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PA3/1.E.R I 

nPEBPALUEH1151 B CTAJUt nPH HAfPEBE 

B. JI.. CAJJ.OBCKHH, K. A. MAJJb!lJJEB, E. r. CA30HOB 

«l>A30BblE M CTPYKTYPHbIE nPEBPAUJ.EHM.sI 
nPM HAfPEBE CTAJIM 

I. 0 803MO)l(HOCTH 06PA308AHHSI AYCTEHHTA UPH TEMUEPATYPAX 
HH)l(E PABHOBECHOH TOIJKH A1 

IlpH HarpeBe CTaJIH 9JieKTpHtieCKHM TOKOM co CKOpOCTHMH nopH.zurn 
1500-2000°/ceK. H3MH HeOJIHOKpaTHo Ha6JIIOJiaJIOCb CHmKeHHe HatJaJia 
npeapameHHH Ac1 ( onpeJieJIHeMoro no nepern6y Ha TepMHt1ecKoi1 KpH
Boi1 HarpeBa) JIO TeMneparyp 680-690°, Jie:>KaW:HX HmKe paBHOBeCHOH 
TOtJKH A 1• 06oHCHHeM sro HBJieHHe ormr6KaM11 npH H3MepeHHH TeMne
paTyphI, IlOCKOJlbKY B ycJIOBHflX 9JieKTPOHarpeBa c yBeJil-JtJeHHeM CKO· 
poCTH HarpeBa B CHJlbHOH CTeneHH cKa3bIBaeTCfl OTCTaBaHHe Tervmepa
TYPhI cnaH TepMonapbI OT JielicTBHTeJibHOH TeMnepaTyphI o6pasua. 

0JIHaKO, c Harnett TOtJKH speHHfl, o6pa30BaHHe aycTeHIIT~ npH 
6bICTpOM HarpeBe npHHUHilHaJibHO B03MO:>KHO H npH TeMrrepaTypax, 
Jte:mamHx HH:>Ke paBHOBec1rnli TOtJKH A,. 3rn BhITeKaeT H3 cpaKrn o6pa
THMOCTH MapTeHCHTHOro npeBpaw:eHHfl npH HarpeBe, a TaK:>Ke H3 o6W:HX 
TepMOJIHHaMHtJeCKHX coo6pa:>KeHHii, ycraHOBJieHHbIX B MHOfQlIHCJieHHbIX 
pa6<Yrax aKan. r. B. KypJIIOMOBa H ero coTpy.a.HHKOB [I]. 

.Uetl:cWHTeJihHO, ecJIH yt1ecTh, tJTO cymecTByeT HeKoropaH reMnepa
rypa To, npeJicraBJIHIOW:aH TepMO.lJ.HHaMHtrecKy10 rpaHHUY aycTeHHTa H 
Map:reHCHTa, .ll.Jlfl KOTOpoii CB060.l!Hble 9HeprnH 9THX .l!BYX MOJlHcilHKa
rurii TBep,n:oro pacTBopa paBHhI, TO ecrecTBeHHO, tJTO npH 6bicrpoM 
ox.rra:m,n:emur aycremITa, c HeKOTOpbIM nrcrepesHCOM no orHoUieHmo 
K To (npH TeMnepaType Tm) aycTeHHT npeBpaw:aeTCH (6es.z:r.Hcpcpy3HOH
HhIM MexaHH3MoM) B MapreHCHT, a npH 6bicTpOM Harpeae B03MO:>KHO 
c6paTHoe 6esnHcpcpysHOHHoe npeBpaw:em1e MapreHCHTa B aycTeHHT -
BblIIIe HeKOTOpoii TeMneparypbI Ta• HeCKOJibKO npeBbIIIIaIOmeli To. 

TaKHM o6pasoM, B ycJIOBHHX 6blcrporo oxJia:>KJieHHH HJIH HarpeBa 
npeBpaw:eHHfl perym1pyIOTCfl He o6blt!HOH cpa30BOH .zui:arpaMMOfI, OTHO· 
cHmefirn K CJiytJaIO nom1oro ocymecTBJiemrn JIHcpcpysHOHHoro o6MeHa 
KOMilOHeHTaMH, a JipyrofI «MeTaCTa6HJibHOH» JI:HarpaMMOH:, OTHOCH· 
meficH K CJiytJaIO «3anpemeHHoH: .zn1cpcpy3HH». 

HeJib3H cKasaTb, tJTO JIHHHH TaKoli Merncrn6HJibHOH JIHarpaMMbI 
He HMeIOT HHtJero o6mero c o6bitJHOH cpasoBoH: .zwarpaMMOH. 
Mo:>KHo noKasarb, 1.fTO JI.JJH 6HHapHbIX cnJiaBoB :>KeJiesa TeMneparypa To 
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pacno.rroiKeHa Me:>K.uy JIHHR5l'.~n. - -~Jrp_am1qHaa10ll.(HMli .uayxcpa3uy10 
06J1acrb cocyw.ecrnoBaH!-!H o. - 1-pacrnopoB [2], [3] n [4], npH'ieM, 
uanpHM~p • .!1JIH 3DTCKTOH)J.HOH CT3JIH OHa .rre:>KHT Bbiille 220 H HH:>Ke 720° 
(cl>Hr. 1). 

TpyAHO sapanee npeJI.onpe)J.eJIHTh rroJio:>Kerme Te11mepaTyphr T~, no 
MO>KHO npe.11nOJIO>KHTb, qro Olla Jle:>KHT HH:>Ke paBHOBeCHOH JIHHHH 
SBTeKTOH.llHOro npespaur.emrn, KaK 9TO HMeeT MeCTO, HarrpHMep, B onbl
Tax no o6paTHMOMY MapreHCHTHOMy npespaur.errn10 B 6pmrnax fl]. 
Tor)J.a oqes11.nHo, qro rrp11 .nocTaToquo 6bicrpoM Harpese saKaJieHHOH 
CTaJIH, HCKJI10qa10meM pacna.rr. MapTeHCHTa, nprrnr.umHaJibHO B03MO:>KHO 

of} - o6pa30BaHHe aycreHHTa (6e3· 
.rr.mp¢y3HOHHoe) np11 reMrrepary-

fOOO pax HH:>Ke ro'iKH A1 06bI11Hoil <.fla
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sosoii )1.HarpaMMbI, HO Bbillle roq. 
KH To Meracra6HJibHOH .rr.Ha
rpaMMbI. 

.IT.JI.SI o6biqHb!X yrnepO.ll.HCTbIX 
CTaJiefi MbI CKJIOHHbI 6b!Jll1 pac
CMarpHB3Tb 9TY B03MO:>KHOCTb 
JIHlllb KaK reopeTH!IecKyIO, no~ 

CKOJlbKy K333JI0Cb, qro HH npH 
K3KHX npaKTHqecKH .rr.ocTmKH~ 

Mb!X cKo·pocrnx~ Harpesa ~eso~
MO:>KHO rrpe.u.ornpaTHTh pacrra,11, 

(J -0,4 0,8 ~2 f,ti % -- MapreHCH[T5a] c BbI,Ll.eJieHHeM - ue_• 
-Cooep>i<_aH11e !J~llepoba MeHTHTa - • 

<f>Hr~ 1. 06fil1rna11 11 Meta{;ta611JibHa11 n11a- -,lJ.aHHbre, ripHBeAeHHhie B AO--
rpar.iMa Mii CTIJiaBOB >KeJie3a c yrJieponoM KJiaJI.e B. H. f1fo.L1.HeBa 1, sacra"· 

· (1;xe~rni. BJIHJOT np11aHa:rb: qro 9Ta -reopi-
- - - - - - . - . -- -· TJ1qecKaH BoaMOJKHOCTb npaK.rli~ 
~e.cKH OCYIUecTB.JieHa B OilblTax ~· 1't '.J;'pectJHir0!3a:· - _ _ - -

4TO iKe Kacae_:rc_H Harpesa 01'.0:>KiKeHHOH CTaJIH, TO .zi.JI5l BXO.ll.5liiJ.erb 
a cocraa -ee crpy1nypbI o.-iKeJieaa rnqKa To cosnailaei' c 66bitiHoil 
'fOqKoii A3 11 6eaJI.11¢<t>y2rroHHaR rrepecrpofiKa · B · 1 -cocici..fluHe cra~IOBHTCH 
D03MOiKHofi TOJibKO BbIII.le 910°. Heo6xo.n11Mo, o.ufiaKo, · np11 9TOM yqn
TI;;IBaTb, qro o.-iKeJJe3o co;:J:epiKHT pacrnopeHHblfi yrnepoA, KOJIHtieCrno 
Koroporo aaBHCHT OT npem1crop11H o6paaua 11 pem:rrna Harpeaa. B ew.e 
-60Jiblllefi Mepe 9TO OTHOCHTCH K ·JierHpOBaHHb!M craJIHM, B KOTOpbIX 
ll.aiK.~ B OTO)l{:>KeHHOM HJIH oco6ei-Iiio B 33KaJieHHOM HJIH CJia6o orny
me.ttHOM COCTOHHHH o.-¢a3a rrpe.ucraBJI5IeT co6oii CJIO:i'KHb!H pacri:lop, 
.Il.JIH. I\OTQp_oro _rroJI9.>KeHi1e To o_npe.n:e.irneTcfl xapaKrepoM H crerreHbIO 
Jiernpo3a1rnqcTH, __ 
, Dp!i1fI.l11ITHaJibH:a5l H rrpaKTHtiecKaSI B03MO:>KHOCTb o6pa3osamrn 

aycreH:ttra -:a. ycJIOBHHX 6bicTporo .1-rnrpesa npH rei;mepar;.~pax, .rrcW:a
~MX .. !I!'liKe _p!l,B!lPBecf!oH. .fOtIKH A 1 ( B JiernposaHHbIX ctaJIHX mnep
BaJia A1) o6bitIHOH cpa3oaoii )1.11arpaMMbI, no.n:mep)l{,n:aerrn Jl311Hhll\m; 
noJiyqeHHblMH 13 pa6orax B. H. fpH.u11esa. Ecrecrseuuo, l.fTO np11 MOiio-

1 ~u,.:crp. 19 Ha~ro_,11111ero c6op1111Ka. 
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TOHHOM yseJrnqemm cKopocrn Harpesa 1rnrepsaJI o6pa3osamrn aycre
HHra (ro1ma Aci) cnepBa noBbmiaercH, HO npH HeKoropoii KpHTHttecKoi'.t 
CKOpOCTH HarpeBa [6] o6Hapy)!{HBaercH CHH)!{eHHe 3T0f0 mnepBaJia; 
crrn3aHHoe c H3MeHeHHeM MexaHH3Ma npeBpaw,emrn. 3KcnepnMettTaJih·: 
11oe o6Hapy)!{eHHe 3THX HBJiem1ii npe,ncraB.1rneT 60Jih111oi1 reopernqe
CKHH HHrepec. BbrncHeHHe HX sHa'leHHH B on10111en1111 noJiyqa10w,11xcH 
crpyKryp H csoiicrn cTaJIH cocrnBJIHeT sa,naqy ,naJihHei111111x HCCJie,noBa
HHH B 06Jiacr11_113yqeHHH 3JieKrporepMH4ecKoi1 o6paoorKH. 

HccJie.n:oBaHHHMH nocJie,n1mx JieT Teoperw1ecKH H 3KcnepHMeHTaJibHO 
o6ocHOBaHa rJiy6oKaH aHaJIOrHH npeBpaw,eHHH npH OXJia)!{,UeHHH H 
Harpese craJIH. 

npouecc o6pa30BaHHH aycreHHTa npH 6bICTpOM HarpeBe Jiernpo~ 
BaHHb!X CTaJieii, nocKOJlbKY 06 3TOM MO)!{HO cy.lI.HTb no MeTaJIJIOrpaqm
qecKoii KaprnHe, nporeKaer B .lI.BYX pa3JIH4HhIX HanpasJieHHHX. Ha, 
qmr. 2 npe.n:craBJieHa MaKpocrpyKTypa o6pasua xpoMOHHKeJieBofi 
CTaJIH 40XH4 nocJie saKaJIKH OT Bb!COKOH TeMnepaTypbl ( 1300°) H rpa~ 
.n:HeHTHoro 3JieKTpofrarpeBa c nocJie.n:y10meii saKaJIKOH. 

fpa.n:HeHTHblH' 3JieKTpoHarpeB ocymecTBJIHeTCH CJie.D.yIOIUHM cnoco-
6oM. 06pa3UY npimaeTCH He60JiblllaH KOHYCHOCTb, BCJie,ncTBHe qero npH, 
nponycKaHHH TOKa JieBb!H, YTOJIW,eHHbfH KOHeu o6pasua nQ'ITH He Ha~ 
rpeBaercH, a B npaBott qacrn ci6pa3ua, HMeIOULett nocreneHHO yMeHh· 
wa10w,eec51 ce'leHne, .n:ocrnra10rcH Bee 6011ee BhICOKHe TeMnepaTyph'I 
BnJIOTb .n:o 1250-1300°. Orne'laTKH aJIMa3noro KoHyca SicHo noKa3bI· 
BaIOT, 'ITO JieBaH qacTb o6pasua nperepneBaer npocToii orrrycK, HO 
npHMepHo c cepe,nHHbI o6pasua, rne reMneparypa Harpesa npeBbIUiaJia 
KpHTH'lecKHe TO'IKH. Ac1-Acs, noJiyqaercH y)!{e rBepnocrh ttopMaJihHO 
saKaJieHHOH CTaJIH. I(aK noKa3bIBaeT MHKpOCTpy~rypa (ctmr. 2, a)' 
06pas0Batt11e aycreH11ra Ha'IHHaercH B paiioHe nH'n;>ro orne'laTKa ~ 
npOHCXO.lI.HT npe)!{,ne Bcero y rpaHHU o6beMOB, OTBe'lafOlll,HX HCXO,UHOMY 
3epHy aycTeHHTa. npe,UCTaBJIHeTCH BnOJIHe BepOHTHbIM, 'ITO 3Ta CeTKa 
aycreHHTa (HBJIHIOW,aHCH B 3aKaJieHHOM o6pa3ue y)!{e ceTKOH HOBOro 
MapTeHCHTa)' 06pa3y10w,aHCH no rpaHHUaM HCXO,UHOfO sepHa npH nepe
xo,ne qepe3 KpHTH'lecKy10 TO'IKY Ac1, ecTb pesy.11bTaT ,nmp¢ysHOHHoro 
npouecca, Ha'IHHa10ui,erorn pattb111e · y rpa1mu, attaJIOfli'IHO TOMY 
(H, nOBH,UHMOMy, no TeM )!{e npH'IHHaM)' KaK o6pasyeTCH ceTKa Tpoo
CTHTa npH saKaJIKe CTaJIH. 

C nOBbIUieHHeM reMnepaTypbI Harpesa 3Ta cerKa aycreHHTa noqm 
He pacnpocrpaHHeTCH BHYTPh «sepHa» 1 H BHyrpeHm1e o6beMbI 3epHa 
nepexO,UHT B COCTOHHHe aycTerrnra, ITOBH.lI.HMOl\fy, 6e3;:i:11¢¢Y3HOHHb!M 
MexaHH3MOM; rrpH 3TOM C!<OpOcTb HarpeBa COCTaBJIHJia OKOJIO 300°/ceK. 
B cJiyqae saMe;:i:JieHHoro ttarpeBa HJIH oco6emw B CJiyqae rrpe,nBapn
TeJihHoro ( rrepe;:i: rrnrpeBoM) ornycKa, a TaK)!{e np11 Harpeae MeHee 

. JiernpoBaHHbIX HJIH yrnepO.lI.HCTbIX craJieH rrn6JIIO)J:aeTCH TeH.D.eHIUrn KO, 
see 6oJihUieMy pa3BHTHIO ;:i:mp¢y3110HHOro rrpeBpaw,eHHH He TOJibKO Ha 
rpaH11uax, HO H BO BHyrpeHHHX qacrnx sepeH. 

1 CJIOBO «3epHo> 3,AeCb npBMeHeHo ycJIOBHO H 03Ha'!aer reKcryposaHHbl6 
otheMb!, OTBe'!alOIUHe HCXO,AHblM aycreHHTHblM 3epHaM, B KOTOpb!X npH nepsoii 38-
KaJIKe noJiy'IHJIHCb KpHCT8JIJibl MapTeHc11ra, CBll3aHHble KJ)HCTaJIJJ.OreoMeTpll'leCKll 
c 'HCXO,AHbTM 3epHOM 24 opHeHTHpOBKa~~ !JO r. B. KYPAIO~Oljy [I]. 
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<1>11r. 2. MaKpocrpyKtypa o6pa3ua xpoMOHHKeJJesoii ctaJJH rnrra 40XH t. 
rrpe.nsapHteJJbHO 3aKaJJeHHOro OT l3 l0° lIOCJJe rpa.nHeHTHOro 9JJeKtpo
Harpesa (cKopoctb 30J0 /ceK.) H JaKaJJKH. BH.UHMble Ha MaKpownmpe orne-
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'latKH aJJMa3Horo KOHyca yKa3bIBalOT TO'IKH H3MepeHHll TBep.nocTH: 
a - MHKpOCTPYKTypa B paAoHe ngTOro (C'IHTag CJieea) OTne'l8TK8; >< 380; 6 - TO >Ke 

B paAone . uiecTOrO OTne'l8TK8; x 380; 8 - TO >Ke B paAoHe .aeegTOrO OTneUTK8; x 380; 
z - TO >Ke e paAone TPifHa.auaToro oTne'laTKa; X 380. 



Ha cfJHr. 2, 6 npe.11.cran.nena MHKpocrpyKrypa noc,1e eme tte3aBep
lilem1oro ncpexo.11.a rmyrpH 3epna (s paflotte rnecroro ornetiaTKa), 
<l Ha qmr. 2, B - nocJie noJI1mro npesparn.emrn B cocroHHHe aycreHII'ra 
(B paflo;ie .rr.eBHTOro ornetiaTKa). 5IcHo BH,ll.HO, l!TO noJiylleHHbTH B no
CJie,ll.HeM CJiyqae HOBhlH MapTeHCHT H no opHeHTHPOBKe H no seJIHl!HHe 
HrJI coorsercrsyer 3epHy Hcxo.rr.noro neperpesa. OrcyrcrsHe rrepeKpn
craJIJIH3aUHH BH.ll.HO H no MaKpOcrpyKrype. TioJiyl!eHHhle ,ll.aHHhle 
ll03BOJIHIOT C,ll.e.JiaTb BhlBO.ll., ti:To oJiaro.rr.apH 6e3,ll.Hcf>cf>y3HOHHOMY Mexa
HH3MY npesparn.eHHH c nepexo,ll.OM tiepe3 HHTepsaJI Ac - Aca, seposrrHo, 
BOCCTaHaBJIHBaercH HCXO,ll.HOe KpyrrHoe 3epHO neperpesa. ToJibKO npH 
n:aJibHelillieM Harpese, rrpH TeMneparypax, 3HatIHTe.JihHO rrpeshrrna10nu1x 
TOl!Ky Ac3 .U.JIH .n:aHHol\ cTaJIH, Hacryrraer KaKoe-To HBJieHHe, pa3pyll!aIO
r.uee opHeHTaUHOHHYIO CBH3b aycreHHTa c HCXO,ll.HOH KpynH03epHHCTOH 
CTPYKTypoli H nOJiyqaeTCH HOpMaJihHaH crpyKrypa 6ecnopH)l0tJ:HO 
(B Ka>K,ll.OM 3epHe no-csoeMy) opHeHTHpOBaHHOro MapTeHCHTa (qmr. 2, e, 
MHKpOCTPYKTypa B pafloHe TPHHa.n:uaroro orneti:aTKa). 

9TO HOBOe HBJieHHe, c KOTOphlM H CJ1e.11.yer' Oti:eBH.11.HO, CB113bl88Tb 
.11.elicTBHTeJibHYIO rrepeKpHCTaJIJIH33IJ,HIO npn: Harpese CTaJIH, 3aCJJy:>1m
saeT oco6oro paccMOTpeHHSI. 

II. PEKPHCTAJIJIH3AUHSI AYCTEHHTA, 06YCJIOBJJ~HHMI 
BHYTPEHHHM HAKJIEflOM 

ECJIH aarpeBaTb CHJl~HO neperpetyIO CTaJib, HMe10my10 KpynHO· 
KpHcTaJIJIHtJ:eCKHH H3JIOM, .11.0 pa3JIII11HhlX Tetvmeparyp, JierKO OoHapy· 
>KHTb, l!TO HCnpasJieHHe crpyKryphl, oueHHBaeMOH no BH.11.Y H3JIOMa, 
OTHI0.11.h He Hacryrraer c rrepexo.11.oM ti:epe3 TOti:Ky Ac3• B 3Hati:HTeJibHOM 
HHrepsaJie TeMneparyp Harpena, 3ase.11.0Mo rrpeBhlll!a10meM noJIO>KeHHe 
HHTepsaJia Ac1 - Ac3, s H3JIOMe cram1 oHeTJIHBo npoHsJrnJOTCH CJ1e,n;ht 
HCXO)lHOH KpynHOKpHcTaJIJIHtJ:eCKOH crpyKryphl. 

Ha cf>Hr. 3 .11.aHbl H3JIOMhl xpOMOHHKeJieBOH CTaJIH THITa 45XH4, 
npe.rr.sapHTeJibHO 3aKaJieHHOH OT 1300°, nocJie HOBOH 3aKaJIKH OT yKa-
3aHHhlX TeMneparyp H ornycKi;t Ha 5500. Xoporno BH.11.HO, l!TO ycrpaHe
HHe noc.ne.rr.crsHli rreperpesa, cy.11.H no H3JioMy, ooecnel!HsaeTcH TOJihKO 
HarpesoM Ha 1000-1050°, Tor.rr.a KaK TOl!Ka Ac3 B 3TOH cTaJIH Jie>KHT 
RO BCHKOM CJlyqae He Bhlllie 80.0-850°. XOTH He nOJJ.Jie}l{HT COMHeHHIO, 
qTo c rrepexo.11.oM tiepe3 roti:KH Ac1 - Ac3 CBH32.HhI rnyooKHe H3MeHeHHSI 
B cf>a30BOM COCTOHHHH CTaJIH, corrpoBO:>K,ll.a10rn.0ec51 .11.a:>Ke H3MetteHHeM 
KpHCTaJIJIHIIeCKOH M0.11.HCjmKaUHH O.ll.HOH H3 cpa3 ()!{eJie3a), rrpHX0.11.HTCH 
saKJI1otIHTh, l!TO rrepeKpHcraJI.'IH3aUHH ctaJIH He OOH3aTe.JihHO Herrocpe.rr.
crsettHo CBH3aHa c 3TIIMH cpa30BhlMH rrpesparn.eHHHMH, a ti:aCTO npOHC
X0.11.HT OT,ll.eJibHO OT HHX, KaK OCOOhlH, OT,ll.eJibHbIH cf>H3HtJ:eCKHH npo· 
uecc, - rrpH ooJiee BhICOKHX TeMneparypax. 

Ha qmr. 4 npe.rr.crasJieHbl MaKpocrpyKrypa H TBep.rr.oCTb oopa3U~ 
craJIH 40XH, rrpe.11.sap0reJibHO 3aKaJieHHoro or 1300° II rro.rr.seprnyTON 
rpa.rr.HeHTHC>MY Harpesy rrporrycKaHHeM 3JieKTpHIIecKoro TOKa c nocJie
.n;y10rn.efi 3aKaJIKOH B so.11.e. KaK H B OTIHCaHHOM Bhlllle OIIblTe, oopa3UY 
npe.rr.sapHTeJibHo obrJia np0.rr.arrn cJiaoaH rrpo.rr.oJihHaH KOHYCHOCTb; 
flCJie.n;crsHe tiero np0 nporrycKar-nrn roKa JieBaH l!acn1 06pa3ua no1n0 
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He Harpesa.11acb; a no Mepe -npQ./lBR:>Ke
HHSI K npaBOMY KOHQY 110./lyqaJIHCb Bee 
6clJiee. BbICOKHe TeMnepaTypbl BnJIOTb JJ.O 
1250-1300°. Kpm~aSI TBep,LJ,ocrn H MH· 
KpGCTPYKTYPbl (qmr. 4, a---:8) SIC!fO yKa-
3b!BaIOT, qTQ B cpeJJ,HeH_ 'WCTH o6p(!31I,a 
TeMnepaTypa Harpesa npeBbIIllaJia TOtIKJ' 
Aca; oJJ.HaKo no Ma:icpornJittcpy J~eJib~SI 06-
HapyiKHTb KaKHX·JIH6o npH3Ha!{OB HCnpa~ 
BJieHHSI crpyKTYPbl craJIH; 09CJie)J.He~ Ha,-~ 
crynaeT JIHillb npn TeMnepaTypax, aHatIH~ 

.- TeJibHO npeBbIIllalOUll-!X rOqKy Acs (no
PSIJJ.Ka 1100-:-ll 50°), qro xoporno ~-HJJ.l:IO 
no pe3KOT1fy H3MeHeHUio MaKpQCTPYKTYPbl 
B npasoii qacrn o6paaua, conpOBO)!{.QaIQ-
1ueMycs:i xapainepHhIM cna)J.oM Ha KPH· 
BOH TBep.iJ.OCTH. _ _ __ _ _ _ 

Tipi-rneJJ.eHHa:si _Eta cpnr. , 4, 6 MH~po· 
cpoTOrpacpnSI 0THOCR1'Cst K pai%oHy JJ.eBSI· 
Taro_ orn~q_aTKa _OT_ aJIMaaHoro Konyca; 
MIJKPOCTPYKTypa B paiioiie .iI.BeHa:Zui:aToro 
orneqaTKa -npe.iJ.CTaBJieHa Ha qmr. 4, e. 
HeT HHKaKoro.COMHe!fast, YTO TeMnepa
Typa Harpesa B 'l'OtIK;e 9 npe~bIIllaJia Acs 
H 3.iI.eCb IlQJIHOCTb!O aaseprnHJIOCb o6pa-
3oBaHM:e aycTea1iTa. _ Tipa oxJia)!{,nemrn 
CTaJib. IlOJIYLJHJia noJIHYIO 3aKaJiey. 0JJ.H8· 
KO B KaKOM·TO .orrpe,LJ,eJieHHOM OTHOIIIeijHH 
CTpyKrypa o6paaua euie coxpaHSieTcSI 
6ea H3MeHeHHf,l, KaK 3TO BH,UHO no MaKpO· 
CTPYKType H no SIBHOH 06lll.HOCTH opHCH· 
THpOBKH MapTeHCl.fTHblX KpHCTaJIJIOB B 

. npe)J.eJiaX 06-beMOB, QTBetia!Olll.HX HCXO.iJ.· 
HOMY aepHy neperpeBa, xoporno saMeT
Hoii Ha cpBr. 4, 6. 3Ta «TeKCTypoBaH
HOCTb» MapTeHCHTa HCtieaaeT JIHillb npH 
6oJiee BbICOKHX reMnepaTypax ( cp0r. 4, e) 
B pesyJibTaTe oco6oro npouecca, cosep
rna10lll.erorn y)!{e B ayCTeHBTHOM noJie 
.iI.HarpaMMbl COCTOSIHHSI H He CBSI3aHHOro 
c H3MeHeHBeM cpasosoro cocrnsa 
CTaJIH. 

Ha6JI10.iI.a10lll.eecSI 3/1.eCb KaK 6b1 co
xpaHeHBe HCXOD:HOH CTpyKTYPbI, HeCMOTpSI 
Ha ABYKpaTHOe H3MeHeHHe cpasosoro CO· 
CTOSIHHSI, eCTb, OtieBHJJ.HO, He 4TO HHOC, 
KaK npOSIBJieHHe opHeHT8I.1,HOHHOro COOT· 
BeTCTBHSI npH cpasoBblX npenpa1ur111rnx ~ 
TBepJl.blX Te!J'I~ [8]. 
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ct>11r. 4. MaKpocrpyKrypa o6pa3~a xpoMOHHKe.:iesoii craJIH 
. THIIa 40XH, rrpe.nsap11reJihHO 3aKaJieHHOro OT J3:J0°, IIOCJie 
·rpa,n11enTHoro sJieKrpoHarpeaa (cKopocrh 100°/ceK.) 11 

33K3JIKH ( x 2112 pa3a): 
a - MHKpocTpyKTypa e pa Rone wecTOro 0Tne<1aTKa; 6 - TO )Ke e pailone 
,11eeHToro OTne'l8TK8; x 130; B - TO )Ke B pa Ao He ,llBCH3,11Q8TOro OTne48TK8. 



HoBhre MeJIKHe 3epHa aycter-mra, ¢aKTHqecKH 06pa3y10ruHecst npu 
Harpeae BbilIIe KpHrnl!eCKHX TOl!eK Ac1 H Aca, no.nyqa101 e.1:umoo6pa3-
Hy10 KpHCTaJIJIOrpacpHl!eCKYIO opHeHTHpOBKY B 06beMax, COOTBeTCTBYIO
IUHX crapbIM aycreHHTHbIM 3epHaM (T. e. 3epHaM, OTBel!a!Olll.JiM HCXOJI.
HOMy neperpesy) BCJieJICTBHe opHeHTHpoBaHHOCTH a~ "(-npespameHHH; 
Il03TOMY npH oxJiail{)I.eHHH B Kail{JIOM TaKOM o6beMe BHOBb socnpOH3· 
BOJJ.HTCH npeil{HSISI BHYTPH3epeHHaSI reKc1ypa, npoHBJIHSICb BHelIIHe Ha 
MaKpOlIIJIHcpe HJIH B H3JIOMe, KaK OJI.HO Kpym-IOe 3epHO. npH Harpese 
Bhrrue TOl!eK Ac1 -Ac3, HO HHil{e He1m1opoi\ .rr.pyroi\ KpHrnt1ecKoti TeM· 
nepa1ypbI, B03HHKaeT H coxpaH5leTC5! arperaT Ol!eHb Me.TIKHX KpRCTa.1-
JIHKOB aycremna, KpHCTaJI.norpacpHtieCKH ynopSIJIO'lleHHbIX ( TeKcTypo
BaHHbIX) s o6beMax I<pHcTaJIJIHtiecKHX 3epeH HCXOJIHOH c1pyK1ypbI. 3TH 
TeKcrypoBaHHbie o6beMbI BO MHOrHX OTHOlIIeHHSIX BeJiyT ce65! KaK MOHO
KpHCTaJIJIHtieCKHe 3epHa, H n0.3TOMY co3.rr.ae1cn snetiarJieHHe OTCYTCTBHH 
nepeI<pHcTaJIJIH3aUHH, HecMorpSI Ha coseplIIHBrneec5! cpa3osoe npespa
meHHe. B OTHornemrn KpHcTaJIJIHtiecKoro 3epHa, BHJI.HMoro Ha H3JIOMe, 
nepeKpHCTaJIJIH3aU!HI JieHCTBHTeJibHO He HMeeT Mecra, HeCMO!pSI Ha 
CKOJib-yrOJI.HO M2Jibie pa3Mephl noJiytia!OIUHXCSI HOBbIX 3epeH (B MeTaJI• 
JIOrpacpHtieCKOM CMbICJie) norm He 6y.rr.yT pa3pyrneHbI JIX KpHCTaJIJIO· 
reoMeTpHtieCKHe CBH3H c HCXOJI.HOH crpyKrypoH. . 

qHcto cpH3H'llecKHH npouecc ycrpaHeHHH BHYTPH3epeHHoA TeKc1)'pbt 
H nepexo.rr. K MeJIKOKpHcTaJIJIHtieCKOMY H3JIOMy, He o6Hapyil{HBalO· 
IUeMy 60.nee KaKOH-Jrn6o KPHCT8JIJiorpacpHtiecrmtt CBSl3H c npeil{HHM 
KpyrrHbIM 3epHOM, 3aKJI!OtiaeTCH B peKpHcTaJIJIH3aUHH MeJIKHX 3epea 
aycTeHHTa, 06pa3osaBI11HXCH npH nepexo.lle t1epe3 ·KPHTHt1ec1rne 
TOtIKH Ac1 -Ac3. 

npH'llHHOH 3TOH p~KpHCTaJIJIH3aUHH HBJI5leTCSI BHyrpeHHHH HaKJien, 
npHooperaeMbIH HOB.bIMH 3epHaMH aycreHHTa B CB513H c o6beMHbIMH 
H3MeHeHHHMH, corrpoBOil{,ZJ.aJOIUHMH nepexo.rr. et.-il{eJie3a B 1-il{eJie3o. 
KpHcra.n.norpaqmtiecKHe CB513H Hosoro 3eprrn aycTeHHTa co crapoti 
CTpyKTypoi\ JIHKBHJIHPYIOTC51 TOJibKO B pe3yJihTaTe peKpHCTaJIJIH3aUHH 
aycTeHHTa, KOTOpa51, B 3aBHCHMOCTH OT COCTaBa CTaJIH H YCJIOBHH Ha
rpesa, MOil{eT H He cosrraJiaTh c MOMeHTOM cpa3osoro npespameHHH. 

Bo3HHKHOBeHHe sHy1peHHero HaKJierra rrpH cpa30BOM a~ 1-npespa
meHHH H CB513aHHaSI c HHM peKpHcTaJIJIH3aUHSI aycTeHHTa HaH6o.nee 
HCHO JieMOHCTpHpyiorcsi: Ha .nernposaHHOM il{eJie3e. TaK, crr.nas il{eJie3a 
c 30 % HHKeJifl IlOCJie 3aKaJIKH OT 1300° JiaeT crpyKTYPY KpynH03epHH• 
CTOrO aycTeHHTa. npH OXJiail{JieHHH B il{HJIKOM a30Te aycTetlHT B 3Ha· 
l!IiTeJibHOH creneHH rrpespamaeTC51 B MapTeHCHT, npHtieM pe3KO B03pa
CTaeT MarHHTHOCTb H 3aMeTHO TIOBbilIIaeTCH TBepJI.OCTb. npH Harpese 
B HHTepsa.ne 400-5000 npoHcxoJIHT o6parnoe a -r 1-rrpespameHHe, 
MarHHTHOCTh naJiaeT .n:o 3Hal!eHHSI, csoikTBemrnro aycremny, TBep.n:ocrr, 
HeCKOJlbKO CHHil{aeTCSI ( cpHr. 5)' a B MHKpocrpyKType BOCCTaHaBJIJ{
BaercH Hcxo.n:Hoe 3epHo aycTeHHTa. l13MeJibt1e1rne 3epHa HacryrraeT 
JIHlIIb npH Harpese Bbillle 900°, npHtieM B 3TOT MOMeHT Ha6.n10.n:aeTCSI 
OT'lleTJIHBOe IlOHHil{e'HHe TBep.n:OCTH, CBSI3aHHOe, Ol!eBH,UHO, co CHSITHeM 
sHyrpeHHero HaK.nerra s pe3yJibTa1e peKpHcraJIJIH3aHHH aycreHHTa. 
3rn SIBJieHHSI npeKpacHo HJIJI1ocTpHpy10rcH cjrnr. G, rJie npe.n:c1a
R.IH'HO H3MeHeHHe TBepJJ.OCTH Ma1<po- H Mlll<poc1pyKTYPhl flOCJle 
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rpa,IUleHTHOro 9.JieKTpOHarpeBa Oopa3Ua 
BapHTe.JlbHO 3aKa.JieHHOro OT 1300° H 
a30Te. nopa3HTe.JibHaSI aHa.JIOrHSI qmr. 
oqeBH.ZI.Ha. 

HHKeJieBoro meJie3a, npe.n.
oxJia:>KJJ.eHeoro B :>KHJJ.KOM 
6, 4 H 2 COBepIIIeHHO 

TaKHM o6pa30M, opHeHTaUHOHHoe eooTBeTeTBHe. npH cpa30BhIX npe
spameHHHX B KpHeTaJIJIHtieeKHX TeJiax IlOJIHOeTh!O npOHBJISiereH B Me
xaHH3Me npeBpameHHli npH earpeBe era.JIM, raK :>Ke KaK e npeepame
HHSIX npH OX.Jia:>K.ZI.eHHH. npoueee nepeKpHeraJIJIH3aUHH npH HarpeBe 
era.JIM npe.ZI.eraBm1er eoooi'i e.Jio:>KHoe SIBJieHHe, BKJI1011a10mee cpa3oBh!e 
npeBpameHHH, peKpHeraJI.JIH3aumo H poer 3epHa ayereHHra. 06pa3y10-
ll.T.Htiesi npH HarpeBe $hIIIIe KpHrHqeeKHX TOlleK aycreHHr 06.Jia.ZI.aet HeKa
:>KeHHOH KpHeTa.JI.JIHlleCKOA pe
IIJerKOH B CBH3H e BHyrpeHHHM 
HaKJieTIOM, ooyc.JIOBJieHHbIM 
oobeMHhIMH H3MeHeHHHMH, co
npoBOJK.U.a10ru:HMH ero o6pa-
30BaHHe. 8ror BHyTpeHHHH 
HRK.Jien npHBO.ZJ.HT K peKpH
craJIJIH3aumi: aycreHHra, 3a 
KOTOpoH: CJie.ZI.yer OObI11Hhifi 
pocr sepea ( cooHpareJibHaSI 
peKpHcraJIJIH3aUHSI). Pe:>KHMhI 
repMHqeCKOfi oopaOOTKH, Ha· 
npaBJieHHbie aa HenpaeJieHHe 
crpyKryphI neperperofi ( HJIH 
J!HTOH) CTaJIH, .II.OJI:>KHhI OeHO· 
BbIBaTbCSI He TOJlbKO Ha yqere 
fIOJIO:>Kemrn KpHTHtJ:eeKHX TO
tieK Ai H A3, HO H reMnepa
ryphI peKpHCTaJI.JIH3aUHH ay-
creHHTa. 
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<t>Hr. 5. l13MeHeHHe TBep.nocTH n MarHHTHO
CTH HHKeneaoro lKeJie3a, npe.naapHteJlbHO 
3aKane1rnoro OT 1300° a ao.ne n .nononHn
TeJJbHO oxna>K.ne1rnoro a lKHAKOM .a3oTe nocne 

HOBOH 3aKaJIKH B ao.ne OT yKa3aHHblX 
TeMnepaTyp. 

TaKOBbl OCHOBHhle pe3yJTbTaTbl HCCJie)J.OBaHHH no IrnyqeHHIO crpyK
rypHoro MexaHH3Ma npespameHHH npH Harpese era.JIM, npoBeJJ.eHHhIX 
3a noc.rreJJ.HHe HecKOJihKO Jier B 11Hennyre cpH3HKH MeraJIJIOB YpaJib
eKoro cpHJIHa.11a AH CCCP [9]-[14] .. 

8ni: HeeJie)J.OBaHHH, IlOMHMO HX eaMOCTOSITCJibHOfO HayqHoro H npaK
rHtJ:eCKOro 3HaqeHHH, Il03BOJIHIOT IlO-HOBOMy HHTepnperHpOBaTb cpH3H
qeeKHfi CMhieJI H 3Haqerrne 3HaMeHHTOH TQqJUI b ,U. K. '4epHOBa, CJIY· 
>KHBIIJeH: npeJJ.MeTOM Hay'-IHOH )J.HCKyecHH Ha npOTSI}!{eHHH IlOtJ:TH Beef! 
11erop1rn pa3BHTHH MeTaJIJIOrpacpHH }!{eJie3a H era.JIM. 

npHXO)J.HTCH OTBeprHyrb erasrnee o6menpHHHTblM, 6e30fOBOp0t!HOe 
orO:>KJJ.eeTBJieHHe roqKH b c roqrmH: A3 OeMoH.na H npHHHTh yTBep>K.u.e
HHe, t.J:TO TOlJKY b '4epHOBa eJI'E~JI.yeT paecMarp1rnarb B nepByJO Ot!epeJJ.b 
KaK reMneparypy peKpHcraJIJIH3aUHH aycreHHra. 

B eBH3H c 9THM no.11yqaer eoeepIIIeHHO tJ:eTKoe TOJIKOBaHHe ytJ:eHHe 
,U. K. '4epHOBa 0 XHMHqecKOH H tjJH3HtJ:eeKOH erpyKrypax H 0 pa3JIH• 
lJHH Me:>KJJ.Y tjJH3HqeeKHM npoueccoM, npoHeXOJI.SIIIUIM B roqKe b, H XH· 
MHqeeKHMH npeBpameHHHM!i a TOlJKe A3, H ycnma13JI!faaercn B3aHMHa5( 
CBf!3h 3THX HB.TieHJdi. 
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<l>nr. 6. MaKpocrpyKrypa H TBep.nocTb o6pa3ua HHKeJieBoro >KeJie3a, 
npe.nsapHTCJlbHO 3aKaJieuuoro OT 1300° B Bo.ne c .nonOJIHHTCJlbHblM 
OXJia)f(.neHHCM B >KH.nKOM a30Te, IlOCJie rpa.nHeHTHOro 9JICKTpoua-

rpesa (CKOpOCTb 100°/CeK) H 3aKaJIKH ( x 2 /z pa3a): 

a - MHKPOCTPYKTypa B pallone BTOporo OTne'laTKa; x 130; 6 - MHKpOCTPYKTypa 
e pallone n11Toro oTne'l&TKa; >(130; a - MHKpocTpyKTypa e pallone 11eeHToro oTne· 

'laTKa; X 130; z - MHKpocTpyKTypa o pailone 11Bena11naToro .oTne'l&TKa; X 130. 



Ill. 0 TO'IKE b llEPHOBA 

B csoe!1 nepsoil: pa6oTe 1860 r., noJim1rnsrneil: HatiaJio HaytIHoil 
MeTaJIJiyprnH [15], n. K. 4epHOB CJie,ny!OW.HM o6pa30M onpe,ZJ.eJISieT 
3HatieHHe OTKpb!Tb!X HM KpHTHtieCKHX TOtieK a H b: 

«3HatieHHe TOtIKH a 3aKJUOtiaeTC.Sl B CJie.ny10w.eM: CTaJib, KaK Clbl 
TBep.na OHa HH 6b!Jia, 6y.nytIH HarpeTa HH)!{e TOtIKH a, He npHHHMaer 
3aKaJIKH, KaK 6bl 6b!CTpO ee HH OXJia)!{.naJIH». 

«3HatieHHe TOtIKH b. CTaJib, 6y.nytIH HarpeTa HIUKe TOtIKH b, He H3Me
H.SleT csoeii CTPYKTYPhl - Me.rr.Jiemm HJIH 6blcTpo noc.ne Toro oHa oxJia
m:.naeTc.SI». 

Heo6xo,n:HMO no.nqepKHYTb, tITO s noc.ne.nHeM CJiytiae no.n H3MeHe
m1eM CTpy1<TypbI 4epHOB pasyMeeT H3MeHeHIIe BH.na II3JIOMa: 

«3HatieHIIe TeMnepaTypbI b 3aKJIIO.tiaeTC.Sl B TOM, l!TO CTaJib, 6y.nytIH 
HarpeTa .no TeMnepaTyp, HII3llIIIX b, II 3aTeM OXJia)!{,UeHa, He II3Me
H.Sier csoeii CTPYKTYPhl - II3JIOM ee coxpam1eT npe)!{HIIH BH.U» [16]. 

Tipe.ncTaBJieHII.Sl n. I(. 4epHOBa 0 CTPYKTypHbIX npespaw.eHH.SIX npn 
J::[arpese H. OXJia)!{.neHIIII CKJia,n:hlBaJIIICb Ha OCHOBe Ha6mo.neHHH 3a 
H3MeHeHH.SIMII BII.na II3JIOMa H BilOCJie.ncTBIIII, no M!'!pe pa3BIITH.Sl MIIKpo
CKOilHtieCKOH MeTaJIJiorpacpIIII, eMy HY)l{HO 6b!JIO TOJibKO ycTaHaBJIIIBarb 
COOTBeTCTBHe ero nepBOHatiaJlbHbIX OTKpbITHH c cpaKTaMII H Ha6JIIO,ZJ.e
HHSIMH, Kaca!OIUHMHC.Sl MIIKpOCTPYKTYPbI CTaJIH. 

n. I(. 4epHOB cpa3y nOH51JI npOTHBOpetIHe C03,UaHHOil: HM CHCTeMbl 
B3rJI51.UOB, Ha KOTOpoii OH nocTpOHJI TeXHOJIOrHIO o6pa60TK!I CTaJlbHb!X 
H3Jl:eJI!IH, c npe.ncTaBJieHIIHMII, CJIO)!{!IBllIHM!IC51 Ha OCHOBe pa3B!IT!IH 
MHKpOCKOnHtieCKOH MefaJIJIOrpacpHH H y4eH!I51 0 cpa30BOH .UIIarpaMMe 
cnJiasos )!{eJie3a c yrnepo.uoM, 6Jiecrnrue pa3pern11s ero nponrsopeq110 
13se.neHlieM noHHTHH o cpII3IItieCKOH H XIIMIItiecKofi CTPYKTypax. 
· B H38ecTHOM i:nichMe pe.naKrnpy )i{ypHaJia PyccKoro MeTaJIJiyprn" 

Cieci«lro o6mecTBa [17] n. I(. 4epHOB B CBH3!I C B03HHKillefi nepe.D: 
3THM ,ZJ.HCKycc!IeH conocTaBJrneT CMbICJI H 3HatieHHe OTKpbITb!X !IM KpH
rmi:ecK!IX TOtieK a, b n _x c pe3yJibTaTa~rn no3.utteiirnIIx pa6oT OcMoH.ua, 
npose.neHHblX npn noMOIUH TepMntiecKoro aHaJIII3a H MeTa.11Jiorpacprrne
cKoro MeTO.na. OH yKa3bIBaeT, qrn MeTO.U onpe.ue.neHIISI KpIITtttiecKHX 
TOtieK, IICnOJib30BaHHbIH Ocl'viOHJJ.OM, 6bIJI COBeprneHHO OTJl!ItIHbIM OT ero 
(4epHOBa) MeTo.ua. «TOtIIrn a MHOIO onpe.neJIHJiaCb no Il05!BJieHHIO sa
KaJIKII; TOtfKa b - no npespaIUeHHIO I<pynHOKp!ICTaJIJIIItfeCKOH ( cpII3II· 
'!ecKoii) CTPYKTYPhl B e.nsa 3aMeTHy10 MeJIKOKpIICTaJIJIIItiecKy10 
(no II3JIOMy) ». 
- OcMoH.n )Ke ycrnHaBJIIIBaJI KpHT!Itiecrrne TOtIK!I no TeITJIOBb!M 
ecpcpeKTaM Ha KpIIBb!X Harpesa II ox.na)!{.nemrn, KOHrpoJi11py51 CTPYKTYP· 
Hb!e i1pesparueHII51 -«npeIIMyw.ecrneHHO, )la)l{e MO)l{HO CKa3aTb ITOlln\ 
l:ICKJI!OtIUTeJibHO,. M e T a JI JI 0 r p a cp H q e c K II M rryTeM. 3TOT IIOCJie,L{
HiIH )laeT Henocpe.ncTBeHHble yKa3<tHH51 Ha CTeneHb O.ll.IIOPO.LJ:HOCTH XH
~niieCKoro COCTaBa MeTaJIJIHtfeCKOH MaCCbl o6pa3u.a, CTeneHb necrpOTl~I 
ero, cpopMy H xapaKTep pacnpe.ne.nettIIH cocTaBHbIX l!acreii ( KOMilOHeH
rns) B CJiyllae npo11cllle.nrneii cerperau.1m, OJJ.HIIM CJIOBOM, o6ttapy)KH· 
saeT xm.rnqecKy10 tTpyKTYPY MeTa.JIJia» [17]. 
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.ll.aJiee 4ep HOB CJie,!lylOUlMM o6pa30M Il05ICH5IeT pa3JII,m1e Me:>K.ztY 
XHMMqecKOH H <PH3HqecKOH CTP.YKTypoi1: « ... npeapameHml XHMHqecKot.\ 
CTpyKrypbI :>KeJie3oyrJiepo,!lHCTbIX cnJiaBOB, npOMCXO.ZUIUlHe B HHX cerpe
raum1, .nmp<!Jy3m1 MoryT cosepwaTbCSI npM nOJIHOM coxpaHemrn KpH
CTaJIJmqecKoi-i (<lJH3HqecKoi1:) crpyKTYPbI MeraJIJIHqecKoi-i Macchi. 
Orcro.na CJie.nyeT, qro p!!cyHoK BbirpasJie1rnoro llIJIHCpa, HanpHMep 
.l{aHHOro KycKa CTaJIM, He MO:>KeT CJIY:>KHTb IlOKa3aTeJieM ero <lJH3Hqe
CKOro crpoeHH.SI. c .npyroi-i CTOpOH~, BHJJ. H3JIOMa CTa.11H, IlOKa3bIBa5l'. 
Henocpe.ncTBeHHO 6oJiee HJIH MeHee pa3BHTOe KpynHO- HJIM MeJIKOKpH
CTaJIJIHqecKoe CJIO)KeHMe ee, He MO:>KeT CJIY:>KHTb IlOKa3aTeJieM XHMHqe
CKOll crpyKrypbl». 

DpH3HaBaH BHell!Hee cxo.ncTBo, JJ.a:>Ke cosna.neHHe (paseHcrso) 
roqKM b c ToqKoi-i A3 OcMoHp.a, .U. K. 4ep11oa coaepll!eHHO HCHO Ha
craHsaeT Ha HX BHyrpemreM pa3JII1lIMH, IlOJJ.'IepKHBasr pa3Hhlii cpH3w-1e
CKHii CMblCJI cBsr3aHHblX c 3THMM roqKaMH HBJierrnii. B TOl!Kax A1 H A3 

npOHCXO)J,HT M3MeHemie XHMHl!eCKOfi crpyKrypbI, HHaqe rosopsr, -
<Pa30Bhle npespameHHH. B TOlIKe b H3Mem1eTcsr <!J113HqecKasr crpyK~ 
Typa, T. e. npOMCXO)J,HT .neiiCTBHTeJibHaH nepeKpHCTaJIJIH3aUHSI CTaJIH. 

«Do MOHM npe.n.cTaBJiemrnM, - rosopHT .U. K. 4epHOB, - npouecc 
CTpyKTypHoro npeBpameHHH B TQqKe b He CBSI33H c XHMHqecKHM npe~ 
BpameHHeM Me:>K.n.y :>KeJie30M H yrnepOJJ.OM H npeJJ.CTaBJIHeT co6oIO 
qHcTo cpH3HqecKoe .SIBJieHHe. Heot5xo.zu1Mo pa3JIHqaTb xHMHqecKyIO 
crpyKrypy OT cpH3Hl!eCKOfi, KOTOpbie qacTO cMeWHBaIOTCH» [18]. 

« ... B CJIO:>KHbIX arperarax, necTpbIX no XHMHqecKOMy COCTaBy KpH
CTaJIJIOB, MO:>Ker npoliCXOJJ.HTb cerperaIJ.HH H nepeMeIUeHHe OT)J,eJibHblX 
XHMHqecKHX KOMilOHeHTOB Maccbl 6e3 Hapywemrn ee KpHCTaJIJrnqecKofi 
opraHH3aurrn». 

«ECJIH HarpeB CTaJIH npOH3BO,!lHTb He .Il.OXOJJ.H .n.o TOqKH b, Tor.zr.a 
crapaH opHeHrHpOBKa MOJieKy.n He Hcqe3aer, oHa ocraeTcH, H Kor.n.a Ha
crynaeT OXJia:>KJJ.eHHe, TO )1,eHCTBYIOT crapbie ueHTpb! KpHCTaJIJIH3aIJ,HH, 
tlpHrnrnsaH MOJieKyJibI Ha crapb!e Mecra. B pe3yJibTare HHKaKoro H3Me-. 
HeHHH CTpyKrypb! He npoHCXOJJ.HT» [18]. 

B STHX CJIOBax .U. K. 4epHoaa s JJ.OBOJibHO srcHoM BHJJ.e ccpopMyJIH
posaHa ra cpyHJJ.aMeHTaJibHasr qepra cpa30Bb!X npespaw.eHHft B TBep.n.b!x 
TeJiax, KOTOpaH s nacrmrw.ee speMH H3Becrna noJJ. Ha3BaHHeM np1rn-
1.uma opHeHTaIJ.HOHHoro H pa3MepHoro coorsercTB1rn. He,!lapoM 
<I>. OcMOHJJ. rosopHJI, qTQ BC.H cpH3Hl.J:ecKaH XHMH.H co.n.ep:>KHTC.H B 3apo
Ab!we B TpyJJ.ax .U. K. 4epHoBa. 

TaKMM ot5pa30M, pa3nSICH.HH CMhICJI H 3HaqeHHe ycTaHOBJieHHoli HM 
roqKH b, .u. K. 4epHOB He TOJ!bKO He OTO:>K)J,eCTBJIHeT ee 6e3orosopoqHo 
c TMKoi-i A3 OcMoH.n.a, HO H JJ.aer ei-i rny6oKyro cpH3Hl.J:ecKyro rrnTepnpe
rau.1110, OCHOBaHHyro Ha BBe.n.eI-IHOM HM IlOHSITHH 0 pa3JII1q1rn Me:>K.zr.y 
XHMHqecKOH H cpH3HqecKOH crpyKrypaMH. 

PaccMaTpHBaH nocJie,ny10w.y10 cy.n.h6y HayqHoro HaCJieJJ.cTBa 
.U. K. 4epHoBa, CJieJJ.yeT npH3HaTb, qro ero TeoperMqecKHe npe.n.cra
BJieHH.H 0 XHMHqecKoi-i H cpH3MqecKOH CTpyKrype M )(aHHa.H HM HHTep
nperauH.H <!J11311qecKoro CMhICJia roqKH b He oblJIH B JlOJI:>KHofi Mepe 
nOH.HTbl M oueHeHbl HH npH :>KM3HH 4epHOBa, HH nocJie ero CMeprH. 
B MeTaJIJiorpacp11qecKofi JIHTeparype 3a 32 ro)(a, HcreKwHe co JI.HSI 
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CMeprn )l. K. YepHOsa, KaK npasHJIO, Mbl Haxo.zurn 6e30fOBOpOtiHOe 
OTO>K.11.ecrnJiemi:e ToqKH b c ToqKoli A3 OcMor-1.11.a H noqTH He BCTpeqaeM 
ynoMHHamrn o Bse.u.eHHhlX YepHOBhlM noHHTHHX cpH3HqecKoli H XHMH-
4ecKoli cTpyKTyphl. 

He rosopH y:>Ke 06 yqe6mmax MernJIJioBe.U.eHHH, ,na:>Ke B cneuHaJih· 
HblX pa6oTax, nocsmueHHhlX aHaJIH3Y HayqHoro aacJie.u.crna )l. K. 4ep
aosa, o6XO.ll.HTCH IlOJIHblM· MOJiqaHHeM HCHO Bblpa:>KeHHoe HecornacHe 
Yepaosa c o6hltIHOtl: orpaHHlieHHOli HHTepnpernuHeli 3HaqeHHH H 
cMblcJia TOl!KM b. TaK, aanpHMep, 13. E. Bo"10BHK so BCTYIIMTeJihHOM 
oqepKe K c6opHHKY TPY.ll.OB )l. K. YepaoDa, H3.U.aHHOMy J\1arnrn30111 
B 1950 r., no.rr.po6ao apryMeHrnpyeT orn:>K.rr.ecTBJierrne TotieK b H Aa, 
.u.a:>Ke He ynoMHHaH o .rr.aHHOM YepHOBbIM pa3bHCHeHHH BHyTpe1rnero 
pa3JIHqHSI Me:>K.u.y HHMH. IlpH 3TOM B. E. BoJIOBHK mm1eT, Me:>K.rr.y 
npoqHM, cJie.rr.y10mee: 

«CJie.rr.yeT yKa3aTb, qTo HeKOTOphle HallIH MeTaJIJIOBe,llbl (Esaary
JIOB, 13a6ornHH n .rr.p.) He Cl!HTaJIH, qTo KPHTHqecKaH TOl!Ka b YepHosa 
coorneTcTByeT TOl!Ke Aa no TepMHHOJIOrHH OcMoH.rr.a, H 3THM BHeCJIH 
60Jihrny10 nyraam.i:y B 3TOT sonpoc» [ 19]. 

H. H. Ctt.rr.opmi B 6porn10pe «POJib pyccKoli HayKH B pa3BHTHH 
MeTaJIJIOBe,neHml H TepMHqecKofi o6pa60TKH MeTaJIJIOB», H3,llaH
HOil BHHTOMAlll B 1948 r., TaK>Ke no.rr.qepKHBaeT, qTo no.rr.aBJIHIOlll.ee 
OOJihllIHHCTBO aarnHx MeTaJIJIOBe.rr.oB OTO:>K.rr.ecTBJIHeT Tol!KY b 4epHoBa 
c TOl!KOH Aa: 

«4TO. KacaeTCH TOl!KH b, TO Ha.ll.C> CKa3aTb, l!TO OHa t5hIJia ,llOJiroe 
speMH npe.nMeTOM ropHtIHX cnopos. Maorne pyccKHe yqeable (EsaHry
JIOB, Ba6ollIHH, )lJiyraq) cqHTaJIH ee OTJIHtIHoli OT KpH'rHtiecK0li TaqKH 
npespamemrn aJibcpa-:>KeJie3a B raMMa->KeJie3o. 0.ll.HaKo B noCJie.ll.Hee 
BpeMH 60JiplllHHCTBO COBeTCKHX MeTaJIJIOBe,llOB, IIO.ll.OH.ll.H K pa3perneHHIO 
aToro Bonpoca He no cpopMe, a no cyrn.ecrny, corJiacHJioci;. c MHeHHeM 
<t>. OcMOH.ll.a H npH3HaJio ee n.rr.eIITHl!Holi TOl!Ke Aa» [20]. 

Ha OCHOBHyro npHtIHHy TaKoro noJio:>KeHHH npaBHJihHO yKa3aJI 
C .. C .. lllTefiaoepr, KOTOphlfi IIHCaJI B 1939 r.: «Ilpe.ll.CTaBJieHHe 
)l. K. 4epaosa o cTaJIH H o npoueccax, npOTeKaromHx B Heil npM 
HarpeBe H OXJia.>K.rr,emm. . . B HeKOTOpbIX OTHOllleHHHX CTOHT BbIIIIe co
speMeHHhIX npe.ncTaBJieHHli, nocTpoeHHhIX npeHMyrn.ecrneHHO Ha pat5o
Tax OcMoH.rr.a. YepaoB npeHMyruecmeHHO o6paruaJI BHHMaHHe Ha KpH
crnJIJIHqecKoe 3epHo CTaJJH, BblHBJIHeMoe H3JIOMOM, MeTaJIJJOrpa<t>HH 
OcMoH.rr.a rosopHT o MHKpocTpyKrype cTaJIH, o cpepp11Te, ue111e1c1THTe, 
nepJIHTe, KOTOpbie CKpbIBaIOT OT Hae KpHcTaJIJIHtieCKOe 3epHO 
H3JIOMa ... » 

« ..• H3ytiem1e MHKpOC!WIIHl!eCKHX cTpy1{TypHbIX 3JJeMeHTOB 3aTeM
HHJIO, 3aryrneBaJio B HallleM C03H3HHH He MeHee . Ba:>KHOe 3HaqeaHe 
KpHCTaJIJIHqecKOro 3epHa CTaJIH [21 ]. 

c. c. lllTeliH6epr npaBHJibHO yKa3blBaeT 3,ZieCb Ha OCHOBHYIO npH
lJifHY pa3HOrJiaCHH Me:>K.U.Y MHKpOCKOnHl!eCKOH MeTaJIJiorpacp11e:li 
OcMoH.rr.a, B03HHKrneli H Bhrpocrnefi Ha octtoBe oTKpb!rni'1 )l. K. Yep
HOBa, H npe.rr.crnsJieHHHMH caMoro YepHoBa, cJIO:>KHBllIHMHCH H3 Ha6JIIO· 
.u.eHHH Ha.u. H3JIOM3MH H MexaHHqecKHMH CBOHCTBaMH CTaJIH B He
pa3pbIBHOlI CBH3H c npaKTHKoli o6pa6oTKH cTaJihHhIX H3.1I.eJIHH. Bro 
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yKa3aHHe nOJIHOCTblO cOOTBeTCTByeT npHBe.rr.eHHbIM Bblllle "BbICKa3bl-
BaHH5IM caMoro LI.. K. 4epHoaa. OmiaKo H C. C. llhefrn6epr He .naeT 
Ha.n.Jiel!rnruero aHaJIH3a srnx pa3HOrJiac11ii B KOHKpeTHOM aonpoce 
0 CMbICJie II 3HatJeHHII TOlJKH b. 4TO :>Ke TaKOe TOlJKa b lJepHoaa? 

To'IKa b qepuosa ecT& TeMnepaTypa ,11.eflcTBHTeJI&uou nepei<pHcTaJI· 
JIH3al.l,HH CTaJIH. <l>a30Bbie npeaparueHHH, HatJ11Haioru1-iern B ro11Ke A1 
Ii saKaH1111aa10ru11ecsi a TOtJKe A 3, osHatJaJOT JIIUIIh 11sMeHeH11e x11M11tJe
CKoll: CTPYKTYPhl H He acer ~a conpoao:>K.rr.a10resi .rr.eiteTBHTe.JihHOti nepe
KpHcTaJIJIH3au11eit era.Jiii, T. e. H3MeHeHHeM cp11s11tJeeKoli eTpyKTypbl. 
OoeJieJI.Hee, T. e. H3MeHeHHe cpH3HtJeeKOH erpyKTyphI, 03HatiaeT Hapy
IlleHHe KpHCTaJIJIOreoMeTpHtieeKHX eEiSI3eH 06pa3y10rueroesi npH Ha
rpeae ayeTeH11ra e 11cxo.rr.Hoii eTpyKTypoii: era.Jiii H oeyruecTBmi:eTest 
qaeTO I<aK or.rr.eJibHhIH cpH31llleCKIIH npouecc peKpHeTaJIJIH3aUIIII ayCTe
HHra, o6yeJIOBJieHHOH BHyTpemrnM HaKJienoM. 

·CoaMerue1me 06011x sia.11eu11i'I, T. e. cpa3oaoro npeaparueHHSI 11 H3Me
HeHHSI cpH31ltJeeKOH CTpyKrypbI, B03MO:>KHO JIHlllh B eJiy•rne, eCJIH <Pu30-
BOe npesparueHHe nporeKaer a yeJIOBHSIX, 11eKJi10tJa10ruHx eo6J110.rr.em1c 
opHeHTaUHOHHOro eooraercTBHSI npeaparuaJOIUHXC51 <Pa3, IIJIH npH c.·1y-
11ai1HOM eoana.rr.emm TeMnepaTypHoro HHTepaaJia <Pa3oaoro npeapaw.e
HHSI c HHTepBaJIOM peKpHCTaJIJIH3aUHH aycreHHTa. 

51cHO, lJTO TOJihKO B 3THX CJiytJastx MO>KHO rosopHTb 0 HeKOTOpCM 
yc.JIOBHOM npHMHpeHHH, paaeHCTBe, ,eoana.neHHH TOlJeK b 4epHona 
H Aa OcMoH.na. 

Hy:>KHo OTMennh a saKJI10tJem1e,. tJTo H3JIO>KeHHble npe.neTaBJieHH;J 
o cTpyKrypHOM MexaHH3Me npeaparueHHll: np11 Harpeae era.Jiii JIYtJIIIe, 
tieM o6ruenpHHSITa51 TeOpHH, OTBetialOT OilblTy, npaKTHKe TepMHlleCKOH 
o6pa60TKH, pacKpbIBaSI cpH3HlleCKHH eMblCJI TaKHX onepaUHH, KaK HOP
MaJIH3aUHSI, n.soii:HOH OT:>KHr nepe.n: 3aKaJIKOH II T. n. 

OpaKTHKa repMHlJeCKOH o6pa60TKH ,llaBHO BblSIBHJia HeOC'iXO.llHMOCTh 
npHMeHeHHSI .ll.JISI 11cnpasJieHHH eTpyKTYPhl KpynHosepirneroii · era.JIB 
(neperperoll: npH ~OBKe HJIH JIHTOfi) .llBOHHOH HOpMaJIH3aUHH, .nsoitHoro 
OT>KHra, HOpMaJIH3aUHH H TOMY no.rr.o6HblX npHeMOB, <PaKTHtJeCKH HHKaK 
He o60CHOBaHHblX e Il031IUHH MHKpOCKOilHlJeCKOH MeraJIJIOrpaqrnH. 
Me:>K.ny reM cosepIIIeHHO HCHO, tJTO paspyIIIeHne opHeHraUHOHHblX. essi
seii: HOBOit CTpyKryphl, B03HHKaJOrueit np11 Harpese Bhlllle KpHTIIlJeCKHX 
TOtJeK (A 1 H A3), co crapoii 11cxo.rr.Holi CTPYKTypoli 6y.rr.eT nporpecCHpo
aaTh no Mepe nosropeHHH npsiMoro (np11 Harpese) 11 o6parnoro (npu 
OXJia>K.rr.eHHH) <Pa30B0f0 npesparueIIIISI, lJTO II non.rnep:>K.rr.aeTC51 OilhITOM. 
0pOCTOH npaKTHlJ:eCKIIH OilhlT IlOKa3bIBaeT, lJTO OJI.HOKpaTHhIH HarpeB 
BhIIIIe KPHTH11ecKoi'I TOlJKH Aca tJacn: oKa3bIBaeTeH He.n.ocrarotJHhIM .Ll.JIH 
HCnpasJieHII51 KpynH03epHHCTOro H3JIOMa B MeJIKOKpllCTaJIJIHlJeCKllH, 
aonpeKH o6bIY:HOH reopHH crpy1n ypuhlx npesparuemrf1 s era.JIM, OCHOBhI
aa10ruei'IcH Ha COlJ:eTaHHH <Pa30BOll .rr.narpaMMbl c .n.aHHhIMII MIIKpOCKO
nuqecKOH MeraJIJiorpaqrnn. 

3AKJ110qEHHE 

06ruenpmrnrhie npe.rr.crasJieHHH o nepeKJ:ncraJIJIH3aUHH era.JIB npH 
Harpese He orseqaJOT .rr.eii:crBnreJihHOMY noJio:>KeHHJO serueii: a .n;syx 
HanpasJieHHflX: 
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l) li HHX He ytU1Tb1Bae1cH co6Jli0AeHHe op11eHTaU.HOHHOfO C{)()!fBeT· 
CTBHSI npH o6pa30BaHHH aycreHHTa, npHBO)lSIUlee K B03HHKHOBeHHlO 
BHYTPH3epeHHOH reKcryphl; 

2) HMM He o6bSICHHeTcSI B03MO.}l{HOCTh ycTpatteHHH sttyTp11sepeHHOfi 
reKCTYPhl npH IIOBblllleHHH Te~mepaTypbl Harpesa. 

I1Haqe fOB"OpH, o6brqHble npeACTaBJleHHH 0 nepeKpHCTai!Jlll3aU.HH 
npeAnOJiaraIOT, qro c HarpeBOM Bb!llle Kpm 11qecKlIX TO'!eK CBSI3aHO 
o6pa3osamre HOBoro noJm:I<pHcTaJIJI11qecKOro arperara aycreHHTHhIX 
3epeH, He CBSI3aHHoro op11einau.110HHO c 11cxo,!1,H0>H CTPYKTypof1 H, TaKHM 
o6pa30M, Bbillle Kp11r11qec1mx rnqeK OcMOHJW 06ecrreq11saeTCSI noJ1HaH 
nepeKpHCTaJIJIH3aU.IHI. 

<l>aKrhr noKa3blBaIOT, qTo 3To HesepHo. EcTecrneHHO, qro s o6bl'IHOM 
npe;::i;crasJiettmr o nepeKpHCTaJIJIH3aU.HH OTcyrcrnyer npe;::i;cTaBJieH11e 
0 MexaIUI3Me pa3pyll1emrn opHeHTaU.HOHHblX CBSI3eH aycTeHliTa c HCXOA
HOH CTpy1nypoil:, IIOCKOJlbI<Y npe)J.!IOJlaraeTCH, qTo c llOBbIIIIeHHeM TeM
nepaTypbl Harpesa B o6JiaCTH cyru.eCTBOBaHHH aycTeHHTa He npoHCXO· 
JlHT H11qero, KpoMe pOCTa 3epHa. 

<l>aKTbI noKa3hlBaIOT, qro 11 3TO tteseptto. 
B paccMaTp11saeMoM reMneparypHOM HHTepsaJie (Bbiille TOqKH Ac3) 

HeT OCHOBaHHH npe;::i;noJiaraTb B03M0.}l{HOCTb cpa30BOH nepeKpHCTaJIJIH33· 
u,1111. OcTaeTcH ;::i;onycrHTh, '-ITO 3;::i;ecb HMeeT MecTo p e K p 11 c T a JI JI H
a a u 11 SI aycTeHHTa. Ho peKp11cTaJ1JIH3aU.HH npe,!1,noJiaraeT Ham1que 
npeJJ:sapHTeJibHOtt nJiacrnqec1wii JJ:ecpopMauim ( HaK.'Iena). CraJio 6blTh, 
.D;OJI.}l{eH 6blTh yKa3aH HCToqm:1K raKoro HaKJiena. BttellIHHtt HaKJien 
OTCyTcrnyeT. OcrneTCH JJ:onycTHTh, qro np11 Harpese n npouecce o6pa
aonaHHH aycTeHHTa IIOCJle}.:(HHH np1106peTaeT BHyTpeHHHH HaKJleII, 
o6ycJIOB.'IeHHblH 06beMHblMH H3MeHeHHHMH JlPH nepexo}.:(e a-.}l{eJie3a 
s j->KeJie3o. 

Bo3MO}l{Hocth TaKoro sttyTpettHero HaKJiena nocryJI11posaJiacb 
s csoe apeMSI A. A. fioqsapoM, a TaK}l{e B. H. Cse'-IHHKOBbIM H 
M. I1. lllenaKOM [22], [23]. 0AHaKo :irn sechMa Ba}l{Hhre 11 nporpec
CHBHble npeJJ:CTaBJleHHSI He HallIJIH Heo6xO}.:(HMOro npH3HaHHSI, nOBHJJ:H
MOMy, H3-3a OTCYTCTBHH B TO speMSI AOCTaTOtiHo y6e.l{HTeJibHOfO. 3KCIIe
pHMeHTaJibHOro o6ocHOBaHHH. 

CymecTByIOlll.He rrpeJJ:cTas.TJeHHH o cTpyKTypttoM Mexatt113Me nepe· 
l<pHCTaJIJIH3aUHH CTaJIH . .l{OJI}l{Hbl 6b!Tb H3MeHeHbl H JJ:OIIOJIHeHbl B CJie
JIY!Olll.HX HarrpaBJleHHSIX: 

1. Heo6xoJJ:HMo ·npH3HaTb co6JIIOJJ:eHHe opHeHTaUHOHHoro coorneT
CTBHSI He TOJlbKO npH pacrra}.:(e aycTeHHTa B rrpouecce OXJia}l{,l.:(eHHH, HO 
H rrp11 o6p~3osaHHH aycTeHHTa s rrpou.ecce Harpesa. 

2. Heo6xoJJ:HMO rrpH3HaTb, '-ITO rrp11 Harpese CTaJIH s o6JiacTH TeM
neparyp, OTBe'-la!OILI.HX aycTeHHTHOMy COCTOHHHIO, HMeeT MeCTO He 
TOJlbKO pOCT 3epHa, HO H B03MO}l{Ha peKpHcTaJIJIH3aII,HSI aycTeHHTa. 

3. Heo6xoJJ:HMo rrpH3Ha'l'b, qro peKpHCTaJIJIH3aUHH aycTeHHTa cBSI-
3aHa c BHyTpeHHHM HaKJieIIOM, o6yCJIOBJieHHblM o6beMHblMH H3MeHe
HHSIMH rrp11 rrpespamemrn a-}l{eJie3a s j ·}l{eJie3o. 

CooTBeTCTBeHHo 3TOMY rrepeKpHcTaJIJIH3aU.HIO CTaJIH rrpu Harpese 
cJieAyeT paccMaTpHsarb KaK CJIO}l{Hoe SIBJieHHe, BKJIJOqaIOmee: so-rrep
Bblx, lf>a3osoe rrpeapamettHe, npoTeKa10mee c esMeHettHeM o6beMa H 
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npHBOJUIW.ee BCJieJJ.CTBHe 3Toro K HaKJieny HOBhIX aycTeHHTHhIX aepeH, 

BO-BTOphlx, peKpHCTaJIJIH3aumo HaKJienaHHOro aycTeHHTa H, B-TpeTbHX, 
pocT sepHa aycTeHHTa HJIH co6HpaTeJibHYIO peKpHCTaJIJ1H3aUHIO. 

ToJibKO HCTIOJih3Y5I urnpoKHH Kpyr JJ.OCTH:m:eHHH coseTcKoro MeTaJI
JJOBeJJ.eHHfl, YJJ.8JI0Cb HaHTH KJI!Oq K BhICK83blB8HH5IM .[l. I(. 1-JepHOBa 
0 CMblCJie ero TOqKH b H IIOCTpOHTb 6oJiee IIOJIHYJO Teopmo cpa30BblX 
11 crpyKrypttbIX npespar.ueHHH npH Harpese cram1. 
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B. H. I'PHJI.HEB 

nPEBPAUJ.EHH,SI nPH HAfPEBE 

HarpeB crnm1 SIBJHleTCSI O,ll,HHM rr3 Ba)KHeihrmx :narms TepMH"lle

cKoif o6pa6oTKH, poJib .rr 3HalJeHHe KOToporo OTMeqaJiocb eme B KJiac
crrqecKrrx pa6ornx BbI,II,a10nrerocSI pyccKoro yqeHoro - )J.MHTpHSI Ko'H

CTaHTHHOBHlla 4epHOBa. 
Oco6bIH: HHTepec rr 3HaqeHrre 3TH BonpocbI npHo6peJirr B CBSI3H 

c HHTeHCHcpHKaurreH: MeTO~OB Harpesa nprr TepMHlJeCKOH o6pa60TKe. . 
BJiaro,II,apH crrcTeMaTw:iecKoif H rJiy6oKoif nocrnHOBKe 3KcnepHMeH

TOB, Hanrn COBeTCKHe yqeHbie ,ll,06HJIHCb 3aMeTHbIX ycnexoB npH peIIIe

HHH pH,ll,a BeCbMa CJIO)KHbIX 3a,II,aq. )J.HcKyccHH, npoBe,II,eHHaH B 1951 r. 
Ha CTpaHHUaX «./KypHaJia TexHrrqecKOH ·. cpH3HKH» no BOnpocy 0 KHHe

THKe npespaureHHSI nepJII1Ta B aycTeHHT, XOTH H He .rr.aJia O)KH,II,aeMbIX 
pe3yJibTaTOB, 0)1.HaKo noKa3aJia, qTo 3THM BonpoCOM HHTepecyeTCSI H 
33HHMaeTCSI 3HaqrrTeJibHOe qrrcJIO HCCJie)J.OBaTeJieH. 

B HacToHnree speMSI M:bI Y*e pacnoJiaraeM 3HaqHTeJibHbIM 3Kcnep}I

MeHTaJibHbIM MaTeprraJIOM, Il03BOJISIIOW:HM IlOHSITb H onrrcaTb pSI,ll, CJIO)K
HbIX HBJieimH. 0,II,HaKO B OT)J.eJibHbIX CJIYll35IX KaK 3KcnepHMeHTa.'lbHb!H 

MaTepHaJI, TaK H ero TpaKTOBKa secbMa ~pornsope1rnshl. ::ho cBrr,II,e
TeJibCTBYeT 0 CJIO)KHOCTH npoueccoB H 0 Heo6XO)l.HMOCTH ,ll,3JibHeHIIIero 
3KCneprrMeHTHpoBaHHH. 

Ilpe)K.rr.e qeM nepeii:TH K pacCMOTpeHHIO H o69{)ureHHIO HeKOTOpbIX 

HTOrOB HCCJie)J.OBaHHH, Heo6XO)J.HMO no.rr.qepKHYTb, tlTO HaH6oJiee npa
BHJibHhle H o6beKTHBHbie npe,ll,CT3BJieHHH 0 xapaKTepe cpa30Bb!X H KOH
ueHTpauHOHHb!X H3MeHeHHH npH HarpeBe cnJiaBOB MOryT 6b!Tb TI0Jly-
4eHbI JIHlllb npH yqeTe Bcex 3KcnepHMeHT3JlbHbIX .rr.aHHblX, B TOM lJHCJie 

Iii npH HCCJie)J.OBaHHH 11.BeTHb!X cnJiaBOB. Ilo HaIIIeMy MHeHHIO, B OC!-IOBe 
cpa30Bb!X H3MeHeHHH Jie)KaT o6rn.He 33KOHbl KpHcTaJIJIH33UHH, cnpaBe,ll,. 

JIHBbie B paBHOH Mepe ,ll,JIH Bcex CilJiaBOB, XOTSI B OT)J.eJ!bHbIX )l.eTamrx 

KHHeTHKa H MexaHH3M npouecca MoryT cynrecrneHHO OTJIMqaTbCH. 
IlonbITKH HeKOTOpbIX HCCJie,ll,OBaTeJieH )l.eJiaTb 0606ma10mHe BbIBO~ 

no pe3yJibT3TaM HCCJie,ll,OBaHHH OT,ll,eJibHbIX CTIJiaBOB HOCSIT CJiyqaifHhlH 

xapaKTep H HBJISIIOTCSI 0)1.HOH H3 npHqHH, npHBO,ll,SIIIIHX K pa3HOrJia
CHSIM B oueHKe SIBJieHHH. 

PaccMOTpHM f{eKoropbre Harr60Jiee Ba*Hhle HTOrH ucCJie)J.oBaHHii 
I. 0,n:HHM H3 HHTepecHeHIIIUX pesyJibTaTOB UCCJie,II,OBaHHH SIBJISieTCSI 

ycraHOBJieHHbIH )J.JISI HeKOTOpb!X CTIJI3BOB cpaKT TaK Ha3bIBaeMOH 
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«oopamMocm» MapreHCHTHblx npeapameH11li. B ooJiee w11poKoM noHH
MaH1111 3Toro nom1nrn cJie,n:oBaJio Ohl yKa3aTb, 11To JJ.JIH pH.u.a CJiyqaeB 
npli HarpeBe cnJiaBOB 6blJia ycraHoBJieHa B03MO:>KHOCTb o6pa30Ba1urn 
MeracraottJibHblX cpa3. YcraHOBJieHo, qro reMneparypa MeracraottJibHOro 
npeBpameHHH 3aBHCHT TOJibKO OT cocraBa cnJiaBa. CTOCJie;nHee oocTOH
TeJibCTBo fl03BOJIHJIO nocTpOHTb .ll:JIH HeKOTOpb!X CJiyqaeB .u.narpaMMbl 
MeTaCTaOHJlbHblX npeBpameHHH, qHCJIO KOTOpblX IIOCTerrem-10 YBeJIHqH
BaeTCH. CTptt OOJiee rro.u.pooHOM H3yqeHHH MexaI-IH3Ma ooparnoro rrpe. 
BpameHHH Hali.u.eHo, qro: 

a) MexaHH3M rrpeBpamemrn, Ha6J110.u.aeMoro no.u. MHKpocKonoM, 
HOCHT HBHO MapTeHCHTOIIO.U.OOHblll xapaKrep, npOHCXO,lJ,HT 6e3 3aMeTHOfO 
H3MeHeHHH COCTaBa H OTHOCHTCH K KareropHH Oe3.u.mpcpy3HOHHblX npo
ueccoB; 

6) o6pa3oBaHHe MeracraoHJibHbIX CTPYKTYP B qttcroM Bt1.u.e, 6e3 
H3MeHeHHH COCTaBa HCXO.U.HOH H BHOBb o6pa30Bam-mti cpa3, B03MOJKHO 
TOJlbKO npH ycJIOBHll no.u.aBJieHHH .u.ncpcpy3HOHHblX npou.eccoB; npn .u.o
CTH:>KeHHll CKOpocreli HarpeBa, no.n:aBJI5IlO!llllX )(Hcpcpy3HOHHble rrpo
u.eccbl, .u.aJibHetiwee YBeJIH'IeHHe CKOpOCTH HarpeBa (B Hawnx OIIbITaX 
.[l.JIH Me.U.HOaJIIOMllHHeBblX CIIJiaBOB AO 300° /CeK) npaKTHqecKH He 
BJIHHeT Ha TeMneparypy rrpeBpameHHH; 

B) npn qacTttqHoM pacrra.u.e ucxo;:i:iioro pacrnopa, MapTeHcttrono.u.06-
Hblli ( 6e3.U.ttcpcpy3HOHHblli) xapaKrep npeapamerrnH coxpaHHeTCH, o.u.HaKo 
H3MeHHercH TeMneparypa rrpeBpameHttH; 

r) oopaTHOe npeBpameHHe IIpOHCXO.[i.HT HO TeM Ll{e nyrnM, tITO H 
npHMoe. 

B )J.aJibHeliweM oKa3aJIOCb, qro O.U.HH H3 orMeqeHHblx .u.eraJieif .u.o
cTaroqHo pacnpocrpaHeHbl, ror.u.a KaK .u.pyrne, XOTH n He Bcer.u.a HCHO 
BblHBJIHIOTCH, HO CflOCOOCTBYIOT npaBHJlbHOMY flOHHMaHHIO rrpou.eccOB 
llJlll, BO BCHKOM cJiyqae, fl03BOJIHIOT HaMeTHTb nyTH .u.aJibHeHWHX 
llCCJie.[l.OBaHHR. 

I I. BropbIM Ba:>KHblM nroroM HCcJie.n:oBaHnii HBHJIOCb ycTarrnBJieHHe 
noJio:>KeHHH, qTo KHHeTHKa n TeMneparypHble yCJIOBHH npeBpameHHH 
saBUCHT OT crpyKrypHoro COCTOHHHH cnJiaBa B MOMeHT ero npe
BpameHHH. CTo 3TOMY npH3HaKy CUJiaBbl MO>KHO pa3.[l.eJIHTb Ha .[I.Be 
OCHOBHble rpynnbl: c roMoreHHOR H c rereporeHHOR CTpyK
Typoii:. 

K nepBoli rpynrre OTHO~HTCH cnJiaBbl O.U.HOKoMnoHeHTHblx c11creM 
H rnep.u.ble pacrnopbl, B TOM q11cJie 3aKaJieHHbie, B KOTOpb!X 
He npo11cxo.u.11r pacna.u.a rrpn HarpeBe .u.o TeMnepaTypbl npeBpa
meHHH. 

Ko BTopoli rpynne OTHOCHTCH cnJiaBbI, cocTOHIUHe 113 .U.BYX 11 ooJiee 
cpa3, a TaK:>Ke 3aKaJieHHble crpyKTypbI, B KOTOpb!X rrpOHCXO.U.HT pacna;~ 
np11 ttarpeBe B ooJiacrn cy6KpHTHqecK11x TeMrrepaTyp. )J.JIH ::>TOH rpyrrnbI 
cnJiaBOB npn HarpeBe B03MO)l{HO B3aHMO,ll.eHCTBHe cj:Ja3, npHBO.U.SI!llee 
K H3MeHeHHIO COCTaBa 0.[l.HOH 3a cqeT pacTBOpeHHH .u.pyroii HJIH 3a cqeT 
pacna.u.a 11cxo.u.ttoii crpyKTYPbl (3cpcpeKT OTrrycKa). B CJiyqae HarpeBa 
:>KeJie3oyrJiepo.u.11crb1x cnJiaBOB TeMrreparypa naqaJia npeBpamemrn 11 
CKOpOCTb pacrnopeHHSI H30blTOqHblX cpa3 saBHCHT OT )J.HCIIepcHOCTll 
crpyKrypHbIX COCTaBJIHIOll.l.HX. 
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c npaKrnqecKOH TOqKH 3pemrn HaH60JiblIIHH HHTepec Bbl3b1BaIOT 
HCCJie.rr.osaHHSI npesparn.eHHH B >Ke.Jie3oyrnepo.rr.0cThIX cnJiaBax. 

0.rr,HHM H3 nepBbIX BOnpocoB, npMBJieKIIIHX BHHMaHHe HCCJie.IT,OBaTe
Jleii, 6bIJI Bonpoc 0 BJIHSIHHH CKopocrn HarpeBa Ha nooo>KeHHe KpHTH
qecKOH TOqKH. )lHCKYCCHSI, npose.rr.eHHaSI Ha CTpaHHuax «)I(ypHaJia Tex
HHqecKOH cpH3HKH», noKa3aJia, lJTO no 3TOMY BOnpocy cyrn.ecTBOBa.JIH 
H cyrn.ecrnyIOT pa3JIHlJHbie B3fJISI.ll.bl. 

Pa3JIHtIHaSI oueHKa noJiytieHHbIX .rr.aHHhix HJIH pa3JIHtIHe s no111yqae
MhIX .rr.aHHhIX, no HarneMy MHeHHIO, npoHcxoJJ.HT H o6bSICHHeTCSI cJie.rr.yIO
l.II.HMH npHtIHHaMH: 

· 1. B cJiyqae 06pa3osamtSI MeTacTa6HJihHbIX CTPYKTYP (tITO «B tIH
CTOM BH)J.e» B03MO:>KHO npH CKOpOCTSIX Harpesa, no.rr.aBJISIIOIUHX .IT.Hcpcpy-

3HOHHble. npouecCbl) KPHTHtieCKHe TOlJKH COOTBeTCTBYIOT )J.HarpaMMe 
MeTaCTaOHJibHblX npesparn.eHHH, nooo:>KeHHe JIHHHH KOTopoii MOm:eT 
cyrn.eCTBeHHO OTJIIiqaTbCSI OT JIHHHii .rr.ttarpaMMbI paBHOBeCHSI. B 3TOM 
cJiyqae oueHKa noJIO:>KeHHSI KpHTHtieCKOH TOlJKH OTHOCHTe.JibHO TaK Ha-
3bIBaeMOH «HOpMaJibHOH» TOlJKH SIBJISieTCSI HenpaBHJibHOH H He HMeeT 
CMbICJia. Eho He scer.11.a ytIHTblBaeTCSI. 

2. TipH HCCJie.rr.osaHHH npesparn.eHHH npH uarpese He scer.rr.a npH
.rr.aeTCSI JJ.OJI:>KHoe 3Haqe.Htte Hcxo.rr.Hoii CTPYKType, Tor.rr.a KaK MO:>KHO 

BnOJIHe onpe.rr.eJieHHO yTBep:>KJJ.aTo, lJTO noJio:>Kemre KPHTHqecKOH TOlJKH 
H KJrneTHKa npesparn.eHHH 3aBHCSIT OT xapaKTepa Hcxo.rr.Hoi'I cTpyKTYPhI. 
Booee Toro, OblJIO 3aMetie.Ho, tITO JJ.JISI cTaJieii c npHMepHo OJJ.H.HaKoso1i 
Hcxo.rr.Hoii CTPYKTypoii (nocJie OJJ.HHaKonoii TepMHtiecKoii o6pa6orrKH), 
Ho pa3Hhix nJiaBOK, npH npotIHx paBHbIX yCJioBHSix noJiom:eHHe KpHTH
qecKHx TOtieK rrpH nOBbIIlieHHH CKOpOCTH Harpesa H3MeHHeTCSI Heo.rr.1rna
KOBO. Bo3MO:>KHO, tITO B 3TOM CJiyi:iae npoHBJISieTCSI npHpo.rr.a cTaJIM. 

3.rr.ecb CJie.rr.yeT o6paTHTb BHHMaHHe ern.e Ha OJI.HO OOCTOSITe.JibCTBO. 
DpH Harpene cepHH o6pa3UOB o.rr.Hoii H TOH :>Ke cTaJIH, c OJJ.H.HaKoso(1 
Hcxo.rr.Hoii CTPYKTypoii OTMetiaeTCSI pa36poc KpHTHtieCKHX TotieK, npe
BhIIllaIOI.II.Hii B03MO>KHhie ornH6KH 3Kcrrep11MeHTa. B orry6JIHKOBaHHbIX 
pa6ornx aBTOpbl He ocTairnBJIHBaIOTCSI Ha 3TOM sonpoce, H HaM Tpy.rr.Ho 
cy.rr.HTb, BCTpetiaJIHCb JIH OHH c 3THM ·SIBJieHHeM H HCnhITbIBaJIH JIM rpy.a;
HOCTH rrpH o6pa60TKe MaTepHaJIOB HJIH npocTO OT6pacbIBaJIH 3TH TOlJKH, 
npHHHMaSI Hx 3a cJiyqaliHble. BMecTe c TeM TaKoH: pa36poc MO>KeT 
6bITb BITOJIHe ecrecTBeHHbIM, eCJIH npHHSITb BO BHHMaHHe, lJTO nOJIO
>KeHHe KpHTHtieCKOH TOlJKH 3aBHCHT OT COCTaBa TBep.rr.oro pacrnopa 
B MOMeHT npesparn.eHHSI, a rapaHTHponaTb nOCTOSIHCTBO COCTaBa rrpH 
Harpese >Ke.Jie3oyrJiepo.rr.HcTblX cnJiasos c reTeporeHHoii cTpyKrypoii 
BpSI)l. JIH B03MO:>KHO. 

3. HaKotteu, Heo6xo.rr.HMO o6paTHTb BHHMaHHe Ha MeTOJJ.HKY orrpe
.rr.eJieHHSI KPHTHqecKHX roqeK. 

CTpH BbICOKHx CKopocrnx Harpesa, HecoMHeHHO, ycJIO:>KHSIIOTCSI Me
TO.IT.bl pernCTpaUHH H B03pacTaeT KOJIHtieCTBO HCTOlJHHKOB OllIH60K. 
I( CO:>KaJieHHIO, HH B OJJ.HOH H3 ony6JIIrn:oBaHHblX pa60T He rrpHBO)J.SITCSI 
B .UOCTaTOlJHOH Mepe no.rr.po6Ho )J.eTaJIH 3KCnepHMeI-ITa, BCJie.IT,CTBHe 
qero HeT B03MO:>KHOCTH oueHHTb TOqHQCTb perncTpaUHH, npe,zr.eJibl 
OIIIH60K H BCJie)J.CTBHe 3TOro OTCYTCTByeT B03MO>KHOCTb olSMeHa 
OOblTOM. 



B 11awux onhlrnx: 
a) npusapKa TepMonapbl npOH3BOJlHJiacb a .usyx TO'!Kax Ha pac· 

CTOHHHH - 0,5 .MM; Ka'!eCTBO npHBapKH KOHTpOJIHposaJIOCb npH no
MOII.J.H 6HHOKYJIHpHOro MHKpOCKona; I 

6) TOJIII.J.HHa 9JieKTPO.IJ.OB HaXO.Il.HJ13Cb B npe;:i:eJiax 0,1-0,15 A-Ut; 
npHMeHeHHe TOHKHX 9JieKTPO.llOB, npusapeHHbIX B ;:i:syx TO'!Kax, HCKJIIO· 
'!aJio B03MO>KHOCTb nOHBJieHHH TenJIOBOH HHepu1rn TepMonapbI, 'ITO 
MOfJIO 6bITb npoaepeHo nyTeM 3anHCH o6pa3UOI3 c H3BeCTHOH KpHTll
qecKoif TO'!KOH (cnJiaBbl c o6paTHMblM 6e3.IJ.H<jJ<jly3HOHHbIM npeapa· 
III.eHHeM) ; 

B) MaTep ilaJI 9JieKTPO.llOB npH sanHCH Ha neTJieBbIX raJibBaHO· 
MeTpax Bbl6HpaJicH B BH.IJ.e Pt - Pt/Ro·nposOJIOKH, a npH 3anHcH Ha 
OCUHJIJiorpa<jle - KOHCTaHTaH-MaHraHHHOBoif; 

r) conpornsJieHHe uenH TepMonapbl peryJIHposaJIOCb H nposepH· 
JIOCb nepe;:i: Ka>K)I.bIM onbITOM. 3To ycTpoifcTBO OKa3aJIOCb cosepwemIO 
He06XO.IJ.HMbIM, TaK KaK pacxo)I. 9JieKTpO)I.OB npH npHBapKe npHBO;:i:H"1 
K H3MeHeHHIO conpOTHBJieHHH uenH; 

.ll) )I.JIH nOBb!llleHHH TO'!HOCTH saMepoB o6paIII.aJIOCb BHHMaHHe Ha 
Macnna6 3anHCH KpHBbIX; 

e) perncTpHpyroIII.He npu6opb1 npHMeHHJIHCb )I.BYX BH)I.OB: neTJieBble 
raJibBaHOMeTpbI c nepHO,llOM co6cTBeHHbIX KOJJe6aHHii: 5 elf H llIJJeii:<P 
OCUHJIJ!Orpa<jla c nepHOJJ.OM KOJie6a1rnH: 1000 elf; B nepBOM CJiyqae 
y.noBJJernopHTeJibHbie pe3yJ1bTaTbl noJiytia.rrHcb npn Harpese B npe,neJiax 
JJ.O 300°/ceK, TOrJJ.a KaK BO BTOpOM CJiytiae 6e3 HCKa>KeHHH MO)!{HO 6b!JIO 
npOH3BO.QHTb 3anHCb co CKOpOCTHMH B HeCKOJlbKO TbICHIJi rpa;:i:ycos 
B ceKyH.lly; 

)!{) .11.JIH nOBbIIIIeHHH TOtIHOCTH perncTpaUHH B noCJie.11.Hee BpeMH 
IIIHporm HatiaJIH npHMeHHTb COBMeCTHYIO 3anHCb TepMH'!eCKHX H JJ.HJiaTO
MeTpHqecKHX KpHBbIX, tITO .11.aeT oco6ble npeHMyIII.ecTBa B c.11yqae MaJiblX 
TenJIOBbIX =><P<PeKTOB. 

0 UOJIO)l(EHHH KPHTHlIECKHX TOlIEK UPH HAfPEBE 
)l(EJIE30YfJIEPO)l.HCTblX COJIABOB 

Harpeo orn·>IOKeHHblX 06pa3u,oo co CTpyKrypoii rpy6onnacTHH'la
Toro nepJIHTa. CT0JIO)!{em1e KpHTHtiecKoif TOtIKB npH Harpese a coJIH· 
Hb!X BaHHax MO>KeT 6b!Tb npe.11.cTaBJieHo KpHBOH. npHBeJ1,eHHOr1 Ha 
qrnr. I. Ha 9TOM >Ke rpa<jJBKe yKa3aHa poJib HCXOJl.HOH cTpyKTypbr. 
Jl.JIH 6oJiee rpyoofi cTpyKTYPbI 3epHHCToro ueMeHTHTa KpHTH'!ecKa51 
TO'!Ka Jie>KHT npH ooJiee BbICOKoii TeMnepaType. CTpH Harpese 9JieKTpo
TOKOM (KOHTaKTHblH Harpes) noJIO>KeHHe KpliTIIIJecKOH TOtIKH noKa3aHO 
Ha qmr. 2. JJ..1151 ooJibllIHHCTBa cJJytiaes noJJo>KeHHe KpHTHtiecrrnii TOtIKH 
3al3HCHT OT CKOpOCTH Harpeaa npHMepHo TaK >Ke, KaK H B cJiyqae Ha· 
rpeaa B COJlHHblx BaHHax. B oT;:i:eJJbHbIX CJiyqa51x OTMetJa.11ocb He
CKOJJhKO HHOe noBeJJ.eHHe, KaK 9TO, HanpHMep, yKa3aHO Ha <P0r. 3 -
no ;:i:aHHbIM paoOTbl illypHHa H Ha cjmr. 4 - no JJ.aHHbIM pa6oTbI 
l\otiep>KHHCKOro. 

I npHBapKa B 0.l(HOil TO'IKe '13CTO npHBO.l(llT K ournlfae BCJie,!\CTBllC renJIOBoil 
naepuHn cna11 
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Harpen HOpMaJIH30BaHHblX o«Spa3QOB (nonTopHble Harpenb1). KaK 
11paBHJIO, KpHrnqecKaH TOqKa .l{JIH HOpMaJIH30B3HHbIX o6pa3U:OB Jie)f{HT 

llH)f{e, qeM .rvrn OTQ)f{)f{eHHblX H HaXO.D:HTCH B 06.(Iacrn TeMnepaTyp 

720-730°. nocJie.n:Hee OOCTOHTeJibCTBO He CJie.zi:yeT paccMaTpHBaTb KaK 
cf>aKT, CBH.D:eTeJibCTBYIOW.HH B IIOJlb3Y OTCYTCTBHH CMeW.eHHH KpHTHqe
CKOH ToqKH npoTHB ee paBHOBecHoro IIOJIO)f{eHHH. 
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<l>Hr. 1. CraJih YlO. BJIH!IHHe CKopocrH Ha· 
rpeea Ha IlOJIOlKeHHe KpHTH'leCKOH TO'IKH. 

<f>Hr. 2. Cranh YB. BnH!IHHe cKopo
CTH Harpeea Ha IlOJIOlKeHHe KpHTH
'!eCKOH TO'IKH. 3JieKrpoHarpes 
o6pa31..l0B co crpyKrypoH IlJiaCTHH-

Harpee B COJI!IHOH eaHHe. 

qaroro nepnHra. 

Harpe& aaKaJ1eHu&1x o6pa3QOB. CTpH Harpese 3aKaJieHHhIX o6pa3U:OB 

OblJI o6Hapy*eH pH.n: HHTepecHbIX HBJieHHH. CTpH Harpese co CKopo
crnMH B npe.n:enax .n:o 1000°/ceK 3a.z:i:ep)f{aTb npou:eccbl pacna.n:a MapTeH
CHTa He npe.n:crnBJIHeTCH B03MO)f{HblM. Ha .l{HJiaToMeTpHqecKHX KpHBbIX 
oTqeTJIHBo BbIHBJIHIOTCH nepBbIH H rpernii 3cpcpeKTbI pacna.n:a. BMecTe 
c TeM npH yse.rmqeHHH CKOpOCTH Harpesa IlPOHCXO)I,HT CMeW.eHHe HHTep· 

i~ltttHI I 1-11 
0 40 BO 120 160 200 V 0/ceK 

CKopocmb Hazpe8a 

<l>Hr. 3. CraJib YlO. 8JIH!IHHe CKopocrH 
Harpeea Ha nonolKeHHe KpHTH'leCKOH. 
TO'IKH. 3neKrpoHarpee o6pa31..lOB co crpyK-

rypoi:i nnacrHH'laroro nepJIHTa. 

~~-f iiiJ-f tl 
40 80 120 150 V"/ceK 

CKopocmb 11aipeBa, 

<l>Hr. 4. CHHTeTH'leCKHH cnnae c 1,0BOfoC. 
BJIH!IHHe CKopocrH Harpeea Ha nono
lKeHHe KpHTH'leCKOH TO'IKH. -3JieKrpo
HarpeB o6pa31..lOB co crpyKrypoi:i nna-

CTHH'!aroro nepnHra. 

saJios pacna.n:a B crnpoHy ooJiee BblCOKHX TeMneparyp. 0TMeqeHo, qTo 
npH BblCOKHX CKOpOCTHX HarpeBa pacna.n: OCTaToqHoro ayCTeHHTa qa
CTHqHo HJIH IIOJIHOCTbIO MO)f{eT OblTh no.n:asJieH, BCJie,LlCTBHe qero npH 
BblCOKOTeMneparypHoM OTnycKe MoryT oblTh noJir1eHbI HOBhie KOJIHqe
CTBeHHbie H KalJeCTBeHHble COOTHOIIIeHHH CTPYKTypHbIX COCTaBJIHiOW.HX. 
TeMnepaTypa (]., - 1-npespaw.eHHH, KaK npaBHJIO, Jie)f{HT 1nt)f{e, qeM 
.D:JIH OTO)f{)f{eHHblX H OTnyw.eHHhIX o6pa3U:OB TOH )Ke nJI·aBKH • 

.llJIH HeKOTOpblx IIJiaBOK KpHTHqecKHe TOqKH pacnoJIO)f{eHbl B o6Jia
CTU 700°, T. e. HH>r<e TaK Ha3blBaeMoli paBHOBecHoA roqKH. CTpH eechMa 
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60.JlbllIHX CKOpOCTSlX HarpeBa 6bl.JIO OTMeqeeo pe3KCJe CHH>KeHHe KpHTM .• 
qecKoii TOqKH. CHn>KeHHe nponcxo,nHT .no eeKoToporo npe.rr.e.na, noCJ1e 
qero ee IIOJ10}!{em1e npaKTHt:(eCKH crn6HJIH3HpyeTcH. Ha <j:rnr. 5 H 6 
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<l>Hr. 5. CTanb Y8. BnH!IHHe CKO· 
pocTH Harpesa Ha rrono>KeHHe 
KpHrnqe:Koii TO'IKH. 3neKTp0· 
ttarpeB 3aKaneHHblX o6pa3LlOB. 
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<l>Hr. 6. CTanb~'Yl2. BnH!IHHe cKopoCTH 
ttarpesa tta nono>KeHHe 1<pHTnqeCKOH 
TQqKH. 3neKTpOHarpeB 3aKaneHHblX 

o6pa3LlOB. 

npnBe.n:eHo IIOJIO>KeHHe KpnmqecKHx ToqeK .ll:JIH cTaJ1eii Y8 H YI !l B sa
BHCHMOCTH OT CKopocm HarpeBa (no pa6oTe B. l1. Tpe<l>HJIOBa). l13 
rpa<t>11KoB MO}!{HO BH.IT.eTh, qTo .ll:JIH cTaJIH Y12 CHH}!{eHHe eatrnHaeTcH 
npH 60J1ee HH3KHX CKOpOCTHX HarpeBa H .ll:OCTHraeT 6oJiee HH3KOH TeM
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CoiJep!l(aHue 1;znepoiJa 

<l>Hr. 7 . .LlHarpaMMa MeTaCTa6HnbHblX rrpe
spameHHH JJ,n11 cnnasos >Kene3o-yrnepoJJ,. 

nepaTypbI, qeM .n:mr CTaJIH Y8. 
ToqKy npeBpameensi B 3TOM CJ1yqae 

t 

__ r 

<l>Hr.J 8. ApMKo-11<ene30, 0,0450/o C. 
TepMHqecKa11 n .nnnaT0MeTpHqecKa11 
KpHBble Harpesa (v = 200°/ceK.) 3aKa· 

nettttoro o6pa3Lla: 

I - TepMH'lecKaH; 2 ·- .llHJiaToMerpH'leCKaH. 

CJie.n:yeT paccMaTpHB8Tb KaK TQqKy, COOTBeTCTBYIOW:YJO o6paTHOMY npe
BpameHHIO MapTeHCHTa B aycTeHHT. TaKHM o6pa3oM, cTaJio B03MO>K· 
HblM IIOK838Tb, qTo o6paTHOe MeTacTa6HJibHOe npeBpameHHe B03MO>KHO 
H B CHCTeMe Fe - c . .ll.narpaMMa MeTaCTa6HJibHblX npeBpameHHA .ll:Jl~ 
cnJiaBoB Fe - C HMeeT BHJl, npe11cTaBJJeHHblu Ha qrnr. 7. 
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00J1yqeHHhle ,D.aHHble 06 o6parn:MOCTH MapTeHCHTHOfO npeBparn.eHHH 
B cncTeMe Fe - C noKa 6a30py10TCH JIHIIIb tta pe3yJihTarnx TepMntte
cKoro aHaJIH3a H B ,ll.8JibHeHmeM Tpe6yIOT 60.11ee Tlll,8TeJibHOro IlO,ll.TBep
>K,LI.eHHH .npyrBMH MeTO):{aMH. CTo.11yqeHHbie pe3yJibTaTbl, O,LI.HaKO, Il03BO· 
JIHIOT cyrn.ecTBeHHO YTOttHHTh B3rJIH)J:bI Ha MexaHH3M H KHHeTHKY cpa30-
RbIX npesparn.eHHH npH Harpese :>KeJie3oyr.11epo.11:HCTbIX CilJ18BOB. 

06pa3osatt0e Merncrn6HJihHbrx cpa3 ObIJIO 3apernCTpHposatto H npH 
Harpese 3aKaJieHHbIX o6pa3UOB HH3Koyr.11epOJJ:HCTOH CTaJIH c co.11:ep:>Ka· 
HHeM yr.11epo.11:a 0,04% (pa6orn Kotrep:>KHHCKOro). noc.11e pe3KOH 38-
KaJIKH OT 950° KpHTHttecKaH TOttKa npH Harpese o6ttapy:>KHBaJiaCb 
R 06.11acrn 825-850° ( cpHr. 8). 

0 KHHETHKE nPOUECCOB nPEBPAU~EHHSI 

OpH cosMecTHofl 3anHcH TepMHttecKHX H )J.HJiaTOMeTpHtiecKHX KpH
BbIX MO:>KHO no.11ytIHTh )J.aHHhle o cKopocTH noJIHMopcpttoro npesparn.e-
HHH H pacna)J.a MapTeHCHTa. . 

CTpH y8eJIHtieHHH cKopocTH ttarpesa, tITO CBH3aHo c yBeJIHtieHHeM 
KOJIHtiecTBa IlO.llBO,ll.HMOH 3HeprnH, speMH npesparn.eHHH pe3KO yMeHb
IIIaeTCH no KpHBOH, OJIH3KOH K mnep-
60.11e ( cpHr. 9). KnHeTHtiecKaH KpHBaH 

ll v ,llJIH (]., -+ 1-npesparn.eHHH, no )J.8HHbIM 
,n:HJiaTOMeTpHtiecKoro attaJIH3a, npe.ncra
B.rieHa Ha cpHr. 10. 

rce1< 
t,5 , 

' I'. Omo/fflKeHHOt -
cocmoaHue 

r-....... 

0 50 100 150 200 250 °/ceK 
· CKopocmb HaipetJa 

<l>Hr. 9. BJIH!IHHe CKopocrH Ha· 
rpeaa Ha apeM!I IIOJIHMop¢Horo 

rrpeapaw.eHH!I. 

0 0,2 0,1/ 0,6 tce1< 
8peMR npe8pa114PHUR 

<l>Hr. 10. KutteruqeCKa11 
KpHBa!I a~ 1:rrpespa1ne· 

HHS!. 

CToJib3YHCb )J.aHHhlMH )J.HJiatoMeTpH'1ecKoro H repMHtiecKoro aHaJIH· 
308, MO:>KHO ,ll.JIH HeKOTOpbIX cJiyqaeB nocTpOHTb 3aBHCHMOCTb H3MeHe
HHH JIOrapHcpMa CKOpocrn: npesparn.eHHH oT o6paTHOH BeJIHtIHHhI TeMne
paTyphl, KaK 3TO npHBe,D.eHo Ha cpll:r. 11. 

CTo.11yqeHHaH 3aBHCHMOCTb Il03BOJIHeT OUeHHTb BeJIHtIHHy pa60Tbl 
o6pa3oBaHHH aapO,!I.bIIIIa, KOTOpaH ,LI,JIH pa3HbIX CTaJieH KOJie6aJiaCb B 
IIIHpOKHX npe,ll.e.rrax H .llOCTHraJia HeCKOJibKHX COT TbICHtI IWA/MOAb. 

OpH Harpese o6pa3UOB 3aKaJieHHOH yr.11epo.nHCTOH CTaJIH co cKopo
CTHMH B npe.11:e.rrax )J.O 1000°/ceK no.nasHTh npouecchl pacna.na MapTeH· 
CHTa HeB03MO:>KHO. Bo Bcex CJiytiaHx OTtieTJIHBO BbIHBJIHIOTCH nepBbIH 
H TJleTHH 9cpcpeKThl pacnana. 
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ilpH yseJIRtieHHH CKOpOCTH Harpesa rtpOHCXO.llHT CMeruemte HHTep
B8JIOB pacnana B CTOpoHy BbICOKHX TeMnepaTyp, KaK 9TO IlOKa3aHO Ha 

qmr. 12-13. ilpH CKOpOCTHX Harpeaa 
CBblllie 50° B ceKyH.llY nepBbIH HHTep· 
saJI (nepBbIH 9cpcpein) pacna.rr.a Haxo
.D;HTCH s ooJiacrn 170-230°, a Tpe
THii - B OOJiaCTH 360-4500. 

{ OIJA1_ 2000~-~--.-----. 
llT i 

tOOOt====Jt====J=:===! 
800~--+J~--+-----i 
6001----+'ll----+-----t 

. 4001----+-l----+-----i 
300~--l-+---+-----i 

2001----+--t---+-----i 

c yaeJIHtieHHeM CKOpOCTH Harpesa 
yMeHhIIIaeTCH speMH pacna.ua Map· 
TeHCHTa npHMepHo no rnnepooJIHtie
cKoMy 3aKoHy. CTpH c1mpocrnx Ha
rpesa nopH.rr.Ka 300~ /ceK speMH pac-

1 oot====t=:E=:t===l nall;a AJIH nepaoro H rperbero :>cpcpeK-
?01----+--+---+-----i TOB COOTBeTCTBeHHO ouemrna!OTC5I B 
50 1..._ _ _.___.__--'-----' 0, 14 H 0, 13 ceK. 

f,05 f, 1 t, 15 CToJih3YHCb' MeTO)J.HKOH, npHHHTOH 
f·10J s paooTe Kyp.LI.!OMosa H MaKcHMo-

<l>ur. 11. 3asuCHMOCTb norapmflMa 
CKOpOCTH a -+ -r- npespaw,eHHSI OT 

teMnepatypbl. 

soii, t'ibIJIH npoae.n:eHbl oueHotIHhie 
pacqeTbl BeJIHtIHHbl 9HeprnH aKTHBa
UHH .llJIH nepsoro H TpeThero 3cpcpeK
TOB pacna.n:a. ,UJIH CTaJIH YIO oKa3a

JIOCb, tITO .llJIH nepsoro 3cpcpeKTa BeJIHtIHHa aKTHBaUHH COOTBeT
crnyeT 22 500 twA/MOAb, a .LI.JIH rpeTuero 27 500 1<aA/MOAb. OrMetie1rn, 
tITO BeJIHtIHHa 3HeprHH aKTHBaUHH 0 c 
HeCKOJibKO H3MeHHeTCSI B 3aBHCHMO
CTH OT HCXO.LI.HOfO COCTOHHHSI oopa3-
ua. TaK, HanpHMep, .llJ!SI oopa3ua, 
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<l>Hr. 12. no.10>KeHHe TeMnepaTypHOro 
HHTepnana pacna.lla MapTeHCHTa (nep· 

Bb!H acjJcjleKT) B 3aBHCHMOCTH OT 
CKOpOCTH Harpesa. 
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<l>Hr 13. noJIO>KeHHe TeMnepaTypHOro 
HHTepsana pacna.u.a MapTeHc1na (Kap-
6HJJ.HbIH acjlcjleKT) B 3aBHCHMOCTH OT 

C-Kopocrn uarpesa. 

npe.LI.sapHTeJihHO omyrueHHoro npH 250° s Te11em1e 11aca, se.IJHQHHa 
~rneprnH aKTHBau1rn .llJIH TPeTbero 3cpcpeKTa pacnan:a no.nytJPHH paBHoii 
29 200 KaA/MOAb. 
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Oco6blA HHTepec npe.llcTaBJUieT noeeJI.em1e ocTaro1rnoro aycTeHHTa. 
0Ka3aJIOCb, llTO npH ,llOCTaTOllHO 6oJiblllHX CKOpOCTHX Harpeea pacna,Z1, 
OCTaTOti:Horo aycTeHHTa ti:aCTHllHO, a B OTJI.eJibHblX c.nyti:aflx, BepOHTHO, 
H noJIHOCTbIO, MO}l{eT 6bITb noJI.aBJieH. BcJieJI.CTBHe 3Toro, a TaK>Ke 
ec.neJI.CTBHe B03Mm1rnoro 06pan10ro npeBpamemrn, noc.ne Bl>IC01<0TeMne
P~TypHoro 3JieKTpooTnycKa KOJIHti:ecTBO aycTeHHTa npH onpeJI.e.neHHbIX 
ycJIOBHflX He TOJlbKO coxpaHHeTCfl, HO .ua}l{e H yBeJIHlJ:HBaeTCH, lJ:TO 
flBJifleTCH Heo6blti:HbIM .n;JIH HOpMaJibHO OTnymeHHoii cm.rm. B 3THX 
yc.noBHHX noHBJIHeTCH HOBOe cotJ:eTaHHe cTpyKrypHbIX cocTaB.nHIOill.HX, 
onpe,lleJISIIOill.ee H HOBbie MexaHHtieCKHe CBOHCTBa. 

0 MEXAHH3ME nPOUECCA 1 

DpH onHcaHHH MexaHH3Ma cpa30BbIX H3MeHeHHii npHHHTO yKa3bI· 
BaTb JI.Ba B03MO}l{HbIX cnoco6a: JI.Hcpcpy3HOHHbIH HJIH o6b!lJ:HbIH Mexa
HH3M H 6e3JI.Hcpr.l>y3HOHHbIH HJIH MapTeHCHTOTIOJI.OOHbIH MexaHH3M. 

B HaCTOHill.ee epeMH HaKonHJIOCb JI.OCTaTOlJ:HO MHoro 3Kcnep1:1MeH
TaJibHOro MaTep1:1aJia, yKa3bIBaIOill.ero, tITO B ocHoBe 311:1x npou.eccoB 
Jie}l{aT OJI.HH H Te ·}Ke 3aKOHbI - 3aKOHbI o6pa30BaHHfl H poem 3apo
.l\billleii HOBOH cpa3bI, H c 3TOH TO'lKH 3peHHfl HeT OCHOBamrii ,n;Jifl npHH. 
U.HnHaJibHoro JI.eJieHHfl npou.eccoB Ha JI.Ba BHJI.a. 3TH npou.eccbI eJI.HHbI, 
HO Ka)KJI.bIH H3 HHX llMeeT CBOH xapaKTepHbie l!epTbI, CTeneHb npOHBJie
HHfl KOTOpbIX 3aBHCHT OT COCTaBa cnJiaBa, CTPYKTypHoro COCTOflHHfl, 
ycJIOBHH Harpeea (HJIH OXJia)KJI.eHHfl) H T. ,ll. 

XapaKTepHbie npH3HaKH KHI-ieTHKH MapTeHCHTHhIX npeBpameH1:1ii 
BeCbMa HOJIHO H3JIO}l{eHbI B pa6ornx aKa,ll. r. B. KypJI.IOMOBa. 

HecMoTpH Ha eJI.HHCTBO npou.eccoB, HaM Ka}l{eTcH, tJ:To HaJ111ti:1:1e 

pH.n;a crreu.HcpHtieCKHX ti:epT MapTeHCHTHOrO nponecca JI.aeT OCHOBaHH51 
coxpa1rnTb JI.eJieHHe Ha JI.Hcpcpy31:10HHb1e H 6e3Jl1Hpcpy3HOHHhie npouecchi, 
O.zr,HaKO Heo6xo.n;HMO yroti:HHTb CMbICJI 3THX Il0H51THH. 

Bo3HHKaeT Bonpoc, KaKoB )Ke MexaHH3M npeepamemrn B )!{eJie3HbIX 
CilJiaBaX H, B lJ:aCTHOCTH, B CTIJiaBax )!{eJie3a C yrJiepOJI.OM? CTpe)!{.zr.e 
Bcero CJieJI.yeT OTMenlTb, llTO MexaHH3M npeBpameHH51 - KpHCTaJIJIH3a
U.HOHHbIH, T. e. CB513aHHbIH c o6pa30BaHHeM H pOCTOM 3apo,II.bIIIIeii 
HOBOH cpa3bl. 

Bo3MO)!{eH JIH 6e3JI.Hcpcpy3110HHbiii MexaHH3M c npHCYill.HMJI eMy 
qeprnMH MapTeHCHTHoro npeBpameHHH? Ha 3TOT Bonpoc cJieJI.yeT oTBe
THTb noJIO)!{HTeJibHO. Be3.z:r;0cpcpy31:10HHbiii xapaKTep npeBpameHHH JI.O
CTaTOlJ:HO xopolllo noKa3aH Ha cnJiaeax )!{eJie30-HHKe.11b; noJiytJ:eHhI 

.uaHHbie, IlOJI.TBep)KJI.aIOill.He HaJIHlJ:He 6e3JI.HQHpy3HOHHOro MexaHH3Ma B 
cnJiaBax Fe -Mn, Fe - Si, Fe - Cu, H HaM Kci)!{eTcH, ti:'ro no,II.ooHoro 
poJI.a npeBpameHHH 6yJI.yT o6Hapy)!{eHbl BO MHornx cnJiaeax, xorn 

1 OcHOBHble noJJo:lKemrn: o M.exa11113Me ·npeBpaw:eH1rn nepJJHTa B aycTeHHT, OTpa
>Ka10w:He Hanrn B3rJJH.flbI no 3TOMy sonpocy, 6b!JJH H3JJmKeHbl B .noKJJa.nc Ha JleHirn
rpa.ncKoii KOH<f>epeH[lHH TepMHCTOB B 1940 r. 3a 3TO speMir, B CBH3H c HOBblMH 
::IKCnepHMeH'j'aJlbHblMH .naHHblMH, 3TH B3rJJH.llbl Ha OT.D.eJibHble ¢aKTbl 6b!JIH H3MeHeHbl 
H YTO'IHeHbl, Ha '!TO yKa2b1Banocb B .11.oKJJa.11.e Ha ceM1rnape Yct>AH B HOH6pe 1950 r. 
(Csep.11.JJoBcK) H 3aTeM B .D.HCKyccH11 no sonpocaM npespaw:eHHll npn ttarpese 
( «:>KypHaJI TeXHH'lecKOH <jJH3HKH>, 1951). 



yc.JIOBHH Hx npoHB.JieHHH MoryT cymecTBeHHO OT.JIHqaTbCH. Hat5.JI10.zr.eHHS1 
noKa3bIBaIOT, 1IT0 HaHt5oJiee onpe.zr.eJieHHO qepTbI MapTeHCHTHbIX npespa
IUeHHA Hat5J110,ZJ.a10TCS1 npH Harpese roMoreHHhIX cTpyKryp. 

B cnJiasax :>KeJie3a c yr.Jiepo.noM, KaK 3TO yKa3bIBa.JIOCh paHee, 
TaKoro po.zr.a npespameHHSI Ha6JJ10.zr.a10TCS1 npH Harpese 3aKaJJeHHOH 
CTa.JIH c secbMa BbICOKOH cKopocThJO. CTosH.zr.rrMoMy, JJttIIJb B 3Tf!X yCJJo
Bf!SIX y.zr.aeTcH no.zr.asttTb .nmpcpy3ttJO yrnepo.zr.a, pa3pyIIJa10my10 npa
BHJihHoe, 3aKOHOMepHoe CTpoeHrre KpttcTaJIJittlleCKOH peIIJeTKtt. CJJe.nyeT 
no.zr.qepKHYTb, llTO 0)1.HOH H3 Ba:>KHeiiurnx npe.nnocbIJIOK ,ll.JIH npOSIBJJeHHH 
MapTeHCF!THOfO npespameHF!SI nprr Harpese SIBJJSleTCSI no.zr.roTOBJieHHOCTb 
CTPYKTYPbI c TOllirn 3pemrn ee npasttJibHOH KpttcTaJIJirrqecKoii oprreHTH· 

poBKH. 3To CTaHOBF!TCSI nOHSITHbIM, eCJJH 
npttHHTb BO BHF!MaHHe, llTO o6paTHOe npe
BpameHtte coseprnaeTcH no TeM :>Ke nyrnM, 
qTo H npHMOe npH oxJia:>K)J.eHHH, H, CJie.zr.o
BaTeJibHO, HaJIHllHe npaBHJibHOH optteHTH· 
posKrr ot5JierqaeT npouecc npespameHHH. 

t'Jt, t 0 

0 _, 
<l>Hr. 14. TepMHqecKaH I tt ~.ntt
naT0MeTpH11ecKaH 2 KpHBbJe 
HarpeBa (v = 200°/ceK) OTOlK
JKeHHoro o6pa3~a (0,0450/o C). 

3HalleHHe HCXOJJ.HOH CTpyKTYPbI MO:>KHO 
npo.zr.eMOHCTµHpoBaTb H Ha MHfKOH CTaJIH 
c co.zr.ep:>KaHtteM yrnepo.zr.a 0,04 % . Dprr Ha
rpese OTO}K:>KeHHoro 06pa3u,a (pa6orn Ko
qep}l{HHCKoro) co CKOpOCTHMF! nopSIJJ.Ka 
200° /ceK., KpttTHllecKaH ToqKa o6Hapy}l{II· 
BaeTCH B o6JI8CTH 900-9200 ( cpttr. 14). CTo
c.ne 3aKaJIKH 06pa3ua OT 920-9400 (6e3 
BhIJJ.ep}l{KH) Ha JJ.HJiaTOMeTµHqecKOH KpHBOH 
npH Harpese c TeMH }l{e CKOpOCTHMH no
HBJIHIOTCH JI.Be KpHTHqecKHe TOllKH npH 780 
H 9200 HJIH npouecc npespameHHH pacTH· 

rusaeTCH B HHTepsaJie 780-9200. CTocJie 3aKaJIKH OT 9500 c 5-MHHYT
Hoii BbI.II.ep}l{KOH npH Harpese o6Hapy}l{HBaeTCH O.II.Ha KpHTHllecKaH 
TOllKa npH 825-850° (CM. cpur. 8). QqeBH.ll.HO, B nocJie,nHeM CJiyqae 
npOHCXO.II.HT HaHOOJiee TIOJIHOe npespameHHe no MapTeHCF!THOMY nmy 
fl cpHKCttpyeMaH TOllKa OTHOCHTCH K- .zr.uarpaMMe MeTaCTaOHJlbHbIX npe
BpameHHH. 

CTpH Harpese OTO:>K)l{eHHOH CTa.JIH KapTHHa npespamemrn HecKOJibKo 
yCJJO}l{HSleTcH BCJie,ncTBHe HaKJia)J.hIBa10muxcH .zr.ucpcpy3HOHHhIX npouec
coa. 3,nech cHoBa B03HHKaeT sonpoc o cxeMe npespameHHH nepmna 
B ayCTeHHT. 

KaK tteo,nHoKpamo yKa3hIBaJiocb, npH Harpese nepJIHTHOM CTµyK· 
TYPbI nepsottaqaJihHo npo11cxo.zr.nT pacrnopem1e Kap611.noa B a-cpa3e, 
3aTeM noJIHMopcpHoe npespamerme H pacrnopeHHe Kap6H.zr.os s 1-cpa3e. 
CTpu paccMOTpeHHH 3TOH cxeMhI HeH36e}l{HO B03HHKaeT sonpoc: KaKf!M 
o6pa30M H TIOlleMy npOHCXO.II.HT npespamettrre TIOllTH qHCTOro cpeppHT3 
npH TeMneparypax nopHJJ.Ka 7200, rnr.zr.a KaI< 3TO npespamettrre 
)J.OJl}l{HO npOHCXO.ll.HTb B o6Jiacrn 9000? 

HaKOaHBIIJHHCH 3KcnepHMeHT3JihHhirr Marepua.JI .naeT B03MO}l{HOCTh 
yrnep}!{JJ.3Tb, llTO, BO-aepBbIX, aOHH}l{eHHe TOllKH aoJIIrnopcpHoro npe
BpameHHH JIOJI:>KHO t5bITh CBH3auo c pacrnopeHHeM yrnepoJla B a-c1Ja3e 
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Ii, BO-BTOpblx, llTO CJie.n.yeT no.a.qepKHYTb, l!TO B MOMeHT nepecTpOHKH 
KpHcraJIJIHt1ecKoif pernerKH B03HHKaer n H 3 K o y r JI e p o .n. H c T bl A 
a y c Te H HT, cpe.a.HHH COCTaB KOTOporo OTBet1aeT cpe.a.HeMy COCTaay 
Hcxo.a.Holi 11.-cpa3bl. TaKHM o6pa3oM, nepeKpHCTaJIJIH3aum1 Ha onpe.n.e
JieHnoli CTa.llHH coseprnaeTCH 6e3 H3MeHeHHH COCTaBa H HOCHT 6e3.n.Hcp
<PY3HOHHblH xapaKTep. 

<l>Hr. 15. TepMHtleCK3SI KpHB3SI Harpeaa H OXJia)K,neHHSI ,nJISI CT3JIH Y12 H COOTBe1 
crayIOIUaH eii crpyKrypa nocne oxnalK.neHHH. 

Pa3.lleJIHTb cpa3osoe npespaill,eHHe H pacTBopeHHe Kap6H.n.Holi cpa3~ 
s nep110.n nepexo.na nepJIHTa B aycTeHHT - 3a,n.aqa .nocTaTOl!HO CJIO>K 
Hasi, o.nnaKo snoJIHe B03MO>KHasi. B KaqecTBe npHMepa npHse.neM .n.aH 
Hble TepMHl!eCKOfO aHaJIH3a, llOJiyl!eHHbie B pa60Te CTepMHKOBa npl 
HCCJie.nosaHHH 3BTeKTOH.llHbIX H .ll03BTeKTOH.llHbIX CTaJieH. 

Ha cpHr. 15 npHse.neHa TepMHl!ecKaH KpHBa.H Harpesa H oxJia>K.n.e 
mm .llJlSI cTa.nH y 12 c HCXO.llHOH crpyKrypoii IlJiaCTHHl!aToro nepJIHTa I 

MHKpocrpyKrypa 06pa3u.a noCJie 3aKaJIKH. Harpes 06pa3ua npoH3BO 
.llHJICH .no 735° co cKopocT1;>10 100°/ceK., noCJie qero 06pa3eu. 3aKaJIH 
BaJic.H. 3aKaJIKa B .n.aHHOM CJiyqae npOH3Be)leHa B _MOMeHT npespaw.e 
HHH. CKopocrb oxJia>K.neHHH npH 3_aKaJIKe oKoJio 500° /ceK. 

Ha KPHBOH oxJia)l{.neHHH BH.llHhl .nsa MapreHCHTHbIX npespaill.E 
HHH nepsoe - B o6Jiacrn 5600 - cooTBerctsyer npespameHHIO HH3KC 
yr JiepO.llHCTOro aycTeHHTa H BTOpoe - B 06J1acrn 410° - COOTBe1 
CTByeT yqaCTKaM aycreHHTa, ycneBillHM qacrHqHo pacTBOPHT 
yrJiepo.n. 



AHaJiomqHaH Kapnrna, no.n.Tsep:>K.n.a10lll.aH 06pa3osam1e HH3Koyrne
po.rr.HcToro aycTeHHTa, 6blJia nOJiyqeHa H npn HcCJie.n.osaHHH .Ll.09BTeK· 
TOH,ll.HOH CTaJIH. 

MHKPOCTPYKTYPHA~ XAPAKTEPHCTHKA nPEBPAUJ.EHH~ 

CTpyKTYPHbie H3MeHemrn npH npespau~emm nepJI11Ta B aycTeHHT 
.rr.ocTaTOqHo noJIHO onncaHbl MHOrHMH asTopaMH. BoJibllIHHCTBO HcCJie
.n.osaTeJieii: yKa3blsaeT, qTQ npespalll.eHHe HaqHHaeTcH s MecTax KOH-

<f>11r. 16. 06pa3oBauue ayCTeHJna no rpa11ul(aM nepm1rnbIX Jepeu 
H ~rrepJJHTllbIX J{QJJOHHH. 

TaKTa tj:ieppHTHOH H Kap6HJJ.HOH ¢a3, no rpaHHUaM nepJIHTHblX KOJIOHHH 
H T. JI.. 3To npaBHJibHO. B 6oJihllIHHCTBe cJiyqaes HaoJIIOJJ.aercH HMeHHO 
TaKaH KapTHHa (tj:JHr. 16). 0.rr.HaKO B OT.LJ.eJibHblX CJ1yqa51x y.rr.asaJIOCb 
3atj:lHKCHpOBaTb .rr.pyry10 KapTHHy, KOr,LI,a ueHrpbI aycTeHHTa cpaBHH
TeJibl-10 pasHoMepHo pacnpe.rr.eJieHbI s HeKoTOpoM oobeMe, KaK :>To noKa-
3aHo Ha tj:JHr. 17. 

OnpeneJieHHYIO poJib s npoueccax cpa30BblX H3MeHeHHii: HrpaeT rpa
HHua 3epHa. Ha tj:JHr. 18 noKa3aHo 06pa3osa1-111e ueHTpos aycTeHHTa 
no rpaHHUaM 3epHa. 

Cosep1IIeHHo HHaH KapTHHa CTPYKTyp1-1b!x H3Me1-1em-1ii HaOJIIO,LI,aeTCH 
npH Harpese saKaJieHHblx CTPYKTYP B cJiyqae HCHO Bb!pa:>KeHHOro Map
TeHcnrnoro MexaHH3Ma. B 9TOM CJ1yqae cTpyKrypHbie H3MeHeHHH npo
HCXO.Ll.HT KaK obi s oGpaTHOM nopH.rr.Ke, KaK npH saKaJIKe, H noJiyqaeMaH 
CTPYKTypa tj:JaKTHlfeCKH HBJIHeTCH sepKaJibHblM H3oopa:>KeHHeM ncxo.rr.Hoii 
3a1rnJieHHoii CTPYKTypbI. 
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<Pnr. 17. 06pa3osamie H poet aycre-
1mra llHYTPH uepJIHTHb!X 3epeH: 

I - HCXOJ.HOe COCTO!IHUe - nepJIHT; 2 - o6pa3o: 
R0HHe 33pOJ.b1Weii ayCTeHHTa; .1, 4- pOCT sepeH 

aycTeHHTa. 

<l>nr. 18. 06pa3osaime aycteHnta no 
rpaimu.aM 3ep11a. 

J3'-./1J 
<l>nr. 19. Opue1nau.HoHHOe ·cooTBeTCTBHe npH o6patHMhIX 6e3.II.H<fHPY3HOHHh!X 

npeepameHHllX B cnJiaeax Cu - Al. 
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OpMeHTaUHOHHoe coo'rBeTcTBHe npM 6e3.n1-1<P<PY3HOHHhIX Iipeapame
mrnx OTMetiaJioc& Heo.nHoKpaTHo. B KatiecTBe npHMepa HI'! <t>Hr. 19 

.r-- ex cx--,y 

<l>nr. 20. Opnettrau.nottttoe coornercrette rrpH o6pantMhlX 6e3JtHCj1¢y3110ttttbJX 11pe
epa111.ettttllX e crrJJaeax Fe - Ni. 

npHBO)J.SITCSI MHKpOCTPYKTYPhl, noJiytieHHhle rrpH OXJiam.neHHH H Harpeee 
Me)J.H08JIIOMHHHeBblX crrJiaBOB [1] H Ha <t>Hr. 20 rrptt OXJl8)K)leHHH H Ha-

700 

rpeBe )KeJie30HHKeJieBhIX CI1Jl8BOB [2]. 
C = 0,46 % Ni =3,28 B TOH HJIH HHOH cTeneHH c no.u.oo-

KoHel( pacmQopeHuR 
1<apo1Loo~ 

no tJJtLpuHe 
/JIJHIJIJ 

HOH 3aBHCHMOCThJO npHXOJJ.HTCSJ ctIHTaTh
cSJ H npH Harpeee TeXHHtieCKHX )KeJie3HblX 
CilJI8BOB, OCOOeHHO - JierHpOB8HHblX CTa

JieH. BnoJIHe BepoSITHO, tITO, HanpHMep, 
o6pa30B8HHe Ha<t>TaJIHHHCTOro H3JIOMa 
CBSl38HO c oco6eHHOCTSIMH OTMetiaeMoro 

Mexam13Ma nepeCTpOHKH CTPYKTYPhI. 3a
cJiymttBae-r BHHM8HHSI TOT <t>aKT, tITO npH 
opHeHTaUHOHHOH nepecTpOHKe reoMeTpH

tiecKHe pa3Mephl CTPYKTYPHhlX 3JieMeHTOB 
O)J.HH8KOBbI B HCXO)J.HOM H KOHetIHOM 

(IIOCJie nepecTpOHKH) COCTOSIHHH (<t>Hr. 19 
~ ~ II 20). 0TMetiaJIOCb, HanpHMep, qro npH 
~ ~ uarpeBe rpyoofI, neperperofI cTpyKTyphl, 

BpeMR !J ceKf!Hrla x. IIOCJie npeBpaw.eHHSI MO)KeT B03HHKHYTh 

<l>nr. 21. KntternKa pacreopettnll raKaSJ me rpyoaSJ cTpyKrypa, KaK H HC-
Kap6n.n.ttoi1 qia3b1 xo.nHaSJ, ror.na KaK OObltIHO OiKH)J.8JOT, 

(0,460/o C; 3,280/0 Ni). '!TO B MOMeHT nepeKpHCTaJIJIH3aUHH npo-
. HCXO)J.HT 3aMeTHOe .npooJieHHe 3eptta. 

npH HCCJie)J.OB8HHH npoueccoe npeepaw.eHHSI OOJibIIIOe BHHMaHHe 
Y.lleJISJeTcSJ npoueccaM pacrnopeHHSJ H30blTOtIHhlX <Pa3, npHBO.U.SJlll.HM 
K roMoreHH38UHH aycTeHHTa. 
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OnhlT noKa3brnaeT, 'ITO y3KHM 3BeHoM npouecca npeBparn.eHHH 

HBJIHeTCH HMeHHO npouecc pacTBopeHHSI H36blT01IHblX cpa3 H npou.ecc 

fOMOreHH3aUHH aycTeHHTa. 

MHorHMH ucCJie.n.osaTeJISIMH 6hlJIO noKa3aHo, 'ITO cKopocTb pacTBO

peHHH Kap6H)1.0B 3aBHCHT OT TeMnepaTyphl HarpeBa, BpeMeHH Bbl

;:i:ep}l{KH, cocTaBa cnJiaBa u, HaKoHeU, OT ucxo)J.HOH CTPYKTyphl. 

,lJ.JISI yrnepO,ll.HCTblX H cpe,ll.HeJierupoBaHHblX CTaJieii TeMnepaTYpHaH 
JaBHCHMOCTb BpeMeHH pacTBopeHIHI Kap6H,ll.Hb!X cpa3 xapaKTepH3yeTCH 

rpacpHKOM, anaJiortt'IHbIM npttBe,ll.eHHOMy Ha cpnr. 21. CToJio:>KeHtte H 

l!aKJIOH Kpirnoii 6yAyT aami:ceTb OT COCTaBa cnJiaBa Ii HCXO)J.HOH CT'f>YK

TYPbI. 
H3 rpacpHKa BHJJ.HO, 'ITO 'leM MeHbllle npo,ll.OJI}l{HTeJibHOCTb narpeBa, 

T. e. 'leM 60.Jibllle CKOpOCTb warpeBa, TeM Bblllle ,ll.OJl}!<I-Ia 6bITb TeMnepa-

1ypa HarpeBa ,ll;JIH ooecneqemrn: npouecca fOMOreHH3aUIIH BhICOKO

Y:aCTOTHOH 3aI<aJIKll 1• 

OCH9BHbIE BbIBO)J.bl 

Han6oJiee na}l{Hble BblBO,llbl, KOTOpbie MO)KHO C,lleJiaTb Ha OCHOBa, 

HHH HMeIOill,HXCSI 3KcnepHMeHTaJibHblX )1.aHHbIX, MoryT 6bITb CBe)J.eHhl 

K CJie.n.y10rn.eMy. 
I. CTpeBpan.1,eHHH npll narpeBe 110.n.q11Hm0Tcrr o6IUHM 3aKbHOMepuo

crnM cpa30BblX H3MeHeIIHH. 

2. K.uHeTHKa u MexaHH3M cpa30BbIX H3MeHeHnf! nptt HarpeBe B 3a

BHCHMOCTH OT cocTaBa cn.riaBa, ttcxo;i:uoii cTpyKrypbl n cKoponH Ha

rpeBa MoryT HOCHTb qepTbl .n.ucpcpy3HOHHblX H 6ea.n.Hcpcpy3HOHHblX npe

Bparn.eHHfl. 

MmKHO yTBepm.n.aTb, 'ITO OCHOBHbIM n BeJiyIUHM BHJJ.OM npeBparr~e
HHii SIBJISieTCSI 6e3.UHcpcpy3HOHI!Oe npeaparn.eHHe H o6ttapy}l{HBaeMble 

3.'leMeHTbl .z:r.ncpcpy3HOHHblX H3MeHeHHH qacTO SIBJISIIOTCSI BTOpH1IHbIMH 

( HaJiaraIOIIViMHCH) npo~eccaMn. . 

3TH BbIB0)1.bl CQ3,D;aIOT OCHOBHble npe.UTIOCbl.JIKH JJ:JISI pa3pa60TKH BO

ROM Teopmi cpa3QBblX npeBparr.1,eHHH npH HarpeBe, B OCHOBY KOTOpOH 

IIOJIO}l{eHbl 6e3.UHCpcpy3HOIH!ble npeBparn.eHHSI B 0)1.HOKOMIIOHeHTHhIX 

CHCTeMax. 

3. 011.HHM H3 na:xrneHlllHX HTOrOB HCCJieJJ:OBaHHH SlBJISieTCH TOT cpai<T, 
'!TO npn HarpeBe B03MOJKHO o6pa30BaHHe MeTacTa6H.JibHblX cpa3. 

CTpn co6.JIIO,IJ.eHHH . onpe.n.eneHHbIX yCJioBHii ( cKopocTb HarpeBa, 

~CXOJJ.HaH cTPYKTypa) o6pa30BaHHe Merncrn6nJibHblX • cpa3 OT'leTJIHBO 
cjJMKCHpyeTCH 3KcnepnMeHTOM. 

TeMneparypa o6pa3oBaHHSI MeracTa6MJibHhIX cpa3 3aBHCHT OT co

craBa OCHOBHOH (HCilblTblBaIOill,eii npeBparn.eHMe} cpa3bl H MOlKeT 6b1Tb 

11pe.n.cTaBJieHa B BH)J.e ,Jl.MarpaMMbl MeTacTa6M.JibHblX npeBparn.eHHlI. 

HMeIOrn.uecsi 3Kcnepttl\1ettTaJibHbie MaTepHaJibI .rr.aIOT B03MO:>KHOCTh 

yrnepJK,llaTb, 'ITO MeTacTa6H.TibHble cpa3bl MoryT o6pa30BbIBaTbC5J B CH
CTeMax Cu - Al, Cu - Zn, Cu - Sn, Fe - Ni, Fe - Mn, Fe - Cu u, 

. 1 BBH.O:Y orpaHw1eHHblx paaMepos CTaTbH HeKOTOpble .n:aHHble no Harpeay nerH
posaHHblX cnJJaBOB >KeJJe3a, npHBO.O:HBIIJHeCSI B ,llOIU18.0:e, 6y,llyT H3JJO)l{eHbl B OT.n;eJ1b-
110A CT8Tbe. 
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noBHJJ.HMOMy, BO MHornx .u.pyrnx CJiy11aHx. B nocJie)J.Hee BpeMH 6b1Jn1 
"noJiy11eHbl ,ll.aHHble, CBH.lleTeJibCTBYIOlllHe B Il0Jlh3Y o6pa30B3HHH MeTa

CTaOHJlbHblX ¢a3 npu Harpese }KeJie3oyrJ1epo,'lHCTblX cmiaBOB. Dorne.a.

Hee OOCTm!Te.JlbCTBO HMeeT npaKTHlleCKHH H TeopeTHlleCKHJI HHTepec. 
4. CJJe.u.yeT OTMen1Tb, 11-ro npu HccJie.u.osamrn HeKoTOpb!x Jiernpo

BaHHbIX >KeJie3HblX cnJiasos OblJI o6ttapy*eH pst.u. HBJieHHH, He no.!Llla!O

muxcst y.u.osJieTBOpHTeJibHOMY 060HcHeHH10. <I>a30Bble u KciHUeHTpau110H

Hble H3MeHeHHSI B HeKOTOpbIX JiernpoBaHHbIX CT3JISIX .ll.OCTaT011HO 

CJIO:>KHbI H Tpe6y!OT .zr.aJibHeiiurnx HCCJie.zr,oBaHHH. 
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11. H. K11!1.1111 

0 HEKOTOPblX «l>AKTOPAX, BJIM5110lll.MX HA KHHETMKY 
HH,LJ.YKU.MOHHOfO HAfPEBA CTAJIH 

1. COCTO.slHHE BOOPOCA 

1-'fa Bcex npo6JieM MeTaJIJIOBe.n:emrn H TepMHqecKoH: 06pa60T1m. Bo
npocbl, CBH3aHH.hie c npeaparueHHHMH npH HarpeBe, HBJIHIOTCH HaHMe
Hee HsyqeHHblMH. 

0wM60tH!Oe npe,T(CTaBJieHHe 0 npOCTOTe HBJie1mH:, CBH3aHHbIX c npe
BpameHHHMH, HMeJOIUHMH MeCTO npH Harpeae, He npHBJieKaJio IlHHMa
HHH HCCJie.n:oBaTe.neH: K H3yqeHHIO 9TIIX HBJieHmi. 

O.n:ttaKo WHpoKoe pacnpocTpmreHHe HH.UyKUHOHHoro HarpeBa B 6bI
cTponepeMeHHhIX 9JieKTpOMarHHTHhIX IIOJI5IX no6y ,11.l!JrO p5I/l. HCCJie.n:oBa
TeJieH K yrny6.TieHHOMY Hsyqettmo npouecca cpasoBhix npeBpameHHH:, 
COBeprnaIOIUHXC5l npH HarpeBe. 

HeKoTOpb1H: 3Kcnep11MeHTa.nhHhlH MaTepHaJI, HaKonJiem1hlH: a pas
.TJHqHhIX opraHH33UHHX, C03,UaBaJI B noCJie.n:rrn.e rO.UhI B03MO:>KIIOCTh .U.JISI 
BblCKa3hIBaHirn OT.U.e.JibHh!X KOHUeIIUHH H HX .ll.MCKYCCHOHHOro o6cy)K.U.e
llHH. 0.u.HaKo ne.n:ocTaTOqHOCTh HMeIOIUHXCH 9Kcnep1rne1!TaJ1bHhIX .n:aH- . 
IIhIX, OTCYTCTBHe 06beKTHBHoi'1 011.e11KH npoTHBopeqHBhIX pesyJibTaTOB, 
noJiyqaeMbIX pa3HblMH HCCJie.U.OB.aTeJIHMH, He II03BOJIHJIH C03.ll.8Tb o6ruHe . 
npe.U.CTaBJieHHH, npHeMJieMble .U.JIH o6bHCHeHHH pa3JIH'll1lf Ha6JIIo.n:ae- . 
MblX HBJieHHM. 

OcHOBHhie pasHornacH:H B 9TOM o6JiacTH CBO.Ll.HTCH k Bonpocy o Te,M-. 
nepaTypHbIX ycJIOBHHx npeBparueHHH rrepJIHTa B aycTeHHT. PaHee Bbl-; 
cKasaHHaH TOlJKa spemur o cMem:emm 3Toro rrpeapamemrn c noBhrme
HHeM CKOpOCTH HarpeBa B CTopoHy 6oJiee BblCOKHX TeMrrepaTyp [1]~-{31 
6brJia orrpoBeprnyrn pH.n:oM HCCJICJlOBaTeJieii [ 4]--:- [7], yrnepmnaBmlix, · 
qTo .n:a:>Ke npH ot:IeHh 6oJibIIIHx cKopocrnx 3JieKTpoHarpeBa' T'eMrrepa
Typa rrpeBparueHHH nepJIHTa B aycTeHMT ocrneTcH 6JIH3KOH J{ paBHb-
BecHoH: KpHTM'leCKOM TO'lKe. . 

YKaahrnaeTCH, 'lTO rroJIHhIH rrepexo.n: .n:HcrrepcHoro rrepJIHTa B aycTe
HHT rrpH CKOpocrn 3JieKTpOHarpeBa 200-700°/CeK MOMeT 6btrb ocy
rueCTBJieH rrpH 725°, Bcero Ha 2-4 ° rrpeBbIWaJOrueH: paB)i,O~CGHYIO 
TO'lKy 'A.1. 

.lI.JIH ,llOI<a38TeJibCTBa rrpHBO,llflTCH 
nJiorua.n:Ky rrpH 9TOH TeMrreparype 

3* 

ocUHJIJiorpaMMhI, noi<83hiria1cuiHe 
( qmr. 1 ) . 06bHCHeHHe Ta Korn 
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xo.n.a OCUHJIJIOrpaqrnqecKoii Kprrnoii aBTOpbI BH,ll.HT B TOM, '-ITO npH 
:3JleKTpoHarpeBe ycTpaHHeTCH He)J.OCT3TOllHOCTb IlO,ll.al.J:H TCilJ10BOli 3Hep
rHH B npeBpaIUa!Oll.lHHCH o6oeM, '-ITO .u.e.naeT npou.ecc npeBpameHHH 
nepJIHTa B aycTeHET qpe3BbillaHHO 6bICTpb!M. 

B .u.pyroli pa60Te [8] yrnep)K/J.aeTcH, '-ITO npH TeMnepaType, 6.Till3-
KOH K A1, cpeppHT 6e3.H.Hcpcp:iz3HOHHhlM nyTeM (BcJie,ll.cTBHe HaJ1li'HIH 
qlJiy1nyauHii o6orauJ,emrn) npeBpaui:aeTcH B aycTeHHT n0.n.06no npc
.epame1uuo, HMerolll,eMy MeCTo npH onpe,[1,e.ne1rnh1x ycJIOBHHX oxJia)K,ll.e
HHH B CJIYll'ae pacna.u.a aycTeHHTa. c ,[(3JlbHeHlllHM HarpeBOM npoHCXO
AHT T0.1bKO npou.ecc pacrnopeIIH5I Kap6H)J.OB B aycTeHHTe. 

oc 

800 

600 

400 

200 

0 1 2 ce1r. 
Bpe1'1R 

<PH r. }. 

Oepaoe o6oHCHCHHe JierKO OTBO)l.HTCH npo
CTblMH .U.Hcpcpy3HOHHhIMH paclleTaMH. He npHBOJJ.H 
3,ll.ech :>THx paclleToB, yKa)!{eM JIHlllh, '-ITO B cJiy
qae Harpeaa .n.11cnepcHoro nepJIHTa (Me)KnJia
cTHHllaToe paCCTOHHHe 0,2 .MK) co CKOpOCTb!O 
500°/ceK JI.O 725° npH HaH60Jiee 6JiaronpHHTHbIX 
ycJIOBHHX B aycTeHHT MO)!{eT npeapaTHTbCH He 
60.1ee 2-4 % Bcero npeBpamatomerocH o6oeMa. 
np11 yKa3aHHOH CKOpOCTH Beeb o6oeM nepJIHTa 
HaH60Jiee TOHKOfO CTpOeHHH MO)!{eT npeapaTHTb
C5I B aycTeHHT JIHlllb npH TeMneparype, 6JIH3KOH 
K 740°. 

Brnpoe o6oHCHeHHe OTBOJJ.HTCH o6meH3BecT
HhIM ([ 4] H .n.p.) cpaKTOM MarHHTHOfO npespame
HHH cpeppHTa npH TeMneparype 770° ( ecJIH nep
JIHT HMeeT rpy6oe CTpoeHHe)' npeBb!lllaIOUJ.ef1_ 
rn'-IKY Ai Ha 500. 

B cJiyqae npeapameHHH acero nepJIHTa a ayCTeHHT npH 725° Ta
.l{Oe HBJieHHe He Ha6JIIOJI.aJIOCb 6hl. 
. 0pOTHBHHKH npe.U.CTal3JleHH5I 0 CTa6HJIH3aUHH rrepmno-aycTeHHTHOfO 

npeBpam.eHHH npH TervmepaType, 6JIH3KOH K pa13HOBeCHOH, B Kaqecrne 
3KcnepHMCHTaJibHblX /{OKa3aTeJibCTB CMelll,eHHH npespalll,eHHii npHBO.U.HT 
Qilb!Tbl, Bb!IlO.TII-IHBUIHeCH c o6pa3IJ,aMH, HarpeaaBlllliMHC5I B CBHHIJ,OBOll 

0EaHHe [2], . HJIH c narpeBOM rrepeMeHHblM 3JieKTpHlleCKHM TOKOM, rrpo" 
nyc1rneMb!M qepe3 o6pa3eIJ, KOHTaKTHblM MeTO.U.OM [9]. 

B nepBOM c.TJyqae c H3necTHhIMH rrorpelllHOCTHMH 6bIJIH .n.aHbl ne
prm.ribl rrpeapamemrn npH pa3JIH'-1Hhlx TeMnepaTypax; so qrnpoM 6bIJia 
ocylll,eCTBJieHa OCIJ,HJIJIOrpacpHllecKaH 3aUHCb KpHBOH Harpe Ba. CT pH 
3TOM He 6blJIO rro.TJyqeno HH IIJIOlll,8JI.KH B paiioHe 725-730°, HH npo
BaJia TeMrrepaTyphI noc.ne TIJlOIIJ.::l,!I.KIL 

TaKHM o6pa3oM, HecMoTpH Ha TaKy1-0 )Ke aKTHBHYID TenJiono.naqy 
Tel\mepaTypHOH CTa6HJIH3aIJ,HH npeapalll,eHHH rrepJIY!T - aycTeIIHT 
He 6b!JIO o6Hapy)!{eHO. 

0.u.HaKO aBTOpbl [9] He IlOKa33.JJH, B lleM COCTOHT npHllHHbl pa3JIH
t.IHH B 3KcnepuMeHTa.TJbHblX pC3YJibTaTaX, noJiyqemiblX B HX OilblTaX H 
f' OilbITax cropOHI-IHKOB npeJI.CTaBJleHHH 0 TeMnepaTypnoii cTa6HJIH3aUHH 
i_lepJ11no-aycTNIHTnoro npeBpaIUeHHH. CJie.U.oBaTe.IIhHO, He MorJIH 6b!Th 
npeo.no.'leHhl H ca!lrn pa3uornacHH. 
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2. noCTAHOBKA 3A.ll.A'IH 

HaMH 6bIJia npeJJ.npHHHTa nonb!TKa uai\rn 06I1Lee peweHHe 3Toro 

cnopHoro Bonpoca. 
CTp11qm1y pa3J-IOrJiaCHH Mb! BHJJ.HM B '!'OM, qTQ OfTblTbI OT}l,e.JlbHbIX 

HCCJie,ll.OBaTeJief1 6bIJIH noCTaBJiellbl B nprnIIJ,!ifTI1aJlbHO pa3jJHqHblX 

:mcnepHMeHTaJibHblX ycJIOBHHX. HO o6oHCHeHHe noJiyqeHHblX .n.aHHb!X 

.u;asaJIOCb 6e3 yqeTa 3THX pa3JIHqm'i; BO Bcex CJiyqa51x TO HJ!H HHOC 

H3MeHeHHe BHJ1.a KpttBOH 1-rnrpesa OTHOCHJIOCb HCKJIIOqHTeJlbHO 3a cqeT 

<f>a30BhIX npesparn;eHHH. PaccM0Tpem1e sorrpoca o xapaKTepe 4Ja3m~NX 
npespameHHJf npH Harpese H OTHOCHIIJ,HXCH CIO.ll.a 3KCnepHMeHT3JlbHblX 

.n.aHHblX 6hJ.TlC npose.n.eHo B OTpbIBe OT 061uero B011p0C?. 0 KHHeTHV.C 

pa3HOBH.ll.HOCTei'r 3~eKTpOHarpeBa. 
0.n.naKo KHHeTHKa 3J!CKTpo1rnrpesa HMeeT BeCbMa 3HaqHTeJ!bHb!e 

0T.1rnqm1 B 3as11cHMOCTH OT yCJioBHi'r · ero ocymecTBJiemrn. KHHeTHirn 

HH.ll.YKII.HOHHOro HarpeBa TOKOM pa.rr.11oqacTOT HHaH, qeM npH Harpese 

TOKOM 3BYKOBhIX qacTOT, KHHeTHKa 3JICKTpo1rnrpeBa nepeMeHiibIM TO

KOM, nepe,TJ:aBaeMbIM B CTaJ!bHOH o6oCKT HHJJ.YKIJ.HOHHbIM nyTeM, HHaSl, 

qeM npH npHMOM nponycKaHHH IlOCTOHHHOro TOKa, KHHeTHKa HHJJ.YKIJ,H

OHHOfO HarpeBa KpynHblX CTa.TibHblX H3J1.eJIHH mraH, qeM Me.rnmx, 

KHHeTHKa HH,I1.y1uummrnro Harpesa CITJIOlllHblX H3,l1.eJIHii: HiiaH, qeM Tpy-

6oK c OTHOCHTe.'lbHO TOHKHMH CTeHKaMH, ,lJ.a)!{e eCJTH BHelllHHH JlHaMeTp 

3THX H3)1.e.'IHH 0.Il.Hl-IaKOB . .lJ.a)!{e 3TOT rrepeqeHb, He npeTeH.D.yJOI11,11Ji Im 

nomIOTy, oneTJIHBO HJIJIJOCTpHpyeT Heo6x0)1.HMOCTb yqeTa pa3JJHqHfl 

KHHeTHKH 3JieKTpOHarpeBa np11 o6cy)!{.n.eHHH Bonpoca 06 ycJIOBHHX 

rrpoTeKaHHH npespau~emrn nep.1rnra s aycTeHHT. 

CTpHOJIH)!{eHHOe cy:>KJJ.em1e o rrnHeTHKe 3JieKTpoHarpeHa B03MO>KHO 

no BH,ll.Y I<pHBOH Harpesa, no.TJylJaeMOll rryTeM 3anHCH npH6opaMH COOT

BeTCTBYJOIIl,eH LIYBCTBHTeJibHOCTH. 

ECJIH BO Bcex BhimeynoMHHYTb!X CJiyqa51x BhI.D.ep)!{lJBaeTCH yCJIOBHe 

paseHcTBa cooomeHHOH. cTa.7IbHOMy o6neKTY 3HeprHH, KPH.Elbie ttarpesa 

MoryT HMeTb BecbMa cymecTBeHHhie He TOJlbKO KOJIHqecTBeHHble, HO H 
KaqeCTBeIUihie OT.IJHqJ-151. 

KaK noKa3aJTH HaIIIH onhIThI, cpa30Bhle rrpespameHHH oKa3bIBaIOTCH 

OTHIOAb He e.n.HHCTEeHIIbIM cpaKT'OpOM, a B pn1:r.e CJiytJaes H He r.TJaBHbIM 

MH noJiyqeHHH Toro HJIH mroro BHJJ.a KpHsoH: ttarpesa. 

3rn o6cTOHTeJibCTBO OOH3blJ3aeT cquTaTh, qrro H3MeHeirne B xo.rr.e 

KpHBOH Harpesa rreB03MO)KHO OTHOCHTb HCKJl!OqHTe.'Ibl!O 38 C'IeT 4Jaso

llb!X npespamemrli n qTo 113yqer-me K1menm11 cpa30HbIX rrpeepamemiii 

HeB03MO)!{H0 BeCTl! B OTpbIBe OT OILeHKH HX pOJII1 B o6meii: !<rrnenn{e 

3JieKTpHq,ecKoro ttarpesa. Ha .3T'Oii: ocHoce MO)!{HO no.11yq11Tb ooJiee npa

BHJTbHOe npeAcTasJTerrne o TeMnepaTypax, B 1<0Topbrx rrpme1rneT npe

npame1me nepJIHTa B aycTeHHT. 

KutteTHKa IUUI.yKUHOHHoro Harpesa nam1 xapRKTepH3JCTC51 pH,!1.0:".I 

oco6eHHOcTei1, o6ycJIOBJieHHhIX 3JieKTpHqeCJ<HMH pexrnMaMH rrnrpesa

TeJibHOii ycTaHOBI<H H H3MeHeHHe~.I cpl·l3J1qecirnx napaMeTpOB MeTa.11.Jia. 

He paccMaTpHBaH 3,ll.ecb oco6eHHOcTett KHHeTHKH HHAYKIJ,HOHHoro 

Harpesa OCTaHOBHMCH Ha KaqecrneHHOH: CTOf)OHe HRIJCHHH, HMeJOIIUfX 
MeCTO npH 3TO\I HarpeBe. 
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I bMeHemie y .UeJibHoii MOUI.HOCTH, nornomaeMoti nonepxHOCTHhlM 

(J10eM, Bbl3bIBReTCSI H3MeHeHHeM qn1311qecKHX CBOHCTB cTaJIH JIO Mepe 

nOBbiwemrn TeMnepaTyphl. Ha1160Jiee pe3KHe H3MeHeHHSI npeTeprreBaIOT 

MarHHTHble csoiicrna cTaJIH rroc.ne .Ll.OCTH}!{eHHSI onpeJJ.eJieHHOH Tel\rne

paTyphI. Bw3b!BaeMoe .9THMH npHqmraMH nepepacnpe.n:eJ1cHHe HH.UYKTl'

pyeMoro TOKa no cetieHHIO Ha_rpesaeMoro o6beKTa npHBO.UHT K pe3KOMY 

yMeHbrneHHIO Y.11.eJihHOH MOIIl.HOCTH Ha nosepxHOCTH H K 3aMe,L1.JieH1110 ee 

11arpesa. B CBSI3H c 3THM paHee 6bIJIO npe.LI.JIO)KeHo [10] pa3.11.eJiem1e 

scero TeMnepaTypHoro m1repsaJia narpesa no.11. 3aKaJIKy Ha ;.i.sa - OT 

KOMHaTHOH TeMneparyphI .u.o ToqKH K10p11 11 OT TOtjKH K10p11 .no TeMne
paTyphI 33KaJIKH. llJISI TeXHOJIOn1qecKHX· 11.eJieli T3KOe cxeMaTH'leCKoe 

)J.eJieHHe MO}!{HO cqHTaTb J~OCTaTOl!HblM H B HaCTOSIUl.ee BpeMH. 0JJ.H81(0 

npu 6oJiee .neTaJihHOM paccMoTpeHHH S1BJiem1li neo6xo.umv1 pHJJ. yTolJ-

11e1rnli. 

Perna!Olll,ee BJIHSIHHe Ha KHHeTHKY HH.Ll.YKII.HOHHOro Harpesa HMeeT 

H3MeHeHHe 9JieKTp11qecKoro pe}!{HMa B nosepxHOCTHOM c.noe B CBSl3H 
C nepeX0.11.0M nonepxHOCTHOrO CJIOSI B HeMarHHTHOe COCTOSIHHe. Do Mepe 

)'BeJIHlJeHHSI o6beMa HeMarHHTHOii <Pa3bl HeKOTopoe aaMe,LI.JieHHe Ha

rpesa 11MeeT MeCTO 11 np11 TeMnepaTypax HeCKOJihKO muKe TOttKH K1op11. 
noCJie :>Ke ,Ll.OCTH:>KeHHSI TOlJKH K1opH 9TH HBJieHHSI CTaHOBHTCSI Ha

CTOJlbKO 3HalJHTeJibHbIMH, lJ!fO Bbl3bJBalOT cyu1.ecTBeHHhle H3MeHeHHSI B 

pe:>KHMe Ten:roo6Me1rn Me:>K.n.y noBepxHOCTHblMH H 1rnyTpeHHHMH 

c.TIOHMH. 

Pe3Koe yMeHbllleHHe Y.1I.eJihH01'1 MOUWOCTH H 3aMe.n.Jie1rne mirpesa 

nosepXHOCTH C03.LI.a!OT TeH.n.eHII.HIO K BbipaBHHBaHH!O TeMnP.paTypbl no 

ceqeumo. CJie;1.crn11eM 3TOro o6cTOHTeJibCTBa HBJIHCTCH vcmrem1e 

TenJiooT.naqJI oT noaepxHOCTHhlx cJioes K suyTpeHHHM. Dp11 HeK0Topb1x 

cnpe.n.eJieHHbJX ycJIOBHHX OT)J.aqa TenJia TIOBepxHOCTHbIM Cl10CM MO:iKeT 

npeB30HTH KOJIHlJeCTBO 3HeprnH, BBOJJ.HMOe B Hero Ha 3TOM 9Tane Ha

rpesa, tITO MO:>KeT np11secn1 K HeKoTopoMy ox.11a:>K.n.emno nosepxHOCT

Horo CJIOH. Ha Kp11soi'i Harpena 3TO HaxoJJ.HT oTpa:>KeHHe B 06pa3osa

PIHH ce.u.110Bf!HhI (rlJlaBHoro np0Ba.11a TeMnepaTypbc) nptt TeMnepaTypax, 

6.1111aKttx K TOtIKe K10pH. 

DyTeM H3MeHeHHH yc.11osHli TenJioorno.n.a so BHyTpemme CJIOH ( ero 

ycHJieHHeM HJIH OCJia6JieHHeM) MO>KHO BJIHSITb Ha BH,Ll. Kpttsoii Harpesa 

l\aK B OTHOIIJeHHH ,Ll.JIHTe.JlbHOCTH nepim.n.a CHHJKeHHSI Tel\mepaTypbr, TaK 

H B OTHOIIJeHHH BeJIHtjJ!Hbl 3TOro CHH:>KeHHH. 

3KcnepHMeHTaJibHhIMH cpe,'lCTBaMH H3MeHeHHH yCJIOBHi'I TenJio

OT.J,alJtt MoryT 6bITb, B lJHCJie .npyrnx, CJ1e.ny10II1.He: 1) nepexo.n OT 
CITJlOlllHbIX o6pa3II.013 K Tpy6qaThlM nptt TOM :>Ke BHeWHeM .D.HaMeTpe, 

HO c pa3JIHlJIIOH TOJllll.HIIOH CTeHOK; 2) HH.llYKII.HOH!IbJH Harpes o6pa3-

ll,OB, npe.n.sapHTeJihHO no.norpeThIX .no TeMnepaTyp, He npeBbIIIIalOIIl.HX 

KpHTHqecKHX ToqeK npeapalll,eHHH; 3) nepexo.n. OT HH.D.YKUHOHHOrO Ha
rpesa nepeMeHHblM TOKOM K Harpesy nocTOHHHbJM TOKOM nyTeM npH -

Moro nponyc1rnHHS1. 
YMeHbIIJeHHe Y.lleJihHOH MOIIl.HOCTH H, KaK cJJe,llCTBHe 3TOro, yseJIH

tteHHe TenJIOOTBO.LI.a K BHyTpeHHHM CJIOHM HBJISleTCSI, J<aK yKa3aHo Bblllle, 

peIIIaIOIIl.HM cpa1nopoM B <PopMHposac-nm Toro HJIH mmro EH.LI.a KpHBOH 

Harpesa. lho6bI ycTaHOBHTh .LI.OJIIO BJIHHHHH npespaII1.eHHH B cm.rm na 

38 



KHHeTHKY Harpeaa, Heo6xo.zurno ocymecTBHTh HccJie.u.oaaHHe Ha Mare
pHaJiax, HMe!OIII.HX onpe.neJieHHble pa3J1Hq1rn B OTHOilleHHH B3aHMopac
IlOJIO>KeHHH KpHTHqecKHX TeMnepaTyp ( HJIH HHTepBaJIOB) npeapa
III.eHHH. 

DyTeM coorneTcTBylOIII.ero no.u.6opa MaTepHaJia HarpzaaeMoro 
o6beKTa MO>KHO .3KCnepHMeHTaJibHO ocymecTBHTb cMeIII.eHHe .neikTBHSI 
3<PcpeKTOB nornomettHH TenJia a TY HJIH .npyry10 cTOpoHy no TeMnepa
Type, o6oco6HTh .neiicrnHe roro HJIH .npyroro .3<P<PeKrn HJIH 3HaqHTeJihHO 
ero oCJia6HTh. · 

ECJIH, ttanpHMep, np01I3BeCTH ttarpea o6pa3ua H3 TexmPiecKH 
qHcToro >KeJie3a, TO npouecc o6pa3oBaHHH aycTeHHTa H3 nepJIHTa npaK
THqecKH HCKJIIOqaeTCH. Ha KHHeTHKY Harpeaa B .3TOM CJiyqae MoryT 
BJIHHTh .naa <PaKTOpa, .3KBHBaJieHTHhIX OTPHUaTeJihHhIM ncToqHHKaM 
TenJia, KOTOphre .u.eiiCTBYIOT B CJ1e.u.y10meii IlOCJie,D.OBaTeJibHOCTH: npH 
TeMneparype npHMepHO 770° npOHCXO.ZJ.HT pe3KOe H3MeHeHHe TeilJIO
eMKOCTH BCJie.ZJ.CTBHe MarHHTHoro npeapameHHH, . npH 910° - IlOJIH
~rnp<Pttoe npeapau~emfe o: Fe-+ 1Fe. 

EcJIH HarpeaaeTCSI .3BTeKTOH.ZJ.HaSI yrJiepo.n.HcTaSI cTaJib Y8, To npn 
6oJiblllOH cKopocrn ttarpeaa npH TeMnepaType A1 (721°) HaqHHaeTCH 
n:eiicTBHe TenJioaoro .3<P<PeKTa nepJrnTo-aycTeHHTHOro npeapamemrn. 
Ha KaKoii-TO crnJJ.HH pa3BHTHH nepJIHTo-ayCTerrnTHoro n9eapameHHH, 
npOHcxo,nSIIII.ero nocJie .u.ocTH>KeHHSI TeMnepaTyphr TOqKH K10pH, BKJIIO
qaeTCH .neiicTBHe MarHHTHoro npeapameHHH TOH 11acTH <PeppHTa, KOTO
paSI He ycneJia .no .3Toro npeapaTHThCSI a aycTeHnT BCJie.ZJ.CTBHe orpam1-
'-!eHP.OcTH apeMeHH ,D.Jl51 .ZJ.Hcp<Py3HOHHOro pa3BHTHSI <PPOHTa aycTeHHTa 
OT ueMeHTHTHhIX n.nacnrn. 

ECJIH HarpeaaeTCSI cneuHaJibHO JiernpoBaHHa51 CTaJlh, COCTaB KOTO
poii noJJ:o6paH TaK, 11T06hl TeMnepaTypa A, Jie>Ka.na BhIIIIe Tel\rnepa
TYPhI MarHHTHoro npeapameHHSI, TO MarHHrnoe npeapaIII.eHHe npoH30H
.a:eT paHhrue nepmno-aycTemnHoro. 

11, HaKOHeu, B03MO)!{eH CJiyqaH: COBna.u.emrn TeMneparyphI MarHHT
HOro H na11aJia cpa3oaoro npeapa1uemrn. 

TaKHM o6pa3oM, cy1necrny10T qeThrpe pa3JIH1IHhIX CJiy•rnH: 
1) nepmno-aycTeHHTHOe npeBpameHHe He HMeeT Mecrn, MarHHTHOe 

npespame1rne npou301i,n:eT paHhrue noJIHMopcpHoro; 
2) HMeIOT MeCTO cpa30Bhle npeapamenHSI, HaqHHa!OUVfecSI paHbllle 

MarHHTHOro; 
3) HMelOT Mecrn clJa30Bhle npenpamemrn, Ha1111Ha10III.HecSI II03.ZJ.Hee 

MarHHTHoro; 
4) HMeIOT Mecro <Pa30Bhle npeapameHHSI, Ha11HHa10u~HecSI npH npo

xo>K,n:eHHH MarHRTHhIX npeapameHHH. 
11cCJie,n:ySI HarpeB o6pa3UOB, H3fOTOBJleHHbIX H3 MaTepHaJIOB, HMelO

III.HX yKa3aHHhle BbIUJe pa3JIH1J:HSI, npH TIOMOIII.H O.D.HHX H Tex >Ke Harpe
BaTeJibHhIX ycTpOHCTB, MO>KHO npoc.ne,llHTb po.nb <Pa30BOro H MarHHT
HOro npeapameHHH B <PopMHpOBaHHH KpHBOH narpeaa. 

OcymecTBJieHHe TaKOH cepHH .3KcnepHMeHTOB n03BOJISieT c 60.nhmoi\ 
onpe.ueJieHHOCTblO Ka11ecTBeHHO oueHIITb BJIHHHHe Tex HJIH HHh!X <PaK
TOpOB Ha BH.lJ. KpHBOH Harpesa H TaKEM o6pa30M BhHICHHTb HX 3Haqe
HHe B KHHeTHKe .3JieKTpH11ecKoro Harpeaa CTaJlbHbIX o6beKTOB. 
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3. METO,ll.HKA 3KCnEPHMEHTA 1 

l1H.LI.YKUHOHHbIH Harpes ocylll,eCTBJUIJICH OT JiaMIIOBOro reHepaTopa, 
.n.a10lll,ero B· 11HAYKTOP TOK tiaCTOTOH 300-350 TbIC. rrep110.n.os B ce· 
KYH.D.y. 06pa3UbI 6bIJIH B3HTbI U:HJIHH.LI.PHIJeCKHe HJIH cpopMbI, rroKa3aH
HOH Ha qmr. 2. fl pH II~MOID:H crreu.1rnJibHOro ycTpOHCTBa ( tjrnr. 2) BO 
speMH Harpesa 06pa3eu y,rr.epw::rmaJICH B HH.LI.YKTOpe 11 rroCJie 1-i:ocrn

<1>Hr. 2. 

Memrn 3a.LI.aHHoil TeMrrepa
TYPhI c6pacbIBaJicH B BO.LI.H
Hoii: 6aIJOK 2, ycTaHOBJieHHblH 
IIO.LI. HH.LI.YKTOpOM. l13MepeHHe 
TeMrreparypbI ocylll,eCTBJIHJIOCb 
c IIOMOlll,b!O cpOT03JieKTPH1Ie
CKOro nrrpoMeTpa 2 3 11epe3 
KOHHlleCKOe 01IKO B HH.LI.YK-
1 ope. ,llrraMeTp oTBepcrnH 

6,5 MM y HapyMHOii: CTeHKH HH.ll.YKTopa 11 5 MM y BHyTpeHHeif. 3amICb 
KpHBOH Harpesa ocylll,eCTBJIHJiaCb npn IIOMOlll,H lllJieii:cpHoro OCl.l,HJIJIO
rpacpa 4. 4yBCTBHTeJibHOCTb lllJieii:cpa 4,6 MM/Ma. 

TeMnepaTypa Harpesa onpe.n,eJIHJiacb HHxpoM-KOHCTattTaHosoli -rep
Morrapoif /, nprrsapeHHOH B cpe.IJ;Heif tiaCTH 06pa3ua H COOTBeTCTBeHHO 
s cepe,LI.nHe ornepcTHH B HH,LI.YKTope. Ornepcrne B HHAYKTope 6bIJIO 

1 B ocyrn;ecrnJieHHH onb!TOB npHHHJIH yqacrHe 6b!Blll. cTy.D;eHT I1HCTHTyTa craJIH 
cJ>. H. Wop H HH}K. E. M. AcTacpbesa. 3Ha'IHTeJihHYto noMOIUb s nocTaHOBKe 
SIKCnepHMeHTOB asTopy OKa3aJI HH:lK. A. B. naHOB. 

2 <l>oT03JieKTpH'leCKHil: IlHpOMeTP CKOHCTPYHPOBaH HH}K. M. r. KoraHOM II 1J3ro
TOBJieH no.a; ero pyKoso.u;cTBOM. 
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. npe.n.ycMOTpeHO c ll.eJlbIO B03MOOKHOCTlf cpMKCHpOBaHHH TeMnepaTyphl 
o6pa3u.a cpoTo:meKTpHIIeCKHM nMpOMeTpOM. 

floJiy<IeHHbie OCUHJI.1IOrpaMMbl npocMaTpMBaJIHCb npM IIOMOIII.H npo
eKII.HOHHOro cpoHapH npH .n.ecHTHKpaTHOM yaeJIHqeHHH. Ha o.n.ttH H3 
wJieiicpoB ocII.HJIJiorpacpa .n.aaaJicH TOK qacTOToii 50 nep/ceK, qTo no-
3BOJIHJio orrpe.ue.rrHTb BpeMH HarpeBa c 6oJibillOH TOqHOCTbIO B pa3JIHq
HblX TeMnepaTypHbIX HHTepBaJiaX. 

noJib3YHCb rpa.uyHpOBKaMH TepMonapbI mv - F c H IIIJielicpa 
ma - MM, onpe.ueJIHJIM TeMnepaTypy Harpeaa rr.o.u 3aKaJIKy. 

fpa.uyHpOBKa IIIJieHcpa mv - MM 6bIJia ITOCTpOeHa IIYTeM no.uaq11 
Ha Hero qepe3 .UeJIHTeJib HanpH)l{eHHH pa3JIIfqHbIX 3Haqe1mli mv, COOT
BeTCTBYIOIIIHX TOH rum HHOH TeMnepaType, cor.'IacHo rpa.uyttpOBKe rep
M\onapbl mv - F C. 

TpeTHH IIIJielicp .uaaa.TJ 3anHcb JIHHHH cpaaHeHHH. 
nepe.n. Ka)l{.l(blM HarpeBOM CHHM8JIOCb HyJieBOe IIOJIO)l{eime TepMO

llapHOfO IIIJielicpa If rrpoMepsi:JIOCb conpOTHBJieHHe TepMonapbI. 0TKJIO
HeHHH B conpOTHBJietIHH JI.OIIycKaJIHCb + 0,04 OM HJIH + 0,44 % . 

flHpoMeTp B .n.aHHOM cJiyqae 6bIJI npHMeHeH .UJIH B03MO)l{HOCTH 
OTKJUoqeHHH Harpesa npH 3a.uaHHOH TeMnepaType c HCIIOJib30BaHHeM 
nptt 3TOM rpa.n.yupoBKH noCJie,rr,Hero ma - F C. floCJie .UOCTH)l{eHHH 
3a,naHHOH TeMnepaTypbl IIHpOMeTp OTKJIIOl!aJI· Harpes H O.Z1:HOBpeMe1rno 
cpa6aThlBaJio c6pacbIBaIOIIIee ycTpolicTso - npo11cxo.n.MJia 3aKaJIKa. 

florpewHOCTb s onpe.n.eJieHHH TeMnepaTyphr Harpesa npu npoMepe 
OCII.HJIJiorpaMMbl, BKJIJOqasi: rpa.n.yMpOBKY TepMonapbI H H3MeHeHHe co-
11pOTHBJieHHH ee B BbIWeyKasaHHblX npe.n.eJiax, COCTaBJIHJia + 4-5°. 
BpeMsi: Harpesa 3aMepsi:JIOCb c TO'lHOCThIO .n.o 0,02 ceK. 

4. Bl(CUEPHMEHTAJibHblE )1.AHHblE H 06CY)l()J.EHHE PE3YJlbTATOB 

Ha qmr. 3 npe,n:crnsJieHbl KpHBhle Harpesa, noCTpoeHHhie no OCIJ.HJI
JiorpaMMaM, rro.'IyqeHHblM rrpn HH.UYKUHOHHOM Harpese c pa3JIIfq!IblMH 
Cl<OpOCTHMH CIIJIOWHblX. II.HJIIrn.UpHqecKHX o6pa3IJ.OB ( d = l 0 MM), H3rO
TOBJieHHblX H3 Texmi:qecKH lfHCTOro }l{eJie3a,. If yKa3aHbl 3HaqeHHH TeM
nepaTyp H cKopocTH Harpesa B pa3JIIfqHhIX TeMnepaTypHbIX o6Jiacrnx. 

flpH CKOpOCTHX Harpesa B TeMrrepaTypHOM HHTepsaJie OT KOMHaT
·HOH .n.o TeMnepaTypb! noTepH MarHHTHnlX CBOHCTB 350-3400°/ceK, 
3HaqHTeJibHbIX Ka'!eCTBeHHblX H3MeHelmH B xo.n.e KpHBOH Harpesa He 
na6JIIO.ll;aeTCH ( cpHr. 3, a - o). CyIIIecTBeHHhle H3MeHemrn B xo.ue KpH
BOH Harpesa Ha'!HHalOTCH BO scex yrroMHHYThIX CJiyqasi:x rrpH TeMrrepa
Type TO'!KH K10p11 (770°). flocJie HeKoroporo npeshnueHHH 3TOH TeM
nepaTyphr KpHBhie He3HaqHTeJibHO CHH)l{a!OTCH H .uaJiee TeMrrepaTypa 
nosepxHOCTH nerrpephIBHo pacTeT. O.unaKo rrpH cKopocrnx narpesa eu.1.e 
60JiblllHX Hcqe3aeT 3cpcpeKT CHH)l{eHHH TeMnepaTypb! ITOCJie .D:OCTH}l{efllrn 
l!CKOTOporo 3Ha'!eHH5!, npeBb!IllalOIUeto 770°. flpM CKOpOCTH HarpeBa 
6150 (qmr. 3, e), 7500 (cpMr. 3,~) M 11000°/ceK (cpHr. 3,s) TeMnepa
Typa ITOBepXHOCTH HerrpepbIBHO B03pacTaeT c pa3HOH, KOHel!HO, c1mpo
CTblO ,n;JIH pa3JIH'!Hh!X TeMrrepaTypHhIX HHTepBaJioB. HaJIM'!He TeMnepa
rypHoro rrposaJia rrpM TeMrrepaTypax B palione ToqKM KIOpM HJIM 
Bblllle Hee He MmKeT B .n.aHHOM CJiyq,ae CBM.UeTeJibCTBOBaTb 0 BJIH51HHH: 
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B) z) 
<1>11r. 3 (a - z). 

nepJIJno-aycTemITHoro rrpespamemrn (B3HTO Texm1qecKH 'IHCToe 

JKeJie30) H yKa3hIBaeT Ha TO, 'ITO TeMrrepaTypHaH OCTaHOBKa HJIH CHH

.>KeH!Ie TeMnepaTyphl Bhl3hIBaeTCH .n.pyrIIMH rrpH'IlU-IaMH. 

3aMe.n.JieHHe HarpeBa rrpH TeMrrepaType, paBHOfI HJIH 6JIH3KOH 

K TO'!Ke K1op11, OObHCHHeTCH xapaKTepoM H3MeHeH.HH y,n:e.'lbHOii MOW.HO

CTH - yMeHbJileHHeM ee BCJie).lCTBHe rrepepacrrpe.n.e.TieHHH TOI<a ITO ce'-Je

HHIO, 'ITO o6ycJIOBJieHO H3MeHeirneM QJH3Hl!eCKHX CBOHCTB CTaJIH (pe3-

KIIM yMeHbllleHIIeM Mar!-IIITHOH rrpoHIIIJ.aeMOCTII ITOBepxHOCTHOro CJIOH). 

Ho nocKOJihKY rrntaHIIe 3Heprneii rrosepxHOCTHoro CJIOH Bee me npo

.n.om1rneTcH, TO II3Me!-IeHIIe KIIHeTI:lKH, o6ycJIOBJieHHOe 3TIIM cpaKTOpOM, 

,ll,OJI}l<HO BhI3hIBaTh yse.n:II'IeHIIe I-IaKJioHa KpHBOii Harpesa (rroCJie 

T()t!KII K10pII). 

OcrnHOBKy TeMnepaTyphl (nJioma.n.Ka 1-1a KpIIBoii Harpesa) H TeM 

6oJiee yMeHbllleHIIe TeMrrepaTyphl yKa3aHHhIM qrnKrnpoM o6bHCHHTh 

HeB03MO:lKHO. 

HaJIH'!He nJimn:a.n.oK H nposaJios Ha KpHBhlx Harpesa MO)!{HO 

OObHCHHTD Jl!Illlb TeM, 'ITO OTBOJJ: TeIIJia K BHyrpemrnM CJIOHM ( BCJie.n.-
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CTBHe TeilJIOIIpOBO.LI.HOCTH) OKa3hIBaeTCSI paBHblM HJIH OOJiblUHM Toro 
KOJIH11ecrna TerlJia, KOTopoe coooII.J,aeTCSI nosepxHOCTHoMy CJIOIO Ha 
3TOM 3Tarre Harpesa . 

.llJIH nposepKH 3Toro oo'bSICHeHHSI HHJJ.YKUHOHHOMY Harpesy 6hIJIH 
no.n.seprHyThl Tpyoq·aTbre o6pa3Uhl (TexHH11ecKH lfHCToro :>KeJie3a) 
Toro :>Ke . HapyMHOro . .LI.HaMeTpa, HO c pa3JIHlfHOH TOJIII.J,HHOH 
CTeHKH. 

Ha cj:rnr. 4 no1<a3aHa KpHBaSI Harpesa TPYOKH c TOJIIIl,HHoii CTeHKli 
1 .MM, a Ha qrnr. 5, a H 6 - TO :>Ke )J.Jlfl rpy6KII co CTeHKOH B 0,5 A-LW 
Bo scex Tpex cJiy11aSix Harpes OhlJI no pe:>KHMy, 06ecnelfHBa10II.J,eMy 
cKopocTh Harpesa (.n.o TO'IKH K10pH), He npeshlrna10II.J,yro 3400°/ceK, 
T. e. no pe:>KHMy, npHBOJJ:SIII.J,eMy y CIIJIOlUHblX o6pa3i.J,OB K xapaKTep
HOMY rroHH:>KeHHIO TeMrrepaTyphI, o KOTopoM cKa3aHo Bhlllle. KaK 
BH)J.HO, rrpH Harpese Tpy6KH, c TOJIII.J,HHOii CTeHKH 1 MM co CKOpOCTblO 
1500° /ceK xapaKTep1-1oe cHH:>KeHHe TeMnepaTyphl eII.J,e Ha6JIJO)J.aeTcSI. 
flpH Harpese )Ke Tpy6KH co CTeHKOH 0,5 MM npH CKOpOCTH 1900 H 
25000 /ceK TaKoe SIBJieHHe He HMeeT MecTa. 
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3TOT 3KCIIepHMeHT HarJIH,!l.HO IIOKa3bIBaeT, qTo HaJIHqHe IIJIOlll.a,ll,KU 
HJIH cmnKeHHe TeMneparyphr nosepxHOCTH CJie.u.yeT OTHecrn aa cqeT 
HBJieHHH TeIIJIOOTBOJJ.a. 

06bHCHHTb HaJIHqHe IIJIOlll.a,!l.KH HJIH nposaJia B03MO:iKHO JIHIIIb TeM, 
lffO KOJIHqecTBO TeIIJia, peamrnyeMoro nosepxHOCTHbIM CJIOeM, npeBhl

600 

t,00 

200 
0.25" 

0.5 

<l>Hr. 4. 

waeT KOJIHtiecrno renJia, coo6ru.aeMo
ro eMy npH .u.aHHOM nme HarpeBa. 
TiocKOJibKY )1.JIH ,ll,aHHOro MaTepHaJia 
HCKJIIoqaeTCfI peaJIH3aUHH TeIIJia Ha 
¢a30Bble npeBparn.eHHfI, TO e,!1.HH
CTBeHHOH npHqHHOH MO:iKHO npH3H3Tb 
HaJIHqHe HHTeHCHBHOro TeIIJIOOTBO,lI.a K 
BHyrpeHHHM CJIOHM. 

0,Li,HaKO, HeCMOTp5:I Ha HarJIH,ll,HOCTb 
.u.aHHbIX, IIOJiyqeHHbIX ,ll,Jlfl CJiyqasi: Ha

f ceH. rpesa TeXHHqecKH qHcToro :iKeJieaa, 
OHH 6hIJIH 6bI He BIIOJIHe y6e.u.H
TeJibHbI, eCJIH He npHBeCTH COOTBeT-

. CTBYIOlll.HX .u.aHHhIX no rrnrpesy 3BTeK-
TOHJJ.HOH CTaJIH. B 3TOM cJiyqae HarpeBaeMbIH CJIOH COCTOHT H3 O,ll,HOro 
nepJIHTa, 6ea cTpyKrypHo cBo6o.u.Horo ¢epp1na. 

Ha <f>Hr. 6, a-e npe.u.crnBJieI-IhI KpHBhie HarpeBa CIIJIO!lIHhlX 
o6paauoB ,!l.HaMeTpoM 14 MM, H3rOTOBJieHHbIX H3 cTaJIH Y8 H o6pa6n
TaHHbIX rrpe)J.BapHTeJibHO Ha rpy6onJiaCTHHqaTbIH nepJillT. 

0 0.5 

a) 
<!>Hr. 5. 

t"C 915 gJO 
; 920 
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zoo 
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o\ce 
770 1i'i 

0.20" 

0.5 
6) 

CfK. 

,Uo cKopocTH narpena 1200° /ceK no ncex c.nyqa51x Ha6mo)l,aeTC51 
TeMrrepaTypHaH IIJIOIUaJJ.Ka JIH6o yMeHbWeHIIe TeMrrepaTypbI I!OPepxHo~ 
cm:; npH cKopocTH Harpesa 3200 11 5200°/ceK Te!VmepaTypa nosepxHo

CTH B03pac·raeT HenpepbIBHO. 
Y crn.r1n Y8 HaqaBiunern npH 721° cpa3osb1e rrpeBpauJ,cmrn He 

BHeCJili CKOc'lbKO-HfI6y.u.b cyrn.ecTBeHHbIX H3MeHeHHH B KHHen11<y uarpesa. 
Cyru.ecrneHHb!e H3MeHeHHH B xo.u.e KpHsoi\: narpesa Ha6mo,r1.a10TcH B 
3TOM CJiyqae TaK:iKe B paii:oRe TeMnepaTyp TQqKH K10pH. vb 3TOf0 
MO:>IUIO C)leJiaTb Bb!BO,!I., qTo cyrn.ecTBeHHbie J<aqecTBeHHbie H3MeHeHH5l 
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8 XO,lle KpHBOH Harpesa OOYCJIOB.neHbl TeMH >Ke cpaKTOpaMH, qTQ H npH 
Harpese oopa3U.OB H3 TeXHHqecKH qHCTOfO >Ke.ne3a, T. e. yMeHb
rueHHeM y,neJ!bHOH MOIUHOCTH BC.TJ.eJJ.CTBHe pe3KOro H3'.VfeHem15! MarHHT
HbIX CBOHCTB H pa3BHBUIHMC5l K 9TOMY MOMeHTY Ten.nOOTBO,lly K. BHy-
TpeHHHM xo.nO,!]JlblM CJ105IM. • 
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880 
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4 ceK. ZceH 

ct>ur. 7. 

DoCJie .nocTH>KeHIH1 HeKoTopoii onpe.ne.nenHoif c1<opocTH Harpeaa. 
npH KOTOpoif no.nHOCTblO KOMneHCHpyeTCH TenJJOOfBO,ll BO BHYT!JCHHHe, 
MeHee HarpeThle c.noH, He HaOJIIO,llaeTCH B noBepxHOCTHOM c.noe HH 
noHH>KeHHH TeMnepaTyphl, HH ee ocraHOBKH ( cjrnr. 6, e tt c1). TaKHM 
oopa30M, 0.ll.HHM H3 cpe.LLCTB ycTpaHeHH5I Te!\mepaTypHblX OCTaHOBOK 

t•c a; 825 a) 855 8) 860 
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700 BB 1ce1< 
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88 °/ceK 
580 

400 

016" 0,08" o,oa· O,ti' ' o,ao· 0,85" 1,30" 0,80" 

(J l 3 4 5 tel( 

ct>ur. 8. 

HBJrneTCH ycH.rieHHe Ten.nono.naqH B nosepxHOCTHhIH c.noif .no 3HaqeHHH, 
npeBOCXO,llHlllHX OTBO,ll TenJia BO BHyTpeirntte CJIOH. Yc1paHHTb TeMne
paTypHble OCTalIOeKH MO>KHO TaK>Ke nyTeM 3HaqHTeJibHCro oc.na6JieHHH 
renJIOOTBo.na, y.na.neHHeM BHYTPt'HHHX c.noes, nepexo,10M Ha Harpes 
TpyooK, HMelOIUHX TOJIIUHHY CTeHKH 0,5 MM npH TOM >Ke Hapy>KHOM 
)IHaMeTpe. 5.1Jaro11apH 3TOMY C03JJ.a1orrn yc.noBHH Jl.JIH TaKOH KHHeTHKH 
Harpesa, 8 KOTOpOH HeT HH OCTaHOBKH 8 IlOBblllleHHH TeMnepaTypbI, HH 
yMeHbllleHHH TeMnepaTypbI. 3To HarJIH}IHO noKa3blBalOT KpHBble Ha
rpesa, npe.ncras.neHHhle Ha cjrnr. 7, a H 6. 

OCJiaoJiemi:e BJIHHHHH TenJioorno.na Ha KirneTHKY HH.llYKUHOHHoro 
Harpeaa MO>KeT fiblTh .n.ocTHrHYTO H APYrHM nyreM. Ha cpHr. 8 noKa-
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3ll.Hbl TPH KpHBhre Harpesa, noJiylJeHHhle ua O.LlHOM H TOM x<e cnJIOlll
HOM 06pa3ue d = 12 MM H3 CTaJIH Y8 (co CTPYKTypoH: MeJIKoro nep
mna) TpeMH nocJie.[lOBaTeJibHb!MH HarpeBaMH. npH 3TOM nepBblH 
11arpes OT KOMHarnoH: TeMnepaTypbI .uo 825° HJIJIIOCTpHpyeT oobilJHY!O 
KHHeTHKY npH HaJIHlJHH BJIHHHHH TenJioorno11.a. Ha6JI1011.aeTcH ooJiblllaSI 
llJ!Olll,aJJ.Ka C Hel<OTOpbIM C!IH}!{eirneM TeMnepaTypbI ( qrn:r. 8, a). noc.11e 
nepsoro HarpeBa oopacieu Ob!JI HenOJIHOCTb!O OX.TI3}!{JJ.eH (,n:o 580°) H 
3aTeM BHOBb HarpeBaJICH no TaKOMY }Ke pe}!{HMY, KaK H B nepBOM CJiy
qae. BCJieJJ.CTBHe yMeHbllleHirn TenJIOOTBOJJ.a, lJTO ooyCJIOBJieHo I-IaJIH
ql{eM no11.orpeThIX BHyTpemrn:x cJ1oeB, TeMnepaTypttan: n.11oma11.Ka 
( qmr. 8, 6) yMeHbIIIHJiaCb B I 0 pa3 (OT 0,8 .n:o 0,08 ceK.). nocJie BTO
poro Harpesa (Jl.o 855°) 06pa3eu oxJia}!{.n:a-1cH Jl.O 640° H )l.a.1ee BHOBh
HarpesaJicH no npe}!{HeMy pe}!{HMy. Eme ooJibIIIee yMeHbillelrne TenJio
orno.n:a K BHyTpeHHHM CJIOHM co3,n:aJio ycJIOBHe .!I.JIH noJiyqemrn I<prrnoif 
HarpeBa oe3 TeMnep3TypHOH nJIOII(a.IIKH ( qmr. 8, 8) . 

chH KpHBble HarpeBa, KaK H noJiylJCHHble B OilbITe C TOHKHMH Tpyo
KaMH, n03BOJl5l!OT CJJ.eJiaTb Bb!BOJJ., lJTO B OTCYTCTBHe 11.pyrnx cpaKTOpos. 
BJIHH!OIUHX Ha I<IrnenIKy HarpeBa B cnJIOllIHb!X 06pa3uax, MJ!H npH 
3HalJHTeJibHOM HX ocJiaoJieHHH, pO.Tib TenJIOBOro 3cpcpeKrn cpa30Bb!X 
npesparueHHH o6Hapy}!{ttBaeTcSI 6oJiee OTlJeTJIHBO. KaK BH.IlHO, OCUHJI
JiorpaMMhl, noJiy11eHHble Ha TOHKHX Tpy6Kax H3 cTaJIH Y8 ( nepJHn 
MeJIKHfi), HMeIOT onpe.ne.JieHHhie, 06Hapy}!{1-rnaeMble H3MeHerrn>1 npn 
TeMnepaTypax, 6JIH3KHx K A1 .. ::ho Moxrno BH.lleTb TaK}!{e Ha KpHBbIX 
na cpHr. 8. Ho BMecre c TeM HH 9 O.ll.HOM H3 paccMorpeHHbix cJiyqaes 
.u,Jrn TOHKHX .TpyooK tts cTaJitt Y8 ne ObIJIO o6Hapy}!{eHo TeMnepaTyp1-1ow 
OCTaHOBKH; HaOJIIO.ll,aJIOCb J!Iilllb TO HJ!Ii HHOe 3aMeJJ.Jietme B nonbIIJle
HHH TeMneparypb!. 3TO OOCT05ITe.TibCTBO HCHO yKa3bIBaeT HQ. TO, lJTO 
nptt CK0.1bKO-mr6y.rrh 3HalJHTeJibHb!X CKOpocrnx HarpeBa HJlH ycJIOBHHX, 
o6ecnelJHBa!Oll.JJ1X ,llOCT8TOlJHOe yMeHbI.Ue1rn:e poJIH JJ.pyrnx cpal<TOpOB, 
npesparuerme nepmna B aycreHHT nporeKaeT He npH rrocTOHHHoH: TeM
nepaType, HO B HHTepBaJie TeMnepaTyp TeM ooJibl!IeM, 'leM ooJibwe 
cKopocTh Harpesa. TaKoso cBoH.crno 3Toro nma npesparuemrii:, ocHo
Bam-roro Ha onpe.ue.TJeHHOM 3Tane Ha HBJ!eHH5!X .1lHcPcf>Y3HH. 

B 3Toii: CBH3H rrpe.unasm1er mnepec H3ylJaBmaHcH HaMM KHHeTttKa 
Harpesa crnJIM, co.u,ep}!{arueif I 0,57 % Cr M 0,24 % C. TeMneparypa 
TOlJKH K10pa y 3Toro cnJiasa paBHa 750°, KpMTHlJecKa5! TeMneparypa 
A1 = 840°. OT TeXHMlJeCKH lJMCTOrO }!{eJiesa, B KOTOpoM roqKa K10pH 
TaK}!{e HMeeT 3HalJeHtte· MHoro MeHhIIIee, lJeM TeMnepaTypa npesparue
HHH, yKa3aHHb!H cnJiaB OTJ!MlJaercH TeM, lJTO BMeCTO nomrnopcpHbIX 
npeBparueHMH B HeM npOHCXOJJ.lff rrpeBparueirne nepJIMTa B ayCTeHHT. 
yfa 3TOfO CJie,n:yer, l!TO B OTHOIIIeHMH BJII15IHMH Ha KMHeTll.KY Harpesa 
HeoOXO)lHMO HMeTb B BHAV )I.Ba o6cTOHTe.TJ:bCTBa: 

a) TenJIOBOH 3cpcpeKT npesparueHHH n - A B HeCI<O.TJ.bKO pa3 
6oJibIIIe TenJiosoro 3cpcpeKrn noJIMMopcpHoro npeBpameH!'.IH a Fe - T Fe; 

6) npesparuerrne n ~ A, HBJl5!HCb npoueccoM AHcpcpy3MOHHbIM, He 
MO}!{eT npoifTM npH nocTOHHHOH TeMnepaType A 1, Tor.n:a KaK no.TIH
Mop<f>Hoe npesparueHtte aFe -+ "(Fe, He cBH3aHHoe c nepeMerueHMeM 
ilTOMOB Ha paccTOflHH5!, npeBbllllaIOIUMe Me}!{.nyaTOMHbie, ocym;e
l'TBJIHeTCH npaKTHlJeCKII npH HCH3MeHHOH TeMnepaType. 
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Cxo,ll.CTBo B KHHenme Harpesa xpoMHCTOro cnJiasa c Texm1qecKH 
'iHCThlM )!(eJie30M .n;om1rno OhlTb o6yCJioBJieHo TeM, qTo Marm:1THble 
npespalll,emrn coseprnaJOTCH paHbUie, npH 6oJiee HH3KOH TeMnepaType, 
qeM 06pa3osaHHe aycTeHHTa. 

Ha qmr. 9 npe.ncrnBJieHbI KpHBbie HarpeBa xpoMHCToro cnJiaBa. 
TeMnepaTyp1rnH ocTaHOBKa (1:1 ::>cpcpeKT yMeI-IhmeHHH TervmepaTypb1) 

tra6JIJOJI.aeTCH HH)!(e TeMrrepaTypHoro yp0Bm1 HaqaJia cpa30BhIX npe
spalll,eHHH, ll'fO yKa3bJBaeT Ha OTCYTCTBHe CBH3H 3TOro 5IB.'ICHHH c cpa-
30BhlMH npespalll,eHHHMH. lfaMepeHHe TBep,n;OCTH IlOCJie 3aKaJIKH no.u.
TBepJI.HJI·O, lJTO HH npH IlO,ll.XOJI.e K TeMneparypHOH OCTaHOBKe, HH IlOC.'le 
ee 3aseprneHHH TBepJI.OCTb ne H3MemIJiacb. TaK KaK nptt 3THX J.l.Byx 
Harpesax aycTeHHT He Mor o6pa3oBaThCH, TO nptt 3aKaJIKe HeJib3H 
Q)!(H,ll;aTb o6pa30BalIHH MapTeHCHTa n COOTBeTcTBy101u.ero IlOBblllleHHH 
rnep.n;ocTH. TBepJJ.OC'Tb nosb1c1:1Jiacb JIHUib nocJie 3aKa.JIKH OT Tel';mepa
TYPhI Bhrme 900°. 

3TOT OilblT, KaK Mhl noJiaraeM, MO)!(eT paccMaTpHBaTbCH KaK npH
MOH 3KcnepHMeHT, .n;oKa3bIBaIOlll,HH uenpaBOMepHOCTb o6H3aTeJihHOH 
CB5l3H HaJIHlJHH TeMnepaTypHo!1: IlJIOlll,a,ll.KH c cpa30BhlMH npespau~e
HHHMH. B paccMoTpeHHOM CJiyqae TaK01'1 CBH3H HeT cosceM. <l>a30Bbie 
npespalll,eHHH B HaUieM npttMepe npOXOJI.HT IIpH TeMnepaTypax BbIIlle 
Toro ypoBH5I, Ha KOTOpOM C03):laeTCH TeMneparypHa.H OCTaHOBKa. 

By.rr.yqH BbI)J.eJieHHbIMH B .rr.pyrof1 TeMnepaTyp?.blH HHTepsaJI, OHH 
HJIJIIOCTpHpyIOT Hx co6crnemroe BJIHHHHe Ha KHHenmy HarpeBa. KaK 
noKa3aJia OCU.HJIJiorpacpHqecKaH 3am1c1> npou.ecca, npoxo*;:i:em1e cpa3o
BhIX npespalll,eHHH He C03,JJ.a.'lo TeMneparypHOH OCTaHOBKH. 

CTptt .rr.pyrnx o6cTOHTeJihcTsax, s CJiyqae Harpesa, HanpHMep, 
cTaJIH Y8, y KOTopoH TeMnepaTypa HaqaJia cpa30BbIX npeBpau(emrii 
HH)l{e ToqKH K10ptt, KHHeTHKa HHAYKU.HOHHoro Harpesa MO)l{eT 06yc.r10-
BHTh npoxO)l{,JJ.eirne TOH HJIH HHOH ,noJIH cpasoshlx npespalll,eHHH B ycno
BHHX npHMepHo H30TepMHqecKHX (npH IlOCTOHHHOfI TeMneparype HJIH 
npH HeKOTopoM ee CHH)!(eHm1). B TaKOM cJiyqae onpe,JJ.eJieHHaSI ,JJ.OJIH 
npespalll,em1H cosepUiaeTCH nptt TOH TeMnepaType, Ha KOTopoH: co
s.rr.aeTCH OCTaHOBKa BCJie,ll.CTBHe COBMeCTHOro BJIHHHIHI .n;pyrnx cpaKTO
pOB - yMeHbilleH!m y.rr.eJibHOI~! MOlll,HOCTH H TellJIOOTBOJl.a I< rJiy6JKeJ1C
)!(alll,HM CJIOHM . .LI.oJIH 3TOro npeBpalll,emrn onpeLI.eJISieTcH reMnepaTyp
HhlM yposHeM ocTaHOBKH H ee npo.rr.omKIITeJibHOCThlO. B o6lll,eM c.Tiy•rne 
3Ta OCTaHOBKa HaOJIIO)J.aeTCH nptt TeMnepaType, OJIH3KOI1 K TOtJKe 
K10pH. 

B 11,eJIHX ,LI.OKasaTeJihCTBa Toro cpaKTa, qTo cpa30Bhie npespalll,eHHH 
s o6hltJHblX CJiyqaHx HH.UYKU.HOHHoro Harpesa, cnJioUIHhlX H3JI.eJIHH, 
npHypotJeIIhl, KaK npaBHJIO, He K pasuosecHoH: TeMnepaType A1, HO 
npoxo.rr.HT B yc.TJ.OBHHX TOH KHHeTHKH, KOTopaH CKJI8.ll.bIBaeTCH B CHJIY 
BJIHHHP.51 .rr.pyrnx cpaKTopoB, OhIJI nocTaBJieH onhlT no Harpesy pH,'l.a 
o6pasu.os d = 12 MAt H3 crnJrn Y8 npn OJI.HHaKOBOM pe)l{HMe .ll.O pa3-
HhIX TeMnepaTyf>. CTpH 3TOM nocJie oKoHqaHHH irnrpeBa o6pasu.bI oxJia
)KJI.aJIHCh B BO,LI.e cneu,HaJibHO npHcTpOeHHOro 6alJKa (CM. cpHr. 2). 

Ha cpHr. 10 noKasaHhI OCU.HJIJiorpaMMhI, HJIJI10cTpHpy1olll,He Harpes 
c O)J.HHaKOBOH CKOpOCTblO .1500° /ceK B HH:lKHeM TeMneparypHOM HHTep
BaJie (.rr.o ToqKH K1opu). 06pasu.b1 OblJIH 3aKa.TieHhl OT TeMnepaTyp, 
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yKa3aHHbIX KpailttHMH roqKaMH Ha KpHBhIX HarpeBa. MernJIJIOrpaqm•-ie
CKHii attam:13 I:I I:l3Mepettl:le TBep.u.ocrn noKa3aJII:I CJie.n.y1orn.ee: 3aKaJIKa 
OT 765° (Ha 45° Bblllle A1) He IIpI:!BeJia K CKOJibKO-HI:IOYJl.b cyrn.ecTBeH
HOMy I:l3MeHeHI:IIO CTpyKrypbI IIpOTl:IB I:ICXO)l,HOii; TBep.LI.OCTb OCTaJlach 
neH3MeHHoii - B npe.n.eJiax R c = 19 +- 22. 

3aKaJIKa OT 820° npI:!BeJia K o6pa3oBamno cMernam10ii CTPYKTypbt 
c MapTeHCI:ITilbIMI:I y11acTKaMI:1 He IIO BceMy no.1110 IIIJII:l(pa. I13MepeHHa51 
B rnecTI:I TOtIKax TBep.u.ocTh I:IMeJia 3HaqeHIISI R c = 50, 38, 42, 50, 59, 
36. 0Ka3aBIIII:ICb B CI:IJIY BJII:ISIHI:ISI .u.pyrnx cpa1nopoB IIpI:!McpHo B H30-
TepMI:lqecKI:IX yCJIOBHSIX (780-770°)' IIOBepXHOCTHbIH CJtoii qacTI:lqHO 
npeTeprreJI npeBparn.eHI:le, KoTOpoe He ycneJio, O)l.HaKo, 3aBepIIII:!ThCH 
HH rrpl:I 780-770° (Ea yqacTKe aa cpnr. 10, 6)' HI:! IIPH IIOCJie.LI.yIOW.eM 
aarpeBe .u.o 820°. J11:1II1b HarpeB AO 860° H BblIIIe 06ecne1rnsaeT noJI
Hory npeBparn.eHHSI nepJII:!Ta B aycTeHI:IT B IIOBepxHOCTHOM CJIOe I:I IIOJl
HYIO TBep)lOCTb (Re = 64 +66) IIOCJie 3aKaJIKI:I. 

CTpI:!Be.LI.eHHhle .u.aHHhle orrpoBepraIOT rrpeJI.cTaBJieHHe o TOM, 11To 
BcJie.LI.CTBI:le OOJibIIIoro :>HepreTI:lllecKoro o6ecnelleHI:l51 noBepxttocrttoro 
CJIOH rrpl:I :>JieKTpottarpeBe cpa30Bhle npesparn.eHHn MoryT npoTeKaTh 
HaCTOJlbKO ObICTpo, qTo B COCTOSIHHH He TOJibKO HaqaTbC51, HO H 3a1<0H
qHTbC5I npl:I TeMnepaType, 6JIH3Koii K paBHOBecHoii. 0.u.HaKo rrpe.u.crn
BJISieTC51 HeOOXO.LI.HMblM paccMOTpeTb Bonpoc 0 B03MO:>KHO<'TI:I o6pa30· 
BaHH51 TeMrrepaTypHoii ocTaHOBKH np1:1 TeMnepaType Me.m.u.y TOqKoii Ai 
I:I ToqKoii K10pn. 

,lljrn peIIIeHI:ISI :>Toro aorrpoca Heo6xo.LI.HMa rrocTaHOBKa cneu.HaJib
Hhlx .LI.OIIOJIHHTeJibHblX 9KCIIepHMeHTOB. 11Me!OW.HeCSI .u.am-rble II03BOJI5IIOT 
BhicKa3aTb npe.u.BapHTeJibHhle coo6pa:>KeHH51. 

ECJIH I:IH.LI.yKilHOHHoMy HarpeBy 110.u.BeprnyTh BeCbMa .LI.HcnepcHhiii 
nepJIHT, TO B03MO:>KeH CJiyqaii 3aBepIIIemrn npou.ecca o6pa3oBaHHSI 
aycTeHHTa B cpeppI:!THhlx npoMe:>KyTKax npl:I TeMneparype HH:>Ke TOqKI:I 
K10pH. PacqeT rroKa3blBaeT, qTo rrpH Me>KIIJiacTHHllaTOM paccToSI1nrn 
0,2 MK 9TOT rrpouecc MO:>KeT 3aKoHqHTbC51 rrpn CKOpOCTH Harpesa 
1000°/ceK nocJie .u.ocrn>Kemrn 740~750°. K 9TOMY MoMettry rpaHHUa, 
pa3.LI.eJI51!0lll.a51 aycTeIIHT c cpeppHTOM, IIpO.LI.BHHeTCSI OT. UE.'MeHTHTHOH 
nJiaCTI:IHbl B cropoHy cpeppHTa Ha 0,099 MK, T. e. Ha IIOJIOBI:IHY Melf{
IJJiaCTHHqaTOro paccTosimrn. DocKOJihKY BO aceM o6oeMe, 3aH.1:1MaeMoM 
paHhIIIe cpeppHTOM, 06pa3yeTC5I HeMarHHTHblH aycTeHHT, np!:! yKa3aH
IIOH TeMnepaType .LI.OJI:>KHO · npoH30HTH pe3Koe yMeHhIIIem1e Y.LI.eJibH01'1 
MOlll.HOCTH H, KaK CJie.LI.CTBHe 9TOfQ, - ycHJiem1e TerrJIOOTBO.LI.a BO BHy
TpeHHHe CJIOH. B HaIIIHX onblTax 9TO HaIIIJIO npmv10e IIOJlTBep:>K.u.em1e 
npn Harpeae 06pa3ua H3 cTaJIH Y8, npe.u.aapHTeJihHO 06pa6ornHH01'1 1-ra 
TOHKHii nepmIT. KaK rroKa3aHo Ha qmr. 8, a, rrpn 745° 06Hapy:>KI:1-
Baerc51 nepern6 KpHBOH HarpeBa H .u.aJiee He6o.'lbIIIOe cHH:>KeHne TeM· 
nepaTypbl. 0)1.HaKo npHqHHa o6pa30BaHH51 TeMnepaTypHoii OCTaHOBKH 
saKJI10qaeTC5I B TOM, qTo np1:1 :>TOH TeMnepaType aecb o6oeM noBepx
HOCTHoro CJIOSI crnJI HeMarHI:ITHblM. K TeMneparype IIJiorn.a.u.K1:1 npo
uecc o6pa3oBaHI:ISI aycTeHHTa Ha MecTe cpeppnrn 3aKoHqHJICSI. Tel\me
paTyp·HaH OCTaHOBKa SIBHJiacb CJie.LI.CTBHeM y:>Ke rrpoIIIe.LI.IIIHX rrpeBpa
rn.eHHH H He o6yCJIOBJieHa .u.eiiCTBHeM TeIIJIOBOfO 9cpcpeKTa cpa30BOrO 
npeBpau~emrn. DpHBe.LI.eHHhiii c11yqa1f He no.nrnep:>K.u.aeT npe.n.crnBJieHHSI 
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o cTa6HJIH3aUHH nepJIHTo-aycTeHHTHoro npespaw.eHHH np11 TeMnepa
Type, 6JIH3KOH K paBHOBecnoii, HO HBJIHeTCH JJ.OilOJIHHTeJlbHbIM JJ.OKasa
TeJlbCTBOM pewa10w.eii pOJIH B o6pa30BaHlili llJIOW.aJJ.KH yMeHbllleHHH 
YJJ.eJibHOii MOW.HOCTH li TeIIJIOOTBOJJ.a BO BHyTpeHHHe CJIOH BCJieJJ.CTBHe 
nepexo,n:a o6beMa nosepxHOCTHoro CJIOH s HeMarHHTHOe cocTO.HHHe. 

BblBO,ll,bl 

1. l(aqecrneHHOe HsyqeHHe KHHeTHKll HHJJ.YKUHOHHOro Harpesa ,n:aJIO 
B03M0)!{HOCTB npHJJ.Tll K 3aKJ11oqeHHIO, qTo B 06biqHbIX CJJyqa.Hx repMH· 
qeCKOH o6pa60TKH HeIIOJlblX o6pa311,0B (HJIH H3JJ.e.7IHH) xapaKTep 3TOH 
KHHeTHKH o6yCJJOBJleH IIO ·KpaifHeii Mepe rpeMH ¢aKTOpaMH: 

a) ¢a30BblMH npespaw.eHHHMll B CTaJIH; 
6) yMeHblllermeM YJJ.eJJbHOH MOll.l,HOCTH TOKa Ha IIOBepXHOCTH, Bbl-

3blBaeMblM H3MeHemreM ¢11311qecKHX CBOHCTB CTaJIH npH TeMnepaType 
B paiione roqKH l(10p11; 

s) npoueccoM TenJJOOTBOJJ.a OT nosepxIIOCTHhIX 60J1ee HarpeThlx 
CJIOeB K BHyTpeBHHM CJIO.HM 06pa311,a (HJIH 113JJ.eJJHH), BbI3bIBaeMb!M 
¢aKTOpOM «6>). 

2. TeMnepaTypubie OCTaHOBKH Ha KpHBOH Harpesa, a HHor,11,a H He
KOTOpoe CHH)!{eHHe TeMnepaTypbI HaX0,11,HTCH, KaK npaBHJIO, npH TeM
neparypax, 6JJH3KHX K TOqKe l\IOpH, H o6yCJIOBJleHbl ¢aKTOpaMH 
«6» H «B». 

3. <I>asosbre npespaw,eHHH nepJ1Ina B aycTeHHT, He BbI3bIBaH B CHJ1y 
co6cTBeHI-IOfO BJIHHHHH TeMnepaTypHOH TIJIOW,aJJ.KH Ha Kp1moii Harpesa, 
BMecTe c reM Moryr 6bITb qacrtttrno ocymecrnJJeHbl B ycJJOBHHx npH
MepHo ll30TepMHqecKHX, cos,11,asaeMbIX ,ll.eHCTBHeM JJ.pyrHX ¢aKTOpOB Ha 
KHHeTHKY HI-IJI.YKUMOHHOfO Harpesa. DocKOJlbKY 3Ta TeMneparypHaH 
ocTaHOBKa B 06111,eM CJiyqae MMeeT MeCTo npH reMneparype, 6JIH3KOJ1 
K ToqKe l(10pH, npespaw.eHHH npoxo.u.Hr cpaBHHTeJibHO 6bICTpo H MoryT 
saxsaTHTb JJ.OcTaroquo 6oJiblllYIO qacrh o6oeMa, qro sasHcMT, 0,11,Haim, 
OT ,ll.JIHTeJibHOCTH TeMnepaTypHoii OCTaHOBKM. 

4. B reMnepaTypHoM MHrepsaJie OT A1 ,n:o ypoBH.H rer.meparypttof1 
nJiolil,aJJ.KH cpa30Bhie npespaw.emrn B crrny Hx cJia6oro pa3BHTHH npn 
60JiblllHX CKOpOCT5IX Harpesa He OKa3b!BaIOT cyw.ecrnerrnoro BJIHHHH.H 
Ha KHHeTm<y HHJJ.YKUHOHHOfO IrnrpeBa. Do 3TOH )Ke np11q11He 3aI<aJII<a 
OT TeMneparypbI HH)!{e ypOBHH IIJIOll.l,a,ll.I{li (HJIH nposaJia) He M3Me
HHeT TBep,11,0CTH CTaJIH, XOTH TeMnepaTypa 3aKaJIKH noqrll Ha 50° 
BbIIlle 111. J1Hwh B cJiyirae secbMa MeJJKoii Mcxo,11,ttoii CTpyKrypbr nep
JI1na 06beM, 3aHHTblH ¢eppHTOM, MOJKeT npespanITbCH B aycTeHHT 
nj)H rer.mepaType HH)!{e roqKH l(1opH. OiUiaKO npH 6oJibllloi.f c1copocrn 
Harpesa 3Ta TeMneparypa cyw.ecrneHHO BbIIlle KpIITMqecKoii rnqKH A J. 

5. Bm1m-me caM11x cpa30BbIX npesparuer-rni"1 Ha rurneTHKY MHJJ.YKUH· 
OHHOro Harpesa MO)!{eT 6bITb o6Hapy)!{eHO JIHillb B TOM CJiyqae, ecmr 
cne11,1IaJibHO npHHHTbIMH MepaMII o6ecneqnsaerrn 3Haq11TMbI-IOe ocJia
OJieHHe BJIMHHIIH ,11,pynrx ¢aKropos ua 3TY KHHeTHKy. B Kaqecrne 
TaKIIx Mep MoryT 6b1Tb HassaHhl: a) Harpes rpy6qaTb!X o6pasuos 
c OTHOCHTe.'lbHO TOHKHMH CTeHKa~rn; 6) Harpen o6pa3UOB, npe.unap11-
1eJibHO no,11,orperhlx ,n:o TeMrrepaTypbI, np116JIH}Ka10111,eii:rn K Ai. 
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6. B ycJIOBHHX, yKa3aHHhIX B 11. 5, cpa30Bhie npeBparn:emrn npoxo
il,HT ne npH nocTOHHHOif TeMnepaType, 6JIH3Koi1 K A1, a B HHTepsaJie 
TeMnepaTyp, TeM 6oJibIIIeM, qeM 60JibIIIe CKOpOCTb Harpesa B TeMnepa
TYPHOif 06.'IacTH cpa30BbJX npesparn:eHHif (sbrrue TeMnepaTyphI A 1). 
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B. H. I'PH1'HEB, B. r. nEPMHKOB 

CTPYKTYPHblE 113MEHEHIUI B CTAJUI 
nPH 3JIEKTPOHAfPEBE 

Be.1rnq1rna aycTeHHTHoro 3epHa, ero cocrns H OJI.HOpOJI.HOCTb, noJ1y
qeHHbte npH Harpese CTaJIH B Ha,ll.KpHTHqecKOM HHTepsaJie TeMnepaTyp, 
s 3HaqHTeJibHOH CTenem1 onpeJI.eJIHIOT ee noeeJI.eniie np11 JI.aJibHei-irnefI 
TepMHqecKOH o6pa6oTKe H KOHeqHbie CBOHCTBa 113,ll.eJIHH. Tio3TOMY IIOHfl
TeH TOT HHTepec, KOTOpbIH Bcer,ll.a IIp05IBJIHJICH MeTaJIJIOBe,ll.aMH K H3y
l!eHH!O npou.ecca 06pa3osamrn aycTem1rn npH Harpese CTaJIH Bhrrne 
KpHTHqecK~X TO'leK. B HaCTOHI.Uee BpeMH MexaHH3M H KHIIenma o6pa-
30BaHHH aycTeIIHTa npH MaJiblX cKopocrnx Harpesa, 6JiaroJI.aprr rnas
HbIM o6pa30M pa6oTaM COBeTCKHX yqeHblX, H3yqeHbI ,ll.OCTaTOqHo IIOJIHO. 
5oJibrnoe KOJiuqecTBo HCCJie.rr.osaHHM: nocsmueoo H npou.eccaM o6pa3o
saHHH ayCTeHHTa npH Harpeeax CTaJIH B Ha,ll.KpHTHqecKOM HHTepsa.;1e 
c BbICOKHMH CKOpOCTHMH, oco6eHHO B CBH3H c lllHpOKHM BHe.rr.pem1eM 
B npaKTHKy TepMuqecKoM: o6pa60TKH BbICOKOqacTOTHOro H KOHTaKTHOrO 
~JICKTpOHarpesa CTaJIH. 

BMecTe c TeM MexaHH3M u KHHeTHKy cTpyKrypHbIX npespameHHH 
npH ~bICOKHX CKOpocrnx Harpesa eme HeJ!b3H cq1uaTb OKQHqaTeJibHO 
BblHCHeHHhIMH. He.rr.ocTaToqHo HCHOM: ocTaeTCH H CBH3b Mexa1mqecKHX 
csoflcTB cTaJIH B 3aKaJieHHOM cocTOHHHH H Tex CTPYKTYPHbIX npenpame
HHfI, KOTOpbie npOH30lllJIH npH Harpene ee B HaJJ.KPHTI!qecKOM HHTep
BaJie B 3aBHCHMOCTH OT CKOpOCTH Harpesa, COCTaBa H HCXOJJ.HOH crpyK
TYPbI cTaJIH. 

UeJib!O rracTOSIII{eH pa6oTbI HBJIHJJOCb H3yqe1me H3MeHeHHH MHKpo
CTpyKrypbl, TBep.rr.ocTH H MHKpOTBep.rr.ocTH CTaJIH npH 3JieKTpoHarpese 
ee c nOBbillleHHbIMH CKOpOCTHMH 6 o6JiaCTb Ha.rr.KpHTHqecKHX TeMnepa
TYP B 3aBHCHMOCTH OT cocTasa no yrnepo.rr.y H ucxo.rr.Hofl CTPYKTYPhT. 

MATEPHAn H METOAHKA HCCnEAOBAHH~ 

HccJie.rr.osaHHe 1 npoBOJI.HJIOCb Ha rpex cTaH.rr.apTHhIX MapKax cTa.nH: 
20, 45 H Yl2. MapKH 20 H 45 npe.rr.sapHTeJibHO OT}f{HraJIHCh c noJiyqe
HHeM 6a.nJia no 3epHy ( cpeppHTa M1 6). CTaJib YI 2 6pa.nacL s cocTOH
HHH IIOCTaBKH c Hcxo.rr.Hott CTPYKrypott 3epHHcToro u.eMeHrnra. 

1 B :;IJ{cnepHMeHTanhnoA qacrH pal'iOTbl npHHHMana yqacr11e 11H>K. <I>. E. Maihn11111. 



4aCTb CT3JIH 20 H 45, KpOMe TOro, IlO)J.Bepra.11acb BblCOKOTCMnepa
TYPHOMY OT:>1rnry c HarpeBoM )J.O 1250°, BbIJJ.ep:>KKOH 3 qaca H oxJia
:>KJJ.eHHeM co cKopocThJO 100-150°/qac. CTpH 3TOM obl.110 no.11yqetto 
yKpyntteHne CTPYKTYPhl JJ.O 2-ro 6a.11.11a (no <PeppHTY). HeKOTOpble 
o6pa3Ubl H3 CTaJrn Yl 2 npoxo)J.HJIH JJ.OnOJIHHTeJibHbIH on1rnr npH 900° 
B TeqeHHe 1,5 qaca c OXJia:>K)J.eHHeM co CKOpOCTblO 100-150°/qac. 
CTpyKTypa B 3TOM c.1yqae cocTOHJia H3 nJiacnrnqarnro nepJIHTa, neMeH
THTHOH ceTKH c Be.1111qrrnoii 3epHa ( aycTeHHTHoro), orneqaKnu.eH 5--
6-My oa.11.11y. 

lfa HcCJie)J.yeMoro MaTepHa.11a H3ro
TOBJIHJIHCb UHJIHHJJ.pHqecKHe H KOHH· 
qecKHe (rpaJJ.HeHTHble) o6pa3Ubl JJ.JIH 
3.11e1npoHarpeBa, HMesurne ipopMy H 
pa3Mepb1, COOTBeTCTByJOlll,He <!>Hr. 1. 
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UHJIHHJJ.pHqecKHe o6pa3Ubl Harpe
saJIHCb co CKOpOCTblO nopH)J,Ka 
100°/ceK. )J.O 700, 720, 740, 780, 820, 
860, 900 H 9500. lfaMeHeHHe TeM
nepaTypbI 06pa3ua BO BpeMeim qrn
KcHpoBaJiocb TepMonapoH, npHsapeH
HOH s cpeJJ.HeH qacrH 06pa3ua, c 3a
nHch10 npH noMOlll,H IIIJieH<Posoro 
ocuH.11.11orpaipa. KoHHqecKHe o6pa3Ubl 
HarpesaJIHCb B cpe,11.HeH qacTH JJ.O 
........ 10000 H CJIY:>KHJIH )J.JIH KaqecrneH- <PHr. 1. 06pa3U.~I )l.Jlll 3JieKrpoHa-
HOro cy:>KJJ.eHHH 06 H3MeHeHHH CTPYK· rpeaa: 
rypbl B 3aBHCHMOCTH OT TeMnepazypbI a - l(HJIHHAPH4ecKHll 06pam1; 6 - KOHH4e-

CKHA (rpa)lHeHTHblil) 06pa3e11. 
HarpeBa, KOTOpaH HenpepbIBHO CHH· 
:>KaJiaCb OT cpe)J.HeH, HaHOOJiee TOH· 
KOH qacTH o6pa3ua K ero KOHUaM. DoCJie Harpesa JJ.O 3a.n;aH -
HOH TCMnepaTypbl oopa3IJ,bl OXJia:>K)J.aJIHCb B BO)J.HHOH BaHHe )J.JIH 
<l>HKcauHH H3MeHeHHH CTPYKTypbl, npoHcIIIe)J.IIIHX npH HarpeBe. 
YcTpOHCTBO )J.JIH ox.11a:>KJJ.CHHH obl.110 c6.110KnpoBaHo c ttarpeBaTeJib
HOH cxeMOH TaK, qTo B MOMeHT OXJia:>K)J.eHHH HarpeBaTeJibHaH uenb 
pa3pb1BaJiacb. 

CTocJie yKa3aHHOH Bblllle OopaOOTKH no npO)J.OJI-bHClMY ceqeHHIO 
oopa3IJ,a H3TOTOBJIH.'ICH MHKpOIIIJIH<!>, no KOTOpOMy HCCJIC)J.OBaJiaCh 
MHKpOc'rpyKzypa, npoBO)J.HJICH 3aMep MHKpornepJJ.0CT!1 pa3.JIHqHb!X 
cTpyKTYPHbIX c<;icTaBJIHJOIII.HX Ha npHoope CTMT-3 H TBepJJ.oCTb no 
BHKKepcy Ha npHoope XapbKOBCKoro HHJJ.ycTpHaJibHoro HHCTHTyra. 

AHAnH3 nonY'IEHHblX PE3YnbTATOB 

1. 06pMoBauue aycTeHHTa H H3Meuettue ero cocTasa 

06pa30BaHHe aycTeHHTa B CTaJIHX 0 20 H 45 BO scex CJJYliaHX HaqH
HaeTCH BHYTPH nepJIHTHblX aepeH Ha rpaHHUe cpeppHT - nep.TIHT HJIH Ha 
CTblKax nep.11HTHbIX KOJIOHHH. DpH 3TOM pocT o6pa3oBaBillHXCH aycTe
HHTHblx yqacTKOB npOXOJJ.HT C OOJiblllOB CKOpOCTblO BrJIYOb nepJIHTHOfO 
3epHa. CTOC.TIC)J.OBaTeJibHOCTb o6pa30B8HH51 H pOCTa aycTeHHTHbIX aepeH 
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MO}KHO npoCJie)J.HTb no MHKpocpoTorpacpHHM ( cpHr. 2 H 3). TeMneparypa 
HatJ:aJia o6pa3oBamrn aycTeHHTa B nepJIHTe B 3TOM HcCJie.rr.osamrn TO'lHO 
He onpeJJ.eJIHJI8Cb, HO npHOJIH}KeHHO npH BbI6paHHOH CKOpocn1 HarpeBa 
OH a Jie}KHT B npe,n:e.nax 7 40°. . 

06pa3oBaBUIHecH yqacTKH aycTeHHTa pacTyT otJ:eHb ObICTpo JJ.O 38-
noJIHeHHH scero nepmnHoro 3epHa. EcTecTBeHHO, tJ:To co.rr.ep}K8Irne 
yrnepo.rr.a B o6pa30B8BUieMCH 38 CtJ:eT nepJIHTHOro 3epH8 ayc~HHTHOM 

<l>Hr. 2. Ha'lano o6pa3oaaHHll aycre
HHTa B CT3JIH 20 (HCXO.D.HOe 3epuo 

.Nl! 2). x 1500. 

<l>Hr. 3. Poer aycreHHTa cranH 20 
B nepJJHT (HCXO.D.HOe 3epuo 

N2 2). X 1500 . 

yqacrKe npHOJIH3HTCJibHO p8BHO 3BTeKTOHJJ.HOMy' 0 qeM CBHJJ.eTeJib-. 
CTBYIOT BbICOKHe 3H81JeHHH MHKpOTBepJJ.OCTH, HaXO,UHIII.HecH B npe.rr.eJiax 
900-950 Kc/.MAt2• 

B Bhlc.oKoyrnepo.rr.HcroH: cTaJIH Y12 c HCXOJI.HbIM nJI8CTHH'l8TbIM nep
JIHTOM o6pa30B8HHe aycremna npOXO)J.HT 8H8JIOrH'lHO CTa.TJ:H 20 H 45. 
AycTeHHTHbie yqacTKH o6pa3yIOTCH rJiaBHbIM o6pa3CM y rpaHHU nep
.'IHTHbIX 3epeH, OKaii:M.TJ:eHHbIX ueMeHTHTHOi'i ceTKOlI, H pacTyT BrJIY6b 
nepJIHTHbIX KOJIOHHH. HapHJJ.Y c 3THM o6pa3yIOrcH ayCTeHHTHbie yqacTKH 
R BHYTPH 3epeH na cTbIKax nepJIHTHbIX KOJIOHHH. CocTaB aycTemna 
HenocpeJJ.CTBeHHO TIOCJie ero o6pa30BalfHH OK83bIB8eTC51 Heo,n:rmpO,!l.HbIM, 

II IlOCJie 38K8JIKH B HeM BbIHBJIHeTCH MHKPOCTPYKTYP8, HaTIOMHH8IOIU8H 
nepJIIIT. 

06pa30B8HHe aycreHHTa B nepJIHTe HatJ:HHaercst c nepeKpHCT8JIJIH3a
UHH cpeppHTHblX IlJI8CTHHOK, KOTOpbie HMeIOT B03MO>KHOCTb B npouecce 
HarpeBa 6bICTpO o6orall\8TbCH yrJiepOJI.OM. TiocJie nepeKpHCT8JIJIH38UHH 
npOXO)J.HT 3HeprHtIHOe pacTBopem1e IlJl8CTHHOK ueMeHTHTa B o6pa30BaB
rueMCR Ma.noyr.nepo.znrcroM aycreHHTe. Ha qmr. 4 3acfnmcuposaH raKOfi 
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MoMeHr, KOr;J.a BO BI-1yrpe1rneii qacrn nepJIHTHOro 3epHa yl!<e npoH30· 
ruJia nepeKpHcTaJIJIH3an.m1 ¢eppurnhlx nJiacnrn B MaJioyrnepo.u.11crblii 
aycreHHT, pacTBopeHHe :>Ke IJ.eMeHTHra ern.e ne ycne.110 npoH30HTH B 3a
MerHhIX npe.u.eJiax. I1pH nocJie,u.yIOmeM oxJia:>KJJ.eHim MaJioyr.11epo.u.Hcrb1i1 
aycreHHT 6bIBIIIero cpeppHra npeBparn.aercSI B MaJioyrnepO.U.HCThIH Map
reHCHT c HH3KOH TBep.u.ocTblO. B 3ro )Ke speMSI o6pa3oBaBurnecSI panee 
OKOJIO rpaHHll. 3epna yqacTKH aycrNIHTa ym:e ycneBalOT B 3Hal!HTeJib
HOH creneHH pacrnopHTb IJ.eMeHTHTHbie miacrHHKH H o6orarHTbCSI yrJie· 
po.u.oM .u.o cocraBa, 6JIH3Koro K 3BTeKron.u.noMy. 

<l>Hr. 4. Haqano o6pa3oaaHHll aycreHHTa H OCL\HJJJJorpaMMa oxnalKneHH!I. 
Cram, Yl2 (HcxonHaH crpyKrypa - nnacrnHqarblfi nepJJHr). X 1500. 

HaJIHqHe pe3KO pa3JIH4HOro no cocraBy aycrennra B nepBhie Mo
MeHThI noCJie era o6pa30BaHHSI OTMel!aerCSI H Ha OCI.J,HJIJIOrpaMMaX 
oxJia)!{.u.enuSI cram1 c 735°, r.u.e SICHO BH.U.HbI ,u.Be reMneparypHbie ocra
HOBKH. 0.n:na ocraHOBKa - npH 560-580° - OTBel!aer MapreHCHTHOMY 
npeaparn.ettmo MaJioyrnepo.nncroro aycreHHTa, aropa51 - npu 415° -
npeaparn.enmo 6oJiee o6orarn.ennoro yr JiepoJJ:OM aycrenura a pa Hee 
o6pa30BaBIIIHXCSI yt1acTKax ( cpHr. 4). 

I1pu ,n:aJibHeiiIIIeM 6oJiee BhICOKOM narpeae craJIH Y 12 aycreHHT 
3ailOJIHSieT Bee nepJIJITHOe 3epHo, o,n:HaKo HCO.LJ:~IOpO.IT.HOCTb ero no co
craay XOTSI H yMeHbmaerCSI, HO coxpaH5leTCSI H B llaJibHefnIIeM )J,0 reM
rieparyp earpeaa ,....... 900-9200. 

I1pHMepeo aeaJiornqeo npox6,n:Hr 06pa3oaa1rne aycre1rnra 11 
e craJIH Y12 c HCXO.U.HbIM 3epHHCThIM ueMeHTHTOM. 3.u.ecb aycreHHT· 
Hbie yqacTKH o6pa3yIOTCSI nepBoHatJaJTbHO OKOJTO MeJIKHX Kap6H,ZJ.OB. 
B6.JJM3H KpynHhlx Kapl'iHJIHhrx qacrmr aycreHHT 06pa3yercst no3.u.Hee 
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u Me,LJ.JieHHee · o6oraIUaeTCSI yrJiepo,u.oM. B pe3yJJhT8Te 3Toro npH oxJia
m,u.eHHH OT TeMnepaTyp ttarpeaa, He3HaqHTeJibHO npeBblillalOIUHX KPHTH• 
11ecKy10 Toq·Ky A 1,a, B CTaJIH o6paayeTCSI Heo.n.ttopo,u.HbIH aycreHHT. 

iloCJie o6paaoaaHH.SI aycreHHTa ,u.aJib~elimHli Harpea BO acex cTaJISIX 
npHBO.ll.HT K BbipaBHHBaHHIO ero COCTaBa B npe,u.eJiax 6bIBillHX nepJJHT
HbIX aepeH, a 3aTeM K pacTBOpeHHIO H36hITQqffbIX COCTaB.JISIIOIUHX, aa 
C'l!eT qero, HanpHMep, B ,ll.03BTeKTOH,ll.HblX CT8JISIX HepaBHO:viepHOCTb co
CTaBa aycTeHHTa BHOBb YCHJIHBaeTCSI. nocJie,U.Hee oco6eHHO pe3KO npo
SIBJISieTCSI Ha Hil3Koyrnepo,U.IJCTbIX CT8JISIX c Kp)'IlHbIM HCXO,ll.HbIM aepHOM, 

<l>Hr. 5. 06pa30B3HHe 0.Il.HOPO.Il.HOro 
aycreHHTa B npe.zr.eJiax 6blBUJero 
nepnHrnoro aeptta craJIH 20 (Hcxo.zr.
Hoe aepHo N2 2, reMneparypa 

HarpeBa 780°). X 1500. 

<l>Hr. 6. 06e.zr.HeHHe yrnepo.zr.oM ne· 
pmpepHHHblX yqacTKOB aycreHHTa 
33 cqer paCTBOpeHH!I H36hlTOqHoro 
ipeppHTa B CT3JIH 20 (HCXO.Il.HOe 
3epHo N.! 2, reMneparypa Harpeea 

980°). x 1500. 

r,u.e s npouecce earpeaa o6pa3yeTc.SI BHaqa.Jie o,u.ttopo,n.HbIH- s npe,u.e.7Jax 
nep.JIHTHoro aepHa aycTeHHT ( cl>Hr. 5), a aaTeM BCJie,u.cTBHe pacTBope
mrn H36blTOqHoro ¢eppHTa nepHcl>epHHHble: yqacTKH CHJlbHO o6e,U.HSllOTCSI 
yrnepo,n;oM ( cl>Hr. 6) . 

. BbipasmrnaHHe cocTaBa aycTeHHTa HMeer MecTO JIHillb nocJie pac
TBOpeHHSI H36bITOqHblX cl>aa H conpoBO>K,U.aeTCSI HHTeHCHBHblM pocTOM 
aycTeHHTHoro aepHa H yKpynHem1eM MapTeHcHTHhlx HrJI B 06paay10-
ll1eMcS1 npH nocJieJI.ylOIUeM OXJia>K,u.eHHH MapTeHCHTe. 

TeMneparypa noJIHoro pacTBopeHHSI H36blroqHofr cl>aabl H BblpaBHH
saHHSI cocTaBa aycreHHTa aasncHT OT Hcxo,u.Holi CTPYKTYPhI cTaJIH, no
BblmaSich c ee yKpynHeHHeM. 9TO HarJISI.ll.HO CJie,u.yeT H3 conocTaBJ1eHHS1 
MHKpocl>oTorpa<fml'i' CT8JIH 45 c HCXO,ll.HblM 6- H 2-M 6aJIJIOM no aeptty; 
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B 9TOH crnJm c HCXOJl.HhIM 6-M 6aJIJIOM no 3eptty noJittoe pacTBopemte 

cpeppuTa JI.OCTHraeTCSI npH npHIISITOH CKOpOCTH Harpesa y}!<e npn 865 °' 
B TO >Ke BpeMSI B CTaJ!H CO 2-M oaJIJIOM no aepHy H30blTOtIHblH cpeppHT 

coxpaHsieTCSI Bblllle 925° ( cper. 7 e 8). 

<t>nr. 7. 06pa3oeaHHe o.n.Hopo.n.Horo 
aycreHHTa npH Harpeee cranH 45 

.n.o 865° (ncxo.n.Hoe 3epHo N2 6). 
x 1500. 

<l>Hr. 8. 1'fa6blTO'IHblH <PeppHT B era. 
nH 45 c HCXOJJ.HblM aepHoM M 2 

(reMneparypa Harpeea 92.5°). 

2. H3Meneuue TBepJI.OCTH CTaJIH B npou,ecce uarpeea 

B COOTBeTCTB~H c H3MeHeHHeM CTpy1CTyphl npn Harpesc npOHCXO)l.HT 
H3MeHeHue TBepJl.OCTH H MHKpOTBepJl.OCTH CTaJrn. 

B CTaJIH 20 B MeJIK03epHHCTOM (6-li oaJIJI) " KpynH03epHHCTOM 
(2-fi 6aJIJI) HCXOJl.HOM COCTOSIHHH MHKpOTBepJl.OCTb nepJfHTa OCTaeTCSl 
f!OCTOSIHHOH Jl.0 Ha1:rnJia npespameHHSI H H3MeHSieTCSI c MOMeHTa nepe
KpHCTaJIJIH3aU:HH. CTpu_ 9TOM MOMeHT nepeKpHcTaJIJIH3au:1rn 4JeppHrn B 
nepJ11ITe conpoBo:>!(Lr,aercsi HeKOTOphIM IIOBbillleHHeM ero TBepJl.OCTH 
nocJie OhlcTporo oxJia>KJl.eHHSI, oqeBHJl.HO, 3a cqeT HeKOToporo nepechl
meHHSI yrJiepOJl.OM • 

.lI.aJihHeHlllHH HarpeB npHBOJl.HT, KaK yKa3hIBaJIOCb BblIIIe, K o6pa:io
saHHIO aycTeHHTa 9BTeKTOHJl.HOf0 COCTaBa B rrpe)];eJiax rrepJIHTHOfO 
3eptta, a 3aTeM K ooeJl.HeHHIO ero aa cqer pacTBopeHHSI H30b1To1rnoro 
cpeppeTa. B COOTBeTCTBHH c 9THM MapTeHCHT, KOTOpbIH o6pa3yeTCSI npH 
OXJia>K)l.eHHH CTaJIH, HMeeT BHaqaJie MaKCHMaJibHYIO MHKpOTBepJI.OCTb 
H v= 900 KZ/MM2, coo't'BeTcTsy10my10 TBepJI.OCTH aaKaJieHHoli BhICOKO
yr.'IepOJI.HCTOH CTaJlll. 3aTeM MHKpoTBepJI.OCTb MapTeHCIUa CTaHOBHTCSI 
pa3JIHqHOR B rrpe.rreJiax O.ZIHOfO MapTE'HCHTHOfO yqacTKa, yMeHbIIIaSICb 
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K ero rrepmpepmi:, 11, HaKoHeu, CHH>KaeTcH JJ.O cpeJJ.HHX sHa11em1il rnep
i:i:ocrn LJ:JIH )J,aHHO}I CTaJIH. 

y cpei:i:HeHHaSI TBepJJ.OCTb CTaJIH ( rrpu H3MepeHHH Ha TBepi:i:oMepe) 
c HatiaJia rrpeRparneHHSI B03pacTaeT H )J.OCTHraeT MaKCHMyMa rrpHMepHO 
K MOMeHTy paCTBOpeHHSI IB6bITOtIHOrO cpeppHTa. CT pH 3TOM ,LJ:JISI KpynH0-
3epHHCTOrO HCXO,LJ:I-IOrO COCTOSIHH5! HapacTaHHe rnep)J.OCTH c TeMnepary
poil HarpeBa H,l~eT 6oJiee MeLJ:JieHHO, 'leM B MeJIK03epHHCTOM, H MaKCH
MYM TBep,n:ocTH ,n:oCT11raeTcSI rrpH 3Haq11TeJihHO 6oJiee BbICOKHX Te!'.rne
parypax. Hy}!{HO OTMeTHTb TaK>Ke, tI!fO MaKcnMaJibHasi: rnep,n:ocTb 

KpynH03ep!-IHCTOH CTaJIH (2-ii: 
6aJIJI ITO 3epHy) OCTaeTCSI BCe >Ke 
HH>Ke, qeM MaKCHMaJibHaSI TBep
JJ:OCTb, noJiyqaeMaSI Ha CTaJIH c 
6oJiee MeJ1K03epHiiCTOH HCXO.LJ.HOH 
CTPYKTypoii: (6-ii: 6aJIJI 3epHa). 

AHaJiornqHasi: 3aBHCHMOCTh 
6bIJia rroJiyqeHa Ha cpeJJ.HeyrJie
po.rr.11cToii: CTaJIH 45. 

3,n:ecb MaKCHMYM MHKpornep
JJ:OCTH MapTeHCHTa JJ.OCTHraeTCSI 
,n:JISI TeMnepaTyp HarpeBa JJ.O 
820°, T. e. K TOMy MOMeHTy, 
KOr)J,a aycTeHHT o6pa30BaJICSI 

O 6i~'()-'0-~--8i~'00--~--10.~Vi-'O--o""'C rJiaBHbIM Oopa30M 3a cqeT nep-
TeMnepamypa JlHTHhIX 3epeH, a pacrnopeH11e 

cpeppHTa erue He rrpOH30IIIJIO B 
IlOJIHOH Mepe ( cp11r. 9). JJ:aJib
ueii:umii: HarpeB H rroJlHOe pac
TBopeHHe cpepp11Ta B aycTemne 
CHH>KaeT MHKpoTBep)J.OCTb o6pa-
30BaBrnerocsi: rrpH rrocJie.rr.y10rueii: 
3aKaJIKe MapTeHCHTa. MaKCHMYM 

<I>11r. 9. 3aBllCllMOCTh TBep.uoCTll II MllKPO· 
rnep.uocr11 3aKaJJeHHoi1 craJJ11 45 or reM
neparyphI HarpeBa 11 11cxo.uHoro 3ep11a: 
I - MHKpOTBepJlOCTb <jJeppHT3; 2 - TBepJlOCTb CT3JIH 
45 c HCXOJlHblM 3epHOM M 2; 3 - TO >Ke c HCXOJl
HblM 3epHOM :Ni! 6; 4 - MHKPOTBepJlOCTb MapTeHCHT3 

B CT3JIH 45 C HCXOJlHblM 3epHOM :Ni! 2. 

rnep.rr.ocTH IlOCJie 3aKaJIKH .ll.OCTHraeTCH ,LJ:JISI MeJIK03epHHCTOro COCT05I
HH5l CTaJIH 45 npH HarpeBe .rr.o 860°, tITO COOTBeTcrnyeT MOMeHTY IlOJI
HOro pacTBopemrn B aycTeHnTe H36hlTOtIHoro cpepp11rn 6e3 yKpynHeHHSI 
aycTeHHTHOfO 3epHa. B KpynH03epHHCTOM (2-ii: 6aJIJI) HCXO)J,HOM COCTOSI
HHH HapacrnHHe rnep.rr.ocTH c B03pacrnHHeM Te11imeparyphr HarpeBa npo
xo,n:HT ropa3,n:O Me)J.JieHHee, )J,OCTHrasi: MaKCHMyMa TaK>Ke K MOMeHry 
pacrnopeHHSI H36bITOtIHOro cpeppHTa, HO TBep,n:ocTb Bee npeMSI OCTaeTCH 
HH>Ke COOTBeTcrny10rueii: rnep,n:OCTH LJ:JISI liCXO,!l;Horo MeJIK03epHHCTOf0 
COCTOSIHHH. 

TaKHM o6pa3oM, npou.ecc o6pa3oBamrn roMoreHHoi\ ayCTeHHTHOH 
CTPYKTYPhI npH Harpeee .no::iBTeKTOH.LIJibIX crnJieii: rnpM03HTCH pacTBo
peHHeM H30bITOtIHoro cpeppHTa. HaJIHtiHe KpynHhIX sepeH cpeppHrn 
B CHJibHOii: cTerreHH 3aMe.LJ.JISieT o6pa30BaHHe O.LJ.HOPOJJ.HOro aycTeHHTa, 
G.TO BbIHY>KJJ.3eT IlOBbIIIIaTb TeMnepaTypy Harpesa H yBeJIHtIHBaTb BpeM51 
BbIJJ.ep>KKH. 

DoBhIIIIeHHe )Ke TeMnepaTypbI npHBO.LJ.HT K roMy, tITO R MoMemy 
pacrnopemrn cpepp11Ta aycTeHHTHbie 3epm1 yKpynHH!OTCH H noC'.rte 
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3aKaJlKH 06pa3yeTCSI KpynHOHl'OJlbllaTaSI CTpyKTypa MapTeHCHTa c IlOHli
meHHblMH MexaHAlleCKHMH CBOHCTBaMH. 

B 3a3BTeKTOHJl.HOH cTaJIH Yl2 nJiacTMHllaThIA nepJIHT nepexo.UHT B 
aycTeHHT 3H8llHTMbHO 6blCTpee, tieM 3epHHCTb!H; ll03TOMy Ll,JISI nJia· 
CTHHllaToro HCXOJl.HOro COCTOSIHHSI MaKCHMYM TBep,!:lOCTH .LI.OCTHraeTCSI 
yme npH Harpese Jl.O 800-820° nponrn 925-950° JJ.JISI HCXOJl.HOro co
CTOHHHSI 3epHHCToro u.eMeHTHTa. BoJiee s·hlcOKHH Harpea cTaJIH Yl 2 

fl, 

1000 

g 
'-> 

~ ~ 
~ ~ 

SI.. ~ 
~ 600 

f 
200~2 _ _._ __ _._ __ ..__ _ __. __ _, 

oOO 800 fOOO °C 
TeMnepamypa 

<l>Hr. 10. 3aBHCHMOCTb raep.nocm H MHKpo
TBep.noCTH 3aKaJieHHOH CTaJIH Yl2 OT TeM
nepaTypbl Harpeaa (Hcxo.nHaH crpyKrypa 

nJiaCTHH'laTblH nepJIHT): 
I - MHKpOTBepJ!OCTb nepJlHTa; 2- TBepl!OCTb CT8JIH; 

3 - MHKpoTeepJ1ocT& MapTeHCHTa. 

Hv -----, 

800 

liOO 

o.__ _ _._ __ _._ __ ....._ _ __. __ _, 
500 800 fOOO °C 

TeMnepamijpa 

<l>Hr. 11. 3aBHCHMOCTb raep.noCTH H 
MHKpOTBep.nocrH CTaJIH Yl2 OT reMne
parypbI Harpeaa (Hcxo.nHaH crpyKrypa 

3epHHCTblH IteMeHTHT): 
I - TBepl!OCTb CT8JIH; 2 - MHKpOTBepJ!OCTb 

M8p1'eHCHT8. 

npHBOJl.HT K CHHmeHHIO TBepJl.OCTH 3a ClleT IlOBblllleHHOro KOJIHlleCTBa 
OCTaTOllHOro aycTemna H pacrl'lopeHHH H36bITOllHOro u.eMeHTHTa, a, B03-
MO)KH0, H sa ClleT o6pa30BaHHSI KpynHOHfOJlbllaTOro MapTeHCHTa 
( qmr. 10 H 11 ) . 

BblBO,ll.bl 

l. 06pa30Ba1rne aycreHHra npH Harpeae yrnepoJ1.Hcroif craJiu Haqu
Haercsi c nepeKpHcraJimpau.mr cpeppura. CTpH ::noM B HallaJihHhIH MO
MeHT 06pa3yeTCH aycTeHHT c HH3KHM CO,ll.epmaHHeM yrnepO,tla, 'ITO 
ITOJl.TBepmJJ.aercsi KpHBhIMH oxJiaiKJJ.eIIHH npH saKaJIKe ( cpttr. 4). BHJJ.H
Moe o6pasoBaHHe aycTeHHTa, cjJHKCHpyeMoe npH 3aKaJIKe IlOHBJieHHeM 
MapreHCHTHbIX ytJaCTKOB, npOHCXOJl.HT Hatt6oJiee ll8CTO Ha rpmrnu.ax 
nepJIHTHhIX sepeH. 3ro o6oHCHHeTcH reM, 'ITO B 3THX Mecrax npoucxo
JJ.HT Ha1160Jiee 6blcTpoe pacrnopeHHe u.eMeHTHTa H COOTBeTCTBeHHO 
6blcrpoe 06oramem1e yrnepo.11.oM paHee 06pa3oaaallleroCH aycreHHTa. 

2. B Jl.03BTeKTOHJJ.Hhix craJIHX BHJJ.HMoe npeapameHHe HallHHaeTcS!' 
s nepsyIO oqepeJJ.b B nepJIHTHhIX yqacrKax. 06pasyIOlll.HecH aycremn
Hhie yqacrKH HMe10T cocras, 6JIH3KHH K 3BTeKTOH.D.HOMy. CTp11 .n:aJibHefi-
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weM IIOBhllllemrn TeMnepaTyphl npo11exO.D.HT nepeKpHeTaJIJIIBaU.HSl llJep
pHTHblX y11aeTKOB H JI.H<pcpys1rn yrJiepoJI.a 113 OhIBlllHX nep.TIHTHhIX y11aeT· 
KOB BO BHOBh o6pasoBaHHblH OOe}l.HeHHblH ayeTeHHT. 

ilpou.ece rOMOreHH3aU.HH 3aBHeHT OT npOTSI:>KeHHOeTH HeXO,UHhIX 
cpeppHTHblX noJieli. np0 rpyooli 0exoJI.noli eTpyKType Tpeoy10Te5I 6oJiee 
.UJIHTeJihHhie BhIJI.epmKH HJIH 6oJiee BhICOKHe TeMnepaTypbI Harpeaa JI.JISI 
noJIHOH roMoren0sauII0 eTpyKTyphl. BMec1e c TeM noabllnem1e Tel\mepa
TYPhl Harpeaa npHBOJI.HT K poCTy sepHa H K yxyJI.rneHHIO MexaH011ecKHX 
CBOHeTB. 

0TMe11eno, lJTO a eTaJIHX e HCXOJI.Holi MeJII<csepH!IcToli CTPYKTypol'i 
npoueee paeTBopettHH cpepp0rn B ayeTeHIITe nponexoJI.MT 6blerpee 11 6es 
saMeTHoro neperpesa. 

3. Taep.n.oeTh saKaJieHHOH CTaJIM np11 Harpeae c noBhIIlleHHhIMH eKo
poeTHMM BHalJaJie B03paeraeT, JI.OeTMraeT MaKeHMyMa, Jf 3aTeM CHH
)KaeTCS!. ,llJIH JJ:09BTeKTOIIJJ:HbIX eTa.Jieli MaKCHMYM TBepJJ.OeTII npn6.iiH3H
TeJihHO COOTBeTeTsyeT MOMeHTy paeTBOpeHHH II30hITOlJHOro cpepp!ITa 6e3 
saMeTHoro poem sepHa ayereHHTa. ,llJIH sa9BTeKTOMJJ:HhIX eTaJieli 
MaKcHMYM TBep.noeTM .n.oernraeTeH np11 paernopen1111 a ayereHMTe 
9BTeKTOHJJ:HOro u.eMeHTIITa. 

4. YKpynHerrne 11exo.nHoif eTpyKTYPhI np11ao;un K eMemeHHIO MaKcH
MyMa rnep.n.ocTM nocJie saKaJI1m a o6JiaeTh 6oJiee BblCOKMx TeMrrepaTyp 
Harpeaa. np11 9TOM rnep.n.oCTh eTaJIII e KpynHOH Mexo.n.Hoii eTpyKTypoi'I 
Bee apeMH oeraercH HeeKOJihKO HMme TBep.n.oeTM eTaJIH e 6oJiee .n.11e
nepeHoif cTpyKrypoli. 

5. Momno npe.n.noJiomMTh, lJTO, no KpaliHeli Mepe JJ:JIH MHornx KOH
CTPYKU.HOHHhix eraJieti:, .n.aoti:HaH o6pa6oTKa MomeT .n.aTb Jiy11my10 
CTPYKTYPY 11 6oJiee BhleOKHe Mexam1qecK11e esoikrna, 11eM saKaJIKa 
era.JIB c 06bl11Holi CTPYKTypo:H ormHra. 



JO. A. KOrJ.EPJK.HHCKHPf 

AHnATOMETPHqECKOE HCCnE~OBAHME nPEBPAW.EHHH 
B )l(EnE30Yf nEPO~HCTblX cnnABAX 

nPH anEKTPOHAfPEBE 

JI.JISI HCCJie.noBaHirn npeBpameHHH npH 3JieKTpOHarpeBe B I-iaCT05IllleM 
HCCJie.noBaHHH no.n: pyKoBO.llCTBOM npocp. B. H. fptt.n:HeBa 6hIJI ttcnoJib
soBaH cneu:HaJibHblH ,n:HJiaToMeTp. I1ptt6op ( qmr. 1) B coti:eramm c Ma
JIOHHepu:HoHHhIM raJibBaHoMeTpOM ( cpHr. 2)' Il03BOJIHJI onpe.neJJHTb 

<l>Hr. 1. Cxe1irn .n.HnaroMetpa: 
I - o6pa3eit; 2 H 3 - pbl<tarn; 4 - npy>KHHa; 5 - sepKaJio; 6 - 6apa6aH; 

7 - oceeTHTe.Ob; 8 - npuaMa; 9- JJHHaa. 

TeMnepaTypy npeBpameHHH, conpoBo:>K.naIOlllHXCSI H3MeHeHHHMH y,neJib
HOro o6beMa, a TaK}!{e B OTD:eJibHhIX CJiyqa51x KOJIHtJ:eCTBeHHO Oll,eHHBaTb 
KHHeTHKY ex. -+ 1-npeBpameHHH. 

TeMnepaTypa ex. -+ 1-npeBpameHHH npH 3JieKTpoHarpeBe co cKopo
cTHMH 30-200°/ceK * H3yti:aJiacb Ha cnJiaBax c co.nep}!{aHHeM 0,045; 
0, 12; 0,38; 0, 76 ( CTaJib Y8) H 1,08 °lo C B .llBYX HCXO,ll,HhlX COCTOflHHflX -
DOCJie OT}!{Hra H IlOCJie saKaJIKH OT 950° B so.ne. 

HccJie.nosaHHeM OTO}!{}!{eHHhix cn.nasos no.nrnep}!{JJ:eHa H yToti:HeHa 
noJiyti:eHHaSI B. H. fptt.n:HeBbIM [l] .nttarpaMMa Meracra6HJihHblx npe
spameHHH npB Harpese Fe-C-cn.nasos (cpBr. 3). B cnJiase c 
0,045 % c Ha6.nIO.naeTCH e.nsa 3aMeTHblH 06'beMHbIH 3cpcpeKT npH TeM
neparype OKOJIO 750° H C}!{aTHe, npOBCXOJJ.5Illlee npH IlOCT05IHHOH 

• B HHTepBane 600° - Haqano npespameHHSI. 



TeMneparype ........ 910°. B cnJ1ase c 0,12% C HHTepsaJ1 npespaw.eHllH 
760-915°, s cnJ1ase c 0,38% C-760-900°. B cnJ1asax c 
0,76 ll 1,08% c npespaw.emrn npoTeKaer npaKTHl!eCKH npH OOCTOHHHOH 

TeMoepaType -. 755°. 
6 l1ccJ1eJJ.0BaHHeM saKa----1--. 

<1>11r. 2. CxeMa ycraHOBKH: 

1 - py611J1bH11K; 2 - nyJtbT ynpaeJtemrn; 3- Tpa11ccjlopMuop; 
4 11 5 - oceeT11TeJ111; 6 - 6apa6a11; 7 -pe.llyKrnp; 8 - sJteK
TJ'OJIB"raTeJib; 9 - peocTu; JO- JlHJiaToMeTp; 11 - 06pa3eu; 
12 - TepMonapa; 13 - raJibB8HOMeTp; 14 - Tpa11ccjiopMaTop. 

JieHHhIX COJlaBOB ycTaHO-
BJieHo: 

a) B crIJ1ase c 0,045 % C, 
3aKaJleHHOM OT 950° 6e3 
BhI.nep:>KKH, rrpespaw.ettwe 
npoTeKaer s HHTepsaJ1e 
800-910°. B TOM :>Ke 
COJlaBe, BhI,llep:>KaHHOM rre
pe.n 3aKaJIKOH 5 MHH. rrpH 
950°, rrpespaw.ettHe rrpoHc
XO.llHT IIpH IIO.CTOHHHOH 
TervrnepaType OKOJIO 835°. 
TaKHM o6pasoM, rroJiyqetto 
np.si:Moe 3KcnepHMeHTaJih
Hoe .llOI<a3aTeJibCTBO B03-
MO:>KHOCTH o6pa3oBaHHH Me
TaCTa6HJibHOf0 aycyeHHTa c 

COJJ.ep:>KaHHeM yrJiepo.na MeHbllie paBHOBeCHoro H OKQHqaHH.SI (}.,-+ 1-rrpe
Bpaw.eHH.SI IIpH TeMneparype HH:>Ke TOqKH Aa .llJl.SI .uaHHOfO COCTaBa. 

6) B saKaJleHHOM crrJiase c 0,38 % C a.-+ '(-rrpespaw.ettHe npowcxo
LI.HT B HHTepsaJie 725---
7450, OKaHqHBa.SICb Ha 
35-400 HH)!{e A3 .llJIH 
.naHHoro cocTasa. Co

oc 

.-!( "'---

CTas 06pasy10w.erocS1 
aycTeHHTa H B 3TOM 

900 "'-,.._ 

800 CJlyl!ae HH)!{e paBHOBec
Horo. Ha qmr. 4 noKa- ~ 
saHhI KpHBhie Harpesa E: 700 
saKaJieHHoro cnJiasa c t:! 

0,38 % C; Ha qmrype ~ 
BH,llHhI o6beMHhie 3cp- ~ 600 

500 

400 
0 

r-...... 
I.. 

p 
I 

0,2 

,, -.... /v 

[/ 
":.r--.... - v - / -

~ ,.., 

0,4 0,6 0,8 1,0 t,2 % 
Ye/Jepoil 

cpeKThI omycKa B HHTep- ~ 
BaJ1ax 210-255 H 340-
410° H 3cpcpeKT a. -+ 1-
npespaW.eHHSI, npoTeKa
JOW.ero rrpH TeMrrepaType 
725° H saKaHqHsa10me
roc.si: npw 7 45°. Ha 
cpHr. 5 IIOKa3aHa1 MHKpo
CTpyKrypa, IIOJlyqeHHa.SI 
npH Harpese rrpe.usapH

<1>11r. 3. TeMneparypa Meracra611JJbHbIX npeBpaw.e
HHtt np11 HarpeBe oro>K>KeHHbIX craneii B Bamiax 

(X, fpH.11.HeB) H 9JJeKTpOTOKOM (0). 

TeJihHo saKaJieHHOro o6pasua co CKOpOCTblO 100° /ceK JJ.O 7 40° c IIOCJle
.llYlOIUHM oxJ1a:>K,L1,eHHeM B so,ll,e. Tsep.D.OCTh o6pasua H vio = 676 Ke/MM2. 
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M1mpoTaep.nocTb cBeTJiot\ cocTaBJHIIOIUeii 680 ( nM T-3, uarpy3Ka 30 2) ' 
TeMHOH COCTaBJISIIOIUeii 275. 

B) Ilptt HarpeBe, 3aKaJieHHbIX CnJiaBOB C 0,76 H 1,08% TaKme Ha· 
6JIIO)I.a!OTCSI ;'J.HJiaTOMeTpHqecKHe 3cpcpeKTbI omycKa B HHTepaaJiax 170-
230 H 340-440°. IlpeapameHHe npo
HCXO)I.HT B OCHOBHOM npH IlOCTOSIHHOH 
TeMneparype OKOJIO 7200 ( cpHr. 6). 

Ha cpHr. 7 H 8 noKa3aHa 33BHCH
MOCTh )I.JlHTeJibHOCTH rJ. --+ 1-npeapa
meHHSI OT CKOpOCTH Harpeaa )I.JlSI 
CTaJIH Y8 c HCXO.llHOH CTpyKTypoii 
copOHTa. IloJiyqeHHaSI 3aBHCHMOCTb 
Mo:>KeT OhITh Bhipa:>KeHa CJie)I.yIOmeii 
OilbITHOH cpopMyJioii: 

v-c np = canst, (l) 

r)I.e V - CKOpOCTb HarpeBa B 0 /CeK; 
-cnp - apeMSI npeapameHmI B ceK.; 

const = 43,5. 
B HCCJie.llOBaHHhIX npe.lleJiax cKo

pocTeii Harpeaa (30-1000°/ceK) 
apeMSI npeapameHHSI c yaeJIHqe1rneM 

N477 
U,38 °lo C, Jat< 
v == 165 °/ wr 

--BpeMH 

ct>Hr. 4. TepMH'lecKa11 H .zurnaro· 
MeTpH'leCK3SI KpHBble ilarpeaa 33-
KaJieHHOH CTaJJH c 0,3811 f<, C; CKO• 

pocrb Harpeea 165°;ceK. 

. CKOpOCTH Harpeaa HenpepbIBHO COKpamaeTCSI. 
Ilo .ll3HHbJM .l{HJl3TOMeTpH1IeCKOfO aHaJIH33 IlOCTpoeHbI KHHeTHtieCKHe 

KpHBble rJ. - 1-npeBpameHHSI B CTaJIH Y8. no 33IlHCaHHblM KpHBbIM 

ct>Hr. 5. MHKpocrpyKrypa 9TaJIOHHoro o6paaLta. Harperoro co 
CKOpOCTbID 100°/ceK. ,IlO 740J c IlOCJie,Ily10mei1 33K3JIKOH 

B BO.Ile. X 1300. 

• 

H3MeHemrn y.ll.JIHHe1-1HH H TeMnepaTypbI BblqepqHaaJIHCb KpHBhie '3aBHCH
Mocrn yJl.IUIHeHHSI 06pa3na OT TeMnepaTypbI ( cpHr. 9); cpa30BbIH COCTaB 
06pa3u.a J3blqHcJIHJICSI no cpopMyJie 

La-L 
i= La-Lr' 

5 BHHTOMAW 1146. 

(2) 
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r]le 1- BecosaH .1.J.OJUI cpaabl 1; 
La - .nmma o6pa3ua B cocroRHIUi (},, ( 100 % ) npH .n.aHHOii: rer.me

parype; 
Lr - .ll.Jl11Ha 06pa3ua B COCTOSIHHH 1 (100%) npH TOH >Ke TeMne

parype; 
L - ,n.'lHHa 06pa3ua s npouecce rrpeBparueHH5I np11 TOH >Ke rer-.i-

neparype. . 
Cneu11aJibHOe np11cnoco6JieHHe no3BOJlHJio npoH3BOll.11Th 3aKa,:1Ky 

o6pa3UOB Ha Jl:HJiaTOMeTpe. Do 33fUICaHHblM KpHBbIM onpe,n:eJ151JIOCh 

oc 
910 

BOO 

600 

500 

400 

Ii 
....... 

'\ 

0 

!'.... 
r---.. ,, 

~r-... - ~!""---. .... v - ~ 
~ / 

-~ 

// 

I/ 

-

BpeMSI Me>KAY Ha':laJIOM 
cpaaoBoro npeBparueHHH 
H MOMeHTOM 3aKaJIKH. 
I13Mepmr np11parueH11e 
3JieKrpoconpor11sJieH11H 

cepHH 3aKaJieHHbIX o6-
pa3UOB, MO>KHO npocJie
)lHTh 3a pacrnopeHHeM 
ueMeHr11ra. ConocTaBJie
HHe KpHBbIX a.~ j-IIpe
BpaIUeHHH c KpHBbIMH 
pacrsopeHHH yrJiepo.n.a 
rrpoJJ11saer cser Ha Me-
xaHH3M npesparueHHH 

01 rrepJJHTa B aycreHHT 
t,o 112 10 (cp11r. 10-12). C1:111raS1 0,2 0 014 o,6 o,a 

!lenepo8 
<l>Hr. 6. TeMneparypa Meracra6HJJbHbIX npeapame
HHii npH sneKrpottarpeae (30-200°/ceK) aa1canett-

Hb!X craneii. -

B rrepBOM rrp116JJH)KeHHH . 
rrp11parueH11e 3JieKrpoco
rrporHBJieHHH npdnopuH
oHaJihHhlM KOHUeHrpa-

11,HH yrnepo.n.a B pacrnope, ITOJIY':IHM cpe,n:HHH COCTaB aycreHHTa K 
KOHUy 1J,, ~ j·DpesparueHHH: Jl:JlH 3epHHCTOfO UeMeHTHTa (npH TeMnepa
rype ~ 780°) - OKOJIO 0,25 % ; Jl:JIH rpy6onJiaCTHH':laroro nepJJHTa 
(npH 755°) - OKOJIO 0,35%; .ll.JlH MeJIKOITJI3CTHH':laTOro rrepJIHTa (npH 
73S') - OKOJIO 0,45 % , T. e. rrp11 Harpese nepJIHTa co rnopocrbIO 
45° /ceK B rrepsyIO oe1:1pe,n:b 06pa3yerrn Meracra6HJibHbIH aycreHHT c 
co.nep)KaHHeM yrJiepo.na HmKe pasI-IosecHoro. Ehor tjJaKT HBJIHeTCH 
HOBhIM .noKaaare.TibCTBOM B IIOJib3Y rnrrore3bI B. H. fp11,n:Hesa o 6e3-
.n11cpcpya110HHOM MexaHH3Me rrpesparueHHH rrepJIHTa B aycremn rrp11 
CKOpOCTHOM Harpese . 

.[lJIH o6bHCHeHHH on11caHHbIX HBJie1rni1 Moryr 6blrb rrpe,n:JIO:>KeHbl 
cJie,nyIOIUHe reoper!fl1ecK11e coo6pa>KeHHH. 

Ha cp11r. 13 npe.ncrns.'leH y1:1acroK .n11arpaMMbI )KeJie3o - yrnepo.n, 
na cp11r. 14 noKa3aHo ce4eHHe ;i:11arpaMMbI cocraB - reMrreparypa -
repMo,n:11HaM111:1ecKHH noreHuHaJI ( C - T - F) np11 nocTOHHHOM cocrase 
(!, cp11r. 13). To1:1Ka nepece1:1emrn JIHHHi'1 repMo,n:11HaM11qecmro noreH
u11aJia or,n:eJibHbIX cpaa (a H 1) Jie:>KHT HmKe reMncparyphl A 3 ,n:JIH .naH
HOro cocrnsa; cJie.n.onareJibHO, npesparueH11e cpepp11ra B aycreHHT 6e3 
H3MeHeHHH cocrasa rrpH reMrreparype HH:>Ke A 3 ( 06oaHa1:1eHHoe 
B. H. fpH,n:HeBbIM [1] KaK ro1,1Ka Ac 8) repMo,n:11HaMH'!ecK11 B03M0:>1rno. 
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CKopocmb HOi!pe6a 
<l>ttr. 7. 3aJJHCllMOCTb BpeMeHH <jla30BOro npeBpameHH!I OT CKopo

crn' 'Harpeoa (0,760fo C, cop611T). 
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1/V, ce1</epail 
<l>Hr. 8. 3aBHCHMOCTb BpeMeHH npeopameHH!I OT o6parnott BeJIH'IHHbl 

CKOpOCTH Harpeoa. 
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CToJIO)!{eIUre TOtIKH Ac i orrpe.ne.rrneTcsr KOHUeHTpau11eii: yrJiepoJ.I.a 
B <PeppllTe H, CJieJ.I.OBaTeJibHO, 3aBHCHT OT o6mero co~ep:>r<:aHHH yrJie
pona B CTaJIH TOJibKO .no rrpeJ.I.eJia ero pacrnopHMOcTH B <PeppHTe, .u.aJib· 
Heii:mee YBeJIHtI-eime COJJ.ep)l{aHHH yrnepo.u.a B CTaJIH He BJlH~eT Ha ITOJIO· 

· :>r<:ettHe TO'IKH Ac! (<l>Hr. 15). 
l 4eM MeHbllle pa3Mep ueMeHTHTHblX 

t 
<l>Hr. 9. lfaMeHeHHe ynnHHeHHll 
o6pa3ua B 33BHCHMOCTH OT TeM

nepa1yphl ( cxeMa). 

l!aCTHU, TeM BblIIJe HX pacrnopHMOCTb 
B cpeppHTe, TeM HH)!{e TeMnepaTypa Ac j. 
KaK BH.ZJ.HO H3 cjmr. 16, npHHUHITHaJibHO 
B03MO)l{HO rrpespameuHe B aycTeHHT 
HH)l{e paBuosecHoii: TeMrreparypbI Ai 
( ITOCJie.ZJ.Hee rro.nrnep)!{.neHO OITbITaMH 
B. H. rptt.nuesa H B. l1. TpecpHJIOBa [2]). 

CpaBHeHHe <PHr. 3, 6 H 15 noKa3bl· 
saeT, l!TO cxeMa Ha cjrnr. 15 rro.nrnep
)1{.LJ:aeTcH OITbITOM, eCJIH HarpesaeMaH 
CTaJib HMeeT o.nttopo.nuy10 nepJIHTHYIO 
( rrces.norrepJIHTHy10, cop6ttrny10) ctpyK

rypy. ITpH ttaJIHtIHH CTPYKTYPHO cso6o.nttoro cpeppHTa a__,. 1-rrpespame
HHe pacrnrnsaeTCH Ha HHTepBaJI TeMrrepaTyp, tITO .nomKHO 6b!Tb OTHe
ceHo aa ctieT Heo.nttopo.nuocTH cocrnsa cpeppttrn. ITosH.nHMOMy, yqacTKH 
cpeppHTa, y.naJieHHble OT ueMeHTHTHbIX qacrnu, He ycneBa!OT HaCbl· 
IUaTbCH yrJiepoJLOM rrpH Harpese .no Aci . 
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Boe Mn 
<l>Hr. 10. KHHeTHKa npeBpaweHHli B cranH YB co crpyK
rypofi 3epHHCToro ueMeHTHTa npH Harpese co CKOpOCTblO 

45°/ceK; a -r 1- npespameHHe B HHTepBane 760-780°. 

Pacxo)l{,ir.em-rn: B orrpe.neJieHHH pa3JIHtIHbIMH asrnpaMH KpHTHtiecKoii: 
TOl!KH rrpH 6blCTpb!X Harpesax TOJibKO )J:JIH yrnepo.nHCTbIX CTaJieii: npe
BhllllaeT 1000 (cM. cpHr. 17 H rn6JI. 1). EcJIH ctIHTaTb, l!TO see 3TH .natt
Hbie OTHOCHTCH K O,UHOMY S!BJieHHIO, npOHCXO.ZJ.HilleMy rrpu onpe.neJieHHOH 
TeMrrepaType, a pa3JIHl!IHI o6bHCHHIOTCH TOJibKO HeTOl!HOCTblO 3KcnepH
MeHTa, npH,ll.eTCH o6BHHHTb OT.ne.HbHhIX HCC.'le.U.OBaTeJieii: B .nonymemrn 
rpy6oii: Oll!H6KH - .no 100°, l!TO MaJJO BepOHTHO. 

ITpe.n.fIO)!{eHHaH B. H. rpw.u.HeBhIM [l] H no.nrnep)l{.nenHaH B H3CT051· 
meM HcCJie.nosaHHH cxeMa npeBpaw.er-mH nepJIHTa B aycTeHliT no3so-
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<1>1-ir. 11. K1rne111Ka npespameHttii B ctaJrn Y8-co c1pyK· 
typoii rpy6onnac111Hqa1oro nepnttta nptt Harpese co CKO· 

pocth!O 45c/ceK; a~ 1-npespamett11e nptt 755°. 
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<l>ttr. 12. KttHeTHKa npeapameHttii B c1an11 Y8 co'.:ctpyK· 
typoii TOHKonnacnrnqa1oro. nepn11ta ilp11 Harpeae co 

CKopoCTh!O 45°/ceK; a·_~ 1-npeapameHtte np11 735°. 
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Ta611uqti I 
3aBHCHMOCTb TeMnepaTypbl ,,HpHTHqecuoA TOqHH" OT MeTO)la ee 3HCitepHMeHT8JlbHOro onpe)leJieHHH (cjmr. 17) 

no~p.1 ABTOp / COlleplKaH11e I I1CXO.llH3ll CTpyKTypa I HarpeB 
I 

Onpe.lle~e1111e noHllTl!ll Kp11T11qecKoA 
yr~epo.ll3 o °lo TQqKH 

1 f. <I>. fOJIOBMH (4J 0,85 Cop6ttr I 111 H.!1.YKilHOHHblH He yKa3aHo 

2 K. A. MaJibillleB tt 1-1,0-1,25 ToHKonJiacrttH'laTbJM rrepJIHT Dpl!MOH 9JleK- To )Ke 
B. A. flaBJIOB [3] (HOpMaJIH3aU.ttll) rpoHarpes 

3 B. H. fptt.n.Hes [1] 0,45 DJiacrttH•iarb1ii nepJittT (or- B rre'!M (aaHHe) Ac1 -npespameHtte cjJeppttra npe-
»rnr) .n.eJibHOH KOHU:eHrpauMH B aycre-

HHT TUM )Ke KOH{leHrpaUHM 

4 To lKe 0,9 To )Ke To )Ke To )Ke 

5 A. r. CrreKrop [5] 1 3epHMCTMH rrepJIHT il1H.!1.YKilHOHHblH TeMneparypa, orne'la101na» no-1,4 (Cr) JIOBHHe rrpespameHMll 

6 JI. A. lliHillKO [6] 1,09 He yKa3aHo B aaHHe Ha'laJio rrpeapameHH» rrepnttra 
B aycreHHr 

7 To )Ke 1,09 To ·)Ke 

I 
To )Ke To )Ke 

8 . 1.07; 1,45 . . . 
9 . 1,45 . . . 

10 fleB3Hep 1,08 MapreHcur flp~MOM 9JieK- <X--:>-y-rrpeapameuue 
l rporoK 

11 . 0,76; 1,08 DJiaCTHHqaTblH nepJIHT (OT- To »<e To )Ke 
lKHr) 

12 . 0,76 To lKe . 0KOH'laHHe pacraopeuHH l\e-
MeHrura 



npoA OJl>KeHHe Ta6.n. I 

~ l IlpH3H&K, no KOTopoMy o6napy>KHBa .. ac& I MaKcH111aJ1&Ha11 TeMnepaTypa B °C 
MeTOA KpHTHqecKa11 T04Ka 

Tep11a11ecKHii 

• 
MHKpoacc.neAosauae aaKa.neuu1i1x o6paauoa 

l13MeHeHHe 9JleKTpH11ecKoro conpOTHBJleHHff 
a np.ou.ecce uarpeaa 

113Mepeuae 9neKTpH11ecKoro conpoTRBJleHHff 
aaKaJleHHblX o6paau.os 

CM. nyHKT 6 

CM. nyuKT 7 

JlanaT9MeTpa11ecKaii 

113MepeHHe 9JleKTpH'leCKOro conpOTHBJleHHff 
aaKaneHHblX o6paauos 

ropH30HT3JlbH3ff llJIOmaua Ha KpHBOH Ha· 
rpesa 

To >Ke 

Map'reHCHT aaHHMaeT nonosauy nnomaAH 
WJIHcj>a 

11aMeHeHae TepMHqecKoro Koacj>q>HuaeHTa 
9JleKTpaqecKoro conpoTHllneHHff 

He yKaaaao 

To >Ke 

CmaTHe 

flpapameHHe 9JleKTpH'leCKOro COilpOTHBJle· 
HHff AOCTHraeT M3KCHMyMa 
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JISieT ,ZJ.aTh CJIC.ZJ.YJOIUCe Ol'.'i'bSICHerrne yKa3aHHbIM paCXO»<,neHHSIM. naHHhlt' 
rpynnhI A ( qrnr. 17), noJiyqeHHhle repMH11ecKHM Mern.n.oM, noKa3bIBaJOT 
TeMneparypy ct -+ 1-npeBpameHHH, T. e. TO'IKY Aci'. (n11JiaTOMeTp1111e· 
CKOe HCCJie,noBaHHe noKa3bIBaeT, qTQ Qt""' 1-npespameHHe B OCHOBHOM 

. 3aKaH11HBaeTCSl npH TeMnepaType .OCTaHOBKll Ha TepMmleCKHX KpHBblX). 
TeMneparypa Ac i TeM Bhillle, 11eM rpy6ee cpeppn10-u.eMeHTHTHasi cMech 
(CM. cxeMy Ha cpnr. 16). namrne rpynnhI E (qmr. 17), noJiy11eHHbIC 

MeTO,!:(aMH 9JieKTpoconpOTHBJielIHH 11 MHKponpyKTYPIIhIM, yKa3bIBafOT 
TeMnepa1ypy pacrnope1rn51 u.eMeHTHTa, cJieJI:y1ou~ero nocJie '],, ""' 1-npe
BpameHHH. TaKHM o6pa3oM, .n.ar-rnhie pa3.rrn11Hh!X nccJieJI:oBa1eJieii, npo
THBope1111Bhie 1ia nepBbIH B3rJIH,ll., ,QOIIOJIII51!0T ll TIOATBepm:;:r.a!OT .n.pyr 
.n.pyra. 
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l. B. H. r p II .ll. He ·B, Coo6meHl!ll 0 HaytfH()-llCCJie.ll.OBa'reJibCKOH pa60Te K11es
CKOro no.n11TeXHlllfecKoro llHCTHTYTa, .N'2 7, 1948. 

2. B. H. r p II .ll. H e B, CTaTbll B HaCTO!l[UeM c6opHl!Ke. 
3. K. A. M a JI bl Ille B, B. A. n a B JI 0 B, Yct>AH, Tpy.ll.bl l1HCTllTYT8 ¢11311Kll 
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5. A. r. c n e KT 0 p, «)l(ypHaJI TeUll!tfeCKOH cjJll311Kll» .N'2 9, 1950. 
6. JI. A. lll 11 lll I< o, C6opH11K TPY.ll.OB MocKoBcKoro HHCTllTyTa cTaJ111, 27, 1949. 



PA3P,EJI I/ 

CTYfiEH4ATA~ H H30TEPMH4ECKA~ 
3AKAJ1KA CTAJJH 

JI. M. ITEB3HEP 

CTPYKTYPA 11 CBOACTBA CTAJl.11 
OP.11 3AKAJIKE B fOP.slq.ME CPE}J.bl 

3aKaJIKa B rops:11rne cpenhr obIJia BrrepBbre npHM·~HeHa eme 
LI.. I(. 1.JepHOBbIM. f103,a:1-1ee, Ha1nrna51 c 1929 r., KapJJ.HH3J!bHble HCCJie·· 
.n:oBaHirn rrpoueccm1 rrpeBpameHHH rrepeoxJJa}!{,lleHHOro ayCTeHHTa rrpo
BO)J.HJIHCb pa3JIHllHbIMH lllKOJiaMH COBeTCKHX yqeHbIX. 

0IIeHb MHoro paooT obr.110 rrocBmueHo rnrrn<e H3yqemno MexaHHIIe· 
CKHX CBOHCTB IlOCJie pa3JIHqHbIX CITOCOOOB 3aKaJIKH B rop51q11e cpe,llbI 
(H30TepMHqecKOll, cTyrreHqaTOii: H .rr.p.)' O)J.HaKo BOrrpoc 0 CBH3H Me)!{,lly 
rrpoqHOCTbIO H xapaKTepoM noJiyqaJOIUHXCH rrpn 3TOM CJIO)!{HbIX crpyK· 
TYP 3aTpanrnaJicH JIHIIIb s HeMIIornx 113 3THX ncc.rre.rr.onam1ii: n u3yqeH 
)J.aJJeKo He,lloCTaToqrrn. 

B qacTHOCTH, no sorrpocy o u.em~coo6pa3Hocrn npHMem~HHH 3aKaJJKH 
B rop51q11e cpe.rr.bl K KOHCTpyKU.HOHHbIM JiernpoBaHI-IbIM CTaJIHM BbICKa3bl· 
BaJIHCb rrpOTHBOpeqHBble MHemrn: B pH,lle paoOT [1] yKa3bIBaJJOCb, q10 
H30TepMHqecKaH 3aKaJIKa B HeKOTOpbIX c.11yqa51x cyrueCTBeHHO IlOBbI· 
IIIaeT BeJIHqHHY y.napHOH BH3KOCTH; B .rr.pyrnx, He MCHCe MHoroqHcJJeH· 
Hhrx HccJie.uosaHHHx yrnep)!{na.11ocb, qTo rrp1rne11e1rne 3T:JH o6pa6onrn 
.ua)!{e yxy.umaeT MexamPrec1rne CBOHCTBa (noHH)!{aCT rrpe.ue.nhI TeKyqe
CTH H rrporropU,HOHaJibHOCTH, yMeHblliaeT n.11acTHq!IOCTb H B5l3KOCTb). 

OcHOBHOH rrp11q11Hoi\ TaKoro OTC)'TCTBlHI e:urnoV. ToqKH 3peIIHH 
HBJIHeTCH qpe3Bbrqaihme. pa3Hoo6pa3ne cTpyKTyp, wnopbre MoryT 6h!T"> 
ITOJiyqeHbl B pa3JIHqHbIX TeMrrepaTypHbIX sonax )J.JIH CTaJICH pa3JJHqHoro 
XHMHqecKoro cocTaBa 11 TeM, qTO ttapH.UY co CTPYKTypaMH, HMe10mmrn 
oqeHb BbICOKHe MexaH11qecKHe CBOHCTBa, MoryT Ob!Tb ,lleHCTBHTeJJbHO 
.'lerrm no.11yqeHbI cnepxxpynKHe CTPYKTJpbI. 9THM rrpe)!{ne Bcero H 
o6oHCHHeTCH TO, 'ITO B TeqeHHe }J.OJiroro BpeMCHH 3aKaJIKa 13 ropH'lHe 
cpe)J.bI He rroJiyqaJia llIHpOKOfO pacrrpoCTpaHeHHH B rrpOMbIIIIJieHHOCTH. 

I1p11 BHe.rr.peHHH HOBoro rrpou.ecca TepM11qecKoi-i o6pa6oTKn Borrpocbl 
TeXHOJIOrHH qacTo He Meuee cyrnecrneHHbl, qeM no.11yqaeMhie cBoi-icrna. 

TaK, c Haqa.11a Btte.rr.pemrn rrponecca saKaJIIrn B ropHqHe cpe.rr.hl Ob!JJH 
ycTaHoB.11e1-1bl s1-1aq11TeJibHble ero rrpeHMymecrna: yMeHbrneHHe rroso.rr.oK 
H ycTpaHeHHe orrac1-1ocTH o6pasosamrn TpeLUmr. 

0,llHaKo HMeJIH~b H cyrn.ecrneHHbie TeXHOJIOrnqecKHe Tpy)J.HOCTH. 
CTperrHTCTBHeM K rn11poK0My BHenpeH1110 3Toro BH)J.a 3aKaJIKH HBJIHJJacb 
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pe3KO TIOHIUKeHHaSJ npoKamrnaeMOCTb H B oco6eHHOCTH 3aKaJIIrnaeMOCTb 
npH oxJia)!{,ll.eHirn a cnoKofIHhIX ropSJtmx cpe,ll.ax, a ea1rnax cTapoii KOH· 
CTPYKUHH. TipH Maccoaoii: o6pa6oTKe JI.eTaJieii: noJiytJaJIHCh HecTaH,ll.apT· 
Hhle CBOHCTBa (3HatJJITeJibHhie KOJieoaHHSI TBep,ll.OCTH )lJISI pa3HbIX 

cetJeHHii: H pa3HblX llJl8BOK; TIOSIBJleHJie xpyrrKHX pa3py1IIeHHH B CBSl3H 
c MeCTHhIM TIOBbillleHJieM TeMnepazypbI BaHHbI H H3,lleJIHSI 
H T. ,J;.). 

0T,ll.eJibllbie CJiytJaH Hey,ll.atJHOfO npHMeHemrn B npOMhIIIIJieHHOCTII 
3aKaJIKH B ropSltJHe cpeJJ:bl H8JJ:OJlfO OXJl8,UliJIH HHTepec K Heil:. Jl1UI!b B 
He.rr.aaHee BpeMSJ B0300HOBHJIHCb paOOTbI no H3blCKaHHIO HOBbIX 
Mero.nos repMH'leCKOH o6pa60TKH, UeJibJO KOTOpblX SIBJISIJIOCb llOJiytJe
HHe Ha,II.e)!{Hb!X B 3KCITJiyaraUHH CTaJlhHbIX MarepJiaJIOB Bb!COKOH 11pot1-
HOCTH. 

B 3THX HCCJienoaamrnx ObI.nH npHMeHeHbI HOBble, 6oJiee coaep1IIeH -
Hhie MeTOJI:bl oaenK11 KOHcrpyKTHBHofi npotrnocTH: HCllhITaHHSJ npH pa3-
HhIX CIIoco6ax Harpy)!{emrn ( crarnqecKnx, y,ll.apHhIX, sHHKonepeMeHHhtx) 
11p11 pa3JIHtJHhIX HanpSJ)!{eHHhIX cocroSJHHSJX JI r . .n., 11pHtJeM OhIJJO npeny
cMorpeHO 11pHM~He1me raK Ha3hmaeMhIX «)!{eCTKHX» Mero.nos, cnoco6-
crnyJOI11.HX TI051BJieHHIO xpy11Koro pa3pymemrn, T. e. M~TO.QOB MCllhIT8HHSI 
11pH Ham1tJHH 3Ila'IHTeJihHhrx pacrnnrn11J0111.1-1x HanpS1)!{em1i1, 11pH Ha.JIB· 
llHH OO'beMHOCTH H HepaBHOMepHOCT!f HanpmKeHHO['Q COCTOHI-IHH (B tJ:iCT· 
HOCTH, MeTO,ll.OB, oueHHBaIOill.lfX tJYBCTBHTeJibHOCTb K Ha.npe3y n 11epe

Kocy). i 
B pe3yJihTare 3THX HCCJie.rr.osaHHii: OhIJIO ycraHOBJ1eHo, 1no H3orep

MHtJecKaSJ 3aKaJIKa B HH>KHefi tJaCTH 11poMe}l{yTOtJHOH 30Hbl 11peapame
HH5! B npHMeHeHHH K HeKOTOpbIM CTa.'151M >lBJIHeTCSI BeCbMa 3cpcpeKTHB· 
HhIM MeTO,ll.OM llOBbillleHHH He TOJihKO y.rr.apHuf. ,,;.;JKOCTH, HO H pea.Jib· 
Hofi KOHCTPYKTHBHOH 11potJHocrn .u.eraJiefi 11ptt crartt11ecKHX Harpy3-
Kax r2J. . 

CymecrneHHoe YJIYtJllleHife rexHoJiorttH 3aKaJIKH (npHMeHeHHe aaHH 
c HHTeHCHBHOH UHpKyJIHUHeii: cpe,lI.bI), a TaKme y.ua11Hb!H BbIOOp cocra
BOB CTaJieii: 1103BOJIHJIH pe3KO TIOBbICHTb 3aKaJittBaeMOCTb, tJTO ,ll.aJIO 
B03MO>KHOCTb llpHMeHHTb H30TepMHtJecKyJO 38K8JIKY K OTBeTCTBeHHbIM 
JJ:eTaJIHM Kpymroro raoapHTa. 

c npyrofi CTOf>OHbI, 11pm11eueHHe Ill.CJl01IH B3aMeI-I ceJIHTpbI (110 11pe}J.· 
JJO>KeHttJO C. C. BoJIKOBa tt B. E. Ca.zi:oacKoro) JJ:aJio B03MO;.KHOCTh 
noJiytJeHHH cae1.11oi"1 noaepxHocrH 11pH 3a1<a.rrne a rop5ItJHe cpenbr, qro 
cnoco6crnoBaJio . pacnpocrrattemno 3TOro npouecca B caMhIX pa3Ho· 
o6pa3Hhix orpacmn: npoMhIUJJiem10cnr. 

B CB5l3H c no.no>KHTeJihHhIM onbITOM npHMeHemrn tt3orepMlft[CCKOH 
saKamrn _ B cepHi"IHOM 11poH3BOllCTBe ecrecraenHo B03HHKaer aonpoc 
o B03MO)!{HOCTH 6oJiee nrnpoKoro 11pttMeHeHttf! pa3.rrnqHhix MeTOJJ.OB 3a
KaJIKH B ropSJtme cpe.u.hr. .UJI5I pelllemrn 3TOro sonp.oca HeooxonttMO 
o6o6meHHe HMe!OlUHXCSI ,ll.3HHbIX H ,ll.3JlbHeii:mee H3y11errne CBSI3H Me)!{,ll.y 
cocrasoM, crpyKrypofi tt npoqnocTbJO npH 3aKaJIKe a ropsi11He cpe;i;hr. 

UeJihlO HaCTOSIUlero cooomeHttsr sia.1rneTcH oxapaKTepH3oBaTb oco-
6eHHOCTtt MexaHHtJec1rnx CBOHCTB n crpyKTYPhl H30TepMHl!eCKH o6pa6o
TaHH!OH craJIH 110 cpaBHeumo co craJibJO nocJie oobTt[I-roii: 3a1rnJIKH n 

ornycKa Ha 11p1-1Mepe HeKOTOphIX CTaJieii THllHtJHbIX COCTaBOB. 
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OcHOBHaSI qacTb .noKJia)Ia nocsmueHa KOHCTPYKUHOHHbIM CTaJIHM c 
co,11.ep)!{aHHeM 0,30-0,!)0 % C, npe.ncTaBJIHIOlll.HM HaH60JibllIHi1 npaKTII· 
I:J:eCKHH HHTepec; npHse.neHbl T3K)!{e HeKOTOpbie HaH60Jiee HHTepecHbie 
.naHHble no MexaHHqecKHM CBOilCTBaM BblCOKoyrnepOAHCTblX CTRJiei\. 

L MEXAHHqECKHE CBORCTBA " KOHCTPYKTHBHA~ npoqHQCTb 
H30TEPMffllECKH 3AKAJ1EHHblX CT~JIEA C 0,30-0,500/0 C * 

0mHM3JibHble MexaH0qecKHe CBO!fcTBa JlJISI KOHCTpyKI.J.tiOHHblX CT3· 
.riefi IlOJiytJa!OTCH IlOCJie H30Tepr.rnqecKoii 33K3JIKH B npoMe}l{yToqHOtl 
soue npespameHHSI. · 

Ilo.n H30Tepr.rntJeCKOH 33K3JIKOH B Jl3JlbHei'illleM IlOHHM3CTCH HarpeB 
Bblllle Aca, 6brcTpoe oxJTam.neHHe ( B coJIHHOfi HJIH me.notJHoii BaHHe) .no 
TeMnepaTypbI npoMe)!{yTOlJHOH 301-Ibl, BbIJJ.epN<Ka )1.0 KOHUa pacna;i:a H.rrn 

.no ero npaKTHlJeCKH IlOJIHOro 3aTOpMa)!{HBaHHfl; IlOCJie.nyIOllI,ee oxJia
N<)J.eHHe c JTIOOOH CKOpOCTb!O. 

ConocTaBJieHne MHorotmcJieHHhIX HCcJie,n:oBaHHi'i KOHcrpyKUHOHHhIX 
CTaJieH noc.rre TaJ<OH o6pa60TKH noKa3bIBaE:T, ~ITO ,UJ15! MHOrl!X HaHOOJTee 
pacnpoCTpaHeHHbIX cTaJiefl (HanpHMep: 38XA, 40XHMA, 30XfCA, 

50X<l>A H .np.) sasHcHMOCTh o6hilJHhIX Me.xaHHqecKHX xapaKTepHCTHK 
(ab, 002 lji, alt) OT TCMnepaTyphr H30TCpMbI HMeeT B nepBOM npH· 
OJIHN<eHHH Kaqecrnerrno aHaJIOrHlJHhiii xapaKTep ( qrnr. I). 

I. OmHMaJihHOe COlJCTaHHe csoflcTB: BhICOKoii npotJHOCTH ab. R c 

H 6oJihllIOii nJiacrntJHOCTH lji H B513KOCTH ak noJiytJaeTc5i B HH)!{Heii 
qacTH npoMe:>KyTotJH01':i sonhr (,n:JISI cTaJieii Ha qmr. I, a, 6 H B - OT 
MapTeHCHTHOH TOlJKH .no TeMnepaTyphI ,...._, 400°). • 

2. IlpH IlOBbIIlleHHH TeMnepaTyphI H30TepMbl B BepxHei'i lJaCTH npo
Me)!<yTOlJHOH 30HhI HaOJIIO}laeTCSI na,UCHHe TBep.nocn1 H 0)1.HOBpeMeHHO 

pe3KOe nanemre xapaKTepHCTHK nJiaCTHlJHOCTH H BS13KOCTH He TOJihKO 
Ha.npe3aHHhIX, HO :u r JiaJJ.KHx 06pa3uos ( cy:>KeHHoe cji Ha qrnr. I). 

3rn xpynKOCTh oco6eHHO pe3KO Bblpa)!{eHa y CTRJief1, HMeJOllI,liX 
30HY ycTOHlJHBOCTH ( HJIII 3aMe}lJieHHOro p acna,!la) l\leJKJJ.Y npOMC)!{YTO~I. 
HOH H nep.riHTHoi'i o6JiacrnMH npespameHmI (qmr. I, 6 H e). ,UJISI cTa
Jiei'i, y KOTOph!X nepJIHTHOe H npoMC:>KY'fOlJHOe npeBpamenHe HaKJI3)1.hl
B3CTCSI .npyr Ha .npyra [4] (H30TepMHlJecKaSI KpHB3H pacna11.a aycTeHHTa 
c 011.HHM MaKCHMYMOM), HanpHMep, ,UJISI yrnepOJJ:HCTb!X H HHKe.rreBhIX 
CTaJiefi, HaOJIIO,UaCTCSI HeOOJibIIIOe na.rr.emre nJiaCTHlJHOCTH HJIH HMeeTCH 
TOJibKO nepern6, «IlJIOlll.a11.Ka» Ha KpirnoH: nJiacTRlJHOCTH ( qmr. I, a n 2). 

Bepxmrn rpaHHUa TeMnepaTypHOH o6Jiacrn, r.r:i;e o6ecnetJHBaIOTCH 
BhICOKHe. MexaHHlJCCKHe csoflcTBa, Jie:>KHT o6b1tJHO TCM HH:>Ke, .tJeM mrn<e 
30Ha ycTOHlJHBOCTH Ha H30TepMHlJCCKOH ,UHarpaMMe, XOTH H He COBIIa
.naeT c Heil: nanenHe IlJI3CTHlJHOCTH H3lJHHaCTCfl npH 60.riee HH3KHX TCM-

nepaTypax H3oTepMhI. . 
06bilJHO yKa3bIBaeTCH, lJTO xapaKTepHhIM npH3HaKOM npoMe:>KyTOtJ

HOH 30HhI HBJIHeTCH To, lJTO pacna.rr. ayCTemITa B 3Toii 30He. saTOpMa}!m-

• B npoBe.neHHH HCCJie,noBaHHii, pe3yJibT8Tbl KOTOpb!X rrpHBe.neHbl B 9TOM pa3,neJie, 
rrpHHHMaJIH yqacrHe HHlKeHepbI A. C. TapaHTOBa, A. M. 5IKHMOBa, K. C. Me.n:Be.nesa. 
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aaeTCH He .n:oii.n:H .n:o KOHUa, H 3HatrnTeJibHble KOJIIJlieCTBa aycTeHHTa 
coxpaHHIOTCH npH OXJia)l{.neHHH .n:o KOMHaTHOH TeMnepaTypbI. 

0.n:HaKo aHaJIH3 npOBOJJ:HBIIIHXCH HaMH B Teqem1e pH.na JieT HCCJie• 
.n:oaaHHH npOMblIIIJieHHbIX MapoK CTaJieH, a TaK)l{e HeKOTOphlx JIHTepa
TYPHbIX .n:aHHbIX noKa3bIBaeT, qTo 9TO TOpMo)l{eHHe npouecca pacna.n:a 
B npoMe)l{yTOqHOH 30He H 06pa3oaam1e CTa6HJibHOro ay~TeHIITa Ha6JIIO-

5o'u.6s, 
K/f,,H1 
'P% 

120 

tOO 

80 

60 

qQ 

10 

0 

a, 
KlH/011 

/HH ~ 

0,101. 

24 

20 

16 t--T-"';;:--t-""7'"T-:ir..+-""'-~-----fJ 40 

12 JO 
2 

8 20 

" 10 

0 
400 500 °C 0 0 

TPHnepamlJpa 111omepHbl 

a) 

64,65 OK 
fp,SK KVf'cH' 
Ke/HH f'J'o 
~% 241~~!-'~~-ii--~++~-+--! 5 60 

150 16 i---,~t---+<H=~h.lf---13 40 

120 30 
2 

80 20 

10 

0 
*tlO 50tl •c 0 

TeHnepomvpo 11111mepH1>1 

8) 

TeMnepamypa 113omePMb1 

fi) 

<l>Hr. 1. 3aBHCHMOCTb MexaHHqeCKHX 
CBOHCTB OT TeMnepaTypbl H30TepMb1 [3]: 
a - CT8Jtb 3,2'/0 NI H 0,32°/0 C; BblJteplKK3 npa 
TeMnepaType H30TepMbl 10 MHH.; 6 - CT8Jlb :lSXA 
0,36°/0 C, 0, 74°/0 Mn, 0,9&0/0 Cr, 0,38°/2 SI; Bbl· 
aeplKKa 10 MHH.; s - cnJt& 3oxrcA u,32'/o C; 
0,87°/0 Mn; 1,17°/0 Cr; J,07°/0 SI; BMJlep>KKa 
15 MHH.; T KOJIH'leCTBO oc'taTO'!Horo aycTeHHTa 
e 0/0; /- cTpeJta nporn6a HaJtpe3aHHoro 06pa3aa 

npH CT8TH'leCKOM H3rH6e B MM. 

.n:aeTCSI ,naJieKo He )lJISI Bcex COCT8BOB (B OTJIHqHe OT MapTeHCHTHOH 
30Hb1). Do xapaKTepy KOHeqHbIX crnnHii pacna.n:a a npoMe)l{yTOqHofr 
3C>He npcBparuemrn KOHCTpyKUHOHHble CTaJIH MO)l{HO B nepEOM ripH6JIU· 
)l{eHHH pa3,n:eJIHTb Ha CJieJlyIOIII.He rpynnbI: 

I) B yr Jiepo.nHCTbIX cTaJISIX pacna.n: ayCTeHHTa so aceM HHTepaa.1e 
TeMneparyp npoMe}KyToqHoii 30Hbl B TeqeHHe KOpOTKOro BpeMeHH 3a
KaHqHaaeTCSI IIOJIHOCTbIO. 

y MHOrHX JierHpOBRHI-lblX CTaJJeii (nanpHMep, HHKeJJeBblX)' XOTH 

pacna.n 11.neT Me.!{JJeHHee, HO Bee )l{e 3a cpaBHHTeJJbHO KOpOTKOe apeMH 
3aseprnaeTrn npaKTHqecKH IIOJIHOCTblO. HesHatrnTeJibHOe KOJ1H1-1ccrno 
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HepacnasrneroCH. aycTemna npeTepneBaeT pacrrnJ.1. npH ox.ri.aIB,rr.emrn, H 
B CTPYKType 3THX CTaJieli npH KOMHarnoli TeMnepaType npaKTHl(eCKH 
HeT OCTaTOl(HOrO aycn:HHTa ( qrnr. 1, a). 

2) Y MHOrHx Jier11posaHHhlX crnJieli, co.nepmarn.Hx Kapt5Hn:oo6pa
sy10rn.He 3JleMeHTbI (Harrp11Mep, CTaJU! 40XHMA, 38XA) H Hl\Ie!Olli,lIX 
H30TepMH1IeCKYlO Kp1rny10 c .ll.BYM.H MaKCHMyMaMH, pacrra.n. B Hm1rnef1 
qacTH rrpoMe):(<YTOl(HOli 30HhI npoxo.n.uT T8.K ):({e ObICTpo .n.o 1mmia, KaK 
y crnJieli 1-li rpyrrnhl. OcTaTOqHoro ayCTeHHTa ~oCJie 3aKaJIKH a HmK
Heli tJaCTH npoMe):(<yTOl(HOH 3C-I!bJ (325-400°, Ha qrnr. 1, 6) npaKTH· 
qecKu HeT. TopMO):({eime pacrra.n.a Hao.1110.n.aeTC.H JIHlllb B sepxHei1 tJacnI 
npoMe):({yTOlJHOH 20Hhl, npH nepxo.n:e B o6JiaCTb ycTOHlJHBOCTH. 

0 =-=-=--:-:::---:-:'::----:'"::---'---__,,-J 
250 JOO 350 400 450 500 °C 

Tmnepamgpa u.10mepMb1 

<1>11r. 2. 3aBHCllMOCTb CTpeJibl npornoa 
OT TeMnepaTypbl 1!30TepMbl .!lJill Tpex 
MapOK CTaJieH (30/o HHKeJieBal!, Y7 II 

3uXrCA). 

3) HaKoHeu., .UJI.H HeKOTOphlx 
CTaJiefi: (HanpHMep, 30XrCA H .up.) 
xapaKTeprwe TOpMo):({erme pacrra.n:a 
HaOJilO,UaeTCH H B HH):({HeH: qacTH 
npoMe):({yTOlJHOH 30Hbl, aycTeHIIT 
CTaOHJIH3HpyeTC.H H 3HalJHTeJibHbfe 
KOJIHl!ecrna ero co.uep):({aTc.H B 
CTpyrnype H30TepMH'leCKH o6pa6o
TamwH: CTaJIH npH KOMHaTHOH TeM
nepaType (oT 8 ,no 24%, qrnr. 1, a). 
fiocJie,n:H.HH rpynrra cTaJieli npe,n:
cTaBJIHeT ocoobrH: HHTepec, TaK KaK 
a6coJIIOTHhre sHatJeHH.H y,n:apHoli 
B.H3KOCTH H CTpeJibI npornoa IlOCJie 
H30TepMHl!eCKOH 3aKaJIKH 3THX CTa
JleH, IlOJiylJaJIHCb Bb!Ille, lJeM )l.JIH 

H3yl(eHHbIX HaMH CTaJieli ,n:pyrnx 
rpynn. 

UeJiecoo6pa3HOCTb npttMeHemrn 
H30TepMHl(eCKOH 3aKaJIKH K KaKOH· 
JIH6o MapKe CTaJIH 3aBHCHT He 

TOJibKO OT Toro, KaKHe OilTHMaJibHble CBOHCTBa IlOJiyl!alOTCH rrpH 9TOH 
o6pa6oTKe, Ho H OT xapaKTepa H3MeHeHH.H csolicrn nocJie oobrl!HOH 
3aKaJIIrn H OTilYCKa. 

Ha qrnr. 3, a, 6 u a conocTaBJieHbI 3Haq,emrn y.n:apHoli BH31wcrn H 
CTpeJibI nporn6a npH CTaTHl(eCKOM H3rHOe )l.JIH CTaJieiI 30Xf CA, 
40XHMA H 38XA nocJie H?OTepMHl(eCKOli saKaJIKH H nocJie oobil(HOH 
3aKaJIKH c nocJie,n:yIOlli,HM OTnycKOM npH o,n:rrnaKOBblX 3Ha'leHHHX rnep
)l.OCTH HJIH npe.n.eJia npOl(HOCTH. 

AHaJIH3 60JibllIOro KOJIHtrecrna TaKHX .n:11arpaMM noKa3bIBaeT, tITO 
qeM nmpe soHa ornycKHoii xpyrrKOCTH, TeM (rrpH rrpo1rnx paBHbIX ycJ!O· 
BHHx) ooJibille HHTepsaJI rnepJJ:OCTeii, rJ.J.e u.e.11ecoo6pa3Ho np11MeHemre 
HSOTepMttqecKoli 3aKaJIKH. HanpHMep, J.J.JIH craJIIi: 30XfCA, HMe10meli 
IllHpoKyIO 30HY 0TrrycKHof1 xpyrrKocTH, H30TepM11qecKa.H saKaJJKa .rr.aeT 
cymecTBeHHOe IlOBblllleHHe rr.riacTHl(HOCTH H Bl13KOCTH npH o6pa6oTKe 
Ha TBep.n:ocTb Re :::= 35 -;... 48. Ee u.eJiecoo6pas1m rrpttMeIIHTb 11 BMecTO 
BblCOKOrO ornycKa 500°. J{JIH CTaJlefr 40XHMA, 38XA, 50X<l>A, HMelO
lll.HX 6oJiee y3I{YIO sotty ornycKHOH xpynKocrn, nsoTepMifq,ecKaH 3aKaJma 
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MO)l{eT 6blTh npHMelleHa Jlliillb npH o6pa60TKe Ha BblCOKYIO rnepJJ.OCTb 
(H Re = 42 -+ 46). UMecoo6pa3I-IOCTb npaKTHl.!ecKoro npHMeHemrn 

H30TepMHqecKoif 3aKaJIKH B KaKoif-JIH6o cTaJIH, KaK Y*e yKa3bll:laJioch, 
HE' B MeHbllleH CTene1rn 3aBHCHT OT npoKaJIHBaeMOCTH H 33KaJrnsaeMo
CTH npH OXJI3}!{JJ.eH1u1 B rop51qux cpeJJ.ax. 

~o 

to 
~400 

psomep111111ecKaR 
JaKanKa 

550 
500!/ 

8 

OObNHaR JaK~~ 
comnycKoM 
250.;. 450 425 

6 

300". 

, l<Zl'f/CHl 

. 12 

10 

sso· 

~4[}0 ~450 
4 
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41----+---.3ooo.....i--1--,,C-+-..... --.----I 

I 
I 5000 Hsomep11uvecKaR 

/ 
e 3aKanKa 

2 ~--+---1--__J~-...._--+-----I 
2 sooc 

0 
60 

0 '----r..---1..----___,.40~-'---;~o_.,,HR~c 

50 40 JO HRc150 

a) 

aK 
KcM/CM21----.----.---.-.,...--......---...---,.---......---.----.-.-------. 

6 

0 .___..___...___.'--..__--'-__,____,_...i_.....____,_.---___. 
200 180 160 140 . 120 100 5fJKc/Cfot! 

8) 

157 f28 97 
66KZ/MM 

6) 

<l>Hr. 3. ConocraaJieHHe y.nap
HOH BSl3KOCTH (a H 8) H 
cTpeJibl nporH6a (ol nocJie 
H30TepMH'leCKOH 33K3JIKH 11 
noCJie 06bl'IHOH 33K3JIK11 H 
OTnycKa Ha TY >Ke TBep.nOCTb: 

a - CT3Jlb 30XrCA; 6 - CT8Jlb 
38XA; 8-CT3Jlb 40XHMA. 

KaK H3Becrno, xapaKTepHbIM JJ.JIH MHornx crnJieif HBJI5JeTCH pe3Koe 
na)J.eHHe nosepxHOCTHOH TBepJJ.OCTH (3aKaJI1rnaeMOCTH) npH yse.'lHtieHl!H 
ceqeHHH H o6mero ra6apurn JJ.eTaJieif ( qmr. 4). Tio3TOMy .ZJ.JIH HeKOTO
phlx CTaJieH H30TepMHqecK351 33K3v'lK3 ;:J:aeT npeHMylll.eCTBO no cpaBHe
HHIO c o6bJqHOH 33KaJIKOH H ornycKOM JIHWb npH o6pa60TKe ·n TOHK!iX 
ceqeHHHX. 

79 



EcJIH npe.u.sapH'reJibHble HCCJieJJ.OBaHHH IlOKa3aJIH ueJiecoo6pa3HOCTb 
npHMeHeHHH H30TepMHlleCKOH 3aKaJIKH, TO .llJIH OilTHMaJibHOro HHTep
BaJia TeMnepaTyp H~OTepMhl JJ.OJI)l{Hbl OblTb npoBe.UeHbl .neTaJibHhle H 
pa3HOCTopoHHHe HCCJie.nosaHHH KOHCTPYKTHBHoli npoqnocTH. 

B Ta6JI. 1 COilOCTaB.neHbl (Ha npuMepe CTaJIH 30XfCA) THnHqffbie 
csolicTBa CTPYKTYPhl HH)l{Heli: qacrn npoMe)l{yToqttoll: 30Hbl co csoll:
cTsaMH OTnymeHHOro MapTeHCHTa npH OJJ.mJaKOBOM npeJJ.eJie npotIHOCTH 
( OKOJIO 140 K2/.M,tt 2 ). CT pHBeJJ.eHbl TaK:>Ke CBOikTBa · TIOCJie OObI'lHO npH·· 
MemrnweroCH B npoMbIIII.neuHOCTH .n.nsi CTaJIH 30XfCA onrycKa n:pH 
500°. tfs,6p 

CTo.ny'leHHbie )laHHbie TIO- l<t/11M 2~ 3BOJHllOT CJJ.eJiaTb CJieJJ.yIOlll.He 
B bIB O JJ.bl: 

150 - ~10N~-
0 0 

HRc 

42 

40 a. Lo 15 

38 

0.... () - -"20 
36 

- 0 ~ ~ 0 ~25 

~ - ~OMN 
34 

32 

JO 20 10 0 10 20 MM 
PaccmoRHtLe om l(eHmpa 

<l>iff. 4. CTpoKaJIHBaeMOCTb H 3aKa
JIHBaeMOCTb CTaJIH 3 1XfCA (O,WOfo 
C, 0,850/o Mn, 0,920/o Cr, 0,920/o SI) 
nptt H30TepMnqeCKOH 3aKaJJKe 
B HHTeHCHBHO nepeMellJHBaeMOH 
LUeJJO'IH npH t0 = 350°; Bbl.D.epl!{Ka 

15 MHH. 

:Jla , ...,._ Ifs 
JaKa11Ka comnycKoN 4{;0"-... 425 
-----spp>js(J .... , ~ '.6p ." 130 

ffO 120! 400 N25 "'..450 

37if':::, l4~0\ 
f1JomepN111./ecKaR JaKa11Ka '\ ', ,sop 

325 ~ 370 
rff 400 500 

0- 0... rfp 

"\ I 
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50 4~ 425 
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J425 

4ro 
30 

fO 210 190 170 150 130 

<l>nr. 5. ConoCTaBJJeHHe npe.n.eJJoB ynpyrocrn 
H TeI<yqecrn CTaJIH 30XrCA IlOCJie H30Tep
MHqecKOH JaKaJIKH n OObl'IHoii JaKaJIKH n 

ornycKa aa ry lKe TBep.n.ocTb. 

1. CTJiacn1qHOCTb H30TepJ1.rnqecKH oopaooraHHOH CTaJIH npH OJJ.HO
pOJJ.HOM HanpH)l{eHHOM COCTOHIIHH IIOBbIIIIaeTCH, HO He3HaqHTeJibllO: cy
:>KeHHe rnettKH r JiaJlKHX o6pa3UOB npH pacrn:>Kemm if IIOBblIIIaeTCH 
Ha 15-20 % . CooTBeTcrnemrn rrosb111IaercH H ae.nH'lHHa corrponrn.neHHf.1 
pa3pyrnettmo S k" 

2. XapaKTepHhIM HBJIHeTCH 3HaqHTeJibHOe (Ha 20-30%) rroHH:>KeHHe 
npeJJ.eJioB TeKylJecrn H B oco6eHHocrn ynpyrocrn (rn6JI. 1 H cjrnr. 5). 

0JJ.HaKo cJieJJ.yeT yKa3aTb, qTo 3TO no:rn)l{erme npe.u.e.nos oco6em10 
3aMeTHo .u..11si crnJiett, HMeIOlll.HX B CTPYKType noc.ne H3orepMH'IecKoif 
saKaJIKH OCTaTOl!HblH aycTeHIIT (HanpHMep, 30fCA). y era.nett:, 
He HMeIOlll.HX B CTPYKType aycTeIIHTa (40XHMA, 38XA H JJ.p.) na.u.em1e 
npeJJ.eJIOB TeKyqecn1 H yrrpyrocn1 3HaqHTeJibHO MeHbIIIe. 
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Ta6.1Luu,a J 
CpasHeHHe MeXaHuqecKHX CBOACTB CT8JIH 30XfCA DOCJJe H30TepMHqecKoA 

H 06bl'IHOA 38K8JIKH 

l13MeHeHHe 
MeX8HH4eCKHX 

l130TepMH'!e-
3BK8JIK8 

CBOilCTB !!pH 
3aK8JtK8 

MexaHH'!eCKHe csoAcrna 
CKDSI 33K3JIKa H30TepMH'!e-

npH 370° e MSCJte ornycK CKOi\ 38KOJIKe e MacJie, OTnycK 

15 MHH. npH 450° 2 <1ac. 110 cpaBHeHHIO npH 500° 2 <1ac. 

i C 06hl'!HOi\ 
B O/o 

I 
I 

On 1'2/ MM'J. . 71,5 110,5 -35,0 101.5 

Os 1'2/MM2 • 109,5 130,5 -19,0 114,7 

Ob 1'2/ MM2 138,5 139,5 0 123,0 

s k 1'2/.MM2 • 248,0 215,0 +l.'l,O 214,0 

<¥ O/o 57,0 51,0 +12.0 54,0 

as* 1'2/ MM2 112,02 70,5 +61.0 73;0 

I** MM • 0,8 0,45 +83,0. 0,44 

a8 1'2M/cM2 (npo.nonbHble) 11,2 5,5 +104,0 7,3 

a8 1'Ut/cM2 (nonepe11Hb1e) 6,8 - - 3,3 

* as - npe.nen npo11nocrn 06pa3ua c ocrpblM KOJJbUeBblM HaJtpe3oM 
(r JtHa tta.npe3a 0.1 .MM) 11pn nepeKoce 8°. 

** f - CTpena nporn6a npn cTarn11ecKOM H3rn6e tta)lpe3aHHoro 06pa3ua. 

3. OcHOBIIhIM npel'.IMymecrnoM J:I30TepMJ:IqecKoli 3aKaJIKH 51BJrneTC51 

pe3KOe yMeHblllem1e qyncTBHTeJibHOCTJ:I K Ha,!!:pe3y J:I K rrepeKocy; yBe
JIHqe8J:Ie B 1,5-2 pa3a yJJ.apnoli B513KOCTH, rrJiacn1qaocrn B rrn.upe3e 

(CTpeJibI rrporn6a f 13 Ta6JI. 1). llOBblllleHJ:Ie ynapHOH BH3KOCTI1 H rrJia

cTHqHQCTH B na.llpe3e Ha6JI10,llaeTC5l H rm rrorrepeqHbIX npo6ax (rn6JI. 1). 
Oco6eHHO cymecrneHHbIM 51B.Ji51eTcH TO, qrn B cJiyqae peaKo HeOJI.HO

pOJI.Horo HarrpmKeHHOro COCT051HJ:I51, rrpH HaJIJ:IqJ:IJ:I Ha,llpe30B J:I rrepeKO

COB, H30TepMJ:IqecKaH 3aKaJIKa naeT He TOJibKO ITOBbillleHHe ITJiacnJqHOCTH 

B Hanpeae, HO J:I CBH3aHHOH c TIJlaCTJ:IqHQCTblO peaJibHOH KOHCTPYKTII.BHOH 
npo•rnocrn .nern.rrn [2]. HarrpHMep, rrpoqHoCTb 06pa3ua H3 cTaJIH 30XfCA 
c OCTpbIM KOJlbUeBb!M Hanpe30M (r .n:Ha Hanpe3a = 0, 1 .KM) rrpH rrepe

KOCe 8° ( a6 B Ta6JI: 1) ITOBb!CJ:IJlacb npH H30TepMJ:IqecKOH 3aKaJIKe 
Ha 60%. . 

Bo3MO)!{HO, lJTO MaJia51 qyscTBHTeJibHOCTh K Ha.llpe3y H3oTepMH
IJeCKH o6pa6oTaHHOH CTaJIH o6bHCH5JeTCH ITOHH)!{eHHbIMH rrpc.ue . .'laMH 

yrrpyrocTi1 H TeKyqecrn · rrpw oqeHb BhICOKOM corrpoTHBJiemrn pa3py

llleHJ:IIO. 

l1crrbITaHH51 60JlbllJOfO lJHCJla o6pa3UOB OT npOMblllJJieHHblX rrJiaEOK 

CTaJIH 30XfCA, o6pa6oTaHHbIX B uexOBbIX yc.rJOBHHX, ITOK83b!Ba!OT 

( qmr. 6, a H 6)' qTQ O'leHb 3HalJHTeJibHOe ITOBbIWeHHe ITJiaCTHlJHOCTH H 
B513KOCTH no cpaBHeHII!O c o6hrqHoli 3aKaJIKOH J:I otnycKOM na6JIIOJI.aeTC51 

JI.JIH orpoMHoro 6oJihlllHHCTBa o6pa3U.OB, xorn: paccemme 3HaIJeirnli npH 

H30TepMHlJeCKOH 3aKaJIKe 60Jihllle, lJeM rrpw o6blqHOH. 
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CTp11MeHeHHe H30TepMlPiecKoil. 3aKaJIKH K CTaJIH 30XrCA (B3aMeH 

o6bll!HOH 3aKaJJKH c ornycKOM 500°) .naer B03MO>KHOCTb noJiyl!HTb y.rr.ap
HYIO BH3KOCTb 7-14 KZM/CM2 BMeCTO 5-7 K~M/CM2 npM OJJ.HOBpeMeHHOM 
IlOBbllllemm npol!HOCTM (ab= 120-+- 150 KZ/1UM2 BMeCTO 110-· 
145 KZ/MM2) II npH MHHMMaJibHOll llYBCTB:EiTeJibHOCTM K Ha.n.pe3y. 

IloKa3aHIIbie B TaOJI. 1 COOTHOllleHMSI Me>K.rr.y CBOHCTBaMM CTaJ1li 
nocJie M30TepMHtrecKoi1 3a1ufJIKH II noCJie 06hll!Hof1 sa1rnJIIrn M on1ycKa 

0 

ll 
3aKa11Ka 

u omnycK 
~ 

'- 500° 
I 

ffsomepMul/ecKan 
JaKa11Ka dl/if'flOl/b390' 

' ,.. - .... .P 
l IU IU 

le '~ 

IV r'- ~ 

2 4 6 8 to 12 
!liJapHan OnJKOtmb 

a) 

r 

}, 

I""' 
'] 

Ha ry me TBep.n.oCTb coxpaHSIIOT
CSI H npH 6oJiee BbICOKHX 3Hal.Je

HHSIX npOl!HOCTH (.rr.o ab = 160 + 
+ 170 KZ/MM2) H SIBJISilOTCSI xa
paKTepHbIMH .ll.JISI MHOrHX CTaJieit 

]lJISI HeKOTOpbIX CTaJieH ll30-
repMHl!eCKaH saKaJIKa B rrpoMe
>KYTOl!HOH 30He .n.aeT B03M0)1{
HOCTb 110JIYl!HTb COl!eTamrn npol!· 

HOCTH 140-170 Kz/MM2 II y.rr.ap
HOH BH3KOCTH 8-14 KZM/CM2; 
npol!HOCTb ooJITa c ocTpoli pe3b-
6oli npH rrepeKoce 8° .n.ocTHraeT 

] /1JomepMUl/l?CKOJI oOPOOOmKo: 
ti 20~--+-l-~--1---1 JOKOllKO d CO/lb 390 °-/fMIJH. 

16Q-170 KZ/MM2, 11pH
l!eM 3TH cBolicTsa ooec
nel!HBaIOTCSI npH oopa
OOTKe .n.eraJieli 6oJibllIHX 

raoapttTOB C Cel!eHHeM 
no 20-30 cM2. ~ Tdepilocmb R, = J 7 -1.13 

~ '0 ~---41'---I-\-
~ 

/ 

Ilpe.n.eJI , ycraJiocrn 
H30TepMHl!eCKH o6pa6o
TaHHOH CTaJIH 06bll!HO 
He rrpeBhlllJaeT 3HatJe-

0,65 1,05 f,'15 
CmpMo npoeuoo 

6) 

1.85 ,.,,., HHH, 110.nyqaeMbIX rrocJie 
06bll!HOH 38K8JIKH H 

ornycKa Ha TY )l{e npol!

cl>!ir. 6. fpacpHKll llaCTOTbl y.napHOi\ Bll3KOCTll (a) II 
cTpeJI&I nporn6a (6) 60J1bU1oro l!HCJia nJiasoK craJ111 
30XfCA nocJie CBeTJIOH 1!30TepMl!l!eCKOH 3aKaJIKll 

D npo113BO.!lCTBeHHblX ·ycJIOBl!llX. 

HOCTh; O.UHaKO npH 60Jib
WOH aMrrJittry.rr.e rrosTOp
HhIX HarrpmKeHHH, 110Bll-
.LlHMOMy, H30TepMHl!e-
CKaH 3aKaJIKa .n.aeT 3a

MeTHhie rrpeuMymecrna (Jiesasi l!aCTb Kpttsoii ycraJIOCTH rrosbillleHa). 
06ttapy)l{eHo u cymecTBeHHoe yseJIHl!eHHe :>1rnsyqecTH npH nosTOpHhlx 

y.uapax, B CJiyqae 3HalJHTe.J!bHb!X Harpy30K H cpaBHHTeJibHO He6oJibllIOro 
l!HcJia UHKJIOB. TaKHM o6pasoM, npHMeHeHHe H30TepMHl!ecKoii saKaJIKH 
B HH)l{Heli l!aCTH npoMe)l{yTOl!HOH 30Hbl npespau~eHHSI !{ HeKOTOpbIM 
KOHCTPYK~HOHHhIM cTa.rrnM .n.aeT B03MO)l{HOCTb rrOJiyl!HTh MaTepHaJI 
c ol!eHb BhICOKoli KOHCTPYKTHBHoii npotrHOCThlO rrpH cTaTHl!eCKHX H 
y.n.apHbIX 1rnrpy3Kax. 

Bonpoc o csoiicrnax cTpyKTypbI, noJiyl!aeMoii s sepxHefr qacrn rrpo· 
Me)l{yTOl!HOH 30Hhl H Bbl3hlBaIOmeii ITOBb!llleHHYlO xpyrrKOCTb, MMeeT 
cymecTBeHHoe npaKTHl!ecKoe sHal!eHHe, TaK KaK 3Ta cTpyKTypa no-
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HBJIHeTCSI B H3.IleJlHHX B CJiyl!ae HenpaBHJlbHO_ Bhl6pai-iHoro pe)KJ1Ma H30-
TepMHl!eCKOH 3aKa.'1KH HJIH HapyrneHHH TeXHOJ!OfHII ( c.TIIIlllKOM BblCOKHe 
TeMneparypbl ll30Te~Mbl, He)(OCTaTOl!Hble CKOpOCTH OXJia)!{J(eHIIH), 
a TaK>Ke np11 o6bll!HOH 3aKaJIKe ·B 6oJiblllHX cellemrnx (B CBH3H c He,uo
CTaTOl!HOtt npoKaJIIIBaeMOCTb!O B npoMe)!{yTOl!HOH 30He [4]) npH pa3-
JIHl[HblX npoMe)!{yTOl!HblX onepau.m1x TepMIIl!eCKOH o6pa60TKH ( OT)!{llf, 
HOpMaJIH3aIJ,HH); B 30l'!:e BJIH.HHH.H CBapHbIX lllBOB lI T. )(. 

Ha qrnr. 7 COIIOCTaBJieHbl lICTHHHble KpHBble npH paCTH)!{CHHH IIOCJie 
o6pa6oTKrr B Hm1rneif qacrn npoMe)!{yTOl!Hoif 30Hbl (370°) n B BepxHeif 

Cmanb 30XfC!l 

100 ...._ _ _J_ _ __._ __ 

tfs 

~o ds 

0 20 40 60 80 100 
eucm 0/o 

ee qacrn ( 450°) ::-- B 30He pe3KO 
Bblpa)!{eHHOH xpynKOCTH J(Jl.H 

CTaJIH 30Xf CA. 

"' 
ob H Sk "' ~ 

6 2i 0"' ~ -- -;f 0-o ~~ ~a <>. .. "' 
., .... .,o 

0 "' 
., B KZ{M.lf 2 +& +& _,. 

""' " . «> 

'~70 l 69 450 28 110811331241111 .4161,0 170 57 126 164 16,5 23,5 53 

<l>Hr. 7. Y!CTHHHble KpHBbie npH pacrn
JKeHHH CTaJIH 30XfCA nocJie H30Tep
MH'leCKOH 3aKaJIKH no onTHM3Jlb!IOMy 
pelKHMY (t° 1130TepMb1 370°) H B 30He 

xpynKOCTH (t" = 4501)) 

Hatt60J1ee xapainepHoi'1 oco6eHHOCTbJO J(JIH 30HbI xpynKOCTH 
HBJIHeTCH qpe3Bhil!ai'mo pe3KOe na,a:emre npeJieJia TeKyl!eCTH (nol!Ttt B 
2 pa3a) npH npaKTHlleCJ<H HeH3MCHHOM 3Haqemrn npe.n:eJla npOlfHOCTH ab. 

Ol!eHb ClIJlbl!O (rm 80%) nanaer lI conpOTH!3JICHHe pa3pyrneHHIO sk 
TaKoe H3!\1eHem1e xapaKTepBCTHK npol!HOCTH ee.n:eT K BeCbMa cBoeo6pa3-
HOMV H3MeHCHHJO xapaKTepHCTHK Il.'JaCTHl!HOCTH. 

BcJieJicrnrre naLI.eHHH as npB HeH3MemIOM ab yBeJIHl!HBaerc.H yqacTOK 
paBHOMepHoif LI.ecpopMaurrrr, BcJie.u.crnne trero paBHOMepHoe YJI.JIHHeHrre 
craJin 30XfCA ( qrnr. 7 n 8) B nHTepBaJie TeMneparyp H30'repMbI 370-
4500 yBeJIH'mBaeTcH c 2,5 .u.o 11 % . Coornercrnermo ycJIOBHoe y!lmme
HHe, OTpa)!{aH p0cr paBI-IOMepnoro y.nmmenmr, B03pacraer c 11,5 .u.o 
15 % (a npH TeMneparype H3orepMbI 425° y.u.mmeI{He .u.ocrn1 ae-r 18 % ) . 
BMeCTe c reM BeJ111 111-rna cocpe.u,oTOl!eHHOH .u.ect.>opMaUHH pe3Ko naJiaeT 
(B COOTBeTCTBHH c IIOHH>KeI-:!HeM s k)' l!TO Be.U,eT K Ol!eHb ClIJ!bllOMY 
na.u.eHHIO no.rrnoro C)')KCHHH If (.u.o 20-25 % ' a Ha HCKOTOpbIX o6pa3-
uax rr .u.o 10 % ) , T. e. no.rryqaiorrn pe.u.1<0 H.a6mo.n:aeMble y KOHcTpyK
IJ.HOHHbIX crn.11eif noJiyxpynKHe ll3.'10Mbl nprr O,llHOpO!lHOM uanpH}l{eHHOM 
COCTOHHHH lI np11 KOMIHITHOH TeMneparype. 

HanoMHIIM, qrn B cJiyLiae narr6oJree pe3Ko Bblpa)!{eHnoti xpym<ocTH 
OTnycKa Ha6.'lIO.UaeTCH Ollf'Hb CII.TlbHOe na.u.eHHe y.u.apHOH BH3KOCTH, HO 
cy)!{eHrre 'J> pe.u.Ko na.u.aeT HH)!{e 40 % . QqeBHJl.HO, conpornB.11em1e 
OTphIBY s T B CJiyqae «H30TepMHl!eCKOH» xpyIIKOCTH na.u.aeT 3HallHTeJibHO 
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HIUKe, qeM B CJiytrae xpyIIKOCTH OTIIycKa, llTO cKa3hmaeTCH y:me IIPH 
HCnhrrnmrn Ha pacni:me1rne rna.z:i;KHX 06pa3uos. 

Ha qmr. 8 noKa3aHo mnHtJHOe H3MeHeHHe xapaKTepHCTHK nJiacmq. 
HOCTH npH nepexo.n:e B 30HY xpynKOCTH. 

3ry oco6eHHOCTb H3MeHeHli5! xapaKTepHCTHK IlJlaCTHtJHOCTH C.'le)J.yeT 
HMeTb B BH.UV BO H36ew:a1rne nenpaBHJlbHOro Bb!6opa pemHMOB TepM11-
qecKOH o6pa6oTKH: B neKOTOpblX CJ1yqa51x B not'OHe 3a IlOBblllleHHblM 
y.z:i;J1HHeHHeM (B oco6eHHOCTH npn e6pa6oTKe JIHCTOBoro MaTep1rn.1a, 
Kor.z:i;a qi H a k ne H3MepHIOTCH) IlOBbllllaIOT TeMrrepaTypy H30TepMb1 H 
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TeMnepamypa uJomepMbt 

<t>11r. 8. noebI!lleHlle Y.llJillHeHllSI (o' paBHOMepHoe 
11 a ycnoettoe) np11 na.ae111111 cy»<eH11S1 <ji nocne 
H30TepMHqecKOH 33K3JIKll B 30He xpynKOCTll; 

c1anb aoxrcA. 

nona.n:aIOT B 30HY xpyn· 
KOCTH. 

CJ1e.z:i;yeT yKa3aTb, l{TO 
BO MHOfHX CJIY'IaHX, omi:
caHHblX B JIHTepaType II 
BCTpel!aBlIIHXCH B 3aBOJl
CKOH npaKTHKe,cTpeMHJIHCb 
IlOJIYl{HTb IlOBblllleHHe nJia
CTifl{HOCTH H BH3KOCTH npH 
HaH60J1ee 1IIHpOKO npHMe· 
rrneMblX Jl:JIH KOHCTPYKUH
OHHbIX CTaJleH 3HatJeHHSIX 
npe.n:eJia npotIHOCTH ab= 
= 110-+- 130 K2/.M.M2• llJIH 
IIOJiytJeHHH TaKOH npotIJ-IO
CTH H30TepMHtJecKaH 3a· 
KaJIKa npoBO.D:HJiaCb B HH
TepBaJle 450-5000, T. e. 
B 30J-Ie TeMnepaTyp, r.n:e 
60JlblIIHHCTBO CTaJieli .n:aeT 
OIIHCaHHYIO Bb!llle xpyn

KOCTb, l!TO H npHBO.D:HJIO K saKJIIOl!eHHIO 0 Bpe.n:HOM BJIHHHHH H30Tep
MHtJeCKOH 3aKaJIKH Ha MexaHHl!eCKHe CBOHCTBa. 

Oco6aH oIIaCHOCTb 30!-Ihl xpyIIKOCTH cBH3aHa c TeM, tJTO B 3TOiI 301-Ie 
ooHapy)l{eHo otieHb cHJibsoe BJIHfIHHe MacmTa6Horo <!JaKrnpa .na)Ke IIpH 
o6bltJHOM CTaTHqecKOM paCTH)l{efIHH. 

HaIIpHMep, ecJIH npn H3orepMHl!ecKoii saKaJIKe IIpH 450° cy}KeH11e, 
H3Mepermoe Ha MHKpoo6pa3uax .n:naMerpoM 1,5 .MM, .uocrnraJio 45-
50 % , TO Ha 06pa3uax .n:naMeTpoM 10 .MM cy)l{eHHe na.uaJio .n:o 25 % . 
113oTepMHLiecKaH 3aKaJII<a B ooonx CJ1ytJaHx nposo.UHJiach Ha 3aroTOB
Kax O)lHHaKOBblX ce'leHHH, BCJle)lCTBHe qero BJIHHHHe npoKaJIHBaeMOCTM 
6hlJIO HCKJIIOlJeHO. 

11cCJie.uoBamrn~rn nocJ1eJJ.HHx JieT [ 4] 6bwo ycraHOBJleHo, lJTo ooJib
llloe npaKTHlJecKoe 3Hal\e1rne HMeeT sonpoc o B.'mHHHll ornycKa Ha 
csoC1cTBa IIPOJJ.YKTOB pacnaJJ.a np0Memyro1rnoii 30Hhl. 

He HMeH B03MO)l{HOCTH noJJ.po6Ho ocraHaBJIHBaTbCSl Ha 3TOM 

sonpoce, yKa)l{eM JIHlllb Ha CJie.n:y10mee: y ooJiblIIHHCTBa JiernpoBal!HblX 
cTaJieH npH ornycKe noc.i:re H30TepMnl!ecKoH saKaJIKH o6H::tpynrnnaeTrn 
30Ha pe3KO Bhlpa}l{eHHOH xpynKOCTH, Jle:>KaIUaH npn 6oJiee BblCOKHX 
TeMnepaTypax, tJeM B cJryqae ornycKa noCJie o6hll!Hoii 3aKaJIKH. 
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nocJie OTnycKa B 30He xpynKOCTH CTaJib HMeeT OCot'ieIIHO 60JiblllYIO 
CKJIOHHOCTb K XJia,nHOJIOMKOCTH. 

ECJIH npH o6bltJHoii 3aKaJIKe, BCJie,n:crnne RenoJIHoii npoKaJIHBaeMo
CTH B npoMe}!{yTOlJHOH 30He, B II.eHTpe Kpynttoro H3,n:eJIHSI HMeeTCH npo
Me}!{yTOlJHaSI l}:la3a, TO o6bilJHO npHMeHSieMbIH Bb!COKHH ornycK MQ}KeT 
noBeCTH K pe3KO Bbipa:m:eHHOH xpynKOCTH B ueHTpaJibl-IbIX 30Hax H3,n:e
JIHSI [ 4]. 

npHMeHeHHe HH3l<Of0 OTilYCKa (.no 300-350°) B 60JibllIHHCTBe CJiy
qaeB OK33bIBaeTCSI IlOJie3Hb!M: yMeHblllalOTCSI ·BHYTpeHHHe HanpSI}!{eHHSI, 
HeCKOJibKO IlOBb!IllaIOTCSI npe,'{eJibI ynpyrocTH H TeKylJeCTH, qacro 
Ha6JIIO,n:aeTC5I n HeKOTOpoe DOBb!Il!CIIHe y.napHOH BSl3KOCTH. 

II. KHHETHKA nPEBPAW.EHHSI H CTPYKTYPbl, noJIY'IAIOW.HECSI 
nPH PACnA.D.E B nPOME)l(YTO'IHOH 30HE Jl.JISI CTAJIER c 0,30-0,501/o c 

J13yqeHHIO npoueccoa npeBpameHIHI B npoMe}!{yTOlJHOH 30He TIOCBSl
meHbI MHOfOlJHCJieHHb!e HCCJie.ll:OBaHHSl. 0,n:HaKO BOTipOC 0 MexaHH3Me 3TO· 
ro npouecca H npHpone noJiy'1a1omHxcSI cpa3 .no CHX nop .naJieKo He SiceH. 

PacnpoCTpaHeHI!hIM SIBJISieTcSI npe.ncrnaJie1me, lJTO a npoMe*YTO"iHOi'I 
30He npOHCXOJ]JfT KB33H3BTeKTOH,II.I-IOe npeBpame1-me, OTJIHtlafOmeecSI OT 
nepJIHTHoro TeM, lJTO «Be.nymefi» cpa3ofi, onpe,n:eJISIIOmeii reoMeTpHIO 
CTPYKTYPbI, 5IBJISICTC5l cpeppHT, a 11e ueMeHTHT, a T3K)Ke TeM, tJ:TO B 3Toi:'1 
30He He npOHCXOJJ:HT nepepacnpe)l.eJieHHSI JiernpyIOIUHX 3.'IeMeHTOB. 

He MeHee pacnpocTpaHeHa rnno1'e3a, lJTO upeapamem1e a npoMe)Ky
TOqttoii 30He 11.neT qepe3 06pa3oaam1e MapTeHCHTa c noCJie,n:yIOI1I.m .. 1 ero 
MrHOBeHHb!M OTTIVCKOM. 

Heo,n:HoKparno BbICK33bIBaJIOCb npe.nnoJio>KeHHe, qTo npouecc npe
BpameHHSI HaqHHaeTCSI c yqacTKOB, o6e.nHeHHblX yrnepO.ll.OM, a npHtJ:H
HOH CTa6n:JibHOCTH nepacnaamerocSI aycTemna SIB.rrneTcSI ero o6oraur.e
HHe yrnepOJlOM (a no MHeHHIO HeKOTOpbIX HCCJie.nopaTeJieii, H JiernpyIO
lUHMH 3.'leMeHTaMH). 

0.nHaKo, ecJIH npHHHTb, tJ:TO npeapameHHe H.ll.eT qepe3 o6pa3oBaHHe 
MapTeHCHTa, B03M0}!{HO npe.n:noJIO}!{eHHe, lJTO CTa6I1.'lH33UH5I aycTeHHTa 
npOHCXOJJ:HT H 6e3 H3MC!IeHH5I KOH1I.eHTpa1I.HH B He:vI yrnepo.n:a HJlH JierH
PYIOllIHX =i.1eMeHTOB, no.no6Ho TOMY KaK 3TO Ha6JI10.n:aeTCSI B MapTeH
CHTHoii: 30He. 

He3HaIJi:neJibHOe (Ha 10-12%) noBbIIlleHHe KOH1I.e1npaum1 yr.Jie
po.n:a s aycTeHHTe noc.1e qacTHtJ:Horo npespamemrn B npoMe}!{yTOlJHOH 
soHe 6bl.'IO noKasatto (rryTeM Henocpe.ucrnem-10ro H3MepenHH: napa
MeTpa) JJ:JIH 3a3BTeKTCHIJJ:HOH yr.11epO.llHCTOH CTaJIH [5]. 

)lJIH: JiernpoaattHhlx KOHCTPYKUHOHHbIX cTa.neii: .no He.n:aBHero spe
MeHH HMeJIHCb. JIHillb KOCBeHHbie .n:aHHble, yKa3bIBaIOmHe Ha o6orameHHe 
ocTaToqHoro ayCTemna noCJie pacna.n:a s sepxneii qacm npoMem:yToq
Hofi 30HbI, HO TOJibKO .ll.JIH CJiylJaSI, Kor.na npe.n:sapHTeJibHO BbIJJ:eJIH:eTCSl 
CBo6o,n:HbIH cpeppHT ~6]. 

Me:m:.n:y TeM naH60JiblllHii: npaKTHlJecKHH HHrepec npe.ncTaRJIH:eT 
Bonpoc o npupo.ne npo.nyKTOB pacna.na JiernpoaaHHhIX KOHCTPYKIJ.HOH
HbIX cTaJieii B mrnrneii qacTH npoMe>KyrotJHoii 30Hhl npespamemrn. 

CTpHBe.n:eHHble HIDKe .n:aHHbie SIBJIHIOTCSI peayJibTaTOM COBMecrnoR 
paoOThl aaropa, T. )l. Ky6hIIlIKHHofi H r. M. PoseHcKoro [8]. 



Bhrnc11eHHe MexaHH3Ma npesparueHHSI B npo:Me:>KyT01rnoi% 30He He 
SIBJUIJIOCb UeJibIO .n.aHHOtt pa6oThl. B cssi:3H c sa.11,aqett nosb1ruemrn KOH· 
cTpyKrnBHOtt npoqHOCTH craJrn, Hae HHTepecosaJia npe.>1<.n.e scero npn· 
po.n.a, CTpOeHHe KOHeqHb!X npo.n.yKTOB pacna.n.a (B oco6eHHOCTH B HH)!{· 
Hett qacrn npoMe:>KyToqHOtt 30Hbl)' BJIJiSIHHe Jiernpy~IUHX 3JieMeI-ITOB Ha 
cTpyKTYPY H ycrnuos.TieHHe cssisH Me:>K.n.y cTpyKTypo11 H MexaHH'-!ecKHMH 

csoikTBaMH. 
I< co>KaJieHHlO, B 6oJibillHHCTBe ony6JIHKOBaHHblX HCCJie.n.osamdi no 

KHHeTHKe npeeparn.emrn B CTaJISIX 3naq1neJibHO 60JibillC_ BHHMaHHH y.ne
JISieTC5l HaqaJibHblM cTa)lH5lM npesparuemrn H Jlllillb B pe.D.KHX CJIY'-18SIX 
.rr.aeTC5l KOJIHqecTBeHHOe COOTHOWeHHe cpas B KOHUe pacna.rr.a. 

I<aK yKa3b!B8JIOCb Bb!We, li3Y-
J • BecmipeH qeHHe npOMb!WJieHHbIX MapoK 

o XoHila u HuwuRMa e • 
"Xeu CTaJieH noKa3aJIO, '-!TO TOpMO)!{e-

3,62 ~°l;f;e~ Hile npouecca pacna.ua s HH:>KHett 
0:. O/IaHH_ilamm {j Bpaqeil qacTH npoMe:>KyTO'-IHOH 30Hbl Ha-
~ () KpauHe{J 6 o - +Be~ep,Po;e u JI10.n.aeTC5l He JlJIH scex c cm-
@ 3,60 flemep BOB, T. e. crn6ttJIH3aUHH Hepac-
~ nasrueroc5l aycTeHHTa H npttcyT-

t:::: CTBHe ocTaToqHoro aycTeHHTa 
3,58 B H30TepMHqecKH saKaJieHHOH 

CT8JIH CB5138Ha c npHCYTCTBHeM 
3,56 L-...L£-1...--L--=~...L-~:-''--::-';:--'--;;-j B Hett HeKOTOpb!X Jiernpy!Olll.HX 

0 0,4 0,8 f,2 f,6 % 3.JieMeIUOB. llJI51 BblHCHemrn 
CoilepJKaHue f/VTepo(Ja 3TOro sonpoca HapH.UY c 11sy11e-

<1>11r. 9. 3aBHCHMOCTb nOCTOSIHHOH perneTKH HHeM npoMblillJieHHb!X MapoK 
aycTeHHTa OT KOHLleHTP8LlHH yrnepo.aa; CTaJiett HaMH npOBO.UHJIOCb HC-
/l - pe3ynhrarb1 pa6orbl nee311epa, Po- cJie.n.osaHtte BJIH51HH5l OT.UeJihHbIX 

ee11cKoro 11 Ky6hlrnKHHoif. Jiernpy10mttx 3JieMeHTOB (Si, Ni, 
Mn, Cr 11 .n.p.) B CTaJIH c 0,30-

0,40 % C Ha KHHeTHKy npesparueHttsi: n: xapaKTep npo.uy1nos pacna.ua. 
0.n:Hofi H3 OCHOBHb!X 3a)J.atI1 HBJIHJl•OCb HCCJie.UOB2.HHe sonpoca, corrpo

Bo)i{.u.aeTCH JIH npouecc npesparn.eHHH B npoMe:>KyTotIHOtt soHe nepepac
npe.LJ.eJieHtteM yrnepo.ua H CBHSaHa JIH cTa6HJIH3aUHH aycTemna c ero 
06orame1-meM yrnepo.uoM . 

.[lJIH 1ny11eHHH Kl!HeTHKH npespamemrn n .u.151 aHamrsa KO.TitttiecTBeH
Horo COOTHOUleHH5l cpas 6b!JI npttMeHeH MarHHTHb!H 8HH30MeTp 
H. C. AKyJiosa ycoseprueHcTBOBaHHOH KOHCTPYKUHH. I<oHueHTpau11H 
yrnepo.ua B aycTemne onpe.n.eJisi:Jiacb nyTeM H3MepeHHH nocrnsi:HHofi ero 
perueTKH peHTreHOBCKHM MeTO.n.oM. ob!JI npttMeHeH npeu,11s110HHbIH MeTOJJ. 
o6paTHoro 0Tpa:>KeHH51 c BaHa.n:tteBblM H3JiytieHHeM H THTaHOBb!M QJHJlb
TpOM. O.unaKo 3TOT MeTOJl oKasaJicsi: HenpHroJJ.HbIM JlJIH aHamna c6pas
uos, CO.LJ.ep>KaBWHX MeHee 12 % aycTeHHTa; Il03TOMY 6bIJI HCnO.Tib30BaH 
TaK>Ke 06bl11Hbltt MeTo.n. CTPYKTypHoro aHaJIHsa co crnH.uapTOM (cepe-
6p51HblM rropornKoM). CbeMKa npoHSBOJlHJiacb Ha Ko6aJibTOBOM 11sJiy11e
mm c >KeJie3Hb!M cpHJibTpOM . 

.[lJisi: onpe.n.e.neI-11:151 Ko11ueHTpaum1 yrnepo.n.a. B aycTermTe ohIJIH 
HCil0Jlb30BaHbl .n.aHHble 0 3aBHCHMOCTH IIOCT051HHOH perneTKH aycTeHI1Ta 
oT KOHUeHTpau1m yrnepo.n.a, np1rne.n.eHHble Ha cpHr. 9. CTpsi:MaH 1 no-
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CTpOeHa no .n:aHHblM pa3JIHqffblX HCCJie.n:oeaTeJieA Ha OCHOB8HHH onpe.n:e
JieHBSI nOCT051HHOH perneTKH OCTaroqHoro aycTeHlna B npocThlX yr.11epO· 
.D.HCThlx cTaJIHX nOCJie o6bl'IHOif 3aKaJIKH. CToJiy<1enHhie 3HaqeHHH napa
MeTpoe KpHCT8JIJIHl!eCKOH pemeTKH OCT8TQqHoro aycTeHlna ,n:Jrn CTaJiefi 

c 0,46 H 0,62% c (¢Hr. 9) xopoIIIo .11erJIH Ha npHMy!O. IlpH HCnOJib30B8-
HHH 3TOH KpHBOH KaK rpa.n:yttpOBOl!HOH, Heo6xo,n:HMO npe.n:noJIO)!{HTb, lJTO 
nptt pacna.n:e a MapTeHCHTHoft 30He nepepacnpe,n:e.JieHHH yrnepo.n:a He 
npoucxo.n:HT H lJTO BJIHHHHe .11ernpy10IUHX 3JieMeHTOB Ha nOCTOHHHYIO 
peIIIeTKH aycTeHHTa HeeeJIHKO no cpaBHeHHIO c BJIHHHHeM yr Jiepo,n:a. 

IlpHMaH 2 nocTpoe1rn Ha ocHoBaHHH 1nyqeHHH napaMeTpa aycTe
HHTa B JiernpoBaHHhlx cTaJIHx, HMe10u.1,Hx aycTeHHrny10 CTPYKTypy, rrpH 
KOMHaTHOH TeMrrepaType. :YfayqaJIHCb CTaJIH c pa3JIHlJHbIM co.uep)!{aHHeM 
.11ernpy10mero 3JieMeHTa (HarrpHMep, Mn) rrpu OJJ.HHaKOBOM co.rrep}!{a
HHH 'C H 3aTeM rrpOBO.ll:HJiaCb 3KCTpanOJIHl.l,BH Ha HyJieeoe co.n:epJKam1e 
.11ernpy10mero 3JieMeHTa. 

KaK rroKa3hIBaeT cpaeHeHHe npHMhlX 1 H 2, npu onHoif H Tott >Ke 
KOHI.1,eHTpau1rn c ITOCTOHHHble, rroJryqenHble npII II3ylleHHII JiernpoeaH
HblX CTaJieH, OKa3aJIHCb 60JibIIIe, OJUI8KO pa3HMI.l,a yMeHbIIIaCTCH H KpII
Bble CJIIIB8IOTCH rrpH BblCOKHX co.uepJKaHHflX c. 

1ho6bI BbIHCHHTb_, He Cl3H3aHO Jill pacIIIHpeHHe rrapaMeTpa ~ BJIHH
HHeM Jiernpy1011.1,IIx 3JleMeHTOB, H8MH 6bI.TIH nponepeHbl ITOCTOHHHbie 
peIIIeTKH OCT8TOl!HOro aycTeHHTa ITOCJie o6bllJHOi'! 33K3JIKII .ll:Jlfl cepml 
HCCJie,n:oeaHHhlX Ha~m KOHCTPYKUHOHHbIX Jiernpoeam-rbIX craJiefi. Pe3yJih
TaThI, npHBe.neHHbie B Ta6JI. 2, ITOKa3b!BalOT, llTO ITOCTOHHHbie peIIIeTirn 

ocrnroqHoro aycTeHHTa cTaJieii, JiernpoeaHHbIX· Si H Ni, MaJJo OTJIH
qa10TcSI OT ITOCTOHHHblX peIIIeTOK QCTaTOqHoro aycTeHIJTa yrnepOJJ.IICTblX 
cTa.11eft c TOH Me KOH1.1,eHTpa1.1,IIefi C *. 

Ta6/l.uqa 2 
nocTOHHHaH peweTKH ocTaToqHoro aycTeHHTa paanHqHblX CTaneA nocne 

06b1qHoA 38KaJIKH 

KoJIH4ecTeo fiOCTOllHHall 

MapKa cTaJIH 
TeMnepBTypa 0XJIBlKJl810lUBll OCTaT04HOro peweTKB OCTB• 
3BK8JIKH B °C cpeJIB aycTeHHTB T04HOro aycTe-

B O/. 0 

HHTB B A 

KpeMHHcraH, 0,370fo C H 
5,6 3,578 2.690fo SI .• , .....• 900 Maeno 

HHKeJJeea!I, 0,280/o C H 
.1,7 3,572 4,680/o . • • • . . . . . . 860 . 

HHKeJJeeall, 0,280/o C { 860 . 5,0 3,578 
H 6,560/o Ni 860 

" 
4,0 3,574 

· XpoMHcraH, 0,320/o C H 
5,8 3,584 3,160/o Cr ••.••.•• 850 . 

Yrnepo.nHcrall, 0.460/oC 830 . 5,8 3,574 
Yrnepo.nHcraH, 0,620/oC . 830 Bo.na 9,3 3,576 

He.n:aeno B JIHTepaType 6hi:Jio BhlCKa3aHo rrpe.n:noJJoJKeHHe, qTo npH 
He3HaqIITe.1lbHblX KOJmqecTB8X OCTaTOlJHOrO aycTeHIITa, BKpanJieHHOro 

• Tio3,nHee H8MH H DOK838HO, IJTO npH Bee.nellHH Al pemeTKa OCTaTO•IHOro 
0 

aycreHHTa nocne o6blqHofi 3aKaJJKH 3H&IJHTeJJbHO pacwupeHa (oKOJJO 3600 A). 
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!I MapTeHCRT, 11aCTHUbl ero HCilb!TblBaIOT scecTOpOHHee C.>KaTHe; 3TO 
se.n.eT K yMeHbllleHHIO IlOCTOHHHOH pellleTKH aycTeHHTa. 

,UJIH CTaJieH: c 60JibllIOH KOUU.eHTpau.Heli c KO.'lHlleCTBO OCTaTOllHOrO 
aycTeHHTa O'IeHb BeJIMKO, ero pemeTKa He )leqiop!Vmposaua 11 no:iToMy 
IlOCTOHHHb!C IlOJiytiaIOTCH TaKHe me, RaK Ha npHMOH 2. 

06beKTOM HallIHX HCCJie.LI.oBaHHH HBJIHeTC51 OCTaTOllHblH aycTeHHT 
B KOJ!Hllecrnax, B 60JibillHHCTBe CJiyqaes He rrpeBb!UlaIOlll,HX 20-25 % . 
CTo3TOMY B OCHOBHOM I10Jlb30BaJIHCb npHMOH 1, XOTH BeCbVIa sepOHTHO, 
llTO nasJICHHe ua 11acTHUhl aycTemna, 01<py1!.<:eHHbie npo.11.yKTaMu pac- · 
rra.ua rrpoMeH<yTOIJHOH 30Hbl MeHbllle, IJeM B MapTeHCHTHOH 30He, TaK 
KaK pa3HHUa B yJJ.eJibHhlX o6beMax a- 11 1-<t.>a3 3JJ.eCb MeHbllle. 

9To MOrJIO KOJIHllecrneHHO IIecKOJlbKO H3MeHHTb rrpnse.neHHb!e HH:H<e 
.naHHble, oco6eHHO rrpH MaJiblX 3HaIJeHHHX IIOCTOHHHOH, O.LI.HaKO rrpHH
UHIIHaJibHblH xapaKTep Ha6JIIO.llaeMblX 3aBHCHMOCTeH OCTaeTCH He
H3MeHHbIM, )J,a:H<e eCJIH IIOJ!b30BaTbCH rpa.uy11poBKOH no npHMOH 2. 

HcCJie.n,osamte yrnepo,11.ucTbIX cTaJieH:. KaK y.>I<e yKa3hIBaJIOCb, rrpo
uecc pacrra.ua aycTemna s ripoMe:H<yT011ttoH: soHe .LI.JIH yr JiepOJJ.HCThlX 
cTaJiei'.1 rrpoxo.n11T sa HecKOJibKO MHHYT rroJIHOCTbIO. OcTaTO'IHOro aycTe
HHrn nocJie H30TepMHqecKOH saKaJIKH HeT. 06pa3yIOIUaHCSI «rrpoMemy
TOIJHaH qia3a» rrpe.11.crnBJIHeT co6oii cMecb a-<t.>a3bl ( 011es11,11.Ho, c HesHa
IJHTeJibHbIM KOJIHIJeCTBOM pacrnopeHHOro B Hefi yrnepo.ua) H ueMeHTHTa, 
KOTOpb!H 06Hapy:ilmBaeTCH rrpn peHTreHOaiiaJIH3C 3JieKTPOJillTlfliec1m 
BbIJJ.eJieHHoro ocan1<a [8]. B HH:H<HeH: 11acTM rrpoMemyTOIJHOH soHbl 
9Ta CTPYKTypa HMeeT rro,u. MHKpocKorroM THIIHIJHbIH: HroJibIJaThifI 
xapaKTep (BCJie,UCTBHe qero ee IJaCTO Ha3b!BaIOT HrOJibllaTb!M TpO-
(;CTHTOM). . 

lfro6bI y.11.epmaTb B crpyKType OCTaTO'!HbIH ayc:reHHT, npHXO)J,HTCH 
rrpnMeHHTb OlleHb KopoTI<He Bbl.llep)!{Kn ( rropH.nKa 30 ceK. - I MlIH.). 
CTptt 9TOM ocHosHmr 11acTb aycTeimTa pacrra.11.aeTcH see }Ke rrpH esoTep
MM11ecKofi BbI.llep}!me B na1rne, a 3HaIJHTeJibH3Sl IJaCTb npH IIOCJie.IT.Y!O
lll,CM OXJia)!{.11.eHHH rrpesparn.aeTCSI B MapTeHCHT, HO HeKOTopoe l<OJ!Hl!e
CTBO aycreHMTa (.11.0 5-6%) coxpa1rnerrn rrpM KOMIIarno:H reMneparype. 

TaKMM o6pasoM, s CJiyqae 1011eHb KopoTKHX BbI.llep11<eK rrptt KOMHaT
no:H Tel\mepaType no.'ly11aeTCH CMeCb «IIpOMe)!{yTOIJHOH <t.>aBhl», MapreH
CHTa H OCTaTOlJ.I-IOrO aycTeHHTa. CTOCTOHHHaH. perneTirn 9TOrO aycTeHHTa 

0 

.ll.JIH cTaJIH c 0,45 % C KOJie6aJiacb B rrpeneJiax 3,563-3,57 4 A, T. e. 
MaJIO OTJIHIJaJiaCb OT 3HaIJeHHH, noJiylleHHb!X .u.rrn perneTKH GCT2TOlIHOrO 
aycrerrnrn npn o6hIIJHOH saKaJIKe (Ta6JI. 3). TaKHM o6pasoM, saMeT
ttoro o6orarn.emrn aycTeHHTa yrnepo.n:oM s pesyJibTaTe 11·acTH11uoro pac
rra.rr.a B npoMe.>KyTOIJHOH 30He .l{JIH 9TOH CTamI He o6Hapy:H<eHO. 

HccJie,11.osaHne HHKCJICBblx cTaJieii. Ha <t.>nr. IO conocTaBJieHbI KPH· 
Bhre pacrra,TJ:a B HH)!{He:H 11acrn np0Memyrn11Hofi 30HbI (TeMrrepaTypa 
350°) .ll.JIH HMKeJieBblX CTaJief1 c CO,II.epmairneM yrnepo.11.a 0,28 % M c co
,u.ep}!{aHMeM HMKeJIH 2,92%, 4,68% 116,56%. KaK noKaSbIBaIOT 9TM KpH
Bbie, HHKeJib OIJeHb CHJ!bHO yMeHbillaeT CI<OpOCTb B I-JaIJaJibHbIX CTamrnx 
pacrra.na, T. e. oqeHb pe3KO yseJIMlIMBaeT npoKaJIMBaeMOCTb B rrpoMe}!{y
TOl!Holi 30He, HO ero BJIMHHHe Ha KOHeIJHble CTa)J,HM pacrrana cpaBHM
TeJibHO HeBeJIHKO; BpeMH OKOHllaHMH pacnaAa HeCKOJlbKO yseJIM'IM
rrneTCH, onHaKo B Tel!eHMe q,aca pacnaitaeTCH oKOJIO 95 % aycTeHHTa 
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.Il.JISl scex HCCJie..a.osaHHblX CTaJieA; OCTaBllilfACst aycTeHHT He CTa($HJieH 
H npH OXJia>K..a.emrn .n.o KOMHaTHOH TeMnepaTypbI pacna.n.aeTCSl npaKTH
qecKH IlOJIHOCTblO (CM. qrnr. 12). 

D.JIH coxpaHeHHH OCTa'f01-IHOfO aycTeHHTa, KaK H B yrnepo,UHCTblX 
CTaJIHX, IIpHXO)l.HJIOCb npHMeHHTb KpaTKOBpeMeHHble BbI)l.ep.>KKH; npH 
3TOM 31-ra1rnreJibHaH tzaCTb aycTeHHTa pacna.n.aJiacb npH oxJiamAeHHH .no 
KOMHaTHOH TeMIIepaTypbl C oopa30BaHHeM MapTeHCHTa. 
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8ptwR-CeK11Hilbl 

<t>Hr. 10. KpHBbie H30TepMHqecKoro pacna.l\a ayCTeHHTa Tpex HHKeneBhIX 
crnneii tU,280/o C) B npoMelKyTOqHoii 30He (t° = 350°). 

3Ha'leHHH IIOCTOHHHbIX pemenm aycTemua nocJie KpaTKOBpeMeHHblX 
H30TepMHtJeCKHX BbI)lep>KeK B HHTepsaJie TeMneparyp npoMemyTO'IHOH 
30Hbl )l.JIH scex HcCJie.n.osaHHblX HHKeJiesblx cTaJieH: JiemaJIH B npe.neJiax 

0 

3,582-3,591 A. BMecTe c TeM norpemHOCTb H3MepeHHH AJIH HHKeJieshrx 
0 

craJieH: .nocTHraJia 0,003 A, T. e. 3aKoHoMepHbIX H3MeHeHHH nocTOHHHOH 
npH H3MeHeHH_1i KOHUeHTpaUHH Ni, a TaKme TeMnepaTyphr H30TepMbI 
(cM. q:mr. 20) ooHapy)[mTh He y.naJiocb. 

MaKcHMaJibHoe 3HatzeHHe nocTOHHHOH .ll.JIH cTa.rm c 6,56 Ni 6hIJIO 
0 

3,591 A H OTJIHtzaJIOCb OT cpeJlHero 3Ha'leHHH nocTOHHHoH: pernerKH 
0 0 

ocTaTOtJHoro aycTeHHTa nocJie o6bI'IHOH 3aKaJIKH (3,576 A) Ha 0,015 A, 
'ITO MO)KeT COOTBeTCTBOBaTb (no KpHBOH 1 Ha q>Hr. 9) pa3HHUe B KOH
ueHTpau;HHX yrnepo.n.a Ha 0,3 % . MHHHMaJibHOe 3Ha'leHHe nocTOHHHOH 

0 

rrocJie pacna.n.a s npoMe>KyTo'IHOH 3one pasHHJIOCb 3,580 A, qTo cooT
aercTsyeT pasmme s KOHIJ;eHTpaum1x yr.11epo..a.a nopH..a.Ka 0, 1 % . 
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Ta6.11uqa 3 

nosb1meune conpornsneunsi orpblBY npn naorepMuqecKoA aaKaJJKe 

11cnNTaHHH Ha H3rH6 AHCKOB 

MapKa TeepAOCTb 

I 
CT8JIH TepMHqecKaH o6pa6oTK8 HRc = 150 TeMnepa-

Ppa3p e Kz TYPHNe 
8 °C 

Y9 VIJorepMH'leCKa11 aaKaJIKa 48 900 
c 780° e l.lleno•111 npH 315°- 50 +20 1600 
20 MHH. 48,5 1230 

cpeirn .• ... 49 I - I 1250 

Y9 06b1'1Ha11 aaKanKa c 780° 51,S 750 
I e Mac .• e, ornycK .330° - 'lac 51 +20 750 

49 800 

50,5 I - I 760 

11cnNT3HHe Ha Kpyqe-
HHe nonepe>IHNX 

o6pu3UOB 

0TROCH• 

ST TCJlbHNll 

8 KZ/.llAl2 CABHr l 
8 "/J 

I 

65f Mao1epMH'lecKa11 aaKanKa 56 206 13,5 
C 800° B COJIH npH 270°- 55 -195 200 12,3 
l 'lac 54 238 IS.I 

55 204 13,8 

55 I - I 212 I 13,7 

65f 06bl'IHaQ aaKaJIKa c 800° 76 2,4 
e lOOfo-HoM pacreope me- -- +20 70 2,7 
JIO'IH, ornycK 270°-1 4ac 63 2,4 

55 I - I 69,6 I 2,.5 

I 
n p H M e q a H H e. TOJil.l.lHHa Jl,HCKOB 3 MM, Jl,HaMeTp nyaucoua JQ MM, 

J1,HaMe1p onopbl 48 MM. 

TaKHill o6pa30M, BBe,n:eHHe Ni Jl.O 7 % He Memi:eT rro cyw:ecrny KHHe
THKH KOHe1IHbIX CTa.UHH pacrra.n:a yrJiepo,n:HCThIX CTaJiefi B rrpoMe)KyToll'.
HOH 30He H He CIIOCOOCTByeT CTaOHJIH3aU.Hii ayCTeHHTa. flepepacrrpe,n:e
JieHHe yrJiepo,n:a B Hall'.aJibHOH CTa.UHH pacrra,n:a rrpHBO.UHT K oooraru.e
HHIO aycTemna yrJiepo.n:oM, HE> He 6oJiee ll'.eM Ha 0,3 % C. 

CTpyKTypa rrocJie 3aKaJIKB B 3TOH 30He npe.n:cTaBJIHeT co6oii, KaK 11 
B cJiyll'.ae yrJiepo.UHCTbIX CT8Jiett, CMech a-cpa3bI (c He3Ha4HTeJibHOfJ 
KOHUeHTpauHefi pacTBOpeHHOfO B Heft yrnepo.n:a) H ueMeHTHTa. 
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HcCJie.noBa1me npouecca npespameHHSI s MapTeHcHTHOH 30He noKa-
3b!BaeT, qTO 3,necb HaOJIIo.naeTCSI ni:mfqHOe ,UJ!SI 3TOH 30Hbl TOpMO)l(emi:e 
pacna,na H oopa30BaHHe CTaOHJibHOfO OCTaTOqHoro aycTel!HTa, CTOCTOSIH.
HaSI pellleTKH 3TOro .aycTeHHTa MaJio OTJIHqaJiaCb OT IlOCTOSIHHOH B Map
TeHCHTHOH 30He IlOCJie OQb{qHOH 3aKaJIKH. 

3rn no.nrnep)l(.naeT, tITO npouecc cTaOHJIH3aUHH aycTeHHTa B Map
TeHCHTHOH 30He He CBSI3aH c H3MeHeHHeM KOHUeHTpaUHH B HeM yrJie
po.u.a. 
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BpeMJI 

cf>ar. 11. KatteraqeCKae KpHBbie pacna.na aycrettHra cra;m c 2,70/0 Si 
H 0,370/o C B npoMe:iKyroqttoii JOHe npesparn.eHH!I.' 

McCJieJI.OBaeue KpeMHHCTbJX CTa.neu. HccJie.nosaHHe npocTbIX KpeM
HHCThrx CTaJieii: nor<a3aJio, qTo Si HBJISieTCSI 3.r1eMeHTOM, KOTOpbIH BbI3bI
BaeT OCOOeHHO pe3KOe TOpMO)l(CHHe npouecca pacm:!;:i:a B HH)l(HeH qaCTH 
npoMe:myToqHoH 30HbI. 

HmKe npHse.neHb! pe3yJibT3TbI H3yIIeHHSI CTaJIH c 0,37 % C H 
2,7 % Si, SIB.TISiiorn.uecH THIIHqHbIMH JI.JIH scex KpeMHHCTbIX cTaJrefi, H 
,UJISI cpaBHeHHSI - HeKOTOpb!e .naHHbie npOMbilllJieHHbIX MapoK CTaJiefi, 
.riernpoBaHHbIX Si ( 30XfCA, 60C2). 06II.IJIH xapaKTep KHHerntJ:ecKHX 
KpHBbIX pacna.na B npoMe:myToqHOH 30He npHBe.neH Ha ~Hr. 11-13. 
AHaJIH3 3THX KpHBb!X H pe3yJibTaTbI peHTreHoBCKHX HcCJie.nosaHHH 
noKa3bIBaIOT cJie.ny10mee: 

a) CTpesparn.emte B HH)l(Hefi 1.J:3CTH IIpOMC)l(YTO'Il!OH 30HbI (t = 
= 300 + 400°) 3aTOpMa)l(HBaeTCSI, ue ,UOH.USI .no KOHUa: HaIIpHMep, npH 
350° 3a 15 MHH. pacna.naeTcSI 81 % aycTeHHTa, a npH .naJibHefimeii Bbl
.nep)l(Ke .no 5 qac.-He ooJiee 3,-3,5 % . CT pH oxJia:>I<.ll:eHHH .u.o KOMHaTHOil 
TeMneparypbl KaK noCJie 15-MHHyTHOH, TaK H noCJie 3-IIaCOBOH BbI)l;ep2KKH, 
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<l>1ff. 13. KpmrnR pacna.lla aycteHHTa c1aJIH c 2,10, 0 Si e aepxHef1 qacTH npoMelKy-
1oqHoii 30Hbl npeepameHHR (t0 =- 500°). 
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pacna)J.aeTCH He 6oJiee 3-5% H OCTaeTCH 12~15% OCTaTOqHoro 
aycTeHHTa. QqeHb He3naqHTeJibHoe KOJIHqecrno aycTeHHTa pacnaJiaeTcH 
H. npH oxJia)K:.neHHH .no -195°, T. e. HepacnaBWHllCH aycTeHHT HMeeT 
pe3KO IlOI-IH}l{eIIHYIO MapTeHCHTHYIO TOqKy. 

fJocT05IHHa5I pewenrn 9Toro aycTeHHTa qpe3BbrqaliHo pacnrnpena .no 
0 

3,618 A*, tITo coorneTcrnyeT co.nep:>Kam110 yrJiepo.na 1,55% (no KpH
soii 1 qrnr. 9) HJIH MHHHMaJibHO 1,3 % (no KpHBOH 2 cjmr. 9). TaKHM 
o6pa30M, KOHI.J:eHTpaurrn yrJiepo.ua B OCTaTOqHOM aycTeHHTe B KpeMHH
CTOH CTaJIH B pe3yJibTaTe pacna.ua B HH:>KHeii qacTH npoMe}l{yTOqHoH 
30Hbl BblpOCJia B 3-4 pa3a, T. e. s.necb npoxo.nHT HCKJIJOqHTeJibHO 
HHTeHcHsHbIH npouecc nepepacnpe.neJieHH5I yrJiepo.na. 

TipH 3JieKTPOJIHrnqecKoM pacrnopeHHH (HccJie,nosaHH5I U. J1. MHnu) 
H30TepMHqecKH o6pa6oTaHI-IOH KpeMHHCTOH CTaJIH B oca.noK BbIIlaJI 
aycTeHHT TaK*e c pe3KO yseJrnqeHHOH nocTOHHHOH perueTKH. BbIJIH 
o6napy)K:eHbI JIHillb He3HaqHTeJlbHble CJie.nbI JIHHHH Kap6tt.nos. TiopOIIIOK 
OKa3aJIC5I MarHHTHblM, q'fo o6'b5ICH5IJI0Cb Bbma.neHHeM B oca.noK oqeHb 
He6oJibruoro KOJmqecTBa cx.-cpa3bl. Xm.rnqecKHII attaJIH3 noKa3aJI, qTO 
co.nep*arrne Si B oca.n:Ke ne OTJIHqaeTCH OT cpe,n:Hero ero co,n:ep.>KaHHH 
B CTaJIH, T. e., KaK H cJie.nosaJio O}l{H,naTb, IIf>pepacnpe.neJiemrn Jiern
py10mero 3JieMe1-na B rrpoMe:>KyToq1rni'1 soHe HeT. 

J1,JI5I cTa.r:m 30XfCA, co.nep:>Kameii OKOJIO 1 °/0> Si, na6mo.naJiacb ra 
}!{e KHHeTHKa rrpespameHHH, qTo H JlJ15I CTaJIH c 2,7 % Si H HHTeHCHB
HOe o6orameHHe oCTaToqttoro aycTeHHTa yrJiepo,noM: nocT05IHHaH pe-

o 
rneTKH ,nocrnraJia 3,611 A, qrn coorneTcrnosaJio KonuenTpauHH 
1, I -1,3 % C. J1,JI5I KpeMHHcToii CTaJIH c nosblrueHHbIM co.nep:>KatttteM C 

0 

(60C2) nocTOHHHa5I perneTKH a .nocTHraJia 3,622 A. 
TaKHM o6pa3oM, CTpyKTypa KpeMHHcToii cTaJIH noCJie pacna.na B 

HH}!{Heii qacrn . rrpoMe)KyTOqHoii 30llbI npe.ncTaBJIHeT co6oii cMecb rrpo
Me}!{yToqnoi1 cpa3bI H 10-20 % ycTofiq11soro ocTaToqnoro aycTeHHTa. 
Tio.n MHKpoc1wrroM 06Hapy:m:1rnaeTCH TaKoe :iKe HroJibqaTOe cTpoemre, 
KaK B CJiyqae yrJiepo.nHCTblX CTaJieH. 

6) TipH 6011ee BhICOKHx TeMrrepaTypax H30TepMbI na6JI10.naeTcH erne 
6oJiee 6b1CTpoe TOpMO)Kein1e rrpouecca o6pasosamrn rrpoMe>KyToqHoii 
cpa3b! ( r:JIO!UaJIKH Ha KpHBbIX pacna.na npn 450 n 500°, cp11r. I I); 
KOJIHqecrno 06pa3y101ne1'Jrn «npoMe>KyTOqHoii cpa3b!» 6b1CTpo y6brnaeT 
npH ITOBblllieHHH TeMnepaTypbI H30TepMbl, OJIHaKo CTa6HJibHOCTb Hepac
naBirrerocH aycTemna pe3KO yMeHbrnaeTCH: rrpu yseJIHqeHHH .nmneJib
HOCTH BbIJiep)l{KH (KaK IIOKa3aHO Ha KpHBblX Ha cjmr. 1 I H 13)' 
Ha6JIJO,llaeTCH yseJIH 1IeHne CKOpOCTH pacrra.ua, qTo o6bHC'.HHeTCH HaJIO
>KeHHeM rrepJinrnoro rrpespalllemrn; ecJIH >Ke npepsaTb BhI.lep>KKY 
rroCJie OKOl{tWHHH rrpouecca 06pa3osamrn «11po1\1e>KyTo'rnoii cpa8b!», TO 
60.!IblllaH qacTb aycTeHHTa pacrra.naeTCH npH OXJia)K:JieHHH .no KO\.IHaT
I!OH TeJ\rnepaTypbI c 06pa30J3a1meM Mapn•ucHTa. TioHBJieHHe rrepmiTa H 
MapTeHCHTa IIOJITBep>K,naeTC5I MHKpoaHaJIH30M (cpHr. I4) H H3MepeHtteM 
MHKpornep,llOCTH. 

0 
• Ilorpe11IHocrb HSMepeHHll ,!lJ!ll KpeMHHCTblX craJieA He npeabl11Iana ±0,002 A. 
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TaKHM o6pa3oM, np11 H30TepMHqecKof1 saKaJIKe B BepxHeli qacTH 

npoMe)!{yTOqHOH 30Hbl noJiyqaeTCSI CMecb HecKOJlbKHX COCTaBJISl!OllUIX. 
B cJiyqae KopoTKoli Bbl.ll.ep:>KKH - cMecb npoMe:>KyTOqHoli cpasbl, 
HeoTnymeHHOro MapTeHCHTa H OCTaTOqHoro aycTeHHTa; B CJlyqae 

0) 

<l>Hr. 14. MmcpocTpyKTypa CTaJIH 
30XfCA IlOCJie 33K3JIKH B npoMe>Ky

TO'IHOH aone: 

a - npH 370°; 6 - npH 425°; B - npH 500° • 

.nJIHTeJibHblX Bbl.ll,ep>KeK Bbl.ll.eJISieTCSI TaK:>Ke nepJIHT; KOJIHqecTBO OCTa
TOqHoro aycTeHeTa B HeKoropbix CJ1yqaS1x Mo:>KeT OblTb Jl.OBe.ll,eHo 
.n;o HYJISI. 

MarmITHblH a1rnJIH3 .n;aer B03MO>KHOCTb onpeneJIHTb npHMepHoe 
KOJ!Hl!eCTBeHHOe COOTHOilleHHe 9THX qeTbipex COCTaB.llSllOI.IlHX. HHorna B 

CTPYKType 06Hapy)1nrnaeTCH en~e tIHCTblH cpeppHT, BbI.LleJIHIOI.IlHHCSI B Ha
qaJibHOH crnnirn pacna.n;a (qmr. 14, 8, cTaJib 30XfCA)~ BeJIHqHHbI qacTHU: 
CTpyKrypHbIX COCTaB.'IHIOI.IlHX B 9TOM 30He o6bil!HO oqeHb BeJIHKH; npo
Me)!{yTOl!Ha51 cjJa3a repHeT eroJibtiaThIH xapaKTep; neKOTOphle cocra
BJIHIOW.He BbIJie.nHJOTCH B BH,!le KpynHbIX o6oco'5JieHHblX yqacTKOB, co
snaBaH HCKJllQlIHTe.nbHYIO HeO)lHOpO.LlHOCTb (HanpHMep, TeMHbie yqaCTKH 

nepmna H 6oJibWHe cepble yqacrKH MapTeHCHTa Ha ¢er. 14). 
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DocTOHHHaH peweTKH ocTaTOqHoro aycTeHHTa, a CJie.n.osaTeJlbHO, H 
KOHUeHTpa1urn yrnepo.na B HeM yMeHbIIIalOTCH (KaK noKa3bIBaeT KPH
BaH Ha qmr. 15) c IlOBbIIIIeHHeM TeMnepaTypbI H30TepMb1 B nooMeJKy
TOqHOH 30He (300-500°). JhoTepMHqeCKHe Bbl.l(ep>KKH npH IlOCTpOeH!iH 
3TOH KpHBOH BbI6HpaJIHCb no IlOJIO>KeHHIO IlJIOJ.Ua.l(OK Ha KpHBbIX pac
rra.n:a .l(JIH pa3JIHqHblX TeMnepaTyp H3orepMb1 ( qmr. 11); CJie.n:oeaTe.JibHO, 
IIpHMepHO COOTBeTCTBOBaJIH KOHUy rrpor~ecca o6pa30BaHHH rrpoMe>KyToq
HOH cpa3bl. 

B .n:elicTBIITeJihHOCTH cpe.n:mrn KOHUeHTpaUHSI yrnepo)la n Hepacnan
weMcSI aycremne B KOHUe H30Tep1'rntJecKoli Bbl.n:ep>K1m, nepoHTHO, na
.n:aeT rrpH nosbIIIIeHHH Ter.mepaTypbl H30TepMb1 eme cHJibHee, '!eM noKa-
3aHo Ha qmr. 15. 3rn · . 
o6bSICirneTCSI TeM, 'ITO II 
npH oxJia>K.n:eHHH c Bbl- I J,620 
COKHX reMnepaTyp H30- "" 
repMbI uaH6oJiee 6e,LI.Hbie ~ 
yrnepo.n:oM yqacTKH pac- ::; c::. J,5to 
na,!J,a!OTCSI, BCJie.UCTBHe ~ § 
tJero aycreHHT, coxpa- ~ ~ 3,600 
HHBIIIHHCSI npH KOMHaT- <I> ~ 

0 ~<::> 
HOH TeMnepaType, npH g; J,590 
peHTreHOBCKOM HCCJie.n:o- ~ 

saHHH noKa3aJI 6oJiee "' 
BblCOKOe co.n.ep>KaHHe ~ J,580 

~ yr JiepoJJ.a. 

~ 

YMeHbIIIeHHe KOHUeH
TpaUHH yr Jlepo.n:a B He
pacrraBIIIeMCH ayCTeHHTe 

J,570 50 

rrpH IlOBbIIIIeHHH TeMrre-
parypbI H30TepMbI, ee-
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• 6b1aepJKKO 5 ftf(JH 
Cl -11- 11- /5 MUH 
e _,,_ ,,_ 5'IOC 

pOSITHO, SIBJISieTCH rrpH
'lHHOH yMeHbIIIeHHSI ero 
CTa6HJ1bHOCTH. 

B) n PH YBeJIHlJeHHH 
lf30TepMH'leCKOH BbI,lI,ep-

<t>1-1r. l!l. 3aBHCHMOCTb KOJJHqecrna · ocraroqttoro 
aycreHHT3 l H nOCTOllHHOH ero peweTKH a OT reM
neparypbl H30TepMbI; KpeMHHCT3ll CT3Jlb c 2,70/o s 

H 0,370/o C. 

>KKH B HH>KHeH . qacTH 
npoMe:>KyTOlJHOH 30Hbl OCTaTOlJHbIH aycTeHHT o6oramaercSI yrJiepo
JJ.OM. HarrpHMep, rrpH TeMrrepaType H30TepMb1 350° rroCJie shl.n.ep>KKH 

0 

B TetJeHirn 1 MHi-I. IIOCTOSIHHaSI OCTaTO'lHOrO aycTeHHTa a = 3,611 A, 
0 

nocJie 5 MHH. · BbIJI.ep>KKH a = 3,617 A; rrocJie 5 tJac. BbIJJ.ep>KKH 
0 

a= 3,621 A. 
TaKHM o6pa30M, o6orameHHe ocrarotJHoro aycTeHHTa yrJiepo.noM 

H.UeT n npouecce o6pa3osaHHSI · npQMe>Kyro11Holi cpa3hI; 1!eM 6oJibUie 
o6pa30BaJIOCb rrpoMe:>KyTOtIHOH cpa3hl, reM 60Jlbllie KOHUeHTpaUHSI yrJie
po.n.a B OCTaTOlJHOM aycreHHTe. 

3asHCHMOCTb Mem.n.y IIOCTOSIHHOB pemeTKH ocraro-:rnoro ayCTeHHTa 
H KOJIH'leCTBOM rrpoMe>KyTOtIHOH cpa3hl, o6pa30BaBUieHCSI rrpH pa3JIH1IHbfX 
reMneparypax H3orepMhI JJ.JIH cTaJIH 30XrCA, npwee.n:eHa Ha qmr. 16. 
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0TMen1M, lJTO noCTOSIHHaSI perneTKH ocTaTO'IHOfO aycTeHHTa, KaK B11)l.HO 
Ha qmr. 15, a TaK)l{e HH:>Ke, Ha qmr. 18 H 19, HnKaK He CBH3aHa c ero 
KOJIHlJeCTBOM. 

XapaKTepHble KpHBble npespameHHSl B MapTeiicHTHOH SOHe npH· 
se.neHbl Ha qmr. 17: npH TeMnepaType HSOTepMbl 280°, T. e. npH 
He3Ha1mTeJibHOM nepeoxJiaR<JJ.eHHH HH:>Ke Mn, He6oJibllloe KOJIHlJecrno 
MapTeHCHTa 06pa3yeTCSI MrHOBeHHO, a 3aTeM Ha6JIIO)J.aeTCSI HaJio
)!{eHHe H30Tepl\m.11ecKoro npouecca pacnaJJ.a. flocTOHHHaH pemeTKll 
OCTaTOlJHOro ayCTCIHITa B TelJeHHe H30TepMHlJeCKCt'l BbI.U.ep)!{KH HHTeH
CHBHO pacTeT (XOTSI Me)J.JleHHee, qeM B npoMe:>KyT011Hot'1 30He): noCJie 

0 0 

Bb!JJ.ep)!{KH 5 MHH. a = 3,582 A, a nocJie 5 11ac. a = 3,614 A. 
0 ll.JISI JJ.pyroii KpeMHHCTOH CTaJIH 

fl npH nepeoxJia)!{JJ.eHHH HH)!{e Mn Ha 
50" ( TeMnepaTypa H30TepMb1 250°) 
40 % MqpTeHCHTa o6pa30BaJIOCb JJ.O 
rnro, KaK 06pa3eu; npHHSIJI TeMnepa
TYPY saHHbI (3a 10-15 ceK.); noCJie 
3TOrO Ha6JIIO)J.aJICSI H30TepMH1!eCKHH 
pacnaJJ. c o6orameHHeM ocTaT011HOro 
aycTeHHTa yrnepoJJ.OM: 11epe3 5 MHH. 

3,58 

. 300 
O<?_ 

400o/J~O 
~ oJ25 

fzs 
450 / 0 

/ 
I/ 
500 

40 50 60 70 80 90 % 
KO/l/l'lecm8o flPOMM(ijmO'IHOti 

r:paJot 

0 

a = 3,579 A; 11epe3 5 11ac. a = 
0 

= 3,592 A. 
3TH )J.aHHble noKa3b!Ba!OT, lJTO 

npH He1mropoM nepeoxJia)!{J):eHirn 
HH:>Ke Mn 11po11:cxoJJ.HT HaJio)!{eHHe Ha 
MapTeHCHTHblH npouecc Me)lJieHHO 

<l>Hr. 16. 3aBHCHMOCTb TIOCTO!IHHOH npoTeKaIOIUero npespamemrn npoMe
pewerKH ocrarmrnoro aycreHHTa or 
KOJIH'leCTBa npoMelKJTO'IHOH ¢a3bl, 
06pa3ooaowefic11 npH pa3JJH'IHblX 
reMneparypax H3orepMbI (reMnepa· 

rypbl yKa3an1>1 11a rj:Ja¢11Ke). 

)l{YTOlJHOH SOHbI co BCeMH ero xapaK- . 
TepHbIMH oco6eHHOCTHMH. 

flpH 3Ha4HTeJibHOM nepeoxJiaR<JJ.e
mrn HH)l<e Mn (Tel\rneparypa H30Tep
Mbl 150", qrnr. 15 H 17) IlOCTOSIHHaSI 

pellleTKH OCTaT04Horo aycTeHHTa pe3KO na.naeT (JJ.o 3,580-3,585 A). 
B Ha11aJie Bbl.nepmKH Ha6JI10JJ.aeTCH HeKOTopbrt'r 11aoTepM1111ecK11ii pac
naJJ.; o.nHaKo B TelJeHHe Bb!JJ.ep)!{KH JJ.O 5 qac. H3MeHemrn IlOCTOSIHHOH 
pellleTKH "( He o6Hapy:>KeHbl. flpH 06bl11Holi aaKaJIKe s MaCJie (npH 

0 

+2cr) ITOCTOSIHHaSI 6blJia TaKme OKOJIO 3,580 A. 
TaKHM o6pa3oM, s MapTeHCHTHoii aotte (KOr)la He HalqlaJJ.bIBaeTcSI 

npoMe)!{yT011Hoe npespamemre) npou;ecc, KaK H cJienosaJio O)!{HJlaTb-
11.neT 6e3 H3MeHeHHSI KOHUeHTpaUHH. 06IUHH xapaKrep aaBHCHMOCTH 
KOJIHqecrna OCTaTOlJHOro ayCTeHJ'!Ta H IlOCTOHHHOH ero perneTKH 
OT TeMnepaTypbI H30TepMb1 npHse.neH Ha cplff. 15 (cTaJib c 2,7% Si). 

AnaJiorH11Hblf1 xapaKTep HMeIOT KpHBbie npoMbIIlIJieHHbIX MapoK cra
.1eii, JiernposaHHlilx KpeMHHeM (:1oxrcA, 60C2), Ha <f>nr. 18 H 19. 

Ha cpHr. 20 conocrasJieHbl KpHBble 3asHCHMocrn nocTOSIHHoii pe
meTKH OCTaTOlJHOro aycreirnTa OT TeMnepaTypbI H30TepMbl )J.JlH CTaJIH 
c 2,7% Si, JJ.JIH cTaJIH c 6,56% Ni H yrnepoJJ.HCToli (0,46% C). Pa3HHUa 
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B xapaKTepe KpHBbIX H B MaICCI-IMaJibHbIX 3HatJemrnx nOCT051HHOtl: pe-· 
llieTKH OCTaTOtJHOro ayCTeHHTa Me)l{.n:y KpeMHHCTOfl CTaJlblO H CTaJIHMH 
yrnepo.n:HCTOH H HH.KeJieBOfl HaCTOJ!bKO BeJIHKa, ~ITO nOJIHOCTblO nepe
KpbmaeT IrnK onrn6KH 9KCnepHMefITa, TaK H pa3JIHlIH51, CBH3aHHbIC 
c no.n:ctJeTOM no pa3JIHtJHbIM rpa.n:yHpoBotIHbIM KPHBbIM Ha cjrnr. 9. 

HccneJJ.OBaune BJIHHHHH Mo, W, Mn H Cr. HcCJie.n:osamrn BJIHHHHH 
Mo; W, Mn, Cr H .n:pyrHx 9JieMeHTOB Ha nponecc nepepacnpene.nemrn 
yrnepo.n:a B npoMe)l{yTOlIHOH 30He H3ytieH nenoJIHOCTblO H HH>Ke npH
BO.llHTCH J!Hlllb npe;J.BapHTeJlbHbie .n:aHHbie. 

280° -
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80eMR- ceKtlHObl 

<l>Hr. 17. KpHBl?le pacna.na aycteHHta ctaJJH c 2.70/o Si a MapteHCHtHofi 30He 
(t° - 28D H 150°) H 3aBHCHMOCTb nOCTOSIHHOfi peweTKH ocraT0 11HOro aycre

HHTa a OT .nJJHTeJJbHOCTH H30TepMHqecKOlt Bbl.nep>KKH npH_280°. 

1. TI pH sse.n:eHlfM Mn (..no 2,8 % ) CKOPOCTb B Haqa.ne npouecca 
pacna.n:a 38Me.n:JIHeTCH (KaK H B CJiytJae HHKeJieBbIX CTBJieii); onHaKO 
«TOpMOlliemrn» KOHetIHbIX CT8!I.HH pacnana c o6pa30BaHH.eM CTa6HJlb· 
imro aycTemna He na6.rr10naeTCH: HepacnaBIIIHHCH r:pH H30TepMHtiecKofi 
Bbr.n:ep>KKe aycTeHHT pacnanaeTCH npH nocJie.n:y10meM oxJialli,lleHHH AO 
KOMH8THOH TeMnepaTypbI, o6pa3yH MapTeHCHT. 

06orameHHe ocTaTOtIHoro aycTeHHTa yrJieponoM, nocJie qacTHtJHoro 
pacna.na B npoMe)KyTOtJHOH 30He, He npeBbIIIIaeT TOro, KOTOpoe Ha6JIIO· 
.ll8Jl0Cb .llJlfl HHKeJieBblX CTaJieii. 

2. Bse.n:eHHe Cr .n:o 1-2 % TK>Ke MaJio MeHHeT KHHeTHKy KOHetJHbIX 
CTB.ll:HH pacna.n:a H npBpo.n:y npo.n:yKTOB pacna.rr.a. TI pH sse.n:eHHH 5 % Cr 
Ha6J110.n:aJIOCb THilHtIHOe TOpMO)l{eHHe npouecca pacna.n:a B HH)!{Heii 
qacTH npoMe>KyTOtIHofi aoHbI (HHTepBaJI TeMneparyp- 300-4000). Ha
npHMep, npH 3500 y>Ke aa 5 MHH. pacna.n:aJIOCb 85%, a npH .rr.aJibHeA
meii BbI.n:ep>KKe .n:o 1 tiac. scero 1,5 % ; npH noCJie.n:y10meM oxJia>K.n:eHHH 
.n:o KOMH8THOH TeMnepaTypbI pacna.n:aJIOCb T8K)l{e J!Hlllb OKOJIO 2 % ' T. e. 
HepacnaBIIIHHCH aycTeHHT CTa6HJIH3HposaJicH: npH KOMH8THOH TeMrrepa
Type OKa38JIOCb 11,5 % aycTeHHTa. 
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cf>Hr. 18. 3aBHCHMOCTb KOJIH'leCTBa OCTaTo•rnoro aycTeirnTa "( H no
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O.zmaKo yM.111tqemre napaMeTpa peruerKtt .D.JHI ::>roro ayctemtra 
OKa3aJJOCb 3Ha•uneJJbHO MeHbllle, '!eM JlJIH KpeMHHCTbIX CTaJleH; MaKCH
MaJJbHOe 3Ha'lem1e a = 3,598; nptt o6bl'IHOH 3aKaJJKe nOCTOHHHaH OCTa-

0 

T01rnoro aycTeHttTa 6blJJa OKOJio 3,580-3,585· A. 
f1o npeJtBapttTeJlbHbIM JlaHHblM MQ)l{HQ npeJlnOJIQ)!(}ITb, '!TO B03-

MQ)l<Ha cra6ttJIH3aUHH aycTeHHTa B npoMe)l{yTO'IHOH 30He H 6e3 H3Me
HeHHH KOifu.eHTpaUHH B HeM yrnepOJla, no.n.o6Ho TOMy, KaK 3TO Ha6JIIO
Jlaerc51 B MapreHCHTHOH 30He. 

f1pose)leHHble ttcc.11e.n.osamrn noKa3bIBaJOT, '!TO Km1enrna npespame
mrn. H KOHe•mble npo.uyKTbl pacnaJta B npo!'.1cmyTO'IHof1 so He cyLne
crneHHO H CBoeo6pa3HO MNIHIOTCH B 3aBHCHMOCTl1 OT JJernposamrn. 
ooJJee HCHOe npeJtcrasJieHHe o MexaHH3Me npespameHHH H o poJJH J1e
rnpy10wux 3JleMeHTOB MO>KeT 6b1Tb noJJy'leHo TUJ!bKO noc.ne CHCTCM3TH
'leCKOro H3y'leHHH BJIHHHHH 3JleMeHTOB c pa3JIH'IHOH CKJlOHHOCTblO 
K Kap6u.noo6pa3osam110, c pasJJHllHblM s.rrmrnueM Ha .n0cjJcjJy3u10 yrne
po.na s (/.· u 1-pacrnope H r. JI.. 

B Hacromuee speMH UeJJecoo6pa3HO sec >Ke c.ne.11arb tte1rnropb1e 
o6o6meHHH, paccMOTpes rJiaBHblM o6pa30M HaHOOJiee Bll)!{HblH .lJJ151 
opaKTHKH sonpoc 0 BJIHHHHH J1ernpy10mttx 3JieMeHTOB Ha KOHe'lHb!C 
npO.ll.YKTbI pa.cna.na H o CBH3H Me>K.lly xapa1nepoM noJiy1rn10wttxc,fl 
crpy1nyp H KOHCTp)'KTHBHOH npOllHOCTblO CTaJIH. 

OcHOBHble noJiylleHHble Ha!\UI 31<cnepHMeHTaJ1bHble cpaKTbl o s.11m1-
HHH Jiernpy!OIUHx 3JieMeHTOB Ha npouecc npespamemrn: R 
npo.nyKTbl pacna.na s Hm1rneii qacrn npoMeJKyTOllHOH 30HbI cJie
.ny10w0e: , 

1. BBe.LieHHe Cr .no 1-2 % MaJio MeHHer cKopocrb pacna.na s mrnc
Hew qacrn npoMeJKyrollHOH 30Hbl; sse.neutte Ni .no 7 % H Mn JlO 2,8 % 
CHJ!bHO aaMe.LIJIHer HallaJlbHYIO CKOpOCTb pacna.na (B . COOTBeTCTBirn 
C bny6JIHKOB3HHblMH paHee pa60TaMH) (4], O.ll.H8KO KHHeTHKa KOHe'!HbIX 
era.nm'.% pacnaJI.a u np11poJI.a npo.ny1<ros pacna.lla no cpastteHmo c yrne
po.n11croli cTaJib!O so scex CJiy'laHx no cymecrny He Me1rnerrn. XapaK· 
repttoro «TOpMoJKeHirn» pacna.na c 06pa3osam1eM cra6HJIH3Hposa1rnoro 
aycreHHTa He H80Jl!O.llaercH; npH JlOCTaTO'IHbIX ( cpaBHHTeJJbHO He60Jib
WHX) BbIJlepmKax pacna.ll. npoxo.nttr nOJIHOCTb!O; IlPH MeHblllHX Bbl
.nep>KKax ocraercH HeKoropoe KOJJH'!ecrno HepacnasweroCH aycreH11ra, 
o.nHaKo OH Hecra6ttJieH H npH IlOCJie.nyJOlllCM OXJI8)!{.l!CHHH .LIO KOMHaT
HOH reMnepaTypbI npeTepnesaeT MapTeHcttrnoe npespameHHe. f1pH 
O'leHb KOpOTKHX BbI.LiepmKax He3H8'lHTCJlbHaH qacrb aycTeHHTa Mamer 
coxpaHHTbCH .no KOMH3THOH reMnepaTypbI. 

06orameHHe OCTaTO'lHOro aycTeHHTa yrnepo.noM HJIH He 6bIJIO 
o6Hapym:etto, HJJH He npeRblruaJio 0,3 % C. 

2. AHaJIOrtt'IHbIH xapaKrep npouecca npespameHHH H npo.nyKTOB 
pacna.na B HH>KHeH qacrn npoMe)K.yTOllHOH 30Hbl ycraHOBJieH !I.Jiff l\IHO
n1x pacnpocrpaneHHbIX npOMblllIJieHHbIX MapCJK CTaJleH '( 40XHMA, 
38XA, 50X<l>A H .np.). 

3. 0mHM3JlbHble MexaHH'leCKHe CBOHCTBa ,nJIH 3TOH rpynnbl CTaJleH 
noJiyqaIOTCSI noc.ne H30TCpMH'leCKOfI 33K3JIKH B HH)l{HCH 'laCTH npoMe· 
JKyrOllHOH 30Hbl c BbI.ll.epJKKOH .ll.O KOHUa pacna.n.a. 
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CTpyKrypa noCJte raKoti aaRaJIKH HMMT rnnatJaoe H:t0.1lbtta1'M 
crpoem1e (IffOJibti.arbiii rpoocrHT) H npeJJ.CTaBJIHer co6oii cMec& 
11.-cpa3bI (c He3HatJHTeJibHbIM KOJIHtJeCTBOM pacrnopeHHOro B Heii yrne
po.11a) H u.eMeHTHTa 1. Ocraroqttoro aycreHHTa s crpyKrype npaKTH· 
qecKH HeT. 

npH He.UOCTaTOtJHOH H30TepMHtJeCKOH BbI.Uep>KKe B CTPYKType IIO· 
HBJrnercH MapreHcHT ( 06pa3y10w.Hiirn npH ox.ria>K.ueHHli c TeMneparypbI 
H3orepMbI .no KOMuarnoi'1); npn ew.e 6oJiee KopoTKnx BbJ.llep>K1rnx no· 
5IBJI51eTC51 TaK>Ke OCTaTOtJHbIH aycreHHT. 

HaJIHtJHe yqacrKos xpynKoro MapreHcHra se.11er K peaRoMy na)leHHJO 
nJiaCTHtJHOCTH H B513KOCTH. 

4. Bse.lleHHe Si (s HccJie.lloBaHHbix craJIHx HatJHHaH c 1 % } He 
TOJibKO yMeHblllaeT HaqaJ!bHY!O CKOpOCTb rrpespame1rnH, HO Ii pe3KO Me
HHeT KHHeTHKY KOHe•IHb!X CTa.lllfli pacna)la B HH.iKHeii qacTH rrpoMe>Ky
T01..(HOH 30Hbl. npouecc pacna)la 6bICTpO 3aTOp!V!3)!\HBaeTC51, a HepacrraB · 
iaHHCH aycreHHT npHo6peraer BbICOKYIO ycTOHlJHSOCTb, npH IIOCJie)lyIO
llllIX .llJ!HTeJibHblX BbI.llep>K1rnx, H IIPH OXJiaJK)leHHH .ll.0 KOMHaT
HOH reMneparypbI H JJ.O -195° pacrraJJ.aercH Jililllb He3HatJHTeJibHaH ero 
ttaCTb. 

5. YcraHOBJieHo, tiTO B npouecce npespameHH51 a npoMemyrotiHo1% 
30He y scex KpeMHHCTblX CTaJ!eii H)leT HHTeHCHBHOe nepepacnpe)leJ!eHHe 
yrnepo.lla, scJie.ucnrne qero KOHUeHTpauHH yrnepo.lla B aycreHHTe B03· 
p.acraer B 3-4 pa3a, T. e . .uocrnraer 1,2-1,5 % . 

06oramemre aycremna yrnepo.1i:oM re:.1 6oJihllle, tJeM 60J!bllle o6pa-
30BaJ!OCb IIpOMC)!{yTOqHOH cpa3hl. npoMe)KyToq11oe npespame1rne na~<.1a· 
.ztbIBaerrn Ha MaprcHcHTHoe npespamem1e npu reMrreparypax Ha 30-
so:i HH)!{e reMrreparypbI HaqaJia MapreHCHTHOro npespaw.emrn M H. 

ITpH norrn>KeHHH re!\meparyphl HaorepMbI cKopocTb sroro npouecca 
yMeHbIIJaercn, O.llHaKO cymecrneHHO orMeTHTb, tITo .na>Ke npH reMrre
parype 250° MO>KHO Ha6JIIO)l8Tb BeCbMa mrreHCHBHhlH, xorn H 
Me.ztJierrno nporeKaIOrunfi JJJHpcpy3MOHHbIH rrpouecc rrepepacrrpe.11.CJJCHHfl 
yrnepOJl.8. CTo IlOCJie)lHJ-fM IlOJiyqeHHb!M Hal\m naHHb!M BeCbM3 liHTeH
CHBHOe o6orarueHHe aycreHHra yrnepo.ll.OM rrpH pacrra,ZJ.e B npoMe>Kyroq
HOii: 30He Ha6JIIO)laerc51 TaK)!{e rrpH sneneHHH Al. 

Do JIHTeparypHbIM .ll.3HHb!M, l10.ll.06Ha51 I<apTI:!Ha Ha6JIIO)l8JlaCb 
y craJIH c 1-2 % Va [9]. 

6. CrpyKrypa KpeMHHCTbIX craJreii noc.Jie H30TepM:11qec1<0ii aaKa71KH 
B HH>KHeH lJaCTli npoMe)!(yT01..(HOH 30Hbl rrpe.ztCT3BJl5IeT co6oii CBOeo6pa3-
HYIO cMecb 10-20% secbMa rrepechlIUeHHoro yrJiepoJJ.oM aycreHHTa n 
OKOJ!O 80-90 % lif0J!b1J3TOH COCT3BJl5IIOill.eii: c 01JCHb MaJibIM co;iep>Ka-
1rneM yrJiepona. 

HarrpHMep, nJIH cra.Jin c 2,7 % Si noCJie 3aKa.rrKH np:11 reMneparype 
naorepMbI 350° !10J1y-qaerrn oKo.Jio 16 % aycreu:11r2 c conep.>Ka!·IHeM C 
OKOJ!O 1,4 % ' T. e. OKOJ!O 2/3 scero yrnepona H3XO;'.UITCfl B ayC'TeHine: 
CJie.nosare.nhHO, cpennee conep}Kanne yrnepona B HrOJib"t:J.ar0if coC'Ta
BJIHIOIUeii He npeBbilllaer 0, 15 % . Ec.JIH yqecrb, qro s coorneTCTBliFI 

1 Dpii 3JleKTPOJIHTHtleCKOM pacmopeHHH CT8JIH 40XHMA B OC8.ll0K Bblna.11aeT 
ueMeHTHT (paoora U. JI. MHHU). 
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e HCeJielIOBaHlrnMH r; B. Kyp.U!OMOBa Ii nepKac [10), HeKOTopoe, XOT~ 
H 011eHb He3Ha11IITeJibHoe KO.JIII11ecrno C, J3eposnHo, pacrnopeno 
s r,1-pemeTKe, KOJrnqecTBo Kap6HnoB a CTPYKType O'IeI-Jb MaJlO Y cTaJIH 
30XrCA KOJll14:eCTBO OCTaTOllHOro . aycTemna, a. TaK)Ke KOHUernpaum1 

yrJiepo;:i:a B HeM MeHbllie II, CJie;:i:oaaTeJibHO, KOJIII'IeCTBO KapoII,ZI.OB 
oOJihme, - - · · 

TaKIIM oopa30M, CTa.lJb TIIIIa KpeMHHCTOH IIOC'.'le H30TepMHlJeCKOH 
3aKaJIKII OTJm1iaeTC5! OT CTaJin rrocJie oobIY:HOH 3aKaJIKII H oTrrycKa, 
Bo-rrepBblx, rrpIIcyTCTBHeM ooJiblllHX Kom1qec:rn rrepechIIllCHHOro yrne

po.noM ycTOH'llHBOro OCTaTOtJHOro aycTeHIIra, BO·BTOPbIX Ma.TiblM KOJIII· 
tJeCTBOM KapoHJI:OB. 

Bo3MO)KHO, lJ.TO HMeHHo 9TO cotJeTaHHe T0tmom1crrepcHow, HroJibtJa· 
TOfO CTpOeHH51 ry_·cpa3bI H IIJI8CTHl{HOrO YCTOHLJfIBOrO aycTemITa ooecne· 
tJIIBaeT COtJeTarrne Bb!COKOH rrpotIHOCTII c MHHHMaJibHOH lIYBCTBIITe.Jib· 
HOCTbIO B Ha)lpe3e. 3rn OObHCH5IeT TaKme ocoohre npeHMyruecrna KpeM· 
HHCTbIX CTaJieH i10CJie H30TepMJll!ec1<0il 3aKa.JIKll no cpaBHCI!HIO c yrJie
po.llIICTbIMII H .npyrIIl\rn JiernpOBC!HHhil\tH CTaJI51MH, crpyKTypa KOTOpbIX 
IIOCJie H30TepMHqeCKOH 3aKa.JIKH rrpe)lCTaBJIHeT COOOfi CMeCb a-cpa3bl 
H 3Hal{HTe.JibHb!X KO.TIHl!eCTB ueMeHniTa 6e3 OCTaTOl!HOro aycTe· 
mna. 

7. B sepxHefi qacrn npoMemyrntrHofi 30HhI ace nccJie.nosaHHb!e HaMH 
.nernpy10ume 9.JieMeHTbI BbI3hIBaIOT s ooJibmei1 H.JIH 111eHhmeil t:TeneHH 
TOpMo>KeHHe pacrra;:i:a aycTeHIITa. Ko.JIHtieCTBO oopa3yIOureHC51 BHatraJI~ 
-H30TepMHqecKOH BhI)lep}!{Kil rrpoMe)!<YTOl!HOH cpa3bI c IIOBb!WeH!IeM TeM· 
-neparyphr II30TepMhl pe3KO yohrnaeT, o.nHaKo HepacrraBmHf1c51 aycreHMT 
He HMeeT Bb!COKOH ycrofiq1rnocTH: nptt JI.JJIHeJibHbIX H30T~pMHlleCKIIX 
BhI.nepmKax B0300HOBJIHeTCH pacna)l ero, HO y)Ke no KHHenrKe rrepJIIIT· 
HOH 30HbI c oopa30BaHHeM nepJII1Ta. 

- l1H-TepecHO OTM€TIITh, l{TO rrpouecc rrepJIHTHOfO rrpesparueHII51 ITOCJie 
.llJIIITeJibHb!X Il30TepMHqecKHX BbI)lepmeK MO)KHO Haomo.narh IIDH OlleHb 
HH3KHX reMrrepaTypax H30TepMbI (HarrpHMep, )l.1!51 CTaJIH 30XrCA IIPH 
380-400°). DoHB.JJeHHe rrepJIHra, sepOHTHO, HBJIHercH o.nHofi H3 npHllHH 
na;:i:eHHH yJI.apHOH BH3KOCTH npH .Il.JIHTeJibHblx BbIJI.ep}KKax B 9Tofi 3oHe 
reMrrepaTyp. 

ECJIH npepsaTb Bbrnep>KKY nocJie or<oH11amrn npouecca 06pa3osarrnq 
npoMe}KyTOllHOfi tjla3bI, TO t56JihUiaH tiaCTh HepacrrasllierocH aycTeHHTa 
-npespam.aeTCH IIpH OXJia:>K)J.emm )J.O KOMHaTHOH TeMrrepaTypbI B Map· 
TeHCIIT. 

Crpyr<Typ:i., · rroJiytiaIOma5IcH noc.lJe II3orepMRqecKofr 3aKaJIKH 
B sepxHefi qacr~ rrpoMe)!<yTOtrHofi 30HhI y KpeMHIICTbIX craJiefi, xapar<

TepHa .ll.n5! scex IICCJienosaHHhIX HaMH CTaJiefi, IIMeIOIII.HX o8JiaCTb 
ycTOfiqHBOCTH IIJIJI 3aMe)lJieHHOro pacnana Me)K,n:y rrep.JIHTIIOH II npo
Me)KyTOl{HOH 30HaMH npeBparueHHH: IIOJiyqaeTC5I C'Mecb «I1pOMe)KyT011· 
HOH cpa3bI», MapTencHTa, ocraT011noro aycremna. B cJiy11ae 6oJiee .n.nH· 
TeJibHbIX BbI)lefnKeK II051BJI51eTC51 nep.JIHT; J<OJIH'ICCTBO ocraroqHoro 
aycTeHHTa yMeHbUiaercH H MO)KeT JI.OHTH npH 00.JibllIHX BblJI.ep}KKax 
.Il.0 HYJIH. 

y MHOrHX CTaJieH "B _CTPYKType liMeeTCSI em.e qHCThIH cjJeppHT, ITO· 
HBJIHIOIII.HHCH B nepBble MOMeHThl pacrra)I.a. 
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· XapaKTepHbIM HPJHreTcs:i (KaK YR<e yKa3hIBaJJocb paHeE:" JIJIH CJTyqasi 
KPeMHFICThrx CT a TTett) Heo1rnoponHocTb cTpyKTypbI, Ha.TTF!t::fFle Kpyrrn1:>rx 
ooocofi.TTeFIHblX yiracTKOB OT!leJTbHbIX COCT8B'THIOIIIFIX. XapaKrep !lpoMe~ 
)l(YTOlfHQH tjJa3bI T8K}!\e MeH5IeTC51 (Kpym:rble BbI,!le.'IefIII51 HeHrOJiblrnTOrO 
xapaKTepa). 

Bee 9TH oco6eHHocrn cTpyKTYPhI pacnana B BepxHew t::facrn npoMe
)f{yTOqHon 30Hht xopomo o6bHCHHIOT npHq1rny pe3Koro naneHF!H conpo
trrnTTeHHH OTJlbllW. n.'IaCTHt::fHOCTH H B513KOCTH B 9TOH 30He TeMnepaTyp, 
·OTMet::feHHYIO BbIIIIe. 

HcK.moqHTe.nbHO HH3KHe 3Hat::feHHst npene.nos ynpyrocTn H TeKyqe

crn X<1p8KH'JJHbI JlJIH HeO}lHOpOJIHbIX CTpyKTYP H, B qacTHOCTH, )lJJSI 
c.Jiyttirn TIOHBJTelIHH yqacTKOB MapTeHCHTa. 

n pHBe}leHHbie .ll8 HHbie TIOK83blB8IOT erne p83, qTo npH H3y1leHHlt 
cBH3H Me}!{Jly cTpyKTypon H cBoiicrnaMH Heo6xomrno y11rrTbmaTb oco
t'ieHHOcTH Bcex CTPYKTYPHhIX cocrnBJJHIOIIIHX, a ne KaKoft-m160 OJIHOH 
H3 HHX. B 11acTHOCTH, pacr.pocTpaHeHHoe npenCTaBJ1errne, qTo noBhiwe
mie B513KOCTH H30TepMH1leCKH o6pa60T8HHOH CTaJJF! CBH38EO c npHcyT
CTBHeM OCTaTOqHoro aycTeHHTa cnpaBe}lJIIIBO Jl8JJeKo He BO Bcex 
cJiylla5Ix (KaK TIOKa3bIB8eT, HanpHMep, COTIOCT8BJJeHHe KpHBbIX 
YllapHoH: B5I3KOCTH H KOJIHlleCTBa OCT8TOllHOf0 aycTeHHTa Ha 
qrnr. l). 

8. TaKF!M o6pa30M, rtoKa3aHo, qTo onrnMaJibHOe co11eTaHHe BbICO· 
KOH TI001IHOCTH c MHHHM8J!bHOH 1lVBCTBHTe.7!bHOCTb!O B Han:pe3y TIOCJie 
H30TepMH1leCKOH 38K8JTKH B HJI)l(Hetf 1l8CTH npoMe)l(yTOtIHOll 30HbI 
no.11y11aeTcst, KOrJla CTPYKTypa npencT8BJIHeT co6oii cMecb l'/-cpa3hI 
1tro.1IbllaToro CTpoeHHst co 3Ha1111TeJJbHbIM Ko.111111ecrnoM VCTOHtIHBoro, 
o6nrameHHoro yrJiepon:oM aycTeHHTa npH M8JIOM KOJJHqecrne )lHcnepc
Hhix Kap6HJlOB ( CT8.JTH THITa KpeMHHCTOH). 

Xopuurne cB0iicTBa ( OJlHaKo npH MeHhrnetf nJiacTHtIHOCTH B Ha.zt
pe3e H ynapHOH B5l3KOCTH) MoryT 6h!Tb ITQ}JyqeHbI T8K>Ke .n.JI5I CMecH 
P.rO.llbll8TOH ".l·COCT8B.TI5IJOIIIei1 co 3H81lHTeJlbHbIM KOJTHlleC'TBOM ueMeH
THTa. 6e3 OCTFITOllHOro aycTeHHTa (CT8.JII1 yrnepOJJ.HCTbie, HHKeJieBhie, 
40XHMA. 38XA. 50X<l>A H Jlp.). 

CTpyKTypbr, noJTy11aeMb1e noc.Tie 38Ka.TIKH B BepxHefi qaern npoMe· 
>KYT01IHOH 30Hbl, npeneTaBJTmoume eo6ofl HCOI!.HOpOllHYTO CMt>Cb He
CKOJ!hKHX COCT8B.TIHJOIUHX - npoMe>KyTO"IHOH tjJa3bI rpy6oro erpoeHHSl, 
MapTeHCHTa, o6na3VIOUierorn ITPH ox.rramneHHH no KOMH3THOH TeMrre
paTVj)bI. OCT8T01lHOro aycTeHHTa H nepJJF!Ta (npH 60.rree JlJIHTeJibHbIX 

H30TepMHlleCKHX BbilieO)l(K8X, a B Hf'KOTOOblX CJ!Vll85IX Jl8>Ke ¢epoF!T8 
xaoa1<'TepF13YIOTCH pe3KO Bb!pa:>KeHHOff xpynKOCTblO H BeCbMa HFl3KHM 
eonpOTHB.TleHHeM OTpbIBY (cT8JIH 40XHMA, 38XA, 50X<l>A, .Bee KpeMHH· 
CTb!e H T. }l.). . 

CTpyKTypbr, no.T(y11arou1,nern B Bepnrei% 11acrn npo1.1e:myT011r-rofr 30HbI, 
11 pe3yJThT8Te TIO.llHOro H8JT0}KeHH51. npoMe>KyTOllHOro H neOJIHTHOl'O 
npeBpameHHH (C - Kj)HB85I c C',!lHHM MaKC'HMYMOM - yrJiepOJlHCTh!C, 
HHKeJTeBhle CT8JII1) ,ll8!0T MeHee 38Menroe TIOl{lf)!Cerme IIJlaCTHl!HOCTH H 

B5I3KOCTH. 
H3 npoBeneHHhrx HccJJen:oBarrnrr BhITeKaeT,. qTo npn pacna.ne aycTe

HHTa B rrpoMe}!{yTOllHOH 30He y CTaJJei%, JiernpOB8HHb!X KpeMHI1CM 
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(a ITO JIHTepaTypHhIM .n.aHHhl!.1 - TaK)!{e npH BblCOKHX co.uep>KaHllSlX 
aaHa.um1), H.UeT HHTeHcHBHhlii rrpouecc rrepepacrrpe.ne.rremrn yrJie· 
po.na: KOHUeHTpau1rn yrnepo.na B HepacrraarneMCH ayCTeHHTe B03· 
pacTaeT a 3-4 pa3a no cpaaHeHHIO co cpe.QHHM ero co.nep:m:aHHeM 
B CTaJIH. 

EcTecTBeHHo obIJIO obr npe.nnoJIO)!{HTb, tITO BhrcoKaH ycTOHtIHBOCTb 
ayCTemna a KpeMHHCTbix cTaJIHX oooHCHHeTrn ero ooorameHHeM yrne
po.uoM, J<OTOpoe npHBO)ll:IT K otieHb CHJlbHOMy CHH:m:eHHIO MapTeHCHTHOH 
T01IK1:! M. 

BMecTe c TeM npenaaprneJibHbie n:aHHhle sacraBJIHIOT npenrroJiaraTb, 
1ITO B !TpOMe>KyTOtJHOH 30He B03MO:m:eH H )lpyrOH MexaH1:!3M CTaOHJIH3a
UHH aycTeHlna, ITOCKOJibKY B HeKOTOpb!X CTaJIHX noJiytJaJICH YCTOHtIHBbIH 
aycTeHHT, cpaamneJibHO MaJio o6orarueHHhri1 yrnepo.noM. 

:3TOT aonpoc Tpeoyer .i:r.aJibHeliwero HsytieHHSJ. 

III. CTAJIH C fiOBbIWEHHbIM CO,ll.EP)l(AHHEM YrJIEPO,ll.A 
(C > 0,60/0) 

06rueHsBeCTHO, 1ITO npHMeHeHHe H30TepMHtieCKOil: 38KaJIKH B rrpoMe
)!{YTOtIHOH: 30He ( c o6pa30B3HHeM 11r0Jlb1I3TOf0 TpOOCTHTa) K BbICOKO· 
yrnepO.UHCTblM CT3JIHM .naeT B03MO>KHOCTb 3H8tJHTeJibHO ITOilbICHTb see 
xapaKTepHCTHKH nJiaCT1:!1IHOCTH H BH3KOCTH (no cpaaHeHmo c o6bilJHOB 
saKaJIKofr H ornycKoM Ha TY >Ke TBep.nocTb), coxpaHH5I .n.ocrnrotu-10 
BbICOKHe npe)leJibI ynpyrocrn H TeKytieCTH. 

KaK H y cTaJiefi co cpe.nHiiM co:n:epmaHHeM yrJiepo.na, onTHMa.TibHbie 
CBOfiCTBa ooecnetIHBaIOTCH rrpH BbI)lepmKaX )lO KOHUa pacrran:a. 

KpeMHHCTaH cTaJib 60C2, KaK yKa3hlBaJiocb BbIIIIe, HMeeT TY :>K:e 
KHHeTHKy npesparueHHH B rrpoMe:m:yTOl!HOH 30He, lJTO H KpeMHHCTble 
CTaJIH co cpe.nHHM conep:m:aHHeM yrnepo.ua: s pesyJibTaTe pacna.na 
TIOJiyqaeTCH CMeCb PlrOJibtiaTOro TpOOCTHTa H ycTOiilJHBOro OCTaTOlJHoro 
aycTeHHTa. 

1'1HrepecHO OTMeTHTb, lJTO 9Ta CTaJib ,llaeT noCJie H30TepMHlJeCKOfi 
38K8JIKH 3H3tJHTeJibHO 6oJiee BbICOKHe 3HatieHHH nJiaCTHlJHOCTH B Ha,ZI.
pese, tJeM yrnepo,ZI.HCTbie H MapraHUOBHCT~e CTaJIH TOi1: :>K:e npotIHOCTH 
(qrnr. 21, a H 6) 1. 

CTpose.ueHHbie HaMH HCCJie.uosaHHH noKasaJIH, tJTO 11sOTepM1111ecKaH 
saKaJIKa BbICOIWyr.rrepO,ZI.HCTbIX CTaJieft .naeT He TOJibKO noBbIIIIeHHe 
ITJI3CTH1IHOCTH, HO H 3H8tIHTeJibHOe noBbillleHHe conpOTHBJieHHH 
OTpbIBy. 

CorrpornsJiem1e OTpbIBY onpe.ueJIHJIOCb nyreM HCilhITaHHH ria Hsrn6 
nptt -195° JI.HCKOB, yKperIJieHI-IhIX no KOHTypy. B cJiyqae xpynKoro 
paspyIIIeHHH npH T3KOM HCITbIT3HHH pa3pyll!a10ruaHCH Harpy3Ka rrpH
MepHb rrporropUHOH3JibHa conpOTHBJieHHIO OTpbIBy. 

KpoMe roro, nposo,nHJIOCb ttcnhna1-rne Ha Kpy11eatte 
rronepel!HbIX o6pasuos. Paspyll!em1e nponcxo.uHJIO nyreM 
.llOKa3bIBaJioch xapaKTepoM paspyIIIeHHH (no;:i; yrnoM 

npH -195° 
OTpbIBa, tJTO 
45° K OCH 

1 Dpttse.n:eHHbie a 9TOM paa.n:eJie 9KcnepttMeHTaJihHbie .n:aHHbie SIBJil!IOTCll peaynh
TaToM COBMeCTHott pa60Tbl asTOpa u HH:>K. A. C. TapaHTOBoti. 
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.06pa3ua), noCJie He3aaqnreJihHofl aJil~crn:qecKofl .n.ecpopMau1rn. Bo. acex 
CJIY'IaflX rrepeJJ. HCITbITamrnMH ycTaHaBJIHBaJIOCb OTCYTCTBHe rpeuurn Ha 
06pa3uax rryreM HccJieJJ.oBaHHfl MeTDJJ.OM Mannnnoro rropouIKa . 

.UaHHhre, rrpHBeJJ.eHHhie s ra6JI. 3, rroKa3bIBaIOT, qro corrporHBJieHHe 
OTpbIBY rrpH H30TepMHqecKOH 3aJ<aJIKe IIOBbIIIIaeTCfl B 3--4 pa3a . 
. .. . J130TepMHqec1rnH .3aKaJIKa MOIB:eT 6bITh rrpHMeHeHa IIPR o6pa6orKe 
. HHCTpyMeHTa H rrpy:m:HH cpaBHHTeJibHO He60JibllIOfO ceqeHHfl, eCJIH 
Tpe6yercfl rsepJJ.OCTh He BhIIlle R c = 50 +- 55. _ 

B cJiyqae Heo6xOJJ.HMOCTH rroJiyqeHHfl 60.rree BhICOKoil: TBepJJ.OCTH 
(R c > 55) H rrpli o6pa6oTKe JJ.eraJiefi 60.rrhlllero ceqemrn, cJie,n:yer 
. f npm.rnHflTh cryrreHqaryIO 3a

a) 

MM 
2,01--+..~--if--~-t-~~t--~~ 

0 70 

JaKa!IKa 
c omnl/CKOM 

5./o 1200° 

60 50 
rOepBocmo 

40 Re 

KaJIKY HJIR 3aKaJIKY B rop5I
t!Y!O cpe.n:y npH reMneparype 
mr:m:e M 11 ( c 6oJiee .n:mneJih
HOH Bb!JJ.ep:m:KOH) c IIOCJieJJ.yIO
IUHM ornycKOM. 

I 
1'1f1 

6) 

ct>1!l'. 21. CpastteHHe crpenbI nporn6a nocne H3orepMH1IeCKofi Ja
KaJIKH H nocne 06b1qHoli 3aKaJIKH H ornycKa Ha ry lKe rsep.!lOCTb: 

a - CT8Jlb 65f; (j - CT8Jlb 60C2. 

B JIHTeparype (oco6eHHO B HHOCTpaHHOH) HeOJJ.HOKpaTHO yKa3b!Ba-
1710Cb, qTo IIpHMeHeHHe cryrreHqaTOH 3aKaJIKH yMeHbIIIaeT IIOBOJJ.KH H 
ycrpaHf!eT orracHOCTh IIOflBJieHHfl rpemHH, HO He .n:aer 3aMeruoro yJiyq
_IlleHHfl MexauwreCKHX CBOHCTB. 

TipHMeHeHHe «MflfKOfO» MeTO)la HCilb!TaHHfl - Ha Kpyqem1e - npH 
+20° II03BOJIHJIO BblflBHTb cymecrneHHOe IlOBb!Uiemre IIJiaCTHqHQCTH 
( CJlBHra) rrpH cryrreuqaroii 3aKaJIKe. 

C ,llpyrofi CTOpOHb!, IIpHMeHem1e «:m:eCTKHX» MeTO)lOB (HCIIb!TaHHe 
JlHCKOB rrp11 -195°' a TaK:m:e HCIIbITaHHe Ha Kpyqerrne rrorrepeqHbIX 
06pa3uos rrpn: -195°) II03BOJIHJIO ycTaHOBHTb 3Haq1neJibHOe (a 4-
5 pa3) ITOBbIIIIem1e corrpOTHBJieHHfl OTpbIBY (ra6JI. 4). 

Oco6hre rrpen:MymecTBa 3aKaJIK!1 s ropflqne cpeJI.bI B rrpn:MeHeHmi 
K Bb!COKoyrJiepOJJ.HCTb!M CTaJif!M 3aKJI!QqaIOTCfl B ycrpaHeirnH 3aKaJioq
HbIX rperun:H, KOTOpble flBJ!fl!OTCfl pacrrpocTpaHeHHb!M BHJJ.OM 6paKa Jl.Tlfl 
3THX CTaJieH, a B CJiyqae 3aKaJIKH B meJioqHhie cpe,n:bI - B B03MOlliHO
CTH rroJiyqennfl cseTJIOH rrosepxHOCTH 6e3 nocJie,n:yromero onec1<0crpy11-
Ba~n:fl HJIH rpasJieHm:I. 

104 



Ta6Auqa 4 
IloBblllleHHe conpOTHBJleHHSI OTpblBY H nnacrnqnoCTH (OTHOCHTeJibHOro 

.. c.11.enra) nocne CTyneuqarntl aaKaJIKn; CTaJib 65f 

l1cnblT3HHll .llHCKOB l1cnb1Trn1111 norepe'IHblX 
o6pc3UOB Ha Kpy<teHHe 

I 
.. 

np11+20-1 npn-195° TepMH'lecKa11 o6pa6otKa 
Taep- Teep-

npH -195° 

. Jl(>CTb .llOCTb 

sr I C.llBHr Re ST D KZ/ .futl Re 
B KZ{.M.M2 l B 0/o 

Ctvneuqara11 aaKanKa c 178 180 182 10,2 
820° .B COJIH 270° - 2 MHH.; 178 178 221 27,3 
oxnalK.nenue Ha 803.ll.YX<'; 239 
ornycK 180°-1 11ac 219 

193 

58 I 198 I 179 I 56 I 202 I 19 

06b111ua11 aaKanKa c 820° 84,.5 80 32,5 3,4 
B lOOfo-HoM pacTllope w.eno11n; 73,5 38 40 3,4 
orny~K 180°-1 11ac 84,5 56 50 4 

59,5 I 80.8 I 61 I - I 40,8 I 3,6 

IV. CTAJIH C UOHH)l(EHHblM CO)l.EP)l(AHHEM YrJIEPO)l.A 
(U.EMEHTYEMblE, C ~ 0,2ll0fo) 

1. ,UJUI 3TOH rpyIIIIbI CTaJ):efi rrpHMeHeHHe o6biqHOH 3aKa.nKH c HH3· 

KHM ornycKOM ,11,aeT CTPYKTYPY MapTeHcHTa co cpaBHHTeJibHO Ma.nofi 

KOHUeHTpau11e.H: yr.nepo,11,a B perneTKe, H, CJie,11,0BaTeJibHO, c He3HaqHTeJib
HOH qyscTBHTeJibHOCThIO K Ha,ll,pe3y. 

2. llpHMeHeHHe H30TepMHqecKOH 3aKa.nirn (KaK IIOKa3a.nH rrepBbie 
OIIbITbI) He ,11,aeT cyw.ecTBeHHOro y.nyqrneHHH MexaHHqecKHX CBOHCTB, 
O,ll,HaKo secbMa 60JiblIIHe rrepcrreKTHBbI HMeeT rrpHMeHeHHe pa3.nHqHbIX 
MeTo,11,os 3aKa.nKH B ropHqHe cpe,ll,hl (s rrepsyIO oqepe,11,b cTyrreHqaToli 
3aKaJIKH) K UeMeHTyeMbIM ,11,eTaJIHM C UeJib!O yMeHbllieHHH IIOBO,ll,OK, 
rro.nyqeHHH HY.>KHoro coqeTaHHH TBep,11,ocTH cep,11,uesHHhl H ueMeHTOBaH· 
HOro CJIOH, a TaK.>Ke CBeT.noit rrosepxHOCTH. 

V. 061IJ.HE BblBO)lbl 

llpose,11,eHHhie Hcc.ne.n;osamrn, pa6oTbI JI.pyrnx .na6opaTOpHli H HHCTH· 
TYTOB, OIIbIT BHe,ll,peHHH B cepHlIHOe npOH3BO,ll,CTBO npHBO,ll,HT K CJie)J.yIO
W.HM 06W.HM BbIB0,11,aM. 

I. llpttMeHeHHe pa3.n11qHbIX MeTo,11,os 3aKa.nKH s ropHqHe cpe,11,hl so 
MHOrHX c.nyqaHx ,11,aeT 3HaqHTeJibHbie, TeXHHqecKHe, TeXHOJIOrnqecKHe H 
3KOHOMHqecKHe rrpeHMyw.ecTBa: 

. a) )J..n.H MHOrHX MapOK CTaJieH (KOHCTPYKUHOHHblX H HHcrpyMeH
TaJibHbIX) aHaqHTeJibHOe IIOBbIWeHHe KOHCTPYKTHBHOH rrpoqHocrn; 

6) ycTpaHeHHe 3aKaJioqHbIX TpeW.HH, MHHHMaJibHOe KOpo6JieHHe; 
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B) np1rneHem1e saKaJIIrn B pacrrJiasJieHHble ll.J,eJioqn o6ecrreqnsaeT 
rroJiyqeHMe cseTJioii 6e3 oKaJIMHbl rrosepxHocrn • 

. 3TO J].aer B03MO:>KHOCTb BO MHOrHX CJiytJaHX npoBO.ZIJITb repMnqe. 
cKyIO o6pa6oTKy .11.eraJieii rrocJie oKottqareJihHOH Mexam1qecKoi1 o6pa-
6orKH 6e3 IIOCJie.11.y10mei1 OtIHCTKH. 

2. nJIH ycrrernHOrO npHMeHeHHH BCeX BHJJ.OB 3aKaJIKH B ropHqHe 
cpe.11.bl Heo6xOJJ.HMO BblIIOJIHeHHe CJie.11.y10mux yCJIOBHH: 

a) rrpaBHJibHblH Bbl6op MapKH CTaJIH H pe:>KHMa o6pa6oTKH Ha OCHO
BaHHH rrpeJJ.sap111eJibHOro J].eTaJibHOro H3ytieHHH MexaHHtieCKHX CBOHCTB 
(c npHMeHeHHeM pa3HOCTOpOHHHX MeTOJJ.OB HCilbITaHHH ,ll.JIH oueHKH 
KOHcrpyKTHBHoii rrpotIHOCTH) npoKaJIHsaeMocrH, 3aKaJIHBaeMocrn H KO
po6JieHHH; sa1rnJIKY s ropHl!He cpeJJ.bl UeJiecoo6pasHo npHMeHHT&. He 
KO BCeM MapKaM CTaJIH H pa3MepaM .11.eraJieii; HerrpaBHJibHblH Bbr6op 
pe}!{HMa o6pa60TKH MO:>KeT rrpHBeCTH K pe3KOMY yxy;::r.weHHIO MexaHnqe
CKHX CBOHCTB; 

6) o6ecrretieHHe .llOCTaTOtIHO BbICOKOti ·H paBHOMepHOH CKOpOCTH 
OXJia:>KJ].eHHH rrpn 3aKaJIKe, tITO .llOCTHraeTCH rrpHMeHeHHeM saHH 
c HHTNICHBHoii UHPKYJIHUHeif cpe.11.hI; 

B) o6ecrretieHHe MaKCHMaJibHOH O,llHOpO.llHOCTH HCXO.llHOii aycrermT
HOH crpyKrypbI. 

Dpn 3TOM CJie.n:yer raK}!{e YtIHTbIBaTb, tITO saKammaeMOCTh npH H30-
repMnqecKoli 3aKaJIKe CHJibHO MeHHeTCH B 3aBHCHMOCTH OT pasMepoB 
M cpopMbI .11.eraJieii; II03TOMY rrpH BHeJJ.peHMH H30TepMHtieCKOH 3aKaJIK!i 
He06XO.l!HMO YTOtIHeHHe rexHOJIOrHM rrpHMeHMTeJlbHO K OT)J.eJibHhIM THIIO
BhIM ;::r.eraJIHM. 
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A. fl. I'Y»HEB, E. A. »EBEEEBA 
u B. B. COKO»OBCKMl 

CTYilEH11ATASI 3AKAJIKA B PACilJIABhl E,ll.KHX lll.EJI011EA 

B HacT0511I1ee speM51 s KaqecTBe aaKaJioqHofi cpe,n:bl rrpH cTyrrettqa
TOH H H30TepMw-1ecKoil aa1rnJIKe .n:ernJieU: H HHcTpyMeHTOB rrpHMeH51IOTC51 
Hap51.llY IIJIH BMeCTO rop51qero MacJia II ceJIIITpbI pacrrJiaBbl e.LI.KHX 
meJioqeit 

nocJie,n:mrU: crroco6 6blJI IIPe.zlJIO)!{eH JiaypeaTaMH CTaJIHHCKOH 
rrpeMHH C. C. BoJIKOBbIM H B. E. Ca.llOBCKIIM. 

ITpeHMymecTBa pacrrJiasa e.llKl1X meJioqeli KaK aaKaJioqHoli cpe,n:bl 
nepe.n. rop51qf!M MaCJIOM 11.mr pacnJiaBOM a30THO· HJIH a30THCTOKl1CJibIX 
COJiett COCT051T B CJie,n:yIOIUeM: 

a) ITocJie 3aKaJIKH B e,n:Kl1e IUeJIOqH 11 IIOCJie,n:yIOIUet\: JierKOH rrpo
MbIBKH B so.n.e (3aKaJioqHhIH Harpes B COJIH) H3.lleJIH51 rrpHo6peTaIOT 
cepe6p11cThifi HJIH csernocepbrU: u:seT, Tor.ua KaK rrpII aaKaJIKe B pac
tIJiaBhI ceJIHTp, a TaK)!{e B so.n:e HJIH MacJie IlOBepXHOCTb 113.lle.711151 
IIOKpbrsaeTC51 CJIOeM OKHC.10B, .llJl51 y.llaJiemrn KOTOPbIX TPe6yeTC51 crre
U:HaJihHa51 o6pa6oTKa ( onecKOCTPYIIBaHIIe, XHMHtiec1rn51 oqIIcTKa). Cry
rrettqaTa51 aaKaJIKa B pacrrJiasax e,n:K11x IUeJioqeli rroJiytJIIJia ttaasaI-rne 
«C B e T JI a 51 3 a K a JI K a», HO 3TO Ha3BaHHe He.n:ocTaTOqHo TOqHoe, 
TaK KaK CBeTJIYIO nosepxHOCTb MOLKHO IIOJiyqf!Tb rrpH 3aKaJIKe 11 B .n.py· 
rnx cpe.n:ax. 

6) KaK CJie.rr.yeT H3 HacT051IUefr pa6oThI cKopocTb oxJia)!{.n:eHH51 rrp11 
3aKaJIKe B pacrrJiasax e.n:KHX meJioi.refi 3Haq11TeJihHO rrpesbllnaeT cKo
pOCTb OXJia:>1<.n:eHH5I B pacrrJiaBJieHHblX ceJ1HTpax; 3TO paCilllipHeT B03· 
MOLKHOCTb rrpHMeHeHH51 CTyrreHqaTOH 3aKaJIKH H yMeHbillaeT orracHOCTb 
IIOHBJieHH51 6pa,Ka no M51rKHM I151THaM H He,lJ,OCTaToqHOll 3aKamrnae
MOCTH. 

YKa3aHHhie rrpeIIMyruecTBa e,n:KHX meJioqefi KaK cpe.n:h1 .n:JI51 cTyneH
qaTOfi 33KaJIKH o6ecrreqHJIH HX nrnpOKOe rrpHMeHeHHe B MaIII!iHOCTp011· 
TeJibHOH rrpoMblillJieHHOCTH. 

TeM He MeHee He cymecTByeT erue HCCJie.n:osaHHH, B KOTOpbIX TeXHO· 
.rwrnqecKHe csoikTBa meJioqefi, KaK 3aKaJIOlfHhIX cpe.rr. 6bIJIH 6br 
1-rnyqeHhI .n:ocrnTOqHo rro.n:po6Ho. 

ITpH rrpHMeHemm rue.noqeli KaK 3aKaJioqHbJX cpe.z:r. Ha.no 11MeTb 
B BH.n:y, qTQ OHH co.rr.epLKaT 11JIH MOryT co.rr.epLKaTb (paCTBOpHTb) so.rr.y. 
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Co.uep:>1rnm1e B pacn.naB.neHHofi rue.notIH BO.Ubl HBJUieTcH O.UHHM H3 HaH
oo.nee cymecTBeHHbIX cpaKTOpOB, BJIHHIOIUHX Ha CBOHCTBa pacnJiaBa KaK 
3aKa.notIHoii: cpe.ubI. 

,llJI5I pauttoHaJibHOro npHMeI-IeHH5I IUeJIOqeii: B KatiecTBe 3aKaJI04HbIX 
cpe.u Heooxo.n:HMO obIJio ycrnHOBHTb: 

a) TeMnepaTypy HatiaJia 3aTBep.ueBaHH5I COJIH B 33BHCHMOCTH OT ee 
cocTaBa - co.uep:il<aHHH NaOH, KOH H H 20, TaK KaK 3TO onpe.n:eJIHT 
HH}!{HIOIO paootiyIO TeMnepaTypy pacn.naBa; 

o) BJIH5II-:!He COCTaBa pacnJiaBa Ha 3aKaJIHBaIOIUYIO CilOCOOHOCTb, 
onpe.ueJIH!OillYIO npe.UeJibHbIH pa3Mep H3.UeJ1HH, KOTOpbIH MO./KeT no,n:Bep
raTbCH 3aKa.nKe; 

B) BJIHHHHe COCTaBa pacn.naBa Ha BHeIIIHH~l BH.U H3.UeJIHH, no.u.Bep
raBIIIHXCH CTyrreH:tiaTOH 3aKaJIKe; 

r) H3MeHeHHe cocrnBa BaHHbI B npouecce ee 9Kcn.nyaTallHH. 

TEMTIEPATYPA KPHCTAJIJIH3AU.HH CTIJIABOB E.ll.KHX llf.EJIOIJER 

B Kaqecrne HCXOJ]Jlb!X MaTepHaJIOB CJIY:>KHJIH TeXHHlJeCKHe COJIH 
e.rr.Koro HaTpa H e,n:Koro Ka.ntt, npHMeHHeMbie .u.nH cocrnBJiemrn saKa~ 
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JIOlJHb!X_BaHH Ha rrpOH3BO.UCTBe: 
1) 92,1% NaOH; 2,3% Na2C03; 1,0% 

Na2S04; 4,6% NaCl; 
2) 94,5% KOH; 1,9%' 1<2C03; 0,3% 

K2S04; 3,3 % KCI. _ 
NaOH H KOH oopa3yIOT CHCTeMy c· He

orpaHHlJeHHOH pacTBopHMOCTblO B TBep.rr.oM 
COCTOHHHH. 

MeTO.UOM TepMHtJecKoro aHaJIH3a HaMH 
fOO KOH 20 40 60 80 NuOH obIJia ycraHOBJieHa TeMnepaTypa HatJa.na 

KpHCTaJIJIH3aUHH oe3BO.UHbIX (H20 < 1 % ) 
<l>Hr. I. Jlmrnn JIHKBH.ZI.YC meJioqeii: yKa3aHHOH BbIIIIe llHCTOTbl 

CHcreMbI KOH-Na OH. ( c±>Hr. 1), 
MttHHMaJibHaH TeMneparypa n.nas.neHHH 

6e3BO.UHoro pacnJiaBa coJiefi NaOH - KOH 
Jie}!{HT nptt 155°, .UJIH cooTHorneHHH 35% NaOH H 65% KOH. 

,llooaBKa BO.Ubl K pacn.naBy coJiefi cHH:m:aeT TeMnepaTypy n.naBJie
HHH, HO npH pa3JIHlJHOM COOTHOIIIeHHH COJieH c pa3HOH HHTeHCHBHO
CTblO. 

Ha c±>Hr. 2 npHBe.n:eHbI cetieHHH noBepxHOCTH JIHKBH,n:yca CHCTeMbl 
KOH - NaOH - H20. 

,llooaBirn BO.Ubl np11 co.uep:m:airnH B cnJiaBe Na OH MeHee 35 % Be.rr.eT 
K CHl!:>KeHHIO TeMnepaTypbl Ha11a.na 3arnep.n:esaHHH. IlpH co.uep:>KaHHH 
B cnJiase NaOH Go.nee 35% yseJIH'IeHrre BO.Ubl Ha TeMnepaTypy 
Ha11a.na 3arnep.uesaHHH cyw:ecrneHHo He BJIHHeT ( qmr. 2). 

MttHl!MaJibHaH TeMneparypa 3arnep.ueBaHHH cnJiaBa c yBeJIHtJeHHeM 
co.uep:>KaHHH BO.Ubl CHH}!{aeTCH H C.UBiffaeTCH B CTOpoHy MeHbIIIero 
co.uep~aHHH B cn.naBe NaOH (nyHKTHpHaSI JIHHHSI Ha ,n:Ha
rpaMMe). 
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npH 10% M,nbI MHHIIMaJihHa5l TeMnepaTypa KpHcTa.JIJJH3aUIIH 
Jte:>KHT npH 120° H coornorne1urn NaOH: KOH oKo.110 15: 85 (,n:JI5J 
6e3BO.UHbIX coJieii 3Ta reMneparypa 155° 11 coornornem:1e NaOH: KOH 
cocraBJHleT 36 : 65). 

lf2 0 
% f20 f2 

tO 

8 

6 

4 
200° 

2 

0 
10 20 JO 40 50 NaOH% 

<l>Hr. 2. nosepXHOCTb Jll1KBH,llyca CHCTeMbl NaOH-KOH-HzO. 

3AKAJ1HBAIOIUMI cnoC06HOCTb PACUJIABA E.ll.KHX IUEJIO'IER 

3aKaJIHBa10ur.aSI cnoco6HOCTb onpeneJISIJlaCb HaMH KaK CKOpOCTh 
oxJia:>KJJ.eHm1 npH 700° noBepxHOCTH o6pa3Ua .nIIaMeTpoM 25 .MA-t, npe.n
sapHreJibHO Harperoro .no 850°. 

)lJISI onpe.ne.n:emui: cKopocn1 ox.11a}KnerrnSI OhIJI IICTIOJib30BaH ropue
sofi MeTO.Ll onpe.ne.rremrn npoKaJIIIBaeMocrn. 

Orrpe.ne.rrws ropueBhIM Mero.noM rnep.nocrh no JJ.JIIrne 06pa3ua 
craJIH 45 11 3Ha5l pacnpe.ne.nemie cKopocm . ox.11a)l{.nemrn npII ropuesofi 
aaKaJIKe no .nmrne 06pa3ua, MO:mHo l!aihII, KaKoii cKopocrn ox.11a:m.ne
HH5l npH 700° COOTBeTCTByer Ta HJIH HHa5! TBep.uocTb. 

CJie,noBareJibHO, 3aKaJIIIBa51 B pa3JIHtIHhle pacnJiaBbI o6pa3UhI 
craJIH 45 TOH :>Ke nJiaBKH H H3Mep5!SI Ha HX nosepx1rncrn TBep.LI.OCTb, 
MO:>KHO 6hIJIO onpe,neJIHTb CKOpOCTb OXJ!a:>K.nemrn npH 100·). 

9ror HeCKOJibKO ynpomeHHbIH cnoco6 onpeJJ:eJiemrn 3aKamma10meii 
cnoco6HocrH 3aKaJiotIHbIX :>KH.UKOCTeii .naer cpasmneJibHO xopowrre 
pe3yJibTaThI, H HM qacTo TIOJib3YIOTC51 npH nccJienoeamrnx. 

Ha qrnr. 3 npHBO.U51TC51 rpacpnqecKH .naHHble, noKa3bIBa10rune 3aBH· 
C0HMOCTb CKOpOCTH OXJia:>K.nemrn noBepxHOCTH o6pa3UOB ,UHaMerpoM 
25 .MM npH 700° OT co.nep:maHHH B pacn.11aBe BO.Ubl. Ka)l{.uoe ceMeiicrno, 
COCT051IUee 113 Tpex KpHBb!X, COOTBeTcTByer TeMneparype 3aKaJIOtIHO!f 
cpe.nbl 200-250°, a Ka:>K,na51 KpHBa51 - COOTHOWeHHIO B co.uep:a<aHHH 
COJiefi 2 : 8, 3 : 7 H 4 : 6. . 

113 npHBe.ueHHOfO rpacpHKa 51BCTByer, tITO: 
a) yBe.rrHtieHHe coJJ:ep:>KaHH51 BO.Ubl B pacnJiane yBeJIIItIHBaer ero 

aaKaJIOtIHYIO cnoco6HOCTb; 
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6) t5oJiee HM3Kasi TeMrreparypa noBhtwaeT 3aKaJI01:1Ry10 cnocotim>CTb 
pacrIJiaBa TeM cHJibttee, tJeM 6oJibwe conepx<attHe B HeM BO.llbI; 

B) HaH60Jibll1YIO CKOpOCTb OXJia>K)leHHSI o6ecnetmBat!T pacnJiaB, 
B KOTOpoM ornornemi:e NaOH H KOH 3: 7, onttaKo 3TO npe1rnyrn,ecrno 
HeBeJIHKO H 11paKTHlJeCKH MO)!{eT He ytJHTbIBaThcsi; 

r) TeM11epaTypa 3arnepneBa1-msi coJIH He oKa3hIBaer BJIHSIHHSI Ha 
saKaJIHBa10rn,y10 c11oco6ttocTb pac11Jiasa. 

TaK, Ha11p11Mep, 11p11 5% BO.llbl c11JiaBbI c 20, 30 H 40% NaOH 
HMelOT O)lHHaKOBYl-0 3aKaJIHBaI-Orn.yI-O c11oco6HOCTb, TOf)la KaK TeMnepa
Typa HatJaJia HX 3aTBepnesaHHSI pa3JIHlIHa H paBHS!eTCSI COOTBeTCTBeHHO 
140, 160 H 190°. 

epaiJ/ceK 
JO%Na0H+ 70%KOlf 

0 220•-+--+--+--+--+---+-+--+--+--+-0--V-/-1 
~ 1200 / 40%NaOH<-50%KOH 
<.;;: if. . .Ar20%NaOH+80%KOH 
~J80 +--+-+--+--+--+--+--+---+-/~vv-tf3'"/,.7)'<Jif%NaOH+70%KOH 
§ +--+--+--+--+--+---+-+--/_.,'/,.,,,"'~/'."' 20%NaOH<-80/6KOH 
~f/;0 A 
~ ?",,-v / )- .:,z 1to'%rvaOH+6'0%KOH 

~ -f/ /v;'.Yf 250" 
~fOOl--+--1--+---+--+-:a~-,.,~~~t----r--I 
~ L.~,,9~ 

~~l-b~.~~~-i=-+-MV~l-+-H~ 
~ •EP' I 

20 o 2 1t o a m % 
Codep)f(aHue Borlb1 B ·cnaa8ax 14e110t1eu 

<l'Hr. 3. CKopocTb oxJia>KlleHH!I nosepxHocrH craJThHoro 
o6paJua .n11aMerpoM 25 .MM (Harperoro .no 8:i0°) s meJioq
HblX cpe.nax, co.nep)f(aru11x paJJ111qttoe KoJ111qecTBo BOllhl 

(reMneparypa ruenoquoi1 cpe.nhl 200 11 25t1°). 

CJie.nosareJibHO, 3 a K a JI H B a 10 rn. a SI c n o c o 6 H o c T b p a e-
n JI a B a e .ll K 11 x m e JI o q e ii o 11 p e A e JI H e T c SI B o c H o B
H 0 M c 0 )I. e p )K a H H e M B H e M B 0 Jl bl H y B e JI H q H B a e T c SI 
11 0 M e p e c H H )K e 1-1 H SI T e M 11 e p a T y p bl p a c 11 JI a B a. 

3aKaJIHBaJOrn:aSI c11oco61-1ocTb pac11JiaBa e)lKHX IUeJIOtJeii, conep>Ka
rn.Hx BO.lly, 3HatJHTeJibl-IO 11peBOCXO.llHT 3aKaJIHBaIOIUYIO c11oco6HOCTb 
MHHepaJibHOro MaCJia, ycTy11asi B 3TOM OTHOllleHHH 3aKaJIHBaI-Omeii c110-
co61-1ocrn BO.llhI. 

CKOpOCTb OXJia>K)leHHSI o6pa3ua .n:HaMerpoM 25 MM 11pli 700° B CJIY· 
qae 3aKaJIKH B BO)le COOTBeTCTByer 450°/ceK, 11p11 3aKaJIKe B MaCJie 
55° /ceK 11 11p11 3aKaJIKe B pac11JiaBJieHHhlX rn:eJioqax (conepmaHHe BO.lI.hI 
7-10%) 100-200~/ceK. 

MaKCHMaJibHoe KOJIHtrecrno BO.lI.hI, Koropoe UeJiecoo6pa3HO BBOJlHTb 
B pac11Jias enKHx rn:eJiotreii, cocraBJISieT I 0-15 % . 5oJibll!ee KOJIHtJe
crso BO)lbl B e)lKHX llleJIOl!aX 11pHBO.llHT K mrreHCHBHOMY HcnapeHH!-0 ee 
H K 110JiytieHH!O MS!fKHX 11SITeH Ha 3aKaJieHHblX H3.lJ.eJIHSIX. 
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B HaCTostmee speMH HeT xHMHtiecKoro MeTo.na onpe.ne.nemrn co.nep· 
>Kamm BO.llbl B pacnJiasax emrnx meJiot.Ieii (NaOH +KOH), 3arpH3-
HeHHbIX np1rneCSIMH (Na2C03, 
K2COa, NaCl H T. Jl.). 

B CBH3H c Heo6xo.llHMOCTbIO B 
npoH3BO.llCTBeHHbIX yCJIOBHHX KOH
TPOJIH meJiol!HOH aaHHbl Ha co,II.ep
>KaHirn BO,II.bI HaMH npe,II.JIO>KeH Tep-
MHl!eCKHH MeTO.ll aHaJIH3a. Ha· 
qmr. 4 np1rne.neHa 3aBHCHMOCTb 
TBep)lOCTH nosepxHOCTH o6pa3UOB 
,n:HaMeTpOM 25 .MM H .llJIHHOH 50 .MM, 
H3fOTOBJieHHbIX H3 CT8JIH 45, nocJie 
saKaJIKH B e.nKHX llleJIOt.Iax 0T co
.n:ep:>KaHHSl BO.llbI B pacnJiaae. ,llaH
HaH 3aBHCHMOCTb )leHCTBHTeJihHa 
JlJIH onpe.n:eJieHHbIX yCJIOBHii 3aKaJI· 
KH: Harpea o6pa3UOB B COJISIHOfi 
BaHHe npa 850 + 5° H Bbl.llep)!{K! 
12,5 MMH.; OXJia>K.n:eHHe B pacnJiaBe 
lUeJIOt.IH npH 200 ± 5° HJIH 250 + 5,, 
c BbI.n;epRmoH: B Hefi B Tel!.eHHe 
5 MHH. H nocJie,II.yIOIUHM OXJI8)!{,!J,e• 
HHeM B BO,lJ.e c TeMneparypoii 
70-80°. 

3aKaJIHBaH T8KHM o6pa30M 
o6pa3Ubl yKa3aHHbIX pa3Mepos H3 

CT8JIH 45 H H3MepHSI TBep)lOCTb Ha 

1 -Re 

180 • ./ I 

v-Kc - -\ J 2.,, 

\ I L '"6to , 
~ I 

f50 

I ,, " 
I J 
'I 
'/ 

fOO 
/J 

3. 

80 v 
50 1. 

0 (( 8 f2 ' 
<PHr. 4. 3aBHCHMOCTb rnepnocTH CTaJIH 
45 H reMneparypa saraepneaaHHH 
cnJiaaa or KOJ1w1ecrna BOllbI, aae11em1oi\ 
B meJioq11y10 BaHHY. CO'CTO!llUJIO H3 

300/o Na OH+ 700/o KOH. 
1 - t = 200°; 2 - t .., 250°. 

cepe.n:HHe HanpaBJIHIOIUefi UHJIHH.npa, MO)!{HO npH IlOMOIUH npnsenea· 
Horo rpacl>HKa ycTaHOBHTb npH6JIH3HTe.JibHOe (±1 % ) CO,LI,ep:>KaHHe 
BO.ZU;il B pacnJiase. 

qnCTOTA OOBEPXHOCTH H3nEJIH~ OPH 3AKAJIKE 
B PACOJIABbl IUEJIOqER 

Harpes H3.D:eJIHH s xJIOpHCTblX cOJIHX He BbI3brnaeT oKHcJiemrn. 
B MOMeHT sw,n:atIH H3.n:emrn H3 cciJIH Ha so3.n:yx npoHcxonHT qacTHt.I

HOe OKHCJieHHe MeTaJIJia, TaK KaK nJierma COJieH Hen.nOTHO o6aoJiaKH
BaeT M3,lleJIHSl. 

TipH 3aKaJIKe coJib sarnepnesaeT npH TeMneparype OKOllIO 700° H 
BCJie,LlCTBHe pa3HOro K03cpcpHUHeHTa JIHHe1rnoro pacun1peHHSl COJlfl H Me
TaJIJia TOHKaSI nJieHKa COJIH OTCJia1maeTCSl H o6HamaeT MeTaJIJI. Bo3-
MO:>KHO, l!TO O,LlHOBpeMeHHO HMeeT MeCTO pacTBOpeHHe nJieHKH COJIH B 
aaKaJiol!H:ofi }!{H.llKOCTH. B 3TOT MOMeHT MeTaJIJI scTynaeT so ssaHMO
)leiicTBHe c 3aKaJIOl!HOti >KHJlKOCThIO. Dpm1cxonHT nocJieny10ruee oKHCJie
HHe MeTaJIJia KHCJIOpO,LlOM, BXO,LlSllUHM B COCT8B BO,ll,bI, JieTyl!HMH coem1-
HeH1rnMH MaCJia HJIH aSOTHOKHCJibIX COJieii. 

B OTJIHl!He OT 3THX seIUecrn e)lKHe IUeJIOl!H - HacTOJihKO ycToiit.IH

Bble coe.n;HHeHHSI, l.JTO He pa3JiaraIOTCSl H He OKHCJISIIOT MeTaJIJia, a pac
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rsop5riOT 06pa3osasnrnecH paHee OKHCJibl, no3ToMy 3aKaJIKa 8 pacnJiase 
w.eJioqeiJ: o6ecneqHsaeT noJiyllemrn HeoKHCJieHHoii nosepxHOCT!L 

3aKaJIKa c pacnJiaBe TexHHllecKHX w.eJioqeif .naeT see :>Ke HeKoTopoe 
OKHCJiem1e nosepxHOCTH BCJie,ncrnHe HaJIHllHH B W.eJIOl!H B0.1lbl H .npyrnx 
c·oe.UHHeHHH, t.ITO orpa:m:aeTCH Ha H3MeHeHHH B UBeTe nosepxHOCTH, 
KOTOpb!H KOJie6.JieTCH OT cepe6pHCTOro .uo ceporo. 

Dpouecc OKHCJieHHH MeTa.JIJia Hal!HHaeTcH noc.Jie OT.UeJieHHH nJieHKH 
COJIH H, sepOHTHO, npoTeKaeT B TeM 60Jibllleii creneHH, lleM .UJIHTeJibHee 
CTaJib HaxO.UHJiaCb npH BblCOKOH TeMnepaType, T. e. t.IeM Me.ll.JieHHee 
npOHCXO,ZtHJIO OXJia:>K,UeHHe. 

)lo6asKa BO.Ubl K W.eJIOllaM, Ha nepBbIH B3rJIH.U, .UOJI:>KHa 6bIJia 6bl 
yxy.UIIIHTb Kal!eCTBO nosepxHOCTH, TaK KaK B 3aKaJIOllHYIO :lli:H.ll.KOCTb 
HHTeHCHBHO BBO.ll.HTCH OKHCJIHIOW.HH peareHT; rm caMOM :>Ke ,neJie Kalle· 
CTBO nosepxHOCTH YJIYlllllaeTCH, TaK KaK .uo6aBKa BO.Ubl pe3KO ycKO· 
pHeT oxJia:m:.nem1e H yMeHblll8eT speMH npe6b!B8HHH li3.Ue.JIHH npH Bbl· 
COKOH TeMnepaType B KOHTaKTe C 3aKa.JIOt.IHOH :IB:H.1lKOCTblO. Do TeM :m:e 
caMhlM npHllHHaM 6oJiee KpynHble H3.ll.eJIH.sI HMeIOT MeHee CBeTJiyIO 
nosepxHOCTb. 

DpaKTHlleCKH 3aMelleHo, l!TO npH COJlepiKaHHH BO.llhI 4-6 % cset• 
Jia.sI 38KaJIKa .ll.OCTHraeTCH B H3.1leJIH.sIX D.HaMeTpOM MeHee 10 .MM, a ce

pa.H - B H3D,e.Jiirnx 60JihlIIOro pa3Mepa. COOTHOllleI-me B CO.llep:m:aHHH 
W.eJioqeiJ: He orpa>KaercH Ha Kaqecrne nosepxHOCTH, Ho HaJIHt.IHe pa3-
JIHl!HblX npHMeceii yxy.lllllaeT Kallectso nosepxHOCTH. 

PacnJiaB, COCTaBJieHHhlH H3 XHMHl!eCKH llHCThlX COJieA, .llaeT 6oJiee 
CBeTJiyIO 3aKaJIKy, l!eM pacnJiaB, COCTaBJieHHhIH H3 TeXHHllCCKHX COJieli. 
PacnJiaB H3 rexHHl!eCKHX coJie1'1 B nepsble .1lHH pa60Tbl D,aeT 6oJiee 
TCMHYIO nosepxHOCTb, l!CM B nocJieD.yIOW.He. 3ro, IlOBH.UHMOMy, CB.sI33HO 
c pa3JIO:IB:CHHCM HMClOlllHXC.sI B pacnJiaBe a30THOKHCJihIX H a30THCT0" 
Kl!CJ!b!X COJieH npH BHeceHllH B 3aKaJIOllHYIO BaHHY 113.llCJIHH, HMeIOW.HX 

BhICOKYIO TeMnepaTypy. DocJie TOro KaK ·STH COe.UHHeHirn p83JIO:IB:aTC.H, 
UBeT 3aKa.JIHBaeMblX H3.1leJIHH coxpaH.HCTC.sI HeH3MeHHhIM, HeCMOTpst ·Ha· 
TO, l!TO COCTaB BaHHbl H3MeI-IHeTC.sI. 

PacKHCJieI-me )KeJITOH KpOBHHOH COJiblO lUeJIOllHOit BaHHhI, SKCnJJya
THpyeMOH npH TeMneparype -200", He cnoco6crnyeT yJiyt.IrueHHIO Ka· 
qecrna nosepxHOCTH. Hao6opor, creneHb pacKHCJieHirn saHHhl, 11cnOJib· 
3yeMOH .UJIH Harpesa, OK33bIBaeT 60JihlIIOe BJIH.HHHe Ha Kal!eCTBO IlO· 
EepXHOCTH 3aKaJieHHhIX B meJioq11 H3D.eJIHH. 

H3MEHEHH51 COCTABA H 3AKAJIHBAIOIUEA cnoC06HOCTH BAHH'hi 
B IlPOUECCE PA60TW 

B npouecce pa60Thl COCTaB BaHI-Ibl H3MeHHeTC.H BCJie.UCTBHe Toro, l!TO: 
a) B BaHHY BMecre c H3Jle.JIHHMH BHOCHTC.H XJIOpHCTble COJIH, .sIBJl.sIIO· 

lllHeCH HarpesarenhHOii cpe.uoii no.u 3aKaJIKy; 
6) 3epKa.Jio BaHHbI pearnpyeT c arMoccpepoii; 
B) Mera.JIJI H3.1leJIH.sI pearHpyeT c B3HHOH. 
B npouecce 11 ·.nHeBHoii sKcnJiyaTaUHH 6bl.Jia H3ylleHa BaHHa coCTasa: 

30% NaOH + 70% KOH+ 4% BOJlhI. TeMnepaTypa saHHbl noMep
:>KHBaJiach Ha ypoBHe 200 ± 5°. EMKOCTb BaHHhl 8,5 Ka COJIH. E:>Ke· 
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,ZJ.Hetni:o s aairne 3AKaJtnBaJiocb - 16-....:18 1<2 c1a.n1f -MapKli X ·a- BH.ne 
o6paauoB cetieHirnM 25 X 25 X 100 MM, HarpeBaeMbIX Jl.IISI aaKaJIKH 
B pacrIJiaBe X.IIOpHCTbIX COJieH (BaCl2 +NaCl). 

ELKe,nHeBHO ( nepBb!e 7 JlHeii) npoH3BO.llHJICSI XHMHtiecKHfi aHaJIH3 
cocTaBa BaHHbI, np0Bepsi.11ach ee aaKaJIHBa10masi cnoco6HOCTb nyTeM 
3aKaJIKH o6pa3U:OB H3 CTaJIH 45 c H3MeperrneM HX TBep.n.ocTH H onpe· 
JleJISIJiaCb TepMHtieCKH.M MeTOJI.OM TeMnepaTypa 3aTBep.nesaHHSI. 

PeayJibTaTbI onb!TOB n0Kaaa.11H, tITO B npouecce 3Kcn.11yaraUHH KOJIH
tiecrno yr.11eKHCJibIX co.11eii H OKHCJIOB B03pacraeT, Tor.n.a KaK coJJ.epLKa
HHe X.IIOpHCToro 6apH.H orpaHHtIHBaeTCSI .n.eCSITbIMH JlOJI.HMH npoueHTa H 
He yse.11wrnsaeTCSI, xorn OH H BHOCHTCSI B BaHHy ( co.n.epLKaHHe Na Cl 
He onpe)leJISIJIOCb). y BeJIHtieHHe co.n.epLKaHH.H .yrJieKHCJib!X co.11eii, B TOM 
tIHCJie BaCOa cJie.n.yeT o6b.HCHHTb TeM, tITO nona.n.a10mHii B aaHHy x.110-
pHcTbIH 6apHii pearnpyeT c nor.11omeHHOH H3 Boa.n.yxa yrneKHCJIOTOH, 
06paay.11 yrneKHCJihle coJIH 6apHSI. YseJIHtieHHe KOJIHtiecrna OKHCJIOB 
rrpOHCXO.llHT B peayJibTaTe OKHCJieHirn H3,1leJIHll -H CTeHOK THrJISI. 

I1pH 3TOM H3MeHeHHH COCTaBa 3aKaJIHBaIOma.H cnoco6HOCTb 
BaHHbl coxpam1eTCSI IlOCTO.SIHHOtt 1, a TeMnepaTypa nJiaBJieHII.SI COJIH He· 
rrpepb!BHO IlOBbILJ.IaeTCH. 

4epea 11 .n,Heii pa6oTb! B BaHHY 6b!JIO BBe.nerm 8 % -~OT o6mero 
seca BaHHbI) X.IIOpHCTbIX co.11eii, TeMnepaTypa n.'IaBJieHHH BaHHbl IlOk 
HHJI8Cb .n.o 200°, H B8HHa aaryCTeJia. 

06ma.SI IlJIOill.8.U.b IlOBepxHOCTH H3.1leJilifi, 3aKa.JieHHbIX B B8HHe .no 
ee aarycTeHHH, cocTaBJIHeT ~500 cM2 Ha 1 1<2 pacn.trasa me.11otieii. 

llJ.eJIOtIHaH BaHHa yKa3aHHOro COCTaBa eMKOCTblO 700-800 Ke npn 
Henpepb!BHOH 38K8JIKe B neii H3.1leJIHH MOLKeT Ob!Tb HCilOJib30BaHa 6ea 
CMeHbl COCTaBa H no6aBJieHHH cBeLKHX meJiotiei1 B TetieHHe Mernua. 
. 0.llHHM H3 He.llOCTaTKOB pacnJiaBa e.n.KHX Ill.eJIOtieH HBJISieTCH TO, tITO 

B 3aBHCHMOCTH OT ycJIOBHH 3KCIIJIY8TaUHH Ill.eJIOtIHOfi B8HHbl B uefi 
.~10?i{eT MeHHTbCSI conepLKaHHe BOJlbI. 

I1pHBe.neHHb!e Bb!llle .naHHb!e, xapaKTepli3YIOill.He .HeH3MeHHOe c9-
.n.epLKaHHe· BO.llbI B pacn.11ase, COOTBeTCTBYIOT CJie.n.y1om1IM ycJIOBHSIM 
3KCITJiyaTaUHH: eLKe.n.HeBHOe paCnJiaBJieHHe B8HHbI H 38KaJi:Ka Ji3JlMHH 
B Ill.eJIOtIH B TetieHHe 6-7 tiac. npH 200-220°. 

rr pH ycJIOBHH HenpephlBHOH 38K8.ITKH HS.l(M}IH B Ill.eJIOtIHYIO BaHHY 
H pa6otiett TeMnepaType ee 200-220° B cyTKH Tepaercsi 1-1,5 % 
BO.llb!. 
. B 3aCTbIBllleM COCTOHHHH e.n.KHe meJIOtIH nornomaIOT B,IIary H3 B03.
.nyxa, H TI03TOMY BbI.llep)f{HBatIHe ee B TaKOM COCTOHHHH B TetieHHe He
CKOJlbKHX mre:H 6y.n.eT cnoco6cT£10BaTb yse.nHtieriHIO BO.llhl B pacrwase. 

- Heo6xo.n:HMO OTMeTHTb, tITO pacn.JiaBb! e.rr.KHx me.11otiei1 npH yc.11-0-
EHH HenpaBHJlbHO Bb!6pamroro COCTaBa 6b!CTpo. aarycTeBaIOT. I103TOMY 
He()6~WJJ.HMO Bb!OHpaTb COCTaB Ill.eJIOtIHOH BaHHbI no .n.HarpaMMe KpH

CTaJIJIH3auI1H ~l:fCTeMpI e.l{!{HH ~aTp_ - eJJ.KOe KaJIH - BOJJ.a, TIO.ll.lI.ep?f<l~ -
B8Tb B pacnJiaBe BbI6paHHOe KOJIHtieCTBO BOJJ.bI H BBO.ZU:l.T.h. _cse)!{He 
-iue~OtIH B pacnmn1 B. COOTHOWeHHH, YC:TaHOBJleHHOM .llJIH nepBOHa-
qaJibHO BbI6paHHOro COCTasa. 

1 B Haurnx yCJIOBHSIX paoOTbl co.nepmaHH€ BOllbl B saHHe H€ H3MeHSIJIOCb. 
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YBe.mtqHTb cpoK CJiy>K6b1 i:ue.noqHoli BaHHbl MO)!<HO nyTeM qacrnq~ 
Hott pereHepaI.J.HH ee. YcraHOBJieHo, qTo no rJiy61rne BaHHbI cocTaB 
pacrniaBa meJioqeli He SIBJISleTC.SI O.llHOPO.llHbIM. 3ra HeO.llHOPO.llHOCTb 
xapaKTepHa .llJISI pacnJiaBa, sarpH3HeHHOro XJIOpHCTblMH H yrJieKHCJiblMH 
COJlflMH, H saBHCHT OT co.n:ep>Karurn BO.llbl B pacr!JlaBe, BpeMeHH Bbl· 
.llep)!{KH pacnJiaBa B cnoKoHHOM cocTOHmur. Ha qrnr. 5 np11Be.n:eHo 
pacnpe.lleJieHHe npHMecefi no rJiy6HHe me.noqHoli BaHHbI nepBoHaqaJib· 
Hero cocraBa: 25% NaOH + 75% KOH+ 6% H 20. TioCJie sKcnJiya
TaI.J.HH pacnJiaBa TeMrrepaTypa KOHI.J,a KpHcTaJIJIH3aI.J,HH ero IlOBblCHJiaCb 

0 tO 20 1/5 50 6'0 70 
CotJep)!(aHue np1111eceu 

<l>Hr. 5. Pacnpe.n.eneHHe npHMecelt no rny6HHe menoqaolt aaHHhI nocne Bbl· 
.n.eplKKH_ npH 200-220° B reqeHHe 25 qac. (co.n.eplK3HHe BO.ll.bl B B3HHe 60/o). 

JlO 186°, TOr)la KaK B HCXO.llHOM COCTOflHHH cpe,ll.Hflfl TeMrrepaTypa KpH
CTaJIJIH3al.J,HH COOTBeTCTBOBaJia 142°. p acrrJiaB 6b!JI BbI.llep)!{aH B CITO· 
KOHHOM COCTOflHHH rrpH 200-220° B TeqeHMe 25 qac. l13 rpaqrnKa 
BM.llHO, qrn B BepxHeM cJioe pacrrJiaBa, npe.llcTaBJifIIOII.{eM co6oi1 pb!X· 
JIY!O KOpKy, KOHI.J,eHTpHpyeTC.SI HaM60Jiblllee KOJIHtleCTBO yrneKHCJiblX 
COJiea·HaTpHfl H KaJIHSI H XJIOpHCTblX COJieli 1, BCJie.llCTBHe orpaHMqeH
HOH pacrnopMMOCTH Mx B e.llKHX meJioqax npM .n:aHHOH TeMrrepaType. 

Yi:caJieHMe KOpKH c rroaepxHOCTH pacrrJiaBa, BhI.llep)!{aHHoro npM 
yKa3aHHblX ycJIOBHSIX, TeMrrepaTypa KOHI.J,a KpHCT8JIJIH3al.J,HH KOToporo 
6JIH3Ka K pa6oqefi TeMrrepaType, Il03BOJIHT yMeHblllHTb CO.llep)!{aHHe 
XJIOpHCTblX COJiefi Ha ,...., 50 % H yrJieKHCJlblX COJ!eH HaTpHfl H KaJIHfl 
Ha ,..., 30 % ( np11 norepe e,nKMX me.noqeii B KOJrnqecrne 12 % ) . 

.UJIH B03MO)!{HO OOJibll!ero y.llaJieHHfl yrJieKHCJiblX coJiefi M3 pac
nJiaBa CO,U,ep)!{aHHe BO.llbl B HeM .llOJI:>KHO 6b!Tb HaHMeHbllIHM, TaK KaK 
yBeJI11qemre ee noBbllllaeT rrpe,neJihHoe co,1I.ep)!{aHMe Kap6oHaTOB B pac
rnope. 

<l>Hr. 5 IIOK83b!BaeT, KpOMe Toro, qTQ nyTeM OTCTairnaHH.SI BaHHbl 
HeJib3fl ocaJJ,HTb yrJieKHCJib!H 6apMH, a CJie,lloBaTeJibHO, H yJJ,aJIHTb ero 
H3 pacrrJiaBa. c 3TOH TQqKH speHHfl npHMeHeHHe COJieli, co,nep)!{all.{HX 
xJiop11cTblfi 6apMfi, .llJifl saKaJioqHoro Harpeaa HeI.J,eJiecoo6pasHo. 

1 Ha rpalf>HKe Kap6oHara .n.aHbl B rnepecqere c C02 Ha 250/o Na2COa + 
+ 750/o K2C03, XJIOpHcrble COJIH B nepecqere c Cl Ha NaCl. 



A.H. 30TbEB 

HOBhlfl METOJJ. IlATEHTMPOBAHIUI IlPOBOJlOKM 
B PACilJlABJlEHHhIX COJUIX 

BBE)J.EHHE 

CTpouecc naTeHrnpoBamrH 3a1<Jnot1aeTcH B HarpeBe npoBOJIOKH 
B cneuHaJibHbIX nporn>KHhIX MY¢eJibHbIX rret1ax JI.O 850-900° c no
cJie.nyIOIUHM OXJia>KJI.eHifeM B pacnJiaBJieHHOM CBHHUe, HarpeTOM JI.O 
420-550°. 

B coBpeMeHHot:t JIHTeparype no repMHt1ecKoA: o6pa6oTKe H npoBoJioq
HOMy npOH3BOJI.CTBY yKa3bIBaeTCH Ha CBHHeu, KaK Ha e.nHHCTBeHHbIH 
MaTepHaJI, ynorpe6JIHeMbIH npH nareHrnpoBaHHH nposoJIOKH. 

CTpHMeHeHHe CBHHUa o6ycJIOBJIHBaJiocb TeM, qTo oH o6Jia.naeT Bbrco
KOH TenJicmpoBOJI.HOCTb!O, 06ecneqHea10w.eli Heo6xOJI.HMYIO CKOpOCTb 
oxJia>KJI.eHHH ttarpeToro MeTaJIJia • 

.ll.eJiaJIHCb HeOJI.HOKpaTHhle. nonblTKH 3aMeHHTb CBHHeu npH naTeHTH
poBaHHH JI.PYrHMH He)l.ectrnu·HTHbIMH If .nemeBbIMH 3aMeHHTeJIHMH KaK 
y Hae, B CCCP, TaK H 3a rpaHHUeiL 0JI.HaKo 3TH norrbITKH He HMeJIH 
ycnexa, iaK KaK He y.naBaJIOCb no.l{o6parb 3aMeHHTeJib, KoropbIH 06ec
neqHJ1 6bl TaKYIO >Ke IlOCTOHHHYIO If paBHOMepHyJO CKOpOCTb OXJla>KJI,e
HHH, KaK CBHHeU. 

AeropOM B 1948 r. 6blJI pa3pa6oraH H BHe.npeH HOBbit:t MeTOJI. He
npepbIBHOt:t Fl30TepMH.qecKoA: 3aKaJIKH (nareHrnpoBaHHH) npoBOJIOKH 
B pacnJiaBJieHHbIX COJI.HX. 

B Hacromuee epeM.H yKa3aHHhlfi MeTO.n TepMHt1ecKofi o6pa6oTKH 
B COJI.HX IlOJIHOCTb!O BHeJI.peH B npOH3BOJI.CTBO Ha 3aBo.ne «KpacHaH 
3THa» H 3apeKOMeHJI.OBaJI ce6H KaK nporpeccHBHbIM MeTOJI., Il03BOJUIB· 
IUHfi noJIHOCTb!O orKa3aTbCH or npHMeHemrn cB1mua, aBTOMaTH3HpoeaTb 
npqH3BOJI.CTBO H BHe.npHTb 6oJiee COBepmeHI-IbIH HenpepbIBHb!H HarpeB 
MeTaJIJia TOKaMH Bb!COKOH qacTOTbI. 

I. CYlll.HOCTb OATEHTHPOBAHHSI 

.Uo HeJI.aBHero BpeMeHH npouecc narettmpoeaHHH 6bIJI 3aceKpet1eH 
H )J.OJiroe BpeMH oxpaHHJICH nareHTOM ( OTCIO.lla H TepMHH naTeHTHpO
BaHHe). BnepBbie 3TOT npouecc 6blJI HCCJie.n.oBaH H HayqHo o6ocHoBaH 
coBercKHMH yqeHbIMH H B nepByJO oqepe.D.b C. C. IllreiiH6eproM [1]. OH 
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J.lOKa3aJI, qro nareHmposamte npe.ucraB.n5teT co6oii: He saKaJIKY c BhICO· 
KHM ornycKOM, KaK npe.llnoJiaraJI1::1 paHee, a H3orepMHqecKHJ1 pacna.n 
aycremna B o6JiacrH reMneparyp 425-550°, 06ecneqHsa10m1::1J1 06pa-
3osan1::1e MeJIKOJlIIcnepcucJ'.f cMeCH cpepp1na H ueMeHrnra. 3ra o6JiacTu 
TeMnepaTyp II30repMHG:ecKoro pacrra.lla ayCTerrnra xapaKrepHa reM, qTO 
B npe.neJiax ee Mexam11JeCKHe csoJ'.fcrBa craJieJ'.f H3MeH51!0TC51 MaJio. 3ra 
oco6eHHOCTb OTMeqeHa B pH.ne JIHTeparypHbIX HCTOqHHKOB [3], [5], [6] H 
no.nrnep}!{.neHa HaIIJHMH HCCJie,D,OB3HH51MH Ha CTaJlH MapKH 65f ,UHa
MeTpOM 6,5 MM [7). 

)lJI51 npH.U3HH51 CTaJIH BhlCOKOH JIJI3CTHqHOCTH, HeOOXOJlHMOH .UJI51 
IlOCJie)ly10mero BOJioqemrn H noJiyqeHH51 BbICOKHX MexaHHqecKHX 
csoJ'.fcrB rrocJie BOJioqeHIIH, reMneparypa H3orepMHqecKoro npespame
HH51 .UOJI}!{Ha BJIHCblB3TbCH B. rpaHHUbI, orrpe.neJI51!0UlHe JIOJiyqen11e 
crpyKryphl «BepxP.Hf\ 1::1r0Jibqarb1J1 rpoocrnr». . 

Tip11 nareHrnposamrn B cBHHII.e na 3aBO.lle obl.'IH ycraHOBJieHbl reM· 
neparyphl narenrIIposaHIIH, yka3aHHbie B ra6JI. 1. 

TaO/lUl(a 1 

MapKa CTa,1H I 
TeMnepaTypa ttarpeoa 

B °C 
1 

TeMnepnypa CBHHJlOBOli 
DaHHbl B °C 

65f, 65fn. C65A 840-900 430-490 
Y8, Y8A 820-900 420-480 
35, 40 820-900 430-490 

-·-· 

TipH yKa3aHHOM B T30JI. 1 pemIIMe rrpoBOJIOKa .nomrrna HMeTb 
npe.neJI rrpoqHoCTI:I .rr.mr pa3JIHqHbJX pa3Mepos I:I MapoK .craJieii, yKa3aH· 
HbIH B ra6JI. 2. 

Ta6.11uu.a 2 

.UmMeTp npoeo· 
.npelltJI nj>OllHOCTH. B 1'l/MM-' J!Jlll CTaJiel\ MapoK 

JIOK.H B MM 
65f,.65f(I I Y8, Yfl.A I 35, 40 

.. 

9,0 100-110 115-130 -
7,0 103-110 115-130 -

6,5-5,5 lO'i-117 115-130 -
5,7-4,7 105-117 12-~-135 65-80 
4,.5-3,75 110-120 12-1-135 65-80 
3,6~2,8 112-125 130-140 65-80 
2..6~-l.4 ... .. 115.,-,.125 - 130-140 65-80 

,_ .. _ ... -· 

Tipouecc narernIIposaHIIH s CBIIHUe ocymecTBJIHJJcsr B na-reHmpo
soqHhlx arperarax, . BKJUoqa!OlllHX CM3TbIB3!0IUHe npHCilOCOOJieHHfl, Ha
rp~sa.TeJibHbJe npormKHhle neqII (Ma3yrnhle, ra30BbJe HJIH 3JieKrpHqe
CKHe), CBHHUOBbie BaHHbJ . .UJI51 oxJI:am.rr.eHHSI npoBOJIOKH, c M33YTHbIM, 
fil30BbJM HJIH 3JieKTpHqecKHM IlO.II.OrpeBOM, H3M3TbJB310Ill.HH MeX3HH3M 
.UJIH npornrI:IBaHHSI qepe3 B.ecb ·arperar npoBOJIOKH H cMaTbIB3!0lll.He ee 
B MOTKI:I; 
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HarpeBaTeJibHaSI rret:Jb .noJDKHa ·o6ecrreqHTb· HerrpepbIBHbifi .. Harpea 
rrpOBOJIOKH .no 3a,11.aHHOH (yKa3aHHOH B Ta6JI. 1) TeMrrepaTypbl c orrpe-
.neJieHHbIM speMeHeM Bbl,IT.ep)l<Klf rrpH 3TOH TeMnepaType. . 

BaHHa .UJIH H30TepMw1eCKoro rrpesparneHHH nepeoxJia)K,UeHHoro 
aycTeHHTa HaITOJIHeHa pacnJiaBJieHHblM. CBHHII.OM, HarpeTbIM .no TeMne
paTypbl, yKa3aHHOH B Ta6JI. 1. 

DaTeHTHposaHHe s CBHHII.e HMeeT pH.n cymecrneHHbIX He,UOCTaTKOB, 
I'JlaBHble H3 KOTOpbIX: Bpe.nHOCTb rrpHMeHeHHfl CBHHII.a ,ll.Jlfl o6cJiy)KH· 
sa10mero rrepcoHaJia; HeB03MO)!{HOCTb pery.1111posaHHH cKopocTH ox.11a
:>K.lleHHH H 60JibIIIOH pacxo,U CBHHUa, COCTaBJifl!Olll.HH I 8,4 KB ·1rn 1 T ro
TOBOH rrpo.n;yKu.im (no .n;aHHblM aaso.na «KpacHaH 3rna»). 

2. OC06EHHOCTb nATEHTHPOBAHIUI B PACnJIABJIEHHblX COJl51X 

.[leJia,r:rncb HeO,llHOKpaTHhie IIOIIblTKH 3aMeHHTb CBHHeu HarpeTblM 
rreCKOM, C:>KaTbIM B03,UYXOM, pacnJiaBJieHHbIMH COJiflMH. 0.nm,rno 3TH 
nOTil;>ITKH KOHtJaJIHCb HeynatJaMH, rJiaBHbIM o6pa30M ITOTOMy, lJTO. He 
ynasaJIOCb o6ecnetIHTb II~CTOfll-IHYIO OXJla}K,llaIOIUYIO CIIOCOOHOCTb, paB
HYIO CBHHUy. 

Jlyqurne pe3yJibTaTbI .naIOT pacnJiaB.JieHHbie CO.TIM. 0.nHaKo OHH 
JJ.OJI)!{Hbl 6b!Tb IIOJI.06paHbl raKHM o6pa30M, lJTOObl llX OXJia1Kna1oma51 
cnoco6aocTb 6bIJia pasHoi1 11"111 ooJibllle ox.11a)!{na1omeii cnoco6Hocrn 
CBHHUa. KpoMe Toro, npHMeHeHHe co.11efl Tpe6osa.110 HOBhI_x cnoco6oB 
o6orpeaa saHH, tJT06br ycrpamITb B03MO)!{HOCTb 6b1crporo nporapa 
BaHH H HCKJl!OlJHTb orraCHOCTb B3pb!Ba Ii 3aropamrn CO.Tiell B c.11yqae 
rrpHMeHeHH51 HaTpHeBOH H KaJIHeBOH ceJIHTpbI. . . 

Dp11 pa3pa60TKe pe)!{HMOB repMoo6pa6orKH B coJIHX MbI 11cxo.n11.11H 
H3 yc.110BHH, tJTO reopeTHtiecKoli ocHm~ofI ero .nomKHbI OhITb KpHBble 
H30TepMHtJecKoro pacna.na ayCTeHHTa. 
· I\pHBhre H3orepMHtieCKoro npespamemrn aycremna .. .UJI.fl CTaJI.IL.Y8 
npe.ncTasJieHbl Ha cjmr. 1. Ha ocHoBaHHH aHa.11orntJHhIX. KPHBblX 6h!.1111 
nocTpoeHbI see pe)!{HMbl rrareHrHposamrn H nepeo6opy.nosaHbl: saHHhI 
~Jlfl pa60Tbl Ha COJIHX. .. . . •... 

TeMnepaTypa Harpesa M~raJIJia rrepe,rr. rrorpy)!{eHHeM -B GOJUIHYIO 

saHHY ycraHaBJIHsaercH s rrpene.11ax 

T 11azp = (TAc8 + 100) ± 20° C, (l) 

r .ne T Haip- rpe6yeMaH TeMnepaTypa Harpesa B 0-C; 
T Ac9 - reMrreparypa KpHrntiecKofI TO'IKH Ac3 .UJIH ·cr-a.11w. K!l.>K,rr.oli 

MapKH. 
TeMrrepaTypa coJIHHhIX BaHH .UJIH H30TepMHtJecKoro rrpespamemrn 

6bIJia IIOBbIIIIeHa Ha 50-80° no cpaBHeHmO c TeMrrepaTypoii BaHH co 
CBHHII.OM. Llm1 CTaJieH pa3JIHlJHblX MapoK reMnepar-ypa COJIHHbIX H CBHH-
11.0BbIX B3HH npe.ncTaBJieHa B ra6JI. 3. ·. 

DosbrIIIemie reMnepaTypbI coJIHHbIX saHH 6bIJIO Bbl3BaHo Heo6xo,rr.H
MOCTbIO: 
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a) yJio:lKRTbC11 a 38,!1aHRble -rpe!5oeamrn no npe,n:eJiy npoqaocm JJ.JUI 
cTam1 Kam,n:ofi MapKH 11 pa3Mepa, np11se.ueHHh1x s Ta6JI. 2; 

6) HMeTh 60JihIIIy10 oxJia}!{,n:a10my10 crroco6HocTh coJ1eii; 
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¢>Hr. 1. .ll.HarpaMMa HJorepMH'leCKoro npespa1llenm1 cranH YS. 

B) IlOJIYlil!Th JIYlIIIIHe ycJIOBHSI H30TepMHlJeCKOro npeepameHHSI 
aycTeHHTa npH MeHbIIIeM speMeHlf Ha noJIHOe ero npespameHHe. 

MapKH CT3JIH 

65f, 6.5fn, 
C65A 

YS, Y8A 
35, 40 

11cxo,n:si H3 3TOro CTPeMHJIHCh no;:i;
Ta6Auu,a 3 ;:i;epmHBaTh TeMneparypy BaHH H30-

TeMnepaTypa aaHH H30-
Tept.jH~ecKoro nteap•me-

HHH B 0 

B COJIRX I B CBHHUe 

470-530 430-490 

490-540 420-480 
450-530 430-490 

TepMHtiecKoro npespameHHH 6JIH3-
Ky10 K TeMnepaType HaHMeHbIIIeH 
ycTOHlJHBOCTH aycTeHHTa ( qrnr. 1). 

OnrHMaJihHaSI TeMnepaTypa co
JIHHhIX saHH onpe.n;eJieHa: 

T 8 = (TH,-50) ± 25°C, (2) 

r,n:e T 6 - TeMneparypa BaHHhI H30-
TepMHtJecKoro npespameHHH; 

TH, - TeMrrepaTypa HaHMeHhIIIeii: ycroii:tJHBocrn ayCTem:ITa no KpH
soii: H30TepMHtJecKoro pacrra,n:a ( qmr. 1). 

3. YCTAHOBJJEHHE HE06XO,l1,HMOro BPEMEHH nPE6blBAHHSI 
nPOBOJJOKH B BAHHE 

,llJisi o6ecnetieHHH BhlCoKoKatJecTBeHHoro naTeHTHpoeamrn, KpoMe 
TeMrrepaTyphl naTeHTHpOBaHHSI, peIIIa10mee 3HalJeHHe HMeeT BpeMH npe
ChlBaHHSI nposoJIOKH s saHHe. BpeMSI npe6hlsaHHH .n;OJI}!{HO OhlTh pac-
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cqinaHo TaKHM o6pa3oM, qroobr ooecnellHTb noJIHoe npeepam.eHHe nepe· 
oxJiam.ueHHoro aycTeH11Ta s crpyKrypy TPOOCTH'ra. HaJI11tme s craJII-1 
HrOJibl!aTOH CTpyKryphl, no BHJlY HanOMHHa!OU~eft MapTeHCHT, .n:eJiaeT 
nposoJioKy xpynKoi%, c noHH:>KeHHbIMH nJiacT11qecKHMH csoiicrsaMH. 
TaKasr crpyKrypa )lJISI nposoJioK11 He.n:onycrnMa. 

BpeMH: Ha noJIHOe npesparn.eH11e .n:oJI:>KHO OblTh onpe,neJieHo no Kp11-
BhIM H30TepMHl!eCKOro npesparn.eHHSI aycreHHTa c yqeTOM noJIHOro 
3aseprneHHSI npespam.eHHSI B 3a)laHHYIO crpyKTYPY· IlpH 3TOM AOJI:>KHO 
OhITh ytITeHo: 

a) speMsr HHKy6au110HHoro nep110.na 't1, onpe,ne.,1sreMoro no Kp11soli 
H30repMHl!eCKoro pacna.n:a OTPe3KOM OT op.n11HaThI .n.o KpHBoii Hal!aJia 
npespam.eHHSI aycreHHra; 

6) speMsr OT Hal!aJia npesparn.eHHSI aycTeHHTa .n:o nOJIHoro ero 3a
seprneHHSI s 3a;::i:aHHy10 crpyKTYPY 't2; 

B) speMSI Bbl,nep:>KKH Ha npespam.eHHe, 3aBHCSIIlI.ee TaK:>Ke OT .n:11a
Merpa, 't3 = (0,1-+- 0,4)'t2. 

TaKHM o6pa30M, speMSI npe6blBaHHSI nposoJIOKH B saHHe .n:oJI:>KHO 
OhITh He Mettee · 

(3) 

B Tex cJiyttaffx, Kor.na E 't HeBeJIHKo (JlJISI npOCThIX cpe,n:HeyrJ1epo
.LIHCThlX CTaJieH npH TeMneparype, COOTBeTCTBYIOlll.eii HaHMeHbIIIefi 
YCTOHl!HBOCTH aycreHHTa) H oopa6aTbIBaeMblH MeTaJIJI HMeeT ,UHaMeTp 
(HJIH TOJIIII.Irny) OoJihIIIe 3 MM, )lOJI:>KHO Oh!Th yqreHo speMSI, norpeo
HOe Ha oxJiam.n:eHHe Harperoro MeraJIJia .n:o reMneparyphr. coJIHHOH 
saHHhI. 3ro speMsr JiyqUie scero onpe,n.eJISITh no cI>opMyJiaM ,U. B. By.n
PHHa [8]. 

IlpH HenpepblBHOM npouecce H30TepMHl!eCKOH 3aKaJIKH speMSI . npe-
6hIBaHHSI npaKTHl!eCKH onpe,neJISieTCH CKOpOCThlO )lBH:>KeHHSI nposo
JIOKH v M/MUH H 3as11CHT OT JI.JIHHbl BaHHbl . 

.UJIH onpeJI.eJieHHSI CKOpOCTH ABH:>KeHHSI npoBOJIOKH npe.n.Jio:>KeHa 
<jlopMyJia, onpas.n:asrnaH ce6sr Ha npaKTHKe naTeHrHposaHHH CTa
Jieii 65f, 65fn, Y8 11 Y8A .l{HaMeTpOM .l{O 9 MM: 

ti= 60.!:..L . .,, 
~-- .,, 

r.n:e v - MaKCHMaJihHO .n.onyCTHMaH CKOpOCTh npoBOJIOKH B M/MUH; 
L8 - .nmrna saHHhI B M; 

( 4) 

E't - oorn.ee speMH, noTpeoHoe ,UJISI noJIHOro rrpespameHHH aycTe
HHTa, B ceK.; 

71 - K03<jlqrnu11eHT HCil0Jlh30BaHHSI AJIHHbl BaHHbl, paBHhIH 
0,8-0,95. 

IlpH npoeKTHposaHHH H rrocrpoiiKe HOBbIX mneHTHpOBOqHbIX BaHH 
c 3aJJ:aHHOH CKOpOCThlO ABH)!{eHHH npOBOJIOKH ,l{JIHHa BaHH orrpe.n:eJIHeTCSI 
no <jlopMyJie 

(5) 
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-4. cnocos fiOA60PA conEA nn~ H30TEPMHqECKOR 
3AKAnKH nPOBOnOKH 

CTpn rro.n6ope co.Jiefl 6hI.Jia rrocTaBJieHa ocHOBHaH 3a.n:at1a: rro.no-
6path TaKOH COCTaB, 'IFJ'06h! OH B pacrrJiaBJieHHCM COCTOHHHH 06mu1.aJI 
TaKoii }Ke oxJia)K.na10meii crroco6HocThIO, KaKoli o6Jia,naeT pa!:rrJiaBJieH
HhIH CBHHeu rrpH TOH )Ke TeMrrepaType. 

OrrhITHhIM rryTeM y.naJIOCh rro.no6paTh cocras coJiefr, KOTOphlH o6ec
rreqnsa.JI 6h! rroJiyqeHHe TaKoH: )Ke cTpyKTYPhI H rrpoqHocTH, KoropaH 
(Jhma _ rroJiyqeHa rrpH oxJia)K.nemm B csnHue rrpH Tex >Ke TeMrreparypax. 
BbIJia rrpe.UJIO)KeHa saHHa CJie.ny10wero cocTaB_a: (60-70) % NaN03 + + (25-35) % KN03 + (2-5) % NaCL 

NaCl BBO.llHJICH B cocras BaHHhI .llJIH rrpe.noTBpameHHH s3ph1Ba H 
3aropaHHH ce.JIHTphI. 9Ta .no6asKa HMe.Jia oco6oe 3HaLJe1me rrpn Hapy)!{
HOM o6orpeBe BaHHhl Ma3yTOM HJIH ra30M. 
- Do3)!{e 6hI.JI rrpe.nJio>KeH pH.II. .npyrnx cocrasos co.JieA, cocToHrn:Hx 
H3 NaNOa, KN03, NaOH, KOH H .up., KOTOphre o6ecrreqHsa.JIH oxJia
)!{.lla10rn:y10 cnoco6Hocrh, pasttyIO oxJia}J{,na10mett crrocoC5HocTH CBHHUa 
B Tex )Ke ycJIOBHHX ( HJIH )la)!{e 6oJiee Bb!COKYI-0). 

EcJIH ox.Jia)K.na10maH crroco6Hocfb cBirnua HB.JIHeTCH cJie.UCTBHeM 
ero BhICOKOH ecrecTBeHHOfl rerrJiorrpoBO.llHOCTH, TO OXJia)!{.l{aIOI.UaH crro
coC5HOCTb- COJiefl 3aBHCHT OT HX BH-3KOCTH H }J{H,llKOTeK)'l.JeCTH. 

c IIOBh!llleHHeM TeMrreparyphl Harpesa CO.Jiei\ BH3KOCTh HX /Jo yMeHb
rnaeTCH, a )KH.LJ:KOTeKyqecrb o., KaK Be.JIHqHHa, o6paTHaH B5!3KOCTH, B03-
pacraer. B CBH3H c STHM yse.JiwrnsaeTCH ox.Jia)K.na10ma51 cnoco6HocTh 
CO.JieH. 

B ra6JI. 4 rrpHse.neHhl .nam-Ihre 06 H3MeHeHHH BH3KOCTH n )!{H.llKO
TeKY.qecrn ceJIHTpbI H meJioqefl B 3aBHCHMOCTH OT TeMIIeparyphl 
Harp es a. 

)KH.llKOTeKyqecTh COJieH HB.JIHeTCH cpyHKUHefi rreperpesa HX OTHOCH
Te.JihHO TOqKH IIJiaBJieHHH ( ra6JI. 4 ). 

Ta5.;zuu,a 4 
-- ·-CeJJHTpa lllenoqu 

HSTpHesaH NaN03 KanHeoaH KN0 3 NaOH KOH 
TeMrre-- ----TeMrre- TeMrre- paTypa 

paTypa 
<1 

pBTypa 
IL <1 

Harpesa 
tJ. <1 IL <1 narprea IL Horpesa B °C 

B °C B °C 

402 0,0188 53,0 390 0.022 4.5.5 400 O.G28 35.8 0,023 43,5 
458 0,0152 64,.5 408 0,0201 49.6 450 0,022 4.5.5 0,017 58.8 
- - - 4.50 0,0166 60.2 500 0,018 5.5,5 0.013 77.0 
- - - 491 0,0142 69.5 I 550 0,015 66,5 0,010 100,0 

C yse.aHtieHHeM creneHH neperpesa coJieii B03pacTaer HX Koscpqrn
UHeHT TeIIJioor.natJH [12]. HarmrnH onhlraMH ycraHOBJieHo, 'l!TO coJIH 
H rn:e.JIOl!H rrpH K03cpcpHUHeHTe TeIIJIOOT.LJ:aqn OKOJIO 500 KaA/.M. 'lac °C 
06Jia.na10r oxJia)!<.LJ:a10meii crroco6HocrhIO, paBHoil: oxJia)K)la1-0m.ei1 crro
co6Hocrn cs1rnua npH reMrreparype 450-5000. 
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CJie.ztoBaTeJihHO, c yBeJII1qemrnM reMneparypbl neperpesa coJiei\ 
yse.mi:qnsaercSI cKopocrh oxJia}!{,!I,emrn narpeToro MeraJIJia npH H3orep
MHqecKoH 3aKaJIKe CTaJIIi. 

HarpeBa10masi H oxJiaN<.ztaiomasi cnoco6HOCTb coJieii ueJIHKOM 
3aBHCHT OT: HX )l{H,llKOTeKyqecnL JI106ble COJIH, 6y.ztyq11 npHse;::i:eHbl 
8 COCTOHHHe OJ{HHaKOBOH )i{Jij{KOTeKyqecTH, npH OJJ:HHaKOBOH TeMnepa
rype 6y;:i:yr -OOJia;::i:aTb OJJ:HHaKOBbIM HarpesaIOlll.HM HJIH OXJia:>K)J.aIOlll.HM 
9cpcpeKTOM. CT03TOMY repMoo6pa6oTKa B COJIHX o6ecneqHsaeT HCKJUO
tIHTeJibHO 6JiaronpHSITHbie ycJIOBHH JJ:JISI noMep:>KaHHSI pe:>KHMa Harpesa 
H OXJia:>K;:i:eHHH npHMeHHTeJibHO K rpe6osaHHHM rexHOJiorHqecKoro 
npouecca. 

Hcxo;:i:H H3 -BhICKa3aHHblx noJio:>KeHHH, Heo6xo.nHMblM H .nocrarotIHbIM 
ycJIOBHeM no.n6opa COJieH ,!I,JISI -H30TeJJMHqecKofl 3aKaJIKH npoBOJIOKH 
,!I,OJI:>KHa OblTb -TeMneparypa neperpesa coJieii Ha 200-300° C Bblllle 
roqKH · Hx nJiaBJiemrn. TaKHM o6pa30M )J.OJI:>KHO 6blTb co6JIIO.zteHo 
yc.noaHe 

OTKy;11.a TeMneparypa nJiasJieHHSI - -coieif Tu AOJI>i<Ha y.nosJieTBopsirb 
rpe6osaHI:lf!M cpopMyJihl · -

T n.c = (T8 - 250) + 50° C, (7) 

r;11.e T 8 - pa6olJ:aSI Tel\meparypa BaHHbI B °C; 
T n..t ..;,_ T"eMnep·arypa nJtasJieHHH coJieii HJIH HX cMeceii s °C. 

4T06bl no.n:o6paTb COCTaB. COJieii no TeMneparype HX ITJiaBJieHHSI 
;11.JISI craJIH JII06oii Map1rn B 3aBHCHMOCTH OT reMneparyphl HaHMeHb
rneii ycroiiqHBOCTH aycreHHTa BOCITOJib3yeMCSl cpopMyJIOH (2) H, IlO,!I,
CTaBHB ee B cpopMyJty (6)' noJiyqHM 

Tn..t= (TH, -300) + 75cc. (8) 

CTo.zt6op COJieH no TeMneparype HX IlJiaBJieHHSI He npe,!I,CTaBJISleT 
HHKaKoro rpy.na. DpH STOM Moryr 6bITb npP.MeHeHhl JII06hle coJIH, 
JI106oro · cocrasa, JIHlllb 6bI OHH Y.11.0BJiersopSIJIH rpe6osaHHHM cpop
MyJt (7) HJIH (8). 

B HacroHmee - speMSI s 3aBHCHMOCTH OT ycraHOBHBI1IeikSI reMne
parypbI H3orepMHqecKoro npespameHHSI TR npHMeHSIIOT co.n11 H 
meJioqH:-- 1)- 100% · NaN03; 2) (70-80) % NaN03 + (20-30) % 
KN03; 3) (70-90%) NaOH + (10-30) % NaNOa; 4) 100% NaOH 
H ,!I,p. 

PacnJiaBbI H3 meJioqeii NaOH H KOH c roqKH 3pemrn oxJia:>K)J.aIO
rneii cnoco6Hocrn y.n:osJiernopmor rpe6osaHHHM 113orepM11qecKofi - 3a
KaJIKH, HO npHMeHeHHe HX He:>KeJiaTe.JibHO BCJie)J.CTBHe HX JJ.OpOrOBH3Hbl. 

5. cnocos 060f PEBA BAHH .llJHI H30TEPMHqECKOR 3AKAJIKH 
nPOBOJIOKH 

.U.nsi · pa3orpesa coJieii: H noMep:>KaHHSI 3a.ztaHHOii: reMneparypbI 
H30repMHqecKOH 3aKaJIKH 6bIJIH npe.n:JIO:>KeHbl H BHe,!I,peHbl 9JieKrpo,!I,
Hbie sattHbI c 9JieKrpoMarHHTHOH UHPKYJJSIU.Heii:. 
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Oco6eHHocrh 3.JieKrpo.rr.Horo Harpesa c 3.JieKrpoMarHHTHOli UHPKY· 
JISIUHefl 3aKJI1oqaercH B TOM, qro BbI.IT.eJieHHe rerma npoHCXO.lI.HT BHyrpH 
BaHHbI 3a cqer npoxo:m:.rr.eHHH roKa Me:m:.rr.y napHbIMH 3.JieKrpo.rr.aMH. 
PacnJiaBJieHHaH co.rib, Haxo.rr.muaHcH Me:m:.rr.y 3.JieKrpo.rr.aMH, npe.rr.cra· 
BJIHeT co6ofl }!(H,lI.KHH npOBO,lI.HHK, no KOTOpOMY reqer TOK 00.JiblllOH 
CHJibI (.rr.o 5000 a). CTpH 9TOM B npocrpaHcrse Me:m:.rr.y napHbIMH 3JieK
rpo.rr.aMH B03HHKaror 6oJihlllHe 9.JieKrpo.rr.miaMHqecKHe CHJibI, Koropbie, 
.n;eikTBySI Ha pacnJiaBJieHIIble COJIH, KaK Ha npoBO)l;HHK, o6TeKaeMbIH 
TOKOM B HanpaBJieHHH csepxy BHH3, C03,lI.aIOT nepeMell.leHHe pacTIJiaBJieH
HbIX COJ!eli. CTepeMemeHHe coJieli Me:m:.rr.y 3JieKrpo.rr.aMH npH .11ocra-roq

<t>11r. 2. MexaHl13M 9JJeKrpoMarHl1THoi1 u11pKyn11-
u1111 conei1 np11 9JJeKrponHoM cnoco6e ooorpesa 

aaHH. 

HOM KOJIHqeCTBe nocJie,lI.HHX 
BbI3bIBaer HHTeHCHBHYIO 
llHPKYJif!l'.~HIO Bceli pacnJia
BJieHHOH M8CCbI COJiefi, qyo 
o6ecneqHBaer Ha.u.Jie:m:amHfi 
1enJIOOOMeH H BbICOKyro 
oxJia:m:.rr.aromyro cnoco6-
HOCTb HX. 

Mex a H H 3M .lI. B H-
:m: e HH H coJietl: npH 
9 JI e K T p 0 .lI. H 0 M 0 0 O· 
rpeBe BaHH ,lI.JIH Ka
}!()J,Otl: napbI 3JieK
T p 0 .lI. 0 B TIOK838H Ha 
qrnr. 2. 3J:IeKTPO.lI.Hblfi 060-
rpeB naTeHTHpOBOqHbJX 
B8HH HBJIHeTCH H8HOOJiee 
paUHOH8JlbHblM KaK c rex

HOJIOrHqecKofi, TaK H c 9KOHOMHqecKofi TOqKH 3peHHH npH TIOJIHOH 6e3-
onacHocrn .IT.JIH 06c.11y:m:1rnaromero nepcoHaJia. Pacxo)J, 3JieKrpo9HepmH 
Ha o6orpeB COJIHHblX B8HH npH 9.JieKTPO.lI.HOM cnoco6e o6orpeBa 
B 2 pa3a MeHbllle, qeM npH Hapy}!(HOM o6orpene. CTpH Hapy)!{HOM 060-
rpeBe orcyrcrnyer UHPKYJIHUHH, Heo6xo.rr.HMaH .lI.JIH paBHOMepHofr H 
KaqecrneHHOfi H30TepMHqecKofi 38K8JIKH. 3TOT :>Ke He)J,OCTaTOK HMeeT 
Fl 9JieKTpoo6orpeB rpy6qaTblMH 9JieKTpOHarpeBaTeJIHMH. 

Hapy:>KHblH o6orpeB Ma3yTOM HJIH ra30M, KpoMe Toro, co3,naer 
onacHOCTb 6b1crporo nporapa MeraJimrqecKoro THrJIH BaHHbI H 3aropa
HHH ceJIHTpbl. 

3JieKTPO.lI.HbIH HarpeB c 9.JieKrpoMarHHTHoli UHPKYJIHUHei'i 06ecne
q1rnaer paBHOMepHyro reMneparypy no BceMy o6'heMy ·BaHHbl B npe)J.e
Jiax + 5° C. 

6. KOHCTPYKTHBHA51 OC06EHHOCTb OATEHTHPOBO'IHblX 
3JIEKTPOJ].HblX COJ151HblX BAHH 

no KOHCTPYKUl::IH COJIHHble B8HHbI I::IMeIOT HeKOTOpoe OTJIHqI::Ie OT 
CBHHUOBbIX. MeraJIJIHqecKHfi THreJib CBHHuosofi BaHHbI oobJqIJo HMe.'l 
npHMoyroJibHoe ceqeHHe [10]. MeraJIJIHlJeCKHH THreJib J{JIH co.JIHHO:it 
BaHHbI npe)J.CTaBJieH Ha qrnr. 3. 
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BaHHhl 6oJibIIIHX pa3MepoB cHa6}J{eHbl BH6paTOpoM, noKa3aHHbIM Ha 
cti1ff. 4. OH npHBO.llHTCH so spamemre or sJieKrpo.rr,s11rareJIH MOIIJ.HOCTbIO 
3 KBT. 

BH6paTOp o,n:HospeMeHHO cJiy}J{HT norpyiKaTeJieM rrpoBOJIOKH, cpe.n: · 
CTBOM rrepeMeIIIHBaHHH COJieii H 3arrpaBOlJHbIM MexaHH3MOM. B CBH3H 

~""';;----L :12r ~i 
lh' 

PaJpe3 no 1111 

f 

2 

c 8xolJ 
OXfl(J}f(iJalOl.l.{eCO 

nap a 

<t>ur. 3. MeraJJJIH'leCKHli rnreJib COJillHOH aaHHbl: 
I - CB8pHOA MeT&llJIH'leCKHA THre11&; 2 - K8pM8H .II.Jiii OXJialKJleHHll BaHHbl y sxo,ia npOBOJIOKH. 

c 9THM rpoM03AKHe 3arrpaBOtJHbie Kp!OKH, Heo6xo.rr,HMbie npH CBHHII.OBbIX 
BaHHax, CHHM8IOTCH aa HeHa,n:o6HOCTblO. 

B MaJibIX BaHHax H rrpH aaKaJIKe TOHKOii rrpoBOJIOKH BH6paTop He 
cTaBHTCH. Ha ero Mecro craBHTCH rrorpyiKareJib sKcr.r.eHTpHKOBoro 
THIIa, IIOKa3aHHbIH Ha qmr. 5. 

soo--, 1; L-
1410 _ __,_380 

~OKO 

----:;·-~~~!?1~'.fl:-~t-T~ r .. 
1450 N. BOHHO ,, 

00/l'fUH 

---~ 30 

., 
' 

1050 --1-<1-1--170 ~ 
L _______ .. J~ 

1290 

<t>ur, 4. MexaHH'leCKHil au6parop JJ,JI!I nepeMennrnaHJrn coJiett y BXOJJ.a 
npoBOJIOKH . 

. .UJI1rna BaHHbl orrpe.rr,eJIHeTCH no cpopMyJie (5). lllHpHHa COJIHHOH 
BaHHhl c sJieKrpo,n:HhlM o6orpesoM ,n:oJiiKHa OhlTb 6oJihll1e nnrpHHhl 
CBHHII.OBOH BaHHhl Ha BeJIHtJHHy, 3aHHTYIO 9JieKrpo,n:aMH. 

EcJIH umpHHa cBHHII.osoii BaHHhl pasHa nrnp11He HarpesareJibHOii 
• netJH H paBHa. B, TO nrnpHHa coJIHHoii saHHhl B1 ,n:omKHa ObITb 

B1 = B +!J.B. (9) 
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AB rro,nctiHThIBaeTCSI B saBHCHMOCTH OT paccTO.HHH.H MefKAY nap· 
HhIMH 3JieKTpo,naMH a (rrpH pa6oTe Ha CeJIHTpe a= 30-+ 60 .MM) • 

.ll.JISI BaHH c 3JieKTpOMarHHTHOH 11.HpKymrn:neti rrpH MeTaJIJIHtieCKOM 
THrJie 3JieKTPO.Il.hI .llOJI)!{HbI HaXO.Il.HThCSl- OT CTeHKH MeTaJIJIHtieCKoro 
THrJI5I Ha paccTOHHHH ( 1,5-2) a. Kpmie Toro1 KpatiHSIH ~>T 3JieKTpo,noB 

rrpoBOJIOKa ,llOJI)!{Ha rrpoxo,n:HTh OT HHX Ha pacCTOlIHHH a. 
TaKHM o6pa30M, 

D.B = (2,5+ 3) a+ b, . - (10) 

r.ne b - CTOpOHa KBa.nparn 3JieKTpo.na (B HaIIIeM CJiytiae b = 50 JtM). 
CJie,noiaTeJibHO, w11p11Ha 3JieKTpo.nHoti coJIHHoli l:!aHHbl Jl.OJI2KHa 6hITh 

B1 = B + (2,5.+_3)~a + b. (11) 

8To o6cTOSITeJihCTBo HY:iKHo ytittThIBaTh rrpn npoeKTHposaHHH coJI.H
HhIX saHH c 3JieKTp0Jl.HbIM o6orpeaoM. 

I - - .;, 
. "' ..,, I r r"I'" 

30 ~ 1050 170 -
<l>Hr. 5. TiorpyiKaTeJib 9KCUeHTPHKOROro THna ,!lJl!I rrorpyiKeHH!I rrpoBOJIOKH 

Ha onpe.ueneHHJIO rny6HHy • 

.l1.JI5I rrpoBOJIOKH TOHKHX pa3MepoB H ,UJISI rrpOBOJIOKH, O.Il.HOBpeMeHHO 
HarpesaeMOH B HH.LI.YKTOpe Bb!COKOH tiaCTOTbl rrytiKOM (.Il.O 8 HHTeti) 
B Tex CJiytiaHx, Kor .na JJ.onycKaeTcH oxJia)!{.neHHe scero rrytiKa rrposo
JIOKH, urnpnHa saHHbI MO)!{eT 6bITb sHatiHTeJibHO yMeHbWeHa, 

f Jiy6nHa coJI5IHOH saHHbI c 3JieKTpo.LI.HhIM o6orpesoM .LI.OJI)!{Ha OhITh 
sHatiHTeJibHO oOJibIIIe rny6HHbI CBHHUOBbIX BaHH. f Jiy611Ha COJIHHb!X 
saHH saBHCHT OT rny611HbI rrorpy*eHHH 3JieKTPO.Il.OB n o6bitIHO 

pasHa 550-600 MM. KpoMe Toro, yseJIHtieHHe rny6HHbI saHHbl yseJIH· 
tIHBaeT ee eMKOCTb, a CJIC.Il.OBaTeJibHO, . H TeIIJIOBYIO 1rnepumo BaHHhI, 
IIOJIO}l{HTeJihHO CKa3bIEa!Oll1YIOC5I Ha rrpouecce H30TepMHtieri<oif 3aKaJIKH. 

Dp11 KOHCTpy11poBaHHH rraTeHrnposoqHbIX coJISIHhIX saHH c 3JieK
TPO.Il.HhIM o6orpesoM .nomKHO 6bITb o6pameHo BHHMaHne Ha pauHoHaJib· 
HOe ocyruecTBJieHHe IIO.LI.BO,lla TOKa K OOJlbllIOMY tIHCJIY 9JieKTPO.Il.OB Ha 
)l.JIHHe no 7 M. Dpn 3TOM .Il.OJI)!{HO obITh saH5ITO KaK MO}!(HO MeHbIIIe 

Mecrn IIO.Il. CHCTeMy OUJHHOBKH H TpaHccpopMatopbI, rrpH MHHHMa.JibHhIX 
IIOTep5IX TpaHccf>opMHpOBaHHOfO TOKa, rrpH rrepeJJ.atie ero OT TpaHccf>op
MaTOpOB K 3.JieKTpo.naM • .ll.oJifKHO ObITh ytiTeHo H y,no6cTBo o6CJiy}!(H- • 
samrn saHHhI. 
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<t>1ff. 6. 3JieKTPO.llHaH COJIHHaH Baima JlJISI Henpe
pbIBl!OH M30Tepm1qecKOH 3aKaJIKM npOBOJIOKM: 

I - MeTaJIJIH4eCKHH n1renh B3HHbl; 2 - su6paTop; 3 -9KCUeH
TpHKOB1>1i'I norpyncneJib; 4 .- TenJIOH30JIHPYIOIU3H KpulWKa; 
5 - Tpy6a llJIH npHHYIUiTe.nbHOro OXJl3>I<lleH>IH 3epK3Jl3 R3H-

Hblj 6 - 9JieKTPO.Ahl; 7 - TOKODOD.BOD.SIIUHe lllH.Hhl .. 



Ha qmr. 6 npe,z:r.cTaB.neHa o.n.Ha H3 nepeblx yctaHoBoK .ztmt '1taTeH~ 
THpoBaHH51 B pacrr.naB.neHHbIX COJI51X. 3JieKTPOAHhle ycTaHOBKH pa3Me
rn:aIOTC51 Ha MecTe, 3aHHMaeMOM CBHHUOBbIMH BaHHaMH, Henocpe.n.
CTBeHHO y HarpeBaTeJibHbIX rre11eii: Ma3yTHOH, ra30BOH, 3JieKTpwiecKOH, 
H.nH ycTaHOBKH T.B.11. 

~~/l·-----1 

a) 
----::t_ ·--~ 

fl 

5) 

O) 
!lcno0Hble ooOJHalfeH11R 

~ 
fiemoH Kupn1111HaR KnauKa 

<l>Mr. 8. CTponoJibHble H nonepeqHwe pa3pe3bl coJISIHbIX aJieKrponHbIX eaHH: 
J - 06u111A npHBOJl; 2- 6JIOK Tp8HC<jJOpM8TOpOB fCY 30 1'Bm; 3- 6JIOI!; 4 -CT8JlbHOA Tpoc; 5- 9JleK• 
Tpom•; 6 - TenJIOH30JIHPYIOIU8SI KpblwKa; 7 - naTeHTHPOB8HH8SI 9JleKTPOllH8SI COJISIH8H B8HH8 N! 3 H 4; 
8 - SJieKTpo.11; 9 - H30JlllTOp; JO - TenJIOH30JIHPYIOIU8H Kpb1WK8; 11 - ~eXOB811 CTeHa; 12 - BH6patop; 

13 - Tp8HCcj>Op14aTOp, 

tho6b! He 3aHHMaTb nJiorn:a.n.H uexa TpaHc<PopMaTOpaMH H He 3a. 
rpoMO)!{,ll.aTb pa6011ero MeCTa OKOJIO BaHH, TpancpopMaTOpbl Bb!HeceHbl 
HaBepx Ha crreu1rn.nbHY10 n.norn:a.n.Ky. 
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tta qmr. 7 noKa3aHbl B nJiaHe JI.Be Ma3yTHble neqn, cBHHUOBbte 
BaHHbI KOTOpbIX nepeo6opy.1I.osanb1 ua nareurnposoqub1e co.rISIHbie 3JieK
TPOJI.Hble ycrnHOBKH. 

Ha qmr. 8, a noKa3aH npoJI.OJibHblH paspes OJI.HOH H3 3JieKTPOJI.HblX 
coJIHHblx yc'raHoBOK 3Toro arperara. ITorrepeqHbie ceqemrn 06e1-IX 3JieK
rpOJI.Hblx saHH 3Toro arperarn noKasaHbl Ha qmr. 8, 6 n 8. 

q>ur. 9. CxeMa 9JieKrpuriecKoro nuraHHll u ynpaaJieHHll 2JieKrpo.uHoil aaHHoil: 

I - H&rpeeaTeJibHS!I MycjleJJbHS!I ne%; 2 - 9JJeKTpOJ!l18ff COJl!IH8!1 BSHJJa JIJJQ HenpepbrnffoA H30TepMH· 
qeCKOA 88K3JJKH npOBOJJOKH; 3 - CHCTeMa TOKOOOJIBOJl!IWHX WHH H pa3MeWeHHff 9.lleKTpOJIOB; 4 - TepMO· 
napa JIJI!I 3BTOMaTH4E!CKOrO peryJJHpOB8HHff TeMnepaTypbl COJJ!IHOA B8HHbl; 5 - 6JJOK 00HH3HTeJibHblX 
TpaHccpopMaTOpoe; 6 - nepeKJII048TeJJH Hanp11>Ke.HH!I; 7 - KOHTaKTOP KT-34; 8 - npoMe>KyTO'IHOe peJie 

PJl-2; 9 - nHpoMerp Cil-1-Pl; JO - aeToMaT A-2010 c HyJJeeoA aawH10A. 

TeMneparypa B 3JieKrpoJI.Hblx COJIHHbIX BaHHax peryJinpyerCH aBTO· 
MarnqecKH. CxeMa 3.JieKrpnqecKoro nnraHHH H ynpasJieHHH nareHrnpo
soqHofi COJIHHOH BaHHbl npeJI.CTaBJieHa Ha qrnr. 9. 

Ha qmr. 10 noKa3aHa 3.JieKrpoJI.HaH coJIHHaH samia K MasyTHo~ 
MycpeJibHOH neqn, HaxoJI.muaHrn B 3KCnJiyarnuHH. Bsepxy SH.II.Ha rpynna 
TpaHccpopMaropOB, noMeIUeHHb!X B UeJIHX 3KOHOMHH npOH3BO)J.CTBeHI-IOH 
TIJ10Ill8.II.H Ha cneUHaJibHOH IlJIOilla,llKe. 
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DODD z 

-----· 6 7 10 

18 

19 7 

~~11000---------------..i.....-- 4600 ----

I--------------··--·-------- --------------------------JJ./IUl.'tl 

<1>11f. 7. Arperar .anH HenpepbIBHoli H3orepMH 11c 

1 - 6J10K TpauccjlopMaTOpoo 5 WT. TCY 30 Ksm; 2 - om11uonK11; 3 - 9JieKTP0.1lhI; 4 - TepMonapa; 5 -
np1100J1; 8 - naTeHTHpoeaHHaH 9JieKTpOJtHaH COJIHHaH ea1rna; 9 - TepM011apa; JO - e116pnop; 11 - MYC 

K 1popcyuKaM; 14 - CM33bl83l01Ulle cjl11rypKH; 15 - KOJinaK BblTH>I<Holl AeHTHJIAl1HH; 16 - 9JIOK"IJ> 

BH~!TOMAW 1146 
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13000---·-----

~I llHIHOfJKU 45000 ---

1(01 3aKaJJl(H npOBOJIOKH H flOJIOCOK B COJll!X: 

.,.-.~H8!1 Ma3yTH3!1 neqb Ha 16 K3H3JIOB Ni 3; 6 - 16-6apa6aHHhtA H8MOTOqHblA CTaH; 7 - o6mu!i 
11ialR M83YTHaR ne•1b Ha 24 KaHaJia M 4; 12 - BOJJlyxonpoeo11 K c~opcyHKaM; 13 - He<j>TenpoeoJl 
·•: 17 -OnIMOBK8; 18 - Tpancc~opMaTop 75 Kam; 19 - 24-6apa6aHH"1!i H8MOTQqHhllt CTBH. 



.• 

<l>ur. 10 . .lle!icrsyKimHe 9JJel<TpOAHblC COJ151Hble B3HHbl. 

<l>Hr. 11. 3JJeKrpuqecKa51 qacrb ABYX 3J1Cl\TPOAHblX COJIHHblX B3HH. 
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Ha pHc. 11 npe.ncTa8.neHa cpoTOrpacpm1 3.neKTpw1ecKof1 qacrn HO
~oro naTeHTHp08oqHoro arperaTa. 3.n:ecb BH)J.HO, KaK y.not5Ho pa3Me
meHbI TpaHccpopMaTOpbI, IlHTa!OIUH~ TpaHccpopMHp08aHHbIM TOKOM 
O)J.H08peMeHHO .nse 3JieKTPOJ1.Hhie ycTaHOBKH. OT TpaHccpopMaTopos, 
coe.n1rneHHbIX Me:m:.ny co6ofi napaJIJieJibHO, K o6eHM ycrnHoBKaM ony
cKa10rc.SI aJIIOMHHHeBbie IIIHHbl, KOTOpbie coe)J.HHHIOTC.SI c ropH30HTaJib
HblMH IIIHHaMH, HJ1.YW.HMH 8)1.0Jib Bcefi JtJIHHbl naTeHTHp080qHblX 8aHH. 
K ropH30HTaJihHbIM IIIHHaM npHcoe.nHHHIOTC.SI (Me:m:.ny J1.8YM.SI IIIHHaMH 
0)1.HOH H TOH :m:e tjla3bI) 3JieKrpo,rr.hI, KOTOpbie .npyrHM KOHUOM onymeHbI 
B COJI.SIHbie BaHHbI. 

B HacTo.Simee apeM.SI Ha saao.ne pa6orn10T .neB.SITh coJI.SIHbIX H me
.noqHbIX aaHH no TepMoo6pa60TKe npOBOJIOKH; H3 HHX ceMb BaHH 
c 3JieKTp0)1.HbIM o6orpeBOM H .nae MaJibie Ha ycTaHOBKax T. B. q, c Ha
py:m:HbIM 3JieKTpoo6orpeBOM. 

KaK ·aH.nHo Ha cpHr. 11, Ha,ZJ, 3JieKTP0.1J.HbIMH aaHHal.\m oTcyTcTByeT 
MeCTHa.SI 0Tcacblaa10ma.SI aeHTHJI.SIU-ir.SI. BhIT.SI:>H:Hbie Ko.nnaKH, Heo6xo.rr.H
Mble npH naTeHTHposaHHH B CBHHUe, Tenepb CH.SITbI, TaK KaK pacn.na
DJieHHbie COJIH yKa3aHHOro cocrnsa He OKa3bIBaIOT ape,LlHOro 8JIH.SIHH.SI 
Ha 06c.ny:m:Haa10mHfi nepcoHa.n. 

CH.SITHe Mecrnofi 0Tcacblaa10mefi aeHTHJISIUHH noKpbiaaeT pacxo.n. 
a.neKTpoaHeprnH Ha 3.neKTpo.rr.Hbie ycraHOBKH. Tio .namihIM sa8o.na, npc1 
pa6oTe Ha C8HHUOBbIX 8aHHax, rm MeCTHYIO BbITSI:>H:HYIO 8eHTHJI.SIUHIO H 
Ha no.naqy 803)1.yxa K cpopcyHKaM C8HHUOBbIX BaHH pacXO.ll083JIOCb 
40 KBT 3JieKTp03HeprnH Ha 1 T npo.llyKUHH. KpoMe Toro, no.nHOCThIO 
OTila.llaer noTpe6ttoCTh 8 MasyTe, KOTOpbifi paHhIIIe pacxo.no8a.ncSI Ha 
o6orpea C8HHUOBblX 8aHH. 

7. OXJIA)l(}l.AfOlll.MI cnoCOEHOCTb COJIEFI H CBHHUA 

HaH6o.nee cnopHbIM H HeHsyqeHHbIM sonpocoM .no rroc.ne.rr.Hero 8pe
MeHH 6bIJI aonpoc 06 ox.na:m:.na10mefi cnoco6HocTH co.neli 11 C8HHua. 
P.SI,n aaTopoa [2], [ 4], ocHOBbIBa.Sich Ha pas.nHqHOfi Ten.noeMKocrn H 

Ten.nonpoao.rr.HocTH coJiefi 11 cmrnua, yrnep:m:,n:aJI, qTo oxJia)K.na10ma5I 
cnoco6HOCTb COJiefi 3HaqHTeJibHO HH:>H:e OXJia:m:.na10mefi cnoco6HOCTH 
CBHHUa. 

TaKa5I TpaKTOBKa aorrpoca 6a3HpoaaJiaCb Ha ournooqHofi TOl!Ke 
speHH.SI, l!TO oxJia)!{.llaIOma51 cnocooHocrb acex *H.llKHX cpe.ll 3am1cIIT 
TOJlbKO OT cpII3HqecKHX (npIIpO.UHbIX) CBOHCTB aemecrna. 3ro IlOJIQ/!{e
HHe pacrrpocrpaHHJIOCb KaK Ha MeraJIJIHqecKIIe (CBIIHeu H .up.), TaK H 
Ha HeMeTaJIJrnqecKHe ( coJIH H me.noqII) pacnJiaBJieHHhie cpe.llhI. Tipn 
3TOM C1IHTaJIOCb, qro r JiaBHbIM cpaKTOpOM ox.na:m:.na10meii cnoco6HOCTH 
51B.'151eTCH Ten.nonpOBO)J.HOCTb. 

Tio cpH3IIqecKHM CBOHCTBaM CBHHeu 3HaqHTeJibHO OTJIHqaeTC.H OT 

coJieii H meJioqeif. CpasHHTeJibHhie .naHHhie r.naaHefiIIIHX caoficTB 
CBHHUa H me.noqefi npH 450° np1rne,lleHbI B TaOJI. 4. 

l13 Tao.n. 4 CJie.n:yeT, qTQ Ten.nonpOBO,llHOCTb CBHHUa BbillJe TeIIJIO
npoBO.llHOCTH NaN03 a 103 pa3a, a Ten.nonpoao.llHocrn NaOH -
a 88 pa3. Ko3cpcpHUHeHT TerrJioor.zr.aqu CBHHUa TaK2Ke 3HaqHTeJibHO 
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Ta6.11,uu,a 4 

I ' 
CeJIHTpa l.lleJI04H 

<!J113114ecKlle CBOilCTBa Co1111en 

I 
-

I NaNOa KNOa NuOH I KOH 

Y .neJJhHhIH Bee "( B z/c.ua 11.3 1,8 1,78 1.72 I 1.7 
TennonpOBO.llHOCTh /.. 

B KaA/.M. .. 31,0 0,30 - 0,35 -
TennoeMKOCTh C 

B KaA/ttaC·KZ °C . .. 0,044 0,42 0,32 0,40 -
Koecpcpmu1eHT TeUJJOOT-

naq11 a B Ka/l/.u2 ttac °C • 2600 460 398 397 330 
BH3KOCTh ~ B nya3ax 0,017 0,015 0,0166 0,022 0,017 

)!{11,llKOTeKyqecTh 
1 

58,8 66,7 60,5 4.5,5 .58,8 a=-
~ 

Bh!IIIe K03cpcp:m1JreHTa TenJiorrpoBOJl.HOcrn cemnphr II Ill,eJioqeif 1• 

B TO :>Ke BpeMH TenJioeMKOCTb CBIIHU:a rroqTII B 10 pa3 MeHbllle TeTIJIO

npOBOJl.HOCTII ceJIIITpbI II e,n:Koro HaTpa. 
BcJie,n:crnHe TaKoif 6oJihIIIOH pa3HHU:hI TenJionpoBOJl.HOCTH, Ten.rro

CMKOCTH, a TaKlKe K03cpcpHU:IIeHTa TeITJIOO'fJl,atIH CBHHU:a H COJieif cqH
TaJIOCb HeB03MO:>KHb!M rroJiyqIITb TaKYIO )!{e CKOpOCTb OXJia)K,n:eHIIH B co

.T{HX, KaKaH C03Jl,aeTC5l rrpII OXJia:>KJl,eHHII B CBHHue. 
TpyJ1.aMH coseTcKHx yqeHhIX [ 1 O] ycTaHOBJieHo, qTo Harpesarolll,an 

cnoco6HOCTb CBHHua 3aBHCHT T0<11bKO OT ero TenJionpoBOJI.HOCTH (npaK
THqecKH He 3aBHCHT OT TeMrrepaTyph! Harpesa). Harpesa10Ill,aH cnoco6-

HOCTh COJieif 3aBHCHT He OT HX TeITJIOIIpOBO.LJ.HOCTH, a OT TeMnepaTypbl 

Harpesa (ToqHee, OT TeMrrepaTypbI rreperpesa OTHOCHTeJihHO TOlJKH 
ITJiaBJieHHSI [9]). 

B pe3yJihTaTe 6oJibllloro qifcJia orrh!TOB aBTop ycTaHOBH.11, qrn oxJia
)KJl.aIOill,aH crroco6HOCTb COJieif H CBHHua SIBJIHeTCSI CJie,llCTBHeM Tex :>Ke 

cpaKTOpOB, KOTOpbre onpe,n:eJ15IIOT HarpeBaIOill,YIO crroco6HOCTb yKa3aH. 
HhIX cpe,n:. KpoMe Toro, Ha oxJia:>K,n:a10Ill,y10 crroco6aocTh pacrrJiaBJieH · 

HbIX cpeJ!. OKa3bIBaeT peIIIaIOill,ee BJU!HHHe HX )KHJl.KOTeKytJeCTb H rrepe
MenmsaHHe. 

J110er H CToMrr [11] XOTH H IlOKa3aJIII, qrn CKOpOCTb OXJia)!{Jl,eHIIH 

ueHrpa IIIapHKa Jl,IIaMeTpOM 12 .MM, Harpernro B a30THOKHC.1IbIX COJIHX 
KaJIIIH H HarpHH, B onpe,n:eJieHHh!X ycJIOBIISIX HeCKOJibKO Bblllle, qeM 

B CBHHue, HO OHII He H3MeHHJIH yTBep,n:HBIIIerOCSI MHeHHSI, oqeBIIJl.HO, 
ITOTOMY, qTo HX OITblTbl HOCIIJIH cyry6o Jia6opaTOpHh!H xapaKTep H rrpo
BOJl.HJIHCb Ha o6pa3uax, pe3KO OTJIHqaBIIIIIXCSI OT o6pa6aTbIBaeMOH rrpo

BOJIOKH. Be3 H3yqemrn sonpoca 06 ox.'Ia)!{,n:a10Ill,eii: crroco6HocrH coJiett 

II CBHHua HeJib3SI 6bIJIO rrepexO):LIITb Ha nareHrnpoBaHHe B COJISIX. Bo3-
HHKJia He06XOJl.HMOCTb rrpoBe,n:eHHH cpaBHHTeJibHblX HCITbITaHHH ITO 
orrpe,n:eJieHHIO oxJia:>K,na10Ill,eii: crroco6HocTH COJ1ei! H CBHHua. OxJia- • 

)l{,II.aJOill,aSI cnoco6HocTb orrpe.ll.eJIHJiach c ITOMOlllbIO ocuvt:mrnrpacjrnposa-

1 Ten.rronpoBO)lHOCTh u Ko3cpcpuu11eHT renJJoOT,n:aq11 cmrnua B3HT nv 11.a11HbIM 
Hcc.rre.noBaHHll H. H. Llo6pOXOTOBa H rr. B. CopoKl!Ha (HI1I1MAlll N2 3, 1935). 
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mm, n secb npo1.1,ecc oxJia)l{_nemrn 3an11cbisaJicH aa nJiem<y. OcI.J,HJIJio
rpaqrnposaHne npOBO)lHJIOCb Ha 06pa31.1,ax npODOJIOKH ,nHaMeTpOM 6,5 
H 8 .MM. 11cnbITaHHH nposo,nHJIHCb B Jia6opaTopHbIX ycJIOBHHX H B ycJio
BHHX npoH3BO,ncrna. DposepHJIOCb TaK>Ke BJIHmme nepeMeurnsamrn 
COJiefl H CBHHl.I,a Ha CKOpOCTb OXJia.m.nemrn 06pa31.1,a. 

Cocrns cOJiefl: 70% NaN03 + 30% KN03. TeMnepaTypa CBHHl.I,O
sofl 11 COJIHHOH BaHHbl no.n.nep:>irnBaJiaCb IlOCTOHHHO paBHOH 450°. 

~ 
t1 
~ 
c::i 

~ 7001--~+-~~~-t-~u.+-~--t-~-t~--t~~t-~+-----i 

~ 
:):: 
q, 
:::t' 

'<:::> 

~ 6 00 f---1-CJIA.!:L>X---l---I 

i:: 
ti 

~ 
~ 
~ 500 

X -OX/lG}f(OeHue /) CO/lflX C t!8U?K. oopa3l.(G 311/11UH. 

Oe3 tJ/)[j)l(eHllfl oopa3qa 

0- -Ox/lalKIJeHue /} ctJUHl.(e C df)w+<. OOp03l.(0 .JM/MLIH. 

c--

100...__~_.._~_._~_....~~.__~....._~_._~....._~___.~__.._____. 

0 20 40 60 80 °CjceK. 
CKOPOCmb OX/lG>l<deHUR 

cf>ttr. 12. KpttBbie cKopocm oxnalK.UeHHH nposonoKH .UHaMerpoM 
6,5 -It.It npH TIOCTOHHHOH TeMneparype oxnalK.UeHHS!, paBHOH 450°, 

B consix H B CBHHUe (npOH3BO.ir.CTBeHHble ycnoBHS!). 

DoJiyqeHHbre oc1.1,nJIJiorpaMMbI no.nsepraJIHCb pacurncpposKe. Do 
OCl.I,liJIJIOrpaMMaM 6b!JIH COCTaBJieHbI KpHBble CKOpOCTei'! OXJia.m,neHHH 
Ka:>K,noro 06pa31.1,a B pa3JIHqHbIX yCJioBHHX HCnbrraHHH. 

Ha qnrr. 12 npe,ncTasJieHbl KpHBble cKopocTH oxJia.m.nemrn nposo
.l!OKH ;:i:HaMeTpOM 6,5 .MM B 3JieKTPOJl:HOH COJIHHOH BaHHe H B CBHHUe. 
11cnb!TaHHH npOBO)lHJIHCb no JlBYM sapHaHTaM: c nepeMew.emreM 
06pa3ua co CKOpOCTblO JJ.BH:>KeHHH npOBOJIOKH 3 .M/MUH H c Heno;:i:BH)l{
Hb!M o6pa3UOM. 06pa3eu B Ka.m;:i:oM cJiyqae HarpesaJicH .no 850° H 
OXJia.m,naJICH ;:i:o TeMneparypb! BaHHbl 450°. 

113 qrnr. 12 BH)lHO, qTo B o,l!JrnaKoBb!X yCJioBHHx oxJia.m,neHHH cKo
pocTb OXJia.m,neHHH B COJIHX Bb!IIIe CKOpOCTH OXJia.m,11.eHHH B CBHHl.I,e. 
MaKCHMaJibH<;lH cKopocTb oxJia:m:;:i:eHHH B comi:x c J:J:BH)!{eHHeM 06pa3ua 
HacrynaeT npH 800-790° H COCTaBJHieT 7'2;J/ceK. DpH 3THX )!{e yCJio
BHHX MaKCHMaJibHaH CKOpOCTb OXJia:m:)le!-IHH B csrrnue HacrynaeT 
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npH: 775° H COCTaBmteT 58° /CeK. 3HaqJ.tTMbHO 60JibIIIasr pa3HRUa 
B CKOpOCTSIX OXJia:>K.neHHSI Ha6JI10.naeTCSI npH OXJia:>K.neHHM B COJISIX H 
CBHHUe B CilOKOHHOM COCTOHHHlf, T. e. npH HenO.U.Blf:>KHblX 06pa3uax. 

Ha qmr. 13 npe.ncrns.JieHbl KpHBble oxJia:>K.neHMH Tex :>Ke o6pa3UOB 
B Jia6oparnpHbIX ycJIOBHHX, npHIJeM HCilb!TaHirn npOBO.U.HJIHCb c nepe
MeurnsaHHeM M 6e3 nepeMew1rnamrn oxJia.1K.na10m11x cpe.u.. 113 q:mr. 13 

0 cr==r,..~§:::;::::::::~::::i::==-=::r-::-=i----ir--r~1 

x - Ox/la)f(iJeHue tJ CO/JRX c nepeMelllu(}aHueM 

o-
o--

" Oe3 nepeMewu{JaHUR 
tJ ctJuHl(e c nepeMewutlaHueM 

" oe3 nepeMet1.1llt3aHun 

400~~~~-:t:::~---~~'=--~---~~~-'-~-'-~-o:'..,....,...---' 
0 20 40 60 80 °C/CeK. 

Cxapocmb OX/Ja>Kaem1R 

<t>Hr. 13. KpHBhle CKOpOCTH OXJlalK.neHHSI rrpOBOJIOKH JlHaMerpoM 6,."i MM 
npH OXJlalKJleHHH B COJl!IX H B CBHHU.e B pa3JIH'!HblX ycJIOBHSIX OXJla

>K,UeHHSI (na6oparopHwe ycnoa11H). 

BIUIHO, 'lTO nepeMeWHBaHHe OXJia:>K.U.a!OlllHX cpe.n yseJIHIJHBaeT HX 
oxJia:>K.u.a10my10 cnoco6ttocTb, oco6eHHO CBHHUa. Op11 nepeMew11saHHII 
CBHHUa CKOpOCTb OXJia:>K.neHHH ero .!J.OXO.U.HT .u.o 85°/ceK. B CTIOKOHHOM 
:>Ke CBHHUe ( 6e3 nepeMeWHBaHHH Ii 6e3 .l{BJnKeHHH o6pa3ua) CKOpOCTb 
oxJia)!{.neHHH cocrnBJIHeT 38°/ceK. CKopocTb oxJia)!{.neHHH B CBHHUe npH 
nepeMeWMBaHHH Bb!We CKOpOCTH OXJia)!{.u.emrn B COJIHX npH Tex )l{e 
yCJIOBHHx. CKopocTb ox.Jia)l{.nemrn s coJIHX 6e3 nepeMew11saHHH Bb!We, 
qeM B CBHHUe 6e3 nepeMeWHBaHirn. 

Ha q:mr. 14 npe.ncrns.JieHbI Kp1rnble oxJia)l{.neHHH 06pa3uos .nHa
MeTpoM 6,5 H 8 MM, OXJia)!{.u.eHHblX B COJIHX Ii B CBHHUe B npoH3BO)l
CTBeHHblX ycJIOBHHX. 

TaKHM o6pa30M ycTaHOBJietto: 
a) uripKyJIHUMH l'JJIH nepeMeWMBaHMe oxJia)l{.na10mMx cpe.n oKa3bl • 

sa!OT oIJeHb 6oJibllIOe BJlHHHHe Ha cKopocTb oxJia)K.UeHMH; 
6) pacnJI.aBJieHHbie COJIH, npHse.neHHbie B COCTOHHHe onpe.neJieHHOH 

:>KH.l{KOTeKyqecTH, .nocrnraeMOH neperpeBOM BbillJe TOIJKM HX II.'IaBJieHHH 
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200~300° o6ecnel!HBalOT 6oJiee Bb!COKYIO CKOpOCTb OXJia:>K,neHHH, 'leM 
pacrIJiaBJieHHbIH CBHHeu B ecTecTBeHHOM COCTOHHHH npH TOH me TeM
nepaType; 

B) oco6eHHOCTb pacmraBJieHHbIX COJieH 3aKJIIO'laeTcH B TOM, tITO 
OHH .nonycKaIOT nepeMeurnaaHee; 3TO yae.rrH'lHBaeT Ter1Jroo6MeH H oxJia
>K,naIOllJ,YIO cnoco6HocTb coJiefi. UHPKYJIHUHIO pacrrJiaaJieHHoro cmrnua 
H3-3a ero 60Jibruoro y.neJibHOro aeca ocymecTBHTb a rrpoH3ao.ncTBeHHbIX 
yCJioBHHx Heao3MomHo. 
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<J>Hr. 14. KpHBble cKopocTH oxna>K.n:eHHll npoBOJIOKH .n:na· 
MeTpOM 6,5 H 8 MM B COJIHX H B CBHHL\e npH noCTOllH• 

HOH TeMnepaType 4.'>0°. 

ECJIH oxJI.am.naIOmaH cnoco6HocTb CBHHUa HBJIHeTcH c.rre.ncrn.HeM 
ero BbICOKOH TeIIJIOIIpOBOJl:HOCTH H rrpaKTHl!eCKH He rro.n.naeTCH peryJIH
poBaHHIO, TO OXJiam.naIOllJ,aH CIIOC06HOCTb COJieH MomeT 6bITb .noae.neHa 
.no 6oJiee BbICOKOH CTene1rn rryTeM rro.n6opa COJiefi H 3a Cl!eT HX IlHPKY
JlHUIUi. CJie.noaaTeJibHO, oxJiam.naIOllJ,aH crroco6HocTb coJiefi MO)J<:eT 
6bITb HCKYCCTBeHHO .noae.neHa .no Tpe6yeMbIX 3Hal!eHHH; 

r) pacrrJiaaJieHHbie COJIH c npeMeHem1eM 3JieKTpo.nHoro o6orpeaa 
naTeHTepoaolfHbIX aaHH 06ecrieqrrna10T 66JibillYIO cKopocTb oxJiam.neHHII 
npoBOJIOKH H C03,nalOT JIYlfWHe ycJJOBHH rraTeHTHpoaamrn, l!eM CBHHeU 
npe TOH me TeMrrepaType. 

Yrnep.nHsIIIeern MHemre o nomrmemrofi oxJiam.naJOmei\ cnoco6-
HOcTH coJieii no cpasHeHIIIO c oxJiam.naIOmeii cnoco6uocrbJO csHHUa nplf 
naTeHTepoaaHHH npoaoJJOKH OWHOOtIHO. 
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BblBO,D.bl 

l. BHe,11.pem1e MeTO)l.a HenpepbIBHOH II30TepMIItrecKoii 3aKaJIKII npo
BOJIOKII B COJIHX .uaJio B03M0)!{HOCTb nOJIHOCTb!O BbICBOOO,ll;IITb .uoporoli 
MaTepIIaJI - CBIIHel.I,. TOJibKO no O.L(HOMY 3aBO.UY «KpacHaH 3THa» Bbl
CBOOO:>K)leHO 460 T carrnu:a Ha cyMMY ooJiee 3 MJIH. py6. Ce6ecTOII
MocTb II30TepMIIl!eCKOH 3aKaJIKII CHII:>KeHa B 8 pa3. 

2. MHorotIIICJieHHhle cpaBHIITeJibHbre IICnhlTaHIIH no TepMoo6pa6oTKe 
npOBOJIOKII B pacnJiaBJieHHbIX COJIHX II B CBHHU:e noKa3aJIII HeocnopII
Moe npeIIMymecrno coJieii nepe,n: CBIIHU:OM. 

3. MexaHIItiecKIIe caoiicrna npoBOJIOKII, o6pa6ornHHoii B coJisrx, so 
Bcex cJiyqasrx 3Hal!IITeJibHO BbIIIIe, tieM npOBOJIOKH, naTeHTIIpOBaHHOH 
B CBIIHU:e, II paBHOMepHee no ,lI,JIIIHe MOTKa. MIIKpocrpyKrypa npoBO
JIOKII, oxJia:>K,ll.errnoii B COJIHX, 6oJiee paBHOMepHa II o6ecnetIHBaeT 60-
Jiee BbICOKHe CTene1rn OO:>KaTIIH npII BOJIOLieHHII, LJeM npOBOJIOKa, OXJia
)K,ll;eHHaH B CBIIHU,e, npII 3TOH :>Ke TeMnepaType. 

4. 3JieKrpo,n;HbIH cnoco6 o6orpesa 3apeKoMeH,n;osaJI ce6sr KaK ca· 
MbIH 3KOHOMIIqecKIIH II Ha,n;e:>KHblH BHA Harpesa, 06ecneqHBa10I11.IIll 
paBHOMepHyIO II noCTOHHHYIO TeMnepaTypy BaHHbI npII H30TepMHqecKOH 
Bbl,n:ep:>KKe npoBOJIOKH. 

5. TepMIIqecKIIe peR<HMbI II30TepMIIqecKofr 3arrnJIKH npoBOJIOKH, 
a TaK:>Ke Bb!OOp COJieH no TeMneparype IIX neperpesa OTHOCHTeJibHO 
TOtiKII nJiaBJTeHIIH H :>KII,ll;KOTeKyqecTII ooecneqHJIII noJiyqeHIIe paBHO
MepHbIX MexaHHqecKIIX CBOHCTB CTaJieH Bcex MapoK II npoBOJIOKII Bcex 
pa3MepoB, no,n;sepra10meiicsr II30TepMIIqecKoii 3aKaJIKe. 

6. Mero.u naTeHrIIpoBaHIIH B pacnJiaBJieHHbIX coJTsrx c 3JieKTpO,ll.HhlM 
o6orpesoM BaHH II3orepMIIqecKoro npespameHHH o6ecneqIIsaeT noJIHyio 
B03MO:>KHOCTb 3aMeHbI CBIIHU:a npH TepMIIl!eCKOH o6pa60TKe OTBeTCTBeH
HblX copTOB npOBOJIOKII JIIOOblX pa3MepoB II3 CTaJTH JIIOObIX MapoK. 

7. BHe,n;peHIIe II30TepMnqec1wii 3aKaJTKII B pacnJTaBJieHHhlX co111srx 
o6ecneqIIJIO TeXHHKe CTaJienpOBOJIQqHoro npOII3BO,lI.CTBa ABH:>KeHHe Bne
pe.u no nyTII TexH11qecKoro nporpecca II ,n;aJio B03MO:>KHOCTb Ha 3aao,n;e 
«KpacHasr 3nia» BHe.n;pHTb nporpeccIIBHbIH MeTo,ll. Harpesa no,n; naTeH
TIIpoBaHIIe T. B. q. 
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PA3JJ,E.11 Ill 

XHMHKO-TEPMH4ECKASI 06PA60TKA CTAJIM 

JO. M . .ffAXTIIH 

A30THPOBAHHE, COBMEW.EHHOE C 3AKAJIKOA 
MAJIOYf JIEPO)J.H CTbIX CTAJIEA I 

A3orMposaHMeM Ha3blBaeTCH nosepxHOCTHOe HaCblW.eHMe cTaJIH 
a30TOM C . Ue.llblO IipH,ll.aHlrn eH BbICOKOH TBep,ll.OCTH, IlOBblIIIemrn npe-

)J.eJia ycraJioeTi-1 - H, HaKoHeu, ~c 
coo-r>~mHC C'ra.JiH BbrCOKOH c6--
11_p_OTHB.JHieMocTFI. - Koppo3IiH. 

A30THposaHHe cTaJIH mo6blx 
KOlfCTPYKlJ,HOHHblX MapoK BJieqeT .. 
:fa co6oii rroBDlllfeliMe npe,ll.eJia 
ycTa.lroctii · - __ a ___ 1.roppo3HOI:1.H9i1 

ytT~iiJ~!g~H T~~~~~~- a~~]TH/o'. 

!JOO 

!;:, 

~ 700 H--·~-l' 
l.S. J-:.:::..;,..i~Th. 
Cb 

~ 
~ 

50011-~+-~-,-:'---f+.---l~~-1-F.~e~2N-J 

I a+J'' 

saHHoro cJIOH MO)!{eT OblTb ,ll.O· 
crnril:yTa JIHIIIb npH HaCbIW.eHHH 
a30TOM cneu11aJibHblX cTaJieli, co
,ll.ep)!{aw.Hx aJIIOMHHHH, xpoM, 
BaHa,ll.HH H HeKOTOpble Apyrne 
3JieMeHThL . (lJ. A30THposaHHe 
npOCTblX yrJiepO,ll.HCTblX H MaJIO- JOO ~Fi-'e_.._,_.._--JIJ..L.--...1...JL---1--....L...-J 
.r1ernposaHHhrx craJiell: He conpo- O 4 8 
BO)!{)l.aercH 3aMeTHblM noBblIIIe- Codep.JKaHue a.Joma 

ff,2% 

m1eM TBepAOCTH (1]. <t>Hr. 1. JlHarpaMMa cocroHHHH Fe - N2. 

llpoBeAeHHble HaMH HCCJieAO-
BaHH51-nrm.--a-~raK)!{e "Hcc.ifeJi:oBaHH51 .ll.PYrHX aBTOpOB IlOKa3aJIH, 1ITO 
n!:m-·collernHHH npouecca a3ornposamrn c 3aKaJIKOH HMeefC5Csb3Mo)!{~ :· 
HOCTb 3JiaqHTeJihHO IlOBbICHTb TBep,ll.OCTb -a30THpoBaHHOro CJIOH, neJiy
l!e~Horo. He TOJJbl<Q H~ BbICOKOyrJiepO:ZJ.HCTblX [5], (4], HO H Ha MaJio-
yr Jiepo.il.HCTblX CTaJI51X [6]. . ........ ·-

K.~ _H3_&ec:r@__,_ ~~-"-~!~~--~eJie3o - a30T cyw.ecTBy10r cJie,ll.y10w.He 
cpa3bI (qmr. 1): --·------·- --·--·-···--···-·---· ·- - · .. -
--r)- (),-<t>a3a, rrpe)J.cTaBJIHIOW.aH coooii TBep,ll.blH pacTBop a3ora 

s Fecx; npe,ll.eJihHa51 pacTBopHMOCTb a3ora B Fe(), rrpH 3BTeKTOH.ll.HOH 
TeMnepaType 591° COCTaBm:1eT 0,42 % ; 

1 B sKcnepHMeHTaJibHOH •rncr11 pa6oTbl npHHHMaJ1 y'laCTtte KaHJJ.. rex11. ttayK 
JI.au. n. yT; feoprHesc1rntt. 
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2) 1' -cJ>a3a - coe;:urneHHe nepeMeHH0ro cocrasa ( 5,~5,95 % N2), 
BKJnottaIOw.ee HHTPH.ZJ. :>1<eJie3a fe4N (5,9 % N2); 

3) e-<lJa3a, cyl.l.l,eCTBylOW.aSI npH KOHUeHrpaUHH 830Ta 8-11,2 % ; 
npeJleJibHOe co}lep:>1<aHHe a3ora s e-cJ>a3e ( 11,2 % ) oreeqaeT HHTPH.UY 
:)l{eJie3a Fe2N. 

. HHTPH.II.bl :>KeJie3a npe.n:craBJISilOT cooo:ii: THIIH'tHble «<Pa3bl BHe.n:pe
HHSI», B KOTOpbIX perneTKH npOCTOro THna Oopa3y!OTCSI HOHaMH Me

TaJIJia [.UJISI 1' -<Pa3bI - KyoHttecKaSI 
rpaHeueHrpHpOBaHHaSI, .UJISI e-cJ>a-
3bI - reKcaroeaJibHasi], c eee.npeH
HblMH B Hee HOHaMH asora. 

flpH reMneparype Bblllle 59!0 

(qmr. 1) cyw.ecreyer 1-ct>asa, rrpe.n:
CTaBJISIIOW.aH COOOH TBep.UbIH pac
TBOp a3ora e Fe~ 

flpH oxJia)l{.n:eeHH 1-<Pasa rrperep
neeaer 9BreKTOH.U.Hbl:ii: pacna.n:. Aso
THCTbI:ii: 9BTeKTOH.U, oopasyIOlll.HHCSI 
rrpH 591° H KOHUeHrpaUHH asora 
2,35 % ' COCTOHT H3 C1.- H I' -ct>as. 

fl pH .lI.HtPtPY3HH 830Ta B )l{eJie30, 
KaK 9TO OblJIO IIOKa3aHO paHee [1], 
ea rroeepxHocrH rrocJie.n:Hero HaoJI10-
.n:aercsi nOCJie.n:osareJibHoe o6paso
saHHe CTaOHJlbHblX,, rrpH .n:aHHblX 

<l>Hr. 2. MHKpocrpyKrypa aJornposaa- ycJIOBHSIX, C1.-, I'( 1)- H e-cJ>as. 
HOfO CJ!Oll, nony'leHHOro npH 500°. flepBOHattaJibHO OopasyeTCSI C1.-

QJa3a. flocJie .nocTH)l{eHHSI rrpe.n:eJia 
HaCbllll.eHHSI o.-cJ>83bl a30TOM OopasyeTCSI CJie.UyIOW.aSI CT80HJlbHa.H npH 
.n:aHHbIX ycJIOBH.HX 1'~ HJIH 1-<Pasa H .naJiee e-cj:>asa. 

'MexaHH3M o6pasosaHHSI <Pas 6oJiee BhICOKo:ii: KoeueerpauHH 1' ( 1) 
H3 (1. H e H3 1'(1) orrpe.z:r.eJISieTCSI ci>JiyKryaueoHHbIMH SIBJieHHSIMH B cpa
sax, rrpe.n:eJibHO HaCbIW.eHHbIX asoro~_< 

B CJiyttae )J.Hcp<lJy3HH HH)l{e TeMneparypbI oopasosaHHSI 9BTeKTOH.Ua 
e cecreMe )l{eJieso - asor, crpoeeRe asornpoea1rnoro CJIOSI (npe reM
neparype .n:e<t>cpysee) MO)l{eT 6b1Tb npe.n:craeJieHo s BH.n:e CJie.n:y10w.eli 
cxeMbl (or rroeepxeocre K cep.n:ueeeee): 

e-+ 1'-+ ex. 

flpH IIOCJie.n:yIOl.l.l,eM Me)J.JieHHOM OXJia)l{.n:eHHH B COOTBeTCTBHH c .U.Ha
rpaMMOH COCTOSIHHSI )l{eJie3o - 830T ( ci>Hr. 1), e- H C1.-cj:>83bl rrpereprre
B8!0T pacrra.n: H .U.Hci>tPY3HOHHhlH CJIO:ii: ( <PHr. 2) npHo6peTaeT CJie.n:y10-
l.l.l,ee crpoeeHe: · 

e + 1'-+ 1'-+ ex+ 1~6 ~ex. 

IlpH reMneparype asornposaHHSI Bblµ!~ 9BTeKroe.neoH:, asoreposae· 
Hbl:ii: CJIOH 6y,lleT COCTOSlTh; 
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a) npH TeMnepazype .nmpcpy31Uf 

* 
6 - r' - i - ex; 

6) noCJie Me.nJieHHoro oxJia:H<.neHHH ( cpHr. 3) 

s + r' - r' - ex+ r' -+ ex+ 1~a11 - ex. 
9BTeKTOHA 

DpH TeMnepaTypax Bblllle 650° 1'-cpa3a Hcqe3aeT. C noBbtllleHHeM 
TeMneparypbI a3ornposaHHH Bblllle 7000 rny6HHa s-¢a3bt yMeHblllaeTcSI, 
a 30Ha j-cpa3bt Henpepb!BHO pacTeT, qTQ xopOIIIO BH)J.HO H3 cl>Hr. 4. 

500"-
0()~/le Heune11noco 

OXIJ(J,lf(QeHUR 

t t 
'I ·--· .... a ..... ·+,-'C-'(_' _.,.... 

J?imelrmoua' 

(:£ 

c;c+ 1uali 

<l>Hr. 3. MHKpocTpyKrypa aaorHposaaaoro CJJOR, noJJy11eaaoro npH 600° (IO. M. Jlax-
. rHH, <I>. 11. MacneHHHKOB). 

A3ontp0Bam1e npH 8000 np11BO.llHT K pe3KOMY yMeHbllleemo B CTPYK· 
zype a30THpOB8HHOro CJIOSJ s-cpa3bl H CHJlbHOMY pa3BHTHIO MaJIOa30TH
CTOH 1-ct>asbl, npeTepneBa10meli npH IlOCJIC.llYIOIII.eM OXJia:H<,ZleHHH 
pacna,Zl c o6pasoBaHHeM H36blTOqHOH o.-cpa3bt H SBTeKTOH)J.a ( (}. + i') 
(cl>Hr. 5). · 

Ha rpaHHUe pas.neJia cpa3 ycTaHaBJIHBaeTcSI pesKHit nepena.ll KOH
ueeTpaUHH a3orn [1]. 

MHoroKparnoe HCCJie.noBaHHe CBOHCTB {T~ep.nocTH) Q'.J'A~bHblX cpa3 
asorHposaHeoro CJio.H--:ziasaJIH Heo.neo3eaqe1:>_1_e_ pe3yJibTa::r!>I· HeKoTopble 
ainopbl npHilHCbIBalOT HaH60JiblllYIO TBep.n:OCTb a.-cpase, .upyrne _:_ 
e-cpa3e, TpeTbH - SBTeKTOHJJ:y a. +1'. 0.neaKo Bee HCCJie.noBaTeJIH npH
xb;ir.SIT K e)J.HHOMY BbIBO.lJ.y, qTo, HeCMOTpSI Ha BeCbMa 60JiblllHe CTpyK· 
TYPHble .H3MeHemrn B nosepxttocTHOM cJioe npH a30THposamrn yrJie
.PO.llHCTblX CTaJiaji, TBep.rr.ocrb HX H3MeHSieTCSI ee3ealJHTeJibHO. 

* IlpH T$Mneparype AHcjJcjJy3HH HH>Ke 650". 
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Tsep.n.ocrh or,11,eJihHhlX crpyKrypHbIX cocrasmnomIIx a3ompoBaH · 
Horo CJI05I He npeshllnaer: e-<Pa3a -Hv = 250 +300; a-cpa3a -
Hv = 100 + 150 H 3BTeKTOHJia a+ 1' - H v = 150+200. 3ro HI; 
.n.·aeT B03MO>KHOCTR npHMeHuTb npou.ecc a3ornpoBaHJi5I )1.JI5I IlOBbIIlleHH5I 
TBepAOCTH rtpocThlx _ yrJiepoJIIICTbIX cra.neit / B 1938 r. B. 11. TipocB11-
pHH [4],··rs] npe;:i)fo>KHJI JIJI5I BblCOKOyrJiepo,rr.HCTOH craJIH MeTO,!I, a30TH
poBaHH5I, COBMeII.J,eHHblH c 3aKaJIKOfI. ) 
· Hosblli Meto,n a3or11posaHH5I. MO>KHo nposo,11.HTh ,LI,B05IKo: Bh1coKo-

_ yrJiepo,LI,11cra5I craJib npe,LI,sapIITeJibl!O HaChIII.J,aercH a30TOM np:a · 
600-700° c nOCJie,LI,yIOIII.IIM aacblII.J,eHneM craJIH a30TOM B npouecce 
Harpesa H Bbl,LI,ep>KKU np11 reMneparype 3aKaJIKH, HJIH :1Ke a3ornposa
HHe npoB0)1.HTC5I TOJihKO B npou.ecce Harpesa no.n. 3aKaJIKy. 

_HoBbIH MeTO.ll. 06ecne1urnaer 
Ta6Auqa 1 llOJiyqem1e BbICOKOfI TBeJ))l.OC'I'H II 

8JJHHHHe TeMneparypbl 3aHaJIKH O)J,HOBpeMeHHO COOOII.J,aer CTaJ11-I p5I,U 
Ha TBep,a.OCTb CT8JIH 45, YIO lllX15 .upyrnx ueHHblX CBOHCTB, B qacr-. 

nocJJe 830THpOB8HHH npu 700° HOCTH BblCOKYIO conpOTIIB.T15IeMOCTb 
B yeqettue 30 MHH c nocne.n.y10iuefl ( 6 2) 
3aK8JIKOA c pa3JIHltffblX reMneparyp; KOpp03HH Ta JI. ' Bb!COKOe 3Ha-

OXJl8>K,ll.alOW,8SI cpe.n.a - M8CJIO qe1me npe.n.e.JI.g yqaJI.OCTH H OOBbl-

MapKa 
TeepJlOCTb cTaJIH H Re npn TeM-

CTBJIH 
nep&Type 3aKaJJKH a °C 

750 I 1ao I 800 I s20 I !160 

45 I - \ 51.5 j 54 154 I 53 

YlO I - 162 I - 164 I 61 

lllX15 I 61 162,51 - 165,51 65 

weHHOe conpor11a.JieJU:I~ li3Hocy. / 
A3orHpoBaHHe, coBMeIII.eHHoe c 

3aKaJIKOH BbICOKoyr JiepOJl.HCTblX 
craJieli nrna YIO, ll1X15 H ,!I,p., 
KaK 3TO BH,!I,HO H3 ra6JI. 1, n03BO
.rrner noJiytiaTb TBep.n.ocTb .n.o H Re= 
= 62+ 64. 

0)1HaKO, KaK noKa3a.TIH Halim 
HCCJie)IOBaHH5I [1], TBep,!I,OCTb no 
rJiy6mre CJI05I H3Memrerc5I HecKOJib
KO cneu.HcpHqHo. 

Ha cpHr. 6 noKa3aH xapaKrep H3-
MeHemrn TBep,!I,OCTH (no BHKKepcy) 

no rny6HHe a3orHpoBaHHoro CJI05I. KaK BHJIHO H3 <PHr. 6, MaKCHMYM 
TBep,ll,OCTH Jie:arnr He Ha noBepxHOCTH, a Ha HeKoropofi r Jiy6HHe 1. 

AHaJIH3 yKa3aHHoro 5IBJieHH5I noKa3aJI, q:ro cHH>KeHHe TBep,LI,ocTH 
CB5I3aHO c o6pa30BaHHeM Ha noBepxHOCTH Ka'.p6orrnrpH,UHOH e-tjJa3bl H 
c coxpaHeHHeM Herrocpe.rr.crneHHo rro,LI, e-cpa3ofi 3HatIHTeJlhHOro KOJIHtie
crna Kap6oHHTpH,LI,Hofi j-cpa3bl [l]; nepexo,LI, :IKe K o6Jiacrn, ornetiaJO
III.eli Kap60HHTpH,!I,HOMy MapreHCHTy, CB5I3afl c CH.llbHb!M nonbillleHHeM 
rnep,!I,OCTH. 

A30TIIpoBaH11e, cosMelllemrne c 3aKaJIKoit, MO>Ker .u.arb 3HatIHTeJib
Hoe IIOBb!ll!eHHe rnep,!I,OCTH H npH o6pa6oTKe MaJioyrnepO,'JHCTblX cm· 
Jiett 3a CtieT o6pa30BaHH5I a30THCTOro MapreHCHTa I [3], [6] H [7]. 

,UJI5I onpe)leJieHH5I, ITOBb!llJaeTCH JIH TBepJI.OCTb a30THpoBaHHOro CJI05I 
3a cqer 3aKaJIKH c reMneparyph! ,LI,ncpcpy3HH, o6pa3UbI H3 rexHHtiecKoro 
:>KeJie3a H CTaJIB 45 6b!JIH IIO)lBeprnyTbl a:mrnpoBaHHIO rrpH 600, 650, 

1 H<:nhlTBHlie no PoKBe.1J1y ii;aeT cpenn1om rnep11ocTb no rnyontte H 11e on1e
'l8eT nomnKettnH' TBepnocTn na norepxttocrn. 
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<l>Hr. 4. KHHeTHKa pocra E· H 1-¢a3 B aJo· 
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<l>Hr. 6. 113MeHeHHe TBep.nocrn 
ITO rny6HHe a30THpOBaHHOro 
CJ!Oll Ha CTaJIH YlO IIOCJie a30· 
THpOBaHHll rrpH 700° c IIOCJie-

.D.YJO~eii 3aKaJIKOH c 820° 
B MacJie. 

c!>Hr. 5. MHKpocrpyKrypa 
a30THPOBaHHOro CJ!Ol!, 
IIOJiy'leHHOro rrpH 800°. 
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Tati1tuu,a 2 

Kopp03HOHHaH CTOAKOCTb B npecttoA eo.n;e a30THpoeaHHbIX o6pa3~0B 

_Pe)!{HM 830THpoeaHHll 1 
Op040JI)!{H-

TeJlbHOCTb HC-
llblTUHHH Ha 

MapKa cTaJIH Koppo3HIO . CoCToaaae noeepxaocTH 
TeMnepa-1 Op040JI)!{H· B BOJ!e (noJIHOe 

Typa B °C TeJibHOCTb · norpy)!{tHHeJ 
B t{C,C. 

500 1,0 'lac. 45, YlO, WX15 290 CHJ1bHa11 KOpp03Hll no 

600 1.0 45 
BCett IlOBepXHOCTH . 290 1\1ecTH311 Kopp03Hll Ha 

600 1,0 YlO, WXl5 290 
He Komp bl x o6paJu.ax . He KopponHpyer;coxpa· 
HHJI THilH4HblH ,llJl!I a3uTH· 

. 650 3,0 45, YlO, WX15 720 
p0B3HHOH IlCIBepxHOCTH BH.n; . He Kopro.a.Hpyer 

700 30 MHH. 4.1, WXl.5, YIO 720 To lKe 
700 45 . 4.5, llJXl5 2.)7 

" 700 1,0 43C. 4.5, WX15 720 . 
700 1.0 . YIO 290 • 700 3,0 . 45, YlO, WX15 720 . 

l 0oCJie 330TllpOB3HIHI 3aK3JIK3 B M3CJie C TeMneparyp: CT3Jlb 45 820°, 
CT3Jlb YIU 780° H cra.nb WXl5 820°. 

700 M 8000 c noCJie.ny10mefi 3aKaJIKofi · B MaCJie c TeMneparypbI .l{mpcpy· 
3MM. nocJle a3ornpoBamrn ObIJia M3ytreHa MHKpOCTpyKTypa a30THpO· 
BaHHoro CJIOH M onpe.l{eJieHa MHKpornep.l{OCTh no rny61rne .l{Hcpcpy3110H· 
HOro CJIOH. 

Ha cpur. 7-10 npHBe,n:eHbI THITMtIHhie cTpyKTYPhI a30TMpoBaHHhIX 
CJioeB, noJiytreHHbie npM 600, 650, 700 M 800° c nOCJie.l{yrow.eii: 
3aKaJIKOH. 

B cJiyqae rrnchIIII.eHMsr a30TOM, npM 600° a30TMpoBaHHhlfi C.Jroii co
CTOMT M3: 1) E-cpa3bl, 2) 1'-cpa3bI, 3) j-cpa3bl, npeTepnemnefi B rny-
6MHHhIX CJiosrx MapreHCHTHoe npeapamem1e, 11 4) cx-cpa3bI, nepecblIUeH· 
HOY. a30TOM. CTp11 HeooJibUiofi .l{JIHreJibHOCTH npou.ecca a30TMposamrn 
"('·cpa3a Hepe.nKo OTCYTCTByer. 

CTOBbill!eHHe TeMneparyphl a30TFlpOB3HMfl Bbillle 650° ( cp11r. 9) CBH· 
3aHO c ycrpaHeHI-leM M3 crpyKrypbI 1'-cpa3bl (B COOTBeTCTBHH c .l{lia· 
rpaMMofi FeN2) 11 co 3HatrHreJibHhIM pacurnperrneM ooJiacru 1-cpa3hl 
( cpur. 9). B cJiytrae a3oruposamrn npu 700° Bcsr ooJiacrh j-cpa3hl B 
npou.ecce 3airnJ1KM nperepneJia MapreHcHTHOe npeapamemre . .UaJihHeH· 
wee noablrneHue TeMneparyphI 3aKaJIKM (.no 800°) npHBeJIO K eme 
OOJibIIIeMy pa3BIITMIO r-cpa3bI. CTpu rrocJie.uy10rnefi 3aKaJIKe B MaCJIO 
1-cpa3a He nperepnMa MapreHCMTHoro npeBparneHMH, a pacrraJiach 
c o6pa3oBaHMeM BbICOKO.l(HCITepcHOH cMecu (J. + 1'-cpa3 ( cjJMr. 10). 

CTpou.ecc pacna.na nepeoxJia)K.neHHofi a3onrcrofi j-cpa3bl nporeKaeT 
coBeprneHHO a1-ia.nonitrHo pacna.ny nepeoxJia)!{}lerrnoro aycreHMTa. 

Ha cp11r. 11, no .naHHbIM 5o3e M f ayKuca, npuae.neHhl KpHBhle H30· 
TepMHtrecKoro pacna.na a30THCTOi'! j-cpa3bl ~BTeKTOH.lI.HOro COCTaB(\, 
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't-rpaJa 

----~ 
f · Drml/lTflJVH([J/ 

'i ~ l/Ja:sa l!fa}JmeHc/Ud 

cf>Hr. 7. MHKpocrpyKrypa a3ornpoBaHHOro cno!I, IIOJIY'leHHoro 
Ha rexaHqecKOM lKeJJe3e npu 600° 'JXJialK,neHHe c re~rneparypbl 

.nmpcpy3HH a MacJJe. 

11 t!pmeHCU/JJ 

cf>Hr. 8. MHKpo
crpyKrypa a30THpo
BaHHoro cJJo!I, no
JJyqeHHoro Ha rex
auqecKoM lKeJie3e 
npu 650°; oxnalK.ne
HHe c reMneparypw 
.nucpcpy3HH B MaCJJe. 
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3oHa HaHMeHbrnei'r ycroi'mrnocrn 1-<t>asbr orMeqaeTCH npa reMnepary
pax, Jie»<:aumx B mITepsaJie 350-400°. Tipa )J.aJibHei1rneM noHmKeHHH 
TeMneparypbI ycroffqasocTb 1-<Pasbl CHJibHO sospacraeT. 

C noBhrrneHHeM creneHH nepeoxJia»<:)J.eHHH 1-<Pasb1, ,nncnepcHocrh 
npoJJ.yKros ee pacna)J.a (a. + 1') CHJibHO sospacraer. Tipo)J.yKTbI pac
na)J.a 1-<Pasbl HH»<:e TeMneparypbI HaHM€HblU€H ycroiiqHBOCTH HOCHT 

<l>Hr. 9. MHKpocrpyKrypa aJornpoaaHHoro CJIOH, 
noJiyt1eHHoro npH 7U0°; oxJia>K.ll.eHHe c reMneparypbI 

.ll.Hcpcpy3HH B M3CJie. 

~- ') 

HrOJib1'!aTblii xapaKrep 'ii BO MHOroM HaITOMHHaIOT HfOJlb'IaTbIH rpoocnIT, 
06pasy10lll.Hi1CH npn pacna,!I.e aycreHHra. Ycroffq11BocTb 1-<Pa3bI saBH
CHT OT KOHILeIITpauini B Heii asora. 

B cJiyqae JJ.Htj)tj)ysaa asora rrpa 600°, KaK n01rnsaJIH Haum HcCJie
.rrosaHHH, KOHUeHTpauHH asora B 1-<Pase Jie»<:ar B npeJJ.eJiax 2,5-1,0 % 
(<Par. 12). TI pH nosbrrnemm TeMneparypbI ascrnposaHHH K0Hue1-npa
UH5I asora B 1-<Pase noHH»<:aercH H rrpH 800° Jie»<:HT HH»<:e 1 % . KaK 
CJie)J.CTBHe yMeHbUieHHH KOHUeHrpaUHH asor.a B 1-cpase ycrofiqHBOCTb ee 
noHH»<:aeTCH, a KpHTHqecKafl cKopocTb saKaJIKn sospacraer. BCJie)J.
CTBHe :noro OXJia:>K)J.eHHe B MaCJie 0Ka3aJIOCb He)J.OCTaTOqHb!M )J.JIH 
npespameHHH Ma.7J0330THCTOH 1-<Pasbl (noJiy'leHHOH rrpH 800°) B Map
TeHCHT. 0)1.HaKo OXJia:>K)J.eHHe B MaCJie npHBeJIO K CHJibHOMY nepeoxJia
iK)J.eHH!O l-<Pa3bI H K ot5pa30BaHHIO BbICOKO)J.HCrrepcHOH cMeCH 'X + 1'-cpas, 
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<Pur. 10. M1tKpocrpyK
rypa aaor11posattttoro 
r.10H, noJJytJeHHoro H~ 
TeXHHlJeCKOM )f(eJJe3t' 

npH 8li0°; OXJTa)l(JJ:eH11e 
c re~meparyp&1 nmp-

<~)' 3HH B Mac.~e. 
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l!To 110BJteKJio aa co6oii yae.rc0qem1.e TBep.uocm. HaooopoT, BbICOKaH 
KOH11.e1npau.HH aaoTa s 1-cj:>aae noc.ne aaompoBaHirn npH 600° HBHJiacb 
npHllHHOH coxpaHemm OCTaTOl!HOH cj:>a3bl B TOH LiaCTH CJIOH, KOTOpaH 
P.enocpe.ucTBeHHo np11JieraeT K e-cj:>aae ( cM. cj:>11r. 7). 

oc --~ ....... ~_.._,, ....... ~....,,,,..,.,,.., 
~91 

"" 500 1---1--~l--<~.1----1----1 
~ 400 L-!!!_.,...__"-0-_.,,__,____, 

~300 
~2001---1---1---.1---1-----1 

~ 100 1---1---.1---.1---+-----I 
- --- -- _MH 

0 10 100 1000 10000 C8K 
BpeMR 

<l>Hr.' 11. KpHBbie HJorepMw1eCKoro 
pacnaJla 1-<PaJbl 9BTeKTOHJlHOrO 

cocrasa (603e H rayKHC). 

0 

\. 

' - 600° 
2 

1 ' ' ~ BOQ'L 
0 

0,01/ 0,12 0,2 0,28 0,Jo MM 
r11yOiiHO 0.30miip080HHOe0 CllOJ/ 

ct>nr. 12. YIJMetteHHe KOHUeHrpaunH 
330T3 no rny6HHe a30THpOBaHHOrO 

CJ!Oll H (y-<Pa3a). 

MapTeHcHTHoe npespamemie a3oTHcToli 1-cpaabI no.ntJHHHeTcH TeM 
>Ke aaKOHOMepHOCTSIM, KOTOpble ycTaHOBJieHbI JI.JISI yrnepOJI.HCTOro aycTe
mna paoOTaMH r. B. Kyp.uIOMOBa, .c. C. lllTewuoepra, A. n. fyJIHeBa 
I1 JI.P. 

_ Asomcrafi MapreHCHT npeJI.cTaBJISieT cooofi nepecbillleHHhifi TBep
.UhIH pacTBop asoTa s >KeJiese a c TeTparoHaJibHOfl: perneTKoli. DpH 3BTeK-

0 TOH.UHOM co.uep)!<aHHH asoTa (2,35 % ) 
11 napaMeTpbI perneTKH, no JI.aHHbIM 

<.> 
"'J,OB Bose. H f ayKrrca, cocTaBJISIIOT: c = 
"" 0 0 c 
"' = 3,1 A, a= 2,844 A H -a = 1,09. 
~ 
~ 3,00 TerparoHaJibHOCTb peweTKH onpe-
~ o/u .UeJISieTCH co.uepmaHtteM aaoTa B 1-cj:>a-
fr ae. Ha cj:>ur. 13 npttBe.ueubI napaMeTphl 
~ 2,02 1,08 H creneub TeTparouaJibHOCTH perneTKH 
~ MapTeHCHTa B aaBHCHMOCTH OT CO:ll.ep-
~ 2/36 ;.KaHrrH aaorn. TeTparoHaJibHOCTb pe-

C:::t:::!::::±::::±=:bJf,O rneTKH MapTeHrnrn· npHMO nponop-
o 48 f,6 ~ UHOHaJibHa co.uepmaHHIO aaoTa 

<l>Hr. 13. 3aBHCHMOCTb napaMeTpOB (qrnr. 13). 
pewerKH a3orncroro MapreHrnra CrpoeHue 

or coJleplKaHHSI aJora (fio3e H auaJiorrrtJHO 
a30TiiCTOro MapTeHCHTa 
yrnepo.uucToMy. Don 

MiiKpOCKOnOM aaOTiiCTbIH MapTeHCHT 
fayKHC). 

HMeeT HfOJlbtJaTOe CTpOeHHe; npH 3TOM 
.Hr Jlbl HJIH nJiaCTHHbI MapreHCHTa HMe!OT xapaKTepHy!O tJeqeBHI.J.eo6pa3-
HyIO cj:>opMy. PasMep MapreHcHTHhrx o6pa30Ba1mw H3Me1rneTCH no rny
OHHe .uacj:>cj:>yattOHHoro CJJOH. B ooJiacrn BblCOKHx KOHU.eHrpau.ali asoTa 
HrJibl (qeqeBHU.bI) 3HatJHTeJibHO KpynHee, tJeM B rnyoHHHblX CJl05!X 
c IlOHH)!{eHHOH KOHU.eHTpau.Heii a30Ta (CM. cj:>11r. 9). 

DoMHMO H3ytJeHHH MHKpocrpyKrypbl asomposaHHOro CJIOH, ObIJIO 
npoBe.ueuo onpe.ue.'lcHrre TBep.uocTrr OT.!:LeJibHblX cpas. T seo.uocrb onpe-
.ll:eJIHJiacb no· 36ep6axy .nprr norpysKe 139 z. · 
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PeayJibTaTbI llCCJie.11.oBaHHSI .11.aHbl Ha qmr. 14. KaK H cJie.11.osaJlO 
m1rn.11.aTb, e-cpaaa noKaaaJia TBepJI.OCTh, He npeBbllllaIOW:Y!O H v = 250. 
Tsep.11.ocTb ·(-qrn3bI secbMa BbrcoKa H, .11.ocTHra.rra H v = 500. 

CTpH nepexo.11.e B o6JiaCTb a30THCTOro MapTeHcHrn Ha6JIIOJJ.aeTcSI 
.11.aJibHefimee ITOBbil!leHHe rnep.uocrn .11.0 Hv = 700-7- ?SO. nptt. 3TOM 

2 J 
Hv Hv Hv 

700 700 700 

it; 
§ 

500 E: 500 500 ~ a 
~ 

~ 
JOO JOO R JOO ~ ~ 

( a e <X 100 fOO 
I rnyOt1Ha a.Jomupo8aHHOeO Cl70R 

<l>Hr. 14. l13MeHeHHe TBep.nocrH no rny6ttHe a30THpOBaHHOro CJIOil: 

I - 330T11poeatt11e np11 600° 11 33K3JIKa B Mac.11e; 2-a30T11poeatt11e np11 700° 11 3aKaJ1Ka 
K Mac.11e; 3 -a30TllpOB3HHe np11 800° II 33K3JIK3 B Mac.lie. 

B cJiyqae a30THpOBaHH51 npH 600° OTMeqaeTC51 rrponaJI B rnep,llOCTH B 
30He, rrpHJieraIOmefi tterrocpeJJ.crneHHo K e-cpa3e. 3rn HBJiem1e cBH3atto 
c HaJIHqHeM B 3TOH qacTH CJIOSI rrepeoxJiaM.11.eHHOi'! j-cpa3bl. BepoHTHO, 
qTO HeKOTOpoe KOll!l!qecTBO OCTaToqHoro a30Tl!CTOro aycTeHl!Ta coxpa
H51eTC51 rrocJie 3aKaJIKH H B 6oJiee rny60-
K11x CJIOHX. Tsep.11.ocTb a3on1posaHHoro 
CJIOSI, noJiyqeHHoro rrpH 800° H nOCJie.11.y-
10111.efi 3aKaJIKe B MaCJie, oKa3aJiacb 
rroH11MeHHofi 3a cqeT pacnaJJ.a 1-cpa3bI 
s cMecb a + ·(-cpa3. 

CJie,nyeT OTMeTl!Tb, qrn c yseJI11qe
HHeM CTerrett11 nepeoxJiaM,UeHHH j-cpa3bl 
11 yseJmqeH11H .11.11crrepcHOCTH npo.11.yKTOB 
ee pacna.11.a (a + 1'), rnep.11.ocTb ttenpe
pbIBHo Bo3pacrneT. 3To xopowo BHJJ.HO 113 
qrnr. 15, Ha KOTopofi noKa3atta Kp11saH, 
HJIJIIOCTPHPYIOIUaH 113MeHeHHe rnep,ll.OCTH 
CMec11 (j., + 1'-cpa3 B 3aBl!CHMOCTll OT 
TeMnepaTypbr 1130TepMHqecKoro pacrraJJ.a 
"[-cpa3bl 3BTeKTOIIJJfOH KOHI.1,eHTpau.1111. 113 
rrpHse.11.eHHOH KpHBOH BII,UHO, qTo CMeCb 

~""' 
T!JeptJocmb 

I'\. 

"" r--.... I---
200 
1 JOO 400 500 °C 

Te1>mepomypa 8b1tJepJKK1J 

<Pttr. 15. 8Jim11me crenem1 nepe
oxJialK.lleHHH 1-cjla3l>1 Ha rnep
JlOCTb nponyKTOH ee pacna,ll,a 

(6o3e H fayKHC). 

a.+ 1'-cpa3, nc)Jlyi.1ettHaH s peayJibTaTe pacrraJJ.a "f-cpa3bI 3BTeKTOH.11.HOro 
COCTaBa B o6JiaCTll HH3Kl!X TeMrrepaTyp, HMeeT rnep,ll.OCTb He Hl-L>Ke, qeM 
a30THCTbIH MapTeHCHT ( cpIIr. 15). 0.n:HaKo B HallleM cJiyqae, rroc.rre a3o
TI1posaHHSI rrpH 800° H rrocJie.11.y10w:ei1 3aKaJIKH B MacJie, rnep.11.ocTb 
OKa3aJiaCb 3HaqHTeJibHO Hl-DKe (CM. cpHr. 14). 3TO CB513aHo c pe3KHM 
06e.11.HeHHeM 1-cpa3bI a30TOM c ITOBbIWe1rneM TeMrrepaTypbI a30THposa
HH51 H pacrra,LI.OM ee R 06.riacnr BbICOKHX TeMrreparyp. 
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<l>Hr ... 16. MHKpocTpyKTypa aJornpoaaHHoro ..:JJO!I, noJJyqeH
Horo nocJJe aJoTHpmiaHH!I npH 60U0 , JaKaJJKH a MacJJe H no

cJ1e.11.y10ll.\efi o6pa6oTKH XOJIO,!lOM. 

<l>Hr. 17. MHKpocTpyKTypa - aJorn
poaannoro cno11, nonyqeHnoro 
nocJJe aJOTHpoaaHH!I npH 700°, Ja
KaJJKH a MacJJe H nocJ1e.11.y10mefi 

o6pa60TKH XOJI0.11.0M. 



3aKaJIKa B BOJJ.e Il03BOJIHJia IlO)J.aBHTb JJ.HCpcpy3HOHHhle rrpeBpaw.eHJHl 
H nepeoxJiaJJ.HTb 1-cpa3y B o6JiacTb TeMnepaTyp MapTeHCHTHe>ro npe
BpameHHH. 0.ll.1-JaKO TBepJJ.OCTb MaJIOa30THCTOro MapTeHCHTa OKa3aJiaCb 
cpaBmneJihHO HeBhlcoKoii H v = 400 +450; no3TOMY riOBh!Uiem1e TeM
nepaTypw a3ornpoBaHHH Bhlllle 750° BPHJJ. JIH II.eJiecoo6pa3Ho. Bo Bcex 
cJiyqa51x xapaKTepno MaJioe H3MeHeHHe TBep .. u.ocTH B npe,n:eJiax Ka)!(.n:oii 
cpa3hl (qrnr. 14). 

yqHTbIBaH B03MO)!(HOCTb npaKTHqecKoro ocyruecTBJieHHH npo-
u.ecca a30THpOBaHHH, COBMeru.eHHOro c 3aKaJIKOH, 6h!JIO rrpoBe.n:eHO 
crreu.HaJibHOe HCCJJe.llOBaHHe, HMeBUiee UeJJb!O ycTpaHemi:e H3 JI.H<P<PY-
3HOHHOro CJIOH OCTaTOqHoii: "(-cpa3hl, qTO 
B03MO)!(Il0 .llBYMH rryrnMH: 1) OTITYCKOM 
ITOCJie 3aKaJIKH; BJIHHHHe OTITYCKa Ha 
CBOHCTBa 3aKaJieHHOro a30THpOBaHHOro 500 
CJIOH rro.n:po6Ho 11ccJie.llOBaJI 11. E. KoHTO-
pos11q H A. CasaJiosa [6]; 2) o6pa6oT- 1;00 

I § 
I ~ 

KOH «XOJIO.UOM», TaK KaK He BbI3bIBaeT 
COMHeHHH, qTo KOHeU MapTeHCHTHOro rrpe- JOO 
BparueHHH .UJIH BblCOKOa30THCTOH 1-<Pa3hl 
J!e)l{HT B o6JJaCTH OTpHUaTeJJbHhlX TeM-

I ~ 
I §-
1~ 
I 

neparyp. Hcxo.IUl H3 B.llHHHHH yrnepo.n:a 200 
I I 
I! 

t 11: a Ha MapreHCHTHhle TOlJKH HalJaJia H KOHII.a 
MapreHCHTHOro rrpeBpaw.eHHH, He Bbl3hl
BaeT COMHeHHH, qTo H a30T pe3KO CHH
)l{aeT T04KH M,. H MI(· Dp0 3TOM 
a3oT, sepoHTHO, CHHmaer ToqKH M,. H M /( 
6oJiee ::meprwmo, tJeM yrnepo.n:. 

lleii:CTBHTeJJbHO D03e H rayKHC 3Kcrre-
pHMeHTaJlbHO ycrnHOBJieHO, qTo JJ.JIH 

fOO~~~~~~~~~-
rnqlfuHa (].JOmtJpo&!HHOZO C/IOR 

ct>Hr. 18. l13MeHeHHe rnep.n.OCTH 
no rny6HHe 330THpOB3HHoro 
CJI05I; 330THpOB3HHe npH 600°, 
33K8JIK3 B M3CJ!e H o6pa60TKa 

XOJIO.ll.OM. 

1-cpa3hl, conep)!(arueii: 1,85 % Nz, HatJaJio MapTeHc0rnoro npespameHHH 
COOTBeTcTByeT 85°, a rrpH ITOBblll)eHHH co.n:epmaHHH 330Ta JJ.O 3BTeK
TOH.UHOH KOHUeHTpaII.HH (2,35 % ) OHa CHmKaeTCH .n:o 35°. 

H11)!(e rrp1rne.n:eHhl .n:aHHhle no BJIHHHHIO o6pa6oTKH xoJio.n:oM Ha 
cBoifcrno 3aKaJreHHoro a3oTHpoBaHHoro cJIOH. 

06pa6oTKa xoJIO.!lOM 6bIJJa ocyw.ecTBJieHa Ha ycrnuonKe 3aso.rra 
HMeHH CrnJIJrna (3l1C). Tef\mepaTypa xoJJOlla 6wJia rrp11HHTa pasHoli 
-183°. B pe3yJibTaTe o6pa60TKH xoJIOllOM crrJIOllllllH1 30Ha rrepe
oxJiamneHHoi1 1-cpa3bI rroCJie a3ornpor.aHH5! rrpH 600° HC4e3Jia H seen 
CJioif rrp006peJI MapTeHcHrnoe cTpoeHHe (cpHr. 16). KaK CJ!e.UCTBHe 
::>Toro, rrposaJI B TBepnocTH ITOCJie o6pa60TKJ1 XOJIO.ZIOM He Ha6J1!0..l3JIC51 
( cpHr. 14), OJJ.HaKo 3aMernoro hoswUieHHH TBCpJJ.ocrn MapTeHcHTa 
nocJie o6pa6onrn xoJIOJ!OM He o6uapymetto (qmr. 18). 

CJieJJ.yeT OTMeTHTh, qrn B pe3yJibTaTe 06pa60T1rn xoJIO.ZIOM Ha6JJ10-
JJ.aeTCH cH.llbHbIH p13crran e-cpa3bI ( qrnr. 16 H 17) c BhlJle.TJerrneM m6hl
TOqHoif 1' -cpa3bl. 3TO HBJieHHe CB513aHO c yMeHbUieHf!eM 30HLI rOMO
reHHOCTH e-cpa3hl rrpH IlOHH)KeHHH Te,MrrepaTypw B COOTBeTCTBHH 
c mrnrpaMMOH COCTOHHHH }!{eJIC30 - a30T. 5JiaroJlap51 BbllleJieHHIO 
j-cpa3bl, e-cpa3a rroCJie o6pa6orKH xoJIOJJ.OM o6oramaeTCH a30TOM. Pac
nan e-cpa3hI o.nna1m He rroBJieK 3a co6oif 3aMeTHoro H3MeHemrn ee 
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TBep.nocrn. Kairnx-.m160 tt3MeHeHtti1 B 1' -cpa3e B pe3y.m. Ta Te o6pa6oTKH 
XOJIO)l,OM He o6Hapy)l{eHO. . 

3aKaJIKe, cosMew.eHHOH c a30TttponamreM, ObIJia no.nseprnyrn 
KpoMe rnro, crn.nh, co.nep)l{aw.aH 0,45 % yrnepo.na. Ha yKa3aHHOH 
CTaJ1H 6b!JIH no.nyi1eHbl aH<IJlOrnqHble pe3yJibTaTbl. 

<l>Hr. 19. Mm<pocrpyKTypa a3orn
poE\aH11oro CJIOH Ha CTaJIH 45; 330· 

rnpoua~me npH (i.'10°, JaKaJI Ka 
B MaCJle. 

Ha qrnr. 19 npHse.neHa MHKpo
CTPYKTypa a3ornposa1rnoro CJIOH 
Ha CTaJIH 45, rroJiyqe1moro rrpH 700° 
c nocJie.ny10w.ei1 3aKaJIKoi1. 

KaK sn.nHo tt3 cpttr. 19, 3.ll.CCb 
Ha rrosepxHOCTH TaKJKe 06pa3yeTCH 
CJIOH Cfl.llOilIHOH s-cpa3bl, a .ll,aJiee 
cJie.nyeT j-cpa3a. 

6- H j-cpa3bl Ha CTaJIH 45 HOCHT 
Kap6omITpH)l,HbIH xapaKTep [1]. CTa
paMeTpbl peilleTKH 1rnp60HHTPH.II.HOH 
s-cpa3bl, cpHKCHpOBaHHOH 3aKa.JIKOH 
c TeMneparyphl .II.ttcpcpy3ttH (650°), 
onpe.ne.neHHbie HaMH peHueaorµa · 

" qmqecKH, cocrnBJIHIOT: a = 2,68 A, 
0 c . 

c = 4,35 A, - = 1,623; )l,JIH 1-cf>a-a 
0 

3br a = 3,64 A. 
B OTJIHt-rne OT a30THpona1moro 

CJIOH Ha TeXHHqecKOM )l{eJIC3e 
(cpHr. 9) j-cpa3a npeTeprreJia Map
TeHcHTHOe rrpespaw.eHHe TOJ!bKO B 
caMblX rny6ttHHblX CJIOHX ( cpHr. 19). 
3ro y1rn3bIBaeT Ha 60JlblliYIO yCTOH
Cl{DOCTb Kap60HttTptt,11,Hoi1 cpa3hI no 
cpasHeHHIO c quern a30THOH 1-cpa3oi\. 

CTocJie o6pa60TIU:I XOJIO,UOM rrptt 
-183° rrepeoxJiaJK,11,emrnH j-cpa3a 
npeTepneJia MapTeHCHTHoe rrpespa-
meHtte. _ 

Tsep.II.OCTb Kap6oHHTPH.ll.HOH s-cpa3hI 3HaqHn~JihHO BhIIlle q11cTo 330-
THCTOH s-cpa3bl H Jie)l{HT B rrpe.II.eJ1ax H v = 400 + 450. 

Kap60HttTptt,11,HaH s-cpa3a 06.Jia.II.aeT H JiyqI11ei1 conponmJIHeMOCThIO 
H3Hocy, He yCTyrraH B 3TOM OTHOllieHHH 33KaJieHHOH BblCOKoyrJiepo.II.H
CTOH cTaJIH THrra YIO. 

Dptt nepexone B 06.riacTb Kap6oHHTpH,ll.IJOro MapTeHCHTa rnep.II.OCTb 
B03pacrneT .II.O H 1, = 800 -..;-- 850 (MttKpornep.II.OCTb), qTQ TaK)l{e 3Haqn
TCJibHO npeBbII11aeT TBep.rr,ocTh a3orncroro MapTeHcnrn. KaK BH,11,HO ·113 
cpttr. 7 H 8, Ha rrosepxHOCTH 3aKaJieHHOro a3ornposaHHoro CJIOH 06pa-
3yeTcH e-cpa3a, 06Jia,11,a10w.aH cpaBHHTCJ!bHO HH3KOH TBep,11,0CTb!O. 

YKa3aHHbIH CJioif MO)l{eT 6bITb y ,llaJieH IlIJIHcposaHtteM HJIH rryTeM 
nea3ornposaHHH [ 1 ], [8] B aTMoccpepe rrpe,ll.BapttTeJibHo rro,rnocTbIO 
)l.Hcco11.HrrpoBaHHoro aMMHaKa [I] nprr Ter-rnepaType a3ornposaHHH. 
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l\aK OhlJIO noKa3aHo pa Hee [I], npouecc ,ZJ.ea30THpoBaHHst aHaJiom. 

LJ.eH npou.eccy OOe3yr JiepO>KHBaHHSI CTa,lJ.H B aTMOCcpepe BO,ZI.OpO,ZI.a npH 
Bb!COKHX TeMnepaTypax . 

.Uea30THpOBaHHe. nepBOHa1rnJibHO npoHCXO,lJ.HT Ha IIOBepXHOCTH, 

a 3aTeM a30T ,ZI.HcpcpyHJJ.HPYeT H3 rJiyOHHI-lb!X CJIOeB Hapymy ,ZJ.JIH !WM" 
neHcau,HH a3oTa, noTepstHHoro Ha noaepxHOCTH. 

0,II.HOBpeMeHHO c ,II.ea30THpOBaHHeM H,lI,eT npou.ecc ,lI,Hcpcpy3HH ·a30Ta 

B 1- 11 a.-cpa3ax. B npouecce BbIJI.ep>KKH npH BbICoKoii TeMnepaTypc 
a3oT H3 06.JiaCTH Hacb1w:e1moro TBep,II.oro pacrnopa 1 H a, Ha rpaHHIJ.e 

E:· H 1· H 1-a-cpa3 ~rnrpHpyeT Br.JIYOb B HanpaBJieHHH K cep,II.U.eB11He. 
ECTecTBeHHO, 4To 3TO BbI3brnaeT CHH>Ke1me KOHUeHTpaum1 a3oTa Ha 

noBepxHocrnx pa3,II.eJia cpa3, 'ITO a,1e11eT 3a coooi\: nocTynJieHHe ero H3 

e:-cpa3bI B 1-cpa3y H H3 1-cpa3bI B ·a-cpa3y. 
PeaKUHSI ,ZJ.ea30THpoBaHHH, npoTeKaIOmaH Ha noaepxHOCTH 3a c11eT 

BO,ll,OpO,ZI.a, B CO'leTaHHH c ,ZI.Hcpcpy311ei\: 330Ta B j. 11 a-¢a3ax ,lI,0.Jl}l{Ha 
npHBeCTH K no.JIHOMY HC'LJ:e3HOBeHHIO e:-cpa3LI [I] H K yEeJIHLJ.E'HHIO fJIY· 

oHHhI 1 · H a.-cpa3. 
0,II,HaKo CJie,II.yeT HMeTb B BH,II.y, 'ITO B 00.Jibilll!HCTBe CJiyIJ:aeB y,ZJ.a

JieHl!e e:-cpa3bI, 06.Jia,II.aIOmei\: xopowHMH aHTl!Koppo3HOHHbIMll CBOH· 
CTBaMH H Bb!COKOH conpOTHB,1HeMOCTbIO H3IIOcy, HeU,eJiecoo6pa3HO. 

Y,II.aJieHHe e:-cpa3bI He BbI30BeT 3aMeTHOro noBbIWeHHH 113HocoycToi1:q11-

BOCTH, HO C!l.1bHO CHH3HT KOpp03HOHHYIO CTOHKOCTb H npe.a.e.JI Bb!HOCJII!
P.OCTH. 

BblBO,ll.bl 

Ha OCHOBamm npOH3Be,II.eHHOro HCCJie,II.OBaHHH MO)!{HO C,II,eJiaTh 

CJie.n.y1ow:He BblBO,lI,bl. 

l. A30THpoBaHHe npocTbIX yr.11epo,II.HCTbIX crnJieCr nprr 600-750° c no
cJie,II.yIOunrM ObICTpb!M OXJia)K,lI,eHHeM B MacJie (Bo,II.e) cooow:aeT CTaJIHM 
Bb!COKYIO rnep,ZI.OCTb 3a C'leT o6pa30Bamrn a30Tl1CTOro (KapoOHHTpH,ZI.

Horo) MapTeHCHTa. Tsep,II.OCTb a30THCToro MapTeIIcrrTa Jie:>irnT s npe,JJ.e
Jiax H v= 600 -+- 750 H KapooHHTpH,II.Horo H v = 800+ 850, T. e. He 

ycTynaeT TBep,II,OCTH u,eMeHTHpOBaHHOfO CJIOH. . 
06pa30BaHHe Ha caMOH nosepxHOCTH JJ.Hcpcpy3110HHOI'O CJIOH e:-cpa3bI 

COOOIUaeT CTaJIH Bb!COKYIO KOppo3l!OHHYIO CTOCIKOCTb H xopornyIO conpo

TllBJIHeMOCTb H3Hocy. 
Y.n.aJieHHe H3 a3ornpoBaHHoro c.noH e:-cpa3bI, 06J1a,Uaiow:ei!r noHH

)!{eHHOH TBepJI.OCTblO, nyTeM ll1JI1tcp0Bamrn, )l,ca::iornpoBaHllH HJIH 
.upyrnMH MeTO,lI,aMrr HeU,eJiecoo6pa3HO, TaK KaK 3TO He Bbl30BeT 3aMeT

HOro nOBbllllCHllH H3HOCOYCTOHlJl1BOCTl1, HO HeMirnyeMO nOBJielJeT 33 
co6oi1 CHl!>KeHHe Koppo3110HHOH CTOHKOCTH H npe,a.e.na BbIHOCJil1BOCTH, 

onpe,neJIHIOW:ero 06my10 npo11HOCTb nern.111. · 
2. I\HHeTHKa npespaw:emrn a30THCTOH (KapOOH11TpHJJ.HOH) 1-cpa3bl 

B MapTeHCHT H npHpo.ua a30THCT0f0 Map·reHCHTa, aHaJIOrHlJHbl yrnepo

,llHCTOMy MapTeHCHTy. 
3. JlJisi npaKTHlJecKoro ocymecTBJiemrn npm~ecca a3ornp0Ba1rnst, 

COBMeru:eHHOfO c 3aKaJIKOH, peKOMeH,II.yeTCSI CJie,II.yIOW:HH pe>KHM: 

a) a30THpoaaHHe npH 700-750° c nocJ1e,II.y1omHM ObICTpbIM oxJiaX<,ZJ.e- . 

HHeM B ~\fac.lle (Bo,II.e); 6) 330THpOB3HHe npH 700-750° c nocrre,II.y!OIUHM 
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Me.n.JieHHblM OXJia}l{.n.eHHeM Ii IlOBTOpHb!H HarpeB !lO 700-750° (>KeJI8· 
TeJibHO B aTMOccpepe aMMHaKa) c nOCJie.n.y10w.efl 38KaJIKOH B MaCJIC 
(BO.Ile). 

B CJiyqae coxpaeeHHH nOCJie aaKaJIKH aeaq1:neJihHOro Ko.nnqecTBa 
OCTaTOqHoii j-cpa3bl ,!lJISI ycTpaHeHHSI ee .!lOJl}l{Ha 6bITb np1rneHeHa 
o6pa6orKa xo.no,!loM npH TeMneparype HH}l{e -80°. 

4. Dpo.!lOJI}l{HTeJibHOCTb rrpou.ecca agoreposaHHH 3aBHCHT or Tpe6ye· 
Moii rJiy6ttHbI CJIOH H MO}l{eT KOJie6aTbCH OT 3 .!lO 24 11ac. 
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r. H. P.YBHHHH 

HACblllJ,EHME noBEPXHOCTM cnJIABOB METAJIJIAMM 
M 803HMKAIOllJ,ME fiPM 3TOM CBORCTBA 

CoapeMeHHoe Mam1rnocTpoerrne rrpe.rr.oSIBJISieT HCKJl!oqHTeJihHO BhICO

KHe Tpe6oaaHHSI K MaTepHaJiaM KOHCTPYKUHii: H JI.eTaJieii: MamHH, pa6oTa 
KOTOphIX rrpoHcxo.rr.HT B TR>KeJihIX yCJioBHSIX. 

11MeeTCSI 60JiblliaSI HOMeHKJiarypa .rr.eTaJieli, caMblX pa3H006pa3HblX 
no Ha3HaqeHHIO, y KOTOpbIX .rr.eii:CTBHe HarrpsimeHHOrO COCTOSIHHSI Toro 
HJIH HHOro po.ua OKa3bIBaeTCH cocpe.rr.ornqeHHhIM TOJlhKO B IIOBepXHOCT
HblX 30Hax MeTaJIJia, B TO BpeMH KaK cep.rr.ueBHHHhie 30Hbl Herrocpe.u
CTBeHHOro BHemHero B03,n:eii:CTBH5l He npeTepneBaIOT H aKTHBHOro yqa
CTHH B pa6oTe .rr.eTaJm He rrpHHHMaIOT. K qHCJIY Hx MoryT 6b1Th 
OTHeceHhl: 

I) .rr.eTaJIH, pa6oTaIOIUHe B ycJIOBHHX H3Hoca; 
2) .rr.eTaJrn, pa6oTaIOIUHe B yCJioBHHx BhICOKHx Te!\rnepaTyp; 
3) ,n:eTaJIH, pa6oTaIOIUHe B pa3JIHqHhIX cpe.rr.ax, BbI3blBaIOIUHX XHMH

qecKy10 Kopp03HIO; 
4) .rr.eTaJill, pa60TaIOIUHe Ha ycTaJIOCTh; 
5) )l.eTaJIH, rro.rr.sepmeHHhie 9p03HOHHOMY B03JI.eii:cTBHIO cpe.rr.bl rrpH 

HH3KHX H BblCOKllX TeMnepaTypax. . 
Co3.rr.aHHe CTPYKTypHo reTeporeHHhIX 30H B ceqeHHH H3.UeJIIrn H rro

JiyqeHHe Ha ero IIOBepxHOCTH cneuHaJibHhIX CBOHCTB HaH6o.nee ycrremHO 
pemaeTCSI MeTO.UOM xHMHKO-TepMHqecKoii: o6pa6oTKH. Oo9TOMY B rro
cJie.rr.Hee speMSI, HapH.UY c HaCbIIUeHHeM CTaJIH TaKHMH 9JieMeHTaMH, Kai{ 
yrJiepo.rr. H a30T, Bee qame CTaJIH npe6eraTh K HachnueHHIO noaepxHOCTH 
CTaJIH xpoMOM, aJIIOMHHHeM, KpeMHHeM, 6opoM H .rr.p. 

0.uHaKo HeCMOTpH Ha oqeBH,UHblH 9cpcpeKT, KOTOphlii: MOR<eT 6b1Tb 
IIOJiyqeH rrpH HaCblll.J,eHHH CTaJIH MeTaJIJiaMH, 9TOT cnoco6 He rroJiyqHJI 
mepoKoro pacrrpocTpaHeHHH B rrpoMhIWJieHHOCTH. Op11qHHa 9Toro 3a
KJnoqaeTCH B HecoaepmeHCTBe MeTOJI.OB, rrprrnemreMbIX JI.JIH npOH3B0,1{
CTBa HaCblIUeHHSI, KOTOpb!e B 60.'lblliIIHCTBe c.nyqaeB OKa3bIBa!OTCSI He 
no.rr..uaIOIUHMHCH ynpaBJieHHIO. 

I. CTPYKTYPA noBEPXHOCTHblX 30H CTA.nH noc.nE HACblUJ.EHHjl 
9.nEMEHTAMH H3 rA30BOR CPE.ll.bl 

B .rr.aHHOii: pa6oTe paccMaTpHBaIOTCH pe3yJihTaThl ecCJie.rr.osaHei\:, 
KaCaIOIUHeCSI e3yqeHHH CBOHCTB CTaJIH, rrpome.rr.mei\ HaCblIUeHHe TaKHMH 
MeTaJIJIHqecKHMH 9JieMeHTaMH, KaK xpoM, BOJibcppaM, MOJIH6,ll;eH, Baua
lIHA, Mapraneu, Heo6ef!, uepnA. 



HachrIUemie 3.JieMeHTaMH npoH3BOJlHJioch 113 ra3osoi"1 cpe.llbI Me
TOJlOM, SIBJISIIOI.IJ.HMCSI B HaCTOSII.IJ.ee BpeMSI HaHOO.TJ:ee coseprueHHblM. 
B KaLiecrne ocHOBHOH ra3osoi1 cpenhr B 3TOM cJiyLiae yITorpeoJISIIOT 
XJIOpHCThle, qnopHCTbie, HO)lHCTbie HJIH opOMJICTble COe)lHHeHirn Me
TaJIJia, KOTOpbie Moryr ObITb HCITOJib30BaHbl KaK B fOTOBOM BH)le [I], TaK 
11 noJiyLieHbI B ITpouecce ITpoBeJJ.eHHSI HaCbIIUeHHH. Harvrn 11cnoJib30Ba
JIHCb xJiopHCTbie coe.UHHeHHSI MeTaJIJia MCln, no.TJyLiaeMbie ITPH B03)le:ii
CTBHH XJ!OpttcTOro so:n.opo:n.a Ha COOTBeTCTBYIOill,HH cpeppocnJiaB. IlpH 
TeMneparype BbIWe 800° B paooLieM npocTpm1crne ITeLIH ITpoTeKa10T 
,peaKUHH: 

2 (Fe, M) + 2 (n+ m) HCI +::t 2FeClm + 2M Cln + (n + m)- H2 ; (I) 

mM Cln + n Fe +::t n FeClm + mM. (2) 

T_aK KaK OKa3brnaeTCSI ueJiecooopa3HbIM ra3oBbIH Mern,n: 1rncbm1,eHHl.J 
ocyI.IJ.eCTBJISITb npH Ha.JIH"IHH B ra30BOH cpeJI.e BOJlOpo;1,a, B 3TOM cJiyLiae 
HMeIOT MeCTO .rr.onoJIHHTe.JibHO TaK>Ke CJie.UyIOI.IJ.IIe peaKUHH'. 

2M Cln + n H 2 ;::!: 2n HCI + 2M; (3) 

2FeClm+mH 2 ;:!:2Fe+2m HCI, (4) 

r .ue n H m B pea KUH SIX (I) -( 4) - ue,'lbre LIHCJia. Bb1.ue.II5JIOlll,HHCS1 ITO 
peaKUHH (2) H (3) aTOMapHblH MeTaJIJI, Oy.UytlH B aKTHDHOM COCTOSl
HHH, ITpHo6perneT cITocooHocTb .u11cpcpyH.11.11posarb 13 ITosepxHoCTHbie 
CJIOH CTaJIH. 

TaKHM o6pa3oM, B paooLieM npocrpm1crne ITellJI B03HHKaeT e,llHHaH 
uenOLIKa XHMH"!eCKMX peaKUHH, B3aHMHO 06ycJIOB.TJHBa1ouu1x JI.pyr .upyra 
11 o6ecneLIHBaIOI.IJ.HX npoTeKau11e npouecca HaCbII.IJ.eHirn cTaJII1 MeTaJI-

... 1 1a 
.TJaMH. · I "' 
_ IloJiyLieH11e neps11LIHoi1 aKrnBHoii ra3osoii rnec11 H 2 + HCI Tpeoye-· 
Moro COCTaBa ocyI.IJ.eCTBJISIJIOCb ITO XJIOpOBO.UOpOJI,HOMY MeTO_'ly, on11caH
HOMy pa Hee [I]. 

cJ>a30Bbltl H XHMH'leCKHtl cocraB noBepXHOCTHblX 30H >KeJie3a H craJIH DOCJie 

I I 
XapaKTepHCTHKa 

Ma Tep Han Ha>iMeHoeaHHe 

I Cr w 

)l(,•IJC30 

I 0;0 11e111py10mero 911eMe1na I 42,0 

I 
16,2 

(0,030fo C) <l>a30Bb1il cocraB ex-TB. p. ex+ Fe7W6 

CT31lb 0;0 11ernpyIOmero 9JieMeura 79,5 I 8,8 
(0,470/o C) cf>a30BblH COCTaB Cr23Cs 

I 
cx+Fe7Ws 

Fe2W2C (c11.) 

Cra11b 0;0 nernpyIOmero 9JieMeHra 76,0 17,8 
(0,8.50/o C) <l>a30Bblil cocraB Cr2sC6 rt.+ Fe2WaC + 

+Fe7W6 · 
- ------- -·· 

I 

I 



I 

I 

B TaoJI. 1 np1rne.n.eHhI ,n.aHHbie, xapaKTepH3YIOill.He npHpo.n.y noBepx
HOCTHoro CJIOH o6pa3UOB >KeJie3a H CTaJIH ( cpa30Bb!H COCTaB, KOHU.eH
rpaU.HH 3JieMeHTa Ha nosepx1rncn1), nporne.u.urnx 11ach11ll,eHHe pa3m1tf
HbIMH 3JieMeHTaMH npH 1200°, 3a 3 qaca 1, a Ha qrnr. 1 .rr.aHbl MHKpo
CTPYKTYPbI nosepxHocTHbIX 30H HaCbIIll.eHHH. 

06Hapy*eHo, tITO nocJie BOJibcppaMHposairnH }!{eJie3a H craJm 
nosepxHoCTHbIH cJiofI cTpyKTYPhI co.u.ep}!{HT cpa3y Fe1 W s, a He cpa3y 
Fe2W, KaK ObI.TIO Hai1.n.e1rn B Oilb!Tax M. r. 01rn0Ba H JT. C. Mopo3a [2]. 

0TcyTCTBHe cnJIOllIHOH KapOH,Ll.HOH 30Hbl Ha nosepxHOCTH CTaJIH npH 
Hacbilll,eHHH BOJibcppaMOM H Mo.rm6,LI.eHOM 06bHc1rnercH rnyooKHM 06e3-
yrnepo*HBaHHeM CTaJIH, npOHCXO.ll.Hlll.HM B pe3yJibTaTe 60Jibll10H CKOpo
CTH .n.ncpcpy3HH yrnepo.n.a H3 cep.n.u.eBHHHbIX 30H 06pa311.a K ero nosepx
HOCTHbIM 30HaM H MaJIOH CKOpOCTH .ll.Hcpcpy3Hfl fiOJ!bcppaMa HJIH MOJIH6· 
,LI.eHa B HaCbJlll,aeMb!H MeTaJIJI. 

Hachllll.eHHe MapraHu.eM cpttKCHpyer npii KOMHaTHoi'.'1 reMneparype 
Ha nosepxHOCTH :tKeJie3a Bb!COKOTeMnepaTypHyIO MO.ll.Hcpmrnu.HIO Map
ramw - I (sepHee, TBep.n.b1l% pacrnop >KeJie3a B 1-Mn). 06paru:aeT 
Ha ce6H BHHMaHHe TO OOCTOH'reJibCTBO, l!TO B npou.ecce <fjopMttpoBaHHH 
BHeruHHx 30H Hacb1meHHH KOH11.e1npau.irn MapraHua B rnepnoM pac
TBope Ha 6a3e Fe I He .n.ocTHrJia npe,n:eJibHOro 3HatieHHH, coornerCTBYIO· 
mero pasHosecHoii: KOHU.eHTpau1m corJiacHo miarpaMMe Fe - Mn. He
rwcpe,n:crneHHo no.u. c.'IoeM <)la3bI Mn I (Fe) Kor111.eHTpa11.Irn MapraHua 
COCTaBJIHeT Bcero 20-25% (<)lttr. l, JIC). 

KaK ·stt)l.Ho H3 tjmr. l, 3, .ll.Hcp<jlysttH HHOOHH B )KeJ1e30 conposo
:tK.ll.aercH o6pa3oBaHHeM Ha nosepXHOCTH o6pa3u.a CBeTJIOH 30Hbl CTpyK
rypb! a..-rnep,n:oro pacrnopa HHOOHH B :tKeJiese, KoropaH OT.ll,eJieHa OT 
cep.u.u.esHHHbIX 30H mrnnefI (noJiocofI), HJ.J.Ylll.eli napaJIJieJihHO KOHTYPY 
nosepxHOCTH oopasua. CrpyKrypa mreurnero CJIOH cocTOHT H3 cToJiotia· 
TblX KpHCTaJIJIOB, pacnpocTpaHHIOlll,HXCH r JIYOOKO OT noBepxHOCTH 
06pa311.a no HanpasJieHHIO K cep,n:u,eBHHHbIM ero soHaM. 3ro nosBOJISieT 

1 UepHpoaattHe cTaJJH npoH3BO.llHJJocb a aaKyyMe npH 1100° e re'lettHe 8 qac. [ 10]. 

Ta6Auqa I 

H8CbJW.eHHSI pa3JJH'IHblMH 9JJeMeHT8MH H3 raaosoA cpe.llbl (t = 1200°, 3 '18Ca) 

noeepXHOCTHOro CJIOH cnnaeoe nocne H8CblU(eHHH 3JleMCHT8MH 

Mo I v I Mn I Nb I Ce 

18,l 

I 
42,5 

I 
87,0 

I 
29.6 

I 
60,7 

a+ Fe1Mo0 a•TB. p MI\ (Fe) a+ (Fe3Nb2?) -

11.0 77,0 72,.'l 

I 
80,0 -

a+ Fe7Moo VC Mn1 (Fe) NbC -
I 
I 

20,4 85,0 81,0 89,0 ·-

a+cn. vc Mn1 (Fe)+ NbC ··-· 

(Fe2Mo2C?) ... +(Mn, Fe)3 C I 



6) 

2) 

8) 

<l>Hr. 1. MHKpocTpyKTypa >Ke 
HHll noaepxHOCTH MeTaJI 

a-Cr-1100°, 6 qac.X210 (0,0.1"•0 C); 
•-W-1300°, 6 '18C. X400 (O.fl3:1, 
(0,03"10 C); a- V- 1100°, 6 qac. -x,, 
X 400 (1,18°/0 C); .11C- Mn - 1100°, 
1200°, 6 qac. )'( 200 (0,03 '/0 C); U -

" - C_e - 1100°, .101 



e) 

Jle3a H CT3JIH DOCJ!e H3Cb1W.e
Jl3MH H3 ra3oeoA cpeAbl: 

6-Cr-1000°, 1 '18C;{(200 (1,03"/a C); 
C); l- Mo - 1300, 6 'IBC, ')( 100 
200 (0,03°1aCJ; e -V - 1100°, 6 '18C,)( 
3 'lac. X '.!.iU (0,113°/0 C); a - Nb -
Nb - 1:1011•, 6 'lac.X 300 (1,111"/a C); 
'18C, X 100 (0,03°/o C), 

3/ 

UJ 

/() 

. 1 fill 



cJ(eJiaTb npem10.rro:>KeHHe o TOM, lfTo s rncTeMe cnJiaBos Fe - Nb 
"(-o6.11acTb .lI.OJilliHa ObITb 3aMKHyToit CJiaoo Bbrpa:>KeHHaH pa3HHua a 

OTTe1max TpaBJieHHH BHellIHHX 30H CTpyKrypbI Ha qmr. 1, 3 MO)l{eT Ob!Tb 

OObHcHeHa, noBHJ(HMoMy, Ma.11oii: BeJIH'IHHOH cKalf1rn ::i.11eKTpO,l1,Horo 

noTeHuHa.11a, HMeJOmero MeCTo Ha rpaHv.ue (JIHHHH) pa3J(eJia ,nmpcpy-
3HOHHoro CJ1051. 

nocJIOHHblH aHaJIH3 onpe,neJICHl151 HHOOHH B KpaeBbIX 30Hax )l{C

Jie3a, HacbII.UCHHoro Htto611eM npn 1200" B TelfeIIHe 6 qac., no:n:rnep.LI.HJI 

HaJIHlfHe rpaJ(HCHTa KOHUCHTpauHH B pail.one JIHIIHH pa3,ne.'la cpa3 (npH 

%Nb 
BO • 

60 ~ 

40 

6 

4 

2 

0 
0 

c 

b 

I 

I . 
"it 

i\ 

1,18%C 

-1 

\. 
xD,03%C 

... , 
\ "" 

' ~ 
40 80 Ml< 

<l>w. 2. Pacnpe.ueJie1me 
KOHI~'":rrpau,HH HH06Irn B 
noBepxHOCTHblX 30Hax 
)((eJie3a H CTaJIH nocJie 
ra30BOro HH06HpOBa11m1. 

TeMnepaType JJ.mpcpy3n11) ( qmr. 2). DoCJieJ.I.-

Hee rosopttT TaK>Ke B IIOJib3Y HaUiero npe,nno
JlO)l{eH!rn o HaJittlfHH B rncreMe Fe - Nb 
.3aMKHyroi'I ooJraCTH "(-tjJa3bI. 

Y3JIOBaH TOlfKa II<tpeceqeHHH BeTBeii: ooeHX 

KpHBbIX JJ.JIH c.1yqa51 )l{eJie3a yKa3bIBaeT Ha 

npe).I.CJibHYJO pacrnopHMOCTb Hl1001151 B 1-<Pa3e. 

CornacHo cprff. 2, npe.D.eJihHaH KOHUeHTpa

UHH HHOOHH B 1-<Pa3e )l,JIH 1200° paBHa 1,8-
2,0 % , 'ITO Haxo,LI.HTCH B ,LJ,OCTaTOllHO oJIH3KOM 

coornercrnm1 c .D.aHHbIMH H. M. Bopo

Hosa [3]. 
J(H<P<PY3H51. H!IOOHH B CTaJib conpoBO)l{).I.aeT

CH OOpa30BaHI-IeM Ha ee IIOBepXHOCTH CIIJIOill

HOrO CBeTJIOro CJIOH KapOHJJ.HOH <Pa3bl COCTaBFI 

NbC ( qmr. 1, u). 
l13Jio:>KeHHhie ,naHHbre, onpeJ.I.eJimomne npH

po,ny IIOBepxHOCTHblX 30H >KeJie3a H CTaJIH IIOCJlC 

HaCb!Il.(eHHH pa3JIHlfHblMH 3JICMCHTaMH, II03BO

JI51JOT CJJ.eJiaTb HeKOTOpoe 3aKJIJOlfeHHe 0 KHHe

THKe cpopMttpOBaHHH IIOBepxHOCTHblX 30H B 

npouecce JJ.tt<P<PY3HH MeTa.11.11os. 

,[(eiicTBHTeJibHO, KHHCTHKa cpopMHpOBaHH51 /I.11Cpc}Jy3HOHHO HaCblllI.CH

HbIX 30H Ha IIOBepxHOCTH CIIJiaBOB He MO)l{CT OblTb paccMaTpHBaeMa 

c TOlfK!I 3peHH51 OJ.I.HOH TaK Ha3bIBaeMOH «llHCTOH» HJIH «peaKTHBHOH» 

Teop11H: IIOKa He oy.rr.eT YllTeHo JJ.CHCTBHe pa3Jil1llHbIX cjJaKTOPOB, onpeJJ.e
JIHIOil.(HX TClfCHHe npouecca HaCblllI.CHHH ( MeTOJ.I.HKa npoBeJJ.eHHH HaCbI·· 

Il.(CHJ15!, ooe3yr JiepO)l{HBaHIIe CTaJIH IIp!I HaCblI.UCHim, COCTaB CTa.~II 
H T. ,n.). 

TaK, HanpnMep, npH HacbIIUeHtt11 )l{e.11e3a uepneM 11.1H MapraH

L\eM 3aKOHOMepHOCTb IIOCJIC.LI.OBaTeJibftOro oopa30BaHHH tjJa3, CB51-

3aHHa51 c B03HHKHOBCHHeM HOBOH tjla3bl, KaK TO.'lbKO B pauee o6pa3o

BaBUICHCH cpa3e oy.rr.eT JI.OCTHrHYTa npe.11.eJibHaH KOHUCHTpaUHH 3JieMeHTa, 
He HaOJIJO.LI.aeTCH. noc.1e).I.Hee yKa3bIBaeT Ha HHOH xapainep TelfeHHH 

npouecca .nnct><PY311H, B 3THX c.11yqa51x He IIOJ.l.llHH511011.IJIHC51 3aKOHY 

nocJieJJ.oBaTeJibHOro o6pa3oBaHHH cpa3 1. 

1 IIpmieJI.eHHbie aeropoM .uaHHble, c Haweii T04KH :ipeHHff, He .ua10r ;1ocraroimo 
:11arepHaJia .UJIH raKoro BbIBo.ua. Pea. 

!!16 



2. CBOACTBA CTAJJH fiOCJlE HACbllUEHHSI METAJJJJAMH 

CTpOMbilllJieI-IHOe l1CrIOJib30Bairne MeTO)J.a HaCb!IUeHl15l CTaJIH MeTaJI· 

•laMH 011peJJ.eJIHeTC5l TeMH CBOHCTBaMH, KOTOpb!e 11p1106pera!OT 11.ernJIH 
fTOC.IIe H3CbIIUeHH5l. 

2400 r-

~bC 

-----

1600 

/ ~c 
I ~---- (rZJ c6 f,/-
t/ 

I 

m 
111 

1!1 .,, 

I~ 
l;1 

I~ 

0 0,4 0,8 %C 

<l>Hr. 3. B.1HHHHe yrJiepo.n.a Ha MHKpornep.n.ocTh noaepx
HOCTHOro (Kap6H.!1.HO!'O) CJIOH CTaJIH nocJie H3CblllleHHH 

xpoMO~I. BaHaJrne~I H HH0611eM. 

Hanp11Mep, 6JiaroJJ.apH o6pa3oBaHH!O cnJIOillHOfi KapOHJJ.HOH cpa3bI 

Ha noaepxHOCTl1 CT3JIH, OTJIH'laIOLiJ.eficH Bb!COKOH TBepJJ.OCTb!O ( cpHr. 3)' 
xpoM11poBam1e, saHaJJ.HpoBaHHe, HH06HpoBaHHe H MapraHI.1,eH11poaaime 

H03BOJI5IT, rIOBHJJ.HMOMy, Il0Bb!Cl1Tb H3HOCOyCTOH'IHBOCTb CT3JibHbIX 

H3)1.eJIHH. 

)l(apoynopHOCTb CTaJIH DOCJie HaCblUJ.eHHSI nosepXHOCTH MeTaJIJiaMH 

l1cCJie,ll.OBaHH!O Ha :>!<apoynopHOCTb ( conpOTHBJieHHe OKHCJieHH!O npH 

Bb!COKHX TeMnepaTypax) IlO,ll.BeprJIHCb o6pa3l.l,bl - nJiaCTHHbl (25 x 
X 15 X 3 .MAt), H3rOTOBJieHHbie 113 )!{eJie3a (0,03% C), cra.TIH MapoK lfi 
11 Y8A, a TaK)!(e 113 xpoMOHHKeJiesofi crnJIH MapKH Xl8Hl 15. 

l1cCJie,ll.yeMbie o6pa3l.l,bl 110,ll.BepraJIHCb HaCbIIUeHH!O pa3JIH'IHblMH 

3JieMeHTaMl1 (Cr, rw, Mo, V, Mn, Nb, Ce) npH 1200J B Te'leHHe 3 qac. 

U,ep11poBaHHe 11pOH3BO,ll.HJIOCb 11pH 1100° B Te11e1rne 8 qac. )Kapoynop

HOCTb onpe.n.eJIHJiacb 11pH 800, 900, 1000 H 1100° c o6mefi npoJJ.O.'l)!(H

·1 eJibHOCTb!O npeOb!BaHHH o6pa3l.l,OB B OKHCJIHTeJibHOH TeM11epaType 

CHJIHTOBofi olJieKTpo11eq11 B Te'leHHe 120 qac. Cy)!{JJ.eHHe o )!(apoynop

HocTH npOH3B0)1.HJIOCb 110 onpe)J.eJieHH!O npHBeca Ha OKaJIHHY MeTO)J.OM 
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noBTOpHbIX B3BellIHB8HHll Ha MHKpoaHaJIHTHqecKHX Becax qepe3 K8>K.llble 
10 qac. 

Tipe.llBapHTeJihHble Oilb!Tbl onpe.lleJieHHSI >KapoynopHOCTH yrJiepO.llH
CTblX cnJiasos ( >KeJie3o, cTaJib 15, Y8A), npornem11ttx HaChIIUeHHe Cr, 
W, Mo, V, Mn, Nb H Ce, noKa3aJIH, qrn .llJISI TeMnepaTyp ttcnhITaHHSI 
OT 800 .n;o 1100° yKa3aHHble 3JieMeHTbI, 3a HCKJIJoqeHHeM xpoMa H qa
crn:qHo HH06mI, He npHBO)l;SIT K KaKOMY·JIH6o 3aMeTHOMY IlOBb!WeHHIO 

0 

0 

Cr 

20 40 60 80 
/7podo11)1{ume11bHocmb ucnb1maHufl 

a) 

900° 

Nb y "r/'1n --- ---h '~ - \ 
~ w Ho 

~ 5eJ12:J. Cr 

20 40 60 80 
fipo(Jo11Nwme11bHocmb ucnb1maHUfl 

0) 

20 *O 60 80 
flpo(JomHUme/lbHOCmb UCflblmOHUR 

8) 

<l>Hr. 4. )l{apoynopHOCTb >KeJJe3a H CT3JJH: 

'IQC 

~l 

vac 

'IOC 

a - o,oa•/. C; 6 - o,1s•i. c: s - o,ss010 c npH 900° nocJie nacblmeuus 
pa3JIH'IHblMH aneMeHT8MH. 

mapoynopHOCTH no cpaBHeHHIO c 06pa3uaMH 3THX >Ke Cil.'IaBOB, He 
rrporne){WHMH HaCbIIUeirne 3JieMeHTaMH. 

Tio3TOMy .n;aJihHeHIIIHe HccJie.n;osaHHSI 6hIJIH cocpe.n;ornqeHbl Ha 
HCCJie)lOBaHHH mapoynopHOCTH cnJiaBOB npH 800-11000, HaCbIIUeHHblX 
xpoMoM H HH06HeM. Ha qrnr. 4 npHBe)leHbl pe3yJihrnpy10rutte .n;aHHhie 
HCilbITaHHll Ha mapoynopHOCTb npH 900°. 

Ha qrnr. 5 npHBelleHbI pe3yJihTaTbl onpelleJieHHSI mapoynopHOCTH 
pa3JIHqHblX cnJiaBOB nocJie xpOMHpOBaHHSI H HJf06HpOBaHHSI llJISI reMne

paTypb! HCilbITaHHSI 900°. TI pH 800-10000 HaH60Jiee Bb!COKYIO IKapo-
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ynopHOCTb ooHapy:Hn!BalOT CilJiaBbl, npowe.1u1rne xpoMHpouamie. H110611-
p0Bam1e 3aMeTHO He IlOBbllllaeT )l{apoynopHOCTH yrnepO.ll.HCThIX cnJiaBOB 
H yxy.ztlllaeT )l{apoynopHOCTb cnJiaBa Xl8Hl 15. 

Ha1160Jihlllett )l{apoynopHocThIO OTJIHqaeTcSI cTaJib 15 H >KeJie3o 
nocJie xpoM11poBaHHSI. )I(apoynopHoCTb cTaJIH Xl8Hl lB xorn 11 noBbI
rnaeTCSI llOCJie xpOMHpOBaHHSI, O,llHaKO OHa HH)l{e, qeM y xpoMttpoBaH
HblX oopa3U,OB }!{eJie3a Fl CTaJil:I. TeMnepaTypHaSI 3aBHCHMOCTb H3MeHe-

900°C 

0,03 %C 

::. )( 

0 90 80 
flpoOO/l/KtJm81lbHOCmb tJCnblmaHIJR 

0,15%C 

.X18H115 
(N/JJ 

-~ 

-;--'.. _..,.___ 

vac 

ll>Hr. 5. >Kapoynopttocrb >KeJJe3a, yrneponttcrofi craJIH H cranH X18Hl 15 rrpH 900° 
JlO H nocJie f330BOro xpOMHpOB3HHll H HH06HpOB3HHll. 

HHSI )l{apoynopHOCTH cnJiaBOB no.u.q11m1eTCSI 3KCilOHeHUHaJibHOMy 3aKOHY 
(qrnr. 6). IlpH 1100° CKOpOCTb o6pa3oBamrn OI<aJIIfHbl OKa3bIBaeTCH 
HaCTOJibKO Bb!COKOH, qTo o6pa3U,bl 3a Kopon<Oe BpeMSI OKHCJIHIOTCSI 
HaCKB03b, BCJieJJ.CTBHe qero 3KCllOHeHU,HaJibHblH xapaKT·ep KpHBOH ,llJIH 
TeMnepaTyp Bhrwe I 000° HapyrnaeTcSI. 

c U.eJibIO BbISICHeHHSI B03MO)l{HOCTH .u.aJibHeifrnero IlOBblllieHHSI :>Kapo
ynopHOCTH cnJraBOB MeTOJJ.OM xpoM11posaHHSI OhIJIH npose.ueHbI onhIThl 
no onpe.ueJieHmo »rnpoyrmpHocrn cnJiaBOB, nporne.uwHx xpoMnpoBaHtte 
Ha pa3JI11qHy10 rny6Irny. Ha cjrnr. 7 11p11se.zteHbI cpaBHHTeJibHhre KpHBble 
)l{apoynopHbIX csoifcTB o6pa3U.OB }!{eJie3a 11 cTaJIH XI 8H 11 B np11 1100°, 
npollle.llllIHX HaCblUieHHe xpOMOM npH 1200° B TeqeHHe 3 H 6 qac. yfa 
COTIOCTaBJieHHSI KPHBbIX MO)l{HO BH.lleTb, qTQ yBeJIHqeHHe rJiyOHHbl 

1 !lfl 



aaCb!l.l.l,eHH5:1 xpMOM npHBO,ll.HT K cyl.l.l,ecTBeHHOMy yBeJIHY:eHHIO .IKapo
ynopHOCTH; oco6eHHO 3HaY:HTeJibHOe yBeJIHY:eHHe 2KapoynopHOCTH Haomo
.n:aeTCH JJ;Jl.H cnJiaBa Xl8Hl lB. 

Cyl.l.l,ecrneHHO Ba)f{r-roe 3HaY:eHHe JJ;JI.H no\l!yY:emrn BhrcoKoii )f{apo
ynopHocTH cnJiaBOB noCJie xpor.mpoBamrn HMeer KaY:ecrno noJ1yy:aio-
111.eikH noBepxHOCTH (orcyTCTBHe nop, ITHTeH, TIOCTOHHCTBO KOHUeHTpa
!J,HH H rny6HHbI CJ10H no Bcei1 IIOBepxHOCTH H3,ll.eJIHH). 

2/H 2 
70000.---,---------.-------,--------, 

10 

-800 goo 1000 
Te11nepam1Jpa ucnblma1tuR 

oc 

<l>nr. 6. 8JI11l!H11e reMneparypbI 11a >Kapoynop11ocrb >KeJie3a, 
yrJ1epO.IJ.HCTOH CTaJlll II craJ111 X18H116 .IJ.0 II OOCJ!e ra30BOro 

xpOMllpOBaHllll 11 11110611poBaHllll. 

Ha cjrnr. 8 rrp11so)l.HTCH ljJoTDrpacp11H 'VlttKpocrpyKTYPhI ue1<aY:e
cTBeHHO xpoMHponaHHCro o6pa3IJ,a )!{eJie3a IIOCJie 120-Y:aCOBOro HCilbl
TaHH.H Ha )l<apoyrropHocTb rrp11 I 000°. J13 cp11rypb1 BH,TJ:HO, Y:TO He3axpo
\1HpoBaHHhii1 ue6oJibIIIoii yLiaCTOK rror3epx11oc111 o6pa3IJ,a 6bw rrpHY:HHoil 
cH.IIbHOro pa3pymNrnH MeTa.n.na rro,ll. ,neiicrnHeM ra3osoC1 Koppo3HH, Ha-
1rn.uy c 3THM xpOMHpOBaHHbie yY:aCTKH OCT3JlbHOH '13CTH IIOBepx1-rocrn 
OKa3aJIHCb Ha,ll.e)l{HO 331IJ,Hl.l.l,eHHblMH OT OKHCJieHH.H. 

Paccachrnauue CJIOH. To o6cTO.HTeJihCTBO, Y:TO xpoMHposaHHbie 
o6pa3Ubl crr.TJaBOB 06Hapy.1K11Ba!OT BbICOKYIO )l{apoynopHOCTh rrptt J!.OCTa-
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TO'l!HO BblCOKHX TeMnepaTypax H repHIOT noc.Tie.ZJ;IllOIO nOCJie .,llJIHTeJib
HOro npe6bmamrn o6pa3U.OB B OKHC.TIHIOlll.eH aTMOccpepe, 3aCTaBJUleT 
paccMOTpeTb 6oJiee rJiy6oKo npou.ecc Tex npeo6pa30Bam1f1 B CTPYKType 

2/1'12 

1oooo~~~-,2-o~o-,0-J~va_c_a~o~.o-J-%~C-~X-1~8-H~11-5~-~~ 

'~-'---'--'----'--'----'--'--..___-l...---1~--'----'-__J 
0 JO 60 90 120 'IOC 

npoiJOllll<Ume/lbHOCmb UCfiblmOHUR 

<t>Hr. 7. BJIHHHHe npo.n.oJilKHTeJibHOCTH raJosoro xpoMH
poBaHHH Ha lKapoynopHOCTb lKeJie3a H CT3JIH x 18Hi 16. 

H CBOHCTBax BHelllHHX 30H HaCbilll.eHHH, HMe!Olll.HX MeCTO B CBH3H 
c SBJiem1eM, KOTopoe Mb[ Ha30BeM «paccaCbIBaHHe CJIOH». ,ll.o HaCTOH-

<t>Hr. 8. MeCTHOe pa3pymeHHe OT OKHCJleHMH HeJaxpo
MHpOBamrnro yqacrKa noBepxHOCTH o6pa3tta lKeJieJa 

(HCflbITaHHe npH 1000', 1:20 'lac.; lllJIH<j> neperpasJieH). 
x 100. 

mero npeMeHu npouecc paccachIBaHHH BHeurnero CJIOH ttachlmeH1rn He 
no.nsepraJICH oco6oMy H3ylleHHIO, n03TOMY Mb! CllHTaJIH Heo6xo.nHMhIM 
flOABeprnyTb 3TOT BOnpoc cneu.HaJibHOMy aHaJIIt3y. 
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CJie.u.oaaJio ON<H.ZI.aTb, tITO B pe3yJibTare «paccacbIBaHHH» noeepx

HOCTHoro CJIOH CTpyKryphI, npoHCXO.ZI.HII.J.er~ OJiaro.u.apH .U.HCPQJY3HH 3Jie

MeHTa CJIOH no HanpasJieHHIO K cep.n.u.eBHHHhIM 30HaM H3)J.eJIHH 6y.u.eT 
npOHCXO)J.HTb IlOCTeneHHOe yMeHbIIIeHHe KOHU.eHTpau.m1 Jiernpy10w.ero 

9JieMeHTa B nosepxHOCTHOM CJIOe, npHBO)J.HII.J.ee K ycKopeHHIO OKHCJieHHH 

CTaJIH. TI03TOMY OT CKOpOCTH paccacbIBaHHSl BHeIIIHero CJIOH )J.OJl)KHa 

cyII.J.ecrneHHO 3aBHCeTb H )KapoynopHOCTb CTaJIH. 
Ha tjJHr. 9 noKa3aHa MHKpoCTpyKTypa xpoMHposaHHoro )KeJie3a B 

HCXO)J.HOM COCT05lHHH a H nOCJie npe6bIBaHH5l B Te'leHHe 14,5 qac. npH 

.. 

a) o) 

<l>ur. 9. MnKpocrpyKrypa xpoMnposaHHoro >Kene3a: 
a - B HCXOJlHOM COCTORHHH; 6 - OOCJ!e paCC3CblB3HHR npH 300° B Te'le!me 

· 14,5 4aca. 

800° (6) H Il ycJIOBH5lX 803.U.YLUHOH aTMOccpepbI MycpeJihHOH 3JieKTpone1111. 
ConocTaBJie~me cjJororpacjJHif noKa3bmaeT, 'ITO eCJIH 3a 14,5 11ac. npn 

800° TOJIW.HHa BHeIIIHero CJIOH 3aMeTHO He H3MeHHJiaCh, TO JIHHHH 

pa3)leJia OKa3aJiaCb pa3MhITOH BCJie,UCTBHe paccacbIBaHJ".!H CJIOH, npH

Be)lIIIero K ycTaHOBJieHHJO MeHbIIIero 3Ha11emrn rpa.u.HeHTa KOHU.eH

Tpau.HH xpoMa B)lOJib JIHHHH pa3,neJia, 'leM 3TO HMeJio MeCTO )lJIH 
06pa3ua B HCXO.U.HOM COCT05lHHH. .LI.JIH rnro 'lTOObl H3Y1IHTh cpaKTOP 

paccaChIBaHH5l caMOCT05lTeJibHO, H30JIHpOBaB npOHCXO.U.HW.Hii npou.ecc 

OT B03MQ)Kl!h!X BHelllHHX BJIHHHHii cpe,llbI, . OCTbITbl npOBO)lHJIHCh B yCJIO

BHHX rny6oKoro naKyyMa. 

XpoMHpoBaHHbie o6pa3UhI, no,n:Jie)KaII.J.He MCCJie,nosaHHJO Ha «pacca

ChIBaHHe», npe.u.sapHTeJibHO H3y'laJIHCb c TO'IKH 3peHHH rny6HHbl CJI05l H 
KOHU.eHTpaU.HH 3JieMeHTa Ha noaepxHOCTH, a CTOTOM 3aKJIIO'laJIHCb B 

KBapu.eshre aMnyJihI, s Korophrx co3.u.as·aJIOCh pa3pe)KeHHe nopH,n:Ka 

10-6 MM pT. CT. 3anamrnhie C o6pa3U.aMH aMCTYJibI BbIJI.ep)KJ1BaJIHCh npH 

pa3JIH1IHhIX TeMnepaTypax (900-1100°) s Te11eHHe onpe.u.eJieHHoro 

epeMeHH, noCJie KOToporo o6pa3U.hl H3BJieKaJIHCh H3 aMnyJI H HcCJie.n.o-
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aaJIHCb, noCJie qero BHOBb 38KJnoqaJIHCb n aMnyJibl H T . .n.. Onpe.n.e.n:H
.TiaCb rJiy61rna BHeurnero cJioH H KOHU.e1npau.HH ::iJieMe1na Ha noaepx
HOCTH. 

I1epHOJJ.bl Me}!{.n.y OTJJ;eJibHblMH HCilbITaHHHMH Ha paccaCb!BaHHe 
COCTaBJIHJIH 10, 30, 60 H 120 qac. 

l1cCJie.n.yeMbIMH cnJiaBaMH- CJIY}!{HJIH o6pa3U.bl H3 }!{eJie3a H CT8JIM 
MapoK 15 H Y8A, a TaK}!{e o6pa3U.bl H3 CTaJIH x l 8H 115. 

Ha qmr. 10 npHse.n.eHbI MHKpo<t>oTOrpaqJHM, coOTBeTcrnyioru.He xpo
MHpoaaHHblM o6pa3U.aM CTaJIH Y8A B HCXOJJ;HOM COCTOHHHH H nocJie 
paccacbIBaHHH B BaKyyMe npH 1100°, B TelJeHHe pa3JIHlJHbIX nepHOJJ.OB 
speMeHH. 

B TeqeHMe 60 qac. TOJIIl.J.HHa Kap6n.n.Horo CJIOH y CTaJIH Y8A 
OCTaeTCH HeH3MeHHOH. 0.n.HaKo y}!{e cnycrn 10 qac. CTaHOBHTCH 3aMeT
HbIM nocreneHHOe npo.n.BH}!{erme xpoMa H3 Kap6H.n.Horo CJIOH no ttanpa
sJieHHIO K cep.n.u.esHHHbIM 30HaM 06pa3u.a, - pacnpocrpam110ru.eern 
Ha eru.e 60JiblllYIO rJiy6HHY npH yseJIHlJeHHH BbIJJ.ep}!{KH .n.o 60 qac. 

Ha <t>Hr. 11 noKa38HbI pe3yJibTaTbl HCCJie.rtoBaHHH BJIHHHHH reMne
paTypbI H npo.rtOJI}!{HTeJibHOCTH paccaCbIBal!HH Ha TOJIIl.J.HHY BHelllHefi 
30Hbl xpoMHposaHHH .rtJIH }!{eJie3a H CTaJIH MapoK 15 H XI 8H 1113 
(pe}!{HM xpoMHposamrn: 1300", BbIJJ.ep}!{Ka 3 qaca). 

PaccMorpeHHe noJiytJeHHbIX pe3yJibTaTOB no3BOJIHeT cqHT8Tb, qro 
3aMeTHOe yMeHbllleHHe TOJIIl.J.HHbI BHellJUero xpOMHpOBaHHOro CJI051 
Ha6Jiio.n.aercH .rtJIH }!{eJie3a H craJIH X l 8H 115 npH reMneparype pacca
Cb!BaHHH Bblllle 900°, 38 nepHOJJ. HCilb!TaHHH 60 qac., TOr)la KaK xpOMH
posaHHaH CTaJib B reqeHHe ::irnro nepHo.rta He o6ttapy}!{HBaer yMeHbllle
HHH TOJIIl.J.HHbI BHelllHero CJIOH .n.a}!{e H npH 1000°. 

EbIJIO o6Hapy}!{eHo, qro MoMeHry HacrynJiemrn yMeHbrneHHH TOJI-
1..l.J.HHbI BHelllHero CJIOH npenlllecrnyer nep11o;:i; nepsoHaI.JaJibHOro yseJIH-
11eHHH TOJIIl.J.HHbl cJioSI. B ;:i;aHHOH cepHH onwron cKa3aHHoe Bblllle ycTa" 
HOBJleHO TOJibKO ,ll,JIH CTaJI!i x l 8H 115 B HHTepBaJie 800-900°. 

l13MeHeHHe KOHUeHrpaU.HH xpoMa H TOJIIl.J.HHbI BHellJHefi 30Hbl HaCbl
w:eHHH B npouecce 120-qacosoro paccacbrnaHHSI npH 1100° .rtJISI }!{eJie3a, 
crnJIH 15 H Y8A npHBe.rteHo 1-1a <t>11r. 12 (xpoM11posaH11e npH 1200°, 
3 qaca). 

Bb1coK11e :>KapoynopHhre cnoficTBa B nepBhlH nepmi.n. npe6hrnamrn 
o6pa3U.OB H3 CTaJIH MapKH 15 H Y8A nptt 1100° npeHMyru.ecrnemrn 
o6ycJIOBJieHbI coxpaHe1rneM B TelJeHHe 40-50 I.Jae. Bb!COKOH KOHUeH
rpaUHH xpoMa B nosepxHOCTHOM CJIOe, a TaK:>Ke M8JIOH3MeHSIIOl..l.J.HMCH 
3HaI.JeHHeM TOJIIl.J.HHhI Kap6H.rtHoro CJIOSI. Optt nocJJellyIOw:eM yBeJIHqe
HHH npo,LtOJI:>KHTeJibHOCTH npe6h!BaHHSI o6pa3UOB npH TeMneparype 
HCilhITaHHSI 1-1acrynaeT KaK yMeHbllleHHe KOHUeHrpaU.HH xj:loMa Ha no
BepxHOCTH, TaK H yMeHhllleHHe TOJIIl.J.HHhl BHellJHero CJIOH HaCblll.J.eHHH, 
lJrr'O npHBO)lHT B pe3yJlhTaTe K norepe .n.eraJIHMH conpOTiiBJIHeMOCTH 
;:i;eikTBHJO BbICOKOH TeMneparyphr. 

B HaCTOHru.ee speMSI eru.e OTcyrcrnyer e.rtHHaH TeopHH, KOTopaH 6bl 
o6bHCHHJia KHHeTHKY OKaJIHH006pa30BaHHSI Ha cnJJasax, npollle;:J;llJHX 
nosepx1-1ocTHoe Hachlru.eHHe ::iJieMeHTaMH. B 3Ha1.JHTeJihHofi Mepe ::iro 
o6bHC.HHeTCH CJIO)l{HOCThlO npou.eccos, npoTeKaIOil.J.HX B nosepXHOCTHblX 
CJIOHX CTa.irn no.n; ;:i;eflcTBHeM OKHCJIHIOil.J.HX ra30B. 
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HcCJTenosamrnMH B. H. Apxaposa [ 4] 6hIJIO yCTaHOBJJeHo, qro 
cnnae 6yD:eT 06J1a)l8Tb BbICOKOH }1{8poynopHOCTblO B TOM CJJyqae, ecJJH 
Ha ero nosepxHocrn 06pa3yeTCH OKCHJlHaH cpa3a, HMe10maH cTpyKTYPY 
THna WIIHHeJIH c B03MO>KHO MeHblllHM napaMeTpOM pellleTKH H, Ha-
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<f>Mr. 11. BnMHHMe TeMnepaTypbl M npoJtOJilKMTeJibHOCTH paccacwaaHMH Ha TOJll.l~HHY 
BHeurneii 30Hbl xpOMMpOBaHHOfO JKeJie3a H CTaJIH 15, Xl8Hll6. 

o6opoT, *apoynopHOCTb 6y.rr.eT MaJJoii y cnJJaBoB co CTPYKTopoif OKCHk 
HOH cpa3bl THna BIOCTHTa. 

f-ht3KaH }1{8poynopHOCTb }l{eJie3a H CT8JIH B CJJyqae H8Cbllll.eHH5I Ta
KHMH 3JieMeHTaMH, KaK V, Mo, W, Mn, Nb, Ce, MO)!{eT 6b1Tb o6bHCHeHa 
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<flMr. 12. Yl3MeHeHMe TOJllll.MHbl BHelllHeH 30Hbl xpoMv.poaamrn H KOH
·l.\eHTpau.HM xpoMa Ha noaepxHOCTM y JKeJie3a H CTaJIH 15, YSA B npo

u.ecce paccacwaaHMH npM TeMnepaType 1100°. 

HMeHHO o6pa30B8HHeM OKCH)I.HOH IIJieHKH, HMeJOmeli crpyKTYPY THII8 

BIOCTHTa: c .rr.pyroif CTOpOHbl, BblCOKaH )!{apoynopHOCTb xpoMHpOB8H· 
HOfO )!{eJie3a H CTaJJH, nOBH)I.HMOMy, o6ycJJOBJJeHa o6pa30B8HHeM CTpyK
TYPbl THrra llIIIHHeJIH. IToCJie,ll.ttee no.rr.rnep)!{.u.aeTCH 1:1cCJie.U.OBamrnMn 
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n . .LI. . .Ll.aHKOBa H H. A. lllmuaKOBa [5], [6] H 11. I1. KopHHJIOBa [7], 
o6hapy)!{IfBU1HX Ha noBepxHOCTH BblCOKOXpOMHCTOH CTaJIH CTpyKTYPY 
nma umHHeJIH (FeO • Cr20a) H a. - (Fe, Cr) 20a. 

I13BeCTHO TaK)!{e. llTO o6pa30BaHHe OKCH.UHblX cpa3 Ha IlOBepx

HOCTH CTaJIH IlOJJ.llHHfleTCH JJ.BYM HenpepbIBHO CJieJJ.yIOlll.HM OJJ.HH 
3a JJ.PYrHM npoueccaM: XHMiftleCKOMy B3aHMOJJ.eHCTBHIO OKHCJIHIOW.ero 
ra3a H OCHOBHOro MeTaJIJia H JJ.BYCTOpOHHeH JJ.Hcpcpy3HH KHCJIOpo.ua 
H3BHe H aTOMOB OCHOBHOro MeTaJIJia Ha BHeIIIHIOIO nosepxHOCTb OKCHJJ.
HOH nJieHKH [4], [8] . .Ll.JIH CJiyqa51 noBepxnocrno JiernposaHHhix cnJiaBOB 
9TH npoueccbl HMeIOT MeCTo B nosepxHOCTHblX 30Hax HaChlll.J.eHHOro 
CJIOH. 

HarnH HCCJieJJ.oBaHHH noKa3aJIH, llTO OKHCHhie nJieHKH Ha xpoMHpo
BaHHOM )!{eJie3e fl oco6eHHO Ha xpoMHpOBaHHOH CTaJIH, HMe1ow.ew Ha 
nosepxHOCTH Kap6HJJ.HYIO cpa3y, a B HeKOTOpblX cJiy•rnHx H y m106ttpo
BaHHOH CTaJIH, OTJil-llla!OTCH BbICOKOH npOtIIIOCTblO JJ.a)Ke nocJie JJ.JlH
TeJibHOro HCilbITaHHH Ha >KapoynopHOCTb, llTO He Ha6JIIOJJ.aeTCH 
y o6pa3UOB, nporne,n:rnttx HaChIUJ.e1rne .n:pyrnMH 9JieMeHTaMH. B nocJieJJ.
HeM cJiyqae y>Ke B nepBbie tiaCbI HCilblTaHJiH B03HHKa!OT pbIXJihie, 
pacTpecKHBaIOUJ.HeCH H OTCKaKHBaIOUJ.He nJieHKH OKHCJIOB. 

KpoMe Toro, np11 ytieTe pa3JIHtIHhIX cpaKTopoB, onpe;:i:e.TIHIOUJ.HX KH
HeTHKY oKamrnoo6pa3oBaHHH, HeJib3H He ytIHTbIBaTb TaKoro Ba>KHoro 
cpaKTOpa, KaKHM HBJIHeTC51 npouecc paccachIBaHHH BHeIIIHero CJIOH Ha
ChlW.eHHH. CKOpOCTb OKHCJieHHH BHeWHHX 30H o6pa3ua npH BbICOKHX 
TeMnepaTypax ,n:oJI>KHa 6bITh conocTaBJieHa B 9TOM CJiytiae co cKo
poCThIO paccacbIBaHHH BHeIIIHero CJIOH. 

3. KHCJIOTOYnOPHOCTb CTAJIH nOCJIE HACbll.JJ.EHHSI 
noBEPXHOCTH METAJIJIAMH 

06pa3UbI >KeJie3a H yrnepOJJ.HCTOH CTaJIH, npomeJJ.rnHe IrnChillleHHe 
nosepxHocrn pa3JIHllHhIMH 3JieMe1naMH (Cr, W, Mo, V, Mn, Nb) 113 
I'a30BOH cpeJJ.bl npH 1200" B Te4eHHe 3 qac. IlOJJ.BepraJIHCb Kopp03HOH
I-lblM HCnhITaHHflM B cpeJJ.ax: HNOa (50%), HCI (37%), H2S04 (98%), 
C2H402 (85%), H202 (26,4%), NaCl (10%) npH 20°. B Kallecrne 
9TaJIOHa JJ.JIH cpaBHeHHH 6wJia B3HTa xpOMOHHKeJieBaH KHCJIOTOynop
HaH craJib cocrnsa: 0, 18 % C; 25 % Cr; 20 % Ni. 06rn.aH npoJJ.OJI)!{H
TeJihHOcTb HCilbITaHHH COCTaBJIHJia 25 cyToK. I1HTepBaJibl BpeMeHH 
Me>KJJ.y IlOBTOpHbIMH B3BeWHBaHHHMH o6pa3UOB cocraBJIHJIH 5-6 cyTOIC 
Cy*JJ.eH11e o Koppo3HOHHOtt CTOHKOCTM o6pa3UOB A pa3JIHllHhIX cpe.uax 
npott3BOJJ.MJIOCh nyTeM orHeceHHH noreptt seca o6pa3ua K eJJ.HHHUe ero 
nosepxHOCTH. 

CpaBHMTeJihHhie JJ.aHHhie Koppo3HOHHOH ycrntttIHBocrtt o6pa3UOB 
:>KeJie3a H CTaJIH B pa3JIHllHbIX cpeJJ.aX JJ.O H nocJie HaCbIW.eHHH MX pa3-
JlHllHbIMH 9JieMeHTaMH 3a nepHOJJ. HCilhITaHHH 25 cyTOK npHBeJJ.eHbI 
ua cp11r. 13. 

HacbIW.eHtte xpoMoM no3BOJIHeT cymecTBeHno noBhICHTh Koppo3110H
uy10 ycTotttIHBOCTb >KeJie3a H crnm1 .B cpeJJ.e a30THOH H yKcycHOH 
KHCJIOT, nepeKHCH Bo.n.opo.ua B pacTBope xJiopHcroro HaTpHH. BoJihcppa-
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t.rnpoBaHHe H MOJIH6,ll.eHHpOBaHHe coo6II.J.aeT Kopp03HOHHYJO CTOBKOCTb 
>KeJie3y H CTaJIH B cepHOH KHCJIOTe. 

Maprami:eHHponaHHe cnoco6crnyeT IIOBblrnemno Koppo3HOHHOii 

CTOHKOCTH B cpene nepeKHCH Bonopona H xJiopHcToro HaTpHH. HHo6H

poBaHHe H BaHa,ll.HpOBaHHe CTaJIH IlOBbllllaeT ee Koppo3HOHHYIO CTOH
KOCTb B cepHofi KHCJIOTe. 

TeopHH, KOTopaH o6HCHHJia 6br KHi-leTHKy Koppo3HOHHOr<,> pa3pyrne
HHH Ha cnJiaBax, nporne,ll.llIHX IIOBepxHOCTHOe HaCbIII.J.eHHe 9JieMeHTaMH, 

HeT. 3To o6bHCHHeTCH He,ll.OCTaTOIJ.HOH H3yIJ.eHHOCTblO 9JieKTPOXHMHIJ.e-

HN03(50%) HCl(37%J H2 S04(98%) 
l/H1 e/H 2r--------~ 

~12000~: too 
0:8000 ~0:1/00 
~ . I 
~ "'100 . ~200 
~ ~ 

0 . 0 
li10 Cr \.V Mo V Nb Mn li;o Cr \.V Ho V Nb Mn Cr I.IMO VNbMn 

NaC/f10%J 

610 Cr WMo V Nb Mn 

<l>Hr. 13. norepH OT KOpp03HH y >KeJie3a H CTaJIH B pa3JIH'IHblX cpe,nax 
.a;o H nocne HaCbILUeHHH nosepxttocrn M'eraJwaMH (3a 25 cyroK npH 2u0 ). 

D - 0,03°/0 C; ~ - 0.47°/0 C; ~ - 0, 1&0 /0 C, 2. 0 / 0 Cr, 20"/., K. 

CKHX npou.ecCOB, npoTeirnlOII.J.HX B o6beMe .ll.Hcpcpy3HOHHO-HacbIII.J.eHHOro 

CJIOH, oco6eHHO B Tex CJiyIJ.aHx, KOr,ll.a MHKpOCTPYKTypa IIOCJie,ll.Hero 
HBJIHeTCH reTeporeHHOH. 

EcJIH B CJiyIJ.ae HaJIHIJ.HH Ha noBepxHOCTH MeTaJIJia roMoreHHOii 

¢a3bI rnepnoro pacrnopa (HanpHMep, nocJie HacbIII.J.eHHH meJie3a xpo
MOM HJIH BaHa.ll.HeM) HJIH cpa3bl Kap6HJ1.HOH npHpO.ll.bI (npH HaCbIW.eHim 
CTaJIH xpOMOM, BaHaJl.HeM, HH06HeM) CKOpOCTb KOpp03HOHHOro pa3py

weHHH onpeneJIHeTCH cTeneHbio rnpMomeHHH aHO.ll.Horo npou.ecca, npo
HBJIHIOII.J.ero CBOe .neHCTBHe paBHOMepHO no Bceii IIOBepxHOCTH 06pa3u.a, 

TO B cJiyqae reTeporeHHofi c1pyKTYPhI B nmpcpy3HOHHO HaCbIII.J.eHHOI'.i 
30He (uanpHMep, npH HaCbIII.J.eHHH )KeJie3a H CTaJIH BOJibcppaMOM H MO
JIH6Jl.eHOM) npou.ecc Kopp03HOHHOro pa3pyrneHHH Jl.OJI)KeH 6hITb, IlOBH

Jl.HMOMy, CBH3aH c BepOHTHOCTblO B03HHKHOBeHHH 60JibllIOro KOJIHIJ.ecrna 
Jl.06aBOlJ.HblX MHKpOKaTOJl.OB Ha IlOBepXHOCTH CTaJIH. CTocJieJl.HHe B03HH

Ka!OT BCJie.ll.CTBHe 9JieKTp0XHMHIJ.ecKoro BbITecHeHHH 6oJiee 6Jia.ropO.ll.HbIX 
HOHOB H3 pacrnopa MeHee 6JiaropO.ll.HbIMH HOHaMH pacrnopHIOII.J.erocH 
MeTaJIJia. YMeHbWeHHe cKopocTH Koppo3HH B ycJIOBHHX JierKoro B03-

HHKHOBeHHH nacCHBHOrO COCTOHHHH npH o6pa30BaHHH Ha Kopp03HOH

HOH noBepxHOCTH ,ll.o6aBOIJ.Hhix MHKpoKaTO.ll.OB 6brJio ycrnHOBJieHo H 
o6ocHOBaHo H • .IT.. ToMallIOBhIM [9]. YMeHbrneHHe cKopocTH Koppo3HH 
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B HeKOTOpbIX cpe,U.ax npH HaJmqHH reTepore1rnoii CTPYKTYPhI noCJie Ha

chm~eHHH )KeJiesa HJIH CT3JIH T3KHMH 3JieMeHTaMH, KaK BOJibcppaM, MO

Jrn6.neH, HH06Hii, MO}l{eT 6hITb o6bHCHeHo c 3TOH TOqKH speHHH B03HHl{

HOBeHHeM nacCHBHOCTH BCJie,Ll.CTBHe aHO)J.HOH DOJIHPH33UHH aKTHBHb!X 
yqacTKOB KoppO,L1.Hpy10ru.eii: cpa3bl sa cqeT KOHTaKTa c .upyroii cpa30H, 

,n,eii:cTByIOru.eii: K3K )J.06asoqHoe KaTO,Ll.HOe BKJIIOl!eHHe. 

AHaJIH3 noJiyqeHHhIX pesyJibTaTOB HCCJie,n,osamrn nossoJIHeT cqHTaTb 

BDOJIHe ueJiecoo6pa3HblM npHMeHeHHe MeTO,LJ.a .umpcpy3HOHHOro HaCbl

Ill.eHHH MeTaJIJiaMH K pa3JIHqHblM npOMblllIJieHHblM H3,LJ.eJIH5IM, TaK KaK 
HapH.ny c yBeJIHqeHHeM 3KCI1JlyaTaUHOHHblX xapaKTepHCTHK H3.D,eJIHH 

oKa3hIBaeTCH B03MO:>KHhIM ycneurno 3aMeHHTh .noporocTOHill.He cne

UHaJihHbie H3HOCOCTOHKHe, :>KapoynopHbie H KHCJIOToynopHble cnJiaBbl 

.D,ellleBbIMH yrnepo,!I.HCTbIMH CT3JIHMH. 
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PA3P.EJJ IV 

CTAJJH H 4YfYHbl 

JO; A. I'EJIJIEP 

HOBOE B TEXHOJIOfHl1 TEPMHqECKOA OBPA60TKl1 
11HCTPYMEHTAJibHblX CTAJIEA, IlPl1MEHSIEMblX 

)l.JISI PE)l(YUJ.11X 11HCTPYMEHTOB 

Pa3BHTHe rrepe,ll;osoii TexHHKH H pocT MarnttHOCTpoeHHSI rrpe.n.o

HBJISIIOT HOBble BbICOKHe Tpe6oBaHHSI K KaqecTBY HHCTpyMeHTaJibHblX 

CTaJieii H K IlOBbillieHHIO .ll.OJiroseqHOCTH H3fOTOBJISieMbIX H3 Hee HHCTpy

MeHTOB. IlpOMblllIJieHHOCTb npttMeHSieT sa nocJie,ll;HIIe rO,ll;bl HHCTpy

MeHTbl, see 6oJiee CJIO)!{Hhie no cpopMe II ycJIOBHHM 3KCrIJiyaTaum1 -

OT oqeHb MeJIKIIX, HanpIIMep cBepJI ,ll;IIaMeTpOM .ll.0 1 .MM' .ll.0 oqeHb 

KpynHbIX, HMe!OW.HX pe3KIIe nepeXO.ll.bl no ceqeHIIIO H CJIO)!{l-IbIH npo

<iJHJib pe:>Kyw.eii KpOMKII. 

B 3THX ycJIOBIHIX oueHKa HHCTpyMeHT3JlbHOH CTaJII:I TOJlbKO no TBep

.ll.OCTH, qacTO npttMeHSieMaSI B npOMblllIJieHHOCTH .ll.J!SI onpe,ll;eJiemrn 

KaqecTBa BblllOJIHeHHOH TepMttqecKOH o6pa6oTKII, a CJICJ(OBaTeJibP.O, M 

KaqeCTBa rOTOBOro HHCTpyMeHTa, oCTaeTCH Heo6XO.ll.HM0}1, HO HC,ll;OCTa
TQqHoi1 xapaKTepIICTIIKOH. IlOBbIWeHHe TCMnepaTypbl saKaJIKH Ha 

10-30° H ,ll;a)!{e Ha 50-80° CBepx MIIHlEviaJibHO ycTaHOBJieHHOH, 

a B pSIJJ.e cJiyqaeB H npHMeHeHHe JJ.pyrnx ycJIOBHii oxJialKAeHHH noqn1 

He H3MeHHJOT TBepJJ.OCTH. KpoMe Toro, noc-1e saKaJIKH H Htts1mro 

omycKa (150-200°) yrnepO.ll.IICTbie II JiernpoBaHHhie CTaJIII c coJJ.ep

)!{aHIIeM yr.1epoJJ.a B llIHpOKHX npe,ll;eJiax - OT 0,7 )J,O 1,3 % - HMelOT 

rrpIIMep1rn O.ll.HHaKoByJO BhICOKYJO TBepJJ.OCTb. Me)!{.ll.Y TeM 1-1ecoMHCHHO, 
qTQ 3TII H3MeHeHirn pe)!{HMa TepMtt<ieCKOH o6pa60TKH HJIH XIIMH<IecKoro 

COCTaBa )J,OJI)K!-Ibl, B CBOIO oqepeJJ.b, cyw.ecTBem10 H3MeHHTb MHOnre 

Ba)!{Hble CBOHCTBa HHCTpyMeI-ITaJibl-IOH CTaJIH, onpeJJ.eJI51!0lllHe KaK npo

H3BO)J,HTe.TlbHOCTb H3rOTOBJ!CllH5I HHCTpyMeHTOB, TaK H llX pe:>Kyw.11e 

CBOHCTBa H .ll.OJlrOBeqHOCTb B pa6oTe. 

B HacrnHw.ee BpeMH cepbe3HbIMII sa)J.aqaMH TepMHqecKoii o6pa6oTKH 

HHCTpyMeI-ITaJibHbIX CTaJieii 51BJIHIOTC51 noJiyqe1rne Bb!COKHX MexaHHqe

CKHx· CBOHCTB 1rnp5!.ll.Y c BbICOKOH TBepJJ.OCTblO H KpacHOCTOHKOCTblO ,ll;J151 

'6bICTpope:>Kyw.eii CTaJIH H 3HaqHTeJibHOe CHH)!{e!Uie OCTaTO'lHblX HanpH

)Keirnii H ,ll;e<!JopMaUHH rrpH saKaJIKe 1. 

I PaccMaTpHBaeMble HH.»<e BOIIpOCbl B 3Ha1mTeJ1bHOH Mepe OTHOCl!TCH K -repMH-

11ecKOll o6pa60TKe He TOJlbKO pe.»<yW:HX HHCTpyMeHTOB, HO H lllT3MIIOB, rrpHMeHlleMblX 
,ll;Jl!I JJ.e¢opMHpOBaHHll MeTaJJJJa B XOJIO,ll;HOM COCTOl!HHH H H3rD<TOBJJ5JeMbJX H3 yrJJe
po.n;HCTOH H HH3KOJJerHposaHHOH cTaJJH (MapoK X, 9XC, Xf). 
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11.JIH oueHKH BJIH.HHHH MexaHHqecKHX CBOHCTB Ha )l.OJiroaeqHOC'fb 

pe>KyLUHX HHCTpyMeHTOB xapaKTepHbI pe3yJibTaTbI CHCTeMarnqecKHX 

Ha6JIIO,UeHHH H npoaepKH npHqHH IlOHH>KeHHOH CTOHKOCTH HHCTpyMeH

TOB B 3aao.ucKHx ycJIOBHHX 3KCrIJiyaTaUHH, BhlnOJIHeHHhre Ha YpaJibCKOM 

3aBo.ue TH>KeJioro MaLUHHOCTpoeHHH [4]. Om-1 noKa3aJIH, qTo 73% 
HHCTpyMeHTOB He60JibLUOro ,UHaMeTpa BbIXO,UHT H3 CTpOH H3-33 no

.JIOMKH, T. e. npe>K,UeBpeMeHHO, no HacTynJiemrn HOpMaJibHOfO H3HOCa 

HJIH noTepH Kpac1-1ocToi1KocTH. HaLUH Ha6JIIO.UeHHH noKa3bIBaIOT, qTo 

pa3pyLUem1e qarn.e Bcero npOHCXO.ll.'f!T Ha HeKOTOpOM pacCTOHHHH OT 

30HbI pe3amrn: B yqacTK3X, B KOTOpbIX C03,UaeTCH HaH60.'lbLUHH H3rH

<5a10rn.11fi HJIH Kpyrnrn.Hfi MOMeHT. KpynHhre cpacom-rble HHCTpyMeHTbI 

CJIO>KHOH cpopMbI OK23bIBalOTCH B pH.ue CJiyqaeB HenpHrO,UHbIMH .!J.JHI 
JJ;aJibHefiLUero HCilOJib30B3HHH H3-33 IlOJIOMKH OT)l.eJibHbIX 3y6beB HJIH 

HHTKH pe3h6bI. CTo3TOMy Mexa1rnqecK11e cBoficrna HHCTpyMeHTaJibHbIX 

CTaJiett HMelOT )l.JIH ,UOJifOBeqHOCTH MHOrHX cpacOIIHbIX, a CJie,UOBaTeJibHO, 

)lOpornx HHCTpyMeHTOB, TaKoe >Ke 60JibLUOe 3HalJem1e, KaK H )l.JIH .u.eTa

Jiefi, H3roTOBJIHeMbIX H3 KOHCTPYKUHOHHbIX c-raJiefi • 

.Upyroi1 3a.uaqeif, KOTopy10 Heo6xo.UHMO pa3pernHTb npH TepMHqe

cKoi1 o6pa60TKe HHCTpyMeHTOB, oco6eHHO CJIO>KHOH tjJopMbI HJIH He-

60JibllIOro ceqeHHH, HBJI:HeTCH yMeHbllieHHe OCTaTOqHbIX HanpH>KeHHH H 

JJ.etjJopMaUHH, BbI3brnaeMbIX 3aKaJIKofi. Bo3MO>KHO 6oJihlllee cHH>KeHHe 

)J.etjJopMau1rn He TOJlbKO ycTpaHHeT HJIH 3HaqHTeJibHO yMeHbrnaeT .uo

porOCTOHLUee llIJIHQJOB3HHe H npaBKY mlCTpyMeIITOB, HO H npe.uynpe
)l{)l.2eT 6paK HHCTpyMeHTOB MHOrHX THilOB, oco6eHHO HMe!OlllHX BHy

TpeHHee ornepcn1e, H3JIHLUHee yBeJIHqeHHe .UHaMeTpa KOToporo B pe· 

3YJibTaTe 3aKaJIKH qacTO )l.eJiaeT TaKHe HHCTpyMeHTbI HenpHro,UHb!MH 

JJ.JIH HcnoJib30BaHHH. KpoMe Toro, noJiylJeHHe MeHbllIHX ocTaTOlJHbIX 

HanpH>KeHHH B 33KaJieHHOH CTaJIH Il03BOJIHeT pe3KO COKpaTHTb 6paK no 

Tpern.HHaM HHCTpyMeHTOB CJIO:>KHOH cpopMb!. 

1. MEXAHH'IECKHE CBOACTBA HHCTPYMEHTAJlbHblX CTAJlEA 

MexaHHqecKHe cB01krna HHCTpyMeHTaJibHbIX CTaJiefi nocJie 3aKaJIIm 

H on1ycKa, B COCTOHHHH, B KOTOpOM OHH coxpaHHIOT' MapTeHCHTIIYIO 

cTpyKTYPY H Bbrc0Ky10 TBep.uocTb H npHMeHHIOTC.H B roTOBbIX HHCTpy
MeHTax, H3yqaJIHCb ern.e cpaBI-IHTeJlbHO M2JIO H3-3a 3HaqHTeJibHOH 

MeTO.UHlJecKofi TPY.UHOCTH orrpe.ueJieHH.H. l1HcTpyMeHTaJibHbre CTaJIH 

R 3TOM COCTOHHHH pa3pyrna10TC.H xpyrrKO (nyTeM OTpbrna). BCJie)l.CTBHe 

qero HCilbIT2HHH Ha pacrn>KeHHe, llIHpOKO rrpHMeHHeMble )l.JIH KOHCTpyK

ll,HOHHblX CTaJiefi, OK33bIBalOTCH M3JIOI1pHrO,UI-Ib!MH. 11crrbITaHHH Ha 

c>Kanre He BbIHBJIHIOT .uocTaToqHo noJIHO MexaHHqecKHe cBoficTBa 

('TaJIH, HMe10mefi H36bITOqHbie Kap6H)l.bl B CTpyKrype. JlyqrnHe pe3yJih

TaTbl MO>KHO IlOJIY'lHTb B HCilbIT2HHHX Ha Kpyqem1e HJIH Ha H3rH6. CTpH

BO,UHMbie HH>Ke )l.2HHbie noJiylJeHbI H3MH ,UJIH o6pa3UOB rrpH3MaTHqecKof1 

<PopMbl pa3MepaMH 8 x 12 x 80 MM B HCilbIT2HHHX Ha qHCTblH H3rn6: 

,ll.BYMH Harpy3KaMH, npHJIO:>KeHHbIMH Ha paBHOM paCCTOHHHH OT onop 

(a Tpernx npo.rrern). 
8JIHHHHe 3aKaJIKH. l13MeHeHHe MeXaHHqecKHX CBOHCTB B 33BHCH

MOCTH OT TeMnepaTypw 3aKaJIKH noKa3aHO Ha qmr. 1 )l.JIH yr.rrepo,n.H-

170 



crofi CTam1: .LI.03BTeKTOII.UHOH: Y7 A, 3BTeI<TOH.LI.HOH Y9A II 3a3BTeKTOIIA-

110H: Yl2A, Ha cp11:r. 2 - .LI.Jif! JiernposaHHOH CTaJIII X, Xf II 9XC II Ha 
QH:lr. 3 II 4 - J{JISI 6bICTpope)!{ylUeH CTaJIII pg II p 18. CTocKOJihKY 

HHCTpyMeHTaJihHhle CTaJIII npHMeIUllOTCSI B rOTOBOM IIHCTpyMeHTe B 3a

KaJieHHOM II OTnymeHHVM COCTOSIHHII, MexaHII'leCKIIe CBOHCTBa yKa3aHbl 

Ha .nIIarpaMMax nocJie 3aKaJIKH II oTnycKa, coxpaHS110lUero MapTeHCIIT

HYIO CTPYKTYPY II BhICOKYIO rnep.nocTh. 
l1cnhIJaH1rn OTtieTJIHBO noKa3bIBalOT, 'ITO He TOJibKO nJiaCTII'IHOCTb, 

HO H npotIHOCTb IIHCTpyMeHTaJibHblX CTaJieH, IIMeIOll.l,HX MapreHCIITHYIO 

CTPYKTypy, pe3KO 3aBHCIIT OT TeMnepaTypbI Harpesa .n:Jisi 3aKaJIKH. 

MexanHtieCKIIe csoiicrna 3a3BTeKTOII.Ll.HhIX CTaJieli pa3Horo cocTaBa H 

6u3e 
KB/HHr.---.---.----r----. 
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~ 150 t--+---t--'"'-,-~----->..--; 
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Tef'mepamypa Ja1<a111ru 

ct>Hr. 1. MexaHH'leCKHe csoiicrsa 
yrnepO.ll.11CTOH HHCTpyMeHTaJlbHOH 
cran11 (nocne ornycKa np11 180°) B 

aa'BHCHMOCTH OT TeMneparypbl 
33K3JIKH. 

~ 
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TeMnepamypa 3a1<a111<u 

«t>Hr. 2. Mexa1111qecKHe csoiicraa 
JJerHpOB3HHOH HHCTpyMeHT3Jlb
HOH cran11 (nocne ornyCKa np11 
150°) B 33BHCHMUCTH OT reMne-

parypbl 33K3JIKH. 

6bICTpope)!{ylUIIX CTaJieH: II3MeHSIIOTC51 B 3aBIICIIMOCTH OT TeMneparyphl 

aaKaJIKII no O.UIIHaKOBOMY 3aKoHy. CToBhIIIIeHIIIO TeMnepaTyphI 3aKaJIKH 

OTBelJaeT CHatiaJia B03paCTaHIIe np01IHOCTH l:f nJiaCTIIlIHOCTII: He6oJibIIIOe 

.ll:Jl51 yr JiepoJJJICTOH 3a3BTeKTOH.ll:HOH CTaJlll, HeCKOJlbKO 60JlbIIIee .UJHI Jie
rnposaHHOH CTaJIII II Ha6o.riee 3HatIHTeJlhHOe ,L{Jl51 6b!CTpope)!{ymeii CTaJIII. 

3To B03pacrarme MexaHH'!eCKIIX CBOHCTB CMe~l5IeTC51 B pe3yJlbTaTe 

.naJibHeiiwero noBhIIJiemrn ttarpesa pe3KHM cHH)!{e1meM KaK npotIHOCTII, 

TaK II nJiacrntIHOCTH. noshrwem1e TeMnepaTyphI 3aKaJ1KH c 780 .no 850° 
noHH)!{aeT npotIHOCTh .U03BTeKTOHAHOH yr J1epo.u11cTOH cm.rm Y7 A Ha 

25 % , a 3a3BTeKTOH.UHOH cTaJ111 Y l 2A - Ha 50 % . Atta.r10rntmo nosb!

IIIeHHe TeMnepaTypbI 33KaJIKH CTaJIJI 9XC c 860 .no 900° nOHII)!{aeT 

np01IHOCTb Ha 35 °lo. CTOBbillJeHJie TeMnepaTyphI 3aKaJIKII 6bICTpope)!{y

lUeH CTaJIII p 18 c 1250 .no 1300° BhI3bIBaeT CHH)KeHHe npotIHOCTB Ha 

30-35 % . Eme 6oJiee 3HatIHTeJihHO CHH)!{aeTcH np11 3TOM nJiacrntIHOCTh 

HHCTpyMeHTaJlbHbIX CTaJieH:, xapaKTepII3yeMaH BeJIHlIHHOH nporn6a. 

YKa3aHHoe II3MeHeHHe MexaHIItieCKHX csoH:crn 6b1J10 noJiytieHo 

B pe3yJihTaTe 3aKaJIKl:f HHCTpyMeHTaJlhHb!X CTaJieH: B YCJIOBIIHX, npHHSl

Tb!X B npoMb!IIIJieHHOCTJI, T. e. c HarpeBOM B .n.syxcpa3HYIO o6JiaCTb 
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(aycTemIT II KapOII.lJ.bl), nOCJie KOTOporo B crpyKType 38KaJieHHOH 
CT8JIII coxpamieTCH HeKOTOpoe KOJIII'leCTBO H30blTO'IHblX Kap6II)(OB • 
.LlaJihHefunee nOBbIIIIeHIIe TeMnepaTypbl 3aKaJIKII, BbI3blBa10mee IJoqn1 
nwrnoe pacrnopeHIIe Kap6II)(OB 383BTeKTOHJI.HOH CT8JIH, Jl.OilOJIHIITeJibHO 
H pe3KO noHm1rneT MexaHII'leCKIIe CBOHCTBa. 

f JiaBHblMH tjlaKTOpaMn, BJIIIH!OWIIMH Ha Mexam111ecKHe CBOHCTBa 
cTaJieii, 3aKaJieHHhIX H3 nnyxtjla3HOH o6JiacTH (aycTemn n Kap6HJI.bl) 
H noJiy11HBIIIHX MapTeHCIITHYIO CTPYKTypy, HBJIHIOTCH: se.rrn11IIHa )l.eii
CTBHTeJibHOro 3epHa aycTeHHTa, C03)(8HHOro npn uarpese, . yCJIOBHH 
pacnpeneJieHIIH H pa3Mepbl H30blTO'IHblX Kap6HJI.OB H OCTaTO'IHble ua
np.H:>KeHIIH. 

6un 
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L------'----'----'--=-' 1 
7000 1100 1200 1300 °C 

Tetmepamypa 3aKa11Ku 
<P11r. 3. Mexatt11'1ecK11e caoiicTBa 
61.>1crpope>Ky me ii CTaJJH P 18 B 3aa11-
CHMOCTH OT TeMnepaTypbl 33K3JJKM 

(OXJJ3lK.ll,CHHe B M3CJJe): 

- - - - 6e3 oTnycKa; 
-- nocne ornycKa npH 5C0°, Tp11 pa3a. 

.__.._..___._,_._~~.1 
1200 1240 1280 °C 

Termepamljpa 3axa11Ku 
<P11r. 4. MexaH11'1eCK11e caoiicTBa 
6blCTpope)l(yll\eii cTaJJH P9 B 3a
BHCHMocr11 OT TeM11epaTypu1 33-
i<aJJKll (oxJJa>K.ll,ett11e s ~1acJJe)c 

- - - - 6e3 OTnycKD; 
-nocne ornycKa np11 560°, Tp11 pa3a. 

OpneHTnposKa no OhIBIIIeMy sepHy ayc-remna coxpaHHeTCH B ycJio· 
rnrnx MapTeHcHTHoro npespameHIIH [5]. fpaHHUbI pa3JI.eJia pa3JI1111Ho 
opIIeHTHpOB8HHblX 3epeH CJiyMaT 6apbepoM, nperrHTCTBYIOIIJJIM pa3BH
THIO Tpew.HHbI, B03HHKaiow.efl npII xpyrrKOM pa3pywe1-11111. Do3TOMY 

· yseJIII'leHHe pa3Mepon 3epHa ycIIJrnnaer K0Hue1npau1110 HarrpmKe1mfl 
Ha KOHUax B03HHKaIOw.efl 60.Jiee KpyrrHoii rpe11urnhl H 3Ha'IHTe.JibHO 
ITOHH)!{aer He TOJibKO ITJI8CTHqHOCTb, HO H rrpotIHOCTb CT8JIH, HMe1ow.efl 
MapreHCHTHYIO CTPYKTypy. TaK, HarrpHMep, rroBbIWeHHe TeMrrepaTyphl 
3aKa"1KH yrnepo.rr.ncToii 383BTeKT011.11.ifoii CTaJIH Yl2A c 780 no 850'', 
yxy.rr.IIIaIOmee MexaH1111ecKne csoflcTsa, O.JJ.HOBpeMermo BbI3bIBaeT pocT 
3epHa c N2 7-8 no N2 ~-5 ( tjlIIr. 5). AHaJiorn11HaH 38BIICHMOCTb Me· 
)!{.lJ.Y Be.JIII'IIIHOH 3epHa aycTeHIITa H MexaHnqecKIIMH CBOHCTB8MH OT'leT· 
JIMBO HaOJIIO.U.aeTCH II y .lJ.pyrnx IIHCTpyMeHTaJibHb!X CTaJieH c MapTeH
CHTHOH CTpyKrypo:H. 
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BJIHHHHe BeJIHllHHhI sepHa Ha MexaHHlleCKHe csoii:cTBa sa3BTeKTOH)l.
Hblx H 6blcTpopem:yrn.Hx CTaJieii: ycHJIHBaeTCH .neii:CTBHeM . Kap6HJJ:OB, 
BhIJJ:eJIHIOill.HXCH no rpaHHUaM sepeH. 0,nHaKo B03,ne11crnHe KapOHJJ:OB 
Ha npOllHOCTb H IlJiaCTHllHOCTb cpaBHHTeJib!.10 CJION<:HO. 

l1s6bITOllHble Kap6HJJ:bl, npHCYTCTBYIOill.He B crpyKrype 3a3BTeKTOH.ll
HOH H 6hICTpopem:ymeii: cTaJIH, TOpM03HT pocT sepHa ayCTemna npH 

a) 

IJ) 

oJ 

<l>Hr. 5. BenHqHHa 3eptta HHCTpy
MettranbHOH CTaJIH. x 100: 

a-CT3Jlb Yll!A, Harpee 810°; 6- CT3Jlb Yl2A, 
Harpee 850°; 8 - CTallb PIS, Harpe& 1260°. 

HarpeBe. Do3TOMY B ycJioBirnx HarpeBa, coxpaHmomero 66JibIIIYIO qacTb 
BTOpW!Hb!X 1rnp6u,noB, HHCTpyMeHTa.JibHble CTaJIH HMelOT Me.JIKOe 3epHO. 
3HallHTeJibHhiii: poCT 3epHa HaCTynaeT npH pacrnopeHHH oo.ribUieii: qacTH 
BTOpHllHbIX KapOH,ll,OB. 

BMecTe c TeM BJIHHHHe Kapou.u.os Ha MexaHHtieCKHe csoiicTBa He 
orpaHHllHBaeTCH TOJlbKO B03.U.eii:CTBHeM Ha BeJIHllHHY sepHa. l136bITOll· 
Hble 1<ap6H,ll,bl MoryT He6.JiaronpHHTHO BJIHS!Tb M IlOHHN<:aTb MexaHHlle
CI<He cBoiicrna, ecJIH OHH HepaBHOMepHo pacnpe.n:eJieHbI B CTPYKType. 
Kapo11.u.hl, BbI.U.eJIHBIIIHecH s su.u.e cenrn HJIH optteHmpoBaHHbl~ oo 
rpaHHUaM sepeH, yxy.u.IIIalOT CBOHCTBa norpaHMllHOfO CJIOH H era poJib 
6apbepa, npenHTcrny10mero pasBMTMIO TpemMHbl. Kapo11.u.nhre BKJ110t1e
HHH, BblTHHYTbie B m:i:.ne CTpOK HJIH TIOJIOC, HapyUialOT TaKm:e CilJIOlll
HOCTb MeTa.JIJia. 

Kap6u.u.006pasy10I11.He 3.JieMeHThI, B qacTHOCTH xpoM npM co.u.ep:»<a
HHH B KOJIHlleCTBe 0,5-1,5% B CTaJIH c 0,9-1,1 % C, 3a,nepm:HBa!OT 
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KOaryJHIUHIO Kap6H)l.a ueMeHTHTHOro nma npu ornrnre H CilOCOOCTBYJOT 
nOJiyqeHHIO 6oJiee Me.JIKHX H pasHoMepHo pacnpeJI.eJieHHbIX Kap6HJI.OB 
(cTaJib X, 9XC) no cpasHeumo c yrnepOJI.HCToii: aa3BTeKTOHJI.HOii 
CT8Jlbl0 ( ct>Hr. 6). 

Y BeJJHqeHue COJI.ep:nrnHHSI yrnepoJI.a JI.O 1,2:_ 1,3 % ( CTaJJb Yl 3, Xf) 
HJIH 3HaquTeJJbHoe ysen11qettue co.u.ep*aHHSI Kap6u.u.006pa3y10mux 3Jie
MeHTOB, OCOOeHHO XpOMa H BOJibct>paMa (BbICOKOXpOMHCTble CT8JIH Xl2, 
X12M, X12<t> u oblcTpope*ymue craJJu), ycuJJ1rnaeT Kap6HJlHy10 He
OJI.Hoponm~cTb. 06pa6oTKa )l.8BJieHHeM B 3HaquTeJJbHOii: CTeneHH ycTpa
HSieT K~p6H,lJ.Hy10 HeO)l.HOpo,nHOCTb [6], [7]; IT03TOMY K8TaHa51 HJIH KOBa
HaSI CT8Jlb B npyTKax MeHhlllero )l.HaMeTpa, noJJyqnslllHX COOTBeTCTBeHHO 

a) oJ 
<l>Hr. 6. BJillllHHe xpoMa na- CTpyKrypy OTOlKlKeHHOH 3a9BTeKTOHJl,HOH CTaJIH.X 1000: 

a - CT3Jlb YJ2; 6 - CT3Jlb c 1,IOJo c -H· 0,9"/o Cr. 

OOJlblllYIO JI.ecpopMaUHIO npu npoKaTKe (HJJH KOBKe)' HMeeT, KaK npa-. 
BHJJO, 6oJiee MeJJKHe u pas1-10MepHo pacnpeJI.eJieHHble Kap6HJI.bl. Ha 
cpHr. 7 IIOK838HO BJIHSIHHe Kap6H,[(HOH HeO)l.HOpOiI.HOCTH Ha MexaHHqe
CKHe CBOHCTBa CT8JIH p 19; OHeTJIHBO BH)l.HO, qTQ c yMeHblllerrneM Kap
OH)J.HOii: Heo.nHopom-1ocTH Mexa1rnqecKHe csottcTsa pe3KO so3pacTai0T. 

YKa3aHHble ocooeHHOCTH BJIHSIHHSI BeJIH'HiHbl 3epHa H KapOH)J.OB 
o6bSICHHIOT pasJJHqHe s MexaHH1:1ecKHx csoii:crnax HHCTpyMeHTaJibHbIX 
CTaJJeii: pa3HOro COCTaBa. 

3 BT e KT 0 H JI.Ha SI yr JI e p 0 JI. H c Ta SI c Ta JI b (MapoK Y8 
R Y9) HMeeT KaK B 3aKaJieHHOM, TaK H B ornymeHHOM COCTOSIHHII 
6oJJee HH3KH:e MexaHHqecKHe csoii:cTBa, 1:1eM sa3BTeKTOHJI.HaSI CTa.i'lh 
c 1,05-1,15% C (ct>11r. 8). Tipu uarpese JI.O OJJ.HHaKOBbIX TeMnepaTyp 
38K8JIKH 3BTeKTOH)J.H8SI . CT8Jlb KaK He HMe1omaSI BTOpH1IHbIX KapoH)J.OB 
noJ1y1:1aeT 6oJJee KpyrrHoe 3epHo. 3TH csoii:crna 3BTeKTOHAHOH cTaJIH 
J(eJJalOT MaJio ueJJecoo6pasHbIM ee npuMeHeHHe JJ.JISI 6oJibllleii: qacni 
pe)!{yIUHX HHCTpyMeHTOB. 

3a3BTeKTOH)J.H8H yrnepOJJ.HCTaSI CTaJlb c 1,0-1, 15.% c npeBOCXOJlHT 
no MexaHH'leCKHM csoii:cTBaM He TOJlbKO 3BTeKTOH)l.Hy10, HO u cTaJJb, 
HMe10my10 6oJJee 1,15-1,20% (ct>ur. 8). B nOCJie)I.Heii: cTaJJu 'lame 
HaoJ110)1.aeTCSI Bblna)J.eHue ueMeHTHTa no rpaHHUaM sepeu, 'ITO yxyJJ.-
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wae-r ee MexaHHqecKHe CBOikTBa. 3To n03BOJIHeT peKOMeH.llOBaTb Bbl

.lleJIHTb 3TY cTaJib B caMOCTOHTeJibHy10 MapKy Yl 1. 
JI e r H p 0 B a H H bl e c T a JI H M a p 0 K x H 9XC cpaBHHTeJibHO 

MaJio OTJIHqaJOTCH OT CTaJIH y 12A no KOJIHqecTBY H30bITOqHblX KapOH

.UOB H no BeJIHq111-1e 3eptta, noJiyqaeMoro np11 earpese .llJIH 3aKaJIKI1. 3TH 
CTaJIH HeMHoro npesocxO.U>lT CTaJib Yl 2 (Y 11) no Mexatt11qecKHM 

CBOHCTBaM B HH3KOOTnyw.eHHOM COCTOSIHHH (CM. qmr. 1 H 2)' BCJie)J.

CTBHe OOJiee paBHOMepHoro pacnpe,ll.eJieHHSI H30blTOqHblX KapoH,ll.OB 

B CTPYKType H, KaK oy ,ll.eT noKa3aHO HHJK.e, MeHbWHX OCTaTOqHblX 

HanpHJK.eHHH, coxpaHSIIOW.HXCH B JierwpoBaHHOH CTam1 nocJie HH3KO

TeMnepaTypttoro ornycKa. 

6u:ie 
KZ/M/12 

2501-+--+--_,.,_.-+----+~ 

--~ 150 
~ 
<:> 
~ 
t:;: 

50 

I 
11/'f 

5 

'<::> 
3"" "' <::> 

~ 
1 

2 4 6faJ 6f6J 
KaplluoHblU oa1111 · 

<l>ttr. 7. BJIHSIHHe Kap6ttnttoi1 HeonHopon
HOCTH Ha MeXaHH4eCKHe CBOHCTBa 6b~ 
crpope>Kyuteil CTaJIH Pl8; MexaHH4e
CKHe CBOHCrBa YK333Hbl JJ,JIH CTaJIH 
c Kap6HllHl>IM 6aJIJIOM 2 H 4 B npO.llOJlb
HOM HanpasJieHHH, .llJISI CT3JIH c Kap-

6HJJ,HWM 63JIJIO_M 6: 
a - • npoJIOJibHOM, n - B nonepeYHOM Hanpa

DJieHHH; 
- - - - 3ri.KaJIK3 c 1270° u M3CJie; 

---- saKa11Ka c 1270° e Macne H oTnycK 
560", TPH pa3a. 

I 

50k---i----1---+---T2~ 
~ 

-0... ~ 
o .__ _ _.._ __ ..___....1.... _ __,o 
0,"5 0,65 0.85 1,05 f,25 

<l>ttr. 8. MexaHH4eCKHe csoiicrsa yrJie
_ponttcroA CT3JIH B 33BHCHMOCTH OT CO· 
.nep>KaHHH y rnepona (1'HCj1p1>1 Ha .ntta-

rpaMMe yKa3bI sa10r rer.meparypy 
33K3JIKH): 

- nocne 33K3JIKH, OXJla>Kll.eHHe B BOie; 
---- nocne 33K3JJICH H oTnycKa npH 

18~ 0 , 1 43C. 

B rpynne JierwpoBaHHbIX cTaJiei1 noHHJK.eHHbie MexattwqecKHe csoA

CTBa HMeeT CTaJib Xf; 3TO OObSICHSieTCSI BJII151HHeM HeO.UHOpO,ll.HOfO 

pacnpe,ll.eJieHHSI KapOH,ll.OB BCJie)J.CTBHe IlOBbIWeHHOfO CO,ll.ep}KaHl151 yrne-

po.zr.a B CTaJIH Xf {l ,30-1,50 °lo ) . . 
5 bl c T p op e JK. y w. a H c Ta JI b HMeeT B CTPYKType sttaqwTeJibHO 

ooJihwe KapoH,ll.OB, qeM yrJiepo.u11crnSI 11 JJernposaHHaSI CTaJib. KoJIH· 

qecTBo KapOH,ll.OB B CTaJIH p 18 COCTaBJISieT B OTOJK.JK.eHHOM COCTOHHIUI 

25 % , a noCJ1e saKaJIKH ( c 1300°) 15-17 % [8]. B CTaJIH P9 KOJIHqe

CTBo H30bITOqHb!X Ka pOH,ll.OB COCTaBJIHeT 17-18 % B OTOJK.)KeHHOM co

CTOHHHH H 7-9 % nocJie saKaJIKH c 1230-1240°. BcJie,ll.cTB11e sa.zr.ep

JK.HBaIOw.ero BJIHHHHH Kap611.zr.os Ha pocT sepHa, OblCTpope*yu.1.11e CTaJIH 
.ua:>1<:e npH Bb!COKOM Harpeae .llJIH saKaJIKH HMelOT oqeHb MeJIKoe sepHO 
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(<tm:r. 5). B pe3yJihTaTe HarpeBa .n.o 1250-1260° (cTaJih Pl8) H 

1200-1220~ ( CTaJib pg) 6aJIJI no 3epHy COOTBeTCTBOBaJI 11-12. 
IlpH .n:aJihHeflweM HarpeBe, BhI3h!BaIOII.J.eM pacrnopeHHe 6oJiblllefl qacTH 

BTOpH1IHhIX MeJIKHX Kap6HJI.OB, B 6bICTpope)KyII1.ef1 CT3JIH Ha6JIIO)laeTCH 

6oJiee HHTeHCHBHhIH poCT 3epHa. 0.n.HaKO H B 3TOM CJiyqae Be.l!HlJHHa 

sepHa 6b!CTpope)KyIUefl CT3JIH 3H31'1HTeJibHO MeHbWe, qeM, Hanp11Mep, 

B yrnepOJJ.HCTOH cTaJIH Y12A, HarpeBaBwef1rn .n.o 800-820°. Cnoco6· 

HOCTb 6b!CTpope)Kyruei1 CTaJIH coxpamITh MeJIKOe 3epHO npH Bb!COKOM 

HarpeBe HBJI5IeTCH 0.LlHOH H3 rJI3BHbIX npH1IHH, BCJie.U.CTBHe KOTOpbIX 

6h!cTpopemymtte CTaJIH 3HaqHTeJibHO npeBOCXO.lI.HT yrnepO.LlHCThie H Jie

rnpoBaHHhie CTaJIH no MexaHH1'1eCKHM csolicrnaM oco6eHHO no npotI

HOCTH 1• T aKHM o6pa30M, OCHOBHOe OTJIHqHe B CBOHCTBax 6bICTpope)Ky

I.I.J.ei1 CT3JIH OT J,1.PYnIX HHCTpyMeHT3JibHhlX CTaJiefl 33K.'110lJaeTC.H He 

TOJibKO B ee KpacHOCTOHKOCTl1, HO 11 B Bb!COKl1X MexaHH4eCKl1X Kaqe

crnax. CrnJih pg 11MeeT o6hitIHo MeHhllly10 Kap6H.n:Hy10 Heom10po.n.

HOCTh H 003TOMY HeCKOJibKO npeBOCXO)ll1T CTaJib p 18 no MexaH11lJeCKHM 

CBOHCTBaM (HO HeMHOro ycTynaeT nocJie.n:HeH no KpacHOCTOHKOCTH). 

Heo)li-10po.n.HocTh B pacnpe)leJieHHH Kap6tt)lOB B cTpy1(Type cTa.'IH 

BhI3hIBaeT, KpOMe TQrO, a1msoTponHIO MexaHHl!eCKHX CBOHCTB, onpe)le

JIHeMhlX B)lOJib H nonepeK HanpasJieHHH Kap6HJI.Hb!X CTpOK. OpHHUH

nttaJihHOe OTJil1l!He aHH30TpOnl1H MexaHH1IeCKHX CBOlICTB .!I.03BTeKTOHJI.

HOH CTaJIH 33KJIIOqaeTCH B TOM, qTQ HHCTpyMeHT3JlbHhie CT3JIH c Map

TeHCHTHOH CTPYKTypoi1 HMelOT B nonepeqHoM HanpasJiemm He TOJihKO 

MeHbWYIO BH3KOCTh, HO H noHinKeHHhie npoqHQCTb H nJiaCTHlJHOCTb. 

11cnbIT3HHH o6pa3UOB, BbipesaHHhlX B npo.n.oJibHOM H nonepe1IHOM Ha. 

npaBJieHHHX, noKa3aJIH, 1ITO aHII30TpOnHH npoqHQCTH H nJiaCTHqHOCTH 

COCT3BJIHeT npHMepno 5-10% .LlJIH CTaJIH x H gxc, 15-25% (B 33-

BHCHMOCTH OT CTeneHH Kap6H.!I.HOH HeO,ll.HOpO.LlHOCTH) JI.JIH CTaJIH Xf H 

.lI.OCTHraeT 20-25 % no npoqHOCTH H 40-50 % no nJiaCTH1'1H9CTH JI.JIH 

CTaJIH p 18 ( cjrn:r. 7) . 
OCTaTOqHhie HanpHmeHHH, cos.n.aBaeMhie 3aI<aJIKoi1, sttaqHTeJihHO 

noHH)K3IOT Mexam1qecKHe cBolicrna cTaJitt c MapTeHCl1THOH CTPYKTY

pofl. PoJib ocTaToqHhix 1rnnpHmeirni1 0Tt:iern11so BblHBJIHIOT: a) cpasHe-

1rneM MexaHttqecKl1X CBOHCTB yr JiepO.LlHCTOH CTaJIH, 3aKaJieHHOH B BOJI.e 

H B MaCJie, 11 6) XO.lI.OM H3MeHeHl1H 3THX )Ke CBOHCTB B pesyJibTaTe 

OTnycKa saKaJieHHOH CTaJIH. 

11cnh!TaHHH o6pa3UOB pasMepaMH 4 x 6 x 40 MJlt, H3rOTOBJieHHhIX 

H3 CTaJIH y I 2A, nOK33blB3IOT, qTo Henocpe.n.cTBeHHO B 3aKaJieHHOM co
CTOHHIU:I (6e3 OTnycKa) yrnepOJJ.HCTaH CTaJib, OXJI3)K,ll.eHHaH B MacJie H 
noJiyqttslllaH TBep.n.ocTb R c= 62 -;-- 63, HMeeT 6oJiee BhICOKHe Mexam1-

qecKtte CBOHCTBa, LieM TaKaH )!{e CTaJih, OXJiamneHHaH B BOfle H noJiy

qHBIIIaH JIHIIIh HeMHoro 60JihIIIy10 rnep.n.ocTh (R c= 64-+- 65). OOCJie 

OTnycKa np11 150-160°, CHHMa10mero sHaqi:neJihHYIO qacTh HanpH)Ke

HHfl, 3TO· pa3JIHqHe B CBOHCTBax npaKTHqecKH HC1!e3aeT. 

I DblCTpope>Kymasi CTaJib npeBOCXOllHT no MexaHH'lecKHM COOHCTBaM yrJiepo,:tH
CTble H JJerHpoBaHHble CTaJJH He TOJlbKO Bl arnymeHHOM COCTOllHHH, KOrlla MO>KeT 
ClpOllBJIHTbCll BJIHllHHe Bb!l{eJJHIOIUllXCH H3 pacTBopa MeJIKO.L\HCnepcHblX Kap6H.LIOB, HO 
H B 3aKaJJeHHOM COCTOHHHll. 
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TaKoH JKe pe3yJ1bTaT uoKa3bIBaeT cpa1rnett11e Mexa11114ecK11x csot'lcTe 

yrJ1epO.LI.HCTOH CTaJIB, OXJia)l{.LI.eHI-IOH B BO.LI.e ( qrnr. 9), n JiernpoaaHHOH 

cTaJIB, oXJia)l{,lleHHoli a MaCJie ( qmr. 10). Henocpe.ucTBCHHO B 3aKaJieH

HOM COCTOHHHH yrJ1epO,llHCTaH CTaJib, B TOM 4BCJie H CTaJib Y7 1, BMeeT 

ISoJiee 3Ha4BTeJihHhle ocTaT04Hhle HanpH)l{eHBH H noHH)l{eHHbie MexaHH-

4eCKHe caoikrna no cpaaHeHmo c Jiernpoaammil CTaJibIO. 0.LI.HaKo nocJie 

ornycKa npu 150-180°, CHHMa10mero oOJibIIIy10 q.acTb HanpH)l{eHHif, 

MexaHH4eCKH~ CBoikTBa 9THX CTaJieli OKa3b!BaIOTCH npHMepHo O.LI.HHa-
KOBblMH. 

-I 6u1z 
MM Kl:/MM 2 

9 
250 

8 

7 

""6 
"' ~5 
~ 

4 

3 100 
2 

5e3 150 200 250 °C 
omnqcKa Te11nepamypa omngcKa 

<l>Hr. 9. MexaHH'leCKHe cBollcrna yrne
PO.llHCTOtt CTaJJH B 33BHCHMOCTH OT 
TeMnepaTypbl oTnycKa nponom1rnTeJ1b
HOCTb10 1 'l3C (TeMnepaTypa 33K3JJKH -
onTHM3Jlbll3!1; OXJJ3lK.lleHHe B BO.Ile). 

6u3z 
Ke/MM 2 

250 

j .,,200 
E: 

MM c.., 

"' 5 :t: 
~ 150 

~4 ~ 
"" ~3 

100 ~ 2 xr 

be3 150 200 250 JOO 0 [ 

omn1jc1<a TeMnepamypa omnyc1<a 

<l>Hr. 10. MexaHH'leCKHe cBollcrna JJe
rnpoBaHHoli CT3JJH B 33BHCHMOCTH OT 
TeMnepaTypbI ornycKa npoiloJJlKHTeJJb
HOCTb!O l 'lac (TeMnepaTypa 33KaJJKH 
onTHM3JlbH3!1; OXJl3ll{JleHHe B M3CJJe). 

TaKHM oopa30M, OCHOBHOe pa3JIH4He BO BJIHHHHII BeJIH4HHbI 3ep1rn 

H OCTaT04HblX HanpH)l{eHHH Ha MexaHH4eCKHe CBOHCTBa COCTOIIT B TOM, 
1ITO BeJIH4HHa 3epHa, C03.LI.aHHa5I HarpeBOM )lJIH 3aKaJIKII, coxpaHHeTCH 

H B OTnymeHHOH CTaJIH H He MO)l{eT Ob!Tb II3MeHeHa OTilYCKOM, TOr;:i:a 

KaK OCTaT04Hble HanpH)l{eHHH B 3Ha4HTeJibHOH Mepe CHHMaIOTCH npH 

ornycKe. 

Oo cpaBHeHHIO C pOJibIO yKa3aHliblX cpaKTOpOB MeHbIIIee BJIHHHHe 

Ha MexamrqecKHe CBOHCTBa HHCTpyMeHTaJibHOH CTaJIH c MapTeHCHTHOH 

CTpyKrypoli OKa3bIBaeT H3MeHeHHe co.uep)l{aHHH yrnepo.ua H MapTeH

CHTa H KOJIHtiecrna OCTaTOtIHOro aycTeHHTa B CTpyKrype. 

Co.uep)l{aHHe yrnepo.ua B MapTeHCHTe sa9BTeKTOBJJ:HOH CTaJIH, 3a

KaJieHHoli co cpaBHHTeJlbHO HH3KHX TeMnepaTyp H3 .LI.Byxcpa3HOH o6Jia

CTH (aycTeHHT H KapOH)lbl), H3MemreTCH B OTHOCliTeJlbHO Y3KHX ·npe

,lleJiax: OT 0,7-0,8 )lO 0,9-1,0%. YaeJIH4eHHe co.LI.ep)l{aHHH yrnepo.LI.a 

B 9THX npe.LI.eJiax HeMHOro IlOHH:>KaeT nJiaCTHtIHOCTb, HO M3JIO BJIHHeT 

Ha npotIHOCTb. 

I 3Ta CT3Jlb HMeeT B 33K3JleHHOM COCTOHHHH (OXJl3:lK.lleHHe B BO.Ile) npHMepHO 
T3KOO :lKe COltep:lK3HHe yrn·epo,LJ;a rB M3pTeH•CHTe, K3K II Jl•en!pOB3HHrbh~ CT3JIH X, Xf, 
9XC, OXJJ3:lK,LJ;eHHhle B MaCJJe. 
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Yae.:IHY.e1rne 1w.1111Y.ecraa ocraroY.ttoro aycremna c 10-15 .llO 20 % . 
r. e. B npe,lle.11ax, s Koropbix OH coxpam1ercsi a pe3yJihrare 3aKaJIKH 
c HarpeBOM, He BbI3bIBaIOl1.I,HM ewe pocra 3epHa H B o6blqHQ npHHHTblX 
ycJIOBHHX oxJiam,ll.emrn (Bo.lla, MaCJio, czyneuqaraH 3aKa.TIKa), CHttmaeT 
nanpHmeHHH 11 nooaoJISieT reM caMblM noJiyq11rb ooJiee BbICOKMe Mexa
mrqecKMe CBOHCTBa, O,ll.HaKo JIMIIIb Henocpe,ll.CTBeHHO B 3aKaJieHHOM 
COCTOHHIU!. 3ro BJIMSIHMe ocraroqHoro aycreHHTa craHOBHTC51 He3Haq11-
TeJibHbIM B pe3yJihTare HH3KOro ornycKa, yMeHhIIIaIOil.l,ero HanpSimeHMH. 
B ro me speMH yseJittY.eHtte KOJIMY.ecrsa ocrarotrnoro ayCTettttra, 11.o
cr11raeMoe 3HaY.MTeJihHhIM nOBblIIIeHMeM reMneparyphl 3aKaJIKM, Bbl3bl
Baer pocr 3epHa; poJib 3roro cf>aKropa, yxy.llIIIaJOil.l,ero MexaHttY.ecKMe 
csoiicrna, oKa3bIBaerrn npeooJia.llaIOil.l,eii. BmrnHtte noBhIIIIeHHoro KOJIH
tJecraa ocraroY.Horo aycreHMra, noJiyqaeMoro M3MeHeHMeM yCJioBMii 
OXJl3}!{,ll.eHMH npM 33KaJIKe (H30TepMMY.eCKaSI 3aKaJIKa) H He conposo
}!{,ll.aIOil.l,erocSI, CJie11.osareJibHO, pocroM 3epHa, paccMarp1rnaercH 
HH}!{e, B § 2. 

Tip11se,ll.eHHhle ,ll.aHHhle no3BOJIHJOT oonHCHMTh noKa3aHHhiii Ha 
qrnr. 1-4 csoeo6pa3HbIH XO.ll M3MeHeHMH MexaHMtieCKHX CBOHCTB 
MHcrpyMeHTaJibHhIX CTaJieii B 3aBMCMMOCTH OT reMneparypbl 3aKaJIKH. 
HeoOJihIIIoe noBblIIIetttte reMneparyphl 3aKaJIKH BhlIIIe ooJiacrn nepJittT
Horo npespall.l,eHHSI tte BbI3hIBaer ell.l,e 3aMeTHoro pocra 3eptta, HO cno
coocrnyer paCTBOpeHHJO tiaCTH MeJIKHX KapOH.llOB, optteHTHpOB3HHblX 
B OTO}!{)KeHHOH CTaJIH no rpaHHU.aM 3epeH . .l{JIH pacraopeHHSI Bbl.lleJIHB
IIIHXCH no rpaHmi;aM 3epeH CJIOmHhlX Kap6tt.llOB s Ohicrpope:>Kyll.l,eii 
craJIH Heooxo:IT.HM ooJiee BbICOKHii ttarpes, Y.ro cnoco6cTByer noJiyY.eHHIO 
.11yY.IIIHx MexaHttY.ecKHX csoiicrs. 

JlaJihHeiiIIIee noshIIIIeHtte reMnepazypbI Harpesa ycttJIHsaer pacrno
peHtte Kap6tt.llOB H pocr 3epHa H yseJIHY.HBaer JiernposaHHOCTh aycre
Httra. TaKoii nepecbIIl.l,eHHhlii JiernposaHHblMH 3JieMeHTaMH aycreHHT 
HBJIHeTCH HeycTOHY.HBbIM B OTHOIIIeHHH BbI.lleJieHHH qacTM KapOH.llOB no 
rpaHHl.J.3M 3epeH nptt noCJie.llyIOil.l,eM OXJiaM.lleHHH .l:(a)Ke B Ha,!1.Kpl!TH-
11ec1<oii OOJ1acr11 reMneparyp. OrHOCHTe.'lhHOe KOJIHY.ecrso Kap6tt.ll03, 
BhI.lleJIH!Olll,HXCH B norpaHHY.HblX CJIOHX, 60JihIIIe B CTaJIH c I<pynHb!M 
3epHoM. f103r0My BhI.lleJieHtte Kap611.n.os s Btt.lle cerKH oTY.erJittso, Ha-
6JI10.n;aerrn a 3HaY.ttTeJihHO neperperoii 3a3BTeKTOH.llHOH H Jie.n;e6yp11r
Hoii craJIH. Tieperpes nptt 3aKaJIKe noHH:>Kaer no 3THM npttY.ttHaM 
OOJihIIIe MexaHHY.ec1<11e csoiicrsa 3a3BTeKTOH.llHOii H 6hlcrpopelliyll.l,eii 
craJIH, qeM ,ll,03BTeKTOH.llHOH. .l{JISI noJiyY.eHHSI JiyY.IIIHX MexaHHY.eCKHX 
csoiicrs peKoMeH.n.yercSI 3aKaJIKa co CJie.n;y10Il.l,HMH TeMneparypaMtt: 

.UJU1 craJIH Y7 A (Y7) . . . . . . . 780-790° · 
Y8A n Y9A (Y8, Y9) . . 760-770° 
YIOA, Yl2A (YIO, Yl2) . 780-790° 
x. . 835-845° 
9XC • 860-870° 
x r . . 835-850° 
pg • . 1200-1220° 
Pl8 1250-1260° 

Heooxo.llttMo no.llY.epKHyTh, Y.To yKa3am1hle reMneparyphl 3aKaJIKH 
.llJIH yrnepo.llttcroii 11 6b1crpope)l{yll.l,eii crami: He so scex CJiyY.aSix 
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HBJUUOTCH JIYllllIHMH. B 3aBHCHMOCTH or 1exHOJIOI'H'1ecK11x yCJioBni1 
9KCrrJiyaTaUHII IIHCTpyMeHTOB 3Tll TeMrrepaT)'pbl Ha.no II3MeHHTb IICXO,Llfl 
H3 CJie,nyIOIUIIX coo6pameHIIH. 

. Y r JI e p o ,n If c T bl e c T a JI If o6Jia,naIOT pa3JIIIl!Hb·H 3aKamrnae
MocTbIO II rrpoKaJIHBaeMOCTblO B 3aBHCHMOCTII OT cel!eHIIH HHCTpyMeHTa. 

YrJiepo.n:HCTaH CTaJib MapoK YlO II YI2 rroJiyl!aeT BhlcoKyIO rnep
JI.OCTb rrpH OXJia:m:.n:eHHII B MaCJie JIIIIllb B IIHCTpyMeHTax ,n:IIaMerpoM 
ll.0 5-7 M.'lt, a rrpw OXJiam.n:eHIIII B pacrrJiaB.TieHHbIX COJIHX c TeMrrepa
rypoH: I50-I60° (II BbI,n:ep:m:KOH I-3 MHH.) B IIHCrpyMeHTaX )I.IIa
MeTpOM .no IO-I2 MM. 3aMe,n:.rreHHoe oxJiam,nerme B 1rnrepsaJie Map· 
TeHClITHOro rrpeBpaIUeHiiH rrpH 3aKaJIKe Il MaCJie HJIII pacnJiaBJieHf!bIX 
COJIHX crroco6cTByer yMeHblll€HlilO OCTaTOl!HbIX Harrp51:m:eHHH If .n:ecpop
Maum1 1rncrpyMeHTa no cpasHeHIIIO c co3,nasaeMbIM oxJiam.n:ermeM 
B Bo.n:e. 0,nHaKo c UeJiblO no.rryi1eHII5! )I.OCTaTOl!HO BbJCOKOH II O)I.HOpo,n
HOH rnep,uocrH Heo6xo.n:IIMo ,n:JIH yr Jiepo.n.ttcToli craJIII, oxJia:m:,uaeM01'1 
B MacJie IIJIII B pacrrJiaBJieHHbIX COJIHX, IlOBbllllaTb TeMneparypy 3a
KaJIKII .no 800-8 I 0°. B 3TOM cJiyl!ae CHIImeI-rne MexaHIIl!ecKIIX csoH:crB, 
Bbl3bIBaeMoe He60JibllllIM pOCTOM 3epHa, B03MeruaeTC51 HeKOTOpbIM BOJ
pacTaHIIeM 3TIIX cBoll:crs 3a cl!eT noJiyl!eHIIH MeHhllIHX ocrarol!HbIX 1-1a
rrpH:m:em1fr. TioCJie)I.Hlfe JIHillb l!aCTHl!HO CHIIMalOTCH npn OTrrycKe, TCM 
6oJiee, l!TO IIHCTpyMeHTbl, OXJiam,neHHble B MaCJie IIJIII B pacrrJiaBJieHHbIX 
COJIHX, o6bll!HO HarpeBalOT rrpII orrrycKa ,no cpaBHIITeJibHO 6oJiee HlI3KHX 
reMrrepaT)'p (,.._,I 50°) )I.JIH coxpaueHmi BhICOKOH rnep,n:ocTH. 

MHcrpyMeHTbI Kpyrrnoro cel!eHIIH (.nIIaMerpoM 6oJibllle 25-30 M.M), 

II3fOTOBJieHHble II3 yrJiepo,nIICTOH CTaJIH, .name rrpH ox.'Ia)l{)I.eHIIII B B0,11.e 
rrpoKaJIIIBalOTCH Ha He60JibllIYlO rJiy61rny II B 1-IHX llOl!TH IIOJIHOCTb!O 
OTCYTCTByer rrepexo.n:Ha51 30Ha M€)l{JJ.Y TOHKIIM rrosepxHOCTHbIM CJIOeM 
rsepJJ.OCTbIO Re= 60 -+-65 II He rrpIIHHBilleii 3aKaJIKy cepJJ.ueBIIHof1, 
IIMe10rueli He60JihllIYIO TBep,n:ocrh. TaKoii TOHKHH rrosepxHOCTHhrii cJioii 
6hrcrpee pa3pylllaercH rrpII pa6ore IIHcrpyMeHTa rro.n .n:eiicrnIIeM no
BbIIlleHHblx y,n:e.TihHbIX JJ.aBJieHIIH. KpoMe roro, IICCJie,n:osaHmt pH.n:n. 
asropos ([9], [I OJ II .n:p.) rroKa3aJIII, l!TO B 3TOM cJiyl!ae Ha rpai-rnue 
Me:m:,n:y 3aKaJieHHbIM CJIOeM II He3aKaJIIIBilleHCH cep.n:ueBIIHOH B03HHKalOT 
pacrnrnsaIOmIIe HarrpmKeHIIH, BbI3hIBaIOIUP.e o6pa3oBaHtte m1yrpemrnx 
Tpern.IIII B yqacrKax pe3KOro II3MeHeHII51 TBep,n:ocTII. 

B. 5L JI.y60BOH [I I], II3yl!aBilIIIH BOIIpoc 0 CTOHKOCTII mraM!lOB .LJ:JIH 
XOJIO,ll.HOro .n:ecpopMttpoBaHIIH, II3fOTOBJI51eMbIX II3 yrnepO,ll.IICTOH CTaJI1I, 
peKOMeH.LJ:OBaJI IIOBbllllaTb TeMrreparypy 3aKaJIKII IlITaMrrOB 60JibllIOro 
cel!eHIIH .no 8 I 0-820" (II BbIIlle), l!TO 06ec11e,rnsaer 3Hal!IITeJibHOe 
B03pacramrn CTOHKOCTII. 3To CJie,n:yer o6bHCHIITb reM, l!TO IlOBbllll€HIIe 
reMrreparypbI 3aKaJIKII .n.o 800° yseJIIIl!ttsaer rrpoKaJIIIBaeMOCTb craJIH 
II TOJIW.IIHY 3aKaJieHHOro CJI051 (rrpIIMepHO B 2 pa3a B 06pa3uax cel!e
HIIeM 25 MM). B 3TOM cJiyl!ae o6w.ee yBeJI1Il!e1rne rrpol!HOCTH 3a1<aJieH
Horo rrosepXHOCTHOro CJI051 3a Cl!eT B03paCTaHIIH TOJIW.HHbl CJI051 6oJiee 
3Hal!HTeJibHO, l!eM yMeHbllleHHe ero rrpol!HOCTH, BbI3BaHHOe pOCTOM 
3epHa. HecoMHeHHO, l!TO )I.JIH IIHcrpyMeHroB cel!eHIIeM 6oJiee 25-30 Mfit 

rro,n:o6Hoe He6oJibllIOe rroBbIIlleHIIe reMrrepaT)'pbI 3aKaJIKII (,n:o 8 I 0-820°) 
( u 

ITOJIHOCTbIO onpas.n.brnaercH, raK KaK YJIYl!IIIaer CTOIIKOCTb IIHcrpyMeH·· 
ros H yMeHbIIIaeT orracHocrh o6pa3oBaHHH TPeW.HH. 
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.ll.JI.H lfHCTpyMeHTOB H3 yrnepo)l.HCTOH CTaJIH ce11eHHeM OT 10-12 
)1,0 25 .M.M, saKaJIHBaeMbIX c OXJiam.n.eHHeM B BO.Ue Ii rrpoKaJIHBa!OW:HXCfl 
Ha 3Ha1lHTeJibHYIO rny6HHy, irnH-60Jiee I.J.eJiecoo6pa3HO rrpHMeHeHHe TeM
nepaTyp saKaJIKH, yKasaHHhIX Bhlrne u 06ecrre11HBa10mHx nOJiy11eHHe 
JIY1lllIHX MexaHH1leCKHX CBOHCTB. fIOBbillieHHe TeMrreparyp saKaJIKII 
Bhlrne 800° SHa1111TeJibHO yc11JI11BaeT orracHOCTb o6pasoBamrn rrpo.n.oJib
HhIX TpemHH B HHCTpyMernax 3TOro ce11eHH.H, oco6eHHO eCJIH OHH 
HMe!OT CJIO}l{HYIO cpopMy. 

§58 
~ 
~561-t---'<-- *~'-'..,._,'<---'~-'-=-=I 
~ 

1290° 
541-l-----+:..,....:.,.._-..:..;;.:=..::~ 

1270° 
1250° 

52 1200 
600 625 o5o 0c 

Tetmepam!lpa <1emb1pex1<pamHoeo 
Haepe&r 

Q) 

Rcr-.------.----,-~ 

62r--'?.----+----+--1 

600 625 650 °C 
Te11nepam1Jpa yemb1pex/fpamHoeo 

61 Haepeda 

<t>ur. 11. KpaCHOCTOHKOCTb 6b1crpopelKymei1 crann B 3aBHCHMocrn 
or reMneparypbI 3aKaJJKH: 
a - CTaJib P18; 6 - CTaJib P9 • 

.ll.JI.H 6bICTpopemymell: crnJIH Heo6xo.n.11Mo y1111TbIBaTb, 1ITO cTerreHb 
pacTBopeHH.H Kap6HJI.OB npH BbICOKOM uarpeBe pasJrnqHo BJIH.HeT ua 
OCHOBHbie KaqecTBa 6bICTpopem:ymeli CTaJIH: KpacHOCTOHKOCTb H Mexa
HHqecKHe CBOHCTBa. 

KpacHOCTOHKOcTb 6bICTpopem:ymell: crnJIH c rroBhrrneu11eM TeMnepa
TYPbI saKaJIKH HerrpepbIBHO BospacTaeT. .ll.aHHbie, rrpHBe.ueHHbre 
B Ta6JI. 1 H Ha cp11r. 11, rroKasbIBaIOT, qTo y.n.oBJieTBop11TeJibHYIO 
KpacHOCTOHKOCTb I CTaJib p 18 IIOJiyqaeT IIOCJie uarpeBa JI.O 1250", 
a cTaJib pg rrocJie uarpeBa .n.o 1200°. 

fIOBbillieHHe TeMrrepaTypbI 3aKaJIKH CTaJIH pg CBepx 1200° H CTaJIH 
Pl8 cBepx 1250° yBeJIHqHBaeT JiernpoBauuocTb rnep.n.oro pacrnopa 
M KpaCHOCTOHKOCTb CTaJIH, HO MeHee HHTeHCHBHO. 

B JIHTepaType qacTo peKoMett.n.yeTc.H HarpesaTb JI.JI.fl 3aKaJIKH 
HHCTpyMeHTbI H3 6bICTpopem:ymeiI CTaJIH .uo B03MON<:HO 6oJiee BbICOKOH 
TeMrrepaTypbI, He BbI3bIBaromell:, O)J.HaKO, o6pa30BaHHH - Kap6HJI.HOH 
ceTKH HJIH BbI)J.eJieHHH Kap6H)J.OB ITO rpaHHI.J.aM sepeH ( 1280-1310° 

t Onpe.ueJieHHe KpacHocTOfiKocrn npoH3BO.llllJIOCb no Mero.unKe, ycraHOBJieHHoll 
fOCT 3379-46 ll 11011po6Ho ll3JIO:H<eHHOH B JJHTeparype (12]. 
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f'afJAUl(il 

Bnnsrnne TeMnepaTypbl saKaJJKH na cocTae TBep.11.oro pacnopa 
H KJ)aCHOCTOAKOCTb 6bICTpopemyw.eA CT3JIH 

CocTaa Taep)loro pacTBopa 
KpacnocTOllKocTh TeMnepaTypa 

33K3JIKH B °C 

I l B °C 
w v Cr 

CTaJih P18 (0,720fo-C; 18,300/o W; 4,120/o Cr; 1,270/o V) 

1200 4,9 0,74 3,6 540 
12.50 7.0 0,81 3,6 600 
1270 7,2 0,83 3,6 605 
1290 7,5 0,83 3.6 610 
1310 - - - 612 
1325 7,8 0,84 3,7 61.5 

CT a JI b pg (0,0910/o C; 9,030/o W; 4,590/o Cr; 2,490/o V) 

1200 4,9 1.14 4.0 60.5 
1220 - - - 607 
1240 5,6 1.21 4,0 610 
1260 6,0 1,22 4.0 611 

.zvrn CTaJIII PIS II 1250° .11.JIH cTaJIII P9). 0)1.IIaKo 3To pacrrpocTpaHeH

Hoe MHeHIIe Tpe6yeT B HaCT05llll.ee BpeMH cepbe3HOH rrorrpaBim, TaK KaK 

rrpII orrpe.rr.eJiemm pe:>KIIMOB TepMIIqecKoii. o6pa6oTKII Heo6xo,ZI,IIMO yqn -

TbIB3Tb rroJiyqeHIIe B 6bICTpopemymeii CTaJIII He TOJibKO Bb!COKOH 

KpacHOCTOiiKocTII, HO II Y.ll.OBJiernopIITeJihHhIX MexaHIIqecKIIx cBoiicTB. 

MexaHIIqecKIIe cBoiicTBa 6brcTpopemymeii CTaJIII, KaK rroKa3aHo 

BhIIIIe ( qmr. 3 II 4) c yBeJIIIqeHIIeM TeMrrepaTyphI 3aKaJIKII cHaqaJia 

B03pacTaIOT, .LJ.OCTIIra51 (B OTITylll.eHHOM COCTOHHIIII) HaH60JibUiero 3Ha

qeHH5l IlOCJie 3aKaJIKII c 1250-1260° ( CTaJib p 18) II 1200-1220° 
( CTaJib P9). 3TH ,ZI,aHHhie rroKa3hIBaIOT, qrn HeJih35l rrn3HaqaTh O,ZI,IIHa

KOBhIX TeMrrepaTyp 3aKaJIKII ,ZIJI5l pa3JIHqHbIX no rnrry IIHCTpyMeHTOB 

113 6hrCTpopemymeii CTaJIII. Bhr6op TeMrrepaTyp 3aKaJIKH CJie.11yeT rrpo-

113BO,ZIHTb B 3aBHCHMOCTH OT Ha3HaqeHII5!, tj;JopMbl II ycJIOBHH Harpy

>KeHH5l HHCTpyMeHTOB. )lJIH IIHCTpyMeHTOB He60JibllIOro ceqeHII5l, Ha

npHMep CBepJI ,ZIHaMeTpOM .110 1-2 MM, HCilbITbIBaIOlll.HX ITOBbIUieHHhie 

H3rH6aIOlll.He II CKpyqHBaIOlll.He y.11eJibHh!e Harpy3KH, Heo6xo,ZIIIMO Ha-

3Haqatb 6oJiee HII3KHe TeMrreparyphr 3aKaJIKII, 06ecrre1mna10mHe rro.ny

l!eHIIe Jiyqurnx MexaHIIqecKIIX CBOHCTB. 3TH IIHCTpyMeHTbl qame Bcero 

Bb!XO,ZIHT lI3 CTpOH He ll3-3a HOpMaJibHOro H3HOCa II ITOTepH KpacHo

CTOHKOCTII, a II3-3a ITOJIOMOK. B TO me BpeMH ,ZIJI5l IIHCTpyMeHTOB, pa-

6oTaIOlll.IIX B ycJIOBHHX ITOBbIIIIeHHOro HarpeBa, HO He HCilb!TbIBaIOlll.HX 

3HaqIITeJibHbIX HarrpH:>KeHHH II3rII6a HJIII KpyqeHHH, HarrpIIMep JI.JIH 

pe3UOB IIJIII cBepJI KpyrrHoro JI.IIaMeTpa, Ha,ZIO BbI6IIpaTb 6oJiee BbICOKIIe 

TeMrrepaTyphr HarpeBa, o6ecrreqIIBaIOlll.IIe rroJiyqe1me JiyqIIIeii KpacHo
cToiiKocrn:. 

) PeK0MeH.11yeMbie Ha ocHoBmmH rrprrne,ZieHHhIX .n;amrhrx Tel\meparyphl 
3aKaJIKII yKa3aHbJ B Ta6JJ. 2. 
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Ta61wu,a 2 

PeKOMen.n.yeMble TeMnepaTypbl S8K8JIKH HHCTpyMeHTOB 
H3 6blCTpopc:>Kyw.eA CTaJIH 

TeMnepaTyphl 3aKaJIKH e °C 

THn HHCTpyMeHTa 

I CTa.% PIS CT3Jib P9 

Ce<'p.ia .nuaMerpoM 6onee 1!)-20 .At.Al H peJl.\bI 1280-1300 1240-12.50 
<PacoHHble HHCTpyMeHTbl ,ll.H3MeTpOM 10-70 MM • 1270-1290 1220-1240 
¢aCOHllbie HHCTpyMeHTbl ,ll.H3MtTpOM 6onee 70 MM 

H cjlacu1111b1e uucrpyMeHTbl H .caep;ra .n.uaMerpoM 3-
15 MM ..••••..• • • • • • • • • • • • • • 1260-1280 1210-1230 

J!lttcrpyMeHTbl ,ll.H3MeTpOM MeHee 2-3 MM .. 1250 -1260 1200-1220 

,lI.JIH HHCTpyMeHTOB BeCbMa Kpynttoro ceqeHHH (HanpHMep, .II.Ha
MerpoM 6oJiee 70 MM) LI.e.Jiecoo6pa3HO Ha3!1alJaTb HeMHOrO noHH)l{eH
Hhie TeMnepaTypbI saKaJIKH, yKasaHHhie B Ta6JI. 2, BCJie)J.CTBHe Toro, 
qro TaKaH CTaJib HMeeT 3HaqI-lTe.JibHYIO Kap6H.ll.HYIO Heo.rr.ttopo.rr.HOCTb 
Ii 6oJiee llYBCTBHTeJ!hHa K poCTy sepua B yqacTKax, o6oe.ll.HHeHHblX 
1rnp611,11.aM11. 

Bnnsrnne omycKa. Ha q:mr. 9 H W 6hIJIO noKasatto BJIHSIHHe ornyCKa 
Ha Mexa1-rnqecKHe csoikrna yrnepo.rr.HcToif H Jiemposa1rnofl cTamf. 
OrnycK npH HH3KHX TeMnepaTypax sHaq1neJihHO yJiyqrnaeT KaK npoq
HOCTh, TaK H nJiaCTHqHOCTb CTaJIH no cpaBHeHHIO c saKaJieHHb!M co
CTOHHHeM. BMeCTe c TeM Mexar-rnqecKHe CBOHCTBa H3MeH5110TC51 Heom1-
HaKOBO H He nponopLI.HOHaJibHO nOBb!illeHHIO TeMnepaTypb! OTnycKa. 
Mo:>KHO BhI,11.eJIHTh rpH o6JiacTH HHsKoro omyc1rn, xapaKTepHhie pas
JIH'IHhIM H3MeHeHHeM MexaHHqecKHX CBOHCTB H orneqaIOIUHe pa3JIHl!
HbIM CTa,11.HHM omycKa, no CTPYKTYPHhIM npH3HaKaM [13]. 

nepBaSI o6JiaCTb ornyCKa orneqae-r 125-150°. TaKOH HarpeB co
npOBO:>K,ll.aeTCSI Bbl.ll.e.JieHHeM MeJIKO.ll.HCnepcHblX Kap6H.II.HbIX qacrnu. H3 
MapTeHCHTa. lfacTHqHbIH pacna.II. MapTeHCHTa, BCJie.ll.CTBHe He3Hal!H· 
TeJihHOCTH .rr.mpcpy3HH, conposmK.rr.aeTCH yseJI11qem1eM qHcJia MeJIKO
.rr.11cnepcHhIX Kap6H.rr.os, Ho He Hx pocTOM. BhI.ll.eJIHIOIUHeCH Kap6H.ll.Hh!e 
qacTHLI.hI pacnpe.rr.eJieHbI nosToMy pasHoMepHo BHYTPH sepeH o6e.rr.HeH· 
Horo rnep.rr.oro pacTBopa. 

0,11.HOBpeMeHHO HarpeB .ll.JISI ornycKa CHHMaeT qacTh OCTaTOl!HbIX 
HanpmKeHHH, l!TO noBbiillaeT Mexam1qecK11e csoflcrna. 

CosMecrnoe nporeKatt11e yKasaHHhIX npou.eccos .rr.eifcTByeT B o.rr.11Ha
KOBOM HanpasJiemm. TaK, npoqHocTh crn.1111 Yl2A B03pacrneT co 125 
.rr.o 215 Kc/htM2 B pesyJihTare ornycKa npH 150° (1 'lac). 

BTopaH o6JiaCTb ornycKa orseqaeT .ll.JIH yrJiepo.rr.Hcrnii craJrn 
150-170°. CTpH 3THX 6oJiee BbICOKHX TeMneparypax npOHCXO)J.HT He 
TOJibKO .rr.aJibHeifrnee BhI.ll.eJieHHe Kap6H.ll.Hb!X qacTHLI., HO H Heo.rr.ttopon
HaH KoaryJIHLI.HH HX no rpaHHLI.aM sepeH H no nJIOCKOCTHM CKOJib)l{eHHSI. 
9TOT npou.~cc IlOHH:>KaeT MexaHHqecKHe CBOHCTBa, HecMOTpH Ha npo
)lO.ri:>KaIOrueecH CHHTHe OCTaTOl!Hb!X HanpmKeHHH. 
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Jlernpy10u..u1e 3JieMel{Tbl He BJIHSllOT Ha npoTeJ\aHHe nepBOH CTa.ll.HH 
oTnycKa, HO cMew.a10T BTopy10 cTa.ll.HIO K 60Jiee BblCOKHM TeMnepaTy
paM [14]. ,lleMCTBHTeJibHO, CHH>KeHHe MexaHHl!ec1rnx CBOiiCTB JiernposaH
HOH cTaJIH Ha6JI10,naeTcS1 s pesyJihTaTe o·rrrycKa npe ooJiee BblCOKHX 
reMnepaTypax: 200-250° .ll.JISI cTaJIH X, 210-275° ,nJisr cTaJIH 9XC 
II 200-275° .ll.JISI CTam1 Xf ( cper. 10). 

B TP~TheU: CTa.ll.HH omycKa ( 175-300° .ll.JISI yrnepo,nHCTOH H 
250-300° .!{JI.SI JiernposaHHOH CTaJIH) npoHCXO.ll.HT 6oJiee 3Hal!HTeJibHa51 
H 0.ll.HOpo.nHaSI KOaryJI.SIU.HH KapOH.ll.HblX' l!aCTHU.. 3TOT npou.ecc, Hap.srn:y 
c oOJibllIHM CHHTHeM HanpmKe1-rnU:, noBbllllaeT nJiaCTHl!HOCTh, o,nHaKo 
BCJie.ll.CTBHe pacna.na MapTeHCHTa H Koarym11..1.1m: Bbl.QeJIHBllIHXCH Kap6H
.ll.OB nomrnrneT npol!HOCTh H 
OCOOeHHO rnep,nOCTb 1. 

TaKHM oopasoM, JI.JIH no
.rrytieHH.SI JIYl!llleH npOl!HOCTH 
npH coxpaHeHHH BblCOKOH 
rnep,LI,OCTH CJie,nyeT npOH3BO
.ll.HTh OTnycK: 

a) yrJiepO,LI,HCTOH CTaJIH 
YlO H Yl2 c HarpesoM B nep
sy10 o6JiacTh TeMneparyp: 
150° (rJiaBHbIM o6pa30M .ll.JIH 
HHCTpyMeHTOB, OXJia>K.Qa!O
lHHXCH npH 3aKaJIKe B MaCJie 
l!JIH B pacnJiaBJieHHOH COJIH) 
ll.Jlll B HHMHIOIO 30HY TpeTbeH 

I 

<Pttr. 12. Mexattttqec1rne ceoiicrea 6bICTpo
pelKymeii craJIH P18· e JaettCHMocrn OT reM

neparyphl ornycKa (JaKaJrna 1270°). 
o6Jiacrn : ,.....,., 180° (.nJisi: HH
crpyMeHros, oxJiaM.n:a10w.Hxcsi: s so.ne); 

6) JiernposaHHOH cTaJIH c HarpesoM B nepsy10 06JiaCTh Tel'lmepaTyp, 
HO OJIH)!{e K sepxHeMy npe.n:eJiy ( 180-190°} .ll.JIH OOJlhllIOrO CHHTHH 
HaiipSIMeHHH. 

I1sMeHeHHe MexaHHl!eCKHX CBOHCTB CTaJIH p 18 npH OTnycKe noKa-
3aHo Ha cpHr. 12. CTo.no6HhlM >Ke o6pasoM H3MeHSIIOTCH MexaHHl!ecKHe 
csoflcTsa cm.JIM P9. OmycK npH HH3KHX TeMneparypax Bhl3hIBaer npo
u:ecchI, aHa.r:IOrHl!Hble npOHCXO.ll.HW.HM B yr Jiepo,nHCTOH H JiernpoBaHHOH 
crnJIH (JI.Jisi: nepsofl H sropoii crn.nm1). B OhICTpopeMyw.eM: cm.rm, KaK 
OOJiee JiernposaHHOH, BTOpasi: CTa.ll.HH OTnycKa C)l.BHHYTa B CTOpOHY 
rroBblllleHHbIX TeMnepaTyp. OrnycK npH 250-350° Bbl3bIBaeT CHHTHe 
Hanpsi:MeHHH, cos,naHHblX saKaJIKOH, Bhl)l.eJieHHe H HeOJ.J:HOPO.ll.HYIO 
KoaryJisi:u.mo Kapott.n:os 1..1.eMeHTHTHOro THna K rpam:1u:aM sepeH. CTpoHc
xo.n:.srw.ee npu 3TOM yMeHhllleHue co,LI,epMamrn ,yrnepo.n:a B MapTeH
CHTe noHHMaeT rnep,LI,OCTh cTaJIH 2 (.no Re= 59 + 62). ,llaJihHefllllee 
noBhJllleHHe TeMnepaTyphl omycKa OhICTpopeMyw.eM: cTaJIH Bhl3hIBaeT 

1 OrnycK nptt yKa3aHHhlX reMneparypax (tt tteCKOJlhKO eb1me) peKoMeHp,yercs; 
rJiaBHhIM o-6pa30M AJIH Aepeeoo6AeJJoqHhlX l!HCTpyMeHTOB. 

2 <f>a3oeb!li aHaJill3 noKa3hlBaeT [8], qro MapTeHCHT 3aKaJ1eHHoli 6hlcTpope}!{y
rn;eli CTaJm/ COAep}!{HT OT 0,300/o ( CTaJlb Pl8) JIO 0,400/~ yrnepoAa ( CT3Jlh P9). 3a-
9BTeKTOHAH351 CT3Jlh Y!2. 3aKa.rreHH3SI c 780-800', COAep}!{HT B MapTeH<::HTe 
0,9-1,Q<l/o C. 

18.'3 



nepepacnpeJJ.e.11emre .11ernpy10ll.J,HX 3JleMeHTOB H yr JiepoAa Me)!{.n.y TBep

JJ.bIM paCTBOpOM H Kap6H)J.aMH. Do JJ.aHHb!M HaIIIHX HCCJieJJ.OBaHHH OTilYCK 
npn 400-500° conpoBo}!{JJ.aeTcH BbIJJ.eJieHHeM xpoMa H npeBpameHHeM 
tiaCTH ueMeHTHTHbIX Kap6HJJ.OB a Kap6HJJ.bl xpoMa. BoJiee BblcoKRri 

ornycK, npH 500-600", yMeHbmaeT COJJ.ep:>KaHHe BaHa)J.HSl H BOJibcppaMa 
B pacrnope; cj)a30BbIH aHaJIH3 noKa3bIBaeT, tITO coJJ.ep)!{aHHe BaHa1urn 
yMeHbIIIaeTCSl npH 3TOM 60.11ee 3HatIHTe.JlbHO, tieM COJJ.ep)f<aHHe BOJib

tjJpaMa . .UaHHbie tjJa30BOrO aHaJIH3a H H3MeHeHHe cpH3HtieCKHX CBOHCTB 
Il03BO.T:!Sl!OT npeJ{IlOJIO)!{HTb, lITO BbIJJ.eJieHirn BaHaJJ.HSl B BHJJ.e MeJIKO

JJ.HCnepcHbIX 1rnp6HJJ.OB, B KOTOpbIX npHCYTCTByer T3K)!{e H BOJibcppaM, 

Bhl3bIBaer JJ.HcnepcHoe rnepJJ.eHHe H B03pacraHHe TBepJJ.OCTH 

(c Re= 59-+- 60 ·noCJie ornycKa npH 300-400° JJ.O Re= 64 + 65). 
lI:pyrnM cpaKTOpOM, nOBbIIIIaIOlllHM rnepJJ.OCTb, SlBJ!SleTCSl MapTeHCHT

HOe npespall.l,eHHe ocrnTO'IHOro aycTemna, npoHcxoJJ.Sill.J,ee, B npouecce 
oxJia)!{JJ.eHHSl nocJie Harpesa JJ.JISl OTnyCKa [!], [15]. 06pa3osamre HOBbIX 

KOJUl'leCTB MapTeHCHTa B OTnyll.J,eHHOH CTaJIH C03)1.aeT JJ.OnOJIHHTeJibHble 

OCTaTO'IHble HanpSl)!{eHHSl. DoCJieJJ.yIOll.J,HH BTOpOH OTnycK CHHMaeT 3TH 
HanpH)!{e!fHSl, HO Bbl3bIBaeT HOBbie, MeHbIIIHe no BeJIH'IHHe HanpH)!{eHHfl 

3a C'leT MapTeHCHTHOfO npespall.l,eHHSl OCTaTO'IHOfO aycreHHTa, He npe
Bpall.l,eHHOro noJIHOCTbIO npH nepsoM OTnycKe. TpeTHH oTnycK no'ITH 
noJIHOCTb!O CHHMaeT OCTaTOlIHbie HanpSl)!{eHHH, C03,ll.aHHble BTOpbIM 

OTnycKOM. 

Cm1me ocTaTOtIHbIX HanpmKeHHH noBblrnaer MexaHHtieCKHe csoii

crsa 6bICTpope>Kyll.J,eii CTaJIH. CT03TOMY OCHOBHOe npe:11Myll.J,eCTBO 

MHOfOKpaTHOro OTnycKa HaJJ. O.lI.HOKpaTHbIM 33KJIIO'laeTCSl B YJIY'IIIIemrn 

MexaHHtieCKHx csoiicrn. TpexKpaTHhIH OTnycK Hai-160Jiee uenecoo6pa3eH 
JJ.JIH CJIO)!{HbIX no tjJopMe HHCTpyMeHros. B OTJJ.eJibHbIX CJiytiaHx TpeTHH 

ornycK npH 560° MO)!{HO 3aMeHSlTb 6oJiee HH3KHM ornycKOM npH 250°, 
IlOCKOJibKY TaKOH OTnycK Heo6XOJJ.HM JIHIIIb JJ.JISl CHHTHSl OCTaTO'IHb!X 
HanpH)!{eHHH. 

2. UYTH YMEHbWEHHSI ,ll.E«llOPMAUHH TIPH 3AKAJIKE HHCTPYMEHTOB 
H3 JIErHPOBAHHOFI H liblCTPOPE)l(YUJ.EFI CTAJIH 

YCJIOBHHMH, Heo6xo.lI.HMbIMH .lI.JISl 3HatIHTe.1JbHOro yMeHbIIIeHHSI .ne

cpopMaUHH npH saKaJIKe, SlBJISl!OTCSl: 

1) noJiytie1me B CTPYKType 3aKaJieHHofr CTaJIH TaKoro cooTHornemrn 
Me>K.n.y MapTeHCHTOM H OCTaTO'IHbIM aycTeHHTOM, KOTOpoe o6ecnetIH
BaeT HaHMeHbIIIee H3MeHeHHe yJJ.eJibHOro o6oeMa no cpaBHeHHlO 

c OTO>K)!{eHHbIM COCTOSIHHeM; 
2) coxpaHeHHe B saKaJieHHOM COCTOSIHHH MeHbllleH TeTparoHaJibHO

CTH MapTeHCHTa, TaK K31{ YBeJIHtieHHe co.nep>KaHHSI yrnepo.na B MapTeH
CHTe yseJIH'IHBaeT o6oeMHbie H3MeHeHHSl H 

3) noJiytieHHe B 33K3JIHBaeMOH CTaJIH K MOMeHry OKOH'laHHH Map

TeHCHTHOfO npespall.l,eimSI B03MO}!{H0 60JibIIIefr npotIHOCTH, TaK KaK 3Ta 
xapaKTepHCTHKa no cyll.J,ecrny COOTBeTCTByeT conpOTHBJieHHIO nJiaCTH

'leCKOH .nect>opMaUHH HHCT-pyMeHT3JlbHOH crnmr, HMeIOll.J,eH IlblCOKYlO 

TBep.lI.OCTb H paapyIIIaIOmeikH xpynKO. 
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nepBbie JJ.Ba IlOJIO:>Kemrn 6bIJIH ycTaHOBJieHbI B 1938 r. A. n. f y
mieBbIM H A. n. DeJIOBOii [16], B HaCTOHW.ee BpeMH xoporno H3BeCTHbI 
H no3TOMY He Tpe6y10T cneI.J,IiaJibHbIX nOHCHeHHii. 

TpeTbe noJio:>Kemre, TaK:>Ke HMe10w.ee, no HaineMy MHeHHJO, 60.nb
woe 3Hatiem1e JJ.JIH ou.eHKH .n.e<t>opMaI.J.HH, OCHOBaHO Ha CJie,ny10w.eM. 
HaMeHeHHe qiopMbI H pa3Mepos npH aaKa.nKe HBJIHeTCH CJie.ncrn11eM 
nJiaCTHtieCKOii .n.e<t>opMaI.J.HH, BbI3bIBaeMOii <t>a30BbIMH H TepMH'·IeCKHMH 
HanpH:>KeHHHMH H npoTeKaIOI.I.J.eH Heo.n.Hopo.n.Ho no BpeMeHH B pa3JIHlJ
HbIX 06beMax OXJia:>K.n.aeMoii CTaJIH. 

B HHCTpyMeHTaJibHbIX crnJrnx - yr.nepo.n.HCThIX YlO, Y12, .nern
poaaHHbIX H 6bICTpope:>KyW.HX - MapTeHCHTHOe npeapaw.emrn HatIH·· 
HaeTCH B HHTepaaJie 150-170° H He 3aKaHtIHBaeTCH IlOJIHOCTblO npH 
oxJia}l{.n.emm .n.o 20°. HanpH}l{eHHH, BhI3bIBaeMbie MapTeHCHTHhIM npe
Rpaw.eHHeM, ao3pacrn10T c yBeJIHtieHHeM KOJIHtieCTBa aycreHHTa, npe

apaw.a10w.eroc51 B MapTeHCHT, H, c.ne.rr.oaaTeJibHO, ,IJ,OCTHraJOT notITH 
HaH60JibI.IIero 3HatieHHH K MOMeHTY Jl.OCTH:>Kemrn KOMHaTHOii TeMnepa
TYPbI. K 3TOMY MoMeHTY aHa 1mTeJibHO ao3pacrn10T H repMHtieCKHe 
HanpH}l{eHHH. CTo3TOMY aHatieHHH npotIHOCTH HHcrpyMeHraJibHoii cTaJiu, 
onpeJJ.eJIHeMbie npH KOMHaTHOii TeMneparype, .ll:OJl}l{HbI cpaBHHTeJibHO 
6JIH3KO xapaKTepH30BaTb H conpornBJieHHe n.naCTHtieCKOii .ne<t>opMaU.HH, 
co3.naaaeMoii nanpH}l{eHHHMH. Orc10.n.a CJie.nyeT, tITo: 

a) corrpoTHBJieHHe rrJiacrHtiecKoii .n.e<t>opMau.1m yMeHbI.IIaeTCH, a no-
3TOMY .ne<t>opMaU.HH HHCTpyMeHTa B03pacTaeT rrpH 3HatIHTeJibHOM ITOBbI-
1.IIeHHH TeMrrepaTyp 3aKaJIKH, C03,Jl.aJOI.I.J.eM pocT aepHa H CHH}l{eHHe rrpoq
HOCTH CTaJIH; BbI3bIBaeMoe TaKHM HarpeBOM aoapacTaHHe KOJIHtieCTBa 
ocTaTOtIHoro aycTeHHTa o.nHoapeMeHHo conpoBo}l{.naeTcH yseJIHtieHHeM 
TeTparoHaJibHOCTH MapTeHCHTa I; 

6) HHCTpyMeHThI, H3fOTOBJieHHb!e H3 CTaJIH, HMe10w.eii B aaKaJieH
HOM COCTOHHHH 60.Jiee Bb!COKYIO rrpotIHOCTb, nOJiytia!OT MeHbllIYIO .ne
<t>opMaI.J.HIO (npH npHMepHO OJl.HHal<OBOM c .npyrHMH cpaBHHBaeMbIMH 
CTaJIHMH co.nep}l{amm aycTeHHra). 

Ha <!>Hr. 13 noKa3aHo H3MeHeHHe pa3Mepoa I.J.HJIHH.np11qecKHX 
06pa3u.oa cTaJIH P 18 B saBHCHMOCTH OT TeMnepaTypbI saKaJIKH. MeHh
I.IIHe H3MeHemrn pasMepoa 6hIJIH no.nyqeHbI rrocJie saKaJIKH 
c 1200-1250°, T. e. B ycJIOBHHX, o6ecnetIHB8!0W.HX IlOJiytieHHe MaKCH
MaJibHOH npOtIHOCTH. )],aJihHeHI.IIee noBbII.IIeHHe TeMnepaTypb! 3aKaJIKH 
cHH}l{aJio npotIHOCTh CTaJIH H yaeJIHtIHBaJio .n.e<t>opMau.mo. KoJmqecTBo 
OCTaTOlIHOro aycTeHliTa rrpH 3TOM B03pacTaJIO, lITO Bbl3bIBaJio yMeHb

weHHe YJl.eJibHOro o!heMa no cpaBHeHHIO c OTQ}l{}l{eHHblM COCTOHHHeM. 
0.n.HaKo 3TO H3MeHeirne y,n:eJibHOro o6beMa 6hIJIO He3H81IHTeJibHO H no 

a6coJIJOTHOMy sHatierrn10 He npeabrwaJio noJiytIHBI.IIeroCH rrp11 saKaJIKe 
c 1200-1250° (HO c o6paTHbIM 3H8KOM). 

noabllneH11e TeMrrepaTyphI 3aKaJIKH .nernposaHHoii HHcrpyMeH
TaJibHOH _qaJrn: Xf c 850 11.0 870° H 9XC C 870 11.0 9000 nOHH}l{aeT 

I ffoBblllleHlle TeMneparyphl 33K3JIKH ,1\Jlll yMeHhllleHHll .necjlopMaUHH OK33bl· 
BaeTCH scjlcjleKTllBHblM 'B TOM CJJytiae, ecJJH OHO Bbl3bIB3eT 3H3'111TeJlbHOe 003pacTaH11e 
KOJil!t!ecrna OCTaTOt!HOro aycreHHTa (cTaJlb Xi2<1>1). 0.nHaKo II ,1\Jlll TaKoil: CT3JIH 
noBhII1Je1111e 'I'eMnepaTypbr Harpeaa ue .!lOJDKHO npeaocxo.n11Tb onpeneJJeHnoro npe
neJJa ( 1050-1070"). 
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npOllHOCTb H yseJIHllHBaeT .n.ecpopMal.l,HIO, HeCMOTPH Ha B03pacraHHe 

KOJIHllecTBa OCTaTOllHOfO aycTeHHTa H MeHbllIHH npHpOCT YAeJibHoro 
seca no cpaBHeHmo c OTO)!{}KeHHbJM COCTOSIHHeM (lleM noJiyqaeMbJfl 
nocJie 3aKaJIKH c 6oJiee HH3KHX TeMneparyp). 

HaIIIH HcnhITaHHH noKa3aJIH, llTO o6pa3l.l,bI 6hlcrpope.iKylll.eii craJIH 
,LI,a)l{e IlOCJie 3aKaJIKH c BhICOKHX TeMnepaTyp nOJJyqaJOT MeHbIIIYJO 
JWcpOpMall,HIO, l!eM .o6pa3l.l,bl JiernposaHHOH CTaJIH, HanpHMep, CTaJUi Xf, 
coxpaHHJOil.l,eH npH 3aKaJIKe TIOBbJWeHHOe KOJIHlleCTBO OCTaTOllHOfO 
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6) 
<l>ttr. 13. Yl3MeHeHHe pa3MepoB L\HJIHH.!1.PH'leCKHX o6pa3L\OU 

cranu PIB (D = 15 MM; l = 50 MM): 

a - B 33BHCHMOCTH OT TeMnepaTypw 33K8nKH; 6 - B 33BHCHMOCTH 
OT TeMnepaTypbl OTnycKa (33K8JIK3 1270°); 

- K3p6HllHbllf 63JIJI 2; 
---- Kap6HJIHblA 6aJIJI 6. 

aycTeHHTa. 3ro CBH3aHo c TeM, 1.110 6hICTpope1Kylll.11e cram1 HMeJOT He 
TOJJbKO MeHbWee CO,LI,ep)l{aHHe yrJJepo.n.a B MapTeHCHTe, HO H 3HallH
TeJJbHO npeBOCXO,ll,HT .n.pyrne CTaJJH no npollHOCTH. 

Dpmru.HnnaJJbHO HHa1.1e 1.1eM npn 3aKaJJKe H3MeHHIOTC5I pa3Mepbr 
3aKaJJeHHhrx 06pa3u.os npn ornycKe. OmycK 6blcTpope:>Kylll.eil: craJIH 
IIpH 500-560° Bbl3b1Baer MapreHCHTHoe npespameHHe OCTaTOllHOfO 
aycreHHTa, npo11cxo)I.Hlll.ee npH oxJJa.iK)I,eHHH. 0AHaKo 3To npeapalll.eHHe 
IIOllTH paBHOMepHO H3MeHHeT pa3Mepb1 o6pa3ll,OB H B OTJIHllHe OT 3a·· 
KaJJKH He ncKa)l{aer nx cpopMbI. TaKoif *e xapaKrep H3MeHeHHH pa3-

Mepos Ha6JJIOAaJJcH npn omycKe o6pa3u.os JiernposaHHoil: CTaJJH 9XC 
H Xf. 3TO 06b5ICHHeTC5I TeM, llTO OTIIYCK, He Bbl3b!BaIOlll.HH IIOJIHOfO 
pacna.n.a MapTeHCMTa H coxpaH5IJOII.I.HH BblCOKYIO TBep.n.oCTb, CHl4M~~T 
6oJJbWYJO l!aCTb OCTaTO·llHblX HarrpH.iKeHHH H ITOBbIIIIaeT npollHOCTb CTaJJH 
H ee corrpOTHBJierrne rrJJacTM1.1ecKoii .rr.ecpopMau.1m. 

TaKHM o6pa3oM, .rr.ecpopMarurn, co3.uasaeMaH 3aKaJJKoii, HBJIHeTCSI 
Heo6paTHMOH H He MO/KeT 6bITb ycrpaHeHa H3MeHeHHeM pa3Mepos, 
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npOHCX0.11.SIII.J.HM npH OTnYCKe. no 3THM npHl!HH8M ,!J.JIH yMeHbWeHllH 
~ecpopM8UHH HHCTpyMeHTOB He06X0.11.HMO Y.11.eJIHTb OCHOBHOe BHHM8HHC 
lf3MeHeHHJO ycJIOBHit aaKaJIKH, yseJIHl!HBaSI s crpyKType KOJIHl!eCTBO 
OCT8TOl!HOro aycteHHTa T8KHM nyTeM, l!TOObI He BbI3B8Tb poem 3epaa 
H CHH:>KeHHSI npol!HOCTH. CJieJJ.oBaTeJibHD, rrocTas.11e1rny10 3a_uaqy Ha.11.o 
pei;iaTb He rroBbIWeHHeM TeMrrepaTyphI saKaJIKH, a H3MetteHHeM ycJio- • 
BHH OXJI8:>K.1J.eHHH. 

Jlernpoeauuble HHCTpyMeHTaJibHbie CTaJIH. CTyrrettl!aTaSI 3aKaJIKa sa. 
KJIIOl!8eTCSI B KpaTKOBDeMeHHOH BbID.ep)!{Ke (2-3 MHH.) 38K8JrnsaeMoi'I 
cTaJIH s ropSil!HX cpeJJ.ax c TeMrrcpaTypoif 150-200° H s noCJieJJ;y10w,eM 
oxJia:>K.n.eHHH Ha B03.11.yxe. 3aMe.n:JieHHoe npoxom.n:~Htte HHTepsaJia Map
TeHCHTHOro npespaw.eHHH, cnoco6crnyH oOJiee pasHoMepttoMy pacnpe
.n:eJieHHJO OCT8TOl!HbIX Ha-
npSI.IB:eHHli, yMeHhwaeT .L{e- eaycc 

cpopMaUHJO. CrrerurnJihHbif ~ 
HCnbIT8HHH [ 17] noKa38JIH, ~ 15000 f-+-+--i=~::>...--+--=::,,,,._,~----1 
lfTO CTyneHl!8T8H 38K8JIKa <.:i 

rrpe.n.ynpe.IB:.L{aeT .LLecpopMa- ~ 
I.I.BIO csepJI, H3fOTOBJieH- ~ 
Hhix H3 CTaJIH 9XC. CTpHMe- § 1'10001--+---+--+--+-~"'=='---+--=;"""""---1 
Hemre CTyneHl!aTofi 3aKaJI- ~ Cma11b 9XC f00° 
IU! HBJIHeTCH noeTOMY Ha- ~ 

.Ue:>KHbIM CilOCOOOM yMeHb- 13000 5 JO 15 20 30 60 18011u11. 
weHHSI .LLecpopMaumr HH- npoiJoll>1<UmMbHocmb 8b11Jepll<Ku 
CTpyMeHTOB MHOrHX THilOB. 

0.n:HaKO .L{JIH HHCTpyMeH
TOB OCOOO CJIO:>KHOH cpopMbl 
u.enecooopa3Ho rrp11MeHe
mre H30TepMHl!eCKOH 3a

<l>Hr. 14. MarnHrnoe HaCbIW.eHHe 3aKaneHHoi1 
cranH 9XC B 33BHCHMOCTH OT npOJlORl!CHTenbHO
CTH H3orepMlflieCKOH BblJleplKKH (HarpeB npH 

3aKanKe 875°). 

K8JIKH c ooJiee .MHTeJibHOtt BbIJI.ep)!{KOi:i npH TeMnepaTypax OKOJio Mn 
( 150-170°), KaK crroco6a, yseJIHl!HBa10w.ero KOJIHl!ecrno ocTaTOl!Horo 
aycTeHHTa B ctpyKType 3aKaJie!IHOH CT8JIH H yMeHbW810lll,ero .L{ecpopMa
UHIO s ooJiblllei:i cTerreHH, l!eM cryrreHl!aTaSI 3aKaJIKa. 

Haw11 11cnbITaHHH rroKa3bIB8JOT, l.J.TO noCJie BhI.l1.ep1KKH npM 150-
1·700 npo,ll.0.7J:>KHTeJlbHOCTblO 6oJiee 5-15 MHH. JierHpOB3I!Hbie 1rnnpy
MeHTa.lbHhle CTaJIH MapoK X H Xf nOJIYl!810T rnepJJ.OCTb B npe.UeJiaX 
Re= 57--;.- 59, l!TO He.U.OCTaTOl!HO .IJ:.7JH MHOrHX pe)!<YIIUIX HIICTpyMeH
TOB. CTpHMeHeHHe H30TepMHllecKoi:i 3aKa.7JKH oKa3bIBaeTrn 3cpcpeKTHB
HbIM .11.JIH CJIO:>KHOJiernposaHimH CT8.7JH, K8KOH, B l.J.8CTHOCTH, HBJ!HCTCH 
xpoMoKpeMHHcTaH CTaJib 9XC. CToCJie)l.HHH HMeeT 60J1ee ycrni'I4HBblti 
nponrn pacnaJJ.a rnep.l1.bii'I pacrnop H )l.a)!<e nocJI~ npo.uoJIJKHTe.7JbHOil 
BhI.11.ep:>KKH npH 150-200° noJiyq,aeT rnep.uocTb B npe.ueJiax 
Re= 59 + 62. 

YseJIH4eHHe npo.uomKHTeJibHOCTH H30Tep~,mqec1<0i:i BhIJJ:ep)!(KH CT8JIH 
9XC npH 150-200° )1.-0 45-60 MHH. TIOBbllll3eT KOJ!Hl!eCTBO OCTaTO'I
HOro aycTeHHta notITH s 2 pa3a no cpasHeHHIO c noJiyqaeMhIM npH 
33K3JIKe c OXJI8}1{.1J.e!rneM B MacJie HJIH npH CTyrreHl!3TOH 33K3JIKe 
( cp:ttr. 14). H3MeHeHHSI cpH?.HtiecKHX csoflcrn noKa3h!BaIOT, 'ITO, KpoMe 
roro, B npouecce BbI.11.ep)!(KH npu :nux TeMnepaTypax np0Mcxo.n.1n 
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o6pa30Bam1e nroJibtiaTOro rpoocnna (¢nr. 15) n BbIJI.eJieHne Kap6n
.noB B3 rnepJI.oro pacrnopa. 0JI.HaKo noCJieJI.rrne JI.Ba npou.ecca npn Bbl· 
)I.ep>KKe JI.O 60 MHH. (npH 150-180°) pa3BBBaIOTCSI He3Halll1TeJibHO; 
HaH60JibIIIee pa3BHTBe noJiytiaeT npou.ecc cTa6IIJIH3au.~rn aycTc1rnra. 

Bee 9TH npou.eccb! cnoco6-
crnyrOT yMeHbIIIeHmo JI.e¢op
MaI.Urn (¢nr. 16) n B03pacra
HBIO MexaHBlJeCKHX CBOHCTB 
KaK B 3aKaJieHHOM, TaK H B 
IIH3KOOTilYI.I.I.eHHOM COCTOSIHHH. 
CTocKOJibKY TaKaH cTaJib nMeeT 
B 3aKaJieHHOM COCTOHHHH 3Ha-
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/ 160° 
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..............0 t!HTeJibHO 
Hb!e narrpH>KeHHH, qeM CTaJib, 
OXJia>K)I.eHHaH B MacJie HJIH ~ 
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~ 0 5 10 15 20 JO 60 
~ ') fiporJonH<umenbliOCmb Qblf}e/JH(KU 

TBOMuH. no crroco6y cryrreHtiarnii 3a-
KaJIKH, TO rrocJieJI.yIOI.I.I.HH HH3· 

<l>nr. 15. OtKJIOHettne noKa3attnit aHH3oMeTpa 
B 33BHCHMOCTH OT TeMneparypbl H npo.n;OJI
lKHTeJibHOCTH H30tepMH1JeCKOH Bb!)l;eplKKH 

CT3JIH 9XC (HarpeB npH 33K3JIKe 875°). 

KHH oTnycK cpaBHBTeJihHO 
MaJio H3MeHHeT MexaHHlleCKHe 
CBOHCTBa CTaJIH, IlOJIYlJHB· 
IIIeH H30TepMHlJeCKYIO 3aKaJI
Ky. CTo9TOMY TeMneparypy 

omycKa IlOCJie H30TepMBllecKOH 3aKaJIKH (c I.I.eJibIO coxpaHeHHH Bb!CO· 
KOH TBep,n:OCTH) MO>KHO ycrnHaBJIHBaTb 6oJiee HH3Kyro, a HMeHHO -
JI.JIH CTaJIH 9XC B npe,n:enax 150-160°. 0,n:HaKo H IlOCJie TaKoro 
omycKa CTaJib, noJiytIHBIIIaH H30TepMHtiecKyro 3arrnJIKy, HMeeT 6oJiee 
BbICOKHe MexaHHtieCKHe CBOHCTBa (npnMepHO Ha 30-50% no npotIHO· 
CTH H !1JiaCTH'llHOCTH). 
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nporJO/Jl({Ume11blfOCmb ObJiJepJKKl.l 
<l>nr. 16. l13MeHeHHe pa3MepOB o6p331..\0B CTaJIH 9XC (D = 15 .MM; 
L = 50 .M.M)B 33BHCHMOCTH OT npo.aoJilKHTeJibHOCTH H30TepMH11e

CKOfi Bbl.n;eplKKH (HarpeB npH 33K3JIKe 875°): 
---- BblJiep>KKa 160°. 
- - - - DblJiep>KKa 180°; 
• • • • • . BblJiepmKa H OTnycK 180°. 

YBeJIHtieHHe npOJI.OJI>KHTeJibHOCTH BbI,n:ep>KKH JI.O 2-3 qac. rrpn 
180-200° H .n:o 5--6 qac. npH 160-170° yMeHbIIIaeT 9¢it>eKT CTaOHJIH· 
3aI.I.HH aycTeHHTa H ycHJIHBaeT npou.eccb! o6pa30BaHHH HfOJ!btJ:aTOrO 
TpoocTBTa n KoaryJIHUBB Bb!JI.eJiliBIIIHXCH 1rnp6tt,n:oB. YMeHbrnenHe KO· 
JIHtiecrna ocTaTotinoro aycTeHHTa B CTPYKType Bb!3bIBaeT so3pacramre 
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06beMHblX H3MeHeHHH 11 .Aect>OpMaU,HH; 003TOMY 3aKaJU<a c Bbl.LJ.ep)!{KOH 
HHCTpyMeHTOB B Te\leHife 45-60 MHH . .uaeT HaHMeIIblllYJO .necpopMaumo. 
B pe3yJibTaTe 6oJiee ,ll.JIHTe.JibHOH 1 HJIH 6oJiee KopoTKol\ BblJJ.ep.>KKH 
.necpopMaI.J.H.H, Hao6opoT, yse.1mqHsaeTc.H. 

Heo6xo.u11MocTh npHMeHeHH.H cpaBHBTe.JihHO npo.noJI>KHTeJihHOH Bbl· 
,l..lep>KKH (45-60 Mim.) orpaHHllHBaeT o6JiaCTh H30TepMHqecKoH: 3a
KaJIKH .AJIH JiernposaHHOH CTaJIH. TaKaH o6pa6oTKa Ue.Jiecoo6pa3Ha 
rJiaBHblM o6pa30M 11.JIH HHCTpyMeHTOB CJIO>KHOH cpopMhl (KaK pe}!{ylll.HX, 
TaK H lllTaMOOB)' ycTpaHeHife )l.ecpopMaUHH KOTOpb!X Tpe6yeT cneuHaJib-
HOH .AOporocTOHlll.eH npaBKH HJIH MK 

lllJIHcpOBaHHH. 60 
6&1cTpope.>Kymne cTa.rJH. J!Jrn 

yMeHbllleHHH )l.ecpopMaUHH rJiaB
HhIM oopa30M CTep)!{HeBblX HH
CTpyMeHTOB H npe11.ynpe}!{,UeHHH 

( 

\ 

o6pa30BaHH.H Tpelll.HH MaCCHB-
HbIX HHCTpyMeHTOB CJIO)!{HOH 
cpopMbI peKOMeH11.yeTCH B JIHTe
parype [20] H rrpHHHTa B npaK
THKe CTyrreHllaTa.H 3aKaJIKa c 
KpaTKospeMeHHOH Bblll.ep}!{KOH 
(2-5 MHH.) B ropHllHX cpe.Aax 
(450-550 HJIH 600-650°) c no
cJie.n.yIOlll.HM OXJia>K.n.eHHeM Ha 
so311.yxe. TeMnepaTypHb!H HHrep
saJI 450-550° oTBet1aeT o6Jiacrn 
HaHOOJihllleH ycTOHt{HBOCTH nepe
OXJia)l{.n.eHHOro ayCTeHHTa 6bl
CTpope}!{yllJ.eH CTaJIH. CTo3TOMY 
cryneHt1aTa.H 3aKaJIKa rrot1TH He 
H3MeH.HeT COOTHOilleHHH Me}!{JJ.Y 
KOJIHlleCTBOM OCTaTOqHoro aycTe-

50 
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J1JomepMu'leCKoR Obl(lep;KKO 

4>Hr. 17. YlaMeHeHHe paaMepoe o6paauoe 
CT3JJH PIB (D = 15 MM; l = 50 MM) 
B 33BHCHMOCTH OT YCJJOBHH OXJJa>K.neHHH 

npH aaKaJJKe (c 1290°): 

---- " - - - - BhIJlep>KKa npu 280°; 
-· - • - BbIJlep>KKa npu 240°. 

HHTa H MapTeHCHTa B crpyKType 3aKaJieHHOH cTaJIH H cTeneHH TeTpa
roHaJihHOCTH MapTeHCHTa no cpaBHeHHIO .c no.11yqaeMblMH npH OXJia}!{ll.e· 
HHH B MacJie. CTocJie.D.yIOlll.ee OXJia}!{ll.eHHe C TeMnepaTyphI CTyneHH Ha 
so3ayxe 06ecrret1HBaeT 6oJiee Me.AJieHHOe npoxo.>K.ueHHe HHTepsaJia Map· 
TeHCHTHOro npespameHH.H. HcnbITaHHH noKa3hII3alOT r21l. llTO HCITOJib30-
BaHHe CTynenqarnil: 3aKaJIKH c Bhl.!lep.>KKOH npH 450-5500 yMeHhlllaeT, 

HO He CTOJih 3HallHTeJibHO, JIHHeHHble H3MeHemrn H .n.ecpopMal.J,HIO no 
cpasHeHHIO c noJiyqaeMoH: rrpn oxJia>K.n.eHHH s Macne ( cpHr. 17). 
9TOT pe3yJihTaT no.n.rnep}l{.uaeT H lllHpOKHH npOH3BO.!lCTBeHHblH 
OilhIT. 3aBOJl.hI no.n.sepralOT CTep>KHeBhie HHCTpyMeHThl 3HaqHTeJibHOil: 

1 XapaKrepHo, qro eme 60Jiblllee yeeJIHqeHHe npoH3BOJIHTeJibHOCTH Bblllep>KKH 
(JIO 10---30 qac.) BHOBb yeeJJH'IHBaeT KOJIH'lecTBO ocraro'!HOro aycreHHTa. 3TOT 
peayJibTaT nOJIY'IHJIH B. ~· npoceHpHH H C • .u. 3HTHH [18] JIJIH CT3JIH x (llIX15) 
H A. r. PaxUJT3JIT H 5, M. lliaJIXHH [19] JIJIH CT3JIH 9XC. noao6Hoe >Ke «BOJIHO· 
o6pa3HOe> H3MetteHHe MexanH'leCKHX CBOHCTB B 3&BHCHMOCTH OT npOJIOJl>KHTeJTbHOCTH 
HaorepMH'leCKoli BblJiep>KKH noJiy'IHJIH B . .ll. CaaoecKHH H H. B. BbH.11b JIJIH craJIU X 
(llIX15). DpH'IHHbl raKoro BJIHHHHH BblJiep>KKH eme HeaocraTO'IHo Hay'leHbl. 
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upaDKe IlOCJle cryneHtrnTOH 3aKaJIKH JJ.JIH yCTpaHeHHSl «6HeHHSI». 
BMeCTe c reM npHMeHeHHe cryneHqaroii aaKaJIKH B pH.lle CJiyqaes 
He no3so~Her npeJJ.ynpeJJ.HTb o6paaosaHHe rpelll.HH B KpynHblX HHcrpy· 
MeHTax (rJiaBHblM o6pa30M .UllaMe'rpOM 6oJiee 100 .M.M) CJIO)!{HOH 
cpopMbI. 

BbIJJ.ep)!{Ka np11 nOBbIWeHHH reMneparypbl cryneHH (620-650°} 
BbI3hIBaer, KaK 3TO H cJieJJ.yer H3 J1,11arpaMMbl H3orepMttqecKoro npespa
m.eHHH aycreHHra 6blcrpope)Kymeii craJIH, Bb!JJ.eJieHtte He6oJihrnoro 
KOJIHqecrna Kap6tt.uos H3 nepeox.,ia.>KJJ.emroro aycreHttra H yMeHbrnaer 
JiernposaHHOCTb rnep.uoro pacrnopa, noJiyqem1y10 npn BbICOKOM Ha-
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<1>111'. 18. MarnHTHoe Hacww.eHHe JaKaJieHHoii cranH Pl8 B JaBHCH· 
MOCTH OT YCJIOBHH OXJI3>K,Il.eHHSI rrpH 33K3JIKe (c 1290°). 

rpese )l.JIH 3aKaJIKH. Hanm HCITb!TaHHH noKa3aJIH, qro KpacHocrotiKOCTh 
craJIH np11 3TOM HeMHoro yxymnaercH. 

l1ccJie,UOBaH11e, BblllOJIHeHHOe HaMH COBMeCTHO c C. n. l3p11KOM [21], 
noKa3hmaer, LITO JJ.JIH yMeHhilleHHH o6ueMIIbIX HaMeHeHHH H JJ.ecpopMa
LJ.HH u.eJiecoo6paa1m npttMeHHTb H3orepMHqecKy!O 3aKaJIKY c Bbl.Uer,>11{
KOH nptt ox.11a)K.ueHH B npoMe)!{yTo'rnoif o6Jiacrn (200-300°). ob!JIO 
noKa3aHo [22], qro Bbl.UCP)!{Ka B 3Toii o6JiacrH yseJIHqHsaer KOJmqecrao 
ocraroqHorn aycreHHra. 0JJ.HaKo BJIHHHHe npespame1mii s npoMe>Ky
roqHoif o6Jiacrn Ha csoH:crsa oblcrpope.>KyII~eH: craJIH He ObIJio 11ccJie
JJ.OBaHo. 

Mb! ttayqaJI11 H3MeHeHHH paaMepos 11 JJ.ecpopMaLJ.HH npH aaKaJIKe 
oopa3LJ.OB ,ll.HaMeTpOM 15 .MM 11 ,ll.JIHHOH 50 .MM (illJIHcjJOBaHHbIX H J).OBe
JJ:eHHbIX c roqHOCTblO )l.0 1-3 .¥.K) H OTibITHbIX naprnif csepJI. 

l1aOTepMHqecKaH BbIJJ.ep.>KKa npH 200-300° 3HaqHTCJlbHO yMeHb· 
waer MarnttrHoe HaCbllll.eHne ( qrnr. 18), qro no.urnep.>KJJ.aer n:aHHble, 
noJiyqeHHble A. n. fyJIHCBbIM [22]. CHH>KeHHe MarHHTHoro Hacbilll,eHHH 
HaOJIIOJ).aeTCH J).a>Ke IlOCJie KOpOTKOH BbI,Uep)i{KH 5 MHH. npH 200 H 240° 
H BbI.Uep)!{Kll 15-20 MHH. npH 280 H 300° H HeyKJIOHHO npO.UOJI>KaercH 
c yneJI11qeHHeM npo.uoJI>KHTeJibHOCTH Bbl,ll.ep>KKH. Hatt60Jibll1ee CHH*e· 
HHe MarHHTHOro HaCbllll.CHliSI HaOJIIOJ).aercH B peayJibTare BbIJJ.ep>KKH 

190 



n aepxttei1 30He I1p0Me:>Kyrn1rno.ii o6Jiacnr (rrpH 280-300°); .l(JIH Bhl

J.ep:>KKH 3 qaca MarHHTHoe HaCbIW.eHHe 3aKaJieHHOH CTaJIH COCTaBHJIO 
'1800 zc ( I1pOTHB 12 600 zc ITOCJie 3aKaJIKH c OXJia:>K)leHHeM B MaCJie). 

3To orneqaeT coxpaHeHHIO 50 % ocTaTOt!HOro ayc-re1-mrn no cpaatteHHIO 
c 18-22 % B CTpyKType CTaJIH, OXJia:>K.l(aarnei'Ic.H B MaCJie llJlll B COJIII 
c TeMnepaTypoil 450-625°. TsepJlOCTh 3aKaJie1rnoi\: crnJIH npH 3TOM 

l10HH:>KaeTCll H B pe3yJibTaTe BbI)J.ep:>KKH 3 'lac. rrpH 280-300° COCTa
llJIHeT R c= 56 -;- 57. 

y )J.eJibHOe 3JieKTpOCOI1pOTHBJieirne B pe3yJibTaTe 3aKaJIKH c H30Tep

l\1HqecKOH BbI)J.ep:>KKOH yMeHbIIIaeTCH, qTo MO:>KeT 6bITb CJie)lCTBHeM KaK 

ao3pacTaHHH KOJIHqecTBa ocTaToqHoro aycTemna, TaK H o6pasoaaHHH 

HrOJib'-IaToro TpOOCTIITa ll BbI)J.eJieHirn Kap6H)J.HbIX '-IaCTHII. H3 rnep)J.oro 

pacTBopa. 
11rOJib'-IaTblH TpOOCTHT o6Ha

py:>KHBaeTCH B CTpyKrype saKa
JieHHOH CTaJIH JIHIIIb ITOCJie BbI
)J.ep)l{KH 6oJiee 2-3 'lac. rrpH 

240-300°. Hawe HCCJie)J.oBaHHe 
ITOKa3bIBaeT, t!TO HfOJlb'-IaTbIH 

TpOOCTIIT 6bICTpope)!{ymeii CTaJill 
HBJIHeTCSI BbICOKOJierHpoaaHHOH 

:1--cpasoii, co)J.ep)Kamei\: yrnepoJJ.a 

H JiernpyIOW.IIX 3JieMeHTOB He 
MeHbllle, t!eM MapTeHCHTa CTaJIH, 

saKaJieHHOH B MacJie H 3aTeM OT

nylll,eHHOH IlPH TeMrreparype H30-
TepMuqeCKOii: BbI)lep:>KKH. .Ua:>Ke 
yBeJIH'-IeHHe rrpo)J.OJI)KHTeJibHOCTll 
Bb!Jlep)l{Kll JJ.O I 0 qac. I1pH 200-
3000 He yae.rr11q11aaer MarHHTHoro 

Re 
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54 
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<1>11r. 19. l13MeHeH11e TBep.n:ocrn CTaJJ11 P18 
np11 OTnycKe B 33BllCHMOCTll OT ycJJOBllH 
npe.n:weCTBOB3BllleH 33K3JJKll (c 1290°). 

Hachrme1ms:r; IlOcJie)J.Hee CBHJJ.eTeJibCTBOBaJio 6br o pacrra.ue TBepJJ.oro 

pacrnopa 11 o JJ.aJibHe1'.frneM BbIJJ.eJieHHH Kap6HJJ.HbIX qacrnIJ.. 

KpoMe Toro, ecJIH 6bI uroJibt!aTbIH TPOOCTHT 6bICTpope)l{ymei\: cTam1 

rrpe)J.cTaa.ns:rJI cpa3y c MeHbIIIHM coJJ.ep)l{am1eM yrJiepo)J.a H .'lernpy10nu-n 

3JieMeHTOB, qeM MapTeHClIT CTaJIH, 3aKaJieHHOH B MacJie ll OTrrymeHHOtl 
Jl.O 200-300°, TO CJie)lOBaJIO O)l{H)J.aTb, qTo CTaJib, Ilporne)J.lllaH ll30Tep

MHqecKyIO 3aKaJIJYy, ITOJIY'-IHT 13 pe3yJibTaTe IlOCJie)J.y10w.ero BbICOKoro 

OTITYCKa npll 560-600° MeHblllYIO TBCp)lOCTb, '-IeM CTaJib, 3aKaJIHBaB
lllaHCH B MacJie. l13MepeHHH, 0)1.HaKO, IIOKa3aJIH, '!TO CT3Jib, HMe10mall 

rrocJie H30TepMuqecKoi1 3aKaJIKH TBepJJ.OCTb Re = 56, noabIIIIaeT ee B 

pe3yJihTaTe ornycKa JJ.O Re= 63 -+- 65 ( cpur. 19). 
TaKHM o6pa30M, H30TepMttt!ecKaSI saKaJIKa )J.a:>Ke c oqeHb Jl.JIHTeJib

Hoi\: BbIJl.ep:>KKOH, BbI3bIBaIOmei\: o6pa3oBaHHe HrOJib'-IaTo"ro TpOOCTHTa, 

He )J.OJI)l{Ha lI3MeHSITb KpaCHOCTOHKOCTb 6bICTpope)l{ymei\: CTaJIH no cpaB

HeHHIO c noJiyqaeMOH IlplI oQbJqHoii . 3aKaJIKe c OXJia)K)J.eHHeM B MacJie 

HJIH npH CTyileHqaTOH 3aI<aJIKe ( c Bbl)J.ep)l{KOH nptt 450-600°). 3TO 
TIOJJ.TBep,lI.HJIH HCilhITaHHH KpacHOCTOHKOCTH H ipasoablii aHaJIH3. B Ilpo

IJ.ecce )J.JilITeJibHOH Bbl)J.ep:>KKH npH 250-2800 BbI)J.eJIHCTCH tte60JibWOe 

KOJlll'-ICCTBO Kap6H)J.OB IJ.eMeHTHTHOro THna, TIO)J.06HO TOMy, KaK 3TO 
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upOHCXO)l.HT B CTaJIH, 3aKaJ!eHHOH B MaCJie H 3aTeM OTilylU.eHHOH npH 
250-300°. 

B03pacTaHHe KOJIH"'lecrna ocTaTOIJHoro aycTermu, HapH,ny c yMeHb

!lle1-rneM TeTparOH8JlbHOCTH, BbI3hIB8eMbIM BbIJ(eJieHHeM Kap60.ua, H ero 

KoaryJIHIJ,Heli, IIOHH:>K8IOT TBep.nocTb H 3JieKTpoconpOTHBJiemre 6bICTpO

peJKymeli CT8JIH B 38KaJieHHOM COCTOHHHH. 

CT03TOMy H30TepMHIJecKaH 38K8JIKa, yMeHblIJ8H ,QOJllO aycTeHHTa, 

yqacTBYIOIII.ero B MapTeHCHTHOM npespameHHH, .UOJIJKHa, B CBOIO OIJe

pe.nb, yMeHbIIIaTb OCTaTOlJHbie HanpHJKeHHH II .necpopMaUHIO npH 38-

}{8JIKe H Il0BbIIIJ8Tb MexaHHIJeCKHe csoikrna B 3aKaJieHHOM COCTOHHHH 

6e3 CHHJKeHHH rnep.nocTH H KpacHOCTOHKOCTH nocJie OTnycKa. 

""' 3 ;;; 
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<l>nr. 20. MexaHnqecKHe ceoikrea 3aKaJieHHoil H OTIIVIUeH
Hoil CTaJIH p 18 B 33BHCHMOCTH OT ycJIOBHH OXJiam.n:eHHll 

npH 3aKaJIKe (c 12:)0°): 
---- nocne 3aKaJJKH; 
- - - - nocne TpexKpaTnoro ornycKa npn 560°; 
-·-·- nocJ1e '!eTblpexKpaTuoro ornycKa npn 560°. 

llelicTBHTeJibHO, CT8Jlb, npoIIIe.nrnaH H30TepMHIJecKylO 33K3JIKy, 

HMeeT B 38KaJieHHOM COCTOHHHH 60.nee BbICOKHe MexaHHIJeCKHe CBOH

CTBa (cpHr. 20), IJeM CTaJib, noJiyIJHsrnaH CTyne1-1IJaTy10 aaKaJIKy. Bo3-

pacTaHHe csolicrn, rnaBHbIM o6pa30M n.nacTH'lHOCTH, tta6JI10.naeTcH 

.naJKe IlOCJie KOpOTKOH BbI,nepJKKH 5 MHH. npH 200-240° H 20 MHH. 

npH 280-300°. 3ttatrnTeJibHO 60Jibrnee B03pacTaHHe Mexam1qecKHX 
CBOHCTB C03.U3eT BbI,nepJKKa 3 qaca npH 280-3000 H 5-6 qac. npH 

250-260°: npotIHOCTb B03paCTaeT Ha 30 % ' a nJiaCTHlJHOCTb Ha 60 % . 
JlyIJIIIHe pe3yJibTaTbl ,nOCTHraJOTCH nocJie BbI,lI.epJKKH npH 260-300°, 
l!eM npH 6oJiee HH3KOH TeMneparype. 

Pe3yJibTaTbI H3MepeHHH paaMepos o6paauos s aasHCHMOCTH OT pe

JKHMa H30TepMHIJeCKOH BbID:epJKKH np11se.neHbl .U.JIH CT8JIH p 18 Ha 

cp11r. 17. flo.no6Hble JKe .naHHbie 6bIJIH noJiyIJeHbI H .UJIH cTaJIH P9. 

lla>Ke 3aKaJIKa c KpaTKOBpeMeHHOH Bbln:ep)!{KOH B TeIJeHHe 5-10 MHH. 

npH 200-280° BbI3bIBaeT MeHbllIYIO .necpopMaUHIO, IJeM cTyneHIJaTaSI 

aaKaJIKa c BbI.nepJKKOH s o6JiacTH HaH60Jibmeli ycTOHIJHBOCTH ayCTeHHTa 

( 450-550°). Yse.110IJeH11e npo.noJIJKHTeJibHocrn Bhr.nepJKKH .no 60 MHH. 

npH 200 H 240° yMeHbrnaeT H3MeHeHHH pa3Mepos noIJTH, s 2 paaa no 
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cpasHemno c nOJiy11aeMbIMH npH cryneH11aToA saKaJIKe, a usoTepMuqe
cKaH 3aKaJIKa c TaKOH >Ke Bbl.nep>KKOH npH 280-300° IIOSBOJIHeT IIOIJTH 
IIOJIHOCTblO yCTpaHHTb .ne<t>opMaUHIO. JlaJibHelirnee ew.e 60Jiblllee yseJIH
qeHHe npo.noJI>KHTeJibHOCTH H30TepMHIJeCKOH Bbl,nep>KKH .no 3 qac. 
6onee HJIH MeHee uenecoo6pa3HO. CTpoHcxo.nHw.ee BCJie.ncTBHe TaKoA 
,lJ.JIHTeJibHOH BbI,nep}l{KH 3HalJHTeJibHOe yseJIH1Jem1e KOJIHIJecrna OCTaTOIJ
HOro ayCTeHHTa yMeHblllaeT o6IUHH o6beM 3aKaJieHHOH CTaJIH no cpas
HeHHIO c OTO>K}l{eHHblM COCTOHHHeM H co3.n:aeT HOBYIO .ne<t>opMaUHIO, HO 
c o6paTHhIM 3HaKOM (no cpasHeHHIO c .ne<t>opMauneH:, nOJiy11aeMoli npH 
3aKaJIKe c OXJia}l{.n:eHHeM B MaCJie). 

H30TepMH11ecKaH 3aKaJIKa nosb1rnaeT ycToii11HsocTh OCTaTOIJHoro 
aycTemna. CTpaKTH11ecKH noJIHoe npesparuerme ocTaT04HOro aycTeHHTa 
B CTaJIH, npowe.nweii CTyneHIJaTyIO 3aKaJIKY c Bbl.n:ep}l{KOH npH 
450-600° HJIH 3aKaJIKY c oxJia>K.n:eHHeM B MaCJie, .nocrnraeTCH (B 3aBH
CHMOCTH OT TeMnepaTyphl Harpeaa npH 3aKaJIKe) nocJie .nayx-, TpexKpaT
Horo oTnycKa npH 560°, a a cTaJIH, nporne.nrneH: H30TepMH4ecKyIO 3a
KanKy, nocne Tpex-, 11eTbrpexKparnoro oTnycKa a cJiy11ae BblLlep>KKH 
20-60 MHH. a npoMe}l{yTo4HOH o6Jiacrn H m1nrnparnoro oTnycKa -
B CJiyqae Bb!JJ:ep>KKH 3-6 qac. B npoMe}l{yTOIJHOH o6JiaCTH. 

MapTeHCHTHoe npespaw.eHHe ayCTeHHTa, npoHcxo.nHw.ee npH 
OTnycKe, H3MeHHeT MexaHH11ecKHe csowcrna. B oTnyw.eHHOM cocTOHHHH 
CTaJib, IIOJIY4HBlllaH H30TepMH4eCKylO 3aKaJIKY H Ha.n:Jie)l{aiuee KOJIH4e
CTBO OTIIYCKOB, He OTJIHqaeTCH no MexaHHIJeCKHM CBOHCTB8M H TBepn.o
CTH OT CTaJIH, OXJia>K.n.aarnewcH B MaCJie HJIH c Bbl,ll.ep}l{KOH npH 
450-60()0 ( <t>Hr. 20). 

KaK H CJie.nosaJio O>KH.n:aTb, o6pa3Uhl, npome.nrnHe H30TepM11qe
cKy10 3aKaJIKy, noJiyqaIOT npH OTnycKe, acne.n:crnHe npesparueHHH no
BblrneHHoro KOJIH11ecTaa ayCTeHHTa, 6oJihrnee H3MeHeHHe pa3Mepoa, qeM 
o6pa3Ubl, no.n.sepraswHeCH CTyneH4aTOH 3aKaJIKe. 0.n:HaKO OTIIYCK, 
yMeHblllaH HanpH)!{eHHH, H3MeH51eT, B OTJIHl!He OT 3aKaJIKH, rJiaBHb!M 
o6pa30M pa3Mepbr 06pa3uos, a He HX <t>opMy, T. e. He co3.n:aeT .n.onoJI
HHTeJihHOH .n.e<t>opMaUHH. .lleHCTBHTeJibHO, HCIIb!TaHHH noKa3aJIH, qTO 
cyMMapHaH .ne<t>opMaUHH, C03.LI.aBaeMaH 3aKaJIKOH c Bbl,nep}l{KOH B npo
Me)!{yT04HOH o6JiaCTH H IIOCJie,nyIOI.IU!M OTIIYCKOM, OK33b!BaeTCH 
~leHhllle, lJeM .ne<t>opMaUHH, Bbl3bIBaeMaH 3aKaJIKOH c OXJ1a)!{.nem1el\f 
B MaCJie HJIH cryneHllaTOH 3aKaJIKOH H OTIIYCKOM. 

H3MeHeHHe cpe.n.hl oxJia}l{.neHHH (cenHTpa, w.eJiolJb, Harperne Mac.r10) 
npH H30TepMHIJeCKOH 3aKaJIKe cpaBHHTeJibHO MaJIO BJIHHeT Ha CTpyK
Typy, HanpH)!{eHHH, o6beMHble H3MeHeHHH H Jlpyrne CBOHCTBa 3aKaJieH
HOH CTaJIH, IIOCKOJ!bKY no.n:o6Ha51 nepeMeHa OXJl3>KJJ:3IOl.Ilett cpe.n:bl He
MHOrO H3MeHHeT J!Hlllb CKOpOCTb OXJl3)1(JJ:e!-IHH B TeMnepaTypHOM HHTep
BaJie, B KOfopoM 6hICTpope}l{yIIJ.aH CTaJ!b coxpaHHeT ycTOH4HBblH nponrn 
pacna.na ayCTeHHT. CTo3TOMy np1iMeHeH11e ,nJIH H30TepMH4ecKoii 3aKaJIKH 
6onee 3HeprnqHou oxJia:>K.n.aIOIIJ.eii cpe.n.hl ( w.eJIO'IH) He yseJ111q11aaeT 
3aMeTHo .necj:>opMaUHH H HanpH}l{eHHH no cpaBHeIIHIO c MeHee 3Heprnq
Hb!MH OXJl3.ll.HTeJIHMH - ceJIHTpoii H rop514HM M3CJIOM. 

YKa3aHHhie BhIBOJJ:bI 6hIJIH nposepeHbI Ha 6oJibllIOH napTHH KOHyc
Hhlx csepJI .n11aMeTpoM 1 MM; pa6oqa51 qacTh csepJia 6b!Jia 113roToa.neHa 
H3 cTaJIH P9. OT.neJibHble napTHH csepn ox.na:>K.n.aJIHCh .no 200, 250 
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H 3000 c BbIJJ.epJKI<OH 5, 20 H 60 MHH., a 3aTeM Ha B03.n:yxe. 0.n:HOBpe
MeHHO qacTb CBepJI no.n:BepraJiaCb CTyneHtiaTOH 3aKaJIKe c BbI,!1.epJKKOM 
npw 560°. CToCJie 3aKaJIKH H3MepHJiaCb .n:e<t>opMaI.J.HH cBepJI. B cooTBeT
CTBHH c TeXHH'IeCKHMH ycJIOBHHMH CBepJia, HMeBirrne .n:e<t>opMaumo 
(nporn6) 6oJiee 0,15 MM, npOXO):{HJIH npaBKy. CTocJie Tpex- H qeTbipex
KpaTHOfO OTnycKa npw 560° BHOBb H3MepHJiacb .n:e<t>opMaUHH. CTpwMe
HeHwe H30TepMH1IeCKOH 3aKaJIKH yMeHbLUHJIO .n:e<t>opMaumo B 2,5-3 pa3a 
no cpaBHeHHIO c noJiytieHHOH npH CTyneHtiaTOH 3aKaJIKe. 0THOCHTeJib
HOe KOJIH1IeCTBO CBepJI, He Tpe6oBaBLUHX npaBKH, cocraBHJIO 16 % wrn 
CBepJI, noJiy'IHBLUHX cryneHtiaryIO 3aKaJIKY H 44-52 % ):{JIH CBepJI, npo
llle,!1.LUHX H30TepMH1IeCKYIO 3aKaJIKy. 3TO yMeHbLUeHHe .n:e<t>opMaIJ,HH 
6bIJIO noJiytieHO B pe3yJibTaTe cpaBHHTeJibHO KparKOBpeMeHHOH BbI
.n;epJKKH: 5 MHH. npH 200 H 250° H 20 MHH. npH 300°. 

CTocJie.n;yIOLU,HH TpexKpaTHbIH H qeTbipexKpaTHblH OTnycK Bb13bIBaJI 
JIHLUb He3Ha1IHTeJibHYIO H npHMepHO O,!J.HHaKOBYIO .n:e<t>opMaUHIO CBepJ1, 
npoLUe):{LUHX KaK H30repMH1IeCKYIO, raK H cryneH1Iary10 3aKaJIKy. 

TBep,n:OCTb cBepJI Bcex naprwii nocJie TpexKparHoro ornycKa 6bIJia 
o.n:wHaKoBoii H cocraBJIHJia R c = 63 -+-- 64. l13MepeHHH Marnwrnoro 
HaCbillJ,eHHH CTaJIH B rOTOBblX CBepJiax Ha ayCTeHHTOMeTpe no.n:TBep
.ll:MJIH, 'ITO ):{JIH 6oJiee noJIHOro npeBpaI..I.I.eHHH ayCTeHHTa, a CJie.n:oBa
TeJibHO, H .ll.JIH yCTpaHeHHH ocrarO'IHbIX HanpHJKeHHH Heo6xo)l,HMO 
cBepJia, npoLUe,llLUHe H3orepMwqecKyIO 3aKaJIKy, no.n:BeprnyTb rpex-, 
tieTbipexKpaTHOMY omycKy . 

.il.JIH HCnbITaHHH peJKyI..IJ.HX CBOHCTB 6bIJIH oro6paHbI no nHTb CBep.1 
er KaJK.n:oii naprHH; cBepJieHHe npoH3BO,llHJIOCb no yJiytILUeHHOH 
craJIH 40X. l1cnbITaHHH pe3aHHeM, KaK H CJie,UOBaJio OJKH,UaTb, He 
ycraHOBHJIH 3aMeTHblX pa3JIH1IHH B CTOHKOCTH CBepJI, o6pa6oraHHblX 
no pa3HbIM peJKHMaM, nocKOJibKY 3TH yCJioBHH oxJiaJK.n;eHHH He H3Me
HHJIB KpacHOCTOHKOCTH H MexaHB'IecKHX CBOHCTB .ll.JI,fl ornyI..I.I.eHHOfO 
COCTOHHHH. 

BecbMa cyI..I.I.ecTBeHHble pe3yJibTaTb1 .n:aJio npHMeHeHHe H3orepMB1Ie
cKoii 3aKaJIKH ,llJIH HHcrpyMeHTOB 60JibLUHX pa3MepoB H CJIOJKHOH 
<t>opMbI. CryneHqaraH 3aKaJIKa BJIB 3aKaJIIrn c oxJiaJK.n:em1eM B MacJie 
(20-40°) qacro He npe.n:ynpeJK,n:aer o6pa30BaHHH rpeuurn B m1crpy
MeHrax, HanpHMep BO qipe3ax .n:waMerpoM 6oJice 100-150 MM H Bb!CO· 
roii 200-300 MM. CTp11MeHeHBe H3orepM11tiecKoii 3aKaJIKB ycrpanBJio 
6paK no rpeI..I.I.HHaM. TaKaH 3aKaJIKa, 3HatIHTeJibHO yMeHbLUaH HanpH
JKeHHH H .n:e<t>opMaIJ,HIO, HBJIHeTCH HaHOOJiee npHro):{HOH ,UJIH HHcrpyMeH
TOB no,11.oonoro THna. 
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0.. 0. C.flABHlf 

TEPMH'IECKASI 06PA60TKA HEP)l(ABEIOUJ.ER 
AYCTEHHTHOR CTAJIH 

HecMoTpsi Ha TO, IJTO TepMHIJecKaSI o6pa6oTKa Hep>Kase10rueii H 
KHCJIOToynopHOH CTami H3yIJerrn .llOCTaT0'1HO o6cTOSITeJibHO, Bee >Ke pSI.ll 
BonpocoB, CBSI3aHHbIX c TeMnepaTypHbIM HHTepsaJIOM ee Harpesa npH 
saKaJIKe, npO.llOJl}!{HTeJibHOCTb!O Bbl.llepmKH, BJl.HSIIIHeM a.-<Pa3bl Ha Kop
po3HOHHYIO CTOHKOCTb Tpe6yeT ,llaJibHeiiwero yTOlIHeHHSI. 

B HaCTOSIIIlt'H CTa·1 be Ha OCHOBaHHH HCCJie,llOBaHHH aBTOpa H 0606-
IUeHHSI mnc-11::i rvpttbrx .llaHHbIX .lleJiaeTCSI nonbITKa .llaTb .llOnOJIHHTeJibttoe 
ocsemetttte 3TOro sonpoca. 

I lepm:ase10ruaSI H KHCJIOToynopHaSI CTaJIH npe,llCTaBJISIIOT co6oA 
cu.JiaBbl Ha OCHOBe BbICOKOJiernpoBaHHOro a.- HJIH j-TBep,lloro cacrno
pos . .3TH CTaJIH CKJIOHHbl K Me>KKpHCTaJIJIHTHOH Kopp03HH, KaK pe3)'Jlb· 
TaT <Pa30Bb!X npesparueHHH H .llH<P<fJY3HOHHOfO nepepacnpe,lleJieHllH 
yrnepo.lla H .llpyrnx npHMecefl a ::i.11eMeHTapHbIX o6beMax cn.11asa. BbI.llC
.rrettHe Kap6H.llHOH <1Ja3bl no rpaHHUaM 3epeH CTaJIH Bbl3bIBaeT B Ha
IJaJibHOH CTa.llHH nOHH>KeHHe ee n.11acTH'1HOCTH H BSI3KOCTH, a 3aTeM 
Me>KKpHcTaJIJIHTHOe pa3pyrneHHe. Mo>KHO TaK>Ke npe.llnoJiaraTb, QTO 
CKJIOHHOCTb CTaJIH K Me>KKpHCTaJIJIHTHOH Kopp03HH nopO>K,llaeTCSI o6pa-
30BaHHeM ancop6HposaHHoro c.11osi yr.11epona no rpattuuaM 3epett, KaK 
pe3yJibTaT sHy-rpeHHeil: a.llcop6u1111. HeKOTOpbie 9JieMeHTbI, Haxo.llHlllHecsi 
B TBep.llOM pacrnope B MaJib!X KOHUeHTpaUHSIX, pacnpe,lleJISIIOTCSI npe
HMyrueCTBeHHO B 30Hax, npHJieraIOIUHX K rparrnuaM KpHCTaJIJIHTOB (TaK 
Ha3bIBaeMbie ropo<fJHJibHbie ::iJieMeHTbI). Orrn H3MeHHIOT csoiicrna MeTa .. 1-
JIOB B nosepxHOCTHbIX CJIOHx KpHcTaJIJIHTOB H ycJIOBHSI npoTeKamrn 
'1>H3HIJeCKHX SIBJieHHH B 9THX CJIOHX H cyruecrnerrno H3MeHHIOT CBOHCTBa 
Bcero TIOJIHKpHCTaJIJia. 

Me>K1<p11crn.11.1111Tttasi Koppo3HSI xapaKTeptta TeM, lITO pa3pyrneHHIO 
IlO.llBepraIOTCH npeHMyruecrneHHO rpaHHUbl 3epeH H 3.lleCb KOpp03HOH
HbIH npouecc cpaBHHTeJibHO 6bICTpo npO,llBHraeTCH srny6b. 

CKJIOHHOCTbIO K MemKp11cra.11.1111THoii Koppo3HH 011ettb CHJibHO 06 .. 1a
,naeT ayCTeHHTHaH xpOMOHHKeJieBaH CTaJib nrna 18-8, a TaK>Ke CTaJ!b 
c 60.11ee BbICOKHM co.llep>KaHHeM xpoMa H HHKe.11si (MapKH X23Hl3 
H X23Hl8) TIOCJie Harpesa B TeMnepaTypHOM HHTepsaJie 450-850°. 
HaJIHIJHe s CTPYKType cTaJIH roMoreHHoro TBep.lloro pacTBopa o6ecne
qHsaeT ee 60JibUIYIO Koppo3HOHHYIO ycTOH'1HBOCTb. 

TepMO.llHHaM1111ecKaH ycToii1111socTb cra.1111 B CJiyqae 3.TJeKTpoxHMH
qecKoii Koppo3HH oohIIJHo oueHHBaeTCSI no BeJIHIJHHe ero eopMaJI&Horo 
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pasHosecHoro noTeHI.UrnJia. MeHbI.IJaH BeJIIflrnHa oTpnuaTeJibHOro no·reH

u.1rnJia H 66JibI.IJaH BeJIHl[HHa IIOJIO:>Kf'.!TeJibHOro IlOTeHU.HaJia COOTBeT

CTBYIOT 60JibI.IJeH TepMO.UHHaMH4eCKOH ycTOH4HBOCTH Mera.11.na. n poTe

KaHHe 3JieKTpOXHMHl[eCKOH Kopp03HH onpe.n.eJIHeTC.SI B03MO:>KHOCTblO 

cymecTBOBaHH.SI Kopp03HOHHOro raJJbBaHH4ecKoro 3JJeMeHTa. c 3TOfi 

T04KH 3peHHH HapyI.IJeHHe B CTaJJH roMoreHHOCTH "(-rnep.n.oro pacrnopa 

H o6pa30BaHHe .n.onOJIHHTeJibHOH ¢a3bl, OTJIHl[HbIM 3JJeKTpOXHMH4eCKHM 

IlOTeHU.HaJJOM, coo6maeT CTaJIH CKJJOHHOCTb K Me:>i<KpHCTaJJJJHTHOH Kop

p03HH. B OT.lleJihHb!X CJiyqaHx, Kor.zr.a, HanpHMep, BHOBb 06pa3yeMaH 

¢a3a MO:>KeT CJIY:>KHTb aHO,llOM H naccHBHpOBaTbCH, T. e. C03,llaTb .SIBJieHHe 

aHO,llHOH nacCHBHOCTH, KOpp03HOHHbIH npouecc MO:>KeT npeKpaTI.fTbCH. 
QqeHb Ba:>KHO OTMeTHTb, l[TQ HBJJemi:e XHMHl[eCKOH CTOHKOCTH He

p:>KaBe!Oll.lHX cTaJJeii CBH3aHo c HBJJeHHeM naccHBHOCTH. Han6oJiee 

eepOHTHOH npH4HHOH naCCHBHOro COCTOHHHH MO:>KHO Cl[HTaTb o6pa3o

BaHHe a.zr.cop6nposaHHoro CJIOH KHCJiopo.zr.a Ha nosepxHOCTH MeTaJIJia. 

3TOT CJIOH H3MeHHeT 3JieKTpOXHMH4eCKOe H Kopp03HOHHOe nose.ueHHC 

flOBepxHOCTH MeTaJIJia, ,ne.1Ia.SI ee 6oJJee 3JieKTpOilOJJO:>KHTeJibHOH. Oepe

XO,ll OT a.ucop6U.HOHHOH CTa)lHH CB.Sl3b!BaHH.SI KHCJiopo.zr.a K o6pa30BaHHIO 

6oJiee TOJICTbIX ¢a30Bb!X IlJieHOK npo.n.yKTOB OKHCJieHirn :>KeJie3a H .n.py

rHX MeTaJJJJOB H 3aKOHbl pocTa 3THX nJJeHOK IIpH B03.ZI.eHCTBHH KHCJIO

po.n.a OTpmKeHbl B pH.n.e pa60T [l]-[5] H .n.p. 

OosepXHOCTHblH OKHCeJI B ,llaHHOM CJiyqae IIpHOOpeTaeT CBOHCTBa 

HOBOH ¢a3bl, OKa3bIBaeT, HeCOMHeHHO, 60JibI.IJOe BJIHHHHe Ha KOp

p03HOHHOe nose.neHHe cnJiasa. DpH 3TOM B03I-IHKaer snoJJHe onpe.zr.e

JieHHOe KpHCTaJIJIOXHMHl[eCKOe COOTBeTCTBHe Mem.n.y qaCTHU.aMH OKHCJia 

no OTHOI.IJeHHIO K qacTHUaM MeTaJIJia, l[TO .naeT B03MO:>KijOCTb 3HaTb 06 

OTHOCHTeJibHOM IlOJIQ)!{eHHH OKHCHb!X o6pa30BaHHH B KpHcTaJlJJHl[eCKOii 

~emeTKe MeTaJI.na. B cooTBeTCTBHH c npHHUHnOM CTPYKTypHoro H pa3-
MepHoro COOTBeTCTBHH [3] B MaTOl[HOH KpHCTaJIJIHl[eCKOH ¢a3e o6pa-

3YIOTCH CTaOHJibHble IiJIH .n.ame MeTaCTaOHJibHbie ¢a3bI, CTpoeHHe H 

napaMeTpb! KOTOpb!X HaXO,llHTC.SI B HaH60JibI.IJeM COOTBeTCTBHH c OCHOB

HOH cTpyKTypoii. 3TO 03HaqaeT, 4TO opneHrnpoaKa KpncTaJIJIOB OKHCH 

o6ycJIOBJIHBaeTCH opneHTHpOBKOH KpHCTaJIJJOB MeTaJIJia. 

0KHCHble IIJieHKH, B03HHKa!Oll.lHe Ha He6Jiaropo.zr.HbIX MeTaJIJiax H 

cnJiaaax, HMeIOT aecbMa MaJiy10 TOJilllHHY (20-100 A) H MoryT ObITb 

o6Hapy:>KeHbl TOJibKO HOBeHI.IJHMH MeTO,llaMH HCCJie.noaaHH.SI, B qacTHOCTH 
9JieKTpOHorpa¢0qecKHM. 

DpHMepHa.SI TOJllllHHa HeBH.ZI.HMbIX OKHCI-lb!X nJieHOK, KOTOpbre ,lI.OCTH

raIOT IIOCTOHHHOH BeJIHl[HHbl Ha Hepmase10meii CTaJIH, CJie.ZI.yIOI.I.J.a.SI 

(a aHrcTpeMax): 

AycTeHHTH.311 Hep>Kasero111a11 cTaJJh B cyxoM B0~11yxe • • 10-20 
AycTeHHTH311 Hep>Ka~eto111a11 CT3Jlb B cyxoM B0311yxe, 

coneplKaweM 03011 . • • • . • • • • . . • 20-30 
AvcTeHHTHa11 Hep)f(aeeto111a11 CT3JJh B a10THOH KHCJJOTe • 20 
AycTeHHTHa11 11eplKaeeKJma11 CT3JJb, aHO.J.HO o6pa6o-

T3HHa11 B paCTBOpe cepHOH KHCJJOTbl • • • • • • • • 25 
)f{eJJe3o e cyxoM eo3nyxe • . • •••••••• 15-25 
)f{eJJe3o B cyxoM B03Jlyxe, conep>KaweM 030H • • • . • • 35-40 
)f{eJJe30 HJIH CT3Jlb, 3HO.llHO u6pa60T3HHble B meJJoq-

HOM paCTBOpe cy JJb<paTa • • • • • • • • • • • • • • • 40 
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lfa npHBe.LI.eHilbIX .LI.aHIIblX BH.LI.IIO, lffO TOJIII.I.I1Ha saru.HTHOH IIJieHKH 

Ha Hep>KaBeIOru.eif CTaJUI noqnf He OTJIHqaercH OT TOJlill,HHbl 3aIIJ.HTHOH 

nJieHKH >K~Jiesa. 

PasHOCTb 3JieKTPO.U.Hhlx nOTeHIJ,HaJIOB aycreHHTHoif Hep)!{ase10ru.eif 

CTaJIH THila 1X18H9 B 0,1 NbHN03 no OTHOllieHHIO K IlJiaTHHe B 3TOH 

:me cpe)J.e. COCTaBJIHeT 0,4 8, B TO BpeMH KaK OCHOBHble KOMilOHeHTbl 

3TOH CTaJIH B Tex }Ke ycJIOBHHX IlOKa3bIBaIOT: :W:eJieso 1,2 8, HHKe.1b 

0,8 8, xpoM 0,6 8. B )J.aHHOM cJiyqae pa3HOCTb noTe1m.HaJioB Hep:ma

BeIOru.eif CTaJIH Jie:W:HT 6JIH>Ke K IIOTeHIJ.HaJiy IIJiaTHHbl, lfeM )J.a:>Ke IIO

TeHu.HaJI lfHCTOro xpoMa. 

Ha >KeJie3e H >KeJiesHhIX cnJiasax saru.HTHhIMH HBJIHIOTCH · OKHCJihI, 

HMelOIIJ.He CTPYKTYPY THila lllilMH)J.eJieif Fe304 H Fe1 - Fe203. nosbl

weHHaH cKopoCTh OKHCJiemrn o6bJqHo CBH3aHa c HaJIHl!MeM B CTPYKType 

OKaJIHHhl - BIOCTHTa FeO. 06pa30BaHMe 6oJiee CJIO)!{Hh!X llIIlHH.U.e.lleH 

coo6ru.aeT cnJiaBaM npH onpe.zr.eJieHHhlX yCJIOBHHX 6oJiee BbIC0Ky10 Kop

po3HOHHYIO CTOHKOCTh. TaK, HanpMMep, OKHcHaH nJieHKa Ha nosepx

HOCTH BbICOKoxpoMHCTOH cram1 HMeeT CTPYKTYPY IIIIlHHeJIH cocTaBa 

FeO • Cr203 H so BHeIIIHeM CJioe a. -(FeCr)20a. 

Ha xpoMOHHKeJieBbIX cnJiasax npH onpe.u.eJieHHbIX TeMneparypax 

TaK:me 06pa3yeTCH saru.HTHaH nJieHKa wnwHeJibHOH cTpyKTYPhI 

NiO • Cr203 [6] - [8]. 
TaKHM o6pasoM, JierHposaHHe Hep}l{aBeIOru.eif cTaJIH 0Kas1i1saer 

BJIHHHMe He TOJlbKO Ha cpopMHpOBaHHe ee OCHOBHOH CTJ>YKTYPhI, HO H 

Ha cpopMHposaaHe CTPYKTyphl OKHCJia, npeJJ.onpeJJ.eJIHH ee KopposMoH

HYIO CTOHKOCTh. BnoJIHe oqesH,!IJIO, l!TO npw TepMHlfecKoii o6pa6oTKe 

crIJiaBOB He06XO)J.HMO yqHThIBaTb T8K)!{e B03MO>KHOCTh H3MeHeHHH no

BepxHOCTHOH hJieHKH, TaK KaK B ycJIOBMHX BbICOKHX TeMneparyp 

IlO)J.BIUKHOCTb MeTaJIJIMlfeCKHX aTOMOB M lf8CTHIJ. OKHCJia 3HaqHTe.llbHO 

B03pacTaeT. CTpou.ecCbl .zr.mpcpy3HH lf8CTHIJ. MeTaJIJia H KHCJIOpO)J.8 COBep

lll8IOTCH c 38MeTHOH CKOpOCTblO, l!HCJIO aKTMBHhlX MecT Ha IIOBepXHOCTlf 

yseJI11q11saeTCH, H npou.ecc OKHCJieHHH IlOJJ.l!HHHeTCH napa6oJiwqecKoMy 

38KOHy, KOTOpblH CBH3hlBaeT KBa)J.paT TOJIIIJ.HHbl OKHCHOH IlJieHKM co 

BpeMeHeM OKHCJieHHH. CT pH IlOBhillieHHhIX TeMneparypax BhIHBJIHIOTCH 

TaK>Ke npou.ecCbl peKpHCT8JIJIH3aUHH, conpoBO>K)J.aIOIIJ.HecH CHHTHeM 

BHyTpeHHHX HanpmKeHl-IH B IIOBepxHOCTHOM CJIOe. CT03TOMY COCTOHHHe 

nosepxHOCTH Hep>KaBeIOru.eil: CTaJIH 38MeTHO BJIHHeT Ha ee Kopp03HOH

HYIO CTOHKOCTh. 

Mo>1rno, HanpwMep, yKasaTh, lfTO nocJie naccHBHposaHHH Hep)!{a

BeIOrn.aH CTaJib o6JianaeT 3HaqlfTeJibHO 6oJiee IlOJIOJKMTeJlhHblM 3JieKrpo

XHMHl!eCKHM noTeHu11aJioM, lfeM .uo naccHs11posaHHH. HaJIHl!He oKaJIHHhI 

H3 Hep>KaBCIOIIJ.CH CTaJIH ( oco6eHHO lf8CTO Ha6JIIO)J.aeMOH B ysKHX sa-

30pax H3)1.eJIHH) HapywaeT naccHBHOe COCTOHHHe ee IIOBepxHOCTH M 

cnoco6crnyer B03HHKHoBeHHIO Koppo3110HHOro paspyweHHH. B CBH3H 
c 3THM sa:w:Heifrneif H HeOTJIOJKl-!OH sa.uaqeif rrpH scex BH.uax repMHl!e

cKoif o6pa60TKH HepJKaBe1orn.eif CT8JIH HBJIHeTCH rrpHMefieHHe HarpeBa

TeJibHhlX ycTpOHCTB c 38IIJ.HTHOH aTMOCcpepoif, B KaqecTBe KOTOpoif MO

ryT 6h!Tb HCIIOJlb30BaHbl npo.uyKThl )J.HCCOUHau.m1 aMMHaKa c IIOCJie

.UYIOW.eH ocyrnKOH HJIH npo.u.yKThI l!aCTi-llfHOro C>KHramrn .UHCCOUHHpO

BaHHOro aMMHaKa. 
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Hep>KaBeIOruaSI CTaJih rroCJie 3aKaJIKfl CKJIOHHa K cTapeHfllO, oco
oeHHO OT'leTJiflBO IIpOSIBJISIIOlUeMyCSI 8 OIIpe,IJ.eJieHHOM TeMrreparypHOM 
liHTepBaJie. Dpouecc CTapeHflSI CBSI3aH C oopa30BaHHeM H30bITOlJHOft: 
rjla3bl rrpeflMyruecTBeHHo no rpaHflUaM 3epeH, 'ITO rrmrn>Kaer craoflJih
Hocrb aycreHflTa B 3THX yqacTKax CIIJiaBa fl C03)1.aer B03MO>KHOCTb 
llacTfllJHoro cpa3oBoro rrpeBparueHflSI 1-pacrnopa s a-pacrnop. CrapeHfle 
Hep>KaBeIOrueif xpOMOHflKeJieBOH aycTeHHTHOH CTaJifl rrpflBO)J.flT K pac
!TaJJ.Y rnepJJ.oro pacrnopa rrpe>K.n:e Bcero no rpaHHUaM 3epeH, B pe3yJih
TaTe qero Bbl)J.eJIHIOTCSI KapoH,IJ.HaSI fl qacTf!lJHO cpeppflTHaSI cpa3hl. 

11cCJie.n:oBaHfle crapeHflSI .cTaJifl 1X18H9, co,IJ.ep>Kauteif 0,11 % C; 
18,2 % Cr; 8,4 % Ni, rrpu 450-850° B Teller-me 100 fl 400 qac. BhI3hI-
BaeT o6pa30BaHfle o.-cpa- oc HM/tOO'ltic. 
3bl B KOJIHlJeCTBe OKOJIO ~ ~ 800r---.----.----.,.--~~ 
15-20 % . 4acTH'IHhIH ·"' "" ~ 25,t. 4 §:: 

~a~ ~~ 
pacrra.n: xpoMOHflK;-rreBo- :il! ~ ~ 2,54 ~ ~ :::s 
ro aycTeHflTa c oupa3o- ,'§ °if;500 ~ ~ :::s 
BaHfleM KapOHJJ.OB fl [ ~ le: 0254 !:>.;:;:? a ~'<:S~ • i:::.-;c-~ 

o:-cpa3hl o6HapyMflBaeT- °"' ~ ~ 0,0254 § ~ ~ 
CSI TaK>Ke fl B .n:pyrnx ~l ~ 400 CKopocmb paJDeilanun ~ !•:::s 
aycTeHflTHhIX CTaJISIX. ~ ~~ 0.00254~ ~ ~ 

.lI.aHHbie peHTr~HO- O,Of O,t 10 fOO 1000 
CTPYKTYPHOro aHaJifl3a 
3JleKTPOJiflTfllleCKfl BhIJJ.e
. !IeHHbIX OCTaTKOB B xpo
MOHflKeJieBOH CTaJlfl rro-

<l>Hr. I. BJIHSIHHe reMneparypbl Harpeea H epeMeHH 
BbI.llep>KKH aycreHHTHOH craJIH IX 18H9 Ha ee CKJIOH

HOCTb K MelKKpHCT3JIJIHTHOH Kopp03HH • 

Ka3bIBa!OT, qro rrpfl BTOPflllHOM HarpeBe o6pa3yeTcSI KYOflllecKflH xpoMo-
o 

Bhiif Kap6H.n: rnrra (CrFe)nC6 c rrapaMerpoM perneTKfl a= 10,58 A. 
CKJIOHHOCTh aycreHHTHOH Hep>KaseIOrueif craJiu (fl .n:pyrnx crrJiasos) 

K Me>KKpHCTaJIJIHTHOH KOpp03Hfl 3aBHCHT OT COCTOSII-lflSI crrJiaBa fl OT 
ycJioBHif, B KOTOphrx OH Haxo.n:flTCSI. TaK, 3aKaJieHHaSI Hep>KaseIOruasi 
CTaJib IIO,IJ.Bep:>KeHa Me:>KKpHCTaJIJiflTHOH KOpp03flfl J!Hillb IIOCJie Harpesa 
n flHTepBaJie 450-850° s HeKorophlx Koppo3HOHHhIX cpe.n:ax. CTocJie 
csapKH ayCTeHHTHOH CTaJifl, nporne.rr.rneif o6hlllHYIO TepMH'lecKyIO o6pa-
6oTKY, Me:>KKpHCTaJIJIHTH3SI Kopp03flSI HaO.llIO,ll.aeTCSI Ha HeKOTOpOM pac
CTOHHflH OT CBapHoro WBa, 8 cpaBHflTeJibHO Y3KOH 30He. 0cT3JlhHa.H 
nosepxHOCTb MeTaJIJia fl caM WOB, HaXO,ll.HlllHHCSI 8 Tex :>Ke Kopp03flOH
llbIX yCJIOBflSIX, Me>KKpHCTaJIJIHTHOH Koppo3Hfl ne no.n:BepraIOTCSI. 

BJIHHHHe TeMneparyphI Harpena H npeMeHH Bhr,rr.ep:>!<KH aycreHHTHOH 
CTaJifl 18-8 IIOCJie 3aKaJIKH Ha ee CKJIOHHOCTb K Me:>KKpHCTaJIJIHTHOH 
KOpp03Hfl IIOKa3aHO Ha cpHr. 1. 50JibWOe KOJill:lJeCTBO 3KcnepflMeHTaJib
HbIX ,rr.aHHhIX 0 3aBflCfl¥0CTH Me>K.rr.y MHHHMaJibHbIM speMeHeM Bbl
.n;ep)!{Kfl 8 orracHOH 30He TeMnepaTyp, Bbl3bIBa!OIUflM CKJIOHHOCTb K Me)!{
KpflcTaJIJIHTHOH Kopp03HH, fl a6cOJIIOTHOH TeMnepaTypoif BhIJJ.ep)!{Kfl, 

IlOKa3aJIH npSIMOJIHHeHHYIO 3aBHCHMOCTb Me)!{.n:y ; H lg t ( cpflr. 2 fl 3), 

r.ne T - a6coJIIOTHaSI TeMrrepaTypa, a t - speMSI Bhl.n:ep)!{Kfl, BhI3blBalO
lUee MaKCflMaJibHYIO Me)!{KpHCTaJIJIHTHYIO KOpp03HIO [9] - [11]. )J.JI.sI 
HH3KHX TeMrrepaTYP cyruecrnyeT OJI.Ha rrpSIMaSI; JJ.JIH BbICOKHX - .n;pyraSI. 
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3aKaJIKa Hep:>KaBeiomeH: aycTeHHTHOH cTaJIH npeJlOTBpamaeT ee 
CKJIOHHOCTb K Me:>KKpHCTaJIJIHTHOH Kopp03Im, TaK KaK npH Harpeae 
npOHCXOJlHT pacTBope1rne H36b!TO'IJHOH cpa3bl H IlOCJieii:yiomee 6bICTpoe 
OXJiamii:eHHe cpHKCHpyeT npaKTH'IJeCKH O)lHOpOJlHblH xpoMOHHKeJieBbll'i 

f 
f-100. ,.100 

0,14 00 ' / 

00 :/ 
/ 0,fJ 

Ow 
/ 

) 0,1], 

100 / 
J' 

00 / 

'ONI -...... ~ 

O,f 

0,10 

0,0. 
i O,f 1 10 100 lqt 

cf>Hr. 2. 3aBHCHMOCTb _l_ OT lg t 
T 

JlJlll CTaJIH I X18H9, aaKaJieHHOH 
c 1100° H ornyw.eHHOH npH TeM

nepaType T. 

0,1000~_...-~-~~'----"---' 
0,01 O.f 10 100 fOOO /gt 

<l>Hr. 3. 3aBHCHMOCTb + OT lg t JlJl8 

CT3JIH 1XJ8H9, 33KaJieHHOH c 1100° • 
ornyw.enHOH npH TeMnepaType T. 

aycTeHHT. c TO'IJKH 3peHHH B03MO:>KHOCTH noJiytieHHH HaH60Jiee roMoreH
HOro rnep.noro pacrnopa noCJie saKaJIKH KasaJIOCb 6bl u.e.necoo6pa3HbIM 
npHMeHeHHe 6oJiee BblCOKHX TeMnepaTyp HarpeBa H 6oJiee )lJIHTeJ!bHOA 
Bbl)lepmKH, TaK KaK npH 3TOM KOHU.eHTpaU.HH yrJiepo)la H .upyrnx npH-
•:::r MeceH: B aycTeHHTe BbipaBHHBaeTCH. 
~ Oii:HaKo c noBhlllleHHeM TeMnepa-
~ TYPbI saKaJIKH Ha6JIIOJlaeTcH HHTeH-
~ .. /11/11 • 
:::; §! 400 CHBHbIH pocT sepHa H CTaJlb npH-
1:: ~ o6peTaeT IlOBbillleHHYIO CKJIOHHOCTb 
§:l '"' K MemKpHCTaJIJIHTHOH Kopp03HH 
~~ 
~ ~ 200 ( cpHr. 4). YBeJIHtieHHe BbI.UepmKH 
~ ti HepmaBe10meli CTaJIH npH Harpeae 
t:r ~ noii: saKaJIKY TaK:>Ke cnoco6crnyeT 
~ ~ l...4Cl=:==±::::£.. __ _i_ poCTy sepHa H )leJiaeT ee ooJiee 
~ 0-...... IOOOvac. llYBCTBHTeJ!bHOH K Me:>KKpHCTaJIJIHT-
~ 

<1>11r. 4. BnHHHHe neJIH'IHH1>1 aepna Ha 
CKJIOHHOCTb CTaJIH Ix 18H9 K MelKKpH

CTaJIJillTHOH K0pp0311H: 

Holi KopposHH. 
BJIHHHHe TeMneparypbI saKaJIKH 

H npOJlOJl:>KHTeJ!bHOCTH Bbl.LJ:ep}l{KH 
Ha CKJIOHHOCTb CTaJIH K Me:>KKpH-

IJ - xpynH03epHHCT3ff CT8Jlb; /5 - MeJIK03epHH- • 
cTaH cTanb. CTaJIJIHTHOH Koppo3HH HcCJie.uoBa-

JIOcb HaMH Ha JIHCTOBOH CTaJIH 
MapKH 1X17H9T TOJIIUHHOH 2 .MM CJie.Li:y10mero XHMH'IJeCKOro COCTaBa: 
(0,09% C; 18,2% Cr; 9,4% Ni; 0,62% Ti; 0,78% Si; 1,15% Mn; 
0,017% S; 0,029% P). 06pa3U.bl no.u.BepraJIH Harpeay B Te11eHHe 
15 MHH. B TeMnepa rypHOM HHTepBaJie OT 800 .u.o 1300° qepes Ka:>K.LJ:ble 
1000 c noCJie.u.yIOIUHM oxJiam.u.eHHeM B soii:e. BJUrnHHe npo.u.oJimHTeJib-
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HOCTH Bbl)J.ep:>KKH npH TeMneparype aaKaJIKH onpe.ll.eJIHJIOCb B TelJeHHe 
30, 45 H 60 MHH. nepe)J. HCnbITaHHeM Ha Me:>KKpHCTaJIJIHTHYIO KOppo-
3HIO see o6pa3U:bI HarpesaJIHCb npH 700° B TetJeHHe 1,5 qaca. HcnbITa
HF!e Ha Me:>KKpHCTaJIJIHTHYIO Kopp03HIO npOH3BO)J.HJIOCb CTaH)J.apTHblM 
MeTO)J.OM. 06Hapy:>KeHHe CKJIOHHOCTH CTaJIH K Me:>KKpHCTaJIJIHTHOR 
Kopp03HH npOH3BO.D,HJIOCb no nHTH6aJibHOH IIIKaJie [12]: 

Bann XapaxTepHCTHKa 

1 fJI3,llK3SI noeepXHOCTb 
2 P116H3H3 
3 MeJJKHe rpemHHbl 
4 TpewHttbl 
5 nonHOe pa3pyweHHe 

HaJIHlJHe B o6pa3u:ax Me:>KKpHCTaJIJIHTHOH KOpp03HH, COOTBeTCTBYIO
meA 6aJIJiy 3 H BbIIIIe, ClJHTaeTCH 6paKOM. 

06pa3U:hI, HarpeThie · 
npe 800, 900 e l 000° ~ 7 
H 3aKaJieHHbie B BO)J.e, ~ 

npe HCnbITaHHH o6Hapy- ~ 
}!UJJIH OTlJeTJIHBbIH Me- ~ 5 
T8JIJ1HlJeCKHH 3BYK H npH ~ 
aare6e HMeJIH rJia)J.Ky10 § 
nosepxHOCTb (6aJIJI l); !S J 

~ npe aaKaJIKe cTaJihHh!X g 
o6paau:os c 1100° o6Ha- ~ 
PY>KHBaJiacb He6oJihIIIaH ~ 1 

pH6eaHa ( 6aJIJJ 2), a ~ 
npn TeMneparypax Bhl-

800 

' "\. I ,, 
v 

/ 

1000 
Tennepam!lpa 3a1<a11xu 

x 

' " 
1200 

8 

IIIe 1100° Ha6JIIO)J,aJICH 
npernyIIIeHHbIH 3BYK H 
HaJIHIJHe MeJIKHX Tpe
W:HH. n PH 1200 H 1300° 

<l>Hr. 5. CKJJOHHocr& cranH K 'felKKpHcrannHrHolti 
KOpp03HH H K pocry 3epHa B :l<illHCllMOCTH OT TeM-

neparypbl JaKaJIKH. 

o6Hapy:>KHBaJIHCb TpemHHbI H rnyxoli 3BYK. TaKHM o6pa3oM, reM
nepaTypa Harpesa 1100° npH aaKaJIKe y>Ke coo6maeT CTaJJH HeKoTopyK> 
CKJIOHHOCTb K Me>KKpHCTaJIJIHTHOH Kopp03HH H conpOBO>K)J,aeTCH 3aMeT
HblM pocTOM aepHa. CJJe)J.yeT OTMeTHTh, tJTo, no .naHHhIM HeKOTOpbIX 
HCCJie.noBaTeJieli [ 13], B xpoMOHHKeJieBOTHTaHOBOH Hep>Kane10ru:eli CTaJIH 
1Xl8H9T 3aMeTHhIH pocT 3epHa Ha6JIIO.ll.aeTCH TOJihKO npn ee Harpese 
11500 H BbIIIIe. CKJIOHHOCTb CTaJIH K Me>KKpHcTaJIJIHTHOH Koppo3m1 s. 
3aBHCHMOCTH OT TeMnepaTypbI Harpesa npH 3aKaJIKe H coorneTcTByIO
ru:m1 npH 3TOM pocT 3epHa noKa3aHbI Ha qmr. 5. 

PocT 3epHa npH IJJrpese CTaJIH, oqesH.nHo, 06ycJ10BJIHBaeTCH npo
u:eccoM peKpHCTaJIJIH3aU:HH MeJIKHX 3eJi>eH aycTeHHTa. 06beMHbie H3Me
neHHH, KOTOpbie npeTepneBa!OT HOBJ:ile 3epHa ayCTeHHTa, CBH3aHbl' 
c KOHU:eHTpaU:HOHHblMH H3MeHeHHHMH H lJaCTHlJHbIM npesparu:eHHeM 
j-pacTBopa B a.-pacTBop, lJTO BbI3b!BaeT BHyTpeHHHH HaKJien. 

BBH.ll.Y Toro, IJTO cnoco6 onpe.ll.eJieHHH Me:>KKpHcTaJIJJHTHoli Koppo3HH 
no np1me)J.eHHOH Bblllle nHTH6aJIJibHOH IIIKaJie )J,aeT TOJlbKO HeKOTOPYIO 
KatJecTBeHHYIO xapaKTepHCTHKY H B 3HalJHTeJibHOH tJaCTH HBJIHeTCst 
cy6'beKTHBHbIM, 6bIJIO COlJTeHO ll,eJiecoo6pa3HbIM np1rneHHTb cnocotS 
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H3Mepemrn 3JieKTpocoaponrnJieHHH o6pa3l.lOB. 3roT MeTO,n no3BOJIHeT 
TIOJiyllHTb KOJIHl!eCTBeHHYIO xapaKTepHCTHKy Me:>KKpHCTaJI.lUITHOB KOp
p031UI. Ilo apHHHTOii: HaMH MeTO.D:HKe [13) H3MeHeHHe Ka:>K,noro 
-06pa3u.a apOH3BO.D:HJIOCb ,n:Ba:>K,nbl (.no H noCJie KHilHl!eHHSl) H pa3HOCTb 
B sHal!eHHHX y,neJibHoro 3JieKTpocoaporn:sJieHHH oape.nem1J1ach ayTeM 
BblllHTaHHH. IlpH 3TOM oum6KH H3MepeHHl1 MOfYT CKJia,nbIBaTbCH, M 
MaKCHMaJibHaH OTHOCHTeJibHaH ourn6Ka OilbITa cocraBJIHeT OKOJIO l % 
IIO OTHOIIIeHHIO K H3MepeHHOH BeJIHllHHe Y.D:eJibHOro 3.TJeKTpoconponrn.ne
mrn 06pa3u.a. Pe3yJibTaTbI HCilbITamrn CKJIOHHOCTH craJIH K Mex<KpH
craJIJIHTHoii: Koppo3HH, oape,neJieHHble MeTo,noM H3MeHeHHH y,neJihHoro 
3JleKrpocoapoTHBJieHHSI, apHBe,neHbI B Ta6JI. l. IlpHBe.l(eHHble B 3TOii 

Ta611u1.4a I 

CKJIOHHOCTb CTaJIH K Me>KKPHCTaJIJIHTHOMY paspyweHHIO (no H3MeHeHHIO 
y.ueJibHOfO 9JleKTpoconpOTHBJleHHH) 

YJ1eJ1buoe 3J1CKTpoconpoTHBJ1euue e OM 
113Meueuue y.11eJ1bHoro conpo-TeMnepa-

Ty pa THBJieHHll B •to nocne KHOR'leHHll 

uarpeea npu IlocJ1e KHDH'leuli11 e Te'leHue B Te'leHue '18COB 

su.KanKe ,Uo KHllH• 'IBCOB 

B °C 'leHHR 

I I I I 24 72 96 24 72 96 

800 0,7339 0,73390 0,7414 0,7486 0,69 1,02 2.05 
900 0,7360 0,7374 0,7420 0,7492 0,19 0,81 1,8 

1000 0,7348 0,7412 0.7436 0,7464 0,87 1,1 1,58 
1100 0.7425 0,7615 0,7678 0,7690 2,56 3,41 3,58 
1200 0,7532 0,7830 0,8295 0,8526 3,96 10,1 10,5 
1300 0,7519 0,7890 0,8324 0,8714 4,94 10,7 15,9 

Ta6JIHlle llHCppOBble .n:aHHble B3l1Tbl KaK cpe.rr.Hue npH HCIIb!TaHHH Ill1TJI 
D6pa3u.os. AHaJIHs npHBe,neHHbIX umpposblx }J.aHHbIX aoKasblaaeT He
sHal!HTeJibHoe ll3MeHeHHe 3JieKTpocoapOTlIBJieHHl1 BO BpeMH aepBbIX 
24 qac. llCIIb!TaHH51 o6pa3U.OB, saKaJieHHblX ap11 800, 900 ll 1000'>. 
B TO :>Ke speMH o6pasu.hl, HarpeTbie np11 saKaJme .no 6oJJee BbICOKHx 
reMaeparyp ( 1100° 11 Bb!IIIe), xapaKTepHbI yMe 6oJiee saMeTHbIM HsMe
HeHHeM y,neJibHOfO 3JieKrpocoapoT!lBJieHHl1. IlpH 72 qac. llCilb!TaHHH 
oco6eHHo cllJibHOe 11sMeHeHHe 3JieKrpocoapor11BJieHHH o6Hapy)l{HJIOCb 
B o6pa3l.lax, Harperb1x nprr saKaJIKe .n:o 1200 H 1300"'. HaKoHell, nprr 
96 qac. 11cab1TaHHH oco6eHHo CHJibHOe HSMeHe1rne 3JieKrpoconponI
BJieHHH o6Hapy:>KHJ10Cb TaK)l{e B o6pasu.ax, HarpeTblX .no BbICOKHX 
TeMaeparyp. TaimM o6pasoM, .n:aHHble H3MeHemrn y,neJibHoro 3JieKrpo
coapoTHBJieHHH o6pa3U.OB ,nocTaTOl!HO OTlleTJIHBO IIOKa3b!BalOT, l!TO 
CKJIOHHOCTb CTaJIH K MeR<KpHCTaJIJIIITHOii: KOpp03HH Hal!HHaer npo-
51BJll1TbCl1 y)l{e apH TeMaeparype 1100° 11 c ee ,naJibHeii:IIIHM IIOBbIIUe
HlleM ycHJieHHO aporpeccrrpyer. Ilprrse.neHHbie ,naHHbie xopoIIIo corJia
cy10rc11 c pesyJibTaTaMH llCCJie,noBaHHH o6pa3l.lOB Ha CKJIOHHOCTb 
K Me)l{KpHCTaJIJIHTHOH Kopp03HH no ll3MeHeHHIO 3ByKa H o6pasoBaHHIO 
TpemHH. 

BecbMa Ba:>KHbIM Q>aKropoM npH Bbl6ope saKaJIOl!Hb!X reMneparyp 
)(JIH aycTeHHTHOH Hep:>Kase10meii: CTaJIH l1BJil1eTCl1 pacrnopHMOCTb Kap-
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OH)l.OB B TBep,II.OM pacrnope. IlpH Harpese CTaJlH ,II.O Bh!COKHX TeMnepa-
1yp npoHCXO,II.HT pacTBopeHHe KapOH)l,OB xpoMa H THTaHa B TBepJl.01\1 
pacTBope, a npH noCJie)I.y10rn.eM Harpese s onacHOM nHTepsaJie TeMne
paryp KapOHJI.HaH ipa3a BhIJI.e..rrneTC.fl H3 TBepJI.oro pacTBopa. HanpHMep, 
tjla30BhIH aHaJIH3 CTaJIH, co,II.epRrnrn.eli 0, 14 % C, 9,04 % Ni, 18 % Cr 
H 0,47% ·Ti noCJie 3aKaJIKH npH 1000° noKa3aJI npHcyTCTBHe s aycTe
HHTe 0, 12 % Ti; 0,06 % c H B BH)l,e KapOH)l,a THTaHa 0,42 % TiC; noCJie 
3aKaJIKH c 13500 s aycTeHHTe co,II.epmaJioch 0,32% Ti; 0,11 % C, 
a s BHJI.e KapOHJI.a THTaHa 0, 16 % TiC. CJie,II.oBaTe.,'lhHO, ooJiee BhICOKa.fl 
TeMnepaTypa Harpesa yseJIH4HBaeT coJJ.epmaHHe yrnepo,II.a s TBepJJ.OM 
pacTBope H yMeHb!liaeT KapOH)J,OOOpa30Bamre, qTo CBH3aHO c )J,HCCOII.Ha-
1meii: Kap6H,II.OB npH BhrcoKoli TeMnepaType. Doshmremre co,II.epmaHHfl 
yrJiepo.na B TBepJJ.OM paCTBOpe COOOl.ll,aeT CT8JIH 00,,'lhlllYIO CKJIOHHOCTb 
K Me:>KKpHCTaJIJIHTHOH KOppo3HH. BbI)J,eJieHHe KapOH)I.08 THTaHa H3 
TBepJI.oro pacrnopa HaH6oJiee sipipeKTHBHO npoHCXOJJ.HT npH TeMnepa
rype OKOJIO 9000; OCTalOl.ll,CCC.fl B aycTeHHTe CO)I.ep:>KaHHe yrJiepo.Ll,a 
HacTOJihKO Ma..rro, qTo npH Harpese s HHTepsaJie onacHhIX TeM
nepaTyp Me)l{KpHCTaJIJIHTHa.fl Kopp03H.fl npaKTH4CCKH npeJJ.OTBpa-
11\aeTcfl. c 9TOH TOqKH apeHH.fl HaHOOJiee OilTHMaJibHOH TeMneparypoH: 
Harpesa CTaJIH npH 38KaJIKe CJie,nyeT cqHTaTb TeMnepaTypy OKOJIO 
10000 [14]. 

Ba:>KHhIM <tiaKTopoM npH TepMH4ecKoli o6pa6oTKe aycTeHHTHOH ue
P*ase10rn.eli cTaJIH f!BJI.fleTrn TaK}!{e speM.fl BhIJI.ep:>KKH npH TeMneparype 
3aKaJIKH, TaK KaK 9TO T3K)l{e BJIH.f!CT Ha CKJIOHHOCTb CT3JIH K MC)l{KpH
CTaJIJIHTHOH Koppo3HH. B rrpouecce rrposeJI.eHH.fl HCCJieJJ.oBaHH.fl OblJIO 
ycTaHOBJieHo CJie)(y10rn.ee. 

IlpH TeMnepaTypax 33K3JIKH OT 800 )1,0 1100° rrpH BbI.iJ.ep:>KKe 30, 
45 H 60 MHH. see HCCJIC,II.OBaHHhle o6pa3II.bI He OOHapy:>KHJIH CKJIOHHOCTH 
K Me)l{KpHCT3JIJIHTHOH Kopp03HH H 3aMeTHOro poem 3epHa He HaOJIIO
)l3JIOCb. 0,II.HaKo rrpH TeMne.parype 3aKaJIKH 1100°, rrptt BhIJJ.Cp)l{Ke 
30 MHH. Ha 3arn6ax y:>Ke HaOJIIO)J,aJiaCb HeOOJibllla.fl p5IOH3Ha, a rrpH 
BbIJJ.ep)l{Ke 45 H 60 MHH. HaOJIIO,II.3.JIOCb o6pa30B3HHe BOJIOCHb!X Tpern.1rn. 
IlpH 3aKaJIKe c TeMrrepaTyp ooJiee BbICOKHX, qeM 1100 (JJ.o 1300"), rrpH 
Bbl.Ll.eP*Ke 30 MHH. so scex orrh!TaX OhIJIH o6Hapy*eHhI MeJIKHe H rny-
6oKHe Tpern.HHbI H OTCYTCTBHe MeTaJIJIH4ecKoro 3syKa. CJie,n:osaTeJibHO, 
TipO,II.OJI)l{HTeJibHOCTb ·Bbl,Uep)l{KH OK83bIBaeT OeCCllOpHoe l3JIH5IHHe Ha 
'CKJIOHHOCTb CTaJIH K Me)l{KpHCTaJIJIHTHOH KOpp03IlH, npH4CM 9TO BJIHll
HHe JJ.O TeMnepaTypb! ttarpesa 1100° npaKTH4ecKH He 06Hapy.>1rnsaeTCH. 
I109TOMY HaM rrpeJJ.CTaBJIHeTCfl ropa3,UO paII.HOHaJibHeii npHMCHHTb 60-
..rree HH3KYIO TeMrrepaTypy 3aKaJIKH (He CBbillle I 000°)' TaK KaK rrpH 
9TOM B OOJibrneli cTeneHH rapaHrnpyeTCH npe.n:ornparn.eHHe CKJIOHHOCTH 
CTaJIH K Me:>KKpHCTaJIJIHTHOH Koppo3HH. Heooxo.z(HMoe npH 9TOM JJ.Hcp
tPY3HOHHoe shrpasHHBaHHe KOHII.eHTpaII.HH aycTeHHTa MO)l{eT OhITb 
KOMneHCHposaHO HeKOTOpb!M yseJIH4eHHeM Bbl)J.ep)!{KH CTaJIH B rreqn 
rrpH .n:aHHOH TeMrrepaType, qTo He BJieqeT 3a coooli Koppo3HOHHoro 
cHH:>KeHH.fl ee 1rnqecTsa. 

CJie,II.yeT TaK:>Ke OTMeTHTb, 'ITO o6pa3osamre Kpyntto3epHHCTOH 
CTPYKTYPhI rrpH 3aKaJIKe Hepmase10rn.efi cTaJIH He ycTpaH.fleTC.fl 
IlOBTOpHblMH HarpesaMH B CB.fl3H co cpaBHHTeJibHOH CTaOHJibHOCTblO 
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BblCOKOJiernpoBaHHOro aycTemna H He60JibllIOH ero CKJlOHHOCTblO K nepe
KpHCTaJIJIH3aUHH. DpHee.n.eHHble Bbirne 3KcnepHMeHTaJibHble .n.aHHble 
xopowo cor JiacyJOTCH c pe3yJihTaTaMH paHee npoee.LI.eHHbIX HCCJie.n.o
BaHHH. 

B aycTeHHTHOH Hep:>KaeeJOIUeii cTam1 ecer.n.a co.n.ep:>KHTCH JierHpo
eaHHaH a.-cp~3a, KOJ!HtleCTBO KOTOpOH 3aBHC!1T OT ee XHMHqec1coro co
CTaBa H MeTaJIJiyprnqecKHX yCJioBHH ee npoH3eo.n.crna. HaJIHqHe 
a.-cpa3bl B KOJIHqecrne 6oJiee 20 % CHH:>KaeT nJiacrnqHOCTb Hep:>1rnee10-
111.eii CTaJIH, 3aTpy .D.HHeT TeXHOJIOrHJO ee rop51qeif o6pa6oTKH, cnoco6-
crnyeT yeenHqeHHJO 6paKa no peamrnaM, TpemnnaM H pacCJioeHHIO 
ueTaJIJia. B TO :>Ke epeMH npHcyTCTBHe a.-cpa3bl coo6maeT cTaJIH MeHb
rnyJO BOcnpHHMIUIBOCTb K Me)l{KpHCTaJIJIHTHOH KOpp03HH. 

Bonpoc o BJIH5!HHH TeMnepaTypbI HarpeBa H npo.n.oJI)l{Jffe.'lbMOCTH 
Bbl.D.ep)l{KH Ha npouecc o6pa3oBaHHH a.-cpa3bl B aycTeHHTHOH CTaJIH 
OKOHqaTeJibHOro pa3perneHHH .ll.0 HaCTOHIUero BpeMeHH eme He noJiy
'IHJI. CornacHo HccJie.n.oBaHHHM U. H. PacpaJIOBHqa [15] B KOBaHblx 
o6pa3u.ax H3 CTaJIH 1Xl8H9T B HHTepBaJie 800-1280° npH npo.n.oJI
)l{HTeJibHOCTH Bbl.llep)l{KH .n.o 4 qac., BHe 3aBHCHMOCTH OT nocJie)l.yJOIUeH 
CKOpOCTH OXJia)l{)J.eHHP I KOJ!Hllecrso a.-cpa3bl B CTaJIH He H3MeHHeTC51, 
HO H3MeHHeTC51 ee cpopMa H ycHJlHIH:l<>l""H KoaryJIHU.HH. 

H. C. AJicpepoea [16] ycTaHOBHJia, lJ 1'0 npH Harpeee Tpy6Hoi1 3aro
TOBKH H3 CTaJIH 1Xi8H9T B 11HTer"'aJJe 1000-1200".) KOJIHqecTBO 
a.-cpa3bl He H3MeHHeTCH c noeblmeHHeM Te!\rnepaTypbI H yeenntJeHHeM 
BpeMeHH Bhl)l.ep)l{KH. 0.nHaKo HalJHHaH c 1250° BHOBb Ha6JIJO)l.aeTC51 
ye~JIHtJe1me a.-cpa3bI, KOJIHqecrno Kornpoii yeeJIHqHeaeTcH c TeMnepa
TypoA H npO.llOJl)l{HTe.TlbHOCTblO BbI.LI.ep)l{l<H. 

M. 11. B11Horpa.n [17] ClJHTaeT, qrn KOJIHqecrno cx.-cpa3bl B cTaJIH 
I.Al 8H9T npH HarpeBe Bblrne 1000° yeeJIHtJHBaeTCH. 

Ilo .naHHb!M r. B. 3CTyJIHHa [ 18] CJie.n.yeT, qTQ MHHHMaJibHaH BeJIH
qHHa MarHHTHOro HaCb!IUeHHH B CTaJIH noJiytJaeTCH nocJie 3aKa.'IKH npH 
1100--1150". DpH noebrrneHHH TeMnepa-ryphr 3aKaJIKH .n.o 1250-1300° 
MarHHTHoe HaCbIIUeHHe CTaJIH HenpepbIBHo H pe3KO yeeJIHtJHBaeTcH, 'ITO 
CBH.lleTeJibCTByeT 06 yBeJIHtJemrn '.l.-cpa3bI. 

IlpoBe.neHHOe HaMH HCCJie.uo~aHHe BJIHHHHH TeMnepaTypb! 3aKaJIKH 
Ha co.uep)l{aHHe cx.-cpa3bl B CTaJIH 1xl8H9T M arHHTHblM MeTO)l.OM xo
pomo COrJiacyeTCH c paHee npOH3Be.n.eHHbIM r. B. 3cTyJIHHbIM [18] 
HCCJie.llOHC.HHeM . .Uo TeMnepaTypb! Harpeea 1200° MarHHTHOe H3CbIIUe
HHe .:TaJIH npaKTHqecKH OCTaeTCH HeH3MeHHb!M H TOJ!bKO nocJie ee Ha
rpeBa CBblllle 1300° CTeneHb MarHHTHOro naCb!IUeHH51 3aMeTHO B03pa
CTaeT. 3TO n03BOJIHeT c.n.eJiaTb BbIBO)I., lJTO npH TeMrtepaType Harpesa 
.n.o 1300° KOJIHtJecrno cx.-cpa3bl He H3MeHHeTcH. HaMH B Kal!ecrne 3Ta
JIOHa 6hrJI npHHHT 06pa3eu. H3 BbICOKoxpoMHCTOH cpeppHTHOH Hep:>Ka
BeJOw.eii CTaJIH x 17, y KOTOporo MarHHTHOe HaCbIIUeHHe B ycJJOBHHX 
3Kcnep1iMeHTa COCT3BJIHJIO 15 000 2C H COOTBeTcTBeHHO KOJJHlJeCTBO 
cpeppHTHOH cpa3bI B cTaJIH 1Xl8H9T noCJie 3aKaJIKH c 800-1200° co
CTaBJJHJJO 2 % , a noCJie Harpesa c 1300°. KOJJHtJecrno a.-cpa3bI yseJIHl!H
eaeTCH .n.o 6 % . HecoMHeHHO, qTo Ha KOJrntJecrno cx.-cpa3bl, KaK Y*e 
yKa3b!BaJJOCb BhIIIIe, oKa3b!BaJOT 6oJJhrnoe BJIHHHHe yCJioBHH MeTaJIJiyp
rHqecKoro npOH3BO.ll.CTBa CTaJIH H, B 11aCTHOCTH, KOJrnqecTBO Hel\leTaJIJIH-
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llecKHX BKJIIOl!eHHH. no3TOMy KOJieOaHHSI B CO}l.ep}!{aHHH a.-cf>a3bl }l.Jlff 

pa3Hb!X nJiaBOK OJl.HOH H TOH }Ke MapKH MOryT 3aMeTHO H3MeHSITbCSI. 

BJIHSIHHe HaJIHl!HSI a.-cf>a3bI Ha 06my10 Koppo3HOHHYIO CTOHKOCTb 

aycTeHHTHOH xpoMOHHKeJieBOH CTaJIH Jl.0 HaCTOSII.Uero BpeMeHH He BbISIC

HeHo. B pSIJl.e CJiyirneB rrpHcyTCTBHe a.-cf>a3bl CJIY}!{HT ocHOBaHHeM ,nJISI 

rrepeBOJl.a cTaJIH B 6paK. B ;:i;aHHOM CJiyqae KpHTepHeM Jl.JIH HH3KOH 

ou.eHKH Kopp03HOHHbIX CBOHCTB Hep}!{aBe10mefl CTaJIH CJIY}!{HT ee Jl.BYX

¢a3HOCTb. 0JJ.HaKo, KaK HaM rrpeJl.CTaBJIHeTCSI, 3TO He MO)K.eT CJIY}!{HTb 

Jl.OBOJl.OM Jl.JISI cy}!{Jl.eHHSI o Koppo3HOHHOH crni'!KocTH cTaJIH. .Uei'!crnu

TeJibHO, Kopp03HOHHaSI CTOHKOCTb xpoMOHHKeJieBoi'! H XPOMHCTOH CTaJIH 
o6ycJIOBJIHBaeTCSI o6pa30BaHHeM Ha ee IIOBepxHOCTH TOHlJai'!rnefl 

rrJieHKH OKHCJIOB rumrneJihHoro THna, o tJeM y}!{e obIJio cKa3aHo Bhlrne. 

B xpoMOHHKeJiesoi'! aycTeHHTHoi'! cTaJIH np0cyTcTBy10maS1 o.-cf>a3a TaK}!{e 

rrpeJl.CTaBJISieT coooi'! BbICOKOJiernpoBaHHbIH rnep}l.bIH pacrnop, KOTOpbIH 

OTJIHlJHO naccHBHpyeTrn H ooJia.naeT BbrcoKoii Koppo3HOHHOi'! cToi'!Ko

cThIO. .llJISI ycTaHOBJieHHSI BJIHSIHHSI o.-cpa3bl Ha 06my10 KOpp03HOHHYIO 

CTOHKOCTb ayCTeHHTHoi'! Hep}!{ase10mei'! cTaJIH HaMH ObIJIH npoBe.neHbI 

KOpp03HOHHble HCnbITaHHSI CTaJIH MapKH 1X18H9T c CO}l.ep}!{aHHeM 

o.-cf>a3bI B npeJJ.eJiax Jl.O 20 % . Ou.eHKy KOJIHqecrna o.-cpa3bI npOH3BO

.IJ:HJIH no IISITHOaJIJibHOi'! ruKaJie 3aso.na «3anopo}!{CTaJib». CorJiacHo 

3TOH llIKaJie, CO}l.ep:>KaHHe o.-cp83bl COOTBeTCTByeT CJie}l.yIOILJ.HM oaJIJiaM: 

Bann ·I 2 3 4 5 

Konw1ecreo a-<jla3bl B 0/0 , • I 5 j 5-12 i 12-20 I 20-351 35 

llaHHbie KOpp03HOHHbIX HCIIbITaHHH noKa3bIBaIOT, lJTO COJl.ep}!{aHHe 

a.-cf>a3bI B npe}l.eJiax Tpex 6aJIJIOB He OKa3bIBaeT 3aMeTHOro BJIHSIHHSI Ha 

Koppo3HOHHYIO CTOHKOCTb aycTeHHTHoii Hep}!{ase1omeii CTaJIH. BHe 3a

BHCHMOCTH OT CO}l.ep}!{aHHH o.-cpa3bl Kopp03HOHHa5I CTOHKOCTb CTaJ1H 

coorneTcTByeT 1-ii rpyrrrre CTOHKOCTH. TaKHM o6pa3oM, Jl.JISI aycTeHHT

Hoii Hep}!{aBe10ru.eii CTaJIH TeMnepaTypHbIH pe}!{HM Harpesa npH 
saKaJIKe peKOMeH.nyeTCSI rrpHMeHHTb He CBbillle l000-1050°, T. e. Ha 

100-150° HH)!{e, qeM 3TO npaKTHKyeTrn s HacTosnuee BpeMH. TaKoA 

pe}!{HM Harpesa cTaJIH npe.nornparu.aeT 06pa3osaHHe ooJibrnoro pocTa 

septta, .neJiaeT ee He CKJIOHHOH K Me)!{KpHCTaJIJIHTHOH Kopp03HH H HMeeT 

eecoMHeHHbie 3KOHOMHlleCKHe rrpeHMymecrna. CJieJJ.yeT TaK}!{e oTMeTHTb, 

llTO npHCYTCTBHe B CTaJIH o.-cf>a3bl B KOJIHlJecrne .n:o 20 % npaKTlfl!eCKH He 

yxy.nwaeT ee Kopp03HOHHbIX CBOHCTB H II03TOMY He MO:>KeT CJIY>KHTb 

OCHOBaHHeM, lJTOObI ClJHTaTb TaKyIO CTaJib MaTepHaJIOM c IIOHH}!{eHHOH 
KOpp03HOHHOH CTOHKOCTblO. 
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A. <P. JJAHJM 

CB~3b CTPYKTYPbl CO CBOACTBAMH lfYfYHA 

1. BHJl.bl H CBOHCTBA qyrYHA 

KaK H3BeCTHO, qyryHHoe JIHTbe llIHpoKo rrpHMeHHeTCH B MallIHHO

CT{loeHHH. JI.o 70 % .U.eTaJieii (no secy) .u.~aIOT H3 qyryHa. DpHqHHbl 

TaKoro llIHpOKOro rrpHMeHeHHH qyryHa 3aKJIIOqaIOTCH He TOJibKO B ero 
TexHoJiornqecKHX rrpeHMymecTBax, HO H B 3HaqHTeJibHOM yJiyqllieHHH 
MexaHHqecKHX CBOHCTB qyryHa. 

DoabillieHHe rrpoqHOCTH qyryHa MO:>KHO HJIJIIOCTpHpoaaTb cJie.u.y10-

Ill.HMH .u.aHHbIMH: B 1900 r. cpe.U.HHH rrpe.u.eJI rrpoqHOCTH rrpH pacrn:>Ke
HHH ceporo qyryHa COCTaBJISIJI rrpHMepHO 8-10 KZ/MM2, a B 1950 r. -

OKOJIO 24-26 KZ/MM 2• 

B HaCTOSII11.ee apeMsi:, cornaceo cymecTBy1omeMy fOCT, HaHJiyqllIHH 
cepbiii qyryH HMeeT rrpe.u.eJI rrpoqeocTH rrpH pacrn:>Kemrn He HH:>Ke 

38 KZ/.MM2• 
3HaqHTeJibHOe ynyqllieHHe MexaHHqecKHX caoH:CTB qyryHa npHBeJIO 

K TOMy, qTO, HeCMOTpSI Ha yBeJIHqeHHe MOill.HOCTeii COBpeMeHHblX MaillHH 

H yMeHbllieHHe HX Beca Ha e.u.HHHI.J.Y MOill.HOCTH, npiiMeHeHlile qyryHa He 

TOJibKO He yMeHblliaeTCSI, a, Hao6opoT, HerrpepbIBHO B03pacTaeT. 
113 Bcex BM.rt.OB BbICOKOKaqecTBeHHOrO qyryHa HaH60JibIIIHH HHTepec 

rrpe.u.craBJIHeT MarHHeBbIH qyryH c lliapOBH)J.HblM rpacpHTOM, HMeIOill.HH 
PH.U. rrpeHMyllI.eCTB rrepe.u. cepbIM H KOBKHM qyryHoM; B qacTHOCTH, 

cepbiii qyryH HMeeT OTHOCHTeJibHOe Y.U.JIHHeHHe, 6JIH3KOe K HYJIIO, a H3 
KOBKoro qyryHa, 06Jrn.u.a10mero IIOBbillieHHbIM OTHOCHTeJibHbIM Y.U.JIHHe

HHeM, MO:>KHO OTJIHBaTb TOJlbKO H3.U.eJIHSI orpaHHqeHHOH TOJIIll.HHbI, He 
6oJiee 40-50 MM. 3To CBH3aHO c TeM, qTo KOBKHH qyryH IIOJiyqaeTCSI 

rryTeM OT:>KHra 6eJToro qyryHa, MSI IIOJiyqeHHSI KOTOporo He06XO.U.HMO 
OTHOCHTeJibHO 6bICTpoe OXJia:>K)J.eHHe, .U.OCTHrHYTb KOTOporo rrpH OTJIHB

Kax 6oJibllIOii TOJIIll.HHbI KpaiiHe TPY.U.HO. Marn11eablii :>Ke qyryH, HMeH 
cpaBHHTeJibHO BblCOKOe OTHOCHTeJibHOe y;:vurne1me H BbICOKHH npe,Il,e.'I 

npotIHOCTH rrp11 pacrn:>KeHHH, .u.orrycKaeT OTJIHBKY H3.U.eJIHH JII06oro 
ceqeHHH. 

B Ta6JI. 1 rrpHBe,neHbI rrpHMepHble caoiicTBa ceporo, . KOBKoro H 
MarHHeBoro qyryHOB. 

c IIOSIBJieHHeM MarHHeBoro qyryHa IIOJIHOCTblO pellieHa rrpo6JieMa 
3aMeHbl KOBaHoii H JIHTOH CTaJIH qyryHOM, IIOJiyqaeMbIM H3 rrpocTOI'i 

BarpaHKH, .U.JIH pH.u.a c.nyqaes, .U.JIH KOTOpbix paHbllie rrpHMeHeHHe qy

ryHa CllHTaJIOCb HeMbICJIHMbIM. 
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Ta6A.uqa I 

UpHMepHble CBOACTBa pa3JIH'IHblX BH,ll.08 qyryna 

BH.ll •1yryaa I. "b B KZ/.M.M' I a01. I 
aK B KzM/cM' I H B 8 1tz/MM' 
( 6es H8Jlpea•) 

nepJ111THb1H cep&1i:I qyry11 24-35 }lo 0,25 0,4-0,8 170-248 
nepJIHTHblll KOBKHH 'IJfJH 45-55 2-6 0,5-1,5 Jl.o 201 
nepJIHTHblH M3rHHeBblH 

11yryu . . . . . 50-60 0,5-3,0 0,5-1,5 207-285 

nepJIHTO-<fleppHTHbli:I ce-
pblH 4yry11. - . . 15-21 }lo 0,25 0,4-0,6 149-197 

nepJIHTO·<fleppHTHbJi:I 
KOBKHH 'IJfJH . . 45-38 4-8 1,0-1,5 149-197 

nepJIHTO·<fleppHTHbJi:I 
179-207 MarHHeBbli:I 11yryH 45-55 3-8 1,5-3,0 

<l>eppHTHblH cepblH qyryH Jlo 12 llo 0,25 0,4-0,6 llo 149 
<l>t>ppHTHblH KUBKHH 'IY-

ryu ...•. 34-38 8-15 1,5-2.5 . 149 
<l>eppHTHblH M3rHHeBblH 

'IJfJH • 40-45 10-20 3,0-6,0 155-179 

3Hat:1emrn TaKoii 3aMeHbl BHJJ.Ho xorn obi H3 npHMepa H3rOTOBJieHHH 
ceMHKOJieHHOro BaJia Ha 3aBOJJ.e «PyccKHH JJ.H3e.Tlb>). .llJIHHa BaJia 

4,5 .M, Bee BaJia B o6pa6ornHHOM BHJJ.e 2, 3 T. DpH H3rOTOBJieHHH 9Toro 
BaJia H3 CTaJIH npHXOJJ.HJIOCb JJ.eJiaTb nOKOBKY BeCOM OKOJIO 7 T H Me
xaHHt:!eCKOH o6pa6oTKOH CHHMaTb CBblIIJe 4 T CTpy:>1<KH. DpH H3rOTO
BJieHHH >Ke 9Toro BaJia H3 MarHHeBoro qyryHa 3aTpa1IHBa!OT OKOJIO 4 T 

>KHJJ.KOrO qyryHa. DocJie 0Tpe3KH JIHTHHKOB H npHOblJieH Bee 3aFOTOBKH 
cocTaBJISieT scero 2,6 r. TaKoii MaJibIH sec 3aroTOBKH OObHCHHeTCH 
TeM, t:!TO y JIHTOro BaJia o6pa6aTbIBa!OTCH TOJibKO rneiiKH. HcCJieJJ.oBa
HHe csoiicTB orrhITHoro JIHTOro saJia rroKa3aJio, t:!TO OH o6JiaJJ.aeT 
CJieJJ.yIOrnHMH MexaHHt:!eCKHMH csoiicTBaMH: ab = 59 -+- 65 KZ/.M.lt2; 
.a=5-6%; ak=2,9 c-3,5 1<.2/c.M2 H H 8 =207+217. 

CsoiicTBa qyryHa orrpeJJ.eJIHIOTCH B OCHOBHOM xapaKTepoM MeJ:a.JIJIH
.:recKOH OCHOBbl, <jlopMOH H KOJIHt:!eCTBOM rpa<jlHTOBbIX BKJI!Ot:!eHHH, npo
HH3bIB3!0illHX .l{aHHYIO MeTaJIJIHlleCKYIO OCHOBy. 

Ha qrnr. 1-4 rrpe.n:crnsJieHbI HaHooJiee xapaKTepHble <jlopMbI rpa

¢urn, BCTpet:1a10merocs:i: B qyryHe pa3JIHt:!HhIX BHJJ.OB. 
Ha <jlHr. 1 JJ.aHa MHKpocj:>ornrpacj:>HH 11JiacrnHt:1arnro rpa<fmrn, a na 

¢Hr. 2 - ceTt:1aToro rpacj:>1na (MeJihllaifurne nJiaCTHHKH Me>KJJ.eH.npuT
Horo pacrrOJIO>KeHHH). 06a BH.lla rpacj:>1na CBOHCTBeHHbI cepoMy qyryHy, 

H B 3aBHCHMOCTH OT KOJ!Ht:!ecrna OHM B 3-5 pa3 OCJiaOJISllOT rrpOt:!HOCTb 
MeTaJIJIHt:!eCKOH OCHOBbl, a ee OTHOCHTeJibHOe YJJ.JIHHeHHe CBO.llSIT IlOt:!TH 
K HYJIIO. Yt:1HTbIBasi: CHH>KeHHe MexaH11t:1ecKHX csoiicTB qyryHa 3a ct:1eT 
BKJl!Ot:!eHHH rpacj:>HTa, CTaHOBHTCSI IlOHSITHbIM CTpeMJiemre rrpOH3BOJJ.HTb 
cepblif qyrytt c nepJIHTHOH ocHosoii, 06JiaJJ.a10meii HauooJibrneii npot1-
HOCTh10. 
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Ha qmr. 3 npeJJ.CTaBJieH xJionheBHJI.Hhlii rpaqnn, csoiicTBeHHhlii KOB-
1wMy qyryHy, a Ha qmr. 4 - rnapoBH,lJ.HblH rpaqmT, CBOHCTBeHHblH 
MarHHeBoMy qyryHy. IlOCJie.U.HHe .u.sa BH.U.a rpaqmTa 6oJiee 6Jiaro
npm1THhl ( oco6eHHO rnapoBH,lJ.HbIH) ,lJ.JISI MeTaJIJIHl!eCKOH OCHOBbl; npe
)1.eJI npoqHOCTH npH paCTSI>KeHHH OHH CHH:H<alOT MeHbIIIe qeM Ha IlOJlO-

<l>11r. I. <1>11r. 2. 

<1>11r. 3. <1>11r. 4. 

BHHY H B 3Ha1nneJibHoii CTeneHH coxpaHSilOT OTHOCHTeJibHoe YAJIHHe-
1me. Ilo3TOMy KOBKHH H MarttHeBblH qyrynhl npOH3BO,lJ.SIT He TOJlbKO 
nepJIHTHhlMH H nepJIHTo-cpeppHTHhlMH, HO H cpeppHTHhlMH. B nOCJie,lJ.HeM 
cJiyqae qyryH o6Jia.u.aeT OTHOCHTeJihHO ooJihrnoii nJiacTHqHoCThlO. 

KaK y>Ke yKa3hlBaJIOCh, rJiaBHoii 3a.n;at1eM: npH npoH3BO;Zr.crne ceporo 
qyryHa SIBJISieTCSI noJiyt1eHHe O,ZJ.Hopo.u.eoii nepJIHTHOH OCHOBbl. 0,n:HaKo 
pernNrne 3TOH 3a,ZJ.at1H - ,ZJ.eJIO secbMa TPY.ll.HOe, TaK KaK B OTJIHBKax 
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6oJiee TOJICTble CTeHKH OCTbIBalOT Me,n:Jie1mee, BCJie,nCTBHe qero 011eHb 

11acTO B CJiy11ae noJiylleHHSI B TOHKHX ceqeHHSIX nepJIHTHOH OCHOBbl 

B TOJICTbIX ceqeHHHX noJiyqaeTCSI MHOro cpeppHTa H, Hao6opoT, B CJIY

qae noJiyqeHHSI nepJIHTHOH OCHOBbl B TOJICTbIX ceqeHHSIX 06pa3yeTCH 
OToeJI B TOHKHX ceqeHHHX. 

CoorneTCTBeHHO H3Mem1eTcH H npo11HOCTb qyryna. B qacTHOCTH, npn 

o.nHoM H TOM )!(e co.nep)!(aHHH yrnepo.na 6oJibllioe oCJiaoJieHne npo11-

HOCTH MeTaJIJIHqecKOH OCHOBbl B nepJIHTO-cpeppHTHOM 11yryHe (nponrn 
nepJIHTHOrO qyryHa) npOHCXO)l:HT He TOJlbKO 3a c11eT yMeHblliemrn KO
JIH11ecrna nepJIHTa H yaeJIH11emrn KOJIH11ecrna cpeppnTa, HO H 3a cqer 

aBTOMaTH11ecKoro yBeJinqemrn KOJIH11ecTBa rpaqnna. 
3HaqHTeJibHOe yBeJIH11eHHe rpacpHTa B cepOM qyryHe npHB0.11.HT 

K OCJiaoJieHHIO MeTaJIJIHqecKOH OCHOBbl He TOJlbKO BCJie.11.CTBHe yMeHb
llleHH51 ee ceqeHH51, HO H BCJie,ll.CTBHe Toro, 11TO nJiaCTHHKH rpaqmTa. 

nepenJieTaHCb Me)!(.ny co6oil:, Ha.n.pe3aIOT 3Ha11HTeJibHbie oobeMbI 3roir 
ocHOBbl. Do3TOMY 6oJibllIOe 3HaqeHHe HMeeT cTeneHb H30JIHpoaaHHOCTH 

rpacpHTOBbix BKJI1011eHHH .npyr OT .n:pyra. KpoMe rnro, nJiacTHH11aTaH 

cpopMa rpacpHTa npHBO.UHT K o6pa30BaHH!O MHKpOHa.rr.pe30B, Ha OCTpH5IX 
KOTOpbIX co3,na10TC5! KOHUeHTpau1m Hanp5!)!(elIHH, OTpHUaTeJibHO CKa--
3bIBalOIUHXC51 B ycJIOBHHX 3KCDJiyaTaUHH. 

lfa .11.BYX cpopM rpacpHTa B cepOM qyryHe - nJiaCTHHL!aTOil: H ceT113-
TOH - npe.n.no11TeHue cJie.n.yeT oT.n:asarb nJiacnrniraToil: cpopMe. OobHC
HHeTCH 3TO reM, tJTo ceTtiaTaH cpopMa rpacpnrn oobILIHO ohrnaeT oKpy

)!(eHa H3BeCTHbIM KOJIHL!ecTBOM cpeppHTa, BCJieJJ,CTBHe 11ero 3aTpy,n:HHeTCl:3 
noJiyqeHHe qyryHa c LIHCTO nepJIHTHOH MeTaJIJIH11eCKOH OCHOBOH c Jl,0-
CTaTOqHo xopoIIIeil: H3HOCOYCTOH11HBOCTblO. 

DpHllHHa HeH30e)!(HOro conpoBO)!(,n:eHHH ceTtiaToro rpacpHrn cpep
pHTOM .n:o CHX nop He.nocTaT011HO 51CHa. 0.n;iraKo xopOllIO H3BeCTHO, qro 
ceTtiaThIH rpacpHT Jierno noJiyqaeTcH B 'qyryHe, 3arnep.neallieM· c oOJih

WHM nepeoxJia)!(.n.eHHeM H co.n.ep)!(arn:HM MHoro KpeMHHH ( 6oJiee 2 % ) . 
YqHTbIBaH .naHHbIH cpaKT, MO)!(HO noJiaraTb, qTo 06pa3oaa1rne cpep

pHTa BOKpyr ceTL!aroro rpacpHTa npOHCX0.11.HT IlOTOMy, lJTO 06pa3y10-
IUHHC5! nepeoxJia)!(,.a:eHHbIH nepBHlJHbIH aycTel!HT co,.a:ep)!(HT MeHbIIIC 

yrnepona 11e111 o6bilIHO, a TaJOl{e noToMy, 11To KpeMHmi pacurnpHeT TeM
nepaTypHbiil: HHrepsa.11 3BTeKTOHJJ.Horo npeapamemrn, npH KOTopoM 

B yCJIOBHHX paBHOBeCHSI HCH30e)!(HO OJJ,HOBpe111e1rnoe cymecTBOBaHHe 
cpeppurn, rpacpHrn H aycTeHHTa. OcymecTB.11e1rne 3BTeKTOH.ll.HOro npe

spameHHH B ycJIOBHSIX paBHOBecmI npOMCX0.11.HT BCJie.11.CTBHe HaJIH11H$1 
ceTtiaroro rpacpnra, cocTOHIIIero H3 oOJibIIIoro KOJIH'l!eCTBa MeJib11aifllIHX 

BKJII011eHHH, o6mee 11HCJIO KOTOpb!X BO MHOro pa3 npeBOCXO)J.HT KO.'J!I
qecrno rpacpHTOBb!X BKJII011eHHH npu nJiaCTHH11aTOM rpacpHTe. 

Ha ocHoaaHHH H3JIO)!(eHHoro MO)!(HO cKasarb, tJTO no.11yqeHHe BbI

coKonpo11Horo H H3HOCOYCTOH11HBOro ceporo qyryHa CBOJJ,HTC51 K nOJiy-
lJCHHIO B OTJIHBKax, HMClOIUHX CTeHKH pa3JI!i'IHOH TOJIIIIHHbl, CTpyK

TyphI, COCTOHIIIeti: H3 nepJIHTHOH MeTaJIJIH11eCKOH OCHOBbl, B KOTopoff 

BKJIIOtieHHH rpacpHTa HMeIOT nJiaCTHH11ary10 cpopMy. Ko.11HlJCCTBO r1J1a
CTHHOK no B03MO)!(H0CTH .11.0JI)!(HO 6b!Tb HCBeJIHKO, H OHH .UOJI)!(Hbl Ob!Tb 

H30JIHpoaaHbI .llpyr OT .rr.pyra. PellieHHe 3TOH sa.n:a'rn MO)!(eT Ob!Tb ocy

mecTBJieHo MO,nHcpHIJ:HpOBaHHeM 11yryHa. 
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Mo,ll.mf>HuHposam1e useTHhIX cnJiasos H cTaJIH, KaK H3Becn10, HMeeT 
Ha3Ha'l!em!eM yJiy'l!UieHHe Ka'l!ecrna nepsH'l!Hoif CTPYKTYPhI (H3MeJib'l!e
HHe 3ep1-ra). 0)1.HaKo npM MO.ll.Hqrnuuposamrn ceporo qyryHa H3MeJibtie
HHe CTPYKTYPhI He HBJISieTCH ocHOBHoli 3a,ll.atieli, a B OTHOilleHMM rpa

¢HTa 3TO ,ll.a)!{e spe.nHo. Oc110BHoli 3a)l.aqeif MO,UHtjJHuHposaHHH qyryHa 
srnJrneTCSI CTpeMJieHHe H30aBHTbCSI OT ceTtiaTOfO rpaqnna. 

TIOCKOJlbKY fJI3BHOll ll,eJib!O MO,UHqJHUHpOB3HHSI ceporo qyryHa 

SIBJISieTCH He M3MeJibtieHHe CTPYKTYPbI, TO M caMo MO.ZJ.HCi>HUHposaHHe 
He scer.u.a MO)!{eT ,!J.3Tb IlOJIO)!{HTeJibHblll 3cpcpeKT. 

Mo.u.McpHuHposaTb Heo6xo,ZJ.HMo qyryH MaJioKpeMHHCThlli, MaJioyrne
po.llMCTbIH H OTHOCHTeJibHO BbICOKOMapraHIJ,OBHCThIH. TaKOH qyryH 6e3 
MO.U.HcpHUMposaHMSI aarnep.u.esaJI 6br 6eJihIM HJIH noJIOBMHtiaThIM, HO 
B pe3yJibTaTe MO,ZJ.HcpHUMPOBaHH5I OH 3aTBep.u.esaeT c nepJIHTHOH OCHO
BOH B TOJICTbIX H TOHKHX cetieHHflX, a rpacpttTOBbie BKJIIO'l!eHirn OK33bl
B3IOTC5I nJiaCTHHtiaTbIMH. 

Bbr6op qyryHa TaKoro cocTasa o6oHCHHeTCH TeM, tITO MaJioe co;:i:ep
:>KaHHe yrnepo.u.a (npH nepJIHTHOH OCHOBe) npMBO,!J.HT K M3JIOMY co.u.ep
>KaHHIO rpacjmrn B CTPYKType, a Ma.'loe co.u.ep:>KaHHe KpeMHHH M yr.ne
po.n:a H IlOBhIIIIeHHOe co.n:ep:>KaHMe MapraHua npMBO,ll.SIT K TOpMO)!{eHHIO 
3BTeKTOH,!J.HOfO npespam.eHMSI, T. e. K noJiytieHHIO nepJIJna. 

0JJ.HaKo Heo6xo,ZJ.MMO CtIHTaTbCH c TeM, tITO 60JibIIIMHCTBO <PaKTopos, 
BJIH5I!Olll.HX Ha rpaqrnTH33ll,HIO, OKa3bIBaeT O,!J.H03HatIHoe BJIHSIHHe Ha o6e 
cTa.ZJ.MH rpa<Pttrn3aIJ,HH (Jrn6o 3aTpy.ZJ.HHeT HX, Jitt6o ycKopHeT). Oco-
6eHHOCTb }K:e MO.ZJ.Mcl>HII.HpOBaHH5:l ceporo qyryHa 3aKJIIOtiaeTC5:l B TOM, 
qTo OHO OK83bIBaeT Henocpe,ll.CTBeHHOe BJIHSIHMe TOJibKO Ha nepByIO 
CTa,ll.HIO rpacpHTH3aIJ,HH. 

Tio3TOMy, ecJIM 6epeTCH qyryH, KOTOphlli no cocTasy TPY.ll.HO no,ll.
,ll.aeTcSI rpacl>HTH33UHH B nepBOH H BTOpoii CTa,ZJ.HHX H COOTBeTCTBY!Olll.HM 
o6pa30M MO,ll.HcpMUHpyeTCH, TO OTJIHBKH noJiytiaIOTC5I 6e3 OTOeJia B TOH
KHX cetieHHHX H 6e3 cpeppttTa B TOJICTbIX ceqemrnx. 

B Katiecrne MO.ll.HcpttKaTopa qacTO 6epeTcH 75%-HbIH cpeppocMJIHUMil. 
)J,o6asKa cpeppocHJIHIJ,HSI B )!{H,ll.KHH qyryH nepe.u. ero pa3JIHBKOH 

npHBO,ll.HT K ycTpaHeHHIO nepeoxJia)!{,ll.eHHfl, paCKHCJieHHIO qyry11a H C03,ll.a

HHIO u,eHTpos KpHcTaJIJIH3aUHH. YcTpaHeHHe nepeoxJia)!{,LJ.eHHH npe,ll.y
npe}K:.n:aeT o6pa3osmrne He TOJibKO oT6eJia, Ho 11 ceT'l!aToro rpac.jrnTa. 

06bitIHo B TOJICTbIX cetieHHHX ,ll.ttcnepcnocTb nepmna MeHbIIIe, tieM 
B TOHKHX, II03TOMY H npOtIHOCTb qyryHa OKa3hIBaeTC5:l l!H)!{e B TOJICTbIX 
cetieHMHX. B qacTHOCTH, B Mo.nttcpHu,Hposa11110M 'iyryHe c nepmnHoli 
OCHOBOH, OTJIHTOM H3 O,ll.HOrO KOBilla; rnep.u.oCTb o6pa3ll,OB TOJI!lJ,HHOH 
10 .MM cocTaBJIHJia MaKCHMYM H8 = 269, a TOJIIUMHofi 50 MM MHHHMYM 
H 8 = 239. MaKcttMaJibHaSI pa3Huua · B rnep,ll.OCTM cocraBJIHJia 40 eirn-
1111u, a MHHHMaJibHaSI 14. B OObIKHOBeHHOM :>Ke cepoM qyryHe rocr 
.u.onyCKaeT 3Ha'l!HTeJibHO 66Jibllltte OTKJI011eu1151 (H 8 = 170-:- 241). 

B MO,ll.McpMUHposaHHOM qyryHe c nepJIMTHoii octtosoii npe,LJ.eJI npotIHocru 
npu pacrn}K:eHirn ,ll.JIH o6pa3IJ,OB TOJllll.HHOH 30 H 150 MM .n.aeT pa3HHUY 
B 10 % , a B HeMo.n.Mcp1m11posaHHOM qyryHe yseJitttieHue TOJilll.MHhI, 11a
np11Mep B 3,5 pa3a, yMeHblllaeT rrpotIHOCTb Ha 50 % . 

TaKoe cHM*eHtte npo'l!HOCTH o6oHCH5:leTcH He TOJibKo yMeHbllleHHeM 
.u.ucrrepcHOCTH MeTaJIJIHtieCKOH OCHOBbI B 6oJiee TOJICTbIX cetieHHHX, HO 
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H o6paaoBaHHCM B HHX 3Ha4HTe.JlbHOfO KOJIHllecTBa cpepp1na BMeCTO 
nepJIHTa. 

lfaMeHeHHe npe,ZI.eJia npo1rnoc'iH 11yry11a B 33BHCHMOCTH OT TOJIIJJ.HHbl 
MOJK:eT OblTh Bbipa11<:eHo cpopMyJioii: 

ax· d'~ = const =- cr~ 0 • d~O' (I) 

r.u.e ax - npe.u.e.n npotJHOCTH 06pa3u,a .u.HaMerpoM dx; 
a30- npe.u.e.n np04HOCTH o6pa3u,a ,ll.HaMeTpOM d3o (30 MA-t); 
a - noKa3aTeJib CTenemi: llYBCTBHTeJibHOCTH, KOTOpbit! COCTaBJJHeT 

0,4-0,8 npH ab< 20 K2/MM2 H 0,2-0,5 npH ab> 25 K2/J.Ut~. 
,Zl.JIH MO.U.HcpHI.(HposaHHoro 4yryHa noKa3aTeJih a 06b11rno 6JJH>Ke 

K 0,2. 

2. HOMOfPAMMA .ll.JHI PAC'IETA COCTABA CTPYKTYPbl 
H CBORCTB 'IYfYHA 

CsoikTBa 4yry11a onpe.n.e.rrHIOTCH ero CTPYKTypoii. Heo6xo.n.HMaH 
CTpyKrypa 11yryHa o6ecne'IHB3eTCH COOTBeTCTBYIOil.(HMH TeXHOJIOfM:qe
CKHMH cpaKTOpaMH H XHMHtieCKHM COCTaBOM. flo::ffOMY npaBHJibHblH 

no.u.6op XHMHtieCKOro COCTaBa H BbI6op TeXHOJIOrHH npOH3BO,ll.CTBa 
o6ecne'IHBalOT noJiytieHHe Tpe6yeMOH CTpyK'rypbI 11 HeOOXO)l.HMbIX 
CBOHCTB. 

c 3TOH TO'IKH 3peHHH C'IHTaeM HenpaBHJibHbIM BCTpe'IaeMoe HHor,11.a 
13 JIHTeparype BblCKa3bIBaHHe, IITO rJiamroe- 3TO TeXHOJIOf'HtieCKHlI 

sap1rn11T. He.rrb3H corJiaCHTbCH, HanpHMep, c OTCYTCTBHeM B TeXHOJJom
'!ecKHx aapnaHTaX r. 11. KJJeUKHHa I yKa3aHHii: Ha Tpe6yeMoe KOJIH'Ie
CTBO CBH3aHHOro yrJiepo.u.a. 

KoJIH'IecTBO cBH3aH11oro yrJiepo.u.a npH .u.a11110M o6IJJ.eM co.u.ep11<:aHHH 
yrJiepo.u.a onpe,11.eJrneT B 3HatIHTeJihHOH cTeneHH xapaKTep MeTaJJJIHtie
cKoii OCHOBbI H KOJIHl[eCTBO rpacpnra, npOHH3bIBaIOil.(ero MeTaJIJIH
l.(~KYIO OCllOBy, a Il03TOMY HH B KOeM CJ1y1iae HeJih3H npeHe6peraTb 
3TOH xapaKTepHCTHKOH. 

OTCyTCTBHe ccbIJIKH Ha KOJIHtieCTBO CBH3a1111oro yrJiepo.u.a He MO.>KeT 
ObITb onpaB,ll.aHO reM, '!TOI B MO,ll.HcpHUHPOBaHHOM qyryHe OCHOBa Bcer.u.a 
IIepJIHTHaH, a Il03TOMY H KOJIHtieCTBO CBH3aHHOro yrJiepo.u.a T8M HKOOhl 
scer.u.a o.u.Ho H TO 11<:e. Ha caMOM .u.eJie 3TO He TaK.. Pa3JIH4Hbie cKo
pocTH OXJia>K,ll.eHHH H npHMeCH, co.u.ep:>Kall.(HeCH B qyry11e, H3MeHHIOT 
,!I,HarpaMMy cocroHHHH Fe - C. BMecTo HOpMaJihHoro 3BTeKTon..u.a o6pa-
3YIOTCH KBa3H3BTeKTOH,ll.bl, B KOTOpbIX KOJIH'IeCTBa CBH3aHHoro yrJie
po.u.a 3HalJHTe.'lbHO OTJIH'!aIOTCH OT 0,83% (B COOTBeTCTBHH c 11.narpaM
MOH Fe-C). 

l.JeM 6oJibUie CBH3aHHoro yrJiepo..u.a co.u.ep.>KHTCH B nepJIHTe, TeM 
3TOT nepJIHT npol!Hee n rnep11<:e. Ha npoqHOCTh 11yryHa BJIHHeT TaK.>Ke 

.1ernpoaaHne H creneHb ..u.0cnepc11ocTH CTPYKTYPHhIX cocTaBJJHIOillHX. 
BBH..U.Y 60.JibIIIoro KO.JIH'IecTsa cpaKTopos, B.JIHHIOIJJ.HX Ha npotIHOCTb 

I r. H. K JI e u K II H, ITo.11yqeH11e OTJlllBOK 113 BblCOKOKaqecTBeHHoro qyryHa 
c 33,!\3HHbIMll Mexatt11qecKllMll CBOHCTB3Mll, «JlllTellHOe II1Jl0113BO,!\CTBO» .N'2 11, 1952 r. 
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tiyryHa, otieHh TPY.U.HO .rr.aTh TOtiHYIO 3aBHCHMOCTh MeJK.u.y 3THMI1 cpaKTO
paMH H csoiicTBaMH tiyryHa. 

fOBOpH 0 MO,ll.IHpHII.HpOBaHHOM cepOM tiyryHe, CJie)J.yeT CKa3aTh, t:ITO 

H3 TeXHOJiornqecKHX cj:>aKTOpOB IIOJIOlKHTeJihHOe BJIHHHHe Ha IIOJiyt:IeHHe 
BhlCOKOKaqecTBeHHOro t:IyryHa OKa3hIBaeT BhlCOKaH TeMnepaTypa Bbl
nycKa t:IyryHa 113 BarpaHKH (1420-1440°), BhICOKaH TeMnepaTypa 3a
JIHBKH (1330-1360") H .u.o6aBKa B llll1XTY OT 30 ,lI,O 60% CTaJIH. 

flo XHMJ1qecKoMy COCTaBy HaHJiyqume pe3y.11bTaTbI IIOJiyqaIOTC51, 
KOr .u.a KOJIHqecrno yr Jiepo.n.a IIOHHJKeHo H COCTaBJIHeT 2,8-3,2 % . <l>oc
cj:>opa JKeJiaTeJihHO He 6oJiee 0,25-0,3 % ; cephI He 6oJiee 0, 12 % 11 
MapraHII.a OKOJio 1,0 % ( rnepx 6aJiaHca), T. e. cBepx Toro, l!TO Tpe-
6yeTcH, 1IT06hr o6pa3oBaTh MnS. KpeMHHii 6epeTCH no paclJeTY B 3a
BHCHMOCTH OT TOJIIllJIHhl OTJIHBKH (CM. HHlKe). 

flpHBe,ll.eHHh!e )J.aHHhle IIOKa3bIBal01', lJTO B MO,ll.HcpHII.HpOBaHI-IOM 

'IyryHe peryJiflPYIOllJ.HMH 3.JieMeHTaMH HBJIHIOTCH yrnepo.u., KpeMHHH H 
MapraHeU:. 

HaJIHl!He OKOJIO I % MapraHu:a csepx 6aJiaHca co.rr.eikrnyeT noJiy

qeHHIO nepJIHTHOH OCHOBhl, IIOCKOJlhKY MapraHeII. CHHJKaeT TOqKy A 1 
,ll.HarpaMMbl COCTOHHHH Fe - c. 0.rr.HaKo CJIHIIIKOM BhICOKOe co.rr.epJKa
HHe Maprauu:a HeJKeJiaTeJibHO, TaK KaK HaqHHaeT CKa3hIBaThCH ero T0p
M03Hll1.ee .u.eiicrntte Ha 3BTeKT11qecKoe npcBparneutte, T. e. Ha nepByIO 
CTa,ll.HIO rpacj:>HTH3aUHH. 

Lfro KacaeTCH KOJIH'leCTBa yrnepo,a:a H KpeMHHH, TO OHO MeH51eTC51 
B IIIHpOKHX npe.u.eJiax. 

KoJittqecrno yrJiepo.u.a H era pacnpe.u.eJieHHe MeJK.U.Y Ceo H C2µ 

onpe.u.emieTCH B nepByIO Ot:Iepe,lI,b Tpe6yeMOH npot:IHOCTblO qyryHa, 
a KOJIHqecTBO KpeMHHH ,lI.OJilKHO 6b!Th TaKHM, 1JT06bI o6ecnetIHTh 

Tpe6yeMoe pacrrpe,ll.eJieHHe MeJK)J.y C co H C zp ,lI,JIH KOHKpeTHblX 

OTJIHBOK. 
B CBH3H c 3THM 6oJihIIIOe 3HaqeHHe HMeeT npaBHJihHhIH Bb16op Tpe-

6yeMoro KOJIHqecrna yrnepo.rr.a H KpeMHHH B KaJK,lI.OM OT,lI,eJihHOM 
cJiyqae. 

,Il.JIH yKa3aHHOH u:eJIH cJiyJKaT pa3JI!fqHoro po.u.a ,lI,HarpaMMhl CTpyK
Typoo6pa30BaHHH qyryHa. BechMa II.eHHh!MH HBJIHIOTCH .rr.1rnrpaMMbr 
JI. 11. KaKypHHa H H. r. fHplllOBHqa, 0.n.HaKO B yKa3aHHhIX ,!I.HarpaM
Max He oTpa:>KeHh! npoqHocTHhre csofrcTBa qyry1rn 11 B HHx C 06 He pa3-

.ueJieHa Ha Ceo H c zp' HeCMOTpH Ha TO, 'ITO ,!I.eiiCTBHe KaJK.u.oro H3 YKD-

3aHHhlX BM.II.OB yrnepo,n.a Ha CBOHCTBa qyryna npon!BOI10JIO)KH0. 
l.fro :>Ke KacaeTCH H3BecTHhIX .u.ttarpaMM Mayepepa H fpeiiHepa -

KJIHreHI11TeiiHa, TO npH cospeMeHHOM cocTOHHHH npoII3BO,!I.CTBa BhI
coKoKatiecTBeHHoro qyryHa 11x CJie,n.yer cqHTaTh ycTapeBIIIHMH • 

.Il.HrpaMMa Mayepepa .u.aet 3aBHCHMOCTh Me:>K,!I.y co6 H Si ,ll.JIH OTJIH

BOK o.u.Hoii TOJillJ.HHhI, a ,n.11arpaMMa fpeiiHepa - KJIHremnTeiiHa, xoTH 
H OXBaTh!BaeT HeCKOJihKO TOJlllJ.HH, HO He npHrO,ll.Ha ,lf.JIH IIOJlh30BaHHH 
rrpH npOH3BO,lI.CTBe KOBKOro H MO,ll.Hcj:>HII.Hposam1oro qyryna H He .u.ae-r 
npaBHJihHh!X npe,n.cTaBJieH11ii: o CTPYKType o6hll!Horo ceporo qyryHa. 

MHoroKOMnoHeHTHOCTh qyryHHbIX cIIJiaBOB, BJIHHHHe 6oJihIIIOro Ko
JIHl!ecrna TeXHOJIOrH'-IeCKHX cj:>aKTOpOB H 3Hal!HTeJibHaH HeO,ll.HOpO,lI.HOCTb 
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CTPYKTYPhI 3a1py)J.HH10T co3,1J.am1e noJrnouei-mhix )J.HarpaMM c1pyKrypo-
06pa30BaHHH, TeM 6oJiee TaKHX, B KOTOphix yqacrnoBaJia Obi H npoq
HOCTh qyryHa. 

B HacToHrn.eii: pa6oTe Mb! npHBO)J.HM pa3pa60TaHHhIH HaMH cnoco6 
onpe)J.eJieHHH Tpe6yeMoro COCTaBa CTpyK'rypbI H CBOHCTB qyryHa. 3TOT 
cnoco6 onpe)J.eJIHeT )J.JIH ceporo HeJierHpoBaHHoro qyryHa 3aBHCHMOCTH 

Me)l{)J.y CO)J.ep)l{aHHeM KpeMHHH, Bcex BH)J.OB yrnepo)J.a ( 0611.1.ero, CBH3aH
HOfO H rpa<t>HTa), TOJllll.HHOH OTJIHBKH, npe)J.eJIOM npoqHOCTH npH pacrn
)KeHHH H CTpyKrypoii:, a TaK)l{e pH)J. 3aBHCHMOCTeii: H )J.JIH ,lI.pyrnx BH)J.OB 
qyryHa. 

CornacHo HarneMy cnoco6y, Tpe6yeMbIH oTBeT MO)l{eT 6bITh noJiyqeH 
m160 pacl!eTHbIM nyTeM npH IIOMOlll.H <t>opMy.11 (2), (3) H ( 4), JIHOO 
npH IlOMOlll.H HOMOrpaMMbI ( qmr. 5)' COCTaBJieHI-IOH Ha OCHOBe 3THX 
)Ke cpopMyJI 

Si = 6,3 -- (lg T + C0 6) 
0,5 (Cc 8 + K) 

Or 
IQ• (2) 

r)J.e T- TOJilll.HHa OTJIHBKH B .MM; 
K - BeJ1Hq11Ha, 3aBHCHlll.aH OT BH)J.a qyryHa 11 paBHaH )J.JIH ceporo 

cpeppHTO-nepJIHTHOfO qyryHa 0,9-1,0, )J.JIH ceporo nepJIHTHOfO 
qyryHa 1,0-1,2, )J.JIH noJIOBHHl!aTOro qyryHa ( TIO)J.Jie)Karn.ero 
MO)J.HcpHUHPOBaHif!Q) 0,3-0,5 H )J.JIH 6eJioro qyryHa (nO)J.Jie
)!(arn.ero OT)!(IffY Ha KOBKHH) 2,2-2,8. 

(3) 

(4) 

Y~mThIBan 6o:IhllIHe TPY)J.HOCTH B ycrnHOBJieHHH 3aB11CHMOCTH Me)K)ly 
yKa3aHHhIMH BbIIIIe cpa1nopaM11, rroJiyqaeMhie no HarneMy cnoco6y pe-
3YJibTaThI C.TJe)J.yeT Cl!HTaTb opHeHTHpOBOl!HbIMH, rrp116JIH)KeHHb!MH If 
)J.eHCTBHTeJibHbIMH TOJlbKO B H3BeCTHbIX npe)J.e.nax. 

HoMorpaMMa npe,lI.cTaBJIHer co6oii COl!eTaHHe Tpex )J.HarpaMM . 
.Ilse )J.IrnrpaMMbl - npaBaH If JieBaH - HMeIOT 0011.1.YIO OCb op)J.HHaT H 
pa3Hble OCH a6cu.11cc (JieBaH OCb - T0.71W:HHa OTJIHBKH, npaBaH OCb -
KoJ111qecTBo KpeMHHH). Ha ;ienoii )J.HarpaMMe KpHBbie JIHHHH xapaKTe

pH3YIOT C ofl• a Ha npaBoii: )J.HarpaMMe JIYl!H xapaKTep113y10T Cc8 )I.Jiff 
pa3HhIX qyryHoB. B JieBoii qac111 HOMorpaMMhI HMeeTcH caMocTOHTeJib

HaH )J.HarpaMMa co CBO~IO OCbIO Op,lI.llHaT ob OCblO a6cu.Hcc (sepXHHH 
ocb) - C cs• npou.eHT nepJIHTa H cpeppHTa. Ha 3TOH )J.HarpaMMe Jiyqu 

xapaKTepH3YIOT C0 6 • 

I10J!b30B8Hlle HOMorpaMMOH BeCbMa Il}lOCTO, tJ:TO BH)J.HO 113 CJie,1J.y10-
lll.MX npHMepoB. 

1. Onpe.rr.eJIHTh Heo6xo)J.HMOe co)J.ep)l{aHHe KpeMHHH )J.JIH OTJIHBKH H3 
6eJioro t.1yryHa (,IJ.JIH OT)l{Hra Ha KOBKHfr). 3a.rr.aHo C06 u H3Becnia 
TOJllll.HHa OTJIHBKH. CHal.J.aJia Ha OCH a6cu.11cc, Ha JieBOH t.JaCTH HOMO
rpaMMbl, npOBO)J.HT nepneH)J.HKyJIHp OT 3a)J.aHHOH TOJ!Ill.HHbl )J.O nepece
qeHHH c KpHBOH, COOTBeTCTBYIOlll.eH Co6• OTCIO)J.a npOBO)J.HT ropH30H
T8JlbHYIO JIHHHIO HanpaBo )J.O nepeceqeHHH c JiyqoM Cc8 Jl.JIH 6eJioro 
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B seMJlllHble <t>opMbi (A. <I>. Jlau.n,a): 

1 - 6e.11b1A 'lyryH Jl.1111 OTlKHra RB KOBKHA; 2 - nOllOBHH'IBThlA qyryH ('1yryH Jl.llR MOJlHcj>HUHPOBBHHR); 3 - nepllHTHhlA cephlA 'lyryH; 
- 4 - cj>eppHTO·nep11HTHblA cepblA qyryH. 

.... 



'lyryHa ( C CB= C0 6) H onycKaJOT nepneH,Il)1KYJI5Ip Ha OCb aOCUHCC, f,UC 
HaXO)J.SIT TpeoyeMoe KOJil!IIecrno KpeMHH5l. 

2. Onpe,ZJ.e.JIHTh Heooxo,ZJ.HMoe co.n:ep}!{anne KpeMHHH, qToObI o6ecne
'nlTb 3a,!(aHHYIO npoqHOCTb OTJIHBKH H3 nepJIHTO-cj:>eppHTHOro ceporo 
qyryHa, HMe10my10 cTeHKH pa3JmqHott TOJIIll.HHhI. CHaqaJia Ha JieBoi1 
qacTH HOMOrpaMMbI, Ha OCH Op,!I.HHaT, npoBO,U5IT ropH30HTa.'lbHYIO illl

HHIO OT 3a,ZJ.ar-rnoro npe,!(e.na npoqHoCTH ,ZJ.O nepeceqeHHH c JJyqoM, xapaK
TepH3YJOI11.HM TeXHOJIOfllqecKH HaHOOJiee IlO)J.XO)J.5II11.ee ():(JI5l ,!(aHHOro 
CJiyqa51) CO,!I.Cp}!{aHHe Co6• OTCIO,Ua BOCCTaHaBJIHBalOT nepneH,UHKYJIHp Ha 
sepxHIOIO ocb aocnwcc H Haxo,n:srT TpeoyeMoe co,ZJ.ep}!{aHHe CcB• a TaK>Ke 
CTPYKTYPY MeTaJIJIHqecKott ocHOBbI. 3aTeM na HH}!{Hei! JJeBoli a6c1U1cce 

Tonw.utta 
omnutJKu 

4 

t 
OmtJem Ha /Jo3HO>KliOCmb 

omoenuOaHufl 

5 
Om{}em tta Si 

<Pttr. 6. CxeMa onpe)l.eJJeHHH Tpe6yeMoro co)l.epi1<aHHH KpeMHHH 
H B03MOlKHOCTH OT6ena B cepOM qyryHe. 

BOCCTaBJI5IIOT nepneH,ZJ.HKYJ15Ip OT pa3Mepa Hau6o.'!bWeH TOJIIll.llHbl 
OTJIHBKH .zr.o nepeceqeHHSI c KpHBOH, xapaKTep113y10meH: np!U!SITOe c 06 ; 

OTCIO,ZI,a npOBO,ZI,5IT Hanpaso ropH30HTaJibHYIO JlllHH!O .n:o nepeceqeHHH 
c JiyqoM c CB' COOTBCTCTBY!Olll.HM Haii,n:eHHOMY ccB• 11 onycKaIOT nepneH
,ZI,HKYJIHP Ha OCb a6CUHCC, nepeceqeHHe c KOTOpb!M ,n:aeT TpeoyeMoe KO
JIHqecrno KpeMHHSI. 4To6bI nposepHTb, He noJiylJHTCH JIH oToeJI B Han
ooJiee TOHKOH IJaCTH OTJIHBKH, BOCCTaBJISIIOT nepneH)l.HKy.TJSip OT HaH
,ZJ.eHHOrO KOJIHIJCCTBa KpeMHHSI Ji.o nepecelJeHHSI c BepxHeH JIHHHefi 
nepJIHTHOH ooJiacrn ( Cc8 ~ 0,8 % ) ; 0Tc10.zr.a nposo.zr.srT 1rnJieso rop11-
30HTaJihHy10 JIHHHIO AO nepece1JeHHH c Kpnsoi1 npHHHTOro C06 H ony
CKalOT nepneH,UHKYJISlp Ha OCb a6cu11cc, r.zr.e HaXO,ZI,SIT MHHHMaJibHbill 
pa3Mep TOJIIll.HHbI OT.'IHBKH, npH KOTOpOM He 6y.zr,eT noJiyqaTbCSI OT6eJI. 

PeIIIeHHe BToporo npuMepa noKa3aHo cxeMaTw1ecK11 na qmr. 6. 
3. Onpe.zr,eJIHTb Heooxo:n.uMoe co)l.ep>Kaime C 06 H Si B cepoM qyryHe 

3a,ZJ.aHHoi1 npol!HOCTH H 3a,ZJ.aHHOH CTPYKTYPhI. 
CHaqaJia Ha JieBbIX sepxHHX OCSIX aocuucc HaXO,ZI,HT ,ZI,JTSI 3a)l.aHHOii 

cTpyKTYPhI coorneTcTsy10mee ett co,ZJ.ep}!{aHHe C cB• 3aTeM onyCKarDT 
nepneH)l.HKYJISIP )l.0 nepecelJeHHH c nepneH,ZI,11KY·151pOM, KOTOpblH npOB0-
)1.SIT OT JieBOII OCH opJJ.HHaT (OT 3a.zr,aHHOH npoqHOCTH). Jlyq, npoXO,ll.Sl-
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WJIH qepe3 ToqKy rrepeceqemui o6oHx rreprreH)J.IIKYJIHpoB coorneTcrnye1· 
Tpe6yeMOMy co.n.ep:>1rnHHIO C06 • 3HaH TOJILU,HHY OL'IHBKH, co.n.ep:xrn
mi:e co6 H CCB' .n.aJ1hHeiiwee peweHHe npoBO)J.HT, i<aK B rrpe)J.bI)J.yLU,eM 
cJiyqae. 

4. Onpe.n.eJIHTh Heo6xo.n.HMoe co.n.ep:xrn1rne Si s OTJIHBKe 1:13 Mo.n.11-
cjJ11u.HposaHHoro qyryHa, l:IMeIOLU,eH CTeHirn pa3JIHqHoi'I TOJILU,HHbI. .IT.Jl5f 
rnro qTOobI qyryH MO}l{HO ohIJio Mo.n.1:1cjJHu.1:1posaTh, co.n.ep}l{aH1:1e s Heu 
KpeMHHH 6e3 Mo.n.1:1cjJ1:1u.1:1posaH1:1H .JJ.OJI}l{HO .n.asaTb CTPYKTYPY noJIOBHH
lJaToro qyryHa. 

BecbMa y.n.o6Ho secT1:1 pacqeT TaKHM o6pa3oM, i1rn6h1 Ceo B TOHKOl'vr 
ceqemrn COCTaBJIHJI B I10Jl013l:IHqaTOM qyryHe He MeHee 2,5 % ' a B TOJl
CTOM ceqeH1:11:1 - He MeHee 0,8 H He 6oJiee 2,0 % . CooTBeTcrny10m11rvr. 
o6pa3oM 1:1 nocrpoeHbI Jiyq11 JJ.JIH Cea Ha HOMorpaMMe. 

CHaqaJia 3a)J.a!OTCH co.n.ep}l{aHHeM co6> 3aTeM npoBO.U.HT OT JieBoi~ 
HH}l{Hei'I OCH op.n.1:1HaT )J.Ba nepneH.U.HKYJIHpa, OT Ml:IHHMaJihHOH H MaKCH
MaJibHOH TOJILU,HH OTJll:IBKH )J,O nepeceqeHHH C KpHBOH C0 6, 3aTeM 01' 
noJiyqeHHhIX ToqeK nepeceqeHHH nposo.rr.HT Hanpaso JIHHHH .n.o nepece
qeHHH c COOTBeTCTBYIOLU,HMH JiyqaMl:I ,ll..T"IH TIOJIOBlUiqaToro qyryna 11 
C•TIYCKalOT nepneH)J.l:IKYJIHp Ha npasy10 OCb a6CU.HCC, r.n.e HaXO)J.HT )J.Ba 
OTBeTa )J.JIH KOJmqecTBa KpeMHHH: O)J.HH - )J.JI51 TOJICTOH qacTH OTJil:IBKII • 
.n.pyroH: - .JJ.Jifl TOHKoi'I qacTH OTJIHBirn: cpe.n.HHH seJIHq1:111a yKa3am-1h1x 
.n.syx OTBeTOB npe.n.cTaBJIHeT co6oii l:ICKOMYIO BeJJJ1lIHHY KpeMHl:IH. 

3. HEKOTOPblE BOnPOCbl CTPYKTYP006PA30BAHIHI 
MArHHEBOfO qyfYHA C WAPOBHJJ,HblM fPAcl>HTOM 

0 MexaHH3Me CTPYKTypoo6pa3oBaHHD 

npHql:IHOH Bb!COKOH rrpoqHOC'J'H MarHHeBoro qyryHa HBJIHeTCH coqe
Tam1e wapoBl:l.U.HO}J cpopMbl rpaqmra c BbICOKOIIpoqHoii MeTaJIJIHlleCKOII 
OCHOBOH. 

lllaposH)J.HaH cpopMa rpaqmra 6b1.na H3BeCTHa 11 .n.o noHBJieH1:1rr 
MarHHesoro i1yryHa, o.n.11aKo no.nyqeH1:1e ee ohIJJO CBH3aHo c 6oJibllIH!\Ur 
Tpy,ll.HOCTHMH. 

06biqHo rrp11 Kp1:1cTaJ1JII:13aU.Hl:I rpaqrnra Henocpe.n:crneHHO H3 }l{H)J.
Koro pacTBopa, a TaK>Ke npH rpacp1:1TI13aU.HH 6eJioro qyryHa, qyr1> 
HH>Ke TeMneparypbI 3aTBep)J.eBaHHH rpaqrnT no.nyqaeTCH ITJiaCTHHqaTbIM, 
11 TOJJhKO no Mepe cHH>KeHHH TeMneparyphr OT>KHra 6e.noro qyryHa 
rpacpHr noJiyqaerrn see 6oJiee H 60.nee oKpyrJibIM. 

3Ta 3aBHCHMOCTh CTerreHH OKpyrJieHHOCTH rpacp1:1ra OT CTenemr 
CHH}l{eHHH TeMnepaTypbl rpacpl:ITH3aU.Hl:I OTCYTCTByeT B MarnHeBOM qy
ryHe. npn .'IIOObIX TeMrrepaTypax rpaqmT IIOJJyqaerCH wapOBH)J.HbIM, 
ecJIH TOJibKO B qyryHe co.n.ep}l{HTCH He Me11ee onpejf.eJieHHOro KOJIHqe
CTBa MarHHH. 

no TIOBO)J.y ycJIOBl:IH o6pa30BaHl:IH rnapOBH)J.HOro rpacjJHTa B MarHHe
BOM qyryHe cymecTBOBaJIH pa3JIHqHble TQqKH 3pemrn, a HMeHHO: 

a) rpacpHTl:l3aU.HH B MarHHeBOM qyryHe npOHCXO)J.HT TIOCJie 3arsep
.n:esaHHH qyryHa s sn.n.e 6eJioro; rpacp1:1rn3a1urn npoHCXOJJ.HT no.n.o6Ho 
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i'OMy, KaK 3TO HMeeT MeCTO B KOBKOM 11yryHe, HO 3Ha1IHTMbHO 6bl
<:Tpee, B BHJie caMOOTIKHra Henocpe.llcTBeHHo B cpopMe; 

6) rpaqmTH3all,HH B MarHHeBOM 11yryHe :rpOHCXOJJJIT BO BpeMH ero 
3arnepJieBaHHH BHYTPH aycTeHHTHoii o6oJI01IKH; 

B) rpacpHTH33ll,l!H B MarHHeBOM 11yryHe npoHCXO.llHT, Korµ;a 11yryH 
€lll,e HaXO,UHTCH B :>KH.llKOM COCTOHHHH. 

AttaJIH3HPYH H3JIO)!{eHHcie, npHXO.llMTCH Bhipa3HTb coMHeHHe B npa· 
BHJibHOCTH O,UHOH IrnKOH-JIH6o T01IKH 3peHHH, B3HTOH B OT)lMbHOCTll, 
TaK KaK MHOrHe H3BeCTHbie HBJieHHH npH 3TOM OCTaIOTCH Heo6oSIC
HHMbIMH. 

OnbITbI noKa3bIBaIOT, 11ro npH np11ca)lKe MarHHH B 11yryH MO)!{HO 
uoJiy11arb rnapoBH.llHy10 cpopMy rpacp11ra npH ero KpHcTaJIH3aum1 
B :mHJIKOM, noJiy:mHJIKOM H rnep,n:oM (6eJioM) 11yryHe. Eho 3Ha1IHT, "!TO 
nepe1IHCJieHHble T01IKH 3peHH.H Ha ycJIOBHH o6pa30BaHHH rpacpHra .llpyr 
.Jipyra He HCKJIIO"!aIOT, a, Hao6opOT, .llOilOJIHHIOT. 

B Hacromuee BpeMH MHorne cneuHaJIHCThl npu,Uep:mHBaIOTCH yKa-
3aHHoro Bhirne B3rJIH,Ua, HO noJiaraIOT, "!TO B pa3JIH1!HbIX yCJioBHHx 
KpHCTaJIJIH3aUHH rpacpHTa HMeIOT Mecro pa3JIH1IHbie npH1IHHbI, BbI3bl
BaIOIUHe BhI.lleJiemi:e rpaqmTa B rnapoBH.llHOii cpopMe. K TaKHM npu11H
HaM OTHOCHT: 

a) xapaKTep COOTHOllieHHH CKOpocreii )lllCCOUHauuH ueMeHTHTa, 
pacrnopeHHH, .llHcpcpy3HH H KpucraJIJIH3aumi: rpacpura; 

6) o6pa30BaHHe a,LJ.copouHOHHbIX nJieHOK Ha IlOBepxHOCTHX rpaHeii 
KpHCTaJIJIOB rpacpuTa ll MeTaJIJIH"!eCKOH OCHOBhl; 

B) o6pa3oBaHue KaKoro-ro rnapoBH.llHoro ueHTpa KpHcTa.7IJIH3auuH, 
BhIHY»<JiaIOlll,ero rpacpuT KpncTaJIJIH30BaTbcH rnapoBH.llHO. 

O;:vrnKo HaM npe.llcrasmi:eTCH, "!To nocKOJihKY so Bcex cJiy11aHx KpH
craJIJIH3aUHH rpacpHT (npH npttca.rtKe MarHHH) noJiy11aeT O.llHY u TY :me 
<Pop My ( rnapOBJl.llHYIO), TO H npH1IHHa, BbI3b!BaIOlll,aSI o6pa3oBaHHe 3TOH 
¢opMbI, )l.OJI»<Ha ObITb O,UHa H Ta )Ke. 4To )Ke KacaercH nepe11ttcJieHHblx 
EbIUie npH1IHH, HKOObI BbI3bIBaIOlll,HX ccpepoH,UH3auHIO rpacpHTa, TO 
npcYrns HHX MO)!{HO BbicraBHTh pH.ll B03pameHHii. HeJib3H, HanpttMep, 
OObHCHJlTb UiapOBJl)l.HOCTb rpacpnra xapaKrepoM COOTHOUieHHH CKOpo
creii )l.HCCOll,Hall,HJl ueMeHTHTa, pacrnopeHHH, ,Umpcpy3HJl ll KpHCTaJIJIH-
3all,Jlll rpacpura, nocKOJibKY .uaHHoe o6oHCHeHHe HHKaK He no,Uxo.uttr 
K CJiy11a10 KpHCTa.11JIJl3all,HJl UiapOBJl,UHOro rpacpHTa Jl3 )KFl)l.KOro pac
TBOpa, r,n:e cosepUieHHO OTcyrcrByeT ueMeHTHT H r,n:e 6e3 MarHHH rpa
¢ttT o6bI1IHO noJiyqaeTCH nJiaCTHH"!aTb!M. 

Moryr JIM HBJIHThCH npH1IHHOii ccpepoHJI.H3aJJ,HH rpacpttra oco
Ubie CBOHCTBa KaKoro-ro H)l.pa, BOKpyr KOTOporo KpHCTaJIJIH3yeTCH 
rpacjmT? 

OrneT Ha 3TOT nonpoc TO)!{e ,UOvI)!{eH ObITb oTpttuaTeJibHhiii, Hoo 
npH OT)!{Hre oeJioro Marnuesoro 11yryHa nuKaKoro H,Upa B ueHTpe He 
()OHapy)!{HBaeTCH, a rpacpHT Bee :>Ke HMeeT UiapOBHJIHYIO cpopMy. 

4ro :m:e 3To 3a 51:.rr.po, BCTpe11aeMoe qiacro BHYTPH rpacpHTHoro Uiapa 
B «MarHHeBOM» qyryHe, Jl KaKOBO ero 3Ha1!eHHe? 

PoJib R,n;pa 3)1.eCb, IIOBH)lHMOMy, TaKaH )Ke, KaK npH MO.ll.HcpHuupo
uaHHH ceporo 11yryHa. Be3 Mo~cpHUHpOBaHHH 11yryH 3arnep,UeBaer 
fieJibIM ll.TIH IIOJIOBHH"!aTbIM. POJib MO,UHcpHKaropa CBO)lllTCH K C03)1.aHHIO 
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neHTpOB KpHCTaJIJIH3aUIUI, ycTpaHeHHIO nepeoxJia>K)leHHH II o6JiertJ:eHIIIO 

KpIICTaJIJIH3aUHH rpacpHTa. 

CTpHMepHo TO :m:e caMoe npo11cxo;i:IIT rrpH Mo,n;uqmunpoBaHIIH cpeppo

CHJIIIUIIeM MarimeBoro R<II)lKOro qyryHa. Ee3 npHCa)lKH B KOBIII cpeppo

CIIJIIIUHH qyryH o6hILIHO 3arnep;i:eBaeT 6eJibIM HJIH noJIOBHHLJ:aTbIM. CTpH 

BBO)le cpeppocIIJIHUHH 016pa3yeTCH H.UPO ( ueHTP rpacpHTH3aUIIH)' BCJie)l
CTBIIe qero yCTpamreTcH nepeoxJia>K,naIOmee .nei'IcTBIIe MarHIIH, o6Jier

qaeTcH npouecc KpIIcTa.'IJIII3au1m rpacpIIra npII 3aTBep.neaaHHH ( 6es 

OT:»<Hra) H rpacpIIT pacnpe.neJIHeTCH paBHOMepHee no BceMy o6neMy 

OTJIHBKH. 

B o6oIIx cJiyqaHx npouecc O,Ll,IIH II TOT .1Ke, a rpacpuT noJiyqaeTcH 

pa3JIHtJ:HbIM no cpopMe. 3TO JJ.OKa3bIBaeT, LITO 51,11.po He BJIHHeT Ha cpopMy 
rpacpIITa. 

fpacpHT noJiyqaeTC5! rnapOBII)lJ!blM II 6e3 MOJJ.HcpIIUIIpOBaHIIH MarHIIe

BOro qyryHa cpeppOCIIJIHUIIeM. JlJIH 3TOro JJ.OCTaTOtJ:HO TOJibKO, tITOObl 

OTJIIIBKII COJJ.ep>KaJIII MHOro KpeMHII5! II 6b!JIII OlJeHb TOJICTblMH HJIII .l:Ke, 

ecJIH B HIIX MaJio KpeMHIIH II OHII 3aTBep,L1,eBaIOT 6eJihlMH, CJie.u.yeT HX 

no)J.BeprttyTb rpacpHTH3IIpyIOIII.eMy OTRmry. 

CoMHIITeJihHhlM HBJIHeTcH TaK>Ke npeJJ.nOJIO.IKeHHe, LITO ccpepoIIJJ.II3a

JJ.HH rpacpIITa Bbl3BaHa o6pa30BaHIIeM a)J.cop6UIIOHHbIX nJieHOK Ha no
BepxHOCTSIX KpHCTaJIJIOB rpacpIITa H MeTaJIJIHtJ:ec1mi'I OCHOBbI. 

TeopHH noBepxHOCTHhIX aJJ.cop6UIIOHHhIX nJieHoK B npHMeHeHIIH 

K )1.aHHOMY CJirraIO HCXOJJ.IIT II3 TIOJIOR{emrn, LJTO MarHIIH He p"acrno

p5IeTC5! B :>KeJie3e H rpacpHTe, a TI03TOMY npII 3aTBep,L1,eBaHIIH q,yryHa 

MarHHH a)J.cop6IIpyeTC5! B BHJJ.e TIJieHOK Ha noBepxHOCTHX KpIICTaJIJIOB 

MeTaJIIIqecKOH OCHOBhl II rpacpIITa. Jlei'ICTBIIe MarHIIeBbIX TIJieHOK 3a

KJIIOLJ:aeTCH B TOM, LITO OHII 3aCTaBJI5110T rpaqmT KpIIcTaJIJIH30BaTbCSI 

rnaponIIJJ.HO 1rnK B R<HJJ.KOM, TaK II B rnep;i:oM oKpymeHIIII. CymecrnyeT 

TaKR<e MHemie, tJTO eCJIII rpacpHT KpHCTaJIJHI3yCTC51 B R<IIJJ.KOM OKpyR<e
HHII, TO a)J.cop6UIIOHHbie n.JieHKH, o6BoJiaKHBaIOIII.IIe rpacpIIT, COOTBeT

CTBYIOIII.IIM o6pa3oM peryJIHPYIOT cKopocTb poem ero rpaHei'I; ecJIH )Ke 

rpacpHT KpHCTaJIJIH3yeTC51 B rnepJJ.OM OKpyR<eHHH, TO BCTynaIOT B CTpoH: 

MarHHeBbie TIJieHKH, o6BOJiaKIIBaIOIII.IIe 3epna MeTaJIJIIIqecKOH OCHOBhl; 

3aTIOJIH5151 CTbIKH Me>K.ny 3epHaMII, OHM He )1.alOT rpacpIIry B03MO.IKHOCTH 

BblT5IHYTbC51 B 3TIIX CTbIKax. 
TaKoe o6oSicnetme poJIH nosepxHOCTHhIX nJieHOK npII KpHcTaJI

JIII3au1rn rpacpHTa KaR<eTCH COMHUTeJibHbIM. Mb! noJiaraeM, tJ:TO B 

)1,aHHOM cJiy11ae a}1,cop6u110HHbie TIJieHKII HHKaKoro B.TIH51HH5I He 

OKa3bIBaIOT. 
B caMOM )leJie, HeT HHKaKHX OCHOBaHHH ClJHTaTb, lJTO OTCYTCTBHe 

paCTBOpIIMOCTH MarHH5! B >KeJie3e HCKJIIOtJaeT ero pacrnopHMOCTb H B qy

ryHe. 4yryu co,n:ep>KIIT B ce6e yrJiepo,n: H KpeMHHi'I; o6a yKa3aHHhIX 

3JieMeHTa, KaK II3BeCTHO, )IalOT c MarHIIeM XIIMIIqecKIIe coe,rr.IIHeHHSI 
MgC2, Mg~C3 II Mg2Si. HaJIIftme XIIMHtJecKoro po.D.cTBa Me)K.LJ.y Mar

HIIeM, yrJiepo)J.OM II KpeMHIIeM .rr.aeT OCHOBaHIIe TIOJiaraTh, lJTO npH npII

ca)J.Ke B qyryH MarHHH nocJie)lHIIl~'i )lOJIR<eH BCTynHTb BO B3aHMOJJ.eH

CTBIIe c yrJiepo)J.OM II KpeMHIIeM, pacrnopeHI-IhlMII B qyryHe, II BCJie)J.
CTBIIe 3TOro OKa3aTbC51 B II3BeCTHblX KO.'IIILJ:eCTBax pacrnopeHHhlM B qy

ryHe. ECJIII 6bl =>TO 6brJio He TaK, TO npIIcaJJ.Ka MarHIISI B >KIIJlKIIii 
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qyryH, 6bIJia 6bI HeB03MO)!{Ha, TaK KaK BeJie.rr.ern11e H113KOi1 TeMnepa
TYPbl KHrremrn MarHHH OH Beeb HeriapttJieH 6bl, a He o6pa30BbIBaJI npH 

3aTBep.rr.eBaHHH IlOBepXHOCTHbie IlJieHKH. lfa npaKTMKH H3BeCTHO, qTQ KO

JIHqecrno ycBaHBaeMoro MarHHH 3aBMeHT OT KOJif.lqeCTBa co,n:epR<aIUMXCH 

s qyryHe yrnepo11,a H KpeMHMH. 4eM 6oJibllle co,n:ep:>KHTCH B qyryHe 

KpeMHHH H yrnepo11,a, TeM 6oJibllle ycBa11saeTcH Marmrn. 

06pa3oBaHHe a.u.cop6u.110HHbIX nJieHOK Tpe6yeT, qTo6bl B npou.ecce 

KpHCT3JIJIH3aU.HJI 3axBa'lCHHb!H MarHHH _ nepeMeIUaJICH H3HYTPH KpHcTaJI
JIOB MeTaJI11qecKoi\: oeHOBbI H rpaqmTa Ha HX noBepxHOCTb. TaKoe ne

peMeI.U,e1rnc Tpy.rr.Ho ce6e npe)J.CTaBHTb npH HaJI11q1111 XHMH'leCKOro pOA

CTBa Me:>K,n:y yrnepo.rr.oM 11 KpeMr-rneM. CKopee, Hao6opoT, MO:>KHO ce6e 

npe,n:cTaBHTb, qTo no Mepe 3aTBep.u.eBaHHH qyryHa Marmu'i nepexo,llHT 

B r.r.eMeHTHT, rpacpHT, aycTeHHT H cpeppHT H '!TO c ITOHH:>KeHJieM TeMne

paTypbl, BCJie,LI,CTBHe yMeI-IbllleHHH pacTBOpHMOCTH M3rIIH51, npoHCXOAHT 

Bbl)J.eJiemre He llHCTOro MarI-IHH, a II36b!T011HOH tj:Ja3bl, HaXO)J.Hlll,ettcH B 
KaKOM-TO coe.u1rneHHH c MarHMeM. 06b!11HO nJieHKH, B TOM llHCJie H 

a.rr.cop6u:110HHble, MelllaI-OT pocTy KpHCTaJIJIOB, a lllapOBH)Ulb!H rpacpl!T 
BO BTOpoi\: CTa)J.HH rpacpHTl13aIJ.l!H npO)J.OJI:>KaeT paCTH. 

CornacI-Io Teop11u a.rr.cop6u.110HHbIX nJieHOK, Tpe6yeTCH ue3Ha1111TeJI1>

Hoe KOllIHlleCTBO Beruecrna ,!I,JUI o6pa30BaHHH IlOBepxHOCTHbIX IlJieHOl<
.LI:ettCTBHTeJibHO, )J.OCTaTOllHO 0,06 % MarHHH, 11T06bI rpaqrnT IlOJIYllHJIC/I 

mapoBH,UHb!M. 0.rr.HaKO ,UJIH o6pa30B3HH51 IlJieHOK 3TO He3I-IallHTeJibHOe 

KOJIHlleCTBO MarHHH 11,0JI:>KHO 6bl.llo 6b!Tb paBHOMepHo pacnpe.ue.neHO no 

nosepxHocrnM KpHCTaJIJIOB Bcex CTPYKTYPHO cocTaBJIHI-Olll.Hx lpa3. 
ECJIH :>Ke HCXOJl.HTb 113 np11Be,UeHHb!X I-IaMH coo6paR<eHnfr, TO TaKoi{ 

paBHOMepHOCTH 6bITb He MO:>KeT. B caMoM .rr.eJie, ecJIH Man-mi\:, pacTBo

pRHCb B qyryHe, coe,UHHHeTeH e yrnepo.rr.oM H KpCMHHeM, TO MO:>KHO 

O:>KH,UaTb, llTO 3TH CB513H eoxpaH5110TC51 B TOll 11Jil1 HHOH CTenemr H noeJie 

3arnep,a,eBaHHH 11yryHa. B 3TOM CJiy11ae MO)!{HO noJiaraTb, llTO np11 

rpaqmTH3aIJ.HH BMeeTe e rpaqmTOM Bbl)J.eJIHTeH TOT M3rHHH, KO'I'OpbII'.i: 

6µ1JI esH3aH e yrJiepo.rr.oM BHYTPH paCTBopa, a B MeTaJIJI1111eeKoli oeHoBe 

)J.OJI)!{eH oeTaTbCH TOT MarHHH, KOTOpb!H 6b!J1 CBH33H rJI3BI-Ib!M o6pa3ml 

e KpeMI-IHeM. Y11HTbIBaH, 11rn KpeMHllH B 4yry11e co/i.ep)!{HTCH He 60111bme, 

t!eM yrnepo,lla, H llTO I1011TH Beeb yrnepo)l, B 11yryI-Ie HaXO)J.HTeH B BH)J.e 

caMOeTOHTCJlbHOH cpa3bl - rpacpHTa, a KpeMI-IHl'.f pacrnopeH B orpOMI-IOH 

Maeee 2KeJie3a (B )l.eeHTKH pa3 rrpesoexO,UHill,eH KOJ1Hqeerno KpeMHHH)' 
TO noJiyqaereH, l!TO B MeTaJIJIHlleeKoi\: oeI-IOBe npou:eHT eo,n:ep2KaI.U,eroeH 

MarHHH ,UOJI2KeH 6b!Tb BO MHOro pa3 MeHbllle, 11eM B rpacp11re. 3To 3!Ia-

11HT, llTO B 11yryHe MarHHH He M02KeT 6b!Tb pacrrpe,n:eJieH paBI-IOMepI-Io no 

erpyKTYPHbIM eoeTaBJIH!-Ol.IJ,HM cpa3aM. cf>aKTbl 3TO IlO)l.TBep)!{,UaI-OT. 
lfaBeCTHO, qro KOJIHlleCTBO MarHHH OK33b!Baerc51 3!-lallHTeJibHO 

66JibIIIHM TaM, r.ue 11MeeT MeCTo JIHKBaII.HH rpacp11ra. TipH r.r.eHTpo6ew

HOM JIHTbe rpacpur oKa3bIBaeTcH 3Ha1111TeJibHO OT)!{aTb!M BHYTPb 

orJIHBKH, r.u.e 06Hapy2K11saeTcH rroBhIWeHHoe Ko.11111ecTBo MarHHH. To )!{e 
no.1y11aeTCH II npH .'IHTbe 333BTeKTH1!eeKoro qyryHa, Kor.u.a HMCCT 

MeeTO JIHKBau:1rn nepBHllHOro rpacpHTa. 
B .111Teparype on11caI-I c:1y11ai1, Kor.rr.a B 11yryHHOH OTJIHBKe HMeJia 

MeeTO JIHKBaU:IIH yrJiepo.u.a; COOTBeTCTBeHHO B TOM )!{C Mecre 6hIJia 

06HapyR<e1rn .[IHKBaU.HH Marmrn; B cep.u.u:eBmie onrnBl<TI yrnepo.u.a 
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f1b1JI0 3,5 % H MarHHH 0,06ti % , a B BepxHei'1 4acrn OTJillBKH yr:1epo;J.a 

6JMIO 12% 11 MarHHH 0,21 O/o. 
HaMH 6bI.TI npose,U.eH CJie,ll.y10rn.Hf1 onbIT c 11,e.TJbIO nponepK11 cTenem1 

panHoMepHOCTH pacnpe,ll.eJiemrn Marmrn Me.>K)l.y rpacpHTOM 11 JJ.pyrnMH 

CTPYKTYPHb!MH cocTaBJIHIOlll.HMH 4yryH. 

a) 4yryH, CO)l.ep.>KaW.HH 3,83 % co6; 2,6 % c 2p 11 0,067 % M~' 
Obi.JI npenparn.eH B nopOlllOK If H3 Hero OTCeHH TOHKHii IlOMOcl, o6ora

JL[eHHbIH rpacpHTOM. B IlOMOJie OKa3aJIOCh 7,4% co6; 6,7% clp H 

0,17% Mg. 

•••••••• . ,,, 

, ... 
-~· •':w'..·.o .. , .. ~t~·· ' . ,, .. . , . 

• ••• 

<1>11r. 7. HcKorop1>1e 11CKa)({eHI11>1e nepcxo;\H1>1e cjlop\11>1 rpaljnna. 

6) 4yryH, CO)l.ep.>Karn.11ii 3,33 % co6; 2,72 % c 2jJ 11 0,033 % Mg' 
Obl.'I npeBparn.eH B nopoIIIOK; lf3 Hero OTceHH TOHKHH noMoJI, o6orarn.eH
llbiii rpacpHTOM. B IlOMOJie OKa3aJIOCb: 4,02% co6; 3,42% cl/I JI 

0,045% Mg. 
I-fa np1rne)l.eHHblX 11,Hcpp BH)l.llO, 4TO npo11,eHT Marmrn B llOMOJie 3Ha

L!HTeJibHO B03poc O)l.HOBpeMem10 c pocrnM KOJIH4ecrna rpacpwra. 

AHaJIOrH4Hbie pe3yJihTaTbl IlOJiytJeHbl 6bi.'lll n. 11. CTeIIHllblM 1, KO

-ropbltl H3Me.1h4eH11y10 CTPY*KY pa3)1.e,rrn.11 M11oro1<parnh1 "' OTcra11na-

1111eM B cnHpTe Ha TPH cppaK11,1111. 
He cornacyIOTCH TaK)!{e c TeopHei1 a)l.cop611,110HHbIX HJieHoK BCTpe-

1.jaJOrn.11ecH HHOr,lJ.a B MarHHeBOM 4yryHe BKJil04eHHH rpacpHTa, HanoMH

HaIOW.He co6oiI He ,lJ.HCK (map), a KOJibll,O HJl!I 4acTb KOJibll,a, BHYTPH 

l\OT0poro HaXO,lJ.HTCH TliKOH )!{e qyryH, KaK H CHapy)!<H KO.Jlbll,a, H 

11,pyrne HcKa*eHHhre cpopMb! ( qmr. 7). 
He cor.nacymTCH c TeopHeiI a,U.cop611,ttoHHbIX nJ1eHoK H no.TJy4ae

J\Ibie, 60.1ee BblCOKHe no cpaBHeHHlO c o6bIKHOBeHHbnt 4yryHOM, TBep

,'~OCTb H np04HOCTb cpeppHTa B MarHHeBOVl 4yryue. 

In. YI. CrenHll, «.riwrei'111oe Jl,(\!10>> Ng 5, 1952. 
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HeKOTOpbre o6oSICHSIIOT BhlcoKyIO npotIHOCTb cpepp1na B MarHHeBoM 
qyryHe ITOBbIIlleHHbIM COJI.ep)l{aHHeM KpeMHHSI. 0JI.HaKo npocTOe corro

CT3BJieHHe U,Hcpp, npHBeJI.eHHbIX B T36JI. 2, 3TOro He IlO)l.TBep)l{)l.aeT. 

Yr nepoJlHCTai1 craJib • • 
Cepb1il 'lyryH 
MarnHeBblH KOBhHH qyryH 

. 01o SI 

CneJlbl 
2,6 
1.7 

TaoAuqa 2 

90 
131 
163 

i 

113 Ta6JI. 2 BHJI.HO, tJTO, HeCMOTp51 Ha MeHbillee COJI.ep)l{aHHe KpeM

HH51 B MarnHeBOM qyryHe, cpeppHT ero o6JiaJI.aeT 6oJibweii rnep.u.ocTbIO, 
tJeM B cepoM t1yryHe. 

KpeMHHii, JI.eiicTBHTeJibHO, yseJIHtJHBaeT rnep.u.ocTb cpeppHTa, HO He 
B TaKoii 60JibillOH CTerreHH, KaK 3TO noJiyqaeTCSI B MarHHeBOM qyryHe. 

Cyrn.ecrnyIOT H .u.pyrne cpaKTOpbr, no3BOJISIIOIUHe coMHesaTbCSI B pe
ryJI11pyromeii pOJIH (B .u.aHHOM CJiyqae) a.u.cop6U.HOHHbIX IlJieHOK. 
B t1acTHOCTH, rpacpttTHble BKJIIOtJeHHH B t1yryHe He acer.u.a SIBJISIIOTCH 

MOHOKpHCTaJIJiaMH. OqeHb tJaCTO Ka)KJl.Oe BKJIIOtJeHHe SIBJISieTCSI IlOJIH

KpHCTaJIJIOM HJIH KO Hr JioMepaTOM, COCTOSIIUHM H3 KPHCTaJIJIOB rpacpHTa, 

nepeMewaHHbIX c tJaCTHU.aMH MeTaJIJIHtJeCKOH OCHOBbl H Jl.PYrHX BKJIIO
tJeHHH. 

<I>opMbI rpaqmTHbIX BKJIIOtJeHHH B TaKHX CJiytJaSix MoryT OKa3aTbCH 

caMbIMH pa3H006pa3HhlMH. Ha cpopMy rpaqmrn Mo>KeT TaK>Ke BJIHSITI> 
xapaKTep pacnoJIO:>KeHHSI nepBHtJHblX .u.eHJl.pHTOB aycTeHHTa, KpHBH3Ha 
rpaHHU, u,eMeHTHTa H T. rr. 

06oSICHeHHe BJIHSIHHSI Manrnsi o6pa30BaHHeM a.u.cop6u.HoHHblX IlJie

HOK OCHOBaHo Ha IlOJIO:>Kemrn, tJTO KpHcTaJIJibl rpacpHTa no CBOeii npH
po.u.e Bcer.u.a CTpeMSITCSI pacTH BblTSIHyro. B JI.OKa3aTeJibCTBo 3Toro 
n~JIO)l{eHHSI npHBOJI.HTCSI TOT cpaKT, tJTO np11 Kp11cTaJIJI113au.1111 rpacp1na 

B :>KHJl.KOM OKpy>KeHHH OH np1106peTaeT 13bIT51HYTYIO cpopMy. 0JI.HaKo 
TaKoe Jl.OKa3aTeJibCTBO HeJib3SI ClJHTaTb y6eJtHTeJibHblM, eCJIH rrpH!ISITb. 
BO BHHMaHHe pa3JIHtJHble cpaKTOpbI, BJIHHIOIUHe Ha IlOBepXHOCTHOe Ha

T5Dl<eHHe. 1-faBeCTHO, tJTO c ITOBbIIlleHHeM TeMrrepaTypbI IlOBepXHOCTHOe 
Harn>KeHHe yMeHhrnaeTcH. Eho o6cTOHTeJibCTBo He MmKeT ne oKasaTI> 
BJIHSIHHSI Ha cpopMy rpacpHTHbIX BKJI1ot1eH11ii B qyryHe. B t1acrnocTH, 

rrpH on1rnre OJl.Horo 11 Toro )Ke 6eJioro t1yryHa MO)l{HO rroJiytJaTb Jiro6yio 
¢op My rpacpHTa ( rrJiaCTHHtJaTyro, XJIOilbeBHJI.HYIO H wapoBHJI.HYIO). 4eM 
Bblllle Ter.rnepaTypa, TeM BblTSIHyTee rpacpHT. DoBHJI.HMoMy, c 110Bblllle

m1eM TeMnepaTypbr yMeHbruaeTCSI rroBepxHocrnoe nannKeHHe Ha rpa
HHU.e rpacpHT - ayCTeHHT, tJTO coJI.eiicTByeT o6pa30Bam110 cpopM rpa

cpHTa c 6oJiee pa3BHTOH rrosepxHOCTb!O •. 
KaK H3BeCTHO, pacrnopeHHe MaJihlX JI.o6aaoK B 3HatJHTeJibHoii cTe-

rreHH H3MeHSieT rroBepxHocTHoe HaTm1<em1e. B cJiyt1ae rroHH)l{eHHSI rro
BepxHOCTHOro HaTSI:>KeHHSI )KHJl.KOfO MeTaJIJia MO)l{HO m1rnnaTb, tJTO rrp:a 

ero KpHcTaJIJIH33U.HH 6yJI.eT 3aTpyJl.HSITbCSI pa6oTa o6pa30B3HHSI 3apo
;IbIWeii H 3aTBep)l.eBaHHe 6y .u.eT rrpOHCXOJl.HTb c rrepeoxJia:>K)J.eHHeM. 
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B CJiyqae, ec.n11 np11Mec11 oKa3hIBaJOTCH pacrnopeHHhIMH u B 3apo,n:b1we .• 

OHH MOryT 113MeHflTb IIOBepxHOCTHOe HaTmKeHHe Ha rpaHHII.e 3apo
J1:blill - MaToqHaSI cpe.n.a. B CJiyqae yBe.rrnqeHHH rroBepxHocTHoro HaT51'

:iKeHHH Ha rpaHHll,e KpHCTaJIJI - :iKH,n:Ka51 cpa3a 6y.n.eT HMeTb MeCTo He 
TOJibKO YBeJIHqeH11e pa6oThI o6pa3oBaHHH 3apo.n.blwa H rrepeoxJia>K.n.e

HHe crIJiaBa, HO H KpHcTaJIJibI 6y.n.yT o6Jia,n:aTb 6oJibWe:H CKJIOHHOCTblO 

Kp11CTaJIJIH30BaTbCH wapoBHJ1:HO, IIOCKOJibKY .n.airnaH cpopMa COOTBeT

crnyeT MHHHMYMY nosepxHOCTHOH .9HeprHH. 

I1oBH.Il.HMOMy, MarHHH OKa3bJBaeT HMeHHO TaKoe .n.eHCTBHe; pacTBO

PHHCb B :iKH.11.KOM qyryHe, OH npHBOJ1:HT K rrepeoxJia:iK,n:eH1110 ero BIIJIOTb. 
.n.o rroJIHoro TOpMo:iKeHHH rrpou.ecca rpacpHT113au.11H H 06pa3osa1rna 

CKB03HOro OT6eJIHBaHHH. I1pH rrpHHHTHH .Il.OJI:iKHhIX Mep c II.eJibJO rrpe.n.y

rrpe:iK,n:eHHH rrepeoxJia:iK,n:eHHH HJIH rrpH OT:iKHre 6e.noro qyryHa H o6pa-

30BaHHH rpacpHTa B HeM Bcer.11.a OKa3bIBaeTCH pacTBopeHHhIM H3BeCT-· 
Hoe KOJIHqecTBO MarHHH. Ha.rmqHe KpeMHHH B MaToqHoM pacTBope H s. 
rpacpHTe H3MeHHeT IIOBepxHOCTHOe Harn:iKeHHe Ha rpam1u.e rpacpHT -

MaToqHaH cpe.n.a, H rpacpHT KaK 6bI TepHeT qyscTBHTe.JibHOCTb K Bb!CO

KHM TeMrrepaTypaM, coxpaHSIH CIIOCOOHOCTb KpHCTaJIJIH30BaTbCH mapo

BH.lJ.HO. 

ferroTe3hI, OTBOJ1:SIIII.He pema10ruy10 poJib peryJIHTOpa cpopMoo6pa3o

saHHH rpaqmTa IIOBepxHOCTHhIM IIJieHKaM, He rrpH,n:aJOT .II:OJI:iKHO·ro 3Ha

LJeHHH BJIHHHHJO MarHHfl, pacrnopeHHOro n rpacpHTe H :iKeJie3e. 

I1pHBO)J.HMbie HaMH paccy:iK.D.eHHfl, Hao6opor, y6e:iK)J.aJOT Hae B TOM,. 

LJTO HMeHHO pacrnopeHHbIH BHYTPH KpHCTaJIJIOB rpacpHra 11 :>KeJie3a 

MarHHH ttrpaeT pewa10ruy10 poJib. 

B cBH3H c ycTaHOBHBWHMCH MHeHHeM, LJTO Marnn:H B cpeppHTe He 
paCTBOpeH, a HaXO,ll.HTCH TOJibKO Ha IIOBepxHOCTH KpHCTaJIJIOB, IIOBbl

rneHHaH rrpoqHOCTb cpeppHTa 0605ICHHeTCSI o6pa3oBaHHeM BHyrpeHHHX. 

HarrpH:iKeHHA rrpH KPHCTaJIJIH3aII.HH, nosbrwem1eM co;:r.ep:iKaHHH KpeMHHH

B cpeppHTe H 6oJibWeli .Il.HCrrepcHOCTbJO MeTaJIJiuqecKOH OCHOBhI. 

I1epeqHCJieHHbie cpainopbI, KOHeqHo, MoryT B H3BecrHoli cTerremt 

flBJIHTbCH npHqHHOH IIOBbIWeHHOH rrpoqHOCTH cpeppHra B MarHHeBOM 

qyryHe. 0,n:HaKo B cBeTe Haumx paccy:iK,n:eHHii .9To He H.BJIHeTCH rJiaB

HOii rrpHq•HHOlf. Ll:JIH Toro qro6bl y6e,n:HTbCH B TOM, qro MarHHH .n.eii

CTBHTeJibHO pacrnopeH B KpeMHHCTOM cpeppm:e H HMeHHO .9TO HBJIHeTcR 
rJiaBHOH rrpHqHHOH yrrpoqHeHHH MeTaJIJIHqecI<OH OCHOBbI, Mbl C)J.eJiaJIIf 

.n.sa OIIbITa. 

I. 4yryH H3 o.n:Horo KOBllla 6brJI pa3,n:eJieH Ha .n.se qacrn. 0.n:Ha 

qacTb MOJJ.HcpHII.HposaJiaCb MarHHeBOH JIHraTypoif Ha cpeppOCl-IJ!Hll,IIeBoiI 
OCHOBe, a .upyraSI qacTb MO,ll.HcpHII.HpOBaJiaCb TaKHM :iKe KOJIHqecTBOM 

¢eppoCHJIHII.Hfl, He co.n.ep:iKaruero Marmrn. lfa o6ettx qacTeii OTJIIrna

JIHCb o6pa3II.bI H 6bIJIH OTO:iK:>KeHbI rrpH 720° c I.I.eJibJO rroJiyqeHmI cpep

pHTHOH OCHOBbI, 38TeM OHH BbIJJ:ep:iKHBaJIHCb rrpH 720°. erue HeCKOJibK() 
1!aCOB H HCIIhITbIB8JIHCb Ha TBep,ZI.OCTb. 

I1oJiyqeHHhle pe3yJibTaTbl rrpttse.ueHbI B ra6JI. 3. 
I1pHBe,n:eHHblH OilbIT, HeCOMHeHHO, IIO.II:TBep:>KJI.aeT, q,TO IIOBbill!eHHaH 

rnep,n:OCTb cpeppHTa i1e HBJifleTCH CJie)J.CTBHeM HH BHyTpeHHHX HarrpH:iKe

HHH ( OHH 6bIJIH CHHTbl OT:>KHrOM)' HH IIOBbillleHHOro co.n:ep:iKaHHH 
KpeMHHH (Bo BCex 06pa311.ax KOJIHqecrno KpeMHHSI O.II:HH8KOBOe). 
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Ni o6pa3ua 

' 
I 

TaoJtuqa 3 
-- -------------------------------.., 

I 4yryu, nernpooauu1•ft 
<jleppOCHJIHUHCM H Mar- 4yryH, JJerupooaHHblA 

.IlJrnTeJJbHOCTb OT;KHra I HHeM <tieppocHJJHUHeM 
npH 7200° o6pa3uoe c cj>ep- _________________ 1 

pHTHOA ocuoeort I 
H 43C. H MHH. fpa<jlHT W3p0BHJlHblii 

H <l1eppHT H B 
fpa<jlHT llJJ3CTHH43TIJH 

H 41eppHT HB 

1----- -- -- -----
j 

I 
J 

I 
I 

1 
2 
3 
4 
5 
6 

2.30 
3.45 
.'i.-
6.1.'i 
7.30 
8.4.'i 

241 
241 
23.'i 
23.'i 
234 
230 

122 
122 
122 
122 
131 
129 

TioBbIWeHHOe CO,!I.ep)l{8Hlie KpeMHHSI HeCKOJibKO IlOBbICllJIO TBep,!1,0C1:_b 
¢epp11rn nponrn o6bilJHoro. 0,lI,HaKo B 06pa3uax, co,!I.epLKam11x MarttHH, 
TBep,!I.OCTb cpepp11rn OKa3aJiaCb 6oJibrue npHMepHo Ha H B = 100. 

2. ,lJ.JISI Toro lJT06bl y6e)1.HTbCSI B TOM, lJTO BeCLMa BblCOKaSI rnep
Jl,OC1 b MeTaJIJIHlJeCKOH OCHOBbl He SIBJISieTCSI CJie)l,CTBHeM o6BOJl8KHB8HHSI 
¢eppHTa MarttHeBbIMH nJieHK8MH, a ecTb CJie,lI,CTBHe pacrnopeHHSI 
:VJarHHSI B caMOM <f>eppHTe, Mb! peWHJIH IlO)l,BeprttyTb qyryH 830THpo
>B8HHIO. 

Marn11fi so MHoroM noxo* Ha aJIJOMHHHfi H, TaK )l{e KaK aJJJOMH
HHfi, cnoco6eH )l.aBaTb HHTpH)l.bl. Hcxo.z1J1 H3 :nofi oco6eHHOCTH MarHHH, 
Mb! pewmrn, lJTO HaxoLK)l.eHHe MarttHSI BHYTPH cpeppHTa )l.OJI)l{HO npH 
.a30THposaHHH .ll8Tb cymecrneHHoe nosbIWeHHe TBep,lI,ocTII. Ee.rm 
}Ke MarttHfi He pacrnopeH B cpeppHTe, TO TBep)l,OCTb 3epeH cpeppHra 
lle noBbICJ-ITCSI. IToJiytJeHHble pe3yJibTaTbI npe3BOWJIH O)l{H)l.aHHSI. 
MHKpornepJJ.OCTb noCJie a30THposaHHSI B TetJemi:e 3 qac. oKa3aJiac_b 
.secbMa BbicoKoi-i, JJ.O H v = 900. ,1\1.noroKparnbie onblTbl JJ.aJIH H)l.eHTHlJ
Hhle pe3y.11brnTbI. OnbITbI He TOJibKo noJJ.rnepJJ.HJIH <f>aKT pacrnopHMocrn 
MarHHSI B cpeppHTe, HO H YCT8HOBH•1Ii UeJiecoo6pa3HOCTb pa3p800TKH 
1exHoJiorn11 a3oTttposattHSI Marmi:esoro qyryHa. OobilJHO a3ornposatttte 
1pe6yeT npHMetteHHSI JiernpoBaHHbIX 8.JIIOMHHHeM H xpOMOM, CTaJiei\: H 
"-IyryHoB, KOTOpLie secbMa TPYJJ.HbI B H3rOTOBJieHHH, a caMo a30THposa-
1-rne ,n;JJHTCSI JJ.eCSITKH qacon. B ,lI,aHHOM JKe CJiytJae noJiytJetta BbICOKaH 
·rsep,ll,OCTb He.1ernpoBaHHOro qyryHa 38 BeCbMa KopoTKOe BpeMSI 
~ OKOJIO 3 48C.) 1. 

Tsep,!I.OCTb noCJie a3ornposaHHSI oKa3aJiacb ttepasttoMepttofi (s pa3-
tibIX 3epHax H B= 450 + 900), lJTO yKa3bIBaeT Ha HepasttoMepnOCTb 
pacrnopeHHH MarttHSI B <f>eppHTe. 

Hcxo)lH H3 npe.rr.noJIO)l{emrn, lJTO MarttHi\: pacrnopett B KpHcTaJIJiax 
¢eppttTa, a He pacrroJioJKeH Ha HX rrosepxttocrn, JJ.O a30TIIposamrn, ohIJI 
nposeJJ.eH orLKHr c ueJibJO roMoreHH3aU.HH rnep.rr.oro pacrnopa. ITocJie 
-OT.>KHra rnepJJ.OCTb B KpHcraJIJiax cpeppttrn noJiylJaJiacb paBHOMepttoi\:. 

1 CTpH a3ornposaHHH xpoMoaJJJOMHHHeBblX cra.ireii H JJerHpoa.aHHbIX 11yryHoB 
I!lbICOKaH rnep.riocTh Ta,IOKe MO}f{eT 6hITb lI.OCTlffHyrn 3a 3TOT nepHoD. speMeHH. Pea. 
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0 pH!!HTOe r10J!o:>Kel·H1e 0 TOM, '!TO pelllalOUJ.aH pOJJb IlpHHa.UJie)!{HT 

paCTBOpHMOCTI1 Marmrn B )!{ll.UKOH H TBep.noii cpa3ax, .naJJO B03MO:>K· 
HOCTh TaK)!{e yJJ.oBJJeTBopHTeJJhHO o6oHCHHTh npHtrHHY o6pa3oBamrn 
pa3JIHtIHhIX HCKa)!{eHHhIX cpopM rpaqmTa B MarHHeBOM qyryHe. 

MexaHH3M KpHcTaJIJIH3aU.HH B MarnHeBOM tryrytte npe.ncraBJJHeTCH 
c.11e.ny101.1.1.HM o6pa30M. 

MarnHl"I, 6y.nytrH npHca)!{et-: B )KHJJ:KHH 'lyryH, coe.n11HHeTcH c pac

TBopeHHbIM B HeM KpeMHHeM, 06pa3y51 CHJIHKOMarnHeBh!e coe.nttHeHHH. 
Yrrn3aHHb!e coeJJ.HHeHHH BBH.Uy HX MaJJOH pacrnopHMOCT!1 CTpeMHTCH 
BbI,!J;eJJHThCH H3 qyryHa, BCJieJI,CTBHe qero eru.e B )!{ll.UKOM COCTOHHHH 

HatIHHa!OT B03HHKaTb MOJJeKyJJHpHble CKOil.'!eHHH ( no.no6Ho «.nHcKaM» 

npH crnpeHHH .nypaJJIOMHHa)' BilJIOTh .no o6pa30BaHll51 11 Bb!JI,eJJeHl15I 113 
nepecbIUJ.eHHoro pacrnopa 1136h!TO'-IHOH cpa3hI. B CBOIO O'lepe.nh, yrJie
po.n, 6y.nylfH coeJI,HHeH c MarrmeM, npH BbI.UeJieHHH KpHCTaJIJIH3yeTCH 
Ha 3THX MOJieKyJIHpHbIX CKOilJJeHHHX H Ha KpHcTaJJJJHKax 1136bITOtIHOH 

cpa3bI, KOTOpbie Hrpa!OT poJJb 3apOJI.bIIIIeii HJIH no.nKJia.UKH. 
BI;>rcoKoe co.nep*aHHe KpeMHl1H B MarnHeBOM tryryHe HJJH MOJI.HcpH· 

I~HpOBaHHe )!{11,n:Koro tryryHa l}leppOCHJJHU.HeM npHBO,n:HT K MeCTHbIM 
nepeCbIUJ.eH115IM pacTBopa H K BbI)J.eJieHl1!0 113 Hero CHJll1KOMarn11eBh!X 

coe)J.HHeHHH 11 rpacpHTHbIX BKJIIOl.feHllH. 3Tl1 BhI)J.eJieHl15I MoryT CJiy)!{HTb 

u.eHTpaMl1, Ha KOTOpbIX Kp11CTaJIJJH3YeTCH rpacpHT. 

yfa CKa3aHHOro CJie.nyeT, llTO Ha cpopMy rpaqrnrn BJJHHeT KOJIH'le

CTBO pacrnopeHHOro B HeM MarHHH, a Ha xapaKTep pacnOJJO)!{eHHH 
rpacpHTa - xapaKTep pacnoJJO)!{eH11H «no,n:KJJa.UKH». 

TipH H3ytreHl111 pa3JIHllHhIX cpopM rpal}l11Ta B MarnHeBOM qyryHe ne
OOXO:ZJ.HMO ytrHTh!BaTb cotreTan11e BJJHHHHH MarHHH Ha cTeneHh ccpepo· 
H.UH3aU.HH rpacp11Ta H xapaKTep pacnOJIO)!{eHHH no,n:KJia.UKH. JI106aSI 

HCKa)!{eHHaH cpopMa rpa<i>HTa HJIH o6pa30Barrne IlOJIHKpHCTaJIJIOB 
MOryT 6h!Tb o6oHCHeHbl K8K c.rre.ncrn11e cpaUJ.HBaHHH Me)!{.ny co6oii 
OT,n:eJibHblX rpacpHTHbIX BKJllOlleHmi, B TOM lll1CJie 11 no-pa3HOMY pacno
JIO)!{eHHhIX. B tracTHOCTl1, o6pa30BaH11e rJio6yJJH c 6eJJhIM HJI.pOM 

B cepe.nHHe MO)!{eT paccMaTpHBaThCH KaK CJie,!I.CTBHe o6pa30BaHH5I rpa

cpHTHOro IlOJIHKpHCTaJIJia, nOJiy1.1eHHOro nyTeM caMOCTOHTeJibHOro poem 
OT.UeJJbHhIX rJio6yJieH. Tiptt TaKOM cpaUJ.HBaHl1H rpaqmTa tJ:aCTb MeTaJJ
JIHtieCKOH COCTaBJIHIOUJ.eii Hel130e)!{HO .UOJJ)!{Ha OKa3aTbC5I qacTHtIHO 11JJl1 

noJIHOCThlO 3aMKHYTOH BHYTPl1 rJio6yJiel"I. 11MeHHO TeM, tITO H.npo He 
HBJJHeTCH u.eHTpOM rpacp11TH3aU.11H, a nocropOHHl1M BKJI!OtieHHeM B rpa
tPl1THOM noJI111<pttcTaJJJJe, MO)!{HO o6oHCHHTh c}la1<T tracToro Rhmpaum

BaHHH 3TOro H.npa. 
B CBH3H c TeM, tITO MarHHH caM no ce6e HepacTBopttM B )!{eJJe3e u 

pacTBOpeHHe ero B qyryHe npOHCXO.UHT 6Jiaro.nap5I KpeMHHIO H yrJie
poJJ.y, HeH30e)!{HO HepaBHOMepnoe paCTBOpeHHe MarHHH B qyryHe. 3THM 

o6oHCHHeTCH TOT cpaKT, trro npu He.nocTaTKe MarHHH HMeeT MeCTo He 

TOJihKO o6pa3oBaHue nepexoJI.HhIX cf>opM rpacp11Ta, HO H cy1.1.1.ecrn0Bam1e 

B OJI.HOM llIJif!cpe, HapH.ny c rno6yJIHMH, TaK)!{e H nJiaCTHHOK, npttcy1.1.1.11x 
06b1trH0My cepoMy tryryHy, He co.nep)!{aUJ.eMy MarnttH. 

Tiptt npHca.nKe MarHHH B tryryH CJie;i.yeT Bcer.na HMeTb B BH.ny, llTO 
IlOJIHOIJ.eHHOe .neiiCTBHe Ha tryryH MarHHH OKa3b!BaeT TOJlbKO B TOM CJiy

'!ae, eCJIH ero .nocTaTOllHO .nJIH ynpotrneHHH MeTaJIJIHtieCKOH OCHOBbl 11 
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c<flepOHJ].H3aUHH rpa<t>HTl;I. 3ro 3Ha111n, 4TO MarHHH CJie.u.yer npHCa)l{H· 
Batb B taKOM KOJIHlleCTBe, l!T06bl ero xaatHJIO He TOJlbKO Ha coe,nHHe
HHe c TeMH 3JieMeHtaMH, c KOTOpbIMH OH cnoco6eH B nepayIO oqepe.ll.I• 
BcrynHTiD. !I XHMH4eCKYIO CBSl3b (cepa, KHCJiopo.n H )J.p.)' HO H caepx 
9TOI 0 OCTaJICSI onpeJJ.eJieHHblH MHHHMyM. YKa3aHHb!H MHHHMYM Jl.OJI)l{eH 
6bITb teM Bbillle, l!eM 6oJibllle yrnepo.u.a H KpeMHHSI s qyryHe. B cJiyqae 
JiernpoaaHHSI qyryHa 3JieMeHtaMH, c KOtopbIMH MarHHii Mamer BCTY· 
IlHTb B CBSl3b, 3TOT MHHHMYM .ll.OJI)l{eH 6b1Tb COOTBeTCTBeHHO DOBblllleH. 
c .npyroii CTOpOHbl, CJIHllIKOM BblCOKOe co.u.ep)!{aHlie MarHHSI MO)!{eT 
npHBeCTH K or6emrnaHHIO qyryHa, KOTOpoe MO)!{et 6b!Tb JIH6o npe.ny
npe)!{)J.eHO yaeJIHl!eHHeM .no6aBKH <t>eppoCHJIHll,HSI B KOBlll, Jrn6o ycrpa
HeHo rpa<t>HTH3HPYIOIIJ.HM OT)!{HfOM. 

IlpH npOH3BO.ll.CTBe MarHHeBoro qyryHa o6bll!HO CTaJIKHBaIOTCSI c 
<t>aKTOM noJiyqemrn a crpyKrype 6oJibllIOro KOJIHllecrna cj:Jepp1na aoKpyr 
lllapOBHJJ.HOro rpaqrnra; noJiylleHHe 4HCTO nepJIHTHOii OCHOBbl 3a1py.U.HH· 
TeJibHO. IloJiyqeHHe <t>epp1na B .u.aHHOM CJJyqae o6b!l!HO )!{eJJateJJbHO, 
raK KaK qyryH npHo6peraer nJJactHllHOCTb 6e3 60Jibworo ymep6a .11.JISI 
npo4HOCTH, noCKOJJbKy CHJIHKOMarHHeBblH <t>eppttt o6JJa)J.aer BblCOKOH 
npOllHOCTblO. 

0 cocrase H repMH'M~CKOii o6pa6otKe Marnuesoro qyryHa 

06b!4HO npH npOH3BO)J.CTBe BblCOKOilp04HbIX qyryHOB, oco6eHHO KOB· 
Kora qyryHa, crpeMSITCSI K 3Ha4HTeJibHOMY CHH)!{eHHIO yrnepo.na; npH 
npott3BOJJ.CTBe )Ke Marnttesoro qyryHa, 6JJaronapSI rnapoBHJJ.Hoii <t>opMe 
rpaqrnra H 6oJJee npOllHOH MetaJIJ!HlleCKOH OCHOBe, He CJJe,u.yer oco-
6eHHO crpeMHTbCSI K CHH)!{eHHIO coJJ.ep)!{aHHSI yrnepo.u.a. oOJibrneii 
tJactbIO coJJ.ep)l{aHHe yrnepo.na HaXOJJ.HTCSI B npeJJ.eJJax 3,0-3,5 % . 4eM 
60JJbllle yrnepo.ua H KpeMHHSI B OTJIHBKaX, teM 6oJJee IlJIOTHblMH H 6e3 
ycanol!HbIX paKOBHH IlOJJYlJ3IOTCSI OTJIHBKH H teM 60Jibllle creneHb HX 
rpacpHTl133ll,HH. 

no JJ.3HHblM K. 11. BameHKO, n. B. AapHHCKOro H B. JI. HeceJIOB
CKOro 1, cyMMa yrnepoJJ.a H KpeMHHfl B OTJIHBKax JlOJl)!{Ha COCtaBJJflTb 
oKoJio 6,5 % . HcxonSI 113 3TOH cyMMbI, noJiyllaIOt rpe6yeMoe conep)l{a
Htte KpeMHHSI B OTJJHBKax; OHO COCTaBJ!fleT OKOJJO 3,0 % ' H3 KOTOpb!X 
OKOJIO 2,5 % COJJ.ep)!{HTCSI B pacnJiaBJieHHOM qyryHe H OKOJIO 0,5 % 
ycaaHsaetCH npH JJ.06aBKe B KOBlll 70 % -Hora cpeppocHJJHU.HSI B KOJJH
qecTBe 0,8-1,0 % . 0,u.HaKo KOJIHllecTBO KpeMHHSI MO)!{eT 6bltb H 
MeHbllle. 

KoJIHllecTBo cpoccpopa a OTJIHBKax )l{eJiateJibHO He 6onee 0, 1 % , 
MapraHua oKoJJo 0,5 % . KoJIHllecTBo cepb1 B qyryHe o6billHO ta Koe )Ke, 
KaK H B cepoM qyryHe, T. e. OKOJIO 0, 1 % . 0,u.HaKO H8.ll.O ITOMHHTb, llTO 

cepa JJ.aer c MarmieM cyJJbQJHJJ.bI Marmrn, a noroMy tJeM 6oJJbllle cepbl 
a 11yryHe, reM 6oJJbllle 'rpe6yetcSI Marmrn .UJISI cBH3bIBaHHH cepbr, e6o 
Manrnii H34HHaer OK83blB8Tb caoe MOJJ.HcpHUHPYIOIIJ.ee JJ.eHCTBHe Ha qy
ryH TOJibKO nocJie roro, KaK OH CBH3aJI cepy. Ilo3ToMy rpe6yetCSI nptt
C3)!{HBatb MarHHH c taKHM pactJeTOM, lJT06bJ era XB8THJIO H Ha o6pa-
30B3HHe cyJibqJHJJ.OB MarHHH, H Ha MO.II.HcpHU.HpOB3Hlie qyryHa. 

I «JlHTfHHoe npOH3BOIICTBO> .Ne 10, 1952. 
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.llocTaroqeo, qro6bl OCTaTOlIHOfO MarHHSI 6b!JIO .,,,· qyryee OKOJIO 
0,06%. 0.ll.HaKo, ytJHTblBaH, tJTo MarHHH qacrHqHo CBH3bIBaercSI c cepoif 
Ii HCnapSieTCH, KOJilfqecTBO npHCa:HrnBaeMoro MarHHH MO)KeT )l.OCTHfaTb 
HHOr.ll.a )l.aiKe 1,0%. 

B 3aBHCHMOCTH OT rpe6yeMblX CBOHCTB (cM. ra6JI. 1) crpeMHTCH 
noJiyqarb nepJIHTHblH, nepJIHTo-<t>eppHTHb!H H <t>eppHTHblH MarHHeBblH 
qyrye. 0.ll.HaKo H3-3a 6oJibIIIoro nepeoxJia)K)J,a10mero BJIHSIHHH MarHHSI 
qyryH nOJlyqaercSI BeCbMa qyBCTBHTeJlbHblM K or6e.nHBaHHIO; Il03TOMY 
npHXO)J,HTCSI oqeHb qacro IlOABepraTb qyryH rpa¢HTH3Hpy10meMy OT· 

)l{Hry, oco6eHHO ecJIH rpe6yercSI qyryH c ¢eppHTHoif OCHOBOH . 
.llJIH pa3JIO)KeHHSI ocraTKOB 3BTeKTHqecKoro ueMeHTHTa npHMeHHIOT 

OT)l{Hf npw 900-950° B re11eHHe npHMepHo 3 qac. 
)lJIH noJiyl!eHHSI <t>eppHTHOH OCHOBbl npOH3BOAHT )J,06aB04HbIH OT)l{Hf 

npH 720-750° B retJeHHe 3-5 qac. ilpH rpa<t>HTH3Hpy10meM OTiK11re 
0)1.HOBpeMeHHO npOHCXO)J,HT CHHTHe BHyrpeHHHX HanpH)KeHHH qyryHa. 

MarnHeBblH qyryH HMeer 60JibIIIy10 CKJIOHHOCTb K o6pa3oBaHHIO 
BHyrpeHHHX HanpSI)KeHHH; Il03TOMY B CJiyqae, ecJIH He rpe6yeTCH no,n;
BepraTb OTJIHBKH rpacjrnTH3Hpy10meMy OT)l{Hfy, HX CJie,llyer o6SI3aTeJibHO 
IlOABeprnyTb HH3KOTeMneparypHOMY on1rnry, npHMepHO npH 600°' AJIH 
CHHTHH BHyrpeHHHX HanpH)KeHHH. 4eM AJIHTeJibHee Bbl)l.ep)l{Ka, TeM B 
60JibIIIeii creneHH CHHMalOTCH BttyrpeHHHe HanpH)KeHHSI. 

DocJie J1106oro BHJJ.a or-
)l{Hfa OTJIHBKH CJieJJ.yer OXJia
)!()J,aTb Me,LlJleHHO, BO H36e
)KaHHe B03HHKHOBeHHH HOBblX 
HanpH)KeHHH. 

Dp11MeHeH11e pa3JIH'l'Hb!X 
BH)J,OB repM11qecKOH o6pa6or
KH MarnHeBoro qyryHa c 
UeJiblO noBblUJeHHH npoqHOCTH 
)J,aer 3HaqHTeJlbHO 6oJibllIHH 

::i<P<PeKr, qeM npH o6pa6orKe 

MexaHHqecKHe 

I CBOACTB8 

ab B 1'Zf .M.M2 

O B °lo 
ak o 1'Z.M/c.M2 

HB 

TaoAuu,a 4 

B JlllTOM 

I 
IlOCJle HOpMa· 

COCTOHHHH JIH38UHH 

59 75 
0,7 3,9 
- 1.3 
263 269 I 

ceporo qyryHa, H6o BCHl<Oe YJIYqllleHHe MeTaJIJIHqecKOH OCHOBbl Be,ri:er 
noqTH K TaKoMy )Ke yJiyqllleHHIO KaqecTBa qyryHa, IlOCKOJlbKY IIIapo
BH)J,HaH ipopMa rpacjnna BecbMa MaJio ee oCJia6JIHer. A. <l>. Xa3oBa, 
T. r . .lleMH)J,OBa H M. H. KyHHBCKHH I npH COBMemeHHH rpa<t>HTH3Hpy-
10mero oriKHra (9500, 3 qaca) c HopMaJIH3aU.Heif noJiy4HJIH ea o6pa3-
uax CJieJJ.y10mHe pe3yJihTaTbl (rn6JI. 4). 

ECJIH yqecrb BecbMa HH3Koe 0CJ1a6J1H10mee BJIHSIHHe 1IIapoBH.ll.HOro 
rpaipnra Ha MeTaJIJIHl!eCKy!O OCHOBY (npHMepHO Ha 20 % ) ' npHo6pe
Taer 6oJibrnoe 3HaqeHHe JiernpoBaHHe MarnneBoro qyryHa, Koropoe cKa-
3bIBaercSI IlOJIO)KHTeJlbHO KaK Ha IlOBbIUieHHH CBOHCTB MeTaJIJIHqeCKOH 
OCHOBbl, B TOM q11cJ1e H oco6b!X CBOHCTB (Kopp03HeycroifqHBOCTb, renno
ycroii4HBOCTb H T. n.). raK H Ha IlOBblllleHHH npoKaJIHBaeMOCTH qyryHa, 
qro Il03BOJIHeT ycneurno npHMeHHTb HOpMaJIH3aUHIO H yJiyqmeHHe (3a
KaJIKa c BblCOKOTeMneparypHb!M omycKOM) )l.JIH H3Ae.JIHH 60JibllIOH 
TOJIIUHHhl. 

t «JlHTeirnoe npoH3BOACTBO» Nt 4, 1952. 
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3Ha•rnreJihH6e nOBbIIUem1e csoficrn )I.aer .u.o6aBKa mrnem1. CTpH co

.nepJKaHlflf HlfKeJI.H OKOJIO 20 % qyryH rIOJiyqaerc.H CIIJIOlllb aycTeHlfTHb!M. 
CToBbIIUeHHe renJioycrofi'llfBOCTlf lf JKapocroi1KocTH .naeT .u.o6asKa 
xpoMa, HO OH CHJibHO 3aTPYAH.HeT pacna,!I, Kap6HAOB. 

CJie.u.yeT cKa3aTb, l!TO npH npoH3BOACTBe Marnttesoro qyryHa Jiern
poBaHHe HHKeJieM, Me,!1,b!O HJIH KpeMHHeM npoHCXO,!l,HT HeH36eJKHO. 

06'h.HCH.HeTC.H 3TO TeM, l!TO MarHlfH BBHAY TPYAHOCTH ero npHca.u.KH 
L!aCTO cnJiaBJI5IIOT c APYrHMH MeTaJIJiaMH H B qyryH rrona.u.aeT He 
TOJlbKO MarHHH, HO H Te semecTBa, c KOTOpb!Mlf OH CIIJiaBJI.HeTCSI. 

Oco6enuocTH a3oTHpoBaHHH MarHueBoro qyryua 

nJISI YCTaHOBJieHHSI TeXHOJIOrHlJeCKOfO rrpou.ecca a30THpOBaHHSI 
MarHHeBoro qyryHa B. n. 5Ixmmoi1 6b!JIH rrpose,neHbI crreu.HaJibHb!e 
HCCJie,!l,oBamrn. Pe3yJibTaTbI HCCJie;:i:osaHHSI rrpHBeAeHbI B ra6JI. 5. 

Ta6Auqa 5 

A30THposaHHe MaruHesoro qyrytta H cTanH 

PeJKHM a30TttpoeaHHH Koimqe-
Pe3yJib· Ilopw-

TeepJlOCTb MHKpo-T3Tbl KOp- CTOCTb, 
CTBO no- p03HOHHblX onpeaeneH- no PoK- TBepJlOCTb OueuKa 

I 

rJiomaeMoro HCilblT3HHH: H3H peaK- eenny, Ha- no Xpy- xpynKOCTH 
BpeMH 330T3 B BO.lle THBOM rpy3K3 meey " 

f B °C e qac. B .M2/C.IL2 (7 cyTOK) YoKKepa 60 K2 EepKOBH4Y 

550 1 0,2 

} 
Kop- 00pH- 48, 47 S8.5, S86 He· 

550 1 0,3 po.nH· CThIH xpynKHH 
550 1 0,3 pyeT 

600 1 1,5 
} To JKe 

To }Ke .57, .58 S85, 585 To }Ke 
600 1 1.5 .57 429, 395 
600 1 1.3 

650 1 1,86 } Kop- E.nHHHq- .58, .59 79.5, 795 . 
650 1 1.78 p03HH Hhie nophI 59 715, 71.5 
650 1 1.88 HeT 447 

700 1 2,7 

} 
CTOpH- .54 . .53 .555. 64.5 CJierKa 

700 1 2,7 To }Ke CTOCTH .54 64.5 xpynKHH 
700 I 2,7 Her 

750 1 2,5 

} 750 1 2,9 .. To }Ke .54, 53 466. 466 XpynKHi1 
750 1 2.7 

6.50 3 - .. .. .59, .58 900, 800, He-
645. 447, xpynKHH 

840 

CornaCHo ,!l,aHHb!M B. n. 5IxHHHOH, noJiy•rneTCSI, l!TO: 
1. MarnHeBbIH qyryH peKoMeHAyeTcSI a30THposarb npH 600~650° H 

CTeIIeHH ,!l,HCCOU.HaIJ,HH aMMHaKa 30-45 °lo. nJIHTeJibHOCTb npou.ecca BO 
MHOro pa3 MeHbllle, 'leM ,llJISI CTaJIH H o6bll!Hb!X 11yryHOB H npH aHTH
Kopp03HOHHOM a30THpoBaHHH COCTaBJI.HeT 1-1,5 11aca. 

2. A3orttposaHHbIH MarHHeBbIH 11yryH o6Jia.u.aeT rroJIHOH Koppo3HOH
Hoi1 CTOHKOCTb!O B BO)I.e. 
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3. A30THpoBaHHbIH CJiott Ha MarnneBoM qyrytte npn 3HaqnTeJibHOH 
TBep)J.OCTH He o6Jia)J.aeT xpynKOCTbIO. 

4. Dpn a3ornposaHHH Marttnesoro qyryna npn 650° n cTeneHH )J.HC
counaunn NH3 45 % 3a 1 qac 06pa3yeTcsi: cJioif TOJIW.HHoif 0, 16 MM, 
a 3a 3 qaca - TOJIW.HHOH 0,35 MM, c SIBHbIM npeo6Jia,n:aHHeM TeMHOH, 
T. e. Mettee HaCbIW.eHHOH a30TOM, 30HbI cnosi:. Tsep,n:ocTb Ha nosepxtto
CTH a30THpOBaHHOro MarHHeBoro qyryHa noJiyqaeTCSI HepaBHOMepHaSI, 
KOJie6JIIOW.aHCH B npe,n:eJiax H v = 450 ~ 900. 

5. Depe)J. a30THpOBaHHeM MarHHeBbIH qyryH C nepJIHTHOH H <!Jep
pHTO-nepJIHTHOH CTPYKTypoif tta.rr.o no,lJ,BepraTb on1rnry - roMoreHH3a 
UHH npH 720-740°. 

3-qacosoii on1mr o6ecneqnsaeT paBHoMepttyio TBep,n:OCTb CJIOSI 
(Hv = 800). 

CuoHCTBa Maru.ueuoro 11yryHa npu Harpene 1 

CToHKOCTb Marnueuoro 11yryHa npOTHB oKHCJieHHSI. O:zr.Hoif H3 pe
waiow.nx xapaKTepncTHK npnro.rr.Hocrn MaTep11aJia ,n:JISI )J.eTaJieif, pa6o
raiow.nx npH HarpeBe, HBJIHeTCH CTOHKOCTb npOTHB KOpp03HH. 

,Uo6asKa K 'Iyrytty Ta - Hc/cmr---,-----,.---,---.---,,----. 
KOro 31-IeprnqJ-Ioro OKHCJIO-
o6pa3oBaTeJISI, KaK MarHHH, 
,II:a)!{e B MaJIOM KOJIHqe
CTBe, MO)!{eT ,n:aTb TIOBbIIIIe
HHe Kopp03HOHHOH CTOHKO
CTH. B mnepaType HMeIOTCSI 
TaK)Ke yKa3aHHSI Ha noBbI
we1rny10 CTot'iKoCTb nponm 
OKHCJieHHSI MarHHeBoro qy
ryHa. Do3TOMY Mb! cqH
TaJIH u,eJiecoo6pa3HbIM npo
Be,LI.emre OTibITOB ,ll.JISI BbI-

<l>ttr. 8. YlHTeHCHBHOCTh OKHCJieHHll npH MHOro
KpaTHl>IX Harpeaax, nptt 800°. 

SICHe1mSI cpaBHHTeJibHOH CTOHKOCTH npH Harpese MarHHe~oro H ceporo 
qyryHoB. 06pa3UbI HCTibIThIBaJIHCb B MYtPeJibHOH neqn, B aTMoc<!Jepe 
Jia6opaTopHH. 0KHCJISieMOCTh onpe,LI.eJISIJiacb no np1rnecy H paccqHTbIBa
JiaCb Ha e,n:HHHUY noBepXHOCTH. 11CTibITaHHSI BeJIHCb MeTO,ll.OM nocJie)l.O
BaTeJibHblX MHOrOKpaTHbIX HarpeBOB. .[l.JiwreJibHOCTb Bb!,n:ep)!{KH npu 
38JI.8HHOif reMnepaType BO BpeMH Ka)K,n:oro 1rnrpesa 3 qaca. 

11cnb!TbIBa.'!HCb cepb!H H MarttHeBblH lfyryHhl, KOTOpb!e HMemr npaK
rnqeCKH O,LI.HHaKosy10 CTPYKTYPY MeTaJIJJHtJecKoii ocHOBbI - nepJIHTHy10 
e oqeHh MaJibIM KOJinqecrnoM cpeppHTa. Tsep,n:oCTb ceporo qyrytta 
HB= 200. TsepJI.OCTh Marttnesoro qyrytta H B = 280. MarnneBhIH qy
ryH COJI.ep)!{aJI: 3,4% C 06 ; 0,84% Ceo; 3,14% Si; 0,13% P; 0,68% Mn 
Opnca,LI.KH 0,22 % Mg (B BH,LI.e JIHraTypb1). 11cnbrTaHHSI seJIHCb npn 
600, 700 H 800°. B Ta6JI. 6 H 7 H Ha qrnr. 8 npHBe,n:eHbl pe3yJibTaTbl 
HCilbITaHHH. 

1 1-fayqettttte Manrneaoro qyryHa npH Harpeae npoao,nHJJOCh aaropoM coaMeCTHO 
c B. Jl,. 5Ix111rnoit. 
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Ta~Auu,a 6 
HHTeHCHBHOCTb OKHCJleHHH npH MHOfOKpaTHblX Harpesax 

Ka>K.llblA aarpes 3 11aca. TeMneparypa 800° 

0KHCnlleMOCTb (KOJJH4eCTBO nornoiuneMoro KHCJJOP0.118 
B .MZ/CM') 

THn qyryua Harpee 

1-A I 2-A I 3-A I 4-A I 5-A I 6-A I 7-A 

Marnnee1..iil: • . . 2,0 2,8 1,0 1,2 0,2 0,26 0,26 
2,0 3,5 1,0 1,4 0,2 0,3 0,24 

Cepb1il: . .. . . 2,0 2,."i 4,0 6,0 5,0 5,0 7,0 
2,0 2,8 5,5 5,5 5,0 6,0 7,0 

Ta6Auu,a 7 
>KapOCTOliKOCTb o6bt'IHOfO ceporo H MafHHeeoro 'lyryHOB 

Tun 4yryua I 
TeMnepaTypa ucnbl-

I 
Cpe.11uee yeenu4euHe I CTcneHb Koppo3HH 

TBHHR eeca 3a nepehle 3 4aca (ycTaHOBHBlll.SICR) 
e .uz/c.M2 B Ml/CM' 'lac 

Cepwil: 600 . 0,19 0,1 
MarnHeeblil: • 600 0,2 0,05 
Cepb1il: 700 1.12 1.01 
Marnnenblil: • 700 1.1 0,29 
Cepblii . 800 2.01 2,0 
. Marnneeblfi • 800 2,2 0,08 

PaccMoTpemrn 3THX .n.aHHhIX noKa3bIBaeT, qro B nepBbie qachI Ha

rpeBa MarHHeBbiii: qyryH OKHCJISieTCH c 'faKOH )Ke HHTeHCHBHOCTb!O, KaK 

H o6hI'IHhIH cepb1ii: qyryH. Ho y)l{e qepe3 6 qac. norJioru.eHHe KHCJiopo.ua 

noBepxHOCTb!O MarHHeBOfO qyryHa pe3KO CHH:>l<aeTCH H 3aTeM ocraercsi 

HI13KHM. 3To o6bSICHSleTCSI, Ol!eBH,LI.HO, TeM, l!TO nepBoe BpeMSI Ha 

noBepxHOCTH MarHHeBoro qyryHa 3HeprHl!HO 06pa3yeTCSI OKHCHaSI 

r!JleHKa, Koropasi B ,LI.aJibHeifrneM npenSITCTBYeT OKHCJieHH!O, no.uo6HO 

TOMY Ka!{ 3TO HMeeT MecTO B xpOMHCTblX, 8Jl!OMHHHeBblX H KpeMHHCTblX 

cnJiaBax. 11HrepecHbIM SIBJISieTCSI B 3TOM CJiyqae 3Hff'lHTeJibI-IOe B03,UeII • 

CTHe MaJihlX JJ.008BOK MarHHSI, TOr,LI.a K8K JJ.JISI T8KOro )Ke 3cpcpe1<Ta 

3aIUHTbl nyreM ,LI.008BKH xpoMa, KpeMHHSI HJIH aJIIOMHHHSI o6SI33TeJibHbl 

6oJihlllHe )J.OOaBKH, H3MepsieMbie IJ.eJiblMH H .n.ecHTK8MH npo1.1.eHTOB. 

BosMO)l{HO, l!TO 3,LI.eCh HMeer Mecro O,LI.HOBpeMeHHO H nOJio)KttTeJihHOe 

BJimnrne IlOBbIIIIeHHOro co.nep)l{8HHH B M8rHHeBOM 11yryHe KpeMHHSI. 

Bo BCSIKOM cJiyqae 3TH Oilb!Tbl eru.e pa3 no.urnep)KJJ.a!OT 60JI1:>1lllYIO 

1.1.eJiecoo6pa3HOCTb npHMeHeHHH qyrytta, MO.UHcpHIJ.HPOBaHHOro MarHHeM, 

B ycJIOBHSIX OKHCJieHHSI npH Bb!COKHX TeMneparypax H noKa3bIBaIOT, 11TO 

MexaHH3M B03HHKHOBeHHSI ycrOHl!HBOCTH M8rHHeBblX HJIH, TOl!Hee, KpeM

HeMarHHeBhlX 11yryHOB TOT )Ke, 11TO H Hep)l{aBe!Olll.HX xpOMHCTblX era· 

Jleii: - o6pa30BaHHe Ha nosepXHOCTH 3aru.HTHblX OKHCHbIX nJieHOK. 
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4yscTBHTeJJ.bHOCTb Maruuesoro qyryua K pocTy. BTOpofl He MeHee 
Ba:>KHOH xapaKTepHCTHKOH rrpHro.nHOCTH tiyryHa Jl:JHI .nernJieii:: paooTalO
mHx rrpH Bb!COKOH TeMrreparype, SIBJISieTCH TaK Ha3hIBaeMb!H «pOCT» HX 
HJIH yse.11w1eHHe pa3Mepos, conposoJK.naeMoe H3MeHeHHeM CTPYKTYPhI 
H noTepeii: npo1IHOCTH. Y1IHThIBaSI o6oco6- HM/CM a17u1101 

JieHHb!H xapaKTep rpacpHTHb!X BKJI!OlJe- O.J~....--""T"'"""T"--,-.,..--,---, 
HHH B MarHHeBOM tiyryHe H TO, qro KaJK
J{blH ccpepoH.n rpacpHTa B HeM, KaK rrpa
BHJIO, OKpyJKeH «H30JISIU,Heii:», a TaKJKe 
ITOBblll!eHHYIO Kopp03HOHHYIO CTOHKOCTb 
MarnHeaoro tiyryHa, MOJKHO obr.no pac
ClJHTbIBaTb, lJTO MarHHeBb!H tiyryH oy.neT 
MeHee CKJIOHeH K «pocTy», qeM OObilJHhIH 
cepbrii: tiyryH. 

Orrb!ThI noJIHOCThlO rro.nrnepJI.HJIH 3TO 
npe.u.noJioJKeHHe. 

Ha rno.11. 8 H Ha <fJHr. 9 npHBeJI.eHbl 
.naHHhie no npHpocry JIHHeii:HbIX pa3Me
pos (TOJiru;HHbl H .U.JIHHbl) o6pa3IJ:QB ce
poro H MarHHesoro tiyryHoB. 

OnbIThI noKa3aJIH, tITO pocT ceporo 
4yryHa npoHCXO,!l,HT npaKTHlleCKH no rrpSI
MOJIHHeHHOMy 3aKoHy. 

0 1234567 
Ko11u<tecm!}o noclledot3amellot101.x 
HOc/)e!}o{} ( f/O J 'IOCO KOJf(Ob/U) 

¢'Hr. 9. 4yBCTBHTeJJbHOCTb K 
.pocyy• qyrytta np11 MttoroKpaT

HbIX ttarpeBax; npH 800°. 

PocT Marmresoro tiyryHa, -aHa.11orHtIHO era OKHCJISieMOCTH, pe3KO 
3aMe.IJ.JISieTCH BO BpeMeHH H, f,TJaBHOe, CKOpOCTb pocTa MarHHeBoro qy
ryHa B HecKOJihKO pa3 MeHbrue, tieM oobltIHoro ceporo tiyryHa. 

Ta6Auu,a 8 

llyBCTBHTeJlbHOCTb qyrytta K pocTy npH MHOfOKpaTHblX Harpeeax 

Ka>K,nb1i:i ttarreB 3 'laca. TeMnepaTypa 800° 

YeeJIH'leHHe paaMepoe e MM Ha I CM (oT Ha'l&JlbHOll JlJJHHbI) 

3-11 Harpee 4-11 Harpee 5-11 Harpee 7-11 Hnrpeo 
THn <tyryHa 

I I 
To.11-

,UJIHH3 ToJJ- I ,U.11HH3 To.11- I To.11-
.UJJHJta UlHH3 UlHH3 UlHH3 ,UJJHH3 UlllH3 

-
Cepb1i:i 0,24- 0,11- 0.38- 0.15- Q,41- 0,19- 0,.57- 0,28-

0,27 0,12 0,37 0,17 0,5 0.21 0,63 0,31 
ManmeBbIH 0.29- 0,08- 0,31- 0,09 0,34- 0.1 - 0,38- 0,1 l 

0,20 0,07 0,36 0,4 0,08 0,43 

.3TO 1Ipe3Bb!lJaHHO BaJKHble pe3yJibTaTbl, HO OHH no.11ytieHbl B .11a60-
paTOpHb!X yCJioBHHx rrpH cpaBHHTeJihHO Ma.11oii: .IJ.JIHTeJihHOcTH paooTbl 
H, rJiaBHOe, B U,eJIHX ycKopeHHSI rrpou.ecca OCHOBHble OIIb!Tbl npOBO.II.H
JIHCb npH 800°' lJTO He SIBJIHeTCH THIIHlJHb!M. 



M. H. KYHf/BCKHPl 

OCHOBbl TEPMl111ECKOFf 06PA60TKH 11YfYHA 

I. HAY11HblE OCHOBbl TEPMH11ECKOH 06PA60TKH 11YfYHA 

HaytIHbie ocHOBhI TepMHllecKoi1 o6pa6oTKH qyryHa ,ll.OJUKHhI BK.1110-
tiaTb TPH rJiaBHhIX Bonpoca: a) CHSITHe BHyTpeHHHX Hanpsi1Kem1il; 
6) rpaqmTH3aU.HSI (pa3JIOJKeHHe u.eMeHnna); a) pacTBopeHHe rpacpHrn 
( yneJIHl!eHHe KOJIHtiecrna CBSI3aHHoro yr Jiepo,ll.a). 

B ,n:aHHoil noCJie,L1.osaTe.1IbHOCTH 11 paccMoTpHM 3TH BonpochI. 

CuHTHe BHyTpeuuux JIHTenublx uanpHm:enun 

Teop1rn BHyTpeHHHX HanpsiJKeHHH 6bIJia pa3pa6oTmrn oTetiecTBeH
HhIMH ytieHhIMH HHJK~ H. B. J\aJiaKyU.KHM ew,e n 80-x ro,n:ax nporn.noro 
CTOJienrn. OcHOBHhie noJiom:eHHSI, BhI,ll.B11HYTbie H. B. J\aJiaKyUKHM, 
ocrn10Tcsi nepHhIMII 11 s HaCTOHw,ee apeMH. YKa3aHHaSI H. B. J\aJiaKyu
KHM 3Hal!HMOCTb BHyTpeHHHX HanpmKeHHH, MeTO,U HX onpe,n:eJieHMH 
IlOJIHOCTb!O IlO)I,TBep)J{,UeHbl IlOllTH BeKOBblM OilbITOM npOH3BOJlCTBa JIH
Tb!X ,n:ernJieil. 

,ll.JISI onpeAeJieHHSI pa3MepoB BHyTpeHHHX Hanpsi.tKeirnti, MeTO,UOB HX 
npeAynpeJK]leHHSI, a TaK)J{e, MeTO.Ll,OB CHSITH51 HJIH yMeHbllieHHH, B nep
BYIO oLiepeJlb Heo6xo.rr.rrMo BhISICHHTh Bonpoc o rrpttLIIIHax H yc.JIOBIISIX 
HX B03HHKHOBeHHSI. 

OcTaTOl!Hhie BHyTpeHHHe 1rnnpSI)J{eHHSI He co3.rr.aIOTCSI s 06Jiacn1 
O.Ll,HOHMeHHbIX .rr.ecpopMaUHH, a B03HHKa!OT B MOMeHT rrepexo.rr.a Bcex 
LiacTeil .rr.eTaJIH H3 o6JiaCTH nJiaCTHLieCKHX B o6JiaCTh ynpyrHx .rr.ecpop
M aU.HH. 3TH HanpH)J{eHHSI nponopU,HoHaJihHbI pa3HOCTH TeMneparyp 
pa3JIHLIHhrx tiacTeii: .rr.eTaJIH B .rr.aHHhiii: MoMeHT. CJieAosaTeJihHO, tieM 
Me.rr.JieHHee oxJia)J{]lemre npH nepexo.rr.e II3 06.JiaCTH rrJiacTHtI,ecKHx .rr.e
cpopMaUHH B o6JiaCTb ynpyrnx, TeM MeHbllie OCTaTOL!Hhie BHyTpeHmle 
HarrpSI)J{eHirn. 3THMH IlOJIOm:eHHSIMH orrpe.rr.eJISieTCSI MeTOJlHKa rrpe.rr.yrrpe
)J{.Ll,eHHSI BHyTpeHHHX Hanp11)J{eHHH B rrepHO.LI, OTJIHBKH ,rrgTaJieii: H CHSI
THe HX B npou.ecce TepMHl!eCKOH o6pa60TKH. 

YKa3aHHhie noJio)J{eHHSI KpaTKO MoryT 6bITh HJIJI10cTp11poBaHbI cJie
.ll.YIOIUHM o6pa30M. 

c IIOBb!llieHHeM TeMnepaTypbI npe.rr.eJI TeKyLiecrn IIOHH)J{aeTCSI. IlpH 
HeKoTopoii: TeMnepaType rra.rr.e1me rrpeAeJia TeKyLieCTH HOCHT oco6em10 
pe3KHH xapaKTep. TeMrreparypa, HJIII, BepHee, HHTepBaJI TeMneparyp 
pegrrnro na.rr.eHHSI rrpe.rr.eJia TeKyLieCTH, noHHMaeTcSI KaK nepexo.rr. H3 
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06.nacm ynpyrnx B 06.nacTb n.nacrn:qecKHX .ue<t>opMau.Hif ( <t>Hr. 1, a). 
Ha 3Toif cxeMe HHTepBa.n TeMnepaTyp nepexo.ua H3 06.nacrn n.nacTHqe
cKHx B 06.nacTh ynpyrnx .uecpopMaU.Hif cooTBeTcrnyeT tn - t:J. 

flpn ox.na>K.uemm pea.nhHhrx .uern.ne1'1 MaccHBHhie n.nH cpe.um-rnh!e 
llaCTH ,lleTa.nH, ecTeCTBeHHO, ox.na)!{,lla!OTC5I Me,ZI.JieHHee TOHKHX (HJIH 110-
BepxHOCTHbIX). flo3TOMY B O,llHH H TOT m:e MOMeHT TO.nCThie qacTH HMeIOT 
60.nee BbICOKyro TeMnepaTypy, qeM TOHKHe. Bc.ne.ucrnHe pa3JIIfqH5I TeM-

6 

[J I 

f IJ f n 
TennepamiJpa 

a) 

f 

11) 

BpenR 

6) 

6C!lram. 1 

<l>ttr. I. CxeMa B03HHKttoaettH!I attyTpettHHX repMH'leCKHX 
Harrp!ilKeHHH: 

7 

a - H3MeHeHHe npe!leJJa TeKy4eCTH (a,) B 33BHCHMOCTH OT TCMnepaTypbl; 
6 - H3MeHeHHe TeMnepaTypw pa3JJH4HbJX 48CTeA JleT&JJH; 8 - B03HHKHOBeuue 
OCT8T04Hb1X uanpH)J{CHHil npu nepeXO!lC H3 o6JJaCTH OJJ8CTH4CCKHX ll o6JJaCTh 

ynpyrnx !lecjlopMauuA. 

nepaTyp TeMnepaTypHOe pacumpeHHe (nponopU.HOHaJibHOe K03cpcpH
U,HeHTy .nHHeHHOro pacumpeHH5I) TaK)!{e ,llOJI)!{HO 6bITb pa3.nlfqHbIM. 
0.uHaKo Hs-sa KOHCTPYKTHBHoif cBsrnaHHOCTH pas.nHqHhIX qacTeif .ueTa.nH 
npH yc.noBHH, qTQ HeT Kopo6.neHH5I Hmr paspyrneHH5I (a HMeHHO 3TH 
c.nyqaH npH TepMHqecKoif o6pa6oTKe H MoryT paccMaTp1rnaThCH), He
B03MO)!{HOCTh pea.nH3aU.HH TepMHqecKoro pacwHpemrn: npHBO,llHT 
K TOMy, qro qacTH, HMeIOIIiHe 60.nee Bb!COKYIO TeMnepaTypy, C>KHMa
IOTCR .rr:o cpe,llHHX pasMepoB, a TOHKHe pacrnmBalOTC5I .uo cpe,llHHX pa3-
MepOB (qmr. 1, 6- nyHKTHpHa5I .nHHH5I). 0.uHaKO, KaK 3TO H BH,llHO H3 
cxeMbI, B 06.nacTH O,llHOHMeHHb!X .rr:ecpopMaU,HH OCTaTOqHbie BHyTJ)eHHHe 
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Hanpsrn<:emrn. He B03HIIKaIOT. H ,ll.eii:cTBHTeJihHO, no Mepe oxJimK,ll.eHHH 
pa3HOCTb TeMneparyp B KOHel!HOM HTOre CTaHOBHTCH paBHOH HYJIIO H 
HH Hanpsrn<:emlH:, HH ,ll.ecpopMaUHH He OCTaeTCSI. 

Ec.JIH }!{e yi1ecTh, tITO B npouecce oxJia}!{JJ.emrn ,ll.eTaJIH nepexo,nHT 
H3 06.JiaCTH IlJiaCTHtiecKHX B 06.JiaCTb ynpymx JJ.ecpopMaUHH, TO pa3-
HOCTb TeMnepaTyp B 3TOT MOMeHT H 6yJJ.eT OCHOBHOH xapaKTepHCTHKOH, 
npe.nonpeJJ.eJIH!Olll,eii pa3Mepb1 BHyTpeHHJJX HanpH}!{eHHH. 

B caMOM 11.eJie (qrnr. 1, B), B MoMeHT 't1 TOJICTaH qacTh ,ll.e
TaJIH I 6y11.eT C}!{aTa, HO nJiaCTHqecKH, TOHKasi II - pacrnHyrn, HO 
IIJiaCTHqecKH. B MOMeHT 't2 TOJICTaSI qacTb C)!{aTa IlJiaCTHqecKH, a TOH
Kafl - ynpyro . .llo Tex rrop, rroKa xorn 6bl OJ.I.Ha qacTb JJ.eTaJIH cno
co6Ha IIJiaCTHlleCKH ,ll.ecpop:vrnpoBaTbCH, OCTaTOqHbie HaIIpH)!{eHH5I co-
3,ll.aBaTbCH He 6y.ll.yT, T. e. B03HHKa!Olll,He HarrpSI}!{eHH5I 6yJJ.yT CHHMaTbC5I 
3a cqeT rrJiaCTH4ecKofi 11.ecpopMau1111. ToJibKO s MOMeHT 't3 srn 11.eraJih 
nepeiiJJ.eT s ynpyry10 o6JiaCTh; rrpH 3TOM TOJICTaH 11acTb 6yJJ.eT yrrpyro 
C}!{aTa, a TOHKasi yrrpyro pacrnHyrn. 

BcJieJJ.cTBHe HeB03MO}!{HOCTH nJiacTHqecKoii 11.ecpopMau1rn o6pa3y
IOTC5I OCTaTOllHbie HanpH}!{eHHH, COOTBeTCTBYIOil~He 11.ecpopMaUifflM, rro
JiyqeHHbIM B "MOMeHT nepexona H3 ITJiacrnqeCKOH B ynpyry10 
06JiaCTb. 

3ro 3HaqHT, qTo TOJICTaSI qacTb, KOTopasi, 6y)J.yq11 CB060JlHa, 6bIJia 
6b! ynpyro C}!{aTa, B CBSI3aHHOH CHCTeMe 6y,ll.eT HCilbITb!BaTb HarrpH)!{eHHH 
pacrn)!{eHHH, a TOHKaH - C}!{aTHH. l..JeM 6oJibIIIe MO,ll.YJib yrrpyrocTH, 
K03cpcpHUHeHT JIHHefrnoro pacumpeHHSI H pa3HOCTb TeMrrepaTyp B MO
MeHT rrepexo.na sceii JJ.eTaJIH B o6JiaCTb yrrpymx JJ.ecpopMau11ii, TeM 
60JibIIIe OCTaTOqHble BHyTpeHHHe HaIIpH}!{eHHH . 

.UJIH orrpe11.eJieHHH OCTaTOqHbIX BHyTpeHHHX Harrpsi}!{eHHH HMeeTCH 
60JibIIIOe qHCJIO cpopMyJI, yqHTb!Ba!Olll,HX pa3JIHqHe B ceqeHHHX TOJICTOH 
H TOHKOH qacTeii .zr.ernJieii, ycJioBHH TerrJionepeJJ.aqH Me)!{D.y pa3JI11q
HhIMH qacrnMH .zr.eTaJIH, 11acTHqHoe 06pa3osaH11e nJiacrnqecKHX 11.ecpop
Mau11fi B TaK H33b!B3eMOM yrrpyroM HHTepBaJie H .npyrne cpaKTOpbI. 
B TaKHX cpopMyJiax MHoro 3MnHpHqecKHX K03Q)(PHUHeHTOB, HO pewa10-
rn.ee 3HaqeHHe HMeeT yKa3a1rnasi pa3HOCTb TeMnepaTyp s MOMeHT nepe
xoJJ.a s ynpyry10 06.JiacTb. 

KpoMe TepMHqecKHX HanpmKeHHii, B peaJibHhrx JJ.eTaJIHX B03HH
KaIOT HarrpH)!{eHHH B pe3y.'lbTaTe cpa30BblX npespalll,eHHH (a.~ j; 
rpacpHTH33UHH) H yca.zr.KH. 3TH HanpSI}!{eHHSI MoryT HMeTb 3HaK, 
o6paTHbIH TepMHtieCKHM ( HarrpH}!{eHHH OT rpacpHTH33UHil, yca11.oqHb!e 
HarrpSI)!{eHirn IIOCJie Bbl6HBKH)' H qacTHqHo yMeHblll3Tb TepMIIqe
CKHe HarrpSI)!{eHHH, HO B 60.JibllIHHCTBe rrpaKTHqecKHX cJiyqaeB cyMMap
Hhie HarrpH}!{eHHH rrpeJJ.orrpeJJ.eJISllOTCH TepMHqecKHMH HarrpH}!{e
HHHMH. 

CJie.nosaTeJihHO, D.JIH yMeHbWeHHH. BHyTpeHHHx HanpSI)!{eHHtt KaK 
s npouecce OTJIHBKH, TaK 11 npH rroC.Jie.zr.y10rn.eii TepM11qecKoii o6paooTKe 
11.0Jl>KHa 6b1Tb o6ecneqeHa MHHHMaJibH3SI CKOpOCTb OXJI3)!{,ll.eHHH 
s HHTepsaJie rrepexoJI.a H3 nJiaCTHqecKoii s ynpyry10 ooJiacTb, rrpaKTH-
11ecK11 B HHTepsaJie TeMrrepaTyp 620-400° *. 

* n.1111 qyr}'lla 550--400'. 
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KpaTKO H3JIO>KeHHhle TeopeTwiecKHe ocHOBbl o6pa30BaHHSI BHyTpeH

HHX HarrpSI)!{eHI'IH II03BOJISIIOT B rrp1rnu.1me ycTaHOBIITb H pe)!{HM TepMH
qecKOH o6pa60TKH )lJISI HX CHSITHSI HJIH yMeHblIIeHHSI. 

Harpes )lOJI)KeH 6hITh M e Jl JI e H H hI M, TaK KaK OhicTphir'l HarpeB, 

rrpH KOTOpOM TOHKHe qacnr )leTaJIH rroJiytialOT 60Jlee BhlCOKYIO TeMrre

paTypy, tieM TOJICThie, rrpHBO)lHT K )lOIIOJIHHTeJlbHhlM HanpSI)!{eHHSIM 

Toro )Ke 3HaKa, tITO H Harrpsi)!{eHHSI, HMeIOII.1.Hecsi B )leTaJIH 1. 

TeMrrepaTypa Harpesa JlO{I*Ha o6ecrreIJ:HTb rrepexo.n: B nJJacrntie

CKYIO HJIH Bo BCSIKOM CJiytiae B ynpyro-nJiacrntieCKyIO o6JiaCTb 

( qrnr. 1, a). Bhl,!1.ep*Ka .n:omKHa OhITh .n:ocTaTOIJ:Hofi JlJISI BhrpaBHHBa
HHSI TeMrrepaTyp H CHSITHSI HarrpSI)l{eHHH. 

OxJia)!{)leHHe .n:o noJIHoro rrepexo.n:a B ynpyry10 o6JiacTb .llOJI)KHO 

6bITh Me)lJieHHhIM, lJ:TOObl He B03HHKJIH OCTaTOIJ:Hble HarrpmKeHHSI, Bep-

Hee, tIT06hI nx pa3MephI OhIJIH MHHHMaJibHhIMH. . 

flocJie rrepexo.n:a B yrrpyry10 o6JiaCTb oxJia)!{.n:em1e MmKeT 6hITh 

npaKTHtieCKH JIIOOhIM, T. e. ycKopeHHhIM ( o6hitIHO Ha B03)lyxe). 

f pa<fJUTU3aQHSI 

HayIJ:Hhie ocHOBbI rrpou.ecca rpaqmrn3au.nn oKa3aJIHCh Han6oJiee 

CJIO)!{HhIMH, a TeopeTWieCKHe rrpe.n:noJIO)KeHHSI - Han6oJiee )lHCKyc

CHOHHhIMH. Tpy.n:Ho Halim eme TaKYIO o6JJaCTb MeTaJIJJOBe)leHHSI, r.n:e 

6hI IIOIJ:TH Bee BorrpocbI, Kaca10mnecsi n3yqaeMoi1 rrpo6JieMbI, oKa3aJJHCh 

TaKHMH crropHhIMH. CrropHhIMH oKa3aJIHCh rrp11po.n:a u.eMeHTHTa, Mexa

HH3M o6pa3oBaHHSI rpaqrnrn B npou.ecce rrepBHIJ:HOH KpHCTaJIJIH3aU.HH, 

MexaHH3M pacrra)la u.eMeHTHTa B TBepJlOM COCTOSIHHH, BllHSIHHe 3JieMeH

TOB Ha ycTOHIJ:HBOCTh u.eMeHTHTa, cpaKTOphI, BJIHSIIOII.l.He Ha 3TOT rrpo

u.ecc n JIHMHrnpy10mne ero, H .n:p. HecMOTpsi Ha TO, IJ:TO npaKnP1ecKH 

BhIHBJieH n BHeJlpeH B rrpoH3BOJlCTBO pH.ll rrporpeccnBHhIX MeTOJlOB, 

ycKOpSIIOII.1.HX npou.ecc rpacpHTH3aUHH (rrpe.n:BapHTeJibHaSI 3aKaJII<a, 

HH3KOTeMnepaTypHaSI BhI)lep)l{Ka, MO.llHcpHU.HpOBaHHe H .n:p.)' MexaHH3M 

B03)leHCTBHSI 3THX cpaKTOpOB, cpH3HIJ:ecKa51 cyII.1.HOCTh 3TOro BJIHSIHHH 

OCTalOTCSI He)lOCTaTOtIHO SICHhIMH H B HaCTOSIII.1.ee BpeMSI. 0)lHaKO, He

CMOTPSI Ha :no, pa3perneHHe .n:aHHOH HaytIHOH rrpo6JieMhl rrpo.n:BJrnyJioCh 

BeChMa )laJieKO. 

B npe.n:eJiax HacTOHII.1.efi cTaThH MO)!{HO ocTaHOBHThCSI Ha 3THX 11.0-
CTH)!{eHHHX TOJlbKO B rropSI)lKe rrepeIJ:HCJieHHH OCHOBHhlX IIOJIO)KeJ-JHH. 

flp11po.na u.eMeHTHTa orrpeJleJieHa aKa.ll. A. A. Bai1KOBbIM, KaK 

TBep)lhIH' paCTBOp BblCOKOH KOHUeHTpaUHH, cnoco6Hb!H H3MelrnTb CBOH 
COCTaB. 3TO IIOJIO)Kemre HaXO)lHT Bee 60JibWee lJ:HCJIO CTOPOHHHKOB, 

HaXO)lHT 3KcnepnMernaJibHoe IIO)lTBep)l{)leHHe H II03BOJIHeT o6bHCHI!Th 

IIIHpOKHH Kpyr SIBJieHIIH, HaoJIIO)laeMhIX npn pa3JIHlJ:HhlX YCJIOBHHX 

TeIIJIOBOro B03)leHCTBI!SI Ha CIIJiaBbl )!{eJie30 - yrnepOJl. 
0TetiecTBeHHOH HayKOH B HaCTOHII.1.ee BpeMSI C03)laHa Teopns:r, CBSI-

3bIBa10II.1.aSI rpacpnTH3HpyIOII.l.YIO crroco6HocTh 3JieMeJ-JToB c 3JieKTpoH- • 

HhIM CTpOeHIIeM H IIOJIO)KeHIIeM HX B Ta6JIHU.e MeH,ll,eJieeBa. 

I ITpH 6blCTJlOM Harpeee H, CJJel\OBi8TeJlbHO, 60111ee Bb!COKOA TeMrrepaType, TOH· 
KHX '18CTeit OHH CTpeMl!TCll Y.llJJHHHTbCll 60J!bllle, 'leM TOJICTble, lJeMy IJOCJJe.llHHe rrpe
Ill!TCTBYIOT. BcJ1e.t1.CTBHe 3roro OHH HMeIOr ttarrpl!lKeHHe cJKaTHll. 3ToT }Ke 3H8K 
(T. e. ClK8Tlle) l!MelOT II JJl!TeHHbTe (repMH'IOCKl!e) narrpl!lKeHHll B TOHKHX '18CTl!X. 
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BrrepBbie CBH3b MC}!{.ll.Y rpaqmTH3Hpy10rn.HM BJU!HHHeM 3.JieMeHTOB H 

HX 3.JieKTpOHHblM cTpoeHHeM OblJia ycrnHOBJieHa rrpocp A. <l>. JlaH.n.a. 

npocp. H. r. fHpIIIOBHq, pa3BJ:IBa51 3TY H,ll.CIO, ITOKa3aJI, qTQ rpacpHTH-

3Hpy10ma51 CITOCOOHOCTb 3.JICMCHTOB 51B.Jl51CTC51 rrepHO.ZI.HqecKOH cpyHK

U.HCH HX aTOMHOro HOMepa. fpacpHTH3Hpyroma51 CITOCOOHOCTb 3.JICMCH· 

TOB yseJmqHaaeTC51 no Mepe 3aTIOJIHCHH51 d- H f-ypoBHefJ: H YMCHb

IIIaeTC51 rro Mepe sarro.nHeHH51 s- H p-ypoBHefl. 3TH TIOJIO>KCHH51 Halli.JIM 

rroJIHOe rro.n.rnep>K.ZI.eHHe. YKa.m:eM TOJibKo Ha HeK0Topb1e rrpHMepbI. 

B COOTBCTCTBHIT co CKa3aHHbIM, crrocoocrnoBaTb rpacpHTH3au.rrrr (T. e. 

pacrra.n.y u.eMeHTHTa) ,ll.OJI>KHbl 3.JICMCHTbI, HMCIOllI,He Ha ypoBHe 3d 
60.JibIIIe 3.JICKTpOHOB, qeM }!{e.Jieso. K TaKHM 3.JieMeHTaM OTHOCHTCH KO

oaJibT, HITKe.Jib, Me,ll.b. 

TopM03HTb rpacprrTrrsau.mo .n.o.'!>KIIbI ::i.1eMeHTbI, 11Me1omne Ha 

3d-ypoBHe 3.JICKTPPHOB MeHbrue. 4eM )l{eJieso. K 3TOH rpyrrrre 3.Jie

MCHTOB (aHTrrrpacpIITIT3Hpy10rn.rrx) OTHOC51TCH MapraHeu., xpoM H 'Ba
Ha.n.rrii:. 

TaKHM oopasoM, oTeqecrneHHaH HayKa CBH3aJia rpacp11rns11py10my10 

CITOCOOHOCTb 3.JICMCHTOB C HX cpH3HlJCCKOH rrpttpO,ll.OH. 

Ha cMeHy npOH3BOJibHOMy yrnep.>K.U.eHmo aMepttKaHcKofJ: WKOJibI 

0 cymecTBOBaHHH .U.BYX TITITOB TBep.U.bIX pacrnopoB aycTeHITTa ( «aTO
MapHbIH» H «MOJieKyJIHpHbIH»), COBeTCKHMH yqeHbIMH .ZI.OKa3aHo Teope

THqecKH B npHMeHeHHH K qyryHaM (JlaH.u.a, fttpIIIOBH4) H 3KcrrepttMeH

Ta.JlbHO Ha CTaJIH (CTpOCBiipHH H .u.p.) cyrn.ecTBOBaHrre O,[lHOro rnrra 

HOHH3HpOBaHHOro TBep.u.oro pacTBopa. 

OrpoMHoe 3HaqeHrre .ZI.JIH BbIHcHeHHH Borrpoca o MexaHH3Me rpacprr

nrsau.1111 HMelOT He TOJlbKO TeopeTHqecKHe, HO H 3KCnepHMeHTa.JlbHbie 

paOOTbI (EyHHH JI .ZI.p.), yKperrJIHIOlllJle I103HU.HIO CTOpOHHJIKOB cy1ue· 

CTBOBaHH51 .U.BYX TJIITOB .U.HarpaMM COCT051HH51 - CTaOJIJibHOH JI MeTa

CTaOHJibHOH. Herrocpe.n.cTBeHHOe Bbl.U.e.JieHJie rpacpJITa H3 Arn,u.Koro pac· 
rnopa HeO)J,HOKpaTHO .ZI.OKa3aHo OTeqecTBeHHblMH JICCJie,Z1.0BaTe.JI5IMIT Jl 

TQqKa speHJI51, 4TO cyrn.ecrnyeT O,Zl.Ha TOJlbKO CHCTeMa (.>KeJie30 - u.e

MeHTJIT), HJIJI lJTO rpacpHT Bcer;i.a 5IBJI51CTCH rrpOJJ.YKTOM pacrrana paHee 
oopa30BaBrnerOC51 U.eMeHTHTa, MO>KeT paccMaTpHBaTbC51 y.>Ke TOJlbKO 

KaK aHaxpOHJI3M. 

3To soace He 3HalJHT, lJTO .ZI.JIH OObHCHeHHH pR.ZI.a npou.eccoa, oco

oeHHO OTHOC5Illl,JIXC51 K npeapalll,eHH51M B TBep,LI.OM COCT05IHJIH, HeJib35l 

ooofITHCb 6e3 rrcrroJib30BaHH51 JIHHHJI crn6HJibHOH nrrarpaMMhr; HO 3TO 

y}!{e sorrpoc cyry6o MeTonrrqecKHH. PeaJ!bHOCTb cyrn.ecTBoBaHHH Tai< 

Ha3bIBaeMOH .ZI.BOHHOH JJ.MarpaMMbI MO>KHO ClJITTaTb He JJ.HCKYCCH
OHHOH. 

HaKoHeu., orpoMHy10 poJib B pa3pa60TKe Hay4HbIX OCHOB rrpo6JieMbl 

rpacpHTH3aU.HIT HrpaIOT paoOTbl ITO ycrnHOBJieHHIO 3.JieMeHTapHblX rrpo

u.eccoa, I103BO.Jl5ll0lll,HX BbIHBJI5ITb JIHMHTHPYIOlll.HH rrpou.ecc, npenorrpe

.n.eJI5IIOllJ,HH H KHHeTHKY rrpou,ecca, JI KOHeqHbre pesyJibTaTbl ero. Ha· 

pHJJ.Y c ycTaHoBJieHHeM 3.JieMeHTapHbIX rrpou.eccoa (.u.Hccou.rrau.rrH, pac

TBOpeHHaH .ZI.Mcpcf>ysH5l, KpHCTaJIJIH3aU.H5I)' MX B3aHMOCB5l3H H B3aHMO

o6ycJIOBJieHHOCTH 13 caMbie rrocJie,Zl.HHe fO.Zl.bl HayKa o6oraTHJiacb p51JJ.OM 

TeopeTHlJeCKHX paOOT no B03MO>KHOMY BJIH51HHIO Ha rpacpHTH3aU.HIO 

rrpouecca caMo,11.mflcpysHH. 
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Oco6oe BHHMam1e 6b1JI0 YAeJieHo BblHCHeHHIO MexaHH3Ma rpa¢HTH-

3a1um (pacna.na ueMeHTHra). 3ToT sonpoc, HaH6oJiee cymecTBeHHbIH 
)J.JIH H3yl!eHHH npouecca rpa¢Hni3al.(HH, OKa38JICH B~CbMa CJIO)l{HblM H . 

JI.HCKyccHOHHblM, npespaTHBlllHCb B 6oJibll1YIO Hayl!HYIO npo6JieMy. 
CTpouecc rpacpHTH3al.(HH, KaK noKa3aJIH MHorol!HCJieHHbie 1:1ccJie)J.o

BaHm1, IlO)J.l!HHHeTCH 06IUHM 3aKOHaM KpHCTaJIJIH3aUHH H COCTOHT H3 
YeTbipex 3JieMeHrapHbIX npoueccos: a) ,11.Hccou1:1au1:11:1 ueMeHTHra; 6) pac

rnopeHHH yrJiepo,11.a s pacTBope; s) AHcpcpy3HH yrnepo.na Yepe3 TBep
Ahlii pacrnop K ueHTpaM rpa¢1:1TH3au1:11:1; r) KpHCTaJIJIH3all,HH yrnepoJI,a, 
T. e. Bbl)J.eJieHHH H3 pacrnopa y 3apo.nbillla rpacpHTH3al.(HH. 

no cymecTBy 3)1.eCb TPH 3JI.eMeHTapHblX rrpouecca, TaK KaK rrpe.nnoJia
raeTCH, '!TO .LI.HCCOUHal.(HH l.(eMeHTHTa rrpOHCXO.ll.HT B MOMeHT pacTBopeHHH. 

K.a:m.LI.bIH 1:13 3THX rrpoueccos MOf 6bI HMeTb CBOIO CKOpOCTb. 0)1.HaKO 
B ycJIOBHHX ycraHOBHBilleroc51 npouecca rpacpHTH3aIIHH JIHMHTHpy10-

IUHM, KOHTPOJIHPY!OIUHM, ecTecTBeHHO, HBJIHeTCH TOT rrpouecc, KOTOpbIH 
11.neT c HaHMeHblllel'i: cKopoCTbIO. TeopeTHl!eCKHii aHaJIH3 H aHaJIH3 
3KCnepHMeHTaJibHbIX .naHHblX ITOKa3bIBa!OT, 'ITO B xo.ne rrpouecca rpa

cpHTH3aIIHH JIHMHTHPY!OIUHM cpaKTOpOM o6bll!HO HBJIHeTCH )J.Hcpcpy3HH. 
3TO OCHOBHOe IlOJIO:iKeHHe BilOJIHe COOTBeTCTByeT TOMY BHHMaHHIO, KO

TOpoe seer.LI.a Y.LI.eJIHJIOCb np1:1 paccMoTpeHHH npouecca rpacpHTH3aUHH 
sonpocaM )J.Hcpcpy31:11:1. B 3TOM :me acrreKTe o6bil!Ho paccMaTp1:1saJIOCb H 

BJIHHHHe pa3JIHl!HbIX cpaKTopos Ha npouecc rpacpHTH3aUHH. Heco
MHeHHO, 'ITO yKa3aHHble I10JIO)l{eHHH HBJIHIOTCH 6a30H Hayl!HblX OCHOB 

MexaHH3Ma l:I KHHeTHKH rpacpHTH3aIIHH. 0.LI.HaKo H3 3TOfO He CJie.LI.yeT, 
'ITO OTMel!eHHaH TeOpHH He Tpe6yeT )J.OilOJIHeHHH, )J.aJibHeiilllero cosep

llleHCTBOBaHHH H pa3BHTHH. 
B nepsy10 oqepe.nb Heo6xo.LI.HMo OTMeTHTb, 'ITO orrHcaHHbie npe.n

crasJieHHH 0 MexaHH3Me rpacpHnJ3aIIHH HrHOpHpyIOT HMeIOIUHH MeCTO 

1:1, HecoMHeHHO, 1:1rpa10mHii 6oJibll1YIO poJib npouecc caMO)J.Hcpcpy3HH 
:meJie3a. fpa¢HT, rroJiyl!a!OIUHiiCH B pe3yJibTaTe pacrra.LI.a ueMeHTHTa, 
3aHHMaeT orrpe.neJieHHOe MeCTO - IlOJIOCTb. 3To MeCTO .no BbI.LI.eJiemrn 
rpacpHTa 6bIJIO 3aHHTO B OCHOBHOM (Ha 99 % ) aTOMaMH :iKeJie3a, KOTO

pb!e .U.OJl)l{Hbl B nep110.u. rpacpHTH3aIIHH ITOKHHYTb ero, OCB060.LI.HB no
JIOCTb ,[(JISI BbI,[(eJieHHSI rpacpHra. 

B HaCTOHIUee speMH OCHOBHaH .LI.HCKYCCHH pa3BepHyJiaCb BOKpyr BO
rrpoca 0 TOM, HBJISieTCH JIH caMO)l.mpcpy3HH JIHMHTHpy!OLl.(HM rrpoueccOM 

(T. e. H,UyIUHM c HaHMeHb'illeii CKOpOCTbIO) HJIH He SlBJIHeTCH JIHMHTH

PYIOIUHM B Tel!eH1:1e Bcero rrep110,n:a rpacpHTH3au1m. 
He3aBHCHMO OT OKOHl!aTeJibHOro pellleHHH 3TOro sonpoca (.LI.JIH 

qero IlOKa HeT .U.OCTaTOl!HblX 3KCrrepHMeHTaJibHblX )l.aHHbIX, a MeTO)l.HKa 

pacl!eTOB IlOKa BCJie.LI.CTBHe OTCYTCTBHSI .ll.OCTaTOl!HO Ha.LI.e)l{HbIX .LI.aHHblX 

no pH.Uy OilblTHbIX K03cpcp1111HeHTOB, BXO.U.HIUHX B 3Tl:I pacl!eTbl, TaK:me 

He .uaeT O,UH03Hal!HbIX OTBeTOB) caMO.UHcpcpy3HH :meJie3a ,UOJI:»rna pac

CMaTpHBaTbCH KaK O.UHH H3 3.JieMeHrapHbIX rrpou.eccos. Heo6xo.nHMOCTb 
.UOITOJIHeHHH TeopeTHl!eCKHX OCHOB paCCMOTpeHHH MexaHH3Ma rpacpHTH-

3aIIHH noJJo:meHHHMH, YllHTbIBa!OIUHMH caMO)J.Hcpcpy3HIO :meJie3a, -
6eccnopHa. 

CTonblTKH 0rnop0posaTb caMo.u1:1cpcpy3if10 BCJie.UCTBHe cnopHocrn 

sorrpoca, KaKoe MecTo (no cKopocTH) oHa 3aHHMaeT s uerrH 
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'JleMettrapHbl.X npou.eccoB rpaqrnnrnaum1, He HBJIHIOTCH nporpecc1rn
Hb1MH. 

I(poMe Toro, Heo6XOJI.l1MO OTMeTHTb, llTO COBpeMeHHaH reopmI rpa· 
<f>HTH3al.I,HH Bbipa6aTbIBaJlaCb B 6opb6e c p.HJI.OM cnopHbIX npeJI.IlOJIO)Ke· 
HHii H reopHii. HecoMHeHHoii 3acnyroii cospeMeHHoii reopHH .HBJI.HercH 
npeo.uoJieHHe crpeMJieHH.H TaK Ha3bIBaeMblX CTOpOHHHKOB OJI.HHapHOH 
.u0arpaMMhI (:meJ1e30 - u,eMeHTHT) ace cnyqatt o6pa3osaHH.H rpaqrnra 
paccMarpHBaTb TOJlbKO KaK npo.uyKT pacna)la u,eMeHTHT3. 6e3yCJIOBHa.H 
JI.OKa3aHHOCTb HenocpeJI.cTBeHHoro BbIJI.eJieHH.H rpacpttra H3 pacrsopa 
HMeer 60J1brnoe 3HaqeHHe H JI.JI.SI Teopm1 H JI.JI.SI npaKTHKH. Ho 3TO, ecTe· 
CTBeHHO, He 03Haqaer, qTo renepb 3TOMY IlOJIO)KeHHIO JI.OJI)KeH 6b!Tb 
npH.llaH a6coJIIOTHbIH xapaKrep H qro ace noJio:memrn H apryMeHTbI 
CTOpOHHHKOB yKa3aHHOH reopHH 0.11.HHapHOH JI.HarpaMMbl JI.OJl)l{Hbl IlOJI· 
HOCTbIO orp0uarbc.H. TaK, HecoMHeHHO, Me:m.uy ueMeHTHTOM H aycreHH· 
TOM HeH3MepHMO 60Jiblllee crpyKrypttoe H XHMHqecKoe COOTBeTCTBHe H, 
cJieJI.osareJibHO, MeHbrne pa6ora o6pa3oBaHH.H :u,eMeHTHTHoro 3apo
JI.b1rna, qeM rpa¢ttrHoro. 

l1CXO.ll..H H3 3TOro, IlOJIHOCTb!O HCKJIIOqarb JI.JI.SI scex YCJIOBHH Mexa
HH3M, npH KOropoM BbIJI.eJI.HeTC.H ueMeHTHT, pacrraJI.aIOIUHHC.H 3aTeM, 
Her HH OCHOBaHHH, HH Heo6xOJI.HMOCTH. B paaHoii Mepe . He CJieJI.yer 
IIOJIHOCThIO orpttuarb B03MOMHOCTb nerrocpeJI.craeHHOro pacrra.na ue
Me1uttra rrpH onpeJI.eJieHHhlx ycJIOBH.Hx rrpouecca, HBJI.HIOIUeroc.H raK:me 
JI.HCpcpy3HOHHblM. 

BoJiee Toro, a caMow TeopHH 06pa3oaaHH.H rpacpttra TOJihKO qepe3 
rsepJI.bIH pacrnop sorrpoc 06 o6pa3oBaHHH ueHrpoa rpacpttrn3aUHH 
(rrepsb1e BKJIJOqeHH.H rpaqmra, CJiy:mamtte HMIIYJibCOM rpa<Pttrn3a· 
UHH) pernaerc.H HMeHHO c II03HUHH, .llHaMerpaJibHO rrpoTHBOIIOJIO)l{HblX 
ocHoBaM TeopHH, r. e. rrpeJI.nOJiaraerrn, qro 3TH BKJIJOqeHHH o6pa3y· 
10rcH a pe3yJihrare HerrocpeJI.cTBeHHoro pacnaJI.a ueMeHrHra. B 3Toii 
CBH3H CJieJI.yer OTMeTHTb H3BeCTHYIO rrocnelllHOCTb B OTKa3e OT OOb.HC· 
HeHHH MexaHH3Ma pacna)la ueMeHTHra npH BbICOKHX reMneparypax, 
npHBOJl..Hlll.ero K o6pa3oBaHHIO rrJiacrttHqaroro rpacfmra, KaK cJiyqaH, 
KOrJI.a pacna.u ueMeHTHra HJI.eT nenocpe.n.crneHHo. 06b1qHbie yKa3aHH.H, 
qro H a 3THX ycJIOBHHX a pH.ue cJiyqaes rpacpttr pacrroJiaraerC.H, He noJI
HOCTbIO CJie)ly.H pacnOJIO)KeHHIO UeMeHntra, H3 KOTOporo (H Ha Mecre 
Koroporo) OH 06pa3oaaJic.H, He cTOJib cymecrneHHhI. BoJiee cymecrneH
Hoe 3HaqeHHe HMeer TO, qro BO MHOrHX CJiyqa.SJX paCIIOJIO)KeHHe rpa
¢ttra IIOJIHOCTbIO IIOBTOpHer paCIIOJIO)Ke~rne ueMeHTHTa, H raKHe HJIJIIO· 
CTpaumi qacro rrpHBOJI..HTC.H caMHMH asropaMH, orptt:u,a10111.HMH Beno· 
cpeJI.craeHHbIH pacrra.n. 

HecoMHeHtto, npH BbICOKHX reMrreparypax cKopocrb HenocpeJI.CTBeH· 
Horo pacrra.lla TaK BeJIHKa, qro rrpeBblIIJaer cKopocTb .nmf>cf>y3HH qepe3 
rnep.UbIH pacrnop, qeM, BHJlHMO, H OOb.HCH.Herc.H nJiaCTHHtJaTbIH xapaK· 
rep BKJIIOlleHHH. 

B ornorneHHH rpacjmTH3aUHH ycraHoBJieH 3KcrrepHMeHraJibHO p.H.Zl 
<t>aKTOB, K KOTOpblM Ha.nJie)KHT B rrepay10 oqepeJI.b OTHeCTH CJie.uy10mHe: 

1. HeycroiilJHBOCTb ueMeHrnra a >KeJie3oyrnepoJI.HCTbIX cnJiaaax H, 
CJie.llOBaTeJibHO, B03M0)KHOCTb rpa<PHTH33UHH 6yKB3JlbHO JI.JI.SI acex KOH· 
:u.eHTpau.0li yrnepo.na. 
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B ttacrosnuee apeMH urnpoKo H3secTeH clJaKT rpaclJHTH3aUHH KOTeJJo
noro JKe.riesa c co.rr.epmam1eM scero 0, 12-0, 15 % yrnepo.ua. P a6oTbI, 
rrpose.rr.eHHhle :ri TerrJioTexHuqecKOM HHCTHTyTe, rroKa3aJIH, qro rrp1rnuun 
H 3aKOHOMepHOCTH npouecca, a TaKJKe clJaKropbl, jia Hero BJIHHIOW.He, 
He OTJrnqalOTC51 OT aHaJiornqHbIX 3aKOHOMepHOCTeH, H3yqeHHbIX B OTHO
weHHH qyryHa. 

B nocJie.UHHe ro.rr.b1 HayKa H npaKTHKa 06oraTHJ1HCb PH.UOM ueHHbIX 
HCCJie,nosaHHH no TaK Ha3blBaeMblM rpaclJHTH3HpoaaHHblM CTaJIHM, KO
TOpb!e HallIJIH ,UOCTaToqHo WHpOKOe npHMeHeHHe B npOMb!WJJeHHOCTH. 
y 3THX CTaJieH OCHOBHbie 3aKOHOMepHOCTH npouecca rpacj>HTJ13aUHH 
npHHUHnHaJibHO He OTJIHqa!OTCH OT aHa.rxornqHblX 3aKOHOMepHOCTeH, 
ycraHOBJieHHbix .UJIH t1yryHa. TaKHM o6pa3oM, rpacjmrnsau1rn oxsaTbl
BaeT sc10 raMMy meJiesoyrJiepo.uucTbIX cnJiaaos H nepecraeT 6b!Tb 
npoueccOM, KOTOpbIH ,UOJI:>KeH HHTepeCOBaTb . TOJibKO CITeUHaJIHCTOB 
B o6JiaCTu qyryHa. YMeCTHo 6y.rr.er s CB513H c 3THM yKa3aTb, qro He.uo
CTaToqHoe BHHMaHHe MeraJIJiose.rr.os K 03yqeHHIO 3Toro npouecca, 
K ero ocsew.eHHIO s yqe6Hoi'.i H nepuo,nuqecKoi'.i JIHTeparype, K pacurn
peH1110 cj:JpOHTa HCCJie,n:oBaHHH B 3TOH o6JiaCTH HH TeopernqecKH, HH 
npaKTHqeCKH He 5IBJIHeTCH onpaa,naHHblM, 

2. Pacna.u ueMeHTHTa np11 TeMrrepaTypax BbIIIIe KPHTHqecKoif u.uer 
c 06pa3osam1eM aycreHIITa H rpa<IJ11Ta. ,lJ.a)l{e npu Harpese roKaMH 
BbICOKoif qacTOTbI, Kor.ua nepuo.u pacna.rr.a ueMeHTHTa 3aH11MaJ1 scero 
HeCKOJibKO ceKyH.U, npu BeCbMa 60JibllIHX CKOpOCTSIX OXJlaJK,lJ.eHHH HH
Kor.rr.a He y.rr.asaJJocb clJuKcHposaTb cpeppHT. 

3. Crporo ycraHOBJieHHb!M cpaKTOM Ha.rr.Jie>KHT cq11raTb yaeJrnqeHue 
cKopocr11 pacna.ua ueMeHTHTa c rrosbtllleHHeM TeMneparypbI. MHoro
Kparno 6b!JIO ,UOKa3aHO, qTQ 3aBHCHMOCTb Mem.rr.y TeMrreparypoii H 
CKOpOCTb!O rpacj:JHTH3aUHH HOCHT JiorapHCpMHqecKHH xapaKT~p. CTOBbl
meHHe TeMrreparypbl - O,lJ.HH H3 caMblX nporpecCHBHblX MeTO,UOB CKO
pocrnoif rpacj:JHTH33UHH. 3TO IIOJIO)l{eHHe He TOJlbKO o6b5ICHeHO 
reoperttqecKH, HO H ucrrOJib30BaHo npaKTHKoii:. Y)l{e c caMoro HaqaJia 
Maccosoro npOH3BO,UCTBa KOBKOro qyryHa, B fO,lJ.bl rrepaoi'.i rIHTHJJeTKH, 
pa6orHHKH 311C, UHI111TMAIII, JIOMaH crapb1e, 6yKaaJJbHO seKaMH 
C03,UaBaBwHeCH HOpMbl H rrpHeMhl, rrepellIJIH Ha 6bICrpbIH Hi BhICOKO
TeMneparypttblH Harpea, qro cpa3y .rr.aJIO B03M0)1{H0CTb COKpaTHTb UHKJI 
rpacpurn3upy10w.ero OT)l{Hra 6enoro qyryHa a 3-4 pa3a. Ha 3TOH >Ke 
6a3e 3a IlOCJie,UHife 4-5 JieT C03)laH nporpecCHBHb!H MeTOJI. CKOpOCTHOH 
BbICOKOTeMneparypHoii rpacpHTH3aUHH B COJI51Hb!X BaHHax, rI03BOJIHB
llIHH ycKOpHTb rrpouecc rpacj:JHTH38UHH 3BTeKrnqecKoro H BTOpHqHoro 
ueMeHTHTa no cpaBHeHHIO c 06b1qHb!M OT)l{HfOM B 20-50 pa3. 

4. KHHeTHKa pacna.ua ueMeHTHTa a H30TepMuqecKHX ycnos1rnx 
(T. e. pacrra.u no speMeHH npH .rr.aHHOH TeMnepazype) xapaKTepu3yeTcS1 
qeTblpbMSI nepHO,UaMH: 

11 HK y 6 au Ho H H hi if n e pH o .rr., Kor.rr.a npaKTHqecKH, npH cy
mecrny10IUHx MeTO,LJ.ax aHaJIH3a, rpacj>HTH3aUHSI He cj:JHKCHpyeTCH. 
BnoJJHe ecTeCTBeHHO, - KaK 3TO HMeeT MeCTO H B OTHOllleHHH BeCbMa 
nonpo6Ho usyqeHHoii oTeqecrseHHOH HayKoii npouecca H3orepM11qe
cKoro pacna)i.a aycreHHTa, - c yro1rneHHeM MeTo,na aHaJIH3a, noBbIUie
HHeM ero roqHOCTH a6COJllOTHaSI BeJIHlJHHa HHKy6aUHOHHOro nepuo,LJ.a 
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HeCKOJlbKo yMeHbwaeTcH (r. e., Bepttee, yToY.ttsieTcH). 0JI.HaKo 3TO He 
03HaY.aeT, lJ.TO HaJIHY.He HHKy6aUHOHHoro nepHO,ll.a HBJIHeTCH TOJibKO 
cJie,ncrnHeM HecoaepweHcraa MeTO,ll.a ero onpe,ll.eJieHHH H Y.TO, cJie,ll.oaa
TeJibHO, B npe,ll.eJie, T. e. np11 aecbMa coaepllleHHOH MeTO,ll.HKe 9KcnepH
MeHTHpoaaHHH, HHKy6auHOHHhlH nepHOJI. 6y,1I.eT npH6JIH:>KaTbCH K Hymo. 

TaKaH qacTo Bhl,ll.BHraeMaH TO'IKa 3pemrn o6hIY.Ho 6a3HpyercH Ha 
npe;:I,nOJIO)!{eHHH, lJ.TO B HHKy6auHOHHOM nepHO,ll.e He COBeplllaIOTCH Ka
KHe-JIH6o npouecchr, T. e. He pacKphmaerCH ero cjJH3IPiecKaH cyIIIHOCTh. 

B ,1I.ei1cTBHTeJihHocT11 HHKy6au110HHh1i1 nepHO,ll. Ha,ll.Jie:>KHT paccMa

rp11aarb KaK nepHO,ll. no,ll.rOTOBKH K pacna,ll.y, CBH3aHHhIH co CHSl
THeM HaTipH:>KeHHH, nepHo,ll. B3aHMO,ll.ettCTBHH c OKpy:>Ka1oruei1 cpe
,ll.OH, nepHO,ll. nepexo,ll.a OT O,ll.HOH CTeTieHH CTa6HJihHOCTH K .npyroit 
B 3TOM csere oco6h1i1 1mTepec npe,ll.cTaBJIHIOT HenocpeJI.cTBeHHhle ::iKcne
pHMeHThI (JI.OU. Po3aHoB), KoTOphIMH JI.OKa3aHo, Y.TO B HHKy6auH6HHhIH 
nepHO,ll. HMeer MeCTO (npH OTCYTCTBHH rpacpHTH3au1m) yMeHbllleHHe 
KOHUeHTpa,I.J.HH yrJiepo;:I,a B caMoM ueMeHTHTe. CJie,1I.oaareJihHO, cpH3H
qecKaH CYIUHOCTh. HHKy6aI.J.HOHHOro nepHOJI.a 3aKJIIOY.aeTCH B TOM, lJ.TO 
BO B3aHMO,ll.ettCTBHH c BHellIH~H (JI.JIH ueMeHTHra) cpeJI.OH 3a CY.eT H3Me
HeHHH cocraBa ueMeHTHTa (npouecca HeCOMHeHHO .n.mJ:icpy3HOHHOf0)' 
H3MeHeHHH 3HepreTHY.eCKOro COCTOHHHH If np. C03,ll.alOTCH ycJIOBHH, He-
06xO,ll.HMhie JI.JIH pacnaJI.a ueMeHTHTa. Bee 9TH npouecch1 BAYT BO Bpe
MeHH, If, CJie)I.oBaTeJihHO, HHKy6au110HHh!H nepHOJI. cyruecrnyer o6beK
THBHO. EcrecTBeHHO, lJ.TO c TIOBhillleHHeM TCMnepaTyphl, c yBeJIHY.eHlieM 
CKOpOCTH JI.OCTH:>KeHHH 3a,ll.aHHOH TeMneparyph! H T. JI.. JI.JIHTeJibHOCTh 
HHKy6au110HHoro nep110,na yMeHhlllaeTcH. Ho ::irn y:>Ke Bonpoc KOJIHY.e
craeHHhiii:, He H3MeHHIOII.J.Hii: cyruecrna ,1I.aHHofl oueHKH BHKy6au110HHoro 
nepHo.rr.a. 

0 e p H 0 J1. M a JI 0 ii: C K 0 p 0 CT H f p a cp H T H 3 a U If 11 3aHBMaeT 
,ll.O 40-50% BpeMeHH, Heo6XO,ll.HMOro Ha TIOJIHYIO rpacjJHTH3aUHIO; 3a 
9TOT nepBo.rr. rpacpHTH3BpyeTcH He 6oJiee 10-15% acero ueMeHTBTa. 
HaJIHY.Be 11 cpB3HY.ecKyIO cyIIJ,HOCTh ::iroro nepBo,na Ha,ll.Jie:>KBT CBH3hI
BaTh B OCHOBHOM c Jl.BYMH HBJieHIISIMH - c MaJihlM lJ.HCJIOM ueHTpOB rpa
cpHTH3aUH11 If c HeOJJ.HOpo,nHOCThIO COCTOHHHH B pa3JIH 1IHhlX MHKpo
o6beMax (cpJIIOKryau1111 3Heprn11, cocraaa 11 np.). B pe3yJibrare raKoi1 
HeOJI.HOpOJJ.HOCTH B OJI.HHX Mecrax pacna,ll. y:>Ke HaY.aJICSI 11 npOHCXO,lJ,HT 
c onpe,ll.eJieHHOi'! (B03MO)!{H0 If 6oJiblllIOii:) CKOpOCThlO, B .ll.PYrHX Mecrax 
eIIJ,e He 3aKOHY.eH 11 HHKy6auBoHHbIH nepHoJI. 1• CyMMapHo .:iro H xapaK
repB3yercH (a cpe,ll.HeM) MaJIOii: CKOpOCThlO rpacjJHTH3aI.J.Hl1. 

0 e pH 0 J1. 6 0 JI h Ill 0 H CK 0 p 0 CT H f p a cjJ If TH 3 a UH If 3aHH
MaeT JJ.O 25-30 % apeMeHH, Heo6xO,QHMOfO .IIJIH IlOJIHOii: rpacjJHTH3agHH; 
B 3TOT nepBOJJ. pacna.rraeTCSI OCHOBHaH Macca ueMeHTHTa (.IIO 90-95 % ) . 
Ll.aHHhiii: nepBO.II xapaKTepB3yeTCSI MaKCHMaJibHh!M o6pa30BaHHeM ueH-

1 YMecrno 6y JJ.eT noJJ.lJ·epKHYTb, 'ITO noJJ. KOHU.OM H1tKy6au.noHHoro nepHo.na no
H11MaeTc11 MOMeHT o6pa30BaHH!! H <j}HKcau.mI (o6bllJHO MeTaJIJIOrpa¢11'lecKllM aHaJI11-
30M) nrepBblX BKJllO'leHllH rpacjmTa. Ho o6pa30BaHl!e 3TllX BKJllO'leHl!H MOJKeT CBH
.neTeJJbCTBOBaTb TOJlbKO 0 TOM, '!TO B 3TOM Mecre OKOHlJllJIC!I llHKy6au.110HHblH nep110.n, 
11 ooaeprneHHO He xapaKrep113yeT Ma1KpoKapTJ1Hbl. CJieJJ.oBaTe.JibHO, B rex MecTax, r.ne 
ueMeHTHT eme He pacnaJIC!I, Ha.'!l!lJHe HHKy6aU.HOHHOro nepHo.na, eCTeCTBeHHO, He 
HCKJ110'laerc11. 
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flJUB qJaqJHTl13au.1111 11 UKOH'iaH11eM l1HKy6au.110HHOI'O nep110JJ.a B MaKpo

o6'beMe, 'lTO, ecTeCTBeHHO, H npe.n.onpe.n.eJrneT OilTHM8JlbHble ycJIOBHSI 
rpaqmTH3aUHH. A6cOJIIOTHhle aHa'leHHH CKopocrn pacna.n.a- B 3TOT ne
pHo.n HBJISIIOTCH B OCHOBHOM npe.ll.MeTOM 06bl'lHO o6cy1K.naeMoro Mexa
HH3Ma pacna.na, COOTHOIIIeHHSI CKOpOCTl:I 3JieMeHTapHbIX npoueccoe pac
na.D,a H .D.pyrnx npeepameHHH, KOTopb1e OTMe'laJIHCh Bblllle. CJie.D.yeT 
l:IMeTb B BH.D.y, qTo B 60Jibllll:IHCTBe CJiyqaeB B TeopeTHqecKHX l:I 3KCne
PHMeHT8JlbHbIX pa6oTax, BhISICHSIBIIIHX BJIHSIHHe pa3JIHqHbIX cpaKTopos 
Ha CKOpOCTb rpacpHTH3aUHH, OCHOBHOe BHHMaHHe cocpe.D,OTO'leHO 
HMeHHO Ha 3TOM nepHO.D,e. 

0 e pH 0 .l1. 3 a Ty X a H l:I SI CK 0 p 0 CT H f pa cp HT H 3 a UH H 3a
HHMaeT 20-35 % epeMeHH, He06XO,LJ.lfMOro Ha IlOJIHYIO rpacpHTH3aUHIO, 
XOTSI B 3TdT nepHO.D. rpacpHTl13HpyIOrcSI scero 5--10% ueMeHTHTa. Ha
JIHqHe l:I cpH3HqecKaSI cymHOCTb 3TOrO nep1rn.na .D.OJl)l{Hbl 6bITb CBSI3aHbI 
ecJIH He HCKJI!Oql:ITeJibHO, TO B peIIIa10meii creneHH c MexaHH3MOM rpa
cpHTH3aUHH. KaK 6y.D.eT yKa3aHo HH1Ke, pacna.D, ueM~HTHTa - npouecc 
,LI.Hcpcpy3HOHHbIH, H.D.YIII.HH qepe3 TBep,LI.bIH pacrnop. 4eM 60Jibllle pac
na,LJ.aeTCSI ueMeHTHTa, TeM 60Jibllle OTHOCHTeJibHOe l:I a6coJIIOTHOe KOJIH
qecTBO aycTeHHTa B crpyKType qyryHa, TeM 6oJiee MaccHBHble CJ!Ol:I 

aycreHHTa oKpy1KaIOT eme He pacnaBIIIHHCfl ueMeHrHT. CJie.u.oea
TeJibHO, B 3TOT IlOCJieJJ.Hl:IH nepHO.D. IIYTH .11.mf>cpy3Hl:I MaKCHMaJibHbI H 
BCJieJJ.CTBHe 3TOfO epeMSI rpacpHTH3aUHH BeJIHKO. 

Heo6xoJJ.HMO no.uqepKHYTh, qTo yKa3aHHhie nepH0.11.hI rpacpHTH3aUHH 
aHaJiorHqHbI KaK JJ.JISI rpacpHTH3aUHH npH TeMneparypax BbIIIIe KpHTH
qeCKHX - B o6JiaCTl:I aycreHHTo-ueMeHTHTO-rpaqmTHOH, TaK l:I npH TeM
neparypax HH1Ke KpHTH'leCKOH - B o6JiaCTl:I cpeppHTO-UeMeHTHTO-rpa
cpl:ITHOH, T. e. npaKTHqecKH npH rpacpHTH3aUHH ueMeHTHTa 3BTeKTHqe
·CKOf0 H BTOpHqHoro, a TaK1Ke 3BTeKTOH.D.HOfO. 

5_ IlpH HeKOTOpb!X (BeChMa Bb!COKHX) TeMnepaTypax rpacpHTH3a
Ul:ll:I 6eJIOro qyrytta rpacpHT IIOJiyqaeTCSI IIJiaCTl:IHqaTbIM. 3TH TeMnepa
TYPbI aaBHCSIT OT XHMHqecKoro cocTaBa, H 'leM 6oJibllle KpeMHHSI, reM 
npH 6oJiee Hl:l3KHX TeMneparypax HMeeTCSI onaCHOCTb noJiyqeHHSI IIpH 
OT1KHre nJiaCTHHqaToro rpacp0ra (TaK Ha3hrnaeMoro orcepHBaHHSI). 
CJieJweareJihHO, npH OT1KHre, HMe10meM UeJihIO B no.uasJISIIOW:eM 6oJib
IIIHHCTBe CJiyqaes noJiyqeHHe XJIOilbeBHJJ.HOfO rpacpHTa (yrnepo.ua 
on1rnra), TeMneparypa rpacpHTH3aUHH .D.OJI1KHa 6bITh HH1Ke 3THx reM
neparyp. (B 06hl'lHblX 6eJibIX qyryttax 3TH TeMneparypbI HaXO,LUITC51 

B HHrepsaJie I 060-1080~ H Bhillle.) CJie.D.oBaTeJihHO, HMeerrn onpe.ue
JieHHhiii npe.u.eJI noBhillleHHSI TeMnepaTyphI c ueJib!O ycKopeHHH rpacp11-
TH3au110, Kor.11.a rpe6yercH noJiyqemrn yrnepo.na OT1KHra. 

6. npH HaJIHqHH rpacpHTOBblX BKJI!OqeHHH (nOJIOBHHqaTbie qyryHbl 
c IlJI8CTHHll3TbIM HJ!l:I rnapOBHJJ.HbIM rpacpHTOM) B pe3yJibTaTe rpaqm
TH3aUHH cpopMa 3THX BKJI!OqeHHH coxpaHSieTCH, TaK KaK 3TH rpacpHTO
Bbie BKJIIOqeHHH cJiy1KaT ueHTp~Ml:I KpHCTaJIJIH3aUHH rpacpHTa. 

7. npe.usap1.neJibH8H 38KaJIKa, HOpMaJIH38UHH, H30TepMHlJeCKaH 3a
K8JIKa H soo6me ycKopeHHoe oxJia1K.nettHe npH nepexo.ne qepe3 HHrep
saJI TeMnep~zyp 3BTeKTOHJJ.Horo npeepameHHSI o6ecnelJHBaJOT npH 
IlOCJieJJ.yJOIII.eii rpacpHTH38UHH 60JibIIIOe lJHCJIO ueHTpOB pacna.ua l:I COOT
BeTCTBeHHO MeHblIIYIO ,LJ.JIHTeJibHOCTb npouecca. 
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8. H113KOTeMnepaTypHaH Bbl.Ll.epiKKa a npouecce rpacpHT113au1m 
(np11 350-400°) ycKopHeT npouecc rpacpHTH3aUHH. Oco6eHHo 3Q><lJeK· 
THBHa HH3KOTeMnepaTypHaH BbUl.ep:>KKa B qyryHe, MO.IlHqrnuHpOBaHHOM 
aJIIOMHHHeM. 

9. CKopoCTb rpaqrnTH38UHH 3aBHCHT 11 or Ham1q1rn MOJ.1.HcpnKaTOpoa 
(aJIIOMHHHB, THTaH). 

Ha ocHoae urnpoKoro pa3BHTHH TeopernqecKHX HcCJie.u.oaaHHB, 
3KCnepHMeHTaJihHhIX pa6oT OTeqecTBeH'HOB HayKOB H npaKTHKOtl pa3· 
pa6ornH H BHe.u.peH pHJJ. nporpeccHBHhIX cKopoCTHhIX MeTO)I.OB TepMH · 
'!eCKOB o6pa60TKH, CBH3aHHhlX c rpacpHTH3au11eH: ueMeHnna. 

PacTBopeHue rpact>nTa o 1-cl>a3e 

3rnMy npoueccy, HMeIOIIJ.eMy aa:>1rnoe 3HaqeH11e a TepMw1ecKoH: 
o6pa6oTKe qyryHa 11 a pH.Ile cnyqaea npeJI.onpe.u.emuow:eMy KOHeqHyIO 
CTPYKTypy, B03MOiKHOCTh .nocTHiKeHHH nocrnaJieHHOB 3a.naq11 nn11 JI.ame 
HBJIHIOIIJ.eMycH caMoueJlb!O TepMHqecKOH o6pa60TKH, B JIHTepaType H 
B 3KCnepHMeHTaJlbHblX pa6ornx y.u.e.rreHo oqeHb MaJIO BHHMaHHH. 

IlpHHUHnHaJibHaH B03MOiKHOCTb nOBhIIIIeHl1H KOHueHTpau1111 CBH3aH
HOro yrnepona nyTeM pacTBopeH11H rpacp11rn npH TeMnepaTypax Bblrue 
KpHTHqecKl1X 6bIJia ycrnHOBJieHa eme B 0.ll:HOH H3 caMbIX paHHHX pa6oT 
A. A. Boqaapa. l1Me101u11ecH onhITHhle .naHHhle noKa3hIBaIOT, 'ITO npo
uecc Hach1IIJ.eH11H yrnepo.na 3a cqeT rpacpHTa HAeT HaMHoro Me.nJieHHee, 
qeM 113 Kap6HAHOB cpa3bl, H HaMHOro 6bICTpee, qeM 113 Kap610p113a
TOpa, HBJIHIOIIJ.erocH BHeIIIHeli cpe.noli. Ilpouecc 3TOT H,n:eT cpaBHH
TeJlhHO 6bICTpo, o6ecneqHaaH .rr.aiKe npH TeMnepaTypax, He3Ha'mTeJibHO 
npeBbIIIIaIOIIJ.11X KpHTH'!eCKl1e, AOCTl1)!{eHHe npaKTHqecKoro paBHOBeC
Horo HaCbIIIJ.eHHH aycTeHHT - rpacpHT no BCeMy o6beMy 3a 
0,5-2,0 qaca. 4eM BhIIIIe TeMnepaTypa, TeM CKOpOCTb pacTBopeHHH 
60JibIIIe, H npH 1000-1050° HaChIIIJ.eH11e 'j-cpa3bl AO paBHOBeCHhlX KOH· 
ue1npauHH: ,llOCTHraeTCH 3a HeCKOJlhKO M11HyT. 

B pa6ornx, npoae.neHHhlX aBTOpOM COBMeCTHO c T. r . .UeMHAOBOl°I, 
ycTaHOBJleHO, qTQ .llHcpcpy3HH rpacp11Ta HaqHHaeTCH BCerna no rpaHHUaM 
3epeH, KaK no MeCTaM c HaH60Jiee pa3pbIXJieHIIhIM CTpoeHHeM; OT rpa· 
HBU yrnepona ,n:HcpcpyHnttpyeT BHYTPh 3epeH ayCTemna no onpe.ne.rreHHhlM 
HanpaBJleHHhlM nJIOCKOCTHM. IloJIOCTH, 3aHHThie rpacpHTOM, BCJie,llCTBHe 
OCB060iK)I.eHHH MeCTa qacTHqHo, a B HeKOTOpb!X cnyqaHx H noJIHOCThlO, 
3anOJIHHIOTCH cpeppHTOM, o6pa3yH OTOpoqKH HJil1 cnJIOIIIHbie BKJIIOqe
HHH, noarnpHIOIIJ.He cpopMy caMHX rpacp11TOBhIX BKJIIOqeH11li. CJieJI.OBa
TeJihHO, He ace rpacpHTOBbie BKJIIOqeHHH npHHI11\1aroT OAl1HaKOBOe yqa
CTHe B HaCblIIJ.eHHH yrnepoAOM 'j-cpa3bl. 

2. DPOrPECCHBHblE METO,ll.bl TEPMHIJECKOR 06PA60TKH lJYfYHOB 

HH3KOTeMnepaTypJfb1H OT1KHr )l.JIH CHHTHH BHyTpeHHHX HanpH1KeHHH 
• B noJIHOM COOTBeTCTBHH c KpaTKO paccMOTpeHHhlMH Bhlllle OCHOB-

Hh!MH noJIOiKeHHHMH TeOpHH BHyTpeHHHX HanpmKeHHB, Ha oreqecTBeH
HhlX 3aao.n:ax npBMeHHeTcH ornrnr no CJie.IlyIOIIJ.eMy pemBMy. Me.u.JieH
HhIB Harpea .no nepexo.na B o6nacrb nJiacrnqecKHX )I.ecpopMaumi .n.rrn 
ceporo qyryHa 06b1qHo .naeTCH He Bh1rne 550°, cKopocTh Harpesa 
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75-100°/qac, BbI.ll.epJl<Ka B 3aBHCHMOCTH OT MaKCHMaJibHOH TOJIIIViHbl 
cetieHHH, a npe.ueJiax 1-8 t1ac., oxJia)!{.ueHHe BMecTe c nellbJO co cKo
pocThJO 20-60°/qac. 

I1ccJie.n.oaaHHHMH UHI111TMAlll, 3aao.ua HMeHH I<. MapKca H AP· 
ycTaHOBJieHO, llTO TaKOH OT)!{Hf CHH:li<aeT 90-95 % BHyTpeHHHX JIHTeH
HbIX HanpH)!{eHHlf. 

KpoMe Toro, TaKoii: OT)!{Hf a pH.n.e cJiyqaea pe3Ko yaeJIHllHBaeT 
'.:)KCnJ1yaTaUHOHHYJO cToii:KoCTh )l.eTaJieiL TaK, on1rnr 3yotiaTbIX KOJiec 
H3 qyryHa C4 12-28 npu 700° a TetieHHe 2 t1ac, noah!CHJI HX 3KcnJiya
TaUHOHHYJO CTOlfKOCTb B 10-12 pa3. 

CJie.uyeT TaK*e OTMeTHTh, tITO npH noabllueHHOM co.11,ep*aHHH Map
rattua HJIH IlOHH)!{eHHOM co.11,ep)!{aHHH KpeMHHH, a paBHO npH OTCyT
CTBHH )!{eCTKHX Tpe6oaaHHH B OTHOll!eHHH TBep.11,0CTH t1yryHa TeMne
paTypa on1rnra MO)!{eT Ohltb noBbill!eHa )l.O 700°; 

TipHMemieMbllf .ll.O HaCTOHIUero apeMeHH MeTO.ll. CHHTIHI BHyTpeHHHX 
ttanpH)!{eHHlf nyTeM .11,JIHTeJlbHOii: (6-18 Mee.) BbI)lep)!{KH OTJIHBOK Ha 
CKJia.ue o6ecnellHBaeT CHHTHe He OOJiee 50-65 % BHyrpeHHHX HanpH
)!{eHHlf H SIBJI5IeTC5I, CJie.uoaaTeJibHO, Hepau110HaJibHbIM c TeXHHlleCKOlf 
1l 3KOHOMHlleCKOlf TOlleK 3peHH5I. 

HaHooJiee nporpeccHBHhIM Mern.n.oM CHHTHH aHyTpeHHHX 1-ianpH)!{e
HHii: H B PH.Ue CJiyqaea IlOBb!ll!eHHH 3KCilJiyarnuHoHHOH CTOlfKOCTH 
OTJIHBOK HBJIHeTCH HH3KOTeMnepaTypHbllf OT)!{Hf, KOTOPbllf )l.OJI)!{eH ll!H
pOKO BHe.UpHTbCH B npaKTHKy. 

TepMHlleCKaH o6pa60TKa 6enoro qyrytta 
B no)l.aBJIHJOIUeM 6oJibll!HHCTBe cJiyt1aea TepMHtiecKaH o6pa6oTKa 

6eJioro qyryHa npecJie.n.yeT ueJib rpa¢HTH3au1111 c no~ylleHHeM XJIOnbe
BH.ll.HhIX BKJIJOlleHHii: rpa¢HTa - KOBKoro qyryHa. KaK Y*e ObIJIO OTMe
qeHo, 3TOT npouecc B HaCTOHIUee aper.rn B 3HallHTeJlbHOH CTeneHH pa
UHOHaJIH3HpOBaH oTetiecrneHHoii: npaKTHKoii:. 0.n.HaKo 11 a 3TOH o6JiaCTH 
en~e He 11c110Jib30BaHbI ace pe3epBbI. 

ooJiee ll!HpoKoe pacnpocTpatteH11e .ll.OJI)!{eH noJJyllHTb OT)!{Hf c npe.u
napHTeJihHOii: 3aKaJIKoii: HJIH HopMaJIH3auHeii:. TiocJie,rr.HHe onepauHH 
no3BOJIHJOT .uoaecni nepayJO cTa.IT.HJO rpa¢HTH3aUHH acero .n.o 5-8 qac. 
11 3HallHTeJibHO coKpaTHTh aTopyIO CTa.ll.HIO rpa¢HTH3auHH. B pe3yJih
TaTe o(;umH: UHKJI OT)!{Hra BMecTo 60-90 qac. 11e npeablwaeT 
20--24 qac. 

Oco6b1M npeHMymecTBOM npHMeHeHHH npe.n.aapttTeJJbHoii: JaKaJIKH 
llBJIHCTCH B03MO)!{HOCTb OT)!{Hra t1yryHa c IlOBbillleHHbIM co.uep)!{aI-meM 
xpoMa (.11,0 0,2 % aMecrn o6hllIHO .n.onycKaeMoro 0,05-0,07 % ) . 11.JJH WH
poKoro BHe.upeHHH 3Toro MeTO).J.a B Maccoaoe npOH3BO.ll.CTBO HeOOXO).J.HMO 
H3fOTOBJieHHe KOHsefiepHb!X ycTaHOBOK, Il03BOJI5IIOIUHX B 0.11,HOM arperaTe 
ocymecTBHTb 11 3aKaJIKy, H rpa¢HTH3HpyIOIUHfi OT)!{Hr. OcooeHHo )KeJia
TeJihHo npHMeHeHHe B 3TOM CJJyqae KOHTpOJJHpyeMblX aTMoc¢ep. 

OT)KHf B COJIHHb!X BaHHax I HBJJHeTCH, HeCOMHeHHO, 0.11,HHM H3 HaH
OOJJee nporpeccHBHhIX MeTo.11,oa npoae.11,eHHH nepaoii cTa.ll.HH rpa¢11-

1 CM. CTaTbIO A. .LI.. 5 ea 3, Onb!T OT:iKHra KOBKOro qyryHa a JKHAKOH cpe.l{e, 
CTp. 252-254 HaCTOl!Wero c6opHHK3. 
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TH3aum1. B rex CJiyqaSix, Kor ,!I.a Tpe6yercSI nOJiyqeHMe nepJIHTHoro 

KOBKOfO qyryHa, HeB03MO}l{H0 yKa3aTb MeTO,!I., cnoco6HbIH no CKOpOCTH 
KOHKypupo8aTb c 3THM npoueccoM . .llJmTeJibHOCTb nep80H cTa.u.1rn rpa · 

qmnrnaumi npH TeMnepaType oKoJio 10500 He npe8bII1IaeT 45-90 MHH. 
BHe,!I.peHHe 3Toro npouecca 803MO}l{HO TOJibKO npu ycJIOBHH TOqHoro H 
a8TOMarnqecKoro KOHTPOJISI u peryJIHpo8amrn TeMneparypbI coJISIHbIX 
8aHH, TaK KaK npouecc 8e,!I.eTcSI npH TeMneparypax, 8eCbMa 6JIH3· 
KHx K TeMneparypaM o6pa3o8aHHSI nJiaCTHHqaToro rpaqmTa. CJie
,!I.OBaTeJJhHO, ,!I.a}l{e He3HaqHTeJibHOe npe8blllleHHe TeMnepaTypbl OT
}l{Mra M02KCT npH8eCTH nptt 3TOM MeTO,!I.e OT:>KHra K HeHcnpa8HMOMY 
6paKy • 

.ll.aJihHeiirnasi paurroHaJIH3auusi 3TOro MeTo,!I.a ,!I.OJI:>!rna BKmoqaTb 
HCIIOJib308aHHe TenJia ,!I.eTaJieii IIOCJie HX H3bSITHSI H3 COJISIHOH BaHHbl. 
KpoMe Toro, 06b1qHo npttMeHSieMoe oxJia}l{,!I.eHrre Ha 803,!I.yxe nocJie 

M3bSITHSI H3 COJISIHOH saHHbl, ecTeCTBCmIO, npHBOJl.HT K 3HaqHTeJibHblM 
HanpSI}l{eHHSIM, B HeKOTOpbIX cJiyqasix K o6pa30BaHHIO TpeW.HH, a npH 
H3BeCTHbIX ycJIOBHSIX - H K o6pa30BaHHIO 3HatJHTeJibHOro KOJIHIJeCTBa 
ueMeHTHTa . 

.llJISI ,!I.eTaJieii CJIO:>KHOH KOHcjmrypaUHH oco6oe 8HHMaHHe ,!I.OJI}l{HO 
6bJTb o6pameHo Ha CTa,!I.HIO Il0)1.0rpe8a nepe,!I. OT}l{HfOM, TaK KaK BIIOJIHe 
ecTecrneHHO, lJTO norpy}l{eHHe B BaHHy c 1050° npH 3HatJHTeJibHOM 
nepena,!I.e TeMnepaTyp TaK}l{e co3,!I.aeT 6oJibUIHe Hanpsi:>KeHHSI. 

HecMOTpSI Ha TO, lJTO B HeKOTOpb!X CJIYlia5JX 3aBO,!I.bl OTKa3aJIHCb OT 
npHMeHeHHSI HH3KOTeMnepaTypHoii BhI,!I.ep}l{KH nprr OT:>KHre Ha KOBKHH 

IIyryH, noCJie,!I.HHe pa6oThI eme pa3 no.nrnep,nHJIH paurroHaJibHhlii npo
rpeccHBHhIH xapaKTep 3Toro MeTo,!I.a. HapSIAY c ycKopeHHeM rpacjmrn-
3aUHH o6ecnetJHBaeTCSI H H3BeCTHOe IIOBbIUieHHe MexaHHIJeCKHX CBOHCTB, 
oco6eHHO nJiaCTHlJHOCTb. 

l(aK 3TO 6bIJIO BblH8JieHO 8 6oJiee paHHHX pa6oTax (HHTH)' oco-
6eHHO 3cjHpeKTHBHa HH3KOTeMnepaTypHaSI BbJ,!I.ep}l{Ka AJISI tJyryHa, MO
,!I.HcjlHUHp08aHHOro aJIIOMHHHeM. 

CttcTeMaTHIJeCKHe HCCJie,!I.oBaHHSI, npose,neHHhie Ha 3HC, H .u,ocTa
TOIJHaSI npaKTHKa npHMeHeHHSI 3TOro KOMIIJieKCHOro MeTO,!I.a B Macco-

80M npOH3BOJl.CTBe II03BOJISIIOT peKOMeH,!I.OBaTb .!lJISI Bcex 3a80Jl.OB 
KaK nporpeccHBHblH MeTO,!I. npOH3BOACTBa KOBKOro IIyryHa MO,!I.H
qmurrposaHHe ero aJIIOMHHHeM H OT:>KHr c HH3KOTeMnepaTypHOH Bbl
Jl.CP}l{KOH. 

3TOT MeTOJl. oco6eHHO ueHeH TeM, lJTO He Tpe6yeT HHKaKoro ,!I.OilOJI
HHTeJibHOro 06opy)l.0BaHHSI H MO}l{eT 6hITb ocyw.ecTBJieH B nopSI,nKe 
pauHoHaJIH38UHH npouecca Ha JI1060M 3aso.ne. 

Oco6oe Mecrn 3aHHMaeT TepMHIIecKaSI o6pa6oTKa AJISI noJiytJeHHH 
KOBKOro IIyryHa IIOBblllJCHHOH npOtIHOCTH, H3HOCOCTOHKOCTH, BSI3KOCTH. 
HecMOTpSI Ha TO, tJTo IIyryH c I1IapoBH.UHhIM rpacjJHTOM MO}l{eT sechMa 
cepbe3HO KOHKyprrpoBaTb c KOBKHM IIyryHOM soo6w.e H B yKa3aHHOH 
o6JJaCTH s oco6eHHOCTH, see }l{e s TetJem1e onpeJI.eJieHHoro speMeHH 

3TH MaTepHaJJbl 6yJI.yT cocyw.ecTBOBaTb H, CJJe,!I.OBaTeJihHO, He06XOJl.HMa 
paUH0HaJJbHa51 TepMtttJecKaSI o6pa6oTKa. Y*e cefitJac nepJJHTo-cjJepprrr
Hhrfi KOBKHH IIyryH H8XOJI.HT npHMeHeHHe K8K 8HTH<PPHKUHOHHhIA 
MaTepttaJI. · · 
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K. Co:>i<aJieHHIO, BCJie,!I.CTBHe OTHOCHTeJibHO MaJIOH Il0Tpe6HOCTH B Ta

KOM ti:yryHe TexHOJIOrHH ero npo03so.ncTBa oqeHb ycJIO)!{HeHa. CHaqaJia 

OTJIHBKH no.nsepraIOT B o6w,eM I.J.HKJie IlOJIHOH rpacpHTH3aI.J.HH c noJiy

qeHHeM cpeppHTHOro KOBKoro ti:yryHa, 3aTeM cpeppHTHb!H KOBKHH ti:yryH 

no.nsepra!OT HopMaJI113aI.J.HH. BMeCTe c TeM H3BeCTHO, qrn MapraHeu 

HBJISleTCSI 3JieMeHTOM, BeCbMa 3HeprnqHo BJIHSllOW.HM Ha rpacpHTH3aI.I.HIO 

3BTeKTOH,ZI.Horo I.J.eMeHTHTa. l13MeHeHHe KOHI.J.eHTpaI.J.HH MapraHI.J.a Bcero 

B npe,ZI.eJiax OT 0,3 AO 1,0 Il03BOJISleT npH o6b!tJ:HOM I.J.HKJle OT)!{Hra Ha 

. KOBKHH ti:yryH noJiyqHTh B CTPYKType OT 0 .no l 00 % nepJIHTa. CJie,ll.o

BaTeJibHO, HaH60Jiee paI.J.HOHaJibHb!M MeTO,!I.OM noJiyqeHHSI KOBKHX ti:yry

HOB c pa3JIHqHblM coqeTaHHeM cpeppBTa H nepJIHTa B MeTaJIJIHqecKOH 

OCHOBe c HCilOJlb30BaHHeM o6hrqHoro I.J.HKJia ODKHra SIBJISleTCH peryJIH

poBaHHe KOHI.J.eHTpail..lHH MapraHI.J.a, KOTOpoe JierKo ocyw.ecTBJISleTCSI 

.u.o6aBKOH cpeppoMapraHI.J.a Henocpe,ZI.CTBeHHO B KOBUI. 
B 3aKJ110qeHHe Heooxo.u.HMo OTMeTHTh, qTo ew.e cosepUieHHo He.u.o

CTaTOti:Ho H3yti:eHbl, a TeM 6oJiee BHe.11.peHbl MeTO}J.bl peryJI11poBaHHSI Me

xaHHti:eCKHX CBOHCTB ti:yryHa nyTeM 3aKaJIKH H OTnycKa (3a HCKJIIOqe

HHeM MeTo.na noJiyqeHHSI KOBKoro ti:yryHa co CTPYKTypofi 3epHHCToro 

nepJIHTa, noJiyti:a10w,erocS1 nyTeM 3aKaJIKH H BhICOKoro ornycKa, sepHee, 

ccpepOHJJ.H3aI.J.HH). 
B 3TOH CBH3H JJ.OJI)KHO 6bITh o6paw.eHo BHHMaHHe Ha H30TepMHqe

CKylO 3aKaJIKy, CilOCOOHYIO HapHAY c IlOBbIUieHHOH npoti:HOCTblO H rnep

,!I.OCTblO o6ecneqHTb H pe3KO IlOBbIUieHHYIO H3HOCOCTOHKOCTb. 

TepMH11ecKaS1 o6pa6oTKa cepb1x 11yryHoe c nJiaCTHH'laTblM 
rpalf!HTOM 

CospeMeHHaH TeXHOJIOrHH JIHTeHHOro npoB3BOJJ.CTBa p,acnoJiaraeT 

.ll.OCTaTOtJ:HblMH cpe.u.crnaMH .11.JIH noJiyti:eHHSI 3a,ZI.aHHOH CTf>YKTYPbl He

nocpe.u.crneHHO npH OTJIHBKe. CTo3TOMy TaKMe BMJJ.hI TepMnqecKoif o6pa-

6oTKM, KaK rpacpHTH3MPYIOII.J.HH HM3KOTeJl;!IlepaTypHbIH OT)!{Mr }J.JISI 

yMeHhUieHMH KOJIMqecrna CBH3aHHoro yrnepo.u.a ( c ueJiblO yMeHbUiemrn 
TBep.u.ocTM, yJiyti:UieHHSI o6pa6aThlBaeMocTH H .u.p.), TepMHqecKaH o6pa-

6oTKa JJ.JISI IlOBhlUieHHSI KOJIHti:ecTBa CBH3aHHOro yrnepo.u.a ( c ll.eJiblO 

nOBblUieHHSI TBep.u.ocTH, H3HOCTOHKOCTH) npMMeHSllOTCSI cpaBHMTeJibHO 

pe,ZI.KO H CKOpee paccMaTpIIBa!OTCSI KRK MeTO,!I.bl HcnpaBJieHHSI JIMTef1-

Horo 6paKa. C10.11.a )Ke .UOJI)!{Ha 6b1Tb orneceHa TepMHqecKaSI o6pa-

6oTKa IlOJIOBHHti:aTOro qyryHa, CBOJJ.HII.J.aSICSI K rpacpMTM3HPYIOill.eMy 
OT)!{Hry npH TeMneparypax Bhlllie KpHTHti:eCKHX, TaK KaK perym1poBa

HHe OCHOBHb!X JIHTeHHO-MeTaJIJiyprnti:eCKHX cpaKTOpOB Il03BOJI5IeT H36e

m:aTb noJiyti:eHHSI 3TOH pa3HOBH,lJJIOCTH 6paKa. 

K HopMaJihHbIM TexHoJioreqecKHM npou.eccaM TepMMti:ecKoii o6pa-

6oTKM OTJIMBOK M3 ceporo ti:yryHa Ha}J.Jle)!{MT OTHeCTM OilMCaHHb!H BbIUie 

OT)!{Mr JJ.JISI CHSITMSI BHyTpeHHMX HanpSl)!{eHMH H 3aKaJIKY c OTnycKOM. 

f locJie}J.HMH BMJJ. TepMHti:eCKOH o6pa60TKM B OCHOBHOM npecJie.u.yeT u.eJib 

ITOBbIUieHMSI TBep.nocTH M M3HOCOCTOHKOCTH; npM 3TOM 3aKaJIKa npHMe

HSleTCSI KaK o6oeMHaSI, TaK M nosepXHOCTHaSI. 

. Cyw.ecrsy10w,Be Hayti:H0-3KcnepHMeHTaJibHbie .u.aHHhie M HaKonJieH

Hb1H: 3a nocJie}J.HHe rOJJ.bl 3aBO.UCKOH Oilb!T Il03BOJISllOT CtJ:MTaTb HaM60Jiee 
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11porpcCCHBllbIM MCTO)l.OM nOBblllICHHSI H3HOCOCTOHKOCTH ceporo 11yry11a 

H30TepMHlJCCKYIO 3aKaJiey. JfaorepMHlJCCKaSI 3aKaJIKa ocymecTBJISleTCSI 

nyTeM Harpesa .rr.eTaJIH .rr.o 850-900°, BbI,nep)!{KH 15-60 MHH. (B 3aBH· 

CHMOCTH OT ce11eHHSI H HCXOJJ:HOii: KOHUeHrpaUHH CBSl33HHOro yrnepo.rr.a) 
H nocne.rr.y10meii 3aKaJIKH B COJISIHOH B3HHe c TeMnepaTypoii: 260-3000. 
Bbr.ll.ep.>KKa B coJIHHoii: BaHHe 5-15 MHH. :VfaoTepMHIJecKaSI 3aKaJIKa 

ooecnetJHBaeT nOBblllICHHe H3HOCOCTOHKOCTH no cpaBHCHHIO c nepJIHT

HbIM cepbIM 11yryHOM B 5-6 pa3, a no cpaBHCHHIO c 1.JyryHOM O)J.HH3KO
BOH rsep,nocrn, HO nony11eHHbIM npn HenpepbIBHoii: 3aKaJIKe c nocJie

.ll.YIOlll.HM mnycKOM, - B 2-3 pa3a. 
JfaoTepMHtJCCKaSI 33KaJIKa KaK HaHOOJiee nporpecCHBHbIH MCTO.lI. no

BbillICHHSI H3Hococroii:Kocrn cepbIX 1.JyryHoB .IT.OJI)!{Ha obITb llIHpoKo BHe

JI.peHa B npOMblllIJICHHOCTb. 

TepMHtJecKaH o6pa6orKa or6eneHHoro qyryHa 

B ocHOBHOM oToeJieHHoe JIHTbe noJiyIJaercSI npH orJIHBKe B MeraJI

JIH11ecK11e cpopMbI. B CBH3H c reM, 11ro 1.JyryHHbie .rr.eraJIH, OTJIHTbie B Me

TaJIJIHIJecKHe cpopMbI, xapaKTepH3YIOTC51 BbICOKHM CO.ll.Cp>KaHHeM KpeM
HHSI, rpacpHTH3aUHH oroeJieHHoii: nosepxHocrn ocymecTBJIHercSI nyTeM 

cpaBHHTeJibHO KOpOTKOii: BbIJI.CP)!{KH (0,5-1,5 11aca) npn 850-950°. 
I(poMe roro, cpopMa rpacpHTOBbIX BKJIIOtJeHHii: npn or>Knre oroeJieHHoro 

JIHTbSI, KaK npaBHJIO, He HMeeT 3H31JCHHSI, TaK KaK OCHOBHOe CClJCHHe 
( cep.rr.ueBHHa) HMeeT nJiaCTHH113Tbie BKJIIOtJCHHSI rpacjmra . 

.Ll:JIH ycKopeHHH npouecca rpacpHTH33UHH oroeJieHHoro JIHTbH Moryr 
Ob!Tb peKOMCH.ll.OB3Hbl HaHOOJiee HHTCHCHBHbie MCTO.ll.bl Harpesa -

HarpeB B COJISIHbIX B3HH3X OC3 orpaHHtJCHHSI TeMneparypbl ( CCTC· 

CTBCHHO, HH>Ke TCMneparypbI IIJiaBJICHHH)' 3JieKTPOHarpeB nponycKa

HHCM TOKa rrpOMbIIIIJieHHOH tJaCTOTbl, HH.IT.YKTHPOB3HHCM TOKa Bb!COKOH 
11acr0Tbl. B 3THX c.nyIJaHx rrpouecc rpacjmrn3aun11 3aHHMaer speMSI, 
H3MepSieMoe HeCKOJibKHMH ceeyH.rr.aMH, H BO BCSIKOM CJiytJae He npeBbl

llJaIOmee 2-3 MHH. 
BMecre c TeM HCOOXOJI.HMO OTMCTHTb, tJTO npH OTJIHBKe B MCTaJIJIH-

1.JeCKHe cpopMbl MO)l{CT npeCJIC.ll.OB3TbCSI UCJib noJiyl.JeHHSI CKB03Horo 

oroeJia )l.JIH nocne.rr.y10mero OT)l{Hra Ha KOBKHii: 1.Jyry11 ( TaK Ha3bIBae
Mbiii: KOKHJibHO-KOBKHii 11yry11). 50JI1>illaSI cKopocrb nepBH'lHOii: KpHCTaJI

JIH3aUHH B 3TOM cJiy11ae npe.ll.Onpe.rr.eJISICT Bb!COKYIO .lI.HCneJ?CHOCTb 3BTCK

THKH H, 15aK 3TO ObIJIO noKa3aHo B paoorax B. M. Cosern11osoii H JI.p., 

ycKopeH11y10 B 1,5-2,0 pa3a rpacpHTH3au1110 c noJiyIJeHHeM yrnepo.ua 
OT)l{Hra. 

TepMw1ecKaH o6pa6oTKa qyryua c wapoBH,Il,HbIM rpa<)JHTOM 

Pa3paoorKa MeTOJI.a npo113so.rr.crsa 11yryHa c IIIapos11.rr.HbIM rpaqm

TOM SIBJIHCTCH 0.ll.HHM H3 KpynHeii:IIIHX .lI.OCTl.f:>KCHHH noC/IC.ll.Hero speMeHH 
n o6Jiacrn HOBbIX KOHCTPYKUHOHHbIX MaTepnanos. B11a11aJie npe.rr.crasm1-

JIOCb, 11ro JII06aH 3a.rr.a11HaSI cTpyKrypa 11yry11a c IIIapoBH.ll.HbIM rpaqrn
TOM MO)!{CT ObITb ·rroJiy11eHa Henocpe.rr.crneHHo np11 OTJIHBKe. B CB513H 

C 3THM BOnpocy 0 repMHtJCCKOH OOpaOOTKe 3TOrO 11yryHa Y.lI.CJl51.TIOCb 
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secbMa He3Haq1neJibHOe BHHMam1e. Ha.11.0 noJiaraTb, qrn c JJ.aJibHelilllHM 
coseprneHCTBOBaHHeM JIHTefrno-MeTaJIJiyprnqecKOH TeXHOJIOrHH npmrn
BOJJ.CTBa qyryHa c rnapoBH.11.HblM rpacpHTOM psi:.rr. crroco6oB era TepMHqe
cKoH: o6pa6oTKH MO)KHO 6y.n.eT rrocTeneHHO HCKmoqaTb. OJJ,HaKo y)Ke 
HMeJOmHHCSI B HaCTOsi:mee BpeMSI OIIbIT rrpOH3BO.IJ.CTBa 3TOro BHJJ,a qyryHa 
ITOKa3bIBaeT, qTo B psi:.n.e CJiyqaeB MaccoBoro rrpOH3BO}J,CTBa, oco6eHHO 
.ueTaJieH MeJIKHX H cpe.II.HHX, TepMHqecKasi: o6pa6oTKa SIBJISleTCSI 06si:3a
TeJibHbIM 3JieMeHTOM TeXHOJIOrHH. 

B nepByiO oqepe.ub 3TO CBsi:3aHo c 6oJiblllOH CKJIOHHOCTblO qyrytta, 

MO,lI.Hcpm.1.HposaHHOro MarHHeM, K nepeoxJia)K,LI.eHHIO, CJie,LI.CTBHeM qero 
SIBJISllOTCSI H 3HaqHTeJibHble BHyTpeHHHe Hanpsi:)KeHHSI, H CKJIOHHOCTb 
K OT6eJiy, Ii --~a)Ke IIOJiyqeHHe B TOHKHX ceqeHHSIX npH OXJia)K,LI.eHHH Ha 
B03.n.yxe 3aKaJioqHbIX (MapTeHCHTHoii) cTpyKTyp. B rroJiyqeHHH pa3HO
po.n.ttoH: cTpyKTYPbI pa3JIHqHbIX qacTeH .rr.eTaJIH HeMaJI0Ba.>1rny10 poJib 
HrpaeT eme He.l(OCTaTOl.IHasi: OTpa6oTaHHOCTb TeXHOJIOrHl.JeCKOro npo· 
11,ecca JIHTbSI, MO.ll.HcpH11,r1poBaHHH H np. Ha.rr.o noJiaraTb, qTo noJiyqem1e 

coBeprneHHo o.rr.r1HaK0BoH: CTPYKTYPhI .ueTaJieii lllHPOKOH HOMeHKJiaTypbI 
scTpernT HeMaJib1e TPYJl.HOCTH H B 6y.rr.ymeM. 

0.n.HHM H3 nyTeH noJiyqeHHH o.rr.Hopo.rr.ttoii CTPYKTYPbI B pa3JIHqHblX 
no KOHcpmypaI.I,HH .rr.eTaJISIX HBJISleTCSI npHMeHemie Ha,LI.Jie)Kameli TepMH
l(eCKOH o6pa6oTKH. CTpyKTypa qyryHoB, M0.11.HcpHI.I,HposaHHbIX MarHHeM, 
MO:>KeT 6b!Tb pa36HTa Ha rpynnbI: 1) noqTH IIOJIHOCTblO 6eJiblH qyryH 
c OT,LI.eJibHblMH rnapoBH,ll.HbIMH BKJIIOqeHHSIMH rpacpHTa; 2) TaK Ha3bIBae
MblH oToeJieHHbiil: HJIH, BepHee, rroJIOBHHtiaTbIH qyryH co CTPYKTypoH: 
Jie.u.e6ypHT + nepJIHT + mapOBH,ll.HblH rpacpm; 3) rrepJIHTHb!H - co 
cTpyKrypoli nepJIHT + rnapoBH.ll.HbIH rpacpHT; 4) nepJIHTo-cpeppHTHbiii: 
1.1yryH c pa3JIHqHbIM COOTHOllleHHeM nepJIHTa H cpeppHTa B MeTaJIJIHl.le

CKOH ocHoBe H 5) cpeppHTHbiii: co CTPYKTYPOH cpeppHT + mapoBH,LI.HbIH 
rpa<PHT. 

B CBH3H c 3THM K MarttHeBoMy qyrytty MoryT 6bITb rrpHMeHeHbl see 
sapHaHTbl TepMHqecKoii: o6pa60TKH qyrytta 1• 

Oco6eHHOCTblO TepMHqecKOH o6pa6oTKH MarHHesoro qyryHa 
HBJISleTCH noJiyqeHHe rnapOBH,ll.HbIX BKJIJOqeHHH rpacpHTa (BepHee, yKpyn
HeHHe HMeJOmHXCH), ITOCKOJibKY npo.n.yKTbi pacrra.rr.a I.I,eMeHTHTa BbI)J.e
JIHIOTCSI Ha rpacpHTOBbIX BKJIJOqeHHHX, KaK Ha fOTOBbIX ueHTpax. 

K:a1.1ecTBeHHO 3aKOHOMepHOCTH TepMHqecKOH o6pa60TKH, cpa30Bb!e 
H CTPYKTYPHbie npespameHHH .U.JIH 3TOro 1.1yryHa HBJIHIOTCH aHaJiornq
HbIMH c o6L>rqHbIM qyryHoM. Oco6e1rnocrn KOJIHtiecTBenttoro xapaKTepa 
CBH3aHbl fJI8BHbIM o6pa30M c Bb!COKHM co.rr.ep:>KaHHeM KpeMHHH, qTo 
nOHH:>KaeT ycToii:qHBOCTb I.I,eMeHTHTa. 

HaJIHqHe rnapoBH.ll.HOH cpopMbI rpacjJHTa, B HaHMeHbUieii: cTerrem1 
pa306ma10meft MeTaJIJIHqecKyJO OCHOBy, pe3KO IlOBbilllaeT 3cpcpeKTHB
HOCTb TepMHqecKoii o6pa60TKH 3T0f0 1.1yryHa no cpaBHeHHIO c o6bJqHbIM 
cepb!M, npH6JIH:>K8H ee K 3cpcpeKTHBHOCTH TepMHqecKOH o6pa60TKH 
CTaJIH. 

1 A. .U... Acco H o a, IO. M. JI a x TH H, M. H. I( y H Ha c K H ii, TexHo,1orm1 
TepMH'le<:KOfi 00p300TKllI, JJeKUllll IIO IIOBbillleHl!IO KBaJJmfmK31Ullll 1111:meHepo1B-MeTaJJ
JIOBe!lOB H TepMll>CTOB, Bblll. 41-42, Mamr.11.3, 1952. 
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YcTaHOBJieHo, 'ITO onirnr ,ll.JIH CHHTHH BHyTpeHHHX HanpH}!{eHHH 
0)1.HOBpeMeHHO nOBb!III8eT H np04HOCTb H nJiaCTH'IHOCTb 3TOro qyrytta. 
B OTHOilleHHH xapaKTepncTHKH ¢a3 u ocHOBHbIX 3aKoH0MepHocTeH: cpa· 

30Bb!X npeapameHHH Ha OCHOBe 
pa6oTbl aaTopa, npoae,ll.eHHOH 
COBMeCTHO c T. r . .UeMH,ll.OBOH, 
MO}!{HO C4HT8Tb ycTaHOBJieHHbIM 

CJ1e,n.y10mee: 

0 ] 5 40C 

<l>Hr. 2. BJJH!IHHe TeMrreparypbl H speMeHH 
Bbl.neplKKH Ha pacrra.n 3BTeKTH'leCKOrO u.e
MeHTHTa B qyryHe, MO.llH¢HU.HPOBaHHOM 
MarnHeM; cocraa qyryHa: 3.2°1o C; 2,5°/0 SI; 

0,70/0 Mrr; TeMneparypbI..;,OTlKHra: 

I - 950°; 2 - 900°; 3 - 850°. 

1. MnKpoTBep,n.ocTh clJeppurn 
B M8rHHeBOM qyryHe (H B = 250) 
BbIIIIe qeM B cepoM (H B = 170) 
H KOBKOM (H B = 200); B COOT· 
BeTCTBHH c 3THM H MHKpoTBep
.LI.OCTh nepmna B 3TOM qyrytte 
(H B = 350-+ 360) Bblille, 'leM B 
cepoM H KOBKOM qyrytte (H B = 
= 270-+ 300). 

2. CKopocTb pacna,ll.a ueMeH
THTa 3BTeKTH4eCKoro H BTOpH4-
HOro B MarHHeBOM qyryHe Ha
MHOro BbIUie, 'leM B 6eJibIX qyry
Hax, u noJIHb!H pacna.ll. ueMeH

THTa ,ll.OCTHraeTCSI B 38BHCHMOCTH OT TeMnepaTypb! 3a 2-5 'lac. (cp11r. 2). 
3. noBbIUieHHOe co,n.ep}!{aHHe XpOMa TOpM03HT pacna,ll. UeMeHTHTa 

B qyryHe, MO.LI.HclJHUHpOBaHHOM Marm1eM (clJttr. 3). 

O 2 4 6 8 10 7 <1ac 

<l>Hr. 3. BJJH!IHHe xpoMa Ha pacna.n aBTeK· 
TH'leCKOro u.eMeHTHTa B qyryHaX, MO.ItH· 
¢HU.HPOB3HHblX MarttHeM; COCTaB qyryHOB 
11,JI!I KpHBblX /, 2 H 3: 3, 1 °lo C; 2,52 °lo Si; 
0,690/0 Mn; 0,30/o Cr; 11,n11 KpHaoii 4: 3,20/o C; 
2,50/o Si; o.101o Mn; TeMrreparypbl OT>KHra: 

I - 980°; 2 - 950°; 3 - 900°; 4 - 950°. 

l'-
x 

z 4 6 8 'lac 

<l>Hr. 4. BJIH!IHHe TeMneparypbl H spe
MeHH Bbl.nep>KKH Ha pacna.n 3BTeKTOH.!t· 
HOro u.eMeHTHTa B qyryHe; TeMrrepa· 

rypbl OT>KHra: 

I - 750°; 2 - 700°; 3 - 650°. 

4. fpaclJHTH38UHH 3BTeKTOH.ItROro ueMeHTHTa IlPH TeMneparypax 
HH}!{e KpHTH'leCKOH H)l.eT BeCbMa HHTeHCHBHO, H IlOJIHblH pacna.a .LI.OCTH· 
raeTCSI B 38BHCHMOCTH OT TeMneparypbl 38 4-9 qac. ( qrnr. 4). 
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5. MapraHeu. TOpM03HT pacna,D. 3BTeKTOH.n.Horo u.eMeHTHTa 
(<tmr. 5 H 6), tITO no3BOJISieT noJiy1rnTb qyryH co CTPYKTypoii aepHH· 
cToro nepJIHTa. 

6. B pe3yJibTaTe pacna,D.a 3BTeKTHtiecKoro BTOPHtIHoro H 3BTeKTOH.ll.· 
Horo I.I.eMeHTHTa yseJIHl!HB8IOTCSI pa3Mepbl rpacpHTOBbIX BKJIIOlleHHH npH 
npa·KTHtiecKoii: crn6HJibHOCTH HX tIHcJia. <Pop Ma BKJIIOtieHHif coxpaHSieTcSI 
rnapoBH.LI.HOH. 

7. PacTBopHMOCTb rpaqmrn B aycTeHHTe nosbrrnaeTcH c yseJIHtie
HHeM TeMnepaTypb1 Harpesa H npH 950-1000° npaKTHtieCKoe pasHo
secHoe HaCbIU1eHHe aycTeHHT - rpacpHT .UOCTHraeTCSI 3a 15-30 MHH. 

100 ( cpHr. 7). B CBH3H C 3THM HOpMa-
~ .T!H3aU.HSI cpeppHTHOfO H cpeppHTO-

~ 80r----t~-7<:r-r-rr-----i~----i~-i 
~ ~ 
t::: 

0 4 6 8 T'fOC 

<l>ur. 5. Bnmrnue Mapram..ia Ha pacrra.n 
3BTeKrou.nHoro ueMeHrura; cocraa qy
ryHa .UJill KpHBhIX 1 H 2: 3,20/o C; · 
2,90/0 Si; 0,470/o Mn; .nm1 KpHBblX 3 H 
4: 3,20/o C; 2,870/o Si; 0,750/o Mn; reM-

rreparypbl on1rnra: 

I H 3 - 750°; 2 H 4 - 700°. 

<l>ur. 6. BnHllHHe MapraHua Ha pacrra.n 
3BTeKTOH.UHOro ueMeHTHTa rrpH 750°; co

craB qyryHa: 

1-3,2°/, e; 2.9°/,Sl; 0,47°/0 Mn; 2-3,2°/0 e; 
2,87°/0 SI; 0,75°/0 Mn. 

nepJIHTHOro qyryHa o6ecnetIHBaeT 3H8l!HTeJibHOe ITOBbIUieHHe TBepJI.O
CTH - c Re= 18 + 20 .n.o Re= 36 + 38, a nepJIHTHoro yMepeHHOe -
c Re = 35-+- 36 JI.O Re = 36 + 38. 

8. AycTeHHT MarHHeBbIX qyryHos HMeeT 6oJJblliYIO CKJIOHHOCTb I< 
nepeoxJia)K.u.eHHIO. HopMaJIH3aUHSI o6pa3UOB c OTHOUieHHeM nosepxHo
CTH K 06beMy 1 60JibUie 6,0 c.w1 JI,aeT CTpyKrypy KpynHOHrOJibtiaTblH 
MapTeHCHT + rnapoBH.ll.HbIH rpacp1n c TBepJI.OCTbIO Re= 54 + 57; OT 
5,0 JI.O 6,0 CM -I - MapTeHCHT + TpOOCTHT + rnapOBHJI.HbIH rpacpHT 
c TBep.n:ocTbIO R c = 40-+- 52; OT 4,0 .no 5,0 c.M-1 - TpoocTO-cop6HT 
c TBep.u.ocTbIO Re= 39 + 40. 

9. Tsep.n.ocTb noCJie 3aKaJIKH .n.ocrnraeT Re= 60 ..;-62. 
10. CTpoKa.JIHBaeMocTb Marn11esoro qyryHa Bbirne npoKaJIHBaeMocrn 

o6bitIHoro ceporo qyryHa ( cI>11r. 8). 

1 OrHoll!eHHe noaepxHocru F K o6'beMy (cM3) llBJIHeTcll Hau6onee npaBHJil>HbIM 
KpHrepueM CKOpOCTH OXJ13)K.UeHHll. B .naHHOM CJiyqae v ~apaK'I'epH3yeT renJioco.nep
)K3HHe, a F - noaepxHocrb rennoor.naqH, 

F 
PaJMepHOCTb V = c.M.2/cMB == cM-1. 
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11. I loBepxnocrHaH ::rnKaJIKa c HarpeBOM K.HCJiopo,ll.Ho-a11.en:1J1eHo

BhIM nJiaMeHeM cpeppMTHOro H cpeppHTO-nepJIHTHoro qyryHa .D;aeT 
TIHTHHcry10 TBep.D;OCTh. PaaH0MepHy10 H BhICOKy10 TBepJJ.OCTh .D;aeT 
3aKaJIKa nepJIHTHOro HJIH npe.D;BapHTeJlbHO HOpMaJIH30BaHHOfO qyryHa. 
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I 1..,....... ~ 
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I Ii 1 1- 1, ,_ ii. .J I I I 

I I I I t11 I 1;1 I 1'<..: I 

I I , 1, I 111 - i"r ii.... I '1 !\ I 
--r-1 1 I 1 I 11! 'I II r~ ~I t I 

I I I I I 11 '. 111 II I '.~•I ' I 
-

j I 11 I I :1t 11 II I :1 ~ "'I. 
I I 11 I I :II 11111 I :1 I ' 

I , 

I I 11 I I 11' 111 Ill I :1 I "l 
I I I I 11. 111 Iii I ii I I!"-. 
I 1' I I !I• 1111 I ii I I 

1 It l I :!: 11 1 Ill I ii I I 
I l II I I jj; 111 Ill I 11 I I 

0 f,5 J 4,5 9 12 f5 20 25 35MM 
PaccmoR1tue om ox11allftlaef'1ozo mopl(a 

<P1ir. 7. Bntt11Htte Ter.mepaTyph1 Ha
rpeaa H BpeMeHH BblJJ.eplKKH Ha 
KOJIHqecTBO nepJIHTa npH HOpMaJIH-

<Pttr. 8. JCTpoKaJIHBaeMOCTb qyryHa. 

BepxHHSI KpHeaH - MarHHeBblll qyryH. 
HHlKHBSI KpHBaH - cepblll qyryH. 

331.\HH qyryHa. 

12. 3aMeTHOe na.D;eHHe TBep.QOCTH np.11 ornycKe B 3aKaJieHHOM Mar
HHeBOM qyryHe Ha6JIIO.QaeTC5l TOJihKO c 350-400°, B TO BpeMH KaK B 
06bllJHOM cepoM qyryHe 3Ta TeMneparypa TIOHH.>KaeTCH .n:o 180-200°. 

13. l13orepMHlJeCKH 3aKaJieHHbIH MarHHeBb!H qyryH o6Jia.n:aeT 
BCCbMa 60JibIUOH H3HOCOCTOHKOC:Thl0 

(cpHr. 9). . 
80 

<J 601---+---'r+---+----l 

B noJIHOM coornercTBHH c ycraHOBJieH
HhIMH 3aKOHOMepHOCTHMH HaIUJIH )1.0CTaTOll

HO IUHpOKOe npHMeHeHHe CJie.n:y10m.11e pe
.>KHMbI repMHlJeCKOH o6pa60TKH qyryHa, 
MOJI.HcpHIJ.HpOBaHHOro MarHHeM . 

~ .., 
ll;: 401---+----+-~-+----l 1. DpH HaJIHlJHH TaK Ha3bIBaeMoro OT-

6eJia (rroJioa1rnqarhIH: qyryH co crpyKrypoH: 
.1e.D;e6yp.11T + rrepJIHT + IUapOBH)I.HbIH rpa
qmr; o6hiqHo ITOCJie)l.HHH OKaHMJieH cpeppH-2 

o,~0-...120~-:i::~~~~ TOBOH OTOpoqKoH:) - HarpeB )1.0 900-9200, 
30 Re Bbl.Qep)KKa 2-5 qac., oxJia.>KJI.eHHe Ha B03-

<Pttr. 9. vfaHOC qyryHa. .D;yxe. TaKaH onepaIJ.HH Ha3bIBaeTCH HOpMa-
/ - 33K3JIK3 c nocJie.!lylOUlHM cnyCKOM; JIU3all,HeH: (npaBHJlbHee Ha3bIBaTb ee rpathH-

2 - H30TepMHqeCK3SI 33K8JIK3, 't' 
TH3Hpy10meH: HOpMaJIH3aUHeH:). 3ra repMH

LiecKaH o6pa6oTKa o6ecrreq.11aaeT noJiyqeHHe crpyKryphI cop6HToo6-
pa3HhIH rrepJIIiT + mapOBH,ll;HhIH rpacpHT. 

2. Dp.11 HaJIHqHH nepJIHTHOH HJIH nepJIHTO-cpeppHTHOH OCHOBbl H He
)1.0CTaTOlJHOH rrJiaCTHlJHOCTH If B513KOCTH .n:aeTCH KpaTKOBpeMeHHhlH OT-
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»rnr npH 650-720° c BhIJI.epLKKOH 2-6 1rnc., 06ecneqHBa10m.eli noJIHYIO 
rpacpHTH3aI.J.HIO 3BTeKTOHJI.a, noJiyqettHe CTPYKTYPhI cpeppHT + wapoBH.U.
HhIH rpacpHT H Bb!COKOH nJiacrnqHQCTH (yJI.JIHHeHHe .LI.OCTHraer 
18-20 % ) . TaKaH repMHqecKaH o6pa6oTKa tta3hIBaerrn OTMHrOM (npa
BHJibHee. Ha3bIBaTb ee OTLKlffOM rpacpHTH3HPYIOIII.HM, HH3KOTeMnepa
rypHblM). 

3. CTpH HeJI.OCTaToqHOH rnepJI.OCTH JI.JISI JI.eTaJieli, pa6ora10m.Hx Ha 
H3HOC, a paBHO H IlOJJ,BepraIOIII.HXCH noBepXHOCTHOH 3aKaJIKe, ,/l.aeTCH 
repMHqecKaH o6pa6oTKa JI.JIH pacrnopeHHH rpacpHTa B 1-cpa3e, 3aKJI10-
1rn10m.aHcH B HarpeBe .no 850-880", BhIJI.epMKe 0,5-2,0 qac. H oxJia
)1{,LI.eHHH Ha B03JI.yxe. 

Pa3JIHqHhie BH.LI.bI 3aKaJIKH o6beMHOH, noaepxHocrttoii, H30TepMHqe
cKoli em.e He Halli.ITH ,LI.OJl)!{HOro npHMeHeHHH. 

CTporpeccHBHhIMH MeToJI.aMH repMHqecKoli o6pa60TKH qyryHa, KpoMe 
nepeqHc.neHHhIX, HaJI.Jie)!{HT cqHT3Tb: H30TepMHqeCKYIO 3aKaJIKy, o6ecne
qHBaIOIII.YIO qpe3BbiqaliHO Bb!COKYIO H3HOCOCTOHKOCTb; noaepXHOCTHYIO 
3aKaJIKY c HarpeBOM TOKaMH BbICOKOH qaCTOTbl, KOTOpaH HapH.LI.Y c Bbl
COKOH KOHCTPYKI.J.HOHHOH npoqHoCTbIO no3BOJIHT o6ecneqHTb H BhI,cOKYIO 
3KCnJiyaTaI.J.HOHHYIO CTOHKOCTb. 



HH31C. A. 11.. BEB3 

OilblT OT)l(MfA KOBKOfO qyfYHA B )l(MJl.KOR CPEJl.E 

c 1949 r. 3aBOJI. «nopeu» nocraBJHieT Hecpnrnoii npOMblllIJieHHOCTH 
JIHThie JJ.HCKH poropa H cramp ryp6o6ypa H3 KOBKoro qyrytta, on1rn
raeMoro B COJIHHbIX BaHHax no MeTO)J.HKe, pa3pa6oraHHOH l.I,Hl111T
MAII1. 

HmKe )I,aercH KparKoe onBcaHHe rexHoJiornqecKoro npouecca 
on1rnra KOBKoro qyryHa B iKHJJ.Koii cpeJI.e, pa3pa6orattHoro 3aBOJJ.OM 
COBMecrno c l.I,HHHTMAlll. 

CTJiaBKa qyryHa BenercH B 3-TOHHoii BarpaHKe c KOnHJihHHKOM. Bb1-
cora KaJIOllIH 900 MM. Bee MeraJIJIHl!ecKoii KaJIOllIH 300 K2. Pa6oqaH 
KaJIOllla KOKCa 35 K2. BbIIIJiaBJIHeMblH qyryH HMeer CJieJJ.YIOIUHH XHMH
l!eCKHH cocraB: 2,8-3,0% C; 0,7-1 % Si; 0,6-0,9% Mn; no 
0,20% P; JI.O 0,12% Cr; ll.O 0,12% S. 

0TiKHr BeJ].eTCH B Jl.BYX neqax. CTepBaH CTaJl.HH OTiKHra - B 3JieKTpH-
4eCKOH COJIHHOH BaHHe, BTOpaH CTaJJ.HH _:___ B 3JieKTPH1IeCKOH KaMepHOH 
nelIH. CTe% ,Il.JIH nepBOH CTaJ].HH ( qrnr. 1) npe,ncTaBJIHeT co6oii iKeJie3-
Hb!H UHJIHHJJ.p, <jJyrepoBaHHb!H IllaMOTHblM KHpnHlIOM. 

BHyrpn BaHHhI pacnoJioiKeHbI rpn craJibHhIX 3JieKTpona pa3MepoM 
180 x 1000 x 45 .MM. ,ll.JIH BKJIIOl!eHHH B ceTb ycraHOBJieHbl JI.Ba nOHH
'lHTeJibHbIX TpaHccpopMaropa no 60 KB. HanpHiKeHne Ha 3.JieKrponax 
~)6 8. CTepeJJ. OT2KHroM J].eTaJIH Ha6npa!OTCH Ha cneUHaJibHYIO onpaBey H 
nonsellIHBalOTCH npn noMOIUH TeJib<jJepa HaJJ. COJIHHOH BaHHOH Jl.JIH 
IIOJJ.OrpeBa. CTOCJie nonorpeBa J].eTaJIH onycKalOTCH B pacnJiaBJieHHYIO 
COJib. 

OriKIIr BeJJ.eTcH npn 1030-1050°. Ha cjJHr. 2 naH rpacfrnK .QJIH onpe
}leJiemrn Jl.JIHTeJibHOCTH BbIJJ.epiKKH B 3aBHCHMOCTH OT XHMH'leCKOro 
cocraBa qyrytta. nocJie ornrnra JI.era.rm noMeIUaIOTCH B cneuHaJibHhIH 
KOJIOJl.eu c 3aKpbIBa!OIUeHCH KpbHIIKOH Jl.flH Mell.JieHHOro OXJia)K,QeHHH. 

OnbITOM pa60Tbl noJ1.06paH CJie.II.yIOIUHii onTHMaJibHb!H COCTaB 
EaHHhI: 75 % XJIOpHCTOro 6apHH H 25 % XJIOpHCTOro HD !PHH. 

CTp!i pa6ore Ha O.II.HOM XJIOpHCTOM 6apHH Ha J1.eraJ111.x ocraercH 
OOJih!lIOe KOJIH'lecrno coJIH H OHH TPYJl.HO OIIHIUalOTCH. Pa6oTa f'a 
OJI.HOM XJIOpHCTOM HaTpHH TaKiKe He:>KeJiaTeJibHa, TaK KaK yBe.nll'IHB:'lC'T 
pacxo.n. coJIH. HopMaJibHO BaHHa pa6orae-r HenpepbrnHo 30 cyroK 6e3 
peMOHTa. Hell.OCTaTKOM HBJrnerrn MaJiaH croiiKOCTh 3.neKTPOJl.OB. A.rrH
THpoBaHHe YJl.JIHHHeT cpoK cJiy)KObI 3JieKrpo.II.OB B 1,5-2 pa3a. B npo· 
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cl>Hr. 1. CoJI11Ha11 saHHa. 
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uecce pa60Tbl BaHHa 3arpH3HHeTCH, Il03TOMY 11ep110)J.HlleCK!i IIO)J.Bep· 
raeTCH llHCTKe. 

Ter.rnepaTypa eaHHhl KOHTpon11pyeTCH H peryn11pyeTcH noTeHUHO· 
MerpoM. CTpaaHJibHOCTb Ha3HaT.IeHHoro pe)!{HMa JJ.JIH AaHHOH nJiaBKH 
nposepHeTCH TeXHOJIOfHlleCKOH npo6oli, 3aKJia)J.bIBaeMOH BMecTe c nep· 
BOH caAKOH )J.eTaJieli or HOBOH nJ1aBKl1. 
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<l>Hr. 2. PelKHM OT>KHra Ha KOBKHH qyryH B .. COJlllHOH BaHHe .neTaJieH Typ6o6ypa 
(1-;i CT3.!lHll rpacpHTH3a~HH); BpeMll Bbl,!leplKKH: 

a·- a 38BHCHMOCTH OT KOllH'leCTea C + SI; 6 - e 3BBHCHMOCTH OT KOJJH'lecTea SI. 

BTOpaH CTaAl1H OT)!{Hra eeJI.eTCH B KaMepHOH 3JieKTponeT.IH no pe
)!{11My: 1) Harpea c nellb10 JI.O 710-720°; 2) BbIJJ.ep)!{Ka 8 qac. npe 
710-7200; 3) OXJ1a:>K)I.eH11e BMeCTe c nellbIO AO 600°; 4)_ BbIAalla Ha 
B03AyX. 

HopMaJibHO OTO:>K:>KeHHbIH TaKHM cnoco6oM qyryH 11Meer crpyK
rypy - yr JiepOA OT)!{l1fa 11 ccjlep011Al1311poBaHHblH nepJI11T - 11 CJ!eAyIO
IIJ,11e MexaHHlleCKHe CBOHCTBa: conpOTHBJIBeHHe pa3pb1BY 40-55 Kc/CM2; 
YAJIHHeHHe 2-5% (60JibWe 3-4%); TBCp.U.OCTb 170-230 Kz/MM2• 



H. C. Mb/COBCKHFJ 

MAfHHTHblA METO,ll. KOHTPOJISI CTPYKTYPbl 
OTJIHBOK KOBKOfO llYfYHA 

0pHMeH5IIOIUHHCSI ,Zl.O H8CTOSII.I.J;ero BpeMeHH B npOMblllIJieHHOCTH Me-

0,ZI. KOHTPOJISI OTJIHBOK H3 KOBKOro qyryHa nocJie on1rnra nyTeM onpe

;eJiemrn noBepxttoCTH011 rnep,ZI.ocrn no BpHHeJIIO He AaeT B03MOJKHOCTH 

'BepeHHo cyJI.HTb o noJIHoTe OTJKHra BO BceM ceqeHHH ornHBKH. Opra

IH38U.HH TaKoro KOHTPOJISI Hey,ZI.o6Ha B nOTOqHO-M8CCOBOM npoH3BO,ZI.

TBe, T8K KaK CBSI3aHa c Heo6xo.nHMOCTblO H3BJieqeHHSI KOHTpOJIHpye

fOH OTJIHBKH H3 nornKa .D.JISI 3aqHcTKH noBepxHOCTH. )lJisi KpynHbIX 

fTJIHBOK 3TOT MeTOJI. BCTpeqaeT TaK>Ke H 6oJibllrne Tex1mqecKHe TPYJI.-
[OCTH. . ..... ·. t 

Oo3ToMy npeJI.CTaBJIHIOT HHTepec MarHHTHhie MeTO.QbI KOHTpoJISI 

TPYKTYPhI, a cJie,ZI.oBaTeJibHO, H cBoiicTBa KOBKoro qyrytta. MarttHTHhie 
leTO,ZI.bl MoryT 6b!Th OCHOB8Hbl Ha H3MepeHHH MarHHTHOH npom1uaeMO

TH, OCTaTOqHoro MarHenI3Ma HJIH K03PUHTHBHOH CHJihl MeTaJIJia 

fTJIHBKH. 

CTpyKTypa COCTOHT H3 Heo.nHOpO,ZI.HOH OCHOBHOH MeTaJIJIHqecKOH 

iaccbI H rpaqmrn. B saBHCHMOCTH OT cTeneHH noJIHOThI OTJKHra 

TPYKTYPHhIMH cocrnBJISIIOIUHMH ocHOBHoii MeTaJIJIHqecKoii MaCChI KOB

:oro qyryHa MOryT 6bITh <t>eppHT, nepJIHT H CTPYKTypHo cBo6oJI.HhIH 

leMeHTHT; nocJie.D.HHii: B KOBKHX qyryttax He ,ZI,onycKaeTCH. HopMaJihHaSI 

TPYKTypa MeTaJIJIHqecKOH OCHOBbl KOBKoro qyryHa COCTOHT H3 cpep

IHTa c He3HaqHTeJibHbIM KOJIHqecTBOM BKJIIOqeHHH nepJIHTa. 

lleM 60.llhllle B MeTaJIJIHqecKOH OCHOBe nepJIHTa, TeM MeHbllle Mar

IHTHaSI npoHHU.aeMoCTb qyrytta. DpH HaJIHqHH CTPYKTypHo cBo6o.ll.HOro 

[eMeHTHTa MarHHTHasi npoHHu.aeMOCTb noHHJKaeTcSI em;e 6oJibllle. Ho 

'BepeHHO cy.nHTb 0 CO,ZI.ep>KaHHH nepJIHTa B qyryHe no ero MarHHTHOH 

ipOHHU,aeMOCTH HeJib3SI, T8K KaK na,ZI.eHHe npOHHu,aeMOCTH Bbl3bJBaeTCSI 

1e TOJibKO HaJIHqHeM nepJIHTa (HJIH u.eMeHTHTa)' HO TaKJKe B BeCbMa 

HaqHTeJibHOH CTeneHH H H8JIHqHeM rpaqmTOBb!X BKJIIOqenHii. 

BK.1110qeHHH rpacpHTa B qyryHe MO>KHO paccMaTpHBaTb KaK nycTOThI 

BeJIHqHHOH MarHHTHoii npottHuaeMOCTH p. =I; qeM 6oJihllle qHCJIO 

'KJIIOqeHHH rpacpHTa 11 qeM OHH KpynHee, TeM 60Jihllle o6mee M8rHHT-

1oe conpOTHBJieHHe qyryHa H TeM MeHhllle 3HaqeHHe MarHHTHOro no

'OKa HHJI:YKUHH, C03,ZI.aBaeMoro 0.ll.HHM H TeM )!{e HCTOqHHKOM MarHe

'H3Ma. 9ro CJie.nyer H H3 o6m,ero ypaBHeHHSI MarHHTHOfO nOTOKa u.enH. 
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TaK, ).l.JU:I MarHHTHoro 110T0Ka B036Y*.llaeMoro coJ1etto11.a.oM, 11Me10UU1M 
ln aMnep-BHTKOB, MarHBTHblH IlOTOK COCTaBHT 

<I>- 0,4it·/n 
- 1 + 10 

-µJr !L-OF 0 

r.1.1e I ---- JlJIHHa cep.lle•rn1IKa B cM; 

MltC, 

F - nonepeqttoe ceqeH11e cep.lleqmfKa B cM2 ; 

lo - )lJIHHa 803.llYIIIHOfO 3a3opa 8 CM; 
Fo - nonepequoe ceqeH11e 803.llYIIIHoro 3a3o"pa B MarnHTHoA u.enH; 

,... - MarHHTHaSI npottm.1.aeMOCTh cep,n:eqHHKa; 
/lo - MarHHTHasi npoH1111.aeMOCTb B03.llyxa (/Lo~ I). 
MarnHTHhIH noroK 8 KOI-ITpOJIHpyeMOM qyryHHOM H3,ll,eJIHH 33BHCHT 

KaK OT M3rHHTHOH npo1rnu.aeMOCTH ,... MeTaJIJIHqecKOH OCHOBbI ( cqHTaSI 

ee ,ll,JISI ynpomeHHSI YCJIOBHO O,ll,HOpO.llHOH)' T3K H OT KOJJHqecTBa, 
lf>opMbI H 8eJIHqHHbI (lo H F o) rpa¢HTHhIX BI{JIIOqeHHii ( c 11po1rnu.aeMo
CTbIO /L = I ) . 

CJie)J,08aTeJihHO, onpe.n.eJieHHe MarHHTHoif HH.D.YKU.HH B rrp11 .n.auttoif 
Hanpsi>KeHHOCTH noJISI H, T. e. H3MepeHHe MarHHTHOif npoHHU.aeMOCTH 

/L = k, He xapaKrep113yer cTpyKrypy q,yrytta. 

OcraToquasi HH.D.YKll.HSI B., H K03pU.HTHBHasi CHJia H c 33BHCSIT 
npeHMyII.J.ecTBeHHO or CTPYKTYPhI MeTaJIJIHqecKoil: ocH08hI qyryua H 3Ha
qHTeJibHO MeHee qyscTBHTeJibHbI K 8eJIHqHHe, ¢opMe H pacnpe.n.eJieHHIO 
B qyryHe rpalf>HTHbIX BKJIIO'leHHH. 

1-fayqeHHeM M3rHHTHbIX napaMeTpOB cneu.naJibHO OTJIHTb!X li OTO>K
>KeHHbIX no pa3JIHqHblM pe>KHMaM o6pa3ll,OB KOBKOro qyryHa, a TaIOKe 
no HMeIOII.J.HMCSI JIHTepaTypHb!M ,ll,3HHb!M ycTaHOBJieHo, 'ITO HaH6oJiee 
TOIJHO 3a H3MeHeHHeM CTPYKTYPhI K08Koro qyryua CJie.n.yeT H3MeHem1e 
K03pll,HTHBHOH CHJibI. 

0 

CTa.llHH on1rnra KOBKoro qyryua 

Ko9pUHTHBHaH CHJJa (B A) npH 
OTJJHBKe o6pa3UOB 

B 3eMJJIO I 8 KOKHJib 

Ha'lano nepHoit 11,37 11.50 
Kone!.{ nepeol\ . 8,10 9,50 
Cepe 1uua BTopolt 4.50 3,34 
KoHel{ eTopoit 1,40 1.40 

no B. c. MecbKHHY 

.[lJISI 3KcnepHMeHTaJibHOH npo8epKH 3THX ,ll,3HHblX 6b!JI CKOHCTpyH
posaH, IlOCTpOeH li HCilbITaH Jia6oparopHbIH nepeHOCHbIH npHCTaBHOH 
K03pll,HTHMeTp. 

DpHHU.Hn pa6oTbI np116opa 3aKJJ10qaeTCH B CJie.ny1-0meM. ECJJH Ha
MarHHTHTh K3KOH-JIH6o. yqacTOK OTJJH8Kli .no H3CbIII.J.eHHH npH noMOII.J.H 
npHCTaBJJeHHOro K HeMy IlO,ll,K08006pa3HOro 3JJeKTpOMarHHTa, a 33TeM 
Bb!KJIIO'IHTb HaMarHHqHBal-OUlHH TOK H3 COJJeHOHJla 3JieKTpOM3rHHTa, 
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He OTHIIMa5t M!lrHiiTa OT OTJIIIBKii, TO B cep,JJ.etJHIIKe 3JieKTPOMarirnTa 
B03HIIKaeT MarHIITHbIH IlOTOK, Bbl3BaHHbIH ocraToqHbIM MarHeTH3MO:'v1 
OTJIHBKH. 

nJIH IlOJIHOfO pa3MarHHqHBaHHH paHee HaMarHHqeJ-IHOro yqacTKa 
OTJII:IBKII Heo6xo,JJ.I:IMO C03,JlaTb MarHIITHOe IlOJie HanpaBJieHII51, o6paT
HOro nepB01rnqaJibHOMy. Eho pa3Marnnq11Ba10rn.ee noJie C03,JJ.aeTcH ny
TeM nponycKaHII51 qepe3 o6MOTKY 3.JieKTpOMarHIITa TOKa npOTIIBOilO
JIQ)!<HOro HanpaaJieHIIH. Cn.na pa3MarHHqHaa10rn.ero TOKa MO:>KeT pery

JmpoBaTbCst c noMOI.UbIO peocrnrn. 
B pa3pbIBe MarHIITOnpoaona 3JieKrpoManrnrn noMemeHa no.rr.BII)K

HaH paMKa c HaMOTaHHOH Ha Hee KaTylllKOH; K paMKe npHKpernreHa 
CTpeJIKa. 

ITpII nponycKaHHH qepe3 KaTylllKY TOKa no
CTOHHHOH CIIJibI II HanpaBJieHIIH paMKa IlOJl B03-
.zr.eliCTBHeM CHJIOBbIX JIIIHHH MarHHTHOro IlOTOKa 
B HpMe MarHHTa IlOBepHeTCH Ha HeKOTOpblft 
yroJI. 

flo BeJIHqHJ-Ie yrna IlOBOpOTa paMKH H Hanpa

BJieHHIO noaopoTa (OT cpe.n;Hero noJio:>KeHHH) 
MmKHO cy,n:IITb 0 HanpaBJieHIUI H BeJIHqHHe Mar
HHTHOro IlOTOKa B HpMe MarHHTa. 

CxeMa nptt6opa H3o6paJKeHa Ha qrnr. 1. 
ITpH6op COCTOHT H3 IlO,JlBHJKHOH CHCTeMbl 

o6blqHoro 3JieKTpOH3MepHTeJibHoro nptt6opa rnna 
nenpe-,n:'ApcOHBaJIH, K KOTOpoli BMeCTO IlOCTOHH
HOro MarHHTa TIOJJ.Be.rr.eHbl cep.rr.eqHHKII H3 MHr
KOro }KeJie3a c HaMarHHqHBa!OW.HMH KaTylllKaMH, 
o6pa3yIOrn.He 3JieKTpOMarHHT. fIO.LI.BH:>l<HaSI paMKa 
CHCTeMbl CBH3aHa co CTPeJIKOtl:; lllKaJia HMeeT 
HOJib B cepeJJ.HHe. 

1 
~~~~~~~,~~~~~ 

<t>nr. 1. CxeMa Koapu.11-
THMerpa: 

1 - npoaepl!eMoe H3JleJme; 
2 - HaM3rHH4HB310IUHe K3-
TYWKH; 3 - OOl!BHlKH3D p3M· 
Ka co cTpenKof!: 4 cepJle4-

Hl!KH 9JieKTpOM8rHHT8. 

l13MepeHHe OTHOCHTeJibHOti aem1qHHbI K03PU:HTHBHOH CHJibI npoH3BO
.lllJTCH Ha He60JiblllOM yqacTKe KOHTpOJIHpyeMoii OTJIHBKH, 3aKJIIOtJeHHOM 
Mem.rr.y TIOJIIOCaMH K03pU:IiTHMeTpa. 

I<omp11rypaII.HH OTJIHBKH H ee reoMerpHttec1rne paaMepbl !JpaKTH
qecKH He OKa3bIBa!OT BJIHHHHH Ha IIOKa3aHHH K03pU:HTHMeTpa, Il0.3TOMY 
O.LI.HHM H TeM >Ke npH60pOM MO:>KHO. rrpoaepHTb caMb!e pa3Hoo6pa3Hble 
IIO pa3Mepy H cpopMe OTJIHBKH. 

f Jiy6HHa npOHHKHOBeHH51 MarHHTHOro IlOTOKa B Te.JIO OTJIHBKH, T. e. 
rny6HHa, Ha KOTopoii: KOHTpOJIHpyeTCH CTPYKTypa OTJIHBKH, 3aBHCHT OT 
pa3MepoB TIOJI!OCHbIX HaKOHeqHHI\OB npH6opoB H paBHa 0,3-0,5 HX 
lllHpI:!HbI. 

Mttoroq11c.JieHHbie (oKOJIO 400) onbITbI no KOHTPOJIJO OTJIHBOK KOB
Koro qyryHa .3THM K03pU:HTHMeTpoM, npoae.rr.eHHb!e B UeHTpaJibHoii JIH

TeHHOH JiaoopaTOpHH 311C, TIOJJ.TBepJJ.I:!JIH HaJII:ltJHe 3aBI:ICI:IMOCTH Me}KJJ.Y 
K03pi.(11TI:IBHOH CHJIOH KOBKOro qyryHa H ero TBep.rr.OCTb!O, a CJie.lI,OBa-

. TeJibHO, CTpyKTypoli. .. . 

I<poMe Jia6opaTOpHoro Kospu:11T11Merpa, Ob!JI cnpoeKTHpoaaH H H3-
roToBJieH Ko3pu:11rnMeTp H3MeHeHHoli KOHCTPYKII.HH, BHelllHHli BHJl 
rooroporo npe.LI.cTaBJieH Ha qrnr. 2. 
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3.'IeKTpHqecKa5! cxeMa KOIHpO.!IbHOH ycTaHOBKH npOH3BO,Il.CTBeHHOrCJ 
THna npHBe.n:eHa Ha qmr. 3. Ko3pUHTHMeTp cocTOHT H3 no,lJ.BH:>KHoli cH
cTeMbI, B3HTOfI OT 3JieKTpOH3MepHTeJibHOro npH6opa - BOJibTMeTpa, 
K KOTopoli BMecTO nocrnmrnoro MarHHTa no.n:Be.n:eHbI cep.n:el!HHKH H3 
apMKO-}!{eJie3a c HaMarHHl!IrnaIOI.I.I.HMH KaTyllIKal\m, 06pa3y10I.UHMH 
3JieKrpoMarHHT. PaM1rn no.u.rm:>KHOH CHcTeMbI CBH3aHa co CTpe.JI~oli; 
umaJia HMeeT HOJib s cepe,i:urne. CTHrnmre K03PUHTHMeTpa ocyme-

CTBJIHeTcH OT ce.JieHOBOrO Bb!IlpHMHTe.JIH. 
,. OcHOBHhle JJ.aHHbie ycrnHOBKH cJie.n:yioruHe: 

<t>11r. 2. Btterum1l\ BM.ll 
K03pU.HTHMetpa. 

nanpH:>KeHHe nHTaHH5! 24 B nepeMeHHOfO 

I 
L--------

<t>nr. 3. 3JieKtpocxeMa yctaHOBKH: 

BK - BblKJIIO'laTeJib; CC - ceJieHOBblA CTOJI6HK; R - peocTaT 
250 a.it. 04a; R. - JlonoJIHHTeJibHOe corpoTHBJieHHe; R, - racH
mee conpoTHBJieHHe; Ma - MHJIJIHaMnepMeTp 0-50 .11a; JI, H 

JI, - Jl3MRO'IKH oceemeHH!I WK3Jlbl; lll< - nepeKJllO'l8TeJib; 
11-· KHOnKa. 

TOKa; noTpe6JisteMaH MOIUHOCTb OKOJIO 70 BT; BbIIlpstMHTe.ITb COCTOHT 
H3 ce.JieHosoro croJI6HKa BC; KaTyllIKH 9JieKrpoMarHHTa K03PUHTH· 
MeTpa HMeIOT no 550 BHTKOB Ka>KJlast, crrna ~aMarnnqnsaiomero TOKa 
OKOJIO 5 a, CHJia TOKa B paMKe no.rr.BH:>KHOH CHCTeMbl OKOJIO 
90 Ma. 

KaK noKa3aJIR onh!Tb!, 5500 aMnep-BHTKOB 3JieKTpoMarHHTa snOJIHe 
.nocrnrnqHo JI.JIH .nose.nemrn .no MarHBTHOro Hacb1I.I.I.emIH HaB6oJiee 
MHrKoro H3 BCTpel!a!OI.I.I.HXCSI B 3aBOJI.CKHX OTJIHBKax qyryHa TBep.rr.o
CTb!O H B = 126 + 120. 

YcTaHOBKa JI.JISI KOHTpOJISI KpynHbIX OTJIHBOK (qrnr. 4) COCTOHT H3 
K03pUHTHMeTpa 1, IlO,I1.Beme1rnoro Ha KOillKe c npOTHBOBeCOM 3 Ha 
MOHOpe.JibCe 4 Ha.n pOJibraHroM c npoXOJI.Silll.HMH no HeMy KpynHbIMH 
OTJIHBKaMB; BhlnpHMHTe.nb 2 Kpemncsi pHJJ.OM. JlJISI npoB3so.rr.cTsa aa
Mepa KOHTpOJiep OTnycKaeT K03pUHTHMeTp Ha OTJIHBKy. 

JlJISI KOHtpOJI5l Me.JIKHX OT.i1HBOK ( qrnr. 5) K03pUHTHMeTp 1 KpenHTCSl 
Ha CTOJie IlOJI!OCHbIMH HaKOHeqHBKaMH rrnepxy H KOHYpOJIHpyeMbie .n:e
TaJIH TIOJJ.HOC5ITCSI K HeMy H npHCTaBJI5l!OTCst K noJIIOCHbIM HairnHeqiJH
KaM; BbinpHMHTeJib 2 KpenHTCst Ha,II, CTOJIOM. KHOTIKH ynpasJieHHSl 
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(nepeK.lIIOtiare.JJb flK H KHOnKa /1 CM. cjrnr. 3) npi1 :3TOM tlbli10C.fifC.fl 113 

K0.3pUHTHM€Tpa H o6be)J,HHHIOTC5I B cneuHaJlbHOH KHOilOtIHOH CTaHUHH 3. 
KoHrpoJib OTJIHBOK c noMOlll,bIO K0.3PII.HTHMeTpa MO>KeT ocylll,e

cTBJIHTbCH ABYMH MeTo)J.aMH: 
I. 011.eHKOH BeJIHtIHHbI K0.3p11.HTHBHOH CHJibI MeTaJIJia OT.7IHBKH no 

CHJie TOKa, KOTOpbIH IlOJIHOCTblO pa3MarnHqHsaeT npe.usapTeJlbHO Ha
MarHHtieHHbIH ytiacroK OTJIHBKH. DpH .3TOM K0.3pII.HTHMeTp cTaBHTCH Ha 
KOHTpOJIHpyeMb!H ytiaCTOK .neTaJIH; HaMarHHtIHBa!Olll,HH TOK BK..7IIOqaeTCH 
B o6MOTKY .3JieKTpoMarHHTa K0.3pI.J.HTH
MeTpa, 3aTeM TOK BblKJIIOtiaeTCH. na
Jiee, B paMKY ITO)J.BH)l{HOH CHCTeMhl 
K0.3pII.HTm•IeTpa Ha)KaTHeM KHOITKH 
BKJIIOtiaeTC5I TOK, CTpeJIKa OTKJIOH5IeTCH 
B Mepy HaJIHtIHH B KOHTPOJIHpyeMoM 
MeraJIJie OCTaTOtlHOH HHJI.YKII.MM. 

BCJie.n: 3a TeM B 11.enb .3JieKrpoMar
mITa K0.3pUHTHMeTpa nepeKJIIOtlaTe
j[eM flK BKJllOtiaeTCH pa3MarHHHtIBalO

UlHH TOK, KOTOpbIH npH ITOMOlll,H 
nocTeneHHoro Bh!BOJI.a peocTara yae
JUitIHBaeTcH JJ.O Tex nop, noKa CTpeJIKa 
ITOJI.BH)l{HOH CHCT€Mbl K0.3PII.HTHMerpa 

He JI.Oii:JI.eT JI.O HYJIH. 
CHJia TOKa B 11.enH .3JieKrpoMarHH

Ta K03pII.HTHMeTpa B 9TOT MOMeHT 
6yJI.eT nponopUHOHaJibHa K03pUiiTHB
HOH CHJie MaTepHaJia KOHTpOJIMpyeMOH 
)J.eTaJIH H HBJI5IeTC5I IlOKa3aTeJieM, xa
paKTepH3YIOlll,HM KatteCTBO MeTa.7IJia 
)leTaJIH. 

2 

~ 

l.,., •'"1»J>t"1"1~ 
3THM MeTOJlOM 6bIJIH npOKOHTPOJIH- <t>11r. 4. YcraHOBKa .nn11 MarHHTHoro 

poBaHbI )J.eTaJIH H3 KOBKoro ttyryHa ff KOHTpOJiff t<pynHblX .neraJJelt. 
nocTpOeH rpacpHK 38BHCHMOCTH CHJlbI 
pa3MarHHtIHBa!Olll,ero TOKa OT TBepJlOCTH ( <l>Hr. 6). 

Ha JlHarpaMMbI BHJlHO, ttTo npeJleJihHO JlonycTHMoii (no TexHMtte
CKHM YCJIOBHHM 311C) TBep,llOCTH H B = 163 Kc/.M.M~ COOTBeTcTByeT CMJia 

TOKa npH pa3MarHMtlHBaHHH I pa3.M = 33 Ma; CMJia TOKa BO BpeMH Ha
MarHHtIMBaHHH /Ha.M =Sa= const H CHJia TOKa B paMKe ITOJlBH>KHOH 
CHCTeMhI K0.3pUHTHMerpa paBHa 90 .Ma. 

2. OueHKoii: aHaKa HJIH BeJIHttHHbI Manrnnroii HHJlYKUMH, KOTopa.fl 
OCTaeTCH IlOCJie pa3MarHHtIHBaHHH KOHTpOnHpyeMoro ytiaCTKa OTJIHBKH 
TOKOM ITOCTOHHHOH CHJibI. 

DpH .3TOM K0.3pUHTHMeTp ~cratrnBJIHBaeTCSI Ha KOHTPOJIHpyeMyJO Jle
taJib, BKJI!OttaeTCH HaMarHHtIHB810lll,HH TOK, KOTOpbIH 3aTeM BbIKJII0-
11aeTCH. DocJie .3TOro s .3JieKTpoMarHMT K0.3pII.HTHMeTpa BKJIIOtiaeTCH pa3· 

MarHHtIHBa!OIHHH TOK ITOCTOHHHOH CHJibI, KOTOpaH COOTBeTCTByeT K03p· 
UHTMBHOH CHJie H c2 MeTaJIJia npe,lleJibHO .n:onycTMMOH rnep.nocTH 
(cpHr. 7). CTpeJ1Ka no)J.BmKnoii paMKM KospUHTHMeTpa B 9TOT MOMeHT 
)J,aCT IlOKa3aHHe, COOTBeTCTBYIOlll,ee ocrasweiicsr HHAYKUHij, 
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EcJIH OTJIHBKa HMeeT TBep.uocTh MeHhme npe.UeJibHOH (JIHHM~ 3;._3 
Ha qrnr. 7), TO AB 6y.ueT orpm.r.aTeJibHOH, M cTpeJIKa OTKJIOHHTCH, Ha
npnMep Bnpaso OT Hy.n51 UIKaJibl, H TeM OOJlbllie, qeM M51rqe OTJIHBKa. 

EcJIH }Ke OTJIHBKa HMeer TBep.uocrh 6oJibllie .uonycrnMoii (Jmmrn 
1-1 lia qmr. 7), TO AB 6y.uer noJIOlliHTe.[lbHOH H crpeJIKa OTKJIOHHTCH 
B.llBOe ur HYJIH llIKaJihl H reM 6oJibllie, qeM rsep}l{e OTJIHBKa. EcJlH 
OTJIHBKa Haxo.uHrrn Ha npe.ueJie rsep.uocm (mrnm1 2-2 Ha qrnr. 7), 
TO crpeJIKa . OCTaHeTC51 Ha 

HyJie. 
TaKOH Mero.u KOHTPOJI51 no 

OTKJIOHCHH!O CTpeJIKH 51BJI51eT· 
rn npaKTH11ecKH Han6oJiee 
6bICTpbrM n y.uo6HhIM .UJIH 
uexOBbIX ycJIOBHH B noroqHQM 
npOH3BO:JJ.CTBe. 

06a Mero.ua KOHTpOJI51 
rrpH noMOUJ:H K03pUHTHMeTpa 
6bIJIH npoBepeHbI B npon3BO.ll· 
CTBeHHbIX ycJIOBH51X B JIHTeH
HblX uexax KOBKoro qyry
Ha Moc1<0BcKoro aBT03aso.ua 
HMeHH CraJIHHa M f opbKOB
cKoro aBT03aso.ua HMeHa Mo
JIOToBa; 

Pe3yJibTaTbI pa6ora no 
nepsoMy Mero.uy, T. e. 3aBH-

,ua 
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CHMOCTb K03pUHTHBHOH CHJlbl <l>Hr. 6. fpaqmK 3aBHCHMOCTH Me>K.llY pa3Mar-
(pa3MarttHqHBaIOmero TOKa) HH'IHB810lll.HM TOKOM H TBep.noCTblO. 

OT cTpyKTypbI (TBep.nocrn) 
OTJIHBOK KOBKOrO qyryHa f A3 npe,!lCTaBJieHbl Ha rpacpHKe ( cpHr. 8). 

rro rexHHqecKHM YCJIOBH51M 3aso.ua ro,n:Hb!MH cqnraIOTC51 OTJIHBKH, 
HMe!Olll.He cpeppHTHY!O OCHOBY ~ npH HaJIHqHH nepJIHTa He 60Jiee 15 % ; 
ueMeHTHT He .uorrycKaeTCH. Tsep.uocTb no BpHHeJIIO TaKHx OTJIHBOK He 
CBhIIIIe 149 Kc/MM2• 

KaK BHJJ:Ho H3 rpacpnKa Ha cpnr. 8, pa3Marnw:.:nma1omnH TOK ,nJisi 
OTJIHBOK TBep,!lOCTb!O 149 Kc/MAt2 paBeH 32 Ma. 0TJIHBim 6oJiee MHr
KHe, K3K BH,UHO H3 rpacpxma, ,n:aIOT MeHbIIIYlO 'seJIHlJHHy, a 6oJiee TBep
Jl:bie - 66JibIIIYIO BeJIHqHHY pa3MarHH'HIBaIOIUero TOKa. 

l1cKJIIOqe1me H3 3TOro rrpaBHJia COCTaBTIHIOT o6pa3UbI 2, 12 I:l 188, 
KOTOpble npH HOpMaJibHOH TBep.uoCTH !10 BpHHeJIIO nOK83bIBaIOT nOBbl· 
IIIeHHY!O BeJIHllHHY pa3M8rHHllHBaIOIUero TOKa. 

floBbIIIIeHne 1-1eo6xo.unMoi1 CHJibI pa3Marnwnma10mero roKa npH 
HOpMaJibHOH rnep.uocTH llJIH o6pa3UOB 2, 12 H 188 OObHCHHeTcSI, KaK 
l10Ka3aJIO MeTaJIJIOrpaqrnqecKoe HCCJie,UOBaH11e; HaJIHllHeM B HHX ueMeH
THTa np11 co.uep)!{aHHH nepJIH'ra, He npeBbIIIIaIOmeM .norrycrnMoe 
(T. e. 15%). 

KaK BH.UHO H3 rrpnse.neHHoro npnMepa, KOHTpOJlb npH rroMOIUH 
K03pUHTHMerpa .uaeT 6oJiee npaBHJibHhle pe3yJihTaTbI, qeM KOHTpOJib 
c nOMOIUbIO npecca Bpm-1eJisi. 
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KoHTpOJib OTJIHBOK 11p11 rroMow:i-1 Ko3pUHTIIMeTpa rro BTOpoMy Me· 
TOJJ.y 11pOBOJJ.HJICH c UeJiblO rrpoBeprm HaJJ.e)tmOCTH paoOTbl K03pUHTH· 
MeTpa, rrapaJIJieJihHO c KOHTpoJieM OTJIHBOK Ha rrpecce Bp1rnem:1. 

3TH paooThI rrpono.rrJrJIHCh Ha aBT03aso.ne HMeHH CTaJIHHa B 
MexaHoc6opoqHOM H JIHTeHHOM uexax KOBKOro qyryHa H Ha f opb· 

B 
KOBCKOM aBT03aBO,ne HMeHH 
MoJioToBa. 

B pe3yJihTaTe 3TOro 3Kcrre-
pBMeHTaJihHoro cpaBHHTeJib· 

~ HOro KOHTPOJIH B uexOBblX 
~ ycJIOBHHX, Kor.rr.a ohIJIO rrpo

KOHTpo.1rnposaHo ooJiee 8000 
OTJIHBOK, obIJia ycTaHOBJieHa 
ITOJIHaH B03MOJKHOCTb BHe.rr.pe-

-H- ~-+It mm MarHHTHOro KOHTpOJIH 
Hc3- -B noJIHOTbl OTilrnra KOBKOrO qy-

Hc2 ryna rrpH ITOMOIUH K03pUHTH· 
11c1 MeTpa B3aMeH ocymecTB.1rne-

<I>Hr. 7. CxeMa, HJJJJIOCTpttpy10ma!l .llB3 MeTO,lla Moro B HaCTOHmee BpeMH 
KOHTpOJJ!l CTPYKTypw. KOHTpOJIH npH IlOMOIUH rrpec

ca BpHHeJIH. 
B ycJIOBHHx .neiicTBy10mero rrpoM3Bo:n:cTBa, oco6eHHO npH ero rroToq

HO:MaccosoM xapaKTepe, MeToJJ. Ko1npoJIH cTpyKTYPhl (TBep,u;ocTH) .n;eTa· 
JieH KOBKOro qyryHa K03pUHTHMeTpOM no cpasneHHIO c MeTOJJ.OM KOH· 
TPOJIH npH rroMOIUH npecca 110 

BpHHeJIH I103BOJIHeT: lo: 45 
1) ooJiee ohlcTpo H ToqHo ~ 

onpeJJ.eJIHTb CTpYKTYPY (TBep- •:::i 40 12 
.LLOCTb) OTJIHBKH; npOH3BO.LLH· [ i T 155 
TeJlhHOCTb O.LLHOro KOHTpOJiepa ' I • .g 35 188• 
npH ITOTOqHQM KOHTpoJie $! 138• f75 
K03pUHTHMeTpoM cocTas.1rneT ~ m4Bf • 103 
OKOJIO 400 3aMepoB B qac, ~ 30 15.. •• -;~~o 
TaK KaK rrpo.n:omKHTeJihHOCTb :t:: ., 345 I ti f /8 • 201 I 

6• 

o;woro 3aMepa lfcq11cJ15IeT· q;; 25 • 33 
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HyIO ycTaHOBKy; 3) BMeCTO %%,~1fJ~" 
Tpex orrepau11it - 3arnqKH JJ.e
rn.11eit ITOJJ. opHHeJih, opHHe
JIIIpOBaHHH H 3aMepa )J.Ha
MeTpa JiyHKH - BBeCTH OJJ.Hy, 

<l>Hr. 8. 3aBHCHMOCTb K09pUHTHBHOH CHJ!bl 
(pa3M3rHH'IHBaJOmero TOKa) OT crpyKrypbl 

(reep,llOCTH) KOBKOro 11yryHa. 

Mettee Tpy.uoeMKYIO onepaUHIO - KOHTpOJib K03pUHTHMeTpOM. 
f1pH KOHTpoJie OTJIHBOK K03pUHTHMeTpOM He TpeoyeTCH no.II.rOTOBKH 

nosepxHOCTH OTJIHBKH B MeCTe KOHTPOJIH - 3aqncTKH Ha HaJKJJ,aKe H rrp .. 
0TJIHBKa MOJKeT 6b1Tb npoKOHTpOJIHpoBaHa 1-1errocpe.rr.crneHHO rroc.rre 
ox.11aJKJJ.eHHH. 



PA3P.EJJ V 

061UHE BOnPOCbl METAJIJTOBEJlEHH~ 
H TEPMH4ECKOH 06PA60TKVI CTAJlH 

r. H. IIOI'OJ{HH-AJIEJ(CEEB 

BJHHIHHE TEMOEPATYPhl 3AKAJ1KI1 H KOJlffqECTBA 
OCTAToquoro AYCTEHI1TA HA )l.HHAMJ1qECKI1E 

CBOffCTBA CTAJIH 

Tervmeparypa 3aKaJIKH H co,IJ;ep:m:aHHe ocraro1rnoro aycreHHTa, He
coMHeHHO, oKa3bIBaIOT 3Haqm·eJibHOe BJmm-rl!e Ha )J.HHal\rnqecKHe cso:H:
crna CTaJIH H, B qacTHOCTH, Ha ee y,IJ;apHyIO BH3IWCTb. 3TOMY BOrrpocy 
6bIJJO IIOCBHLUeHO )J.OBOJlbHO 3Ha1IHTeJJbHOe qrrcJJO HCCJle)J.OBaHHH, rrpoBe

.QeHHbIX, KaK rrpaBHJIO, Ha CTaI-I)J.apTHbIX Ha,IJ;pe3aHHbIX 06pa3uax, o6Jia

.naroI.IJ;HX 3HaqHTeJJbHOfi xpyIIKOCTb!O. flo3TOMY IIOJiyqeHHbie rrpII 3THX 
HCIIbITaHHHX qHcJieHHbie 3HaqeHHH y)J.apHOH BH3KOCTH o6pa3UOB, 3aKa
JieHHblX OT pa3JJHllHblX Tel\-rneparyp, 6b!JIH OTHOCHTeJibHO MaJib!MH I! 

rropoli JJe:m:aJIH B rrpe)J.eJJax B03MO:>KHOH OI.IIH6KH HCIIbITaHH5:!, qTo He 
)J.aBaJio B03MO:IB:HOCTH )J.eJJaTb )J.OC'raTOqHo ysepeHHbie 3aKJIIOqeHH5:!. 

KpoMe Toro, rnracTHqecKHe H rrpoqHOCTIIhie xapaKrepHCTHKH cTaJIH 
')6b1qHo rrpH TaKHX y,IJ;apHblX HCIIbITaHHHX He onpe)J.eJI.HJIHCb, qTo He 
.rr.asaJio IIOJIHOro, rrpe)J.CTaBJieHH5:! 06 H3MeI-IeI-!11H )J.HHal\rnqecrrnx CBOHCTB 
HCCJle,LJ.yeMbIX CTaJieit 

a) Bmrnuue TCMnepaTypbI 3aKaJIKU. HaMH rrpose.neHo 11ccJie)J.0BaHHe 
BJIHHHHH TeMrrepaTypbI 3aKaJIKH )J.JI5:! THITMl!HbIX yrnepo)J.HCTbIX KOII
CTPYKUHOHHbIX ~raJ1ef1 - ueMer-ITyeMOH MapKH 20 H yJiyqmaeMoil 
MapKH 40 - B HHTepBaJie rrepeKpHCTaJl.1Ur3aIJ,HH Me:IB:)J.y TQqKaMH a H b 
LJepHoBa (Ac1 - Ac3). 06pa3UbI cTaJJH 20 (0, 17 % C; 0,49 % Mn) 
1rna,IJ;parnoro ceqeHHH 10,6 X 10,6 .M.M, )J.JIIIHoli 60 MJl.t, 6e3 na.npe3a, 
ObIJJH rrpeJJ.BapIITeJJbHO ttop111aJIII30BaHbI rrptt 900°, 3aTeM ttarpeTbI B Te
qeHIIe 30 MHH. B CBHHUOBOH sam1e )J.0 3a)J.aHHOH TeMrrepaTypbi 3aKaJIKH 
H oxJJaM)J.eHbI B BO)J.e. rlocJie 3aI<aJIIrn o6pa3UbI 6bIJJH no.rr.eeprnyr1>1 
orrrycKy npH 100° B TeqeHIIe 1 qaca H HCIIbITaHbl Ha KOrrpe c 3arracoM 
pa60TbI 30 KcM. rlpII HCIIbITaHHH 6b!JIII orrpe)J.eJJeHbl pa6ora pa3pywe-

A 
HH5I A, a TaK:m:e nJJacrnqecKa.11 (yroJJ 3arn6a ct) 11 npoqHocrnaH -

CL 

xapaKTepHCTHKH CTaJIH IIpH pa3HbIX 'feMnepaTypax 3aKaJIKH, cpe)J.HI!e 
3HaqeHHH KOTOpb!X rrprrBe)J.eHbI B ra6JI. 1 H Ha qmr. 1. 

06pa3UbI CTaJJII 40 (0,40 % C; 0,66 % Mn) HMeJJH rrorrepeq1-1oe ceqe
HHe 10 X 10 M.M H .IJ.JJHHY 60 .MM. OttH 6wrn HarpeTbI )J.JIH HopMaJJH3a· 
UHM B qyryHHOH CTpy:m:Ke rrpH 870° B TeqeHHe 40 MHH., a IIOCJie HOpMa
JIM:3aUHH HarpeTbl )J.JIH 3aKaJIKH B CBHHUOBOH BaHHe )J.O 3a)J.aHHOH 
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Te11rnepa1ypbl, OXJia)!{,UeHbl B BO.ll.e 11 OTIIYill.eHbl IIpH 100~ B Tel!em1e 

1 qaca. Cpe.UHHe pe3yJihTaTbI 9Toro HCilbITaHHH rpaqrnqecKH rrpe.ncra
BJTe11b1 rm qrnr. 2. 

A tis fXo,._.,..--~~-
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<P1-1r. I. 3aBHCHMOCTb pa60TbI pa3pymemrn, rnrncrn'leCKofi 11 npoll- · 
HOCTHOli xapaKrepHCTllK craJiefi 20 OT TeMneparypw 33K3JIKll. 

Cy.rr.SJ no H3MeHeHHIO rnep.nocm, Hal!aJio a.-+ 1-npeBpamettHH 
B OOeHX MapKaX CT8JIH HMeeT MeCTO IIpH 720°, a 3aBeprneHHe ee -
B CTaJII'I 20 IIpH 850°, a B CTa,'lH 40 IIpH 800°; IIpII 3aKaJIKe OT 9THX 

reMrrepaTyp HaOJIIO,!(aeTCH MaKCHMaJibHaH rnep.rr.oCTb. 

TaoAuu,a I 

Pa6ora paapyweunsi, nJiacr1111ec1rnsi n npo11nocruasi xapaKrep11cTHKH 
CT8JIH rn OpH pa3JIH'IHblX TeMneparypax 3aKaJIKH (y.a.apHbIA M3fH6 

Hena.a.peaaHHbIX o6paau.os) 

TcMnepaTypa 

I 
Pa6oTa pa3pyrne- \ YroJJ 3ar116a " I Ilpo'IHOCTHall xa-1 Tsep!lOCTb H B 

aaKaJIKll a °C - Hiil! A B K2,\I e rpa!l. pai<Tep11cmKa A-
" 

HopMaJin3a· 29,53 89,0 0,3320 125 
mrn nepe.n 3a-
K3JlKOfi 900 

700 25,42 59,82 0,4286 183 
725 7,87 15,.53 0,.5100 212 
7.50 16,73 31,65 0,5357 241 
775 23,91 49,31 0,4910 248 
800 29,53 54,44 0,5471 311 
825 29,.')3 44,81 0.6642 340 
8.50 29,58 36,35 0,8050 364 
875 29,0 36,94 0,7890 364 
900 25,61 33,66 0,7554 364 

/ 

B 9TOM HCCJie,noBaHHH OTMel!eH HHrepecr-IhIH cpaKT, l!TO rrpH 3aKaJIKe 
OT TeMrreparypbI TOl!KH a 4epHOBa IIJiaCTHl!HOCTb H y.uapHafl B513KOCTb 
MeraJIJia pe3Ko rra.rr.a10T, KaK 9TO BH.[(HO H3 KpIIBhIX a. HA Ha qrn:r. 1 H 2. 
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c ITOBhlllleHifeM TervmepaTypbI 3ciKaJ1KH B HI-ITepBaJie TOlleK a H b IT./Ia
CTHl!HOCTb If yJJ.apHaH BH3KOCTb CTaJIH ITOBhlllla!OTCH, 11ecMOTpH Ha y6bI
BaHHe co.n;ep)f{aHttH ¢eppma B CTPYKType 3aKaJieHHOH cTaJIH. I1oBhI
rneHtte yJJ.apHOH BH3KOCTH Ha6monaeTCH BITJIOTb JJ.O 3asepmem:1H CJ.-+ 1-
rrpesparn.eHHH, T. e. JJ.O TOlJKH b 4epHOBa, nocJie qero ttMeeT MeCTo 
HeKoTopoe rr0Htt:>R:em1e BH3KOCTH. MaKcttMyM nJiacTtt~rnocTtt JJ.OCTHraeTcH 
HeCKOJibKO paHee, lJeM MaKCHMYM yJJ.apHOH BH3KOCTH (JJ.O )J.OCTH)f{eHirn 
TOlJKH b)' noCJie qero ITJiaCTHlJHOCTb )J.OBOJlbHO pe3Kb CHH:>KaeTCH. 
I10HH:>R:eHHe yJJ.apHOH BH3KOCTH H ITJiaCTHlJHOCTH rrptt 3aKaJIKe OT TeM

rrepaTyp, rrpeBb!lllaIOru;HX TOlJKY b 4epHOBa, pa3JIHlJHhle HCCJie)J.OBaTeJIH 
o6oHCHHIOT yKpyrrHeHHeM 3ep- /1 
Ha aycTeHHTa, a HHOf)J.a TaK· a 0 /l IX 
_)Ke YBeJIHlJeHHeM coJJ.ep)f{aHHH -
OCTaTOlJHOfO ayCTeHHTa B 45 f8 
CTpyKrype 3aKaJiemwfl cTaJirr. 
BJ1HHHtte rrocJieJJ.Hero 6yJJ.eT 35 14 
paccMoTpeHo HH:>R:e. 

I1pO'-IHOCTHa5I xapaKTepH-
CTIIKa H3MeH5IeTC5I ITO)J.OOHO 25 fO 
H3MeHeHHIO TBepJJ.OCTH - <Yr 
3HalJeHHfi, o6bilJHhlX JJ.JIH He3a- t5 6 
KaJieHHOH CTaJIH, ITOBbilllaeTCH 
JJ.O MaKCHMyMa, HaOJIIO)J.ae
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JJ.aJiee OCTaeTCH HeH3MeHHOfi 700 740 780 820 860 900 
HJIH HeMHOro CHH:>R:aeTC5I. 

MrrKpocrrnnrrqecKoe rrccJie

JJ.OBarme CTPYKTYPbI o6pa3UOB 
CTaJIH 20, 3aKaJieHHbIX OT pa3-
JU!lJHbIX TeMrrepaTyp B HiITep-

TeM!lepaml./fJO 3c1w1w.1 

<PHr. 2. 3aBHCHMOCTb pa60Tbl pa3pyweHHll, 
nnacrHqecKofi H npoqHOCTHOfi xapaKrepH
CTHK cranH 40 or reMneparypw 3aKanKH. 

BaJie 700-900°, rrpoBeJJ.eHo . 

ITOJJ. 9JieKYpOHHbIM MHKpocKorroM rrprr yBeJIHlJemrn B 6000 pa3. • Ha 
Ka:>R:)J.OM o6pa3ue rrpOI'.13Be)J.eHo ITO )J.Ba CHHMKa, xapaKTepH3YIOlll.HX 
pa3JIHlJHb!e CTpyKTypHb!e o6pa30Bamrn, HMeIOIUHeCH B o6pa3uax . .UJIH 
o6pa3UOB, 3aKaJieHHb!X OT 725°, rrp1rne)J.eHo l!eTbipe CHHMKa, rroKa3aH

Hb!X Ha ¢Hr. 3. 
06pa3Uhl, OXJia:>K)J.eHHhle B BOJJ.e IlOCJie rrarpeBa )1.0 700°, HMeJIH 

CTpyrnypy ¢eppHTa H ueMeHTHTa (HH)f{HHH CHHMOK), HO HHor.ua B 
ITOJie 3peHH5I MHKpOCKOila ObIJI BH,UeH TOJibKO cpeppHT (BepXHHH CHH
MOK)' 'ITO o6'b5ICH5IeTCH 00J1blUHM KOJIHlJeCTBOM rroc.7le)J.Hero B CTpyK
Type He3aKaJieHHOH CTaJIH 20. 

B CTPYKType o6pa3UOB, 3aKaJieHHhlX oT 725°, Ha6JIIOJJ.aeTCH 3HalJH
TeJibHOe KOJIHlJeCTBO cpeppHTa H OTHOCHTeJibHO He60JibllIHe KOJ!HlJeCTBa 
ueMeHTHTa H MapTeHCHTa, pa3JIHlJHbie CTpyKrypHble KOMOHHaUHH KO
TOpb!X rrp1rneJJ.eHbI Ha 11eTbrpex cnttMKax Ha cjrnr. 3. 

06parn.aeT Ha ce65I BHHMaHrre IlOBblllleHHaH peJibecpHOCTb If Tpa

BHMOCTb rpaHHU 3epeH 9THX o6pa3UOB, npttl!eM Me)I<JJ.y OT)J.eJib
HbIMH 3epHaMH Ha6JIIO)J.a!OTC5I Hapymemrn CITJ!OllIHOCTH. 9rn BH.UHMbie 
pa3pbIBbI Me:>KJJ.Y 3epHaMrr MoryT ObITb HJIH pe3y,1hTaTOM rJiy6oKoro 
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ct>ur. 3. MHKpocrpyKTypa o6p33UOB CT3.JIH 20, 33K3JleHHOii B BO)l.e OT p33JIH'IHblX TeMneparyp B HHTep:eane 700-900°, 
H36JllO)l.3eM3H sneKTpOHHblM MH!j:pOCKOllOM npH taeJIH'leHHH 6u00. 



npoTpasmrnamrn norpaHHl!HOro C.i!Ofl, OTnHl!HOro no COCTaBy OT OCHOB
HOro 3epHa ( «CJIOH r1166ca»), HJJH npencTaBJHllOT co6oi1 MHKpOTpe
lllHHbl, B03HHK111He B pe3yJibTaTe .neikrnm1 3H3l!HTenbHblX BHyTpeHHHX 
HanpmKeHHH. ofiyc.noB.lleHHblX o6beMHblMH H3MeHeHJrnMH npH a.JJJlOTpo
ITHl!eCKOM npeBparueHHH. 

CTpHp01l3 11 rrpOHCXO)l{lleHHe 9THX TTOrpaHHl!HbIX J1HHHH eme He 
HCHbl H llOJDKHbl 6b!Tb nonseprHyTbl TIHaTe.IIbHOMy ,llOITOJIHl1TeJ!bHOMY 
nccnenosaHmo. On11aKo HecoMHemrn. l!TO He3an11c11Mo OT roro, HB.rrn
roTCH JJH 3TH Jil1HHH MHKporpem11HaMH, BbI3B3HHbIMl1 aycTeHHTO-Map
TeHCHTHb!M rrpeBparuerrneM, H.llH 9TO CJiellbT Bb!TparvreHHOH H36bITOl!HOH 
cpa3bl, BbllleJICHHOH 113 o6orameHHOro rrpHMeCHMH f1166c0Ba CJJ051, OHH, 
TTOBHllHMOMY. HBJl51!0TC51 rrp~l!HHOH Pe3KOro CHH:>KeHJrn nJiaCTHl!HOCTH H 
y.napHOH B513KOCTH 33T<a.JJeHHMr OT 725° CT3.11H. y CTaJIH, 33Ka.JJeHHOH 
OT 6onee BbICOKHX re~meparyp. TaKHX rrorpaHHl!HbIX JIHHHH He Ha6.mo
,rr,a.JJOCh. CTpyKTypa o6pa3UOB, 3aKaJieHHhrx OT TeMnepaTyp 750-800°, 
cocTOHJia 113 cpepp1na 11 MapreHcHra. Konwrecrno cpeppHrnoii cpa3bT 

c IlQBbIIlleHHeM TeMneparypbI 33K3JIKH yMeHbillaeTCH, a KOJIHl!eCTBO 
Marner-rc11ra yseJIHl!11saeTcH. CTpyKrypa o6pa3UOB, 3aKaJieHHbIX OT 850 
H 900°, COCT051Jia TOJ!bKO H3 MapreHCHTa. CTpH 33K3JIKe OT TOl!Kil a 
MapTeHCHT HMeeT 9BTeKTOHllHYIO KOHUeHTpaumo H 06.nanaeT MaKCH
MaJibHOH .IlJI51 ll09BTeKTOHllHbIX CTaJTeH TBepnocTblO H xpyrrKOCTb!O; OH 
_caM MO:>KeT 51BHTbC51 Ol!aroM JIOK3JIH33UHH TTJiaCTMl!eCKOH .uecpopMaUHH. 
c nOBbIIlleHHeM TeMrrepaTypbI 3aKaJIKM yBeJIHl!HBaeTC51 KO.llHtteCTBO 
MapTeHCHTa, HO yMeHbIIJaeTCH co.uep)f{aHHe yr.rrepo.ua B HeM. CoorneT
CTBeHHO yMeHbIIIaeTC51 creneHb TerparoHaJibHOCTH rrpocTpaHCTBeHHOfi 

perneTKH MapTeHCHTa, a c.rre.uosaTeJibHO, yMeHbllI3!0TC51 BbI3bTBaeMblf' 
MapTeHCHTHbIM rrpespameHHeM BHyTpeHHHe Harrp51)!{eHH51 B OKpy)!{aJO
lUHX n.rracrHttHbIX 3epHax cpeppnra. KpoMe Toro, H caM MapTeHCHT 
c TTOHH)f{eHHeM conep)f{3HH51 yr.11epona B HeM CT3HOBV.TC51 MeHee TBep
,llb!M H xpyrrKHM, tffO 9KcrrepHMeHTaJTbHO no.nrnep)f{lleHo n. M. HaxH
MOBb!M, HCCJie,llOB3BI11HM MHKpornep.nocTb M3pTeHCHTa rroc.ne 33K3JTKll 
OT TeMrrepaTyp, Jie)jrn1unx MeR{llY TOl!KaMH a 11 b t.IepHoBa. YMeHbll!e

rme BeJTHl!HHbI miyTpeHHIIX HallpH)f{eHHH H nOHH:>KeHHe rnep.nocrn Map

reHCHTa, a T3K)J{e B03M0)KHOe 3apacTaHHe MHKPOTPeIUHH, o6VCJTOB rreH
HOe nepeKpHCTaJTJTH3aUttei\: cpeppnTa, 06.rrerttaIOT ycnoBH51 npoTeKaHH51 
n.rraCTHl!eCKOH .necpopM3UHH H, HeCMOTP51 Ha yMeHbIIIeHHe nJiaCTHlJHOH 
C1-cpa3bI, crroco6crnyeT nOBbillieHHIO o6meft nJiaCTHl!HOCTH H y.napHOH 

B513KOCTH o6pa3IIOB, 33K3JieHHbIX B HHTepsaJie nepeKpHCT3JIJIH33UHH OT 
6onee BhICOKHX reMneparyp. 

YlraK, B pe3yJibT3Te 33K3JIKH OT TeMrreparyp, COOTBeTCTBYIOlllHX 
TOl!Ke a t.IepHosa. nJiaCTHl!HOCTb H y.napHa51 B513KOCTb CTa.TIM pe3KO 
noHHR<aJOTCH. )lanee, rrp11 3aKaJIKe B HHTepsane reMrrepaTyp a "' b 
HMeeT MeCTO OllHOBneMeHHOe nOBbIIIIeHHe rrpOl!HOCTH H nJiaCTHl!HOCTH 
3aKaJieHHOi1 cra.rrH. CTpol!HOCTb 3aKoHoMepHo pacTeT no sepxHeA KpH
THl!ecKoM TOl!KH. TTOCJie qero ocraeTC51 HeH3MeHHOH HJIH HeMHOro nOHH
)f{3eTC51. CTJiaCTHlJHOCTb M B513KOCTb 33K3JieHHOH CT3JTH, .llOCTHrHyB 
MaKCHM aJibHhix 3HatteHHi1 ( rrepsa H eme .no 3aBeprneHH51 11- "(-npespa
rneHlrn, a BTOpa51 TTOCJie llOCTH)!{eHM51 TOt:fKH b) c .na.JibHeHlllHM IlORbI

lIIeHHeM TeMnepaTypbI, Hao6opoT, HattHHnIOT ,ll.OBOJibHO 3aMeTHO-HOHH-
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:maThC.SI. Orc10.LI.a HCHa Hell.~Jiecoo6pa3HOCTh 3aKaJIKH craJJH H3. HHTep· 
saJia a - b, a raK»<e npn reMneparypax, 31-IalHITeJibHO npesb1llia1011u1x 
ero. OnrHMaJibHOe coqe1am1e .ll.HHaMH4ecKoii npo4HOCTH H rrJiacrHqHO· 
CTH HMee1 Mecro, KaK 11 .ll.JlH CT3THqecK11X CBOUCTB, np11 TeMneparype 
TO'-IKl1 b 4epHOBa 11JIH HeMHOfO Bblllie Hee. 

6) 8JIUHHue KOJIH'leCTBa ocTaTO'IHoro aycTeuurn. B mnepa1ype 
HMeeTCH .ll.OBOJibHO MHOfO pa3Hou6pa3HblX )J.aHHblX 0 BJIHHHIHI OCT3T011· 
HOfO aycreHHTa Ha MexaHl1'-leCKl1e CBOHCTBa H, B 43C1HOCTl1, Ha y.LI.ap· 
HylO BH3KOCTb CTaJIH. 0.LI.i-IaKO .LI.aHHble 3111 .ll.OBOJib!-10 npo111Bope1rnBbI, 
410 06bHCHHeTCH, IlOBH.ll.11MOMy, HeH)J.eH1H4HOCTblO ycJIOBHH HCCJie.LI.OBa· 
HltH. B caMOM .LI.eJie, BO MHOrHX HCCJie)J.ul3aliHHX, HapH.ll.Y c H3MeHem1eM 
KOJIH'-!eCTBa OCTaTO'-IHOfO aycreHHTa (.ll.OCTHraeMoro, Hanp11Mep, nyreM 
IlOBbIWe!-111H TeMnepa rypbl 3aKaJIKH) O)l.HOBpeMeH!-10 H3MeHHJIC.H COCTaB 
aycrett111a H . BeJU1q111-1a ero · 3ep1-1a H, CJie,!l,0Ba1eJibHO, 110Jiy1rneMhiii 
::icpcpeK1 HBJIHJICH cyMMapHb!M. U1cy1cTBHe yqera BJIHHHHH ::irnx «Ha· 
KJia,LJ.b!BalOll!l1XCH» cpaKTOpOB. npHBO)l.HJIO K pa3JIH4Hb!M, He CXO)J.Hb!M 
Me)l{.LI.Y co6oii 33KJIIOqe1-111HM. 

HaMH 6b!Jia nocraBJieHa 3a.LI.aqa H3Y4HTb BJIHHHHe KOJIHqecTBa 
ocra1oqHoro aycTeHHTa npH HeH3Memrn1'1 ero Kom1.e1-11pau1rn 11 seJIH· 
tmHe 3epHa nyreM H3MeHeHHH .ll.J1l!TeJibHOC1H H30TepMHqecKOH Bbl· 
.LI.ep.>KKH B HHrepaaJie cra6HJJH3aU.HH ayc1eHHTa. 

l1ccJie.LI.OBam1e 6bIJIO npoaeJJ.eHo Ha crant1.aprnblx yt1.apHbIX o6pa3· 
u.ax 6e3 Ha.ll.pe3a craJIH 9XC (0,85 %. C; 0,30 % Mn; 1,35 % Si; 
1,04% Cr) noCJie pa3JJHl!HOf1 H3orepMH4ecKoii o6pa6oTKH. 06pa3Ubl 
6bIJIH Harperbl B B03.ll.Yll1HOH neq11 .ll.O 880°, BblJJ.ep)l{a!-Jbl npH 310ll TeM
neparype 25 MHH. H 3aTeM 6b!crpo nepeHeceHbI B MaCJIHHYIO Bam1y 
c 1eMneparypoii 160°, peryJI11pyeMoli KOHTaKTHhIM raJibBaHoMerpoM 
c roqHOCTblO +5°. 

TeMneparypa H3orepMH'-!ecKoil BhI,llep)!{KH B IJ.eJJHX 6oJibllleli cra6H
JIH3aUHH OCTaT01lHOf0 ayc1eH11Ta, KaK 3TO H3BCCTHO H3 pa60T 
,r. B. Kyp,nlOMOBa, A. n. fprneBa H ,n:p.,, ,ll9JI)l{H8 6blTb p_aJll:la HJIH He· 
I\'.rnoro HH)l{e reMneparypbI .Ha'-laJia MapreHcHrnoro npeapamemrn M" . 
. nJIH ::>roil MapKH CraJIH A~ r. Paxll1Ta.ll.TOM 6bIJIO HaliJJ.eHo 4HCJiel-JHOe 
3Hat:JeHHe reMneparypbI T04KH M, pa8Hoe 160-1700-; Tiptt 3a.nam10Fi 
reMnepaType ( 155-165°) oopa3IJ.hl cep11HMH no 3 lllT. Bhit1.ep)l{11BaJrnch 
B BaHHe 1 J 3, 5, 10, 20, 30 HJIH 50 qac., 33TeM OXJI a:iK)l.aJIHCb Ha B03· 
.nyxe. DpH KOMHaruoii reMneparype 6aJIJIHCTH4eCKHM MeTOJJ.OM, nyreM 
BT8JIKHB3HHH o6pa3UOB B MOlll.HOe M3fHHTHOe no.lie qepe3 noJJ1oca 
3JieKTpOM3fHHTOB, onpe.ll.eJIHJIOCb M3fHHTHOe HaCh!ll!eHHe 4n:/" o6pa3-
IJ,OB, Bbl4HCJIHeMoe no ypaBHeHH!-0 

4 I _ Cb·Ra l02 :r,,,- nF ' 

. r.ne Cb - 6aJ1.11HcTHtrecKaH nocrosrnuaH raJihBaHoMerpa; 
N- conpornBJieHHe 6aJIJIHCTHqecKoil uenH B OM ax; 
(J.- OTKJIOHeHHe «33ll4HKa» no llIKaJie B CM; 
n- tfHCJIO BHTKOB 6aJIJIHCTH4eCKOH KaTylllKH; 
F- nJioll!a,!lb nonepe'-!Horo ceqemrn o6pa3u.a B cM2. 
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BwrncJ1efi!Ie i<OJIIJ:qecTBa OCTaT6ttrroro aycTetutTa ~aKJI!6ttaJlOCh 
B cpaBHemrn MarHHTHOfO !IaCbIIII.eHHSI HCIIhITyeMoro 06pa3ua H 9Ta
JIOHa, B KOTOpoM ycJiosno rrpHHHTO 100 % co,II.ep)Kamrn cpeppoMarHHT· 
Hoii cpa3bI. B Kaqecrne 9TaJioHa 3,II.ecb 6bIJIH B3HTbI 9TH )Ke o6pa3UbI 
CTaJIH 9XC, rrpe,II.BapHTeJibHO OTO:>K)KeHHhie H 3aTeM ,lI.OIIOJIHHTeJibHO 
OTrrymeHHhie rrpH 600°. KoJIHqecrno ocrnrnq1-roro ayCTeHHTa B npoueH
rnx MO)KeT 6bITh onpe,II.eJieHo 6e3 rrpoMeIByroqHoro BhiqHCJieHHH Mar
H!iTHoro HaCbIW:eHHH ,lI.JIH Ka:lK,lI.Oro o6pa3ua no ypaBHeHHIO 

HJIH IIpH 

A= (t - a06P) 100. 
aam 

CTocJie onpe,II.eJieHHH KOJIHqecrna ocTaToqHoro aycrerrnrn o6pa3UbI 
TOHac llie HCIIbITbIBaJIHCb Ha yJJ:apHbIH H3rn6 )lO pa3pyrnemrn. CTpa 

9TOM ,lI.JIH KaLK)J.OfO 06pa3ua 
onpe,II.eJIH.nacb pa6ora pa3py-

6 JOi..---+...."--...Y...--1----1---ia20 memrn H ,II.ecpopMau110HHaH 
xapaKTepHCTHKa (yroJI 3arn-
6a)' cpe,II.HHe 3HaqeHHSI KOTO· 
pbIX ripHBe,II.eHbI B Ta6JI. 2. 

KaK BH.llHO H3 pe3yJibTa
TOB, rrp1rne,II.em1brx B ra6JI. 2 H 
Ha cp11r. 4, IIOBbillleHHe ,lI.JIH
TeJibHOCTH BbI)lep)KKH npH 160° 
,lI.O 20 qac. 3aMeTHO IIOBhilllaeT 
CTaOHJibHOCTb aycTeHHTa, co
.nep)!{aHHe KOToporo B cTpyK
Type CTaJIH B03paCTaeT .no 
30 °lo. CT pH IlaJibHefhIIeM yBe· 
JIHqeHHH H30TepMHqecKOfi Bbl· 

__ ..,_ _ _,,_ _ _.,..._--'_--Jo. 05 .neplKKH CTa!SHJibHOCTb aycTe· 
0 10 20 JO 40 'faC. HIITa .na.nee He TIOBbIWaeTCH 

0 

/J,11vme11b!tocmb u:Jomep111p1ecKoiJ H conep)!{aHHe ero CHH)!{aeTCH 
(}b!f}epli< KU 

<l>Hr. 4. 3aBHCHMOCTb ynapHOH BH31<0CTH H 
nnacrHqHQCTH OT JlJIHTeJibHOCTH H30TepMnqe
CKOH BblJleplKI<H H l<OJ!JilleCTBa ocraroqHoro 

aycreHHTa. 

.no 26 % noCJie 30 qac. H .no 
16 % nocJie 50 qac. BhIJI.ep)!{ • 
KH. CTpyKTypa CTaJIH 9XC 
nocJie pa3JIHqHOH .llJIHTeJibHO
CTH H3CYrepMHqecKoii BbI,llep)!{

KH, COCTOHW:aSI H3 MapTeHCHTa c pa3JIJ1qHbIM KOJIHqecTBOM OCTaToqHoro 
aycTeHHTa, rroKa3aHa Ha cp11r. 5. 

MHorne HHocrpaHHbie HcCJie.nosaTe.n:H BhICKa3bIBaJIH MHeHHe, qTO 
cMec11 MapTeHCHTa c aycTeHHTOM ooJia.naIOT nosbirneHHOfl xpynKo'CThlO 
H .lla)!{e ooJiee xpynKH, qeM coocTBeHHO MapTeHCHT. CJie.llOBaTeJihHO, 
rroshirneHHe co.nep)l{aHHH ocrnToqHoro ayCTemna JlOJI)KHO 6bIJio Ohr BhI-
3BaTb IIOHH/KeHHe .necpopMaUHOHHOH xapaKTepHCTHKH H y.napHOH BH3· 
KOCTH crnJIH. B .nefICTBHTeJihHOCTH pa6orn pa3pyrneHHH 11 yroJI 3arn6a 
HeH3MeHHO pacTyT c yseJIRqem1eM .llJIHTeJibHOCTH rrnoTepM1rnecKoii Bbl-

270 



a) 

fl) 

6) 

Z) 

<1>1.ir. fi. CrpyKrypa craJJH 9XC 
nocJJe pa3JJH'IHOH .!lJIHTeJJbHOCTH H30· 

repMH'leCKOH BbI,lleplKKH: 

a -1 qac; 6 -5 q?c.; s- to qac.; 2-20 <rac.; 
iJ - 30 qac. X 500. 

271 



TatJAuu,a -·2 
Y.11.apnasi BH3KOCTb, npoqnocTnble u .11.e<j>opMa11,uonn1>1e xapaKTepucTHKH 

CT8JIH 9XC c pa3JIHqffblM co.uep>KaHHeM ayCTeHHTa (pa3JIH4H8SI 
.11.JlllTeJibHOCTb H30TepMli'IecKofi Bbl)lep>KKH np.H. 160·) 

.!lJIHTeJJbHOCTb Teep.nocrh l(oJJH'leCTBO 
Pa6oTa pa3py· 11 P04HOCTH8SI Bbl.llep)l<KH nOCJlt! Bbl· OCT3T04H0f0 YroJJ 3am6a 

1.pu lti0° .neplKKH Re ayCTeHHTa weH1rn A a a rpa.n. xapaKrepH-
'B l!C..C. B Ofo B ICZA£ CTHK8 A/o.0 

1 63 16,0· 1,97 1.00 1970 
3 63 19,0 2,33 1,50 1555 
5 61,7 20,0 2.67 2,00 1335 

10 60,7 27,3 2,90 2,50 1160 
20 59,0 30,3 4,10 3,83 1070 
30 60,5 26,0 4,55 4.50 11111 
50 61,3 16,2 5,37 4,67 1150 

.nepR<KH npH 160° KaK npH IlOBbIUieHHH, TaK li IlPH noCJie,nyIOIUeM 
noHH:>«:eHHH KOJiwi:ecrna ocraTOqHoro aycreHHra. ~ho onposepraer 
cymecrny10mee MHem1e o noswUieHHoii xpynKocr0 CMecet!: MapreHcHra 
c aycreHHTOM. , 

HHTepecHo raK:>«:e OTMerHTb, qro H npoqHocrHafl xapaKrepHCTHKa 
CTaJLlf 9XC H3Memrerrn 6e30THOCHTe.7IbHO K pacrro.no:m:eH1110 MaKCMMyMa 
KpHBOH co.nep:>«:aHHfl ocraroqnoro aycremna. TipH MaJihIX H3orepMnqe
cKHx BbI,nep)l{Kax CTaJib 9XC o6Jia.naer MaKCHMaJibHOH rrpoqHOCTbIO H 
MHHHMaJibHOH nJiacrHqHOCTbIO H B5!3KOCTbIO. TioBl::.IWeHHe H3orepMnqe
cKoif Bw.nepmKH BJieqer 3a co6oM: rrocJie,n:oBareJibHOe noBb!UJeHHe rnia
crnqHocrn H B5l3KOCTH npn 3aMeTHOM CHHR<eHHll npoqHOCTHOH xapaKre
pttCTHKll He3aBncmvro or KOJIHl!ecrBa ocraro1moro aycrerrnra. 



f/. P. PAJ!3HH, A. P. )K.E.nE3Hf/KOBA 

K BOnPOCY O IlPHPOJJ.E PEKPHCTAJIJ1113AU1111 
IlOCJIE MAJIWX CTEilEHEA JJ.E~OPMAUHH 

06JiaCTb MaJibIX nJiaCTJ-Il.JeCKHX .n:ecpopMaUHM MeTaJIJIOB MaJIO HCCJie
.rr.osaHa. TaK>Ke HenocTaTOl.JHO H3ytJ:eHbI npoueccbr peKpHCTaJIJIH3aUHH 
noCJie MaJibIX .n:ecpopMauHii:. Oco6eHHO pa3Hopet.JHBbl MHeHHH B TpaK
TOBKe npHpOJJ.bI TaK Ha3bIBaeMoii: KPHTHl.JeCKOH CTeneHH .necpopMaU,HH, 
BbI3bIBaIOmeii He06bil.JHbIH poCT 3epHa. 

HaH6oJiee pacnpocrpaHeHHOe MHeHHe, 6a3Hpy10meecH Ha cpopMaJib
Hoii TeOpHH peKpHCTaJIJIH3aum1 [l], CBOJJ.HTCH K TOMy, l.JTO o6pa3oBairne 
Kpynttoro 3epHa B KpHTHl.JeCKOM HHTepsaJie IlO.lll.JHHeHo o6w,eMy Mexa
HH3MY 3apo.m:.n:eHHH H poCTa 3apo.n:hlrneii: H3 MaJioro KOJIHl.Jecrna 
ueHTpOB. 

HapH.n:y c 3THM cymecTByeT pH.n: .n:pyrnx npe.n:crasJieHHH no 3TOMY 
sorrpocy. A. A. noqsap H E. M. CaBHU.KHii [2] o6paTHJIH BHIIMaHHe Ha 
TO, l.JTO rrpH MaJibIX .n:ecpopMaUHHX OTMet.JaeTCH TOJibKO pocT CTapbIX 
3epeH. E. M. CaBHU.KHii: [3] Cl.JHTaeT, l.JTO B KpHTHt.JecKoM HHTepsaJie 
MexaHH3M 06pa3osamrn aepHa CBOJJ.HTCSI K «CJIHSIHHIO» )J.ecpopMHposaH
HbIX aepeH. 

B paHee ony6JIHKOBaHHOfi HaMH pa6ore 6bIJI onHcaH 9KcrrepnMeH: 
TaJibHO Ha6JIIOJJ.aBIIIHMCSI :rvrexaHH3M CJIHSJHHf! HCXO.UHbIX 3epeH rrpn pe
KpHCTaJIJIH3aUHH IIOCJie MaJibIX CTerreHeii ropflt.Jeii JJ.ecpopMautrn:, H, CJie
.n.osaTeJibHO, 6bIJia rro.n:rnep:iK.n:ena Tqt.JKa apeHHf! o HaJIHl.JHH TOJibKO 
co611paTeJibHOH peKpHCTaJIJIH3aU,HH B KpHTHlfeCKOM HHTepsaJie .n:ecpop· 
MaUHM. 

U . .U)Kecppnc H P. Apt.J.ep [4] BbICKaabisam1 rrpe.n:noJimI<eHHe, t.JTO 
qpeaMepHbIM pocT aepHa B KpHTHl!eCKOM HHTepsaJie o6bf!CHf!JICf! He-
0.UHOpo.n:HOCTblO HaKJierra rrpH MaJibIX cTerreHHX .n:ecpopMaum1. PocT se
peH, no MHeHHIO 3THX aBTOpOB, Ha6JIIO)J.aJIH TOJibKO B Tex TOl.JKax, r)J.e 
HMe.JICH .UOCTaTOl.JHbIH HaKJieII, B CB7!3H c LieM B03HHKaJia 60Jiblllaf! KOH
TpaCTHOCTb sepHa, crroco6cTByIOllI.af! «KpHTHl.J€CKOMy poCTy». 

13JIH3Koe K 3TOH TOl!Ke speHHH MHeHHe BbICKa3bIBaeT A. Il. fy
Jif!eB [5]. OH TaK)!{e o6bHCHf!eT tteo6bit.JHbiii: poCT sepHa .B KpHTHl!ecKOM 
HHTepBaJie cos.n:aimeM KOHTpacTa B Be.JIHl.JI1He HCX0.11.HbIX 3epeH H3-3a 
Heo.n:Hopo.nHOH CTerreHH HX .n:e<t>opMaUHH, T. e. l.JTO sepHo, KOTOpoe 
HaH60Jiee 6JiaronpH7!THO opHeHTHpoBaHo B OTHOllleHHH HarrpaBJieHHSJ 
.n.eilcTByIOllI.HX CH.JI, paHbille IIO,llBepraeTCf! .n.e<t>opMalJ,HH, .n.po6HTCSI. 
CTaHOBHTCf! MeJIKHM H «rroenaeTCf!» 6oJiee KpyIIHbIMH 3epHaMH. 
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3a npe.zteJtoM J{pltnritecKoti: cTertem:1 ,llecpopMauirn:, 110 Mltemno 
oOJibllIHHCTBa HccJie.n:oaaTeJieii, MexaHH3M peKpHcTaJIJIH3aUHH 3aKJIIO
qaeTc5I B 3apo>K.n:eHHH H pocTe HOBhlx sepeH. 

06b5ICHeHHe 11pHp0.llbI KpinHqecKOH CTe11eHH ,llecpopMau1m, 110MHMO 
06rueTeopen:1qecKoro 3HaqeHH5I, Ba)irno TaK:>Ke 110 cJie.n:y1oruHM 11pH
qmrnM. 

EcJIH c caMoro HatiaJia .n:ecpopManm:1 cyruecrnyeT e;urnbrii MexaHH3M 
peKpHCTaJIJJH3al{HH, COCT05IIUHH H3 3apo:>K.n:eHH5I HOBbIX sepeH H HX 
poCTa, H3MeH5IIOIUHHC5I c yBeJIHtieHHeM CTe11errn .n:ecpopMaUHH JIHlllb KO
JIHtiecTBeHHO, TO CJie.n:yeT CtIHTaTb, tITO cyrueCTByeT H e,LJ,HHbIH MexaHH3M 
)leqJOpMallHH, a CJie)l.OBaTeJibHO, H e)l.HHbIH MexaHH3M peKpHcTaJIJIH
saUHH. 

ECJIH :>Ke B KpHTHtiecKoM HHTepaaJie .llecpopMaUHii cyruecTByeT JIHlllb 
co6HpaTeJibHa5I peKpHCTaJIJIH3aUH5I, a sa 11pe.n:eJIOM KpHTHtieCKOH CTe-
11eHH o6pasyIOTCH HOBbie U€HTpbI, KOTOpbie paCTYT 110 saKOHaM KpH
craJIJIH3aUHI:I, T. e. ecJJH cyi..uecrny10r .rrna pasJIHtIHbIX npouecca peKpH

tTaJIJIH3aUHH, TO, CJie.n:oBaTeJibHO, )l.OJI:>KHbI cyruecTBoBaTb )lBa 11po

uecca, pa3JIHtIHbIX 110 11pnpo.ue .n:ecpopMaUHH, - .n:o KPHTHtiecKofi cTe11eHH 
H 3a KpHTHtiecKoii cTe11eHhIO. DpH Bcex ycJIOBHHX TPY.llHO pacctIHTbI
saTb, q(J'Q 11pH He11pepbIBHOM, JIHllib KOJIHqecTBeHHOM H3MeHeHHH )l.ecpop
Ma.UHH peKpHCTaJIJIH3aUH51, HJIH, HHatie roaop5I, poCT 3epHa 110CJie Ha
rpeaa MeTaJIJia c aospacraHHeM cTe11eHH ,llecpopMauim 6y)l.er 11poHcxo
.llHTb CKatIK006pa3HO. 

CTpO.UeJiaHHOe HaMH HCCJie)l.OBaHHe )l.OJI:>KHO 6bIJ10 IIpOJIHTb HeKOTO
pbIH CBeT Ha 3TH B011pOCbI H COCT05IJIO H3 CJie,UyIOIUHX 3TaIIOB: 

CTepBbIH 3Tal1 HCCJl€.llOBaHH5I ObIJI 11pOBe.n:eH Ha MOHOKpHCTaJIJiaX 
aJIIOMHHHH H COCTOHJI H3 HaOJIIO,UeHHti sa )leJieHHeM MOHOKpHCTaJIJia 
11PH .n:ecpopMallHH 11JIOCKOCT5IMH CK0Jlb:>K€HH5I H .z:r.aJibH€HllIHM. 110Be.n:e
HH€M ero 11pH Harpese. 

,UaJiee HCCJie)lOBaJiaCb peKpHcTaJIJIH~au1rn 110JIHKpHCTaJIJIHtiecKHX 
MeTaJIJIOB:. 11pOMbilllJieHHOti CTaJIH ll1X15 H T€XHHtI€CKH qI:fcTOrO aJIIO
MHHH5I. 

CTpe,llJiaraeMbIH MeXaHH3M .necpopMaUHH HJI.1IOCTpHpOBaH HeKOTO
pbIMH qacTHbIMH CJ1ytiaHMH, o6b~CHeHHe KOTOpbrx He ,n:ocraTOl!HO HCHO. 

HCCnEAOBAHHE ffAqAnbHOR CTAAHH AE~OPMAUHH 
MOHOKPHCTAnnos AnlOMHHH.sI 

11cCJie)lOBaHHe HatiaJibHOti CTaJlHH .n:ecpopMaUHH MOHOKpHCTaJIJIOB 
6bIJIO 11pe,n:npHHHTO JJ:JIH nposepKH aepoHTHocrn npe.nnoJimKeHHH nepe
tIHCJieHHbIX Bbillle anrnpoa [4], [5], qrn . 11pHtIHHoll: 6ucrporo pocra 
sepHa B KpHTHtI€CKOM HHTepBaJie 5IBJI5I€TC5I HepaBHOMepHOCTb ,necpop
Maum:1, T. e. l!TO HatiaJibHaH .necpopMaUHH BbI3bIBaeT B sepHaX, HaH60-
Jiee 6JiaronpH5ITHO opHeHTHposaHHbIX no onrollle1rn10 K npHJIO:>Kerrnoli 
CHJie, )leJieHHe KpHCTaJIJia IIJIOCKOCTHMH CJJ:BHra Ha 6oJiee MeJIKHe KpH
CTaJIJlbI, Jierno «noe.uaeMhie» np1:1 nocne,rr.y10ruefi peKpHCTHJIJIHsau,HH 

6oJiee KpynHhIMH. 
,ilJI5I 3T0f0 npe:>K,Ue Bcero CJie){OBa.IIO Ha6JIIO,UaTb, KaK Be,UyT CeOff 

npH Harpese Te qacTH KpHcraJI.IIa, Ha KOTOpbie .U€JIHTC5I MOHOKpHcTa.IIJI 
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-It.ltOcKCiCTstMFI cKO.nt,meHFtst e ttatt~JtbHo:tl crnmnt .uecjJopMarrnH. KpoM"e 
roro, HaOJIIO.ztem1e 3a Hatia.JtbHOH CTa.ztHeH necpopMaUHH MOHOKpHcTaJIJia 
;:r.oJI:>KHO ObIJIO noMOtih BbHICHHTh, CJie.ztyeT JIM OTHecn1 tta6.mo.ua10-
w.y10csi B IlOJIHKpHCTaJJJJax .uecpopM8UHIO H IlOCJie.n:y10my10 peKpHcTaJJ
JIH3aumo 3a ctieT ;:r.ecpopMau1rn BHYTPH 3epeH . HJJH sa ctieT HcKaw.:eumi 
norpaHHtIHblX CJIDeB. 

no YCJIOBHSIM y;:r.o6cTBa 9Kcne
pHMeHTa OilblTbl npOH3BO.UHJIHCb Ha 
MOHOKpHCTaJIJiax aJIIOMHHHH. 

Oopaseu H3 noJIHposattttoro 
aJIFOMHHHeBoro MOHOKpH:CTaJIJia ce
tieHHeM 2 x 3 .MM If .UJIH:HOH 20 .MM * 
( cp1fr. 1), KpHcTaJI.norpacpnqecKaH 

cf>1-1r. I. 3cKH3 06pa3ua. 

op11eHTHpOBKa KOToporo OhIJJa npe.n:sapuTeJJbHO BhIHBJieHa cneuHaJJb
HbiM TpasJieHHeM Ha «cpHryphl TpasJieHHH» 1, Ohl.JI pacrnHyT s npe.n:e
.nax OT 0 no 22 % co cKopocThIO oobltIHoro CTaTH'i:ecKoro pacrn:>Kemrn 
nopH;:r.Ka 0,3 % B ceKy1uiy. 

<f>Hr. 2. Depeble BH.!lHMble 
CJJe.llbl CKOJlb>KeHHll B MOHO- H 
IlOJIHKpllCT3JIJJe; ,lleljJopM3Ullll 

0,9°/o. 

«l>Hr. 3. Haqano noHeneHHll 
JIHHllH C.llBlfr3 B MOHO- ll no
JIHKpHCT3JIJJe; ne¢opM3Ullll 

0,90fo. 

HatiaJio nosis.neHHH JIHHHH CKOJib:>KeHHH Ha nom1posaHHOH nosepx
HOCTH OTMetieHO B MHKpOCKOne (X 600) npH necpopMaUHlf OKO.TIO 1 % . 
npu 9TOM BHat1aJie, T. e. npH necpopMa11.1rn nop.si.uKa 0,8 % , no.u. MH:Kpo
cKonoM OOHapy>KHBalOTCH JIHIIIb TOHKHe CBeTJible IlOJIOCbl, tITO CBH.Ue
TeJibCTByeT 0 BOJIHHCTOCTH HJIH, TOtIHee, 0 CTyneHtiaTOCTH TIOBepxHOCTH 
KpHCTaJIJia ( cpttr. 2). JlHHHH C.UBHra HMelOT MeCTHblH xapaKrep H ew.e 
He· pacnpOCTpaHeHl:il IlO BCeMy KpHCTaJIJiy (cpttr. 3). CT pH .ztecpopM8UHH 

* MOHOKp11CT3JIJI 3JJIOMl!Hllf! noJJyqaJJCf! MeTO.llOM peKpl!CT3JJJJll33UllH . .[{JJSI 3Toro 
o_6pa3Ubl 113 aJJJOMl!Hllf! cocrnea 99,48 Al 01JK11raJIHCb npH 600" e reqettHe 4 qac . 

. 3ateM o6p83Ubl paCT.f!rl!B8JJHCb Ha l,7-1,86/1> II CH0813 OTJKHf8.JJHCb rnp11 620° B reqe-
1r11e 8 tiac. 

1 8blf!BJJea11e- ¢11ryp rpaeJJeHl!f! npo113eo.1111JJOCb B peaKraee, coctof!IUeM· 113 
470/o HNOa;. 5Q!l/,.. HCJ; 30/o HF. 
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60.11ee 1 % JIMHIUI C.llBH-ra. l'IO Bcex C1Jyqasix CTaHOBSl'tCSI SICHO BblJ'a>KeH· 
HblMH, pacnpocTpaHSllOTCSI no BCeMy no.mo 06pa3ua H KOJUftieCTBO HX 
c yseJIHlleHHeM .n.ecpopMaUHH B03pacTaeT ( qrnr. 4). 

)la.11ee MOHOKpHCTa.11.llbI, .n.ecpopMHpOBaHHbie B pa3HOH CTeneHH, 
6b!JIH OTO>IOKeHbI npH TeMnepaTypax BblUie TeMnepaTyphI peKpHcTaJIJIH-
3aUHH - 400 H 600°, 3aTeM nosepxHOCTHblH CJIOH 6bIJI y11.a.11eH 3.lleKTpO
TpaBJieHHeM H o6pa3Ubl CHOBa npoTpaBJieHbl .n.11sr BblSIBJieHHSI JIHHHH 
C.ll.BHra HJJH rpaHHU Hosoro aepHa. Ha6.1110.ll.eHHe noKaaa.110, l!TO Ha scex 
MOHOKpHCTaJIJiax, KOTOpbie 6b!JIH .n.ecpopMHpOBaHbl B npe.ll.eJiax .ll.0 
9-10%, HHKaKHX BH.ll.HMblX CJie.D.OB .n.ecpopMa1um, T. e. JIHHHH C.ll.BlffOB 
HJIH HOBOro 3epHa no rpaHHUaM 6bIBUI11X CTJIOCKOCTeii CKOJib)KeHHSI, HH 

a) 5) 

<f>Hr. 4. JlHHHH C!lBHra B MOHOKpHCT3JJJJe 3JllOMHHHSI: 

a .. J!CcpOpMaUHll 3,4°/o; 6 - J!O JletjlopM8UHH H OTlKWra. 

B O.ll.HOM o6paaue o6Hapy)l{eHo He 6b!JIO. 06pa3Ubl OCTa.JIHCb MOHOKpH
CTaJibHbIMH c Tel\!H )Ke caMblMH KpHCTaJIJiorpacfJHlleCKHMH opHeHrnpoB
KaMH, KOTOpble HMeJIHCb .ll.0 .n.ecpopMau1m H OT)l{Hra ( cpur. 4, a H 6). 
B OCTaJibHblX MOHOKpHCTaJIJJax Tal<aH Kaprnlla HMeJia MeCTO .ll.0 .n.ecpop
Mau1rn 15, 18 % H HHor na na*e no 22 % . 

Bo scex cJiyqasix TOJibKO npH .necpopMaUHH, npeshnIIa10meii 10 % , 
noCJie on1mra .n.ecflopMHpOBaHHblX MOHOKpHCTaJIJIOB HMeJIO MeCTO o6pa-
30BaHHe HOBblX aepeH, tITO nOJlTBep)l{;J.aJIOCb KaK HaJIHtIHeM BblSIBJieH
HblX rpaHHU aepeH, TaK H pa3JIHllHOH KpHCTaJIJIOrpa<lJHlleCKOH opHeHTH
pOBKOH B oT.rieJibHblX aepHax 6blBUiero MOHOKpHcTaJIJia. Hanp11Mep, 
B MOHOKpHCTaJI.rie, KOTOpblfI HMeJI .ll.0 OT)l{Hra opHeHTHpOBKY Ky6a (LOO) 
( cfJHr. 5, a), B TOH )l{e nJIOCKOCTH Ha6JII011.aJIHCb opHeHrnpoBKH 
OKTa3npa (111), Ky6a (100) c .n.11aroHaJ1blO, nosepHyTOH B.ll.0.llb OCH 
pacrn>KeHHSI H T • .11.. ( cpur. 5, 6). 

)la.11ee, MOHOKpHCTaJIJibl no.zl:sepraJIHCb .11.e¢opMaUHH c MaJIOH CKO
pOCTb!O (0,04 % B qac) rrpH HeCKOJibKO IlOBblUieHHOH TeMnepaType 
( 140")' OCTaBaBUieHCSI HIUKe TeMnepaTypbl peKpHCTaJIJIH3aUHH. IlepBble 
JIHHHH C.ll.BHra rrpoSIBHJIHCb npu .11.ecpopMaum1 OKOJIO 4 % . 0T>KHr npH 
400° IIOCJie .necpopMaI.l,HH B rrpe.n.eJiax 60.11ee 20 % He BblflBH.11 HaJIHtIHSI 
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cpeKpHCT8JIJIH38UHH o6pa6onrn»; TaK KaK HOBbIX 3epeH no 6bIBlUHM 
It;TIQCKOCTSIM CKO./Tb)l{emrn ae "ObIJIO. 

Bee ·3'ftt Ha6mo.nernu1 noKashlBaroT, qTo Blil:UfMhle JTHHHH c.nsnra 
IlO}!BJfSI10TCH JIHUib noCJTe 3Ha•nneJTbHOH ( OKOJTO l % npH OObJqHoii CKO
pocTH) .ne<PopMau.1n1,- Kor.na .necpopMaUHS'I JIOKamrnyeTcH s HeKOTOpbIX 
IlJIOCKOCTHX KpHc1aJIJia. 11MeIOT JIH MeCTO Me)l{.ny 3THMH IlJIOCKOCTHMH 
He o6Hapy)l{HBaeMbie MHKpOCKOriOM 6oJiee TOHKHe JU!HHH C.UBHra, KaK 
3TO cqHTaJOT Ay.npa.ne H PocKo [6], HJIH Me}!{.ny HHMH HMeeT Mecro 
paBHOMepHoe CMememre aTOMHblX CJIOeB, .He .naiomee HHKaKHX CJie,UOB 
npH Bhlxo.ne Ha nosepxHOCTb, KaK 9TO cqHTaeT 5lKyrosHq c COTPY.ll.HH-

aJ 5} 

cf>Hr. 5._JlHHHH C.llBHra B MOHOKpHCTaJJJie aJJJOMHHHll IIOCJJe OTlKHra rrpH 400°. 

KaMH [7], HJIH, HaKoHeu, HMee'r MecTo pa3.npo6JieHne sepHa c o6pasosa
HlieM SiqeeK cy6CTPYKTYPbI [8] - B HaCTOmuee speMH CKa3aTb Tpy.nHo. 

B .naHHOi1 pa6oTe 9TOT sonpoc KaK HMe10m11i1 caMocTOHTeJTbHoe 
3HaqeHHe He no.nsepraJICH HCCJTe.noBaHHIO. 5IcHO TOJibKO, qTQ ,uecpopMa-
1urn He c·onpoBO)l{.naeTCH )leJieHHeM MOHOKpHCTaJ!Jia IlJIOCKOCTSIMH 
CKOJib)l{eHHH Ha o6oco6Jiemrne sepHa - KpHcTaJJ.i:IbI, T. e • .necpopMnpo
saHHbIH MOHOKpHcTaJIJI OcTaeTCH MOHOKpHcTaJIJIOM B TOM CMb!CJie, qTo 
oil · coxpaHfleT cnoco6Hoctb npH nocJ1e.uy10meM ttarpese ycTpaHHTb 
MCKa:>ireHHH H BOCCTaHaBJIHBaTb CBOe aTOMHO-KpHCTa.TJJIH'-IeCKOe CTpoe
ime B ·MeCTax JIOKaJIH:3aUHH C)lBlirOB, r.ue lrneeT MeCTO H3H00Jlbll!ee 
HCKa)KeAHe ·nepBOHaqa.l!bHOro pacnOJIO:>Kemrn aTOMOB. 

CJie.nyeT cqHT3Tb nosToMy, 'ITO OT.UeJibHbie KpHcTaJIJIHTbI s noJIH
KpttcTaJIJJe, eCJIH .na)l{C OHH pas.neJTeHbI B HR'-I3JibHOH CTa.UHH .necpopMa
U.HH n.iIOCKOCTSIMH CKOJib}!{eHHH . Ha qacTH, noCJie uarpesa HX GJie.n:yeT. 
paccMaTpHBaTb KaK MOHOKpHCTaJIJibl. no9TOMY TaKOe ,UeJTeHHe He C0-
3~aeT HHKaKoro KOHTpacTa s seJIHqHHe 3epeH nocJie HX Harpesa .no 
TeMnepaTypbI peKpHcTaJIJIH3aUHH H, cJie;:i:oBaTeJibHO, He MO)l{eT ObITb 
HCTO'IHHKOM pe3KOro paspacTaHHH sepeH B 3TOM HHTepsaJie .n.ecpop

M3UHH. 
He cos.naeT TaKoro KOHTpacTa npn MecTHOH ·.uecpopMamrn H «peKpH-. 

CTaJI;lrnsaumr o6pa60TKH>>, KOTOpaH, Ka!\ MbI 6H,Jl.eJTH, HacTyn&~T JlHlllb 
npH 3HaqHTeJI~HOH Ae~opMaUHH. 
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C.11e.noBaTeJihHO, Mo:xrno c.ne.1rnTb BhIBOU, 1no HepaBHoMepHyJO .ne
cpopM a1u110 B ee HaqaJibHOii: cTa.ni-m HeJih351 cq.HTaTh rrpnqnHoii: o6pa30· 
aamrn Kpyrrnoro 3eptta B KpHT.HqecKoM mnepaa.11e .necpopMaU.HH. 

BrnpoH: Bhrno.n. KOTOpbIH Heo6xo.nnMo nonqepKHYTh .n.rrn .naJihHeii:~ 
wero aHaJIH3a .necpopMaumt B rroJIHKp.HcTaJIJiax, 3TO TO, qro BH.UHMhre 
cJie.nhI cKOJib)!{eHH51 B KpHcTaJIJiax aJIIOMHHHH (rrpn .naHHOM yse.11nqeHHH) 
rroHBJI5llOTCH rrpH .necpopMaUHH oKoJio I % . ecJIH .necpopMHposaHHe rrpo
H3BO.llHJIOCb c 06hfqHof1 CKOpOCTb!O np.H 20°, .H OKOJIO 4 % rrprr 3aMe.n
JieHHOH ( 1 % 3a 20 qac.) .necpopMaII.HH rrprr 140°. 

HCCJIE)J.OBAHHE PEKPHCTAJ1J1H3Al.UiH CTAJIH lliX15 

Pa6oTbI rro peKp.HcTaJimrnarum rrommp.HcTaJIJI.HqecKoro Mera.JtJia 
rrocJie MaJihrx cTerretteti .uecpopMaurrrr 6brJirr HaMrr rrpo.ne.11aHbI paHee Ha 
xpoMoyrnepO.LI.HCTOH CT3JIH llIX 15 rrp.H rop51qeM .necpopMHpoBaH.H.H rryTeM 
CKPY'UIBaHrrH 11,nJirrH.npnqecKHX o6pa3II.OB. 

CKoHcTpyrrposaHHaH crreurraJibHO ,n:JIH 3Toii: ueJI.H yCTaHOBKa ovrnqa
Jiacb OT MaWHH, rrpHMeHHeMblX np!t 06brqHoii: MeTO,UHKe, TeM, lfTO 
II03BOJIHJia pa3,n:eJIHTh (nyreM Mrr-mseHHoro oxJia)!{.neHHH Ha TOH HJIH 
.npyroii: crn.n1u1) rrpo11,ecc rop51qefi .necpopMaUHH OT rrocJie.ny10meii: peKpH· 
CTaJIJIH3aU.HH H, CJie.nosaTeJibHO, Ha6JIIO,l(3Tb pe3yJibTaTbl .HX pa3,n:eJibHO. 
Tipouecc peKpHCTaJimrnaurm MO)!{HO 6hr.110 Ha6mo.naTb so speMeHH, Ha
qHHaH c caMhrx MaJibIX Bhr,n:ep)!{eK. TaKHM o6pa30M MO:>KHO 6btJio rrpo
cJie,n:.HTh IIOCJie,l(OBaTeJibHbie CTaJJ:HH peKpHCTaJIJIH3aUHH, .llHHaMHKY pocTa 
sepHa, B qacTHOCTH, IIOCJie MaJiblX .necpopMaurrft, Ha3blBaeMbIX KpHT.Hqe
CKHMH .. 

HapH.ny c HeKorophIMH 3aKoHoMepHOCTHMH BJIHHHHH reMrreparyphr, 
CTeneH.H .necpopMaUHH .H apeMeH.H BbI,n:ep)!{K.H, ycTaHOBJieHHbIM.H B .naHHOH 
pa6oTe, 6bIJia TaK)!{e Bb151BJieHa MHKpOCTPYKTypHa51 KapT.HHa MaJibIX 
.necpopMaU.HH B rop511IeM COCTOHH.HH .H IIOCJie.uy10meli peKp.HCTaJIJIH3aU.H.H. 

HarroMHHM He1mTOpb1e .ueTaJIH 9TOH KapTHHhl. 
Ha cprrr. 6 rrprrae.neHbI rrocTerreHHbie H3MeHeHHH aeJirrqrrHhI 3epHa no 

Mepe yaemJileHrrR Bbr.nep)!{K.H nprr .naHHoft TeMrrepaType rrocJie .necpopMa
urrrr. Jie)!{ameH: B KprrTrrqecKOM rrHTepsaJie. 

CTpyKrypa, nprrse.neHHaH Ha cpnr. 6, a, coolfBeTcrnyeT cKpyqrrsaHHIO 
nprr 800° Ha 9°/MM HJIH pacrn)!{eHHIO 06pa3ua npnMepHo Ha 8% nepao
HaqaJibHoli .ll.JIHHbl (6e3 BbI.LI.ep:>KK.H IIOCJie .necpopMaIJ..HH); Ha cp.Hr. 6, 6 
npe.ncTasJieH nrnrrcp 06pa3ua, .necpopMrrpoaaHHoro no TOMY )Ke pe)!{HMY 
(800°' 8 % ), HO BbI.Uep)!{aHHOrO np.H 800° B TeqeHrre 2 M.HH.; Ha cp.Hr. 7, (J 

.naH TOT )Ke o6pa3eU qepe3 5 MHH. BhI.llep:>KKH, a Ha cpnr. 6, e - TOT :>Ke 
06pa3eu, HarpeTblH rrocJie .necpopMaunn np.H 800° no 1000° H Bbl.nep
/KaHHhIH B Te'!eH.He 40 ceK. 

Ha cprrr. 7, a .naHa MHKpocTpyKTypa o6pasua, no.naeprweroc51 KpH
r.HqecKoft .uecpopMaurrn pacrn)!{eHrreM npH 1000° H HeMe.nJieHHO aaKa
JieHHhift, Ha cpnr. 7, 6 IIOKa3aHa MHKpOCTPYKTypa Toro :>Ke 06pa311,a, 
BbI,n:ep)!{aHHOro IIOCJie .necpopMaII..HH B reqeHrre 5 MHH., H Ha cp.Hr. 7, 8 -
B TeqeH.He 20 M.HH. 

06e cepnn WJirrcpos noKa3bIBaIOT, qro 3epHa aycremrrn, no.11yqnB 
nprr MaJibIX cTerreHqx AecpopMa~Htt opneHTrrpoaaHHOe cTpoem1e (o qeM 
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CBH,neTeJibCTByeT HX· o.n;HHaKOBaSI BHeWIUrn: orpaHKa)' HHTtrneHSHO peeryr 
3a C'IeT cpacTaHirn, a He 3a cqeT oopa30BaHirn HOBbIX ueHTpOB, OTCYT· 

cTByIOIUHx na scex WJiacpax. TaKoe cpacTaHHe :e.ner OTHOCHTeJihHO 
Me)l.JieHHo np:e 800° :e oqeHh oblcrpo np:e 1000°, Kor.na y:m:e TOTttac 
fIOCJie .necpopMauml HaO.TIIO.IUIJOTCH OT.lJ:eJihHble yKpynHeHHhie 3epHa 
(qmr. 7, a). 

a) 6) 

0) 2) 

<t>Hr. 6. l13MeHeHHe 3epH(-B 38BHCHMOCTH OT BbI.lleplKKH IlOCJie .ne¢opM8llHH kpy
l!eHHeM _B KpHTHl!eCKOM HHTepaaJie npH 800°: 

a:- TOT4ac, nocJie AecjlopMaU!lll; 6 - 4epes ,2 Mllll. nocne AecjlopM&Ullll; a - ro lKe qepes 5 MHH.; 
z - 4epes 40 ceK. nocne llDnonHHTeJibHOro Harpesa llO 1000°. X so. 

CTaphre 3epaa, rro.rryqns rrptt MaJibIX (KpHTHttecKHx) cTerremtx ,!le· 
cpopMau:e:e OJIH3Koe no KpHCTaJIJiorpaqmqecKoli opneHrnpoBKe cTpoemre, 
CTaHOBHTCH BCJie,ncTBHe 9TOro CIIOCOOHbIMH «CJIHBaTbCH» JI.pyr c .u.pyroM, 
6bicTpo «r10e.u.arh» .u.pyr .u.pyra, r. e. OhICTpo nepecTpa:eBaTh CBOIO aTOM· 
HYIO peruerKy no O)J.HHaKoBo opHeHTHpoBaHHOMY coce,nHeMy 3epHy. Ha 
Bcex CTa,lJ.HHX TaKOH nepecTpOHKH (cpacTaHHH) BHelllHHe rpaHii Hecpoc- . 
IllHXCH aepea coxpaHHIOTcH, 3a HCKJIIOqentteM npoueccoB c ooJihlliHMH 
BbI,ll.ep:>KKaMH, Kor.na 3epao BO acex CJiyqaHx noJiyqaer npHBblqHyIO .U.JUi 

Hae paBHOOCHYID cpopMy ( cpttr. 6, 2 H 7, B). 
lJTOObI BbISIBHTb .neraJIH 9TOrO cpacraHHH, paccMOTpHM lllJIHcp 

o6pa3ua c KpHTHqecKOH creneHbIO ,!I.ecpopMaUHH nOCJie 5-MHHYTHOH Bbl
,ll.ep:>KKH npH 800° ( cpHr. 8, a); Ha lllJIHcpe BH.lJ:HO 0)1.HO y ,nJnrneHHOe ! 
aepHo, o6pa3oBaBrneecH H3 rpynnhl cpocrnHxCH aepeH. Ha cpHr. 8, 6 
qacrh roro :>Ke aepna noKa3aHa npH yBeJI:eqeHHH 400 nOCJie .nonoJI" 
HHTeJibHoro rpaBJiemrn; xoporuo BH.ll:H01 qro Mecra ObIBilIHX rpaHHU. 
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nepeceK:aIOTCfl HrJiaMM MapreHcHra. TaKHM o<5pa30M, s.l(ecb nepe:n HaMB, 
.neiicTBiiTeJibHO, O,!I.HO 3epHO, O,!I.HH KpHCTaJIJI, ol'5pa30BaBIIIHHCSI H3 MeHb
WHX 3epeH, 1'5JIH3KHX no KpHcTaJIJIOrpaqrnt1eCKOH opHeHtHpOBKe. 

l\aK noKa3aJIH Hal'5JIIO,!I.eHHSI, HIITeHCHBHbIH pocT 3epHa iipOHCXO,!I.HT 
He TOJlbKO B TOM ·cJiyqae, Kor,n:a Beeb ot5oeM )J.ecpopMHpyeMOH CTami 
BKJIIOqaeT 3epHa, HMe10111.He O.D:HHaKOBYIO HJIH 1'5JIH3KYIO opHeHTHpOBKY 

a) 

6) 

/j) 

<l>Hr. 7. l13MeHeHHe 3epHa B 3aBH· 
CHMOCTH OT Bbl.!lepl!CKH .norne .ne· 
cpopM31.lHH pacn1l!CeHHeM B KpHTH· 

'leCKOM HHTepeaJie npH 1000°: 
a - TOT4ac · nocne Jte<!>opMSI~HH; 6 - 'lepes 
5 MHH. nocJJe AeljlopMaUH.1; s - TO >Ke qepes 

. 20 MHH. ' 

• ( qmr. 6). 3HatJ:HTeJibHO 11a111.e, B qacTHOCTH npH MaJibIX .nec}JOpMaUHSIX 
(3-5 % ) H HH3KOTeMnepaTypHOM ,n:ecpopMHposamrn, no.nol'5HO opHeHTH
poBaHHOe CTpOeHHe HMeTCSI JIHIIIb B OT,!I.eJibHblX HeGOJibIIIHX yt1aCTKax, 
pa31'5pocaHHbIX no sceMy oGbeMy MeTaJIJia. 

B · pe3yJibTaTe 1'5bICTporo cpacTaHHH 3epeH B 9THX yt1acTKax i10.ny
tJaeTcsr KOHTpacrHaSI CTpyKrypa c 3epHaMH pa3JIHtlHOH BeJIHtlHHbI; B Me· 
c'rax i:: 1'5JIH3KHM KpHCTaJIJiorpacpHt1ecKMM cTpoeHHeM MrttoseHHo oGpa· 
syIOTCR GoJiee Kpyrittble 3eptta; Bee ocTaJibHble 3eptta, cTeneHb .necpop
MaUHH KOTOpbIX OKa3bU3aeTCSI Meft~e Kp»rnt1eCKOH, OCTalOTCH QTHOC"' 
TeJlbHO MeJJKJfMH, 
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<l>Hr. 8. CpacTaHHe 3epmi nocne .D.ecl>opM3UHH 
B KpHTH'leCKOM llHTepe3.11e: 

a -X 80; 6 - cpocweec11 sepHo; X 400, 



TaKaH KOHTpacTHaH eTpyKTypa HBJIHeTcH HaM6o.Jiee 6.JiaronpMHTHoA 
)f.JIH pesKoro poem seprrn - «noe.uaHMH» MeJIKMX sepeH KpyrrHh!MH. 
B 3TOM e.Jiyqae Ha6JI10.uaeTCH orpoMHbIH, «ITMKOBbIH» poCT sepHa, .uoeTM
ra10ll(ero ropas.uo 66.Jibl!IMX pasMepoa, qeM npM .uecpopMaUMM, Kor.na 
O.llHHaKoso optteHTHpoaaHHb!e sepHa 06pasy10rrn BO aeeM o6beMe, HO 
HMe!OT rrpHMepHO paBHbie pa3Mepb!. 

3a npe.ue.JiaMM KpwrnqeeKOH .uecpopMaum1 epemrnH ae.JIHqwHa 3epHa 
HatrnHaeT yMeHblliaTbeH B pe3yJibTaTe eoaepl!IeHHO HHOro MexaHH3Ma 
peKpHeTaJIJIH3aUmi. 3.ueeb B eBH3H e Ha1!aBl!IHMeH HHTeHeHBHbIM eKOJib· 
.>KeHHeM 06pasy10TeH HOBbie ueHTpbI H paeTeT HOBOe H3Me.i1bqeHHOe 
2PpHO. 

TaKnM o6pasoM, Ha.Jinuo y6enHTeJibHhle ·cpaKThl, nonTBep)Kna10ll(ne, 
"ITO B KpHTJ.iqeeKOM HHTepBaJie necpopMaUHH He 06pa3yereH HOBbIX ueH
rpoB, KaK 3TO HMeeT Meero B 3aKpHTH1IeeKOM HHTepBaJie, HO poeT sepHa 
H,UeT sa eqeT CJIHHHHH erapb!X sepeH. llpn 3TOM HMeereH B BH.UY He 
MexaHnqeCKoe eJIHHHHe, a nepeeTpOHKa aTOMHOH pellieTKH O,UHHX sepeH 
no aroMHOH pellieTKe eoce.nrrnx sepeH, 6JIH3KOH ITO KpHeTaJI.Jiorpacjrnqe
cKoii opHeHTHpOBKe, T. e. eo6npaTeJibHaH peKpHeTa.JIJIH3aUHH. 

llo.Jiyqna TaKHe cpaKTbI ITPH ncc.Jienosamrn o6brqHofI rexHnqeeKoli 
em.JIM IIIX15, MbI eqnrn.JIH Heo6xo,nnMbIM rrpoeMoTpeTb eme 60.Jiee rJIY· 
60KO xo.u peKpneTa.JIJIH3aUHH B KpnrnqeeKOM HHTepBa.Jie, Bb!HeHHB, 
HBJIHIOTCH JIM 3TH saKoHoMepHoern o6mnMn HJIH HaMH 1-1a6JI10,naJic~ 
11aeTHbri1 CJiy11ait. 

LJ:ro6b! HeKJII01IHTb npn nsytieHnH cpasoBhle ITpeapallI.eHHH n .npyrne 
IT0001IHbie HBJiemrn, B ,naHHOM CJiyqae Hae He HHTepeeyIOllI.He, Ob!JIO 
pemeHO TaKoe yrJiy6JieHHOe HaOJIIO,UeHne rrposeeTH Ha)( 1!HeTbIMH Me
TaJIJiaMH. llo yeJIOBHHM y.uo6eTBa 3KeITepnMeHm H PHAY ,npyrnx ITpntIHH 
6brJI Bbr6paH 11neTb!H aJIIOMHHHli. 

HCCJIEJl,OBAHHE PEKPHCTAJIJIH3AU.HH IlOJIHKPHCTAJIJIHlfECKOfO 
AJIIOMHHH.SI 

.llnarpaMMbI peKpneTaJIJIH3aumr aJIIOMHHHH MHOrOKpaTHO onneaHbI. 
B e6opHHKe PoreJib6epra nx HaeqnrbmaeTeH OKOJIO 10 [9]. ' 

13poeaeTeH B rnasa neKJIIOtinTe.TibHaH ITeeTpora s xo.ne KpHBb!X pocTa 
peKpHcTa.JIJIH30BaHHOrO sepHa B saBHCHMOCTH OT CTeITeHH .uecpOpMamm 
y pa3HbIX aaTOpos. Oco6eHHo 60.JibIIIOe! pasJintine Ha6JI10,naeTeH B ITOJIO· 
;>KeHHH «ITHKa» I KaK ITO ero BeJlH1!Irne, TaK H ITO Meery Ha OCH .necpop
Maunii. lloJIO)KeI-rne «ITHKa» Ha OCH .uecpopMaunli )(JIH aJIIOMHHHH 
KOJie6JieTeH OT 1,5 .no 4 % . BeJIHtIHHa sepHa ( epe,nHIJ:H ,ll!1aMew) ITOCJie 
on1rnra ITPH 6000 KOJie6JieTeH OT 0,3 .uo 10 .M.M, T. e. MeHSieTeH 
B 30-33 pasa. 

06b!tIHO mKaH ITeCTporn ITPHITHehlsaeTCH oeo6eHHOeTHM ITJiaBK~ [10], 
BJIHHHHIO ITpHMeeei{ [11] - [13], qTQ, 6e3ye.JIOBHO, HBJIHeTCH ITpas.uo
ITO,UOOHbIM. 0.uHaKO Ob!JIH OCHOBaHHH TaK)Ke ITpe,nITOJiaraTb, lITO mKoe 
pa3JIHtIHe B xo.ne poem sepHa ITOCJie peKpHeTaJIJIH3aUHH Bb!3bIBaeTeH 

I «IlHKOM» Ha3bIBaeTC!I MaKC!IMaJJbHa!I B·e.JJH'lll!Hl 3epHa a KpllTH'JecKOM llHTeP
Ba;ie p.eq>opMau.11a. 
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H .npymMH npHtIHHaMH H, B 'laCTHOCTH, pa3JIH'lHO!\ BeJIHT:IHHOH HCXOJJ:· 
Hero 3epaa. 

B CBH3H c 3THM ttaMH obIJio npoH3Be.n:eno. Ha6JI10.n:errne 3a peKpH· 
CTaJIJIJi3aUHeii: IlOCJie MaJTbIX nJiaCTHlfeci{Hx .ileqJCi!'iMaiim'r. ripJi-pa:ilriitIROH 
acxo.nttoii: se.rrnq1rne 3epna, sapbHposasrneftc51 s rn11p0Knx · npe,ll,e.nax 
(cocras aJIIOMHHHH OhIJI cJieJJ;yIOIUHii:: 99,49% Al; 0,13% Si; 0,24% Fe). 

JI.ecpopMHposam1e, TaK :>Ke KaK H B CJiyqae MOHOKpHCTa.1IJIOB, rrpOH3-
BO,ll,HJIOCb O.UHOOCHbIM paCTH:>KeHHeM, C03.UaI01UHM MaKpOCKOIIHt:Iec1rn 
aa1160J1ee O,ll,HOpo,ll,HyIO ,ll,ecpopMaUHIO rro ceqeHHIO. CTpHMeHeHI-thre ,ll,JIH 
pacrn:>Kemrn o6pa3UbI (CM. cpHr. 1) IIO,ll,BepraJIHCb 3JleKTpOIIOJIHpOBa
HHIO 1, 3areM crar11qecKH pacrnnrnaJIHCh .no pa3JIHtIHhrx crenetteii: .u.e

cpopMaUIHI c yJJ;mrneHHeM B rrpe.neJiax .no 20 % . CT pH IIOMOIUH MHKpo
cKorra (X 600) Ha6JIIO,ll.aJIOCb HatraJIO ,necpopM3UHH, T. e. HatraJIO IIOHBJie
HHH JIHHHH C,ll.BHra Ha IlOJIHpoBaHHOH IIOBepxHOCTH, a TaK)Ke o6pa30Ba
HHe H pocr 3epeH npH rrocJ1e,L1.y10meii: peKpHctaJIJIH3aUHH. Xorn nosm.11e
HHe JIHHHi\ C,UBHra He HBJIHeTCH ,ll.OCTaTOllHO t:IyBCTBHTeJibHb!M KpHrepHeM 
JJ;JIH Bb!HBJieHHH HaliaJia CKOJib)KeHHH, o.1rnaKo B rrpHMeHemrn K MOHO- H 
IIOJIHKpHCTaJIJiaM 3TOT MeTO,ll, ,ll,aeT B03MO)KH0CTb BbIHBHTb O,ll.HH H re· m:e 

craJJ;HH JJ;ecpopMaUHH BHYTPH 3epeH pa3Hoi'I seJiwurnbI. • 

a) CTaTutJ:ecKoe JJ;e~opMnpoBauue npu KOMHaTHOH TeMnepaType 
PeKpHcTaJIJHI3aUHH Ma.Jio,necpopMHposaHHOro nomIKpHc:raJIJIHtiecKoro 

aJIIOMHHHH H3yttaJiaCb HaMH Ha 06pa3uax c BeJIHl!HHOH 3epHa, H3MeHH-
IOIUeii:c51 OT 0,06 )1.0 2-3 MM B ,nHaMerpe. 

CToJIHposaHHhie o6pa3UhI ctaTHttecKH pacrni:-11saJIHCb B npe,n;eJiax or 
0,3 .no 15 % . J13yqaJIOCh Hatta.TIO IlOHBJieHHH JIHHHH CJJ:BHrOB B npouecce 
)1.ecpopMHposaHHH. 3areM o6pa3UhI noJJ;sepraJIHCh on1mry rrpR 400 H 
600° H onpe,ll.eJIHJiaCb BeJIHtIHHa peKpHCTaJIJIH30BaHHOro 3epHa. 

CToHBJieHHIO qerKo BH,ll,HMhIX JIHHHH C,ll.BHra s or,neJibHhIX 3epHax 

rrpe.nrnecTByeT, TaK :>Ke KaK s MOHOKpHcraJIJie, 06pa3osanue cryneH'la· 
TOCTH (BOJIHHCTOCTH) (CM. cpHr. 2 H 3). 0T)J.eJibHble 3epHa npOXOJJ;HT 
Te :>Ke cTa,ll,HH, l!TO H MOHOKpHcTaJIJI, H xapaKTepH3YIOTC51 TeMH :>Ke BHern
HHM!l IIpH3HaKaMH ,UJIH 3THX CTaJJ:HH. CTo 3THM npH3HaKaM, CJie,nosa
Te.JibHO, MO:>KHO cy.nHTb o Hatia.JibHoil craJJ;Hli .u.ecpopMaum1 snyrpH 
caMoro 3epna. 

0Ka3aJIOCb, l!TO CTeneHb .u.ecpopMaUHH, npH KOTOpoH: ITOHBJIHIOTCH 
JIHHHH CJJ:BHra, pa3JIHtIHa JJ:JIH pa3HOH seJIHl!HHbI HCxo.n:rrnro 3eprrn. JI..rrn 
ca MOH MaJIOH BeJIHl!HHbI 3epHa (0,06 MM) orrn COOTBeTCTByeT ,.._, 6,3 % . 
c yKpynHeHHeM HCXO,ll.HOro 3epHa IIOHBJie1rne BHJJ:HMbIX CJie,ll.OB CKOJlb
meHHH (JIHHHH C,ll.BHra) o6Hapy:>KHBaeTCH rrpH MeHbillHX crerremrx .u.e
cpopMaUHH, np116JIH:>KaHCb K 1 % .ZI.JIH KPYIIHbIX o,r1.Hor<p11ctaJTbHhix 3epeH. 

Ha cpnr. 9 npHBe,ll.eHa Kp11sa51 3asm:HMocrn creneHH .necpopMaUHH, 
rrpH KOTOpoii: Il051BJl51!0TCH JIHHHH C,ll.BHra, OT HCXO,n:HOH BeJIHl!HHbI 3epHa. 
3ra KpHBaH IlOK33b!BaeT, l!TO B IIOJIHKpHCTaJIJIHlleCKOM aJIIOMHHHH 
HatiaJiy c.n:sttroBoii: .n:ecpopMaUHH sttyrprr 3epett npe)J.rnecrsyer JJ.pyroii 

1 floJJHposaHHe npoH3BODHJJOCb B 50°/o-HOM pacraope HNOa a cnHpre. KaronoM 
CJJy»<HJJ yrOJJb, attonoM - no11rnpyeMb1ii o6pa3eU:; paccrosrnHe Me»<ny 3JJeKrponaMH 
4-5 CM; HallplDKeHHe 4,0-4,5 ~; CHJJa TOKa 0,5-0,70 a. DponOJDl~HTeJ!bHOCTb ll:JJJH
po~aHHll lO Mlfff, 
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BB.ll .n.ecpopMaUHB, He CBH3aHI-IhiH co CKOJib)KeHBeM B 3epHe, TaK KaK, 
ec.nH 6bI c.rr.a1-1roaaS1 .rr.ecpopMaU.HH Ha'rntta.nacb cpa3y noc.ne Haqa.na pac-

- - · 'tSI)KeHHH; cJ!e.rr.'b1 CKOJib>KeHHH 06-
..... _ 
..... -......... 

1 ... ....... 

' -....... 
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'-........., 
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.t111a11emp JepHa r {?I 

<t>Hr. 9. CreneHb .ne¢opMaUHH, npH -KOTO· 
poii IlOllBJISllOTCH JIHHHH CllBHra. I! 3aBHCH

MOCTH OT BeJIH'IHHbl 3CpHa. 

Ha py>KH.nHCb 6bI npH 0,8-l,O % 
o6rnei'.i .necpopMaU.HH, He3aBHCBMO 
OT ae.nHqHHbI 3epHa. B .rr.aHHOM 
>Ke c.nyqae c.ne.nbI CKO.nb>KeHHH 
o6Hapy)l{HBalOTCH npn 3HaqH~ 
Te.nbHO 60.nbIIIHX cTeneHHX JI.e
¢op M aUHH H TeM 66.nbIIIHX, 1.1eM 
MeJibqe 3epHo. 

EcJIH npmrnTb, qro no51a.ne~ 
1rne BH.llHMblX JIBHHH CKO.nb)l{e-
HHSI B 3epHe, no aHaJIOI'Hl'i c MO
HOKpHCTaJI.noM, OTCTaeT OT Ha
qa.na .necpopMarrnH Ha 0,8-1 %, 
HaqaJio C.llBHrOBOH JI.ecfiopMaU.BH B 
33BHCHMOCTB OT Be.nilqHHbI 3epHa 
noKa3aHo nyHKTHpHOH KpHBOH Ha 

qmr. 9, OTJIO)KeHHOH HH>Ke OCHOBHOH KpHBOH Ha 1 % .n.ecpopMau.m1. 
1ho }l{e npOIICXO.llHT )1.0 nyHKTHpHOH KpHBOH? 
QqeBil.llHO, l.ITO HaqaJibH3SI CTa.llilfl .n.ecpopMaU.BII B npe.n.e.nax .n.o 

nyHKTHpHOH KpIIBOH, He co- MM 
npoao>K.na10rnaS1cs:i BHyrpH3e
peHHbIMII C.llBHraMII, eCTb ne
peMernem1e ue.nhIX 3epeH. 5 

Ec.nH npoaHaJIH3HpoaaTb 
pa3JIO}l{eHHe npHJIO}l{eHHblX K 
3epHy ycHJIHH, OCHOBHbie co
CTaBJISllOII1.He KOTOpblX 6y.nyr -~ 

~ crpeMHTbCH noaepHyTb 3epHa .., 3 
B HanpaBJiemrn, COCTaBJIHIO- ~ 
U(eM yro.n 45° Me}l{.ny TIJIOCKO- ~ 
CTb!O Jiernoro. CKOJib>KeHHSI H .& 2 
OCb!O pacrn)!{eHHH .06pa3u.a, 

I 
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CmeneHb deq;apMau.uu 

ro cJie.nyer npH3HaTh, qro 
)l.O nyHKTHpHOH JIHHHH cyrne
crnyer cKopee Bcero JIH!llb 
noaopor u.e.nblx 3epeH. EcTe
CTBeHHO, qro 9TOT nosopoT 
y.llaeTCH peaJIH30BaTb JI.O Ha
G"aJia CKOJib>KeHHH TeM B 
60JibIIIei'.i cTeneHH, qeM MeJibqe 
3epHo. .ll.aJiee, JI.ecfiopMHpo
BaHHhie o6pa3U.bl c pa3HOH 
BeJIHqHHOH HCXO)J.HOro 3epHa 

<l>Hr. 10. KpHBbie peKpHCTaJJJJH3aUHH nocne 
necjJopMallHH c OQblqHoii CKOpOCTblO (0,20fo 

B CeKyHJI.y) H OTlKHra npH 600°: 
1 - Kpynuoe 1-1cxoirnoe 3epuo (a= 0,8 .M ~); 2 -MeJIKOe 

HCXOJlHOe 3e_pHO (d ... 0,06 Al.II). 

6bIJIII OTO}l{)!{eHbI npH 400 II 600° II onpeJI.e.neHa BeJIHqHHa HX peKpH
CTaJIJIH30BaHHoro 3epHa. KpHBbie peKpHcTaJIJIH33U.HII JI.JIH pa3HbIX BeJIH· 
qHH IICXO)l.HOro 3epHa IlOKa3aHbI tta qmr. io: -
~ 



-B --soHe KPHTHqecKoA-ne<f>opMamrn· ee:tnmtHa peKflHCia.Jt.lfH30Batlhot'O 
sepHa .ZIJISI Kpynttoro HCXO.ZIHOrO 3epHa pe3KO OTJIHqaercH OT ·TaKOBOro 
.nnsi MenKoro Hcxo.nttoro 3epHa. 3ro pa3JIHqHe crna.>KHBaercsi 3a KpHTH-
11ecKoA cTeneHbJO .necpopMaUHH. 
. . Hat5n10.neHHe 3a npoueccoM poem sepHa npH KpHrnqecKoH cTerieHH 
.necpopMaUHH noKa3blBaeT, qTQ HHKaKHX HOBblX ueHrpoB, c HOBOH KpH-

ct>Hr. 11. PeKpHCT8JIJIH30BaHHwe ol5paaubl c paaHott Hcxo.n.Hott aeJIH'IHHOtt aepHa 
nocne OT>KHra npH 400°. 

CTannorpacpHqecKOH opHeHTHpOBKOH npH nocne.noaarenbHOM ttarpese OT 
300 .no 600° He o6a:apy.>KHBaercsi_ Hoaoe 3eptto B npouecce ttarpeBa, 
6eccnoptto, ot5pa3yeTcsi sa cqeT CJIHSIHHSI crapbIX·3epeH. B cast3H c 3TYIYI 
BenHqHHa peKpHCTaJIJIH30B8HHOrO 3eptta npH KpHTHlleCKOH creneHH .ne
cpopMaUHH noJiyqaeTCSI TeM 60JibWe, qeM KpynHee HCXO.llHOe 3epHO 
( cpHr. 11). <l>Hr. IO H 11 nolta3blB8lOT T8K.>Ke OTMeqaBWHHCH yLKe 
paHbWe H BblSIBJieHHblH Ha KpHBhlX peKpHCT8JIJIH38UHH CJlBHr KpHrHqe
CKOH creneHH .necpopM8UHH B cropoHy M8JlblX .necpopMaUHH .llJlSI 6oJiee 
KpynHoro sepua. 



Opn: 11cxoaROM aepHe d = 0,06 .MM ('Kp1masr 2) «nm<» per<piicTa.it.nn
saun:n: Jie>KHT npn: 3,6 % .n:ecpopMaIJ.HH, npn: 3epHe c mrnMerpoM 0,8 .M:vt 
(KpHBa5:1 1) - npH 1,75%. 

Ha qm:r. 12 noKa3aHa Kp1rna5:1 I 3aBHCHMOCTH KpHTHtiecKoii cTeneHH 
)J;ecpopMaIJ.HH OT BeJIHtIHHhI Hcxo.n:Horo 3epHa. KpHTHlJecKaH cTeneHh )J;e
cpopMau1rn 3aKOHOMepHO yMeHbIIIaeTCH c yBeJIHtieHHeM 3epHa, TOtIHO 
TaK >Ke, KaK yMeHbIIIaeTCH CTeneHb .n:ecpopMaIJ.HH, COOTBeTCTBYIOlll.aH Ha
qaJiy c.n:s11roaoii .n:ecpopMaIJ.HH BHYTPH 3epeH (nyHKTHpHaH Kpn:sa5:1 II, 
nepeHeceHHaH c cp11r. 9). EcJIH Tenepb coBMecTHTh KpHBhie HaqaJJa no
SIBJieHHH C.ll:BHrOB H KpHTHtieCKOH .n:ecpopMaIJ.JU{ B 3aBHCHMOCTH OT BeJIH· 
tIHHbI 3epHa, TO IlOJIYlJHTC51 cepHH KpHBhIX, IlOKa3aHHbIX Ha qmr. 13. 
KaKoH: >Ke cpH3HqecKHH cMhICJI MO)!{HO np11.n:aTh KpHTHtiecKoii cTenem1 
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<1>1-ir. 12. 3aBHCHMOCTb KpHrntJeCI<Oft 
CTeneHH .ne<f>opM3UHH OT BeJJHlJHHbl 

3eptta. 
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cl>Hr. 13. 3aBHCHMOCTb KpHrnqeCI<Oii 
cTeneHH .necjJopMaUHH (1) H HatJaJJa 
TIO!IBJJeHHlI JIHHHH C.llBHrOB (II) OT Be· 

JJHlJHHbl 3eptta • 

.uecpopMaIJ.HH, onn:caHHoH: KpHaoH: I, Jie:mametl: B npe.n:e.nax cymecTBOBa • 
llHSI TOJibKO Me>K3epeHHOro nepeMemeHHH KpHcra.tl.'IOB ( cpHr. 13)? 

KpHTHtiecKaH cTeneHh .n:ecpopMaIJ.HH - 3TO, CJie.n:oaaTeJihHO, TaKafl 
cTeneHh nepeMemeHHH (noaoporn) ueJihIX 3epeH - Kpm::rnJIJIHTOB, KOTO· 
pasr HaH60Jiee 6JiaronpH5:1THa .ll:Jlfl HX CJIH5:1HH5:1, T. e. )J,J15:1 co6n:paTeJihHOH 
peKpHCTaJIJIH3aUHH. QqeBH.ll:HO, 'ITO TaKOe 6JiaronpmITHOe pacnOJI0'1<e
HHe 3epeH MO:>KeT 6bITb CB5:13aHO HJIH c YJIYtIIIIeHHeM KOHTaKTa Me:m.z:r.y 
HHMH, HJIH c H3MeHeHHeM HX B3aHMHOrO p:acnOJJO:>KeHirn. B CTOpOHY 
C03JJ:aHH5:1 6oJiee o.n:Hopo,n:HOH opHeHTHpOBKH 0.ll:HOHMeHI!bIX IlJIOCKOCTeH:. 

TiocKOJihKY H3BeCTHO, 'ITO IlOCJie MaJibIX )lecpopMaIJ.HH 3aMeTHOH 
Tel{CTYPhI .n:a>Ke peHTreHorpacpHtieCKHM MeTO)lOM Bbl5:1BHTh He y)laeTCH, 
TO, CJie)lOBaTeJihHO, H 3HatJ:HTeJibi10ro BbipaBirnBaHHH KpHCTa.JIJIOrpaqm
qecKHX opeHTHpOBOK BO BCeM o6beMe npH TaKHX MaJihIX nepeMemeHHSIX 
3epeH o>KH.n:aTh HeJih3H. B TO >Ke apeMH 6eccnopHo, tITO HeKoTopoe 
BbipaBHHBaHHe OpHeHTHpOBOK O)lHOHMeHHblX n./IOCKOCTeH: OTHOCHTeJihHO 
OCH pacrn)!{eHH51 H, CJie)lOBaTeJibHO, OTf!OCHTeJibHO .n:pyr Jlpyra, HMeeT 
Mecrn. BecbMa cymecrneHHhIM, Kaic HaM Ka>KeTcH, cJie)lyeT CtIHTaTb 

YJIYtIIIIeHHe KOHTaKTa Me>KJI.Y 3THMH HeCKOJibKO 6oJiee O)lHOPO.lI.HhIMH no 
opHeHrnpoBKe 3epHaMH. TiepeMemeHHe 3epeH HMeeT MeCTo H JlO KPH· 
THtieCKOH CTeneHH )lecpopMaumi:, H 3a Hett, H .z:r.o KpHTHtieCKOH CTerrerur 
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~Tor ·noaopor ·sepeH 6.JtaronpMsrrcrnyeT c·ouHpaTe.n:hHofr peKpHcTa.11Jtn
saum1 npH OT}!{Hre, a sa Hell Haq1rnaeTCH HSMeJibqem1e sepHa sa cqeT 
06pasoBaHHSI HOBblX ueHTpOB. 3To CBH,lJ.eTeJibCTByeT 0 TOM, qTQ HMeeTCSI 
TaKaSI CTeneHb nepeMeIII.eHHSI HJIH ITOBOpOTa sepeH, .n:o KOTOpoii ITOBO
poT He conpoBO}!{,lJ.aeTCSI CHJibHhIMH HCKa}!{eHHSIMH norpaHHqHbIX CJIOeB. 
DocJie yKasaHHoii .n:ecpopMaunn npoHcxo,n;nT CHJihHoe ncKa)l{eHHe norpa
HHqHhIX CJIOeB, qTo npH ITOCJie,n:yIOIII.eM HarpeBe cnoco6cTByeT o6pa30· 
BaHH!O HOBblX ueH'rpoB KpHCTaJIJIH3aUHH. 

TaK KaK 3Ta KpHTHqecKaSI CTeneHb ITOBOpoTa TeM MeHhll!e, qeM 
KpynHee sepHo, ecTecTBeHHO npe.n:noJiaraTb, qTo 3TO ecTh HaqaJio csoe
o6pasHoro saKJIHHHBaHHH sepeH. 

CJie,lJ.oBaTeJihHO, .n:oKpHTHqecKaSI .n:ecpopMaUHH ecTb TaKasi: CTeneHh 
nepeMeIII.eHHH (noBopOTa) sepeH, KOTopasi:, yJiyqwasi: KOHtaKT Me}!{.n:y 
sepHaMH H H3MeHSISI B3aHMHOe pacnoJIO}!{eHHe Me}!{.n:y HHMH B crnpoHy 
BbipaBHHBaHHSI HX KpHCTaJIJiorpacpntieCKHX opneHTHpOBOK, He CBH3aHa 
eme co 3HatIHTeJibHblMH HCKa}!{eJIHSIMH HH no rpaHHUaM sepeH, rm TeM 
6oJiee BHYTPH septta. 

DoCJte Toro KaK 3TOT 6JiaronprrnTHhIH MOMeHT 6y.n:eT nepeii.n:eH, 
Hat1HeTcsi: saKJIHHHBaHHe sepeH. DepeMeIII.eHHe (noBopoT) sepeH 6y.n:eT 
eIII.e HeKOTOpoe BpeMSI npo.n:OJI}!{aTbCSI, HO y}!{e co 3HaqHTeJibHblM HCKa
}!{eHHeM B pacnOJIO}!{eHHH norpaHHlJHblX aTOMOB, H, HaKoHeu, npeKpa
THTCSI . .lI.aJibHeiill!aSI .n:ecpopMaUHSI 6y.n:eT B03MQ}!{Ha TOJ!bKO sa cqeT 
CKOJIJ;i}!{eHHH BHYTPH sepeH, BsaHMHasi: opHeHTHpOBKa KOTOpbIX Tenepb 
6y.n:eT HeCKOJibKO 6oJiee 6JiaronpHSITHa, qeM B HaqaJie .n:ecpopMaUHH. 
EcTecrneHHo O}!{H.l(aTh, tITO nepeMeIII.eHnsi: sepeH .n:o HX saKJIHHHBaHHH 
H OT HatiaJia saKJIHHHBaHHSI ,!J.O HaqaJia CKOJib}!{eHHSI B sepHax B03-
MO}!{Hbl TeM B 60Jibll!eii CTeneHH, tieM paBHOBecttee H MeJibqe ~epHo, qTQ 
H no.n:rnep}!{.n:aeTCSI pesyJihTaTaMH 3KcnepHMeHTa, nprrne.n:eHHhIMH Ha 
npe.n:hl.n:yIII.nx KPHBhIX ( cpHr. 13) . 

6) 3aMeJ1,J1eHHOe ,!1.ecpopMnpoeauHe 

DpoBepKoli BhICKasaHHOfi Bbillle rpaKTOBKH npnpo.n:hl KpHTHt1ecKoii 
cTeneHH .n:ecpopMaUHH HBHJIOCh Ha6JIIO.n:eHHe sa npoueccaMH peKpHcTaJI
JIHsaUHH ITOCJie .n:ecpopMaUHH B TaKHX YCJIOBHSIX, KOr.n:a HCKa)Kem1e Ha 
rpaHHUax sepeH, KOTopoe MbI cqHTaeM OTBeTCTBeHHhIM sa HaqaJio no
HBJieHHH «peKpHcTaJIJIHsaUHH o6pa6oTKH», cBe.rr.etto .n:o MHHHMyMa. Ta
KHMH yCJIOBHHMH MhI cqHTaeM CHJibHoe saMe.n:JieHHe .n.ecpopMHpoBamrn 
npH MaKCHMaJibHO B03MO}!{HQH TeMnepaType, He Bbl3b!B3!0III.eii peKpn
CTaJIJIH3aUHH s npouecce .n.ecpopMaUHH . 

.ll.JISI 3TOH ue.1H 6bIJIO npose.n:eHo Ha6JIIO,lI.eHHe 33 peKpHcTaJIJIH3a
UHeli o6pasuos, pacrnHyTbIX c M3JIOH CKOpOCTb!O ( 1 % Y.U.JIHHeHHH sa 
10 -qac.) npH 140". KaK 6bIJio npoBepetto cneuHaJihHhIM .UJIHTeJihHhIM 
HarpeBOM CHJibHO .necpopMHpoBaHHbIX o6pa3UOB, 3Ta TeMnepaTypa 
Jie)l{HT HH)l{e TeMnepaTypbI peKpHCTaJIJIH33UIIH. 

0TJIHtIHe OT o6blqHOH XOJIO,lJ.HOH .necpopMaUHH MOHOKpHcTaJIJia, KaK 
y}!{e yKa3bIBaJIOCb, B 3TOM CJiyt1ae saKJI!OtiaeTCSI B TOM, qTo ITOSIBJieirne 
BH,lI.HMbIX JIHHHfI C.UBHra OTO,lI.BHraeTCSI s.necb .no 3HatIHTeJibHO 60JibllIHX 
CTeneHeli .necpopMaUHH, nopH.IT.Ka 3,5-4,0 % BMeCTO 0,8-1,0 % npH xo
JIO.LIHOM .necpopMHpoBaHHH. CJie.n:osaTeJihHO, npH pacrn)l{eHHH B 3THX 

287 



-Yc.1tOt:IHHX . .ne<f>opMauiur -patnpe.n-e.mteTCH 1forree 'paBHOMepHO "'H 'Jtoi<a.rm
·sarurn CKOJib>KeHHH Ha OT.lleJlbHblX IlJIOCKOCTSIX OTCYTCTByeT .no 6oJibllIHX 
CTeneHeli .neq>0pMaUHH. QqeBH,llHO, 3TO Ha.no CBSl3aTh c orpoMHblMH B03· 
MO:>KHOCTHMH OT,llblXa KpHCTaJIJia, KOTOpbIM conpOBO>K}laeTCH Jle<t>opMa
UHH B 3THX yCJIOBHHX • 

.lleqlOpMaUHH noJIHKpHCTaJIJIHtJeCKOro aJIIOMHHHH (cpe,lIHHH )lHaMeTp 
sepHa 0,068 .M.M), npoBe}leHHasi: npH Tex :>Ke ycJIOBHHX (t = 140°; CKO· 

a) 

6) 

¢Hr. 14. 8blcrynbl noeepHyernHXCll 
3epeH; .necpopMau1t11 IOfo; eKopocrb 

.necpopMauaa 1 Ofo 33 50 11ac.: 
a - xaso; o- X850; s - X 1200. 

-. 

pOCTb .necpopMaUHH 1 % 3a 10 qac.)' noKa3aJla 01'CYTCTBHe BH.llHMbIX 
JIHHHH CKOJib>KeHHH BilJIOTh .no 13,5 % *.·Ha nOJIHposaHHOH nosepx1-10-
CTH noHBJIHeTCH JIHillb saMeTHaH wepoxoBaTOCTb, KOTOpasi: npH paccMO
TpeHHH B MHKpOCKOil OKa3blBaeTCSI BblCTynaMH nosepHyThlX sepeH, XO· 
pOIIIO BH,llHMblX BCJie,llCTBHe TeHeli, KOTOpble OHH 6pocaIOT Ha CMe>KHble 
sP.pHa. DpH eme 66JihIIJeM 3llMe.nJieHHH .necpopMHposaHmr 3TH cJie.llbl 
IlOBOpOTOB BH.l{Hbl eme 6oJiee tJeTKO ( cpHr. 14). -

0T>KHr npH 400° nOCJie saMe.nJieHHoli ·.necpopMaUHH B npe;ne.rrax OT 
3,5 JlO 10 % npHBeJI K orpOMHOMy pocTy sepHa, .,llOCTHra10meMy BeJIH-

• BOJJbWHe creneH1f .u.e<I>opMaUHH He HcciJe.itoeaJIHCb. 
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llHHhI KpHTHlleCKoro poCTa BO BCeM ,n:Hana3oHe .u.ecpopMal.l,HH, HallHHaH 
OT KpHTlf'-IeCKOH CTeneHH .u.o 10 % . 

KpHBaH peKpHCTaJIJIH3aUHH ,n:JIH 3TOro cJiyqasi noKa3aHa Ha cpHr. 15, 
T. e. B ,n:aHHOM cJiyqae npH cTeneHHx .n:ecpopMau1rn BnJIOTh .n:o 10% 
peKpHCTaJIJIH3aUHH o6pa6oTKH soo6me OTcyTcTByeT ( cpHr. 16). JlHlllh 
npH 13,5 % HMeeT MeCTO HeKOTopoe H3MeJiblleHHe 3epHa, CBOHCTBeHHOe 
3aKpHTHllecKOH CTeneHH .u.e
cpopMau;m. 

3TO CBH,n:eTeJibCTBYeT 0 
TOM, llTO B .n:aHHOM CJ!Yllae 
coxpaHHlOTCH )l.O 60JiblllHX 
cTenetteif .u.ecpopMaUHH yc
.rroBHH, cnoco6crny10rn;He 
C06Hp8TeJibHOH peKpHCTaJI· 
JIH38UHH npH OTCYTCTBHH 
OllarOB oopa30BaHHH HOBO-

MM 

I\ 
' 
" '\ .. , 

', 

ro · 3eptta. B' caeTe BhICKa- o 1 ; J 4 s 6 7 s g 10 ft 12 fJ 14 % 
38HHhIX BhlJJJe coo6pa}l{e- C'meneHb iJetpopHa1.1uu 

HHH 3THMH YCJIOBHHMH, Olle- ct>Hr. 15. KpHeall peKpHcranJIH3auirn nocne Me.n-
BH.ll:HO, HBJIHeTCH He npepbI- JieHHOH .necpopMa'-lHH npH 14U0 ; CKOpOCTb .necpop-
Ba!OIIJ;HHCH .n:o 60JiblllHX CTe- Ma'-lHH 10/o 3a Ill 11ac. On1rnr IIOCJie .necpopMa-
neHeif .n:ecflopMal.l,JH:I KOHT8KT '-lHH 4J0°; . .IlHaMerp HCX0.11.HOrO 3epHa 0,J6 .M .At 

Me}l{,n:y 3epH8MH B yCJio- . 
BHHX, Kor.n:a BCJie,n:CTBHe .u.mneJibHO npoTeKa!OIIJ;HX npoueccoB OT.U.bIXa 
Ii .U.Hcpcpy3HOHHOro· nepeMeIIJ;eHHH norpaHHl!HbIX 8TOMOB HMe!OT MeCTO MH
HHM8JlbHb!e HcKaJKeHHH no rpaHHUaM 3epeH H TeM 6oJiee BHYTPH 3epaa. 

ct>Hr. 16. Me.nne rna .necpopMHpoe&HH1>1e npH 14 ,0 o6pa3'-lbl nocne 
peKpHCTaJIJIH3a'-lHH ( OTll<Hr 400°). 

3TOT MoMeHT B .n:ecpopMaUHH, HaH6oJiee 6JiaronpHHTHhIH .Z!JIH co6Hpa
TeJihHOH peKpHCT8JIJIH38UHH, H eCTb KpHTHlleCKaH CTeneHb .n:ecpopM8UHH. 

B nocJ1e.n:y10meif cTa.U.HH_ o6bll!HOH .n:ecpopMaumi (npH 20°) npo.n:oJ1-
>Ka10rn;eecsi nepeMern;eHHe 3epeH conpH}l{eHo c 6oJiblllHMH HCKa}l{eHHHMH 
B pe111eTKe norpaHHl!HhIX CJIOeB, a 38TeM, nOCJle 38KJIHHHBaHHH H Ha
qaJla C.U.BHrosoif .n:ecpopMaUHH, H BHYTPH 3epeH. 0T>KHr noCJ1e 3TOH CTa-
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)J,IUI corrposmK.naeTCH o6pa3oBaHHeM HOBhIX u.eHTpOB H C03,naeT peKpH
CTaJIJIM38UMIO o6pa60TKM. 

DpM MaJihIX CKOpocrnx .necpopMaUMH, KOr.na HaqaJibHbIH IIOBOpOT 
aepeH M MX IIOCJie,nyIOmee rrepeMelll.eHMe He corrpOBO>K,naIOTCH 3HaqH

TeJibHbIMH HCKa>KeHMHMH aTOMHOH peureTKM B rrorpaHMqHbIX CJIOHX H 
BHYTPM 3epeH, MeTaJIJI coxpaHHeT crroco6HocTb K co6MpaTeJihHOH peKpH
CTaJIJIM3aUMM H peKpHCT8JIJIM38U.MH o6pa60TKH soo6me OTCYTCTByeT .no 
60JibllIMX CTerreHeH .necpopM8U.MH. 

B) 06cyLK)J,eHHe pe3yJibTaTOB 

HaqaJihHas:r cTa.n:irn .necpopMaUHH IIOJIMKpMcTaJIJIHqecKoro aJIIOMMHHH 
COCTOMT B rrepeMemeHMM (rrosopoTe) OT,UeJibHbIX 3epeH OTHOCHTeJihHO 
.npyr .npyra. 3To rro.nrnep>K.uaeTC51 TeM, qTQ B .9TOH CTa.llHM He OTMe-
11aeTC5l KaKoii-JIM6o BM.llMMoi'I .uecpopMaUMM BHYTPH 3epHa .no 2,0-6,0%, 

ct) 5) 

<l>Hr. 17, a H 6. C11e11b1 noaoporna H nepeMemeHH!I 3epeH npH 
Me1111eHHOH (10/o 3a 50 'lac.) 11e¢opMaUHH npH 140°. x 850. 

B 38BHCHMOCTM OT BeJIMqMHbl 3epHa, B TO BpeM51 KaK B OT,UeJibHOM MOHO
KPHCTaJIJie BM.ZUfMhie CJie.nhI CKOJib>KeHHSI o6Hapy:>KHBaIOTCSI rrpH .necpop
MaUMM OKOJIO l % . 

EcJIH rrpocJie.LI.HTh 3a .necpopMau.Heli rrpH 20° rro MHKpocTpyKrype, TO 
HHKaKHX rrpHMhIX CJie.nos rrosoporn sepeH B rrpe.neJiax .no 3,0-3,5 % 
.necpopMaU,HH HM MeTaJIJiorpacpHqecKH, HM peHTreHorpacpMqecKM yBM.LI.eTb 
He ynaeTCH. 0.uHaKO oqeBM.llHO, qTo .9TOT IIOBOpOT eCTb, TaK KaK, 1-1aqH
H85! c 3,5-5 % , Mb! OTMeqaeM HBHYIO rnepoxosaTOCTb, MaTOBOCTb 
IIOBepxHOCTM, XOTH JIHHMH C,UBMra. B sepHax eme He Ha6JIIO.naeTCH. 3Ta 
urepoxoBaTOCTb npM pacCMOTpeHHM B MMKpOCKOII HeTpaBJieHHoro llIJIMcpa 
rrpOHBJIHeTCH B BH.ne KapTHHbl c pe3KO oqepqeHHbIMM, KaK npM TpaBJie
HMH, sepHaMM. fpaHMUhI sepeH rrpM KOCOM ocsemeHMlf BbI51BJl5110TCH 
B BH.lle CBeTJibIX 6JIMKOB H c .npyroli CTOpOHbl TeHeH, nono6HO TOMy, KaK 
.9TO Ha6JIIO,U8JI0Cb rrpM Me.nJieHHOH .necpopMaUHH (CM. cpHr. 14), TOJibKO 
B MeHbilleH CTeneHH. 

DpM Me.nJieHHoi'I .necpopMaU.HH .9TH CJie,nhI .rrosoporn xoporno BM.LI.Hbl 
no BhICTynaM Kpaes sepeH, a ecJIH HaHecrn Ha lllJIHcpe nepe.n .necpopMa-
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uHefl TOHKYIO pHcKy, To npH 3TOM MO:>KHo Henocpe.u.cTBeHHO BHJJ.eTb 

CJieJJ.bl nepeMeiUeHJrn 3epeH OTHOCHTeJibHO .u.pyr .u.pyra. 
Ha cp11f. 17 npHBe.n.eHbI MHKpocpornrpaqnrn aJIIOMHHHST nocJie .u.e

<f>opMaUHH OT 3,0 .n.o 8,0 % IIpH 140" co CKOpOCTb!O 1 % 3a 20 qac. Bee 
HaHeceHHwe .n:o .n.ecpopMaUHH pHCKH CABHHYJIHCb no rpaHttUaM 3epeH, 

nepeMeCTHBllIHXCST O.llHO OTHOCIHeJibHO .n.pyroro. Dptt 3TOM xapaKTeptto, 

tITO HH B O.U.HOM 3epHe HeT JIHllIHero CD.BHra. TaKHM o6pa3oM, 3TO 

HBJISTeTCH AOCD.BHfOBOH .n.ecpopMautteH, nepeMemeHHeM ueJiblX 3epeH, 

a He IIOBOpOTOM, OTMetieHHblM IIpH OOJlbllIHX CTeneHHX CKOJibiKeHIHI 

B 3epHax. . "' • 
3KcnepHMeHTaJibHO IlOKa3aHO, tITO Hat.IaJibHaH CTa.llHH .u.ecpopMaUHli 

IIOJIHKpHCTaJIJIHtjeCKOro aJIIOMHHHH COCTOHT B nepeMelll,eHHH (noBO

poTe) OT.lleJibHbIX 3epeH OTHOCHTeJibHO Apyr .u.pyra. 3TO nepeMemeHHe 

TeM ooJibIIIe, t.IeM MeJibtie 3epHo, H npo.u.oJI.>KaeTCST AO Tex nop, noKa He 

uacTynHT 3aKJIHHirnaHHe 3epeH, npeo.u.oJie1-me KoToporo TpeoyeT 

ooJibIIIe ycHJIHH, He)!{eJIH Ha'laJio CKOJib.>Kemrn BHYTPH 3epeH. ToJibKO 

nocJie 3Toro HatIHHaeTCH o6bitIHaH CJJ.BttroBaH .n.ecj}opMaUHH BHYTPH 

3epeH. 
B npouecce H3MeHemrn B3aHMHoro pacnoJio)!{eHHH 3epeH HMeeT 

MeCTO HeKOTopoe BbipaBHHBaHHe opHeHTHpOBKH 0)1,HOHMeHHbIX IIJIOCKO

CTeH 6e3 HapyIIIeHHH npaBHJlbHOro KpHCTaJIJIH'leCKOro CTpOeHHST caMHX 

3epeH. B nepaoii cra.u.HH nosopoTa 3epeH .n.ocrnraeTrn TaK)!<e 6oJiee 

IlOJIHblH KOHTaKT Me:>KAY 3epHaMH Oe3 3aMeTHbIX HCKaiKeHHH aTOMHOI1 
. peIIIeTKH B norpaHHtIHblX CJIOHX. 

DpH Me.u.JieHHOH .u.ecpopMaUHH npH noBbIIIIeHHOH TeMnepaType oTcyr

CTBHe HCKa:>KeHHH B norpaHHtIHblX CJIOHX coxpaHST:eTCH .n.o OOJiee Bb!CO

KHX cTeneHeii .u.ecpopMaurrn. B CBH3H c 6oJibllIHMH B03MO:>KHocrnMH 

J1.HQlQlY3HOHHOro nepeMemeHHH aTOMOB Ha rpaHuuax IlOCJie 3aKJIHHHBa

HHH B 3TOM CJiyqae, B OTJIHtIHe OT XOJIOD.HOH )l,ecpopMaUHH, npo.n.oJI

:>KaeTCH nepeMelll,eHHe ueJiblX 3epeH, OtieBHAHO, BAOJlb HanpaBJieHHH 

.l{eiicTBHH npHJIOiKeHHbIX CHJI. TaKoe nepeMemeHHe npoHcxoAHT c co

xpaHeHHeM IIJIOTHOfO KOHTaKTa 3epeH H . 6onee OD.HOPO.llHOH optteHTH

roBKH HX, t.ITO CIIOC06CTByeT COOttpaTeJibHOH peKpHCTaJIJIH3aUHH ,!J.O 

OOJibIIIHX CTeneHeii .u.ecpopMaUHH. 0.n.HospeMeHHO, B CBST3H c HepaBHO· 

OCHOCTb!O 3epeu, TaKOe nepeMemeHHe IIpliBOAHT K HapyilleHHIO CBH3eH 

B OT,D.eJibHblX yt.IaCTKaX rpaHHU H K IIOHBJieHHIO Ot.Iaros IlOCJie)l.yIOmero 

pa3pyIIIeHHH (CM. QlHf. 14 H 17). 

BJIH51HHE BEJI.H'IHHbl 3EPHA B YCJIOBH.sIX ME)l,JIEHHoro 
)l.E«l>OPMHPOBAHH51 

B aaKJIIOtieHHe Mb! CtIHTaeM Heooxo.U.HMbIM ocrnHOBHTbCH Ha HeKo· 

TOpbix IlOCJie.UCTBHHX, BbITeKa!OWHX H3 npe.U.JIO}KeHHOro MexaHH3Ma Ha-

tiaJibHOii CTaD.Hli .u.ecpopMaUHH. . 

1'bsecTHO HeOObltIHOe BJIHHHHe BeJlffC'fHHbl 3epHa IIPH . Me,n:JieHHOM 

.u.ecpopMHpOBaHHH IlOJIHKpttcTaJIJIH'leCKHX MeTaJIJIOB B 

HHH. B 3TOM CJiyt.Iae KpynHo3epHHCTbie MeTaJIJihl 

19• 

ropHt.IeM COCTOH-
06Jia,!J.a!OT .11yq-
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rneli conponrnm1eMOCTblO HOJI3Y'leCTH, ,ll.JIHTeJibHOH :>KaponpO'IHOCTblO 

H T. JI.., T. e. 'ITOObl IlOJIY'IHTb OJI.tty H TY :>Ke CTeneHb JI.e<t>opMaUHH, 

K KpynH03epHHCTOMY MeTaJIJIY HY:>KHO npHJIO:>KHTb ropa3.n.o 60.11hrnee 

HaIIp5:DKeHHe, 'leM K MeJIK03epHHCTOMy [14]. 
l1Me!OTCSI CBe,ll.eHHSI, 'ITO 3TO ynpO'IHSIIOlll.ee )J.eHCTBHe KpynHorc 

3epHa HMeeT MeCTO JI.O H3BeCTHbIX npe,ll.eJIOB [151 H 'ITO MexaHH3M Ta

KOro BJIHSIHHSI 3epHa npH )J.JIHTeJibHO )J.eHCTBYIOlll.HX Harpy3Kax ocraeTCSI 

HeBb!SICHeHHbIM. 
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0,1 0,2 0.1 o,t, 0.5 0,6 0,7 0,8 0,9 f,O 1,1 {,2 f,3 % 
JJ.ecpopMGl/Ull 

<l>Hr. 18. KpHeble TeKyqecTH anJOMHHHll co cKopocTblO .n.ectiopMaf..\HH IOfo 33 20 qac. 
npH 14JQ .n.nll pa3Horo HCX0.!1.HOfO 3epHa. 

CTpo.rr.eJiaB cooTBeTcTBYIOlll.He OIIhIThI c aJIIOMHHHeM, MhI y6e.n.HJIHCh, 

l!TO OH He SIBJIHeTCSI HCKJIIO'lleHHeM, qTo B HeM TaK:>Ke, qeM KpynHee 

3epHo, TeM 6oJibllie conpoTHBJieHHe .ne<t>opMHpoaaHHIO H reM 6oJibrnee 

Hy:>KHO npHJIO)l{HTh ycHJIHe, qrn6b1 BhI3BaTb OJI.HY H TY :>Ke .n.e<t>opMa

UHIO npH MaJibIX CKOpocrnx .ne<t>opMHpOBamrn. 
06pa3Ubl c pa3HOH BeJIHqHHOH 3epHa OT 0,06 .M.M .no MOHOKpH

CT8JIJia paCTSlrHB8JIHCb c TIOCTOSIHHOH CKOpOCTblO 0,05 % B qac ( 1 % 38 

20 qac.) npH 1400. .. 
CToJiyqeHHhie npH 3TOM KpHBbie .necpopMauim JJ.JUI pa3HhIX BeJJHqHH 

HCXO.ZI.HOro 3epHa TIOK838Hbl Ha <t>Hr. 18. 
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06parn.aer Ha ce6H BHHMamfe, lJTO BeJIHlJHHa conpOTHBJieHHfl .ne
<f>opMHposaHHIO CHJibHO B03pacrneT c yseJIHlJeHHeM 3epHa BTIJIOTb .rr.o 
OlJ:eHb KpynHoro co cpe,11,HeH BeJilllJHHOH 0,8-1,0 .M.M. . 

Opu ern.e 6oJibllieM yseJIH'leHHH 3epHa conpoTHBJieHHe ,11,e<f>opMupo
BaHHIO HalJ:HHaeT na,11,aTb H, HaKOHeu:, MHHHMaJibHOe conpoTHBJieHHe 
,11,e<f>opM11poBaHHIO, KaK H CJie,11,yeT OiKH,11,aTb, Ha6JIIO,ll.aeTCH y MOHO
KpHCTaJIJia. 

EcJIH onpe,ll.eJIHTb HanpsriKeHHSI, BbI3bIBaIOllI.He npH ,ll.aHHOH cKopo
CTH pacrniKeHHSI onpe,ll.eJieHHYIO CTeneHb ,ll.e<f>opMaU:HH, HanpHMep 0,2 % 
H 1 % ' TO ,ll.JISI pa3Hb!X BeJIH'IHH 3epHa TIOJIY'IHM KpHBbie, npHBe,ll.eHHbie 
Ha <f>Hr. 19. 

3TH KpHBbie. TIOKa3b!BaIOT, lJTO B HaqaJibHOH CTa)l.HH JI.e<f>opMaU:HH, 
xapaKTepH3yeMOH seJIH'IHHOH 0,2 H ,n:a:>Ke 1 % ' conpOTHBJieHHe .rr.e<f>op
MHposaHHIO pe3KO 3aBH· 
CHT OT BeJIHlJHHbl 3epHa; 
npH 3TOM BHalJ:aJie OHO 
B03pacTaeT c pOCTOM 
3epHa, JI.OCTHraeT MaKCH
MyMa H 3areM na.n:aeT 
BTIJIOTb .D:O MOHOKpH
CTaJibHblX o6pa3U:OB. 

3Ha'IHTeJibHOe na,11,e-
1rne conpoTHBJieHHH .n:e
<f>opMaU:HH Ha6JIIO,n:aeT
CH, KOr.n:a BeJIHlJHHa 3ep
Ha .D:OCTHraeT BeJIHlJHHbl 
6oJiee 1,0-1,5 .MM. KaK 
cJie.n:yeT H3 <f>Hr. 10, npH 
3TOH BeJIHlJHHe 3epHa 
HalJ:aJIO TIOHBJieHHSI 
C,11,BllfOBOH .n:e<f>opMaU:HH 
JIHllib HeMHOfO OTJIH
qaeTCSI or HaqaJia ee 

KZ/HH 2 
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Be11uiiuHa JepHa 

<t>H. 19. Bnmrntte eeJIH'IHHbl 3ep11a Ha conpornene-
11ne M3JlbJM nJiaCTH'leCKHM .D.ecpopM3UHSIM npH 140°. 

CKopocTb .D.ecpopMaUHH t 0/0 3a 20 'lac.: 

I - eeJJHqHH3 Hanpmt<eHHSI npH JlecjlopMaUHH 0,2°/0 ; 2 - ee.llH
qHHa HanpR:>KeHHSI npH JlecjlopM81{HH 1,0°/u· 

noHBJieHHH y MoHoKpHcTaJIJia. CJie,11,osaTeJibHO, Me)!<3epeHHoe nepeMe
rn.em1e 3.z:i:ecb TIO'ITH OTCYTCTByeT, B OTJIHlJ:He OT 6oJiee MeJIKOfO 3epHa, 
r.n:e MeiK3epeHHoe nepeMellI.eH11e npe,11,rnecrnyer c,11,sHrosoii .ne<f>opMa
U:HH. 

Dposo.nsr napaJIJieJib MeiK,11,y 3THMH .n:syMH Ha6JIIOAeHHHMH, MO)l{HO 
CKa3aTb, lJTO Ha KpHBOH ( <f>Hr. 19)' r.ne B o6JiaCTH MeJIKOro 3epHa 
(T. e. Ha TIOBbilllaIOllI.eHCH qacrn KpHBOI1) npeo6Jia,ll.aeT Me)l{3epeHHOe 
nepeMern.eHHe, conpornsJieHHe ,D,ecpopM11posam110 c pocToM 3epHa yse
JIH'IHBaeTC.H. B o6Jiacni O'leHb KpynHoro 3epHa Ha H11cna,11,a10Ill.ei1 qacrn 
Kp1rnoi1 ( cpttr. 19), r,LI.e npeo6Jia.uaeT CJI.BttroBbIH xapaKTep .n:ecpopMa
UHH, c yseJIH'leHHeM 3epHa conpoTHBJiem1e Ae<f>opMHposaHHIO yMeHb
lliaercH. 

3ro ecTecrneHfl:o, TaK KaK nosopoT 3epeH TeM 3aTPYJI.HHTeJibHee H 
Tpe6yeT TeM 60JibllIHX ycHJIHH, qeM KpynHee 3epHo, B OTJIH'IHe OT 
C.D:BHfOBOH Ae<f>opMaU:HH, KOTOpaH, Hao6opoT, npoTeKaeT TeM Jierqe, 
qeM KpynHee aepHo, qeM 6JIH)l{e OHO ~ MOHOKpHCTaJIJiy. 
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TaKHM o6pa30M, Heo6bil!Hbiii: pocT conpOTHBJieHHH .n.ecpopM11posa
HHIO c pOCTOM BeJIHl!HHbl 3epHa npH M3JlbIX CKOPOCTHX .n.ecpopMaUHH 
06b51CHfleTC51 TeM, l!TO npH 3TOM HaH6onee IlOJIHO peaJIH3yeTC51 Me:>K-
3epeHHblH, nosopoTHbIH xapaKTep ttal!aJibHOH CTallHH necpopMau~m. 
ConpornBJieHHe TaKOH necpopMaUHH TeM 60JibWe, l!eM Kpynttee 3eptto. 
DpH nepexone K Ol!eHb KpynHblM 3epttaM, r.n.e y>Ke B Hal!aJibHOH crn
JlHH npeo6nanaeT c.n.sttroBaH necpopMaUHH, HMeer MeCTo o6paTHaH 3a
BHCMMOCTb Me}!{.n.y conpOTMBJieHHeM .n.ecpopMal.l,HM H BeJIHl!HHOH 3epHa. 
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PA3P.EJJ VI 

TEPMHHOJIOfHSI no MET AJIJlOBED.EHHIO 
M TEPMH4ECKOA 06PA60TKE 

Kalla. rexH HayK A. A. lllMb!KOB 

TEPMHHOJlOrHSI H KJIACCH<l>HKAUHSI nPOUECCOB 
TEPMHqECKOH 06PA60TKH CTAJIH 

B ocHosy KJiacrncp11Kau1u1 11 TepM11HoJiorn11 npoueccos TepM11tie
cKoii: 06pa60TK11 cTaJI11 noJio)l{eH npHHUHn onpeAeJieHHH npouecca no 
ero cpH3H4ecKoii: cyw.HocT11. TepMHH H ero onpe.neJ1eH11e JlOJJ.>KHbl 
B KpaTKOH 11 Ha1160J1ee )lOCTynttoii: cpopMe )laTb Hay4HOe 06bHCHeH11e 
cymHOCTl1 SIBJieHHSI, np011CXOJlHW.ero B pe3yJibTaTe ocyw.ecTBJieHl1SI Toro 
11JI11 HHoro npouecca. OnpeJleJieH11e TepM11Ha npouecca JIOJI)l{HO orne
qaTb Ha sonpoc: «LITo TaKoe npouecc?» - He no ero cpopMe, a· no co
JJ.ep)l{aHHIO. CoAep)l{aH11eM )Ke npoueccos TepMH4ecKoii: o6pa6oTKH 
flBJISIIOTCSI 113MeHeHHH B KpHCTaJIJII14eCKOM CTpoeHl111 (MHKpOCTpyK
Type) B CBSI3H c cpa30BbIMl1 ( aJIJIOTpon114ecK11M11 11 Jlp.) npespau..1,e
Hl1SIMl1, npOHCXO.UHIUHMH B CTaJIH non 803.UeHCTBHeM H3MeHeHHH TeM
nepaTyp. OnpeAeJieHHe npoueccos TepMH4eCKoii: o6pa6orKH no TexHo
JIOrH4ecKoMy npH3HaKy, T. e. HCXOAH H3 TeMnepaTypbi Harpesa, 
BbI,Llep)l{KH B Te4eHHe onpeJJ.eJieHHOro speMeHH H OXJia)l{.neHHH 
c 3a.naHHOH CKOpOCTblO, OTHOCHTCSI K KaTeropHH cpopMbl, OTBe4a!O
ll.\eH Ha sonpoc KaK, KaKHM o6pa30M ocyw.ecTBJIHeTCSI TOT 11JIH 11HOH 
npouecc. 

B oTetieCTBeHHoii: ttay4HO-TexH11tiecKoii: JIHTepaType no TepMH4ecKoii: 
o6pa6oTKe aBTOpbl np11Aep)l{I1Ba!OTCH pa3JIH4HblX nJ)HHUHnOB onpene
JieHHH npoueccos TepMH4ecKoil o6pa6oTKH KaK no 11x cyw.HoCTH -
conep)l{aHHIO, orne4aH Ha :'30npoc, 4TO rnKoe npouecc, TaK H no cpopMe, 
T. e. Korna )laeTCSI OTBeT Ha sonpoc: «KaK ocyw.ecTBJIHeTCSI TOT HJIH 
HHOH npouecc?», HeK0Toph1e asrnphr o6bHCHeHHe TePMHHa naIOT II no 
conep)l{aHHIO II no cpopMe cosMecTHO. 11Horna s JIHTepaType no Tep
MH4ecKoil o6pa6oTKe onpeneJieHHe TepMHHOB soo6w.e He naeTCSI. 

OnpeAeJieHHe TepMHHOB no Hx conep)l{aHHIO AaHo H. 11. BeJisiesbIM 
B pa6oTe «BBe,LleH11e B 113ylleHIIe· TepMH4eCKOH. o6pa60TKII CTaJIH» [l]: 
«Ocyw.ecTBJieH11e npaBIIJibHOfO OT)l{Hfa Tpe6yeT ocyw.ecTBJieHlfH CTpyK
TypHoro pasHosecHSI,. T. e. Ha1160J1ee coseprneHHoro o6oco6JieHHSI cpep
p11Ta H ueMeHTHTa» ... 11JIH : «5lBJieHHH 3aKaJIKH OTHOCHTCH K c.nyllaSIM 
TaK Ha3bIBaeMoro JIO}!(HOro paBHOBec1rn, T. e. TaKoro COCTOHHHSI MaTe
p11aJibHOH CHCTeMbl, KOr)la OTCyTCTBHe KaKl1X-JIH6o 113MeHeHl1ii: 11JIH 
npespameHHH B CHCTeMe o6ycJIOBJIHBaeTCSI He TeM, l!TO BHyTpeHHHe 
CHJibl Cl1CTeMbl HaXO,LlSITCSI B paBHOBeCHl1 c BHeIIIHHMlf yc.i!OBHSIMH, HO, 
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Hao6opoT, TeM, IJTO npH ,ll.aHHbIX BHeUIHHx yCJioBHHx npeaparn:eHHH 
Boo6me He MOryT COBeprnaTbC51 HH B npHMOM, HH B o6paTHOM Ha
npaBJieHHHX» ... 

AKa,ll.. A. A. Boqaap ,ll.aeT onpe,ll.eJieHHe TepMHHOB no HX cyrn:HoCTH 
B CJ1e,Z1.y10rn:eii: BeCbMa KpaTKOH cpopMe [2]: «BH,ll. TepMHlJeCKOH o6pa-
60TKH, HCnOJib3YIOlll:F!H o6bilJHYIO cpa30BYIO nepeKpIICTaJIJIH3aumo, 
B TeXHHKe Ha3bJBaeTCH OT)!{ Fl r o M. PauHoHaJibHeii: 6bIJIO 6b1 Ha-
3BaTb era npocrn cpa3oBoii: nepeKpF!CTaJIJIH33UHeli HJIH no Kpaii:Hett 
Mepe OT)!{HfOM BTOporo po,ll.a» HJIH: «BH,ll. TepMHlJeCKOH o6pa6oTKH, 
npF!BO,ll.Hll{eii: K cpHKC3UHH HeycTOii:lJHBbIX COCTOHHHH, H33bIB3eTC51 
3 a K a JI Ko ii:». 

npocp. H. A. MHHKeBF!lJ [3] ,ll.aeT CJ1e,Z1.y10mee onpe,ll.eJieHF!e: «0CHOB
HOH ueJibJO 3aKaJIKF! HBJIHeTCH noJiyIJeHHe MapTeHCHTa, T. e. Ha1160J1ee 
rnepAoii: MHKpoCTpyKTYPbl. ToJibKO B cJiyqae JiernpoaaHHbIX «aycTeHHT
HbIX» CTaJieii: 3aKaJIKa MO)!{eT npHBO,ll.HTb K noJIHOH cjJHKC3UHH rnep
,ll.Oro pacrnopa aycTeHHTa». 

Onpe,ll.eJieHHe TepMHHOB no cpopMe, T. ·e. no npH3HaKy ocyrn:ecTBJie
HF!H npoueccoa, npoH3Be,ll.eHo, HanpHMep, A. 11. CaMoXOUKF!M 11 
M. H. l\yHHBCKHM [4]: «3aKaJIKOH Ha3brnaeTCH HarpeB CTaJIH BbIWe 
KpHrnIJecKoii: TOIJKF! Ac3 HJIH Aci c nocJieAyiorn:HM 6bICTPhIM oxJia)!{.n:e
HHeM. 06bilJHO Harpea npoF!3BOAHTCH Ha 20-30° BbIWe JIHHHH GSK 
AHarpaMMbI )!{eJie3o - ueMeHTHT». 

«HopMaJ11rnauF1e}i CTaJUI Ha3bIBaeTC51 HarpeB CTaJIH Ha 30-50° BbIUie 
BepxHeii: KpHTF!lJeCKOH TOlJKH c nocJie,ll.yJOrn:HM OXJia)!{,ll.eHHeM Ha cno
KOHHOM B03,ll.yxe.» CnparnHBaeTCH, KaKaH )!{e pa3HF!Ua no orrpe,ll.e
JieHHJO Me)!{,ll.y 3aKaJIKOH nprr OXJia)!{,ll.eHHF! CT3JIH Ha B03,ll.yxe H 
HOpMaJIH33UHeii:? HJIH: «CTOJIHb!H OT)!{Hf xapaKTepH3yeTC51 HarpeBOM 
Ha 20-30° BbIUie TeMnepaTypb1 HHTepaaJia npeaparn:eHHH (Bb1me 
JIF!HHH GSE AHarpaMMbI )!{eJie30 - ueMeHrnT) H Me,ll.JieHHbIM oxJia
)1{,ll.eHHeM ,ll.O TeMnepaTypbl HH)!{e HHTepBaJia npeBparn:eHHH (o6bilJHO 
,ll.O 400-500°) ». 

npocp. A. n. fyJIHeB H ,ll.p. [5] A3!0T TaKoe orrpe.n:eJieHHe: «CTO,ll. 
OT)!{HfOM CTaJIF! noHHM3IOT TepMoo6pa6oTKy, COCTOHIUYIO B HarpeBe 
CTaJIH Bb!llle BepxHett KpHTHlJeCKOH TOlJKH c nocJie,ll.yJOrn:HM Me,ll.JieHHbIM 
OXJia)!{,ll.eHHeM HJIH BMeCTe c nelJb!O, HJIH B ropHlleH 30Jie, HJIH B ropH
qeM necKe AO KOMHarnoii: TeMnepaTypbl, HJIH ,ll.O 400-500°». 

CoBMecTHoe onpeAeJieHHe TepMHHOB no co,Z1.ep)!{aHHJO Fl no cpopMe 
,ll.aHo, HanprrMep, H. A. MHHKeBHIJeM [3]: «CTOA OT)!{HfOM CTaJIH (rrep
JIHTHoro KJiacca) noHHM3IOT HarpeB CTaJIH BbIUie BepxHeii: KpHTHlJeCKOH 
TOlJKH H 3aTeM Me,ll.JieHHOe OXJia)!{AeHHe AO HOPM3JlbHOH TeMnepaTypbl, 
B pe3yJibTaTe qero noJiyIJaeTcH noJIHOe pacnaAeHHe TBep,ll.oro pacTBopa 
yrnepo,ll.a B j-)!{eJie3e c o6pa3oBaHHe¥ CTPYKTyp: nepJIF!To-cpeppHTO
BOH B ,ll.03BTeKTOH,ll.HOH crnJIH, rrepJIF!TOBOH B 3BTeKTOHAHOH CTaJIF! H 
nepJIHTO-UeMeHTHTOBOH B 3a3BTeKTOF!,ll.HOH CTaJIH». 

CTpocp. A. n. fyJIHeB B Kypce MeTaJIJIOBe,ll.eHH51 [61 AaeT BeCbMa 
KpaTKHe onpeAeJieHHH: «0 T )!{Hr>> ( OT)!{f!f BTOporo po,ll.a) - HarpeB 
BbIUie TeMnepaTypb1 npeaparn:eHHH c nocJieAyiorn:HM MeAJieHHbIM oxJia
)1{,ll.eHHeM ,ll.JIH noJiyIJeHHH 6onee cTa6HJibHOro CTPYKTypHoro cocTOHHHH 
cnJiaBa. 
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3 a K a JI K a - Harpea Bbillle TeMnepaTypbI npeapalll,eHHH c noCJie

.ll.YIOlll.HM 6bICTpblM OXJla}l{)l.eHHeM )l.JISI noJiy'leHHSI MeHee CTa6HJibHOrO 
COCTOSIHHSI CnJiaBa H T. )I.. 

CTpGcp. H. E. I\oHTopoBH'l [7] B HeKoTOpbIX cJiy'laHx nOJib3YeTcH 
3THM }Ke npHHUHnOM onpe.n.eJieHHH npoueccoa, HanpHMep: «Onepau1rn 
Harpeaa cTaJIH Ha onpe.n.eJieHHylO TeMnepaTypy c nocJ1e.n.y10lll.HM oxJia
}l{)l.eHHeM, B pe3yJibTaTe KOTOporo npOHCXOJUIT cpa30BaSI nepeKpHCTaJl
JIH3aUHSI H )l.OCTHraeTCSI 60J1ee HJIH MeHee IlOJIHoe cPH3HKO-XHMH'leCKOe 
Ii CTpyKrypHOe paBHOBeCHe, HOCHT Ha3BaHHe OT}l{Hra». 

CTpHae.n.eHHbIX npHMepoa .n.ocraTO'lHO, 'lT06bI noKa3aTb, 'ITO yqe
Hbre MeTaJIJIOBe)l.bI-TepMHCTbl He npH.n.ep}l{HBalOTCSI e)l.HHOro npHHUHna 
B onpe.n.eJieHHH TepMHHOB H 'laCTO .n.a}l{e OJI.HH H Te }Ke aBTOpbl IlOJib-
3YIOTCSI pa3JIH'lHbIMH npHHUH!laMH. 

ECJIH He C'lHTaTbCH c KpaTKOCTblO, a noToMy H c 60.'IbllleH: .n.ocryn
HOCTbIO, CJie.n.yeT npH3H3Tb Ha1:160J1ee pauHOH3JlbHbIM IlPHHUHil onpE:
.n.eJieHHSI TepMHHOB npoueccoB c IlOJIHbIM OXB3TOM co.n.ep}l{3HHSI -
<l>H3H'lecKoii cylll.HOCTH H cpopMbI - cnoco6a ocylll,eCTBJieHHH npouecca. 

Onpe,n:eJieHHe ocHOBHbIX npoueccoa TOJlbKO no ct>opMe, T. e. no cno

co6y HX ocylll,eCTBJleHHSI, cJie.n.yeT orneprHyTb KaK He BCKpbIB3IOlll,ee 
cylll,HOCTH SIBJieHHH. 

BecbMa CTpOHHbIM H 0Tp3}1{310lll,H'M BCe CTOpOHbl npouecca SIBJISieTCSI 
npHHUHn, H3JIO}l{eHHbIH H. H. BeJISieBbIM [l], KOTOpbIH . onpe.n.eJiemrn 
npouecCOB TepMH'leCKOH o6pa6oTKH .n.aeT, HanpHMep, B TaKOH IlOCJie
)1.0BaTeJlbHOCTH: 

« 1. Ocylll.eCTBJ1em1e npaBHJlbHOro onKHra Tpe6yeT ocylll,eCTBJieHHH 
crpyKTypttoro paaHoaecHH, T. e. HaH6oJiee coaepllleHHoro o6oco6JieHHSI 
cpeppHTa H ueMeHTHTa. 

2. <PaKrnpaMH, cnoco6cTBYIOlll.HMH ocylll,eCTBJieHHIO CTPYKTypHoro 
paBHOBeCHSI, SIBJISIIOTCSI: TeMnepaTypa Harpeaa, IlPO.ll.OJl}l{HTeJibHOCTl> 
HarpeBaHHSI H CKOpOCTb OXJl3}1{J:(eHHSI - B rapMOHH'leCKOM CO'leTaHHH. 

3. HaH6oJiee JierKo ocylll,ecTBJIHeTCSI cTpyKTypHoe paaHoaecHe 
B CT3JIH 3BTeKTOHJI.HOH, Tpy.n.ttee - B aa3BTeKTOH.ll.HOH H erue Tpy,n:Hee 
B .LJ:03BTeKTOH.ll.HOH. 

4. CTpaBH.TibHbIM OT}l{HfOM .n.ocTHraeTCH: 
a) noHH}l{eHHe npe.n.eJia ynpyrocrn, T. e. cnoco6HocTb JierKo .n.ecpop

MHpoaaTbCH; 
6) nOBbillleHHe C)l{3THSI nonepe'IHOro Ce'leHHSI, T. e. yBeJIH'leHHe 

CTeneHH )l.ecpopMHpOB3HHSI 6e3 pa3pyllleHHSI HJIH yaeJIH'leHHe .LJ:HHaMH
'leCKOH npO'IHOCTH. 

5. CTpaBHJibHbIH OT}l{Hr B 3H3'lHTeJibHOH Mepe ypaBHHBaeT B Mexa
HH'leCKOM CMbICJie CT3Jlb c pa3JIH'lHbIM co.n.ep}l{aHHeM yrnepo.n.a». 

AHaJIH3HPYH H3JIO}l{eHHOe, Han60J1ee pau110HaJ1bHbIM 11 npaBHJibHbIM 
MeTO)l.OM onpe.n.eJieHHSI TepMHHOB npoueccoB np11 HaH60J1ee nOJIHOM 
oxaaTe acex xapaKTepHbix HX oco6enHocTeii HBJIHeTCH onpe,n:eJiem1e 
npoueccoa repM11'lecKoH: o6pa6oTKH MeTaJIJIOB B CJie.n.y101ueH: nocJie.n.o
BaTeJibHOCTH: 

l) Onpe.n.eJieH11e npouecca no ero co.n.ep}l{aH1110 - <l>H3H'lecKoH 
CYIUHOCTH - H3MeHeHHIO MaTepHaJibHOro COCTOHHHSI CHCTeMbl, npH 

. oTBere Ha sonpoc: «l.J:TO TaKoe npouecc?» 
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2) OnpeneJieHHe npou.ecca no cpopMe - no cnoco6y ero BbIIlOJIHe-
HHSI, np11 OTBeTe Ha BOnpoc: «l\aKHM o6pa30M ocyw;ecTBJISleTCJI 
npou.ecc?» 

3) 4TO SIBJISleTCSI pe3yJibTaTOM ocyrn;eCTBJieHHSI npou.ecca, T. e. 
P.3MeHeHHSI cpH3HKO-XHM.l'.l'IeCKHX H MexaHII'IeCKHX CBOHCTB, SIBJISlici'rn;HXCSI 
npOH3BOJJ.HblMH KaqeCTBeHHO HOBOfO MaTepHaJlbHOro C€>CTOSIHHSI 
Cl1CTeM bl, 

4) .ll:JISI Ka1rnx ueJieil: np11MeHS1eTCH naHHbIH npouecc B npo1rn
so.ncTBe. l\aK11e MaTep11anb1 no.u.sepra10TCS1 o6pa6oTKe no .naH
HOMY npou.eccy, KaK11e .u.eTaJIH Maw11H, HHCTpyMeHT HJIH no.11ycpa6pH
KaTbl. 

YKa3aHHbIH npHHUHII npHHSIT aBTopoM npH xapaKTepttcrnKe npo
ueccoa TepMHqecKOH o6pa60TKH CTaJibHb!X neraneil: H WHCTpyMeHTOB 
B ero Tpyne «CrrpaBoqm1K TepMHCTa» [8]. 

BrnK11il: ocHOBHoil: npouecc TepMHqecKoil: o6pa6oTKH HMeeT pa3HO
BH.llHOCTH, Bbl3BaHHbie rnaBHblM o6pa30M cnoco6aMH ero ocyrn;eCTBJle
HHSI. B 3TOM cnyqae Tpe6yeTcS1 Hail:rn npH3HaKH, no3BOJISIIOII.J;He orrpe
.rr.enHTb crre1mqrnqecKHe oco6eHHOCTH Toro HJIH HHOro npouecca. IlpH 
3TOM OCHOBHoe orrpe.u.eJieHtte npou.ecca - no ero cpH3HqecKoii cyrn;Ho
cTH - JI.OJDKHO OCTaBaTbCSI HeH3MeHHbIM. 

AttaJIH3 npoueccoB TepMHqecKoil: o6pa6oTKH MeTaJIJIOB, rrpHMeHSle
MbIX B rrpOMblWJleHHOCTH, noKa3bIBaeT, qTO OHH (npou.ecCbl) MOryT 
6bJTb no.upa3JJ.eJieHbl no CJleJJ.yIOIUHM KJlaCcHCpHKall,HOHHbIM npH3HaKaM: 

a) n 0 y c JI 0 B H SI M H a r p e B a H B bl JI. e p )!{ K Ii, HanpHMep, 
OT:>KHr ITOJ!Hb!H H HeITOJIHbIH, 3aKaJIKa IIOJIHaSI Ii HenOJIHaSI, IJ,HaHHpOBa
HHe BblCOKOTeMrreparypHoe H Hli3KOTeMrrepaTypHoe H T . .n.; 

6) n 0 y c JI 0 B HSI M 0 x JI a )I{ JJ. e H HSI, HanpHMep, OT:>KHr Pl30-
TepMHqecKHH, 3aKaJIKa npepbIBHCTaSI Ji T. JI..; 

B) II 0 y c JI 0 B Ji SIM B 0 3 JJ. e ii c TB HSI B He ill H Ji x cp a KT o-
p 0 B (XHMHqecKaSI cpena, .u.aBJleHHe H T. II.)' HanpHMep, OT:>KHr cBeT
JlblH, 3aKaJIKa IIOJI. JJ.aBJieHHeM, ueMeHTall,HSI c npHMeHeHHeM TBepJI.oro 
Kap6IOpH3aropa, ra30BaSI, :>KHJJ.KOCTHa51 H T. JI..; 

r) n 0 y c JI 0 B H 51 M H 3M e He H H 51 c T p y KT y p bl, HanpHMep, 
OT:>KHr rpacjJHTH3Hpy1orn;Hii, on1mr ccpepOHJJ.li3HPYIOlUHH H T . .rr..; 

.n) n 0 y c JI 0 B Ji SI M H 3 M e H e H H SI T B e p JI. 0 c T Ji H a n O-
B e p x H 0 c T Ji Ji JI H n 0 c e q e H H IO H 3 .n e JI H 51, HanpHMep, sa
KaJIKa Mecrna51 (.nHcpcpepeHuHaJibHaSI}, 3aKaJIKa noaepxHocrna51 HT • .n:.; 

e) n 0 Ha 3 Haq e H H IO, HanpHMep, a30THpOB3HHe npoqHOCTHOe, 
830THpOBaHHe aHTHKOpp03HOHHOe. 

YKa3aHHbie KJiaccHcjJHKaUHOHHbie npH3HaKH oxBaTbIBaIOT Bee B03-
MO:>KHbie cneu.HcpHqecKHe oco6eHHOCTH npoueccoB, HO He SIBJISIIOTCSI no.11-
HOCTblO o6SI3areJibHbIMH JJ:JISI Bcex npoueccoB. TaK, K npoueccy OT:>KHra 
IIpHMeHHMbl rrpH3HaKH a - r, K 3aKaJIKe a - B Ji JJ: H T. JI.. 

Ilpe:>K.ne qeM .n:asaTb onpeneJieHHe OT.lleJibHbIX npoueccoa TepMH
qecKoil: o6pa6oTKH, Heo6xOJI.HMO .u.aTb o6w;ee onpe)l.eJieHHe - tITO rnrme 
TepMHqecKaSI o6pa60TKa MeTaJIJIOB? . 

T e p M H q e c K a H 0 6 p a 6 0 T K a e c T b H 3 M e H e H H e B H y
T p e H Her 0 c T p 0 e H HSI (MHKpOCTPYKTYPbI) Me Ta JI JI a n 0 A 
B03JJ:eHCTBHeM H3MeHSIIOII.J;HXCH TeMnepaTypa~x 
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y c .11 o B H H H, KaK eJieJI.CTBHe 9Toro, no.nyqeHHe onpe.u.e.neHHbIX <tm-
3HKO-XHMHqeeKHX H MexaHHqeeKHX esoifeTB MeTaJI.na. 

Bee npoueeebI TepMttqeCKoi1 o6pa6oTKH MeTaJIJIOB no,Upa3,Uem110TeS1 
Ha JI.Be oeHOBHbie rpynnbI: 

1) npouecebI, o6yeJIOBJIHBalOIUHe npespam.eHH5I, npoHeXOJlHIUHe BO 
BeeM HJIH TOJlbKO B qaeTH o6beMa eTaJIH npH Harpese JlO onpe,UeJieH
HbIX TeMnepaTyp, BbI.11.ep}!{Ke npH 9THX TeMnepaTypax H OXJia)K)leHHH 
c 3aJI:aHHOH eKopoeTblO; e10.u.a OTHOe5ITe5I: OTfilHr, HOpMaJIH3amrn, 3a
KaJIKa (B TOM 4HeJie H noaepxHOeTHaH), OTnyeK, o6pa60TKa XOJIOJI.OM; 

2) npoueeebI XHMHKO-TepMHqeeKOH o6pa6oTKH, o6yeJIOBJIHBaIOm.He 
H3MeHeHHe XHMHqeeKoro eoeTaBa eTaJIH B nosepxHOeTHbIX eJIOHX no
CJieJI.yIOIUeH TepMHqeeKOH o6pa60TKH (no pe}l{HMaM 1-ii rpynnbI) HJIH 
6e3 Hee. C10.u.a OTHOe5ITC5I: ueMeHTaUHH (Hayrnei:iomHsaHHe), a30THpo
eaHHe, ll,HaHHpOBaHHe H .u.p. 

flPOU.ECCbl, 06YCJ10BJ1HBAIOilVfE flPEBPAUlEHHE BO BCEM 06bEME 
,...., HA.fPEBAEMOR JJ.ETAJIH (H3JJ.EJIH51) 

B npaKTHKe npHMeHHIOTC5I TPH BH.11.a npoueeea, HMeIOm.He eJI.HHOe 
HaHMeHOBaHHe, - on1rnr, HO no co.11.epiKaHHIO - <f>H3HqeeKOH cyIUHO
CTH - pa3JIHqHbie: OTiKHr peKpHeTaJIJIH3aUHOHHbIH, npH·Mem1eMblH 
c ueJiblO eH5ITH5I HaKJiena noeJie XOJI0.11.HOH nJiaeTHqeeKOH .u.eQJOpMaUHH; 
rJiaBHbIM, onpe.u.eJIH!Olll.HM npoueee B 9TOM eJiyqae, HBJI5IeTCH o6pa-
30BaHHe . H pOCT 3epHa; OT}l{Hr KaK npoueec <f>a30BOH . nepeKpH
CTaJIJIH3aUHH H OT:>l<Hr HH3KOTeMnepaTypHbIH, npHMeHHeM_biif e ue.flb!O 
CH5ITHH BHyTpeHHHX HanpHiKeHHH, noJiyqaeMbIX B ,UeTaJI5IX npH KODKe, 
UITaMnOBKe, OTJIHBKe H T. n. 

AKaJI.. A. A. ooqsap on1rnr, npHMeH5IeMblH c ueJib!O peKpHeTaJIJIH-
3all,HH, Ha3brnaeT OT>KHrOM 1-ro poaa, a OTfilHr - t1Ja3osy10 nepeKpH
craJimf3aUHIO - OT>KHroM 2-ro pona . 

.ll.JIH seex Tpex npoueeeos OTfilHra o6lll,HM HBJIHeTeH TO, 4TO B pe-
3YJibTaTe ero npoBe,UeHH5I nonyqaeTe5I pasHoBeCHa5I (yeTOifqHBa5I) 
CTpyKrypa. 

HHfile .u.aeTe5I onpeJJ.eJieHHe KafilJJ.oro npoueeca s OT,UeJibHOeTH. 

OT)l(Hf PEKPHCTAJIJIH3AU.HOHHblA 

0 T )K H r p e K p H c T a JI JI H 3 a u H 0 H H bl if ( OTJIC p) - npouec~ 
TepMH4eeKOM o6pa60TKH, o6ycJIOBJIHBaiomHif HenpaBJieHHe HCKa>KeHHH 
KpHeTaJIJIHqeeKOH perneTKH, noJiyqeHHbIX npH XOJIOJI.HOM .n.et1JopMHposa
HHH MeTaJIJia 3a eqeT o6pa30BaHH5I H poem HOBblX 3epeH. 

PeKpHcTaJIJIH3aUHOHHblif OT>KH:r oeymecrn.nHeTc5I nyTeM Harpeaa 
CTaJIH Ha 150-250° Bblllle TeMnepaTypbl peKpHCTaJIJIH3aUHH [HaqaJia 
pocTa 3epeH ( T P = 0,4 T nA)], BblJI:epfilKH npH 9Toif TeMnepaType H no
CJieay10mero Me,l(JieHHOro oxJia)K,lleHHH. PeKpHcTaJIJIH3aUH5I BbI3blBaeT 
o6pa30BaHHe H pocT 3epeH, CH5ITHe HaKJiena H BHyTpeHHHX Ha
npmKeHHH npH KOaryJISlll,HH ll,eMeHTHTa H o6pa30BaHHH 3eRimeroro 
nepJIHTa. 



PeKpHcTaJIJHI3aUJ!OHHhIH ornrnr rrpHMem1eTCH )1.JIH H3)1.eJIHH npu 

XOJIO,ll.HOM .n.e¢opMHpOBaHHH - npH rrpOH3B0)1.CTBe XOJIO,ll.HOKaTaHHOH 

CTaJlbHOH JieHTbl H .n.ernJiefi rJiy6oKOH Bb!TH)!{KH - KaK rrpoMe)!{yT01IHblH 

rrpou.ecc c 11.eJiblO yBeJIHIIeHHH IIJiaCTH1IHOCTH CTaJU!. 

OT)l(Hf 

0 T )!{Hr ( OTJIC.) - rrpou.ecc TepMHIIeCKOH o6pa60TKH, o6yCJIOBJUl

BaIOlll.HH noJiyIIeHHe paBHOBeCHbIX (ycrniiIIHBhix) CTPYKTYP rrpH cpa3o
BOH nepeKpHCTaJIJIH3all.HH BO speMH Harpeaa H OXJia)!{,ll.eHHH c onpe.n.e

JleHHb!X TeMrreparyp Harpesa a HHTepsaJie rrpespau~eHHH ttJIH BhIIlle, 

rum, B 6oJiee o6mefi cpopMe: OT)!{Hr - npou:ecc TepMHIIecKofi o6pa-

60TKH, 3aKJIIOIIaIOlll.HHCH B rroJiyIIeHHtt paBHOBeCHhIX CTPYKTYP H co
CTOHHHH 1. 

Or)!{Hr ocymecTBJIHeTcH rryTeM HarpeBa .n.eraJieii (H3)1.eJIHi1) .n.o HJIH 

Bhl111e TeMrreparyp B HHTepBaJie rrpeapameHHH ( B 111HpoKoM .zurnrra3oHe 

TeMrrepaTyp), rrpo,ll.OJl)!{HTeJibHOH Bbl,ll.ep)!{KH rrpH 3THX TeMrrepaTypax H 

IIOCJ1e.n.y10mero Me.n.JieHHOro OXJia)!{,ll.eHHH, o6bi1IHO c 3a,ll.aHHOH CKO-
pOCThlO. • 

B pe3yJihraTe OT)!{Hra npoucxo.n.HT H3MeHem1e .n.HcrrepcHOCTH ¢a3, 

cpopMbl H pa3Mepa 3epeH; rrpH 3TOM CHH)!{aeTCH TBep.n.ocTb H rIOBbl-

111aIOTCH IIJiaCn!IIHOCTb H BH3KOCTh. 

OT)!{Hr rrpHMeHHeTCH )1.JIH CJIHTKOB, rrpoKaTa, OTJIHBOK, rroKoBoK H3 

yrJiepO,ll.HCTOH JiernpoBaHHOH CTaJIH, 3arOTOBOK H3 HHCTpyMeHTaJihHOH 

H 6bICTpope)!{y111,eii crnJIH, 111rnMrrosaHHhIX KyoHKOB c U.eJihIO cHHTHH 

BHyTpeHHHX HarrpH)!{eHHH, yJiyq111emrn o6pa6aTbIBaeMOCTH pe3a1meM, 

ycTpaHeHHH cTpyKTypHoi1 Heo.n.Hopo.n.HoCTH H rro.n.roTOBKH K nocJie.n.y10-

lll.ei1 TepMHIIeCKOH o6paoOTKe. C10na )!{e OTHOCHTCH Bee BH)1.bl OTIKHra 

qyryHa, npecJie)1.yIOlll.He 11.eJih - pa3JIO)!{eHHe 11.eMeHTHTa. 
OT)!{Hr no)1.pa3)1.eJIHeTCH: 

A. no ycJIOBHHM HarpeBa H Bhl)1.ep)!{KH 

OT)!{Hf IIOJ!Hh!H - OTJIC n 

OT)!{Hf HeIIOJIHblH - OT;J!C H--n 

OT)!{Hf )1.HclJclJY3HOHHblH - OTJ/Ca 

D. no yCJIOBHHM OXJia)!{,ll.eHHH 

OT)!{Hf H30TepMH1IeCKHH - O'I'.JICU30 

HopMaJIH3aU.HH - H 
B. no YCJIOBHHM B03)1.eHCTBHH BHelllHHX cpaKTOpOB 

OT)!{Hr CBeTJiblH - OTJICcB HcB 

r. no YCJIOBHHM H3MeHeHHH CTPYKTYPhI 

OT)!{Hf c¢epOH)1.H3HpyIOlll.HH - OT;J!C c,P 

OT)!{Hf rpa¢HTH3HpyIOlll.HH - OT;J!C zpalfJ (CM. OT)].. «KJiaccHct>H-

KaU.HH npou.eccoB TepMHIIeCKOH 

o6pa6oTKH qyryHa»). 

0 T )!{Hr no JI H hi li (o'I'.J/Cn) ocymecTBJIHeTCH nyTeM Harpeaa. JJ.O 

TeMrtepaTyphl Ha 30-50° Bblllle TOIIKH Aca, BbI,ll.ep)!{KH IIPH. 3Toi1 'feM-

1 TioA onpe,D:e.neH11e, ,D:aHHOe a 6onee o6meii ct>opMe, nO.D:XO.D:llT 11 ornmr peKpH
CTaJIJill3aUllOHHbiii, II onKllr Hll3Kllii JVHI CHHTHSI BHyTpeHlmX HanpmKeHllii. 
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neparype H nocJie,nyIOrn.ero Me,nJieHHoro oxJia)l{,nemrn c 3a,naHHOii cKo

pocTbJO. 
0 T )!{ H r H e no JI H bl ii ( OTJICH-n) ocymecTBJIHeTCH nyTeM HarpeBa 

JlO TeMnepaTypbI B HHTepsaJie npespamemi:ii, KpaTKOBpeMeHHOH Bbl

JJ.ep:tKKH np0 3TOH TeMnepaType H nocJie,nyIOlll.ero Me,nJieHHoro oxJia:tK}le

HHH. IlpH HeITOJIHOM OT)l{Hre npOHCXO}lHT TOJlbKO qacTM'IHOe H3MeHeHHe 

yKa3aHHbix csolicTB. HenoJIHbIH OT:tKHr np11MeHHeTCH }lJIH 3a3BTeKTOHJl

HOH CTaJIH HJIH copTOBOro npoKaTa H ITOKOBOK H3 )1.03BTeKTOH)J.HOii 

CTaJIH c UeJiblO CHHTHH BHyTpeHHHX HanpH:tKeHHH H YJIY4llleHHH o6pa-

6aTbIBaeMOCTH pe3aHHeM. 

0 T :tK Hr JI. 11 cp cp y 3 Ho H H bl 11 (0TJ1C0 ) ocymecTBJIHeTcH nyTeM Ha

rpesa JI.O TeMrrepaTypbI Ha 150-250" Bblllle TOl!KH Aca, )1.JIHTeJibHoii 

BbIJI.ep:tKKH np11. 3TOH TeMnepaType H noCJie)J.yIOlll.ero OXJia:tK,UeHHH 
c 3aJI.aHHoli cKopocTblO. B pe3yJibTaTe JI.Hcpcj:ly3110HH0ro OT)l{Hra 

npOHCXO,UHT H3MeHeHHe .ll.HCnepCHOCTH cpa3 H HHTeHCHBHbIH POCT 3epeH 

aycTeHBTa • 
.l1.0cpcpy3HOHHblH OT)!<Hr npBMeHHeTCH )1.JIH CJIHTKOB H KpynHbJX 

CTaJibHbIX OTJIHBOK c UeJiblO BbipaBHHBaHHH XHMH4eCKOH HeO)l.HOpO,UHO

CTH H yMeHbllleHHH JIHKBaUHH. 

0 T :>K H r H 3 o T e p M H q e c K H if ( OTJ/Cu30 ) ocymecTBJIHeTcSI nyTeM 

Harpesa ,no TeMrrepaTypbI Bblllle HHTepsaJia npespameHHH, BbI,nep:tKKH 

npH 3TOH TeMnepaType H nocJie,nyIOrn.ero ycKopeHHoro oxJia)l{}leHBH .no 

TeMnepaTypbl Bblllle HHTepBaJia HaHMeHbllleH ycTOH'lHBOCTH aycTeHHTa 

c BbIJI.ep:tKKOH npH 3TOii TeMnepaType ( 0)1.HO- HJIH JI.BYXCTyneHqaToii) H 

nocJie.D.yIOlll.ero oxJia:tKJI.eHHH Ha B03,nyxe. Ilo pe3yJihTaTaM H3MeHeHHSI 

cpH3HKO-MexaHH'leCKHX CBOHCTB H30TepMH'leCKHH OT:tKHr aHaJIOrH'leH 

IlOJIHOMy OT:>KHry, HO npH pe3KOM COKpameHHH npOJI.OJI)l{HTeJibHOCTH 

OXJia)K.D.eHHH. 

Hop Ma JI 11 3 au HSI (H) SIBJIHeTcSI pa3HOBHJI.HOCTblO noJIHoro 

OTJKHra H OTJIH'laeTCH OT Hero TeM, qTO OXJia:>K.D.eHHe .n.eTaJieH nocJie 

Bbl.D.ep:>KKH npOH3BO.ll.HTCH Ha 803.D.yxe. 

HopMaJIH3au,nH rrpHMem1.eTCH JI.JIH noKOBOK 11 llITaMITOBOK H3 yrne

po,nHCToii H JiernposaHHOH KOHCTPYKU.HOHHoii cTaJIH c MaJibIM H cpe.n.

HHM co.n.ep:tKaHHeM yrnepo.D.a, a TaK>Ke JI.JISI ueMeHTYeMbIX .neraJieli. 
0 T )!{ H r c B e T JI bl H ( OTJICCB) - HOpMaJIH3aUHH CBeTJiaH - ocy

. mecTBJIHeTCH no JI1060My H3 yKa3aHHbIX Bblllle TenJIOBbIX pe)l{HMOB, HO 

c np11MeHeHHeM 3aW.HTHbIX aTMOccpep HJIH B ne11ax c qacTHqHbIM 

BaKyyMoM. 

CBeTJibIH OT)l{Hr npBMeHSieTCH JI.JIH xoJIOJI.HOKaTaHHOH JieHTbI, npyT

KOB, npoBOJIOKH, JlJIH )1.eTaJieii XOJIO)J.HOH lUTaMnOBKH, a TaK:>Ke .D.JIH .n:e

TaJieM: rrepe)J. onepau,HHMH raJibBaHH'leCKHX noKpbITHH c UeJiblO 3alll.MTbI 

noBepxHOCTH MeTaJIJia OT OKHCJieHHSI H 06e3yrJiepO:>KHBaHHH. 

0 T )!{Hr c cp e p 0 H )1. H 3 Hp y IO ill. H ii (oTJICcifJ) - ccpepOHJlH38-

UHH - ocymecTBJISieTcSI nyTeM Harpesa c Bbl,nep:tKKOH s6JIB3H K Kp11-

TH11ecKoli TO'IKe Ac1 HJIH npH nep00,n1111ecKoM H3MeHeHHH TeMneparyphl 

OKOJIO (Bbillle HJIH HH)l{e) TO'IKH Ac, (nepJIHTHoro npespameHHH). Ilp11 

3TOM IIOJiy11aeTCH KoaryJIHUHH ueMeHTHTa c o6pa30B8HHeM 3epHHCTOfO 

nepJIHTa npH CHl-!)l{eHHH TBep)J.OCTH H ITOBblllleHHH IIJiaCTHqHOCTH H 
BSl3KOCTH; yHH'ITO>KaeTcsi TaK:tKe Kap6BJI.HaH ceTKa y 383BTeKTOHJI.HbIX 
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CTaJieH:. On1rn:r ccpepmI.II.H3Hpy10nu1fr np1rnem1eTCS:I rJiaBHhIM o6pa30M 
c IIe.JlhlO yJiyqrneHHS:I o6pa6aThIBaeMOCTH CTaJIH ( c > 0,65 % ) 
pe3aHHeM. 

OT)KHf HH3KOTEMUEPATYPHblA (OT)l(Hf HH3KHA) 

Onrmr HH3KOTeMnepaTypHbIH (ontcx-m) - npouecc TepMHqecKoii 
o6pa6orKH, o6ycJIOBJIHBaIOIIIHH no.J1yqem1e pasHosecHhIX CTPYKTYP H co
CTOHHHH, CB060.LlHhlX OT BHyrpeHHHX HanpmKeHHH. 

HH3KOTeMnepaTypHhIH on1mr ocyw.ecTB.JIS:IerCH nyTeM Harpesa Me
Ta.J1.J1a .LlO TeMnepaTypbI HRll<:e Kp1nw1ecKHX yoqeK, .llJlHTeJibHOH gbl
.nep)!<KH H Me.[lJiem1oro OXJia)l{.[leHH51 c 3a,naHHOB CKppoCTblO B 3aBH
CliMOCTH OT ra6apHTOB li3.[leJIHH. 

B pe3yJihrare 3roro npouecca ycTpattHeTcH .uaJihHelirnaH .necpopMa
UHH H3LteJIHH 3a Cl!eT BHyrpeHHHX HanpmKeHHB, CHH)l{aeTCS:I rnep.nocn .. 
H y.J1y4uJaeTc51 o6pa6aTbIBaeMocTh pe3aHtteM. 

HH3KOTeMnepaTypHbIH OT)l{Hr npHMeHHeTCH .II.JIH cTaJihHhIX H qyryH
Hblx OTJlHBOK, .[lJI51 .ueraJieii 113 aJIJOMliHlieBblX li Me)lHblX COJlaBOB. 

Ha cpHr. 1 .uaHo cxeMaTuqecKoe H3o6pa)!{eHtte TenJioswx pe*e:wos. 
npouecca OT)!{ttra. 

3AKAJIKA 

Hau6oJiee cJIO)!{HhIM c T04KH 3peHHS:I y.nosJieTBopeHHS:I 1'pe6osaHHHM 
npoueccos TepMHqecKoii o6pa6oTKH KOHCTPYKU.HOHHoii H BhICOKOJiernpo
BaHHoii craJiu H 11,seTHblx cnJiasos S:IBJIHeTcS:I onpe,neJieHtte npouecca 
3aKaJIKH. 

3 a K a JI K a - npouecc TepMH4eCKOlr o6pa60TKH, o6yCJIOBJIHBaIOIU.HA 
noJiy4eHHe HepasttosecHhix CTPYKTYP npH cpHKcauuH rnep.noro pacTBopa 
BhlCOKOTeMnepaTypHOB ero MO.LU!cpHKaUHli, HJIH ero npespaw.eHH51 B HO
By10 MO.llttcpHKauttIO, HJIH qacrnqI-Joro pacna.na B 60.nee pasHosecHble 
CTPYKTypw s pe3yJibTaTe pe3Koro nepeoxJia)l{.ueHHH TBepnoro pacTsopa 
Bb!COKOTeMnepaTypHOH MO.II.licpHKaUHH co CKOpOCTblO Bblllle KpurnqecKOH. 

3aKaJIKa - npouecc TepMH4ecKoi1 o6pa6oTKH, 3aKJII04aIOIIIttiicn 
B cpttKcawrn HJIH noJiyqeHHH HepasHosecHhIX CTPYKTYP 11 cocTOS:IHHH npH 
nepeoxJia)!{nettHH. 

3aKaJIKa - npouecc TepMHqecKoi1 o6pa60TKH, npHBO.II.HmHH K qm
KcauHH CTPYKTYP HeycTOH4HEoro cocTOHHHS:I. 

<l>HKCaUH51 TBernoro pacrnopa Bb!COKOTeMnepaTypHOH ero MO.II.HcpH
KaUHH ocymecTBJI5leTCH, HanpHMep, y CTaJIH aycTeHHTHOro KJiacca, 
y aJIIOMHHHeswx useTHhIX cnJiasos; npesparn:e1me B Hosy10 MO.LU!cpH
KaUHIO ocymecTBJI5leTC51 y yrJieponHCTOH li JiernposaHHOH KOHCTpyK
UHOHHOH CTaJIH; qaCTHqHblH pacnan BblCOKOTeMnepaTypHOB MO.II.HcjJHKa-
11,HH TBepnoro pacrnopa ocymecTBJrneTcH y yrJiepo,nHCThIX H JiernposaH
HhIX CTaJleH npH H30TepMH4eCKOM OXJia)!{,neHHH (H30TepMHqecKa5:1 H 
cTynett4aTaH 3aKa.nKa). 

3aKaJIKa ocyw.ecTB.nS:IeTcS:I nyTeM ttarpesa .no TeMneparyp Bhll:Ile 
KpHTH'!eCKliX ToqeK, BhI.Liep)!{KH npH 3THX TeMneparypax, He06XO.LIHMOH 
.llJIS:I 3asepweHHS:I npespaw.ettHii:, 60.nee noJittoro pacTBopeHHS:I Jiernpy10-
IUHX 3JleMeHTOB B TBep.u.wx pacTBopax H IIOCJie.U.yIOIUero OXJia)!{)J.eUHSI 
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co cKopocTbIO, 06ecneq1rna10rn.ei1 rrepeoxJia:m:,u.emi:e BhICOKOTeMrreparyp
HOH MO,u.H¢HKaUHH TBep,u.oro pacTBopa (.U.JIH CTaJIH H qyryHa) co CKO
pOCTb!O Bbillle KpHTHqecKOH B HHTepBaJie HaHMeHbllleH ycTOHqHBOCTJ-1 
aycTeHHTa . 

.lJ.JIH 60JibllIHHCTBa CTaJibHbIX ,u.eTaJiei1 ( H3,U.eJIHH) IlOCJie 3aKaJIKH 
o6H3aTeJibHO rrpHMeHHeTCH rrpouecc OTrrycKa. 3aKaJIKa c IlOCJie,u.yIOlll.HM 
BblCOKHM OTITYCKOM Ha3bIBaeTCH y JI y q Ill e H H e M. 

Pe3yJihTaTOM 3aKaJIKH HBJIHercH rroJiyqeHHe HepaBHOBecHhlx cTpyK
Typ, HarrpHMep ,U.JIH yrnepOJI.HCTOH, MaJIO- H cpe,u.HeJiemposaHHOH 
CTaJIH, MapTeHCHTa H TpOOCTHTa. 

5IBJIHHCb OCHOBHbIM rrpoueccoM TepMHqecKOH o6pa60TKH .nernJieH 
MallIHH, HHCTpyMeHTOB H rrpHcrroco6JieHHH, 3aKaJIKa rrp11Mem1eTCH 
c ueJih!O IlOJiyqeHHH BbICOKOH rnep,U.OCTH H Tpe6yeMbIX ¢H3HKO-MexaHH
qecKHX csoi1crn. 

3aKaJIKa HMeeT CJie,u.y10rn.He pa3HOBH,U.HOCTl1: 
A. no ycJIOBHHM Harpesa H BbI,U.ep:m:KH: 
3aKaJIKa IlOJIHaH - 3 n H saKaJTKa HeIT0'71Ha51 3 H-n . 

5. no YCJIOBHHM OXJia)f{,U.emrn H H3MeHeHHH crpyKTYPhI: 
saKaJTKa cTyrreHqaTaSJ. 3cn,; 3aKaJTKa H30TepM11qecKaH 3a3o; 3a-

KaJIKa rrpepbIBHCTaH 3 np; 3aKaJIKa C Il0,U.CT)')!{I1BaHHeM 3 ncm; 3aKaJIKa 
c caMOOTITYCKOM 3 co· 

B. no ycJIOBHHM 803,U.eHCTBHH BHellIHHX ¢aKTOpOB: 
saKaJIKa cBeTJiaSJ. 3 cB, 3aKaJIKa q11cTaH 3 q• 3aKaJIKa no.n ,u.asJie-

HHeM !:J oBA' 
.D.. no YCJTOBHHM H3MeHeHHSI. TBep,U.OCTH Ha rrosepxHOCTH H no 

ceqeHHIO: 

3aKaJIKa MeCTHaH - JI.H¢¢epeHUHaJibHaH 3M-O H 3aKaJIKa nosepx-

HOCTHaH 3 noB' • 

3 a K a JI K a n o JI H a H (3 n ) ocyrn.eCTBJIHeTcH nyTeM Harpesa JI.O 
TeMrreparyp Ha 20-50° Bhillle TOqKH Ac3 ,U.JIH ,U.03BTeKTOH,U.HOH CTaJTH. H 
Ha 20-50° Bblllle ToqKH Ac1 ,U.JIH sa::rnreKTOH,U.HOH CTaJIH ( ocTaJihHOe 
aHaJiornqHo ocHOBHoMy onpe,n:eJieHHIO npouecca) . 

.lJ.JIH useTHbIX CITJiaBOB 3aKaJIKa IlOJIHaSI. ocyrn.ecTBJIHeTCH npH Ha
rpese Ha 5-10° Bhillle TeMrrepaTyphr npe,u.eJihHOH pacrnopHMOCTH 
H36bITOqHbIX 3.JieMeHTOB B TBep,u.oM pacrnope. 

3 a K a JI K a H e n o JI H a H ( 3 n- n) ocyrn.ecTBJISJ.eTcH rrpH Harpese 
.no TeMnepaTyp B HHrepsaJie npeBparn.eHHH (sbrllle ToqKH Aci); npw 
3TOM HapH.rr.y c HeycTOifqHshIMH CTPYKTypaMH OCTaIOTCH 6ea H3MeHeHHH 
H30bITQqHbie ¢a3bl ( ¢epp1n ,U.JIH ,U.03BTeKTOH,U.HOH CTaJIIf). 

3 a Ka JI Ka c Tyne H q a Ta SJ. (3 ) ocyrn.ecrnJIHeTcH nyTeM Ha
rpeBa ,u.o TeMnepaTyphr s IfHTepsaJie npesparn.em1if HJIH Bhillle (B aa
BHCHMOCTH OT co,u.ep:m:aHHSI. yrnepo,u.a B CTaJIH)' BbI,U.ep:m:KH rrpH 3TOll 
TeMrreparype H rrocJie,u.yIOrn.ero 6bICTporo oxJia:m:,u.eHHH. OxJia)f{,1I,em1e 
npoH3BO,U.HTCH B cpe,ll,e, o6ecrreqHsaIOrn.ei1 CKOpOCTb Bbillle KpHrHqecKOH 
B HHTepsaJie HaHMeHbllleif ycToi1qHBOCTH ayCTeHHTa, c Bbr,u.ep)!\KOH 

· B 3TOH cpe,u.e rrpH TeMrrepaType Ha 20-30° Bblllle TeMnepaTyphI HaqaJia 
MapTeHCHTHOro npeBparn.eHHH (MH ) ' npH npo,u.OJDl<HTeJibHOCTH, MeHb
rneif HaqaJia pacrra,u.a ayCTeI-rnTa, H npH nocJie,u.yIOrn.eM oxJia:m:,u.eHHH 
.UO HOpMaJibHOH TeMnepaTypbi. nocJie 3aKaJIKH 06H3aTeJieH OTTIYCK. 
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CTyneHqaTaH saKaJIKa npHMeHHeTcH )l.JIH HHCTpyMeHTOB HS yrJiepo
Jl.HCtoii JiernpoBaHHOH 6bICTpope>Kymeii CTaJIH, )l.JIH )J.eTaJieH rnapHKO
H poJIHKOCTO)l.llIHCTHHKOB, sy6qaTblX KOJiec H T. n. c UeJlblO noJiyqe
HI{fl Tpe6yeMblX MexaHHqecKHX CBOHCTB npH MHHHMaJibHOH )1.ecpop
MaUHH. 

3 a K a JI K a II s o Tep M H q e c Ka H ( 3u3o) ocymecTBJIHeTCH ny
TeM Harpesa .n:o TeMnepaTypbI Bhlrne HHTepsaJia npespameHHH, 
BbIJI.ep>KKH npH 3TOH TeMneparype, noCJie)l.yIOmero 6bICTporo oxJia>K.n:e
HHH B cpe.n:e, o6ecneqHBaIOmeii CKOpOCTb Bblllie KpHTHqecKOH (B HHTep
BaJie HaHMeHbllieH ycroifqHBOCTH aycTeHHTa) H BbI)l.ep>KKH B 3TOH 
cpe,11.e npH TeMnepaType B mnepsaJie OT HaHMeHbrneii ycroifqHBOCTH 
aycTeHHTa )l.O HaqaJia MapTeHCHTHoro npespameHHH (A-fn)upH npo.n:oJI
*HTeJibHOCTH, o6ecneqHsaIOmeii noJIHbIH pacna)l. aycTeHHTa. 

PesyJibTaTOM npouecca SIBJISieTCSI rroJiyqeHHe CTPYKTYPhI HrOJibqa
Toro TpoocTHTa (ypaJIHTa) rrpH nosbirneHHbIX sHaqeHHHx n.nacTHqHoCTH 
H BSl3KOCTH H OJJ.HOBpeMeHHO BbICOKOH rrpoqHOCTH IIpH MHHHMaJibHOH 

.n:ecpopMaUHH .n:eraJieli. OTnycK rroCJie saKaJIKH Ha TpoocTHT (ypaJIHT) 
UpHMeHSieTCSI B saBHCHMOCTH OT Tpe6yeMOH TBepJJ.OCTII H MexaHHqecKHX 
CBOHCTB; rrpH H30TepMHqecKOH BbJ)l.ep>KKe B sepxHeH: o6JiaCTH rrpespa
meHHSI OTnycK He SIBJIHeTCSI OOSI3aTeJibHbIM. 

CTpoJJ.OJDKHTeJibHOCTb o6mero UHKJia o6pa6oTKH pesKo coKpa
maeTCSI. 

B npHMeHeHHH K TepMHqecKOH o6pa6oTKe npoBOJIOKH 3TOT rrpouecc 
Ha3bIBaJICSI II a Te HT Hp 0 B a H He M, ocymecTBJISieMbIM rryTeM Ha
rpesa .n:o TeMnepaTypbI Ha 20-30° Bblrne Ac3, BhI)l.ep>KKH npH 3TOH 
TeMrreparype H OXJia>K)J,eHHH B pacnJiaBJICHHOM CBHHUe HJIH pacnJiaBJieH
HblX COJISIX npH 540-560° 6es TIOCJie)l.yIOmero OTnycKa. 

3 a Ka JI Ka n pep bl B H c Ta SI (3 np ) aHaJiornqHa no ycJIOBHSIM 
Harpesa CTOJIHOH HJIH HenOJIHOH saKaJIKe npH OXJia>K)l.eHHH B BO)l.e c BbI
.n:ep>KKOH B npoMe>KyTKax Ha BOsJJ.yxe HJIH B MacJie (BoJJ.a --. BOSJJ.yx, 
Bo.n:a --+ MacJio). CTpepbIBHCTasi saKaJIKa npHMeHSieTCSI JJ.JISI KpynHhIX 
11 CJIO}l{HOH KOHcpHrypaUHH )l.eTaJieii: HJIH HHCTPYMCHTOB c UCJiblO 
yMeHbllICHHSI BHyTpeHHHX Hanpsi)l{eHHH H JJ.ecpopMaUHH np11 sa
KaJIKe. 

3 a Ka JI Ka c no JI. c Ty }I{ 11 Ba H 11 e M (3 ncm) ocymecTBJISieTcH 
nyTeM HarpeBa JI.O TeMnepaTypbI Ha 50-100° Bbrrne ToqK11 Aca, BbI
JI.ep}l{KH np11 3TOH TeMnepaType c f!OCJICJI.YIOW:HM saMeJI,JieHHblM OXJia
>KJI,eHHeM (nOJI.CTY>KHBaHHeM) JI.O TeMnepaTyphr, 6JIH3Koli K Ac3, H JI,aJib
HeiirnrrM OXJia}l{)J,eHHCM co CKOpOCTblO Bblllle KpHTHqecKOH. 

3aKaJIKa c TIO)l.CTY}l{HBaHHCM npHMCHSleTCSI JI,JIH JI,eTaJieH H3 MeJIKO
sepHHCTOH CTaJIH, a TaK}l{e JI,JIH ueMCHTOBaHHbIX JI.CTaJieH npH Henocpe,n
CTBCHIIOH saKaJIKe H3 ueMeHTaUHOHHOH neqH c ueJiblO yMeHbllICHHSI B 
CTpyKrype saKaJieHHOro CJIOH OCTaToqHoro aycTeHHTa H CHH}l{CHHSI BHy
TpeHHHX HanpH}l{eHHH H JI,ecpopMaUHH npH saKaJIKe. TexHoJiornqecKHii: 
npouecc ocymecTBJIHeTcH, Hanp11Mep, no cxeMe: ueMeHTaUHH npH 
920-940°' CTOJI,CTY}l{HBaHHe JI.O 780-800°' Henocpe)l.CTBeHHaH saKaJIKa 
c nocJie)l.yIOII~HM IIH3KHM OTnycKOM. 

3 a Ka JI Ka c ca Moo T n y c Ko M (3co ) - npouecc, aHaJIOrHl!
HbIH CTOJIHOH 11Jll1 HenOJIHOH saKaJIKe, HO npH npO)IOJI)l{HTeJibHOCTH 
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oxJia:>K.rr.emrn B 3aKaJioqnoH: cpe.rr.e, 06ecne1nrna10meH: TOJibKO qacrn.4Hoe 
oxJia:>1<.rr.em1e c nosepxHOCTII. 

KpaTKOBpeMeHHoe oxJia:>1<.rr.eHI1e B 3aKaJieHHoH: cpe.ne c nocJie.nyK>
IIJ,IIM OXJia:>1<.rr.eHI1eM Ha B03.IJ.yxe. 

,UaJibHeH:rnee oxJia:>1<.rr.eHI1e Ha so3,n:yxe cos.rr.aeT ycJIOBIIH caMoor
nycKa 3aKaJieHHOro CJIOH .rr.eTaJIII 3a C'leT OCTaTO'IHOH BHyTpeHHeH Tt'
IlJIOTbl. 3aKaJIKa c caMOOTilYCKOM npIIMeHHeTCH npeIIMyIIJ,ecTBeHHO npl! 
MeCTHOH H .rr.mflcpepeHIJ,IlaJibHOH 3aKaJIKe .rr.ernJieH: HeCJIO:>KHOH KOHcpH
rypal.l,HH c IJ,eJihlO yMeHbrnemrn BHyTpe1rnI1x HanpH:>KeHIIH II .rr.ecpopMa
lJ.HH: npH 3aKaJIKe, a TaK:>Ke c lJ,eJiblO CHil:>KeH!rn Tpy.rr.oeMKOCTII TepMH
qecKOH o6pa60TKII. 

3 a Ka JI K a c B e T JI a H (3 CB ) - npII JI1060H: pa3HOBIIJJ:HOCTH npo
IJ,ecca saKaJIKH - ocyIIJ,eCTBJIHeTCH c npI1MeHeHI1eM 3aIIJ,IITHbIX aTMO
ccpep npII Harpese H c oxJia:>K,n:eHHeM B cseTJiosaKaJII1Ba10meM 
MaCJie. 

CseTJiaH saKaJIKa npIIMeHHeTCH JJ:JIH npy)!{IIH, sy6~iaTbIX KOJiec, 
BaJios II .rr.pyrnx ,n:eTaJieH:, pa60TaIOIIJ,MX npH snaKonepeMeHHbIX Harpys
Kax, c lJ,eJiblO 3aIIJ,IITbl OT OKHCJieHIIH II 06esyrJJepo:>KI1BaHI1H II noJiyqe
HHH B03MOiKHO 6oJiee Bb!COKIIX 3Ha'leHIIH ycTaJIOCTHOH IlPO'IHOCTH. 

CseTJiaH saKaJIKa npIIMeHHeTCH TaK>Ke so scex .rr.pyrnx cJiyqa51x 
c lJ,eJiblO 3aIIJ,HTbl CTaJibHblX ,n:eTaJieH: OT OKHCJieHHH II o6esyrJJepO)!{H
BaHIIH. 

3 a Ka JI Ka q H c Ta H (3" ) - npoIJ,ecc, aHaJIOrH'IHblH cseTJio:if 
3aKaJIKe, HO npII npIIMeHeHIIII JII06blx saKaJIO'IHbIX cpe.rr., OCTaBJIHIOilJ,IIX 
o6bl'IHO Ha nosepxHOCTII ,n:eTaJieH: IJ,BeTa no6e:>1<aJIOCTM HJIII npHrap 
MaCJia. 

3 a Ka JI Ka no .rr. .rr. a B JI e H He M (3 0811 ) - BIIJJ: saKaJI}\II, xapaK
TepHsy10IIJ,I1HCH npI1MeHeHI1eM 6oJiee IIJIH MeHee 3Ha'IIITeJibHOro ( 100--
200 Kc/MM2) BCeCTOpOHHero .rr.asJieHIIH B npoIJ,ecce OXJia:>K,n:eHIIH Il3JJ:eJIIIH 
s rnTaMnax. 

B pesyJihTaTe noJiy'laeTcH Il3MeHeHile cKopocTII cpa30BblX npenpame
HIIH, 'ITO yJiyqrnaeT MexaHI1'1eCKI1e csoH:cTBa cTaJieH: II noshrrnaeT pe)!{y
IIJ,Ile csoH:crna IIHCTpyMeHTOB. 

3 a Ka JI K a M e c TH a H - JJ:IlcpcpepeHIJ,MaJibHaH (3 M-U ) - JI1060H: 
Il3 yKa3aHHhIX Bbillie Bii.ii.OB npoIJ,ecca, npIIMeHHeMbIH TOJibKO JJ:JIH qacTII 
,n:eTaJIII, - MeCTHOe IlOBblllieHile TBep.rr.ocTH, Il3HOCOYCTOH'IIIBOCTII HJIII 
npO'IHOCTII. 

3 a Ka JI K a n 0 B e p x H 0 c TH a H (3noB) ocyIIJ,eCTBJIHeTCH nyTeM 
Harpesa .rr.eTaJieH: co CKOpOCTblO HapaCTaHIIH TeMnepaTypbI BbIUJe 
1000° /MIIH (.rr.o 100 000° /MIIH). B Kaqecrne IICTO'IHIIKa Harp es a np11Me-
1rneTcH 3JieKTpOToK H rasosoe nJiaMH. 

TiosepxHOCTHaH saKaJIKa npIIMerrneTCH KaK Bii.II. JJ:IlcpcpepeHIJ,I-IaJlbHOH 
(MeCTHOH) 3aKaJIKII ,n:eTaJieH: MallIIfH II HHCTpyMeHTOB H 06ecneq1rnaeT 
Bb!COKYIO rnep.rr.ocTb, H3HOCOYCTOH'IIIBOCTb, IlOBbillieHHYIO BbIHOCJIIIBOCTb. 

HaI160Jiee pacnpocTpaHeHHOH B npoMblllIJieHHOCTII HBJIHeTCH nosepx
HOCTHaH saKaJIKa npII 3 JI e K T p 0 H a r p e B e T 0 K a M II B bl c 0 K 0 H 
l[ a CT 0 T bl. 

CJie.rr.crnileM BhICOKOH cKopocTII Harpesa T. s. 'I. HBJIHeTCH nosb1rue
HI1e TeMneparyphI 3aKaJIKII II pesKoe pacrnI1peHI1e ee HHTepsaJia. 
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3ro, s csoio oqepeJJ.h, np1mo.nJ1T K noJiyqemuo nocJie 3aKaJJKH 
MeJIKOiffOJibqaT01'1 CTPYKTYPhI MapTeHcHrn, a TaK)f{e noBhIIIIeHHOH TBep
JJ.OCTH. 

Ha qmr. 2 np1rneJJ.eHo cxeMaTHqecKoe H306pa)f{em1e TenJIOBhIX 
pe>KHMOB npou.ecca 3aKaJIKH. 

OTnYCK 

OrnycK ( 0) - npou.ecc TepMI1qecKoii o6pa6oTKII, 3aKJIIOqaIOI..ll,IIHC51 
B npespal.ll,eHHH ttepasttosectthix cTpyKTYP 3aKaJieeeoro cocTOHHIIH 
B ooJiee paseosectthre. 

0TnycK ocyl.ll,ecTBJI5IeTC51 nyTeM Harpesa )J.eTaJJeH MaIIIIIH H IIHCTpy
MeHTOB Hil)!{e TeMneparyp npespal.ll,eHIIH, BbJJJ.ep)f{KII npII 3TIIX TeMne
paTypax H noCJieJJ.yIOI..ll,ero oxJia)f{)J.eHIIH. 

B pe3yJihTaTe ornycKa noJiyqaIOTCH oOJiee ycToif qIIBhie CTPYKTYPhI, 
HanpIIMep, Jf.Jl5I CTaJIII no cxeMe MapTeHCIIT-+ TµOOCTIIT -+ copOIIT II, 
Kai< CJie)J.CTBile 3TOro, - TpeoyeMhie MexaHI1qecKI1e CBOHCTBa IIJIII CHHTJ.Ie 
BHyTpeHHIIX HanpH)f{eHIIH. 

0TnycK npIIMeHSieTCSI B coqeTaHIIH co CJieJJ.y!Ol.lJ.IIMII npou.eccaMII: 
3aKaJIKOH, u,eMeHTall,IleH (JJ.JIH CTaJIII, coxpaHHIOI..ll,eH OCTaTOqHhIH aycTe
HHT B U,eMeHTOBaHHOM CJioe) II U,I1aHHpoBaHI1eM. 

no YCJIOBH5IM Harpesa H BbIJJ.ep)f{KII OTilYCK IlOJJ.pa3)J.eJIHeTC5I Ha: 

OrnycK Bb!COKHH • • • • 
HH3KHH •••• 
MHOroKpaTHblH • 

OrnycK BhICOKIIH ( 0 8 ) - earpes JJ.O TeMnepaTyphr B I1HTepsaJ1e 
350-650°, BbIJJ.ep)f{Ka npII 3TOH TeMnepaType II OXJia)f{)J.eHile c JIIOOOH 
c1mpoCTb!O JJ.JIH CTaJIII, He IlO)J.Bep)f{eHHOH OTilYCKHOH xpynKOCTII .. .UJIH 
CTaJIII, IlOJJ.Bep)f{eHHOH OTilYCKHOH xpynKOCTH, IlOCJie BbJJJ.ep}l{KII npII 
TeMrrepaType BhICOKOro OTnycKa npI1MeHHeTC5I ycKopeHHOe OXJia)f{)J.eHile 
B MaCJie IIJIII BOJJ.e. 

BhICOKHii OTnycK npIIMeHHeTCH JJ.JIH JJ.eTaJieii, I13rOTOBJIHeMbIX Il3 
yJiyqrnaeMoii KOHCTPYKU.IIOHHOH CTaJIII, JJ.JIH IIHCTpyMeHTOB Il3 OhICTpo
pe)f{yl.lJ.eii CTaJIII, a TaK)f{e JJ.JI5I u,eMeHTyeMbIX MapoK CTaJIII, COJJ.ep)f{a
IUIIX OOJlhIIIOe KOJIIlqecrno OCTaToqHoro aycTeHI!Ta B CJIOe. 

0 T n y c K H II 3 K II H ( 0 H ) - HarpeB JJ.O TeMnepaTyphl B HHTep-
BaJie 150-200°' BbIJJ.ep)f{Ka npII 3TOH TeMnepaType H OXJia)f{)I.eHHe 
~~ JIIOOOH CKOpOCTh!O. 

HH3KIIH oTnycK npIIMeHHeTCH nocJie 3aKaJIKII JJ.JIH JJ.eTaJieii, noJJ.Bepr
HYThIX u.eMeHTaU.IIII, u,I1aHI1poBaHI1IO II: nosepxeocTHoii 3aKaJIKe, a TaK)f{e 
JJ.JJH IIHCTpyMeHTOB, Il3fOTOBJieHHhlX Il3 yrnepOJJ.IICTOH II JiernpoBaHHOH 
IIHCTpyMeHTaJihHOH CTaJIII )I.Jl5I CH5ITH5I BHyTpeHHIIX HanpH)f{eHIIH. 

0 T n y c K M H 0 r 0 K p a TH bl H ( 0 .MKp) - Bil)I. OTnycKa, xapaKTe
pi:rnyIOI..ll,IIHC5I MHOroKpaTHhlM (JJ.Ba-'leTbipe pa3a) IlOBTOpeHileM HarpeBa 
JJ.O 3a)I.aHHOH TeMnepaTyphI c IlOCJie)I.y!Ol.lJ.IIM IlOJIHbIM OXJia>K)I.eHileM. 
MeoroKpaTHhIH oTnycK npIIMeHHeTcH rJiaBHhlM o6pa30M JJ.JIH IIHCTPY
MeHTOB Il3 OhICTpope}l{yl.ll,eii CTaJIII. B pe3yJihTaTe MHoroKparnoro OT
nycKa JJ.OCTHraeTcH 6oJiee noJieoe npespal.ll,eHI1e ocTaroqeoro aycTemna, 
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<l>Hr. 2. CxeMaTH'leCKoe H306palKeHHe TeIIJIOBblX pelKHMOB npouecca 3aKaJIKH: 

3n - 3aKaJIKa nOJIHaH 3H.· n - 33KaJIK3 H~nOJIHa&; .3n08 - 33H3JIK3 noeepxHOCTH8ll; 3ni!c - 38K8JIK8 c no11cTy)ICH88HHeM; 

3cm - 381<8JIK8 CTyneH'laTa•; 3U30 y -33K8JIK8 H30TepMH'leCK3ll; 3co - 38K8JIK8 c C8MOOT!JfCJ!OM; tMH. t.ic-; TeMne

paTypa MeTaJIJia Ha noeepxHoCTH u e cepm~eeHHe 11eTaJ1H; MH. H M" - TeMnepaTypa H&'laJia H KOHn:a Mai>TeHCHT-

aoro npeepameHu11; -: - npo110J1>KHTeJ1bHOCTb ·npon:ecca; P" H P" - Ha'laJio u KOHen: pac11a11a aycTeHHTa. 
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tITQ npHBO,ll.HT K IlOBblilleHHIO TBep,ll.OCTH H CTOHKOCTH pe}f{ym.ero HHcrpy
MeHTa. 

B npoH3BOJJ.CTBeHHblX yCJioBHHX pacnpocTpaHeH TepMHH c Tape
H H e, HMeIOID.HH ,ll.BOHKOe co.u.ep}f{aHHe. 

B npHMeHemm K HHCTpyMeHTaJihHoil: cTaJIH no.u. crnpeHHeM noHH
MaIOT npouecc TepMHqecKoil: o6pa60TKH, o6ycJIOBJIHBalOIII.HH CTa6HJIH3a
UHIO pa3MepoB HHCTpyMeHTa B pe3yJihTaTe CHH}f{eHHH TeTparoHaJibHOCTH 
IVIapTeHCHTa npH 150-180° B TeqeHHe )1,JlHTeJlbHOro BpeMeHH. Ilo 

cpH3HqecKOil: cym.HOCTH - 3TO npouecc HH3KOro OTnycKa. 
B npHMeHeHHH K useTHblM cnJiasaM H, B qacTHOCTH, K aJIIOMHHHe

BblM - .u.ypaJIIOMHHaM - no.u. CTapeHHeM IlOHHMaIOT npouecc Bbl,ll.eJieHH51 
H3 TBep)J,oro pacTBopa MeJIKO)l.HCnepcHblX qacTHU HHTepMeTaJIJIHqecKHX 
(xHMHqecKHX) COe)J,HHeHHil:, qyo npHBO)J.HT K IlOBblilleHHIO npoqHQCTH H 
CHH}f{eHHIO nJiaCTHqHocTH cnJiaBOB. 

Ilpocp. H. A. MHHKesHq [3] no :>TOMY sonpocy nHcaJI: «5IBJieHHe 
)l.HCrrepcHoro TBep)l.eHHH B Harneii: JIHTepaType Ha3bIBaIOT MaJIOyJJ.aqHbIM 
TepMHHOM «CTapeHHe». 3TOT TepMHH IlOHBHJICH HCTOpHqecKH H OTHO
CHJICH K IlOBbIIlleHHIO rnep)l.OCTH H IlOHH>KeHHIO BH3KOCTH }!{eJie3a HJIH 
MHrKoil: CTaJIH, rrporne)J.IllHX XOJIOJJ.HYIO HJIH ropHqyJO o6pa6oTKy, HH>Ke 
A2, s rrpouecce JJ.aJihHeii:rnero HX BhIJie}f{HBaHHH npn: KOMHaTHOil: TeMne
paType .•. Ho TaK KaK JJ.eil:cTBHTeJihHOe TBepJJ.eHHe rroJiyqaeTCH TOJihKO 
rrpH BbICOKO)l.HCIIepcHOM COCTOHI-HIH BHOBb Bbl)J,eJIHIOIII.eil:cH cpa3bI, TO Mbl 
H HaillJIH ueJiecoo6pa3HbIM o603HaqHTb 3TO HBJieHHe TepMHHOM, BbI)l.BH
HYTbIM A. C. 3aii:MOBCKHM, - «JJ.n:cnepcHOHHOe rnepJJ.eHn:e». 

TepMHH «CTapeHn:e» s npHMeHeHHH K CTaJIHM CJie.u.yeT H3oHTh, TaJ< 
KaK OTITYCK, HH3KHH no cpn:3n:qecKoil: cym.HOCTH, HBJIHeTCH c HHM 11)1,eH
THqHbIM. 

06PA60TKA xonOAOM 

06pa60TKa XOJIO)J.OM ( 0 x) - rrpouecc TepMn:qecKOH o6pa60TKH, 
3aKJIJOqaJOIII.HHCH B B03MO}f{HO 6oJiee IIOJIHOMi rrpespameHHH OCTaToqHoro 
aycTeHHTa B MapTeHCHT y CTaJiett, TeMrrepaTypa KOHua MapTeHCHTHOro 
rrpeBpameHHH KOTOpbIX Jie>KHT HH}f{e HOpMaJibHOH (P18, P9, xr, IIIX15, 
Hayrnepo>KeHHhitt CJioil CTaJIH 12X2H4A, 20X2H4A, 18XHBA n: T. n.). 

B pe3yJihTaTe o6pa6oTKH XOJIOJJ.OM rrOBhIIllaIOTCH rnepJJ.OCTh H cToil:
KOCTh pe>Kymero HHCTpyMeHTa, npOHCXOJJ.HT CTa6HJIH3aUHH pa3MepoB H 
IIOBblillaeTCH H3HOCOYCTOil:qn:nocTb H yCTaJIOCTHaH npoqHQCTb ueMeHTO
BaHHblX )1,eTaJierr MaillHH; BMeCTe c TeM CHH>KaeTCH HX yJJ.apHaH BH3-
KOCTb. 

06pa60TKa XOJIO)J.OM npHMeHHeTCH, Harrpn:Mep, )1.JIH CTaJierr MapoK: 
P18, P9, II1Xl5, 12X2H4A, 20X2Hl.IA, 18XHBA H Jl.p. 

nPOU.ECCbl XHMHKO-TEPMH1IECKOA 06PA60TKH 

XHMHKO-TepMn:qecKaH o6pa60TKa - H3MeHeHHe XHMHqecKoro COCTaBa 

B nosepxHOCTHblX CJIOHX MeTaJIJia ( c nOCJieJJ.yIOIII.HM H3MeHem1eM MHKpo
CTPYKTYPbI) IIOJJ. B03)1.eil:cTBHeM BHeillHHX cpeJJ. H TeMnepazyphI H, 
KaK CJie)J,CTBHe 3TOro, IIOJiyqeHHe onpe)l.eJieHHblX <fJH3HKO-XHMH" 
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qecKHX H MexaHHqecKHX CBOHCTB nosepxHOCTH H cep.rr.u.eBHHb! B HX 
B3aHMO,ll.eHCTBHH. 

XHMHKO-TepMHqecKaSI o6pa6oTKa npHMeHSieTCSI c U.eJibIO IIOBbnueHf!SI 
npe.rr.e.11a BbIHOCJIHBOCTH KOHCTPYKU.HOHHoH: cTaJIH IIpH II,HKJIHqecKHx Ha
rpy3Kax, noshuueHHSI H3HocoycToH:qHsocTH TPYILl.HXCSI IIOBepxHocTeH: .rr.e
TaJieH: c Ll,eJlb!O npomso.rr.eH:cTBHSI BJIHSIHHIO BHeIIIHHX cpe.rr. IIPH HOp
MaJibHOH H BbICOKOM TeMnepaType (ycToH:qHBOCTb IIpOTHB Kopp03HH H 
>KapOCTOHKOCTb). 

U.EMEHTAU.H.st 

UeMeHTaU.HSI (HayrnepmKHBamre) (I{) - npou.ecc xHMHKO-TepMHlle
cKoii: o6pa60TKH CTaJibHb!X ,u.eTaJieH, 3aKJIIOqaIOILl.HHCSI B HaCbIILl.eHHH HX 
nosepxHocm yrnepo,u.oM Ha onpe)J.e.11eHHy10 rny6HHy. 

UeMeHTaU.HSI - npou.ecc HacbIILl.eHHSI IIOBepxI-IOCTHoro CJIOSI H3,ll.eJIHH 
yr JiepO,ll.OM. 

UeMeHTaU.HSI ocymecTBJISieTcSI nyTeM Harpesa cTaJibHbIX H3.U.eJIHH s 
npHCYTCTBHH Hayrnepo>KHBa10meH: cpe)J.bl ,ll.O TeMrrepaTypbI aycTeHHTHOrO 
COCTOSIHHSI CTaJIH (BbIIIIe TOllKH Aca)' BbI,ll.ep»mH IIpH 3TOH TeMIIepa
Type B 3aBHCHMOCTH OT Tpe6yeMOll rJiy6HHbI CJIOSI H OXJia:>K,n.emrn c pa3-
JIHllHOH CKOpOCTb!O (OT 3aMe,ll.JieHHOll JJ.O Herrocpe)J.CTBeHI-IOll 3aKaJIKH). 

¥fa,u.eJIHSI IlOCJie Hayrnepo>KHBaHHSI IlO,ll.BepraIOTCSI 3aKaJIKe H HH3-
KOMy ornycKy. 

B pe3yJibTaTe Hayrnepo>KHBaHHSI IIpoHcxo)J.HT H3MeHeHHe Konu.en
Tpau.HH yrnepoJJ.a OT IIosepxHOCTH K cepJJ.u.esrrne H H3MeI:IeHHe B 3Toli 
CBSI3H IIOCJie TepMHqecKOll o6pa60TKH MexaHHlleCKHX CBOHCTB CJIOSI H 
H3,ll.eJ1IISI B u.eJIOM - ITOBbIIIIeHHe H3HOCOYCTOllllHBOCTH, IIpe,ll.eJia BbIHOC
JIHBOCTH II ITOBbIIIIeHHe npol!HOCTH IIOBepXHOCTHOro CJIOSI. 

Hayrnepo}KHBaHIIIO IIO,u.sepraIOTCSI JJ.eTaJIII MaIIIHH: 3y6qaTbie KO
Jieca, pacnpeJJ.eJIHTeJibHbie saJIIIKII, IIOpIIIHeBbie IIaJibU.bI, saJibI, JieMexH 
H OTBaJibI rrJiyroB II T. II.; H3MepHTeJlbHbIH HHCTpyMeHT - KaJIH6pbI, 
JieKaJia, IIIa6JIOHbI H T. II. 

UeMeHTyeMhre crnJIH MapoK: 10-25, 1sr, 2or, 15X, 20X, 20X3, 
21X, 25H, 15Xr, 2oxr, 18XrM, 18XfT, 15X<P, 20X<P, 12XM, 20XM, 
15HM, 20HM, 20XH, 12X2H4, 20X2H4. 

UeMeHTaU.HSI rro.rr.pa3,ll.eJIHeTcSI no ycJIOBHSIM so3,u.elicrn11SI BHeIIIHHX 
tjJaKTOpOB Ha: 

u,eMeHTaU,HIO TBep,llblM Kap6IOpH3aTOpOM ll.m 
ra3oay10 • • • • ll.z 
lKH,llKOCTHy10 • • • • • • • li:HC 

u e Me HT a LI. II SI TB e p JI. bl M Kap 6 IO pH 3 a T 0 p 0 M (I{ m) 
ocyw.ecTBJISieTCSI IIyTeM Harpesa H BbIJJ.ep:>KKH CTaJibHbIX )J.eTaJieli B 
rnepJJ.OM Kap610pII3aTOpe. 

UeMeHTaU.IISI ra3oBaSI (l.{ 2 ) ocymecTBJISieTcSI nyTeM Ha
rpesa rr BbIJJ.ep>KKH CTaJibHbIX .rr.eTaJieli s aTMoctjJepe ra3osoro Kap610-
pH3aTopa - cMecII ra3os, coJJ.ep>Kalll.IIX s csoeM cocTase MeTaH CH4, 
OKHCb yrnepoJJ.a CO, HeIIpe,u.e.11bHbie yrnesoJJ.opo)J.bI H JJ.p. 

u e M e H T a LI. H SI )i{ H JI. K 0 c T H a SI (I{ :JIC) ocymecTBJISieTCSI nyTeM 
Harpesa CTaJibHbIX JJ.eTaJieH: s pacnJiaBJieHHbIX yrnepo,LI,coJJ.ep>Kalll.HX 
COJISIX. 
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A30THPOBAHHE 

A 3 o TH p o s a H H e As - npou.ecc XHMHKO-TepMH'leCKOH o6pa60TKH 
CTaJibHblX JI.eTaJieH:, 3aKJIIO'lalOW.HHCH B HX HaCbIW.eHHH a30TOM Ha onpe
.ll.eJieHHYIO rJiyOHHY OT nosepxHOCTH. 

AaOTHposaHHe - npou.ecc HachIW.eHHH nosepxHOCTHOro CJIOH aaoTOM. 
AaoTHposaHHe ocyw.ecTBJUleTCH nyTeM Harpesa cTaJibHblX JI.eTaJieH: 

s npHcyTCTBHH aMMHaKa NH3 AO TeMnepazypbI s HHTepsaJie 500-650°, 
JVIHTeJihHOif BblJI.ep>KKH npH 3THX TeMnepaTypax B aaBHCHMOCTH OT TPe
oyeMoif rJiyOHHbl CJIOH H ycKopeHHoro OXJia>KJI.eHHH, OOblllHO no.a: IlOTO
KOM aMMHaKa. 

A30THposaHHe HBJIHeTCH KOHeqHhIM npou,eccoM II.HKJia TepMH
qecKoif o6pa60TKH H npHMemieTCH c II.eJib!O IlOBblllleHHH H3HOCO
ycToifq11aocTH, KOpp03HOHHOH CTOHKOCTH H npe,a:eJia Bb!HOCJIHBOCTH 

. ,a:eTaneif MalllHH. 
B rrpaKTHKe OTeqecrneHHbIX 3aso,a:os .II.JIH aaoTHpyeMbIX ,a:ernneif 

rrpHMeHHeTCH CTaJib MapKH 38XMIOA; B IlOCJie,a:Hee BpeMH c II.eJiblO 
flOBbIIlleHHH rrpe,a:eJia BbIHOCJIHBOCTH a30THposaHHIO rro.rr.sepraIOTCH 
TaK>Ke CTaJIH xpOMHCThie, xpOMOHHKeJieBbie, xpoMOHHKeJibBOJibcppaMO
Bble, xpOMOHHKeJibMOJIHO)J:eHOBbie H .rr.p., HanpHMep MapoK 18XHBA, 
18XHMA, 311355. 

AaoT11posaH11e rro.rr.pa3,a:e.1rneTCH: no ycJIOBHHM Harpesa H BbI.II.ep>KKH 
Ha a30THpOBaHHe H30TepMHqecKOe (As uao ) , a30THpOBaHHe MHOroczy
rreHqarne (As.M-cm); no ycJIOBHHM so3.rr.eifcrnm1 BHelllHHX cpe:n: -·Ha 
a30THposaHHe ra30BOe (Asl) H a30THposaHHe >KHAKOCTHOe (As.71<..). 

A 3 o TH p o s a H H e r a 3 o so e (As2} - 1rnrpes CTaJibHhIX 113,a:e
JIHif s aTMoccpepe rrapos aMMHaKa. 

fa3osoe a30T11posaHHe ocyw.ecTBJIHeTCH nyTeM Harpesa CTaJibHblX 
H3AeJIHif B repMernqecKtt: 3aKpbIThIX MYQleJIHX HJIH rreqax s rrp11cyTCTBHH 
rrapos aMMHaKa NHa, ,a:11ccou.11aII.HH KOToporo ,a:onycKaeTCH BilJIOTb JJ.O 
65 % (a NH,= 15-+- 65 % HOpMaJibHO 15-30 % ) . 

A30T11posaHHe >KHAKOCTHoe (As.71C) - uarpes cTaJibHhIX H3AeJIHif s 
pacrrJiaBJieHHblX COJIHX c rrponycKaHHeM qepe3 HHX aMMHaKa. 

nJIH 3aW.HTbI ,a:eTaJieif OT KOpp03HH qepe3 COJib rrporrycKaeTCH IlO
CTOHHHblH TOK IIJIOTHOCTb!O 0, 1-0,25 a/oM2 (,a:eTaJib - aHO,U, rpacpHT -
KaTO,a:). 

B HacTm1w.ee speMH s rrpoMbIIllJiemrocT11 rrp11MeHHeTCH TOJihKO ra3o
soe a30THposaHHe. 

A 3 o TH po Ba H He 113oTepM11 q e c Koe (Asuao) - Harpes H3-
AeJIHH c Bhr,nep>KKoif rrpH orrpe,a:eJieHHOif TeMrrepaType, o6brqHo s HHTep
saJie 500-520°. 

A 3 o T H p o B a H H e M H o r o c T y rr e H q a T o e (As M-cm) - Ha-
rpes H3.UeJI11if c BhI,a:ep>KKOH npH pa3JIHqHhIX TeMrrepaTypax, o6hI'lHO s 
HHTepsaJie 500-650°. .M.HorocTyrreHqaToe a30THposaHHe npHMeHHeTCH 
c l.l,eJib!O ITOBbIIlleHl1H 3cpcpeKTHBHOCTH npou.ecca (yBeJIHqeHHe rJIYOHHhI 
CJIOH rrp11 MHHHMaJibHOH rrpo,a:OJI:>KHTeJibHOCTH). 
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U,HAHHPOBAHHE 

u Ha H Hp 0 Ba H He (11,np) - npou.ecc XHMHKO-TepMHqecKOH o6pa
OOTKH, saKJnoqaIOII.J.HHCH B IlOBepxHOCTHOM HaCbIIII.eHHH CTaJIH yrJiepo
.D:OM H a30TOM O.D:HOBpeMeHHO H IlOBblllleHHe B 3TOH' CBH3H MexaHHqe
CKHX CBOHCTB H H3HOCOYCTOHqHBOCTH. 

UHaHHpoaam1e - npou.ecc o.n:HospeMeHHoro HaCbIIII.eHHH nosepx
HOCTHOro CJIOH H3.D:eJIHH a30TOM H yrJiepo.n:oM. 

UHaHHpoBaHHe ocyru.ecTBJIHeTCH nyTeM Harpeaa CTaJihHbIX .n:ernJieii 
B aKTHBHhIX yrJiepo.n:- H asOTco.n:ep:>Karu.Hx cpe.n:ax .n:o TeMnepaTyp, cooT
BeTCTBYIOIII.HX MaKCHMaJibHOMY norJioru.emiio H .n:mpcpysmr yrJiepo.n:a HJIH 
asoTa, BbI)J.ep:>KKH npH 3TOH TeMnepaType B 3aBHCHMOCTH OT Tpeoye
MOH: rJIYOHHbl CJIOH H nOCJieJJ.yIOru.efi 3aKaJIKH HJIH OXJia:>K,n;eHHH Ha 
B03JJ.yxe. 

CTpH BhICOKHX TeMnepaTypax npeaaJrnpyeT HacbIII.J.eHHe crnJIH yrne
po.n:oM, npH HH3KHX - a30TOM. 

UHaHHpoaaHHe noJJ.pas.n:eJIHeTcH: no yCJIOBHHM B03JJ.eficTBHH BHeru
HHx cpaKTOpOB Ha U,HaHHpOBaHHe :>KH.D:KOCTHOe (11,np:m:), U,HaHHpOBaHHe 
rasoaoe (11,np z ) , U.HaHHpoBaHHe B TBep.n:oH: cpeJJ.e (11,npm); no yCJio
BHHM HarpeBa - Ha U,Ham1poBaHHe BbICOKOTeMnepaTypHoe (11,Hpa.m) 
U.HaHHposaHHe HH3KOTeMnepaTypHoe (11,np H-m). 

UHaHHposaHHe B TBepJJ.OH cpeJJ.e (11,1-tpm) - Harpea CTaJihHbIX H3JJ.e
JIHH: c npifMeHeHHeM TBep,n:oro Kap6mpH3aTOpa B CMeCH c COJI51MH 
K4Fe(CN)B HJ1H KaFe(CN)B. u Ha H Hp 0 Ba H He r a 3 0 B 0 e (11,1-tpl) - Harpea CTaJibHbIX 
H3JJ.eJIHH B aTMoccpepe ttayrJiepo:>KHBaioru.ero raga (70-80 % ) B cMeCH 
c aMMHaKOM (30-20 % ) . 

u Ha H Hp 0 Ba H He :>K H JJ. K 0 c TH 0 e (11,1-tp:JIC) - HarpeB CTa.'lb
HbIX H3)1.eJIHH: B pacnJiaBJieHHbIX a30T- H yrJiepo,n:co,n:ep:m:aru.Hx COJIHX 
( c U.HaHHJJ.OM HaTpH51 HJIH KaJIH51 N aCN, KCN) H c U.HaHHJJ.OM KaJihU.HH 
Ca(CN)2. 

UHaHuposam1e BhICOKOTeMrrepaTyprme (11,1-tp s-m) - Harpea CTaJih
HbIX H3,n:eJiuH: c BbIJJ.ep:m:KoH: npu TeMrrepaTypax Bbillle Ac1 B HHTepsa.ne 
720-850° MO:m:eT ocyru.eCTBJI51TbCH B )KHJJ.KHX H ra30Bb!X cpe)J.ax 
(11,1-tp B-m, :JIC, 11,1-tp o-m, 2). BbICOKOTeMrrepaTypHoe . u.uaHHpOBaHHe npu.,. 
MeHHeTCH .D:JI51 cTaJibHhrx .n:ernJieH:, H3rOTOBJI51eMhIX H3 KOHCTPYKU.HOH
HbIX CTaJieH: (HanpuMep, 15, 20, 40, 20X, 40X H T. n.) c U.eJib!O IlOBbI
lUeHH51 H3HocoycTOH'IHBOCTH H npeJJ.eJia BbIHOCJIHBOCTH. CToCJie BbICO
KOTeMnepaTypHoro u.uaHuposaHH51 .n:ernJiu no.n:sepra10Trn HH3KOMY 
omycKy. 

UHaHupoaaHHe HH3KOTeMnepaTypttoe (11,1-tp H-m) - Harpes H3.D:eJIHH 
c Bbl,n:ep:>KKOH npH TeMneparype Ha 10-15° HH:m:e Te!lmeparypbl BbICO
KOro OTITYCKa; MO:>KeT ocyru.ecTBJl51TbC51 B )i{H)J.KHX cpe.n:ax (11,1-tpH-m, :JIC). 
B ra30BbIX (11,npH-m,z) H TBepJJ.bIX (11,1-tp H-m,m). HH3KOTeMnepaTypHoe 
U,HaHHpOBaHHe npHMeHHeTCH ,UJI51 ITOBbillleHHH pe:>KyII.J.HX CBOHCTB H 
CTOHKocrn HHCTpyMeHTOB, H3rOTOBJI51eMbIX H3 6hICTPOpe:>Kyru.efi H Bblco~ 
KOJiernpoBaHHOH CTaJiefi; HBJIHeTC51 KOHeqffbIM npou.eccOM TepMH9eCKOH 
o6pa6oTKI!. ' 
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AnlOMHHHPOBAHHE 

AJIIOMHHHposaHHe (AA) - npou.ecc ttachII.Ll,emrn nosepxHocrnoro c.110H 

H3)l.eJIHH aJIIOMHHHeM. 

AJIIOMHHHposaHHe ocymecTBJISieTCH nyTeM Harpesa cTaJibHhIX H 11y

ryHHhIX H3)l.eJIHH B cpe)l.ax (o6hiqHo aJIIOMHHHH B CMeCH c XJIOpHCThIM 

aMMOHHeM NH4Cl HJIH aTMOccpepa XJIOpHcToro aMMOHHH AlCla), co)l.ep

.>Kal.Ll,HX aJIIOMHHHH )l.0 TeMnepaTyphI B HHTepBaJie 900-1100°, JJ}IH
TeJibHOH BbI)l.ep.m:KH npH 3THX TeMnepaTypax B aaBHCHMOCTH OT Tpe6ye

MOH rJiy6HHbI CJIOH H noCJie)l.y1omero Me)l.JieHHoro oxJiaiK)l.eHHH • 

.llJIH yBeJIHqeHHH rJiy6HHhI CJIOH H CHHJKeHHH KOHU.eHTpau.HH aJIIOMH

HHH Ha IlOBepxHOCTH npHMeHHeTCSI IlOCJie)l.ylOI.Ll,HH OT.H<Hr ()l.Hcpcpy3HOH

HhIH), o6hiqHo npH .TeMneparype B HHTepsaJie 900-1150°. 

TepM-HHhl npou.eccoB XHMHKO-TepMHqecKoli o6pa6oTKH B 60JiblllHH

cTBe cJiyqaeB orrpe.rr.eJIHIOT cyl.Ll,HOCTb npou.ecca, HanpHMep, «u.eMeHTa
U.HH» (ttayrJiepo.>KHBaHHe) - ttachll.Ll,eHHe CTaJIH yrnepo.rr.oM, «a30THpo

BaHHe» - a30TOM H T. )].. HcKJIIOqeHHe cocTaBJJHeT TepMHH «11.Ham1po

BaHHe», npHHHTbIH no npHattaey npHMeHHeMoro npH npou.ecce CbipbH -

UHaHHCThIX COJieH. 

BoJiee npaBHJibHhIM B 3TOM CJiyqae 6b1JI 6b1 TepMHH «a30TOUeMeHTa

UHH», HO TaK KaK TepMHH «Ull:aHHpOBaHHe» lllHpOKO npHMetrneTCH B 

npOMhlllIJieHHOCTH, OH OCTaBJieH 6ea H3MeHeHHH • 

.llaHHaH CTaTbfl neqaTaeTCH ,ll,JIH o6cy>K)l.eHHH ee B )l.HCKYCCHOHHOM 

nopH.II.Ke. TipH o6cy.m:)l.eHHH TepMHHOB aBTOp cqHTaeT Heo6xo)l.HMbll\l 

HCXO)l.HTb H3 )l.BYX OCHOBHblX no.110.m:eHHH: l) onpe)l.eJieHHe TepMHHa 

)l.OJl}l{HO BCKpbIBaTb B nepBylO oqepe)l.b cpH3HqecKylO cyl.Ll,HOCTb rrp6uecca 

H 2) pa3HOBH)l.HOCTH OCHOBHbIX npoueccoB TepMHqecKoii o6pa60TKH 

)l.OJl}l{Hbl KJiaccmpHU.HPOBaTbCH no onpe)l.eJieHHhIM npH3HaKaM • 
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OT PEJJ.AJUJ,HH 

llpe.n:craBJieHHblil: Katt.n;. rexH. HayK .11.ou. A. A. lliMhIKOBhIM .11.oKJia.11. «TepMHHo

JIOrHH H KJl3CCHcj}HKaUHH npoueCCOB repMH'!eCKOH OOpaOOTKH CT3JIH» 6b!JI OOcYlK.ll.eH 

Ha 3ace.n;aHHH KoMHTeTa Merannose.11.eHHH H repMH'!ecwoil: o6pa6orKH MOHHTOMAlll. 

llo 06cy>K.11.eHHH .11.oKJia.11.a ObIJia BhI.n;eJieHa KOMHCCHH B cocrase asropa 

A. A. lliMbIKOBa, .11.-pa rexH. HayK npo¢. M. E. EiJiaHrepa H KaH.11.. rexH. HayK 

A. A. Pay3HHa, Koropoil: Ob!JIO nopyqeao BHecTH Ha ocHoBe 06cy>K.11.eHHH n:oKJia.11.a 

nonpaBKH K npoeKry repMHHOJIOrHH H KJiaccHcj)HKaUHH npoueccos repMH'lecKoil: 06pa

'6oTK11 CTaJIH. 

llocne sHeceHHH coorsercrny101uHx nonpasoK H .n;onoJIHCHHil: .11.ou. A. A. lliMhI

KOBblM Ob!JI C.11.CJiaH 1110 .11.aHHOMY Bonpocy .ll.OKJ!a.n; Ha Hay'!HOH cecc1111 repMllCTOll

·MeraJIJIOBC.11.0B B .11.eKaope 1952 r., 3aTeM 3TOT BOnpoc BHOBb paccMaTpllBaJICH Ha 

3ace.11.aHHH I(oMHTera MeTaJIJIOBe.n;eHHH II repMll'!eCKOfI oopaooTKH MOHHTOMAW 

9 HHBapH 1953 r. llpe.11.cTaBJIHeMbie H'IUKe repMllHOJIOr!IH II KJiaccHcj)llKaUllH npouec-. 

cos repMH'!eCKoil: o6pa6oTKH craJI11 KoM11reroM repMoo6pa6orKH H MeTaJIJIOBe.n;eHHH 

MOHHTOMAW BbIHOCHTCH Ha ll!HpOKOe oocyM.n;eHHe KOJIJieKTf!BOB paOOTHHKOB 38. 

BO.ll.OB, Hay1rnO-llCCJie.11.osaTeJibCKHX HHCTllTYTOB II BY30B. 



PEl(OMEH,ll.YEMblA fiPOEl(T TEPMHHOJIOfHH OCHOBHblX 
CTPYl(TYPHblX COCTABJISllOUJ.HX CTAJIH H 0603HA11EHHSI 

KPHTH11ECl(HX T011EI( * 
CocTaBUiett KoM11cc11eft KoMl!TeTa MeTaJIJIO'BeJJ.ettl!ll MOHHTOMAill B OOCTaee: 

a-pas TeX/i. 1tayK npo¢eccopoe A. II. I'JIJIHEBA, B. r. J/HBll!HII,A 
u H. JI. MHPKHHA 

OT BCECOt03HOff CEKUHH METAJIJIOBE.ll.OB 
H TEPMHCTOB BHHTOMAW 

MocKOBCKa51 HayqHo-Texmi:qecKa51 ceccrrn no MeTaJIJiose.u.emno H 

TepMrrqecKoii: o6pa6oTKe paccMoTpeJia npe.u.JiaraeMhrii: HHJKe npoeKT Tep

MHHOJIOrHH ocHOBHhIX CTPYKTYPHhIX cocTaBJI51JOW:HX CTami: H o6o3Haqe

HH51 KpHni:qecKHX TOlJeK H perrrnJia no.u.seprHyTh HaCT051W:HH npoeKT 

urn:poKoMy o6cyJK.u.emno. 

BcecoJ03Ha51 ceKUH51 MeTaJIJiose.u.os H TepMHCTOB BHI1TOMAIII 

o6paw:aeTC51 KO BCeM MeCTHbIM KOMHTeTaM MeTaJIJIOBe.u.eHH51, opra1m3a

UH5IM BHI1TOMAIII Ha npe.u.npHHTHHX H s yqpeJK,n:eHHHx, K qJieHaM 
BHI1TOMAIII, a TaKJKe KO sceM MeTaJIJiose.u.aM H TepMHcTaM npo

secTH o6cyJK,n:eHHe npe,n:JiaraeMoro npoeKTa TepMHHOJIOrHH H npHcJiaTh 

CBOH npe.u.JioJKemrn H 3aMeqaHH51 B a.upec BHI1TOMAIII (MocKBa, 12, 
np. BJia,UHMHposa, 6, BHI1TOMAIII, ,n:JIH BcecoJ03Hoii: ceKUHH MeTaJIJIO
se.uos-TepMHCTOB). 

Bceco1031taJ1 ceKtfUfl .Mem;uioeeaoe u Tep.MUCTOB 

" YTBepJKJJ.ett MocKOBCKOH Hayl!Ho-rexHlll!ec~oft cecc11eil: no MeraJIJIOBeJJ.eHlllO 11 
repM!!l!eCKOH o6pa6orKe 22 HOH6pl! 1952 r. (CM. CTp. 316-318). 
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I. DPOCTbIE CTPYKTYPbl (O.IlHO«l»A3HblE) 

I . 06osHa'le- I 
HHe 

A 

K 

u 

r 

M 

OnpeJleneune 

Taep.n.blii pacrnop yrne
po.n.a H .n.pyrHX SJieMeHTOB 
B 1-ll(ene3e 

Taep.n.blii pacTBop yrne
po.11.a (06bJqHQ HH3KOH KOH
neHtp3l1HH nop11.11.Ka COTblX 
.n.oneii npouettta) H .n.pyrnx 
sneMeHtcB B a-ll(eJie3e 

XHMHqecKoe coe.n.HtteHlrn 
Metanna c yrnepo.n.oM H 
TBep.lJ.bJe paCTBOpbl Ha HX 
OCHOBe 

Kap6H.n. ll(eJie3a FesC 
H TBep.ll.ble pacTBOpbl Ha 
ero OCHOBe 

Yrnepo.n. H MO.l\HtPHKaut111 
rpacp11ra 

Taep.n.h1ii pacraop yrne
po.11.a H .n.pyr11x sneMettroe 
B a-ll(eJie3e, nonyqeHHbIH 
n pe3y.nhTare oco6oro (6e3-
.ll.HtPtPY3HOHHoro) npeapa
meHHH 

PeweTKa Ky6HqecKa11, 
rpattenettrpHpoaattHas; He-
qieppoMarHHTeH. 06hlqHo 
IlOJIH3.ll.PHqecKall MHKpO-
crpyKrypa 

PewerKa Ky6HqeCKas 
o6'beMHOneHtpHpOB3HH3ll; 
cpeppoMarHHTeH 

Ero pa3HOBH.ll.HOCTH: Kap-
6tt.n. ll(eneJa, Kap6H.n. xpoMa 
H r . .11.. 06na.n.aer ·aecLMa 
BbICOKOii TBep.11.ocTbJO 

PewerKa opropoM6Hqe-
CKa11; cpeppOM8rHHTeH. 
06na.n.aer BeCbM3 BbJCOKOH 
rnep.11.octbIO 

PewerKa reKcaroHanL · 
H8H CJIOHCT3H. 06na)laer 
BeChMa Hl13KOH TBep.n.o-
CTbIO. 8hrnen11errn 6e3 
rpaaneHHH nrnttcpa; H"1eer 
qepHbiii user. BeposrHo, 
co.n.epll(HT a pacTBope JI.py
rtte sneMeHThI 

PewerKa Ky6ttqecKas 
06'beMHOneHtpHpOB3HH3ll 
(npH H3JJHqHH B pacraope 
yrnepo.n.a HJIH a3ota rerpa
roHa.nLHa11). 06na.n.aer Bhl
coKoii TBep.11.ocrb10. <l>eppo
MarHHTeH. MHKpocrpyx
rypa HronLqaroro BH.ll.3 



II. cnOM{HblE CTPYKTYPbl (MHOfO«l>A3HblE) 
--------------------------------- ----- -

TepMHH I 0603- I HatteHHe OnpeJ1eJ1eH11e I OpHMe'l&HHe 

3BTeKTHKa 9 CMecb Jleyx HJJH 6onee floJlpa3JleJJlllOTCll Ha Kap-
TBepJlblX ct>aa, 06pa3oeae- 6ffJlHylO, u.eMeHTffTHylO, rpa-
lllffXCll npff 9BTeKTff qecKOH cpffTHYIO H cpoccjlff.llH)'IO 9BTeK-
KpHCTaJIJJH3aU.HH >KH.llKOH THKH 
c1>aa1>1 

Kap6Jf.!IHaR 3K 3BTeKTHKa, COCTOll Ulall flpff IlOCJJC.llYIOW.eM OXJJ3· 
9BTCKTHKa B MOMeHT o6pa30BaHHH H3 >KJleHHH MOlKeT IlO.llBeprHyTbCll 

aycreuuTa H Kap6HJla H3MeHeHffllM (nanp1rnep, pac-
naJl aycTeHHTa) 

UeMeHTffT- 3u 3ereKTffKa, COCTOll Ula >I 

I 
To >Ke 

Hall B MOMeHT o6pa30BaHHll H3 
9BTCKTffKa aycreHHTa ff u.eMeHTffTa 

fpacjlffTHaH 3z 3BTeKTffKa, COCTOll W.all . 
9BTeKTffKa B MOMCHT o6pa3oBaHffll H3 

aycTeHffTa H rpa<j>ffra 

<1>oc<j>ffJlHall 3!P 3eTeKTffKa, COCTOlllllaH . 
9BTeKTffKa B MOMCHT o6pa30BaHffll HJ 

aycTeHHTa, U.eMCHTHTa H 
<j>occpn.lla 

nepJJffT n 3BTeKTOffJl, 06pa3y10- 06paayeTCll IlpH OTHOCH· 
lllffHCll H3 ayCTCHffTa, CO· TCJlbHO MaJJOM nepeoxnalK.lle-
CTOlllllHH HS <j>eppHTa H HHff aycTeHHTa (061>1quo 
Ka~6ff.lla Bbl Ille 500°), HMeer nnacTHH • 

'la Toe CTpoeHHe pa3HOH JlHC· 
nepCHOCTff 

WTeiiH- ill .llncnepcHall cMech <j>ep- l1MeeT HfOJJbqaTb1ii ffJJH 
6eprnT PffTa H u.eMCHTHTa, nonyqeu- nepffCTblH BH.ll MHKpOCTpyK-

Hall npu pacna.ne aycTeHffTa TYPbl 
B ycJIOBHllX 6oJJhlllOro ne-
peoxnalK,neHffll (06b1quo B 
ffHTepeane 
4.'>0-200°) 

TeMneparyp 

4epHOBffT 4 CMeCb MapreHCHTa H .llHC- flpo,nyKT pacna.lla MapTeH-
nepcuoro Kap6H.na. Bbl.lle- CffTa npff HHSKHX TeMnepary-
JJffernerocH ff3 Hero pax ornycKa (.llJJH yrnepo.llff· 

croii cranff - HfflKe 300°). 
B MapTeHCffTe coxpaHHeTCll 
HeKOTopall TeTparoHaJibHOCTb, 
TaK KaK Bbl.lleJJeHffe yrnepo.na 
He 3aKoHqeuo 

Cop6nr c CMecb 4>eppnra ff c<j>e- 06pa3yeTcH IlpH BblCOKHX 
pou.nanbHoro Kap6n.lla TeMnepaTypax ornycKa (.llJJll 

yrnepO.llffCTOH CTaJJH - Bbl Ille 
400°), a TaKlKe B pe3yJJbTaTe 
ccjlepOH.llH3ffpyiomero OTlKHra 

-- -
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Ill. 0603HA'IEHH}I KPHTH'IECl(HX TO'IEK 

KpHTH'leCKHe TO'IKH 'lepHoila 

A 1 -TeMnepaTypa ¢a3oaoro paattoaec1u1 aycTeHHT ~ ¢eppHT + Kap6HA; 
A3- reMnepaTypa tta'!aJia Bbl,lleJieHH!I H3 aycTeHHTa ¢eppHra npH oxJia/KJJ.eHHH 

HJIH KOHeu: pacTBopeHHll ¢eppHTa npH HarpeaaHHH, B ycJIOBH!IX paBHOBeCHH; 
A"-TeMnepaTypa tta11aJia BbIJJ.eJieHHll H3 aycre1rnra Kap6HJJ.a npH oxJia/KJJ.eHHH 

HJIII KOHU:a pacTBopeHHJl Kap6HJJ.a npH ttarpeaaHHH, B YCJIOBH!IX paBHOBeCHll; 
Ac- TeMneparypa c:ooTBeTCray10mero npeapameHHll li JJ.8HHblX yCJioBHllX npn 

Harpea.amm (ttanpHMep Ac,, Ac, H r. n.); 
A,-reMneparypa cooTBeTcrny10mero npeapamettHll a JJ.8HHbIX ycJIOBHllX npa 

oxJiaJK,!I.eHHH (HanpHMep, A, , A, H T. n.); 

A,'- TeMneparypttbili HttrepaaJI npeapai°u:eHHll aycrettara a nepJIHT; 
A," - reMneparypttbili HHTepaan npespameHHll aycreHHTa B 111reliH6eprnr; 
Ac, - reMneparypHb!H HHTepaan npespa·meHHll nepJIHTa e aycreHHT. 

TeMnepuyp1o1 MapTeHCHTHoro npeepaw.eHH11 

A..u -TeMnepaTypa ¢a30B0f0 paBIWBeCHll aycTCHHT ~ MapTellCHT; 
M-reMneparypa Ha11aJia MapTeHcHTHoro npeapamettHH npH ttenpepblBHOM 

OXJl8JK,!I.eHHH; 
M"-reMneparypa OKOH'laHHll Maprettcwrnoro npeepameHHll npH Henpepble

HOM Q,JCJJ8JKJJ.eHHH. 

TeMnepuyp1o1 MarHHTHhlX npeepaw.eHHH 

A0 - TeMneparypa norrepH (npH HarpeaaHHH) HJIH Bi03HHKHoeeHHll (npl! oxJia
>KJJ.eHHH) ¢eppoMarHeTH3Ma (TO'!Ka K10pM) JI.Jill u:eMeHTHTa; 

A2-TeMneparypa norepM (npH HarpeaaHHH) HJIH B03HHKHoeeHHll (npH oxJia
>K.U.eHHH) ¢eppoMarHetH3Ma (TO'!Ka K10pH) JI.Jill ¢eppHTa. 

IV. COTIOCT ABJIEHHE PEKOMEHJJ.YEMblX H HEPEKOMEHJJ.YEMblX 
)J,JJSI TIPHMEHEHHSI TEPMHHOB 

TepMHHhl H o6o3Ha4eHHH KpHTH4eCKHx T04eK 

HcpeKOMeHAyeMble I PeKoMeHAyeMble 

JleJJ.e6yp11T 
I 

Kap6H.U.Hall 9BTeKTHKa; u:eMeHTHTH3!1 
SBTeKTHKa 

CT3,!I.HT I cf>oc¢H.U.HaH 9BTeKTHK3 

Cop611T saKaJJKH 
I nepJJHT 

TpoocrHT 3aKaJIKH 

TpoocTHT orrrycKa 
I Cop6ar 

nepJIHT ornyCK8 

BeliHHT I WTeli116eprnr 
!1roJib'l3Tbili TpOOCTHT 

OmymeHHbili MapreHCHT I lfepHOBHT 

Acm I A" 

Io I AM 

Ms 
I M MH 

Mt I M" 
--
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