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MOJAEJIUPOBAHUE ABWXEHUA NPEIMETA TPYJJA IO TEXHOJIOTHYECKOMY MAPHIPYTY

B IBYXKOOPIUHATHOM OIIMCAHUU

PaccMOTpeHO IBH)XEHHE MPEAMETOB TPYZAA MO MOTOYHOW TEXHOJIOTMYECKOW JHHHUU B IBYXMEPHOM MPOCTPAHCTBE COCTOsHUI. OnpeseneHa MeTpuka
[POCTPAHCTBA. BBEIEHO IOHATHE TEXHOIOTMYECKOrO COOBITHS B IPOCTPAHCTBE COCTOSIHHSA. B IPOCTpaHCTBE COCTOSHHH WHTEPBAT MEKIY
TEXHOJIOTHYECKUMH COOBITHSMH OIpEAesieT HeOOXOOUMOe KOIHYECTBO PEecypcoB UL Iepexola IpeaMeTa Tpyda M3 OJHOTO COCTOSHHUS B JIPYyroe
coctostHue. [ NOCTPOCHUS! TPACKTOPHH O00BEKTa TPyZAa B NPOCTPAHCTBE COCTOSIHUI ObUI MCIIONB30BAH BapHALMOHHBIM MPUHLMIL. BapuaruoHHbIit
[PUHIMI [TO3BONIUT 3allicaTh ypaBHeHHe Dimepa. It ABMXKCHHS OJHOTO MpEIMETa TPy[a B JBYXMEPHOM IMPOCTPAHCTBE COCTOSHHI 3alicaHa
cucreMa ypaBHeHHil Difnepa. IlpuBeneHa cucrema ypaBHEHHH Oiiiepa Ui TpaeKTOPHU OJHOTO HpeIMeTa TPyAa B MHOTOMEPHOM IIPOCTPAHCTBE
cocTostHus. Peliena cucrema ypaBHeHuit Ditnepa juis ciyyas JABHKEHUS IpeaMeTa Tpy/Aa B JIByXKOOPJAMHATHOM IPOCTPAHCTBE COCTOSHUU. Pemenue

CHCTEMBl YPABHCHHI IO3BONMIO NONYYHUTh COCTOSHMS HpeIMeTa TPyJa B 3aJaHHBI MOMEHT BPEMCHH.

3amnucaHo peuIeHHe A PaBHOMEPHOTO

NEpeHOca TEXHOJIOTMUECKUX PECYPCOB Ha MpPEAMET TpyJa IPpH Mepexoje OT OJHON TeXHOIOrM4ecKol onepauuu K Apyroi. Ilpu nmocrpoenun moxenu
JUISL IAPTHH TIPEIMETOB TPyZAa ObUIM BBEJCHBI OIPaHUYCHUS. DTH OrpaHMYCHHS ONPEACIAIOT HOPSAOK 0OpabOTKM NpPEIMETOB TpyAa. YpaBHEHHE
TPaeKTOPHHU IPeAMeTa TPyJa 3alHCaHo ¢ HCToNb3oBanueM (ynknun Jlarpamka. @ynkius Jlarpamka yduTeiBaeT OrpaHUYECHH, KOTOPbIE HATOKEHBI
Ha IPOM3BOJCTBEHHYIO cHcTeMy. ClielaHbl BEIBOABI O EIecO00pa3sHOCTH HCIIOIb30BaHUS PACCMOTPEHHBIX MOJIENIeH IIPU pacyeTe IPOU3BOACTBEHHOTO
LMKJIa 00paOOTKU MapTHH JeTalel Ha OTOYHO! JIMHUN U POrHO3UPOBAHUH HCIIOIB30BAHUH TPEOYEMBIX TEXHOIOTHYECKHX PECYPCOB.

KiroueBble cj0Ba: IpeaMeT TPy[a, YpaBHEHHE IBIDKEHHUS, IBYXKOOPIAMHATHOE OIICAHUE, ypaBHEHUs Oilnepa, TEXHOIOTMYECKHH pecypc,

TIPOU3BOJICTB CHHBIN ITUKJT.

BBenenne. IIpow3BOACTBO MpEnCTaBIsACT COOOH
CJIOKHBIN TIPOIIECC MPEBPAIEHUS CHIPhS,, MAaTEpPUANIOB U
mory(haOpuKaToB B TOTOBYIO TIPOAYKIIHIO.
TexHoJIOTHUECKHUH TIPOIIECC - YaCTh MPOM3BOJCTBEHHOTO
IpoIiecca, coJieprKalnas LieJeHaPaBIeHHbIe ASHCTBUS MO
N3MEHEHHIO W (WIJIM) ONPENENICHUIO COCTOSHHS MpeaAMeTa
Tpynaa [1]. OCHOBHBIMU 3JIEMEHTAMHU TEXHOJIOTHYECKOTO
IpoIiecca SBJISAIOTCA TPy, CPEACTBA TPyda W IPEIMETHI
Tpyaa. M3rotoBneHue MNPOSYKIUH C  33JaHHBIMU
CBOWCTBAMH TPENPHUATHS OOECIeUnBacTCsl CPeICTBAMHU
Tpyaa: obopynoBaHueM, HHCTPYMEHTOM,
MIPUCIIOCOOTIeHUAMH, OCHAacTKOW. C MOMOIIbI0 CPEICTB
TpyZla 4eOBEK BO3ICHCTBYET Ha mpeamMeT Tpyna. Kaxaprit
mpeaMeT TpyZda XapakTepusyerca cBoiicTBamu  [2].
[Ipu3HaK, KOJMYECTBEHHO XapaKTEPU3YIOIIUH IFOOBIE
CBOWCTBA WJIM COCTOSIHUSI M3JETIHs Ha3bIBACTCS MapameTp
mnenuss  [2]. Ilo ™epe mpeBpaiieHHs B TOTOBYIO
MIPOYKIMIO TIPEIMETHI TPY/AA MPOXOJST OTHEIbHBIE, KakK
MPaBWJIO, XOPOLIO  pa3jiMuUMble BO BpPEMEHH W
MIPOCTPAHCTBE CTaJNU TEXHOJOTHYECKOW 00pabOTKH, UTO
MO3BOJIIET WX paccMaTpuBaTh B KayecTBE OOBEKTOB
IUIAaHUPOBaHWA W  ymnpasieHus. llocnmenosarenbHOe
N3MEHEHHE COCTOSHHSI WM CBOMCTB IPEIMETOB TpyZAa
MPOUCXOAUT B  TIpollecce  Iepexoja OT  OJHOH
TEXHOJOTUYECKOH OIeparu K JPYyrod MOeT OBITh
MIPEACTABIICHO TPACKTOPHEH ABMKEHUS IIpenMeTra Tpysa B
MIPOCTPAHCTBE  COCTOSIHUU.  M3BECTHO  IOCTATOYHO
GoutbIIOE KOJIN4ECTBO pador, UCTIOJIB3 YOI X
coBpeMeHHbIH noaxos PDE-MonenupoBanusi moTOYHOro
MIPOM3BOACTBA, PACCMATPHUBAIOIINX JBIDKEHHE IIPEIMETOB
TpyJda B OJHOMEPHOM MpocTpaHCcTBe cocTosiHus [3,4]. B
gacTHOCTH, B pabotax Armbruster D, Kempf K cocrosane
mpeaMera  Tpyda — ONpeAensercs 0e3pa3MepHbIM

napamerpom X, (X €[01]) xapaxrepusyromum cremens
Tpy#na, a B paborax [4]
MEPEHECEHHBIX  TEXHOJOTHYECKHX

TOTOBHOCTH  TIpeIMeTa
CTOUMOCTBIO S

pecypcoB Ha TpeAMeT Tyaa (S E[O,Sd]), rie S, -
HOPMATHBHAs CeGeCTOMMOCTh H3TOTOBICHHS H3EIH.

Takum 00pazoM, B X0J€ TEXHOJOTMYECKOW 00paboTKu
MpeaMeT Tpyda IEepexXOmuT W3 OJHOTO COCTOSHHS B
apyroe coctosHue. [Ipy 3TOM MEHSIOTCS HapaMeTphl,
OIpe/eNAIoNINe CBOMCTBA mnpeaMera Tpyna. M3meHeHue
CBOMCTB OIHCHIBAETCS] arperupoBaHHBIMU NEPEMEHHBIMU
XuS . Ilpu 3TOM HM3MEHEHHE CBOMCTB MpeaMeTa Tpyia

TECHO  CBA3aHO  C  BO3JCHCTBMEM  Ha  HEro
TEXHOJIOTHYECKOTO obopynoBaHus. B xoxge Takoro
BO3AEHCTBUS  HAa  INpeAMET  Tpyda  IEPEHOCSTCS
TEXHOJIOTHYECKHE  PECYpChl,  CTOMMOCTh  KOTOPBIX
ompeneneHa.  TakuMm o00pa3oM, H3MEHEHHE CBOWCTB
IIpeIMETOB Tpyaa OTIpENIENICHO KOJINYECTBOM
MIEPEHECCHHBIX TEXHOJIOTUYECKUX pecypcos

omnpeneneHHoW croumocTH. Ecmu cocrostHMe mnpenMera
TpyZAa MOKET OBITh OIMCAHO MapaMeTpaMH, KaKIbIi U3
KOTOPBIX XapakTepH3yeT W3MECHEHHE OIIPEACIICHHOTO
CBOMCTBA, TO M3MEHEHME CBOICTB mpenMeTa TpyAa NpH
Iepexoje W3 OJHOTO COCTOSHHA B Jpyroe Oyner
COOTBETCTBOBATh CYyMME€ CTOMMOCTEM TEXHOJIOTMYECKUX
pecypcoB, NEPEHECEHHBIX HA IIPEAMET TPYAA B PE3yIbTaTe
TaKkoro mepexoga. Takoi MNOAXOA IO3BOJIIET BBECTH
METPHUYECKOM  NpPOCTPAaHCTBO, JUIMHA  TPACKTOPHH,
COCAMHSIONass TOYKH, COOTBETCTBYIOLIME IIEPEXOIy
IpeaAMeTa TpyAa M3 OJHOTO COCTOSHHMS B Jpyroe, Oyner
COOTBETCTBOBAaTh M3MEHEHHMIO €ro crommocTu. [losHas
CTOMMOCTh M3TOTOBJICHUS IIPEMETa TPy/Ja COOTBETCTBYET
JUINHE TPAeKTOPUHM B MPOCTPAHCTBE COCTOSIHUS MIpU
repexojie OT HadaJIbHOM TOYKHM TPAeKTOPUH K KOHEYHOM
TOYKH  TpaeKkTopuu. VI3MeHeHHe e  TMapaMmerpa,
XapaKTepU3yIollee N3MEHEHNE OTPEEICHHOTO CBOMCTBA
IpeaMeTa TpyJa CIOKHO BBIPA3UTh Yepe3 MEepPEeMEHHYIO,
OTIPEEISIOLIYIO CTeIIeHh TOTOBHOCTH IpeaAMeTa Tpyaa X .
Crnenyer, oAHaKo, 3aMETUTh, 4YTO IPU pEIICHUHU
HEKOTOPBIX 3ajad, ISl KOTOPBIX COCTOSHHE IIPEAMETa
TpyZa MOXeT OBITh BBIPRKEHO OJHHM IIapaMeTpoM,
COOTBETCTBYIOIINM H3MEHEHHE COCTOSIHHS IIpeaMeTa
TpyZa, BO3MOXEH Iepexoi K Oe3pazMepHOMY Hapamerpy

X= % [4, cTp.208], uTO ABNMAETCA YACTHBIM CIIydaeM.
d
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MopeaupoBanue ABHKEHHs IpeaMeTa TpyAa B
ABYXMEPHOM IPOCTPAHCTBe cocTositHMii. Paccmorpum
TEXHOJIOTHYECKMH  mpomecc,  cocrosmuit w3 M
pa3IMUUMBIX JIpYyr OT JApyra CTaJuid TEXHOJIOIMYECKOM
00paboTKHM TmpemMmera TpyAa, MO3BOJAIOMINX pa30UTh
TPAeKTOPHUIO ABMKEHUsS IIpeaMeTa Tpyda Ha M ydacTKOB,
COOTBETCTBYIOIIMX TOH MJIM HMHOW TEXHOJOTMYECKOU
OTIepaltu. Bynem XapaKTepu30BaTh KaXAyI0
TEXHOJIOTHYECKYIO OIIepanuio BpEMEHEM

TEeXHOJOrn4eckoii oOpaborku AT, (dac), B TeueHHe

KOTOPOTO TEXHOJIOTHYecKoe 000pyIOoBaHNE BO3EHCTBYET
Ha MpeAMET TPY/a, MOTPeOIsist IPU 3TOM DIEKTPOIHEPTHIO
B pa3Mepe Adg,, (xkBr*uac) u celppe BecoMm Ag,, (KT).

CTOUMOCTb DJIEKTPOSHEPTUU B 3aBUCUMOCTH OT BPEMEHH
CYTOK 11 M-0¥ TEXHOJOTUYECKOU OTNepallii COCTaBIISIET

Z,, (rpu /(kBt*4ac) ) , a ueHa cbipbsi Z ,p, (TpH /KT) .
PaccmoTpum JiBa OU3KUX coOBITHS,
3a(pMKCHPOBAHHBIX HAMH IIPU JBIKCHHS [IPEIMeTa TPyIa
[0 TEXHOJOTMYECKOMY MapIIpyTy B MOMEHT BpemeHHu {;
nu t,=t +dt. Ilyctb mepBoe coObITHE OmpeaesIeTCs
mapaMeTpaMH COCTOsiHHMsS Tpeamera tpyma (0,,d,), a
sropoe (0, +d0,,q, +dg,). 3a Bpems dt mepexona u3

OIHOTO COCTOSIHHMSL B JpPyroe B XOJE BBINOJHEHHS
TEXHOJIOTHYECKOH  OlepalMd Ha IpeaMeT  Tpyda
MEPEHOCSTCS TEXHOJIOTUYECKUE pecypcsl c
UHTEHCUBHOCTBIO [, (ql,qz) (rpu/4ac). Bynem mosarats,

9TO B TEXHOJOTMYECKOM MPOCTPAHCTBE COCTOSHMH
(d,,0,) ompenienena MeTpHKa, C y4eTOM  KOTOPOii
KBa/IpaT 1eMeHTa JMHb dS° MpescTaBIIseT BhIpakeHue

ds® =a, 'd(h2 +2ay, -do, dg, +ay, 'dq22 , (rpu2) (1)
rae KOOPAMHATHBIE (YHKIMH IPOCTPAHCTBA COCTOSHMH
ompenenensl kak a, =(Z,(q,))’,

ap =ayp :Zl(ql)ZZ(qZ)’ ay :(Zz(qz))z' (2)

Jlns untepsama R Mexay ABYMS COOBITHAMH,
TIPOM3OMIEIIMMH C OJHUM U TEM K€ TPEIMETOM TPYy/a B
TEXHOJIOTHYECKOM TIPOCTPAHCTBE COCTOSHMIA
(0,,q, )cripaBeTHBO HepaeHCTBO

(dR)*= (4, (0,0, )- dtf —dS?>0.  (3)

HepaBenctBo (3) o3Hauaer, 4TO IpeAMET TPYHA B
X0Jle ~ TEXHOJIOTMUECKOW  0o0paboTKu  TOTpedsseT
TEXHOJIOTHYECKHE PECYpChl B KOJMYECTBE HE OOJbBIIEM,
4eM eMy MOXKET OBITh IepeJaH0 OT TEXHOJIOTHYECKOTO

obopymoBanus. YpaBHeHue (3) mpencTaBisieT CoOOH
ypaBHEHHE Hey/Iep)KUBaoLIen CBSI3U JUIsL
paccMaTpHBaeMOro IPOCTPAHCTBA COCTOSHHH, OyzeT

WCIIOJIb30BAHO HIDKE JUIS MOCTPOCHUS LENEeBOH (DYHKIMH
HpOI/ISBOI[CTBeHHOﬁ CHUCTCMBI.

BreibepeM  mns  pmampHEHIIEro  paccMOTpPEHHS
U3MEHEHMsI COCTOSHUS MIpeaMeTa TpyJa B pe3yiabTaTe ero

TexHomormueckoii  o6pabotkn  xoopmunatet (S;,S, ),

dslzzl(ql)'dqln dszzzz(qz)'dqz-
Beibop koOpAMHAT B CTOMMOCTHOM IPEICTaBICHHUH

TaKue, YTO

MO3BOJIIET  OoJiee  HAIIAAHO MPEACTABUTH IIpOIEcC
CII0KEHHUS TEXHOJIOTMYECKUX PECYPCOB, IIEPEHECEHHBIX Ha
peaMeT Tpyzna. Wzmenenun KOJINYECTBA

TCXHOJIOTUYCCKUX PECYPCOB, NEPCHCCCHHLIX Ha IMPECIAMCT

TpyJa, TPUBOJIUT K H3MEHEHHUIO CTOMMOCTH IIpeIMeTa
TpyAa,  COCTOSIIEH W3  CTOMMOCTH  OTAENBHBIX
TEXHOJIOTUYECKUX PECYPCOB, OMPEICIISIOUIUX COCTOSHUE
npeaMera Tpyaa. [IpaBUiio ClHOXKEHHsS] TEXHOJIOTUYECKUX
pECYpCOB B TPOCTPAHCTBE COCTOSHHM  OIPEIeIICHO
METPHUKOM MpocTpaHcTBa. Toraa B HOBBIX KOOpAMHATAX

(Sl ,Sz) (1) — (3) npumer Bux

2 2
(dR)?=(u, (5,8, )t} =3 b,ds,ds, >0,
-1 j-L
bu =1, b21 :bu =1, bzz =1. (4)
IIpu McCNefOBaHUM ABUKEHUS HpeaMeTa Tpyaa 1o
TEXHOJIOTHYECKOMY MapIIpyTy OyJAeM MCXOJHUTh M3 TOTO,
dt TexHoNOrMUECKHE

9To 3a  Bpems pecypcsl B
KomuyecTBe M, (S,,S,)dt (rpn), mepenocsres  ma
npeAMeT Tpyda C MHHAMAIbHBIMH — TOTEpSAMH, B

pe3ysibTaTe 4Yero MPOHMCXOIUT H3MEHEHHE IapaMeTpoB
COCTOSTHHS npeaMeTa Tpyna Ha BEJINYHHY,

OKBUBAJICHTHYIO CTOUMOCTH PECYPCOB

[MorpebyeM, dYTOOBI TEXHOJOTMYECKHH IpoIecc
00paboTKK TpenMera TpyJda BBIIOJHSICS —COTJIACHO
HOPMAaTHBHBIM KOHCTPYKTOPCKHM M TEXHOJOTHYECKUM
rapamerpam, 4To ompesesnseTcs: QyHKIHOHAIOM

T 5
*sz (“w(sl’SZ)'dt)z_zzbu‘dsidsj =
0

i-1 j=

Td

= IJ(Sl!SZIH1aM2)jt’

0

J(Sllszvul!uz): (“w(sl’sz))Z_ZZz:”i'“j

2
i=1l j=1

, (9

roe  Td - Bpems [ABWKeHHMsA OpeaMeTa Tpyda IO
TEXHOJIOTHYECKOMY MapIIpyTy, HadWHas C MOMCHTa
MOCTYIUIGHUS Ha TOTOYHYIO JIMHHIO H 3aKaH4MBas
BBIXOJOM FOTOBOT'O M3ICIIHS.

W3 paBenctBa Hymo Bapuaiuu OR=0 cuexyror

ypaBHeHMsI Diiiepa [ BapUallMOHHOM 3agadud ¢
(byHKIIMOHATIOM (5), OIIMCBIBAIOLKE U3MEHEHUE
COCTOSTHHSA mpeaMeTa Tpyna, OTIMCHIBAEMOTO

napameTpamu S;,S, :
d a‘](sl’821l’l11l’l2) _ a‘J(Sl’SZ1Ml1”’2)

dt on, oS, ©)
d a‘](sl’SZ ’Hl’uz) _ a‘](Sllsz ’Hl’uz)
dt oy, oS,

Ecm IIOJIOKUTH, YTO HWHTEHCHUBHOCTH II€PEHOCA

TEXHOJIOTHYECKUX PECYPCOB M, (51,32) MOXET OBITh

npeacTaBjicHa B BUAC CyMMC MHTESHCUBHOCTEH uw_ (SJ )
i

n,(508,)=2m,(5),
j=1

TO cUCTeMa ypaBHeHuil (6) mpuMeT Buj
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dﬂ ( )a“wl(sl)
d " Y oes,
8
d].,lz (S ) GHW(SZ)
dt v 6s,

B o6mem cityqae Z-MepHOTO IPOCTpaHCTBa CHCTEMa
ypaBHeHHH (8) MOXKET ObITh 3alMcaHa B 0OLIEM BHAE:

d a}l 1(S ) z
(;’::1 2”'\4/1(81)';T1; HW(Sl,SZ,..,SZ)zzluWJ(SJ.);
1 j=
d“z a“’\uz (SZ)
= S, ) —2—~~-
dt ‘Vz( 2) 882 )
%z (S)a““’l—(sl) du, _ (S ) o, (Sz)
dt v J asj ’ dt v, z aSZ_

©)

Crnenyer 3aMeTHTh, YTO CHUCTeMa YypaBHeHHH (8)
MOXET OBITH MOJy4€Ha, €CIIN MOJBIHTErpaibHas QYHKIHS
IpeJCTaBIeHA B BUJIE

w
1 Z
J :W(Hw(swsz ,..,SZ)—;MJ-J '

by (8:.8:008,)= 2w, (5,). (10

rae 1eneBas (YHKIUK COICPIKUT  BBIPAKCHHE,
ompenenseMoe yaep)uBaromeii cBsa3pio Buga (3) co

CTPOTHM  paBEHCTBOM.  JIGHCTBHUTENBHO,  BBIIOJHUB
mddepeHnupoBanue
w-1
0J S
— = S;,5,,..9, ) . ;
5}.lj [“ \ ( 1 2 z ) ; Mj j

w-1
d aJ d z
e Y

W-2
z z a
=W, | DTy
i1 i1 05,
z w-2 z du
+(W_1{H‘U_ZHJ] —-=
=t i dt

z w-2 z au z dlvl
=—W-1) u _ZH-J {Z “u-—Z—J}
{ ' i=1 : =1 asj : j=1 dt
W-1
a : o,
St
1 UCTIONB3YH (6), TOITydIuM

dut ou, (s,
ﬁ:uwj(sj).“u_(ﬂ

, j=1.z (11
dt 25, . ()
Mw(swsz v"*Sz):Z“\vJ (SJ' )‘
i1
Pemmmm cuctremy ypaBHeHuit (9). 3aBHCHMOCTH
My, (Sj ) OIIpeneuM u3 TEXHOJIOTHUECKOI
JOKYMEHTAllMM, KOTOpas XapaKTepu3yeT  3aJaHHbIHA

TEXHOJIOTUYECKHI IpoliecC Ha MPEANPUSITHH B BUIE HOPM
pacxoJ0B ChIpbsSl U MaTepUaNIOB, a TAKKE CMEHHBIX HOPM,
YTBEPKACHHBIX ISl KAKJIOM TEXHOJIOTMYECKON ONepalni.

Ucnonw3ys 3HayeHus Tabmumbl  Nel st m-oid
TEXHOJIOTUYECKON OMepalyy, BBIYUCINM 3HAYCHHS B
tabmuie N2, onpeaeanM (QyHKIHIO My, (Sl). TabnauuHoe

SHauCHUE 44, (Sml) MPEACTaBUM  AHATUTUYECKOM
¢dynkuumeit (puc.1)
By, (S,)=15 (rpu/uac) (12)

AHaJOrM4YHO, WCIOJb3Ysl 3HaueHMs Tadmuubl Ne3
UL M-0if  TEXHOJOTMYECKOW OIepaluu, OIpeIeIUuM

yHKUMIO  f1,,, (S,). TaGmuunoe 3maueHue Hyr, (Som)
MPECTaBUM aHAJTMTHYCCKOH QyHKImeH (puc.2)

Hy,(S2)=14/40-8, (13)

mojgcrtaBuB B (13) TabnwdaHbIe
MOJyYMM  TaOJMYHBIC 3HAYCHUS

JelicTBUTENBHO,
3Ha4YeHus S,, ,
By, (sz). Ipadux ynxkumn p (Sz) MPECTAaBICH Ha
pUCyHKe 2.

%
dt

du, = 'L:H .ﬂzgol

dt " 2. J40-5, " m,

Pemenne cuctemsr (14) MokeT OBITH MPENCTABICHO
B CJIE/IYIOIIEM BH/JIC

(14)

2

S, =C, -t+C;
) (15)
S,=10-t"+B, -t+B,
HO):[CTaBI/IM BBIpAKCHUA JJIA MHTEHCUBHOCTEH

My, (Sl), K., (Sz) (12), (13) B cucremy ypaBuenwii (8),

IMOJIYYUM TOXIACCTBEHHOC PaBECHCTBO.

Kosdpduumentsr C; un  Bj  onpepenum  u3
HayaJIbHbIX YCIOBHUI
$1(0)=0; S,(0)=0, (16)
10(0) = 11, (0) =15, 11(0) = 1, (0) =0.
Otkyna
S, =15-1; =15;
1 2 Hq (17)
S,=10-t°; n, =20-t.

/S
Ecmu u3 (17) BeIpaszuts = ﬁ U TIOJICTaBUTh B

BBIPA)KCHUC I Hyy NoJryqyum
My 215211\4,1(81 ):

S
I, :20-t:20~1/ﬁ:,/40-52 =u,,(S,;)

HckmounB mapameTp !, yCTaHOBMM B3aHMOCBSI3b
MEX]y HEePeHECCHHBIMH TEXHOJIOTUYECKHMH PECYPCaMU
Ha npeamert tpyna S(t), S,(t):

10 _ 5

(18)

S, =—95; (20)

225
Bripaxenne (20) mONE3HO WCIONB30BaTh MPH
MOCTPOEHUN CHCTEMBI YIIpaBJICHUS 3amacamu

t mpeamer Tpyna
S1(), S2(t), B

npeanpusaTuss. B MoMeHT BpemeHHu
HaxoJUTCS B TOYKE C KOOpAWHATaAMU
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=y, (S1(), w2 =p,2(S2(t)). B cayuae

O6pa6OTKI/I Ha TEXHOJOTUYECKOM JIMHHUM TOJIBKO OJHOTO

npeaAMeTa TPyda, €ro TPAeKTOPHs — COBIAmaeT ¢
HOPMAaTUBHOW  TpPAeKTOpHEH JUII  TEXHOJIOTHYECKOTO
mpoiecca,  ompeaeasieMoil  pyHKIMSIMU My, (S1(1)),
Hy2(S2(1):

ds

vl

szwl(s,,,l)

(21)
ds,

“aqt | M (SI//Z)

B zakmoueHny 3aMeTnM, 4TO cucrema (8) mo3BosseT
NEPEUTH OT ABYX KOOPAMHATHOIO OIMCAHMS JIBUKECHUS
mpeaMera TpyAa B KOOPAWHATHOM MPOCTPAHCTBE K
IIPOCTPAHCTBY COCTOSIHMM OJHOM KoopAuHatel. Eciu
BOCIIOJIb30BATbCA IMPAaBUJIOM CIIOXKEHHUS COCTOSSHUM B
3aaHHO# MeTpuKke (1) mpocTpaHCTBa COCTOSTHUIM U BBECTH
0003HaUCHMS

S(t)=S5,(t)+S,(t),

- du,, (5’1)+ duwz(sz) _ d,, (Sl)"'”wz(sz) _ du, (S) _

dt dt dt dt
a0, ) o, (5)
= ulS)= S)——=
o als)= (8
Pemenue cucrembl ypaBHeHWd (8) T1O3BOJIIET

MOJy9UTh COCTOSIHMSI TIpeIMeTa Tpylda B 33JaHHBIA
MOMEHT BpeMeHH. Ecny 1o NOTOYHOH JIMHUU [BUXKETCS
naptust N OpeaMeToB TpynAad, TO pELIEHHE cUCTeMbl N-
ypaBHEHUH JaeT BO3MOXKHOCTH ONPENENUTh COCTOsIHHE N
MIPEAMETOB TPYAa B MOMEHT BPEMEHH t, a CIIeI0BATENbHO
MOCTPOUTH ~ MOJIENb ~ O0ecredeHus:  MPOM3BOJCTBA
TEXHOJIOTHYECKUMH pecypcamMH, HEOOXOIUMBIMH IS
OecriepeboitHol paboTel moTOoYHON JmHUH. OIHAKO,
3aja4a O JBIKEHUH OOJIBIIOTO KOJWYECTBAa MNPEIMETOB
TpyZa 1O TOTOYHOW JMHUHM COJEPXKUT OOJbIIOe
KOJIMYEeCTBO orpanndeHuil. TexHonorndeckas TpaeKTopus
mpeaMeTa  Tpyda  SBISIETCS  OTPaHWYEHHEM Ul
CIEYIOIIEro 3a HUM mpeamera Tpyna. Jus nuHeitHOH
CHCTEMBI TEXHOJIOTHUECKHX OIEpalluil mpeaMeT Tpyaa He
MOXET OBITh TOJaH Ha TEXHOJIOTHYECKYI0 00paboTKy,

' (s(t))= Mwl(31(t))+uwz (S,(t)), (22)  noxa me OyJeT BBINONHEHA TEXHOJOrudyeckas obpaboTka
TO CUCTEMa ypaBHEHHH (8) mpuMeT BUI mpeaMeTa TPyAa, HaxoIAIErocs mpen HUM. Takum
obpa3oM, JaHHOC  OrpaHHYCHHE HE  IO3BOJISET
dy, du, on, (51) au, (S 2) Hepecekarbcsl TEXHOJIOTMYECKUM TPAeKTOPUAM. ITO
ot + a Hy, T U, ? npuMep TEXHOJIOTHIECKOTO OrpaHUYCHUSI Ha
! 2 MOCJIEIOBATENILHOCTh  00pabOTKH — MpPeIMETOB  Tpy[a.
nin Baxnyro rpyIiy OTpaHUYCHUI obpazyroT
dp o, (s) (s) 23) b depeHIanbHbIe CBSI3H Ha pasmep
dt s Hyt=)s MEKOTIEpalMOHHBIX HAaKOIUTENIEH. Ot CBA3U
e OTCYTCTBYIOT IIPU IIOCTPOCHHU HOPMATHBHOM TPaCKTOPUH
dp, du dy, +du du JBUKEHUS NIPpEAMETa Tpyla B IPOCTPAHCTBE COCTOSIHUM U
dtl + dtz =—1 " 2= ot MOSBNSIOTCS. HPU  PElIEHMM  3ajad, CBS3aHHBIX ¢
00pabOTKO# MapTHU MPEIMETOB TPY/Ia.
n a“’\yl(sl)_’_u au\uz (SZ): auwl( )ds1 a“wz( )ds
tos, 28s, a5, dt oS, dt
S
16.0 My, { 1]
14,0
12,0
10,0
8.0
6,0
40
2.0
0,0

SEILP LI LT L LSS P S

Sl
%@,\{ﬁ) & @ @ @{ﬂ@q’@

Puc. 1 -MHTEHCHBHOCTH [IEPEHOCA TEXHOJIOTHYECKUX PECYPCOB Ha MPEIMET Tpyaa W, (Sl)
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Puc. 2 —IHTEeHCHBHOCTH TMEPEHOCA TEXHOJOTMIECKUAX PECYPCOB Ha MPEIMET TPya My, (32 )

Tabsmuua 1 — ITapamerpsl TeXHOJIOrHYeCKuX onepaiuii. [TorpebieHIe 3IeKTPOIHEPrHU (TEXHOIOTHYeCKui pecype 0 )

HarmaesoE arte map aneThos OB osHaderIe Horaeq Texmsomoreme o OIed aTmpe
O-z| l-m| 2-a| 3z 4= >z 6z 7= 2=
Bpenad 5EIIOInernLa TEXEIOIOTEME CEOM OIIe () AITEOL, A ATy 01 02 025 02 01 02 03 02
MMorpebmere SmekTHOSHEPTHE 54 Bp 68T BROTMTHEEHA .0 200 25 200 1,0 200 300 20
TEIXHOIOTENE CEOH omep arpod, KBT*mac "ﬁ'“qlm
L ena smexrpossepraes, rpafEBT gac) Zim L 15 LA 15 L5 L3 15 L2
Tabnuua2 — PacueT HHTEHCHBHOCTH TEPEHOCA TEXHOIOTHYECKHX PECYPCOB Ky, (S ml)
Harmaenosarmte DapareTpoE DBorHademe Homep Texpomorsmie crofl oImep arpmt
O-a] l-m| Z-z| 3-m| 4a| 5z &a T-m[ E-a
C'mm-.-n:ucmnDTpeEem—rchpecgjpcuBsaBpem A =2, g 1,5 3| 375 Il L5 345 3
EBITCITHEHEA TEXHOMIOTEIS CEOH OIepalpe, THHE
DBIrag eTOMMO CTE TEXHMIOTHIECEEY § & 0 COE, af 1,5 43 225 11,3 12,8 152 20,3| 233
TIef eHe CEHHBD! Ha ITPefreT TPVAa Ha MOMEHT Ay =2ﬂ.’5’1
OEOHMAFRHA TEXFOMOTHYE CEOH OTIep AITHEL, THH -1
CpeJHAR MHTEHCHEHO CTE TIef & AU TeXHOIOTHE CERX ﬂSm 150] 150( 150] 150( 150) 150] 150) 150( 150
PECYRCOE OT TEXHOIOTHEECKOTD 000pyA0E arm, ’Mw 'Slm = H
TPHE™ar "

MonennpoBanue JABM:KeHHsI MAPTHM NMPeIMETOB  IOCTYIUICHHS IPEIMETOB TPyAa HA MOTOYHYIO JIMHUIO, HA
TpyAa B OJHOMEPHOM MPOCTPAHCTBE COCTOSIHMH.  KaXJA0M M-oii TEXHOJIOTUYECKOU olnepanuu
PaccmorpuMm aBrmkenue maptud N-peaMeToB Tpyda MO MEXOIEpalMoOHHBIE — 3aJeflbl  OTCYTCTBYIOT.  TaKkyio
MOTOYHOW nwHMM. byxer momarat, 4T0 B MOMEHT  IOTOYHYIO JIMHHIO OyneM HasbiBaTh cBoOommod. [lpm
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OTHMCAaHUH W3MEHEHWH COCTOSIHHSI j-TO MpeIMeTa Tpyaa
BocHojib3yemcss  ypaBHeHueMm (23). Torma maprtus
MPEeIMETOB TPyda MOXET OBITh OINMUCaHa CHCTEMOU
YpaBHEHHUM

diy O (8) oy

dt os v

du; _ou,(S))

—= S. ) . 24

dpy _a“w(SN)“ (s,)

dt s v
rme W, (S)- u3BectHast QyHkuusa. Ucmonmbsys  (22)
pemieHue CHUCTEMBI ypaBHEHHHA (24) TUIst
JIETEPMUHAPOBAHHOTO CIIy4asi, MOXET OBITh oOecreueH
mepexojy OT  OJHOKOODAMHATHOTO  OMUCAHUS K
MHOTOKOOP/IMHATHOMY.

Cucremy yYpaBHEHUNI (24) JIOTIOJTHUM

OTPaHMYCHUSAMH Ha TOCIEeIOBATEIbHOCTE 00padOTKH

NpeAMETOB TpyAa W Ha pa3Mep MEXOIEepalMOHHBIX
HakomuTene.  JIBwkeHue  mpeaMmera  Tpyna IO
TEXHOJIOTUYECKOH JIMHUM  OTPAaHUYEHO  COCTOSHHEM
00paboTKM TpeApIAyIMX MpeaMeToB Tpyaa. Ilepsoe
OTpPaHWYCHUE 3aKII0YaeTCs B TOM, UYTO IPUCTYNHTh K
TEXHOJIOTHYECKOH 00pabOTKH | -Oro MpeaMeTa Tpyjaa Ha

M-0if TEXHOJIOTMYECKOW Olepaliy BO3MOXKHO TOJBKO
1ocIie OKOHYAHHS TEXHOIOrHYeckoi oGpaborkn  (j—1)-
oro npeaMera Tpyzaa. B Ipou3BoJabHBIH MOMEHT BPEMEHU
t, Wi IByX Todek S H(tl) n S J-(tl) TpaeKTOpui,

clleAyolux Jpyr 3a JApyroM OpeaMeTOB  Tpynda
CHpaBeI{J’II/IBO COOTHOLICHHUEC
S4(t-At,(S;)= s (t). (25)

Bropoe orpanuyeHue 3akirodaeTcsi B TOM, 4YTO
TEXHOJIOTH4ecKas 00paboTka | -oro mpeaMera TpyAa Ha
M-0lf TEXHOJIOTHYECKON omeparuu OJDKHA OBITH
3aKOHYEHA TII03JHEE, 4YeM HayaTa TEeXHOJIOTHYEeCKas
ob6paboTka (j_Nm,\y )-oro MpeaMeTa Tpy/ia Ha (m +1) -oi
TEXHOJIOTUYECKOW OIepanuu
HAKOTHTEJIS

C EMKOCTBIO BXOJHOTO
IIpn Havame o0OpabOTKH

(m+1)-oit
TEXHOJIOTMYECKOH Olepalui BO BXOJHOM HAaKOITHTENe
eMKOCTBIO N (1),  OCBOOOXKIAETCSA MECTO IS | -OTO

N (m+1)y Mex -

(j—Nm,W M )—oro mpeaMera  Tpyda  Ha

npeaMeTa Tpy/da, HaxozsmieMcsi B oOpaboTke Ha M-oif
TEXHOJIOTHYeCKOH onepanuu. OrpaHHYeHne, CBS3aHHOE C
KOHEYHOM €MKOCTBIO HAKOTIMTENS, MOXET OBITh 3aITUCaHO
B BHJIC HEPABEHCTBA

Sine v 1= Sj(), 5w, .0 (26)
IIpu 3TOoM mpeamonaraercsi, 4YT0 AOMYCTHM CIlIydai,
Koraa j-bIﬁ npeaMeT TpyJda B OXHMIAHHM OKOHYAHUS

00paboTkH (j—Nm‘W Vex )-oro IpeaMeTa Tpyaa Ha (m +1)—
Ol TEXHOJIOTMYECKOH omepanuu MOXKET HAaXOIUTCA B
TEXHOJOTHUYECKOM MOAYJE Ha IM-0l TEXHOJIOIMYECKOH
omepaiyu. Eciam Takoll ciy4ail HeZOMyCTHM, TO Oyaem
MpeAroaararb, 4YT0 €MKOCTh HAKOIHTENS MEHbIIC Ha
CIUHULLY.

IIpu wamuuue orpanuuenuii B Buae (25), (26)

TPaeKTOpHsA JABWKEHUS  |-Oro IpeaMera TpyAa B
($a30BOTO  TEXHOJOTHYECKOTO IPOCTPAHCTBA (t,S,u)
YIIOBJ'ICTBOPSIGT ypaBHeHI/ISIM

d oL oL ds. )

2% % —J =y, (j=1.N) (7
dtop, S, dt

L=3(S, .1, )+ Ay 15,4t —7a(S; )5, (1)} +

+ 7‘21 {SJ Ny Max t)_si (t)}’

C HA4YaJIbHBIMHU YCJIOBUSMHA

Sj(tﬂj):o, “j(tnj):“nj ’ (28)
u OrpaHHYCHUSIMH, HAKJIa[bIBACMBIMA Ha
TEXHOJIOTMYECKUE TPACKTOPHU
Sj—l(t _Tm(sj»2 S5(t), Sin, Max(t)2 Sj(t)- (29)
VpaBHEHHS, OMNMCBHIBAIOIINE ABIDKEHHE | -OTO
npeaMera  Tpyga B ($a30BOM  TEXHOJIOTHYECKOM
IIPOCTPAHCTBE (I,S, ,u) MOT'YT OBITh 3aIIMCaHbl KaK
du, o, (S;)
2Ry (s) 2
dt W( J) as +
dft—,,(S;
el l(t_Tm(SJ)) ( dTS( J)) 1r-Ryps (30)
i
Sita)=0. mlty)=n,. (i=1N)
Sialt—tn(S; )= 8;(t), 2,20,
7‘11 SJfl t-t, Sj)%sj(t)} =0,
S, D)= S(t), hy; 20,
Ko+ B, ()5, 00,
klj =0 mpu j—1<0 m ki, =0 mpu j—N,, s <0.
(31)

N3 ycnosuit Kyna-Takkepa BBITEKalOT YCIOBUS
JIOTIOJTHUTENHHON HEXECTKOCTH, COCTOSIIUE B TOM, YTO
MHOXHTeNb  Jlarpamka A,  paBeH HymO, €CIH

OTpaHHUYCHUE BBHINOJIHACTCS KaK CTPOroe HEpaBEeHCTBO, U
COOTBETCTBYIOIIMI MHOXUTENDb JlarpaHka MOJI0XKHUTENEH,
€CJIM OIpaHHUYEHNE BBIIIOJIHSAETCA KaK PABEHCTBO.

Ecnu HavanbHblE YCIIOBHS CHUCTEMBl YpaBHEHUU

TAaKOBBI, 4YTO  3amycK HW3JIenuss Ha  00paboTKy
OCYLIECTBJISICTCS ~ 4Yepe3  HHTEPBAI  BPEMEHH T, ,
MPEBBIIIAIOMNI  MakCUMaJIbHOE  BpeMsi  00paboTKH

npeaMEeTOB Tpyda Ha TEXHOJIOTMYECKUX OIlCpaludax
MOTOYHOW JIMHUM WUJIM PABHBIM 3TOMY BPpEMEHU

Si(tna 1)=0,  1j(tp - J)=p,  (i=1.N)  (32)
TO orpaHudeHUus (25),(26) BBITONHSIOTCS IS KaXKIOTO
npeaMeTa Tpyaa B Jr000i MOMEHT BpeMeHH t, u cucrema
ypaBHeHwui (30) npuHIMAaET BHI

du au, (S, _ _
%: w(SJ)%J),Sj(TmaXJ)ZO, “j(rmaxl):llﬂj
(33)

Cucrema (33) sBmsgercs cuctemod w3 N-
HE3aBUCHMBIX ypaBHEHUH. B yacTHOM ciydae, ypaBHEHUS
(33) COOTBETCTBYIOT ABHMXKCHHUIO IPEIMETOB TpyAa IO
CUHXPOHU3UPOBAHHON TMOTOYHOW JIMHUM C BpPEMEHEM
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BBIIIOJIHEHUS TEXHOJIOTMUECKON KaXIOH ONepaluu T, .

Pemenne cucremsr ypaBHeHWH (33) MoxeT OBITH
MIPEACTABIICHO B BUJIE
S,(t)=1(t),  S;[t)=S,t+1m(i-1), j>1. (34)

Pemenue cucreMbl ypaBHeHU# (27) TO3BOJIAET
ONpEeAeTUTh B IPOCTPAHCTBE COCTOSIHUIN MOJIOXKEHUE
KaXJI0TO TpeaMera Tpyda B JIFO00W MOMEHT BpPEMEHHU.
Eciu MBI TI0JTyduM HHGOPMAIIHIO O COCTOSIHHU KayKIO0TO
mpeaMeTa Tpyaa, TO CIEHOBaTeNbHO, MBI OylIeM HMETh
nHGOPMAIIHIO TTapaMeTpax COCTOSIHUSA TOTOYHOU JIMHUH, a
MMEHHO CKOJIBKO M Ha KaKOM TEXHOJIOTMYECKOH OoIepanuu
B MOMEHT BPEMCEHH t OyAyT HaXOIOWTCs MpeaMeTa TPYHa,
9TO TIO3BOJIAT MIPOTHO3MPOBATH noTpedieHue
TEXHOJIOTHIECKAX PECYPCOB B 3aBHCHMOCTH OT BPEMCHH,
TOYHO OTpEACTUTh BpeMs BBINIOJIHEHUs 3aka3za u3 N
MIPEIMETOB TPYAa, MOCTYIHBIIETO B IIPOU3BOICTBO.

BeiBoabl. PacueT NpOM3BOACTBEHHOTO  IMKIIA
W3TOTOBJICHHUST M3JENUSl  SBISIETCS OJHOM W3  caMbIX
Ba)XHBIX U TPYIOEMKHX 3aJ1a4 IIPOCKTHPOBAHUS TIOTOUHBIX
nuanii [3,4,6]. B crarhe mpejicTaBieH COBPEMEHHBIN
TIOJIXO /I, TIO3BOJISIIOLIMI OIPEAEIUTh COCTOSIHUE TIPeMeTa
Tpyaa B TpeOyeMblii MOMEHT BPEMEHH, a CJICIOBATEIIbHO
OTIPENeNUTh JUIMTENFHOCTE POU3BOJCTBEHHOTO ITHKIIA,
KOTOpOE SIBJSIETCSI BpEMEHEM M3rOTOBJICHUST U3/ICINs WITH,
ecntn  oOpabaTeiBaeTcst — HapTHS, TO  BpEeMEHEM
W3TOTOBJIICHUEM  M3JEIUH  MapTHH. 3aBUCHMOCTb
JUIUTETIBHOCTH ~ W3TOTOBJICHHS IApPTHH  U3JENUHA B
3aBUCHMOCTH  OT  HE3aBEpIIEHHOTO  IPOM3BOJICTBA
ABIAETCS OJHOW W3 AaKTyalbHBIX 3aJad  pacyera
COBPEMEHHBIX MOTOYHBIX JMHKH [3]. Onmcanue npenmera
TpyZla B MHOTOKOODJMHATHOM MPOCTPAHCTBE COCTOSIHUNA U
ONpE/CNICHUE TIOJNIOXKEHHs IpeaAMeTa Tpyda B OITOM
MPOCTPAHCTBE B JIOOOH MOMEHT BPEMEHHU I03BOJISET

MHOTOKOOPAMHATHOMY ONMCAaHHUIO JBHXEHHS MPEIMETOB
TpyZa 1O IMOTOYHOM JIMHUM [UI JETEPMHHUPOBAHHOTO
ciyuas. PaccMoTpeHa B3aMOCBS3b MHOTOKOOPAUHATHOTO
U OJHOKOOPJMHATHOTO  OIMCAHUS. W3yuen wu
MIPOAHANN3UPOBAH CITy4ail ABMKECHUS IAPTUU TPEIMETOB
Tpyga 1o cBOOOJHOH NOTOYHOM JmHMHU. [lomydyeHHBIE
PE3yNIbTaThl MOATBEPKAAIOT aJAEKBAaTHOCTh MOJEIH U MO-
IyT OBITh WCIIONB30BAaHBI IIPH AHAIM3E U pacdere
MTOTOYHBIX JINHUH
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