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AHHOTAIIUSA

B cratee paccMarpuBaeTcsi METOJ pacueTra MNpPOJOJDKUTEIBHOCTH IPOU3BOJACTBEHHOIO — LIMKJIA
M3TOTOBJICHUS] TapTuu Jeraneid. [[pon3BOACTBEHHBIM LIMKJI W3TOTOBJICHHS NapTUU JeTajed sBiseTcs
OJIHOM M3 OCHOBHBIX XapaKTEPUCTHK MPOM3BOJACTBEHHONW CHCTEMBI, UCIIOIB3YETCS JIJIS pacueTa BasKHBIX
MoKa3aTelic IJIAHUPOBAHUS MPOU3BOJCTBEHHON MAESTENBHOCTU MNpeAanpuatus. B HacTosiee Bpems
3a7]aya pacyeTa MPOAOJDKUTEIBHOCTH IPOU3BOACTBEHHOIO IUKJIA [JJIs1 HECHHXPOHU3UPOBAHHBIX
MOTOYHBIX JIMHUHM OcTaeTcs akTyalibHOW. OCO0YI0 aKTyallbHOCTh OHA MIPUHUMACT B CJIydae, KOrja Bpemsl
00paboTKH MpenMeTa TpyAa Ha TEXHOJIOTHYECKOW OIEpaIiy SIBIACTCS CIyYailHOH BETMYMHON. AHAIU3Y
JTAHHOTO CITy4as W MOCBSIIeHa HacTosmas padora. /s BIBOga ypaBHEHUsI ABIDKEHUS MTPEIMETOB TPyIa
M0 TEXHOJOTMYECKUM OIEePalUsIM HCIOIb30BaHa JUCKPETHO-COOBITHIHAS MOJIENb MPOU3BOJCTBEHHOTO
mporiecca. PaccMoTpeHa CTpykTypa BpeMeHH o0O0pa0OTKM TpeAMeTa TpyJa Ha TEXHOJOTHYECKOH
onepauuu. [lokazaH HMCTOYHMK HW3MEHEHHUS BEJIWYMHBI MEXOIEPAIMOHHBIX 33JE€l0B Ha KaXXIou
TEXHOJIOTMUECKON onepauuu. [Ipoananu3upoBaHa B3aUMOCBS3b TPACKTOPUN ABMXKEHUS MPEIbIIYIIETO U
MOCJICTYIONIETO TPEIMETOB Tpyda. 3alkCaHO YpaBHEHWE JBWKEHUS TIpeaIMera Tpyda IIo
TEXHOJIOTMUECKUM OIEPALMSIM C YYETOM MEXOINEPAMOHHBIX 3a/€JI0B U MPEMJIOKEHbl METOIBI €ro
peieHusi. PaccMOTpeHbl yClIOBHUS NPUMEHUMOCTH MOIYYEHHBIX pe3yibTaToB. IIpoBeneH aHamu3 3aTpart
MAIlIMHHOTO BPEMEHH, HEOOXOJMMOro JUlsl pacdera MpPOJIOJDKUTEILHOCTH IMPOU3BOJACTBEHHOTO IIMKIIA
M3TOTOBIICHUS TAPTUH HIPOAYKIIMH VISl TPEATPUATHI MTOTYITPOBOIHUKOBON MTPOMBIIIIEHHOCTH.

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. 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 inter-operational
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 inter-operational 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.
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IHocTanoBKa Mpo0JIeMbI HCCJIETOBAHUS

[Ipon3BOACTBEHHBIN LMK U3TOTOBIICHUS MMAPTUHU JETAJICH SBIIACTCS BaXKHEUILIEH TEXHUKO-
SKOHOMHUYECKOM XapaKTePUCTUKON MPOU3BOJICTBEHHON CUCTEMBI, BBICTYIIAET UCXOJHON BEIUYU-
HOUW JUJI pacueTra MHOTMX MOKa3aTejel MPOU3BOACTBEHHO-XO035MCTBEHHON JIEATENBHOCTH MPEI-
npusitusa [[kyp6a, 1975; Jlerenko, Ponuonos, 1979; Casunikas, 2002; Cunuia, 2003]. Ha ero
OCHOBE YCTAHABJIMBAIOT MOPSIOK U CPOKHU 3aITyCKa MapTUX U3/ENUs B MPOU3BOJICTBO MPH 3a/1aH-
HBIX CPOKax BBIITYCKA, PACCUMTHIBAIOT MOIIIHOCTH MPOU3BOJICTBEHHBIX MOAPA3ACICHUM, Onpee-
JSI0T 00BEM  HE3aBEPIICHHOTO MPOW3BOJCTBA, OCYIIECTBISIOT MHOXECTBO  IUIAHOBO-
MPOU3BOJCTBEHHBIX pacyeToB. [[pOnM3BOACTBEHHBIN UK U3TOTOBJICHUS MAPTUM U3JECTUNA Mpe-
CTaBJsIET COOOM MPOMEKYTOK BPEMEHHU, B TEUCHUE KOTOPOTO U3JENHUs HAXOASATCS B MPOU3BOJ-
CTBEHHOM IIpoIlecce: OT MOMEHTAa Hadajga oOpaOOTKH Ha NMEPBOM TEXHOJIOTMYECKOW Omepariuu
MEPBOTO U3ACIHUS 10 MOMEHTAa OKOHYaHUsI 0OpaOOTKM Ha IMOCJIEAHEH TEXHOJIOTHYECKON omepa-
MU TIOCJIEHET0 M3Jenus U3 mapTuu. Bpems oOpaboTku mpenMera TpyAa Ha M-Oi TEXHOIOTH-
4yeckoil onepanuu (puc. 1) MoxeT ObITh pa30UTO Ha HEKOTOPHIE XapaKTepHbIE BPEMEHHBIE JT0JIN
(puc. 2), popmupyrome CTpykTypy BpeMEHU MPOU3BOACTBEHHOMN OIEpalfu, U B UTOTe CTPYK-
Typy npomsBojcTBenHoro mukina ['OCT 50779.10..., 2000; TOCT 15467.79..., 2001, TOCT
3.1109.82..., 2003].
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Puc. 1. Cxema TMHEWHOH ITIOTOYHOH JIMHUU
Fig. 1. Diagram of a linear production line

HMNHTEHCUBHOCTD nepeHoca 06OPYI[0BaHH€M CTOUMOCTH TEXHOJIOTHYCCKUX PECYPCOB

Sm. y =ASm, curt +ASm, 7+ APy o+ APy -+ A4Sy, ., (m=1.M) ()

3a 3 peKTUBHOE BpeMsi 00pabOTKH Ha M-0if TeXHOIOTUYecKol onepatuu A7, = A7, (t)
Arm:ATm,O+ATm,B+ATm,H3+A7m,Ev (m=1M) (2)

Ha j-i mpeaMeT TpyAa, HaXOJAIIUKUCS B MEXKOIEPALMOHHOM 3aJieJie M-0i OIepanuu, sBIsSETCS
Clly4allHBIM IIPOLIECCOM L, V/(t) [Aemyukuit u ap., 2005; IMurnacrterii, 2014, ITurHacTsIi;
2015], 3HaueHHe KOTOPOro B MOMEHT BpeMeHM t =1y ompenensercs ciyd4ailHOW BETUYMHOU

M,y = Hm, ://(tO) [[MurnacTerit, 2016]:

AS ASm‘CuM+ASm13+AcDm|O+AcDm,C+ASm‘oo

m oy _
Aty Aty o+ ATy g+ ATy 13+ 4Th g

(3)

Hm, y
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Puc. 2. TIporecc nepeHoca CTOMMOCTH PECYpCOB Ha IPEMET TPYAA B XOJIC BBITIOJHCHHS
TEXHOJIOTHYECKOM Ollepaluu
Fig. 2. Process of transferring the cost of resources to the subject of labor during
the execution of a technological operation

rne A4Sy, cum — CTOMMOCTD 3aTpaT Ha OCHOBHOW M BCIIOMOTATENIbHBIN MaTepuaisl, noirydadpu-
KaTbl U KOMILIEKTYyOIue; A4Sy, H — CTOMMOCTb 3aTpar sHepropecypcoB; AP, o5 — CTOUMOCTb

3aTpaT (QoHJa OIuUIaTa TPyJda OCHOBHBIX pabouux; Ad,, ~ — CTOUMOCTb 3aTpar (oHAa oIIara
TpyJa HEOCHOBHBIX M BCIIOMOTATEIbHBIX pa00YMX, CBSI3aHHBIX C OOCITY>)KHBAHHEM TEXHOJIOTHYEC-
CKOTO TIpoliecca Ha M-oit omepanuu [Jlerenko, Pomuonos, 1979; TOCT 3.1109.82..., 2003];
A4S, o — CTOMMOCTb IIPOYHX 3aTPaT, CBA3AHHBIX C BBINOJHEHHEM M-0il onepauuu. CTOMMOCTb

TEXHOJIOTHYECKUX pecypcoB ASp, , (1) nepeHocuTes Ha npeaMeT TpyzAa 3a 9 (eKTHBHOE Bpe-

mst oopabotku (EPT, Effective Processing Times) 4z, [Holt at al., 1960; IlIxyp6a, 1975; Jle-

teHko, Poauonos, 1979; TOCT 3.1109.82..., 2003; Jacobs at al., 2003; Lefeber at al., 2004],
CTPYKTYpa KOTOPOTO MpEJICTaBjIeHa Ha puc. 2, rae A7y, o — HOpMa OCHOBHOIO BPEMEHH, HEOO-

XOJUMOTO JUTsl TOCTHKEHHS 1IETTH Olepalldy M0 Ka4yeCTBEHHOMY M KOJIMYECTBEHHOMY M3MEHE-
HUIO COCTOSIHMA NpenMeTa Tpyna; A7, p — HOPMa BCIIOMOIAaTEIbHOTO BPEMEHH, TPEOyeMOro

JUI OCYIIECTBIICHUSI JEUCTBUH, CO3AAIOIMUX BO3MOXKHOCTb BBINOJIHEHUS;, AT, p — HOpMa Bpe-
MEHH Ha BBINOJIHEHUE €CTECTBEHHBIX NPOLECcCOB; A7, ;3 — HOpMa ONEpaluu MOATOTOBUTENb-

HO-3aKITIOYUTEIEHOTO BPEMEHH (ITOATOTOBKA CPEJICTB MPOU3BOICTBA K BHITOJIHEHHUIO ONIEpAIH U
NpUBEJICHUE UX B MEPBOHAYAIBHOE COCTOSHUE MOCNe ee OKOHYaHus). ba3oBble cocrapistomume
CTOMMOCTH TepeHeceHHbIX pecypcoB (1) u addexkruBHOrO BpeMeHu 00paboOTKU (2) SBISIFOTCS
YCIIOBHBIMH U OIPEIEIISIOTCS OCOOCHHOCTSAMU KOHKPETHOI'O TEXHOJIOrn4yeckoro mnpouecca. [lpu
nepexojie npeamera Tpyaa ¢ (M-1)-oif TEXHOIOrHYECKOM OMepannuy Ha MOCIeAYOIy0 00padoT-
Ky Ha M-}0 TEXHOJIOTHYECKYIO OIepalfio, B MEKOIEPAlMOHHOM 3ajielie KOTOpOoil B ouepeau Ha
00paboTKy MPUCYTCTBYIOT MPEAMETHI, PEeIMET TpyAa Oy/IeT MOCTaBJICH B ouepeab Ha 00paboT-
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Ky, a BpeMs 00pa0OTKH MOCTYMUBILETO NpeaMeTa Tpyaa, Haxoasmierocs: N, -bIM (ocaeIHUM) B
ouepean Ha 00pabOTKY COCTABUT:

Nm
Atgm = LAty 4)
k=1

M, COOTBETCTBEHHO, BBIPAKEHHUE /JIsi MHTEHCUBHOCTU IEepeHOca O00OpYJIOBaHHEM CTOMMOCTH
TEXHOJIOTUYECKHX pecypcoB (3) 3amuiuercs B BUE:

A4S A4S
_ my _ m, (5)

At Npy ’
am 2 At
k=1

Hm, y

AT, — BpeMs 00pabOTKH MpeaMeTa Tpyaa, KOTOpblil HaxonuTcst K-M B ouepenyt Ha 00paboTKy

B MEXOIIEpAallMOHHOM 3ajielie M-i TEeXHOJOrnyeckou onepauuu. IIpeamnonaraercs, 4To nepBblid
3JIEMEHT OuYepeIu HaXOAMUTCS HEMOCPEACTBEHHO B 00pabOTKe Ha M-I TEXHOJIOTHYECKOH orepa-
uuu. IIpu 3Tom crienyer caenarh BaKHOE 3aME4aHMe: /Il HECUHXPOHU3UPOBAHHOW MPOU3BOJI-
CTBEHHOM JMHMH, I KoTopoii [JIerenko, Pogronos, 1979]:

A’EOl ¢A’C02 ¢A’E03 -‘ﬁ...?':A‘COm_]_ ¢A’Com ¢A’Com+1 ¢...¢A’C0M_l ¢A‘COM y (6)

pasmep ouepenu N, — siBisieTcst nepeMeHHON Bo Bpemenu BenmnunHoit N, = N, (t) [Jacobs at
al., 2003; Lefeber at al., 2004; ITurnacteiii, 20156], CKOPOCTh U3MEHEHHS KOTOPOU OIpEAEsIeT-
Csl OTKJIOHGHUAMH BpeMeH 06paboTku (A7yy g — ATy ) MEXKILY COCSTHUME TEXHOJOTMYECKHMHU
orepauusamu, rae Ary, — CpenHee HOPMAaTHBHOE BpeMsi 00pabOTKM mMpeameTa Tpyaa Ha M-i

TEXHOJIOTMYECKOW OIEpalH.
Ecnn xapakrepHoe BpeMsi At IpOTeKaHUs IPOU3BOACTBEHHOIO IIPOLECC TOPa3io O0b-

1€ BPCMCHHU BbIIIOJIHCHUSA TEXHOJIOTHYECKON orcpanmunu

AT,
Z0m 0, 7)
At
TO C JJOCTATOYHOM CTEIEHBIO TOYHOCTH MOKHO 110J1araTh, 4To
Nm
2. At AN Ao, . (8)
k=1

DTO 0OCTOSTENBCTBO TO3BOJIMIIO HCIIONB30BATh JJIsi ONMUCAHMS (DYHKIIMOHUPOBAHUS TIO-
TOYHBIX MPOU3BOACTBEHHBIX JuHUK PDE-monenu mpousBojcTBeHHbIX cucteM [Lefeber at al.,
2004; Jemyuxkuit u np., 2005; [Murnacteii, 2014; [Turnactenid, 2015a; [Muraacteriii, 20156; [Tur-
HacTbii, 2016], KoTOpbIe 00eCeYnBaIOT OTHOCUTEIHHO BBICOKYIO TOYHOCTh PACU€TOB OCHOBHBIX
MOTOKOBBIX MMAPAMETPOB MPOU3BOJCTBEHHOW JIMHHUH, MO3BOJISIOT MOJIYYUTh CBA3b BO BPEMEHHU
MEXIYy BETMYMHON MEXKOIMEPAIlMOHHBIX 3a/IeJI0B M MPOU3BOAUTEIHFHOCTHIO pa0OThl TEXHOIOTH-
yeckoro oobopyaoBanus. [Ipu 7ToM uMeeTcsi BO3MOKHOCTD MPH 33IaHHOM HA4aJbHOM pacipejie-
JIGHUH MIPEIMETOB Tpy/a 1o MexornepannonHbM 3agenam N, = N, (ty ) B MomeHT BpemeHH t

onpenemuth ux cocrosiue Np,(t) B 1r000# Mocieayronmii MOMEHT BpeMeHH t. Pemenne 3ana-
YM YNPOILAETCS JUIsl CUHXPOHU3MPOBAHHOM IPOW3BOJCTBEHHOW JMHMU [Jlerenko, PonnoHoB,
1979]:

ATOl :ATOZ :ATog = ...:ATOm_l :ATOm :ATOH"H—]. = ...:ATO M =1 :ATOM . (9)

Cpennee Bpems 0o0pabOTkM A7y, MOJYY4EHO IYTEM YCPEIHEHHs BpeMEH 00paboTKU
O0JIBIIIOr0 KOJIMYECTBA MPEAMETOB TpyAa. Eciu 3a MHTEpBaa pacCMOTPEHHSI TPOU3BOACTBEHHOTO
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npoiiecca 00paboTaHO HEOOJIBIIOE KOJIMYECTBO MPEIMETOB TPy, TO CpeaHee BpeMsi 00paboTKu
Ha pa3HBIX TEXHOJOTHMYECKHUX OIEPaIMAX 3a 3TO BpeMs He OyJeT OAMHAKOBBIM IS PAa3HBIX TEX-
HoJornueckux omnepauusid. [locnennee OyaeT MpUBOAUTH K KOJEOAHUSAM BEIHMUMHBI MEXKOIIEpa-
IIMOHHBIX 3aJICJI0B HA TEXHOJIOTUYECKUX OIEPAIHX.

[Tpobnema pacuera MPOIOIKUTEILHOCTH MPOU3BOJICTBEHHOTO LUKIA 00paOOTKH MapTHH
U3AETUN U TIPOU3BOJICTBEHHBIX CHCTEM C IOTOYHBIM METOAOM OpTaHH3aluU MPOHM3BOACTBA,
y KOTOpBIX 3HaueHHE MexorepanuoHHbIX 3a1emoB N, = N, (t) s m-oit TexHOIOTMYECKON
olepali MEHSIETCS BO BPEMEHH, sIBIIsieTCsl akTyainbHO# [Packun, [lycroBoiiros, 2003; Kempf,
2004; Berg, 2004; Bartholdi at al., 2009; ITurnactsiit, 2009; Kempf at al., 2010; ITuruactsiii,
20156], onpenenuna mens HACTOAIICH paObOTHI U 3a7]a91 UCCIICIOBAHMUS:

1. ITocTpouTh ypaBHEHHs AMCKPETHO-COOBITMIHOM MOAENM ISl OIUCAHUS IBHIKCHUS
IPEIMETOB TPYZA MO0 TEXHOJIOTUYECKUM MapHIpyTaM MPOU3BOACTBEHHOW OTOYHOMN JINHUH.

2. [Tomy4nTh 3aBHCUMOCTH HPOJIODKUTEIBHOCTH MTPOM3BOJCTBEHHOTO IIUKJIA 00pabOTKH
NapTUH JeTajeld B 3aBUCUMOCTH OT Pa3MEPOB MEXKOIEPAMOHHBIX 3aJIeJIOM Tepes] KaKI0H Tex-
HOJIOTUYECKOH Oomnepanuen.

I[HCKpCTHO-COﬁbITHﬁHaﬂ MOJA€C/Ib ABMKCHUSA MAPTUHA IIPEIAMETOB TPpyda
I10 TEXHOJOIHI€CKUM ONlepanusamM

Paccmotpum o06paboTky maptuu N-mertaneil Ha OTOYHOW JMHHH, cocTosmer u3 M mo-
CJIEZIOBATENIbHBIX TEXHOJOTMYeCKUX Moaynei. O6o3HaunM ty, — BpeMsi OKOHYaHMs TEXHOJIOIH-

4yeckoil 00pabOTKU HYJIEBOH JleTanu mapTuu (MOoCIeAHe AeTaau Mpeablaylieil napTuu) Ha mep-
BOM TEXHOJIOTMYECKOH omnepanuu, ty; — BpeMsl OKOHUaHHUs 0OpabOTKU MEpBOW JEeTaau MapTUU

Ha TIepPBOH TEXHOJIOrMYEeCKOH onepauuu, a Ary(ly; ) — BpemMs 00paboTKK nepBoi jeTanu (Io-
CTynuBIIEH Ha 0OpabOTKYy B MOMEHT BpeMeHH 1jj) Ha nepBoii omepauuu. COOTBETCTBEHHO,
tjm — BpeMs OKOHYaHHMS 00paboTKH j-0if JAeTany MapTUU Ha M-0i TEXHOJIOTHYECKOM orepaluy,
Aty (tjqym) — Bpems o0pabOTKM j-Off neTanu, MOCTYNMMBUIEH B MOMEHT BpeMeHH i,

Ha M-oif TexHoyoruueckoi omnepauun, j=1,N, m=1,M. O6pabotka j-oii geTamu Ha M-0il TEXHO-
JIOTHYECKOM OIepanui MOXKET ObITh OCYILECTBIICHA, €CIIH 3aKOHYMIIACh 00pabdOTKa j-0i aeTau
Ha (M-1)-o0if omepanuu U 3aKOHYMIIACH 00padoTKa (j-1)-0it 1eTamu Ha M-0if oneparim.
[Mocnenusis AeTadb MpeAbIAYIICH NapTUH 3aKaHUYUBAET 00pabOTKYy Ha M-Oi TEXHOJOIH-
YeCKOit orepanum B MOMEHT BpPEMEHH toms obpasyer TPACKTOPHUIO

(too . to1:to2:t03:t0 45>t v ) ABUAKEHHS 110 TEXHONOTHYECKOMY MapuipyTy (puc. 3). Tpaek-

TOpUs MpeAMEeTa Tpy/Ja MpeCTaBlIeHa 3aBUCIMOCTBIO €€ TEXHOJIOTHYECKON MO3UIIMU B 00paboT-
ke (HoMmepa omeparuu oOpaboTku) OoT BpeMeHu oOpaboTkn m=m(t). Byaem monarare, 4to

BpEM: O6pa6OTKI/I HYHCBOﬁ JIeTalIl Ha M-0M TeXHOJIOTHYeCKOM onepannu ONpeaACIICHO KaK:

Af*m(to,m )=tom—tom- (10)

Hac unTepecyer cocTosiHUE KaKA0# AeTany MapTuy, NOCTynuBIIEH Ha 00paboTKy. Eciu

Ha MOTOYHOM JINHUM HaXOJAUTCS MpeblayIias MapTHs, TO OHA ABISAETCA OrpaHUYEHHEM IS 00-

paboTKM ToCTynuBLIEH nNapTUU. TpaeKkTopust MOCIeIHEW JeTanyu MpeAblAylied NapTUH

(too.to1:t02:t03:t045---.tg M ) BBICTYTIAET yKa3aHHBIM OrpaHudeHueM. ClelyeT 3aMeTUTh, YTO
*

00o0mIeHHOE BpeMst 00paboTku A7 m(ty,, ) COCTONT HENOCPEICTBEHHO U3 BPEMEHHU 00pabOTKH

At (ty m_1) ¥ BpeMenu nposiexkusanus By, :

AT*m(tO,m )= PO,m +A7m(to,m—1)- (11)
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Puc. 3. TpaeKTopI/m ABWKCHUA MMPESIMETOB TPYy/Jda MO TEXHOJIOTMYICCKUM OIICpaluiIM
Fig. 3. Trajectories of the movement of objects of labor on technological operations

TpaekTopust HyJIEBON JETalU SIBISAETCS MCXOAHOM TOYKOW U1 MOJEIUPOBAHUS COCTOSI-
HUS NApTUU TOCTYMUBIIUX B 00pabOTKy AeTajeil NMpu HaTUYUHM HAa MOTOYHOM JIMHUU TPEIbITY-
e maprum. I[lpeamonaraeM, 4ro JIeTaid MPUXOAAT Ha 0OpabOTKY Ha IMEPBYIO TEXHOJOTHYE-
CKYIO OIIEpAIHIO CO CIIydaliHBIM HHTepBasioM A7q(t):

1470 (t10 ), A70(0 ) A79(tj 0 ) A7o(tn_1p )}

[TpomexyTox Bpemenu Azq(t io ) COOTBETCTBYET MHTEPBATY BPEMEHH MEXIy COOBITHS-

mu noctrymienuit (j-1)-i u j-it getanu B oyepeap Ha 0OpabOTKY Ha MEPBOM TEXHOJOTHYECKOM
OTIepaIiHN:

tho =tio+4r9(t1p), (12)

t30 =ty +A70(t20), (13)

tio =tj10 +A470(tj.10), (14)

tno =tn-o +A70(tN-10)- (15)
j .

tio =tio+ 2 470(tig), J=1L.N, (16)
i2

tl 0 — MOMCHT BPEMCHH NOCTYIUICHUA HCpBOfI ACTaJii B O4YCPCAb Ha 06pa60TI<y Ha r[epBoﬁ TCX-

HOJIOTUYECKOH omepanuu. Eciu uHTepBanbl MeXAy MOCTYIUICHUSIMU JETEPMUHUPOBAHBI U PaB-
HBI MEX]Ty CO00it

ATO(tl,O ):ATO(tZ,O ): "':ATO(tj,O ): "':ATO(tN—l,O ):ATO =const y (17)

TO MOMEHT BPEMEHH NOCTYIUICHHS -i JIeTajau B o4epeb Ha 00pabOTKy Ha MEepPBOH TEXHOJIOTH-
YeCcKOM omepaluu MOKeT ObITh OINpeieeH CAeAYIOUM 00pa3oM:

Eciu fneranm moctymnatot Ha 00paboTKy LEIMKOM OJHOW MapThei, TO MOMCHT BPEeMEHH 1o (16)

MOJIETTUPYETCSI U3 YCIOBUS

Ato(tj0)=0. (19)
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Jns caydas, korga N neraneit moctynaioT Ha oOpaboTky Zp yactsmu o Np, neraneil ¢ uH-
TepBanamu ATp,

Zp
N =2 Np,, (20)
z

UHTEPBAIBI MEKAY MOCTYIUICHUSAMU COCCIHHX JeTajeid MOTYT OBITh OIpPEIeNICHBI CIICTyOIUM
o0pazoM:

VA
Ary(tjo)=A4Tp,, =X

‘ (21)
Afo(tj’o)zo, Ji%

Hcnonp3ys 0003HaueHUS 715l BpEMEHH OKOHUYAHMs 0OpabOTKHU TEpPBOM JeTainu Ha M-oi
onepauuu (puc. 3), 3auiieM:

tj1=t1g+P g +Ar(t10 +Pr1), (22)
t1p =ty + P +A75(ty 1 +Po) =ty g + Py + A7y (Lo + Pig )+ Prp + A75(t 1 + P o), (23)
m m
tim =tig+ 2Pk + 2Ar (tygq + Py ), (24)
k=1 k=1
M M
tim =tio+ 2Pk + 2 A0 (txa +Piyg ), (25)
k=1 k=1

rae Pjy — IPOAOIDKHTEIBHOCTD POJICKUBAHHUSL j-oli etanu mepes BBIIOIHEHUsE M-0ii TEXHOIIO-
THYECKOl omeparuu; tj, — BpeMs OKOHYAHHS 00paboTKH J-0if neTanu Ha M-0f TEXHOJIOrHYe-

CKOH Oo1cpanumu. HpOI[OHX(I/ITeHBHOCTB IIPOJIC)KUBAHUS OIIPCACIINM U3 COOTHOIHCHI/II;'I:
Pii= max{ (tor —ti0) O } ? (26)
Pio= max{ (to,z _tl,l)’ 0 } = max{ (to,z —tio—Pr1—Ari(t1o+Pg) ) 0 }i (27)

P = max{ (to,m _tl,m-l)' 0 } = max{ (tO,m ~tim2 —Pima —A7ma(time2 + Pina ) ) 0 } (28)

PaccmoTrpuM Tenepb 1BHKEHHE BTOPOW JETaIM I10 ONepanusM IMOTOYHOM JIMHKUM. Ee co-
CTOSIHUE MOKET OBITh OIPEIEIIEHO BIPAXKEHUSIMHU .

ty1 =t0+Pyy +A4r1(ty0 +P21), (29)

thy =ty + Py + ATy (11 +Pyp )=t g + Py + A7y (L0 + Py )+ Pop + A75(to 1 +Pop),  (30)

m m

tom =tomg +Pom + At (tomg +Po ) =th o + 2 Poy + 2 A7y (tog g +Pog ), (31)
k=1 k=1

PZ,l = max{ (tl,l — t2,0)’ 0 } = max{ tl,O + Pl,l + A’Cl(tl’o + Pl,l) — t2,0, 0 }, (32)

Poo = max{ <t1,2 _t2,1)' 0 } = max{ t11+Po+A7y(t 1 +Pp)—t54, 0 }:

= max{ tio+Pra+4ri(tig + P )+ Py +A7y(ty 1 +Po ) —thg +Poy +A75(t 0 +Poy), 0 } , (33)
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Py = max{ (tin —toma) 0 } -

:max{ t10+ZP1k+ZATk(t1kl+Plk) tho— ZPZk_ ZATk(tZkl"'PZk) 0 }-(34)
k=1 k=1 k=1

O60061as pe3yapTaThl Ha MTPOU3BOJIBHYIO A€Talb U3 NAPTUH, ITIOTYUHM:

tj,l =tj,O+Pj,1 +Arl(tj,0+Pj,l)’ (35)

t: 2—t 1+P 2+AT2(t 1+PJ2) O+P 1+AT1(t 0+P 1)+P 2+AT2(t 1+P 2) (36)

m m
tim =tim1 + Pjm + A7 (tjma + Pjm) =tjo + kZP,-,k + kZATk(tj,k-l +Pjy )=
1 -1

i m m
=tyo+ 2 A79(tig o)+ 2 Pjx + 2 A (tjxa + Pjx ), (37)
i—2 k=1 k=1

Pj,l = ma.X{ (tj-l,l _tj,O)' 0 } = ma.X{ tj-l,O + Pj_1’1+AT1(tj_110 + Pj-l,l)_tj,O’ 0 }, (38)

Pj2 = max{ (tj2~tj1) 0 } =
—maX{ tJ10+PJ 11+AT1(t110+PJ 11)+P]12+AT2(tJ 11+P] 12)_tj0_Pj,1_AT].(tj,0 +Pj’1),0 } y (39)

-1

Pim :max{ (tj-l,m _tj,m-l)’ 0 } max{ ot ZATo(tu 10)+ lej 1K +kzlATk(tJ k1 Pk ) -

—tio- ZZATo(tu 10)- ijk— ZATk(th 1+Pjx). 0 }
|

m m m-1 m-1
:max{ 2Pk + 2 A0tk + Pjak ) - Aro(tjao)— 2Pk — X A7 (tjxa +Pjx ), 0 } (40)
k=1 k=1 k=L k=l

Vpasuenus (37), (40) onpenensior XapakTep JBUKEHHS TPEIMETOB TPY/a MO TEXHOJIO-
TUYECKMM ONEpalUsIM B CJIydae CTOXACTHYECKON MOJENN paboThl TEXHOIOTHIECKOrO 000pYyI0-
BaHUA.

Pacuer AJauTeIbHOCTH IMPOU3BOJACTBCHHOI'0 HUKJIA U3I'OTOBJICHUS IMMAaPTUHU u3aeani
IJISA CTAIITHOHAPHOTO Caydasi

ITox cranMOHApHBIM CIIy4aeM IOHHMMAETCs MPOLECC, Ui KOTOPOrO0 MAaTeMAaTHYECKOE
OXKHJaHHUe CIyJailHOH Benmn4nHbl A7, (t) He 3aBUCHT OT BpeMeHH. [IpogonKUTeNbHOCTD IPo-
M3BOJICTBEHHOI'O LIMKJIA OIpPENENIAeTCS] Pa3HOCTbIO MEXIY BPEMEHEM OKOHYaHMsS 00pabOTKU
MOCJIEHEeN JleTali U BpeMEeHEeM Hadajla oOpabOoTKU MEepBOW JeTalu U3 MapTUH, NOCTYNUBILEH
Ha 00paboTKy:

N M M
Tg =tym —t1o=24r0(ti10)+ 2Py + 2 Atk (tyker + Prk ) (41)
i2 k=1 k=1
rae
N M M
tam =tio+ 2 Ar(tiao )+ 2Py + 2 A7k (tnkr + Puk ) (42)

i=2 k=1 k=1
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m-1 m-1

m m
Pum =maxy Y Py + 2 A7 (tyak1 + Puoak ) = Ao (tnao )= 2Pk = 2 A7k (ks +Puk ) 0 1. (43)
k=1 k=1 k=1 k=1

JU1sl OLIEHKH NPOJOKUTENBHOCTH IPOU3BOICTBEHHOTO LIMKJIA UCIIOJIb3YEM YCPEIHEHHOE
3HaYCHHE BEJTMYMHBI BpEMEHH OKOHYaHUsi 00paboTku N-oii neranu. Torna ycpeaHeHHoe 3Haue-
HHUE MPOJOKUTEILHOCTH MPOU3BOACTBEHHOIO IIMKJIA M3IOTOBJICHUS MapTUU JAeTalell MpuMer
BUA:

=2

(Ta)=(tam ) —tro =<§A70(t| 1,0 )+kzlek +kzlﬁfk(tNk -1+ P )>

M M
2<4‘To(t| 10))+ kz_:l< Pak )+ kz_ll<4‘fk (tags + Pk ). (44)

Mz

Taxk kax
<A7m(tj,m )> =Aty,

m-1

1<A7k(tj-1,k-1+Pj-l,k)>_<A70(tj-1,0)>_|§1< > ':§1<A,k tk1 +Pix )> 0=

M=
M=

<Pj,m>:max <Pj-1k>+

k=1 k

m-1 m-1

m m-1 m
:max{ Y (Pay )+ S Aty - ATO—Z<Pj’k>—ElArk,O }:max{ El<Pj_1’k>+Arm—Ar0—Z<Pj’k>,0},(45)

k=1 k=1 k=1

TO BeIpakeHue (44) npuHUMAET BU/I;

M M
(Tg)=(N -1)4z7q + kgl<PN,k>+ Elmk . (46)

Crienyer 3aMeTHTb, 9TO pe3yabTar (45) crpaBe/uus B npenooxenud Py, >0.

BriBoabI

Vpasuenus (41)—(46) mokaspIBarOT, 4TO B OOIIEM CIy4ae HECTAIIMOHAPHOTO MPOU3BOJI-
CTBEHHOTO IpOIIeCcca, KOT/Ia BPEeMsl BBITTOJHEHHSI M- TEXHOJIOTHYECKOHW ONepanuy He SBISIETCS
JIETePMUHUPOBAHHBIM, pacyeT MPOAOKUTEIHHOTO IHUKIA SBISETCS TpyAoeMKoi 3amayeil. [lo-
Jy4eHHBIC YPaBHEHHUS SBJISTFOTCSI HCXOTHBIMH JIJISI YMCIICHHOTO WHTETPUPOBAHMS YPABHEHHUU CO-
CTOSIHUSI TIPEIMETOB TpyAa. Jis onpeneneHus npoAoHKUTEILHOCTH MPOU3BOICTBEHHOTO UK
st maptun N-mipenMeToB Tpyaa, oOpabaThiBaeMOl Ha TIPOU3BOJACTBEHHOM JMHHUH, COCTOSIIEH
3 M-texHonornueckux onepauuii TpedyeTcst peluTh (N -M ) YpaBHEHUH (j =1.N,m=1.M )

Jlis  TpOW3BOJACTBEHHBIX CHUCTEM [0 HW3TOTOBICHHIO TOJYIPOBOJHHUKOBOH TPOMYKIMH
(N~10° wr. [Scholz-Reiter, 2002], N~10%wr. [Lefeber at al., 2004]), (M ~ 102 [Lefeber at
al., 2004], M =300 [Tian at al., 2011]) konuyecTBO ypaBHEHUH COCTABISCT
N-M =~ (107 +108 ) Ecnm ke 3amaua HOCUT CTOXaCTUUECKHI XapaKTep, TO JUIs TTOJTYyISHUS Tpe-

OyeMoif TOUHOCTH HEOOXOMMO OCYLIECTBUThH JOCTATOYHOE KOJIMYECTBO Pealu3aluil Mpou3BO/I-
CTBEHHOI'O ITpoliecca, B KaXA0H U3 KOTOPBIX IPOJOJIKUTEIBHOCTh MPOU3BOJACTBEHHOIO IIPOLIEC-
ca Oyzer ciydvaiiHoi BennunHON. DyHKIMA pacnpeaeeHus TaHHON CIy4aiiHOW BETUYMHBI M03-
BOJIUT OINPEACIIUTh 3HAYEHHE BEPOSTHOCTH, C KOTOPOW MPOJIOJIKUTEIBHOCTh IPONU3BOICTBEHHO-
ro 1nukja OyleT B OKPECTHOCTH MAaTeMAaTHYECKOTO OKUAAHUS C 3aJaHHBIM OTKJIOHeHHeM. [lis

KoJIMYecTBa peanu3anuii R= 10° HeoGxoxuMO peuuth R-N-M = (1013 +1014) ypaBHEHUN

(37), (40), uTo TpeOyeT 3HAYMTEIBHBIX 3aTpaT MPOILIECCOPHOTO BPEMEHHU, KOTOPOE B OOJIBITUH-
CTBE cllyuyaeB HAMHOTO MPEBBIIIACT 3a/IaHHBI 0000IIEHHBIM WHTEPBAN IIAHUPOBAHUSA. ITO 00-
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CTOSTEIBCTBO HE IMO3BOJISICT MCIIOJIB30BaTh BCe mpeumymiecTBa DES-Monenu onvcanus mpouns-
BOJCTBEHHOT'O TpoIlecca IPU MPOEKTUPOBAHNN BBICOKOI((PEKTUBHBIX CUCTEM YIIPABICHHS MIPO-
M3BOJICTBOM, YTO OINpPECIIICT NMEPCIEeKTHBBI JAbHEHUIINX HCCIICIOBAHMIA: a) aHAIM3 YaCTHBIX
CJIy4aeB MPUMEHEHUS MOJTy4eHHOH B paboTe CHCTEMbI ypaBHEHUH B IETCPMUHUPOBAHHOM TIPE/I-
CTaBJICHUH JIJIS pacyera MPOM3BOACTBEHHOIO IIMKJIA M3TOTORJICHUS HApTUH JIeTalel; 0) mocTpo-
€HUE METOJUKU PACUYETOB BEITMYUHBI MEXKOMEPAIMOHHBIX 33/IJIOB HAa KaXKIOW TEXHOJIOTUYECKOM
ornepari. OJHUM H3 MTOAXO0J0B K PEHICHUIO TOCTABICHHBIX 3a/1a4 SIBJISICTCS NIEPEeX0Jl K Hempe-
PBIBHOMY OMHCAHHIO JBMKEHUS MPEIMETOB TPYJa MO TEXHOJIOTHMUECKUM orepanusaM [3apyda u
ap., 2016; Pihnastyi, 2017] u wucmoms3oBanue PDE-mozencii mpoH3BOACTBEHHBIX CHCTEM
[Lefeber at al., 2004; Berg, 2004; Iemyukwuii u ap., 2005; Pihnastyi, 2018] nns pacuera arperu-
POBaHHBIX ITOKA3aTEJICH MOTOYHBIX JIMHUH.
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