MO/ICTH HCCTICTYCMOH MCXAaHIICCKOH CHCTCMEL.

ECTGCTBGHHO, YUTO IpH NPOBECACHUH PACUCTHO-3KCICPHUMCHTATBHBIX HCCIICOO0-
BAaHUI B MPCIUIOKCHHON MOCTAHOBKS OJHUM H3 TPSOOBAHHH SABJICTCA HCKOTOPAS
CTICIICHb 1306MOYHOCINY OKCIICPUMCHTAJIBHBIX JAHHBIX, KOTOPAA MO3BOJIACT IMOBBI-
CHUTb CTETICHb TOYHOCTH U MOJHOTHI CO30ABAEMON YHCICHHON MOJCTIH.

Takum 00pa3oM, IMPEATOKEHHBIA ITOIXO0T TTO3BOILIET YCTPAHUTD CYIIECCTBYIO-
mHUC HCAOCTATKH Tp.':ll[HI.[HOHHOfI TCXHOJIOTHH PACUYCTHBIX W IKCHCPHUMCHTAJIbHBIX
HCCIICIOBAHUN HATPSHKCHHO-TC(HOPMHPOBAHHOTO COCTOSHHS 3JICMCHTOB CJIOKHBIX
MCXAHHYCCKUX CHCTCM, a HIMCHHO (DOpMAIM30BaTh MPOLCCC CPABHCHHS, AaBTOMATH-
3UPOBATh MPOLECC YJYYIICHHA YUCICHHON MOJECIM W MOBBICHTH ONEPATHUBHOCTH
BCEr0 LIHKIIA UCCIICAOBAHUN.

Cnncok qutepatypbl: 1. Txauyx H.A. VIHTeHCHBHAS cXeMa SKCTIEPUMEHTAIBHBIX HCCISTOBAHUN dJie-
MEHTOB TEXHOJIOTHUESCKUX CHCTeM. // JIMHaMuKa W TpouHocTh MarmuH. 1998. Bem. 56. C. 175-181.
2. Kanyemun A.A., Trauyx H.A. PacueTHO-DKCTISpUMEHTANBHBIN METON HWCCIeNoBaHus MedopmMariiii
3JIEMEHTOB MEXaHHUECKUX cHcTeM. // BecTHHK XapbKOBCKOTO roCyAapCTBEHHOTO HMOIHTEXHHYESCKOTO
yHuBepeuTeTa. 1999, Bem. 53. C. 148-155.
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YIAK 622.691.4 :536.2
A.B. AKYHHH, xaun texa.Hayk;, B.A. FATAYIIIKHH.

YIPOINEHHAS MOJEJD TEILIOBOT'O PEXKMA
YIPABJSIEMOT'O TIOTOKA TA3A B MATHCTPAJILHOM
TPYEONPOBOJE O3EMHOI ITPOKJIAJKHA

Posrisinatothes c1abo HecTallioHAPHI HEI30TEPMiUHI KEPOBaHi TPOIIECH TPAHCIOPTY Ta3y, MO J03BOJIIE
BUKOPHCTATH PSI CIIPOLIYIOUNX MPHITYIICHb TIPO XapakTep Tedii. [IponoHyeThesl CKiHUCHHE aHATiTHY-
He 300paXkeHHSI PO3MOJLTY TEMIISPaTYPH Ta3y B3OBK TPYGOIPOBOY, OfIepKaHe HA OCHOBI METOIY Ma-
JIOTO IapaMerpa i IeKOMIIO3HITIT KpaioBoi 3a/1adi B paMKax ONepaliiifHOro YUCICHHS.

Bsenenne. Co3aanue u BHEAPEHUE HHPOPMATHOHHBIX PECYPCOCOEPEraroImx
M 9KOJIOTHHECKH OC30MACHBIX TEXHOJIOTHI MATrUCTPAIbHOTO TpaHcmopTa rasza [1-3]
TPCOYOT MOJCPHHM3ALNH H3BECTHBIX H Pa3pabOTKH HOBBIX MOJCICH H MCTOIOB
OTIMCAHUS MPOU3BOJCTBEHHBIX Mpo1eccoB. ONMEprUpOBaHUE CO 3HAHUSIMH 00 00BEK-
TaxX YIPABICHHUS BCE YAIlC OPTaHM3YETCH B PEKUME PEANBHOTO BPEMEHH, XOTS Cy-
MICCTBCHHBIME OTPAHMYHBAIOIIAME (DAKTOPaMH OCTAIOTCS YPOBEHb IPOH3BOIH-
TCJIbHOCTH BBIMHCJIHUTCIBHBIX CHCTCM H MHoroo6pasne BO3MOJKHBIX TCXHOJIOTHYC-
ckux curyaumii. [1o3ToMy akTyanbHOH mpoOIEeMOM ABIIETCS KaK YYET BO3MOYKHO
60pIIero yncna pakTopoB IS ACTATHHOTO ONMUCAHHS M3YYAEMBIX IPOIIECCOB, TAK
M CO3JAHHE YIPOILUCHHBIX MOACJCH ISl OUEHOYHBIX pacyeTos [1].
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MocranoBKa 3a1a4H W AHAJIN3 MTPOOJIeMbL HecTanmmoHAPHBIH TCIIOBOH PEKIM
TECUCHHUS TA32 B MATHCTpanbHOM TpyOorposoze (MT) mpu 00bMHO BBOIMMBIX YIIPOITIE-
HIAX [ 1-6] omMChIBACTCA KBA3HIMHCHHBIM YPABHCHHCM TCILIOBOTO OAIAHCA

oT 0T 4K 1 49
o P T-T7.) P _

= . _—— (D
ox zRTq ot DC,q Cpq ot
IIPH HAYAIBHOM
T(x,0)=7,(x) (0O<x<L) 2)
M TPAHUYHOM
70.0)=7.(:) (>0) 3)

YCIOBHAX.
3pecy p= p(x,t) — JABICHHE, ¢ = q(x,t) — YACHBHBIA MAcCCOBBIM PACXOZ;

T= T(x,t) — TEMIIEPATypa;, X — KOOPAMHATA B0 TPyOOmpoBOa; ! — Bpemst; K
— ra3oBas MOCTOSHHAA, z — KO3((PHUIHCHT CKAMACMOCTH; [ — JIMHA TPyOOmpo-
Boxa, D — mmamerp tpyGompoBoza; C, — yACHbHAS TCIIOGMKOCTE; 1), (x), 7.(r)
— ()YHKUMH, ONpENC/BIOINE HAYAIbHBIC WM TPAaHWYHBIE YCIOBWL, 7i =7 (x,t)—
TEMIIEpaTypa OKpy Karommel cpeapl (rpyHra); K — ko3 duumenT Teronepesayn.

B cratbe [6] paccMoTpeHa nuHeapu3aums ypaBHeHUs (1) ¢ HCMOJIb30BaHHEM
YCpeaHCHAS KO3(PPHUIMCHTOB W MOIYYCHO AHAIMTHYCCKOS PCIICHHE MCETOAOM Xa-
PAKTEPHCTHUK B BHIE CYNEPIO3HIMH TPOMO3IKHX HHTETPATIBHBIX OIIEPATOPOB.

IIpeanoskeHHOE B [7] YOPOIUECHHOE MPEACTABICHHE HEYCTAHOBHBIIUXCA TETI-
JOBBIX TpolieccoB B MT KacaeTcst IHIIb YAaCTHOTO CIIY4ast CTAMOHAPHBIX TPAHAY-
HBIX YCJIOBHH.

B nannO# padoTe mpennaracTcst MpocToe KOHEUHOE AHATUTHICCKOE PEIICHHUC
JUI1 BO3MYIICHHBIX KPACBBIX YCIOBHI HA OCHOBE METOJA MAJOrO HMapaMeTpa U Je-
KOMITO3HIMY KPACBOH 331a4H B PAMKAX OIICPANHOHHOTO UCUHCICHHS.

Yrnpomenue MOCTABJICHHOH KpAeBOH 3a/auMl M BHIOOP NPEACTABJICHHS
pemnenus., OrpaHMIMBAsACH PACCMOTPECHHEM CIIy4as TCUCHHUS OXJIAKICHHOTO Tasa
(TT0 TEXHOIOTHYIECCKUM COOOPAKEHUSIM HMPHOIM3UTEIBFHO A0 TEMIIEPAaTYPhl TPYHTA
T'=7T,) W cudtag TEMIEPATypy OKPYKAOIIEH Cpeabl NMOCTOAHHOU T = const,
MOKHO TIPEACTABUTh CIA00 HECTALMOHAPHBIC HEH30TCPMHUCCKHC YIIPABILICMbIC
mpouecchl B MT Kak HAIOKEHHE CTAIHOHAPHOTO H30TEPMHYECKOTO PekumMa (OC-
HOBHOH ()OH) M HCCTAIMOHAPHBIX HCH30TCPMHUUICCKHX BO3MYHICHHUH. B pesymbrare
KpaeBad 3aga4a (1)-(3) mpuHUMAET YNPOIUCHHBIA BHI, JOIYCKAKOIIMH PacIleIuie-
HHE TI0 MaoMy mapameTpy €=4/2D/AL=10" +107 [8], tme A — xo3(duumeHT
THAPABIMYECKOTO COMPOTHBICHHUA.

Ecmm BBecTH Oe3pa3MepHbIC NEPEMEHHbIC

P q9. #_T Ty . X

p=" g=— L=—— L=2% ¥==; I=—1- )
Pe 90 Ty Ty L L

133



U MPCJACTABUTH HAYAIBHBIC U TPAHUYHBIC YCIOBHS KaK
T(x,0)=1+e7,(x) (O<x<1); 5)
T0.7)=1+e7.({) (>0), (©6)
[JIC BTOPbIC CIATaeMbic OTPAXKAIOT BO3MYINCHHS OCHOBHOrO (DOHA, TOTAA
MOKHO TOTY4UTh KPACBYO 3a0a4y IS KBA3HIHHCHHOTO YPABHCHHS TIEPSHOCA
T, P IT, 4K gy R P
ox Tqg of DC pq07 Cpq ot
pH yeIoBuiIx (5), (6). HqueM
T;k 1+€Tl* , Tjx=const . &)
3aech ¢, Ty — 3HAUCHHSA YACTFHOTO MACCOBOTO PACX0a U TCMIICPATYPHI IPH

(M

OCHOBHOM CTALIHOHAPHOM PEXHME, p, =Cp ¢y — HEKOTOPOS XapaKTCPHOE JABIIC-
HHE; ¢ =4/zRT) — CKOPOCTb 3BYKA B Ta3¢ NPH OCHOBHOM CTAIIMOHAPHOM PEKHME.

ITpuyemM B COOTHOWIEHUAX (35) - (8) yUTEHO To =1; g =1.

Jns ynpormeHuS 3anucei B JAMBHCHINNX BBIKJIAAKAX 3HAK YCPTHI HA Oc3pas-
MEPHBIMH NIEPEMEHHBIMHU OIYIICH.

IIpuHuMasg BO BHUMAHHME BO3MYIICHHBIA XapaKTEp KPAcBBIX YCIOBHH U TO,
YTO B ypaBHEHUH (7) MOCACAHEE CAAracMoe, COrNIacHo [2-5], UMEeT NOPAIOK € MO
OTHOLICHUIO K OCTAJIbHBIM WICHAM, PEIICHUE KpacBoil 3azaum (5)-(7) MOKHO HUC-
KaTh B BUJC PA3JI0KEHHA IO MAJIOMy mapaMeTpy [9]:

T(t) =T +e7W 4 e27@ 4 ©)

TI¢ W3 MPAKTHYCCKAX COOOPAKCHHH JOCTATOTHO OTPAHUIHTHC PACUCTOM 10
TICPBOTO MPHOKCHUL.

HocTpoeHue MoJeNH TeNJIOBOro pexkuma. HylneBoMy NPHOIMKCHUIO COOT-
BETCTBYET OCHOBHOM CTauHOHapHLIﬁ H30TEPMHUYCCKHH PEXKIM

@@ =1 70210 0= py )= P30 (O POk . o)

rae po(x) — cranmonaproe 1aBncHue.

IIpu gy >0 crauMoHApHOE JABICHHUE P, (x) — MOHOTOHHO YOBbIBarOIas
(yukums. [t ynpomenuns B ypaBHeHHH (7) MOKHO CACIATh 3aMEHY X — )V, T1Ie

y=(po)) .

Torga, obozHawas y, = p(3) 0), v = p8 (1), u Bepakas NPOH3BOIHYEO
dp/dx W3 CTALMOHAPHOTO YPABHECHMA ABWKCHHUS [1-3] (B IPHHATBHIX GE3pa3MEPHBIX
TIEPEMEHHBIX)



MOKHO IMOJYIHUTH:

B pesyabrare ypaBHeHHE (7) IPUHUMAET BUJ,
- 3 1 31 9
a_T_b ]/3£.8_T_b y 113 —(T—T )+b3y 1329 _g

£ > l l
ady 1Y Tq of 2 q q ot (b
IJ€ IOCTOSHHBIC KOY((PULUCHTHI by, by, b3 ONPEACNAOTCS BHIPASKCHUAMH:
2D 8K 2DzR
3ML 3MLC 440 3MLC,

[NepBoe mpuONMKECHUE HAXOMUTCS KAaK PEHICHUE KPAcBOM 3amaduu sl JTHHCH-
HOTO YPAaBHCHHA IIEPEHOCA

E)T(l) E)T(l) _1/3
_p 9T Lo 12
> h—=—"n ( -h ): (12)
TIPA HAYAJBbHBIX U TPAHUYIHBIX YCIIOBHAX
/ _ 23
70(.0)=1;, ﬂ M <y<w): 13)
7004, =10 (>0). (14)

PemieHue moJlydeHHOM 3aAayd B paMKaxX ONEPalMOHHOrO ucuucieHusa [10]
MOJKHO OCYHICCTBHTHh HCTPATHIHOHHBIM CIOcoOoM [11], KOTOPBIH MO3BOACT IMO-
JOYYUTh JOCTATOYHO MPOCThIC OpuruHanbl. OCHOBHBIE 3TaIlbl TAKOTO moaxoda: 1)
MOJyUCHAE OTIEPATOPHOTO M300PAYKCHIUS CIICHHATIBHON CTPYKTYPbI PEIICHUS YPaB-
HCHHS B YACTHBIX HMPOW3BOIHBIX TPH HYJICBBIX HAYAIBHBIX YCIOBHAX OC3 yucTa
TPAaHUYHBIX YCIOBHH;, 2) IIEPEX0 K OPHTHHANIY BO BPEMEHHOH 00nacTw; 3) yuer 3a-
JAHHBIX HAYAIBHBIX YCIOBHH C MOMOINBEO COOTBETCTBYIOIIETO MPOJOKCHHUS OpH-
THHAJA U moa00pa mpeapicTopud mpu <0 mng ero xo3(huimeHTos; 4) yueT 3a-
JAHHBIX TPAHHYIHBIX VCJIOBHH C MOMOIIBI0 MOA0OpA 3HAYCHHH KOX(P(PHIHCHTOB
OpHTHHANA TIpH £ >0 .

Jna ynpomenust B kpacBor 3azaue (12)-(14) MOKHO BBECTH HOBYKO HEH3-
BCCTHYIO (DY HKITHIO

S0 470 g
oT 5 or b y—1/3 M_g (15)



23 23
(1) _ [ X YT .
T (yO)—Th{m] T (i<y<y): (16)
0o M
T, )= 1.0) T (¢>0). (17)
Oneparoproe w300pakeHAE YpapHeHHSA (15) MPH HYJICBBIX HAYATBHBIX YCIIOBHX
7(1) -
I foys+b, v V020 (18)
d
HAMECT CBOUM PCIICHUEM
70 (y.5)= 4(s) exp(%bzyz/3 Jexp(—bl (vo-)) . (19)

91 6] A(s) — MPOM3BObHAA (PYHKIMA. B 3TOM JICTKO YOCIHTHCA HEMOCPSICT-

BeHHOM moacTaHoBkoH (19) B (18).
Herpaguumonnas 3amuck (19) onmepaTOpHOro pelicHHus YPABHEHHA MEPEHOCA
(18) mo3BossteT aerko Haiitu [10] COOTBETCTBYIOLIMIT OpUTHHAIT

T00)=ale =) e 507 o Go-2) . )

1, t>0:
0, r<0.

JU yyera 3aJaHHBIX TPAHHYHBIX YCIOBHU CJICAYET MPOM3BECTH COOTBETCT-
BYIOIIMH TIOA00pP NPEABICTOPHU 11 (DYHKIHH a(t) HA OTpPE3Ke BPEMECHH

>

rae N(t) — exuAuyHAs cTyneHyatas GyHKkums Xepucaiina: m(r)= {

>

[— b (yo -V ), 0]. VYopaB enuHU4HYIO (QYHKIHIO B BRIpaskeHUH (20), MOXHO IIPO-
JOJDKHTB €T0 ACHCTBHE HA YKA3ZAHHBIA OTPE30K BPEMEHU:

T ol () e 0207 | e

ITonosxuB B MOMy4YeHHOM pemeHuH (21) f=0 H yuTd HAYAIbHOES YCIOBHE
(16), MOKHO OIpeNeIUTH ()Y HKIHIO a(t) mpu € = b (yo -N ), 0]:

Y3 23 3
Tlﬂ{%] ~ T = al(=b (yo - »)) exp(gbzym) M <y<w).
0 1

Y
OTKyZAA
23 _ 23
Yo —V 3
al=by (vo - »)=|T1, h = 1. eXP(— 5b2y2/3j
Yo =N

WM TIOCTIE 3aMEHBI = —h (yo - y):
2/3 _ +t/b /3 3
alt)= [Tlﬂ{yo yzgo_ ),12//31)Z ]_ Tl*] P (_ Ebz(yo +1/by )Z/3j - 22
0
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Yurs B (21) mpu y =y, rpanmaHOe ycnosue (17), MOKHO ompenenuTs (hyHK-

LHEO a(t) nopu >0 :
3
1) e =al) e 0| €>0).
OTKYAA
3
=1l a3 | o)

Bripakenns (22), (23) ¢ TOMOMIBI0 CAMHUYHOH (DYHKIMH MOKHO OOBCIMHUTD

B oHO. Torma, BO3Bpamasch K OE3pa3MEPHON MEPEMEHHOH 7"1(1), pelmeHne Kpae-
BoM 3agauu (12) - (14) nmpeacraBisieTcs B BUAE:

2/3 /3

. Yo —\Wy+i/b 3

T(l)(}/, f) = 71* + TlH 0 2/(3 /2/;)2 - Tl* exp(— 5b2(y+t/b1)2/3 )X
Yo —N

il o s b o =)o -

3
Xﬂ(f—bl(Vo—J/))}GXP(Ebzym) (i<y<y: 1>0),

OKOHYATENBHO, KAK CYMMa HYJICBOTO H IICPBOTO NMPHUOMDKCHUH TEMIICparTyp-
HBIH PEXKHM ONPEACTHICTCA MOJCIBIO!

v = (rrim P
2323
Yo —N

T(y. t)=1+eT. +4| 7y, — T | %

Xexp(— %bZ(V""t/bl ¥ )[1—ﬂ(f—b1(yo — )1y (v — )~ 71 x

3 3
XeXp(— Ebzyg/ 3 )“(t_bl(VO_J’))} exp(5b2y2/3) (<y<w: t>0). 24

Saxsrouenne. CpaBHCHHE PE3yJIbTATOB pacuera PacHpereNcHHs TEMIICPATy bl
YIPABIEMOro MOTOKA raza BA0Ap MT noa3eMHOI MPOKIAAKK MO YIPOIICHHOW MOACTH
(24) ¢ mpuHIMAEMBIM 34 3TAJIOHHOE AHAJIOTUYHBIM PACIPEACICHHEM, TOIYYCHHBIM KO-
HCYHO-PA3HOCTHBIMH METOAAMH HA 0ase mexomHor Mozaem (1) - (3), moKaseBaer, uto
OTHOCHTEIIbHAS TOTPEIHOCTh He mpeBbmmact 5%+ 10%. B nanpHelimem npenmonara-
€TCsI PACIIMPUTH 00IACTH MPHMEHCHIS TPESUIOKEHHOTO TIOIX0/1A 3 CUET YUeTa B MOJC-
JM HEU30TEPMITIHOCTH OCHOBHOTO CTAIIMOHAPHOTO PEXKUMA.

Cmncok murepatypor: 1. lanxpamos B.C., J[ybuncruii A.B., Cunepwmeiin 5.1. UnpopMarimoHHo-
BBIUUCIUTENBHBIE CUCTEMBI B JIUCIIETUEPCKOM YIIpaBJIcHUH rasomnposofamu. JI.: Henmpa, 1988. 246 c.
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mymeanit. M.: Mup, 1984. 535 ¢. 10. Kopwu I'., Kopn 7. CipaBOUHHK TI0 MATEMATHKE IS HAYUHBIX
paboTHHKOB W mKeHepoB. M.: Hayka, 1984. 832 ¢. 11. Craspos FO.C., Munxun C.Z1. Ananu3 nepe-
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T.C.CKOBJIO, noxr.texu.Hayk, A H.CH/JAIIIEHKO, kana TCXH. HAYK;
'AJT. MAPTBIHEHKO; H.B.CIOHOBCKHH; XTTYCX

MATEMATHYECKOE OBOCHOBAHME PEXXHMA JIA3EPHOI
OBPABOTKH JETAJIEA, IPEJBAPUTEJIBHO MMOABEPTHY ThIX
XHUMHUKO-TEPMHAYECKOM OBPABOTKE JIJIsI IOBBIIIEHUA
MPOYHOCTH BOCCTAHOBJIEHUA MOKPBITHMA

B poboTi po3mIstHYTI iCHYIOWI METOJH TIPOBENICHHS JIea30TyBaHHs JeTallel, MONepeHbO MianuX Xi-
MiKO-TepMiuHii 0OpoOIli Ta HABENCHO PE3YABTATH SKCIISPUMEHTIB i MaTeMAaTHUHE OOTPYHTYBaHHS pe-
SKAMIB TIPOTIECY AUCOMIiAIlii HATPHIIB JIJT MiABHIIECHHS MiI[HOCTI BiTHOBIIOBATLHAX MOKPUTTIB.

Panx meranclt ManmmwH W 0O00OpPYJOBAHUS U MOBBIICHUS W3HOCOCTOMKOCTH H
oOecrieyeHHsT BBHICOKOTO YPOBHS NMPOYHOCTH W TBEPAOCTH IMOIABEPTAIOT XHMHKO-
TCPMHUCCKOH 00pPadOTKEC — a30THPOBAHHIO, NCMCHTALMH, HHUTPO-ICMCHTANH. B
MPOLECCe UX IKCIIyAaTAlUH W U3HAINMBAHUA TAKOM YIPOYHCHHBIA CIOH YaCTHYHO
COXPAHACTCA, UTO MPH BOCCTAHOBJICHHH JTFOOBIM H3 OOIICTIPHHATHIX MCTOJOB Ha-
panmuBaHUA HE oOecreyuBaer TOJIYUICHHAC KAUCCTBCHHOTO MIOKPBITHA.

Hamnbommee 1acTo BCTpeUacMbIc B MPOU3BOACTBE CIIOCOOBI BOCCTAHOBJICHUA [1]
BKIIFOYAFOT TAKHE TEXHOJIOTHYCCKUE OIICPALMH KaK - MPEIBAPUTCIHHYIO TEPMOOD-
PpadoTKy, yaajacHUEC AC(PCKTOB IMyTeM OOTOYKH, HAILUIABKY CJI0S METaIa C TOMO-
IIBIO 3JIEKTPOA, MPEABAPHTEIBHYIO H OKOHYATCILHYI0 MEXaHIICCKYIO W TCPMHHC-
CKYH0 00paboTKH.

HenmocrarkoM 3THX CHOCOOOB SIBJIIETCSL TO, YTO TPEOYETCSl BBHIIOJHCHHC
OOIBIIOTO KOJNHYECTBA ONEPAIMH, IPEIIICCTBYIOINX BOCCTAHOBHTCIBHOW — Ha-
IUTABKE, OTXKHUT I CHATHS HANPSDKCHUH, MEXaHHYECKAas 00paboTKa Al CHATHSA
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