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MOJIYHEHUE KOPYHAOBOIO NOPOLUKA CBC-METOAOM

[TpoBeneHs! UCCTIENOBaHMS (ha30BOr0 COCTABA, PA3BUTHS PA3MEPOB KPUCTAJIIOB B MMOPOIIKAX, MUKPOCTPYKTYPHI,
0000111eHbI TaHHEIE 00 YIEIbHON II0BEPXHOCTH U pPacIpene/ieHNy Pa3MepOB YaCcTUIl KOPYHIOBEIX IIOPOIIKOB, II0-
JIy4eHHEBIX METOIOM CaMOPaCIPOCTPaHAIOIIEr0Cs BEICOKOTeMITepaTypHoro cuaTe3a (CBC) 3 pacTBOpOB, B 3aBU-
CUMOCTH OT MOJILHOTO COOTHOIIEHUST OKUCIIUTEITh: TOIIIUBO. BHISIBIIEHO HEOOIBIIOE YMEHbIIEHNE UHTEHCUBHOCTH
kpucrauusammn ¢assl o-Al,03 ¢ yBenryeHneM KoIM4ecTBa TOIUIUB 10 COOTHOIIeHud 1:1:2 u ymMeHblIeHNe pas-
MEPOB KPHCTAJIIOB 9TOH (ha3bl B MOPOLIKAX. MUKPOCTPYKTYPA XapaKTepH3yeTcs 60ee KPYIHLIME YaCTUIIAMH U
6orree MeNKUMU TTopaMu. [I0Ka3aHO YMEHbBIIEHUE YHETbHON OBEPXHOCTH MOPOLIKOB M ()OPMHUPOBAHIE YaCTHII
mopoika pasmepamu 20—400 MKM mpu cooTHorreHuu 1:1:1,5. [lo6aBKa THOMOYEBWHBHI IIPU COOTHOIIEHHUH
1:1:2 e cnomo6cTBOBana roperuto. [Ipu cootHomenuu 1:1:1,5 HabmogaeTcs GONBIIMNA TPAKTUYECKUAN BBIXOL

KOPYH[IOBOTO ITOPOIIKA, YeM IIPH COOTHOmeHuu 1:1:2.

KnioueBble cnoBa: CBC, kopyHO08blll NOPOWOK, (pa3o8blll cocmas, monaueo.

B HacTosIIee BpeMs IS CHHTe3a (CIeKaHHus) Ke-
paMuYeCKuX IOPOIIOB MPUMEHSIOTCS KaK TPagu-
OUOHHBIE IPUEMBl C WCIIOIb30BAHUEM TEIIJIOBBIX
dbopM sHepruu — 00KuUra B redax [1], *HIYKIIMOHHO-
ro crekaHus [2], Tak u 60jiee COBpeMeHHEIE, HAIPHU-
Mep THUAPOTEPMajbHEIN [3], MIa3MOXUMUYECKUH
CUHTE3H [4], B TOM 4HCIIe METOIbl C IPUMEHEHUEM
HETEeIIOBEIX» (OPM DHEPTHUHU, T. €. TEIJIOTH (HEP-
TUHU), KOTOPAs BHIAENSIETCS MPU «B3aUMOMEHCTBUU»
UM IIPOXOfle Yepe3 CUHTEe3UPYEeMBIH (CIleKaeMBIi)
KepaMU4eCKWH TOPOIIOK Kakoro-mubo udnyuenus. K
TaKMM MEeTOflaM OTHOCSITCSI MUKPOBOJIHOBOE [5], ma-
3epHOe [6], WCKpOBoe IIa3MEHHOE CleKaHus [7],
CIIeKaHUe T0[I NelCTBUEM JIEKTPUYECKOro 1Mo [8],
ropsiyee u3oTakTudeckoe [8] ciekaHue, ClieKaHue C
WCIIOTb30BaHUEM COJTHEUHOU 3Hepruu [9], B3phIBHOE
crekanue [10]. OmHaKO 3TH METOIH TOBOIBHO SHEP-
r03aTpaTHH 1 9HeproeMky [6—10], a Takxke TpeOyioT
OOPOTUX KOMIUIEKTYIomux [6—10], Bnustonumx Ha ce-
6ecTOMMOCTb TOTOBOT'O IIPOOYKTA, YTO CHUIBHO OTpa-
HUYUBAET MCII0Ih30BaHWE TAaKMX METOMOB Ha IIpak-
tuke. [109TOMy Ha IIPAKTHUKE Yallle BCEro MpuderaioT
K WCIIOIh30BaHUIO 0O0jiee MEIIeBhIX U OQHOBPEMEHHO
OOCTYIHBEIX TEMJIO(3HEePr0)HOCUTENeH, TaKuX Kak
He(Th ¥ Ta3 U UX IPOU3BOJIHEIE, YTJIN, TOPIOYNE CJIaH-
uel, Topd u mp. [11]. OmHako B mocnegHee BpeMs Bce
BO3pacTaroIas TeHAEeHIUs K 000CTpeHuI0 00PLOHI 3a
3TH TIPUPOAHBIE PECYPCHI, BCE TEXHOJOTUYECKU YC-
JIOXKHSIOMASICS B CUJIYy OTHAJIEHHOCTH PacIojioXKe-
HUS IPUPOTHOTO CHIPBS MOOBIYA, a TaKXKe JOP0XKalo-
e pa3BegKa MEeCTOPOXKOEeHWH XM HOoOBIYa CHIPBS,
BO3PaCTAIONUN 3KCIOPT U UMIIOPT 3TUX IPOAYKTOB
3aCTaBJISIOT MHOTHX YYEHEIX M MCCJIEHoBaTeIen UC-
M0JIb30BaTh M pa3pabaTeiBaTh TaKHe allbTepPHATHUB-

56 HOBBIE OTHEYMOPbl  1SSN 1683-4518

HbIe METOMB, B OCHOBE KOTOPHIX MCIIOJIb30BaHUE
TIPUPOMHOTO TOPIOYETO CHIPhST OBITO OBl CBENEHO K
MUHUMYMY WIH ycTpareHo Boobmie [11]. K Takum Bu-
OaM CHHTEe3a OTHOCHUTCS CaMOPACIPOCTPAHSIOMINHCS
BBICOKOTeMTepaTypHbi cuuTe3 (CBC), unu cuHTETH-
Yeckoe TOpeHue, T. €. TOPeHnue, KOTOPOe OCHOBHIBA-
eTCs Ha IpUMeHeHun xuMudeckux Tornus [11]. Cpe-
ou pasHoBupHocTerd CBC pasnuyaidT MHOXKECTBO
MIPOCTHIX BUIOB TOPEHUS, IPUMEHSIEMbIX B MaCIITa-
Oax mpou3BoncTBa [12], u Goee CIOXKHBIX, UCIIOJIb-
3yeMHIX IPY HAYYHBIX MCCIIEOBAaHUSIX ¥ Pa3paboT-
Kax HOBBIX BUIIOB ropenus [13].

K npumutuBHEIM BugaM CBC-TopeHus, KOTOPHIE
IIMPOKO cebsi 3apeKOMEeH/I0BaIN Ha MMPaKTHKe, B 4a-
CTHOCTHY B IIPOMEIIIJIEHHOCTH MPOW3BOACTBA METall-
JIOB ¥ CIIJIABOB, OTHOCSITCS aJIIOMUHOTEPMUS U Kap0Oo-
Tepmusg [12].

B manHO#M paboTe MCIOMb3yEeTCS CHHTE3 TOPEHUS
13 PacTBOPOB, KakK 60jlee COBPEMEHHBIN C HAYYHOH
TOYKHU 3PEHHUsT METOM. B OCHOBE ero JIeXKHUT IIPOIeCC
KOMIIJIEKCO00Pa30BaHusd, T. €. TOJYYEHUS TOPIOUUX
kommekcoB (I'K), KOTOpHIM 3aK/II09aeTCs B peakluu
MeXK[y BOTOPACTBOPUMEBIMU COJISIMU MeTaJljia ¥ COOT-
BETCTBYIOLUIVM BOHOPACTBOPUMBIM TOIJTHBOM HJIH
OKUCJIMTENIEM, CIyXKalliM KOMIIJIeKcooOpa3oBaTe-
sneM [13]. [Jameko He KaXaoe KCXOOHOEe BeIllleCTBO
MOXKEeT SBISAThCS KOMIIeKcooOpa3oBateneM. Ha-
puMep, HUTPAT aMMOHHWS, IEPEKHUCh BOIOpPOda H
OpyTHe BEUIeCTBA CIyKAT JIUIIb BCIIOMOTaTETbHEIME
KOMITOHEHTaMHU [JIs YCKOPEHUS TeM U UHBIM o6pa-
30M peakimi. IIporecc KOMIJIEKCO00pa30BaHUs MO-
JXKeT OBITh OJHOCTOPOHHHM, T.€. IPHUCOeNUHEHUe
KaTHOHA MeTaJlyla MMPOUCXOOUT TOJILKO C OMHOM CTO-
POHBI MOJIEKYJTEI KOMIIIEKCO0Opa30BaTENs, U [BY-
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CTOPOHHUM — C OJHOM U (M/IM) C OBYX CTOPOH MOJe-
KYJIBl KOMITJIEKCO00Pa30BaTesns. ITO 3HAYHUT, UTO Ta-
KO KOMIIJIEKCO00pa30BaTesib MOXKET IIPOSBIIATE TO-
TIJTUBHEIE, OKUCTTUTEIbHBIE U (UJIM) TOIIMBHO-OKKC-
TUTENbHBEIE CBOMCTBa. B IociemHeM ciydae 3TO
3aBUCUT OT PH pacTBopa, YTO OYEHb BaXKHO, IIO-
CKOJIbKY TaKUM 06pa30M perynupyeTcs 9K30TepMuy-
HOCTb PEaKILIUU TOPEHHUS, a 3HAUUT, ¥ CKOPOCTh peak-
UM, KOTOpas Io-pa3HoMy OyneT BIUATH Ha CBOWCTBA
10JIy4aeMoro mopolrka. [1opomKy, monydaeMble Me-
tomoM CBC, Ha3HBamTCI CaMOCUHTE3UPYEMBIMHU.
HeMHorue BUOE KOMIIJIEKCOOOpa30BaTeel 06ama-
10T CTOJIb YHUKAIbHEIMU CBOMCcTBaMu. [IpuMepoM Be-
IIIeCTBa C TAKUMU CBOUCTBAMH CITYXKUT TJIMIMH, CXe-
MaTUYHOE y49acThe KOTOPOT0 B peakIusix KOMIIIEeK-
cooOpa3oBaHus 0TOOPaxKeHo Ha puc. 1.

Hcnons3oBanne CBC-mporecca B KauecTBe Me-
TOOA CHHTE3a IOPOLIKOB OMPEHENseTCs PSINOM €ro
npeumytects [14, 15]: He3HAUYUTETPHEIMU BHEIIIHU-
MU SHEPreTHYeCKUMM 3aTpaTaMH, IIPOCTEIM 060py-
moBaHWeM, OBICTPOTOHN TpoIlecca, MOTHKIM IIPeBpa-
IIeHNEM HMCXOJHBIX BEIECTB B TPOAYKTHEl PEAKLUHU B
XO[le TOPEeHUsI, TIONyYeHueM IIPOIyKTOB CHHTe3a To-
PEHUS BBHICOKOTO KayecTBa, MOJIyYeHWEM MUKPO- U
HaHOTIOPOINKOB. OMHOBPEMEHHO 3TOMY METOMY IIPHU-
CyLIM HeKOTopkle HemocTaTKu [14, 15]: orpaHudeH-
HBIH 00beM MTPOU3BOCTBA TIOPOIITKOB 3@ OJUH IUKII
13-3a PUCKA PA3BUTUS HEKOHTPOJIUPYEMOU PEAKIUH
unu 3¢dekTa B3pHIBa, 3arPSI3HEHHOCTH IPOOYKTOB
pPEeakiuy He IIOJTHOCTHI0 MPOPEardupPOBABUIMME HKC-
XO[IHBIMU BellleCTBaMHU MJIX TOOOUHBIMU IIPOLYKTaMU
CHHTe3a, NMPOIECCHl arjaoMepaluy MoaydaeMux I0-
POIIKOB, HEOOXOIUMOCTH B CTAIUSIX «00Pa00TKU» TI0-
POILIKOB TIOCJIEe CUHTE3a TOPEeHus.

Llens paboTH — OIpefeieHne 3aKOHOMEPHOCTEH
Pa3BUTHUS KPUCTAJUIMYECKOM KOPYHIOBOH a3k, pas-
MEpOB KPHUCTAJIOB 3TOH a3k, MHKPOCTPYKTYPHI,
(GbopMUPOBAHUS YIETbHON IIOBEPXHOCTH ITOPOLIKOB U
pacnpeneneHus pa3MepoB YacTHUII (TPU MOJITBHOM CO-
oTHomeHu# 1:1:1,5) B 3aBUCUMOCTH OT MOJILHEBIX CO-
OTHOILIEHUY OKUCIUTEIh: TOILINBO.

I MpoBeleHusT CUHTE3a TOPEHUs IPUMEHSIIH
HCXOJHBIE KOMIIOHEHTHI, TPUBEIeHHbIE B Ta0I. 1, Xa-
PaKTEPUCTHKA KOTOPHIX yKa3aHa B Tab. 2.

Cmoco6 npurortosnenus ['K, mpoBemeHne CUHTe-
3a TOPEHUS U CTafuil «00paboTKU» TOPOIIKOB MOCTIE
CUHTE3a rOpeHus Ha IPUMepe THOMOYEBUHEI (aHaJIO-
TUYHO [JIs [APYTUX TOIJIUB), @ TaKXKe BU3YaJIbHHIM
BHU TI0JIy9aeMOT0 MPOAYKTa CHHTEe3a TOPEHHs moKa-
3aHbl Ha puUC. 2. YKa3aHHbIE Ha CXeMe OJIUTEIbHOCTh
IepeMeIlInBaHus PAaCTBOPOB U TEMIIEPATYPY Harpesa
IOJIST KaXOOoro KOHKPETHOTO COCTaBa OMpenesisin
3KCIIePUMEHTAJIbHO.

TemmepaTypy B XOfle CHHTE3a TOPEeHUS ONpeme-
JIAJIA ONTHYeCKUM nupoMeTpoM «Cyclops» (Momenb
300AF) ¢ perynupyeMoil B HeM TeEpMOTIapoii, PETUCT-
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Puc. 1. MexaHU3Mbl KOMIIJIEKCOOOpa30BaHUsI HA OCHOBE
TOIIMBA — TJIMIWHA B LIEJI0YHOH (a), Kuciaon (0) U Hew-
TpanbHOH (8) cpemax [13]

Tabnnua 1. UcxopHble KOMMOHEHTbl AN CUH-
Te3a ropeHus

Co- KoMnoHeHTH cocTaBa
cTaB

OKHCIIUTEIIb TOIIJIMBO

MosvHoe coomHoweHue okucaumeas u monauea 1,5:1
a Al(N03)3'9H20
6 Al(NOs3)3-9H,0
8 Al(NO3)39H,0
2 Al(NO3)3-9H,0

MosavHoe coomHoweHue okucaumenet u monauea 1:1:1,5

a;  Al(NO3)3:9H;0 + KNO3
61 Al(NO3)39H,0 + KNO3
81 Al(NO3)3:9H,0 + KNOs
21 AI(NO3)3:9H,0 + KNO3

MoavHoe coomHoweHue okucaumeset u monauea 1:1:2
az Al(NO3)39H,0 + KNO3
62 Al(NO3)3-9H,0 + KNO3
8, Al(NOs3)3:9H,0 + KNO3
2y AI(NO3)3-9H,0 + KNO3

TuomoueBuna CS(NHy),
Itunenrmikons CoHy(OH),
I'munepun C3Hs(OH)3
[MlaBeneBas kucnora CoHy04

TuomoueBuna CS(NH,),
Atunenrmikoib CoHy(OH);
Imunepun C3Hs(OH)3
[ITaBeneBas kucmota CoH04

TuomoueBuna CS(NH),
Stunenrnukons CoHa(OH),
I'munepun C3Hs(OH)s
ITaBeneBas kucmota CoHyOy4

Tabnvua 2. XapakTepucTMKa MCXOAHbIX KOM-
NOHEHTOB AJI1f CUHTEe3a ropeHus

Vcxomubit CremneHb
KOMITOHEHT Tpoussopurens YUCTOTHL, %
Al(NO3)3-9H,0 ACROS Organics, Belgium 98,5
KNO3 Merck, Germany 97,0
CS(NH,), ACROS Organics, Belgium 97,5
CyH4(OH), ACROS Organics, Belgium 99,0
C3Hs(OH)3 Sigma Aldrich 99,0
CoH,04 Merck, Germany 98,5
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PactBop Pactsop
THOMOYEBUHEL Al(NO3)3-9H,0
I ]
[lepememuBanue

pactBopos, 30 MUH

[TonryyeHne roToBOro pacTeopa,
IIpoIiecc KOMIUIeKC000pa3oBaHus
u nonydenue I'K

Harpes pactsopa
1o 210-220 °C

[Tonmy4yeHue BS3KOH,
renemnogo6Ho MacCh

Harpes pactsopa
mo ~300 °C

CaMonpou3BOJIBHOE
ropeHue U3 pacTBopa
B JKapPOCTOUKOM XUMHU-
YECKOM CTaKaHe

13 60POCUNIUKATHOTO
CTeKJa

—>

[Tony4enue peIXIOrO,
eH000Pa3Horo (T. €. B3OyTOro)
IIPOLyKTa TOPEHUS

[IpokanuBaHue

mpu 600-800 °C

¥ cTaguu «006paboTKu»
TIOPOIIKOB )

KopyHn0oBEIH TIOPOIIOK
(a-Al,O5 dasza)

Puc. 2. Cxema IpPUTOTOBJIEHUS PaCTBOPOB, IIPOBeLEHUE
CUHTEe3a TOPEeHUS U CTafuil «00paboTKH» IOPOLIKa

PHUPYIOIIEN TEMIIEPATYPY BHIAEIISIOMIUXCS Ta30B Io-
PEeHWUSI.

CocrTaB (a3 B MOPOIIIKax OMpeesIsiyiCs PEHTTeHO-
mudpaknuoHHEIM MeTonoM (Momens PANalytial X'Pert
PRO, ¢ Cu K,-u3nyyenneMm co CKaHUPYOLUIAM UHTED-
BasioM 20 = 10—70° u cKopocThi0 4° B MUHYTY).
Pa3mepsl KpUCTAJIOB B MOPOIIKAX OIPENesid II0
peHTTreHoquGPAKIIMOHHEIM MaKCHUMyMaM, UCIIOIb3Ys

dbopmymny Ileppepa:
D = k)\/B cos 6,

roe D — pa3Mep KpUCTaioB, HM (MKM); k — moCTO-
suHasa Ileppepa, k = 0,87+1,0; A — nOnuHA BOJHHI
PEHTTEeHOBCKOTO ny4a, HM, A = 0,15418 uM. Benuuu-
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HY B, paf, pacCYuTHIBaJIU 10 pa3HUIle YTII0B OTpaxe-
HUSI PEHTTeHOBCKOTO nyda, B = 0, — 01, KOTOpHIE
COOTBETCTBYIOT ITONIYUHTEHCUBHOCTU ITIMKa; O COOT-
BETCTBYET MaKCHUMaJIbHOM MHTEHCUBHOCTHU MHKa.

Mopdomoruio gacTull, MUKPOCTPYKTYPy CHUHTe-
3MPOBAHHBIX TIOPOLIKOB U3yYaju C UCIOIb30BaHUEM
CKaHUPYIOILIETO 3JIEKTPOHHOTO MHKpocKoma (CIOM)
mopenu Tescan Mira/LMU c cuctemout EDS. Yoens-
HYIO IIOBEPXHOCTb ITOPOIIKOB OIPEeIsiii C IIOMO-
mpbio Autosorb Quantachrome Instrument (mopens
Nova 1200 E-series) B atmocdepe a30Ta, pacipene-
JIeHue YaCTHI] 110 pa3MepaM — C IIPUMEHEHUEM Jia-
3epHOro rpaHyioMeTpa Mofemm Analysette 22 Nano Tec.

O600ImeHHBIE PEaKIUd TOPEHHS C Y4aCTHEM
OKHCIIUTeJIeH W TOIIMBa IIPEeNCcTaBlIeHEl B Tabim. 3.
TeMmmepaTypsl, Pa3BUBAIOIINECS B XOMle CHHTE3a I'o-
peHus Ipy UCII0Ib30BaHUY PA3NTUYHEIX BULOB TOIIIIH-
Ba B MOJIbHBIX COOTHOIIEHUSX OKWCJIUTEIIh: TOTIHBO
1,5:1, 1:1:1,5 u 1:1:2 u ompepensmoe pa3BUTHE
KpUCTaIn4yeckux ¢ha3 Ha peHTreHorpaMMax, yKa3a-
HHI B Ta071. 4. Pe3ynbTaTh peHTreH0(a30BOr0 aHAIHU-
3a MOIy4YeHHBIX TOPOIIKOB IIPU MOJILHOM COOTHOIIIE-
Huu 2:1 npencTaBieHH Ha pUC. 3.

PeHTreHOrpaMMHI TIOPOIIKOB C M30BITKOM OKHC-
nuTens (puc. 3, coCTaBbl O—2) MONHOCTBIO amMopd-
HEIE, TOpPeHHe ITPOUCXONUT, XOTS U cl1ab0. ITO CBsI3a-
HO C TeM, YTO KOJIMYECTBO TEIJIOTH, KOTOPas BhIIE-
JISeTCS TPHM CTOpaHWM HEeOOJIBIIOT0 KOJIMYeCcTBa
TOIIJIMBA, HEBENIMKO, ¥ OHO CrOpaeT CPaBHUTEIHHO
OBICTPO 3a HaWKpaTdauilee BpeMs. Bmecte c TeMm
aMophHOCTh TOPOIIKa B Cliydae C THOMOYEBUHOU
(cM. puc. 3, cocTaB a) BeIpaXkKeHa B MeHbIIIel CcTelle-
HY, Ha YTO yKa3bIBaeT pacllvpeHne KpruBou fudpax-
TOTPaAMMEBI U TOSIBIIEHUE OTENIbHBIX OCTPHIX (YKa3a-
HO CTpeNKaMu) IU(PAKIMOHHLIX MaKCUMyMOB. VHEI-
MM CJIOBaMHM, HaOjiomaeTcs Hadalo IIpolecca
KPUCTAJIIN3AlAY, KOTOPOe 00YCJIOBJIEHO ITIOBBLINIEH-
HBIM KOJIMYEeCTBOM BBHIJENIIEMOM TEIJIOTH yXKe IIPU
CTOPaHUM HE3HAYUTENIbHOT'0 KOJIMYEeCTBa 3TOTO TOII-
JIBa.

CrnemyeT OTMETHUTh, YTO B MPOBENEHHBIX IKCIIE-
pUMeEHTaX Ype3MepHOe IIPEBHINEHNE OKUCIUTENS B
MOJIbHOM cOOTHoweHuu 3:1 unu TomnuBa 1:1:4 He
CIIOCOOCTBYET PA3BUTHIO TOPEHUS U TTONYYEHUIO TI0-
poika. B mepBoM ciydae 3T0 CBsI3aHO ¢ OOIBIION Ya-
CTbI0 HEBOCTPeOOBAHHOTO KMCIIOPOMa, TaK KakK KHu-
CTIOPOJL, pacXonyeTcsl TONBKO Ha WHUIMAIUIO Tope-
HUs. Bo BTOpOM ciyyae BO3HUKAeT HENOCTATOK
KHCJIOPOfia, YTO TaKXKe He CIOCOOCTBYET PA3BUTHIO
ropeHusi TomnauB. COBEPIIEHHO [PYroil pe3ysbTaT
MTOKa3kLIBAeT PEHTTeHO(a30BHI aHaK3 ITOPOIIKOB C
n30eITKOM (1:1:1,5) TomuBa (puc. 4).

Kpucrannmuzanuus KOpyHOOBOH (Gasbl IPsiMO IIPO-
MOpLUMOHANIbHA TeMIlepaType TOpPeHUs TOIIMBA B
Psny OT IaBeeBOM KUCIOTHL 0 THOMOYEBUHEL. B 10-
ClefHeM cily4ae Kpucrammsanus o-Al,O3 BeIpaxe-
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Ha 0co00 4yeTKO 0e3 CyIIeCTBEHHOTO ITPUCYTCTBUS
opyrux (a3 okcupa aaloMUHUS. YBeIW4YeHWe KOH-
LEeHTPAIlM TUOMOYEBUWHH HeIlenecoo6pasHo, IIo-
CKOJIBKY 9TO MOXKET BEI3BaTh mepexon or CBC-rope-
HUS K TIIEIOIIEMY rOpeHuio. Ype3aMepHoe KOIHu4ecT-
BO THOMOYEBHWHBI MOXKET IIPUBECTU K OCJIabJIeHUIO
TpoIiecca TOpeHusi, Tak Kak 3T0 0€CKHUCIIOPOIHOE TO-
nnuBo. MHTEHCUBHOE Pa3BUTHE KOPYHAOBOU a3kl
Ha0IomaeTcs Takke MPU KCIONb30BaHWM ITHIIEH-
TJIMKOTIS ¥ TTUIEPUHA, CIIOCOOCTBYIOIIUX PA3BUTHIO
CHUJIBHOTO 9K30TEPMUYECKOTO0 3¢ deKTa roperus, ag-
(heKT MeHee BHIpazKeH IIPU MPUMEHEHUH IIlaBeJIeBOU
KUCJIOTHL (CM. TaoI. 4).

CoBeplIeHHO MHOM BUJ PeHTreHorpamMM (puc. 5)
npu 00JIBIIOM M3OBITKE TOIJIMBA IIPYU MOJIBHOM COOT-
HomeHuu 1:1:2.

KpucrannmuzanuosHast ~ Croco0HOCTh a3kl
a-Al;O3 B TTOpPOINKaX, MOyYeHHBIX C TPUMEHEHUEM
KHCJIOPOMICOMIePKALINX TOIINB, OTHOCUTEIIBHO OfIH-
HakoBa. HeMHoro Gombllasi, 4eM IPU IPUMeHEHUH
IIaBeNIeBOUM KHUCIIOTH, MHTEHCUBHOCTH KOPYHAOBOU
($a3bl IpU UCIIOIH30BAaHUY ITUIIEHTIIUKOIIS U TIIUIE-
pUHa, HECMOTPSI Ha HEKOTOPOE IOBHIIIEHNE TeMIle-
paTyphl ropeHus 1 u30BITOK KUCI0poaa (cM. Tabi. 3),
YTO CBSI3@HO C HU3KOW 3K30TEPMUYHOCTBIO TOPEHUS
IIaBEeJIeBOM KUCIIOTH. He crmoco6cTBOBaa TOPEHUIO
mo0aBKa THOMOYEBMHEL. [IpW COIOCTABIIEHUU MHU-
(dhpakKImOHHBIX MaKCUMyMOB (a3rl a-Al,O3 (cM. puc. 4
u 5) HaOmomaeTcst HeOObIIIOe CHUXEHNEe NHTEHCHB-
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Puc. 3. Pe3synbrathl peHTreH0()a30BOTr0 aHaIM3a IOPOLI-
KOB B 3aBHCHUMOCTH OT IIPUMEHSIEMOT0 BHMOa TOIIIKBA
TIpU MOJIBHOM cooTHomeHuu 1,5:1:0 — 6-Al,03; y — y-Al,O3;
a—e2 — TomuBo (cM. Tabi. 1)

HOCTe! KOPYHMIOBOM (a3kl, YTO OOBICHSIETCS CIle-
aylomumMu GakTopamu. Heo6XoqumMo OTMETHUTH [Ba
CyIIeCTBEHHEIX MOMEHTA: HEKOTOPOEe CHUXKEHNE TEM-
mepartyphl ropenus (cMm. Tabmn. 4) U mafieHre WHTEH-
CUBHOCTHY TOPEHHUS, T. €. TOPEHUE MPOUCXOTUT Oojiee
IJIaBHO B IIPUCYCTBUM 3TUJIEHTJIMKOIIS, TJIUIEPUHA.
3JTO CBSI3AHO C TE€M, YTO IIPU IIOJTHOM pacXofie OKUC-
JIUTENS KUCIOPOACOmepKallye TOIIMBa PACXOTyIOT
Ha TOPEeHUE KHUCIIOPOH, COOepKallluiics BHYTPU UX
CTPYKTYPHL, T. €. IPOUCXOOUT NPOL[eCC TOPEHUS TOII-
nuBa «in situ». BeckucnopogHoe TOMIUBO (THOMOYe-

Tabnuua 3. 0606 EHHbIE peaKLUuu ropeHus C y4acTUEM OKUCIUTEsIEd U TONJIMBa

MonbpHOE COOTHOILIIEHUE OKUCTIUTENEN U TOIIJIKBA

1,5:1

1:1:1,5

1:1:2

2A1(NO3)3-9H,0 —
— Al;O3 + 3Ny + 7,50, + 18H,0

3A1(NO3)3-9H,0 + 2CS(NH3); —»

— 1,5A1,03 + 6,5N; + 2CO; + 2S0, +
+ 31H,0 (+ 5,2503)

3AI(NO3)3-9H,0 + 2C,H4(OH); —

— 1,5A1,03 + 4,5N; + 4CO, + 33H,0
(+6,250,)

3A1(NO3)3-9H,0 + 2C3Hs5(0OH)3 —

— 1,5A1,03 + 4,5N; + 6CO, + 35H,0
(4+4,2509)

3AI(NO3)3-9H,0 + 2C,H,04 —

— 1,5A1,03 + 4,5N; + 4CO, + 29H,0
(+10,250,)

+ 21H,0 (+703)

Peakuuu pacnada

2KNO3 — 2KNO; + O,
2A1(NO3)3'9H20 —>
— Al,O3 + 3N, + 7,50, + 18H,0

Peakuuu 2opeHust

2A1(NO3)3-9H,0 + 2KNO3+ 3CS(NHy);, —» 2AI(NO3)3:9H,0 + 2KNO3 +
— Al,03 + 2KNO; ;+ 3CO; + 3S0; +

+ 6N; + 24H,0 (-0,50,)

3CS(NH3); + 90, —»

— 3C0O;, + 3S0; + 3N, + 6H,0
2A1(NO3)3-9H,0 + 2KNO3 +

+ 3C,H4(OH); — Al,O3 + 2KNO, +

+ 6CO;, + 3Ny + 27H,0 (+0y)
3CyH4(OH), + 7,50, —» 6CO5 + 9H,0
2A1(NO3)3-9H,0 + 2KNO3 +

+ 3C3H5(0OH)3 — Al,O3 + 2KNO, +

+ 9CO; + 3N; + 30H,0 (-20y)
3C3H5(0H)3 + 10,50, —

— 9CO;, + 12H,0

2A1(NO3)3-9H,0 + 2KNO3 + 3C,H04 —
— Al,O3 + 2KNO;, + 6CO; + 3N, +

3C,H704 + 1,50, - 6CO, + 3H,0.

+ 3CS(NH;); — Al,O3 + 2KNO, +

+ 4CO; + 4SO, + 7N, + 26H,0
(—3,509)

4CS(NHy)2 + 1207 —

— 4C0O; + 4SO, + 4N, + 8H,0
2A1(NO3)3-9H,0 + 2KNO3 +

+ 4C,H4(OH); — A1203 + 2KNO; +

+ 8CO;3 + 3Ny + 30H,0 (—1,50,)
4C,H4(OH); + 100, —» 8C0O, + 12H,0
2A1(NO3)3-9H,0 + 2KNO3 +

+ 4C3H5(0OH)3 — Al,O3 + 2KNO, +

+ 12C0O; + 3N; + 34H,0 (-5,503)
4C3Hs(OH)3 + 1407 — 12C0O; + 16H,0
2A1(NO3)3-9H,0 + 2KNO3 + 4C,H,04 —
— Al)O3 + 2KNO; + 8CO, + 3N +

+ 22H,0 (+6,507)

4C,H,04 + 20, — 8CO5 + 4H,0
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Puc. 4. Pe3ynbTaTh pEeHTTeHO()A30BOTO aHaIK3a IOPOII-
KOB B 3aBHCHMOCTH OT IIPHMEHSEMOr0 BH[a TOIIMBA MPU
MonbHOM cooTHomrerun 1:1:1,5: 6 — 6-Aly03; v — y-Al,O3;
o — o-AlyO3; a;—e1 — TomnuBo (cM. Tabm. 1)
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Puc. 5. Pe3ynbraThl peHTTEHO()A30BOTO aHAIKW3a MOPOII-
KOB B 3aBHCHMOCTH OT IIPUMEHSIEMOTr0 BHMa TOIIKMBA MPHU
MOJIbHOM cooTHoImeHuu 1:1:2: 6 — 0-Aly03; v — y-Al,O3; a0 —
o-Al,03; 63—2) — TomnuBo (cM. Tabm. 1)

BHHA) FOPUT [0 TeX 110D, II0Ka OKUCIIUTENH BEIOEIAET
KHCJIOPON, II0CTIe Yero ropeHue mpeKpanaeTcs.
Vicxopnsi U3 JaHHBEIX PEHTreH0(})a30BEIX aHAIM30B
TIOPOIIKOB (CM. puc. 4, 5), OBIIN OIIpeaeIeHk pa3Me-
PBI KPHCTAJIJIOB KOPYHHIOBOU (a3wl (Tabm. 5). [Ipo-
cMaTpuBaeTcs obpaTHas 3aKOHOMEPHOCTh C POCTOM

Tabnvua 4. TemnepaTtypa ropeHus B xoge CBC

MombHOe Temmneparypa ropenus, °C (x10 °C),
COOTHOLICHIE DY UCIIOIb30BaHKUH TOIINBA
OKMCIUTEIIb: | ijiapeniepas oy | 2TATEH- | THOMOYe-
:TOTLITMBO KHCTIOTa uep TTIUKOTb BYHA
1,5:1 450 510 720 975
1:1:1,5 ~1050 1180 1260 1350
1:1:2 ~1100 1030 1180 —

Tabnvua 5. Pasmep kpuctannos ¢asbl a-Al,03
B NOpoLUKax

MoJIbHOE Pa3Mep KpPHCTaJIOB, MKM,
COOTHOMICHIE IIPY KCTIOTb30BAHNU TOIUINBA
OKUCIIMTEIIb: | ryoMoye- | STHUIIEH- meppy | ABeTesas
:TOITABO BUHA TTIMKOJTh uep KHUCIIOTa
1:1:1,5 10,5-18,9 14,6-21,7 20,1-26,5 27,7-35,5
1:1:2 — 11,3-12,7 16,5-18,1 25,7-28,8

Puc. 6. MukpocTtpykTypa nopomkoB (COM) cocTaBoB a
U 2 IIPU MOJIBHOM COOTHOILIEHUY OKUCIUTENb: TOIINUBO 1,5:1

TeMIIepaTyphl TOPEHUS U, CIefoBaTeIbHO, C BULOM
WCIIONh3yEMOTO TOIIMBA IIPU MOJIBHOM COOTHOLIIE-
Huwm 1:1:1,5. 9T0 cBsI3aHO C «pa3mgpobieHueM» (Kpo-
meHueM) 00Pa3yIOUUXCsT YaCTUI] Ta3aMy TOPEHUS,
4YTO BIUSIET Ha Pa3BUTHE KPUCTAJJIOB U 3aMeqJigeT
¥X POCT. MakcHUManbHbIM pa3Mep KpPUCTaJIoB (mpu-
MepHO 70 35,5 MKM) HaOMOaeTCs IPU UCIIOTE30Ba-
HUU I[aBejieBOil KUCOTH. C yBeIuYeHUeM KOHIIeH-
TPAIMK TOTJIUBA 10 COOTHOIIeHus 1:1:2 06pa3yoTcs
KPUCTAJIJIEl MEHBIIEr0 pa3Mepa, 4YTO IPOSBISETCS
TIOHMKEeHNEM TeMIlepaTyphl TOPEHUS, TOPeHue Ipo-
ucxogut Oomee mimaBHO. DopMUpPOBaHWE MUKPO-
CTPYKTYPHI ITOPOIIKOB afeKBATHO MOJIbHBIM COOTHO-
IIEHUSIM OKUCIIUTEh: TOIIMBO IIPYU PA3TUYHBIX BUIAX
TOIIJTMBA, YTO JIETAJIbHO 0TOOpakeHo Ha puc. 6 u 7.

MUKpPOCTPYKTypa IOPOIIKOB B 000UX CIIydasx
OOBOIBHO amopdHas U MiIoTHast. AMOPGHOCTh MUK-
POCTPYKTYPHI TEM GOJIbIIIE, YeM HUXKE TEMIIEpATypa B
XOfle TOpeHus (CM. puc. 6, COCTaB 2), XOTS MHUKPO-
CTPYKTypa MopoIKa (CM. puc. 6, COCTaB a) BHITJIAIUAT
noiyamMopdHoii. B HeY TOMUHUPYIOT YaCTUYHO CIIEeK-
Iecs arjaoMepaThl, COCTOSIINE U3 MEeJIKUX YaCTHUIl
(=1 mxMm) Al;O3 ¢ GoJblllel MOPUCTOCTHIO, YEM B IIO-
potke ¢ m00aBKOH IIaBeIeBON KUCIIOTH. MHTEHCUB-
HOCTb 00pa30BaHUS YaCTHI] 3aBUCUT OT KOJTUYECTBA
BBHIIEJISIOIIMXCS Ta30B TOPeHus (CM. TalI. 3).

Ha stom ¢oHe mMHTepeCHOW BBITISOUT MUKPO-
CTPYKTYypa IIOPOIIKOB ITOCIIE TOPEHUS C U3OBITKOM TO-
mnuB (1:1:1,5) ¢ Touku 3peHus guana3oHa pa3MepoB
YaCTHII, YTO, B YaCTHOCTH, 0TOOPaKEHO Ha PUC. 7, CO-
cTaBbl d; ¥ 61. MUKPOCTPYKTypa BCEX MOPOIUKOB B
OoJbIIIed WITM MEHBbINEW CTETEeHW BBITIISIOUT HOCTA-
TOYHO PBIXJION, T. €. IPeLCcTaBlieHa Pa3BUTOM IIOPHUC-
TOCTBIO C pa3MepaMy MOpP B guamna3oHe 5—20 MKM,
MMEIOTCS TaKKe COO0IIaIMecs Mops. B cTpykType
MOPOIIKa C H00ABKOM THOMOYEBWHH HAOIOHAETCS
macTuHYaTass MopdoIorus, B 60IIIOM KOTUIECTBE
TIPUCYTCTBYIOT MeJIKMe MOPhl pa3Mepamu 2,5—10 MKM,
4YTO 00YCIIOBIEHO OOJIBIION CKOPOCTHIO Ta30BHIIEIIE-
HUS U KOTMYECTBOM ra3oB. MUKPOCTPYKTypa IOPOII-
Ka ¢ 106aBKOH STUIEHTTIUKOJISA (CM. pUC. 7, COCTaB 01)
BechbMa IOpHUCTasi, IOPH pa3MepamMu 3,5—7,5 MKM.
Takas pa3BuTasi MO MOPUCTOCTU MUKPOCTPYKTypa
67arompusATHA C TOYKM 3PEHUS IIPOIlecca TOPEHUSI.
[leno B TOM, YTO BHIIENIAIOIINECS B XO[e TOPEHUS To-
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psuue ra3el GOPMUPYIOT TOPUCTOCTE, TUbGYHIUPY-
10T CKBO3b BO3HUKAIOIIKE MOPH U CKAIIMBAIOTCS B
1opax, TEM CAMBIM «ITPOTPeBasi» 00Pa3yIOUIUICS M0-
POLIIOK M3HYTPH Yepe3 KaHaJIbl COOOIIAIIUXCS IO,
T. €. TIEPEHOC TEIJIOTH IIPOUCXOOUT Yepes3 MOpHI Tra-
3aMU TOPEHUS BCIEACTBHUE UX U3NMydalolen crocob-
HOCTH ¥ KOJIUYECTBA, OHYU IEUCTBYIOT Kak CBOeoOpas-
Hble TeIJIONPOBOOHUKU. [Ipoliecc MPOMOKaeTcs U
rocJie MPOXO0XKAeHUsT PPOHTa (30HHI) TOPEHUS Yepe3
00Pa3yIOUUICS MOPOIIOK. DTOT ITPOIIECC HOTOPAHUS
CIIO0COGCTBYET PA3BUTHUIO CKOPOCTH TOPEHUS.

HewmanmoBaxHyio ponb B 00pa3oBaHUU HabIr0-
IaIencs MOPUCTOCTU UTPAIOT ONHOMOJIEKYISIPHbIE
rasbl TOPEHUS U UX KOJIUYECTBO, T. €. BRIAENSA0Ne-
Cs @30T ¥ OCTATOUHBIN KUCJIOPOJ B pe3yibTaTe pac-
maja okucnutenen (cM. tabn. 3). ITO rasbl pa3phix-
JITIONIETO [eUCTBUS, WU Ta3bl-pas3phiXUTenu. Mx
3HAYUMOCTDb CBOOUTCS K 00ecreyeHnio 06pa3oBaHus
HaYaJbHOU MUKPOIOPUCTOCTU B XOOe TOPeHus, Io-
3BOJISIIOIIEN pa3BUBaTLCA GPOHTY (30HE) TOPEHUs, U
dbopmupoBaHus 60yiee KPymHHIX TOp (pocTta mop). Ha-
OJTIOMAIOTCS TAaKXKe MeNKOpas3gpoO6IeHHBIe YaCTHIIbI
(cM. puc. 7, cocTaB aj), UTO BbI3BAHO UX KPOIIEHUEM
ra3aMu TOPEHUS U MOJIOKUTENIbHO BIUSET Ha yIellb-
HYI0 IOBEPXHOCTH I10JTy4aeMOT0 IOPOIIIKa U CTeNeHb
arperamyy 4aCTHIl B TIOPOIIKAX (CM. PUC. 7, COCTABHI
a1—61), 4yTo B mocnegHeM ciay4ae g CBC-mpouec-
COB aKTyaJIbHO. MWKPOCTPYKTYPHI MOPOIUIKOB (CM.
puc. 7, COCTaBEL 81—21), COEPKAIIUX YACTUIHI MeJlb-
4ye 50 MKM, BBEITJISIAST IT0-PAa3HOMY B 3aBUCUMOCTH OT
NIpUMEeHsIeEMOT0 TOIIMBa. bojlee MHTEHCHUBHOE TOpe-
HYUe IIPU UCTIOIb30BaHUY TNKllepuHa GOpPMUDYET T0-
poIIoK ¢ 60jiee pPa3BUTOW MOPUCTOCTHIO MO CpPaBHE-
HUIO C 3TUM II0Ka3aTeJieM IIOPOIIKa, MOy4eHHOTOo
TIPY TTOMOIIY IIIaBEeIeBOY KUCIIOTHI, XOTS B 000UX CITy-
yasx HabmomaeTcss o0pa3oBaHKWE YaCTHUI] pa3Mepa-
mMu 10-50 MKM TaCTHHYATOW MM YellyidaTou
hopMmHIL.

Ne 2 2013

4 Puc. 7. MukpocTtpykrypa

4 mopoikoB (COM) cocTaBoB
S (11—21 IIPU MOJIBHOM COOTHO-
MIEHUN OKHCIIUTEITh: TOIIJIHBO
1:1:1,5

HAYYHBIE HCCRENIOBAHHSA W PA3PABOTKH

Pa3BuTre MUKPOCTPYK-
TYp C yBeNlU4YeHUeM KOJIU-
YeCTBa TOIIMBA 4O COOTHO-
meHus 1:1:2 aHAMOTU4YHO
Pas3BUTHIO  BhIIEyKa3aH-
HBEIX MUKDPOCTPYKTYP, TOJIb-
KO (GOPMHUPYIOTCSI HEMHOTO
foJiee KpyNHbLIE YaCTHUIE U
fonee MeJKHMe IIOPH IIPHU
WCIIOJIb30BAHUU OTHUJIEHT-
JIUKOJIS U TIJIMLEepUHa, a
TaKXKe MeHbIIasd Jelyida-
TOCTb X IIJIACTUHYATOCTD
IpU IpUMeHEeHUU B Kadye-
CTBe TOIUIMBA IIaBEIeBOU
KHCJIOTHL 110 CPaBHEHUIO C

COIIOCTaBUMOM MUKPO-
CTPYKTYpPOH Ha puc. 7, co-
CTaB 2.

Bnusnuue ycmoBuli ropeHus (TeMepaTypa, MOIIl-
HOCTb TOPEHUS IIPU COOTHOIIEHUU OKHCIUTEIIb:TOI-
nuBo 1:1:1,5 u 1:1:2) HemocpenCTBEHHO CBSA3aHO C
obpasymoummucs B xome CBC pa3mepamu 4acTwil,
YTO OIpeNesiseT YOEeIbHYI0 NOBEPXHOCTH KOPYHMO-
BHIX ITIOPOILIKOB B 3aBUCHMOCTH OT IIPUMEHSIEMBIX TOTI-
nuB (Tabi. 6).

Kak cnepmyer 13 Mony4eHHBIX DaHHBIX, HAUOOIIb-
11ei ymeabHOM IIOBEPXHOCTHIO XapaKTEPU3YIOTCS I10-
POIIKY, IOJIy4YeHHbIE C IPUMEeHEeHNEM THOMOYEBUHEL,
STUJIEHTJIUKOJIS U TJIMLEPUHA, YTO CBA3aHO C CHUJIb-
HBIM 9K30TepMUYecKuM 3(h(HeKToM ropeHwust, CIIocob-
CTBYIOIIAM MOITHOMY I'a30BLIOENIEHUIO, U KPOIIEeHU-
eM 00pa3yIoIUXCsl YacTULl C BBENEHUEM [OTIOIHU-
TEJILHOTO OKUCJIUTEJS UK WX arjloMepaToB B Oojee
MeJIK¥e. YMeHblIeHne NHTEHCUBHOCTH Ta30BHIesIe-
HUS ¥ KOJIMYECTBA ra30B HMeeT MPSIMO IIPOTUBOIIO-
oXHBIY 3¢DekT. [ToBHIIEHHOEe KOIMYECTBO KHUCTIO-
poncomepXkKalux TOIIMB OO0 COoOTHomeHus 1:1:2
BHI3LIBAET CHUIJKEHHE VHIENbHOW IIOBEPXHOCTU IIO-
POIIIKOB, YTO CBSI3aHO C MEHbILIEH MHTEHCUBHOCTHIO
KPOILIEHNS Ta3aMy B X0fie TOPEHHUS BCJIEICTBUAE CHU-
JKeHHs TeMIlepaTyphl T'OpeHus, mepexoma K 6oree
IIJTaBHOMY TOPEHUIO U HU3KOM 3K30T€PMUYHOCTHU T'0-
peHus.

s mydiredt XapaKTepUCTHKY TIOPOIIKOB OTIpe-
IejeHa B3alMOCBS3b MeXy pa3MepaMy YacTHI], Io-

Tabnvua 6. Pe3ynbTaTbl onpepesieHns yaesb-
HOW NOBEPXHOCTU NMOPOLLUKOB

MONBHOE YoenbHas IOBEPXHOCTS, MY,
COOTHOMICHIE IIPY UCIIOIb30BaHKUH TOIIMBA
OKHCIHUTEND: | tpoMoye- | STHIIEH- IaBeseBast
:TOIITIMEO BUHA raukompy | HHEPHE |y cnoTa
1:1:1,5 41,5-43,7 36,8-34,5 30,4-27,7 23,2—-20,9
1:1:2 — 32,2-29,6 26,3-23,4 19,5-17,6
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Puc. 8. Kpusble mMoNMuOKCIEePCHOCTH Pa3MEpPOB YacTHIl B
3aBUCUMOCTH OT NMPUMEHSEMOTO BUa TOIIMBA IIPU MOJIb-
HOM cooTHomeHnuu 1:1:1,5

JIy4eHHBIX C IpUMeHeHNeM THOMOYeBUHEI U 1jaBesie-
BOM KHCJIOTHI, ¥ X KOJIUUYECTBOM (puc. 8).

KpuBble NIOMMOUCIEPCHOCTH Pa3MePOB YaCTHIL
[I0Ka3hlBal0T, 4TO 0ojiee BHICOKAs TeMIepaTypa
TOpEeHHUS [IPU UCII0/Ib30BaHUY THOMOYEBUHEI CIIOCO0-
CTByeT 00pa30BaHUI0 KPUBOM C Y3KUM pacIipenesie-
HHEM pa3MepoB YaCTHUIl, YTO COTJIACyeTCs C BeIUdU-
HaM{ y[enbHOU IMOBEPXHOCTH Iopoirka. OmHOBpe-
MeHHO Habmomaetcst Hanwuue (mo 0,9 %) wacTuil B
puana3oHe 90—100 MKM, 4TO BBI3BaHO YaCTUUYHBIMU
IIpolieccaMy arjioMepaluy Iof BO3[eHCTBUEM BEICO-
KUX TeMIlepaTyp ropenus. [Ipu 6oee MOLTHOM rope-
HUM KOINYECTBO YacTul pa3mepoM 30 MKM JOCTHUTa-
eT 15,2 %. YMeHbIlIeHEe MOIIHOCTY TOPEHUS B IIPHU-
CYTCTBUY IaBeJIEBOM KUCIIOTHL BEI3EIBAET 00paTHLIN
addexrt — mpeobnagarot (11,5 %) wacTuire pa3mepa-
Mu ~ 100 MxM. [Jeno B TOM, 4TO AHMANa30H KPUBOU
pacmpeniesieHIsl pa3MepoB YaCTHUI] IIPU KCII0Ib30Ba-
HUM IJaBeJIeBOX KUCIOTH ONPeNeaeTCsS HeBEICOKOU
CTEIIeHbI0 KPOIIeHUs YaCTHUI] U3-3a HU3KOU 3K30Tep-
MUYHOCTHA B XOHe TOPeHHs, a 3HAYUT, UHTEHCUB-

Tabnmua 7. KonuvectBeHHbI Bbixopd, Al,O3 npu
MCMOJIb30BaHUM Pa3JIMYHbIX BUAOB TOMJIMBA

Beixom Al,O3, T
Tonnuso B .
TEOPETUYECKUHU IIPaKTU4YECKUU
MosvHoe coomHoweHue 1:1:1,5
TuomoueBuHa 9,47 9,22
OTHUIIEHTIUKOITb 9,71 9,43
C'nmunepun 8,76 8,31
[TaBenesast KUCIOTa 8,35 8,10
MoavHoe coomHoweHue 1:1:2
TuomoueBrHa — —
ITUJIEHTTIUKOJIb 8,65 8,46
Fnmunepun 8,10 7,81
[ITaBeneBass KUCIIOTA 8,10 7,60
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HOCTb Ta30BHIIeJIEHNST HEIOCTAaTOYHa, YTOOR MOTJIA
TIPOMCXOOUTH arperamnus 9acTHl], 0 YeM CBUMAETEIb-
CTBYIOT pe3ynbTaThl COM (cM. puc. 7, cocTaB 21),
XOTSI Ha KPUBOM IOIMAMCIIEPCHOCTH HabJIIOMaIoTCs
KPYIIHbIE YaCTUIE pa3Mepamu 6ojee 100 MKM.

OmHUM M3 OCHOBHBIX KPUTEPUEB, II0 KOTOPOMY
MOXHO CyguTh 00 3(p(PeKTUBHOCTU NPUMEHSIEMOTO
CBC-meToma, $BNISIETCS KOJIHMYECTBEHHBINM BBHIXOT
NIPOAYKTa TOPEHNS, B YaCTHOCTU IIPU MOJIBHOM COOT-
Homenuu 1:1:1,5 (tabmu. 7).

[MpakTuueckust Beixofd Al,O3 MeHBINE, YeM Teo-
PETUYECKUH M0 YPaBHEHUSM peakiui (CM. Tabm. 3).
9TO CBS3aHO C TEIJIOBLIMU MOTEPSIMU, 06yCIIOBIIEH-
HBIMU HU3IyYalolleld CITOCOOHOCThIO Fa30B TOPEHUS U
TEIJIOKOHBEKIMEHX C Bo3nyxoM. [Ipu ucnonbs3oBaHuU
B KaueCTBe TOIJINBA THOMOYEBUHEI ¥ 9TUIIEHTTIUKOIIS
BeIxon Al,O3 HaMOOJIBUINM, YTO CBSI3@HO C MOIHBIM
TeIIOBLIM 3¢ GEKTOM, ITPU UCIIOIb30BaHUY TTIULEPHU-
Ha Y IlaBeJIeBOM KUCIIOTH — HaUMEHbIIUHU. ITO IPO-
KMCXOOUT U3-3a HeNOCTaTKa KKCIopoaa (cM. Tab. 3) u
HaUMEHBIIE TeMIepaTypsl TOpeHus. YBeIudeHue
KOHIIEHTpPaluyu TOIIMUB OO0 COOTHOIIeHus 1:1:2 mpu-
BOIUT K CHUXKEHHUIO MPAKTUYECKOTO BHIXOMAa KOPYH-
IOBOT0 TIOPOIIKA.

3AKJIIOHEHME

[IpoBemeHO M3ydeHUE Pa3BUTUS KPUCTAJIIMYECKOU
KOPYH[IOBOM (pa3bl, pa3MePOB KPUCTAIIJIOB 3TOH a3kl
B TIOPOILKAX, Pa3BUTUS MUKPOCTPYKTYPHI, YOETbHOM
TTOBEPXHOCTH TIOPOIIKOB B 3aBUCUMOCTH OT MOJIBHBIX
COOTHOILIEHUN OKUCIIUTENB:TOIIJINBO, a TaKXke pac-
TpefieJieHusT Pa3MEpPOB YaCTHI] IIPU MOJIBHOM COOT-
Homenuu 1:1:1,5.

Pe3ynbTaTh peHTTeH0(])a30BOr0 aHaIKu3a IoPOIII-
KOB TIOKAa3aJii, YTO yBeJIW4YeHWe KOHIeHTpaluu Ku-
CIIOPOACOMAEPXKAIIero TOIJKABA MO COOTHOIIEHUS
1:1:2 BBI3BIBAE€T HEKOTOPOE YMEHBIIEHNE UHTEHCUB-
HOCTM KpucTannu3auuu $asel a-AlyO3 mpu mOITHOM
pacxome OKHUCIUTENeHN (3TUIEHTIIUKOMNb, TTIUIEPUH)
¥ U3-3a MEHBIIETO 3K30TepMuyYeckoro addekra ro-
penus (11aBeneBast KMCIIOTa), B CIy4ae ¢ OECKUCIIO-
POMHBIM TOIIJINBOM (TMOMOYEBHHOM) T'OPEHUE He IIPO-
ucxonuno. IlpeqenbHoe yBeNnuueHne KOHIEHTpaluu
OKHCJIMTEJS U TOIJIMBA 10 cooTHomenus 3:1 u 1:1:4
TOXe He CII0COOCTBOBAJIO TOPeHMI0. Pa3BuTHe pa3me-
POB KPUCTAJIJIOB B TIOPOIIKAaX P yBEIUYEHUN KOH-
LleHTpaluy TOIIMBa A0 COOoTHOIeHus 1:1:2 ymeHsb-
ITAETCS 3a CYET MOTPeONIsieMOr0 BHYTPEHHETO KH-
CIIOpOfa, BXOMSIIEr0 B COCTaB TOIJIMBA, IIJTaBHOTO
TOPEHUS ¥ HU3KOM 9K30TEPMUYHOCTH TOPEHUS.

YBenuueHue UHTEHCUBHOCTU TOPEHUS TIPU COOT-
HOUIEHUU OKUCIUTENM:TornuBo 1:1:1,5 cmoco6eTBy-
eT (HOpPMHUPOBAHUIO PHIXJION MUKDPOCTPYKTYPHI
MOPOIIKOB. IIpy HaubGoblIed MHTEHCUBHOCTH Ta30-
BHIJIeJIEHUSI B IPUCYTCTBUYM TUOMOYEBUHEI U 3TUJIEH-
TJIMKOJIA B TOPOINKaX 06pa3yeTcsl BHICOKOPA3BUTAs
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IIOPUCTOCTh C COOOIIAIOMIMMUCS IT0PaMU, CTUMYJIU-
PYIOIIMMU pa3BUTHE IIPOIlecca T'OPeHUs; IpPU 3TOM
6rarogapsi MOILTHOMY T'a30BBLIIE/IEHUI0 U KPOIIEHHUIO
rasamMu 00pa3ylTCsS MeNIKOpa3mpoOIeHHBIE YaCTH-
IEL. JTO IOJIOKUTEILHO CKa3blBAeTCS Ha Pa3BUTHUH
yIOeIbHON IIOBEPXHOCTH IIOJIyYaeMbIX IIOPOILKOB U
dbopMupoBaHUY KPUBOM C Y3KUM paclperesieHueM
YacTHUIl 110 pa3MepaM. [IpeobiamaioT YacTUIIH B [Ua-
na3oHe 20—30 MKM. Bonbinas KOHIIEHTPAIKS TOIIIN-
Ba IIpu cooTHomeHuu 1:1:2 crmocobecTByeT GpopmMupo-
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