
Cnoc06HOCTb 1< l<amITaU;HH npHHJITO XapaRTepHaOBaTb lJHCJIOM RaBlITaU;HH: 

Po-P 
Q = Ih pu2 , (1) 

r.n;e Po - HalJaJIbHOe .n;aBJIeHHe B mH.n;ROCTH, P - .n;aBJIeHHe, npH ROTOPOM raa 
nOJIHOCTblO paCTBOpeH (.n;JIJI rOMOreHHOR mH.n;ROCTH - .n;aBJIeHHe napo06paao
BaHHJI) , U - CROPOCTb nOTOI<a, p - nJIOTJ-IOCTb <pJIlOH.n;a. 

IIPH HeRO TOp OM HalJaJIbHOM .n;aBJIeHHH Po nOTOR npe.n;CTaBJIJIeT o.n;Ho<paa

HblH <pJIlOH.n; - raa nOJIHOCTblO paCTBOpeH. CHHmeHHe .n;aBJIeHHII IDIiue RPHTH

lJeCROro ypOBHJI (HJIH COOTBeTCTBYIOlu;ee YBeJIHlJeHHe ClWPOCTH nOTORa) 

npHBO.n;HT 1< 06paaOBaHHlO nepBHlJHbIX nyablpbIWB raaa. ECJIlI aaTeM ,llaBJIeHHe 
BHOBb crloapaCTaeT, llJpHlJeM paHblIIe, lJeM raaOBbIe nyabIpbRIH 06'be.n;UHiITCJI 

B CnJIOlIIHYlO <Pa3Y, npOHaoH.n;eT CXJIOnbIBaHHe nY3bIpbIWB. RpHTHlJeC1<Oe 
aHalJeHHe lJHCJIa I<aBI-lTaU;HH Q* 06bIlJHO JIemIIT B .n;Hana30He aHalJe'::IHH 

0,35 < Q* < 1,0. 

I1PH CXJIOrrbIBaHIFIH rrOBepXHOCTb rryabIpbRa CTJIrHBaeTCJI R u;eHTpy co C1<O

POCTblO, HapacTalOm;eH no CTerreHHOMY 3aROHY. I1epBOHalJaJIbHaJI nOTeHu;rraJIb

HaJI :meprHII nY3bIpbRa rrepexo.n;HT B IHIHeTHlJeCRYlO 1'1 BbI.n;eJIHeTCH B OlJeHb 

He60JIblIIOM 06'beMe, rrpaRTHlJeCI<1I B TOlJ1<e cxom.n;eHHH. BCJIe.n;cTBHe 9Toro 

rrJIOTHOCTb 3HeprHH (.n;aBJIeHHe) B 3TOH 06JIaCTH MHorORpaTHO BoapaCTaeT no 
cpaUHeHHlO C tIIepBOHalJaJIbHoH. T eopeTHlJeCRH 3TO JliBJIeHHe paC'CMaTpHBaeTCJI 

Ra1< c<pepHlJeCRH cxo.n;mu;aHCJI R u;eHTpy y.n;apHaJI BOJIHa. 

B TeXHHRe RaBHTaU;HH HaBeCTHa 1<aR Bpe.n;Hoe HBJIeHHe, CJIymam;ee rrpHlJH

HOH paa'be.n;aHHJI H paapYlIIeHHH JIOnaCTeH rpe6HbIx BHHTOB, Typ6HH, .n;eTaJIeH 

HaCOCOB H Tpy60npoBo.n;oB. RaBHTaU;HoHHoH Roppo'aHH no.n;BepralOTCH MaTepHa
JIhl 'co CTaTHlJeCRHM npe}l;eJIOM Te1<yqacTH 10 4 - 10 5 /'i,Z/CM2, rrpHlJeM pa6OTalO

l.qHe B mH,llI<ocTH, Haxo.n;JIm;eHCH rro.n; .n;aBJIeHHeM 1 aTJlt. I1PH HalJaJIbHOM 

p;aBJIeHHH B JHH.n;1<OCTH rropH.n;Ra 10000 aTJlt Ha <ppoHTe cxO.n;JIm;eilcJI y.n;apHoH 

BOJIHbI rrpH CXJIOnbIBaHHH rryahlpbIwB MomeT 6hlTb .n;OCTHrHYTO .n;aBJIeHHe 
CBbIlIIe 1000 /'i,6ap. 

O.n;HoBpeMeHHo I<a1< peaYJIbTaT rrpou;ecca a.n;Ha6aTl'llJeCIWrO cmaTHll rrpOHC

XO.n;HT HapaCTaHHe TeMrrepaTypbI. A6coJIlOTHaH TeMrreparypa T Ha <ppoHTe 

c<pepHlJeCRH cxo.n;mu;eHcH y.n;apHoH BOJIHbI y.n;OBJIeTBOpHeT ypaBHeHHlO [3]: 

~ _ (Ro )SY-S 
T - R ' (2) 

r.n;e Ro 1'1 R - HalJaJIbHhlH II TeRym;HH pa.n;Hychl nyabIpbRa; To - Te~IIIepaTypa 
ope.n;bI, 'V - rrORa3aTeJIb a.n;na6aTbI, npH6JIH3HTeJIbHO paBHbIH 1,4. 

I1PH HalJaJIbHOH TeMrrepaType To ~ 1000° C 6bICTPO cmHMaeMoe Bem;eCTBO 

ra30HarrOJIHeHHOro nY3bIpb1<a MomeT 6bITb HarpeTO .n;o TeMnepaTypbI B Hec

ROJIbRO ThICHlJ rpa.n;yCOB . 

TaKHM o6pa30M, rrpH cooTBeTcTBYlOm;HX HCXO.n;HbIX rrapaMeTpax rrpOu;et;t;(l 
MexaHH3M RaBHTaU;HH rr03BOJIJIeT .n;OCTHlJb .B 06JIaCTH cmaTHll .n;aBJIeHHH H TeM
rrepaTYP, y.n;oBJIeTBOpHlOm;HX P-T-yCJIOBHHM CHHTe3a aJIMaaOB. I1PHHU;H

rrHaJIbHO Ball<HO 3.n;e r.b , 'ITO rrpH aTOM caM paCIIJIaB OCTaeTCJI B YCJIOBHHX yMe

peHHbIX TeMnepaTYP H .n;aBJIeHHH. (:ITo ' rr03BOJIHeT pa3peIIIHTb O.n;Hy Ha HaH6o
Jlee cym;ecTBeHHbIX Tpy.n;HOCTeH, 1<OTOpall B03HHI{aeT npH paCCMOTpeHHII rrpo6-

JIeMhl rrpOHcxom.n;eHHH aJIMa30B. TaR RaR TeOpeTHlJeCRHe II 3RcnepHMeHTaJlb

HbIe .n;aHHhle YRa3bIBalOT, 'ITO RpHCTaJIJIH3aU;HH aJlMaaa ocym;eCTBJIlleTCH 

B YCJlOBHHX BbICOHHX .n;aBJleHIIR (P> 50 /'i,6ap ) H TeMrreparyp (T> 1500°C). 

reOJIOrlI, eCTeCTBeHHO, o6pam;aJIHCb H TaHHM Mo.n;eJlJIM HHM6epJlHTOBOro npo

u;ecca, ROTopbIe 6bI o6eCnelJHJlH pa3BHTHe He06xo.n;HMhlX y'CJIOBR~i B MarMaTH

lJeCROM paCnJlaBe. O.n;HaHo npH 6J1lImaRIIIeM paCCMOTpeHHH ORa3blBaeTCJI, 'ITO 

B npHpo.n;e OTCYTCTByeT no.n;XO.n;Hm;Hii MexaHHaM .n;JIJI .n;OCTHmeRHll .n;aBJICHHIT 

CBblilie 50 -,;,6ap . Ho caMoe rJIaBHOe, Ha aHaJIHaa MHHepaJIOrH'IeCRHX paBHOBe

CHR CJIe.n;yeT, 'ITO nopO.n;bI, B TOM 'ilicJle HHM6epm1TbI, Boo6m;e He lIcnbITbIBaJiH 

p;aBJleHHH CBblIIIe 20-25 -,;,6ap [12] . Ta1<HM o6paaoM, Heo6xo.n;nMO 6bIJIO 06'bllC-
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HHTb, I{aK KpHCTaHRM am"Iaaa OKaaaHHCb BI{parrJIeHHblMH B rrop>OAY, KOTOPaJI 

caMa He HeceT CHeAOB HarpyaoK, He.o6xOAHMbIX AHH CHHTeaa aJIMa30B. 
RaBHTaIIHOHHhlH MexaHH3M He TOJIbKO paapenraeT aTY rrp06HeMY B npHHIIH

rre, HO rrpHHHMaH BO BHHMaHHe peaHbHhle reOH.orH'leCKHe YCH.oBHH CHHTe3a aH

MaaOB, rroaBOHHeT yna3aTb HeKOTophle KOHKpeTHhle napaMeTpbI aToro npOIIecca. 

SHsprHH, BbIlWHHIOIIIaHCH npH CXHorrbIBaHHH c<pep~ecKoro nY3bIpbl{a, 

rrponOPIIHOHaHbHa Ha'laHbHOMY AaMeHHIO [18]: 
Po4n:R~ 

E= 3 (3) 

ilOKaaaTeHeM Ha~aHbHOFo AaBHeHHH HBHHeTCH Aa~HeHHe KpHCTaRHHa~Hrr 
HaHOOHee Oap0<pHHbHhlX MHHepaHOB-CnYTHHKOB aHMaaa, npemAe Bcero nHpona. 

TaJ{ 1\a1\ nHpon KpHCTaHHlIayeTcH npH AaBHeHHH '" 20 1£6ap, Ha~aHbHoe Aal-l

R~IDIe ,lIOmRHO 6blTh 60Hbnre 20 "fi,6ap. STY BemflIHHY cHeAyeT paCCMaTpHBan 

J{aK MHHBMam:'Hoe aHa~eHBe PO, npH KOTOPOM ::meprHH YAapHOH BOHHbI cra

HOBHTCH A.oCTaTO~HOH .)J;HH KpRCTaHHHaaIIUH aHM~aa. 
CKOPOCTb ABHmeHHH pncnHaBa, OTBe~aIOIIIaH pemHMy - Ha~aHhHOH KaBHTa

IIHH, onpeAeHHeTCH Ra Bblpa;KeHHH (1) AHH ~HCHa KaBHTaIIHH. ilPHHHM3 If 

Q* = 0,5 H y~HTblBa_H Po '" 20 1£6ap H P = 11 1£6ap, HaxOAHM, ~TO CKOPOCTb 

nOTOKa u rv 1200 M/ce1£. 
TeMnepaTypHble YCHOBHH B paCIwaBe HM;eIOT .onTHMaHbHhle npeAeHLJ. 

ilOCHe ,CXHOllhlBaHHH rryaJ>I,pbna rrpOHlCX!O)Ji.HT pacceHHHe YAapHoH BOH'lIhl, co

rrpOBOlliAaIOIIIeOCH 6blClrphlM naAeHHeM AalBHeHHH B To~a.oc KalBHTaIIHH. ECHH 

II.oCJIC CIUITHH AaBHeHH!I KpHCTaHH OKameTCH B pacrrHaBe C BhlC.oKOH TeMrrepa

TYPOH: peIIIeTI{a aHMaaa nepeCTpOHTCH B rpa<pHT. QT06bI -aHMaa 6hm aanaHeR 

B MeTacTa6HHbHoe CPCTOJ1RHe, TeMrrepaTypa cpeAbI He AOJImHa rrpeBhIIJIaTh 

1200 °c, ~TO OTBe~aeT BepxHeii rpaHHIIe yCTO~HBOCTH aHMaaa npn HH3Imx 

lJ;,3,BHeHHfIX. 
H~mHHH Te.r.mepary,pHbIH rrpeAeH mlMMT,HpyeTcH BH3I{oCTblO MariMhl. 

3aAa'lY .0 CXJIDnbI.BRHHH c4>epH'leCKOH rroJlJOcrn C yqeT.oM ,BfLaKOCTll mHAKOCTH 

HccHe,!.oBaH E. II .. 3a6a6axHH [17]. )J;HHaMHRa rrpOllecca B aTOM wyqae 3aBH

CHT -OT BeHH~HHhl ~HCHa PeHHOHbAca: 

' Ro VA Re=-- --
'V p' (4) 

rAe v = T]/p - KHHeMaTH'leCKaH BH3KOCTb. BHaKocTb npenHTcTByeT yCKope
HI1IO mHAKocTH. ilPH HeKoTopOH BeHH'lHHe Re < Re *, rAe Re * - KpHTH'le

CKoe ~HCHO, KyMyJIHIIHH aHeprHH rrOHHOCTbIO YCTpaHHeTcH BH.3nOCTbIO. RPH

TH~eCIwe 3Ha~ellUe ~CHa PeHHoHbAca Re * = 8,4. HPH T ....:.- 1000°C OHHBHHO-

6aaam>ToBbIH papnJ1iaB HMeeT AIDIaMH~ecKyIO BH3nOCTb T] nopHAKa 10 5 nyaa 
[25] H V rropH~Ka 2.104. ilpHHHMaH Po = 20 1£6ap, Q = 2,5 Z/CM3 H 

Ro = 10 CM, rroHy~HM Re ,...., 50, aHa'lHTeHbHO npeBOCx.oAm:n;ee kpHTH'lecKYIO 

BeHH'lHHy,. OARaKo npH T = 700°C ,BHaKOCTb B'03paCTaeT AO TaKOH CTeneHll, 

'lTO AHH pe,aJIbHO AonYCTHMhlX Ha'laHbHblX paAHYcoB ~HCHa PemroHbAca CTa

HOBHTeH HHllie KpHTH~eCKH:X;; TarurM 06paaoM; onTHMaHbHaH 'TeMnepaTypa 

pacnHaBIl, O~eBHAHO, 6HH3Ka K 1000-1100 DC. ilPH .aTOM AaBHeHHe B HeM 

AOJIlliHO 6hlTb ---20 1£6ap, a cnopocTb ABHmeHHH MarMhl ~1200 Jt£/ce1£ . 
" Ellie pa3 no~epKHeM, ~TO caMH no ce5e aTH YCHOBHH HHnOHM 06pa30M He 

OTBe'laIOT YCJIOBHHM CHHTeaa aHMa3a. Ho BOaHHnHOBeHHe pemHMa KaBHTaIII1H 

B' TalWM pacllHaBe npHBOAHT K 06paaoBaHHIO B OTAeJIbHbIX To~nax CBepXBbICO

KllX AaBHeHHH H TeMrrepaTYP, 05ecne~HBaIOIIIHX CHHTea am.ra3a B 05HacTH ero 

my50KoH TepMolUIRa~ElCnoH yOTOH~HBOCTH. 
MomHo ,lIoKaaan, ~TO C H3HomeHHhlX n03HIIHH HaxOAHT eCTeCTBeHHoe 05'[,

HCHeHne MHprHe ,CBOHCTBa npHpOAHhlX aHMa30B H oc06eHHocTH HX pacnpe~e
JleHHH B IwpeHHbIX MeCTopom)J;eHHHX: aHa'lHTemiHhl.e paaMepbI H npHCTaJmO

.rp'a<pH~ecKoe "COBepnreHCTBO npHpDAHbIX aHMaaOB; -npHCYTCTBHe , 'aJrMaaOB 

B nopoAe, KaR. npaBHHO, B BHp;e eAHHH~HbIX KpHCTaHJIOB, paBHOMepHO pacrrpe-
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