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

lMpy nccnenoBaHum IBAEHUS POPMUPOBAHNS OT/IOKEHWNI TEOPETUYECKUIA aHaIN3 ero puankKo-xmmMm4eCcKor rnpuposasl
1 3aKOHOMEPHOCTEH, HapsiAy C MOVNCKOM Mep NpPOTUBOAEVICTBYS, BCEraa paccMaTpuBasicsl B KAYECTBE PUOPUTETHOIO
HanpasneHusi. OgHako psia MPUHUNNMAbHBIX BOMPOCOB, CBS3aHHbIX C 9TUM SIBJIEHWEM, MPOAO/IKAET A0 CUX 0P
0CTaBaTbCsl NMPeAMETOM Hay4YHbIX ANCKYCCUIA. BbIMOIHEHHOE aHaINTNYECKOE UCCIeN0BaHNe N3BECTHbLIX Ha CEeroaHs
npeacras/ieHni 0 MexaHn3amax (Moaesisix) GopMUpPoOBaHUsS OTIOXKEHWV 10Kal3asao: OTCYTCTBME MOJIHOM SICHOCTU B
MMOHVMaHum Posv psiaa ¢akTopoB; OTCYTCTBME AETann3aLumnm no psay BaxHbIX aCrieKTOB paccMaTpuBaeMOoro siB/IEHUS;
HeCcooTBETCTBUE HEKOTOPbIX Oa30BbIX MPEACTAaBIEHN M0 NpoLeccam, CornpoBOXAaroLLNX GOPMUPOBAHNE OT/IOXKEHWI,
M3BECTHbIM 0JIOXEHNSIM PUINKN N XUMUU.

Ha ocHoBaHun TepMoavHaMU4eCckoro aHaam3aa rpouecca aacopobLmy NoBepxXHOCTHO-aKTUBHOMO B Xesie3€e KUcaopoaa
rokasaHo, 470 MoJyYynBLUEE 3aMETHOE PacrpOCTPaHEHVE NpeacTaBieHne 06 MHTEHCUBHOM ABVXEHUN BKIIIOYEHWI B
rpaaneHTHbIX (AN OY3MOHHbIX) NOJISIX KOHLUEHTPALMM Kncaopoaa Ha MexgasHo rpaHuLe «MeTasii-orHeyrnop (Maccus
OTJIOKEHWIA)» MPUMEHNTESILHO K (PaKTUHECKMM YCII0BUSIM Pa3JINBKU SIBJISIETCS] B OOJIbLUMHCTBE BO3MOXHbLIX CJ/1y4aeB
HEKOPPEKTHbLIM.

B xone cpaBHUTENIbHOr0 MOPGO/I0rM4yeCcKoro aHam3a BKJI0YEHWI, MPUCYTCTBYIOLLMX B CTaJIM U B OTJIOXEHUSIX, T0Ka3aHo,
4TO CXOLCTBO TEPMYIHOJION NN B ONPELENEHNN MOPDOJIOrNYECKUX TUMOB /11 HUX HE 03HAYaET X UAEHTUYHOCTb. OTIn4us
B MOP@OSI0rnm m XMN4€CKOM COCTaBE CPaBHNBAEMbIX BK/IIOYEHMI YKa3bIBAIOT HA TO, 4TO GOPMUPOBAHNE OTI0XKEHNI
He Bcera CBsI3aHO C 0CaXAEHNEM Ha MOBEPXHOCTbL OrHEYNOPOB MPUCYTCTBYIOLUMX B CTaM MPOAYKTOB PACKUCIIEHUS.
Ha ocHoBaHun pe3ynbTaToB BbINOJIHEHHbIX aHAJIMTUYECKUX WCC/Ie40BaHWi cAenaH npenBapuTesbHbIii BbiBOL
0 HeobxoauMocTy pa3paboTku, B [AOrMNOJIHEHNE K CYLUECTBYIOLUMM, HOBOU mMogesm 3Toro siBaeHus. OTiv4asichb
YHUBEPCAaJlbHbIM XapakTepoM, OHa AOJIKHa PacrpoCTPaHsITLCS Ha OrHeyropsl /I060ro cocraBa U Ha BCe 3Tarbl
POopPMUPOBaHNS OT/IOXKEHWNIA.

KnioyeBble cnoBa: pasnvBka ctanun, opMuUpoBaHME OT/IOXEHWH, OrHeyrnopsl, npupoaa 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 Mpw pasnuBKe CTanu SIBNSAETCs cepbes-
HOW TEXHOMNOrM4yeckon npobrnemon Onsa cranennaBusb-
Horo npou3soacTBa. OHa NPUBOAUT K CHWXXEHWIO CKOPO-
CTU pasnuBKW, MPEXOEBPEMEHHON 3aMeHe MOrpyXHbIX
CTaKaHOB MNN BbIHYXOEHHOMY MpPEeKpaLLeHMIO PasnnBKu
Ha py4be, CHUKEHWUIO CEPUAHOCTM PasnnBKX, NPOU3BOAK-
TenbHocT MHJ13 1, B KOHEYHOM c4yeTe, K poCTy 3aTpar
Ha ero npou3BoAcTBo [1, 2]. HemanoBaxHbIM acnekTom
AaHHOM Npobnembl ABNSETCA Takke yxydLeHne KadecTsa
cTanu, obycrnoBneHHoe NPUCYTCTBUEM B HEW MoandULm-
POBaHHbIX MPOAYKTOB packncrneHunsi n3-3a obpabotkm cra-
nn Ca-cogepxalimmmn matepvanamv ons yrnyyweHms ee
pa3nuBaeMocTu. M3BeCcTHO, Hanpumep, YTo NpUCyTCTBUE
B CTanM KOPPO3MOHHO-aKTMBHbIX HEeMeTannM4yecKkmx
BkrtoveHun (KAHB), K KOTOpPbIM OTHOCHATCH antoMuHaTbl
KanbLmsl, MOXET NPUBOANTL K 3aMETHOMY POCTY CKOPOCTH
NoKarnbHOM KOppo3un u3genumn us Hee. B yactHocTn, ans
HedTenpoBOAHbLIX TPYO OHa yBenuuuBaeTCs C Tpaguuu-
OHHOTO YPOBHSA B AeCsTble 4ONW MUNMMEeTpa A0 AeCHAT-
KOB MUIINIMMETPOB B rof, SIBMSASCb OCHOBHOW MPUYMHOMN
pPe3Koro CHWxeHus nepvoga 6esaBapuiHON 3SKcnnyaTta-

umn TpybonpoBoaHbix cuctem [3]. MNMoatomy mccnegosa-
HWS, HanpaBneHHble Ha 6ornee rmybokoe NoHMMaHue nNpu-
poabl OPMMPOBaHNSA OTIIOXKEHMI B NPOLECCe PasnnBKW,
M CO3daHune Ha 3TOW OCHOBE TaKUX TEXHOMOMMYECKMX pe-
LUEHVI B CTanennaBuiibHOM MPOU3BOACTBE, KOTOPbIE He
0Ka3bIBalOT CTONb NarybHoe BNysiHWE Ha KayeCTBO cTanu,
npeacTaBnsoT NPaKTUYECKUA MHTEPEC.

Ha npotsxeHun nocnegHmx 30—40 net B pesynbra-
T€ MHOMOYMCMEHHbIX UccregoBaHui no npobneme oT-
noxeHun Gbina HakonmneHa BHyLWwnTeNbHasa 6a3a 3HaHWN
no cambiM pas3NMyHbIM acnekTaMm paccMmaTpuBaemom
npobnemsl, 1 copmMMpoBanncb onpeaeneHHble npea-
CTaBMeHUs O Npupoae M 3akOHOMEPHOCTHAX paccMmaTpu-
Baemoro sierneHus. beinv onpeaeneHsl akTopbl, B TOM
yncne NPoM3BOACTBEHHbIE M TEXHOMNOrMYeCckne, Kotopble
YCKOPSIOT UM TOPMO3HAT 3TOT HexXenaTenbHbIN npouecc,
a TaKKe NpeanoxeH KOMMNIEeKC MeponpuaTuiA, CHUXaro-
LLMX OCTPOTY Npobnembl. Criegyer OTMETUTL, YTO B XoAe
NPOBOAMMbIX WCCNEAOBaHUN paccMaTpyMBaeMoro sB-
neHnsa TeopeTUYEeCKUn aHanm3 ero NpMpoabl 1 3aKoHO-
MEpPHOCTEN, Hapagy C NOUCKOM Mep MPOTMBOLENCTBUS,
BCerga paccmatpuBancsi B KayecTBe MNpUOPUTETHOrO
HanpaeneHusa. Tak, Hanpumep, ogHa U3 Lenen muccne-
O0BaHWNI, BbINOMIHEHHbIX NpeacTaBUTENbHON KOMaHOOW
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€BpOMNenckMx uccrnegosatenen, Obina cdopmMynunpo-
BaHa KaK «reHepuMpoBaHWE HOBbIX PyHAAMeHTarnbHbIX
3HaHWM N0 PU3NYECKUM N XMMUYECKUM SBIIEHNSIM NPO-
uecca opMMpoBaHUA oTroxXeHun» [4]. Tem He MeHee,
PS4 NPUHLMNMANbHbIX BONPOCOB, CBA3a@HHbIX C AaHHbIM
SABMEeHneM, NpogorkaetT 4o Cux nop octaBaTbCA Npea-
METOM Hay4HbIX AUCKyccuw [5].

Mpobrnema OTNOXEHUN xapakTepHa Ans PasfuBKK
BCEX MapOK CTanu, packMCrieHHOW anioMWHUEM U ApY-
MW CUnbHbIMK packucnmTenamn. CKopocTb pocTa OT-
NOXEHUN yBENNYMBAETCHA C POCTOM COAEPXKaHUI B CTanu
KMCNOTOPacTBOPMMOrO antoMmnH1S 1 obLLero kucnopoaa,
a TaKke Npy CHWXEHUN CoAepXaHus B Hen yrnepoaa [1,
4, 5]. B nocnegHem criyvae 3TO CBSA3aHO C MOBbILEHNEM
PaBHOBECHOIO COAEPXaHWS B HEN PacTBOPEHHOIO KUC-
nopoga. lMpucyTtcTBme B cTany pacTBOPEHHOIO KUCNOPO-
4a, B TOM Yncrnie BHECEHHOTO B Hee BCMeACTBME BTOPUY-
HOro OKWMCMNEHUs, paccMaTpUBaETCs, kak ByaeT nokasaHo
HVXe, B Ka4eCTBe Ba)KHENLLEro KOMMOHEHTa MexaHn3ma
TPaHCMOPTUPOBKM BKITKOYEHMI K MOBEPXHOCTM OrHeynopa
(oTnoxeHwuin). PopmmpoBaHue OTNOXEHMI HabnogaeTcs
NP1 NCMONb30BaHMN OrHEYNOPOB CaMOro PasfMYHOrO CO-
CTaBa — OKCVA-YrmepoaHbIX (KopyHAorpadwuT, nepukna-
30yrnepoa, UMpKoHorpadmT), OKCuaHbIX (KOpyHA, KBapu,
nepuknas, AMOKCUA LIMPKOHWS), @ Takke OrHeynopoB Ha
OCHOBe Tyronnaskux 6e3kmcrnopoaHbix coegnHeHnn (BN,
AlN, SiC, ZrB,, SIAION Si,ON,, Si,N,, B,C n ap.) [6]. Ac-
nonb30oBaHWe MOCNeAHNX B Ka4eCcTBE aHTUKIOIMUHIOBbIX
MOKPbITUA MO3BOMSET 3aMETHO YMEHbLUNTb CKOPOCTb
hOpPMMPOBAHMSA OTIOXKEHWUN W, KaK CNeacTeue, yBenu-
YUTb ANUTENBHOCTb Pa3nMBKM Yepes MOrpy>XKHOWM CTakaH.
[ns okcua-yrnepogHbIX OrHEeYnopoB CKOPOCTb (hopmu-
pOBaHMS OTMOXEHWN Ha HavanbHOM 3Tane HEeCKOMbKO
BbILLIE, YEM ANS YUCTO OKCUAHbIX, HO B LIENIOM BUSIHNE
cocTaBa OrHeynopa Ha npouecc )opMUpoOBaHNS OTNOXe-
HWWA OTCYTCTBYET UIN HE3HAYUTENBHO [4, 5, 7]. CKOpoCTb
hOpPMMPOBaAHMSA OTIOXEHUA 3aBUCUT OT TEMMONpoOBO-
OHOCTU OTHEYNOpOB — C ee POCTOM OHa yBenMyMBaeTcs.
Cuntaetcs, 4YTO OnpeaeneHHyo porb B npoueccax dop-
MUPOBaHUSA OTIOXEHWUIN UrpaeT 3aTBepaeBaHve cTanu B
HeMeTannImMyeckon matpuLe.

B npobrneme oTNoXeHun CyLecTByeT paa «TPYAHbIXY
BOMPOCOB, Ha KOTOPbIE M3-3a HEJOCTaTOYHO rMy6oKoro
NMOHUMaHWS NpoTeKaLWwnx PU3NKO-XMMUYECKMX NpoLec-
COB NOMy4MTb OAHO3HaYHble OTBETHI HE NpeacTaBnseTcs
BO3MOXHbIM. OAHMM U3 HUX ABNAETCH BOMPOC O POnu
TypOyneHTHOCTM B (POPMUPOBAHUMN OTMOXEHUN. W3-
BECTHO, YTO MPU NaMMHaAPHOM PEXMME TeYEHNsI MOTOKOB
MeTanna y noBepXHOCTW OrHEeynopos, Hanpumep dyTe-
POBKM CTanepasnuBOYHbIX U NMPOMEXYTOYHbIX KOBLUEW,
OTNOXEHNs1 Ha HWX He obpasytTca. ObssaTenbHbIM
yCnoBmem Ansi 3TOro SBASETCS TYpOyNeHTHbI Pexum
o6TekaHnst noBepxHOCTK orHeynopa [5]. Mpn 3Tom cko-
POCTb pPOCTa OTMOXEHUA MPONOpLUMOHarbHa OCpPeaHEH-
HOW KMHETUYECKOM aHeprum TypbyneHTHocTu [4, c. 79].

M3 ctanennaBunbHOM NPakTUKN U3BECTHO TakKXke, YTO
CKOPOCTb KOarynsaumm BKIFOYEHU NPOnopLUmMoHanbHa nH-
TEHCUBHOCTW NepemMeLunBaHns pacnnasa. Ho, cornacHo
BbIMOMTHEHHOMO OLEHMBAHUS, YXKe Npu CKOPOCTM NOTOKOB
= 1,4 m/c cuenneHne mexay BKIHOYEHUSAMN MOXET ObITb
HapyLlweHO u3-3a BO3AENCTBMA Ha HUX TypOyneHTHbIX
nynecauun ckopoctu [8, c. 160]. B atoun cBa3n cnegyet

OTMETUTb, YTO CKOPOCTM MOTOKOB B CTakaHax-4o3atopax
npomkoBlen coptoBbix MHJ13 gocturator 4-5 m/c, HO
3TO He MpenATcTBYeET, a, HaobopoT, cnocobeTByeT dhop-
MUPOBaHMIO B HUX OTNIOXEHWI. Kpome TOro, ¢ poctom
TypOYNeHTHOCTM NOTOKa YMEHbLUAETCS TOMNWMHA NaMu-
HapHOro rMaPOANHAMNYECKOro U AUAPAY3NOHHOIO Mo-
rPaHNYHbIX CroeB, KOTOPbIM OTBOAWTCS 3aMeTHasi porb
B npoueccax OCaXOeHUs BKMYEHWUI Ha MOBEPXHOCTb
orHeynopa [7; 2, c. 39—40]. MoXHO Takke OTMETUTb, YTO
Ha 3aMeTHyI0 porb hakTopa rMapoauHaMuKn B opmm-
pPOBaHUM OTNOXEHUI yKa3blBaeT TOT (haKT, YTO COCTaB U
MOPAONOrnsi BKIKOYEHUI B OTIIOXKEHNAX 3aBUCSIT OT Me-
CTa UX pacnornoXeHusi B MOrPy>KHOM CTakaHe, KOTopoe
onpegensieT napameTpbl TypOyneHTHOCTU noToka [4, 5].

MexaHn3m obpasoBaHnsa MeTannmyeckon asbl B CO-
CTaBe OTIIOXXEHWUI UHTETPUPOBaH B MEXaHM3M (DOpPMUpPO-
BaHMS OTNOXEHWUI N SBNSETCA Ha CErogHs Takke npen-
MeToM anckyccun. Obbem MmeTannnyeckon gasbl B Buae
Kanenb, MMelLWwmx pasmepbl B gnanaszoHe 102-10“ m, B
obwemM obbeme OTNOXKEHUN MOXET KonebaTbCs B 3Ha-
ynTenbHbIX Npegenax u coctaensaTte 35-75 % [2, c. 46].
Haunbonee pacnpocTpaHeHHbIM ABNSIETCA NpeacTasne-
HWe O TennoBoKW Npupode obpasoBaHUs MeTanIM4eckomn
a3kl B otTnoxeHusax [1, 9], HO psg nccnegosaTenen cym-
TaeT ee usmko-xummnyeckon [10]. YTouHeHne npupodbl
1 3aKOHOMEPHOCTEW 3TOrO SABMNEHNUS MOXET CTaTb Krove-
BbIM MOMEHTOM B MOHMMaHUW NpUPoabl OPMUPOBaHUS
OTNOXEHWN B LIENOM.

B pamkax cyuwiecTBylolMX NpeacTaBneHMn no pac-
cmaTpvBaemMon npobneme OTCYTCTBYET U OObSACHEHME
TOro chakta, YTO HEMeTannMyecKkme BKIYEHUs, Npu-
CYTCTBYHOLLME B COCTaBe OTNOXEHWUIA, NPeacTaBneHbl He
NPONOPLMOHANBHO X coaepXxaHuto B cTanun. OCHOBHbI-
MW KOMMOHEHTaMW OTNOXEHWUIA, KaK U3BECTHO, SIBMNSATCS
okeuabl antomubns ALO, 1 xenesa FeO [2, c. 46], B TO
BpeMs Kak camyto 60nblLUyo rpynny BKIYEHWI B CTanm
COCTaBMSIHOT CUINNKATbI.

OTKpbITBIM OCTaAETCA M BOMPOC O MPUYMHaX 3amerT-
HOTO CHWXEHMS1 CKOPOCTU (hOPMMPOBAHMUS OTIOXEHUN
Ha GeckucnopoHbIx orHeynopax. B pamkax cyiiectsy-
IOLLMX NPeaCcTaBreHUn B KA4ECTBE BO3MOXHbIX MPUYMH
3TOro paccMaTpuBaloTCH cnegyowme:

— obpasoBaHue XMAKOW NMEHKN Ha mexdasHon rpa-
HuLe, Hanpumep 13 okcuaa 6opa — Npu NCMNosb30BaHUM
6op-copepxawimx marepuanos (BN, ZrB,);

— CHV)KEHME LLIEePOX0BaTOCTH MOBEPXHOCTM OTHEYNOPa;

— YMeHbLLUEHWE TEMMONPOBOAHOCTM MaTepuana;

— YXyOLWEeHWe CMavMBaeMOCTU TaKuWX OrHeynopos
cTanbio;

— MOHWXEHHas peakuMOHHas CMNOCOOHOCTb KOMMO-
HEHTOB OrHeynopa;

— YMEHbLLUEHNE BO34yXONPOHULL@EMOCTM OrHeynopa.

WccnepoBaHms ha3oBOro coctaBa NMOBEPXHOCTHOMO
CNosi OTINIOXXEHWIN, KOTOPbIA HENOCPEACTBEHHO KOHTaK-
TUPYET C OrHeyrnopom, fnokasanu, YTO OH 3aBWUCUT He
TOMbKO OT XMMMWYECKOro COCTaBa CTanu U COAepXaHus
B HEWN CUIMTbHbIX pacKUCnuUTernen, Ho 1 oT cocTasa orHe-
ynopa. YCTaHOBMEHHas 30HHas CTPYKTypa OTIIOXKEHWN C
HanM4mMeMm HEeCKONbKNX XapaKTePHbIX CII0EB OTIOXEHWN,
UMELLMX OnpeferieHHble pasnuyns U 0COBEHHOCTH,
CBsI3bIBAETCA C AEMNCTBMEM Ha pasHbIX aTanax ux gop-
MUPOBaHNA pPasfnuyHbIX MeXxaHWM3MOB. [ns onucaHus
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npoweccoB OPMMPOBAHMS OTIIOXKEHWUI MO 3TOW NPUYM-
He B HacTosLee BpeMsi UCNOMb3yTCA pasnnyHble Mo-
nenn[1,4,5,7,9, 11].

CuuTtaercs, 4TO Ha NepBOM 3Tane B pe3yrnbrare B3a-
nmopgeicteus ctanu ¢ SiO, n C us coctasa orHeynopa
npovcxoamt obpasosBaHue cybokcnaos anoMuHns AlO,
kpemHusa SiO, a Ttakke CO, koTopble oupPyHONPYIOT K
NMOBEPXHOCTU pasfena a3 «orHeynop-metanny». 3gecb
OHW BCTYyNalT B peakuMio C paCTBOPEHHbIM B MeTanne
aniomMuHieM 1 obpasyloT ocaxgarllmecs Ha noBepx-
HOCTb OrHeynopa antomuHatsl [4, 5, 7, 9]. Hwke npeg-
CTaBrneHbl peakuun 1-ro atana:

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

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

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

SCO(Q) + 2[Al] = AIZO3(S) + 3[C] — Ha mexdasHon no-
BEPXHOCTU «OTHEYynop-mMeTarnny;

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

AIZO(Q) + 2[0] = Alzos(s) — Ha MexdasHON NOBEpPXHO-
CTN «OrHeynop-meTanny.

TonwuHa 1-ro cnost n3 OTHOXEHWNN BbICOKOW MITOTHO-
CcTM MoXeT gocturatb 1-2 mm [5, 11]. MOXXHO OTMETUTB,
YTO MOMOXEHUS 3TON KTEPMOXMMMNYECKON» Mogenu 1-ro
aTana 9KcrepuMeHTanbHO NoATBEPXAEHbl B Xoae cre-
umanbHbIX MCCNeqoBaHU B3aMMOgEenCcTBUSA oKeua-yrre-
POAHbIX OrHEYMopOB C Xenes3oyrnepoaucTbiM pacna-
BOM [7]. B Hux ans naeHtndmrkaumm asosoro cocrasa
BKITIOYEHWU, 0OpasoBaBLUMXCA B Ob6beme, MpumbIKato-
WeM K MexdasHOW rpaHuue «OrHeyrnop-metann», na-
pannernbHO UCMOMNb30BanMCb KaTo40-NMIOMUHUCLEHTHbIN
(CLM) v nongapusaumoHHbin (RLM) mukpockonsbl.

HekoTopble mnccriegosatenu nonaratoT, YTO Ha rpa-
HULE «OrHeynop-meTann» WUMeeT MeCTO BbICOKOTEM-
nepatypHas guccounaums okcugos, obycnasnuvsato-
Lias NpUCYTCTBME Ha HEW KMCNopoda, HaxogsLwerocs B
paBHOBECUN C OTHEYNOPOM 1 BCTYMAaOLLErO B PEaKLmIo C
pacTBOPEHHbIM B MeTanne aniommHvemM. 3Ta runotesa
3KCNepUMEHTanbHOro NOATBEPXAEHMS He Hawna [5, 7].

Pan wccneposateneit cuMtaert, YTo rMaBHOW NpuUYm-
HOW KakK 3apoxaeHus 6oratoro okcugamu xernesa men-
KOAMCNEPCHOro Cnos Ha NOBEPXHOCTM OrHeynopa, Tak
1 nocnegytowiero popmMupoBaHns OTIIOXKEHWUI U3 MPO-
OYyKTOB B3aVMOAENCTBMSA PaCTBOPEHHONO Kucrnopoga c
anioMuHMEM, KanbumMem u OPYrMMW PackUCIUTENSMM,
NPUCYTCTBYIOLLMMUN B CTanw, sIBMSIETCA CBEPXPaBHOBEC-
HOe coAepXxaHue Kucropoga B cTanu, 00ycroBneHHoe
€e BTOPWYHbIM OKUCIIEHMEM U CHUKEHWEM Temneparty-
pbl Npu pasnueke. OTMe4YaeTcs, 4TO MexaHu3m op-
MUPOBaHUSA OTINIOXEHWA NO 3TOW MOAEnu HarnoMuHaeT
BblAerneHne u3 nepechbIeHHbIX PacTBOPOB U3ObITOYHOM
asbl B BMAE KpUCTaninyeckmx npoaykToB 3TOro B3au-
MOZENCTBUS, KOTOpble pacTyT nonepek cTpyu. [Mpu atom
Ha NoBepPXHOCTK pasgena a3 Habnogaetcs opmMmpo-
BaHWe BSI3KOrO KOHTaKTHOrO Crosi, aare3avst KOToporo K
orHeynopy 6onbLue, yem k ctanu [10].

CuuTtaercs, 4TO MaBHyO porb B hopMupoBaHmm oc-
HOBHOrO MaccuBa OTNOXEHUN, NpeacTaBNeHHOro PbiX-
AblMW  CTPYKTYpaMmu, COAepXaluMMu MeTanmyeckyto
hasy, urpaet ocaxgeHue NpUCyTCTBYIOLMX B CTanu Ty-

+ 3[Si] + 3[C] — uTo-

ronfiaBKUX OKUCHbIX a3 (MPOAYKTOB pacKUCNeHus, Mo-
ANOULNPOBAHNS, BTOPUYHOTO OKUCIEHUS, 3K3OTE€HHbIX
BKIMOMEHUI pa3nunyHon npupopsl) n cynbpuaos CaS Ha
NMOBEPXHOCTb OrHeynopa unu otnoxeHun. CyuiectsyeT
HECKOIMbKO MOAenew, OnvCbIBalOLWMX MEXaHU3M TpaHc-
NMOPTUPOBKM BKIMIOYEHUI K MOBEPXHOCTY pasgena ¢as, B
TOM 4mcne 3a cyeT: 1) TypOyneHTHbIX BUXPEN, Npenmy-
LLIECTBEHHO MMHMMAarbHOIO MacluTaba; 2) TypbyneHTHbIX
nynbcaLnn CKOPOCTU, HaNpaBneHHbIX MePneHaNKYNSPHO
NMOBEPXHOCTN OrHeynopa; 3) peakTUBHOW CUIbl, BO3HU-
KarloLwen B rpagMeHTHbIX NOMsX KOHUEHTpauum noBepx-
HocTHO akTuBHoOro (MA) B pacnnase »xenesa KMcrnopoaa;
4) pe3ynbTUpyloWwen cunbl, JENCTBYIOLWEN Ha BKIOYe-
HWe B KPMBOMMHEWNHbIX NOTOKax (Npu orméaHum NOTOKOM
BHELLUHMX UMW BHYTPEHHMX YINoB orHeynopa) u ap. [1,
4, 5, 7]. TypOByneHTHbIe BUXPW UK NyNbCaLMmn CKOPOCTH
NnepeHoCAT BKIIOYEHNS U3 TypOyneHTHOro sapa notoka B
namuHapHbIN MOrPaHNYHbIN CrOW, rae OHU He NoaBepKe-
Hbl AMHAMNYECKOMY BO3AENCTBUIO CO CTOPOHbI MOTOKA U
MOryT 6ecnpensaTCTBEHHO MPUKPENNSATLCA K NMOBEPXHO-
CcTn pasgena das [2, 5]. BmecTe ¢ TeM, CTOPOHHUKN 3TON
rMnoTesbl KPUTUYECKM OTMEYaloT, YTO BenuuMHa nyrb-
caumin cKopocTu B NoOOKM TOYke MOTOKa OAMHaKoBa Mo
BCEM HanpasneHusIM U, Kak CneacTeue, He UMeeT onpe-
OerneHHoro pesynbsrupytoLlero Bektopa. Cnegyert Takke
OTMETUTb, YTO BMMSIHWE TOMLWMHbI BA3KOrO aMMHapHOro
cnosi Ha POPMUPOBAHME OTNOXEHUN Pa3NUYHBIMU UC-
crnepoBaTensiMu TpakTyeTcsa no-pasHomy. B oTHoweHun
cus, OENCTBYHOLMX Ha BKMAKYEHUS B KPUBONUHENHbIX
NMOTOKax, B Ka4yeCTBE KPUTUYECKOrO 3aMevaHUs MOXHO
OTMETUTb NPOTMBOPEYNBOCTb BbIBOAOB MO AMHAMUKE Y
pasHbIx nccnegosatenen. B yactHocTu, yTBepXaaeTcs,
YTO Npu OBTEKAHUN MOTOKAMM KaK BHELLUHMX, TaK U BHY-
TPEHHMX YIIOB OrHEYMNopoB, ABMXEHME BKIOYEHUN Ha-
npaBrieHo K MOBEPXHOCTN orHeynopa [4].

B oTHoOweHun rpagmneHTa koHueHTpaumm NMA B xene-
3e kucnopoga npegnonaraeTcs, YTo oH hopMupyeTcs B
namvHapHoMm gudpysMoHHOM MOrpaHMYHOM Crioe pac-
nnaea, NPMMbIKaKOLLEM K MOBEPXHOCTW orHeynopa. Bos-
HUKaloLas B 3TOM rpagneHTHOM nore KoHueHTpauun MNA
KMCNopoda peakTBHas cuna encTByeT HeNocpeacTBeH-
HO Ha BKIMOYEHVEe 1 HamnpaBreHa B CTOPOHY YBENMYeHUs
KOHUEHTpauum Kucnopoga, To eCTb K NOBEPXHOCTM pas-
aena gas [4, 8, c. 165]. CornacHo pac4etos [1, 9], oaxe
He3HauMTenNbHbIN TPagMEeHT KOHUEHTpauum Kucnopoaa,
BO3HMKaOWMIN B AUPdDY3MOHHOM Coe Npu BTOPUYHOM
OKMCMEHWW, Hanpumep, COOTBETCTBYHOLLEM MOBbILLEHMIO
coaepxaHust a3oTta B ctanu Bcero Ha 0,3 ppm, npuBoauT
K MOSIBNIEHMIO CUIbl, BbI3bIBAOLLEN ABWXEHWE OKCUOHO-
ro BkntoveHusa pasmepom 10 Mkm co ckopocTeto 0,9 m/c.
OTO MONoOXeHve, Mo MHEHWID MHOTMX MccrnegoBaTtenen,
NEeXUT B OCHOBE [MaBHOrO MexaHu3ma, OTBETCTBEHHOIO
3a BbICTPOE nepemeLLeHe UMEKLNXCS B CTanu BKIO-
YEeHUW K NMOBEPXHOCTU OrHeynopa B obnactax acnmpauum
1 3a npegenamm 30H peumpKkynsauum notokoB. CuntaeTcs
Takke, YTO co3gaHue aToro Audpy3rMoHHOro Cros ¢ rpa-
ONEHTOM KOHUeHTpaumm MNMA-KOMNOHEHTa MOXET Mpouc-
XoauTb Ha 1-oM aTane POPMMPOBAHUSA OTIIOKEHWIN B pe-
3ynbrate obpasoBaHua razoobpasHbix cybokemaos (SiO,
ALO) n CO. lNMocneaytouiee NpyKpenneHne BKIMIOYeHUN K
NOBEpPXHOCTU pasgena a3 CoNPoBOXAAETCH CHUKEHNEM
NMOBEPXHOCTHOW 3HEPrMM CUCTEMbI Kak M3-3a CHUXKEHUS
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nnowaan MexdasHow NoBEPXHOCTU CUCTEMbI «MeTasnsl-
BKIIOMEHUEY», TaK U BCMEACTBUE yMEHbLUEHUS Mexdas-
HOrO HaTSPKEHUSI Ha rPaHULE «BKIHOYEHWE-OrHeynop»
(O e00>Oainon)- 110CTIE MPUKPENIEHUS BKITIO4EHNA K M-
BEPXHOCTW OrHeyrnopa Unun crnosi OTIOXKEHNN NPonCcxoguT
ero crnekaHue ¢ HUMK. Pag nccnegosartenen cynTaert, YTo
B pearibHOCTM MEeXaHW3M TPaHCMOPTUPOBKU BKITHOYEHUN
K MexdasHON NOBEPXHOCTU MOXET OTNMYaTbCS OT OMu-
CaHHoro. [ns BKIOYEHU, HE SBMSAOLLMXCSA NPOAYKTaMu
packucneHusi, oH npegnonaraerca 6onee nNpocTbiM, ANs
NpPOAYKTOB packmcneHnsa — 6onee cnoxHoim [1].

M3 cywecTByoWmMX NpeacTaBneHnn o npupoge dop-
MUPOBaHWS OTIIOXKEHUI NPW pasnuBKe criedyeT, YTo ca-
MbIM OYE€BUAHbLIM CpeacTBOM 6opbObl C HAMK SBNSIETCS
MOBbILLIEHWE YNCTOThI CTanu OT NPOAYKTOB PacKUCMEHNS
1 MoanULMPOBaHUS, a TaKke 3alliMTa ee OT BTOPUYHO-
ro okucrieHvsi B npouecce pasnueku [1, 9]. OgHako, kak
rnokasanu pesynsratbl cneumanbHbIX UICCNEeaoBaHUN, N3-
meHeHne gonu Al,O,-cogepxalumx BKMNOYEHUN B 1x 06-
LLien Macce, TO eCTb UBMEHEHME CTEMNEHN YNCTOTbI CTanum
MO 3TUM BKITIOMEHMSIM, NPaKTUYECKN HE BIUSIET HA UHTEH-
CMBHOCTb (phopMuMpoBaHusa oTnoxeHun [4, c. 18; 11]. Kak
yKasblBaroch Bbllle, OHa 3aMETHO BO3pacTaeT Nullb C
POCTOM COAepXaHui B cTanu obLero n pacTBOPEHHOrO
KMcrnopoga, a Takke KMCroTopacTBOPUMOrO antoMUHUS.
BbINonHeHHblE pasHbIMU MCCneaoBaTeNsAMY OLIEHKN KO-
nM4yecTBa NepexoasLLnX B OTIOKEHNS KPUCTaNIMYEeCcKnx
OKCMAOB OT COAEPXKALLMXCS B pasnmBaemMon ctanv nme-
toT 6onbLuon pasdpoc — o1 0,57 4o 16 %, 4TO MOXET yKa-
3bIBaTb Ha OTCYTCTBME 3aMETHOW KOPPENSILUN MHTEHCUB-
HOCTU (DOPMMPOBAHUS OTIIOXKEHWIA OT YUCTOThLI CTanm no
Al,O,-coaepxallmm BKIYEHNSAM, a Takke Ha 3aMeTHbIe
pasnuuns B YCroBMSX NMPOU3BOACTBA M MCMOMb3yeMblX
TEXHONOIUSX (TEXHOMNOrMS packucneHus, Bug yTepos-
KM CTanbKOBLUEW, MHTEHCUBHOCTb U ANUTENBbHOCTbL MPo-
OYyBKW CTanu, Hanuyue BakyymMunpoBaHuda u T. 4.) [5, 9].
[locTaToyHO BaXkHbIMW B 9TOM MriaHe NpeacTaBnsitoTcs
pesynbraTtbl CPaBHUTENbHBIX UCCRegoBaHUn Mopdorno-
TMW BKIOYEHWI, NPUCYTCTBYIOLLUX B CTanu 1 B OTIOXe-
HUsiX. OHM NO3BONUNW NPUIATU K OQHO3HAYHOMY BbIBOAY
O TOM, YTO OTIIOXKEHMS HA MOBEPXHOCTU PA3NMBOYHbIX
OrHEYynopoB He SBMSITCH pe3ynsTaTtoM OCaXAeHus Ha
Heln NPOAYKTOB PACKUCIEHMS, MPUCYTCTBYHOLLMX B CTanm
nepeg pasnuskon [11].

BTtopuyHoe okucrneHue, B TOM 4ucre obycrnosneH-
HO€ ra3onpoHNLIaeMOCTbIO OrHeyrnopoB, Mo OLeHKe psaa
nccnegoBarternen, Takke He ABMSeTCA 3Ha4YMMbIM dhak-
TopoM B hopmMMpoBaHuMM oTnoxeHun [1, 4, 5]. Hanpu-
mMep, BbINo onpegeneHo, YTo Npu pasnueBke Ha 2 py4bs
MHJI3 gByx nnaBok maccomn no 250 T kaxgasa npu co-
AepxaHun B ctanu obwero kucnopoga [O] ., = 30 ppm
N MIHTEHCUBHOCTM BTOPUYHOIO OKUCIIEHUS, COOTBETCTBY-
toLLielt YPOBHIO MormoLeHms asota B 5 ppm, macca ALO,,
MPUCYTCTBYIOLLETO B COCTaBE OTIIOXKEHMWIN B MOrPY>XHbIX
CTakaHax, coctaBuna 5,1 kr, a obpasytoLlerocst Bcrnea-
CTBME BTOPMYHOIO OKucrenuss — Bcero 1,4 kr. B aton
CBSI3X OTMEYaEeTCst, YTO ANS YMEHbLUEHUS BEPOSATHOCTU
OCaXKOEeHWs BKITHOYEHWI Ha NOBEPXHOCTM OrHeynopa ro-
pa3fo BaXHee yMeHblUaTb He WX KONMYecTBO (MpuUcyT-
CTBYIOLLUX B CTaAnNn 1 obpasyowmnxcsa npu ee BTOPUYHOM
OKMCIEHWUN), @ UHTEHCMBHOCTb WX B3aMMOENCTBUS C
orHeynopom [9].

Ecnu xe npegnonoXxuTb, YTO NPU BTOPUYHOM OKUC-
fieHMn cTanu pellaroliee 3HavyeHne VMeeT He CTOMbKO
KONMMYeCTBO AOMNOMHUTENbHO 06pasylowmxcs OKCUMAOB,
CKONbKO BO3HWKHOBEHME YMNOMSHYTOrO Bbilwe Anddy-
3MOHHOrO CNos C rpagueHToM KoHueHTpauun MA kuc-
nopoga W OBWXEHWE B HEM OKCUAHbIX BKITHOYEHWUA K
mMexdasHoM NoBepxHocTH [4, 9], TO, O4EBUOHO, YTO AN
MCMoNb30BaHNsi 3TOMO M3BECTHOro B hmaunke adhdpekTa
B paccMaTpvBaeMblX YCMOBMSX HEOBXOAMMO, Kak Mu-
HUMYM, PacCMOTPETb COOTBETCTBYOLLEEe 0OOCHOBaHMeE.
[Mockonbky B nuTepaType OHO, HACKOMbKO Ham U3BECT-
HO, A0 CUX MOP He NPeACcTaBneHo, pacCMOTPUM ITOT BO-
npoc 6onee yrnybneHHo.

M3BecTHO, 4TO mpouecc agcopbuum B pacTBopax
npoTtekaeT Gnarogaps CHWXeHuto CcBOOOAHOW MoBepX-
HOCTHOW 3Hepruu gucrnepcHon cuctembl G* B npotecce
CaMOonpoun3BOIbLHOIO nepepacnpeaeneHnss KOMMOHEH-
TOB MexXay NOBEPXHOCTHbIM CrioemMm 1 06beMOM pacTBo-
pa: AG® = s-Ac, rge s — nnowaab NOBEPXHOCTW pasaena
das, AG — CHUXKeHMe NOBEPXHOCTHOIO HaTsxeHus. B pe-
3ynbrate npu paBHOBECMU CUCTEMbI COCTaB OObEMHON
dasbl U NOBEPXHOCTHOIO CrOS pasfuMyeH — NocneaHun
okasblBaeTcs oboralleHHbIM TeM KOMMOHEHTOM, nepe-
X044 KoToporo M3 obbemMa pacTBopa Ha MexdasHyro
NMOBEPXHOCTb 3HEepreTnyecku BbirogeH. Mpu 3ToM Mo-
neKkyrnbl pacTBOPEHHOrO BeLlecTBa B MNOBEPXHOCTHOM
Crnoe HaxogaTcs B norne AeNcTBMS MOBEPXHOCTHBLIX CUM
N MMEIT MHOE JHEepreTnyeckoe COoCTOsiHNE, YeM B 06b-
eMe pacTBopa, a ero CTaH4apTHbIE XUMUYECKNe NOTEH-
uunanbsl B MOBEPXHOCTHOM croe Hg 1 B o6beme ? He
paBHbI. 1115 NOBEPXHOCTHO aKTMBHbIX BELLECTB Mg < “? .
PasHocTb nx 3HauYeHu npegcraensieT cobon agcopy Lm-
OHHbIN NoTeHuman Wa? =-AGY = -(ug - uf,)) , KOTOPE'
YMCNEHHO paBeH paboTe M30TepMUYECKOro npouecca
nepeHoca OfHOr0 MOMSi MOBEPXHOCTHO aKTUBHOMO KOM-
noHeHTa 3 obbema pacTeopa Ha rpaHuLy pasgena ¢as
B CTaHOapTHbIX ycnosusx [12].

lMockonbKy € TEPMOAMHAMNYECKOW TOYKW 3peHns ag-
copbumnsa B pacTBOpe NpeacTaBnsieT Npouecc BbipaBHU-
BaHUS XMMUYECKMUX MOTEHLMANOB KaXaoro KOMMNoHeHTa
reTeporeHHoM CUCTEMbl B NMOBEPXHOCTHOM croe Mg u
obveme Uy, TO Ona yCnoBun paBHOBECUSA MEXOY HUMMU
ANS KaXOOoro KOMMOoHeHTa uMeem g = L, . YuuTtbiBas,
4to pug= S + RTInag, a p, = ud +RTIna, , nonyunw:
roe K. — KoHcTaHTa pacnpefeneHus leHpu, He 3aBuUCs-
Las OT KOHUEHTpauuu; a — akTUBHOCTb KOMMOHEHTa B
pacTBope.

0_ .0
3 =exp _M = KI',
RT

[ns pasbaBneHHbIX pacTBOPOB MOXHO MpeHebpeyb
KO3(pPULMEHTOM aKTUBHOCTU ¥ = a/C 1 NepenTn OT ak-
TUBHOCTEN K COOTBETCTBYIOLLUMM KOHLEHTPALMAM C_ U1 C,.
[ns NoBepxXHOCTHO aKTMBHOrO KOMMOHEHTa B pacTeBope
nonyyum c_ > c¢,. CnepgosarensHo, pasHoBecue B CUCTe-
Me [OCTUraeTcsl TOMbKO 3a CYET CaMOMNpou3BOSIbHOIO
nepepacnpegenenuns NA KOMNoOHeHTa mexay 00bemMom
N NMOBEPXHOCTHbIM COEM A0 BbIpaBHMBAHUSA 3HAYEHWUI
Hg 1 W, . OBpaTtHbii Nepexoa BewlecTsa B YCMNoOBUAX
paalaosgcvm HEBO3MOXEH, TaK Kak Afis 3TOro npouecca
AG~> 0.
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Crnepyet 0cob0 nogyepkHyTb, YTO agcopbunsa Be-
LecTBa M3 pacTBOPOB COMNPOBOXAaeTcd obpas3oBaHu-
eM Ha MexdasHOW rpaHuLe UCKNIYMTENBHO MOHOMO-
nekynsipHoro cnod. [ins paccmatpvBaemown 3agadn ero
TONWMHA COCTaBNSAET HEeCKONbKO AHrCTpem, 4to Ha 4
nopsigka MeHblle pasmepa MpUCYTCTBYIOLWMX B CTanu
BKJTHOMEHUN.

Takum o6pa3om, NOBbILLEHHAS KOHLEHTPALMS KACMO-
poda B agcopbuuoHHOM Crioe pacnasa, rpaHuyallem ¢
OrHEeyrnopoMm Wi MaccuBOM OTIIOXEHWUI, HEe CO3daeT ycC-
NoBUI AN ero CaMonpoM3BOSIbHOIO Nepexofa B obbem
pacnnasa u, Kak cregcteme, BO3HUKHOBEHUSA B HEM MO-
rpaHuyHoro guddysnoHHoro cnosi. Heobxogumeim yc-
noBueM Ans 3TOro ABMSETCA HapyLUeHNe TepMOgUHaMu-
4YeCKOro paBHOBECUS W, Kak CneacTBuNe, BO3ZHUKHOBEHUE
HepaBEeHCTBa XMMNYECKMNX NOTEHLMANOB PacTBOPEHHO-
ro BelwecTBa Ha NOBEPXHOCTM M B 0BbemMe pacTBopa —
HUs >y . OHo BO3HMKaeT, Hanpumep, NPy HamMYuK KOH-
TaKTa NOBEPXHOCTU pacniaBa C KUCNopoa-coaepxallen
ason (aTmocdepon; oboraileHHbIM okucrnamm FeO u
MnO wnakom; NpoNUTaHHbIM OKUCIIEHHBIM LUTAKOM Or-
Heyrnopom; a Takke ¢ C- unu SiO,-cogepxaliumm orHe-
yrnopamu, B KOTOpbIX B pesyrnbrate TePMOXUMUYECKUX
peakuni B NOBEPXHOCTHOM Crioe 06pasytoTcsi MOBbILLEH-
Hble cogepxanusa CO, SiO un Al,O) unu npu CHWKEHNUN
06beMHOM KOHLEHTpauMn pacTBOPEHHOMO Kucrnopoga
B ctanu [O]. MNockonbky B 60MbLWMHCTBE Criy4yaeB npu
pasnuBKe Takue yCrnoBus OTCYTCTBYIOT, TO BO3HWKHOBE-
HMe Ha Mexda3HoW rpaHuue «MeTanmn-orHeynop» unm
«MeTann-mMaccuB OTIIOKEHUNY NOrpaHn4Horo anddysu-
OHHOrO Cfosi C rpagueHToOM KOHLUEHTpaumu Kucnopoga
B HUX HeBO3MOXHO. CregoBaTenbHO, UCMONb30OBaHWE
yKa3aHHOrO BbiLle hn3n4eckoro adekta B MOAENbHbIX
npegcTaBneHnsx 0 npoueccax phopMmMpoBaHns OTIOXe-
HUW He SBNSETCH KOPPEKTHBIM.

[MosiBneHnto HOBLIX NpeacTaBneHnn o npupoae dop-
MUPOBAHWS OTIOXEHUA, MO MHEHWIO aBTOPOB CTaTbM,
MOryT cnocobcTBoBaTb pesynbraTtbl YriyBrneHHbIX uc-
cnegoBaHun MopdonorMn  BKKOYEHUA, MPUCYTCTBYHO-
LWMX B CTanu 1 B OTNIOXEHWSIX, KOTOPbIE BbIMOMHEHbI B
JNleBeHckom yHuBepcutete (benbrus) [11, 13]. Bbino
YCT@HOBIIEHO, YTO NPOAYKTbl PACKUCIIEHUS B HU3KO- U
cpepHeyrnepogucton packucrnieHHon Al ctanun npea-
CTaBreHbl crnegyowmMmm MopdonorMyeckumm Tunamm:

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

2) \pnomopdHble BKNIOYEHMS C XapakTepHOW orpaH-
KO (OKTaaApbl, rekcasapbl, nonuagapbl 1 ap.) us Al,O,
(4nctoro mnm ¢ npumecamm MgO) pasmepamun 2—7 MKM
(puc. 1, 6).

3) MnactuHuaTtble (plate-like) BknioyeHns npenmvyLue-
CTBEHHO rekcaroHaribHOW, pexe — TPUroHarbHOW, nps-
MOYTOfnbHOM U Ap. hOPM MPOTSKEHHOCTBIO 2—9 MKM U
TonwwmHom Ao 1 mkm (puc. 1, 8, g, 9).

4) OenopuTbl NPOTSHKEHHOCTbIO 5—-20 MKM npeumy-
LLIeCTBEHHO C TPUroHarnbHOW OpueHTaunen nNepBUYHbLIX
BeTBen (puc. 1, e, x, 3).

5) Knactepbl (ckonnenusi) u3 Al,O,-conepxatumx
BKITHOYEHWUIA, UMEIOLLNX Pa3nNUYHY0 MOPAONormi, Mak-
CYManbHOM NPOTsHKEHHOCTbI nopsigka 100 mMkm, a B
peakux criydaax — 6onee 100 mkm (puc.1, K, ).

6) ArperaTbl, COCTOSILLME NPEUMYLLECTBEHHO U3 NAu-
OMOPHbIX BKIoYeHM Al,O,, 4acTo cogepxalumx npu-
mecn MgO, NpOTSKEHHOCTBIO A0 HECKOSbKMX AECATKOB
MKM (puc.1 m, H).

YkasaHHble Mmoponornyeckme Tunbl TBepgodasHbix
NPOAYKTOB pacKuUCreHns B cTanu npeacrasneHbl: 1) nH-
AvBugyanbHbIMW KpucTtannamu, copMupoBaBLLMMUCS
Nno MexaHM3My KpUCTannmM3auuoHHOrO pocTa 3a cuyeT
NPOTEKaHNS Ha MX NMOBEPXHOCTU peakumm pacKUCneHns
UNN NPUCOEONHEHUS K HUM HaHOPa3MepHbIX YCTONYM-
BblX 3apofpllleri HOBOW (asbl; 2) CKOMMEHUsSMU ITUX
WHAMBUOO0B, CPOPMMPOBABLUMXCH MO MEXaHM3MY Koary-
naumu (knactepusaumum, arperaumm).

Cnegyer OTMETWUTb, YTO B OTHOLUEHMW CKOMMEHUN
TBepAOda3HbiX NPOAYKTOB PaCKUCIEHWs, MPUCYTCTBY-
IOWMX B CTanu, YeTkas n eguHas knaccudukaums oT-
cyTcTBYyeT. PasgeneHune aTux CKOMMeHW Ha KnacTtepbl U
arperarbl, BbiMofIHEHHOe B pabote [13], aBnseTcs gocra-
TOYHO YCMOBHbIM. B cocTaB knacTtepoB MOryT BXOOUTb
BKIMIOYEHUS C pasnuyHonW Mopdorornen, B TOM 4ucne
ngnomopdHble, AeHAPUTbI, MnacTuHYaTble 1 gp. Yacto
onpefenutb MOpPONOrMi0 BKINIOYEHMI B COCTaBe Kna-
CTEepOB He NpeacTaBnaeTcs BO3MOXHbIM. Takue knacte-
pbl Yalle BCEero HasbiBatoT Kopanno-nogobHbimu. He-
KOTOpble uccrnenoBaTenu He OTOXAECTBNAT Koparnmno-
nogobBHbIe CTPYKTYpbl C Knactepamu, cuuTasi, YTO OHU
dopMUpYOTCA U3 KracTepoB No mexaHnamy OcTBarnb-
AOBCKOro codpeBaHus [14, 17].

CornacHo pesynbsratam NpPOMbILLIEHHbIX UCCNeaoBa-
HWUI, KNnacTepbl OBHapyXX1BalTCA B CTanu cpasy rnocne
npyvcagkn antoMUHUS Ha Bbinycke nnasku. Ho yxe cny-
cTa 15 MVH B yCnoBuMaX NpoAyBKM MeTanna B KoBLUe ap-
rOHOM WIM a30TOM KNacTepbl U AeHAPUTbI BCTpeYaTCcs
KpanHe pefko, a nracTuHYaTble BKMOYEHUS OTCYTCTBY-
toT Boobwe. OCHOBHbIMM MOPEONOrMYECKUMIN TUNAMM
BKIMOYEHUIA, NPUCYTCTBYIOLLMMY B CTany No OKOHYaHWUW
BHeneyHom obpaboTku, aenstoTcs KpynHble (10—20 mkm)
€OUHVYHbIE MAMOMOPPHbIE BKMAOYEHUSA W arperaTbl U3
HUX, a TaKkke Menkne cdepudeckune BrknodeHmns [11, 13].
CymmapHbIn 06bem nocnegHux, BBugy MX SOCTaTOYHO
ManbiX pa3mepos (< 1 MKM), KpanHe He3Ha4MTerneH.

BkntoueHus B oTNOXeHMAX, 00pasyroLwmnxcst npu pas-
NVBKE HU3KOYrMepoamcTon packucneHHon Al cranm,
UMET MNPeMMYLLECTBEHHO Kopamnno-nogobHyto, AeH-
OpUTHY0O K nnactuHyatyto (irregular shaped plates)
mopdponormo (puc. 2) [11, 18]. Cnegyet Takke oTme-
TUTb, YTO CXOOCTBO TEPMMHOMOIMM AN BKIHOYEHUMN,
NPUCYTCTBYIOLMX B CTann U B COCTaBe OTNOXEHUN, He
0O3HaYaeT UX MAEHTUYHOCTb. Tak, ecnv NpucyTcTByOLWMne
B CTanu nracTUHYaTble BKIIOYEHWUS NPeacTaBnsioT nio-
CKue uHavBMAyanbHble KpUCTanibl B popMe NNOCKMX
MHOTOYrONnbHUKOB (pUuc. 1, 8, 2, 0), TO B OTNIOXEHUAX Mna-
CTMHYaTble CTPYKTYPbl, UMEIOLME MPUNIOCHYThIE Nep-
BUYHbIE U BTOPUYHbIE BETBU (PUC. 2, 8), HE SABNSAIOTCHA
CKOMMeHMeM M3 MnacTUHYaTbiX MHAMBMAOB, a HanoMu-
HaloT Mo hopme AeHOPUTHbIE CTPYKTYpbI. [prucyTcTBue
e B CTPYKTypax CMeLLaHHOro cocrasa (puc. 2, 2) ogHo-
BPEMEHHO AEHOPUTHBIX M NNacTUHYaTbIX CTPYKTYP YKa-
3bIBa€T Ha TO, YTO OHU UMEKT O6LLYI0 Npupody 0bpaso-
BaHudA. To ecTb, NnacTuH4yaTas mMopdonornsa ABngeTcs
Pa3HOBMAHOCTbIO OEHAPUTHOW, U ee opMUpoBaHue
00yCrnoBneHo OencTBUEM onpedeneHHblX (akTopoB.
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m Mopdonoruyeckme Tvnbl BKITKOYEHUIA, NPUCYTCTBYIOLLMX B cTanu: a — cdpepudeckume [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 cMelwaHHoro coctaea [11]; M, H — arperaTtbl U3 MAMOMOPMHLIX BKItodYeHun [11, 14]

Kopanno-nogo6Hele knacTtepbl B CTanu HECKOMNbKO OTIK-
YaloTCH OT TaKOBbIX B OTNOXeHMAX (puc. 1, u n puc. 2, a)
Kak no pasamepam, Tak 1 no popme — ecnu B cTanu cpeg-
HWe pasmepbl Kopamnno-nogobHbIX KracTepoB He npe-
BblwatoT 50—100 mMkm [17], TO B OTNOXEHUAX pa3mMepsbl
Kopanno-nogobHbIX KnacTepHbIX CTPYKTYP, WMMEHLLMX
00LLyt0 HanpaBreHHOCTb POCTa KPUCTaNUTOB K MOTOKY,
3HauuTenbHo BonbLue (puc. 2, a).

OtcytctBMe B npobax crtanu m3 npomkoBwa MHJI3
NNacTMHYaTbIX BKMOYEHWIN C y4ETOM TOro dhakTa, 4To npu
pasnuBKe HU3KOYrNepoamMCcTon pakucneHHon Al cranm
OHM, Hapsdy C Kopanmno-nogo6HbIMU KNacTePHBIMU CTPYK-
Typamu, COCTaBMsNN OCHOBY OTIIOXEHWIN, NO3BOMWIIO UC-
crnegoBaTensM caenatb BbIBOgG O TOM, YTO rfaBHas porb

B (hOPMUPOBAHMUUN OTIIOXKEHUNA MPUHAONEXUT NPOAYKTaM
BTOPUYHOIO OKWUCMEHNS B BUAE KNAcTepoB, a OCaxaeHue
MPUCYTCTBYIOLMX B CTanu nepeq pasnuBKOM MPOAYKTOB
packncneHns n MognuLMpoBaHns UrpaeT BTOPOCTENEH-
Hyto ponb [11]. MMpun aTOM OTMeYaeTcs, YTO Takow BbIBOA He
COOTBETCTBYHOT TPAAULMOHHBLIM MPEeACcTaBneHnsM O npu-
poae hopMUPOBaHMS OTNIOXKEHWI, B TOM YACIE O TOM, YTO
WHTEHCUBHOCTb OTIIOXXEHWI 3aBUCUT OT YUCTOThI CTanwm.
BpaboTe[18]aHanornyHbivi BbIBOA CAEMNaH B pe3yrbTa-
T€ CPaBHEHMS HE TONBbKO Mopdhonormm, Ho 1 hasoBoro co-
CTaBa BKYeHun B ctanm (npobbl n3 npomkoswa MHI3)
N OTNOXEHMAX (MOrPY>XHOM KOPYHAOrPadUTOBbIN CTaKaH)
npu pasnuBke HU3KOYINepoanCcTon HU3KOKPEMHUCTON
PacCKUCIIEHHON antoOMUHUEM W TUTAHOM cTanu. Ecnu B
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2

m Mopdonoruyeckre Tvnbl BKITOYEHMI N3 COCTaBa OTNOXEHUI B Pa3NMBOYHbLIX OrHeynopax: a — kopanno-nofobHble kna-
CTepHble CTpyKTypbl [18]; 6 — AeHApWTHBIE CTPYKTYpPbI [11]; 8 — NnacTnH4aTble CTPYKTYphbl [18]; 2 — CTPYKTYpbl CMELLaHHOro CO-
CTaBa — AeHAPUTHbIE + NnacTuHYaTble 0Opa3oBaHus (NokasaHbl cTpenkamm) [11]

npobax cTanu n3 NPOMKOBLUA AOMUHUPOBaNu Menkme (<
8 MKM) chepuyeckme BKIOYEHNSA arntoMUHATOB KarbLms
¢ copgepxaHuem Ti,O, veHee 3 %, TO OCHOBY OT/IOXE-
HUW COCTaBNANM KOpanno-nogobHble 1 nnacTuHYaTble
BKITIOYEHWNST artOMUHATOB KanbLMA C cogepXaHuem B
HUX Ti,O, Ao 12 %. MNpucyTcTere B OTIIOKEHNSAX CBEPX-
paBHoBecHoro konuyectsa Ti,O, ABnsercs, No oueHke
uccriegoBaTtenen, [[oKa3aTenbCTBOM  NPOUCXOXAEHUS
OTMNOXEHUN U3 NPOOYKTOB BTOPUYHOIO OKUCIEHMS.

BbiBoabl

CoxpaHsawowasnca akTyanbHOCTb npobnembl OTno-
XEHUN B MeTannonpoBosAWMX KaHanax OrHeynopos
npu pasnvBke cTanu B OMpeaerieHHONW Mepe CBsidaHa
Cc pecvumtom npencraBneHMn o UINKO-XMMUYECKNX
npoueccax, obycnaenuearWmMx 3TO cneunduryeckoe
siBrneHue. BbinonHeHHOe aHanuTU4eckoe nccneaoBaHne
M3BECTHLIX HA CErofHs npeAcTaBneHunii o npupoae v 3a-
KOHOMEPHOCTAX SBNeHns (HPOPMUPOBAHUSA OTIIOXKEHUN
nokasarno:

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

— OTCyTCTBME AeTanu3aumv no psgy acnekTtoB pac-
cmaTtpuBaemoro siBreHus (popmuposaHve metannuye-
Ckon pasbl, pasnmMuns B XMMUYECKOM 1 Mopdonormye-
CKOM COCTaBe BKITHOYEHWI B CTanu 1 OTNOXEHMUSAX);

— HECOOTBETCTBME HEKOTOPbIX 6a30BbIX NpeacTasne-
HUA N3BECTHbIM MOMOXEHMAM DPUNKU U XUMUK (Mexa-
HU3Mbl TPAHCMOPTUPOBKM BKIKOYEHUI K rpaHuue pasge-
na as, opMmnpoBaHne BKIHOYEHWUIA OEHAPUTHON MOp-
donoruum n ap.).

Mo pesynbratam BbINOMHEHHbLIX UCCNEAOBAHNIN MOX-
HO NPeANONOXMTb CYLLECTBOBaHNE Takon On3MKO-XMMK-
YecKon Mogenu fABneHust HOPMUPOBaHUSA OTNOXKEHUN,
KOTOpasi, OTNn4asiCb yHMBEpPCarbHbIM XapakTepoM, 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 gocnigxeHH aBuLLa GopMyBaHHS BiAKIa4EHb TEOPETUYHMNI aHasli3 ruoro Qi3nko-xiMi4yHoI npupoan i 3aKOHOMIPHOCTEN,
nopsia 3 roLykoM 3axofiB npotugdii, 3aBxam po3rnsaascs K npioputetHuid HanpsMm. OaHak psa NPUHUMIOBUX MUTaHb,
OB ’I3aHMX 3 UMM SIBULLLEM, MPOLOBXYE AOCI 3aJINLLATUCS MPEAMETOM HayKOBUX ANCKYCIVi. BUKOHaHe aHaniTu4He AOC/IIXEHHS
BiJOMUX Ha CbOroAHI ysBJIEHb PO MexaHi3amu (mMoaesi) GopMyBaHHS BiakianeHb rnokasaso: BigCYTHICTb MOBHOI SCHOCTI B
PO3YMIHHI PO psay pakTopiB; BiACYTHICTb AeTasidauii no psay BaX/MBUX acriekTiB 4aHOro BuLLa; HEBIAMOBIAHICTb AESIKNX
6a30BuX ySIBJIEHb PO MPOLIECH, SIKi CYrnpOBOAXYIOTb POPMYBaHHS BifIKNaA€Hb, BilIlOMUM T0JI0XEHHSIM Qi3uKu i XiMil.

Ha nigcrasi TepmoanHamiyHOro aHasni3y rnpouecy aacopobLii MoBepXHEeBO-akTMBHOIO B 3aJ1i3i KUCHIO 10Ka3aHo, LLIO YSIBIEHHS,
SKe OTPUMAaJsIO MOMITHE MOLLUNPEHHS, PO IHTEHCUBHUI PYX BKIIIOYEHb B rPafi€HTHUX (ANQY3iviH1X) Noasx KOHLUEHTPAaLii KUCHIO
Ha MiXX®a3HOMY KOPAOHI «MeTasl-BOrHeTpuB (MacuB BiAKIaeHb)» CTOCOBHO 10 PakTUHHUX YMOB PO3JINBAHHSI € B Oi/IbLLIOCTI
MOXIMBUX BUNAEAKIB HEKOPEKTHUM.

B xoai nopiBHS/IbHOro MOpP@OI0riYHOro aHanidy BKIIKOYEHb, MPUCYTHIX B CTasli iy BiOKI8AEHHSIX, 10Ka3aHo, L0 CXOXICTb
TEPMIHOJIOrIT Y BU3HAYEHHI MOPMOJIOriYHUX TUMIB AJ1S1 HUX HE 03HAYaE iX iAeHTUYHICTb. BiAMIHHOCTI B MOPOI0rii | XiMiYHOMY
cknaai rnopiBHOBaHUX BKJIIOYEHb BKA3YyKOTb Ha Te, L0 GOpPMYyBaHHS BiAK/IaAeHb He 3aBXAW 0B’93aHe 3 OCaaXEeHHIM Ha
MOBEPXHI BOrHETPUBIB MPUCYTHIX B CTaJli MPOAYKTIB PO3KUCIEHHS.

Ha nincrtaBi pe3ynbtatiB aHaniTM4HNX AOCAXEHb 3P0BIEHO NornepeaHii BACHOBOK PO HEOOXIAHICTb PO3POOKM, Ha 40AaTOK
[0 ICHYI04MX, HOBOI MoAei Uboro siBuiLLa. Biapi3HSaYnCh yHIBepcaibHUM XapakTepoM, BOHA MOBUHHA MOLUMPIOBATUCS Ha
BOrHETPUBY BYab-SIKOro CKaaay i Ha BCi eTany popMyBaHHS BiAKIaaEHb.

- PosnuBaHHs1 cTasni, popmyBaHHS BiKIaaEeHb, BOrHETPUBU, NPUPoAa i 3aKOHOMIPHOCTI 1BULLA,
Kmo4osi cnosa MOZESbHI YSBAEHHSI, 6a30BUii MEexaHi3M.
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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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