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A. A. IAB/IOBA, C. B. POMAHOB, A. H. JIAI'O/JA

YIPABJIEHUE KAYECTBOM PA3EOPKH MHOT'OKOMIIOHEHTHBIX COEJJMHEHUI ITPU
HCHOJIb30BAHUY TEPMOBO3IENCTBUS

Pa3zpaboTana MaTeMaTH4ecKas MOJIE]Ib HECTAIIMOHAPHOTO TEIUIOBOTO MPOIECCa, KOTOpas TPeJICTaBIseT co0ol cucTeMy InQdepeHInanbHbIX ypaBHe-
HHIl BTOPOTO MOpS/IKA MEPEMEHHOI CTPYKTYphl B 3aBUCUMOCTH OT TE€MIEPATyphl JIEMEHTOB MHOTOKOMIIOHEHTHBIX COCIMHEHMH. MoOJenb MOXeT
OBITh HCIIOIB30BaHA KaK JUIS yIIPABJICHHS! HATPEBOM B IIPOLIECCAaX BBIILUIABKH HAIIOJIHUTENCH, TaK U IS YIIPaBJICHHS] HATPEBOM IIPH TEIIOBOIT pa3bop-
K€ MHOT'ODJIEMEHTHBIX COeJMHEHHII ¢ HaTsAroM. IIpuMeHeHne JaHHOH MOJeNH [T03BOJIUT B 3HAYUTENBHON CTEIeHH MUHUMU3HPOBATh 3aTPaThl SHEPTUH

pHu pacHOPMHPOBAHUH MHOTOKOMIIOHEHTHBIX COEIHHEHHUMH.

KiioueBbie ciioBa: pa360p1<a COCHHHeHHﬁ, I/IHI[yKI_II/IOHHHﬁ Harpes, HeCTaI_II/IOHapHHﬁ TETUIOBOM mponecc, MaTeMaTuieckast MOJA€Ib.

Brenenne. Texunonornueckue cucremsl (TC) mexa-
HOCOOPOYHOTO TIPOM3BOJICTBA, HCIIOJIB3YIOIINE TEPMO-
BO3JICHCTBUE TIPU PeaTU3aliy MPOIECCOB Pa300pKH HITH
BBITUIABKM HAIOJIHUTENEH, oTiinyaer oT apyrux TC He-
CTallMOHAPHOCTD, MOCKOJIBKY HAapsIy C BEMIECTBCHHBIMH
peoOpa3oBaHMSAMI B HUX IPOUCXOAST TEPHUOIMUSCKUE
TEIUIOBBIE M3MEHEHHsI AneMeHToB. Cpean MHOXeCTBa pe-
IICHHBIX 337124 TEIUIONPOBOAHOCTH H TEIUIONEpeadn 3a-
Jlauu, CBSI3aHHBIE C HECTAIIMOHAPHBIMH MIPOIECCaMH,

HauMeHee paspaboraHHble. VMeroniuecs: aHaJIUTHYECKHE
MOJIENI HarpeBa JIOCTaTOYHO TPOMO3IKH M Majio yHHBEp-
caipHbl. [t mo0o0i M3 BHOBb pa3pabOTaHHBIX MOJIENEH,
TpeOyeTcst CBOSI CIIeNUATM3UPOBAaHHAs [IPOrpaMMa pacyera.
AHaJIN3 MccileI0BaHUl M MyOJuKaumMii U mocra-
HOBKa mnpodJiemsbl. /[ obecrieueHnss MUHAMYyMa SHEp-
roroTpediaeHnsT U MaKCUMaIbHOUW 3(h(HhEeKTHBHOCTH pado-
Tl CHCTEMBI, TEPMOBO3AEHCTBUE JOIKHO OBITH CKOPOCT-
HBIM U aJIpECHBIM, T.€. 32 MUHIMaJIbHO KOPOTKHUI ITpoMe
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KYTOK BPEMEHH HEOOXOANMO HarpeTh TOJIBKO T€ y4acTKU
OXBAaThIBAIOILEH JIETaNn COEAMHEHUs, PACIIUPEHHE KOTO-
pBIX obecriedunT TpeOyeMblil Il pa30OpKK TETIOBOM 3a-
30p, WIM y4acTOK KOpITyca B KOTOPOM COJEPIKUTCS JIeT-
KOIUTABKUH HAOJIHUTENb, MOJIeXKAIINN BhImIaBke [1].

DJeKTpoHarpeB AeTaliel, 10 CPaBHEHHIO C IPYTUMH
BUJAaMHU HarpeBa, Oojee MNpPOM3BOJMTEIEH W MPOCT B
ynpasieHn. OH HCKIIOYaeT Mepeker MeTauia 1 o0paso-
BaHWE OKAJIMHBL. B MexaHOCOOpPOYHOM M pPEMOHTHOM
MIPOM3BOACTBAX IPH pa300pKe COCIMHEHUI ¢ HATATOM, a
TaKKe IS BHIIIABKM HAINTOJHHUTENCH HCIIONB3yeTCs WH-
IyKUMOHHBIN Harpes. IIpocToTa ncnonHeHus HarpeBate-
JIS1 ¥ XOpolllasl YIpaBJIieMOCTh IIPOLIECCOM, OCOOEHHO ec-
JIM KCTIOJIB30BaTh TOK IPOMBIIUIEHHOH YacTOTHI, SIBIISIOT-
Csl €r0 JOCTOMHCTBAMHU.

JIoCTOMHCTBa WHIYKIMOHHOTO HAarpeBa SIBJISIOTCS
MIPUYMHON JOCTATOYHO MIMPOKOTO pPaclpOCTpaHEHUs B
PEMOHTHOM TIPOM3BOJICTBE TEXHOJIOTHH Pa300pKH Ha OC-
HOBE TepMOBO3eHCTBUs. OOUIETIPUHSATEIE Ha3BaHUSI ITO-
ro crmocoba — MHAYKIHOHHO-TEIUIOBON CIToco0 (MeTox)
pa36opku [2]. OH nmpuMeHsieTcs B CYIOPEMOHTE, PEMOHTE
JIOKOMOTHBOB, ITTOJBI)KHOTO COCTaBa PEIbCOBOTO TPAHC-
MOpTa, JIOPOXKHBIX MAIllMH, 0OOTaTHUTEIBHOTO M MPEcco-
BOr0 00OpPYIOBAaHHSA U APYTHX BHIOB TEXHHKH. XOPOIIO
3apeKOMEeHIoBall ce0si 3TOT cHocod mpu pa3dopke pac-
Npe/IBAJIOB JIBUTATENEH, SJIEMEHTOB PYJIEBOTO YCTPOHCTBA
U cheMe OOJIMIIOBOK C BAJIOB B CYJOCTPOEHHH; pa3zdopke
9JIEMEHTOB KOJIECHBIX Hap TEIUIOBO30B, 3JEKTPOBO30B U
BAaroHOB, B TOM YHCJI€ CheMe MOALIUITHUKOB U 1Ip. [3- 6].

Crroco0 Hayan IpUMEHSIETCS TIPH PEMOHTE aBTOOpO-
HETaHKOBOW TEXHHUKH M ITOKa3ajJ CBOM NPEUMYIIIECTBA Iie-
pexn mpyrmMu crmocodaMud B pa30OpKe COEOUHEHWH C
OOJIBIIMMH HATATAMH U COCAWHEHUSMH C IUTACTHYECKON
nedopmanmeii mocagouHbx mosepxHocreil. Ho HecmoTpst
Ha O4YEBHUJHBIC NPEUMYINECTBAa Pa300pKa MHIYKIMOHHO-
TEIJIOBBIM CHOCOOOM eIl HE HaXOAUT AOJDKHOTO NpHUMe-
HeHMsA. AHaJIM3 HCIOJB3yeMbIX Ha 3aBojax (r. Kues, T.
XapbKOB) U PEMOHTHBIX 0a3ax TEXHOJIOTHH, TIOKa3all, 4TO
Ha 70-80 % wucnonn3yerca pacmpeccoBka u Ha 10-15%
TUTAaMEHHBIN HarpeB WM MPOTPEB TOpsiauM MacioM. Csi-
3aHO 3TO C OTCYTCTBHEM NPOMBIIIJICHHO BBIITYyCKaeMbIX
YCTaHOBOK /ISl MHIYKIMOHHOTO HarpeBa W HE pa3pado-
TAHHOCTBIO BOTIPOCOB TEXHOJIOTHH, B YaCTHOCTH TEILIO-
BBIX PEKHMOB pa300pKH.

O061ue yciroBust pa300pKH COSTUHEHUH C HATSATOM H
PEKUMBbl MHIYKIMOHHOTO HarpeBa Jeraneil Obuln ompe-
nenensl AHApeeBbiM [.51. Ha ocHoBe pabot 1o pacdop-
MHPOBaHHIO BATOHHBIX KOJECHBIX map [7]. B manpHeHmmx
UCCJIEJIOBAHUAX, BBIMOJIHEHHBIX €r0 Y4YeHUKaMHu, ObUIN
U3Y4YEHBI IMPOIECCHl Pa30OPKH JIBYXDJIEMEHTHBIX COEIH-
HEHUIl C OXBaTHIBAIOIIMMH ACTAISIMH THUIIA TJIa/IKasi BTYII-
Ka (BHYTpEHHHE KOJIbIla ITOJIINITHUKOB, OOJMIIOBKA Ba-
JIOB M JIp.) C M3BECTHBIMH ITocaskaMu. B paborax [10, 4,
6] mpUBOAATCS HEKOTOPHIE JaHHBIC IO TEXHOIIOTHUH Pa3-
OOpKH KpYyMHOTAOAPUTHBIX COCIMHEHUH, a B [8] n3moxe-
HBI TEXHOJIOTMYECKH PEKOMEHIAINH, BBIPAOOTaHHBIC Ha
OCHOBE OTIBITA.

B paccMoTpeHHBIX paboTax HCCleNOBaIOCh TOJBKO
CO3JJaHUE PAlMOHANIBHBIX TEMIICPATypPHBIX MOJEH C TOUKU
3peHusi 00pa30BaHMs TEIUIOBOTO 3a30pa pa30OopKH, NpH-
BOJMIINCH JJAHHBIE AJISI pacueTa HEOOXOJUMOW TETJIOBOU
SHEPruM, NOIYyYSHHBIE TONYIMIIMPUYECKUM IIyTeM, W
pa3pabaThIBAIICh METOIMKH M TIPOTPaMMBI JUISl pacieToB
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HarnpsbKeHHO-1eopMUpoBaHHOro coctostaust [8, 9, 11].
Bce pacueTsl BhIMONHSIMCE Oe3 yuéTa MOTEph TEIUIa B
OKpYIKaollylo cpeny. Pe3ynbraToB HCClieOBaHUMA, CBSI-
3aHHBIX C palMOHAIBHBIM HCIOJIB30BAHUEM TETIOBOU
SHEPTHH B IUTEPATYPHBIX UCTOYHHKAX KpalfHEe MaJIo.

enp paboTsl — pa3paboTKa TEOPETHYECKUX OCHOB,
MO3BOJISIIOIIMX MUHMMH3UPOBAThH 3aTpaThl dHEPTHU IIPH
pachopMHpOBaHUM MHOTOKOMITOHEHTHBIX COEAMHEHUH,
pa3dmpaeMbIX ¢ MOMOIIBIO 3JIEKTPOHATPEBA TIPH PEMOHTE
W YTHIH3AIHH.

Pa3zpadoTrka MaTtemMaTH4YecKoW MojeJdH HecTa-
HHOHAPHOTIO TenJjoBoro npouecca. Hanbonee apdexru-
BEH IPSIMOM MHIYKLUMOHHBINA HArpeB, FEHEPUPYIOIUHN Te-
IUIO B DJIEKTPONPOBOJHOM Marepualie ¢ YAeIbHOW MoIl-
HocThio 1KBT/cM® 1 criocoGHbIH co3aaBaTh HEpaBHOMED-
HOE TEeMIIepaTypHOe IO0Jie 10 CEYECHHIO JETAIN M3MEeHse-
MO€ BO BPEMEHH, 4, KaKk OTMEYaJIOCh BBIIIE, NMEHHO Ta-
KOH Harpes U Mpeano4TuTesieH [12].

BrIcokast CKOPOCTh HarpeBa M JIydIIne JJIEKTpUYe-
CKHE ¥ TEIUIOBBIE XapaKTEPHUCTUKH JOCTHUTAIOTCS C TI0-
MOIIBIO HMHAYKTOPA, OXBATBHIBAIOIIETO HArpeBAEMYIO
4acTh getand (WK BCIO JETallb). DTO HWHAYKTOPHI COJe-
HOMJHOTO THIa. BbICOKas cKOpocTh 0OBsiCHAETCS Oojee
CHJIbHBIM MAarHUTHBIM TOJIEM BHYTPU HHIYKTOpPA 3a CUET
KoubIieBoro addexra u dddexra o6muzoctu [13]. Dnek-
tpuueckuii KIIJ[ Takoro mHAyKTOpa OTpa)xxaeT 3aBUCH-
MocTh (1).

n ~=1/(1+ D1/D2 ,%pZ)’ (1)

rae DI u D2 BHyTpeHHHH AMaMeTp KaTyIIKH (IO TIPO-
BOJIHUKaM) M Hapy>KHBIH IHaMeTp HarpeBacMoi IeTaiu;
pl un p2 YACIBHOE  COIPOTHUBJICHUE;, 4 -

OTHOCUTECJIbHAsA MarHuTHasd HNTPOHHIACMOCTbL MaTepualia
JCTaJIn. Kak BUIHO, JIMHA ACTAJIA Ha 7] , BIIMAHUEC HE OKa-

3bIBAET, 4 3aBUCUT OH, B OCHOBHOM, OT COOTHOILEHHS JHa-
MetpoB DI / D2. D10 yClOBHE SBISETCS TAKKE OrpaHHIe-
HUEM YHUBEPCAIBHOCTH UHIYKTOPOB COJIEHOMHOTO THIIA.

[Tomumo snextpudeckoro KITJ uHayKIimonHoi yc-
TaHOBKH COCTaBJIsAIOIIEH YacThio ee mosHoro KIIJ ses-
ercs TeruioBoit KITI - 77 .

OO0mmee KONMMYECTBO TEIUIOTHI, 3aTpadnMBaeMoe Ha
pa30opKy COeAWHEHHWS WIM Ha BBIIUIABKY HAITOJHHUTEISI
omnpenensierca cyMMoil: Q,=0u+QomyT0s , TAE O, TeI-
JI0 JUIS HAarpeBa OXBATHIBAIOIIEH JeTald 10 TEMIIEPaTypEhI,
oOecrieynBaroIei s pa300pKK TEIUIOBOW 3a30p WU Te-
IUIO JUTS HarpeBa KOpITyca, U3 KOTOPOro HEOOXOIUMO H3-
BJICUb HAIOJHHUTENb, JIO TEMIIEPATyphl IUIABJICHHUS IIO-
cnefHero; Qo TEMIO, NMEPEeaBaeMOe B OXBATHIBAEMYIO
JIETallb WIIK HEOOXOIUMOeE ISl PACIUTABIICHUS BEUICCTBA,
0O, TIoTepH TeIIa B OKPYXKAMIIyI0 cpeny. B ciydae pas-
Ooopku coemuueHust 7 , =0,/0,. Ilpu BbIIaBKe Ha-

nosHUTENS 7}  =0,,/0,. O0e BeNWIuHE ¥ 7} , U 7] ,, CO-

ctaBysitoT noyHbIM KIIJ] MHAYKIMOHHONW YCTaHOBKH, OII-
penersieMblii IPON3BEICHUECM:

n=nun m- (2)

Kax BunHo, 77 , OyzeT onpenensaTbcs KOHCTPYKIUeH
MHOYKIMOHHOM YCTaHOBKM W pa3MepaMu HarpeBacMou
neramu. Ha 77 ,, MOMHMO KOHCTPYKIMH HarpeBaTels B

3HAYNTEIbHOMI MEpE BIUACT TEXHOJIOTTYECKUN mpounecc
Pa3bCANHCHUSA KOMIIOHCHTOB COCANMHCHUSA. Oco0eHHO Ap-
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KO 3TO MPOSIBIAETCS IPH BBIIUIABKE HAIIOMHUTENA U3 (ep-
POMarHUTHOIoO KopIyca T.K. 3[J€Cbh HaOII0JaeTCsl U3MEHE-
HHE arperaTHOro COCTOSIHUSI U3BJIEKAEMOTrO BellecTa. B
HEKOTOPBIX CIy4yasX Ul W3BJICUEHHs HAIMOJHUTENS HE
TpeOyeTcs MOJTHOE €ro pacIlIaBlICHUE.

Jns cocTaBneHHs TEXHOIOTMYECKOro Mpolecca He-
00XOIMMO MMETh MOJHOE IpEeACTaBIeHHE O Ipoleccax,
MIPOMCXOIAIINX B KOMIIOHEHTAX COCAMHEHUSI.

Hammyummm o6pa3oM Ha CTaguy NpPOEKTUPOBAHUSA
3TO MOXXHO C/IeJIaTh, UCIIOIH30BAB MATEMAaTHYECKYIO MO-
JIeTb OTIHCBIBAEMOro Tiporiecca. LlemecooOpa3Ho n3 3mek-
TPOTEIUIOIHEPreTHYECKON BBIACIUTE ee Hanbolee HHep-
LMOHHYIO YacTb - TEIUIOBYIO. DTO CBSI3aHO C TEM, UTO I10-
CTOSIHHBIE BPEMEHHU TEIUIOBBIX U JIEKTPOIHEPTreTHUECKUX
IPOLIECCOB PA3IMYalOTCd MEXAY COOOH Ha HECKOIBKO
HOPSJKOB, a YIPaBJIEHHUE IIPOLIECCOM JOHKHO BECTHUCH TI0
HanboJsiee HHEPIIOHHOW IEPEMEHHON COCTOSIHUSI.

Pemenne oOmiei 3amaun HECTAIIMOHAPHOTO TEILIO-
BOT'O IpoIlecca HYXHO pa30oWTh Ha aBa dTama. [lepBhIid
9Tall, Kak IS Ciiydast pa3beUHEHNS JBYXKOMIIOHEHTHON
CHCTEMBI ITOCPEACTBOM 00pa3oBaHMs TEIJIOBOTO 3a30pa,
TaK W JUIs Coydas BHIIABKH HATIOJHHUTENS U3 (heppomar-
HUTHOTO KOpITyca, OyJeT OMHCHIBAaThCA OIHOM M TOH XkKe
cucreMoii auddepeHInanIbHBIX YpaBHEHHHA:

Cidrvy/dt = -Ay(v-1)) —A(T-72) +P;;

ng‘[g/df = /1(1'1-‘[2); (3)
pu 7;(0) =159 1 72(0) =12,
rZie: A- TemyoBasi MPOBOJMMOCTh MEXIy OXBaThIBaroUIeH
1 OXBaTHIBAEMOW NETASIMU MM MEXAy (heppoMarHuT-
HBIM KOPIIyCOM M HAaIlOJHHUTENEM, a TaKXKe OT KOpIyca B
OKPYXAIOLIYIO CpeNy; Ag- TEIIoBasi MPOBOANMOCTh MEX-
JIy OXBaTHIBAIOLIECH NETANBI0 WK (peppOMarHUTHBIM KOp-
mycoM U Ookpyxatomieir cpemoit ; C;,Cr- TEIUIOEMKOCTH
(eppMarHuTHOTO KOpIyca M HAIlOJHUTENS, COOTBETCT-
BEHHO, a 7, U T, - TEMIIEPATyphl; P; - MogBeICHHAs MOII-
HOCTb, T.€. MOIIIHOCTb, HEOOXOANMasI TOJIBKO ISl Harpe-
Ba.

Tak Kak cpeiHssl TemIepaTypa OXBaThIBa€MOW Je-
TaJlyl WM BEINECTBA HAMOJHUTENS SBISIETCS BETMIMHON
Heu3MepsaeMoH, ee He0OOXOIUMO UCKIIIOYHTh U3 MaTeMa-
THUYECKON Mojenu, cBens cucreMy (3) k ogHomy nudde-
PEHIMAIbHOMY ypaBHEHHIO Oojiee BBICOKOTro mopsiaka. M3
NIEPBOTO YpaBHEHUsI CHCTEMBI (3) BBIACIHNM T)

= (C]d‘[]/dl + (}.4‘/16)‘[1 —/16 Te -P] )//1 . (4)

IMoacraBuM 7, BO BTOpOE ypaBHEHHE CHCTEMBI (3)

drydt = -2[( Cyde)/dt + (3+36)t; — Ag 1y Py )A—11]/Cs. (5)

[Mpomuddepennmponas nepBoe ypaBHEHNE CHCTEMBI
(3) mo dt, moncraBuB B Hero (5) W, Ipon3BeAs TPYIIIH-
POBKY OTHOCHTEIBHO MPON3BOIHBIX 7;, HOITYUHM:

d’t/de + (e /ey +A/es ) du/dt +( Afei/cs )t =

=(Mci/c)P+(AAy/ci/cyt, (6)
npu T]( 0) =T, 1 d’l']/dt/t: 0= P[/C] — /11/(31 (’l']() — ’l'z()) —
Ay (T19 —T).

YcraHoBUBIIEECS 3HAYEHUE TEMIIEPATYPbl OXBaThI-
BAIOILEH JIeTany WM GeppoOMarHUTHOTO KOPITyca MOKHO
HOJTy4uTh U3 (6), monaras B HeM T y— T=Const

T.€. Tyem=T1=P 1/, @)

Torna nonHoe pemenue (6) IMeeT BUI:

7= De"" + Dye™ + 1, + P/, (8)
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[TokazaTenu cTeneHH a; U a, HAXOAATCS KaK KOPHH
XapaKTePUCTHICCKOTO YpaBHEHUS (3)

a’ + (etheirAe)a + A D Jeifes =0 )

Iocrostaable uHTErpupoBanus D; u D, onpenens-
FOTCSI U3 CUCTEMBI YPaBHEHUN AJI HAYAJIbHBIX YCIOBHIA:

70 = Dy +Dy+t,+Pi/A;
dT](O)/dt = Cl]D]“"ClgDZ. (10)

[TosyueHHbIe peMIeHUs MO3BOJISIOT, HCHONB3YS (8)
W TIepBOE ypaBHEHHE cUCTEeMBI (3), HAlTH T, :

= c,/[l(a,D,e”lT + agDze“Zt)] + T[""lg/j. Tj-j.g/l Tg-Pl/j.. (1 1)

Berunras u3 (8) ypaBuenue (11), MOXXHO HaiiTH 3a-

KOHOMEPHOCTh M3MEHEHMs Pa3HOCTH CPEIHUX TeMIepa-
TYp 7; ¥ T, B QyHKIUH BpEMEHHU:

A1) = 7,(1)-1o(1),
KOTOpast UMEET IKCTpEMYM TIpH dAt/dt = 0.

IIpn makcumyme AT 0OeCTIeUMBAIOTCS HAWITYYIIHE
YCIIOBHS I Pa3beAWHEHHS KOMIIOHEHTOB COCIHHEHUS,
TpeOyromux i pa30opku 00pa3oBaHUEe TEIUIOBOTO 3a30-
pa. 3Has TpeOyeMyro BeNIWYMHY 3a30pa (a 3HauuT At) U
TeMIIepaTypy 7;, JETKO ONPEAEIUTh MAKCUMAJIbHYIO MO~
BOJIUMYIO MOLIHOCTS P; .

Jnst ciaydast BBIUIABKH HAITOJHUTENS MEPBBIA 3Tl
He SBISIETCS 3aKJIIOYUTEIBHBIM T.K. OH TO3BOJISET, 3a-
JIaBILINCH T; U T, , ONTUMAJILHO 1T0JI00paTh NapamMeTpsl Ha-
rpeBarens TOJIBKO 0 MOMEHTA, KOTAA T, JOCTHTHET TeM-
nepaTypsl IJIaBJICHUS] U3BJIEKAEMOr0 BEUIECTBa T,, . 1lo-
9TOMY, BTOPOH JTall peIleHUs 3ajadd OyHeT KacaTbes
TOJIBKO HPOLIecCa BBIIUIABKY HATIOIHHUTEIIS.

Bananc sHepruu 10 MOJHOTO IMEpexXojia BELIeCTBA
HAIIOJHUTENS U3 TBEPAOH (a3bl B KUAKYIO IMEET BU!

CIdTI/ dt Jr/ln (TI' Tm) ij~6(T1'T6) =P I

qna de/dt:}‘H (TI'TM)

IMpu HavanbHbIX 7;(0)=7,0,72(0) =7,y m,,(0) =0,
TIE T;,0 — TeMIeparypa (eppoOMarHUTHOTO KOpIyca, Io-
Jy4YeHHas Ha NEpBOM JTale pacuyeroB, m,- Macca pac-
TUTABJICHHOTO HATIOJHUTEIS; ¢,,- YACTIbHAs TEIUIOTa TIIaB-
JICHUS BEUIECTBA; A,-KOI(PQHUIMEHT TEIUIoNnepeiaun Mex-
oy (GeppoMarHUTHBIM KOPITyCOM M pPacIUIaBICHHBIM Ha-
TIOJTHUTEIIEM.

Pemenne cuctempl ypaBHeHui (13) mpezncraBisto-
1ieit coOol 71Ba B3aUMOCBSI3aHHBIX, HO HE3aBHCHUMO pa3pe-
aeMbIX AuQdepeHIrnaNbHbIX YpaBHeHUs, UMeeT GopMy:

1 =D,” ™ (P14 DTt ) Dot ), (14)
rne T,.,=c;/(A;+A,)-TIOCTOSTHHAS. BPEMEHH TIpoIiecca IJIaB-
JICHUS BEIICCTBA-HAIIOJHUATEIS; D= (T 100-T1mo)-
MOCTOSTHHAS, OTNpenensiemMas W3 HayalbHBIX YCIOBHH
7(0)=T 105 Tie= (P14 2Tua T AsTe)/(Ant ) -
KBa3WyCTaHOBHBIIIEECS]  3HAUEHHUE TEMIIEpaTypsl (eppo-
MarHUTHOTO KOpITyca.

[oncrasue (14) BO BTOpOE ypaBHEHHE CHUCTEMBI
(13), HalimeMm [UIs 3aaHHON MAcCHl PACIUIaBICHHOTO Be-
IIECTBA.

(12)

(13)

m:[in/qn:l][(rmx"[n.'z) t— Tn.*l(TIm('T]nO)]+
+[An/qn.*l] TI’[J(TIHK_T]IIU) e_t/Tm (15)
J1s mpakTH4ecKoro UCHoiIbh30BaHus ypaBHeHHe (15)
1enecoodpasHo mpeoOpa3oBarh, 3alycaB €ro B OTHOCH-
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TENBHBIX €MHUIIAX MAaCcChl M BPEMEHH, IPUHIB B KayecT-
Be 0a30BbIX BeNUYUUH Ms=A, T, (T10c-Tui)/qn, — MACCy paC-
TUIABJICHHOTO BEIIECTBa 3a BpeMsi [, TMPH MOIIHOCTH:
Pm :An (Tlnx'rn.“z);Tﬁsz

Torna, pa3aenus npaByo u JieByro yactu (15) Ha my,
TTOITyYUM:

M:T—[(‘L']nk-T],,o)/(TjnK—T,L,)](]-é ) (16)
rne M u T macca paciuIaBI€HHOTO BEUIECTBA M BPEMs B
OTHOCHTEITFHBIX SIIHATIIAX.

W3 ypaBHenns (16) MOXXKHO OTIpenennuTh Kak BpeMms,
HeoOXOoAMMOE IUI BBHIILIABKH TpPeOyeMOro KOIMYecTBa
HAIIOJHUTEINA, TaK U PACXOAYyeMyI0 IPH 3TOM C YIETOM
TEIUIOOT/AAaYH B OKPY’KAIOIIYIO CPEeIy SHEPTHIO.

BruiBoabl. [IpenoxenHas MmaremMaTiuueckasi MOJEIb,
KOTOpasl TIpeACTaBisieT coOoi cucremy andypaBHEHHH
BTOPOTO MOPSIIKA IIEPEMEHHON CTPYKTYPbl B 3aBUCHMO-
CTH OT TEMIIePATyPBI HATIOJTHUTEIIS, MOXKET OBITh UCTIOJh-
30BaHa Kak JJIs yIPaBIICHHUSI HarPEBOM B IPOIECCAX BBHI-
IDTaBKH, TaK M JUIS yIIPABJICHUS HATPEBOM IPH TEILIOBOM
pa300pKe MHOTORJIEMEHTHBIX COCIWHEHHUU C HATATOM.
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