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MOJIEJIMPOBAHHUE MPOLECCA 10O3UPOBAHHOI' O DHEPTO- U
MACCOIEPEHOCA TIPY CO3/JIAHAY HAHOPA3MEPHBIX ITOKPBITHIA
3AJJAHHOM TOJIIIMHBI M CBOWICTB

Byrtenko B.!., Ilonomapenko A.C. (xapeopa mexanuxu TTU FODY,
2. Tacanpoe, Poccus)

B coBpemMeHHOM MAaImIMHOCTPOEHHHM BcCe OOJbIIee pPacIpPOCTPAHEHHE HAXOIAT
Ja3epHbIE TEXHOJOTMH, B TOM 4YHUCIIE CBSA3aHHBIE C HAHECEHHMEM MOKPBHITHH. OcoOeHHO
NIEPCIECKTUBHBIM SIBJIETCSl CO3aHME HA IOBEPXHOCTH JAETANEH M3 KEIE30yIIIEPOAUCTBIX
CIUIaBOB HAHOCTPYKTYPHBIX MOKPBITHI 33JaHHOW TOJIIIMHBI M CBOMCTB. B CBfI3u ¢ 3TUM
BO3HUKJIA HEOOXOIMMOCTh B pa3pab0TKe MaTeMaTHYECKON MOJIENU TpoIiecca J03UPOBAHHOTO
JHEPTO- U MACCOIEPEHOCA NPU CO3LAHMHM HAHOPA3MEPHBIX IOKPBITUH KJIACTEPHOI'O THIIA B
YCJIOBUSAX UMITYJIbCHOTO AEMCTBUS NCTOYHUKA BO30Y KICHUS.

H3BectHO, 4TO IIOCTPOCHHE COBPEMEHHBIX AHATUTUYECKUX MoJenen
pacrpocTpaHeHus CyOCTaHIM, B TOM YHCIIe SHEPTHM U BEIIECTBA, Oa3UpyeTcs Ha THIOTE3e
HEpAaBHOBECHOUW TepMOAMHAMUKH [1], cOrimacHO KOTOpOIl BOJM3U PAaBHOBECHOTO COCTOSTHHS
NOCTYJMPYETCSl ~ JIMHEHHas  CBsI3b  MEXJIy IOTOKaMu dSHepruu (Temwnia) ¢ U
TEPMOAMHAMUYECKUMH CUTHAJIAMH X;, OIIPEeIIieMasi COOTHOLIEHUEM

q=2Lyx, (1)
rae L, — KuHeMaTuueckue Ko3((HIUEHTHI, XapaKTepH3yOIIUe YHEPTO- U MAaCCONEPEHOC.

YacTHEIMH BBIPAKCHUSIMU 9TOM THHIOTE3bl SBISETCI 3aKkOH Puka o MEPECHOCE
BC€IICCTBA

q=-D-grad C )
1 3ak0H Pypre 0 epeHoce Teria
g=A-gradT, 3)

JIeKAIINe B OCHOBE BBIBOJIA CIICAYIOMUX UG (HepeHIMaTbHBIX YPaBHCHHN

a—C=D-vzc; 4)
oT
a—C=a-V2T, (5)
oT

rae D — kosddunment qud pysuum;
V — oneparop I'amunbToHa;
C — ko3 puLmeHT TeMIepaTyponpOBOAHOCTH;
O — yZelbHAs TEIUIOEMKOCTb MaTepHana;
T — temniepatypa;
A — K03 (HUIHEHT TETUIONPOBOTHOCTH.
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VYpaBuenus (4) u (5) MoryT OBITh WCIONB30BAHBI JUISI OMUCAHWS JBOJIOLUU
BBICOKO?HEPIE€TUYHOTO HMMIYJBCHOTO M TEMIIEPATypHOTO TOJIEH COOTBETCTBEHHO TpH
MOJICJIMPOBAHUU MIPOIIECCOB JIO3UPOBAHHOTO SHEPTO- U MACCOTEPEHOCa.

CoBpeMeHHOE MOJEIUPOBaHUE Ipolecca MepeHoca, B TOM YHUCIEe U MOJCIMPOBAHUE
pactpoCTpaHeHus] CyOCTaHIIMU TPH MMITYJBCHOM BBICOKOTEMIIEPATypPHOM BO3IEHCTBUU Ha
Marepuaibl [2], OCHOBBIBAIOTCS Ha KJIACCHUYECKUX MpejacTtaBieHusx. [Ipeanonaraercs, 4Tto
MIPU BHICOKOMHTEHCUBHOM BO3MYIICHUU MMOJSI (KOHIIEHTPALMK BEIIECTBA UJIM TEMIIEPATYpPHhI)
JUHEWHAas CBA3b MEXIYy TMOTOKAaMHU U TPaJUEHTAaMHU COOTBETCTBYIOLIUMX CYOCTaHIIHMMA
HACTYIIaeT 4Yepe3 OIPEICIICHHbI NEepUuoa 7,, KOTOPbIH MOKHO Ha3BaTb BpPEMEHEM
penakcaiuu. OT 3TOTO MapameTpa 3aBUCHUT J03UPOBAHHOCTH PHEPro- U MaccolepeHoca U B
HEM HaXOJST CBOE HEMOCPEIACTBEHHOE OTPAKEHHWE NMPUUYMHHO-CJIEICTBEHHBIE OTHOIICHHUS
npoiiecca Co3/1aHus HAHOPA3MEPHBIX TTOKPBITHH.

ITycTte B HayalnbHBIM NEPHOA ¢ < T, DHEPrHsA M3Iy4YECHHUA NPAKTHYECKH IIOJHOCTBIO

TOTJIOMACTCS HICKTPOHAMH B IOBEPXHOCTHOM cioe Tommuuoii 10°...10° m. Benexcrsue
ATOr0 MPOUCXOJUT PE3KOE IMOBBIIMIEHUE 3JIEKTPOHHOW Temmeparypsl 1., TOrza Kak
TeMIeparypa KpPUCTAUIMYECKON pemeTku 7; MpakTUUYECKH oOcCTaeTcd NOoCTOSHHOU. C
T€YEHHUEM BpPEMEHU MHTEHCUBHOCTb MEpeAauyd HHEPruM CBOOOJHBIM  DJIEKTPOHAM
KPHCTAJUIMYECKON peIIeTKH Bo3pacTaeT. Haunnas co BpeMeHU ¢ = 7,, pa3HOCTb TEMIIEPATYP

T, — T, cTaHOBUTCS HE3HAYMTEIBHOM, a MOJIE XapaKTepusyercs ooOuiel TeMneparypoi. DToT

nepuoj 0ObIYHO NPUHUMAIOT 332 HIKHIOK IPAHUILY MpeEfelia peslakcalliu 7, TEMIEpaTypHOTO
II0JI1, KOTOPBIM CBS3BIBAIOT CO CBOMCTBAMH BO3MYILIAIOLIErO0 MCTOYHMKA. BepxHsas rpanuna
Ipezielia peslakcallui XapakTepu3yeTcss BHYTPEHHUMH CBOMCTBAMU MOJEIIUPYEMON CHCTEMBI.
OueBuHO, YTO MEXIY IEPHOJOM DEIAKCalMd MHUKPONPOILECCOB 7, M MAaKpOBPEMEHEM

pellaKcalyy 7, CyLIECTBYET OIpENENICHHAs CBA3b T, =T, (1'0).

B nepBoM npubnmxeHnH Npu MOJEIUPOBAHUM MPOLECCA JO3UPOBAHHOIO IHEPIoO- U
MaccolepeHoca 3Ty CBA3b MOXHO IOJy4MThb, OCHOBBIBAACh Ha MOJEIU CIy4yalHbIX
OJIy’)KIaHWH, COTJIACHO KOTOPOM JUCKPETHbIE IMEPEMEIICHUS] 4YacTUll MpU CO3JaHUU
HAaHOPA3MEPHBIX MOKPBITHMHA IMPOUCXOMAT HE3aBUCHUMO Jpyr OT Jpyra, T.e. MEXIy
HalpaBJICHUSIMU HET KOppEJsLMM UM BCE OHM PABHOBEPOSTHBHL. B 3ToM ciyuae mporiecc
NepeHoca MpU3HAKa MPOUCXOJUT C OECKOHEUHON CKOpPOCThbIO, a pa3HOCTHas MOJEIb
pacIpoCTpaHEeHUs TIOJISl COTJIACYETCSl ¢ KIIaCCHMYECKOW HenpepbiBHOW Moaensio [3]. Ecnu ke
YacTHULIbI 00JIafal0T «aMSThIO», T.€. B CIIy4ae OJHOMEPHBIX TUCKPETHBIX MEPEMELIECHUH, y
KOTOPBIX BEPOATHOCTh IIEPECKOKAa B IMPSIMOM HAIpaBICHUH p HE paBHA BEPOSITHOCTU
nepeckoka B 0OpaTHOM HaNpaBlIEHUH ( U, CJIEI0BATEIbHO, CYIIECTBYET KOPPENSLUS MEXKIY
CKaykaMl Y =p—¢, TO OTO TPUBOJUT K PEIAKCAlMOHHON MOJEIH DSHEpro- |
MaccornepeHoca.

KonmyecTBEeHHON XapakTEPUCTUKOM «IIaMATH» NEPEMEIIAONINXCS 4YacTHUll IpU
CO3/IaHUM  HAHOPA3MEPHBIX TOKPBITHUH, OTBETCTBEHHOM 3a TMEPEHOC OINpPEIEICHHON
CcyOCTaHIMU, MOKET CITY>KUTh (DAaKTOP KOppeaLun

f==7 ©)
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NOJYYCHHBI Ha OCHOBAHWUHM MOJENH Cly4alHblx Omyxmaanuii [3]. YuuTeiBas KOHEYHO-
Pa3sHOCTHOE YpPAaBHEHHE, MOKHO IIOJIYYMTH CBSI3b MAKPOCKOIIMYECKOTO IMapaMmerpa 7, C

MHMKPOCKOIIMYECKHUM ITapaMeTpOM 7, B Buje [1]

t.=f"1,. (7)

[Ipu 103upOBaHHOM PHEPTO- U MACCOMEPEHOCe MapaMeTp 7, MOXKHO HAMTH, UCXOMs
U3 crneuu(UKHd PpacHpoCTpaHeHHUsT B MaTepuasne TeMmmeparypHoro mons. Ilycte B
pa3palaTbiBaeMyl0 MOJEIb BHOCUTCS CBOWCTBO MHEpLUMH TeIUia (IHEPruu), Mo MpHIUHE
KOTOPOH MPH MHTEHCHBHOM BO3MYIIEHHH TEMIEPATYpPHOTO MOJIS MPOUCXOJUT 3ama3/IbIBaHIe
TEIJIO0TBO/IAa BO BHYTPEHHHUE CJION MeTauia. Temo J0KalIu3yeTcsl B IPUIOBEPXHOCTHOM CIIO€
HEKOTOpOi TommuHel O, . OTHOIIEHNE KBaJIpaTa 3TOTO XapaKTEPHOIO pa3Mepa K MapaMerpy

,XapaKTepHU3yIoIeMy CKOPOCTh U3MEHEHUSI TEMIIEPATYPHOTO IOJISI, MOKET OBITH MPUHATO 32
BEPXHIOIO OLICHKY BPEMEHH peaKcaliu.

CornmacHO 3TUM TPEANOJIOKEHUSAMH CBSI3b  MEXKJIYy TOTOKOM U TPaTUEHTOM
cyocTaHimu (Harpumep, TeMmneparypbl 7) BBIpaXaeTcs CIEAYIONIUM YpPaBHEHHEM C
3amna3bIBaOIINM apryMeHToMm [1]:

glx, t+7,)=-A-gradT(x, ). (8)

VYuursiBasg ypaBHeHHE (8) M 3aKOH COXPAaHEHUS DHHEPrMM MOXKHO TOJIYYUTh
COOTBETCTBYIOIIEE ypPAaBHEHHE [103UPOBAHHOIO JHEPrO- U MAaCCONEPEHOca INPHU CO3JaHHU
HaHOPA3MEpHBIX TOKPBITUN 33JaHHON TOJIIIMHBI W CBOMCTB B YCJIOBHUSX MMITYJIbCHOTO
JEHCTBUS ICTOYHUKA BO30YKIICHHS C OTKIOHSIIOIIMMCS apTyMEHTOM:

%:a-vz-ﬂx,t) )

[Ipennaraemast penakcalMOHHAs MOJENb JO3MPOBAHHOIO JHEPrO- U MAaCCONEpPEeHoca
(9) nmeeT MPUHLMIIMAIBHOE OTJIMYUE OT KJIACCUYECKOM, TaK KaK B HEM HAXOASAT OTpakKeHUE
HE TOJBKO 3BOJIIOIMOHHBIE CBOWCTBA PaclpOCTpaHEHHs CyOCTAaHIMH, HO U MX BOJHOBOM, a
TouHee (PPOHTOBOM XapakTep. B pe3ynbrare cTAaHOBUTCS BO3MOXHBIM YNPABIIATh POIiECCaMu
9HEpPro- M MacCONepeHoca, Mojaydas MpPU ATOM HAHOPAa3MEPHbIE MOKPHITHS NPAKTHUYECKU
000 TOJIIMHEI € 33JJaHHBIM HA0OPOM 3KCIUTyaTallMOHHBIX CBONCTB.
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