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NpeanpuATMEM, NMOBbILLATL 3PPEKTUBHOCTb PAbOThbI KOMMAHWM.

KntoueBble croBa: CepBUCHOE nMpeanpusiTue M ero  NoACUCTEMBbI,
BEPOSTHOCTHAsA  MOAENb, MPOrHO3, arpervpoBaHHbIA  MPOLECC  MOCTaBKM
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KO/IMYECTBEHHbIE XaPaKTEPUCTUKN CUCTEMDI, SqubeKTI/IBHOCTb CUCTEMBDI.



1. BBEOEHME

OGbEKTOM HAay4yHOro WCCNefoBaHMUS SBNSETCS SKOHOMMUYECKas cucTemMa
yrpaBneHns 3anacamu, COCTaBsOWAs NPOK3BOACTBEHHO-06ECMEUVBALOLLYO
cucTeMy,  MOAAEPXKMBAIOLLYIO — CEPBUCHOE  MPEANpuUsTE,  CXEMATUYECKU

MPOUNIOCTPUPOBAHO Ha PUCYHKe 1.

CEPBWCHOE MPEANPUATUNE

MPON3BOACTBEHHO-OBECIEYMBAIOLWAA CUCTEMA

MPOW3BOa- MONYYATE/Ib
CTBEHHAAFI ) Tﬁéﬂgﬂgﬁmﬂ o MAS — CACTEMB
NOACUCTEMA CKNAA,

Puc. 1. CepBucHoe npeanpusaTne 1 ero NoLCUCTEMbI

[Mpon3BOACTBEHHOM-06ECNeUnBalOLLEA  CUCTEMOM AN CEPBMCHOrO
npegnpuaTUS  MOXET  OblTb, Hanpumep, CcucTeMa MNOCTaBKM yrnd  Ans
3NIEKTPOCTaHLMN, WNX TOMIMBA A1 3/MEKTPOLEHTPAIN, BO3MOXHO CbIMy4mnX
MaTepuasioB, TakMX KakK rpaBWil, MECOK WM LEMEeHT U T.M. 418 KOHKPETHOro
nonyyarens, KOTOPbIM MOXeT ObITb MpegnpuaTve Mo  NpeAocTaBeHNIo
CTPOMTENbHBIX YCAYT.

Llenbto  uccnefoBaHus  MpPeACTaB/ieHWe  HOBbIX,  MPeABapuUTe/IbHbIX
WHCTPYMEHTOB — KO/IMYECTBEHHbIX METOLOB YNpaB/ieHNs Yycnyramu. JITUM
WHCTPYMEHTapMEM SBNSETCA HOBasi MeETOAMKa OMNpefeneHns  MPOrHo3HbIX
XapakTepucTnK (NpoLeccoB), OMNUCbIBAIOLLMX (YHKLWOHUPOBAHWE CepPBUCHOrO
NpeanpusaTAS 1 ero nogcmctem. Takue NPOrHO3bl ANs COAENCTBUA YNPaBIeHNIO
NpegnpuaTMeM, [O/DKHbI  3aBUCETb  OT  MapameTpoB, OMUCLIBAIOLMX  €ro

AesTeNbHOCTb: MOACMCTEMbI NPOAYKLMW, TPAHCMOPTHOW MOACUCTEMbI U YPOBHS



3anonHeHns cknaga. Bmecte C Tem, 3TM MPOrHO3bl AalOT BO3MOXHOCTb
MPOrHO3MpPOBaHNA MpoLecca YrnpaBieHnsi CEPBUCHBIM MPeSNpUATUEM, a 3HAUNT,
ero (OyHKUMOHMpOBaHMEe W o6ecreyeHne MNyTeM WUCMO0Mb30BaHUA pasMepa
napameTpoB TexX NMOACUCTEM. Ecnm NporHo3bl OKaXyTcs He6aronpuaTHbIMA AN
(hYHKLUMOHNPOBAHNA  CEpPBUCHOTO  MPEAnpUATUA, MOXHO CKOPPeKTMpOBaTb
3HaYyeHWe 3TUX MapaMeTpoB ANS MONYYEHUS MNPOrHO30B, MOME3HbIX A5
CepPBUCHOIO MpPeanpusaTUsA, TeM CaMbIM MOBbLICMB Ka4ecTBO €ro YrpaefeHus u
ahheKTUBHOCTN.

[ns  NoCTpoeHWs TakMX MPOrHO30B HeobXoAuMO pa3paboTka [ABYX
aBTOPCKMX MaTemMaTuKO-BEPOATHOCTHbIX Mogeneid (CM. NMyHKTbl 2 1 3), TO ecTb
paspaboTKy  TakMX  YCNOBUA  (DYHKLUMOHMPOBAHUA  MPOU3BOACTBEHHO-
obecneyvBatoLeli cuctembl. WTak, 3T NPOrHo3bl MOCTPOEHbI HA OCHOBE U B
COOTBETCTBMU C YCMOBUAMW AEATENIbHOCTW MPOW3BOLCTBEHHO-06€eCneyrBatoLLel
CUCTEMbI B CEPBUCHOM NPELNPUATUN.

B Teopuum ¥ nNpaKTUKM NPOrHO3MPOBAHUA MOXHO BbIAeUTb [Ba
Hanpas/eHNa NCCNeL0BaHNIA:

— OMH M3 HWUX WMEeeT OTHOLLEHWE K MPOrHO3MPOBAHUIO OMNpese/eHHbIX
MPOLLEeccoB, Ha OCHOBE peasin3aunmn (BpeMeHHbIX PSA0B) 3TUX NPOLLECCOB, TO
ecTb Ha OCcHOBe cbopa HabMAeHNIA 3TUX MPOLLECCOB, YNOPAA0YEHHbIX BO
BpemeHu (cMm. Hanpumep [14], [15], [21]-[24], [27]-[30]),

— BTOPOM — TMOCTPOEHME MPOrHO30B HA OCHOBE 3aKOHOMEPHOCTEW
(hYHKLMOHNPOBAHUA MCCNefyeMbIX 06bEKTOB, TO €CTb C WMCMNO/Mb30BaHVEM
COOTBETCTBYIOLLMX CUCTEM MaTEMATUYECKNX YPaBHEHWA,

KonuuectBo ny6imkawnii, MOSBMBLLMXCA B MEPBOM HarnpaBneHUN Hay4YHOW
[EATeNbHOCTU SABMSETCA 3HAYMTENIbHO 6O/bLUEA MO CPaBHEHUIO C KOIMYECTBOM

paboT, NOCBALLEHHbIX BTOPOMY Hanpas/ieHN0 uccnegosaHuid (cm. np. [13], [17],

[18]).



MMpOrHo3bl  COCTOAHWA  MPOLECCOB,  OMUCbIBAOWMUX  UCCMefyeMble
MPOrHOCTUYECKME OOBLEKTbI OMpeaensieTcs BO BTOPOM U3 YMNOMSAHYTbIX
Hanpas/feHNA UCCNefoBaHNA NPW MOMOLM  MaTeMaTUYeCKUX MOoLeNien 3Tmx
06BEKTOB — M3BECTHbIX MOAeNel nnu paspadaTbiBaembIX.

Ha ocHoBe mogfenun, npeabsBleHHOW B AaHHOW CTaTbe - WHHOBALMOHHBIIA
MeTOZ NPOrHo3npoBaHuUsA (CM. MYHKTbl 2 K 3.). OTU MPOrHO3bl 3aBUCAT OT
napameTpoB MCCMeAYyeMON CUCTEMBI, TO eCTb OT MapameTpoB MPOU3BOACTBEHHOM
MOACUCTEMBI, NMapaMeTpoB TPaHCMOPTHOM MOACUCTEMbI MU YPOBHS 3aracoB (CM.
puc. 1). Ecnm 3TV NPOrHO3bl  OKaXYTCA  HebnaronpuaTHbIMKA — A/1S
(hYHKLUMOHNPOBAHUA CEPBUCHOIO MPeAnpuaTUs, TO MOXHO WCNpaBUTb 3TOT
MPOrHO3, CKOPPEKTMPOBAB 3HAYeHUs NapaMeTpbl NPOU3BOAUTENIBHOCTU CUCTEMBI
MPOM3BOACTBA U CHAOXeHWs, 4TOGbI MONYYUTb TakOW MPOrHO3, KOTOPBbIiA
YKa3blBaeT Ha YrpaB/eHVWe CepBUCHbIM MpPeanpuaTmeM And  3(M(eKTUBHOIO
BbIMOJ/IHEHWSA WHTEPECOB CBOMX KIMEHTOB. Takas BO3MOXHOCTb KOPPEKTUPOBKM
MPOrHO30B He MNPefoCTaBNsSeTCHs BO3MOXHOM MNPV MCMO/b30BaHUM MPOrHO30B,
MOJTy4eHHbIX Ha OCHOBE BPEMEHHbIX PALOB.

[aHHasa cTaTbd OTHOCUTCA KO BTOPOMY HanpaB/IeHUI0  Hay4HbIX
nccnefoBaHWin. 3ta npobsemaTnka MMeeT OTHOLUEHME B OCHOBHOM K BOMpOCam
yBennyeHuns ahdpekTUBHOCTH (PYHKUMOHNPOBaHUSA NpPON3BOACTBEHHO-
obecreymBatoLLeil CMCTeMbl, PYHKLMOHMPYIOLLEA B pasHbIX cepax 3KOHOMUKW,
C UCMo/b30BaHNEM MOAEIMPOBaHNA U NPOrHo3unposanHmns (cMm. np. [2], [8]-[11]).

B cTatbe npoaHasM3vMpoBaHbl 4Ba BapvaHTa [LeAaTe/lbHOCTU MOAENW: Korja
MpoLEecc NOCTaBKN NPOAYKLUMM Ha CKNaf NpeacTaBneH 06Leil Npon3BOACTBEHHOM
MOACUCTEMOIN W TPaAHCMOPTHOM MOACUCTEMOWA (CM. MYHKT 2.) — TOrga MOXHO
rOBOPUTb, YTO YPOBEHb 3arO/IHEHHOCTU CK/afa YMNpas/seTcAa arpermpoBaHHbIM

MPOLIECCOM MOCTaBKM MPOAYKTa 1 KOrfa NpoLecc A0CTaBKW MPoAyKTa Ha cknaj



YUUTbIBAET KaK MPOM3BOACTBEHHbIV MPOLIECC, TaK U TPAHCMOPTHYHO MoACMCTEMY
(CM. NYHKT 3), TO €CTb CTPYKTYPHYIO [JOCTaBKY MPOAYKTA.

Kak B arpervpoBaHHoii Bepcum (CM. MYHKT 21.), TaK U B CUCTEMHOI BepCUU
(CM. NYHKT 3.), aHaNn3 AeATeNIbHOCTY CUCTEMbI MPOU3BOAUTCS B TPEX BapuaHTax
3aMnoNIHeHNst  CKMafga: MPOMEXYTOYHOE COCTOSHME 3arofHEHHOCTM  CKiada,
HYNeBOe COCTOSHWE 3arofHEHHOCTU CKMafa W, TO €CTb HWXKHWUIA YpPOBEHb
HaMoO/IHEHHOCTU U COCTOSHWE MOJIHOW  HAMOSIHEHHOCTM, TO €CTb BEpXHel
rpaHuLibI.

®YHKLMOHMPOBaHNE MPOU3BOACTBEHHOI-06eCreumnBatolLeli CUCTeMbl B

CEPBMCHOM NPeanpusTi NPOUNTOCTPUPOBAHO Ha PUCYHKe 2.

MPOV3BOACTBEHHAS v () TPAHCMOPTHAS w(t) MAFA3MH- a MONYYATE/b
NOACUCTEMA ——" MOACUCTEMA | ——"5 CKIA} [——> CUCTEMbI
) Q)] (M) ©)

Puc. 2. O6Las cxema hyHKLMOHMPOBaHMS NPOU3BOACTBEHHO-06ECTeUMBatOLLE

CUCTEMbI B CEPBMCHOM MpeanpusTm

Monyuatento O (HanpuMep 3MeKTPOCTaHLMMY),  (YHKLMOHMPOBaHMe
KOTOPOro 06YCNOBMEHO MOCTOSHHBIA MNOTPEBHOCTHI @ eAMHWL, MPOAYKTa
(Hanpumep yrns?), MOCTaBMseTC Ha MOCTOSIHHON OCHOBe (HanpuMep, Npw
MOMOLLM KOHBelepa, TPybonpoBoaa, MMHUK 3eKTporepeday) NOTOK NPoAYKL MK
y(t) (roe t obo3HayaeT BpeMs), peanm3yemMblii NMpU MOMOLLM MPON3BOACTBEHHOWA
nogcuctembl P, Kak noctaswmka (cm. puc. 4). lNMpumepom nogcuctembl P
(nocTaBLMKa) MOXeET ObITb, Hanpumep, rpynna waxrt. CayyainHble U3MeHeHUs

npouecca y(t) BO BpemMeHM t ¥ HesannaHMpOBaHHbIE MepepbiBbl B paboTe

(aBapuun) TpaHCNOPTHON noacucTeMbl T ABASKOTCA (haKTOpamu, BAMSIOWMMU Ha

! anekTpoLEHTpann, AN LIGHTP CTPOUTENLHBIX YCNYT
2 Tonnuea, rpasus, Necka, N LiEMeHTa



YyMeHbLUeHNE  3NDEKTUBHOCTM  (DYHKLMOHNPOBAHWA TakKoW CUCTEMbl. ITy
3)(PEKTUBHOCTb MOXKHO YBENNYNTL — U OAAHOBPEMEHHO YMEHbLUNTL BO3MOXKHOCTb
BO3HMKHOBEHWSI MepPepbIBOB MPU MOCTaBKe COOTBETCTBYHOLLErO KOMM4YecTBa
npogykumm nony4varento O — MyTeM pacnonoXeHuss B 30He nonyyarens O
CKnaga-Hakonutens M ykasaHHOro ob6bema V. Cknaf-HakonuTenb WMeeT
OCHOBHOE 3HauyeHue [Ansa 3MMEeKTUBHOIO (YHKLMOHMPOBAHNA CEPBUCHOIO
nNpeanpuaTns, MNOTOMY UTO amOpTM3UPYET BMMSIHUE Cy4valiHbIX (aKTopoB
MeLLatoLLMX NMOCTaBKe NPOAYKLUMM MosiyyaTento — KIMEHTY. DTO NO3BONSET 60/ee

3(h(heKTUBHO (HYHKLIMOHMPOBATb CEPBMCHOMY MpeanpusTuio. MOToK npogyKuum

y(t) HakansnveaeTca B noacucreme M: Korfa ypoBeHb HAaKOMMEHUS CKiaga He
npesbiWwaeTr V n korga y(t)>a. Ecnn Tekyllee cofepxaHuve 3snemeHTa M
ABNSETCA paBHON V 1 y(t)>a, TO Be/MYMHA NOTOKA y(t) 00rpaHmymnBaeTcs
ypoBHeM a. Korpa aneMeHT M ABnsieTca NycTbiM i y(t)<a, BO3HMKaeT cuTyauus

BpeaHas s nonydvatens O. OnpeaeneHve BEPOSTHOCTM 3TOFO COOLITUS UMeEET
B&)KHOE MPaKTWYECKOEe 3Ha4YeHVe MPaBUIbHOIO0 (DYHKLMOHMPOBAHWS CEPBUCHOIO
npeanpusaTyS.

CnyuaiiHoe cobbITVe, Kora cKiaf nycToin 1 npouecc nocTaBky NPoagyKLmm
Ha CKiaf MeHblle, YeM MOTPe6HOCTb MonyyaTens ABASETCA OYeHb BPeAHbIM Ans
[eSTeNbHOCT MpeanpuaTis. B To e Bpems MpeanpustMe He MOXET
YA0BNETBOPUTL MOTPEGHOCTY CBOMX MOyYaTeNen - KAMeHToB. MPOrHo3 60/bLLUO
BEPOATHOCTM 3TOr0 COOLITUA ABNSIETCA MPeAyNPeXAeHNeM ANs CEepPBUCHOrO
NpeAnpuATAs, YTO YynpaBneHWe NPOM3BOACTBEHHO-06eCNeUMBatOLLEA CUCTEMON
HEO6X0AMMO  YNyyWWTb NYTEM  YAYYLUEHUS  CRefyloWmMx  MnapaMeTpoB:
MPON3BOACTBEHHOW MOACMCTEMbI, TPAHCMOPTHOW MOACMCTEMbI U YPOBHSA

3ano/fiHeHWs cKnaga-Hakonutens (CMm. puc. 2).



bonbLuee W(t) nogcmuctembl M, onucbiBaloLLlee MpoLecc MOCTaBKM
npoayKumn Ha cknag M n panee nonydatento O, MOXHO MCCnefoBaTb ABYMS
criocobamu:

e arpervpoBaHHbliA  BapuaHT (MYHKT 2.): W(t):y(t); npotiecc W(t)
npeactaBnseT 06beAMHEHWE MPOW3BOLCTBEHHOW MoAcucTeMbl P 1
TPaHCNOPTHOW noAcucTemsl T,

s cUCTeMHbIA BapuaHT (MYHKT 3.): w(t) =y(t) v(t); npouecc w(t) yunTbiaer
HefBYCMbIC/IEHHO Kak nogcuctemy P (NpoM3BOACTBEHHbIN NMOTOK y(t)), TaK
n nogcuctemy T. Mpouecc v(t) (onpegeneHHbIV B NyHKTe 3. hopmynoit (3.))
OnuncbIBaeT PYHKLUMOHMPOBaHME TPAHCMOPTHOM MNOLCUCTEMBI.

C Uenblo NpeaioXeHNs UHCTPYMEeHTapus, Croco6CTBYIOLLEro aHanusy wu
npoueccy 3thheKTUBHOrO PYHKLNOHUPOBAHUA UCCNEeSYEMOW CUCTEMbI (CM. pUC.
2) HY)XHO MOHWMAaTb, 4TO y(t) 7 v(t) ABNAOTCA npoueccamy Mapkosa C
KOHEYHbIM KO/IMYECTBOM COCTOSIHWIA. Ha MpakTuKe 310 ABNSETCA eCTECTBEHHbLIM
yCnoBmeMm. 3TW NPOLECChl OMucaHbl MPY MOMOLLM WMHTEHCUBHOCTWU Mepexoja
MEXZY CBOMMM COCTOSAHUAMU U MHTEHCUBHOCTAMU HaXOXAEHNSA B TeX XKe caMblX
COCTOSIHUSAX.

MycTb yHKUMA BpemeHn z(t)Takas, uTo 2(t)=z(t,») o6osHauaet

TeKyLyo 3arpy3ky cknaga M onpegeneHHoro obvema V, rge o sBnsetcs
cNyYainHbIM napameTpoM. ®yHKUMS h onpefenseTcs cnefyoLwmm 06pa3om:
M, gdy z<0
h(z)=fk gdy 0<z<V (1)
H/, gdy z=V, V =const, V>0.



3amMeTuM, uTo cToxacTuueckuii npouecc z(t) B auanasode [a,a,)
NOCTOsHHOI peannsaumn npouecca: W(t)= y(t) BbinonHsieT cnepytoliee ycnosme

ana o, <t, <t<a,:

2(t@)=h B(t)+(y(t)-a) (t-t) E 2)
CTOXaCTUYeCKMin MpoLEecC SABMAETCA BE/IMYMHOM, 3aBUCALLEA OT Cly4valHbIX
(hakTopoB (@) 1 OT BpemeHN (t).

YpoBeHb HamMO/IHEHWUSI CKnafa SIBNSETCA CTOXAacTUYECKUM MPOLIECCOM,
MO3TOMY OH 3aBWUCWT OT (DYHKLIMOHMPOBaHUSA NPOW3BOACTBEHHON NOACUCTEMBI 1
TPAHCMOPTHOW MOACWUCTEMbI, M Ha WX (YHKUMOHMPOBAHUE TaK Y€ WMeT
BNMSIHWE CNyYaliHble (hakTOpbl M Bpems. TOT (hakT, 4TO HarofHeHne -

NPOW3BOACTBEHHBII 3anac z(t) B pamkax ycToiiunsoii peannsaumm npouecca Y(t)
BLIMOHAET YCNOBUE (2.), CNeAyeT W3 ecTecTBeHHo mpupoasl mpouecca z(t).
ECnv B MOMEHT t, 3arofHeHue cknaga cocTasnseT z(t,), To cyllecTBeHHbIM B
MOMEHT Korpga a, <t <t<a,, boHo  6ydeT  coCTaBNAT:
Z(t):Z(tl)+(y(tl)_a)(t_tl)’ Koraa 0<Z(t1)+(Y(t1)_a)(t _t1)<v- B cnydae
MaKCVMMaNbHOTO 3arosiHeHna cknaga M fgo ero obvema V, vmeem: z(t):V n
y(t)>a, utak, korga cknag M yxe MOMHbIA M TpaHcnopTHas nogcuctema T
MOXET MoCTaBNATh GorbLe Pe3ynbTaToB NPOKU3BOACTBA Y (t) nopcucTeme P, yem

Hy>XgaeTcs notpebuTens O, Torga Heo6XOAMMO YAepXaTb TPaHCMOPTHYH
CMOCOBHOCTb CUCTEMbI, YMEHbLLAs TOMbKO CYMMapHYH MpPOM3BOANTENIbHOCTb

noAacucTeMbl P COOTBETCTBEHHO YPOBHIO MOTPeGHOCTM a nonydatens O.

CocTosiHMe NycToro cknaaa M, To ecTb koraa z(t)=0 BO3HMKaeT ToNnbKO TorAa,
KOrfja ypoBeHb noctasky Y(t) ABnseTcs He GONbLIMM, YeM MOTPEGHOCTb, TO eCTb

Korpa y(t)sa. Takad pasHMUa COCTOSHWIA z(t):V 7 z(t):O yKa3bIBaET Ha



Heo6Xx0AMMOCTb BBeAeHNA hyHKUuuK h, onpeaeneHHoin opmynoi (1.). PyHKUMS

z(t) siBnseTca onpepseneHHoii npu nomowyy mpouecca w(t)=y(t), utak z(t)
SIB/IIETCA MPOLIECCOM, YNPAB/sieMbIM NPOLIECCOM MOCTaBKM npogyKumun w(t).

Mpobnematka YyBenuueHne 3PGHEKTUBHOCTU OMWUCAHHOM MPOW3BOA-
CTBEHHOI-06ecneymBaroLLein  cucTeMbl, 00YCNaBMMBatOLLEN COOTBETCTBYHOLLEE
(hYHKLMOHMPOBaHME CEPBUCHOIO MPeANnpUATUS, ABNSETCA NaBHON TeHAeHLMen
HayYHbIX PELIeHWIA AaHHOW  HayyHOW paboTbl. Ba3oBbIM  31EMEHTOM
(hYHKLMOHNPOBAHUA CEPBUCHOIO NPEeANpPUATUA ABNSETCS CKad-Hakonutenb. OT
YPOBHS €ro 3amnacoB 3aBUCUT 3((PEKTMBHOCTb O6CNYXMBaHUA K/IMEHTOB
CepBUCHOIO NpeanpuATUs. B CBOIO 0Yepefpb, Ha 06bEM 3ano/IHEHNSA CKNaja UMeeT
BINAAHME 3D(heKTUBHOE (DYHKLMOHMPOBaHWE NPOMN3BOACTBEHHO-00eCMEUMBatOLLEN
cuctembl. Ecnv npon3BoACTBEHHas-00ecneymBaroLlas cMcTemMa COOTBETCTBYeET
OrMpefeneHHOMY YPOBHIO 3arofiHeHUst CKaga, TO CEpPBUCHOe Mpegnpusatve
3PEKTMBHO 06CNYXKMBAET CBOMX KMEHTOB (NonyyaTeneil).

MoaToMy B faHHOW paboTe MpeAcTaB/ieHa WHHOBALMOHHOE Mpes/ioKeHue
peLLeHns cefyowmx HayYHbIX NPo6/iem:

1) nonyyeHne BEPOATHOCTHOrO OMMCaHWUA WCCNefyemMoi MPON3BOLCTBEHHO-
06ecneynBatoLLeli CMCTEMbI, MOAAEPXKMBAIOLLEN CEPBUCHOE NpeLnpusTue B
Clyyae, Korja YpOBeHb 3anacoB nogcuctembl M perynupyetcs
arpervpoBaHHbIM MPOLECCOM MOCTaBKM NPOAYKUMW. ITO OMucaHue BO-
MepBbIX: YYWUTHIBAET, KaK AWHAMWKY MapaMeTpoB npoLecca MNOCTaBKM
NPOAYKL MM NOACUCTEMON P, Tak 1 — pasHble BapnaHTbl (hyHKLIMOHUPOBaHWS
noacuctembl M; BO-BTOpbIX: [aeT BO3MOXHOCTb MOAENMPOBaHUA W
onpegeneHnst  KOMMYECTBEHHbIX  XapaKTePUCTUK  (PYHKLMOHMPOBaHWS
CUCTEMbl B arperMpoBaHHOM BapuaHTe; B TPeTbUX: [aeT BO3MOXHOCTb
MPOrHO3NPOBaHNA  MapaMeTpoB,  OMUCHIBAKOLWMX  (PYHKLMOHUPOBaHME

CUCTEMbBI B 3TOM BapunaHTE,



2)

3)

4)

5)

onucaHve W OMpeAeneHne MokKasaTesei, ONMCbIBAOWNX AESTENbHOCTb U
3PeKTMBHOCTb NPOEKTMPOBKMN CUCTEMbI B arpermpoBaHHOM BapuaHTe,
MPOrHO3MpPOBaHMEe  MPOLIECCOB,  XapaKTepusyrwlIMX  CUCTEMY B
arpermpoBaHHOM BapuaHTe, reHepUpPOBaHHbIX MOCTPOEHHO
BEPOSATHOCTHO MOfENbHO,

nonyyeHne CTOXaCTUYECKOrO0 onucaHus paccMaTpuBaemoli
NPOM3BO/CTBEHHO-00€CMNeUNBatoLLEl CUCTEMbI CEPBMUCHOIO NPeAnpuaTUS B
Cfyyae, Korga YypoBeHb 3amacoB MoAcuCTeMbl M perynupyetcs
CUCTEMHbIMM MpPOLIECCaM MPOLIECCOM MOCTaBKM NPOAYKUMKU. DTO OnucaHue
AO/MKHO COOTBETCTBOBATb CBOCTBAM, MNpPUBEAEHHbIM B MyHKTE 1) K
YUMTbIBaTb  OfIHO3HAYHO nNapameTpbl (BMeCTe C MX AMHAMUKOW)
TpaHCNOpPTHO noacucTemsl T,

MonyyeHue MPOrHO3MPYEMbIX napameTpoB, OMUCbIBAKOLLINX
(hYHKLMOHMPOBaHNE CUCTEMbl B CMCTEMHOM BapuiaHTe, FeHeprpOBaHHbIX
MOCTPOEHHOW MOAENbHO.

MpeacTaBneHHass MeTOAMKA MPOrHO3MPOBaHUS [O/MKHA ObiTb OCHOBO
MH(OPMaLMOHHOTO  MPOrHO3MPOBaHMS,  OO/EryatoLLero  TeXHUYECKMe
PacyéTbl C MPUMEHEHMEM COBPEMEHHOIO 3/1EKTPOHHOrO 060pyaoBaHus. B
CEPBUCHOM MNPeanpuUsiTUM MOXHO YCTaHOBUTb MH(OPMALIMOHHYO CUCTEMY,
KoTopas 6yaeT aptheKTUBHO pacCUnTbIBATh 3TU NPOrHO3bl U NPeAOCTaBNATb

MX CyGbeKTaM, YNpas/sitoLLIM CEPBUCHBIM NPeANpUSTHEM.
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2. MoENb PYHKUNOHNPOBAHUNA MPOMN3BOACTBEHHO-
OBECTMEYMBAIOWEN CUCTEMbl B AFPEFMPOBAHHOM BAPWAHTE W EE
MPUMEHEHVE ANA TMOCTPOEHUA T[MOKA3ATE/IEM W MPOMHO30B W
MPOLUECCOB, OIMMCbIBAROWKNX  ®YHKUNOHNPOBAHME  CUCTEMBbI,

SABNCALLINX OT EE NAPAMETPOB

®YHKLUMOHMPOBaHMEe CUCTEMbl, B pPaccMaTpMBaeMOM BapuaHTe, MOXHO

0XapaKTepu3oBaTh ABYXMepHbIM cxonacTuueckum npoueccom  (y(t), z(t)).
Mputnmaem, uto y(t) SBNSETCH OAHOPOAHBIM, HEMPEPLIBHBIM U LIEHTPabHbIM
MpoLeccoM MapKoBa C KOHEUHbIM UWCMOM COCTOSHWA Y, Yy, ... Y.
6YAYLIMX HEOTPULIATENbHBIMM, PA3HBIMM AEVCTBUTENbHBIMU unCTaMK, 1 7,
03HauaeT MHTEHCMBHOCTL nepexoja npouecca y(t) oT cocTosHus Yy, [0
cocTosHust y,. OpHoBpemenHo npouece z(t), perymupyembiii mpoueccom Y(t),
onucaH gopmynoi (2.).
AHanM3 hYHKLNOHUPOBAHWS CUCTEMbI MPOM3BEAEM B TPEX BapuaHTax:

> uacTuuHoe 3anonHeHne cknaga: 0<z(f)<V, cocTosHMe HasoBem
NPOMEXYTOUHLIM COCTOsHMEM npoliecca z(t) uan nogcmcTembl M,

> HWkHAA rpaHuua; z(t)=0, 3TO COCTOHME Ha30BEM HUDKHEN rpaHuLiell
npouecca z(t) uam noacuctemsl M,

> BEpPXHAA rpaHuua: z(t):V, 3TO COCTOSIHME HA30BEM BepXHel rpaHuLen

npouecca z(t) nam noacuctemsl M.
3T npumepbl HEOBXOAMMO paccMaTpuBaTh WHAMBUAYANbHO, MOTOMY YTO WM
COOTBETCTBYIOT Pa3Hble YC/0BUS PaGOThbl CUCTEMBI.
C UeNnblo peLleHns MHOTMX NPOGMeM, CBSI3aHHbIX C  Y/ydlleHWEM

3 heKTUBHOCTU (DYHKLMOHNPOBaHUSA CEPBUCHOrO npegnpusatus (puc. 1), BmecTe
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C nony4vyeHMem COOTBETCTBYHOLUMX  MPOrHO30B, [AOCTAaTOYHO OMNpPeEAENTb

CnefytoLLye BePOSTHOCTY:

- yacTuHOro 3anonHeHns cknaga: P(0<z(t)<ea, x(t)=x,) =[f (z,t)dz,
0

- HUWXKHEW rpaHuLp: P(z(t):O, x(t):xk )
- BEPXHEN rpaHunLibl: P(z(t):V, x(t):xk )
rae 0<a <V, f, (z,t) 03HayaeT NNOTHOCTL BEPOSTHOCTH, @ X, ABASETCS K-ThiM
COCTOSIHMEM BCTIOMOraTeNbHOro BBoAMMOro npotecca x(t)=y(t)-a (x, =y, -a,
k=12,...,n).
C uenbio ydyeta W3MeHeHWd BO BpEMEeHW MapameTpoB r; MNpoLecca,
perynmpyoLLero y(t), 6ymem  aHanusMposaTb  (hyHKLMOHMPOBaHME

paccmMaTpMBaemMoil  CUCTEMbl B M OuepefHbIX  Mepuofgax  BPeMeHU

T, T,, ..., T . lycTb notom nepuogy T, COOTBETCTBYET WHTEHCUMBHOCTb

m

ﬂigl)(| =12,...,m). AHanM3s (yHKLUMOHMPOBAHNA CUCTEMbI GyAeT Mpou3BeseH B
nepuoq, BPEMEHY T c yUYeToM Tpex CyyYaes:
0<z(t)<V, z(t):O, z(t):V; tUT,.  ®yHKUMOHMPOBAHME  CUCTEMbl B

BapnaHTe 0< z(t)<V XapaKTepu3yeTcs BEpOATHOCTAMU BUAA:

QM a,t)=P(0<z(t) <, x(t):xk):j'fk(')(z,t)dz, O<a<V, tOT,.

0

3
C Uenblo yNpOLLEHNs 3anincy, Nepuos BpeMeHn T, 1 MHOXeCTBO MOMEHTOB, (hOPMUPYHOLLX

nepuog T, ans | D{l, 2,...,m} 6yeT 0603HaUaATLCS TEM XKE CamMbIM CUMBO/IOM.
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[anee npoBefeHne aHann3a paboTbl cMCTEMbI B epuog T, B ciyyae, Korga
YpOBeHb 3anaca MNPOAYKUMW BbINOMHAET YC/OBME: z(t):O, AeATeNbHOCTb
cucTeMbl B 3TOM BapuaHTe 41s t LT, xapakTepu3ytoTcs BepOATHOCTAMY BUAA:

QU{oht)=P(zlt)=0, x(t)=x) tOT.

B cBOWO Ouepefib aHaM3 paboTbl CUCTEMbI B MepUoA T, B Clydae, Korga
YPOBEHb 3arnacos MpoAyKuMm BbIMO/HAET  YC/IOBUE: z(t)=V,
(yHKUMOHMpPOBaHMe cucTembl ana tLT, B 3TOM BapuaHTe XapakKTepusyeTcs
BEPOSATHOCTAMY BUAA:

QU ({v}.t)=P(z(t)=V, x(t)=x]), tOT,.

Pe3ynibTaTOM Takoro aHanv3a, MpeactasneHHON B pabote [12] sBnsetcs

CneaytoLlas MHHOBALMOHHAA MOAENb AeSTENbHOCTY CUCTEMbI B arpervpoBaHHOM

BapuaHTeE.

Takum 06pa3om (yHKLUMOHMPOBaHME pacCMaTpPUBAEMON CUCTEMbI B NEPUOA,
T, (I :1,2,...,m) OnucCbIBaeT cnefylowas cuctema AnddepeHUMpPoBaHHbIX

YPaBHEHWIA:

D ot
0
(1)
09 (09 = 200 ({0} ) - x, £ (0,t) +ZQk ({0} )7y, diax <0, tOT,

X <0

) = 200 (V] 1)+ x, 1.0 (v, t) + ZQ t)z), dlax, 20, tOT,
X 20

Epé"({V}J):Q dlax, <0, tOT,
O

13
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Cuctema ypaBHeHMIn (*) npeacTaBnseT MaTemMaTU4ecKyrd MOAenb
nccneayeMori CUCTeMbl B ClyYae arpernpoBaHHOro BXoaa w(t) B nogacucTemy M.

Takad  BepoOATHOCTHas  Mofefb  (PYHKUMOHMPOBaHMS  UCCNeayemoi
NPOV3BOACTBEHHOM-06ECNEUNBAIOLLEN CUCTEMbI MOAAEPXKUBAIOLLEA CEPBUCHOE
npeanpuatve (cuctema (*)) NO3BONSET MOCTPOEHME BENYMH, KOTOpble MOTyT
ObITb UCMO/b30BaHbI KaK B NpoLecce 3P(EKTUBHOIO ynpaBneHNs 3TON CUCTEMON,
Tak ¥ Ha aTane npoekTMpoBaHus projektowania aToN CUCTEMBI.

Hanpumep, ecnn B nepuog T, MPOM30IAET cnyyaiHoe cobblTne W, BUAaA:
06beM NpoAyKLMK y(t) NoCTaB/IeMOI NPOV3BOACTBEHHOW MOACUCTEMON P, Kak

nocTasLivka nonyyatento O, MeHblUe, YeM NOTpebHOCTL a nonyyarens O (cm.
puc. 2), pabota KOTOPOro WMeeT HernpepbiBHbIA XapakTep (Hanpumep

MpPOM3BOACTBO  3MIEKTPUYECKO  3HEpruMM,  BOAbl,  MalUMHHOMO  Macna,

CTPOMTE/NbHBIX MATEPUAsoB 1 T.4.), U cogepxarue z(t) cknaga — Hakonutens M
COCTaBNISIET HOMb, TO €CTb MPOMCXOANT Crepytolan cutyaums W, : y(t)<a, i

z(t)=0, To Torga monyuatenb BbIHYXAEH WMCMONb30BATL APYrue WCTOYHWKY

06ecrneyeHnss WAM  OFpaHUYEHNs COBCTBEHHOTO MPOM3BOACTBA, TO €CTb
AesTeNbHOCTU. DTO NPUBOAWT K NOTEPSIM B paccMaTpuBaeMoii cucteme (notepu

nonyuatens). BeposTHOCTb HACTYN/NEHWs TaKOro BPEAHOro COObITMS 0603HAUMM

npu nomowm w, (W, =P (W,)); oHo BbipaaeTcs crieaytoLLei hopmyoii:

w, =P (W)= Z Q™ ({0})

Yk<a
[Moka3aTesib W, WTaK ABNAETCA BEPOATHOCTbHO BO3HUKHOBEHWSA ,qquI/ILWITa

nocTaBKu Npoaykumm a nonyyarento O (cm. puc. 2).

BpesHOe COCTOsHME CUCTEMbI B Nepuog, T, CBA3aHO C APYr1MM Cly4vaitHbIM

cobbiTueM W, : BennumMHa nponssoAcTea y(t) nocTaensemoro noAcuctemoin P
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npeBbILLIaeT NOTPe6HOCTL a nonydarens O, u cknag M 3anonHeH (cm. puc. 2), To
ecTb npoucxopuT cregytowas cutyaumsa: W,: y(t)za u z(t)=V. B TaKom

CNnydyae NMpPou3BO/ACTBEHHAs mogcucTeMa (MOCTaBLMK) P He MMEeT BO3MOXHOCTM

MepecbINKK CBOe NpoAyKuun nonyyarento O, UTO NPUBOAWT TaK Xe K MoTepsM B

cucTeme (NOTepy MOCTaBLLMKa). BeposTHOCTL W, 3Toro cobbitis (w, =P (W,))

MOXHO OMpeaenunTb Mo CreaytoLLei gpopmyne:

w, =P(W,)= z Q" ({V})

&

O6e BeNMYMHbI W, | W, SBAAOTCA MOKAa3aTeNsMU OLEHKM YPOBHS
MPOU3BOACTBEHHbIX MOTEPb COOTBETCTBEHHO mosnyyvatens O (nokasatenb W) W
MPOVU3BOACTBEHHOI NogcucTeMbl P (MokasaTtesb W, ).

3a nokasaTtenb OLEHKW YPOBHS WMCMONb30BaHUA CUCTEMbI 3nemeHTa M B

nccneayemMoit CcTeMe MOXHO MPUHSATL BEPOSTHOCTb CrlyyaiiHoro cobbitist W,

BMnAa: YpPoBEHb 3aN0/IHEHUA CK/lady ABNAETCA MOJI0XKUTE/IbHbIM, HO MEHbLLUE, YEM

V., 1o ectb W,: 0<z(t)<V. BeposTHocTb W, cobbitua W, (w,=P(W,))
BbIPKAETCS CEAYIOLLM YPABHEHNEM:

w=p(W)= 3 Q7 (V).

"paHNYHbIE COCTOAHMUA — HVKHWIA 1 BerHMVI — nogacuctemMbl M MOXXHO

Onncatb COOTBETCTBEHHO rMOKasatenamn w, i W; , ONUCaHHbIX COOTBETCTBEHHO

cnegytoLmmm opmynaMu:
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BennunHaw, ABNSETCS BEPOSITHOCTBIO Cy4aliHOro coGbiTus W, : YpOBEHb
3anonHeHns cknaga M cocTaBnseT Homb, T ecTb: z(t) =0, a nokasaTenb W,
BbIPXKAET BEPOATHOCTbL C/ly4aiiHOro cobbiTust W, : cknag M 3anosiHeH, TO ecTb:
z(t)=V.

Ona  atoro, 4yto O6bl 0603HauUMTL nokasatenm w, (s=12,...,5),

S
ONUCLIBAKOLMX (YHKLMOHMPOBaHME CUCTEMbl B arperMpoBaHHOM BapuaHTe,
HY)XHO PeLUNTb CUCTEMY YypaBHeHWiA (*). T nokasaTenn 3aBUCAT, TaKuM

m)

06pa3oM, OT BeNMYMHbI NapaMeTpOB: 7zi(k , Y,, &, V, 4TO 3HAQuMT, YTO OHM

ABNAOTCA ONpeAesieHHbIMU PYHKLMAMU 3TUX NapamMeTpoB, TO eCTb:
= (m)
W, =T, (7Z'ik YL a V.

MOXHO, TakK >e, ONTUMWU3MPOBATL BENNYUHBLI NOAAHHBIX nokasaTtenen
NyTeEM COOTBETCTBYHOLLEro WU3MEHEHUA BETNYUHbI M3MEHEHHbIX MapaMeETPOB.

Ynyuduwas opraHv3aLmnoHHble 31eMeHTbl PYHKLMOHUPOBAHUSA CUCTEMbI, KOTOPbIE

BNMAIOT Ha 3HaueHue MHTeHcuBHocTM 7" ynpaenstowero npouecca y(t),

MOXEM BMMSATb Ha 3HAYEHWe MoKasaTenein W,, W, TéeM CaMbIM, YBENYNBATb

3 heKTUBHOCTb  (DYHKLUMOHMPOBaHMS  MPOU3BOACTBEHHO-06ECNEUNBAtOLLEN
CUCTEMbI, NOALEPXKMBAOLLIEN CEPBMUCHOE MpeanpusaTme.

BeposATHOCTHasA Mofenb (DYHKUMOHWPOBaHMSA CUCTEMbI B arpermpoBaHHOM
BapuaHTe BblpaXKaeTcsa CBA3AMU (*) NO3BO/IAA TaK XKe MPOrHo3MpoBaHUe BENNYMH,
XapakTepusyLmx ¢(YHKUMOHMPOBAHME 3TOM  CUCTEMbI. ITU  MNPOrHO3bI
nepefarTca OpraHy YnpaBfeHUSi CUCTEMOM W COCTaBNAKT MPEeAnoCbUIKA ANns

yBe/IMUeHns 3eKTUBHOCTU ee (hyHKLIMOHUPOBAHNS.
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Myctb tOT_ NT, a T, 03HauaeT NPOrHO3bl i-TOW MPOrHO3MPYEMONi
BeNNYMHbI. MPOrHo3bl W (t) BEpOATHOCTM AeuUMTY MOCTaBKW NMPOAYKLMM ANs

nonyyatens O B MOMEHT t paccuMTaem Mpu NMoMoLLM cnefytoLeli hopmy bl

W ()= "y " ({0} 1)

Yi<a
MporHosbl W, (t) BeposTHOCTM NOTepb NOCTaBLUMKa (MoAcuCTeMbl P) B

Cnyyae 3anosiHeHua cknaga M B MOMEHT t onpegensem UCNosb3ya cnefyroLlyto
thopmyny:
W, (1) = 5 A7 ({vh.t).

Yi>a
I'IporHOBbl Wg (t) nokasarend OUeHKN YPOBHA MCMNO/b30BaHUA MOACUCTEMDI

M B uccnefyemoli cucTeMe B MOMEHT t paccumTaeM Ha OCHOBE ClefyHoLLei
(hopmybl:

i (0= 3.0 () 9

Ecnu BeposiTHOCTb 3anonHeHns cknaga M HaxoauTes B npegenax (0,V ), To ecTb

A

W, (t) =1, TO B CrleAytoLLMA MOMEHT t CrieflyeT OXW/aTb ManeHbKOI BEPOATHOCTM

BO3HVKHOBEHUS AeduupTa MOCTaBKM NpogyKuum nonydatento O wnu noTepb

nogcucTeMbl P (nocTaBlyvka). B npoTuBHOM cnyyae, To ecTb korga W, (t) =0,

crnefyeT OXuaaTb B MOMEHT t sBMeHNe NoTepb MocTaBlwmka P unun geduymta y
nonyyarens O ¢ 60/bLLOM BEPOATHOCTBIO.

BO3HMKHOBEHME TFPaHWUYHbIX COCTOSIHWMIA mogcucTeMbl M B GygyLyuii
MOMEHT t MOXXHO NpeABUAETbL NPV MOMOLLY CNeayHLMX opmyIi:

W, (6)= 3 A" ({oht),

Ygsa
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®opmyna W, (t) OnNMCbIBaeT MPOrHO3bl BEPOSTHOCTU BO3HUKHOBEHUS HY/EBOrO

COCTOSHWS 3arMO/HEHNs CKNaja M B MOMEHT t, B TO Bpems Kak OTHOLLIeHMe W (t)

— MPOrHO3 BEPOATHOCTWN MaKCMM&a/IbHOT 0 3arno/IHEHUA B MOMEHT t noacucTemsl M.
[pOrHo3bl BEPOATHOCTM COCTOAHNA YaCTUYHOIO 3anonHeHusa cknaga M nnn

COCTOsHUS y, Mpouecca BBOAA Y MOACUCTEMbl M B ByAyLUMiA MOMEHT t MOXHO

paccumnTaThb B CBOKO ouepefpb U3 creaytoLyx Gopmyn:

We(t):P(cl<z(t)<c2):iji(m)(z,t)dz, dla0<c, <c, <V,
''a
\

iy (0) =P (y(t) =)= [ 1 (24)d Q") ({0} )+ Q1 (v} 1)

0

C UeNnbl MPOrHO3MPOBaHMS YaCTUYHOIO 3amnosiHeHMs nogcuctembl M B

npegenax (0,V) W NporHosa ero HbKHeld rpaHuLbl AU BepXHeid rpaHuLpbl B
COCTOSAHMM y, Mpouecca y B OyAywWin MOMEHT t MOXHO WCMO/b30BaTh
cnepylowe  Gopmynbl A8 NPOrHO3VPOBAHUA W, (t) BEPOSTHOCTM

MPOMEXYTOUHOTO COCTOSHMS:
W, (t):P(cl<z(t)<c2,y(t):yi):jfi(m)(z,t)dz, MPOrHO3b| W (t)
G

BEPOSATHOCTM  HIDKHEN  rpaHuLybl: Wg(t):Qi(m)({O},t) M MporHossl W, (t)

BEPOSTHOCTY BepXHeii rpamLpl: W, (t) = Q™ ({v}.1).
CocTaBnswooume, co3farolive YyKasaHHble TMPOrHO3bl OMpefenseM U3
cuCTeMbl ypaBHeHwWiA (*) gna | =m. Ecim tOT, n t >t, ans kaxgoro t, 0T, TaK

xe tD'I:S (s =l,2,...,10), TO C LieNIblo ONpefeneHns 3TUX MPOrHo30B CleadyeT B

Moaenn (*) NPUHATL: ﬂi(km):ﬁik, roe 7z, SBNSETCA MPOrHO30M BEMMNYMHBI

onpeaeneHHas npu nomouww sennunHbl 7, 7@, ..., z{™ . MporHo3 7, MOXHO
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NoMy4nTb UCNOMb3YS METOAbI, MPeLCTaB/eHHble, Hanpumep, B paboTtax [4], [19],
[26].

3. MOJE/b PYHKUMNOHUPOBAHWA MPOM3BOACTBEHHO-
OBECMEYMBAIOWE/A CUCTEMbI B CUCTEMHOM BAPUAHTE W EIO
MPNMEHEHWE and MPOIrHO3NPOBAHUNA NMPOLIECCOB,

XAPAKTEPN3VNPYROLWNX KAYECTBO ®YHKUNOHNPOBAHUNA CUCTEMbI

C LeNblo TOYHOrOo yueTa (PYHKLMOHMPOBAHMS TPaHCMOPTHOI nogcucTembl T

Npn aHanuse (yHKLMOHMPOBAaHNSA MCCMENyeMOii CuCTeMbl, BBeaeM npouecc V(t),

onpeaensieMblii POpMyoin:

1, korpga nmoacucteMa T paGoTaer,
0, korpa noxacucteMa T He paboTaeT (B aBapUHHOM COCTOSTHUH).

v ={ @)
Torpa yposeHb 3anacoB z(t) nogcuctembl M KOHTPOAMPYETCS MPOLLECCOM:
w(t)=y(thv(t), rae y(t), onucbiBaeT BennuMHy npomssoacTsa mopcucTeMbl P .
LonycTum, uto npoueccsl y(t) u v(t) senaoTcs HesaBrcumbIMK, a v(t) sBnseTcs
MOCTOSHHbIM,  OfIHOPOAHBLIM W LEHTPaNbHbIM  MPOLeccoM  Mapkosa  ©
MHTEHCUBHOCTbIO 7,y = 771 (MHTEHCMBHOCTb Mepexofa MOACMCTEMbl T 13
paboyero COCTOSHUS K MepepbiBy B paboTe (aBapuun)) U z,, =7, (MIHTEHCMBHOCTb

nepexofa nogcuctembl T 13 NepepbiBa B paboTe (aBapum) B paboyee COCTOSIHKE).

YposeHb 3anonHenns z(t) cknaga M B npegene [oy,a,) CTaBUALHOCTM
peanusaumn npoecca w(t) BLINOMHSET ycnosue
2(t) = h[z(t,) + (w(t,) - a)(t -t,)] dla o, <t, <t<a,, (4.)

Koraa h sBnsetcs QyHKUme, onmcaHHoi dopmynoli (1.).

19



®YHKLMOHMPOBaHWE  UCCMeAyeMOii  CUCTEMbl  XapakTepusyeT — Termepb

TpexmepHbiii cToxacTueckuid npouecc: (y(t),v(t),z(t)). AeatenbHocTs cuctembi,
6y/ieT NpOaHaNM3MpoBaHa B TPeX BapuaHTax (HEeKpPUTMYECKOE COCTOSHME YPOBHS
3anacoB nogcucTeMbl M : 0<z(t)<V, COCTOSHME HWKHEA rpaHNULbl YPOBHS
3anacos nogcuctembl M : z(t)=0, coCTOAHME BepXHel rpaHmLbl YPOBHS 3aracos
noacucteMbl M : z(t)=V ), NOTOMY 4TO MM COOTBETCTBYIOT pasHble YCOBMA

pa6oTbl CUCTEMbl. [Ns AOCTWMXKEHWs Halleid Lenum [0CTaTOYHO OMpeaeniuThb,
aHaNoOrMYHO TOMY KaKk B arperMpoBaHHOM  BapuaHTe,  BEPOSTHOCTU
(cooTBeTCTBYIOLME  TPEM BapMaHTaM  aHaim3a  (DYHKLMOHMPOBaHMA
paccMaTpyBaemoii CUCTEMbI) CMIeAYHOLLLEro BUA:

- 019 HEKPUTUYECKOI O 3aro/IHEHUA:

PO<z(t)<a, x(1)=x,, v(t)=u)=[ (2 t)dz, O<a<V,

0
- OISt COCTOAHMS HxKHelt rpaHmubl: P(z(t) =0, x(t) = x,, v(t) =u),
- 015t cocTosHMs BepxHedi rpaHmubl: P(z(t) =V, x(t)=x,, v(t)=u),
roe f)(z,t) o3HauaeT yHKUMIO NNOTHOCTM pacnipeseneHns BEPOSTHOCTH, a X,
ABnseTCs K -TbiM COCTOSHMEM npowecca
x(t)=y(t)-a (x =y.—a, k=12,..,n); u=1 (pabota) nn1 u=0 (aapus).
UTO bl Y4eCTb U3MEHEHUs BO BPEMEHW NapameTpoB 7, 7y, 7y, TO €CTb

nepexoja nojcucTeMbl T — COOTBETCTBEHHO OT i-TOFO [0 j-TOFO COCTOSIHUS U OT

paboyero coctosHus (u=1) Kk asapum (u=0) - M Ha 06OPOT - npoLecca:

w(t)=y(tlv(t) ynpaensiowero yposHem 3amacoB cknaga M, 6Gyaem

aHa/IM3MPoBaTb PYHKLMOHMPOBaHME PacCMaTPMBAEMOI CUCTEMbI B M CNefyHOLLMX
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m

nepnogax Bpemenn T, T,, ..., T,. [lycTb TOrga nepuogy T, COOTBETCTBYET

MHTeHCHBHOCTb: 70), 7fd = 7', 7ty = zf, (1=1,2,..,m).
DYHKLMOHMPOBAHIE CUCTEMBI B C/lyuae, KOr/aa YpoBeHb 3aracos npoayKLmm
B nogcucteMe M BbinonHsieT ycnosue: 0<z(t)<V, xapakTepusupyercs

BEPOSTHOCTbIO BMAA:

at)=PO<2t)<a, xt)=x,, vl)=u)=[ " (zt)iz, 0<ar<V,, tOT,.

0

[eATenbHOCTb MCCNeayemMoin CUCTEMbl B Cy4ae, KOrja YpOBEHb 3anacoB
npoayKumMn B nogcucteMe M BbINOMHSAET YC/OBUE: z(t):o, TO eCTb AoCTuraer
COCTOSIHMS HKHE FpaHnLLbl, ONMCbIBAETCS MPU MOMOLLM BEPOSITHOCTEN BMAa:

Moy t)=P(z(t)=0, x(t)=x, v(t)=u), dlatOT,, u=1lubu=0.

®PYHKUMOHMPOBaHME WCCMedyeMOoli CUCTEMbl B Ciydae, KOrja YPOBEHb
3anacoB MpoAykuuu B nogcucteMe M cooTseTcTByeT ycnosuio: z(t)=V, To
eCTb AOCTUraeT COCTOSIHAA BEpXHel rpaHuubl  OMWLIEM MPU  MOMOLLM
BEpPOSATHOCTEN BMa:

S({vE)=P(z(t) =V, x(t)=x,, v(t)=u), dla tOT,, u=1lubu=0.

Pe3ynbTaTOM aHanm3a MNpPOU3BOACTBEHHON-06eCneunBatoLeli  CUCTEMBI,

npousseaeHHoro B pa6oTe [12] sBAseTcA Cneaylowmii  MHHOBALMOHHaS

BEPOSTHOCTHAs MOAE/Nb (DYHKLVOHUPOBAHMS CUCTEMBI:
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o)
Dal
é'@ =5 ({0.t)- (;z(' +7zl) ({a.t)-% £ (0t)+ Zqi }t)7), diax, <0, tCTT,

%1’({0} t)=0, dlax >0, tCIT,

T = (9. w)qf'({ 09+ 3 (9 1), dak=12...n 1T,
g’w =x £ (V,t)- (;;S)+;z1) ZQ” 7T(k|,d|an>OtDT

%EEEDD

Y=y % (ﬂ(l +7z1 Z " (zt)+7 £ (zt), da0<z<V, tO0T, k=12,..,n

({V}.1)=0, dax, <0, tCTT
(v} t)=0, dlak=1,2,..,n

=a % (;zé' +71'0) £ (zt) Z '(zt)+x' ! (z,t), dlaO<z<V, tOT,, k=12...n

DDDDDDDDDD%@DDDDDDDDD
S—"

CucTtema ypaBHeHUI (**) NpeacTaBnsieT MaTeEMaTMUECKYHO MOAE/b CUCTEMbI
B C/ly4ae CTPYKTYPHOr0 npoLiecca NocTaBKy NPoAyKLMN.

C Uenblo NPOrHO3MPOBAHMS  XapaKTEPUCTUK  MCCNefyeMoii  CUCTEMbI

npuHuMaem, uto tOT N T, rae T, 03HAYaeT ropU3OHT MPOrHO3MPOBaHUS | -TOi

I'IpOI'HOBVIpOBaHHOVI BEMNYNHBI.

Ecnm B Mccnep,yemoﬁ CNCTEME B arpernpoBsaHHOM BapuaHTE B MOMEHT t

BO3HWKAeT CfydaiiHoe cobbiTve W, Buga: BennumHa w(t)  npopsyKumm

nocTaB/isieMoil noacucteMe M, Mpu MOMOLUM TPaHCMOPTHOW noacucTembl T

MeHbLLe NoTpe6HoCcTM nonyyatens O: w(t)<a , u 3arpyxeHHocTb z(t) cknaga
M paBHa Hynto, To ecTb z(t)=0 u nogcuctema T paGoTaeT: u=1 wunm
3arpy)XeHHOCTb cknajja M pasHo Hymto: z(t) =0 nogcuctema T He paboTaeT:

u=0 (HaxoguTCs B COCTOSIHUM aBapuM), TO MOMy4yaTeNb BbIHYXAEH

MCcnosib30BaTb APYrne NCTOHYHNKN obecneyeHns unm orpaHn4vyeHns COBGCTBEHHOIO
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MPOM3BOACTBA. STO MPUBOAMT K MOTEPsAM B WCCNedyeMoii cucteme (noTepu

nonyuyatens). BeposTHOCTb BO3HMKHOBEHMS TaKOro BPeAHOr0  COObITUA

06o3HauMm npu nomowp w, (w, =P(W,)). MporHos W, (t) BeposTHOCTY
NocTaBKy NPOAYKUMK Ans nonyyatens O B MOMEHT t paccuuTaem npuv noMoLLm
(hopmybl:
W (1)= > Q" ({0 )+ 3 am (o)1)
BpeaHoe COCTOSHME MCCMeQyeMOil CUCTEMbl B CMCTEMHOM BapuaHTe B

MOMEHT t CBfi3aHO TaK ke C APYTrnMMn CﬂyHaVIHbIMM Co6bITUAMU WZZ BEMNYNHA

NPOAYKUMM, NOcTaBnsieMoin nogcucteme O, MpU  MOMOLM  TPAHCMOPTHOA

nogcucTeMbl T, MpeBbIlLaeT NOTPeGHOCTb a nonyyatens O, To ecTb w(t)>a u
nogcuctemMa T HaxoguTcs B paGoyeM cocTosHMM (u=1) u cknag M 3anonHeH
z(t)=V wnu TpaHcnopTHaa nopcucTemMa T He pa6oTaeT (u=0) (HaxoauTcs B

COCTOSHMW aBapuu) U cknaj senseTcs nyctbiM: z(t)=0. B Takom cnyuae

NpPOV3BOACTBEHHas nogcucTeMa P (MocTaBLMKA) He WMEeT BO3MOXHOCTM
MOCTaBKW CBOel NpoayKuumn nonyyatento O. 3To NpUBOAUT K NOTEPSIM B CUCTEME

(noTepu nocTaBuyka). O603HAYMM MpPY MOMOWM w, BEPOSITHOCTb TaKoro
BpeAHoOro cobbitis  (w, =P(W,)). [lporHos W, (t) BeposTHOCTM mnoTepb

nocrasLymka (nogcuctemMsl P) B MOMeHT t onpesensem 13 oopmy/ibi:

()= 3 0 (v).0)+ 5 0" (0} )

MpvBegeHHble  BennumHbl W, (t) v W, (t) sBNAlOTCA  NporHosamm

XapaKTePUCTNK OLEHKN YPOBHS MPOW3BOACTBEHHbIX MOTEPb COOTBETCTBEHHO

nonyyarens O (xapakTepucTuka w, ) ¥ nocTasLLmKa P (XapakTepuctuka w, ).
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Kak xapaKTepuCcTiKa OLEHKW YPOBHS 1CMOMb30BaHUs cknaga M B MOMeEHT t
B MCCNefyeMoii cucTemMe B C/lyyae CUCTEMHOMO MpPOLecca NOCTaBKW MPOAYKLIMY

MOXHO TMPUHATb BEPOSTHOCTb CAy4aiiHOTO CcobblTus W, BMAA: YPOBEHb
3aM0fHEHNA CKNafia MO3UTUBHBIA, HO MeHblue, 4em V: 0<z(t)<V

TpaHCnopTHas noacucteMa T HaxoAUTC B pabouyem COCTOsSHMM U =1 wnn

nogcucteMa M HaxoguTCR B MPOMEXYTOUHOM COCTOSHMM 0<z(t)<V n
nogcuctema T He pab6oTaeT: U=0. MycTb, KaK B MNpegbigyliem cryvae, w,
O3Ha4aeT  BepoATHOCTb  cobbiTna W,  (w, =P(W,)). TMporHos W, (t)

XapaKTePUCTUKM OLLEHKM YPOBHS MCMOMb30BaHMs NoAcucTeMbl M B 1ccrefyemoi

cucTeme B 6yayLumii MOMeHT t paccumTaem no dopmyne:

W, (t) = ZQ&’“ (V,t)+ ZQE”‘ (V,1).

"PaHWYHbIE COCTOSIHUS 1 MPOMEXYTOUHbIA YPOBEHb 3anacoB Ha ckiage M

MOYXHO NMPOrHO31POBaTb NPV MOMOLLM CieayHOLMX hopMyn:

W, (t) = ;@Em ({0}.t),
B ()= Q" (N

W (t) = Zj f"(z,t)dz, dla0<c, <c, <V.
]

®opmyna W, (t) onucbiBaeT MPOrHO3bl BEPOSTHOCTY BO3HUKHOBEHWS COCTOAHMS

HUXXHE rpaHuMLbl YPOBHS a 3amacoB Ha ckniage M (COCTOsiHME HYNEBOIA 3arpysku

cknaja) B MOMeHT t, To ecTbw(t)=0 B TO Xe Bpems OTHOLIeHMe W (t) —

MPOrHo3  BEPOATHOCTU  COCTOAHUA BerHEVI rpaHnUbl  YPOBHA  3alacoB

nogcuctembl M (COCTOFIHVIFI MaKCUMa/1bHOr o 3aroJIHEHNA CKJ'Ia,D,a) B MOMeHT t, TO
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ecTb W(t)=V. BepossTHOCTb HEKPUTUYECKOrO COCTOSIHUA YPOBHS 3aracos
cknaga M B MOMeHT t, To ecTb 0<z(t)<V, MOXHO MPOrHO3VMPOBaTh MpU
nomoLy popmynbl W (t) .

BennunHa nocTaBKM NPOAYKLMM NOACUCTEME P M COCTOSIHMS, B KOTOPbIX
HaxoAWTbCA  TPaHCMOpPTHas noacucTemMa T MOXHO MPOrHO3MPOBaTb  C

MCMOoNb30BaHNEM (POPMYI:
=y @ ({oh )+ Y o ({vh.o) zIf (2.0)dz
Z[Q ({0} 1)+ Q" ({v}, )+J’f“”‘ 2,t)dzL5

[

MporHo3 BepOSITHOCTU TOrO, YTO YPOBEHb MOCTABKW MPOAYKLUUM B MOMEHT t
6ydeT paBeH y, paccunTbiBaeM Mo thopmyne W, (t), ¥ MporHo3 BePOSTHOCTM
COCTOSIHMS U TpaHCMOPTHOM noacucTeMbl T B MoMeHT t (U=1, korga

noacuctema T paboTaeTt; U =0, korga nogcuctema T He paboTaeT (HaxoamTcs B

COCTOSHWM aBapi1)) —Ha OCHOBE (hopmynbl W (t).
AsymepHbiii npouece (z(t), v(t)) xapakTepusyeT (YHKUMOHMPOBAHME

nogcucteMbl M M TpaHcnopTHoi noacuctembl T. [103TOMY  MOXHO
MPOrHO3MPOBaTh BEPOSATHOCTb BO3HMKHOBEHWS B MOMEHT t  cregyroLmx

CNyyaliHbIX COBbITUIA:
— COCTOSIHVE YPOBHS 3anacoB cknafa M He SIBNSETCH KPUTUYECKUM, TO eCcTb

0<z(t)<V v TpaHcnopTHas nogcucTeMa T HAXOANTCA B COCTOAHUN U (

u=1 - pa6ota, u=0 — aBapus),
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— YPOBEHb 3anacoB NoACUCTEMbI M AOCTUraeT COCTOSIHNE HUXKHEN rPaHNLbI

(Cknay, ABNSETCA MYCTbIM), TO €CTb z(t) =0 ¥ TpaHCMOpTHas noacucTema

T HaxoguTcs B cocTosHuM u (U =1 nam u=0),
— YpOBeHb 3amnacoB ckfaga M [ocTuraeT COCTOSIHUA BEPXHEN rpaHuupbl

(Cknag, SBNSETCH 3anonHeHHbIM), Toe ecTb z(t)=V wn nogcuctema T

HaxoauTca B cocTosHnM u (U =1 — pa6oTa, U =0 — aBapus).
MpOrHo3 BEpOATHOCTV W3M0XKEHHbIX COObITUIA MOXHO OMpPeAeNnTb B CBOO

ouepe/b NP1 NOMOLLM COOTBETCTBEHHO CreAYHOLMMM opMYynamu:

W, (t):ijk“m(z,t)dz, 0<c <c, <V, u=01lubu=1,
G

W, () = ZQ;‘”‘ ({o}.t), u=0lubu =1,
W, (t) = ZQ;”‘ ({v}.t) u=0lubu=1.

Mpouecc (y(t), v(t)) onucbIBaeT NocTasKy npoaykuun y(t) noacucreme
P n dyHKymoHnposaine y(t) pTpaHCnopTHOW nogcucTeMsl T. [porHo3

BEPOSTHOCTM BO3HWKHOBEHUS B OyAylMiA MOMEHT t CnyvailHOro coobITus:

nocTaBka MPOAYKLMW mofcucteme P [OCTUraeT YpOBHS Yy, , W TPaHCMOPTHas

nogcuctema T HaxoguTca B coctosHum u (U =1 - pabota, U=0 - aBapus),

paccunTLIBaeM Mo creaytoLLelt hopmyrne:
\
Wi, (t) = Q. ({0} ’t) *Q” ({V} ’t) +I fe" (z.t)dz.
0

B CBOIO 04epe/b NPoLece (z(t), y(t)) XapaKTepu3yeT (hyHKLMOHMPOBaHNA
z(t) cknaga M noctasky y(t) nposykumu noacucteme P. [MporHos

BEPOSTHOCTV BO3HWKHOBEHWSI B OYAYLUMIA MOMEHT t cnegytolmx crydaliHbIX

COObITUIA:
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— COCTOSHME YPOBHSI 3amacoB cknaga M SBMSETCS  HEKPUTUUYECKUM:

0<z(t)<V, u noctaska y(t) npogykuuu nogcucteme P pocTuraer
COCTOAHMSA Y, , TO ecTb y(t) =y,

—  YPOBEHb 3anacoB NoACUCTEMbI M AOCTUrAeT COCTOSIHUA HUXKHEN TpaHULLbl

(cknap, ABNAETCA NYCTbIM), TO ecTb z(t) =0 v nocTaska y(t) npogykuuu
noacucteme P cocTosHMe y, , To ecTb y(t) =Y, ,

— YPOBEHb 3anacos noacuctemsl M fOCTUraeT COCTOAHUA BerHeVI rpaHnLbl

(cknap, ABNSETCA 3anonHeHHbIM), To ecTb z(t)=V ¥ nocTaka Y (t)

npoAyKLyK noacucTeme P cocTosHMe vy, , To ecTb y(t) =y,

MOYXHO paccuMTaTh B CBOKO ouepe/b Npu NomoLLm hopmyi:

c, c

B () = [ 127 (2.8)dz + [ 107 (2,0) iz

G G

i, (£) = Q" ({0}, 1) + Q" ({0} 1),

W (1) = Qi ({v}t) + Qi ({v} ).
®yHKUMOHMPOBaHKe z(t) cknaga M, o6bemom y (t) mocTaBKv MPOAYKLMN
nogcucteme P 1 fesTenbHocTb  V(t)  TpaHCMOPTHOW mopcucTeMbl T
xapakTepusupyeT  TpexmepHblit  npouecc:  (z(t), y(t), v(t)).  Mporos

BEPOSATHOCTM BO3HWKHOBEHWSI B OYAYLUMIA MOMEHT t cnegylolmX Cay4yainHbIX
COObITUIA:
— COCTOSIHME YPOBHS 3anacoB cknaga M He SIBNSIETCA KPUTUYECKMM, TO €CTb

0<z(t)<V, nocraska npogyKLMu MOACUCTEME P JOCTUraeT COCTOSHUA
Y, TO ectb y(t)=y,, 1 TpaHcnopTHan mogcucTema T HaxoauTcs B

coctosHuM u (U =1 — pa6oTa, U =0 — aBapws),
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—  YPOBEHb 3anacoB NoACUCTEMbI M AOCTUrAeT COCTOSIHUA HUXKHEN TpaHULLbl

(cknag, sBnseTCA MycTbiM), To ecTb z(t)=0 nocTaBka NPOAYKLMK
nogcuctemMe P — cocTosHve Y, , To ecTb y(t)=y,, W TpaHcropTHas

nogcuctema — coctosHue u (U =1 nam u=0),
— Be/IMYMHa 3anacoB CKnaga M [OCTUraeT COCTOSHWUS BepPXHei rpaHuupbl

(Cknag, NoHbIiA), To ecTb z(t) =V nocTaBka NpoAyKLMM noacucteme P —
cocTosHue y,, To ecTb y(t)=y,, 4 TpaHcnopTHas mogcuctema T

HaxoauTca B coctosHMM u (U =1 — pa6ota, U=0 - aBapus), MOXXHO

onpeaenuTb B CBOKO 0Yepedb NPy MOMOLLY CreayoLLmUX GopMyn:

Cy

W (t) = f"(z,t)dz, u=01lubu =1,
G

W, (t) =Q¢" ({0} t), u=0lubu =1,
Wi (1) =Q¢" ({V}.t), u=01lubu =1.
MpuBedeHHble MporHossl W, (t) Ana $=1,2,...,18, XxapaKkTepucTuk,

onucblBalOWMX  (hYHKLMOHUPOBaHWE — UCCNefyeMoin  npobniembl B Ciydae
CMUCTEMHOrO Mpouecca NocTaBKM MPOAYKLMM, PacCUMTbIBAEM Ha OCHOBE MOAEN
(**)'

MopyepknBaem, 4To MporHosel W, (t) ana s=1,2,...,18 nocTpoeHsbl Tak,

YTO MX 3HAUYEHNS OAHO3HAYHO 3aBMCENN OT NapameTpoB cucTemsl: 70, 7', V , a
. OTO MO3BONSET OTCNEXMBATb U3MEHEHWS! TPAeKTOPUM 3HAYeHMiA NPOrHO30B B
3aBMCMMOCTM OT M3MEHEHWIA 3HAYeHWUIA 3TUX NMapamMeTpoB, a 3HAYMT, NPeABUAETD
N3MEHEHMA (hYHKLMOHMPOBaHNS nccnesyemoit MPOW3BOACTBEHHO-

o6GecrneuvBaloLLeii  CUMCTEMbl, MOAAEPXKMBAIOLLEA CEpBMUCHOE MpeanpusTye.

Mo3TOMy Ha BenMuWMHy napameTpoB r.), 7.

u

TaK >Xe WMEKT BJINAHUE
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OpraHM3auuoHHble  (haKTopbl, MO3TOMY CO3A4AOT TaK >ke BO3MOXHOCTM
MPOBefieHNs aHanM3a BAVSHWS pauvoHan3aLyn OpraHn3aLMoHHbIX 31EMEHTOB
Ha BENMYMHBI CCNefYeMbIX XapaKTePUCTUK CUCTEMbI (KaK B MPOrHOCTUYECKOM
acnekTe, Tak M He MPOFHOCTMYECKOM), ¥ MO3ITOMY B/AUAKT Ha 3(EKTUBHOCTb

DEATENBHOCTI CEPBUCHOIO NPeEANPUATUA.

4, 3AKJ/THOUEHUWE

C y4eTOM pocTa HE3aBMCUMMOCTU CYObEKTOB XO3AMCTBEHHON AESTENbHOCTH,
(OYHKLUMOHMPYIOWMX B YCMOBUSX PacTyLlell KOHKYPEHUUW, Heo6X0AnMbIM
CTAHOBUTCS BHEAPEHME CYLIECTBEHHbIX W3MEHeHWiA B Crocobax YrpaBfeHus
cyobekTamu. COBpEMEHHbIVi MPOLECC NPUHATUS  PELUEHUIA  HYXXAaeTcs B
pa3paboTKe OOBEKTUBHbIX pPELUEHWIA, KOTOpble BO3HMKAOT Ha OCHOBE
pe3ynbTaToB aHasM3a [A0CTOBEPHOCTM MH(opMauun. Takue PeLLeHUs 4acTo
MonyyatoTcss B pe3ynbTaTe MPUMEHEHMS MaTeMaTUYecKOro MOeNnpoBaHus,
MO3BO/ISIOLLENO PALOHANIM3NPOBATL X03AACTBEHHYH AEATENbHOCTb B Pa3NNUHbIX
oTpacnsx. CnoXHOCTb NPobieMbl ynpaBneHMs BieYeT 3a CO60i HeO6X0AMMOCTb
Bce 060Nee 4aCTOro WX MPUMEHEHMS; MOTOMY YTO WHTYWUWS CTaHOBUTCS
HE0CTaTOYHbIM apryMEeHTOM MNPV MPUHSTAN PELLEHNiA. Pa3BMTE COBPEMEHHOTO,
VHHOBALMOHHOTO U 3(h(h)eKTUBHOIO YNpaB/ieHMs 1 MAaHMPOBaHMS B HacTosiLee
BPeEMS HEBO3MOXKEH 6e3 WCMO/b30BaHNS CTAaTUCTUYECKUX W MaTeMaTUYecKux
METOZ0B, NOAAEPXKVBAEMbIX COBPEMEHHOW MH(OPMATUKOIA.

[laHHas ~ cTaTbs  MOCBfLLEHA  WCCMEAOBAHWIO  MPOWU3BOACTBEHHOI-
oGecneumBaloLLeil  cMCTeMbl  MOAJEPXKMBAIOLLEA  CEPBUCHOE  NPeanpusTye,
(hYHKUMOHMPYIOLLIEE B Pa3/IMYHbIX OTPACNSX IKOHOMUKM.

B pa6oTe npeAcTaBneHbl HOBblE Pe3ynbTaThbl UCCNEA0BAHWIA OTHOCUTENBHO

BEPOSITHOCTHOIO OnMcaHus paccMaTprBaemoli NPOV3BOACTBEHHO-
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obecrneyvBatoLleli CUCTEMbl MOLAEPXKMBAIOLWEN CEPBUCHOE NpeanpuaTMe W
KONMYECTBEHHbIE XapaKTEPUCTUKM 3TON CUCTEMbl. Ha OCHOBe 3TOro ornucaHus
Oblna paspaboTaHa MeTOAMKA MPOrHO3MPOBaHWsA MapameTpoB  (NPOLLECCOB)
nccnesyemon cucteMbl. Takoe onucaHWe NOyvyeHO B [BYX BapuaHTax: Kak B
cfyyae, Korfja YpoBeHb nofcucTeMbl M ynpaBnseTcsa arperMpoBaHHbIM
MPOL,eccoM NOCTaBKM NPOAYKLMK (MYHKT 2.), Kak 1 B C/lyyae, Korga aToT ypoBeHb
YrpaBnseTcs HearpernpoBaHHbIM MPOLLECCOM MOCTaBKM MPOAYKUMU (NMYHKT 3.).
3TN OoNucaHWs YuYUTLIBAIOT KakK AMHAMMKY MapaMeTpoB MPOLEecCy MOCTaBKu
NPOAYKLMM  NPOW3BOACTBEHHON MOACMCTEMON P, AMHaMUKy napameTpoB
npouecca, ONMCbIBAOLLErO (DYHKLMOHUPOBAHWE TPaHCMOPTHON noacuctems T,
TaK ¥ pasHble BapuaHTbl AeATeNIbHOCTU NoACUCTEMbI M.

MonyuyeHHoe CTOXacT14ecKoe onucaHue (hYHKLMOHUPOBaHWe
MPON3BOACTBEHHOW-06eCNeUMBatOLLEN CUCTEMbI MOLAEPXKMBAIOLLEN CepBUCHOe
npeanpusaTve  NO3BONseT  6ofiee  YeTKO  ONPefeNinTb  KOMNMYEeCTBEHHbIE
XapaKTePUCTUKM 3TOM CUCTEMbI, HanpuMmep, MokKasaTens OueHKU AeduymTa
MocTaBku NpoAykuun nonyyatento O, nokasaTensi OLEHKWN MPOU3BOACTBEHHBIX
noTepb NocTasLMKa P, nokasatens OLeHKM YPOBHA UCNO/b30BaHNSA MOACUCTEMbI
M B m1ccrefyemoii cucTeMe, Nokasatesen, KacaroLmxcs BO3HUKHOBEHMSA TpaHuL, B
noacucteme M, nokasaTesns, OMNUCbIBAKOLLErO 3PHEKTUBHOCTb MPOEKTUPOBKU
paccMaTpuaemMort cuctembl (punkty 2. i 3).

MpeacTaBneHHble  Be  MOLEN  NPOM3BOACTBEHHOMN-06ecnevnBaroLLeit
CUCTEMbI Jal0T BO3MOXHOCTb NPOrHO3VMPOBaHUA ONpefeNieHHbIX XapaKTepUCTUK
(PYHKUMOHMPOBaHMA cUCTeMb! (MYHKTbI 2. 1 3.).

CnepyeT MOAYEPKHYTb, 4YTO B MpeACTaBNeHHOM MeTOLO/0rMYeCKOM
noaxode NpvBeLeHbl Kak KONMYeCTBEHHbIE XapaKTePUCTUKN CUCTEMBI, TaK U UX
MPOrHO3MpOBaHWe, 3aBUCALLUME OfHO3HAYHO OT MapaMeTpoB CUCTEMbI, YTO

SBNSIeTCA 6GECCnopHbIM NPeMMYLLECTBOM TakKoro nogxoga. 3TO MO3BONSeET
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MOHUTOPUTb U3MEHEHWS 3HAYEHWIA 3TUX BE/IMYUH B 3aBUCMMOCTN OT U3MEHEHMWIA
3Ha4YeHWIN NapaMeTpoB MUCCNeayeMOl CUCTEMbI. Taku 06pa3oM MOXHO BAMUATb Ha
3TV BENNYMHBI — KaK B MPOrHOCTUYECKOM acnekTe, Tak U B HEMPOrHOCTUYECKOM,
W TeM camMbIM YyBenMuMBaTb 3NHEKTUBHOCTb (DYHKLMOHMPOBaHWUSA CUCTEMbI.
MOXHO TaKk >Xe MpOM3BOAMTb  aHaIM3  BAUAHMS  paLuoHaIn3aLum
OpraHu3aLMOHHbIX 3/IEMEHTOB BCE CUCTEMbI, KOTOpble WMMEKT BAUAHME Ha
napameTpbl NPoLEeccy MOCTaBKM MPOAYKUMM noacucteMor P 1 Ha napameTpbl
(DYHKUMOHMPOBAHNSA  TPaHCMOPTHOM  MmofcucTeMbl T M Ha  3HaYeHWs
onpeseneHHbIX XapakTepUCTUK, YTO CO3AaeT AONOMHUTENbHbIE NPELNOCLIIKA 415
onTUMM3aUMU  AeATeNIlbHOCTM  CUCTEMbI,  NOAJAEPXKMBAIOLLEN  CEepPBUCHOE
npegnpuaTume.

PaccmaTpriBaemas NPON3BOACTBEHHas-06ecneunBatoLLas cucTema
noAAepXXmBatoLLas CepBUCHOe npegnpusTve ABNAETCA HacTO/bKO
YHUBEPCA/IbHON, YTO OHA MOXET ObITb MCMOMb30BaHa B Pas/IUHbIX OTPAcNsaX
9KOHOMMKKM.  [peAcTaBfieHHble B paboTe  BEPOATHOCTHblE  OMUCaHUSA
ANHAMNYECKOr o (hYHKLMOHMPOBaHNS aHa/I3MPOBaHHOM CUCTEMBI,
KOMIMYECTBEHHbIE XapPaKTEPUCTUKN AeATeNbHOCTU 3TOM CUCTEMbI Y UX MPOrHO3bI
ABNAOTCA MHCTPYMEHTapveM Mpyv MOMOLLM KOTOPOro MOXHO WCCnefoBaTb U
ONTUMM3MPOBATb APMEKTUBHOCTL AEATENbHOCTM paccMaTpyUBaeMOin CUCTEMbI, W
TaK >Ke CEepBUCHOro npeanpusTus. Takoro Buaa WHCTPYMEHTapuil co3pjaet
OCHOBaHWe [/19 TeOopeTUYECKU-METOAMNYECKOr0 MOCTPOEHNS KOMMbHOTEPHbIX
nporpamM MH(OPMaLMNOHHBIX CUCTEM COAENCTBYIOLLMM MPOLECCY MPUHATUA
peLeHnid. Pa3BuTbIMK cMCTEMA CMOCOBCTBYOLLASA NPUHATUIO PELLEHWNIA ABNSHOTCS
KOHCY/IbTaTMBHbIE CUCTEMbI, Ha3blBaEMble TaK >€ 3KCMepPTHbIMW, KOTOpble
ABNAIOTCA OyfAylMM MeHefKMmeHTa [43]. 3TM cuCTeMbl KpOMe 3afaHuiA,

CBSI3aHHbIX C MPUrOTOB/EHME W Pa3pabOTKOl HEo6XOoAMMbIX [AaHHbIX AN
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MPUHATMS peLLeHWniA, BCe Yalle cofepxaT 3afaHus, CBfi3aHHble C MPUHATUEM
PELLUEHWA.

B cnyuyae, Korga napameTpbl npoLecca nocTaBky NpPoAyKUMM nogcucTeMon
P 1 npouecca, OMUCbIBAIOLLEr0 TPaHCMOPTHYK nNoacucteMy T He SBNAKOTCA
M3BECTHbIMW, CrefyeT MPOV3BOAUTL WX OLEHKY Ha OCHOBaHWM BblGOPKW.
OTMETMM, YTO KOrfa Y1cno COCTOSAHMI NPOLLECCOB NOCTaBKM ABMSETCA MasibIM, TO
NPUMEHEHVWE Ha MpPaKTUKe MOJlyYeHHbIX pPe3y/bTaToB WCCNeLOBaHUS  He
npeacTaBnseT 60MbLUMX YCUAMA — TOrga MOXHO MpU  WUCMOMb30BaHWM
aHa/IMTUYECKNUX METOLOB MOMyUYUTb MHTEPECYIOLLME HAC CBA3W, BblpaxaroLime
OJHO3HAYHbIE COOTBETCTBYIOLME BE/IMYMHBI HEMOCPEACTBEHHO MPU MOMOLLYM
napameTpoB MCCNeayeMoli CUCTEMbl. B MPOTMBOMOMOXHON CUTyaUuuK, TO eCTb
KOrja 4uMcno COCTOSIHWIA npouecca NOCTaBKU NPOAYKUMW ABASETCA 60/bLIMM,
BO3HMKaeT  HeoOXOAMMOCTb  MPUMEHEHWS  KOMMBbIOTEPHOW  TEXHUKU  C
COOTBETCTBYHOLLMMW YNCNOBLIMU METOLAMM C UCMOMb30BaHWEM MPeLCTaB/IEHHOMN
B CTaTbe Mocnes0BaTe/lbHOCTU.

HayyHast [esTeNnbHOCTb B HamnpasfieHWW CO3JaHUsi HOBbIX WHCTPYMEHTOB,
CMOCOGCTBYHOLLMX MPOLECCY YNpaBAeHNA pas/iMyHbIMKU 06beKTaMu, B TOM YuC/e
WHCTPYMEHTapUs, OCHOBAHHOIO Ha KO/IMYECTBEHHbIX MeToAax (MaTemMaTuyecKux,
BEPOSTHOCTHbIX, CTaTUCTUYECKUX, NPOrHO31pPOBaHUN, onepaTuBHbIX
MCCNefoBaHMsAX, SKOHOMETPUM U CTOXACTMYECKMX MPOLIECCOB), SABNAETCA
MOCTOSHHO aKTya/bHOW W Heob6XOAMMOM [NS COBEPLUEHCTBOBAHMS KayecTBa
ynpasneHWs  pasHbIMM ~ 3KOHOM  Ha  OCHOBaHUWM  3aKOHOMEPHOCTE
(PYHKLMOHNPOBaHWA MPON3BOACTBEHHON-00ECMEUMBAOLLEN CUCTEMBI

MOAAEPXKMBAIOLLIEV CEPBUCHOE NPeanpUusTme.
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