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1 3AT'AJIBHI ITOJOXEHHA

3aKJIIOYHUM €TallOM BUBUYEHHS CTYJIeHTaMu Kypcy “Tepmiuna oopo-
Oka MeTalliB” € po3poOKa TEXHOJOTil TePMIYHOT 0OPOOKH /1JIsi KOHKPETHOI
netani. L{g po3poOka BkiItouae BHOIP BUAY TEPMIYHOT OOPOOKHU 3 METOIO
OTpUMAaHHS 3aJlaHuX BiacTuBocTel. [Ipu BUOOpP1 BUAY TepMIdHOT 00pOOKHU
BUPOOY BUXOJATH 3 BKA31BOK MPO CHOCIO MOro BUTOTOBJICHHS Ta BUMOT,
SKUM TTIOBUHEH 3aJI0BOJILHITH BUPIO 715 3a0€3MeUeHHS HaIIHOT eKCIUTya-
Talii.

Bumoru, ski npen’sBisSiOTh 10 METaJIEBUX JETaleH, qyXe pi3HOMA-
HITHI. 3aJIE)KHO BIJl HUX METAJIEBl JeTall MOXKHA PO30MTH Ha TPU OCHOBHI
TPYIIN.

Ilepwy 2pyny ckinafaroTh J€Taji MalIUH 1 KOHCTPYKIIIH, sIKI BUTOTO-
BJISIFOTH 13 MaTepiaiiB, IS sIKMX BU3HAYAIOUMMH € MEXaHI14H1 BJIaCTUBOCTI
(JacTillie MO€HAHHS BJIACTUBOCTEH MIITHOCTI, IJIACTUYHOCTI 1 B SI3KOCTI).
JInst ux fgetaneil BUKOPUCTOBYIOTh KOHCTPYKITIHHI CTaJl.

Jlo Opyeoi 2pynu BigHOCSATHCS J€Tail, OCHOBHUMH BIIACTUBOCTSIMU
AKUX € 0COOJIMBI (PI3UYHI BIIACTUBOCTI (MarHiTHI, €JIEKTPUYHI, OMIp KOPO3ii
Ta iH111). Big nux neranei BUMaraeThbcsi 3BUYaiiHO MIEBHUM PIBEHb MEXaHI1-
YHUX BJIACTUBOCTEH. [[711 BUTOTOBJIEHHS JeTaliel 11i€l TPyNu BUKOPUCTO-
BYIOTh, K MPaBUJIO, KOHCTPYKIIWHI CTalll, a CHeliaJlbHl BJIACTUBOCTI
OTPUMYIOTh 3MIHIOBAHHSIM iX CTPYKTYpPHU BHACIIJIOK JIETYBaHHS, T€PMOOO-
POOKH, XIMIKO-TEpMIYHOI OOPOOKH.

Tpemro epyny CKIanarOTh PI3HOTO POIY THCTPYMEHTH (PIXKydi, BUMI-
proBajibHi, nedopmytoui). [lerani 1i€i rpynu BUTOTOBISIOTH 3 IHCTPYMEH-
TadbHUX cTajell. OCHOBHUMH, BU3HAYAIOUMMH XapaKTEPUCTUKAMU 1X € BU-
COKa TBEPAICTh, 3HOCOCTIMKICTD, a JJIsl Py IHCTPYMEHTIB — TEIUIO- 1 uep-
BOHOCTIMKICTh (30€piraHHsi TBEpAOCTI MPH MiJBUIIICHUX TEMIEpaTypax).

2 OCHOBHI ETAIIX TEXHOJIOI'IIl TEPMOOBPOBKHA
TA IPUHIIUAIMU IX TPUSHAUYEHHS

Bynb-sikuii Busi TepMOOOPOOKH CKIIAJIA€ThCsl 3 TPhOX OCHOBHUX €Ta-
MiB:

- HarpiBaHHS BUPOOY /10 BUSHAYEHOT TEMIIEPATYypH;

- BUJIEpKKa IIPU 3a/IaH1i TeMnepaTypi;

- OXOJIOJKEHHS 3 BUBHAYEHOIO IIBUIKICTIO.



2.1 Haczpisanusa npu 308HIWIHbOMY Odicepei menna

VY nepeBaxkHil KUIBKOCTI BUIMAIKIB HArPIBaHHSI BUPOOIB 31CHIOETh-
cs y HarpiBalibHUX mivyax. [Ipu HarpiBaHHi OCHOBHUM ()aKTOPOM € TpUBa-
aicthb. [Ipu po3paxyHKy TPHUBAJIOCTI HarpiBaHHS, BHACPIKKH 1 OXOJIOKEH-
H HaWBaXxJIuBIIIMM (akTopoM € gopma BUpoOy, 10 HarpiBaerhcsa. Ha
OCHOBI MPAKTUYHOTO JOCBIJly PEKOMEHJIOBaHI PO3PAXyHKOBI PO3MIpH Tie-
pepi3iB, sKi npuBeAeHi y Ta0m. 1.

BuznaueHHs po3paxyHKOBOT0O po3Mipy BUpoOy Ta Horo gopmu (mia-
CTHHA 1 HUJIHJP) € MEePUIUM €TaloM Y po3po0Ill peKUMIB HarpiBaHHS.

[Ipu oHOMIpHOMY TETUIOBOMY TIOJIi, SIKE€ Ma€ Micle B mivyax s Ha-
rpiBaHHS, JJIsl PO3PAXyHKY TPUBAJIOCTI HAarpiBaHHS BUKOPUCTOBYIOTh TaKi
bopmynu:

e xpumepiii bio:

- JUIA IUTACTHHU TOBINMHOIO 2S, M, Bi = % : (1)
- JuIs myuTiHapa pagiycom R, M, Bi = %Q : (2)
o kpumepiu @yp’e:
- JUIA IUIMTH TOBIIMHOIO 2S, M, Fo = % : (3)
. . ar
- U niiiaapa pagiycom R, M, Fo = ?; (4)
® memnepamypHuil Kpumepii
t~—1t
=< , (5)
[C - [MHOII

net, - Temmeparypa cepenosuiia, "C;

t - mnorouna remmeparypa Harpisy Tina, “C;
t,.nou - IOUYATKOBA TEMIIEPATypa HarpiBanus merany, *C;
a - Koe(]lieHT TeIIoBIAaul, br A :
K\ K-c
.. : . bBr
A - KoedillieHT TeIIonpOBiIHOCTI, ;

M- K



Tabmuis 1 — Po3paxyHKOBI po3Mipu miepepisiB IJis MPU3HAYCHHS BCiX €TalllB TEXHOJIOTII TePMIdHOT

00pOOKH

Kondirypartis neranei (3aroToBoK),
K1 TT1IJTaF0ThCst 00poOITi

YMOBH pO3paxyHKy

Po3paxyHkoBuii po-
3Mip Tepepizy

a 4]

Banu 1 nuckn
a- L>D:;
o6-L<D

-

[Tponosxenns Tadmui 1

['manxi mIacTuHy,
IITAHT U, PEUKU

3a HaliMEHIIIUM PO3-
MipOM

posp=




iy

Banu 3 ycrynamu, Baii-
HIECTEPHI

a- L2050

0 - L2 < 0,5 Dz

dp03p: D2

— 2 2
Aposp= 4 L2 + Dl

db'

Du

TpyOu, Oanmaxi, 604-
KU, HIECTEPHI1

a- L<2B

0- L>2B

dp03p: .

dposp= 26=D,-dg,

[Tponosxenns Tadmui 1




Jletani Tumy Baxens

d posp =h=+a® +6°

a o HamismydTu, Myt
| L>D>H a - d,,;,= 05D ;
) SN 6 - 5= D
Z, )///l . _Q - - ]
7
J P~
b |
i L L
[lmactvHu 3 ycrynamu
- a- B<H,; d posp =63
L _‘___l:‘r . 6 = Ll > O,5H’ deS’p - H’
=T — . 6- L3 <05H
== ; —dp ! 2 2
S : ——. - dposp =4 +Hj




.. . . 2
a - Koe(]ilieHT TeMIIepaTypOonpoBIIHOCTI, M/C ,

a= i’ (6)
cp
Jhx

I C - TEIJIOEMHICTD, ;
kr- K

3.
0 - TyCTHHA, Ke/M",
T - 4ac HarpiBaHHS, 200.
YuciioBi 3Ha4YeHHs BCiX TeIUIOTeXHiuHWMX BenmuuH (X, A, a, ¢, p)

BU3HAYaIOTh 3a JOBIAHUKOBUMU JTaHUMHM (AuB. nogaTku Ne A - T').

Metoarka po3paxyHKy TPUBAJIOCTI HarpiBaHHs 1 popmyiiu, siIKi BU-
KOPUCTOBYIOTHCS, 3aJI€KaTh BiJ TOr0, MACHBHUM UM TOHKHUM € BHPiO, 110
HarpiBaeTbecsa. [0 TOHKMX BIHOCSTBHCA TUIA 3 MaJUM JiaME€TpoM ab0 TOB-
IIMHOI0. Y 1[bOMY BHUIIAJIKy, TPU BUCOKOMY KOE(DIIIEHTI TETIOMPOBITHOCTI
MeTally, BHYTPIIITHIA TEIJIOBUM OMIp JTyKE MaJIMM 1 TIEpEnagoM TemIiepa-
TYypH 3a MEepepi3oM Tijla MOXKHA 3HEXTYBaTH. Y LIbOMY BUIIAJIKy HarpiBaH-
Hs OyJie 3aJie’KaTy TUIBKHU BiJ 30BHINIHLOI TEILJIOB1I1a4l.

SIK110 BHYTPILIHINA TEMJIOBUH OIIp Tpa€ ICTOTHY POJib, IO MA€E MICIIE
OpU 3HAYHIN BEIWYMHI JllaMeTpa UWJiHJApa a00 TOBIIMHU CTIHKH, TO B
IbOMY BHUIAJKYy B MMPOIECI HArpIBaHHA Tijla BUHUKAE 3HAYHUI TeMIrepary-
pHUI mepenaj MiX MOBEPXHEIO 1 EeHTpoM Tija. Taki Tija Ha3uBalOTh Ma-
CUBHHUMH.

Pi3anIro Mi>k TOHKMMH 1 MACUBHUMM T1JIaMH BH3HAYalOTh Ha OCHOBI
po3paxyHKy kputepito bio (Bi). 3a yMOBHY MeXy HarpiBaHHsS TOHKHUX 1
MAaCHBHHX TUI IPUUMaIOTh 3HaueHHs1 kputepito Bi =0,25. Konu Bi >0,25,
TiJla BEAYTh ceOe IpH HarpiBaHHI K MacuBHi, a ipu Bi<0,25 — gK TOHKI.

OTtxe, aHami3 3aja4l MO HarpiBaHHIO TBEPAOTO TJIa MIOYUHAIOTH 3 BU-
3Ha4YeHHs Kpurtepito Bi 3a popmynamu (1) abo (2) BIANOBIAHO IS TLIAC-
THHU TOBIIMHOIO 25 abo mwrtiHApa paaiycoMm R. S 1 R Bu3HauarTh, BUXO-
519 3 popmu BUPOOY, SIKMH HArpiBa€ThCs, BUKOPHUCTOBYIOUYHN JIaH1, HaBe-
ned1 B Taoi. 1.

2.1.1 Po3paxynox mpueanocmi HazpieaHHA MOHKUX M
Yac HarpiBaHHSI TOHKHUX T1J1, 3T1HO 3 3akoHOM HproToHa-PixmaHa Ta

3 BpaXyBaHHsIM HGO6XiI[HI/IX MATEMAaTUYHUX IICPCTBOPCHb, BU3HAYAIOTh 34
TaKow (HOpMYJIOO:



. GC {( [MHOII):| (7)
aF ( [MKIH)
JIe ¢ - TEIJIOEMHICTD, ———
kr- K
G — Mmaca, KT ;

. : . Bm
- Koe(llieHT TeroB A, ——;

K
F — aKTHBHA [IOBEPXHS, KA CIPHIMAE TeIUIO, M°;
t. — Temneparypa cepenosunia, °C;
t,. 100 - IOUATKOBA TeMIepaTypa Metaiy, °C;
t, «in- KiHIIEBA Temmeparypa metany, °C.

IHpuxknao 1
BusHaunuTu 4ac HarpiBaHHs JJisi TapTyBaHHS JIMCTAa PECOPU TOBIIIM-
HO1O 15 MM 3 po3mipamu 100x15x900 mm. Matepian: cranp 55C2.
Piwenns
1 Hns cram 55C2 43 = 820 °C. Temneparypa HarpiBaHHs
t =820° +40°=860 °C.
2 TlpuiiMaeMo 3aBaHTaXEHH B Iy 3 TeMmnepaTyporo t. = 870 °C.
3 TlouaTkoBa Temmeparypa Merany t,, .., = 20 °C.
4 Bwusnauaemo kputepii bio 3a ¢popmynoro (1):
a.S 0,015

Bi=—", S=""=0,0075 m.
A 2
3a JOBITHUKOBUMH JaHUMU (modaTOK A) cepeaHii KoeillleHT Tem-
Bm

JOBiAa41 3a UK HarpiBaHHA o =180 ——.
M2 K
KoediiieHT TEMmIonpoBiTHOCTI 32 TOBITHUKOBUMHU JTAHUMU

(nomarok B) 4 =32,6 Br ; Bi = 180-0,0075 0,041.

m- K 32,6
Timo Tonke, Tomy mo Bi<0,25.

5 BuzHauaeMo Macy IIACTUHHU 3a JOBITHUKOBUMHU JTAHUMU

KT
(momarok I'), rycrora p = 7830—;,
M
G=7830-09-0,1-0,015=10,6 kr.
6 Bu3HauaeMO aKkTHMBHY IOBEPXHIO, KA CIPUMMAE TEIUIO, SIKIIO
IJJACTUHA PO3MIIIECHA TJIa30M Ha MO/ Tedi:



N

F=09:01+09-0,015-2+0,1-0,015-2=0,12 »",
IIuToMa TENI0EMHICTD €= 695£ (momatok B).
kr- K

7 Yac HarpiBaHHs J10piBHIOE 3a (hopmyiioro (7)

= 10’6'6955{ 579~ 25 j=1513 ¢ = 25 x6.
180-0,12 |\ 870-860

2.1.2 Po3paxynox mpueanocmi HazpieaHHA MACUBHUX M

HarpiBanHs MacUBHHUX TUI y CEPEIOBUII 3 MOCTIMHOI TEMIIEpaTy-
POIO BUKOHYIOTh 32 HACTYITHUM aJTOPUTMOM:

1 Bwusnauarots kputepiii bio 3a dopmynoro (1) a6o (2) 1 nmepexony-
I0ThCS, IO JIaHE TiJI0, IKe HarpiBaeThcs, MacuBHe (Bi >0,25).

2 3HaxoasaTh TeMIlepaTypHul Kputepid € 3a dpopmynoro (5).

TenmoTexHIuHI XapaKTEPUCTUKHU CTaIl: KOe(IIIEHT TEII0OBI a4l ¢ ,
koe(inienT temronposignocTi A, xoedilieHT TeMIepaTyponpoBigHOCTI
a, MITOMa Bara p, TEIJIOEMHICTh ¢ BH3HAYaIOTh 3a JOBIJHHUKOBHMHU Tal-
aunsaMu (quB. nojaatku A, b, B, I).

3Harouu ABa Kpurtepii HarpiBauHs (Bi 1 @), TpeTiit kpurepiii — Oyp’e
- 3HAXO0JATh 3a rpadikamu, po3pobiacHumu J1.B.byapiaum [3]. I'padiku
npuBesieHi y poaatkax JK 1 K aiist moBepxHi Ta oci HWIHApA 1 y I0JaTKax
JI 1 E nns moBepxHI Ta LIEHTPY IUIACTHHM BifmnoBigHo. Ha mpuBeaeHux

. . . . , ar
rpadikax Ha oci adciuc BIAKIaAeHO 3HaYeHHs kputepiro Pyp’e (Fo = —

2
art

a60 Fo = — ) y norapudmiuniii cuctemi KOOpAUHAT, @ HA OCl OpJAUHAT —

52

TeMIlepaTypHuil kputepiii @ (BiIHOCHA TemIepaTypa), KUl sBJsie COOO0I0
BIIHOIIICHHSI TIOTOYHOI PI3HUIIl TEMIEPATypu AAHOI TOUKU 1 HABKOJIUIII-
HBOT'O CEPEJIOBHUINA /IO II€T XK PI3HUII NEepe]] MOYATKOM HarpiBaHHS [JUB.
tbopmymy (5)].

[Tpsami minii Ha rpadikax [1.B.byapina, siki MiHAIOTH CBill HANIPSIMOK,
BIJIHOCSITHCS IO PI3HUX 3Ha4Y€Hb KpuTepito Bi. [I[poMixkH1 3HaUECHHS KpUTE-
pito Bi, siki He momiyeH1 Ha rpadiKy, BU3HAYAIOTh 1HTEPIOJIAIIE0. 3a 3Ha-
YeHHSIMU KpuTepiiB Bi 1 @ Ha rpadiky Bu3HadaroTh kputepiii ®yp’e (Fo).

4 3a 3naueHHsM kputepito Oyp’e po3paxoBylOTh Yac HarpiBaHHs 7,
¢, 3a popmyIoro



Fo- R

(s uITiHapa), (8)

T= (711 TIJIACTUHN). 9

d
KoedirieHT TeMnepaTyponpoBiIHOCTI @ BHU3HAYaIOTh 3a JIOBIJIHH-
KOBHMMH JaHMMU (IHUB. 1oAaToK b abo B).

Ilpuknao 2
Busnaunty yac HarpiBanHs Baiay miamerpoM 300 mwM 13 ctami 40XH
IpU 3aBaHTAXXEHHI BUPOOY BIJl TEeMIIEpaTypH LIEXy B MiY, fKa HaArpita Jo
TEeMIIepaTypu rapTyBaHHS.

Piwennsa
1 BusHadaemo Temneparypy rapryBanHs [= Ay + (20...40)°C.

Ans crani 40XH A4, =780 °C.
t.=780°C + 40°C= 820°C.
[Ipuitmaemo temneparypy neui 7,= 830 °C.

2 Busnauaemo kpurepiit Bi 3a popmyinoro (2): Bi = O[TR :

R =0,15.
3a Tabnuiero J0AaTKy A BHU3HA4YaEMO CepeliHIN KOoe(IIiEHT TEerIo-

BlAga4l « :180ﬂ ; 3a Tabiuier aoJaTky b Bu3HavaeMo
WK
A= 27,2ﬂ Bi= M = 0,99, oTxe Ban, KWW HArpiBa€THCA, - TIIO
M- K 27,2
MacuBHe (Bi>0,25).

3 BuzHauaemo TemmeparypHuii Kputepii 3a hopmyioro (5):
_ -t 830 -820 0,012,
lr—ty, oy 830-20
4 3a momorpamoro noaatky K 3a kpurtepismu Bi = 0,99 1
6= 0,012 Buznauaemo kputepiit @yp’e Fo = 2,6.
5 UYac narpiBanss ckiaze 3a popmyiioro (4):

_ FoR?  2,6-015°
a 583.107°

=1003 ¢ =2,78 200 =~ 3 200 .

T



KoedimieHT TeMnepaTypornpoBiHOCTI BUOMpPAEMO 3a TaOJHUIICI0 JT0JAaTKY
B, a=5,83-10"% /.

2.2 Busnauenna mpueanocmi 6udepr rcku npu aycmeHimuzayii

[Ipu AoOCSTHEHHI MOBEPXHEIO BUPOOY, SIKMIl HArpiBa€ThCs, 3aJaHOI
TeMIlepaTypu (IUB. METOAUKY pO3paxyHKy 3a 1.2.1) HeoOXigHa BUAEPKKA
3 METOI0 BHUPIBHIOBAHHSI TEMIIEPATYPU BUPOOY 3a MEPEPI30M, a TAKOX IS
3aBepieHHs1 (a30BUX MEPEeTBOpPEHb. Bumepxkka BBaKA€ThCS 3aKiHUYCHOIO,
KOJIM PI3HULA TEMIIEPATyp MIX MOBEPXHEIO 1 LEHTPOM BUPOOY HE mepe-
sumye 5...10 °C.

[Ipn HarpiBanHI TiT MEpenagoM TeMIepaTyp MOXXHA 3HEXTyBaTH
(mmB. m.2.1), 1 TOA1 BUAEpKKAa HEOOX1THA TIJILKH ISl 3aBEpIICHHS (Pa30BUX
MEePETBOPEHB. 3 JOCTATHHOIO JJIsl MPAKTUKUA TOYHICTIO TPUBAJIICTh BUJIEP-
KU MPUKAMAatOTh piBHOIO 1/3 BiA TpUBaJNOCTI HarpiBaHHS.

[Ipy po3paxyHKy HarpiBaHHS MAaCHMBHHUX TUT TPUBAIICTh BUACPKKH
MOHA BU3HAYUTH 32 TIEIO K METOJMKOIO, IO 1 BU3HAUYCHHSI TPUBAJIOCTI
HarpiBaHHA MOBEpPXHI. Pi3HUIIS TUIBKHA y TOMY, 110 BU3HAYAIOTh TEMIIEpa-
TYpHHUU KpUTEPiN LIeHTpa BUPOOY 3a hopMy

l~—t
g=—°¢ (10)

fc - t]l/[.HO‘I
ne t, — Temmeparypa uentpa, “C.

Kpurepiit Fo Bu3HauaroTh 3a kputepismu Bi 1 6 3a rpadikom (IuB.
noaatku E ta JK) nis uentpa. Big BupaxyBaHOTO 4acy BiJIHIMAIOTh 4ac Ha
HarpiBaHHs noBepxHi. OTpumany pi3HUIO 30UTbIIYIOTh Ha 30...40% nis
3a0e3MedeHHs 3aBepIIeHHS (Pa30BUX MEPETBOPEHb.

Ane 1 y BUNAQJKy HarpiBaHHS MAaCHBHHUX T, 3 JOCTaTHbOK JIJIsi
MPaKTUKH TOYHICTIO, MOYKHA TPHUBATICTh BUJICP)KKH ITPU HArpiBaHHI MacCH-
BHHX TUI IPUUHATH PiBHOIO 1/3 yacy HarpiBaHHS.

Ilpuknao 3
BusnauuTty yac, sskuii HEOOXITHO JJIS HarpiBaHHS IIEHTpa Baja Jia-
metrpoM 300 mMm 13 ctani 40XH no temmnepaTypu, sika 3a0e3nedye BUKO-
HaHHS rapTyBaHHS.

Piwennn
s cram 40XH 43 = 780 °C, oTxe TeMIiepaTypa rapTyBaHHs JIs

nosepxHi t, = 780 + 40 = 820 °C. IlpwmiimaeMo TeMIeparypy meui



t. = 830 °C, a Temneparypy uentpa t, = 875 °C.
R 180-015
A 27,2

Kpurepiit bio Bi = =0,99 (guB. mpukmag 2

po3n.2.1.2).
TemnepatypHuil Kputepiil ieHTpa BU3Ha4aeMo 3a ¢popmyioro (10):

Q.= Ic—1;  830-815

 t.—typ0e 830-20

=0,019.

3a rpadikoM (muB. noxarok JX) BuzHawaeMo kputepii Fo, 3Haroun

Bi = 0,99 ta 8= 0,019 nnsa uenatpa muiiaapa. Fo = 2,8.
_ FoR®  28-015°
4  583.107°
Yac na nporpiBanns 3,0 — 2,78 = 0,22 200 abo 13 xB. 3011bMKMMO

Ha 40% 1 oJIepKUMO TPUBAJICTh BUACPKKHU
Ty = 0,22 - 1,4=0,3 200 = 20 xs.

1

IIpakTHIHO MOKHO NPUUHSTH 9aC BUICPKKU T gy = 3 Tparp =1 200.

=10806 ¢ =3 200.

T

2.3 Busnauennsa ymoe 0x0100x4ceHnsa npu 6UKOHAHHI
mepmooopooKu

Oxo0J10/1KeHHST BUPOO1B BiJl TEMIEpaTypu ayCTEHITU3AIlll € HABaXKJIIU-
BIIIIMM €TaroM OyJb-KOTO BUY TEPMIYHOI 0OpOOKH, OCKUIBKHU came MpHU
OXOJIOMKEHHI (HOPMYIOTHCS KiHIIEBA CTPYKTypa 1 BJIACTUBOCTI CTaJICBUX
BUpOOIB. CTPyKTypa BU3HAYAETHCA TIEK TEMIEPATYpPOIO, MPU SIKIH CTPYK-
Typa yTBOopuiaca. Uepes 1€, BU3HAUAIOUM YMOBU OXOJIOJKEHHS, TUM Ca-
MUM BH3HA4YalOTh TeMIeEpaTypy, MpH sKIM BUHUKAE KIHIIEBA CTPYKTypa
CTaJl Ipu JAaHOMY BHUJI TepMOoOpoOku. I1o cyTi BU TepMOOOPOOKH 1 BHU-
3HAYA€ThCSA, B OCHOBHOMY, IIBUAKICTIO OXOJO/)KEHHS CTali Bij TemIiepa-
Typu aycteHituzauii. [Ipu Biamamy craib 3 TeMmmepaTypu aycTeHITH3alli
OXOJIOJKYIOTh MOBUIBHO, TPAKTUYHO PA30M 3 MIUUI0, [0 O0YMOBIIIOE PO3-
NaJlaHHs MEPEOXO0JIOIKEHOT0 ayCTEHITY Y BEPXHHOMY MEPJITHOMY Jlara-
30H1 TEMIEPATYpP NEPETBOPEHb.

Hopmanizaiist nependayae 0X0JIO0KEHHS CTalll 3 TEMITEpaTyp ayCTeHi-
TU3allli Ha CIOKITHOMY MOBITpP1, TOOTO TPOXU IMIBUJIIE, HIXK MPU BIAMAITY.
Lle Bu3MBaE MepeoxoOAKEHHS ayCTEHITY /10 OLIbII HU3BKUX TEMIIEpaTYp.



[lepeTBOpeHHsI HMOr0 3aKiHYYETHCS Y HUXKHBOMY MEPJITHOMY IHTEPBaIl,
TOOTO 3 YTBOPEHHSIM COPOITHUX a00 HABITh TPOOCTUTHUX CTPYKTYP.

["apryBanHs nependayae OTpUMaHHS MapTEHCUTHOI CTPYKTypH. Yepes
1€ OXOJIO/IPKEHHSI BEYyTh 31 MIBUJKICTIO OLIBIIO0 32 KPUTUYHY IIBUAKICTh
raptyBaHHs. [IpakTMuHO TpU TapTyBaHHI OXOJOJKEHHSI BUPOOIB IPOBO-
JTh y PI3HUX CepeOBHUINAX, YACTIIIE BCHOTO Y BOAI (ByrJjieneBi cTali) abo
y MIHEpAJIbHOMY Macili (JIEroBaHi cTai).

Taxkum 4YMHOM, BU3HAUMBIIK BHUJ HEOOX1THOI TEPMOOOPOOKH, BUXOIsI-
YU 3 HEOOXIJTHOCTI OTPUMAHHS y BUPOOi MOTPIOHUX MEXAHIYHUX BIIACTHU-
BOCTEH Ta CTPYKTYPH, BCTAHOBIIOIOTH TUM CAMHUM 1 YMOBH OXOJIOJ[KEHHSI.

[IpoTe y mpakTUYHUX pO3paxyHKax TEXHOJIOTIi Tpeba BKa3yBaTH YHC-
JIOB1 3HAYEHHS TapaMeTpiB OXOJOKEHHs. sl IbOr0 BHUKOPUCTOBYIOTH
JiarpamMu 130T€PMIYHOTO PO3Maay MEePEeOoXOJOIKEHOT0 ayCTeHITY KOHKpe-
THOT CTaJll, 3 IKOT BUTOTOBJICHO JaHUK BUPIO, 3 BpaxXyBaHHIM MPAKTHIHHUX
TaHUX.

Hrokye po3rmsimaroThbesl MIXOAU IS PO3PaXyHKY HEOOXITHUX IIBH/I-
KOCTEU OXOJIOIKEHHS.

2.3.1 Po3paxyHok uieu0Kocmi 0X07100%#CeHHA NPU NPOBEOCHHI
gionany i Hopmanizayii
Opi€HTOBHO MIBUJIKICTh OXOJIOJKCHHS MPHU BiAMNaal MOKHA BU3HAYU-
TH, BUKOPUCTOBYIOUH JliarpaMy 130TEPMIYHOTO PO3IMaay IMepeoX0I0IKe-
HOTO ayCTeHiTy. /{7 mhoro HeoOXiJHO BU3HAYUTH HAUBUIIY TEMIIEpaTypy
3aBEPIICHHS MEPITITHOTO IEPETBOPCHHS.
AOcuuca TOUYKU MEPETUHY i€l 130TEpMU 3 JIIHIE€I0 KIHIS Judy3iitHO-

ro MepeTBOPEHHS ayCTEHITY OyJie XapaKTepU3yBaTH Yac 3aBEPIICHHS PO3-
majy aycTeHITY 7, a PI3HHISI MDK TEMIEPATypO0 HarpiBaHHs i BHOpa-

HOIO TeMIIEpaTyporo po3mnaay Oye XapakTepu3yBaTH BiATOBIIHE 3HUKEH-
Ha Temneparypu t,. IloTpiOHa IIBHAKICTE OXOJNOMKEHHS OOYMCIIOETHCS
OpPIEHTOBHO 3a (GOPMYIIOIO

l,—t
V="""F °C/00. (11)
tp
Ilpuknao 4

BusHaunTy HEOOX1IHY IMIBUIKICTh OXOJIOKEHHS TIPW BIAMAIl CTasl
45X, nis SKoi JilarpaMa 130TepMIYHOTO PO3Maay ayCTEHITY MPHUBEACHA Ha
puc.1.



Piwenna
Bubupaemo temmeparypy posnany aycrenity npu Bigmani 700 °C. B
pe3yJIbTaTi MOBUHHA YTBOPUTUCH CTPYKTYpa, sIKa CKIIANAEThCA 3 (epury 1
nepiity 3 TBepaictio 19...20 HRC.
A6cruca Touky nepetuny izorepmu 700 °C 3 KpUBOIO KiHIIS poO3Hary
MEePEOXOJIOIKEHOr0 ayCTeHITY T 0= 8000 ¢ = 2,3 200.

Temmepatypa HarpiBaHHs IPH BiAmai

tion= Ay + (20...40) °C = 790 + 40 = 830 °C.

[IBUAKICTH 0XO0JOKEHHS cKitazae 3a hopmyiioro (11)

Vi = w =56°C/200.

[IpakTHyHO mTpHW BiAMadl CTall OXOJIOJXKYIOTh 3 IIBHUIKICTIO

50...60 °C/z00.
Ilpuxnao 2

BuszHaunTH Opi€eHTOBHO MIBUAKICTH OXOJOMKEHHS MPH HOpMaTi3amii
cram 45X.

[Tpu HOpMamizalli po3mnaj ayCTeHITY Npoiijie pu OUIbIT HU3bKINA Te-
mrieparypi, Hanpukinazn 680 °C, 3a yac, piBauit 1800 ¢ = 0,5 rogunu. Toxi
IIBUJIKICTh OXOJIO/KEHHS cKiaze 3a ¢hopmysoro (11)

Viopar = % =300 °C/200.

[Ipr mpakTUYHUX pO3paxXyHKax MOKHA NPHHUMATH MIBHAKICTH OXOJO-
JDKEHHS IIPH HopMatizarii B Mexax 250-300 °C/200.

2.3.2 Po3paxyHoK uwieuOKoCmi 0X07100)CeHHA NPU 2APMYGAHHI

["apTyBaHHS YacTiilie BCbOrO MPOBOJISITh HA MAPTEHCUT, TOMY OXOJIO-
JKEHHSI TIOBUHHO MPOBOJIUTUCH 31 MIBUAKOCTSIMU, SIK1 BUILIE BEPXHbOI KpH-
THYHOI IIBUAKOCTI rapTyBaHHs V,,. Pa30M 3 TUM IIBHIKICTh OXOJIOKEHHS
NOBUHHA OYTH SIK MO>KHA MEHIIOIO JIJIsl 3al00IraHHsI BUHUKHEHHSI BHYTpi-
IIHIX HAnpy>KeHb. [[pakTUYHO MIBUAKICTH OXOJIOJIKEHHSI MPU TrapTyBaHHI
3BOJIUTHCS O BUOOPY CEpeIOBUILA JIJIsT OXOJIO0KYBaHHS.

B Ta6:1.2 npuBeeHi MBUAKOCTI 0XOJIOJKEHHS PI3HUX 0XOJIOJIKyBa-
YiB y JBOX TEMIEpaTypHUX IHTEpPBAJIAX: y MEPIITHO-TPOOCTUTHOMY
(650...550 °C) i maprercuraomy (300...200 °C).

JIs1 BU3HAUYCHHS JOUIJILHOTO CEPEOBUILA JIJIsI TapTyBaHHSI BUKOPU-
CTOBYIOTh JllarpaMy 130T€pMIYHOTO pO3Majy ayCTEHITY JIaHOi CTalll, BU-



*

3HAYalOTh Temreparypy t 1 yac 7 MIHIMAQJIbHOI CTIMKOCTI TIEPEOXO00-
JUKCHOT'O ayCTEHITy. BepXHIO KpUTHYHY MIBUAKICTH rapTyBaHHs V., *C/c,

BU3HAYAIOTh 32 (HOPMYJIOIO

ne t, — remneparypa rapTyBaHHS;

(12)

t — Temmneparypa MiHIMAJIbHOT CTIMKOCTI MEPEOXOJO0IKEHOTO ayCcTe-

Hiry, °C;

*

T - 4Yac MiHIMaJIbHOI CTIMKOCTI IePE0XO0JIOIKEHOTO ayCTEHITY, C.
3a po3paxoBaHoIO V,, MAOUPAIOTh CEPENOBHNIIC I OXOJOIKEHH,
SAKE OXOJIOJKYE 31 IMIBUJIKICTIO, OUTBIIIO0 B pO3paxoBaHOi 3a (hOpMyJI0r0
(12), ane Guu3pkoro n0 Hel y miamaszoi 650...550 °C, KOpHCTYIOUHUCH

Tab1.2.
Tabnuisa 2
IBUAKICTH OXOJOKESHHS
HazBa 0X010/15Kyr040ro cepe/loBUIIa y mianasoni, “C/c
650...550 300...200

Bona npu temneparypi, °C: 18 600 270

30 500 270

50 100 170

75 30 200
Bona + 10% NaOH 1200 300
Boxa + 10% NaCl 1100 300
Bona + 10% Na,COs 800 270
Bona + 5% KMnQO, 450 100
MinepanpHe Macyio 100...150 20...50
MinepanbHe MallIMHHE MacJjIo 100 18...15
TpanchopmaTopne macio 120 25
MijaHi IuTH 60 30
3aumi3Hi TUITH 35 25
CtucHeHe noBITps 30 10
Kepocun 160...180 40...60

Ilpuknao 5

IIpu3HauTe cepeloBUILE IJISI OXOJIOMKEHHS MPHU TapTyBaHHI BUPOOY
13 ctam 45X, BUKOPUCTOBYIOUH JilarpaMy 130T€PMIYHOTO pO3Iajly aycTe-

HITY 11i€1 cTami (puc. 1).



Mapka crani Temneparypu KpUTUHUHUX TOYOK, °C
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Pucynok 1 — Jliarpama i30TepMiqHOr0 po3naay aycTeHity craii 45X



Piwenna
Temmepatypa  MiHIMaIbHOI  CTIMKOCTI  aycTeHITy ctami 45X
* . . .o (Y] .
(puc. 1) t =500 °C. Yac MiHiMaIIbHOI CTIKOCTI IEPEOXOIOMKEHOTO ayC-

*
TeHiTy mi€i ctam 7 =4,0 c.
t.= An + (20...40)°C =790 + 30 =820 °C.

Temmneparypa HarpiBauns t, = 820°C. V,, = % =80°Cle.

JIoIIIbHUM CepeIOBUIIIEM JIJIsl TapTyBaHHS (IUB. Ta01.2) MOXxe OyTU
MiHEpaJIbHE Macio. AJie y TePMIYHUX II€XaX YacTillle BChOTO BUKOPHUCTO-
BYIOTh TpaHC(OpMATOPHE MaCJIO.

2.3.3 Po3paxyHoK uacy 0Xo100)ceHHA Y cepedosuli
npu 2apmyeanti

Po3paxyHOK 4acy OXOJIOJPKEHHS Y CEPEIOBHILI 3 MOCTIHHOK TeMIIe-
paTyporo MpoBaasATh 3a (POpMYII0t0

r= Gl le=tn| (13)

LK

C — IATOMA TEIUIOEMHICTD CTall, :
KT+

o -cepelHi Koe(dlieHT TEIIoBiAAadYl y JaHOMY CEpeJIOBHIIIL,
Br
WK
F — akTuBHa MOBEepXHS BUPOOY, M
t. — Temmeparypa cepenosuina, *C;
t, — mouaTkoBa Temneparypa Bupooy, °C;
t,— kinnesa Temmeparypa Bupooy, °C.
Yac 0X0J10/KEHHS y CEPEJIOBHIII ISl TapTYBaHHS MOXHA MMPU3HAYUTH, 3
JOCTAaTHLOIO JJIs IPAKTUKU TOYHICTIO, 1 3a Ta0J.3.

ne G — maca BupoOy, ke,




Tabnuus 3 — [TpakTU4H1 JaH1 PO YaC OXOJIOJKEHHS Yy CEPEIOBUIIIAX
IUTsl TapTyBaHHS

Yac BUAEPKKHU Y XBUIMHAX MPH

CepenoBHIliE IS i
PCAOBUILE A PO3paxXyHKOBOMY MEPETHHI, MM

OXOJIOAKCHHA

10 200 | 201...400 | 401...600 | 601...800 | 801...1000
Minepanene (Tpat-| o) o4 | g1 120 | 121...150 | 151...200 | 201...280
copmaropse) maciio

Bona 10...20| 21...30 31...40 41...50 5l...60

Bona—wmacno, B T.4.
y BOJIi 1...2 2...3 3..4 4...5 5...6
y Macii 20...50| 70...100 | 101...130 | 131...150| 181...220

Ilpuxnao 6
Busnaunty yac oxonomkeHHs Baia aiameTpoMm 300 MM, JOBKUHOIO
200 mm 13 ctam 40XH npu rapTyBaHHI y Maci.

[Tpurimaemo:
t. =30 °C; t,=830 °C; t,= 100 °C.
2
F=2nRL+ 2% = DL+ 2% =314-0,3-2+ 2% =2,02 M,

D? 314.0,3%

MacaBana G= e L-7830= 2-7830=1106 xe.

3a Tabnuisgmu goaaTkiB A 1 b BU3HauaemMo TemIoTeXHIYHI Koediiie-

Tk

HTH: ¢ = 692 —— (1abiu. nonatky b);
kr- K

a =400 _bom. (Taba. nogaTky A).
K
~1106-695 / 20-830

T= I
400-2,02 20-100

=2202 ¢ = 0,6 200.




3 NPAKTUYHI IPUMOMHU PO3POBJIEHHS
TEXHOJIOT'II TEPMIYHOI OBPOBKU BUPOBIB
I3 KOHCTPYKIIMHUX CTAJIEN
3.1 Texnonozia mepmiunoi 06poodKu cmaneeozo numea
B 3anexxHOoCTI BiJy MapKu CTajl, HEOOXITHUX MEXaHIYHUX BJIACTUBOC-
Tel 1 TBEPJIOCTI BIIJIMBKYU MiAAal0Th BIJMATy, HOpMaii3allli 3 BUCOKUM Bi-
JITYCKOM a00 rapTyBaHHIO 3 BIAIYCKOM.

3.1.1 Bionan cmaneeozo 1umea

[IpoBaguThCs 3a TEXHOJIOTIEIO BIAMOBIAHO 10 Ipadika, SKUWA MpUBe-
JIEHUI Ha pHC. 2.

t°C

Ac +(30...50) C

400°C

Ha)goeimpi

s —
I e AR i Sty oo ottt o

I
I
|
l
i
I

29
5
SHIEREE | T,200
38 PO3PaXYHKOM o | R | «lo | 30. 40°C/200
S 198 S !
o e > ™ |- E
pe - e p

100 MM* - po3paxyHKOBHUI MEPETHH
Pucynok 2 — I'padik THIIOBOiT TEXHOJOT11 BiANaTy KPYIHOTO
CTaJIbHOTO JIUTTS



Ipuxnao 7
Po3poOutu TEeXHOJIOTII0 BIANIANY JIMTOI CTAHWHHU, KA CKIAJAAETHCS 13
IUIOCKUX €JIEMEHTIB 3 HauOinpmo ToBmuHOIO 200 MM, 13  craml
35XTCII-II.

Piuuenna

1 Touxa Ay, =805 °C; tps = 805 + (30...50) °C.

2 BwuzHayaeMo TpUBAJIICTh HarpiBaHHs. 3a Taba.l po3paxyHKOBHUIA

nepetud S=200 mm. Kputepiit Bi = aTS; Ocp = 180 br 1 =267 Br

WP K MK

=0,67. Tuto macusBHe.

(3a Tabu. qomatkiB A i B). Bi= 180-0.1

le—ty iy 865—855
to—ty oy 865—25

Kputepiit ®yp’e 3a rpadikom (momarox JI) ans naactuau (Bi=0,67 1
0=0,012) Fo = 7,8; a = 5,83 m*/c (3a Tabx1. nogarky b).

FoS° 78012
a  583.10°°

Temnepatypuuii kputepii 6= =0,012.

T

= 13379 ¢ = 3,7 200, npuiimaemo 4 TOJUHH.

1,2-200

100
4 Tpusamicts 0Xoa0KkeHHs 10 640 °C

T oxos = 855-640 =6,1 200 =6 200.

35
5 TpuBamicTh BUAEPXKKH IpH Temreparypi 660...640 °C
T =2,4 200 ~ 2,5 200.

6 TpuBamicTs oxonomkenHs Big 640 1o 400 °Cr
640 —400

Toxon=————=0,7 200 =T 200.

35
7 I'padik Biamany cTaHUHU OyJi€ TaKuM, sIK TTOKa3aHo Ha puc. 3. 3a-
rajibHa TPUBAIICTh BIANAIY CTAHUHU T = 22 200.

3 TpuBamicTh BUACPKKH Topy = =2,4 200 ~ 2,5 200.

3.1.2 Hopmanizauisa 3 6i0nycKom cmayieeo2o 1umea
[IpoBaauThCs 3rigHO 3 TpadikoM, 10 IPUBEACHUN HA puc.4.

Ilpuknao 8
Po3poOutu TexHoJOTiI0 HOpMaji3allii 3 BIAMYCKOM CTaHWHHU, SKa
MpUBecHA y IpUKIIaai 7.
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Pucynok 3 — I'padix TexHOJIOT11 BiJially CTAHUHU 31 CTal
35XT'CJI-II 3 ToBumHoOIO cTinku 200 MM
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100 Mm* - po3paxyHkoBuUii nepeTuH (quB. Ta0.1)
Pucynok 4 — I'padix TUIIOBOT TEXHOJIOT1T HOpMaTi3allii 3 BIIMTYCKOM
CTaJICBOTO JINTBA



1 Temmnepatypa HOpMami3alli
L= Ax +(40...50)°C = 805+(40...50) = 845 - 855 °C; t,..,= 865 °C.
2 TpuBanicth HarpiBa"Hs (AUB. PO3paxXyHOK MpHKIamy 1) ckiaamgae

4 roguHMN.
3 TpuBanicTs BUAEPKKH (IUB. NPUKIAL 1) 7,y ,~ 2,5 200.

855—-325

4 TpuBanicTb OXOIOKEHHS T yoy=———— =18 200 = 2 200.

300
5 TpuBamicts HarpiBauus 10 575 °C:

le—ty iy  ©75—550 _o1
tr—ty, oy 575-325
3a rpadixom (mogarox /1) 1 rabnuuero (nonarok b) kputepiit Fo= 3,5;

2
4= 528107 ﬁ - Fos®  35-01

c a 528.10°°

6 TpuBanicTh BUAEPKKU NIPHU BIANYCKY T g, = 4 200.

- TeMIIePaTypHUU KpUTepiit @ =

= 6628 ¢ = 1,84 200 ~2 200.

7 TpuBamiCTh OXOJIOJKCHHS BiJ TEMIIEPATYPH BIAIYCKY

600 — 400

Toxon=————— =4 200.

50
8 I'pacdix HOpmamizalii 3 BiAIyCKOM CTaHUHU OyAe€ TaKuM, SIK
MOKa3aHO Ha puc. 5. 3arajibHa TPUBAJICTh HOpMaJi3allii 3 BIJIMYyCKOM CTa-
HHUHU cknagac 18.5. 200.

t°C

845..855C

600..550 C

300..350 C

400 C

Ha nosimp.

25
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Pucynok 5 — I'padik TexHOIOT1i HOpMai3allii CTAHWHH 3 CTaTl
38XT'CJI-1I 3 ToBumHOIO cTiHKH 200 MM




3.1.3 Tepmiune noninwenna cmaneeozo numea
(capmyeanus 3 6i0NyCcKoMm)

[IpoBaguThCs BIAMOBIIHO /10 rpadika, 110 IpUBEASHUI Ha pUC. 6.

£°C )

Ag +(20.40)'C

V>, 550..600 C
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100 MM *- po3paxyHKOBuUM nepeTuH (auB. Tadm.1)
Pucynok 6 — I'padik THIIOBOT TE€XHOJIOT1] TEPMIYHOTO TOTITIIIICHHS
(3arapTOBKH 3 BUCOKOTEMIIEPATYPHUM BIJIITYCKOM)
CTaJIEBOIO JINTBA

Ilpuknao 9
IIpoBectn TepMidyHy OOpPOOKY JUTOrO €JIeMEHTa CTaHWHHU Yy BUIJISII
miactuau 200x400x1200 mm 13 crami 35XT2CJI-IIl nns oTrpumanHs 3a
BCIM MIEPETHHOM BHUCOKOTO MOETHAHHS MIITHOCTI, B SI3KOCTI 1 TIJIACTUYHOC-
TI.
Piwennsa
[ToTpiOHI MeXaHIYHI BIACTUBOCTI MOXYTh OyTH OTpHUMaH1 TapTyBaH-
HSIM 3 HaCTYITHUM BHCOKOTEMIIEPATYPHUM BIITYCKOM .

1 Pescum zapmyeanns.
Temneparypa raprysanns t. = Ay +(20...40) °C. Jlns craimi

35XT2CJI 43 =805 °C. t, =805 +(20...40)=825...845 °C.

Temneparypa neui 855 °C.
Sk BCTaHOBIICHO Y 3ajaul MIPUKJIALY 7, €JIEMEHT, SIKUH PO3TJIsIa€Th-
: . 180-01_
csl, ABJIS€ MaCUBHE TIJI0 Bi = = 0,67.

Busnagaemo TeMnepaTypHUil KpUTEpiH :



0= fe = Uyrin _ 855—-845 _0.012.
to—ty oy 855-25
3a rpadikoM (noaatok [1) mis Bunaaky Bi = 0,67 i 6=0,012 xpu-

tepiit Fo = 7,7. Toxi yac HarpiBaHHS

2
7, = Fos’ _ 7.7-01 - =13207 ¢ = 3.7 200 ~ 4 200.
a  583.10"
11

TpuBanicTb BUIEPKKUA T BT = § Ty= 54 =13 200 = 1,5 200.

Jl1s BU3HAYEeHHS MIBUAKOCTI OXOJIOJKEHHS BU3HAYMMO V,,. 3a miar-
pamoro 130TepmigHOro po3mnany aycteHity ctaii 35XI2CJI-III (puc. 7) Bu-
3HAYAEMO TEMIIepaTypy MiHiManbHOI cTilikocti aycrenity t = 600 °C, wac
MIHIMaJIBHOT CTIHKOCTI TEPEOXOJIOIKEHOTO ayCTEHITY
r =6c.

V,, = 8592600 _ 5500y
10

Sk cepenoBuIIe TSl OXOJIOKEHHS MPU3HAYAEMO MiHEpaabHE MacIo.
TpuBamicTh BUASPKKH y Macii BU3HauYuMo 3a dhopmyJioro (13). s uporo
3 TaOnWIb JN0JaTKy b BH3HAYaeEMO MHUTOMY TEIUIOEMKICTH CTai
c = 695 c/(ke'K).

Cepeaniil koedilieHT TemIoBAa4l y Macm a = 400 Bm/(MZJ{).

AKTHBHA MOBEPXHS IUIACTUHH

F=0,4-0,2-240,2-1,2-2+0,4-1,2-2= 1,6 1.

Maca mmactuaun p = 7830 K2/ (mogatok I')

G=7830:-04-02-1,2=752ke.

3a dopmynorw (13) TpuBamicTh BHUIACPKKU IUIACTUHH Yy Macii

(t=30°C) npu ii rapTyBaHHi cKIaae
o 752-695 60(30_855
400-1,6 30-100

):20]4 c = 0,56 2c00~40 xs.



Mapka craii Temneparypu KpUTUYHUX TOYOK, °C
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Pucynok 7 — Jliarpama 130T€pMi4HOTO pO3Haay MepeoXoa0HKEHOTO
aycteHiTy ctam 35XI12C




2 Pestcum gionycky.
TemmnepatypHuil KpuTepii
_ te—ty gy 575-550

o=ty oy O195—25

—0,245: g =5,2810° m%/c; Fo=4.8.

FoS®  48-01°
a  528.107°

TpuBasnicTh BUIECPKKHU MPU BIANMYCKY 4 TOAUHMU.
TpuBanicTh 0XOJOMHKEHHS Bl TEMIEPATypPH BIAITYCKY

= —600 —100 =10 co00.
50

I'padix TexHONOTIi rapTyBaHHS 3 BIANMYCKOM IUIACTUHM 13 CTall
35XT2CJI-11l 6yne TakuM, ik MOKa3aHO HA puC. 8.

3aranpHa TPUBAJICTh TapTyBaHHS 3 BIAMYCKOM IUIACTUHU 13 CTall
35XT2CJI-III cknane 22,6 roquHU.

TpuBasnicTh HArpiBaHHA T = =9090 ¢ = 2,5 2o00.
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Pucynok 8 — I'padik TeXHOJIOT1i 3arapTOBKH 3 BUCOKOTEMIIEpATyp-
HUM Biamyckom mactTuau 200x400x1200 mm

3.2 Texnonoczia mepmiunoi 00pooKu noKo8ok

3.2.1 3azanvhi nioxoou 00 po3podieHHA MEXHON02iT
mepmooopooOKU noKoBOK
Ha 3aBojax Bakkoro mMammHOOyAyBaHHS TEPMIUHIM 0OpoOIIl Iijiia-
I0Th BEJIMKI TIOKOBKH, a HA 3aBOJaX MAaCOBOTO BUPOOHHUIITBA - AETal



aBTOMOOWIIB, TPAKTOPiB, KOMOAlHIB, METAJIOPIXKYUUX BEPCTATIB Ta IHIIE.
Pi3HOMaHITHI BUAM TE€XHOJOT1l TEPMIYHOT OOPOOKH MOKOBOK IUISATHCA Ha
MIOIEPEAHIO 1 KIHIIEBY TEPMOOOPOOKY.

ITonepeHst TepMo0OpOOKa BUKOHYETHCS OE3MOCEPEIHBO IMICs rapsi-
4oi MIacTU4yHO1 edopmaiiii BupoOiB, “HadopHO” (0€3 monepeaHb01 Mexa-
HIYHOI 0OpOOKH) 1 TPOBAUTHCS 3a PEKUMAMU BiAnany abo Hopmaizali 3
BIJIITY CKOM.

OcrarouHa TepMiyHa 00pOOKa BUKOHYETHCS MICIIS MONEPEIHbOI Me-
XaHIYHOI 00pOoOKHU (0OMpaHHs) 1 TPOBAIUTHCS 32 PEKUMAMU rapTyBaHHS
3 HACTYITHUM BIJITYCKOM.

OCHOBHOIO METOIO MOMNEPEAHBOI TEPMOOOPOOKH BEIUKHUX MOKOBOK €
3MEHIIECHHS (DIIOKEHOYYTIMBOCTI, 3HWKEHHSI TBEPAOCTI ISl MOJIIIICHHS
0OpOOTIOBAHOCTI PI3aHHSM 1 MIATOTOBKM CTPYKTYPH JJIsi HACTYIHOI Tep-
MOOOPOOKH.

OcraroyHa TepMiyHa 00poOKa NPOBAAUTHCS 3 METOIO OJIepKaHHS (Pi-
3UKO-MEXaHIYHUX BJIACTUBOCTEH 3TiJHO 3 BUMOTaMU KpeclieHHs a0o TeX-
HIYHUX YMOB Ha BUTOTOBJICHHSI BUPOOIB.

[Ipu po3poOiri TeXHOOTII TEPMIYHOT OOPOOKU BUXOIATH 3 MPUPOIH
CTaJji, aHaJi3y JiarpaMu 130TepPMIYHOTO PO3May MEPEOXOIOIKEHOTO ayc-
TEHITY 1 11 QIoKeHOUYTIMBOCTI. Bix mux (akTopiB 3aJI€KUTh TEXHOJIOTIA
BiIMay 1 TepMiyHOTO ToinimeHHs. [Ipu mpoekTyBaHHI TEXHOJIOTIT Bi/IIa-
Jy SIK IOTIEPEAHBOI TEPMOOOPOOKH, BUXOAATH 3 (DJIOKEHOUYTIUBOCTI CTall.
3anexHo BiJl CXWJIBHOCTI 0 YTBOPEHHS ()JIOKEHIB, a 1€ BU3HAYAE PEKUM
BIJIMAJTY, CTaJIl PO3JIUIAIOTH HA YOTUPU TPYIIH.

Ilepwa epyna — Byrnenesi crtani mapok: Ct3, Cr4, Ct5, Cr6, 15, 20,
25, 30, 35, 40, 45, 50, 55, Y7, ¥8, ¥9, V10, V11, V12, V13. [IpakTtuuHo y
WX CTAISIX (PIIOKEHU HE YTBOPIOIOTHCSI.

Jpyea zpyna — 20X, 35X, 40X, 45X, 50X, 55X, 90X, 3012, 35T,
3512, 50T", 5012, 651", 1012, 60XT", 20XT", 50XT", XBI', 40X®, 45X,
15X®D, 50XD, 20XM, 34XM. 34XMI1H, 38XM, 40XH, 60XM, 75XM,
20X3M, 30X3M, 90XC, 38XMIOA, 38XI'M, 18XI'M, 20XM®, 35XMO,
20I°C, 25T'C, 10XCHJM, 20XT'C, 30XI'C, 35XT'C, 40XI'C, 90XIC,
90X2CD.

Tpemsa zpyna — 20XH, 40XH, 50XH, 60XH, 35XHM, 40XHM,
45XHM, 38XHM, 34XHI1b, 38XT'H, 15I'H2M, 30X2I'MT, 12X1M1®,
15X1IM1®, 20XHMO®, 25X2M®H, 38XHB, 5XIT'M.

Yemeepma ccpyna — 34XH2M, 34XH3M, 38XH3MA, 5XHM,
5XHT, 18X2H4MA, 5XHB, 18X2H4BMA, 38XH3M®.



[TokoBku |I-IV rpyn miciisi KOBKM 0XOJIOJIKYIOTh Y SIMHUX M€4ax, Te-
MIlepaTypa IUX MOKOBOK JI0 BiAMally HE MOBHMHHA 3HM)KYBATHCh HIKUE
300...350 °C. Yepes 11e MOKOBKM 3 IMX CTajel AJs Bifmaay IOCTYHNAKTh
rapsauumu, 3 TeMmnepatyporo 300-350 °C.

3.2.2 Texnonocia sionany nokoeox

[ToxoBKH 13 cTajnel nepioi rpynu (pIOKEHOUYTIUBOCTI BIAMAIIOIOThH
3a TEXHOJIOTI€I0, KA HaBeJeHa Ha puc. 9.

LCl g +e0.40C

100C
Ha rosimpi

250

i — —1 s — —— Si— — — St e iy vicimi

|
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|
|
1
l
1
|

PO3DAXYHKOM, 100 wm ™ T 5200

3a 0.5200 | 45 C/a00 zo“c:/e:ca>I

100 MM * - po3paxyHKOBUI nepeTuH (AuB. Tadm. 1)
Pucynok 9 — I'padik TUIIOBOI TE€XHOJIOT1I BiANaIy TOKOBOK IEPIIOi
IPYIH cTajaek mo (IOKEHOIYTIUBOCTI

[TokoBKM 13 cTanieil Apyroi rpynu (PIOKEHOUYTIMBOCTI BIJIMAIIOIOThH
3a TEXHOJIOTI€10, sika HaBeaeHa Ha puc. 10.

[TokoBKM 13 cTajel TPeThoi rpynu PIOKEHOUYTIUBOCTI BIAMATIOIOThH
3a TEXHOJIOT1€10, HABEIEHOIO Ha puc. 11.

[ToxoBKH 13 cTanel yeTBepToi rpynu (HIOKEHOUYTIMBOCTI BiAMAIIIO-
I0Th 32 TEXHOJIOTI€0, sIKa HaBe/IeHa Ha puc. 12.
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Pucynok 10 - I'padix THIIOBOT T€XHOJIOT11 BIAMAITY TOKOBOK JIPYTOi
IPYNH cTajeH 1mo QIOKEHOIYTIMBOCTI

3.2.2.1 Cghepoiousyrouuii gionan
[IpoBoaATh BHpOOAM 3 METOK OTPUMAHHS CTPYKTYPH 3E€PHHCTOTO

nepaity. Takuil Bifnana BUKOHYIOTh 3a TE€XHOJOTIEIO, SKa MPUBEICHA Ha
puc.13.

3.2.2.2 I3omepmiunuii ¢ionan
VY upoMy BUNAAKY MOKOBKH 13 CTaliel, MepEeBaKHO JIETOBAHUX, HArpi-
0 . .
BAIOTE 10 TEMIEpaTypH fo = Ay + (50...70) "C 1 nopiBHSHO IIBUAKO OXO-

JNOJKYIOTh 710 TEMIIEPaTypH, sIKa JIEKUTh HUK4e Touku A, Ha 100...120 °C
3aJICKHO BIJI XapakTepy JaiarpaMH 130T€pMIYHOIO0 po3Majay MNepeoxoao-
JOKEHOTo aycTeHiTy. [lpu 111l TemnepaTypi Mpu3HAYaOTh 130TEPMIUHY BH-
JEPAKKY, IKa HEOOX1JIHA JIJIsi MOBHOTO PO3Maay ayCTEHITy, HICIs YOTo IO-
KOBKH OXOJIOJI)KYIOTh Ha MOBITPI.

TunoBa TeXHOJOTIS 130TEPMIYHOrO BiANally NMpuBeAeHa Ha puc.l4.
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Pucynok 13 — I'padix THIIOBOT TEXHOJIOT11 ChepOoiau3yrouoro

Bi/IMaTy MOKOBOK
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Pucynok 14 — I'padik TUIIOBOT TEXHOJIOT1i 130T€pPMIYHOTO

BiJIMaTy TTOKOBOK



Ilpuknao 10
Po3pobutu TE€XHOJIOTII0 MONepeaHb0I TEPMOOOPOOKH TICII KyBaHHS
BAJI-IIECTEPHI 3 HANOUIBIIUM JiameTpoM 0ouku 450 MM 13 ctamni 34XM.

Piwenna

Cranb 34XM BifHOCUTHCS 32 (PIIOKEHOUYTIMBICTIO A0 JPYroi IPynu
(muB. 11.3.2.1). Uepes 1ie Bianana OyJaeMo MPOBOJAUTH 3TiAHO 3 rpadikom,
AKUM HaBeaeHU Ha pucyHky 10. HakonmuueHHS mpu3HaYaeMo Npu TeMIIe-
patypi 600 °C.

Buznauaemo temmeparypy TOYKH 43 3 JOBIHUKA 43 =790 °C.
Temneparypa Harpianusa t,=790 + (20...40)=810-830 °C. Ilpuiimaemo
Temnepatypy nedi t,= 840 °C. Busnayaemo yac Harpisanus Big 600 °C 1o
TemneapTypu Binnany t= 830 °C.

o . OF. :
Kpurepiti Bi = - 3HaYeHHS « 14 BU3HA4Ya€eMO 3 TaOJUIL JTOAAT-

kiB 1 1 2. CepenHe 3HaueHHS Koe(DIIll€EHTA TEIJIOBI 114l 3a [IMKJ HarpiBaH-
Ha o =180 Bm/(M2~K); KOEQIIIEHT TEIIOMPOBIAHOCTI JJIsI XPOMOMOJIi0-
neHoBoi cram A = 29,1 Bm/(m-K).
i = 180-0,225 =1,39. Tino macusHe (Bi>0,25).
291
Busnawaemo TeMmepaTypHuil KpUtepiit
0= Lo — Uy win _ 840-830
o=ty oy 840-600
Jlns mumiaapa 3a rpadikom (auB. mogatok K) BuzHavyaemo Kputepin
Fo= 1,5. lna Bunaaky, konmu Bi =1,39 1 6 = 0,042, xoedimieHT Temiepa-
TYypONPOBIAHOCTI 32 104aTKOM b 1151 XpoMOMOITi0/1eHOBOT cTaIi

a=539-10°

=0,042.

FoR?> _15-0,225°
a  539.107°
TpuBanicTh BUAECPKKHU MPU TEMIIEpATypl BiATATY

205450 _ 2.25 200 =2.5 200.

T suo —

= 14088 ¢ = 3,9 200.

Yac HarpiBaHHs 7=

Yac oxonomkenHs 1o 300 °C 3i mBuakictio 40 °C/200

TOXOHZW =13,25 200 ~ 14 200.

Tpusamnicts Bunepxku mpu 300...350 °C



T quo— @ =9 200.

100
Yac marpiBarns Big 350 g0 660 °C. TemmepaTypHuii KpuTepiit

p=tc=luxin _660-640 o

tr—ty oy 660—350
Kpurepiit Fo= 1,3; a = 6,67-10° m*/c (nomarxu b i K).
13-0,225°
6,67-107°

TpuBamicts BuaepKu mpu Temmepatypi 640...660 °C 00YUCITIOETD-
Cs1, BUXOJISTYM 3 PEKOMEH AN — 2 T Ha 25 MM J1aMeTpy:

T=@=36 200.
25

=9866 ¢ =2,7 200 ~ 3 200.

Yac HarpiBaHHs 7 =

Tpusamicts oxonomkysanus Big 660 mo 400 °C 31 MBUAKICTIO

40 °C/200 cKname: T yyy= 000=400 _¢ 5 09

40
Tpusanicts oxonomkysanss Big 400 mo 100 °C 31 MmBHIKICTIO

20 °C/200 CKIANE: T pypy= 400-100_ 15 9,

20
B pesynpTaTi po3paxyHKIB BiAmana Baj-IIECTEPHI MOBUHEH IPOBO-
JTUTHUCH 3a rpadikoM, SKUM TpUBEIeHUN Ha puc. 15.

£°C

810...830°C

640...660°C
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Pucynok 15 — I'padik Bignasy NOKOBOK BaJI-IIECTEPHI 31 cTai
34XM 3 Haitb1apmuM aiameTpoM 450 MM



3arajibHa TPUBAIICTh IIUKIY aHTU(PIOKEHHOTO BIJMAIy Bal-IIECTEPHI
cKkJiazmae 72,5 roauH.

3.2.3 Texmnonozia mepmiunoz2o noainuieHHA 3a20MoBOK
(capmyeanus 3 6i0NYCKOM) 3 KOHCMPYKUIUHUX cmajell

Haiikpamnum moeHaHHSIM MILHOCTI, B’SA3KOCTI 1 INIACTUYHOCTI BOJIOJIIE
CTajlb 3 CTPYKTYpPOIO OJHOPITHOTO COPOITY BIJIMYCKY, SIKUM OTPUMYIOTh
IUISXOM TapTyBaHHS CTajl Ha MapTEHCUT 3 HACTYITHUM BHCOKOTEMIIEpa-

TYPHHUM BIJITYCKOM.
["apTyBaHHS PEKOMEHAYETHCS MPOBAJAUTH BIJMOBIAHO N0 Tpadika,

AKAW TPUBENCHUMN HA pUC. 16.

t’C | Ag +30..50/ C

2

25..300C

38 po3paxyHKom ", J 38 PO3PaXyHKOM ‘ T,e00

Pucynok 16 — I'padik TUIIOBO1T TEXHOJIOT1i 3arapTOBKU MOKOBOK 3
KOHCTPYKIIMHUX CTajiel

Ilepwuti eman — HaepiearHs, NPOBATUTHCS 3a TEILJIOBOIO MOTYKHIC-
TIO TI€Yl 1 PO3PaXOBYETHCS 3a METOJUKOIO, siIka HaBeAeHa B 1m.2.1.1 ams To-
HKHX T1J]I, 1 38 METOJUKOIO, sIKa HaBeJeHa B m.2.1.2 — IJIs1 MAaCUBHHX T1JI.



Jlpyeuit eman — mpuganicms eudepicKuy, TprU3HAYAETHCS a00 3a Po3-
paxyHkoM (11.2.2), abo Jacriie Bchoro sk 1/3 dacy HarpiBaHHsI.

Tpemiu eman — 0X010021CY8aAHHS, PO3PAXOBYETHCS 3T1IHO 3 METOH-
KO0, sika npuBejeHa y 1.2.3.2. TpuBaiicTh BUIACPKKH y CEPEAOBUILI IS
OXOJIOKEHHS MpuBeeHa y 1m.2.3.3.

[Ticist rapTyBaHHS MPU3HAYAETHCS BIAMYCK, SIKUH MPOEKTYIOTh 3T1]I-
HO 3 rpadikom, npuBeaeHUM Ha puc.l7. Ilepumii eran — HarpiBaHHs, PO3-
pOOJIAIOTH 3TIAHO 3 METOAMKOIO, sika mpuBeaeHa B 1m.2.1. Jpyruil eram —
TPUBAIICTh BUACPKKU - PO3PAXOBYIOTh 3a rpadikom puc. 17. ¥ Bunaaky,
KOJIM TeMIlepaTypa Bigmycky Hmkda 550 °C, TpuBaIicTh BUAEPIKKH 3011Ib-
myoTh y 1,5 pa3u npoTu Ti€i, sika mokazana Ha rpadiky puc. 17. Temme-
paTypy BIANYCKY MNPU3HAYAIOTh 3aJIe’)KHO BIJ HEOOXITHUX MEXaHIYHHX
BiactuBocteil. [lpu boMy pEeKOMEHAYIOTh KEPYyBAaTUCh NAHUMHU, SIK1 MPHU-
BeJIeH1 y TaouI. 4.

TperTiil eran BIANYCKY — OXOJIOKYBaHHS, BUOUPAETHCS 3aJIEKHO BiJl
YyTJIMBOCTI CTaj]l JI0 BIAMYCKHOI KPUXKOCTI Apyroro poxay. Crami, sKi He
YYTJIUB1 JO OTIMYCKHOI KPUXKOCTI IPYTrOro pojay, OXOJOKYIOThCS Pa3oM 3
mivuro i3 mBuakictio 40 °C/zo0. Craii, ki 4yTJIMBI 10 BiJIyCKHOI KpUX-
KOCT1 JAPYroro poay, s ii MPUIYIIEHHS OXOJOKYIOTh ¥ Macii. Yac Bu-
JEPKKH y Maclli TpU3HA4YaloTh BIATOBIIHO /10 PEKOMEHJAIIH, SIKI MpHUBe-
neH1 y 1.2.3.3 3 1i KoperyBaHHsIM Ha TEMIIEPaTypy BIAMYCKY.
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100 MM* po3paxyHKOBHM MEpeTHH (11B. TabI. 1)
Pucynok 17 — I'padik TUTIOBOT TEXHOJIOT1l BUCOKOTEMIIEPATYPHOTO
BIJIMYCKY MTOKOBOK 3 KOHCTPYKIIIMHUX CTanel



Tabmmig 4 — Temneparypy BUCOKOTO BIJIITYCKY

Temmneparypa Bianycky, °C, npu 3aganiii Mexi Tekydocri, MIIa (B ayxkax — HB)

Mapxka crami | 300..350 | 350..400 | 400..450 | 500..550 | 600..650 | 750..800 | 800...850
(170..271) | (179...228) | (187...241) | (207...255) | (228...269) | (269...321) | (293...331)
40 630..650 | 620..650 | 600...630
45 600..630 | 600...620
35XMA 610..600 | 590..640 | 580...620
34XHMA 610..650 | 590..640 | 570...590
38XH3MA 630..650 | 600..640 | 570..600 | 550..570
38XH3M®DA 580..600 | 550...580
34XH3M 580..620 | 550...600
40X 630..650 | 610..640 | 580...620
40XH 630..650 | 610..640 | 580...620
40XHMA 600...620
30XTC 580...590




4 XIMIKO-TEPMIYHA OBPOBKA BUPOBIB (XTO)

Ha 3aBogax XTO migmaroTh getani Ajiss OTPUMaHHS BUCOKOI MOBEPX-
HEBOI TBEPJIOCTI 1 3HOCOCTIMKOCTI TIpU B’sI3Ki cepueBuHi. [eram i3 ma-
JIOBYTJICIIEBUX CTaJled MiAar0Th LIEMEHTarlli abo HiTpoleMeHTarlii, a i3
cTajel, K1 TEPMOIIOJIIIIYIOTHCS, - a30TYBaHHIO.

4.1 Texnonocia uemenmauii

Crami ais eMeHTalli IUISTh Ha TPU TPYIIH.

Ilepwa zpyna — Byrnenesi 1 Hu3bkojeroani (15, 20, 20X, 20X,
20XM, 18XT’, 20XH).

Jlpyza e2pyna — ctani 3 turanom (18XI'T, 25XI'T, 30XI'T, 20XHT,
20XT'HTP Ta inmmi).

Tpemsa cpyna —BUCOKOJIETOBaHI XPOMOHIKEJIEBI CTalll, 5IKI BUKOPHC-
TOBYIOThCS JJIA JyXe BignmoBimanbHux aetaned (12X2H4A, 20X2H4A,
18X2H4BA, 18X2H4MA Ta inmm).

JInst oTpuMaHHs HEOOX1THOI TBEPJIOCTI HA TTOBEPXHI Y MEXKaX HE HU-
xue 58 HRC perani micng neMeHTarlii mijiialoTh rapTyBaHHIO 3 HACTYII-
HUM HM3bKUM BianmyckoM. TBepaicth cepueBunu 35...40 HRC. Yactime
3aCTOCOBYIOTH I'a30BY IIEMEHTali0 npu Temmeparypi 930-950 °C. Tpusa-
JICTh BUJCPIKKHU MPU3HAYAIOTh, BUXOISIYM 3 HEOOX1THOI TTMOWHM 1Iapy 3
ypaxyBaHHSIM CEPEIHbOI  IIBUAKOCTI HABYIJICIHIOBAHHS
0,15...0,18 mm/200. Sk npaBwio riaumbuHa mapy nementyBanHs 0,8...1,5
MM. BMicT Byrnerro y nmosepxaeBomy mmapi 0,9...1,0%. Ilponec nemenTa-
ii 1 HaCTymHE TePMOOOPOOIIOBaHHS MOXYTh BHKOHYBAaTHUCh 3a TphOMa
BaplaHTaMHM 3aJIEKHO B1J CTYIEHs BIAMOBIIAIBHOCTI AeTanei. ['padik Te-
XHOJIOTI{ /i1 HEBIAMOBIJAILHUX JIeTalIe HaBeIeHUM Ha puc.18.

Ha puc. 19 npuBenenuii rpadik TeXHOJIOrIT lIEMEHTAIlIi 3 HACTYITHOIO
TEPMIYHOI OOpPOOKOIO JJIsl JIeTaliel 3 MiABUILIEHUMUA BUMOTaMu J0 CTPYK-
TYpH 1 BIIACTUBOCTEM.

JIns1 3a710BOJICHHST OCOOJIMBO BHUCOKHMX BHUMOT, SIKi TIPEJ SIBIISIIOTHCS
710 MEXaHIYHUX BJIACTUBOCTEH JieTayiel, peKUM IIeMEHTaIlli 1 TepMO0OpPOo0-
KA BUKOHYIOTH 3a TpadikoM, HaBeaeHUM Ha puc. 20 (MoaBiifHE rapTyBaH-
HSI).
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Pucynok 21- I'padik THIIOBO1 TEXHOJIOT1I IIEMEHTAIIli 1 MiCasIeMeHTaIiiHO1
TEPMOOOPOOKH IIECTEPHI, 10 SAKOI NP/l ABJISIOTHCS MABUIICHI BUMOTH



Ilpuknao 11
[ectepus miamerpom 200 MM 3 BUCOTOO MaTOYrHU 40 MM, TiamMeTp
otBOpYy 30 MM, BurotonyieHa i3 ctaii 12X2H4A. Po3pobutu pexum Ximi-

KO-TEpMIYHO1 1 TEpMIYHOT 0OPOOKH /i1 OTPUMAaHHSI Ha MOBEPXHI 3yOa TBe-
paocti 60...62 HRC, a B cepuesuni 3y6a — 35...38 HRC.

Piwenna
[ectepns (puc. 22) BUTOTOBJIEHA 13 CTaJl TPEThOI IPYyMH, OTXKE, Je-
TaJlb BiAMOBIIAJIBHOTO Tpru3HaueHHs. HeoOXiaH1 BIACTUBOCTI MOXYTh OY-
TH 3a0€3MEUYECHI [IEMEHTALII€I0 3 HACTYTHUM MOJABIMHUM TrapTyBaHHSM 1 HU-
3bKHM BiAMyckoM. [Ipu3Hadaemo raubOuny nemenTarii 1,2 M.
I'padix TexHomorii Oyayemo y BiamoBigHOCTI A0 puc. 21. IIpoBoau-
MO PO3paxyHOK €TaIliB TEXHOJIOTI.

1 TpuBamicTh BUACPKKH MPH IIeMEHTallli: —— =8 200.

)
2 Tlicnsa memeHTarlii 0X0JIOKeHHS Ha MOBITP1 MPOTITOM Yacy

T oxon = M = 2,6 200.
350

3 Yac narpiBaHHs Ha Mepiie rapryBaHHsa. BuzHauaemo po3paxyHKO-
BUM mepeTuH 3 Ta0.1 (cxema 4).

£0

13 5 r - 3 iSs D, = 200 mm;
T AN
\\ L =40 mm,
r _L - ——-—];--— d6H: 30 MM’.
A | ';
i b =85 mm;
--‘t. Bapiaut b>L<D,;

Dpospax= L = 40 mm

Pucynok 22 - Ecki3 mOKOBKH 1iecTepHi 13 ctani 12X2H4A

Posrnsimaemo mectepHto sk mmactuny 2S = L = 40 wm. Temnepa-
Typa raptyBaHHs s ctam 12X2H4A



t;= A+ (20...40) = 850 + (20...40) = 870...890 °C; Bi= “75

3 tabmuips nogatkiB A 1 b BusHagaemo:
- cepexiii koedimieHT TemoBignaui  a =180 Bm/(m°-K);
- KoediieHT TeronposigHocti A = 26,4 Bm/(m-K).

Bi= 180-0,2 0136. Bi> 0,25; Tino ToHKe.

Yac narpiBanHs BU3Ha4YaeThes 3a popmynoro (7):

= Gcfn(l‘c — tM.Hoqj_
aF e —ykin

4
I'ycrora crani p = 7830 ke/m° (zopmatok I).
G = 0,785-0,04-7830 -(0,2° — 0,03%)=9,6 «=.
CepenHs TEIIIOEMHICTD (TaOMHI 104aTKY b)
c = 687 [c/keK.

2 2
D
Maca G = % Lp— s Lp= (%) Lp(D,%, - dgH).

[1moma akTUBHOI MOBEPXHI, KA CIIPUMMAE TEILIO:
2
7D 2
F =Dyl — 12+ atly, L - i
3,14.0,2.0,04+0,785-0,04-2+3,14-0,03-0,2-
-0,785-0,0009 -0,2=0,107x".
9,6-687 fﬂ( 900-25
180-0,107 \900-850

[ =

Yac HarpiBaHHus 7 = j=1631 ¢ = 25 xe. llpuiima-

emo 0,5 rogunm.
4 BuzHauaeMmo cepeJIOBHIIE JIJII OXOJIOJKCHHS MPHU rapTyBaHHI. 3a
JiarpaMoro 130TepMIYHOTO PO3Maay ayCcTeHITy st ctaimi 12X2H4A
* *
t=400°C; r =8 c.
890 —-400
Kp - 5
Sk cepemoBwIIe JJIs OXOJOMKEHHS 3a Ta0JI. 2 MpHU3HAYaEMO MiHEpa-
JpHEe Macio. Yac BHACPKKH Yy  Macil pPo3paxoBYEMO 3a

fc - I‘MHOII
dbopmyioro (13) : T Ge E{ :

aF le — Uyikin

=73°C/e.




G=9,6 k2, ¢ = 687 Jwc/ke-K, o =400 Bm/m* K (nomarok A), t:=50°C,
£, nou= 890 °C, t,, ;= 100 °C.

__ 96:687 M(so—sgo

400-0,107 \ 50—100

j = 434 ¢ = 1,2 xs. Ilputimaemo 10

XBUJIVH.
5 Busnawaemo pexxum Apyroro raptyBaHHs. TemmepaTypa Harpi-
BanHA = Ay +(20...40) °C. ins crani uy 90X2H44 Ay =760 °C.
t,= 760 + (20...40)= 789...800 °C.
Yac HarpiBanus 3a gpopmysioro (7)
. 9,6-687 gn( 800—-25
180-0,107 \810-800

1 BECh TEIJIOBUM PEKUM MTOBTOPIOEMO.

j:1489 c = 24 xs. Ilpuitmaemo 0,5 ronuaN

6 Pexum Bignmycky. Yac HarpiBaHHs % =1,5 200.

TpuBanicte Buaepxkku 3,6 40 = 144 x6 = 2,4 200. llpuiimaemo
T oo = 2,9 200.
150

TpuBaicTh OXONOIKEHHS T oy = 50 =3 200.

3arajgpHUN UKI BCl€l TexHoorii 20, 1 200.

4.2 Texnonocia azomyeanus

Bracminok a3oTyBaHHS JieTalli OTPUMYIOTh BUKIIFOYHO BHCOKY TBEp-
nicte (HV= 1000...1200), Bucokuii omip CTOMJIEHOCTI 1 KOPO3iHHY CTIM-
KiCTh (Ha MOBITPi, y BOA1). A30TYIOTh CHEIlalIbHI CTajl, BiAOMI I1i]1 HA3BOIO
HITpos01 (38XMFOA, 38X2MHKOA). Tlicns a30TyBaHHSI HE MPOBOJATH Hi-
aKoi 00poOku. HeoOximHi MexaHidHI BIACTHUBOCTI CEPIIEBHHHU JeTall
OTPUMYIOTh TOMEPEIHHOI0 TEPMOOOPOOKOIO (TEPMIUYHHMM TOIIIIICHHSIM).
30HM JeTanei, siki He MOBHMHHI a30TYBAaTUCS MONEPEIHbO, MEPEH a30Ty-
BaHHSIM TOKPUBAIOTH EJEKTPOJITUYHO MIJII0. TEXHOJOriss a30TyBaHHS
npuBeneHa Ha rpadiky puc. 23.

I'mubuna azotyBaHHA ckiagae 3BudaiiHo 0,2...0,3 mm. CTymiHb au-
corriamii amiaky 25...30 %.

5 TEPMIYHA OBPOBKA INIPYKXHUH I PECOP

PecopHo-nipyMHHI CTaji TOBMHHI MaTW BUCOKUM OIip MaJuM Ijiac-
TUYHUM AedopMallisiM, BUCOKY MEXY BUICPKKHU MPHU JOCTATHIX IJIACTHY-



HOCTI Ta OMOpP1 KPUXKOMY pyHHYyBaHHIO. CTasli TOBUHHI MAaTH TAKOX rapHY
3arapTOBYBaHICTh 1 IPOTapTOBYBaHICTh. BKa3aH1 BIaCTUBOCTI TOCATAIOTh-
Cs1 BAKOPUCTAHHSAM BIINOBITHUX MapoK CTaJIeH 1 TepMIYHOK 0OpOOKOIO Ha

TPOOCTHUT BIJIMTYCKY.

Pu- . _ CYHOK
23- I'pa-
dix 520...540' C (asomyeatis) THIIO-
BO1 TEX-
HOJIO- rii
azoTy Ty-
BaHHS

Ha ;osimpi

T,eoa

F
2,01mm f208 40°Cr200 |
o — - - - -3

BukopucroByrothcsa Taki ctaii: 65, 75, 85, S0C2A, 55C2A, 70C3A,
60C2, 60C2XDA, 60C2BA, 60C2H2A, 50XT' A, S0XDA.
Tepmiuna oOpoOKka MPOBaIUTHCS 33 TEXHOJIOTIEIO, sIKa IPUBEICHA HA

puc. 24.

Ap +(20..40) C

450...460 C

1.5x8
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1 mM* - po3paxyHKOBUII IepeTUH 3a Tad. 1
Pucynok 24 — I'padik TUIIOBOT TEXHOJIOT1i OCTAaTOYHOT
TepMOOOPOOKHU MPYKUH Ta PECOP
6 TEPMIYHA OBPOBKA IHCTPYMEHTAJIBHUX CTAJIEN



[HCTpyMEHTANIbHI CTall XapaKTepU3yIOThCs MIJBUIIICHUM BMICTOM BY-
riento (Buie 0,7%) Ta HasBHICTIO KapO10YTBOPIOIOYUX €JIEMEHTIB XPO-
My, BoJibpamy, MoiOAeHy, BaHair0 Ta 1HIIKX. CaMl IHCTPYMEHTH, SK1
BUTOTOBJIAIOTHCS 3 IMX CTAJIeH, MalOTh JOCUThH CKJIaJAHY QOpMy, /i€ 4aCTO
OyBae BeJiMKa PI3HUIL MK poOOYOI0 KPOMKOIO 1HCTPYMEHTA 1 HOTO OCHO-
BHUM TUIOM. baraTto 1HCTpyMEHTIB MiCisi TapTyBaHHS 1 BIAIMYCKY MiJa-
I0ThCSl TUTBKU NUTI(YBAHHIO, @ Yepe3 1€ JIA HUX 1] Yac HarpiBaHHS ISt
rapTyBaHHs AYy’K€ BaKJIMBUM € BIJICYTHICTh 3HEBYTJICI[IOBAHHS TTOBEPXHE-
BOTO I1IapY, 110 AOCITAETHCA CHEIAIbBHUMHA YMOBAaMH HarpiBaHHS.

3aBASKM LIbOMY MONEpPEAHs, 1 0COOIMBO OCTaTOYHA, TEPMiuHA 00POO-
Ka 1THCTPYMEHTAJIBHUX CTalle y 0arathboX BHUIIAJKaX BiAPI3HIETHCS BIJ
aHAJIOTIYHUX BU/IB TEPMIYHOI OOPOOKHU, MPUNUHATUX JIJI1 KOHCTPYKIIMHUX
CTaJIeH.

Haii01p1 Jo1iIbHO MOTIEPEAHIO 1 OCTaTOYHY TEpPMIUHY OOpOOKY 1H-
CTPYMEHTAJIbHUX CTaJIell MpHU3HA4YaTH B 3aJEKHOCTI BiJ iX XIMIYHOTO
CKJIaTy.

6.1 Ilonepeonsa mepmiuna o6podKa iIHCMPYMEHMATLHUX
cmaneu

6.1.1 Ilonepeonsa mepmiuna oopoodKa ey2neyesux i
J1€208AHUX ITHCMPYMEHMAIbHUX CmaJjlell

Jo 1i€ei rpynu cranei BiHOCIThea ctami Y7...¥Y13 (YV7A...YV13A).
OCHOBHI PEeXUMH TONIEPEAHBOT TEPMIYHOT 0OpOOKH MpUBEEHI HAa puc.25 1
B Ta0I.5.

s craneit Y7 1 Y8 BUKOPUCTOBYIOTh HEMOBHUHN Ta 130T€pMiIUHUIN
Biaman. TpuBamicTh BUASPKKH ITCIIS HATPIBAaHHS BCI€T CaIKU 10 TeMIIepa-
TypH BiiMay: IPU HETIOBHOMY BiAnany - 4...5 TOIUH, IPU 130TEPMIYHOMY
Bianany - 1...2 roguHu. [3oTepmiuyHa BUAEPIKKA IIPHU OXO0JIOKEHH] - 1...2
T'OJINHH.

JIns iHIMX cTajiel BUKOPUCTOBYIOTh MOBHMM Ta 130TEPMIYHUN BiJI-
naj. TpuBamicTh BUJEPKKHU MIC/IsI HArPiBaHHS BCI€T CaJIKU IO TEMIIEPATY-
pu Bigmany - 1...2 roaumnu. [30TepMivuHa BUIEpIKKA MPH OXOJIOKEHHI -
l...2 rogunm.
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Tabnuus 5 — XapaktepHi TeMIepaTypy peKUMIB MONEPEIHbOI TEPMIUHOI 0OPOOKH BYTIICLIEBUX
1 JISTOBAaHUX IHCTPYMEHTAJIbHUX CTaJlel

Bignan [30TepmiuHMii Bignan Hopwmamnizariis [Tomnmenas

Mapka crari Temneparypa | Temnepatypa | I3orepmiuna | Temneparypa | Temmeparypa TeMnepaTypa

Harp1BaHHs, Harp1BaHHs, BHJICPIKKA, Harp1BaHHs, rapTyBaHHS, BilmycKy,
OC OC OC OC OC OC

Y7,V7A 690...710 790...810 650...680 800...820 780...800 640...680
V8, Y8A 690...710 740...760 650...680 760...780 780...800 640...680
Y10, V10A 750...770 750...770 680...700 830...850 750...800 640...680
V11, V11A 750...770 750...770 680...700 840...860 790...800 640...650
V12, V12A 750...770 750...770 680...700 850...870 800...820 640...680
Y13, V13A 750...770 750...770 680...700 860...880 810...830 640...680
9XC 790...810 790...810 700...720 900...920 880...900 680...700
XI'CB® 790...810 790...810 700...720 900...920 880...900 680...700
XBI' 770....790 770...790 680...700 970...990 840...860 660...680




Cdepoinuzanio (MaSTHUKOBUM BiJiNad) BUKOPUCTOBYIOTh JIJII OTPU-
MaHHS CTPYKTYPH 3€pHUCTOTO MEPIITy. TpUBATICTh BUACPKKHA Ha KOXKHIN
ctyneni 0,5...1 roguna.

Bucoxkuii BiAIycK CJ1iJl BAKOPUCTOBYBATHU JJIS 3HSTTS HAKJICIY MICTs
XOJIOJTHOT TUTAaCTUYHOI AedopmMaliii (Tak 3BaHUN PEKpUCTATI3ALINHUAN BiJI-
najn); JAJisl 3HSITTS BHYTPIIIHIX HAMpPYKEHb BiJ OOpOOKM pi3aHHSIM, LIO Tie-
pellye rapTyBaHHIO; Tlepe/l MTOBTOPHUM TapTyBaHHSAM BUPOOIB, 5IKI MalOTh
NOHM)XEHY TBEPJICTh MIClA TEPMIYHOI 0OpoOKU. TpuBaNiCTh BUIACPKKHU
IPU BUCOKOMY BIIMTYCKY - 2...3 TOJAWHU MICJIS HArPiBaHHS BCI€T CaJKHU.

Hopwmani3zaiiito BUKOPUCTOBYIOTh ISl TOAPIOHEHHS 3€pHa MeperpitToi
CTajl Ta JJid YCYHEHHS CITKM LeMeHTUTY. HarpiBaHHsa mpu HOpMamizallii
MO>K€ MPOBOJUTHUCH Y T€Yax 1 COJIIHUX BaHHAX.

[TokpaiiaHHsi BUKOPUCTOBYIOTh ISl OTPUMAaHHS MiJABUIIEHOT YUCTO-
TH TOBEPXHI IPU 00pOOIIl pI3aHHSAM y TUX BHUMAJKaX, KOJU CTaJlb y BiJIIa-
JISHOMY CTaH1 Mae TBepaicTh HB<183.

6.1.2 Ilonepeonsa mepmiuna o6poodKa nededypumnux
iHCmMpyMenmanoHux cmaneil

JleneOypuTHI IHCTPYMEHTAJIbHI CTajli MaloTh MiJABUUIEHY 3HOCO-
CTIMKICTh. Jl0 HUX HanmexaTh BUCOKOXpOMHUCTI ctani X6B®, X12M® i
mBUAKOpIKYy4l ctam P18, POMS ta ixmmi.

[Toniepennst TepmiuHa 00poOKa BUCOKOXPOMHUCTHX CTaJIel BKIIHOYAE
BiiMay 3 Oe3MepepBHUM OXOJO/KYBAHHSM, 130TEPMIUYHUM Bijaman, BUCO-
KU BIAMYCK (puc. 26).

TpuBaicTh BUACPKKHU MICIsE HArpiBaHHS BCI€l CaAKU JO TeMIIepary-
pu TepMo0oOpoOKH - 1...2 rogunu. [30TepMiuHa BUIEPIKKA MPU OXOJIOIKY-
BaHHI - 3...4 TOIUHHU.

[Ipu HEOOX1THOCTI OTPUMAHHS O17IbIII HU3bKOT TBEPAOCTI CTalb MIiCHs
BI/INAy MiJJAI0Th JI0JJaTKOBO BUCOKOMY BIIIYCKY; TPUBAIICTh BUIACPIKKHU
- 2...3 TOOWHU MICJIs HarpiBaHHS BCI€T Ca/IKHU.

[Tonepennst TepmiyHa 0OpoOKa MIBUAKOPIKYUUX CTAICH BKIIIOYAE 10
CBOIr'0 CKJIQJy 130T€PMIUHMI BiJnaa MICIsA rapsiuoi MEXaHIuHOi OOpOOKH 1
3BapIOBAHHS, BUCOKHUH BIAIMYCK JJISl TIOJIMIIEHHS Ae(OpMYyBaHHS y XOJO/I-
HOMY CTaHI1, SIKHWA TTPOBOJAUTHCS MICHs BIANAITY, OOpOOKY JJIsl MOJIMIICHHS
YUCTOTH TOBEPXHI MPHU pi3aHHI, 0OPOOKY IMepea MOBTOPHUM 3arapTyBaH-
HsaM (puc. 27).

[IBuaKicTs HArpiBaHHs MPH Bigmaii y mevax He Oinbrre 100° 3a ro-
nuHy. TpuBamicTh BHUJIEPKKU IIICJIS HArpiBaHHsS BCIEl CaaKud 10
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TeMIepaTypu Bignany - 1...2 rogunu. [3oTepMiuna BUACPKKA TP 0XOJIO-
JOKYBaHHI - 4...6 TOJUH.

Ilpuxnao 12
Po3pobutu pexxum 130TepMIYHOTO BiJMaTy MOKOBOK 13 ctam P18 mi-
ameTpoM 50 MM, 10BxkuHOIO 400 MM.
Piwenna
Pexxum 130TepMIYHOTO BiAnally po3poOiasieMo, Mayyu JBoMa Huisxa-
MH.
1 PospaxynkoBuit giametp D= 50 mm (Tabn. 1). Busnawaemo, no
SIKOT'O THITY BITHOCUTHCS TUJIO MPU HArpiBaHHI.
Bi=—.
A
3a TtaOmumamMu gomatkiB A 1 b BusHauaemo o =180 Bm/(M2 K),

A =285Bm/(m-K).

Bi = M =0,158. Timo TOHKE.
28,5
JIs Takoro Tijla yac HarpiBaHHs BHU3HA4daeThes 3a (opmyiow (7).

7Z'D,72
4
Tabmurero gonatky J wus crami P18: p =8690 xe/m®.

G = 0,785-0,05%-0,4-8690 = 6,8 ke.
AKTHBHA TTOBEPXHsI TOKOBKH (K IUJITHAPA)

JIJist IbOTO BU3HAYAEMO Macy MOKOBKH: G = lp , ne p- rycrora 3a

F = 3,14.0,05.0,4+0,785.0,0522=0,067 »/".
3a Tabnwmiero 1oaaTKy b Bu3HawaeMo TeroeMHicTh: €= 670 o/ (ke K).
3a Tabauiiero 10aTKy A - KoediieHT TermioBiaadl: a = 250 Bm/(M2 K).
Temneparypa sigmany t, = 890 °C; t,, ., = 880 °C; t,, ... = 25 °C.

6,8-670 m( 890-25 j:1213 c =0,33 200 =
250-0,067 890 —880

Yac HarpiBanHs 7 =

= 0,4 200.
Hac BUIIEPKKH TIPU TEMIIEPATYpI BIANALY 7 g, = 0,8-50 = 40 x6=0,7 200.

Yac 0X0I0MKEHHS /10 130TEPMIYHOI BUAEPKKH

880—-730
TBPQZ = T = 3 206.



Yac BUIEPKKU 10 TTOBHOTO PO3IMaJy ayCTEHITY 3T1JIHO 3 jJlarpaMoro
i3orepmiuHOro posmany aycrediry crami P18 mpu temmepartypi 730°C
ckianae 15000 ¢ = 4,2 200 =4,5 200.

Yac oX0n0MKEHHS 3 MIYYI0 HICHS 130TEPMIYHOI BUACPKKH

T pxon = w =23 200~ 2,5 200.

Yac oxonoaKeHHs Ha TTOBITPi
600 — 25
Toxon=————— =16 200 = 2,5 200.
350
PozpobrieHa TeXHOIOT1s 130TEepPMIYHOTO BiNany IpuUBeIeHa Ha pUC.28.
3arajgpHa TPUBAIICTD BIJIMANY OJIHIET IOKOBKM CKJIajgae 12,7 roauH.

L°C

860..800 C

720..740 C

25C
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Pucynok 28 — I'padik TeXHOIO0T11 130TE€pMIYHOTO BiAaay MOKOBKU
13 ctani P18 miamerpom 50 MM, noBxuHO0 400 MM

2 'V pasi, Koau MOBa W€ Mpo BEIUKY KiJIbKICTh MOKOBOK, HarpiBaH-
Hs BeayTh 31 mBuakictio <100 °C/zo0uny (nus. puc. 27,a).

850—-25
T parp :W=8,25 200 = 8,5 200.

Temnepatypy Bifmany mpusHadaioth Ay + (20...40) °C. Mus cram
P18 A, =820 °C, omxe t, = 820 + (20...40) °C = 840...860 °C.



TeMneparypa 130T€pMIUHOI BUJIEPXKKHU, SIKa TOB’si3aHa 3 IMEPETBO-
PEHHSAM TMEPEOXOJIOIKEHOT0 ayCTEHITY, MyCUTh OyTH TaKoro, SIK y Tore-
PEIHBOMY PO3PAXYHKY.

OXO0JIOJIPKEHHST 10 TeMIepaTypu 130TEPMIYHOI BUJCPKKU, a TaKOK
MICTs 130TEPMIYHOT BUICPKKH B T141, MOMKIJIMBI TaAKOX TaKl, IK y TOTIEPE/I-
HbOMY pO3paxyHKy. OXO0J0IKEHHS OUIBIIOT CaIKA METAly 3 TeMIEpaTypu
600 °C na nosiTpi Oyae IPOXOAUTH 3 MEHIIOKW WBUAKICTIO (~ 250°C/200)
1 gac Horo Oyje cKiajgaTu

T oxor = 800=25 _ 2,3 200.

250
3arayibHUM BUTJISA] 130TEPMIYHOTO BIATANY JIJI BEJTUKO1 CaJKU TTOKO-
BOK 13 ctaim P18 HaBenenuit Ha puc. 29.
3arajibHa TPUBATICTh BNy BEJIMKOI CAJKUA MOKOBOK (HAMPUKIIA/I,
100 mT.) cknamae 22 roAuHM.

i
840..860 C

730..750 C
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Pucynok 29 — I'padik TeXHOJOT11 130TEPMIYHOTO BIATIATY
BEJIMKOI CaJIK1 TTOKOBOK 13 cTail P18

6.1.3 Ilonepeons mepmiuna oopooxka
WIMAMNOBUX cCMajell 2apauo20 0egopmysanus

Jlo mTamMnoBux cTtajed rapsyoro JegopmMyBaHHS BiAHOCSATHCS CTall
5XHM, 5XHB, 5XI'M, 4X5M®C, 4X2B5M®, 3X2B8® Ta iHmIi, sSKi M-
JAI0ThCA BIJIMATY 3 METOIO0 MOAPIOHEHHS CTPYKTYpPU KPYHHHUX 3aroTOBOK,



MaJio Ae(opMOBaHUX MPHU KyBaHHI a00 KaTaHHI, a TAKOXK 3 METOIO 3aI1001-
raHHS yTBOPEHHIO (JIOKeHIB. THUMOBHUI peXHUM TAaKOTO BIAIANY MPHUBEIC-
HUW Ha PUCYHKY 12.

6.2 Ocmamouna mepmiuna 0opoodKa
IHCMpPYMeHmManbHUX cmaieil

OcTaTo4YHOI0 TEPMIYHOIO OOPOOKOIO JIJIsl IHCTPYMEHTAIBHUX CTaJICH €
rapTyBaHHs 3 BiAnyckoM. HallOuIbIl BaXKJIMBOIO OMEPAIlIEI0 € TapTyBaHHS,
IpU SIKOMY HarpiBaHHs IHCTPYMEHTY JI0 TEMIIEpaTypH rapTyBaHHs TOBHIC-
TIO 200 YaCTHHU MOro, BEJIMKE 3HAUCHHSI Ma€ BUIEPKKA MIPU TeMIepaTypi
HarpiBa"Hs. Yepes 1€ sl IHCTPYMEHTIB TPUBAJICTh HArpiBaHHS pPEKOME-
HIYIOTh BU3HAYATH 32 (HOPMYJIIOIO

7= WK, (14)
ne W/- reomerprunnii mokasHUK, SKHM 3aJI€XKHUTH BiJ (GOPMH Ta pPO3Mi-
pIB Tila, 110 HArpiBa€ThCsi, BUPAKAETHCS Yy CaHTUMETpax
(Tab1.6);
K — miagcymkoBuit gizuyHuii paktop, SKUH BpaxOBY€ YMOBH Harpi-
BaHHs (noxaTok JI).

Tabmusg 6 — @opmynu 111 00YUCITIOBAHHS TEOMETPUYHOTO
nokazuuka /i npocroi popmu

: |74
dopma Tina dopmyna W= = cm (15)
CyuuibHUM TUIIHAP, KU HArpiBaeThb- Dv 16
¢4 3 yCIX CTOpIH 40+2D (16)
CyuuibHUN UITIHJP, SKUM HArpiBa€Th- DL 17
Cs1 3 OJTHOTO KIHIIA A+ D (17)
[ToposkHUCTHI TTUIIHIP, KWW HarpiBa- (D— a) 18
€THCS 3 YCIX CTOPIH 4/ + 2( D— 0’) (18)
[IpsMoKyTHa TIacTUHA, SKa HarpiBa- Bal 19
€THCA 3 YCIX CTOPiH 2( B/ + Ba+ aé) (19)
Kyns D/ 6 (20)
Ky6 B/ 6 (21)
[Ipsma npu3mMa y BUJISI KBagparTa, pi- Dyt 99
BHOOIYHOIO TPUKYTHHKA 200 NPABHIIb- | 4/ 4 2 b} (22)




HOT'O MICCTUKYTHHUKA

VYMOBHI NO3HAYEHHS:
V — 00’eM TlI1a, CMB;
F — moma noBepxHi Tija, M3;
D — 3oBHIimHIN g1aMeTp, cm;
d — BHYTpILIHIN AiamMeTp, cm;
D, — niameTp Kona, sike BIIUCAHE Y JaHUN O0araTorpaHHUK, CM,
{ - moBHA NOBXKHHA Tina, CM;
/. - NOBXUHA TiNa, IO HArPIBAETHCS, CM;

6 — peOpo Ky0a, TOBIIMHA TIACTUHH, CM,
a — IMUpHUHA TUTACTUHH, CM.

OnepxxaHi 3HaYEHHsI 7 BIANOBIAAIOTh TPUBAJIOCTI HArpiBaHHS Ta BU-
TEPIKKH.
IMpu migpaxysanni Wincrpymenris ckinagnoi popMu BBOIUTHCS I10-
MpaBKa Ha HOro KOHQITypario:
Dpo3pax =D-h J
AKIIO piKyda YacTUHA IHCTPYMEHTY PO3MillIeHA 30BHI, Ta
Dp03pax =d+ h;
AKIIO pidKyda YacTUHA PO3MIIIEHA BCEPEAUHI IHCTPYMEHTY;
ne D — 30BHIIHIN 11aMeTp IHCTPYMEHTY, CM;
d — BHYTpILIHIK JiaMeTp IHCTPYMEHTY, CM;
h — rmuOuHa KaHABKM JJI BHBCACHHS CTPYXKKHU (HE3aJCXKHO Bi
K1JIbKOCTI KaHaBOK, SIKIIO X YHCIIO OLIbIIE 2).

6.2.1 Tunoea mexnonozia ocmamounoi mepmiunoi 00pooKu
pixcyuux incmpymenmie iz gy2neuesux i 1eco8anux cmaeil

B 3anexxHocTl BiJg po3paxyHKOBOI TOBIIMHM (AlaMeTpa) pixKydl iH-
CTPYMEHTH 13 BYTJICLIEBUX 1 JIETOBAHUX CTajeil HArpiBalOTh 10 TEMIIEPATY-
pu rapTyBaHHs 3 MiAirpiBaHHsAM 1 6e3 Hporo. [ligirpiBanHs MpU3HAYAETHCA
npu temuepaTypi 600...650 °C, gximo po3paxyHKOBa TOBIIMHA [IEPEBUIIYE
20 mm.

I'padix TexHOIOTII OCTATOYHOI TePMIYHOT 0OPOOKH 1HCTPYMEHTIB 13
BYIJICIIEBUX 1 JICTOBAHUX CTajel npuBeaeHuid Ha puc. 30.

Ilpuknao 13
Po3poOUTH TEXHOJIOT1I0 OCTATOYHOI TEPMIYHOI OOPOOKH 3EHKEPIB 1
PO3BEPTOK JIJIs1 HACKPIZHUX Ta TIIYXHUX OTBOPIB.



A +(30..50)C

600..650C
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Pucynok 30 — I'padix TUIMOBOT TEXHOJIOTIi OCTATOYHOT TEPMOOOPOOKH
IHCTPYMEHTIB 3 BYTJICIIEBUX Ta JISTOBAaHUX CTaJleh

Mapka crani: XBI'. 3oBHimHii giamerp D = 80 mm, BHyTpilHIN 1i-
amerp d = 40 mm, nosxuna ¢ = 70 mm, rimbuHa KaHaBKu h = 5 mm.
HRC 61...64.

Piwenns
[Ipu3zHagaemo TemmepaTypy rapTyBaHHS 41+(3O...50)0C = 750 +

+(30...50) = 780...800 °C. BpaxoByroo4H JOCTi IHHIKY IPAKTHKY, BiIOMY
3 JTepaTypd, NpUUMAEMO TEMIEpaTypy TrapTyBaHHSA ISl I1€1 CTajl
820...850 °C. Po3paxyHKOBa TOBIIMHA CKJIAa€
_D-d 80-40
2 2

[Mpusnavaemo migirpisanss npu remmneparypi 600 °C.

Yac narpiBanus i Buaepsxku mpu 600 i 850 °C BusHagaemo 3 hopmy-
m (14): 7 =WK

Wau3znauaemo 3 (opmynu (18), BBaxarouu, 110 Hall 1HCTPYMEHT
ABJISIE COOOI0 MOPOKHUCTUM ITUITIHJIP, IKUW HAarpiBa€THCS 3 YCIX CTOPIH:

 (D-a)y
40+2(D-d)

3amicte D npuitmaemo D,,,, 13 popmyiu (23), BpaxoByro4H Te, 10

piKyda 4aCTUHA IHCTPYMEHTY PO3MIiIlleHa 30BHI.

=20 mm.

B




_ {(b-m-aj¢t  {8-05)-4j7 357 245
40+2[(D-h)—-d] 4-7+2[(8-05)-4] 28+2-35 35
HarpiBanus npoBoauiu y coyissHux BanHax. Koedinient K Bu3Haya-

emo 3 noaatky JI i mpuitmaemo K = 7 miis remnepatypu 600 °C i
K = 10 nnsa remneparypu 850 °C.

TpuBamicte wHarpiBanus 1 Buaepxkku npu 600 °C  ckimamae
7=0,7-7=49~5 xe¢ npu 850 °C cknagac 7 =0,7-10=7 xs.
OXo0JI0MKeHHS TPOBOAUMO Y MacHi.

Binmyck npusnadaemo mpu temmeparypi 180 °C, HarpiBanHs poBo-
JUMO Y Maclli, TPUBAIICTh HArpiBaHHs NP BIJAMYCKY BU3HAYAEMO 3 TaO-
Jutil noaatky E.

=0,7 cm.

6.2.2 Tunosa mexnonozia ocmamoynoi mepmiunoi oo6pooKu
pixycyuux incmpymeHmie i3 wieuOKopidcyuux cmaJeil

3aexHO BiJl pO3PaxyHKOBOI TOBIIMHU (JlaMeTpa) pixKydl 1HCTpyMe-
HTH 13 NIBUAKOPIKYYHMX CTaJeH HarpiBaroTh J0 TEMIIEPATypy rapTyBaHHS 3
OJIHOPA30BUM 1 JBOPA30BUM MiAirpiBaHHsAM. J[Bopa3oBe miairpiBaHHs Ipu
600...650 Ta 800...850 °C npusHauaeThCs, SKIIO PO3PAXyHKOBA TOBIIKHA
nepesuiye 20 mm.

['padik TexHOMOrIl TEPMIUHOI OOPOOKH THCTPYMEHTIB 13 IIBUIKOPI-
KYUYUX CTaJIell HaBeJeHUH Ha puc. 31.
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Pucynok 31- I'padik THIIOBOT TEXHOJIOT1i OCTATOYHOT TEPMOOOPOOKHU
THCTPYMEHTIB 13 HIBUAKOPIKYUUX CTanIeH
Biamyck micis rapTyBaHHs TIOBTOPIOIOTH 2...3 pa3u A0 30epira”us y
CTPYKTYpI1 cTajil He Ouble 5% 3aJUIlIKOBOTO ayCTEHITY.

Ilpuknao 14

Po3po6uTtu TexXHOJIOTiI0 rapTyBaHHS 3 BIJIYCKOM CBEpAJa 13 CTai
P18 niamerpom 50 mm, NOBXKUHOIO PIXKY4Oi YacTUHM 255 mm. 3araiabHa
TOBXKUHA cBepyia - 440 mm, TTMOVHA KaHABKY - 15 M.

Piwenna

[IpuiiMmaemo, 110 CBEPJIO € CYHUIbHHUMN IMWTIHAP, SKUH HArpiBa€ThCs
3 OJTHOTO KIHIIS, @ Yepe3 1€ PO3PaXyHKH HArpiBaHHS 1 BUACPKKH BEIEMO,
kopuctyrouuch hopmynamu (14) 1 (17). HarpiBanHs nmpoBOAMMO y COJIsI-
HUX BaHHaX. 3TiJIHO 3 JIITEpaTypPHUMHU pEeKOMEHAAIIIMHU [5] po3paxyHKO-
BHUI TIEPETUH JIJIs1 CBEp/IJIa MPUMMAETHCS PIBHUM ITOJIOBHHI JlaMeTpa CBep-
uta. Y HaloMy BUNAJKY L€ IepeTUH CKIIaaae 25 MM, a uepes 1€ CBepIio
710 TeMIIEpaTypy HarpiBaHHs HarpiBaeMo 3 ABOMa miairpiBanasmu mnpu 600
i 800 °C. Temneparypy rapryBanus mpuiiMaemo 1270...1290 °C ( Ay =

820 °C).
Buznauaemo W3 dpopmynu (17)



DL (D-hL  (50-1544 3544

"4+ D 401+ (Dh) 4.255+(50-15) 4-255+35

Kopuctyrounce ¢popmynoro (14) 1 Tabnauiiero 101aTKy, 3HaAXOIUMO:
yac HarpiBauss i Bugep:xkku npu 600 °C ckmamae 7,5-1,5=10,5 x6;, 1pu
800°C-1315-71,5=9xe6; npu 1280°C-51,5=7,5 xs.

HeoO0x11HO BIAMITUTH, 110 HarpiBaHHS 1 BUACPKKY MPH IPYyTOMY ITi-
JUTpIBaHHI CJ1Jl MPU3HAYATH 3 BpaXyBaHHSM HarpiBaHHS 1 BUJIEPKKHU MPU
MepUIOMY MiJIIrPIBaHHI, SIK 1€ MOKa3aHO Ha MPUKJIAJl BIJIHOCHO TEMIIepa-
typu 800 °C.

Kputnuna mBuaKiCTh rapTyBaHHs 3a hopmyiioro (12) ckianae

T {_1290-750
S, 100

[TpuiimaeMo rapTyBaHHS y MIHEpAJIbHOMY MAacHIl.

TpuBamicTh BUIEPKKH y Macil Bu3Hadaemo 3a ¢opmynow (13),
npuiiMarouu, 110 aKTUBHA MOBEPXHS cBepjuia ckianae F=0,067 M°, Maca
G=6,8 re, TemnoemHicTh ¢c=670 /[orc/ke-K. KoediieHT TermoBiaadi npu
OXOJIOHKEHH1 Yy Macm & = 400 Bm/v* K (Tabauis 1ogaTky A).

T=M€ w =458 ¢ = 7,8 x6 = 10 xs.
400-0,067 20-100

Pexxum Biamycky (HarpiBaHHs B medi):
yac HarpiBaHHs 3a (opmyroto (7) npu koediientax c=548 [owc/(ke-K),
o =90 Bm/m* K (tabanui nomatkiB 4 i 5), ;=570 °C, £, ,0.=25 °C.
T= Mfﬂ(ﬂj = 2493 ¢ =41 x6 = 40 xs.
90-0,067 \570-560
Yac oxo0y10/KyBaHHSA (3 pO3paxyHKY IIBUIKOCTI OXOJIOMHKYBaHHS

6 °C/x8) Tpxon = &6_25 =79 x6 ~80 xs.

=54°C/e.

6.2.3 Tunosa mexunonozia ocmamounoi mepmiunoi oo6pooKu
WMAMNIE X0J100H020 i 2apA4020 hopmyeanns memany

3aJiex)KHO B1J] pO3PaxyHKOBOI TOBIIMHM (JllaMeTpa) MITaMIIIB ITyaHCO-
HIiB 1 MaTPUIb JJIS1 XOJIOJHOTO 1 rapsiyoro aedopMyBaHHs METaly iX Harpi-
BaIOTh /10 TEMIIEPATYpU TapTyBaHHSA 3 OJHOPA30BUM IIJITPIBaHHSIM a0o0



0e3 mporo. OmnHopasose mimirpiBanHs npusHaudaeTthes mpu 600...650 °C,
AKILO PO3PaXyHKOBA TOBIIMHA NepeBUIILY€E 20 mm.

Pexxum ocTaToyHOi TepMIYHOT OOpOOKHU IITAMIIIB [T XOJOAHOTO 1
rapsiyoro geopmyBaHHs MeTally IpUBeACHUN Ha puc. 32 Ta B Tadu. 7, 8.

6.2.4 Tunoea mexnonozia ocmamounoi mepmiunoi 00pooKu
IHCMPYMEHMIB i3 8UCOKOXPOMUCHUX J1e0eOyPUMHUX cmajlell

Bucokoxpomucri neneOyputHi cram tuny X6B®, X12M® Bukopu-
CTOBYIOTBLCS JIJI1 BUTOTOBJICHHS IIITAMIIOBUX 1HCTPYMEHTIB XOJIOJHOTO JIe-
GopMyBaHHs, AKi MPaLOTL B yMoBax He3zHaunoro (1o 200 °C) i 3HauHO-
ro (10 300...350 °C) posirpiBanus po6040i KPOMKH.

VY nepiomy pasi AJisi HUX NPU3HAYAIOTh TapTyBaHHS 3 BIAYCKOM Ha
NEPBUHHY TBEPJIICTh, Y APYTOMY — Ha BTOPUHHY TBEPAICTb.

['padik TUMOBOI TEXHOJOTiI TEPMIYHOI OOPOOKHM IHCTPYMEHTIB Ha
NEPBUHHY TBEPJIICTh MPUBEACHUMN Ha puc. 33.

[TimirpiBaHHs TPU3HAYAETHCS ISl IHCTPYMEHTIB, SKIIO PO3PaxyHKO-
Ba TOBIIWHA TepeBuUIye 20 Mm.

£°C :
t (3ma6n)
I |
f i
[ |
600..650 C : H
- [ | V>V,
| | # BF
| ; % : t,(3mabr)
| i | |
| oo i
| | | |
I | ] ]
I I [
]
3a |po3pa- 33 po3paxyHKoM 3a s T
XYHKOM 32[0HO g}?ﬁy Z;i Xg & |
6.2 n62 |m233 ' 8
7#__9(.,._, S _ . . KCGM . :}]

1 MmmM* - po3paxyHKOBHI TIEPETHH
Pucynok 32- I'padik TUIIOBOT TE€XHOJIOT1i OCTATOYHOI TEPMIUYHOL
O0OpOOKM MITaMITIB ISl XOJIOJHOTO Ta rapsiaoro AeopMyBaHHs

Tabmus 7 — TemnepatypHi peXKMMH OCTATOYHOI TEPMIYHOT O0OpPOOKH
MITAMIIOBUX CTaJIeH XOJOAHOTO JAe(hOpMyBaHHS



Mapka craii

Temneparypa, °C

HRC

rapryBaHH1 i, BIIMYCKY t,
1 2 3

4 760 150...170 62...63
Y9 780 150...170 62...63
Y12 780 150...170 62...63
11 XD 840...860 150...170 62...63
XBY 820...840 140...170 62...65
90X 820...850 160...180 99...61
90XC 840...860 160...180 58...62
XI'C 820...860 150...160 61...63
XBCTI' 840...860 140...160 60...62
X6BOD 980...1000 150...170 60...63
X6D4M 980...1020 160...180 61...62
6X6B3M® 980...1020 160...180 61...62




ITponorxenHs Tadiu. 7

1 2 3 4
8X4B3M3® 1150...1170 540...560 60...62"
X12 950...1000 180...200 60...62
X12M® 950...1000 190...200 60...62
X12d1 1050...1100 180...200 60...62
X12BM 1020...1040 180...200 60...62
9XBI 820...840 170...230 60...62
6XC 840...860 220...260 54...56
4XB2C 860...900 220...260 52...54
5XB2C 860...900 220...260 54...56
6XB2C 860...900 220...260 54...58
6X3M®DC 980...1020 220...260 54...56

8X4B2C2M® | 1060...1090 540...560 62...63

*

[Ipu rapTyBaHHI Ha BTOPHHHY TBEPIICTh, BIAMYCK ITOBTOPIOIOTH

2...3 pa3u.

Tabnuusg 8- TemnepaTypHi peXKUMU OCTATOYHOI TEPMIYHOT 00pOOKHU
MITAMIIOBUX CTaJel AJist rapsyoro AehopMyBaHHS METaILy

Mapka craii

Temmneparypa, °C

rapryBaHH1 i,

BiANycKky t, Ha

BiANycKy t, Ha

HRC 50...45 HRC 45...40

1 2 3 4
5XHM 830...860 420...500 500...550
5XHB 840...850 420...480 480...550
S5XHBC 860...880 480...540 540...560
5XI'M 820...850 420...500 500...540
4XHM®C 940...960 460...520 520...540
5X2HM® 960...980 480...540 540...560
4XMOC 920...930 500..550 550...600
4X5SMPC 1000...1020 550...990 590...620
3X2B8D 1075...1125 590..620 620...640
4X2B5SM® 1060...1080 600...640 600...640
5X3B3IMOC 1120...1140 610...650 650...680
4X2B20C 1080...1100 610...640 640...680
4X5B20C 1030...1050 570...600 600...620
4X4BMOC 1050...1070 600...640 640...670
4X3BM® 1040...1060 580...620 620...650




ITponorxeHHs Tad. 8

1 2 3 4
3X3M3D 1030-1050 560-580 580-600
4X5SMDC 1020-1040 570-600 600-630

7X3 850-880 460-490 490-530
8X3 850-880 520-560 560-600
LC .,
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Pucynok 33 — ['padik TUIIOBOT TEXHOJIOTIi OCTAaTOYHOI TEPMIUHOT
00POOKH IHCTPYMEHTIB 3 BUCOKOXPOMMCTHX
neaeOypUTHUX CTajel Ha IEPBUHHY TBEPICTh

I'padik THUMOBOI TEXHOJOTII TEPMIYHOI OOpOOKHM IHCTPYMEHTIB Ha

BTOPUHHY TBEPAICTh HaBeJICHUH Ha puc. 34.

Bianmyck micis rapTyBaHHS MOBTOPIOIOTH 2...3 pa3u 110 30epiraHas B

CTPYKTYpI1 cTajil He Ouibine 5% 3aUIIKOBOTO ayCTEeHITY.

["apTyBaHHIO HA BTOPUHHY TBEPJICTh I11]1J1al0Th B OCHOBHOMY CTalll 3

12% Cr.

KoHkpeTH1 maHl 3 TeMiepaTyp rapTyBaHHS 1 BIAMYCKY JJis JAESKUX

MapOK BUCOKOXPOMHUCTHUX CTajel MpuBeAeHI y Ta0. 8.




7 NOBEPXHEBE 'APTYBAHHA 3 IHAYKIIMHOI'O
HAI'PIBAHHA

7.1 3azanwvni nonoiicenun

[Ipu moBepxHEBOMY rapTyBaHHI Ha NIESIKYy (3a7aHy) TJIMOMHY 3arapToBY-
€THCS TIILKU MOBEPXHEBUH IIap, TOJI1 SIK CEpLIEBUHA BUPOOY 3IMIIAETHCS
HezarapToBaHo. OCHOBHE MPU3HAYCHHS MOBEPXHEBOIO rapTyBaHHS — IIi-
JBUIICHHS TBEPAOCTI, 3HOCOCTIMKOCTI Ta MEXI BHUTPUBAJIOCTI BUPOOY,
akuid 00pootoeTbesi. CepiieBrUHA BUPOOY 3IHMIIAETHCA B SI3KOKO 1 CIIPUIA-
Ma€ yJapHi HaBaHTaKeHHsA. HeoOx11H1 MexXaHi4H1 BJIaCTUBOCTI CEPIICBUHU
BUPOOY CTBOPIOIOTHCA MOMEPEAHHOI0 TEPMIYHOIO 00POOKOI0, KA BUKOHY-
€THCS TIEpe]l MOBEPXHEBUM TrapTyBaHHsM. YacTilie BChOrO BUKOHYETHCS
TEpMIYHE MOIMNIICHHS a00 HOpMaJi3allis 3 BIAITYCKOM.
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Pucynok 34- I'padik TUIIOBOT TEXHOJIOT1i OCTATOYHOT TEPMIYHOI
00pPOOKH IHCTPYMEHTIB 3 BUCOKOXPOMMCTHX
JIene0ypUTHUX CTajield Ha BTOPUHHY TBEPICTh

[ToBepxHEBOMY 1HAYKIIMHOMY TapTyBaHHIO MiAJal0Th BYTJIEIEBI
ctani, mo Mmictiath 0,4...0,5% C, ski micis rapTyBaHHS MarOTh BHCOKY
tBepaicTh (HRC 55...62) 1 omip 3HOCY, pifalie — JeroBani ctam (XpOMHCTI
35X, 40X, 45X), xpomonikeneni (40XH) abo XpoMOHIKEIbMOJ10ICHOBI
(40XHM). Ocob6auBy rpyIly CKjIaJarTh BaJKOBI CTaidi, 5Kl 3aCTOCOBYIOTh



JUIs BATOTOBJICHHSI BaJIKIB XOJOJHOTO MPOKATyBaHHS, & TaKOX MIJJIAI0Th
MMOBEPXHEBOMY TapTYBaHHIO 3 IHAYKIIMHOTO HarpiBaHHA (ctanmi 9X, 9X®d,
9XDC, 9X2, 9X2M®D, 9X2B, 9X2CB®, 60X2CMD).

[Ticnst rapTyBaHHS 3 1HAYKIIHHOTO HarpiBaHHsi BUPOOM MiJJalOTh
HU3bKOMY Biamycky npu 180...220 °’C (mmB. puc. 29 — BiANMyCK).

Bubip ontuManbHOi TOBIIMHU APy, 110 3MIIHIOETHCS, BU3HAYAETh-
cs yMoBaMu poOoTH Aetaii. [ rnOuHa 3arapToBaHOIO MIApy MUIKUX J€Ta-
JIeH, 110 MPaIo0Th TUIBKYA Ha 3HOIICHHS, CKIanamTh 1,5...3,0 MM; B ymo-
BaX BHUCOKHMX KOHTAaKTHHUX THUCKIB 1 MOXJIMBOI mnepeunutipoBku BUPOOIB
rMOUHA 3arapToBaHOro IIapy mpu3HadaeTbes B Mexkax 4,0...5,0 mm. ¥V
BUMAJAKY OCOOJMBO BEJIMKUX KOHTAKTHUX HABAHTAXKEHb (HANPUKIAM, IS
BaJIKIB XOJIOJJHOT'O MTPOKATYBAHHSI) TOBILMHA 3arapTOBAHOIO 1IAPY JOCSTaE
10...15 mm. BBaxarotsb, 110 mIomia nepepisy, sika 3arapToBy€ThCsl, TOBUH-
Ha OyTu B Mexax 0,15...0,20 mto1ii Bcboro nepepizy.

TexHOoNOrYHO IIMOMHA 3arapTOBAHOTO IIapy BHU3HAYAETHCS YacTO-
TOI0 CTPyMYy, IO 3aCTOCOBYETHCSA, 4 YMOBHU HarpiBaHHsl (TeMmieparypa i
IIBUJIKICTh) BH3HAYAIOTHCS MUTOMOIO IMOTYXKHICTIO CTPyMy, IO TIiJBO-
muThed. Bona moBuaHa ckiaagatu 0,35...0,50 KBT/CMZ; rIMOMHA 3arapTo-
BAHOTO IIapY MOB’si3aHAa 3 YACTOTOIO €JIEKTPUYHOTO CTPyMY (HOPMYJIOIO

§=505.10 | £ (23)
uf
1€ O - TIIMOMHA MPOHUKHEHHSI CTPYMY, MM;

O - MUTOMUMN €NEKTPUYHUN OIIIp;
Ll - MarHiTHa MPOHHUKHICTB;

f - wacrora ctpymy, I'11.
OpieHTOBHO )11 BHOOPY 4acToTH cTpymy f mpu BcTaHOBICHHI pe-
KUMY TapTyBaHHS CTaJll MO’KHA KOPHUCTYBATUCh TAKUM CITIBBITHOIIICHHSIM

5=2 (24)

\/7

7.2 OcHoeéHi nioxXo0u 00 po3pooKu mexHono2ii n08epxXHes02o
2apmyeanHs 3 IHOYKUIlHO20 HAZPI6AHH

[le 3aBmanHHs 3BOAUTHCS 10 BUPIIICHHS TaKUX TEXHOJIOTTYHUX 3a]1a4:

1 BcranoButu nmoTpiOHY TMHOWHY 11apy (SKIIO BOHA HE 3aJaHa TeX-
HIYHUMH YMOBaMH Ha BUTOTOBJICHHS BUPOOY).

2 3natouu NoTpiOHY TNIMOMHY 3arapTOBAaHOTO IIapy, KOPUCTYIOUUCH
dopmynoro (17), BCTAHOBUTH OPIEHTOBHO MOTPIOHY YACTOTY €IEKTPUUHO-



ro CTpyMy, IO € I1JICTaBOIO JIJI1 BUOOPY NOTPIOHOr0 HArpiBajJbHOTO 00JIa-
JHaHHS (FeHEpaTopa CTPyMY BHCOKOI YaCTOTH).
3 BuzHauyuBIIM NMOTPIOHY YaCTOTYy €JIEKTPUYHOTO CTPyMy, BUOpaTH
reHEepaTop CTPYMY, KOPUCTYIOUKCH JaHUMHU, 10 HaBeieH1 B Tadi. 9 1 10.
Tabnuis 9 - TexHIYH1 XapaKTEPUCTUKU MAITUHHUX T€HEPaTOpPIB
JUTsl HarpiBaHHS TOKAMHU BUCOKOI 4aCTOTH

Tunu nepeTBoproBaya

ITokazauxku | [1B 50/2500 |IIBC I1B BI'O

100/2500-1 | 100/8000-1V | 500/2500
[ToTyXHICTB, 50 100 100 500
kBT
Hanpyra, Br 750/375 750/375 750/375 1000/500
Cuna crpy- 74/148 148/296 148/296 500/1000
My, A
Yacrora 2650 2650 8000 2500
cTpymy, 111

Ta6mus 10 — Texaiun1 XxapakKTepUCTUKHU JTaMIIOBUX T€HEPATOPIB
JUIS HarpiBaHHS CTPYMaMH BUCOKOT YaCTOTH

Tunu ycTaHOBOK

[Toxaszuuku | JII'3 10- | JITI3-37 | JITI3-67 | JI3-107 |JI3-207 | JITIC-

A 500
Po6oua wac-|300... |[1...10 |60...74 |60...74 |60...74 |6000...
TOTa CTpyM™my, | 450 9000
kl 1
HowminansHa
MOTYXHICTb, 10 30 60 100 200 500
kBT

4 HowminanpHa TMOTYXHICTh BHOPAHOTO HArpiBaJbHOTO MPHUCTPOIO CITy-
KUTh IIIJICTAaBOIO JJII BU3HAYCHHS CHOCOOY I1HIYKIIMHOIO TapTyBaHHS
(0THOYACHMH, TIOCTITOBHHM, OE3MEpPEPBHO-TIOCTIIOBHHI), a TaKOX rada-
pUTIB 1HAYyKTOpa. IlimcTaBoio A TaKOro PO3paxyHKY CIYKUTh yMOBa
IIBUJIKOTO HAarpiBaHHs: MUTOMA €JIEKTPUYHA MOTY>KHICTh, TOOTO MOTYX-
HICTh CTPYMY, IO MPUXOJIUTHCS Ha KOKHUN KBaJAPAaTHUN CAaHTUMETP JeTa-
Ji, sIKa HarpiBaeTbca. BUXOAA4M 3 IbOTO MOJOKEHHS, BU3HAYUTH TLIONLY
OJIHOYACHOTO HAarpiBaHHs, FEOMETPUYHI MTapaMeTpH IHAYKTOpa (BUCOTA 1H-
AYKTOpa Ta WOro BHYTpIIIHINA AiameTp). [Ipu Bu3HAUeHHI BHYTPIIIHHOTO
JlaMeTpa IHIAYKTOpa NPUUMAETHCS 3a30p MIXK 30BHIIIHIM A1aMETPOM JeTa-
JI1 1 BHYTPIIIHIM JIIaMETPOM 1HIYKTOpa B ME¥kKax 3...4 MM.



Ipuxknao
Bubpatu HarpiBasibHe 00JIaHAHHA 1 MapamMeTpyd TEXHOJOTIl TapTy-
BaHHS 3 IHAYKIIMHOTO HArpiBaHHs BaJMKa JiamMeTpoM 50 MM Ta JOBKHU-
HO10 400 MM 711 OTpUMaHHS MOBEPXHEBO1 TBepAoCTI 55...56 HRC.
Piwennsn
J171s1 BUTOTOBJICHHS BaJIMKa MPUHAMaeEMO Martepiai — cTalib 45, 1o Mi-
ctutb 0,45% C.
Jlani Bu3Ha4YaemMo MOTpiOHY riuOuHY 3arapToBaHoi 30HU. [Ipuiitmae-
MO IUIONLY 3arapToBaHoi 30HU 15% Bij 3araibHOI MO MTOMEPEYHOrO Tie-
pepizy Banuka — S,,.. Toxl mioma cepreBuau ckiaae 0,85 S,,.. Buxoasauu
3 T€OMETPUYHUX MIPKYBaHb Ta MO3HAYMBIIN TJIMOMHY TrapTyBaHHS O, 3a-

UIeMo piBHicTh 7(R— 5)2 =0,85 R

(R — paxgiyc Banuka), abo R—0 = \/0,85R2 0= R- \/0,85R2 .
5 =25-1/0,85-25% =25—./085-625 =195 M.

[TpuiimaeMo 6 = 2 mm.
BuzHauaeMo moTpiOHY 4YacTOTy €JEKTPUYHOTO CTPYyMY ISl OTpH-
MaHH$ 3aJaHO01 TTIMOWHU rapTyBaHHA, BUX0s14u 3 popmyiu (17):

2
f= (%) ; 3Biakn f = 625 I'o.

3a Tabnuuero 10 HaOLIBIT PUUHATHUM TEHEPATOPOM € JIAMIIOBUIA
reneparop JII13-37 3 HomiHabHOIO YacToToO cTpyMy 1000 I'y Ta HOMI-
HaJIbHOIO TOTYXHICTIO eleKkTpuuHoro ctpymy 30 kBT. B npomy Bumaaky
(akTHyHA rITMOMHA 3arapTOBAHOI 30HU CKJIaJe

o= >0 = >0 =16 MM.

J /1000
Busnavaemo 1io1ny moBepxHi, sSika 0OJTHOYaCHO HarpiBa€ThCS.
[TpuiimaeMo nuToMy NMOTYXHICTh 0,35 kBt/cM®, Toai mwioma, sika of-
HOYacHO HarpiBaeThbes, ckiagae 30 : 0,35 = 85,7 cM>,
[Tmoma mumiHapa, SIKUM OJHOYACHO HArpiBaeThCs, ckiane 2z7RH , ne
H — Bucora ingykropa. OT:xe MOKHA 3alUCaTH PIBHAHHS

27RH =857 cm®, a6o H = _ 87 5,4 cM = 54 MM.
2.314.25

[TpuitmaeMo BucOTy iHAYKTOpa 50 MM.
TakuMm 4uHOM, BaJIMK 3a/JaHOT T€OMETPIi MOXKHA 3arapTyBaTu Oe3re-
PEPBHO-TIOCIIIOBHUM CHOCOOOM, TOMY IO AoBXkHHa Baimuka 400 mm, a




JIOBXKMHA, SIKa OJIHOYACHO HArpiBa€ThCs, BIANOBiga€ BUCOTI 1HAYKTOpA,
T00TO 50 MM, 3 BUKOPHUCTAHHSIM JIAMIIOBOT'O T€HEpaTopa.

8 TEXHOJIOI'IA I PEXKUMHU
TEPMIYHOI OBPOBKU YABYHY

8.1 3acanvni nonosxicennsn

Cipi, moaudikoBaHi, BUCOKOMIIIHI, KOBKI Ta, 0COOJIMBO, JErOBaH1 ya-
BYHHM MIAAa0Th TEPMIdHIM 00poOIll, MeTa SKOI 3B’ si3aHa 3 0COOJIMBOCTIAMU
BUJIMBKA, TOTPIOHMMH MEXaHIYHUMH BJIACTMBOCTAMH Ta CTPYKTyporo. B
3QJIEKHOCTI BiJ] METH 3aCTOCOBYIOTh Taki BUAM TEPMOOOPOOKU YaBYHHUX
BUJIUBOK:

- HU3BKOTEMIIEpATYPHUM BiAMAaN JJIs 3HATTS BHYTPIIIHIX (JTUBApHUX )
HaIPY>KCHb;

- TpadITU3YIOUM BiJNaNn i1 YCYHEHHs Bi011y (IepeBoay IEMEH-
TUTY B TpadiT) Ta HOJIMILIEHHS 00pOOJIIEMOCTI PI3aHHSIM;

- HOpMaJi3alis sl MiABUIIECHHS TUCTIEPCHOCTI METAIIIYHOI MaTpPHIIi,
HACJI1JIKOM YOT0 SIBJISIETHCS 301TIBIICHHSI MIITHOCHUX XapaKTEPUCTHK;

- rapTyBaHHS 3 BIJIYCKOM JIJIsl 3MiHU OyJ1I0BH METaII4HOI MaTPHIIi;

- BiJnasn O01J10r0 YaBYHY Ha KOBKUH.

8.2 Pestcumu gionany 011 3HAMMmMA
GHYMPIMHIX (TUBAPHUX) HANDYIHCEHD

TexHoorisi HU3bKOTEMIEPATYPHOTO BIJINMATYy YaBYHHUX BUJIMBOK Pi-
3HOTO TMpHU3HA4YeHHsS npuBeaeHa B Tabu. 11. Ili pexumMu 3acTOoCOBYIOTHCS
11032 BCSAKOIO 3aJICKHICTIO BiJ MApKH YaBYHY.

8.3 Iloenuii gionan

3aCTOCOBY€ETHCS I OTPUMAHHS YaBYHY OJHOPITHOTO 3a CTPYKTY-
POIO, XIMIYHUM CKJIQJIOM Ta BEJIMYMHOIO 3€PHA, 3 100pOI0 00pOOIIEMICTIO
pi3aHHSAM. 3aCTOCOBYEThCSA B OCHOBHOMY Uil (epuTHHX Ta ¢depurTo-
MEePIITHUX YaBYHIB.

Pexxumu Bignany npuBeneHi B Ta0m. 12.

8.4 TI'paghimu3zyrouuii eéionan

3aCTOCOBYETBHCS JIJI 3HATTS BIOLTY (PO3YMHEHHS [IEMEHTUTY), MPO-
BOJIUTHCS 3a TEXHOJIOT1€EI0, MPUBEICHOIO B Ta0JI. 13.



Tabmuusg 11 — Pexxumu Biinaly 4aByHHUX BUJIMBOK JJISI 3HSTTS

BHYTPIIIHIX HAIPY>KCHb
Xapakrepuc- | Maca Tos- Pexxumu Bignamy
THKA (ma- | BwmB- | mmHa | Tem- | IlIBup- |Yac | Yac | Temme-
WMeHyBaH- |Ka, T CTIHOK |T[€pa- | kjcrp | BH- 0X0- | patypa
Hsl) BUJIMBOK BuuB- | (YP% | marpi- | TPHM- | IO | possail
Ka, MM C BAHHS, KH, JKEH- Ta>I<OeH—
oc fron roja HS, Hia, C
roj
Pamu ta 1amm | 1,5...15,0 | 70...100 | 500 75 10 8 150
BUJIMBKH 40...70 |450 |70 8 8 150
CKJIQJTHOT 10...40 (425 |60 6 7 150
dbopmu
YcranoBouHi | 4...35 70...150 | 500... | 75 12 13 100
IJTUTH, KpH- 550
KK 1 paMu
PEIYKTOPIB,
CTaHWHU
BummBku 1,2..2,0 |8...60 525... |100 4.5 |24 100
MeTaiopiza- 550
JBHUX BEpC-
TaTIB
Hpioui  Bu- | <1,0 <10 500... 170 2,5... 16...8 |150
JIUBKUA MeETa- 600 3,0
JIOpi3aJIbHUX
BEpCTAaTIB
Herani cinb- | <0,5 <5 600 |80 2,5 15 | 150
CBKOT'OCIIO-
JapChbKUX
MaIlluH
[TopurHi 0,2 15...30 500 100 3 4 200
OO6uyaiiku 0,04... 13...40 | 550... | 100 2 3 150
st mopiHe- | 0,25 600
BHX KUICIp
[ToprHeBi <0,005 <10 600 70 1,5 Ha
KUIBIIS TIOBI-
Tpi
[amm neram- | Jlo 6...8 550 100 05.. |3 200
BIJINBKU 0,01 1,0




Tabnuus 12 — TexHoJIOr14HI peKUMHU TOBHOTO BiJINaTy BUIMBOK
3 CIpOro 4YaBYyHY

Mapxka | ToBuu- Pexxum Bignany

yaBy- |Ha CTiH- | Temne- |IlIBun- Temmepa- | Hac | [IBuakicts

HY KM BH-|parypa |KICTh Ha-|Typa Ha- |BHU~ OX0JIOA-
JIUBKH, | IOCAJKH, | TPIBaHHS, | rpiBaHHs, | PAM" | XKCHHA,
MM °C °C /ron °C ?ZI’[ C /ron

CYH00 | o 10, 250 150...180 | 860...880 | 2,0 120...150
10...20

CY15 |20...30, |200 140...170 | 840...860 | 2,5 120...150
> 30

CU18 | o 20, 200 120...150 | 820...840 | 2,5 100...120
20...30

CYy21 |30...40, |150 110...140 | 800...820 | 3,0 100...120
> 40

Cu24 | Jlo 20, 150 80...120 |[790...810 3,5 80...110
20...30

CYy28 |30...40, |150 80...120 |780...810 | 3,5 80...110
> 30

Tabnuus 13 — Pexxumu rpadiTu3yrodoro Biinary

Xapakte- | Buxin- Pexxumu Bignamy

puctuka |Ha Mik- | Temme- |IlIBuag- |Temme- |Yac Bu-| YmoBu

B1IOUTYy | po- patypa | KICTb parypa | TpuUM- 0XO0JIOJI-

CTPYK- |TOocaa- | Harpi- Harpi- KW, TON | KCHHS
Typa KU, °c BaHHS, | BaHHS,
°C ron | °C

Micrie- [Tepmi- | 200... 150... 850... 0,5... Pazom 3

BUIl He- | TO- 250 180 900 0,25 MYYEO

rIMOOKUHN | IEMEH- (50 °C /ron)

B1101JT THUTHA

['mubo- Te x 150... 80... 900... 3,0...1,0 | Te x

KUA BIJI- 200 100 1050

OuTeHHI

map




8.5 Hopmanizayia wagyHHUux eunueKie

BukoHy€TbCS 32 THMU K TEXHOJOTIYHHMHU PEKUMAMHU, 110 1 IIOBHUU
Binan (auB. Tabiy. 13), 3 Ti€l0 Julle PI3HUIICIO, 10 BUJIMBKH IIICIS BH-

TPUMKH BUJIAIOTh Ha TMOBITPS, IIBUIKICTH OXOJOKEeHHS - 250...
300 °C/ron.

8.6 T'apmyeansn 3 HacmynHum 6i0naaiom

L{st omeparrisi BUKOHYETHCS 3 METOIO MIABUINCHHS MIITHOCTI YaBYHHHUX
BWIMBKIB. MeTanmiyHa MaTpuIlsl OTPUMY€E TPOOCTUTHY (piaiie copOirHy)
cTpykTypy. Ilepen mpoBeaeHHSM rapTyBaHHS BWJIMBKH BIAMAIIOIOTH 3a
pexrMamu, HaBeJeHUMHU B Ta0a. 13. [IpudoMy BUIMBKU Majoro po3mipy
Ta TpocToi GopMu HarpiBarOTh O€3 MiAITPIBAaHHS, a BHJIMBKH BEJIHUKOTO
pO3MIpy Ta ckiagHoi ¢hopMH — 3 TonepeaHiM miairpiBanusaM. IBuakicTh
HarpiBadHs - 150...180 "C /roxn, cepemoBuine sl 0XOJIOKCHHS — MiHE-
panbHe Maciio. B iboMy BUNIJKy MIBUAKICTh OXOJIOKEHHS X04a 1 MEHIIIEe
KPUTUYHOI IIBUKOCTI TapTyBaHHS, MPOTE TaKe CEPEAOBUIIE I OXOJO/I-
’KEHHsI 3MEHIITY€E BIPOT1HICTh YTBOPEHHS TPIIIHH.

Temmepatypy rapTyBaHHs IPU3HAYAIOTh B 3aJI€KHOCTI Bij KIJTBKOCTI
3B’S13aHOTO BYIJICIIO Y YaBYHI 1 3QJIEKUTh B1J] MAPKU YaBYHY: MIpU Maiii
KUIBKOCTI 3B’S13aHOTO BYIJICIIO (BEJIMKA KUIbKICTh HAUIUIIKOBOTO QPEPUTY)
TEMITepaTypy rapTyBaHHs OSpPYyTh BUIIOFO, a TIPHM BEIUKIN — HIKYOTO.

B Tabn. 14 npuBeneHi Temiieparypa rapTyBaHHsSI CipUX YaBYHIB pi3-
HUX MapoK 1 TBEPIICTh, IKY MPU LILOMY OTPUMYIOTb.

B 1abn. 15 npuBeneHi peKuMu BIAITYCKY.

Tabnuis 14 — PexxuMu rapTyBaHHS CipUX YaBYHIB

Mapxka TeMnepaTglpa HIBuakicte | Temmepary- | Hac | Tepaicts
4yaByHy |mocaiaku, C |HarpiBaHHs, |pa  Harpi- | B~ mest rapry-

0 -
°C /rox panns, °C TpuM- | BanHs, HB
KH,TOJ

CUl2 ]200...250 200...210 |860...880 2,0 450...500

C4Yl5 |[180...200 200...210 [860...880 2,0 450...500

CU18 ]150...180 180...200 820...840 |2,0 450...500

CU21 ]150...180 180...200 |820...840 |2,0 430...480

CY24 |150...180 180...200 |790...810 |2,0 430...480

CY28 [140...150 150...180 |780...800 |2,0 400...430




Tabnunsg 15 — Pexxumu BiJIMMYCKY 3arapToOBaHUX CIPUX YaBYHIB

Mapka TBepaicTh Temmnepary- | Yac Bu- TBepaicTh
YaBYHY micis TapTy- | pa BIAMYCKY, | TPUMKH, TOJ | MICJAS  Bij-
BaHHs, HB °C nycky, HB
CU 12 450...500 150...170 0,5 430...450
380...400 0,5 330...390
CUl1s 450...500 150...170 0,75 430...450
650...670 0,30 150...230
CU18 450...500 500...530 1,0 230...270
Cu2l 430...480 280...300 0,75 400...410
Cy24 430...480 280...300 0,75 400...410
CU28 400...430 560...570 1,50 190...260

8.7 Pexcumu mepmiunoi oo6poodKu 1e208anux i
MOOuikosanux cipux 4agyHie

8.7.1 AHTHGPUKINNHI TIepaiTO-QEepUTHI Cipi YaBYHU OTPUMYIOTH
[UISIXOM BiJnaty 3 Hal“}(i))iBaHHH HUXKYE KpUTHYHOI TOUkH A;. Temmeparypa
HarpiBanHs 670...700 “C. IIpu npoMy BiOyBa€ThCS po3Maj IIEMEHTUTY 3
yTBOpeHHsIM (epurty. Yac ButpuMku ckiagae 1,0...1,5 roguH majist yTBO-
penns outsa 20% ¢eputy, naai — OXOJIO0KEHHS pa3oM 3 MIYYI0 13 MIBUAKIC-
0 50...60°C /ron. Teepmicts micas Takoro  Bimmamy
HB 187...262.

8.7.2 AHTU(]PUKIIIHI TEPIITO-IIEMCHTUTHI YaBYHU OTPUMYIOTH B
pe3ysbTaTi HopMai3ailii 3 BianyckoM. Pexxumu HaBesieHi B Taou. 16.

Tabmuns 16 — Pexxumu HopMaizaliii 1 BIAMYCKY aHTH(QPUKITIHHAX
YaBYHIB

HanmvenyBanus Temneparypa, °C Butpumka TBepaicTs,
JaBYHY HOpMaJi3amii | Bignycky |npu Hopmani- | HB

3arii
JleroBanuii 820...870 300...500 |1 rox ma 25|170...230
XPOMUCTHUN MM TOBIIUHHU
YaBYH abo JmiameTpa
Bucoxominauii | 850...950 200...350 | BunuBKa 220...270
JaBYH




[TonimnieHHs: MEXaHIYHUX BIACTUBOCTEH MOJU(PIKOBAHUX 1 BUCOKO-
MIITHUX YaBYHIB 1HO1 JIOCATAETHCS 3a IOMTOMOTOI0 TapTYBaHHS Ta BUCOKO-
. . 0
ro Biyanycka. ['aptyBanHsa npoBaautbes npu temmeparypl 870...900 “C, a
, 0
Bianycka — npu 500...600 “C.

8.8 Pestcumu gionany 6in020 uagyny Ha KOGKUil
8.8.1 Bianan 6i10oro yaByHy Ha KOBKUM (hepuTHUM (HOpHOCEpACU-
HU ) MPOBAJAUTHLCS 3T1IHO 3 rpadikoM, NPUBEICHUM Ha puc.3S5.

8.8.2 Bigman Outoro 4aByHy Ha KOBKMM (OijocepaedHuii) mposa-
IUTHCA 3T1IHO 3 rpadikoM, HaBEIEHUM Ha puc. 36.
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Pucynok 35 — PexxuM Bijnany 0110ro 4aByHY Ha KOBKUU
beputHUit
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Pucynok 36 — PexxuM Biamnany 617010 4aByHY Ha KOBKUU MEPJIITHUN

9 PEXKMMMU TEPMIYHOI OBPOBKH
KOJIbOPOBHUX CIIJIABIB

9.1 Bionan namymneit

[TpoBamuThCs IS MiABUINCHHS IUIACTHYHHUX BJIACTUBOCTEH 1 3a1mo0i-
raHHsS PO3TPICKyBaHHS Ta aedopmaliii geTajgeld B Mmpoleci ix oOpoOku 1
eKCIUTyaTalli, a TakoX JJjIsi OTPUMAaHHSA OJHOPIAHOTO XIMIYHOTO CKJIaIy
(romoreHizariii).

Pexxumu Bianany JaTyHed HaBeneHi B Taou. 17.

9.2 Tepmiuna oopoobxa opon3
bpoH3u mignaroThe BiAmaly s 3HATTS JIMBAPHUX HaIMpyXeHb. Pe-

KUMHM Bianany HaBeieHl B Tabi. 18. Okpemi mapku OpoH3 HiAal0Th Tap-
TYBaHHIO Ta BIAMYCKY. Pexxumu 11iel TepMooOpoOKM HaBeneHi B Ta0u. 19.



Tabnuug 17 — Pexxumu Biinany JaTyHeu

Temmnepatypa, 'C Yac Bu- | Oxo-
3 METOIO | 3 MeToro | ['omMore- | TpUMKH | JIOJI-
Mapxka C .
naTyHi BUKIIOUCH- | SMCHIUCHHS | Hi3alis JKCH-
HS PpO3Tpic- | nedopmariii HS
KyBaHHS
J196 270...300 600...700 750...770 |3 po3-|3i
J190 270...300 600...720 750...770 | paxyH- | HIBU[I-
JI85 270...300 600...700 750...770 | Ky 5 XB | KICTIO
JI80 270...300 600...700 750...770 |Ha 1 mm | 250...
J70 270...300 600...700 750...770 | makcu- | 300
J168 270...300 [550...650 | 750...770 | mams- | °C/ron
J162 270...300 550...650 750...770 | HOTO
JIAT7-2 270...300 600...650 750...770 | mepepi-
JIAH59-3-2 |270...300 600...650 600...650 | 3Y BH-
JIH65-5  |270...300 | 600...650 - poOy
JDKM159-1-1 | 270...300 600...650 600...650
JIMui58-2 | 270...300 600...650 600...650
JIO70-1 270...300 620...670 620...630
J1062-2 270...300 620...670 -
J1063-3 270...300 650...720 -
JIC59-1 270...300 560...650 -
JIC74-1 270...300 630...670 620...670
JIC64-2 270...300 600...650 -
JIC60-1 270...300 600...650 -

9.3 Pesxtcumu mepmiunoi 06pooKku cnnaeie
Ha AIIOMIHIEBII OCHOBL

9.3.1 AnromiHI€BI CIUIaBH, 0 1€HOPMYIOTHCS
TpuBanicTh HarpiBa"Hs IiJl TapTyBaHHS (BIANAJ) aTIOMiIHIEBUX

CILJIaB1B BU3HAYAETHCS B 3aJI€KHOCTI BiJI TOBIIMHU a00 jJiaMeTpa BUPOOyY 3
BpaxyBaHHSIM HarpiBajbHOTO MPHUCTPOIO 1 MOXKE OyTH BHU3HAUCHA 3a
Tabmn. 20. Pexxumu TepmMooOpoOku npuBeieHi B Ta0m. 21.



Tabauus 18 — Pexxumu Bianany OpoH3

TemriepaTypHUil peKUM YMmoBH
Mapka GpoHss s OTPHMaH- s YCYHEH- YMOI?H 0XO0J0M-
HSl OJTHOPIHOI | H MIKpOTO- | Harpi- KEHHS
CTpyKTYypH, °C | pucrtocTi, °C | BaHHS
bpO®6,5-0,15 600...650 700...710 |3aBanra- | Oxoo0-
bpOI1C4-4-2,5 600...650 700...710 |>XeHHS B | AKEHHS
bpO®4-0,25 600...650 700...710 |moiu 1pu | pazoMm 3
BpAS 600...670 - TEMIIe- | Y40 31
BpA7 650...750 - patypi | IIBHUJI-
BpAXK9-4 700...750 - BIAMATY. | KICTIO
BpAMm9-2 650...750 - Yac Bu-|40...50
BpAXKMu10-3-15 | 650...750 - TpuMKH | °C/Toxt
bpKMii3-1 700...750 - 3 pospa- |0
BpAYKH10-4-4 700...750 - xyuky | 200°C,
BpMu5 700...750 - S XB jam —
bpb2 630...750 i Ha 1 MM | Ha noBi-
bpKH1-3 630...750 - Tepepisy | 1pl
bpO®10-1 600...650 700...710

Tabmuus 19 — Pexxumu rapTyBaHHs 1 BIAMYCKY AESAKUX OpPOH3

["apTyBaHHA Binmyck Tsep-

Cepe | Te- | Temme- IBu- | Te- | Tem- | llIBu- | micTh,

peno | Mme | patypa IKicTh | Mme | me- | akicte | HB

A0- | -pa- | Mocak, Harpi- | -pa- | pa- | Harpi-

BHUILIC | TY- C BaHHM, | Ty- | Typa | BaH-
Mapia Gponsn IS pz, OC/rozL pz, 1'[}(1)1:-) 1a°C/r

oxo- |°C °c caa- | on

J01- KH,

JKEH- °C

HSl
bpAX9-4 Boma | 850 | 150...200 | 100 350 | 200 |100 160...187
bpAMm9-2 Boma | 800 | 150...200 | 120 400 | 200 | 120 150...187
bpAXKMi10-3- | Boma | 845 | 180...210 | 130 325 200 |130 207...285
1,5
bpAXHI10-4-4 | Boga | 920 | 300...350 | 130 650 | 200 | 130 200...240
bpKMi3-1 Bona | 800 | 150...200 | 140 450 | 200 | 140 130...180
bpb2 Boga | 790 | 120...150 | 130 325 | 200 |130 340...370




Tabnuus 20 — TpuBanicTh HarpiBaHHS M1l rapTyBaHHS (Bianan)
AJIOMIHIEBUX CIUJIaBIB

HarpiBasib- TosumHa ado aiameTp BUpoOy, MM
nui  npu- | Jlo [0,8.. |2,5... |5..12|12..20 | 20..50 | 60 |70 80 |90
CTpiii 08 (25 50

Yac HarpiBaHHs, XB
CenitpoBa |8 10 12 15 30 40 60 |70 80 |90
BaHHA
Enexktpo- |12 |25 40 80 90 110 130 | 140 |180 | 190
iy

Tabnuus 21 — Pexxumu Biinany, rapTyBaHHS 1 BIAYCKY (CTapiHHS)
aJFOMIHIEBUX CIIJIaBIB, 10 1€(OPMYIOTHCS

Map- Binnan (Hopmasmizarris) Binmyck (cra- | TBep-
Ka piHHS) ICTH Mic-
cina- | Temne- | Cepeno- Temme- Cepeno- | Tem- |Yac Bu- | Jig rapry-
BY paTtypa, | BUIle I | paTypa, BUIIIE JJIS | Iepa- | TPUM- | BaHHA 1
°c 0XO0JIO/- o°C OXO0JIOJ- | Typa, | KW, ToX | Biamaiy,
J)KEHHS J)KEHHS °C HB
1 2 3 4 5 6 7 8
AMn | 350... [ToBiTpst He 3a- - - - 30 (micns
410 abo BoJIa | CTOCOBY- BIJIITAITY
€TBCS
AMr | 350... Te x Te x - - - 45 (micns
410 BIJIIIAITY)
AMrS | 340... | Ilositps Te x - - - 70 (micns
370 BIJIIIAITY)
1 340... Te x 490...515 Bona 20 96 100
370
J16 340... Te x 498...503 Bona 20 105
370
116 340- Te x 498...505 Bona 20 105
370
JI3IT | 340... - - - - 45
370
JI3I1 - - 490...500 Bona 20 80
18 340... [ToBiTpst - - - 38
370
18 - - 490...505 Bona 20 96 70
AB 340... | IloBitps - - - - 30
370
AB - - 515...525 Bona 150... 6 95
160




ITponorxenns Tabdn.21

1 2 | 3 4 | 5 [ 6 | 7 | 8
AK He miggaerses
AK2 | 350.. | Ilositpsa - - - - 45
450
AK2 - - 510...520 Bona 165... |15...18 100
175
AK4 | 350... [ToBiTpst - - - - 45
450
AK4 - - 510...520 Bona 165... |15...18 110
175
AK6 | 350... [ToBiTpst - - - - 60
460
AK6 - - 505...515 Bona 150... [12..15 105
160
AK8 | 350... | Ilositpsa - - - - 40
460
AKS - - 500...510 Bona 175... 8 130
180
B95 | 420... [Tig - - - - 70
440
B95 - - 465...475 Bona 120... 24 150
125

9.3.2 Pexumu TepMOOOPOOKHM JMBApHUX AOMIHIEBUX CIUIABIB Ha
OCHOBI AJIFOMIHII0 HaBe/IeH1 B Ta0J. 22.

Tabmuns 22 - Pexxumu TepM0o0OpOOKH TUBAPHUX ATFOMIHIEBUX
CIUUIaBIB HA OCHOBI1 JIIOMIHIIO

Mapka | I'apTyBaHHs Binnan, Bignmyck (ctapinHs) Tsep-
cimaBy | Temne- | Bu- Cepeno- Temnepa- | Bu- Cepeno- JICTh,
parypa, | TpUM- | BUIIE IS | Typa, °C TpuM- | Bume s | HB
°C Ka, 0XO0JIOI- Ka, TOJl | OXOJIO/I-
rojt KEHHS KEHHS
1 2 3 4 5 6 7 8
AJll 510... 2..4 | Boma 50... | 210...230 | 2..4 [ToBiTps 95
520 100°C a6o
MOBITPS
AJI2 - - - 280...300 | 2..4 I[Tiu no 85
80°C, mauri-
MOBITPS




ITponorxenHus Tad. 22

1 2 3 4 5 6 7 8
AJI3 - - - 175...185 5 [ToBiTps 70
- - - 280..300 | 2..4 | Tlositps | 65

520..530 | 4..6 | Boma 50°C | 175...185 5 Iositps | 75
520..530 | 4..6 | Boma50°C | 225...235 5 Hositps | 70
520..530 | 4..6 | Bomga50°C | 325..335 | 3 Iositpst | 65

AJl4 - - - 170..180 | 15 Iositpst | 70
570..545| 2..6 | Boma50°C | 170..180 | 15 Iogitps | 65

AJI5 - - - 175..185 | 15 Iositpst | 65
520...530 4 Bonaa 50°C | 175...185 5 [ToBiTps 70
520...530 4 Bonxa 50°C | 225...235 5 [ToBiTps 65

AJl6 - - - 280...300 3 [ToBiTps 45
AJI7 |510..520| 10...15 | Boma 50°C - - - 60
510...520 | 10...15 | Boxa 50°C | 145..155 | 2-4 | Hositps | 70

AJI8 |430..440] 15...20 | Boma 50°C - - - 60

a00 Maclo

AJI9 [530..540| 12 | Boma 50°C - - - 50
530..540 | 12 | Boma 50°C | 145..155 | 1..3 | Iositps | 60

9.4 Pesxcumu mepmooodpodKuU cniaeie Ha MazHieceiil 0CHOGL

[i crimaBU J€TKO OKHUCIIOIOTHCS, TOMY HarpiBaHHs BEIyTh B Medax 3
3axuCcHOIO0 atMocheporo (MydenbHuX neyax). Sk 3axucHy atMocdepy 3a-
CTOCOBYIOTH cyMmimn noBiTps 3 1% cipuacroro razy. Cipyactuii ra3 iHomil
3aMIHIOIOTh CIPYACTUM KOJTYEAAHOM , KU 3aKJIaJat0Th B POOOUYUMA MPOC-
Tip (g mydens) 3 po3paxyHky 3...4 xr Ha 1 T neraneil, 1o TepMidHO 00-
POOJISIOTHCS: 3ropatoyun, BIH YTBOPIOE CIpYACTHUH Ia3.

TemnepaTypHi pexuMH BiJIaly, rapTyBaHHs 1 CTapiHHA CIUIaBiB Ha
OCHOBI MarHito HaBe/IeH1 B Ta0J. 23.

Tabnuus 23 — TemMnepaTypHi peXUMH TEPMOOOPOOKH CILJIaBIB
Ha MarHi€Blf OCHOBI

Mapka | Bignan i raptyBaHHs Crapinss (BIIMTYCK) Tsep-
cruiaBy | Temmne- | Bu- CepenoBu- | Temnepa- | But- CepenoBu- | JIiCTb,
parypa, | TpuM- | 1€ IUIs | Typa, °C pUMKa, | 11e s | HB
°C Ka,roJl | 0X0J0/1- roj 0XO0JO/I-
AKEHHS KEHHS
1 2 3 4 5 6 7 8
JluBapHi cruiaBu
MJI1 |200..250| 3...5 3 miv4ro - - - 40
MJI2 |200..250| 3...5 Te x - - - 30
MJI3 |170..250| 3...5 Te x - - - 40




ITponorxenns 1ab.23

1 2 3 4 5 6 / 8
MJI4 | 170...250 3..5 Te x - - - 50
375..385 | 10...16 [ToBiTps - - - 55
375...385 | 10..16 Te x 170...180 | 16 [Tositps | 60

MJI5S | 170...250 3.5 3 miyyo - - - 50

410...420 | 12...16 [ToBiTps - - - 50
410...420 | 12...16 Te x 170..180| 16 [ToiTpst | 60

MJI6 | 170...250 3.5 3 miyyto - - - 50
410...420 | 16...24 [ToBiTps - - - 60
410..420 | 16..24 Te x 170..180| 16 IToBiTps | 65

CnnaBu, 1110 1ehOpMyIOThCS

MA1 | 340...400 3..5 [ToBiTps - - - 40
MA2 | 300...400 3..5 [ToBiTps - - - 45
MA3 | 320...380 4..8 [ToBiTps - - - 50
MA4 | 320...350 4...6 [ToBiTps - - - 70
330...340 2..3 [ToBiTps - - - 70
275...385 4..10 ["apsiua Boma - - - 80
MAS5 | 350...380 3...6 [ToBiTps - - - 60
410...420 4..12 Iapstua Boma - - - 65
410...420 4..6 Te x 170...180 | 16...24 | TloBiTps 70
MAS | 280...320 2..3 [ToBiTps - - - 55

9.5 Tepmiuna o6pooKa nikenesux i MiOHOHIKe1€8UX CNABIE

BupoOu 3 1nux CIujiaBiB 3aCTOCOBYIOTh B €JIEKTPOIMPOMUCIOBOCTI K
eneKkTpoornopu. BupoOu i3 cIijiaBiB Ha HIKEJIEBIM 1 MITHOHIKEJIEBiH OCHOBI
MiJI1al0Th a00 3BUYaiHOMY Bijnany, abo 0€30KHUCHOMY, HArpiBarouu ix B
CrieliajlbHUX KOHTEeHHepax. YUepe3 KOHTEMHEp MpOMyCKaloTh OCYIICHUMN
BOJICHb, T€HEPATOPHIN ra3 abo AUCOIINOBaHMI OCyllIeHU amiak. Po3kpu-
BalOTh KOHTEHHEP Ipu Temiieparypi He Buiie 100...150 °C.

Pexxumu Bignany HaBeseHi B Ta0. 24.

Tabmumsa 24 — Mapku crutaBiB Ha HiKeJIeB1M 1 MiTHOHIKEIEBIM
OCHOBI Ta TEMIIEPATypH iX BiANATY

Temmnepa- | Yac Bu- | TBep-
Ha3sga cninaBy Mapka cruiaBy Typa Biama- | TpuMKH, | micte, HB
ay, °C roxa
1 2 3 4 5
Hixpom X20H80 850...900 2.4 140
Hikens- HMn2,5 800...850 2..3 147
MapraHIOBUCTHI
Hikens- HMi5 900...950 | 1,5...2 | 120..130
MapraHIlOBUCTHI




ITponorxenus tad. 24

1 2 3 4 5
Asromenp HMnAK2-2-1 850...900 2,3..3 | 150..200
XpoMmenb HX9,5 800...850 45..5 | 135.210
Mouens-metan | HMXXMun28-2,5-1,5| 750...850 | 3,0...4,0 | 180...230
DepoHIXpOM X15H60 800...850 3..4 85...90
Komnens MHHM143-0,5 800...850 3..4 75...90
Kouncranraun MHM140-1,5 780...810 5...6 60...70
Menbxiop MH>XM130-0,8-1 750...780 1,0...2 60...70
Cmas Th MH16 700...750 4..5 70
Heitzunsoep HMi15-20 700...750 3..4 120
Mauradiu MHMi3-12 500 2...3 50...60
Cruas TII MHO0,6 600...700 3..5 70...80
Menbxiop MHI19 ['aptyBanns | 1,5...2,0 260
Kyniann MHA13-3 y BOJI - 210
Kynianb MHAG6-1,5 QOOOC, BiJI- 3.4 215

nyck 500°C

9.6 Tepmiuna o6pobKa cnnagié Ha 0CHOGI MUMAHy

TuTaHOB1 CIUIaBU MPEACTABIAIOTH 1HTEpEC IJIsI MPOMUCIOBOCTI 3a-
BJISIKM 1X BHUCOKIA NMUTOMIA MIITHOCTI (BIJHOIIEHHS MEXI MIITHOCTI J10
IITEHOCTI) 1 KOpO3iiiHiil cTilikocTi. IX 3aCTOCOBYIOTH SK KapoMillHi MaTe-
pianu 11 podbotu npu Temreparypax 450...500 °C, KO/ HEMOXIIHBO BH-
KOPUCTATH aJTIOMIHIEBI CILJIABH.

Pexxumu TepMiuHOT OOpOOKM THUTAHOBUX CIUIABIB JIOCUTh CXOXI1 3
aHAJIOTTYHUMH PEKHUMaMHU TEPMIUYHOI 00poOKku ctami. B Tabn. 25 HaBeneHi
OCHOBHI MapKi THUTAaHOBMX CILIABIB Ta PEKUMHU X TEPMOOOPOOKH.

TutaHOBUM TPOMHUCIOBUM CIUJIaBaM IpUTaMaHHA OJHA Ba)KJIWBa
OCOOJIMBICTh: BIAMYCK iX MICJIS rapTyBaHHS MOBUHEH IPOBOJUTHUCH MPHU
TaKuX MIABUIEHUX TEMIleparypax, SKi Jal0Th MOXJIUBICTh YHUKHYTHU
YTBOPEHHS @ -(a3u, Ka OKpUxuye cruiaB (Tadi. 25).



Tabmuis 25 — Pexxrmu 3MIITHIOI0901 TEPMOOOPOOKH TUTAHOBHX CILIABIB

Mapka Binnan ["apTyBaHHs Binmyck
= | cmaBy | Temme- | IIBug- Cepeno- Temmnepa- IBuakictes | Cepeno- Temmnepa- [Bun- CepenoBu-
? paTtypa, | KiCTb Buie s | Typa, °C HArpiBaHHsA, | BHIIE UIA | Typa, 'C KICTh Ha- | IIe IS
°C Harpi- | OxXoJIoA- °C /ron 0XO0JIO/- rpiBaH- | OXOJIOJ-
BaHHS, | KCHHS KEHHS HS, KEHHS
°C /ron °C /ron
1 | BT5-1 |850...860 80 B miui, - - - - - -
MOBITPSI
BT4 | 840...850 90 - - - - - -
OT4-1 | 860...880 90 - - - - - -
2 BT6 - - - 860 120 Bona 450...475 200 [ToBiTps
BT8 - - - 870 140 Bona 460...480 220
BT14 - - - 880 150 Bona 450...475 210
BT3 - - - 800...810 140 Bona 500...510 210
BT3-1 - - - 825...845 120 Bona 550...560 200
3 | MST-2 - - - 720...730 100 Bona 525...500 200 [ToBiTps
SA-16V
4 | BTI15 - - - 760...770 120 Bona 470...480 140 [ToBiTps
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OpienToBHI 3HaYeHHS Koe]illi€eHTa TeIUIOBiAa4l o, Br /(M2 - K)

Jlogatok A

Tadomuist A.1
Temmneparypa noBepxHi tina, “C
Cepenostte 100 200 300 400 500 600
HarpiBanus B nedi 3 TemMneparyporo, “C:
1100 145 160 170 190 210 225
900 100 110 125 140 155 170
600 60 65 70 85 100 115
Oxonomxysanus Big 900 °C:
y Boxi 20 °C 800 2000 1200 400 500 2000
y macii 50 °C 200 400 500 700 1000 1200
Ha MOBITP1 15 18 22 30 40 50
Tabmumsg A.2
Temneparypa nosepxHi Tina, °C 3a nuka 320 °C no t, °C
700 800 900 1000 1100 t, °C Qcep
245 270 300 330 400 1100 250
185 200 320 - - 900 180
- - - - - 600 90
1500 1000 - - - - 2000...1000
700 300 250 - - - 500...300
55 70 85 100 125 125 50...30




Jlonatok b

@i3uuHI BIaCTHBOCTI HU3bKOJIETOBAaHUX cTanei [2]

Tabmuna b.1

Bnactuocri Temneparypa, °C
100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200

CepenHs Temo-
emuicts C Bigx 0 | 0,486 | 0,502 | 0,519 {0,536 | 0,548 | 0,586 | 0,645 | 0,695 | 0,687 | 0,674 | 0,670 | 0,670
no t °C,
kJx/(kr.K)
KoedirieHt term-
JIOTIPOBITHOCTI
craneit A,
B1/(Mm-K):
-XPOMHUCTHX 448 | 42,2 | 39,3 | 36,4 - 32,6 - 26,7 - - - -
- 415 | 40,0 | 38,8 | 37,0 | 352 | 34,3 | 30,9 | 26,4 - - - -
MapraHIIOBUCTHX
-XPOMOKPEMHHC- - 38,7 - 359 | 33,5 | 32,6 - 26,7 - - - -
TUX
-kpemuemapran- | 41,5 | 415 | 39,4 | 39,0 | 36,3 | 34,9 | 33,7 | 32,6 - - - -
IIOBUCTHX
-xpomomonione- | 438 | 41,9 | 413 | 395 | 36,5 | 323 | 29,8 | 29,1 | 28,5 - - -
HOBUX 52,3 | 48,7 - 45,4 | 41,9 - - - - - - -
-XpOMOBaHaJIi€ 38,4 | 379 | 36,8 | 36,8 | 345 | 324 | 28,0 | 27,2 | 26,4 | 27,7 | 28,8 -
BUX
-XPOMOHIKEJIEBUX




[Iponosxenns Tadi. b.1

Temmneparypa, °C

Bnactusocti

100 200 300 | 400 500 600 700 800 900 | 1000

KoedimienT Ttemmnepary-
POIIPOBITHOCTI CTaIeH

al 0'6, Me:
-XpPOMHCTHX
-MapTraHIlOBUCTUX 11,38 | 10,28 | 8,89 7,50 6,39 5,28 3,55 5,83 - -
-XPOMOKPEMHHUCTHX 10,56 | 9,72 8,89 7,78 6,39 5,56 3,33 5,83 - -

-KpEeMHEMapraHIOBUCTHX 10,41 | 9,44 | 8,47 750 | 6,11 | 5,28 - 5,83 - -
-XpOMOMOJI10/IEHOBHUX 10,56 | 10,00 | 8,89 8,05 6,67 5,83 3,61 1,22 -

-XpOMOBaHa/1€BUX 11,11 | 10,00 | 9,44 | 8,05 6,67 5,28 3,33 5,39 6,11 -
-XPOMOHIKEJIEBUX 13,33 | 11,67 | 1055 | 9,44 | 8,61 7,78 - - - -
972 | 917 | 833 | 750 | 6,39 | 528 | 3,06 | 583 | 556 | 5,83




®di13u4H1 BIACTUBOCTI BYTJICIICBUX CTAJICH

Jlonatok B

Tabmuna B.1
. Temmneparypa, °C
Bractusocti 100 200 300 400 500 600

Cepenns rennoemkicre C Bix 0 n0 t G0 g pa5 | 0507 | 0523 | 0540 | 0561 | 0,590

kJx/(xr-K)

Koedinienr TtemnonposigHocTi crameir A,

B1/(Mm-K): manoByrieneBux 55,6 52,7 48,5 450 40,8 37,1
CEpPEIHBOBYTJICIIEBUX 49 3 48,1 456 42 4 39,1 35,7
BHCOKOBYTJICIIEBUX 46,5 440 40,8 37,7 35,0 32,3

KoedimienT TeMmnepaTyponpoBiTHOCTI cTajen

al 02, M*/200: MaJIOBYTJICIIEBUX 5,2 4.6 4.2 3,5 2.9 2,3

CEPEIHbOBYTJICIIEBUX 4.7 472 3,8 3,3 2,8 2,3
BHCOKOBYTJICI[EBUX 4.3 3,8 3,4 2,9 2,5 2,2
Tadonurs B.2
Brnacrusocti Temmepatypa, °C
700 800 900 1000 | 1100 | 1200 | 1300

Cepemns rennoemkicre C Bix 0 x0 t "Gl g 6oq | 695 | 0695 | 0,691 | 0,687 | 0,682 | 0,682

kJx/(xr-K)

Koeoiuiear Ttermonposignocti craneidn A,

B1/(M-K): ManoByrieneBux 34,2 30,1 27,3 28,5 29,8 -
CepPEeIHbOBYTJICIIEBUX 32,4 26,2 26,0 28,0 295 -
BHCOKOBYTJICI[EBUX 29,2 24.1 25,2 27,9 29.4 -




[Iponosxxenns ta6a. B.2

Temneparypa, °C

BiactuBocrti
700 800 900 1000 | 1100 | 1200 | 1300
Koe%)iuieHT TeMIEePaTypPONPOBITHOCTI CTAJICH
al0”, me: MaJIOBYTJICIIEBUX 4,72 4,44 5,56 5,56 5,83 - -
CEpPEIHbOBYTJICIIEBUX 5,00 5,00 5,56 5,56 5,56 - -
BHCOKOBYTJICI[EBUX 3,61 5,56 5,56 5,56 5,83 - -




Honatok I'
['ycrora craneii [2]

Tabmurs I'.1
Byrnenesi crani Husbkonerosani crai
Marepianm 08xm 20 50 |VYI10 50I, 40X, |X, MHIX15,|30XIC, 30XH3M
40XC 90XC 20XH3A
I'ycrora, ke/m” | 7880 7860 7850 7830 7830 7800 7840 7830
Taomur 7.2
Bucokonerosasxi craii CmiaBu
Marepianu 3X13, YaByH
P18, P6MS5 1XIBY 2X18H9 X18H25 I'13 i 116
['ycrora, ke/m° 8690 8200 7920 7800 7700 7100 2750




Jonaroxk ]
Binnocna temneparypa 0 nosepxui nminactunu (x/S=1) npu 3Hauennax Fo = Bix 0 xo 30
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Honatok E
‘BinnocHa Temneparypa 6 nosepxni mactunn (x/S=0) npu 3naueHHax Fo = Bix 0 no 30
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Jlogatok JK
JonoMixHMM rpadik 10 po3paxyHKy HarpiBaHHs ad0 OXOJIOJKEHHS OCl UIIHPA
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Honatok K
JlonmomMiKHMM Tpadik A1l pO3paxyHKy HarpiBaHHs a00 OXOJIOJKEHHS MOBEPXHI MITIHApPA
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Homarok JI
Yucnosi 3HaueHHs K 1J1s pi3HUX YMOB HarpiBaHHs

Tabmums JI1
: Temmepartypa Yucosi
['pyna cram . 0 Tun obnagHaHHS
HarpiBaHHs, C 3HaueHHs K
Byrnenesa 1 je- 300...400 EJIeKTp}/IIIHa iy 45
roBaHa CcTai [Toxym’siHa mig 35
750...900 Enexrpuuna miu 40
Byrneuesa , :
[Tonym’siHa miv 35
CTalb
CoJisiHa BaHHA 10
750...900 Enexrpuuna miu 45
JleroBaHa cTayib [TonyM’stHa iy 40
CoJisiHa BaHHA 13
500...560 Enextpuuna miu 35
lEnaKoDisKRyYa [Tonym’siHa miv 30
CTaHBH Py CoJisiHa BaHHA 7
840...880 ConsiHa BaHHA 10

CostHa BaHHA

5
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