rMABA 7. IMUHAMUKA KOPOTKOBOJIHOBbIX NMPOLIECCOB
NMPONU3BOACTBA

7.1. NocTaHOBKa AMHaAMUYECKOMN 3a4aum

B Hayke o pa3BUTHHM CUCTEM paccMaTpUBAETCs TPU TUNA OOBEKTOB:
CUCTEMBI MaCCUBHbIE, CCTEMbl aBTOHOMHBIE U CHCTEMbl aKTHUBHbIE.

[TaccuBHBIMM Ha3bIBAIOTCS CHUCTEMBbI, Pa3BUTHE KOTOPBIX MPOUCXOIUT
TOJIBKO 3@ CYET MOJBOJA YHEPTUU U3 OKpyKaroweil cpensl. B nuddepen-
LUaNbHBIX YPAaBHEHUSAX, OMUCHIBAIOIINX MPOLECCHl B TAKUX CUCTEMax, MO-
CTYIUIEHHE SHEPTUH M3 Cpelbl, MPeACTaBIseTCs YJeHaAMH, SBISIOLIMMHUCS
(GYHKUMAMH HE3aBUCUMOM TepeMeHHOW, He conepkamnMu 00001meHHbIe
KOOpAWHATBl. B AMHamMuvecknx cucTeMax TakUM apryMEHTOM OOBIYHO
apnsercss Bpems. KonebaHNst B MacCUBHBIX CUCTEMaxX BO3HUKAIOT TOJIBKO
MOJl BO3/IEHCTBHEM BHEIIHWX YNpPaBIEHWH.

CucremMbl aBTOHOMHBIE OTIMYAIOTCA OT MACCHUBHBIX TEM, YTO OHH CO-
JepXaT UCTOUHHWKHM dHEPTHHU, PAcXol KOTOPOH ompenenseTcs TOJIbKO CO-
CTOSIHMEM BHYTpeHHel cpenabl o0bekTa. B nuddepeHumanbHeiX ypaBHe-
HUAX, OMHUCBIBAIOIIMX MPOLIECCHl B aBTOHOMHBIX CHUCTEMax yMpaBlIeHHUs,
MOJETUPYIOTCA B BUAE (QYHKLUI 000OLICHHBIX KOOPAMHAT U HE SBIIAIOTCA
ABHOW QyHKUMeH BpeMeHU. OTINYUTENbHONH 0COOEHHOCTbIO aBTOHOMHBIX
CUCTEM SIBJISIETCSl HAJMYWE BHYTPEHHHMX MCTOYHMKOB HEPIMU M OOpaTHBIX
CBs3el, 3aMBIKAIOIINXCS BO BHYTpEHHEH cpene.

CylIecTBYIOT CHCTEMBI, IIe OBIDKEHHE (OPMHUPYETCs 3a CHET OJHOBpe-
MEHHO JeCTBYIOINX BHYTPEHHNX M BHEUIHWX MCTOYHMKOB >Hepruu. Ta-
KM€ CHUCTeMbl B JaibHeiilmeM Mbl OyneM Ha3blBaTh aKTHBHBIMU. B akTuB-
HBIX CUCTeMaX OOpaTHbIE CBSI3M YNPABJIAIOT MOCTYIUIEHUEM SHEPTHU OT BHYT-
PEHHHMX WCTOYHHMKOB M MOTYT YMNPABJSATh 3HEPTHeii: BBOAMMON OT BHEIIHUX.

DKOHOMMKa, B riob0anbHOM Maciutabe, cuctemMa akTuBHas. Ee ynpas-
JIEHVE OCYILLECTBIISIETCS KaK 3@ CUET BHELIHWX, TaK M 3a CUeT BHYTPEHHUX
HNCTOYHHUKOB PECYPCOB, ABJIAIOIIMXCSA B OOLIEM clydyae HOCHUTEJEM BceX
UCTOJIb3YEMBIX B MPOLECCE Pa3BUTHSA BUJOB IHEPTHUHU.

BHewHell cpenoif 3kOHOMUKH CIyXHUT npupoaa. LluknndyHocTs npu-
POIHBIX sABJIEHUN (GopMUpYyeT BHELIHee yNpaBieHHE M T'€HepHUpyeT KoJe-
OarenbHbIE TpoLEcchl B dKOHOMUYecKoil cucteme. Ho kpome konebanuii,
BBI3BAHHBIX BHEUTHUMH IJI1 SKOHOMHUKH BO3JIEHCTBUSAMHU, B IKOHOMHUKE
BO3HUKAIOT KOJieOaHus, NHCIIUPHUPOBAHHbIE BHYTPEHHUMH MEXaHW3MaMH,
WMMaHEHTHO TPHUCYIINMU 3KOHOMUKE.

[Tpu ananu3e 3KOHOMUYECKUX MPOLECCOB B 3aBUCUMOCTU OT Lejeil
WCCIIeIOBAHUS M3 OO0IIEH CUCTEMBI «IKOHOMHKA) BBIJAEINSIOTCS TOACUCTE-
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MBI, KOTOpbl€ B COOTBETCTBUU C PeLIaeMbIMU 3ajadaMHu MOTYT ObITb pac-
CMOTpPEHbI KaK: MacCHBHbIE, ABTOHOMHbIE M aKTHBHBIE.

B yacTHOCTH, MPONU3BOACTBEHHOE MpENNpHUATHE B OOIIEM IJIaHe A0J-
KHO OBITH PAaCCMOTPEHO KaK aKTHBHAs CUCTEMa, Ha KOTOPYIO BO3jeii-
CTBYET KaK BHEIIHAS Cpeja, COCTOSAMAs M3 ABYX KOMIIOHEHTOB — MPHUPO-
Ibl ¥ TJI00aNbHONW 3KOHOMHKH, TaK W PECypcoB, HAKOIUIEHHBIX HOCHUTE-
JMH 3HEPTUHM BO BHyTpeHHell cpene. [loaToMy mpenmpusitue AOJKHO
OBITh paccMOTPEHO KakK JIOKaJbHas MOJCUCTEMAa akKTUBHOTO Tuma. Ho B
3aBHCHUMOCTH OT LieJiel aHajii3a OHU MOTYT ObITh MPENCTAaBICHBI 1 B BUME
MaCCHUBHBIX WM aBTOHOMHBIX CHCTEM.

B riaBax 5 u 6 paccMOTpeHbl CTallMOHApPHbIE MPOLECCHI, OOBACHAIOIINE
MeXaHW3M BO3HMKHOBEHUsI, Pa3BUTHS U CMajia OTAENbHON KOPOTKOW BOJIHBI,
ornpeaesnsieMoil 3aKOHOMEPHOCTSAMH JKU3HEHHOTO LIMKJa TOBapa Ha pPbIHKE.

IIpennonaranock, 4To (akTopbl, ONPEAEIAIOIUE Pa3BUTHE MPOLECCOB
CTaHOBJIEHHs BOJIHbl CO BPEMEHEM HM3MEHSIOTCS TaK MEIUIEHHO, 4TO Mpea-
NpUATHSA, TIPOU3BOASALIME TOBApP, B COCTOSHWUHU 0e3 3ama3JbIBaHUs OTCIe-
KUBATh MOTPeOHOCTH phIHKA. VHBIMU cl0BaMu ObIJIO MPUHATO, UTO
UHEpLUOHHbIE sBJeHUs, HalnonaeMble B 110001 peanbHOil cucTteme Ha-
CTOJIbKO MaJbl, YTO WX BO3MOKHO W3 PacCMOTpPEHMs OMyCTUTh. B neii-
CTBUTEJNBHOCTH CKOPOCTH M YCKOPEHHUS M3MEHEHHUS MapamMeTpoB, Xapak-
TEePU3YIOMNX AWNHAMHUKY TEXHOJIOTMYECKHX MPOLECCOB MOTYT CYIIECTBEH-
HO TOBJUATb Ha CTPYKTYPY BOJIHBI.

[TpuunH HecooTBEeTCTBHs (OPM BOJIHBI MOTPEOHOCTEH M BOJHBI MOCTa-
BOK ToBapa MHoro. Hampumep, npu pa3paboTke T€XHOJIOTHYECKUX IMpO-
LIECCOB HEeJIb3sl NMpeHebperaTh 3ana3/blBaHUAMM, BbI3BAHHBIMM CYTOUYHBIM
U CE30HHBIM PUTMaMHU MOCTYIUICHHS ChIPbs M KOMIUIEKTyroIMX. He MeHee
BaXKHbIM (DaKTOPOM, BbI3bIBAIOIIUM MCKaXKeHUE (OPMbI BOJIHBI IIOCTABOK,
ABJISIETCA HECOBMAJIeHNE KU3HEHHOTO IMKJIAa NMPONU3BOACTBA TOBAPOB M MX
notpebyieHust, Ha 4TO ObLIO OOpalleHo BHHUMaHWe B TaBax 3, 6.

HneanbHblii sk MpoLecc MPOU3BOACTBA NOJUKEH 00eCleYuTh MOJNHOE CO-
BITaJIEHNE BOJIHBI MOTpeOneHns 1 moctaBok. K coxaneHuto, oOUTbCS Takoi
rapMOHMHM HEBO3MOXKHO. UTOOBI MakCHUMalIbHO COKPATHTh PACXOXAEHUS,
TpebyeTcsl yuecTb MHOTue (akTophsl, 03 KOTOpPBIX HaNaAuTh Oe3le(ULUTHOE
MPOU3BOJCTBO HEBO3MOXKHO. Takux (pakTOpoB, U OOBEKTUBHBIX, U CYyObeK-
TUBHBIX MHOT0. ToJIbKO YacTh MX ObUIA YYTEHa B NpeAbIAyLIEH IiaBe.

IMpuctynas k aHanu3y B3aMMOAEHCTBMS MPOU3BOJACTBA M PbIHKA, Lie-
JecooOpa3Ho MpeaBapUTENbHO MX KjiacCU(UUMPOBATD.

CylecTBYIOT TpU Ipymnnbl GakTOPOB, OMPEENAOMMNX AMHAMUKY MPO-
U3BOJCTBEHHOIO Ipoluecca.

K mepBoii rpymnme oTHOCATCS OrpaHUYEHUS TEXHUYECKOTO XapakTepa.
W3 HUX BaXXHEWIIUMU SBISIOTCS HEBO3MOXKHOCTD:
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- MTHOBEHHO OCYILIECTBUTb HEOOXOAMMYIO CMEHY 000pynOBaHus,

- HEMEIJICHHO 3acTaBUTb B HOBOM pexHMe padoTaTbh pa3HOOOpa3Hoe
obopynoBaHue,

- C MepPBBIX K€ TOTBITOK MCKIIOYUTh WM JOBECTH A0 MUHHUMYMa KOJIH-
yecTBO Opaka,

- HaymaguTh Oecriepe0oifHOe yrpaBlieHHe Mpolecca MPON3BOACTRA,
BbIpaboTaTh HEOOXOAMMbIE HABBIKM MEPCOHANA,

Mpea0TBPAaTUTh aMOPTU3aLNI0 000pyI0BaHUS,
JUKBUIMPOBATH TEKy4eCThb KaJpOB

U, KOHEYHO, HEJOCTaTOK KamuTaja.

Ko BTOpOIi — OTHOCATCS CyObEKTHUBHBIE MPOMAaXW OpPraHW3aTOPOB MPO-
W3BOJCTBA, UX HEKOMIETEHTHOCTb, HEPELIMTENbHOCTh, HEYMEHUE PHUCKO-
BaTh WJIM Ype3MepHas HEOCMOTPUTENbHOCTh, HEYMEHHE YNPaBJIATbh KOJ-
JIEKTUBOM PabOTHHUKOB, HECIIOCOOHOCTh OPraHW30BaTh CHaOKEHUE U DKC-
NeAMLUI0 TOTOBOW MPOLYKLHMU.

K TpeTbeit — oTHOCATCS MPUUMHBI COMMAIBHOTO TOPSAKA:

- KOHQJIMKTBI MEXIy TpeANpUHUMATENIMHA U TEPCOHAJIOM,

- U3MEHEHHWe 3aKOHOB O HaJIOTOO0O0JI0KEHMNH,

- couuanbHble KOH(JIMKTHI B 0OIIecTBe,

- uHIAIHA,

- U3MEHEeHHNe MEXIyHapOIHbIX OTHOLICHMH,

- TaMO)KeHHas MOJMTHUKA rocynapcTBa.

Bce 3T dakTopsl B3aMMHO KOppenupoBaHbl. [10MBITKM UX OTpaxe-
HUs B ()OpMaAIN30BaHHOI MOIENN HEe MOTYT OBbITh YCMEIIHBIMU W3-3a HX
KOJINYECTBEHHON HeonpeaeNeHHOCTH.

U Bce Taku, opraHM3aTOpbl NPOM3BOACTBA, PACCUMTHIBAIOLIME yCIEIl-
HO BBHIWTH Ha PBIHOK JOJDKHBI BCE 3TO yuecTb. OTnaBas cebe OTYEeT B TOM,
410 (hOopMaIN30BaHHBIE METOIBl HE MOTYT MOCTYXHUTh MaHaleeil Ha Bce
Clly4ad >KW3HH, OHU MILYT palMOHAJIbHOE covYeTaHWe (opMann30BaAHHBIX
W 3BPHUCTHUYECKUX TTOAXOIO0B K PEIIEHHIO 3aAaqM.

CoBpeMeHHbIE CHCTEMBl TUITAHUPOBAHUS JOJDKHBI OBITH OPraHU30BaHbI
TaK, 4ToObI B Mpolecce BhIPAaOOTKH ONTUMANBHOTO IJIaHAa MaKCHMaJbHO
UCIIOJIb30BAJIUCh MAaTEMAaTUYeCKUe MOJEIN M MHTEJUIEKT YeJoBeKa.

OObIYHO, B MaTeMaTHYECKUX MOIEJNAX YUUTHIBAIOTCA (GakTOpbl mep-
Boil rpynmnbl. Ciienys ycTaHOBHBLIEHCS TpaluLMU B 3TOW riaee pac-
CMaTpPUBAIOTCA MaTeMaTHYeCKHe MOJENH TeXHOJOTHMYECKOIo mpoLec-
ca. [Ins yuera He TonbKO (hopMasiu3yeMbIX MapaMeTpoB pa3padoTaHbl
HEKOTOpbIE NeJOBble MIPbl, MIPUMEPHl KOTOPBIX pacCMaTpUBaIOTCA B
KOHIEe paboTHl.

Ha puc. 7.1 npexncraBieHa cxema OmnpenesieHnst MOTpeOHOCTel ¢ yue-
ToM oObeMa phiHKa. CripaBa MpeacTaBlieHbl OJOKM W KIacCU(pUKALUN IH-

330

noreHHoit nHdopmanuu. JanHele coOuparwTcsa U oOpabaThiBalOTCS CHC-
TEMO MapKeTHHra.
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Puc. 7.1. [loTpeGHOCTH € yuyeTOM pbIHKA

OOweit 3anayeil SKOHOMUYECKONH HAayKH SIBISIETCS TMOCTPOEHUE OMNTH-
MaJbHON CTPYKTYpBI MPOU3BOACTBA, YAOBJIETBOPSIOMIETO YCIOBHIO 00€ec-
NevYeHnss MaKCHMaJbHOW MpuOBLIH.

K ee momenu mpenbsaBisioTcsa psAn TpeOOBaHMH, W3 KOTOPBIX BaXKHEMH-
IIUMHU ABJISIOTCS:

- aJIeKBaTHOCTb U3y4aeMOMY OOBEKTY,

- BO3MOXHOCTb BapbUPOBAaHUs MapaMeTpaMHy,

- MPOCTOTa MHTEpHpeTalr aHAJIN3UPYEMbIX MPOLECCOB,

- OJIHO3HAYHOCTb IMOJYYEHHBIX Pe3yJbTaTOB.

ITocTonbKy, MOCKOJIBKY MpOLIECCHl MOArOTOBKU MPOU3BOJCTBA U MPO-
M3BOJCTBA MPOAYKLIHUH SIBIAIOTCA (YHKLUUSIMH, MEHSIOMIUMUCS CO BpeMe-
HEM, MaTeMaTHYeCKyI0 MOJeJb OpraHu3aliy MPOM3BOACTBA, YAOBJIETBO-
PAIOLIETO YCIOBUIO ONTHUMAJIbHOCTH, €CTECTBEHHO MCKaTh B BHUJE pelile-
HUS Tu(depeHINaNbHBIX ypPaBHEHNH.

Jl1s1 060CHOBAHHOIO CY)KJEHUS O KJlacCe MOAEIUPYIOIIUX ypaBHEHUil
Heo0XxoaAuMO (OpMalU30BaHO OMpPENeNIUTh Lielb UCCAeA0BAHUM U Mpea-
METHYIO 00J1acTh, OrPaHUYMBAOLLYI0 MOJENb.

Llenbto nccrenoBaHus, Kak yXe yKa3blBaJloOCh, SIBIsETCA OObACHEHHE
MeXaHU3Ma BO3HMKHOBEHHUS BOJHOBBIX MPOLECCOB M MOCTPOEHUE IJIaHa,
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obecreyrBarOLIero MakCUMalbHYIO MPUOBLIb MPEANPUATHS MPU PaLo-
HaJbHOM peaju3allii pacroliaraéMbIX, OTPaHUYEHHBIX CPEACTB.

Ha HayanbHBIX 3Tanax pacyeTa HeOOXOAMMO OTBETHUTb Ha BOMPOC, Ka-
KUM TOTPEOHOCTSIM PBIHKA IOJDKHA YIOBJICTBOPUTH TMONTOTAaBIMBaeMas K
BBITTYCKY TPOIYKITHsA?

SBngeTcs M UENbI0 MPOU3BOAUTEINS TOMBITKA MOJTHOCTHIO YAOBIET-
BOPHTH BECh CIEKTP MOTPeOHOCTE WM pelraeTcs JacTHas 3amada 3amoji-
HEHUs YKOHOMHWYECKOI HUIIM, 00pa3oBaBIICHCSA B pe3yibTaTe CTOXACTH-
YeCKOTO Xapakrepa (GOpMHUPOBaHUS phIHKA?

B mepBomMm ciiydae B mpolecce MJIaHUPOBAHUS JOJDKHA peliaTbecs BCS
COBOKYMHOCTb T€XHUKO-IKOHOMHYECKHX 3aJay, CBA3AHHBIX C pa3paboT-
KOW THMOpa3MepHoro psas uzgenuii (rinaBa 6). Ho u Bo BTOpoM Helnb3s
n30exaTh UX BCECTOPOHHETO M3YyUeHHUs, TaK Kak TOJNbKO B pe3yjbTaTe Ta-
KOT0 aHajlu3a MOXHO NPHUHATh JOCTaTOYHO OOOCHOBAHHOE pELIEeHUE.
AHanu3 cpenbl 1Jid KaXXAO0ro TUMNA MPOAYKLUUU NOJDKEH 3aBepliaThCs Mo-
CTPOCHHEM KPUBBIX MOTPEOHOCTH B (PYHKIIMH BPEMEHH.

[MomyueHHyt0 MHPOPMAIUIO VIS aHaW3a YIOOHO TPEACTaBUTh B BHIE
HAJOXEHUS Taphl JJOTUCTUYCCKUX (YHKIIHIA, CM. TTaBy 5.

Ha crmenyromem 3Tamne mMOATOTOBKY MPOW3BOJCTBA PEINAIOTCS 3aMadyu:

- KaKoBa MOJDKHA OBITh KOHCTPYKIIMS BCETO THITOPA3MEPHOTO psma WU
ero otaensHOTro 3nMemMenTa? (Cm. TmaBy 6.),

- KaKoBa JIOJDKHA OBIThb TEXHOJOTUS MPOU3BOICTBA HOBOTO M3IEUs?,

- B KaKoil Mepe MOXeT ObITh MCIOJIb30BaHA CYLIECTBYIOIIAs MPOU3-
BOJCTBEHHas 0Oaza?,

- KaKOBBl OTpaHMYEHUs, ONpPEeesIIolIe BO3MOKHOCTh KOHBEPCUU CY-
LIECTBYIOILEr0 NMPOU3BOACTBA? ,

- KaKOB MTWHAMHUYECKWIl MpoIecc Mepexoa Ha MPOW3BOJICTBO HOBOU
npoaykuun?

B pesynprare aHanmsza mpeanpUHUMATENb MOJMYYUT BO3MOXKHOCTh OT-
BETHUTH Ha TJIABHBIE BOTIPOCHI:

- KaKOBBI IMAHCHl YTBEPIUTHCS HA PBIHKE?,

- KakoBa o)xupaemas npuoObLIb?

7.2. MaTtemaTuyeckass moaenb 3rIeMEHTOB TEXHONMOIMYecKoro
npouecca
(MepBoe npubnuxeHue)
Bce daxTopsl, npenonpenenstoniye ycnex mpeInpuHUMaeMblX YCUINH,
B KOHCYHOM CYETE 3aMbIKAKOTCS B pauuonanbﬂoﬁ opraﬁnsauuu TEXHOJ0-
FUYECKOro mpolecca, CoCOOHOro B Hy)KHO€ BpeMs, B HY)KHOM oObeMe,
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MPU MUHUMAJIbHON ce0eCTOMMOCTH, TapaHTUPYIOILel MaKCHMallbHYIO MpU-
ObLIb, 00ECTEUNTh BBIMYCK U pean3aluio MPOLYKIHH.

PeanbHblii TEXHOJIOrMUECKUI MPOLECC CEPUHHOTO MPOU3BOACTBA OJHO-
POAHON MPOMYKLIMU COCTOMT M3 KOHEUHOTO MHOXKECTBA MPEMAENOB, COCTaBIIs-
IOIMX P MapaJuIeNIbHBIX U MOCIEN0BaTeIbHbIX MPOU3BOACTBEHHBIX JIMHHUI,
COBOKYITHOCTb KOTOPBIX 00pa3zyeT TEXHOJOTHYECKHI MPOLECC B LIEJIIOM.

Yucno mepenenoB oObidyHO Benuko. Ho Ha kaxaoMm pabodeM mecTe
omepanus OCYLIECTBIAETCA 3a CUET MPWJIOXKEHHUS KUBOTO TpyJda K MOJBO-
IUMBIM pecypcam. D(P(PEKTUBHOCTh TPyJa OMpPeAeNseTcsi COBEpLUIEHCTBOM
obopynoBaHus. Mogeir paboyero Mecta MOXXeT ObITh MpeAcCTaBlieHa B
BHUJE IMHAMUYECKOTO 3BEHA, KOTOPOE MMEET HECKOIBKO BXOIOB W BBIXO-
J10B. BXxomamu ABASIOTCA KaHalbl, 4epe3 KOTOpPble MOAAOTCSA MPEAMETHI
TpyZHa, HEeprus U Ipyrue pecypchl, BKJIOUas KMBOW TpyA M mH(popMa-
Mo, BeIxonamu ke Cily>kKaT KaHalsbl, 4epe3 KOTopble OTBOAATCS oOpabo-
TaHHbIE MPEIMETHI TPYAA U KaHaJbl, YEPE3 KOTOPBIE YyAANAIOTCS OTXOJbI
MPOU3BOACTBA W MPOUCXOAUT AMCCHUMALMS IHEPTHHU.

Bce pecypcsl, Bkito4as KUBOW TpyA, BBOJAUMBIE B TEXHOJOTHUYECKUI
mporece, B HaibHeWmeM OyneM Ha3blBaTh 00OOIICHHBIMU CHJIAMHU.

Mepoii yCHemHoCTH TeXHOJOTHYECKOro mpouecca sABISeTCa KauyecTBO
U KOJIMYECTBO MPOU3BEAECHHON mpoaykuuu. B nanbHelimem Oyaem cuu-
TaTb, YTO KA4€CTBO OMpeJesseTcs] OTHOLIEHUEM KOJMYECTBA PECYpCOB,
oOpalleHHbIX B MOJE3HbII NpOoayKT, 00JaAaoIinii 3aJaHHBIMU CBOMCTBa-
MU, K KOJIM4EeCTBY MpeoOpa3oBaHHbIX PECypCcOB, BKIJIOYas MOTEPU 3a CHET
Opaka. Toraa, Mepoii MMOJIE3HOCTH, XapaKTepusyollei paboTy CUCTEMBI,
SABJIAETCSA KOJIMYECTBO FOTOBOI MPOAYKLMU HYXKHOTO KavyecTBa. DTy BellU-
YHUHY 0 aHAJOTHUU C NPUHATOHN B (U3NUECKUX cucTeMax OyJeM Ha3blBaTb
0000meHHON KoopauHaTol. [IpeobpazoBanre OOBIYHO PACTSIHYTO BO
BPEMEHHU. 3ama3JblBaHue, KaK 3TO YTBEPKAAIOCh BBILIE, BBI3bIBACTCS UHEP-
1Mell MpOM3BOACTBEHHOTO TpoLecca, Npucyiieid 1 000pyIOBaHUIO U OTe-
paTopy, paboratoumemy Ha 3ToM obopynoBanuu. [Ipouecc npeBparieHns
CONPOBOXkKAAETCSA paccerMBaHUEM YAacTH PECYpCOB, B TOM YHUCJE U TPYyAa,
Ha oOpaszoBaHme Opaka, oOpe3ell M APYTruX MPOMBILUIEHHBIX OTXOJOB, a
TaKKe aMOpTU3auuel CpeAcTB NMPOU3BOACTBA. BennunHy, xapakrepusy-
IOLLYI0 MOTEPU 3HEPruM B (PU3MUECKHUX MpoLeccax, M0 aHAIOTUHU C TePMU-
HOJIOTHel, MPUHATOW B MexaHuKe, OyJeM Ha3blBaTb JAMCCHUIMALUEH.

BaxxHedmuM mapamMeTpoM, XapaKTepU3yIOLUM CBOICTBa pabouero me-
penena sIBIAIOTCSA MPOM3BOAMTENLHOCTE — CIOCOOHOCTh MpeoOpa3oBaTh He-
KOTOpPO€ KOJIMYECTBO PECYPCOB B TOTOBYIO MPOAYKLHIO. (OOBIYHO MPOU3BO-
JUTEIBHOCTh NPOMOPLMOHAIbHA CKOPOCTH TEXHOJOTHYECKOTr0 MPOLECCa).

CocraBnssa nu¢depeHnnanbHOe ypaBHEHHE CIEayeT M03a00TUThCS
00 BBIMOJIHEHNM YCJIOBHiIl M3BEeCTHOW Teopembl Dypbe 00 oAMHAKOBOM
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¢u3uYecKoil pa3MepHOCTH BceX ciaraeMbix Au¢depeHInaibHOT0 ypaB-
HEHUS.

[TonbITKka WHAMBUAYAIBHOTO OMUCAHMS TEXHUKO-3KOHOMHUYECKHX MpO-
LIECCOB HA MHOYKECTBE paboumX MECT, C y4eTOM MX (pru3nuecKol CyIHOCTH
MPUBOIUT K MHOT000pa3uio MPUPOAHBIX BEJWYWH, YTO BBIHYX/AAeT BBO-
IUTh COOTBETCTBYIOIIEE KOJMYECTBO M3MEPHUTEIbHBIX IIKAJ.

B ¢u3nke u Teopun aBTOMATHYECKOTO YMpaBJIeHHs 3ajada MCKIIoue-
HUSI MHOXKECTBEHHOCTH HaMMEHOBAaHMI OJHOPOJHBIX MapamMeTpoB pemia-
€TCs TyTeM HCIOJIb30BAaHUS MX OTHOCHTENIbHBIX 3HaueHWi. B Hamem ciy-
Yae, KOrja paccMaTpHuBalOTCA TEXHMKO-JKOHOMMYECKHE Mpolecchl, Ooee
BBIFOJIHBIM SIBJISI€TCS TPEABAPUTEILHOE BBEJCHHE €AMHONW IKOHOMHUYECKON
MepeMeHHON — CTOMMOCTU. B nanbHeliieM B kauecTBe 0000LIEHHOI CHIIbI
OyneT mpuHATA e[MHas KOJWYECTBEHHAs Mepa, XapakTepHusyroulas cBOii-
CTBa MPOBOJUMBIX PECypCcoOB M JKHUBOTro Tpyna. Takoil mepoii, oOwmeit s
BCEX BXOJHBIX NMOTOKOB SIBJIAETCS TEKyllas LEeHa pecypca.

BBenenne ennHOTO MapaMeTpa — LE€HBI, 3HAUUTENBHO 00Jerdaer 3Ko-
HOMUYECKYI0O MHTEPIPETALlHIO pe3ybTaToB, MOJYYEHHBIX Ha MOJENU. JTO
MO3BOJISIET BCe 0000IEHHbIE CUIIBI, AEHCTBYIONINE Ha JII00OW BXOM, CyM-
MUpoBaTh. B manbHeiimeM 0000mIeHHbIE CHIIBI, NEMCTBYIOIINE HAa BCE BXO-
apl pabouero mMecra, Mbl OyaeM 00O3Ha4YaTh

F(t)= (1), ] €{0,...,J},
(0= 21,0 € 0] .

rae I (f ) — LleHa CyMMapHOro pecypca, BBOAMMOIO B ONMCbIBAEMBIii

00BEKT, f (f) — ILIeHa pecypca TI/IHa] € {]} {O 1,...,J} {]} -

nepeyeHb pecypcos. B { ]} BXOJIUT U JKUBOH TPYIH ( ] =0

Y4uTbiBasg, 4TO NMpUIOXKEHHbIE 0000IMIEHHbIE CHJIBI TOJIKHBI YpaBHO-
BEIIMBATBLCS PeaKUUAMH, BO3HUKAIOIMMU B MpoLecce MPOU3BOACTBA MPO-
IOYKLUH, CIeIyeT MpPeanooKNUTh, YTO ACHCTBYIOMINE CHIIbI JTOJKHBI OBITH
PaBHBI CyMMe BCeX peakuLuil.

F@)=F,@)+F,(0)+ F, (), (7.2)

rue Fu (l‘ ) — peakuus, XapaKTepU3yolllas CONPOTUBJIEHUE, BBI3BAHHOE
uHepuue npouecca, Lg ) — peakuus, BbI3BaHHAS TIPOU3BOJACTBOM H
BBIIAUEil TOTOBOM mpomykiuu, [ k (t ), — peakuusi, BbI3BaHHAs HaKoOTIJIe-
HHEM PecypcoB BO BHYTpeHHeil cpene cuctembl. [lepedricieHHble peakun,
Kak UM JeiicTByromue 0000MEeHHbIE CUIIbl, U3MEHSIOTCS CO BPEMEHEM.

O06o0061eHHas KOOpAMHAaTa B TAaKOM Ciydae JOJKHA XapaKTepU30BaTh
TeKylllee KOJIMYECTBO Mpou3BeAeHHON npoxaykuun. O6o3HauuMm ee X (t )
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B wMexaHuke ¢yHIaMeHTaJlbHOE 3HAauY€HHE UIpacT BeJHYHHA

jF(t)dx(t) pa6ota, kotopyto cuna [(t) coepmaer npn nsmenennn

!
00606111eHH0171 KOOP/AMHATHI.
B Moneny, unrerpan

A@t) = [F(t)dx(t), 3

fo

SKBUBAJCHTHbIN paboTe B (u3Mueckoil cucreme, Mbl OyaeM Ha3blBaTh
HWHTErpajlbHOW CTOMMOCTBIO MPOMU3BEAEHHO!N MPOAYKLUMH WM KAalUTAJIOM.

B mpennoxxeHHOM MoJenu MOKa He OTpaxeH (akTop, XapakTepusyro-
M yBeJIMYEHUE pacxola pecypcoB B pe3yibTaTe BO3PACTaHUA SHTPONUM.

WHepunoHHbIe SBIEHUA B JIIOOOI peanbHOM CUCTEME OINMpelnessioTCs
YCKOpEHHEM, BO3HUKAIOLIMM B TIpOlLlECcCe JBWKEHHS, B HAlleM Cilydae —
nporecca obpaboTkn. Ha paboduemM MecTe WHEpPIMS BBI3BIBACT 3arma3/bl-
BaHUWe, OMpenesiieMoe UINTeNIbHOCThI0 pabouero uukia. Peakuuto, BbI3-
BaHHYI0 MHepLyell, IpeICTaBUM B BUJE

F(t) = m(t)#&

rae m(t) — Mmacca o6pabaTbiBaeMoil MpoayKInK, # — yCKOpeHHe
MPOU3BOJCTBEHHOIO Mpolecca, pa3MepHOCTb Koadduumnenra 11,

_[FI[°
="

IIpumeyanue. B pallMoHaNIbHO CO3J@aHHBIX NPOM3BOJCTBEHHBIX CHUCTE-
Max [0 Mepe COBEPIISHCTBOBAHMS MpoLecca ero MHEpLUUsS YMEHbLIAeTCs,
COOTBETCTBEHHO yMEHbIIaeTcsd U 3HayeHue koddduuuenta 177.

PaccmatpuBas mpouecc nepepaboTku pecypcoB U moiydadpukatos B
TOTOBYIO TMPOAYKLHIO, CJeIyeT NOMHHUTb, YTO BO3MOXXHBl MHOTHE CIIOCO-
Obl yueTa peanu3alliy PecypcoB B BUAE TOTOBOW MpPOAYKLHUHU.

3aMaHuYMBO CBS3aTh 00BbEM MPOM3BENSHHOW MPONYKLUHUM C MEpBOi cTe-
neHblo ckopoctd npouecca. (Torna, BO3MOXKHO MOCTPOUTH JHHEHUATYIO
MOJieNb U OMMCaHusl MHOTHX JAWHAMWYECKHX siBjieHuil). B atom ciydae,
B MojeiH (paKT BbIIaUM TOTOBOM MPOAYKUMW B ypaBHEHWH TPEICTaBIsAET-
Csl 4JICHOM

F (t)=g(0)%

e g (t ) — k03¢ punmenHt, nsmenstomuiics co Bpemenem. Co Bpeme-
HEeM 3TOT KO3((HUUNEHT OOBIYHO pacTeT, CTPEMsCh K Mpeeny, Ompenes-
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€MOMY MpPOU3BOJICTBEHHONH MOILIHOCTBIO OMKCbIBaeMoro obwvekra. Ero pas-
MEpPHOCTh

_[F][x]
[g] T

[pennoxxeHHoe MpeACTaBIeHUE YIeHa, 0TOOPaXKaIOLIEro OTBOJ PECypcoB,
NpeBpaLLEeHHbIX B TOTOBbIM MPOLYKT M3 CHUCTEMBbI, IIPU HajNeKalleM BbIOOpe
dynxkunn Z(7) ynosnerBoputensHo MOKET OMMCaTh AMHAMHUKY BBITYCKA.

Takum o6pa3oM B MPHUHATONH MOIENN CTOMMOCTb PECYpPCOB, OTBOJH-
MBIX BO BHEIIHIOIO Cpelly B BHE IrOTOBOIl MPOAYKLMHU, B TIpOLiECCE MPOM3-
BOJICTBA fABJAETCS peaklueil pabouero mMecra, NPONOPLUOHANBHOI CKO-
pocTu 00paboTKU pPecypcoB.

HakomnneHHslil Ha pabouyeM MecTe 3aJel — KOJIUYECTBO PECypcoB X (t ) ,
HOANIEXAIUX NepepaboTke, OMpeaenseTcs napaMmeTpom k(l‘ ), XapaxkTepu-
3YIOLIMM CMOCOOHOCTh paboyero mMecra HakamiuBath pecypchbl. Koadduuu-
€HT 00paTHO MPOMOPLMOHANEH EMKOCTH 3alacHUKOB Ha pabouynX MecTax

k=1

c

CrnenoBaTellbHO, KOJUYECTBO (CTOMMOCTb) PECYPCOB, HaKaIIMBAEMbIX
B 3aracHuKax pabouero MecTa B BHJE 3ajela, ONpeNeNseTcsl PaBeHCTBOM

F.(t) = k(H)x(t) = %x(t}.
Pa3zmepHOCTH KO3 PuIMeHTA
[£]
kl==—.
[£] ]

Tenepb Mbl UMEEM BO3MOXHOCTb NMpPeNCTaBUTh AU((epeHLnanbHoe
yYpaBHEHHE B BU[E

m(t)&e g(t)8er k(t)x = ij (). (7.4)

OHo B mepBoM NPUOJMKEHUN OMKCBHIBAET MPOLIECC Ha paboueM MecTe.

[TosryyeHHOEe ypaBHEHHE MICHTHMYHO ypaBHEHHIO JIIOOOro KoJjiebaresb-
HOTO 3BE€HAa C MEPEMEHHBIMHU MapaMeTpaMM, HaXOJALIErocs Moj BO3Aeii-
CTBHUEM BHEIIHMX CHIL.
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IIpy HanMcaHUM 3TOrO ypaBHEHUs MPEINONAraloT, YTO M3MEHEHHE KO-
s duumentos 11, g, K €O BpeMeHEM NPOUCXOIUT HE3ABUCUMO OT M3Me-
HeHHMs 0000LIEeHHON KOOpAMHATBEI X, MOITOMY YpPaBHEHUE OTHOCHUTCS K
KJIacCy JIMHEHHBIX, ONMUCHIBAIOIIUX HEABTOHOMHbIE THMHAMMYECKHE CHCTe-
Mbl. OTMETHM e€llle OJHY €ro 0co0eHHOCTb. OOBIUHO MPU ONUCAHUH MPO-
U3BOJCTBEHHBIX MPOLIECCOB KO3(QPUUUEHTbI, XapaKTEPU3YIOLIME HE CTa-
LIMOHAPHOCTh IPOLECCA, U3MEHSIOTCA MOHOTOHHO M MEIEHHO. YTO Ka-
CaeTCs BO3MYINAIOIMIMUX CHII, 0TOOPaKaromMX MOABOJ PECYPCOB, TO B 3a-
BUCHMOCTHU OT THMa MPOM3BOJACTBEHHOr0 Mmpouecca U (uinyeckoil mpu-
poJie pecypca, OHM MEHSIOTCA MEIEHHO WM OCLMIUIMPYIOT. B mociennem
cllyyae, Kak 3To OyJeT MoKa3aHO jajblie, aMIUIMTyJa M 4acToTa OCLMUJ-
JALUHA MOXKET MEHAThCS, HO MX M3MEHEHUE OOBIYHO MPOMCXOAUT MEHJIEH-
HO, COM3MEPUMO CO CKOPOCTHIO M3MEHeHHUs Kod(pduunentos 11, g,

Manas ckopocTh U3MEHEHHA KO3(Q(QHUUUEHTOB MO3BOJAET BO MHOTHUX
clydasx OUHAMUYECKHil MpOLecC paccMOTPeTh B BUJIE MOC/IEI0BATENBHOC-
TH KBa3UCTALIMOHAPHBIX JTANOB C MOCTOSHHBIMU 3HAYEHUAMM NapaMeTPOB.

Mogens Npon3BOJICTBEHHOrO MPOLIECCA, COCTOAIIETO M3 MOCIEA0Ba-
TEJbHO MOJKIIOYEHHBIX 3JIEMEHTOB, MOKHO NMPENCTAaBUTh KaK LiEMb MHepe-
JAIOIIUX 3JIEMEHTOB, CBA3AHHBIX APYr C APYroM MOTOKaMU MH(pOpMaLuu
WM BELIECTBA.

B peanbHbIX Mpolieccax UMEET MECTO Kak TOT, TaK M APYroil MeXaHu3M
BO3elicTBUA. BeIOop Hamnexkalmed MOENU UIPaeT PEMAOILYI0 POIb NPH
aHanu3e NMHAMUYECKUX SBJIEHMI.

7.3. KBasuctaumMoHapHble peXumbl

Jns nanpHeilero mojie3HO HAalOMHUTb HEKOTOpble OOLIEU3BECTHBIE
CBEICHUA O KoJeOaHUM 3JEMEHTapHBIX CUCTEM, OMUCBHIBAEMBIX YaCTHOM
pasHOBHUAHOCTHIO ypaBHeHHA (7.4). [lycTh HekoTOpble QU3MUECKHe CHCTe-
MBI omuchIBalOTCs aud¢epeHnranbHeM ypasaenueM (7.4) . I[lpennomno-
MM, 4TO BCE €r0 KO3((HULIMEHTH W3MEHSIOTCS Ha MHOTO MEIJICHHee, YeM
IPOUCXOJUT U3MeHEeHHe 00OOLIEHHONH CUJIbl, KOTOpas IpeJcTaBileHa B
MpaBoil 4acTH B BUJE OCLIUIMPYIOLIEH (QyHKIUH

J (1) = A[O)Sino(?),

npu 3ToM Ko3(hduuueHT A, xak u wactora (7), MeHsOTCH €O CKopoc-
TbIO, OJIM3KOHM K CKOPOCTH M3MEHEHHs mapameTpoB M1, &, K, usMeHeHue
KOTOPBIX MPOUCXOAUT TaK MENJIEHHO, YTO B TEYEHHE NOCTATOYHO IJIUTEIIb-
HOTO TPOMEXYTKa BPEMEHU MX BapHabeIbHOCTbIO MOXHO MpeHeOpeds.
PexxuM npu KOTOpOM M3MEHEHHE MapaMeTpoB Malo BIMSIET HAa AMHAMMU-
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yeckuit mpouecc, OyaeM Ha3blBaTh KBa3UCTALMOHAapHbIM. B KBasucraumo-
HapHOM pexume mapametpsl 11, &', K, A, () MOKHO CUMTaTh MOCTOSH-
HeiMu. Torga ypaBHenue (7.4) oOpaTUTCS B ypaBHEHUE OOBIYHOTO (HU3M-
4eCKOro OCLU/UIATOPA, KOTOPOe UMEeT BUJ

m,&a- g &t kyx = 4,Sinwyt. (7.5)

Hac moka uMHTepecylT TOJbKO YCTaHOBUBIIMECS MPOLIECCHI, TOITOMY
clieslaeM ele OJHO MpearoyioxkeHue. [IycTh paccMaTpUBaeMblii HHTEPBA
BpEMCHU O — T, B T€YCHUC KOTOPOTO MapaMeTpbl CHUTAOTCA MOCTOAH-
HBIMH, JOCTAaTOYHO BCJIUK, 4TOOBI B CHUCTEMCE, OMnucChIBaeMOM YpaBHECHUEM

(7.5), mepexoaHble MpoOLECCHl MPAKTHUECKU 3aTyXJIH.
Torma BeIXOAHAsA KOOpAMHATA

x(t) = x,Sin(wyt — @).
OnpeneJmM YaCTHOC PCUICHUC, COOTBETCTBYIOLIEEC BO3MyIIIaIOHIeI71 cujie
AOSiYZO)OtM HYJIEBBIM HayaJIbHbIM YCJIOBHUAM. [ad 3TOro moctpoum

BEKTOPHYIO AMarpaMMy yCTaHOBMBIIErocs mpouecca. OTIOXKUM Ha Auar-
pamMMme BETUYHHY

x = x,Sin(oyt — ¢)

BIIOJIb OCH, HampaBlieHHON BepTHKaJibHO BBepX. Cuia peakuuu, BbI3-
BaHHAad HAKOIUJIEHWEM 3aaciia, UMCET aMIUIUTYOy OxOI/I HanpasJICHAa B
npsAMO MPOTHUBOIIOJOKHOM HANPaBJICHUHW OTHOCUTEJIBHO IMOJOKUTCIBbHO-

O HanpaBJleHUsA KOOPAMHATB X). koxo — BeJIMYMHA, XapaKTepHh3yro-
mas COTMPOTUBIICHUE 3aMacCHUKOB, B KOTOPBIX HAaKaIlUIMBAKOTCS 3aIebl.

BeKTOp Fg (t), HpeﬂCTaBﬂﬂIOIHI/Iﬁ pe€aKur CUJI COMPOTUBJIICHUA,
BbI3BAaHHbIX Bblﬂaqeﬁ TOTOBOM npoayKuuu, €ro MoayJjib paBeH go,xg Ilo
dase o onepexaer BekTop [ & (l‘ ) Ha /23 paauaH.

Cuna uHepuuun F m (t ) MMeeT aMILTUTYIY 171,(D X, ¥ OTIMYAETCA MO
daze ot Bektopa [ k (l‘ ) Ha omH panuaH. Bosmymatomas cuna ASinm of
omepexaeT 0000IIEHHYI0 KOOPAUHATY X( Ha yroiu, paBHblii (D

JnarpamMmMa u3o0pakeHa Ha puc. 7.2.

HpeHHOHO)KCHI/Ie 0 CTAlUOHAPHOCTHU CUCTEMBI TpeﬁyeT, '-ITO6LI cymMmMa
BCE€X BEKTOPOB Obla OBl paBHa HYJIIO. 9T10 O3HA4aeT, 4TO MPOCKUHUU CyM-

MBIl BEKTOPOB CWJI KaK Ha BEPTHKaJbHYI0, TaK U Ha FOPU30HTAIbHYIO OCb,
JOJKHBI paBHATbCA Hysto. OTcrofa cienyer
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+X 2
A A4,coso+mymyx,
A mnwﬁx
A
0 A, coso
Ay sing 0 80®oXg
1] kox,

Puc. 7.2. BexkropHas auarpamma KBa3uCTalMOHAPHOI'O LIHUKJA

N3 >Tux ypaBHeHuit
AO
Yo = 2 232 (7.8)
(go00)? + (kg = myo;) |
80D
tgp=—""——.

PaBenctra (7.8) u (7.9) Ha3bpIBalOTCS PE30HAHCHBIMHM XapaKTepHCTHUKA-
MU KosiebaTeIpHOTO0 3BeHa WJIM €ro aMIUIMTYJZHO-4acTOTHOW M (ha3oBo-
YaCTOTHOW XapaKTepUCTUKAMU.

OOBIYHO paBEHCTBA 3aMHUCHIBAIOTCS B OTHOCUTENFHOM MacmTtabe, B

tdhopme
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AO/kO

X, = - ,
Q) g o (7.10)
(1 —wzf +(250 =0y
2&& (7.11)
C 0‘)0
fg(P=—gw )
1-(—2)?
Q)

Ha3bIBaeTCs COOCTBEHHOM YacTOTOM. Pexum,
n
xorza My = @ ,, Ha3bIBAaeTCs pe30HaHCHbIM. U3 pasenctsa (7.11) cneny-

TMapamerp Pc =

€T, YTO IpM pe3oHaHce (a3zoBbiil yron (P = TE/ 2.

B cucrewme, rne g, # O makcuMym amMmInTyBI HaGMOAETCA HE B pe-
JKUMe pe30HaHca, a MpU 4acToTe

(7.12)

Pe3oHaHCHBIE XapaKTepUCTHKU M300paxeHsl Ha puc. (7.3a) u (7.30).
DnemeHTapHas paboTa, Mpou3BeJcHHAs MEPUONUYECKOU CUIIOU

F(l) = AOSin(o)Oz‘ + (p), npyd M3MEHEHUHU KOOpAMHATBl X Ha Majlyro

dx 1 dx
BEIUUMHY dx = Edt = (D_OEd((DOt) = XOCOS(COOf)d(COOI)

pasna Ad = A, Sin(ot + (P)%
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Puc. 7.3a. AMIUIUTYIHO-4aCTOTHBIE XapaKTEPUCTUKU

FaEpr======
= = —
7/ < LT .
g/8c =
e
g/8:|=1
J )
]
=~
1 2 3

Puc. 7.36. ®a30B0-4acTOTHBIE XapaKTEPUCTUKU
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3a nojHbIi mepuos KosiebaHU paboTa MpeacTaBiIseTCs] UHTErpajlom

= jF(t)%dt_ _[F(t)—d(coot)—
0

My ¢

27
= _[onoCos(@ot)[Sin(wot)Coscp + Cos(wyt)Sinpld (o) = (7.13)
0
27 27
= 4,x,Coso _[Sin(coot)Cos(coot)d(coot) + Ayx,Sing ICosz(wot)d(mot).
0 0

Tak Kak MepBblii MHTErpaj paBeH HYJIIO, MOCJIe WHTErPUPOBAHUS BbI-
paxenue (7.13) 3anmuiuemM B BHUIE

A4, = n4yxSing, ¢= f(g,)- (7.14)
IIpu otcyTcTBUHM COH%?TMBHGHI/I)I NPONMOPLUUOHAIBLHOIO CKOPOCTH,

yron (P u paGora cussl t paBHa HyJ10. DTO BO3MOXHO, KOrja co-
CTaBJAOLIAs BEKTOPHOW IMarpammbl

gowoX =0,

YTO MOXKET UMETh MECTO MpH ycnoBun go = 0.

Takum o6pazoM, ypaBHeHue (7.5) onuchiBaeT BHyTPEHHUE MPOLECCHI, MPo-
UCXOAALME B MOASIMPYEMOM O0beKTe, a paboTa 3a MOJIHBIN LMK, OMpenens-
emas (opmynoit (7.14), orobpakaeT LeHy BblAaHHON mponykuuu. Kak BUmHO
3 (hopMynbl, ee BeMMYMHA NPH TPOYMX PABHBIX YCIIOBUAX OMpPENENIAeTCs TOMNb-
KO 3HaYeHHeM Kodduumenta g, XapakTepusylOINM BIHAHAC CKOPOCTH
npolecca Ha npeoOpa3oBaHUE pecypcoB B Mpoaykuuto. Ha BexropHoit auar-
pamme, puc.7. 2 qaCTL pe %pCOB npeoOpasyemas B HPOTyKLUIO, IPECTaBICHA
BEKTOPOM = &0, ocranbHas 4acTh PecypcoB, IieHa KOTOPBIX OIpe-
fensercs CyMMOI/I st kx, OCTaeTcsl BO BHYTPEHHel cpefie MpeanpusTus,
rle OHa MO BO3JEHCTBUEM KMBOTO TPyJa MpeBpallaeTcss B NPOLYKLIHIO.

IIpu cocraBneHun Moaenu B Buae ypaBHeHHs (7.5) B Hee He ObLI BBe-
IeH 4JeH, XapaKTepU3YIOIIUil SHTPOMUIiHbIE MpoLecchl. DTO AejaeT Mo-
Jelb He afekBaTHOI oO0bekTy. [loaToMy nanbHeliliee UCMOIb30BaHUE 3TOM
Mozenu 6e3 HaljiexalluX KOPPEKTHUPOBOK HellenecooOpas3Ho.

f(t) X (f) xz(t)

— m &t g &+ kyx, = £(1) m, 8+ g, 8% + kyx, = x, (1) —

Puc. 7.4. ®dparMeHT TUHEWHOH Lienu, nepenaroneit nHgopMaIuo
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7.4. OcOBGEeHHOCTHK KBa3uCTaLMOHAPHOIo pexuma
(pyHKLMOHUPOBAHUSA CUCTEMbI, ONUCLIBAaEMOW
NIMHeHbIM AauddepeHUnanbHbLIM ypaBHEHUEM

BTOpOro nopsigka

HecoBepuieHcTBO Monenu, npeacTaBlieHHo# ypaBHeHUeM (7.8), BbI-
HY)X/laeT UCKaTh OoJjiee CIIOKHbIe MaTeMaTHYeckne oOpasbl, crocob-
Hbl€ TOJIHEEe OTPa3UTh OCOOEHHOCTh peajbHOr0 TEXHOJOTHUYECKOTO
npouecca.

C sToii nenpto 0oOpaTuM BHUMaHWE Ha dHepreTuueckrue M MHpopMmarm-
OHHbIE MPOLECCH, HabN0naeMble Ha pabodnX MecTax, Ille OCYLIeCTBIA-
I0TCSl TEXHOJIOTHYECKHE ONepanyuu.

Kak yxe orMmeuanocs, 1000e pabouee MECTO UMEET BXOJ, UYepe3 KO-
TOpHBIil BBOAATCA pecypchl. [lon Bo3aeiicTBUeM mpeoOpasyrollueil cucre-
MBI pecypchl YaCTUYHO MpeoOpa3yroTcs B FOTOBBIM MPOAYKT, a Apyras
MX 4acTb pacceMBaeTcs B BUIE OTXOJOB M Opaka. 3HauuTeslbHass 4acTb
MOTOKa PeCcypcoB, BBOAMUMOIO B CUCTEMY, OCTaeTCs BO BHYTpEHHeH cpe-
Je pabouero mecrta, rjie NpoOUCXOAUT €€ NnpeoOpa3oBaHUEe B rOTOBBIN
MPOOYKT.

CrnenoBarenbHO, BBOOUMBIM MaTepHallbHbII MOTOK pacLIeTuiseTcs Ha
Tpu 4acTu. B Mozmenn paccMOTpeHHON B MpeAbloyIIEM pa3jene paccMar-
PUBAIOTCA TOJIBKO ABE M3 TPEX COCTABIAIOIINX - COCTABIISIONIAsA, HAXO-
Ismascs B CTaAWU MPEeBpaIleHns M COCTaBisiomas oOpalieHHas B ro-
TOBYIO MPOAYKIIMIO, BHIJAHHYIO BO BHEIIHIOIO cpeny. IlepBas octaercs
B npeobOpaszoBaTene. B Monenn oHa nmpexacTtaBisiack B BUOE CyMMbl
moﬁ&kx, a BTOpas (mpomopuuoHaJbHas 0000IEeHHON cCKOpoCTH
npeoOpa3oBaHus, MPEJCTABICHHAsS YJIEHOM gJS) MOJAEIUpPYeT MOTOK ro-
TOBOM MPOAYKLHH, OTBOAUMOMN M3 cuCTeMbl. TpeTbs 4acTb, MOJCIUPY-
I0IIasi HEUAEealbHOCTh MPOM3BOACTBEHHOrO Mpolecca, B 3TOW Moaenu
He y4UTbhIBajoch. MrHOpUpoBaHHbIe (paKTOM AWCCHUNALMMU Aa)xe Mpu
paccMOTpEeHNH Tpolecca B MepBOM MPHUONIKEHUN MPUHIUIHAIBHO HC-
Ka)kaeT pe3ysabTaTsl ucciaenoBaHuil. C Leabl0 YTOYHEHHMS MOJENH pac-
CMOTPHUM BO3MOYKHBIE MOIXOJbl K MOCTPOEHUI0 MaTeMaTHYEeCKOTO OIH-
CaHMNA, CIOCOOHOTO OTPa3uUTh BCE COCTABJAIOIINE MPOU3BOJICTBEHHOTO
mpouecca.

OteHnBasi BO3MOXKHBIE MOJENH, HApSIy CO CTpeMJIeHHEM BbIOpaTh Hau-
OoJiee anekBaTHbI BapHaHT, HEOOXOAUMO MO3a00TUTBCA O MPOCTOTE €ro
MOCJeyIOIEero aHainu3a. B 3TUX ycloBHAX €CTECTBEHHO MPOBEPUThH BO3-
MOKHOCTh HCIIOJIb30BAHUA TEOPUH JUHEWHBIX LIETEH.

Ha puc. 7.4. nzo6paxeH 3JieMeHT Mepenarouieil nenu JMHEHHOro KOH-
Typa peryJHupoBaHMs - ABa MOCJIEA0BaTEIbHO BKIIOUYEHHBIX KojebaTenb-
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HBIX 3BeHa. Ha BXoJ mepBOro mocTynaer BHELIHEE BO3MYIIEHHUE, KOTOPOE
nocsie npeoOpa3oBaHKs B MEPBOM, C €ro BbIXOAa MOJAETCS HA BXOJ Mocie-
nyrowero. B aToii cucteme 3Heprus (MaTepualbHbI MOTOK) U3 BHEIIHEH
Cpellbl MOJBOIUTCS K MEPBOMY 3BEHY. €€ YaCThb aKKyMYJIUPYETCS B 3BEHE, a
Apyrasi, OpONOPLHUOHAIbHAS WieHy X8 , OTBOAUTCS B cpely.

Cucrema ypaBHeHHfI, OomuchbiBarOmas Npoueccobl B (1)pal"M€HTe OeIu,
UMECT BUM:

m &+ g &+ kx; = fl(t)’
(7.15)
m, &+ g,& + k,x, =x, (t)

KoHcTpykiusa 3TUX ypaBHEHHI TakoBa, YTO CBA3b MEXIY MOCienoBa-
TEJIbHO BKJIIOUEHHBIMH 3BEHbSAMU OCYLIECTBIAETCS TOJBKO 3a CUET OJHO-
CTOpPOHHEeH nepenayu MHGOPMALUKM OT MEPBOro 3BEHa KO BTOPOMY.

Yro kacaercs mpeoOpa3oBaHMsA MaTepUaJbHBIX MOTOKOB, TO B 3BEHb-
AX 1IeMU OHU NpeoOpa3yloTCs He3aBUCUMO.

YtoObl yOenuThCs B MPaBMWIBHOCTH 3TOTO YTBEPXKAEHUS IMOJIOKUAM BO
BTOpOM U3 ypasHenuii X \f)= 0. MpupasHuBaHMe K HYTIO KOOPIMHATHI
X, BO BTOPOM YpaBHCHHH HH KaK HE OTpasWTCs B pewieHnu nepsoro. Cre-
IOBaTeNbHO, HAJIMUME WM OTCYTCTBHE BTOPOro 3BeHa (B paccMaTpuBae-
MOM Cllydyae NpUeMHHMKa) HUKAKOro BJMSHUA Ha TMOBEJEHUE MCTOYHMKA (3Be-
Ha 1) He umeeT. [Ipoueccsl B MEpBOM 3BEHE TaKKe HUKaKuM 00pazoMm He
W3MEHATCS, €ClIM K BXOAY BTOPOTO IOTOJHHUTEILHO TMOIKIIOUNTH JHO00MH

WACTOYHUK, MOABOJALINI BXOAHON MOTOK, U3MEHSIOUIMIICA MO 3aKOHY X (l )

Bce 3T0 03HauaeT, yTO MCTOYHMK, ACHCTBYIOIUMIA HA BXOJE BTOPOrO 3BEHA,
4yepraeT pecypehl HE U3 MEPBOrO 3BEHA, a U3 HE3aBUCHMOIO pe3epByapa.

I'paduuecky, nMpuBeqeHHbIE BHILIE PACCYKAEHHUS yTOOHO MITIOCTPHPO-
BaTh CHCTEMOIl M300pakeHHO# Ha puc. 7.5, Tae mommuMo 3BeHbeB | m 11 merm
n300pakeH MAeaNbHbIN UCTOYHHUK O€3bIHEPIIMOHHOTO MOTOKa OECKOHEUHON
MOIIHOCTH, MUTAIOLIMN Yepe3 0e3bIHEPUMOHHYIO 3aCIOHKY, PEryJIUpYIOILyI0
BXOJl BTOPOro 3BEHA. YIIPABJIECHME 3aCJIOHKM OCYLIECTBIIETCS B COOTBETCTBUM
¢ MH(poOpMaLeR O 3HAYCHUH KOOPIMHATBI X; (l‘ ) CnenoBarenbHO, ypaBHe-
Hust (7.5) He MOTYT MOZENMpOBaTh Mpolecc 00paboTKM MOTOKAa HEmocpen-
CTBEHHO MOCTYMAIOLIEr0 OT MEPBOrO 3BEHAa KO BTOPOMY, €CIIK B MOAEIUPYeE-
MOM 00BEKTe IHCCHUMAlMs MOTOKA MPOMOPIHMOHaIbHa 0000IEeHHO KOOp-
IMHATe, TaK Kak BCs SHeprus (Marepus), KpoMe 4acTH NpeBpalieHHoi B Tro-
TOBBII MPOLYKT, HAKAIUIMBAETCS B EMKOCTHOM 3JIEMEHTE, OCTAeTCs BO BHYT-
peHHeil cpelie U y4acTByeT B Mpoliecce MpeoOdpa3oBaHUid.
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s MojenupoBaHus mpouecca o0paboTKH MOTOKA B ABYX MOCJENO0Ba-
TEeJIbHBIX 3BEHbAX TEXHOJOTMYECKOH LEeNH He MOXET ObITh MCMOJb30BaHA
U LeNb MacCUBHBIX 3JEMEHTOB, ONMUCBhIBaeMasl ypaBHEHUsMM THUIa

PesepByap rorosoit

MPOAY KUK
6ECKOHEUHO OONIBILIOrO
o0bema

KoaeGarenbHOE 3B€HO
J (t ) = x(t ) 1
LA S A——
= Asin(oyt + @) | Mo goer kox = f0) A
WneanbHas
I sacnomxa 6es
VHEPLMU U

TIOTEPb Ha

ToroBas npoxykuus
(ee uena)
M/I€AJIbHbII OTOK

Puc. 7.5. ®usunueckas monens ypaBHeHus 8.15.

ml&-i' glz(ng_ng)+k12(xl—x2):fl(t)’
m, & + glz(ng_ng)-l- klz(xl—x2)+ kypxy =0, (7.16)

MEXaHU4Y€eCKas MHTEpIpeTalus KOTOpPOil mpuBeneHa Ha puc. 7.6.

£0)

n

1

*o

|

X0
ko

77

Puc. 7.6. ®parMeHT MeXaHUYECKOW Lienu, nepejarolieil MoTOK SHEPTUU B JIBYX
HaIpaBICHUIX
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31ech, XOTS 3a CUET MepearoIlero J1eMeHTa k12’ UMEeT MeCTO mepe-
Jada MOTOKa SHEPrHH OT MPEALIECTBYIOIIEro 3JeMeHTa K Mocieayromie-
My, 3TO JBHXeHHe oOpaTuMo. HampaBieHue NmoToka ompenaesseTcs 3Ha-
KOM pa3HOCTH KoopanmHaT X, t)— X, ).

PaccmaTpuBas mo0yro Lenouky, o0pa30BaHHYIO M3 MOCJEeI0BAaTEIbHO
BKJIFOUAEMbIX MACCUBHBIX 3BE€HbEB, HETPYIHO yOEIUTHCS B HEBO3MOXKHOCTU
MOJIEJIMPOBATh AUCCUMALMIO SHEPTHH, €CIIM €€ CBA3aTh C JIIOObIM U3 YJIEHOB
ypaBHeHus (7.16). Takoe orpaHu4yeHHe ONpeNeNsAeTCs HE TOJbKO TeM, UTO
HE YBEJINUMBAs Pa3MEPHOCTb CUCTEMBbI HeJb3sl pa3feiuTh MOTOKHU MPOMop-
LMOHANbHbIC BeMYMHAM X, unu X, Ha JBe 4acTu. Jlpyras TpyaHOCTH
3aKJIFOYAETCS B ydyeTe HAMPABJIEHHOCTU SHTPONMUIHBIX MPOLIECCOB.

YT0o0bI OTpa3uTh 3TOT (PAKT B MOJENN KPOME IOMOJIHUTENBHBIX CTeTe-
Heil cB00O/IbI, BKIIIOUAIOT BEHTWIIbHBIE 3JIEMEHTHI. B pesynbraTe ypaBHe-
HUSI, OTIMCBHIBAIOIIME TMHAMUKY Mpolecca, MpUoOpeTaoT CBOWCTBO HEJH-
HEHOCTH, YTO MPHU WUMUTHPOBAHUM MHOTOMEPHBIX CHUCTEM CHIIBHO OCIIOXK-
HAET UCCIENOBAHUE.

7.5. Ucnonb3oBaHue Ans MmogenMpoBaHuUs
audpdepeHUManbHbIX ypaBHEHUNA € KOMMNIEKCHbIMU
koadhcpuumeHTammu

Bo MHOTMX ciydasx mMareMaTH4ecKoe OMMCAaHWe CHUCTEMbI MOJKHO 3Ha-
YUTENIbHO YNIPOCTUTH BBEAEHWEM KOMIUIEKCHBIX KO3((UIUEHTOB B OH-
¢epeHnManbHble ypaBHeHUs. {71 MOATBEpKIEHUS MPOAYKTHBHOCTH Ta-
KOTO MOJAX0Ja NpeABapUTE/IbHO PAcCMOTPUM HEKOTOpble CBOMCTBA pelle-
HuA AuddepeHInalbHOr0 ypaBHEHUA

m&g (1+ig, )8t k,(1+ik, )x = f(t). @

YT0OBI BBISICHUTH BO3MOXKHOCTb OTKPBIBAIOLIEHCS C BBEJEHUEM KOMII-
JIeKCHBIX KO3((ULMEHTOB CHayana uccielyeM BIUSHHUE YJieHa lklko Ha
peuienue ypaBHeHus (7.14). C 3Toii 1leNbl0 pacCMOTPUM ypaBHEHUE

mie g8t k, (1+ ik, )x = A, sin w,t. (7.18)

[IpoaHanusupyem 4acTHOE pelleHHe, COOTBETCTBYIOIIEE MpPaBoil dac-
Tu ypaBHeHus (7.18), mpennojoxkuB, 4To cucteMa (yHKLUOHHUPYET B KBa-
3UCTAllMOHAPHOM DPEXHME.

OrpaHn4mnBasCh KBa3UCTALMOHAPHBIM PEXHMMOM, Mbl TOJKHBI MPHU-
HATb, YTO KPOME MOCTOAHCTBA Kod¢duumentos M1, &, kl , kO , mocTo-
AHHBI U KO3 uumnentsr (O, 1 A,. HauanbHbie ycioBus npumeM pas-
HbIMU Hyso. KosnuecTBO pecypcoB, OOpalleHHbIX B MOJE3HYIO MPOAYK-
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1110, 0oJible paccesHHOI B pe3ysibTaTe B pe3ysibTaTe M3HOCa 000pyIoBa-
HUsL, [OKa OyzneM cuMTaTh paBHbIM KK > gOCOO.

7.6. AHanu3 mogenu TeXHONIOrMYeCcKoro oo bLeKTa,
npeacTaBneHHoOn B BuAe nuHenHoro auddepeHumanbHOro
ypaBHEHUS C KOMIMJIEKCHbLIM KO3 hULMEeHTOM npu
06006LWeHHON KoopaAuHaTe

PaCCMOTISMM ypaBHenue (7.18), rme mo yciaoBuio Ko3(h(pULHEHTHI

my, o> A1 kO > Wg AO CYTb BEJIMYMHBI MOCTOSAHHbIE, | — MHUMAasd
eauHuua. [lepenuuiem ypaBHEHHE B BUIE

e Elg&+E2(ka + ikﬂ)(p = E,sinwt, (7.19)

k A
E, :&>O;E2 =—E =", g,=0;

m, m,, m,
k, =Lk, =k,

[lpenmeTom aHanmu3a siBNIseTcs cTauMoHapHBIH mpouecc. Kak un npu
MOCTPOEGHNN PE30HAHCHBIX KPMBBIX, CHCTEMA C NEHCTBUTENBHBIMU KO3(-
(¢unreHTaMu, HaC MHTEPECYIOT aMIUIMTYIHbIe U (pa30BbIe YaCTOTHBIE Xa-
PaKTEePUCTHUKH, OMpeNeNsIiole TMHAMUYECKHe MPOoLecchl B KBAa3UCTALM-
OHApHBIX PEXHMMaxX, OMHMCHIBAEMbIX OOBIKHOBEHHBIM ypaBHeHHeM (7.18).

YT0OBbl 0CBOOOAUTHCA OT KOMIUIEKCHBIX KO3((GULHEHTOB U ompene-
JIUTh YCJIOBUS YCTOWYMBOCTH, JIEBYIO 4acThb ypaBHeHus (7.19), B koTopoit
MepEeMEHHYIO MPEACTaBIsAeM B BUIE

O=u+iv (7.20)
[MoacTaBuB 3TH 3Ha4YeHUs B JIEBYIO 4acTb ypaBHeHUs (7.18), mosioxuB

B NpaBoil yacTu kod3dduumeHt AO = 0, crpynnupyem neiicTBuTensHbIe
U MHUMbIe cocTaBistomue. [Tomydyum aBa ypaBHeHUs

&‘ E11&+ Ezkau - Eszv = 0;
@& Eper E, kv — E,kgu = 0. (721)
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BBenem nepemeHHble

X, =u; x,=V,

. (7.22)
& = X3, )85 = Xy-

C y4eToM NMpPHUHATBIX 0003HAYEHWUH 3amMUIIEM:

&= x5

& = x,;

X = —Ekyx, + Eykpx, — Ex; (7.23)
& =—E kpx, — Eyk,x, — Ex,,

WIK B MaTpU4HOU ¢opme

B 4F

3/1ech YMECTHO OTMETHTb, YTO BBEAECHUE KOMIUIEKCHOTO K03(duumneH-
Ta MOBBIIIAET Pa3sMEPHOCTh ypaBHeHHsA. M lHaue roBops, UCMOJb30BaHNE
KOMIUIEKCHBIX KO3((QHUINEHTOB SKBUBAJEHTHO TMOBBIMIEHUIO YNCHA CTEre-
Heil cBoOO/BI CHCTEMBI B /IBa pasa.

Co6cTBeHHBIE uMCna /], 3TOr0 ypaBHEHHs YIOBIETBOPSIOT MaTpHu-

HOMY ypaBHEHUIO

— Al H = 0, rae | — emuHWYHAs matpuua. Ypas-

HCHHUE MMCCT BU]

-1 0 1 0
0 - A 0 1

-E )k, Ezkﬂ -E -2 0 (724
—Eyky; —E)kg 0 -E, -1
OTKyZa

P(E, +A) +2Ek A(E, + 2)+ E2(k2 + k2)=0 7.2
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Beenem nepemeHHyrO

u=E +1)

U mepenuiieM OMKBaJpaTHOE ypaBHEHUE B (hopme
w +2E .k, u+E, (ki + k; ): 0.
Otkyna

py, =—Ek, £ [E2k2 —E2(k2 +k2)=—E, (k, £ ik,)

E E Y
/11’4:—71i 71 ~ E,k, TiE,k,

Crnenyer ocobo OTMETHTh, 4TO Y ypaBHeHUs (7.20) aBe mapbl KOMILIEK-
CHO-COTIPSDKEHHBIX KOpPHEi, y KOTOPBIX MHUMbIE YacTH PaBHbI, HO Belle-
CTBEHHBIE OTJIMYAIOTCS.

OmnpenenuM rpaHully yCTOWYMBOCTH. Y CIOBUEM YCTOHYMBOCTH SABJISA-
€TCsl OTPULATEIbHOCTh BELIECTBEHHBIX YacTell BceX KOpHei Xapakrepuc-

THYECKOT0 ypaBHeHHs. ClienoBaTeNbHO I BCeX KOpHel ﬂ . ] = 1 4
OHM JIOJUKHBI OBITH MEHbLIE HyJA. DTO O3HAa4aeT, YTO Ha rpaﬂuue yCTOli-
YMBOCTH KOPHHU AOJKHBI OBITh MHUMBIMHU, WU

A, =ic,, j=14, (7.26)

rae C .-melicTBUTENbHbIE
Otkyna ciuenyer

E EY
ic+71:i 71 — E,k,TiEk,

[ocne Bo3BeneHUs B KBAApaT M pa3feieHUs MHUMBIX M BELECTBEHHBIX
yacTell ypaBHEHUS 3HaY€HUsA YAOBJIETBOpAOLIUE YCioBuio (7.26) OynyT

=Ekgze= +Esz (7.27)
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IIpyupoBHAB NOJYYEHHbIE 3HAYEHUS BEJMUYMHbI OMPEAEIUM TPaHULY yC-
TOWYUBOCTH B BUJIE

2 27 .
Eyky = Evk,; E, > 0. (7.28)
OTKyZa yclloBUEM YCTOHYMBOCTHU SIBIAETCS

2 27 .
E kg < Efk, s E, > 0. (7.29)

U3 sToro cnenyeT BaxHbIN AN danbHeiIero BHIBOJ: B Cllydae, eclid
El = (), cucrema onuceiBaemas ypasnennem (7.18), mpu AO = One
MOXET OBITh YCTOHYUBOM.

[NocnenHee cTaBUT MOJ COMHEHHE YTBEpIKIEHHE aBTOPOB padoT [1], [2] o
BO3MOXXHOCTH HCTIONb30BaHMs ypaBHeHus (7.18), mpu El =0 s onu-
CaHMs YCTOMUMBBIX OTMHAMMYECKHUX MPOLECCOB B MEXaHMYECKHX CHCTEMax.

Jlns HamX 3a7a4 BaXHO pa3oOpaThCsl C BO3MOXKHOCTBIO MCMOJIBb30Ba-
HUS YpaBHEHMI C KOMIUIEKCHBIMHM Ko3(duuueHTaMu Ijs aHanuza pado-
4HUX MPOLIECCOB.

AHanu3upys Npou3BOICTBEHHBII Mpouecc Ha OTAEIbHOM paboyeM
MECTe Mbl OIPAaHUYMWINCh PACCMOTPEHNMEM KBAa3UCTALMOHAPHOTO PEXHUMA,
onucbiBaeMoro audgepeHunanbsHbiM ypaBHeHueM (7.18) ¢ mocTosHHBIMU
ko3 puumeHTamMu.

PeanbHOe MPOW3BOACTBO OTJIMYAETCS T€M, YTO €r0 IapaMeTphl CO Bpe-
MeHeM MeHstoTcs. [loaTroMy Oonee aneKBaTHBIM peajbHOMY IpOLECCy SIB-
JsieTcs ypaBHEHHE C MepeMEeHHBIMU KO3 pHUIHeHTaMU

m(t)&e g(t)&etr k, ()1 + ik, (£)] = £ (), (7.30)

KOTOPOE MOKET OTPa3suTh MHOTHE HECTALlMOHAPHBIE SIBIEHUSA, 0COOEH-
HO TIpU TIOTMBITKE JIMTENbHOTO MOJAENNPOBAHMS, TAKUX OOBEKTOB, Kak
IPOU3BOACTBEHHbIE NPOLECChl (YHKUUOHUPYIOWUX OpeanpUsTHH.

OTUM BOMpOCaM MOCBSLIEHbI CIEyIOIINe pa3Aeibl HACTOAIIEH IIaBbl.

7.7. MaTtemaTtnyeckas moaesnb O4HOMNPOAYKTOBOIO
npeanpuaTus

Vpasaernne (7.30) u ero gactHas pazHoBugHOCTH (7.18) u (7.20) ObutH
COCTaBJIEHbI AJIsi OMUCAHUS TMPOLIECCOB, HAOMIOMAEMbIX Ha OTAEIbHOM pa-
O6oueM mecTe.

C omnpenesieHHOW CTENEHbIO MPUOJIKEHUsS] YpaBHEHUE TAKOM ke CTPYK-
Typbl MOHO HCIOJIb30BaTh I OMUCAHUS TUHAMUYECKUX MPOLECCOB B
JH000M OJIHOTMPOYKTOBOM TPOW3BOJICTBEHHOM OOBEKTE, €CIU MPEICTABUThH
€ro B BHJE LIEJIOr0, HEEIMMOr0 Ha COCTABJIAIOLINE arperarbl U 3JeMEHTHI.
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IIpuHuMas Takoil MOAXOA HYyHO MOMHMTb, YTO MPEACTABIAA CTOJb
CIIOXKHBbII 00BEKT, Kak NMpeAnpusiTHe, B BUAE AMHAMUYECKOTO 3JIEMEHTa,
UMEIOLIEro TOJIbKO OJHY CTENEeHb CBOOOABI M COCPENOTOYEHHbIE MapaMeT-
pBI, McClleoBaTeNb U3 PaCCMOTPEHMS MCKIIOYaeT MHOXKECTBO SIBICHHUIA,
XapaKTepU3YIOUINX JOKaJbHbIE MPOLECCH], MPOTEKAIOIINe BO BHyTpEHHEH
CTpYKType oObekTa. OmHAKO, MPH aHAIM3€ B3aUMOAEWCTBHUS OQHOTPOIYK-
TOBOTO MPEANPHUITHS C PHIHOYHOM Cpesoif, Takue yNpoIleHHus Majio oTpa-
KaroTcsl HAa oO0LIEM pe3ysibTaTe, 0OCOOEHHO, €C/IM BJIMAHUE YHIOTEHHbIX
(akTOpOB ynaeTcs yuecTb NMpPH ONpeesIeHNH OCHOBHBIX MapaMeTpoB, Xa-
pPaKTepU3yIOIIMUX BakHeillne CBOHCTBa 00BbEKTa.

Bonee cymecTBeHHbIM fABISETCSA TO, YTO MPH aHAIU3E paccMaTpuBa-
JIUCh KBa3MCTALMOHAPHbIE pPeXUMbl ()YHKLIMOHUPOBAHUSA, TOTAa KAaK MHO-
rue npeanpusaTus paboTaroT B HECTALMOHAPHBIX YCIOBUSAX.

B naneHeiimem npennpustue OyneT onuckiBaTbes ypaBHeHUeM (7.30).
Jna uaeHTUGUKaUuU Takoi MoJenu cieayeT 6osiee moapoOHO paccMart-
pUBaTh U3MEHEHHs MepeMeHHbIX: 0000IIEeHHBIX CHJI, 0000IIEHHBIX KOOp-

IUHAT, 0000mEeHHON paboThI, a Tak e MapaMeTphI m(t ), g (t ), k (l )
HauyHeM ¢ paccMoTpeHHs 3aKOHOB M3MEHEHUS KO3(pPUIUEeHTOB.
Hab6ntonenue 3a peaqbHbIMHM MPOU3BOJICTBEHHBIMHU MPOLIECCAMU MOKa-

3bIBAIOT, YTO C TEYCHHEM BPEMEHHM MHEepLUs NMPOU3BOACTBA B ypaBHEHUU

MOXeT ObITh omucaHa nmapametrpom #\f). [lpyn 3TOM IMTETBHOCTH LMK-

JIOB C TEYEHHEM BPEMEHHM COKpaLIAeTCs, YeMY COOTBETCTBYET YMEHbLICHHE

ko3¢ uureHTa m(t . OTOT K03 (HULUEHT CO BpeMEHEM aCUMITOTHYEC-

KA NPUOJIMKACTCS K HEKOTOPOMY MpelebHOMY 3HAYCHHIO M.

Takoit xapakTep m3MeHeHUS Kod(dummenrta m(l‘) OTpaXkaeT pe3yJsib-
TaT COBEPLIEHCTBOBAHMUA TEXHOJOrHYECKOro pexkuma. HamoMmHum, nBe
NpPUYUHBI BBI3BIBAIOT MpOLECC M3MEHEeHMsA mapamerpa. IlepBas ompene-
JsieTcs UCKJIIOYEHUEeM OpraHM4ecKMX HeJOCTaTKOB Mpoliecca, a BTopas —
yCTpaHEeHHEM OpraHU3alMOHHBIX HEypsAIHl, BO3HUKAIOLIMX HAa Hayajb-
HBIX 3Talax 3amycka B paboTy Jr000i 00JbpLI0N TEXHUKO-2KOHOMUYEC-
KOW CHCTEMBI.

[lepeuncnenHble 0COOEHHOCTH NOCTATOYHO TMOJHO OTHCHIBAIOTCA 3a-

BUCUMOCTBHO
my

m(t)=m, +m- (7.31)

Hanmaue tpex koHCTaut My, Wiy, M, B Qynkuun (7.31) nossossier

C HEOOXOAUMOM Ui HAIIUX IIeJIell CTENEeHbI0 TOUHOCTU OTOOPA3UTh BaXK-
Helire 0coO0eHHOCTH mepeMeHHOTo kKoddduumenta #1\f) 1 060CHOBBI-
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BaeT BO3MOXHOCTb €ro MCIOJb30BaHUs Ui MOJAEIMPOBAHUS MpOLecca Bbl-
Jauyu rOTOBOW MPOAYKLMHU B IK30TE€HHYIO Cpeny.

Koappuument g\f) co BpemeHeM 06BIYHO yBENIMUYMBAETCS M MO HCTe-
YEHHI0O HEKOTOPOTO0 BPEMEHHU €ro 3HaueHHe JeNIaeTCs MAKCHUMaJbHBIM. ODTH
YCIIOBUSIM COOTBETCTBYET (DyHKIIMS

81

)= _.
g() 8o 1+ gyt

(7.32)
Jns panbHeilero aHanusza ocoOblil MHTepec MpeAcTaBiseT HepeMeH-
HBI K03 (ULUEHT k(tH)
Kak oTmeuanoch Bbille, 1 TOTO, YTOObI B MOJEJU y4eCTh BO3MOXK-
HOCTb OUCCHUMALMU PECYPCOB, 3TOT KO3 (UIMEHT crenyeT NpeicTaBUTh B
BUAE KOMIUIEKCHOW (QyHKLUHU

k() = k,(£)1 + ik, ), (7.32)

rae kl 1) — mapametp, xapakTepusyrmuii 3pHekTUBHOCTh mpeodpa-
30BaHusA B Noiy(adpuKaT HakamivMBaeMblii B 3amacHUKAaX TEXHOJOTHYEC-
KUX JUHU#, a ko3¢ duuueHt ko (l‘ ) BO3MOXKHO UCIOJB30BATh JJI MOJE-
JMPOBAHMS AMCCHUIALNK TIOTOKOB.

3HayeHue KoddduureHTa kl (l‘ ) CO BpEMEHEM [0JDKHO PacTH 10 OIpe-
JEJeHHOr0 3HaYeHUs, COOTBETCTBYIOILEr0 ONTUMAJIbHOMY PexuMy pado-
THl MpeanpusATusa. B nanbpHeiimeM 3ToT K03 puIMEeHT MBI Oynem mpen-
CTaBJATH B BUAE (QyHKIMM

&
l+x,!

U, cjel0BaTelbHO k(l‘) OyzneT mpencrtaBisATbCsa Gopmyoii

k(t): K, +

K .
x(t)=|x, +ﬁ (1+iky ). (7.34)

[puHsB, Kak U Npu cocTaBieHu IUddepeHInanT-HOro ypaBHeHUs OT-
JelbHOro paboyero mMecta 3a 0000IIEHHbBIE CUIIBI LIEHY PECYpPCOB, BBOIM-
MBIX B MPOM3BOACTBEHHbIH MpoLecc, MPEeACTaBUM €€ B BUAE COCTABIIAIOLIMX

F(t)=F,(t)+ Z f,(t)jelo LK, j,K ,J},
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rne F, 0 (l‘ ) — 1IeHa BCEX MEAJICHHO MEHSFOIMXCsl COCTABIISAIOLINX, fj (f )
— LIEHa pecypcoB, U3MEHAIOIINXCA B T€YEHUE OJHOTrO MPOU3BOJCTBEHHOrO
uyKiIa. 31ech f o\Z) — uena xusoro Tpyna.

B MeaeHHO MEHSIOIYIOCA COCTABIAIOLIYIO FO (t) BKJIIOUEHA CTO-
MMOCTb OCHOBHBIX (DOHIOB.

C oTpuLaTeNbHBIM 3HAKOM B 3Ty ()YHKLHUIO BXOAAT aMOPTH3AaLIUOHHbIE
pacxofbl Ha COBEPIIEHCTBOBaHME U MOAEPHMU3ALUIO, MEPENOAroTOBKY Kaj-
pOB, COBEPIIEHCTBOBAHNWE M MOAEPHU3ALMIO MPOU3BOACTBA, HA COIepXka-
HUe ciyk0y peMOHTa M MOJEpPHH3ALMI0O 000pyNOBaHMs, a TAKXKe Ha peKiia-
MUpPOBaHUE MPOLYKLNH, U3AEPKKH Ha COLMAIbHOE Pa3BUTHE U CTPaxoBa-
HHE, HaJIOTOBbIE OTYMCJIEHWS, MPOLEHTH HAa KPEOUTHl W T.N. YUHUTHIBAs He-

OOJIBITYI0 CKOPOCTHh M3MEHEHUs (YHKIINU FO t) u ee orpanmyeHHOCTDH B

TeueHHe >KU3HEeHHOrO LMKJa, B JajibHeillieM ee OyneM MpencTaBlsiTh B BUIE

MOJINHOMA CPaBHUTEJNIbHO HEBBICOKOW CTENEHH, Hampumep, TpeTheil.
Torna,

Fy(t) =2 Foi(t)= 0y + 01 +0p* + 058

JInst HarmsgHOCTH MBI paccMaTpUBaeM LITYYHOE MPOM3BOJCTBO, Xapak-
TepHOE Ul MAIIMHOCTPOUTENHHON M MPUOOPOCTPOUTENLHON MPOMBIIILIEH-
HOCTH, I'le IPOLECC OCYIIECTBIISIETCA LUKIUYECKU, YTO U ABJIAETCS OCHOBA-
HUEM Ui NpearnoyiokeHuss 00 OCLMUTMPYIOLEM XapakTepe TeKyLieid LeHb
UCIOJIb3YEMBIX PECYPCOB, MOCTYMAIOLIMX B TEXHOJIOTMYECKHU MmpoLecc.

V4uTbIBasA HaJIMUME CTPAXOBBIX 3aMACOB U TEXHOJOTMYECKUX COCTaB-
JSAIOIUX, CTOMMOCTh O0OPOTHBIX LIMKJIOB B HajbHelueM Oynem Omuchl-
BaTh (QyHKLHUEH

70=37,0)=v4(0)+ o, (0sin fo, ()

rue \IIO(Z‘ ) — CTOMMOCTB 3amacoB Hepabouero 3anena,

p j(t )— aMIUTMTYyJHOe 3HAYCHHME LIeHbl, [ -il cocTaBistoLIeil pecypcea,

0 j(f )- YrJI0Bas 4actoTa MoCTyIU[eHus ] -ro pecypca.

Ecnu uis yrporieHus 3amnucarh Iwz (t)dt :®j (t), Vje {O,K ,m}, TO
0

BBIPAKEHNE f (Z ) MOJIyYHUT BUJ
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F()=wo(0)+ X5, (t)sinO().
vj
O6paTuM BHUMaHHE €IIE Ha OOHO 06CTOATENLCTBO. YacTora (O j(f )

TNMEPEMEHHBIX p](t) CO BPpEMEHEM MEHACTCA, TaK KaK B 3aBUCUMOCTH OT

PBIHOYHON KOHBIOHKTYPbI MOTPEOHOCTb B MPONYKLHHU, a CTaNo ObITH B
KOJINYECTBE PECypcoB, MepepadaTbiBaeMbIX B €JUHHIY BPEMEHH.

AMIIUTYBl TaKK€ MEHSIOTCA B 3aBUCUMOCTH OT M3MEHEHHs PbIHOY-
HOW LEHBI COOTBETCTBYIOLIETO pECypca, a TaKkKe OT M3MEHEHHS BEIMYHHBI
BBIITyCKaeMOW MapTUH U3AETUi.

Cripoc mpecTaBieH B BHUIE JOTUCTHYECKON (DyHKLUWH, aneKBaTHO OT-
paxaroieil moTpeOHOCTH phIHKA. TakuM 00pa3oM, B HEKOTOPBIX TOCIe-
OYIOMNX MOJENAX OyneT MpUHSITO

pjlcj 0<
—, 0<r<r, pﬂ,pjz,pj3:Constant
( ) 1+ P e Py
p )= ,
’ P qc,; N Ppc;, P (7.35)

L St >T
1+p e PAT1+p 1+p',e oot 2

Tenepb Mbl UME€EM BO3MOKHOCTH 3allUCaTh YPAaBHCHUEC (I)yHKHI/IOHI/Ipo-
BaHWA MHOTOMNPOAYKTOBOIO NpeANPUATHA B BUOC

m &1 K .
m, + et - et | K, +——— [(1+ ik, x, =
( 0 1+m21j (go 1+g21J ( 0 1+K21j( ok

=(p, +v, )+ ot + @ t* +@it® + Zp‘/ (t)cj sin®(t)= F(¢)+ P(t).
J

(7.36)

[Tonyuyennoe nuddepeHnnanb-HOe ypaBHEHHE OTpa)kaeT BakKHeWImne
TEXHUKO-3KOHOMUYECKHE TMpoLecchl, Ha0io1aeMble B T€UEHNE TOJHOTO
’KM3HEHHOTO LMKJIA MPOIYKLIMH OJHOMPOIYKTOBOTO MpPEeANpHUATHs, pabo-
TalOIIEr0 Ha PBIHOK.

B mponecce aHannsa 0COOEHHO CIOXKHO ONPEIEIIEHUE 3aKOHOB H3Me-
HeHMs (QyHKUMHM B Cilydae, KOT/Ia HAa BXOJAE CHCTEMBI JEHCTBYeT OCLMIIIH-
pyromast GyHKUUS nepeMeHHoi yacToTel. [losyunTh obliee perieHue Ta-
KOro ypaBHEHMs IIPpU MPOU3BOJIBHOM 3aKOHE M3MEHEHHUS KPYroBOM vac-
TOTHl JEHCTBYIOLIEH CHJIBI C MOMOILBIO 3JIEMEHTApHbIX (YHKLUMI HEeBO3-
MOKHO M TOYTH Bceraa 0ecroje3Ho, Tak Kak Mocijie OmnpeieseHus pelie-
HUsl B 00LIEM BHJE MPU aHAIN3€ KOHKPETHBIX CUTyalMil pacueTuyuKH Bbl-
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HY)XIE€Hbl PELIeHUs] CTPOUThH C MOMOILBIO HETaOyNMPOBAHHBIX CIELHAlb-
HBIX (YHKUHUH.

K cuacTblo, Ipu aHajau3e MPOM3BOJICTBEHHOrO IMpoLecca Lesblo pacye-
TOB SBJISIETCSl HE OTpeesieHne MTHOBEHHBIX 3HaYeHMI 000OLIEHHBIX KOOp-
IVHAT, a BbISICHEHNWE 3HAKOB MX M3MEHEHMs B TeueHHe OoJiee MpomoIIKu-
TEJNIbHBIX LUKJIOB, AMKTYEMBIX PHIHOYHON KOHBIOHKTYpPOW. DTO MO3BOJISET
OTPaHNYMBATHCS PACCMOTPEHNEM OTMOAIOMIMX MEePEeXOIHBIX MPOLECCOB.

J1st Takoro aHanusa 3anuiieM audepeHuuansHoe ypaBHeHue (7.36)
B BHZIE

&+ E,&+ E,(1+ ik, )p=> E,sin(O(t))+ F(z), 737

rae

(t) k,(¢) (e,
g =580, =50 g - PUS 4K n+3
mir) mit) mir)

OCHOBHYIO TPYJHOCTb MPEACTABIAET ONpeneieHne orndaromeil ObicT-
PO OCLWIINIUPYIOWENH COCTaBIAOIIEH NMepeMEeHHONW 4acTOThl. AHANU3UPY
MOJIENIb yYTEM, 4TO ypaBHEHHE JIMHEHHO. CleoBaTeIbHO, YaCTHBIE pelle-
HUA, COOTBETCTBYIOIUE CJIaraeMbIM IEpBOIl YacTU, MOTYT ObITb PaccMOT-
pEHBbl He3aBUCHMO. [l onpeneseHnss YaCTHOTO PEIIEHUs, COOTBETCTBYIO-
IIETO YWICHY

E,(1)sin(©()).i € B,...n + 2,
3alvIIeM YpaBHEHUEC B BUIC

& E ()&t E, (11 ik Jo = E, sin(@©(), @39

YaCTHOC PCUICHUE KOTOPOro mpeacrtaBuMm B BUIC

0;(t) =[x (1) + ix ())[cos(0(r)) + isin(O())]

[IpencraBum ero B ypasueHue (7.38) m npupoBHsSB K03 PUIMEHTHI MTpH
COS(@(I )) u Slﬁ(@(t)) HONYYHM CUCTEMY

&+ E§+(E, -0, - 208% — (&+ 0F, + Eyky)x, =0
&+ EX+ (E2 -’ )vz +20& + (&+ 0 E, + Eky)x, = —E,

do®

dt

(7.39)

rie W=
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DTa cuctema SBJSETCS ypaBHEHHUSAMH, OMUCHIBAIOLIMMHU OTUOAIOLIYIO
npouecca. Ee penieHrie MOXXHO MOJMYYUTh JHOOBIM YKMCIEHHBIM METOIOM.
Hanpumep, metonom XemMMuHra.

OnHako, 4TOOBI MONYYUTH TMOJHOE pelleHne CHCTEMBbl, He0OX0IUMO
oTpeNeJINTh HavdanbHble ycioBHA. CIOKHOCTh 3aKJIIOYaeTCs B TOM, 4TO
HYJIEBBIM Ha4yaJIbHBIM YCJIOBHEM WCXOAHOTO ypaBHEHHs B 00IeM ciydae
HE COOTBETCTBYIOT HYJIEBbIE ke yclOBUsl cucTeMbl (7.39). DT0 B AalbHel-
IeM TpU YHUCICHHOM pPeleHNH 3aa4d NMoTpedyeT CrenuasbHOTo aHau-
3a BHEIIHUX YCIIOBHIA.

7.8. PbIHOYHasi CTOMMOCTb NPOAYKUUM U ee cebecToMMOoCTb

[Tpexne 4eMm mepeiTH K OKOHYATENbHOM MHTEepIpeTaluy pe3yibTaToB,
KOTOpBIE MOXHO TOJIyYUTh C MOMOLIBbIO MpeiaraeMoii MareMaTuiecKon
MOJIeJIM, YMECTHO MOopaccyXIaTb O MeXaHU3Me MpeBpalleHus] CTOMMOCTH
pecypcoB B CTOMMOCTb TOTOBOM MPOIYKLUH.

B pesynbraTe nmpouecca npeo0pazoBaHUs PecypcoB B MPOLYKLMIO IPoO-
UCXOIUT M3MEHeHHe UX cToumocTu. CrenoBaTenbHO, MaTepHuajbHbli Oa-
JaHC HapyllaeTcs.

loToBas mpoayKLMs CTOMT OOPOXKE CyMMbl CTOUMOCTEM, ee COCTaBJIsIo-
mux. YToObl yuecTb 3Ty KOPEHHYIO 0COOEHHOCTb 3KOHOMUYECKOTO Mpo-
Hecca, HEOOXOAMMO CHeNaTh COOTBETCTBYIOLIME KOMMEHTApHU, a UMEHHO:
y4ecTb B YpaBHEHHH TO OOCTOSTENBCTBO, YTO B MpOLECCE MPEeBpaLIeHUs
’KMBOTO Tpy/a B MPOIUIBIH, €r0 CTOMMOCTh M3MEHSETCS B 3aBUCHMOCTH OT
TOr0, KakoBa MOTPEOHOCTb B JAAHHOM IpoaykTe Tpyna. s yuera cyObek-
TUBHOTO (haKTOpa YeJOBEUECKOW MEepeoleHKH CTOMMOCTb FOTOBOM MPOIyK-
uuu, koopauHaty X\7 )yMHOXUM Ha Ko3(PuiMreHT E)(t) BEJIMYMHY, KO-
TOpYI0 MbI OylneM Ha3biBaThb KO3(pPUUUEHTOM MpUOABOYHOI CTOUMOCTH.
H3MeHeHHe CTOMMOCTU OTHIOAb HE fBJSAETCA 0eCCOpPHBIM (QU3HYECKUM
¢akToM. OHO OTpakaeT CyOBbEKTHBHYIO, C MO3WIMK OOIIECTBa, MparMaTh-
YEeCKYIO OLIEHKY LIEHbI MPOIYKTOB TpyJAa. DTa OLEHKa He sBiseTcs (QyHIa-
MEHTAJIHBIM CBOWCTBOM MaTepHWH M MO3TOMY B pacueThl MapamMeTp BBO-
IUTCS TOJIBKO TIOCNIE aHAJM3a KOHKPETHOW PBHIHOYHOM CUTYyalunH.

Kos¢pduunent apnsercs onHoil u3 4yacTHBIX (OpM ydyeTa HOPMATHB-
HOTO KO3(dunreHTa caMoOKynaeMoCTH , C KOTOPBIM OH CBSI3aH paBeH-
CTBOM

&)= f(1+x) (7.40)

®dopmanbHO Takas mepeolieHKa B ypaBHeHHH (7.40) BBOIMTCS 3a CUET ABYX
MPE/CTAaBICHUH O LieHe Tpyla, PeaIM30BaHHOTO B CE0ECTOMMOCTH, M PHIHOY-
HOH 1leHe, KoTopas OyleT Ha3HaueHa MpU peau3aluy rOTOBON MPOMLYKLIUH.
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VCIIOBHO 3Ty MEPEeoLEeHKY MOXXHO NMPEACTaBUTh B BUIE OJOK-CXEMbI,
H300pakeHHON Ha pUCyHKe 7.7.

Pecypcebt
o CebecToumMocTh KOHBIOHKTYpa x(t)&_(t)
TTpou3BOACTBO i(t)
x(t) %()

Puc.7.7. Yuer pplHOYHON KOHBIOHKTYDbI

Jloxon — kamuTaj, HAaKOTJIEHHBIH B pe3yibTaTe (pyHKIMOHWPOBAHUS
NpeANnpusATUs, — ONpeaeNsieTcss UHTerpaioM

Ja :jF(t)df(t) _ ZJF(f)%[g(f)x(t)]dt, o

%(r) = &(e)x(r).

CebecToMMOCTb MPOAYKLINU paBHA BEJTUYMHE

= [F(0(0)= [FO) L 5(0pr -
7Z'(T)= ﬂ(T)—S(T) (7.43)
U 3¢ (PEeKTUBHOCTH

) [e)e( b
=9 ..

T d _ (7.44)
F(t)—x(t)dt
17050

[TpubblIb McmoONAb3yeTCA sl MOOLIPEHUsI MepcoHasa, paclIupeHus
MPOU3BOJACTBA, Ul OCYLIECTBJIEHUS] COLMATBbHBIX MPOrpaMM M AJs yrja-
Thl HaJOIOB.
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O603HauuM Beca COOTBETCTBYIOIIMX COCTABIISAIOLINX:

= Al (t )H(t )- J0J1s1 TPUOBIIH, 3aTpauyeHHas Ha MOOIIPEeHUe Tep-
coHala,

T, = Az t )11(#)- nons, zarpauennas Ha coumanbHOE CTpaxoBaHHUeE,

Ty = A3 1 )I1(#)- nona Bnokenus B pasBuTHE TIPOM3BOACTBA,

T, - 710JIA, 3aTpavyeHHas Ha MOKPBITHE HAJOTOB.

B nmanbHeitmem mpeamnosiaraeTcs, 4TO OHM OMpeNEJeHbl B pe3yybTare
crieMalbHBIX pacyeToB. bonee MoApPOOHO 3TH cocTaBisAOLIKAe OyayT HC-
clieoBaHbl HUKE.

OTMeTHM, OJHAKO, YTO BBEJIEHUE MHOKUTEIs &(t) HUKaKUX OTOJ-
HUTENbHBIX TPYAHOCTEH MPU MOJEIMPOBAHUM HE BBI3BIBAET.

7.9. Mogenb MHOronpoayktrtoBoro npegonpusaTus

Jnd onucaHusd MHOTONPOAYKTOBOTO IPEAIPHUATUSA BOCIOJIb3YyEMCS
MeToaoM Jlarpanxka.

YToObl MPUMEHHUTH 3TOT METOJ HEOOXOOUMO HAaWTH aHalOrd AN KH-
HETUYECKOW U MOTEeHUUAJbHON 3HEepruu (pU3UYecKoil CUCTEMBI, a TaKKe
MOCTPOUTh CUCTEMY OOOOIIEHHBIX CUJ, ONpPEAEAOMUX TUHAMUYECKHE
MIPOLIECCHI.

IIpensapuTenbHO OMpeAeNuM MPUHLUUIHAIBHOE OTIUYKAE MEXKIY MHO-
TONMPOAYKTOBOW W MOHONPOAYKTOBOM mpousBoasumeid cuctemoil. Hamom-
HUM, YTO B OJHONPOJYKTOBOM NPEANPUATHH B KaUeCTBE €JUHCTBEHHOM
00001IeHHOW KOOpAWHATHI OBIJIO TOCTATOYHO paccMaTphBaTh KOJMYECTBO
BBIIIYLIEHHON Npoaykuuu. s onucaHus COCTOSHUSA MHOIONPOAYKTOBOM
CHCTEMBI HeNb3sl OTPaHUUYUTBCS ONHON oOmmeil koopauHaToil. Uncno 0006-
LIEHHBIX KOOPAUHAT, XapaKTePU3yIOIUX yCIeX AEATEIBHOCTU Mpeanpus-
THS, €CTECTBEHHO BbIOpaTh PaBHBIM UYUCIYy TUIOB MPOAYKLHHU, MPOU3BO-
JUMOi mpeanpusaTueM. OTO YCIOBUE O3HAYAET, UYTO KAKAOMY THILYy IPO-
MA3BOJMMOM MPOAYKLMU COOTBETCTBYET CBOW 3aMKHYTBIW LMK, aHAJIOTWY-
HBIl LUKy MOHOIPOAYKTOBOTO MpousBoiactsa. Ho npu 3TOoM mnpenmnosna-
raercsi, YTO CMEXHble KOHTYpPbl CHCTEMBI coJepxkar oOliie BETBU.

ITycTh KoMM4ecTBO 000OLIEHHBIX KOOPAMHAT (YUCIO TUIOB MPOAYK-
uuu paBHO n). O003HAYMM WX B BUAE COCTABJIAIOIINMX BeKTOpa X, Mpen-
CTAaBJIEHHOIO0 MaTpulei

T
X =Hxl,...,an ,

rAe KaxJas COCTABIAIOLIAS COOTBETCTBYET OJHOMY W3 THIOB MPOM3-
BOJMMOM MPOAYKLUU.
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O600uIeHHbIE CUJIBI MPEACTaBUM BEKTOPOM

fle)= Ji (¢) T,i ell,..nf;jell..,J}, (7.45)

rJie MHICKC j- COOTBETCTBYET HOMEpPaM PEeCypCOB, UCIOJIb3YEMbIX st
MPOU3BOJCTBA MPOAYKIMHU -0 TuHa. Kak U B MOAEIN MOHOMPOIYKTOBO-
ro MpeANnpusTUS, CTOMMOCTb JIF000I COCTaBIAIOIIEH BEKTOpa pecypcoB
nprUMeM paBHOM ero Tekyiueil nene. Torga 3a aHalioruro 0600IEHHON
paboThl MpUMeEM KamuTall, paBHBIH MHTErpayy Mo BPEMEHU CKaJISIPHOIO
MPOM3BEICHUS BEKTOpa 00OOIIEHHBIX CHJI Ha BEKTOp MpHpaIIeHuss 0000-
[MIEHHbIX KOOPIWHAT

N) ¢
I = JF(t)Zdt.

[IpumeM Takxe, 4YTO MPOU3BOJACTBO KaXXJIOr0 W3 TUIIOB MPOIYKLIHUU
OCYIIECTBIIAETCS TEXHUUECKOW CUCTEMOM, KOTopas MpeICcTaBisieTcsi B BUJIE
OJIHOTO KOHTYypa Tepefarolieil ceTu, CoCTosLIel U3 psaaa B3auMOCBs3aH-
HBIX KOHTYPOB, K&XIbI! M3 KOTOPBIX MOXET UMETh HE3aBUCUMBIN BXOJ U
BBIXOJl, COJEPIKUT MPOU3BOJCTBEHHbIE O0BEKThHI, XapaKTepU3yeMbie €ro
0COOEHHOCTBIO C HEKOTOPBIM 3aras/ibiIBaHuEM NpeoOpa3oBhIBATh pecyp-
Cbl B TOTOBYIO MPOJIYKIMIO, BBIJABaTh MPOAYKIHIO B OKPYKAIOLIYIO Cpemy
WM HAKaIUIMBAaTh B 3allacHUKAX 3ajell B BHUAE MOJypadpHKaTOB, Mpeod-
pa3zyembIX B MPOOYKIHUIO, U paccMaTpuBaTh HEKOTOPOE KOJWYECTBO pe-
CYpPCOB B pe3yjbTaTe IHTPONHMWHBIX MPOLECCOB.

Kak yTBepkaanoch Bbillle, AJsi MOCTPOCHUSI MaTeMaTUYECKON MoJenu
BOCIOJIb3yeMcsi MeToJIoM JlarpaHxa, NpUMEHsIeMbIM JUIS MOCTPOCHUS An-
(epeHIMaNbHBIX YpaBHEHUI BTOPOTO POJA.

UYto6bl 3TO OBLIO BO3MOKHO, HEOOXOIUMO OMpPEAENUTh:

- 00001LIeHHbIE KOOPAMHATHI;

- 000011IEHHBIE CHUIIBI;

WHEPLUOHHBIE YJIEHBI;

3JIEMEHTHI, TI€ MPOUCXOAUT ANCCHUIMALUS PECYPCOB;

3JIEMEHTBI, BBIAIOLINE TPOIYKTHI;

3JIEMEHTHI, HAKOTUISIONINE Pecypchl BHYTPH MPOU3BOJSIIEH CHCTEMBI.

B kadyecTBe 0000IIEHHBIX KOOPAMHAT, KaK W MPU PACCMOTPEHUU OJ-
HOTIPOYKTOBOW CHCTEMBI, BEIOEPEM CTOMMOCTH TEKYMIMX OOBEMOB IpPO-
u3BoaUMOM mponaykuuu. O6oOuaeMbIMU CHJIaMU B T€XHUKO-3KOHOMMU-
4eCKOW cucTeMe, Kak U B TEXHOJOTHYECKOM, OyJeM CUMUTATh TEKYIIyIO
LIeHy BBOJIMMBIX pecypcoB. 3a Mepy WHEpLHH, XapaKTepusyrollei mnpo-
M3BOJCTBEHHbIN NPOIlECC B MOJEU, NIpUMEM 3amna3[blBaHUe peakluu
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npennpuATHs Ha U3MEHeHHe BBOAMMBIX pecypcoB. B nmanbHeiimem ona
o6osHauens 77 .

[IpousBoacTBeHHBII Mpoliecc M3rOTOBJIEHUS KaXAOro TUMa W3IeNuit
COMPOBOXJAeTCs Bblaueli roTOBOW MpOAyKUUW. B ypaBHEHMSX KoJIude-
CTBO BbIJIaBaeMON TOTOBOM MPOIYKLUHMU MPUHUMAETCA MPOTOPLHOHATb-
HOW CKOpPOCTH TEXHOJOTHYECKOr0 IMKJIa OOpalleHUs LEeHbl PEeCypcoB B
CTOUMOCTb TPOIYKLHUH gxg 1 K03 QUUMEHTY NPOU3BOANTENBHOCTH ;.
B npouecce nepepaGoTku pecypcoB OHU YAaCTUYHO, B BUJIE 3aJ€JI0B, OTXO-
I0B M Opaka HaKalnMBalOTCA B 3amacHUKax paboumnx mect. Koaddumm-
€HT XapaKTePU3YIOLIH CIOCOOHOCTh CUCTEMbl HaKaIIMBaTh 3ajen, 000-
3Ha4aeTcs /y;;, a NMCCHMALMIO PeCyPCOB BO BHYTPeHHelt cpene Oynem cuu-
TaTb MPONOPLHUOHAIBHOW MHUMBIM KO3(¢duiieHTaM 0ij 1y -

Bo Bcex 0003HauYeHUSX MapamMeTpoB 3JIEMEHTOB MHAEKCHl 03HAYAIOT:

i — HoMepa 000O0IIEHHBIX KOOPAMHAT, B3aUMHOE BIMAHME KOTOPBIX OII-
penenseTcs COOTBETCTBYIOLIMMU BJIEeMEHTaMM;

Xj — TeKymas ueHa 3aleNa B j-M 3allaCHUKE, COOTBETCTBYIOLIEM j-if
KOOpIUHATE.

[To aHanmoruu ¢ (GU3NYECKUMU CUCTEMaMU BhIpakeHHe AJSA ompene-
JeHUsl YABOCHHOTO 3HAYeHHsS dHEPTHH JABVWKEHHA (B HAlleM cliydyae —
CTOMMOCTH PECYpCOB HaxXOIALIMXCA B mpolecce 06padoTKH) 3amuiieM
B BHIE

Z m (&, & = , & = —, (7.46)

Lp€§£

raeX;» X, — 0600LIeHHblE KOOPAUHATBI.

31ech Hy)KIaeTcs B MOsICHEHUH 0003HayeHue m,-p (f) B anekrpome-
XaHUYECKHUX CHUCTeMax TakuM o0pa3oM 0003HauyaroTCs B3aMMHas MHIYK-
LU M B3aMMHasg Macca — JJIEMEHTHl TUIA PealbHOrO pblyara Wid TpaHC-
¢opmaTopa. B TeXHMKO-3KOHOMHUYECKHUX CHCTEMaxX aHaJIOTOM TaKOro 3Jie-
MEHTa fABJIAeTCA B3aMMHasg KOPpeNsLUs WHEPLUHMU MOApa3AeeHul, Tpou3-
BOJALIMX [Ba TUIA NpoAykuuu. B cnydae, xorna p = U, Boipaxenus
A4 N1; MONy4arT BUI

m0i(t) =m; (f) a Mo, 80& = m;
KBanparuunas ¢opma Q7 ompenesnsieT OLEHKY HHTErpajbHOM CTOMMO-

CTH Bcelt Macchl 0Ty (habpHKaTOB U PecypcoB, HAXOAMBIINXCS B MpoIlecce
00pabOTKM B MOMEHT BpeMEHH .
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AHanorom noTeHUUAIbLHOMI OHEPIrun WUJIKU SHEPTHUU MOJOXKECHUA ABJIA-
€TCA BbIpaXK€HUE

2U =) k,, (x,- —x, )2 (7.47)
p

rue
ielil, pel{lfUp=0), x, =0,
ki (8) = ky; (2) + ik, (1)
MOMHOCTE NOTOKA MPOM3BOAMMON IPOLYKIMA IPEICTABEM B BHIE
_ 2
p
rae

ielil, pellifY(p=0), %=0,
g:(1) = g, (1) +igy, (D).

Pacnonaras kBagpaTUuHbIMU (popmaMu 2T,2G,2U1/1 00001LIEHHBI-
MU CHJIaMH, 3allMCaHHbIMU B BUJE f ), noactaBuM uX B omepaTop

d(er)_or oG au
- fz( ) (7.50)
d\o& ) ox,  o&  ox,

1

(7.48)

rae Vie {i } U 3anuieM ypaBHeHue Jlarpan:ka BTOpOro poiia B BUIE

m&_zglp(& x%)-l_zkzp(x xp):f;'(t)' (7.51)

B atux ypaBHeHm{x

i =81 (D) +igy (1), k; =k (¢)+iky(2). (7.52)

Takux ypaBHEHHMII BTOPOTO MOpsAAKa C KOMIUIEKCHBIMHM KO3(hULHEH-
TaMH MOJIyYUM 7 , TIOE 7 — YUCIO 0OOOLIEHHBIX KOOPAMHAT CUCTEMBI.

IIpexne 4eM MHTErpUpoBaTh TaKyld I'POMO3JAKYIO CHUCTEMY ypaBHEHUIA,
UMEET CMBIC]I COCTaBUTh CYXIECHHE O €€ yCTOWYMBOCTH.

361



Jlnsa aHanu3a yCTOMYMBOCTH CHCTEMbI, ONUCaHHON ypaBHeHUsMHu (7.51),
paccMOTpUM HMX OJHOPOAHYIO 4acTb. OOliee pelieHHe OIHOPOJHOM YacTH
3TUX YpaBHEHMI MpPEJICTaBUM B BHIE

. —iw;t
x; =(x; +ixy)e (7.53)

[ToacTaBUB 3TH pelIeHHs B OJHOPOJHYI CUCTEMY ypaBHEHMI

m&Zgip(&_)gﬁ)"'zkip(xi —-x,)=0,

i=1..n,

npupoBHAEeM Ko3(duLeHTsl npu e_ia’l[, a 3aTeM pa3lesuB MX MHU-
Mbl€ M BEIIECTBEHHbIE YAcCTH, NMOJYYUM 77 YPaBHEHHH BTOPOro Hopsika
C NelcTBUTENbHBIMU KO3 (PULEeHTaMU.
BBens 2n DOMOJHWTENBHBIX TIEPEMEHHBIX, TIPUBEIEM 3Ty CHCTEMY K
YeThIPEM /1 ypaBHEHHAM IIEPBOTO MOpsAKa BUAA

d.
:;; =Py (t)xsl +..+ P, (t)xsv, (7.54)

s=1,..4n=v

7.10. YcTOMYMBOCTb MaTeMaTU4YeCKOMU MoZenu,
onucbiBaloLWen NPOoU3BOACTBEHHbLIW Npouecc

CornacHo Teopuu A.JIsmyHOBa ompejeeHNe YCTONYMBOCTH ypaBHE-
Huit (7.54) ¢ mepeMeHHBIMU KO3 DUIIMEHTAaMU CBOJIUTCS K BOMPOCY O BHI-
YHMCJICHUU 3HAaKa HaMMEHbLIEr0 XapaKTepUCTHUECKOTO YKcia Kako-mubo
U3 TMOJIHBIX CHUCTEM €€ HEe3aBUCHMBIX YaCTHBIX PEIICHHM.

Jlnst uccnenoBaHKs YCTOMYMBOCTA MOKHO BOCMOJIb30BAaThCs TEOPEMOM
YeraeBa [7.3].

Teopema. Eciu B cucteMe JTMHEHHBIX ypaBHEHUI KOI((ULMEHTHI CTpe-
MSATCS K ONpeJeNeHHbIM npejenaM Cg,. NpPU HEOTPaHWYEHHOM yBeJnde-
HUU {, TO €¢ HEeJIMHEeWHOe XapaKTePUCTUISCKOE YUCIIO COBMATAeT C HaW-
MEHBIINM XapaKTePUCTUUYCCKUM YUCIIOM TpENeTbHONW CUCTEMBI ypaBHE-
Huii (7.54).
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B nanbpHeiimeM OyaeM HCMOJb30BaH MPUEM aHANIM3a MPEATOKEHHBIN
H.I''YeraeBbiM [7.3], MO3BOJAOLMUI NPUMEHUTH 3Ty TEOpeMy HAJs Mpak-
TUYECKUX PELICHUMA.

CyTp MeTOZa 3aKI0YaeTCs B clemyromeM. I KaXIoro 3Ha4eHus He-
3aBUCUMOM MEPEMEHHON { ypaBHEHUSA

At)=|p,, -3,

onpenensoT \ KopHed q,-.., , U3MEHAIIINECS ¢ U3MEHEHUEM
BPEMEHU.

Ecnw mna | 2> f(He CyHmeCTBYET LENbIX HEOTPULATENbHBIX YUCEN
M,...,M,,, paBHbIX B CyMME 2, U I KOTOPBIX BBITIOJNHAETCS YCIOBHE

=0 (7.55)

mA, +...+m\, (7.56)
TO IJIA TaKUX 3HAYEHUH 6yHeT CYHWIECTBOBAThL KBaApaTUYIHAA (bOpMa
V=Ya,xx,, (a, =a,), (7.57)

C OrpaHNYCHHBIMH KO3 duLreHTaMn g, , 3aBUCSIUUMH OT /, YIOBIET-
BOpAOLIAsl YPaBHEHUsIM C YaCTHBIMHM NMPOU3BOJHBIMU MEPBOrO MOpsaKa

av ) )
Z—(pslxl +...+pspxp):x1 +ot X, (7.58)
5 dxg

rue t- mapaMmerp.

®dopma V OyneT OTpUIIATENBHOM, eCli BeIeCTBEHHBIe YacT BCeX KOpHei
OTpHLATENbHBI. ECIH XKe I HEKOTOPbIX 3HAYECHHii NEpeMEHHbIX X OHa Oy-
AET MOJIOKUTENbHA, TO CPE KOPHEH X CyLIeCTBYeT XOTs Obl OMMH C MOJIO-
JKUTEJIbHOW BEIECTBEHHON YacTbIO M, CJEIOBATENbHO, CUCTEMA HEYCTOWYMBA.

U3 ypaHenus (7.58) cnemyet

LA S S
a1 Y o (7:39)

I'naBHbBIe AUaroHajlbHbIE MUHOPBI JUCKPUMUHAHTA 3TOM CUCTEMBI UME-
0T BU]

& +1 . . &
" . .o . (7.60)
& .. & +1
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rae (85 = dars
pil s df

[ycts ansa Beex [ 2> 1, mpousBonHbIe &S OrpaHUYEHbI, a BCE Dr He
MEHbLIE HEKOTOPOTO IMOJIOKUTEJIBHOrO YKCcia, TOrJa eciiy MPOU3BOAHASA
p& no kpureputo CuiibBecTpa OylneT onpeaeTHHO-MON0KUTENbHON KBa-
patnuHoli Gopmoil mepemenHbIX  X,..., X, , U TIpU yCJIOBUH, 4TO | sB-
JqseTcs  ONpeJIEeHHO-OTpPULATENbHON  KBaapaTUdHO#  ¢dopmoii,
HEBO3MYILEHHOE IBIKeHHE ycTolunBo. Ecnu mpu 3TomM dopma |/ nomyc-
KaeT 0ECKOHEYHO MaJblii BBICIIMIM Tpenie, TO yCTOWUYNBOCTh HEBO3MYIIIEH-
HOTO ABWKEHHsS acMMNTOTHYHa. Ecnm ke gopma momyckaeT OeCKOHEYHO
MaJblii BHICHIMN TIpesell, HO MOXKeT MPUHUMATh TMOJIOKHUTEIbHbIE 3HAYe-
HUsI, TO HEBO3MYILIEHHOE ABMXEHHE HEYCTONUYMBO.

Jlns mnmrocTpauiy paccMOTPUM YpaBHEHUE OJHOMPOIYKTOBOTIO Mpes-
npusatus (7.37). (Ananu3 npumepa BoinonHed T.HM.I1eliko).

O6wasa ¢opMa ypaBHEHUS UMeEET BUJ

&+ E, (1)t E, ()1 +iky Jo = 71(¢).

Ero OJHOpOAHAsA 4acThb IMOCJE MOACTAHOBKU PEUICHUSA B BUAC

9(t) = (x,(¢) + ix, () Cos(@(¢)) + iSin(O()

&=x;, &=x,

NPpUHUMAET BUA:

&= x3;

& =xy;

& = —E\x; — Mx, + Kx, + Nx,; (7.61)
& =—FE\x, — Mx, — Kx; — Nx,.

rae

N = &+ oE, + E,ky; M = E, —0*;K = 20.
Jns Kaxaoro 3HayeHMsl HE3aBUCUMOW X XapaKTEpUCTUYECKOE ypaB-
HCHHUC

364

- 0 1 0
0 - 0 1
Alr)= =0.
-M N -E-\ K
-N -M -K —E -\
OHo sBiseTcs (yHKUMel BpeMeHU. [Tocie pacKpbiTHSA ONMpeAeNuTeNs O
MOJIyYUM ypaBHEHHE

a\t +a; X +a, N +ah+a, =0, (7.62)
rac

a,=lia, =2E;;a, = E} + K* +2M;

a, = 2(NK + ME, y;a, = M* + N*.

J1s Kaxa0ro MOMeHTa BpeMeHu ¢ gopma |/ cornacHo kpurteputo ['yp-
BHLA OyJeT OTpHLaTeIbHa, €CJIU BBIMOJIHAIOTCS HEPAaBEHCTBA

Dy =a >0;
a, a
1 4o

D, = > 0;
a;

a a 0

Dy=la; a, a|>0. (7.63)

0 a, a

Ot HEPABCHCTBA IMMOCJIC OTKPBLITUA ONPCACTUTEIIA MOJyHard BUI

D, = a, =2(NK + ME,) > 0;

D, = a,a, — aga, = 2(NK + ME,\E? + K* +2M )

(M2 + N2pE, > 0;

D, =aja,a,4 —alza4 —a0a32 =

= 2(NK + ME,)E? + K* + 2M RE, - (7.64)
— 4(NK - ME,) +(M* + N2)4E,2 > 0.
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KBanparuunsie ¢popmsl J/ u L&:sanumyTCﬂ B BUIE: VuuteiBas Bua dhopmyisl (7.66), Haiimem Te 3HaueHus [N, KOTOpbie
o0ecne4yuBaOT MOJ0XKUTENILHOCTb ONpenenuTeneil Di ,i1=1,2,3.

1.NK + ME > 0;
dav
1&:7 = X%, + 2,7, +33(= Eyxy — M, + K, + Nx, ) — 2.~ EN* + K(E* + K>+ 2M )N + ME(E® + K> + M )> 0
(Et Mty + K, 4 1,) 3. (K2 + B2 N? + KE(E? + K>V + ME*(E* + K)> 0.
T XXy M R+ ) M3 nepBoro HepaBeHCTBA CJIELYET

2, .2, 2, 2.
2V =x; +x5 + x5 +x5;

B ToMm ciydae, korna TpeOyeTcs ompeneadTb MpeaesbHble 3HAUCHUS ME
oObema BbIITycKaeMOil MPOAYKLUH, TP KOTOPBIX cHCTeEMa TepseT ycToil- N(l)
YUBOCTb, ISl COOTBETCTBYIOIEr0 MOMEHTA BPEMEHU IpaHULA YCTONHYU-

BOCTU MOXET OBITh onpenacsicHa U3 ypaBHEHUU 0603HaYHM KOB(I)(bI/IIH/IeHTBI HepaBEeHCTBA 2.

Dy =00, =0,0; =0, (7.69) E =0y K(E? + K? +2M )= b,; ME(E® + K> + M )=,

peIIeHHBIX I BceX MOMeHTOB BpeMeHHn () < f < T, rlet — Bpems
(YHKIMOHUPOBAHUS WCCIeNyeMOol CHCTeMBl. B wacTHOCTH, NpH Bcex 3a-
JaHHBIX TapaMeTpax 3ajadya CBOAUTCS K PENIeHHI0 YpaBHEHHI OTHOCH- _ &2]\]2 + éZN + 22 =0. (7.67)
TEJBbHO MapameTpa kOB (yHKIIMM BpeMeHH f. DTO peleHue yIo0HO To-
JTy4uTh, MPUAABAS MapaMeTpy pa3indHble 3HAYCHHUS.

Onpenenum obgacTb JOMYCTUMBIX 3HaueHUH Kod(uUueHTa AUCCU- g
nauuu kO pealn3yluX yCTOHUNBOE pELIeHHE. - 2. +4 2€>

OTKygna cliefyeT, 4YTO BbIpaKeHHE

Hanuiem ypaBHeHHe rpaHHLbl yCTOHYMBOCTH D2 =0 » Bune

Torpa nmeem

D, =a, = 2(NK + ME) > 0;

D, = aya, — aya; = 2(NK + ME)E? + K + 20 )—
2N > 0 L NP LA ND L s
Dy = ayayay — ala, — agal = 4(NK + ME)E? + K* +2M )E -

TOJBKO TPH
~4(NK + MEY —4(M? + N*)E? > 0;

2 2
ag=M>+N? >0 N1()<N<N§).
M=E, -0 W3 tpeThero HepaBeHCTBA, Tak Kak K 2 + E2 > ()4 B HyJb HE obpa-
=E*+K*+2M; L1AeTCs, UMEEM:
K =20>0;
o —~ N?+KEN + ME* >0
o ’ O603Ha4uB
:(;&+(1)51(0+E2k0; (7.66) 2’ é 2 ,
G , =16, =KE;¢; = ME~,
E=E >0

. MOJyYUM TPaHULy B BUIE
Ky=—(N & Eo)
E,

— AN+ BN +& =0 (7.68)
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TOoraa

NO T~ gs ty 332\ + 42323
)

BhIpakeHne — 2]3N2 + é3N + 2'3 > (0 npu N](3) <N < Nf)
Takum oOpaszom, i TOro, 4ToObl OJHOBPEMEHHO Dl R Dz, D3 ObuTN
OoJpIe HyJsA, HEOOXOIUMO, UTOOBI

ME .
max) = - NONOLN <minNO NP} 560
[Mposenem, ananu3 kopHell ypaBHeHuit (7.67) um (7.68). Ecnm
2> 4 o xopuu N2~ jeiic e e. Ec
2 2Cys T kopHu [V} JIEeACTBUTEIbHBIE. au

3 > -4 3C3> TO KOpHH N 1; , JedcTBUTENbHBIE. PaccMoTpuM mepBbIit
M3 IBYX JAUCKPUMUHAHTOB

2
KAE>+ K> +2M) >-4(E> + K> + M)ME?, (.70
noacrasiisis 3HaueHus K, £, M, nonyuum
2( -2 % 2 2Y -2 2
0 (E? +2E, +20°) > -E}(E, - 0* JE + E, +307).

Ecmn E2 > (D, TO HEPABEHCTBO BBIMOJIHAETCS BCEraa, T.K. CleBa —
MTOJIOKUTENbHAS BeJWYHHA.

2 .
Ecnu xe E ) <@ ~, To 114 TOro, YToObl KOPHU OBLIN AEHCTBUTENb-
HBIMH, JOJIKHO BBIMIOJHATHCS HEPaBEHCTBO:

0 (E2 +2E, + 20 ) > EX(0? - B, \E2 + E, + 302). .71

PaccMoTpuM BTOpOM AMCKPUMHUHAHT K2E2 > —4ME2. Ecnu
E= El = (), MBI UMeeM KpaTHbIe KOpPHU ]\713 = N§3) Ecm F #0,
TO K2 > —4 /[ » NOACTaBIsIs K n M, uveem:

0>-0°-E, +o°

Otkyna cienyer

E,>0

Hrak npu E2 > (0 xopuu ypaBHennus (7.68) HelicTBUTENbHbIE.
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7.11. YueT 6paka n oTXogoB NpoM3BOACTBA

B nmpenpiaymux pasgenax Mbl Mpeanonaraii, YTO SHTPOIUs BbI3bIBAET
POCT 3aTpaT Ha aMOPTU3ALHUIO M HE YYUTHIBAIN TOTO, YTO POCT SHTPOIHHU
MPOMCXOIUT M 332 c4eT Opaka M oOpa3oBaHWs OTXO10B. B mpuHmmne Bce 31
M3MEHEHUS B TEXHOJIOTHYECKOM TIPOLIecCe CBOIATCS K 3aMEIUICHHIO TeMIa
BBIZIAYM TOAHOM MPOIYKUMM M TIOBBIMIEHHIO €€ CTOMMOCTH, a OpaKk M OTXOpbI,
BBIBE/ICHHbIE B Cpelly, yBEJMUHMBAIOT POCT SHTporuy. st ydera BIUSHUA 3a-
MeJlJIeHUs TeXHOIOINYEeCKOro mpouecca nepenuiieM ypasHenue (7.16) B Bune

m& g, (1+ig, )&t k(1 +iky)x = Aysinwyt.  (7.72)

B ypaBHenun (7.72) BBeneHHE WieHA igongTpamaeT (akT U3MEeHEeHUS
CKOpPOCTH pOCTa SHTPOIMUM MPOIYKLHMH C YYETOM 3TOTO OOCTOATENbCTBA.

Beenem o0603HaueHus, aHaloruyHble o6o3HaueHusM (7.20) U momos-
HUTEJIbHBIC

=1, [y=gy ko =1, ky=k,.
[Mepenumem ypaBHenue (7.70) B Buze

&+ (a +ib)&+ (c +id)p = E, sino,t,

rae MpUHATBL 0003HauYeHMS
El,=a; Ely=0b; E)k, =c; Eyky=d.

IIpeacTaBuM OQHOPONHYIO YacTh ypaBHEHHs MOCJE MOICTAaHOBKH
X=X + IX, B BUIE CHCTEMbI

& =x;,

ng =Xy

& =—cx, +dx, —ax; + bx,, (7.73)
& =—dx, —cx, — bx; —ax,.

OmnpenenuTens 3TO CUCTEMBI aHaJloTHUeH ompeaenurento (7.24). Pas-
BEpPHYB €ro W MPHUPABHAB €T0 K HyJo (mo aHajoruu ¢ (7.26)) momxydnm

A=[Ma+1)+cf +(Ab+d)
M +Mapib)+(cpid)=0.
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CoOcTBEHHBIE YHCTIa

- PN 12
: axt .
Ay =—(apib)x 5 —(cxid)| . (7.74)
YIII/ITLIBaﬂ 0603HaquI/Iﬂ Hpe)ICTaBI/IM B BUIC
_ 12
E(, +il,) |(E(oxil)Y’ ,
Mg=—— 5 B+ ( 1 0.2 : _Ez(kai’kﬁ) s (175)

4TO IpHU ZB = 0, la =1 COOTBETCTBYET ycioBusM (7.29).

OTMeTHM, YTO B OTJiM4yue oT ypaBHeHus (7.17) y ypaBHenus (7.30)
4eTblpe KOMIUIEKCHBIX KOpHs. Kaxnas mapa compsKeHHbIX KOpHEil oTiu-
4aeTcs OT APYroil He TONbKO AEHCTBUTENbHBIMU YacTSIMH, HO U MHUMBI-
Mmu. CleoBaTesIbHO, ¥ CUCTEMEBI, ONMMChiBaeMoit ypaBHeHHsaMHA (7.30), BO3-
MOJKHO Ha0J0AaTh ABa PE30HAHCA, COOTBETCTBYIOLIHE NBYM MHUMBIM
yacTsIM KopHeil 1-4, Toraa xak y cuctem, rie igo paBHO HyJ IO HabmrOMa-
€TCSl Pe30HAHC C CWJIO, YacToTa KOTOPOW paBHA MHUMOIl 4acTH Bcex 4e-
ThIpEX KOpPHEM.

Ilycts

[LE, =a+0.
I'pannna ycTOWYMBOCTM NOCTHraeTcsi KOrja B CI€ACTBUE PaBEHCTBA
HYJIIO BEIIeCTBEHHON 4YacTu KopHeil pemeHue (7.74) nenaeTcss MHUMBIM.

Uto6bl HAWTH MX 3HAYEHHs 3alULIEM pelleHWs B BuIe 4 — jp, Tae
7 € R — neiictButensHoe uncino. Toraa (7.74) npumer BUA

N R 1/2
ir+@=i a_Trzb —(cxid)| . (7.76)

Bo3Bens B KBaapar, nojay4yum

P —ira+rb=c+id. (7.77)
OTHeJ‘[HB BeHIeCTBeHHyIO n MHI/IMyIO 4acTu, HOJ'[y"II/IM

—ra=+d; r*+rb—-c=0, (7.78)
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OTKyJa

- Md (7.79)

o= —% + %(b2 + 40)1/2. (7.80)

(Tax xak mo ycnosuro 0 < (7).
PesynbTar (7.78) coBmajaer ¢ pe3ylnbTaTOM, IMOJYYE€HHBIM B pa3jelie

7.6 npu lﬂ =Y, [, =
Bropoe ycnoeue — (7.80) mpwu BeimonHeHuu (7.79) Oombine HyIs, Tak

“ligl 4

3 3TOTO YCIIOBHUS CIeQyeT, YTO 3HAaK (-) MOXKHO OIYCTUTb, €CIH

a=El >0, c=Ek>0, (7.81)

YTO OroBapuBajioCb Ipu COCTABJICHUU MOOCIIN. Ho torpa

niun
d* —a*c+abd =0, (7.82)
OTKyJlla MpHU Mepexoje K HayalbHbIM 0003HAYEHHUSAM MOJYyYUM
2 _ 2
Ek} = E? (kol, —kyly). (7.83)

[IpencraBnsger UHTEpeC MpoBepKa BIUSHUS COOTBETCTBYIOLIEH l'g()xg
Ha YCTOHYMBOCTH HECTALMOHAPHOW cHCTEeMBI, omucbiBaeMoii (7.70), korma
ero Ko3()(pUIMEHTHI SIBISIOTCS HENMPEPbIBHBIMA (DYHKUMSIMU BpeMEHH f .

s ompeneneHust yCTOHYMBOCTU MOCTYMUM IO AHAJIOTUHU C aHAIU30M
ypaBHeHus (7.61). Pemenne 3Toro ypaBHEHUS WIIEM B BUJE

¢ =xe® =x(r)+ix(r), ©=0(r)

[NoxgcTaBuM B OMHOPOIHYIO YacTh ypaBHeHUs (7.61)
&= (J&+ x(_&)e® ,
R e 2.8+ xt x &
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nu Hepeﬂl/lﬂleM €ro 1mocJje prHHMpOBaHl/l}I YJICHOB B BUIC
(e + i) + [(2(&+ E, ) +iE, g, ]()&+ &)+
+ [(@4 & + E,&+ E2)+ i(E] 2.&+ E Kk, )kx] +ix,)=0.

IIpunumas &: X3, ng = X4 u pa3/ienuB BEIIECTBEHHbIE W MHH-
MbI€ YaCTH IOJyYMM BEIIECTBEHHYIO 4acTb

Xy = —(&i— (‘351 + E1C&+ E, )xl + (El gOC&+ E,k, )— (2(&+ E, )x1 + Egyx,
A MHUMYIO
x, = —(E,go@+ Eoko Jx, — (84 & + EG E, )x, — E,gox, — 28+ E, ),
Ofo3HaYNM

— 0),

M:(c&+ (02)+ Eo+E,,
N=E g,0+E,k,,
E=20+E, =E,
K=Eg.

3anuiieM CUCTEMY B BHUIE

& =x;,
& =x,,
& =—Mx, + Nx, — Ex; + Kx,,
& =—Nx, — Mx, — Kx; — Ex,.

XapakTepucTUdecKoe ypaBHEHUE ATOI CHUCTEMBbI aHAJIOTUYHO YpaBHE-
Huto (7.62). He moBTOpss mpeoOpa3zoBaHuit ypaBHeHus(7.62), 3anumemM
YCIIOBUSL YCTOWIUBOCTH B BHIE

2
KB+ K> +2M) > —4(E> + K> + M)ME?, (789
coBmagatomuM ¢ (7.70).
HHTepecHO uccienoBaTh BIMAHUSA 4ieHa lgoxg Ha TMOBEICHUE CHUCTE-
MbL. J[s 3TOoTO_ CcomocTaBuM yciioBusa yetoitumBocTa (7.29) u(7.83). OTme-
THM, 4to Tpu Ly = 1, lg = U, Ly > U ycnosue (7.83) monyuur Bum
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Eyk,=0<E k,,

4TO coBManaeT ¢ ycnoBueM (7.29).

Hanee, u3 (7.82) cnenyer — npu ZB > 0, la = 1, El > () nesas cro-
poHa o6nacTH HepaBeHCTBa cMellaeTcs BhpaBo. CrenoBaTellbHO, Halu-
une B ypaBHeHuu (7.70) I g 0)86 yYXyZAIIaeT YCTONYUBOCTD.

Takum o6pazom, ecnu Npu MOAETMPOBAHMU MPOU3BOACTBEHHOIO MpPO-
liecca MCToNb30BaTh ypaBHeHUe (7.72), TO ¢ MOMOLIBIO YNleHa [ gox% MOX-
HO MOJENMpOBaTh M3MEHEHHs, TPOUCXONAIINE BO BHEINHEW cpele uccie-
IQyemoro o0bekTa 3a cueT Opaka u oTxonoB. ClieoBaTeNbHO, BBEJEHNE B
ypaBHeHHe KoJeOaTeNIbHOr0 KOHTYpa IBYX MHUMBIX 4JIEHOB ikoxo u
igox% MO3BOJISIET pa3/ielIbHO paccMaTpUBaTh Ba KaHalla pocTa dHTPO-
nuu:

- OIMH 3a CYeT HEMPOM3BOAMTENBHBIX MOTEPb PECYpPCcOB. ITO MOAENHU-
pyetcs unerom g8,

- Jpyroif 3a cyeT CTapeHUs M aMOPTU3ALUU OCHOBHOTO 06OpydOBa-
HUS, MOJETUPYeMblii dieHom 1Ky X |

7.12. NMpumeHeHne auddepeHunanbLHOro ypaBHeHUA
C OAHUM KOMMJIEKCHbIM KO3dhPULMEHTOM AN aHanusa
OAHOMPOAYKTOBOrO NpeanpuaATUs (YMCcneHHble pelleHusl)

ITpennoxeHHass MaremaTndeckas MoJeb Oblila MPOBEPEHA Ha alleKBaT-
HOCTb. YHMCIIEHHBbIE DKCIIEPUMEHTHI BBIMIOJIHEHBI C LEJIbIO MPOBEPKH BO3MOXK-
HOCTH €€ WCIOJIb30BaHMs Ui OTOOpaKeHUs CIeAYIOIUX (PaKTOpOB:

. BausiHus Ha mepexofHble Mmpouecchl HeOOOCHOBAHHOIO MCKIIIOYEHUS
HayaJbHBIX YCJIOBUN MPU UHTErPUPOBAHUM ypaBHEHUN orubdaroliei.

2. BausHuS 3aKOHOB M3MEHEHUs YIJIOBOM 4acTOTHI BO3MYIIAKOLIMX CHIJI
Ha HECTallMOHapHBIE MPOLECCHI.

3. HHTerpanum HecTaUMOHAPHBIX PEXKUMOB.

Beinmn mpocunTaHbl MHOTHME BapuaHThl. OrpaHUYUMCS UX KaueCTBEH-
HbIM ONUCAHWUEM M HEKOTOPBIMHU WIIIOCTPALUIMH.

1. PacueTs! mepBoii rpynnsl OblIM MPOU3BEAEHBI MPU HAOOpax MOCTO-
STHHBIX KO3((ULMEHTOB, rapaHTUPYIOLINX BBINOJHEHNE YCIOBHS YCTOM-
41BOCTU. BO Bcex ciydasx nmpu JOCTAaTOYHOM 3amace yCTOMYMBOCTH Iepe-
XOJHbIE MPOLECCHl, BOZHUKAIOUIUE MPU HAYalbHBIX YCIOBUAX, XOPOLIO
0TOOpaxanu MpearoJoKeHUs!, OJO0KEHHbIE B OCHOBY MOJEIH.

Ha puc. 7.8 u3o0paxkeH TUNUYHBIA rpaduk peuieHus, NOTyYeHHbIH 1
CUCTEMBbl ONMHUCAaHHON ypaBHeHHeM (7.37), rae mpeamnoJyiaranoch, 4To Kpy-
roBasi 4acToTa 00OOIIEHHOH CUIbl U3MEHANACh [0 3aKOHY
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Puc. 7.8. Orubaroias nepexogHoro npoiecca Mnpu BO3JEHCTBUU rapMOHUYEC-
KOU (pyHKLMU NMEepeMEHHOM 4acTOTh

— 8 (r=p)
A =p
l+k,e ™
t:
W= L S — (p<t<n)
1+1i,e ™ 14K T+ke ™ ’

a rapaMeTpbl CUCTEMbl MOCTOSHHBI.
3HaueHUs napaMmeTpoB MpuBeneHbl B Tabia.7.1.
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Tabnuua 7.1

k, |E | E, | E, | x, | K, K, | Ky | K, | K |Kq | P

0,0258| 5 |206%|206%| 0,1 | 206 | 206 | 5 | 206 | 206 | 15 (4,2

2. UccnenoBaHue BIUSHUS TMapaMeTPOB HAa YCTONYMBOCTD.

Ha pucyHkax mpuBeAeHBI EPEXOIHbIE MPOIECCH], BHIIOJTHEHHBIE IS
cucteM, rmae kputepuu (7.64) ynoBIeTBOPSUIUCH (0003HAYECHO Di >0)n
HE yIOBIETBOPSIOT (Di < 0). MapameTpsl, xapakTepusyoune THHAMHU-
YecKylo CHCTeMy, NpuBeleHbl B Tabm.7.2.

Tabnuuna 7.2
Ne | E| E, E, a k, D, | Ne pucynka
1|20 206> 206> 206 | 0,0258 | >0 | Pucynok 7.9
2|15 2062 2062 206 | 0,0258 | <0 |Pucynok 7.10
3 5 206> 206> 206 | 0,05 <0 | Pucynok 7.11

Bo Bcex ciydasix ObIT MPUHAT 3aKOH M3MEHEHHs 4acTOThl CO BpeMeHeM
= Qf - Habmropancsa nmepexon yepe3 cocTosiHMe pe3oHaHca. Koag¢uiu-
€HT ( ]){ 0 obuT ipuHAT paBHEIM 0,0258, HO E | Pa3nMuaIich: B NEPBOM Cllydae
E paBHsiica 20, Bo BTopoM — 5. Kak BuaHO u3 puc. 7.9, 3mech Habmonaer-

I

Csl TUMUYHBIN TIEPEXO0]] uepe3 COCTOSIHUE Pe30HaHca, KOorjaa aMIUIuTyaa KoJie-
0aHuit 0000IIEeHHON KOOPAWHATHI TOCTUTAET 3HAUYeHUS 10 eauHMIL

Ha puc. 7.10 npuBenena orubaromasi, mocTpoeHHas s HEYCTOUM-
BOii cucTeMbl. Kak ¥ B MepBOM cilyvae, MpHU Mepexojie Yepe3 pe30HaHC Ha-

11.0
10,0

90 / \
8.0 / \

7.0 \
6.0 \
4.0 /
3.0 / f\
2,0 ! \
T = \

0,0

\AA
V
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-0,20 0,00 020 040 0.60 080 100 120 140 160 180 200

Puc. 7.9. Ilepexon uepe3 cocTosiHUE pe30HaHca MpHU VDz >0 (cuctema
yCcTOWYMBa
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OJronaeTcs MOBBbILICHUE W 3aTeM CMal aMIUTUTYIbl, OJHAKO MOcje MosBIIe-
HMS PEe30HAaHCa OHA C TeYEHHEM BPEeMEHH HEYKJIOHHO pacTer.

[Ipu 6onee 3HauuTeNbHON BenuuuHe Ko3(dduuueHTta kO BO3pacTaHue
aMILIUTY bl HACTOJIbKO CTPEMUTENIbHO, YTO SIBJIEHHE MEpexojaa uyepes pe-
30HAHC MPAKTUYECKU HE ycneBaeT mposiBUThes. CM. puc.7.11.

ZZ {\ A AN MW\N\‘W
’ l V\]V Y

18.0

16.0 /

14.0 /

12,0 /

10,0

o /
| /

4,0 /
2,0 NW\ A ,’\/\
0.0

-2,0

-0,80 0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60 1,80 2,00
Puc. 7.10. Ilepexon yepe3 cocTosiHUE pe30HAHCA, ElDl > O(CHCTeMa HEyCTONUMBA)

HHTEepecHO OTMETUTB, YTO MPOLECC MEPEX0]a Yepe3 Pe30HAaHC MO3BO-
J5eT HarJIAJHO MOJeJIMpoBaTh KapTUHY, HaOJIl0JaeMyl0 B TOM ciydae,
KOrja KOHBIOHKTYpa MO3BOJISET MPEINPUATHIO NepeaapecoBaTh MPOAYK-
LUIO C OJHOIO pbIHKAa Ha ApPYyroil — sBieHUe, 4yacTo Habr0AaeMoe Mpu
3ana3JbIBaHUM MOJbI Ha TOBAapbl HENOJTOBEYHOIrO CIpOca B CTpaHax, Kyaa
MOJa MpUXOIUT ¢ ono3znaHueM. Cm. puc. 7.12.

[IpuMep mepexogHOro mpouecca Takoro poja NmpH napaMmerpax, cooT-

sercreyiownx B, =9;  E, =948%; E, =948%; =948t

n3o0paxeH Ha puc.7.12.
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Puc. 7.11. Ilepexoxa uepe3 cocTosiHUE pe30HAHCA MPU VDI <0 (cucrema
HeyCcTOouMBa)
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Puc.7.12. U3menenue cnpoca Ha TOBap B Clyyae, KOrja CIpOC MEHSIETCS
owicTpo (Ilepexon uepe3 pe3oHaHC)
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7.13. NHTepnpeTauusa pe3ynsraTtoB aHanu3a ypaBHeHuUs ¢
OAHUM KOMMNEKCHbLIM Ko3dcpumeHTOM

HcnonbszoBanne aud¢epeHInanbHbIX ypaBHEHUNH C KOMIUIEKCHBIMU
Kod(ULMEeHTaMK JUTsl aHalli3a yCTOMYMBOCTU KojeOaHMi MeXaHMYeCKHX
Ten BrHepsble ObUI0 TpennoxkeHo E.C.CopoKMHBIM U IM03Ke MCMOJb30Ba-
auchk A.Il.@ununnossiM U E.I'.I'0JJ0OCKOKOBBIM [Jis1 pacueTa MepexoaHbIX
MPOLIECCOB B MEXAaHMYECKHUX CUCTeMaX. DTH aBTOPbl PacCMOTPENIH ypaB-
HeHue (7.18) ¢ ogHUM KOMIUIEKCHBIM Ko3(¢puuueHToM. OgHaKO MpH pe-
LIEHUW UMU ObIJ JAOMYyILLEH MPOU3BOJ, KOTOPBIA MO HalleMy MHEHUIO MpH-
BeJl K NPUHLUNHUAIBHO HEBEPHBIM pe3yibTaTaM. [l MOATBEPKAEHUS CKa-
3aHHOTO PAacCMOTPUM YCTOMUMBOCTH pemieHust ypaBHeHus (7.18).

Y CTOWYMBOCTh U HEYCTOWYMBOCTH O0OBEKTA OMHMCHIBAEMOI'0 ypaBHEHH-
eM (7.18) ymoOHee BCero MpOWLIIOCTPUPOBATH C MOMOINBID BEKTOPHBIX
auarpaMM puc. 7.2, TIOCTPOEHHBIX I KBAa3MCTALMOHAPHBIX PEXKMMOB.

YTtoObl yIOCTOBEPUTHCSA B YCTOWYMBOCTH, COCTABUM YCJIOBHSA paBHO-
Becusi. OHU UMEIOT BUJ

kyx, — mogx, = ACoso;
A =g o0,x, — kykx, = ASing.

[Mpeanonoxum, 4T0 B pe3ynbraTe GIyKTyaunuu jrodas U3 BENUUYMH,
BXOJALIMX B 3Ty CUCTEMY, HalpUMeEp, napamMeTp 4, U3MEHAETCA Ha Ma-
YKo BeJIMUYKMHY . B pesynbTaTe M3MEHMTCS M MOMIYJb 0000LIEHHON KO-
OpAMHAThl. OTO MU3MEHEHUE BBI3OBET TAaKOe IpHUpalleHUE BCEX BEKTOPOB,
n300paXkarolMX pPeaklnto, KOTOpoe U B MEPBOM, U BO BTOPOM YPaBHEHHHU
CKOMIIEHCUPYET M3MEHEHHE MOAyJlsl BeKTopa 4. AHalOTU4HO (IIyKTya-
uus moboro us mapametpos Ko, K1, Lo, My, Dg, BeizoBeT momon-
HUTEJIbHYI0 PEaKLUI0 — MPUPALICHUE BCEX BEKTOPOB IMAarpaMMbl, KOTO-
pasi KoMmeHcupyeT (GIayKTyanuo.

CoBepuieHHO MHas peakuus OyneT HaOmomaTbes B Ciiydae, TOe MMeeT
MECTO YCJIOBUE HEYCTOWYMBOCTU. lIpu HEycTONYUBOCTHU BEKTOP
A= goWoeXg — kOkle OTpHIATENeH. BestencTBre coBmaneHus Hamnpas-
NieHus BeKTOopa A W mpoekuuu Bektopa 4 mo6Goit nucGananc npu A # ()
He MOXeT ObITb ycTpaHeH. [1o3ToMy HaMeTHBILIAsCs Pa3HOCTh MPUBEIET K
HEOrPaHUYEHHOMY POCTY KOOPAUHATBHI X .

IIpuMeHUTENBHO K MOJAEIUPYEMOMY IMPOLECCY DTO O3HAYAET HEMpe-
PBIBHBII POCT MOTEPb HA aMOPTH3ALMIO, @ CTAN0 ObITh K MPEKPaIlEHUIO
HOpMaJbHOI pabOThl MPEANPUATUS U €ro OCTAHOB.
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Oco00 cnenyeT OCTAaHOBUTbCA Ha pe3oHaHCHOM pexxume. Ilpu peso-
HaHCe 3HaYeHHE aMIUTUTYAbl YCTOWYMBBIX CHUCTEM OeJlaeTcs MOYTH MaKCHu-
ManbHbIM. ClenoBaTeabHO Pa3HOCTb

A =(g,0, — kok,)x >0, (7.85)

TaK Kak B CHCTEME MMeeT MECTO AWCCHUIMALMSA MPUHMMAET MOYTH MaK-
CHMallbHOE 3HAYCHHE U M0ITOMY CKOPOCTh MPOM3BOICTBA MOJIE3HOU MPO-
OYKLUUK JeNaeTcsl MOYTH MaKCUMallbHOM.

Crnenyet o6paTUTh BHUMaHKHE Ha TO, YTO PABEHCTBO HYJIO Mapamerpa
A= 800y — kokl BO3MOXKHO B JIByX CIIy4asX: KOTJa OJHOBPEMEHHO
paBHbl Hym0 06a koddpduuuenta g, n KpX u B ciydae, korna

200 =|kikq|. (7.86)
B meproMm cnywae muddeperimansHoe ypaBHerue (7.17) moaydnut BUg

k
&rEo=1(), E;=—5
mo

0
M COJEPKUT TOJbKO BELIECTBEHHbIE YAaCTH Kod(duuneHTos, a ko3¢h-
¢uuueHT npu =0. YpaBHeHHe 4acTOT 3TOT0 AN depeHInaIbLHOTOo

YpaBHEHUA UMEET ABa YUCTO MHUMBIX KOPHA

Bo BTOpOM — ypaBHEHHE MOJYUHUT BH[

&+ E, (1+ ik, )p = F(2), (7.87)
OTﬂM‘{a}O].LlHﬁC)I TEM, YTO €I0 4aCTOTHOC pellleﬁl/le HNMEET KOpHI/l
Pipza=T0, * lBl,z,

rac

a=%1/1/1+k§ +1, B=%1/1/1+k02 -1,

Otcropa ciefyer, yTo NpU HaIMYMKM MHUMOI cocTaBistoleil koaddu-
LMeHTa k y ypoBHs (7.87) MMEIOTCA ABE Maphl CONMPSKEHHBIX COOCTBEH-
HbIX YHCEJ, OHA U3 KOTOPBIX YyCTOMUYMBAs, a Apyrasd — HeT.

Py =—axip (7.88)

u
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Pyg=0tif (7.89)

3aTem aBTOp MeToAa ucrnoJib3oBaHus ypasHeHus (7.87) E.C.Copokun
npeJiaraeT ofmycTUTh HEYCTOMUYMBBIE KOPHU. DTH MpPEIUIOKEHUs] OH OCHO-
BbIBAET HA CBOMX ONbITaX, NPOBEIEHHBIX MPH HUCHBITAHUAX CTPOUTEIbHBIX
KOHCTpyKuuit [7.1]. Ho B TakuX ombITaX HEBO3MOYKHO MCKIIIOUUTH Ipyrue,
HE YUTEHHbIE B YPAaBHEHHUAX KaHajbl PaCCEMBAHUSA IHEPrUU, U MOITOMY
onbiTel E.C.CopoknHa He MOTYT OBbITh JAOKa3aTENbHBIMH MpPHU aHAIHU3E
ycToifunBocTu. Mcnonb3oBaHue 3TOro npueMa B 0ojiee MO3AHUX UCCIe-
noBanusax A.Il.@wimunnosa u E.I'.I'osocokokoBa js aHanu3a ABJIEHUSA
nepexoaa MeXaHMYeCKNX CHUCTEM 4epe3 COCTOSHWE pe3oHaHca (Hampumep
B [7.2] u mpyrux) HemomycTumo. DTH aBTophl, konupys E.C.CopokuHa,
YOYCTUJIM U3 BUJAA, YTO CUCTEMBbI, OMUCaHHble ypaBHeHueM (7.87) Heyc-
TOMUYMBBI MO omnpenesneHuto. [1oaToMy Bce pe3ynabTaThl, MOJyYeHHbIE B UX
paborax, cBs3aHHble ¢ ucnoyb3oBaHueM metoaa E.C.CopokuHa, JOKHBI
ObITh MOCTABJIEHBI MOJ COMHEHHE.

Kak u B ¢usnuecknx oObekTax Mpu yCTOHUMBOM peXHME, aMIUIUTYIy
MpU pe30HaHCe, JOCTUTAIOIYI0 MOYTH MAKCUMAJIbHOTO 3HAYEHUS, MOX-
HO OMNpEeNeNUTh UCXOMS U3 IHEPTETHUECKUX COOOpasKeHHIA.

Jns aToro ompenenuMm OanaHc pecypcoB, MOIBENSHHBIX K CHCTEME U
OTBEIEHHBIX 33 OAMH PabOYMil LMKII.

CTOMMOCTb pecypcoB, 3aTpa4eHHBIX 3a LIMKJ, paBHa MPOU3BEIECHUIO
peakuuy NpU BblAAaye MPOAYKLMU a R = (DOxOA Ha 00O0OILEHHYIO KO-
OpAMHATY, OTJIMYAIOLIYIOCS OT HEro Mo ¢baze Ha TE/2. CnenoBaTellbHO
OHa paBHa TcQ)OxOA.

CTouMOCTb pecypcoB, BBEJCHHBIX B CHCTEMY 3a TOT K€ LIMKJ paBHa
TL'AOxO. OTH coOTHOWEHUs n3o0paxeHsl Ha puc. 7.13. B Touke mepece-
YEHUsI KPUBBIX UMEET MECTO YCIIOBHE

2
OTKyza

A
O,A"

AMmuTyna X yCTaHOBHTCS cama co0oif, Tak Kak Tpu Jr000# Apyroit
aMIUTUTy e UMEIOMNK MecTo HeballaHC OyAeT aBTOMAaTW4eCKH yCTpaHEeH.

B camom mene, ecnu aMIuIMTyna BbIIIE PE30HAHCHOI, BO3HHUKaeT nedu-
LUT PECypcoB M aMIUIUTYAa BblAAYM MPOLYKLIMHM YMEHBIIAETCS, €CIH Ke
aMIUIMTYyJla BblAauu OydeT Huke, oOpa3yercs M30BITOK 3HEPruM U Bblgaua
Oyzner Bo3pacTaThb, MOKAa HE YCTAHOBUTCS PAaBHOBECHOE COCTOSIHHME.

Xo = (7.90)
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PaboTa 3a ) Amx
[EPUO/L TA® (X,

Awmmmtyaa

Puc. 7.13. bananc noaBOJUMBIX U OTBOJUMBIX PECypCOB

B HeycTOWYMBEIX_ cHCTeMax, Tlle peaKIus BbIIAYM UMeeT oOpaTHBIN
3HaK, CyMMa nwoon + TchO MOJKET 00paTUTHCS B HYJb TOJBKO MpPH
TOXXJIECTBEHHOM paBEHCTBE HYJI0 000MX cjaraeMbiX. B mobGom apyrom
cilyqae HebajlaHC HE TOJILKO He OyAeT ycTpaHeH, a OyleT HempepbIBHO BO3-
pacTars.

C mparMaTH4eckod TOYKH 3peHus, 3T0 OyJeT O03Ha4yaThb, YTO 4eM OOJb-
1€ aMOPTU3aLUMOHHbIE PACXOJIbl, TEM MEHbIIEC KaueCTBEHHON MPOIYKIHH.

7.14. MogenupoBaHue aBToKkone6aHun B cucteme
NpoU3BOACTBO-CTaLlMOHAPHbLIA OTPACcieBOU PbIHOK

VYmpaBineHne MPOU3BOACTBOM SIBJISETCS MPOLECCOM KOMOMHMpPOBaH-
HBIM, TEHEPUPOBAHHBIM B PE3yNbTaTe COBMECTHOTO (YHKIMOHUPOBAHUS
TEXHOJIOTHYECKOro IMpolecca U BHEIIHel cpelbl. BHemHee ynpaBieHue
OOBIYHO BO3HHUKAET B pe3ysbTaTe U3MEHEHWH, MPHU KOTOPBIX Mpeanpus-
THE BBIHYXJIEHO aJaNTHUPOBAThCS K 3HAUYMUTEJbHBIM MEpeMeHaM, MpoUcC-
XOAALIMX B Cpefie, koraa TpeOyeTcss KOpeHHOEe M3MEHEHUE CBOMCTB MPOU3-
BOJAMMOMN mpoxykuuu. HekoTopsle Takue MpoLecchl, CBA3aHHbIE C HEOO-
XOJMMOCTBIO MEHATh AJUTEIbHOCTh MPOU3BOACTBEHHOIO LIMKIA, paccMaT-
PUBANIUCH BBIIIE.
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VYnpasieHue, 3HIOTEHHOE, OCYIIECTBISETCS TOTA, KOTAa Mpennpusi-
THe paboTaeT HA HEW3MEHHbBINA PBIHOK, KOTAA POCT SHTPOIMHUM HaXke 3a IUIU-
TEJIbHOE BpeMsl HE yCMeBaeT KOPEHHbIM 00pa3oM W3MEHSTh CBOWCTBA TeX-
HOJIOTUYECKOI0 Mpolecca, a NOTPeOHOCTH MOKyMaTesell U3MEHSIOTCS Te-
PUOIMUYECKU C MOYTH MOCTOSHHON 4acTOTOM, HAMPUMEDP B CBA3U C CE30H-
HBIMHU SIBJIEHUSMH. B 3TOM ciydae cucteMa oTpacyieBOil pbIHOK — Mpe-
NpUATHE MOXKET ObITh PACCMOTpPEHA KaK aBTOHOMHas cucTeMa, paboTaro-
mas B CTAlIOHAPHOM pPEXHUME.

Takast MOJiesib MO3BOJISIET aHAIM3UPOBATh PEXKUMBI CTAOMIBbHBIX aB-
ToKosie0aHui, KOraa nepuoauuyeckue U3MEHEeHHsS B CHCTEME BO3HUKAIOT
aBTOHOMHO.

Du3nyecKo MOJENbIO MOAO0OHON CUCTEMBI MOYKET CIYKUTh JIAMIIO-
BbIil TreHepaTop, MOAKIIOUYEHHbIM K MUCTOYHUKY TOCTOSIHHOIO TOKA.

OTMmeTuM, 4TO B 1H000M aBTOKO/IE0ATENLHOM CHUCTEME 00513aTENIbHBIM
SIBJIAETCS HAJIMYUE:

- KoJieOaTeIbHOrO 3B€HA, UMEIOIETO MOCTOSHHYIO COOCTBEHHYIO YacToTy;

- BHEIIHEr0 MCTOYHWKA MOCTOSHHOW SHEPTHUH;

- 3aMKHYTOTO KOHTYypa, 00pa3yloliero o0paTHYIO CBs3b, COAEPIKALILYIO
3JIEMEHT C HEJIMHEHMHOW XapaKTEPUCTUKOM.

Jlns MonenupoBaHusi aBTOKOJIeOaHui, HEOOXOIUMbBIX B CHUCTEME Mpe-
MNPUATHE — OTPACIEBOM PHIHOK, MOMBITAEMCS UCMOJb30BaTh YpaBHEHUE

mi&e g, (1+ ig, )t k(1 +iky )x = 0.

VYpaBHeHUe JIMHEIHO, U TIO3TOMY B paccMaTpuBaemoil hopme He MoO-
KeT MOJeIupoBaTh aBTOKoJeOaHus. Kpome Toro, oHO He COIEPAKUT MO-
JeNN 3aMKHYTOrO KOHTypa M OOpaTHOM CBSI3U C HEJIMHEHHBIM 3JIEMEHTOM.
B peanbHOl cucTeMe BCe 3TU COCTaBJIAIOLIME CYLIECTBYIOT. Jlg UX Moze-
JIMPOBaHUS B YpaBHEHHUE BBEJEM [OINOJHUTENbHBINA YJIEH f lgx Xapakre-
pu3yIoLIii 00paTHYIO CBS3b, W 3alMIIEM YpaBHEHHE B BUME

mi&- g, (1+ig, )&+ k(1 + ik, )x = £(x). (7.91)

OyHKUUA f X ) noimkHa conxepkaTb HEJIMHEHHbIN 4YJeH, MOJEeNUpyLo-
WU 0COOEHHOCTH MPOM3BOACTBEHHOTO IMpoLecca.

7.15. MaTtemaTunueckas mMoAaesib CuctemMbl Npon3BoACTBO —
oTpacneBou pPbIHOK
YT0OBI COCTaBUTH YpaBHEHUs, ONMMUCHIBAIOLINE ANHAMUKY (YHKLIMOHUPO-
BaHMSA MOHOIIPOIYKTOBOTO MPEANPUATHS, HEOOXOAUMO pa3o0paTbes ¢ MpH-
ponoit 0600LIEeHHOH CUIIbl, MoJenupyrollell o0paTHytO cBA3b. [Ipexkne Bcero
OTMETUM, 4TO B ypaBHeHuu (7.91) oHa oGo3HaueHa f xS. IMocpeacteom
3TOrO 4jieHa MOJAENUPYEeTCs 3aMblKaHWEe KOHTYpa, 6€3 KOTOpOro aBTOKOJIE-
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OaHKs HeBO3MOXkHbI. CoziepKaTelIbHO OH JOJKEH BbIpaXaTh TEXHOJIOTMYeC-
Kuii mpouecc, KOTOpbIi Mbl 0OBIYHO OMUCHIBAIM C MOMOILBIO MPONU3BOACTBEH-
HOH (yHKLMK. BBOAS 0OpaTHYO CBsI3b YYTEM, UYTO B PbIHOYHOI cHCTeMe CTo-
UMOCTb OallaHCUpyeT 3aTpaThl Ha MPOU3BOACTBO U KOMIEHCALMIO MOTEPH 3a
CueT J0X0Ja, MOJy4aeMoro OT peajau3aluu NPOAyKLUH, OCTABIAEeMON Ha
poiHOK. Jloxon ke ompenesseTcs Npou3BeleHnEM

t
D(t)=&(t)[g,(t)8dt =% =% (7.92)
0

rae g(l‘) — ko3 uumeHT nMpuOaBOYHON CTOMMOCTH, OMpenesIeMblii
PBIHOYHON KOHBIOHKTYPOM.

Takum 0Opa3oM, MOIEb CHCTEMBI MPOU3BOJICTBO — PHIHOK 00pasyeT 3am-
KHYTBII KOHTYp, Il CyILECTBYeT oOpaTHas CBsA3b, 3HAaK M BEJIMYMHA KOTOpPOM
onpeneNseTcss PhIHOYHON KOHBIOHKTYPOW U MPOU3BOACTBEHHOHN (DYHKLUE.

Ha peiHke ee BennuuHa (GopMHUpyeTCs B pe3ysibTaTe CyMMHPOBAHUs
CTOMMOCTHU TPeX MOAMNOTOKOB, HA KOTOPBIE Pa3feNaeTcs CTOUMOCTb IOTO-
BOW NMPOAYKLMU.

B cll0’)kHOM TeperuieTeHMH TEXHOJIOTMYECKUX U PBIHOUYHBIX MPOLECCOB,
oOpasyoumux 6a3uc COBpeMEHHONH KOHOMUKHM, 3TU MOJHNOTOKU 00pasy-
IOTCSl aBTOMATUYECKH.

OnvH W3 HUX TpenHa3HayaeTcsl AJIsl HeMOCPEICTBEHHOTO MOTpedIeHuMs.
OTa 4acTh FOTOBOW MPOAYKLUMHU MOCJE €€ pealn3aluu U MCIOJb30BaHUA
norpeduTeseM paspyliaeTcs M TpeBpamiaercss B oTxonsl. Ero peanmzaums
NPUBOAMT K POCTY DHTPONUU BO Bceil 3xkoHOMHUeckoil cucteme. (Poct 3n-
TPONUM, BBI3BAHHBIA 3THUM MPOLECCOM BO BHEUIHEH cpelae B ypaBHEHUU
(7.91) He oTpaxeH, Tak KaKk OH MPOUCXOAUT BHE MOJAEIUPYEMOTO 00OBbEeK-
Ta). Ho B ypaBHeHuu, onuceiBaronieM (YyHKLIMOHUPOBAHUE MpPEANPULTHS,
9Ta 4acTh JOJKHA ObITh KOMIIEHCHPOBaHAa BBEICHHS pecypcoB, MpHoOpe-
TaeMbIX 3a CYET CTOMMOCTH BBIIyCKaeMOM NMPOLYKLUU.

Btopast yacTe B kauecTBe OOHOBJIEHHBIX PECYPCOB MOCTYMAeT Ha MO-
BTOpPHbIE Tepesesbl B BUAe MoTy(aOpUKaTOB W KOMIUIEKTYIOIIUX TaK XKe
MOCTaBJIsAEMbIX Ha PbIHOK. Ee CTOMMOCTB Tak ke ompenesseT MOJe3HYI0
JeATENBHOCTh MPEANPUATUS U KaK CTOMMOCTb MEpPBOI 4acTH, B Mpolecce
MPOU3BOJCTBA KOMIIEHCUPYETCS 32 CUET JOXO0Ja, MOJyYEHHOTO Ha PBIHKE.

OO6patiM 0cob0e BHUMaHWE HA TPETHIO YacThb — OOBIYHBIN CITyTHUK DbI-
HOYHO! KOHBIOHKTYpHI. Peub naer o M30bITKAaX MOJHOLEHHOM MPOIyKIHH,
HeBocTpeOOBaHHOI peIHKOM. Ee HakomuieHWe Ha ckianax oOBIYHO MMeeT
HeraTuBHoe 3HaueHue. Henz0eKHOCTh Mepenpou3BOACTBA ONpeeseTcs
MpUPOOH CBOOOJHOIO pbIHKA, HA KOTOPOM MPOU3BOJIUTENIN CTPEMATCS
3aXBaTUTh JNOMUHMPYIOLIUE MO3ULUU. be3ornsaaHas MoroHs 3a MakCHMallb-
HOM, CHIOMWHYTHOH, MPHUOBLIBIO 3aCTaBIsET MEHEIKEPOB BceMepHO (op-
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CUpOBaTh BbIMYCK HOBOIl mponaykuuu. OpraHu3aTopbl NPOM3BOACTBA, Ha-
JaxuBast 3((GEeKTUBHBIA TEXHOJIOTMYECKUI MPOLIECC, B CIEIIKE BbITYCKAOT
IKUHA MepenpoM3BOACTBA U NMPU HEOOXOAMMOCTH CBOpauMBaHUA oObema
MPOAaXX OKa3blBAIOTCA €ro IUleHHUKaMu. MHepuus HanaXeHHOTO Mpolec-
ca, — HEUCI0JIb30BaHHAsl OCTaTOYHAs MOLIHOCTb, HAKOIUIEHHbIE 3a€jbl U
n30BITOYHBIE PECYpChl BMECTE C HEPEaTN30BAHHONW MPOMYKUMEH, JINMIAI0T
MpeanpusTHe BO3MOXXKHOCTH aJIeKBAaTHO CPearnpoBaTh Ha KOHBIOHKTYPY.
Jedunuut, TMKBAAALMSA KOTOPOTO CTUMYJIMPYET TMPOM3BOJACTBO, MEHSET 3HAK.
CoO0TBeTCTBYIOLIUM 00pa3oM MeEHAETCs 3Hak oOpaTHOi cBa3u. OHa u3 crTa-
Ounm3MpyIoLIeil npeBpalaeTcst B MOJIOKUTENbHYI0. J[ONONHUTENbHbIE Cpel-
CTBa, BBOJMMbIE B MPOM3BOJCTBO, U3 MOJYUYEHHbIX HA PbIHKE HOXOAOB HIYT
Ha yCKOpeHHe pocTa HeBOCTPeOOBAaHHBIX 3aMacoB U MPHUBOIAT K HEBOCIHOJ-
HUMBIM noTepsAM. [lo cyTH mena 3To elle OIMH KaHaj, yepe3 KOTOpbIi Mpo-
UCXOAUT POCT SHTPOMHUU B CHCTEME NMPOU3BOACTBO-PBHIHOK.

[IpsmMbIMU pe3ysbTaTaMu MEPEeNnpoOU3BOACTBA SABJISAETCS M30BITOK pa-
Ooueil cuibl ¥ BBI3BIBAEMbIE UM HEXKeNaTelbHble COLMalbHbIe CABHUIH, pac-
IaThIBAIOLINE CTAOMIBLHOCTD CHCTEMBI.

W3 u3n05X€eHHOro cledyeT, YTo MOMUMO OOOOIIEHHBIX CHl, o0ecrneuu-
BAIOIUX TIOJIE3HYIO AEATEIbHOCTh MPEANPUSATHS, B COCTAB 000O0IIEHHBIX
CWJI TOJKEH OBITH BKJIIOUEH KOMIOHEHT, KOMIIEHCUPYIOIIUN POCT SHTPO-
nun. Tak kak 00oOMmIeHHbIe CHIIBI (HOPMUPYIOTCS 3a CUET OOpaTHBIX CBSI-
3eil U3 DOXOIOB MPEeANMpPUATHUS, BO3MEIIEHUE U 3THUX, NPUHOCALIMX YObI-
TOK, 3aTpaT KOMIIEHCHPYETCS YacTbiO JOXOIOB, MONy4YaeMbIX 3a peann3a-
LU0 MOJIe3HON MpoayKuuu. [103TOMy B 3aBUCHUMOCTH OT KOHBIOHKTYPBI
pe3ynbTupyoias odpaTHas CBA3b ONpeNeieTcss COOTHOIIEHUEM A0XO0-
IOB M M3OEPXKEK MOKET MEHATb 3HaK.

O603HauuM e)G X )& unen, MomenupyrWKUii CTa0UIU3UPYIOLLYIO
00paTHYIO CBA3b, UAYLIYI0 Ha MOJJAEp:KaHUE MOJIE3HOH NeATeNbHOCTH, U

(I)G(x)xg — 00paTHY!O CBA3b, MOAEIUPYIOLLYIO 0000LIEHHYIO CUILy, TIpe]-
Ha3HAa4YCHHYIO U1 YpaBHOBELIMBAHUs PeaKLHH, BbI3BAHHONW POCTOM 3IHT-
pornuu. YpaHeHue (7.91) ¢ yueToM 3THX YJIEHOB MOJYYHUT BHUI

m(e ) g, (1)1 + ig)ker K, (eN1 +iK, (O))x = —(DG(x)-DG(x)8, (7.93)

roe ¢ G(x)xg — 00o01IeHHas cujla, MOJENUPYIOLIas OTpULATENbHYIO
o0paTHyt0 cBsi3b. OHa BbIpaXkaeT paccesHUe CPEelCTB, 3aTPAaueHHbIX Ha MPOM3-
BOJICTBO NPOIyKLUY; (i )G(X)XS — WIeH, MOJENIUPYIOLIUIl CITYy, BbI3BAaHHYIO
HaJIMuieM IOJIOXKUTENIbHON OOpaTHOM CBA3U, KOMIEHCUPYIOILEH MOTEPHU.

Kak BuaHO M3 BBIpaXKeHUs, onFenenmomero BEJIMUMHY A0X0Ja ﬂ (l‘),

e)G(x)ng’ (i)G(x)ng MOJAENUPYIOMUX

00e (opMBI 0000MIEHHBIX CUIT
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00paTHyIO0 CBS3b, SIBJIAIOTCS HEKOTOPOH noJjiell 1oXoJa, KOTOPYIO B Aajb-
HelimeM 0003HaYUM

G(x)& cl (x) =, (7.94)

rae ¢ — Ko3(UIUEeHT, MOKa3bIBAOUINN CTOMMOCTh YacTH MPOAYKIHH,
MHBECTHPYEMYIO uepe3 KOHTYp oOpaTHOil CBS3H.

PaccmatpuBaemas cuctema, onuckiBaeMas ypaBHeHueM (7.91), sBnsd-
€TCsl Pa3HOBUIHOCTBIO HEKOHCEPBATHUBHBIX CHUCTEM, OTIMYAIOLINXCS TEM,
4TO B OOJIBIIMHCTBE MHOTO3TAMHBIX TEXHOJIOIMYECKHUX MPOLECCOB KOJIU-
4eCTBO CPEICTB, OTAABAEMbIX W3 BHYTPEHHEIl cpelbl BO BHELIHIOIO B Teue-
HUE eJMHULIbI BPEMEHU 3HAYUTEIbHO MEHbIE CTOMMOCTH CPEICTB, CKOH-
LHEeHTPUPOBAHHBIX BO BHYTPEHHEW cpene, Tae MpeAMeThl TPyAa U3 OJHOTO
BHJa npeoOpasyercs B Apyroi. iHaue rosops, Tekyllee KOJUYECTBO pe-
CYpCOB, SHEpPIUH, BELIECTBA, YUAaCTBYIOUIUX B MPOU3BOACTBEHHOM IpOIIEcCe,
3HAYUTEJBHO MPEBOCXOIUT CTOUMOCTb SHEPruu (BEILLECTBa), MpeBpalleH-
HBIX B MPOIYKIMIO M PacCesHHYI0 BO BHyTpeHHed cpene u Ha peiHke. C
3THUM YTBEpPXAECHHEM HETPYIHO COIJIACUTHCS, €CJIM BCIIOMHUTh, YTO Ha
OOJIBIIMHCTBE COBPEMEHHBIX MPEANPUATHH B 000 MOMEHT BPEMEHH CTO-
HUMOCTbh PECypCOB, HaXOAALIUXCA B Mepenese, BO MHOTO pa3 MPeBOCXOIUT
CTOMMOCTb TEKYIIero o0bemMa MpOIyKLHH, TIOCTABIAEMON Ha PBIHOK, TUIIOC
CTOMMOCTb 00beMa pecypcoB, oOpamiaeMblX B OTXOJBI.

CrienctBreM MPHUHATBIX MPENNOI0KEHHUI SBIAETCS JOMyCTUMOCTb YCIOBHI

‘G(x)y&<< ‘m&max‘ ~ ‘Kx | ‘ (7.95)

UMEIOIIAX MECTO B MEPHOANISCKOM padodeM pexkmme. Takue CHUCTEMBI
B MEXaHUKEe Ha3bIBalOTCS TOMIICOHOBCKHMHU.

OueHnBast 0000IIEHHYIO CHITy 00paTHOM CBS3U G(x)xg HY>KHO MMETb
B BUJY €IllIe OJHO YK€ OTMEUeHHOe MoJyiokeHne. KoamuecTBo mpon3Boau-
MO MPOAYKIIMH OTPENeAeTCS CKOPOCThI0 M3MEHEHHU 0000IMEeHHON KO-
opauHaTel X . [loToMy, ecTecTBeHHO, M 3aKOH MOCTYIUICHUS PECYpPCOB B
CUCTeMY uepe3 KOHTYp OOpaTHOU CBSI3W BBIPA3UTh Uepe3 CKOPOCTh U3Me-
HEHUsI 0000IIEHHONH KOOPIWUHATBHI X .

Mexnay Tekymeil CTOMMOCTBIO PEeCcypcoB, MpeoOpa3oBaHHBIX B TOTO-
BYIO MPOAYKLMIO, U CTOUMOCTbIO MPOAYKLUHU CYIIECTBYET *KECTKas 3aBU-
CHMOCTb, KOTOPYIO Mbl Ha3Banu mpoussoncTeennoi ¢ynkumein I1(x ).

B panpHeifem 1 Toro, 4toObl M30exaTh rPOMO3AKMX 0003HAUECHMI,
OyIeM CYuTaTh, YTO CTOMMOCTbH MPOU3BEAEHHON MPOAYKLUU paBHA JOXO-
Iy, TIOJ[yY€eHHOMY OT peanu3alyy MpoayKUUH Ha pbiHKe. [IpuHATOE mpen-
MOJIO)KEHWE HUCKOJBKO HE BIUAET Ha XOJ MOCIedyIIINX paccyxAeHU,
HO TO3BOJISICT WCKIIOUYUTH TOTOJHUTEIBHBINA K03 ()(PUIUCHT, YIUTHIBAIO-
M KOHBIOHKTYPY, KOTOpas B paccMaTpPUBAaeMOM CTAIlMOHAPHOM PEXU-
M€ TPEeArnoaraeTcsi MOCTOSHHBIM.
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O06o0meHHas cuna G(x)xg, BbI3BaHHAs JeiicTBHEM OOpaTHOM CBA3M,
ABJIAETCA YacTbIO CTOMMOCTH NMPOM3BEIEHHON MPOAYKLNH, BbIPAKEHHOM
yepe3 CKopocTb 00paboTkU pecypcoB. B 3aBucuMocTd OT 3HaKa oOpaTHOi
CBSI3U OHA MOJEJIUPYET pacCesHHe WM MOCTYIUIEHUE CPEACTB U3 CPEebl.

[Ipumeuanue. TIpensioxkeHHass cxemMa OOpaTHOM CBsI3M MpeArosaraeT, 4To
BO BHELIHe# cpese (pbIHKE) CYIIECTBYET UCTOYHUK PECYpPCOB, U3 KOTOPOro
00BbeKT (mpennpuATie) MOXKET MPU HEOOXOAMMOCTH YepIiaTh SHEPIuio, 10CTa-
TOYHYIO IS TMOJJEpXkaHUs yCTaHOBUBLIErocs pexuma. CTOMMOCTb pecypcoB
OIUTAYMBACTCS 3a CUET IO0XO[a, KOTOpbIi MpeAnpuATHe MOdy4yaeT B MpoLecce
peanuzaluy Npou3BeieHHO# npoaykuun. Takas cTpykTypa oOpaTHOM CBS3M
TMO3BOJISIET aBTOMATHYECKH KOMIIEHCHPOBATH 3aTpaThl SHEPTHU (PecypcoB).

B cuiy Toro, 4To eMKOCTh pPBbIHKA IO CPAaBHEHHIO C KOJMYECTBOM pe-
CYpCOB, HaxoIAIUMCS B Mepejielie, BeluKa, IPU pacyeTe MPOLeccoB, Mpo-
TEKaloUINX BO BHYTPEHHEH cpele MpeanpusiTHii, OyaemM cuuTaTb eMKOCTb
pBIHKA BEJINYMHOI MOCTOSAHHOMW, HE 3aBUCSIIEH OT 00beMa MPOIYKIHH,
MPOU3BOANMON OTAENBHBIM MpPENNPHUITHEM.

IIpousBoacTBeHHass GYHKUUSA NpU KojeOaHUHU mpoliecca B OJIU3KHUX
OKPECTHOCTAX paboyeil TOUKM MOXKET ObITh annmpoKCMMHUPOBAaHA MHOTH-
MU cnocobamu. B mpensiaymux riiaBax oHa mpuoaMkantach CTENEHHOM
¢byHKkuuei, kotopas mnpu o6Go3HaueHMM [P =X nNpUHUMAET BUJ
I1 = gx®- 3neck xe ee uenecoobpasHee NpeacTaBuTh QyHKUMEH

H(x) =Bx —%x{ (7.96)

rue B = 4, , a ce KpyTHh3Ha

dri(x)
dx

B Bripaxkenuu (7.96) BT n Y nmapaMeTpshl, XapaKTepU3yIOllUe TEXHO-
Jorudeckuii npouecc. Torna o6oOueHHas cuna

Gl)= " = (s

Takoe mpeacTaBiieHUE TPOW3BOJACTBEHHON (PYHKIHMH OTIMYAETCS OT
Hamucanus B popmyne (5.9). Otamuue BhI3BaHO TeM, 9To (GyHKIUA (5.12)
OTpakaeT 0COOEHHOCTH MPOMW3BOJCTBA 0€3 ydyeTa TWHAMHYECKUX IMPOLEec-
COB, CBSI3aHHBIX C PETYJSIPHON TEepecTpONKON MPOU3BOACTBA 00S3aTeIIb-
HOIl W B CTAIlMOHAPHBIX pEXUMaX, KOTNa MPOUCXOIUT CMeHa Moau(uKa-
UMl TIPOU3BOJCTBEHHOM MPOMYKLIMH, TpeOylollas nepeHalaxuBaHus U
BOCCTaHOBJICHUSI 000PYI0OBaHUSI.

=B- sz . (7.97)
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B pexxuMax mepecTpoiiku yacTb pecypcoB 3aTpauMBaeTCsl Ha COBEpILCH-
CTBOBAaHHE TEXHOJIOTMYECKOTO mpolecca. [1o03ToMy HECMOTps Ha yBeauye-
HUe 3aTpaT pecypcoB 00beM BbIMYCKAeMOM MPOIYKLUHMU MO Mepe pa3BUTHS
MepeCTPOEUHBIX MPOIecCOB 00bIYHO yMeHbInaeTcs. [Ipouecc HakomieHus
pecypcoB BO BHYTpEHHEil cpeie B 3THX YCIOBHSAX NMPHBOIUT K 00pa3oBaHHIO
MOCHEAYIOLIETO LWKIIa, KOTOPBIi BBI3BaH CO3/IaHWEM HOBOI MPOIYKLMH.
[Nocne 3aBepieHNs MpeabIIYIIEro HUKIa 00bEKTOM MPOW3BOJCTBA JeaeTcs
HOBask MOIM(UKALMSA MPOLYKINH, MPOU3BOACTBEHHBIH LMK KOTOPOH MO-
BTOpPSIET LMKJI POW3BOJCTBA MPOAYKTA, CHATOTO C MPOM3BOACTBA, puc 7.14.

nJL

-

0 P
Puc. 7.14. IlpousBoacreennass ¢pyHkuus (7.96) (Llukiasl mpoiieccoB)

HIMeHHO 3TN 0COOEHHOCTH CTAIMOHAPHOTO MPOWU3BOJICTBEHHOTO MPOLEC-
ca oTpaxkeHbl B QyHKIuM (7.96) rpaduueckn nzobpakeHHON Ha puc. 7.14,
r1e MoKa3aHo, YTO TOCJe NOCTWXKEHUS TIOJIOKEHHs, N300paKEHHOTO TOYKON
(', crapas npoIyKIMs CHUMAETCs ¢ MPOU3BOICTBA. B CBA3M ¢ 9TUM pe3Ko
COKpalIl[aeTcs 3aTpara pecypcoB. M3obpakaromas touka u3 nojoxenus
NepeckakuBaeT B MOJIOKEHHUE U 3aTeM, M0 Mepe HaJla)KUBAHUs MPOU3BOI-
CTBA, yBENMYMBACTCS BBIMYCK 10 Toukd B3, korma Haunmsaetcs pabota Haj
HOBOI1 MoepHM3alyeil ToBapa. (B Touke B, HecMoTps Ha yBenmuenue pac-
X0Jla pecypcoB, 00beM BbIMTYCKaeMOW MPOAYKUMHM HAUMHAET YMEHbLIATHCS).
LIMKI 3aKaHYMBAETCA C MPUXOAOM M3o0pakaroiel Touku B nonoxenune
KOrja crapas MpOIyKLHMs MOJHOCThIO 3aMeIlaeTcsi HOBOIA.

387



C yuetom cootHoutenuit (7.94) u (7.97) nepenuiuem ypaBHeHue (7.93) B Buzie

m(e) e (= B+ o P&t gy (£)8et ey ()1 + ity (£))x = 0

[Ipu HamucaHuM 3TOTO ypaBHEHMs MpEAINoJaraercs, 4To Hayajio Koop-
AMHAT pacrHoylokeHo B Touke P (paboueil Touke mpouecca, cM. puc.7.14).

7.16. ABTOKONEGaHNA B CUCTEME OTPACNEBOMN PbIHOK —
MOHOMNpPOAYKTOBOE NpeanpusaTue

IIpu cocraBnenun ynpasienus (7.91) mpennojaranoch, 4To B paccMmaT-
puBaeMoii Mo/ OJHOBPEMEHHO AEUCTBYIOT cieaytomue (pakTopsl, om-
penensolne ee HEeKOHCEPBaTUBHbIE CBOMCTBA:

POCT SHTPOIUK 33 CYeT 0OPa30BAHMS OTXOJO0B — WieH Ig 0)8;
HaKoMIeHue 3axena k X; .
BbIJIa4ya FOTOBOM MPOMYKLMH (MpeCTaBleHa YWICHOM ypaBHeHus &,X);
pOCT HTPONHUHU BO, BHYTPEHHEW cpele 3a CYET M3HOCA M CTapeHHMs
obopynosanus (wieH LK KjX);

- oOpaTHas CBsA3b, 00BEUHSIIONIAS TPOLIECCHl BO BHYTPEHHEH U BO BHEII-

He#l cpelnax, — NpeAcTaBlieHa B YPaBHEHUM YJIEHOM G(x)xf , KOTOpBIA B
3aBUCHMOCTH OT 3HaKa Je(rUIMTa MOXKET ObIThb M 0OJibllle W MEHbLIE HYJIA,

OHa 0003HayeHa HEeJMHEHHBIM YJEHOM B— sz G(x)xg U3 06-
el Teopuu CUCTEM H3BECTHO, YTO B TAKMX O00BEKTaX aBTOKoJeOaHuUsA
BO3MOXHBI, €CJIM Y4eCThb 3ana3/iblBaHUe B KOHType oOpaTHOI CBS3M.

Mbl yKe ynoMsIHYJIM, YTO TaKHe CHCTeMbl B TEOPHM KojieOaHWi Ha3bl-
BAIOTCA TOMIICOHOBCKUMU.

OOBIYHO B TOMIICOHOBCKHX CHCTEMax 3ama3JblBaHNe BO3HHUKaeT Oua-
rofaps HaJlW4HI0 WHEPUUU, NMOATOMY, IPU YTOUYHEHUU CUCTEMBI YpaBHe-
HUI B MOJEIN YyYTE€M HHEPLUIO, BBI3BAHHYIO PBIHOUYHBIMH MPOLIECCAMHU.

Tenepn ee Oiok-cxema MOJYYWT BHUI, U300pakeHHbIN Ha puc.7.15, rme
oOpaTHasl CBsI3b MEXAY MPEANPUATHEM U PHIHKOM OCYLIECTBISETCS HE ye-
pe3 ABa, a uepe3 Tpu K(Hana. Jlga U3 Hux yxe paccMmarpuBaiucb. OHU

HpeCTaBIeHbl YIEHOM B - yxz — G(x)xg IT0 4acTh AOXOJOB, KO-
Topas (GopMHUpylOTCa 6e3 3amasjblBaHus A0 pealu3alid TOBApOB, HAMPU-

Mep, B cilydyae mpenoruiaTel. B cocras G(x)xg BXOJST U CpeACTBa, Mpel-
Ha3HAYEHHbIE ISl KOMIEHCALWN U3IEPKEK, KOTOPbIE BBI3BIBAIOTCS HEOO-
XOJMMOCTBIO OTUIATUTH CTOMMOCTb HEBOCTpeOOBaHHOM NMPOAYKLWHU, Ha-
KOIUIEHHOW TpW MEepeNnpou3BOJICTBE Ha CKIaJax.

CToUMOCTb e TpeThell BO3BPAIIAETCs HAa MPEANPUATHE C HEKOTOPBIM 3a-
na3/bIBaHUEM, BbI3BAaHHBIM MPOLECCOM pealn3alyy MPOJYKLHHU Ha pPhIHKE.
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Puc. 7.15. bnok cxema cuCTeMbl MPOU3BOJCTBEHHOE MPEANPUSTUE PHIHOK

B mopnenu sta yacth 0000IIEHHON CUJIbI MOCTyMaeT K OJOKy Mpennpu-
ATHE Yepe3 OTHENbHBbIN KaHajl, NMpeCTaBlIeHHbI ypaBHEHNEM pbIHKA

m, &e- g5, (1 +1ig7 )J&+ ks (1 + ik, )y =-M;& (799

rue Mz— K03 HHUIMEHT MHEpUMK TOW YacTH MPOAYKIIMHU, KOTOpas Ha-
xonutcs B cepe odmeHa. (OHa yke MOCTyNuiIa Ha PHIHOK, HO TIOKa HE

omyiayeHa 3aka3uukom); &, =g, + ig20 — ko3¢ punneHT, Xapak-
TEPU3YIOUIUNA CKOPOCTh pealn3alu 3TOW NMPOAYKLMH, klz =1 C']2 —
MpeCTaBIAET BEJIMYNHY OOpaTHYIO €MKOCTH CKJIaZoB MPOAYKIMHU Ha
PBIHKE; igzo, ikzo — K03 (ULUUEHTHI, MOJEIUPYIOLINE NPOLEecc pocTa
SHTPOTHU HA pbIHKE, (MIOTEPI0 KOHIWLWH, CTApeHHUe, YCYIIKY, YTPSICKY,
U T.1.); ]\/[21 — K03 PULUMEHT, NPEeACTABIAOMWMI 3aJePKKY ABUKEHUS
NPONYKLIMHU, BBI3BAHHON €€ 3Kcmeauuuei.

Bce n3MeHeHUs, BbI3BaHHbIE NMPOLIECCAMHU, UMEIOIUMH MECTO Ha PbIH-
K€, OTPAXXaIOTCsl B CTPYKTYpE ypaBHEHUs MPEANpPHUATUS TEM, YTO MOMHUMO

00001IIeHHO# CWJIBI, TIPEICTABICHHOW YJICHOM G(x)xg, B KOHTYp oOpar-

HOM CBA3M BKJIIOUAETCA YJIEH Mlzﬂ, HpeLlCTaBJ'l}IIO].Lll/lﬁ 3aJ€pPKKA B IO-
CTYIJIEHUHN OIlJIaThbl, BbI3BAHHBIC 0aHKOBCKHMU onepauusaMu.
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[Ipexne 4eM MpoOAOKUTH aHAIU3 MOJYYEHHONW MOJEIU HaloOMHUM,
4TO B paboTe MOJENUpPyeTCsl CTallMOHAPHbIN, HalaXKeHHBIH Mpolecc, npu
KOTOPOM MapamMeTpbl CUCTEMbl MPUHUMAIOTCSA MOCTOSIHHBIMU. Tornpa ypas-
HEHHSI CUCTEMBI C YUYETOM BIIMSHUS PbIHKA TPUMYT BHI

e (— B+ e ek gy ek ey (14 ey )y = —M, & (7.100)
m, e 821(1 +ig7 ))&+ ki (1 +igy )y =—-M, & @101

31ech 4ieH ]\/[12 = ]\/[21 OTpa’kaeT B3alMHOE BJIMSHUE PHIHOYHOTO
U MPOU3BOJCTBEHHOrO MPOLECCOB.

ITonydyeHHas cucTeMa ypaBHEHUH C Y4EeTOM KOMIUIEKCHOCTH Ko3(hdu-
LIMEHTOB MMEET BOCbMOI mopsanok. OOiuee vccieqoBaHUE TaKOH CUCTEMBI
HEJIMHEHHBIX YpaBHEHMI 3aTpyAHUTENIBHO U, [NIaBHOE, HeHarisaaHo. Jlns
HarJIIHOCTH aHaJIM3a JKeJlaTeJbHO He CIMIIKOM 3arpy0isis Monenb Mo-
HU3UTH €€ MOPSAOK.

YunThIBast, 4TO paccMaTprBaeMblii 0OBEKT OTHOCUTCS K CHCTEMaM TOM-
MICOHOBCKOTO THMA, CAENAaeM MPEANOJIOKEHUE O TOM, YTO IHTPONUITHBIE
Mpolecchl 31eChb UAYT 3aMEAJIEHHO U He ONpeAesaoT o0lueil AMHAMUKU
(YHKLIMOHUPOBAHUS CUCTEMBl B KBa3sUCTaLMOHAapHOM pexume. Ha sTom
OCHOBaHUMW NpuHeOpexeM uneHamu LZo 150 Ko X, IKyY
Torpa ypaBHeHMs MoJay4aT BHUI

1. m, & G(x)8et K| x+ M, &= 0, (7.102)
2. my e gy Yo Ky y + M, 8= 0,
rie G(x)y&: (— B+ yx2 ))8

OKOHYATENbHO YpaBHEHUE CUCTEMBI 3allMIIEM B BUAC:

L. mI&(—B+yx2))&+K”x+M12&;O, (7.103)
2. m,®a g, et K,y + M, &= 0.

[Mpenmonaras, 4To cucreMa OnM3Ka K KOHCEPBAaTHUBHOMN, MepBOE MpPH-
6J'[I/I)KGHI/IC peui€Hrud UIIEM B BUAC
x = aSinot,

y = bSinot —eCosot, (7.104)

roe a,b M @ Nid CTalMOHApHOro mponecca NOCTOSHHBI, a 1A NepHu-
oJa YCTAaHOBJICEHHA — BEJIMYMHBI, NIBMEHEHUAMU KOTOPBIX 3a NEpHUOI rap-
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MOHHUYECKUX (YHKLUUNA MOXKHO mpeHeOpedb (10 CPaBHEHMIO C UX CPEIHU-
MH 3HAYECHHUSMH 32 TEePUON).

[oacrasum pemienue (7.104) B ypaBHenus ((7.103) u BblienuM 4YiieHbl,
NpeCTaBIIsIoIMe KOHCEPBATUBHbBIE YAaCTH CHCTEMBI, JJISl Yero K MepBOMY
YP3BHEHHIO CHCTEMBI (7.103) mpudaBmM 0)2 X — (DZ x = () ¥ Ko BTOpOMY
®°y—0"y =0, a rakke BBeneM 0603HaUCHNs

ﬂ:26o=7:281a82 :262>

o :M12 oL :le V2:K11 V2 :K21
1 e >Vl > V12 (7.105)
m, m, m, m,
(V| 1 V, COOTBETCTBEHHO NapUMajibHble YaCTOThI KOJeOaHuii Ha Mpe-
NpUATHN ¥ HA PBIHKE).
[lepenumem ypaBHeHHS B OKOHYATEJNILHOM BHUJE

& o’x = (co2 —vlz)x+2(80 —Slxz))&— o, &= O,
&032}/:(032 —V%)y—282)&— o, & ©,, (7.106)

rae ch I/I(D2 y MOXHO TPAaKTOBATb KakK 0606HI€HHLIC %I/IJ'[I:I, HeﬁCTByIO-

(M€ HA KOHCEPBATHBHbIE KOHTYPHI #Rr (DZ x U &l— 0°y.

7.17. KonebaHus B cucteme npegnpusitTue — otpacrieBomn
PbIHOK

ITonmy4yeHHass maTeMaTuueckas MOJENb MOJHOCTBIO MIEHTUYHA dupde-
pEeHLMATIbHBIM YpaBHEHUAM, MCIOJb30BaHHbIM enle B 1944 romy K.@.Teo-
JopuukoM [7.4] nns onmucaHusA aBTOKOJIeOaHMIA, BOSHUKAIOIINX B JIAMIIO-
BOM reHeparope, paboTarolleM Ha MHAYKTHBHYIO Harpysky. JTa cuUcTeMa
OblL1a UM uccienoBaHa B pabote [7.4]. Tak kak ee pelieHue MMeeT 3HaUCHUE
JJIS. aHalu3a BOJHOBBIX MPOLECCOB B TEXHMKO-JKOHOMUYECKUX CUCTEMAX,
HIDKE TIPUBOAMTCS M3JIOKEHHE PEe3yNIbTaToB, NMPOBEAEHHBIX B pabote [7.4],
KOTOpas B Halle Bpems cTaja Oubiunorpaduyeckoil peakocTbio.

Paccmotpum cunbl D LM Q)Z . IX MO>XHO TpaKTOBaTh Kak CyMMbl 00600-
IIEHHBbIX CHUJ, NEHCTBYIOIIMX Ha BXOJAE MPENNpPUITHS U PbIHKA COOTBET-
CTBEHHO.

Pasnokum nonydeHHoe shayenne 0606wentbix cun (O u D, B yce-
4yeHHbII psa Pypbe U 3anmuiem

& oix~ fcosot + fosinot +- - (7.107)
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& o)y~ f,cosof + f,sinat +---,
ve f; = fi(a,b,e,0),V, € {1,2,3,4}

[Tocne ycraHoBiIeHUS aBTOKoJieOaHUIl MpUpaleHne aMIUTUTYl U W3-

MEHEHHS YaCTOTbI JOJIKHBI PABHATHCA HYIJIIO.

CJICZ[OBaTeJ'leO, B CTalMOHApHOM pPEXUME NOJIKHBI BBITIOJIHATHCA YyC-

JIOBUA:

@:L(a,b,e’o\))zo’

d 2o

ab 1

— =5 l@b.e0)=0, .108)
@:L(a’b,e,w)zo,

dr 2o

fz(a,b,e,m)zo.

IMpumenutenbHo k cucteme (7.106) ycaoBus CTaUMOHAPHOCTHU TOJY-

qyaT BUI

L (0> =V g+ oyb0? =0.
1
2. 204a — 581a3 —a,e0 =0, (7.109)

3. 28,bo + (02 v e =0.

2 2 2
4. 28,em — (co —Vz)b —o,0°a=0.
PewnB ypaBHeHus, umeeM:

2 2
O — V]
o0

El

392

2_ 2 V2

5, -8 ;"2::;
a=2 2
2. 811 s (7.110)
2 2

2 2 >
a TAaK)X€ YpaBHEHHUE IJid ONPEACTICHUA YaCTOThI KoJeOaHuit

4. {w4(l -0, ) - (x)z(v]2 + v§)+ va%}(wz - v§)+ 48%(02(0)2 - vf): 0. (7.111)

W3 nomydenHoro pewmenus (7.109), (7.110) MOXXHO pa3nuuuTh TpU CIydas:

L. 8, < 0.

B 3TOM ciiydae Branu OT pe3oHaHCa aBTOKOJEOAaHUs MOTYT MPOMCXO-
JUThb TOJBKO C 4acTOTOHM, Onmkaiilmiedl K mapUMOHAIbHOW 4acTOTe
V;, 1= 1,2 Bo6musn xe oT CHHXpOHM3Ma, YCIOBHS CaMOBO30YXKIEHHUS
BBITOJIHAIOTCS B HEKOTOPOIl obnactu ansa obeux yactor. YacroTa ycra-

HaBJIMBAETCS B 3aBUCHMOCTHU OT MpeabicTopun mpouecca. (B paguorexHu-
Ke 3TO SABJICHWE HOCUT Ha3BaHuWe 3arsruBaHus). Cm. puc. 7.16 a,0.

o, /V] a’

\

] —— ! :
] ] : ]
i i (Vz/vl)z ! : (Vz/vl)2
a) 0)
Puc. 7.16. Cayuaii 62 < 60
1. 8, =9,.

B sToM ciyyae 3aTATMBaHMA HET M B TOYKE CMHXPOHM3MA KOJIeOaHUS
noracatot. Cm. puc. 7.17a,0.
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1.6, >0,

o, /v? a

(Vz /vy )Z
a) 0)

(Vz/Vl )Z

Puc. 7.17. Cayuaii 82 < 60

lamenue kosiebaHMT MPOUCXOAUT paHee HACTYIUICHUs CUHXPOHU3MA,
3aTsaruBaHue otcytcTtByer. Cm. puc. 7.18a,6.

o,/v? a

— AN i

i (Vz/vl)z
a) 0)

(Vz/V1)2

Puc. 7.18. Cnyuaii 82 < 50

7.18. Yyet BNuaHUA K03chPULNEeHTOB B3aMMHOMN CBA3N
MexAay 3fieMeHTaMU CUCTEMBI

[Tomy4eHHsle BbIlIe pe3yJbTaThl HE MOATBEPKAAIOTCS MPHU YUCIECHHOM
MOJIEJIMPOBAaHUN CHCTEMBbI. B HEKOTOpBIX ciydasx, B pexuMax 2 u 3, He
MPOUCXOIUT CPbIBA KOJIeOaHMIA.

Jns vccneqoBaHUA 3TOrO HECOOTBETCTBUA ObLIO MPOU3BENEGHO HCCIe-
JIOBaHWE BIUSHUE KOd(P(DULUHUCHTOB B3aUMHOM CBsi3u Oly,0l,. YT0ObI
CHATH 3TO MPOTUBOpeuue i pexumoB 2 u 3 cuenys [7.4] npeobpazyem
BbIpa)k€HHE aMIUIUTY[bl aBTOKOJeOaHUH a MpU MOMOLIM YCJIOBHS 4acTOT
(7.111) npuBenem K BUAy:
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2 2 2 2 2
g= 409, 1112
611

B aT10it hopMe BBIpakeHHE aMIUTUTYABI aBTOKOJICOaHWIA B SBHOM BHJIC
MPOSIBJSAIOTCS C MOMOLUBIO YCJIOBUS

2
1
M ,M,,

PaccMoTpeHmre 3TOro BBIpaKEHUS TMO3BOJIUT BEISICHUTH TMOBEJICHUE CHU-
CTeMbI BOJM3HW CHHXPOHU3MA.

HelicTBuTensHo, nyctb V; =V, =V. VpasHenue yactorsl (7.111)
JaeT Ui 3TOTO, CUHXPOHHOTO, Cilydas

2
l(coz —vz) +4850° - cx]oczco4ka)2 —v2>: 0. (7.113)

OTcrofa BUAHO, YTO HEOOXOIUMO pa3nuyaTh ABE 00JACTH BEIMYHHBI
CBSA3H.
IlepBas obGnacThb

o,0

e

o,a, =

) 28
9 T .
Kp N

B 3T0i1 0bnactu ypaBHeHue yacToThl (7.113) uMeeT equHUYHOE Heii-
CTBUTEJIbHOE 3HAuUeHHE

O=v. (7.115)
AMnnuTyna aBTOKoJeOaHUil MpU 3TOM B MOMEHT CHHXPOHU3MaA CO-
rnacHo (7.112) u (7.115) paBHa

2
o0, <A rae OLKp = (7.114)

a0,

2

a,,

09 =9,

61[

BrIpaxkeHHe 3TO NpH JOCTATOYHO MaJoi CBS3M BCernga OoJiblle HYNA W,
CIIeIOBATEIbHO, TalleHNe KojebaHuit OTCYyTCTBYeT. MIMEoT MecTo JIHMIIb OT-
CachbIBaHMs KoJieOaTeIbHOM YHEPTUM M3 MOACUCTEMbI MPEANPUSITHS B MOJCH-
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CTEMY PBIHOK M COOTBETCTBYIOLIEE €MY YMEHBIICHUE aMILUIUTYIbl aBTOKOJIE-
6aHuil. MUHUMYM pe30HAHCHON KpHUBOW MMeeT MECTO MpPHU CUHXPOHHU3ME
(M = V). Tywenue konebaHuii IMEET MECTO TOJBKO B Clydae, KOraa

8 _ oot
5 -
82 ak‘p

— 2 Lo
Ipu O O, = OCKp YpPaBHEHHME 4acCTOT UMEET TPOUHOW KOpEHb
0=V
OTcrofa HauMHaeTcs BTOpas o01acThb

2
o0, >0,

B KOTOpPOW ypaBHEHHE 4acTOT UMEET TPH NEHCTBUTENbHBIX KOPHSA
0, <0, =Vv<0;

A aBTOKOJIEOAHUS HE racsarcs.

Takum o06pa3oM U3 MpOJAENaHHOr'0 aHalu3a CleQyeT, YTO MPOU3BOJI-
CTBEHHOE TpeINpusaTHe padoTarollee Ha PHIHOK SIBIISETCS aBTOKOJIEOATEhb-
HOM CUCTEMOM.

7.19 CopgepxatenbHasa UHTEpNpeTauusi NoNyUYeHHbIX
pesynbraTtoB

Hoeanvuerii pyxosooumens — smo mom
PYKOBOOUmeENb, ONUmenbHoe OmCymcmeue
KOMOpO20 HA NPpeOnpUsmuYU He 3aMe4aiom.

H3 oupexmopckozo gonvrnopa
PaccmMoTpuM 0HO MOKOJIEHME TOBapa, MPOU3BEACHHOIO Ha MpennpH-
ATHH, MOCTABJAIOIIEro MPOAYKLHUIO HAa PbIHOK. [1OCTONBKY, MOCKOJIBKY
MBI MPEANOIOKIIN, YTO MPEANPHUATHE BbIMyCKAET U3JEJIUSA OJHOTO MOKO-
JICHUsI, MOKHO TPUHATh, YTO 3KOHOMHUYECKHE MapaMeTpbl, XapaKTepu3y-
IOLME CUCTEMY, MPOU3BOASALLYIO 3T TOBAPHI, B TEUEHUE )KU3HEHHOTO LIMKJIA
MPOAYKIMH BCETo TMOKOJIEHHs, MEHAOTCS Mano. Torna ocHOBHBIM (hakTo-
pOM, ONMpeAeAOIAM CABUTY B MPOU3BOJICTBEHHON AEATENBHOCTU Mpen-
MPUATHS, ABIAETCS CIPOC, AUKTYIOINN CMEeHy MOOM(UKALUNNA M3IEeNH.
Ho B paccmaTpuBaemMoM ciy4ae CTpyKTypa MPOM3BOACTBEHHOTO MpoOLec-
ca npu cMeHe Moau(uKanuii Moyt He MeHseTcs. COOTBETCTBEHHO B Ma-
TeMaTU4YeCcKOil Mojenu, MpeacTaBleHHo ypaBHeHUeM (7.106), atu uzme-
HEHUs CKa3blBAIOTCS B HE3HAYUTEJbHOM H3MEHEHUM MapamMeTpoB

396

60, 61, o 55 HPEICTABIAIOWMX CKOPOCTH mpouecca npoussoactsa. Cie-
J0BaTeJIbHO, paccMaTpuBaeMblii aBTOKoneOaTeNbHbIN MpoLece B o0ueM
cllyyae HecTallOHapeH, HO M3MEHEeHHe ero napaMeTpoB B TEUEHME pac-
CMaTPUBAEMOr0 MPOMEXYTKa BPEeMEHH CYLIECTBOBAHHS OJHOTO IMOKOJe-
HUSI TOBapa MPOMCXOIUT MeAJIeHHO.

[TocnenHee o3HauaeT, 4yTO MHTErpupoBaHue AU epeHINaIbHBIX ypaB-
HEHWI BO3MOXKHO MPOW3BOANTH IO 3TaraM, B TeUEHHE KOTOPBIX M3MeHe-
HHEM IapaMeTpoB MOXKHO TpeHedpeub, cM. [7.5].

B nanbHeiimeM UIMTENBbHOCTH 3Tana OyneT MPUHUMAThCS PaBHOW cpen-
Heil IUIMTENbHOCTH XU3HEHHOTO LMKJIA MPOAYKLUUHU OAHONW MOAM(PUKALMY.
Takas curyauus HaGnOJaeTcs BO MHOTMX aBTOKOJe0aTeNbHBIX CHCTEMax.

Ecnu ke jxenarenbHO MOJY4YMUTh Oojiee TOUHbIE Pe3yJNbTaThl U Bblje-
JUTh AJI aHalu3a OTHeJIbHble LUMKIIbI, PEKOMEHIYeTCs MCMOJb30BaTh YKC-
JIeHHble METOJbl MHTerpupoBaHus ypaBHeHuit (7.100) u (7.101).

Maremaruyeckasi MOJelb, COCTaBlIE€HHas Ul CMEHbl MOKOJEeHUi mpo-
IOYKLUH, NOJDKHA OBITH TAKOW jKe, KakoW SBJSIETCS MOJENb IMpolecca cMe-
HBl MOAU(UKALNH.

Takum oOpa3om, mpeasnokeHHas BbIIIE MOJENb BechbMa o0mia, a ee
CTPYKTypa TpW aHajM3e AWNHAMHYECKHX TPOLECCOB PaCCMOTPEHHOTO THIIA
nHBapuanTHa. OTiInWYKe 3aKJ04aeTcss B KOHKPETHOM MHTepnpeTanun
¢u3mueckux mapameTpoB. [loaTomMy, Momenupys BOJHOBbIE TPOLECCHI,
BbI3BaHHbIE CMEHON MOKOJIEHUH, MOXKHO TOJbKO MAEHTH(GULUMPOBATH (u-
3U4ecKHe fABJEHUs, BO3HUKAIOLIME B MpoLecce CMEHbl MOKOJEHUH, HO He
MEHSTb CTPYKTYPY MOJENH.

[Tpouecc cMeHbl MOKOJIEHUH CONMPSXKEH M C 3aTPyAHEHUAMH OPYroro
miaHa. OpraHu3aTop HNPOM3BOJACTBA, MPUHUMAIOLIUI pelIeHne 0 KOpeH-
HOW CMeHe MpPOAYKIMH, TUITAHUPYEMO# K BBIMYCKY, MPEXKAE BCEro, BBIHYXK-
JeH BeIOpaTh HOBOE HarpaBiieHHe pa3BUTHA. CIEKTp BO3MOXHBIX pelle-
HUIl B OOJBIIMHCTBE cilyuaeB BechMa obmmpeH. K coxaneHuo, maTema-
THYecKasi MOJeNb He B COCTOSIHMM IMO/CKa3aTh palMOHAJIbLHOE peuleHHe.
WHaue roBops, MoeNb MOXKET TOJbKO KOHCTAaTUPOBATh, YTO cHCTEMa
MOJIONIIa K TOYKe Om(pypKauuu.

B ycnoBusx, korma cucTeMa HaXOAMTCS B COCTOSIHUM OMdypkaumu, mMepa
ONTUMAJBLHOCTH MPUHUMAEMBIX PELICHUH OMpenesseTcs UHTYHLMel yenoBeka
— (hakTOpOM, MOJENUPYEMbIM B TOUKe OudypKaluu ciaydailHOW (yHKLHMEH.

HccnenoBaHHas Bblllle MOJEIb HE CONECPKUT YJIEHOB, XapaKTepU3ylo-
IKUX SHTPONUIHBIE MPOLECChl, KAK BO BHYTPEHHEH cpele MpeanpusThs,
TaK ¥ BO BHEIUHEH, U NpelnpHUATHs — cpele pbIHKa.

Ipumeyanue. BausiHue KOMIUIEKCHBIX YJEHOB pacCMaTpPUBAIOCh MPHU
peLIeHnH 3a1a4yl ¢ MOMOIIBbIO KOMITBIOTEpa YUCIEHHBIM METOAOM (CM. pas-
nensl 7.13, 7.14).
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IMocTpoeHa Mojelb, OMKCHIBAIOIIAS TUHAMUKY TEXHHKO-IKOHOMHUYEC-
KUX MPOLECCOB, MPOTEKAIOIMX B CHCTEME MOHOMPOAYKTOBOE MPEpHsi-
THE — OTPAcJeBOl PbIHOK, (PYHKIMOHUPYIOIIMIA B CTAaOMIBHOM pPEeKUME.

[Toka3zaHO, YTO BOJHOBBIE MPOLECCHI, BOZHUKAIOLINE TPH CMEHE MOIH-
¢uKauuii MPOAYKUUU OJAHOTO TOKOJEHHUS, UMEIOT aBTOKOJeOaTeNbHYIO
npUpony.

[TonyveHsl yClOBYMS BOSHMKHOBEHHS M rallleHHsS aBTOKOJIeOaHWUM.

B 3TUX MOeanbHBIX peXUMax MpeanpusThe MOXeT padoTaTh 0e3 BMe-
IaTeNIbCTBA AUPEKTOPa U TMepecTpanBaTbcs aBTOMAaTUYECKH.

VTBepkaaeTcs, 4YTO CMEHAa MOKOJEHH MPOAYKIHMU COMPOBOKAACTCS
BO3HMKHOBEHHEM COCTOSIHMS OudypKamuu, Korma BO3MOXKHOM TpaeKkTo-
pHUM pa3BUTHUS OMpenesieTcs ciydailHbIM (akTOpoM — BOJIeil 4eloBeKa,
NPUHUMAIOIIEro PelleHre M TYT 0e3 BMEIIaTeNbcTBa AUPEKTOPa 0OGOMTHCH
HEJb3s.

Eciu e jKenaTeiabHO MOJYYHTh OoJiee TOUHBIE PE3yNbTaThl U BbIIC-
JUTh AJISL aHAJIM3a OTAENbHbIE LMKJIbI, MOKHO PEKOMEHIOBATh YHCIECHHOE
nHTerpupoBanue ypasHeHuit (7.100), (7.101). CrenoBarenbHO, MaTeMa-
TUYECKasi MOJEJb, COCTABJICHHAs Ui OMUCAHUS TOpPAIKAa CMEHBI MOKOJIe-
HUI MPOAYKLMH, AOJKHBI OBITh TAKOM K€, KaKOW SBISETCA MOJIENb Mpo-
necca cMeHbl Moau¢ukauui. Takum 00pazoM, MpelyioKeHHAs BbILIE MO-
Jenb BechMa 00INa, a ee CTPYKTypa MHBapHaHTHA. OTIINYHE JKe 3aKIova-
eTcsi B KOHKPETHOM MHTeprperauny pusnyeckux mapamerpos. [loatomy,
MOJENUPYsl BOJHOBBIC MPOLECCHl CMEHBI MOKOJECHHUH MPOLYKLHH, HYKHO
NpeaBapuTebHO HMACHTH(OULMPOBATh SBJICHHS, UMEIOIHE MECTO NP cMe-
HE MOKOJIEHHH, HO HE MEHATH CTPYKTYPY MOZICIIH.

Pe3rlome

Pa3paboTana mMozenb, ONKChIBatOLIAsl NEPEXOHbIE M YCTAHOBUBIINE-
csl mpouecchl MPOU3BOACTBEHHBIX CUCTEM, MO3BOJISIOIINE YUECTh JHUHAMU-
4ecKHe SIBJICHHUS, CBA3aHHbIE C POCTOM JHTPOIMUHU.

B wacTHOCTH, NpeAsioxKeHbl ypaBHEHHsS TUHAMUYECKHUX MPOLECCOB, CO-
CTaBJICHHbIE C YYETOM MOTepb OT Opaka W aMOPTU3ALMOHHBIX M3AEpKEK.

Ha npumMepax moka3zaHo BIMsSHHE 3THX (PaKTOpPOB Ha YCTOHYMBOCTh
MPOLECCOB.

[TocTpoeHa Mojesb, HA KOTOPOil MOATBEP:KAEHA aBTOKoJseOaTebHas
MpHUpo/ia Tpoliecca BHICOKOYACTOTHBIX KoJieOaHWi Ha ypOBHE MPOW3BO-
cTBa, paboTalollero Ha CTaOUIbHbIA PHIHOK.
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