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WiccneoBanne coBpeEMEHHbIX NpeACTaBNeHU 0 npupoje
thopmupoBaHus OTNOXEHWI B OrHEYynopax npu pasnuBKe CTanu.
CoobuieHue 1

lMpy nccnenoBaHum IBAEHUS POPMUNPOBAHNS OT/IOKEHUI TEOPETUYECKUA aHaIN3 ero puanKo-xmmMm4eCcKor npuposasl
1 3aKOHOMEPHOCTEH, HapsiAy C MOVNCKOM Mep NpoTUBOLAEVICTBYS, BCErAa paccMaTpuBasiCcsl B KAYECTBE PUOPUTETHOIO
HanpasneHusi. OgHako psia MPUHUNMMAabHBIX BOMPOCOB, CBS3aHHbIX C 9TUM SIBJIEHWEM, MPOAO/IKAET A0 CUX 0P
0CTaBaTbCsl NMPeAMETOM Hay4YHbIX ANCKYCCUIA. BbIMOIHEHHOE aHaINTUYECKOE UCCIeN0BaHNe U3BECTHbLIX Ha CEroaHs
npeacras/ieHni 0 MexaHn3amax (Moaesisix) GopMUPOBaHUS OTJIOXKEHWV 10Kal3asao: OTCYTCTBUE MOJIHOM SICHOCTU B
MMOHVMaHuy Posv psiaa ¢akTopoB; OTCYTCTBME AETann3aLumnm no psay BaxHbIX aCrieKTOB paccMaTpuBaeMOro siBJIEHUS;
HeCcooTBETCTBME HEKOTOPLIX Oa30BbIX MPEACTAaBIEHWI 10 NpPoLeccam, COrnPoBOXAAIOLNX POPMUPOBAHNE OTIOXEHWNI,
M3BECTHbIM 0JIOXEHNSIM PUINKN N XUMUU.

Ha ocHoBaHun TepMoavHaMU4eckoro aHaam3aa rpouecca aacopobLmy NoBepxXHOCTHO-aKTUBHOIO B Xesie3€e K1Ucaopoaa
rokasaHo, 470 MoJlyYynBLUEE 3aMETHOE PacrpOCTPaHEHVE NpeacTaBieHne 06 MHTEHCUBHOM ABVXEHUN BKIIIOYEHWI B
rpaaneHTHbIX (AndOY3MOHHbIX) NOJISX KOHLUEHTPALMN KNcaopoaa Ha MexgasHo rpaHuLe «MeTasil-orHeyrnop (Maccus
OTJIOKEHWIA)» MPUMEHUTESILHO K (PaKTUHECKMM YCII0BUSIM Pa3JINBKU SIBJISIETCS] B OO/IbLUMHCTBE BO3MOXHbLIX C/ly4aeB
HEKOPPEKTHbLIM.

B xone cpaBHUTENbHOrO MOPGOI0rM4eCcKOro aHam3a BKITI04YEeHWIA, MPUCYTCTBYIOLLYIX B CTaJIN U B OTJIOXKEHUSIX, 1OKa3aHo,
4TO CXOLCTBO TEPMUIHOJION NN B ONPELENEHNN MOPDOJIOrNYECKUX TUMOB [J11 HUX HE 03HAYaET UX UAEHTUYHOCTL. OTIn4Yus
B MOP®OSI0rnm n XMN4€CKOM COCTaBE CPaBHNBAEMbIX BK/IIOYEHMI YKa3bIBAIOT HA TO, 4TO GOPMUPOBAHNE OTII0XKEHUI
He Bcerza CcBsI3aHO C 0CaXAEHNEM Ha MOBEPXHOCTbL OrHEYNOPOB MPUCYTCTBYIOLUMX B CTaM MPOAYKTOB PACKUCIIEHUS.
Ha ocHoBaHun pe3ynbTaToB BbINOJIHEHHBIX aHAJIMTUMECKUX WCC/IeA0BaHWi cAenaH rnpenBapuTesibHbIfi BbiBOL
0 HeobxoaMMocTu pa3paboTku, B [OIMNOJIHEHNE K CYLUECTBYIOLMM, HOBOU mMozesn 3Toro siBaeHus. OTamqasichb
YHUBEPCAaJlbHbIM XapakTepoM, OHa AOJIKHa PacrpoCTPaHsITLCS Ha OrHeyriopbl /I060ro cocraBa M Ha BCe 3Tarbl
POopPMUPOBaHNS OT/IOXKEHWNIA.

KnioyeBble cnoBa: pasnvBka ctanv, GopMUpOBaHME OT/IOXKEHWH, OrHeyrnopsbl, rnpupoaa v 3aKkOHOMEPHOCTU
SIBJIGHUS], MOAEJIbHbIE MpeacTaBsieHus], 6a30Bbii MEXaHU3M.

opmMupoBaHue oTnoxeHun (clogging) B pa3nveoy-

HbIX OrHeyrnopax, B TOM 4MCfe CTakaHax-4o3aTo-

pax, cTonopax, LMbepHbIX 3aTBOpaXx, MOrPYXHbIX

CTakaHax Mpu pasnuBKe CTanu SBMSEeTCs cepbes-
HOW TEXHOMNOrn4yeckonm npobrnemon Onsa cranennaBusb-
Horo npou3sBoacTBa. OHa NPUMBOAUT K CHWXXEHUIO CKOPO-
CTU pasnuBKW, MPEXOEBPEMEHHOW 3aMeHe MOrpyXHbIX
CTaKaHOB UMW BbIHYXOEHHOMY MpEeKpaLLeHMIO pasnmnBKu
Ha py4be, CHUKEHUIO CEPUAHOCTM PasnnBKK, NPOU3BOAN-
TensHocT MHJ13 1, B KOHEYHOM c4yeTe, K poCcTy 3aTpar
Ha ero npou3sBoAcTBo [1, 2]. HemanoBaxHbIM acnekTom
AaHHOM Npobnembl ABNSETCA Takke yxydLeHne KadecTsa
cTanu, obycrnoBneHHoe NPUCYTCTBUEM B HEW MognduLm-
POBaHHbIX MPOAYKTOB packncrneHns n3-3a obpabotkm cra-
nn Ca-cogepxalimmmn matepvanamv ons yrnydweHms ee
pa3nuBaeMocTu. N3BeCcTHO, Hanpumep, YTo NpuUCyTCTBUE
B CTanM KOPPO3MOHHO-aKTMBHbIX HEeMeTannM4yecKkmx
BkrtoveHun (KAHB), K KOTOpPbIM OTHOCHATCH antoMuHaThbl
KanbLmsl, MOXET NPUBOANTL K 3aMETHOMY POCTY CKOPOCTH
NoKarnbHOM KOppo3unn u3genumn us Hee. B yactHocTn, ans
HedTeNpoBOAHLIX TPYO OHa yBenuuuBaeTCs C Tpaguum-
OHHOTO YPOBHSA B AecCsTble 4ONW MUNMMeTpa 4O AecAT-
KOB MUIINIMMETPOB B rof, SBMSASCb OCHOBHOW MPUYMHOMN
pPe3Koro CHWxeHus nepvoga 6esaBapunHON 3SKcnryata-

umn TpybonpoBogHbix cuctem [3]. MNMoatomy mccnemosa-
HWS, HanpaBneHHble Ha B6ornee rmybokoe noHMMaHue npu-
poabl OPMMPOBaHNS OTIIOXKEHMI B NPOLECCe PasnnBKW,
N CO34aHune Ha 3TOW OCHOBE TaKMX TEXHOMOrMYECKMX pe-
LUEHVI B CTanennaBuiibHOM MPOU3BOACTBE, KOTOPbIE He
0Ka3bIBalOT CTONb NarybHoe BNusiHWE Ha Ka4eCTBO cTanu,
NpeacTaBnstoT NPaKTUYECKUIA MHTEPEC.

Ha npotsxxeHnun nocnegHmx 30—40 net B pesynbra-
T€ MHOFOYMCMEHHbIX UCCreaoBaHui no npobreme oT-
noxeHun Gbinia HakonmneHa BHyWwnTenbHasa 6a3a 3HaHWN
Nno cambiM pas3NMyHbIM acnekTaMm paccmaTpuBaemonm
npobnemsl, 1 copMMpoBanncb onpegeneHHble npea-
CTaBMeHNs 0 NpMpoge U 3aKOHOMEPHOCTSX paccMaTpu-
BaeMoro sierneHus. beinv onpeaeneHsl akTopbl, B TOM
yucne NPoM3BOACTBEHHbIE M TEXHOMNOrMYeCckne, Kotopble
YCKOPSOT UM TOPMOS3AT 3TOT HexXenaTenbHbIN NpoLecc,
a TaKkKe NPeanoxeH KOMMNIEKC MeponpuaTUiA, CHXKato-
LLMX OCTPOTY Npobnembl. Criegyer OTMETUTL, YTO B XoAe
NPOBOAMMbIX WCCNEAOBaHUM paccMaTpMBaeMoro sBs-
feHns TeopeTUYEeCKUn aHanm3 ero Npupoabl N 3aKOHO-
MEpPHOCTEN, Hapagy C NOUCKOM Mep MPOTMBOLENCTBUS,
BCerga paccmatpuBancsi B KayecTBe MNpUYOPUTETHOIO
HanpaeneHuda. Tak, HanpuMmep, ogHa U3 Lenen mccne-
O0BaHWNI, BbINOMHEHHbIX NpeacTaBUTENbHON KOMaHOOoW
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€BpONenckMx uccrnegosatenen, Obina cdhopmMynmnpo-
BaHa KaK «reHepuMpoBaHWE HOBbIX PyHAAMeEHTarnbHbIX
3HaHWM N0 PU3NYECKUM N XMMUYECKUM SBIIEHNSIM NPO-
uecca opMMpoBaHUA oTroxxeHnn» [4]. Tem He MeHee,
PS4 NPUHLMNMAaNbHbIX BONPOCOB, CBA3@HHbLIX C AaHHbIM
SABMEHneM, NpogorkaerT 4o Cux nop octaBaTbCa Npea-
METOM Hay4HbIX AUCKyccuw [5].

Mpobrnema OTNOXEHUN XxapakTepHa Ans PasfuBKK
BCEX MapOK CTanu, packMCreHHOW anioMWHUEM U Apy-
MW CUMbHBIMK packucnmTenamn. CKopocTb pocTa OT-
NOXEHUN yBENNYMBAETCHA C POCTOM COAEPXKaHUI B CTanu
KMCNOTOPacTBOPMMOrO antoMmnH1s 1 obLLero kucnopoaa,
a TaKke Npy CHWXXEHUN CoaepXaHus B Hen yrnepoaa [1,
4, 5]. B nocrnegHem criyvae 3To CBA3aHO C MOBbILLEHMEM
PaBHOBECHOIO COAEPXaHWS B HEN PacTBOPEHHOMO KUC-
nopoga. MpucyTtcTBme B cTany pacTBOPEHHOIO KUCNOPO-
4a, B TOM Yncrne BHECEHHOTO B Hee BCreaCcTBME BTOPUY-
HOro OKWMCINEHUs, paccMaTpuUBaETCs, kak BydeT nokasaHo
HVXe, B Ka4eCTBe BaXkKHENLLEro KOMMNOHEHTa MexaHu3ma
TPaHCMOPTUPOBKM BKITHOYEHMWI K MOBEPXHOCTM OrHeynopa
(oTnoxeHwuin). PopmmpoBaHue OTNOXEHMI HabnogaeTcs
NP1 NCMONb30BaHWUN OrHEYNOPOB CaMOro PasnMYHOro Co-
CTaBa — OKCVA-YrmepoaHbIX (KopyHAorpaduT, nepukna-
30yrnepoa, UMpKoHorpadguT), OKCuaHbIX (KOpyHA, KBapu,
nepuknas, AMOKCUA LIMPKOHWS), @ Takke OrHeyrnopoB Ha
OCHOBe Tyronnaskux 6e3kucrnopofHbix coegunHeHnn (BN,
AlN, SiC, ZrB,, SIAION Si,ON,, Si,N,, B,C n ap.) [6]. Uc-
nonb30BaHWe NOCNeAHVX B Ka4eCcTBe aHTUKIOIMUHIOBbIX
MOKPbITUA MO3BOMSET 3aMETHO YMEHbLUNTb CKOPOCTb
hOpPMMPOBaAHMSA OTIOXKEHWUN W, KaK CneacTeve, yBenu-
YUTb ANUTENBHOCTb Pa3nMBKM Yepes MOrpy>XKHOM CTakaH.
[ns okcua-yrnepogHbiX OrHEeYnopoB CKOPOCTb (hopmu-
pOBaHMS OTMOXEHWN Ha HavanbHOM 3Tane HEeCKOMbKO
BbILLIE, YEM AONS YNCTO OKCUAHbIX, HO B LIENIOM BNUSIHNE
cocCTaBa OrHeynopa Ha npouecc oopMUpoBaHNS OTNOXe-
HWWA OTCYTCTBYET WUIM HE3HAYUTENbHO [4, 5, 7]. CKOpoCTb
hOpPMMPOBaAHMSA OTIOXEHUA 3aBUCUT OT TEMNONpPOBO-
OHOCTU OTHEYNopoB — C ee POCTOM OHa yBENnMYMBaeTCs.
Cuntaetcs, 4YTO OnpeaeneHHyo porb B npoueccax dop-
MUPOBaHUSA OTIIOXEHWUIN UrpaeT 3aTBepaeBaHvne cTanu B
HeMeTannImMyeckon matpuLe.

B npobrneme oTNoXeHun CyLecTByeT paa «TPYAHbIX»
BOMPOCOB, Ha KOTOPbIE M3-3a HE4OCTaTOYHO rMyboKoro
NMOHUMaHWS NpoTeKaLWwmnx PU3NKO-XMMUYECKMX NpoLec-
COB NOMy4MTb OAHO3HaYHble OTBETHI HE NpeacTaBnseTcs
BO3MOXHbIM. OgHMM U3 HUX ABNAETCH BOMPOC O POnu
TypOyneHTHOCTM B (POPMUPOBAHUMN OTNOXEHMN. W3-
BECTHO, YTO MPU NaMMHAPHOM PEXMME TEYEHNSI MOTOKOB
MeTanna y NoBepXHOCTW OrHeynopoB, Hanpumep dyTe-
POBK/ CTanepasnuBOYHbIX U NMPOMEXYTOYHbIX KOBLUEW,
OTNOXEHNs1 Ha HWX He obpasytTtca. ObssaTenbHbIM
yCcnoBmem Ansi 3TOr0 SBMASETCS TYpOyNeHTHbI Pexum
o6TekaHnst NnoBepxHOCTM orHeynopa [5]. Mpn 3aTom cko-
POCTb pOCTa OTMOXEHUV MPONOpUUOHarbHa OCpeaHeH-
HOW KMHETUYECKOM aHeprum TypbyneHTHocTH [4, c. 79].

M3 ctanennaBunbHOM NPakTUKN U3BECTHO TaKXe, YTO
CKOPOCTb KOarynsaumm BKIFOYEHU NPOnopLumMoHansHa nH-
TEHCUBHOCTW NepemMeLunBaHns pacnnaea. Ho, cornacHo
BbIMOMTHEHHOMO OLEHMBAHUS, YXKe NPy CKOPOCTM NMOTOKOB
= 1,4 m/c cuenneHne mexay BKIHOYEHUSMU MOXET ObITb
HapyLlweHO u3-3a BO3AENCTBMS Ha HUX TypOyneHTHbIX
nynecauun ckopoctu [8, c. 160]. B atoun cBa3n cnegyet

OTMETUTb, YTO CKOPOCTM MOTOKOB B CTakaHax-4o3atopax
npomkoBLen coptoBbix MHI13 gocturatot 4-5 m/c, HO
3TO He MpenaATcTBYyeT, a, HaobopoT, cnocobeTByeT dhop-
MUPOBaHWIO B HUX OTNOXEHWN. Kpome TOro, ¢ poctom
TypOyneHTHOCTM NOTOKa YMEHbLUAETCsl TONLMHA NaMu-
HapHOro rMapPoANHaAMNYECKOro U AUPAY3MOHHOIo MNo-
rPaHNYHbIX CroeB, KOTOPbIM OTBOAUTCS 3aMeTHas porb
B npoueccax OCaXOeHUs BKMOYEHUI Ha MOBEPXHOCTb
orHeynopa [7; 2, c. 39—40]. MoXHO Takke OTMETUTb, YTO
Ha 3aMeTHyI0 porb hakTopa rMapoguHaMmKn B opmu-
pPOBaHUM OTNOXEHUI yKa3blBaeT TOT (haKT, YTO COCTaB U
MOPAONOrnsi BKITKOYEHUI B OTIIOXKEHNUSX 3aBUCST OT Me-
CTa UX pacnornoXeHusi B MOrPy>KHOM CTakaHe, KOTopoe
onpegensieT napameTpbl TypOyneHTHOCTU noToka [4, 5].

MexaHn3m obpasoBaHMsa MeTannmyeckon asbl B CO-
CTaBe OTIIOXXEHWIN MHTErPUPOBaH B MeXaHWU3M POpMUPO-
BaHMS OTNOXEHWUI N SBNSETCA Ha CErogHs Takke npea-
MeToMm anckyccun. Obbem meTannmnyeckon dasbl B BUae
Kanenb, MMeloLwmx pasmepbl B gnanaszoHe 102-10“ m, B
obwem obbeme OTNOXEHMIN MOXET KonebaTbcs B 3Ha-
ynTenbHbIX Npegenax u coctaensaTte 35-75 % [2, c. 46].
Haunbonee pacnpocTpaHeHHbIM ABNSETCS NpeacTasrie-
HWe O TennoBoKW Npupode obpasoBaHUs MeTanIM4eckomn
dasbl B oTnoxeHusx [1, 9], HO pag ncenegosatenem cHm-
TaeT ee usmko-xummnyeckon [10]. YTouHeHne npupodbl
1 3aKOHOMEPHOCTEW 3TOrO ABMNEHNS MOXET CTaTb KItoue-
BbIM MOMEHTOM B MOHMMaHUW NpUpPoabl hOPMUPOBaHUS
OTNOXEHWN B LIENOM.

B pamkax cyuwecTByloLMX npegcTaBneHvun no pac-
cmaTpvBaemMon npobneme OTCYTCTBYEeT U OObsICHEHME
TOoro chakta, YTO HEMeTannuyeckme BKIYEHWs, npu-
CYTCTBYHOLLME B COCTaBE OTNOXEHWUI, NPeacTaBneHbl He
NPONOPLMOHANbHO UX copepXxaHuto B cTanun. OCHOBHbI-
MW KOMMOHEHTaMW OTNOXEHWUIA, KaK U3BECTHO, SIBMNSATCS
okeugbl antomubns ALO, n xenesa FeO [2, c. 46], B TO
BpeMs Kak camyto 60nblLuyto rpynny BKIYEHWI B CTanm
COCTaBNSIIOT CUINNKATbI.

OTKpbITBIM OCTAETCA M BOMPOC O MPUYMHAX 3aMeT-
HOTO CHWXEHWS1 CKOPOCTU (hOPMMPOBAHMS OTIOXEHUN
Ha GeckucnopoaHbIx orHeynopax. B pamkax cyuiecTsy-
IOLMX NPeaCcTaBreHn B KA4eCTBE BO3MOXHbIX MPUYMH
3TOro paccMaTpuBaloTCA cnegyowme:

— obpasoBaHue XUAKOW NMeHKN Ha mexdasHon rpa-
HuLe, Hanpumep 13 okcuaa 6opa — Npu NCMNosb30BaHUM
6op-copepxatumx marepuanos (BN, ZrB,);

— CHVXEHME LLIepPOX0BaTOCTH MOBEPXHOCTM OTHEYNOPA;

— YMeHbLLUEHWE TEMNONPOBOAHOCTM MaTeprana;

— YXyOLEeHWe CMavyMBaeMOCTU TaKuWX OrHeyrnopoB
cTanbio;

— MOHWXEHHas peakuMoHHasi CMOCOOHOCTb KOMIMO-
HEHTOB OrHeynopa;

— YMEHbLLUEHWE BO34yXONPOHULLAEMOCTM OrHeynopa.

WccnepnoBaHms ha3oBOro coctaBa NMOBEPXHOCTHOMO
CNosi OTINIOXXEHWI, KOTOPbIA HENOCPEACTBEHHO KOHTakK-
TUPYET C OrHeyrnopom, Mnokasanu, YTO OH 3aBWUCUT He
TOMbKO OT XMMMWYECKOro COCTaBa CTanu U COAepXaHus
B HEWN CUIMTbHbIX pacKUCnuTeren, Ho U oT cocTaBa OrHe-
ynopa. YCTaHOBMEHHas 30HHas CTPYKTypa OTIOXEHWUN C
HanM4mMeMm HECKOIbKNX XapaKTepPHbIX CII0EB OTIOXEHUN,
UMELLMX OnpeferieHHble  Pasnuyns 1 0COBEHHOCTH,
CBsI3bIBAETCSA C AENCTBUMEM Ha pasHbiX 3Tanax ux dop-
MUPOBaHNS pPasfuyHbIX MeXaHU3MOB. [ns onucaHus
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npoweccoB OPMMPOBAHMS OTIIOXKEHUIN MO 3TOW NPUYM-
He B HacTosLee BpeMsi UCNOMb3yTCA pasnnyHble Mo-
genm [1,4,5,7,9, 11].

CuuTtaercs, 4TO Ha NepBOM 3Tane B pe3yrnbrate B3a-
nmopgeicteus ctanu ¢ SiO, n C us coctasa orHeynopa
npovcxoamt obpasosBaHue cybokcnaos anomuHns AlO,
kpemHusa SiO, a takke CO, koTopble AndYyHONPYIOT K
NMOBEPXHOCTU pasfena a3 «orHeynop-metanny». 3gecb
OHW BCTYyNarT B peakuuio C paCTBOPEHHbIM B MeTanne
aniomMuHeM n obpasyloT ocaxgarllmecs Ha noBepx-
HOCTb OrHeynopa antomuHatel [4, 5, 7, 9]. Hwke npeg-
CTaBrneHbl peakuun 1-ro atana:

SiOz(s) + C(S) = SiO(g)+ CO(g) — B 06beMe orHeynopa;

ALO,, +2C =AlO  +2CO  — B 0Gbeme orHey-
nopa;

3Si0, + 2[Al] = Al,O,, *+ 3[Si] — Ha mexchasHoi no-
BEPXHOCTU «OTHEYynop-mMeTarnny;

3CO, * 2[Al] = ALO,,, *+ 3[C] — Ha mMexdasHol no-
BEPXHOCTU «OTHEYynop-MeTarnny;

3Si0,, + 3C, + 4[Al] = 2Al,0,
roBasi peakuus

AIZO(Q) + 2[0] = A|203(s) — Ha MexdasHON NOBEepPXHO-
CTN «OrHeynop-meTanny.

TonwuHa 1-ro cnost N3 OTHOXEHWNN BbICOKOW MITOTHO-
CcTM MoXeT gocturatb 1-2 Mm [5, 11]. MOXHO OTMETUTB,
YTO MOMOXEHUS 3TON «KTEPMOXMMMNYECKON» moaenu 1-ro
aTana dKcrepuMeHTanbHO NoATBEPXAEHbl B Xoae cne-
uManbHbIX MCCNeqoBaHU B3aMMOLEeNCTBUSA OKCua-yrre-
POAHbIX OrHEYMOpOB C Xenes3oyrnepoaucTbiM pacnna-
BOM [7]. B Hux ans naeHtndmrkaumm asoBoro cocrasa
BKITIOYEHWU, 0OpasoBaBLUMXCA B ob6beme, MpumbIKato-
WeM K MexdasHOW rpaHuue «OrHeynop-metanny», na-
pannenbHO UCMOMb30BanMCb KaTo4O-NMIOMUHUCLEHTHbIN
(CLM) v nongapusaumoHHbin (RLM) mukpockonbl.

HekoTopble mnccregosateny nonaratoT, YTO Ha rpa-
HULUE «OrHeynop-meTann» WUMEeeT MeCTO BbICOKOTEM-
nepatypHas guccounaums okcugos, obycnasnuvsato-
Lias NpUCYTCTBME Ha HEW KMCNopoda, HaxogsLwerocs B
paBHOBECUN C OTHEYNOPOM M BCTYMaOLLErO B PEaKLuio C
pacTBOPEHHbIM B MeTanne aniommHuemM. 3Ta runotesa
3KCNepUMeEHTanbHOro NOATBEPXAEHMS He Hawna [5, 7].

Pan nccneposatenen cumMtaert, YTo rMaBHOW NpuUYm-
HOW KakK 3apoxaeHus 6oratoro okcugamu xernesa men-
KOAMCNEPCHOro Crios Ha NOBEPXHOCTM OrHeynopa, Tak
1 nocnegytowiero popMupoBaHns OTIIOXKEHWUI U3 MPO-
OYyKTOB B3aVMOAENCTBMS PaCTBOPEHHOMO Kucrnopoga ¢
anioMUHMEM, KanbumMem W OPYrMMW PackUCIUTENsSMu,
NPUCYTCTBYIOLLMMMN B CTanw, sIBMSIETCA CBEPXPaBHOBEC-
HOe coAepXXaHue Kucropoga B cTanu, 00ycroBneHHoe
€e BTOPWYHbIM OKUCIIEHMEM W CHUKEHWEM Temneparty-
pbl Npu pa3nueke. OTMe4YaeTcs, 4TO MexaHu3m pop-
MUPOBaHUSA OTNOXEHUA NO 3TOW MOoAenu HarnoMuHaeT
BblAerneHne nu3 nepechbIeHHbIX PacTBOPOB U3ObITOYHOM
asbl B BUAE KpUCTaninyeckmx npoaykToB 3TOro B3au-
MOZENCTBUS, KOTOpble pacTyT nonepek cTpyu. [Mpu atom
Ha NoBepXHOCTK pasgena a3 Habnogaetcss dopmMmpo-
BaHWe BSI3KOrO KOHTaKTHOrO Crosi, aare3vsi KOToporo K
orHeynopy 6onbLue, yem k ctanu [10].

CuuTtaercs, 4TO MaBHyO porb B hopmMupoBaHmm oc-
HOBHOrO MaccuBa OTNOXEHWN, NpeAcTaBnNeHHOro PbiX-
AblMW  CTPYKTYpaMmu, COAepXaluMMu MeTanmyeckyto
hasy, urpaet ocaxgeHue NpUCyTCTBYIOLMX B CTanm Ty-

+ 3[Si] + 3[C] — uTo-

ronfaBKUX OKUCHbIX a3 (MPOAYKTOB pacKMCreHus, Mo-
ANOULNPOBAHNS, BTOPUYHOIO OKUCIEHUS, 3K30TE€HHbIX
BKIMOMEHUI pa3nunyHon npupopsl) n cynbpuaos CaS Ha
NMOBEPXHOCTb OrHeynopa unu otnoxeHun. CyuiectsyeT
HECKOIMbKO MOAenew, onvCbIBaloLWMX MEeXaHW3M TpaHc-
NMOPTUPOBKM BKIMIOYEHUI K MOBEPXHOCTU pasgena das, B
TOM ymcne 3a cyeT: 1) TypOyneHTHbIX BUXPEW, Npenmy-
LLIECTBEHHO MMHMMAarbHOIO MacLuTaba; 2) TypbyneHTHbIX
nynbcaLnn CKOPOCTU, HanpaBneHHbIX MePneHaNKYNSPHO
NMOBEPXHOCTN OrHeynopa; 3) peakTUBHOW CuIbl, BO3HW-
KatloLwen B rpaaMeHTHbIX MOMNsX KOHLEHTpauun noBepx-
HoCTHO akTuBHOro (MA) B pacnnase »xenesa KMcrnopoaa;
4) pe3ynbTUMpyloLWen cunbl, JENCTBYIOWEN Ha BKIOYe-
HWe B KPMBOMMHEWNHbIX NOTOKax (Npv orméaHum NOTOKOM
BHELLUHMX WUNW BHYTPEHHWX YINoOB orHeynopa) u ap. [1,
4, 5, 7]. TypOyneHTHble BUXPW UK NyNbCaLMmn CKOPOCTM
NnepeHoCAT BKIIOYEHNS U3 TypOyneHTHOro sapa notoka B
namuvuHapHbIN MOrpaHNYHbIN Crow, rae OHWU He NoaBepxe-
Hbl AMHAMNYECKOMY BO3AENCTBUIO CO CTOPOHbI MOTOKA U
MOryT 6ecnpensaTCTBEHHO MPUKPENNSATbLCH K NMOBEPXHO-
CTn pasgena das [2, 5]. BmecTe ¢ TeM, CTOPOHHUKN 3TON
rMnoTe3bl KPUTUYECKM OTMEYaloT, YTO Benu4yuMHa nynb-
caumin cKopocTu B NoBOOKM TOYke MOTOKa OAMHaKoBa Mo
BCEM HanpasneHWsIM U, Kak crneacTeue, He UMeeT onpe-
OerneHHoro pesynbsrupytollero Bektopa. Cnegyert Takke
OTMETUTb, YTO BMMSIHWE TOMLUMHbI BA3KOrO flaMMHapHOro
cnosi Ha POPMMPOBAHNE OTNOXEHUN Pa3NNYHBIMU UC-
crnepoBaTensMu TpakTyeTcsa no-pasHomy. B oTHoweHun
cus, OENCTBYHOLMX Ha BKMAKYEHUS B KPUBONUHEWNHbBIX
NMOTOKax, B Ka4yeCTBE KPUTUYECKOrO 3aMevaHUs MOXHO
OTMETUTb NPOTMBOPEYNBOCTb BbIBOAOB MO AMHAMUKE Y
pasHbIx nccnegosatenen. B yactHocTuH, yTBEpKaaeTcs,
YTO NpM OBTEKaHMN NOTOKaAMM KaK BHELUHUX, TakK WU BHY-
TPEHHMX YrMOB OFHEYNOPOB, ABWKEHNE BKIOYEHUN Ha-
npaBrieHo K MOBEPXHOCTK orHeynopa [4].

B oTHoWweHWnn rpagmneHTa koHueHTpaumm MNMA B xene-
3e Kucnopoga npegnonaraeTcs, Y4To oH hopMupyeTcs B
naMmmHapHoM Anddy3MOHHOM MOrPaHWYHOM Croe pac-
nnaea, NPMMbIKaKOLLEM K MOBEPXHOCTW OrHeynopa. Bos-
HUKaloLas B 3TOM rpagneHTHOM nore KoHueHTpauun MNA
KMCnopoda peakTvBHas curna encTByeT HenocpeacTBeH-
HO Ha BKIMOYEHVEe 1 HamnpaBrneHa B CTOPOHY YBeNMYeHUs
KOHLUEHTpauum kucnopoga, To eCTb K NOBEPXHOCTM pas-
aena gas [4, 8, c. 165]. CornacHo pacyetos [1, 9], aaxe
He3HauMTenNbHbIN TPagMEeHT KOHUEHTpauum Kucnopoga,
BO3HMKaOWMN B AUdDY3MOHHOM CNoe npu BTOPUYHOM
OKMCMEHWW, Hanpumep, COOTBETCTBYHOLLEM MOBbILLEHMIO
coaepxaHust asoTta B ctanum Bcero Ha 0,3 ppm, npyBoanT
K MOSIBMIEHMIO CUIbl, BbI3bIBalOLLEN ABWXEHNE OKCUOHO-
ro BkntoveHusa pasmepom 10 Mkm co ckopocTeto 0,9 m/c.
OTO MONOXeHWe, MO MHEHWID MHOTMX MccrnegoBaTtenen,
NEeXUT B OCHOBE [MaBHOrO MexaHu3ma, OTBETCTBEHHOIO
3a BbICTPOE nepemeLLeHe UMEIOLINXCS B CTanu BKMO-
YEeHUW K MOBEPXHOCTU OrHeynopa B obnactax acnmpaumm
1 3a npegenamm 30H peumpkynsauum notokoB. Cuntaetcs
Takke, YTO co3gaHue aToro AMdpy3MoHHOro cros ¢ rpa-
ONEHTOM KOHLUeHTpaumm MNMA-KOMNOHEHTa MOXET Mpouc-
X0OuTb Ha 1-oM atane hOPMMPOBAHUS OTIIOXKEHUI B pe-
3ynerate obpasoBaHua razoobpasHbix cybokemaos (SiO,
ALO) n CO. lNMocneaytouiee NpyKpenneHne BKIIOYeHNN K
NOBEpPXHOCTU pasgena a3 ConpoBOXAAETCH CHUKEHNEM
NMOBEPXHOCTHOW JHEPrMM CUCTEMbI Kak M3-3a CHUKEHUS
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nnowaam MexdasHow NoBEPXHOCTU CUCTEMbI «MeTasnsl-
BKIIOMEHUEY», TaK U BCMEACTBUE yMEHbLUEHUS Mexdas-
HOrO HAaTSPKEHMSI Ha rPaHULE «BKIHOYEHWE-OrHeynop»
(O reo0r” Oainon)- 110CTIE MPUKPENIEHUS BKITIO4EHNA K M-
BEPXHOCTW OrHeyrnopa Wnun crnosi OTNOXKEHNN NPoncxoguT
€ro crnekaHue ¢ HUMW. Pag nccnegosartenen cynTaet, YTo
B pearibHOCTM MeXaHW3M TPaHCMOPTUPOBKN BKITHOYEHUN
K MexXdasHON NOBEPXHOCTN MOXET OTNMYATbCA OT OMu-
caHHoro. [Ins BKMOYEHU, He SBMSAOLMXCSA NPOAYKTaMu
packucneHus, oH npegnonaraerca 6onee nNpocTbiM, ANs
NPOOYKTOB packmcrneHnsa — 6onee cnoxHoim [1].

M3 cywecTByoLWmMX NpeacTaBneHnn o npupoae dop-
MUPOBaHWS OTIIOXKEHUI NPW pPasnuBKe criedyeT, YTo ca-
MbIM OY€BUAHbLIM CpeacTBOM 6opbObl C HUMMK SBNSeTCS
MOBbILLIEHWNE YNCTOThI CTanu OT NPOAYKTOB PaCKUCMEHNS
1 MoanULMPOBaHUS, a Takke 3alliMTa ee OT BTOPUYHO-
ro okucrieHusi B npouecce pasnueku [1, 9]. OgHako, kak
nokasanu pesynsratbl cneumanbHbIX UICCNEA0BaHUN, N3-
meHeHne gonu Al,O,-cogepxalumx BKMNOYEHUN B X 06-
LLlen Macce, TO eCTb UBMEHEHME CTEMNEHN YNCTOTbI CTanm
MO 3TUM BKITIOMEHMSAIM, NPAKTUYECKN HE BNUSIET HA UHTEH-
CVBHOCTb (hopMmMpoBaHusa oTnoxeHun [4, c. 18; 11]. Kak
yKasblBanoch Bbllle, OHa 3aMETHO BO3pacTaeT Nullb C
POCTOM COAepXaHui B cTanu obLero n pacTBOPEHHOro
KMcrnopopga, a Takke KUCroTopacTBOPUMOrO antoMUHUS.
BbINonHeHHblE pasHbIMU UCCneaoBaTeNsAMY OLIEHKUN KO-
nM4yecTBa NepexoasLLnX B OTIOXKEHNS KPUCTaNIMYECKNX
OKCMAOB OT COAEPXKALLMXCS B pasnmBaemMon ctanv nme-
toT BonbLuon pasdpoc — o1 0,57 4o 16 %, 4TO MOXET yKa-
3bIBaTb Ha OTCYTCTBWE 3aMETHOW KOPPENSLUN UHTEHCUB-
HOCTU (DOPMMPOBAHUS OTITOXKEHWIA OT YUCTOThLI CTanm no
Al,O,-coaepxallmm BKIOYEHNSM, a Takke Ha 3aMeTHbIe
pasnuuns B YCroOBMSIX NMPOU3BOACTBA M MCMOMb3yeMblX
TEXHONOIUSX (TEXHOMNOrMS packucneHus, sug yTepos-
KM CTanbKOBLUEW, MHTEHCUBHOCTb U ANUTENBbHOCTb Mpo-
OYyBKW CTanu, Hanuyve BakyymMunpoBaHuda u T. 4.) [5, 9].
[locTaToyHO BaxkHbIMM B 9TOM MriaHe NpeacTaBnsioTcs
pesynbraTtbl CPaBHUTENbHBIX UCCRegoBaHUn Mopdorno-
TMW BKIOYEHWI, NPUCYTCTBYIOLLUX B CTanu 1 B OTIOXe-
HUsiX. OHKM NO3BONUNW NPUIATU K OQHO3HAYHOMY BbIBOAY
O TOM, YTO OTIIOXKEHMS HA MOBEPXHOCTU PA3NMBOYHbIX
OrHEYyrnopoB He SBMSITCH pe3ynsTaTtoM OCaXdeHus Ha
HelN NPOAYKTOB PACKUCIEHMS, NPUCYTCTBYHOLLMX B CTanm
nepeg pasnuskon [11].

BTtopuuyHoe okucrneHue, B TOM 4ucre obycrnosneH-
HO€ ra3onpoHNLIaeMOCTbIO OrHeyrnopoB, Mo OLeHKe psaa
nccnegoBaTternen, Takke He ABMSeTCA 3Ha4YMMbIM dhak-
TopoM B hopMMpoBaHUM OTnoxeHun [1, 4, 5]. Hanpu-
mMep, BbINo onpegeneHo, YTo Npu pasnueBke Ha 2 py4bs
MHJI3 gByx nnasok maccon no 250 T kaxgasa npu co-
AepxaHun B ctanu obwero kucropoga [O] ., = 30 ppm
N MIHTEHCUBHOCTM BTOPUYHOIO OKUCIIEHUS, COOTBETCTBY-
toLLielt YPOBHIO MorroLeHmns asota B 5 ppm, macca ALO,,
MPUCYTCTBYIOLLETO B COCTaBE OTIIOXKEHMWI B MOrPY>XHbIX
CTakaHax, coctaBuna 5,1 kr, a obpasytoLulerocst Bcrnea-
CTBME BTOPMYHOIO Okucrenuss — Bcero 1,4 kr. B aton
CBSI3X OTMEYaEeTCst, YTO AN YMEHbLUEHUS BEPOSATHOCTU
OCaXKOEeHWs BKITHOYEHWI Ha NOBEPXHOCTM OrHeynopa ro-
pa3fo BaXHee yMeHbluaTb HEe WX KONMYecTBO (MpUCyT-
CTBYIOLLUX B CTaAnn 1 obpasyowmnxcsa npu ee BTOPUYHOM
OKMCIEHMUN), @ UHTEHCMBHOCTb WX B3aMMOENCTBUS C
orHeynopom [9].

Ecnu xe npegnonoXxuTb, YTO NPU BTOPUYHOM OKUC-
fieHMn cTanu pellaroliee 3HavyeHne MMeeT He CTOMbKO
KONMMYeCTBO AOMOMHUTENbHO 06pasytoLmxcs OKCMAOB,
CKONbKO BO3HWMKHOBEHME YMOMSIHYTOro Bbiwe Anddy-
3MOHHOIO CNOoS C rpagueHToM KoHueHTpauumn MA knc-
nopoga n OBWXKEHWE B HEM OKCUMAHbIX BKITHOYEHWUW K
MexdasHoM NoBepxHocTH [4, 9], To, O4EBUOHO, YTO AN
NCMoNb30BaHNsI 3TOMO M3BECTHOro B bmaunke addpekTa
B paccMaTpvMBaeMblX YCMOBMSX HEOBXOAMMO, Kak Mu-
HUMYM, PacCMOTPETb COOTBETCTBYOLEee 0OOCHOBaHMeE.
lMockonbKky B nuTepaType OHO, HACKOMbKO Ham U3BECT-
HO, A0 CUX MOP He NPeAcTaBneHo, pacCMOTPUM 3TOT BO-
npoc 6onee yrnybneHHo.

M3BecTHO, 4TO npouecc agcopbuum B pacTBopax
npoTekaeT Gnarogaps CHWXeHuto cBoboaHOM MoBepX-
HOCTHOWN 3Heprum gucnepcHomn cuctembl G° B npouecce
CaMOnpon3BONbLHOIO nepepacnpegeneHiss KOMMOHeH-
TOB MeXay NOBEPXHOCTHbIM CrioemM U 0O6bEMOM pacTBO-
pa: AG® = s°AG, rge s — nnowagb NOBEPXHOCTU pa3sgena
das, AG — CHWXKeHMe NOBEPXHOCTHOIO HaTsXkeHus. B pe-
3ynbrate npu paBHOBECMU CUCTEMbI COCTaB OObEMHON
dasbl U NOBEPXHOCTHOIO CrOs pasfMyeH — NocneaHun
okasblBaeTcs oboralleHHbIM TeM KOMMOHEHTOM, nepe-
XO4 KoToporo M3 obbemMa pacTBopa Ha MexdasHyro
NMOBEPXHOCTb 3HEPreTnyeckn BbirogeH. pu atom Mo-
neKyrnbl pacTBOPEHHOrO BeLlecTBa B MNOBEPXHOCTHOM
Crnoe HaxogaTcs B norne AeNcTBMS MOBEPXHOCTHBLIX CUM
N MMEIT MHOE JHEepreTuyecKkoe COCTOsiHUe, YeM B 00b-
eMe pacTBopa, a ero CTaHg4apTHbIE XMMUYECKNe NOoTEeH-
uunanbsl B MOBEPXHOCTHOM crioe Hg 1 B o6beme ]9 He
paBHbl. 111 NTOBEPXHOCTHO aKTMBHbIX BELLECTB Llg < pf
PasHocTb nx 3Haqu|/||/| npegcrasnseT cobow agcopy um-
OHHbIV NoTeHuman W =-AGY = -(ug M8)= KOTOPE;
YNCNEHHO paBeH pa60Te N30TEPMUYECKOro npouecca
nepeHoca OAHOr0 MO MOBEPXHOCTHO aKTUBHOMO KOM-
noHeHTa 3 obbema pacTBopa Ha rpaHuLy pasgena a3
B CTaHOapTHbIX ycnosusx [12].

lMockonbKy ¢ TEPMOAMHAMUYECKOW TOYKW 3peHns ag-
copbumnsa B pacTBope NpeacTaBnsieT NpoLecc BbipaBHUW-
BaHUSA XMMWYECKMUX MOTEHLUMANoB KaXaoro KOMMNoHeHTa
reTeporeHHoM CUCTEMbl B NMOBEPXHOCTHOM crioe Mg un
obbveme U, TO Ona yCnoBuin paBHOBECUSA MEXOY HUMMU
ans Ka>|<p,oro KOMMOHEHTa MmeeM Us =L, . YuntbiBas,
uto ug=p2 +RTInas,a p, = uv +RTlna, , nonyunm:
roe K. — KoHcTaHTa pacnpegeneHus leHpu, He 3aBuUCH-
Las oT KOHUEHTpauuu; a — akTUBHOCTb KOMMOHEHTa B
pacTBope.

% —ex Ms Mv =K
a, Pl - RT r,

[ns pasbaBneHHbIX pacTBOPOB MOXHO MpeHebpeyb
KO3(pPULMEHTOM aKTUBHOCTU ¥ = a/c N NepenTn OT ak-
TUBHOCTEN K COOTBETCTBYHOLLUMM KOHLEHTPALMAM C 1 C,.
[ns NnoBepxXHOCTHO aKTMBHOrO KOMMOHEHTa B pacTBope
nony4um ¢, > ¢,. CnefosarensHo, paBHOBECHE B CUCTE-
Me [OCTUraeTcs TOMbKO 3a CYET CaMOMNpPOU3BOIbLHOMO
nepepacnpegenenuns NA KOMNoHeHTa mexay 00bemMom
N NMOBEPXHOCTHbIM COEM A0 BbIpaBHMBAHUS 3HAYEHWUI
pHgn W, . OBpaTtHbli Nepexon BewecTsa B yCMNoOBUAX
paBHOBecvm HEBO3MOXEH, TaK Kak Ans aToro npouecca
AG°> 0.
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Crnegyet 0cob0 nogyepkHyTb, YTO agcopbuunsa Be-
LecTBa M3 pacTBOPOB CONPOBOXAaeTcd obpasoBaHu-
eM Ha MexdasHOW rpaHuLe UCKMIYMTENBHO MOHOMO-
nekynsipHoro cnos. [ins paccmatpvBaemown 3agadn ero
TONWMHA COCTaBNsAEeT HECKOnbKO AHICTpem, 4To Ha 4
nopsiaika MeHblle pasmepa NpUCYTCTBYIOWMX B CTanu
BKJTHOMEHUN.

Takum o6pa3om, NOBbILLEHHAs KOHLEHTPALMS KACMO-
poda B agcopbuuoHHOM Crioe pacnasa, rpaHuyallem ¢
OrHEeyrnopoMm Wnn MaccuBOM OTIOXEHWUI, HEe co3JaeT ycC-
NoBUI NS ero CaMonpoM3BOSIbHOIO Nepexofa B obbem
pacnnasa u, Kak cregcteme, BO3HUKHOBEHUSA B HEM MO-
rpaHuyHoro guddysnoHHoro cnosi. Heobxogumsim yc-
noBueM Ans 9TOro ABMSETCA HapyLUeHne TepMoguHamMm-
4YeCKOro paBHOBECUS W, Kak CneacTBuNe, BO3ZHUKHOBEHUE
HepaBEeHCTBa XMMNYECKMNX NOTEHLMANOB PacTBOPEHHO-
ro BelwlecTBa Ha NOBEPXHOCTM M B 0bbemMe pacTBopa —
Us >y . OHo BO3HMKaET, HanpumMep, NPy HamMYUK KOH-
TaKTa NOBEPXHOCTU pacniaBa C KUCNopoa-coaepxallen
ason (aTmocdepon; oborailieHHbIM okucrnamm FeO u
MnO wnakoMm; NponUTaHHbIM OKUCIIEHHBIM LUIAKOM Or-
Heyrnopom; a Takke ¢ C- unu SiO,-cogepxaliumm orHe-
yrnopamu, B KOTOpbIX B pesyrnbrate TePMOXUMUYECKNX
peakuni B NOBEPXHOCTHOM Crioe o6pasytoTcsi MOBbILLEH-
Hble cogepxanusa CO, SiO un Al,O) unu npu CHKEHNUN
06beMHOM KOHUEHTpauMn pacTBOPEHHOMO Kucrnopoga
B ctanu [O]. MNockonbky B G0MbLWMHCTBE Criy4yaeB npu
pasnuBKe Takue yCrnoBusi OTCYTCTBYIOT, TO BO3HWKHOBE-
HMe Ha Mexda3HOoW rpaHuue «MeTanmn-orHeynop» wnm
«MeTann-MaccuB OTIIOKEHUNY NOrpaHn4Horo anddysu-
OHHOrO Crosi C rpagueHToOM KOHLEHTpaumu kucnopoga
B HUX HeBO3MOXHO. CregoBaTenbHO, MCMONb3oBaHWE
yKa3aHHOro BbiLle hn3ndeckoro addekta B MOAENbHbIX
npegcTaBneHnsx o npoueccax popMmMpoBaHns OTIOXe-
HUW He SBNSETCH KOPPEKTHBIM.

[MosiBneHnto HOBLIX NpeacTaBneHnn o npupoae op-
MUPOBAHWS OTIIOXKEHUA, MO MHEHWIO aBTOPOB CTaTbM,
MOryT cnocobcTBoBaTb pesynbraTtbl YriyBneHHbIX uc-
cnegoBaHu MopdonorMn  BKAKOYEHUA, MPUCYTCTBYHO-
LWMX B CTanu v B OTNIOXEHWSIX, KOTOPbIE BbIMOMHEHbI B
JNleBeHckom yHuBepcutete (benbrus) [11, 13]. Bbino
YCT@HOBIIEHO, YTO NPOAYKTbl PACKUCIIEHUS B HU3KO- U
cpepHeyrnepogucton packucrneHHon Al ctann npea-
CTaBreHbl crnegyowmMmm MopdonorMyeckumm Tunamm:

1) Cdepuryeckme BKMOYEHUS NPAKTUYECKN YMCTOro
ALO, unu ¢ NpMMecsMM OKUCIIOB MapraHua uim Kpem-
HWUs guameTpom Ao 5-6 mkm (puc. 1, a).

2) \gnomopdHble BKNIOYEHMS C XapakTepHOW orpaH-
KO (OKTaaapbl, rekcasapbl, nonuagapbl 1 ap.) us Al,O,
(4nctoro unm ¢ npumecamm MgO) pasmepammn 2—7 MKM
(puc. 1, 6).

3) MnactuHyaTtble (plate-like) BknioyeHns npenmyLue-
CTBEHHO rekcaroHaribHOW, pexe — TPUroHarbHOW, Nps-
MOYTOfnibHOM U Ap. hOPM MPOTAKEHHOCTBIO 2—9 MKM U
TonwwmHom Ao 1 Mkm (puc. 1, 8, g, d).

4) NenopuTbl NPOTSHKEHHOCTbI0O 5—-20 MKM npeumy-
LLIeCTBEHHO C TPUroHarnbHOW OpueHTaumen NepBUYHbIX
BeTBen (puc. 1, e, x, 3).

5) Knactepbl (ckonnenusi) u3 Al,O,-conepxatmx
BKITHOYEHUIA, UMEKLNX Pa3nNYHy0 MOpPdOnormio, Mak-
CYManbHOM NPOTsHKEHHOCTb nopsigka 100 mMkm, a B
peakmx criyqasx — 6onee 100 mkm (puc.1, K, ).

6) ArperaTbl, COCTOSILLME NPEUMYLLECTBEHHO U3 Nan-
OMOpHbIX BKIloYeHui Al O,, 4acTo cogepxalumnx npu-
mecn MgO, NpOTSKEHHOCTBI A0 HECKONbKMX AECATKOB
MKM (puc.1 m, H).

YkasaHHble Mmopponornyeckme Tunbl TBepgodasHbix
NPOAYKTOB pacKUCreHns B CTanu npeacrtasneHbl: 1) nH-
AvBugyanbHbIMW KpucTaninamu, copMupoBaBLLMMUCS
Nno MexXaHU3My KpUCTannmM3auuoHHOrO pocTa 3a cueT
NPOTEKaHNS Ha MX NMOBEPXHOCTU peakuun pacKUCneHns
UNN NPUCOEONHEHUSA K HUM HaHOPa3MEepHbIX YCTONYM-
BblX 3apofpbllleri HOBOW (asbl; 2) CKOMMEHUsIMU ITUX
MHAMBUOO0B, CPOPMMPOBABLUNXCH MO MEXaHM3MY Koary-
naumu (knactepmsauuu, arperaumm).

Cnegyer OTMETWUTb, YTO B OTHOLUEHMW CKOMMEHUN
TBepAOda3HbIX MPOAYKTOB PAaCKUCEHMWs, MPUCYTCTBY-
IOWKMX B CTanu, 4eTkas u eguHas knaccudukaums oT-
cyTcTByeT. PasgeneHune aTux CKOMMeHU Ha KnacTtepbl U
arperarbl, BbIMONHEHHOE B paboTe [13], aBnsieTcs gocTa-
TOYHO YCMOBHbIM. B cocTaB knacTtepoB MOryT BXOOUTb
BKIMOYEHUS C pasnunyHonW Mopdornornen, B TOM 4ucne
ngnomopdHble, AeHAPUTbI, MnacTuH4YaTble 1 gp. Yacto
onpegenutb MOponorni0 BKIOYEHMI B COCTaBe Kna-
CTEepOB He NMpeacTaBnsaeTcs BO3MOXHbIM. Takue knacre-
pbl Yalle BCEro HasbiBaloT Kopanno-nogobHbimu. He-
KOTOpble uccrnegoBaTenu He OTOXAECTBNAT Koparnmo-
nogobBHbIe CTPYKTYpbl C Knactepamu, cuuTasi, YTO OHU
dopMUpPYOTCA M3 KracTepoB No mexaHuamy OcTearb-
AOBCKoro codpeBaHus [14, 17].

CornacHo pesynbsratam NPOMbILLfIEHHbIX MCcneqoBa-
HWUI, KNnacTepbl OBHapyXX1BalTCA B CTanu cpasy nocne
npucagkn antoMUHUS Ha Bbinycke nnasku. Ho yxe cny-
cTa 15 MVH B yCnoBusIX NpoayBKM MeTarnna B KoBLUe ap-
rOHOM WIM a30TOM KNacTepbl U AeHAPUTbI BCTpPeYanTCcs
KpanHe pefko, a nracTUHYaTble BKMYEHUS OTCYyTCTBY-
toT Boobwe. OCHOBHbIMM MOPEONOrMYECKUMIN TUNaAMM
BKIMOYEHUIA, NPUCYTCTBYIOLLMMY B CTany no OKOHYaHWUW
BHeneyHom obpaboTku, aenstoTcs KpynHble (10—20 mkm)
€OWHVYHblIE MAMOMOPPHbIE BKMAOYEHUSA U arperaTbl U3
HUX, a TaKkke Menkne cdepudeckune BknodeHmns [11, 13].
CymmapHbIn 06bem nocnegHux, BBugy MX OOCTaTOYHO
ManbIX pa3mepoB (< 1 MKM), KpanHe He3Ha4yMTerneH.

BkntoyeHus B OTNOXeHMAX, 06pasyowmxest npu pas-
NVBKE HMW3KOYrMepoamcTon packucreHHon Al cranw,
MMEIT MNPEeMMYLLECTBEHHO KOpanno-nogobHyo, AeH-
OpUTHY0O K nnactuHyatyto (irregular shaped plates)
mopdponoruo (puc. 2) [11, 18]. CnenyeT Takke oTme-
TUTb, YTO CXOOCTBO TEPMMHOMOIMM AN BKIHOYEHWN,
NPUCYTCTBYIOLLMX B CTann U B COCTaBe OTNOXEHUN, He
O3HaYaeT UX MAEHTUYHOCTb. Tak, ecnv NpucyTCTByOLWMNE
B CTanv nnacTUHYaTble BKIHOYEeHWUs NPeAcTaBnsioT no-
CKue uHavBuAyanbHble KpUCTanibl B popMe NNOCKMX
MHOTOYrornbHUKOB (puc. 1, 8, 2, d), TO B OTNOXEHUSIX Nria-
CTMHYaTble CTPYKTYPbl, UMeoLMe NPUNACHYThLIE nep-
BUYHbIE U BTOPUYHbIE BETBU (PUC. 2, 8), HE SABNSAITCHA
CKOMMEeHMeM M3 MnacTUHYaTbiX MHOUMBMAOB, @ HaNoOMU-
HaloT Mo hopme AeHOPUTHbIE CTPYKTYpbI. [pucyTcTBue
Xe B CTPYKTypax CMeLLaHHOro cocraea (puc. 2, 2) ogHo-
BPEMEHHO AEHOPUTHBIX M NNaCTUHYaTbIX CTPYKTYP YKa-
3bIBa€T Ha TO, YTO OHU UMEKDT 06LLYIO Npupody obpaso-
BaHudA. To ecTb, NnacTMH4yaTas Mopdonornsa ABnaeTcs
Pa3HOBMAHOCTBIO OEHAPUTHOW, U ee (OopMUpOBaHue
00yCrnoBneHo OencTBUEM onpederneHHblX (akTopoB.
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m Mopdonoruyeckme Tvnbl BKITKOYEHUIA, NPUCYTCTBYIOLLMX B cTanu: a — cpepudeckume [13]; 6 — ugnomopdHele [11]; 8, 2, 0 —
nnactuHyatble [13, 14, 15]; e, x, 3— aeHaputHble [11, 13, 16]; u — kopanno-nogo6Hble knacTepbl [11]; K — knacTepbl U3 AeHOPUTOB
[14]; n— knacTepbl cMeLwwaHHoro coctaea [11]; M, H — arperatbl U3 MAMOMOPMHLIX BKItodYeHun [11, 14]

Kopanno-nogo6Hele knacTtepbl B CTanu HECKOSNbKO OTIM-
YaloTCH OT TaKOBbIX B OTNOXeHMAX (puc. 1, u n puc. 2, a)
Kak no pa3amepam, Tak 1 no popme — ecnu B cTanu cpeg-
HWe pasmepbl Kopamnno-nogobHbIX KracTepoB He npe-
BblwatoT 50—100 mMkm [17], TO B OTNOXEHUAX pa3mMepsbl
Kopanmno-nogobHbIX KNacTepHbIX CTPYKTYP, MMEHLLMX
o6LLyt0 HanpaBnNeHHOCTb POCTa KPUCTANMNTOB K NOTOKY,
3HauuTenbHO BonbLue (puc. 2, a).

OtcytctBMe B npobax crtanu m3 npomkoBwa MHJI3
NnacTMHYaTbIX BKMOYEHWIN C y4ETOM TOro dhakTa, YTo npu
pasnuBKE HU3KOYINepoamMCTon pakucneHHon Al cranm
OHM, Hapsdy C Kopanmno-nogobHbIMU KNacTePHBIMU CTPYK-
Typamu, COCTaBMsNN OCHOBY OTIIOXEHWI, NO3BOMWIIO UC-
crnegoBatensM caenatb BbIBO4 O TOM, YTO rfaBHas porb

B (hOPMUPOBAHMUN OTIIOXKEHUNA MPUHAONEXUT NPOAyKTaM
BTOPUYHOIO OKWCMEHNS B BUAE KNacTepoB, a OCaxaeHue
NPUCYTCTBYIOLWMX B CTanu nepeq pasnuBKOM MPOAYKTOB
packncneHns n MognuuLmMpoBaHusi UrpaeT BTOPOCTENeH-
Hyto ponb [11]. [Mpun aTOM OTMEYaeTcs, YTO Takow BbIBOA HE
COOTBETCTBYHOT TPaAULMOHHBIM NPeacTaBneHmsaMm o npu-
poae hopMUPOBaHMS OTNIOXKEHWIN, B TOM YACIE O TOM, YTO
WHTEHCUBHOCTb OTIIOXXEHWI 3aBUCUT OT YUCTOThI CTanwm.
BpaboTe[18]aHanornyHbIv BbIBOA CAeNaH B pe3yrbra-
TE CPaBHEHMS HE TONBbKO MOPEOonormm, Ho 1 asoBoro co-
CTaBa BKM4eHun B ctanm (npobbl n3 npomkosia MHI13)
N OTNOXEHMAX (MOrPY>XHOM KOPYHAOrPadUTOBbIN CTaKkaH)
npu pasnuBke HU3KOYINepoanCTon HU3KOKPEMHUCTON
PacCKUCIIEHHON anioMUHUEM W TUTaAHOM cTanu. Ecnm B
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m Mopdonoruyeckne Tinbl BKITIOYEHWI N3 COCTaBa OTNOXEHUI B Pa3NMBOYHbLIX OrHEYNnopax: a — Koparnno-nogobHble kna-
CTepHble CTPYKTypbl [18]; 6 — AeHApWTHBIE CTPYKTYpPbI [11]; 8 — NnacTnHYaTble CTPYKTYpbl [18]; 2 — CTPYKTYpbl CMELLaHHOro Co-
CTaBa — AeHAPUTHbIE + NnacTuHYaTble 00pa3oBaHus (NokasaHbl cTpenkamm) [11]

npobax ctanu n3 NPOMKOBLUA AOMUHUPOBaNu Menkme (<
8 MKM) chepuyeckme BKINOYEHNSA arntoMUHATOB KarbLms
¢ copgepxaHuem Ti,0, veHee 3 %, TO OCHOBY OT/IOXe-
HUW COCTaBNANM KOpanno-nogobHble 1 nnacTuHYaTble
BKITIOYEHWNST antoOMUHATOB KanbLMs C cogepXaHuem B
HUX Ti,O, no 12 %. MNpucyTcTere B OTIIOKEHNSAX CBEPX-
paBHoBecHoro konuyectsa Ti,O, ABnsercs, no oueHke
uccriegoBartenen, [[oKa3aTenbCTBOM  NPOUCXOXKAEHUS
OTMNOXEHUN U3 NPOOYKTOB BTOPUYHOIO OKUCIEHMS.

BbiBoabl

CoxpaHgawwasnca akTyanbHOCTb npobnembl OTno-
XKEHUM B MEeTanionpoBOASLMX KaHanax OrHeynopos
npu pasnvBke cTanu B OMpeaerieHHOW Mepe CBsidaHa
Cc pecvumtom npencraBneHMn 0 UINKO-XUMUYECKNX
npoueccax, obycnaenuearWmMx 3TO cneunduryeckoe
siBrneHve. BbinonHeHHOe aHanuTU4eckoe nccnegoBaHne
M3BECTHbIX HA CEroHs npeAcTaBneHnin o npupoae v 3a-
KOHOMEPHOCTAX SBNeHMs (HPOPMUPOBAHUSA OTIIOXKEHUN
nokasarno:

— OTCYTCTBME MOSTHOW SICHOCTU B MOHMMaHUU POnu
psga daktopoB (TypOyneHTHOCTb, 6eCKMCropoaHble or-
Heynopbl 1 Ap.);

— OTCyTCTBME AeTanu3auum no psgy acnekTtoB pac-
cmaTprBaemMoro ABrneHus (opmMmpoBaHMe MeTannmye-
ckon pasbl, pasnmyns B XMMMYECKOM 1 Mopdonormye-
CKOM COCTaBe BKITHOYEHWI B CTanu 1 OTNOXEHMUSAX);

— HECOOTBETCTBME HEKOTOPbLIX 6a30BbLIX NpeacTasne-
HUA N3BECTHbIM MOMOXEHMAM (PUNKU U XUMUKN (Mexa-
HU3Mbl TPAHCMOPTUPOBKM BKITKOYEHUI K rpaHuue pasge-
na as, opMmnpoBaHne BKMOYEHWUI AEHAPUTHON MOp-
donoruun n ap.).

Mo pesynbratam BbINOMHEHHbLIX NCCNEAOBAHUIN MOX-
HO NPeANOMNOXMTb CYLLECTBOBaHNE Takon hn3nNKO-XMMM-
YecKon Mogenu fABneHus OPMUPOBaHUSA OTNOXEHUN,
KoTopasi, OTNn4asiCb yHMBEpCarnbHbIM XapakTepoMm, pac-
NPOCTPaHSIETCS Ha orHeynopbl Nboro coctasa u Ha Bce
aTanbl ux opmMmpoBaHus.
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NocnimkeHHA cy4acHUX yaBneHb NPO npupoay popMyBaHHA BifknageHb B BOrHETpUBaxX
npu po3nusaxHi ctani. MosigoMneHHs 1

lNpu gocnigxeHHi aBuLLa GopMyBaHHS BiAKIa4EHb TEOPETUYHMNI aHasli3 rnoro Qi3nko-xiMivyHoOI npupoan i 3aKOHOMIPHOCTEH,
nopsia 3 roLykoM 3axofiB npotugdii, 3aBxam po3rnsaascs K npioputetHuid HanpsMm. OaHak psa nPUHUMNOBUX MUTaHb,
0B ’93aHMX 3 UM IBULLLEM, MPOLOBXYE AOCI 3a/INLLATUCS MPEAMETOM HayKOBUX ANCKYCIvi. BUKOHaHe aHaniTu4He AOC/IXEHHS
BiJIOMUX Ha CbOroAHI ysBJIEHb PO MexaHi3amu (mMoaesi) opMyBaHHS BigkianeHb rnokasaso: BiCYTHICTb MOBHOI SCHOCTI B
PO3YMIHHI PO Psay pakTopiB; BIACYTHICTb AeTasidauii no psay BaX/IMBUX acriekTiB 4aHOro BuLLa; HEBIAMOBIAHICTb 4ESKNX
6a30BuX ySIBJIEHb PO MPOLIECH, SIKi CYrnpPOBOAXYIOTb POPMYBaHHS BifIKNaAEHb, BiIlOMUM M0JI0XEHHSIM Qi3uKu i XiMil.

Ha nigctaBi TepmoanHamiyHOro aHasni3y rnpouecy aacopobLii MoBepXHEeBO-aKTMBHOIO B 3a/1i3i KUCHIO 10Ka3aHo, LLIO YSIBJIEHHS,
SKe OTPUMAaJsIO MOMITHE MOLLUNPEHHS, PO IHTEHCUBHUY PYX BKIIIOYEHb B rPafi€HTHUX (ANQY3iiH1X) NoasxX KOHLUEHTPAaLii KUCHIO
Ha MiXXpa3HOMY KOPAOHI «MeTasi-BOrHeTpuB (MacuB BiaKIaeHb)» CTOCOBHO 10 PakTUHHUX YMOB PO3JIMBAHHSI € B Oi/IbLLIOCTI
MOXIMBUX BUNAEAKIB HEKOPEKTHUM.

B xoai nopiBHS/IbHOro Mop@OI0riYHOro aHasnidy BKIKOYEHb, MNPUCYTHIX B CTasi |y BiAKI8AEHHSIX, N10Ka3aHo, L0 CXOXICTb
TEPMIHOJIOrIT Y BU3HAYEHHI MOPMOJIOriYHUX TUMIB AJ1S1 HUX HE 03HAYaE€ iX i[AeHTUYHICTb. BiAMIHHOCTI B MOPO/IOrii | XiMiYHOMY
cknaai rnopiBHOBaHWX BKJIIOYEHb BKA3YyKOTb Ha Te, L0 GOPMYyBaHHS BiAK/IaAeHb He 3aBXAW 0B’93aHe 3 OCaaXEeHHSIM Ha
MOBEPXHI BOrHETPUBIB MPUCYTHIX B CTaJli MPOAYKTIB PO3KUCIEHHS.

Ha nincrtaBi pe3ynbtatiB aHaniTM4HNX AOCAXEHb 3P0BIEHO NornepeaHii BACHOBOK PO HEOOXIAHICTb PO3POOKM, Ha 40AaTOK
[0 ICHYI041X, HOBOI MoAeni Uboro siBuilLa. Biapi3HsaoYnce yHIBepcaibHUM XapakTepoM, BOHA MOBUHHA MOLUMPIOBATUCS HA
BOrHETpUBY BYab-SIKOro CKaaay i Ha BCi eTany popMyBaHHS BiAKIa4EHb.

- PosnuBaHHs1 cTasni, popmyBaHHS BiKIaaeHb, BOrHETPUBU, NPUPoAa i 3aKOHOMIPHOCTI 1BULLa,
Kmo4osi cnosa MOZESbHI YSBAEHHS, 6a30BUii MexaHi3M.
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The study of modern concepts about the nature of deposits in refractories during casting of
steel. Report 1

When studying the phenomenon of clogging, a theoretical analysis of its physicochemical nature and regularities, along with
the search for countermeasures, was always considered as a priority. However, a number of fundamental issues related to
this phenomenon, still continues to be the subject of scientific discussions. The performed analytical study of currently known
ideas about the mechanisms (models) of the deposit formation showed: the lack of complete clarity in understanding the role
of a number of factors; lack of detail on a number of important aspects of the phenomenon under consideration; discrepancy
of some basic ideas on the processes accompanying the formation of deposits, to the known thesis of physics and chemistry.
Based on the thermodynamic analysis of the process of adsorption of surface-active oxygen in iron, it has been shown that
the idea of intensive movement of inclusions in the gradient (diffusion) fields of oxygen concentration at the “metal-refractory
(deposit)” interface in majority of the possible cases is incorrect.

In the course of a comparative morphological analysis of inclusions present in steel and deposits, it was shown that the similarity
of terminology in the definition of morphological types for them does not mean their identity. Differences in the morphology
and chemical composition of the compared inclusions indicate that the formation of deposits is not always associated with the
precipitation onto the surface of refractories of deoxidation products present in the steel.

Basing on the results of analytical studies it was preliminary concluded, that it is necessary to develop, in addition to the
existing one new model of this phenomenon. Differing in its universalism, it should extend to refractories of any composition
and to all stages of the deposit formation.

Casting of steel, formation of deposits, refractories, nature and regularities of the phenomenon,
model concepts, basic mechanism.
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