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Kupu

Kypc ummHMHr Makcaay COBYK MPOKATIU CTaH MaxCYJIOTUHUHT TEPMHK
UIUIOB Oepulll KypHUJIMAacHHU TaHJAll Ba XHcoOiam XucoOnaHaau. ByHUHT ydyH
MeTamuryprusg KomOuHataapuHuHr 2030 cTaHHY TaHIa0 oJaMus3.

Ymba cranauHr Tait€p maxcynotu — 0,4 nan 3,0 MM raya KaJIMHIIMKKA 3ra
Oynran coByTHO ypairaH JIeHTa, Y KEHUHYAIUK aBTOJIMCT MILUIA0 YMKApUII YyUyH
aTMIIOBKA KUJIWHAA. Marepuanu — kamyrinepoym cudaru rokopu 0ynran 08HO
MapKaJIu IIyJiar.

CoByK npokaTka Ba TO3aJ0BAaH (EFCU3IAHTUPUIIMIL) CYHT YIJIEPOIJIU ITyIaT
KUPKUMJIapUra TePMHUK HILIOB OepHIl 3apyp — EMUIIKOKJIUKHHA OJIUII Ba WHUPHUK
JOHJIM MeTaJlll CTpyKTypacuHu ojum yuyH 720-750 °C /1/, temmeparypana
pekpuctayianrad (o4) kyiaupwinil. by skapaén Tama® sTuiaérraH MeEXaHUK
(OKyBUaHJIMK 4Yerapacd Ba HUCOMH y3alOBYAHJIMKHU) XaMJla TEXHOJIOTHK
(IWITaMIUIAaHUIITHU) XYCYCUSITIIApHU TabMUHJIANIH.

Kyligupunuigad CcyHr KUpPKUMra WKKWIaMYd HILIOB  OepUIIMAciIurd
cabalbnu YHUHT 103acH/ia KUIHKIAPHUHT KOJMIIKM MYMKUH sMmac. [IyHUHT y4yH,
kydgupwam  95% aszor Ba 5% BomopomgaH ubopar OyaraH XUMOS
atMocdepacuna yrkaswiaad /1/. Odu paHrIu KyHAUPHIMII Y9yH KaJIOKJIHd Ba
y3JyKCHU3 neusapan Ghoigananuiaim.

V3nykeu3 arperamiap TaOMUUKM KU3IMPWIMIL cudaTh OKOpU Oynaau
(pynoH y3yHnuru OVina® Oup TeKHCAard KU3AUPUIIUIN) Ba MaxCyJIJOPIUTH
(y3mykcu3 arperarnia KM3JAUPWINII BaKTH 2 — 3 MUHYTHHU TaIIKWI dTaju) OamaH[
Oynanu (KaJIMoK/IM neujiapa 3ca oOup Heua YH coar).

Kanmokiu newrapHuHT acocuit ad3aJTury KOHCTPYKIUSICUHUHT COIANTUTH
Ba KaTTa OyJIMaras yayam XucoOJiaHaIu.

Kanmoknu meu kanmok Ba Oup Heua cTeHmyiapaad ubopatr Oymaau. by
TEXHOJOTHK UUKIHUHT Y30KIUTU OuiaH OOfiauK. CTONMAHUHT KaIMOK OCTHAA
KM3IUPWIMII BaKTHAA, OONIKA CTEHJJIapja pYJOHJIAPHU IOKJAll, TYUIUPUII Ba
COBYTHUIIl oOmeparnusuiapu Oaxkapwiaad. buTra KaJIMOKHUHT MaXCyJIOPJIUTH

coartura 1,2—-2,0 TOHHaHU TAIIKKI dTaau /2/.



Kanmoxk WHXEKUMOH ropenkanap €pJaMujia KOKCOJEMEH Ta3 Ouiad
KU3AupuiIagu. MeTammHu Ku3Qupuianin MyQern Ba pyJioH opacuja KOHBEKTHUB Ba
HYpJIM MCCUKJIMK aJIMAlIMHYB yCyJUIapu XucoOura amanra omupuiaaud. KoBektus
UCCHUKJIMK aJIMAIIMHYB MHTCHCHU(PHUKAIIUSACH YUYH CTEH acOCHAa >KOWIAIITUPUITaH
Mapka3JaH KO4yBYM KaHOTJIM BEHTWIATOpJIAapAaH (poiialaHraH Xoi/1a XuMos ra3u

HMUPKYJLIOUACH r03ara KSJITUpUIIaau.

1. BouIaHFUY MAaBJIYMOTJIAP
Mydes KOIMaKoBbI Meub

[Meunwnnr ik Maxcynaopiaurd (P) — 1500 MuHT TOHH/ W

Ileu ymuamiapu, m:

D=2,85;

h=2,1.

PynoHHUHT XapaKTepuCTHKAIAPH:

Pynonnunr ramku quamerpu (D,) — 2,00 m;

Pynonnunr wuku auamerpu (d,) — 0,60 m;

Pynon 6anananuru (h,) — 1,50 m;

Cronanaru pynonnap muxznopu (n,) — 1;

Pynonnusr tynaupunuim kodddumuentu (n) — 0,97.

Merann xapakTepucTUKaIapu:

Uccurnmuk curumiu (C,) — 0,67 kJx/(kr-K);

3uwiuk (p) — 7850 kr/m?;

UCCHKJIMK yTKa3yBUaHIUK kKodpdunuentu (A,) — 34,2 B1/(m*K);

panuain NYHAIIUIJIATHA DKBUBAJICHT VICCUKIUK YTKa3yBUYaHJIUK
ko3 dunmentu (A,) — 7 Br/(M*K);

AKyHul Temnepatypa — 720 °C;

TeMIIepaTypajJapHUHT pyxcaT dTwirad Tymumu — 50 °C;

ooutanruy Temneparypa — 60 °C.

AOcomoT Kopa JKUCMHHUHT HypiaHuin koddduituertu (Cs) — 5,77 Bt/(M*Ky).

MydenbHUHT Kopanuk aapaxkacu (g,) — 0,7.



PynonnuHr xopammk fgapaxacu (g,) — 0,3.

KOKCOZOMEH Ta3WHMHI JHr macT Enmm Temreparypacu (Q.) — 11,75
M JTx/m3,

[Meunnnar nnmarunim kod3ddunuentun (k,) — 0,9.

Tyaaupunum kodddurmentn (K,) —0,8.

Knanxka:

WNuxn katmam 100 MM — nmramoTHBI# sterkoBec 1I1J1-1

Tamku katiaam 80 mm — muatomut [[-500
2. Kaamokiu me4 xucoou

2.1 Myden ocTuaa KU3TUPUIHIIAATH HCCUKJIUK aJIMAIIMHYBH XHCOOH

Mydenaunr temmneparypacu °CHu OyTyH KU3IMPWIMII KapacHu YUYyH
JTOUMUM J1e0 KaOys1 KHujiaMu3

t,p =t t10=720+10=730 °C

Myden nuamerpu

D,=D,+0,35=2,00+0,35=2,35 m

Myden Gananauru

H,=h,xn, +0,20=150x1+0,20=170 M

Hypnanumausr Oepuirad HCCUKJIUK y3aTHI KO3(PGUIIMEHTHHN KyHnIarura

TeHr nebd onamMus:

-1 4
CHh¥ =(C x i+D‘”>< i—1 =577 x i+&x i—1 =138
v £ D £ 0,7 200 \0,3

M P p

Br/(m*K?)



PynoHHUHT Talmkyu €H CUPTUHUHT ypTada TEMIIEPATYPACUHU

t, =09xt,,, =09x730 =657 °C

["a3HuHT XHMCcOOUH TeMnepaTypacu

t,=0,7xt, , =0,7x730 =511 °C

My

Mydennan HyplaHUIl OPKaJIM PYJIOHHUHT TalllKM €H CHUPTUra MCCUKIIUK

y3yTHIHII KO3 PumeHTn

t, +273]“ _(tﬁ +273]“ (511+273j“ _[657 +273
=138x

4
100 100 100 100 ) _ 2536 Br/(M>K)
t —t, t —t,

2

usn __ Hazp [
a; ' = Cnp X

CupTiapHUHT 103ajapu, M

En cupr

F, =mx Dp xhp xn, =314x2,00x150%x1=9,42;

Topu cuptu
R = €1 =013, =2 5 €00’ 060" J1=286:
WNuxwm cupr

F, :7r><dp xhp xn, =314x0.60x150x1=2.83;

Myden cuptu



F =2xD,xH,A6 =314x235x17=1254.

XUMOS Ta3MHUHT XaKUKHH TE3JIUTH, M/C:

[TacTku pyJIOHHUHT KOHBEKTOP aillaHallapuaaru

~0,3x12500

o, =——=0,36
" 3600 x 2,86

Py.HOHHI/IHF HWYKH 3UYJINIrnuaaru

o = €-0,3 x12500 _860

4
3600 x 3,14 x 0,60

KonBeknust €pamMuia NCCUKINK Y3yTHIUIT KOYPPUITMCHTIAPHHNA KyHHIaru
rpaduximap Epmamuaa anumkimaimMus a=f(w), /3/, OyHma CHPTHUHT TYKJIMIUK
koadpurmenTrHM Xucoobra onamus, Bt/(mM*K):

0, =24,75

0,=25,25

KENTUPWINII KOAhDUITHEHTH
_k
I

Oy epna K — koaduruent

(% x €, +08xF, S 12x€2,54+08x9,42°
© a, xF, +a, xF,  2475x286+25250x, x 2,83

=169

e k _ 1,69 063
k+1 169+1

Hccuknuk  y3aTWIMIIMHUHT — ypTada KEITUPWIUIT  KO3(PPUITMEHTIAPH,
Bt1/(m*-K):

@, =a + yxa, = 2536+0,63x12 = 32,92

a, =yxa, =0,63x24,75=1559



@, = yxa, =0,63x2525=1591
2.2 Pyjaonaaru TeMnepaTypaBuii Maii1oH Xucoou

Pynonmarun temmeparypaiap TaKCHMOTHHH Ba TEMIIEpaTypaJlapyHT pyXcaT
TWITAaH WHTEPBAIMHUA TAabMHUHIANI YYyH KeTaauraH KH3AUPWINAII BaKTUHHU
aHUKJIAII YIyH KETMa — KT SIKWHJIAITYB yCynuaan (hoigaranaMms.

Vi Ba  pagman  WYHaNMIIard  MCCHKIMK  YTKa3yBYaHJINK
Kod(puIMeHTIIapUHN KyHUuJarnura TeHT 1e0 oJlaMu3.

buo conwura:

~

_ a,; x ()p—dp /‘: 32,92 x Q,OO_O’GO/: 329

2x A, 2x7

Bi,

™~

C_YG X op_dp /‘: 15,91X QIOO_O'GO/::LSQ

2x A, 2x7

Bi, =

L 3KCTpeMall HYKTaCUHUHI HuUCOWMH s>xoinamyBu /3/, rpadur Oyiinya

nraMeTpiiap Ba buo conn HucbaTura OOFIMK X0JI/1a aHUKIaHAIH .

5 .
» 200 o0 Biy _ 159

— 2 = =2 _ (48
Bi, 329

d 060

p

pn=0,72

[axn ko puruentu

J05x€*-1-Ink ,/05x €332 -1 _-In333
b k-1 - 333-1

=0,84

Nynanumigary pyJOHHUHT XUCOOUM KaTUHIIUTH, M:

Paguan nynamumparu



-d _ ~
S, :golxyx—()p 5 P O,84><0,72><—€’0020'60/: 0,42

YK WyHaJIUIIUIard

S,=05xh, =05x15=0,75.

WyHanumaara HCCUKIIUK YTKa3yBUaHIUK KO3 GUIMeHTIapHu, M?/c:

Paanan nynanmumaru

a = 3,6x A, _ 3,6x7 —0,0049 °
c,xnxp, 0,67x0,97x7850

VK UyHanmumuaaru

3,6 x A4, 3,6x7
a, = =

= =0,0234 .
c,xp, 0,67x7850

ﬁyﬂwnmnarn buo Ba ®ypre connapu:

. axS axrt
Bi= 0

r

Oy epaa T — KU3IUPUJIUII BaKTH, U,

panuan nyHaaumaara

Bi = o, xS, _32,92x0,42 11,20 Fo, = a, >:r _ 0,00492>< T
A 7 s 042

_a,x S, _15,59x0,75 _a,xr 00234 xr

Bi, = ~034 Fo, =" — T _0,0427
A 7 s 0,75

z

=0,0287




Pynonoazu memnepamypanap maxcumomu
Conumrupma TemiiepaTtypa

0 t,,—t

t

myp tmm

6=0,x0,

Pynonpgaru TMmeneparypanap TAakKCUMOTHMHMHI Xucobu 1 — »xajgBanga

KCITUPWJITaH.

Pynonparu remneparypanap TaKCUMOTH. 1 — jxkaaBail.

1, | For Bi; Onosr | Bextrr | FO; Bi, | Oextrz | Ouos Oextr. tioss °C | tex®C | A,
q °C
2 |0056 |11,20 | 0500 |0,980 |[0,084 [0,34 |0,990 | 0495 | 0,970 | 398 80 348
10 | 0,280 | 11,20 | 0,281 | 0,720 | 0,420 | 0,34 | 0,900 | 0,253 | 0,648 | 561 296 265
20 | 0,560 | 11,20 | 0,057 |0,387 |0,840 |0,34 |0,817 | 0,046 | 0,316 | 699 518 181
30 | 0840 |11,20 | 0,030 | 0,227 |1,260 |0,34 |0,707 | 0,021 | 0,161 | 716 622 94
350980 |11,20 | 0,023 (0,176 | 1,470 |0,34 |0,667 | 0,015 | 0,117 | 720 651 69
40 | 1,120 | 11,20 | 0,017 | 0,138 | 1,680 |0,34 |0,612 | 0,010 | 0,084 | 724 673 51
45 11,260 | 11,20 | 0,013 | 0,092 | 1,890 | 0,34 | 0,580 | 0,008 | 0,053 | 725 694 31

2.3 Byaumpaaru npecJiap (CTeHIJap) COHMHH AHUKJIALI

bynuMHUHT MaxcCynopauru

P 1500000

Poo = = =173,61 T/4
360x24 360 x24

Canka maccacu
G=0785x ©% —d? X p, xn, x10"° = 0785 x €,002 ~ 0,60 % 7850 x1x10° =22,43 T

Kuzaupui Ba yuuiad Typuin Baktu — 45 coar.
CoBytunu BakTiuHH /0 coat ne6 kaOyn KujiaMus.
Texuomoruk nukia t=45+70+5=120 coar.

CTGHI[HI/IHF MaxCyJaaopJIMru



:E:@=1,45 /4

T 120
bynumpnaru crenaniap CoHU Kyhuiarnda aHuKIaHaIu
N P __ 17361

P kk 145x0,9x0,8

cmu 3

=167

KI/I3I[I/IpI/IH_I KaJIIMOKJIAPUHUHT COHH

_ Nx7, 167x45

xoan 63
) T 120

N

2.4 UccuKINK 0aJIaHCcHu

M ccuKIMKHUHAT KHPHIIHA

Enunzunune kumésuit uccuxkiuzu

_QrxV,
Q= 36

Oy epna V,,— énwrru capdu, m3/c.

_QrxV, 1175V,

=326V, KBT
36 3,6

Q,

HUccurkiauk cappu

MeTa/UTHUHT KU3AWPUITHILITH

MeTamuiHu KU3IUPUIINIT YIyH 3apyp OYJIraH MUCCUKJIMKHU IUKIHUHT OOIIH
Ba OXMpU Y4YyH Xuc0071a0 ymkamus. OnuHraH HaTwkanap €paamMuia MEYHUHT

HCCUKJIMK KYBBATHHU (KI/IBI[I/IPI/IJ'H/IH_IHI/IHF 60H_U'IaHI/IH_II/IJIa Tra3HHU MaKCHMaJl



cappnab) Ba EHUIFMHUHT CONMMINTHPMA capPuHu (KU3TUPUIUIL JaBPUHUHT
SKYHUJAry HaTKajgapaaH poigananrad Xosaa) aHuKIad OJIUIT MyMKHH.

t:2a=060 °C

KuzaupunuiHuHr OOIIaHFUY Ba KEHMHMHTH MOMEHTIApHIArd METAJUTHHT
UCCHUKJIMK CUFUMJIapuHu, /3/

co=0,485 xJIx/(kr-K); c,=0,486 xJIx/(kr-K); c45=0,620 xJ[x/(xr-K)

Kuz mupunvmrauar 6onutanumm (2 coart)

t,=02xq,, +t, =02x€98+80 =112 °C

noe extr -

Tyx=600 °C — unkub KeTa€TraH ra3jlapHUHI TEMIEpaTypacu

G € xt, —c,xt,, =22 0486112 0,485 60 = 78,92 KBT

3.6x7 "0 =3 6% 2

QMZ =

Kusmupunumauar sskysau (45 coar)

td\ms:%Xt +g><t :éx725+§x694:704 °C

nos 3 extr

T =ty t120+50=730+120+50=900 °C

%x €, xt, 5 —C,xt L 248 x0,620><704—0,485><60:: 56,40 kBT
bxT

Q.u45 = M0 2T 36)( 45

Taxnamnap opkanu UyKOmuiaouean uCCUKIUK
Taxymammap opkanu MWYKOTWUIAIUraH WCCUKJIUKHU Kydugarn Qopmyna

OpKaJId aHUKJIAaMH3

Qm = qm X Fm !

Oy epaa (., — TaXJaMHHUHT UCCHKJIUK OKHUMH, (,,=0,5kB1/M? (/3/ rpaduxiap

épaamMuia aHuKIaiMu3);



F,.— TaxJiaM CUPTUHUHT FO3aCH.

2 2
D + 7T % th)=0,5x(2xw+3,14x2,85x2,1)=15,77 kBT

Q. =0, xF,, =0, x(2x =

'Iul§u6 Kemaémzaun 2A3J1APHUHZ UCCUKTIUZU

6y cpaoa iyx — TYTYH ra3JIapuHUHT SHTAJIBIIUACH
i600:3,5 MH)K/M3,
i900:4,5 MI[)K/M3

I 3,5

nyGOO = ﬁxvm = %va = 0’97Vm
I 4,5

nyQOO = ﬁxvm = %va :1’25Vm

JIEeBOpHUHT CONMMIITHPMA UCCUKIIMK NYKOTUIIJIAPUHU aHUKJIALI

0 s1,S2, 1
224
A 22 Ak , 6y epﬂa

t1,12 — ¢hbyTepoBKa CUPTHHHHT WYKH Ba TAITKH TEMITepaTypajapH

S1,S2 — dyrepoBka KaTIaMIIAPUHUHT KaTUHIUTH

A1,A2 — amoxuja KaTaaMIapHUHT UCCUKIIMK YTKa3yBYAHIUK KOA(PDUIIUESHTH.

dyTepoBKa KaTJIaMJIapy HCCUKINK KApITUINTUHA aHUKTa0 oJlaMA. | M UKKH
KaTJIaMJIU TaxJjaM y4yH IaMOT KaTJIaMUHUHT YpTadya TeMIepaTypacu Kyluaarura

TEHT OYJ1a/iu:

tc=0,5 (810-20) =365°C
tep=0,5 (tymattc) =05 (810+365) =557,5°C



Oy epaa t,u, — MIKU TaxjaM TeMIepaTypacu

txaso — LIEXJArU XaBO TEMIIEPATYpPACH
tcp2=0,5 (tc+t) =0,5 (557,5+20) =288,75°C

[ITamotim A1=0,96 Br/m°K
Hunaromuriau A2=0,16 Br/M*K

byH1aH TaxJaMHUHT WMFUHIUBUN UCCUKIIUK KAPIIVIIUTH:

S1 Ba S2 — karnamnap KaIMHIUTH 232MM

0,520 0,520 m?-2p
sz — 0,96 + 0,16 _1’69( Bm

ortx=70,1B1/M2K; 1/ o1+x=1/70,1=0,01

do = 1%&)%81 = 429 Bm /[ m?

Xucob cUpTIapUHHA aHUKJTAII

a) Flg, . c1=2,21,2=4,73m°
6) F1,0,=3,140,62=1,13m°
B) Fl,op=3,140,62=1,13m°
Fypeymuii xucos—FatFO+FB=2,64+1,13+1,13=4,9m"

byHian kenub 4MKaauKu

Q6=3124,9=1,5kB1



Temmkitap opKany NyKOTUILIIAPHU aHUKJIALI

T T,
QS = Cnpue ) FaKm [(m)4 B (m)4] ) 6}’ cpaa

Fac — aKTUB CHPT
FaKTz FOTBKV

K v — oitHa temmrununr gudpanus koddduinentu
K v=0,4, Forse=BH
(oiiHa YI4yaMIapuHU KOHCTPYKTHUB KUXaTAaH TaHIaHA )

Fakt=BHKv=0,90,50,4=0,18m2
Cnpus=16,72
Q, =16,72-0,18[(32)* — (&2)*]=8,25xBm

Xucobza onunmazan uyKomuwinap

Xucobra ommamaran wykotunuiapau 10% ne6 xkalOyn KuiamMu3

QHeyle = 071X QM + Qk‘}l :
QZ,.. =01x €892 +15,77 =9,45 kBt

Qjeiltm = 0’1X 66146 +15,77 :: 7,22 KBT

Hccuknuk oanancu

KuznupunuirHuHT OONUTaHUAIITN
3,26V,,=78,92+15,77+0,97V,,+9,45

V,,=45,5 m*/coat

[TeunuHr UccUKIUK KyBBaTH 45,5%3,26=148,25 kBT
Ku3nupunuuiHuHr Tyramm
3,26V,,=56,46+15,77+1,25V,+7,22

V,,=39,5 m3/coar

Enunrununr conumrupma caphu



q=36x % _36x 220 ;igx B _ 930 kJlw/xr
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