
KonrcypcHan pa6ora

I,IC C JI EAO BAHI4E B JIUflIJVIfl TIPIIC MOIIHbIX MATEPI,IAJI OB HA C TPYKTYPY I4

cBofrcrBA 3oH JIABEpHofi H,q,nrA.BKlI JrorIAToK rr,tl

Auuoma:qun

B dauuo'it cmambe npueedeu oHaflu3 rrntrHun mept4urtecKoil o6po6omKu Ha u3MeHeHue u3Hoco-

cmoilna' ceoilcme rbtcoKomewnepamypHwx npunoer Ha ocHoBe HuKern nocre npoeedeuua ra3ep-

uoit uunynacuoil HannanKu. CQopuynuponaHu percoueudaquu no eadopy onmuJ4arbHozo Mame-

puara d'm eoccmaHoBreHut ronamoK myp1ocmapmepq zasomyp6uHHozo deueomena u3 cnJtanos

)KC6-K. ,(auuaa pa6oma flrrflemcfl npodontrceHueM paHee npoeedeuuatx pa6om [],2,3,4J.

Kntoqeebte cJroSa

Jlasep, HCtt?JIaGKa, rbtcoKomeMnepamypHbtil npunoil, ceoilcmea, usHococmoirrcocma, Kaqecm7o.

BseneHue

B uacrosqee BpeMt axTyanbHofi rer,raruxoit gsnflerc BoccraHoBneHr,re r,r3HorrreHHbrx nola-

roK KoMlrpeccopa, ryp6rauu u ryp6ocraprepa (TC) fTA B cBfi3r.r c MHororrr{creHHbru cHrrr{eM c

LI3IeJII4{ rlpr,I npoBeAeHI,Iu peMoHTa nocne uapa6omu uo 6paronorrHhrM [pr.r3HaKaM, TaKr,rM KaK:

Ilt3Hoc, sttdouna H T.L. Jlonamu fTA .Ialqe Bcero pa6oraror nprr TeMneparypax 800 - 1 1 00 oC, vro

Mo)Ker riaK)I(e cKa3blBarbcs. Ha [porlHocrHbrx ra r43Hococrofixrax xapaKTepr{crlrKax Marepr,raJra no-

narKl{, B ToM rILIcne rI rocJle BoccraHoBr{remuoft HarrJraBKr,r. B 4anuofi pa6ore rrpnBeAeHbr p$yJrb-

Tarbl I{coJleAosaHuft no BJrr{rHr,rro repMvqecroft o6pa6orKr4 Ha Ben[qr.rHy a6pasunnoro r,r3Hoca Ha-

[JIaBJIeHHbrx [opollrKoBbx npffroeB Ha ocHoBe Hr,rxeJrr rrocJre r.IMrrynbcHofi la":epuofi uarrrlasru.

trtlcuonrgoeauLIe yKa3aHHbrx trpunoeB rrpu BoccraHoBJreulnr ]r3Hourennofi Bblcorbr rrepa nolarKpr

TC fTA rIo3BoJII{T He roJIbKo BoccrarroBr4Tb reoMerpr{ro, Ho u [oBBrc]rrb l,I3uococroftxocm roprla,

IITO yBeJlr,rqr,rT pecypc JrolaToK IIo cpaBHeHr,rrc co BHoBb rr3roToBJreHHbrMr.r.

MeroAnru ucc;reqonanufr

I,Iunylrcnas. na3epnas. HanJIaBKa rrpor.r3BoArlJracb Ha rBepAorenrnoft nasepnofi ycranonre

MoAenI4 ALFA-300 npolr3BoAcrea OOO <Jlasep@opM) Ha o6pa:qu u3 craJru Cr2 pasuepaMr4

20x20 MI'I LI ToJllqurtoft.2 uu. JlaaepH$r roporuKoBas Ha[JraBKa BbrcoKoreM[eparypHbx Hr4KeJre-

BbIx ilpurroenBflp24,BIIp27, BIIpl l-40H lr KoMrro3rrquoHHoro Marepnilra Ha ocHoBe Ni c marrnr

xap6r,I4orvr nom(fparraa Por-,{rop 6740 (ra6n 1) npono4rEJracb MeroAoM HarrrraBKr,r n noporuronoft



BaHHe [l]. Pasuephl 3oHbI HaIIJIaBK]I cocraBr,rJrr,r 10x10 MM r{ Bbrcorofi 5 rrru. Bsua upoBereHa Jra-

3epHar Ha[JraBKa o6pasqon B KoJr]rqecrse 12 rur. (no 3 o6pasqa KaxAor-o nrE4a) .4nr npoBeAeH]rt

TepMwre cKux ucnsn anuil

Ta6nuua I

XraM['{ecK[fi cocras v ccneAyeMbrx Marepr,ranor (n MaccoBhrx upoqenrax)

.{nr uponereuus. rlccJleAoBaHuit 6rtn nrr6pan pex}rM Jra3epHoro sosAeftcreI,rr, xapaKTepra-

crlrKrr Koroporo [p]rBeAenbr y ra6nuge 2.

Ta6nwta2

Irlcurrranut na a6pastrnHrrft r,r3Hoc 6rnu [poBeAeHbr n la6oparoprir4 HauocrpyKTypt4po-

BaHHbIx norprrrrafi CaufTY Ha ycrauoere VHr,rnepca-n-1A co6pannofi Ha 6ase cBepJrLrJrbHoro

crauKa CC-13/350, o6ecne.rusarcuefi qepe3 cvcreMy AarqlrKoB r.r cpeAcrB perncrpaurrr{ Henpe-

prrnHrrfi KoHTponb HopMrrJrbuofi narpysra r,r MoMeHTa rpeur4r.
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llcnurasun ya a6paznsHrrfi Lr3Hoc fipoBo,qr{nucb JroKnJrbno B rracrKe 3oHhr HarrJraBKLr, Ma-

repl{an ICoHrpreJIa - rpy6ra I{3 craJII4 40X (sara-rrKa.{o HRC 46-48) c nHemuuM Ar,raMerpou 6 rrlu

rI ToJIuIltHoff creuxr.I 1 uu. Irlcnrrranr.rr [poBoArrJrr{cb npr,r HopManbnoft uarpysre n 30 rrc B Teqe-

Hue 15 t\,IlIHyr c 'Iacrorofi BparrleHkrr u[]rHAeJUr 600 o6lurEu. IIpz ]rclbrrarr]rf,x uc[oJrb3oBuracb

tulMa3Haf, nacra ACM-3/2-HOMf, coorBercrBeHHo r{3Hoc o6pasqa ocyuecrBnrncr aIJrMa3HbrM rro-

poIIrKoM Al,IcrepcHocrsrc2-3 rrlrrrl. flloqarb rpeHus cocraBJrflna 1,57*10'5rrl2.

3auep rny6unu I,I3Hoca HalJraBJreHurx o6parqos (lo r nocJre rrpoBeAeHr,rr repuoo6pa6or-

rIE) upono4raJrcr c roMorrlbro MexaHuqecxoro npoQunorpa(pa uo l6 roqKaM (pnc.1).

Puc. 1 . flocleAonareJrbHocrb 3aMepa ruy6unu a6pa:unnoro t43Hoca

Tepuoo6pa6orxa o6pa-uloB rlocne na:epnofi HarrJraBKa fipor{sBoAr{Jracb B naxyylrnofi gneK-

rpolreqll corporl{Bnenras CHBS-2.4.21I6-2 Ao renaneparypbr 900'C c BbrAepxKofil,2u3,aaca.

Pery.nrrarbr rrccJreAosanufi rr nx aHaJrrr3

B lannofi pa6ore flpoBoAl,rnucb IlcrrhrraHvs.Ha a6pasunHufi rasuoc 3oH Jrrcepnoft nannasKrr

BCex [cc,[eAyeMbrx MaTepLraJroB Ao npoBeAenvs.TepMr,rqecKoft o6pa6orKr{ r{ nocJre Hee.

O,6pa:qu rrocJre [poBeAeHrlr r{cnbrraHrafi norasaulr ua pncynre 2.



P uc. 2. O6pasqrr nocJre ucnstr avnit ua a6parunnrrfi r.r gnoc

Ha pzcynxax 3-6 rloKtt3tulbl (pororpaQur,r 3oH a6pasunuoro r,r3Hoca HarrJraBJreHnru< o6pas-

rIoB rroc:re repM[qecKofi o6pa6orru.

a) n)

Puc. 3. 3onrr I,I3Hoca BI7p24: a) nocre repMfirrecKofi o6pa6orrur 1 uac; 6) rocre repMr.rqecKoft o6-

pa6orK[ 2 uaca; n) uocne repMr,rqecKofi o6pa6omu 3,qaca. Vnenr.r.reHu e 32x.

6) n)

Puc. 4.3ourt lr3Hoca BIlp27: a) nocne repMlrqecKofi o6pa6orru I uac; 6) nocrre repMr.rqecKofi o6-

pa6orru 2uaca; r) nocle repMfitrecKofi o6pa6otrr,r 3 qaca. Yseru.reHr,re32x.

a)
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a) B)

Puc. 5. 3osrt lr3Hoca BIIpl1-40H: a) nocne repMraqecKoft o6pa6omn 1 uac; 6) uocne reprrauuecxofi

o6pa6omz 2uaca; r) nocle repMnqecKoft o6pa6orrr 3 .raca. Yserra.reHre32x.

6)a) n)

Puc. 6. 3onu I43Hoca Por-,{rop 6740: a) nocre repMr.rqecKoft o6pa6orru 1 uac;6) rocrre repMr.rqe-

crofi o6pa6o'rtcu2.raca; n) [ocJre repMr.rqecKoft o6pa6orrr,t 3 qaca. Yserr,r.reHue 32x.

flpu npone4enLrkr r.rcnrtranr,rft ua a6pazumrrrft r,rsHoc HarrJraBnennoro o6pasqa r,r3 BIIp24,

npollcxoAltJro cxBarhrBaHfie HauJraBneHHoro cJror c orserHofi Aer€rirbro (puc. 4a). C pocrou BpeMe-

HI{ TepMoo6pa6orru oror npoqecc rporBJrrercr Bce MeHbme (pr,rc. 46,n). flptr rcrrbrrarrr,rflx Ha-

rIJIaBJIeHHoro o6parqa ug Por-[top 6740 rporlcxoAr{Jro BbrKparrTvBalne rap6ra4or nonrspanaa

(puc.7a). C pocroru BpeMeHlr repiraoo6pa6orKr4 Ao 2-xu 3-x qacon BhrKprTrrrrBarrue yMeHbrraerct

(ync.76,o), qro Mo)Ker 6rrtr cBt3auo c pacnaAoM pr H3Merbrrenr.reM KpynHbrx xap6ugon B rrpoqecce

rep*roo6pa6orKll. Y nannaueHHbD( o6parqon uzBfIp2T ra BIIp11-40H rr3Hoc Bo Bcex pelKrrMrx

tepnroo6pa6orKll [poreKaJl paBHoMepHo r,r Br,rA]rMhrx orKJroHeHrirft ne sa6ruoAaercr.

B ra6ruEIle 3 upunegeHbl pe3yJlbrarhl I4ccJreAosaHr,rfi ua a6pasnnurul ugHoc HturJraBJreHnbrx

o6pasqon r,r Marepr,raJra Jro[arKr4 Ao npoBe,qeu]rr repMr,rqecrofi o6pa6omra [2,3,4).



Ta6nuua 3

Cropocrr rl3Hoca [ccJreAyeMbrx Marepr,rilJroB

Ao rrpoBeleHufl. TepMpr.recKofi o6pa6orxn

Marepuan Cropocm r,r3Hoca, naru/qac

XC6-K (uarepraa-n ronarxu) 324+3t

BIIp11-40H 115111

BtIp24 474!32

Btlp27 236+50

Por-[rop 6740 l62tI5

I(ax nIa4uo us ra6ruaqu, uau6onrtur,rfi rasHoc ua6moAaercfl rrfl Marepr,rana JronarKr4 rr no-

poIIrKa ElIIp24, coAepxalqrlM He3HarllrreJrbuoe KoruqecrBo yrnepoAa (ra6l. 1) u, rar cJreAcrBr,re,

MI{HI{Ma[bHoe KoJII,IqecrBo nap6u4on. Haz6onrmefi crofir<ocrbro K a6pasznuoMy Lt3Hocy xapaKTe-

pld3).Iorc;t upznoft Bllpl1-40H v KoMrro3r4rluonnrrft noporrrKoBufi uarepuzur Pox-,{rop 6740.

Bi ra6nuqe 4 upunegeubl pe3ynbrarbr r.rccneAosauuir ua a6pa:unnuft zgnoc HanJraBJreuHbrx

o6pasqo.e nocne rpoBeAeHr.rs repMuqecroft o6pa6orru (1,2 u 3 uaca).

Tainuua4

Cropocrr rl3Hoca HarrJraBJreHHbrx Marepr4aJroB

rrocJre repMktqecKofi o6pa6orrcz

HaltN{enosaHr.re
Bpeur

TepMllqecKofi o6pa6offiu
Cropocrr r.r3Hoca,

MKM/IIAC

BIIp24 I 1462+325
BIIq24 2 644*t58
BIlp24 a

J 255+52
BIIo27 I 83+10
BtIp27 2 75t11
BI1p27 J 67+13

BIIo11-40H I 109+37
BIIpl l-40H 2 78+21
BlIp11-40H 3 50+7

Pox-nrcp 6740 I 298+77
Pox-.Ikoo 6740 2 127+31
Pox-.Ikop 6740 J ll4+24

Cr,e4ys1 orMerl,Irb, qro rocre reprraoo6pa6orKr4 B reqerrue 1 .{aca y Bllp24 u Pox-[rop 6740

cKopocrr' I{3Hoca crana BbIIrre, qeM Ao reprraoo6pa6orKLl. Oco6eHuo pe3Ko Bo3pocna cKopocrb r.r3-

Hoca y B'IIp24 (upaxtnvecru s 3 pa3a), qro Moxer 6rrm cesgaHo c pacnaAou rap6ra4on. [nr no-
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poIIrKoB BIIpl1-40H uBIIp2T yBenr4qenkrr cKopocrr.r r{3Hoca ue sa6moAaerc.fl. flocne rpoBeAeHr4t

repuoo6pa6orKLt B reqeHue 2 u 3 'laicoB y HanJraBJreHHbx o6parqon r.r3 Marepr{aJr on BtIp24 u Pox-

fitop 6740 Ha6mogaercr rocrefleHuoe yMeHbrrreHr4e cKopocuE a6pau4BHoro r{3Hoca. llpu oronr

a6pa:unuuft ptsHoc rIocJIe 3 qacon repMuqecKofi o6pa6orKr.r y 3T!rx Marepr{aJroB craHoBr,rrcr Hr4xe,

qeM y Milrepr.rana rrorarKrz TC fTA HK-12MlI.

Jr nanrasreHHbD( o6pasqon u3 Marepr.raJrov Bnp27 u BIIpl1-40H rocne rpoBereHr{r rep-

uoo6pa6orKl,I Bo Bcex pexldrr,rax na6nroglaerc . yMeHbrrreHr.re cKopocru a6pazuBHoro lr3Hoca no

cpaBHeHHIo co 3HaqeHI4tMLI Ao repuoo6pa6orKr,r. flpu erou c pocroM BpeMeHr.r rcpuoo6pa6orrn

cKopocr.b I{3Hoca naAaer s N,reHrilreff crerreHr.r, qeM y Btlp24 ra Pox-.{rop 6740, qro cBr{AereJrbcrBy-

er o 6o:lee sucorofi ycrofiuunocru c$opurrpoBauHbx crpyKTyp rpr{ HannaBxe BIlp27 u BIIpl1-

40H. OaHaro, B IIeJIoM BerutILIHa cKopocrr.r r.r3Hoca y AarrHbrx MarepuanoB BcerAa Hr{xe, qeM y Ha-

nnaBJreHHbIx Bllp24 u Por-.{rop 6740 u oHa B 3-6 paz Hr{)Ke 3HaqeHHr a6pa:unHoro r.r3Hoca Mare-

pvula JronaTKr{.

F[eo6xo4Iavro yqecrb, qro rIocJIe MexaHr,rqecroft o6pa6orKr,r nprlrrycKa ocraercr Manar 3oHa

HarIJIaBJIeHHoro cros. flpu noccraHoBJreHr.ru JrorraroK Marepr4irJrorr,r Pox-,{rop 6740, ero HepaBHo-

MepHo pac[peAeJleHHffI rap6Ia4uax Qasa (WC/W2C) Moxer oKa3arbcr B ManoM KoJrr.rqecrBe B r,r3-

Hococro:fixoM cJloe, qro cHLI3Irr o6rqyro crofirocrr Aeranu r a6pa:znnoMy r,r3Har[]rBanraro.

Brrno4rr

I-llo pesylrraraM LlccneAoBanuit srusnur repMuqecrofi o6pa6orKr4 Ha noralrnrrfi a6pasun-

nrrfi usHoc HanJIaBneHHbIX LlMnyJrbcHbrll Jra3epHbrM sosAeficrsueM BbrcoKoreMrreparypubx no-

porrrKoBr,rx Marepr.rnrrovBfIp24, Bflp27, Bllpl 1-40H u Por-.{rop 6740 ycranoBrreHo:

1) B npoqecce I{crlhlTauufr o1pazrla c HarrJraBJreHHhrM BfIp24, [po[cxoArrJro cxBarbrBaHr,re

HarIJIaBJIreHHoro cros c oreerHoft Aeranbro. C pocrovr BpeMeHr..r repuoo6pa6orKr,r gTor npoqecc

ilpotBrfirorc.f, Bce MeHbIIre. flpu ucnmalJ^vlflx HanJlaBJreHuoro o6pa.:qa r43 Pon-[lop 6740 npoHcxo-

AI4no BbIKpa[I,IBaHI,Ie xap6z4or nonr$paua. C pocrou BpeMeHr4 repnroo6pa6ornu lo 2-x u 3-x.ra-

coB BblKllanrvtaanve yMeHblrraercr (puc. 76,y), qro Moxer 6rrrr cnsgaHo c pacla,uoM H r{3MeJrbqe-

HLIeM Kpylrnrrx xap6zAoB B rrpoqecce repnroo6pa6orKr4. Y HarrasreHHbD( o6pa"rqon uz Bflp27 u

Bllpl1-4i0H I43Hoc Bo Bcex pexuMax reprr,roo6pa6orKlt rrporeKaJr paBHoMepHo 14 BuAr,rMbrx orKJro-

nenrafi Ho ua6nro.uaercs.

2,1 [.nfl HarJIaBJIeHHbx rropomron BlIp24 u Por-flrop 6740 nocrc repuoo6pa6orKr,r B reqe-

uue 1 qatca cKopocrb LI3Hoca crana Bhrrrre, qeM Ao repuroo6pa6orxu, qro Moxer 6rrrr cnsgaHo c

pac[aAolvr nepButlHbrx rap6z4on. llocre npoBeAeHux repuoo6paoorxu B TeqeHr.re 2 u 3 qacoB y

HarIJIaBJIeHHrrx o6pa:qoB Lt3 Marepr.raJron BtIp24 n Pox-,{rop 6740 na6rnogaercr nocrerreHHoe
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yMeHbIxeHLIe cKopocrvr aipa3rrBnoro r.r3Hoca. IIpu eronr a6pasfisHufi H3Hoc nocJre 3 .racos repMr{-

.recrofi rc6pa6omu y grr.rx MarepuanoB craHoBr.rrcfl, :rrvr>Ke, rreM y Marepuuura JrorrarKlt TC fTA HK-

12MtI.

3) Ha ocHoBe rIpoBeAeHHbIx LIcnbITaHuit na rora-nrnrrfi a6pasunuuft usHoc ycraHoBJreHo,

qro [purou BIIp11-40H uBllp2T o6na,qaror rprreMJreMofi usuococrofirocrrro r4 coxpaHflror cBor,r

csoficrsa rrocne repMl4qecKofi o6pa6orxu. Tarw o6pa:olr, corJracHo lonyqeuHbrM pe3ynbraraM,

Ant lloc.IleAylolqero BoccTaHoBJIeHr4r nolaToK nyrrrrre Bcero noAXoA{T BErcoKoTeMnepaTypHbre IIo-

porrrKoBrbre rpunor Ha ocuoBe Hr{KeJUr BIIp27 u Bllpl1-40H.
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