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o(HULHATBLHOrO ONMOHEHTA Ha IMCCePTALIHOHHY 0 paboTy
Huxkumunoit Mapraputhbl AjleKCaHJAPOBHbI
«DU3MKO-MaTeMaTHYECKOE MOJCIMPOBAHUE KPUCTAJIM3ALIMH TIEPEOXTakKACHHBIX
PACIIABOB M MEPECHIMIEHHBIX PACTBOPOBY, MIPECTABNEHHYIO HA COMCKAHHE yYeHOH
CTerneHH KaHauaaTa GU3MKO-MaTeMaTHYeCKUX HayK 110 CIeHalbHOCTH
1.3.14. Tennodusuka 1 TeopeTHYecKas TEMIOTEXHHKA.

B HacTosIIMi MOMEHT INO-NpeXKHEMY OCTaeTcs aKTyalbHOW mpobiiema
(GyHIaMEeHTATBHOrO U3Y4YeHHs ITPOLIECCOB KPUCTAIIIM3ALIMH KaK B IEPEOXIIaKIEHHBIX
pacriaBax, TaKk M B MEPECHILIEHHBIX pPacTBOpax: MEPBbIM W3 ITHX Cly4aes
npeacTaBiser cobOi OAMH M3 OCHOBHBIX TEXHOJOrMYECKMX [pOLIECCOB B
METaJTyprii, ¥ OT KayecTBa ero MpoBeJeHHs 3aBUCST XapaKTEPUCTHKH U CBOHCTBA
META/UIOB M CIUIABOB, YTO BaKHO IS pa3iU4HbIX 00sacTel MpOMBILIICHHOCTH,
HayuHas ¢ aBTOMOOHIILHOW M 3aKaHuYMBas CTPOMTEIBHOH; BTOPOW K€ BapUaHT —
KpPACTAJUTM3ALMs BEIIeCTB M3 MEPECHIEHHBIX PacTBOPOB — HAXOAMT LIMPOKOE
NpUMEHeHHe B XMMHYECKOM MPOMBIILIEHHOCTH ¥ GHOTEXHONOrHH, (hapMaKoIoruu
NpU TPOM3BOJACTBE M OYMCTKE JIEKapCTB MM Jpyrux Bemiects. Jlisi aHanusa
MPOLIECCOB KPUCTAIM3allMK OOBIYHO MCIOJB3YEeTCs KilacCH4yecKkas MoJesb, B
KOTOpOH CYMTaeTCsl, YTO PACTyLIMH KPUCTAll M30TPOINEH, MMeeT ChepuyecKylo
(GopMy, a €ero cocTaB He MEHSETCS C TEYEHHEM BpPeMEHH. DTO J0BOJBHO rpyboe
npubIMKeHHe, KOTOPOe He YYUTHIBAeT aHU30TPOINUIO KPUCTAIIOB MHOTHX BEILIECTB
¥ He MO3BOJISET MoJy4aTh Oosiee TOYHbIE pe3ybTaThl IPH MOJAETHPOBAHUH TTpoliecca
006bEeMHOMN KpUCTAILIIU3ALIUH.

Pabora M.A. HUKMIIMHONM MOCBSAIIEHA PA3BUTHIO KJIACCHYECKOro MOAXO0JAa K
MOJIEJIMPOBAHHIO BOJIIOLMK KPUCTAIIOB Ha HA4YaJIbHOM M MPOMEKYTOYHOM CTaaUsX
¢asoBoro npespaieHus. JuccepTaHTKoi OblIa NMpeANpHHATA yCHellHas MOMbITKa
clienath CleNyIOlIMi [Iar B HalpaBlieHHH y4eTa JOMOJHUTENbHBIX 0COOEHHOCTEH
npolecca KpUCTaTU3alliK, @ UMEHHO — JUIA PEeLIeHHs 3a/1a4M C [O/IBUKHON IpaHuLIeH
OB HCIIOJIB30BaHbl He cdepuyeckue, a 3JUIMICOMIANbHbIE KOOPAMHATBI, YTO
MO3BOJIMIIO YYECTh BBITAHYTOCTh PACTYLIMX KPHCTAUIOB BJOJb OJHOM M3 OCeH MX
pocTa.

B nuccepraimu 66111 mocTaBineHsl U pemensl 3a1a4u Credana uist BBITSHY ThIX
U CIUTFOCHYTBIX 3JUIMIICOMAANBHBIX KPUCTAJUIOB, a TaKkKe Obljia 3amucaHa | pelieHa
cucrema HHTErpo-AudQepeHnaNbHbX ypaBHEHHH Ui OJAHOKOMIIOHEHTHBIX U
GUHApHBIX PaclUiaBOB M TEPECHILIEHHBIX PacTBOpoB. PelneHue JaHHOH CHCTEMBI
MO3BOJIMJIO JMCCEPTAHTKE OMNpeNeNuTh (YHKIHMIO paclnpe/ielieHdss 4YacTHll 10
o6beMaM M CTeNeHb M3MEHEHHsS IepeoXJIaKIeHUs/IePECHIICHNsA KHUIKOCTH CO
BpeMeHeM. [TonydeHHbIe pe3ysbTaThl ABIAIOTCS MEPBLIM LIAroM Ha MYTH PasBUTHS
obmet TeopuM HyKJIealuuH i aHW30TPOMHBIX 4YacTHL, a MOCTPOEHHBIE MOJCIIH
MOTYT OBITh B JalbHEHIIEM HCIOJb30BaHbl M KakK OTMpaBHbIE TOYKM [/ aHalu3a
3aKIIIOYMTENbHOM cTaauu (aszoBoro npespaiueHus. B 3axmouenun paborst M.A.
HukuiHa noapoOHO OCTaHOBMIAch Ha IEPCHEKTHBAX M CIEJCTBUAX, OHH
JIEHCTBUTENBLHO BBITTISAAAT MaciuTabHO ¥ MHOrooGeIalolLIe.



Bo BBeleHHH OMKcaHa aKTyalbHOCTh TEMbl HCC/IEI0BAHMS, TOCTABJICHBI LIEJIH
M 3anaud, cOPMYIMPOBAHBI MOJOKEHUS, BHIHOCHMBIE Ha 3allUTy, 0DOCHOBaHa
Hay4yHasi HOBM3Ha, MPaKTHYeCKas U TeopeTHYeCcKas 3HaYUMOCTb UCCIIeI0BaHNA.

IepBas raaBa AUCCepTaLlMK COJAEPKHUT TPH pasjiena. B nepBoM U3 HUX aBTOp
noipoOHO OMHCHIBAaET TEKyIee COCTOSHHE NMPODJIeMBl U B LIEJIOM JAeT 3KCKYypC B
MCTOPHIO HCCIIeIOBaHus mpoleccoB (a3oBeIX NpeBpalleHui. Bo BTOpoM pasjene
Mpe/ICTaBlIeHbl peleHUs Tpex pa3iuyHbix 3ana4 Credana: Uit O/IHOKOMIOHEHTHBIX
¥ GMHApHBIX PaclIaBOB M JUIS TEPECHIIIEHHBIX PacTBOPOB. JTO KIACCHYECKHE
pellleHUsi C HCMOJIb30BaHUEeM C(HEpUYECKOH CHCTEMbl KOOpDAMHAT, OHHM CllyXkKaT
OCHOBOH 1 JajbHelllero aHajnusa. TpeTHil pasfiell COAEPKHT (pHU3HYecKoe
obGocHOBaHHe Oojlee [IMPOKOrO pACCMOTPEHHs MOCTAaBIEHHOM 3aja4d — B
HarpaBlieHUH y4eTa aHU30TPONMUK PacTyIlIMX KPUCTAIIJIOB.

Bo BTOpO#i raaBe JHMCCEpPTaHTKON cOpMynIMpoBaHa M pellieHa CUCTEMa
HHTErpo-audepeHnanbHbIX ypaBHEHHUH, onpezensiouas (hyHKLHIO
pacripeelNeHusi 4acTull 1Mo obbemMaM M (DYHKUMIO MEPEOXJIAXICHHUS CHCTEMBI B
OJJHOKOMIOHEHTHOM pacrnase. Jlns mnomydenuss pemenuss M.A. HukuiinHa
W3HayanbHO pemmia 3aaady Credana i HaXOKACHUS U3MEHEeHHs o6beMa OIHOTO
ITATICOMAAIIBHOIO KPUCTANTHYECKOTO 3apo/ibIllia, pacTyIlero B
OJIHOKOMITOHEHTHOM pacriaBe. BbIpa3zuB [aHHYIO0 BEJIHYMHY 4epe3 H3BECTHbIE
napameTpbl CHCTEMBI, OHa CMOTJIa TOCTPOUTH Hoee MoApoOHYI0 MOJIelb 3BOJIIOLIMH
TMOJIUIMCIIEPCHOTO aHCaMOIIs 3JUTHIICOMJANBHBIX YacTHIl M HAMTH aHAIWTHYECKOE
pelleHHe COCTABISIOUIMX 3TY MOJENb YPABHEHHUH.

B Tperbeii rinase chopMynupoBaHHas paHee Mojiellb Oblla paciidpeHa myTem
BBEJIEHHS B DPACCMOTpEHME TMOJsi KOHLEHTpALMi BOKPYI pacTyllled 4YacTHLbl B
JIOTIOJIHEHHE K MO0  TemmnepaTyp. PesyinbTaToM 9TOro sBHach (U3MKO-
MaTeMaTH4YecKas MOJIeNb Pa3sBUTHs 3JUIMIICOUIATBHBIX KPUCTAIIOB HAa HAYallbHOU U
NPOMEKYTOYHOM cTaauu (a30BOro NpeBpallleHHsi B Cliydyae IepeoxyaxIeHHbIX
OHHApHBIX PACIIaBOB.

B uerBeproii rinaBe M.A. HuxkummHa MCKIIOYMIIA TEIUJIOBOE IOJIE M3
MOCTAHOBKM 3ajgadd M peiumna 3amady Credana s pocTa 3JUIMIICOMIATbHOH
YaCTHIIBl, YYMTBIBas TOJIBKO KOHIEHTPALMIO B KUAKOCTH. Jlamee MocTpoeHHbIe
aHAJTMTHYECKHE pellieHHs OBLTH COMOCTaBIEHbI C IKCIIEPUMEHTAMHU U ObLIO NOKa3aHO
UX COOTBETCTBHE APYT APYTY.

B 3ak/1104eHHH NMPUBE/ICHB] OCHOBHBIE Pe3yJIbTaThl U BbIBO/IbI, I1PECTABIICHBI
MepCrneKTUBbI AalibHEHILIEro pa3sBUTHs UCCIIEOBAHHUS.

HayuyHnasi HOBH3HA [OJIyYEHHBIX pe3y/bTaTOB 3aKIIOYAETCH B Pa3sBUTHH
KJIACCMYECKOW TEOPUHM HYKJIeallid YacTHIl C Yy4eTOM OTIH4YHs (OPMBI PacTyILUX
KpUCTAIOB OT cepuyeckoi. JluccepTaHTKa Npeaioxuia HOBBIE MOCTAHOBKH H
COOTBETCTBYIOIIME pelieHUs 3aga4 CredaHa ¢ HCNOIb30BaHWEM BBITAHYTBIX H
CIUTIOCHYTBIX CHCTEM 3JUIMIICOMAANBHBIX KoopauHar. E#l 6bu1 cMOxenMpoBaH
du3MYeckuii polece 3BOMOLMH KPUCTALIOB Ha TEPBBIX ABYX CTaausx (azoBoro
MpeBpallleHusi, YTO T[O3BOJASET C OONblIeH TOYHOCTBIO W (DU3UYECKOH
060CHOBAaHHOCTBIO PACCYMUTHIBATH BPEMEHHBbIE W3MEHEHMs CBOMCTB pPacTBOPOB H
pacruiaBoB, ()yHKLHH pacnpe/ie/ieHus YacTHIL 10 0ObemMaM.

Ouenka 00OCHOBAHHOCTH H JocToBepHOCTH paborel. /[luccepraHTka



MCII0JIb30Bajla KIacCHYeCKHe METOJbl MaTeMaTH4yecKoro aHajiM3a M ONupalach Ha
OOILEeNpUHATBIE METOJMKH TOCTPOEHWs pelleHWH MAis 3afay JaHHOro THIIA.
[IpucyrcrByer anpobaius pe3yiabTaToB M WX CpaBHEHHE C 3KCIIEPUMEHTAlbHbIMU
JaHHBIMH, TOKa3aHO XOpOllee COOTBETCTBUE TEOPETHYECKOW MOJENH U pealbHBIX
JaHHBIX, NPOJAEMOHCTPUPOBAHA ae€KBATHOCTH IMpEATOKEHHBIX Mojenei. Bece Tpu
(GH3MKO-MaTeMaTHYeCKHe MOJIENH, MMOCTPOEHHEIE aBTOPOM, B MpEAENbHBIX CITydasx
CBOJATCS K KJIaCCHYECKMM MoJensiM cdepuyeckux dactuil. JluccepraHTka
npeAcTaBisia AOKJIaZbl Ha TeMy CBOero HcciefoBaHusi Ha |8 KoH(pepeHLHMsX
MEXKYHApOAHOro U BCEPOCCUHUCKOrO ypoBHs, omyOnukoBana |13 crateit, bonbluas
4acCTh U3 KOTOPBIX pa3MelleHa B BHICOKOPEHTUHIOBBIX KypHanax yposHei Q1 u Q2.

IlpakTHYeckasi 3HAYHMOCTb JJAHHOTO HAYYHOI'O MCCJIe/I0BaHUS 3aKIIH04aeTCs
B BO3MOMHOCTH HCIIOJIb30BaHUS IIOCTPOEHHBIX TEIUIO(PHU3UIECKUX MOJeNel B
METaJUTypru4eckoil U ¢apMakoJoruveckoi obsactTsax Ais yNpaBieHUs NPOLECCOM
BBIDALIMBAHHUA KPHUCTAUIOB W IMPOTHO3MPOBAHUS €ro JIWHAMMKH. TuiatenbHoe
ynpaBJieHHEe 3THM [IPOLECCOM T[O3BOJIMT CHU3UTH 3aTpaThl Ha IPOM3BOJCTBO
COOTBETCTBYIOLUX MPOAYKTOB U MOBBICUTH UX KAYECTBO.

ITo Aucceprauuu uMeTCs CIeaAyIOLIHe 3aMeYaHHs:

1. B nabopaTopHbIX M IPOMBIIUIEHHbIX KpPUCTAJUIM3aTOpPax CyIUIECTBYET

BO3MOXKHOCTh DPEryJMpOBaHUs TEIJIOBOI0/MaccoBOro MoToka (oxiaxaeHue
KHMJIKOCTH MJIM IPUTOK NpuUMecH). beiio 661 yMECTHO y4ecThb 3Ty BO3ZMOKHOCTb
B MaTeMaTUYECKOU MOJEITH.
M3BecTHO, 4TO QIyKTyalMK B CKOPOCTAX POCTA 3apObILLIed MOTYT NPUBOAUTE
K 2G(dexTy «pa3MbiBaHMf» (YHKIHH pachpesiesieHdss MO IMPOCTPAHCTBY
00BEeMOB KpUCTAIIOB. YueT 3Toro 3¢deKTa Takike ABIsgeTcs Lenecoodpa3HbIM
11t 060011IeHUs MOCTPOSHHON MOJIEITH.

3. B cuny TOro, 4to KpUCTAJUIM3aLlUs SBISETCS CYIIECTBEHHO HeoOGpaTHMBIM

[POLIECCOM, MOYKHO MPEAMNONIOAKUTE, YTO MPOU3BOACTBO IHTPONMUH UIPaeT B

HeW omnpejeneHHyo0 poib. K cokaneHuro, AuccepTaHTKa He MCMONb3YeT

TIOHSATHE IHTPOINHUHU B CBOEH paboTe U He YUUTHIBAET SHTPOMUKHHBIE Y3P(PEKTHI.

CdopmynupoBaHHble 3aMeYaHUs He CHHIKAIOT 3HAYMMOCTh JUCCepTAallMOHHON
paboThl, a ckopee SIBISIOTCS PeKOMEHIAlMAMHM IS JalbHEHIIEero pa3BUTHS HayYHBIX
MCClIEIOBAHUM.

o

3aknouenne. [IpencraBneHHas [auccepTralds BbIIIOJHEHAa aBTOPOM Ha
BBICOKOM Hay4dHOM ypoBHe. [lonyuyeHHble aBTOPOM pe3yJibTaThl SABIISIOTCS HOBBIMH,
JIOCTOBEPHBIMM M OOOCHOBaHHBIMHM. 3aMEuYaHHs He BJIHAIOT Ha o00ulyio
M0JIOKUTENBHYIO OLIEHKY paboThl.

Huccepranmonnas pabora Huxuumnaod Mapraputsel AnexkcaHIApOBHbI
npeAcTaBiaseT coboW 3aBEpIICHHYI0 Hay4YHO-KBaIM(PHUKAUMOHHYIO paboTy #
COOTBETCTBYeT nacnopty crneuuanbHocTd 1.3.14. Tennodusuka u TeopeTrHyeckas
TEIIOTeXHUKa U TpeboBaHUAM NMyHKTOB 9—14 «IlonoxkeHus o NpUcyKIAeHUH y4YeHbIX
CTENeHenW», MpeAbsBIsSeMbIM K AWCCEPTALMsM HAa COMCKaHWE YYEHOW CTENEeHH
KaH/IMJ1aTta HayK. ABTOp JUCCepTaLlMK 3acilyKUBaeT NMPUCYKIAECHHUS YYEHOH CTETIEHH
KaHAuaTa GU3NKO-MaTeEMaTHYECKUX HayK 1o cneuuansHocty 1.3.14. Tennodusuka
U TEOpeTHYecKas TeIIOTeXHHUKA.



S, Cykun MWBaH AHapeeBHd, Jal0 corjiacie Ha BKIIIOYEHHE MOHUX
IePCOHANILHBIX JIaHHBIX B JOKYMEHTBI, CBS3aHHBIE C pabOTOH AMCCEPTALHOHHOTO
coBeTa, U UX AallbHelIyo 00paboTKy.

OduuuanbHbli ONIOHEHT:

KaHIUAaT TEXHHYECKHX HayK, CTapIlIui Hay4YHbIA COTPYAHUK
HccenenoBaTeibCKoro LeHTpa MEIUIIMHCKOM HH(POPMATHKH

deepanbHOrO rocy1apcTBEHHOr0 Gro/UKeTHOro yupexkaeHus Hayku MHCTHTyTa
nporpaMMHBbIX cuctem uM. A.K. Aiinamassna Poccuiickoit akaieMiu HayK
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