO
AWWL B KPUTUYECKON ONepaTuBHOR obcTaHoBKe,

4) camoneT MoXeT NneTaTb, HO ero boesble BO3MOMHOCTY HECKOBKO Orpa-
HUYEHbI,

5) oTyTcTBME MaHHOM JeTajn NPaKTUYECKN He BAMAET Ha 6oecnocobHOCTL
camoseta

KomBunupys 311 oueHKM C XapakTepncTUKamu feTanu, ee OTHOCUAN K Ofi-
HOMY M3 NATUM Kaaccos saxcHocTh (1abn 8 5)

Tabnuwua 85

Pasbuexa feTanen Ha KN3CCbl Ba>XHOCTU

Bnusuue na boecnocobuocTb
QPakTopsl

cunbHoe | ymepenroe | cnaboe

BoamoxHocTy | OTCYTCTBYET | 1§
3ametbt

\Y

nMeeTca (i v

L

Ouenka kaxporo chakTopa, ONPenenArOLEro BaXHOCTb, NPOM3BOAK/IACE MY~
Tem 0bpaboTKN cyKaeHU TEXHUKOB — CNELNANUCTOB NO KOHKPETHbIM Camo-
NeTHbIM cucTemam [lnA nepsoro xnacca Benuuuny wTpadba npeanaranock
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NPUHATL PaBHOR CTOWMOCTA BO3MEWeHA (apeHna camoneTa TOro XKe KJac-
ca) — 1000 nonn B aemb, ana sToporo — nopaaka 300 poan , natoro —
10 ponn. [na peTanen TpeTbero n 4eTBEPTOro KNAccos WTpach onpeaensan-
€A CYMMapHbIMIA 3aTpaTamy Ha Heobxoanmble maTepnansi, pabouyro cuny w
NpUKpbITUE Ha BPeMA peMOoHTa v Mor gocTuraTh 100 monn.

B pesynbTaTe bbi npeanoxen HoBbIA Tabenb cHab>KeHNA, OKasaBWUi-
CA BECbMa SKOHOMMWYHbIM

[Mpu cTtoxacTudeckom cripoce ¢ hyHKUNER pacnpeneneHns, onpepeneH-
Hol Ana beckoHeuHo BoblIMX 3HAYEHUA aprymeHTa, Npu NtobomM KOHEYHOM
3anace CyLlecTsyeT MONOXKUTENbHAA BEPOATHOCTb HEROCTAYM, U MPUHATUE
ueHbl wTpadha d = oo npuseno Bo K HeckonewHo Donblwmm oXnpaembiv
pacxogam. B noaobHbix cnyvasx 4acTo BBOAAT OrpaHMYeHwe no BEPOATHO-
cTn HepocTaun. HeobxoanmocTs sKoHOMMM Ha 3anacax NPUBOSUT K TOMY,
4TO BEPOATHOCTH HEQOCTaYl OKa3blBAETCA B TOUHOCTU PAaBHOM MPaHUYHOMY
3HadeHuto (No KpaitHed Mepe [A HENPEPLIBHO PacrpefeneHHOro cnpoca)
Taknm obpasom, sagaHue epoaTHocTN obecrnedeHna NOAHOCTLIO onpeaenaeT
peweHue 3agaun. Cnegyet, ogHakKo, 3aMeTuTh, 4To obocHoBaKME 3TON LU pbI
HEBO3MOXHO Be3 XoTA Bul NPUBAVIKEHHOR OLEHKA SKOHOMUYECKUX NOCNES-
CTBWA HedocTavn, T.e. Toro e camoro wpada. CnoxHocTe aT0R 3agatqn
HWU B8 KOER Mepe He onpabBAbiBaeT CyDbEKTUBHOIO Ha3HAYeHNA COOTBETCTBYIO-
Lux BepoATHocTeR [pyrim BO3MOMHBLIM NOSXOAOM ABAAETCH MUHUMNU3ALMA
BEPOATHOCTU UNU OXuaaemoro obvema fecbuvuuTa Npu orpaHUYeHHbIX pac-
xopax Ha cHabykeHue

8.9.2. PakeTHble KOMILJIEKCHI

BoetiHble cuctembl cHabxerna scerna Boinn cKNOHHBI K pa3pyBaHuto
sanacos Kak oTmeyanoch s [89, ¢. 485),

&OCHOBHAA 3a71a4a KOMaH[OBaHNA BOEHHOMR Basbl COCTOUT B TOM,
4TobbI Bee camoneTsl Bbin roTossl K nonetam (kopabau ~— K no-
xopam) 3a HeroTosHocTb 6onbHO BbroT, 3a 3bbIToYHBIE 3anach
MArKo KpuTukyroT. B pesynsTate Ha Base Bymer ckannueaTtbes
HaMHOro bofiblue 3aMacHbIX YacTell U MaTepuanos, Yem Ha ca-
MOM gene Heobxomumon»

Danee (c. 487) B Toit e KHUTe YTBEPIKRAETCA, YTO

«B BOEHHBIX cUCTemax CHabXXeHUA MOYTU HEBO3MOXKHO npoeo-
ANTb QUEHKW B TepMuWHax CTOMMOCTW, TaK KakK mMHOrume sufbl
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NoTepb HENOCPEACTBEHHO W3MeEPUTL HeNb3a (Hanpumep, WTpad
33 HEroTOBHOCTb MEXKOHTUHEHTaIbHOW bannucTuyeckon pake-
Tbl #3-33 OTCYTCTBNA Kakofi-nubo 3anacHon HacTh)».

Paccmatpusas 2To 3asBnenne Kak BbISOB, NOMLITAEMCA HaMETWTL Cxemy
npubnaukeHHOro pacueTta ueHbl WTpadda B YNOMAHYTON CUTYaLUUM Ha ocHo-
Be MH(OPMALNMA M3 XOPOLIO W3BECTHLIX CMEUNanUCTaM W JafeKo He HOBbix
omxpumux uctounukos [1, c. 323-325], [6, c. 329-365], [82].

Dns navana sanuwem audpeperumnansHbie ypasterun flandectepa,
OfpeaenAtoLLNe HEMpepbLIBHYIO MOAE/b AUHAMUKYN PakeTHOR AYSAM, NpU Che-
Byrownx 6a30BbIX NPEANONOIKEHNAX:

o Kaxpasn boesan eamnnua KpacHbix MOXeT BECTU OFoHb N0 KaxKaod
6oeson eannnue Cunux, u HaobopoT

e OroHb sisnAeTcA NpulenbHbiM (MO KOHKPETHOM €AnHNLE); OGHUM Bbi-
CTPesIOM MOXET bbiTh NMopaXkeHa TONLKO OAHA eAuHMua

® DpheKTUBHARA CKOPOCTPENbHOCTL A* = A-p, rle p — BEPOATHOCTL
nopaxeHus uenu. CKopocTpenbHOCTb A Y4YWUTHIBaeT BpPeMA pacyeTa
NPVLEABHBIX AaHHBIX, NPULENUBaHNE, Nepe3apAXkanve v T.n

o Obctpeny ¢ oaMHaKoOBON BEPOATHOCTBIO NOABEpraeTcsa nobas U3 ewe
He MOopaXeHHbIX efUHAL, NOCNE NOParkeHusl €AUHULLI OFOHb NO Hew
NpekpaiLaeTca W HeMEeNEHHO MepPeHOCUTCA Ha elle He MOpaXeHHbie
eanHULbL.

o [lopaxenHan egurnua npekpawaet ctpenvby U B gansHedwnx boesbix
DefCTBUAX He y4acTByeT.

Mogess ¢ riepeHocoM orus. 3aeck obcTpennBaoTEA TONLKO HENO-
pa>ceHHbie Lenu (VIHa‘-Ie FOBOPA, UMEETCA NOAHAA UHPOPMALUA O COCTOARNM
NPOTUBHOM CTOpOHbI). Mogenb onucolBaeTCA ypaBHEHNAMN

dmy(t)/dt = —Xopamoft),

dmy(t)/dt ~ A p1ma (t) (89.1)

¢ peweHuem [6]

m1 (t) - mi (O) COSh vV )\IAQ - mg(O)\/ /\2)\1 sinh v /\1 )\gt, (892)
ma(t) = ma(0)cosh /A Aot — my{0)/ A1 Az sinh /A7 Aot
ITv ypaBHEHUA CpaBefNNBb! NPU HE CANLLKOM MAfbiX 3HAHEHNAX YNUCIEHHO-
cTen cTopoH, KoanuyecTBo coXpaHUBILUXCA eanHIL Bosiee cunbHOM CTOPOHD

n = noy/1- @/,
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rae @ — noteruuan npourpaswen (P’ — shiurpasiseir) cTopost. [Jnn
paccmaTpusaemoit momeni Gos (KBagpaTWyHOM) NOTeHUNAn BbiMUCHAETCA
KaK

® = pAnd.

Mogens Ges nepernoca orua (nunedinan). 3gecs

dm(Q)/dt = -2 (s (1),
(0 (8.9.3)
dmy(t)/dt = —-E;—%ml(t)mﬁt).
Pewerne umeet BUA
1TL1(t) = 77)1(0) _(l:z:_uu)i N
ey (8.9.4)
may(t) = ma(0)

upe~(Wi=u2)t _ gy

BcriomoratenbHeote kotctanTet 11 = Aymy{0)/ma2(0), us = Aoma(0)/m1(0) .
Ona nvnednon mopenn

n=ng(l = ®pm/Pn),
a MOTEHUMUaN NPONOPUMOHaneH Nepeoti cTeneHu Yucna boeenix eannny:
$ = pAng.

Wrorosast onenka. [Nockonbky nexod pakeTHoW fysnu onpepens-
eTCA NOTEHUNANOM CTOPOH, ECTECTBENHO OueHUBaTh yiepd oT neduumnra He-
KOTOPOR 3anyacTu popmynon Buaa

h=CA®,

roe C — npuseaeHHbie rofoBbie 3aT7paThi Ha CO3AaHUE W MOALepXKaHNe yno-
MAHYTOrO noTerunana, a AP — ero chnxenve us-sa aetbnuunTa (¢ yqetom
BPEMEHWU T CYUIECTBOBAHUA NOCHeaHero).

[llns 3anHTepecosaHHbiX B KOHKPETHBIX YNCAOBLIX OLEHKaX NpuUBeaen
pasymHble ncxopHbie pavnble. Cornacho [82, c. 55), ronosbie 3aTpaThl Ha
cTpaTerndeckue apeprsie cunbl CLUA 8 sBocbmungecaTbie roast olenusannch
8 50 mapa. gonn. CHuxxeHne noTeHUMana Ans MOAENW C NepeHauenBaHiem
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8 NMHEAHOM NPUG/iMiKeHUN MOMHO OUEHUTL, MONB3YACH MPOW3BOAHBIMM
o®/0p = An’,
8%/ON = pn?,
o0%/0n = 2pin.

Buibop npousBOAHON ONpefenAeTCs NOCAEACTEUAMY AeddULNTa KOHKPETHOM
geranm.

& yMEeHbUIEHWE YMCNa CTApTYIOLUUX paKeT — [ANA OTKa30B, COBEPLUEHHO
WCKAIOHAOWMX 3aNycK (B 4aCTHOCTM, rpynnoson);

® yMeHblUeHWe CKOPOCTPebHOCTU —— JNA CUCTeMbl MpULENNBaHiA
(Hanpumep, 8 ciy4ae MOABUXHbIX CTapTOB);

® yMeHblUeHWe BEPOATHOCTY NOPaKeHUA LeAN — ecay AechuUnNT yMeHb-
ulaeT MOLMHOCTL B3PLIBA § WiV YBEAWYUBAeT CpedHeXBafpaTu4eckoe
OTK/AOHEHUNE Toukn napgeHns boesol wactu o .

[ina nopcuerta achchekToB ABYX NOCNefHWX BUAOB CRefyeT BOCMONb3OBATh-
ca opMyNORA BEPOATHOCTM MOpaXkKeHNA TodeuHol uenm u3 [82, ¢. 32-34] n
peaynsTaTamu ee puddrepeHuUpasanua:

kq2/3
p = l—exp(~ )

20%
k ) kq2/3
Op/dq = 3417357 P (- o |
kq2/3 ]\’(]2/3
Ip/0c = -— 5 exp [~

CornacHo panubim To@t xe kHaru (82, ¢ 10-11], ansa paketr Mututmen-3 tpo-
Tunosbld skeusaneHT Boeronosku ¢ =0.2-0.4 Mr, npepensroe oTKIOHEHWE
Touky napenun (2.7 0 ) npu cTpensbe Ha MaKCUMaAbHYIO RaAbHOCTb COCTa-
gnseT 0.5 km, oTkyfa o =180 m Koadbdbuument npoyHoctn yenn k onpe-
AeNAeTCA KakK paccTosHue B meTpax OT LeHTpa B3pbisa MowHocTsro 1 My,
Npu KOTOPOM BO (PPOHTE yQapHOW BOMHbI co3paeTca nsbbiToHHoe gasierve
8 7 MMa (10 krefem ?).

OGobulenns v orpaHdenu. [logobHbim xe obpasom moryT BbiTh
yuTeHbl NOCNEACTBUA OTKAa3a B CPefcTBax MPEOfoJieHUA MPOTUBOPAKETHOM
obopoHb! MpoTUBHMNKA.
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MOLLCJ'Ib C YHETOM BpEeMEHU NONETa CHapAAda v 3anasgbiBaHnem B nepe-
HOCE OrHA NO3BOJSIALT YHeCTh 3alePXXKUN B CACTEME PaHHero npeaynpexaeHna
O paxKeTHOM HanafeHUW NPOTUBHUKA K CUCTEME KOCMUHECKOTO HaGJ'HOAEHVIﬂ
3a ero pakeTHO-AQEPHbBIMU CNIaMN. 3Ta MofOe/ b ONPeqEACTCA YPAaBHEHUAMK

dmy (1) my(t)
—_—t —poda(t — m)ma(t —
dt p2ha 2)ma z)ml(t—ﬁl)’
dmg(t) mg(t)
— 2 = e AN =Tm) et - _—
it P 1( 1)7?1( Tl)mQ(t—GQ)
3aecd 7, §, — coOTBETCTBEHHO BpeMA MONETa U 3anasgbiBaHue B NepeHa-

uenneBarnnn ona 1-@ CTOpPOHBL.

OnucanHble noaxoabl asaaTca cyrybo npubamxeHHbiMu xoTs bbi
NOTOMY, UTO «pakeTHas AYS/b» He ABARETCA HENPEPbIBHbIM NPOLECCOM U
cocTouT B obmene Juckpemubimu ypapamu. Kpome Toro, He yuuTbipaeTcs
pasfvdune ueneld B 3aBUCUMOCTU OT CTpaTernyeckod obcTaHOBKM, Tak Kak
pasauuHbii popMam yaapa COOTBETCTBYIOT B obluem ciy4ae pasHble LeAw.
Ecan, Hanpumep, 8 coBoKynHOCTL Uenen ynpexcdarweso ynapa pakeTHble
Ba3sbl NPOTWBHMKA BKAIOYAIOTCA B KAYECTBE NePBOOMEPEAHLIX, TO AAA YCAO-
BUR 0MGEMHO20 YAApa WX BKHOUEHUE B NepedeHb LieNel MOMeT oKazaTb-
cA HeoBOCHOBAHHBIM, NOCKObKY PaKeTbl C 3TUX 633 K MOMEHTY HaHeceHUA
oTBeTHoro ymapa yxe ctapTyroT {82, c. 23]. Tem He menee oTKpbiBaeTcs
BO3MOXKHOCTb NMOAYUYUTL XOTb KaKUE-TO KOJIUHECTBEHHLIE OLUEHKMN, UMerotlne
Be3yCc/IOBHO MONOXKUTENBHYIO KOPPENALKIO C PeanbHOCTLIO U No3BoAsAIoLMe,
B YaCTHOCTU, ONPEAeiNTb OTHOCUTENbHYIO BAXHOCTD OTOENbHbIX NOACUCTEM
pakeTHoro soopyxeHus. HamomHum kcTaTh, 4To anA eeibopa onTuManbHO-
ro sanaca ueHa wrpada moxeT OpiTe 3afaHa ¢ BOAbLIOR OTHOCWTENLHOR
MOrpeiHOCT b,
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I'maBa 9

JlokannbHas 3amada
O BOCCTaHAaBJIMBaeMOM

3UIle

9.1. IIpenBapuTesbHBbIE COOOpaKeEeHUS

OaHol 13 BaXKHERLMX 3a[a4 SKCNyaTauun CAOXKHOR TEXHNKY ABAA-
eTca pacdeT soccraHasnusaemoro 3MMMa. Kak npasuno, skcnpecc-gnarno-
CTUKa COCTOAHWA CHOMKHOM TeXHUKYN MPOBOAUTCA C TOYHOCTEIO 10 BXOAALLErO
B Hee Bnoka (ysna, arperata). C uenbio MIUHUMN3ALNIA NPOCTOA KOMMAEKCA
HeucnpasHblil 6ok HemeanenHo 3ameHseTca s3aToim us 3WMa, a cam Ha-
npasnAeTcA B peMOHTHbIA opraH. OTpemMOHTWpPOBaHHbLIM arperaT nNonoaHsAeT
coboto I, MNogobHan cxema LWMPOKO NPUMEHAETCA B CUTYaLUMAX, FAE 3KC-
nnyaTupyeTcsi 6onblioe HUCNO OQHOPOAHbBIX arperaTos: TUMOBbLIE SAEMEHTbI
sameHbl (T33) MOLIHBIX BHIMUCANTENBHBIX MALLWH, CAMONETHbIE GBUTATENN
B KPYNHOM aBWanpeanpuAaTUN, ANarHocTMHecKas u buanoTepaneBTUHecKan
annapatypa B bonbHMUax M rocnuTannx, obopyaosatne 51eKTPOBO3CE i CU-
CTeM yNpaBneHUa ABUXKEHWEM Ha XKENe3HbX AOPOrax M B MeTPONoNuTeHe,
KaccoBble annapaTbl B Gonbwux yHusepMarax PacTeT ee nonynapHocTs u
B COBpeMeHHbIX CiCTeMax BblITOBOro cepBMCa, KOTOpPbie Ha BPEMA PEMOHTa
OTKa3aBLUEro COXKHOrO YCTPoNcTsa (MepcoHanbHOrO KoMmnbloTepa, BUAEO-
MarHnTodboHa, Tenesnsopa, ayamo-cuctembl, xonopunshuxa, CBY-neyn, as-
TOMOBUAA W T.NM.) NPeAOCTaBAAIOT NOMb3OBATENIO SKBUBANEHTHYIO 3aMeHy.
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BoamoxHbl cryyan, korga Hegonocragka NPUBOANT K 3aMesneHUIo
NPOUSBOACTBA WA CHUXKEHUIO OoXupaemoro obvema ero OBcnyxusanmne
molHon cTaymorapron IBM konnekTneHoro nonbaosanus (B cospementon
Tepmuronornu — manframe) Asnsercs TunuYHOR cuTyauned WMeHHO 3Toro
pona [pakTuuecku npu sbixofe ua cTpos kakoro-nubo T33a ero Hemennen-
Ho 3amenstoT ucnpasdsiv us 3WMMa, a otkasaswui noctynaer & pemonT,
nocne aasepliennna Kotoporo nononHAeT 33U Heaonocraska snementos
NPUBOANT K TOMY, HTO 3anac Pe3epBHbIX | J308 HauHaeT YMEHbLWATLCA, a
BEPOATHOCTH OCTAHOBKM MallNHBL M3-3a UX OTCYTCTBUA — BO3PacTaTh | akum
obpasom, 3fech B KadecTse WTpadha B eAMHULY BpemeHW uenecoobpasHo npu-
HATb NpOW3BeAeHUe CTOUMOCTI MALLMHHOIO SaCa Ha NPUPOCT CTaUuNOHAPHOR
BEPOATHOCTN HegocTaun [ D308

Hegoctatounocts 3Wla ysennuusaer npoctom nonvsosatened, u
cucTeMa NOAREPHKM DKCNAYaTaunu (GNA YNPOLUEHUA TEPMUHOAQIAN Mbl CO-
XpaHUM 33 Hell HauMeHOBaHUE cUCTeMbl CHabXeHWA) No cnpasefnMBoCTM
AOMMKHA KOMMEHCMPOBATL UM MaTepuasbHblA 1 MOPanbHbLIA ywepd, Bobinaa-
uusas «wtpadet» C apyroi ctoponb, nsbsitouusit 3NN omeptenseT sna-
YMTenbHbIE AeHeXHble CPEACTBA M TpebyeT pacxofoB Ha xpaHerue, KOTOpbie
B CBA3N CO CNOMHOCTLIO BXOAALLMX B HErO arperaTos MoryT boiTh cyllecTseH-
Ho Bonbuwe pacxonos Ha xpaHeHye obbidHbiX npeametos cHabxeHus Takum
obpa3soum, BecbMa akTyanpHa 3apga<a ob onTumanbHom Bolbope obvema poc-
ctanasnusaenoro 3WMNa Creundmka stoh sapaun oTparkaetca B ocobod
CTPYKTYpe denesol byHKUMU ¥ B TOM, YTO OXKMAAeMoe cHuXKeHune obbema
3W1 npuxoanTca paccHnTLIBaTL METOAAMI TEOPUN MaccoBoro obcnyxupa-
HUA

Cpasy e oTMeTuM, 470 arperaTHan cucTema peMoHTa fAONXKHA MOCTo-
AHHO NOANUTLIBATLCA PACXOAHBIMU AGTANAMU W MaTePUANaMU, OpraHu3ayua
NOCTABOK KOTOPLIX PACCHUTLIBACTCA ODLIYHLIMY METO[AMU TEOPUM 3aNacos
VKaxeM TakXe, HTO B KOHTYP 3aa4U MOXKET BK/IOHATHCA U ONTUMW3ALUA
BOCCTAHaBAMBAIOLLEA CUCTEMbE NOFMYHO NOCTaBuTh BONpoc o Buibope Takoi
NPOU3BORNTENBHACTI BOCCTAHABNBAOLMX YCTPOACTE N UX KOMIUYECTBA, Mpu
KOTOPBIX MUHWMaNbHbl CYMMApHbI€ 3aTPaThl HA YNOMAHYTYO CUCTEMY W Ha
33U B atom cayqae 3NN onTumusnpyetca npu dmkcupoBaHHbiX Napaie-
Tpax BOCTaHaB/AMBAIOWER cHCTeMbE, @ rNobanbHas oNTUMN3aUMA LOCTUIaeTCA
HanpasneHHbiM nepebopom 3HauYeHnn nocnegHux, eobupaeMbix U3 aUCKpeT-
HbIX PAROB BO3MOXHOCTeR (4NCna «KaHa/N0B» BOCCTAHOB/IEHNA, TUMNOB AMa-
FHOCTUYECKMX U TEXHONOPMHECKNK YCTPORCTB, CMeHHOCTI paboTsl)

[Mpn pewennu sagain o soccranasnmeaemom UM nccneposatens
WMeeT [eno ¢ Komnsiekcom «cHabxaembid arperat — 33U — pemortubi

- 276 -




opran» C Touku 3perua socnonHennn 3WTla,epeverem 3anep>xikun nocTasok
ABNAETCA He 4ncTtoe BpemA BOCCTaHOBEHWNA, a noamoe
BpeMsA HaxOXAEHWA 3/eMeHTa B CUCTEME BOCCTaHOB/IEHWA, COBMapatollee ¢
AANTENbHOCTbIO COBCTBEHHO BOCCTAHOBAEHWA AUWbL NPU OTCYTCTBAM Ode-
pean Paspelwenve cyuwecTBoBaHWA OHepenu ABNAETCA DPKOHOMUYECKM He-
obxoanMbiv yciOBUEM AOCTaTOYHON 3arpy3Kn CUCTEMbI PEMOHTa, TakK YToO
npu nnaunposarmn socctanasnausaemoro 3Wla npenebperate Bo3MOXKHO-
CTblo oYepeny B CUCTEME PEMOHTA HENB3A ITO OBCTOATENLCTBO ONpeaenseT
HeobXoaAMMOCTb COBMECTHOMO PAaccMOTPEHNA CUCTEM «3aMac®» N «PEeMOHT» B
cnenyrolulem NopaaKe

1) pacyeT BEPOATHOCTHDLIX XaPaKTEPUCTUK OYepenn Ha PEMOHT,

2) pacyeT pacnpegesieHvia BpeMeHUu BOCCTAHOBMEHUA S/1€MeHTa C y4eTom
o4depenu,

3) pacyeT BEPOATHOCTER HAAUYUA 3anaca,

4) Bbibop onTumansHoro sanaca
Kpome Toro, 8 sanavax o socctaHasnusaemom 3M[e

® N1aTa 33 XPaHeHwe UCHNCNRETCH No MakKcMMansHoMy komnnekTy 3UTT,
a He Mo YUC/Y UCNPaBHBIX SNeMEHTOB,

o cymma wTpadba nponopunoHantHa BpemeHn NpocToa obecnednsaemoro
arperaTa,

e npocToit arperata hrKCUPYETCA MpPU CHUXKEHWN 3aMaca Ao oTpuLaTeb-
HOM BENNHWHDI,

® npu goctaToyHo bonbiuom feduyunTe (B HacTHOM Cyuae — cpasy npu
€ro BO3HWKHOBEHUI) MOTOK OTKa30B MOXET NpepblBaTheA

Knaccmueckum noaxoaom k npumeHerwo 1 MO 8 ynpasnenuum sana-
CaMn ABNAETCA PaccCMOTpeHue OWCKPETHbIX eAWHWL MOCNELHEro Kak KaHa-
nos obcnyxusanna Mcrtpebosanune nsgenna paccmaTpuBaeTcA Kak 3aHATve
Kanana, npu ctpatermn (S —1,5) kakpas 3asBka BbI3bIBAET 3aKa3 Ha BOC-
nonHermne (PEMOHT), AANTENbHOCTb (3aRepXKKa) KOTOPOrO UHTEpNpeTUpyeT-
cA Kak Bpema obcayxusaHua ITOT MOAXOA [aeT OCHOBaHME WCMOMb3OBAThb
[Ns pacyeTa cpeaHei 3aaepxku Bocroaxerns dopmyny Jnttaa (oTHowenme
CPeiHero HNCia «3aHATBIX KaHa0B® K UHTEHCUBHOCTI BXOAALLEro NOTOKa)

YnoTpebutenbHsl 4Ba BapuaHTa wofesedl ¢ HeorpaHUYeHHON odepe-
abto (Aonyckaetcs nedpuunt) n ¢ otkasamm [lpumepom nocnesHein MoXxeT
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enyxute M/M[1/S 3peck s coctoanun «0» sanac paseH S B cocTos-
HUK « S+ 1 » oTkasasluyto AeTaslb 3aMEHUTL HeveM, U CUCTeMa NpocTansaeT
BeposatHocTb npocros

ps+1=p (1= p") /(1= p),  p=X/p

Mogenu pasauvaroTca Tak>ke TUNaMy BXOBALUEro MOTOKA W PacrpefeseHuni
nanTenbrHocTn obcnyxmsanus HenocTaTkom 3Toro noaxopna ABASETCA TPYA-
HocTb pacdeta MHorokaHanbhsix CMO c Hemapkosckim obcnyxupaHuem
(em. rnasy 3).

Ocobbim cny4aem aBnAeTCs 4acTo ucronbayemas 6es ABHBIX CCblNOK
moaens M/(G/co, rae ovepeab v 0Tkasbl He BO3HWKAKOT BCAeacTane becko-
HEYHOro YMcna KaHasos.

9.2. OcHoBHag Mouejb

byaem cuuTate, 4to WTpady sa Hepoctady 3WTla nponopuuoranen
cpefHeMy YUCRy MONMb3oBaTeNeN, NPOCTaUBaIOWMX B eguHuLy Bpemenn Ove-
BUAHO, BnoxenHble B8 W[ cpegctea omepTeneHs Hesasucumo oT Toro,
UCMpaBHbE €ro 31eMeHThbl AN HaXORATCA B peMoHTe [akum obpasom, dyHk-
LMA 3aTpaT B eAnHULy Bpemern, cenzarHan ¢ 3Mowm obvema s, npunumaer
Bug

oo
L(sy=hs+d > (k- s)px, (9.2.1)
k=s+1
roe h — ueHa xpanenusn; d — ueHa wTpadpa, pr — CTalMoHapHasA Be-

POATHOCTL HaxXoXAeHUA B pemoHTe k arperatos OBuwume ycnosusa (56 13)
ONTUMANbHOCTY AMCKPETHOro 3anaca. s ¢ nomowwbto (9 2 1) npeobpasytotesn
B HepaBeHCTBa

>
A
(]
=
\%
=

ko=s*41
fe o)
d Z Pr — h > 0
k=3s"*
Nx morkHo obbeanumnts B
[o.0] o0
pe <hfAd< Y pr. (9.2.2)
k=s*+1 k=s*




Fcnu wrpad onpenenseTcs camuM hakToM HeaoCTaql ¥ He 3aBicuT
oT ee obvema (5To BoisaeT npun obecneteHnn oaHoOR cUCTeMBI, HOPManbHan
paboTa kotopoi npu Hepoctade 3MMla He rapanTupyetca), uenesyto dhyHk-
UNIO CNefyeT 3anucath B Bufe

Lisy=hs+d Y ps (9.2.3)
k=s+1

3necs ycnosneM onTuMansHocTH bypeT
Pse+1 < h/d < ps-. (9.2.4)

Hepasenctea (9.2 2) v (9 2.4) bbinm nonyuensl besoTHocuTenbHo K
OpraHW3aLMM PEMOHTA M XapaKTepUCTKaM NOTOKA 3aABOK W B 3TOM CMbICAe
ABNAIOTCA YHUBepcanbHbiMin, KoHkpeTHoe pacnpeaenenne {pi} sbiumcnser-
CA METOAaMN TEOPUU MacCOBOTO 0BC/yXUBaHWA — CM. rAasy 3

Npu npocteiwnx ponyuienunax (cuctema M/M /1) ynaetes noayuuts
aBHbie Bepcuin yenosuii (9 2.2) u (9 2.4) B oTom cnyqae npu koadduumnenTe
3arpy3kyl CUCTEMbl BOCCTaHOBNEHUA p = A/y CTAaUMOHapHbie BEPOATHOCTM
{pr} noacuwTbiBaroTCA cornacko

pr = (1= p)p*, k=0,1,... (9.2.5)
CooTseTcTBeHHO Npu WTpacbe No oxugaemomy gecdbuumnTy yHKUUA 3aTpar
L(s) = hs +dp*t1 /(1 — p), (9.2.6)

a onTuManbhbii obvem 3UMTa paerca dopmynon
§* = [%—%J (9.2.7)

Mpu wTpacbe no BepoATHOCTU HEROCTa4N UMeem yHKUMIO 3aTpaT
L(s) = hs + dp° 1, (9.2.8)

a ontTumanbHein UM

. _ |In(d(1=p)/h) 2.
) “l In(1/p) J (0:29

B oboux cnyqasax Gepetca uenas 4acTb B3ATHIX B CKOBKM OTHOLUeHWA N1Ora-
pucpmos. Jlorapndbmbl MoryT EbiTe B3ATbI NO OBOMY OCHOBaHUIO.
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IIpumep. lpegnonoxnm, 410 Tpebyetcs oueHNTb SKOHOMUYHOCTH
obopoTHoro sanaca s =10 WTYK BOCCTAHABAKBAEMbIX Y3JI0B aBNALUOHHOTO
asuratens npu ctoumocty aetanu 600 nonn., cpegHem BpeMeHn BOCCTaHO-
pnermna p~ ! =12 nHen u MHTeHCHBHOCTM noToka oTkasos A = (.02 B aemsb
CroumocTs roposoro xpatienna npumem h = 150 ponn. Wrpad Eyaem uc-
YNCAATL NO OxMpBaemon Hepoctade. B [165] yaenbHotit «wTpads» 3a npocton
camoneTa onpeneneH Kak CTOUMOCTb apeHbl HOBoro 8 cymme 1 Toic. gonn 8
aenb, uan 365 Teic. gonn. B rog. Mpumenm d =350 Toic. aona. Torga ropoesie
oXufaemble 3aTpaThl Npu nnaxosom 3anace 10 wTyk

(0.02 - 12)11
1-0.02-12
61521077
0.76

"

L(10) 150 - 10 + 350 - 103

= 1500+ 0.35-10 = 1500.07 ponn.

ﬂpu Tex Xe JaHHbIX ONTUMANbHbIA 3aNac COCTABAT LENYIo HacTb oT

lg(350 - 108/150) _ 1g 2330
1g(0.0833/.02)  lg4.16

§=

= 3.367/0.620 = 5.44,

T.e. 5 WTYK, a oxuaaembie 3aTpaTel B 1.79 pasa Menbtue.
03 (0.02-12)5
1-0.02-12
06 1.91-107*
0.76

L(5) = 150-5+350-1

= 7504035 1 = 750 + 88 = 838 ponn.

Crepyer nopg4epkHyTb, Y4TO pacnpeneneHue 4ucna 3asiBOK B CUCTe-
Me MaccoBoro obcAyXNBaHUA faXKe NPU paBeHCTBE CPENHUX 3HAYEHUR upes-
BBIY3MHO YYBCTBUTE/IBHO K BWAY pacnpefeneHus QAMTENbHOCTN obcnyXu-
panua. Ha puc. 9.1 n 9 2 npencrasnensi rpacdwku pacnpenenequn n QPP
yucna sassok B cucteme M/G/1 pna sarpyskm p = 0.7 n ramma-
pacnpeseneHna SANUTENbHOCTH OBCAYXWBAHNA NPM YKA33HHbIX Ha KPUBbIX
koadbbuunentax sapuaumn. Cayvad v = 0 cOOTBETCTBYET perynspHoOMY
obcnyxusaHuto

[pachukn pemomcTpupyrot Gonbwoid pasbpoc onpepenswownx ssibop
ONTMMaNbHOro 3anaca TOHYEK NepecevyeHnA KPUBbIX C FOPUIOHTAIbIO, NPOoBe-
AenHof Ha ypoete oTHowenws h/d 7o ykaswipaeT Ha obasaTenbHocTb yue-
Ta pucnepcun pacnpedeneHuin ganTenbHocTu obcnyxmeanusa Pasbpoc bel-
CTPO BO3PACTAET C YMEHBLLUEHUEM YIIOMAHYTOFO OTHOLIEHWA.
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9.3. MHorosuneliHass MapKOBCKasA cucTemMa

EcrecTBento cuutats 5 > n. B stoi obnactu cornacho (3.12.2)
BEPOATHOCTL AeduuunTa

Y4

4
7
l/

10!

TYTT

ps+1—n

co

(1) _ f-n
: #O)=pn 3 0 =
- k t=xs+1

—2 i
107 3 CnegosaTensro, cyHkuma saTpar

T T

T

3 ps+1-n
i L =h d
(s) Y+ apn 1=,
1073 ¢ 3
: " Mpupaenne BepoATHOCTH AechnLmMTa B CAydae 3ameHsl s Ha s+ 1
i O
i Ago(l)(s) — 1pn [ps+2—n _ ps+1—n] — __pan-l—n. (931)
10—4 1 { )] 1 - p
0 5 10 15 20 25 3Ha4YNT, ONTUMANBHLINM 3anac NpPU M3BECTHOM p AOMXKEH ONPeReNATLCA U3
HepaBeHCTB
s+1-n 3$—n
Pnp <hfd<pnp®",
Puc. 9.1 Pacnpepenenne uncna saasok B cucteme M/G/1 g "
oTKYAa
In(dp,/h
1 T T T T E Sgl) =n+ l—llﬁ/—)J .
: ] In(1/p)
L ] Mpn ucuucnennn wrpachos NO BEPOATHOCTU AebnUMTa MOCNEAHAA B
1 cnydae s> N BbIYUCAAETCHA COrnacHo
1071 ¢ ] _
| ] )= b
1 (1-p)?
10-2 | > | CneposarensHo, dyHkuua 3aTpaT
i E p3+1-n
L(s) = hy + dpp ———-
[ NN ] * "(1-p)?
1073 ¢ 0N E [Mpupauienne oxugaemoro pedpuunra
: é (2) — Pn shl-n() 1y = — Pn_ s41-n
_ Ap'™(s) -2’ (r—-1) 1= ,F :
1074 0 é 1'0 1'5 20 25 OnTumanbHbid 3anac BuIYNCNACTCA NO chopmyne
4, n
2 =ny In h(1-p)
" In(1/p) |
Puc. 9.2. Pacnpepenenue cymm BepoaTHocTen B cncteme M/G/1 p
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9.4. YdYeT NONMOJIHHUTEJIBHbLIX 3alepxkKekK

Mpn 3ameTHOR yRaneHHOCTU PEMOHTHOrO OpraHa cnepyeT y4uTbiBaTh
pononHuTensHoe cHikenne obvema 3MMa 3a spema T poctaskm arperaTa
8 pemoHT n obpaTHo. Tlpn npocTeiiwem noToke 3asBok 3To pacnpeneneHue
anAa dpukcuposatHoro T noguuHeHo sakony [lyaccona

T
ajz(——j’—)——e")‘T, i=01 ...

a ANA CNYYaliHOrO C MAOTHOCTLIO pacrnpepenenus v(t) cuuTtaeTcs Kak

7 ()
aj:/( _') e Mu(t)dt,  j=0,1,...
0

J:

Bonpoc 06 addekTnBHOM pacyeTe STUX BEPOATHOCTEA paccMaTpwBancs B

pa3a. 3.6.3.

PesynbTupytouiee pacnpenenerne crnxernn 3MMNa nonysaerca caepr-
Ko pacnpeaeseHUil YuCna arperaToB, HaxoOAALUXCA B TPAHCNOPTUPOBKE 1
HenocpeacTBEHHO B peMoHTe. JTa PEKOMEHAALMA OTHOCWTCA U KO BCEM MO-
penam ¢ soccTaHasanbaeMbim 3MTlom, koTopbie paccmaTpusaroTca Huxe.

9.5. BoccraHoBJ/IEeHHE B CeTH

BoccTanosneHne oTkasasuwlero arperata moxeT notpebosaTe pAaa
onepauuii, BLINOAHAEMbIX Ha CReLnanusuposaHHom obopygosanunu. [Ipu
5TOM BO3MOXHO COBMELLEHUE PEMOHTA HECKOABKUX arperaTos, MPOXOAALLNX
pasnuyHble dhasbl obcnyxneanusa. B Takux cryuanx npuxoanTcs nimeTb AeNo
¢ cemwio obeayacusanud, a chuxernne 3WMNa onpenensercs yucnom sansok,
HaxXORAWMXCA B ceTu (BKAKOUARA ouepeAn K ee y3nam). 370 obcToATeNbCTBO,
He MeHzA obliero noaxoaa M YCAOBWMA ONTUMANbHOCTU, TpebyeT noacTaHOB-
K1 B Mocnegxue pacnpeneneHua dncna sansck 8 cetn. Cetn obcnyxuparva
PacCHUTLIBAIOTCA METOROM NOTOKOIKBUBANEHTHOM AeKoMNoauUMM (CM. pasp.
3.15), B koTOpom nocsie BanaHCUPOBKI NOTOKOB BBINOIHAETCA HE3aBUCUIbIT
pacHeT pacrnpefesieHUil HUCAa 3aABOK B y3nax ceTW. DTW pacnpeaeneHits
HYXKHO MOC/ef0BaTENbHO CBEPHYTH Mo y3nam — cwm. dopmyny (3.4.9).
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9.6. Ontumuzaumua 3UII mo 3arparam
3a BpeMid 3KCIJlyaTalluH

Boiwe obcyxpaanacy MWHAMN3aLUA 3aTpaT B eAuHULy Bpemern. [lpn
ManiomM CpoKe cny>xBbl TeXHUKU NMPUXOANTCA NPUHMMATbL B PacHeT U UX pac-
npeneneHue no ropaw. Haubonee obocHoeaHHbl NoKaszaTesend ABNAETCA
B3BElIEHHan CyMMa 3aTpaT 3@ BECb CPOK 3KCMAyaTauunm

N
Le=)Y o'l (9.6.1)
i=0
rae Lo — 3avpatsl Ha cospanue 3UM, a {L,}, 7= 1,N — satpatei 8

COOTBETCTBYIOLULME rogbl 3KCMiyaTauuy, MNonaras fiocaeaHe NOCTOAHHbLIMA
N gbiHNCNAA NX No d;)opmynam npeablayulero paspena, y6ex(n.ae[«1|ca, HTO 3a-
TPaTbl U ONTUMANbHbIE PELUEHA MOXHO ONpPEeAEsIATh o TEM XKe cbopmy.naM
¢ 3amMeHamMmn

s ah N
h = c+l_a(1—a )
s od N

d = l—a(l a’).

3neck ¢ — cToMMOCTb MpeaBapUTenbHOR 3aKynKK ofHoro snementa 3iMiTa.

9.7. BoccTaHoBJIEHHE C IIOPOTOM BKJIIOUYEHU A
4 pa3orpeBoM

B page cuctem maccosoro obcaymmeanun, B 0cobeHHOCTU Npu OTHO-
CUTENDHO MaNoh 3arpy3ke, OKas3oiBaeTcs uenecoobpastoimv pbepeHne «NOPO-
ra BKAOYEHNA» — obcay’KUBaHWe HadWHAETCA MPU CKOMJIEHNW B CUCTEMe
r > 1 3aABOK U 3aKaH4NBAETCA NPU MNOAHOM OCBODOXAEHWA CUCTEMbI. | a-
KOW peXumM yBesWYuBaeT Kak Nnepuoa HerpepbiBHON 3aHATOCTY, TakK U Bpems,
B Te4deHne KOTOpOro obcnyXXnBaHue He BegeTcs. ITO Ha OTHOCUTEABHO ANU-
TenbHbie Nepuoabl NO3BOsSET NEPEBOANTL AaBTOMATUNECKYIO annapaTypy — B
Lie1AX SKOHOMMUU pecypca u 3NeKTposHeprun — B obneryeHHsii (aexypHbiii)
pexxum. B cuctemax c yyacTuem 4YenoBeka NOABAAETCA BO3MOXHOCTH NOJI-
HOCTBIO BLIK/MOMaTh 3HAMNTENbHYIO HacTb TEXHUKW it NEpPeBOAMTL ornepaTopa
Ha pelleHue apyrux sapady.
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OuesngHo, 4To obchyupaHue NEpBOA 33ABKW B 3TUX YCAOBUAX
(a npakTuyecku naxe npu r = 1) CONPAXEHO C BhINOJHEHUEM HEKOTO-
pbiX AONOMHUTENbHBIX Onepaunit («pasorpesoms cucTembl B NPAMOM n/nan
nepeHocHOM CMbIC/ie) 1 B cpeaHem byaeT npoponxaTecs Aonblue, Yem ob-
CAYXWBaHUe NPOYUX 3as1BOK, NpUHEM U3MeHeHUe NokasaTesnel onepaTUBHO-
cT obenyxuBaHmns B obiuem cayyae He MoxeT BbiTh cBeaeHO K NOCTORHHOM
3aQepXxkKe.

Huxe npepnaraetcs metoauka pacyeta cuctemsr M/G/1, nossons-
foljan y4nTbiBaTh 0be YNOMAHYTEIX OCODEHHOCTI aropuTma ee OYHKLMOHN-
poOBaHUA.

9.7.1. BrnoxenHas nernb MapkoBa

AHanoruyro pasg. 3.13 sbibepem MOMeHTHI pereHepannu npouec-
ca. CHosa obosHayum ¢; BsepoaTHocTs npubbiTna j wHosbix Tpebosanni
3a Bpema obcnyXusaHWa ¢ pacnpeneneruem B(1) . ITu sepoaTHOCTY onpe-
pensrotes cbopmynon (3.6.3), v 8 rnase 3 onncar cnocob ux adbchekTuBHOrO
BHIYUCAEHUA. AHANOrNYHO ONpesenum BEPOATHOCTH {q;‘} ¥ ANA pacnpene-
nennn B*(t) obcnyxusanns ¢ pasorpesom. [InA ycTanosuslleroca pexuma
3acTaTs B cucTeme k < r—1 Tp€6OBaHVH7( MOIXHO, eC/it B HER B NIpeRbiqyLnit
MOMEHT pereHepauunn Haxogunoce j = L,k + 1 3sansok, oaHa obcayxnnaco
u npuwno ewle k+ 1 — j > 0 sassok. [locne pasorpesa BnoxeHHas uenb
MapkoBa moXeT 0KasaTeCA TO/IBKO B COCTORHUAX 7~ 1,7,..., npuiem Ro
Ha4ana pa3orpeea cienyet goXaaTbca NpubbiTus 7 aamsok. Cnegosatenn-
Ho, uHanbHble (NpeaenbHble NPU YCTPEMAEHUN HOMEDPa MOMEHTa pereHepa-
Unn K BECKOHEHHOCTH) BEPOATHOCTU COCTOAHUA BAOMEHHOA LENW CBA3aHbI
CUCTeMOW YypaBHEHUNR

k+1
T = Zﬂ'JQk-H—]« E=0,1r=-2,
J=1
k+1
g = erjqk+1-j+7r0q;_r+1, k=r—1rr+1,....
=1

N3 s1ux chopmyn Bbisoaum pekyppeHTHbIE BblpaXKeHUA [NA pacqeTa
BEPOATHOCTERA:

k—1
T = (Fk-l—zﬂjflk—j>/tIo, k=1,r-1,

i=1
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k-1
T = (ﬂ'k—l - Tol5_p ~ ZWJQk—‘7>/qk,O) (9.7.1)

j=1
k=rr+1,...

9.7.2. Ilepexon K CTalMOHAPHBLIM BepPOATHOCTAM

ObosHayum

@ —— CpPefHIoH HAaCTOTY HEMapPKOBCKUX (['IO 3apeplleHno O6Cﬂy)KVlBaHlﬂﬂ)
nepexonoB MexXXKay CoOCTOAHUAMU CUCTEMbBI,

b — cpeaHtoro ANUTENBHOCTE OBCNYKUBAHUA,
b* — cpeanior BUTENLHOCTE OBCAYXKUBAHUS C PA3OTPEBOM,

CpenHuit uHTEpBan MeXAY HEMAPKOBCKMMIA Mepexonamu
o™l = (r/X+b")mo + b(1 — 7). (9.7.2)

Cesxen HEMapKOBCKME Mepexofbl ¢ MOMEHTaMWU PereHepalny BAOIKEHHOR
uenu, ANA KOTOopbIx paccuntbisatotea {my} . Mapamerp Ay mapkoscknx ne-
pexofos (NpubbITNE HOBLIX 3aABOK) NPN HANVNYNK B CUCTeME POBHO k 3aABOK
MOXET ObiTh OTHECEH K MPON3BONBHOMY MOMEHTY W LOMXKEH CBA3bIBATLCA
CO CTaUWOHAPHON BEPOATHOCTLIO Pk . bananc nepexonos MeXay CMeXHbiMMn
COCTOAHUAMMU CUCTEMbI B CTaunoHapHOM pexume TpebyeT paseHcTsa

Apk = amg, k=1,2,... (9.7.3)
HacToTbl BKAIOUEHMA U BBIKJIOUEHUA peXKUMa obcayXneaHna pasHbI:
>
Apr_q = amg.

Mockonbky BepoaTHOCTM {pf} BCEX T COCTOAHWRA C OTKNIOHEHHBIM OBCNy-
>KNBAHUEM PaBHbI MEXAY CODONR, ro MOXHO 3aMEHUTb Ha

App = amg. (9.7.4)

Onpeaenum cymmapHyro BepoaTHocTb csobogHoro coctostua p* . Ona
paBHa OTHoLleHWO cpefHed anuTensHoctn csobopHoro coctodnua /A K
CyMMeE 3TOW Q/IMTENbHOCTU W cpedHen AAWHL Ty nepuopsa HenpepbiBHOM
sansatocTu (MMH3). B cpeprioro anuny MH3 sxoasT:
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® cpenHAA ANNTeNnbHocTw pasorpesa b*

® 0nUTeNbHOCTL obciyxmeaHusa ocTaneHbix T — 1 3asaBok, bopmupyro-
LWMX NOPOT BKIOUeHUA — 8 cpeaHem (7 — 1)b;

® [AuTeNbHOCTL 0BcayXneaHnA BHOBL NpUBBIBLLMX 3aABOK — B cpeaHem
bATg .
Wrax, T = b* + b(r — 1+ AT} . oTkyna

b+ (r—1)b

Thr =
B 1— b

(9.7.5)

Obiasn BepoATHOCTL cBODOGHOrO COCTOAHUA

.t/
p= 7’/)\+TB - r+ A’
a py — B T pa3 MeHblue.
Noactasnsan nonyuenHbie bbipaxkennn 8 (9.7.4), npuxoanm K ypasre-
HUtO \ .
1-Ab
C petueHuem
1=
O ITIAG —0)

Mopcraroska ero & {9.7.2) aaet o = A. Taxum obpasom, paccmaTpusaeman
HaMu cucTema, Kak 1 ee npocTedlnia aHanor — obbidnan M/G/1, npu cpe-
NaHHOM BbIOOpe MOMEHTOB pereHepalLiMy NpoLuecca NpencTaBliiMa BAOYKEHHOMR
yensto Mapkosa.

Wrak, pacyeT cTaumoHapHbiX BEPOATHOCTER COCTOAHUA ANA Hallen cu-
CTEMBI AONAXKEH BRINOMHATLCA B CaeqQytollleM NopaakKe;

1) BoldncanTb cpenHiolo RAMHY Nepuofa HeENpepbiBHOR 3aHATOCTH
cornacto (9.7.5).

2) MNonoxute pf = mo = 1/(r + XTB) .

3) Mo chopmynam (9.7.2) HaltTn BEPOATHOCTU COCTOAHMA ANA PeXXUMA CO
BKJItOHEHHbIM 0bcy>xusatuem.

4) K nampenHbiM BeposTHocTam ans k = 1,7 — 1 pobasuts pj .
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9.7.3. Pacnpenenenue BpeMeHu NpedObiBaHUA

Wcnonbaya sakoH coxpaHeHus CTauMOHapHOR oYepefy, MOXHO NOKa-
satb (cm. pasga. 3.11), uro TUIC v(s) pacnpenenenus spemenu npeboisarns
3aABKUW B cucTeMe C gucunnnuroi obcnyxusanua FCFS ceasano ¢ npousso-
Aswen dynkumnedr P(z) pacnpegenenua 4ucna 3aaBok B cucTeme hopmynon

u(s) = P(L—s/). (9.7.6)

YMHOXan cTpokun cucTeMsl ypasHeHni (9.7.2) Ha cooTseTCTByIOWME CTeNeHN
Z ¥ BBINONHAR CYMMUPOBaHWe, NN% NPOuU3BOAsUIeN (PYHKUNN BepPOATHOCTERN
COCTOAHUA CO BKAIOHEHHBIM OBCAYXnBaHUeM NoNyyaem ypaBHeHUe

’Q (z) — Q=)
Pl2) = pr o \2 W)
() =r =257
3necs Q(z) w Q*(z) — npoussoanwme byHkunn sepoaTHocTeR {qi} ANA

obbIuHOro pexkuma obCNYXNBAHUA U pasorpesa COOTBETCTBEHHO. 3aMeTuM,
4TO

k=0

06 = 3o [ O g - [ (551

e MU= dB(t) = B(A(1 - 2)),

!
0\8

T1.e. ceoputea K [UJT1C ¢ ykazanHbim napameTpom oT pacnpegeneHns aanTens-
HOCTU obcnyXuBaHMA.

C y4eTom BEPOATHOCTEN AONOCAHWTENBHBIX COCTOAHWA C OTKAO-
YeHHbIM obcryxubaHueM npomspoasan (PYHKUWMA pacnpefeneHus 4mMcna
3aABOK

P(z) = una & = P(2) +p}

Noactabnas atn pesynbtatel 8 (9.7.6), nonyqaem obobuieHue chopmynsi
Nonayeka-Xunuuna:

I/(S) == pa{(l “15{—)\'3;?*—{3;(;‘)6(5) _ %[(1 . 8/)\)1‘ - 1 + 9//\]}

MomeHTbt cooTseTCTBYIOLIEr0 pacnpegeneHns MoXHo HalTn audpepeHum-
poBaHueM (5) B HyNe — aHANUTUHECKAM WAK YNCAEHHBIM.
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CamocTonTenbHbIA HTEPEC NPEACTaBAAOT YaCTHbBIE CAYYau — NOpor
BK/TIOHEHUA U pasorpes noposHs. B nepsom cayuae b =6, 7*(:) = A(:) n
noACTaBnAemMan B BbipaXkeHwe ANA px cpeaHsan gnura [1H3

Tg = rb/{1 — Xb).
Bo sropom caywae (7 = 1) MJIC pacnpepenennn npeboisanua cBopuTca K

_ = s/ = Bls)
=TT e

npnuem T = b6*/(1 = Ab), pg = 1/(1 4+ ATg) .

€

9.8. 3aMKkHYyTada cucTeMa BOCCTAaHOBJIEHHUA

[lonyuyeHtbie Bbile pesynbTaTbl OTHOCUANCH K CUTYauUN, KOrpa wH-
TEHCUBHOCTb M) NOTOKa 3aABOK Ha BOCCTAaHOBJEHWE HE 3aBUCUT OT uncna k
HAXOAALLMXCA B PEMOHTHOM OpraHe HeoBcny>KeHHbIX 3asBoK. B npoTusHom
cilyyae roBOpAT o 3amMKHymulr cucTemax obeyxusanua. [lpu orpaHnten-
HOM uncie R ucTodHMKoB 3aABOK obbitHO cuuTaroT, yto A; = A(R — k).
MeTonsl pacueta mapkosckux cucTem NofobHOro BuAa XOpPOLLO U3BECTHBbI
(bopmysibi Itirceta). PaccumTbipaTe HeMapkoBCKME CUCTEMbI 3HAUNTENBHO
cnoxnee. OcobenHo TpyaeH aHanus cucTembi, rae MHTEHCUBHOCTL OTKA30B
3aueuT ot obbvema 3MMa s (sanac s paccmaTpusaeTcs Kak XO0NOAHbIA pe-
3eps, He NOABEPXEHHBIR 0TKaszam). Mexay Tem 3TOT ciyyai [OCTaTOMHO TH-
nuder. Ecnu cuntats, 4to B pabouen cucteme ycraroneHsl R uctouHnkos
3aABOK, TO MHTEHCUBHOCTL OTKasos ByneT 0cTaBaTbes NOCTOAHHOR N PaBHOM
AR, noka B cUCTemMe BOCCTaHOBAEHNA He CKOMNTCA k > s 3aaBok. forpa un-
TEHCMBHOCTL MOTOKa 3asBOK HauHeT ybbiBaTh No 3akoHy A, = A[R—(k—s)].
Metonuka pacyera nogobron CMO suga M/G/1/(R + s) Bbina npeano-
XeHa aBTopoM B cTaTbe [65], okasanach BecbMa rpoMO3AKON U K TOMY e
HENpPUMEHMMOR [AA MHOTOKaHanbHbiX cucTem BoccTaHoBaenus. OgHako an-
NPOKCHMaLMOHHbIE METOALI, onucaHHbie B rnase 3, bes Tpyna obobuatorea
" Ha 3TOT cAyyain. 3Aechb Mbl OTMETUM OCOBEHHOCTM €ro peanu3auuu:

1) Yucno sapycos gnarpammul pasHo R+ s+ 1.
2) WHTeHcMBHOCTL NOTOKA 3aABOK 3aBUCMT OT HOMEPa APYCa.

3) Cucrema ypasHenuin banaHca BepOATHOCTEA MUKPOCOCTOAHNI PELLAET-
CA TONBbKO METOAOM WTepauui.
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4) Ycnoeue Ganatca 3aABOK, WCMO/b3yeMOe A/1A pacHeTa BEPOATHOCTY
c8oboaHOro COCTOAHNA ANA PAIOMKHYTHIX CMCTEM, AOAMNHO ObiTh 3a-
MeHeHo TpeGoBaHWeM HOPMUPOBKMW BEPOATHOCTER.

B otnmnuue oT paHee paccMOTpeHHbIX CUTYyauud, PeayuUMpoBaHHbie
cbopmbi ycnosus ontumansHocTu obvema 3UMa sgecs Henpumerumel, i 3a-
nady npuxoanTcA pewaTb nepebopom B pasyMHOM AWanasoHe, Henocpen-
CTBEHHO CPaBHWBAA 3HaYeHWs oxkupaembix 3atpar. [lpu sTom ana kaxaoro
paccMaTpUBaEMOro § CUCTENMY BOCCTAHOB/IEHUA NPUAETCA PaccyUTbIBaTb 3a-
HOBO.

Haitgem cnocob pacueta cTauMOHapHbIX BEPOATHOCTER COCTOAHMM
00HOKaHAALHOL CUCTEMDI C YKA3aHHOW 3aBUCUMOCTBIO MHTEHCUBHOCTY MOTO-
K2 OT 4ACAa 3aABOK B Hell W NPOU3BOALHEIM pacnpeseneHnem LANTENbHOCTY
obcnyxusanus B(t) .

9.8.1. Pacuer BioxeHHoil uenu Mapkosa

BnoxenHyto uens Mapkosa ana uHTepecyrowero Hac npouecca Mbl
BHOBbL bynem cTpouTb aHanornyno pasa. 3.13. Obosnaqum g ; BepoATHOCTL
NpubbLITUA j HoBbIX TpeboBaHWA 33 BPEMA OBCAYMUBAHNA NpuU HANAALHOM
cocmoanuu k. B Hawem cayyae dpuHanbHbIe BEPOATHOCTN COCTOAHUI BIO-
MEHHOM Lenu CBA3aHbLI CUCTEMOR ypaBHeHWi

k+1

Tk :Zﬁjq.j,k-&l—j'{‘ﬁoqo,k, k=0, R+s— 2. (981)
j=1

W3 s1ux dropmyn BbiBOaNM peKyppeHTHbIE BbipaXkeHWA QAR pacyeTa BEpoAT-

HOCTEN:

k—1

T = (”k-—l — Toqok-1— Z 7rj‘]’j,k—j)/Q'Is:,():
i=1

k=0,R+s—1, (9.8.2)
R4y-—1
me = 1.
k=0

9.8.2. Pacyer ctaupoHapHbBIX BeposTHOCTeH

BHosb obosHauum depes o cpegHIo HacTOTY HEMAPKOBCKUX Mepe-
XOPROB MEXAY COCTOAHUAMM cucTembl. CpegHuld mHTepBan MeXxpy Takumu
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nepexogamu

a—l:b(l——ﬁo)+(1/z\o+b)ﬂ'o:b+7r0//\0. (983)
N3 ycnosua (9 7.2) AnA cTauMoHapHbIX BEPOATHOCTERA cnefyeT
T Ao ——
p = e k=0, R—1,
Pk Ak Agb + wg’ ot
= 1-——ﬁL~&gflﬂi (9.8.4)
PRty = /\ob I )\k . J.8.

k=0

9.8.3. BeposaTHocTu mepexona

KArouom K peannsauny onmcasHoro a/ropnTMa ABIAETES pacyeT BXo-
aawmx 8 (9 8.2) BepoaTHocTeR {g) ;} NpubbITMA PoBHO j 3aABOK MPU Ha-
YanbHoM cocTosnum k. Beepem scnomoraTensrbie BepoATHOCTU

v, (n) = / (";!t)] e~ M dB(1) (9.8.5)
g

npubbiTna 3a Bpema obcnyxupanua B(f) poBHO j 3asBOK NyacCOHOBCKOro
NOTOKa MHTeHCUBHOCTU NA . B Haubonee npoctom cayvae k4 j < s

qu:SOJ(RL kSS) j:018~—k.

Lns cnysas k> s noTeHuuanbHbix NCToHHUKOB 3anBok Byner R— (k-—s),
NpU4EM KaXkablfl U3 HUX HE3aBUCU MO OT OCTaNbHbIX 33 Bpema § [AacT 3aABKY C
BepoATHoCTbIo 1 —e™*! U He nacT — ¢ BepoATHOCTbIO ¢~ M

4uCha nocTynuewux 3a { sassok bygeT GuHomuanbHeiM, U

gri = / (R - (’” - 5)) (1 _ e—At)Je-—)\t[R—(k-—s)—J] dB(t)
0

Pacnipegenenue

j
o0 : 3 .
= [(F7T) () e ema-tangy
2 J 1=0 !
j , oo
_ (R J{c+y) 3 (Z)(_l)’fe‘”“‘“*"“‘“”’ dB(t)
1=0 0
R—k+s\ < (7, i : :
B ( j S) (z)(—l)'sOo(RJrS“‘l—(k*J))'
=0
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Hanbonee cnoxen ana pacueta papuanT, korpa k< s,a 3> s—k,
B s7om cnyvae nosbih wnpekc k 4+ 3 > s v nepesie m = s — k 3assom
fipY MOCTOAHHOR WHTEHCUBHOCTW noToka AR npwubeisatoT 3a spems, nopg-
4nHeHHOE pacnpepeneHnto Jpnakrra nopanka m [locne aToro npoucxoauT
goilbopka n = k + j — s snementor us R ocraswuxca [Oaa ynpoulenus
obostadeHud BBeaeM BCMOMOraTesbtbie KoadhbuumneHTsI

oa t
» _ ARAR(t = 7)™\ pr—n)
inn = [ an(o [T

0 0

% <R> (1 _ e—)‘T )ne-—/\‘r(R-n) dr.

n
«BribopoyHoe» noasbipa>keHue MOXHO 3anucaTe B chopme
R A A R - n —xr(R—
1 — e~ AT\~ T(R-n) —1)e T( n+z)'
(n>( ) 7 ; ? (=1)

Teneps BryTperHui uHTerpan us dbopmyne (9 8 6) npeobpasyercs 8

Npw i < n ero moXHo cBeCTU K

tm—1
L = /Z <m l— 1)tl_r_m—-l—l(___l)m—l—le)\(n—z)-r dr
o =0

m-~1

t
Z (77’! l— 1)tl (‘—l)m—l—l /Tn1—1~16A(n—z)T dr.

=0 o

Boinonuum nogcranosky A(n —i)7 = u CornacHo dopmyne (567 9)
w3 [11], uHTerpasn moxkHo 3anucaThb B Buge

Aln—1})t
1
ho= g [0

I\ — 7

1n—l—1eu du

0
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(___1)m-l—-1(” -1 . tm-l_l [—A(n —i}t]"
ey B

r=0

Bosspalwance kK Is, umeenm

el fm— 1 (m=1-1)! . it [=X(n — D)t
=X (i P

-1
r.
1=0 r=0

CneayeT uMeTb B BUAY, HTO Npu i = n

t

I = f(t — )" Vdr =™ /m.
0

C vcnonbsopaHuem aTnUx pe3ysibTaTOB VMEEM

g = ]O dB(t)e~ M (f) %{(_1)”% {g (’;)(-

0
m-—1 m—i-1 .
(=1~ [ 0, “An =),
Y s oy e

- (P frmemamg
0

+ (e l(g(“”lm: T

3=0 I=

e my—l— 1
o /{ ~At(R=n+1) Z
2

ﬂepaaa CTpOKa pesynbTaTa CcBOAUTCA K

(f) (-1)" ]O@gt—)rie“ﬁ” dB(t) = (f) (~1)"om(R),

0

tr'H tle——HAt} dB(]:)

a nocnegHNin uHTerpan

m—l-—1 )\ 7? 3 (r—}—])l o0 n+z ]
I, = - - —A(R—n+z)t
! Z@ PIIMB —n 4 )jr+ / (r+1)! 4B(0)
r= 0
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) P dB(t)

T (R
R /

m=I-1 i !

—_— 1 (T+l)' 7 -1 ]

- e L v () e
i :

- WSW(R).

OxoHuatenbHo

o = (s ()85 (o
[ (m—1=1) 1
) Z{ B —0) NE=nF 0T

m—i— 1(r+l)' t—n l
. Z r! <R+z-n> groo(R—n+1)

- (Rl—;ﬁw(R)}'

Bosspawance k nepsoHauanbHoll NocTaHoBKE 3afaqi, [NA KNOrPaHUYHOrOD
avanasoHa k < s, J=s—k+ 1, R—k nmeem

dk,; = (Piy—k,k-i-J—y‘

Tenepb MOMHO HaiTh BepOATHOCTU BAOXKEHHOR LieMi M Aanee — CTayuo-
HapHble BEPOATHOCTU COCTOAHMIA

MockonbKy pacnpeneneHne NOCNEAHUX 3aBUCUT OT S, 3[ECh YXKe He-
Nb3A BOCMONb30BATHCA yCAOBUAMN onTumanbHocTy suaa (9 2.2) uan (9 2.2)
NPUXORUTCH HEMOCPEACTBEHHO COMOCTABAATL 3HaueHws UeneBoRt yHKUMM
L(s) B cBasu ¢ aTum numeeT cmbich Hanbonee TpyaoemKyto 4acTb aJiropuT-
Ma — pacyeT {{pm } — BBLINOAHWTL ANA 3HaueHWd ™ N n, obecneyusa-

FOLLKNX peanu3aunto OCHOBHOIO anropuTmMa BO BCEM gMana3oHe NpoBepsaeMbiX
3HaYyeHunn s.

9.9. Vder norpemiHOCTH UCXOMHBIX NAHHBIX

Haunbonbwmia npakTudeckuin nHTepec BhissiBaeT 3adaqa pacyera 3WMMa
K Npoexmupyemoli TexHnKe, KOrfa HN3Kas TOYHOCTb MCXOAHBIX RaHHbIX (B
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ocobeHHOCTU No BpemeHu BoccTaHoBneHUA anementos 3UT) onpasgwiBaer
npuMeHeHne NpocTeNInx MeToaos pacveTa bonee Toro, sta TounocTs mo-
XeT BbiTh HACTONBKO HU3KOM, 4TO NOTPebyeT y4eTa AONONKWTENBHBIX 3aTpaT,
BO3HNKAIOWMX N3-33 HE3HAHWA WCTUHHLIX NapamMeTpPoB MOQJenn.

(MopobHbie cnTyaunmM paccmarpuBanuch s pa3g. 5.7 B cBA3K € NAaHm-
poBaHWEM HeBOCCTaHaBaWBaemoro 3anaca. [IpumeHum ToT Xe nogxopa k 3apa-
ye o soccraHasnusaemom U1 npu anpuopHo HensBecTHBLIX MHTEHCUBHOCTH
oTKasos A u soccraHosneHnd p. Kak 6bino nokasaHo Bbile, ONTUManb-
Hbil 3aMac 3aBUCUT OT Ha3BAHHLIX NApPaMeTPOB TOMbKO Hepes NX OTHOLLe-
pne p = A/u. C noMolblo NpeaBapUTEAbHbIX NPOCHETOB NO aHANOIMN AW
METOHOM DKCMEPTHBIX OLUEHOK MOXHO YCTaHOBUTL AWLIb AMANA30H W3MeHe-
Hua 0 < a < p < b < 1, npuyem BBMAY HEAOCTATOYHOCTH UHGpOPMAaLMN
p TPUXOGUTCA CHUTATL CAYHaRHON BEANHUHOR, pachipefeneHHON Ha [a,b]
pasHoBepoATHO. [1onyTHO 3aMeTUM, HTO PaBHOMEPHOCTb pachipedesieHus He
ABNAETCA orpaHnvennem obcyxaaemoro mMeTofa. ITo NOJOKEHME UCROAb-
3yeTcA TONbKO fpw BblBode hOpMynbl ANA pacdeTa 3aTpaT U €€ KOHKPeTu-
sauni. [pn Haawamm apyroro pacnpefesneHns OHO BBOAWTCA B pacyeTHYIO
cxemy aHanorvytbim obpasom.

3anuwem uenesyro byHKUMIO 3aTpaT B obluem Buae Kax

L = hs+dp(s), (9.9.1)

rae @(s) = ocHoBaHwe ANnA HauucreHus wrpadpa. Heobxopumeim ycno-
BUE€M OMNTUMANBHOCTW 3anaca § ABAAETCA ORHOBPEMEHHOE BbINOJIHEHNE
HepaBeHCTB

Lis+1)=L{s) = h+dAg(s) > 0,
L{s)—L{s—1) = h+dAp(s~1) < 0,
v
Ap(s — 1) < —h/d < Ap(s). (9.9.2)

PacueT HaumnaeTcs ¢ onpegesieHns MUHMMANBLHOrO 3aNaca Syun NPY
00 = G W MaKCUMANBHOTO Smax — npu p = b. Ouesnano, otpesok [a,b]
MOXeT BbITh PasbUT Ha Spax — Smup + 1 HenepecekaloWNXCs MHTePBanos, B
Ka>XAOM N3 KOTOPbIX ONTMMabHO CBOe 3HadeHne 3anaca. Hampem koopan-
HaTy Toukn aeneHns pp . Ha rpaHuue cmeXHbIX KpaHuX ciesa UHTEpBanoB
3aNacbl Sy M Smn + 1 AOMKHLI [OCTaBAATL paBHbie 3HaYeHWs MpaBow
YacTu (9.9 1), OTKyAa cnepyeT

h+ Ap(smun, p1) = 0. (9.9.3)
- 295 -

Pewan 370 ypasHeHuWe OTHOCUTE/IBHO p1 ., MOXKHO HaATU MeEPBYIO rpaHuyy
MEMX Y MHTEpPBaNamMn NOCTOAHCTB3 ONTUMANBHOTO 3anaca. ,ﬂanee 3anac yse-
ANHUBAETCA Ha eANHULY W HAXOAUTCA TrpaHuua cnepyrowero WHTepBana n
T.A. — AO Smax — 1. [lpasol rpamuuen nocnegHero uHTepsana cryxur
p=1>b. Teneps netpyauo ccopuuposate maccuesl p[0 1 m] Touek penenun,
p[l : m] sepoatHocTel p € [pi_1,p;] N oNTUManbHbIX 3anacos s*[1 : m].
preﬂHEHHOQ Ao MHTepBaay 3HadeHue OXugaembiX 3aTpaT

P £
L= [ Lep fo)dp=tst ——— [ plsp)ap (094
Pre1 Pr-1

Mpurnasas nepemeHHoR S 3HAYEHWS ONTUMANbLHBIX 33NacOB AAA PA3ANUHBIX
UHTEPBANOB, MOXHO cchopumuposaTh MaTpuuy 3aTpat L = {Li(s;)}. Teneps
MOXKHO MOMYHUTH BEKTOP OXKWAAEMbIX 3aTpaT

R=LxP (9.9.5)

1 10 HOMEPY €ro MUHUMAIbHOR KOMMOHeHTHI BbibpaTh ONTUMAaNbHBIA 3anac.

Dpyrum kputepuem MOXXeT CAYXUTh MUHUMYM OXUAAEMOro pUcka.
BulunTan U3 31eMeHTOB KaXKAOA CTPOKMA MaTpuibl L AuaroHanbHele, nony-
Yaem MaTpuUy oxuaaemoro pucka L° u ro Homepy MMHUManbHOW KOM-
MOHeHTbl BEKTOPa OXXMAAEMOro pucka bBbibMpaem HaumeHee pucKoBaHHoe
3HadeHwe sanaca. Hetpyauo nokasaTts, 4To aToT ebibop, Boobuie rosops, He
cosnagaer c soibopom no muHumymy satpat. B camom gene, i-a cocrasna-
IOLlaA BEKTOPA OXKYQAEMOrO PUCKa

m

m m m
W =3 LGP =) (L~ La)Py = LBy — L 3 By =i = L,
=1 i=t j=1 j=t

rae r; — OAHOMMEHHaR KOMNOHEHTA BEKTOpPa oXwuaaembix 3aTpaT. [lockonb-
Ky pasHOCTb MeXay 7; W r? 3aBUCUT OT 1, NOSIOMEHUA MUHUMAbHBIX KOM-
NOHEHT MOTYT He coBnagatb. O4eBNgHAA MOHOTOHHOCTb BO3PACTaHUA ]—L,',-
no 1 NO3BOARET YKa3aTh W HAMNPABNEHUE BO3MOXHOrO cMelueHuns: soibop no
MUHWMYMY PUCKa BCerfa NpUBoAWT K Bonblinm nAW pasHbiM 3anacam, 4em
BBIOOP NO MUHWMYMY 3aTpaT.

Mepengem Kk BoibOpPY pacHeTHbIX COOTHOWEHUR AR OCHOBHBIX TAMOB
uccniegyemMbiX mojaenen.

- 296 -




9.9.1. OnHonunelinasa cucrema co mrpadom
10 BepoaTHOCTH dedHUUTa

Bocnonssorasiumncet chopmynamu pasn. 9.2, 0ia HassaHHOro CAy4an umeem

F1

i'(*)—hsﬁ““—d—* / p*Hdp=hs+ P Ay (9.9.6)
" pi — pi-1 (s+2)(pi —pi-r)”
Pi—-1
pupauienne sepoaTHOCTN AebuumnTa
Ap(s) = pit? — pitt, (9.9.7)

4YTO TMO3BONAET NepenncaTe YypaBHEHWe AN [PAHMHYHOro KodddpuumnerTa
sarpysku B cpopme h — dp*t1(1 — p) = 0 n uckatb ero pewenne no nrepa-
unoHHoR cbopmye

h 1/(s+1)
} (9.9.8)

r= o

d(1 - p)

B KauecTBe Ha4aNbHOrO 3HaYEHNA MOXKET UCNONb30BATLCA paHee HalAeHHasA

NieBas rpaHNLa TOro e uHTepsana (OHa Xe — NpaBas rpaHALa npenbiay-
wero).

9.9.2. OgnonmmHelHasA cuctema co mrpadom
o OXumaeMoMy neduumry

B aanvom cayuae

P
- d s+1
Li(s) = hs + /p dp.
pi — pi-1 1-p
Pr=1
Ho
ps+1:ps+1_1+1: 1 _ps-f-l__l: 1 __ipk
1-p L—p l-p  p-1 1-p ’

k=0

I/IHTerpmpyﬂ 3TO BbIpaX>KeHUe NoYNeHHo, Nonyvaem

s+l kPt
Li(s) = hs+ —d——[ln(l —p) +Z%—] (9.9.9)

Pi — pPi-1 ot

p1
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[Tpupawetme seposaTHocTM pecdbuunTa

Ap(s) = —pi+t, (9.9.10)

rPaHNYHbIR KOSPDULMEHT 3arpy3Kil 306Ch BbIPAKAETCA ABHO:

p = (h/d) /D), (9.9.11)

9.9.3. MHorokanaJbHble MapKOBCKIi€ CHCTeMBbI

Ona Takux cnctem oxupjaembie 3aTpaThl npu p € [pi—1, p;] & ceasm
CO CNOXKHOW 33BUCUMOCTBIO P OT P HAXORATCA HUCAEHHBIM WHTErpUpOBa-
HUeM.

Ha ocrosannmn dopmynsi (9.3.1) rpannust nntepsana pasbuerus npu
Wwypache NO BEPOATHOCTM AehULUTa ONPEAEAAIOTCA U3 YPaBHEHNA

h—dpap*t1~" =0,

h 1/{(s+1-n)
o (E)

Npu wrpace no oxnpaemomy gednunTy ncnonbsyerca ypasHeHue

- [h_(g;i)r/(m_,,)

nwnu

dpn

OtmeTum, 4TO B BoIpaXkeHue Ana p, (cm. cuctemy (3.12.2)) sxoput
MCKOMBIA NapameTp p. ITo onpeaenseT MTepaUNOHHbIA XapaKTep Haxoxae-
HUA rPaHUYHOrO 3HayYeHns ANA oBoux BapuaHTOB MCHUC/IEHU LWTPacos.

9.9.4. IIpumep

PaccmoTpum peanusaunio METOANKA NPUMEHUTENLHO K OAHONMHENR-
HOM CUCTeME BOCCTAHOBAEGHUA €O LWTpacpom, MPONOPLMOHAIbHBIM Bepo-
ATHocTu Aecpuumta. lycts p € [0.3,0.7], uena xpaHeHua cocTaBnser
h =10 py6., d=7000 py6. MNpumenerne (9.2.9) nossoanno ycraHosuTs,
YTO Smin = D, 8 Smax = 14 wTykam. B cooTseTcTBNM € 5TUM AnanasoH 3Ha-
YeHUn KoadbcpuLmenTa 3arpysku okasanca pasbut Ha 10 unTtepsanoe. C no-
MOLLbIO (9.9.8) ycTaHoBneHbl rpannusl mutepsanos: 0.3000, 0.3617, 0.4245,
0.4783, 0.5245, 0.5644, 0.5990, 0.6292, 0.6558, 0.6793, 0.7000. Mo dop-

myne (9.9.6) 6bina noctpoeHa matpuua satpat {L,(s;)}, obwmi anement
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KOTOPON COOTBETCTBYET OXKMAAEMbIM 3aTPaTam Npu Boibope s = s, (u3 ana-
nasoHa oT b Ao 14 wryk), ecnv NCTUHHBIA KOpULNEHT 3arpyskn npuxaa-
AEXUT K UHTEPBany, B KOTOPOM OfITUMasleH 3anac §, . JemMeHTbl MaTpuLibl
mpuBeaeHsl HMKe:

63.1 642 713 804 90.1 100.0 110.0 120.0 130.0 140.0
76.6 706 74.2 8LF7 97.7 100.3 110.1 120.0 130.0 140.0
110.2 87.4 825 8.7 926 101.2 1105 120.2 130.1 140.0
162.4 116.6 985 944 97.2 103.7 1119 1209 1305 140.2
233.5 160.2 124.7 109.9 106.3 108.9 114.9 122.7 131.5 140.8
3224 2187 1625 134.0 1214 1184 120.7 126.2 133.6 142.1
426.7 291.6 212.4 167.7 1439 133.2 1304 132.6 137.7 1448
543.6 377.4 2741 211.3 1745 1544 1450 1425 1445 149.3
6704 4744 346.8 265.0 213.6 182.6 165.2 156.9 154.7 156.5
804.0 580.2 428.9 327.7 260.9 2179 1914 176.2 168.8 166.8

Bbl4uTaHne W3 Ka>kAoW CTPOKM MaTpiubl L ee anemMeHTa, CTOALLErO Ha
rnasHo@l AwaroHanu, paet matpuuy pucka LU Cdopmuposas 10-mepHbii
BexTOop P anpuopHbix BePOATHOCTEN, NPONOPLUUOHANBHBIX OAMHAM MHTep-
BanoB pasbuenus, nonyuaem BekTop oxuaaemoro pucka R = L% x P.
Ero cocTasnsowme: 24 38, 20.62, 18.47, 23.20, 36.16, 58.10, 89 21, 129.23,
177.63, 233.41. Munumanshan cocrasnsiowas r° = 18.47 yKasblBaeT Ha
uenecoobpasHocTh BbIOOpa §* , CBA3AHHOIO ¢ TPeTbWM WHTEPBANOM, T.e.
§* =7 wtykam. Oxungaembie 3aTpathl MOryT BbITh MOAYyYeHbl YMHOMXEHWEN
BeKTOp-cTONBLa MaTpuLsl 3aTpaT, COOTBETCTBYIOWIErO § = $¥, Ha BeKTOp-
CTPOKY BeposTHOCTeR P 1 B gaHHoM cnydae cocTasnstoT 148.47 pyb

Kak v 8 pasa. 5.7, B KaX[oRk CTpoke MaTpuubl 3aTpaT (M cOOTBETCTBEH-
HO MaTpMUbl PUCKa) MPN YMeHbLUEHW 3anaca OTHOCUTENBHO ONTUMANBLHOrO
3aTpaTbl pacTyT ropasno bbicTpee, Yem npu ero ysenmdeHnn. ITo obCTosA-
TENbCTBO MOXKET PACCMATPUBATLCA KaK KOSMYecTBeHHoe «obocHoBaHWe» U3-
BECTHOW TeHAEHL WU CKOpee MpeyBeNin4MBaTh 3anackl, 4eMm NpeymMeHbLaTh UX.

9.9.5. VurepBanbHaA olleHKA YACTHBIX [TapaMeTpoOB

B HexoTopbix ciyd4anx uHTeppanbHaa OUEHKa 3afaeTcA He QAR £ =
Afp, a ans napametpoe A n g noposhs MoXHO nokasaTb, 4To B Npeano-
NOXEHUN O PaBHOMEPHOCTW pacripeaeneHnii A U Ji NNOTHOCTb OTHOLUEHUA
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Ay ponxmHa BLIMUCAATBCA No dopmyne

0, ecnu p ¢ [co, c3],
b[:u'élax - (Amm/p)g)}! c<p<La
= == 9.9.12

f(p) b(#?nax .,... u;‘}’n)n]! o C1 S p _<_ Ca, ( )

b[(/\max/p)z - “;nm]v cp < p S c3.
3anece npunsato
= pm e = min{}ms deml,
cy = max{%‘r‘::, —muzmx ; 3 = Mzmm < 1
b = [Q(Amax - /\mm)(/lmax —‘#mm)]"l.

W3 obuyen cxembl s1erko BbIBORATCA YacTHbie caydau p =const n/uam
X =const Tlepsbin U3 HUX OTAENbHOMO paccMoTpeHun He TpebyeT, NOCKOAbKY

[ OKa3biBaeTCA PaBHOMEPHO pacripeieleHHbIM Ha WHTepBane [-)‘—f:;m, &f‘“} n

Mbl BHOBb HaXOQUMCA B YCNOBUAX NPUMEHEHNA OCHOBHOM PACHETHOM CXeMbl
anroputma Bo sTopom cnyuae ypasrenue (9 9 12) csoauntea

A A
flp) = 4 <p<

(;Umax - Hmln)ﬂQ , Hmax Hmimn '

(9.9.13)

B ntobom sapuarTe obwian uaes metoga v anroputm pazbueHns auanasoHa
p OCTAlOTCA NPEXHUMU — MEHAETCA TOJSILKO BbipaXkeHne OANA OXWUAAeMbIX
3aTpat Ha wHTepsanax [lpakTuueckn

P
L(s) = / L{s, p)dp

B UenAX yHudukaurm nporpaMm uUenecoobpasHo HaxoaWTb HYUCAEHHBIM
WHTerpnpoBanuem, a pacder f(p) odopmMAATL B BUAE CMERHOW Npoueny-
pbi.

HeckonbKo 3akMI0HATENBHBIX 3aMesaHni No Npobeme yyeTa NorpeLllHoOCTe.

1) OnucanHbia nogxod mMoxeT 6biTb MPUMEHEH W NPU MHTEPBaNbHOM
oUeHKe «HopMbl WTpada» d/h (na npakTuke h yctamasnvsaeTcA po-
BOMBHO TOYHO, 3 OLUNOKA BOSHUKAEET M3-3a HEOMPEAENeHHOCTH B LieHe
wrpacpa d ). Cpasy xxe OTMETUM, 4TO BEANUNHE ONTUMANLHOIO 3amaca
ropasfno Mexee 4yBCTBMTENbHA K KonebaHnAmM Hopmbl WTpada, Yem K
namMeHeHnIo KoaPULMEHTa 3arpy3kn CUCTEMbl BOCCTAHOBAEGHNA.
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2) Tipu paccMOTpeH®nn MHOTONEPUOAHBIX 3af1aH BO3MOIKEH MepecyeT Bepo-
ATHOCTER NMPUHARNEXKHOCTY MHTEPECYOLIErO HAC OTHOWEHUA Ha OCHOBE
anocTepytoptioi uncbopmauum (no dopmyne baiieca)

9.10. MHoronomeHKJIaTypHas 3ajava

MeTonbl npeabiyliero paspena B npuHunne moryT boiTh npumene-
HBl ANA ONPefeieHNA COCTaBa MHOFOHOMEHKAATYPHOFO BOCCTaHABANBAEMOrO
3MNMa noposkb 3afaua CTaHOBUTCA CYLUECTBEHHO HEOAHOPOLHOM MNpN Bbi-
noNHeHn xoTa Bbl OAHOrC U3 CNEAYIOWMX YCNOBUNA

e onemenThl 3WMMa Heobxopumbl ansa obecnevenna Hopmanshol paboTh
OfHOrO W TOro xe Komnexca (obwas uens),

e BoccTaHopneHUne snemerHtos 3M{la sninonHAeTcAa B ogHOM M Tom >ke
PEMOHTHOM NPOW3BOACTBe B nopAake obiyen ouepenn.

9.10.1. Obuias unean

Npwn BeinonHeHUN nepeoro ycnosus hyHKUUA 3aTPaT 3aMUCHIBAETCA Kak

L(3)

!

; hs, +d(1 - n :sz )

Sros =0 2 )]

IlnA npoctoThl paccyXneHUR BBEAEM CPEAHION NO BCEM HOMEHKNATYPaM Be-
poATHOCTE AechbrunTa

i

:12 i

1 N o0 1 N
=3 > p,k—_-NZ(L. (9.10.1)
1=1 k=s,+1 1=1
Torna
N
L(5) =~ zlh,s,+d{1-(1—§)N] ( |
= . 9.10.2
N N(N —
- thsl+d[N6~—j—g—Vz'——l—)Jz+ ]
=1

YcTaHoBiM, npu Kakom cooTHoweHun mexay N n 4 MoxHo
OrpaHUYMTLCA MEPBLIM YAEGHOM BbIPaXKEHMA, 3aK/AOMEHHOrO B KBafpaTHbie
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ckobkn. [lorpewHocTs CynmMbl 3HAKOHEPERYIOLIErocA pANA He MpeBoCXOauT
MORYyAA Nepsoro oTbpowerHoro YneHa OBoaHauMM OTHOCUTEbHYIO NOTpeLu-
HOCTb 3TOM CyMiMbl Yepes € . Torna
NIN=1) o N-1,

AUNS 2
Cpasy e oTMeTrM, 4TO haKTN4EcKan OTHOCMTENbHAA NOTPEUIHOCTL CyMMap-
HbIX 3aTpaT DyneT MenblUe €, MOCKO/bKY B 3aTpaTbl, ONpegesinemsle npasod
yacteto (9.10.2), Bx0AAT v pacxofbl Ha xpaxenue anementos 3WMla. Takum
obpasom, AOCTaTOMHO MPOBEPUTL YCNOBNE

N -

2

[Mpu BBINOAHEHNM STOrO OrpaHNYEHUA MOXKHO € MPUEMIEMON TOHHOCTBIO Te-
penucath uenesyro cyhkuuio (9.10.2) B Buge

e <

1
) S Enon- (9103)

N N

L&)~ Y hs, +d-No= 5 (hs; +dé;), (9.10.4)

1z=1 1=l ‘

T.e. CBECTW OXWaaemble 3aTpaThl k cymme cpyHkumi suaa (11.2.3) no ka-
KAON HOMEHKNATYpPe MOPO3Hb ITO O3Ha4aeT, 4To Ans sbibopa onTumansHo-
ro 3anaca MOXHO He3aBUCMMO NpuMeHATb HepasencTsa (11.2.3) no kaxaon
HOMEHKNaType NOpPO3Hb — pPasyMeeTcA, C YUETOM TOro, ABNAETCA N BOCCTa-
HoBAeHWe 3anaca obWwmnmM U1 pasnesbHbIM.

[Ina npoBepky AOMYCTUMOCTV AEKOMPO3NUWYN PYHKLUUW 3aTpaT fio
kputeputo (9 10.3) Heobxoanmo 3HaTh cpeaHIold BepOATHOCTL Aedpuunta §
MonbiTaemcsa MckAOHNTL BTOT NOKa3aTeNb Ha STane NpefBapUTENbHONR OUeH-
ku. B mapkoBckix opHONMHEAHbBIX cUCTeMax BEPOATHOCTM {pi} obpasyroT
reoMeTpNYecKyro Mporpeccuto co 3HameHatenem p (koadbdpuumneHTom 3a-
rpysKu), Tak 4ToO

§ = psesyr/(1 = p).
Cornacho (9.2.4), pset1 < h/d. CneposatenpHo, ycnosme (9.10.3) moxno
NpWBECTW K BUAY

N—-1 h <

21—p) d~ el
Ecrv npensaputenbhas oueHka €, NonyueHHan ¢ NOMOLLBIO NEBOH HacTi
(9 10.5), aana pesysnbTat, 6AM3KNiA K £gon , TO NOC/E BLINOAHEHNA PacHeToB
UenecoobpasHo BBINUCAUTL cpefAHee 3HaueHNe haKTUHECKUX BEPOATHOCTEN
necpuuuta cornacro (9.10.5), a 3aTem nNposepuTb AOMYCTUMOCTH AEKOMNO-
3numK uenesoir chyHkunn nocpeactsom (9.10 3).

(9.10.5)
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9.10.2. Obuiee BoCcCTAHOBJIEHHE

Mpn obuiem pemMOHTHOM OpraHe BOCCTAHOBAEHME 3aABOK ORHWX T-
nos Byner 3afepXXuBaTbCA M3-3a €0 3aHATOCTN BOCCTAHOBNEHWEM APYTUX.
Pacuetr n-karansHon CMQ c GecnpuoputeTHeiM obcny>XusaHuem HEOLHO-
POAHOro rMOTOKA 3aABOK MOXKET ObITh BbIMOAHEH METORAMM, ONKCAHHBIMU B
rnase 3, no CyMMapHO@l MHTEHCUBHOCTU BXOAALlero fnotoka A = ) . A; u
CpenHeB3BEIWEHHbIM MOMEHTaM PacnpeaeneHna ANNTeNsHOCTH obcayXuba-
s B =Y . Abir/A, E=1,2,....

MyeTe Hadpeno pacnpepeneune {mi} uncna «obobiyeHHbIX» 3aABOK
B CMCTeMe, a Hac MHTEpEeCyloT BEPOATHOCTU {px} Hannums B Heih posHo k
3aABOK BbtaeneHHoro i-ro Tuna. Onpenennm sepoATHOCT NpUHaRNEKHOCTY
Hayran soibpaHHol 3aABKYU K 5ToMy TUNy Asis BbIbopa us ovepean,u = A /A,
a u3 npoxonauwmx obenyxusanne — kak v = A;b; 1/ Y Ajdj 1, a Takxe po-

J

NONHNTEeNbHbIE K HUM 41, D . BepoaTHocTh nmeTe k 3anBox Meyenoro Tuna
B ouepesm

oo
P = Z (Zl)ukﬁm_kwn.,.m, k=0,1,...

m=k

BepOﬁTHOCTb umers Kk 3aABOK Me4eHOro TuMa B KaHanax 06Cﬂy)KMBaHMﬂ

n
=3 (T)re e, k=Tm

m=k

WNckomoe pesynbTupyrowee pacnpegenerne saqaeTca cBepTKOR STUX HaCTHbBIX
pacnpeneneHuni:

7
Pe= Y Dnbhom,  k=0,1,...
m=0

BoamoxHa npuopumemmas opraHnsalms pemMoHTa — KaK Npasvio,
Ges npepbiBaHwsa Ha4aToro obcnyXunpaHUA. Teopus CUCTEM C NPUOPNTETHLIM
obcnyxunsaHnem rpakTuHeckn paspaboTaHa TONBKO BAA OAHOKAHANbHBIX CH-
CTeM C NPOCTEALLIAM NOTOKOM 33ABOK Ui OPUEHTNPOBAHA Ha aHaN3 onepaTus-
Hbix xapakTepuctuk CMO — pacuet pacnpeneneHus spemenn npebbiBaHNA
32ABOK KaXkporo supaa 8 cucreme. B pasg. 3.17 onmcan naker nporpamm,
NO3BOAROWNX, B HACTHOCTH, BBIYUCAATL MOMEHTBI 3TUX pacnpefeneruii. [lo
MOMEHTaM MOXHO NOCTPONTL aNNPOKCUMAaUKIO MACTHOCTU pachpeaeneHus
BpemeHy NpebbiBaHua.
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[na opHoKaHaNbHbIX CUCTEM pacnpefeneHie YNcaa 3aaBoK, NpulLes-
WX B8 CUCTeMy 3a Bpemsa npebbiBaHnsA 3asBKW B Heid, coBhnagaetr ¢ pac-
npegeneHueM HNUCna 3aABOK B CUCTeMe (3aKOH COXpaHeHWA CTaUuMOHapHOW
ovepeau). Onyckas uHpekc Tuna 3asskn, Tpebyemoe pacnpefeneHue MOXHO
3anucaTb B dopme

00 ‘
Aty .
a; :/( ,') e"’\tv(t)dt, i=01,...
/ !
Bonpoc 06 adchektTuBHOM pacuete 2TUX BEpPOATHOCTER PaccCMaTpuBancs b
pazga. 3.6.3.

Onucannpin nopxoa (B obonx dopmax — kak ANA NPUOPUTETHOrO,
Tak 1 Ans becnpuopUTeTHOro BOCCTaHOBNEHUA ) NOJIE3eH U NPU aHaJin3e Lie-
TPafin30BaHHOIO PeMOHTa OAHOTUNHBIX arperaTos, KOrAa «HeOAHOPOAHOCTL®
COCTOUT B UX NPUHAANEKHOCT pasHbIM BAageNnbuam.,

Cemu obcayorcusanud obbluHO paccHnTLIBAIOTCA METOROM MOTOKO-
SKBUBANEHTHOW AEKOMNO3NUUN (CM. pasg. 3.15), B KoTOopom nocne Banau-
CUPOBKU NOTOKOB BbINOJIHAETCA HE3aBUCMMbIA pacyeT pacnpefeneHui 4ucia
3aABoK B ysnax ceT. OnucaHHbiM 3Hech cnocobom MOXKHO MOAYYNTH pac-
npeaeneHnA Yucna 3aABOK BLIAS/NEHHOrO TWMa & HUX, @ 3aTeM BLINOAHWUTh
cBepTKY no yanam. [1nA SKOHOMUM NaMATN CBEPTKY MOXKHO BbINOAHATL NO-
cNefoBateslbHO — MO Mepe pacHeTa y3nos.

9.11. YactuuHo BoccraHariaupaembinn 3UII

OTkasbl, Habogaembie B CIOXKHOR TeXHMKe, NO YCNOBUAM BOCCTaHO-
BNIEHUA DNEMEHTOB MOXHO pasbuTb Ha TpW rpynnbi:
1) BoccTaHoBMEHWe B NOpAfKe peKnamaUvi;
2) BoccTaHoBAEHME B YCAOBUAX SKCMAYaTaLMN;
3) BoccTaHoBAEHME HEBO3MOXKHO.
0Bo3Haunm MHTEHCMBHOCTYM COOTBETCTBYIOWNX OTKa30B Yepes A;, A n Az,
a BOCCTAHOBMEHMA — Yepes f; W gy . loraa CTaunoHapHoe pacnpegene-

HUE YUCNa 3/1eMEHTOB B CUCTEMaX BOCCTAHOBIEHUA MOPO3Hb MOXHO MONY-
4nTe metonamu TMO (npu npocTenwnx ponywenunx cornacko (9.2.5)), a
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d6iiee pacnpepenerne R — ux cepTkoit. Pacnpegenenne uucna Hesoc-
craHaBnueaeMblx oTkasos H(T) 3a Bpemst T° MOXHO CHWTaTb MyacCOHOB-
ckum co cpeptum Az . Pacnpenenenue okoHuaTenbHOro CHUXXeHUA 3anaca
W(T) = R+ H(T) — ewe oaHa csepTKa.

Tenepb nonyunm dyHkuino satpat. Ecrecrserno onpepenuTs cymmy
WTpachor NPONOPUNOHANBHO OXUAAEMOMY YNCAY HEQOCTaY4 K KOHUY Nepw-
ona. llnaty 3a xpaHetHue cnenyeT WCHUCAATb NO OCTaTKY, BKJIO4aA B Hero
3NeMeHThI, HaxXOAALLMECA B cuCTeMe BoccTaHosneHusn. CneposaTenbHo, ob-
uine 3aTpaThl 3a nepuog 1 cocTasaT

s—1 [+
L=c(s—z)+h) (s—k)H(T)+d Y (k—s)Wi(T). (9.111)
k=0 k=s+1

Mpumenns ycnoBna onTumanbHOCTM Tuna (5,6.13), ybexxgaemcA, 4TO aaA
ONTMMaNbHOTO 3anaca s* NOMHbI BLINOAHATLCA HEPaBEHCTBA

¢+ RS H(T) —d 3 WeT) > 0,

e kst (9.11.2)
¢+ hY H(I) —d3 Wi(T) < 0.
k=0 k=s*

Ouesnpaer cnocob pacueta s* : sapaswnck sp = 1 1 nocnegoeaTesnb-
HO YBENMYMNBAA €ro, BLIMUCAATL NEBYIO Hacb BTOPOro HepaBeHCTBA (9.11.2).
(lepBbIN e S, ANA KOTOPOFO pe3y/ibTaT OKaXKeTCA MNOAOKUTENbHBIM, K ByneT
ONTUMANABHbIM.
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I'nmasa 10

«MeTrpuyeckum»
aHaJIN3 CHCTEM

CnoXKHOCTb cUCTEM ynpaBaeHUs 3anacamMu BOCCTaHaBAMBaeMbiX 3an-
4acTeR W pasHOODpasne BO3HUKAIOLUMX B CBA3M C HUMU MATEMaTUHECKUX 3a-
A3y BroaHe obBACHAIOT OTCYTCTBNE eAuHON Teopun ux pacyeta. PasaudHoie
acnekThl paboTbl TakUX CUCTEM UCCAEAYIOTCA METOfaMMW TEOpUM MaccoBOro
obcayxusanus, Teopuy BoccTanosnerns, uened Mapkosa, Ho rnasrbim obpa-
30M — MOCPEACTBOM PacCMOTPERHOW B NpeAblaylUMX rnaBax dAeMeHTapHOM
Teopum 3anacos. B ocTaBluuxcA riaBax mbl paccMOTPUM, Kak KOMBUHUPYOT-
CA 3TN MeTOfbI B peasibHO MPUMEHABLUNXCSA METORNKAX ANA CAOMKHDBIX CUCTEM.
TwunuyHaa nocneposaTeNbHOCTb 3TaNOB pacyeTa TaKoBa:

e OnpegennTts cnpoc Ha Kaxpofn Base (B BepxHNX 3iLeNOHAX OH 3aBUCHT
OT CTPYKTYpb! cucTembl ¥ cTpaTeruin ¥3).

14 Onpenenvn’b 3aAepXKKN BOCNONAHEHUA.
e Paccuutats BEPOATHOCTN COCTOAHUN CUCTEMDbI.
. Bb16pa'rb 1 paccHUTaTb Yepes BepoATHOCTU COCTOAHUI NoOKa3aTesb

appekTUBHOCTY.
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10.1. Coneuuduka cripoca B UepapXuu

10.1.1. OcobeHHOCTH TFeHepallii 3aABOK

Cnpoc B BbICLUMX 3BEHBAX B OCHOBHOM hOpPMUPYETCA CNPOCOM HUXKe-
cToALWMX 3BeHbes. CNpoc HEMOCPEACTBEHHO B BLICLUMA YPOBEHb MOXKeT BbiTh'

® NpN HaANUUN «DUKTRBHBLIX» CKAA0B — 3aKa3bl 10 NO4Te AAPeCYoTCH
NPAMO BBEPX;

® o peaynstatam gedeKTal PeMOHTUPYEMOro Y3fa — Ha peako uc-
nont3yemble AeTesIU, XPaHWMble TOBKO Ha CKNafaX BbICLUMX YPOBHENR

Beenem epnHoobpasHsie obosHayeHna" 7,5, — BEPOATHOCTK TOFO, YTO fe-
Tanb { ByaeT peMOHTUPOBATLA B Y3AE J YPOBHA M, <4, — BEPOATHOCTDL
peMoHTa ¢-AeTany Ha BTopom swenoHe. Perysinpya sHavenus napameTpos,
MOMHO MepexoauTh OT BOCCTaHaBNMBaewMbiX feTasen K pacxodyewmbin CTpyk-
Typa TWNUYHOA MOAENN NepapXnecKon ABYXYPOBHEBON CUCTeMbl MOAAEP>Ka~
HWs roToBHOCTM ¢ pemonTHbIMN opraHamu (PO) nokasana Ha puc. 10.1. [inn
yNpowWeHWs Ha HeM NoKasaHbl ogHa Ba3a W ABMXKEHWe O4HON HOMEHKNATYPLI.

WNurteHcusHocTs cnpoca, sooblie roBops, 3aBUCUT He TOMBKO OT Hu-
CAa «KOHEYHbIX NOTPebUTENed», HO N OT TOro, CKONBbKO U3 HUX HAXORNTCA B
RedcTeyrowem cocToanun. Ecnm vx cpaBHnTeNbHO HemMHOro, To maTemaTuye-
CKOR MOAEeNblO NPOLecca BOCCTAHOBAEHUA CTAHOBATCA Donee cnoXHbie ans
pacyeTa samknyTeie CMO.

ObbitHO NnpeanonaraeTcs, YTo BHEWHN CNPOC B pa3Hbix MyHKTax me-
eT oblmMiA TN pacrnipeneneHua (OTAMYaKOTCA NapameTpb!).

Onyctum pns npoctoTol mHpekc Tuna 3samsok. Kaxpaa j-a basa,
j = 1,J, neiTaeTca nopaepaTb ypoBeHb 3anaca S, (BosmoxHo, Hyne-
soir) Cnpoc BosHukaeT Tonbko npu oTkase y noTpebutens u (8 3asucu-
MOCTH OT Hanu4na) nubo yaoBneTBOPAETCA HeMeaneHHo, nbo nopoxaaet
3aABKY B Aeno. 3afepxKa NolTaBKy MOXKET 3aBuUcCeTb OT Tuna peTanu, Tu-
Na MonomKM, TMNa PEeMOHTA, 3arnaca v BPEeMeHU BOCCTaHOBAEHWA B AENO W
T.2. 3a0epXKKU APeanonaraloTeA B3aUMHO HE3ABUCUMbIMK € MPOU3BO/LHOM
®P v,(t) n cpearum 7, . Cnpoc — nyaccoHoBckui (0bbIMHBIA MAN cocTas-
Hon). [lns nyaccoHosckoro mpouecca Bpemera mMexay cobbiTuAmMu pacnpe-
AeleHbl 3KCNOHEHUMANbHO C NapaMeTpoM A, , @ YWAC/IO 33ABOK 33 BPeMA T
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MocTasLlnK
A1-r)(1-y)
Cknag ML=ty PO
-
A(1-1) feno
T . .
Cxnag Ar PO
______________ - Basa -
A
|
[ToTpebutens

Puc. 10.1. [lsyxyposHesan cuctema ¢ soccTanaenusaembiv 3WMom

nMeeT NyaCCOHOBCKOE pacnpefeneHue

p(n) = [(A7)"/nY) exp(—A1) (10.1.1)

¢ KoacbbuLneHTOM BapuaLuu, CTPOro pasBHbIM eauHuue. B cayyae npoctoro
notoka (3asBKW efAMHMYHOro obbema) Tak e pacnpenencH U CyMMapHbId
cnpoc.

10.1.2. CocraBHOH mMyacCOHOBCKHH MOTOK

fpu coctaBHOM HOTOKe UMEETCA MPOCTEALLMIA NOTOK 3aABOK, Npuyen
obbem 3anBKM j 330aeTCA HEKOTOPLIM ANCKPETHbIM pacripeneneknem {h;}
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He3aBMCUMO OT OpYrux 3asBoOK. [pegnonaraeTcs, 4To aT0T obbeM paBeH no
KpaWiHen mepe enHuue. Ecnu xe hg > 0, To cunTaeTca

hy = 0,
Ry = hi/[1—ho, {(16.1.2)
Noo= AlL— 4.

BepoaTHocTb oTcyTcTBMA cnpoca paBHa BEPOATHOCTW OTCYTCTBUA Tpeboba-
HWWA, TakK 4TO
po=e 7. (10.1.3)

ﬂﬂﬂ COCTaBHOFO NyacCOHOBCKOTO npouecca CpenHVH?l CNpoOC 3a BpemA T
0 = \rh, (10.1.4)

a koapbpuumneHT Bapuauuu bonbiue equHNLBI.
[lpu «reomeTpuqeckom» pacnpeseneHnn na4vku

hj=(-p)p~Y,  i=12,.. (10.1.5)

Cpearunin obbem naykm

h=1/(1-p);
cooTBeTcTBEHHO p=1—1/h.
Ons norapudpmuyeckoro pacnpeneneHus

hj) = (3'—1)3 ! i=1,2..., (10.1.6)

g /] jlng’
rae ¢ > 1 — napametp pacnpenenenuns. Cpennin obvem nauxu h = (g —
1)/Ing.
Mycts n — cymmaphbil obbem 3aABOK COCTABHOrO MyacCOHOBCKOMO

noToka 3a Bpema 7. loraa

! ATl’ =T 0%
pn:Z(“) e~ hi*(n). (10.1.7)
i=0

3aech NyacCOHOBCKan BEPOATHOCTL MOABAEHUA POBHO 1 Na4eK YMHOXaeTcs
Ha h'*(n), T.e. i-kpaTnyro csepTky h(n) (BeposTHOCTH paBeHcTBa Hucny n
wx cymmapHoro obbema).

Obo3zHauum uepes

npoussoanwyto cyrkuuto ([P) pacnpepenenns obvema nauku. Mockonbky
N® ceeptkn pasHa npousseaennto NP coctasaatownx, us (10.1.7) cneayer
soipakeHue gna [P pacnpeaenetna cymmapHoro obbeMa 3aABoK COCTaBHOro
MYaCCOHOBCKOTo NOTOKA AT

n

A n

pe)= 3 O mamgn () = o), (10.18)
n=0 e

MNycTtb, Hanpumep, pasmep TpeboBaHuA nogduHAeTcs Moaudmunpo-
BaHHOMY reoMeTpU4ECKOMY pacnpeneseHuio

hj:p(l——p)j_lz(l—u)uj‘l, J=12 ...

(v=1—p, Tpebosanne 00MKHO BbITL Kak MUHIUMYM eRUHUYHOrO obbema).
Mpowasoasian dynkuna obvema Tpebosanns

z(1—-v)
l—vz '

n(z) = (10.1.9)

Torpa M@ cocrasHoro nyaccoHoscKoro pacnpefeneHns
P(z) = exp(=Ar{1 - [2(1 = »)}/(1 — v2)}) = exp[-Ar(1 - 2)/(1 — vz)].

¥
MoxHo nokasatb (cm. [89]), 4To BepoATHOCTL NOCTYNeHMA N 3asABOK

n

_ 1/m-1\[/1-v ’
pn = V" /\TZE(Z'——I) {( > )AT] , n=12...

=1

Ona cnyvas norapucpmuieckoro pacnpenenexns nauku B. ®ennep
BbiBEN OTpuLUaTenbHo-buHOMUaNbHOE pacripefeseHne cnpoca:

n

k+n—-1\1
pn:< n )q_k(l_l/q)n, n=01,..., (10.1.10)

rae k = At/Ing — HaTypanbHoe YNCNO. ITi BEPOATHOCTMN NErKO CHUTAIOTCA
PEKYPPEHTHO!

1
P - B
0 qk
k4+n-—1
Pn = pnoi—(1—=1/q), n=12...

n
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Mpu cnpoce Ha naukn noctosHHoro obbema Tpebyetca Tonbko ne-
pemacwTabuposaHwe 3anaqu. [pn cayyainHom obbeme nayku 3aABKa Ha no-
cTaBKy BynieT BbigaHa NPW nepecedeHuU TeKYLLMM 3aMacoMm YPOBHA 3aKa3a § .
dakTuyeckn moaenb egeT ceba Tak, Kak ecnun Bbi K cny4aiHomy cnpocy 3a
BPeMA 3aAEPXXKKU nocTasok npubasunack sennumHa «nepeckokas. CoorseT-
CTBEHHO pacnpefefieHne cnpoca 3a BpeMA 3adepXXKu fosKHO bbITh 3ameHe-
HO ero cBepTKoOW ¢ pacnpedeneHueM nepeckoka. [locneatee xopowo usyueHo
B TEOPUW BOCCTAHOBJIEHWUA, COBNAAaeT C «OCTAaTOMHBIMY pachpefesieHneM W
Nerko MoxeT BoiTb Nony4eHo us pacnipegeneHua obvema navky. flpocTeii-
uiuit crnocobom ydeTa nepeckoka ssasetcs gobasaerue K HUXKHEMY MOPoOry s
cpeaHen BenAn4MHbI nepeckoka 1 = by/(2b1) , rae {b;} — cooTseTcTByIOWME
MOMEHTbI pacnpefeneHnn obbema nauku.

Opyroi ocobeHHOCTHIO, NOPOXKAaeMON HEOPANHAPHBIM CIPOCOM, ABNA-
€TCA BO3MOMXHOCTb NPUMeHeHNs AByxypoeHesoii («aByxbyHkepHoii») cTpaTe-
run (s, S), KOrna Npu CHUKeHM 3anaca Y A0 KPUTUYECKOTO YPOBHA S WAM
HVIXKe 3aKasbiBaeTcA NapTua obvema S — y > ¢. B atom cnyuae:

® npu HakoneHun AepuumnTa OCTaTOK K KOHUY unkna byner paseH HUX-
HeMYy NOPOry MUHYC KCBepHYTLIA» CNPOC, a Ha4yanbHblA 3anac —— Bepx-
HEMY YPOBHIO MWUHYC Y4MCTbIfl CMPOC 33 BpemA 3afepKu,

® NpPN UCKAYEHUN peanbHoro .qed:wuwra HeoTpuuaTenbHbIA OCTATOK
BbIYUC/IACTCA NO «CBepHYTOMY» pacnpepeneHuio,

o oxupaemblt OebULUT, UCroNb3yemMbll NpU BblUCIeHuN WTpada, a
TaK>Ke BepOATHOCTL fechuunTa B YC/I0BUAX ONTUMANBHOCTU PaccHUTl-
BAlOTCA ANA «CBEPHYTOro» pacripefeneHus.

MNpu peanusaunu s7om cTpaterun c nepeHocom AecpuumTa Tekywmii 3anac
BCErAa OUEHMBAETCA B CYMMe C paHee CAeaHHbIMU, HO elle He BbiNoJHeH-
HbIMW 33Ka3amu.

10.2. Iloxaszarenu sdPpekTuBHOCTH

Wmen sepoaTHocTn {p,} ., nerko paccumtath Tpebyemelie xapakTepu-
cTuku (KoabpuumeHT rotoeHocT R, koadduunenT obecrieveHHocTi, Be-
POATHOCTL HEMEANEHHON MOCTaBKM W T.4.) Kak PYHKLUM OT HOPMATWUBHOTO
sanaca S; . KoacbpuumenT obecneuenHocTn onpeaenserca kak 40As 3asBOK,
HeMeaeHHO NOKPbLIBAEMbIX HAaMYHbLIM 3aNacoM.
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Dedbuuute: (oTnoxeHubie 3akasel, backorders) cayuarorca, ecnm B
npouecce BocrosiHeHus HaxoaaTca Bonee dem S 3assok. Oxupaemoe uu-
cno pecbuntos

B(S;) =Y _ (i — S;)plilA;m). (10.2.1)
i=§,
B uwacTHocTu,
B(0) =Y iplilAji) = Ajmihy = 6;. (10.2.2)
1=0

Cpeﬂﬂee HUCAO HEMeQNEHHO O6C!|y)KV!B3€Mb|X 33ABOK

s, -
U(S]) = i; ip(il/\jrj) + Sj s P(i|/\j Tj)
- i'jlip(iujrj) - i (i = (i) (10.2.3)

Il

XjTihj — B(S;).

Cornacto nocnegremy ypaeHeninto, U(S;) moxHo onpepenuts Kak oXxu-
A3eMOe HUCNO AeTasielt B NPOLECce BOCMOHEHUA MUHYC OMUAAEMOE HUC/O
OTAOMEHHBIX NOCTaBOK.

Vposerb obcnyxusanua no getanu i

R(S;) = U(S))/U(0) = [\imhi — B(S))/Mimhi = 1 — B(S;)/B(0).
(10.2.4)
Vposens oficnymusanna — ypoBHas mepa ANA MHOTOYPOBHEBbLIX CHCTEM.
HNna cnctembr 8 uenom

I J I J
R:1—ZEB(S,-J-|A,~]~T,-J-)/EZB(OM,,-T;;). (10.2.5)

i=1j=1 1=1j=1

Ompaemoe YNCNO OTA0KeHHbIX 32780k & (10.2.5) Hamepento 3anucano Kak
cyHKuuA yposrelh 3anaca S;; n npoussenenna A;;7;; ; Habop s3anepxek 7;
yMUTBIBAET BAMAHUE MHOTOSLIENOHHOW CTPYKTYpPbl; To; O3HaYaeT cpepHee
BPEMA BOCMONMHEHWUA No AeTanu i Ha Base j, xorpa S;; = 0.
3Hamenatens 8 (10.2.5) He 3aBucuT oT nepemeHHbix S;; , Tak 4TO
OMTUMM3AUNIO MOXHO NPOBECTH, MUHUMU3INPYA obllee uucno ciyvaes ae-

cuunTa Ha HuxXHem yposre (6es peno):

I J 00
B=Y YY" (n=5S;)prnlkijm;). (10.2.6)

i=1 j=1n=5§,,
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OnHaKO Mpn aHanuase 3ampam npouecchbl B AeNO YHUTbIBATLCA QONMNHbL.

10.3. 3agepXKKu

Teneps nopa BepHYTbCA K MHOrOYPOBHEBOW CUCTEME M MOCMOTPET,
Kak 3anacel B Hell BAWAIOT Ha 3apepxku {7;} . [posepka pemoHToNpUroa-
HOCTW OTKa3aBlued eTanyu AENAETCA TONbKO Ha HkHem yposHe. [lpeanona-
raeTca, 4To fetans (B 3TOM pasnese Mbi Byfem onyckaTb uHpeKc ee Tvna)
pemMoHTUpyeMa Ha ypoeHe 6asbl ¢ BEPOATHOCTbIO T , B 4€NO € BEPOATHOCTHIO
(1 —r7;)y . BoccTaHoBEHUIO He NOANEXUT C BepoaTHOCTbIO (1 —7,)(1— 7).
lMocne npoeepxy pemMoHTUpyeMas AETanb OTCHINAETCA Ha COOTBETCTBYIOLLNA
yposerb. Cpeariee BpeMa Ha peMoHT, BKNOYan nepeBosky B oba KoHua, ecTb
T; . Nlpw HenpuroaHOCTH neTann Aeno HemeANeHHO NOJAET 3aABKY Ha BOC-
rnofHeHne 3anaca W3sHe. 3afepiKKa 3aBUCUT OT COCTOAHMA 3anaca B Aeno.
Ecnu sanac umeetca, To oHa B cpeaHem coctasnaet L; . WHaue BosnukaeT
[ONONHUTENbHAA 3aepXKa, PacyeT CPeNHEro 3Ha4eHnA KoTopoi A onucah
HUKe.

CpenaHee Bpema BocnonHexus

m =775+ (1—r;)(L; + A). (10.3.1)

[ns pacueta gononHuTENbHON 3a8epXXKM /A B BbICLUEM 3BEHE Mbl [OSKHbI
onpefennTh CTauNoHapHoe pacnpefeserHue cocToAHNA 3anaca 8 aeno. Cnpoc
8 Aeno oT ba3sbl CO3QaeTCa feTanAMU, He PEMOHTUPYemMbiMu Ha 3Ton base.
WHTencurocTs ero ectb (1—7,)A; . CooTBeTcTBEHHO B 1€NO MHTEHCUBHOCTD

33ABOK
J

Moo= (L—r)A; (10.3.2)
Jj=1 .

Obuuuin cnpoc B peno — oboblyerH bl NyacCOHOBCKMIA CO CpeaHeR MHTEHCUB-

HOCTbtO
J J

b=y (1=r)hidj =D (1-r;)6;. (10.3.3)
Jj=1 =
B AENO UMEETCH So 3anacHbiX YacTewn. B 3anace y4mTbIiBalOTCA TaKxXe [fe-
Tann, HaxXxo4AUWMECA B PEMOHTE WUAWN B NYTHK, He aoaneXxXataa poCCTaHoOBNE-
HWO [eTanb HEMEANEHHO 3aKa3blBaeTCa BHEWHEMY MNOCTaBULWNKY. CpeﬂHﬂﬂ
3ajiep)Ka BHelWwHed noctaskm pasHa Lg. WTak, cpennas 3sanepxka nonon-
HeHWA ANA aeno

o = yTo + (}1,—- ‘)’)Lo. (1034)
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AHanoruyHo ebiluenpuBeaeHHbIM pesynsTaTam ANA bassl j Yncno netanen B
UMKNEe MONOMHEHWUA ANA [eno Takxke umeeT oboblieHHoe nyaccoHoBCcKoe pac-
npenenerve p(nr|AoTo) co cpernm Aoty . Oxupacmoe HUCNO OTAONKEHHBIX
3aKa30B B Aeno

o0
B(So|Aem0) = Z(n — So)p(n|Aomo)- (10.3.5)

n=0
3T0 4MCNO He [ONKHO CMELUMBATHCA € 3afi€PXKAHHBIMU Ha HUXKHEM YPOBHE
w3 (10.2.1) u ne sxodum 6 ueaesyro pynryuto (10.2.6). CpeaHas 3afepka

A= B(Sol)\oro)/GO (1036)

papbupyeTca oT Hyna (npu BeckoHeqHoM 3anace) 4O NONHOTO BPEMEHU BHELU-
HEro MOMOAHEHNA Tg M MOXKET DbiTb NpeficTaBAeHa KaK nponspeaeHue

QOuesnaHo,
8(So) = B(SolAom0)/8am0 = B(SolMo70)/ B(0lAo7o). (10.3.8)

3TO AONA 33ABOK, ONA KOTOPbIX BLINONHEHWNE 3aep)XnBaeTcA.

10.4. Ocuoser METRIC

METRIC pacwudpposbisaetca kak MultiEchelon Technique for Recove-
rable Item Control (3wenonuposaHHoe ynpaeseHne BOCCTaHaBAUBAEM b
3anyacTAmu). JTa MeToanka bbina paspabortaHa B uccnefosaTenbckom rpyn-
ne RAND Corporation ans komanposanus toina BBC CLUA [201] u ucnons-
30BanacCbh Kak 3aKasuyMKoM, Tak U BO MHOTMX Apyrux obnacTax.

Cucrema cuntaetca asyxypoedeson. Ha HuxHem ypoBHe npeano-
naraetca crpaTerus socnonHenns (S — 1,S) u orpaHuHeHHbie PeMOHT-
Hble BoamoxHocTu. Ha kanon Gase sxopHol cnpoc — cocTasHoW nyac-
coHosecknin, Hedbuunt Hakannusaetca. lokasatenem adpdekTusHocTN cny-
XKUT cyMma oxuaaembix aemunTos no scem cknaaam. [Ins xapaktepnctuku
PEMOHTUPYEMOCTI geTaned ucnonbayrotca obosHauenunn LRU/SRU (Line/
Shop Replaceable Units). FopusonTanshbiit obmer mexay basamm oTcyTeTsy-
eT. Cpenrue spemeHa pemonTa Ha 6ase Tj, , noctasku us feno L,, , pemoHTa
B Aeno 79 CHMTArOTCA M3BECTHBIMU KOHCTaHTaMu.

B Bepxtem 3BeHe sce netann pemontupyembt (y = 1). Cnpoc -~ co-
ctaHon (norapudbmnseckmnin) nyacconosckuin npouecc Tuna (10.2.6). Heasro
NPeAnoNaraeTcn OTCYTCTBUE OUepeel Ha BOCCTaHOBNeH e,
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10.5. Bazosaa METRIC

B cxeme bazosoit METRIC

e CNpOoC NPOrHO3npoBascaA NO XapakKTepuCcTukKam HageXXHOCT U C yHeToM
CbaKTMHeCKVIX AaHHBIX]

® PEMOHTUPYEMbIE OeTann uMent tHANBMNAYyanbHbi€ LEHbI nedmuma d,J .

OHa No38077A1a OUEHWNBATDh yXe chymuaammeca nokKasatenn — 4H4UCNo 3a-
[AepXek n 06U.W|e BNOMEHNA B 3aMac ANA [BYXSLUEAOHHOW CUCTeMbl. Pewa-
ANChk TakXKe 3afaqHy pacnpefesneHuA CbMKCMpOBaHHOFO 3anaca nNo Ka»pon
HOMEHKANaTYpe! MUHUMKUIWUPOBaTb HNCAO 3al€PIXKEK Ha bazazx

J

e(N) =3 B,({5,}) (10.5.1)

1=1

(cm. (10.2.6)) npu orpannuexum

> S =5. (10.5.2)

j=1

Hanomuum, yto TepMnH «Basay umeeT He TONBLKO CHabKeH4ecKUd, HO M
OrnepaTUBHLLA acnekT.

B anroputme METRIC cHadana ebluncnserca oxupaemoe 4ucno sa-
pepxaHHbiX noctasok ana geno no (10.35). [na storo ucnonbsytotcs

J
10 = Tio w3 (10.3.4), Ao = 3 Aj(1 —ryy) ws (10.32) v p(n|AioTio)
1=1
3 (10.1.10). 3aTem MOXHO paccHuTaTh BpeMA HOMONHUTENbHOR 3aAEPKKM
A no (10.3.6) u cpenHue spemena socnontenus (10.3.1). Hakowney, cornac-
Ho (10.2.6) BBIMUCNAETCA OXKNAAEMOE HUCAO 3af€PXKEK NO BCeM AETANsM i
bazam.
Vnpasnexue 3anacamu pacxoayemblx feTaned s Baszosoii Mogenu
METRIC He pacematpneanocs.

10.6. MOD-METRIC

MyxwTagT [179] moandunumnposan METRIC npumeruTtensHo K cTpyk-
TypuposaHHbim (multi-indent) usnenuam — ¢ yyetom norudeckux oTHolue-
HUR Mexay cbopkamu, PaccmaTpueannce gBa ypoBHA: KoHedHoe uzdeaue
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(mbr Byaem ncnonbsosaTb STOT TEPMUH, CTONL NONYNAPHBIA B OTEHECTBEHHOM
oBopoHHOR NPOMBILLNEHHOCTH) 1 cocTasHasn YacTs (Mmody.ab). MopyneHocTs
YCKOpseT PeMOHT U3JeNVA B LENOM, KOTOPbIA CBORUTCA K ANarHOCTWKe Ha
ypoBHe MOAOYNEA WU 3amMeHe OTKa3abBulero, N YAelWweBnseT COOTBETCTBYIOLleE
obopysnosatue. C Opyroit CTOpOHbI, PeMOHT Moayfed ceasaH ¢ BSnbwUmu
3anepxkamn, TpebyeT cneunannsuposantore cbopynosaHua u kpanubuyn-
posaHHoro nepcoHana. CocpefloToueHne pemoHTa Mofyfied co scex 6as na
YPOBHE [eNo MOXET Bbi3BaTh OUEpPeAN Ha PEMOHT, KOTOPbIE B «METPNYECKNX>
Mogenax obbIYHO HE YyYNTBIBAKTCA.

Npocton 8 MOD-METRIC ucuncnstotca no sanepxke uzdeauii. [e-
PULMT MOQYNER OKa3biBaET KOCBEHHOR BAMAHWE, 33QEPXKNBAA PEMOHT W3-
aenun. [lo oTHowennto k Basoson METRIC B nanHo# cxeme caenanbl asa
YNPOLEHNA:

e Bnusnue HeROoCTa4u n1obeix fleTanen oJNHaKoso.

e Cnpoc — npocmoti nyaccoHoBCKUA.

PaccmoTpum pacuethyro cxemy MOD-METRIC no [179], onyckan un-
aexc petanu. Nagenve cuntaem cobpannsim na N mopynen. Nutencuarocte
OTKa30B u3deaus na base j pasHa A;, sanac S;. Tpebyetca paccumTaTh
OXKNAAEMOE YNCNO 3aAEPKEK B CUCTEME

B(S1,5,...,S5) =Y > (€= S)plElNmy)- (10.6.1)-

J

i=t¢=s

Wcnonesys (10.3.1)(10.3.4) npu v =1 (pemonTupyeTca Bce), nonydaem
7j = 1515 + (1 — )L, + 8(S0)To), (10.6.2)

roe napameTpbl onpedensatotea ananorudHo METRIC, Bpews pemonTa us-

nenua T; sasucuT, opgHako, oT Hanuuma mopynen. [pepnonaraerca, uto
PEMOHT Ap¥ Hallu4uw mMoayied 3afimeT Tj’ uHaue Bypet otnoxed. [lycts

A; — oxupaeman sagepxka ans bassl j. Toraa
N
Aj =) qniln, (10.6.3)
n=l1
T; = Ti+4;, =17 (10.6.4)
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3pech ;i — BEPOATHOCTb TOFO, HTO pemoHTa Tpebyer mMoayne 2. WHTen-
qij p peoy
CUBHOCTbL OTKa30B W3ge/IUN Ha base j

N
A=) N (10.6.5)
i=1

CneposaTenbHo,

gij =i/, i=1J, i=TN (10.6.6)

Oxunpaemble 3anepxku paccuntbisarotca kak 8 METRIC-monenu:

Ay = (1//\1'1){ % (E—Sij)p(ﬁl/\img)],

=21y (1067)
j=17, i=1.N
3neco
1 o0
8{Sio) = mL; (& - Sio)p(ﬁ\)\ioTio)}
rij = rigTi; + (L= ri)[Lij + 6(Sio)Tio),
J
Aig = Z)\ij(l—m),j:f—f, i=1,N.
=1
OBosHaunm ¢y CTONMOCTb 3aKkynku msgenus w {¢;} — moaynedn.

Obuwas ctoumocTs

J N N
C=Y <cosj +3° c,-si,) +coSo+ Y eiSio- (10.6.8)

j=1 i=1 i=1

MykwTaaT npeanoxuna npubnuxentsid anroputm ssibopa {Si;}, MuHNMY-
aupytowuin oxxuaaemoe yucno Hepoctay (10.6.1) npu sapantom C'. banskue
K ONTUMaSIbHBIM Ha3sHa4YeHUA LAR U3AeSMUA, NOAYYEHHbIE MpU PasNUyHbIX
3HaveHunsax (', NCMONb3YIOTCA KaK BXOAHble flaHHble Ha BTOPOM wWiare an-
ropuTMa, KOTOPbLIA NPUMEHAET MaprvuHajbHbt@ aHanna AAA ONTUManbHOro
pacnpegeneHusn BrofdKeTa MEXAY W3REAUAMMU U MORYNAMU.
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10.7. METRIC peajibHOro BpeMeHU

Jta mogent (cokpaweHHo — RTM) npeanoxena Munnepom [177]
3aech akueHT penaeTca Ha pacnpeneneHUN: Ha Kakyto basy nocnate crefy-
rollee OTpeMoHTMpOBaHHoe nanenue ns aeno Cnpoc npeanonaraeTtca ryac-
COHOBCKMM C wHTeHcuBHOCTAMU {A,}, Bpemena poccTanoBnenna Ha basax
pacripedesnierbl SKCMOHEHLWAABHO C napaveTpamu {i, }, necbnuunTel BoIpa-
MKatoTCA Hepes oTpuLaTenbHbIe 3Ha4YeHNA TeKyLlero 3anaca ¥, . Llensto asna-
eTcA MUHUMM3aumMa obwero uncna pepuuntos 3a 1 pHel

T
B=Y T /[yj(t)]' dt. (10.7.1)

J=t

3aece [y;(t)]” — abconwThan seanyuna neduunTa.

Mogent BasupyeTtcs Ha 3BpucTUHecKux npasunax. Pewienve nputn-
MaeTcs B MOMEHT fy Ha OCHOBe MpPOrHO3a, HYTO CAYYMTCA 32 CAeAyloLine
T, AHen (Bpema pocTasky M3 meno Ha basy). Ha pewenve snnaer «depo
reluctance» DR — crenenb HexenaHus feno paccTaBaTbCA C MMeEMbiM 3a-
nacom. lpeanonaraeres, uto

DR = aexp[-Byo(to)]. (10.7.2)

JkenepumMenTansHo nogobparsl o = 1.5, f = 2.
MoTpebHocTe Basbi B; onpegenserca:

e BpenmeHen TpaHcnopTuposki T, (kouctanTa);
® eXXe[lHEBHbIM CNPOcOM A, ;

® foneit 7, 3aABOK, PEMOHTUPYeMbIX Ha base.
CooTaeTcTaytowWee ONUCAHNE COCTORKAR CUCTEMD! BKIOUALT B ceBa:

® HanuuHbIA 3anac Ha base z; ;

& YUCNO T,; M3RENUA B MYTN U3 feno Ha basy;

® YMCNO M, HAXOAALUMXCA B peMOHTe Ha Base usgenni.
Ecan cymma z;(to) + ny; (to) + nrj(to) < 0, norpebHocTs baswt cunTaerca
Beckoreuron. Peson npocT: nocnaHHas Ha Takyro basy AeTanb AOCTOBEp-
HO YMeHbLINT 4ucno cnydaes fecbuumra Ha eguumuy. OBbidHO 3Ta cymma

HeoTpuyaTesibha, ¥ noTpebHocTy Baswl onpeaenseTca KaK OMURAEMoe “u-
cno gecpuuutos B; Ha momenT to + T . [ina pacyeta B; ponxHo beite
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nssecTHo pacnpepenexve z,(tg -+ T;) . ITo (AnckpeTHoe) pacnpeneneHue s
vmoaenn RTM annpokcumupyetca HopmasibHbim.

MNepeeid war npouesypbl — BbiYUCAEHUE CPEAHErO N AUCAEPCUMN Ha-
An4HOro 3anaca depes nurepsan 1) :

% M[z] {to + T])] = z;(t0) + nsy (tO) + 7y (to)Yo — (1 — TJ)AJT] - r]’\JYJ/“'J’

05 Dlz,(to + T5)] = npy(to)Y;(1=Y))+ (L =) )NT, +7,0,Y, [uy.

il

(10.7.3)
3neck Y; =1 —exp(—p,T;) o3Haq4aeT BEPOATHOCTb 3aBEpLIEHNA HAYATOrO
pemotTa uepes T . Muoxutens 7;A;Y,/p; oTpaxaer ymeHbwerue sana-
ca BCAEACTBUe yCTpaHAembix Ha bGase nonomok 3a spema T . Ou He paseH
riA;Yj , nockonbky HekoTopble rnonomku Kk mMomenTy T; ByayT ycTpaHeHu!.
BuipaxeHue gna Hero cnepyer us

T
J T
A
[ty explo (2 — sl dw = 2 expl—(T; ~ whs]| = 73
J

0

(=]

Bropoa war coctouT B pacuete oxupaemoro 4ucna pecpuuntos. B
CrlyHae HOPManbHOTO pacnpeneneHina co cpeaHnm & n ancnepcuen o2 (vh-
Aekc basbl BpeMeHHO OMyLeH) NAOTHOCTL pacnpeeNeHNA HanMHHOTO 3anaca

1 1 ,
)= ——exp{-gllw-e)/el'} (1074

OXUaaemoe Yyncno Aed)VILWITOB no onpeneneHno ecTb
0

B=- / W (v) dy. (10.75)

-0

Noncranan w= (y—€)/o u dw=ocdy, vmeem
~&fe

B = - [ exp(~w?/2)(ow+E)dw
:g/o —&fo
= —= f exp(‘»wQ/?)wdw—\/% {OGXP(_WQ/Q)(I“’
= Z-exp[-(/0)?/2] - A= ? exp(-w?/2) dw = o F(§/0),
- (10.7.6)
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roe
K

F(y) = %exp(agf/?) — \/—% / exp(—w?/2) dw.

Oxupnaemoe uncno necdpuumtos Ha base j
B, =0,F(y,), ’ (10.7.7)

roe y; =&, /0, .

Mocne sbiuncnetnn {B;} moxHo npunate pewenve. Ecnu «Hexe-
naHwney» perno DR > BJ ANA BCex J, To nocTasok He bypet. B npotusHom
cnyyae usnenve byner otnpasnero Ha basy ¢ Hanbonowum B, . Umutauu-
OHHOE MOoAenupoBaHue NOKasano, 4ro ctpaterua RTM cruxaer oxupaemoe
sucno gedpuumntos va 30% ann aetanedr ¢ shicokum cnpocowm {Gonee oanoR
B Mecay) bes sHaumTenbHbIX yxyAuweHuin gna peako Tpebyembix. Cpearee
yMeHblUeHne Ynucna aecdpuumntos cocrasuno 20%

Nockonbky s1a mMopens Tpebyet Hanu4ua B geno nonHon urdbopma-
UMM © COCTOAHWIA 3aMacoB Ha MOMEHT MPUHATUA pelleHUs, ee Peannsaluns

nojpasymenaeT Ha/invine B Cucreme cHabxeHun LleHTpa.ﬂV]BOBaHHOﬁ KOMTIIb1O-
TEepPHON CUCTEMDI. .

10.8. [IByx3meJioHHass cHCTEMa
C 9KCTPEHHBIMU NMOCTaBKaM#

Pacemorpum ogHopogHyto 3agaqy B npexHux obosnaderunax. [loTok
cumTaem npocTbiM nyacconobckum. Kaxcpas 6asa xpanut S; uspennn [llpu
MOABAEHNM 3aABKU M NPU HaJMHUN U3AeNNE NOCTaBAAETCA noTpebuTenio u
nenaetca 3akas p geno. [leno sbinonHAeT 3aKas, ecin ecTb HeM, Hepes ciy-
YaliHoe BpeMA f; ¢ KOHe4YHbIM cpeaHum T, . [lononnenue 3anaca B fJeno
(vHaeke «0») opranusyeTca ananormyHo u Takxe B cxeme (S — 1,5).

Ecnun 3anac Ha Base ncuepnaH, B Aeno BbiaaeTcs cpouHbiit 3akas. Ecan
HYXHOR [€Tanu HeT W TaMm, Aenaerca BHewHui 3aka3s. [lyctb E; — cpok
SKCTpeHHOR nocvasku B j 13 aeno u E; + Ey — eHewnen. Hawa yens —
paccuuTaTbh cpefiHee pems noctasku uspenus t;. Onpepenum cobeitne G
KaK ucdepnaHue sanaca Ha base j Torga

tj = Ej PI‘[G]'G()] PI‘[GQ] + (EJ + Eo) Pr[G]‘G(]] PE‘[GQ] (1081)
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Bce ynomaHyTble BEPOATHOCTU -— 3pRaHroBCKUE U ONpegensaroTca no
npasuay

erl(n]a) = p(nja) / > plEla) = (o™ /n) / A (10.8.2)
£=0 : £=0

C NapameTpamMu

Pr[G;|Go] = erl(S;laj), Pr[G;1Ge] = erl(S;lef),
Pr{Gbo] = erl{Sp|ap), Pr[Go) = 1-Pr(Go).
(10.8.3)
3neck

‘

J
/I o g __ . ) — R
@; —’\JTJ’ a; — AJ(TJ +T0)a Qp = Toz)\]-
ji=1

Paccuntaem cpegHee spema HegocTaum no Hase j . Bseaem ycnoshbie
BEPOATHOCTH NOABAEHNA Ha Base j 3asBkW Ha vanenve n

I
Gnj = ).nj/ >N (10.8.4)
i=1
Torna
I
tj= Zqiﬂu, (10.8.5)
i=1

rae t;; onpepenstotca cornacto (10.8.1)-(10.8.4) ¢ aononxuTenbHBIM WH-
ReKcoM 7.

3afepKKN ANA cUCTEMbl B LIESIOM BbIYUCIAIOTCA KaK WX B3BELIEHHAsR
cymma. Beca MoxHo HasHauuTh Kak BaxHocTM 6a3 wnu ycnosHbie BepoAT-
HOocTn gecbuumta Ha base j npu ycnosum gedmuuta B cucteme. Onu onpe-
nenstoTca ananornyuno {gi,}.

10.9. Tpexyposuesag METRIC

JTa mopens nerko obobuiaetca u Ha M > 3 yposHeir. B Heir pac-
CMAaTPUMBAIOTCA TOMBLKO MOAHOCTBIO BOCCTaHaBAWBAeMble U3[ENNA, HO 2TO
fonyuleHne He aBnAeTcA Kputudeckum. OBbI4HbIA NyaccoHOBCKA CnPOC
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npeanonaraeTcs, ToALKO LAA IPOCTOThl U HarnAgHocTy. Llens — pacuet oxu-
AaeMoro 4ncaa gedbniinTos Ha yposHe 6as.

Oveenem unaekc k = 0 ana sbiciiero yposua, k=1, [ ans 8TOporo
n j =K +1,J — ana unxnero. Obosnauum Sj; , Ti; HopmaTupHbIA 3anac
W BpeMs BOCNONHEHUA ANA MpeameTa { B MyHKTe j, ¢ = 1.7, j=0,J.
CocTosnue sanaca byaem onpepenaTh KaK Han4me NHoC paHee CAeNaHHbId,
HO elLe He BbiNOMHEHHbIA 3aKa3 MuHyc aeduunTsl. CTpaTernen socnonHeHus
Beane cyntaem (S — 1,5), a BpemeHa BOCCTAHOBNEHWA —— HE3aBUCUMbIMN
CAYHaWHbLIMW BETMYUHAMU.

(lepBudHbLIl CAPOC BO3HUKAET HAa HUXKHEM YPOBHE € WHTEHCUBHOCTA-
mu {A;;j}. Kak v parblue, oTkasasliee uagenne ¢ BEPOATHOCTBIO Tij MOXKET
BbiTh HanpasneHo Ha MECTHbIR PEMOHT, C BEPOATHOCTbIO 747k — B y3en K
BTOPOro YPOBHs U C Tjjo — B Bbicliee 3seHo. Ecan oTkasaswas getans pe-
MOHTNPYETCA BBEPXY, AEAAETCA 3aKa3 Ha BOCMOJIHEHNE U3 COOTBETCTBYOLLIEro
cknana. Ecan ectb uem BoCNONHUTL, UMEET MECTO CRy4aliHan 3afepXxKa co
cpeaHum L, unade BosHMKaeT fONofHNTENbHAA 3a0epXKKa.

Cnpoc Ha smoepos ypoBHe — TaK>Ke NPOCTON NYaccOHOBCKNA € NHTEH-

J

CMBHOCTBIO Ak = ¥ TijpAij . OTKasaswan fgeTans pemMoHTONpUronHa B
j=K+1

ysne k C BE€POATHOCTbK T4, @ C OONONHUTENBHOW K Hel BEPOATHOCTLIO
OTCblN1aE€TCA Ha TPETVH?I yposeHb. O.ﬂHOBPeMEHHO BbIfJAa€TCA 3aKa3 Ha BOCNON-
HEHWE C UEeHTPanbHOrO CKAafa. CVITyaLWlﬂ Tam aHaNOornyHa paCCMOTpeHHOVI
BblLUe..

npOCTOVI nyaCCOHOBCKMVE npouecc Ha mpemseM yposHe UMeEeT UHTEH-
CHUBHOCTbL

J K
Aig = Z rij0Adj +Z(1 —rik)Aig. (10.9.1)
j=K+1 k=1

Bce 3aaBku, npubbislune Ha TpeTulh yposeHb, ByAyT Ha HeM PEMOHTUPOBATL-
ca. Oxunpaaemoe YMCNo 3a8epXeK Ha BEPXHEM YPOBHE NG HOMEHKAaType i

oo
B(Sio, hoTio) = Y (n— Sio)p(n|AioTio),
n:510
roe p(nle) — nyaccoHosckan seporTHoCTb npu cperiem & . Ha ocHosaHuu

cbopmyarl JIuTTna cpentee Bpems 3a4epXKKN B LIEHTPasibHOM 3BEHe

Ao = B(Sio, AioTi0)/ Aio.
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Hns cknapoe ¢ nHaekcamm k = 1, ' oHo po/mkHo pobaBnATLECA KO BpemeHN
pocnoaHednd Lixo . CnenosaTensHo, cpegHee Bpema BOCNOAHEHNA

Tike = rikTik + (1 = rig)(Lix + Avo), i=1,1, k=T1K. (10.9.2)

Oxuaaemoe dncno aeduuntos

o0

B(Ste, Mikmie) = 3, (= Si)p(nl ik min).

n=>5

Cpeptee BpemA 3aAepXXKn npu fIONONHEHWN CO cknaaa k M3-3a oTCyTCTBUA
3anaca

Aik = B(Sik, XikTin ) Aike.
HakoHeLll, Ha HUXKHeM ypOBHE CpefiHee BPeMA BOCNONHEHUA

Ti; = 13 Th5 + vige(Dije + Aix) + rijo(Lijo + Aio), (10.9.3)

# KOANYECTBO ,U.erVlLlMTOB

NE

B(Sij,)\ijnj) = (77,— Sij)p(nI)\ijTij)- (10.9.4)

3
1]
%)

2

QObuiee 4ncno gedUUUTOB Ha HUXKHEM YPOBHE

I J =]
B = Z ‘ Z ; (Tl - Sij)p(nl/\ijrij). (1095)

i=1 j=K 417

10.10. enenTpajin3oBaHHas cHCTeMa

Ecnn 3apepxKn NocTaBoK U3-3a HEXBATKW B BbICLLEM YPOBHE OTHOCK-
TENbHO Masbl, NMW NP pacyeTe KOANYECTBA AehULUMTOB MOXKHO NpeHebpeyb
M CUCTEMa MOXKET aHa/IU3UPOBATLCA KaK AeUEHTPaNnN3oBaHHas. JTa arnpok-
cuMaunA oseHb NoNE3Ha 4R aHaKk3a afbTepHaTUB N NO3BOAAET ONPenennTh
BanaHe MeX LY BAOXKEHWSMI B PEMOHT ¥ 3anachl.

Hanwm nngeke § = 1,2,...,J cknagam ¢ peMOHTHBIMY BO3MOMXKHO-
cTamn. Bspewentan cymma gechnumTos no scem HomeHkIaTypam U cKaafaM

g 1o %
:szijB(Sij,)\iij szlj Z (n — Si;p(nfAijmij),
i=1j=1 i=1 j=1 n=>=5,,
(10.10.1)
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rae d;; — Becosble KoacppuumenThl. Llens npoekTuposaHua — nony4nTs
munumym B no {Si;} npn sananHom BronxeTHom orparuueHnn.

C dbopmasnibHON TOUKM 3PEHUA BOCNOIHEHMWE C BbICLLETO YPOBHA MOXKET
paccMaTpuBaThcs Kak BUA pemoHTa. Bpems 7;; BocnonHeHus nna wspenua i
B NYHKTE j ABAAETCA cpepnHeB3BeileHHbim ro aecektam N TUNOB, MMero-

LWNX BEPOATHOCTb 775 W CPEAHIOI0 AnnTesbHocTy 7% Cpennee spema

N
Tij = E risTir . (10.10.2)
n=1
YnpaenAembiuu napaMeTpamn cuuTaroTcs spemeHa pemonTa I . bonee
KOpoTKoe Bpems Tpebyer BANbLWIMX BAOKEHURA B PEMOHT — W3MEPUTENb-
Hyto annapa'rypy, WHCTpymeHTbI, fiepcoHan. [lpegnaranuce yboieatolune sa-
BUCUMOCTN ¢ (T") 3aTpaT OT CpeHero BpemeHW BOCCTaHOBJEHWA BMAa
n n n 7 ..
ai; (T} - bl]) aly exp[—(T7; — 87;)/cij] . Cronmocts copepxanua sanaca
obbiuHO cynTaeTcs J'IMHeMHOVI cbyHKumth:

c’(Sij) = €ijSij.-

Heobxoanmo Tak pacnpenennTs 3aTpaThl Ha 3aNac W Ha PEMOHTHbIE BO3MOX-
HOCTN, 4TODbI

I J N
ZZci]’Sﬁj—l-ZZZcf(Tg) <C. (10.10.3)

Nopteyc n Jlatcaayn [192] npepnoxunn anropuTm, peluatolini cHa-
Yana no,qnpoSneMb\ Mpexpe Bcero onpepenaroTca NONOXKNTENbHbIE YACNa

1 2 N
T”,T”,.. y Tij  AAA MUHUMU3aLMY

N
HFnij) =" F(Ty)

n=1

Apu orpaHnyeHnu
N

> rTh =1y (10.10.4)

n=1

310 AENaeTca HECKOJIbKO pa3 anAa pas3inydHbiX 3HaYeHun Tij » &N KaXOo-
ro n3genns W nNyHKTa. OntumanbHble 3HaveHUA CR(TU) BKAOHAOTCA B
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(10.10.3); 3aTem pewaetca 3aga4a munumunsaunn (10.10.1) npu orpanuse-
HAN

I J I J N
ZZCi]’Sﬁ + Z Z ZC,?(TU) < C. {10.10.5)

i=1 =1 i=1 j=1n=1
B oboux caydasx ueneeas hyHKUUA W OrpaHuyeHns — cenapabenbHbie

beHKLWIW, Tak 49TO ANA peuieHnA 3agayv NpUMEHUM MeToR ﬂarpaHma.

N

10.11. Crpareruu, oriundable ot (S — 1,.5)

EctecTeennbim obobuietnem pacemMoTpeHHbIX MOAXO[0B ABAAETCA KOM-
Bunauma crpaternn Y3, paznuuaronxcs nNo ypoBHAM cucTembl. Haubonee
TANWYeH cnydan ucnonbsosarna (S—1,.5) nabasaxu (s,5) & aeno. O630p
NNTEPATYpbl 1 CCbINKW Ha MEPBOVMCTO4HNKIA MO 3TOW Teme nmetotca B [191].
Mbi npusefem Hekotopble pesynsTatel s (s,5), (s5,Q) wn (T,5). Kak
oTmedanoch olwe, (s,S) v (s,()) cosnaparoT TosbKO AAA NpPOCTOro nyac-
COHOBCKOMO CMpoca — ¢ eAUHAYHBIMU 3aABKaM1. JTO NPeanofoxeHue He
COOTBETCTBYET C/Ay4alo feTasiefl C BbICOKMM CMPOCOM U, OYeHb HaCTO, BepX-
HAM SWenoHam.

10.11.1. Cnpoc B BepXHeM 3IIeJOHE

Orpanninmcsa ABYXoWwenoHHoNn cucTemoi ¢ Reno u Heckonbknmm Ba-
samu bea HenocpeacTeeHHoro obmena mexay Humu. Cnpoc Habepx cTaTi-
CTUYECKN He3aBUCUM. 3anac cuuTaeM OQHOPOQHBIM, WHREKC TWNa AeTasyn
onycKaem.

Cnydan (S —1,5) v nyacconosckoro (npoctoro unu obobuietinoro)
BHU3y paccmaTpusanca s pasa. 3.1.1. Cnpoc HaBepxy — Take nyaccoHos-
CKUiA C CyMMapHBiM cpefiiinn. [ ocTanbHeix CiyHaes NpeanaratoTca TONbKO
annpoKCUMaumMi, TECTUPOBAHHbIE Ha MMUTALUMOHHbBIX MORENAX.

PacnpeneneHne cnpoca B feno 3aBucMT OT BPEMEHHOrO MHTepBana —
BPEMEHY BOCMONHEHUA WU NEPUOAUYHOCTU KOHTPOAR YPOBHA. Hem nannHee
NHTEPBas, TEM TOUHee NPOrHO3 U TeM BaAnKe OH K CymMMapHomy cnpocy (oT-
AuYun moryT Biite B M0BytO CTOPOHY: CNPOC, HE RPUBERLINT K KPUTIHECKOMY
YPOBHIO, HaBepX He NepeaaeTcs; C APYrofl CTOPOHbI, OfHa AONOAHUTEbHAsA
3aABKa MOXKET MOPOAMTL rPYNNOBYIO BBEPXY ).

MNepebiin meTon npeanonaraer, yto cnpoc X;(t) 3a eebpanHbIn MH-
TepBan YAOBNETBOPUTENBHO OMUCHLIBAETCA HOPMasbHBIM pacnpefeneHnem ¢
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napawmeTpamu &;, 05 . Nonntukon posobHoBREHUA 3anaca c4NTaeTCA Henpe-
pbIBHbIN NpocmoTp, T.e. (s,,Q);).

ObosHaunm Xy, Xy, cooTeeTcTBeHHO cnipoc B Aeno u Ha base | 3a
BpeMs BOCNONHEHKA 3anaca B Aeno. OBwui cnpoc B feno — ceepTka cnpoca

c bas, Tax 4TO
J

Xo=) Xoj. (10.11.1)

3=1

Ins noboro spemenHoro urTepsana Xj; MoOXeT BbITh TOALKO KpaTHbIM
obvemam (), 3assok ¢ Gasel j. Yucno N, sakaszos, noctynuewux ¢ bassl
J . 33BUCUT OT AETEPMUHMPOBAHHBIX NepeMeHHbIX §;,();, Zjo W caydaiiHoro
cnpoca X, . fAcHo, uto

Ny =[(s5;+Q, —zjo+ X;)/Q;),  i=1J, (10.11.2)
rage L:J o3HayaeT Hambonbluee LUenoe, He Npesblllatowee 7. Joraa
Xo, = N;Q, = (s, + @, — 70 + X,)/Q,1Q,. j=1,7. (10.11.3)

Wtak, cnpoc Xp; umeeT AnckpeTHoe pacnpefenerne. BepoaTHOCT fosene-
HUA pPOBHO K 3aKa3oB

pik = Pr[Xoj=kQ]=Prlk < (s;+Q, — 20+ X,)/Q; <k +1]
= Prlk—1<(X; —zjo+5)/Q; <k
(10.11.4)
Monarasn a(j, k) = kQ, + zjo — s; , unmeem
a(j,k)
piv = [ (ydy,
a(y,k-1)
a(jw,O)
o = [ 4y dy.
—00

10.11.2. HopmasbHasa annpoKCcUMAaIlUA

Cu4nTan NNOTHOCTL pacnpefeneHns cnpoca 1, HOPMafbHO C Bbillie-
- .
yKasaHHbIMU NapameTpamu 1 nonaras h; = s, — z;0 + ; , nonyyaem

Pr (k—1)—h;/Q, < dy, — h; < k—h;/Q,
0/Q T o T 0/
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Pik =




_ F(k_‘fgﬁa)_p(ii:_ﬁf_/@) k=1,2,..,

0;/Q; o;/Qj
B A AN
po = P9 = Fioyfe) (10.115)

3necy

Fo)= [ ftd 1) = = expl-t/2).

WUmen sepoaTHocTn {pjr}, nerko nonyuuTs maTemaTuueckoe OXuMaaHue u
auncnepcuto cnpoca ¢ basbl j W, HakoHew,

MiX) = ¥ MXo),
=t (10.11.6)
D[Xo] = 21 D[Xo;].
J:

1ot MeToR NMeeT Aba HeJQoCTaTKa!

e ana Gonbwux h;/Q; v J Benuka TpyLnoemKocTb cueTa;

e Tpebyrotca & u ch?- ansa xaxgou basbi.

10.12. Crparerus
C HENPEPBLIBHBIM IPOCMOTPOM

Bepremca k fByxswenoHHol MOgenu ¢ MpoOCTbIM MyaccOHOBCKWM
cnpocom {A;} wa basax. [lpeanonoxum, uto 6asel ucnonbsytot crpaternto
C HenpepoiBHBIM NpocMoTpom (s;, (), ns-3a eguHu4HOro obvema 3aABoOK
waenTuanyio (sj,S;). Wntepsansi mexay sakasamu c 6aser j obpasyror
pexyppeHTHbIA noTok cobuitui {N;(2)}, j=1,J, rae N;(t} — uncno
3akasos Ha oTpeske [0,%]. Cnpoc B aeno obpasyetcs HanoxeHuem J Hesa-
BMCUMbIX NPOLIECCOB C OBLUNM HUCNOM 3aABOK B feno

J
Noft) =) Ni(t). (10.12.1)

J=1

Bes notepu oblyHOCTH MOXHO NPeAnoNOXWTL, 4To Kakaaa basa nomecTu-
na sakas B momeHT t = 0. Bpemena T mexay sakaszamu c 6asbl umeroT
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SpNAHroBCKUe pacnipefieneHus nopagka (); ¢ dyHKuuen pacnpefeneHus

Q,-1
Gj(t) =1 —exp(=X;T) > (A T)*/K! (10.12.2)
k=0

co cpeanum Q;/A; .

Mpu bonswom J u oaHopoaHeix Baszax ¢ A; = Ap nosy4um
Ag = JAp . Bpemena mexay 3sakasamu gna ston «obbeauHerHoi» baswi
UMeloT pacnpeneneHna Jpnavra nopaaka (Jp co cpeanum (QQg/Ag .

B aeno yacto npumenstoT nepuoduyeckuii KoHTpons 3anaca. Hanpu-
mep, 8 Eastman Kodak Company [196] B ueHTpe npumensertcs ctpaTternsn
(T, @), na pernoranerbix basax (s, Q). floctaska ¢ cabpukn B ueHTp BbI-
nosHsaercs yepes Lo, pacnpepeneHue cnpoca B ueHTpe 3a 1o+ Lo cuuTaetcs
HopManbHbiM. Yposens Sy paccunTbiBaeTCs NO 3aNaHHOMY «HEHTPanbHO-
My» ypoBsHIo obcnyxusanna Dy Kak pelleHne ypaBHeHWA

1-— Do = (a —_ SO)fA (a) da ]\’I[ZQ(T())], (10123)
s

rne M[zo(Tp)] o3HavaeT oxxupaemblit cnpoc B UeHTpe 3a mHTepsan 1o
MeXAy MpOCMOTpamMu,

Obvembt 3akasoB (J); Ha MecTax pacCUMTBLIBAIOTCA MO CTaHAapTHOM
dopmyne Yuncona. Touka 3aKasa s; HaxOAWTCA U3 ypaBHEHUR

1-D; = /(b—Sj)fj(b) db/Qj, (10.12.4)

32

pacnpepeneHue cnpoca beperca f;(b) 3a spema L; n cunraerca Hopmane-
HbIM.

QDakTuyecknid yposeHs obBCAYXUBaHUA ANA PETNOHABHbLIX LEHTPOB
ymeHbLiaetcs, nockonbky Dy < 100% . Tlo onpenenenuto sto

C, = 1— M[B;]/¢;, (10.12.5)

roe M{Bj] — OXUA3EMOe YMCAO 3afiepXKeK 33 rof u §; —— OXugaembii
roaosoit cnpoc. Posenbaym pasnnuaeT asa c/iyHan B 3aBUCUMOCTN OT HANUY-
HOFO 3anaca B LUeHTpe Z( B MOMEHT NpubblTA «MECTHOM» 3aABKMK:

M[BJ] = M[Bj’Zo > 0} PI‘[ZQ > ()] + ]V[[leZo = 0] Pr[Zg = 0].
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Inn nepsoro uneHa

M([B;|Zy > 0} = (1 — D;)¢;,

PY{ZO > 0] = Do_

BTOPOVI HYneH eCTb OXMUAIEMOEC HUCNO 3JafepXKEK, Cayyarouwmuxca B rofl 3sa

BpeMsa, KOrga 8 qeno HeT 3anaca.
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I'nmasa 11

OnTuMusaiuvsa CUCTEM
obecriedyeHUs 3al4acTsaMU

BaxHeiiwan us npobnem B o710l 0bnacTu — ONTUMU3aUUA yPOBHE
sanacos OHa nHTepecHa Kak ¢ MaTeMaTU4eCKoR TOUKM 3peHus {MHoromep-
Has, HenMHeRHas, uenoYncieHHan), Tak v npakTuyecku OCHOBHBIM NoKasa-
TeNeM ANA PEMOHTUPYEMbIX M3AEANA CAYXXUT OXKUAAEMOE YUCAo AeduLnTos
npu orpaxndernax Ha broaxer flo pacxonyembim (consumable) getansm ya-
CTO MUHUMN3UpPYETCA oXKuaaemoe Bpemsa npoctos Ha basax npeanonaraertea
npasuno sakasos (S —1,9)

11.1. 3amaya o proK3ake

11.1.1. HocrTaHoBKa 3amauu

VeTanosusiieecs B NUTEPaTYpPe W BbiHECEHHOE B 3arofOBOK pasgena
HasBaHWe ONUCHIBAEMOFO HUXKe MeTopa obbACHAETCA OHEeBWAHON €ro nMpuMe-
HAMOCTbIO NPW YKNaaKe anbnUHUCTCKOrO prokaaka (no yboisatolien nones-
HOCTU NPEeAMETOB NPW OrpaHNYeH Ha CymmapHbii Bec) Knaccuueckyto (Ho
He efUHCTBEHHYLO) 0BacTh €ro UCNOMb30BaHNA B NPUKAAAHON MaTemaTuke
obpasyloT 3afaum TEOpPUN HafEXXHOCTWU pe3epBUPYEMbBIX CUCTEM, B MepBYIo
ouepenb komnnekTosaHue 3 [a

Pacuet Hesocnontsemoro 3WIMa obbiuHo chopmynupyetca kak cTa-
TUYECKaA MHOrOHOMEHKNATypHas 3afiada C OrpaHN4eHUMAMN TUNNYHBIA ee
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npumep npusoantcs B [89 ¢ 346] HYXHO ONpefesnTe KOANYECTBO U TUMbLI
sanacHoro obopynoBaHua LS aTOMHOR MORBOGHON JIOAKW W ee pakeT Ko-
Topble caeayeT B3ATb Ha bopT Ha Bpema naTpynauposanus [lpeanonaraeTcs
4TO OJ/1A BPEMEHN MaTPYANPOBAHNA NIBECTHO pacnpeaenetne obvema Tpebo-
BaHUP Ha sanacHoe obopynosaHue OBbem 0TCeKOB ANA XPaHEHWA 3aNacHoro
obopyaoBanua cTporo orpannden’ [lo Takomy e NPUHLUMY MOMHO KOM-
fNeKTOBaTh rpy3 ANA KocMmuueckoro kopabns, speck bonee cyliecTBeHHbIM
NpeacTasAALTCA OTPaHUHEHNE HA CYMMapHbIR BecC

Muorne sapauu Teopumn ynpasnieHus 3anacamu nocne YACTO TEPMUHO-
norndeckor MoancbKauMh CBOAATCA K 3aaqam ONTWMASbHOrO PesepBrpo-
Banva K nokasaTefiam HaAeKHOCTU OTHOCATCA GEPOAIMHOC ML 6E30MAAIHOT
pabomut CUCTeMbl B TedeHne 3afaHHOro NPOMEXKYTKa BpemeHun W roadpu-
UUEHM 20MOGHOCMU — BEPOATHOCTL 3acTaTh cucTemy paboTtocnocobHon B
cry4anHblA MOMeHT BpeMeHn 3afadu ONTUMANbHOTO Pe3epBUPOBaHUA BO3-
HWKalOT TOrna, KOrAa CYLUeCTBYIOT OMpedeneHHbie OrpalnyeH s Ha 3aTpa4u-
gaembie [A MOBbiLEHNA HagexHocTn cpegcTsa (desnaHo, s3aTpaThi TOro
WKW WHOTO BUAA PECYPCOB OMPeleNnAtoTCA KOMUECTEOM pe3epBHbIX SnemMeH-
TOB M Kak NpaBU/O pacTyT JIMHENHO MO YUCNY SNeMEHTOB

Hpsamasn zadava Tpebyer HalTh Takoe KOANYECTBO Pe3epPBHLIX Jie-
MEHTOB, YTObbl TpebyeMbll NOKasaTenb Ha4eXHOCTU CUCTeMbI obecnednsan-
CA MPU MUHUMANBHbBIX CYMMapHbIX 3aTpaTax Ha BCE pe3epBHble 3fleMeHTbl

B obpamnoti 3adaue OTHICKUBAETCA TaKOE KOIUYECTBO PEe3epBHbIX
SNeMeHTOB O/1A KaXA0M NOACKCTEMBbI, Y4TODBI MpU 3a4aHHbIX AONYCTUMBIX
3aTpaTax Ha cNCTeMy B Liesiom obecneyneanca MakCuManbHO BO3MOXKHbBIA Mo-
KasaTeAb HapexHocTn cuctembl ObpaTHad sagada MOXeT pellaTbCa M Npw
HECKO/IbKUX OrpaHn-eHNAX

Napea pewenns ynomaHyTolX 3a4ad ONTUMAasbHOFO Pe3EpBUPOBAHNA
Nerko yacHaeTca w3 rpachnyeckoro npeacrabneHns QByMeEpHo#d npobaemsl
MNocTponm KOOPANHATHYIO CeTKY ¢ LeNoYNCAeHHbIMY yanamu (ny,n,), 3a-
LalOUMMU KPaTHOCTL Pe3epBUpPOBaHWUsA Mepsod M BTOPO NOpCUCTEMbl —
puc 111 Ha 270 ceTke MOXHO NPOBECTN NYHKTUPHBIE NOMaHBIE AMHNU
KOTOPbie OTFPaHN4MBaOT BHU3Y cnesa obnacTh C CymmMapHbIMW 3aTpaTamy,
He npesbitiatownmm sHadernuna C' = O < Oy < C3 Mockonbky ymeHb-
weHne noboi ns KoopaUHaT BLIBPaHHOR TOYKN NPUBOANT K YMEHbLLLIEHNIO

'Hano nMeTsb B BHIY, 4I0 €CJIH OCTAIMCh CBOGOIHBIME ABa kyGoMerpa, 3T0 He o3Ha~
YaeT, 4TO YIACICH PasMeCTUTh TaMm arperaT obbvemoMm 1 7 kybGomerpa CyluecTBeHHO
coorBercTBUE POPMBI CBOBOOHOIO NPOCTpaHCTBa PopMe neTasiu
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Puc. 11.1. K 3aaa4e onTumManbHOTO pesepsupoBaHns

noKasaTenA HafeXXHOCTU, pelieHue obpaTHOM 3afgadu AaeTCA OfHOR U3 BHY-
TpeHHux Touek ynomanytod (C -gonyctumoii obnacTun, npuneratowux K rpa-
Huue C = Cy (3apanubii obvem pecdmunTHoro pecypea).

C npyrod cTopotbl, AOACHWTAB A/IA HEKOTOPOrO MHOXKECTBaZ TOYeK
obecrnednBaembifi UMM MOKA3aTENL HAAEKHOCTU K, MOXKHO NPOBECTY aHaslo-
rUYHbIe FPaHybl PACRONOXKEHHBIX BBEPXY-cnpasa R -ponycTumbix obnacrei
Ri1 < Rz < ...(wTpuxosbie annum). Pewenne npamon 3agasm copepxurca
Cpenu To4eK, NPUerarowmx CBepxy u cnpaesa k rpannue R = Ry . Onpepe-
NeHHble Takim obpasoM TOUKM HasblBaOTCA JOMUHUPYOUWUMU, NOCKONLKY
HUKaKue gpyrue He MOryT bbiTb onTUManbHeIMy peluenuamy. [lpn orpatnye-
wax B> Ry n C < ('3 eAnnCcTBeHHBIM AONYCTUMBIM PelLieHUem ABARETCSA
Touka (4,4).

3anmu.|eM nokKasartenb HeHClaEQfCHOCTnU CNCTEMDBI B BMOE

N
Q) » Y Qilsy), (11.1.1)

rne
Qi(si) = ¢! (11.1.2)
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(ncnonbayetcsa Harpy>keHHbii peseps). bynem nekare

N
ming CiS;
S 1917

1=1

npy® orpaHuYeHuy
N

QSy =) ot = Qo.

i=1
3anunuiem BcnomoraTenbHylo dpyHrunio Jlarpanxka

N

N
F(S) = C(S) +9Q(S) = Y e+ Y qit.

=1 1=1

Hudppepenumpyn ee no.s; ., noayyHaem ycnosus

¢ +(ing)g ™ =0,
oTKyRa
@t = —ci/(plng). (11.1.3)
Monoxum «; = —c;/Ing; , nepenviuem (11.1.3) 8 dopwme
s o2
qi‘ = 11.14
Y ( )

w nopctasum (11.1.3) 8 ypasHenune caasu:

L
- 201 - QO'
¥ 1=1
Teneps acHo, 4TO
N
1
o= - ;.
Qo ; '

B cBoto ouepens, us (11.1.4) cneayer

1 [ 7
§; = In .
Ing;  lng;
OxoruaTensHo N

1
5 = In (Q—gai aj> . (11.1.5)
Ing; gi -
J=1
-333 -

Mockonbky, Boobliie roBopsa, NOAYHalOTCA Heuenble 3HauyeHUR {s;}, Tpebyer-
ca nepebop 27V Touek — c oKpyrneHuem KoopAMHaT B MeHbiyto 1 6SabLYrO
cToponsl. Vs Hux nckntodaroTca Toukn ¢ HeponycTumbiv KoadpuumnesToM
HeHaneXKHOCTH, a U3 OCTaBLIMXCA BbIDUPaeTes CBA3aHHAA C MUHUMAAbHBIMU
satpatamu. [loguepkHem, 4TO NCTUHHO ONTUMANBHOR TOYKM CPEAN NONYHEH-
HbIX OKPYT/IEHNEM KOOPAMHAT MOXET U He OKa3aTbCA. ITO OTHOCUTCA KO BCEM
peleHNAM LeSIOUNCNEHHbIX 3a8aY, OTBICKUBAENbIM OKPYr/eHNeM BeLLlecTBeH-
HbIX peLleHUi.

Cdhopmynupyem Teneps obpaTHyto 3agady onTuManbHOTO pe3epBUpO-
sanua. bygem nckathb

N

min Q(S :minz st
inQ(S) = min ) _g;

i=1

npy orpaHuYeHnn
N
c(S) = Zcisi = ().
=1

3anuwem scnomoratensuyo dbynkuu Jlarpanxa

N N

F(S) =Q(S) + ¢vC(S) = qu’“ + 1[)26,‘8,'.

=1 izl -

[ucbcpeperunpys ee no s, , noayy4aem ycnosns

e + (Ingi)gi ' =0,

oTKyaa
(J ’ .
qf’ = — e = 'LZCYZ (1116)
¢ Ing, i
roe a; WMmeeT NMpexHee 3HayeHue. leneps
o = In(va,/q,)  Int N ln(az/qi). (11.1.7)

n ¢ " Ing, In g,
MoncTasum pesyncTaT 8 ypasHenue Cpasn:
N N
¢, ci In(a /i)
In ¢ — + —— = (]
v ; Ing, ; In ¢,
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Ono npeobpasyetca B

N N
—In Z a; — Z aiIn(ai/q;) = Cy,
=1 i=1
oTKyRa
N N
Iny = — (E o; In{e; fgi) + C()) / Zai.
i=1 i=1

Noactasns pesynbtaT 8 {11.1.7), Haxognm

ot (St +00) [ ($5o0) ] 1

i=1 i=1

K sTomy pelleHuto MOXKHO CAeNATL 3aMeHatNs, aHaNorMYHble NpefblAyLIeMy
cy4ato.

11.1.2. OcHoBHasA pacdeTHad cxema

MeTon coctont B nociedosameavHoM HapaLLWBAHWI pPeLiEHUR W fo-
3BOSIAET peluaTb KaK NpaAMYyto, Tak 1 obpaThyto 3agaqy (pasHuua 3akntoda-
€TCA TO/IbKO B KPITEpHN 3aBeplueHua).

Onpenenm pesynbTUpYOWNt NoKasaTens HaAeXXHOCTH

N
R=]]&
1=1

u Gygem Ha oqepeRHOM Ware ysenn4nsaThb 3anac no Tol i* -it nogcncTeme,

ANA KOTOPOA AOCTUTAETCA MAaKCUMYM OTHOCHTENBHOTO YAeNbHOrO NpypaLLe-

HUs

R,’(Si + 1) — R,(Si)
c,'R,'(Si) ’

Mpouecc pewerna NpAmMoR 3aaa4yn OCTaHAaBANBAETCA, KOTAa AOCTUFHYTA Tpe-

Byeman HapexHnocTb. [1pn pewennu obpaTHolt safayun nocae KaXaoro yse-

JMYeHUs 3anaca KOPPeKTUPYETCA OCTaTOK PECYpca 2 = 2 — Cj. , # OYEPeRHOe

npupailenue BoibUpaeTcss TOAbKO Ha MHOXecTBe HoMeHknatyp [(z), paa

koTopbix ¢; < z . [pouecc saseplwaetcs, koraa [(z) okasbiBaeTca MycToiM.

Ha sakntouuTenbHbix warax, KOrAa AOCTUIHYTaA HaleXHOCTb AOCTa-
TouHo eeicoka { R; & 1), emecto (11.1.9) npumeHseTca oTHoweHe
_ Qi(si) = Qi(si + 1)  Qilss)
- ~ . (11.1.10)
¢i Ri(si) ¢
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vi = (11.1.9)

11.1.3. Orpanuvenua U o60DIeHNA MeTOOA

Onucannbit MeTon (MaKcNMyMa YAEAbHBIX MPUPALLEHNA) He rapaHTu-
pyeT NOAYYeHNe CTPOFO ONTUMABHOTO PeLUeHMs, NOCKOJIbKY OCTaHOBKa npo-
Lecca BO3MOMHA NPU NONOXKUTENBHOM ocTaTke z . B Takux cayvasax moxHo
BEPHYTLCA Hasad Ha OAuH war, BeibpaTh npupalleHne no Apyroin AonycTu-
MO No3nUmMK (C MEHBLIMM 3HAYEHNEM ¢, ) W Npofo/kMTb nipouecc. flepebop
BapWaHTOB CyLLEeCTBEHHO YyBEAWHMBAET TPYAOEMKOCTb anroputma, B ocobe-
HOCTM ecAW Ha4yaTb BeTBAeHWE C OTKaTa Ha bonblee yncno waros. «CeepT-
Ka» NOCAEeRHNX lWaros moXkeT BbiTb peannsoBaHa METOAOM AMHAMMNYECKOrO
NporpamMmmMupoBaHnA.

Mo>xer oKasaTtbca, 4TO B NPAMONA 3afade AOCTUXKEHUA 3afaHHON Ha-
[EXHOCTU B pe3y/bTaTe nocieaHero wara Tpebyembinn nokasaTesib bbin npe-
suitien. B aTom cayyae moxHo nosyuuts bonee gewesoe peulexue 3agauu:
BLibpaTth M3 Tex NO3ULWMA, NO KOTOPLIM

R(S)[Qi(s:) — Qilsi + 1)]/Ra(s.) > Ro
nnn
Qi(si) = Qulsi +1)
R.(s;)
MMEIOLLYIO MUHUMaNnbHOe 3HadYeHne ¢, . 34ech TakyKe BO3MOXKEH MHOrowa-
ropbili OTKarT.

> Ro/R(S),

Bonbwoe yucno waros, Heobxopumoe ans noay4eHnA peLueHnA, no-
POXBAET XKeAaHne Ha4aTh NPOLIECC C LOCTATOYHO BAN3KOM K pelleHunto TOUKN.
Pacemotpum cHauana npsamyio sagaqy — gocTuxenune HagexHoctu Rg npu
MUHVUManbHbIX 3aTpaTax. bysem cuutats, 4TO

N
Qom Y Qus) < 1.
1=1

C npyroi ctopotbl, Bce OTHOCNTENbHBIE NPUPaLLEHNs

v, ~ @(s:) ~ou

Gy

He3aBMCMMO OT 1, T.e. gocTaTouHo Bansku ppyr k apyry (no abcontotHoi
BennumHe). Torna

N N
Qo = ZQl(sz) & UZC,'
=1 1=1
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0/

Onpepenus u, nocneposatenvHo ysenuunsaem {s;}, noka {vi{(s;)} < u.
3aTem nepexogum K ocHosHoMy anroputmy. MorxkHo cpasy nonyunTb npu-
BAv>KEHHOE pelleHne NPAMOR 3a4aun, PELUB ypaBHeHUs

N
8, = Q:l(ro,/Zci).
i=1

[Tpu komnnektosanun 3Wlla pacuetnyro nemadescnocmo obecne-
YeHWs MOXKHO pacnpefefaTh MeXQY HOMEHKAATypamu NPOnopHNOHARLHO
eAMHNYHBIM cTouMocTAm — cm. [25, c. 152].

Inn pewennsn obpatron sapaqn sbancnnerca (em. [86, ¢. 109])

N

N
Inu= [CO —Zc,(lncl/lnq; — 1)]/2(1,.
1=1

i=1

33TeM HaxoguTcsa U U NCMONIb3YETCA TaK Xe€, KakK ansa npm\noﬁ 3afadn

B cnyuae Heckoavxur orpaHnqennin obwiuno pewaetcs obobluenHas
obpaTHas 3apaqa (MaKcMMyM HafieXXHOCTA NPW BLINOAHEHWN BCEX OTPaHM-
vennit). Pewenne oTbickuBaeTca no MakCMMyMy yAENbHbIX APUPaLLEHni ¢
KOHTPOseM Ha KaX[OM iare Bcex orpaHudenunin. MeTog peanusyerca B cle-
AYIOWNX BapnaHTax;:

1) Hocaedosameavhas no Bcem pecypcam onTumnsauna (ecnv nepsbim
HapyleHO OrpaHuderHine MMEHHO NO TeKywiemy pecypcy Waw o BCem
Ccpasy, pellieHne ONTUMAasbHO).

2) Ynpasasemana cMeHa «BeyLIEro pecypcas — B Ka4ecTse O4epeHOro
pacciaTpUBaeTCA Pecypc, No KOTOPOMY NEepBbIM HAPYLWEHO orpaHunHe-
HWe, floka LNk He s3amkHeTcs Maxkcumymbr HapexxHOCTH 3anomnHa-
IOTCA U BbtbUpaeTca HaubonblInA,

3) Ompascarowuti axpar [Npwn napylueHun orpaHuyeHna no j-my dax-
Topy M3 Habopa UCKAOYAlOTCA HECKONbKO «Hanbonee BECOMbIX» MO
SToMYy haKTOpy DAEMEHTOB, U NPOLIECC MOCAEA0BATENLHON ONTUMN3]-
UM NPOACSXKAETCA C NONYHEHHON HOBOR WCXOQBHOM TOYKW.
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4) Ioouepednas onmumusayus. Ha xaxpom ware meHseTca seaylwini
pecypc.

5) «Juazonanrvrasy onmuausayu’. Ha kaxpom ware soibupaetcs seay-
WM TOoT pecychj , N0 KOTOPOMY AOCTUraeT MaKCUMYMa «HEJOPacXoa»

5C; = AC;j/ Y i, ¢ij . BosmoxHbl n apyrie BapnaHTsi B3BeLIMBaHUA
Henopacxopos {JC;} .

11.2. «Prok3ak» u IByXypOBHEBasd CHCTEMA

Onuiliem npumeHeHne MeTOAda MaKCMMYMa YAEAbHBIX MpupalleHunii K
CUMMETPUYHON cucTeme 3 J onuHakosbix bas u ogHoro geno. B kavecrse
uesieson hyHKUMN Bblbepem CyMMapHbIA NPOCTON fMo/ib3oBaTesned:

I
t=qiti(Si, Sio). (11.2.1)
=1

npOCTOVI 1 -FO NOJIb30BATENA MOMHO noacyunTaTb coranacHo

t; = [1 = erl(Sio|ao)]erl(Si1|a})T1 + erl(Siojad)ert(Si1 |?) (To + T1),
(11.2.2)
rae

Ot; = )\iTily CY;' = '\i(Til -+ T,'o), cv? = )\iOTiD = J/\,'Tig, (11.2.3)

a Ty, T1 — cpoku 3KCTpeHHbIX MOCTaBOK /1A COOTBETCTBYIOWMX YPOBHER
(obbiuHble 3anepxkmn obosHaueHbl Hepes T ).
[lpn ysenndernnn S;1 Ha eanHMUY npupaideHne yeneson byHKUNK

6t = qiltsi(Si1 + 1, Sio) — tsi(Si1, Sio)}, (11.2.4)

a 3aTpaTbi po3pacTaroT Ha JCi. anI aHanaorn4HoOM ysenunyeHmin 3sanaca B
AEno

0ts = ¢iltsi(Si1, Sio + 1) — t5:(Si1, Sio)], (11.2.5)

Npy¥ AONONHWTENbHBIX 3aTpaTax ¢; . SHadenms cbyHkuun erl nerko soivu-
cnatotea pekyppeHTHo. [lpusegem cooTsetcTayrownia cpparment Poprpan-
AporpaMMmbi:

b=1.0; ¢=1.0; n=0
er1(0)=1.0
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do n=1,nmax
b=b*a/n; c=c+b
erl(n)=b/c

end do

Tenepb MOXHO APUMEHNTL K NOCTaBNEHHON 3afade anropuTM Npeabiayulero
pasaena.

PasymeeTca, Bo Bcex ciyvaax ByayT AONO/HMTENLHbIE 3a0EPXKKA Ha
ncnbiTaTenbHom obopyaoBaHiy (B TOM HNC/e N3-33 €rO HEFOTOBHOCTH), OYe-
peAun Ha PeMOHT W TPAHCNOPTUPOBKY 1 T.M.

AHanorn4Ho MOXHO pellaTh HECUMMETPUUHYIO 323a4y.

ANropuTMm He rapaHTUPyeT ONTUMaNbHOCTW peLUeHnA WCXOOAHOR 3ana-
4, Ho AfsA nonyderHoro C™ He CyLLECTBYET PeLLeHMA C AYYLLINM 3HAaYeHneM
ueneson chynkumn. Ouenb Nerko UccnenoBaTh UYYBCTBUTENLHOCTb K OrpaHU-
YEHWNIO — AOCTATOYHO €ro HECKOMbKO 0cNabyTh W MNOCMOTPeTh nosyqHaembie
3HAYEHUA UeNEBOR PYHKUUN ONA HYMHBIX KOHTPOIbHBIX TO4eEK.

MeTog makcumymMa yAeAbHbBIX NPUPALLEHNR MOMHO NPUMEHUTbL AR
TPexypoBHEBON CUCTeMbl — Hanpunep, NOCPeacTBOM AEKOMMNO3UUUWN 3aga-
yu. Ha nuxcHesm ypoBHe MOXXHO MUHUMU3MPOBATL 3aTPaThbl NPU rOTOBHOCTY
nonbsosatenent (ROCTaTOYHOCTL 3anaca NO BCEM HOMEHKAATYpam) He HUXKe
sapaHHod. Jna egnucTeerHoro deno Byaem uckaTb MUHUMYM 3aTpaT Ha 3a-
Mac B HEM NPUM OTPaHNHEHUN Ha OXKUAAEMbIE 3aAePKKN n3-3a RedbuumnTa (3a-
nacbl Ha NepBoM ypoBHe y>xe chukcuposatbl). [leduumnt 8 geno nokpoipaeTcs
NOCPeacTBOM 3KCTPeHHBIX Noctasok. Ha mpemuem yposHe (ueHTpansHbli
CKNaA) MaKCUMU3NPYETCA FOTOBHOCTL MOJIb30OBAaTE/IEN NP OFPaHUHEHUU Ha
CTOMMOCTD 3anacos B Hem. PacyeT FOTOBHOCTYU BLINOAHAETCA KaK Ha NepBOM
YPOBHe, 3aMac v Cnpoc Mo BCEM HOMEHKNATYpaM CHMTAIOTCA CYMMapHbIMNA.

11.3. Jlarpau>XeBbI MeTOIbI
IJIsl CUCTEM CHAaOXKeHusA

11.3.1. IocranoBKa 3amadu IJsd
HOBYXYpPOBHEBOH CUCTEMBbI

CTpykTypy cucTembl obpasyroT 6aabl n Aeno, Bce ¢ PEMOHTHbBIMMN BO3-
moxHocTaMM, OTkazabllee M3gesnme HeMeONeHHO 3aMEHAETCA Ha 3anacHoe
W MocTyrnaeT B PeMOHT —— B 33aBUCUMOCTI OT €ro CAOXHOCTWN MECTHBLIN WK
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«UEHTpPaneHbIA». [OpU3OHTaNbHbIe CBA3M B CUCTeMe OTCYTCTBYIOT. 3agava:
HalT MUHUMYM

I J J
BIZZBij(Sij,Sio), ZCz’SszC_', Si;=0,1,2,...
i=1 5=1 7=01=1
(11.3.1)
Oxnpaemoe Yncno pedbuuntos no petann 7 Ha base §
oQ
Bij(Sij, Sio) = > (n=Sij)p(nhijmis)- (11.3.2)
n=5,,+1
Mpu atom 7;; = 73;(S,0) . TouHee,
7ij = riiTi; + (1 = rij)[Ljo + 8(Sio)]. (11.3.3)
B aton dbopmyne
T;; — cpeaHee BpeMA pemoHTa aeTanu i Ha base j,
Tij —— BEPOATHOCTb PeMOHTa AeTanu i Ha base j,
Ljo — cpennee Bpemn nocvaskn aetanu ¢ basel j 8 Aeno.

[onontnTencHo 0OTMETUM paBeHCTBA ANA CpeAHed 3afep>XXKU B Aeno

1 [s.¢]
8(Si0)Tss = ™ Y (n~ Sio)p(n|roTio) (11.3.4)
Y on=S5,0+1

U UHTEHCUBHOCTU MNOTOKA 33ABOK HA PEMOHT B Jeno

J
Ao =) (L= rij)hj. (11.3.5)
ji=1
11.3.2. Hpouenypa Pokca u Jlsnau

I7a npouenypa [142] apanTupyeT K nocTtaBneHHoOll 3afave MeToA
MHoXuTenen Jlarparxa. Passickusatotea {S;;}, koTopbie MUHUMU3MPYr0T
narpaH>uaH

L ::EZ:.

Jj=11

J I
Bij(Sij, Sio) + 0 ) ciSij- (11.3.6)

1 j=01i=1
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[pu paspaboTke anropnTma UCNob3oBaHbt cenapabesbHOCTL LeneBof hyHK-
umu no 1, ctporoe yboisanne B;;(S;ij, Sio) no oboum ceoum aprysmerTam,
[VCKPETHas BBINYKAOCTb U PEKYPCUBHOCTb MO NEPBOMY apryMeHTy.
Becnenctene cenapabencHocT no ¢ onTumanbHoe pelseHuMe 3afayu
(11.3.6) HaxoanTca nocnegosaTesibHbiM peteHnem | noasapay snaa

J J
Wi(f) = min { Z B;, (5,5, Si0) + 6 Z c,'S,J} (11.3.7)
1 j=0

St ;Sz[) .
2 =

¢ ydeTom Tpebosanun uenouncnenHocTn. Paspenna nanee nepemennbie Sip
u Sij , Nepenniuem 3Ty 3afayy Kak

J
W,(g) = Iglin {HciSiO + Hs}in [Z Bij (SU’ Si()) -+ 96,‘5@] } (11.3.8)
10 153 .

j=1
(Npu BBIYUCAEHUIN BHYTPEHHErO MMHUMYMa NepeMeHHasn Sjg CHUTAeTCs puk-
cuposatton). ObosHauum copepxumoe urypHbix ckobok

J

Z,’(.S','o, 9) = #c¢c; S0 + Ilslin [Z B,'j(Sij,Sio) + Bc,»S,-j} . (11.3.9)
17 J=1

Teneps nopsapaya (11.3.8) moxkeT 6uiTh NocTaeaeHa Kak HaxoXAeHWE ANA

BCEX 1

10

Beenem onepatop munumyma B (11.3.9) nop snak cymmbi:

J
Z;'(Si(). 0) =0c,S; + erqlin [B,j (Sz'j, Sio) + 90,‘5,';,] . (11.3.11)

ij=1

Yr1obbt onpenenute Z,(S;o, ), Mbl RoAXKHBI ANA KaxXAoro S HaATH

. Iglin I:Bij (Sij , Sio) + 96,‘5,3] . (11.3.12)
3

Tak kak sTa pyHKUMA MOHOTOHHO ybbiBaeT, QMCKPETHO BLINYKAA U PeKyp-

CMBHA Mo aprymeHTy S;; , HaxoxXAeHue munnmyma 8 (11.3.12) csopurea K

HaxoXAeHuto Nepsoro uenoro S;; , Ha4MHaA C HyAA, OIS KOTOPOro BbINO-

HAETCA

B,'j (Sij,Sio) - B,’j(S,'j + 1, Sio) < Be;. (11.3.13)
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Doke v JIsnan npegnoxunn seibupaTts 3HaqveHna mHoxutens Jlarpanxa ns
nnanasoHa [fg, Oar], pasbue ero Ha M pasHbix vacten [locTpoenne sToro
WHTepBaAa — rnasHas npobnema Mpu peannsaunn aaroputma B npumepe us
[191] nepsoHauanbHbIA aranasoH MHOXMTENA JlarpaH>Ka oxBaThiBan YeTbipe
nopAAKa, a B AasbHeRWweM CyXMBAACA A0 ABYX NopaaKkos. B npouecce noucka
AvanasoH penuncs Ha 64 paBHbIX oTpeska.

11.3.3. IlonoBuHHOE HesleHUE

[Mpu noucke muoxutensa JlarpaHxa MoXHO Ucnonb3osats meton Gu-
cekumu (NONOBUHHOTO [E/IEHNA): HA KaXKAOM Ware OonNpefeNATs Takod WH-
tepsan (0L ,fy), 4Tobbi BHYTPU Hero Npoucxoauaa CMeHa 3Haka chyHKUMM

r 7

ZZC,SU-(H) -C.

1=1 3=0

3aTem MHTepBan OeNMTCA NONONEM W ONPEAEnAeTCA, B KaKo# W3 NONACBMH
meraeTca 3nax. [locne sTore npouegypa npumenAeTcs K Hed. Yonoswem 3a-
BEPLIEHNA Npolecca CAYXKUT BAN30CTb K HYNO MOBYNA BLILENPUBEZEHHOR
pastocTu. B [191] oTmeuaeTcsn xopoluas cxogMMocTb METOAR" MPYU AOMYCKE B
0 5% BroaxeTa (a ¢ y4eTOM NOrpeLIHOCT UCXOAHBIX AaHHbIX BPAR X CTONT
cTpemuTbCA K bonbluen ToHHocTH) Tpebosanock He bonee 10 uTepaumn.

[naBHbIA HepocTaTok meTopa Bucekumn B Tom, 4To Tpebyercs nepe-
cHMTBIBaTH 3anac ans Beex Has no scem uspenmam Ha Kakgowm ware. [na
Bonbworo Yncna HOMEHKNATYP HYXKHO NPUMEHATb APYrof KpUTepuit 3asep-
WIEHWA W OrpaHuYMBaTL YMCA0 NTepauUmi.

flpouenypa Dokca — Jlanpu n Bucekuns TpebyoT xopolwux oleHok
ananasona ana mHoxutens flarparxka

11.3.4. Metog Myxkmirtaara

Mykwraat [180] npeanoxun pewats ncxoanyre saaady (11 3.1) ¢ no-
MOLBIO ABYX anNpoKCUMaUni. AiA 3anacos B Aeno N mHoxwuTens Jlarparxa.
MeTon onupaetcsa Ha ToT dhakT, 4T0 YNCNO AehUUMTOB B KaXXQOM NYHKTE B
NPakTUHECKN WHTEPECHBIX CUTYAUWAX XOPOoWo Npuban»Kaerca SKCNOHEH M-
anbHon hyHKUMEN MAKCUMaNbHOro 3anaca S, .

Oxupaemoe 4ncAo «HN30BLIX» AetbMUNTOB MO AeTann i MoxeT BbiTh
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BLIMNC/IEHO KaK DYHKLNA CYMMapHOTO 3anaca oTux petanen N; = ) Sij :

J =)
Bi(Ni) =" > (n—Si)plnlNijmii(Sio)l. (11.3.14)

Jj=ln=8,,+1

B uennx annpoxkcumauum B;(N;) skcnoHenToi

Bi(Ni) = a; eXp(—-b,‘Ni) (11315)
npefsaraeTca QA BCeX ) peWwNTb 3afady BbiHUCNEHNA
J 00
Zi(N;) = {nsun} Z Z (n = Sij)pln|A;Tii(Sio)] (11.3.16)
=1 n=S,;+1

fpu AONONHUTENBHOM YyCnoBUU
J
S Sii=N,  S8;=0,N.
Jj=1

MycTe oHa pewena ana K nabopoe {N;} u nonyyerwl onTumanbHbie
sHavenna ZF = Z;(NF), k= 1,K. Kosdbcpnuments {a;,b;} nonysa-
FOTCA KaK NapameTpbl perpecciit, UMeHHO

W = . S(Nf)?SInZF — ENFENf In ZF
f e KE(NFY = (TNF)? |
KXNFInZF - ENfEIn 2}
KE(Nf)? - (ENF)?

3aeck Bce cymmbl BepyTtea no k.

b, =

OntumanbHbie pewenus sapadu (11.3.16) nonyvarotcs peileHnem
N; +1 sapay4 mMuHumMusaumu

J o0
Z,-(N,-,Sio)=nslinz > (n=Sipplnlhim (Si)]  (11.8.17)

{ ”}j=1n=3‘1+1
npn orpaHnyeHuax
J
> Sii=Ni=S0, S;=01..., So=0,N.
j=1
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Torpa i

J7a 3anava pelaeTca «prOK3ayHbIM® MeTofoM: HaunHas ¢ S;; =0,
j=1,J ., yBenuuusaroT Ha efunuuy Te 3Ka4eHuns S;; , KOTOPbIE AAIOT Hau-
Gonbilee ymeHbllenne oxuaaemoro Yucha geduuutos, noka He byger go-
CTATHYTO Orpannuetive. XoTA anropuTm npoct U sdxhbekTneeH, oH AoAXKEH

bbITb NPpUMEHEH K Ka<ao# HOMEHKaType O[5 BCEX BO3MOMHBIX 3HaYeHunn
I

Sio, T.e. Y (Ni+ 1) pas, u c TOUKM 3peHUA BLINNCAEHNA 3a[a43 HETPUBK-
i=1
anbHa. 3HauuTeNbHaR SKOHOMUA [OCTUrAETCA, €C/IN Mbl OLEHUM ONTUMAITL-
Hoe 3Havenme S3;. Torpa smecto (N; + 1) pas sapgady (11.3.17) HyxHo
PeWNTL NUWb HECKONILKO Pa3 B OKpecTHOCTH ST .
Mykwtant nokasan, 4To onNTMMAnbHbIA 3anac B Aeno MoxeT boiTs

XOpOoIWUO annpoKCuMupoBaH BoipakeHuem

- 1 1

Siop=-—In| — ), (11.3.19)
bo agbo

rae ag, by — NapameTpbl SKCMIOHEHTLI, 3NMPOKCHMUPYIOLLIER OXUDAENMOE Hit-

CNO HEROCTa4y B Aeno. JTv NapameTpbl TakXKe onpegennroTCA NOCPeacTBoM

perpeccUoHHOro aHannsa, ocHoBaHHOro Ha paHHbix Sig ¥ Bo(SiolAioTie) -

[lonesHocTs annpokcumayvyu BO3pacTaeT NPV YBEAWYEHUM ONTUMBABHBIX
3HaveHuR S;p .

Onpegenenne napametpoe {a;,0;}, 17 = 1,1, npeactasnser nep-
BY10 chasy Npeanaraembix annpoKCUMaUMOHHLIX anropuTmos. B nepeoat anro-
pUTMe OHa COMPOBOXXBAETCA OLEHKON ONTUMANTBLHOFO 3HAYEHWS MHOXUTENA

Narpakxa .
0 = exp (O‘TQC), (11.3.20)

rne
I i
o = E Cidi/b,', ﬁ = E C,’/bi, di = ln(aibi/ci). (11321)
=1 1=1
[locne srvoro nocrasnenHan npo6nema pewaeTcA onncaHubliMit BhllLEe METO-
pamn,
Baxrefiwee nocTonncTso 1010 noaxona — He Tpe6ye'rcx 3HaTe Ane-
Na3ocH ANA MHOXUTENA ﬂarpaH)Ka BpeMa CHeTa OKazbiBaeTCcA MHOTO MEHb-
w