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YJIK 658.51.012

O.M.IIMT'HACTBIH
Hanuonamsueni Texamaeckis Vausepcurer "XITH "
HCIIOJIb30BAHUE PDE-MOJIEJIEA JJIS TIOCTPOEHUST EJTMHON
TEOPUU IMPOU3BO/ICTBEHHEIX JINMHAM

B cmamve obcyoicoaemes esedennviii asmopom (2003 2,) [1] xnacc modeneii npoU3BOOCmeenHbIX cucmem ¢
, WUDOKO ucnonvsyemviii & nacmosuee 8pema  Ona  nocmpoenus
bimu unusmu [2,3]. Modenu xnacca, onpedensiowue nosedenue

NpouseoOcmeennbix  cucmem [2-4], & nocnednee Jdecamunemue yenewino  ucnonv3oeanst On  onucamus xax
Keasucmamueckux, max u nexomopsix neycmanosuswuxcs nepexoousix npoyeccos [3].

Kmoueswvie  cnosa: PDE-modens, npouseodcmeennas JUHUA,  Maccogoe npoussodcmso, Hesasepuennoe
Npouseodcmeo, cucmema ynpasnenus, banancoevie ypasnenus Npou3Bo0Cmeento nunuY, ypasHenue cocmosnus,

duckpemno-cobuimutinas Modens, meopus maccosozo obenyxcueanus,  modens Acudxocmu,  Clearing- Pynryus,
Neasucmamuyeckuii npoyecc, nepexodnwiii npoyecc , cmoxacmuyeckuti npoyecc

O.M.PIGNASTY
National Technical University "Kharkiv Polytechnic Institute”
USING PDE-MODELS FOR A UNIF IED THEORY OF PRODUCTION LINES

Keywords: PDE-model, production line, mass production, work in progress,
the production line, equation of state, discrete-event model, queuing theory,
cess, transient process, stochastic process

management system, balance equations
model fluid, Clearing-function, quasi-static

Bsenenwe. Xapakrepuoit YEPTOH PA3BUTHS COBPEMEHHOrO MPOMBINLIEHHOrO TPOM3BOJICTBA ABIAETCH
CTh LHKIIA MPOH3BOZCTBA 3AHUMAET CYMIECTBEHHYIO YaCTh HKH3HEHHOTO 1ukna u3genus. [Ipu

ronom Opranu3alyiy MpPOH3BOJACTBA MOTYIPOBOIHHK
BIIIACT onHOro roga [S]. 3o mpuBouT K TOMY,
CHH QYHKIMOHHDYET B TIEpexoTHOM HEYCTOHYHBOM

it

== J][

Puc.1. Crpykrypa nponssoxcraennoi JIHHHH 10 H3rOTOBJIEHHIO HOJYNPOBOINHKOBOH npoayxkmuu [6]

405



BECTHHK XHTY M 3(50), 2014 .

Ta6mana Nel. OcHOBHBIE TApPaMeTPBI IPOHA3BOICTBEHHBIX JIMHHAN

! HaumenoBanwe napamerpa 3HAYCHUE
Kon-Bo TexH. onepanui, eIuHAL TeXH. 060pya0BaHus M=150..1500 mr.
Koi-Bo u3fienuii B He3aBEPIIEHHOM IIPOM3BOJICTBE N=10%.. 10°mr.
Ko11-B0 NPOM3BOMMEIX HOMEHKIATYP M3AeIHiA K=1..10 mrt.
TIpo/I0IDKATENFHOCTS KU3HEHHOTO LMKJIA H3/1EITHA 12 mec.
JUTMTETEHOCTB IIPOU3BOACTBEHHOIO LKA T4=3..6 mec.
Bpemsi npHHATHS YIIPaBJICHYECKOr0 pemeHus 0,5..1.0 wac

BEITIO/THEHNA TEXHOJIOTMYECKHX ONEpaluii HCIIONL3YeTCst OHO M TO XKe obopynoBanue, Tpebys pa
npHOpHTETOB 06paboTky U NOTPE6IIeHNs PEecypCoB.
JansHeliee pasBHTHC TEOPHH CHCTEM YIPABICHHS NOTOKOBEIMH IapaMeTpaMy TIPOM3BO/ICTBEH
NMHAH 18 HEYCTAHOBMBINUXCS TIEPEXOJHBIX PEKMMOB MPHBENO K TOMY, 4TO B MOCHENHEE AecaTuieTrHe (s
pa3paboTaHbl KAYECTBEHHO HOBHE THIBI MOJENeH, COYETAlONHE CaMOCOITACOBAHHBIE IIpe/Me
TEXHOJIOTHYECKOC HA MHKPOYPOBHE H IOTOKOBOE H4 MAaKPOYDOBHE OIHCAHHS MPOH3BOCTBCHHON IHHAM ||
OmnEIT MOCTPOCHNs MOAENeH (PM3MIECKUX CHCTEM, COCTOSIUMX W3 MHOXKECTBA 0OBHEKTOB, TI0/ICKA3bIBaeT, W
JabHEHIIee Pa3BATUE TEOPHH MOJICTIEH MPOH3BO/ICTBEHHBIX CHCTEM MOXET GHITh OCHOBAHO HA CTATHCTHYCCKN
noaxoze [10,11], dyHaaMenTOM KOTOPOrO SBISETCS MEXaHU3M CTOXACTHIECKOTO BO3ACHCTBHSA obopynonan
Ha OpeAMeT TpyAa M KOVIGKTHBHOTO  B3aMMOJEHCTBHA NpEIMETOB Tpyaa Mexay coboii,
(eHOMEHONOrHYECKOM, TIO3BOIIONIEM YCTAHOBUTE OCHOBHEIE 3aKOHOMEPHOCTH TEXHONOTHYECKAX sBJICHUI
3] Ha ocHOBe HAGMIO/CHNH U CTATHCTHKH 63 HCTIONB30BAHMS MOZAENBHEIX IpencTaiermi [1,11] o xaps
B3aHMO/ICHCTBHH TIpE/IMETOB Tpy/a i 06opynoBanus. O6iime 38KOHOMEPHOCTH GOMBIIHECTRA YCTAHOBHBIIIN
TEXHONOTHIECKHX NPOLECCOB M3BECTHRL Pa3sHEIM TEXHONOTMYECKMM IIPOLECCaM  COOTBETCTBYIOT Pad
ypaBHenus cocrosEmst [2-5]. OnpenenenHsie ¢ NOMOMBIO 00pabOTKA CTATHCTHYECKMX HAHHEIX YypaBHe
COCTOSIHHS! SBISIOTCSH (YHIaAMEHTOM (JEHOMEHONOIHIECKOTO TIO/X0/1a TIOCTPOCHHS KBA3HCTATHIECKIX MOJIE
UPOM3BO/ICTBEHHBIX JIMHAH. OIHAKO, NPE/ICTABIEHHUE MEPEXOIHOIO HEYCTAHOBMBIIETOCH IIPOH3BOJCTBEHH
TPOLeCcca IOCNE/OBATENBHON NEMOYKOA KBA3HCTATHYECKMX PABHOBECHBIX YPABHEHMH COCTOSHHSA |2
TIPUBO/MT K 3HAYMTENBHON HOrpemHOCTH. B obmiem BHAE ypaBHEHHS COCTOSHHMH MOTYT GBITH IOMydeHM
pamKax CTaTHCTHHMECKOrO HOXO/a, KOTOpPHIH II03BOJAET OJHO3HAYHO CBN3ATh MAKPOCKOIMHYECKHE IOTOKOM
XapaKTCPACTAKM  TEXHOJIOTHYECKOrO  IPOUECcca €  MHKPOCKONHYECKMMH IPEJMETHO-TEXHONOTHYE
NapamMeTpaMH J0CTaTOYHO 60IBIIOro KonmdecTsa npeameTos Tpyaa [1,11].

Lems mecreioBaHKs HACTOSMICH CTaThH - 0GOCHOBATE KOHIENTYATBHEIE TIONOXKEHHS ¥ TEOPETHYE
OCHOBBI IIOCTPOSHMS KOHTHHYAILHBIX MO/E/IEH IPOH3BOJCTBEHHBIX JIHHUI /IS IEPEXOTHBIX U YCTAHOBHBIIMXE
PEKUMOB,

IlocTpoenne exwHOli TeOPHH UPOM3BOJACTBEHHBLIX JHHWH. Hammaue 0/THOOOpa3HBIX
IUIAHKPOBAHHA W YNPABICHWS NPOU3BOACTBOM NPHBEIO HMCCIENOBATENEH K HIEE CO3AHMA E[MHOH TeOpHl
npon3Bo/CcTBeHHEIX cucTeM. Graves S.C.(1986) [12], Karmarkar U.S.(1989) [13] npenoxmms HCnoms308aTh &
KadgeCTBE OCHOBHBRIX IIapaMETPOB COCTOSHHs NPOM3BOACTBEHHBIX IHHHH (pHC.2) 06beM HE3aBEpIICHHONY

npoussogcrsa (WIP: work in process) W, IPOMYCKHYIO croco6HOCTs (capacity, throughput) I;t’]|
JUTHTENBEOCTS IPOM3BO/ICTRERHOrO mwKia (lead time) I . Koppextso onpenenernoe (Karmarkar U.S. (1989)
[13]) ypaBHeHHME COCTOSHMS NPOM3BOJCTBEHHOW JHHHMH [Z]l =¢(W), HoNyYuBIIee Ha3BaHMe clearing.
yHKI¥H, 3a/1aBan0 NS YCTONYMBEIX YCTAHOBMBIIMXCS IPOM3BOJCTBECHHBIX IPOLECCOB MTHOBCHHYIO CBSik
MEXTy TNPONYCKHOH CHOCOGHOCTBIO Ll]l, TPOH3BOJCTBEHHEIM IMKIOM I; B 0GbEMOM He3aBepmIeHHOIY

nponssozctea W (puc.3). Ing BEIBO/Ia yPAaBHEHHE COCTOSHMS HCIOIB30BAIOCH MHOKECTBO

1 Constant Proportion (Graves)
DW) = const OW)=q-W
Fixed Capacity (LP) a = const
vz e Comé
(Srinivasan, Karmarkar)
ow)=4"
1+W

v

Puc.2.0cHOBHBIE TapaMETPHI NPOM3BOACTBEHHLIX JHHNH Puc.3. Clearing-ynxius npon3soicTBeHEON CHCTEMBI
i (Karmarkar U.S., 1989), [13] -
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#3 KOTOPHIX CIEAYeT BBIACTUTh OCHOBHBIC THIIHI MojeJiell M MX KOMOMHAIMM: MOJIEIM MaccoBOro
yiuparns (TQ-model) [14], [MCKpeTHO-COOBITAIHEIE MOZCIH (DES-model) [15], Momema XHIKOCTH
model) [16] (prc.3). Kaxapili THI MMeeT NPEUMYNICCTBA, HO HH OJIH HE MOJXOIMI B [IOJHOH Mepe it
IMPOBAHMS KAK YCTAHOBMBIIMXCS, TAK M MEPEXOJHBIX MPOLECCOB paboThl IPOU3BOICTBEHHON CHCTEMEBI
Mozens TEOpHH MAccoBOTO 0OCIy)KHBAHHS (TQ-model) (puc.4) MCHONB3YIOTCH Ui ONMCAHHA
J3BO/ICTBEHHBIX JMHWHM B YCTAHOBHMBINEMCA PEXHME [14). Tipamenenne TQ-Mopeneii /ULi NMEPEXOAHBIX
VOB TPUBOJMT K YPE3MEPHOMY YCIOXHCHHIO 3a/a4H. CymeCTBEHHEIM OrpaHMYCHAEM MX MPHMCHEHWS
§1CS TO, 4TO COBPEMEHHBIC NPOM3BOJCTBCHHBIC JMHHH COCTOAT M3 GONBIIOr0 YHCHA TEXHONOTHYECKHX
. Kak mpaBuio, HCIONB3YIOTCS OHOMOMCHTHRIC MOJEIH TEOPUH MAcCOBOr0 OOCTYKHBAHH.
HTHEIE MOJENH TEOPHM MACCOBOTO OOCITY)KMBAHHS, Y9HTHIBAIONIME JHCTIEPCHIO napameTpoB
KM IIPEIMETOB TPYAA, /I ONHCAHMA IPOH3BO/ICTBEHHBIX JTMHAN TPAKTHYECKH HE BCTPEYAlOTCA B CBA3M
SIOMKHOCTBIO MX TOCTpoeHHs. CIEYIOuuM OrpaHdyeHACM Ui TIPUMCHCHHS TQ-model sBnsercs TO
SSTEECTBO, 9TO OCHOBHBIE (DOPMYNBI TONYYeHBI Ui YCTAHOBUBIIMXCS PEKUMOB (t—> o), ugro

ATHHECKH [0[pa3yMeBAET BHITOJHEHHE HEPABCHCTBA A<p (pucd4), rae A- HMHTEHCHBHOCTH
[yIieHMs NpPEIMETOB TpyAa Ha 00paGoTKy; - MHTCHCHBHOCTH obpaborku npeamero TpyAa. B
STBUTEIHHOCTH, /LIS GONBIIHHCTBA MPOM3BOJICTBCHHBIX JIHHHA C KOHEHBIM NPOM3BOJICTBCHHBIM IAKJIOM
ABEUTHBO HCPABCHCTBO A > i, 9TO HE MO3BOJISIET MCTONE30BATH XOPOIIO pa3paboTaHHEIH anmapar TCOpUK
COBOTO OOCTY)KMBAHWS JUIA YCTAHOBMBIIMXCS MPOLCCCOB. Pemenue yka3aHHBIX IpobieM NPHBOIHUT K
KOJ Ppa3MEPHOCTH 3a/[adM, IPOMO3/KHM BBIGHCICHHAM, TpebyeT 3HAYATENBHBIX BBITHCIHTEIHHBIX
PCOB.
" JTnckpeTHO-COGHITHIHEIE MOZEIH (DES-mopnen#) yjfagHo pEMEHEeHbl JUlA  OmHCAHEA paboThI
DUHEIX JMEWi B IEPEXO/IHOM ¥ CTAIOHAPHOM PEXMME, COICPRANUX MAJIOC KOIHMICCTEO TEXHONOTHIECKAX
sparii ¥ 06paGaTEIBAIONIMX NapTHH NPEAMETOB TPy/ad nebompmmx pasmepon. Tpebyemoe mporeccopHoe
M JUIA pacueTa [apaMeTpoB IPOM3BO/ICTBEHHOM JIMHWA ULl HApTHH neranen N=10*. 10°mr. n 100
(HOJIOTMUECKUX ONEpalyii Y MIULIHOHE MMHTAIlHH [7,c.242] cocraBiseT HECKONBKO JHCH, 9TO JemacT
93MOYKHEIM HCIONb30Banws DES-Mo/iey npy IPOEKTHPOBAHUM CHCTEM YNDaBJICHHSA IIPOK3BO/ICTBCHHBIMH
siva. CyIECTBEHHBIM OTPaHMYCHHEM HCIIOIB30BAHML DES-Mozieneli SBISETCA CIOKHOCTh HOCTPOCHHS
WTHYECKHX 3aBHCHMOCTEH MEXy BXOJHBIMHM M BBIXOJHBIMA JaHHBIMH NPOM3BOJCTBEHHOM JIMHUHA LA
J3AHHOTO KOJMYECTBA TEXHOJOTMYECKHX ONepaluii ¥ pasMepa NapTHH [PEAMETOB TpyAa. 3HaUHTEILHbIE
eNBHBIC pecypchl HEOOXOAMMBI JUIS pealu3aly IrOPHTMOB TIEHCpAlH CITy4aliHBIX YMCEN C
(HBIM 3aKOHOM pACIIpE/C]CHUs NapaMeTpoB oOpaboTku mpeaMeTa TPYyAa. Ocoboe BHUMaHHE CIEAyeT
p BOIIPOCAM YCTOWIMBOCTH BEIMUCITHTEIIBHBIX CXCM.

JlAcKpeTHBIE M HEPEPHIBHBIC JKHAKOCTHBIC MOAENH MPOH3BOACTBEHHEIX manwi- (Fluid-mozemnm)
MEHTHPOBAHE Ha MAJ0e KOJHYECTBO TEXHOJOTHICCKHX onepamyii ¥ JMHEHHbIE CTAMOHAPHHIC PEIICHHA
6.17]. OcHOBHOG NPHMEHEHWE HAILIA TPH M3YYCHWH MCPEXOJHEIX PEXUMOB paboTsl POH3BO/ICTBEHHOM
pau. TToBBIIIEHAE KOTHIECTBA TEXHONOTHIECKHX omepauii IPHBOHT K YBEIHYCHHIO Pa3MEPHOCTH CHCTEMBI
dbdeperImanbHbIX yPaBHEHHH, UTO 3HAYATENBHO YCIOKHACT BHITHCIICHA. OcHOBHAs CJIOKHOCTB IIOCTPOCHHSA
luid-mozienei 3aK04ACTCs B BBIBOJIC ypaBHEHHH! COCTOSHUS I 1apaMEeTPOB 1pon3BOACTBeHHOH muHuH [17].
gomaBnsomieM GopmmHECTBe Crydacs Fluid-MoieH IPEACTaBICHE! OHOMOMEHTHAIM ypaBHEHHEM NIEPEHOCa,
OMONHEHHBIM KBA3HCTATHYECKHM ypaBHEHHEM COCTOSHUS. B oTmume oT DES-Mo/ieneil OHH MEHEEe IPHIO/IHEL
JUISt OTIHCAHHS CTOXACTHIECKHAX MPOHM3BO/CTBEHHBIX TIPOLIECCOB [71.

IIpennoxernsiii Kapmapkapom (Karmarkar U.S) MexaHu3M clearing-(yHKIHif 03BN YIOPAIOIHTE
MPOLIECC OIHMCAHHS POM3BO/ICTBEHHBIX JTMAHI, BBIETHB OCHOBHBIC TIOTOKOBBIE NAPAMCETPBI, KOTOPEIC ABJIIOTCH
Sumave Ul PasHEIX THIOB Mozened. Onmako, clearing-byHKIMHA YHAC/IEOBAIA HEJOCTATKH, KOTOPBIMA
obnanam cymectsyromue TQ —, DES-, Fluid-Moziem, NONOKCHHEIC B OCHOBY MX nocrpoenus. Jlns ycTpaHeHHA
IPOTHBOpEUMiA HEOOXOIMM HOBBIH THII MOJIeNeH, KOTOPhI C OJIHOM CTOPOHEI GbLl 6bl JHIIEH YKa3aHHBIX
eJIOCTATKOB, a C APYToif CTOPOHBI 06)1a1a)l OkI MPEeHMYIIECTBAMH HCIIOIb3yEMBIX MozeneH.

; PasBHTHEe TEOPHH NPOM3BOJCTBEHHLIX JHHEH. B mocnejmee AecATAICTHE A IPOEKTHPOBAHMSA
IPOM3BO/ICTBEHHBIX JMHAN pa3pabOTaHEl MOJIENH, COAEPKAITUE yPABHEHHA B MACTHBIX npomssoausix (PDE-
model). Beenennsii B [1] (2003) HOBBIN B KJIacC MoJeleH oObefHMHMI NMPEHMYIIECTBA TQ-monene#, DES-
mozesneii u Fluid-mozesiel, 970 3HATUTENLHO PACIIMPHIIO BO3MOKHOCTH IIPOEKTHPOBAHHAS CHCTEM YIPaBJICHHA
jpon3BoJCTBCHHbIME HEEAME. PDE-mozems NO3BOTHIH - YHECTH BIUSHAE BHYTpeHHHX (aKTOpoB
IPOM3BOJCTBA HA MPOIYCKHYIO CIIOCOBHOCTH TIOTOYHOM JIMHHMA C yIETOM OrpaHM4YeHHH, KOTOPHIE ONPE/ENAIOTCS
MAKCHMAIBHOH TPOH3BOTUTENBHOCTEIO 00OPY/IOBAHHA W EMKOCTBIO HAKOIHATEIA [1-5]. CymecTBeHHBIM
permymectsoM PDE-Mozieneil ABISETCS TO, 9TO OHH 10/ipo6HO TIO3BONMIIM OMKCATh JBHXKCHHE NMPEMCTOB
py/a OT ONEPAIMH K OINEPAIHH, AONYCKAIOT PEMICHHE B AHATATHYCCKOM BUAC M HE TpebyIoT 3HAYMTEIBHBIX
 BEIYVCIHATEIBHBIX pecypcoB. IIpu MOCTPOCHHH PDE-Mozeneli BBIIETWIOCH [Ba MOAXOA: CTaTHCTHYECKHI
(Iurracteii O.M, AsapeHKOB HA., Xomycos B.J|., Jemymkuii B.IL [1,11]) ® deHOMEHONOTHYECKHA

JTU
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(Armbruster D., Berg R.A., Lefeber E., Ringhofer C., Rooda J., [2-5]). OcHoBrEM ypasHeHHEM PD
TPH  (heHOMEHOIOrHYECKOM ONMCAHMH  sBysIeTCS YPABHCHHE  COXPAaHeHHs KONMYECTBA IIpeaMeToN
Haxoimiux B IPOLIECCE TEXHOTOTHIECKOH o6paborku
1
apg, 2 gc’ &0, Fx) = pt.3) w0 W) = [ pt,x)dx, xe[0,]]
0

TAC X- TEXHONOTHYECKas IO3MIMA NPEAMETa TPYAa B TEXHONOTHIECKOM MapmpyTe; p(f,X) -
PACTONOXKEHHS IPE/IMETOB TPy/a 1O MO3MIMIM B Tex. mapupyre; F'(2,X) - norox mpemmeros TPYAs
TEXHONOrMYECKOT0 MapmpyTa B 3aBHCHMOCTH OT nosuruu; W () - obvem nesasepmensoro po
W(,X) - ckopocts aBwKeHms TPCAMETOB TPy[a BJONL TEXHONOTHYECKO
3aIHCAHHOE B 0603HAYCHAAX, BBEICHHEIX B paborax [3-5],
MHOTMMH 2BTOpaMH 00ECIeqeHO ¢ NOMOMBIO ypaBHEeHHs
aHaJH3 0cHOBHBIX PDE-Moneneii npomnssoacTreRmsx JIMHUH.

Ans onucanus CHHXPOHH3UDOBAHHBIX KOHBEHEPHEIX IMHMH 1OBOMBHO 9aCTO MCIOIB3yeTes
Mozens, copepxamas Graves-ypaBHeRHe cOCTOSHMS W, x) = c = const:

g gt’ %) s 6F§;, %) =0, F(t,x) = pt,x) W, x) W(t,x)=c=const xe [0,1]
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Puc.6. KonnenTyaabHoe NPeiCTABIeHAe MOAE/TH KH/IKOCTH (®oppecrep x.,1961[17])
ONUCAHMS TPOM3BOACTBEHHBIX JMHUA C OrpaHMYEHHOH IIPOITYCKHOM CrnocoOHOCTE yaqHO

eroBaa cebs nemmueiinas PDE-mopens Lighthill-Whitham:
( oF(t,x t,
+——;x' d_0, F(plt.0)= plt3) (ol v(t,x)=vo(1—-p(Rx—)), vo=const ' (3)
%0 IIPOTTyCKHAs CIIOCOGHOCTS OrpaHMYECHA MaKCHMAJIbHOH TIOTHOCTHIO MEXONEPALMOHHbIX 33/IEJI0B e
OCTYKEHMH KPUTHYECKOr0 3HAYEHHMs [UIOTHOCTH TNPEAMETOB Tpyha B MEKOIEPALOHHOM  33/ie7e
¢ IPEIMETOB TPY/a M0 TEXHOJIOTHICCKOMY MapIipyTy ocranapmBaerca. LW PDE-Mozens (3) Hauuia
MpUMeHeHNe B 33/1a9aX Iepesiadn TpadyKa 1 IpH ONACAHAM ABIKYIIETO MOTOKA ABTOMOOMNEH
‘3acimyxuBacT BHAMaHHA KBasHCTaTHYeCKas PDE-Mo/ie/b, MCIOJB3yIOImas HEITHHEHHOE Karmarkar -
€ COCTOSHUSA
ap(t,x) OF(t,x) u
2L+ 22 =, F(t,x) =p0t,x) -v(t,x), v(t) = 4

3 o o (t,%) = At,x) - W2, %) O=sr 1w’ )
V-KOTHHeCTBO C/TMHMI TEXHONOMHYCCKOro 06opy/I0BaHHs BAONH TEXHOJNOTHYECKOTO MapmipyTa, A -
{cMBHOCTH 06paGoTKH TpeaMeTa Tpyaa, W-00beM HE3aBEpIICHHOrO MPOU3BOACTEA. CKOpOCTh JIBHXKCHHAA
eroB TpyAa V(f) B oTIHYHME OT MOACTH (2) siBIsIETCS 3aBUCHMO¥ OT BPEMEHH. Moenb HCTIONb3YETCH IS
MpOBAHHS KOHBEHEDHBIX IIMHMH C TIEPEMEHHOH CKOPOCTBIO JIBIKCHHS. [lpx yBeIHUCHMHE KONAYECTBA

oB Tpyna W B HE3aBEpIICHHOM MPOM3BOJCTBE CKOPOCTH xouBejiepa cmmkaercs. PDE-mozems (4)
skena J[ ApMbpyctepom (Armbruster), momydmia naneHelimee passutie B paGorax 3.Jledebepa

)

LEED o Fen=p) xR = )
ox M + p(t,x)

. Mozens (5) yUHTHIBaET B YPaBHEHMH COCTOSHMSA /UIA yCTAHOBHBIIErOCH mporecca 3aBUCHMOCTB

Glpe/elIeHAs IPEIMETOB TPY/Ia 110 TEXHOJOTHICCKHUM MO3HIHAM. VBe/MueHHNE KOIMIECTBA IPEAMETOB TPyJa

: ONEepANOHHOM 3ajielie IPUBOXMT K CHIDKEHHIO CKOPOCTH obpaborku m3nemvit. Illarom B pasBHTHH

BYXMOMEHTHBIX MOJie/ieH cTala MPE/UIOXKEHHAs D.Jledebepom (Lefeber) aByxmomeHTHAA PDE-monens, B

OTOPO}i YPABHEHNE COCTOSHNUS 3aMEHEHO YPAaBHCHHEM Broprepca.

0 (6)

2

op(t,x) " oF (t,x) ) F(t,%) = pt,%) -v(t,%), ov(t,x) +l ov(t,x) _

ot ox ot 2 ox

CKOpOCTh JIBIKEHHS NPEAMETOB Tpyaa B nByxmomenTHOH PDE-monenu (6) Tak e, kak H B
HoMoMeHTHO# PDE-Mozen (5) 3aBUCHT OT TEXHOJIOTHIECKOH NO3UIAH o6pa6oTku. OaHaxo B oTiHHe OT (5)
GKOPOCTH JIBIKEHHs IpeIMeToB Tpyxa B mojemu (6) ompeiensercs He M3 YPaBHCHMS COCTOMHHMA o
YCTAHOBMBIIErOCS NPOLECC, @ MyTeM PElICHAA (aaHCOBOTO ypaBHCHHEM Broprepca. Jlyisi Omucanusi MOBE/ICHHA
MPOM3BO/ICTBEHHBIX JIMHAW NP HATMYME OSKCIEPAMEHTAIBHBIX JAHHBIX JI.Apm6pyctepom (Armbruster)

nesuioxkena muddysuornas PDE-Mozens [5]

900 D o pi)=c) o0 -DO LD, )
ot ox ox
‘B KOTOpO# /s pacdeTa Kod(duimeHToB C(t) m D(f) wucnomb30BaHB! CTATACTHYECKHE  JAHHEIC,
| OHpENENAIOMEe  TEXHOJOTHIECKHE  TPACKTOPHH TIPE/IMETOB  TpyJ@ (puc.7). TO4YHOCTH ' BEIMHCIHTCIBHBIX
| pesynbTaTOB, MOJNYYCHHBIX C WMCIONE30BAHUCM muddysuonsoli PDE-mofieny  ONpeeIeTcs TOHHOCTHIO
. MMEIOIUXCH CTATHCTHYECKHX AaHHBIX. OHOMOMEHTHAS MOZENIb (7) ycrnemHo HpUMEHSETCH UL ONHCaHHs
MPOM3BO/ICTBEHHBIX JIMHHH ¢ HAKOILICHHOH CTAaTHCTHKON JAHHBIX O Tpolecce oOpaboTku IpeAMETOB TPYAa.
Onnako ucnons3osanne muddysnonroi PDE-Mozena s MPOEKTHPOBAHHAS HOBBIX IPOM3BO/CTBEHHBIX JIAHUH
He TIPeCTaBIIAeTCA BO3MOXHBIM. IIepCIIeKTHBE PasBHTHA i dy3HOHHOH MOJIEM TECHO CBA3AHBL C TeopHeH
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COCTOAHHA /ISl IEPCXO/THBIX HEYCTAHOBUBIIUXCS PEXHMOB CBA3AHO CO SHaYHTENBHBIMA TPYAHOCTAMH [2-5].
Hcnoms3osanme  aBropom  cratmeTmdeckoro TIOAXOKa ~ MO3BONHIO  BHIPA3HTH  mapam

TIPOH3BOACTBEHHOM JIMHAN Y€PE3 COCTOSHUA GONBIIOT0 KOTHIeCTBa TpEZIMETOB TPyJa M IOCTPOHTS 3

MHoromomenTHyi0o PDE-mozens s nepexonmsix HCYCTaHOBHBIMXCS PexcHmMoB (2003) [1]

At Ak Fotus i, 1507 Tk gtsmpanelhes |
0 0

Ak .8) | Aelin®s) . [2hy @5 o [z}, @5 e
a s RS B [ 6 =]u6es

I S - TEXHONOrHYECKas TO3MIMS NPeMETa TPyAia B TEXHOJIOTHYECKOM MapiipyTe, S € [0, Sq ]; Ll']o @,9)
p(t,S) - nmormocTs pacmonoxenms OpeIMETOB TpyJa HO TOSHIHSM B TEXHOJOTHYECKOM MapIpyTe;
L(]l (#,8)=F(t,S) -norox npexameros TPYAa BLIOJb TEXHOJIOTHYECKOr0 MapIIpyTa B 3aBHCHMOCTH OT TIO3HIIMH,
X(tS,1) dynxuma pacnpenenerus TIPEAMETOB TPyZia 1O COCTOSHHAM; L(]lw (t,8) - temn obpaGork

TIPEIMCTOB TPY/ia BAONE TEXHONOIHIECKOr0 MApIIPYTa B 3aBACHMOCTH OT nosmym 85 G(t,S, 1) -dynxms,
ODpPEAEIAIomas Mporece NepeHoca 060pya0BAHHEM TEXHOTOIHIECKIX pecypcos Ha mpexamer Tpyzna [1]. Jlns

Aeh®9)  drhes)  dxhes lehye9des) > [ty 05
a T w T a e s i eo-les)Z o

3amKkHyTas IByXMOMEHTHas cHCTema ypasHenuii (9) ompenenser mnosenerue [1apaMeTpoB
TIDOM3BOJICTBCHHOH JIMHHH JUISl MEPEXOAHBIX HCYCTAHOBHBIIMXCS DPEXHMOB. J[ns CHHXPOHM3HPOBAHHOM
KOHBEHEPHOH NPOM3BOACTBERHOM NHHMH, pa6oratomeii B ycTaHOBMBmEMCS pexume, cucTema ypasrenuit (9)
yupomaercs [1]:
[}, 9)

PehvS), dphts) alz;;(r,m”(,’ S)_a[z];;m:o

- & ; L‘r})TS) =ut,5) (10)
OpHHUMaeT BuJL (6), @ 11 OJTHOMOMEHTHOTO npubmokenns (12):
0 ,8) 0 ,S
Mgt(' ), Ma‘;' A b9 =[x, @5 (12)

AUis CHHXpORM3HpOBAHHOM MMEME L1 = v(,S)- [1]0 (2,5), otkyza cxopocts mBMKeHHS OpeIMETOB
TPYAa 10 TEXHONOTHYECKOMY MapIIPYTy BHIPA3MM Yepe3 HHTEHCHBHOCTE obpaboTku npesiveros Tpyna

Y7,
pt,x)’ 0

OTKY/ia TIONydHM CHCTeMy ypasHeHmii (12) B (opme (5). Ecmi cxopocts asmkenus OPEMETOB TpyJa o
TEXHONOTHYECKOMY MapIIPYTy PE/CTABUTh YCPeAHEHHOM BEIIMIHHOI

S,
f v(t,8) [z (2, 8)ds
_0 _ M)
Fl) = =W Sel0,8,] (14)
f [z]y@.8)ds
0

TO cucTeMa ypasnernii (12) moxer 3anmucana B hopme 4).

Cratuctiaeckuit moaxos nossonser o6ocHOBaTh CymecTByiomue PDE-mMopienu mpousBojCcTBEHHEIX
TMHMHA JUIS YCTAHOBHBIIMXCS PEXHMOB H ONPEACIHTE yCTOBUSA MX NPHMEHHMOCTH M TIOCTPOMTS HOBHIE VIS
TIEPEXO/IHEIX, TAKOKE TIOCTPONTE MOJEIH /IS TIEPEXOAHEIX PEKHUMOB.

v(t,x) =
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g

T (%)

9.2057 Q4285 05714 8743 0857 1

oy
Puc.7. TpaekTopHH NPeIMETOB TPYAd, noaydeHHbIe LIS IKCIEpPHMERTATLHOH NPOM3BO/ICTBEHHOM JTHHHK INTEL [5]

~~ BoiBOABL Ilpy TOCTPOEHMH HOBOIO Tuna MOJeicH MPOH3BOACTBEHHBIX JHHME MCTIOJIB30BAaHBI [(BA
JIXoza — tbeaomenonomecmﬁ noxxox (Armbruster D., Berg R.A., Lefeber E., Ringhofer C., Rooda J.) 1
aracTrgeckuii (Iuraacteii O.M., AsapenkoB H.A, Xoyycos B.JL., Jemynxui B.IL). DeHOMEHOIOTHICCKAN
JAXOJ Zai BO3MOXKHOCT TOCTPOMTE pap Mopenei NPOM3BO/ICTBEHHBIX JMHEAN, JONOJNHMB YPaBHEHUSA
gpenoca, YpaBHEHHCM cocTosEMs B (opMe clearing-HyHKIUH. Jro mossomuio moctponts PDE-MozenH
SOM3BOCTBEHHBIX JIMHAA JUIf paubonee TPOCTHIX CIIyqacE (yHKIMOHUPOBAHNS. 0O60CHOBAHHOCTE
SMMEHEHHS OTpEeIsiIach CPaBHATENBHEM AHANM3OM PE3YIBTATOB, MIONYIEHHBIX C nomompio DES-Mozienn 1
coneryemoit PDE-Mofenbio. OpHAKO, XOTs NOCTPOCHHBIC PDE-MOJETH ¢ TIOMOMBI0 HPEHOMCHOIOrHICCKOrO
10/(X07a M SBIAIOTCA TIPOTPECCHBHBIMH, JanbHelIIee UX Pa3BUTHC ~OrPaHHHCHO. Orpanugenye 06yCIOBIEHO
feM, YTO YPaBHCHHA NEPCHOCA H JIOTOJHSIONIME ¥X yPaBHCHHA cocTOsHHA JUIA 6oJee CHOKHBIX CIYIacM HO
oryr ObiTh BHIBECJCHH M3 (eHOMEHONOTHIECKOr0 npencrasnenns. [lns nOCTPOCHHA TAaKMX MOJCIEeH
200X0IMMO KCIIONB30BATH craTacTHIeCKHi 110/X0JL. [ToxasaTeibHO 10, IO 06mmuii XapaKTep CTATACTHIECKUX
3AKOHOMEpHOCTEH HE 3aBHCHT OT TOT0, KaKHM CIIOCOBOM OUCHIBACTCS TIOBE/ICHAC OT/ICTBHOTO npeMeTa Tpyaa.
Tlpn BecbMa GoibmioM HHCIC [PeZMETOB TPYAA UOABIAIOTCA HOBBIE CBOEOOpasHbE CTATHCTHHCCKAE
AKOHOMEPHOCTH 06YCIIOBJICHBI HMeHHO HaHdueM OoONBImOro HHCIA
113, ¥X HH B KOEM CTy9ae HEb3s CBECTH K 3aKOHOMEPHOCTSM TOBE/ICHHS OTACILHOTO 3JIEMEHTA.
CTATHCTHYECKOTO TIOXO/a MO3BOJSET HOMNYHHTE 3aMKHYTbIE MHOTOMOMEHTHBIE 6anaHCoBbIE
 ypaBHeHUs (yPaBHEHHT TiepeHoca) He U3 (eHOMEHONOTHIECKHX co0GpaKeHMH, a UCXOAA A3 3aKOHOB JIBKCHHS
OT/eIBHBIX IPeIMETOB TPYAa 1O TEXHOJOTMYECKOMY MapIIPYTY, ONpe/eICHHbIX TEXHOJIOTHEH IIPOU3BOJICTBA.
JlanpHejfimee pa3BHTHE H HCIIOb30BAHAE PDE-mojiene#i TpeOyeT pemeHns ponpocos: 1.BeiBOA
| HeCTALMOHAPHEIX YPaBHEHHH COCTOAHMS, OCHOBAHHBIX Ha [ACTATBHON TCXHONOIHH o6paboTkn mpeaMeTa TPyAa C
Y4YEeTOM CXEMBI o6opynosanms. 2.JlocTpoeHue MHOTOMOMEHTHBIX 3aMKHYTBIX GanaHCOBHIX MoJeNeH i
YCTAHOBMBUIMXCA ¥ NEPEXOAHBIX HeCTaIMOHAPHBIX PEXHMOB dyHKIMOHMPOBAHHSA NPOM3BO/ICTBEHHOR JIHAH.
3 IloctpoeHne /BYXyPOBHEBBIX MoOJeNeil yUpaBleHHs Iapamerpamu npomsoncmenﬂoﬁ JMHHHA UL
YCTAHOBMBIMXCS H MEPEXOHBIX PEKHMOB C yd4eTOM NapaMCcTpoB 060pyI0BaHHUS, CXCMBI ro PacCTaHOBKHA H

TPHOPHTETOB JIBIKCHHS PCMETOB Tpyna.
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