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OCHOBBI CTATHCTHYECKOI TEOPHH MOJEJIMPOBAHMUSA TEXHOJIOTHYECKHUX NPOLECCOB
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Buxopucmosyrouu cmamucmuunuii nioxio, AKutl WUPOKo Po3noscro0HCeHUl Y NPUPOOHULUX HAYKAX, HOOYO08aHa
Mmooens  supobnuyo-mexniunoi cucmemu. Cman UpOOHUHO-MEXHIYHOT cucCmeMU 3a0A€EMbCA  MHOICUHOIO
npeomemie npayi. Cman npeomemy npayi 3a0aH0 MoOUKOI0 y hazoeomy mexnonro2iunomy npocmopi. Beedeno
@yHKYiI0 po3n0diny npedmemis npayi 3a CMAHOM MdA 3ANUCAHO KiHemuyHe PIHAHHA OAA QYHKYI po3noodiny.
3anucano 3amxHeHy cucmemy OUHAMIYHUX DIBHAHL (Pi6HAHbL Oanaucy) Ois MoMeHmis (QyuKyii po3nodiny, oe
MoMeHmu QyHKYii po3nodiny € MaKpo-napamempu 6upOOHULO-MeXHIYHOL cucmeMu.

BBEJIEHUE

PasHooOpasue M CIOKHOCTh TEXHOJIOTUM HW3TOTOBJICHHSI MPOAYKTa CO3/aeT
OPEANOChUIKM K MOJCIHPOBAHUIO  TEXHOJOTHMYECKOIO Ipolecca  IPOU3BOJICTBEHHO-
TEXHUYECKOH CHCTEMBbl Ha OCHOBE MPEICTABICHHS O HEM KaK O COBOKYIHOCTH IPEIMETOB
Tpylla, HaXOMSAIIMXCS B Pa3HbIX CTAAMAX TEXHOJOrHmYeckoil oOpabotku [1-6]. Onnako,
CIIEINTH 32 TMOBEIECHUEM OTIEIIFHO B3ATOTO NpEAMETa TpyAa M3-3a MX BechMa OOJBIIOTO
KOJIMYECTBA M  BEPOSATHOCTHOTO  XapakTepa BO3JCHUCTBUS HAa  OpeaMeT  Tpyaa
TEXHOJOTUYECKOr0 000OpyIOBaHMs MNpPAKTHYECKH HEBO3MOXHO [4,5]. Db dexTuBHBIM
MOJIX0/J0M K MOJICJHPOBAHUIO OOJBIINX CHCTEM SIBJSIETCS CTAaTHCTUYECKUN IOJIXO,
paccMaTpUBAIOLINI TEXHOJIOTHIECKUAN TPOIIECC Ha IBYX YPOBHSX ONHMCAHUS - MUKPOYPOBHE U
MakpoypoBHe. Ha MHKpOYpOBHE HCCIEAYIOTCS 3aKOHOMEPHOCTH MOBEICHHS OTACIbHBIX
DIIEMEHTOB CHUCTEMBI, Ha MaKpOYpPOBHE — HUX arperupoBaHHbIC XApPAaKTEPUCTUKH U CBSI3U
MEXy dTUMH XapaKTepUCTUKaMH. B3anMOCBSA3b MEXIY YPOBHSIMHU OCYIIECTBISIETCS 4Yepes3
KHHeTHYeCKoe ypaBHeHHE. OCOOEHHOCTSIM TPUMEHEHHUS CTaTHCTHYECKOTO TOAXona K

MOJIEITMPOBAHHIO MIPOU3BOJACTBEHHO-TEXHUYECKNX CUCTEM TIOCBAIICHA HACTOSINAS CTAThS

1.MUKPOOITMCAHUE TEXHOJIOI'MYECKOI'O ITPOLIECCA

B Xxoze BBINIONIHEHUS TEXHOJIOTHYECKOW OMNepalud Ha TpeaMeT TpyAa NEpPeHOCHTCS
CTOMMOCTh  TEXHOJIOTMYECKHX PECypcoB IIyTeM  IEJICHANpPaBICHHOTO  BO3JEHCTBUS
TEXHOJIOTHYeCcKoro oOopyaoBanus [2]. Ha xkaxmol omepamuu HEW30EKHO TMOSBISIOTCS
KoJIe0aHUsl TEOMETPUUYECKUX XaPaKTEPUCTUK, (PU3UKO-MEXaHHYECKHX CBOMCTB MaTepHAJIOB,
KOTOpBIE OOYCIIOBIEHBI KOMILIEKCOM CIIYYalHBIX U CHCTEMAaTHYECKUX MPOU3BOJCTBEHHBIX
daktopoB. Takum 00pa3oM, TEXHOJOTUUECKHI MPOIECC €CTh CIYYalHBIN MPOIecC mepexoaa
NpeMETOB Tpylda U3 OJHOTO COCTOSHUS B JPYyroe B pe3ylbTaTe BO3JICHCTBHSA
TEXHOJIOTUIECKOTO 00opynoBaHus. Ero cocTosiHue ompenensieTcs Kak cocTtossHue yncina N
npeameroB Tpyaa [6]. CocTosHue mpeamera Tpyda B MOMEHT BpeMeHH t MOXeT ObITh

MPEACTABICHO KOOpAWHATAMU B (ha30BOM TEXHOJOTHYECKOM MPOCTPAHCTBE (t,S, ,u) [2,6]:



CyMMOH 3arpar S;(IpH), ¥ HHTEHCHBHOCTBIO TIEPEHOCA 3aTpaT B EIMHHILY BPEMEHH
4 (TpH/4ac) OT TEXHONOTUYECKOrO obopymoBanus Ha j-ii  mpeamer Ttpyma, O<j<N.
Koopiunatel S; u 4; onpenensioT B (as’oBOM TEXHOIOTMYECKOM MPOCTPAHCTBE
TEXHOJIOTHYECKUE TPAEKTOPHH TIpeaMeToB Tpyna S; = S;(t). MnrencusHocTs 41 mepenaun

3atpar AS =4S (t) OT CpEACTB TpyAa Ha |- TpeaAMeT Tpylda 3a BpeMs BBIIOJHCHUS

TEXHOJIOTHYECKON omepauun Af sBIseTCS CiydaiHbIM mpoueccoMm [2,4,6],  3HaueHHe
KOTOPOTO B (PMKCUPOBAHHBIA MOMEHT BPEMEHH OIIPEIENIACTCS CAyYaiiHON BeTMYUHOM:

AS
=2 1
p== (1)

CocTosiHUE CUCTEMBI B HEKOTOPBII MOMEHT BpEeMEHHU OYAET ONpPENEIeHO, €ClIU ONPEIEIECHbI

MHUKPOIIApaMETPbl Sj W /), & B JIKOOOH JPYrol MOMEHT BPEMEHH HANJICHO M3 ypaBHEHUH

COCTOAHUA MMapaMETPOB IIPEAMETA Tpyaa:

ds. du;
i i
—=u, —=1.(t,9), 2
praiaby g s ()
f;(t,S) - mpomssoncrBennas (yHKUMSA I TEXHOJOTMYECKOro obopymoBanus. Eciu

KOJIMYECTBO MPEAMETOB TPyAa MHOTO OOJbllIe €AMHHULIBI, TO peluTh cuctemy (2) u3 2N -
YpaBHEHUH NPAKTHUECKU HEBO3MOKHO. BMecTo paccMOTpeHust COCTOSIHUS NPEAMETOB Tpyia

TEXHOJIOTMECKOTO TIPOLECCA C NAPAMETPAMU S| U |, BBEJIEM HOPMUPOBAHHYIO  (DYHKIHMIO

pacnpenenenus NpeaMeTOB Tpya Mo cocTosHuAM. Kaxnas Touka B JJaHHOM IPOCTPAHCTBE
OyJIeT 3a1aBaTh COCTOSHHE MpeAMeETa Tpyaa. PasymHO OxumaTh, uto npu Gompmmx N o1y
¢GyHKIMIO OyneT XOpOoIIO anmpOKCUMHPOBATh HENpepblBHAS (DYHKIUS pacrpeeneHus
npeMETOB Tpyaa 1o coctostHusM y(t, S, ) .

2.KUHETMYECKOE YPABHEHUE TEXHOJIOI'MYECKOI'O ITPOLIECCA

PazobbeM (a3oBoe MPOCTPAHCTBO HA TAKOE YMCIIO SYEEK, YTOOBI pasMepsl sueiKu
AQ = AS-Ax ObIITM MHOTO MEHBIIIE 3HAYEHUH XapaKTepHBIX MapaMeTpOB IMPOU3BOACTBEHHO-
TEXHUUYECKOH CHUCTEMBI U B TO K€ BPEMsI COJEpKalH BHYTpU ce0si O0JIbIIOE YHUCIIO0 MPEAMETOB
Tpyaa. Bmecro Toro, yto6nl pMKCUpOBaTh TOUHBIE 3HAYEHUS IMAPAMETPOB MPEAMETOB TPY/a,
OyzneM NMpHOIMKEHHO XapaKTepU30BaTh COCTOSIHUE MPOU3BOACTBEHHO-TEXHUYECKOIN CHCTEMBI
YHUCIOM IPEAMETOB TpyZda B Kaxaol sueiike ACQ). Eciu pazmepsl SYEUKH TOCTaTOYHO Mabl,
TO IPUOJMKEHHOE OMMCAaHUEe Oy/IeT HECTU B CeO€ MOUYTH CTOJIb e MOJAPOOHYI0 HH(POPMAIIHIO,

4T0 M TO4YHOe. B cumimy Ttoro, uto BenmumHa y(1,S,u)-dQ mnpencrariser coOoW YHCIIO

OpeIMETOB TpyZla B OeckoHeYHO Mayioi sueiike A€  (a30BOro TEXHOJIOTHMUYECKOTO



MPOCTPAHCTBA, Mbl MOXEM [0 U3MEHEHHIO (ha30BOMl KoopauHaThl S U (a30BOMl CKOPOCTH

M, CyIUTh ¥ 00 u3MeHeHuH caMoit pyukmmu (L, S, 1) :

Ox(t,S,u) xS, ) ox(t,S, p) _ das _ du_
ot + a5 ut aﬂ : f(S) —J(t,S,,u), dt =M, dt = f(S)! (3)

VYpaBHeHnue (3) omMChIBaeT M3MEHEHHE YCPEIHEHHBIX II0 OCCKOHEYHO MAajo suehKe

(hpa30BOro TEXHONOrHYECKOTrO NPOCTPAHCTBA ALY XapaKTEPUCTHK MPEAMETOB TPyIa S, i .

Bynewm cunrare pynkmuo y(t,S, 1) HOpMUpOBaHHOMN

[ds- [du- 7.5, 1)=N. (4)
0 0

[MpousBoactBennas ¢ynkums  f(t,S) ompenensiercs w3 3agaHHOrO crocoba
IMPOMU3BOACTBA. HpI/I NEpEMCIICHUN BAOJIb TEXHOJOTHYCCKOI'O Ha NMPECAMET TPpyAda OKa3bIBACTCA
BO3JICHICTBHE CO CTOPOHBI 00OPYIOBAHUS MapUIPYTa, PACIIOIIOKEHHOTO C INIOTHOCTHIO /1(8).
MBI MOKEM FOBOPHUTH TOJIBKO O BEPOSTHOCTH TOTO, YTO MOCIIE TAKOTO BO3JCHCTBUS HPEIMET
Tpyda 6YZ[CT HaxXoauTbCd B TOM HJIM HHOM COCTOSHHH. OTtoTt BepOﬂTHOCTHBIﬁ XapaKkTep
BO3/ICHCTBHS MOKHO YUeCTh, 3/1aB GyHkimio w(t,S, £), ONPeNenAIONyI0 BEpOITHOCTh, 4TO
HOCIIe BO3JICHCTBHS TNpeaMeT Tpyaa OyAeT MOTPeOssTh TEXHOJIOTHYECKUE PECypChl C
uHTEHCHBHOCTBIO 1 . Dynkimo w(t, S, ,u) MOXHO 3a/1aTh, aHAJM3UPYs NACIIOPTHBIC JaHHBIC

TCXHOJIOTHYCCKOT'O O60py,[[OBaHI/IH:

[wt.s.)-du=1, [u*p(ts.u) du=lyl, k=12.. (5)
0 0

Komunuecto MNpeaAMETOB Tpyda, UCIbITABIINX B CAWHUIY BPCMCHU BO3JCHUCTBHE CO

CTOPOHBI TEXHOJOTHYeCKOro obopymoBanusi B siueiike dS-du ¢ xoopaunatamu (S, 1) u
NIEPEMECTUBILINXCS B PE3yJbTaTe BO3JAeHCTBUA B sueiiky dS-du ¢ koopmunaramu (S, i),
IPOTOPIIMOHATBHO MPOM3BEICHNIO MOTOKA npeaMeToB Tpyaa y (1, S, u)- 4 Ha BepOsSTHOCTH
nepexona w(t,S,7z)-diz. Uwmcno TpeMETOB Tpysa, WCTBITABIIAX B EIMHUIY BPEMEHH
BO3JICHICTBUE CO CTOPOHBI TEXHOJOTMYECKOTO OOOPYIOBAHUS W TPHUHSBIINEC 3HAYCHHS B
npenenax (iz; iz +dg) ecrs Bemmanna y(iz)- A(S)- s+ y(t,S, 42)-dzz-dS-du. Hapsny ¢ stum
B JieMeHT 00bema dS-du mocTynaroT npeaMersl Tpyaa u3 oobema dS-du myrem oGpaTHOrO
nepexoja B KOJIMYECTBE W(,u)-/l(S)- - x(t,S, u)-du-dS-du, a obuee uncio NpeaMeEToB

Tpyza B aneMenTe oobema dS - du n3MeHsieTcs B eIMHUILY BpeMeHH Ha BennauHy dS-dg - J .

3= 2(8)- [ly(u)- i (.S, )~ wl(iD)- - 2(t,S, )l (6)
0



OTkyna KUHETHYECKOE YpaBHEHHE (3) MOXKHO MPEACTABUTD B BUJE!

e e f=l-{Il/l(ﬂ)-ﬁ-x(t,S,ﬁ)dﬁ—u-x(t,S,ﬂ)} )

B GonpmmHCTBE NMPAaKTHUECKHUX CIIydasx (QYHKIUS l//(t,S, y) HE 3aBUCUT OT COCTOSIHUS

IPEMETOB TPYZa 0 UCTIBITAHUS BO3ACUCTBUS CO CTOPOHBI 000PY/I0BaHMS, OTKY/1a

xS, ) bSa) ) OXOS )t s () [l - - 1) (8)
ot oS o

Pemenne  ypaBHenus (8) mpemocTaBiseT  BO3MOXHOCTb — BBIYHUCIUTH  3HAYCHUS

MaKpoInapaMeTpoB TEXHOJIOTHUYECKOT0 MPOIIecca, CBI3aHO CO OONBIIMMHU TPYAHOCTAMH [4].
3.MAKPOCKOIIMYECKOE OITMCAHUE TEXHOJIOTMYECKOI'O I[TPOLIECCA
CocTosiHME TEXHOJIOIMYECKOTO IIpolecca Ha MaKpOypoBHE OylieM ONMCHIBAaTh

MOMeHTaMU QYHKIIMK PAaCIpeeICHHs MPEIMETOB Tpyaa 1mo coctosHusm y(t, S, u) :

Of,ﬁ (S, )du =[x, k=012.... (9)
0

W3Bectno [1,2,7], 4TO nansi ONUCAHHUS COCTOSHUS TMPOU3BOJACTBEHHBIX CHCTEM Ha
MaKpOYpOBHE HCIOJB3YIOT JBa mepBbix MomeHTa (9). HyneBoit W mepBbli  MOMEHTHI

GyHKIMU  pacmpelesieHusl TPEAMETOB  Tpylda no cocrosausM 4 (9) wumeror
MIPOU3BOJICTBEHHYIO HWHTEPIIPETAIUIO: TO 33JIeJIBl TIPEIMETOB TPyJa W MX TEMIT JIBHIKCHUS
BJIOJIb TEXHOJOTHYecKoU 1ernouku [1,2,4]. YMHO)UB ypaBHeHue (8) Ha ,uk, k=012... u
IPOMHTETPUPOBAB 110 BCEMY JMANasoHy [/, MOJNy4MM HE3aMKHYThIE YpaBHEHHs 0anaHCOB

COCTOSHUA MAKpPOIIapaMCTpPOB HpOI/I3BO,Z[CTBCHHO'TCXHHQCCKOﬁ CUCTCMBI.

o 0 ® 0 0 T

Eciu YCpEAHCHHAsA CTOUMOCTb PECYpCOB <AS>, NEPpCHCCCHHBIX B XOJ€ BBINIOJIHCHUA

TEXHOJIOTHYECKOM oOnepaluu Ha MpeAMeT TpyJa 3HAYUTENbHO MeEHbIE ceOecTOMMOCTh
KOHEYHOTO MPOAYKTA S, 4TO XapaKTEPHO AJISI TEXHOJIOTHUECKOTr0 MPOLIECcca, COCTOSAIIETr0 U3
OOJIBIIIOTO KOJIMYECTBA TEXHOJIOTUYECKUX olepaluii, banancosbie ypaBueHus (10) B HyneBoM

NPUOIMKSHUH TI0 MaJIOMY TTapaMeTpy <AS > / Sy <<1 npumyt Bux [7]:

A by by, b syt [, k=123, ap

© xh ot

Cuctema OanancoBbix ypaBHeHuMH (11) sBrsieTcst 3aMkHyTO#. [l mMpom3BOACTBEHHO-

TEXHHUYISCKOU CUCTCMBbI, MAKpPO-COCTOSAHUC KOTOpOfI OIMUCBIBACTCA JABYMA IapaMCeTpaMu —



3aICJIOM MMPECAMCTOB TPpyJa Ha TEXHOJIOTHYECKOM onepanv U UuxX TCMIIOM JIBUKCHHA, CUCTCMaA

OanaHcoBBIX ypaBHeHH (12) MOXKET OBITH 3amucaHa Kak

Mﬁ[ﬂl =0, @:[.,/]1, M+%:f(t,8)-[;(]l. (12)

o S (7], ot

VYpaBHenusi (12) onuChIBalOT COCTOSIHUE TEXHOJIOTHUYECKOTO Ipolecca Yepe3 Mmapamerphl -

3aCJIbl MPCAMETOB TpyAa U UX TCMII ABHUIKCHUA 110 TECXHOJIOTMYCCKOMY MApILIPYTY.
3AKIIIOYEHUE

Ha mnepBbiii B3MIAn MOXHO ObUTO OBl 3aKIIOUNTH, YTO C YBEIWYCHHEM 4YHCIIA
3JIEMEHTOB HEBOOOPA3UMO BO3PACTAIOT CJIOKHOCTh ITPOU3BOJICTBEHHO-TEXHUUECKON CUCTEMBI
U B €€ MOBEACHUM HE HAWUTU U CIEJOB KAaKOW-TO 3aKOHOMEpHOCTH. KccnenoBanue
MPOU3BOJICTBEHHO-TEXHUYECKUX CHUCTEM, COCTOSIIIMX M3 BechbMa OOJBIIOTO KOJIWYECTBA
HAXOJSIIUXCS B TEXHOJOTMYECKOM IIpollecce MPEIMETOB TpyAa, IO3BOJWIN BBIIBUTh
BOXHYIO TNPHHIMIHAIBHYI0 OCOOCHHOCTh TakuxX cucteM. OHa 3aKiII0YaeTcs B TOM, YTO
IIOBCACHUC HOIIO6HI)IX IMPOU3BOACTBCHHO-TCXHUYCCKHUX CHUCTEM OIpeaAcCIACTCA
3aKOHOMEPHOCTSIMM ~ 0COOOr0  THMA,  MOJYYMBIIMMU  Ha3BaHUS  CTATUCTHYECKUX
3aKOHOMEpPHOCTeH. BaKHOCTh MPUMEHEHHS CTATUCTUYECKOTO MTOIX0/1a COCTOUT B TOM, UTO OH
aacTt ((ynpOIHGHHBIﬁ MCXaHU3M» JId OIIHMCAaHUA MAKPOCKOIMUYCCKUX XaAPAKTCPUCTHK
MMPONU3BOACTBCHHO-TCXHUYCCKUX CUCTEM. Bo MHOI'uX clrydasx, MNpEaACTaBIAOIINX
MPaKTUYECKUI UHTEPEC, TAKOT'O ONMCAHNUS BIIOJHE JOCTATOYHO.
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