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VJIK 519.6

CratucTHueckoe 00OCHOBaHHUE 3HTpOHPIﬁHBIX BaKOHOMCpHOCTef/'I B
MOACIAX YIIPABJICHUA TCXHOJIOTHYCCKUMH IIpOoIcCCaMu

O. M. Ilurnactsiii, B. 1. XogycoB

Xapvkrosckuii Hayuonanvusili ynugepcumem umenu B.H. Kapasuna, Ykpauna

3amucaHO BBIp@XKEHHE JUI1 SHTPOIHUM TeXHoJorudeckoro mnpouecca Ilokaszan
MEXaHH3M HeoOpaTUMOCTH TEXHOJIOIHYECKHX siBieHnit. OOBsSCHEH 3aKOH BO3PACTaHMs
SHTPOIIUM  TEXHOJOruyeckoro mpouecca. IlomyueHsl yciaoBusS —SHTpONMHHOMN
YCTOMYMBOCTHU /Ul MAKPOIIAPaMETPOB TEXHOJIOTUUECKOr0 IIpolecca.

Knrouegsie cnosa: sumponus, mexnono2useckuii npoyecc, HeoGpamumocns, 3aKOH 03pACMAHUA

IHMpPOnuu.

3amucaHo BHpa3 A CHTPOMIi TEXHOJOTIYHOTO TpoIecy. 3’SCOBaHO MeXaHi3M
HE3BOPOTHOCTI TEXHOJOTIYHUX sBHUNI. IlOSCHEHO 3aKOH 3pOCTaHHSA EHTPOIIi
TEXHOJIOTTYHOIO Ipouecy. 3 BHKOPHCTAHHSIM IOHSTTS EHTPOMIl TEXHOJOTIYHOTO
Hpolecy OTPUMaHI YMOBH CTIHKOCTI AJIsI MAKpPOIIapaMeTpiB TEXHOJIOTYHOTO TIPOIIECy.
Kniouosi cnosa: enwmponis, mexnonoziuHuii npoyec, HE360pOMHICMb, 3AKOH 3POCMAHHA
eHmponii.

The expression for entropy of technological process is obtained. The mechanism of
irreversibility of the technological phenomena is found. The law of growth of
technological process entropy is explained. The conditions of stability for
makroparameters of technological process are got using the concept of technological
process entropy.

Key words: entropy, process, irreversibility, the law of entropy.

1. O0masi MOCTAHOBKA 32/1a4M U €€ aKTyaJbHOCTh

Knaccuueckue — ompeneneHuss  yCTOWYMBOCTH — JIBUKEHMSI  OCHOBaHBl — Ha
JMIETEPMUHUPOBAHHBIX ~XapakTepucThKax cucreMbl [1,2]. g cTOXacTHYECKHX
CHCTE€M, K KOTOPbIM OTHOCATCS  IPOM3BOACTBEHHO-TEXHHYECKUE CHUCTEMBI CO
CIIlydyallHBIMH TapaMeTpaMH W  XapaKTePUCTUKAMH TEXHOJOTHYECKHX MpPOIIECCOB
M3TOTOBJICHUS MpoAyKuuu [3,4], KpUTEpUU YCTOWYMBOCTH JABHKECHUS HEOOXOAUMO
CTPOUTh HA BEPOATHOCTHHIX OLCHKAaX. bDOJBIIMHCTBO aBTOPOB MIET IO IIyTH
MOCTPOCHHUSI BEPOATHOCTHBIX aHAJOrOB YCTOMYMBOCTH MO JIsmyHOBY, hopMymupys
CTaTUCTUYECKHE ONpE/CICHUs] KPUTEPHUEB YCTOHUUBOCTH [5,6]. Ilpu 3TOM KitoueBbIM
BOIIPOCOM sABJIsieTcsl BbIOOp GyHKuuu JlsimyHoBa. M3BeCTHO, 4TO B KauecTBe (PyHKIMU
JlamyHoBa i CJIOKHOW CTOXaCTUYECKOM MPOU3BOJCTBEHHO-TEXHUYECKOW CHUCTEMBI
MOXET OBITh NPHHATA DHTPONHA CUCTeMBI [7]. B CBs3M C 3THUM aKTyaJbHBIMH
ABISIFOTCA ~ MCCIIEAOBaHUS SHTPOIMMHBIX  3aKOHOMEPHOCTEH B  MOZEIIX
TEXHOJIOTHYECKUX IPOLECCOB, OCHOBAaHHBIX HAa MOJEIbHBIX IPEACTABICHUAX O
XapakTepe B3aNMOJACHCTBHS NPEAMETOB TPyAa C TEXHOIOTUIECKUM 000PYAOBaHUEM H
MEXIy co00M, MO3BONIAIONIMX 00OCHOBATH BO3pacTaHUE SHTPOIINHU POU3BOACTBEHHO-
TE€XHUYECKOM CHCTEMBI IIPH OTKJIOHEHUH OT CTATUCTUYECKOI'0 PABHOBECHSL.
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2. UcToKH HCCIe10BaAHUA ABTOPOB

Hacrosimas pabora ommpaeTcs Ha SHTPONHMHHBIN TOAXOM TMOCTPOCHUS MOJCIH
yOpaBiIeHHs  MakKpollapaMeTpaMH  TEXHOJOTHYECKOTO  Ipolecca [71,
o0ecrieyrBalOINiA WX CBS3b C MapaMeTPaMH, OMHCHIBAIOIUMH COCTOSIHUE OOJBIIOTO
KOJINYECTBA OTJEJILHBIX JIEMEHTOB MPOU3BOACTBEHHO-TEXHUYECKOH CUCTEMBI.

3. HepemenHble mpoodieMbl U eJdu padoThl

Ha BaXHOCTb NpPHUMEHEHHs SHTPONMMHBIX METOAOB B IIpoleccax YIPaBICHUS
Oonpmmmu cuctemamu ykazan Jx.@on Heiiman. DHTpONMAHBINA MMOAXOI B OTIMCAHUHU
TEXHOJIOTHUECKHUX TpoleccoB AeTanbHo paccmorpeH b.H.Iletposeim [7]. U3BecTHO,
YTO KayecTBEe (YHKIHH COCTOSHUS TEXHOJOTHMYECKOTO IMpOIecca BO3MOXKHO BBECTH
HEKOTOPYIO (PYHKIHIO - SHTPOIINIO, XapaKTEPU3YIOLIYI0 MEPy €ro HEONpeneIeHHOCTH
[7,8,9], xoTopast MOKeT OBITH 3amucaHa depe3 (YHKIHIO pacIpeeeHus] MPeIMeTOB
TpyJla 0 MUKPOCOCTOSIHUSIM  4(7,S, m)[7]:

e
u(t,S, m) dpt M

rae S ¥ 4 COOTBETCTBEHHO YCpPEIHEHHBIE O OECKOHEYHO MAalloi sueiike Gpa3oBoro

a0
Hq(1,8)= [ u(t,S,.m) (n
0

TEXHOJIOTMYECKOr0 MpocTpaHcTBa  AC) XapakTEPUCTHKH COCTOSHHUS — MPEIMETOB
TpyRa S;, M;, NPCACTABISIONIMC 3aTPAThl, EPCHECCHHBIC HA HPEAMET Tpyla H

WHTCHCHBHOCTH NIEPEHOCA TEXHOJIOTHUECKUX PECYpCOB Ha mpeameT Tpyaa. OpHako B
pacCMOTPEHHBIX paboTax He YAEJICHO BHUMAaHHE MOJCIBbHBIM MPEICTABICHUSAM O
XapakTepe B3aNMOJACHCTBHS NPEAMETOB TPYya C TEXHOJIOTHUYECKUM 000PYAOBaHUEM U
MEXIYy COOOH, Ha OCHOBE KOTOPBIX MOXET OBITh MOJYYEHO BBIpaKeHUE A PyHKIHMN
pacrpeneneHus IPeIMETOB TPyAa 0 MUKPOCOCTOSTHUAM (%, S, m).

Ienbto HacTosIIEl PabOTHI ABJISIETCS CTATUCTUYCCKOEC 0OOCHOBAHUE IHTPOIUHHBIX
3aKOHOMEPHOCTEM B MOJIENIAX TEXHOJOTHYECKHX MPOIECCOB, OCHOBAaHHOE Ha
MOJICTIbHBIX TIPEJICTAaBICHUSM O XapaKTepe B3auMOJICHCTBUS NPEAMETOB Tpyda C
TEXHOJIOTHYECKUM 000PYIOBAHUEM U MEKITY COOOM.

4. O 3aKkoHe BO3pacTaHUs IHTPONUH TEXHOJOTHYECKOI0 Mpouecca

O6IHI/IC 3aKOHOMCPHOCTHU 6OJ'H)IIII/IHCTB3 YCTAaHOBUBIIUXCA TEXHOJOTMYCCKUX
mpoiieccoB u3BeCcTHHI [3,4]. Pa3HBIM TEXHOJOTHYECKUM MPOIECCAM COOTBETCTBYIOT
pasHble ypaBHeHUS cocTossHuA [7, 10]. JIBIDKeHHE O TEXHOJOTHYECKOMY MapIIpyTy
MPEeIMETOB TPYJa, 3a/1aeTCs JMHAMUYCCKUMH OaaHCOBBIMU ypaBHEHHUSIMHU IEpEHOCA
[10,11,12], omNUCHIBAIOUIMMH  DBOJIOLHUIO B  MPOCTPAHCTBE M  BPEMEHU
MaKpoIlapaMeTPOB TEXHOJIOTHIECKOTO MPoIiecca B MaciTabe IpUHATOTO yCpPeTHEHUS
3HAUCHWH  MHUKpOMAapaMeTpoB  TIpenMeToB  Tpyna. Komnebammst — 3HAYCHUI
MUKpPOIIapaMeTPOB MPEIMETa TPyAa MPH TEXHOJIOTHYECKOW 00paOOTKH OMPEACISIOT
MOBEIEHNE  MAaKPOCKONHMYECKHX BEIWYMH TEXHOJOTHYECKOTO TIpoIecca M, dYTO
0COOCHHO Ba)XKHO, YYacCTBYIOT B (OpPMHpPOBAHWUH HeoOpaTuMoro mporecca. Ilpu
U3MEHEHUH MaKPOCKOMHYECKOT0 COCTOSIHUSI TEXHOJIOTHYECKOr0 MPOIEcca BOZHUKAECT
MEepeXOoqHON Mpollecc, MHUKpOMapamMeTpbl NpeaMeToB Tpyaa wusMmenswotcs [7,11].
M3MmeHeHne COCTOSHUS MPEIMETOB TPYAa MOXET OBITh OCYIIECTBIECHO BCIIEACTBHE
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COBepIICHHS pabOThl HaJA HHMH, OMNPEACSICTCS KHHETHYSCKHM YpaBHECHHEM
TEXHOJIOTHYECKOTro Tporecca [12]

xS 1) oxtSu) p L ontSu)

ot oS PREA
=, S){ [ S, 1) - 20, S, )i~ p- (8., u)}, b
0
4(1,50)=0, y(t,5,0) —> 0.

[lponsBoacTBeHHass  (QyHKOUS  OOOOMIEHHOH  eIMHMIBI  TEXHOJIOTHYECKOTO
obopymoBanus  f(¢£,S) 3amaerca cmocobom mpomsBoxacTBa. ObOopymoBaHUe

BOSZ[GI\/'ICTByeT Ha OpeaMEeT TpyHda, U3MCHAA €ro Ka4€CTBCHHO MW KOJUYCCTBCHHO.
YuurtsiBaeT BEPOSTHOCTHBIN XapakTep BO3JIEUCTBUS TEXHOJIOTUYECKOTO
o0opymoBaHUs Ha MpeaAMeT Tpyda (QYHKIHS y/(t, S, ,u), OTIpE/ICIISIONIast BEPOSITHOCTh
TOTO, YTO TOCJEC BO3JCUCTBUS TEXHOJIOTMUYECKOTO 00OPYOBaHUS HA TPEAMET TPpyJa
CKOpPOCThb TIEpeHOca 3aTpar CTaHeT paBHOM x . OmpeneauM MOMEHTHI [y/]k(t,S) u

[;(]k(t,S) GyHKIIH t//(t,S, /1) U y(t,S,m) CIEIYIONUMH BEIPAKSHUSIMU:

[w(t.S, u)du=1, [u* (e, S, pwdu=ly],0S), k=12.. 3)
0 0
[ 268, du=[xlyS), [u*- 2.8 wau=[x) 5. (4)
0 0

Ecmn  dyskuums l//(t,S, y) HE 3aBHUCUT OT COCTOSIHMSI TNpPEAMETOB Tpyna 0

UCTIBITAHUSI BO3JEHCTBUSA CO CTOPOHBI TEXHOJOIMYECKOro OOOpYIOBaHMS, TO
ypaBHeHue (2) mpuMeT BU:

ox(t. S, p) | ax(t,S, 1) ox(t,S, 1) _
o s M (v5)
=2.8) (.8, 1) [ h 68— 1 2.5, 0. (5)

Hcnons3ys (5), U3MEHEHHE 3HTPOIUU TEXHOJOTHYECKOTO MpOoIecca CO BPEMEHEM
MOXET OBITH OIIPEIEIICHO

dHg _d 7 N N P
A di (I) u(tS 0 gn( a(t.S, M)jd“
=—[At.8)- w6 S 1)-Lx) (.8)- - (6. S. 1)} nu(t S, a)du (6)

0
CocToslHME ~ CTaTUCTHYECKOTO  pPAaBHOBECHA  MOJNHOCTHIO  CHMMETPHUYHO
OTHOCHUTENIFHO 3aMeHbl Oynmyimiero HacrosimuM. [lpu u3MeHeHWH 3HaKa BpPEeMEHU
HAJ0 TEPECTaBUTh COCTOSHUA JO BO3ACUCTBUS W  TMOCIAE  BO3JCHUCTBUS
TEXHOJIOTHYECKOT0 000pyIOBaHMS Ha MpeAMET Tpyna. MBI MOXeM, CleloBaTeIbHO,
YTBEPXAaTh, YTO B COCTOSHIM CTaTHCTHYECKOTO PAaBHOBECHS YUCIIO B3aMMOACHCTBUI
MPOAYKTOB TPyJa C TEXHOJOTHYECKUM OOOpYHZOBaHUEM - ;((t,S, ,u) TIpH TIepexoe

B coctosuue (1, S, ﬂ)'[ﬂ(]l (t,S) (mpsMoii TpoIlecC) pPaBHO YHMCITY B3aUMOJCHCTBHIA
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MPEeIMETOB C  TEXHOJOTHMYECKUM O0O0pYIOBaHHUEM 1//* (t, S, y* ) [ ;(]*1 (t,S) 1pu

* * *
nepexone B COCTOSHHE 4 - ) (t,S, Y2, ) (obpatnelii mponecc). IIpaByro wacTh
ypaBHeHus (6), KOTOpas ONMMCHIBAET MPAMOIl Mpoliece MpH Mepexosie IMpeaMeTa Tpyaa
B cocrosane (S, u) [¢] ), obosHaumm J pr(tS). Ecin mposectn 3ameHy

,u';((t,S,,u) Ha ,u* -Z*(t,S,y*) u t//(t,S,,u)-[;(]l(l,S) Ha t//*(t,S,y*)-[;(]*l(t,S),
TO JUJIs1 OOPAaTHOTO NPOIECCa MOKHO 3aMUCaTh

TunltS)=—[ Ae8) b 05, | LA0) - o, 1) fn[ s y;); Ll S)Jdﬂ- (7)

B urore npaByto 4acTe ypaBHeHHS (6) MOXKHO IIPEJCTABUTH B CIEAYIONIEM BUIE:

J(8)= —%-TMLSHV/(L S, 1)Ll (68) = - 268, )} tnule S, pa)edpa

) % _ Tl(t’ ) {//*(t,s,y*)- LT eS)— i z(t S’ﬂ*)}' en['/’*(t’ s, ,u*); LG S)J . ®

7]

Hcnonb3ys COOTHOLIEHUS
3

puo=—pu ,z*(t,S,ﬂ*)= 28,00, 121 8) =], 5), l//*(t,S,u*)=u/(t,S,ﬂ)-(9)
uHTETrpai (6) 3amuIneM OKOHIaTeIBHO B BH/IE:

ngyS):_%.Iw,sm,s,y)-ml(t,s)*

-2, S, ylt,S, u)-
*{1_ AN }‘gn S so o)
(6,8, 1) ) (0S)] (e, S, u)-[x] 2.5)

[TonpiHTerpanbHOE BHIPAYKEHUE, @ CIEJOBATEIBLHO U BECh MHTETPAJl MOJIOKHUTEINICH.
Jleiicteutensho, Bemmumna A1, S)-w (1, S, 1)- [;(]1 (tS) HOJIOKUTENNbHA  TI0
ompezaeneHuo. DyHKIUSA Ke BUAA (1— y)-ény oTpullaTenbHa mpu Bcex >0,
nockosbky /my >0 mpu y>1 u Iny<0 mpu y<1. Takum 06pa3om, MbI IPUXOJUM K
3aKOHY BO3pacTaHMs 3HTPONMHU [UI1 TEXHOJIOTMUYECKOro mporecca. PaBeHCTBO
BBIMIOJIHACTCS TOJIBKO AJsl KBAa3UCTaTMYECKUX IPOLECCOB, KOrJa MaKpolapaMeTpsbl
TEXHOJIOTHYECKOTO IIPOLECCa HAXOAATCS B COCTOSIHUM YCTaHOBUBIIETOCS PABHOBECHS:

dHqn (1, S
ﬁzo . (11)

dt

5. HeoOpaTuMoCTh TEXHOJIOTH4ECKUX SIBJIEHUI
OyHKINS pacupeneiaeHus u(z,S, m) XapaKTepu3yeT CTCICHh HETIOTHOTHI 3a/laHus

MUKPOCOCTOSIHUI aHCcaMOJisl peIMeToB Tpyaa. [Ipu 3TOM BO3MOXXHO BBIICIHTH JBa
npeaenbHbIXx  ciydas.  [lepBbiii  ciayyallk  COOTBETCTBYET  MaKCUMAaJbHOM
HEOTIPEICTICHHOCTH COCTOSHUS TPEIMETOB TPyZa, a BTOPOH CiIy4aid - HOJHOMY
JUHAMHYECKOMY OIMCAaHUIO0 W3MEHEHHs MapamMeTpOB COCTOSHHS TMPEAMETOB Tpyaa
TEXHOJIOTMUECKOr0  MpoIlecca, TMpU KOTOPOM  HEONPENEICHHOCTh  COCTOSIHHS
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NpeIMETOB TpyZa paBHa HyJIO. MeXIy 3THMH INpeNeNbHBIMU CIy4asMH €cTh
OTPOMHOE MHOXECTBO Pa3JIMUHBIX BAPHAHTOB (YHKIIMOHUPOBAHHUS TEXHOJIOTHUECKOTO
Mpolecca, COOTBETCTBYIOIIMX TOW WM HHOM CTENEHH HEONpeAeeHHOCTH €ro
coctosHus. {751 HEpaBHOBECHBIX TEXHOJIOTHYECKUX INPOLIECCOB Pa3jInYHbIe CTEHEHU
HEONPEICICHHOCTH  NIPOM3BOJACTBEHHO-TEXHUYECKOM  CHCTEMBI  COOTBETCTBYIOT
Pa3IUYHBIM CTAJAUAM PENAKCAI[MOHHBIX IPOIECCOB.

OCHOBHBIM  (paKTOPOM, TIPUBOJAAIIUM K HEOOPAaTUMOCTH TEXHOJOTHIECKUX
SIBJICHUH, SIBJIETCS HEYCTOMYMBOCTH (PacXOAMMOCTh) TEXHOJIOTHYECKUX TPAEKTOPHUM
npeaMeToB Tpyda [12] B pe3ynbTare B3aMMOJCUCTBHUS C TEXHOJIOTHYECKUM
obopymoBaHueM U MEXy co0oil. BriepBrie Ha poiib HEYCTOMYUBOCTH ABIXKCHHS U
¢dakTOopa mepeMelIMBaHUS B BO3HUKHOBEHHMH  HEOOPATHMOCTH SIBJICHUH yKa3al
H.C. KpbutoB. [l oLleHKM Mepbl HEYCTOMYMBOCTU JMHAMHUYECKOW cHcTeMbl M3 N-
00bekToB  A.H. KomMoropoB BBen cCHENHMANBbHYIO XapaKTEPHCTHKY, IMOTYYHBIIYIO
Ha3BaHUE sHTponuu  KpeuioBa-Konmoroposa — wiun K-sHTpomnumn. s
TEXHOJIOTHYECKOro nporecca K-satpornus omnpenensercs popmynoit

1 N > X > .
k(t)=--1 AS' . AS (0 , =12,...... N 15
(1)="In j§=l( ) ,E:l( ,(0)) ( ) (5)
ECJ’II/I JOBHWXXCHHC HpCI[MCTOB pr,[[a 110 TCXHOJ’IOFI/I‘ICCKOMy MapmpyTy SABIIACTCA

ACHMITOTHYECKH ycTolunBbiM, TO lim AS'; (l )—> 0 u lim k(z) > 0.
t— oo [—>®

Takum 00pa3oM, HEOOPATHIMOCTH SIBIICHWH TPU JBIKEHHUH IMPEIMETOB TPyZAa IO
TEXHOJIOTUYECKOMY MapIIPyTy 3aKJII0YaeTCa BO B3aUMOJICUCTBUU IIPEIMETOB TPyAa C
TEXHOJIOTHYECKUM 000pyAoBaHUEeM. TpaeKTOpUU IBUKCHUS TNPEAMETOB Tpyda B

(ha30BOM TEXHOJOTMYECKOM MPOCTPAHCTBE (S,M) 1ocjie B3aUMOMACHCTBHSA C

TEXHOJIOTHUYECKIM 000pYIOBaHUEM OKa3bIBAIOTCA HempesckazyeMbiMu. CTaHOBHUTCS
BO3MOXHBIM JIMIIIb CTATHCTHYECKOE TMpeacka3anue. IIpH 3TOM BaKHBIM SIBIISICTCS
HaXOXKJACHHE HauboJjee BEPOATHBIX 3HAYCHHH TMApaMETPOB  TEXHOJIOTHUYECKOTO
npoiiecca.

6. Kpurepun 3HTPONUITHON YCTOHYMBOCTH NMAPAMETPOB TEXHOJOTHYeCKOro
npouecca

OpHUM K3 OCHOBHBIX BOIPOCOB NPH HNOCTPOCHHUH MOZEIEH TEXHOIOTMYECKUX
MIPOLIECCOB SBJISIETCA BOMPOC YCTOWYMBOCTH. XOPOIIO U3BECTHO, YTO BIMSHHE MAJIbIX
BO3MYIIAOMIUX (PaKTOPOB HA IOBEIEHHE NPOU3BOJICTBEHHO-TEXHHYECKOH CHUCTEMBI
OyzeT HEe OAMHAKOBBIM [UIS PA3IMUYHBIX TEXHOJOIMYECKMX IpoueccoB. Ha onum
TEXHOJIOTMUYECKHE TPOLECChl 3TO BIMSIHHUE HE3HAUUTENIbHO, TaK KaK BO3MYILEHHOE
COCTOSHHE  MaJlo OTJIMYaeTcs OT HeBo3MylleHHoro. Hamportus, Ha  apyrux
TEXHOJIOTMUYECKUX  IIpoleccax BIMSHUE BO3MYIUEHHH CKa3bplBaeTCs BECbMa
3HAYUTEJIBHO, KaK Obl HU OBUIM Maibl BO3MYyLIaIIue Bo3gehcTBua. Tak Kak
BO3MYyIIaonue (hakTopbl BCETAa CYyLIECTBYIOT HEM30€KHO, TO CTAHOBUTCS MTOHSATHBIM,
YTO 3a/la4a yCTOWYMBOCTU TEXHOJIOTMYECKOr0 Ipolecca MpUoOpeTaeT OYeHb BaXKHOE
TEOPETUYECKOE U MPAKTHIECKOE 3HAUCHUE.

Ecim  anga  guHaMudeckod  IPOM3BOACTBEHHO-TEXHHYECKOW  CHUCTEMBI B
OKPECTHOCTH HEBO3MYIIEHHOI'O COCTOSHHUS €ro IapamMeTpoB BO3MOXHO HaWTH
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3HAKOOMpeAeTICHHYI0  (QyHKIHIO V(t,é’)ZO, MOJIHASI TIPOM3BOJIHAS KOTOPOM TO

dt
MPOTHUBOIIOJIOKHOTO € V(t,S), TO HEBO3MYILEHHOE JBI)KCHHE YCTOWYUBO

BpEMCHU €CTh q)YHKHI/Iﬂ TAaKXXC 3HAKOOIPCACIICHHAsdA, 3HakKa,

acummnrotuuecku [ 1]. Tlpudem 3HaKH paBEHCTBA BO3MOXHBI TOJBKO mipH & =0 .
BossmeMm B kavecTBe QyHKIMH JIsmyHOBa V(t,f) Pa3HOCTh MEXIYy 3HaUYCHUSMU

SHTPOIMH TEXHOJIOTHMYECKOro mpouecca B HeBosMyweHHoM [ (1S )| o 1

BO3MymieHHOM H , (1,S) cocTosHusX:

dvie, dHo (1, S
V(t,&)=—Ho .8~ Ho(t,S,),) E=5-5,. c(h &__ f;t( ) <0.316)
rie HqtS, )| ,” GSHAuUCHME DOHTPONMHM TEXHOJOTMYECKOrO —Ipouecca B

HEBO3MYIICHHOM COCTOAHUMU, 0003HaYEHHOM CHMBOJIOM |0 .

Oynkuusa Jlamyrosa V(t,f) (16) BBIpakaeTcs depe3 (QYHKIUIO PaCIpeleIeHUs

OpPeIMETOB Tpyda IO MHKPOCOCTOstHUAM  u(?,S, m). ®yukuus JlsmyHoBa (16)
O0oCTUracT MI/IHI/IMyMa, €CJIN BBITIOJITHACTCA yCJ‘IOBI/IC
w(t.S,u)-[x)6S) —u-2(t,8,14)=0, (17

OTIpECIISIONICe PAaBHOBECHYIO (YHKLHUIO paclpeneeHusl MPEeIMEeTOB Tpynaa o
MHUKPOCOCTOSTHHSM B XOJI€ UX JIBIKEHHS M0 TEXHOJIOTHIESCKOMY MapIIpyTy

(.S, u
Z(t,S,/.IXO :[Z]l(t’s)'TXO’ (18)
IIpHU KOTOPOM KMHETHICCKOE YPaBHCHUEC (5) IIPUHUMACT BU
ot oS ou

HccnegoBanue Ha YCTOIZHHBOCTL napamMeTpoB TEXHOJIOTMYCCKOro Ipouecca

CBEJIOCH K OIPEENICHHUIO YCIOBUS 3HAKOOIPEAeICHHOCTH (PyHKIMN V(t, & )

My (1) oyl OCHy(S| s
&5 |0 2 o8 ‘0

B cuny Toro, 4to B COCTOSIHMM CTaTHCTUYECKOro paBHOBecus (11) nmHeitHbie
ciaraeMble paBHBI HyIt0, (opma (20) mpuHEMAET BUI

10°Hqo(1,S)
V(f,§)=—26S+ :
0

OTKyzna yciaoBHSA SHTPONUNHHOW YCTOMUMBOCTU MapaMETPOB TEXHOJIOTHMUYECKOTO
nporuecca

Nt,&)=- Ho(tS, ), + o Ho (15, ), |- (20)

E2. 21)

0*H(1,S) .

o 0, (22)

0
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ompeesigeT HapaMeTpbl IMOTOKA SHTPOIUH BIOJb TEXHOJIOTHYECKOr0 MAapLIpyTa IUIs
HEBO3MYIIEHHOIO COCTOSIHUS ~MAakKpoOIIapaMeTpOB TEXHOJOTHYECKOro IIpolecca.
Hcnone3yst W3BECTHBIM BHA  (QYHKIHA y/(t,S, y), KOTOpBI  OTIpenensercs

MPOEKTHBIMU  JaHHBIMH  TEXHOJOTMYECKOro  Tpolecca W HUCIOJIb3yeMOTo
o0opynoBaHMs, HEpAaBEHCTBO (21) MOXKeT OBITh BBIPAKEHO Yepe3 MaKpOlapaMeTphl
TEXHOJIOTHmYeCcKoro mpotecca [3,10, 12].

7. BBIBOABI IO pe3y/IbTATAM U HANPABJICHHUA JAIbHEHIINX UCCICAOBAHNN

B cratbe  00OCHOBaHBI  SHTPONMHHBIE  3aKOHOMEPHOCTH B  MOJIEIX
TEXHOJIOTMYECKUX MPOLECCOB, OCHOBAaHHBIE HAa MOJEIBHBIX MPENCTABICHUAX O
XapakTepe B3aMMOACHCTBHS IPEAMETOB TPYya C TEXHOIOTHUYECKUM 000PYAOBaHUEM U
MEeXIy coboi. Bocmonp3oBaBIIMCH MOHATHEM BHTPOIMHU TEXHOJIOTHYECKOTO
npouecca [7], AOKa3aH 3aKOH BO3PACTaHMS BSHTPONUU [UI1 TEXHOJIOTHYECKOTO
Mpouecca 3aMKHYTOW MPOU3BOJCTBEHHO-TEXHUUYECKON cucTtembl. [loyueHsl ycioBus
SHTPOINUWHON YCTOMYMBOCTH MAaKpOIIaPaAMETPOB TEXHOIOIUYECKOr0 MpoLeCcca.
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