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MOJAEJIMPOBAHME IMPOLECCOB 3ATBEPJAEBAHUSA
N OXJVIAKAEHUA IBU/KYIIUXCH PACIIVIABOB
B CIHIEHUAJIBHBIX TEXHOJIOT'UAX JIMThA

JlokT. TexH. Hayk, npod. ECBMAH P. U., kana. Texn. nayk IIIYB JI. K.

benopyccruii nayuonanshulil mexnuyeckuil yHugepcumen

PaspaGoTana MaTeMaTH4ecKasi MOJEIb (POPMUPOBAHMS TOHKOCTEHHBIX OTJIH-
BOK CJIOKHON KOH(UIYpalMu B METaIIMYecKol (opme, Te 0coboe 3HauYCHHE
HUMECT HadajJlbHad CTagusd 3allOJITHCHUA C OAHOBPEMCHHBIM 3aTBEPJACBAHUEM MC-
Tallla B MpoLiecce TeUeHHs B TOJOCTH JIUTEHHON (OopMbl. AHAIU3 dTUX (AKTO-
POB COBEpILIEHHO HEOOXOAUM HPH PACCMOTPEHHH YCIOBHI (JOpPMUPOBAHUS TOH-
KOCTCHHBIX Q)aCOHHI)IX OTJIMBOK, BPEMs 3aTBCPACBAHUA KOTOPBIX COU3IMEPUMO
C BpeMeHeM 3aroNHeHUs. POPMBI.

YKCIEeHHBIM METOIOM MPOBEJIEH PacueT 3aTBEPAECBAHUS U OXJIaXkKICHHUs JBH-
’KYILErocs paciiapa B MOJIOCTH IUIHHIPHIECKOH (POPMBI 3aJaHHOI T€OMETPUHL.
PacyeThl BBHINOJIHEHBI I ABYMEPHON MOJIEIH C YUYETOM NEPEMEHHOM BA3KOCTH
metamna kak ¢Qymrkuun temmneparypsl (W= f(T) Bo Bcell obGmactu TeueHwms.

B kadecTBe MCKOMBIX (3aBHCHUMBIX) MMapaMeTPOB BLIOPAaHBI COCTABISIOIINE CKO-
pOCTH u U V (B IPOJIOJIBHOM M MOMEPEYHOM HANPABICHUSX ), TaBJICHUE B MOTOKE
p, GYHKIMH TOKa Y, TeMIepaTypsl I B MOTOKE, 3aTBEP/ICBIICH KOPKE METaslia,
dbopwme [1].

YucrneHHOEe pelIeHUE 3a/a4d TONYYCHO KOHEYHO-PA3HOCTHBIM METOJIOM.
JIJiss HaXOXKACHUS TUCKPETHOTO aHAJIOTa CHCTEMBI MU depeHIManbHbIX ypaBHe-
HUI MepeHoca M KpaeBbIX YCIOBHH HCHOINB3YeTCsl HeperysipHas (pacTsIruBaro-
masics) CeTKa CO CTYIICHHEM y3JI0B BOJNM3HM KOHTAaKTHBIX Tpanwmil. [l pacuera
COCTaBJISIFOIIUX CKOPOCTH TIPUMEHSIETCS IaXMaTHAas CETKa C PacIoJOXKCHHEM
MIepEeMEHHBIX 10 cxeMe «Oymepanr» (puc. 1). Kontyp, nMmerommuii popmy Oyme-
paHra, OXBaThIBACT TPHAIY Y3JIOBBIX TOUEK, B KOTOPBIX XPAHUTCS WHPOPMAIHSI
0 NaBJICHHH, TEMICpPaType M JAPYTUX MEPEMEHHBIX, 32 HUCKIIOYCHHUEM COCTaB-
TSIOMUX ckopocTu. Ilpw Takoil cxeMe COCTaBISIONINEe CKOPOCTH ¥ MV (pacto-
JIaraloTCsl HEMOCPEICTBEHHO Ha IPaHsAX KOHTPOJIBHOIO 00bEMa, OXBATHIBAIOIIETO
Y37IBI CETKH, YTO JaeT BO3MOXKHOCTh WCIOJB30BATh WX HEIIOCPEACTBEHHO IS
omnpeeeHNs KOHBEKTUBHBIX TIOTOKOB U PacyeTa IpaJleHTa IaBICHMS.

a 0
o)

Puc. 1. KonTposnbHble 00beMBbI Ha IIaXMaTHOW CETKE: a — PACIOIOKEHHUE TIEPEMEHHBIX 110 CXeMe
«OyMepaHD; 6 — KOHTPOJIbHBIE 00BEMEI C ITOJIF0CAaMH B TOUKaxX P
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3anuieM ypaBHEHHUS, ONPEAEIAIOIINE TEUSHNE KUIKOTO MEeTajla U TeTJo-
o0MeH BO Bceil pacuetHoii obnactu L x R. YpaBuenune sHepruu B umnmusapu-
YEeCKUX KOOPAWHATaX UMEET BUA

or 1({orv,T orv,T 1| 0 oT 0 oT
pC| —+— +— =—| —| MA— |[+—| r’A—|. 1)
ot r{ ox or I ox ox ) or or

B neBoii yacTH 4ieHBI, CTOSAIINE B KPYTIBIX CKOOKAX, OTPEIENISIIOT KOHBEK-
TUBHBIN TETJIONEPEHOC. DTH WICHBI CIeAyeT YUUTHIBATh TONBKO B 00JacTH, 3a-
HSTOM KaHaJIOM C JIBIXKYIIMMCA >KUIKUM MeTajioM. Bo Bcell octanbHOM pac-
YEeTHOH 00JIacTH IS METAIJIMYecKOi QOpMBI, CTEpPKHS U 3aTBEPIECBIIETO Me-
TaIIa CIeLyeT MOI0KUT OrV, T/0X+orv, T/or =0.

Ecmu Obl TedeHUe TPOUCXOAMIO TPH TMOCTOSHHBIX TEIUIO(HU3NIECKIX CBOM-
CTBaX JXKUJIKOCTH, TO JJISI €TO OIHCAHMS CIEAOBAIO ObI BOCIIOIB30BATHCS YpaB-
HeHusmMu HaBpe — Crokca. l3MeHEeHHe BS3KOCTH OT TEeMITEPaTyphl MOKHO
y4ecThb, IPUMEHsS GOpPMYy YpaBHEHHH KOJIMYECTBA JBIIKCHUSI B HATIPABIICHHSIX.
C y4eToMm CKa3aHHOTO B IWJIMHAPHYECKOW CHCTEME KOOPAWHAT YPaBHEHUs JIBH-
KECHUS 3aIHILIEM CIIeIyOIUM 00pa3oMm:

* ypaBHEHHE HEPA3PHIBHOCTH

o, o _g @)
or  ox

®* YPaBHCHHUC MU3MCHCHHS KOJIMYECCTBA IBHKCHMS B IPOCKIIMHU HA OCh I

aVr +Vr%+VX%:—£a_p+lirTrr +£Trx :Tﬂ’ (3)
ot or OX por ror OX r

® YPAaBHCHUEC UBMCHCHUA KOJINYCCTBA ABUKCHHUA B IIPOCKIHUN HA OCh X

OV +V, OV +VX%= —la—p+li I, +irxx. 4)
ot or OX por ror OX

Jiiss maMUHApHOTO peXMMa TEUeHHs HampsbkeHus, Bxopsmue B (3), (4),
BBIPAXAIOTCS CIEIYIOIUM 00pazoM:

ov. oV ov
rrxzu( aerr 8;]; T =20 arr;
5)

X .
’

o = 2 ox

V
T, =2Uu—.
P r
C y4yeToM nepeMeHHO# BA3KOCTH |l B BRIpOKEHUAX (5) mepenuiieM ypaBHe-

HHs HCPA3phIBHOCTH M KOJIMYCCTBA ABHKCHU B BUJIC:

oru  orv

—+—=0, 6
oX or ©)
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@+l(aruv+8rv2j:1[6(rué’v}ri(m@)}rg; (7)

ot r\ oXx or F& & or or
ou  1foru? oruv) 1 a( auj a( 6u)
—+= + == |==| =—| rpu=— |+—=—| ru=—1|+Q,, 8
ot r( x| or J r{ax Wax ) ar Mor )T ®)

T1€ HICTOYHHUKOBBIC YJICHBI Qv n Qu COOTBCTCTBCHHO PaBHBI:

op Ouov ouadu .
Q=—"+—"—"+—7;
or oror oxor

(9)
op oOuodu Ouov

Q= OX OX OX oOr X

[pu 3anmmcu BeipaxeHuit (5)—(9) ucmonb3zoBaHbl Oe3pasMepHBIC Iepe-
MEHHBIE!

(X,F)=(xr)/R; u=v,/uy; v=V,/u,
(10)
t_ZtUO/R; H:H/(PfuoRl); ﬁ:p/(pfug)'

YEepTOYKH HaJX KOTOPHIMH B ypaBHeHUsX (6)—(10) w B mampHeWmieM omy-
IICHBI.

Beenem Tatoke GespasmepHyto Temnepatypy © =(T —Tw)/T,, rae T — Tem-

neparypa OKpy>Karolei cpeapl, ¥ nepenuuieM Beipaxkenue (1) B Buze

o® 1(oru® 1| 0 \Y{C)] 0 00
pU RCl —+— = —|m—|+—| rAr—||. (11)

ot r\ or r| ox OX or or
HauanbHble ycIOBUS O CKOPOCTH MOJYYAIOTCSl U3 PEIICHUS CTAllMOHAPHBIX
ypaBHEHHMI JBW)KEHHUS B KaHaie MpH u3oTepMuueckoMm mpouecce T = Ty Jns

OTOT'0 CTALIMOHAPHLIC YPABHCHUA KOJIMYCCTBA ABUIKCHUA, KOTOPHIC MMOJIYUarOTCA
3 BeIpakeHui (7), (8) mpu nmpupaBHUBAHWN K HYJIIO JIOKATBHBIX TTPOU3BOIHBIX

no Bpemenu OU/Ot =0, pemarotcs Npu MOCTOSHHBIX (U3MYECKUX CBOHCTBAX

’KUJIKOCTH, COOTBETCTBYIOLIMX HauyaJgbHOW Temmepatype 7 — Toi, U MOJTy4YCHHbIC
MOJISI CKOPOCTH M JJABJICHUS IPUHUMAIOTCS 32 HaYaJ bHBIC YCIOBHSL.

JInst onuvcaHusi YMCIEHHOTO MeToja nepenuuieM ypasHenus (6), (8), (11)
B 0600menHON Gopme

aagbi[@ﬁﬂjzdl i[rraﬁji[rraﬂj Q. (12)
ot o\ ox or r| ox ox ) or or
rne®=1,u,v,0.

B Beipaxkenuu (11) BemuuuHs! p, ug, R, ¢ u A — pa3mepHbIe, OCTaIbHBIE —
GespasmepHble. Beenenne Ge3pasmephbix kommiekcos Re =p Uy R /u u Pr =

= Cpu/A He UMeeT CMBICIA BBHIY IEPEMEHHOCTH (U3UYECKUX CBOMCTB Cpebl
B 00JIaCTH TEUYCHUS M BO BCEH pacueTHOM 00JacTH.
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Jusa pemennst cuctemsl ypaBHeHui (6)—(11) HeoOXoauMO CHOPMYITHUPOBATH
HayanbHbIe W TPaHUYHBIC ycloBHs. HadanbHble yCIOBHA 1O TeMmIeparype Kak
OOBIYHO MPUHUMAIOTCS TIOCTOSHHBIMH B KaXIOH W3 MOJ00JIACTEH, a UMEHHO:
npu t = 0 B momobnactu | (xuaxuii metamn) 7 = Toy; B mogobnactu 2 (MeTauiu-
geckas popma) 7 —Tgp.

CdopmynupyeM rpaHHYHbIE YCIOBHS Ha HApy>XKHON MOBEPXHOCTH (OPMBL,
Ha OCH CHMMETpPHH, B IUIOCKOCTSIX BXOIHOTO M BBIXOZHOro cedyeHuid. Ha
Hapy>XKHOW MOBEPXHOCTH (POPMBI MPUHUMAETCS YCIOBUE TEIIOOOMEHa ¢ OK-

oT

pyxatomeit cpemoit — ka—:a(T —TOO), a Ha OCH — YCJOBHE CHMMET-
r

pun OT/0r =0. B Ge3pazMepHBIX MEPEMEHHBIX TH YCIOBHS TEPEMUIIYTCS

B BHJIC!
emipur =1
00 =BiO.
o
emmpu r =0
%0 _
o

rae Bi= % (A — ko3 pUIEEHT TETUTONPOBOJHOCTH MaTepuaia GOpMBbI, B3STHIH
MIpU TeMIIEpaType HapyKHOM MOBEPXHOCTH).

Jis COCTaBIAIOIINX CKOPOCTU C Y4YETOM JIAMMHAPHOTO TEUEHHs Ha TBEp-
IBIX CTEHKaX BBIMOJHIIOTCA YCIIOBHA «Opriunanus». Ha Bxoxe X = 0 u BeIxoze
X = L ams cocTaBISIONIMX CKOPOCTH M TeMIIEpaTypbl NMPUHUMAIOTCA MSTKHE
TpaHUYHbIE YCIIOBUSA, 3aKIIOYAIOIIMECS B. PABEHCTBE HYJIO IPOM3BOIAHOM IIO
MPOJOJILHON KOoOpIuHaTe. ITO 00YyCIOBIEHO PaBHOMEPHBIM XapaKTEpOM Teue-
HUS U TEIUIONEpeHoca.

Ecnyn npoekuny CKOpOCTH IOMEIAIOTCS TOCPEIMHE MEXIY Y3JaMHU, B KOTO-
PBIX 3a7aHbl 3HAYEHUs AABJICHUS, TO MOKHO JIETKO PacCUMTHIBATH COOTBETCT-
BYIOIIVE TPaJUEHTHl JABICHNS, KOTOPHIE BXOAST B YPaBHEHUS KOJIMYECTBA JBH-
xeHus. Kpome Toro, mpu Takol cxeme COCTaBIISIOLINE CKOPOCTH PacIolararoT-
Csl HEMOCPEICTBEHHO Ha IPaHsIX KOHTPOJIBHOTO 00beMa, OXBATHIBAIOLIETO Y3JIbI
CEeTKH, W 3TO JaeT BO3MOXHOCTh MCIOJB30BaTh UX HETMIOCPEICTBEHHO IS OTIpe-
JieNieHUs. KOHBEKTUBHBIX IIOTOKOB. B pacuerHo# 00iacTu pacnonaraiuck nocpe-
JIUHEe MEeXy y3JaMHM, YTO MO3BOJISET MMOMECTUTh HOPMAJbHBIE COCTABIAIOLINE
CKOPOCTH HETOCPEACTBEHHO Ha rpaHuuax. /[ mocTpoeHns pa3HOCTHBIX aHAJIO-
T'OB YPaBHEHHH KOJIMYECTBA IABMKCHHS HCIIONIB3YIOTCA KOHTPOJIbHBIE OOBEMBI C
LIEHTPOM B TOYKAaX PACIIOJIOKEHHUS COOTBETCTBYIOIIMX MpOeKLuit ckopocT. Ta-
KM oOpa3om, s nepeMeHHbIXx @ = pT U cOCTaBISIONIUX CKOPOCTH U U V HUC-
HOJIb3YIOTCS] TPU BUJA KOHTPOJIBHBIX 00BEMOB, CMEILIEHHBIX OTHOCUTEIBHO IPYT
npyra (puc. 1).

PaccmoTpuM pa3HOCTHBIM aHanoOr ISl YpaBHEHHS KOJIMYECTBA JIBUKCHHS
B IIPOEKIMU Ha MPOJOJIbHYIO KOOPAMHATY. BbloennM dacTe MCTOYHMKOBOTO
YJIeHa, CO/IEPIKaIeT0 pa3HOCTh AABJIEHUS B JIByX COCETHHUX y3JIaX CETKU!

Ciu, = Chug + Gy, + Couy, + Ciug + A = (py —p,)+S,,  (13)
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roe A, =rpAr; S, — WMCTOYHMKOBBIH YIECH C MCKIIIOYEHHBIM T'PaJMEHTOM JIaB-

JICHHSL.

Pa3HoCTHEIN aHAIOT COCTaBISETCS Ml YPAaBHEHUS KOJUYECTBA JIBIDKCHUS B
MIPOCKITUH Ha PaTUaIbHYI0 KOOPJAUHATY

v _ v v v N
Cov,=Crpvy +Cyvy +Csvg + Ag =(ps —p,) +S,. (14)

[ockonbky 3HaueHus aaBieHus, pxoasmue B (13), (14), He U3BECTHBI, MPH
WX PEIICHUH TOJICTaBIIsIEM HAITy4Ilie, U3BECTHBIC K JAHHOMY MOMEHTY 3Haue-
HUS IS TIOJIS aBJlieHus p . B pe3ynprare moiydaeMm mpeaBapUTeNbHbIC 3HAUe-
HUS COCTABJISIOIIUX CKOPOCTH ¢ W V . Takum 0Opa3om, UMeeM:

Coupy = D Clu; + Ay(py = p,)+S,; (15)
i=E,W,N,S
Covy =2 GV + A'(ps = Py) +S,. (16)

AJNTOPUTM pacueTra TeYeHHS M 3aTBEPACBAHMUS KUIKOTO METalia B IMIINH/-
pUYeCKOl JIMHEHHO! TMOJIOCTH W TEIUI00OMEHa CBOAWTCA K clieAyromeMy. BHa-
qajic NpOU3BOAUTCA pacd€T HAYaJIbHOI'O ITOJIA TCUCHUA B MOJIOCTU B IPCAIIOJI0-
KEHHH U30TEPMUYHOCTH TeueHus. [ pacueTa THIPOJUHAMHYECKUX MapaMeT-
pPOB Te4eHUs u, V, p HUCIOIB3YEeTCS METOJ YCTaHOBIECHUS, KOTOPBIH COCTOUT B
cJeAyIoUIed uTepallMOHHOM poLeaype.

B y311B1 COOTBETCTBYIOMINX CETOK 3aHOCHM IPOM3BOJIbHBIE TIEPBOHAYAIBHBIC
3HAYEeHHsI IMEPEMEHHBIX — COCTABISIONIUX CKOPOCTH u, V, JaBIICHUS M TPaJucH-

TOB aBnenus Bo BxogHoM (Jp [0x) u Beixonnom (Op/0Ox),, cedeHmsx, KOTo-

pbie OOBIYHO MMPUHUMAIOTCS HYJIEBBIMU M 33JIAFOTCS BPEMEHHBIM I1aroM At.

Ucnonezys coorHomenus (15) u (16), HaxomuM npeaBapUTEbHBIE 3HAYSHHUS
COCTABJISIOIINX CKOPOCTH ¥ MV B y37aX CeTKH Ha JAHHOM BPEMEHHOM CIIOE.
Kaxmoe ypaBuenue (15), (16) COmepXHT IO TATHh HEW3BECTHBHIX (DYHKIHMHA Ha
paccMaTpuBaeMOM BpEMEHHOM clioe (B y3ie P U B YETHIPEX CMEXHBIX y3max F,
W, N, S). CoBOKYIHOCTh TaKuX ypaBHEHHH, 3alMCAHHBIX JJISl BCEX BHYTPEHHHX
Y37I0B ceTKH (BKITFOYAst y3JIbI, JIXKAIIMe Ha BXOJHON M BBIXOIHOW TpaHUIIAX) H
JIOTIOJTHEHHBIX Pa3HOCTHBIMHU COOTHOIIEHUSMH, BBITEKAIONINMH W3 TPAHUIHBIX
YCIIOBHH, 00pa3yeT CHCTeMY YpPaBHEHHM Uil ONpeJesiCHUsT HEM3BECTHBIX Y3J10-
BBIX 3HAYEHHWI NEepeMEeHHBIX. Pelenne CHCTeMBbl TPOU3BOANUTCS METOJOM JIH-
HeliHoTO ckaHupoBaHus. Iy sToro B kKaxmoMm ypaBHenmu tuma (15), (16) ase
y37I0BBIE TIepeMeHHbIe, Hanpumep B y3nax £ u W, 6epyTtces ¢ npeapiayero Bpe-
MEHHOT'O CJIOS; TeM CaMbIM YPaBHEHHS CBOISTCA K TPEXTOYCYHOMY aHAIIOTY,
pelieHrne KOTOpOro MPOU3BOAUTCS METOJIOM MPOTOHKH. B aToM ciywae o0xon
Y3JI0B OCYIIECTBIISICTCS 110 CETOYHBIM JIMHHUSM, SIBJISIFOIIUMCS paJHaibHBIMU KO-
OpAMHATHBIME TpsIMbIME. HaiiiecHHBIe TaKiM 06pPa30M MO CKOPOCTEH u H V|
CUHTAIOTCS TPEABAPUTENLHBIMH HA TaHHOM BPEMEHHOM CIIOE.

[Ipu HecTalMoOHApHOM peXHME MPOU3BOAMTCSA pELICHHE IOJHOM cHcTe-
MBI ypaBHECHHH, BKIIOYAIONICH B ceOs ypaBHEeHHs ABIKeHMS (6)—(8) m ypaBHe-
Hue sHepruu (11), mpu 3TOM ypaBHEHHS JABMIKCHUS PEIIAIOTCS TOJBKO B 00Jac-
TH, TPUXOJAIICHCS HAa JWTEHHYIO TOJOCTh, & YPaBHEHHE DHEPIHMH — BO BCEH
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pacdetHol obnmactu. Ha kakoM mmiare 1mo BpeMeHHU pacueT MPOU3BOAUTCS B TPH
JTarna:

* PACCUUTHIBAOTCS MOJISI TUAPOANHAMUYECKUX TApaMETPOB B 00JaCTH, 3aHs-
TOHN ABMXKYLIECHCS )KUIIKOCTBIO;

* oTpeeNsIeTCs ToJie TEMIIEPATyp BO BCEH pacUeTHON 00JIaCTH IyTEM pellie-
HUS ypaBHEHUS >Heprud. KOHBEKTHBHBEIC UYJICHBI BRIpaKeHHS (8) B 00JIacTsX,
3aHATBIX TBEPJbIM MATEPHUAIOM, KOKHUJIEM, CTEP)KHEM M 3aTBEPJCBIIMM MaTe-
puaroM, IPUPABHUBAIOTCSA K HYIO. B mocnemuelr 001acTH 3TO MPOU3BOIUTCS
ABTOMATHYECKU 3a CUET HYJEBBIX 3HAYEHUW CKOpOCTH u W V. [ns peuieHus
YPaBHEHUS SHEPTUU TAK)KE MOKET HUCIOJIb30BaTHCA METOJ| IMHEUHOTO CKaHUPO-
BaHUS;

* HaiiJIeHHbIE 3HAYEHUS] TEMIEpPaTypbl MPUMEHSIOTCS JIJIsl pacueTa y3J0BbIX
3HAYCHUH KO3(PPHUIMEHTA ITUHAMHYECKON BS3KOCTH |L B IOJIE JBHXKYIICHCS
KHUJIKOCTH, KOTOpBIE 3aTeM OYyIyT HWCIOIb30BATHCA JIs pacyera TeueHUs Ha
CJIEAYIOIIEM BPEMEHHOM IIOJIE.

BBIB O I bI

B pabote nccnenoBaHbl TEMIOPU3NIECKAE W THAPOIUNHAMUYSCKHE OCOOCH-
HOCTH JBIDKCHUS JKUJKUX METAIOB U CIUIABOB B KaHAllaX HUIMHIPHYECKOTO
ceueHns. Pemiena compspkeHHasl 3ajava TUAPOAMHAMHUKNA W TEIJIOOOMEHA TIpH
JIBIDKCHHUU PACTLIABOB.

B PE3YIbTATC MPOBCACHHBIX I/ICCHeZIOBaHI/Iﬁ YCTAaHOBJICHBI HOBBIC KOJIHNYECT-
BEHHBIC COOTHOIICHHSI MEXK/Y TCIJIOBBIMUA U THAPOAMHAMHYCCKHMHU Tapamer-
pamMu JBIDKYINErocs MeTayia. M3 aHalin3a TeMIepaTypHbIX U CKOPOCTHBIX II0-
JIeH BBISIBIICHO BITMSIHUAC KPAEBBIX YCIOBUM Ha CTPYKTYPY MOTOKA paCILIaBa.

AHaM3 NpoIeCCOB TEIIOMACCONIEPEHOCA ITPU TCUCHUU KHUJKUX METAIIIOB H
CIUIAaBOB MPOBEJICH C YYETOM 3aBHCUMOCTH 3 (EKTUBHOM BSIZKOCTH OT TeMIlepa-
TYpBI BO BCe# 00IaCTH TCUEHHS.

U3 ananu3a pe3ynbTaToB MaTeMaTUYECKOTO MOJICIIMPOBAHUS U YUCIEHHOTO
SKCIIEPUMEHTA BBISBICH (PU3UYECKHN MEXaHU3M TEUCHHUS JKUIKUX METAJUIOB H
CIUIABOB C M3MEHSIONIEHCS BA3KOCTBIO B KaHANaX HUIMHIPHYECKOTO CEUCHHUS.
HccnenoBanne MONYyYECHHBIX KAPTHUH JIMHUA TOKA MO3BOJSET ONPEACIUThH 30HBI
BUXPCBOTO HUPKYJSIHUOHHOI'O TCYCHUA B KOJIBLCBBIX HUIMHAPHUYCCKHUX KaHa-
JIaX, YTO OTKPBIBAECT BO3MOXHOCTU MPOTHO3UPOBAHUS PACIIONIONKEHHS JedeKT-
HBIX 30H B U3ACIIUAX, IOJYUACMbIX CIICHUAJIBHBIMU TEXHOJIOTUAMU JIUTHA ()KI/II[-
KoM mTaMHOBKOﬁ, METOJaMU BBIDKUMAaHHS U HETIPEPBIBHOT'O JINTHA U Ilp)

Pe3yipraTel MaTEMaTHYECKOTO MOJCITUPOBAHUS U YUCICHHOTO DKCIICPUMEH-
Ta TI03BOJISIFOT ONPECIUTh OCHOBHBIC YIPABJISIIOIINE MTAPaMETPhl CICIHATbHBIX
TEXHOJIOTHIA JIUTHS.
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