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OBLIAST XAPAKTEPHCTHKA PABOTBI

_ AKTYanbHOCTL Tembl Auccepraunn. Pausee B Huctutyre OH3NKH UM,
akazemuka K. Xeenbacsa HAH KP cotpyanikamu naGopatopus «I[lopowxossie
MaTepHanel»  Gbiin paspaGorausl  Texmonoruu NOMYYCHHS  HOBBIX
KCPAMOKOMMO3HUHOHHLIX MATCPHANIOB HA OCHOBE HHTPHAR KPCMHHS METOZOM
PCAKUHOHHOrO CMEKaHHA KPEMHHA C a30TOM [1,2). Oamako, mns nosyueHHs
KOHKPETHOrO HHTPHAOKDEMHHEBOTO M3ZENHS C ONTHMATBHOMN CTPYKTYpOii # ¢
TpeOyeMBIMH  DyHKUHOHANBHBIMI  CBOTCTBAME HEoGX0AHMO  npoBoAHTS CEpHIO
AOPOroCTOALHX IKCMEPHMEHTOB. :

Ana wsyuenns npoueccos, mporexaioux NPH  pCaKUHOHHOM CreKaHHn
MOPOLIKOB KPEMHHA B CPeAC 230TA M AN BHIABACHHA ONTHMATBHLIX ycnosuii
PCAKUHOHHOrO CrickanHs, TPeGYETCA 3HATH: 3aKOHOMEPHOCTH CKOPOCTH NpeBpAIlCHHA
ATOMOB KDCMHHS B HMTDHR KPCMHHS; KHHCTHKY 3BOMIOLHN H3MEHEHHA
OTHOCHTCNLHOH ~KOHUENTpauHH asota B mpouecce PCAKUHOHHOIO  CrieKaHHs
TNIOPHCTOr0 KPEMHHEBOrO M3ACAHA; & TAKKC BHCLIHHX perynupyeMsiX napamerpos
cnexanus. Pewenne nannoii 3anaun Heso3MoXHO 6¢3 TCOPETHYECKOrO aHANH3a |
HCJIEHHOrO  MOJIENHPOBAHHA MPOUECCOB HATPEBA M  PEAKUMOHHOTO CHHTE3A
- HMTPHIOKDEMHHEBLIX H3AENHHi, KOTOPLIC NO3BONAIOT CYLECTBEHHO COKDATHTh HJIH
TOJHOCTLIO 3AMEHUTE CEPHIO AOPOrOCTOALINX SKCNEPHMEHTOB. B chasy ¢ ITHM, B
paotre Ghina paspaGotana (u3uko-MaTematHuccKas  Mogenb  u npoBseaexs!
UHCJICHHBIC pAcyCTL! PEaKUHOHHOTO CMEKAHHA NOPOIIKOBOTO MEJIKORHCIIEPCHOro
KpeMmHHA B aTMocepe asora. Tlpu Mozennposanuu peakunomnoro A30THPOBaHMS
KPEMHHS yUHTBIBATHCH (PUIHYECKHE MPOLECCH TEemIo- | Macconeperoca pelecTsa,
FA30NHHAMHKA, @ TAKKE ICTCPOrCHHAs KPHCTALIOXHMHYECKAs peaKuis Mexay
aTOMaMH KPHCTAIHYCCKOM PElETKH 3ePeH KPEMHHA H HOHAMK azota. Kak nporexkaer
NPOLECC CHHTE3A HHTPHAR KPEMHHA, €€ HAYHHOE NOHHMAHHE H H3YHCHHE C OMOMIBIO

'MOACIHPOBAHMA ABNACTCA aKTyanbHoll KaK ¢ HaywHol, Tak M ¢ MpaKTHYECKOH
CTOpPOHBI. : :
CBi3b TeMbI JHCCEPTALMM € KPYMHBIMH HAYSHBIMK NPOEKTAMH H HAY4HO-
HccaeaopaTensekimMu paGoramu. PaGora HENOCPEACTBEHHO BLINOAHANACH B TECHOM
cBA3n ¢ remarixoii HUP naGopatopun nopoukossix Matepuaos Hucturyra dusnxu
HMenH akanemuka K. XeenGacsa Hauwonanshoif axanemun nayx Kuipraisckoii
Pecny6auku 8 Teuenne paaa ner (c 2015 no 2020 IT.), yTBepxacHHbIX [Tpesnamnymom
HAH KP, cornacio nmanam HHUP Huctutyra ¢usuxu no nummmm rocGiomkera
Kvipreisckoit Pecny6Gnuku. ; :

OGuexT wuccaenopauns - 3aKOHOMEPHOCTH  mH(dy3uoHHOro  Temo-
MAccONepeHoca ¢ PCakuMOHHBIM CHHTC30M B NPOLECCE CNEKAHHA KPCMHMEBBIX
TNOPOWIKOBLIX H3AENHIt pasnHuHOl Kondurypauns B atMocdepe uicToro asora.

-~ Ilpeamer mccienoBanus ~ BIHAHHE BHEUIHHX NapameTpoB H KOH(HrypauuH
n3nennit (pasmepn! # Gopma) Ha KHHETHKY CHHTE3R HHTPHIA KPEMHHS.
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Leasto paGorsi  ssnserca  paspafoTka  HECTauMOHapHOH  MoAenH
PEaKUHOHHOrO  A30THPOBAHNMA  MOPOWIKOBBIX H3ACAMH  KPEMHMA  pa3nH4HOH
Kondurypaunn B armocdepe asora. IlpoBeseHne TEOPETHYECKHX HecnenoBaHuil no
BBIABNCHHIO KHHCTHYECKHX 32KOHOMEPHOCTCH KPHCTANNOXHMHYECKOrO CHHTE3a
HHTPHAR KPEMHHS MyTEM YHCACHHBIX pacyeToB. JIiR peanusauui nocrasncHHol
IIC/TH B AHCCEPTALHH PCIIANHCH CNEAYIOUIHE 3aRAYH:

* co3matk ¢H3NKO-MaTeMaTHUecKyl0 Moxens (PMM), onmcuiBalouyio
3BOMIOUHOHHLIC TPOLECCH PEAKUHOHHOrO CHHTE3a. HHTPHAA KPEMHHA B BHAC
JandepenunansibX ypaBHeH#RIT MaTeMaTHUCCKOH GHIHKH;

* [IPOBECTH YHCJICHHBIC PACYCTh PCAKLHOHHOIO CHHTE32 HHTPHAA KPEMHUA IS
pasnuuHelX  Kkoudurypaumit  m3genmif ¢ Mcnonb3osaHHeM — COOCTBEHHBIX
3KCTEPHMEHTANBHLIX AAHHLIX PCAKIHOKHONO CNEKAHHA KPEMHHA B atMocdepe asora
C nomolLbio komnnekcHoit nporpammsl COMSOLmultiphysics -5.3;

* BBIABHTE BAHAHHC BHEUIHHX MapaMETPOB: TEMMEPATYPhl PEaKLUHOHHOINO
CNCKAHHA, NABNCHHA raja B OJJICKTPONCYH, @ TaKKC pasMcpoB H3AeAuii Ha
IBONIONHOHHBI MPOLECC PEAKUHOHHOTO CNCKAHHA H ONPCACAHTh ONTHMANLHLIC
3HaYCHHA JUTHTENLHOCTH, CKOPOCTH, HHTCHCHBHOCTH M PABHOMEPHOCTH NPOTCKAHHA
CHHTE3a HHTPHAA KPEMHUS,

Hayunam HOBH3HA MNOJYYEHHBIX PE3YNLTATOB  JHCCEPTALHOHHONO
HCCJICIOBAHHA 3aK/IOYACTCA B CIEAYIOLIEM: - :

* pnepsbic paspaGorana Hecrauuonapias ®MM pPEAKUMOHHOrO CHHTE3A
HHTPHAR KPCMHMR JANA ONHCAHHA AH(QY3HOHHO-DEAKLHOHHONO a30THPOBAHHA
KPEMHHS MPH BLICOKHX TEMMNCPATYPaX CNCKaHHA KPEMHHA B aTMocdepe asora;

* BNCPBbIE NPOBEACHB! YHCACHHLIC PACYEThl KHHCTHKH NMPOLECCA PEAKLIHOHHOTO
Q30THPOBAHHA TMOPHCTHIX KPCMHHEBBLIX H3ACAHIA pasnuyuoil KoHQHrypaumn B
atMocepe a3oTa ¢ y4eToM KHYACCHOBCKOH Anddysnu;

* MPOM3BCACHA KOMMBIOTCPHAA PCANKH3AUMA Taso-TBEPAOTENbHON peaKuuH B
npouccce CneKkalHs MOPOUIKOBOr0 KPEMHHEBOrO HienHs B atMocdepe asora ¢
MPHMCHEHHEM TaK HA3LIBACMOI npavedcymounoii modenu;

* onpeacncHb! KHHETHYCCKHE 3aKOHOMCDHOCTH MpOUECCa PEaKUHONHOrO
CHHTC3a HHTPHIA KPCMHHA JAA TOJICTOCTCHHBIX M TOHKOCTCHHBIX H3ACHHil.
Onpenencnsl MOMCHTBI BPEMCHH M MAKCHMAIBHLIC 3HAYEHHA TENOBON SHepruy,
BELAENAIOUIHECS B MIPOLECCE IKIOTEPMHUCCKOI PCAKLMH HHTPHAA KPEMHHS;

® onpeaesicHbl  3HAYCHHA  ANHTEABHOCTH, CKOPOCTH, HHTCHCHBHOCTH
NpOTCKAHHA PCAKUHOHHOTO CHHTE32 HHTPHAA KPEMHHA JIA 3aJIAHHBIX TEMNEPATyp M
BPCMEH BBUICPXKEK PCAKLHOHHOIO CMEKAHMS, OT TEMICPATYPh!, H3MCHEHHIT NABNCHHA
a30Ta B AIEKTPONEYH, OT KOHDHIYPALUHH H Pa3MEPOB H3ACAHIL.

Hocrosepuocrh pesyanTaTos OCHOBHBIC PE3Y.ILTATH YHCNERHBIX PACHETOB
MONY4EHE! C MPHMCHEHHEM MCTON0B TCOPETHYECKOH M MaTemaTHueckoll dM3NKH, C
HCMONL3OBaHHEM  TeopHM  Auddepenumansubix  ypasmennif,  KoppekTHO
NOCTABJICHHBIX 3214 H MCTOJOB aNMNPOKCHMAUHK auddepeHunansubix ypashennii u
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HX HTEPAUHOHHOrO METOAR PeIICHHS. HocrosepHocTs pacueTHsIX pesynsTatos Takke
TIOATBCPKAACTCA  YAOBNETBOPHTENBHON  CXOAMMOCTBIO M Koppenauueii,
COr/IACOBARHOCTLIO W COBNANCHHEM, PACHETHBIX IHAYCHMIE C NAHHBIMK coBCTBEHHBIX
SKCNCPHMEHTOB MO  CHHTE3y HHTpHAA Kpemuus. B kawectse uncnenmoii
XBPAKTCPHCTHKH JIOCTOBEPHOCTH PE3YLTATOB MCMONBIOBAIACH BEPOATHOCTH TOTrO,
YTO (aKTHYECKas MOrpewIHOCTh He BHIXOHT 3a npenensl HHTEPBANOB, KOTOpHIC
00yCcnoBneHb! BHIYHCAHTENBHOI NOrPEUIHOCTBIO.

IpakTiyueckan 3naunmocTs nony4ensix pesyanTaros.

Monyuennsie pesynbratsl umelor NPAKTHYCECKYIO - 3HAYHMOCT: B o6nacTh
(H3UKH  KOHAEHCHPOBAHHOTO COCTOSHHS K ¢u3nyeckoro marepnanosenennus.
Mozensusie neenenosanus MoryT 6biTh HCoNb30BaHb! B 06pasoBaTeabHOM npouecce
MarucTpos i acnupantos B npopuasibix BY3ax no amcummmmuas —~NOPOLUKOBbLIC
MarcpHanst M QuIMKH TBEpmOro Tena. Ipeacrannennas paGota smnserca
TCOPCTHYCCKHM  HCCNICAOBAHHEM, MO3BONAIOWMM B anpHoOpH  OMpEAETHTHL
ONTHMANLHBIC ~ TEMNCPATYPHO-BDCMEHHBIE ~PEKHMbl  PCAKUHOHHOTO  ChieKaHHs
NOPOLIKOBOro KpemuHa B atMocdepe ajoTa. UucaeHHbie pacuersi HanpaBfcHL! Ha
BLIABNCHHC HanGoNee ONTHMATBLHBIX PEKHMOB PEAKUMOHHOrO CHHTE3A HHTpHAa
KPCMHHA NPH KOTOPOM (POPMHPYIOTCA 3aaHHble DHIHKO-MEXAHHYECKHX CBONCTBA
KEPaMHKH. PE3ynLTaThl YHCHEHHBIX PacyeToB MO3BONRIOT CYLIECTBCHHO COKPATHTH
AOPOroCTOA LI IKCIIEPHMEHT 110 ONPEACNCHHIO TEXHONOrHYCCKOro pernamenTa ans
TIOJIHOrO CHHTE32 HHTPHAR KPEMHHA.

OcHoBHbIC NOI0KEHNS AHCCEPTALIM, BEHOCHMBIE HA 3amuTy:

1. ®usnko-MaTemaTHUCCKAR MOAEIb, ONHCHIBAIOWAN NpOLECC PeaKLHORHOrO
CrCKaHHA NOPOIIKOBBIX KPEMHHEBLIX H3AeNHii B aTMOCEpe asoTa.

2. Pesynvtatel KommbioTepHoit peanmsammn OMM u anamis YHCACHHBIX
PacteToB Ans NMOPOWKOBOrO UMAKKAPHYECKOrO HIACAHA W APYTHX KOH(Hrypaumii
(dopm u  pasmepos) manennit. OcOGEHHOCTH  IBOMOUHOHHOrO npouecca
PCAKUHOHHOrO a30THPOBAHHA MOPOWIKOBONO KPEMHHEBOTO H3ACHHSA TIOPHCTOCTHIO
30% pasnuunoit konurypaunn's armocepe asora.

3. Kunernueckue 3akoHOMEPHOCTH PEaKUHORHOTO CHHTE3A HHTPHAR KPEMHHSA Y
TOHKOCTCHHbLIX H TONICTOCTCHHBIX NNOPOLIKOBBIX KDEMHHEBBIX H3ZCAHH.

4. ‘3aKOHOMCPHOCTH BIHAHHA TEMACPaTypbl  PEAKLHOHHOIO  CreKaHus,
A3BNICHHA a3 B INCKTPONCHH, A TAKKE PAIMEPOB HIACTHIT NO3BOAAIOUHE YNPABIATS
TpPOLIECCOM  PCAKUHOHHOIO CMEKAHHA H B ANPHOPH ONPEACHATL ONTHMALHBIC
SHAUCHHA ANHTEALHOCTH, CKOPOCTH, HHTCHCHBHOCTH H PABHOMEDHOCTH NPOTEKAHHS
CHHTE32 HHTPHAA KPEMHHSA, ;

Jlnunsiii snan comckarens. Astop paGorst HEMOCPCACTBEHHO NMPHHHMAN
COBMCCTHOC YYACTHE BO BCEX CTANHAX HAYYHOrO HCCACAOBAHHA, HAMMHAR C
GopMyHPOBKH TeMBI AHCCEpTALHONHON paGoTh M ed NNAHHPOBAHHA, 3 TAKKE B
NOCTAHOBKE 3a7a4 MCCNCAOBAHHS A0 KOMNBIOTEPHONH peanH3auMK M ananusa
NONYHCHHBIX PE3ynsTaTOB. MHTEPNpETauMio pesynsTaroB M HANHCAHHE HAYWHBIX
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crateli GbUIH MNpPOBEACHB! COBMECTHO C MHay4HbIM pykoBoaWTeneM A..-M.H.,
npojeccopom H.K. KacMaMuITOBRIM M CTapuiHM  HayuyHbIM  COTPYAHHKOM
naGopaTopi nopowkossix Matepuanos Uncrutyra dpusnkn HAH KP k.¢.-m.u. HXHC
Kaiipsiesbim,

Anpofaunn pesyasraros amcceprausn. OCHOBHBIC pE3YNLTaTH aBTOP
ony6aukosan B coasropcrse Gonee 15 Hayunsix paGoT B PEUEHIHPYEMBIX JKypHanax
BAKa Poccuiickoit ®eaepauun, B xypuanax PUHL] ¢ umnakr-¢akropom casie 0,2
B xxypuanax Mucrutyra ¢pusnxs HAH KP u pecnybnnkaHCKkHX Hay4HBIX XypHanax ¢
HEHyneBbLIM HMNAKT-pakTopoM, Bxoasume B PUHLI,

OcHOBHBIC NONOKEHHSA M PE3YNLTATH AHCcepTauuonHOl paboTsl obcyxaanuch
H JIOKAQABIBANTHCH (OYHO H 3304HO) HA CACAYIOLHX MCXKAYHAPOAHBIX KOHDEPCHUHSX.

Ha XllI-MexaynaponHoii HAYYHO-TIPAKTHYCCKOI koH(epeRuHH
«CoBpeMeHHBIC TCHACHIHH PA3BHTHA HAYKH M TexHosoruii» r. Benropoa, Poccus, 30-
anpenis 2016 1.

Ha 1I-Mexaynaponnoif Hayuno-npakTHueckoif KoH(pepeHuUHH, NOCBAMWEHHOM
namati C, ®. Kosanesckoii (MexayHApOAHBIC HAYYHBIC YTCHHA) MO NMATPOHAKEM
Esponeiickoro ¢onaa nunosaunonHoro passutia (Science LABGroup) r.Mocksa,
Poccus, 19 centabpa 2016 r. Ha Mexaynaponuoli Hayunoli xoHdepenuun
«MHGOPMALHOHHLIC TEXHONOMHH M MATCMATHYECKOC MOACMHPOBAHHE B HayKe,
Texuuke B o0pasoBannu», nocsauenHoli akanemiuky HAH KP A. ). Xaiinaxosy, -
r.bumkex, Keiproiscran,- 6-8 okraGpa 2016 r. Ha Mexaynaponuoit oTkpsitoli
wkone-koudepenuun crpan CHI «YILTPAMEAKO3CPHHCTEIE W HBHOCTPYKTYPHBIC
marepuansi» r. Yéa, Pecny6nnxa Bawxoprocras, Poccus, 8 okrabps 2017 r.

Ha XIII ~ Mexaynapoanoit nayunoli konpepenuun «®usnka Teépaoro tenan,

noceawnnoli  20-netmio  Eppasuiickoro HAUHOHANLHONO YHHBEDCHTETZ  HM.
JI.H.T'ymunesa, r.Acrana, Kasaxcran, 26-28 anpeas 2017 r.

_ Monnora orvpaxenns pesyawTatos B  nyGamkaumnsx. Marepuans
© HacToAwleli AMCCEpTauMM HAWAM cBOC oTpaxenue B Gonee 15 crarbax,

OnyGNHKOBAHHBIX B HAy4HBIX PELEH3HDPYCMBIX XKypHanax M cGopumkax PUHLL, a - .

Taloke B ronossix oruérax HUP naGoparopun «ITopowkosbie Marepuansi» 3a 2016-
2020rr. B Ud HAH KP.

Crpyxrypa n ofwem amccepraumn. Juccepranuonnas pa6oTa coCTOMT K3
BBEACHHA, NOCTAHOBKH 32134 HCCNCAOBAHHS, 3 F1aB, BLIBOJIOB, CIHCKA JIMTEPATYPb!
W npunokenns. OO6umit o6ném pabotsi cocrasnser 156 ctpammu, skmouas 39
PHCYHKOB, 5 TabauL, CUHCKA HCNIOAL3OBAHHON AHTEPATYpH K3 83 HauMeHOBaHML.

KPATKOE COJEPXAHME JUCCEPTAUUU

Bo BBeaenun 000CHOBaHA aKTYAIBHOCTB TEMBI aucceprauns. Koporko
OnHCaHbl OGBEKT M MNpPEAMET HCCNCAOBAHMSA, AAHA HAYMHAS HOBH3HA pabotsi,

ofcyxncna HayuHad M TpAKTHYECKaR 3HAYHMOCTH JMCCEPTAUMONHON paGoThi,

COpMyTHPOBANEI OCHOBHBIC NONIOKEHHA, BLIHOCHMBIC HA JAILNTY.
PR

B nepsoii rnase nposenen ananutiyeckuit ananua JIHTEPaTYPHBIX AAHHBIX KaK
70 TCOPCTHHECKHM, Tak M NO OKCMICPUMEHTANLHLIM ACTIEKTAM, CBA3AHHBIC C
TEMaTHKON  WactoAmell  AHCCEPTAUHOHHOM pabotei. Onpenenens!  OCHOBHbIE
TEXHONOTHYCCKHE peXuMBl W OCOGEHHOCTH npouecca (opMHpoBaHus HHTpHAA
KPEMHHA B Npouecce peakuHOHHOrO CEKaHHA KPEMHHA B aTMOC(Epe YHCTOro a30Ta.
Boinenenmt H OGCYXACHBI OCHOBHbIC acCMeKTh! M Qu3HYecKHe ABNCHHA, HMeIoIHe
MCCTO B NpoLEcCe PEAKLHOHHOIO CIEKanHA MOPOLIKOBOrO KPeMHHA B aTMocdepe
asora. OnkcaHbl OCHOBHBIE 3aKOHOMEPHOCTH (POPMHPOBAHHA MHKPOCTPYKTYpHI -
HHTPKAA KPCMHHA NOC/E PEAKUHOHHONO CHHTE3A. ;

Kpucrannoxumuyeckuil cuntes xpemuus ¢ asorom npeacrasnser coGoii
TeTCporenibifi  peakuMomHsiii  mpouece,  npoTekawouMit Mexay  TBEpABIM
kpucranauyeckum BeulectsoM Si B npouuddyHAMpYIOIMMY aTOMaMH asoTa B
KPHCTAIIHYECKYIO PEWETKY KPEMHIS, B HTONE B NPOAYKTE peakumn oGpasyercs
HOBOC KPHCTATHYECKOE COCAHHCHHE B BHAE SizN

3Si+2N)=SijN;+Q,

- rae O - BUICEHHAR TEMNOTa B peayabTaTe NpPOTEKAHHA PCAKIIHH.

Kopotko  npoananmsmposamst M onMCaHb  BO3MOXHBIC usmko-
MaTeMaTH4CCKHE MOJCHH, OMHCHIBAIOWME NPOUCCCH, MPOTEKAOWME B aso-
TBEPAOTENBHBIX PEAKUHAX. PaccMaTpHBAIOTCA TPH OCHOBHBIX BHAA Moaeneii 1o raso-
TBCPAOTENLHBIM PEAKLUHAM: HEOAHOPOAHAS, OXHOPOAHAR H NPOMEKYTOYHAS MOACHH.

Ha  ocwose  npoamanmamposamsoro  nmteparyproro Marepuana
copMynHPOBAHA MOCTRHOBKA 3a7aYH HCCACHOBAHMA — paspaGorats  ¢u3uKo-
MaTCMaTHYeCKYI0 MOACAb PCAKUHOHHOIO CHHTES HHTPHAZ KPEMHHMS H NpPOBECTH
YHC/ICHHBIC ~pacueTsl And pamMumblX Qopm m3nenmii  npumensiembie B
NPOMBILUICHHOCTH C HCMONB30BAHHEM JAHHBIX COOCTBCHHBIX IKCTICPHMEHTOB.

Bo Bropoit rnase paccmatpusaercs paspaGoTanHas mamu TpexMepHas
(usnko-marematucckas  mogens(®MM), nossosmsas ZOCTOBEPHO ~ ONHCATH
1POLCCC PCAKUMONHOrO CHCKAHHA KPHCTLTHYCCKOTO KPEMHHA B atmocdepe a30Ta
MCTOZAMH YHCCHHOrO pewieHns cuctemsl Anddepenunansusix ypasnenuii, n
BLIABHTb KHHCTHYCCKHE 3AKOHOMCPHOCTH BbICOKOTEMINCPATYPHONO CHHTE3a HHTPHAR

KPEMHHA,

IMpexcrasnennas ®MM cocront u3 Tpéx auddepenunansurx ypastenuit (1),
(2) u (3), KOTOpBIC PElIANICH ¢ MOMOLIBIO YHCICHHBIX METO/IOB € NpHMEHEHNHEM psja
npuGmuxeunii u ynpowenuii. Ilo cyrn ®MM spasercs necraumonapuoii uznko-
MAaTEMaTHYCCKOIH Mofienbio  anpdysmonHoro  TennomacconepeHoca ¢
OAHOBPEMCHHBLIM PCAKUHOHHLIM CHHTE30M KPHCTAIHYCCKOTO KPEMHHA C a30TOM,
BKAIOYAIOWAR B ce6f TPH BIAMMOCBAARHHBIX MeX1y coGoii anpdepeHuManbHbx
ypaBHcHHit:
or

(ec,) -V(&,vr)w-k.,
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Aucdepenumansusie ypasuenns (1), 2) » (3) B wactHeix npousBOAHBIX
ABJIAIOTCA  COOTBETCTBEHHO: nepeoe — SBNACTCA YPABHEHHEM TENONPOBOAHOCTH,
KOTOpaR OMHCHLIBACT - pacnpencneHue Temnepatyphl B 3ananuoli o6aacti 06wma
IRCTHA M €L WIMCHEHHE BO BPEMEHH; 6mOpoe - 3TO YPaBHEHHE HENPEPHIBHOCTH
NOTOKA rasa (a3oTa) B KPEMHMEBOM AN, mpemve- YpaBHEHHE OMMCHLIBAIOLICE
HIMCHCHNC KOHLCHTPALM aTOMOB 230TA B KPEMHHCBOM H3ACTHH B pesynsTare
fipouccea a30THPOBAHKA ¢ 06PA3OBARKEM HHTPHAA KPEMHHS,

Bricokoremneparypnuii KPHCTAJLIO-XHMHYCCKHIT CHNTE3 HHTPHAA KpeMmuMsA
NpeacTasaser cooit raso-TeepaoTensiyio peakumio, NPOTCKAIOWAS NPAKTHYCCKH
u3orepmuuccku. Tlpu u3soTepmmueckux peakumsax ONPaBAaHO KBAHCTALHOHAPHOE
NPHOMIKCHHE TIPH AHANHTHYECKHX H YHCCHHBIX Meroaax pacuéra, ecnu npeneGpeysn
MAIOCTBIO 3HAUCHNT TAK HA3BIBACMOrO HAKONMHTENABLHOIO CArACMOrO,

Takoe xsasucrausonapnoe npuGamsenne nossomuio 3HAYHTENLHO YIPOCTHTD

HHCICHHOC H aHATHTHYECKOE pellcHie AupdepeHuHAnbHBIX ypasuenuii(1-3) B

Hacroawel ®MM.C apyroii cropoust, ans AanbHEIIEro ynpowenns pewenns
ypasuenuii  (1-3) mamm  mononmutensHo 6suio NPOBEACHO  H30TEepMHYECKOe
npuGmuacnne. Hapsay ¢ atum H3BECTHO, 4TO y GOALLIMHCTBA razoB u TBCPABIX
KPHCTQUIMHCCKHX  TCn  HIHKO-XHMHYCCKHE cBOliCTBa 3aMCTHO H3MCHAIOTCA C
noBblucHHeM KX Temneparyphl. Chenosarensiio, H30TEPMKCCKOe MPHGNIKenHe

MOMET onpencieHHsIM o6pasoM OMIYTHMO HCKasHTS Pe3yNbTaTEl pacyetoB H

NPpHBECTH K 3aMeTHOl omwnbke TO/ILKO B ABYX cayvanx: BO-NIEPBLIX, ecnu uMeercs
C)'I.llCCTBc!IMN(; TPAIHCHTBI H3IMCHCHHSA TCMNEPATYphl B MOTOKAX rasa a30Ta; M BO-

BTOPLIX, €CNK PasMeEpL! y cnekalolmxcs HaCTHY MOPOIUKHOK KPEMHHA M3 KOTOpBLIX b

COCTOHT H3ACAHC HMEIOT Z0CTaTOuHO GoMbluKe 3HAYCHMS. Ans uckmouenns Taxux
OWHOOK M PacXOKACHHI B YHCHCHHLIX PacucTax Ha XapakTePHCTHKH rasa (azora) u
Ha ToeproTenshyio gasy(kpemunif)rake Gbuio BHeceno Ha HuX npubninkenne, B
YACTHOCTH, HAa Takue (HINKO-XHMHYecKHe cBolicTsa Kak  Tennonposoanocts,
BA3KOCTD, TCMNOCMKOCTb, KOIpOHUHEHT anddysuu, koncranra CKOPOCTH peakums,
TENAOTA PEAKIHH 1 ApyrHe. . :

B ortamunn or pamnee ussectuix mouencii B naweii paspaGorausoii OMM
AOMOMHHTENBHO B yyeT Gpanoch Tak HaskiBaeMas Kuyncenonckas mudppysns,
Knyncenonckas nuddysus — MAacconepeHoc rasoB 4epes CKBO3Hbie (oTkpeiTLIC
coobiaiotmecs MHKPOKaNUIADHBIC NOpH) B TBEPABIX Tenax. H3sectio, yro
IHKCPULIX  KpEMHKEBLIX . 00pasuax foplcrocTs  cocrasnser 31-32%, a y
PCAKUHONHO-CICYEHHBLIX OGPa3UOB HUTPHAZ KpeMims NOPHCTOCTL  He3HAUNTEALHO
yMenbuacrcs cocraenset~30%.B ciyvae ecau nopit B o6pasuax Guinm Gui oyens,

MJIbl B HX KOJMYECTBO MaJo, TO 31O npHBENo Gbl k CymiecTBeHHOMY orpanHxyeHuIo
Auddysun rasa(azora) s ray6e o6nEMa kpHCTanIMyeckoro obpasua kpemuns. Us
TIOPOLIKOBOrO MATCPHANOBEACHHS H3BECTHO, YTO 3aKpbiTas He cooGwasowmancs
NOPHCTOCTL B NOPOLIKOBBIX MaTCpHaNax oGpasyercs TIpH NOPHCTOCTH Mekee 12 %.

B nuccepraumonnoii  paGore- YHC/ICHHBIC ~ PacyeTEl  MNpPOBCACHBI ¢
HCMONLIOBARMEM TaK HALIBACMON NpPOMEXyTOuHOH Moaenw, npHMeHseMmas B
fipoucccax raso-TeepaoTenbHbIX peakunsx. Mo cywecray, NPOMEKYTOUHAS MOACHH
PACCMATPHBACT NMOPOUIKOBOE TOPHCTOC TEIO B BHAE cnaeayioweii  ynpouwenHoii
MHKpOCTPYKTYphl. TlopowikoBoc ombiTHOE M3ZenHe cocTOMT w3 COBOKYNHOCTH
IIAPOBHNLIX MHKPO NOPOLINHOK Kpemunua., Kaxaas oTaennuas I2pOBH/HAS MHKDO
TIOPOLUHHKA KPEMHHA B CBOIO OYEPEAb COCTOMT M3 Gonce Mebyaliimx cyG3epenHbIX
kpuctannon. Tlpn npopeseHHu uMCAGHHBIX pacyeToB Hamu Guuio caenano ewd
AONONHHTENEHOE NPHOMHKENNCE, YTO CYG3epha HMEIOT ToXE apoBuAiYIo Gopmy.

Komnsiotepnas peanusaums ®MM nossomuna JOCTOBEPHO paAcCYHTATh
NPOCTPAHCTBCHHO-BPEMEHNBIC 3ABHCHMOCTH JBOMIOUMH TEMNEPATYH M Apyrax
NapaMeTpoB, @ TaKXKe HIMCHCHHA KOHUCHTPALMH A30Ta BHYTPH O0BEMA KPEMHHCBOTO

UHAHHIPHYCCKOTO WIACTHA C PCAKUHORHBIM OGPA3OBAHHEM HHTPHAA KPEMHHS BO

BceM 00béMe H3nenus.

B Tperseit rnase npencrasneisi Pe3ynbTaThl H OOCYXACHB! YMCNCHHBIC
PACHCTHI PEAKLIHOHHOIO CHHTE32 HHTPHAA KPEMHHSA AUIS PAsTHYHBIX ¢dopm u pasmepos
H3nennH, NpUMEHSEMEIC B PAsTHYHBIX cdhepax mpombiuentocTy. Ha pucynke 1 a,6.
NPCACTaBACHb! PE3YNBTATHI YHCNCHHBIX PACYCTOB PEAKUHOHHOTO CHHTE3A HHTpHAA
KPEMHHA N7 KPCMHHEBOrO HIACHA B YOPME CILIOUIHOTO LHAHKAPA.

AN uncneHHBIX PAcuBTOB BPEMCHMON 3aKOH M3MCHCHMS TEMNEPaTyphl
PCAKLHONHOro a30THPOBAHMSA ¥ 3QaBACMOC JIABNCHHE a30TA B KaMepe snekTponeys,
bl B3ATE! H3 COGCTBEHNBLIX FKCMEPHMEHTOB (cM. B rnasel, puc.1.1.).
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Pucyuox 1 2,6 - Hamenenne Monaproii konueHTpaun Monexyn asora ot H30TCPMHUECKO
BpeMCHHOIE BLUICPXKKH WTHHAPKYecKkoro uagemns (R=0,215 cm, h=4,5 €M) B PasTHYHBIX
TOUKax panuaanHoli(a) u akcransuoii (6) oceit nopowkosoro LRIHHAPA,



B HauansHbIt MOMEHT BpEMEHH BLUICPHKKH npi paboueit Temmeparype
peaxumonnoro cnexanus T=1350°C s xamepy BakyyMmioit JneKTPONeUH Hanyckancs
30T H NABNCHHC NOAACPKHBANOCHL nocTosuHbiM P=1,5 arM B npouecce
Peakuionnoro cnexanu. Buano, yro npu T=1350°C ¢ Teuennem poiaepxkn 4 yaca
OKTHBHO NpOTCKAIOT mpoucccs! auddysuu, T.c. aTOMB! A30TA HHTCHCHBHO
anddynanpyior B KpucTammnueckuii KPEMHHH BO BCEX HAMPABIEHHAX H B ONBITHOM
o6pasie BO3PacTaeT KOHUEHTPaUKA a30Ta (CM. puc.2 a,6), npuyem no Bcemy oGbemy
KPEMHHCBOrO M3ACNHA. AHQMN3 KPHBBIX TIOKA3LIBACT, YTO B HHTEPBANE BPCMCHM
BLUICPXKCK OT 7 210 24 4acCOB TEMNb PEaKUHOHNOrO 06pasoBalus HHTPHAA KPCMHHS B
PA3IHYHBIX  TOYKAX M3IACAMA Heoaunakosa.Hampumep, B pamtMumbIX TOWKax
UHAHHAPA B PANHANBHOM HANPABACHHH OT GOKOBOI NOBCPXHOCTH UHAMHAPA K €&
TNaBHOM OCH HaGmonaeTes «pacxoxueHHe» B a30THPOBaHHH. D10 obBACHAETCA TEM,
4TO y MOBEPXHOCTH 06pasua a30THPOBAHHE HAYHHAETCA PAHBILE M NPOTEKaeT YyTh
6sicTpee, yem B UCHTPANbHBIX obnacTax y ocn umnmmapa. U, naxomeu, npoiecc
MONHOr0 PCAKUHOHHOrO A30THPOBAHHA KPEMHHCBOrO LMAMHAPA 3aKAHYMBAETCH MO
BceMy obbeMy npu Bhuiepkke 24 waca. B ator MOMEHT BPEMCHH MOAspHas

KOHLUCHTPAUHA a30Ta MEXIAY OCEBbIM UCHTPOM H NOBEPXHOCTHIO UHINHHApA

CTAHOBHTCA ORHHAKOBOIA. -

Ha pucynke 2 a,6 nokasamsi xusiermueckue KPHBBIC YHCIIEHHBIX pacyeToB
HIMCHCHHA MONAPHOH KOHUEHTPAUHK aTOMOB a30Ta B panHanbHoif M akcHanbHoi
HANpaBICHHAX B uHIHIApE. Biano, yTo HanGonee GHICTPLIMK Temnamu peaxkuHoHHOe
@30THPOBAHKC MPOTEKACT Y MOBEPXHOCTEH UMAMHADA H CAMBIE HH3KHE CKOPOCTH B
LUCHTPAIbHBIX 00NacTAX KpeMHHEBOro UHARKApPA. YMCneHHbIC pacueThl Takke
NMOKA3LIBAIOT, HYTO yXe mnpH Temnepatypax csbiwe ~1100 °C Halmonaercs
PCAKUHOHHOC A30THPOBAHHE KPEMHMA, HO MPOTCKAET OYEHb MEANCHHO C HH3KO!
MHTCHCHBHOCTBIO.  C POCTOM TeMmepatyphl peakuMOHHONO CreKanms TeMIbI
430THPOBAHHA NOPUHOHHO BO3PACTAIOT H AOCTHIAET MAKCHMANLHOrO 3HAYCHHUA B
MOMEHT Bpemeiin 20 yacos npu Temnepatype 1350°C,
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Pucynox 2 2,6 -Jsomouns ckopocru peaxumu mmMnx (R=0,215 cm, h=4,5 cM) B
PAITHYHLIX TOMKAX WIAHHADA: 8) B PAAHANLHOM Hanpasnenuy or 6oxosoii NOBCPXHOCTH K
oci unnuuapa, 6) s nanpasnenuu rnasnoli ocy LHAKKHApa,
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Ha pucynke 3 a6. noxasama moworonmas KHHETHYCCKaR  KpHBas
OTHOCHTE/ILHOrO YMEHBLICHHA MPOUCHTHONO CONCPKAHHA HCXORHONO KONHYECTBA
KPEMHHS B UMAMMADC NO OTHOWEHMIO K aToMaM KPEMHHS BCTYNMBIIMX B
PeakumonHbii cuntes. U3 kpusoit Buano, yto npH BeUIEpKKE 24 yaca KpeMmHuil B
nonuom obveme BeTynaer B KPHCTAJLIO-XHMHYCCKYIO peakuiio ¢ asotoM, ofpasys
HHTPHA kpemuns. U3 pucynxa 3 6 marnsano BHAHO, YTO B UCHTPaNbHON 4acTH
UwIHHApa kpemuuii B MOMeHT Bpemenn 18,3 waca mOMHOCTBIO emwé He
Mpopearkposar. Jins nonioro 3aBeplieHHs CHHTE3A WUTPHAA KPEMHHA N0 Bcemy
06beMy HHAMHAPHYECKOTO H3zenHs TpeGyeTcs NpON0LKATh PEAKIHONHOE ClIeKAHHS
B TeueHHE 7 4acoB NpH TeMMepaType creKatus 1350°C ¢ noctosmusiM nasnemuem
asora 1,5 at™. z

ry ll; In
e A
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a) 6)
Pucynok 3 2,6 - OtHocHTenbHOE H3MeHEHHE cofepXkanHR 061Iero KOAHYECTBA aTOMOB
KPEMHIA B NPOUCHTAX, HEMPOPEArHPOBABLINX C A30TOM B KPEMHHeBOM obpasue: a)
KHHCTHYCCKAA KPHBAA OT BPEMCHH BRIACPHKI PCRKLHOHHOIO A30THPOBAHHS; 6)
MPOCTPAHCTBEHHOC NEPCPACTPEACACHNE MOAAPHOH KORLCHTPALI ATOMOB KPEMHILS,
COOTBETCTBYIOLIAR MOMEHTY BpemeHit 18,3 4.

M3 ananusa KpHBBIX WHC/ICHHBIX PaCUETOB MOKHO OJHO3HAYHO YTBECPXKAATS,
HTO 230T HAYHHACT AHPQYIHOHHO MPOHHKATE B KPHCTALIHYCCKYIO PEIICTKY cy63épen
KpCMHHA, TIPHYCM NCPBOHAYANBHO ITO MPOHCXOAMT B OGNAcTAX y nosepxmocTeii
UHAHHAPHYECKOTO H3NEMHA C NOCTENCHHON HX TPAHCMOPTHPOBKOH B LEHTPANbHbIE
BRYTPEHHHE 061aCTH NO COOGIIAIOMMMC KanHANAPHBLIM Nopam. Uncnennbie pacueTsl
PCaKUHOHHOrO CHHTE3a HHTPHAA KPEMHHSA NO3BOAAIOT HAGMONATH ABHXEHNHE PPOHTA
HHTCHCHBHOTO  PCAKUHOHHOTO ~ (JOPMHPOBAHMA HWTDHAA KPEMHHS, KOTOpAIi
NCPEMEIACTCA C NPHMOBEPXHOCTHLIX CJIOCB BO BHYTPCHHHE LCHTpANbHbIe o6nacT
H3ACAHA. :
Ha pucynke 4 2,6. noka3saso pacnpene/ciie TEMNEpaTyps! B MOMEHT BPCMCHH
t=18,3 4. mpouecca peakuHOHHOrO a30THPOBAHHA KPEMHHS BO BCEM .061>c.\4e :
NOPOLIKOBOrO LHAHHAPA. 'HCHCHHBIC PACHETHl MOKA3LIBAIOT, YTO B HHTEpBane
Temnepatyp cnexauus or 1150°C no 1350°C meancuno naumnaercs HaGmonaThes
pasHHua B TemmepaType (Ha pHC. 4 2. - CHHAA W 3e/NCHAA KPHBLIC) MEKAY

NOBCPXHOCTBIO UHAHHADA H et LEHTPaNLHOI YacThIO.
=



Tpu Témnepatype 1350°C naunnas ¢ spemen poizepxek 16,5 4. 20 21,5 4. 710
PasHHUA B TEMNCPaType AOCTHIACT MaKCHMATLHLIX 3uaucHuii 8+9°C. dror ¢akr
CBAILIBACTCA C NOMONHMTE]BHLIM BLUICJCHHEM TENJA M3-33 DKIOTEPMHYECKOI
PCAKUHH CHHTE3a HHTPHAR KPEMHHS.

Ha pucynke 5 2,6 coorsercreenno nokasansi PacueTHLIC KPHBbIC CKOPOCTH
PCAKUHOHHOrO a30THPOBAHMA H MOWMNOCTH TEMJOBHIACACHHA B LHAHHAPHYCCKOM
obpasue. CkopocTh peakLiOHHOrO A30THPOBAHHSA YBCAHYHBACTCA B HANPABNEHHH OT
TIOBEPXHOCTH K BHYTPCHHHM YacTAM LHAHHADA H JOCTHracT HaHGONLIINX 3HaYCHNiT B
UCHTPC UMAHHADA 3TO OGYCNOBNEHO, BhIAGNEHHEM AOMOMHMTEALHOTO TEMAa BO
dpore sx30TepMUYEcKOli peakuHH.
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a) 6)
Pucynok 4a,6.-Pacnpencnenne TCMNCPATYpPhl Ha NOBEPXHOCTH H BAOMD IABHOI
OCHIHNHIAPHHECKONO HIACTHAB 3ABUCHMOCTH OT BPEMEHH BLIIEPKKH: 8) (CHHAA K 3eNeHan
KPHBLIC COOTBETCTBEHHO HIMEHEHHS TEMNEPATYDH B UCHTPE H Ha NOBEPXHOCTH LIIHKHApA);
MPOCTPAHCTBEHHOE pacnpeNeNeHne TeMNepaTyps B TIPOLECCE CHHTE3A B MOMCHT BPEMEHH
{ 3 =183 4.
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Pucynox.5 a,6.- Bpemensie sanmcumocty CKOPOCTH peaKumit a30THPOBANMA KpeMiua @n
MouniocTH Tennossieaciua(6) npu peaxumonon CNEKaHKH KPEMHHA B cpeac a30Ta.
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Konuentpauns asora  moGoit 3anannoii Touxe BHYTPH KPEMHHEBOTO H3CAHA
ONPEACAACTCA ABYMS MpONECCAMH, @ HMEHHO: NPOLECCOM  PCaKLHONHOTO
230THPOBAHHA  NH(YIHORHBIM NMEPEHOCOM ATOMOB aloTa B KPHCTALTHYECKHMH
Kpemuuit ¢ nosepxuocTHsix obnacreli Bo BHYTpEHHHE O0NacTH UMAHHAPHYECKOTO
H3zenus.

B moment pasencrsa ckopocreli atHx ABYX MPOLECCOB KOHUEHTPALMA a30Ta
JOCTHTACT CBOCTO MHHMMANLHONO 3HAYCHHS (eMm. puc. 2.a,6). B npomexyTkax
BPCMCHH, rae Temneparypa asora B neuu TNOAACPXKHBACTCK NOCTOAHKOA (Ha puc. 1,
BLUICPKKH B WHTepBanax Bpemenn t=[2+3]y, [5+6]4, [8+9]4.), ckopocts
PCAKUHOHHOrO a30THPOBaHHA OYCHb HM3KAA. DTO CBAILIBACTCH C HEJOCTaTOYHBIM
AHDGYIHOHHBIM HachiLeHMEM KPHCTA/THYCCKOMH PELICTKH KPEMHHA aTOMaMH a30Ta,
006yCnoBNCHHOE HHKAHYECKHM NIOHHXCHHEM JaBneHns asora go 1,25 atM B Kamepe
TIE4H, KOTOpas 4epes MPOMEXYTOK BPEMEHH ONATh AOBOAMTCH 1O nasnenus 1,5
at™.HecMOTpst Ha 370, KOHUEHTPAUMS 230T2 MOHOTOHHO YBEJHYHBAETCA MO BCEMY
CCHCHHIO H3emHa H3-32 npeoGnananns npouecca auddysnontoro MmacconepeHoca
430Ta B KPHCTANAMYECKMH KPeMHMIl HAl peakuuOHHbIM a30THpOBaKKeM (CM.pHC.
23,6). H3-3a Bbicokoii TCN/IONPOBOAHOCTH HHTPHAR KPEMHMS pacnpenciacHue
TEMACPATYP! O BCEMy CeYeHHIO 06pasua SBASCTCA MpaKTHYeCKH OMHOPOAHBIM
NipoLece peakuHOHHOrO a30THPOBAHHA OrPAHHYMBACTCH TONBKO AHPDYIHOHHBIM
NEpEMELLICHHEM aTOMOB 230Ta B KPHCTA/LTHYECKHIT KpeMuuil,

- Ecnu  ymnmmmte  mexomuwii pasMep  UHIMHAPHYECKOrO  HM3ZeaHs
npuGnHINTENsHO B 4,44 pasa, T.e. BhicoTy uunuiapa g0 h=20 oM npu Tom xe
3Ha4CHHH panuyca R=2,15 cM, TO €ro yaenstas noBepxHOCTH ymeuswmuTes Ha 25 %.
Jins aToro chyuas, 3HAYCHHA PACYETOB MHTEHCHBHOCTH noroka angdynanpyommx
aTOMOB 230T2 B KPHCTAINHYECKHH KPEMHMH yMEHbWAOTCA B COOTBETCTBYIOLICH
MPONOPUHH MpH TEX KE 3HAYCHHAX JABNCHHA a30Ta B Kamepe anexTponeyn. B
pesynbTate ypenuycHus obbema uanenns anddysuounbiii Npouecc a30THPOBAHHS y
TIOBEPXHOCTH H COOTBECTCTBCHHO MPOHHKHOBEHHE ATOMOB a30Ta B rayGh oOBema
H3NCTHA NPHBOANT K YBCIHYCHHIO BPEMCHH 230THPOBAHHS HA 2 Yaca no CPaBHEHHIO ¢
HCXONHBIMH pasMepamMH UHIAHHAPA /=4,5cM,

Ipu 3ToM Makcmansueit nepenan TEMNEpaTypsl B H3ACNHH, BO3HHKAIOWIHIA 33
CHCT BLUICNICHHA IKIOTCPMHYECKOrO TEMJIa B MPOLECCE PEAKUHH OCTAETCR TAKOM %e K
cocrasaser ~9°C,

Ha pucynke 6 a,6. nokasano 3akonomeprocTs YMCHBUICHHA OTHOCHTENBHOMO
COLCpXANHA HE NPOPEArHPOBABLUIX ATOMOB KPEMHHSA C 30TOM B LWTHHAPHYECKOM
o6pasue no paanansiomy(a) 1 akcuansnomy (6) HanpaBJCHHAM B 32JAHHBIX TOYKAX
unakHApa. Buano, uto B wuTepBane pemenn otl5 no 22 yacos BBIAEPKEK, KOrAa .
AoCTHraioTes  BbICOKHE Temmnepatypst 1280-1350°C cnexanus konmuecTso me
NPOPCarHpOBABLUIHX ATOMOB KPCMHHS YMCHBIIAIOTCS MOHOTOHHO BO BCEX 3AJAHHBIX
TouKax ofbemMa UMAHKHApA. B uentpanshbix yactax UHAHHAPR TEMNBl YMCHLIUICHHS
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OTHOCHTE/ILHOMO KONHYECTBA HEMPOPCArHPOBABILIEN0 KPEMHHSA 3AMETHO MCHbLLE, Yen

B IIPHNOBCPXHOCTHBIX 0ONACTAX LHAHHADA.
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Pucynox 6 a,6. - Snbmomu OTHOCHTEJIBHOI KOHLCHTDALIH HE MPOPEArKPOBABIIHX ATOMOB
kpemuns B wimmape (R=0,215 cm, h=4,5 cm) B pasisix Toukax paguansoii (@u
3 akcuansHoif oceii (6).

Taoke NPEACTABNANO MHTEPEC MIYMMTH BIHAHHE BHELIHHX napamerpos;
TCMMCPATYPh! CNCKAHHA, NABNCHHA a’ad M Pa3MCPOB HM3ACAHA HA PEAKUHOHHLI
CHHTC3 HMTPHAA KpemHMs. Ha puc. 7 a-B npubeaeHs! pesynstaThl HHCAEHHBIX
PAcCTOB PEAaKUMOHHOrO CrickaHHs npx Temnepatype T=1320°C B MoMeHT BPEMCHH
Bhitepkkn 18,5 waca ma npumepe cniowsoro napamnenenunesa ¢ pasmepamu:
Bbicota h= 6 cM, mmpuna a=4 cm, Tonmmma b=2 cm. Buano, uto ¢ pocrom
TeMnepaTyph! peakuuonunoro cnekauus ¢ 1100°C ao 1300°C Temnbi peakuioHHOro
a30THPOBAHKA Bo3pacTaloT. Hanpumep, ans napannenenunena tonusoi 1 oM npu
TIOCTOAHHOM JARMICHHH ra3a B kamepe peaktopa pasHolf P=1 arm npu Temneparype
peakunonnoro cnekanus 1300°C nonxoe npespauienne KpPEeMHHA B cpese asora B
HHTPHA KPCMHHA 32KAHYHBACTCA HA 2 4aca PaHbIUE 1O CPABHEHHIO C TeMIepatypoii
cnexanns 1200°C. C yseanuennem nasnenus asora Kkamepe anektponeun or P=0,75
amM g0 1,25 am™ npu nocrosunoli Temneparype peakumonnoro cunresa 1200°C
TAKKE 3aMCTHO NpPHBOAMT K BO3DACTAHHIO BPCMCHHBLIX TCMMOB npeBpaweHns
KPCMHHA B HHTPHI KPEMHHA.
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Pucynok 7a-8.- Dsonmouus NpoLECCa A30THPOBAHMA HIACHHA B 3ABHCHMOCTH OT
TEMNCPaTypsl (a), AABNCHHA 230TR B NEwK (6) » ot TonumnL cTenok u3nenns (s).
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M3 puc. 7 6 cnenyer, uto npu ypemnuenun Aasnenus asora B kamepe Ha 0,5
aT™ NpH NOCTOAKHOI Temnepatype cnekanna 1200°C 1 Tonupine napamwenennnena 1
CM NPHBOIHT K COKPAILCHHIO IHTEILHOCTH PCAKLHOHHOrO criekaHHs Ha 4 yaca 1o
NONHOro POPMHPOBANHS HUTPHAR KPEMHHS NO Bcemy ofnemy napannenenunena.

Ecan pacemorpers npouecc peakusonnoro A30THPOBAHHA B 3ABHCHMOCTH OT
BapHauni TonuNiel napanienenuneaa or 0,5 g0 3 oM (oM. puc. 3.7.8) npu
NOCTOANKON Temnepatype cnexanus 1200°C M HemsMeHHOM JaBNCHHH a30Ta B
kamepe neun pasoif P=1 at™, 10 ans nonnoro NPCBPAILCHHA KPEMHHA B HHTPHA
Kpemius no scemy obnemy napamienenunena npu Toaumme 3 o notpeGyerca
Gonbine Bpemeny Ha 17 vacos no CPaBHCHHIO ¢ TONWHHOI napaencnunena 0,5 cu.
Uncnexnsie pacueTs! NOKA3LIBAIOT, YTO HA ANMHTEILHOCTS PCAKUHORHOTO CNEKaHHA 10
OKONUATCNLHOrO CHHTE3A HHTPHAA KPEMHHA MO BeeMy OGLemy napamencnunena
HanGonee OuUIyTHMO BAHSIOT rabaputel (TomumHa creHok) m3nenus. Temmst
PCAKUHOHHOrO CHHTE32 HHTPHAA KPEMHHS BO BHYTPEHHHX LUEHTPATBHBIX 0GNACTSX
MAacCHBHOrO napannenenyneaa OTCTaloT OT NPHIOBEPXHOCTHLIX YacTel WINCNHS Ha
~2+3 vaca. Temneparypa B npouecce cinresa HHTPHIA KpeMHHS no o6béMy Tena
napannenenuneaa (AN AaHHBIX PA3MEPOB) HE OAHHAKOBA: B LEHTPanbHOI YacTH
flapanacacninena TeMnepatypa sbiwe Ha 5-6°C no cpasnennio ¢ nepudepniinsiMy
(Bepumnne n pe6pa) yactamu napannenenunena.

Jns nonHOro npeBpauieHHs OCTATOYHOrO KPEMHHS B HHTPHI KPEMHHA
Tpebyercs aonoanuTenbH I Anddy3nonnLIi NPHTOK aToMOB 230Ta B UEHTPANbHBIC
HacTH MaccusHOro m3aenus. Ilockonbky Temmeparypa B UCHTPANBHBIX YacTax
MacCHBHBIX H3neHii B mpouecce PCAKUHOHHONO A30THPOBAHHUA KPHCTALTHYECKOrO
KpeMHHA Bbliwe Ha AT=5°+-10°C (B 3asmcHMOCTH oOT pasmepa ¥ xoHQHrypaumu
H3ACAHA), YeM Ha nepudepnax uinenns, CNeaoBaTensHO, KonebaTensHasn AHHAMHKA
KPHCTA/LTHYECKOM PEMICTKH B UCHTPAILHBIX YaCTAX TOXE Bhie. B CBAIM ¢ HTHM Hano
fiojarath, HTO MApaMETPhl KPHCTAUTHUECKON PEUIETKH B UCHTPATBHBIX HACTAX
CraHosaTcs Gonmee «prixnoiiy, uTo npusoMT K YMCHBUICHHIO MOTCHUHANBHOO
Gapbepa ans  aupdysum atomos azota u cnocoberyer  obneruennomy
Anddy3HonHOMY NMOTOKY aTOMOB a3oTa B KPHCTAUTHYCCKYIO PELICTKY KPEMHHS B
HANPaBNICHHH K UCHTPY MICNHA, I TEMNEPATYPa BHILC, YeM Ha ee nepudepusx.
Hpyrumu cnosamu, nonyuaercs, yro audysns nanpasnena s 061aCTh NOBBILICHHBIX
TPAHCHTOB Temnepatypsl. [losbienne Temneparypsl B UEHTPANBHBIX 4acTAX
M3CMMI  CBA3LIBACTCA C IKIOTEPMHYCCKHM XapaktepoM 06pasoBaHus HHTpPHAA
KPEMHHA, T.C. JONONHHTENLHBIM BHIICJACHHEM Tenia B ¢$ponTOBOIi  30HEC
PCAKUHOHHONO NPEBPALICHHS KPEMHHA B HHTPHA KPEMHHS, @ MACCHBHOCTD obpasua
3ameanser GuicTphlii OTTOK Tenna B NPOCTPAHCTBO 3NEKTPONEYH. - ;

H Tax, B paGote nposenens! 1 onucanus TPEXMCPHBIC YHCICHHBIC PACYETHI 1%
PAAR M3INCNHIT NPHMCHACMBIC B PA3THYHEIX OTPACIAX MPOMBILLACHHOCTH, B YACTHOCTH
MR TOHKOCTCHHBIX H TOJNICTOCTEHHBIX W3ACANii pasanyHOit KOHOHrypauun, B
YaCTHOCTH: TPYOKH, MpHMEHACMBIC B KAYECTBE YEX/IOB TEPMONap; KOHYCOBHAHONO
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YCEYeHHOr0 CTaKaHa, pHMEHACMBIH B adduHDKE AParMeTaIOB; MACCHBHOrO THCAA,
KOTOpBIii HCnonL3yercs ans BBIPALUHBAHKS NonynpoBOAHHKOBOrQ
MOHOKPHCTA/IHYECKOTO KpeMHHA no Mmetoay “oxpansckoro Ha KXM3 «Actpan
Kbiprsisckoii Pecniy6nuku; MaccusHoro Gonra, Anpumenxeuun B Ka4YeCTBE KpEnueHHs
JKpaHOB B BHICOKOTCMNEPATYPHLIX 3JNEKTponewax M ApyrHe. B cepasu ¢
orpaiiuennocTsIo oGbema asTopedepara NPHBEACM KOPOTKO HEKOTOPLIC YHCCHHBIE
pacycThl ANA TOHKOCTCHHOH TpPYOKH, NMPHMEHACMbIC B MCTALIYPrHH B KayecTpe
yexnos Tepmonap. Ha puc. 8.a-B npuBeAEHEB! Pe3ynbTaThl TPEXMEPHBIX YHCACHHBIX
PacyeroB PEaKUMOHHONO CNECKaHHS ML TOMKOCTEHHON LMAHHAPHYecKol TpyGku
TonwMHON 3 MM, KOTOpas HCMONL3YCTCA B KAYECTBE HCXIIOB TepMOnap. UncaeHuwiii
QHANH3 NOKA3aJ, YTO B MOMCHT BPCMCHH PEaKUHONHOrO crnexanus t=154uaca (cm,
pHc. 3.8.2) KONHYECTBO HENPOPEArKPOBABLICTO KPEMHHS C A30TOM COCTABISCT OKOJ10
28% no obbemy KpeMHHEBOTO H3zenus. KpHCTAOXHMHYECKAA PeakLMs KPEMHHA ¢
a30TOM CONPOBOKAACTCA NONONHHTEBHLIM BBUICACHHEM KonHuecTBa Tennothl Q. B
moment Bpemenn 14,7 u. (oM. puc. 8 6) HaGmionaercs MakCHMaNLHOC BHUICHCHHE
Tenna Gnarofaps 3K30TEPMHYCCKON PEAKIHH CHHTC3A HHTPHAA KPEMHHS 1 pasha Q
=4,4112:10° Jlx. ror dakT onHO3HAYHO NIOATBCPAKAACT, O JNaBHHOOGpasHOM
NPOTCKAHHH CHHTE3a HHTPHAR KPCMHHA NpH 3TOH TEMNEPaType H B 3TOT MOMEHT
Bpemenn. Ilpi 3TOM Temmepatypa B npoUECCE CHHTE3a MO  BCEMy obnemy
TOHKOCTEHHOH UMAHHAPHYCCKOIT TPYOKH pacrnpeacneHa npakTHYeCKH panuouepua,oaa
HCKNIOYEHHEM TOPUEBLIX 4acTell NOBEpXHOCTH TPYGKH, rae Temnepatypa Ha ~1°C
BBILLC, YCM B O0BCME H3CHTHA.
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Pucyuok 8. Pesynsratst uncnentisie PAcHCTOB ANA WHIHHAPHYECKOH TORKOCTCHHOI TPyOKH
COOTBETCTREHHO C pasMeEpaMit BHYTPEHHErO i BHewnero paanycos Ry=1 cm, Ry=1,3 cM npn
Temneparype 1280°C B moment BuiAcpxKy 15,4 uaca: a — o6uee konuuecTsO
HENpOPCarHpOBABLIHX ATOMOB KPEMHHA C ATOMAMH a30Ta; G— KONMHYCCTBO BHLIACAHBLICTOCH

Teruia Q; B-npocTpancTaeHROE nepepacnpeacactie TeMnepatypst no o6ueMy TpyGKku.

.

Ouesnano, 370 creayer ceassisats ¢ AByMS axTopam, BO-TICPBBIX OYEHb.

BLICOKOH TennooTnavell HMTPHAA Kpemums wu, BO-BTOPLIX, HacTb BbIACACHHOI
TCANOTH  BO (pONTE peakuMH MACT Kak ma panpueliwme auddysuonusie
TIPOHMKHOBCHMHA 230Ta B KPHCTANLHYECKHH KpEMHHIT C NOCNCAYIOUIM PEAKLHOHHBIM
0Gpa3oBanies HOBBIX KPHCTAIIOB HHTPHIA KPEMHNS HA HOBbIX Y4acTKax, rae ewe ne
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Npopeariposan kpemuuit ¢ asotom. Ipu paGoueli Temnepatype cnekanus 1280°C,
HAuHHAA C BBUICPAKKH 5 4acoB u 10 17,5 wacos, KommyecTso Henpopeariposasiero
KPEMHHA yMeHbLWACTCA GbiCTPLIMM Temnamu — N1aBHHOOGpasHO, a B MuTeppane
Bpemcehin Bbuaepkek 17,5+24 vaca ocrapumiics Kpemuuii nocrenento npesparaerca
B HHTPHA KpeMmuus no scemy oGbemy TpyGxu. Taxum obpa3zom, ukcnennbiii Meron
pacueta  nHddysHoHHO-peakuHOHHOrO 430THPOBAHHA KPEMHHA C KpHCTAANO-
XHMHHCCKHM NPCBPAIUCHHEM B HUTPHA KPEMHHA NS PA3NMHYHLIX TOHKOCTEHHBIX
u3nennit Tomumuoit or 0,3 1o 0,6 cm MPH 3aHHOM BPEMEHH MOKAIBLIBAIOT B NEPBOM
NPHGMHAKCHUK CXOKECTh Pe3yNLTaTOB C© HEGONIBIIHM OT/IHYHEM OTHOCHTENBHOrO
COACPXKAHHA OCTATOYHOrO KPEMHHA B HINEHH He BCTYNHBIUHX B PEAKLHIO C a30TOM.

BbIBO/JbI

LPaspaGorana  ¢m3uxo-marematnueckas MoZens B BHae  Tpéx
Anddepenunancuex  ypasuenuii AOCTOBCPHO  onKChiBaIOWAA  AkGPY3HOHHO-
PCAKUMOHNBIN CHNTE3 HMTPHAA KpeMHMA _NOPOLIKOBBIX KPEMHHEBBIX -H3ACAHiT
padnuinoit kondurypaums (Gopmsi 1 pasmepos) B atMocdepe asora.

2.IMposeneno  npuGmmiennoe QHATHTHYCCKOC M YHMCNEHHOC  pelleHHe
HECTaUOHAPHBIX AH(deperunansubIx ypasennii OMM c NOMOLUBIO KOMIIEKCHOT
nporpammsl COMSOLmultiphysics -5.3.

3.YcranonnicHo, 4To nepponavansio cuntes HHTPHAR KPEMHHA NPOHCXOAHT B
obnactax y nosepxsocreli sanenuii ¢ MOHOTOHHBIM POHTOBBIM NEPEXONOM Bray0b x
uentpy u3nenus. Usyuenst xunernyeckue 3aKOHOMCPHOCTH PEaKUHOHHONO CHHTE3a
HHTPHAA KPCMHHA Y TOHKOCTEHHBIX M TONCTOCTCHHBIX NOPOUIKOBLIX KPEMHHEBBIX
uinennii. C yBenuyennem Mmaccel u 06bEma H3JeNHH KHHETHKA peaKuHOHHOro
obpasoBanns uuTpHaa Kpemmus NpH  ONHHAKOBBIX HAYANBHBIX  YCHOBHAX
TCMNCPATYPHOrO PEXHMA PEAKUHOHHOTO CEKAHHS M NABNCHMH rasa NPHBOAHT K
YBCNHUCHHIO BPCMCHM BBIAEPKKH DCAKUHONHOTO CMEKAHMS 10 OKOHYATEALHOrO
(opmupoBanus HuTpHaa KpEMHH1.

4.YucnenubiMM  pacyeTaMH  BbIsBICHE! SBOMOLUHOHHBIC  NPOUECCH
Anpdy3HOHHOro a3oTHpoBaHHS K PCAKUHOHHOrO GOPMHPOBAHHS HUTPHIA KpeMHHUS,
KOTOpLIC XOpOIWIO COr/ACYIOTCA C IKCHEPHMEHTOM. YCTAHOBNEHE! 33aKOHOMEPHOCTH
BIMAHHA TEMNEPATYPL! PEAKUHOMHOIO CMCKAHHs, AABNCHHS raza B JMeKTponeyH, a
TAIKE pasMEpoB H3ACHHH, NO3BONAIOWME YNPABAATH NpoueccoM PpeakUHOHHOMO
CNCKANHA, T.C. B ANPHOPH ONpEAENATL ONTHMANBHBIC 3HAYCHMS JNHTENbHOCTH,
CKOPOCTH, HRTCHCHBHOCTH H PaBHOMEPHOCTH NPOTEKAHHA CHHTE3a HHTPHAAa KPeMHHS.

5.Yncnentsle pacuerst NOKAILIBAIOT, 4TO HA ANHTENBHOCTH PEAKLUHOHHOTO
CrieKaHus 10 OKOHYATCLHOTO CHHTE3a HHTPHAR KPEMHHA 1O BceMmy ofwvemy Hanenns
Haubonee owytHmMo BausIOT raGapuTHl MAH TOMUMHA CTEHOK M3nesHs. TeMmmal
PCAKUHOHHOrO CHHTE3a HHTPHAA KPEMHHS BO BHYTPCHHHX LCHTPANLHBIX 06nacTax
MACCHBHOrO napanenenuneaa OTCTAIOT OT MPHNOBEPXHOCTHIX YacTeil H3JlenHa Ha
~24+3 yaca.
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CNHCOK ONYBJHKOBAHHBIX PABOT 10 TEME
JHCCEPTALIHH

1. Caraes,JI. 0. MogenbHbie pacueTsl PCAKUHOHHOrO CHHTE3a HHTpHIQ
Kpemuns ana Tonkocrennsix uanenuit [Texer] / JI. O. Caraes //Buumikek: nayumwiif
xypuan MO um. akanemuxa XK. Xeenbaesa HAH KP «®usukan, 2021, -Nel. — C.54-
62. - To xe: [Onexrtpoumsiif pecypc]. - Pexum  poctyna:
https://www.elibrary.ru/item.asp?id=47971351. — 3arn. ¢ sxkpana.

2. Caraes, JI. O. MozensHbie pacyeThl PCaKUHOHHONO CNICKAHHA KPEMHHEBBIX
wytenuit B armocgepe asora [Teker] / JI. O. Caraes, H.K.Kacmamsiros,
H. X. Kaiipsies // Bumxex: nayunstii scypuan H® nm. axkanemuxa XK. XeenGaesa
HAH KP «®u3uxa», 2021. -Nel. — C.43-53. — To xe: [dnexrponustit pecypc]. ~

Pexum nocryna: https://www.cli .ru/item.asp?id=47971350. - 3ara. ¢ sxpana.

3. Caraes, JI.O. BnuaHue TeMnepaTypsl, AABACHHA rasa H BHELIHKX
NapaMCeTpOB M3ACNHA, HA DCAKUMOHHBLIE CHHTE3 HMTPHAAZ kpemums [Texer] /
H.K. Kacmambiros,  H.JK. Kaiipsies, JI.O.Caracs / Buwkex: nayumo-
ungopmaumonnslii xypnan HO um. axkagemmuxa X WeenGaesa HAH KP
«Matepuanoseaenuen, 2020. - Ne2(34). ~ C.26-33. ~ To wxe: [nexrponnsiii pecypel.
~ Pexum noctyna: https://www.elibrary.ru/item.asp?id=45829129. — 3arn. C 3Kpaua.

4. Caraes, JI. 0. MozenbHbic pacueTsi PeaKUHOHHOTO CHHTE3a HHTpHI2
KpeMHHS ang ToncrocTennsix naaeauii [Texer] / H. K. Kacmamsitos, H. XK. Kaiipsies,
JI. O. Caracs //Buwikex: Hay4HO-HHPOPMAUHOHHBII Kypuan UP uM. akagemuka
XK. XKeenGacsa HAH KP «Matepuanoseneine», 2020, -Ne2(34). —C.33-41. — To xe:
[DnexTponnmii pecypel. - Pexum Jocryna:

ttps://www.elibrary.rufitem.asp?id=458291 0. — 3arz. ¢ okpana.

5. Caraes,J. 0. Ocobennoctd  ¢u3nko-matematHueckoli  Momeny
PCAKUHOHHONO CCKAHHA NOPHCTOrO MOPOLIKOBOrO KPEMHKEBOrO TeNa B Cpeae asota
[Texer] / JI. O. Caraes, H.K.Kacmamuitos, H. XK. Kaiipsies, H.X. Xeenbacn //
Kanuuuurpan: Bectunk nayku u oGpasosanus Cesepo-3anana Poccun, 2019. -T.5. -
Nel. - C. 60-72. - To me: [DnexTpommsiit pecypc]. — Pexum moctyna:
https://wwyw.elibrary.ru/item.asp?id=38205790. — 3arx. ¢ 3KpaHa.

6. Caraes, JI. O. Uncnennsie paculrsi KHHCTHKH PCAKUHOHHOrO CMEKaHHA
cepuseckoii vactuust [Teker] / H. K. Kacmamuitos, JI. O. Caraes, H. X. Kaiipsies /
Kamuuunrpan: Becruuk nayku u obpasosanus Cesepo-3anana Poccuu, 2018. -T.4. -
Ned, - C.74-81. — To xe: [Onextponnsiii pecypc). —  Pexum Joctyna:
https://www.clibrary.ru/item.asp?id=36885009. — 3ars. ¢ JKkpana.

7. Caraes, JI.O. Moaensusie Mecnenoanms KHHCTHKH  PCAKLHOHHOrO
CNCKAHUA . MONHOTEABIX CHEPHYCCKHX YACTHU KpeMHMA B  a3oTe [Texer] /
H. K. Kacmamsiros, J1. O. Caraes, H. X. Kaiipsies // Kanunuurpan: Becrunk nayku u
obpasosanus Cesepo —3anana Poccun, 2018, ~T.4. -Ne3, — C.139-147. — To xe:
[BnexTponniii pecypc] - Pesxim moctyna:

httgs://www,clib&rx.m/itcm.nsg:?id=36301 301
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8. Kacmamsbiros, H. K. Moaennposanue peakuHOHHOrO CNEKaHus 4acTHIb!
Kpemuns cepuucckoil popmei B atmocdepe azora [Texcr) H.K. Kacmamuiros,
H.JK. Kaiipsies, JI. O. Caraes// Buwkex: waywnsiii xypuan HOTTIHM HAH KP
«@u3nkar, 2017, -Nel.- C.87-90.

9. Kacmampiros, H.K. ®u3uko-MatemaTHyeckoe MOZIC/THPOBAHHE
PCAKUHOHHOrO CNEKAHHA KPHCTALIHYECKOrO KpemHHs B atmocdepe azora [Texcr)/
H. K. Kacmamsiros, H. X. Kaiipsies, JI. O. Caraes // Buuukek: nayun. texi. KypHan
«HM3pectus KITY nm. U.Passakosan, 2016. - Ne3(39), 4. 1.-C.135-139. — To xe:
[OnexTponnsiii pecypel. - Pexum Jocryna:
hitps://www.elibrary.ru/item.asp?id=27187817. — 3ara. ¢ 3kpasa.

10. Caraes, JI. O. PacuéTisic 1aHHbIC NO OPMHPOBANHIO HHTPHAA KPCMHHS B
npouecce peakUHONHOrO CnekawHs Kpemuus B armocepe asora [Tekcr)/
JI. O.Caraes, H.K. Kacmambitos, H.JK. Kaiipries  //Poccus, Benropon:
nepuoaunicckuii Hayunstii cGopimux «CoBpeMeHHbIE TCHACHUHH PA3BHTHS HayKH M
TexHonorHiin, 2016.- Ned-1.— C.46-53. — To xe: [dnextponusii pecypec]. — Pesaim
Aoctyna: https:/www.elibrary.ru/item.asp?id=25984617. — 3arn. ¢ axpasa.

11. Kacmamerros, H. K. JIByxmephas HecTaunoHapHas MOAEb PEAKLHOHHOTO
cnekanHa kpemuua B armocepe asora [Teker] / H. K. Kacmamsrros, JI. O. Caracs,
H. K. Kaiipsies.// Mocksa: Esponeiickuii ¢ona mnnosaunonnoro passurus.- C6.
pyA. II- Mexaynapoansie nayunsie wrenns namatu Codun Kosanesckoif, — 19
CEHT.- 2016. - C. 5-8. - Pexum aoctyna:
https://www.elibrary.ru/item.asp?id=26668537. — 3arn. ¢ 3KpaHa.

12. Kacmameiros, H.K. Yncnennsie pacuérsi mpouecca PEaKUHOHHONO
CNCKAHHA KPEMHHA B aTMOC(epe asoTa HAa OCHOBE ABYxmMepHol mopemn [Texcr] /
H. K. Kacmamsiros, JI. O. Caraes, H. . Kaiipsies.// Mocksa: Esponeiicxuit onn
HHHOBaUMOHHOrO pasBuTHA.- C6. Tpya. II- Mexaynapoausie Hayyusie uTeHus
namati Cogsi Kosanesckoif, 19 cent.,, 2016. ~C. 8-15. — Pexum pocryna:

* https://www.clibrary.ru/item.asp?id=26668540. — 3arx. ¢ 3KpaHa.

13. Kacmamwiros, H.K. Hamo- wu YALTPA  CTPYKTYPHPOBaHHBLIC
HHTPHIOKPEMHHEBLIC MATEPHANLI, NMONYHCHHBIC METOAOM DPEAKUHMOHHOTO CNEKAHHS
[Texer] / H. K. Kacmamsitos, JI. O. Caraen// Acrama: Tesmcsi, ¢6. Tpyaos XIII —
Mexaynapoauoii nayunoii kondepenuun «dusnxa TBEPAOrO TeNa», NOCBAWMEHHOI
20-netmio EBpa3suiickoro HaunoHansHOro ynusepcutera um. JI. H. FCyminesa, 26-28
anpens, 2016. - C.98.

14, Kacmampitos, H. K. Jlpyxmepnas MOAecAs peakuMOHHONO CHEKAHMS
KCpaMHKH Ha OCHOBE HHTpHAA kpemuusa [Texer] / H. K. Kacmamsiros, JI. O. Caraes,
H. XK. Kaiipsies / Acrana: Tesucsl, ¢6. tpynos XIII — Mexaynapoauoii HayuHOit
kondepenunn «®Ousnxa TBEPIOro Tena», nocBAWEHHOR 20-neTHIO Espasniickoro
HauHoHaIbHOrO yHuBepenTeTa M. JI. H. Fymunesa, 26-28 anpens 2016. — C.99.
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Caraes JlecGex Opuranuesuurun «Kpemumii murpuaun PeaKumsILIe
ObILIPYYHY MORCAAKK H3WIA00» AeTeH Temaaarst 01.04,07 — KOHACHCHPeHrey
abannein pusnkacst aaucrurn Goronmvua QHIMKR — MaTemaTHra HAHMACPHHIY
KaHAMAATH!  WINMMHIE  JapaxachlH  MIeHMm  aayy YUYN  masuurran
AHCCEPTAUNAABIK HITHHNH

PE3IOMECH

Tyiiynayy cespep: peakumansik ObuubIpyy, Kpemumii, a3oT, KyMaiinwix
Kacanranap, asorroo NPOUECCH, KPEMHHIAMH HUTPHAMH CHHTE3A00, MOZieNn00
AuddepeHUMANABIK TEHACMENEP, KAKBIHAATEUINAH YbIrAPBUTBILL, 3CENTOHYH cawu,u;
BIKMAcChl, KHHETHKA, CHHTC3AGOHYH ©3roHoNnyKTepy. :

Hsnnpoonyn obuextncn: Kpemumiiaun ap-kannait KOHGHTypaunanars:
KyMali/Iblk XKacANranapsii Tasa asoTTYH aTMOCHEPACHIHAA PEAKUMANBIK Obiuibipyy
NPOUECCHHACTH PEAKUHANLIK CHHTE3 MCHEH AMBQYIHANBIK KbUTyyNyK — Macca Tawyy
NPOLCCCHHHH MbIIi3aM YCHEMAYYTYKTOpY.

Haunpeonyn  npeamern:  Kpemuniinuu HHTPHAMH  CHHTC3N0OHYH
KHHCTHKACLINA THILIKL! NAPAMETPACPAHH XKAaHR KACANTAIaPABIH OITYOMIOPYHYH KaHa
Gopmanapbinbii TaacHpHH H3IHAL0O.

Hwrun maxcare: Kpemuuitaun ap-kanpait KOH(Urypaunsaars: Kymaiinsix
Kacanranapeii a30TTYH aTMOCHEPackinga PeakuHsIBIK OLIUBIDYYRYH TypYKTYy aMec
MOACHHH HTen ubiryy. KpeMRAIHH HHTPHANH KPHCTANAXHMHANBIK CHHTE3ZI00HYH
KUHCTHKQNBIK  MBIH3aM  YCHEMAYYAYKTOPYH aHBIKTOO GOloHYa TCOPHSNBIK
H3Z007OPAY CAHAIK ICCNTOOP aPKBLYY KYPry3yy.

Haunzeo wikmanapwi: TCOPHAMBIK KaHA MATCMATHKANBIK  (U3MKAHDIN,
Auddepenunanasik  Tennemencp TCOPHACBHINBIH  BIKMAIAPHIH,  TEHACMENCpaH
aNNpOKCHMAUNANIOO KaHA ANAPAB! HTCPALMANLIK YbIrapyy BIKMAJIAPLIN Naiinananuyy
MEHCH KOJUIOHYN, CAHABIK 3CENTOONOPAY KYPry3yy.

Anbiran nateliikanap xama ANAPALIN MAHMKHIL KaNBLIBLITBL JKoropky
TEMMCpaTypana KpemHMiAH a30TTYH aTt™mocgepachiiaa Guibipyy  yuypynza,
kpeminiian  anpdysnansik asorromy Gasmmoo Y4YH KPEMHHIAMH HHTpHAMH
PCAKUMANGIK CHHTEINO0HYH QHINKA-MATEMATHKANLIK MOZEIH GHpHHUY KONy HITEN
“4birapeiansl.  Kpemumiiaun  ap-xanpaii KOHQHrypaumsarsl  Ko30HOKTYY
KACANTANAPEIN A30TTYH ATMOCQEPACHINAA PeAKUMANBIK 230TTOO NPOLECCHRHH
Kunerukacoii, Kuyacemnnk anddysusnst acke ayy MCHCH CaHAbIK ICENTOO/Nep
GHpurun sxony Kyprysyany. Kpemuniimun xymaiinsik JKacajiranapbii - a30TTyK
atmocdepana Guiwbipyy npoueccuuaern Fa3-KaTyy 3aTThIK PEAKUHACH KOMIBIOTECPAC
OPTOMYYNYK MOAC/AH KOMAOHYY MCHEH Hillke awsipsiasl. Kpemunitaun nutpranm
PCAKUHANBIK CHHTE3N00 NPOUCCCHHHN KHHETHKAILIK MBIF3aM  yeHeMAYYAYKTOpY
::::;un ":xana Kyka Kantanlyy skacanranap yuyw wyprysynay. Kpemunitaun

PHAHH DCAKUHANBIK CHHTE3N0OHYH KYPYWynyn Gepunren Temneparypa skana
PCAKUHANBIK GLILIBIPYYHYH Y3aKTBIrE! YUYH, a30TTyH 251eKTp MewnHaery 6ackiMbIHAH
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©3ropYYCYHO, KacanranapAsii KOHQUIYPaUMACHIHA KaHa OMYOMYNO  Kapara
Y3aKTBIFBINBIH, BULAAMALICGIHBIH KaHA HHTEHCHBAYYAYTYHYH MAAHKHACDH aHBIKTAIL!.

Konponyy weiipecy: Mwtun uatsiiixkanapsi HHTPHIAMK KEPAMHKAHB! anyy
YUYPYHAA PeaKUHSNBIK OLIBIPDYYHYH ONTHMAABIK PEXHMHH HIUTEN MBITYY Y4YH
KCPAMHKAILIK MATCPHAN TaaHyy aliMarsiiaa KONIOHY AT,

PE3IOME :
aucceptanun  Caraesa JlecGexa Opsimranmesuua na temy: «Moaenabupie
HCCJICAOBAHNA PEAKLHOHHOIO CMEKAHMS HHTPHAA KPEMHHS» HA COHCKAHHE
yueHoit crenenn KaHAHAATA PHINKO-MATEMATHYECKHX HAYK MO CICUHANLHOCTH
01.04.07 pu3nka KoHACHCHPOBAHHOIO COCTOSIHNS

Kniouesnie coBa: peakusoHHOC CMEKaHWE, KPEMHHii, a30T, MOPOLIKOBbLIC
H3ICNHA, MPOLECC A30THPOBAHHA, CHHTE3 HWTPHAA KPEMHHA, MOJCTHPOBAHHE,
auddepenunanbisie  ypasHeHus, NPHOAMKCHHOC pelIEHHE, - YHCNEHHBIT MeTon
pacyera, KHHETHKA, 0COGEHHOCTH CHHTE3a.

OGwexT HCCNEN0BAHMS - 3aKOHOMCPHOCTH auddysnonnoro
TCNJIOMACCONEPEHOCA € PCAKLIHOHHLIM CHHTE30M B NMPOLCCCE CMNCKAHHA KPEMHHEBLIX
NOPOLUKOBLIX H3AeNHiT pasnntHOil KoHGHrypauuH B arMocdepe YHCTOro asora. .

Ipeamet nccaenoBAHNA ~ BAHAHHEC BHEWHHX NapaMeTpoB H KOHQHIypauuu
u3senuit (pasmepst # Hopma) Ha KHHETHKY CHHTE3a HHTPHAR KPEMHHA,

Uens paGorsi — paspaGoTka HECTALUMOHADHON MOICAH PCAKUHOHHONO
CNCKAHKA TIOPOLIKOBBIX H3ACHHI KpeMHHA pasnuunoii koHHrypauun B atMocepe
asota. [lpoBenenne TCOPETHHECKHX HCCIEAOBARMI MO BHLIABICHHIO KHHETHYECKHX
3aKOHOMCPHOCTEH KPHCTAUIOXHMHYECKOIO CHHTE3a HHTPHIAR KPEMHHA METOJAOM
YHCJICHHBIX PACYETOB.

.Metoas! HcCNENOBAHHA — YHCACHHBIC PACHCTBl C MPHMEHEHHEM METOA0B
TEOPETHYECKOI H MaTemaTHyeckoit uskkH, Teopiu AudepeHUHANBHLIX YPaBHCHHT
C HCMONb30BAHHCM MCTOAOB ANNPOKCHMAUWM YPaBHEHMI M HX HTCPALUHOHHOIO
peLUCHHA.

HMonyuyennsie pesyasTaThl H HX HOBH3HA — Bnepsbic paspaborana QH3HKO-
MaTeMaTHYeCKas MOAC/L PEaKIHOHHOIO CHHTE3a HHTPHAA KPCMHHS AN OMMCAHHS
Anddy3HoHHO-PEAKUHOHHOrO 230THPOBAHHA KPCMHHA MPH BHICOKHX TEMNEpPaTypax
cneKkaHns KpeMuusa B atmocdepe asora. TTpoBeaeHbl YHCACHHBIC PACYETH KHHETHKH
TNpouecca peakiHOHHOro A30THPOBAHKSA MOPHCTHLIX KPEMHHEBBIX HIACARI PasTHYHOM
xondurypaunn B armocepe asota ¢ yueTom knyaceHosckoi anddysun. Mposenena
KOMNIBIOTCPHAs pEAnH3alMs ra30-TBEPAOTEAbHON PEAKUHH B MPOLECCC CMEKAHHA
NOPOLUKOBOTrO KPEMHHEBONO H3jeana B atmocdepe a30Ta ¢ NPHMCHCHHEM Tax
Ha3bIBaEMOlt NpomexyTounoit MoaeaH. OnpeacneHb! KHHETHYCCKHE 3aKOHOMEPHOCTH
npouecca peakUHOHHOrO CHHTE3A HHTPHAZ KPCMHMA A8 TONCTOCTEHHBIX M
TOHKOCTCHHBIX  H3ZeNHil. BbiABRCHB!  3HAYCHHA  ANHTENBHOCTH, CKOPOCTH,
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HHTCHCHBHOCTH NPOTCKAHHA PCAKUHOHHOrO CHHTE3d HWTPHIAA KPEMHHA gy
3aZaHHBIX TCMNEPATYP H BPEMEH BLUICPKCK PCAKUHOHHOIO CTICKAHHA, OT H3MeHeHHii
JAB/ICHHS a30Ta B CKTPONCYH, OT KOHDHTYPAUHH H Pa3MCEPOB H3Me/Hii,

- OGnacrs npumenenus ~ pesyabTatst pabotst GyayT npumensites B oGnacry
KCPaMHYCCKOr0 MAaTCPHANOBEACHHMA NpPH  pPa3paboTKe ONTHMANBHBIX  pexmop
PEAKUHOHHOTO CMICKAHHA IPH NONYHEHHH HHTPHAHON KepaMUKH,

ABSTRACT
The dissertation of candidate Satayev Lesbek Orngalievich on "Model
studies of the reactionary sintering of silicon nitrid" for the degree in
mathematics and physics 01.04.07 and physics of condensed state as
specialization. -

Key words: reactionary sintering, silicon, nitrogen, powder products, nitrogen
process, silicon nitride synthesis, modeling, differential equations, approximate
solution, numerical method of calculation, kinetics, synthesis features.

Object of Research is the regularity of diffusion heat-mass transfer with
reactionary synthesis in the process of sintering silicon powder products of different
configurations in the atmosphere of pure nitrogen.

Subject of the Research is the influence of extermal parameters and
configuration of products (size and shape) on the kinetics of silicon nitrid synthesis,

The purpose of the work is the development of a non-stationary reactionary
sintering model of silicon powder products of different configurations in the nitrogen
atmosphere. Theoretical studies to identify kinetic patterns of crystalochemical
synthesis of silicon nitrids by numerical calculations.

Obtained results and thei novelty - for the first time, a physical and
mathematical model of the reactionary synthesis of silicon nitrid is developed to
describe the diffusion-reactionary nitrogenization of silicon at high temperatures of
silicon sintering in the nitrogen atmosphere. Numerical calculations of kinetics of the
process of reactionary nitrogenization of porous silicon products of different
configurations in the nitrogen atmosphere, taking into account knudsen diffusion were
conducted. Computer implementation of the gas-solid reaction in the process of
. sintering powdered silicon product in the nitrogen atmosphere using the so-called
- intermediate model was carried out. Kinetic patterns of the process of reactionary
synthesis of silicon nitride for thick-walled and thin-walled products have been
defined. The values of duration, speed, intensity of reactionary synthesis of silicon
nitride for specified temperatures and times of reaction sintering exposure, from
changes in nitrogen pressure in the electric furnace, from the configuration and size of
the products have been revealed.

Scope of application - results of the work will be used in the field of ceramic
material science to develop optimal modes of reactionary sintering when obtaining
nitride ceramics.
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