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Aunnomayua. B craTthe paccMaTpuBaeTCs METOJl pacyeTa MpPOAOJDKUTEIBHOCTU MPOM3BOJICTBEHHOTO LUKIIA
U3TOTOBJIEHUs MapTuM jAeTanei. [Ipon3BoICTBEHHBIN UK U3TOTOBICHHUS MAapTUU AeTallel sBIISeTCs OAHOM U3
OCHOBHBIX XapaKTEpUCTHK IPOU3BOACTBEHHOHW CHUCTEMBI, HCIOJIb3YyeTCs IS pacueTa BaKHBIX IIOKa3aTesei
IUITAaHWPOBAHUS TIPOM3BOACTBEHHON [ESATENBPHOCTH MpeaupuaTHs. B HacTosmiee Bpems 3amada pacueTa
MPOJODKUTEIFHOCTH MIPOM3BOACTBEHHOTO NHKJIA U HECHHXPOHM3MPOBAHHBIX MOTOYHBIX JIMHHH OCTaeTcs
akTyanbHOH. Oco0yI0 aKkTyalbHOCTh OHa NPHUHMUMAET B CIydae, Korjaa BpeMs oOpaboTKM mpeamera Tpyna Ha
TEXHOJIOTHYECKOH oOllepaliy SBIAETCA CIy4ailHOM BENMYMHOW. AHaNW3y IaHHOTO cCiIydas M MOCBSINCHA
Hacrosimas pabora. Jlis BbIBOJA ypaBHEHHWS JBHIKECHUS NPEIMETOB TPYJa IO TEXHOJIOTHYECKUM OIEparusM
UCIIOJNIb30BaHA JIMCKPETHO-COOBITHIHAS MOJENIb TMPOM3BOACTBEHHOroO Iporecca. PaccMoTpeHa CTpyKTypa
BpeMeHH 00paboTKH IpeaMeTa TpyJa Ha TEXHOJIOrHIecKoi onepauun. [1okasan HCTOYHUK W3MEHEHHS BETHYHHBI
MEKOIICPalMOHHBIX 33/Ie]I0B Ha KaKAOH TEXHONOTHMYecKOH omepauud. lIpoaHannsupoBaHa B3aUMOCBS3b
TPaeKTOPUil IBIDKCHUS MPEABIAYIIETO M IOCIEAYIOIIETr0 MPEeAMETOB TPYyAd. 3alMCaHO ypaBHEHHE ABHKCHUS
IpeaMeTa Tpy/a 10 TEXHOJIOTHIECKUM ONEpansIM ¢ YI€TOM MEXOIEPALMOHHBIX 33/1€JI0B 1 IIPEJIOKECHBI METO/IBI
ero pemreHus. PaccMOTpeHB! yCIOBHS NPUMEHHMOCTH IIONyYCHHBIX pe3ynabTaToB. IIpoBemeH aHanmm3 3aTpat
MAaIIMHHOTO BPEMEHH, HEOOXOOUMOro Ui pacyera MNPOJODKUTEIBHOCTH IPOMU3BOJACTBEHHOTO IIHKJIA
M3TOTOBJICHUS MAPTUH HPOXYKIMH I NPEIIPUATHH MOJyIPOBOAHUKOBON MPOMBIIMIICHHOCTH. OmpenenaeHsl
MePCHEKTUBHI HCCIEIOBAHUH.
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Abstract. The method of calculating the duration of the production cycle for manufacturing a batch of parts
is considered. The production cycle of manufacturing the batch of parts is one of the main characteristics of the

production system. It is used to calculate the important indicators of planning the production activity of the factory.
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At present, the task of calculating the duration of the production cycle for unsynchronized production lines remains
relevant. The task takes on a special relevance in the case when the processing time of a work item in a
technological operation is a random quantity. The present work is devoted to the analysis of this case. To derive
the equation of motion of labor objects for technological operations, a discrete-event model of the production
process is used. The structure of the processing time of an object of labor on a technological operation is
considered. The source of change in the value of interoperational stocks at each technological operation is shown.
The interrelation of the trajectories of the previous and after subjects of labor is analyzed. The equation of motion
of an subject of labor on technological operations is recorded, taking into account the interoperational stocks.
Methods for its solution are proposed. Conditions for the applicability of the obtained results are considered. The
analysis of the machine time spent for calculating the duration of the production cycle of manufacturing the batch
of products for the factory of the semiconductor industry was carried out. Prospects for research have been
determined.
Key words. production, work in progress, production line, subject of labour, production cycle, discrete

event model, stochastic process, production management systems
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IlocTtanoBka mnpo6uembl ucciaeqoBaHusi. [Ipou3BOJACTBEHHBIH LMK H3TOTOBICHUS NapTUU
JeTaneil sABISETCS Ba)KHEHIIeH TEeXHUKO-3KOHOMHYECKON XapaKTEepHCTUKOW MPOU3BOJICTBEHHOU
CUCTEMBI, BBICTYNAET MCXOJHOW BEJIMYMHOW JJIsi pacueTa MHOIMX I10Ka3aTejel MpOM3BOJCTBEHHO-
X03UCTBEHHOU AesiTenbHOCTU Tipeanpustus [1—4]. Ha ero ocHOBe ycTaHAaBIUBAIOT MOPSIOK U CPOKHU
3aIlycKa NapTUH U3/EIHUs B IPOU3BOJICTBO IIPH 3alaHHBIX CPOKAxX BBIYCKA, PACCUUTHIBAIOT MOIHOCTH
MIPOM3BOJICTBEHHBIX  MOApA3JeNCHUM, ONpeAenstoT o00beM He3aBEepIIEHHOrO0  MPOM3BOJICTBA,
OCYILIECTBISIIOT ~ MHOXXECTBO  IUIAHOBO-NIPOM3BOJACTBEHHBIX  pacueTroB.  I[Ipon3BojcTBEHHBIN
LMKJI U3TOTOBJICHUS TAPTUU U3/ETUH MTPEICTaBIsAET COOON MPOMEKYTOK BpEMEHH, B TEUEHUE KOTOPOTO
U3JeNusl HaXOJATCs B MPOM3BOACTBEHHOM IIpoliecce: OT MOMEHTa Hayajla oO0pabOTKM Ha MepBOM
TEXHOJIOTUYECKOI oIepaluy NepBOro M3IeNus A0 MOMEHTa OKOHYaHUs O0OpaOOTKM Ha MocieaHein
TEXHOJIOTUYECKOMN Ollepalyy NOCIeAHEro U3/Ienus u3 napTuu. Bpemst 00paboTku npeameTa Tpyda Ha
m-0i TEXHOJOrM4ecKkoi omnepauuu (puc.l) Moxer ObITH pa30MTO Ha HEKOTOpPHIE XapaKTepHbIE
BpeMeHHbIe A01u (puc.2), GopMHUpYIOLIUE CTPYKTYPY BpPEMEHH NPOU3BOACTBEHHOW Omepalnuu, U B

UTOTrE CTPYKTYpY IIPOU3BOJCTBEHHOIO IUKJIA [5-7].
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Puc.1. Cxema 1uHENHON ITOTOYHOM JTUHUH



Fig.1 Diagram of a linear production line

HHTEeHCUBHOCTH TepeHoca 000pyI0OBAaHHEM CTOMMOCTH TEXHOJIOTUYECKUX PECYPCOB
Sm, y =ASm. cum +ASp 5 +AD L o +AD,  +ASy, o, (m=1.M) (D)

3a 5 PeKTUBHOE BpeMsi 00pabOTKH Ha M-0i TEXHOIOTHYECKOM omepamun At,, = At,,(t)
Aty =Aty o + Aty B ATy 3+ ATy, Es (m=1.M) (2)
Ha j-W TpeaMeT Tpyna, HaXOJSAIIUHCS B MEXKOIEpPAIMOHHOM 3a/ejie m-OW OIepaluy, SBISCTCS
CILy4aifHBIM IIPOLIECCOM Uy, (t) [8-10], 3HAaueHHE KOTOPOrO B MOMEHT BPEMEHH t = t, ONPEJIENSeTCs

CITy4aiHOM BEIMUMHON [y =My, W(to) [11]:

Asm, v ASm, CuM T ASm’ 5+ Aq)m’ o~ A(I)m’ c+ ASm’ 0
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Puc.2. TIpouecc nepeHoca CTOMMOCTH PECYPCOB Ha PEAMET TPY/la B X0J1€ BHIITOTHEHUS
TEXHOJIOTMYECKOU OIepanun
Fig.2. Process of transferring the cost of resources to the subject of labor during

the execution of a technological operation

rae AS,, cym - CTOMMOCTB 3aTPaT Ha OCHOBHOM M BCIIOMOTATENbHBIA MaTepUalbl, MOy (haOpuKaThl 1
KOMIUIEKTYIomue; AS, 5 - CTOMMOCTb 3aTpaT DHEPropecypcoB; Ad , o - CTOMMOCTH 3arpar (onma
OIIaTa TPyJa OCHOBHBIX pabo4ux; A®, - CTOMMOCTb 3aTpaT (OHIA OIUIaTa TPyJAa HEOCHOBHBIX M

BCIIOMOT'aTCIBHBIX pa6oq1/1x, CBA3aHHBIX C OGCJ’IY)KI/IBaHI/ICM TCXHOJIOTHUYCCKOI'0 mMponecca Ha m -OM
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oneparuu [1,5]; AS, .- CTOMMOCTb MPOYMX 3aTPAT, CBA3AHHBIX C BBINOJHEHHEM M-OW ONEpAIMH.
CTOMMOCTB TEXHOJIOTMYECKHX pecypcoB AS, , (1) mepeHocutces Ha npeaMeT Tpyaa 3a 3pdeKTHBHOE

Bpemsa oOpabotku (EPT, Effective Processing Times) Ar,, [1,4,5,12-14], ctpykTypa KOTOpOro

NPEJICTABIEHa Ha PUC.2, TlI€ Aty - HOPMa OCHOBHOTO BPEMEHH, HEOOXOAMMOIO ISl JOCTHKEHUS

aejar oncepanuu 1mo Ka4eCTBCHHOMY M KOJIMYCCTBCHHOMY HM3MCHCHHIO COCTOSAHHUA MPEAMETA Tpydad,

Aty B - HOPMa BCIIOMOTaTeIbHOI0 BPEMEHH, TPEOYEMOTO IS OCYLIECTBIIEHHS AE€HCTBUH, CO3Jal0MINX
BO3MOYKHOCTb BBIIIOJHEHHUS ; ATy §- HOPMAa BPEMEHM Ha BBIIIOJHEHHE €CTECTBEHHBIX IPOLIECCOB;
Aty 3~ HOpMa OIEpaluM IOATOTOBUTEIbHO-3aKIIIOUUTENLHOIO BPEMEHU (TIOArOTOBKA CPEJICTB

MIPOM3BOJICTBA K BBINOJTHEHHUIO ONEpallid M NMPHUBEACHUE WX B NEPBOHAYAIHLHOE COCTOSIHUE TOCIE €€
OKOHYaHUs). ba3oBble cOCTaBJAIONINE CTOMMOCTH TMepeHeceHHBIX pecypcoB (1) u sddexkTuBHOTO
BpeMeHH 00paboTKu (2) SBISIOTCS YCIOBHBIMU M ONPEIEISIIOTCS OCOOCHHOCTSMHU KOHKPETHOTO
TEeXHOJIOTHYecKoro nporuecca. [Ipu nepexone npeamera Tpyaa ¢ (m-1)-0if TEXHOJOTUYECKOMN ONepaluu
Ha IOCJIEAYIONIYI0 00padOTKy Ha M-}0 TEXHOJOTHYECKYIO ONEpallli0, B MEXKONEPALMOHHOM 33aJIeJIe
KOTOpO# B ouepenud Ha 0OpabOTKYy MPHUCYTCTBYIOT MpPEIMETHI, MPEaMET Tpyna OyleT MOCTaBIEH B
ouepesib Ha 00paboTKy, a BpeMsi 00pabOTKH IMOCTYIHBILET0 MpeAMeTa TpyAa, Haxozsmerocss N, -bIM

(mocnenHuM) B ouepenu Ha 0OpabOTKy COCTaBUT

Nm
A’Cqm = ZATkm (4)
k=1
H, COOTBETCTBCHHO, BBIPAXKCHHUC [JIA HWHTCHCUBHOCTHU IICPECHOCA O60py210BaHI/IeM CTOUMOCTHU

TEXHOJIOTUYECKHX pecypcoB (3) 3amuiercs B BUIE

AS AS
iy = oo MY 5)
v At m Nm
d ZATkm
k=1

Aty ,, - BpeMsa o0paOoTKu mpeamera TpyAa, KOTOpbI HaxoauTcs k-m B ouepeau Ha oOpabOTKy B
MEXOIIEPALIMOHHOM 3aJIeJIe M-I TEXHOJIOTHYecKon onepauuu. [Ipeamnonaraercs, 4To NEPBbIM JEMEHT
oyepead HaXOAUTCS HEMOCPEICTBEHHO B 00paboTKe Ha m-il TexHonorndyeckoil onepamuu. [Ipu stom
CJIelyeT CJeNIaTh BAXKHOE 3aMEuyaHue: JUIsl HECUMHXPOHU3MPOBAHHON IPOW3BOACTBEHHOWM JIMHUH, AJIS
KoTOpo¥ [1]

Aty £ Aty ZAT3 # .. EATo Mo ZATom # ATomal # -7 AToM_1 ZAToM » (6)
pa3Mep odepenu N, - ABISETCS NEPEMEHHON BO BpEMEHU BeNMUMHON N, =N, (t) [13-15], ckopocTh
M3MEHEHHUs KOTOpOH ompenensiercs OTKIOHEHUSMU BpeMeH 00paboTKu (Ar()m_l - ArOm) MEeXay
COCEIHUMH TEXHOJIOTUYECKUMH OIEPALUsIMU, TI€ At - CPEAHEE HOPMAaTHUBHOE BpeMs 00pabOTKU

npeaMeTa Tpyaa Ha m-i TeXHOJOIrn4eCKOMH OIncpanuru.



Ecnu xapaktepHoe BpeMs At IPOTEKaHUS MPOU3BOACTBEHHOIO IIPOLECC ropas3io Oosblie

BPEMCHH BBIIIOJTHCHUA TEXHOJIOTHYECKOMH orncpanrun

Aom ()
Atch

TO C IOCTaTOYHOM CTENEHBIO TOYHOCTH MOYHO I10J1arath

Nm

ZATkm szATOm . (8)

k=1
OT0 OOCTOATENHCTBO TMO3BOJMIO HCIIOJIB30BAaTh [JIsl OMHCAHUS (YHKIIMOHUPOBAHUSA IOTOYHBIX
NMPOU3BOACTBEHHBIX JUHUKA PDE-monenn mnpousBoacTBeHHBIX cuctem [8—11,14,15], koTtopeie
00eCreYnBalOT OTHOCHTEIHHO BBICOKYKD TOYHOCTH PAcue€TOB OCHOBHBIX ITOTOKOBBIX IapamMeTpOB
MPOU3BOJICTBEHHON JIMHWHU, TIO3BOJIAIOT TIOJYYHTh CBSI3b BO BPEMEHHU MEXIY BEIUYUHOMN
MEXKOIEPAIMOHHBIX 33/1€JI0B ¥ IPOU3BOJUTENEHOCTHIO PA0OTHI TEXHOIOTHYECKOro 06opyaoBanus. [Ipu

9TOM HMECTCA BO3MOXHOCTb IIPHU 3aJaHHOM HAYAJIbHOM pPacCIpEACICHUN NOPpEeAMETOB Tpyda IIO

MEKONCPAMOHHBIM 3a7¢e1aM N, =N, (ty) B MOMCHT BPEMCHU t(; ONPEACINTh UX COCTOSHUC N, (t)

B JIF000H MOCJIENYIOIMI MOMEHT BpeMEHU t . Perienue 3aaun ynpomaercst Juisi CHHXPOHU3UPOBAaHHOM
MIPOU3BOJCTBEHHOM JIMHUH [ 1 ]

Aty =Atgy =ATp3 =...=ATgm_1 =ATom =ATom] =---=AToM_1 =AToM - )

Cpennee Bpemst 00pabOTKU Aty ,, IOJIYUYEHO IIyTEM YCPEAHEHUS BpeMeH 00paboTKu O0JIBIIOro

KOJIMYEeCTBA TPEIMETOB Tpynda. Eciu 3a MHTEpBal pacCMOTPEHHS MPOHM3BOJCTBEHHOTO IpoIiecca
00paboTaHO HEOOJBIIOE KOJIMYECTBO IMPEIMETOB TpyHAa, TO CpeaHee Bpemsi oO0pabOTKHM Ha pa3HBIX
TEXHOJIOTHYECKUX ONepalysaxX 3a 3TO BpeMs He OyJeT OAMHAKOBBIM JJIsi Pa3HBIX TEXHOJOTHUECKUX
onepauusx. I[locnennee Oyner NpuBOIUTH K KOJEOAHUSAM BETUYMHBI MEXKONEPAI[MOHHBIX 3a/1€10B Ha
TEXHOJOTHYCCKUX OICpalurix.

[Ipobnema pacdera NPOAOTKHUTEIHHOCTH MPOU3BOJCTBEHHOTO IHKJIA OOpabOTKH MapTUH
U3JeNui U1 TPOU3BOACTBEHHBIX CHCTEM C IOTOYHBIM METOJOM OpraHU3allMk MpPOMU3BOJCTBA, Y

KOTOPBIX 3HAYCHUEC MCKOIICPALIMOHHBIX 3aJICJIOB Nm = Nm(t) JUISL M-0M TEXHOJOTHYECKOH ornepanuun

MEHSIETCSI BO BPEMEHHU, SBIISIETCA aKTyalbHOU [ 15-21], onpenenuio 1ens HacTosIIeH paboThl U 3a1a4u
HCCIIE0BAHMS:

1.ITocTpouTh ypaBHEHUS TUCKPETHO-COOBITUMHON MOJIEIH JTsl OMUCAHUS IBHKCHUS IPEIMETOB
Tpy/ia MO0 TEXHOJOTUYECKUM MAapUIPyTaM MPOU3BOJCTBEHHON MOTOYHOM JIMHUH.

2.ITony4uTh 3aBUCIMOCTH TPOIOKATEIHHOCTH MMPOU3BOICTBEHHOTO IUKJIA 00pa0OTKHU MapTUU
JieTale B 3aBUCUMOCTH OT Pa3MEpPOB MEXKOIEPALMOHHBIX 3a/I€JI0M Mepe]l KaKI0M TEXHOIOTHYECKON

ornepanuen.



JIUCKpeTHO-COOBbITHITHAS  MOAe/Jdb JBH)KEHHs NAapTUM NpPeAMeTOB  Tpyda MO
TeXHOJIOTHYeCKUM omnepauusiM. PaccMorpuMm o0OpaboTky mapTuu N-aeTanell Ha MOTOYHOM JIMHHH,

cocTosIel 13 M I0CIeI0BaTEIbHBIX TEXHOJIOTHIECKUX MOAyIei. O003HAYUM t() ;- BPEMS OKOHYAHUS

TEXHOJIOTUYECKOH 00pabOTKH HYJIEBOM JeTanu napTuu (MocienHei neTaau npeablaylield napTuu) Ha

IEPBOM TEXHOIOTMYECKON ONEpalyu, t;; - BPeMs OKOHYaHUS 0OpabOTKM MEpPBOM JeTald NapTHU Ha
IIEPBOM TEXHOJIOTUYECKOM Onepanuu, a At (tg;)- BpeMs 00paboTKU NepBoi AeTany (IOCTyNHBIIEH Ha
00paboTKy B MOMEHT BPEMEHH (g ) Ha HepBoil onepauud. COOTBETCTBEHHO (], - BPEMsl OKOHYAHMS
00pabOTKH j-0i JeTalM IAPTUH HA M-O TEXHOJIOTHYECKOM ONePALH, ATy, (t 1 y,) - BpeMs 00pabOTKH j-
Oil JeTayu, MOCTYNUBIIEH B MOMEHT BPEMEHHU t #1,m» Ha m-oi TeXHOoJoTHUYecKor omepanuu, j=1,N,

m=1,M. O6paboTka j-oif AeTanu Ha M-0i TEXHOJIOTHYECKOH OIepaluy MOXET ObITh OCYLIECTBIICHA,
€CIIM 3aKOHYMJIach 00paboTKa j-oii aeranu Ha (m-1)-oif onepanuu 1 3aKkoHYHIIach 00paboTka (j-1)-oi
JETAJIM Ha M-OM Ollepanuu.

[Tocnenusist nerany mpeAbIAyIed MapTUU 3aKaHYMBACT 00pabOTKy HAa M-OM TEXHOJIOTHYECKOM

OIEpalMi B MOMEHT BDEMEHH t( , , 00pa3yeT TpaeKTOPUIO (ty o, to1»t025t0.35t0.45---» oM ) ABUKEHHS TIO

TEXHOJIOrn4eckoMy Mapupyty (puc.3). Tpaekropus npeamera Tpyaa NpeAcTaBlIeHA 3aBUCHMOCTBIO €€
TEXHOJIOTUYECKON Mo3umuu B 00paboTke (HOMepa omepanuu oOpabOTKH) OT BPEMEHH O00pabOTKH

m=m(t). bynem mnonarate, yTo Bpems 00paOOTKHM HYJEBOW AETald Ha mM-OW TEXHOJIOTHYECKOM
olepaly ONpPEIEICHO KaK

AT*m(to,m) =tom —tom-1 (10)

Hac unTtepecyer cocTosHMe Kaxa0W JeTalnu NapTuH, NMOCTyNuBILIeH Ha oOpaborky. Ecnu Ha

MOTOYHOM JIMHUM HaXOJUTCS npeapiaymad nmapTusd, ToO OHa SABJIACTCA OIrPAHUYCHUCM IS 06pa6OTI(I/I

TOCTYNUBIIEN NapTHU. TPaeKTOpUs MOCIEAHEN AETAIM MPEABITYIIER TApTUH (t o, to 1 »t025t035t0.45- -5

to ) BBICTYIIAET yKa3aHHBIM orpaHuueHueM. Cleyer 3aMeTuTh, 4T0 0000IeHHOe BpeMs 00paboTKu
*

At m(tgy) COCTOMT M3 HENMOCPEACTBEHHO M3 BPEMEHH O0pabOTKM Aty (tg,_|) U BPEMEHH

nposiexuBanus Py, :

AT m(tom) = Pom + At (tomat) - (11)
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Puc.3. TpaekTopuu IBUKEHUS MPEAMETOB TPY/AA [0 TEXHOJOTUYECKUM OIEPALUIM

Fig.3. Trajectories of the movement of objects of labor on technological operations

TpaekTopusi HYJIEBOU AETANIM SBIAECTCS MCXOAHOM TOYKOM JUISI MOJEIUPOBAHUS COCTOSTHUS
MapTUHU MOCTYMUBIIUX B 00pabOTKy JeTaneil mpu HaIMYue Ha MOTOYHOM JIMHUU TIPEABIYIIEH TapTHH.
[Ipenmonaraem, 4yTo JeTanu NPUXOAAT Ha 00paOOTKY Ha MEPBYIO TEXHOJIOTUYECKYIO OTEPAIIHI0

Cco Cﬂyqaf/'lHI)IM HHTCPBAJIOM A‘CO (t): {A’CO (tl’o ), ATO (t 2,0 ),- .,A‘CO (t j,0 )y ,A’CO (t N-1,0 )} HpOMC)Ky’TOK
BPEMEHHA A‘EO (tj,O) COOTBETCTBYET HHTCPBAIY BPEMCHH MECKAY COOBITHSIMH HOCTynJ’IeHHI’I (J-l)-ﬁ H J-I>'I

ACTAJIN B OUCPEAb Ha 06pa60T1<y Ha HepBOfI TEXHOJIOTHYECKOM onepannu

tro=t1p+At(tig), (12)

t30 =ty +Ato(tr0), (13)

tj,O :tj-l,O +ATO(tj-l,0)’ (14)

tNo =tN-1,0 T ATo(tNC10) - (15)
j

tj,() :tl,O + ZATO(ti—l,O) , J=1N, (16)
i—2

tl,O_ MOMCHT BPCMCHHU IMOCTYIIJIICHHUA HepBOﬁ ACTAJIX B O4UCPCOAb Ha o6pa60TKy Ha HepBOﬁ

TEXHOJIOTUYECKON omeparuu. Eciu uHTepBaibl MEXKAY MOCTYIUICHUSIMHA I€TEPMUHUPOBAHBI U PaBHBI
MEXIy OO0

A‘CO (tl,O) = ATO(tZ,O) =...= ATO(tj,O) =...=A’C0(tN_1’0) ZA‘EO =const, (17)

TO MOMEHT BPEMEHH IMOCTYIUICHHUS j-i JIeTalu B odepeab Ha 00pabOTKy Ha MepBOM TEXHOIOIHUECKOM

OTIePAIIMH MOXKET OBITh OTMPEICTICH CIEIYIOITUM 00pa3oM



tj,O =t1’0 +(j—1)ATO. (18)
Ecim petanu nmocrynaior Ha 00pabOTKY LEIMKOM OAHOH NapTHEl, TO MOMEHT BpeMeHH tjo (16)

MOJIETIUPYETCS U3 YCIOBUS
Atg(tjo)=0. (19)
Jnst caydas, kora N jgeranei moctynarT Ha 00paboTKy Zp yacTsMu 1o Np, JeTaleil ¢ uHTepBaiaMu
ATp,
Zp
N=>Np, . (20)
z

WHTEPBAIIBI MEXK]TY MTOCTYIICHUSIMHI COCETHUX JIETAaNIeii MOTYT OBITh ONPEIeIICHBI CISAYIOINUM 00pa3oM

VA
Aty (tjo)=ATp,, i=2Npg:
y @1)

z
A’Co(tj’())zo, j;tZNpk.
k

Hcnonp3ys o003HaueHUs [UIsl BPEMEHUM OKOHYaHUS OOpaOOTKM NEpBOM JAETaad Ha m-oi
onepanuu (puc.3), 3anuiem:

ti=tio+P 1 +AT(t o +P ), (22)

t1’2 =t1,1 +P1’2 +A‘C2(t1’1 +P1,2) :tl,O +P1,1 +AT1(t1,0 +P1’1)+P1’2 + ATZ(tl,l +Pl,2)’ (23)

m m
tim=t1o+ 2Pk + 2AT(t kg +Py), (24)
= k=1
M M
tim=tio+ 2D Pix+ AT (t e +Pry), (25)
k=1 k=1
rie Pim - TPOIOIKMTENLHOCTh TIPOJEKMUBAHUA j-OH JIETAlM TIEPEN BBINONHEHHA —M-OH
TEXHOJIOTHYECKON OMEepanuu;  tj,, - BPEMA OKOHYaHMs OOpabOTKM j-Oi jeTanu Ha m-Oi

TEXHOJIOTUUECKOU OoIrcpanuu. HpOI[OJDKI/ITCHBHOCTB IMPOJICIKUBAHUA OIIPCACIINM U3 COOTHOUIEHUH
Pl,l :max{ (tO,l —tLol 0 } 5 (26)
PI,Z =max{ (t0,2 _t1,1)7 0 } :max{ (tO,Z — tl,O _Pl,l _ATI(tI,O +P1,1) ) 0 }, (27)

Pl =max{ (tO,rn _tl,m-l)v 0 } =max{ (tO,m —tm2 ~Pimi1 — At (6 m2 + Prmor) ) 0 }§ (28)
PaccmoTpuM Tenepb IBUKEHHE BTOPOM JIETANIM MO ONEpalusaM MOTOYHOM TuHUU. Ee cocTossHue MoxKeT
OBITh OIPEIETICHO BHIPAXKCHUSIMU

tr1=tro+Pr1+AT(trg+Pr 1), (29)

t2,2 = t2,l + P2’2 + A’CZ (t2,1 + P2,2) = t2’0 + P2,1 + A‘CI (tz’o + PZ,I) + P2’2 + ATZ(tZ,l + P2’2) , (30)



m m

tom =tomil +Pom + AT, (tomg +Pom) =t g+ 2 Poy + D AT (ta g +Poy), (31
k=1 k=1

P2,1 =max{ (t]’] —t2,0), 0 } =max{ t],O +P1,1 +A’Cl(t17o +P1’1)—t2’0, 0 }, (32)

P2,2 =max{ (t1,2 —t2,1), 0 } =max{ tl,] +P1’2 +A‘52(t1!1 +P1,2)—t2’1, 0 }=

=max{ tl,() +P]’] +A‘51(t]’0 +P]!1)+P1’2 +A‘52(t]’1 +P1,2)—t2,0 +P2,1 +A‘52(t2’0 +P2,1), 0 } . (33)
P27m =max{ (tl,m —tz,m_I) 0 } =
k=1 k=1 k=1 k=1

m m m—1 m—1
=max{ to+ 2P+ AT (g +P ) —tog— 2P — 2 AT (ta g +Pyy), 0 } (34)

O06001m1ast pe3yIbTaThl HA POU3BOJIBHYIO I€TANb U3 TAPTHH, TTOTYIUM

tj,l th’o +Pj,1 + A‘Cl(tj’o + Pj,l) . (35)

tj,2 :tj,l +Pj,2 +A’L’2(tj’1 +Pj,2) th,o +Pj,l +A’L’1(tj’0 +Pj,1) +Pj,2 +A’C2(tj’1 +Pj,2) s (36)

m m
tj,m :tj,m—l +Pj,m +A’cm(tj,m—l +Pj,m)=tj,0 + sz,k + ZATk(tj,k—l +Pj,k):

k=1 k=1
J m m
:tl,O + ZATO(ti—l,O)_'_ sz,k + ZATk(tj,k—l +Pj,k) s (37)
i=2 k=1 k=1
Pj,] :max{ (tj—],l _tj,O) 0 } =max{ tj—l,() +Pj-1,1 +A’E1(tj_1,0 +Pj-1,1)_tj,0’ 0 }, (38)

P, =max{ (tj_l,z _tj,l) 0 } =

=max{ tj-l,O +Pj-1,1 +A‘C1 (tj-l,o + Pj-l,l) + Pj-1,2 +A‘Cz(tj_1’1 + Pj-l,z) —tj’o _Pj,l —ATl (tj,O + Pj,1)7 0 } , (39)
Pj,m :max{ (tj—l,m _tj,m-l)’ 0 } =

i1 m m
=max{ 1o+ 2 ATt 0) + 2Py + 2 ATt g + P -

j m-1 m-—1
—t10— 2ATo(tis10)— 2Pk — 2AT(tj kg +Pji), 0 p=
i=2 k=1 k=1

m m m-1 m-1
=max{ 2Pk + 2 AT (i kot +Pik) — Ato(tig o) = 2Pk — 2 AT (L +Pjx), 0 } (40)
k=1 k=1 k=1 k=1

VYpaBuenus (37),(40) onpenensior xapakTep ABMXKEHHUS IPEAMETOB TPY/Ia 110 TEXHOJIOTHYECKUM

ornepanuiaM B ClIydac CTOXAaCTHYECKOM MOJIeIH pa6OTLI TCXHOJIOTHYCCKOT'O O60py,[[OBaHI/I$I.
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PacyeT AINTEJHHOCTH NPOU3BOICTBEHHOI0 IUKJIA U3rOTOBJIEHUS MAPTHU U3JAeTUl A5
cTanMoHapHoro ciy4yas. [lox cranMoHapHBIM CilydyaeM ITOHMMAETCSl MpoLecc, Ui KOTOPOro
MaTeMaTHYeCKOEe OXHJAaHUE CIydalHOW BEIWYMHBI At (t) HE 3aBUCUT OT BPEMEHHU.
[TpoIOKUTENBHOCT  TPOU3BOACTBEHHOIO IIMKIIA OIPENEeNseTcs PAa3HOCTBI0 MEXAYy BpPEMEHEM
OKOHYaHUs 00pabOTKH MOCIIEHEH IeTalu U BpeMeHeM Havajia 00paOoTKH MepBOil 1eTany U3 MapTUH,

MOCTYIHBIIIEH Ha 00pabOTKY

N M M
Tg=tnm —t1o =2 At(tig o)+ 2PNk + 2 ATk (tNkg +Prg) - (41)
i—2 k=1 k=1
rac
N M M
tNm =t o+ ATt o)+ 2 Pk + 2 AT (ENk1 +Prk)s (42)
i=2 = k=1
m m m-1 m-1
Pym =maxy Y Pnk + AT (N k1 + PN k) —ATo (N o) = 2Pk — 2 ATk (tnger +Paik)s 0 . (43)
k=1 k=1 k=1 k=1

Jis npuOJIM3UTENIBHOM OLIEHKM TPOJODKUTENIBHOCTH  IPOM3BOJACTBEHHOIO IMKJA HCIOJb3YyeM
yYCpEeIHEHHOE 3HAYeHUE BETMYMHBI BpEMEHN OKOHYaHUs1 00paboTku N-oi geramu. Torga ycpeaHeHHOE

SHAYCHUE MPOAOJIZKUTCIBbHOCTH ITPOU3BOACTBCHHOT'O IIMKJIA U3TOTOBJICHUA ITAPpTUN ZleTaJIef/'I IMPpUMCET BU

N M M
<Td>=<tN,M>—t1,o ={ 2 Ato(tig0)+ 2PNk + 2 ATk (gt +Prk) ) =

i=2 k=1 k=1
N M M
= Z‘é<mo (i ,o)> + kZ}(PN,k > + 1<Z1<AT k (ENk-1 + PNk )> (44)
- — —
Tak kak
(AT (tjm)) = Aty
m m m-1 m-1
<Pj,m> = max 1§<Pj-1,k>+ Z<Afk(tj-1,k-1 +Pj-1,k)>—<ATo(tj-1,o)>— > <Pj,k>— 2 <ATk(tj,k-1 +Pj,k)>’ 0 (=
=1 k=1 k=1 k=1
m m m-1 m-1 m m-1
= max Z<Pj-1,k>+ Y At —Atg - . <Pj,k>_ Y Aty, 0 p=max Z<Pj_1,k>+mm -y - ), <Pj,k>, 0 ¢, (45)
k=1 k=1 k=1 k=1 k=1 k=1
TO BbIpakeHue (44) npuHUMaeT BUJ
(Tq)=(N-DAtq + %(PNJ() + I\Z/I:Ark . (46)
k=1 k=1

Crienyer 3aMeTHTBb, YTO pe3yJbTar (45) CIpaBe/uIMB B IPSAIIONOKEHHA P, >0.
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BeiBoabl. YpaBuenus (41)-(46) MOKA3bIBAIOT, YTO B OOIIEM CcIy4ae HECTAllMOHAPHOTO
MIPOM3BOJICTBEHHOT0 TMpoIlecca, KOTJa BpeMsl BBIMOJIHEHHS M- TEXHOJIOTMYECKOH orepanuu He
SBIICTCS JACTEPMUHUPOBAHHBIM, PACUYET MPOJOJDKUTEILHOTO IMKIA SBISETCS TPYIOEMKOM 3amayeil.
[TonyyeHnnble ypaBHEHHsI SIBISIFOTCSI UCXOJHBIMU [UJIsi YHCIEHHOTO HMHTETPUPOBAHUS ypaBHEHUU
COCTOSIHMSI TIPEIMETOB Tpyaa. [yist onpeaeneHus: npo10JKUTEIbHOCTH TPOU3BOACTBEHHOTO IIUKJIIA JUIst
naptuu N-TIpeIMeTOB Tpynaa, oOpabaThiBaeMON Ha MPOU3BOACTBEHHOM JIMHHWH, COCTOSIIEH w3 M-

TEXHOJIOTUYECKHUX OIepalnuii TpedyeTcss peluTh (N-M) YpaBHEHUH (jzl..N,mzl..M). Hns

MPOU3BOJCTBEHHBIX CHUCTEM [0 H3TOTOBJICHUIO TMOJYNPOBOJHUKOBON MPOMYKIIUU (Nle5 mT. [22],

N~10*wr. [14]) , (M= 10 [14], M~=300 [23,c.445]) KONMYECTBO YyPaBHEHWH COCTaBISAET
N-M~ (1 0’ +108). Ecnu ke 3a1aua HOCUT CTOXAaCTHYECKUN XapakTep, TO Ui MOJyYeHHUsT TpeOyeMoit

TOYHOCTH HEOOXOJAMMO OCYIIECTBUTh JOCTATOYHOE KOJIMYECTBO pealln3aluil MPOU3BOACTBEHHOI'O
mporecca, B KaXJOW M3 KOTOPHIX INPOJODKUTENBHOCTh IPOU3BOACTBEHHOIO Ipouecca Oyner
ciy4anHoM BenuuuHOW. DyHKIMSA pacnpenenceHuss [TaHHOM CIy4alHOM BEJIMYUHBI IIO3BOJIUT
OIIpeICNIUTh 3HAUEHUE BEPOATHOCTH, C KOTOPOU MPOI0JIKUTEIILHOCTh IPOU3BOACTBEHHOIO LIMKJIA Oy1eT

B OKPECTHOCTH MaTEMaTUYECKOI'0 OXKHUIaHUs C 33/laHHbIM OTKJIOHEeHUeM. J[J1s KomdecTBa pean3anuit
R~10°, Heobx0mMO peumth R-N-M~ (1 03 +1014) ypaBHeHuit (37),(40), uto TpeGyeT 3HaYUTENbHbIX

3aTpaT MPOLECCOPHOrO0 BPEMEHHU, KOTOpOE B OOJBUIMHCTBE CIIy4aeB HAMHOIO MPEBBIMIACT 33aJaHHBIN
000OIIEHHBI HMHTEpPBAN IUIAHUPOBAHUA. ITO OOCTOATENHCTBO HE MO3BOJIAET HCIONb30BaTh BCE
npeumymectsa DES-Mozxens omnucanuss TpoOW3BOACTBEHHOTO Tpollecca TMPU  MPOCKTUPOBAHUHU
BBICOKOA((EKTUBHBIX CHUCTEM VIPABJICHHUS TMPOU3BOJICTBOM, UTO OINPEICISET TEepPCIEeKTHUBbI
JaNbHEUIINX UCCIeOBaHUMN: a) aHAIU3 YaCTHBIX CIy4aeM MPUMEHEHHsI TOTy4YeHHOM B paboTe CUCTEMBI
YpaBHEHUH B JETEPMUHUPOBAHHOM MPEJCTABICHUU JJIs1 pacuera IPOU3BOACTBEHHOTO IIMKJA
M3TOTOBJICHHS MAPTUU JIeTajeil; 0)IOCTpOCHUE METOIUKH PACUETOB BEIMYUHBI MEKOIMEPAITHOHHBIX
3aJ1eJ10B Ha KaX 101 TeXHoJoruyecko onepauuu. OJIMH U3 MOIX0I0B K PELICHHUIO TOCTABIEHHBIX 33/1a4
SIBJISIETCS] TIEPEXO0/l K HENPEPHIBHOMY ONHMCAHUIO JABUKEHUS MPEIMETOB TPYJa MO TEXHOJIOTHMYECKUM
onepauusim [24,25] u ucnonws3oBanue PDE-moneneit npousBonacTtBeHHbix cuctem [8,14,18,26] mis

pacyera arperupoBaHHbBIX MTOKA3aTeNel MOTOYHBIX JIMHUIA.
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