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BblcoKHe .ll.aBJIeHHH B TeXHOJIOnm. M., «3Ha.

llMe», 1977.

64 c. (HoBoe B >KH3HH, HaYKe, TeXHHKe. CepHR «Tex-

HHKa». 8. lh.llaeTcR e>KeMeCSlQHO C 1961 r.}

YcneXH CPH3HKH BbICOKHX .ll.aBJIeHHii c,U.eJIaJIH UX HHCTPY04

MeHTOM npHHUHnIIaJIbHO HOBbIX TeXHOJIOrH4:eCKHX npouec..

COB B03.ll.eIICTBIHI Ha cpOPMY. CTPYKTYPY H CBOIICTBa npo04
MbIlllJIeHHbIX MaTepnaJIOB.

nOHHTHe «BbICOKoe .ll.aBJIeHHe»
- B H3BeCTHOll CTeneUM:

YCJIOBHoe. B TeXHHKe, HanpHMep, npHHHTO C4:IiTaTb BbICOKH"

MH ,QaBJIeHHH OT 500 ,QO 3000 Mna, T. e. .ll.aBJIeHHfI. COH3Me-

pHMble C npo lHocTbIO HaH60JIee pacnpocTpaHeHHblx B Ma-

ll1HHOCTpoeHHH KOHCTPYKTHBHbIX MaTepHaJIOB
- JIerHpOBaH-

-HbIX cTaJIelI. I1.MeHHo B 3TOM ,QHana30He pacnOJIaralOTcH
MHOrOLJHCJIeHHble TeXHOJIOrH4:eCKHe npHJIO}KeHMfI, KOTOpbBl
nOCBflIueHa HaCTOHwafi 6poll1lOpa.

.l1HHaMHlJeCKOe ,QaSJIeHHe OT Y,Qapa HJIH B3pbIBa .ll.eii-

cTByeT ,U.OJIH ceKYH.ll.bI. BbI,QeJIfieMOe TenJIO HapYll1aeT CTa-

6HJIbHOCTb TeMnepaTypHoro pe)KHMa. CaMO ,QaBJIeHUe KaK

CHJIa, ,QellCTBYlOwaH Ha e.ll.HHHUY nJIOwa,QH, HeO.ll.HHaKOBO BO

BceM 06'beMe CLKHMaeMoro TeJIa, T. e. HerH,QpocTaTHlJHO.
TeXHOJIOrHlJeCKOe B03,QeHCTBHe npoHcxO,QHT npH HeycTaHO-
BHBllleMCH TepMo,QHHaMHLJeCKOM paBHoBecHH. n03TOMY ,U.e-
TaJIbHOe pacCMoTpeHHe TeXHOJIorHlJeCKOro HCnOJIb30BaHHH

.ll.HHaMHlJeCKOrO .ll.aBJIeHHH BbIXO,U.HT 3a paMKH HacToHweit

6pOllilOpbI.
YCTpoiicTB .ll.JIfi c03,QaHHfI BWCOKoro .ll.aSJIeHHH pa3pa6o-

TaHO 04:eHb MHoro, npH4:eJ\l B pa3HbIx 06JIaCTHX TeXHHKH.

Ha puc. I npHBe.ll.eHO KJIaCCHcpHKaUHOHHoe ,U.epeBo TeXHOJIO-

rHlJeCKHX npHJIO}KeHHH BbICOKoro .ll.aBJIeHHfI. B KalJeCTBe

HaH60JIee o6wero KpHTepHfI pa36neHufi npHHflT BHll MaTe-

pHaJIa. npHMeHHeMbIe B TeXHHKe MaTepHaJIbI npaKTHlJecKtI
MO}KHO pa36HTb Ha 5 KJIaCCOB: TBep,U.bIe, nJIaCTHIIHbIe, 3JIa 04

CTHLJHbIe, a lOpcpHbIeM nopHCTbIe. 3a KpHTepHII BToporo

ypOBHfI B3f1T npOllecc B03JI.eHCTBHfI Ha MHKPOCTPYKTYPY Ma..

rrepHaJIa: TOHKoe n3 1eJIb4:eHHe,cpopMoBaHHe 11 npeccoBaHHe.

3

ABTOP paCCKa3blBaeT 0 ()OJIblllHX B03MO)KHOCTflX CBepXBblCOKHX

.naBneHHit 00 HX IIcnonb30BaHHH B COBpeMeHHblX TeXHOnOrH'Ie.

CKHX npoueccax _ TOHKOM H3Menb'leHHH. !lJopMosaHHH H npecco-

BaHHH, nponHTKe, ynp01JHeHHH,
nnaCTH'leCKOM llJopMOH3MeHel!HH

H

r.M Tl:pHan paCC1JHTaH Ha 1JHTaTenSl, HHTepeCYIOru.erOCH npo(5l1e.

MaMH HaY1JHO-TeXHH1JeCKOrO nporpecca.
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TIJIaCTliLJeCKOe cpOpMOH3MeHeHHe, yrrpOLJHeHHe. npOrrHTK3.
TpeTHii ypOBCHb - CnOCo6bI B03.lI.ei1:cTBHH Ha KOHKpeTHb[c
MaTepHaJIbI, KOTOpbIe n03BOJIHIOT peaJIH30BaTb ueJIH, rrepc-
LJHCJIeHHbIe Ha BTOpOM ypOBHe.

K TBepJJ,bIM H xpy.rrKHM MaTepHaJIaM OTHOC5ITC5I Te, Y KO-

TOpbIX npOLJHOCTb Ha C>KaTHe CYllI.eCTBeHHO npeBbIlliaeT
npOLJHOCTb Ha paCTH>KeHHe. npe.lI.BapHTeJIbHOe H3MeJIbLJeHHe

TBep.IJ.bIX TeJI YCKOpHeT npOueCCbI XHMIILJeCKoro B3aIIMOn.ei1-
CTBH5I. 06}I{Hra, paCTBOpeHIIH. T. e. Te, KOTOpbIe npOTeKalOT
TeM 6bICTpee, LJeM 60JIbllle nOBepXHOCTb YLJaCTBYIOI1lHX B

HHX TBepJJ,bIX TeJI. De3 TOHKOrO 1I3MeJIbLJeHHH 3aTOpM03H-
JIOCb 6bI pa3BHTHe palI.H03JIeKTpOHHKII, HlI.epHOii 3HepreTH-
KH, paKeTOCTpOeHH5I, MeTaJIJIyprlI1i H XIIMHH. HOBbIM OTpaC"
JIHM TeXHHKII nOTpe60BaJIliCb KepaMHLJeCKHe H MeTaJIJIO-

KepaMHLJeCKHe MaTeplIaJIW. Bce TeXHOJIOrli1i IIX nOJIYLJeHHR
Tpe6YIOT BeCbMa TOHKOrO H3 1eJIbLJeHHH IICXO.IJ.HbIX MaTepHa-
-JIOB.

HeCMOTpH Ha CTOJIb OCTPYIO He06xoJI.HMOCTb, HCCMOTPH
Ha T aTeJIbHYIDIIH>KeHepHYIO pa3pa6oTKY, CYllI.eCTBYIOw.He
MeTO,nbI TOHKOro H3MeJIbLJeHII5I BeCb\1a HeCOBepllleHHbI. OUIt
He MorYT CTaTb 6a30H nporpecca B 3TOH 06JIaCTli B cHny
npHHUHmraJIbHb X He.lI.OCTaT,KOB - JI,JIIITeJIbHOCTb. 3Hepro-
eMKOCTb. nbIJIeo6pa30BaHHe npli nOMOJIe, rnYM. TPYJI.HOCTH:
repMeT1I3aUHH. Heu6xo.lI.IIMbI HOBbIe HJI.elI.

H3MeJIb'leHHe B 3JIaCTH'IHOH 060JIOilKe rH,IJ,paBJIH'IeCKHMH
HMnYJIbCaMH BblCOKoro .n.aBJIeHHH. npaKTHKII npIIMeH5IIOT
4 crroco6a H3 eJIbLJeHHH: pa3JJ,aBJIIIBaHHe. paCKaJIWBaHHe.
H,cTHpaHHe II Y.lI.ap. TBep.lI.bIii KycKoBaTblii MaTepHaJI Ha({-

60JIblllee conpOTHBJIeHlIe OKa3bIBaeT pa3n.aBJIIIBaHHIO. MeHb-
rnee - paCKaJIbIBaHHID, ellI.e MeHblllee - HCTHpaHli10 (T. e.

C!I,BlIry) II HaHMeHbrnee - paCT5I>KeHIIIO. PaCT5IrIiBalOI.UH'e
Harrp5I>KeHHH - CJIe.!lCTBlie H3rH6a. 3TO nO.!lCKa3aJIO lI!I,elO
C03.lI.aTb YCJIOBMH 3HaKonepeMeHHoro H3rlI6a TBep.lI.OrO If

xpymwro rropOIllKo06pa3Horo MaTepHaJIa. TIOpOillOK. nOMe-

I.UeHHbIii B 3JIaCTHLJHYIO 060JIOLJKY, npoxo IITLJepe3 HeCKOJIb"

KO UHKJIOB rH!I.pOCTaTHLJeCKOrO .lI.8BJIeHIIH. Ero BeJIHLJIIHa

cYI.UeCTBeHHo BbIllie npe!l,eJIa npOLJHOCTH Ha paCTH>KeI-me
qaCTHU nopolliKa. TIocJIe Ka>KlI.OrO 06>KaTHH .lI.aBJIeHHe pe3Ko
CHH>KaeTCH.

Pe3YJIbTaTbI 3KcnepHMeHToB nOKa3aJIH, LJTO Bce a6pa"
3lIBHbIe MaTepHaJIbI 6bICTpO H 3cpcpeKTlIBHo JI.P06HTCH. TaK.
qaCTHubI  IOHOKopYHJI.a 12 nOCJIe TpexKpaTHoro B03.lI.eil..
CTBH5I lJ.aBJIeHHeM 740 MTIa C BbIJI,ep>KKOH 1-2 C YMeHbllia-
JIHCb npHMepHo Ha nopHJJ,oK. To >Ke {H C TeM 1Ke pe3YJIbTa..
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TOM) TIpOue anHC Kap6H OM60pa. Xopomo ll3Menb4anCB

H 6eJIbIH 3JIeKTpOKOPYHA. XOTH y*e npH ,IlaBJIeHHH

740 MOa Ha6JIIO)J.aJIOCb He60JIblllOe arperHpoBaRHe.

Becb 'a3  eKTHBHoH3)1eJIbqaeTCH
KOKC - 3a H€CKOJIb.

KO UHKJIOB OT 2-3 MM ,llO 0,1-0,07 MM. CJIenyeT HMeTb B

BH.I1Y. 4TO OT TOHKOCTH H3MeJIbyeHHH KOKCa 3aBHCHT Ka4e.

CTBO 9JIeKTpOJI.OB H ApyrHx 3JIeKTpOYfOJIbHbIX H3AeJIHH. }11-

MeJIblleHHe KOKca - Y3Koe MeCTO npH H3fOTOBJIeHHH ::W€K.

TpoyrOJIbHbIX H3.I1eJIHH:. BbICOKa H CTOHMOCTb nOMOJIa TOH-

HbI. A Be.llb TOJIbKO B 1975 r. cBap04HbIX 9J1eKTpO)lOB. Ha-

npuMep, BbITIYlUeHo 629 TblC. T; 5:lCHO, KaKHe BblfOJ1.bI ,!laCT

BHe,llpeRHe fH.1lp0l1:MnYJIbCHOrO H3MeJIb4eHHH, He fOBOpH 06

YJIyymeHHH Ka1.JeCTBa. KpoMe Toro, IIOCJIe H3MeJ1byeHHH

M€JIKH€ 4aCTHUbI CTaHOBHTCH ocrpoKpoMllaTbIMII, qTO CYUlZ-

CTBeRRO )J..n51 a6pa3IIBHbIX nopOIliKOB.
!l.J151 KaLKJ(oro M aTep II ana cywecTByeT rpaHHlI.a H3MeJIb 

1JeHH5I. npH .naJIbHeHWe nOBbIllIeHHH .llaBJIeHll51 Ha4HHaeT-

CH 06paTH'bIH H3MeJIblleHllID npouecc
- cnpeCCOBbIBaHlle.

HJIll arpernpon-aHHe. TBepLKe qaCTHUbI - BbIllie Ma:KCHMaJIb 

HO B03MO}KHaH )J.HcnepCHOCTb nopOUlKa H rpaHHu,a H3:MeJIb-

'leHHH. 4eM T04Hee KJIaCcHqmUH'pOBaH nCXOJl,HblH MaTepHaJI,

TeM 94>4>eKTHBHee H3MeJIb4eHHe. n,pH npeBbIllIeHHll rpaHHq 

Horo Jl,aBJleHHH 06pa3YlOTCH )J.OBOJIhHO nJlOTHble, HO cpaB.

HHTeJIbHO MaJIOnpOlfHbIe COBOKYIlHOCTli H3 qaCTRU - arpera
4

"fbI, npOMe>KYTKH: Me>KD..Y KOTOpbIM'll 3anOJIHeHbI 60JIee :MeJI 

KHMH qaCTllUaMH.

KpHTepHeM npHMeHHMOCTH OIlHcaHHoro cnoc06a T0HKO 

ro H3MeJfbQeH.H5I K pa3J1H4HbIM MaTepHaJIaM MOiReT CJlY-

}KHTb OTHorneHHe rrpeJl,eJI3 npOqHOCTH Ha cmaTue K npeD..eJlY

np04HOCTH H3 paCT5DKeHile. 4eM BbIllie 3TO OTHoweHHe, TeM

.a<p eKTHBHe-eH3MCJIb4aeTCSf-- MaTepRaJI.
TeXHOJIOfn4eCK3H OCHaCTKa clloco6a (nyaH OHbI.M3Tpn-

lI.bI, KOHTeMHepbl) Ha .n:aBJIeHHe 110 2000 MIla IlIHpOKO npll-

MeH5IeTCH npH npeccoBaHHH MeT3JI'JIOB, ee H3rOTOBJleHHe

OCBoeHO. B KalleCTBe pa604eH }l{H)J.KOCTH npome BcefO HC-

nOJIb30BaTb BOl!Y. 4T06bI nOBblCHTb repMeTlP.J.HocTb nJIYH 

mepHbIX ynJIOTHeHHH KOHTeHHepa BbICOKoro Jl,aBJIeHH51, Ba,ll

CJIOeM BO,Il.bI HaJ1HBaIOT CJIOH MllHepaJIbHOrO MaCJIa. PaClleT..

l-Ia51 ::meproeMKocTb rH.II.pOHMnYJIbCHOrO H3MeJIbqeHHH-

0,03 KBT' 4jKr. 3TO HHme, qeM B BH6pOMeJIbHHu,ax THna

M 200 (npH noMOJle neCKa
- MilHIfMYM 0,062 KBT' qjKr) .-

YCT.pOHCTBO HenpepwBHoro TOHKOfO H3MeJIb4eHH 

(puc. 2) COCTOllT H3 KOHTeMHepa 1, B pa60QeiI n0J10CTH 2

KOTOpOfO HaXO,llUTCH  maCTHqHaHTpy6a 3. KOHTeHHep YCTa4

6

t
I

'HO JIeH Ha KOHYCHOH no 

nOli onope 4 nO CTaBKH5.
3naCTliQHa51 Tpy6a repMc-
TUIIHO npHC'oe,!UmeHa K

BepxHeMY 6 11 HH)KIIe 1Y 7

WTYUCP3M C nO)lOw,blO

(

xOMyroB 8. BepxH11H lilTY-

ue 3aKperrJIeH HOJIOn raH-
KOH 9. 1{.IJHH3 K3H3"10B 13

,BepXHC\1 H HH}I{He 1 lllTY-
uepax He MeHee 4-5 ux

J1.H3MCrpOB. >KUlI.KOCTb 4C-

pe3 OTBepCTHe 10 nO,!I,aeT.
CH B KOHTeHnep OT rH.LI.PO-

Ko npeccop3 IIJlH rII.LI.pO-

MYJlbTHnJIHKaTOpa BbICO-

KO:O JJ.3BJleHH5I. B nOJIYIO

raHKY BCTaB.neHa KOHl1 tle-

CK3H BopoHKa-6YHKep 11.
no)], nO,lI,CT3SKOH HaXO.lI.HT-

CH nepe,LlBH}KHaH KaMepa-

JI,03arop 12, CBH3aHH3H

WTOKOM 13 C rH.lI.pOTOJIKa-
TeJleM. .LI.o3aTop BMeCTe c

3anopnbB1 wll6epoM 14
PIlC. 2. YCTpOHCTBO .1l:JlR TOIlKO.

MOllieT nepe 1ew.aTbCH no

fO 1l3M€llb'-l('(lHH fH.lJ.P a BJII1l1eCK 11-

H 3 np 3 BJIHlOWH Nt 15 B KO

M H l1,\WYJlbca,\HI RblCOKoro AaB 

.,
- neHHH

    :ll  :e: ::bIIIYCKHOH
JIIDK C YCTaHOBnenHbBi 003, HHM

- + JIblleHHOro :\13repHaJ1a+
npeJJ.BapHTe"'IbHO pa3.LJ,p 6

.'

B 6YHKe 0 '

0 JIeHHbIH M3Teplla.'1 3aCbm310T

H B

p. H 3arrOJIHHeT (caMOTeKOM) 3JIaCTH4HYID Tpy6y

C r     :rneHHHe
nOJIOCTH. Pa60tJylO nO.l10CTb coeAHHHlOT

lfeCKH

p

C03 a!eCCOpOM
H"'Ill MYJIbTHnJIHKaTOpo ', nepnOJI.H-

BeJIHtJHHa KOT   OB  CeOB:  ae i,[J,POCTaTH4eCKoe
..'1.aBJIeHHe,

CTH}KeHH
npe,J,e."I npOlIHOCTH I-Ia pa

4

-II UIO M aT pQ: ;:u.B::;le.1]b4
a e\1OrO :VI a Tep HaJI a. BbIJ],a B"'IHB3

cToycr CTOJI6 CbIIIY4e Xc 'e   3
npn 06)1IaTIIU npoTHBo.J.CH 

1I.3BJIeHHe CIIH\laIDT II

TOp B C E"
lllTOK OTO.'lSHraCT Ka 1epY-,J,03a 

e

T0

6
Pouy. e co.n.eplKHMoe llepe3 JIIOK BblCblfIaCTCH B

MKOCTb-'C Op llHK Bo BP
'"

. e\HI nepe.\H2ll.teHHH ,!I,033TOpa BLI-

XO!l,HOC oTBepcHle rrepeKpbITO IUJI6e pO 1

1(0r,!I,
.

3 TOnKaTCJIb B03BpaTHT Ka cpyB HCXO HoenOJIO-

}Kemle, OHa CHOBa 3arro 1JJ H UTC H II3:\1 C.III.>lICHHbBI  IaIep II a.l10 1.
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TaK KBK oG'beM KaMepbl paBeH 06'beMY BHYTpeHHeii nOJIo"

eTn 3JI3CTH':lHOH Tpy6bIt
TO nocJle Ka>K.!J.oro U,HKJI3 nepeM-e-

meHM5I .!J.033Topa BO BHYTpeHHlO1O DOJlOCTb lllJIaHra nOCTY"

DaeT ROBbl" 06'beM H3MeJIbq3e 1OrOM3TepHaJIa H nce nOB-

Top»eTC».
MmKHO H363BHTbC5I ,H OT reHepaT.opa rH.ItpBBJII11:IeCKIIX

HMnYJIbCo.B .naBJ1eHH5I H coeJUfHHlOllUiX KOMMYHHKaUHii:
BCTpOHTb BHYTPb 3J1aCTH4HOH TPy6bl nOJINe 3neKTpo.nhI . K

HUM ,nOD,BeCTl;I BbICOKoe HanpH:>KeHHe. 113MeJIb'qeHHe B 3TOM

CJIYlJ3e npOHCXO,llHT B KOJIbueBOH nOnOCT" Me:H<.ay CTeHKa-

MU K{)HTeHHepa H pe3HHoBoH Tpy6KOH. -

Docne DOJIHOM 3arpY3KH pa60Qeii nOJIOCTH - OT BblXOJl, 

HOH BOpOHKH .ao BbInYCKHoro JIOTKa - B pe3HHOBYlO Tpy6KY

lJepe3 OTBepCTlHI B 3JIeKTpo.nax no.naeTCH BOJl,a. BKJIlOqae"): 

CH C 3a.a3HHOH lJaCTOTOH Tp8Hc opMaTop-BblnpHMHTeJ1btH8-

npH}f{€'HHe 50-60 KB nOJl,aeTC5I Ha KOHD,eHcarop. npM Kpn-

THlJeCKOM ero 3Ha4eHHH H8 KOH.!J.eHcaTope npOHCXO.lJ.HT "PO-

60H  OPMHpYIOlU,eronpOMe:>KYTKa. KaK pe3YJIbTaT BbICOKO-

BOJIbTHoro pa3pH)l.a MemJl,Y 3JIeKTpO)l.aMH B Bo.ne B03HHKaeT

y.napHaH BOJma. no.n ee .neHcTBHeM <pOpM HpyeTC5I rH,npaB-

JIH'-:leCKHH HMnYJIbC .n3BJIeHHH. 43cToTa HMnYJIbCOB COOTBeT-

cTayeT lIaCTOTe c.ne.lI.OB3HHH pa3pH,llOB.

4T06bI nepeMew3Tb H3MeJIbI.JaeMbIll MaTepn3JI B 3JIa-

CTH4HOH Tpy-Ge. HY:>KHO p336HTb CKB03HYIO llHJIHH.npH4e,cKYIO

pacToIIKY Ha repMeTHlJHbIe KO '1blleBbIe nOJIOCTHt
3TH nono-

eTH coeJJ,:H HHTb C COOTBeTCTBYIOlU,HMH rH.np aBJI HlIeCKH'M Ii

MYJIbTHnJIHK3'TOp3MH. npH BpalU,eHHH lIOBopOTHoro rJi.npo 

pacnpe.neJIHTeJIH MYJIbTHnJIHK3TOpW nOOqepe HOnOJl,KnIO a-
JOTCH K nHTaIOlU,eyy Hacocy. B pe3YJIbTaTe B KOJIbu.eilbIX

nOJIOCTHX B03HHKalOT H mYJIbCbI BblCOKoro .naBJIeHH5I. Ha-

XO HWH.HCHBHYTPH 3JI3CTH4HOll Tpy6bI H3MeJIbI.JaeMb1H Ma-

TepH3JI npO)J.3BJIHBaeTCH H3 O.nHOH KOJIbueSOH nOJIOCTH B

Jl.PyrYIOt
B HanpaBJIeHHH BbIXO.!I.HOrO OTSepCTH5I.

Ha YI.JaCTK3X HaM60JIblllerO H3HOC3 3JIaCTH4HOll Tpy6bI

3a opMOBbIB3eTCHnpOBOJI04HaH CnHpaJib. B u.enb KOTOpo:fI
BKJllOqeHO peJIe. rJlyGHH3 pacnOJIO}f{eHHH CnHpaJIH onpe.ae-

JIHeTC5I .nonYCT:HMbIM H3HOCO 3JI3CTH4Hoi'I Tpy6bI; UJ3r BbI-

6HpaeTC5I TaKHM t
4T06bI HCKJIlOlJHTb npO..'l3BJIlIB3HHe eJ],H-

HIP:lHblX KYCKOS H3MeJIb1l3eMOro MaTepH3JI3. Kor.na H3-33

H3Hoca 3JI3CTHlJHOH Tpy6bI CnHp3JIb OrOJIHTCH H npOBO OKa

6YJl.eT p33pYllleH3 t 3JIeKTpH4eCK351 Uenb CHfH3J1bHOrO peJle

pa30MKHeTC». 3TO CnrHaJI 0 TOM, qTO Jl,aJIbHeHUJa51 3Kcnnya..
TaUH 51 He.ll.OTIYCTHM 3.
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. YCTpOHCTBO .lJ.JIH TOHKoro H3MeJIblJeHH5I YCOBeplllCHCTBO-
BaJJH COTPYJJ.H H K H BcecolO3Horo HaYlJHO-HCCJIe,nOB3TeJIbCKO-
ro H KOHCTPYKTOpcKo-TeXHOJIOrHqeCKOrO HHCTHTYT3 npHa
pO.nHbIX 3JIMa30B H HHcTpYMeHT3 B. C. Bo6JIHKOB H 10 n

K PHHJIOB.OHH CH36,lJ,HJlH 3J13CTHqHYIO Tpy6y BHYTP"  OH:
TeHHepa BbiCOKoro ,ll3BneHHH MeT8JIJIH4eCKOH 3alllHTHoH
nepq,opHpOB3HHOH 060JIOLJKOH

t 3arpY30lJHblH naTpy60K 060-

 Yll.OBaJiH nOII.31OIl1.HM lllHeKOM, a pa3rpY30lJHblH naTpy-
OK - TapeJlblJ3TbIM KJIanaHOM. YCTpoHcTBO HCnOJIb30B3JIH

.D.JlH H36Hp3TeJlbHOrO H3MeJIb4eHII5I 3epeH npHpo.nHbIX aJIMa-
30B.

ArperHpoB3HHe - npou.ecc. npoTHBOnOJlO>KHbIH H3MeJIb-
lJeHHlO. 3TO cnpeccoBhlB3HHe KYCKoBoro liJIH nopoIllKo.
o6pa3Horo M3TepHaJia no.ll. .neIicTBHeM MOJIeKy..'1HpHbIX CHn
cu.enJIeH H5I, B038HKa lOllJ,HX Me>K.ay .lI.eq,opM HpOB3H Ii hiM II

lJaCTMUaMH nOll BhlCOKHM n.3BJIeHlIeM. npli npellBapHTeJIb.
HOM arperHpOB3HHH MO>KHO peaJIH30BaTb npouecc CBepx-
'JOUKoro H3MeJlblJeHHJI. 11CXO.llH hlH KPHCTaJIJIHII eCKH Ii M aTe 
pHaJI. HanpHMep KOPYHJlt 3epHHcToCTbIO 2 MM H MeHee  o-
Me alOTJlH OB 3JIaCTHlJHbJH LJeXOJI

t JIHGO B pe3HHoBYlO
Tpy6y KOHTeHHepa BbICOKoro .lI.aSJIeHHH t r,ne Ha Hero DepHO-
)J.HlJeC KH noJJ,a lOT n.a BJIeH He. B eJI HqliRa lla BJIeHHH D.OJI.>K H a
6bI'Tb cywecTBeHHO BbIllle. LJeM npH 06bIqHOM H3MeJIbqeHlHi

rHn,pOHMnYJIbCHbIM cnoc060M .D.JUI KOPYHn.3 CK3>KeM
1200 Mn3. HeoGxoJJ,HMO. qTo6bI B03HHK 9q,q,eK arperHpo:
EaHHH, TOT 3<p<peKT, KOToporo npH cyweCTBYIOI.IJ.HX cnoco.
6ax H3MeJIblleHHH BCHqeCKH CTap3IDTCSI H36c>KaTb

'

nO.nYLJeHHble 3rperaTbI lI3BJIeK3IOT H3 KOHTeA epa no..
MeIUalOT B nOMOJIbHOe YCTpoikTBO BHOpOMeJIbHHllbI J], 6aB-
JIflIOT BOllY (50-100% OT MaCCbI arperaToB) II" MeJIfiT.

BpeMH .ne3arperHpoBaHHH B BH6pOMeJIbHHue He llOJI>KHO

npeBbllllaTb 10M H H: npH 60JIbllleM BpeMeHH J1.H cnep C HOCTb

E03p3cTaeT He3Ha4HTeJIbHOt 3-aTO CHJIbHO B03pacTaeT Ha..

MOJI - 3arpSl3HeHHe H3MeJIblJaeMorO M3TepHaJIa npo.nYKTa-
Mil H3Hoca MeJIlOlUHX TeJI.

KaKOB me nOJIO>KHTeJIbHbIH 34> eKT cnoc-06a? Bo-nep-
EbIX t npOJI.OJImHTeJIbHOCTb nponecca YMeHblllaeTcH C He-

CKOJIbKHX LJaCOB .no HeCKOJIbKHX MHHYT. BO-BTOPbIX 3arpfl3-
HeHHe II.HCnepfHpyeMoro MaTepHaJIa TaK>Ke

'

 eHbl.Ue.

B-TPeTbHx, H3 -3 a coKP aI.IJ.eHHH npOH3BO.nCTBeHHoro u.n KJI a

H3MeJI bqeHHH H pOCTa npoH3BOD.HTeJIbHOCTll B bICB060m..na.
IOTCSI npOH3BO.n-CTBeH HbIe nJIOIl1a.nH.

HO,BbIH cnoc06 TOHKoro llHcneprnpoaaHHH (.no I MKM

H MeHee) ueJIeC006pa3HO BHe.npHTb B npOH3BOllcTse TeXHH-
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1.1eCKOH Rep8MH t<H. Ma 1lIMHOCTpoeHMM. PaD.M 9JTeKTpOHnKe,
HD.epHOH 3HepreTliKe. TeXHHKO-9KOHOMHLJeCKHH 3 ct>eKT OT

ero npHMeHeHHfI MomHO opHeHTHpOBOI.JHO oueRHTb CJIeny"

IOWllM 06pa30M. TORRa KpHCTaJIJIlILJeCKOrO TIOpOlliKa ROpyU"

,na npH J],uCTIep'CHOCTH MeHee 7 MKM CTOHT 6oJ1ee 2000 py6.
CHH3HTh ee ueHY y.n.aeTcSI no MeHbUJell Mepe H8 50%, rpy.
60 fOBOpSI Ha 1 py6. 38 1 Kr.

CeJleKTHBHoe H3MeJlbqeHHe aHH30TponHbiX M8TepnaJl 08.

Pa380 B HJ],HOCTb npouecca rHApOHMnyJIbCHOrO H 3MeJIbIJe.

,HHSI- MOKpoe ,np06JIeHlle KYCKOBoro MaTepHaJIa B nepuo.

Jl,HlJeC KH CJI,aBJI HBaeM Oll >KHllKOCTH.

ECJIM nOMeCTHTb B KOHTeHHep, 3anOJIHeHHbIii >KHAKO"

CTbID, TsepJl,bIe aHH30TponHble MaTepnaJIbI: >KeJIe3HYIO PYJlY,

KS8pueBbIH neCOR, nOJIeeoH llInar, mHD.KOCTh cmaTb, a a8-

TeM pe3Ko C6POCHTb JI.aBJIeHHe, 3TH MaTepnaJIbI paapywalOT"
CH. Pa3PYllIeHHe HaIJHHaeT.CSI B MeCTax, OCJTa6JIeHHblX

MaKpo. II MHKpOTpeI.IJ.HHaMH. 3.u.eCb HymHo rOBopHTh 0 ce..

JIeKTHBHOM H3MeJIbqeHHH - OTJI,eJIeHHH CJIaraIDIp.HX aHH3Q-o

TponHoe TeJIO tJaCTHu Jl,pyr OT ,llpyra no HX rpaHHuaM, opo..

neece, nOJIO>KeHHOM B oeHOSY o60rameHHH nOJle3HblX HCKO"

naeMbIX. H3BeeTHO, qTO npHMeCH B MHHepaJIax.. MorYT npH 

CYTCTBOBaTb B BHD.e CTPYKTypHbIX 3aMemeHHH, TsepD.blX

paCTBopOB, ra30BO-}I{H.ll..KHX n TsepD.hlX BKJIIOLJeHllfi ,llpyrnx

MlIHep aJIOB. HaH60JIee TPYJ],HOYJI.aJISleM ble
npH>MeCn BHyrpR

sepeH B KpnCT8JIJIHtIeCKHX MHHepaJIaX - ra30BO.>KH,llKHe

BKJIIOIJeHHH, T. e. patTBOpbl H ra3b1, «3aXBaIJeHHbIe» KpU"

CT3JInaMH JIH60 BO BpeMH HX nepBOHaIJaJIbHorO pOCTa, JInGo

oGpa30BaHH enpn oOJlee n03 HeMpacna,lle Tsep,llOro pa..

CTDopa R 3anOJIHeHHH TpeWHHOK. Oc06eHHO CHH>K8IOT KatIe..

CTBO orHeynopHoro CbIpbH MHHepaJIbHble npHMeCH nOHH>KeH.

HOll ofHeynopHocTH (noneBbIe llInaTbI, CJIIOD.bl, rH pOOKHC"

JlbI >KeJIe3a), npHMecn, pa3JIaralOWHeCH np" BblCOKHX TeM-

nepaTypax C BbID.eJIeHUeM raaa (Kap6oH8TbI, CYJIbCt>H,llbJ
H D.p.).

CyweeTBYIOWHe MeXaHHIJeCKHe cnoc06bI 060raweHHst

TI03BOJIHIOT OCBo60 HThtH OT ITneHOQHbIX 06pa30BaHnA
JIHIlIb H3 BHelliHell nOBepXHOCTH sepeR. Ho nOBepxHocTHble

nJIeRKH HaCTOJIbKO npotJ.HbI, tJ.TO He nOJIHOCTbIO y.n.aJISlIOTC-H

JI,ame C BHeUJHell nOBepXHOCTH 3epeR. XHMHtJ.eCKaSl me 06pa-
oOTKa - rOpSlGHMH H XOJIOJl,HblMH pacTBopaMH

- D.opora K

TOKCH Ha.KpoMe TOro. nosepxHocTb nOKpbITa ceTblO MHKpO"

Tpell1.HH .
B KOTOpbIX. K8K npaBHJIO, TaK>Ke OCT8IOTCH npH"

MeeIt.
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DOCKOJIbKY npH .naBJIeHHH, npeBbI1Il81Oll1.eM 100 !v\na.
>KH.nKOCTb npOHHKaeT B MeJIb4aHl1IH.e cy6MHKpoHHbie Tpe.
lLlHHb1, C>KHMaSlCb K TOMY JKe Ha 3-8%. np Ii pe3KoM c6poce
.n.aBJIeHHH o6ceM IKHB.KOCTH YBeJIH4HBaeTcSI. OHa Ha(!HHaeT

.neHcTBoB3Tb KaK KJIHH. H M3TepH3JI pa3pYlllaeTC5I npeHMY-
m:eCTBeHHO no nOBepxHocTSlM Me}({.n.y 3epHaMH, rlle CKOH..

u,eHTpHpoBaHbl MHKpoTpell.f.HHbl. fHJI,pOHMnYJIbCHOe CeJIeK..

THBHoe H3MeJIbtIeHHe OTKpbIBaeT HOBbie nepcneKTHBbl B npo"
ueccax o60rau.r.eHHH MHHepaJIbHOrO CblpbSl.

DJIH3KHH K onHcaHHO Ycnoco6 M3MeJlbtIeHHSI 6b1JI npeJl,.
JIO)KeH CHatiB.epOM (CIllA) M peaJIH30BaH cl:lHpMOH JIOYI-l
CTap. IIpe.n.BapHTeJlbHO pa31lpo6J1eHHblH MaTepHaJI 3arpy"
MaIOT 8 KaMepy. TaM K >KH.1J.KOCTH HJIM napy npHKJIa.!J.blBa..
eTCSl onpell,eJleHHOe .llaBJI'€HHe, KOTopoe C nOMOIUbfO cneUH..

aJIbHOrQ pa3rpY30QHOrO KJIanaHa HMnYJIbCHO B03.neHcTByeT
Ha MaTepnaJi. CMeCb >KlI,llKOCTH lIJlIt napa C 4aCTHUa\fH H3"'

MeJI (laeMOro MaTepnaJIa BbmYCKaeTCSI B pa3rpY30(IHYIO
eMKOCTb. npn pe3KOM c6poce .naBJIeHHH KYCKH paapymalOT"
CH no Me}f{KpHCTaJIJIH4eCKHxt n.rIOCKOCTSlM. Ha K3Ha.nCKHX
ac6eCTOBbiX PY.llHHK3X 3THM cnoc060M nOJIY4HJIH H3 OCT3T-

KOB (XBOCTOB) npHMepHoe TaRoe >Ke K0J1H4eCTBO ac6eCTO.

Boro BOJIOKHa. KaKoe 06bIQHO nOJlY4alOT H3 )J.o6bl8'aeMOii
PY)J.bI.

PeaJIH3auneH ceneKTHBHoro H3MeJlhIJeHllH H3 py oo60.
raTHTeJIbH blX <t>a6pHKax OTeIJeCTBeHHO H: MeTaJlJIyprH4eCKOH

npOMbllIlJIeHHOCTH ycnelliHo 3aHHMaeTCSI HHCTHTYT YpaJI"
MexaHo6p (CBepD.JIOBCK).

npouecc U3MeJlb4eHHH HaLJHHaeTCSl He C KaKOH-TO cnpe...
.n.eJIeHHOH BeJIHIJHHhI .n3BJleHHH. BHaQ8JIe. Kor.na J1aBJleHHe

COCTaBJISleT 30-50% OT HOMHHaJIbHOrO, pa3pYlIlalOTcfi
CHJIbHO «Tper.u.HHOf3aTble» C nOBepXHOCTlt 3epHa. Kor.na D.as..
JIeHHe nOBblwaeTCH 11.0 60-70% OT HOMHHaJIbHoro. OHO

. «.no6HpaeTCH» .no 3epeH c ra30BO->KH.nKHMlt II TBep,!1b1MfI
BKJII04eHHSlMH. ECTb OCB-OBaHHR peKoMeHlloeaTb fHltpOHM"
nYJIbCHOe H3MeJIbtIeHHe H llJISI OIJHCTKH MHHepaJlbHOrO

CblpbSl OT BHYTpeHHHx npHMeeeii:, H ltJlSl OT.lI.eJIeHItSl 6e3.!le..

(j)eKTHblx MHHepaJIbHblX 3epeH.
DOJIee Toro, TaK KaK cnoco6 n03BOJlHeT pacKpblTb 60JIb..

IDee qHCJIO 3 ap O.ll.bIllieBblX .neq>eKTOB (MHKPOTpem:H H) WI

e.nHHHu.y o6oeMa pa3pymaeMoro TeJIa no cpaBHeHHlO c CY4

llJ,eCTBYIOll1.HMH, TO, CJIeJ],OBaTeJIbHO. nOBbIlIlaeTCH XHMH4e..

CHaH aKTHBHOCTb J],HcneprHpOBaHHoro npo.nYKT8: H3-38 lIe"!.

CTPYKUHH KpHCTaJIJIHIJeCKOH pemeTKH H YBeJIH4eHHH 3MOpl}>..
HOM 4>a3bI. CTeneHb aMop4>H3au.HH He npOnOpu.HOH3JIbHa
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