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I Iocob~e  COcTaRTleHO B COOTBeTCTBHH C KYPCOAO: J I e m ~ f i ,  K O T O P ~ I ~  9 H T W C I I  

CTyflei3TEi.M c I I ~ I J H I ~ J ' L H o c T ~ ~ ~  ~ J h T e f i ~ o e  IlPOH3BOnCTBO YePHbJX H IJBeTHLlX M~TWX- 
nom, K ~ K  COCT~BHOB pmnen K y p c a  i t M m a n m o ~ e n e ~ ~ e ~ ,  a T m e  c r y A e H T m  c n e y H -  

~ H O C T H  ~ 0 6 p a 6 o ~ ~ a  m e ~ a r m o ~  A a a n e H H e m >  - K ~ K  C m o c T o x r e J I b H m  yre6~m ARC- 

qaunma TIoco6~1e moxm 6bmb none3~0 T a m e  C ~ ~ H T ~ M  B c e x  cneq~am~oc re f i ,  
H ~ ~ W ~ I O W H M  ~ y p c  ~ ~ M m e p ~ a r r o ~ e n e ~ ~ e ~ ,  o c o 6 e ~ ~ o  my,qenrm saos~oB gopmr 
06y~e~asr .  
Becb ~ ~ 6 ~ b 1 f i  MaTBpHaJI  n p e A c T a a n e H  B B H a B  CXeM H T ~ ~ J I H U ,  C O I I p O B O ~ W C H  H n -  

nIOCTparlHXMH, KOTOpbIe 0 6 n e m w ~  nOETHMaIiHe p e 6 ~ 0 1 - o  M a T e p H a J I a  T a ~ 0 f i  IIOX- 

XOA IIOJBOJHeT C T Y A e H T W  JIeFlG OpHeHTHpOBaTbCII B CJIOXHbIX I IpOqeCCaX CTpyK- 

TYPHbIX H ~ M ~ E I ~ H H ~ ~ ,  KOTOPbIe I I P O T e K W T  IIPH T ~ P M N ~ ~ ~ C K O ~ ~  o ~ ~ & o T K ~ ,  a T-e 

I I p e ~ C T ~ ~ l O T  6 0 ~ 1 ~ ~ 1 0 9  I I ~ W H V ~ C K &  HHTepeC J&JL5l COCTZ3BJieHH5i K O H q e T H h J X  TZX- 

H O J I O ~ H ~  T ~ ~ A ~ H W C K O ~ ~  06pa60~~1i I I p e H M W e C T B e H H O  IcpyIIHblX IIOKOBOK H CTWlb- 

H b I x  OTJIIJBOK. 

Y s e 6 ~ o e  noco6ae COCTOHT H 3  S Y X  ~acTe#: T e O P H H  T ~ P M H ~ ~ C K O ~ ~  O ~ P B ~ O T K H  

E l  T e X H O n O r H H  T ~ ~ M O O O ~ P E ~ ~ O T K B .  

B I I e p ~ o f i  I I p I I s e ~ G H b I  T e O p e T m G C K H e  I Ip3mOCbIJ lKH I I p e ~ y a u f e H M  I I p H  Ha- 
r p e B e  C T W H ,  P a C C M O T ~ H b I  q O 4 e C C b I  a y C r e H I i T H 3 W H E ,  H3MeHeHHX p a 3 M e p O B  3 e p H a  

H A p y r H e  HBJIeHHH, C O I I p O B O ~ a l O L Q H B  I I p O ~ e C C b I  H Z l Q e B a  n p e ~ C ~ t L B J I e ~ b 1  T a K m e  

T e O p e T H Y e C K H e  I I p e ~ O C b I J I K H  IIpe~paUJeHl&, COBepIIIaMIlJHeCri I I p H  O X J l ~ e H H F i ,  

y n e J I e H 0  B H H M a H H e  TaKHM CCIIOXHbIM HBJleHHXM K8K IlepJIHTHOe, 6 e f l ~ H T H o e  H Map- 
TGHCliTHOe I I p e B p q e H H I I .  

BTO~WI YaCTb I IOCO~HFI IIOCBXI@3Ha n p m H 9 e C K H M  I IpHeMahI  pa3pa60~iul TeX- 

HOJIOI'HH BCeX B m O B  T ~ P I V I H Y ~ C K O ~ ~  H X H M H K O - T ~ P M H ~ ~ C K O ~  O ~ ~ ~ ~ O T K H .  Bec b IIpea- 
C T W ~ H H ~ ~  _we6~~d M m e p a a n .  0$0plvmeH B B H n e  ~ ~ E @ H K O B  T ~ P M O O ~ P ~ O T K H ,  OT- 

p ; ~ c a ~ q ~ f i  OIIbr' TePMHYeCKHX qeXOB MBTZIHHOC~OHTeJIbHbIX 3aBOAOB. 

H w ~ o q e e  noco6ae npe,qHril<HaqeHo CTy,qeH'roB B c e x  cueq~aJIb~oc'refi, 
H 3 y ~ m I l J H X  K y p c b ~  f < M e T r n o ~ e n e ~ ~ e ) > ,  (ddmepl~ano~e,qe~neb H i < T e p ~ w e c K a X  06- 
p a 6 o ~ ~ m > ,  6 y x e ~  UOJTe3HO C r y n e f i T a  npw BbIIIOJIHeHHIi ~ Z W I ~ T H O - ~ ~ ~ ~ ~ ~ C K H X  pa- 
~ O T ,  KOHTPOJlbHbIX p a 6 0 ~  CTy,Z(eHTaMH-3aOqHHKahIH, I I p H  IIOArOTOBKe K 3aqtXa.M H 

3 m a M e H a M .  



t max -TeMnepa-rypa Harpesa , C 

I I + 
Tex~onornreclcnii cnoco6 3aKOHOMepHOrO n3MeHeHIlH C B O ~ ~ C T B  Ha OCHOBe 

B3MeHeHUR CTPYKQ'Pbl 

4 L 

'I If - s p e m  Harpesa (c t~opoc~b t~arpesa) 
OC nnn OCIc 

'I "1'- BpeMR oxna'HcAeiliia , w c  ; 
unu c l c o p o c ~ ~  oxnawetIusi OCIc. 

O x n a w e ~ n e  c onpe- 
n e n e ~ ~ o f i  CKOPOCTLIO 

Hai-pe~ no onpene- 
n & ~ ~ o i i  

TeMnepaTypbI 

~JIa~~Fi$)nlca~tiSI ( BNAbI ) ~ e p ~ 0 0 6 p a 6 0 ~ x n  

OTHCHT. (BTO- 

Onepaqu~ Harpeea 
MeTmna A 0  TeM- 

cToRqaR B ~ a -  rpesa ~ e ~ a n n a  nepa~ypbr B L I U ~  H O ~ O  c n n a ~ a  
rpeee  manna sb~rue ~ e ~ n e p a -  n p e a p a u e ~ ~ f i  c H M X ~  ~ e ~ n e p a -  r p e s a c n n a s a ~  
u~eloulero ~ e -  qpbr npespa- n o c n e ~ y ~ o q u ~  VP,?pPaUJe- cooTseTcTsy to- 

Y C T O ~ U B O ~  CO- W ~ H W R  c n0cne- ~ I C T P L I M  OXnm- t l~H%onyqe t l~~  Ll[MX XMMMq8-  

CTOIIHMe, npMB0- AYIOqHM Men- AeHUeM . 6onee c~a6Mnb- CKMX p e a r e ~ ~ a ~  
ARuaR er0 B 60- JleHHblM OXJla- HOrO CTpYKTyP- AJIR M3MeHeHMR 
nee yc~oiiqusoe WeHueM. Horo COCTORHWR coc~asa  nosepx- 

COCTORHUe . HOCTHblX C ~ O ~ B .  

3 

- 

I 

Bb~nepwtCa npu onpe- 
nen&~aoi i  ~ e ~ n e p a ~ y p e  



2 I I p e s p a m e ~ ~ ~  B cTanRx npH Harpese 
2.1 A ~ a n a s  no AaarpaMMe COCTORHHR "Fe-UI" 

2.2 M e x a ~ ~ l s ~  0 6 p a 3 0 s a ~ ~ ~  aycTeHHTa npH Harpese 

C x e ~ a  nocneaoaaTeJaHoro nepexoaa nepnnTa 
(@epp W T O - ~ ~ M ~ H T H T H O ~  C M ~ C W )  B ayCTeHHT 

npn Harpese 

I1 - TeMnepaTypa s b w e  At , Haqano 
nepexoaa nepnma B aycTeHnT. 

I11 - nanb~eiiuree npoaonxceHne 
n+A, 

n p n u e ~  a-+ y npespauetine n a e ~  
Gblc~pee, 

'IeM PaCTBOpeHNe UeMeHTUTa . 

IV - n0JIJ'~le~Ue HeOflHOpOaHOrO 
aycTeHnTa. 

I Tpn 3Tana aYCTeHIiTk13a~n~ I 



I n p y ~ ~ y p y  npu ysenwemu 100 cpaeeuamT co 1 ( MeTon o n p e n e n e w  o ~ y m p  - 



M H K ~ O @ O T O ~ ~ ~ ~ U H  , x a p a ~ ~ e p n 3 y ~ ) t l ~ u e  
nposecc 06pa30sa~ns a y c ~ e ~ n ~ a . x 2 0 0 0  



 OH^ w3yrae~crr B ~ ~ O T ~ P M N Y ~ C M X  ycnoBmx, T.e. nocne 6arc~poro Harpesa no HecKomKo 60- 
nee sarco~oii ~ e m t e p a q p r ,  YeM T e m e p a w a  aa30~oro paaaoBecm, samepxm npw s ~ o i i  TeMne- 
p a w e  c a m c ~ e i i  BO BpeMem KomecTsa o6pa3p1qeroc~ aycTemTa. Kpmm, xapame- 
p ~ 3 p w u  w 3 ~ e ~ e m e  KomecTBa 06pa3pr4erocrr aycTemTa n p ~  n a ~ ~ o f i  TeMnepaType s m e  
K P H T I I Y ~ C K O ~  BO BpeMeHEI Ha3bEIaeTCH KKH~TI~Y~cKoH KPKBOH . 

K ~ ~ H ~ T H ~ ~ c K H ~  KPMBbIe npeBpawe- 
H ~ T R  nepnma B aycTeHm npH pa3- 
H ~ I X  TeMnepaTypax. C ~ a ~ r b  Y 8. I 

A H a q i a ~ ~ a  moTepMusecKom o6pa3o~am aycTeHkiTa, no- 
CTpOeHH@I no KUHeTH9eCKHM KPNBbIM. 

Q a ~ ~ w r e c m  nocne sa~epmermn npespamermn n e p m a  B aycTeHliT B nocnemeM oc~ruoTcn 
r a c m w 1  HepacmopwsmMxcrr K ~ P ~ H A O B  w ~pe6ye~crr nonomTemHoe Bpem ~ n r r  nomoro m 

E I C Y ~ ~ H O B ~ H K I I .  0 6 p a 3 p m ~ & c ~  aycTemT m m e c m  HeomoponeH. ~ n s r  ero r o ~ o r e m 3 a w  
( B ~ I P ~ ~ B H I I B ~  COCTaBa ) ~ p e 6 y e ~ c a  Tame AOnOmMTeJJ&HOe BpeMH. C FeTOM OTMeqeHHOrO 
nonsm marpaMMa w 3 0 ~ e p ~ m e c ~ o r o  0 6 p a 3 0 ~ a ~ m  aycTemTa meeT cne~ymw&i BHA . 

J 



.I . 
4.1 POCT 3 e p ~ a  aycTeHHTa IIDM HarpeBe 

O C H O B H ~ I ~  0npeAeneHm-i 

aycTeHsTa B MO- s e p ~ o  a y c ~ e ~ m a ,  no- 
MeHT ero 06pmosa- nyseasoe B pe3ynb- 

TaTe onpenene~~o i i  
TeXH. npo6b1 

,4eiicmeumenb~oe 
- s e p ~ o ,  nonyseH- 
Hoe B pesynb~a~e  
KOHKPeTHOrO Ha- 

M e ~ o n  Hayrnepo- 
X B B 8 H A R :  HaCbIue- 
Hae yrneponoM B yr- 
neconepxaqeii cpene 
nps 930°C, 8 qac. 

M ~ T O A  OKncneHne: 
~eTannorpa$sqec~~B 
runs@ HarpesamT B 

OKP~CJIHT~J~LHO~~ Cpene 
nps 930°C, 8 qac. 

Henocpenqrse~~oe 
H ~ ~ J I I ~ A ~ H H ~  3a 
POCTOM s e p ~ a  B sa- 
~ y y ~ ~ o i i  KaMepe 



C noHnxeHneM TeMnepaypbI Huxe Al clcopoc~b nn@@ysnn cHnxaeTcR, T.e. npn 
yee..nnseHnn nepeox.nax,qesne ( c s n x e ~ n n  TeMnepaTypbl npespaqenne), BcTynamT B 6opa6y 
Ass @amopa, npsiMo npoTwBononoxHo Bnnnwqne Ha clcopoc~b npeapaqesne. C onsoii 
c~oponar,  cHnxeHne TeMnepaTypbr yBennrnsaeT AF, rTo yctcopeeT npeBpaqesue, c npyroii - 
c ~ n x a e ~ 4 ,  a  TO s a ~ e n n n e ~  npeBpaqeHne. B more,  Btiarane no H ~ K O T O P O ~ ~  TeMnepaTypbl t* 
yaeJrnt1eHne nepeoxnaweHns yctcopeeT npeBpaqesne @TOT nHTep6a.n ~ a s b ~ s a e ~ c e  
nepnHTHbrM npeapaqeHneM n 0603~araeTcfl A - rl), a Hnxe t*- C R O P O C T ~  npeBpaqeane 
y6blBaeT  TOT Akiana30H t*- d Ha3blBaeTCR ~ ~ ~ ~ H N T H ~ I M  W O ~ O ~ H ~ ' I ~ ~ T C R  A - r"). Upki 
TeMnepaTypax s n x e  d (=20OoC) ~ n @ @ y s n o ~ ~ o e  npeapaqeHne ncKnmrae-rcR (D= 0). A n a n a s o ~  
npeBpa~eHnH HUXe d HaJbIBaeTCR 6e3fln@@y3no~Hbl~, nnki MaPTeHCHTHblM (CM. CX~MY). 

-- A, h 

/ ,<D' \ 1- 2' 

5 9 2 

sEyF---jr \ AF 4 

Y I/ 
C1 \ 

4-2 
\ 

d(2rnL 
- - -  

Cnopocma pacnoda 
1 v 

C~opoctb pacnam aycre~nra B a- 
BHCHMOCTH OT TeunepaTypw (cmnena nepe- 

oxnamneear). 





T e ~ n e p a ~ y  
p ~ b l i i  
EiHTepBaJl 
pacnana 
ayCTeHH- 

pacnana, 
HRC 

MICM 

N-2 
pnc. 

t*. . .200 1500 45.. .55 nepwc~blii n rJl bl 6 e i i ~ n ~  r 
Hnme 200 'b95 55.. .63 nro~lbqa~blii W rJl bl MapTeHCHT A 

me~nepamvpou npu ~omopoii 3mn cmpyKmypa 06pmo6anncb. 

5.5 I I e p s r ~ ~ ~ o e  npeBpameeee (A - r') 



C YBeJlM'ieHNeM 

c o n e p m a t i n s i  yme- 
POAa OTHOUIeHMe 

C / a  yBeslMrkiBaeTCR 

n p o ~ e ~ a e r  B 

o n p e ~ e n e ~ ~ o ~  
MHTepBaJIe 

T ~ M ~ ~ P ~ T Y P ,  

O v a H H r e H H O M  

B ~ P X H ~ ~  M H M 

I 1 

A 

o x n a m e a H n  

M aPTeHCJITHb1- TaTOYHbIM. 

MI? TOsKaMH , 

M ~ O T ~ P M M V ~ C K M  
M a p T e H c H T H o e  

n p e ~ p a ~ e ~ a e  ~e 
HAeT. M ~ ~ T ~ H C H T  
06pa3ye~c~ n p H  

HellpepbIBHOM 

B ~ I C O K ~ H  TBep-  

AOCTb : 
HRC 64. .65 

1 

n p o ~ e ~ a e ~  B yc- 
J T O B ~  o~cyrcr- 
BKR AM++Y~MH 

,&X 3TOrO C T U b  

~3 ~ Y ~ T ~ H H T ~  

AOJIXHa OXJIWK- 

63 . 

B~ICOKM np0s- 
HOCTb: 

CIB = 
2000.. .2300 
MTIa 

n o  M e p e  p a 3 s ~ -  
THX npespaue- 
HHR KpMCTaJIJlbI 

MapTeHCMTa BCe 

yMeHblXU0TCR. 

CKOPOCT~ POC- 

Bbrco~m 
nnOTHOCTb 

A M C J I O K ~ ~ I &  a 
K ~ K  cne~cr -  
B U ~ -  B ~ I C O K ~ F ~  

X p y n K o C T b  

He H A ~ T  AO 

K O H ~ ~ .  I I ~ H  
@ ~ K I . H ~ ~ C K O M  

OKOHWiHHH OC- 

~ a f l c f l  ~ Y C T ~ -  

HHT, K O T O P ~ I ~  

- 

B ~ I C O K ~  K03P-  

UMTHBHaH CHna 

H ~ J I ~ I C T ~ O C O -  

npomsneme 

E o n b r u o i i  yA.  

0 6 - b e ~  H 

BCJIeACTBHe 

3~0ro  - B H ~ T -  

p e H H n e  Ha-  

n p x x e ~ ~ x .  
- 





6 OCHOBHbIE PA3HOBMAHOCTM ,QlArPAMM M3OTEPMI.NECKOl-0 PACWAA 
IIEPEOXJIA>K2IEHHOrO AYCTEHMTA. 

6.1 YTnEPOAMCTbIE CTAJIM. 

t," c 
I 

6.2 JIETMPOBAHHbIE CTAJIM,COAEPXAUME KAPI;MAOOEPA3YK)lL(ME3JIEMEHTbI 
(CXEMbI) 

2 
t,*c 1 t,*c I 4 



7 IIPEBPAWEHHB AYCTEHETA lIPH HEIIPEPHBHOM OXJIAX,l&EHB[H 

Ecnn Ha nnarpamy n 3 0 ~ e p ~ w i e c ~ o r o  pacnana nepeoxnaxneHHoro ayc-retltrra HaHecTn nnHnn, 
xapau~epn3ymune cuopoc~b HenpepbiBHoro o x n a w e H m  ccrann, TO TorKn nepeceqeHnR 3~kfx n n ~ n l i  c nnHmMn 
AnarpaMMbr 0npenenam.r TeMneparypbi cooTseTcTBymunx npespauennh . 



TEXHOJIOrEFII TEPMOOEPAEOTKM 



npouecc 
Tep~HrecKofi 
O ~ ~ ~ ~ O T K H ,  

3aKnmrmuuficn 
B tiarpeee cnnana 
no 
onpenene~i~of i  
TeunepaVpt.1 c 
nocnenymuHM 
MeAJletlHblM 
OxnweHueM. 
P a n t i r a m  
Ol-JKHI' 

lpona - 
conposomnaercn 
6e3 +aoeblx 
nepexonoe n 
Il pons - c 
@UOB~IMH 

nepexonaun 

Uenh o-mlira - 
no ~zomot?ka. 

' T Y W P ' J  
cnnana K 

06pa6o~xe 
pe3e~weu. 
3aKaJlKe u 

' CKOpOCTli 
3aKaJlKH. 

Uenb 
3aKanKH - 
nonyreHne 
tiepeetioeec- 
HblX 
CrPYWPz B 
pesynbn~e 
nosbtluaercfl 
rsepi~ocr~, 

Uenb 
mnycra - 
nOBblllleb 

H He 
n n a m r -  

H o r n ,  
CIIHXCHtlC 
nnu 
ycrpalletfne 

Bllyrpell- ' HHX 
IianpRxe- 

NHR. 

K p o ~ e  YKZ3aHHbIX BMAOB T ~ ~ M O O ~ ~ ~ ~ O T K U ,  TaKXe npMMeHReTCR XHMHKO- TepMmecKaR 
o6pa6o~~a(XTO). 

T e p ~ o ~ e -  
x m n r e c K u  

0 6 p a 6 0 ~ ~ a  
(TMO) 

M e ~ o n  
ynporne- 

n nn 
CMaBoe, 
3 a ~ n m s m  
unficn B 

c0BMeCT-t 
noM 

nnncrwiec- 
KOM 

nec$opull~- 
poeaiititi t i  

Tepunsec- 
KO R 
06pa60r~e 

Uenb 
T M O  - 
r lonyrelt te 

~oc060r0 
crpyK'-Yp,- 

nor0 
COCTORllHn 

06ecnesli - 
bamuero 

noeLuuet 
tine 

npornocru 
cnnasa. 

- 
U ~ M ~ H T ~ U H R  -npouecc 
noeepxtiocrr~oro 
HacblueeHnn 
yrneponohc. 

A3mpoeanne - 
npouecc 
noeepx~ocrnoro 
HaCbIUleHHII 830MM 

U n a ~ n p o e a ~ n e  - npouecc 
noeepx~ocrt ioru 
HaCblUCHtin yrneponoM H 
a 3 0 m ~ .  

- 
~ ~ ( $ @ y 3 ~ 0 ~ ~ ~  
~mu3aut111-npouecc 
nOBepxrlOcrHOro 
llaCblUeHHR 
ue~ar lnau t~(Al -  
annal.lposaHtie ,Si- 
ctlncuwposaHnc .B- 
6opnposa~ne) 



8.3 T ~ X H O ~ O ~ M R  OTXMra 
8 . 3 . 1  O m ~ r  nepeoro pona 

I B ~ n b t  orrnm-a nepeoro pona I 

8.3.2 O m ~ r  BTOPO~O pona (@nosax n e p e ~ p ~ c ~ a n n ~ 3 a u ~ ~ )  

I I 

+ + 
OTXMT. T O M O ~ C H M ~ M P Y ~ O U J M ~ - -  

4 nR BbIPaBHMBaHMR XMMM- 

~ C K O ~ O  coc~asa  

OTHCM~ peKPMCTaJIH3auMOH- A 

Hblfi-  

A nx ycTpaHeHMR HaKnena 
H 

0 b13BaHOrO X O I I O ~ H O ~  nAaCTM- 
Y e c ~ o t i  oerboo~auueii 

O ~ M T  p e n a ~ c a u ~ o ~ ~ b t i i  - 
M R  CHRTMR BHYTPeHHMX 
t i a n p ~ x e ~ ~ i i  

I 
1100-1200 

c ~ ~ o o  300.. 
400 

i70-80 10 .5~  "a / 40-54 r,q 
j r p a d ~  100 MM irpan/{ 

i n w a ~ e ~ p a  1 

L 

- 

t ,"C t, 
" c  160-700 

rpantu 
70-80 2-3 r ,  1 40- T,q 

; I 50 
rpaa/v 



8.3.3.1 T e o p e ~ r n e c ~ u e  acneKTbr ( c o e ~ e u e a u e  r p a @ u ~ a  oxnamneam c n ~ a r p a ~ ~ o f i  u 3 0 ~ e p ~ r n e c ~ o r o  
pacnana nepeoxnaxAeHaoro a y c ~ e a u ~ a )  

t,*c 
A j  V I - ~ ~ ~ p ~ ~ ~ b  HenpepblBHOrO OXJTaXAeHWI 

npu nonHoM omture 
A,, V2.-ycnosm oxnaxneam npu U ~ O T ~ P M M -  

qeCKOM OTXMK. 
B o6om CnFaXX BO3HkiKalOT PaBHOBeCHbIe 
CTPYKTYPbl 

MI, 

TPAOMK 
TEXHOJIOTMM OTXMTA CTAnbHOTO JIMTbEI 

I I I L I I I I 

60 ll rac Ha 170-80 iisac Ha ! c ne rbd  1 rac Ha / c n e r w  ( 
r p ~ / ~  150 MM ]rpa&jv i25 MM c e j  40-50 1 100 MM 1 15 rpadr  ) 

:ium 113 j i q e ~ u x  unb rpadr  j 
1epe~eau ! :ill3 epe- f 
i~arpeea j iMeHM Ha- j 

irpeea i 



I -PA@m 
TEXHOJIOrMM C@EPOMAM3MPYK>~ETO OTXMTA CTAJIER 

TMlTA 90X M 90XB 

i. z, y 

j 1 rac Ha /30-40 1 rac Ha 30 I rac 10-8(12 qaca \ 30 15 
2 5 ~ ~  k p a d ~  100 M M  r pad r  Ha jrpan) Ha I rp&s j 



i C OTKPbITbIMM KPblUIKaMM 
I no 400 OC, nanee-~a nponeT 
i V= 70-80 r~an lq  

0,5 saca Ha f 
100 MM 1 C 3aKPblTbIMM KPbIUKaMM ,Q0300°~, 

ce.reawrr  nu n m e e  Ha nponeTe V=40-50 rpad.r 
113 BpeMeHM i 
HarpeBa 

i C 3aKpbITbIMM KpblUlKaMU H 3aKQblTbl- 
I MM ~ ~ 6 e p a ~ ~  A O ~ S O ~ C  
) V=15 rpanlq 



8 .4  HOPMAJIR3ALJ,PM 
8.4.1 Teope~kisec~kie aCneKTb1. 

O T ~ M ~ U ~  OT OTXMTa COCTOUT B OXna>KAeHMM 3aTaTOBOK Ha C ~ O K O G H O M  BO3AyXe ( npU OTXMTe 
- OXJIWeHMe npOU3BOART BMeCTe C n e ~ b ~ 3 )  

P a c n a ~  aycTeHuTa npucxojqm 
npa 6onee H U ~ K U X  -rerunepaw- 
pax, 6naronap~ seMy: 

llocne H O ~ M U I H ~ ~ U H U ,  KaK npaeano, ~ ~ O U ~ B O A U T C R  pena~cauuo~~bri2  OTX(UI- npu TeMnepa- 
Type 600-650'~ 

8.4.2 T ~ X H O ~ O ~ U R  HOpMaJIM3aUMM 
( M C X O A H ~ I ~  AaHHble Anrr pacreTa napaMe-rpoB TexHonorMrecKoro npouecca) 

. . . . 
2qaca f 70- 1 T, q 

j i 2 qaca Ha 150 MM 

1 ,pd,,; unM 113 speMeHu 
narpeea 23 



8.5  3AKAnKA CTAnEZ 
8.5.1 TEOPETMYECKME ACnEKTbl 

WPAMETPbI  3AKAJTKM 

Te~nepa~ypa  CKOPOCT~ OX- 

~ a r p e ~ a :  A O ~ B -  P O C T ~  n a x ~ e ~ m  on- 
TeKTOUAHbIe 
CTUU no Ten- 

MOUHO- HO 06113a~enb- 
HbIe C T U H  CTU new  HbIM YCnOB UeM 



 TO C ~ O C O ~ H O C T ~  CTMW nOBbl- 

lUaTb T B e p n O C T b  8 p e 3 y n b T a T e  

3 a K M K W  

I I 

 TO C ~ O C O ~ H O C T ~  C T M H  n O n y ' 4 a T b  3 a K M e H -  

Hblfi  C n 0 f i  C M ~ P T ~ H C W T H O ~ ~  HJIH TPOOCTO- 

M ~ ~ T ~ ~ H C H T H O ~ ~  cTpyKT)'p~fi& B ~ ~ C O K O ~ ~  T B e p -  

~ O C T L ~  H a  onpenenetitiym rrry6nuy 

~ ~ B H C H T  TOnbKO OT C O A e p X a H U R  

B c ~ a n n  yrnepona 3a m y 6 n ~ y  3aKaJ leHHOrO cnon y C n O B H 0  n p H -  

HUhiaIOT PaCCTORHWe OT nOBepXHOCTW H 3 n e -  

nWR no ~ O ~ ~ M ~ ~ T ~ H C H T H O ~ ~  3 0 H b l (  CTPYKTY- 

HRC 

60 

p b l  , c o C T O R U ~ ~ ~  H a  5 0 % ~ 3  MapTeHCMTa U 

H a  5 0 % ~ 3  TpOOCTWTa ) 

crann yrnepona ,TO n o n y r u a p T e H c n T H y m  3 o ~ y  
0npenennm.r no conepmaenm B c T a n u  yrne- 

A w a ~ e T p  ~ ~ ~ O T O B K H ,  8 . u e H T p e  ~ o ~ o p o f i  nocne s a K a n K n  B n a ~ ~ o f i  o x n a m n a l o u l e f i  cpene, o6pa- 
3 y e T C n  nOJlyMapTet lCHTHad CTpyK-rypa ,  HWblBaeTCR KpUmllVeCKM d u m e t n p o ~ ~ .  E r0 y C T a t l a n n H B a K l T  

MeTOJlOM T O ~ U ~ B O ~ ~  3aKaJlKH. 

Onpenene~we 
n p o K a n n e a e M o -  

CTW : 
a-nmie~e~we 
TBepnOCTH no 
LLrrwHe o 6 p ~ u a  
H,,-,.~Bepnoc~b 

n o n y M a p T e H c n T -  
0 6 M 19 24 ~ o f i  3 o ~ b 1  

b 



Ii!pouanusae~ocmb - s a x ~ e i i ~ u a ~  TexHonorwecKan xapamepncTnKa cTanl4: qeM tlnxe 
npoKannsaeMocTb ,TeM npn 6onee B ~ I C O K H X  TeMnepaTypax HarnHaeTcR oxpynrnsaHne cTann ,TeM 
HtIxe ee HanexHocTb, TeM HeoAHopoAHee MexaHmecKne C B O ~ T B ~  n3nenm no cereHnm. 

C yeenmetlneu piuMepoB ( r n a ~ ~ b ~ ~  o6pa30t.1 nonepewor0 c e r e ~ m )  n e m n ,  ee MaccLl, TeM B 

60nbureB CTeneHH IlpORBnReTCR p0nb npOKankiBaeMOCTH. 



- Ananaso~ npe- 
~ p a u l e ~ n i i  

t,Oc 
Ac3+(20-40) "C B COOTBeTCTBHH C OXJlaXEatO- 

~ e f i  C ~ O C O ~ H O C T ~ I O  3 a ~ a n o q -  

I 
I 

Y ~ ~ ~ P O A M C T ~ I ~  

CTUH 

. J I ~ ~ M P o B ~ H H ~ I ~  
CTWH 

1,2- 1,5 
M MHIMM 
1,5-1,8 
MHH/MM 
WlU 180- 
200 rpanlr 

1 'iaC Ha 150 
MM 

1 YaC Ha 200 
M M  unn 113 
BpeMeHH Ha- 
rpesa 

'hq 

B COOTBeTCTBNH C ~ a 6 n .  1 

B COOTBeTCTBNM C ~ a 6 n .  1 



8.5.8 KJIACCHGBICAJI,HIL AEGEKTOB, B03HHICAfO Q H X  IIPH 3AEAJIKE CTAJIH 

I I - 

A ~ R  y n a n e ~ ~ ~  n e a e ~ ~ a  
neperpeqw c~anb  
OTH(MTa1OT M BHOBb 

3a~an(l h o r n  

Tex~onormec~u i i  npouecc 0 6 p a 6 0 ~ ~ u  ne~aneii xononoM sa~n to l r ae~c~  B TOM,  TO neTanb cpa3y 
nOCne 3aKUlKM it OCTbtBaHUA ee no K O M H ~ T H O ~ ~  TeMnepaTypbI IIOMelqamT B CnellMUIbHbIe 
oxnaxnamuue y c ~ p o l i c ~ ~ a  c oxnaxnamuefi cpenofi He BbIure -60'C. 

J 

f l e + o p ~ a q ~ c n  II 

uopo6ne11ne 

0 6 p u y m c r  e 
pe3y n b ~ a ~ e  
pe3~oro ~ a r p e e a  
wnw oxnamqe~na 

- 
Henorpes 

O 6 p u y e ~ c a  npw 
~ a r p e e e  cranw no  
TeMnepaTypbl 
Hwxe 
K ~ U T U ~ ~ C K O ~ ~  

- 
C UenblO ~OBbIUIeHlU 
TBePAOCTN M 
M3HOCOCTOMKOCTM 

urapuKononurunHitKoe 

1 , 1 1 3 a ~ a n ~ w  , 1 1 nnaBneHiin 1 1 ~ a n p x x e ~ w f i  , 1 1 , 1 

n e p e ~ e r  
RFjnReTcR 
HeYCTPaHMMbl M 

6pa~0M 

- 
neperpes 

B O ~ H U K ~ ~ T ' I T ~ U  ~ a r p e s e  crann 
no  ~ e ~ n e p a r y p b ~  s ~ a r n ~ e n ~ t i o  
sbllue ~ p w ~ w r e c ~ o f i  nnrl npn 
6onb~uoR eb lnepx~e  npu 
0 n ~ ~ ~ a n b ~ o f i  ~ e ~ n e p a ~ y p e  

M ~ T O ~ O M  ~ e p ~ 0 0 6 p a 6 0 ~ ~ ~  
neaem ~e y c ~ p a ~ ~ a e ~ c r r  

&lR BOCCTaHOBJleHMIl 
p a 3 ~ e p 0 ~  K ~ J I M ~ P O B  M 

npyrUX MHCTPYMeHTOB 

- - 
Cuecb ~sepnofi yrneKwcnoTbl 
(cyxoli nen co c n n p ~ o ~ ) ,  
na~ouarr oxnamne~ue no -78'C 

llepexer 

nonyrlaacr npw 
~ a r p e e e  cranw 
no ~ e ~ n e p a -  
~ ~ p b 1 , 6 ~ 1 ~ 3 ~ 0 f i  K 

~ e ~ n e p a ~ y p e  

C T ~ ~ U J - I M ~ ~ U M M  

MarHNTHbIX C B O ~ ~ C T B  

MarHMTOB 

X W A K A ~ ~  ~ O T  ( ~ e ~ n e p a y p a  
oxnaxne~m no - 196'C) 

- 
T p e ~ q n ~ b l  

0 6 p u y m c r  e pe3ynb- 
~ a ~ e  p r ~ ~ o r o  ~ a r p e e a  nnw 
oxnamqe~wr cranefi, a ~ a ~ x e  
npw ~anwqww B w3nenwax 
KOHUeHTpaTOpOB BH)'TpeHHHX 

r 

C UeJlbM nOBb1lIleHUA 
TBepfiOCTU M CTO~~KOCTH 

HHCTPYMeHTOB M pa3JlM9HbIX 
neranefi o c o 6 e ~ ~ o  nocne 
UeMeHTaLlHM 

r 

Xun~uf i  K M C ~ O P O ~  

( ~ e ~ n e p a y p a  oxnamne~m no 
- 183'C) 



6.1 ILPEBPAqEEEa IIPH OTUYCICE 
Tep~mecKyIO 0 6 p a 6 0 ~ ~ y ,  3a~n1o~amlrryroc~ B tiarpeae s a ~ a n e ~ ~ o f i  c ~ a n n  no TeMnepaTypu 

tinwe TOYKW AI ,Ha3LIealoT onmycKoM.3~a onepautw aenaeTca 06~3aTenb~ofi nocne s a ~ a n ~ n .  

- 
nepaoe -npmeKaeT 
B nnana3oHe 
TeMnepaTyp 
80.. .35O0C.Coc~on~ 

B pacnwe 
TeTparOHiUbHOrO 
MapTeHCHTa , B 
BWeneHHu 

~ap6tlna, B 

YMeI-IbLUeHHH 
conepmaHm 
yrnepona B 

a -pacTBope, 
06pa3ye~c~ 
CTpynypa non 
Ha3BaHNeM 
ornnyuje~~blir 

B~opoe-  n p o ~ e ~ a e ~  B 

~ n a n a 3 o ~ e  
r e ~ n e p a ~ y p  
200.. . 3 0 0 ' C . C o c ~ o ~ ~  
B pacnwe 
OcTaToY H O ~ O  

ayCTeHHTa H 

06pa3osasu~ 
CTpyKTyPb1,aHaJlOrHY - 
~ o i i  OTnyweHHoMy 
MapTeHCHTy . 

T p e ~ b e  - npmeKaeT B 
~ n a n a s o ~ e  ~ e ~ n e p a ~ y p  
350.. .~~O'C.COCTOHT B 

y c r p a ~ e ~ n ~  
~ a n p ~ x e ~ n i i ,  
sasepu~e~nn 
BbIneJIeHHR YrJIepOJJa H3 

a - P ~ C T B O P ~  , 
06oco6ne~riw PeIXIeTKH 
aepptl~a H ~apGwna, 
K ~ ~ ~ H A H O ~  

n p e s p a ~ e ~ ~ r e  
Fe,C + Fe3C 
06pa3ye~a cTpylnypa - 
mpoocnluni otnnycxa. 

C 

Y e ~ e e p ~ o e  - 
n p o ~ e ~ a e ~  B 

~ n a n a 3 0 ~ e  
~ e ~ n e p a ~ y p  
500.. .680'C.coc~o- 

HT B 

~~a ryJ IH~H~(y~pyf l -  
H ~ H Z I H )  

~ap6HfloB H HX 

c ~ e p o s , q s s a ~ s ~ .  
0 6 p ~ y e ~ c ~  G T P ~ K -  

Typa -copGum 
omnycxa. 



w 

a 
.?@ 'rDO 600 0 400 '600 0 ZOO +OO 600 

Te~nepamypa omnyrxa , 'C 

B ~ H R H H ~  TevnepaTypbi ornycKa Ha Tsepnocsb (a). uexaHHvecKHe caoRcsaa npll 
pacsnxeuwn (6) II ynapnym B R ~ K O C T ~  (8 )  n e r u p o s a ~ ~ o f i  csann 

- - 

n e r ~ l p o ~ a ~ ~ a r r  c ~ m b  

I 

- C 

O ~ ~ ~ T H M ~ H (  11 p0na) - npORBnReTCR 
npIl OTnyCKe HeKOTOPbIX 
JlerkipOBaHHbIX ~~EUlefi npki 
TeMnepaType 500.. .550°C c 
n0CnenyIOuIlM MenneHHbIM 
oxna>meHueM. Anx ycTpaHeHux 
llPOU3BOnRT ~ ~ I C T P O ~  OXIIaXneHUe OT 

TeMnepaTypbI O T ~ ~ C K ~ . Y C T ~ ~ H R I ~ T  
OTnyCKHyIO XPYnKOCTb 
Mo( 0,25.. .0,35%) unu 
W(0,5.. .0,7%) 

Tsepdocmb- 
C H N X a e T C H  

Ilpor~ocmb- 
CHHXaeTCH 

~ ~ ~ U C ~ U V H O C  Tb 

- B o s p a c T a e T  

C K ~ O H H O C ~ ~  
K XPpKOh4)J 
pa3pyute~um- 
CHHTaeTCf l  

YdapHa.8 
6X3KOCmb- 
ysenurusaem - 
Cfl 



8.6.2.2 Conoc~aane~ne  ~exaiirtrech-11s ceoi ic~u l i p o a y ~ ~ o a  HenocpeacToeHHoro pacnaaa 
ayCTeHMTa U llp0nyKTOB 3aKaJIKn H OTnyCKa (llpll 0fillliaK0~0fi T B ~ P ~ ~ O C T M )  

I - L 
7 

H e n 0 ~ p e n ~ ~ ~ e ~ ~ 0 i - 0  pacnana ~ Y C T ~ H M T ~  3 a ~ M ~ 1 4  I4 0Tn)'CKa 



+ .  
C ~ a n b  n p u o 6 p e ~ a e ~  ~au6onee 
B ~ I C O K M ~ ~  K o M n n e K c  

IIPOqHOCTM, BR3KOCTM M 

nnaCTMY HOCTM 

Ilpmennernc~l 
&UI pexy uero n 
M e p M T e n b H O r O  MHCTPYMeHTa, 

a T a m e  mrt ne~anefi nocne 
~ O B ~ ~ X H O C T H O ~ ~  3aKWlKM M 

UeMeHTaUMM 

IIpmenaernca 
f i ~  n p y x m  n peccop, a T a K x e  

r p a + n ~  T e x H o n o r n w  

H M 3 K O T e M n e p a T y p H O  

ro o T r r y c K a  (nocne 
~ ~ K ~ J I K M )  mrt 
n o n y q e H m  B ~ I C O K O ~ ~  

~ O B ~ ~ X H O C T H O ~ ~  

T B e p A O C T n  



8 . 7  TEPMOMEXAHBYECKM OEPAEOTKA (TMO) 
T e p ~ o ~ e x a ~ u u e c ~ m  06pa60m~a RBnReTcR H O B ~ I M  H a n p a B n e H n e M  B T e x H o n o r n n  ropwiefi 

M ~ X ~ H W ~ C K O ~  M T ~ P M M Y ~ C K O ~ ~  0 6 p a 6 0 ~ ~ n .   OH^ C O B M e U a e T  M e X a H H Y e C K y f o  n e @ o p ~ a ~ k f K )  M e T a n n a  B 

T.OpRYeM COCTORHMM M T e p M W I e C K Y f o  0 6 p a 6 0 ~ ~ ~ .  OCHOBH~R O C O ~ ~ H H O C T ~  COBMeUeHHOT.0  npoqecca 
COCTOMT B TOM, YTO 3aT.OTOBKM 3aKCUlMBafoT C p X 3 y  n O C n e  OKOHYaHWr T.0pRYefi  0 6 p a 6 0 ~ ~ n  AaBJleHMeM ( 
KOBKM, n p o ~ a ~ a ) .  , Q ~ R  s a ~ a n n ~ a ~ n ~  H e  n p o m ~ o n ~ ~  c n e i i M a n b H o r o  ~ a r p e ~ a  , a w c n o n b 3 y f o ~  oc-raror- 
H o e  T e n n o  nocne r o p R s e r o  n e @ o p ~ n p o ~ a ~ n ~ ,  a c ~ a n b  B a y c T e H n T H o M  COCTORHMM. 

A M ~ M ~ T ~  

I I 

I I 
I 

I I 
I 

I I 
I 
I 

I I I I 
I 

m k f M E v A H u E .  Ha P R n e  3aBOflOB B H e n p e H  B npOM3BOACTBO C O B M ~ U ~ H H ~ I E  TeXHOJlOT.MYe- 

CME n p O q e C C  KOBKM kl3aKCUlKM n p M  M3T.OTOBJIeHMM nOKOBOK M ~ C C O ~ ~  A 0  20 KT. M3 C T a M  M a p O K  35,40, 
45,40X. B ~ e n p e ~ M e  HOBOT.0 cnoco6a 3 H a Y M T e n b H O  CHM3MJO CTOMMOCTb M3T.OTOBJIeHMR ~ e ~ C U l e f i .  Tep- 
MOMeXaHWIeCKaR o 6 p a 6 0 ~ ~ a  RBJlReTCR n p O ~ e C C M B H b I M  IIpOUeCCOM, K O T O P ~ I G  M0)KeT KOpeHHbIM o6pa- 
3 0 M  M3MeHMTb TCXHOIIOT.MH) IIPOM3BOACTa. 

I 
CeYeHWI,MM I I 

I I 

I I 

I 

I I 

I T,C 

I 

I 

I I 

I 
1 

I I 
I 

I 

<600 I C OTKPbITbIMM KPbll l lKaMM M OTKPbITbIMM 

I 
I 

I u n 6 e ~ a ~ w  V=70-80 r ~ a n l r  
4 
I 

60 1-800 
I C 3aKpblTbIMM KPbll l lKaMM M OTKPbITbIMM 

i m a 6 e p a ~ ~  no 450 C V=40-50 r p a d ~  
I 
I 

I 

1 1 
I I 

1 

801-1000 1 4 1 [ C 3 a K p b l T b I M H  KpbIWKaMM M 3aKpblTblMM mu6e- 
I I I p a M n  no 350 C V=40-50 rpadr 
I ! I I 

I I 

- 
~ K O H O M M T C R  TOnnMBO 

JJR ~ a r p e ~ a  n0n 3a- 
KCUlKy 

Y ~ e ~ b l l l a e T ~ R  no- 
T ~ ~ ~ H O C T ~  B H a r p e -  

BaTeJ lbHblX n e Y a X  

C O K ~ ~ U ~ ~ ~ T C R  B P ~ M R  

M3T.OTOBJleHWI neTCUlefi  

~ O B ~ ~ L L I ~ ~ ~ T C I I  M e X a -  

HMYeCKMe C B O ~ ~ C T B ~  

MeTtillJlOB 



g n o ~ ~ x e m r i i  nopor 4- 
=1 
% xnaAHonomocTu 

IIOHHXeHHaR TBCTBkITem- 
0 

o H O C T ~  K O ~ ~ C K H O ~ ~  4- 
xpymocrkI 



0nee n p ~ e ~ n e -  OM-BaHHa, a KaTOnOM- 

rpesa c o c r r a B n a -  

mune~o-~ucno-  ~ a r p e s a  c ~ m u  
c B~ICOKHM snerrrpa- 
~ ~ C K U M  C O ~ ~ O T M B ~ ~ -  p H 0  P a B H a  T o n -  

R H e  3 a K m e H H O -  

I 

i 
I MeTOA H M e e T  

1 
1 

I 

! 

1 
i 
I 
I 

I 
i 

-WCT09HZIK norno- 
a-3a~anusae~arr 

HHHOrO TOKI; 
~ -~ymapyrowee  

B - M ~ A H ~ I ~  3nem- 
-3aKanuBaeMa.H 

1 c - ~ a r p e ~ b ~ i i  cnoH; 
1 d - 3 a K m e ~ ~ b I H  
I 
I 

mquecx c~arm, conepxa- 
wue 6onee 0,35 %C 

TOM BbmeNImX TelTJIO 

~ = 0 , 2 4 1 ~ ~ t  

H a r p e ~  B 

n n a ~ e ~ ~  

f i g  K p y n ~ o r a 6 a p E i ~ -  

H ~ I X  nma.neH B ycno- 
BI.LRX eAHHUgHOr0  

H ~ M  ~ e n ~ o c e p u i i ~ o r o  
npOM3BOACTBa H a r p e B  

e ,  
H ~ ~ M ~ H H  R B ~ F I ~ T C F I  

H a r p e ~  B 

s n e l c r p o n ~ ~ e  

O C ~ ~ ~ C T B J I X ~ T C H  B Ba- 

H H e  ny-reM n p o n y c K a -  

HI.LR T O K ~  H ~ ~ P ~ C ~ H H -  

e~ 250-350 B. 3nem- 
POJIMTOM cJIyXCPiT5- 10 
% p-p N a 2 C 0 3 ,  aHOA- 

3nelcrp;~arpes 
KOHTaKTHbIM 

MeTOAOM 
~ o B ~ ~ X H O C T H ~ I ~  

cnoH a3nenm H a r -  

PeBZlIQT TOKOM HH3- 

~ o r o  ~ a n p ~ x e ~ u ~  
(2-6 B) B ~ I C O K O ~ ~  

IIIIOTHOCTH, CO3Aa- 

HHAYK~HOH- 
H b 1 i  

~ a r p e ~  
TOK B~ICOKOH 9 a ~ -  
r o T b r  (500-1 O M ~ H  
ru) HOCTynaeT  B 

MHAYKTOP, OXBI- 

T ~ I B S L H ) ~ M ~  AeTaJ Ib  

:HHAYK~HOHH~X 



a) pacnpeaeneme M a r H m -  

HOrO nOTOKa B IIHWK- 

T o p e  

6) H a n p a s n e m e  TOKOB B 

PiHAYKTOPe kI AeTaJlR 

I I 

M ~ J I K H ~  A ~ T ~ T I H ,  pa6o- 
T ~ W H ~  ~a U ~ H O C  - 
1,5 . . . 3,O MM 

A ~ T ~ T I I . I ,  p a 6 0 ~ m u ~ e  B 

YCIIOBHHX BbICOKUX KOH- 

TaKTHbIX AaBneHHHX - 
4,O . . . 5,O MM 

KpylTHble AeTaTIki, TkIna 

~ I ~ o K ~ T H ~ ~ x  BaTIKOB - 
10 ... 15 MM 



npoqecc H a c b r u e -  nporlecc o A H o a p e -  nporlecc ~acbnqe~ae  no- 
HWI nOBePXHOCT- MeHHOrO H a C b w e -  HaCbIueHHH BePXHOCTH CTaJLb- 

H O ~ O  C ~ O R  M ~ J I O Y ~ -  HWI ~ O B ~ P X H O C T ~ ~ ~  IIOBepXHOCT'kI H ~ I X  A ~ T ~ T I ~ G  an- 
nepo~ac~oi i  c~ana , A ~ T U H  y r n e p o ~ o ~  C T ~ W  ~ ~ O T O M  

Bax~eiirum B e J I a r a H a  - r~ry6ma ~ ~ H @ @ Y ~ H O H H O ~ O  

cnox " y L L  OT B p e M e H a  z ~ ~ B H C I I T  no napa6ona- 
reCKOMy 3aKOHY Y = K fi 

5Dem 2- - 

( XTO swrmrae-r ~ p w  n 

~uccoqwaq~~-pacna,q 
~ o n e ~ y n ,  06pa30sa~we 
aKTHBHblX aTOMOB AH@- 

@yn~wpymuero 3 n e ~ e ~ -  
T a  : 2C0 + C02+C 

a8coptjqu~-nornoue- 
Hwe n o s e p x H o c T b m  gma- 
JIH aKTHBHbIX aTOMOB. 

31-0 BO~MOXHO, ecnw 
s n e ~ e ~ ~  p a c ~ ~ o p x e ~ c x  B 

OCHOBHOM ~ e ~ a n n e  

L 

~ u ~ ~ ~ ~ w a - n ~ o ~ u ~ ~ o ~ e -  
 we ~acbruamuero me- 
MeHTa srrry6b. k b  T p e X  

~ s n e ~ w i i ,  ~u@@y31.111 ca- 
mrii ~ e ~ n e ~ m ~ i i  w m e ~ -  
HO OH onpe~emm napa- 
MeTPbI TeXHOJIOrHU 



- 
TeM- 

nepa- 
VPa- 
o6ec- 
new- 
B a r n  

aycre- 
H WT- 

H P  

4a3y H 
COCTIB- 

mm 
93 0- 
950 "C 

1 nponon- 
X H T e J l b -  

HOCTb--on- 

penemmcx 
~ p e 6 y e ~ o i i  
rq6wsoii. 

P a c r a  
npogon- 

XHTenbHO- 

CTH B e n y T  

HCX0,IJH 83 

CKOPOCTH 

H a y r n e p o -  

XHBaHUR: 

TBepnsvI- 

0 , 1 2 ~ d = 1 ,  

Ta30Ba.X- 

0,l S M ~ Y  

cTpoerine 
cnosi-no 

cTpYmYPe 
COCTOHT H 3  : 
3a3BTeKTO- 

W A H O ~ ~ ,  3B- 

T ~ K T O H A H O ~ ~  

H A03BTeK- 

T O H A H O ~ ~  SOH 

rny6wsa 
COCTaBJL5feT 

15 ... 20% 
c e r e H m  ne- 
T U H  

L 

~ e ~ ~ o o 6 ~ a ~ o ~ ~ a  nocne 
UeMeHTarIHH l lpOBO~HTCX 

c U e m m  : 
I . ~ ~ e n b q W ~ b  3 e p H O  

CepnUeBHHbI H UeMeHTO- 

BliHHOrO CnOX; 

2 . n 0 J l v H ~ b  BbICOKYH) 

TBePAOCTb nOBePXHOCTH 

nps B X ~ K O ~ ~  c e p , q u e ~ ~ ~ e ;  
3. Y c T p a H E i ~ b  K ~ P ~ H A H ~  

c a x y  . 
T e x ~ o n o r u ~  onpenem- 
m C %  T ~ ~ ~ O B ~ H U R M M ,  

n p e , q L x s n R e M b I m  

K AeTaTLRM. 

I I I I 

Bcerna ~ ~ 3 I C o ~ e ~ n e p a ~ y p H b 1 f i  

OTIly  CIC 





msepdoe - 
nPOM3BOAMTCR B 

TBepnOM ~ap6m- 
pusa~ope, 
cocTasa: 3 0.. .40% 
xen~o i i  
K P O B X H O ~ ~  conu 
K4Fe(CN)6 + lo%, 
COAbI N2C03+ 
A ~ ~ B ~ C H ~ I G  YrOnb. 
T e ~ n e p a q p a  npo- 
uecca 930. . . 
950 " C, CKOPOCT~ 

0,13 M M / ~ ~ c .  

3aKmKa - C nOB- 
TopHoro Harpesa 
A 0  TeMnepaTypbI 
820 ... 860 " C c 
nocnenymum 
HM3KOTeMIIepaTyp- 
HbIM OTnYCKOM 

z~~3osoe - 
nPOU3BOnWTCR B Cpene, ~ ~ C U ~ K O C ~ H O ~  - IIPOW3BOAWTCR B 

como~uef i  ~3 
XUAKHX BaHHaX, COAepXauETX 

NaCN m u  KCN CBeTWnbHOTO Ta3a 
(~ayrnepoxu~amuuii)  
W aMMWaKa. 
T e ~ n e p a ~ y p a  nposecc 
840.. .860 " C, 
CKOPOCTb 
nu@@ysuo~~oro  
HaCbIueHWR 
0,16 ... 0,17 ~ h a c .  

+ 
3 a ~ a z ~ a  - Henocpen- 
CTBeHHO C UeMeHTauH- 
O H H O ~ ~  n e w  c nocne- 
AymuWM HW3KOTeMne- 
PaTYPHblM OTIIYCKOM 



- 
docmtrzaemcx 
-BbICOKaA 

TBePnOgTb 

(no 200HV); 
- M ~ H O C O C T O ~ ~ -  

KOCTb; 

-KOPP03kiOH- 

HaR CTOGKOCTI 
-xapo- u T e n -  

nOcTofiK0CTb 

I I 

docmuzaemcx: 
-HeCMOTPR H a  He-  

BbICOKYIo TBep-  

nOCTb (200.. .300 
HV) cnoii o6ec- 

neqk iBaeT B ~ I C O -  

KYK) k i 3 ~ 0 ~ 0 c T o f i -  

K O C T ~  6naronapa 
IIOpHCTOCTki ki y.4- 

1 0 
i 0 

; y  't- e s  i e m  0 

E g g  
8 s  d g g a  
Q ) Q ) g  
3 r - a  
o 3 : a  
E a Q )  
O 

3: 

% S 

I G [ 
0 

2 g 
E 
a 

I I 

docmuzaemcx: 
-BbICOKaR OKaJI- 

U H O C T O ~ ~ K O C T ~  

(no  900 OC ) 
6naronapa nnee- 
Kki &03 ; 

-xoporuee conpo- 
TkiBneHHe KOppO- 

3kiU B ~ T M O C $ ~ ~ €  

docmuzaemcx: 
-oK~J'IuHocTO~- 

K O C T ~  no 800 O( 

-KOPP03kiOHHa5l 

C T O ~ ~ K O C T ~  B 

~ o p c ~ o i i  B o n e ;  

-BbICOKaR 

TBePnOCTb ki 113, 

HOCOCTO~~KOCT~ 

docmuzaemcx: 
-lTOBblUIaeTCR 

KOPP03kiOHHaA 

CTOGKOCT~ B 

a ~ ~ o c + e p e ,  
M a c n e ,  6e~3kiee 

- ~ H T H $ P ~ ~ K ~ U O H  

Hble  C B O ~ ~ C T B ~  





8.10 Tep~wqecnas 06pa60~na qyryHa 
Mexa~usecme c ~ o i i c r ~ a  ceporo e B b r c o K o n p o m o r o  s y r y ~ o ~  ynyrrum-r Tep- 

M U ~ ~ C K O ~ ~  06pa60~~oii .  npEi nHTbe B s y q H a X  CO3AaeTCR BHJTpeHHee HanpRXeHue, 
ll03TOMY HarpeBaTb Y q H H b I e  OTnUBKU npU ~ e p ~ o o 6 p a 6 o ~ ~ e  CneAyeT MeAneHHO, 
q~06ble36eXa~b 06pa30~a~UR T p e u U H .  . 

~ y p n a ~ i i  omur 

u e n b m  cm~urr  c uenam cm- 
BHyI"I'eHH&iX TkUI 3aKanOY- 

HaITpJfXeHEifi Ei YJIYYIIlIiTb o6pa- -peB llpOH3BO- 

cra6nnn3amn r 
OaTbIBaeMOCTb ~ H T C X  npu 850- rBepAOCTb YJ'- ~ e ~ ~ i i  n0cne 

pX3MepOB sJ'ryH- 

HHX OTJIUBOK. 

m a  ~ T O ~ O  m- 
~ N B I U ~  nocne 
n o n H o r o  s a ~ ~ e p -  
A e B m m  YKnWbl-  

B a r n  B XOJIOA- 

HJ'IO n e g b  C 

T = 1 0 0 - 2 0 0  "C), 
a BMeCTe C H ~ G  
MeJUIeHHO (75- a n ~ e  c?‘ann. e OT~RBKU 

1 0 0  "C B ~ a c )  
H q e B i l H X  A 0  

5 0 0 - 5 5 0  "C, 
BblAepXUiBaIOT 

2-5 Y H MeAneHHO 

O x J l ~ a I o T  

K T e p ~ 0 0 6 p a 6 0 ~ ~ e  Y y q H a  OTHOCUTCR Tame Pi O T X W  A m  nOnyYeHktR 

KOBKOrO Y Y q H a .  
1 oTnmKa 6enoro ryryHa 

1 c sunepm~oii  npe 680 "cI I B A M a n m o H e  680.. .710 OC/ I A t i a n m o H e  
I I 




