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MOP®O/IOI'NA H CIIEKTPOCKOITHA OKTASAPHYECKHX
KPHUCTA/I/IOB A/IMA3A U3 TPYBKH IOGH/IEHMHAA

(AKVTHSA)"

[poBenerno KomriekcHoe Mopgonorudeckoe u HK-criekTpockonudeckoe H3ydeHHe
CrieLHa/IbHO OTO6PAHHBIX M/IOCKOIPAHHBIX H pe/IbeGhbHbIX KPHCTA/lZIOB aIMa3a IpeicTaB-
/IeHHBIX MOPGYO/IOTHYECKHMH Pa3HOBHAHOCTAMH TO/IBKO OKTA3APHYECKOro raburyca oa-
HOIo pa3MepHO-BECOBOIO K/iacca M3 KMMOep/aHTOBbIX Tpyook [O6urerinas, Yiauras,

Komcomornbcras v Mup (AkyTis).

Krrouesbre cr10Ba: a/smmas, TI/II'IOMOdeHb[e IIPH3HaKH, 30Ha/IbHO-CeKTOPHA/IbHble KpPH-

CTa/I/1bl, OKTa3APHYECKHE rabHUTyC.

n epcrieKTyBbl  3pheKTUBHOTO
HCIIONBb30BaHUA  MOPJOIOTHUU
U CIMEeKTPOCKOIIMUeCKUX CBOMCTB a/iMasa
KaK BaKHBIX TUIIOMOPCHBIX ITPHU3HAKOB
B ITPaKTUKe TPOTHO3UPOBAHMSA U IIOKC-
KOB KOPEHHBIX HCTOUHHKOB, a TaKKe
MpU OLIeHKe a/IMa3HOTO ChIpbf, CYIIECT-
BEHHO pacUMpUInCh 61aroqaps BO3-
POCIIMM BO3MOKHOCTSIM COBPEMeHHOM
QHA/TUTUYECKON U CIIeKTPOCKOITNYECKOM
arrapaTypbl HOBOTO TTOKO/EHUs C WUC-
MoNb30BaHUEM COBPEMEHHbBIX MeTOIOB
HCCNeOBaHUM U KOMITBIOTEPHBIX TTPO-
rpaMM OOpabOTKM U TpeacTaB/IeHUs
SKCIepUMeHTanbHbIX AaHHbIX. OaHako,
HeCMOTps Ha YKe AOCTUIHYThble AOCTH-
JKeHus B 3TOM obnact [1—6 u ap.], oc-
TAIOTCS HepellleHHbIMH HEeKOTOphle Ipo-
6nemMbl TeHeTHUeCKOM WHTepIipeTalvu
Mopdonoruueckux u  HMK-criektpocko-
MMYecKux AaHHbIX. Het ronHot sicHocTu
B BOMPOCax IPOUCKXONKACHUU OKPYI7IBIX
anMas3oB M Hanboriee pacrnpoCTpaHeH-
HBbIX T[I/IOCKOTPAHHBIX C penbedHBIMU
rpaHAMH KPUCTA//IOB a/iMas’a OKTadapu-
yeckoro ob/vKa, A5 KOTOPBIX He BIIO/-
He UCCAeAOoBaHHOM OKasaslach CBfA3b C

colepXaHveM a3O0THBIX U APYrux [e-
¢eKToB U He olpeaesneHbl KpUTepuu
dOpMaLIMOHHOM MTPHHAAICKHOCTH [7, 8
v ap.]. I'lpy olieHRe paBHOBECHOM TeM-
repaTypsl 10 CTeleHy arperalyy asora
(3,4, 8,9, 11-14 u ap.] He yuUTHIBAIOT-
c BapyallvM COAepXkKaHWA a3oTa B pas-
HbIX THMIaX AeeKTOB B MHKPO- U MaK-
POKPUCTa/I/IaX, B Tpeaenax OTAe/lbHbIX
30Ha/IbHO-CEKTOPHA/IbHBIX  KPHUCTA/I/IOB
1 B 3aBUCHMMOCTU OT pa3mepa. Ocraer-
ca npo6/ieMa MOBbILEHH YYBCTBUTE/Ib-
HOCTH, TOYHOCTH U nokambHOCTH KK
CIIeKTPOCKOIMUECKUX  UCC/Ie0BaHMH,
COBepIIEeHCTBOBAHUSA METOA0B  oObpa-
6otku MK criektpoB 1 pacuera npume-
CH a30Ta U CTeleHW ero arperauvd B
OCHOBHBIX AedpeKTax, CrocoboB Ipes-
CTaB/IeHUs 3KCIIEPUMEHTA/IbHBIX M pac-
YeTHBIX AaHHbIX [13].

Hamu nipearnpuHsaTa morbsiTka peiie-
HUSI HEKOTOPBIX M3 3THX NpobreM Ha
OCHOBE KOMIVICKCHOTO MOPdo1oruye-
croro ¥ MK-crnekTpockornmyeckoro usy-
YeHUs CIelMa/lbHO OTOOPAHHBIX I/10C-
KOTPaHHBIX M perbedHBIX KPHCTA//IOB
anMasa IpeaCTaB/IeHHBIX MOPQOIorH-

* PaGota BbirosiHeHa Npy PUHAHCOBOM TMOAACPKKE TOCYAaPCTBEHHOrO (DOHAA MOCTAOKTOPAHTY-
Bl U CIeLIMa/IBHOTO (pOHa OCHOBHBIX HayUHO-UCC/Ie0BaTe/IbCKUX paboT Kuratickoro reonorvue-

croro yHuBepcurerta ([lekun).

158



YeCKMMH DPa3HOBHUAHOCTAMU TO/MBKO OK-
Ta’APHUUECKOro rabuTyca OAHOTO pas-
MEpPHO-BECOBOro Knacca —2 +1 u3 Rum-
GepnutoBbIx Tpybok O6unerHas, Yaau-
Hast, KoMcomorckast 1 Mup (Arytus). B
HacTosler paboTe B KayecTBe IprMepa
MpYBeaeHbl Pe3ynbTaThl HCC/IeI0BaHUM
50 xpucramioB U3 oaHow Tpyoku O6u-
feriHasg C AOCTaTOYHO TIO/IHOW MMHepa-
MIOTHUUECKOM U3ydeHHOCThIo [10].

MeToabl Hcciea0BaHHH

B paGore wucrons3oBaHbl MeTOAbI
MOP(OIOrMYECKOro  BU3Ya/IbHO-MHUKPO-
CKOIMMUECKOr0 M3YueHUsl, aHa/M3 OOb-
EMHBIX M300paxKeHU KPUCTA/ZIOB a/iMa-
3a, MO/MYUEHHBIX Ha CKAHHPYIOIIEM 371eK-
TPOHHOM MHKPOCKOIIE B COBMEIIeHHOM
pexrMe BTOPUUHBIX 3/1eKTPOoHOB (BJ) u
LIBETHOM KaTOAHOM  /IOMHHECLICHLIMU
(LIK/T). [lanHble O comepaHuM a3oTa B
CTPYKTYPHBIX AedpeKTax aziMasa Mo/ayue-
Hbl Ha WH(ppakpacHoM Pypbe-CriekTpo-
Mmetpe «TepmoNickolet IR200». Tpaau-
LIMOHHble MeToaukH obpabotku MK-
criektpoB [3, 9, 11-14] orpannunBsaior-
ca B OOMBIIMHCTBE C/IyUyaeB pPacyeToM
conepXaHus a3oTa TO/bKO B popme A-
u B(Bl)-nedekToB, IOCKOMBKY OHHU
OOBIMHO  TepekpbiBaloT  norocel  C-
nedeKToB, a A/sl MOAOChl [/IAHAPHOTO
B2(P)-nedexta He HaiaeHO CBS3H CO-
fepXaHrs a3oTa C IMHMKOBOM WHTEHCHUB-
HOCTBIO U KO3(PHUIIMEHTOM TIOr7IolIe-
HUS.

B Hamert pabore Obliv UCIIONB30OBA-
Hbl HOBbIE, pa3paboTaHHble HaMH IIpHe-
Mbl 0b6pabotku MK-criekTpoB pacueta
conepXaHus asoTHBIX 1edPEeKTOB C pas-
OXeHWeM [0 KOMITbIOTePHBIM  MPO-
rpammam OMNIC u Original7.0 Ha co-
CTaB/SAIOUIE KOMIIOHEHThI C Bble/IeHM-
eM U1 pacyeToM Iionaau nonoc A-, B1-,
C- u B2-nedbextoB u mx nocneayiornen
HOPMHMPOBKOM  OTHOCHTE/IbHO  MHTe-
rPaibHOM TI7IOMAAN T10/1I0C COBCTBEHHO-
ro nornomuexus [3].

YcraHOBNeHHass HaMuk — (PYHKLIMO-
Ha/lbHasi CBA3b Mexay OOIIMM comepxa-

HUeM a3oTa B azMase Ns (at ppm), pac-
CUMTAHHBIM T10 TPAAWLIMOHHON MeToau-
ke [8] ¥ Koa(pDUIIMEeHTOM HOPMHUPOBKH
Ks cyMMapHOM IIIOWaad TIO/OC, CBS-
3aHHBIX C A-, Bl-, C- u B2-nedexrramy,
Ns=911.11"Ks (at ppm) ¢ BBICOKHMM KO-
scprimentom  koppensumn (B2 =
0.9925), sBUnach OCHOBOM Aa/IbHeMIINX
PacyeToOB COAepXaHUsA a30Ta B KamkIOM
OedpekTe. B creaviollled Iloc/ea0Ba-
Te/IbHOCTH:

1) ompenenenvie 1o BTOPOWM MPOH3-
BOAHOM TIOBULIMKM MaKCHUMYMOB  T10/10C
nornoierdrss B MIK-criektpax v ux pas-
MO¥eHre Ha COCTAB/SIONINE MOIOCHI;

2) pacueT MHAMBHUAYA/IBHOM I/I0MA/IN
AN KaxkA0M 1onockl Sy, Sgi, Scu Spo u
HHTerpaZibHOM I1/Ioaau BCeX 3THX I10-
noc Sy ¥ X HOPMUPOBKA OTHOCHUTE/TBHO
HHTerpaZibHOM II/IoNaAd TO/10C COBCT-
BEHHOTIO (pelleTOUHOro) IOI7/IomeH s S,
C pacueToM KO3(p(pULIMEeHTOB HOPMHU-
POBKM  MHTerpazibHorl rzomaad Ks
=S5n/S,, @ TakKe WHAMBHUAYA/IBHBIX I10-
710C Ks = SA /So; KSBJ = SB]/SO " KsC
= SC / So?

3) pacueT ¢ UCMONBL30BaHHUEM YIoMsi-
Hytoit Bbine yHrimK Ng =1818.3'Ks
CHauasla CYMMapHOTrO COZepKaHUs asoTa
Ns (at ppm) o rosdduiieHTaM HOP-
MUPOBKU Ks , a 3aTeM IO aHa/IOTHH WH-
AVMBUAYaIBHBIX TI0r10C Koy = Sa/S,, Ksp:
= Sp1/S, v K¢ = 5¢/5,; 3a cuet cokpa-
IIEHUs CTAaTUCTHUUECKOM IOrPELHOCTH U
OMOOK, CBA3AHHBIX C H3MEpeHWeM IIv-
KOBOM MHTEHCHBHOCTH T1ePeKPbIBAIONINX-
¢Sl TIO7I0C TIOI7IONIEeH!sl, TOYHOCTb pacue-
TOB YBe/INUMBAETCS;

4) pacueT coaepxaHus asoTa B A-,
B1-u C- nedexrax B rocneaoBaTenbHO-
CTH: a) HOPMHPOBKa K03(dHLIMEHTOB
ror/71I0MeHnsa Uyog2 Hii7s U Hi135 TO/IOB-
HBIX TO/IOC Kaxkaoro aedpekTa OT COOT-
BETCTBVIOLINX KO3(PULIMEHTOB HOPMHU-
poBkru K, Kig1 1 K¢ ¢ pacuetoM HOp-
MMPOBAHHBIX KO3(P(HLIMEHTOB IIOI7I0-
meHus U'12s2 =f1(Ksa), t'1175 =13(Ksp1) 1
1'1135 =16(K;c); b) coTaBuTh PyKLIMaHHBIE
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Puc. 1. TunuuHble nao0CKorpaHHble OKTasaApbI (a) H e
cTannabl ¢ TPHrOHa/AbHbIMH (6) U AUTPHrOHaAbHbIMH (B)

¢dopmamu rpaneii. LIK/I B COM, x 80

CBA3W MexXay KOo3(p(PULIMEeHTOB HOPMU-
POBKM  MHTerpanbHol rviomaan Ks
=5n/S,, ¥ VHAVBUAYA/IBHBIX TO10C K
=54/8,, K1 = S/ So v K¢ = Sc /
So , T.e. KsA =f2(K5) B KSBJ =f4(}{5) u KsC
=f5(Ks); 6) pacueT KOHLIGHTpaLMK a30Ta
B AedeKTax I10 3MITMPHUUECKUM YpaBHe-
Huam: Ny = 16.05%u'12s2 , Np; =
21.55%1'1175 v Ne = 25’1135 @t ppm)®;
B) pacueT CYMMapHOrO COAepaHWs
asota B A-, B1- u C-nederrax Ny = Na
+ Np; + N¢ @t ppm); Pacuer crerenu
arperaiivy asota B B-dpopme Boipaxa-
erci B % OTHOCHUTENBHO CYMMApPHOIO
conepxaHus a3oTa B A- u B-dpopmax.
[1nsi OLIeHKH paBHOBECHOM TeMIlepa-
TYpbl 0OPa3oBaHWsA KPUCTA//IOB a/Masa
no aaHHbiM MKC wucnons3oBaHa MmeTo-
mvika [12-14 |, onpoboBaHHasA Takke B
4,8,9,11,12 u ap. ]. B ee ocHoBy 110-
NO¥eHa 3aBHCUMOCTb CTelleHM arpera-
LK asota Ng/IN; OT paBHOBECHOM TeM-
repatypbl 1, KoHCTaHThl BonbliMaHa X,
3Hepruu aktTuBaLmu E, KoadpHLIMEeHTOB
audpdpy3un D v anutenbHOCcTH avudpdoy-
3MOHHBIX MPOLIECCOB arperauvu f, aoc-
TATOYHOM /11 AOCTUKEHHS PAaBHOBECHUS.
[lpu craHmapTHbIX 3Hauenusx k, E, D
BO3MOXKEH pacyeT 1 TIpy K3BECTHOM
3HaueHWM BO3pacTa ! WK 718 onpene-
fleHys1 Bo3pacTa f, ec1yd M3BecTHa paB-
HOBecHasi Temriepatypa 1. [aa anmasa
U3 KUMOepPAUTOBBIX TPYOOK Hrytur B
3TUX pacyeTax MPUHHMMaeTCs BO3pacT f
~ 3 Mapa. net, GMMsKUil K 3HaueHUIo
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2.9 mapa. ner, orpeneneH-
Homy 1o Re-Os natuposa-
HUIO CYIbUAHBIX BK/IIOUE-
HUM B KpUCTa/I/Iax aZiMas3a U3
Tpybru Ymaunas [11]. Tpo-
ueaypa Yrpollaercs, ecnu
VICTIO/b30BATh auarpammy
Ternopa [12] ¢ KRoopavHa-
TaMM «CYMMapHoOe cozaepxa-
Hue a3oTa Ns ~ cTerneHb ar-
perauvu B%» 1 usoTepMaMu
uepes 50'C B wuHTepBaze
1100 — 1300°C.

3. PesyabTaTbl HCCae-
AOBaHHUH

3.1. Mopdponorudyeckne pasHO-
BHAHOCTH, CEPHH H PAAbI KPHCTa/l-
aoB aama3da. OTtobpaHHble /71 UCCre-
[IOBAaHWI KPUCTA/IBI a/Masa [pecTaB-
fIeHBl TIOUTH WAea/lbHBIMU II/IOCKOTPaH-
HBIMH OKTa3APUYECKUMU KPUCTA/I/IaMU C
OCTPBIMM HHOT/Ia C/IerKa 3aKpyr/IeHHbI-
MU pebpaMy U BepliMHaMU W pernbedp-
HBIMH KPHUCTA/I/IaMU C TPHUTOHA/TBHBIMUA 1
AVTPUIOHA/IBHBIMK  CZIOHUCTO-CTYIeHYAT-
bIMU popMaMu IpaHert (puc. 1).

BObIIMHCTBO T/IOCKOTPAaHHBIX OKTa-
SAPUUYECKHX KPHCTA/VIOB OOHapPYXKUBaET
rony6yio LIK/1 ¢ paBHOMEpHBIM, MATHU-
CTBIM MW/IM 3aKOHOMEPHBIM pacripeserne-
HHeM [10 OTTE@HKaM W MHTEHCUBHOCTH Ha
rpaHsx, pebpax W BepllMHaX. Doree
pasHoobpasHasi M0 LBETY M WHTEHCHUB-
Hoctu momuHectteHms (LIK/1) mpuypo-
YeHO K rpaHsaM, pebpaM U BepllIMHaM
penbedHbIX KPUCTA/IZIOB, 30HaM POCTa B
CTyIMeHuaThix c1osiX. Ha cpesax kpu-
ctannoB rapannensHo (001) no usety u
vHTeHcuBHOCTH K/1 B LieHTpanbHOM yac-
TH HHOTZa OOHApYXKUBAIOTCH HEOO/b-
e 3apOobllM C KYOMUYECKUMM [Hpa-
MMIaMM POCTa, @ B OCTa/IbHOM YaCTH U
Ha repudepry Kak naMHUHapHasi, Tak 1
CTYIeHUYaTO-C/IOUCTast 30HA/IbBHOCTh POC-
Ta rpaHeyr OKTaszapa.

PenbedHble KpyCTazsibl BhHICTPAWBA-
1otca B O-T u O-DT mopdonoruueckue
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Puc. 2. Mopdgonoruyeckne cepHH H pAAbl KpPH-
CTa/I/I0B OKTa3APHYECKOro rabHTyca ¢ nepexoaHbi-
MHu ¢hopMaMH rpaHeii KOMOHHaUHOHHOro pocta:O-T
TPHFOHOKTa3ApHYeCKass CepHs KPHCTa/l/IOB H PAAbI
C KOMOHHAUHOHHBIMH (pbopMaMH IpaHeH JICeBAO-
O-DT AuTpHroHOKTasapH4ye-
CKasa cepHsi H pAabl ¢ KOMOGHHALHOHHBIMH ¢hopMa-

poMboaoaekasapa»;

MH T paHeii «qiceBaOTeTparexkcas3apa»

cepur C TPUTOHA/IBHBIMM U AWTPUTO-
HaZbHBIMU (pOpMaMH  pernbedpa, COOoT-
BETCTBeHHO. B kaxzol cepuu Bbldens-
IOTCS Psabl MTOC/IeA0BATE/TBHOIO YCIOK-
HeHUsl penbeda B 3aBUCUMOCTU OT BbI-
COTBI M UMC/a CTYTeHek (puc. 2).

3.2. Coaepxanue u pacnpeae-
/IeHHe a30Ta B AedheKTax.

Pesyneratel  VIK-criekrpockomnuuec-
KOrO OIpe/erieHysl CoAepKaHus a3oTa B
KpucTasimax U3 Tpyoru [O6uneliHas
MpeACTaB/eHl B BHAE TIHMCTOTPAaMMBI
(puc.3,a), KOTOPOI OTUET/IMBO BhIpaKe-
HO OuMoJasbHOe paclipeseneHue Ko-
adduimeHTa HOPMHPOBKH Ks, Tpo-
MOPLIMOHA/ILHOTO  CYMMApHOMY  coaep-
)anus azota Ns 1 Na. K nonyasimum c
HU3KWM COJepXaHHeM a3oTa (B HWHTep-
Baie or 0 no 0.3 sHauenuit Kj)
OTHOCHTCSI OO/IBIIMHCTBO I/IOCKOTPaH-
HBIX U penbedHBIX KPHUCTA/IZIOB C TPHUro-
Ha/IbHBIMU CTYIMeHYATO-C/IOUCTHIMI
dopmamMu. 6osbllias YaCTb KPHUCTA/IZIOB C

0-DT

3

}

OUTPUrOHA/TBHBIMM  CTYIIEHYaTO-
CMOUCTHIMH POPMaMi  OTHOCHT-
c K TOMYASLMU KPUCTAIIOB C
BBICOKHM COJepXKaHHeM a30Ta.
Eme Gonee KOHTpacTHO BbIpa-
KeHO OMMOoZJanbHOe pacrpeae-
fleHre a30Ta, CBSI3aHHOTO C A-
nedperramu (puc. 3, 6). AHaso-
rmyHas OuMoJanbHasg TPYIIY-
POBKa OOHapY:KHBaeTcsi U B OT-
HollleHuK pacnpenenenus Bl-
C- u B2- nedperrax B KpucTas-
nMax Kak u3 Tpyoku 06uneiiton,
Tak U M3 ApYyrux Tpyook. Coort-
HOIIGHHE CO/epXKaHWsl a30Ta B
Pa3MMUHBIX AedpeKTax H3MeHs-
ercsl B M3YYeHHbIX CepUsix Kpu-
CTa/l/IOB B IOCTAaTOUHO LIMPOKKX
rpefenax U 418 KaxkaoOW cepyuu
HE3aBUCHMMO B COOTBETCTBUH C
PPaBHOBECHOM TeMIlepaTypou
KPUCTa/I/TU3ALIMU /K OTKUra.

PacuetHble 3HaueHusi paBHO-
BECHOM TeMIlepaTyphbl, OLIeHeH-
Hble TpUMepe KpUCTA/ZIOB U3
Tpyoru KO6uieliHas Mo crerneHu
arperaumu asota (N~B%), paccuntaHHbIe
M0 TPaAWIIMOHHOM MeTO/MKe, HaHeceH-
HBle Ha avarpammy Teinopa (puvc. 4.),
COOTBETCTBYIOIIME HU3KOTEMITePaTypPHOM
MOMNY/ISILIMY  KPHUCTA//IOB  [TPEHMYILeCT-
BenHo O-DT cepun, oTMeueHHble CH-
HUM WIECTUYro/bHUKaMU U BBICOKOTEM-
nepatypHoit nonyasimyu O-T cepun,
[OKasaHHble KPACHBIMU TpPeYyrobHU-
KaMM OOHapyKHUBAIOT OTYET/IMBO BbI-
pakeHbl TpeHabl A1d Kaxaod Mopdo-
noruueckodt cepuu: mnonyasiwmsa O-DT
cepyuy TOKa3aHa LIEHTPaMHU KPYKKOB
cvHero 1Beta, a nonyasuud O-T ce-
pun KpacHOro 1IBeTa; pasMepoM
KPYXKKOB TMOKa3aHO OTHOCHTE/bHO CO-
nepxanve B2-nedektoB. Mopdono-
rmyeckas crielimdurka Kpucraanos O-
DT cepun onpenenserca ¢ OOHOH
CTOPOHBI BBICOKHMM COZepXKaHUeM a30-
Ta, a C APYrol — OTHOCHUTE/IbHO HU3-
KO CTereHbiO arperaivy U paBHOBeEC-
HOU TeMIiepaTyphl.
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Puc. 3. BumoaansHoe pacnpeaeneHHe Ko3ahguuu-
eHta HopmupoBkH Ks ~ Ng (a) u K;4 ~ N5 B OKTasa-
PHYECKHX KpHCTaadax aamasa u3 Tpyboku IO6muaeii-

Has (a) (6)

[ns yactu kpuctanio O-T cepun us
TpyOry MO6u1eiiHas XapakTepHs! 10710~
rMe BeTBM TPEHIOB BAOMb H30TEPMbl
okorto 1155 °C. B mnipenenax 3Toit BbI-
COKOTeMIIepaTypHOl YacTh TpeHaa Kpu-
CTa//Ibl a/Ma3a BBICTPAMBAIOTCS IO CTe-
reHy arperaumu asota B B1(B)-dhopme
He3aBHCUMO OT MpuHaaiekHocTH K O-T
um O-DT cepun ¥ OT codepxaHus
CYMMapHOro asoTa. JTO IpeaAronaraet
CcylllecTBOBaHUe Ha raybuHe okorno 190
KM Ma/IOMOIIHOTO T10fiCA CTaBM/BHBIX
YC/IOBUIM OOPA30BaHUS a/iMa3a C OTHO-
CUTeNIbHO HU3KUM CcofepXkKaHUeM a3oTa.
Bo3MO&KHO, OH COOTBETCTBYeT 0Opaso-
BaHUIO KPHCTA/ZIOB Ha CTa/lMM Me//leH-
HOM KPUCTA/I/TM3ALIMU PaCI/IaBOB. 3Ha-
YUTeNbHBIA Pasdpoc 3HAYEeHUI CTereHH
arperaumy azota B B1(B)-dopme u co-
nepxaHusa TiaHapHeix B2(P)-nedexrtos
OBYC/IOB/IEH BEPOSITHO KWUHETHUUECKUMH
darropamu. TpeHasl Tpybru HOGueit-
HOM $IBHO OT/IMUAIOTCH OTCYTCTBUEM
r3oTepMuueckoi BetBu. Kpucramnawr O-
T cepunt o6pa3yioT TpeHa C caMbiM 3Ha-
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YUTE/IbHBIM T10 Be/MMYMHEe Ipa-
OWeHTOM pPaBHOBECHOM TeMIle-
parypel  (1110-1180 °C) w
Gorblller CTeIeHbo arperalmvu
asota (50 %B1) o cpaBHenuo
¢ O-DT cepueitr, ymeHblnaio-
1ercs C TOHMKEeHUeM TeMrle-
patypel. Kpucraaaer O-DT ce-
PUM OTAIMYAIOTCS OT KPHUCTasl-
nos O-T cepur MeHBIIMMU
3HAYeHUsIMU TpajiieHTa paB-
HOBECHOM TeMriepaTyphbl
(1080-1150 °C), crenenb ar-
peraumu asoTa okormo 35 %
MouTH He MeHsieTcs. B Huzko-
TeMIiepaTypHoi 061acTh TpeH-
Obl  TI0  CTeleHW arperaluu
asoTa B B-dopMmax cHmmKaioT-
csl.

MoxHO Tmpearnonaratb, 4TO
3HAUMTe/IbHAsA, HO PazirdHast /1
kprcranioB amvaza O-T u O-DT
Cepur Be/IMUMHA IpasvieHTa paB-
HOBECHOUM  TeMIlepaTypbl  Orlpeersiercsi
KOHKPETHBIM HHTEepBa/laM I7IyorH 0bpaso-
BaHMs a/Maza, KOTOPbIE XapaKTepUsyIoTCs
MeHee CTabW/IbHBIMU YC/IOBUSAMU B HEOIHO-
POIHOM TIO COCTaBY MaHTHMHOM cyOcTpare,
SIB/IFIOIIErOCs MCTOUHMKOM a/IMasa Kaskaow
KUMOEP/IUTOBOM TPYOKe.

Tarvm 06pasoM, ronydeHHbIe JaHHbIe
CBUZIETE/bCTBYIOT 06 0OOPasoBaHUM BCeX
H3YUeHHbBIX OKTadAPHUUeCKHX KPHCTa/I/IOB
arMa3a B IIMPOKOM HHTEpBa/ie PaBHO-
BECHOM TeMriepaTypbl, OrpaHA4YeHHOM
rny6uHot B ripeaenax 180-200 gm.

4. O6cyxkaeHHe pe3ynbTaToOB HC-
cneaoBaHMsA

[MonHasi Mopdporormyeckasi aHa/Iorvst
penbedHbix dopm Kpuctaiio O-T u O-
DT cepur cBumeTensCcTBYeT O CXOAHOM
MexaHu3Me KX oOpa3oBaHMs B IpoLiecce
KprcTa/rm3aimi. [ lnockorpanHsie dop-
Mbl OKT@3IPHUYECKMX KPHUCTA//IOB OTpa-
JKalOT PaBHOBECHbBIE YC/IOBHS PaBHOMEP-
HOM U Me[/IeHHOW KPUCTa/I/IV3aLK T10
MexaHH3MY MOC/IOMHOTO TaHTeHIMa/TbHO-
ro POCTa OKTa3ApUYeCKUx rpaHer. Cme-
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Puc. 4. TemnepatypHble rpaaHeHTbI peabeHbIX OKTa3APHYECKHX KPHCTa/A/IOB a/iMa3a
TPHIOHa/IbHOH (KpacHoe) H AHTPHIOHa/IbHOH (CHHee) cepuHi Ha amarpamme Temnnopa;
pasMep KpYKKOB — coaepxkaHue B2-nedpexrta (a). TpeyroanbHHKH H HIECTHYrONbHHK —
AaHHbIe, paCCYHTaHHbIE 10 TPAAHUHOHHOH Metoauke(b)

Ha TIIOCKOTPaHHBIX (POPM  KPUCTa/I/IOB
penbedpHbIMH pOpMaMU IpaHer C UX BbI-
pOXAeHWeM, COIPOBOXKAAIOLIAACA POC-
TOM cofepXKaHHs a3oTa B AedpeKTax U
MPOC/IeKHBAIONIAsACT B KakIOW CepuH,

OBYC/IoBNIeHa BO3pociiel  (Bo3paciiuii)
MPEepLIBUCTO  (Hapey) M3MeHsIIoIIecs
CKOPOCTBIO(D) pOCTa  OKTa3APUYECKUX

rpaHeil Ha 3aK/IIOUYUTE/TBHOM CTa/liU KpH-
cTasii3alimi.  Mopdponoruyeckre oco-
6ennoctu kprctarzioB O-T u O-DT ce-
pyH, (PYHKLMOHA/ILHO CBsi3aHHBIE C CO-
epXKaHrueM a3oTa B /edpeKTax, oTpaxKa-
0T Pa3/IMUHbIe YCIOBUS X OOPa30BaHMUs.

MoxHO Tmonarath, Y4UTHIBas H3BECT-
Hble ZIaHHbIE O MUHEPA/TbHBIX BK/IIOUCHHSIX
M M30TOIMHOM COCTaBe AHA/IOTMYHBIX KpH-
CTa/I7IOB, OTMEUEHHbIe B /MTePaTypPHOM 00~
30pe, UTO OKTasapHyeckyie KpHCTa/libl ar-
Maza O-DT cepun ¢ auTpyroHasbHLIMU
dopMaMH pOCTa OKTadAPHUECKHX TpaHelt
TeHETHUECKHM CBSI3aHbl C 3K/IOTMTOBBIM CYO-
crparoM, a kpuctarribl O-T cepun ¢ Tpuro-
Ha/IbHBIMU  (pOpMaMH  pOCTa  OKTasApHye-
CKMX PaHel — C MepraoTHTORBIM CyOCTpa-
TOM. 3HAUMT, YTO YCTAHOB/ICHHbIC /s KpU-
CTa/I/IOB a/Ma3a BapHallM 3HauyeHW paB-
HOBECHOUM TeMIlepaTypbl BAO/b TPEHIOB
OTPaKAIOT 3BO/MOLIMIO  [eOTePMHUUIECKOro
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IpaavieHTa IOA BAMSHMEM BOCXOZALIMX
TPEUMYIIIECTBEHHO a30T-YI7IeBOIOPOIHBIX 1
PABHOBECHBIX C HUMM YIVICKHC/IBIX (priiov-
n0B. B cootBerctBUM ¢ maHHBIMM [5] Kpu-
CTA//M3ALIMA &/IMa3a TIPOVICKOIM/IA MHOTO-
CTaarii HO Ha (PPOHTE BbIVIABKU M3 MaH-
TUMHOTO CYOCTpaTa U TMOCAeAYIOero pas-
BUTHS pacl/iaBa CHaua/la 3K/IOTHTOBOTO
cybCTparta, a 3aTeM M MepraoTUTOBOrO Cy6-
crpata. [lanbHerinie rmpouecckl  ardpde-
PeHLIMALMK  Y/IBTPAOCHOBHOM MarMbl  CO-
MPOBOXKAA/HMCh OOPa30BaHMeM KHUMOep/Ir-
TOBbIX MarMaTWUECKUX MacC C YHac/eno-
BaHHOM &/IMa3sOHOCHOCTBIO SK/IOTWUTOB U I1e-
praoTrToB. OueBMAHO, paviHble (DOPMBI
TPaB/IeHVs! TIOBEPXHOCTH 1 KX PAaCTBOPEHUS
KPUCT/VIOB a/IMa3a OTHOCATC K 6oree
TIO3/THUM COOBITHSAM, CBSI3AHHBIMU C SKCIVIO-
3MBHBIM 3TallOM MarMatvama M pOpMUpPOo-
BaHHeM KUMOep/UTOBbIX TpYOoK. [lis 60-
flee YBepPEeHHOTO pellieHrsT 3TOro BOIpoca
Tpebyercss /1 KPUCTA/VIOB KaKaAONM MOp-
O/OrVHecKoi cepr M3yueHre U30TOIHO-
rO COCTaBa ¥ MUHEepPa/TbHbIX BK/TIOUEHWHN.

5. 3aknoueHre U BbIBOAbI

B pesyrbrate rpoBeneHHbIX KUCCIeno-
BaHWI YCTAHOB/ICHO, UTO KPHCTA/IIbI OK-
TA3APUUECKOTO OBMMKa CO  CTYIeH4aTo-
C/IOMCTBIMHA TPUIOHA/TBHBIMM U AUTPHTO-
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Ha/IbHbIMU (POPMaMK OBPasyIoTCs 110 Me-
XaHM3MY TaHTeHLIMA/IBHOTO TMPEepPhIBHUCTO-
YCKOPEHHOTO pPOCTa Ha MO3/AHeHl cTa-
avv POPMUPOBAHUS MX BHEIIHero o6-
WKa, a pa3nuuHbie POPMBI TPaB/IeHUs
Y YaCTUYHOTO PacCTBOPEHUs! CBSI3aHBI C
3aK/IOUMTe/IbHOM CTaauel, CBA3aHHOM
HeroCpeACTBeHHO C KHUMOep/IUTOBBIM
MarmMaTH3MOM.

BhisiBrieHHble  TpeHabl  U3MeHeHUs
PaBHOBECHOM TeMIlepaTyphl OTPaXKaloT
3BO/IIOLIMIO TeOTePMUYECKHX IPAMEHTOB
B Mpollecce pocTa U TePMHUUECKOTO OT-
JKUra KPHUCTA/I/IOB a/IMa3a.

[TpyHaa/1e:XKHOCTh  OKTa3APHUUECKUX
kpucrannoB anmasza O-T u O-DT cepuu

K OIllpe/eneHHOMY TpeHay paBHOBeC-
HOUM TeMriepaTtypbl MOXKHO pacCMaTpu-
BaTb B KayeCTBe OOOOIIEHHOTO THIIO-
MOPHOro MpH3HaKa, KOTOPBIA MOXKeT
C/IYXUTh O/IHHMM U3 KPUTEPUEB HX reHe-
TUUECKOM WAeHTH(UKALMK, (hopMaLu-
OHHOM TPHHAA/MIEXKHOCTH, HCIIO/b30-
BaTbCAd TMIPU MACMOPTH3ALIMKM  a/IMa3o-
HOCHBIX TPYOOK M B KauecTBe IMOHCKO-
BOrO MpH3HAKa Ipy IPOBEAEHUH reo-
710TO-PasBe0YHbIX PaboT.

ABTOpBI BbIpaxaioT O/1aroaapHOCTh
BCeM YITOMSHYTBIM /IMIIaM 3a TOMOLIb B
MPOBe/IeHNH HCC/eZIOBaHU U COTpYA-
HyyecTBO K.X.H. B.H..Tapacesnuy u k.r-
muH. H. P.C. Ceposy.
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