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NPEAMCANOBME

YerBepToe H3JaHHe 3ajlaiHHKA COJAEPIKHT 3agau U TH-
moBbie pacyeTsl Mo Kypcam «Temsonepenauas u «IIpoueccet
TeMJI00GMeHa B siIePHBIX SHEPreTHUECKHX YCTaHOBKaXx».

Bee 3apauu cHabxenw otBeTaMH. Kak mnpaBuso, Aas
KaxAof rpynnel 3alay, TpeOYIOUMX IAAA CBOErG pelleHH:
NPHMEPHO OJHHAKOBOH MeTOAHKH pacueTa HJH HCIOJMb30Ba-
HHSI OJHHX H Tex Xe dopMyn, neppas 3ajaya MPHBOAHTCH
¢ noxpoGHBIM pelleHHeM. B 3amauHHKe coxpaHeHa HyMepa-
UHS 3a1a4 TPETbero H3LaHHs.

B peuleHHsiX THIOBBIX 3aJay HCMOJB3YIOTCH 3aBHCHMO-
CTH, NpuBeleHHbe B yyeOuuke [4], a Takke HeKoTopble
JpYyTHe pacueTHble COOTHOUIEHHS, TPHMEHseMble B HHXKeHep-
Holi npaxkTHKe. B NPHJOXKEHHAX CONEPMKHTCA CNPaBOYHBII
MaTtepHas, NOCTAaTOYHHI [/ DElIeHH BceX IpejlaraeMbix
3ajau.

ABTopH BBIpakKawT ray6okylo 6J1arofapHoOCTb KOJJIeK-
By Kadeapnl TeopeTHuecKHX OCHOB TemJoTexHHKH Moc-
KOBCKOro opjaeHa JIeHHHa 3HepreTHYeCKOro HHCTHTYTa 3a
noJjie3Hble 3aMeyaHHs, CjAeaHHBe NPH OOCYXJEHHH py-
KOMHCH, H KOJMIeKTHBY Katenpsl TeopeTHUECKHX OCHOB Tell-
JNoTexHUkH MIBaHOBCKOrO 3HEPreTHYEeCKOro HHCTHTYTa HMe-
Hu B. U. JleHuHa 3a BHHMaTe/lbHOe pDelLEH3HPOBAHHE pY-
KOIHCH.

Asrepot



CNHCOK OCHOBHbIX OBO3HAYEHMH

ro R — pauuye, w;
d, D — pnamerp, wu;
l, L — nanua, M;

8 — rommmna, u;
I, H — Buicora, M;

UL - [epuMeTp, M;

F — nnomanp MOBEPXHO-
CTH, M2;
f — niowann [ONEPEUHOro

CeuCHHa, M2;

T — BpeMs, y, G,

t -— Temneparypa, °C;

T — remnepatypa, K;

At — TemnepartypHoLi Hanop,
°C:

8/ — uamencuuc TCMIEPaTypLl
KHUAKOCTH B HANpaBJeHHH
ee ABUNKeHH:, °C;

P — naeusenue, Ila;

Ap —nepenan  nasicHui, ITa;
G — pacxon XKHAKOCTH, Kr/c;
¥ — CKOpOCTB, M/C;

Q@ — tenaosoit norox, Bt
q — IVIOTHOCTL TEIJIOBOLO MO-

ToKa, Bt/m2;

§¢ — TeIJIOBOH NOTOK Ha eju-
HHLY AJIHB, Bt/M;

gp — 06beMias NJIOTHOCTb Ten-
JoBBIAeeHHs, Br/m3;

G — Ko3(Gduilent Tenacoraa-
ui, Br/(M2.°C);

& — xosbduiyent Temnonepe-
aawi, Bt/ (m2.°C);

C — xosdbduuuent H3J1YUCHHT,
Br/(M2-K4);

€ — CTeneHb YEePHOTHI;

E — uanyuatesnphass  cnoco6-
HOCTDL, Br/M2;

A — xosdduunent  renaonpo-
B\oliﬂocm, Br/(m-°C);

¢ — rtenaoemKocTh, JLk/ (krX
X°C);

r—Tengaora  napooBpazona-
s, JIw/kr:

{ — sutanbius, JLax/xr,

P — MJIOTHOCTB, Kr/M3;

a— xostpdunient temnepary-
POTIPOBOAHOCTH, MZ/c;

W — nnnaMnueckuit  Kosdpi-

UIEHT BA3KOCTH, [1a.c;

V — KHHEMATHUYeCKHH KO3¢Pii-
ILHEHT BA3KOCTH, M2/C:
B— kospduunent ofneMuoro

pacwupenns, K—t;
g — ycKopenue  cBoSoaHoro
nanenus, M/c2.

rNMABA NEPBASR

TENNONPOBOAHOCTb NPH CTALLMOHAPHOM PEXHUME

1-1. BoluHCJAHTE IUVIOTHOCTL TEMJIOBOTO MOTOKAa uepe3d IIOCKYI 0Of-
HODOJHYIO CTEHKY, TOJIUHHA KOTOPOH 3HAUHTEJNBHO MEHbIUe IIHDHHH H
BBICOTH, €C/NM CTeHKa Bbinosuena: a) u3 crasy [A=40 Br/(M-°C)};
6) u3 Gerona [A=1,1 Br/(M-°C)]; B) u3 AnatomMuToBoro kupnuya [A=
=0,11 Br/(m-°C)]. :

Bo Bcex Tpex cayuasx rtonuusa creHkn 0=50 Mm. TemmepaTypnl
HA MOBEPXHOCTHX CTEHKH MOAACPIKHBAIOTCH TOCTOSHHBIMH:

tei =100°C u fg =90°C.

OTser

Ilas cranbrofi cteHkH g =8000 Br/m?;

1411 GeTOHIION cTeHkH =220 B1/M?%;

JLJISL CTEHKH U3 AHATOMHTOBOrO KHpmuda g=22 Br/M2.

1-2, TlaoTHOCTD TENJIOBOTO MOTOKA Yepe3 IMIOCKYIO CTCHKY TOJIIHHOI
8=50 MM g=70 Br/M2.

OnpenenuTh PasHOCTb TEMIEpaTyp Ha MOBEPXHOCTAX CTEHKH i uilc-
JCHHBIE 3HAUYEHHs CpajHEHTa TeMIepaTyphl B CTEHKe, €CJM OHa BBINOJ-
HeHa: a) u3 snatyHu [A=70 B1/(M-°C)]; 6) u3 KpacHoro kupnuua [A=
=0,7 Bt/(M-°C)]; B) u3 npobxu [A=0,07 B1/(m-°C)].

OTtBer ’

Ilna natyunoii crenku Af=0,05°C u | gradt | =1°C/u;

A5 KupnuuHofi ctenkn Af=>5° C ulgradt | =100 °C/m;

s npo6kosoii crenkn Af=50°C u |gradt] =1000°C/m;

1-3. Onpeaenuts notepio Tenjoret Q, BT, uepes crenky H3 KpacHoro
Kkupnuya AmauHo#t /=5 M, BeicoTofi h=4 M W ToawmHoK 6=0,250 M, ecau
TeMIICPaTypbl Ha NMOBEPXHOCTAX CTeHKH noajepxuBaimoTes fey=110°C u
te2=40°C. KosdduureHT Ten0oNpoBOAHOCTH KpPAacCHOrO - KHpOHua A==
=0,70 Br/(m-°C).

OtBet

ITorepu Tennotsl Q@=3920 Br.

1-4. Onpenenutb Ko3PQHIHEHT TENMJONPOBOAHOCTH MAaTepuaja CTel-
KH, eCJIH NpH To/uHe ee §=40 MM H Pa3HOCTH TeMNEpATYyp Ha MOBEpX-
Hoctax Af=20°C MIOTHOCTBH TeMJOBOro MoToKa ¢= 145 Br/M2.

OtBer

Kostduuuent rennonposoanoctd A=0,29 Br/(m-°C).

1-5. Tlnockyo moBepXHOCTh HeoOXOAHMO H30JHPOBAThH Tak, 4TOOLI
NOTEPH TEIJIOTH C eAHHHIILI MOBCPXHOCTH B eJANHHLY BPEMEHH He TpeBH-
waau 450 Br/m2. TemmepaTypa MOBCPXIIOCTI MO H3oJasiiHed fey=450°C,
TeMIlicpaTypa BHCINHell monepxuocti nsoasunn fe2=50°C,

OnpefeauTh TOAULIHY H3OMSIYUIH AJNS ABYX CHydYaes:

a) H3OJSIHS BHINOJIEHA 113 COBEJHTA, AR KOTOPOTO

A =0,09--0,0000874 ¢;



e —

°C §) wusoaauna bumojAHeHa u3 acborep-
7200 MHT3, JJISI KOTOPOTO
7000 A =10,109-40,000146 ¢,
Otger
800 a) §=100 mm;
500 6) 6§ =130 mm.
N 1-6. Tlsockas creiika peilogHena H3
400 IAaMOTHOTO KHPIIHYA TOJMILHHOM § =250 Mu.
Temnmeparypa ee mNOBepXHOCTe: foj=
200 =1350°C u {t::=50°C. Kosdduuuenr
TEMIONPOBOAHOCTH LUAMOTHOIO  KHPIHYa

apaseTcss QYHKUMEH OT TeMIepatypul A=
g 50 100 150 200 mm =0,838(1--0,0007¢).

Bulmicauth 4 H306pa3uTh B MacuiTa-
Puc. I-1. K 3agause 1-6.  Oe pacmpeacscnne TeMIepaTyphl B CTElKeE,

Orger
X, MML oL 0 50 100 125 150 200 225 250
L, °C. .. ... 1350 1145 920 800 670 390 230 50
Pacnpejenciiie TeMnoepaTypbl B CTEHKC 1I0Ka3aHO Ha puc. [-1.
Pewenue
B cayuac snefineoil sasuciuMocti Koy(p@uuirenra telolnpoBoALIOCTH

OT TCMNCPATYPLl TAOTHOCTD TEII0BOTO 110TOKE, BT/M?,

cp
= — ({5 — tco),
q 5 (tes c2)

rac cpeasiil xosdpduunent remioupososnoct, Br/(y-°C),

o et
hep = Do (1 + B, “1—2—“1> .
B pacceMarpupacMoM cayuae
1350 4 50
hop=0,838 (1-1_0,0007—%—) = 1,25 Br/(x-°C)
I
——‘—5(1350 50) = 6500 Br/m?
7=0.25 —%0) = T/,

TeMneparypa Ha moGOM PAacCTONHUM X OT TOBCPXHOCTH CTEHKH Ofl-
peneasercs no gopMyJe

~
1 2 2gx |
Iy = B, tlei) =78, — B, -
A 0 PA A
HO}ICTRBUB H3BACTIIOC 3IAUCHHIC }un I jafificunoe 3naucHie g, To-
JAYHIIM

S

1 2 2.6500 x 1
t= ———— | 1350| — — ,
¥ l/ (o,ooo7Jr ) 0,838-0,0007  0,0007

OTKYZa
t,= (V7,74 —22,2¢—1,43) 10, °C.

MoacTaBus B MoJyuellHoe ypaBlerile 3HaueHIs X, BEIPAXKCHHBIE B
MeTpaX, HafiieM COOTBETCTBYWOLLWE 3HaueHMHs TeMMepaTyphl CTEHKH.

1-7. TeMnepaTypsl Ha TOBEPXHOCTAX WIAMOTHOH CTEHKH, TOJIHHA
xoTopoft 8=200 mM, pabisi: f6:=1000°C 1 fc2=200° C. Kospduuuent
TCIVIOIPOBOAHOCTII WAMOTA H3MEHAETCS B 3aBHMCIMOCTH OT TEMIEpPaTyphl
[0 YPABUCHINO

A =0,813-0,000582¢.

ITokasaTb, YTO MJOTHOCTb TEMJOBOro Mortoka ¢, Br/m2, B caywae
JHHEHHOH 3aBHCHMOCTH KO3(dHIUHeHTa TEIIONPOBOAHOCTH OT TeMIrepa-
TYPH MOeT GHITh BLIYHCJIeHa MO (opMyJae 17151 MOCTOAHHOrO Ko3bduuH-

" €HTa TENJONPOBOAHOCTH, B3ATOr0 NpH cpeuHei’{ TeMnepartype CTEHKH,

Haiity owHGKy B onpeiaeseHHH TeMIepaTypel B Toukax x=575; 110
u 157,5 MM, ecaH BBLIYHCJICHHSI HPON3BOAATCH N0 3HAaueHHIO KO3ddH-
LHEHTA TeNJONPOBOAHOCTH, CPEAHEMY AJs 3a[aHHOTQ HHTEPRAJA TeMIe-
paTyp, H HOCTPOHTb rpatdHK pacnpelefeHis TEMIEpaTyphl B CTEHKE.

OTteer
g = 4650 Br/m2,
14, °C
*, MM A=A gp=const =0,81345,82.10—4
0 1000 1000
57,5 770 800
110 ) 560 600
157,5 370 400
200 200 200

Pacnpenesenne TeMnepaTyphl B CTeHKe NOKa3aHo Ha puc. 1-2.
1-8. Tlnockan crenka Gaka miaomanbio F=5 M? nmokpeTa ABYXCJ0M-

-HOH TennoBoi H3oasuned. Credka Gaka cTaabHas, TOMIUHHOA §;=8 MM,

¢ KO3 HUHEHTOM TeNJIONPOBOXHOCTH A;=46,5 B1/(M-°C). IlepsHit caoit
K30JALEH BBINOJHEH H3 HOBOAc603ypHTa TOMMHHOH O2=50 MM, Ko3ddHu-
UHEHT TEMNJOMPOBOAHOCTH KOTOPOrO ONpEAE/AETCs ypaBHEHHeM

Ag = 0,144 +0,00014 ¢.

Bropoit choft usoasuuu Tosmuuol §;=10 mMm npeacrasaser coboi
IITYKAaTypKy (H3BECTKOBYIO), KO3(ODHUHEHT TemIONPOBOAHOCTH KOTOPOH
A3=0,698 Bt/(m-°C). )

TemnepaTypbl BHYTpeHHeH MOBEPXHOCTH cTeHKH 6axa fc1=250°C u
BHeHIHe# NOBEPXHOCTH H30JALUH feg=50° C,

BHUHCAHTD KOMHYECTBO TEIVIOTH, MepefaBaeMol yepes CTEHKY, TeM-
NepaTyphl Ha IPaHHLAX CJOEB H30JSALHH H NOCTPOMTH rpaduk pachpene-
JIeHHS TeMNepaTypsl.

OtBer

Tennosoit notok uepes crenky Q=3170 Br. TeMnmepaTyph Ha rpa-
HHL@X CJIOECB H30JAUHH fc2=249,9°C u £.3=59°C.



1-9. O6MypoBKa MEUH COCTOHT H3 CJOER MIAMOTHOLO H KpacHoro
KHDITHYA, MEXAY KOTODBIMH pACHOJNOMEHA 3achiNKa 113 ANATOMHTA
(puc. 1-3). Tomuuua mamoThoro cmos &= 120 MM, JAHATOMHTOBOI 3a-
ColIKH §,=50 MM 1 kpacmoro xupnuua 8;=250 M. Kosdhdnumenrn
TCIVIONPOBOAOCTII MATCPHAAO COOTBETCTBELIIO PABHDL;

Ay =0,93; 4, =0,13 1 Ay =0,7 Br/(x-°C).

—
Quamomunwobun
p/ 3aACHINKA
a0 r
7.
°C 37

800

a kupnuyy

d Kupr

ﬁ/(pamb/u" -kupnuy 2%

600

4 kupnuy

T
B \&\[[lﬂMU!ﬂHb/
BN amomnsi
> %]Cﬁbl

400

200

1N
&

g 40 80 120 169 Mm

%_.

Puc. 1-2. K 3apaue I-7. Puc. 1-3. K 3angaye 1-9.

Kaxo#t Tomuunsl caepyer cheqars cioff #a KpacHoro Kkupnuya &,
ECHI OTKA3aThCA OT NPUMEHEHHS 3aCHINKH H3 AHATOMHTA, UTOGH TeIio-
BOH IIOTOK 4epe3 06MYPOBKY 0CTABAJNCH HeH3MelHbIM?

Oreer

Tomuuna caost kpackoro KUPTIIUA A0JXKHA ObiTh pasna 500 Mw.

1-10. Crenxa He3KPaHHPOBAHHON TOMOUNON KaMepbl MapOBOTO KOT/IA
BLIMIOJIHEHA H3 CJI0 NEHOIIaMOTa TOJMLMHOA §;=125 MM H cios Kpac-
HOTo KHpruya Tonuunof §,=500 MM, CiaoH nJoTHo NpHJIEralT APYr K
npyry. TemmnepaTypa Ha BHyTpeHueii NOBEPXHOCTH TOMOYHOW KaMephl
te1=1100°C, a na napyxuoin fe3=50°C (puc. 1-4). Kosbdunuent
TEIVIONPOBOAHOCTH IeHoluaMoTa A1=0,28+0,00023¢, KDaCHOTO KHpMHIYa
Ay=0,7 B1/(M-°C).

Boruucants tennosse norepu uepe3 | M2TTTEHKH TOMOUHOH KaMephl
I TEMIIEPATYPY B MAOCKOCTH CONpPHUKOCIQOBEHHH CJIQER,

Orser

Tennoseie morepn g=1090 B1/m% TeMmepaTypa B mIQCKOCTH CO-
NPHKOCHOBEHHS C/oeB fo2=828° C.

I-11. TonuKy cost KPAaCHOTO KHPNHYA B CTeHKe TOMOUION KaMepsl,
paccMoTpennolt B 3anaue 1-10, pelweHo yMeHbwuts B 2 pasa, a MEXAY
C/IOSIMH TIOMECTHTb CJIOH 3aCHIIKH H3 THATOMHTOBOH KPOWKH (pHe. 1-5),
K03()QULHEHT TeNTONPOBOAHOCTH KOTOPOH

A=0,11340,00023¢.

Kakyro HYXHO cfenaTh TOJUIMHY AHATOMHTOBOM 3aCHINKH, UYTO6H
NpH TeX e TeMNepaTypax Ha BHEIIHHX MOBEPXHOCTSX CTeHKH, YTO H B
sajaye 1-10, nmorepu TemJOTBI OCTaBAJHCh HEH3MEHHBIMH?

OTser :

Tommura KHATOMHTOBOM 3aCHIMKH HO/KHA GHITh O=94 MM.

Peutenne
Tax kKak Tensosble norepd ¢=1090 BT/M? HoJKHBL OCTaBaThes He-

H3MCHHBLIMH, TO TCMICPAaTYpPy B MJIOCKOCTH CONPHKOCHOBEHHS AHATOMH-
TOBOH 3A4CBINMKH H KpacHOro KHpnHya HaunjieMm mo YPaBHeHHIO

8 0,25
fes = tci+q3‘2—=50+ 1090 = =439°C.
2

3

o)t
1200
t,r=1100
7000
800
600
400
200
2 '
NN g
4] 900 25| x | 250

Lo 0%t t.=50°C

MM

Puc. 1-4. K 3anaue 1-10. Puc. 1-5. K sapaye 1-11.

Cpeanec 3iauedire kKosp@HuUHeHTa TENJONPOBOAHOCTH AHATOMITO-
BOI 2acCHINKH HAaHAETCA U3 YpaBHEHUSA

\ 828 4 439
Aep—a+b t“—;rti"’—'z 0,113 4 0,00023 (—;r—) =

. = 0,259 Br/(M-°C).
Torna Tonmnna 3acsinkd 6yaeT pasHa:
Afgac .. - 828 —439
0= *er="J090

1-12, CreHBl CYWIMJBHOH KaMephl BBITIOJHEHBl H3 CJIOS KPaCHOTO
KuprHya TosuuHOoR 6;=250 MM H cJoS CTpPOHTEJbHOro BOHJOKa. TeM-
nepatypa Ha BHeIIHel MOBEPXHOCTH KHpHuyHoro cjos fci=110°C u Ha
BHeLIHeH MOBEPXHOCTH BOHJIOUHOTO cJos fcg=25°C. )

Kos¢(pHUHEHT  TenJONPOBOXHOCTH  KPACHOTO  KHMpNH4a  Aj=
=0,7 B1/(M-°C) u cTpouresbHoro Bofiioka A,=0,0465 Br/(M-°C). -

BBI4HCJAHTE TeMNEpaTypy B MJOCKOCTH CONPHKOCHOBEHHSI CJIOEB H
TOJMUIHY BOIVIOYHOTO CJIOS NPH YCJAOBNH, YTO TEINJIOBBIE NOTEPH Yepe3
1 M? cTeHKH KaMephl He npeppiaioTt g=110 Br/m2.

Oreer

TeMmnepaTypa B IIOCKOCTH CONPHKOCHOBeHHsi cJyoeB fe2=70,7°C.
Toauuna BoHaouHOTO ciosa 8~ 19 MM.

1-13. B npu6ope pas onpefefeHHs Ko3(GHIHEHTa TemJIONpoBOAHO-
CTH MaTepHaJOB MEXAy ropsued H XOJOLHOH NOBEPXHOCTSAMH pacmoJo-
#en obpasel, U3 HCMBITyeMQro MartepHaja (puc. 1-6).

0,259 = 0,0936 M; & ~ 94 mMm.

.



O6paseu npeactabasier coboii AHCK anametpoMm d=120 MM u ToJ-
ol § =20 mm.

Temnepatypa ropsueit nosepxnocti fe1=180°C, xosommoli fez=
=30°C. Temnoso#i motox uepes ofpaseu nocde yeTanoBJaCHUS crauuo-
llapHoro mnpouecca Q=50,6 Br. Baarosapst samttribiv HarpesaTtennm
PAAHANLILIC NOTOKH TENAOTHL OTCYTCTBYIOT,

Beaencrrue nioxoit mpuromiu MCKIY XOJORHOH H ropsiueii nopepx-
HoCTsIMI 1 06pasuoM o6pa3osasich BO3AYIIHBIC 3330PLI TOMIUHHON 8=
=0,1 mM. Buuucauti OTHOCHTEJLIYIO OWNGKY B onpepesncimn Ko3dir-
[HEHTA TEIJIONPOBOAHOCTH Ay, ecau npu o6paGoTke pe3yabTaTOB H3Me-

MM X
| :2=30°C %=0,1
t2 2720 §=20
I 14 -
Lo L ¢
PR
toy= 180°C 0p=0,7

Puc. 1-6. K 3agaue 1-13.

PEHHH He yunTLIBATL 06pasoBaBuilixcs 3asopon. Kosdpuuuent rtemio-
IIpOBOJHOCTH BO3AYyXa B 3a30paX OTHECTH K TEMIEpPAaTyPaM COOTBETCTBY-
IOIHX MOBEPXHOCTEH foq H fea.

OtBer

Ornocutentias ownbka B onpefefeHinn A CoCTABHT Ay ~21%.

1-14. Boiuncute TNIOTEPH TEMJAOTBI Yepe3 eAHHHUY [OBEepXHOCTH KHp-
NHYHOA O6MYPOBKHM NAPOBOr0 KOTJZ B 30He pasMelleHHs: BOASHONO 3KO-
lioMaiisepa M TeMNepaTypH Ha MOBEPXHOCTAX CTEHKH, €CJH TOJINLHHA
CTeHKH 6=250 MM, TeMmmepatypa rasos tw;—=700°C n BO3AyXa B Ko-
TeIBHOH w2 =30° C. Koadduuuent TensooTaaun or razos w 10BEepPXHO-
CTH CTeHKH a;=23 Bt/(M2.°C) 1 oT creHkH K BO31YXy up;=12 Br/(M2X
X°C). Kosddpuuneur TEMJIONPOBOAHOCTH cTenkll 4 =0,7 Br/(M-°C)

Orser

Hotepu rennor ¢=1385 Br/me Temneparypa ua nosepxioctsix
CTCHKI £¢1=640°C u tc2=145,5° C.

1-15. Buluncsaute TensoBoil noTox uepes 1 M?* wieroli mosepxuocty
Harpesa naposoro XoTJla i TEMIepATYPL Ha TMOBEPXHOCTSX CTCHKI, el
AaiallLl. CIEHYIOUHE BCAHUMHBL TEMIEPATYPA ALIMOBLIX [430B  fyq —
=1000°C, kunsamess BOALI fup=200° C; kos¢pduunentul rengooriauy or
rasoB k crenke ;=100 B1/(M2-°C) u oT cTeHKH Kk Kunsaulefl BOAE U=
=5000 Br/(m2.°C). T

Kosdhduwrent  rennonponoasoct MATCPHana  CTCHKH A=
=50 Br/(M-°C) 1 Tommma cTenkn §=12 mw,
OtBer

g =76 500 Br/m2,

TemllepaTypui Ha mOBEPXHOCTAX CTeHKH fo1=235°C U fop=215°C
(puc. 1-7).

1-16. Pewnts sapauy 1-15 npu YCJIOBHII, UTO B INpoUecce IKcmaya-
Taliir NOBEPXHOCTL LArpeBa H4POBOIO KOTAA €O CTOPOHL JABIMOBLIX 14-

10

u 'd

308 MOKPHAACH ¢noeM ¢akH TomtuiHol §c=1 MM [Ae=0,08 Br/(M XC)_]
H €O CTODOHW BOAB CJIOCM HAKNMH TOMHUIHON &n=2 MM [An=
=0,8 Br/(M:°C)]. .

Bhiulic/iiTh MJOTHOCTb TEUJIOBOrO NOTOKa yepes 1 M2 3arpsasHeHHO#
NMOBEPXHOCTH HarpeBa H TeMIepaTyph Ha INOBEPXHOCTAX COOTBETCTBYIO-
WHX caoeB fei, fco, fea U feq (pHC. 1-8). CpaBHUTH pesy/ibTaTH pacuera
¢ oTBeToM 3ajaul 1-15 m ompelesuTh yMeHbLUCHHE TeNJOBOIl HATPY3KIL

OTser . \

[TnoTHoCTL TemyoBOIO MOTOKA q=31590 Br/M2, TSMnepaTypbloléa
MOBEPXHOCTAX CJoeB: fcy=685°C, f2=291°C, £.3=283°C, f:=206°C.

.
o0l ¢ Crod caxu
7
z 't);\'1=7000 \ / C -
704
w1 =7000 Haxunu
800 8t0117,
c
600 600
4008\ tez 777
400 R X b2 =200
7% tw2=200°C 2004 \gu
200 N x|
c2 0
X
: £ N\ w
X 1 2 |2 ,

Puc. 1-7. K 3apauge 1-15. Puc. 1-8. K 3apaue 1-16.

VMeHblIeHHe TEMJOBOH HArpyskil NMOBEPXHOCTH HarpeBa B pe3yJib-
0
taTe 3arps3Hednst Ag=>58,9%. . .
1-17..Onpepennts TemjoBoft notok uyepe3 | M2 KHPMNHYHOH CTEHHI
noMeliteHuss toauluHoil B ABa kupnuya (§=510 MM) c ko3dduLHEHTOM
TensonposoanoctH A=0,8 Bt/(M-°C). Temneparypa Bosayxa BHYTpH
noMettenns fx1=18°C; koapdHUHeHT TemnooTaauyn K BHyTpeHHeil no-
BEPXHOCTH CTENKH oy=7,5 BT/{M%-°C); reMmnepaTypa HapyXHOro B03-
ayxa twe=—30°C; KosbduuHeHT TenaooTAAYH OT Hapy:HOH roBepXHo-
CTH CTeHH!, 06AyBaeMoii BeTpoM, 0p=20 Bt/(M%.°C). BhluHcanTh Takxe
TEMNepaTypbl Ha MOBEPXHOCTAX CTEHHI ¢y M ez
Otser
[110THOCTL TeMJIOBOro MOTOKA q=5%,§31£3€/mz. TeMnepaTypbl Ha Mo
© tea=— .
BepXHOCTAX CTeHHl fey=10,2°C n fca= )

P 1-18. PeurnTb 33agauy 1-17, ecau cTeHa MOKPHITA CHapyXH c.r;c;e;a-
TensoBoll n3onauuu ToaumHON 50 MM ¢ KO3IphHUMEHTOM Tennonp;l)“ N
HOCTH Ans=0,08 B1/(m-°C). CpaBHHTb MOTEPH TEMJIOTH Yepe3 H30JHp
BaHIIYIO H HEH30/IPOBAHIYIO CTEHKIL

Ortser 3 \
[ToTepu TemaOTHl uepe3 H3OJNHPOBAHHYIO CTEeHKY ¢=33,2 Br/m2.

i1
© $e1=13,6°C 1 t.3=—283°C.
TeMmnepaTypbl Ha NOBePXHOCTAX CTEHH: f¢ , -
HOTepEl T}g;IIIOTbI Jepes HEH30JHPOBaHHYlO0 CTeHKy ua 76,56% OGosbuue,
ueM uepe3 H30JIPOBAHHYIO.
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1-19. Boiuncauth mioTHoCTh TeMAOEOrO notoxa g, Br/m%, B naacrim-
1aTOM BO3/YXONOAOTPEBATC]E M 3HAYEHIIST TEMIEPaTyp Ha MOBEepXHOCTAX
JIICTOB, €CJIH NI3BECTIIO, 4TO Cpelss TeMIeparypa rasos f,;=315°C
M CDEAHsst TeMncpaTypa BO3AyXa fue=135°C, cooTBeTcTReNHO KO3 dH-
LUHEHTL TenaooTaadyd a;=23 Br/(M2.°C) u ¢,=30 Br/(M2-°C). Tonuu-
Ha Jncros noporpepateas §=2 wmwu. Koshdunuenr TENNONPOBOAHOCTH
Marepiaaa jyucros A =50 Br/(m-°C).

Ortser

g == 2200 Br/M?; fo1 = 208,5°C; tep = 208,4°C
toj =ty = 208°C,

1-20. O6Myponka meun suimossena ua CJI051 TIaMOTHOrO KHpru4a ¢
KOIDPHIIICHTOM TCII0NPOROAHOCTH A=0,84(14-0,695-10-%) Br/(m.°C);
TOJIIHNA OGMYPOBKH 8 =250 MM, ’ ,

Onpefennts noTepu TemaoTs ¢ oxHoro KBafpaTHOTO MeTpa MOBCpX-
HOCTH ¢, BT/M?%, 1 teMnepaTypsl na nHemnux MOBEPXHOCTHX CTEHBI, CCJII
1eMICpaTypa rasos B medH fu=1200°C u BO3/lyXa B HOMCIICHHH ’tm=
=°30 C, KoabdHIUHEHT TennooTAauH OT razom K creHke ;=30 Br/(M2x
X°C) u or obmyposku K OKpYXalolleMy BO3AYXy uz=10 Br/(M2.°C).

Orger
g = 3530 Br/um2,
Peinenne
Tpu sagannoit 3apucumocTH KO3 QHUHEITTa~TenIonpoRoAHOCT mia-
MOTHOPO KHDUINYA OT TCMHEPATYPL MOTCPH TCHAOTH MOKHQ BLUHCAHTD

113 ypantieinis

g="+F (fei—te) =

)
t} "JF[;{ 1 |
_ {}“0“,“7“0 ﬁx [JIT” - %(G—z - f‘ﬂ}[hm"ﬁm*q (L - L)‘[

%y F %
5

HJIH METOZOM IOCNIE/I0BATbHBIX npubanxkennit, Hixe NPHBOAHTCS pelile-
HHE METO/IOM NOC/IeNOBATENbHEIX IPUBIHKCHHH.

3apnaeMcs cpenmneit TEMIEDPATYPOlt cTenky fc=650°C. [Tpu 310ft Tem-
llepaType KO3(QHUHEHT TENNONPOBOAHOCTH IaMOTHOLO KHpIHYa pasen
hep=0,84 (140,695 10-2.650) =1,12 Bt/(M-°C). Onpepensiem xosddu-
ITHEHT TenJonepesayn

! 1

k: = _ e}
Lio 1 02 = 2,81 Br/(v*-°C)
oy A a, 30 Jr1,12Jr 10

I MOTHOCTDE TerJIOBOTrO IOTOKA
q =k (L — fg) = 2,81 (1200 — 30) = 3290 Br/a2,

HDI{ oayueHnoff NJOTHOCTH TETIJIOBOI'O IOTOKA BLIYHCJSICM TeMInepa-
TYDbl Ha MMOBEPXHOCTHX CTCHKH
] 3290
fop = tyg — g ~— = 1200 — =— = 1091°C;
2%} 30
1 3290.
log = by g — = 30 4+ == =350°C.
Cy 10

12
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OnpefensieM CpefHIO TEMNEPATYPy CTeHKH M YTOUHsAeM 3HaueHHe
k03 HIHEHTA TEIIONPOBOIHOCTH:

t'c = 0,5 (1091 4- 359) = 725°C;
Aep = 0,84 (1 --0,605.1073.725) = 1,265 Br/(m-°C);
1

k= = 3,02 Br/(m2.°C).
L0 1
30 1,265 10
[Ipu 3TOM NIOTHOCTH TEMIOBOrO MOTOKA

g = 3,02 (1200 — 30) = 3530 Br/m2,

[lpu HOBOM 3uayeHHI IJIOTHOCTI! TEIJIOBOTO ITOTOKA BEIYHC/ISEM TeM-
nepatypel fe1 H fca: :

1
fe; = 1200 — 3530 0= 1082° C;

1
fo = 30+ 3530 T~ =383 °C.

OnpejensieM cpepuiie 3HAUEHHS TEMIepPaTyphl CTEHKI ¥ Ko3bOHUH-
CHT TCNJIONPOBOAHOCTIH:
t.=0,5 (1082 4~ 383) = 732°C;
Aep = 0,84 (1 +4-0,695.1072.732) = 1,267 Br/(u-°C).
Tax kak nosnyuenHoe cpefHee 3HaueHHe Ko3PdHUHEHTa Temonpo-

BOOAHOCTH MNpaKTHYECKH CoBNagaeT C MPHHATHM paHe'e 3HauUeHHEeM, TO
JanbHeHLIHX nepecyeToB AeJaTh HE HYXHO H MOXHO NMPHHATD

- g = 3530 Br/m2,

1-21. B kaMepe cropanHs mapoBOro KOTJa ¢ XHIKHM 30/0Yyj1aJje-

- HHEM TeMIepaTypa ra30B [JOJIKHA TOLAEPKHBATHCA PABHOH -fri=

=1300° C, reMnepaTypa Bo3ayXa B KOTeNbHOH fmz=30° C. Crennl Tomnou-
HOH KaMepbl BHINOJIHEHBl H3 CJ0SI OrHeymopa ToJuuHol §;=250 Mm ¢
K03t dHuHEHTOM TenonpoBoAHOCTH Ay=0,28(140,833-10-%) Brt/(M-°C)
H CJos AHATOMHTOBOIO KHpPMHYa ¢ KO3(Q(HIHEHTOM TemJIonpOBOLHOCTH
Ag==0,113(140,206-10-3t) Bt/(m-°C). :

Kostpdunnent rennoornaun or razoB K obmyposke a;=30 Br/(M?X
X°C) ¥ 0T BHeWIHEH MOBEPXHOCTH TOMOYHOH KaMepPhl K OKpYMKalouemy
BO3AYXY do=10 Bt/(M2.°C).

Kaxofi go/mkHa GbiTh TOMIIHHA AHATOMHTOBOTO CJI0S, 9TOGH MOTEPH
B OKPyXalouylo cpey He npesuiiann 750 Br/m2?

Otser

Tonuuua AMATOMHTOBOrO cjaof AOMXKHA ObiTh 8=132 MM.

1-22, 3MeeBHKH TaponeperpeBaTessi BHIOJHEHH H3 TPY6 Kapoyrnop-
HoOit cTann aHameTpoM di/d»=32/42 MM ¢ K03hdHIHEHTOM TENACIpPOBOA-
HocTH A=14 Br/(M:°C). TeMmmepatypa BHelIHeHd MOBEPXHOCTH TPYEH
tc2=580° C u BHyTpeHHeH MoBepXxHOCTH fc1=450° C.

BoluHcsHTh “YAEAbHDIH TEMJIOBOH IIOTOK uYepes CTEHKY Ha EXHHHUY
JJIHHBL TPYO6b 1, BT/M.
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OTner ’
q, = 42 100 Br/m.

1-23. Haponposox anamerpom 150/160 MM MOKPLIT cJoeM TelioBo#
usoaAnHl  roauunoll 8yy=100 MM; ko3dduLICUTE TENJONPOBOAHOCTH
crenikn rpy6ul Ay=50 Br/(M-°C) 11 usosstiiy Ag==0,08 Br/(m-°C). Tem-

mepartypa ha BILyTpeHlieH I0BEpXHOCTH

°Cit naponposoja f¢;=400°C n Ha sapyx-
600 ——— O MOBEPXHOCTH H30JAUHH fc3=>50°C
500+ (pHC. 1-9).

h Ha#itu rennosble motepu ¢ 1 M na-
wo- &y B DOTIPOBOAA H TeMIepaTypy Ha TpaHHIe
3001~ COMPHKOCHOBEHHS MaponpoBoja H H30-
200@ ' JIALLHH,

| OtBer
0o tes Morepn Tensoret ¢ 1 M napomnpo-
O " Boma =216 Br/u. TeMmnepaTypa Ha
N7 rpaHHile COTMPHKOCHOBEHHS MaporpoBo-

Aa H H30J5LMH fep22400° C.

1-24, Cranpuoit TpyGonpoBoj Axa-
Mmetpom  d,/d;=100/110 MM ¢ ko03(-
GHUHEHTOM  TENJONPOBOAHOCTH A=
=50 Br/(M-°C) TNOKpHT H30aA1HEH B
JIBa CJI0A OAHHAKOBOH Toammist 83==8;=50 mm. Temnepatypa BHYTpeH-
el MoBepXHOCTH TPYOHl f¢;=250°C ¥ HAPYyXHOfi NOBEPXHOCTH H30JA-
UHH tes=50°C (puc, 1-10).

OnpenenHTh moTepH TEMJOTH yepes uzoasuuio ¢ 1 M TpySonposoaa
Il TeMNepaTypy Ha rpaHHlE CONPHKOCHOBEHHH CJI0EB IH3OMSUHH, €CIH
NepBLIA CA0H H30/ALHH, HAKNAALIBAEMbIl HA MOBEPXHOCTb TPYObi, BHINOJI-
HeH H3 MartepHana ¢ KO?bQUUHEHTOM  TeNJONPOBOAHOCTH A=
=0,06 Br/(M-°C), a BTOpO# CnOit — M3 MaTepyana C KO3bOHUHEHTOM
TerIoNpoBOAHOCTH A3=0,12 Br/(m-°C).

OTtser .

TensnoBbie morepn ¢ | M TpyGonpoBona q:=89,5 Br/m. Temnepary-
pa Ha rpaHHIE CONPHKOCHOBEHHS CJOEB H3OMAUHH fe3=97° C.

1-25. Kak HaMeHsTCs Temaosble moTepu ¢ | M tpyGonposoja, pac-
CMOTPEHHOro B 3ajade [-24, eclH C/IOM H30MALHH TOMEHATh MECTaMH,
T. €. coH ¢ 60IbWHM KO3 (HHUHEHTOM TENIONPOBOJHOCTH HAMOKHTL He-
IIOCPeJICTBEHHO Ha MOBEPXHOCTb TPYGuI? Bce apyrue ycnoBHs ocTaBuTb
6e3 H3MeHeHHH,

Orger

Iorepn Tennorsl ysenuuatcs W coctasAT ¢:=1055 Bt/m. TeMmme-
patypa Ha TpaHHLe CONPHKOCHOBEHHSI cJaoeB H30JAUHKH fc3=159°C (cM.
puc. 1-10)

1-26. IMaponposox nuaMerpoM di/d:=160/170 MM NOKDHIT clloeM
u3oasauHy roJuHol §=100 MM ¢ Ko3PdHLHEHTOM TEMI0NPOBOAHOCTH,
3aBHCAIHM OT TeMNepaTypel ClelyloWHM ofpa3oM: Axa=0,062(1+
+0,363-10-2¢).

OnpenenuTs noTepH Tensothl ¢ | M MapompoBoia H TeMmIlepaTypy Ha
BHYTpeHHell roBepXHOCTH TPYGONpoBOJa, €CHH TeMIepaTypa Hapy»KHOH
nopepxHoctH TpyObl #.2=300°C, a TemnepaTypa BHEIIHEH IOBEPXHOCTH
H30JSIUHH He ROMXKHa npesbluaTth 50° C.

OT1BeT

Torepn tensotel ¢ 1 M naponposoga ¢:=205 Br/m. Temneparypa
BHYTpeHHel NOBepXHOCTH TpyGonposoxa tc1=300° C.

14
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7 . 1-11) BHYTpEHHHM
- GeTounasn AmmoBas Tpy6a (pHe !
nnaw:ezgénZK;:lSBOOO MM H HapYXHbIM AHAMETPOM d;=1300 MM AosKHA

TepoBaHa BHYTPH OTHEYIODOM. ' . )
GblTbO(?lgea%nmb TOJLAHY GyTepPOBKH H TeMnepatypy Hapy»XHO# MoBEPX

i bl HE
wocth TPyOul fo3 H3 YCJAODHH, yToGbl TennoBbie MOTepH C 1 M Tpyb

°Clt 7»3 Zcz ~
300

1
o1 % ¢t
200 / 200 L .
f i, 100

o) ¢ Ay A
300

100 . {:f
P
0 MM 0 N MM
_ Gl /N7 aﬂ
T?z 32 33 2] é‘z l 3

Puc. 1-10. K 3ajauaM 1-24 u 1-25.

°t |t Naramunolfan
Macao / Hums

NN

_rRt
| ll ltll\ll
AR
N

i

tes

MM

Kbapyeban mpyoKa

Puc. 1-11. K 3a- Puc. 1-12. K 3apaue 1-29.

naue 1-27.

i xeJe-

2000 Bt/M, a TemIepaTypa BHYTpeHHEH MOBEPXHOCTH -

ggg::ggf{gg CTeHKH fce He NpeBblilasa 200°% Temnepagr{ggngzgggi}:é?;

TepoBKH fo1=425°C; K0IQ@HUHEHT T i

g;fri%}g;?(clf HM(,;YO,SP BT/(M-C"C); K03 (HLHERT TeN10MNpOBOAHOCTH Geto
wa A= 1,1 Br/(m-°C).
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Orger

8=120 mm. Temneparypa 18D YIKIIOH MOBEPXIIOCTH TPYOH feg=59° C,

1-28. B ycnoBusix sagaun 1-27 onpepenurs TOJUIHY (hyTCPOBKH §,
ECIHM ONa BRIMOJIENA U3 WaMOTHOrO Kipriva, Pacyer 1IpousBectit ¢ yue-
TOM 3aBHCHMOCTH KO3(hduunenta ) or TEMNEDPATYpLl 1o opumyure

% =10,84-10,0006 ¢,

Orger

Tomunna gpyreposkn JOTKHA ObITh § = 206-Mu,

1-29. B npu6ope aums onpenenenis xosbdnumienita TCIVIONPOBOHO-
CTH JKHAKOCTCH 1O MCTOAY «llarpeToli mitTiy (prc. 1-12) B xoabuesol
3430p MEXAY MJIaTHHOBOH IHTbIO N Kpapuesoil Tpy6xofl zamuto Icip-
Tyemoe TpanchopmMaTopuoe Macao. HuaMerp # giva maaTHoBoH miTH
di=0,12 MM 1 /=90 MM; BHYTDEHHHA M HapyKHBI{ AHAMETpBl KBapiie-
BOf TPYOKH do=1 MM u d3—3 MM;  KosdduuneHT TCIJIONIPOBOAHOCTH
KBapua A=14 Br/(m-°C),

Brunennts kospdumnent TENVIONPOBOJIHOCTH A I CPEAHIOI0 TeMIe-
parypy L Tpancdopmatopuoro Macna, ecJiH NPH PACXOAC TCMAOTL yepes
KOJbUEBOH cnoff Macaa Q=18 Br, temnepatypa mratimonof HHTH
fe1=106,9°C u TEMIIEpATYpa BHEIUHEH [OBCPXHOCTH KBapueBo# Tpy6xu
t.3=30,6°C.

OTtBer

Kosdduunent TENIOMPOBOAHOCTH TPaNcdOPMaToOPHOro Macsa A=
=0,0915 B1/(M-°C) npu £ =70°C.

1-30. Beruncaurs AOCNYCTHMYIO CIUIY TOKa AJIfl MeaHoro 1poBoAa
d=2 wmy, TOKXPBITOrG PE3NHOBON 120Ms1LICH TOJMUIHHON §=1 My, npu
YCJIOBHH, UTO MakCHMalbHas TeMIEPATYDA H3OMAUNH L0AMUA GLITb lie
Buitie 60°C, a Ha BHemHeq nosepxuoctn nsonsun 40° C. Kosduuu-
EHT TCTJIONPOBOAHOCTH pesnHbl A=0,15 Bt/(M-°C). 3aexrprueckoe co-
IIpOTHBJIEHHE MenHOTO NpoBoaa R =0,005 Om/m.

Otger

Jonycrumas ciaa toka 1=798 A.

1-31. Onpegeants maomans IIOBEPXNOCTH  HArpeBa KOHBCKTHBHOrO
aponeperpebareis, BBINOIHEHHOIO H3 TpyG kapoctofikolt craam nua-
MeTpoM di/dy=32/40 mwm, Koabduunenr tennonposoamocty cTama A=
=395 Br/(m-°C). Mpoussogurensuocts naponeperpesareas Q=
=611 kr/c napa. B faponeperpesaredb NOCTYNACT CYXOf HACLIICIHDI
nap npu pasaemnr p=9_8 MI]a. Temnepartypa HIEPCTPCTOro napa na pol-
xoz1e ty=>500°C.

Kosdhunuent TEMJIOOTAAUYH OT I'a30B K CTeHKe ap,=81,5 Br/(m2.°C),
@ OoT CTeHKN K Napy ay=1163 Br/(m%-°C): CpeAHAsS TCMIepaTypa rason
Lx=900° C. Tuapasanuccknm CONPOTHRJICIIIIEM Naponeperpesartess npe-
nebpeun.

OrBer

[Inomans nomepxuocty HarpeBa Naporcperpesarelis, pacCyHTaHHast
IO HAPYXHOMY AHAMETDPY Tpy6, F=1090 w2,

1-32. Pemnts 3anauy (1-31), npencéperas KPHBH3HON CTeHKN (Kak
AJf maocko#t  creuxn).  IMonyuennyio nnomann TOBEPXHOCTII narpesa
CPaBHUTL C PE3YJILTATOM, NONYYCHHBIM B 3agaue 1-3].

Orger

[Tromanb nosepxuocrn Harpesa F=1055 M2,

1-33. Haiitu nnowans TTOBEPXHOCTH 11arpeBa CEKLHOHIIOrG BOAO-BO-
AAHOTO MONOTPEBATe/st IPOH3BOXUTENLHOCThIO Q=1500 kBT npu yeso-
BHH, uTO CpeiHsAs TeMnepaTypa rpeloliesf Bopl tr1=115°C, a cpennss
Temnepatypa HarpesaeMol Bopsl fuxa=77° C. [ToBepxHocth Harpesa phI-
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NOJIHEHa H3 JIAaTYHHBIX TPYGOK AHaMeTpOM diédz—llill/l(i ]r{vm; %Hl:l(;%(b(go_

MEHTOM TeNJONPOBOAHOCTH ;\«cu=12}({) ml?{]‘/(s(ltvi_-(g]%.MMaC ioztpepuuuemorw

cTH TpyGOK HMeeTcs caofi Hakl n=0, o

relisonponozioety =2 B §000 B/ (s 2 4% cropom Ratpesa:

i Boasl ;=1 /(M2

CT%%Ollgoiglemgjing Br/(M2.°C). Tak xak OTHOLIEHHe miaMezﬁgg

6clilk:i/dz<l 8, To pacueT MOXKIO INpon3BecTn 1o ¢GopMyse aas 1o

CTCHKIL
OTper \
Tlnoutaan mosepxiocth iarpesa F=18,1 M2
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i e

100 —— Z xS
to, 8 | “x1 7?% e2 53;
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. - 60+ /
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- 40— # Z
0 % il
(\(3 201 , e
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. 27_ N

72

Puc. 1-13. K 3anaue 1-34. Puc. 1-14. K sanaue 1-35.

6o-
-34. BLluicAHTb 110TEpIO TEMVIOTB ¢ | M HEH30JHPOBAaHHOTO TPY
npoxatl)ﬂga4 IL?{I;MleTpOM dl/dzl:i—‘-‘ISO/IGS MM, TPOJIOKEHHOTO Ha orx;;un())rg
BO3[yXe, eCJH BHYTpI TpyOLl MPOTEKAeT Boja co CpellHeH_TeM?gg)é y%o_
tx1=90°C u TemmepaTypa OKpPYIKalOllero BO3AyXa tjizS_O‘BT/(M.WC)
s dUIHENT TeNJONPOBOAHOCTH MarTepHaJa prﬁvbl 7»—_1000 BT/(M"’X
Kosdduuueitt reniiooriaul oT BoAbl K CTeHKe pr61§ gl/— AL
X°C) u or TpyGH K OKpy:KalollleMy BO31yXy =12 B1/(m L

Onpenenuth Takxe TeMnepaTypbl Ha BHYTpPeHHEH H BHEIUH p
ocrax Tpy6ul (puc. 1-13).

Otser .

g, = 652 Br/w; t,, =89,8°C; t,,=89,6°C,

1-35. Onpenenuth TensoBHe 1oTepH ¢ 1 M TpyGonpoBoxa, gzi)cnc:(uoui;;
peHHoro B 3ajaue 1-34, ecqH TpyGONPOBOA NOKPLIT CJI0EM ;0 jouy
TouHHO# §;=60 MM (puc. 1-14). Koadpduunenr TennonposnzéBe iy
nzoaaunn A;=0,15 Br/(M-°C). Koabhduuneur TeHJIOOTé[alm zozc) lgce
HOCTH H30JIHH K OKpYKalouleMy BO3AYyXy a;=8 T/(i\d3~4 L e
OCTa/IbHElE YCJIOBHS OCTAIOTCA TAKHMH IKe, KaK B 3ajaue 6-1 ; Duaie
JIMTh TaKKe TeMNepaTyphl Ha BHelllHeH NOBEPXHOCTH TPYOH fo2

BHelllHeHl TOBEPXHOCTH U3OMALHH fe 3.
OTBeTt

q,= 145 BT/M;Mt(;2 = 89,9° C; tca =5,3°C.
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1-36. Ilo TtpyGompoBogy amuamerpom d1/d2=25/29 wmm
=50 Br/(M-°C)], nokpbiTomMy wu3omdsmHesi 13 TophoNiyMa ToMHHOMN
8,=25 mM[2,=0,06 Br/(M:°C)], Npoxoaut HachlmleHHLE nap aabJeHH-
em 980 kIla.

Onpenesuth CyTOUHYIO NOTEPI TemaoThl (B xunmorpammax napa)
yuyacrtka tpybonpopoja aauHol 30 M u TEMIEpPaTypy HapyxHOH noBepx-
HOCTIt  M3OJISILILN, eciH KOIDQUUIEHT TEMIOOTAAUH oT Lapa K CTeHKe
u;=2000 Br/(M2-°C) n or BHeLZU}ée}"{ MOBEPXHOCTH H3OJALHIL K OKpYKa-
f;;l(iM};z}:)ng/g 02=10 Br/(m2.°C). Temneparypa OKDPYZKAIOlLlero BO3-

OTtser '

CyTounas noTepst TemsIoTH B KHJIOrpammax napa G=105 kr/cyr.
Temneparypa Ha BHelHeH TOBEPXHOCTH H3OMAUMH tc3=61,2°C.

1-37. TpyGuatnii BO3AYWHBI NOROrpeBaTEND NIPOH3BOAHTENbHOCTBIO
2,78 Kr Bo3nyxa B | ¢ BBINOJHEH H3 Tpy6 nuamerpom di/d;=43/49 Mm
Kosdduunent rennonpososnoctu MartepHdma--1py6 A=>50 BT/(M-OC).
Buytpu Tpy6 ABHKeTcs ropsaumii ras, a HaPYKHASL MOBEPXHOCTD pré
OMBIBACTCS NMOMCPEYHEIM MOTOKOM BO3AyXa. CpeAHss TeMIepaTypa AbMo-
BLIX rasoB fx1=250°C, a cpepuss TEMIIEpaTypa NOJOrPEBAEMOro BO3-
ayxa bwey=145°C. Paszuocts TEMNepaTyp BO3AYXa Ha BXOJe H BHIXOJe
H3 nojorpesarens paBua 6/=250°C. Kosdduuuent tensooraaun or ra.
30B_ K cTeHke ;=45 Bt/(M2.°C) u or crenku K BO3AYXYy Ug=
—25 Br/(m2-°C). ?

Bbruucsute kosdduument Tensonepepaun wu Omnpee/HTh oAb
MOBEPXHOCTH HarpeBa nNOAOrpeBaTesst. Pacuer mnpomssecti no gopmy-
Jam aas 1) UHIHHADHYECKOH H 2) NJ0CcKof ctexok. CpaBHuTh peayJn-
TaThl BbIYHCAEHHI,

Orser

l. Pacuer no dopMyne s UHAHHIPHYECKON CTEHKHM aeT 3HAueHWe
kosdpduunenta remnonepesaun kr=0,75 Br/(-°C). Tliowaas nosepx-
HOCTH Harpesa IpH 3ToM F=4[2 m2,

2. Pacuer no dopMyse ana miockoil CTEHKH AaeT 3HaycHUe ko3t du-
liMeHTa Temjonepeaaun k=16 Brt/(M2-°C), Iliomwazan [OBEPXHOCTH Ha-
rpesa npu stom F=418 m2 '

1-38. Kak uamensarcs remnoBas NPOH3BOAHTE/LHOCTD BO3AYLIHOIO
lloporpesaresst ¥ pacxon BOsfyxa B 3ajadue 1-37, ecan co CTOpOHB Aui-
MOBBIX I'd30B B Npollecce IKCMIyaTallln 06pasyeTcs CJOH CadKH TOLLH-
noft §o=1 MM ¢ kosdpduuHenToM TeNIONPOBOAHOCTIH Ay=0,08 Bt/(MX
X°C)? Bee npyrse ycnous ocTaiotes 6e3 Wamenewut:,

Pacuer npoussectn no dop™myne anw maockofi cTenxi u CPaBHUTL
C COOTBETCTBYIOLIHM BapHaHTOM 3ajauu [-37.

Orser

Tennosass npoussoguTensLHoCTL BO3AYXOMOAOrPeBATENs TPH 9THX
yeaoBusix Q=587 xBr. Cuuxenne Npon3BoOAHTedbHOCTH AQ =16,7Y
Pacxon Bosayxa cocrasur G =223 kr/c. o

1-39. Tpy6onposon anamerpoum difdy=44/51 MM, N0 KOTODOMY Te-
YCT MAacCs10, MOKPLIT c¢J1oeM OCTOHA TOMNHIIO8a= 80 MM, Kostdunmenr
TCIIONPOBOANOCTH MaTepana TpyGonpososa Ay=50 Bt/(M-°C); kos¢-
ruenT TennonporoanocT Getona Ap=128 BT (M-°C). Cpeansast teM-
nepatypa Macjaa Ha paccMaTpHBACMOM  yuacTKe TpyGONpPOBOAA  fii—
=120°C, TeMmepartypa oKpyXawluero Bo3Ayxa lwe=20°C. Koaddu-
IHEHT TEIIoOoTAaYN OT Macsia kK crenke a;=100 Br/(M2.°C) u or no-
BEpXHOCTH GeToHa K BO3ayXy =10 B1/(M2.°C). :

a) Onpepennth motepr Temnors ¢ 1 M orosenioro TpyGonposoaa
i ¢ TpyGonposoiia, HOKPHTOr0 GETOHOM.
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6) Kakum ponxkeH GhiTh KO3(DOHUMEHT TENONPOROAHOCTH H30./A-
IHH, yToGb mpH J06oii ee roJulHHE TENJOBHle MOTEPH € | M H30JHMpO-
BaunoH TpyGbl GbnH Ile Gosblle, yeM AJf oroJeHHoro Tpy6omposona?

Otser

a) [loTepn TemJoThl ¢ eZHHHIB AJIHHB OroJieHHoro tpyGompoBosa
¢1=142,5 Br/m. Tloteput Ttenstorst TpyGompoBofa, MOKPHITOro GeTOHOM
q:=249 B1/m.

6) YroObl 11oTepH TelsoTh st H3oJHpoBanuoro tpybolponona Gui-
JIH Menblie, 4eM AJIsi OFOJIEHHOTO, NMPH JIOGOH TOJILHHE CJIOst H3OJISLHH,
HEO6XOAHMO, YTOGH Ara<< 0,26 Br/(M-°C).

1-40. Kaxkoli pgosixHa ObTb TOJU{MHE H30JALHMH H3 COBEJHTA Oga C
KO3 PHIHEHTOM TEMJIONPOBOAHOCTH Ams=0,08 B1/(M-°C), uTo6H note-
pH TemsoTHl ¢ | M H30JaHpoBaHHOro Tpy6onpoBoga GbliH B 3 pa3a MeHb-
Ule, yeM AJs TpyGonposona 6e3 H30JAUHH, MPH YCJIOBHAX 3amaud 1-39?

OTtBer

ToJlHHA H3OJAUHH A0XKHA OHITh ua=75 MM.

PekOMeHAAUHH K PeLIeHHI0 3a)auH

B npeawmaywell 3ajgaue HalifeHo, YTO AJi HeH30JIHPOBAaHHOTO TPYy-
6onposojia noTepu Temyotsl ¢ 1 M g;=142 Br/m, Ons ycnaoBuil H3oJ11-
poBaHHOrO TPy6OnMpoBOAAa MOTEPH TEmMOTH ¢ | ¢ 3anHInyTCH Kak

g, = 9 _ 7 (Fyei—cn)
3 g 1 1 dy 1 ds 1
— 4+ —In—4+-——In—
oudy  2hi  di o 2hgg  dy  opds
PeunB 370 ypaBHeHHe, OTHOCHTENbHO |g da/dy nafizeM:
]g_di _ _Ain2hyg
da 2,3q
q 1 2,3 d 1
X [1—=2— —lg—2+-—)]. (a)
nAf \oydy  2M dy  Oydg

YpaBHeHHs1 TaKoro BHAa YyAoGHee Bcero pemaTb rpadHueckH, NpH
3TOM MOXHO 0603HAYHTL JIEBYIO YaCTh

‘ Y,=lg—*
2

H TIPaBYIO uacThb

_ Atn2hyg _M(;q_zl_slgga_ L)
2 2'341113 nAtL ocldl 27\.1 di Oy d3

3anaBasicb HECKOJBKHMIH 3HaueHHsAMH dj, rpadHUYecKH HaXOAHM TO
3HaueHHe KOpHS, KOoTopoe GyAeT YAOBJAETBOPSITh ypaBHeHHIo (a).

1-41. Tlo tpy6e nuamerpoM d,/d,=18/20 MM ABHXKeTcs CyXxoH Ha-
CHILLEHHBINl BOASAHON Map. [Ing yMeHbLIEHHS TEeNJOBHX NOTEPb B OKPYy-
Kaomywo cpely TpySy uyxXHO H3oaupoBaTbh. llenecooGpasHo JAH AJf
3TOr0 HCMOJb30BaTh acecT ¢ KO3)QHUHEHTOM TEMJIONPOBOAHOCTH A=
=0,11 Br/(m-°C), ecnd ko3QHUHEHT TENJo0TAaUH C BHeUIHEH MOBEpX-
HOCTH H30JISILHH B OKpYXamwoliyio cpeny o=8 Br/(m?-° C)?

OTtser

Tak KaK KpHTHYUECKHH AHaMeTp H30JsAluM Goliblle BHEWHEro Aua-
metpa Tpy6nl (dkp.ma>ds), TO TaKyW H3OJSLHIO HCNOJb30BAaTh Helese-
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coobpasHo i ¢ieAyeT NPHMEHHTb H3OIANHIO ¢ MeHbIUHM Ko3ddHuHEHTOM
TeNJONPOBOJHOCTH.

1-42. Heo6xoanMo H30.1pOBaThL Kopnyc Temoo0MeHHOro anmapa-
Ta, uMewoUero pHewnHid Axamerp du=300 MM H TemnepaTtypy Ha no-
BepXHOCTH £ =280° C, KOoTOpPYi0 MOKHO NPUHATH Takofl ke ¥ nocne Ha-
JOKeHHA H30aAUHH. Temnepatypa Ha BHEWHefl MOBEPXHOCTH H3OMALHH
ne gouuia npessiwarte 30° C, a Tensosbie noTepn ¢ 1 M- xopmyca Tem-
noobmennnka — 200 Bt/m. Kosdduurent tennootpaust or sHelred no-
BEpXHOCTH H3OJAUHH K OKPYKAloleMy BO3AYXYy
=38 Brf(M2.°C).

LlciecooGpasHo iu BuIGpaTh B KauecTBe Tel-
NOBOIT 30NN ILJAKOBYIO BAaTy, KO3(Q(QHUHEHT
077724 TemsionpPOBOIOCT KOTOPOI! 34BHCHT OT TeMIle-
patyput no ypabiewuo A=0,0640,000145¢? Ec-
5 JIM 1e1ecoobpa3no, TO KaKoil TOMLKHHBL JOJKeH
OBITH CJ0ft 3TOH M30J8UMM ANS 3aAaHHBIX YCJO-
BHIT?

OrBer
£y 1. Kpuruueckuit auameTp usonsuun dip=

=20,5 MM, 3TO 3HAYHTEJbHO MeHbllle BHEIIHEero
aMameTtpa Kopllyca, H NMO3TOMY TaKyl0 H3OJALHIO
NPHMeHATL LeaecooBGpasHa.

oo 111]
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Puc. 1-15. K sagaue 1-45\.

2. Jdas ofecneucmiig 3agannbix  yeaopHil  1Heo0XOAHMO  HaJOKHTD
TCIIOBYIO H30MAIIHIO TodLKIOf & =136 mm.
1-43. Daexrponposos AuamerpoMm di=15 MM HMeCT TeMmiuepaTypy

tc,=70°C u oxJaxkiaeTcs NOTOKOM BO3/lyxd, KOTODPBIA HMeeT TeMmepa-
Typy tw=15°C. KospdHUKHEHT TennooTAaYH OT MOBEPXHOCTH NPOBOAA
K BO3Ayxy o;=16 Br/(M2.°C). .

Onpepeanth TemnepaTypy CTeHKH f.;, KoTopyo OYyjAeT HMeTh mpo-

BOJ, €CAH MOKPHITH €ro KayduyKoBoH H3ojsuueil Tosunuoli 6=2 MM, a

CHJly TOKa B IpOBOJE COXpaHWTb Ge3 uaMenenuil, Kosdduument rtenno-

nposoAHocTH Kayuyka A=0,15 Br/(M-°C). Kosdduuneur remnoorpaun

OT MOBCPXHOCTH H3OJALHH K IOTOKY Bo3ayxa d=8,2 Br/(Mm2-°C).
OTner

Temnepatypa uzonupoBansoro nposofia f,; =44" C. Takum obpasom,

npuMesieHne H30MAUHH C dip=37 Mm>d, NpUBOAHT K 6oJee HHTEHCHB-
HOMY OTBOAY TEIJIOTHl C NOBEPXIOCTH M CHHXKEIHIO teMrepaType npo-
BOJLA.

1-44. OnpegesnTs TONUMNY KAYYYKOBOI H30JALIIH 112 3J€KTPONpO-
BOJIe, paccMoTpelllioM B 3ajlaye 1-43, upH KOTOpOil MOKHO MPONMYCTHTb
epe3 npoROA HAMGOALIMI TOK NpU lieH3sMeilHoil TeMnepaTtype npoBoAa
te,=70°C.

Ortser

§ = 17,75 MM,

1-45. TemnepaTypa BO3AyXa B pescpnyape H3MepseTcss pPTYTHBIM

TepMOMETPOM, KOTOPBIi LoMelled B riandy (craibiyilo TpyObky), 3amoJ-

temyio Macjom (puc. 1-15). TepMomeTp nokaswiBaeT TemilepaTypy KOH-
na ruas3st £ =84°C,
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Kak pefnka omHGKa H3MEpeHHS 32 CYeT OTBOAA TEMAOTH! MO LHb
3¢ NyTeM TENJONPOBOAHOCTH, €CAH TEMIEPaTypa y OCHOBAHHA THALSH
ty=40° C, gnuiia ruab3bl [=120 MM, TOJMIHHA THAB3bI 6=15 MM, KO-
3¢ HILIEHT TenJIONPOBOAHOCTH MaTepliana THib3bl A=55_8 BT/(MZ- 53) H
KO3 GhUIHEHT TENJOOTAAUH OT BO3AYXA K THAb3E a=23,3 Br/(m2-°C).

Orser

Hcrinnas TemnepaTypa Boziyxa fw=100°C; tw—t=16° C.

Peuenue

Jna pewieHHss  BOCHOJb3YeEMCH

npHbMKeHHOR  dopmynoft  aas
CTepKHSI KOHEUHOH JTHHBI ,

S
%, chmf) ’
rae
3 tx—t) /-ocu .
— = ,m= T
B bx—to Af

NepHMeTp THAB3B L=1d, CeYeHHe THAB3H f=mnd8, otkyna uff=1/8§,
Torjaa

23,3
= ————— =16,7 l/y;
" 55,8-0,0015
) ml =16,7-0,12 = 2.
M3 wmaremariwecknx rabaum Haxoanm  ch (2,0) =3,76, chexona-
TeJBHO,
i — b — _r = 0,266
tm - to 3,76
M TeMmIlcpaTypa BO3jyXa B pesepByape
£—0,266¢ 84 —0,266-40 100°C

b =" 0,266
OwnpKra uaMepenHi ,
tye —t; =100 — 84 = 16°C.

0,734

1-46. Kakyro Temmeparypy OyjeT MOKa3bBaTb TEPMOMETp H Ha
CKOJILKO YMeHBIIHTCH OLIHOKA H3MepeHH#, eciH B yCJOBHSX  3anau
1-45 runp3y BLIMOJAHHTD M3 He}nKaBexome}"{ cramm ¢ K03 QuuHeHTOM
renonposoanocth A=23,3 B1/(M-°C), AnuHof [=160 MM, TOJUIHHOM
§=0,8 MM H 3a C4eT yJAYJIIEHHS H3OJALHH MECTA 3a/leNKH THAbLIL TEM-
nepatypa y ee oCHOBAHHA NOBEICHTCA AQ te=70°C?

OTtser

£, =99,8°C; tx—t =0,2°C.

1-47. [uis Ayuiiero oxJAaKaellust BHelrHell MOBepXIOCTH nOJAYNpo-
BOZHHKOBOTO XOJOAHALNMKA BUCWIlIAA MOREPXIOCT GOKOBBIX  CTEHOK
KaMeppt DHNOJHEHa PeGPHCTON C BePTHKAJLHLIMH AMOMUHHEBHMH peG-
pamu (puc. 1-16). B nsane kaMepa KBajpaTHas. HlupuHa GOKOBBIX CTe-
Hok b=800 mm, BeicoTa 71=1000 MM, BEICOTa H TOJIUIHHA pebep cooT-
Betetpento [=30 MM 1t §=3 mM. Kaxpnasn creuka umeer no 40 peGep.
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Temnepatypa y octtosanna pebpa f,=30°C; remnepatypa Oxkpy-
Kaowehd cpeanl 1 =20°C; xo3a(HHIHCHT TEFAONPOROATIOCTH AJIOMH-
uug A=202 B1/(M-°C); ko3ddHUHEHT TEmIo0TAdUH OT peOpHCTOH
CTEHKH K OKpyzKalolemy Boaayxy =7 Br/(m2.°C)*.

Boluneants reMiepatypy Ha xonue pebpa f; 1 KOMMUECTBO TelIO-
Thl, OTAABaeMOE 4eTbipbMs GOKOBLIMH CieHKAMH Q.c. BuiuaHcauTh Tak-
JKe KOJMYCCTBO TenJOThl, KOTOPOE OTAABANOCh OBl B OKPYMCAIOULYIO Cpe-
1y leopeGpeintniMil cTenKaMil 1Pl TeX Ke yeaoBusix, Qe.

OTser

tl ~ 29,8°C; Qp.c = 848 Br; Qc = 223 Br.

4

Puc. 1-16. K 3apaue 1-47. Puc. 1-17. K 3aganc 1-48.

1-48. Harpepareabnuilfi Apudop BunosHed_ B BHAC BEPTHKAILHOI
TPYOB ¢ NPOAOTbHLIMH CTa/JbHEIMH PeGDaMH NPEMOYTOALIOrO ceyeHHs
(puc. 1-17). Buicota TpySm h=1200 mM; napyxuulii auamerp TpyOnl
dy=060 mM; nauHa peGep {=50 Mm H TojwHHa peGep 6 =23 mMM. OGiuee
uneno pebep n=20.

Temneparypa y ocHoBanus pefpa f,=80°C; TemmepaTypa OKpV-
Aaouwero Bozayxa fy=18"C. KospdHuueHT Tennooriaun oT pebep H
BHeIUHeH MOBepPXHOCTH TPYOnl K OKpyKaiolleMy Bo3ayxy =93 Br/
/(m2-°C); koapHUHeHT TensmonpoBoAHocTH crenkn A=55,7 Br/(m-°C).

BbIYHC/AHTD KOJNHYECTBO TENJMOTH, OTAaBaeMOH peGpHCTOR CTeHKON
B OKPYKaIoLLY0 Cpeny.

Orger .

Koanuectso remnortel, oTaasaemoli peGpamu, Qp,=1270 Br. Koau-
YeCTBO TEMJOTH, OT/AaBaeMOH TIaAKoll TIOBEPXHOCTbID MeMAy pebpami,
Qc==88 Br. Bcelt pe6puctofi cTenkoit mepefaercsi Qp.=1358 Br.

1-49. Bonsno#t skonomaitaep cucrembl LIKTH BbimoJHeH H3 KPyrJabix
peOpHCTBIX 4yryHHBIX TpyO Hapy:KHbIM nuamerpom d=76 mM. [na-
metp pebep D=200 MM, ux TosHHA § =5 MM.

OnpefenHTb KOJHYCCTBO TEIIOTH, KOTOpoc GYJAeT mepeAaBaTthcs OT
ropsiuMx ra3oB K BHelUHed NMOBEPXHOCTH OAHON TpyOnl, H Temmepatypy

* [lpH peureHUH 3ajavy NPHHATb KOIPDHIHEHT TCUNOOTAAYH OT ITOBEPXHOCTH
. NPOMEXYTKOB MexAY pefpaMH (raafakolt HeapebGpenHOll MOBEPXHOCTH) PABHLIM KO-
3B @UIHEHTY TCII0OTAAYH OT MOBEPXHOCTH pebep.
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na KoHue pefpa, eciH TeMAeparypa rasos tm=409° C, temnmepatypa Yy
ociopanua pebep fo=180°C, Annna oGorpesaeMon u4acTH Tpy6ul =
—3 M K KoanyecTBo pebep Mo Aauue TpYCH n= 150. .

Kosdduuuent TellooTAaYn OT Trasop X peGpucrofi NOBEPXHOCTH
o —=46,5 Br/(M2:°C); KoadHUHEHT TeNIONPOBOAHOCTH HyryHa A=
=524 Br/(M-°C).

Ortser N

KonHuecTBO TEMIOTLI, HepelaBaeMoli pebpami, Qp=>50 xBr. Ko-
JHYeCTBO TEMAOTH, mepefaBaeMofl MAaAKOW NOBEPXHOCTbIO MEXLY pe6-
paMH, Qc=5,5 kBT; ofluee KO/JHIECTBO nepefaBaeMoH TEMJIOTH Qp.c=
=55,5 kBrT.

Pewenne

Ecau npenebpeus Tenjootauedl ¢ topua peGpa, To GopMyan aas
H36LITOUHON TeMmepaTyphl KoHIA pefpa H KOJMHYeCTsa TEMJOTH, Nepeaa-
paeMoll uepes 0AHO pebpo, HMEWT BHA!

9. = © Iy (mrg) Ky (mrg) + Iy (mry) Ko (mry) :
27 Ty (mry) Ky (mry) + Iy (mrg) Ko (mry)

Qpi = 2nr ABmBy P,

e Iy (mry) Ky (mry) — i (mry) Ky (mrs)

= Ty (mry) K (mry) -+ Iy (mrg) Ko (mry)
B HauleMm ciyyae

me= L gﬁsl/ﬂzl&g 1/m;
= A 26 52,4.0,005
d 76

r=—=— =238 MM rs = 100 MM;

mr,—18,9-0,038=0,719; mry=18,9-0,1025=1094, rae remacorsaia ¢
Topua NPUGAHIKEHHO YuTeHa yBelHueHHeM rp Ha MOJOBHHY TOJILHHLL
peGpa: r;=r2+6/2=0,10+0,0025=0,1025 M. )
[logcrapasns HOJydYeHHble 3HAYeHHA mfy H mrq B BblpaxeHHe A%
#aGbITOUHON TeMIepaTyphl KoHua pebpa, nonydaeM:
N 1, (1,99 K, (1,99 4+ 1; (1,94 K0(1,94)=
V2= Ty 0,719) Ky (1,94)+H4(1,94)K(0,719)
2,1926.0,153 4 1,509-0,1305 — 102,
1,1336-0,153 + 1,509-0,643
OTKyfla TeMIeparypa.Konua peépa
f =ty — %, =400 —102,5 = 297,5°C.
Jlns onpefeJeHHs KONHYECTBA TEMJIOTHI, NepelaBaeMoil oAHHM peb-
POM, MOACYHTHBAEM (YHKLHIO
1, (1,94) K, (0,719) — I; (0,719) Ky (1,94)
T 1,(0,719) Ky (1,94) ++ 1, (1,94) K, (0,719)
1,509.1,014 — 0,3836.0,153
= 1,1336-0,153 -} 1,569-0,643

= (400 — 180)

=1,295
23



H
Qpi = 27-0,038-52,4.18,9-0,005-220- 1,295 = 337 Br;

nas 150 peGep Qp=nQp;=150-337 =50 kBr.

KonngecTso rensiotnl, oraasaemoii raaaxoii NOBCPXHOCTLIO MEXKAY
pebpamy,

Qc = al 20ur; (I —nd) = 46,5.220-27-0,038 (3 — 150.0,005) =
=5,5kBr., T
O61ee Komu4ecTso nepefaBaemoil TemIoTL
@p.c =Qp+Qc =50 45,5 = 55,5 xBr,

1-50. Pewnts 3apauy 1-49 no ympouennost METOJHKE, BOCNOJIb3O-
BABLINCL 3aDHCHMOCTBIO A/ MPAMLIX pebep. st peilenust 3ajadum Boc-
nosb3oBaTbest rpachukoM na puc. 1-18 [13].

Oreer

Qpi = 341 Br.

Pewenlye
Onpenensiem Buicory npaMoro pebpa:

6 5
h:rz—ri+7=100—38+?=64,5 MM,

HMa zanaqu 1-49 umeem m=18,9, torza
mh =18,9.0,0645 = 1,22,

OnpefleasicM oTHOUICHHE H3CBHITOUUBIX TEMIEPATYP KOLLA H OCHOBA-
1Ha pebpa:

4, 1
— = = = 0,543;
¥y ch(mh)  ch(1,22)

T2 — @ = 2,64,
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3nas oriowenus $of® 1 rofry, mo rpaduxy na puc. 1-18 naxogum
nonpapoulsli Kosduunent e”=0,836. Ou npepcrapasier co6oii oTHole-
lIHC DACXOMO0B TeMOTL C eAHIHUbI NOBEPXHOCTH KPYIVIOTO M HPAMOLO
pedep OAHIAKOBOI TOMUIHIILL - '

g — Tt _ Qoi
q Fpi Q

KoanyecTso TemtoTel, nocnpHiiMaemoi npAMbIM pebpoM  AanHOH
[=1 M u ceuemiem [=6/=5.10-2-1=0,005 m2,

—

Q = Amf¥ th (mh) = 52,3-18,9.1.0,005-220-th (1,22) =978 Br.
ITiowans noBepxHOCTH Takoro pe6pa

F=2hl=0,0645-1-2 =0,129 w2
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[Inowane noBepXHOCTH KpyrJoro peGpa
Fpy=2m (0,12 —0,038%) = 0,0537 M2,
HckoMoe KOJIHYECTBO TEMJIOTHI, BOCHPHUHMAEMOM KPYrJbM pebpoM,

Qp1 = ¢&" gFpj = 0,836.7580.0,0537 = 341 Br.

1-51. Bosayxonojorpesare/b BLIUIOJHEH H3 3JEMEHTOB, COCTOSILLHX
M3 OBaJbHLIX 4yryuHbix TPyS. Pebpa umeror TPANCUHeBHAHOE CeYeHHe H
pacrnosioxeHs BjoJb obpasyiolllei a BHyTPeHHeH MOBEPXHOCTH TpYyOH

uc. 1-19).

® OHpe}J?EJIHTb KOJIHYECTBO TEMJIOTH, OT/aBaeMOH C NMOBEPXHOCTH peb-
pa Tpy6nl AauHoR [=2500 Mm. Bricota pe6pa h=30 MM, TonHHA peb-
pa y moBepxHoCcTH TpPy6H §;=3 MM, TOJIIHHA KOHLa })eﬁpla 82=1 Mm.
Kosdduuuent rtennonposognoctu uyyrysa A=52,3 Br/(M-°C).

!

1,0

ol nsm=t0 7 5,

1;9 1,8 "/? h X2

'y — 3 L~ -
4,7 S 4 %
'L A Y 3 2¢
N : :

?

0 02 o4 06 08 10

Puc. 1-18. K szapaue 1-50. Puc. 1-19. K 3anaue 1-51.

Temnepatypa y ochoBanus peGpa f,=450° C; TeMnepaTypa BO3Ay-
xa £x=2350°C. Kosh}HUHEHT Tem100TAaYH OT NOBEPXHOCTH pebpa K
BO3yxy a=23,3 Br/(M2.°C).

OnpeflesuTh TaKXe TeMIepaTypy Kouua pe6pa.

Pacuer mpoH3BecTH MO TOYHLIM GopMyaaM. YdeT Temn00TAaYH C
TOPUOB pe6pa yueCTb IyTEM yBeTHYEHHS ero BHICOTHI HA MOJNOBHHY TOJ-
HLHABL,

Orser -

Qp = 312 Br; #; =435°C.

Peuenne
Ecan npeneGpeus Temnooraauedi ¢ topua pebpa, To bopMyanl aas

H36HLITOYHOR TeMnepaTyphl KoHLA pefpa W KOJHYeCTBAa NepelaBaeMoil
TEIJIOTH HMEIOT BUA:

o —o. 02V Z) K2V 2, ) 11,0V 2,  k, (2V 7))
2 110(2VZT)K1(2VZ)+11(72VZ)'K0(2VZ_1)'

S; [0y
Q=1 &0j Yy

—.
Vizitwge
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o1V 2KV 7)1 2V 5k 2V 7)
W2V 2 K2V ) 41, 2V 7)) &, 2V 7))

; o 7 2
-_ X N == > .
1 T 1 Y g X2
B paccmatpusaemoii aanave

0.5(:1—8) 05@3—1)

tgp = =
h 30 30’
0,58
X = - =0,5.3-30 =45 uy;
tg ¢ '

Yo=X%{ —h=145—30=15 mm;
ax  23,3-0,045

Zy = = -.30 = .
Tt 52,3 30 =0,59;
7, = 2380015
2 = 52,3 * — V,4,

2V'z =2V 059 =1,54 2V 7, =2V0,2=0,894.

Ionerasus nonyuennsie suavemus s BhIDAXKEHHA IS H36BLITOYION
TEeMNepaTyphl KoHua pefpa, mosyunm:

s 19 (0,894) K4 (0,894) 4+ 1, (0,894) K, (0,894)
1o (1,54) K1 (0,894) 4 1, (0,894) K, (1,54)
1,2130-0, 7
— (450 — 350) 30.0,717 40,497 0,48L
1,7.0,717 4- 0,497.0,204
B stom cayuae TeMmiepatypa KoHua pefpa ¢, =854-350=435°C.

Hns onpepenenus xonuuecrna TEeN/IOTH, OTA2BaeMOH pefpoM, moacu-
THBAEM QYyHKUHO :

1 (1,54) Ky (0,894) — 1, (0,894) K, (1,54)

= 85°C,

'lp o -
Iy (1,54) K1 (0,894) + I (0,894) K, (1,54)
1,023-0,717 — 0,497-0,263
—= ——_—-0,458,
1,7.0,717 4 0,497.0,204
TOoraa
ad % 23,3.0,003-2.5°
Qp=1p ———— —0,458 51100 312 Br.

Vztgq) V 0,59. L
30

1.52. Pemnuts 3agauy 1-51 no YUPOILLEHHOA MeTOAMKe pacuera pebep

TpanenueBHHOTO ceueHHs. [Is peUleHHS 3ajaud HCTOJb30BATH
. rpauk
Ha puc. 1-20 [13]. e
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Orser
Q, = 312 Br.
1-53. J/eKTPHYECKHH larpeBaTe/b BBHIMOJHEH U3 HUXPOMOBOI mpo-

BOJIOKH JHAMETPOM d =2 MM H AJauHo# [=10 M.
Ou o6aypaeTcss XOJOAHLIM

BO3LYXOM C TeMmmepaTypofl fx== -

=20° C. 12 € 0
BLIYHCAHTE TeMJIOBOH TNOTOK ’ 0\-

c 1 M HarpemaTesns, a Takxe 2S5

TeMIepaTypLl lla NMOBEPXIIOCTH fe 44
H Ha OCH TPOBOJOKH [y ecnH ’
CHIA TOKa, NPOXOAALIETO uepes —
narpesaTesb, coctaBiser 25 A, 4, |

YIeJbHOe 3JEeKTPHUECKOE COMpOo- ’ 3z/|51T7,01 /v
TuBaemie unxpoma p=1,1 OmX

XMM2/M; KospdHUHEHT Temso- g Gz O% 58 58 30
MPOBOJAHOCTH  IIHXpOMa A=
=175 Br/(m-°C) u Ko3DHHLH-
eHT TEemI0OTAauYd OT MOBEPXHO-
CTH HarpeBaTess K Bo3ayxy o=46,5 B1/(M2.°C).

S A
S

™~

——

1/
3/

Puc. 1-20. K 3apgaue 1-52.

Orser
q,=218,5 Br/m;
ty =T770°C; t,=1T69°C,
Peumrenne
DJIEKTpHYECKOE CONPOTHBJEHHE HArpeBaTess
_pl  1,1-10
R nrd 3,14 .= 350

Konnuecto TemioThl, BEAGAEMOll HarpeBaTeneM,
Q = /3R = 252.3,5 = 2185 Br,
TensoBofi NOTOK Ha | M NPOBOJOKH

TeMnepaTypa nOBepXHOCTH NPOBONOKH OMPEAeNAETC H3 YCAOBHA
TeMJIOOT/ A HU:

q, 218,5
fo=ty+—=2040 ——— =769°C,
¢ ’“+nda +3,14.0,002-46,5 769°C

TeMnepaTypa Ha OCH NDOBOJIOKH ONpeleNsieTcsi H3 YCJOBRIT Temso-
MPOBOJAHOCTH MNDPH HAJHYHH BHYTPEHHHX HCTOUHHKOB TeJIOTHL:

9, 218,5 .
_ _ %9 C.
fo t°+4nx 769+ 4.3,14.17,5 770

1-54. TTo HHXPOMOBOMY CTepXHIO AHaMeTpoM d=5 MM H AJHHON
{=420 MM DPOXOAHT 3JeKTpHYeCKHH TOK. PasHocTh moTeHuHaJsoB Ha
KOHIax crepxha u=10 B.
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Ha noBepxuocTu cTepxHs KMIHT Bona mog napsenen p=>5-10°TITa.

Onpeneants 06beMHYI0 NPOM3BOAHTENLHOCTD BHYTPEHHHX HCTOYHH-
KOB TemnoTsl ¢y, Bt/M%, mnoTnocTs Temnosoro motora Ha MOBEPXHOCTH
crepxua ¢, Br/m%, TemioBolt moTtox na EAHHHIY JUTHHBI CTEDXKHS gy,
BT/M, W TeMmepaTyphl Ha TIOBePXHOCTH H Ha ocH CTEPXKIIsl, eCaH KO3¢-
(ULHEHT TEmIOOTAAYN OT IOBEPXHOCTH CTePXKHS K KuNfllell Boje o=
=44 400 Brt/(Mm2-°C). Yaeabhoe SJCKTPHYECKOE CONPOTHBJICHHE HUXPO-
Ma p=1,17 OM-mm%/m. Kosduuuent TENJIONPOBOAHOCTH HHUXpOMa A=
=17,5 B1/(m.°C).

Orper

gy == 4,83.10° Br/m®; g = 6,08-10% Br/m?;
g, == 9540 Br/wm; 1, = 164,7°C; t,=208,2°C,

1-55. TenyoBbLAEAAIOIWHIT SMeMEHT SIACDHOTO  DEaKTOpa BBINOJHEI
H3 CMecH xap0uia ypaHa u rpagHTa B BHAe UHTHHAPHYECKOrO CTEPKHS
ANaMeTpoM d=12 mu.

OO0bevitas nPoN3BOAHTENBIOCTL HCTOUNHKOB TeMAO0TL »=3,88X
X108 Br/v3. McTounukn MOKHO CYHTATEL paBHOMEpPNO pacnpe/eaculLIMiL
1o 06nemy. TenionpoBoAlocTs MarcpHana crepxius A=>58 Br/(m-°C).

- Onpenennts TeMnepatypy H IJIOTHOCTL TEmIOHONG IOTOKa 1a 1o-
BEPXIIOCTH TENIOBBIE/SIOILETO 3JEMEHTd, CCJH €0 MAKCHMAJDbIAS TeM-
nepatypa 2000° C.

OTser ~
o e
te=1940°C; g=1,16-106 Br/m2,
1-56. Jlanreasio gonycTamast HArpy3Ka JWs CTaNbULIX 1 IPAMO-

yroavuoro ceicuust 100X 3 MM, yeranopleHusx na pebpo, ne AosKia
mpepuiiaty 300 A. MakcHManbiuas TemMmepaTypa WnHn IpH TCMIEpPaTy-
pe oxpyaioulero posayxa fx=25°C no/nkia 6uTh 1e phitie o=70° C.

Botueants  temnepatypy 1a nonepxnocTH wWwimHGLI 1 OTNPEeACHTD,
KaKkHM JOMKeH ObiTh KOS(QOUUHEHT TemIo0TAayH ¢ ee [I0BEDXHOCTH,
UTOOL! TeMmepaTypa IIMHbI He NpeBblliana MaKCHMAaJbHO JOIYCTHMOTO
3Hayenna (4,=70°C).

Kosdhduunent tennonposogsoctd cramu A= 64 Br/(M-°C). Yaean-
HOE SJCKTPHICCKOC COMPOTHBJeHHe cTamn p=0,13 OM-Mm2/M.

Oreer

fo = 1y =T70°C; a =4,3 Br/(m2.°C).

1-57. Ilo ssekTpuueckomy HArpeBATENO, BBINOJHEHHOMY H3  KOH-
CTAUTAHOBO! JICHTBI cedenHeM 1X6 MM M aaHHOH | M, NpOTEeKaeT 3JeKT-
puueckuit tox 20 A, [TageHue HAIPAMCHHA HAa KOHLAX HarpesaTeJs
200 B.

Onpenenntn Temmepatypul IIOBEPXUOCTH JIEHTHl H CCPeHIBI N0 ee
TOJIIHIE, cClll KOS(PHUHEHT TemI00TAaYH Ha IIOBCPXIIOCTH HarpeBa-
Tess ao==1000 B1/(m2.°C), TeMmueparypa cpemnt fi=100°C u kosdu-
uueu(T) TeNJIONPOBOJAHOCTH KOHCTaHTaHa A= 20 Bt/(m-°C).

TBET

tc=1433°C; t,=437°C.
1-58. Tpy6ixa mn3 uepmancioneli crasu BIIYTPCHINIM  AHAMETPOM
di=7,6 MM U HapyKILIM AnamerpoMm dpy=8 MM oGorpenacrcs JIEKTPH-

YECKHM TOKOM IIYTeM HenoCpeACTBeuiorQ BXJIOUEHHA B 3JIGKTpH'—IeCKyIO
Hensb. -
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Bes Tensiota, BblaenseMas B CTeHKe prGKH, OTBOJAHTCA 4epes

BHYTPEHHIOI0 MOBEDXHOCTb TPYOKH.
d gbII{HCIIHTb 006beMHYI0 TPOH3BOANTENBHOCTL [CTOYHHKOB TEMJIOTH H

nepenaj TEMNEpPATyp B CTeHKe TPyGKH, ec/H Mo TpyGKe MpomycKaercs
0 A.

ToK [=25 )
VaenbHoe 3JeKTPHYECKOE CONMPOTHBJEHHe H KO3()(HIUMEHT Tem1ompo-

BOAHOCTH CTa/Jd paBHbl COOTBeTCTBeHHO p=0,85 OM-MM%/M, A=
=18,6 B1/(M-°C).
Oreer ]
gy = 2,22-10° Br/M3; foy — tei =~ 2,4°C,

Pemenune ‘
DJIeKTPHYECKOE CONMPOTHBJCHHE HA EAUHHHY “AJHHBL TPYOKH

p 0,85

7 (12— 7 T 3,14(42— 3,8

=0,174 OmM/M.

R =
Tens0B0it TOTOK HA eMIHHIY JAJIHHbI
g, = I3 R, = 250%-0,174 = 10 870 Br/n.
OGLeMlIaH HPOH3B0}1HTeﬂbHOCTb BHYTPpCHHIX HCTOYHHKOB TCIVIOTHI
9 _ 10870
TR BEA saa(@—3.8).10-

[Tepenaa temmepatyp B crenxe TpyO6Kil

: e
‘—L)[Qllli +<r_> —1]=

= 2,22.10" Br/m3,

too—tor = S
o o 47, (rg—ri r r2
s {21 2 +( . )2 ‘1]—
= n— — | — =
42 ry re
2,22.107.0,0043%; 4 (3,8)2 } o 10
= 192.23lg —+{— ] —1] = 2,4°C,
- 4.18,6 [ g38 4

1-59. TpyGka u3 Hep:KaBeloilieH CTanH OGOrpeBaeTcs 9EKTPHYECKHM
TOKOM TIyTeM HEMOCDENCTBEHHOIO BK/IOYEHHA B SIEKTPHYECKYIO LEnb.
HAouna Tpy6ku (=500 MM, HADYXHBIA H BHYTPEHHHI AHAMETPH pPaBHbI
COOTBETCTBEHHO de=12,4 MM u d; =12 mMM. . »

Bes temnora, BhiensieMas B CTeHKe TPYOKH, OTBOAHTCA Yepes
BHEUIHIOK MOBEPXHOCTb TPYOKH. ,

OnpefenuTh nepemaj TeMmepaTyp B CTeHKe H CHIY TOKa, mpomyc-
KaeMoro mo TpyOKe, ec/H TENJOBOH NOTOK, OTBOJMMHI OT BHelIHel HO-
BEPXHOCTH TPYyOKH, Q=14 kBr. :

YAenbHoe 3JEKTPHUECKOE COMPOTHBJENHe H KOS(QHILHEHT TEMIO-
NPOBOAHOCTH MaTtepuasa TPYOKH paBHBHI COOTBeTcTBeHHo p=0,85 OmX
Xmm?/m u A=18,6 Br/(m-°C).

Orser

foj —tca =4,0°C; 1 =502 A,

1-60. [lnacTua ¢ paBHOMEPHO pACTPEAENEHHEIMH BHYTDEHHHMH
HCTOYHHKAMH TEIVIOTH CHMMETPHYHO OXJaXAaeTcsi C OGeHX [TOBEPXHO-
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T
crefi. TemmepaTypa oxaaxjaloulefl KHAKOCTH pabHa fy. B 3THX ycio-
BHsX TEMNEpaTypbl Ha MOBEPXHOCTAX f¢j=Ffcy=F;, a MaxKcuMaJ/bHas
TCMIEPATypa B CepeiHiie MIACTHHbI paBua fo.

Onpejtenuts, demy OyayT DaBHE TeMmepaTypbi fe; H fo Ha NO-
BEPXHOCTAX MJACTHHBL €C/1H MPEKPATHTCA OTBOA TEMJIOTHL Yepes OAHY H3
nosepxHocTeH (gep=0).

OtBer

bei=tw+2(fc— ) = 20 — ty;
fog =t 44ty —2 (fo o tw) = 4y — (2t t).

o0 |+ 1-61. B muactuHe TonuHuof s=6 MM,
g,=5-70" 87/m7 BBHIMOJIHGHHON H3 MarepHasaa c KOSQ)Q)HLL}O{EH-
TOM  TemionposoanocTH  A=20 Br/(m-°C),
AeHCTBYIOT ~ DaBHOMEpHO  pachpefie/ieHHble
BHYTPEHHHE KCTOYHHKH TeIUIOTH ¢,. TeMIle-
paTypbl Ha NOBEPXHOCTAX ILTACTHHBI COOTBET-
CTBEHHO paBHbl fo1=120°C u #.,=127,2°C.
OnpenenHTh OTHOCHTE/NbHYKO KOODAHHATY
/ v Xo/S W 3HayellHe MaKCHMAJbHOH TeMIepaTyphl
125 B TJactune fy, a TakxXe IJIOTHOCTH TEIIOBO-
// V7 4:705 | ro noToka Ha MOBEPXHOCTAX TIUIACTHHBL oy

[ H Gca, €CAH

120 | o =5-107 2.10% 8.10° u 4.105 Br/ye,

135

130 /

|
+

sl 1 1 i«
s i Puc. 1-21. K szajauc 1-61.

Tl

Orper

Ilpu gy = 5-107 Br/m®

xy/s=0,58; £, ~135°C; q¢y =1,26-10°% u goj = 1,74-105 Br/m2.

Ilpu g, = 2-107 Br/m3

xo/s=0,7, £, ~130°C; g, =3,6-104 1 gof = 8,4.10¢ Br/m2.

Ilpy g, = 8-10% Br/m3

Xo/s=1,0; ty, =14 =127,2°C, g¢u =0, a gei=qys=

= 4,8.10¢ Br/m2,

Ipu g, = 4-10¢ Br/m®

xp/s=1,5; ggg=—1,2.10% Br/M? u g = 3,6-104 Br/m2,
Xapakrep pacnpefesieHHii Temnepatyp npusefeH ua puc. 1-21.

Pewenune

Ecan pacnoJIOKHUTb HayaJJo KOOPAHHAT TakK, KAk NOKa3aHo Ha
pHC. 121, YpaBHEHHe TEeMIIepaTypHOTO MNOJS B NJIACTHHE HMeeT BHA!

quXx

_2%— (2xy — %),

t—teg =

30

rae
X, 1
__So_ =7 =+ o 52 (tca_tcl)r
v
a MaKcuMaJibHasi TeMnepaTypa
o
q,%o
by = tgi - ——
0 it b7
Ipn v =5-107 Br/m3
X, 1 20

= =7 TEae o

xp = 0,585 = 0,58.6 = 3,48 mv;
5.107 (3,48-10—3)2
2.20
Gei = Qo %o = 5-107-3,48-10—3 = 1,74.105 Br/m?;
Gea = Go (S — X) = 5-107 (6 — 3,48).10—3 = 1,26.105 Br/m2,

(127,2 — 120) = 0,58;

ty = 120 4 ~ 135°C; .

Jas ApyrHx 3HaueHufi g, pacyeThl NPOBOJSATCA AHAJOTHIHBIM 06-
pasou.

Tipu ¢,=8-10% Br/M3 xo/s=1, T. e. MakCHMyM TeMmepaTtyp pac-
nojgaraeTcss Ha MOBEPXHOCTH IUIACTHHHL € TeMmepaTypoh fo=/{¢s=
=127,2°C, g.o=0 H BCA TenJora, BhJeJsieMasi B IJIACTHHE, OTBOJAHTCSA
yepes APYryio MOBEPXHOCTh: ey =g uvXe={yS.

Ipu q,=4-10° Br/M® temmepatypa HMeeT (HKTHBHNA MaKCH-
MyM BHe TJIACTHHH (Xo>>S) M TensoTa K OAHOH H3 MOBepXHoCTefl mJja-
CTHHbl MOABOAHTCH H3BHE, T. €. MPOHCXOJHT Mepelaya TEMJOTH depe3
CTEHKY: §ca==qv (8—%o) =—1,2:10* B1/M2 UYepes ADYryw NOBEPXHOCTDb
OTBOAHTCA §e1 =@ oXo=¢s5+]|q2| =2,4-104+1,2.10% Br/M2

Pacnpenenenns TeMnepatyp npHsefeHs! Ha puc. 1-21.

1-62. Oupenenuth 3HaueHHe fp H KOOPAMHATY Xo MAKCHMAJAbHOH
TeMIepaTypul B MJACTHHC C PAaBLOMCPLO PACTPEAeICHHBIMH BHYTPEHHH-
MH HCTOUIHKAMH Temgotul ¢, =810 Br/m3. ToammHHA NJACTHHH §=
=10 mM, Ko3(QHIHEHT TeNJIONPOBOAHOCTH MAaTepHaJla MJACTHHH A=
=20 B1/(M-°C). TeMnepaTypsl Ha NOBEPXHOCTSX IVIACTHHH PaBHH CO-
OTBETCTBEHHO £ =80°C H {.;,=286° C.

OTser

t,~88,5° C, oTcuHTaHHas OT MOBEPXHOCTH ¢ TeMmepaTtypoil fc; Koop-
JHHaTa Xo=06,5 MM.

1-63. B naacruHe ToJuMHOH S=D5 MM [eHCTBYIOT paBHOMepHO pac-
npefieieHHble BHYTPEHHHE HCTOUHHKH TEMJIOTH ¢v=2,7:107 Br/m3 Ko-
3¢ QULHEHT TEMJIONPOBOLHOCTH MaTepHaaa miacTHHE A =25 B1/(M-°C).
Koa¢buumenTsl TemiooTAaud OT MOBEPXHOCTEH MAACTHHH K obTeKawoulef
HX XkHAKOocTH o0 =3000 Br/(M2.°C) H ay=1500 Bt/(M2.-°C), a TeMne-
paTypbl AHAKOCTH COOTBETCTBEHHO PaBHM 1w =130°C u txe=140°C.

OnpenennTb KOODAHHATY H 3HAaueHHe MAaKCHMaJbHOH TeMIepaTypH
B IJIACTHHE Xo H fo, @ TaKXKe TeMIepaTyphl Ha MOBEPXHOCTAX IVIACTHHH
tc( H th-

OTser

%o=3,5 mM; [, =168,1°C; fc;=161,5°C; fcq=167°C.
’ 31



Peumenue . ]
OTilocHTesblIast KOOPAHHATA MAaKCHMAJbLHOH TeMmepaTypel B maac

THHe 1pH gp=const, A=const, HeCHMMeTpHUHOM TemmepaTypHOM moJe
H TPaHHYIIBIX YCJIOBHSIX TPEThCro poja
A

Q,S

s N 1) '
1+5(°‘1‘+0‘2

rae Xp OTCUHUTBIBACTCH OT IOBCPXIIOCTH, o0TeKaeMoii KHAKOCTBIO C TeM-

nepatypoil £ix.
B paccMaTpiBaeMom ciayyae

1 2% 9%
o T 07107 (5-10-9)8 1,5-102.5.10—2
- 2% 1 1 )
N
It 50 (3-103 T 15100
=0,7;
0,7.5=23,5 mm,

Ao
'1—+ 2 (t)ﬂz_tm1)+
Xy 2 Gy § ‘

(140 — 130) -

Xo

TEMnepaTprI 114 IOBEPXHOCTAX MJAACTHHDLI
B
25
= 161,5°C;

o (s — X,)
Xy

2,7-107.3,5.10—3
3.108

= 130 -

=tm1‘+

9ci
tci:tmi‘{‘ i

o
Gca
tczztmz+ . =tm+
%g

2,7-107 (5 —3,5)-10—3
1,5-108

= 167°C.

= 140+

MakcitMaanias temneparypa e ,
o 9 *o
=ttt 9a 0, 9
2,7-107(3,5-10—3)2

2-25

=te T

=168,1°C,

= 161,56+

1-64. InacTiHa ¢ paBHOMEDHO paclpeieseHHbIMH BHy’l‘pEHHP}l(LC{)::{T:}g-
TOYHHKAMH TeIIOTH ¢, BT/M3, ofTekaeTcst ¢ ABYX CTOPOH IKHA .

Mare- |
Toamuua maacTHHBl S, M, KO3(phHUHEHT TENIONPOBOAHOCTH ee

H3

CO CTOPOHHBl OJHOR
puana A, Br/(M-°C). Temnepatypa KHIAKOCTH p e

oT
HOBepXHOCTE! paBHA lfyi, °C, H KO(Q)HUIHEHT TemI00TAaYH

Q
a1, Br/(m2-°C).
TIOBEPXHOCTH K XHAKOCTH DaBeH O, ol
(%Hpeaenmb 3HAuEHHE TEMNepaTypsl XHAKOCTH €O cmpg:; g(%}écn
MOBEPXHOCTH fwg, WIPH KOTOPOH TEMJOBOH NOTOK uepe3 3Ty p

6yaer paBed HYIIO (Gea=0).
32

OtBer

s 1
t)1<2:t71<1+qu< o + o )
1-65. Tnactina ¢ PABHOMEDPHO pacnpeile/eHHBIMH BHYTPEHHHMH Hc-

TOUHMKAMIE TENJIOThl, PaBHBIMU ¢y, Bt/m3, obTexaercs ¢ obeux CTOPOH

KIAKOCTHI0. Koaddulent TEMJ00TAaull OT
NOBEpXIloCTell MAACTUHL K KIEAKOCTH o Tew- t
UepaTypol 2KIAKOCTII PaBHBI COOTBETCTBEHHO

a1y, Br/(m2-°C), fxs 1t °C. Tonuu-
Ha TTAaCTHHEL S, M, KO3(QHUHEHT Tenaonpo- !
BOAHOCTH ee matepuana A, BT/(M-°C).

a) OnpenenuTs  cooTHomene
PaslOCTbio  TEMNEPATYD fup—Fuy 1t
HCHTAMH TeMI0OTAAUN @) 1 ay AA%
KOrla MaKCHMyM TeMmnepaTypel
CePeAHHE MNACTHHBI: Xofs=1/2.

6} Onpenennts, wemy paBHa pasHOCTD
bxa—Lu TIPH Xo/5=1/2, ecin ay=20.

ME XY
K03 ou-
cayuas,
HaXoAlTcs B 7%

N
i
hs.'_ o

B) Haiitu Bripamenue niq Xo/s mpu pa- et \\
BEHCTBE TEMMEPATYD fnpg=Fuy M ay=2aq,. - ;k 7 S
" k
I — it}
Puc. 1-22. K 3agaue 1-66, - T2
OTser
Gy s 1 1
a) tmz_tml‘——L(_‘—‘) ;
2 oy ey )
Gy S
6) trxs —lyy = - )
4oy
X ;8 4 A
B) — = —1 %
s 208 -1~ 3\

1-66. Paccuntats pacnpesesenne TeMNEPATypLl B IOMEPEUHOM ceye-
HHH  TEMJIOBBIAEJAIOETO 3JeMeHTa (TB312), HMekowero dopmy aamu-
HOTO 1OJIOr0 UMJHHAPA (pHC. 1-22) ¢ BuyTpennnm AHaMeTpoM d; =16 mm
H HADYXHLIM_JHAMETPOM dy=26 MM, BBINOJIHEHHOr0 H3 ypaHa (A=
=31 Br/(M-°C)]. O6e TIOBEPXHOCTH TB3JAa MOKPEITH RAOTHO npHe-
FalOWHMH 000JI0YKaMH H3 HepiKaBewoled craan [Ay,s=2] Br/(m-°C)]
TOMUUHOA §=0,5 mm. O6beMuyo mioTHoeTs TENJIOBBILE/IEHHST B ypaHe
TIDHHSATD DABHOMEPHOH MO CeyelHHIO H paBHOR ¢, =25.10"7 Br/y3

TBan oxmaxaaercs ABYOKHCHIO yraepoga (CO,), ABHXYlnefics no
BHYTPEHHEMY H BHEIIHEMY KaHasam. Cpeannemaccosas Temnepatypa CO,
BO BHYTDEHHEM KaHaue fu,=200°C H no BHEWIHEM KaHaJsle fuyy=240° C.
Kostbduunenru tennoortnaun or NOBEpxHOCTeH 06OJIOYEK K rasy coot-
BETCTBEHHO PaBHH ;=520 Br/(M2-°C) u ay=560 Br/(M2.°C).

B pesymbrate pacyera ONPERETHTE MAKCHMANbLHYIO TeMnepaTypy

TB3/1a fo, TeMlepaTypsl Ha noBepxnocTax oboncuek fe; K fc2 ¥ Ha no-
BEPXHOCTSX ypaHa ¢, u f,. .
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Orrer

1,=463° C; 1/=457° C; 16:=155°C; 1,=459° C; 1,=458° C. Pacnpe-

JICJICIIHE TCMOEPATYPH NOKazano na puc. 1-22,

Pewenue :

Huast pacuera pacnpefeneiis Temmneparyp ncoGXOAHMO HaliTH pa-
ANYyC LeRTpadbHOro ceuelHs ro. TaK KaK 3Hauenwe ry 3aBUCHT OT M-
TEHCHBHOCTH OTBO/AA TEIUIOTH C MOBepXHOCTEH ypaua, 4 H3BECTHL ¢ H
Oy ¢ noepxsocred ofoJoues, TO Buayasde OmpefessieM 3HadenHs 3¢-
(PCKTHBHBIX KO3(G(UUHCHTOB TCIVIOOTAAYH Gag | H Olag2, YUHTLIBAIOLLHE
TCPMHUCCKHE CONPOTHBJAeHHs 000J0ueK:

1 t 1 d

—= - In —2——
Gopidy g (dy—28) | g (dy—20)
- 1 1 16
T 52016 —n-10-7 T a1 "Te—_1

1
oy = — 482 Br/(u2-°C);
*01 ™ 70, 12981610~ /(%)

1 d, d, d, + 28

—0,1298;

= ~+- —In
Qa2 o, (dy - 20) 206 dy
-10—3 .10—3 1
- 26-10 n 26-1 In 26 |- = 1,747.10—3
560 (26 4 1)-10—3 2.21 26

1
Aapy = W =573 Br/(m2.° C).

3nadexne paanyca HeATpadbHOro cedeHHs

9@ | n Ty ! 2 2
fia — b orn | oy, oA V2T
iz = twt) + 3 1%@1 t e T on 2 rl)}

o 1 1 1 ! B
&( + +—In 2)
2 \opgrn Fogpz "2 A &
[ 8.10—3 13103
— 9290 5.107
(240 — 220) +- 2, { w2 s
= <—
1 1
. 7
2,5.10 ( 482'8_10_3,2\%_5»73.13.10—3 -
—>

N
——— (132 — 82) 10—
NPT ) ]

P S
— 10—3 }/ = .10—3

11 3 =103}/ 103,9 =10,2.10— m,
T T

[lnoTioCTL TenioBoro moToKa Ha BHYTPeHHel [TOBEPXHOCTH YpaHa
onpefeaseM H3 COOTIIOLIEHHS

34

(712:rtr1 =g, (r:‘) — r%),

dwri [ %\ 5-107-8.10- (10,22 )
ql-_—— ; -_ 1 = —1 ==
2 | 2 ) 2 82

=1,25.108 Br/m2,
TemnepaTypa Ha BuyTpeHueli NOBepXHOCTH ypaHa
g1 1,25-10%
=200 + ———— =200 - 259 = 459° C.
Qa1 482

I1noTHOCTL TemsOBOro MOTOKA Ha BHYTpenHefl NoBepXHocTH 060-
JIOUKH R '

4= tﬂil +

d 16 .
dor =0 o5 _‘26 = 1,25:10° —— = 1,335-10° Br/n2.
Temnepatypa na BHyTpetinef MoBepXxiocTH 060J0UKH
' dei 1,335.108
tei = i = 200 - ———— = 200 - 257 = 457°C.
ci = bmi +- o + 520 +

T1JIGTHOCTH TEMJOBOrG NOTOKA g H ez H TeMNepaTypul f» H fcp Ha
BHellHe{l NOBEpXHOCTH TB3Ja ONpefensieM aHaJIOTHYHBIM OOPa30M:

_ur (1 i _5.107-13-10—3 | 10,22}
2=y 2 | 2 IEEC A

N

\ 2 )
=1,25.10% Br/m?;
qy . 1,25-10% o
ty = twg 1 =240—r———573—:240—{—218=458 C;
a’adﬂ
=g, ——— =1,25.10° 2 =1,205-10% Br/m?;
Jer =Ny ey T 97 ~ ’

Ges 1,205-10°
toy=1 =240 4 ———
o =t +

Pacnpeaesetde TemmepaTyphl MO CEYEHHIO TB3Ja ONpejeisercs
ypaBHCHHeM

= 240 +- 215 =455°C.,

_ 9v 2, I 2 2
tftl+ n [2r01n - —(r —r)],

4 MdxcuManbllag TeMmnepaTtypa HAaxXOAHTCH H3 YCJOBHs: NpH r=rp =ty
H, ¢JeAoBaTeNBHO,

r
to=1 + 9o [2rglr1 r—‘?—(r[‘;— ’1)} =
1

4\
5.107 10,2
— 459 4-——— [2.10.922 |Ip —— 2 __ 82 —6 —
59+~ [21 2% In — (10,2 B)J 10
=459 4- 4,2 = 463°C.
3* 3%



Pacnpenesnenne TemnepaTypel HOKa3aHo Ha pHc. 1-22.

1-67. Onpefe/HTb MaKCHMaJbllylo TeMIeparypy TB3Ja NPH YCJIOBH-
aX 3ajpaun 1-66, ecqan a) BHyTpeHHHIl KawaJt MO KaKOoH-JHOO NpHUHIC
nmepecTasn OXJaskjaTtbcs; 6) BHeWNHI Kananm nepectas OXJdaKIaThCs.

OTtger

a) L={=610°C; 06) f=1=~904°C, yro uenoONycTHMO HH AAH
ypaHa, HH 415 060J0UKH.

Peiuenne

a) Ecan BHyTpeHHMI KaHasl mepecTas oxJaaxkjaatbhes, To g =0 u
MaKkCHMaabHafi TemnepaTypa OyAeT NpH ro=r;. B 3THX ycnoBHAX

qu2(1 A\ 5-107.13.10- <1 g
A N 2 130 )

s
= 2,02.105 Br/m?%;

. 2,02-10 ,
y— gt — D 240 22 940 - 353 — 593° C:;
¢ oy 573
g 9 2 2 Ty
=t =1t + 4;}‘ [(rz—rl)——ﬂrlln T}:
107 137
— 503 - 210 (132~82)—2-82111—} 10-6=593 -+ 17,4 = 610°C
4.31 8
6) Ecan sreunniii Kaltan nepectan oXaaxiaTses, To go=0 n ro=
=7ry, TOrAa
Gory ( 3 lj 5-107'8-10—3( 132 1\) 3
g, — \ r(f) ) - 92 X 82 )
= 3,28.10% Br/m?;
3,28 105
f =ty + —D— = 200 -+ T -+ 900 -+ 680 = 880° C;
aacbl 482 .
q Ty 2 2
=ty =ty + 22 [mgm (1 —)| =
107 13 o , ,
:880‘}— 131 [2132[[1—83——(132*8“) 10—F6 == 8801—23,8:

x 904° C.

1-68. TenaoBblIe sIOMHA 3neMelT, HMCEIOWHE  (opMy 10J0ro uUH-
JIMH/pa ¢ BHYTPEHHHM AHMaMeTpoM di=14 MM K HapyXHbHM JHAMETPOM
dy=24 wmm, BhIoJHed H3 ypaHa [A=31 B1/(mM-°C)]. OGe NOBEPXHOCTH
TBOAa NOKPBITH MJIOTHO NPHJEralouluMu 000JI0YKAaMH H3 HepKaBelolilel
crams [hos=21 Br/(M-°C)] rtosmunoit 0,5 mm. O6bemHyo IJI0THOCTE
TeNJOBbIAEIEHHS B ypaHC NPHHATH DABHOMEPHOH IO CEUEHHIO M PaBHOH
g»=2-108 B1/M3,

TBaa oxJaxjaacrcs BOAOH, ABHKYllefics N0 BuyTpellieMy H BHeUl-
HeMy Kanasnam. CpeaHemaccoBas TeMIepaTypa~—BO/Abl BO BIYTpPeHHEM
KaHane fy;=200°C H BO BHewHeM Kanajle lyy;=220°C. Koadduunen-

36

THl TEMJOOTAAYH OT MOBepxHOCTeH 000JIOYEK K BOJe COOTBETCTBEHHO
paBubt: &, =8200 Br/(M2-°C) u a;=7800 Br/(M2.°C).

Onpefennts MakCHMajbHYI0 TeMNEPATYPY B NOMePedHOM  CeueHHH
TB3/1a fo, NAOTHOCTH TeIVIOBOTO IOTOKA H TeMIepaTypbl Ha IMOBEPXHO-
crsaX 060J104€K ey, Geo, Loy H fcg H HA ITIOBEpXHOCTAX ypana qy, qq, { uis.

OTtser

tg =308°C; ¢¢; =6,05-10% Br/m2; g¢, = 4,44-105 Br/um2;
te1 = 274°C; gy x 277°C; ¢, =5,62.105 Br/m2;
g, ==4,63.105 Br/M?%;, ¢, = 287°C; t, ~ 288°C.

1-69. Onpéenuth MaKCHMaJbHYIO TEMIEPATYypy TB3Ja B YCJAOBHSX
3ajaun 1-68, ecnu BHyTpenuui Kauasa no kakoit-1ubo npHuHHe nepecraJ
OXJIaKAAThCA.

OrtBer

1, = t, = 404°C.

rMABA BTOPAS

TEMNONPOBOAHOCTb NPHU HECTALLMOHAPHOM PEXHME

2-1. PesnuoBag maacTiHa TonnHON 28=20 MM, wuarperag fo
TeMiepatypsl fo=140°C, moMeilena B BO3AYIHYIO Cpefly C TeMIepary-
poll £,x=15°C.

Onpenenuts TeMmepartypsl B cepefdHe H Ha IOBEPXHOCTH IAACTHHBI
yepes T==20 MHH NocJje Hayajsa OXJAAKACHHS.

Kosdpduument temnonposognoctH pesunst A=0,175 Br/(M-°C).
Kosdduunent TemmepatyponpoBoaHocTH pesnnnl a=0,833-10-7 m2/c.

Kosd¢uuuent TennooTaaun or NOBepXIOCTH NAACTHHBL K OKPYKAl0-
meMy Bo3ayxy a=65 Bt/(m2.°C).

OrBer

leso=147,5°C; 1,_y=25,4°C.

Pewenne .

Temnepatypnl B cepelliHe H Ha IOBEPXHOCTH Ge3rpaHHYHON IUIACTH-
Hbl NIPH OXJIaXKJAEeHHH (HATPEeBAHKH) B Cpele C MOCTOSAHHOH TeMmepaTypoil
MOXHO ONPeAeNHTb C IOMOLIbIO rpadukoB Ox=o=f; (Bi, Fo) (puc, 2-1)
H0,_s =/ (Bi, Fo} (puc. 2-2).

B paccmartpuBaemom ciyuae

g 85:001
= 0,175 P
at  0,833-10—7.1200
FO:‘—— = =1,0.
52 (0,01)2

. Hpn sTux snavennax xpurepues Bi u Fo no rpaduky ma puc. 2-1
HAXOAHM Br=0=0,26 1 no rpaduky na puc. 2-2 0, _g =0,083
Beapasmepuas Temnepatypa
T t—1t
0 =—"r
ty— b

37
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CJ'Ie[LOB@TeJIbHO,
tomo =15 Or—o(ty — ti) = 150,26 (140 — 15) = 47,5°C

L1209, & (t0 — l;“) == 15 -}- 0,083 (140 — 15) = 25,4° C.

lpog = i

2-2. Jlas yeaopnii suAaiu 2-1 ONpCACHHTL TCMICparypy lia pac-
cTost x=8/3="5 MM oT cepauilinl naactutinl, Onpeacants taxxe Oes-
pasMeplible TCMIEPATYpLl B CePCAILC 1t Ha IOBCPXHOCTIL MAACTINIL pac-

YCTHLIM TYTEM 1 CPABHHTb Pe3yJbLTATLL pacdcTa Co 3UaucHiaMit Ox=p U
©,_s, TOJyUCHUBIMI B 3aja4e 2-1.
Oteer B

temgpp=41°Ci 0,0 =10,257; 0, 5=0,082.

Pemenue )
DespasMepias  TeMIepaTypa  HEOTpaliMueiliofn  [UIACTHHL npH

OXJaZKIEHHH B cpefie ¢ NOCTOSIHHOM TeMmeparypoil BbipazKaeTcs ypaBHe-
HHEM

e o] . 7 x < \
o 2sine, cos [ _> exp (— ey Fo).  (21)
€ -]~ sin &, Cos &, \ Y ;
n=1

Tax Kak B PACCMATPHBAEMOM CYHae KpUTepHit Fo=1>03 (cMm. 3a-
Aauy 2-1), TO MOXKHO OrpauHdYHTLCS NEPBHIM TWIENOM pAld, TOrja

0 = Nexp (— a? Fo) cos (81%\)

u Ge3pa3Mepuble TeMIepaTypbl B Cepejitie H Ha NOBEPXHOCTH NJIaCTHHBI
GYAyT COOTBETCTBEHHO PaBHDI:

B,_0=Nexp (——e? FO)',
©,— = P exp (—¢{Fo)-

~L_

2 ; i HOE
3paueinis peanuun N, P, g) 1 g] B 3aBUCHMOCTIL OT Bi npuseael

B Taba. 2-1. . .
B paccvatpuBaeMoM ciyuae IipH Bi=3,73 u3 rabu. 2-1 HaxOAHM.

N=1,224; P=0,390; e,=1,248; a%=1,56. Crenopatesblio, npy Fo=1

1,248 ‘
6 5 = 1,224cos(—T>exp(——1,56):0,208,
X= — .

2
— i+ © 5 (fo—tw)=15-+0,208-125=41°C;
)
2
0,_,= 1,224 exp (— 1,56) = 0,257;
0,_s = 0,390 exp (— 1,56) = 0,082.

[0 HCTEYEllHH KOTOpOro
500° C, Oyayuu nomcuien
=20° C, mpuMer Temie-

t 5
t=—
2

2-3. OnpeaciudTbh NPOMEKYTOK DBPCMEIH,
JIMCT CTaJji4, NpOrpeThlii A0 TeMmmepatyphl tgz
B BO3AYLIHYIO CPeAy, TeMIepaTypa KOTOPOH b

40

1,248
1,254
1,257
1,260
1,262
1,265
1,267
1,268
1,269
1,270
1,271
1,271
1,272
1,272
1,272
1,273
1,273
1,273
1,273
1,273
1,973

0,104
0,0250

Ta6anmwa 2-1
0,0222

'

2

L
1,5451 (2,39 10,0333

1,4961 (2,24 10,094

1,5070|2,27 (0,076

1,5200 (2,30 (0,065

1,5260|2,33 |0,056

1,6325|2,35 [0,050

1,5400) 2,37 10,040

1,5490|2,40 |0,0286
1,6514 (2,41

1,5560 | 2,42 |0,02001
1,5708 | 2,467 | 0,0000

1,5520( 2,41

1,3766 (1,90 | 0,241
1,4830{2,20

1,3978 (1,95 | 0,216
1,4149(2,00 |0,196

1,4289(2.04 |0 180
1,4420 2,08 |0 152
1,4560 (2,12 |0,132
1,4700(2.16 |0.116

0 |1,3496|1,82 0,273
0

6,
7,
8,0
9,0
10
12
14
16
18
20
25
"30
35
40
50
60
70
80
90
100
o0

1,111

0,689(1,134

1,332(0,488]| 1,200
1,1747|1,380|0,468 1,205
1,1925|1,420(0,448 1,210

€
1,2646 | 1,59 |0,370|1,229

1,2880 1,66 |0,338|1,235
1,3138 11,73 10,314} 1,240
1,3340(1,78 (0,293 1,244

0,86030,7400,729) 1,119
0,9649|0,931 /0,653 (1,148
1,0008|1,016|0,619|1,159
1,0440|1,090|0,587 | 1,169
1,0769|1,160 (0,559 1,179
1,1054(1,22210,535| 1,186
1,1300|1,277|0,510( 1,193
1,1541

1,2330(1,52 (0,406 1,221

0,7910(0,626 (0,774 (1,102
0,9171 (0,841

0,6800(0,462(0,836|1,076
0,7051)0,497|0,823| 1,081
0,7506 | 0,564 (0,798 | 1,092
0,8274|0,684 | 0,751

od
e
20
40
60
80
0
2
4
6
8
0

0,55
0,60
0,70
0.80
0,90
1,00
2

2,
2,
2

3
3,5
4.0
4.5
5,0
5,5

1
1
1
1
2

Bi=

010
016
1020
1023
1026
1029

003
006

]
]
1
]

,,013

i

0,4328(0,1874 (0,936 | 1,031
1,052

7
1
4

0,0968 | 0,967

Koadduumentsr gan pacuera oxaampenus (Harpesanus) NAACTHHBI TOAMMHON 28 [24}

€,
0,6533]0,4264 0,849 1,070

0,0998|0,0100(0,997 | 1,002
0,1410]0,0199 0,993
0,1987]0,0397| 0,98
0,2425]0,0584 | 0,98
0,279110,0778 10,97
0,4525|0,2048 | 0,930 | 1,034
0,4712(0,2220 0,924 | 1,037
0,4889(0,2390 | 0,918 | 1,040
0,5058(0,2558 | 0,912 | 1,042
0,521810,2723|0,906 | 1,045
0,5590(0,3125| 0,891
0,59320,3516| 0,877 1,058
0,624010,3894 0,863 (1,064

0,0000|0,0000 (1,000 | 1,000
0,3111

0,389610,1518 | 0,948
0,4119(0,1697|0,942

0,3397|0,1154 | 0,960
0,3656|0,1337| 0,954

0,00
0,01
0,02
0,04
0,06
0,08
0,20
0,22
0,24
0,26
0,28
0,30
0.35
0,40
0,45
0,50

Bi=

o
Py



parypy, oTauvatonyocs lie Godce uen ua 1% oT TemmepaTypel oxpy-
saiontell cpeant.

Tosutira micta 26=20 MM, xos(ininent TCOAONPOBOIIOCTH CTa-
an A=455 Br/(m-°C); Ttewnoemkocr craan ¢=0,46 xJLk/(xr-°C),
WINTIOCTE etavmt p==7900 xr/M> Kos(ruenr Tei1a00TAa 1 OT 108EpX-
HOCTH JLICTa K OKpY2KalonleMy Bo3jyxy c=35 B1/(m%-°C).

Yrasaunce, Ilas onenkil xapakiepa PacupeiCaciis TeMmiiepaty- G wly by '
PO O CCHCINO JIICTa CTaM HOJICHITACM dhadcnie wpirepis Dio: SR S M - L - S
| T
b 35.0,01 , TS 7/ T
Bi = — == ——— =0,0077 < 0,1. : Ny
Py 45,5 *%7/“@
. ] A YAl Q
Tark rax Bi<0,l, To M0o#(1I0 1eMucpaTypy 1O CEUCHNIV NJACTHIL / / Q«/]—\Q
CULTATL O/UHLAKOBOIL BO BCEX TOUKUX  —BQCHOMLIOBATLCL  QopMyJoll T . [/ // W
4
0 = exp (— Bi Fo). n rRyARY'A
FImVARY ’
OTser H 7 o
) - . 7
24 15 ML i V4 ]
2-4. Onpencuth BpeMs T, 1cobXo01Moe Aas narpepa JicTa CTadK II 7 /// 45
rojuumolt 26=24 Ma, KOTOPLIL HMeJ Nauadblylo Temncpatypy ly= T X
=25°C, a sarem Obl1 nosmewlell B ieub ¢ TeMmnepaTypoil f=0600° C. 1///’/ L
larpes culiTaTh 34KOINIEHHBIM, KOTAa TemMnepaTypa JHcTa JOCTHTleT IRV RN IL 77
arravens {=450° C, Ht SHIH {7/
Kosddumuenr tenaonpoBogioctn, TenJoeMKocTh I HAIOTHOCTE cTa- bR ana / 7{ KX L ALY
Jit paBunt coorsercrBellio A=454 Br/(Mm-°C); ¢=0,502 xdx/(kr-°C); & @/ f /!c\, 1/ /,,/,/ 4 L g‘}‘n
p=7800 kr/m? a ko»QOULIENT TeNA00TAAUNH K NOBCPXHOCTH JicTa = ST ST 7 4 VARRY. I
=233 B1/(:2-°C) ST T y AN 4 AN Y ' )
" Omser ' 3t PR A A A a “
3 <
— 45 o S 7 2 A
T=4b Miuil. . ] STy /] w1/1 7 4
2-5. Dmumisit craasioll saa anaMerpod d=2ro=120 MM, KOTOPHIIl BES 117 &*/, P, A P
;lhiC~H8216%A1C§IQl)aT}’p}’ 1,=20°C, Obla momeulell B Meub € TeMMepaTypoil i q,lll [’ jlll/ &’Z%, AT >
P . H [y £ /, H N AW 4
Onpejeantn ppeMst T, 11eo0XOIMOC JJs1 larpena Baja, CCJaH la- H §J’ ,’,' //// // /{ %‘%}\{g T
Ipes CUllTaCTesl 3aKONUCHIBLIM, KOT/a TeMnepaTtypa ia OcH Bana fr—e= Tlllllll / /// HED “Qo,
=800° C. Oupecaeants Tarze TeMmuepaTtypy Ba IOBEPXHOCTH BaJja i/ A Syar '\“q’ - o
{r—r B KOIIC LIATPEBA. ’l ll,llllll [/‘ 7/ e VAl
' A A L+
Koadhduunenrs  TCUWJIONPOBOANOCTIL U TCMICPATYPOUPOBOLIIOCTH IV VAVS. 998, % -~
cramn  pasubl coorseretsenio A==21 Br/(m-°C); a=0,11-10-¢ m%/c. ”,’,’, // - < ‘?11,/
Kos(pduuuent tenmootaaun ¥ nosepxuocrtin sasa =140 Br/(m2.°C). ] 77707 A 9= RS
OTser //'/ /7/ 4o 11 =
A A
t=51 mun; {,_,=804°C, 10.947, cri 5 -5 9 —
==y 11/701470.974 1A AT "\r‘ 70"‘
Pewenue i1/ 154 %% A A 1 =
Teamuepatypel na OCH 4 1HOBCPXUOCTIL JLHILIONO WHAMIPA 1PI Ha- / 94, 12 et T e 50]
rpesanny (OXJAXKJCHHE) B CPCAC C HOCTONLNO TeMICpaTypoil MOXKIO VW4 E =
OUPCACTITL ¢ moMolbto rpadiron O, =F5(Bi, I'0) (puc. 2-3) u 1 =
e =13 (Bi, o) (puc.. 2-4}. 1) At ik { A o !
B puaceararprpacmon cayirae NN ERERE REN 1]
S5 8553 & S3gss® § s
Bi %y 140-0,06 4 Tesese )«; % S ESS & &
T 21 S ,(4__0=.¢4=0=49
Ly — ¢ 820 — 800
K r=0
(-) =) = - - 0,025.
r= L — & 820 — 20

Fi(Fo, Bi) ans ocu unaunapa [24].

Puc. 2-3. 3asucumoctn, ©
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< Buo B
F,(Fo, Bi) aas nosepxiocrti WHanuipa [24].
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7,0
08
0,6\
0.5
0,3
0,2

[pu 31HX 3HayeHHsix Bi u ©,—¢ 1o rpaduky Ha puc. 2-3 HaXOAHM
3uauenne kputepus Fo=5,2. CueaoBarensHo, Bpems, Heobxoaumoe
/151 arpena Basa,

pFo  (60:10-9):5,2
a  6,11-10-¢

bespasmepuylo Temuepatypy ua NMOBEPXHOCTH BaJja npH Bi=0,4 wu
Fo=5,2 onpenensem no rpacuky Ha pHc. 2-4:

b, —1t

x r=r,

T= = 3060 ¢ =51 M.

0 =0,02,

r=r, = b — 1o

¢Jaea0BaTeNbHO,
by = £ —0,02(f, —t)) =820 —0,02-(820 — 20) = 804°C.

,

2-6. OnpejesnuTb 3HAYCHHS TeMNeEPaTyp H4 NMOBEPXHOCTH M Ha OCH
BaJa B YCJOBHAX 3afaun 2-5 1o ucresenun 20 # 40 MHH Nocsie 3arpyskH
BaJja B NCYb,

Orser

Ilpu 1=20 mun t,_, =656°C; tr=¢=0620°C; npu t=40 mun £, _ =
=763° C; t,—o=755%C.

2-7. Mnst ycjosuil 3afaun 2-5 onpegendHTb TeMIepaTypy Ha pac-
croanuH r=0,5 ry oT ocn Basa uepes T=20 MHH mocJe HayaJa Harpepa.

OnpeaensTh TaKKe pacyeTHHIM NyTeM TeMIepaTyphl Ha IOBEPXHO-
CTH I OCH BaJa IO HCTCYEHHH TOro Ke NpPOMEXYTKa BpeMeHH H cpas-
HHTb pe3yJbTaT pacueTa ¢ OTBETOM K 3ajaue 2-6.

OTBer

oo =621°Cs 4y 5, = 0630°C; £, —656°C.

r=r

I'paduk pacnpefesierHss TeMIepaTyp MO CeueHHK Baja MNpeACcTaB-
Jed Ha pHc. 2-5 (1=20 MuH).

Pewenne

Despasmepuas TeMmnepaTypa /JAJHHHOFO UHJIHHAPA TNpPH HarpeBaHHH
(ox/axk1eHHH) B cpele C NOCTOMHHON TeMmrnepaTypoif BEHIpaXKaeTcs ypas-
HeHHeM

\ 244 (&) . ( r) 9
O — Jol&n — —¢, Foj, .
’ 2 TR R

n=

rae Jo(en) 1 Ji(€x) — dyuxunu Beccens nepsoro posaa HyJesoro H nep-
BOTO NOPSAAKOB. , :
TakK Kak B pacCMaTpHBAaeMOM CJlyuae KpHTepHit

TO MOXKHO OTrpaHHYHTBLCA MEPBLIM WIEHOM paja, Torga

0 =N, J, (81 rr_) exp («sfFo)
0

\
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OTeer

1 =1282° C.

Peurenne

bBespasmepnass TemmepaTypa ni06oli TOYKI mapaJjjesiendnena pasiia
Npou3Be/icilo 6e3pa3MeplnlX TEMIEPATYDP Tpex GC3rpaltMulLiX MAACTII,
nicpeceyenHeM KOTOPLIX 00pa3oBal napajieneniel.

R CJIC,"I()B&'I'CJIIJH(), TCMH(‘PaTy[)y B ILCIIT[)L\‘TIHPHV‘]J!L‘.»‘I(‘UHIIC,’L{l MOARHQ
naflTi 13 ypabueldst
t —t to—tyy &t —t —

By . i ne y=0 tm tz:l)

t}l(‘l‘O f}I{_tO f}I{_fO f}I("fO

TemnepaTypbl MJIACTHH femq, fy—g, fz—¢ MOXKHO HANTH C MOMOLULIO
rpadHKa 3aBHCHMOCTH TEMIepaTypnl CepeAnnbl Gearpanuunofl miacTHIibL
ot kputepues Bi u Fo (cm. puc. 2-1). Jas naacTHub! TOMLHHOA 28x=
=200 MM uMeeM:

at  6,94-10—%-5400

Fo,= — = =3,7 ;
x 63, 012 5
ady 186.0,1

Biy=—r-r="—""—"— =
Iy 5 379 0,5

I'lo rpaduxy naxomns, uto npn Fox=3,75 1 Bi.=0,5

R
t?l( - tO

Anaaorguuo 1as maacTinsl toawnnoi 26,=400 My umcem: Foy=
=0,937; Biy=1,0.
[To rpaduky naxoaum:
t.o—1t _q
A y=N
=0,57.
t}h'—fﬂ

Jas naactns Toaunoi 26, =500 Mm
—
Fo, =0,6; Bi,=1,25

t}]{ - tz:ﬂ - 0.68.
b — 1y
CJaez0BaTensHo,
fe — 1
2 _0,22.0,57-0,68 = 0,0852
ta — I
H TeMrnepatypa B LleHTPe CJAHTKA

ty =ty —0,0852 (£ — £,) = 1400 — 0, 0852 (1400 — 200) = 1282° C.
2-9. Tlpu ycnoBHAX HArpeBaHHs CJHTKA, PACCMOTPCIIHBIX B 3ajaue
2-8, HaliTH TeMmnepaTypul B cepeiaHiax rpaieil pasvepom 200X400 mm
it 200X500 MM,

48

OrBer

£x=0; y=0; z=06, = 1331°G
¢ g = 1323°C.

*=0; y=8,; 2=
2-10. Cransnas Go/BaHKa WHJIHUJPHYECKOI (OpMLI AnamerpoM d=

=80 mMm 1 aaunoil /=160 MM (pnc. 2-7) B Hava/JbHHIi MOMEHT BpeMe-

HH Oblia paBIIOMEPHO Harpera J0 TeMIe-

patypw #==800°C. DBoasauka oxaamaa- r

eTca lla BO34YXe, KOTOPBIi HMeeT TeMIe-

patypy #x=30°C. .
Onpefeantb Temmepatypy B IeHtpe |1 . X
GOJBAHKH fx—o;rqg H B CEpeANlle TOpUe- &
BOH TNOBEPXHOCTH Ifr—g; x=i/z Yepe3s T=
=230 MHH RocJe Hayala OXJaXKJIeHHS. =160

KoshGuunenTsl TenaonpoBOAHOCTH H
TeMIepaTypoONnpOBOJHOCTH  CTalH  PaBHbI
cootmetcTReNKO: A=23,3 Br/(M.-°C), a= Puc. 2-7. K .3apaue 2-10.
=6,11.10-6 m2/c. ~

Kosdduunent Ttenjoorpaud ot no-

BepxHOCTH GosBaHkH a==118 Bt/(m?.°C).

OTtBeT

e, x=0 = 55°C; tr—o; x=1/2 = 50°C.

2-11, Tlpu ycJ0BHSIX OXJaXAeHHSI CTaabHOIl GOJIBAHKH, PACCMOTpPEH-
neix B 3ajaue 2-10, ompedennTb TeMmepaTypy B UeHTpPe GONBAHKH H B
cepeliHe TOPUEBOIl NMOBEPXHOCTH, €CJAH €€ pa3mepbl yBeJHUYeHH B 2 pa-
3a, T. e. d=160 MM u [=320 ¥M, a Bce OCTaJblible YCJOBHS OCTAKTCH
6e3 u3mereHuil.

OtBer

tr=0; x=0 " 211° C; fr=0; x=1l]2 = 153°C.

2-12. Hnunnas ctasbHas Gasaka nmpsMOYroJbHOTO CeyeHHs C pasMe-
pamu B monepeurom ceuenun 400)320 MM B Haua/bHbII MOMEHT BpeMe-
HII HMeaa Ttemnepatypy fo=1000°C, a 3atem Obla nomelleHa AJs
oxJaXkaelHs B cpeay ¢ temnepatypoit £x=20° C.

Kos¢pduunent TenaonpooaHocTi crtaan A=32 Br/(M-°C) H Tem-
nepatypornposogHoctH a=7-10-8% m%c; Ko3(duUIEHT TemaooTAa4H C
TOREPXHOCTH GajKy B TPOIlECCe OXMAKJIEHHT OCTaBaJjCi TNOCTOAHHLIM H
pasubiM [70 Bt/(M2.°C). ]

Paccuutath TeMnepatypy Ha ocu Gaaku mas t=1, 2, 3 1 4 u nocje
HauaJa OXJaxAeHHus.

OtBer

©, =0,403; ©,=0,130; ©,=0,0424; 6,=0,0137;
= 415°C; t,=148°C; #,=62°C; ¢, =23°C.

2-13. Cragbuas njactana toamunoii 26=400 MM narpesaetca B ne-
4y, HMelolleil NMOCTOSHHYIO TeMmmepatypy #x»==800° C. Temnepatypa naa-
CTHHbl B MOMEHT [OMelleHlla ee B Meun Gblaa BCIOAY OAHHAKOBOH H pas-
Hoii fp=30° C. KoapdpuuueHT Tenso0TAaYH K MNOBEPXHOCTH MJIACTHHH B
npolecce HarpeBa OCTaBaaCs NOCTOSIHHBIM H paBHbIM o0=200 Bt/(M*X
X°C). sa Apyrix pasMepa MJaCTHHBl BeJHKH MO CPaBHEHHIO C TOJ-

4—133 , : 49



WHIIOR W TEMOEPATYDPHOE HOJC MJACTIHE MOMKIO paccMaTpuBaTh Kak
OANOMepIIoe,

OnpeseHTh KOMHYCCTBO TEMAOTH, Kotopoe OyjaeT noaseneio x 1 m2
NIACTHIIL B TCUENHe 2 y mocae nayana marpesa. Kosd@uuuent Ttemso-
fiposopuoctit - crami A=37,2 Br/(M-°C) n TEMIIEPATYPONPOBOANOCTH
a=7-10-% M%/c; naoTnocTy p=7800 kr/m3

Otger

0 =10,098;, Q=1470-103 gk /n2,
Pereune
Pacyer KosuecTBa TEMJAOTL, OTAANNON (socnpuusToll) naactrmiof
B lipouecce OxJaxjenis (narpepauiist) 3a NpoOMCKYTOK BPEMCITH OT T=
=0 J10 T, NPAKTINCCKI CBOJNTCS K BLIMLCACTI0 cpesaneii Gespassepiiol
TCMOEPATypLl B MOMEUT T, T. €. MOMCT-GHTL BLIUHC/ENO O hopmyse

Q=0Qu(1—0). 1(2-3)

3acch @u-—rnoanoe xommueeTno Tenaotw, JLk, KOTOPOe MOXKeT
OLITL OT/410 KN BOCHPHISITO NIACTIHON 3a ppesst o1 T=0 10 T=o0;
Qu = 28fpe (fo — tsx), (2-4)

rAe [ — NA0ULAL HOBEPXHOCTI 01O CTOPOIL ILAACTIIIH,
Cpeausisi GespasMepiast TemMnepaTypa B MOMCIT BpeMell T A
ILTACTHILE MOXCT OLITL BblYICTRHA 110 POpMYTe

o0
_ Q 2sin%e . .
0= > — exp (— ¢, Fo). (2-5)
n‘:1‘ &, g,sine cose

Hogeranasist coorpeTeTny:owme 3HaueHIs BOMIMI, 3a1410bIK B yc-
JOBHAX 3a1a4l, B popmyay (2-4), nodydac:

Qn =0,4-7800-682- (800 — 30) = 1630-10% kILx/:2,
rie
3 37,2
¢ = E = m == 682 Jx/(xr-°C).
Butuncans kpurepiu Fo u Bi:
at 7-10—%.7200

Fo—= ————— 12 | 9
0 52 02 1,26;
Bi ad 200.0,2 1075

f=—7=—7>—"=1,075.
A 37,2

3naucime kpuTepua Fo>>0,3, u aas BOMHCJACHH ©  10cTaTOuHON
TOWIOCTLIO MOZKCM BOCHOTL30BATLCS HCPBLIM dJenod cymMul (2-5). Ilo
shauenmo Bi n3 taba, 2-1 naxoany snaucnne g, Iloicrasups 3nauende
& B Qpopmyay (2-5), nafiem:

0 =0,098.

IMopctasnp puiuncacnne suavenus Q, 1 6 B ypasnemie (2-3),
nainem:

Q =1630-10%-(1 —0,098) = 1470- 10 wJlx/m2,
0

2-14. Craabuofi uuaunjgp anaMmerpom d=>500 MM oxaaxpaerca B
cpeje, mMmelouleii nocrosinuyio temnepatypy fw=15°C. B navaabHbIl
MOMENT BpeMeHH TeMIepaTypa UH/IHHApa Oblia BCIOAY OAHHAaKOoBa: fo=
=450° C. Kos(ppuunent TennooTAaud BO BCCX TOUKaX MOBEPXHOCTH Iii-
JHHIpA B Ipoiecce OXJa)(JelHs OCTaBaJjcs TOCTOSHHBIM H PaBHBIM
160 Bt/ (m2-°C).

KosdduunenTs  TenIoilpoBoliocTy, TeMIepaTyPONpPOBOAHOCTH H
IJIOTHOCTL CTA/I  COOTBETCTREHHo paBibl: A=49 B1/(M-°C); a=14X
X10-° M3c; p=7850 Kr/m?.

Onpememith KOJIHYECTBO TCILIOTH, KoTopoe Oy/1eT OTAaHO | M HH-
JMHJAPA OKpylKalolleli cpefe B TeueHlie TPeX yacoB Nocje Hauasda OX-
TaNCIeHHS,

OTner

Q = 297-10% kIx/u.

2-15. Cransuass GoaBanka B ¢dopwme
npsimoyroabhoro Gpycka ¢ pasMepamu
cropon 480X 360X280 mm Harpebaercs B
MeYH ¢ MOCTOSIHHOH TeMmepartypoll fx=
=800° C. Bce Touku 6o.JBaHKH nepel Ha-
4aJ0M HATPEBA HMCJAH O/IHAKOBYI TEM-
nepatypy fo=20°C. Kosdduuneur ren-
JOOTAAYH K [OBEPXHOCTH BCeX TCpaHell
6pycka B Mpouecce HarpeBa o0CTaBagacs
MOCTOAHHBIM H paBHBIM 200 Br/(M2.°C).

KosdduuuenTte TeMJIONPOBOIHOCTH,
TEMNEPATYPONPOBOAHOCTH W TJIOTHOCTD
cTad COOTBETCTBEHHO paBHBI: A=
=37,2 Br/(M-°C); a=7-10-% m?/c; p=
=7800 xr/m3.

OnpenejHTL KOJNHYECTBO TEMJIOTH, KO-
TOopoc BocmpHMer GPYCoK B TeueHHe 2,5 u mocsac Hayana Harpesa.

OTBer

Puc. 2-8. K 3apgave 2-18.

Q = 189103 kJIx.

2-16. Craspnas uuanmnjpayeckas Gosasanka guaMeTpom d=620 Mm
u umHoft (=700 MM OXJaXKa4eTcH B cpeje ¢ IOCTOSIHHON TeMmepaTty-
poil £x=20° C, Temnepatypa GoJIBAHKH 10 Hauyaja OXJaXKIeHHs Oblia
ty=0600° C. Koadduuuent ten1ootaaud ¢ noBepxHoCTH GOJBAHKH B NPO-
LecCe OXMaXKAEHHS OCTaBaJCs MOCTOAHHBLIM 1 pasubiM 160 B1/(M2.°C).

Kosddrumenrsl  Ten10npoBoAHOCTH, TEMIEPATYPOMPOBOAHOCTH U
[JIOTIIOCTb CTaJli COOTBeTCTBeHHO paBHH: A=49 Bt1/(M:-°C); a=14X
X10-3% M%/c; p=7850 kr/m3.

Onpejie/lHTh KOJHYECTBO TeMJOTH, KOTOpoe OyZeT OTAAaHO LHJHHA-
poM oxpyzalowmcil cpcae uepes 2.8 u nocae navada OXJaxKAeHHS.

OTper

Q =426-10% g Ix.

2-17. Kuprmunas crena toauyinoii 26=500 MM 06CHMH TOBEpXHO-
CTSIMH CONPHKACAGTCS CO CPEIOll, HMEIoUleH MOCTOSIHHYIO TeMnepaTypy
18°C. KoadHilHeHTHl TENIonpoBOAIOCTH, TEMIEPATYPONPOBOAHOCTH H
MJIOTHOCTb MaTepHaJa cooTeerTcTBeHio pasHb: A=0,7 B1/(M-°C); a=
=0,647-10-6 m?/c; p=1700 xr/m3.
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Kak nsMeHuTcst TeMnepaTypa Ha NOBEpXHOCTH 1f B cepelliHe Kaajn-
KW B TedeHile | 4, ecH TeMmepaTtypa cpefbl BHE3alIO MOHH3HJACh 10
82 C? Kosdduument Tensoor1aunn ¢ MOBEPXIOCTH KAAAKH OCTAETCH NO-
CTOSIHHLIM H paBuuM 7 Bt/(m2.°C),

3aMmevanue. B 3agaue umciao Fo<0,3, nostomy aast naxoxje-
IIHs TEMNICPATYPHl HEJb3A OrPAIHYHTLCS TOALKO MEPBBIM YJIGHOM psijia,
a 11e00X0AHMO BLIUHCARTL 11C MCHCe TPEX WICHOB CyMMBbl, 3Laucius KOp-
tielt ypasuenns (2-1) Moxuo nafitit n [24].

Otger

Temnepatypa mnoBepxHOCTH KujaaKu ty—s=143°C. Temneparypa
CepeiHHbl KAaAKH fx—o=18°C, cnenosaTesbHo, MO HCTeYeHHH | Y TeMm-
Uepatypiible BO3MYWIEHHS NPAKTHYECKH eile fle JOCTHLHYT cepeamibl
CTCIILL.

2-18. B sKcnepuMeHTaJbLOl YCTAHOBKE st onpenesenust kos¢pdu-
UHEHTA TEMNEPATYPONPOBOAHOCTH TBEP/BIX Tel METOAOM pPeryJspHoro
PeKHMA HCCACLYEMBIIl MaTepdas MOMellell B LUJHIAPHYECKU(l Kanopi-
MeTp janamerpoM d=50 MM u aaunoir [=75 mu. Ilocie npeaBapuTeb-
HOTO  1IarpeBa  KaJOPHMETP OXJIAKJAeTCss B BOASAIOM TepMOCTaTe
(puc. 2-8), TeMnepatypa BOAM £ B KOTOPOM NONIACPIKHBACTCS TOCTOSII-
1ol 1 pasnoit 20°C.

Bbiuncants 3mauene xosduunenta TECMIIEPATYPONPOBOAIOCTH -
ILITYEMOr0  MaTepHaja, €CAH B UPONCCCE “OXJAMKICHIS [OCAe HACTYI-
JCIHST PEryasipuoro pexHma Temneparypa ofpasua B MecTe 341CJKI
TcpMonapsl 3a At=7 MHH ymeubuwiack ¢ /=30°C o f,=92°C.

OTger

a=3,47-10—7 m2/c.

2-19. B skcnepumenTajbHOfl yCTAaHOBKE IR onpejeenns kosbgu-
IHENTA TENJIONPOBOAHOCTH TBEPALIX TEJ METOA0M DEryJspHOro peskuma
HCCJIE1yeMLlil MaTepHa/] TOMellell B WIAPOBON KaJODHMETp pajHycoM
ro=30 mu. [Tocsie mpeaBapHTENBHOrO HATPEBA KAJOPHMET) OXJaKAACT-
€ B BO3JYUIHOM TEPMOCTaTe, TeMNepaTypa B KOTOPOM flu MOJACDIKH-
BaETCA MOCTOSHHOH U paBHoli 20° C. .

B pesysbTate npensapuTenbHbIX HCCAEAOBANHE YCTAHOBJEHO, YTO
KO3(DHLUHEHT TENIOOTAAYH OT IOBEPXHOCTH KAJIOPHMETpPa K OKPY¥KaIo-
wemy Bo3ayxy =7 B1/(M2.°C} u KoadduulenT TemmepaTyponpoBos-
HOCTH MaTepuadaa a=3,47-10-7 M2/c (cM. 3anauy 2-18).

BbiuHCaHTL  KOSOOHUHEHT TEMJIONPOBOAHOCTH HCIBITYEMOTO MaTe-
bHaja, ecnd B mpolecce OXJaMAESHHS TMOC/e NACTYIJIENHS peryJspHOro
peXnMa TeMNepaTypa B UEHTPe KaJopHMeTpa 3a AT=15 MuH yMeHbUI-
aach oT 1, =27°C g0 {,=24° C.

Otser

A =0,35 Br/(n-°C).

2-20. OnpeaeHTb TeMN OXJAXKACHHS TeJla, HMEBIICro mpi T=0 pas-
nomepuyto temnepatypy #{=210°C. Teno Gbl10 NOMELLEHO AJS OXJAXK-

ACNHs B CPCAY C MOCTOSNIOH TemuepaTypoH fuc=195° C. PesysabraThl

H3MepeHHsT H3OBITOMHOH TeMmepaTypbl TCJa BO BPCMEHH B JAEJCHHIX

WIKaJLl aJdbBaloOMeTpa NPHBOLSITCS [IHIKE:

T, MHH . . 0 0,5 1,0 1,6 2,0 2,5 3,0 3,5 4,0 4,55,0556,0 6,5 7,0

Yucao pge-

nenuft ., 330 300 281 262 245 230 214 200 187 175 165 155 145 131,5 129
Orer T

m=2,2.10—3 l/c.
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2-21. Onpeneants Ko3pdHUHEHT TelN0OTAAYM (pH CBOGOAHON KOH-
BeKUHH OT MOBePXHOCTH mapa kK Bo3ayxy. lap puamerpom d=60 mm
BLINMOJIHEH H3 CTaJIK H B NEPHOA DEry/spDHOTO OXJaXKAEHHS HMen TeMI
oxJaxaenus m=16,7-10-% l/c. IIpunath KoshbulUHEHT HepaBHOMEDPHO-

CTH pacnpepeseHHst TeMnepatypsl Y =1.

[TnoTHOCTE M TennoeMKOCTh cTajH paBuet: p=7900 kr/M3;, c=
=460 Hx/(kr-°C).

ITposepHTb, MOXKIO M B JAUHOM cJayyae npHuumatn, Pp=1.

OrtBet

a = 6,06 Br/(m2.°C).

FMABA TPETb A

OBPABOTKA OMbITHLIX AAHHBLIX METOAOM TEOPMM NOAOBMS

3-1. lleo6x0anMO OMBITHLIM MyTeM ONpeleHTb DaclpeieneHue TeM-
fnepartyp B JUJIHHHOM CTajbHOM Bate AuameTpoM d=400 MM uepe3 t=
=2,5 4 nocse 3arpy3ki ero B [eyb.

Adast crann kosbGdHUHEHTH TenJoNpOBOIHOCTH H TeMNepaTypompo-
BOJHOCTH paBHbl cooTBeTcTBeHHO: A=42 BT1/(M:°C); a=1,18°-10‘5 Mm?/c.
Kosdpnunenr temnootiaun x maay B neun a=116 Bt/ (M2-°C).

Hcesenopanue pelteno npoojHTb B HEGOJbUION NMEUH Ha rEOMETpH-
yecKH nojpo0Hoil MOJenH Basa, BEINOJHEHHOI H3 JerHPOBAaHHOH CTaJH.
Jdas mogenu Ax=16 Br/(M-°C); an=0,53-10"% M?/c; amn=150 B1/(M%X
X°C).
Onpenenuts AHaMeTp dy MOJEJNH Baja H NPOMEXKYTOK BPEMEHH, ye-
pe3 KOTOpHI moc.1e 3arpy3kH MOJetH B Nedb Heo6XOZHMO H3MEpPHTb pac-
npejeJieHHe TeMIepaTyp B MOJEJH.

OTBer

dy = 117,65 mM; Ty = 1735 c.

Pemenune
[Togo6ue TeMmepaTypubix noJeit Bana H Mofjend 6yaeT HMeTb Me-

CTO NpH paBeHCTBe KPUTePHEB s 06paslia i MOJEJH:
Biy = Bi u Foy =Fo.

Kputepun Buo u Qypbe 143 Bajla paBHBL:

ar 116-0,2
= — =——=0,552;
Bi m
.10—5.9.103
Fo — av 1,18.10—5.9.10 — 9.66.
r2 0,22

Hs ycnopus Biy=Bi naxoanm jguamerp Monenu saaa:

16
Y Bi =2——0,552 =0,1175 M.

Ay == Oryg ==
L 150
Ha ycnosust Fou=Fo0 HaxoauM UCKOMBII TPOMEXYTOK BPEMEHH:
2
v (0,05875)2
= Fo = 2,66 =1735 c.
™y 07 70,5310
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3-2. Onpesentutn Anamerp Mogedn sana dy u neoGxoanMoe 3nate-
HIC KO3(PIUHCHTA TCNAOOTAAU iy, NP KOTOPBIX B YCJOBIAX 3ajauil
3-1 nojoGue TeMmnepaTypHLIX noJeil HACTYNIT 1epe3 Tm= 15 Mi noche
3arpy3Ki MOJICH B NCYD,

Onpeseditts TakKe coOTHOLICHIIS MEAAY JIHeRILIMIL Pa3yepany,
BPeMCLEM H TeMNepaTypamMH IS Basda H MOIEJN, ec/H II3BECTHO, 4YTO HX
TEMIEPATYDBl NDH 3aTPysKe 1 TEMNEPATYPHl CPCAL B 1euaX GbLin pas-
L cOOTBRTCTBEHNO: fo=10° C; fuy=20°C; Hi=1000° C; £ ==200° C.

Otper

dy = 85 Mv;  apy = 208 Br/(w2-°C);
rirg =47, 1/t =10; = 5,5¢ — 100,

3-3. Ma naponposoge fleperperoro napa avaMetpom d=400 Mu
YCTANOBACIA H3MEDHTEJbIAR Aua(parMa, KOTOpas AGMKNA ObiTh che-
WaaLio 1poTapuposana, T. €. A0MKNA OHTb HaiiAcua  3a8HCHMOCTS
Ap=[(G), rac Ap — nepenag cratiueckux Aapneuuil o anadparse, I1a;
G — pacxon napa, xr/c. .

Tax kak no npomspojcTRENHEBIM NpHYHHAM TapHPOBKA lie MOMNIA
OpITh Npon3RC/lena UenocpeCcTBeNo na oGpasne, T0 A4s 3TOli weau Gul-
/14 H3roToBJICHa MOACL B 1/5 natypadntofl peJdHYHILI,

B pesyabrare uenwbtaunit mogemn ma BOJE, TemiiepaTypa KoTopoil
Lin=20° C, Obrn MOIYUCHLE 3HAYeNNsT Mepenasos Aasjelilil ba anad-
parve npil pasanyielx pacxosax BOAB. PesayantaTw Hsmepenii  npi-
BEACHDI 1IHIKC:

Ap, Ma ., . ., 477 1178 4520 18050 72200
G, xrje . . .. 2,22 4,44 8,88 17,76 35,52

Hafitin 3anncimocts Ap=[(G) nns obpasia npn Teuenunu napa B
ABTOMO.1eIbION 06JacTil I yKa3aTh Fpansubl cc npnmenenus. flasae-
mie napa p=98 xlla. Teunepatypa napa fux=250" C.

Otper

Ap = 222G% npu Re > 1,42.10°,

Peutenne

ITpousnencM 0GpaboTKy ONLITHLIX AAHHBIX b KPHTEPHAX TNOA0OHS
1 noctpoum sapucamocts Eu=f(Re). Jra sanucumocts Gyaer neficTsi-
Teavna W aaa napa. [lostoMy no nosyueiHoit nas MozesaH 3aBHCHMOCTI
Eu=J/(Re) Moxuo maiitn 3aBHcHMOCTB Ap=f(G) nan cayuas Tcuenis
napa B oGpaslie.

Has onpepenenia 3apucuMocTH Eu=f(Re) noacunurhiBaem suauc-
HIA KPHTEPUEB J/IA OMbLITHLIX AAHHLIX TAPHPOBKH Ha MOJEJIH.

Kpurepuit ditiepa

A
Eu= % .
pM wM
YuuTniBas, uTo CKOPOCTh
4Gy
W=7,
Pye Ty
nnJydaem: 5 s
Eu Apy Py Ty )
Om 4G
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oA —1. -6 pr2/n%
pn £xm=20°C nna soast Pu=998 kr/m? vy=1-10-6 m2/c*,
[Toncranasis H3BCCTHbIE 311a4CiNA BEAHUHI, HAXOAHM:

A
] 3,140,088 \2 AP g g 1o AP
Eu = 998 (f sz G2
Kpurepuit Peiitonbaca
O L S ST
Vm Pn Vi Uy
rae
d 0,4
= —=—"—=0,08 M.
=g 5

IMoactapasst 3uaveinst Gy # Apw, NOJYYeHHblE NPH TADHPOBKE aHa-
(pparmbi, TOACUNTAEM COOTBETCTBYIOUIHE 3HAYEHH KPHTEPHEB NOAO-
1. Peaymbratil 3THX pacueToB NPEACTaBJEHH B cieAylouleil Tabauue:

Ap,. Ta Gy Kr/c Wy Me Fu Re
|
477 2,22 0,443 2,44 35 400
1178 4,44 0,886 1,505 70 800
4520 8,88 1,772 1,44 141 600
18 050 17,76 3,544 1,44 283 200
72 200 35,52 7,088 1,44 566 400

ITo »Tum pansbiM  nocrtpoeHa kpusast 3asicimocti Eu=f(Re)

. 3-1).
(pHCI/Is T)a6mmb1 u rpadura sicko, uto npu Re>142-10° Eu=const=

=1,44 (aBToMouenbnas oGnacTh). Cie[OBATEJBHO, NPH TEYEHHH Tapa

gepes ofpasen npu Re>1,42.10° kputepnit E“u=1,44. Bocnoss3yeMmcs

STHM COOTHOILEHHEM IJIf HAXOXK/JeHHA HCKoMoil 3aBucumocti. s 006-

pa3ua npH TeYeHHH napa

L4 1,41
2,452 ;

rae npn p=98 xfla u £x#=250°C yaeabuslii o6beM v=2,452 M3fkr,

m? =0,587w?,

Ap=Eupuw? =

3amMeHss CKOPOCThb Yepe3 pacxoj .
Gu

®=70,78542 °

rjae pacxoa G, kr/c, noayuaem:
2,452 )2 o

Ap:0,587( 0.785.0.42

* 3acck M B AagpliclilieM AJf pelleliHs BCeX sanaw (GHu3MuvcKHe °B°"°);ﬁ§
SKIAKOCTH M Apyroil HeoOXoluMblil JJA pacyeTOB CnpaBoOYHLIl MaTepHan Mo
0paTb u3 TaGbaUL NPITOKCHIST,
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OTKyAa
Ap = 222G% npu Re > 1,42.105,

3-4. TIpy J1aMUHADHOM TEUEHHH KHAKOCTH B npsiMoil kpyraoil Tpy-
Oe TMOCTOANHOrO Ceyenusi Ha AOCTATOYHO GOIbLIIOM PacCTOSHHH OT BXO-
. ‘ p
Ad manenue aasaenus, Ila, Ha yuacrxe amunoil [ onpepenserca ypas-

HelnHeM
128 |4

5,2 T ] Ap=—— e

SlEW n ds !
2,8 —
24 | TAe W — IHHAMHYCCKH  KosddHu-
’ LEu=F(Re) euT Ba3koctd, Ila-c; V— o6mem-
2.0 P Huiil  pacxod, M3/c; d — puamer
il T "
s | RSJ [TpencraButs 510 ypasHenue B
1,2 © j (opMe 3aBUCHMOCTH MEXAY KpHTe-

9 1 2 3 4 5 6 7x10°5 pusiMH nomoCHsi W B BHJAE 3aBHCIi-

MOCTH AAst KO3hOHuUHEHTA Tpenus:

Puc. 3-1. K 3agaue 3-3. Eu=f(Re) u &= f; (Re),

rie
A d
g=o L2
pw? |/
Orser
oo 2 L6
Re d Re

3-5. Tlo TpyGke auamerpom d=16 MM u mummofi /=21 m Teyer
ropayast BOA4, OTAalOWlast TEMJAOTY uepe3 CTEHKY TPYOul Cpefe, OMbI-
Batowelt TpyGKy CHapyKH.

Pacxoa Boabl uepes Tpy6ry G=0,0091 kr/c; TeMnepaTypa BOABI Ha
BXOAe lw=87,2° C; TemnepaTypa BOAb Ha BLIXOje tmp=29°C; cpennss
TEMIIepaTypa cTeHkH TPYOKH ¢, =15,3°C.

Boiuueants snauennst kputepues Nu, Re - Pe, npHUsiB B KauecTBe
ONPeACSIONICIl  TCMACPATYPLL  CPEeIICAPHPMETHICCKYIO TCMIICPaTYPy
KHAKOCTH. Ko3d(uuHenT TemiooTiaud OTHECTH K cpe/eil apigMeT-
UCCKOH Pa3NOCTH TEMIEPATYD M2IKAY BOIOM H CTENKOM,

Orser

Nu=11,9; Re=1485; Pe=4600.

3-6. BuiuHcante kosdouuuenT TemooTaaun H ukchao Nu aas ycJo-
il 3agaun 3-5, ecan KO3GUIUUEHT TeIIOOTAAYH OTHECTH K CPEeAHEr Jo-
rapHOMHYECKOH DPa3HOCTH TEMNEPATYD MEMKAY IKHAKOCTBIO M CTEHKOR.
CpaBHHTb MOJyYeHHbIC 3LIAUCHHS ¢ DE3YARTATOM 3ajaud 3-5.

OtBet

@y = 597 Br/(M2-°C);  Nuy — 14,5.

3-7. Boiynenuts yucto ditnepa u xodpduument CONPOTHBACHISA Tpe-
1M A5 yea0BHil 3anayy 3-5, ecan mepenaj Aapjenust no Ajaune TpyGbl
Ap=5,88 Ila.

96

OTser
Eu=2,82; £=0,0431,

3-8. Ha Bo3ayuwnoii Mozenn napoBoro KoOTJa, BHIIOJHEHHOI! B Mac-
wrabe 1/8 uaTypaibHOi BeJHUHHI, NPOM3BOAHJOCH H3YUeHHE TEeMNJI00T-
naul xoHpekuueil. Jlns nepsoro rasoxojza Mojesn NPH Da3/HYHBIX CKO-
pocTAX BO3jJyxa ObLiH NOJYYeHBl ¢/AelylouU(He 3HayeHHs KosdduuHeHTa
TEIJN00TAaul:

Wy, Mfc. .. e

.. 2,0 3,14 4,65 8,8
oy, BT /(M2-°C). . . . . 50,4

68,6 90,6 141

CpedHsast TemiepaTypa BO3AYyXa, [POXOAALIETO Yepe3 MoOJeb,
txm=20° C. Ouametp Tpy6Gox Mogend du=12,5 mm. Kosdpduument ren-
JIOOTAAUH Oy NPH 00paboTKe OMBITHBIX JaHHHX Obl1 OTHECEH K CpejHeft
apHQMeTHUECKOH pa3HOCTH TeMNepaTyp MeXAY KHIAKOCTbIO H CTeHKOH.

Ha ocHoBe paHHBIX, MOJYYeHHEIX Ha MOJAEJH, HalTH ¢opmyay a4
pacueTa TemJIOOTAauH KOHBEKLHeil B NMepBOM ra3oxoje KOTJa B BHIE 3a-
Bucumoctd Nu=f(Re).

Orper

Nu = 0, 15Re"-685,

Peutenue
[lo naHHBIM, NOJyYeHHBIM Ha MOZEJH, 3aBHCHMOCTb [Jsi TeNJoOT-
faun nulem B Buae Nu=CRe™,
Wy dy
H uHCl10 Reyy = ———,
PS Vix

rae npu fxa=20°C ana sosayxa Ax=0,026 B1/(M-°C) u vx=15,06X
X 10-% m?/c.

[ToAcTaBHB COOTBETCTBYIOUIHE 3HAYEHHS B BHIPAMEHHA IS 4HCEN
Nu # Re, nonyunm:

Nuy = 0,481 ay;

O Oy

Uneao Nuy =

ReM = 830 Wy .

PesyapraTet Bbiuucsiennss uucen Nuy H Rey a4 COOTBETCTBYIOLHX
3la4eHHi Gy H Wy CBEAENBl B Tabauily.

Wyp M/c s Bt/ (M%-°C) Rey, Nuy,
2,0 50,4 : 1660 24,2
3,14 68,6 2600 33,0
4,65 90,6 3860 43,6
8,8 141 7300 68,0

[To 3Tk panHbM cTpouM 3aBHCHMOCTb Num={(Rex) B JOTapHdpMH-
YeCKHX KoopaunaTtax (puc. 3-2). ITo TanreHcy yrna naxniona xpuBoH K
ocH afcuHce onpejlenseM JIOKasaTeslb CTENEHH 7, a 34TeM IIOCTOSIHHYIO

C:C=NuyfRe;. Ilonyuaem pacueTHytlo ¢popmyny Nu=0,15 Re®*85, pefi-
CTBHTeJbHYIO B npefenax [600<<Re<<7300.
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3-9. OnpeeanTs KOJARMCCTRO TeNJIOTEL, NCPCAABACMOII OT raszoR K
CTCHKAaM TpyG mepBOrO rasoxoAd KOTJA, peayanTaThi HCCJICAOBAINS KO-
TOPOro Gblau MpiBedensl B 3agauc 3-8, ccill H3BCCTHLI caesyionute gan-
UbIC! CPeANsst CKOPOCTh rasa w=6 Mm/c; TCMIEPATYPLI ALIMOBLIX FA30B B
HAY4JdC U KOlUe NepBOro ru30X04a KOTAA COOTBETCTBCILO 1x1=900° C
U 1u2=700° C; Temneparypa crenox Tpy6 f¢=250°C; naowann nosepx-
HOCTH narpepa raszoxoja F=>500 M2

B rauectse onpencasiomei TCMIICPaTYPLL [PHISITL CPCAIIOIO apiid-
Menitieerylo - remnepatypy fu=05(fu+fw). Cocran AbMOBLIY FA300:
Pco, = 0,13; P = C L py = 0,76,

Otger

a=44,4 Br/(m*-°C); Q= 12‘@7(‘)3 KBT,

3-10. Ha  skenepusentanviod
YCTANOBKE IICCACIOBANACH TOILIOOT-
aua TpH nomepedunos  oGTeKaunu
OAMIIOYHOTO  LMAHIAPA  BO3IyXOM.
B pesynsrate onwiton TOJyYeHbl
slavendst KoagguuuenTon Temsnoor-
Aaun ar H g, Br/(M?.°C), aag apyx
UHIHHAPOB JQHAMETPOM  COOTBOTCT-
LgRe,, BEHHO dl—-—"lO MM dz=20 MM mpu

! JIOCTOSIHHOH  Temmepartype £, ==20° C
1 Da3JHUHBIX CKOPOCTSX HaGerao-
UIero noToka w, M/c.

Haunkie onbitor npuBeens ni-

V

1,2
T30 32 G4 36 38 40 42

Puc. 3-2. K sanauve 3-8. xKe:
w, M/C. ... 2,0 5,0 10 10
oy, Br/(m2.°C) . . . . . 39,5 71,2 106,5 165,3
oy, Br/(m2.°C) . . ., 31,2 55,6 83,4 128
Hailtu  xpurepuansuylo  sanncuMocts AT TCILTOOTAQUH  Nuw =
=CRe}: Cpanuurb rpadguxs ar=[1{w) 11 ay=o(w).

Orger
0,62
Nu, = 0,18Rel %%,

Cpasueunce rpaduxos HOKa3bIBACT, UTO UPH OLIAKOBOIl CKOPOCTII
KO3 HUMEHTL! TCIIOOTAAYH OTAHYRIOTCS npumepio na 30%. B wpute-
pranuuoli o6pafotke 3aBHcHMocTs Nu=f(Re) NOJY4aercs O1HO031ad-
10# 119 06OUX LHAHIAPOB.

3-11. Hecacgopanne Tenaonuix MOTCPL C MOBEPXHOCTH I'OPHIONTAML-
HLIX TapONpoBOAOB B YCIOBHAX €CTECTBCHNION ROHBCKIHI MPOBOAKAOCH
Ha JabopaTopHofi yCTanoBKe, IAe H3MEPeHHs NIPON3BOAMINCL 1A Topl-
301TaJbLHOK TPySe AnamerpoM d =30 mu.

OnbiTel NPOBOAKINCE NPH PA3ARUHBIX TeMIepaTypax Crelikd TPy Ol
Ilpu 57oM GblIy NMOJYUEHL CAEAYICILHC 3nauclis ros(duItenta Tenao-
OT/1aUH;

o, Br/m2.C) . ., .. 11,75 12,345 12,87 13,34 13,75
be, °C .. ... .. 20 250 290 330 370

TeMnepaTypa OKpyXalomiero BO3ayXa fu BAaAH OT NOBCPXHOCTH
TpyGul ocTaBasach MOCTOANHON K paBHOlt 30° C.
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Ha ocuoBanun noJyueHHbBIX ONBITHHX 3Hauenkit Ko3ddHIHEeHTOB
Ten00TAaul HafiTH 06001WenH Yy 3aBHCHMOCTb A pacyera Tela00Taa-
qli B YCJOBHSX €CTeCTBEHHOH KOHBEKLUHH, YUHTHIBas, 4TO KPHTepHi Pr
I8 BO3LYXa B LIMPOKOM HHTEpBaJjie TeMIepaTyp OCTaeTcs NMpaKTHUECKH
NOCTOSHHBIM, 3aBHCIMOCTh lickaTh B Bujge Nu=f(Gr). i

Ilpu ofpafoTke ombITHLIX AalBbIX B KadyecTBe Ompejensiouwlef TeM-
IIepaTypLt HPHIATL TEMNepaTypy BO3jayXa BJaJH OT MOBEPXHOCTH TPYyOHL.

OTger

Nu = 0,47Gr"% npn 6.10° < Gr < 1,2-108%

. TNABAMYETBEPTAA

TENNOOTRAYA NPH BbIHYXQEHHOM NPOROSILHOM
OBTEKAHMM NMAOCKOHA NOBEPXHOCTH

4-1. Tonkas naactuna aaunoil lp=2 m u wHpHuoit a=1,5 M obTeka-
eTesl PO JOJILHBIM NMOTOKOM Bo3ayxa (puc. 4-1). Cxopocts H t‘re_Mnché-
Typa nabcraiollero nOToKa paBHbI COOTBETCTRENNHO wo=3 M/c; £=2 .
TeMnepatypa NOBEPXHOCTH MIACTHHL fe=90° C.

S t,
———

—_— Ly
L7

Puc. 4-1. K 3anaue 4-1.

OnpeeanTts cpealiiii no JAmINe nAacTiiibl Koa(})(buunem Ten00T-
104d I KOJNYeCTBO TEeIAO0TH, OTJaBaeMoli NJacTHHOI BO3AYXY.
OTser
= 4,87 Br/(m2.°C); Q= 2050 Br.

?{?;:;wuiozmyxa npu t,=20°C v=15,06-10-¢ wm2/c; A=
=2,59.10"% Br/(M-°C); Pr=0,703. Uucuo Pelinonpaca
wely 3-2
Re = = T5.06.10-
CJCI0BATCALHO, DCXRIM ~TCUGHHS B NOCPAMHUHOM CJ0e JaMHHapHbIH.
B 3TiX YCHAOBUAX CPeHAs M0 AMIHC TENJI00TZaua MOXKeT OBITh pacCui-

Taua no gopmyae [4]

=3,98-105 < 5-105%,

Nu = 0,67Re!? prlR, (4-1
rje \
No_ o g @l
A v

* YacTo ANA NPaKTHUECKHX PacyeToB NMPHHHMAIOT KPHTHYECKOE 3HAUCHHE UH-
caa Peftvonpaca Reﬂp=l-10°. -
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a (husnyeckHe CBOHCTBa BHIGHpAIOTCS IO TeMnepartype Haferaioulero no-
TOKa f,.
B paccmatpuBaeMoM cayuae

Nu = 0,67 (3,98-10%9)1/2(0,703)!3 = 375
H Ko3hhHLIIeNT TeIA00TAAYH

A 959102
o = Nu—= =875 ———— = 4,87 Br/(x*-°C).

0

KomnuectBo nepeiraBaeMofl TemsoTH ¢ 0GeHX CTOPOH IJIACTHHBI Q=
=o({te—1p) F=4,87 (90—20)-2-2-1,5=2050 Br,

4-2. BolupcaHTs Aa9 YCAOBHA 3adayH 4-1 TOMUHMHY THAPOAHHAMH-
YCCKOrO MOrPaHHUHOTO CJIOSt H 31aYeHHT MECTHHIX KO3((HUHEHTOB Ten-
JOOTAAYH HA Pa3AHYHBIX PACCTOSIHHAX OT nepeinefl KPOMKH [JIaCTHHbI
x=0,11; 0210 051 u 1,0/ IocTpouth rpadHk 3aBHCHMOCTH TOJLILH-
HLI THAPOIMHAMHYECKOIO MOrPaHHuHOIO cjJosi Ox H kosphduuueuta Ten-
JA00TIa4H OT OTHOCHTENBLIOTO paccTosuus x/lo.

OrBer
x/1, ) 0,1 Q.92 0,5 1,0
On, MM . 4,606 6,58 10,4 14,7
7,73 5,65 3,45 2,44

.+ Br/(m2-°C) |

PemeHnne

ITo ycnioBusim 3apaud 4-1 TEmI00TIaua MPOMCXOAUT B YCJOBUAX Ja-
MHIAPHOTO INOTPaHHYHOrO cJost. ToJHHA JaMHHapHOTO NOIPaHHYHOrO
CJI0S H MECTIbIH KO3((HUHEHT TeIJOOTAaud Ha PACCTOSAHHH X OT Nepej-
liell KPOMKH IJIaCTHHEL onpeleasiores no dopMynam [4, 12]

4,64
by = (4-2)
VRex
H .
Nu_ = 0,335Re;? Pr', (4-3)
rae
Nu, = G ¥ i Re, = Do ¥
Ha paccrosauun x=0,1 I,
w, (0,14, 3.0,2
= = = 3,98-10%;
Rer == 15,06-10—¢ ’
4,64.0,2
Oy = ————=4,66-10—3 um;
V'3,98-10¢
Nu, = 0,335 (3,98-109"%(0,703)!" — 59 ,5;
3 2,59-10—2——_
oy == Nuy — =59, 5—0—2 —7 73 Br/(m2-°C),
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AnasnorHyHbBIM 06pasoM pacCYHTHIBAIOTCA HCKOMbIE 3HAYEHHA BEJI-
YHH NpH APYrHX OTHOWeHHSX X/lp. Pe3yibTaTel paCueToB NPHBEAEHH! B
TaHIE, IOMElEH Ol B OTBETE K 3a4aue, U Ha PHC. 4-2.

4-3. Toukas nsacTHHa JJaHHOH [;=125 MM ofTekaeTcs MpOAOJb-
HbIM TOTOKOM »KHAKocTH. Temmepartypa Haferarmoliero notoka fo=20°C.

BLIUHCANTD KPHTHYECKYIO MJIHMHY Xgp, NPEAETbHYI TOJLLHHY JaMH-
HapHOTO NOTrPaHUuHOTO M0 Onxp, 3HAUGHHS MECTHEIX KO3((HUHEHTOB
TEMJIOOTAa4H M TOJMWHIY JAMHHADHOIO NOTPAHHYHOTO CJIOS Ha DPAaccros-
ausx x=0,11y 0,21 05, u 1,0/, oT mepeaueft KPOMKH TJACTHHLL

8 mm.
AL L
5,0 1%
° 4§ 12 N g
Y L AN |
< N
t‘gﬂ 8 L
3 “Ir z
B T \\r\‘\ 28
2L 4 B
g 0,2 0,% 0,6 0,8 7,0

Puc. 4-2. K zanaue 4-2.

Pacyet npoH3BecTH AJs ABYX CAyvaen:
a) naacTHHa OGTEKaeTCs BO3AYXOM MNPH CKOPOCTH HaBeramllnero mo-

k. Toka wo= 10 M/c;

6) niaactuHa oftekaercsi BOAOH NpH wo=2 M/C

Ipu pacuere NpHHAT Rexp=5-10%

Orger

Ipu oGtekanuu Bo3ayxoMm Xxp=0,75 M, Saxp=4,93 MM; npu ofTe-

£ kKanud Bo0i Xiwp=0,25 M, 81.up=1,65 MM.

E /1, 0,1 0,2 0,5 1,0
oax, Br/(M2.°C):

BO3AYX 56,4 39,9 25,1 17,8
BOAA 4820 3420 2150 1520

[ 61, MM:

3 BO3AYX 0,635 0,895 1,42 2,00
BOAA 0,366 0,516 0,822 1,15

"'06Te1<aHm{ Bojoi a=3050 B1/(M2-°C); q:

4-4. Bplugcauth s YCJI0BHI 3a1aud 4-3 3HAYEHHS CpPefHero Koap-

' HIMeHTA TEMJIOOTAAuM M TEMJIOBOrO NOTOKAa Ha | M IVIACTHHEL § AJS
k- BO3AYXa M BOJB, €CJH TeMIepaTypa IOBepXHOCTH miacTiusl fe=50°C.

Oteet

Ipu obtekanuu posnyxom a=2357 Br/(M2-°C); ¢:=279 Br/M; npu
=2,3-10% B1/m,

4-5. Toukas xoucrautauosast Jjeura ceyenuem 0,1 X5 MM Harpesa-

E-eTCA JeKTPHUYeCKHM TOKOoM cHJoll /=20 A. 3aexkTpHuyecKoe CONPOTHBIE-
Euse 1 M stente Ry =1,0 Om/M.
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Jlenta ofreKaeTcst MPOAOALILIM ToToxom Boabl. CKOPOCTL H TeM-
nepatypa naGerasoiiero notoxka wy="0.5 M/ i,=10°C.

OnpeAcairL, TEMUECPATYPY JICHTL 11 PACCTOSNINL 25 1 200 mm ot
nepeaHel KPOMKH.

OTset

Tlpy x=25 MM fe=2352°C;

npH x=200 MM fc=81,6°C.

4-6. Tlnockas nJaacTuHa AauMuod /=1 M o0TekaeTcsa MNPOJOJBHbLIM

notoxoM Bo3ayxa. CKOpOCTb M TemnepaTypa Haleralollero moToka BO3-,

ayxa we=80 m/c H f=10° C. Ilepen uzacTuiiofi ycraHon.nena TypOyaH-
alipyiolllas peuleTka, BCJAEACTBHE 4ero JABHMKClHe B INOTpamHunOM cioe
na Beceli AJHIIe MAacTHUB TyPOyaeHTHOE.
BuuHCAHTL CpeaHee 3HaueHHe KO3(hdHIHEeHTA TCIIOOTAAYH C MO-
BCPXIOCTH TIACTHHB 1 3HAYEITHE MECTHOTO KOsh(hHUHEHTa TENA00TAAUH
na sajneil KpoMKe. BGLIUMCIHTD Taioke TOJMHIY I'HADOAHUAMHYECKOTO
NIOrpalHYHOro CJI0S Ha 3ajHell KpOMKE NIACTHIILL
OTseT
Cpeaunil K03dduuHenT TCII00T AU o0 =202 Br/(m2-°C). 3naucuue
MECTIOrO KO3(h(HUHENTa TENN00TAAYH TPH X=/o ax:lu=157,5 Bt/ (M2X
X°C); ToauuHa THAPOAMHAMHYECKOTO TNOIPANHYNOr0 CJ0s OpH x=l
§:=16,5 mMm.
Pemenue
TIpu Temnepatype naGeraioiiero 1otoxa fy= 10° C (usnucckiie cpofi-
crba poaayxa: v=14,16+10-¢ m%/c; 4 =2,51.10=2 B1/(x-°C).
Uscao Pefiosnjica

80-1,0
i4,16-1078

Peacun IpHKeHa B NOrPAHHUNON €J10¢ Na NaacThue TypOyaentuulil
Cpeanee suaueHne xoydduuucHra  TCNAOOTAANL  mpH o0TeKaHHH
MAGCTHIL BO3AYXOM Adst TypOYJeHTIOro MOrpaliiuHoro Ca0s MOMHO
BBIUHCAHTDL To opMyae [17]

Nu — 0,032 Re™® . (4-4)

wolo

Re — . — 5,65.106 .- 5-10°,

[MojcTapus TMoayyeinoe 3HauenHe yHeaa Peflnoaniaca B (4-4), no-
JYUHM:

Nu = 0,032 (5,65-10%)"8 = 8050

A 2,51-102
Nu— = 8050 ———

=202 B 2.¢C).
. o T/(M2.°C)

o =

Jlasl BLIMHCJIGHMSI MECTHOTO KO3(guuHeHTa TEMJIOOTMAUH NP ofre-
Kall NJACTHHB BO3LAYXOM W TYpOYJEHTHOM MOrpaliylioM CJloe MOXKHO
BOCIOJIL30BATLCA Ciaenyiolel dopmyaoi [17]:

= 0,8
Nu, = 0,0255 Re,'®, (4-5)
rie Nuy == o X/A 1t Rep = wy x/V.
3jauciie MECTHOrO KO3hGhHIHCITa TENN0OTAAYH Ha 3ajHel KPOMKe
HA4CTHHD HafileM, TNOJOXKHB x=/[g; TOrAa Re,=05,65-108, Nug==]
=0,255(5,65-108)° 8=6280 u :
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9.51.10"

Syy = Nug_ = 6280 = 157,5 Br/(m2.2 C).
0

>

McceTuyro TosmHny TypOyJaenTtHoro rHAPOAHIIAMIUCCKOTO MOFpaHiy:
HOTO /1051 MO2KHO BLIMHCANTDL 1o (opmyae [27]

0,37x
Sp= . (1-6)
1/Rex
HOHCTEBHB 3HAYEeHHA H3BECTHLIX BeJHYHH, TMOoJyyacM HDH x=/o
0,37-1,0
5T:5_—__ =0,0165 w.
V' 5,65.108

4-7. Hast yeaonnit 3apaut 4-6 BBIMHCAHTL TOJUHHY THADPOAHHAMIi-
YECKOTO MOIPANHUIOrO €108 H MCCTHbE 3Hauclia Ko3ddHIHEHTOB Ten-
gooraaud na paccrosinsix £=0,11p; 0,2/y n 0,8/; or nepedueii KpomKi

260 mm
5 o0
L \_4
20- 12 e
:G 220r 10 //
3200 8
51807 5 AN
' - ‘\
B )V ™~
8 160 4
740[ 2 z
0 0,2 0,4 0,6 0,8 m

Piuc. 4-3. K 3agaue 4-7.

niactaupl, [locTpOHTb rpadHK H3MeHEHHS TOJUIMHBI THADPOAHHAMHYEC-
KOro IMOTPAHHYHOIO CJ1OS H MeCTHBIX 3HA4YeHHH KO3dQHlUHeHTA TenaooT-
JayH Mo AJHHe NJaCTHHHL

Oreer

Pe3ayabraTh pacyeToB NpHBedeHbl Ha pHC. 4-3 K B caeaywowel Ta0-
JIHIEe: .

B 0,1 0,2 0,5 0,8
ax, Br/(M2.°C)y . . . . ... 256 219 185 165
S,omm. o o000 2,62 4,55 9,49 13,83

4-8. Tlnockas maacTHHa OGTeKaeTCs MPOAOMbHBIM MOTOKOM BO3AyXa.
Cxopoctb M remmepaTypa HaGeramuiero MoTOKa DAaBHH COOTBETCTBEHHO
wo=06 M/c n f,=20°C.

BHIYHCJHTL KOJNHUECTBO TeMJOTH, OTAaBaeMOR BO3AYXY, MpH YcJo-
BHH, YTO TeMnepaTypa MOBePXHOCTH maacTHHH f.=80°C, a ee pasMep
BAOJIb MOTOKA {==1 M K nonepek notoka b=20,9 M*,

. N
3aech H B fanbHefiueM (ra. 4—7) TensoBoe K3JAyyYeHHe HE YYHTHIBATD.
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Orser
Q=1,3 kBr.

4-9. Tonxas maacruna ammIol [=0,2 M ofrexkaetcs MPOAOJABLHBIM
noroxoM Bo3ayxa. CKOpPOCTL H TCMICPATYHA. HaGeraiouero noToka pas-
1Bl COOTBETCTBCINO Wo= 150 M/c 1 f,=20°C

OnpeiaeduTh cpejliee 3Hadclue I\Uj([)(I)IIILHOHTa TCIJIOOTAAYH I TIJIOT-
HOCTb TENJIOBOTO INOTOKA I1a IIOBEPXHOCTH MAACTHILI NPH YCJAOBHH, 4TO
TeMIICpATypa IOBePXUOCTH nJaacTHiel f.=050°C, Pacyer npoH3BecTH B
IpeANONOKeNH, YT0 M0 BCeil AJHUEC IJaCTHHLI PEXHM TCUElHs B 110rpa-
HITTHOM cJioe TypOyJleHTHBIA.

Otser
a = 454 Br/(M2.°C); g = 9080 Br/m2,
Peinenne
IIpn rtemneparype wnaGeraoniero mnoroka #,=20°C ¢usnyeckue

CcBOHCTBA BO3AYyXa CACAYIOLLHeE:
v=15,06-10"%"/c; A =2,59-10""B1/(M-°C);cp==1,0 &Jlx/(kr-°C)

Uncno Pe#noasica

R W, ! 150.0,2 | 99.105
e = = . i
v 15,06-10" '

Uncao Maxa
w 150
—— = —— 0,436,
a 344

race CKOpOCTh 3B)'Ka B BO3AYXC
a—=20,1)V Ty =201V 293 = 344 w/c.

Jisi pacuera TenJOOTAAaYH HJACTHHBI B BO3JYIIHOM [OTOKe BHICO-
KoH 103ByKopoit ckopoctH npH 103<CRe<C2-108 u 0,25<<M <<0,8 dop-
Myna (4-4) copaBeasuBa NPH YCJIOBHH, YTO hoa(b(pmmem TENJ00TAauH
OTHECCH K DA3IOCTH TEMIIEDATYD MEKIAY TEMICPATYPOH CTENKH M ajHa-
GaTHUECKOH TeMICPATYPOH CTCHKH fa¢ [17]:

Y

Wy

ac=lo+r-—
¢ 2p

rie Ko3$HUHENT BOCCTAHOBJICIHA AAa NPOAOJLHO-00TeKaeMOH mNJAaCTH-
HEI npn TypOyJIEHTHOM ITOIPAHHUIOM CJ0€ MOXHO NPHHATL PABHBIM r=

—.1/Pr.

Jist Bo3fyxa mpH fg=20°C r=
B paccMaTpHBaeMOM cayuae

33—
1/0,703=0,89.

Nu = 0,032 Re”8 = 0,032 (1,99-10%"8 = 3500
H
2,59.102
o == Nu [L = 3500 —02— — 454 BT/(]HZ-OC).
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AnnaGaTHueckas TeMmepaTypa CTeHKI
1502

g1.q08 o€

fa.c = 200,89

* H INIOTHOCTE TCIJIOBOTO IOTOKA

g =0 (te —ta.c) = 454 (50 — 30) = 9080 Brt/m%,

4-10. Bobiuxcauts cpefHee 3HayeHHe Ko3(GOHUHEHTA TeIJIOOTAAyH H
KOJIHYEeCTBO TEIJIOTHl, OTAaBaeMOH C IIOBEPXHOCTH IJACTHHH], OMBIBae-
MOH NPOJOJBbHBIM MOTOKOM BO3AYXa.

CKOpOCTb H TeMmmepaTypa Haberamuiero MOTOKa paBHbI COOTBETCT-
BeHHO: We=200 m/c u f,=30°C, TemmepaTypa MOBEPXHOCTH IUIACTHHH
1.=90°C. JlaomHa nsacTuHbl BAOJb moTOKa [=120 MM, a ee IIMpHHa
b=200 Mm.

Pacyer npoHsBecTH B NpeANoOJiOXKEHHH, UYTO Ha BCeH [JHHE IJIacTH-
HbI TOrPaHYHLIH c0¥ siBAfeTC TYpOYJ/JeHTHEIM.

OftBer

a = 640 Br/(M?.°C); Q=1,3 kBT,

FNABANATAA
TENNOOTAAYA M THOPABIMHYECKOE COMPOTMBIEHME

NMPU BLIHYXXOEHHOM JABMXEHWMKM YXUIOKOCTH B TPYBE

5-1. BolyHcauTb cpegHHH KO3(QOHUHEHT TelJOOTAayHd INPH TeYeHHH
tpanchopmaTopHoro Macna B Tpybe npiamerpoM d=8 MM H AJHHOM
{=1 M, ecH cpelusas mo AJHHe TpyGbl TemnepaTypa Machaa fx=80°C,

CpelHsAA TeMlepatypa CTeHKH TpyOkH f.=20°C u cKOpoOCTb Macsa
w=0,6 M/c (puc. 5-1).
(013:13
a =138 Br/(M2.°C).
Pemenne

Jans onpeﬂenemm pexnMa [IBHKeHHS Macla BBIYHCISAEM 3HAUYeHHe
yucaa Pefnosbaca.

Ilpu #x=80°C Vi =3,66X
X 10-8 M2/c H yucao

KHHeMaTHUeCKasd BA3KOCTL Macjaa

Tak KaKk Rex<<2300, TO peKHM TeueHHs JaMHHapHBIA.

JLast Toro yToGH YCTAHOBHTH, OKa3bIBAET JIH BJHAHHE HA TEMJIOOTIA-
Yy ecTeCTBEHHAs KOHBEKLHs, HYXKHO BbIYHC/IHTL 3HAUeHHe NPOH3BeJleHH:A
(GrPr)., rie B KauecTBe ONpefe/fiiollell TeMmnepaTyphl- IPHHHMARTCSH

tl‘ =0,5(t)x+tc)» a t)K =015 (tmi'l‘tmz)-

B paCCManHBaeMOM caydae
tr=0,5(80+420) =50°C,
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Ipu stofl TemnepaType

vp=7,58-10"% M¥/c; Bp=7,05.10"*K~; Pr,=111;
I — t) d3
(Gr Pr)p = gy =1L
2
r

. (80 —20)(8-1072 )3
(7,58.1076 )2

Prp =

=9,81.7,05-10— 111 =3,6-10°,

Tak xax (GrPr)r<8-10%, To ecTecTBeHHAsd KOHBEKLUHS lle OKa3bi-
BAeT CYUIECTBEHHOrO BJIHJHHS Ha TeMJIOOTAAYY H PEKHM TEUeHMS Mac-

J1a — BSISKOCTHBRiH.

a=8 % T

1 -
—_—
=1000

Pacuer cpeanell Temnooraaun NDH BA3KOCTHOM peXHMe TeueHHS
MHAKOCTH B TPy6ax MpH NOCTOSHHOW TeMHepaType CTCHKH (tc==const)
MOKHO NMPOH3BOAHTH MO caeAywolled dopMyJe [lgi:

Puc. 5-1. K aagaue 5-1.

d \1/3 0,14
Nurzl,SS(Per—> (“—’*‘) e, (5-1)
l ke
rae
Nup =22 po L oA, 9,
Ap { iy b — g

HHAGKCH «C» M «T» 03HA4al0T, 4yTO (H3HYECKHEe CBOHCTBA MKHAKOCTH BbI-
6HpaloTCA COOTBETCTBEHHO NpU TeMIepatype cTeHKH fc M TeMIepaType
tr=0,5(tx+4); & — nonpaska ua Y4YacCTOK THAPOAMHAMMYECKON cTabn-
JH3AIMH:

1 U7 I

e=.0,6<— —) (1 +2,5——].
Rem d y, Re;x d

OTa nonpaBka BBOJHTCH, XOr/a mepef OGOrPeBAEMEIM y4acTKOM
TPYOH! HeT y4acTka THAPOAHHAMHYECKON CTAGHIH3AMAK H

[

——

®opmyna (5-1) cnpaBensuea npu Rem<2?;60;

!
S < 0,05 (GrP)y < 8-105 0,07<ES <1500,
er d B

B paccmarpupaemom cayuae fx=80°C; tc=20°C u #,==50°C.

* IonpaBka Ha BAMSAHHE MepeMeHHLIX cBOficTs B dopMyme (5-1) (um/uc)ov“
HeclpaBesliBa ANs rasos.
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OusnyeckHe cBoficTRa Macaa:
P = 844 Kr/M3; iy = 30,8-10% ITa-c;
Ap=0,108 Br/(M-°C); cpp== 1,846 xIlx/(xr-°C);
e =198,2.107* Ma-c.
Pacxoa macJa

nd? : n{8.1073 )
G=pyw T:s44-o,<s—(—4—)=2,53-1o—2 Kr/c.

-Uucno

d!' 4G ¢ 4.2,53.107% 1,846-10°
P -—':'—ﬂz : d =5 ;
77 T ml e 3,141,0 0,108 50

! — < 0,051, crenosarensHo, gopmyaa (5-1) npumenuma.
Pe, d
[TonpaBka Ha FHAPOAHHAMHYECKHH HayaJbHBIH y4acTOK
1 1 1 1
. ETZEE)_—B-IO_?’ =0,0955 < 0,1
e=0,6(0,0955)""7 (1 4- 2,5-0,0955) = 1,05.
Yucao
Nup = 1,55 (550)”3(1—;2:—2-)0'“ 1,06 = 10,2.
Koadduunent Tensooraadu
o= Nup%r =10,2 g’ll(())i' = 138 Br/(m2.°C).

5-2. OnpefenuTh TeMOepaTyps Macja Ha BXOAE M BHIXOjAe M3 TPyOKu
H nNajeHHe JaBJeHHS MO JJHHe TPYOKH B YCJ0BHAX 3afdaun (5-1).
Orer

i =82°C; (ke =78°C; Ap= 1640 ITa.

Pemenue

[lpu peuwenun 3agaun (5-i) umeem: =138 B1/(M2.°C); tx=
=80°C; £.=20°C; G=2,53-10-2 &r/c.

KousnnyecTBo nmepenaBaemoli TeNJOTH

Q=oa (twx —tc) ndl= 138 (80 — 20) 3,14.8.1073 1,0 = 207 Br.

Tennoemrocts Macia npd fx=80°C cpx=2,03 xHOx/(xr-°C) wu
H3MeHeHHe TeMIIepaTypH MacJa Io AJHHE TPYO6KH

@ 207
R Gepw.2,53-1072 .2,03-10°

=4°C,

a cpeiHee apuUQMeTHYECKOe 3HAYEHHE TEMIIEDATYpPH Macia fy=
=0,5(taaFtz) =80° C, OTKYAA t1=82°C u txp=78°C.
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Ilpn BSA3KOCTHOM MEH3OTEPMIYCCKOM TedYellll KHAKOCTH B Tpy6ax
KO3 QUIHENT COMPOTHABJCHNS TPCINS MOXKHO ONPEACIAHTb 110 CleAyomel
tdopmyse [19]:

“‘C n
E=8 ( — (5-2)
\AH}KI /
rae &u — KoaGUUICHT  CONPOTHBACHIIST TPEUlsl NP H30TCPMIUCCKOM
TCUCITHH:
: 64
Su=— 5
Re ’
; d m I \—0,062
C
n==C (Pe1 — ) ( ) ;
\ L]

npu Pey d/I<C1500; C=2,3; m= —0,3;
npu Pe; d/1>1500; C=0,535; m=—0,1.

B paccMaTpHBaeMOM caydac TeMICpaTypa Macada 1d BXOAC lyg=
=82°C u npu stoff Temmnepatype Cpui=2,04 JIx/(xr-°C); Aui=
=0,105 Br/(M-°C); fu1=29,7 [1a-c. M3 pewcnns aazaun (5-1) ume-
enm: Rew=1310 1 ne=198,2 Ia-c; p.=844 xr/m? w=0,6 m/c, roraa

2 4G cpg 402531077 2,04-10°
! - 3.14-1,0 0,105

{ 7l oy
a
tak Kak Pe, T 1500, To C=—23 11 m--—0,3.

IToxaszareran cremend 11 8 dopMyac (5-2)

5y—0,3 [198,2,=0.662
n=2,3(625) (\59’7/) = 0,3.
Koadduuuenr conporupaelnst Tpeius
L ( e \)"-:ﬁ (/198’2)0'3 — 0,0865.
Rey \ Wiy 13104 20 7
Hanelmc JaBJjenun
ap =2 Lo oses S0 L 640
2 d ' 2 8107 '

5-3. Kax uaMennrcst sllaueHHC cpejiero Kos(QuieliTa Ten100TiauH
B YCJOBH$IX 3aiaud 5-1, ecau Aauuy TpyOLl yMeHbIUHTH B 5 pas (//d=
=25 pmecto //d=12D), a BCcC OcCTajbHLIE YCJOBHSI COXpaHHTh 0e3 H3-
Mettenus. PesyabTaT pacueTa cpaBHHTb C OTBETOM K 3ajaue 5-1.

OTtBet

a'=262 Br/(m2-°C). CpeaHui mo paauue Ko>dGbHHHCHT TemaoOT-
Aaun ypeanuutca B 1,9 pasa.

5-4. OnpefeJHTh THApaBJIHUeCcKOe CONPOTHBJEHHE B YCJOBISX 3aja-
yn 5-3. OTBeT CPaBHHThL C pe3y/aLTaTOM pacucTa 3afadd 5-2.

OTtBer

Ap’=276 Tla. TuapapjyyecKoe CONPOTHB/eHHe YMeUbIUHTCH B 5,8
pasa.

5-5. Kak u3Menutcs cpeHHi KO3((HEHEHT Tenao0TAayH MPH Bs3-
KOCTHOM DEe)KHMe TEUCHHS JKHAKOCTH B TpyOe, eClH CKOPOCTH KHIAKOCTH
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BO3pacTeT COOTBEeTCTBEHHO B 2 H 4 pasa, a Auametp TpyGbl, cpedHsist
TeMIlepaTypa JKHAKOCTH H TeMmmepaTypa CTEHKH OCTAHYTCA HeH3MeH-
HBIMH.

IlpH pacueTe H3MeHeHHMCM 3HAUEHHA MOMPABKH Ha y4aCTOK CTabHJIH-
3auMH € npeHedpeun.

OtBetr

Kosdduiument Temnootiayn BO3PAcTeT COOTBETCTBEHHO B =126
u 4%~ 1,59 pasa.

5-6. Kax usmensitcs 3nadeHust uHesna Nu # KoadduuHeHTa Temnoor-
Jaun TMpH BA3KOCTHOM pexliMe TedeHHA KHAKOCTH B Tpybe, ecad Aua-
MeTp TpyObl YBEJHYHTH COOTBETCTBEHHO B 2 H 4 pasa, COXpaHHB cpel--
HIOI0 TeMIepaTypy JKHAKOCTH H TeMIIepaTypy CTeHKH MOCTOAHHBIMH: a)
MPH TOCTOSHHOH CKODOCTH KHAKOCTH H 0) HPH NOCTOSHHOM pacxoje
SKHAKOCTH.

[Tpu pacueTe H3MEHEHHEM 3JHAYEHHS NOMPABKH HAa yuacTOK CTAGH/H-
34U & npeHedpeyb.

OTteer

a) Ilpu neusMeHHOH cxopocTH uHcao Nup yBeJHYHTCS COOTBETCT-
seinio B 2%~ 159 n 4%/3~2,52 pasa. KosddHuHenT Teno0T1aun ymenn-
wipTest cooTserctBerno B 1,26 u 1,59 pasa.

6) Ilpu HcH3MeHHOM pacxone uHcao Nur OT 3HaueHHsi AmMaMeTpa le
3apucT. KoadbduuuerT Tem100TAayd YMeULIIHTCS COOTBETCTBEHHO B 2
H 4 pasa.

5-7. TTo tpyGxe auamerpoM d=6 MM ABIDKETCS BOAZ CO CKOPOCTHIO
w=04 ws/c. Teumepatypa cTenkd Tpybrn f.=050°C. Kakyw aauuy
JOJKIA UMCTh Tpy6Ka, 4ToObl MPH TeMIcpaType BOABI HA BXOJe ==
=10°C ce TemmcpaTypa Ha BEIXOJAe M3 TPYOKH 6blia f,2=20°C?

OtBet

1=20,76 M,
Pemenne
ITpu cpeaxedl no AJHHe TeMiepartype
tx=0,5 (ki tue) = 0,5 (10--20) = 15°C
KHIleMaTHYeCKasi BSA3KOCTh BOAH Vix=1,16-10-¢ M2/c H uncao Peii-
HOJMIbACA

wd  0,4.6.107°
Vi 1,16-1078

= 2065.

Pexuy TeueHHst amuuapuuifi. ITpu Temnepatype f,=0,5(tx+1t) =
=0,5(15+50) =32,5°C

vp=0,769-10"% M¥/c; Bn=3,37-107* K™ ; Prp==5,14;
¢ —1tw) d®
VE Pr, =
-y 15) (6-107%)3
(0,769.1076)

(Gr Pr)p = gpn (

—9,81-3,37-1 5,14 =2,17-10% < 8.10°,

Cuaenopatensiio, PexXHM BA3KOCTHLIT, ¥ A onpefesneHust koadhdu-
IIHEHTA TeM100T/jaqy BocmoJbayemca dopmynofi (5-1). Tak Kak oTHOCH-
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TenbHA AJNHHA TPYOKH HaM HEHM3BECTHA, 3a7auy pellaeM MEeTOJO0M Io-
CJCAOBATEILHBIX NPHOJHKEHHIH. :

3ajgaemcst oTHOCHTEALUON Aauuoll Tpybxu [/d=100 1, cicroBaTesb.
Ho, (=100-6.10-3=0,6 M.

dusHueckiie CBOACTBA BOALI:
npi £x=15°C [x==11565-10-% TTa-c, px=999 xr/m?;
npu fr=232,5°C %,=0,631 Br/(M-°C), cpr=4,174 x[Lx/(xkr-°C);
npH {c=50°C pe=>549,4-10-¢ Ia-c.

Pacxox Boab

nq? 3,14(6-1073)2

G=pmw—,— =990, =0,0113 xr/c,

Yucno
d 4G 4.0,0113 4174
Pep — = — Cpr __ 2U,Ul00 2l7%

I A, 3,14.0,6 0,631

Uonpnm(a 1a’ y4acTok I'HL[[)O,IHHZMHLIECKOI?{ cTabHAH3AI I

8:0,6( ! _1>—1/7<1+2,5_1_L>:

\Reyx d Rex d
100 \—1/7 100
=0,6——= 142,56 —|=1,04.
o) (1 +25 )
Hucao
d \U3 [py0\0014 ,<“55 0,14
- ,— At = 13—=]" 1,04 =9,7.
Nup I,SS(Pe, 1) (P'c) e=1,55(159) 519 4
Kos¢gpuunenT temiooriaduu T
Nup 22 g 72081 o0g Br/(n2:° C)
o= = = M2 .
e T 0

I{o1yecTBO NepeaBaeMoil Tem10Thl
Q = Gep (fxz — ) = 0,0113-4187-10 = 473 Br,

rae Cpx BoiGHpaeTcs 1o cpefHell TeMmmepaType KHAKoCTH fx=1[5°C,
C apyroii CTOPOHB], KOJHYECTBO MepeaBaeMoil TemI0Thl

Q=oa (fc— ty) ndl.
TakuMm o6pasom, B pe3ysbrare IepBOro NPHOIHKEHHS HAXOAHM:

, Q B 473
Ta(tg—tx)md 1020 (50 — 15) 3,14.6-1073

= 0,705 M.

Jns BTOpOoro npuGaMxkeHus BhifupaeM [=0,75 M H NOBTOpsicM
d
pacuer. IToayyaeu: Per—l =183; e£=1,03; Nu,=894, a=940. B pe-

3yJALTaTE BTOPOTO HPHG.‘"IH)I(CIHIH DOJYUACM!

473
[ = -~ =10,765 M,
940-35-3,14-6-107
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Tak kak npuHATas AJHHA TPYGKH C AOCTATOYHOM TOHHOCTLIO COBMA-
AaeT ¢ MoJy4yeHHOH B pe3y/bTaTe BTOPOrO MPHOIHMKEHHS, TO TPETbEro
NPHOIHKEHNST 1eJaTh He HYXHO H MOMHO TNPUHATHL [=0,76 M.

5-8. Bona co ckopocteio w=0,2 M/c ABHXKeTcs DO TPyOKe AHa-
MerpoM d=4 MM W pauioft [=200 MM. TemmepaTypa CTeHKH TpyGH
t.==70° C. Kakas 6yjer TeMmepaTypa BOJbl HA BHIXOAE H3 TPYOKH, €CaH
Ha BXOJe OHA HMeeT TeMIepaTypy fu = 10°C.

OrBer

tya = 27°C,

5-9. TTo tpybke anmamerpom d=10 MM Teuer Macio Mapku MK
Temneparypa mMacaa Ha BXxoje B TPYGKY fw; =280° C. Pacxos macna G=
=120 kr/y. Kakyio AJHHY AOJKHA HMeTh TpYOKa, 4TOOH NPH TeMmepa-
Type creHkH fc=30°C reMmeparypa Macja Ha BHXOAe H3 TPYOKH fug
paBHsnace 76° C?

Orser

[ =1,66 Mm,

5-10, OnpefleHTb THAPABJHYECKOE CONPOTHBJEHHE NPH TeYeHHH
Macia no Tpy6Ke B yCJAOBHAX 3adauyn 5-9. CpaBHHTL pe3ysbTaT pacyera
C T'MJpaBJHYeCKHM COMNPOTHBJEHHEM IPH H30TEPMHYECKOM TeYeHUH Mac-
Ja TIPH TOH e TeMIepaType La BXOAe B TPYOKY.

Orser

ITanenne AaBAeHHs MO AJdune TpyO6KH Ap=2,55.10% Ila.

[Tpu m3oTepmuueckoM Teuernn Ap,==1,05-10¢ [la, T. e. upumepuc
B 2,5 pasa menbllle.

5-11. Ilo tpy6kav paanatopa AHameTpoM d=05 MM H AJHHOR [=
=0,4 m rteder Mmacno mapku MC-20 (puc. 5-2). Temneparypa CTeHOK
Tpy6oK f.=30°C.

Cpeansas teMmepaTypa Macia no AJuHe paguaTtopa fx=70°C.

Onpenennts o6luee KoJHYeCTBO OTAaBaeMoOil TEMIOTH, eCH pajHa-

. Top HMeeT n=120 napannejbHo BKJIOUeHHBX TPYyO6OK, a OGMIHA pacxof

Macsa 4yepes pajiHaTop cocrtasaser G==2,5 xr/c.

Il

1T Glfm & [ twr

Z,

1 I | !
J (L L
+¥_‘ g L_/F I
‘ TG *
Puc. 5.2, K 3apaue 5-11. Puc. 5-3. K 3anaue 5-18.
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Otner
Q=9,1 xBr.
5-12. OppeAc/TL  PHAPABJINECCKOC CONPOTHBJACHIE 11 MOWIIOCTb
(fes yuerTa K. M. [l Hacoca), 34TpaunBaeMylo 1@ MPOKAYKY Macaa depes
paauaTop, B ycaosusx sajaun 5-11. 1lpn_pacuere mpiisite Tesiepaty-

py 1ia BXOJC B paguarop fu=70°C; MECTHLIE COMPOTHBJCHI Iig
YUHTLIBATD.
Orser

Ap=6,85.10% Tla; N =0,2 kBr.

5-13. Kax wusMmeusrtcs Ko3(QPHUHEUHT TCINIOOTAAUH, KOJHUCCTBO rne-
peAaBacMoil TEIIOTL M Heperaji AaBJaCHHH B yCJIOBHAX 3amau 5-11 n
5-12, ecau BMeCTO OJHOr0 paaHaTopa ¢ TpyGKamu Aauuoit /=400 mm
MOCTABHTL ABA MApajiesblio BKAIOUEHHBIX pajnaropa ¢ TpyOkaMH AJH-
nolt [’=200 MM, coxpaHsisi BCe oCTaJblble YCJAOBH Te€MH XKe, UTO B 3a-
paue 5-11 (puc. 5-3).

Otser

1
o mo; Q' =Q; Ap' = -4—Ap-
5-14. Ilo TpyOke amamerpoM d==8 mm Teuer BoAa Tpybka oGorpe-
paeTcs Tak, YTO IVIOTHOCTL TEMJAOBOro MOTOKA Ila CTEelKe MOCTOsNig IO
MepHMCTPY K AJHHC H paBia g =4-10% Br/u2

x=20d

A
& RIREEEERR!

— U —-———— — ———

Frrsridt

g.=const

8

Puc. 5-4. K 3anaue 5-14.

Onpeje uTh 3HaueHHE MECTHOTO Ko3(pgHUHENTa TenI00TAAud H
TeMIIepaTypy CTeHkH TpyGkH Ha paccrosnun x=20d oT BXoAa B 060-

rpeBaeMblli y4acToX TpyOKH.

Temneparypa BoAw Ha BXoAe fm=10"°C. Cpeansis CKOpoOCTh ABH-
senns Boasl w=0,15 mfc. Tlepej o6orpesaeMbiM yuacTKoMm TPYOKH HMe-
eTcsl YYaCTOK T'HAPOJAHHAMHUECKON CTaCHIH3alUHH (puc. 5-4).

Orser
o =885 Br/(m%.°C); (.= 60° C.
Pelenue

Jlina onpesieienHs pexKuMa ABHMKeHHA BOABl BEIYHC/sieM uncso Peft-
HoJbACA. Pacxol BOAH

d? n(8-107%)?2

i
G=op T=999-0,15 =7,54-10"%kr/c,
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Cpenuss MaccoBas TeMmnepaTypa BOALl B CeYeHHH x=204=20-8%
X10-3=0,16 m

ge nid 4.10%.3,14-8-107°
b = fog A o 5 == 10
w= b 2= 10 e 05 4187
= 104-5,1 = 15,1°C,

rie MIOTHOCTB H TENVIOeMKOCTh BOAL BuhiGpanbl mpH 15° C: p=999 xr/m?
H Cpu=4187 Ox/(xr-°C).
Ipu tix=15°C ansa podnl vix=1,153-10-% M%/c u

wd 0,15-8-107°
Rew="—"=""_"+
v  1,158.107°
Tak kak Rew< 2300, To pexiM TeueHHS BOAb NaMHHapHEH. [as
Toro 4roGbl YCTAHOBHTb, HE OKA3bIBAGT JH BJHAHHE Ha TEMJIOOTAAdY
eCTeCTBeHHAs  KOHBEKUHS, HEOOXOAHMO BHIYHCJAHTb  TIPOH3BEjeHHE
(GrPr):. Ho ana sroro Heo6x0oaHMO 3HATh TeMIepaTypy cTeHkH. ITosTo-
My MBI 3Ty NpOBepKY BLINOJHHM B KOHUE pacdera, IOCAe OMpeeJeHHs
f.. PacueT mpoBOAHM, CUHTas, YTO eCTECTBEHHAs KOHMBEKLHs He OKasbl-
BaeT BJHSHHS HA TeMJOOTAAUY.
Jlas pacuera MeCTHOH TEIJIOOTZAYH TPH BA3KOCTHOM DEXKHMeE Tede-
1MA KHAKOCTH B Tpy6ax TpPH TNOCTOSHHOI IJIOTHOCTH TEIUIOBOTO MOTOKA
Ha crenxe (ge=const) MoXHO HcIosab3oBaTh Gopmyay [15]:

0,16 =

= 1040.

1 1
1 X \——= 1 x e\ &
Nup = 1,31 e 3(1 2 — = (—“ 6 .
! b(Pep d) + Pep d) sz » (63)
rae )
Nupztﬂ; 1 * Txhp R o,

Ap pep d 4GCpp tc_t;ﬂ

HILAEKCE! €C» M «I'» 03HAYAIOT, YTO (PH3HYECKHe CBOHCTBA XKHIKOCTH BLI-
GHpalOTCS COOTBETCTBEHHO TIPH TeMNepaType CTeHKH f¢ W TeMmmeparype
t:=0,6 (fx+ilc); € —nonpaBKka Ha Yy4YaCTOK THAPOAHHAMHUECKON cTa-
O1113aLHH

035( A g PP 85( L _x )\
£ ==0, o y I .
Rey d ) [ Rey d ) ]

3ra monpaBKa BBOAHTCS, Koraa Inepel OGOTPEBaeMBIM  Y4aCTKOM
1 x
<

prﬁbl HeT YydyacTKa mnponm{ammecxoﬁ CTaﬁH.TIHBauHH "

=0,064.
dopmyna (5-3) cnpaBeasnsa mpH Rex<<2300:
1 x
£ <0,00 00,08 <2 <1,
per- d Hix

Cxx

Jlns BemosHeHust pacyera no ¢opmyae (5-3) HeoGxoauMmo 3HATBL
TeMllepaTypy creHKR fc. [103TOMY pacueT BBLIIOJNHSEM METOAOM [ocJe-
LOBATENILHLIX MPHOJIHKEHUH,
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OueHnBas 3HaueHHe KO3(HHUMCHTA TENJOOTAAYN OT CTEHKH K BO-

ne a=1000 Br/(m2.°C), nonyqaeM'
fo=1x + ~ 15,1 +

109 ~ 558°C,

Toraa tr=0,5(¢ w+tc)=0,5(15,1455) ~35°C.

Ipu stoit TeMneparype

Cor = 4174 Ik /(xr-°C); Ay = 0,624 Br/(m-°C);

mpH Lx=15,1°C pu=1152-10-9 Ia.c;
npu fc=>55°C nuec=509,6-10-¢ ITa-c

H
1 x Ttxhp 3,14-0,16-0,624 )
— = = =2,5.10—3,
Pe, d 4Gepp 4.7,54.10—3.417H4
1 x K¢ 509,6
— — < 0,04; =——=-=0,442 > 0,04;
Pe, d < Wik 1152 >0,0

ciefoBartedblio, dopmyaa (5-3) nmpumeHumMa.
ITo ycnosusm e=1 u yucio

1

Nup=1,31(2,5-10~8) 3 (1+2.2,5.10—2)(0,442) 5 =11,1,

MecTHbil KO3 $HUHEHT TenaooTAauH

0,624

F10— = 866 Br/(M2-°C).

A
o = Nup 7;—:11,1

Temeparypa cTeHKH BO BTOPOM NpPHGJIMIKEHHH

4.108 .
te=151-+F = 15,14 46,2 =61,3°C.

Ipnnnvaem t,=60° C, nosTOpsieM pacueT U NOAYyYaCM:
x
tr —37,5°C; — =2,54.10-3;
: Pe, d.
“’C 2 ©
—— =0,4; Nup,=11,2; a = 885Br/(m2.°C);
Mo

TEMNEpaTypa CTCHUKH B TPETbeM TIPHOIIHKEHHH

4-10¢ —
to=15,14——— =15,1445,2=60,3°C

885

Taxk kak nosJyueHHas B pe3ysabTaTe pacyeta TCMIEPATYPA CTEHKH
C MOCTATOYHOIl TOYIOCTHIO COBMAJAET C NPHUATON, TO MOMKHO TDHHATH
a=43885 Br/(M*-°C) u f.=060°C.

Teneps, onpepenus fc, nposepuM,
ecTeCTBeHHasl KOHBEKLIHS,
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He BJIHSET JH Ha TEnJoOoTAavy

I

Ilpn Temmepatype ¢ =37,5°C v,=0,695-10-¢ Mc; Be=3,71X

X 10—+ K-!; Pr=4,59, rtoraa
(tC - tﬂ() d3
(GrPr) = gPr 2 Prp =
r
(60 — 15,1) (8-10—3)3
=9,81.3,71.10—¢ 4,59 =7,9.10% < 8.108,

(0,695-10—¢)2
M MOXHO TDHHATD, 4TO eCTeCTBeHHas KOH- 7,6 y .
BeKUHs He OYAEeT CYLLeCTBEHIO BJHATH HA N/ N o
TEeNJ00TAAYY. 1,4 [

5-15. CpaBHHTh 3HAUEHHA MECTHHIX Y- .

ces Hyccesbra nps JaMHHapHOM TeyeHHH

KHAKOCTH B KpYryoffi tpyfe B YCJAOBHAX 1,2 1
HOCTOSNHOA MJOTHOCTH TENJOBOTO MOTOKA

Ha cTelke, 0e3 MPEABKJIOUEHHOTO YYacTKa .7 p
THAPOAHHAMHYecKoH crabuiansaun (Nup) ’
H NIpH Hajauuuu Ttakoro ywactka (Nur.cx).
CpaBHeHHe TIPOBECTH AJIsi OTHOCHTEJBHBIX 7 5w 75 20
paccTosHHi OT BXOAAa B o6orpeBaeMhlit
yuacrok x/d=1, 2, 5, 10, 15 u 20, Yucno
PefiHosbaca npHHATE Rex=1800.

0,8 X/

Puc. 5-5. K 3amauye 5-15.

OTser
x/d . | 2 5 10 15 20
Nur/Num ... 1,37 1,26 1,16 1,10 1,07 1,06
Peuwenne

Corsiacno (5-3) monpaBKy Ha y4acTOK THAPOJMHAMHYECKOA CTaGH-
ausanHi €= Nup/NuUr.cr MOXKHO BBIMUCANTD MO hopMYyJe

0.5 1 —1/61 . 1 0,421 .
°= (Rm d) [+ SS(R,K d) ]

B paccmarpuBaemom caydae Rex=1800 u amna x/d=2 nmeem:

2\~ éss 2\ _ | 96
1800) [“L (1800) ]_’ :

PesysipraTel pacuera [AJs APYrHX 3HAyeHHH OTHOCHTEJBLHOM AJHHH
NpHBe/eHb B OTBEeTe K 3ajaue M Ha pHC, 5-5

5-16. Ompelle/HTh 3HayeMHS] MECTHBIX KO3((HLHEHTOB TEMJOOTAA-
YH W TemrnepaTypn BHYTpeHHeH NOBEPXHOCTH TPy6KH AHaMeTpoM d=
=10 MM Ha paccrosuuax ¥x=0,5 M 1 x=1,0 M or BXxoma B oGorpe-
BaeMbld yuacTok. Tpy6a o6orpeBaeTcs NIPH NMOCTOSIHHOR MJIOTHOCTH Tel-
JIOBOTO MOTOKA Ha CTeHKe, gc=1-10% B1/mM2 Temnora OTBOAHTCHA TpaHC-
dopMaTopHbIM MACJAOM, KOTOPOE MOCTymaeT ¢ TeMnepaTypoit fy;=30°C
H IBHXKeTcs mo TPyGKe co cpefHeil cKopoctblo w==2,5 M/c.

OTser

npu x=50 d «=326 Br/(M2.°C), tc=61°C;

npH x=100 d =265 Bt/ (M2-°C), f.~69°C.

5-17. Tlo TpyGke nuamerpom d=6 MM H JuuHOR [=1600 MM Te-
yeT Bojfa ¢ pacxolom G=15 kr/u. TpyGka oGorpeBaeTcs Tak, YTO
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TAGTIIOCTL TENMJOCBOTO TMOTOKA Ha ee BHYTPeHHell TIOBEPXHOCTH MOXKHO
NpHHATL TcCTOsTHHOM  (ge =const). Temmcpatypa BoApl I1a BXOJe B
TPYOKy fu1=20°C.

J1o KaKoro 3Hauentsi MOMKIIO TIOAISTL TEIAOBYIO 1arPy3Kky ge, BT/m?,
ccaIl TeMreparypa Ha BUYTpediefl I1IORePXHOCTH TPYOKH He [J0JXKHa
npesniiath fo<<100°C? Kaxosa npm srtoM OydeT cpealsis MmaccoBas
TCMITEpPaTypPa BOAL lla BLIXOHE?

Orper

qe == 3,65-104Br/m?; {4, = 43,7°C.

5-18. Kak wH3MeHATCS AOMYCTHMAst MJIOTHOCTh TEMJOBOTO NMOTOKA H
TeMIcpaTypa BOALI Ha BbIXOAe W3 TPYOKH B yCaOBHAX 3amaun 5-17,
CCAH PAcX0j1 BOALI YMEHbIINTH B 2 pasa, T. e. npH G=7,5 xr/u?

Orser

ge=2,5-10* Br/m2, T. e. ymenpwntcst npuMepno B 1,5 pasa; lwe=
=52,5°C.

5-19. OnpejequTs OTHOCHTENLIYI AJHHY Y4acTKa TeMIoBOH CTa-
Siausaudl ly../d TIPH NaMHIApHOM pexHMe TeyeHHs Bojanl B TpyGe
aHaMeTpoM d=14 MM B YCJOBUSX NOCTOAHHON Mo jjnune TPyOb Tem-
mepaTypul creuxi (fc==const), ecan cpelsis TemMnepatypa BOAB fn=
=50C 1 Ren==1500. BrmucauTp Tak:e 3HauelHe MeCTHOTO KO3(-
duiennTa TeNJI00TAAYI Ha yiacTke TPYOu!, Tae {>/ur.

Otser T

[i.o/d = 266; o= 170Bt/(M>-°C}.
Pewenne
[Ipn mavunapinoM pexiMme TelcHnsl Ads yeiopns fe=const otno-
CHTCADIYIO MY yYacika Temiopoil crafiunsaiiit MOKNIO TNpIATh:

1
% ~ 0,05 Pey.

B paccmarpusaemom cayuae npu £x=50°C Pr,=3,55 u Pex=
=PewPrx=1500-3,55="5320, caenoBatensuo, (u./d=0,05-5320=266.

[pu [>!ln.. mpegesabHoe 3uaieitine uucaa Nue =3,66, caeaona-
TEIbHO,

- 0,648
—=Nu_ —= —3,66——-—
@ = Nug, =3 =366 14 =

rie npn £, =>50°C A;;=0,648 Br/(m-°C).

5-20. Pcuntt 3agady 5-19, ecit Tenmioo0mcit OCYILeCTBIASCTCE TpH
YCIOBINI TIOCTOSIICTBA MO AJIIE IIOTHOCTH TemI0BOTO MOTOKA Ha CTCH-
Ke (ge=const).

OTtser

= 170 Bt/ (x2-°C),

lynld = 372; = 203 Br/(m2-°C).
Pemenne
Tlpn samnnapHoM pemuMe TeuedHsl AJds YCJAOBHSI §c==const orHo-
CHTeJLHYIO AJHIY ydacTKka TemIoBoil CcTabHAn3aIlill MO0  OPUNATh
paBnoil ly.o/d 0,07 Pey, a Nuw=4,36.
B paccmatpiBaemom caydae {cm. sapany 5-19)
lILT

T = 0,07-5320 = 372;

0,648

—14—10:]— -~ 203 BT/(MZ'OC) .

n— 4,36
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5-21. Buiyneants Aauny yuactka TemsoBoft crabuamsanuu B TpyGe
aHaMeTpoM d=10 MM 0pPH VCIOBHH MOCTOSHCTBA MO JAJMHE TPyOH
MJOTHOCTH TEMJIOBOTO MOTOKA Ha cTeHke (gec=const) u Reyx=1000 npu
TeYeHHH CJAEeAYIOUHX KUAKOCTeil: TpaichOPMATOPHOrO Macja MNpH cpex- -
Heit temnepatrype fx=100°C, Bombl npu fx=230°C, pTyTH NpU fwm=
=120°C, BucMyTta mpu fx=400°C n natpus npH fx=400°C.

OnpejesiiTh TakMe 3HaueHHS MECTHbIX KOIGQPHLHEHTOB TemIooT-
AAaYd s 3THX JKUAKOCTeR Ha yuacrke TpyOui, rae [>ln.r.

Ilpn pacuete BaANsAHHE [TPOROJALHON TEMJIONPOBOAHOCTH He YuH-
THIBATh.,

OTser

PesyapTathl pacueta moMelleHnl B ciaelynoulylo TabauLy:

HKuakocts ln.'r' M a, Br/(M2.°C)
TpaschopmaTophoe Macio 30,7 45,2
Boaa 0,616 278
PTyTh 0,0126* 4030
Buemyr 0,0102* 6270
Harpnit : 0,00392* 27 900

* B aclicTBHTEILHOCTI ZH.T GyaeT Heckoanko GoablUe NONYYEHHOTO 3Haue-
HiS 32 cYET NMPOAOALHBIX PACTEUEK TENJIOTLI.

5-22. OnpeneanTb 3Hauenfle Ko3h@pHUHEHTA TENNOOTZAYH H KOJH-
YeCcTBO IlepeaBaeMofi TEMJIOTHl TPH TEYeHHH BOAB B TOPH3OHTAJbHOHN
Tpy6e amamerpom d=10 MM u paaunoit [=1,2 M, ecan cpexanue IO
ZJHHE TeMIepaTypbl BOABL M CTEHKIl TPYOLI DABHBI COOTBETCTBEHHO =
=30°C u t.=60°C, a pacxoa Boaw G=7-10-3 xr/c.

OTteer

a = 1065 Br/(M?-°C); Q = 1200 Br.

Pewenne

J1s onmpenenenns pexcuMa JBHXKEHHsl BOJbl ompelessieM KpHTepuit
Re. TIpn £;,=30°C pux=2801-10-6 fTa-c u

6 4.7.10—3
ndiy  3,14-1.10—~2.801.10~¢

Rey = = 1100 < 2300.

Teuenne namunapnoe.

Has toro yto6Ll YCTAHOBHTB, OK43bIBAET JHM BJAHAHHE HA Temlo-
OTAAuY ccrecTBeillas KOHBEKINs, BuuicaseMm mnpounssegenne (GrPr)r,
TAe B KauccTse onpefessiollefi TeMmrepaTypnl MPHHHMAETCH TeMIepaTty-
pa Lh=05(fc+tu), a tx=0,5(fu1+ big). Caenosarensuo, £r=10,5(304
+60) =45°C.

pu stoit Temrnepatype 4w=0,607-10~% m?/c; Br=4,18-10-%* K-
Pr,==3,92, N
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Orciofa:
(to —tw) d°
(GrPr)r = gfr V;{ Prp =
r
60 — 30) (1-10-2)?
=9,81'4,18;10*4( 0) (11075 3,92 ==1,31.10%> 8-105,

(0,607-10—6)%

CrnepoBatesbHO, eCTECTBEHHAs KOHBEKUHsA OKa3hiBaeT BJHSHHE Ha
TENJOOTAA4Y;, PEIKHM TeueHHs B3KOCTHO-TPABHTALHOHHLIN,

Ilpn BFBKOCTHO-TPABHTALLHOHHOM DE€XKHME TEUeHHS B [OPH3OHTAJb-
HBIX Tpybax AJis pacueTa cpejfiHel TENJOOTZAYH MOXKHO BOCIOJL30BAThb-
cs cnepymouei dopmysoit [15]:

o d \0,4 —0,14
Nup = 0, z;(per 1 ) (Grpr)2-1<—”i> . (5-4)
Bk
rae
te — ty) &
@ =) Grp:gﬁri—c+);
to—tx v;

wd
Pep= "3 1w =05 (i + fa)

P

HMunexesl «c» ¥ «r» 03HAYAIOT, YTO COOTBETCTBYIOLLHE (QH3MUECKHE
cBoficTBa BBIGHpAlOTC MO Temnepatype CTeHKH fe W fr=0,5(fc+1x).
Popmyna (5-4) cnpaeeasusa MpH

d
Re, « 3000; 20 < Per—[— < 120;

108 < (GrPr), « 13-10%;, 2 < Pr, < 10,
B paccmarpupaeMom caydae npH f,=45°C
ap = 1,565.10-"m3/c; Ap = 0,641 Br/(M-°C);

npH £ =30° C pw=990 xr/m3;
npH {c=060°C pc.=470.10-%Ia-c.

Orciona:
46 4.7.10—3 0 09w/
Tt 990-3,14.(1.10-)2 MG
Pe d wd d 0,09-1-10-2 1.10-2 48 4
" e 1,55-10—* 1,2 7
(GrPr);=1,31-10-¢ u ¢opmyna (5-4) npumenuma.
IToacraBuB noJsyyeHHbie 3HaueHHs B (5-4), HaineM:
70\—0,14
Nup == 0,8 (48,4)"* (1,31-106)" (801) = 186,

Kosdduunent rensoornaun
0,641
1.10—

Ap
o = Nup— p = 16,6 == 1065 Br/(m?-°C).
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KosnnuectBo nepexabaemMoil TENIOTH
Q = & (tg — ty) ndl = 1065 (60 — 30)-3,14-10—2-1,2 = 1200 Br.

5-23. Kak mnaMeHsaTcqd 3HaueHHe Ko3GbGdHIHEHTa TEMJOOTHAYH H KO-
JIHUSCTBO TlepefaBaeMoil TEIJOTHl B YCJOBHAX 3anauH (5-22), ecau pac-
X0d BOAH YBEJHYHTh B 2 pa3a, a BCE OCTaJbHble YCJOBHS OCTaBHTH
6e3 M3MEHEHHH?

OTtger

a=1850 B1/(M?:°C); Q=2090 Br, T.e. a # @ yBenHuaTcs
B 2042132 pasa.

5-24. Tlo Tpy6aM BepTHKaJbHOro TEMJIOOOMEHHHKA CHH3y BBepX Te-
yer Boxa. Buyrpennufi auamerp Tpy6 d=16 MM; ux amauHa [=13 M.
Pacxo Bomm ugepes opdy TpySy (=58 kr/a. TemnepaTypa BOAH Ha
BXOJIE B TENNOOOMEHHHK fx1=30°C.

OnpesenuTh KOJHYECTBO TEMJOTH, NMepefaBaeMOf OT CTeHKH OJHOR
Tpy6bsl K BOAE, H TeMIepatypy BOAM Ha BHXOIe, €CJH TeMIeparypa
CTEHOK TPY6 NMOAIEPIKHBAETCS pasHOM 8

Otger

Q = 1450 B1; {4 = 52°C.

Pemenne
CexkynaHbllt pacxo[ BORbI

58
S;E’E&)-—l ,61.10—2kr/c.
l_[plr[ t;m=30°C HH()"‘-SOI‘IO‘G MMa-cu
4G 4.1,61.10~2
Mg 3,14-16-10—3.801.10—

PexXHM TeueHHT JlaMHHapHHA.

Hanee Heo6xoguMo BHUHKCJAHTH mpoussenedue (GrPr)r. Tak Kak
HaM HeM3BECTHO 3HayeHHe TeMIepaTyphl BOAR HAa BHXOAe fwe H, CJe-
JOBATeTbHO, HeJb3sd HaiTH ee CPeJHIOW TeMuepatypy Gk, TO 3agawy
peuraeM METOAOM NOCNEAOBATEBHBIX NMPHOAHKeHHH.

3anaemcs fy="50° C, Torza

ty = 0,5 (Fat T tiwa) = 0,5(304-50) =40°C n £, =0,5 (tc+ i) =
=0,5(804-40) =60°C
ITpu 3Tol TeMneparype
Pr=>5,11.10—4K—1; wv,=10,478-10—%m?/c;
Prp = 2,98;
to— b)) d®
(GrPr), = g Lo = L p

v

(80 — 40) (16-10—3)3
(0,478-10—%)2

Repg = = 1600 < 2300.

=9,81.5,11.10—4 2,98 =1,07-10" > 8.108,

PeXHM TeqeHHS! BA3KOCTHO-IPABHTALHOHHHH,

[Ipn BS3KOCTHO-rPAaBHTALHOHHOM pPEXMME TeYeHHA B BEPTHKAJIbHHX
Tpyfax W COBNAJeHHH HANpaBJEHHIl BHIRYKAEHHOH H CBOBOAHOR KOH-
BEKUHIT y CTeHKH (OXJa’KAeHHe KHAKOCTH H TeyeHHe CBepXy BHH3 HJIH
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nHarpeBalHe M TeUCHHC CHH3Y BBCPX) JAAsl pacdera cpejuicit TeonooTaa-
YH MOXKHO BOCIOJAL30BAThCs caeyioulcit ¢gopmyioit [15]:

40,37 4 70,18
Nug = 0,35 (chT) (GrPr)g 7} , (5-5)
AN / -
rae I(OS(b(i)HILHCllT TEMAOOT, 1AM OTHCCCH "K\H\a:lau‘lbﬂofl PasnocTH TCM-
nepartyp fo—lun;
q ((g — tn) d°
o = i Gro=gBr P
te —tky =
r
wd

Pep = 3 b == 0,5 (firg -l fea)

ap

MHaekenl «c» 1 «r» 0311a4al0T, UTO COOTBETCTBYIOLUIC (PHIHUECKHe

cpofictBa BHIGHpAIOTCSt To TeMlleparype cTenkd fe o £r=05(fc+fx).
Gopmyaa (5-5) cnpasejansa 1pH Rey << 2300:

< 130;

d d l
(Per—_—) <Per— <110, 20—
a.c l d

{

8.10° < (GrPr)p < 4108,

sller acHMNTOTHUECKOC 3raueline vicaa [lexace

(Perv —d—\) ~ 1,5 (/GrPr li‘)”'%.
\ /e

\ /Ja.c

B paccmarpisaemom caywae npn £, =60°C a,=1,6-10-7 m?/c;
npr fe=80°C Ae=0,635 B1/(M-°C); npi fx=40°C pwx=992 xr/me.
Cpexlifiss CKOPOCTh TeUeHHs! BO b
6 4.1,61-10—2
nd% 3,14 (16-10—2)2 992
d wd d 0,081-16-10—3 16-.10-3
Pep— =—— = = 108;
1,6-10—7 1,2

16-10—-3

== 0,081 m/c;

d
(GrPr)p T = 1,07-107 == [,43.105;

d os
(Pep—) ~1,5(1,43.109"% — 29,
a,c

Tark Kax BCe KPITepul HAXOASITCH B YKa3amuLiX Bbllle Npejenax,
TO dopmyaa (5-3) npumeninma,
Yneao

Nue = 0,35 (108)"3 (1,43-105)18 = 12,2,

Kosgpduunent rensoornaun
0,635

W = 482 Br/(m2-°C).

A
o = Nug — = 12,2
d
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KosnuecTBo nepejapaemoil Tem1oTLl
Q = o (tg— ) ndl = 482 (80 — 30) m16-10—3.1,2 = 1450 Br,

ITposepka NPHUATOrO 3HaueHHA TemIepaTypul BOABl Ha BBEIXOAE N3
TpyOLL:

Q 1450
=ty ——— — 304 ———————— =304 21,5 =51,5°C,
g = fes + Gepie T 1611024174 +

rfe TemlioeMKOCTb BOABI BhifpaHa NpH fx=40°C:
Com = 4174 O/ (xr-°C).

Takum 06pasoM, B pesysbTaTe MepBOro NPHOMIRKeHNS fxe=>51,5°C.

3ajaBUIHCh A8 BTOPOrO NPHOHHKEHHS fno=52°C, NONyuHM Ilw=
=0,5(tw+Iue) =41°C n £, =05(tc+1x) =60,5°C. Copnagenune n0-
CTATOYHO XOpollee H Aa/bHEHUIAX NepecueToB JelaTh He HYXHO.

5-25. Kak u3MeHATCA KOJHUECTBO MNepefaBaeMOH TEIIOTbl H TEM-
nepaTypa BOAbI lia BBHIXOAE 3 TEILIOOGMElIHHKA B YCJOBHSAX 3ajaun 5-24,
ecin Boja OyAeT NBHraTbCcsl He CHH3Y BBepX, a CBepxXy BHH3, a Bce
OCTa/JbHbIe YCJAOBHS OCTaHYTCA Ge3 H3MEHeHHH?

OTtger

Q=1860 BT; [lw;=57,6°C, 7t. e. Q yBelquHyHTCA MPHMEPHO
ma 289,

Vikaszauue., Kak 1 p 3ajgade 5-24, pexuM TeueHHA BA3KOCTHO-
rpaBHTALOBHBIH.

[Tpu BA3KOCTUO-rPABITALIOHUOM PEKHME TEHEHHS B BEPTUKAJIBHLIX
TPy6ax 1 NpPOTHBONOJNOMHOM HAMpaB/JeHHH BEIHYXIEHHOH H cBOGOAHQI
KOUBEKIMl Y CTeHKH (OXJa)Jenne KHIKOCTH M TeueHHe CHM3Y BBEPX
/il HarpeBaHHe H TeYeHHe CBePXY BHH3) JJIA pacueTa CpelHeH Temso-
OT/a4H MOJKHO BOCTOJBL30BATLCA cheayouteli popmynofi [156]:

n
0 0,4 {_He
Nu,, = 0,037 Re):* Py, (—) , (5-6)
Mk
rac npu narpesannn n=—~0,11; npu oxaaxgenuy n=—0,25.
o = —7 i b = 0,5 (L + ae)
tC - t)l{

Dopmyna (5-6) cnpapegalna npH
250 < Rey < 2-10%;  1,5-108 < (GrPr)p < 12-108.

Tax kak B paccMaTpuBaemoli 3ajlave cpejnHeapHMeTHUecKoe 3Ha-
qenie TeMNepaTypel BOAB! fy HEH3BECTHO, TO MOXHO 3a4aThCcA TeMIle-
paTypoli BOALI Ha BBIXOJE fme M INPOBECTH pacyeT METOAOM IOCAelO-
BaTe/IbHBEIX NPLHOJHKEHUH,

5-26. Kak wu3ameHATCs KoJIHUECTBO nepejaBaeMoil TeNJIOTBl H TeM-
nepatypa BOJBl HA BBIXOAE fxe B YCAOBUAX 3anaunl 5-24, ecau Tpylui
TeM100GMEHHIIKA PacMoJ/IoXKellbl TOPH3OHTAJbHO, a BCe OCTaJbHEE YC-
NoBUA OocTaHyTcs Ge3 uameneHnii? CpaBHHTL OTBETH K 3ajaisam 5-24—
5-26.

Otser

Q = 2300 Br;  fyxeq = 64,2°C.

PesysbTaTel pacyeToB Aas  3ajay 5-24 — 5-26 npuBeleHH B
TabiaHle,

6—133 ‘ 81



BianMHoe HanpasjleHHE BBIHY)¢ACHHOR
Ne sapaun H €CTECTBEHHON KOHMBEKUHH Q, Br t,p °C
5-24 CoBnajeHue HanpabJeHH 1450 52
5-26 7 TlpoTuBoroJioXHbIe HANpaBJCHHA 1860 57,6
5-26 Teuenue B ropH3oHTaNbHOH TPyGe 2300 64,2

5-27. B BepTHKaJbHOM BOJONOJAOrDEBATENE BOAA, HMEIOULAA TeM-
nepatypy Ha Bxogme fy;=10°C, TeueT cHH3y BBepx mno Tpy6am AHa-
metpom d=—24 mM. TemnepaTypa cTcHOK TPy6 moamcpaHBaeTCs pas-
noil fc=140°C. Kakoll mauunl [JOJNMHH OBITE- TPYGnl MOAOrpeBaTess,
yro6bl TPH pacxXome BOAB uyepe3 oaHy TpyGy G=090 kr/u Temnepary-
pa BOABI Ha BLIXOAE Guliia fxo=70°C.

Oteer

{=0,75m.

Peienune

Uucao PeiiHoabaca .
npe  Fx=0,5(fw1+1w2) =0,5(10+70) =40°C; pu=0653X10-¢ TIla.c;
cekyHmHOM pacxone Boabl G=90/3600=0,025 kr/c

4G 4.0,025

Rem:;‘ﬂdum - 3,14-24.10—3.653-10—8

= 2030 < 2300.

Teuenue JJAMHHapHoe. .
Tpu £, =0,5(fc+tw) ==0,5(140-+40) =90°C; B$.=6,95.10-¢ K-;
v;=0,326-10-° m?/c; a-=1,68-10-7 m?/c; Prr=1,95
(o — ) &
(GrPr)r = gBe ————
vr

100 (24-10—3)3
(0,326.10—%)2

Prrl =

= 9,81-6,95.10—* 1,95 =1,74-10% > 8-108,

PextnM pBHXKEHHS BA3KOCTHO-TPABUTAUMOHHBIA, M A/ cJydas COB-
najieHHsl BHHYMXIEHHOH M CBOGOAHOH KOHBEKUHH y CTEHKH pacueT Tell-
JIOOTAAuH mporogum mo dopmyse (5-5):

d \0,3 d 70,18
NuC=0,35(Pep—[—) [(GrPr)pT] .

B sToM YPABHEHHH JBA HCH3BECTHLIX: @ H L
B kauecrse BTOPOTO YPaBHEHHs HCINOJb3yeM YpPaBHEHHe TenJoBOrO

faJsiaHca
Q= Gepm (Bg — twi) = @ (g — tuey) Al

INoacTaBuB H3BECTHBIE 3HAYEHHS BEJHYHH B YPaBHeHHe AJig TeNJo-

OTJa4H, MOJYYHM:
npH {x=40°C px=992 Kr/M% cpx=4174 Jx/(xkr-°C); npn fc=
=140°C A.=0,685 B1/(M-°C), Toraa:
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_ 4.0,025
T 3,14-24.10—3.992.1,68-10—7

@ =%:0,35 (Per)0'3 (Grpr)18 g—0:52 —0.48 =
= 0,685-0,35 (7950)%-% (1,74-108)%:18 (24.10—3)0.52/—0.,48

=7451"0"8, : (a)

IToncTaBHB M3BECTHHIC 3/1aYcHHSI BEJNHUYHH B YpaBHeHHe TenJa0BOro
6ancha, NOJYYHM:

= 7950;

— chm (32 — byxar) _
nid (I — twn) L 3,14.24.10—3 (140 — 10) £
Pewas cosmecTHo (a) u (6), HaXORHM: '

= (6)

0,025-4174(70 —10) 638
!

0,52 _ 638
e = 745 = 0,857,
OTKYAa .- e
{=0,75 M.
[Tposepsaem npumennMocts hopmyn (5-5):
L =-£=31 3; Pe i=7950L=253'
d ~ 24-10-8 AR 31,3 '
d d 10.% 1 10,25
(Pep T)ac ~1,5 [(Grpr)p T] =1,5 <1,74-108 m) =73.
Tak kak

{
ND<s—<130n (Pe,. i) <Pe,.—d < 1100,
d \ ! Jac {
TO $OpMYJ/Ia, O KOTOPOH NPOBEAEH PacyeT, IPHMEHHMA.

5-28. Kakofi RJHHH HeOGXOAHMO BHIIOJHHTL TPYGH TOPH30OHTAMb-
HOTO TENJIOOGMEHHOr0 anmapara, B KOTOPOM BOAA JOMXHA HarpeBaTh-
Csi OT TeMnepatypsl fs1=5°C 10 fws=>55°C, eciu anmametp Tpy6, mo
KOTODHIM JBHXKeTCA BOAa, d=18 MM, Temmepatypa CTEHOK TpYy6
te==70°C u pacxox BoOAN uepes Kaxayio Tpy6y cocraBaser G=
=72 Kr/u.

OTtBer -

[=2mM.

5-29. OmpesenuTh Ko3(HUHEHT TEVIOOTRAYH OT CTeHKH TPYGKH
KOHJeHcaTopa MapoTyPOHHHOH YCTRHOBKH K OXJ4XKiawiled Boxe, ecld
CpeaHss MO [JHHE TeMmIepatypa creHKH f.==28°C, BHYTpeHHHA AHa-
mMeTp Tpy6xH d==16 MM, Temmeparypbl BOAH Ha BXOJe H BHIXOAE H3
TPYOKH DaBHLI COOTBETCTBEHHO fwi=10°C u fwe=18°C H cpepHsas
CKOPOCTb BOAH w==2 M/C.

6Onpenemm> TaKXEe KOJMHMUECTBO IepelaBaeMOM TeIJOTH H AJNMHY
TPYGKH.
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OTther
o = 7340 Br/(M%-°C); Q=13,5kBt; [ =2,7m.

Peuwenne

Tak kKax 3apaHbl TeMnepaTyphl fuxy H fuws, TO UHCAO Re MozKHO
onpeneNuTh IO cpeJHeapuMeTHUECKOH TeMmepaType KIAKOCTH

tie = 0,5 ({1w1 + f0) = 0,5 (104 18) = 14°C.
ITpu sToft Temneparype vu=1,18-10-% m?/c un

v, 1,18-10—

PexnM ppitzenus TypOyJeHTIbIL.

Pacuer terooTaaun npu TYPOYJENTHOM pexHME TeYeHHs B TPY-
6ax B Kauajax HecXKHMaeMOH JKHIKOCTH ¢ uHcaamin Pr>0,7 MOKHO
NPOH3BOANTL MO cleayoliei gopumyae [13]:

\0,25
—_— 0,8p.0,43 Pry 10,2 A
Nu, = 0,021Re " Pr; A Pre &, (5-7)

T/le HHAGKCH «K» M «C» 03HAYAOT, YyTO (II3nueckHe cpoficTBa KHAKO-
CTH BbLIOHPAIOTCS COOTBETCTBENHO MO cpealieapudmMeriiueckoit Temmnepa-
Type fx M TemIlepartype CcTCHKH fc;

q
o= Afv—_
Aty . 1y fe— to
n—

g — binea .
fo—tme

e — JONpaBka Ha HavaibHbk yuacrok, npu [/d>B50 g=1. 3HaueHus
£; IIPHBEJEHH B cleAyioliell Tabauue:

1/d
Re 1 l 2 ‘ 5 | 10 | 15 | 20 | 30 | o | %
1.10¢ {1,656 | 1,650 | 1,34 (1,23 1,17 (1,13 1,07 1,03 1
2.10¢ | 1,51 (1,40 | 1,27 | 1,18 [ 1,13 | 1,10 | 1,05 | 1,02 1
5-10¢ | 1,34 1,27 1,18 |1,13] 1,10 | 1,08 1,04 | 1,02 1
1.10% [ 1,28 | 1,22 | 1,15 1,10 | 1,08 | 1,06 | 1,03 | 1,02 1

IMpu sHauenunx Rex>1-10° wan Pry>>5 Gosee TouHble pe3ynnbTa-
Tl faeT dopmyaa [18]

3
—Rey Prix

/]
Nty = M , (5-8)

8
12,7 V/%(Pri{BI)—l—l,W

P 3 -

* JIAs rasoB nonpaBKM, YYHTBIBAIOIIHC RBAHSLIE H3MEICHHA qmauggu\u,\

csolficTs 1o ceucniio noroka n dopMmynax (5-7) u (5-8), (Pl‘m/Pl‘C) ' i
(um/uc)”, necnpaseaansn. CM. hopmyny (5-13).
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re &= (1,82 Ig Ren—1,64)~2 — kosddunment CONPOTHBNCHHA TpeHuUsn
IPH H30TEPMHUECKOM TYPOY/NEHTHOM TeueHHH MHAKOCTH B TMIAAKHX
"rpyﬁaf‘i:.5 Ilpu warpeBaumu xuaxkoctd n=0,11, NIPH ee OXNAKICHHH
n=20,

Pacuer 117 AaHHOH 3ajayM nposoaum no ¢opmyie (5-7).

Ilpu tx=14°C nas Boasl Pry=85; Ax=0,584 B1/(M-°C); px=
=999 xr/m? cpw=4,187 xIlx/(xr-°C).

Ipu ¢;=28°C Pr,=25,7.

Tax xax aauda TpyGbl HeMspecTHa, TO AJsl IEPBOTO MPHOAHKEHHS
MONPABKY HA HayalbHbIH Y4acTOK MpHHHMaeM g;=1.

[loncTaBHB H3BecTHBle 3HAyeHHs Beawdun B opMmyay (5-7), Hail-
aeM:;

8,5 0,25
Nuy = 0,021 (2,71-10%%8 (8,578 (5—;) = 201

2 )

Kos¢dpuunenr Tennoornaun

M 0,584 .
@ = Nuty =5 =201 ==y = 7320 Br/(*-°C)..

Pacxon Boaeluepes TpyoKy
3 14(16-107%)?
4

mtd?
G:wp,,(T=2-999 = 0,403 xr/c.

KOJIHlIeCTBO nepeﬂaBaeMoi’i TEMJAOTDI
Q = Gepx (Fxo — twy) = 0,403-4,187-(18 — 10) = 13,5 kBr,
JLlnuua tpy6ut

Q

= alAtqgnd !

TJe cpefHesorapHdpMHUeCKHA TeMmepaTypHelil Hanop

Aty — twg—txi _ _ 18—10 _13.7°C
n to— txi 31 28—10
to—twa 285818
H

7320-13,7-3,14.16.1073

IIpn pacyere Gnijio MPHHATO g;=1, B pesyapTaTe pacuera mnoayye-

. HO [222,7 M, cle0BaTEAbHO,

{ 2,7
—_— 167,
d  16.1073

Tax kak //d>50, To er=1 u yTouHaTh pacyeT HE HYXKHO.

5-30. Kak namenurest Xo3bGHUMeHT Tem100TAaul NpH TypOyJeHTHOM
pexHMe TeueHHst MHAKOCTH B Tpybe, ecaiH CKOpOCThH KHIAKOCTH BO3pac-
TeT COOTBeTCTBenio B 2 H 4 pa3a, a AuameTp TpyOBl N Cpejllilie TeMIe-
paTypul XKHAKOCTH I CTEHKH OCTAHYTCA HEH3MEHHBIMH?
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OTtBer

Kosdh(puineHT TeNn0OTAauH TO3pacTeT COOTBETCTBEHHO B 1,74 n
3,04 paza.

5-31. Kax wusMeluress KO3(@HIUCHT TCIIOOT/ aun Hplt TypOysent-
HOM pexiiMe TEeYelHs WHAKOCTH B TPy6e, ecitd upu HeH3MelbiX Cpeanux

TeMIepaTypax AUAKOCTH H CTeHKH AHAMCTD TpyGL YBEJIUHTL COOTBET-
CTBEHHO B 2 H 4 pasa: a) COXpallllB CKOPOCTDL JIBMHZACHIS [OCTOSIHUOI;
6) COXpaHMB PAcXoa AHAKOCTI HOCTOSHHBIM?

OTBer

a) Kosdduuuent rensootnayd yMmeHbIUHTCS coOTBETCTBeHHO B [,15
u 1,32 pasa.

6) KoaddHuuent tennoormaud yMeHBIIHTCH COOTBETCTBeHHO B 3,5
H 12 pas.

5-32. OnpenennTb oTHOWeHHe KO3(QEOHIUEHTOB TENJOOTZAYH OT
CTEeHKH TpYGH K BOAe ¢ H rady Gy NPH TYpOYJCHTHOM JABH¥EHHH 3THX
JKHAKOCTeH B 1py6ax OAHHAKOBOrO JHaMeTpa, paBeHCTBe uHcesn Pefi-
HOMbJICA H NPHMEPHO OXMHAKOBBIX 3HaueHHsaxX uncen Ilpanaras, Kaxoso
OyjfeT 3TO OTHOIIEHHWE AJA BOABL M BO3AYXA, eCAH TEMNEepaTypa BOAMLI
1y =250° C, a TeMnepatypa Bo3ayXa fup=20°C?

Otser

o L S
— = ; —x24.
%q Ay Xy

5-33. B vopauol 3xosomafizep napoBOro KOTAA BOAA NOCTYHAaeT ¢
TeMnepaTypot Iy =165°C u nokupaer ero ¢ TeMmucpatypoll fye=
=215°C. BHUYHCIHTb KO3(D(HUIHEHT Tema00TAauu @ OT CTEHKH TpyObl
SKOHOMaH3epa K NMOTOKY BOJBI, eClM BHYTDEeHHHH AHameTp Tpy6, mo xo-
TOPHIM JBHXeTcA BOJa, d=36 MM, CKODOCTb ABHKEHHA BOAL W=
=10,6 M/c u oTHOCHTe/IbHas AauHa Tpy6 [/d>50..

IIpnmeuanue Tak Kak Ko3hduUHEHT TEMNCOTAAYH OT CTEHKH
TpyOnl K BOJAe 3MaudTesbHO Goablle, ueM OT ra30B K CTEHKe, TO TeMIe-
paTypa BMYTPeHHEH NOBepxHOCTH Tpybu Oyler 6JH3Ka K cpeiHell TeM-
neparype BOAbl M oTHoulewHe Prx/Pro~1. IlostoMy B ycJaoBusx pac-
cMarpuBaemoll 3anaun MoxHo B hopMyse (5-7) npuusts (Prm/Prc)D'M:

]
1

N .OTBeT
a = 4750 Br/(m2-°C).

5-34. Tlo tpy6ke BHyTpeHHHUM paHaMerpoM d=8 MM H JAJHHOII
[>50d nBuxercs Boja co ckopocthio w=1,2 m/c. C HapyxHoH cTopo-
Hbl TpyOKa oborpeBaercs Tak, YTO TeMIepaTypa ee BHyTpeHHeil moBepx-
HoctH . =90° C. Boaa HarpeBaercs oT fw;=15°C Ha BXole A0 fwa==
=45° C na BeIXOAe U3 TPYOKH.

Onpeneants Ko3QGhHUHEHT TeMIOOTAaYM OT CTEHKH TPYGKH K Boje
H cp(e;zlmoxo Mo AnuHe TPYGKH TMJOTHOCTb TEIIOBOTO I[OTOKA.

TBET

a = 7950 Br/(mM2.°C); g = 477 xBr/m2.

5-35. Onpenennts Ko3QOUIHEHT CONPOTHBJEHNA TpeHHs B YCJOBHAX
sagaun 5-34. CpaBHHTH NOJYUYEHHBI pPC3YABTAT CO 3HadeHHCM KO3(H-
IIHEHTA CONPOTHMBJEHHS TPeHHS &, NMPH H3OTEPMHUECKOM TCHEIIHH.

Oteer

£=0,0263; &/&y =0,875.
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Pewenne .

[Ipn TypGy/sieHTHOM HEH3OTEPMMUECKOM JBMIKEHHH HeCKUMaeMo
AIIKOCTH B TJIaJKHX TPy6ax KO3(QHUHENT COMpOTHBJICHHS T1PEeHHsA MO-
KeT OLITh PACCYHTAH MO CJedyiollelt hopmy.te [20]:

E=1Ea (:—m"‘)", ’ (5-9)

rae Ex=(1,82 lg Rewx—1,64)-2 —xosbduument COTIPOTHBJIEHHS TNPK
H3O0TEPMHUUECKOM TEYCHHH; e/l — OTHOUIEHHE KO3 HUHEHTOR AHHa-
MHYECKOH BASKOCTH XKHAKOCTH. B3SITEIX COOTBETCTBEHHO IIpH TeMneparTy-
pe CTEHKH H CcpelHell TemnepaType XUAKocTH; n=0,14 HOpH HarpeBaHHH

— \25
HKHAKocTH M n=0,28 Pr;o IpH OXJaXKAeHHH XHAKocTH. Ita ¢op-
MyJla clipaBejJ/HBa NMpH

3,3-10% < Rey < 2,5-108;

0,3 <€ <38 u1,3<pr, <178,
Mo

M3 ycnosuit 3agaun 5-34 umeewm:
d=8mM; w=1,2m/c; £, =30°C; #;=90°C.

Has  soapt mpH  #x=30°C wvux=0,805-10-0 m2/c: =
X10-® ITa-c 1 npn #c=90°C pc=315-10-6 a.c; Ml =802

wd  1,2.8.107°
vk 0,805.10~°
Kosdduunent conporussienns TPEHHA MIPH H30TEPMHYECKOM TEYeHHH

S = (1,82 1gRe; — 1,64) 2= (1,82 1g 1,19-10° — 1,64)—2 = 0,030.

=1,19-104,

Kospduunent conporusienus TpeHus NPH HEH3OTEPMHYECKOM JBH-
KellHH B yC/IOBHAX HarpeBaHHs MIIAKOCTH

315\0.14
&= Eu (e/pw) 1 = 0,03 (50—2) =0,0263.
Taxum o6pasowm,

§/§n = 0,875

5-36. Kak H3MeHHTCS KO3QOULHEHT TEIIOOTAAUH B YCJOBHAIX 3afa-
un 5-34, eciH TpyOka, MO KOTOpOi ABHKeTCS BOJla, BHIOJIHEHA B BHJE
ameeBuKa gHaMerpom D=2R =200 mm (puc, 5-6).

OrBer

s =9100 B1/(M2-°C), 1. e. KosbduLHEHT Temno0TRAYH YBEJIHUYHT-
ca Ha 14,59%.
Pewenue

n - ’
PH TeueHHH XKHAKOCTH B H3OTHYTHIX TPyGaX, ecnu Rer<R€m<

<Regp, RSl pacieTa Ko3(GHUNCHTA TEMJIOOTAAYH MOMKHO HCMOBL3OBATE
dopmyay (5-7). 3nech

Re 16,4 ° Re’ 18500( d 10,28
=, (] = — -
0=y R 2R) , (5-10)
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rae d — BHyTpennHii AHamerp TpyGbl; R-—— paAuyc 3axkpyraeiiis 3mee-
BHKA.
CooTHnolenus (5-10) cnpaseannsesl npn d/R=8-10-4 [4].

Ecaiu Rc,h>RoKp, TO PaCuCT MOMKIO BCCTH 10 TOfl ke opmyie

(5-7), 1o moJyuennoe 3unaucime KopPHIMENTA TCINOOTLUTI HCOGXOMUI-
MO YMIIOIKITh (1 BeJNYILY €, KOTOPAsSl I/H-3MCEBHKOBLIX TPYG ornpe-
Acdsterest o Gopmye
d
aR——l-—}—l,B?. (6-11)

B paccwarpupaemom ciyuae  (cM. 3agady 5-34)  as Bojabl MpH
1 =230° V;1<:O,805' 10-6 MZ/C',

Rey = — = ———— —[,19.10%;
Vax  0,805.107°

" _ 18500 (-2 % 18500 (— ®
= — = — = 7500.
KP (2R) 500 (2-100) 500

"
Tak xax Ro,1.>Rer, TO pacuer Beaem 1o gopmyae (5-7) ¢ nompas-

wofi (5-11), Uz peuichHs 3agadd 5-34 BuAHO, WTO Kosqxpmmcur TCILJIO-
OTAAYH A psiMoil TpyGul a=7950 B’I/(MZ °C);’

Re

ep=1 18—:1 145
R +1, T
H
o, = uep = 7950-1,145 = 9100 Br/(M*.°C).

5-37. OmpejesauTh  KOJHYECTBO
TENJIOTH, KOTOpas OTBOANTCA  OT
BOADl, ABHXYIICACA [0 3MEEBHKY C
pajinycom R=160 MM, punomien-
oMy M3 TpyGLl  AHaMmerpom d=
=18 mm. Pacxon ol G=
=0,24 xr/c; cpeanss no AAHHE TPY-
6ol TeMiepaTypa Boabl fx=120°C,

Frp=h5 T

Blyrpemieit  nosepxiocTu  TPYOGLI
te=110°C. Huausa tpyOul 3MeenH-
Ka [=3 M.
1 =15°C OTser
Puc. 5-6. K sagaue 5-36. Q = 14 xBr,

5-38. Temnoo6MenHoe ycrpoiicr-
BO NpPEANOJaraeTcs BLIMOJHHTb M3
npAMbIX Kpyrapix TpyG guamerpom d=30 MM, BHYTpH KOTOPHIX JOJIKHA
MpoTeKaTh OXJaKAalolnas KIAKOCT, TeMnepaiypa BHYTPCHHEIl MoBepx-
HOCTH cTeHOK TPy6 fc 3ajana u paBHa 120° C.
OxJaxpaiollan KHUAKOCTE HMEET CPEJHIOI0 TeMNepatypy fx=70°C
H JOJXKHA OTBOAHTbL KOJIHUECTBO TemaoTi Q=300 kBr.
OnpegenuTs NOBEPXHOCTL OXJIAXKIEHHs, €CTH B KauecTBe OXJaMja-
IOIHX KHAKOcTed OyayT mpuMeHeHbl: a) Boja, 6) TpaHchopmaTopHOe
MacJio; B) BO3AYX UpH arMocheplioM JaBJelikH.

88

nocroflnias 1o JaHle Temnepartypa |

Cpeansis CKOPOCTL JBIKEIHST BOAK 1 Macia MPHHSATA paBHOll w==
=2 M/c, Bo3tyxa w=10 M/c.

ITpun pacuere Bo Bcex Tpex cayuasx NpHHATL [>50d 1 cpeanuii
gorapubmitecknil remnepatypuntii nanop Afy=fe—tfx.

Orser
a, Br/(m2-°C) F, m?
Hast Boasl . . . . . . . .. ... 10 700 0,56
Huast Macaa . . . . . . . . . ... 1140 5,25
Jas Bo3gyxa . . . .. . . ... 38,4 156

5-39. Kax u3MeHsTcst K03]duiHenTs TEMJI0OTAAUYM H MNOBEPXHOCTH
narpcsa Agq BOAL, Macsa H BO3AYXa, moJydellibie B 3agaue 5-38, ecan
npu Toli Xe cpegHeH Temneparype TemsoHocuteds (fx=70°C) teMme-
patypa creHkn Gyzer He 120, a 20°C, 1. e. 6yaeT NPOHCXOJHUTH OXJAXK-
JlenHe TeMJIOHOCHTeJNIsT TPH TOM Ke TeMNepaTypHOM Harmope, 4TO H B yC-
JIOBHAX 3ajaud 5-38.

OTser

a) KoadpHUHeHT Tem00TAauH OT BOAB K CTEHKE YMEHBUIHTCA Ha
32,4% u F=0,83 m2

6) Koadduuuenr rennoorsaud ot TpaHchopMaTOpPHOTO Macsaa K
cTenxe ymenbuntesa Ha 41,6% u F=9,0 M2,

5) KoadHlUHeHT TemnooTaaun OT BO3Ayxa K CTEHKe NpH OTHOCH-
TebHO HeOOJBIIHX TEMMNepaTypHBIX HAaNopax NpakTHYECKH He 3aBHCHT
OT Pa3HOCTH TeMIepaTyp H NMOBEepPXHOCTb OGyAeT Takof ke, Kak B 3ajaue
5-38 : F=156 M2,

5-40. [To npamo#i Tpybe anamerpoM d=30 MM H anauHO# [=2,5 M
JIBHMKETCS TEeMJIOHOCHTENb CO CKOPOCTbI0o w==4 M/c H CpejHeH TeMmnepa-
typoll tx=>50°C.

BrYHC/HTE NMOTEPIO Hamopa Mo AJHHe Tpy6hl, eCJM B KayecTBe Tell-
JIOHOCHTeJIS MPHMEHeHH: a) BoAa # 6) TpaHchopmaTopHoe Mmachao. Pac-
YeT NPOH3BECTH AJs CJydast OXJaKJeHls TelJIOHOCHTeJs1 HpH TeMmepa-
Type CTeHKH TpyGbl {¢=20°C u ans cayyas HarpeBaHHs IpH fc=
=80°C.

OTser

[Tpu oxnaxiennu soAbnl Ap==11,5 k[la; npu oxJlaxJeHHH TpaHuc-
dopMatoproro macna Ap=17,6 klla; npu HarpeBaHkH BogH Ap=
=9,57 klla; npx HarpeBauuH TpaHcdopMatopHoro Macsaa Ap=14,3 k[la.

5-41. Tlo 1py6e mnamerpom d==38 MM mnporekaet BOjJAa €O CKO-
poctio w= 9 M/c. TemnepaTypa BHyTpeHHeH NMOBEPXHOCTH TPyOH MOA-
nepzxusaetcst ¢ ==50°C, n gBHXKyWasnca nmo TpyGe Boja HarpeBaercs OT
TEMIIEPATYPbl HA BXOAE fi==16° 10 tx2=24°C

Onpenesuts K03pHUHEHT TENIOOTAAYH OT CTEHKH K BOAE H AJIHHY
TpyGHL

OTser

& = 28 400 Br/(M?-°C); [ = 3,35 m.

Pewenne
OnpeneasieM pexXuM JBHKEHHST BOAHL:

twe =0,5 (Fxq + txs) = 0,5 (16 + 24) = 20°C;

- npu bx=20°C mas Bogs vix=1-10-¢ M%/c H

9.38.10—°
Rey = ————— = 3,42-105 > 108,
1.1078
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Pexcum TypGysenTusll; Aas pacuera Kos(MUHEHTA TemI00TLAUH
ucnosszyeM gopmyay (5-8).
Ipu tx=20°C Prx=17,02:
i = 1004:107° ITa-c; A = 0,599 Br/(v-°C);
Pyug = 998 Kr/M3; ¢y = 4187 Ik /(xr-°C).

Tpu #c=50°C pe=549-10-% Ila-c; E=(1,82 lg Rex—I 64)-2=
=[1,82 Ig (3,42-105)—1,64]~*=0,0141; ( 8 o0

——Re, Pry \
Bac }?

8 o
—E— 2/3 . (\“c /) '
12,7]/? (pr — 1) 1,07

rje npH Harpesadud n=0,11; cnegosatennno,

0,0141
T-3,42-10§-7,02

Nuy, =

Nug=

1_()0_4 0,11
549) n

/0,0141\0,5 <
12,7(—8—) (7,023 —1) 41,07

4 KO3 DHUHEHT TEMT00TAAH

A 0,599
o = Nuy, = = = 1800 38. 10— = 28400 Br/(we.°C).

Danuy tpy6n onpefenseM. H3 ypaBHEHHs TelIOBOro 6aJjalica
Q=0a(te — tx) ndl = Gepy (Le — txr) -
Pacxof BOAb H KOJHYECTBO  TENOTH, BOCHpPHHHMAEMON BOXON,
PaBHH:

3,14 (38-1073)2

nd?
G:pmw—4—-=998-9 = 10,15 kr/c;

Q = Gepy (txg — twy) = 10,15-4187.8 = 341 kBr,

TOorpa
_ Q 3,41-108 _
a(tc—tx)nd  2,84.10*.(50—20).3,14.38.10—>

5-42. B Tennoo6MeHHOM YCTpORCTBE BOAA HOMKHA TOABOAMTH TEl-
10Ty B Koauyectse Q=460 xBr. Bogma meuxercs no mpamofi tpyGe
BHYTPEHHHM JuaMeTpom d==50 mm, Temmepatypa BHyTpeuneii noBepx-
Hoctd TpyOmr moanepxuBaerca pasHofi 20° C, Pacxoa Bogn G=11 kr/c,
a ee TeMmepaTypa Ha BXoAe B TpyOy £ =75° C.

OnpeseAHdTh HeOBXOIHMYIO AJHHY TPYGHL,

Orser

3,35 M.

I=3,1m,

5-43. Onpenenury 3HayeHHA KOIDGHIHEHTA TEMIOOTIAYH H MJOTHO-
CTY¥ TenJOBOrO TIOTOKA HA BHYTPeHHell NMOBEPXHOCTH TPYOnl LHAMETPOM
d==12 MM, O KOTOpOH ABHIKETCA BOAA CO CKOPOCTHIO W =65 M/c, eCH
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cpeansisi TeMmmepatypa Boabl fx=160°C, a Temnepatypa BHyTpeHHeff
TOBEPXHOCTH TPYOnt f¢ MOpAepAuBaeTcs pasnoli 185° C.
Otser
o = 4.10% Br/(M2.°C); g = 1-108 Br/m2,

5-44. C xakofi CKOpOCTbIO CJEeAyeT NMpOKauHBaTb BOAY, HMeEOLLylO
CPeAnIon apHdMeTHUECKYIO TeMmepaTypy fx=150°C, no tpy6e auamer-
pom d==20 MM H pauHolt [=2,3 M, urobu npH TypOyJEeHTHOM pexHMe
TeYeHHs1 H TeMIepaType BHyTpeHHell mOBepXHOCTH Tpy6u f.=170°C
KOJIHYECTBO OTBOAHMON TEmnNOTH paBHAJOCH 9 KBT.

Onpefenu1b TaKXKe TeMmepaTypbl BOAbl Ha BXOJe H BHIXOJE H3

Tpy6EL
[Tpumeyanue TIlpu pacuere ydecTb, YTO KO3PHIUHEHT Tenno-

otfauil B (opmyJse (5-7) OTHeceH K cpexHeaorapHMHUecKoil pasHOCTH
TEMIepaTyp MeXJy CTeHKOIl H MHAKOCThIO,
OtBer

w=0,36 M/c; txi=140°C; fx,=160°C.

Pewenne
Haiinem Heo6xoauMoe 3HaueHHe Ko3duuueHTa TemaooTiauH, NpH-
HfIB B I€PBOM NPHO/HKEHHH, UTO Afp= (fo—Fx):

Q 9000 ' :
= = 3100 B: 2.°C).
nd! (fg — tx) 3,14-2-10_2-2,3(170— 150) 3 /(o )
Tpn £x=150° C v;x=0,202- 10~-¢ m2/c;
px = 917 Rr/M3; Ay = 0,685 Br/(M-°C);
cow = 4313 I/ (xr-°C); Pry = 1,17,
Tpu ¢, =170°C Pro=1,05.

Onpenensiem 3HaueHre yHcia N H HeoGXOZMMOE 3HaueHue uHCAa
Pelinonbaca no gopmyae (5-7):

ad  3100-2-107°

o =

Niy= —= =905
" A 0,685 90,5
Nu 9,5
Rel’ = - = ’ = 3930
2 {Pr 0,25 1,17\0,25 4
0,021 Pri;® (—’*‘) 0,021 (1,17)%% (——
¥\ Prg (117) 1,05
OTKyAa e
Rey = 3,11-10¢,

OupegessieM B riepBos NpHOJIHKEHHH TPeByeMyw CKOPOCTb BOABL:

0,202.10~6

Vi
w=Rex—=3,11-10¢ — =0,314 M/c.
d 02

Pacxon Boant

G=pxw— =917.0,314 =0,0903 &r/c

nd? 3,14(2.1072)?
4 4
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H Mepenaji TemmepaTyp no AjaHHe TpyObl
= Q = 9000 =23°C.
Gepwe 0,0903-4313
Cule10BATC/IbHO, Haya/ bHasi H KOHEUHAs TeMmepaTypbi BOALL DaBHBL
tan =t — 0,58t =150 — 11,5 = 138,5°C;
fig ==t +0,5 8¢ = 150 4 11,6 = 161 ,5°C.

CpeanesorapudpMHuecKas pasHocin TeMuneparyp

o¢

— ¢ 2
Aty = tx(zt )Klt _ 331 - —17.6°C.
2,31 (3 2,31g ==
® te— s £85
[IpousBoaM BrOpoe npubJikenue, mpuuss Af,=17,6°C:
9000
= - == 3530 Br/(M?.°C);
® T 314.2.102-2,3-17,6 r/050)
3530
0,8
% = 3930 —— = 4470;
Re)]\ 31007 ..

Re,;; — 3,66-10%; w= 10,37 m/c.
G =0,106 xr/c; 8 =19,7°C, roraa ¢,y —= 140,2;
Fap = 159,8° C 1 Aty =18,2°C.

B rperwem  npubiminkenud  TPuHHUMaeM Aly=182°C; a=
=3420 Bt/(mM2-°C); Rex=3,55-10% n w=0,36 m/c.

IIpu stom 6/=20°C; & =140°C; to=160°C u Al;=182°C, uro
cOBNajfaeT ¢ paHee NPHHATBIM 3HaueHHEM.

5-45. Bona c teMmeparypolt fx,=30°C nocrymaer B TpySy Aua-
Merpom d==12 MM u auuHo# [=2,2 M.

OnpefeauTh TeMNepaTypy BoAbl Ha BbIXOAe H3 TPYObI, ecii H3BeCT-
Ho, uTo pacxoz Boabl G=0,083 xr/c u TemmepaTypa BuyTpelnefi mo-
pepxuoctit Tpydu {1 =60° C. :

Otser

L = 507 C.

Pewenne

Jlas pacuera TEIIOOTAAYH HEOOGXOAHMO 3UATL CPEUHION [0 JJIHHE 4
Tpy6ul Temnepatypy auakocTd, Tak Kak TeMmepaTypa BOAbI HA BBIXOAE 3
H3 TpyOLl lleM3BecTHa, TO 3ajauyy pelliaeM METOL0M INOC/IeR0BATebUbIX -

npubAHKeHHIL

3ajgaeMca TeMlepaTypoil BOAL Ha BHXOAE u3 TPYOL lwy=40°C, 1
torna faw=0,5 (tma+1x2) =0,5(304+40) =35° C. TIpu s7oil Temneparype

Pn=7,28-10-4Tla-c;

6 4.8,3.107°

nduy 3,14-1,2.1072.7,28. 107
Peny ADMKCHEAS BOAB TVPOYJICHTHL—

[I[)I{ 1;!:'—:35°C ;\47[;:(),626 B'I'/(MZ‘OC); pl';1;=4‘85; npi [c:GOOC
Pr.=3,00.

a2

Rey = — 121100 > 10%.

TToacraBUB HalileHHBe 3HaueHHs1 BequuHH B dopmyay (5-7), Haii-
neM 3nadenus uucna Nuy H Ko3ddHUHEeHTa TenIo0TLauH:
0,25
— 0,8 0,43 [Prac\”
Nu,, = 0,021 Re,;" Pr» (p—)' =
T'e

10,25
= 0,021 (1,21-10%)%8 (4,85)"3 (4—85) ° _ 86;

3,00

A 0,626 ‘
o = N —= = 86 = 4490 Br/(m2.°C).

d 1,2.1072

P TemnepaTypy BOAbl Ha BbBIXOA€ HaxoXHM H3 YpAaBHEHHA TEMJIOBOrQ
ajalca: )

alig ndl = Gep (Bga — i)
YuurniBas, uro

Al‘n _ tmz‘t_tm: ,
2,31g ety
to— b
IOy UACM:
and!
Ig (f¢ — tie) = 18 (o — b)) — _Q{BT_ ;
» PR

4490.3,14-1,2-1072%.2,2

1g (60 — £,45) = Ig (60 — 30) —
(60 — txa) = 1 ( ) 2,3.0,083-4187

oTRy/a fie=49,7°C. :
B kauectse BTOporo npubiHMKeHHS 3anaeMmcs fxa=>50° C, 10r1a

f=40°C; M =6,54-107" ITa-c; Ay = 0,634 B1/(M-°C);
Pr,x = 4,30; Reyx = 13500; Nux = 87 u o = 4600 Br/(mM2-°C).
TemnepaTypa BoAbl Ha BhiXofe (BTOpoe npuGAHXKeHe)
4600-3,14-1,2-107%.2,2
2,3:0,083-4187 ’
tye=150°C.

5-46. Tensoo6MeHHHIl anmapaT BLIMOJHEH H3 NAPasJeNbHO BKJIO-
4eHHbIX NPAMBIX TPYO nuaMertpom d=18 MM u aauroil [=2,2 M, BHYTpH
KOTOpBIX ABHXKeTcs rpetouiast soaa (puc. 5-7). Hucao t1py6 n=30.
O6uwnit pacxon Boast G=2,4.10% kr/y, Temnepartypa BOAH Ha BXOJAe B
annapar L =90°C.

OnpenesHts KOJHYECTBO TEMJNOThbl, OTAABAEMOll BOAOI, ecan 1emne-
paTtypa BHyTpeHHefl noBepxHOCTH TpyG f:=50° C.

OrBer

1g (60 — f10) = 1g (60 — 30) —

Q = 558 kBr.

5-47. Tlo xaltaJy TenJIOBBIAC/AIOLEr0 3JEMEHTA AACPHOIO DEaKTopa
IBUXKeTCs BoZa nox nasneHueM p=8 MIla. JuaMerp kanana d=8 MM
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u ero mawHa 1=25 M. Pacxoa Boan G==0,12 kr/c. Temnepatypa BOZABl
Ha BXOAe B Kanan fuq=190°C.

OrnpenenuTb TeMueparypbl BoAbl H BHYTPeHHeH MOBCDPXHOCTH KaHaJa
Ha BHIXOAE fme H fc2, €CAH NPHOJIHMKEHHO NMPHHATH IJIOTHOCTb TENJNOBOTO
MOTOKa Ha CTeHKe [OCTOAHHON M0 [JMHe KaHaja u papHofl ge=
=620 kBr/um2.

MMpumeuanue [lpn paccMaTpHBaeMblX NaBJCHHAX [ TeMNepaTy-
pax cJielyeT yuHThIBaTb 3aBHCHMOCTb TEIJIOEMKOCTH BOABI OT TeMmepary-
pH 1 papienus. [1osTOMY TemmepaTypy BOAB Ha BBHIXOAC LIYXHO ompe-
HCJSITH M0 H3MEINEHHIO SHTAJNbIHH BOJH 10 AJHHE KaHala:

ndl

ip=1ij +——G—— , KILK/kr,

OTBer

t;§<2= 260°C. tC2= 285°C.

5-48. Temnepatypa

%, 1 naBJeHHe BOABI HA BXOLe B
’ KaHan si1epHOTO  peaKkropa

tn<1——=180° C, p=10 Mﬂa
Kanan umeeT Kpyraoe more-
—————-—1—-—"  peuyHOe CceueHHe BHYTPEHHHM
= nuamerpoM d=06 MM H MJIH-

= — ny [=3 m.
l ] L7
hn—

!
.
f

[
t

Kakofi pacxoa poaAbl He-
06X0AHMO 006ECreynTh, yTOGLI
TEMIlEpATYpa CTCHKH KaHaJja
na Buxose Geuta ua 20°C
HHXKEe TeMliepaTypHl Hachblliie-
HUST™BpH [aHHOM JaBJICHHH,
ecaH  MJOTHOCTL  TEeNJOBOTO
[OTOKA Ha BHYTpeHHel MOBEPXHOCTH KaHaja MPHOAMKEHHO NPHHATH MO-
CTOSIHHON N0 AJHHe H paBHOH g. =740 kBr/M??

Mpumevanne Juaa onpefeieHtisi pacxola BOAH HCOBXOIHMO
paccyuTaTth 3HaueHue xosdduiuenTa TENNOOTLAYH U TEMNepatypy BOAb
Ha BBIXOJe H3 KaHala Gg H lxz, KOTOpble B CBOIO Ouepeib 3ABHCAT OT
pacxona Boabl. [ToToMy 3ajauy MOXKHO pelIHTh MeETOAOM NOCJ]el0Ba-
TeNbHBIX NpHOJHXKeHHH, 331aBasich CKOPOCTbI ABHXKEHHs BOAbl B KaHa-
Je B npefenax w=3+6 m/c. ’

Orser

Puc. 5-7. K 3apaue 5-46.

G=0,1 xkr/c.

5-49. B KcnepHMEHTaNbHOA YCTAaHOBKe s HCC/eLOBaHHA TEMJo-
oTAaun NpH TypByJEHTHOM DeXHMe TedeHHs Mo TpySke H3 HepiKapeio-
wlelt cragd gnamerpoM d=5 MM u ToauHolt =05 MM IBHKeTCA BOJA.
Tpy6ka oforpesaercsi MPOMYCKAaeMbIM Yepe3 Hee SNEKTPHYECKHM TOKOM,
W Bcsa TenJsorTa, Bhensemasi B CTeHKe, OTBOLHTCSl Yepe3 BHYTPEHHIH
[10BEPXHOCTb K BOJE.

Onpeaeants 3uaucine kosQ(HUICHTA TeNJOOTAAYH OT BUYTpEHHCH
TOBEPXHOCTH TPYOKH K BOAE Uow, BT/(M2-°C), na paccrosiny (=600 Mm
OT BXOJa, €CAH H3 ONbITa MOJAY'UeHH CAeAyRUlHe HdHHLIe: CHJIA TOKa,
npoxensuiero no TpyGke, /=400 A; pacxox Bousl G=0,l xr/c; naBie-
1IMe, IOA KOTOPBIM HaXoAWTCA BoAa, p=16 MIla; Temneparypa BOAH Ha
BXOZe B TPYOKY fixy=300° C; TemnepaTypa HapyKHOH NOBEPXHOCTH TpYyG-
KH na paccrosiiun /=600 MM oT Bx0aa fc.n=350"C.
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TlpH pacuete HPUHATH YAENbHOE 3JEKTPHYECKOE CONPOTHBJEHHE H
KO3 (HLUHEHT TEeNNONPOBOJHOCTH CTaJH HOCTOSHHHIMH H DAaBHBLIMH COOT-
percTBento: p=0,85 OM-mMM2/M, A=19,8 Br/(Mm-°C).

OrtBer

Gon == 48 500 Br/(2-°C).

5-50. OnpenesnuTh OWHGKY B pacyeTe o MO ONLITHHIM HAHHEIM B yC-
JOBHAX 3ajaud 5-49, ecad a) He yuHTHIBaTh Ilepenal TeMnepatyp Io
TOJILIMEE CTEHKH OnbiTHOf TPpyOkH H 6) ecsim XKo3(PhHIUHEHT TENNONpOBOA-
HOCTH MaTepHana TpyOkH 3apnmen Ha 10%, T. e. mpuHato A=
=218 Br/(Mm-°C).

CpaBHHTb NMOAYYEHHOE H3 ONbITA 3HAYEHHE Uonm C PE3YJbTaTaMH pac-
veta no dgopmyne (5-7) ap.

Otser

a) a=30000 Br/(M2.°C); omubxa pasHa 38Y%.

6) a=45600 Br/{m?.°C); omubka paBHa 6%.

ap=50 300 Br/(M2.°C); pacxoxzeHue Ha 3,7%.

5-51. Ilo kaHany KBaJpaTHOro Ce4eHHs, CTOPOHA KOTOPOTO a=]0 MM
H anuHa [=1600 MM, npoTekaer Boia CO CKOpPOCTbIO w=4 M/c. Boiunc-
MUTh KO3hQHUKEHT TENAOOTHA4H OT CTECHKM KaHala K BOXLE, €CJH Cpel-
HASl IO ANHHEe TeMnepaTypa Boau fx=40°C, a TemMnepaTtypa BHYTpeHHel
MOBEPXHOCTH KaHana fc=90° C.

Orser

a = 20 300 Br/(m?.°C),

Pewenue
Tlpu cpennefi Temnepatype {w=40°C ousnueckde cBoficTBa BoIBI
[P))aBHbI4 é}OOTBeTCTBﬁHHQ: vi=0,669-10-8% m2%/c; Ax=0,634 Br/(M-°C);
Ik =4,0.
Tipu t.=90° C Pr.=1,95.
DKBUBAJIEHTHHIH AHaMeTp Kanana

rie [ —nuomanb NOMEpPeYHOro CeyeHHs KaWaja, M2 4 — NepHMEeTp Ka-
Haja, M.

Yucno PefiHonbaca
wdy 4.0,01

Re S =
M yg 0,669.107°

=6,07-10¢ > 104,

Pewum nBuKenus TypOyneHTHHI.
Hna xupxocrelt ¢ wnenamu Prz=0,7 temsooraaua npH TypGyneHT-
HOM TEUEHMH B K4HajaX HEKDYIJIOrO CeYeHHA MOXET GHThb MpHG.MKEHHO

paccurrana no ¢opmyse (5-7) ¢ BBeAeHHeM B KauecTpe OIIpeAEJISIOErO
pasaMepa 3KBHBAJNEHTHOro AHaMeTpa. ClenoBaTesbHo,

0,2
Nu,, =0,021 Re?,;s Pr?,;“3 (S—’“) =

Te

= 0,021 (6,07-10%)%8 (4,3)%% (—

4,3\0,25
1,95) B
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H K03 dHLUHEHT TerI00TAANH

. 0,634
— Niy 2 = 300
@ =Rty 0,01

»

= 90 300 Br/(M2.°C).

5.52. Kak nsMcuarcs Kos(Quiuent TEMIeaTAauH I KOJHYeCTBO Tem-
A0TbI, HepegasacMoil a1 M kanana, B yCIOBIBLY 3dldul 5-51, ccmit Ka-
llast KBAAPATIOr0 CCUCHIS 3AMCINTL &) LCACBLIM KALaJgoM ¢ cooTioule-
tuem cropou 1: 25, 6) xayazoM € ceuCHieM paRHOCTOPOLIICIO TPeyroab:
ika? LIpil 9TOM [UIOUIAAKL IIOMEPetiioro CCueiisl Kanazaa 11 CKOPOCTb
JBHIKEHHs BOLBI OCTABHTL HCH3MEHIIBIMIL

Orser

a) Kosbdunueur TengiooTaatii yBeJUHITes IPAMCPIO. 1a 20%. Ko
JH4ecTBO  TCNJOTHI, HGPEJIHBHCMOLUI Ha 1l M KaHana, yBCJIH‘{lITCﬂ B
3,16 pasa.

6) Kosbduunent TennooTiait yBEIHUUTCS Ha 2,5%, a KOJIH4ecTBO

nepeaaBaeMoH TEMAOTH — Ha 17%.

5-53. B termoo6MeHHHKe THna «Tpyba B tpy6e» (puc. 5-8) BO BHew-
HeM KOJbLIeBOM Kanane ABHXKETCS BOjAa CO CKOPOCTBIO w=3 Mfc. Cpel-
Hsisl IO AJHHE KaHasa TeMiepaTypa BOAB fe=40° C,

s

Puc, 5-8. K sanaue 5-53.

OnpejednTh Cpepunit 1o AMIHC k03hdUILITEHT TenJI00TRAYN T Tel-
JOBYI0 MOILHOCTD Tens006MeHHIIKa, €CIl TeMIiepaTypa BHellHell MoBepX-
HocTH BHYyTpeHHeli TpyOLI te=70° C. Hapyxublil 1 BHYTpeHHH guaMeTpbl
KOJblLeBOr0 KaHaja paBHBL cooTBeTcTBenHO: d2=26 MM 1 d;=20 MM,
JUIMHA KaHaja I=1,4mM.

OTeer

@ = 7600 Br/(m2-°C); Q= 20 xBr.

Peitenne

[lpu ta=40°C ansa BOABL v =0,659-10-0 m2/c. AKBHBAJICHTHEL

AHaMeTp KOJBIEBOTO KaHaJsa

4
dazjf = dy— dy = 26— 20 =6 Mv

wdy,  3:6-107°
Rew=—"—="_—"""7%

Vax 0,659-10
Cpennuft Ko3bHUHEHT TelIoOTAAYd HA BHYyTpeHHedl MOBEpXHOCTH
CTeHKH IIpH TypﬁyJ’IeHTHOM pexumMme TeueHHS KaneJbHbIX }KH}lKOCTeﬁ H ra-
308 B KaHajax KOJblIIEBOTO CEUYeHUA MOXKET GLlTh paccqmaﬂ no cJaeAyko-

meit hopmye [4]:

Pra.\0,25 / dy \0,18
0,8 p 0,4 (T2 z2.
Nu, — 0,017 Re);’ Pry; (Prc> <d1> ,

= 27300 > 10%.

(5-19)
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;ﬂbfﬁ;néxlgxcu «¥K» H «C» 03HAyatoT, yTo GH3HIECKHe CBOACTBA HKHIAKOCTH
; H;;‘ TCA COOTBETCTBEHHO MO cpefHeapHdMeTHYecKOR TeMmeparype
n’gurﬂb?f';m;g:;ype %TCH}((;{ tcd 3a(donpe11enmomuﬁ pa3Mep MpPHHAT 3KBHBA-
erp do=d>—d; (d, 1 d2 — BHYTpeHHHH i
MeTp(‘:IJ)I KOJILUEBOTO KaHaJsa), v ¥ pHeT e
opMyna (5-12) cnpapegansa npu d
; i d=12+14; =50
, Prm:o,7+100. p 2/ 1 1,2 T 14, I/da—50—460
B paccmaTpHBaeMOM cayuae
vody 26 ! 2

P R

H pacucT npoBoanM no dopmyae (5-12)
TIp# tw=40°C Prx=4,31, Ax=0,63 °C);
npu tc=70°C Prci2,55; » Pw=0,635 B/(e-7C);
Nt = 0,017 (2,73-10%)%8 (4,31)%+4 (ﬂ 0.35 (261018 79:
2,55 20 ’
Ak 0,635
a=Nuy — = ’ = -°C);
g 726-10_3 7600 Br/(M?-°C);

Q = o (b — ty) dl = 7600 (70 — 40) 3,14.2.1072.1,4 = 20 kBr.

5-54. Kak wm3MeHsiTcl  3HaueHHe
Ko3th§HUNEHTa TeniooTAZYH H TemJo- $ $ $
Baf MOLIHOCTbL TenJooOMeHHHKa B yc- '@"
JIOBHAX 3ajau 5-53, ecaH HapyXHblit s ; S
JHaMeTP KOJBLEBOro KaHana dy= ey } LS
=32 MM, T. e. IINpHHA KaHaJa yse- % KX__G}_
JHYHTCA B 2 pa3a, NMpPH YCJIOBHH, YTO N '
a) CKODOCTb ABHXKEHHSA BOAbL M BCe > WS | S
ApYFHe YCIOBHA OCTaHYTCH Ge3 H3Me- } y -
HeHHii; 6) pacxol BOAB H BCe JApYrHe { “ { \«é ) 3
ycloBHs coxpansatcs 6e3 H3MeHeHHIl. \ S
N

OTBer 4 |
a) aa = 6900 Br/(n?-°C); : D Q§&a—z&o&-

fal)

200 200
ay/a=0,91; Q= 18,2kBr.
6) ag= 3580 Br/(M2-°C); Puc. 5-9. K 3anaue 5-55.
ag/e =0,47; Q=9,4kBr.

5-55. KoTeJbHbIH TYUOK OMBIBAETC

razos, Tpy6bl myuxka BHELIHHM JmaMeTﬁp(])115oégggﬂxmn?;};&?{o%u;{fgu;
p_a;ggnoxenm B KODHAOpHOM mnopsaxe c maroM s, =200 MM n_sz=
T—eMnep]:r (;mg. 5-9). (é{pemmﬂ TeMnepaTtypa rasos bx=750°C; cpeauas
eMIe ypa HapyXHO I_l_onepxnocm pr6_tc=250°C H CpemHsAs CKo-
p IBHKEHHA rasoB w=~06 M/c OGbeMHBI cOCTaB razos (OTHOCHTEJb-
Hble Sapuﬂanbﬂbxe RaBACHHA) Pco, =13; ﬁﬂ o=11 ﬁN =176

npefesHTh K ‘ ) ,
rasor:)Kpnoaepmocr()}?q;g;élﬁey};a.mmoomaw KOHBEKUHel OT JLMOBBIX

TBET

@ = 13 Br/(42-°C).
7-13 :
3 97



Pemenne )
DKBUBAJCHTHIIT JUraMeTp nyuka tpy6
nd2\
4 (s Sy — —)
4 152 ]
u nid nd
Cacnosateabio,
0,2.0,2
dy =4 —— 2= =
- 3.14.0,08 0,08= 0,557 m.

p— o i a
Ipn £x=750°C ¢nanuccxce CBOMCTBA JBMOBLIX TA30B Aaniora co-

CTABA COOTHCTCTBEHHO PABHDI:
Ve = 122.10—8 m2/c; Ay = 8,71.10~2 Br/(M-°C); Pry =0,6:
Rey wdy _ 6-0,557 '

Vix 122.10—%

Tlpu TypGysenTHOM pexuMe Teuenns rasa s Tpybax, Kananax u npn
nlpouonbnom 06TeKaHHH TDPYBUBIX NYUKOB TEINOOTAANA MOMET 6biTh nof-
CUHTaHA IO q)“opMyﬂe (5-7), Ho npu stoM TonpasKa Ha u3MeHcHne (-
SHUECKHX CBOHCTB ¢ TeMnepaTypoit (Pru/Prc)0.25 HeCnpaBe/HBa

s rasoB BausiHEEe H3MeHeHus (DH3HUCCKHX CBOWCTR na TensooTia-
1Y MO>KHO yueCTb BBEJEHHEM TEMIEPATYPHOro dbaxTopa [8]: )

T_ci tc+273
T  tx+4273°
NpH oxjaxiennn 1 0,5 <0 < 1
Nu = Nuy (1,27 —0,278);

=2,74-10* > 10¢,

NpH Harpesaind H | < 8 < 3,5 (5-13)
Nu = Nuy, 805,
i \ — e
rie Nugx — uncao Hycceasta NpH MOCTOSIHHLIX (I3HYCCKHX CcBOfcTBAX:

Nu, = 0,021 Rei;s Pr?K-43 &,
B pacemarpisaemou cayyae
s 3
dy 0,557
H o tabanue K dopMyne (5-7) maxomuu e=124, caegonareanho,
Nuy = 0,021 (2,74 1048 0,6%43.1,24 = 73,3,

250 - 273
T 7504-273
Nu = Nug (1,27 —0,276) = 73,3 (1,27 — 0,27.0,51) = 83
H KO3 OHLUHEHT TennooTaaun
Do 0,0871

=83—r> = 2.0
4, 0.557 13 Br/(m2.°C) .

0,51;

a = Nu
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5-56. Kax usMeHuTess KoshbHUHEHT TEIIOOTAAYH KOHBEKUNeH B yc-
JNOBISX 33744l 5-55, ecau wmar sy yBenuunth B 2 W 4 paza? lllar s; u
BCE OCTaJbHbIE YCJIOBHA COXpaHAOTCA 6e3 H3MeHeHHuH.

Orser

®ysp = 11,3BT/(M2-°C);  otys; = 9,9 Br/(M2.°C).,

5-537. RKaK H3MeHHTCH KOIPPHIHEHT TelmIoOTAauH KOHBeKUHell B
yejaoBusax 3ajaus 5-55, ecau guametrp Tpy6 yMCHbLUHTL B 2 pasa? Bce
OCTAJILHLIC YCJIOBHA COXPAaHHTb §e3 M3MEHEHHS.

OTtser

a’ = 11,3Bt/(M%-°C).

5-58. [To TpyGe BHyTpeHHHM IuaMmeTpom d=46 MM ABHXeTCH BO3-
JIVX € BHICOKOIT cKopocTbio. Pacxoa Bo3nyxa G=0,2 xr/c.

TepMoAnHaMHuyeckast TeMrepaTypa BO3Avxa Ha BXxode B Tpyby 1=
=[200° C. Temneparypa crenku Tpy6n f.=350°C. [lapnenue Bo3myxa
Ha Bxoae p1=750 MM pPT. CT. i Ha BHX0oAe p2=510 MM pT. cT.

Kako#ft aaukbl pomxkHa ObITL Tpy6a, AJs TOro 4TOGH TepMOAMHAMH-
yecKas TeMIlepaTtypa Ha BbIxofe f; paBHsaach 750° C? Omnpenesuth Tak-
e 3HayenHs uyncaa Maxa Ha BxoAe B TPyGy H Ha BHIXOE H3 Hee,

Orser

1=2,6m; M;=0,66; M,=0,81.
Peirenne
Ilap/ieHHe BO3nyxa HA BXOJe H HA BEIXOZe H3 TPYGbl
p,=750-13,6:9,81 = 1-10511a; p,=510-13,6-9,81 =6,8:10*1a.

ITiorHocTh Bo3syxa Ha Bxoge B TpyOy
1.108
b= 2L = — 0,236 Kr/M?,
RT; 287,4 (1200 +4- 273)

Ha BLIXOAC
Py 6,8-10¢

= = =0,231 gr/m?,
2= RT, T 287,4 (750 + 273)
rie Aas posiyxa R=2874 Jx/(xr.-°C).
CKopoCTh BO31YyXa Ha BXoae
4G 4.0,2
- = 520 M/c,

17 pmar T 0,236-3,14.(4,6- 10—

Ha BbIXOoIC

0,236
W, = wy T =510~ — 510 m/c.

CKopocThb 3BYKa Il 3Havenls yicaa Maxa ga Bxoze

ay=V&RT, = 20,1V T, = 20,1V 1473 = 770 w/c;
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Ha BbLIXole
a, =20,11V T, = 20,1 11023 — 642 w/c:
_ w520
g = s = 64—2 ~ 0,81
Temneparypa Topmoxerns:
Ha BXoJC

2
wy 5102
Oy =T = = 1478+ -—— = 14731 107 — 1580 K,

26,,1' 21210
rae npy £=1200°C cp =1,21 kx/(xr-°C):
11a BLIXOJC
2
Wy 5202
0, =T, + = 1023+ ~—— — 1023+ 118 == 1141 K,

2¢p, 2-1145

rae npu £:=750°C cpp=1,145 I/ (kr-°Cy——-.
Cpeaneaorapiupmuyeckas pa3HOCTL TeMIepaTyp TOPMOKCHIUS

Mg — =0 1301141
= S 7. T e o =TIT°C.
2.311g =T 5, 1580 —-623 -
, s g —————
B, — T 1141 — 623

Cpezneapugmernueckas TCMIIEpaTypa BO3AyXa

T =0,5(Ty4Ty) =0,5-(1473 + 1023) = 1250 K
UK

t="1250 — 273 = 977°C.

Kosdbduurent rtemnoorpaun s pPaccMaTPHBACMBIX YCJOBHAX MOXeET
ObITb MPHOIHMKEHHO PACCUHTAH 110 ¢opmyne (5-13), rae B KauecTse on-
pelenstomlelt TemMnepaTypsl MpHHIMAeTCA f, a Ko3(pdHUHenT Tensootaa-
S OTHeCeH K DasHOCTH Temuepatyp AGy. Ilpu f=977°C Au=7 97X
I>3<1'LO=_20,71139T;/(M.°C); Wx=48,5-10-% TIla-c; cpu=1,182 kx/(kr-°C);

G 4.0,2
Tdphy  3,14-4,6-10—2.48,5.10—5
ITpeanonaras, yro otHomenxe I/d > 50, uafizem:

Nu,, = 0,021 Re%:® Prl;* = 0,021 (1,14-10%)%8 (0,719)%%3 — 204,

Rey = =1,14-105,

[Tonpaska Ha TeMmepaTypHhlil ¢akrtop no dopmyae (5-13) npn
OXJaXKJIeHHH rasa

Nu = Nuy (1,27 — 0;278),
rae

Tq 623

O =— =—— ~
T 1250

0,5.

100

Takum obpasowm,
Nu =204 (1,27 —0,27.0,5) = 204-1,13 = 231;

Ak 7,97-10—2

= Nu — =231 = 2.°C).
a u P 3 4.6.10-2 400 Bt/(M2.°C)

TlnoTHOCTS TEn/IOBOrO MOTOKA
 g=aAd; =400-717 = 2,87-10% Br/um2,
KonnyecTso nepenaBaemoii TemI0TH
Q = Gepy (¢, — @) = 0,2-1185 (1580 — 1141) = 1,04 105 Br,

[Tuourans NMOBEPXHOCTH TemsioobMeHa

Q 1,04-108
=== 362w
g = 287100 0n30em
HexoMasn aanua Tpy6nl
F 0,362
l=—=—7—"—"——"F"""=2,5M,

5-59. Ilo tpyGe nnaMerpomM d=14 MM u aauHoll [=900 MM Teyer
pTyTh co cKopocTbw w=2,5 M/c. CpenHsisn TeMmepartypa PTYTH lu=

OnpeflenTh KO3(hHUHEHT TEMIOOTAAUH OT PTYTH K CTeHKe TPYGHI,
MJIOTHOCTb TEMJIOBOrO NOTOKAa M KOJHYECTBO TEMJOTH, NMepenaBaeMoil B
eIIHHHUY BPEMelH, NpPH YCNOBHH, UTO CPeHAAA TEMMEpaTypa CTeHKH fo=
=220°C.

Oreer

a = 24 000 Br/(M2-°C); ¢ =7,2.10°Br/m?; Q= 28,4 xBr,

Pewenne
[Ipu cpenHeii temneparype pTyTH fx=250°C ¢usnueckne cpofictBa
COOTBETCTBEHHO PaBHHI:

Vi = 7,55:10-8m2/c; Ay = 11 BT/(-°C); Pry = 1,24-10—2,

Yncao Pefinoabaca

PexuM TeueHHs TYpOy/JIeHTHHHA.

Ilpu Typ6yJieHTHOM TeUeHHH YHCTHIX XHAKHX MerasnloB B Tpy6ax
K03GOHIHEHT TENJOOTAAYH MOXKeT OBITH BHIYHCJEH MO creaylouled ¢op-
myJe [16] *:

_ . Nu, =5-+0,025 Pel:8. (5-14)

* B cayuae 3arpsasHEHHBIX KIAKHX META/UIOB i NPH HaJAHYHH AONOJHHTENh-
HOI'0O KONTAKTHOI'O COINPOTHBJICHHA 3Ha4dYCHHE xo03¢¢HlUIEeHTa TeNnJaoO0TAa4YH CHHXKa-

€TCSH H MOMKeT OplTb BLYHCISHQ MO Q)opmy.rle—Nua‘=4.5+0,0H Pegés'
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B pacemartpuBacMonm cirydae
Pey = Rew Prox = 4,63-10°-1,24.10™2 — 5750,
Nuy = 5 4-0,025 (5750)%-8 = 30,5:

@ = Nuy "2 305 — 1 _
g 14.10—3

IMaornocts Temaosore notoxa
g=a(ly—1t)=2,4-10% (250 — 220) = 7,2.105 Br/m2,
Teusosoit notok

Q== gndl =7,2-10%3,14-14.1073.0,9 = 28,4 kBr,

5-60. B koHType atomuot SHEPIETHYECKON YCTaHOBKH NOBepXHOCTD
HarpeBa TCIJIOOOMEHHOTO YCTPONCTBA BLIUTOJHCHA Ha TPYG BHYTpeHHHM
LnaMerpom d=12 MM H aauHoil {=2400 wmm. Buyrpr Tpy6 nporexaer
UaTPHE CO CPCAHCH TeMMepaTypoll fu=400° C U cpeduefl cKopocTbio
w=25 mfc.

8npenemnb Kosdduunent tenaoornaun or HaTplst K CTCHKE TpVOul,

TBET

= 24 000 Br/(m2.°C).

a = 46400 Br/(m%.°C).

5-61. Oupepeants suaveine Kos(phuurenta rTennooTaayn g YCJ0BIHSIX
3afaun 5-60, ceanr no TpyGam TCIIOOGMEHHOTO YCTPOficTBA BMOCTO HAT-
pif ByneT UUPKY.MIPOBATL ANTHE 1N cilian 25% Na+75% K.

Orser

oy = 47400 BT/(M2-;C)\;N'
ONapc = 23600 Br/(m2.°C).

5-62. B srcnepumenTabiof YCTANOBKE Ajisi ONPCAEACHIIN TCHN100T-
A4t JKHIAKHX MCTaJI0B 10 TpyOKe AnaMmerpom d =12 um o pannolt =
=1 M Teuer BIICMyT. prGKa OGOI‘pCBaCTCH FACKTPHUCCKIM Harpesaredaem,
IMIOTHOCTL TEIIOBOIO JI0TOKA HA CTEHKE NOCTONHNA MO JLaHIe Tpy6rn H
pasia ge==6-10% Br/m2,

Onpeslesnts TeMmepaTypy cTeHKH Ha BbIXOAE 113 TPYOKI, ccJii TeM-
fleparypa BICMYTA Ha BXOAe £w1=300°C u ero pacxox G=22 xrjc.

OtBer

feo =396°C.
Pemenne

le{ MOCTOSIIHOH MJAOTHOCTH TEIJIOBOI'O MOTOKA 14 CTeHKe TeMIICpa-
Typa BHCMYTa Ha BLIXOJE H3 prﬁl(l{ ONPEACIIAETCSI M3 YDABHEHHU S

q. ndl
Lo = by + - )

Gep

Ten10eMKOCTb BIEMYTA Mad0 3aBHCHT OT TCMOCPATYPBE; [APH fo) =
=300°C cpui= 151 How/(kr-°C). ’
ITocTanns yaseeTnnie snavcns BCANUIIL, HaiijleM:
5 —2
6-10°-3,14-1,2.107%.1,0
2,2.151

La = 300 - = 300 - 68 = 368°C.

102

Ipn twe=368°C duanveckne caoffictBa BHCMYTA cootheTciBeiiio
paBuBL:

Pyce = 16:107% Ma-¢; Ay = 14 Br/(M-°C); Cpmz = 151 Jx/(xr-° C;

Prye = 1,62.1072,

Uncio PefiHonbaca Ha BhIXode H3 TpyObl
6 . 4'2'22- —; = 1,56-108 > 10%;
ntdly,  3,14-1,2-107°-15-10

Reye =

Teyenne TYpGyJleHTHOe, H pacuer KOs(@MUHCHTA TenJoOTAayH Ha BHXO-

Jc H3 Tpy6nl Bedem no popmyae (5-14):
Pejys = Reyp Prigeg = 1,56-10%-1,62-107% = 2530;
Ntge = 5 4 0,025 (2,53-10%)%-8 = 18,2;

14 .
tg = Nuyep 22 — 18,2 —3 = 21200 Br/(x2-°C).

d 12-10
TemnepaTypa CTGHKH Ha BBIXOJe
e _ 8 10° 681983 = 396,3°C.
tc2:tm2+a2 _368+2,12-104 -+ 28,

5-63. ITo tpyGxe BHyTpenHiUM AuametpoM d=10 MM n Ammona{r;
=1 M Tteuer natpuil, Tpy6xka o6orpeBaercs SJIEKTle'-leCKll'l\{ HarpeBﬂﬂeT
JIeM; IJIOTHOCTh TENJIOBOTO MOTOKA MOCTOSIHHA I10 ummée .1tcoc_Tg(E;0°C
ge=1-10% Br/m? Temneparypa natpus na Bxoje B TPYORY bLwi= o

Kakoit Heo6xoa1Mo ofecneyHTb pacxol HaTopmg, yTOoGHl TeMnepaTtyp
cTeHKH TPYyGKH Ha Bbixoje f¢ He npesbimiana 400° C?

Orser G > 0,3 kr/c.

5-64. CpasHuTbL 3uavenns yucen Hyccensta ¥ Ko3gdunKentos Ten-
JI0OTAauH NpH TYPGYJEHTHOM TeueHHH BOLBI, BO3AyXa H HaTpHA B KpyT-
Joli Tpy6e B AHanasoHe ynces Pefinoabica ot 104 no 108, )

CpaBuenne TPoBeCTH NpH TeueHHH B TpyGe AuamerpoMm 20 MM; aas
BOAH IpH TeMmepatype fx=20°C; nus BO3/lyXa MpH aTMocdepHOM ARaB-
JeHHH H tx=100° C; gas Hatpus upu tx=350°C.

Orser

PesyabraTel pacyera nmpHBedeHH B TabJule H Ha pHc. 5-10.

Nu «, Br/(M?.°C)
104 105 108 104 105 108
g:m 77,3 487 3070 2310 14600 | 91800
Bosnyx 28,4 179 1130 91,3 575 3630
Hatpwuii 5,66 9,16 31,3 19 000 30800 | 105000

5-65. ITo ropH3oHTaAbHOMY CTaJbHOMY TPyGONpOBOAY AHAMETPOM
d1/d2=50/57 MMp}lBHH(ETCS{ Boja Co cKopocThlo w=0,15 Mm/c. Cpennnsq
TeMnepaTypa Boabl £ =100°C. .
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Tpy6onposox naonnpopan acectom it

HapYKHBIT AnaMeTp nsonauu
ds=89 My (puc. 5-11). ' P i
4 Onpegeauts noTepH TenjoThl ¢ 1 M TpyGonposoma gi, Br/M, ccan
Teré{gfga%pa CIOKOHIONO BO3AYXa, OKPYMAIOMEr0 TPYGONDPOBOL, fug=
= - Onpefeants takxe TeMnepaTypy NoBepxHoCTell TpyGomlpos
W 30U foy, foa U £os. P P poroad

4 .
70 m

17

102

0% 10° 1705

Puc. 5-10. K 3agage 5-64.

Otoer B
g1 =066 Br/m; toj ~tep > 99,7°C; tog = 59,3°C,
Pemenne

o (p)npenemem gOE)q)(%HLLHEI;T TeINA00TAAYH OT BOAbI K BHYTpeHHei
BEDXHOCTH TpYOHL pu Lw1=100°C vuy=0,205.10-6 m2/c: -
=01683 BT/(M.C’C), prm1=],75; ' o o 0 " /C' A’?‘“l

wdy 0,15.5.1072
Vi 0,295.107°
(ge;;mm ABHMCHHA TYpOyNeHTHBIl. Pacuer npoussoguM mo dopy-
Je (5-7),
YuutbiBast, 470 KO3GHUHEHT TENNOOTAAYH OT BOAM K BHYTpeHHeH
TOBEPXHOCTH pr6b1“6yz1eT 3HAYHTEJbHO OoJblle KoshPHIHEHTAa Temao-
OTHa4H OT i1ADYHOH NOBEPXHOCTH H30JALMH K BO3AYXY, H IPHHHMAs BO

BHHMAaHHE HAJNHYHE H30JAUHH, MOMKHO NDHOIHNKEHHO NPHHATb Py A2 b
H, cJlefoBaTtenbHo, Prey & Pryy, Torna:

Nu_, = 0,021 Re%® Prd:# — 0,021 (2,54.10")%8.1,75"4 — 90

Reyq = = 2,54-104,

104

ki 9% 0,683
d, ¢ 5-1072
TemsiooTaauya OT BHeuwHeil mno-

BEPXHOCTH H30JSLMH K BO3LYXY OCY-
LIECTBJISIeTCst 33 CyeT eCTeCTBEHHOI f
KOHBeKUHH, Tak Kak KO3 ULUHEHT :

oy = Nigey = 1230 B1/(u2-°C).

| ne=20°C tes

TEN/A0OTAA4H B 3TOM CJydae 3aBH- ot 1 w015 m/c ~
'y =

CHT OT Da3HOCTH TemmepaTyp At= 4? A — e lP

=tc3—bkg, a TeMmmepatrypa lcsz He- Ny | tws=100°C Ry

S X

H3BECTHA, - TO pacueT BejeM MeTo-
JOM IOCJIefOBaTeNbHBIX NpHOMHXKE- |
HHH. i

YuuTtHBaf, 4TO 0>, 3aAa-
eMcfl B TNepBOM NpPHOHIKEHHH fe3=
=65°C.

Kosdduunenr TENJIO0TAa4YH
onpesensiem no dopmyae (7-1) aasropuaonTanbHol TpyObi:

Nu, = 0,5 (Gr Pr)%,

[pn £42=20°C T
1 I
Pz = 273 + b oK
Vike = 15:06‘10_6 MZ/Ci Mg = 2:59'10_2 BT/(M'OC); Pr,e =0,703;
{fcs — ba) d°

(Gr Pr) e = 8Bz 2

x2

Puc. 5-11. K 3agaue 5-65.

Prygg =

9,81 (65 —20)(8,9-107%)°

~ 293( 15,06-107)°
Nitxg = 0,5-(3,3-10%)"25 = 21 ,2;
Aokea 2,59-1072

ty = Niyg 2% = 21,2 — =6,17 Br/(2-°C).
\ 7

0,703 = 3,3-10¢;

Koadduunenr tenonepesaun (nepoe npubaHKeHHe)
1

k == - =
! Lol 1 d
L URTRNR ST SR BN T
oy dl 2&1 dl 2}\12 dg Qo da
- 1 23 57 2.3 89 1 =
12305102 T 2.46 €50 T 20,116 €57 16,17.8,9.102

= 0,266 Br/(M-°C),
rie aaa crand A;=46 Br/(M-°C) u nns acbecra A;=0,116 Br/(M-°C).
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[pn k=0,266 Br/(mM-°C) Tennonoft notox na I M tpy6ul cocrasur:
q,=lk,m (1 — ? ) =0,266-3,14 (100 — 20) = 67 Br/a.
Toraa Temneparypa lo3 B NepBOM NPHGIHIKEHH Oyner:
67
3,14.6,17.8,9.10~
Has sToporo npu6auaeinis npiMeM fey=59°C, roraa
(Gr Pr)y, = 2,86- 106, Nuye, =20,6; o, =6,0 Br/(m%.°C).
[Moxcranns s bopMyay aas k; sto 3HAYEHHE (L, MOMYUHM:
ke, =0,263. )

Tax xaK Bo BTOpoM npubamkeni 3HaucHne k; NMpakTidCCKi copna-

JI0 € parce NOJYYeILIM 3HayclieM, A4 1bHel
A M, AAJLHEHIINX NCPCCUCTOB A0.: g
HeuOXNDUMOCTI, ' P on AcaaTb mer

Haxomny temiosoit norox 1 TCMICPATYPL OBCPXITOCTCl:
g,==0,263-3,14.80 = 66 Br/n;

g 1 66
lu:i::l — =20 _— 5~
K2 T o dy +3,14-6-8,9-10_2 59,3°C;

q 1 d.
fog = teg _ch_Tlnd_d:BQ’3+
Vo 2

1
leg =ty -+ Lo —— — 90

T a,d = 58,9°C.

66 89
+3,14-2.0,116 2:3lg—— ~99,7°G;

q 1 d,
foy =loy ?1‘2_7*11172
7 » |

57
=99,7 - 2,3]g-5’6299,73“c'

3,14-2.46

5-66.
ohe 6. Kak nameusites tendonuie norepnt g1, Br/m, 1 Temneparypa
UIHEH TOBEPXHOCTH H3OMASUHH fey B YCJOBUAX 3ajauit 5-65, ot Ton-
I{muy CA0% USOAAUIMI VBEANYATL B 2 Pasa, a BCe OCTAMbHDIC \CJIOBIS
COXPaHHUTL 6€3 H3MeHeHNnl? i
Oteer
p— 4
) 6@1-51,0 BT/M“TéEHﬂOBbIe NOTepH yMCHbILATCH NpHMepHo na 229:
cs OYAET panuo 46,8°C, . e. TemncpaTypa puciiHcii MOBEPXIOCTH 1130-
ALHH CHI3HTCS npuMepno na 12,5° C T
5-67. Tlo Tpy6e AnaMetpom d=12 wy aBHKeTca BoJa npH cBepx-
Kpuririeckom jasficuun p=24 MIla. Pacxoa poinl G=0,15 kr/c. Cpea-
H(“jMaCCOBaH’ TCMICPATYDA ROABL B COUCHIIT X WA paccTosiim x> 15d or
BXOAa B 00O0IPECBACMBIT YHACTOK TPYOLL {o4 .= 380° C,
OHPG,"{G.’II'ITI) MCCTHDLIH I(O3d)q)HIUICHT TCINIOOTAAYIl Ly H MCCTIOOC 3114 -
lcuee}me mo‘mgcw TCIAOBOTO NOTOKA HA CTEHKC Jox B DacCMaTpiBacMOM
HeHHH TpYyOLl, ecAH H3BECTHO, YTO MCCTHA / \
yOLI, ecd , ! S TeMIepaTypa CTeHKir B
CeyeHnH 7o =390° C. paTp o
o [Ipir pacuere cumrath, uro Tenmoo6men NPONCXOMNT B YCJI0BHSAX
TerMaﬂngro p?m{Ma, T. ¢ g/pw << (g/pw)xp u Gr/Rez<< 0,6, caenona-
ILHO, HCT MCCTHOTO yXYALIEHHs TEHJIOQTA4YH (eM. 3apauy 5-70) u ¢g-
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TeCTBeHHAA KOHBEKUHA HE OKa3blBAEeT CYLIECTBEHHOro BANAHHA Ha Ter-

N000MCH.
CpaBHITb 3lIAUCHNC (, CO 3HAuUeHHeM Ko3(bbhHIUIEHTa TeNJooTaAYl

Ug, NOACUNTAHHOE APH NOCTOAHHLIX ¢H3HYECKIIX CBOHCTBAX no popmyJe,
cnpaBelJuBOil AAs1 00JacTH, YAAaJeHHOH OT KDUTHHECKON (P < px).
OTser
ey =3,3-10% Br/(M2-"C); qex = 3,3-10° Br/n2; e/, =~ 0,7.
Pewenne
Ilpu Typ6yJeHTHOM TeueHHH B Tpy6ax BOJABI CBEPXKPHTHYECKOTO
JNaBJeHHs B YCJOBHSX HarpeBaHHs TEMN00TAaYa MOXKeET ObiTh paccyHTa-
Ha 110 cacayloulelt dopmyae [5]:

= 0,4 m
Nty = Nu C—") ( &—> , (5-15)
Cox | Px

rae Nug— uncao Hyceeabra npi moctosmimix GUAHUCCKIX cnoficTpax,
rroacunrannoc o gopmy.ac (5-8):

ry Rey Pry
Nu, = ;

&
12,7]/—8— (PeP—1) 41,07

saceh E=(1,821g Re—1,64) ~2 — KO3 HIHCHT CONPOTHBJEHHS TPEHHS,
= I —ix
cp— P cpeallec MITCrpadblioe 3laveiie TEIIOCMKOCTH B HHTEp-
C X
Bajle TeMmneparyp or fx A0 fe; fe, iw — HTANBONA KHAKOCTH COOTBET-

CTBEHHO NPH f¢ I fw}

m—0,35—0,05 2 ;

Py

px=22,12 MIla — kpuTHyecKoe AapieHile BOAHL.
Aas soaw dopmyaa (5-15) cnpasepansa npi
pMy p p

x/d> 15; 1,03 < p/pg < 1,4; 0,6 < Tye/ T < 1,2;
0,6<T/Ty < 1,2,

KOrja CCTCCTBEHHAs KOUBEKUIS HE OKasblBaeT CYLIECTBEHHOTO BJIHSHIS
Ha TenjoofMeH, uTo coorBeTcTByeT ycaosHio (Gr/Re?<C0,6 u npH Tak
KA3bIBACMBIX HOPMAJLHbIX PEKHMAX TEMI1006MeHa,

3aecs Ty it Te — TemmepaTtyput MuAKoCTH 1 creHkH, K; Tm — ncen-
JAOKpHTIUCCKAst TemmepaTtypa, K, T. e TemMmepaTypa, mpit KOTOPOf TemnJo-
CMKOCTb HMCCT MAKCHMYM NpH JAaHHOM JaBJeHHH.

B yesosusx, xoraa Tw<<Twm<<T¢, topMmyaa (5-15) cnpaeeanna
npH  ge/pw<(qc/pw)xp, rhe (gc/PW)xp — KPHTHYECKOE OTHOUIEHHE
IJIOTHOCTH TEMJOBOro MNOTOKA K MAaCCOBOH CKOPOCTH, NPH NPEBbILEHHH
KOTODOrO MOXKET BOSHHKHYTb MECTHOe yXyauleHHe Temsootaaud [21].

B paccmartpuBaeMBbIX yciaoBHsX npH p=24 MIla nceBpoKpHTHUECKAS
TeMrepatypa fm=380,7°C; npu {x=380°C ¢usndeck#e cBoOiicTBa BOAH
COOTBETCTBEHHO PABHBHI:
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U = 2,59-10_3M3/KF; 1,%=2028 rlx/kr; Cpx = 63,38 xIx/(kr .°C)

Auc = 0,269 Br/(M-°C); py = 4,68-10° Ia-c; Pry = 11,9,
Ilpu £y = 390°C vy =5,619- 10— M3/Kr; o = 2505 ]x/Kr.
Mecritoe wincao Pefinoanica

4G 4.0,15
7-12-107°.4,68.107°

pexuM Teuenns TypGyseHTHbI.
Ornocurensibie 3Hauenus TCMOepaTyp JKILAKOCTH M CTeHKH

Tw 3804273 653

= 3,4-10%;

T 380,74 973  653,7 > %%
Te _ 683 _ | s
Tn 653,7

TakuM 06paszoM, Ty <<Tm<<T,. YunTHBas, 4TO B YCAOBHNX 3a4aull Oro-
BOPCHO, UTO ¢c/pw << (ge/pw)up 1 Gr/Re<DE; pacuet nposoaHM Mo
dopmyse (5-15).

Buauaae onpenensiem Nuge H oz 1O (5-8):

E=1[1,821g(3,4-10% — 1,642 = 1,41.10~%,

£ I 2
3 =1,76-10""; ?24,2-10 ;

1,76-1073.3,4.10%.11,9
Nugy =
12,7-4,2.107%(11,9%° — 1) +- 1,07

A 0,26
Oy = NuoxjK = 2155 ﬁ

OnpeneciaseM MioxuTenb B dopmyse (5-15), yuuTeiBalomii sansane
H3MCHICHHUS (DH3IYCCKIX CBONCTR BOAM MO CCUEHII0 10TOKA:

- 0,4 / m
c ,
q>:< p ) p_°> .
Cpue Px
- fo— i 2505 — 2028
Cp= =

= 2155;

= 4,83.104 Bt/(m2-°C),

=47,7 xllx/(xr-°C);

Cte—ty 390 — 380
cp 47,7
=— =0,70;
Cpx 68,4
Pe Uyx  2,596-107°
_C:_)L(_:-—l-:(),‘iﬁl;
Ok U 5,619-107°

o
m=10,35— 0,05 = 0,85 — 0,05 —— — 0,296;
Py 92,12

P = (0’7)0,4 (0)461)0,‘296 —_ 0,69
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Mecrrbte yncno Hyccenbra u kosdguumeHT TennooTnaud pasHHL:
Nutee = Nugy @ = 2155.0,69 = 1485;
0,269

A :
tx = Nilgr —2- = 1485

d T2.108 = 5,33-10% Br/(w-°C).

MecTHas NJIOTHOCTB TEIIOBOTO MOTOKA
Gox = %y (fox — brx) = 3,33-104 (390 — 380) = 3,33-10% Br/m2,
OTHoleHlte K0aQOHIHEHTOB TEILIOOTAAUH

Gy

)

=0,69.

5-68. Onpeaesants MecTHBUT Ko3bGUHIIEHT TEMJIOOTAAYH H MeCTHOE
3HAYEHIlE IJIOTHOCTH TEILIOBOTO MOTOKA NpPH TEYEHHH BOAbl CBEPXKPHTII-
yecKoro AamJcHIS mo TpyGe, paccMotpennoif 8 3agaue 5-67, ecnn mect-
Has TeMnepaTypa CTEHKIl B paccMaTpliBaeMOM ceueHny fe.=420°C,
4 BCC OCTAJbHBIC YCJOBISI OCTAlOTCH, Kak B 3ajgaue 5-67. CpaBunTh pe-
3yJLTATLI pacuera ¢ OTBCTOM K 3ajade 5-67.

Otser

2x=2,05-10% Br/(M2-°C); gcx=8,15-105 B1/M?; az/xp=~0,43. Vbe-
JIfueHile TeMIepaTypHOrO Hanopa NMPHBOAHT K CHIDKEHHIO Ko3dduiienTta
TEenJNoOTAAYH, HO HJIOTHOCTH TENJIOBOrO MOTOKA Ha CTEHKe BCE e BO3-
pacraer.

5-69. Onpeaeants MecTHEINT KO3(hhIIHeHT TENJOOTAAYH H MeCTHOe
3H4ueHile MIOTHOCTI TEMJIOBOrO IOTOKA NpIH TEYEHIH BOAbl CBEPXKPHTIH-
YeCKOro AaB.IeHls Mo Tpyle NIpH Tex e YCJIOBHAX, YTO B 3ajaue 5-67,
HO CCJIM BOARZ HaXoAnTcs noj aasiaerneMm p=230 Mlla.

Pacuer BLIMOJHHTE NMpH TOM Ke pacxofe soasl G=0,15 kr/c u npu
TeMIIepaTypax KHAKOCTH H cTeHKH £x=400°C n fc=440°C, t. e. npu-
MepHO mpit TeX ke OTHOWCHHAX Tw/Tm M Tc/Tm, 4ro B 3amaue 5-68.
PesysibTaTsl pacueTa CpaBHHTb C OTBETOM K 3ajade 5-68.

Oteer

a:=1,9-10* B1/(M2:-°C), gox=7,6-105 BT/M?, op=3-10¢ B1/(M2X
X°C). Takum o6pa3oM, NpH MpIMEPHO OAHHAKOBHX uncaax Rew, Tw/Tm
1 Te/Tm npn p=24 MIla (p/px=~1,08) az/cty=0,43, npu p=30 MIla
(p/pc = 1,36) ax/ap=0,64.

5-70. B TemsoofMeHHOM anmnapate HeoO0XoaHMo wHarpeats G=
=1,0 Kr/c Boasl npl AaBjeHHH p=24 MIla or TeMnepaTypnl fu=375°C
1o 1x2=390° C. Boma paBHXKeTcsi NapaJjnielbHO CHu3Y BBepx no n=20
BEPTHKAJIbHO DACNOJIOXKEHHBIM Tpy6kaM AunaMeTpoM d=10 MM H AnuHOH
{=25 M. Harpes npeamnonaraercs oCyLIECTBJ/IATb B YCJAOBHAX NOCTOSHHOM
MJIOTHOCTH TEIIOBOTO NOTOKA HAa CTeHKe §¢ =const.

Onpegennts HeoOXO1HMOE 3HaueHHe ¢, BT/M?, U NpoBepHTDb, He MO-
JKeT JII NPH 3TOM 3HAYeHNIH §c HACTYNHTh MECTHOe YXYALIeHHe Telso-
OTIQUH B KaKOM-JIHGO cedeH!H Mo AJiHe TpyGoK.

[Tpy pacyeTe CullTaTb, UTO €CTECTBEHHAs KOHBEKIHs He OKa3blBaeT
CYUIECTBEHHOTO BAUSHIIA HA TENJ000MeN.

Orper

gc=4-105 Br/M% VYXyZueHHOro pexnma TenjooGMena He Gyjer,
TaK KaK ¢ << Gxp=5,7-10° Br/m2.

Pewenue

[Mpu p=24 MIla n temnepatypax fxi=375°C n #x2=390°C 3H-
TaJbIIHII BOAB HA BXOAC il BHIXOAE PABHBI COOTBETCTBEHHO:
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i = 1875 kK /KD {00 — 2505 kR /Kr;
Al = fyg — iyg = (2505 — 1875)-10% = 630-10 I /kr.
HeoGxoanmuiit Tennosoit notok 1a onuy 1Tpyory
G

1,0
== — Al = — " 60.105 - . 104 a0
Q -- A= 630-10% —: 3,15-101 By,

HeoGxonnmas miorsoets TeMJIOBOI'O 110T0K:

Q 3,15-104

o=—"7= = 4105 Br/m?

adl  7.1.10-2.2.5 I,
— Pext\'thI YXYAICHHOTO TENJOOOMEHA MOTYT BOSHHKHYTH MPH [y <<
= /lm\< ¢ M CCIH OTHOWEHHE gc¢/pWw IPEBBIIACT HEKOTOPOC KpHTiYCCKOe
3HAUCHHE (qp/pw),:p, 3nauenne (ge/pw).p MOXKHO npubmxenno ore-
HTh O caeayiomielt dopmyae [217:

’

(i) zo,034(ié’)tm]/_%—, (5-16)

PW Jup

riae ((;p/ﬁ)fm ONPEAETSETCH IPH TCMIICPATYPC Lon.
opMyaa (5-16) cnpasepsnBa gas cayy
3 J J JyYas MOLBCMHOIO TCt
BEPTUKAILHBIX Tpvax L. y 8 o rerema D
) Htpn p=24 MIla {»=380,7°C, un Tax Kax mo VCJAOBISIM  3a71ayn
>mt< mt. a lxz>>bm, TO HA HCKOTOPOM VyacTKe Mo Adie TPYOOK <<
< m<Tle. TlosToMy HecoBxo1uMO 110 (5-16} mpopepith, e hpcnmmaor
I Ge KPHTHYCCKOTO 3HAYeHNS,
MaxcumaabHoe 3HaueHHe TCMI0CMKOC
J JOCMKOCTH I 1

i B AGeramaTwoe SHaC) PH IAHHOM JIABICHUN Cpm

‘ NPEACIHTDL € noMouLbio Tab iy (M. NpaoxKe-
Hite) tpyano. ITosToMy, yyuTbBas, 4TO

1 do
B = y
p o
ya0G0HO OTHolWente ¢p/P 3amncaTs Kak
c_p:_p cpdt 0 di Ai
p ap Top T T Mg

1
U3 tabauu, yunrosas, yro P = —, HaxoauM:
v

npH ftm :3?;80,7° C pm=2344 xr/um?;
npH {==380,7—1=379,7° C p=2395,6 kr/m3; i=20124 K
npir £=380,74+1=381,7°C 0=286,8 xr/u?; i=2201y,3 ﬁﬁﬂi?
Ai = (2201,3 —2012,4) ~ 189 KK /Kr;
Ap = 286,8 — 395 ,6 ==— 108,8 kr/m3;
op [ AL 189
— x—|p— =344 — =
(\ 5 )tm ( Ap )tnz 108.8 598 kJIk/Kr.

N

' Boace n ApoGHbLIC CBC <D -
1 ¢ c CHHSA
MOMITO Naitr) 21]. A O TpeAenax NPHMEHHMOCTH hopymyan (5-1 3)

110

Jas pacyera KosddHuHeHTa CONPOTHBJEHHS TpeHHA & ompejenseM
C HEKOTOpbIM 3amacom HaHOosbllee 3HaueHHe uucaa PeftHonbica, T. e

~

Rew 1a BHXOAE M3 TPYGOK. Tpy tye=390°C pnx==324-10-5 Ma-c u
4G, 4-0,05

= - =1,97-105,
Rem = = T 1.10—2.3,24- 10—
rAc pacxol BOJBI Ueped OLHY pr6Ky
G 1,0
G, =— =——=0,05 kr/c;
17 20

£E=(1,821gRe—1,64)—2=[1,821g(1,97-10% — 1,64]—2=1,57-10—2;

YR e
l/s = g = 443102,

[Toactasnss HalneHnHble 3HaueHHd B (5-16), HaxoQUM:

(i) ~ 0,034.5,98.105.4,43-10—% — 900 JLs/kr.
PW /xp
MaccoBas ckopoctb

4G, 4.0,05

pw = =

w3 1a.1.10-1 = 0% Kr/(ue-c).

KpHTHYeCKas MIOTHOCTb TENJOBOrO NOTOKA
Jexp = 900-637 =~ 5,7-105 Br/m2.

Tak Kak gc<<gc.xp, TO MECTHOTO YXyAlUIeHHS TenjooGMeHa He GynerT.

5-71. Onpenenuts Heo0xoaHMoe 3HAyeHHe IJIOTHOCTH TEMJOBOTO
NoTOKa §¢, BT/M2, W TMpoBepUTb, He MOXKET JIH OPH 3TOM 3HAYEHHH (¢
BO3HHKHYTb MECTHOe YXYIIIeHHe TenJ00TAauH B TeMa0OOMEeHHHKe, pac-
CMOTpEHHOM B 3ajaye 5-70, ecau pacxol BOABI H AHameTp TpyO yBeqH-
YHTH COOTBETCTBeHHO A0 G =2 Kr}; n d=16 mM. Jauny 1py6 u Temie-
paTypel BOABl HAa BXOJe H BHIX0Je OCTaBHTb 6e3 H3MeHEeHHH.

Otser

gc = 5-10% Bt/m?; Fo.xp = 4,4-10% Br/m2,

Tak KaK §¢>Gc.xp, TO MOIYT BO3HHKHYTb PEXHM YXyAlIeHHoll Ten-
JIOOTJAYH M ONacHOe MeCTHOe MOBHIIEHHE TeMNepaTypbl CTEHKH.

5-72. OnpenenuTs (NPHOJAHKEHHO) 3HAa4YeHHE §c/pw, HHKE KOTO-
poro Ha yuactkax oborpeBaemoft TpyObl He OyaeT BO3HHKATb MECTHOe
YXYAlleHHe Temno0TAaYd. Pacuer npoBecTH AJf caydas NMOABEMHOrO
TeueHHs BOAB! NpH Aasaenusx p=24 MIla u p=30 MIla B auanasomue
ugcen PeftHoabaca ot 3-10% no 3-10°.

OTtser
Ilpn Re=3-10* u Re=3-10° u p=24 MIla coOTBETCTBEHHO

(ge/p2)ip=1100 1 (ge/pw)ip=865 Hx/kr; npn p=30 MIla cooTBeTcT-
BCHHO {(¢/pW)wp=1300 1 (g¢/pw)ip~1000 LxK/Kr.

5-73. [To BepTHKaJBHO pacmogoXeHHOH TpyOKe aHaMerpoM d=
=14 MM CHH3y BBepX TeueT BGa IpH AaBieHun p=24 MIla. Pacxozn
soabl G=0,2 xr/c. Boga uarpeBaeTcs B YCJAOBHAX MOCTOSIHHOH MJIOTHO-
CTH TEIJIOBOTG TOTOKA Ha ¢TelKe ge =7-10° Br/M2
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Onpenenurs TEMIIEDATYPY CTECHKH f.x B CeuycHHH TpyOKH, pacnoso-
HKEHHOM Ha paccrosnup x> 154 or BXOAa B o6orpcmaeMslii  yuacTok

TpyOKH, ecau H3BecTHO, yro Cpeiisss Maccopast TCMINEPaTypa BOAL B
3TOM CEYEHHH fy, = 370° C. -

OTtser

Loy = 408°C,
Peienne
llpu nasaenun p=24 MIla 4 bLra=370°C

Mg = 6,34-10~5 [Ja.c
H uncso Pefinonnaca

4G 4.0,2

= OR =2,87.105,
Ty  7-14.10-3.6,34.10—5

Pexum neuxenns TYPOYJNEHTHBIH, U T

9Y MOXHO paceuntaTs no dopmy.ie (5-15):

O\ m
c " Pc
Ny == Nu, (L (_“) .
Co /| P/
Ho rax xax ams onpejedenns yncaa Hycceabra mo (5-13) nyxmo
3HATH TeMIeparypy crenki, KOTOpast B A2MIIOM Cayuac sBASeTCH HeKO-

MOl Beanunuol, neoGxoniimo PewarL aro ypasiicilie copMecTio ¢ pig-
paxeniem

Rey, =

aK KaK p>>pe, TO TemiooTaa

Oty = Gex . (a)
tC).’ - t}ff).’

Pacuer Moxno nposoauts METOAOM TIOCJACAORATRALIILIX [PHGIHKe-
HHE MM rpadiuecky. Iposesem pacyer rpaQHICCKUM MeTO10M.

SanaeMes paaoM snavenys: fex==390, 400, 410 u 420°C. Has kax-
AOTO H3 STHX 3lavenuil fcx onpeicasew suaveins Ko3Gduunenta Ten-
J100TAauH 10 opmyaas (5-15) u (a).

[Myers fcx=390° C. [Tpn p=24 MIla n tex=390°C Ue=5,619%
K10~ mP/xr; ic=2505 w Lk/kr. [pi Liy =370 Cru, = 1,89 103 M3Y/kr;
L= 1805 x/Du/kr: An=0,396 BT)(M~°C); Com=11,8 KI/Kkr: Pry=
=1,89.

Kospduument CONPOTHBIEHHS Tperts
£=(1,82igRe —1,64)~2 = [1,821g(2,87-10%) — | ,64)—2=1,46.10-2,
YHuero Nug o Popmyae (5-8) pasio:

ry Reyx Prg
Ny, =

12.7] /% (Pl —1) +1,07

1,46.10—2
8

12’7]/‘8 (1,893 — 1) 4 1,07

2,87.10°.1,89

=733,

112

CpelllleHHTCI‘paﬂbHOe 3HayeliHe TenJOEMKOCTH
o de—iw 2051805 o o0
o T —tm 390 — 370
o 35
oo 11,8

H p=
OTHOCHTEJNIbHOE 3liaueHHe TeMmnepaTtyp »HIAKOCTH H CT€HKH NpH D

0
=24 MIla £,,=380,7°C u

T 370+ 273 643 Tg 663 ~ 1,013,

=2,97.

= = =0,984 =—
T,  380,74273  653,7 T, 653,7
OTHolleHHe NJAOTHOCTeR
Po Uk =—ﬁ’=0,336;

O Ve 5,62 ‘
P 0,35 — 0,05 —— — 0,296.
m=0,35—0,05—pH——0,35 05 50 12 )
Usncao Hycceabta no ¢opmyse (5-15)
Nuy = 733 (2,97)"* (0,336)™%° = 733.1,12 = 820.
Kos¢ddhuuHsenT Ten1o0TAauyd NpH tc=390°'C no dopmyne (5-15)

bt _ go 0369

— .104 2.°C).
o = N, =20 = 820 = 2,32-10¢ Br/(u2.° C)

14.10—3
Kostpuiment TemsnooTRaud npH fe==390°C no dopmyse (a)
' Jex _ 7-10% —3,5-10% Br/(m2-°C).
T i — e 390 — 370

-]
PesyapTaTsl ananoruunuix pacueton jaas fex=400, 410 u 420°C
npuBenenb B caexyoumel Tabanie:

.10—4 ! 4
(lx 10 N ax. 10 .

Nu Bt/(M2-°C) BT/(M?-°C)

c, o
fe Ve ‘p ‘ c .

c’ KJK/KE Mi/KE ¢

390 2505 A 5,619 | 2,97 | 0,336 820 2,32 3,50
400 2642 | 6,738 | 2,37 | 0,280 71111 2,0 2,38
410 2735 | 7,544 | 1,98 | 0,250 64 5 [
420 2808 | 8,205 | 1,70 | 0,230 587 , ,

r
[To pesyibTaTaM pacyeTOB CTPOHM TpacdHK 3aBHCHMOCTeH Oy H oy
oT fex (puc. 5-12). [To Touxke mepeceyeHH 3THX ABYX 3aBHCHMOCTell Ha-
) —408,5°C.
XORHM HCKOMOE 3HayeHHe fox \ . _ss07C.
[TcesrokpuTHYECKas TemnepaT%fpa ;1pn<tp—T2O4 HI;%IQEO;,;MO3 nbose-
Tak kak no pesysabTaty pacueTa fy<<Im<fe, -
pHTh, He npeprlmaeT JIH 3a/laHHas TUVIOTHOCTb TEIJIOBOIO NMOTOKA KPHTH
,
YeCKOro 3HayeHHH,
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Mo popmyae (5-16 5 per
st Do ngﬂbp:2(4 MI)T,a:chonbs)ﬂ pewenite k 3agauc 5-70, ymeey

N

‘p
-/, =25,98.10%
(ﬁ)fm 0% x/xr,

OTKY 14

g " cp ? —
— > 0,034 (-2 /‘—‘ .
(pw)}(p (ﬁ)fm] 8 —0y034-5,98-10° ]/—%z

~ 2:104 l//%_‘\

B paccmaTpusaemon cayuae Rex=2,87.105:

Veg—s27.10-, 20 402
g? ntel,42.10— 1300

Jrp = 2,10%-4,27.10—2.1,3.10% = 1,1.108 Br/um2,

CaenoBartessho, Ge=T-105<
<<gxp, MECTHOro YXYAUIeHHsT Teq-
JIOOTAAYH He OyXeT M HCMOJb3OBAN-
Hast dopmysa (5-15) CnpaBelJHBa],

5-74. Tlo Tpy6ke JLHAMETpOM
d=4 um aBHxercs JABYOKHCb yrie-
Pola mpH nasaennn p==10 M[la u
HarpepaeTcss NpH NMpUMepHO mocTO-
AHHOH TJIOTHOCTH TEMJOBOIG MOTO-
Ka na crenke. B cevennsx x ma pac-
CTOsHHH ¥>20d oT BXoga B 06o-
IPEBACMBI YUacTOK TpYGLl MecTHDIe
YHCno Pefinonsaca, cpegiemaccosas
TEMMEpPaTypa KHIKOCTH W TeMmepa-
TyPa CTEHKH paBHBI COOTBETCTBEH-
HO: Re;n=2'105, t;h‘x:QQO C, th:'
=227°C,

Onpenean -
HOro uHcJIa Hyccenma K uncay Hycceanta gnﬂﬂ cn)T'Za?ITESSIT%};{P:&!)RMSE-
SHUCCKIX CBOHCTB #uAkocTH Nuw/Nuo 11 3i1agenye MCCTHOTO 1<03(p2bnuu~
CHT TENNOOTAAYH B PACCMATPHBAEMOM CCUCHHH Qx, Br/(m2-°C). Tlpu
DACUCTE CUHTATL, 4TO €CTECTBEHHAS KOHBEKIHA Heo YOI(aBbIBélQT ey p‘
BEHHOrO BJHAHHA Ha TenJoo6MeH, R e

Otser

BT/(m2-°()
7,5

Puc. 5-12. K sapave 5-73.

Nu/Nug ~ 0,49;  a, = 7100 Br/(M2.°C).
Peutenne
Kputnucckoe napmenie ABYORHCH yriacpoga p.=7.39 MIlla, cacao-
BaTeir_f]bno, nponecc TenaoofMena oCyuUICCTBASCTCS OpH p=> pp..
. pH 'Typﬁ)’JIGIITHOM TEIeHHH B TpyGax ABYOKHCH yriacposa cmepx-
Gpumqecx«oro AaBJeHHA B YCAOBHAX HArpeBaHHA TEMACOTAAUA MOKET
bITh paccuntaa no caeaymowedt gopmyae [5, 6]:

PEERY
N = N 2 ()", 617)
oK p
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rae uneao HyccenbTa npn nocTosHUBIX  GuaHdeckux cBoiictBax Nuo,
OTHONICIHE TennoeMKocTell Cp/Cpy, OTHOUIEHHE TAOTHOCTEH Po/pw W TIO-
KasaTeab CTelen #m onpeleadlorTcs Tak XKe, Kak B gopMmyae (5-15); n—-
MOKa3aTedb CTeMeHH, 3aBHCALLN{ OT OTIOCHTENLHLIX TeMNepaTyp CTeHKH
# owuaAoctH To/Tw 1t Tow/T, 38ecb T — NCEBAOKPHTHYECKAS TeMmepa-
Typa, K.

m .

T
Mpr =% < | wm 21,2 n=0,4

Tln Tﬁl )
npi 1 < Te <26 <1 n=n=0,22-+0,18 TC;
TIH Tm T'n
Te T
npH 1 < <26ul<—<1,2
P Tm T
T A
n=n 4—(5;11—2)(1_—’*‘).
T

3HayeHHs 7 B 3aBHCHMOCTH OT OTHOUIEHHH abCOJIOTHBIX TeMnepa-
TYp NPHBEAEHHI TaK¥XKe B caedylouledl Tab/Hue:

T.,JT

T T ~ c¢'m

!/ Tm 1|12 | e | L | L8 | 2,0 | 22 | 24 | 2.6
1 0,4 10,436(0,472(0,508|0,5440,580(0,616(0,652| 0,688
1,04 0,4 10,429|0,458(0,486(0,515]0,544(0,573|0,602| 0,630
1,08 0,4 |0,423(0,443(0,465|0,486|0,508(0,530(0,551| 0,573
1,12 0,4 {0,414(0,423(0,443|0,458|0,472(0,486(0,501| 0,515
1,16 0,4 10,40710,414/0,42210,429)0,43610,443/0,450) 0,458
1,20 0,4 10,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4

€. —NONPAaBKa Ha HayaabHbIl yyacTox. Ecau nepen oforpeBaeMpiM yua-
CTKOM HMECTCSl YYaCTOK THAPOJXHHAMHYecKoil cTabunusanui, 10 [6]

d \0.4
£y == 0,86 10,54 (T)

Ota dopmyna cnpasesduBa npu 2<Cx/d<C20. Tlpu x/d=20 ex=1.

dopumyaa (5-17) cnpasepausa ansi AByOKHCH yriepoaa mpu 1,06<C
<p/pe<<b25; 09<Tw/Tm<<12 u 0,9<T./Tm<2,6, Korna ecrecTBeH-
Hasf KONUBEKUHS HC OKa3hlBaeT CYLIECTBEHHOrO BJMSHHS Ha TenjooOMeH,
410 coorBeTcTByerT yeitoBHio Gr/Re?<C0,6%.

B paccMaTpuBaeMnix ycaosuax npu p=10 MIla nceBpokpuTHYeC-
Kas rtemmepartypa fm=45°C; npu fxx=22°C (Twx=295 K) o¢usuue-
cKHe cBOiicTBA ABYOKHCH yriepoaa COOTBETCTBEHHO PABHBI:

P = 842,9 kr/M3;  cpm = 2,7 xﬂm/(xr-"C);
i = 550 KIIK/Kr; A = 0,0977 Br/(M-°C); Pryx=2,21.
* Bosee noApofHble cBeAeHHR © mnpedenax INPHMeHHMOCTH dopMyan (5-17)
MOXXHO HalitH B [5].
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TIpa foe = 227°C (T oy = 500K) i,—=965,8 Kk /Kr;
pc = 113,1 &r/wm3,
o (EI?-%E[:IET npoBoAliM Mo dopumyse (5-17). Buayase onpenensem Nug
E=(1,821gRe —1,64)—2 — [1,821g(2-10%) — 1,64]—2 = | ,66-10—2;
§/8=1,95-10~% }'&/8 = 4,41.10-2;

Ny — ry Rey Pryg _

oV s

1,95.10—2.2.105.2,21
12,7.4,41-10-2(2,21° —_ 1)+ 1,07 = 590.

e ?igagmnﬂem MHOXKIHTEN, B hopmyae (5-17y; YUHTBIBAIOULHI BJIHSA-
MEHEIH hU3HYECKUX CBOMCTD AByoKicH YIJcpolia mo ceyenuio

noToKa:
(p:( ; )n('p—c\)m.
Cp Poxc /

oy — o=l _ 9658550

P oto—ty  oor—gp 2103 xllw/(xr.cC);
¢ 2,03
T 2.7 ,753;

Tm 454213 318 T T g = LT

Tak Kax Ty /T, <1 u | < TelT, <2,6, T0

T
n:0,22+0,18T—C =0,224-0,18-1,57 = 0,5;

m
(] 113,1

Ot :842,9 =0,134;

/n:0,35—0,05—p 20,35—0,0571—220,282;

Pr )
@ = (0,735)"5 (0,134)%282 _ o 494

II\T/XO ycaosnaMm 3afaun x>20d wu, CJe10BaTeAbHO, €, =1,
. ecTHble yueno Hyccenbra o KO3 HIEHT TeNA00TAATH

Nttex = Nuy ¢ = 590.0,494 — 291 ; -

A 9,77-10—2

Gy = N“mxT = 291 RIS 7100 Bt/(M2.°C),
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5-75. OnpefeniTh OTHOMWEHHe MecTHoro unena Hyccesabra K uneny
Hyccenbra ana caydan MOCTOAHHBIX H3H4eckKHX CBOHCTB Nuwe/Nug u
3HayeHHe MeCTHOro Koag¢HUHeNTa TeIVIOOTAAYH Ox IpPH TeX Ke YCJIo-
BHSIX, YTO B 3ajaye 5-74, HO eCJH CpelHeMaccoBas TemIepaTypa ABY-
OKHCH YTIJiepoja DaBHA COOTBETCTBEHHO fix=43"C H fyxx=067"C.

Otser

TIpu twx=43"C a,=4610 Br/(M*-°C); Nux/Nu,=0319; npu
bee=07°C o«=3570 Bt/(M2-°C); Nuw/Nug=0,61. HameHenne
Nuwz/NUg H Gx B 3aBHCHMOCTH OT Twe/Tm TPH NOCTOSHHBIX 3HAYEHHAX
Rew H fc MO pesynabTaTam 3ajzad 5-74 u 5-75 moxkaszaHo Ha puc. 5-13.

07@;_ [ ;
tl \¥_' i e e A ! \
0,4 N T e T

| i ’ Nu
NI A !
Br/(MZ-°C) ? 0
Bocx-za" ! [ [ | 0,9 \
, . L 28 3

-

' 0,7
NG N
& L. L1 0,6 RN T

i 7. N~
3 | L m —

0,51
0,9 70 "09 1,0 1,7 1,2 1,3 1,4 15 16

<
~

Puc. 5-13. K 3anaye 5-75. Puc. 5-14. K 3anaye 5-76.

5-76. Halitu 3aBHCHMOCTb OTHOLIeHHA MecTHoro uuciaa HyccenbTa
K uHcay Hyccenbra Anas  caydas NOCTOSHHBIX —(DH3HYECKHX CBOMCTB
Nuw/Nug ot oTHOCHTeNbHOH TeMnepaTypH c¢TeHKH T'¢/Tm TMPH TYpOyJeHT-
HOM TeueHHH JBYOKHCH yIJepoja B KpyrJo# TpybGe.

Pacdyer sumnosnsuts gas Aasnennst p=10 MIla, cedenua Tpy6wl,
yJAaJeHHOro OT BXOAAa, CPELHEMAaccOBONl TeMmepaTypbl ABYOKHCH YIJe-
poaa fx=17"C u TeMmnepaTyp cTeHKH f.=27, 44, 67, 127 u 227°C,

Otser
PesyabTaThl pacyera MpHBeJeHbI HHXKe H Ha pHC. 5-14:
te, °C. . .. 27 44 67 127 227

Te/Ty . .. 0,944 0,997 1,07 1,26 1,57
Nuy/Nu,. . . 1,006 1,035 0,874 0,646 0,511

5-77. Onpenenutb 3HayeHHe KO3dQHUHEHTA TEMIOOTAAYH H TEMMe-
paTypy CTCHKH IIPH TeUeilHH BO3/lyXa MO OAHOCTOPOHHe oGorpesaeMoMy
KOJbIeBOMY KaHany. BHelHHH M BHyTpemuuf AHameTphl KaHaja paBHH
cooTseTcTBeHN0: dy=40 MM u d, =8 MM. B paccmarpHBaeMOM CedeHHH,
paclo/IOKeHHOM 34 YYaCcTKOM TEemOBOH cTabuaHzauud (x>lk.r), cped-
117 MacCcoBasi TeMIiepaTypa M CKOPOCTb JBHXKEHHs BO3AyXa fx=100°C
H w=>55 m/c.

PacyeT BBIMOMHHTL AJ8 JABYX CJyd4aes; a) HpH NOABOAE TEeMJIOTH K
BO3AYXY TOJLKO Yepe3 BIyTPeHHIOIO CTeHKY KaHaja (gce==0) H 6) mpn
MOABOAE TEMAOTH TOMLKO 4epe3d BHEWHIOI CTeHKy KaHajda (§c,=0).
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B ofoux cayuasx MPHHSITh MJIOTIOCTE
nyioweil crenke g.=1,5-104 Br/m2,
OTger

TCOMOBOTO NOTOKA Ha COOTBETCT-

a) &y ¢ = 141 Br/(m2.°C); t., = 206°C;
0) &y =121 Br/(m2.°C): £, =224°C,
Pewenne
Duanueckue cpoficTna Bosayxa npu f,,=100°C:
Vi = 23,1310~ m2/c; Ao = 3,21-10—2 Bt/(M.°C)
IKBHBAJCHTHBIY AHAMeTP KOJbLEBOro Kagana
dy=dy—d; =40 — 8 — 32 a1,
Ykeao Pefinoanica
_wdy __ 55.32.10—8

Ve  23,18.10—¢
PCHHM TeueHHs TypGyaenTubif,

Hpu 1ypbyaentiion Tewenmy
MBEIX KOJIbUEBHIX Kanastax [22]
(x>1y.1), moctostmiofi o

; Pryx=0,688,
Rey = =17,6-10%;

BO3Ayxa B OAHOCTOpOMHIIC OGOFPCBQG'
B YCJAOBHSAX Temnaopoil CTHGFUTHSZ]ILHH

JOTHOCTH TEMJNOBOTO NOTOKA lla CTelKe (Ge=
=const) u oGorpese Toanko BUYTPCIHICH NOBCPXIOCTI (qy = ()
/ (11 L —0,16
Nuy ;= Nugp 0,86 (—) g, (5-18)*
2
rie Now = 1d,fhow — uneao Hycceanta na nuyrpennen HOBCPXTIOCTH
pit o4nocTopormeM oborpese;
R [ S
e
1 Im

Nurp —uneno H
CUHTAHHOE N0 ..

HNpu d,/d»<<0,2

YCCRIbTa NPH TEUCHHH BO3AYXa B KpYraoi TpyGe, noa-

dy/d, — 5308
\ €x
Ipu di/d»>=0,2 E=1.

Dapuyna (5-18) CipaBennnpa npu 0,07 <Cd,/dy<< 1.
Ilpu oforpese Toabko BHEWHCH MTOBEPXHOCTH g =10

0,6
Nt ; = Nug [1 —0,14 (—dl—) ]

\ 2

(5-19)
%o,1 do

N .
rge  Nug; = THHCAO Hyeceanta Ha  muermiofi NOBEPXHOCTH
K

NpH O,ELHOCTOPOHH(‘M OGOFPQBE;

9eo

Qg1 =
f02~tﬂc
—_——
" (3 ’;2;Do;)myna (5-18) nna BOAYXa JfaeT npusMceplio Taxie e Peayantaril, kak
3-12).

118

®opmyna (5-19) cnpascnaupa mpn 0<td\/d:<<1. Popmyast (5-18)
1 (5-19) cnpasegausbl npH 10*<CRew<<3-10% u Pr=0,7. ) o

Tpu di/d2==1 >T8 dopMyabl Aa1OT 3HAUEHHe uicaa Hycceasra np
O/IHOCTOPOHHeM oforpese Maockoro (LleseBoro) KaHaza:

NU1,1‘ = N”2,1 =0,86 NUTp.

B paccMatpusaeMoM cayyae uucao Nurp paccuuThiBaeM no dopmy-
Jge (5-7) c nonpasko#t mo (5-13):

—0,55
Nu,, = 0,021Re® Prd. 43 g 7055,

TIpunumasi B TiepBOM TIPHOJHKEHHH, YTO TIONpPABKAa HA TeMIepaTyp-
ubtt gpartop Oc=%55=(T¢/Tw)~0B=1, umeem:

Nugp = 0,021+(7,6-10*)8 (0,688)% %3 = 145,
a) oy =1,5-10% Br/2,  gep =0;

d: \—0,16 8 _0'16. _
Nuli:Nqu0,86<d—l) §:145-0,86(4—0) 1 =162,
' 2

rae

i 8 oo E=1;

dy 40

Rone 3,21-10—-2 .

®y1 — Nuy 4, - 162——32_10_3 = 163 Br/(m );
- 1,5-108 .
g -+ 2L e 100 4 22— = 102°C.
tCI:tm—}-am =100+ — = 192

Onpegeans B nepsoM NpubMiXKeHHH fcy, BHOCHM NONPABKY Ha TeM-
nepaTypHblil paxTop: :

Te, 1924273

Ta 1001273

0% = (1,25)7"% = 0,885;
Nugp = 0,885- 145 = 128

B¢y = =1,25;

H COOTBETCTBEHHO
o1 =0,885.163 = 144 Br/(m2.° C);
1,5-10%

=204°C,
144

tcp =100+

JanbHeHlIne yTOUHEHHS METOLOM HOC.,’Ie,HOBaTeJIbOHbIX npH6IHKEHHT
3 o B’
AQAI0T oKonuaTtenbno oy,1=141 Br/(m2-°C) u t,,=206°C.

6) gcz =1,5-10% Br/m2?, gqy = 0;

anauenne Nurp =145 ocTaeTcs Ge3 H3MeHeHHA H

d e 05) = 140
Nuz'I:Nqu[l —0 ,14(d—2) =145[1 —0,14(0,2) 1{ )
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Kospduuuenr tennootaaun Gz, H TEMICDATYDA CTEHKH fcp B nep-

BOM NPHOJIHKEHHH

Aor 3,21-15,~2
s 1 = NUu, 4 = 140 ———— _ 2,° ().
2.1 Uz 1 d, 32.10— \141 Br/(m2.°C);
Ge2 1,5-104
fep = by - —— =100 T x.206°C;
c2 w + o g t 141 .206° C
TONMpaBKa na TeMnepatypublit gpakrop
T 206 273
Oy = = :L= 1,28;

To 373
855 = (1,28)=%% — ¢ ,875;
a1 = 0,875-141 = 123 Br/(u.° C);

1,5-104
feg = 100 4+ ——— —=299°
c2 + 0 22°C
L JajbHelluHe mepecueTtl  Ja10T OKOHYATENbHO az,1=121 Br/(M2.°C),

fea=224°C.

5-78. ITlo Koabuesomy Kamajy BHYTPCHHHM auaMmerpoMm d; =54 mum
i BHeIMIEM AnaveTpoM d»==60 MM ABH:iceTcH BOsAyx. Pacxos BO3AYyXa
G=0,12 xr/c, a ero cpegnemacconas TCMIEpaTypa B paccMaTpHBACMOM
CCUCHHN = 80° C.

Onpeaenuts Temncparypy BHYTpeHHel CTeHKH Kanana fo;, ecay moA-
BOA TEIIOTL! OCYLIECTBJSETCH TOJBKO HeDe3 3Ty MOBEPXHOCTb M MAOT-
HOCTB TEMJIOBOrO NOTOKA §c;=2-10% Br/m*

Oreer

tci - 2620 C

9-79. Ilo xoibueBomy KaHaly BHYTPCHHHM JHaMerpoM d=12 mn
H BilelwHuM dp =230 MM ABHIKETCH BOBAYX C pacxonomM G=5.10-2 kr/c.
Bosayx narpepacTcst 3a cueT HOABOAA TEMAOTLI TOJTILKO 4Yepes BliyTpeli-
71010 TIOBEPXHOCTD KAUAJ1A, H NOCTOANHAS MO AJTMHC IOTHOCTb TCIIOROLO
notoka ger=2-10* Br/MZ Temncparypa BO3A¥X4 HAa BXoAe B oorpe-
saeMbllt ygacTox £, =20° C,

Onpenecants anagenue Kos@dHuHeHTa TemIooTAaqH U TCMIIepaTypy
Ha BUYTpelHed CTEHKC KaHadaa oy H fex lia paccroaniy ;=90 uMm i
£:=720 MM 0T BXOAa B oforpesacMblii yuactok. Pacuer BLITOAIHTD
0e3 yuera BaiSHHA Ha TEIVI00T1a4y TeMnepaTypHoro dpaxtopa.

OTteer

%3 =90 MM, oty = 275 Br/(M2.°C), gy = 94° C;
Xy =720 MM, otyy = 223 Br/(M2-°C), fop = 120°C.
Pelwenne

Hsmenenne cpepnemaccosol TEMIEPATYPL! BO3AYXa MO AJHHE Kala-
J14 ONPCAEJIACM H3 YDABHEHHS TeNmJoBoro Gadanca

, ‘ ey d; 2.10*.3,14.12.103
Y = by - X¥=20 4 —"— x=20-14,9 x,
Gep 5.1072.1,01.10°

T¢ B llHTepBaJ}C TervmepaTyp
In =20 +— 140°C Com & 1,00-103 [Tx/(xr.°C),
120

[Tpu x,==90 MM fixx1=20-4-14,9-90-10~3=21,3°C u npu 3toit TeM-
nepatype (QU3HUCCKHE CBOTICTBA BO3AYXA CJelylolnue:

Rei = 18,2:107% Ma.c; Ay = 2,60-1072 Br/(M-°C); Pry = 0,703.

Uieso Peftnoanica
R wydy Gd,
Cx = ="
Vx fix
rie do=d:—d1=30-—12=18 MM H OTHOlUIEHHE 3KBHBAJEHTHOTO jJHAa-
MeTpa K CedeHHI0 KaHaJa

dy _4dy—dy 4 Y
foa(d—d}) 7ldtd)  3,1430412)-107
CJIel0oBaTeJbHO, 2
Re,  30:4:5:107 1,52
gy = — M
* e e
npu =90 MM :
1,52
= ————— = 8,35.10%.
Rexi = 2,100

[Ipu TypGysieHTHO TeueHWH BO3AYXa B OJHOCTOPOHHe oGorpesae-
MOM KOJIbLEBOM KahaJse AJHMHA Y.acTKa TenJoBOH CTaOHJIM3alHH MOXKET
6bITh ONpefesieHa H3 COOTHoWeHHA [22]

J / dy )
2T 150 141,22 ], (5-20)
g T,

a 3HaueHue 4ucia Hyccembra npu 1<x/d, <lm1/ds no topmyae

Nul’1 Nu2_1

d.
=—" =0,86 4 0,54 [(1+1,2—‘) X
NUp 1o NUp 1 dy

—0,4 d
X (i) —0,18 —‘]. (5-21
s d,

dopmyaa (5-21) cmpaseanusa aas Nug,; npr 0,14<<d\/d2<1, a
past Nug, npu 0<Cd /d,<< 1.

3necs Nujie H NUz, 10 — 3HaUeHHS NpeReabHblx yHcea Hyccenabta
npH x> Ia.r, OOpelenseMblx o dopMyaam (5-18) u (5-19).

B paccmatpuBaeMom caydae di/d2=12/30=0,4;

l“—"‘=15(1+1,2-0,4)=22,2

da
" 0 lur
da - 18 d3 ’
X3 720 lar

=40 .
d, 18 > dy

ITostoMy mas CeueHHS X; 1SO0XOMHMO IMOCJe pacgeta Nuypie MO
(5-18) onpeneants Nuy,y nmo (5-2:). Jns ceueHHus x; MONpaBKy Ha Has
YaJbHbI YYACTOK BBOLHTb He HYHHO,
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HYicao Hycceanra n

H TCHCHHH BO3YS 7 ;
asem no Gopmyac (5-7)p A epyraolt 1pybe onpene:

6e3 nonpanky na TCMIICpaTypHKil (hakTop:
— 0 ) :
Nu ., =0,021 Rel;® Prl43 — 0,021-(8,35-10*)"%0,703)"% 153

Uncno HycecedsTa npu tesenun BO3AYXa B 0AHOCTOPOHHe OGOrpena-
EMOM KOMBLEBOM Kakalsle NpH X >/ r 10 Popmyie (5-18):

d, \—0,16
N g = Nu, 0,86 (—‘) 2
d2
TaK  Kak di/dy=04>02, 10 E=1 u nompar i
L ) .2, PaBOMHBIA  MIlOX T,
0,86 (d1/dz) ~%16=0,86(0,4) =%t =1, 1. ¢, AaHHOM 4acTHOM Clydae o

Nul'100 = Nqu = |53,
Tax xax x,<Ily.1, T0 1O dopmyne (5-21)

Nuy, / x \—0,4
T =°v85+0‘54[(1+1,2-0,4)(7) —0,188-0,4}:

AWhat:}

= 0,819+-0,798 (x/dy) "** u upn x/dy =5;

Nu
Nup o = 0.81940,708.5704 = | o4

oo

Nug; =1,24.153 = 190.
Kosdduunent renaooraaun

A 2,6.1072
Ox = Nuy, Fn‘ =190 o s 275 Br/(m2.°C).

2 18-10

Temnepatypa cresku na paccrostinn x; =90 MM OT Bxojga

dc1 2.104
fex1 = bk —=21,34+—=941°
cx1 s T + 975 ,1°C,

(251

Temnepatypy crenxu NpH X;=T720 MM onpefensieM aHaJOTHYHBIM
06pasoM, Ho Tak Kak Xo/do=40>>ly./d,, nonpasxky no Qopmyie (5-21)
He BBOJHM, TOTAa

binxg = 20 4-14,9x, = 20 - 14,9-720-10~% = 30, 7°C,

TIpH ez =230,7° C Mr2=18,7-10~6 Tla.c; A;=2,68-10~2 B
X°C); Prype 0,701; ' PRS0 Bt
\\x
,52
Reyy = —— =8,12-10%;

Fxo
Nqu=0,021(8,12-104)0»5(0,701)0'“=150 W, TaKk Kkak npu di/d,=0,4

us,12=Nuzp, T0 Nuxe=Nu,,; = 150;

A 2,68:1072
ey =Nty =% = 150 ~——— = 223 Br/(m2-°C);
dy 18.10—3

Gc1 2.104
foxg=1 —=30,74—— = °
cx2 mx2+a 71+ 223 120,4°C,

X2

122

5-80. OnpenesdTb 3HayeHHe Ko3dHUHMEHTA TenjooTAa4dH H TeMIe-
paTypy Ha BHYTpPeHHell CTEHKe KOJIbLEBOTO KaHajla O H fcx B YCAOBHAX,
IpHBEeJEHHBIX B 3ajgaue 5-79, Ha paccToaHusax x=45, 180, 360 u 1500 mm
OoT BXoAa B oforpeBaembiit yyactoK. IlocTpoMTh TrpadMK H3MEHEHHS K,
fcx M TeMIepaTyphbl BO3AyXa fmx MO AJMHe KaHagaa. JlAs mocTpoeHus
rpadHka HCIOMb30BATb 3HAYEHHS BeJHYMH, NOJYYEHHBIX B 3ajgade 5-79.

OTBer

Pe3y/bTaThl pacuera ¢ yyeToM AaHHBIX, NMOJYy4YeHHLIX B 3ajgade 5-79,
npuBeels Ha puc. 5-15 ¥ B caenyionieli Tabauie:

X, MM 45 90 180 360 720 1500
x/dy -2,5)- 5 10 20 40 83,3
ax, Br/(M2.°C) | 310 275 252 235 223 222
tox, °C 85 94 102 111 120 132
twx, °C 20,7 | 21,3 | 22,7 25,4 30,7 42,4

5-81. OnpeaenHts Temmepartypul Br/(mi-cC) -
BHYTpeHHel H BHelIHel CTEHOK fo; 920 1% T T
H f.o HAa paccrosinun x=1400 mm 300 T
OT BXOJa B HecHMMeTpHuHo oborpe- 280
BaeMblil KOJbLEeBOH KaHal BHyT- 260 \
peHHMi1 H BHEUIHHH AHAMETpbl KaHa- N
aa dj=6 mM, dp=20 mm. Ilo xa- 240 N
HaJy aBMKeTCs Boga B Koiudectse <4201 L |

L9

G=0,3 xrfc. Temneparypa BOAB Ha  op % —T

BX0Ae B KaHaa fx =125°C. ITocto-  72p i

SINHblE IO JUIMHE MIOTHOCTH TEMIO- 4,

BOrO MOTOKAa Ha BHyTpeHHe# H V4 te

BHelllHel cTeHkax Kamajia coorseT- &80

CTBeHHO paBHB: geoi==1-105 Br/M®* 4p At

It gea=2-10% Br/m2, 40 _p
Otger 20 | x|

4
0 10 20 30 %0 50 60 70 80 90100

for = 148°C; foy = 165°C.

Pemenne

W3 ypasnenns temnoporo Ba-
JlaHCa  HAXOJHM  CpedHeMacCOBYIO
TeMnepaTypy BOJALI B pacuieTHOM ce-

Puc. 5-15. K 3anaue 5-80.

YEHHHU:
Gepue (B bix1) = g1 1dy X+ Geg edp X,
OTKY 1
{91 dy + gz dp) 11X
td{ M1 + GCp}K
5 —3 "B —3
R .6 .10%.20-1 .1,4
=125+(1 10%.6-1072 4-2.10%.20-10~%) nt ~ 141°C,
0,3-4,27.10%

rme B unTeppaje ot 1256 o 141°C cpn=4,27-10* Jx/(xr-°C).
@Hanepcxue cBofictBa BOAR IpH fw=141°C: px==925 kr/m%
Mx=0,685 B1/(M-°C); vx=0,216-10-° m?/c; Prix=1,25.
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nIIOlLLélllb NpOXOAIIoro CedyeHHsds M 3KBHBaJIEHTHbBIN AuaMeTp KaHajaa

P (B = T (20— )10 = 2,86 107 we

dy =dy—d; =20 — 6 = 14 MM,
Cropocern aBlzKenHa BoAL H uncio Pefinoabaca

G 0.3
e — 1,13 w/c;
o f  925-2,86-10

[Ipu Teucuuy JKHAKOCTH B LCCHMMETPHUHO 0GOrpeBacMLIX KoJblle-
BLIX KallaJgaX B VCIOBHSAX TCIVIOBOMN CTaGHIH3ANHMI H HOCTOSHIIBIX [JA0T-
HOCTSX TEMIOBhIX MOTOKOB yHcda HycceabTa na COOTBCTCTBYIOUIHX ITO-
BCPXHOCTSX MOTYT ObITh onpejedctbl no clcaylowiM dopmyaam [22]:

Nu
Nu, = - ; (5-22)
1 ch N Lo
+ o1 VU
Jcy
Nu,
Nu, — =% , (5-23)
] 4 Ter ‘701 - Nuz,l
qcz

rpe Nuiy u Nuzy —uncaa HycceabTa npu  oauocroponteM oforpese

COOTBETCTBEH!O BlUYTpenlell H Bllewuell nosepxuocTeil; Oacy H Gacy—

GeapasMeplible ajllabaTHueckie TeMnepatypbl (IpH gei=0 H g2 =0).
Jas kaneapHbix xuaxkoctell ¥ rasos npi 0,5<CPr<C100

Nu; | d;
Nugp (I—9) 72) & (5-24)
Nu, 4 d, \06
=1 70114(_1 , )
NUTP \ dp ) (6 25)
rae
0,25
g 20 595 n=—0,16Pr 015
I+ 1,1Pr”
' 4 \* —0,87 p.—1,05
Ba.c1=22 0,27 d_) — | Re™ e pr=hiv, (5-26)
2
d
Qa.ca = Ba.ci d—l ; (5-27)

Nusp — unciio Hyccenpra aas caydasi TeHeNHA JKHAKOCTH B KPYrJof
TpyOe, mopcuuranioe 1o do.
Dopmyarer (5- 24) 1 (5-25) cnpaseamHpo IlpH i

< Re < 105 1 0,1 < dy/dy <
124

B paccmarpuBaeMoM ciyyae 3Hayesde uncaa Nurp OnmpenensieM Mo
dopmyne (5-7):

P 0,25
Nu,, = 0,021 Re[;® Pr); 43( r’*‘) -
Pr¢
= 0,021 (7,33-10%)"8 (1,25)>% = 179,

rae B nepsoM npHGHMmCHHH NPpHHATO (Prw/Pre)®?=1.

Yneao Hyccenbra npu oforpeBe ToJbKO BHYTPeHNCH TOBEPXHOCTH
no dopmyne (5-24):

Y S
14-1,1(1,25)""

n=—0,16(1,25""1 = —0,154;

d 6
L = __ :0)3;
dy 20
Nu -
Ll (1 —0,109) (0,3)~0%" = 1,07;
Nurp

Nuy ;= 179-1,07 = 192,

Uiieto Hycceasta npii gez/ge1=2 onpeaeasem no gopmyde (5-22),
I.15 4ero BuaUase PaccuHThiBaeM 3Hayeniie Qs 1o (5-26):

8, ;= 220,27 (0,3)2 — 1](7,33-10%) "% .(1,25) 71 = _—1.107%;
192
1—2-1-107°.192

Kosdduuuent Tenaooriaud H TeMmepaTypa Ha BHyTpeHHell mosepx-
HOCTI KaHaJsa

Ny, = = 312.

- 0,685
= =312——; = 1,53-10* Br/(M%-°C
@ =Ny T T/(M2-°C);
qC 1 1 o
= = 141 = 147,5°C
o =tact + 1500

B cBssH ¢ TeM 4TO pasHuuma fx—*fc MaJja,  OTHOLIEHHe

(Pru/Prc)®2° &2 1, Kax u Obiio NpHHATO npH pacdcTe Nurp.
Umeao Hycceabra npit oforpeBe TOJLKO Bheilinclh NOBepXHOCTH 1O
dopmye (5-25)
Nur,
Nugp,

Nu, | = 0,932-179 = 167.

=1-—0,14(0,3)"% = 0,932;

Bespaamépuas ajanabatitieckas teMucpatypa to dopmyne (5-27)

d J—
Ba.c3=%a.c1 dl =_1‘10—3'0.3=—0,3-10 3,
. 3



Yireqo Hyeceanra no gopmyac (5-23)

N 167
WU, = B
7 1—0,5-0,3-1077-167

KosQduunent reniooTaayt o TeMiepaTypa Ha BHELIHCH MOBEPXHOCTH
KaHaJaa

= {71,

- 0,685
g = NUy — = |7l ———
oy = Nu, 4, 17 12103
q 2-10%
R e
2 4 ’

5-82. Onpenenuts TeMnepaTypbl BHYTPeHHCH 1 BHCHINE! CTCHOR f¢) 1
fc2 KOJLILCBOTO KaHaJjJa NMDH TeX Ke YCJAOBUSX, UTO H B 3azgade 5-81, uo
cean Lin=120°C, ge1=2-10° u ge2=1-10% Br/m2,

OTtser

= 8,35.10% Br/(m*.“C);

=165°C.

foy = 160°C; fgy = 152°C.

5-83. o uiesieBoMYy KaHasly aKTHBHOH 30HBl ATOMUOTO PCakToOpa Te-
yer Hatpii. Uupuna xanaina b=3 mM. CKOpOCTb ABHXKEHHA HATPHS
w=3Mm/c. CpcaHas MaccoBag TeMIepaTypa HaTpHA B DACCMATPHBAEMOM
ceyenuit Kanana ¢, =400° C.

Onpejestts TeMOEPATYPLL HA BHYTPCHHUX  HOBCPXHOCTAX  Kabada
{ey 1 ez, €CIL 1IIOTHOCTL TEIIOBOIO MOTOKA Ha OAHOM 13 HHX Ger=7X
X 10% Br/w?, a ua apyrofi gea=0.

OTtser

boy == 412°C; fgp = 1y, ¢ == 395°C.

Pcuienune
Dusyveckiic colicTsa natpis npn iy =400" C:
Aae = 63,9 Br/(m-°C); vy = 33-107° m2/¢; Proe = 5,6-107°.
IDKAHBAJICHTHLIT LU&MCTD Kanaa
dy = 2b=2-3=06 mMm.

Yircao Pelikodbica

lel TypGyJICHTHOM TEUCHHH KIAKHX MeTalJOBp B KOJIbLUEBLIX 1 Lle-
JACBBIX KaHaJaxX 3HadeHHs YHce.l HyCCCJIbTZl H EJJ_UIHGHTHL{CCKHX TeMnepa-
Typ CTCHOK NpH OJ_UIOCTOPOHIIGM OﬁOI"I)CBC MOXHO HPI[GJH[)KCIIIIO Onpeﬂe-
JliTe TIO CABAYIOUIHM (QOPMYJIaM:

J . —0,4
Nug 4 fdy O d,
=0,57 -t +0,18
. d, d

; (5-28)

2

Nugp
Nu. 408
2'1:1-0,25<—‘— . (5-29)

Nugp  dy

rae no gopmyde (5-14) Nuyp=5+0,025Pe® 8 —uncao Iycceapra aas
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tencims AIAKIX MeTAANOR B KPYrALX TPYOax, moacunfaditoe nd IKak-
R&JCHTHOMY AHAMETDY;

1
Ouct NUt,1 = T 5o (5-30)
rae @ =2,2(dy/d)"% n b=4,5-107 (d,/d))""'%;
dy
e . - 8 . - 3
a.c2 a.cl d2
rae
@q Cl___(ta.cl_'t}ﬂ) }"7!( " 6 . (ta.cz—‘tm) }‘H(
a. - a.cs —
Gea da 2 Gc1ds

Jas cayuas TeueHHst B IJOcKOM (ulesieBoM) KaHane (dz/di=1) n3
(5-28) 1 (5-29) moayuaem:

Nu; ; =Nuy, =0,75 Nup.
B paccmatpuBaeMoM cayuae

Pey;; = Rey Pry, == 5,45.10%.5,6.107° = 305;
Nugp = 5 40,025 (305)8 = 7,4,

Yueao Hycceabra 1 kosQuLieHT TenaooT aul npH 0AHOCTOPOHHEM
oBorpese KaHaaa

N, =0,75:7,4 = 5,55;
63,9

2
= Nul,lf = 5,55 =5 =5,9:104 Br/(u2.°C).

TemriepaTypa creHKIl Ha 060orpeBaeMoii CTOpOHe KaHaga

q 7.108 R
fm=tm+if:4oo+ S0~ 4z

Tax kak gc2=0, To fe2=taca. I cayyas ngockoro Kanana
Ba.c2=0a c1, Nuj,2=Nuzs # mo dpopmyne (5-30) :
———l .
a+ 5Ped8’

a=22 b=4,5-10""u
1
Nuy ; =
a.c2 2,1 2'2 + 4,5.10-—‘4 (305)0,8
Nu?.l = NU1'1 = 5,55;
—0,445
0,
a.c2 5,55

8,.co Nuy, =—

0

= —0,445:

= —20,08,
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TemnepaTypa CTeHxH Ha neoGorpesacMoi CTOpoHe Kanana

-d
tcz =tace= tm+ ea.czq;1 ? =
"\\;_}41{
7.10%.6.107°
400 — 0,08 —————— = 400 — 5,25 = 395°C.
63,9

TaxuM 06pasoM, fea<fw, X0Ta gez=0. Arto obbsicuAeTCs TEM, 4TO
XOTSl TeMnepaTypa CTEHKH MCHblE cpeAHeMacconoii TeMmeparypul XHA-
KOCTH, rPafMENT TEMIepaTyphl KHAKOCTH Ha CTEHKE paBeH HyJio
(puc. 5-16, 8).

5-84, OrpefleHTh TeMNepaTyphbl CTCHOK fc1 ¥ fop TPH TCUGHHH HAT-
pHs MO WENEBOMY KaHany B TeX e yCJoBHAX, 410 B 3afaue 5-83, ecnu
a) MJIOTHOCTb TeIJIOBOTO TOTOKa Gez=3gc1=2,1-108 Br/M2 u 6) Ge2=
=gcy=7-10% Br/m2

Ak
. e ’, //
s ¢ . /f
el >
420+ . . 2
Lol . .
) A 7
L) A fd AAR——--
790l 7 4 7t tacz
A s © A_» ’ F 5
e =y e — 7
§:0=38 @) Gez=Yor 8)

Puc. 5-16. K sanaye 5-84.

Vrkasaunue Jas pacdera HCHOJb30BATh dopmyan (5-22) u
(5-23). T

OrBeT

a) 1c1=396°C; te2=430"C.

6) tes=tea=407"C.

XapaxTep H3MeHeHHsl TeMTepaTypsl HaTphd Mo CeveHHIO Kanaaa Anf
YC/IOBHIL, PAacCMOTPEHHBIX B 3ajaiax 5-83 u 5-84, rokasaH Ha puc. 5-16.

5-85. OnpejeuTh pacmpefelente TeMneparypsl BOAR IO AJHHE
BHENIHEro H BHYTPEHHEro KaHaJoB B TEMJIOBBLACAIOUIEM 3JleMeHTe €
ABYM# XONaMH TEMJOHOCHTENS (tuna «Tpy6xn Puapa», pHC. 5-17). Bo-
12 nocTynaeT CBepXy BO BHEWHHHA KOJIbIIEBOR KaHaJ, ABHXKETCd BHH3,
NPOXOAKT NMOBOPOT H BHKETCH BBEPX MO BHYTDeHHEMY KOJbUEBOMY Ka-
nany K0 ShlXoAa H3 TPYOKH. .

BHIIOAHUT, pacueT AAs CAeAyIOWHX YCIOBHI: JIHHA KaXJoro Xo-
na [=25 M; Temmeparypa BOJb Ha BXOAE $=120°C; pacxon
somsl G=0,22 Kr/c; TelJOBOA MOTOK HA eINHHILY AJHHBl LEHTpaJsbHOro
TenJIOBBIAEJIAOLIEr0 CTEPXKHA g;=3.10¢ Br/M; TeMmneparypa pHelHeR
NOBepXHOCTH BHEIUHEro KaHana MOCTOAHHA N0 naune u pasia T=116°C;
KO PUIIHEHT TerJoncpelaut uepes pasesfoILyIo KaHankl CTeHKY kye=
=350 B1/(M-°C); xosdduiieHT TenJIoOTAAUH K puéIuHefl cTenke (HJH

oT BHelHe#l cTeHkH) wz=450 Br/(M-°C); ky ¥ Gp TOCTOAHHHL MO AJHHE
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Il BX 3HAYCHH; OTHECEHBl K CAMHILE AJIIHEL TennoeMKocTs BOAB TpH-
HSITh mocTosHuo: cp=4,3-10% Jx/(xr-°C).

B pesyabTaTe pacueTa ONpefedlTb TeMIepaTypy BOAbL B KOHUe Mep-
Boro xoxa {h It HA BEIXOZE H3 BTOpPOro xoaa fo, a TakKe KOOpALHaTY

Xm U 3HaueHlie U'm MAaKCHMaJbHOI TeMICpPaTypHl
: : 3 BOALl B IIEPBOM XOAC.
Ortser P P P o

f}l =t = 130°C; £y = 182°C; X, = 1,54 M;‘}f}m = 134°C.

Pacnpenesenye teMmepaTypbl 1O IJAHC [€PBOr0 H BTOPOrO XOA0B
ToKasaHo Ha pue, 5-17.

0 42, 00 120 140 160 180 200 °C

14
TRy yar
N il
k(-0 |
k(T 1
i 1]
ir L

-

7

Puc. 5-17. K 3apaue 5-85.

Pewenue

Pacnpenenemle TCMIIEpaTyphbl TEILTOHOCHTE.IsT MO AJIHIHE BHEUHEero

KOILIIEBOTO KaHada B 3a1aHHLIX YCJIOBHAX Ol
Xy ee5eTcsl  CJe Yoy
VpaBHeHieM: ’ Ao

Lo ¥ q
O=A1"" + Ay T+ é , (5-31)

rae f}—TeMHepaTypa TENMIOHOCHTEJ BO BHELIHEM KaHaJse; X — KOOpAH-
HaTa, OTCYHTAHHAs OT BXOAA BO BHEUIHHI KaHaud,

q
Cyey el — L
p w
1 = *84 Fs
1% — g, 0%
q
Ce, P Té'
Ay = — el el
g1e% — g6

9—133 129



9,
O =, —T—-%;

2
1

T
oW (_kz =V k4 kQ);

€1 0=

W=_Gcp B1/°C; £y 11 fy — nocTostiinie 110 aauiic Ko3¢GduuienTLl Tenao-
liepeaaylt, oTicceHuple K eauuie aunub, Bt/(M-°C). B paccmarpisa-
CMOM YacTHOM cJjyyae 3aJaHo ka=ap H 7 — TeMnepaTypa MNOBEPXHOCTH
Tensoobmena. .

Mpu x=/ cdopMyna (5-31) pacT 3HauerHe_TeMOepaTypbl B KOHIC
NEPBOr0 X0la, KOTOPAs, eCTCCTBCHHO, paBlHa TeMIEpaTypC B Hayajc BTO-
poro xoaa =1

OupejeascM 3HaYCHHS BEJHUNH, BXOASMWHX B (5-31):

W = Gep = 0,22-4,3-10° = 947 Br/°C;
9 9 3-10¢

ky  ap 450
9, 3-10¢

W 947

= 66,7 °C,

=31,7°C/m;

g
cl:ﬂ0~r—-k’— =120 — 116 — 66,7 = — 62,7°C;

2

1 -
Blzﬁ(_‘,"z'}‘]/ké‘f‘“l@):
1 / D —
= 2]/ 4, 5244.3 5. —0.94 .
XA 450 102V 4,5%44.3,5-4,5) = 0,244 1/m;
1 ar
&y =5t — V Bkt k) = — 0,72 1/

—62,7-0,244-0,165 —31,7  —34,22
0,244-0,165+0,72-1,84 . 1,365
62,7-0,72-1,84 — 31,7

A, = =—37,6°C.
- 1,365

A= =—25,1°C;

TemnepaTypa BOAB B KOHIC MEPBOIr0 X04a NpH x=1

q
S
2

=— 25,1.1,84—37,6.0,165 - 116 66,7 = 130,2°C,
130

Pacnpenene}me TeMInepaTypbl TENJIOHOCHTeNd Mo AJIHHE BHYTPEHHETQ
KanaJja B 3aJdaHHbIX YCJIOBHHX onpengesasercs CJACAYIOIUHUM YpaBHEHHEM:

q q :

£ — By e o By T =L =t (5-32)
ky ky

rae
7 7
Cyet ‘_V— 5 Coei V
By =— P By=
L (e; — &) ! : (7 — &) bl
9 9
o=ty =T~

OnpefelisemM 3HaueHHE BENNTHH, BXOASAIIHX B (5-32): .
9,  3-10¢
k350

C, = 130,2— 116 — 85,7 — 66,7 = — 138,2°C;
B :_138,2~0,72+31,7 _ e
t (0,244 -1-0,72) 1,84
— .0,244 31,7
B 138,2-0,244 + o l2.°C.
2™ (0,244 -+ 0,72) 0,165

Temueparypa Bogbl Ha BBIXOAE MO (5-32) mpn x=0:

=85,7°C;

9, 9
10=Bl+32+r+k—’+k—l=—74——12,6+116+
1 2
4 85,7 66,7 = 181,8°C.

KoopainaTa MakcuMaJbHOIl TeMIepaTypsl BOALL B NEPBOM xoae on
pepensieTcst popmyJoH

1 A, e
= — . 5-33
“in &y—¢ ln ( Ay EI) ( )

Moacrasasst B (5-33) 3HAueHH COOTBETCTBYIOUIHX BEJIHAHH, no-
JgydaeM:

. 1
37,6-0,72 > In (4,43) = 1,54 .

= o oaa 40,72 " (” T95,1.0,244) _ 0,964

MaKcHManbHYEo TemnepaTypy BoAbl B NEPBOM XOAE¢ OMpejessieM no
(5-31) npH X=Xm:

q
e, x L 0,244-1,54
Oy = A1eel ¥m 4 Age ® mt-T ka =—-25,le

—37,6~0721:5% 1 116+ 66,7=—36,5— 12,4+ 182,7 = 133,8°C.
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Pacnpenenenne TCMIIEpaTypLl BOAB 110 L/IHHE TEPBOTO H BTOPOrO
XOM0B nOKa3aHO Ha puc. 5-17. LUTpuxoBofl Junuell mMoKasano JHHeHHOe
paclpele/lenie TeMIepaTypLl BO BHYTPCHHCM KaHajme s cayyas oTCyT-
CTBHS OTBOJA TENJOTLI BO BHEUIHHE KanaJf: V=ti+qixjw.

5-86. Ompeneants pacnpenenenue TEMNEPATYPH BOALI O AJUHe
KOJBUEBBIX KAHAJI0B B TeNJOBLIAESIOUICM 3JeMCHTe ¢ ABYMSl XOZaMu
TENJIONOCHTES, paccMOTpentoM B 3ajgade 5-85, ecau LJHHY KaHaJjoB
YBCIHUHTE ¢ 2,5 1o 3 M. Bce ocTadbHLE YCAOBHS OCTABHTL 6e3 uame-
e, CpaBHHTH pesyabraT pacuera ¢ OTBeTOM K 3ajgaue 5-85.

Otger

$:=133°C; Lh=190°C; xm=1,77 M; Om=138°C. YBealrieune giu-
MBI H, CJIEOBATeNLHO, NOABOAUMONH K BOJAE TEMJIOTHI Ha 20% npusognt
K pocTy TemmepaType!l Ha BLixoge #o Ha 8°C, uyro COOTBETCTBYeT yBe-
JIHICHHIO BOCNIPHHSATOH BOJAOH TeNmAOTH TOJbKO Ha 13%. 310 o6bacus-
€TCA_YBENMMCHHCM OTBOAA TeIIOTH OT BOABI BO DHEUIHeM Kanase.

5-87. Onpegennts pacnpesencimme TCMIICPATYPLI DOALI MO AAlIe Ka-
la/I0B TEIJIOBBICASMIOIEr0 3JeMeHTa € ABYMS XO4aMn TEIJIOHOCHTEJIS,
PaccMOTpCHHOrO B 3asave 5-85, ecam npn Tom e pacxoge Boaul G=
=0,22 xr/c 3a cueT n3MeHCHHS miowann DOXOANOro CCUCHILS BUYTPeH-
Hero Kamaia xo3(QHUNCHT Teromepefaun k, ybeamumwics 1o 3nayedus
k=600 B1/(M-°C). Bce oeratbine YCJIOBHST OCTaBITh €3 H3MeleHH:.
CpaBHuTb pesyabTar pacucta ¢ 0TBCTOM K 3anaue 5-85.

Otser

$:=137°C; to=175"C; Xm=1,57 M; On=141,5°C. Vpeanueune xo-
stdumenta Tenaonepesaun HCPe3 DA3AC/AIOINYIO KaHaJBl CTEHKY IpH-
BOAHT K 00.1ce HHTEHCIBHOMY HArpeBY BOAL BO BHEILIHOM KaHage H co-
OTBETCTBEHHO K OOJbUIMM NOTEPAM TCINOTHI. ITostoMy rtevmepaTypa Ha
BBIXOAC fo HHXKC, UCM IPH YCIOBHSX, PacCMOTpEHHBIX B 3ajade 5-85.

5-88. Omnpeneants pacipcieseHne TeMnepaTyp TeIIOHOCHTE A u
CTCHKH 110 AJINHE KaHala aKTHBHOM 30HB aTOMHOTO peaktopa. Tennosol-
ASSSUOUIHA  3/7eMeHT HMeeT bopMmy UHJHHADA ¢ BHELUNHM JHAMETPOM
d=15 MM u aaunoi [=2,5 M, BLIIOAHEHHOrO u3 ypana [A=31 Br/(MmX
X°C)]. TloepxHocTs TBOa [IOKphITa TJIOTHO NpuJeramilell o060J0UKof
H3 Hepiaseolued ctann [Ae=21 B1/(M-°C)] Tonumroit §=0,5 my.

O6beMHYI0 MIOTHOCTD TeNJoBH e eHHS B YPaHe g, NPHHATbL 10CTO-
AHHON 110 Ceuenuio U H3MeHsowlelics Mo AAHEE o KOCHHYCOH A IbHOMY
3aKOHY (peakTop 6e3 TOpLeBLIX otpaxarenct). Ecan nawano xoopaunar
PacnoJoXHTb B CepegHHe [0 AJliHe TB3JMa, TO NpH X=0 gy =2,2X%
X108 Br/ms3.

Tosa oxaamxpaercs nartpuem. Pacxon HaTpus G=0,6 xr/c, a ero
TeMnepatypa na BXoJe B KaHaa fu;=250°C. Koadduunenr rtenioora-
Ui OT IOBEpXIoCT 06010YKH K HaTpHIO =] . 103 Br/(M2.°C),

B pesyantare pacucra onpegennts TeMIEpaTypy Hatplls B cepedHHe
o asnne Kanata (x=0) H ga BLXOAC M3 KaHana (x=1/2); temmepaTty-
Pbl 112 BHCIIHCH i BHYTPeHNCH [OBEPXHOCTSX 06OJONKI 1 114 oci TB3Ja
mpu x=0 (feo; fero; focwo); KOOpPANHATH H 3IAYEHHsT MaKCHMAaJbHLIX
TeMIepaTyp fem; feym U locw,m.

Otger

L300 =290°C; £, = 330°C;
too =298°C; xgp=1,1 M; tom =831°C;
fer,0=316°C; x;), "=0,79 w5 ¢ =338°C;

tocmo = 416°C; Xogum = 0,245 M; focn,, = 422°C.
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Pemenue .
Ilpn KOCHHYCOHAAJbHOM paclpefle/leHHH TeNJOBHIAE/NeHRA H3MeHeHIe

TCMOEPATYpPHl TEIJIOHOCHTEAR NO [AJNHe KaHala OnpeleiieTcss ypaBHe-
HIEeM

9ol . X 5-34)
by — by = sin—-+41}, (
" L aGep )
rjie KOOpJAHHATA X OTCYUMTHIBAGTCS OT CePeAuHbl [0 AJHHE KaHana; §q —
TeNJOBbIE/IeHHe Ha eIHHHIY AJHHBI MpH x =0, B1/Mm.
TemnepaTtypa HaTpHs Ha BbIxOde (X=1[/2)

2 gyl
t)i\'z'_tﬂﬂ :?E.
ndi m-15%.10~°
rAe Go=qv " =72,2.108 ———— =3,9-10% Br/u.

TensioeMKocTb HATpHUR B HHTEpBaJe TeMnepaTyp OT fx1=250°C mo
300°C ¢p=1,29-10% Ox/(xr-°C) u
2.3,9-10%-2,5

e bt = 256 T 090108 0

OTKYAa
Fiie = Exi + 80 = 250 4 80 = 330°C.
Temneparypa HaTpus B cepefnHe no AjauHe (x=0)
— i 80
0l _ fwe — bt _ g5y 4 80 ggpec,
tmoztmi‘f‘m—fml'{“ Py 50 -+ 9
PasHocTb MeXAy TeMIepaTypofi Ha OCH TB3Ja H TeMOepaTypol HaT-
pust pH xo=0

9 (1 1 di+28 ! )2
focwo — Fao= " (u +2AC In d; +oc(d1+26)
3,904 1 1 1542:05 1 3)2
= Ta (4_31 220 " 15 1-10% (154-2+0,5) - 10~

=100} 18,44 7,8 =126,2°C.
Taxnm obpasom,
Atcg=teo —bwo = 7,8°C;
Atcl,O = tcl,O — o= 26,2°C;
Atogig = tocmo — fme = 126,2°C,
Temumepatypel Ha BllellHeH H BHYTDeHHEH ITOBEPXHOCTAX 0O6OJOUKII
It Ha ocit TB3JAa npi x=0:
foo == bixo 4 Atgg =290 47,8 x 298°C;
Fa 0=ty -+ Atcl,O =290 4- 26,2 ~ 316°C;
tocme = Do + Afocno = 290 - 126,2 = 416°C.
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3uavcHHe MaKCHMadabHOM TCMIIEPATYDHl Ha TMOBCPXIOCTH TCMa006-
Mena onpenedasiercs Gopmynok

tow —tuwy L 1 Ao 2
T +l . J—(t\j . (5-35)

bis — Eq Foxg — 1)
loacrapasa B sty QopMmyay snauenns Afco u buo—lui, mOMydaem:

e 2
tm +]/ ( | =10,
e T

fom = tua 4 1,01 (Fyp — #4q) = 250 41,0180 ~ 331°C.

OTKY A

Koopannara MakcumaabHof TEeMIEPATYPbl NOBCPXHOCTH TeNa006Me-
Ha onpexaeasercs dopmMyaoH

Xon = = arc{ e = Lty
cn 7 g( QA’(‘, P ) s (5-36)
som = 28 aret ( %0 ) 1,1
m = —— ar — | = N
P T

SHAUCHIA ¥ KOOPAMHATH MAKCHMaJbHbIX TEMIIEPATYD Ha OCH I Ha
BHYTDEIHCH TMOBEPXHOCTH 0GOJOUKH ONPEACTICM 10 (opMvaus (5-35) n
(5- 36) samenss B naX peauunHy Afey coermercTsento na  Afoey

I Xfci
focurun foamm —lwy + l/ ocH 0 ,2

t/K" - t/Kl t)l(l
126,22
:0,5+l/0,25+<8—0) =2,15;
tocim = 250 - 2,15.80 == 422°C;
teivm —fxq »_ _—f— l/ Atcl 0 )2
fie — i )xz_tml -

2
=0,51 ]/0,25+(2~6’—2) =1,1;

ferun = 250 4-1,1-80 = 338°C
[tacy — f;{u] 2,5 tg<

!
Xocm= ——arcig ( ] — 0,245

2.126,2,

focm / n
2,5 [
Xerum == ?ardg( 2962
\ <20,

)::0,632 M,

-
5-89. Onpejiesnts  pacnpegeaenic TCMIEPATyp  TCMJIOHOCHTEd 1

CTCHKII 110 A.1HIIe TB3J14a, PACCMOTPRUHOIO B 3ajaue 5- 88 CC/IL TEIJIONO-
CHTEJIEM ABJISICTCSH BOJA.
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Pacxon soast G=0,6 kr/c, a ec TeMnepaTypa HA BXOA€ B KaHan
L =180° C. KoaddumiicHr TeniooTnaun ot MOBEPXHOCTH OGOJOUKH K
Boge a=2,5-10% B1/(M%-°C). Bce ocTaabiblec YC/AOBHS OCTAIOTCS TaKH-
MII e, KaK B 3anaue 5-88,

B pesyabraTe pacycTa ompeAesHTb 3HAYEHHs TEX Ke BEJHYHH, YTO
6ul1H paccuuTaHbl B 3aaaue 5-88.

Orger
Lo = 191,6°C; £y, == 203°C;
teo = 223°C; xgy = 0,263 ™; g, = 225°C;
fer,0=241°C; x - =0,183 m; £, = 243°C;

toay = 341°C; Xgemm = 0,0615 M;  focun = 341°C,

FTMABA WECTAR

TEMNOOTHAAYA NPH BLIHYXAEHHOM MOMNEPEYHOM
OBTEKAHUM UHMITIMHAPA M NYYKA TPYB

6-1. MeaHLIl WHHONPOBOL KPYIIOTO cedueHHst AHaMeTpoM d=15 MM
OXJaXAaeTcs IOMepeuHbiM [OTOKOM cyxoro Bo3ayxa (pue. 6-1). Cko-
poCTb H TeMmepaTypa Haferalomiero noToka BO3jAyXa pPaBHLI COOTBETCT-
perro: w=1 m/c; £=20°C

w=1M/e o
—_—

—_—
—_—

c,\(

—_—
—

Puc. 6-1. K sapaue 6-1. £,=20°C  £,=80°C

BoryncauTs k03¢ GHUHERT TEIIOOTAAYH OT IOBEPXHOCTH LIHHOIIPOBO-
A4 X BO3AYXy 1 AOMYCTHMYIO CHJy TOKa B LIHHONPOBOJE IIPH YCJIOBHH,
YTO TCMIEpaTypa ero IMOBEPXHOCTH He AOJXKHa MnpeBblmath fe==80°C.
Y aenbHOe 3JeKTpHUecKoe conpoTHs/eHie Mean p=0,0175 Om-mmM2/M,
Otser

o ==23,8 Br/(M2.°C); ] =825A.
Pemenue
ITpu Temneparype £x=20°C thusndeckue cBOMCTBA BO3JyXa CJeay-

outne: vx=15,06-10-8 M%/c; Ax=2,59.10-2 B1/(M-°C).
Yucao Peftgosbaca
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Pacner TernooTAaun npe nomnepeunoMm oOTEKAHHM OAJHOYHOTO 1iii-
MIHAPA BO3AYXOM MOXKNO NPOH3BOANTL MO cacayioutiM QopMyaam [3]:

npu 10 < Rey << 1-108 -
Nu, =0,44 Reis;

npr 1.103 < Rey < 24108 (6-1)
Nu,, = 0,22 Re):’

K !

rjae 3a OnpelessiOUIHE pasMep NPHHMMAeTCa AHAMCETD UHJAHHApA, a 3a
onpelenflOIyr0 TeMNepaTypy — TeMiepatypa Haberawuero noroka BoO3-
ayxa b,
B paccmatpnBaeMoM cayuyae
Nig = 0,44 (995)%% = 13,8,
Cef0BAaTeIbHO, KOS GhHIHEHT TENI00TAAYH

A 2,59.1072
o= Num—di = 13,87 =23,8 Br/(x*°C).

1,5-10™
JTonycTuMyio euny TOKa onipefelisieM u3 ypasHeius 6ajatca SHeprii
o (fo— ty) mdl = I2 R,
j
R= Y
4
OTKYL4 BblpasKeHue NS CHJB TOKA HMeeT BHA:

I = 10%nd ‘/“A—td o
4p —

[ToncTaBnss H3BECTHbIE 3HAYEHHS BEJHYHH, nonyqaeM:

I=10%.3,141,5-1077 1/23'8(80_20)'1'5'10—2—825 A
T 4.0,0175 - '

6-2. Kax n3Meuarcs Ko3pGHIHEHT TenJoOTAauYH OT I[OBEPXHOCTH
UIMHONPOBOAA M JOMYCTHMAs CHJa TOKA, eclH CKOpocTb Haberatouiero
0TOKA BO3AYXa YMEHbLUMTCSA B 2 pasa, a BCe APYrHe yCJOBHA OCTaHyTCA
TeMH XKe, YTO B 3ajaue 6-1?

OrBer

a=16,9 Br/(M2:°C); [=692A, 7. e. Koshpduumesr Tennogmaqn

YMEHBILHTCH BV2zI,4 pasa, a JONyCTHMas CHIa TOKa B]/2z
= 1,2 pasa.

6-3. Kak uaMenatca Ko3()GHIHEHT TeNJIOOTAAYH OT NOBEPXHOCTH
IIHHOMPOBOAA M JMONYCTHMAR CHJA TOKA, €C/IH JHAMETP IIHHONPOBOAZ
yMeHbUIHT B 2 pasa, a Bce APYrHe YCIOBHA OCTABHTb TEMH Xe, UTO H
B 3aznaue 6-1.

OrBer

o = 34 Br/(u?-°C); 1 =348 A.
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6-4. Bojsnoft KanopHMeTp, HMelWHA GopMy TPYOKH ¢ HapYXHLIM
nuamerpoM d=15 Mm, TTOMellleH B MONEpedHEIR NOTOK BO3AYXd. Bosayx
HMEeT CKOPOCTs W=2 M/C, HATPABJCHHYIO MOL YyIIOM 90° K ocu Kano-
pUMeTpa, H CPeIHIOI0 TeMIepaTypy tx=20°C. IIpu crTalHOHapHOM Tel-
JOBOM pEeXHMe Ha BHellHell MOBEPXHOCTH KA/MODHMETpa YCTaHABJIHMBACTCA
NOCTOSHHAsA Cpefinss Temmeparypa te==80°C

BbiyHCaMTE KO3$GHIHEHT TeIooTAaun OT TPYGKH K BO3AYXY H
TeHJIOBOﬁ MMOTOK HAa eAHHHIY AJHHBI KaJopuMeTpa.

Orser

a = 36,3 Br/(m?-°C); ¢, = 102 Br/M.
Pewenne _
DusHyeckne CBOfiCTBA BO3AyXa IpH Temmepatype fw=20°C: vi=
=15,06-10-% M2/c; hx=2,69-10"2 B1/{M-°C).
Uncno PeftHoabaca

Tak kak 1-103<CRe<C2-10%, To co- .
raacto (6-1)

0,6
Nu, = 0,22 Re)S,

TOrAa ,LM\G

Nuyg = 0,22 (1,99.10%%6 =21, ﬂ)’/r l ——
1 K03 dHiHeHT TENJ00TAAUA /Sb:b‘go '
T 21:2,5910°° %’ ‘
o = u —_— —/. — °
*d 151072 o .
— 2.9
= 36,3 Br/(m%-°C). ]r 415

Tenaosoft MOTOK Ha eAHHHLY AJHHbI
g =0a(,— fh)nd = 36,3 (80 — 20) X
% 3,14.1,5.10—2= 102_Br/M.

6-5. Kak uaMeHHTCs Ko3(hduuHeHT Tennooraaus B yCJOBHAX 3aja-
yH 6-4, ecau CKOpPOCTb BO3JyXa YBeJHYHTb B 2 u 4 pasa?

QOTtser

Koa¢ bUIHEHT TeMIOoOTAUH YBEJIHIHTCA cootBercTBenHO B 1,51 H
2,3 pasa.

6-6. Kak nsMeHuTCH Ko3(hGHUHMEHT TelIOOTAAYH B YCJHOBHAX 3ajauH
6-4, ecH BO3AYX OMbBaeT TpyGKy MO YrJIoM araku \p=_60° (puc. 6-2),
a Bce ApyHe YC/OBHs OCTaHYTcs Oe3 H3MeHeHH#H?

Orser

Puc. 6-2. K 3apnaue 6-6.

Gygee = 33,7 Br/(u?-°C).

Pemenue
ITpn ofTeKammi OLHHOUIOTO LHANHAPA MOX YrJIOM aTakH, He pas-
upiM 90°,

Gy = Ep %, ‘ (6-2)
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T @ap It ¢ — KOIQQUUICHTL TEeNNOOTAAYN NPH AaHHOM yrie ataki M
e .

upt yrae araxi 90% ey — nonpaska Ha yroa ataxi Y, 3Haucuus KoTo-

POA B 3ABHCHMOCTH OT BCJNYHHLL YIya § A2UbL i Ko

Y. ... 9 80 70 60 50 40 30
Ep - - 1 10,99 0,93 0,87 0,76 0,66

B pacemarpuaeMom cayuac npH p=060" ey, =093 u, cnegopa-
TCALHO!

@y g0e = 0,93-36,3 = 33,7 Br/{2.°C)

6-7. Llumuaprueckan Tpybra AnameTpoM d=20 MM OXJ2X1aeTCH
TouepeuHbIM MOTOKOM BOALL. CKopocTh noToka w =1 M/c.

Cpernsis temmeparypa Boanl f,=10°C i TEMNCpATYpa NOBepXHO-
CTH TpyOKu {c=50°C.

Onpezennts KO3POUUUCHT TCNACOTAAUK OT NOBCPXHOCTI TPYOKH K
oxaaxaawuei soge,
OrBer

o = 7050 Br/(m2-°C).
Peuwenne
ITpn Temnepatype poabl £, =10°C
DV = 1,3.1075 m2/c.
Yire10 Pefinoasaca
wd 1.0,02

Re, = = -
v 1,3.107°

=1,54-10%,

Pacser rennootnaun npu MOMepeyHoM 06TeKaHHy
JIHHAPA KanejbHofl JKHAKOCTBIO MOMKHO
Gopmyaam [4]:

npH 8 < Rey, < 14103

OJNIHOYHOIG Uil-
NpPON3BOAHTL 110 caeaviouiy

Nu, = 0,50 Rel;5 py. (ﬂ‘]“"“.
K K \ prc ) ’
npu 1-10% < Rey, < 24105 (6-3)
Nu, = 0,25 Re% o pef.38 /_Pr,,ﬁ&?f
b ® o Pr, . ’

FA€ 3a onpenrensiomuit paamep 6epercs an
€A> I «C» 03HAMAOT, YTO COOTBETCTRYIONLIC ¢nameckie cpoficrea pul-
6upalores mo TeMrepaType Haferaloniero moToka SKNAKOCTH fu 11 ToM-
LEPAType JKHAKOCTI ¥ CTeuit f.. B pacemMaTpuBaeMom cayuac 1107«
<Rew<<2-10% pacuer nporasoanm mo BTOpO#t dopmy.c. \

[py £=10°C vi=1,3-10-6 m2/c: Aw= 0574 Br/(M-°C): Pr.=95

ITpi remueparype 1c=50° C Pr, =3,55, cacaonareanio, o

. . AU, 25
Nux = 0,25 (1,54-10%)" (g 5)" 3 (&5_) = 246,

3,55/

aMeTp HHTHHAPA, a NHICKCL
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1t Kos(QUIHEHT TenI00TAAUH
o — Nuy 22— 046 057 _ 2050 Br/ (.00
d 0,02

6-8. Cpapuurs Ko>QQuIIIENTH TEUJIOOTAAYH OT CTEHKH TPyOH K
BO31YXY: .

a) npH  ABIDKCHNI BO31yXa BHYTPI AJHMHHOH TpyObl BUYTpeuHiM
jutaMetpoM ;=50 M, . 5

6) npH BHeLIeM nonepeyHoM oO6TCKaHILL OAHHOUYHOM TPyOLI HAPYXK-
Al quametpoM dy=50 MM.

CpaBHeHne NpON3BeCTH Aas cropocTelt w=5; 10; 20 u 59 Mm/c,
CpeaHiolo TeMnepaTypy BO32yXa BO BCEX CAyYasX MPHHATb PABHOH fuw=
=50°C.

OTaer

pC3)’.’1bT8TbI pacqua le{BC}leHbl HHXKE:

w, M . . . . . . . . . .. B 10 2 50
Oul®a . . . . . . . . . . . . 1,8 1,56 1,36 1,14

6-9, Tpyba c BHewmnM puamerpoM d=25 MM oxJgaxjpaercs Mo-
nepeyHbiM NOTOKOM TpaHchopMaTopHoro Macda. CKODOCTb XBHXKEHHS H
CpejHsis TeMmepaTypa Macia paBHLl COOTBETCTBEHHO: w=1 M/C H fx=

°C

OnpeaennTh, Kakylo TeMIepaTypy MOBePXHOCTH TpyOH HEOGXOAHMO
n0oAZepXKHBaTh, YTOGH IJOTHOCTL TEIJOBOTO NOTOKA COCTABJAIA =
=4,5-104 Br/M% u KakoBO npH 3ToM OyjlerT 3uaueHHe KO3pdHUHEHTA
TeMIO0TAAYH,

Orteer

te=T70°C; @ =925 Br/(M2-°C).

Pewenne
OnpenensieM pexiM ABHXKeHIsi TpaHcopMaTopHoro Maciaa. [Ipu
1i=20° C vx=22,5-10-6 m%/c;

. .2,5.1072
Rem :&}—4 — L B 1,11'103.
Yk 92251070

Tak xak uncio Peiinoibica HaXomuTcs B npegenax 1. 103K Rew<<2X
X105, 1o no dopmysne (6-3) nmeem:

Pry \0.25
0,6 150,38 (¥l
Nu, =0,25Re;° Pr; < ) .

Pr.

B dopmyay Bxomut uHcio Ilpamaras gas macda, B3siToe NpH TeM-
nepaType cTeHkH. Ilo3ToMy sagady NpUXOAHTCA pemaTh JHGO METOAOM
noc/1e10BaTe/IbHBLX NPHOAHKeHH, 160 rpadHYecKHM MeToLoM. Mcmoab-
3yeM Noc/JIeHUH.

3ajajnMcs TPEMS 3HAYEHHAMM TeMNEepaTyphl CTeHKH: feoi=40°C;
fe2=60°C H fc3=80°C, BLIYHCIHM IJIOTHOCTH TelJIOBOTO MOTOKA npu
3THX TeMIIepaTypax H NOCTPOMM rpadHk q=f ().

3anaBwHch fc1=40°C, 10 yKa3aHHOH Bbilie (OPMyJe pacCUHTaeM
KO3 (HIHEHT TENJIOOTAAYH.

Ilpu 6x=20°C vw=225.10-9 m2/c; Ax=0,1106 B1/(M:°C); Prm=
=298. .
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ITpu temnepatype fc1=40°C Prc,=146;
0,25
Nu; = 0,25 (1,11-10%)°-6(298)%.38 2802 175,
146 ’
Aore 0,1106
ay =Ny — =175 =
! Y 0,025
Muornoers 1eiosoro noroka up o1 —40° C
g = o Aty = 775 (40 — 20) = 15 500 Br/u2,

Iipn Temnepatype fc2=60°C 3nauenue xospduurenta TensooTiaun
Gyaer OT/HYATLCA OT @; TOMBKO B CBS3H ¢ H3MeHeHHeM Pre, mosToMy

=775 Br/(M?.°C).

Pr.,\0.25 Pro\0,25 f.. — ¢
aa=a1(—“) ququ(_CI) Jea—”lm
Pre, Prg, ter — b
Ilpu tea=60°C Pre2=87,8 u
146 0,25 60 — 20
=l,55-104(— — = =104 Br/m?
s \87,8) 20 — 20 3754:104 Br/m2.

Ipu £c5=80°C Pr¢3=59,3 n
146)0.25 80— 20

155108 [0\ _
s (59,3 40 — 20

Ilo BbluHCJEHHBIM 3HAYeHHsIM § CTPOMM rpaduk g=[(l) (puc. 6-3).
ITo rpadguky maxomkM, 4yTo HpH

5,78.10% Br/m2,

Br/m? 3aJ1aHHOM 3HavenMH  g=4,5X
50 q.m-g ( A tXlO‘ g'r/W TemnepaTypa CTEHKH
c=70c .

O —— :% IIpu HabigeHHo#l  Temneparype
sl TTT T T tc=70°C BouncnseM xosddHUHEHT
i TCIJIOOTAAYH.

| Ipu £.=70°C Pr.=71,3, Toraa
30 — e 0o
/ | Nu :Nu~(rCl -
20 )7 I a ! Prg
0 ! 146 10,25
[ ] T Iy :175(—) — 209
0 [ v c 71 ,3
20 40 659 80 °C i}
Aom 0,1106
=N —_— = —_
Puc. 6-3. K sagaue 6-9. %= Nt =7 = 2090 o

— 925 Br/(m?-°C).

6-10. OxnaxgeHne Tpy6bl NOTEPEUNLIM OTOKOM TpaHcdopmaTopHOro
MacJa OCyLIeCTBJSETCS NPH TeX Ke yCJOBHsIX, yTO H B 3anaue 6-9. Ox-
HAKO IO YCJIOBHAM OXJa KAeHHs 1eo6X0AHMO, 4yTOGbl JIOTHOCTD TENJOBOr0
NOTOKA HA MOBEPXHOCTH TPYOKH He mpeBHuana-3,5-10% B1/m2,

Kakas npu s1OM po/KHA GbITb TeMnepaTypa NMOBEPXHOCTH TpPyGHI 1
Kaxog 3Hayenne 6yJeT UMeTb KO(P(DHIIHEHT TEMIOOTAAUH?

TBET

te =62°C; @ =890 Br/(M2-°C).
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6-11. OnpegennTb OTHOUleHHME Ko3(PHIHEHTOB TeNJOOTAAUH NPH NO-
nepedHoM OGTeKaHHH OZHHOUHOrO LHAHHAPA KANeJbHOH XKHAKOCTHIO B yC-
JIOBHSIX HarpeBaHHA (Gm) H OXJaXJeHHS (Clox) XKHIKOCTH.

CpaBHeHHE NPOH3BECTH IPH OJHHAKOBHIX CKOPOCTSHX, CPEAHHX TeMIe-
paTypax XKHAKOCTH H OANHAKOBbLIX TeMNePATyPHEIX HANOpax.

Otser
Op (prc.ox 0.25

Prom

Qox

6-12. CpabuuTb 3HaueHHe KO3QQHIHEHTOB TENJI00T/ a4l NPH MONepey-
HOM obTekanun TpyCxku anamerpoM d=8 MM BoJok u mMacaom mapku MC.

CpaBHeHHe NPOH3BECTH NpPH OJHHAKOBBLIX CKOPOCTSX H CPelHHX TeM-
nepatypax XHJIKOCTeH, PaBHBIX COOTBETCTBeHHO w=2 M/c H fx=T70°C,
Il TIPH TeMmepaTtype MOBEPXHOCTH TPYGkH £ =90° C.

OnpengenuTh TaK:Ke, KaK H3MeHATCH 3HaueHHs KO3QQHIHCHTOR Tenl-
JIOOTAAYN [AJs BOAbL I Macja, ecq IPH TEX 2Ke cpeaHefl Temmepartype
KHAKOCTH H TeMuepaTypHOM Hanope GyleT IPOH3BOAHTLCA OXJaXaeHHe
KuarocTH (fy=70°C u t.=50°C). :

O1Ber
a, Br/(u?-°C)
Hupxocts Harpepanne ' Oxnaxnense
Boaa 17 900 15 500
Macao 2070 1370

6-13. Onpenennts cpeauuft KO3(GQHUHEHT TENJ0OTAAYH KOHBEKIHEH
OT NONepevyHoro NOoTOKa ABIMOBLIX Fa30B cjaelylomero o6’beMHOroO COCTaBa:

Pu,0 =0,11; Pco, =0,13 u py =0,76

K cTeHKaM Tpy® koreabHoro nyyxa. Tpybel anamerpoM d=80 MM pac-
NOJIOXKeHH B IIaxMaTHOM nopsiike. [Tomepeunblt M MPOJOJBHHMA IIaru
Tpy6 paBHBL COOTBETCTBEHHO: §1=2,5d; s:=2d. Cpeausia cxopocTb Io-
TOKa ra3oB B Y3KOM CeueHHY myuka w=10 m/c.

ITo HanmpaBJeHHIO TOTOKA rasa NMYYOK COCTOMT W3 yeThipex psifoB
Tpy6 ¢ ORHHAKOBON MOBEPXHOCTbIO (pHC. 6-4).

ter= 7700%{‘5

—_—

&
-

)

) mz=9[/[/ A

b
— o,
:ﬁw%}
| b

Puc. 6-4. K 3apmaue 6-13.

D

°
©-&
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Temncpatypa rasa mnepes nyuxom fyi=1100°C, 3a nyuxoMm fue=
=900° C. 3arpssucnye nopepxuocti Tpy6 He YUHTHIBATD,
Otger

o = 62 Br/(M2.°C).
Pewenue

Pacuer TCIWIOOT A& TPl TONEePEeYHOM ofrekanny  rasaMi yuKoB

TpyG ¢ YMETOH NOBEPXHOCTLIO MOXKIO NPOUSBOANUTL NO Chacayoulelt dop-
myse [4]:

Nu, = CRe? Pr)®e (6-4)

rjle IpH KOpHAopHOM pacrnoJsoxeHun tpy6 C=0,26, n=0,65; npi max-
MmaTiioM pacnodoxenud Tpy6 C=041, n=0,60; 3a onpcaensiowni pas-
Mep NPHHAT AHaMeTp TPYOL,, 3@ ONPEALNfIOUIYI0 TEMNEPATYPY — CPes-
Hes TeMnepaTtypa HAKOCTH fiy=0,5(fi+7Twe2), 32 ONpefensiouyio CKo-
POCTb — CPeJHssA CKOPOCTL B CaMOM Y3KOM CEYeHHH Nyyka; & — NoMpa-
ROYNLIH KO3(D(MHOHEHT, YUHTBIBAIOMHI BJIISHHE OTHOCHTEABHBLIX WIATOB:

M1 KOPHAOPHOTO NMyuKa TpyD &= (S2/d) —015;

JUISt WAaXMAaTHOTO Nyuka TpyS:

NP S;/Sp < 2 g5 = (51/52)1/6;

npu s4/s2==2 es=1,12.

Qopmyaa cnpasegausa npH 10°<CRen << 105,

IToacynrtanubft no dopmyae (6-4) KoadduumuedT TERNI00TIAYH CO-
OTBETCTBYET 3HAUCHHIO €M0 /IS TPETLETO H BCEX TOCJCAYIOULHX DAAOR
tpy6 B myuke, S

Koshdunuenr Tenaootaays nepBoro psiaa nyuka tpyb a; onpeaeas-
etcst Kak a;=0,6as.

Hns Tpy6 BrOporo psjaa B KOPHIOPHEIX myykax a:=09as;, B wax-
MaTHBIX Nyukax ¢.=0,7as,

B paccmarpeBaemosm cayyae onpejessiollas TemIepartypa
b = 0,5 (Fx1 + Fme) = 0,5 (1100 4 900) = 1000° C.
Ilpu 3Tofi Temmeparype du3ndyeckne CBOHCTBa ABIMOBEIX rasoB JaH-
HOTrO coCtaBa Chaeayruiue:
Vi = 174,3-107% M?/c; Ay = 0,109 Br/(mM-°C); Pry =0,58.
Usiesio Pefitonbaca
wd 10-8-107%

Rey = — = P S 4,59.108.
Vix 174,3-107

Tak kax 103<<Rex<<10%, To dopMyna (6-4) npuMmcHHMa 1 415 1Iax-
marioro nyuka C=0,41; n=0,6.
Otnourcune §1/S2=2,5/2=1,25, 4 nonpapouynuit Ko3pdHUHCHT

es = (1,25)1/5 = 1,04,
Yucao

Nuy = 0,41 (4,59-10%%5 (0,58)%*.1,04 = 55.
Kostdbduunenr rensoortnaun aja TpeThero psja
Aok 0,109

aQ:Num—d— :558-10—2 =

75 Br/(M2.°C).
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[Tpit oAUHAKOBOH NOBEPXHOCTH PAAOB CPenHit ko3dduinelT Tenao-
0T LauH

3.3 25 _ 62 Br/(m2-°C).

4
- 1 1 %) =
o= ai:—(0,6a3+0,7a3+ og) =
4 4
i=1
6-14. Kaxk MaMenuTCs CpeiHee 3HAUeHHE Koa(bdmunemg )T(g;.;o?;g;;
. ayn 6-13 uucao pAAOB T
yH B OyuKe, ecid B YCJIOBHAX 3al 3 4
ynem[qﬂb B 9,3, 4 u b pas, a BCe KpyrHe manHbie OCTABMTbL HEH3MEH

HBIMH?
Orser
— 0,7\ .
[ipu n>3 o = Ogy (1-——”— :
npi n==8 ©=68,5 Br/(M2-°C);
npH n=12 a=70,5 Br/(m2-°C);

npu n=16 =718 BT;EMZ.:?);
n=20 a=72,4 Br/(M2-7C). i ) )

(I;-pl% B o034 yXONOAOTpeBATEb NPEACTABAACT coboh maxxN;aTI}iiI:uzTyn
yox Tpy®, xoTOpHI ofTeKARTCA NonepeyHBIM NOTOKOM BO3AYXa. sATe
Tpy6 d=>50 wmm. [fonepeunbid wmar 1 (2 °0)
s,=100 MM, NpOJOJbHEI] War S2==
=200 M. Cpexnue Tenneparypbl 160
NoTOKa BO3AyXa I HApYMKHOH MO~ y4p
BepXHOCTH TpyD B TyuKe paBHbBL CO-
OTgeTCTBeHHg:y te=100°C u fc= 120
=200°C.

TfocTpouTh 3aBHCHMOCTD k03t-
(puLHEHTa TENJIOOTAAUH OT CKOPOCTH g
IBHKEHHS BO3ZyXa B Y3KOM ceue
uue nyuka. HMarepsan cropocred
B3TH B mpefenax oT 5 o 20 M/c.
Uycno psAaoB TO XOAY Tasos n>20 Puc. 6-5. K sanaue 6-15.
H BJAMAHHEM Ha CpPEJHION TemnJaoo0T-

Aayy nepBuiX ABYX DAJOB MOMHO

0 5 10 15 mle

nipeebpeub.
Oreer .
PeayabTaThi pacdeTa NpeacTaBicHbl Ha PUC. 6-5 1 HuKE:
w, Mlc . . . o e e e 5 10 20
o Br/(w?°C) . . . . . . . 69 105 159

6-16. Cpapuntb Ko3(QHILIEHTH TENIOOTAAYH ANA TPeTbero ]?Tﬂ}fﬁ
Tpy6 mo X0y Bo3Ayxa Ans ABYX BO3/YXOMNOJAOTpeBaTeNeH, KOHCprqO)Ke-
HO BHITIOJIHGHHBLIX B BiAe TPYOHBIX AYYKOB C UTaXMATHBIM paconao, e
miem Tpy6. O6a myyka ofTexaloTcs nonepedHbMH MOTOKaMH B ﬁgmm
OMHAKOBOH CKOPOCTBIO w=10 M/c H cpeaHed TeMnepaTypoqu' roia
w=100° C. Jluamerper TPYS B nydkax COOTBETCTBEHHO DaBHBL 160-
—50 MM 1 dy=25 MM, CpaBHeHHe NPOBECTH TNDH OIMHAKOBOM AJISl O
HX BoanyxononorpeBaTeneﬁ OTHOMIEHHH WIATOoB S;/S2.
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Orser

@ =2" oy~ 1,320,
—

6-17. Cpasuuts KO3 (hHUHEHT TenJIooTaa M TPETbero psaga tpyo
BO3AYIIHHIX TIOJOTpeBaTe/el, PACCMOTPEHHLIX B 3ajaue 6-16, mpn yeao-
BIlIL, UTO LIaXMaTHOe pacmoJoiKeHHe TPY6 B IX 3aMmellelro KOPHIOPHHIM.

Cpannenne nposectu: a) IpH OXHIIAKOBBIX AAsi 0GOHX MOJOTpeBna-
TeJICH OTHOCHTEJLNLIX 1warax si/d u s2/d; 6) NpH OHHAKOBBIX 3MAYCHIISLX
TIONEPEYHOTO M NPOAOJBHOTO LIATOB §; U Ss.

OTtser

a) a;=2"%g; ~ 1,27 ay;
6) oy =2"2qy ~ 1,15a;.

6-18. B TemnooGMennuke waxmartHbi nyyok tpy6 obTekaercs mno-
IEPEYHLIM TOTOKOM TPaHchOPMaTOPHOTO Macsa. BHewrHuil nHaMeTp Tpyb
B nyuixe d=20 mM. [Tonepeunsiii mar §1=2,5d, mpoxoabHBI Inar s;=
=1,5d. Cpeansis CKOpocTb B y3KoM ceuetin TyyKa W CPeJHAR TeMmepa-
Typa Mac/ia COOTBETCTBEHHO PaBHH: w=0,6 M/c H f=40° C.

Habiti xosdpduuuent Tenmoornaun or NOBEPXHOCTH TPY6 K Macay
LA TPETbEro psina TpyG Nyuka IpH YCJIOBHIL, 4TO TeMIepaTypa nopepx-
HOCTH TpY6 ¢ =90° C.

Boruncaenits npoussectn s asyx Cayuaes:

a) 1noTox ofTekacT TPYSH non yraom ataxku Pp=90°;

6) moTox ofTexaeT TPYGH Mo yriaoM ataxu P =60°,
OtBer

yp—goe = 1130 Br/(M*-°C); 00 = 1060 Br/(m2.C)

Petietne

Pacuer renooraaun mpu momepeutoM o6Texamuu NYYKOB TPYy6 Ka-
IeJbHOH KHIAKOCTBIO MOXKHO NPOH3BOAHTL MO ¢dopmyne (6-4) c Beene-
HHEM TIOUDABKY Ha LI3MEeHEHIe (H3HUECKHX CBOHETR MKHIKOCTH MO ceye-
HHIO IIOTOKA B BHjle OTHOLIEHHA (Prw/Pre)®25 [4], Toraa

0,25

n 10,33 (P \0

Nu, = CRe} Pr: (p ) g, (6-5)
Tg

rie Prc —wmicno Pr ogas sipkoeri npn TCMIIEPATYPC CTCHKI, a OCTaJb-

HBIC BEJIIUMHLI, TaK JKe Kak Il Mpejes NPIMCHHMOCTI, T€ KC, 4TO H AJs
dopmynsl (6-4).

B paccmartpupaeMoM cayuae mpu fy=40°C vir=10,3-10-¢ m2/c;
Mx=10,109 B1/(M-°C); Pru=146; npu fc=90°C Prc=50,5.

Yicno Peitnonbaca

wd  0,6-0,02
= — = 165 109,
Rew =T 10,3-10 165>

1 pupMyna (6-5) npumeHnma.
Tax kaK s1/s3=2,5/1,5=1,66<2,
TO
g5 = (5;/59) /% = (1,66)"/% = 1,08,
144

TOrAa AJisI TPEThErod paAja WaxMaTHOro nmydka

Nu,; = 0,41 Re%:8 P10, (1%)0,25 £s =
0 146 10,25 _
=0,41(1165)"° (146)>% (50—5) 1,08 = 208.
Koadduunenr rennooraaun npi Pp=90°
o = Nug 2% — 208 219 _ 1159 Br/(M2-°C).
" d 0,02
ITpu obrexauun nyuxos TpyG nom ymioM araku ¥, ue pasuuim 90°,
oy =gy a,

Tae €p—MONpaBKa Ha YroJl aTakH, 3HaYeHH KOTOPOR B 3aBHCHMOCTH
0T { NPHBEJEHBI HHXKE:

°. ... 9% 8 70 60 50 40 30 20 10
;Plb. ... 1,0 1,0 0,98 0,94 0,88 0,78 0,67 0,52 0,42

B paccmatpupaemoM ciyuae IpH $=60° ey =0,94 n
pgoo = 0,94-1130 = 1060 Br/(m2.°C).

6-19. Kak HaMmeHHTcst KO3GHUHEHT TeNNoOTAAYH MJIf TPeTbero ps-
na tTpy6 B ycnoBHsX 3azaun 6-18, ecam myyok Tpy6 Oyner 06Te1<a'r18ca
TONepeuHbiM MOTOKOM BOABI, & TCE OCTajbHble YCIOBHS OgTaHyTCH e3
uamenenuit (d=20 mMm; w=0,6 M/c; tx=40°C; {.=90°C)? o0

CpaBHeHHe NpPOH3BECTH NPH TEX XKe yrjax aTakH, T. €. NIpH Y=
u 60°.

OTtser

Cy_g0 = 9950 Br/(u2-°C); etyy_goo = 9350 Br/(w2-°C).

6-20. Kak mamenuTca Ko3GQHLIIEHT TENJIOOTAAYH TpeTbero paaa
TpyD mnpn nomepeyHoM oOTEeKaHHH IIAaXMAaTHOTO NyyKa TpaHchopMaTop-
HLIM MacjoM I BOAOH B ycsnoBHSIX 3anay 6-18 u 6-19, ecJn BMecTo Ha-
rpeBaHus OyAeT NPOHCXOMITb OXJaXjAeHNe KIUAKOCTH NpPH TOM Ke TeM-
lepaTypHoM Hamope, YTO H B 3ajaue 6-18, 1. e. nmpu cpenHe# TeMn%pa;
Type mnoroka £x=90°C M cpelHell TemmepaType CTeHKY f.=40°C
OcranpHble BeJHUHHBL OCTaHyTcA 6e3 uamenennit (d=20 Mm; w=0,6 M/c),
CpaBHeHHe NPOH3BECTH AJs yraa atak P=90°,

OT1Ber

ITpu oxnaxpaenun TtpaHchopmaTopHoro Macja =921 BT/(0M2-°C),
T. €. KO3(pHUHEHT TelIOOTAAYH YMeHbIunTcH NpHMepHo Ha 18%. [Ipm
oxnaxaennd Boxn a=38400 Br/(M2.°C), T. e. yMeHbIIHTCH NPHMEPHO
Ha ]5%.

6-21. CpaBHuTb 3HaueHHS KO3(DOHUHEHTOB TeMJIOOTAAYIl NpH TO-
repcylioM o6TeKaHHH TPeThero psila KOPHAOPHOro MyyKa Tp3y6 (o) ;{
OAHHOUHON TPYO6bl (Qrp) NPH H3MeHeHHH yHcla Rew ot 1-10% mo 1-108.

CpaBHeHHe NpOH3BeCTH NpH uHcae Pr=1 aas rtpy6 ONHOro AHa-
MeTpa NPH OZMHAKOBBIX TeMIlepaTypax >KHIKOCTH H MOBePXHocTefl Tpy6.
[TonpaBounrit K03 HUUHEHT €, NPHHATL PABHBIM 1, .
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OTtser

Rex. . . .. 1.105 1.10¢ 1-105
a“/an PPN 1,32 1,48 1,67

,6-22. TpyGuatoriy BO3AYXONONOrPCBATEAL MPEANONAraeTcs  BhIIOM-
TS 13 Tpy6 anaMerpom d=38 mu, PACHOOMEHHLIX B KOPILIODIOM II0-
PAAKE C MONEPCUHDLIM I NPOAOIbLHbIM

. :20"@-@»‘@7@7{3" maramu s;=s;=2,5d4. Uncao tpy6
twr= . Te=t50° ¢ mgpep U OANOM DSV NONCPCK 5OTOKA BLIG-
- N A w7 pano m=8, uucao psgos n=5
O @@Q} (pitc. 6-6).

. , T ! , ! Temnepatyprt Boszyxa, mocry-
e i A _(D\. TaOWEro B NOAOTPeBaTCAb, [ —
. : v T =20°C u Ha BBixOmEe H3 nozorpe-

T w=10nfs | ! BATCI  £y,==80°C. Temneparypa

_@‘@; A HapyxHOH NOBEPXNOCTH Tpy6 3aja-
. 538 @ Ha i paBHa f,=150°C.

——
-——)s, ! o
" KaKOH JJHHEBI JOJI?)KHDI 6bITb
{9,@ % TpYOHl, uTOBLI mpH CKODOCTH BO3AY-
s, Xa B y3KOM CEUCHHI Iyyka w=

=10 M/c KosHuccTno TeIJO0TH,
ncperaBaeMon BO3AYXY, COCTaBIIO

Q=125 kBr. o
Otser

[ =3m,

Puc. 6-6. K sazaue 6-22

Peuwenue
Cpennsist TeMICpaTypa BO3Ayxa

i = 0,5 (fe1 4 ) = 0,5 (20 +- 80) = 50°C.
Opi £2=50°C v =17,95.10-5 M?e; hw=2,83-10-2 Br/(m-°C) u
wd  10-3,8-1077

Rey = — =

, —=2,12.10%,
Vao17,95.107"

Mpir 10°<<Rew<<105 1o popmy
; pMyae (6-4) pas Tpy6 TpeTner

KOPHAOPHOrO nyuxa (¢4 PYD Themero pra
1 _ 0,65 30,33
Nu, =0,26 Re ™ Pr g .

Has Bosgyxa Pra 20,70, i dopmy.a npmumé"r BIIZ:
_ 0,65
Nu, =0,23Re_;* &

TAC €= (Sp/d) —"15= (2 5) =015 g7
Moncranass naitacnane 3HAYUCHIA, TOJAVYACM:

N = 0,23(2,12-109)™%0 87 — 130.

Kosdrmnenr tennoorgaun nig TPCTBLCIO Psijia

2,83.1072
= 96,8 Br/(m2-°C),
3,810~

A
g == Nty —= = 130

146

Cpennntt Ko3h@HUMEHT TenJOOT/AH KOPUAOPHOrO Nyuka npH n>3
- 0,5 [ 0,5 -
T (1 _;) =981 ”?) — 87,2 Br/(w*-°C)..
n

[IA0THOCTB TEnJOBOrO IOTOKA H Tp86y€MaH JIOLlaAL MOBEPXHOCTH
HarpeBa paBHBLL

g = a(tg — ty) == 87,2 (150 — 50) = 8720 Br/m?

Q  125-10°

F= = ————— == 14,3 M2,
q 8,72-103
HeoGxomimast gaHa tpy6
F 14,3
= 3 M

ndmn  3,14.0,038-8-5

6-23. Kakofl aiuHel Heo6xoauMo GyaeT BHNOJHHTL TPyGH B yCio-
BUAX 3agayl 6-22, ecaH KOpHAOpHOE pacnosoeHlie OylIeT 3aMeHEHO
WIaXMATHBIM H CKODOCTb B Y3KOM CeYeHHH Nyyka OyJAeT yBejHyeHa AO
14 m/c? Bee ocrajibHble YCAOBHSI OCTABHTh 6€3 H3MeHEHHH.

OrBer

[=2,3M.

6-24. B TensooOMeHHHKe UIaXMaTHBIH myyok TpPYyO oOTekaercd IO-
NepeuHbiM TMOTOKOM HaTpHA. Buewnuft amamerp tpyd d=20 mm. Cpea-
HAA CKOpOCTb Haberalollero MoToka M CPejHsSs TeMmepaTypa HaTpHs CO-
OTBETCTBEHHO paBHbl: w=1 M/c, L=250° C,

Onpegenutb cpefHHHA KO3(QHUHEHT Tem1o0TAa4yH OT TpyO K HATPHIO
W CpejlHee 3HAyeHHe MJOTHOCTH TeIJIOBOrO MOTOKAa Ha NMOBEPXHOCTH TPYO
NPH YCJOBHH, 4TO CPEJHAS TeMnepaTypa HapyXHOH MOBEPXHOCTH TPYO
te=256°C.

OrBer

o =1,34.10% Br/(m2-°C); g = 8.108 Br/m?,

Pewenue
Pacuer cpepnero koshduuHenTa TenjooTAadd NMPH INONepeyHoM 00-
TEKAHHH IMAXMATHHIX 1 KOPHAOPHBIX TMyYKOoB TPyO HATPHEM MOXKHO MPO-

H3BOJAHTL N0 ciaeayollelt dopmysae [16]:
Nun( =2 Re())lis' (6-6)

rie 3a OMpefelsOWHA pasmep MpHHHMaeTcst Axametp TPyOsl. PopMmy-
Ja (6-6) cnpasenausa npn 100=<CPex<<.1000.

B paccmarpuBaeMoM ciyuae npu fx=250°C ¢Hsuyeckue cBofcTRa
1:aTPHA COOTBETCTBEHHO DPaBHHI:

Vi = 451075 M2/c; Ay = 76,1 Br/(M-°C); Pr =0,69-102,
Uucna Peitnosbaca n ITekse cOOTBETCTBEHHO DABHEL:
wd 1.20-107°
Ve 45.1078
Pey = Rey Pryx = 4,44-10%.0,69-10~2 = 306.
10* ‘ 147
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Uneno Hyccensra u Koshduuuent Tenaoorrauy

Nux = 2 (306)%5 = 35;
k)}{ 76,1

& = Nuyy = 3520—‘F =1,34.108 Br/(m2.°C),

Orciona

g=a{to—ty)=1,34.105 (256 — 250) = 8-10% Br/um2.
6-25. Onpenenuts ko3
K HaTprio B Tensoo6meuHuKe, paccMoTpeHHOM B 3agaye 6-

CTBCHHO paBubi: w=0,8 wfe; f,,=300°C, Haiitn
TENJIOTEl, BOCIDHHHMAaeMOit HAT

HOCTH TPY6 ¢.=305°C y ny
A ¢ NY40K COCTOHT M3

o =1,614.105 Br/(M2.°C); Q =2.103 KBr.

FTMABACEAbLMA fiw_

TEHHOOTAAHA nPH CBOBOJHOM ABMIKEHMHK KMAKOCTH

7-1. Bolupcanrs HOTepH
BEPXHOCTH TOPH3OHTAIBHONO TEMI006MeHIHKA

aDYKHLIA [HAMETp Kophyca Temnoo6mennuka d=400
NOBEPXHOCTH ¢ =200° = MM, Temneparypa
=30£)C (puc. 7'31).00 C # Temneparypa mosayxa s momemwemsn b=

OTteer

@ = 5,9, Br/(M2.°C); g = 1000 Br/m2,
Pewenye

IMnotHoets rennosoro m
MEHHHKA =0 (f{c—t,x) Br/m?2

b

»;G Cgf - Dj*
+

Ol(pylg(%zlzggag:;ir ijlaaqeyu‘ﬂx TCMIEPATYD Ha MOBEPXHOCTH CTEHKH
JIH OT CTEHKH pellleHHe 3amay

H CBO -

Pelenentio Kospdunnenta TeNJOOT/LayuH. 8 e x on

3aBHCHMOCTL A4
BLIYHC/ICHUST CPejinero Kosgdiin
menTa -
JH TIpH CBOGOAHOM JBHIKEHHU JKHIKOCTH HMeeT BHJ qféﬂ‘ crootia

. Pr,,. \0,25
Nu,, = C (GrPr)? (#l , (7-1)*

&

OTOKA Ha HADYXHOH MOBEPXHOCTH TeIL1006-

Puc. 7-1. K sanaye 7-1.

-
* B dopmyae (7-1) nonpaska (Pr_ /Pr ) 0,25
x' e

TeNACOTHAYH OAs KaneabublX XUAKOCTell.
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npuMmensiercst npiu BLIYICaenny

Pdunnent tenaoorzavy or MOBEPXHOCTH TPy6

pParypa HaTpH® cooTBer-
TaKXe KOJHUYeCTBO
PHEM, ec1y Cpennsis TemnepaTypa mobepx-
n=56 Tpy6 AaunoH [=1 .

rae nocrosuuble C H n 3aBHCAT OT peXuMa CBOOOJHOTO [BHXKEHHS H
ycaoBuii obrekanus nosepxHocTH. OuM sBasiorcs dynkuuamu GrPr
ONpeensIOTCs M3 cjedylomell Tabanus:

(Cr Pr)y, { c ‘noT Vea0BHA ABHMEHHS

. 1.109
1.103+-1-.10 0,75 0,25} Brosb BepTHKAJLHOH CTEHKH

>6-1010 0,15 1/3

1-103--1-10° 0,50 0,25 Ha ropusonranshoft TpyGe

Bo dopmyae (7-1) HHEAEKCHI «X» H «C» O3HAYaIOT, UTO (H3HUECKHE
CBOfICTBA JKHUAKOCTH BLIGHPAIOTCS COOTBETCTBEHHO MPH TeMIepaType
JKHAKOCTH fy BAAJNH OT MOBEPXHOCTH TenjooGMeHa H TeMIepaType CTeH-
Ku fe. 1Ipu QBHXKEHHH BAOJbL BEPTHKAJLHON CTEHKH 3a ONpejensiolHil
pasMep NPHHHMAETCs BLICOTA NMOBEPXHOCTH TEMJ0OOMeHa, a /1% TOPH3OH-
TaJIBHOrO LHJIHHAPA — €ro HapyXHBIA AHaMeTp.

B paccMaTpHBaeMOM ciyyae olpelelsiomas TeMnepatypa fuw=230°C.

ITpu sToft TeMnepatype AJs BO3ayXa

Vi = 16,0-107° M2/c; Ay = 2,67-1072 Br/(m-°C);
L
ﬁ’*‘_t,mLm 303

BhluHcasieM 3HaueHHE KOMIIJIEKCa:

K“I; prm = 0’701.

3 9.81.(200 — 30)-0,4
(GrPr)y — BBl 581 22 0,701=9,75-10°.
v 303(16-107°)

M3 tabuauubl HAXOAHM, YTO HPH BbIYHC/JEHHOM 3HAYEHHH KOMIJEKCaA
(GrPr)x mocTosiHHBE B pacueTHOM ypaBHenuu C=0,5 u n=0,25.
Uncao Hyccenvra

Nuy = 0,50 (9,75-108)%% = 88,2,
OTKyZAa

- 2,67.1072
@ =Ny — = 88,2 ——— = 5,9 Br/(M2-°C).
*oa 0,4 2 )
ITorepu TemNOTH B eIWHHUY BpeMEHH C eAHHHIL MOBEPXHOCTH Tem-
n006MEeHHHKA

g =15,9 (200 — 30) = 1000 Br/m?.

7-2. B ueasix yMeHblUEHHs TCIJIOBHX [OTepb B YCJIOBHAX 3a/7ayH
7-1 xopnyc TenJ00OMEeHHHKA NOKPBIT CJI0eM TENJOBOH H3OJSAUHH,

Hafitn tenJosee motepn g, BT/M2%, ¢ moBepXHOCTH Tema006MeHHHKA,
eCJH NOCNE HaJOMEHHS CJOA TEMJIOBONl H3OJAAUHH TOMUHHOH 50 MM
TeMIIepaTypa Ha BHelUHeH [OBEPXHOCTH H3OJSIHH YCTAHOBHJACh f¢=
=50°C, a TeMmmepatypa B TNOMEUIEHHH OCTajach NpexHel, T. €. fx=
=30°C.
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Orger
g = 65 By /M2,

7-3. {OTCAbLOI 107
;u{a\zema%l I\((}‘I(:IESOH TTPOJOZKCILL ABA IFOPH30IT ALK 1ApoNpoBoa
Jurai '11 MII d1=00 MM 11 da=[50 Mm. Ofa NaponpoBoga HMeIoT opu-
IOUL(,FO} (; Tez\mcpatrypysorgocnepxnocm tc=450°C, Temnepatypa OKpyKa

S 034AyXa fy= aponposox ! ‘
! _Bo3 . bl IIPOJIOXKCHLL APYr OT ApyT
Ha ;i/?;%}ommn, HCKAMOUAKINEM B3alMHOe TENI0BQe Bu"lliﬂgl}ie e
e HIIL OTHOWeRHS KO3 uLLenToB Tenmootaur Wfus w moteps

JIOOTbI ¢ I v gu/g1» naponponosos, . b

TBET

0L1/0L2 = 1,315; L]ll/ql2 == 0,438,

7-4. Pe
npoBo:LoupiIélmb sapayy 7-3 fIpIt YCJIOBHH, UTO HoOCJE NOKpPLITHSA napo-
PoRoR0D T n.erBout H3OJIAUNEN Ha Hapy:KHBIX NOBEPXHOCTsIX YCTaHOBH-
naponpo}soqga:lypamB:?O C. Hapy:xupiz AHAMCTD 304N TepBOro
; 1= MM 11 BTOpOro d»=350 mwm, T
, 2= 3! M. Temnepaty -
/hdloglcro BO3MYXa ocraeres, Kak 11 B 3ajaue 7-3, £, =50° Cp Ypa otpy
TBET T -

0L1/0L2 =1,37; L]ll/z]l2 =0,382.

7-5. ;
. BbICOT‘(gr};pel:[lgq;Tb K03 ULUHENT TeriooTaaun ot BePTHKAJLHON mH-
beecoroit H— M X OXpy®aiwllieMy CnokoHnomy BO3JYXY, CCNH H3-
, TEMIIEpATYpa NOBCPXHOCTH MJHTLI te=100°C, TeMIepatypa

oxpy(;)xraﬂigmero BO31yXa BAAIH OT MOBEPXHOCTI fi — 20° C
: .

’ o
@ =7,92 Br/(m2.°C) T
Pewenue
Tersootrauy IIpIl eCTeCTBCHHOH KOHBEKLHH v MOBEPXIIOCTII BCPTH-

KAILION TUITHL MOKHO ONMperetiTs 1o popmyae (7-1)

‘Pr. \0.25
Nu, = C (GrPr)7 | pr’“) ,
\ c

rae i
e 1373 I?ntcheng}omHu PasMep npuHHMaeTcsl BbicoTa mAHTHI H.
pit £.x=20° C ¢usuueckue cpofictna BO3/yxa crefyiouiue:

Do = 2,59-1072 Br/(m-°C); vy = 15,0610~ M¥/ec.
I I
=-— K,
ta 4273 293
le{ 3TUX YCAOBHAX 3HauyeHue KOMIlJieKCa

ALH3 1 80-93.1012
(GrPr)yy: = g = Pry, = 0,81 - 502010
By 2 H 1 503 (15, 06)2 0,703 = 6,64.1010,

Pry = 0,703; B =

2K

[Iput nonyuennom snaven :
> : iH (GrPr),
HaxomM C—0,15: 113t ( ) mo Tabmime x dopmyac (7-1)

Nuz = 0,15 (6,64.1019) /2 = g10;
2,59.1072
2

A
o = Ny, 7}":610 = 7,92 Br/(m2-°C).
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7-6. Kax n3Menntcs Ko3thduiuiedT TenJooTAaul OT BEPTHKAJbHOM
IJAHTB K OKPYXKAWIIEMy BO3AYXy B YCJAOBHAX 3ajaud 7-5, eCJH BHCOTY
MANTHL YBEJUYITL B 2 pas3a, a Bce JAPYrHE YCJOBHSA OCTaBHTb 6e3 I3Me-
HeHHil.

OTper

az/a] =1,

7-7. DyeKTpoNpOBOAslLAs IINHA NPSMOyroJbHoro cedeHusa 100X
X3 MM, pacmoJoxeHHas Ha pe6pe, oxJaxxpaeTcs CBOGOAHBIM TNOTOKOM
Bo3yxa ¢ temnepatypoil 25° C., B ycmoBusax AJHTeNbHON Harpysk tem-
nepaTypa LIHHB He 1OJKHA npessimats 70° C.

Boryuceaute Ko3GGHUHCHT TCIJIOOTAAYH G Ha MNOBEPXHOCTH LUHHBI
H JONYCTHMYIO CHJY TOKa B LIMHEe AJIS YKA3aHHBIX YCJOBHA. YaedbHoe
3NEKTPOCONPOTHBACH e MaTephasa miKebl p=>0,13 OM-MM2/M.

Orger

a=9,84 Br/{M2-°C); ] =450 A.

7-8. Kak mamensitca k03$huUNEHT TenaooTAaud H AONYCTHMAasg CH-
Ja ToKa, eCiH TeMlepaTypa ILIHHBI AOJXHA OCTaBaThCH, Kak B 3ajaue
7-7, t.=70°C, a 3KcnayaTalisi CHCTEMHl 3/eKTpoNepelauyH BeAeTcst B
3UMHUX YCJOBHAX H CPEJHIOI TeMIepaTypy OKpYXKalolero BO3AyXa
MOXHO TIPUHATL paBHOH fx=—10°C?

OTger

a =10,8 Br/(M2-°C); [ =TI9 A,

7-9. OnpeacasTb AOMYCTHMYIO CHJAY TOKa AJS HHXDOMOBOM IPOBO-
aoxn jguamerpom 0,5 MM H3 YCIOBHS, YTO ee TemIlepaTypa He Gyper
npessinats 300° C. Conportusactie 1 M npososoku npu fe=300°C R=
=6 Owm/uM. Temncpatypa cpeawl, oKpyxamollell NpoBoJdoky, fx=20°C,

PacueT nponssecTtit Ags ABYX C.Iy4acs:

a) UPOBOJOKA HAXOIMTCH B CIIOKOIHOM BO3JYXe;

6) npoBogoKka HaXOAHTCS B CIOKOIHOI BOAC NMOJA JAaBJeHNeM, TpH
KOTOPOM TeMIcpaTypa HachlllleHs npesuiuaeT 300° C.

Pexomenpaumun k pewennio 3agaun. OOGBIYHO AJA MPOBOJIOK HEGO/b-
moro auaMmerpa (d=0,2-+1 mM) koMmexc GrPr Max mo 3HadeHIo, 1
COXpaHseTCs IJEeHOUYHBIH MM MepeXOAHBIA peXHM TeueHHsA. B cayuae
anauenufi GrPr<C5-102 pgas pacyeTa MOMKHO PEKOMEHJ0BaTb (GopMy-

ay [4]
Nu, = 1,18 (GrPr)l/8. (7-2)

[lpu nosb3oBanuu dopmyaoll (7-2) 3a onpeReNAOULYIO TeMIepaTypy
npuEUMalT fr=05(fc +#x) 1 onpenensiowili TeOMETPHIECKHH pasMep —
IHaMeTp NMPOBOJOKH d.

OTBer

a) 11=2,42 A; a,=80 Bt/(m2.°C):

6) 1:=23,5 A; az=7570 B1/(Mm2.°C).

7-10. Onpegenuts Kos(ohuuienT TENA00TIAUH OT TOPH3OHTAIBHON
ILINTH, obpalieriofi TensaooTaalouell NOBCPXHOCTBIO KBEPXY, ¢ pasMepa-
MU aXb=2X3 M2 K OKpyXalolleMy CIOKOHHOMY BO3AYXY, .eCHH H3-
BECTHO, YTO TEMICPaTypa TOBEPXUOCTH MuTH fo=100°C u TeMnepaty-
pa oKpyIKalolero BO3AYXa BAAJN OT MJANTH fx=20° C.

OTper

@ = 10,3 Br/(u2-°C),
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Pewrerne
. Tennootnaqy ropusontassusx mamr MOXKHO NPHOJIMMKEHHO paccun-
Mer}r;fm no dopmyne (7-1). Torpa 3a ONpEleJAOIH pasMep Gepertcs
e amaa CTopoHa mJHTH. IIpu 3Tom ecan TEHAQOTARIONAst TOBEPXHOCTD
PalleHa KBepxy, TO MONyYeHHOe M3 opmysn 3navenue K03 dunen-

Ta TeNnJo0Taa %
AAa4H YBeJHUYHMBaeTCs Ha 30 % eciau KHH3Y — yMeHbUIaeTCs HA -

30%8[13].
paccMaTpHBaeMoM caydae fy=20° i
LO3AYXa Vi =15 06- 10—° M:»./g/: «=20°C, npu stont TeMneparype aas

b ==2,59-107 Br/(-C); Pry — 0,703,

Onpenensomum pa
sMepoM OyneT MeHblIas CTopoma n
JHTH
a=2 M, TOTla KOMIJIeKC P e

Alqg3 .93,
(GrPr) = P — Pry = 9,81 M
v2 293 (15,06-10~°%)2

Ilo nosnyuennomy anavenuio GrP
ltaxonnm: C=0,15 u n=1/3, TOI‘}Ia( ) v Taban bopuyae (7-1)

Nuy = 0,15 (6,64-1010)1/3 = g1,

=6,64-1010,

OTKY A

) A 2,59-10~2
a’ = NLI,KT}K =610 _2\ =7,9 BT/(MZ-OC)

«=13a’"=1,3.7,9=10,3 Br/(m2.°C).

u 77;2)1. Kak usmennrcs KO PHIHEHT TemTooTaaYN B yCJIOBHSIX 3aja-
1 /-1, eCHH MUINTY pacnofioxHTh TemsooTaalomed TNOBEPXHOCTBIO KHU-
3y, aOBce APYrHe yCnoBHSI OCTaBHTb Ge3 W3MeneHui?
TBET

%3 = 5,5 Br/(M2.°C); a/a,\:&SB.

BHETZS;I%'I. IC3 MacasHoM 6ake TeMnepaTypa MacJa Mwapxn MC noanepxu-
OCTOAHHOR C MOMOIMLIO TFOPH3OHTAJBHLIX 06or
e
AuaMerpoM d =20 mm. Pepaiotiinx 1pyS
Onpenenuts KoauuHeHT Temmoorpaun ot TIOBEPXHOCTH TPy6 K
Macgy,t eCIH Jemnepatypa Macaa fx=60°C, a TEMIIEPATYpa MOBEPXHOCTH
;gz’qex‘c;e?x?x C. Paccrosnue MeXAy TpyOaMH OTHOCHTEJbHO BEJAHKO, U
OOTAQUH MOXHO TPOH3BOAHTL Kak ang o
e I JAHHOYHOTO IIH-
Otser

= 96,2 Br/(u2.°C) .

7-13. Onpenen
7-12. ecnn Hpﬂﬂmﬂ”b KOSQGUUHEHT TennooTaaun B yeaoBHAX 3axaun
H'nc;pe ! PH TOlt :Ke TeMmepaType Macna M Tom e TeMIepaTypHOM
“ ENJIOBOH NOTOK HANpaBJeH OT Macja K CTeHKAM Tpy6

npH

m=60°C u fc=30°C, Py6, npH stoM

Oreer

a = 47,2 Br/(mM2.°C),

T. €. KoahGHUHeHT Tenno0TRaYN IpuMepH
0 B 2 pasa MeHblie, ye -
JIOBHSIX HarpeBaHHs, P P e
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7-14. OnpexeduTb 5KBUBANeHTHHIH KO3(GHUIEHT TeNIOnpPOBOLHOCTI
H NJOTHOCTb TEMJOBOTO NOTOKa g, BT/M2, uepes BepTHKalbHYIO utestb
ToauiHot 6=20 MM, 3aNONHEHHYI0 BO31yXOM. TeMmepaTypa ropsuef
noBepxHoCTH f¢1=200°C u xosoanoil fc2=80°C (puc. 7-2).

(07y:1-3
Ap =7,5-1072 Br/(M-°C); g = 448 Br/m?.
Peuenne
dxHBaJeHTHEIT KO3 dUIIEHT TeNNONPOBOXHOCTH MOXeT OblThb BLL-
yneaen no dopmyne [4]

Ag = Mg, (7-3)
rae A — QefCTBHTENbHHH Ko3dduIlHeHT TemIONpPOBOIHOCTH XHIAKOCTH;
&y — K03 dhunreHT KOHBEKIMH, sBAslomuics GyHK- S/
uHet GrPr, Moxker ObITh NpUOJMXKEHHO BLIYHCJEH —onn9

. t.12200°C
no opmy.e g
ex=0,18 (Gr Pr)2:25, (7-4) ;

3necb Bce ¢H3NUECKHe NapameTpPal BRIGHPaOTCH
npu onpereasiowedt Ttemneparype fe.o=05(fci+  t,,=80°C
iy =
3a onpepeasiollHA pa3Mep NPUHHMAeTCsi LIH- _ZL
puHa wesH 6, 3a pacueTHYIO Pa3HOCTh TeMIepa- -
TYp — BeauuuHa Af=1t¢;—Leo.

B paccmarpuBaemoM cayyae fc.r=0,5(200+ Puc. 7-2
+80)=140°C. [lpu stoMt Temmepatrype v , = K sanave 7-14.
=27,8-10-% m?/c;

Acpr=0,0349 Br/(M-"C); Prcr=0,684;

1 1
—_ = -1,
Be.r = ter+ 273 413 K

Briuncasem pOH3BENCHHE

foy — tag) 62
(GrPr)¢er = gBer LLV.‘!C—z) Prep=
120-(2-10—2)3
413.(27,8-10—%)z
Kos¢gdunuent xouBekuiu
ex = 0,18 (2,02-109)%% — 2,14,

=9,81 0,684 = 2,02-104,

Toraa
Ao =3,49-10—2.2,14 = 7,47-10—2 Br/(m-° C).
[110THOCTE TEMMOBOTO MOTOKA Yepe3 BO3LYIIHYIO MPOCAOAKY

A 7,47-10—8
qg= —6‘ (fei —tea) = o 120 = 448 Br/u?.

7-15. Kax H3MeHATCH SKBHBAJEHTHHA Ko3(QHIHEHT TENJONPOBOA-
HOCTH ¥ [JIOTHOCTb TeNJOBOrO NOTOKA B YCJNOBHAX 3amaud 7-14, ecau
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inens MCKAY NJOCKHMH CTeHKAMH 3aN0JIHUTh BOXOH noj agaBneHueM, 4
BCC APYTile yCIOBHST OCTABHTL 603 H3MCHCHMS?
OTger
A =155 Br/(m-° C); g =92 600 Br/m2.

7-16. Kak nameunrcs SKBHBA/JIEHTHHH KO3t duUHeHT TCIJIONPOBO/-
HOCTH, CCIU TOMUNHY LIETH YMeUbIIITL B 9 Pasa, a Bce aApyrie ycJo0BHS
OCTaBITbL TAKIMH, KaK B 3ajdue 7-14,

Ortser

Aa yMeubutes g 1,68 pa3sa.

7']7 B KOoUuType aas H3YuCHIs FHAPOAUNAMIKH 1 TCHITOOT L aull 2KH L~
KOMETA/IIHYCCKIX TEIVIOHOCHTeMeH MeTandy B 3afopHoM Gake marpesa-
CTCH NIPH NOMOILH TOPH3OHTAALIIOrO SACKTPHYLCKOIO narpenates, 11Mcio-
uiero gpopmy muinaapa IHaMetpom 50 MM.

Botunenuts kostduuuent TEIIOOTAAYH OT MOBEPXHOCTH HarpeBare-
JSTIC MCTaJly Aasl cayuas, Korjaa KOHTYD 3anoJineH naTplieM ¢ Temme-
parypoit £;=200°C, a TeMIICpaTypa MOBCPXHOCTH [IATPEBATCAS fo =
=400° C.

Otser

@ = 15750 Br/(M2.°C),

Pewenne

Tennoornava npu csobognom ABHXKEHHR KHAKUX METaJJIoB MOMXKeT
ObITh BEIYHCIEHA MO dopmyse [4]

npn 0,4
Nu, = C Grl Pro®, (7-5)

B stom ypasuennn C u n waxomstes s 3aBHCHMOCTH OT 3HaYeHHI
uticaa I'pacroga:

mpu Grp = 102+10° C=0,52 u n=0,25;
npu Grp = 10° + 1013 € =0,106 u n=0,33,
Dusirgeckue cBoficTBa BBIOHpAKTCA IpH Temnepatype fr=0,5(f. +

}I().
Ansi pacematpusaemoro cryyas  tr=0,5(200+400) =300° C, IIpu

STOH TeMmepaType GH3HuecKHe CBOfiCTRA HATPHS  HMCIOT CJeayIoNIHe
SHauCHHU:

Ve =39,4-10—% m2/c; A.=7] Br/(m-°C);
Pry = 0,63-10-2

— 03 — 854
pov—Luzfe __J3 84 =2,71-10~¢ K1,
P (fo—ty) 903 (400 — 200)
Atd? 200 (5. 10—2)3
Grp = =9,81-2,71.10—4 ==L _ 4 95.1gs.
e (39,4.T0-3)2

r

IIpu s1om suavennn uncaa I'pacroda
C=0,52 1 n=0,25;

TOrapa
Nup = 0,52 (4,28-10%)"% (6,3.1073)%" = 11,1,
0TRYy N4
a = Nup A :11.17;:15750 Br/(m2.° C) .
d 5.10—2
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7-18. Kak u3MeHHTCcs Ko3(QpHUMEHT TemaI00TAaYH OT noaepx&iocrbg
HarpeBaTesns K TEMJIOHOCHTeN0, €CJH B 3ajgade 7-17 KOHTYD 3anmoJHHTh:
a) JgutHem Li;
6) cnsiasom (3BTeKTHKa) 26% Na+75% K. erator.
Temnepatypnsl TeNJOHOCHTeJeH H MOBEeDPXHOCTH HarpesaTess O
cfl KaK B 3apaue 7-17.
OTtper

a) @ == 10500 Bt/(m2.° C);
6) o = 6370 Br/(M2-°C).

FrMABA BOCbBMASR

TENNOOTAAYA MPU KOHAEHCALMH MMAPA

8-1. Ha nosepxnocTn BepThKaJbHON TpyOH BHCOTOR H=3 M r;pz—
HCXOJHT MJIEHOYHASA KOHJEHCAI[HS CYXOro HACHIIEHHOrO Bou.m-xorg ntp—.
Hasnenne mapa p=2,5-10% [Ta. Temmepatypa NOBEPXHOCTH TPYOHl fc=
=123°C.

Onpene/HTb TOJIUHHY NMIEHKH KoHAeHcaTa O, M 3HayeHHe MeCT;IOI‘(;
KosddHiteHTa TENJ0OTHaYH COx B 32BHCHMOCTH OT pacCTOARHA Bngx
BepxHero Konua TpyGu. Pacuer npomsBectn Ans pacctosHHR X, pa
0,1; 0,2; 04; 06; 1,0; 1,5; 20u 3 M. o

[TocTpouTh rpaQuK H3MeHeHH# Ox H Gy O BHICOTE TPYGOHI )

[Ipn pacueTe cunTaTh PeXXHM TeyeHHs IJIEHKH KOHIEHCATa JlaMHHap-
HEIM N0 BceH BblcoTe TPyOul. PacueT BHMOJHHTE 1O NPHOJHXKEHHBIM Bop
Mynam Hycceabra.

OT1BeT . )

PesysbraTel pacuera npHBeseHsl Ha puc. 8-1 H B caenymomefi Tab

. JIHLe:
0
0,1 (02 0,4 0,6 |1,0 (1,5 12,0 |3,
g;,MMM 0,060 | 0,0715) 0,0845) 0,094 ) 0,1070,1180,127] 0,140

11430| 9620 | 8150 | 7320 | 6530 | 5880 | 5410 | 4900

ay, Br/(m2X
x 'C)

Pewenne

[IpH n/eHOYHOH KOHAEHCAUMH YHCTOrO CYXOro HaCbILL[(EHHOI‘gJ(bI:{i[})ﬁ
11 JaMHHAPHOM TeHCHHH MVIGHKIl TOJUHHA MJEHKH H MEeCTHBIH K03 L
EHT TeMJICOTAAYH MOryT GbiTh NPHOIHKEHHO ONpejeieHn No GopMy
Hycceasra [4]:

TOJINIIHA NJICHKH

4/ mapxAt ) 61)
6: = l/ 92 gar »
MeCTHBIt KO3 HIHEHT TenJ100TaauH
A
T (8-2)
Oy = ’
X 5,\;
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rie A, u u D — Ko3¢ppHuHENT TEMJIONPOBOAHOCTH, AHHAMHYECKHHA Ko-
3¢ QHUHEHT BASKOCTH ‘M IJOTHOCTD KOHJIEHCATa, KOTOpBle BEIGHpaIOTCH
NpH CpelHed TeMnepaType KOHAeHCATa tc=0,5(fs+1c); r — Tensora na-
pooCpaszopauus npn TEMIEpPAType Hachl-
WIEHHA 1y At=ts—tc—TeMnepaTypHHﬁ
HAamnop.

B pacematpupaemoit zaname npH p=
=25-105 [la TeMIlepaTypa HacbLleHHS
t,2=127°C 1 Temnora napoobpasoBanus
r=2182 xIx/xr, crenoBarenpro,

At =127 — 123 = 4°C;
th=0,5(127 4 123) = 125° C.

Ilpn stofi Temnepatype Qusnueckue
CBOKHCTBA BOAH CAEAYIOLIHE:

= 0,686 Br/(M-°C);
B =227-10—% a-c; 0 =939 kr/m3,
TonuuHa "THEHKN KOHZeHcaTa Ha pac-
CTosuHy x=0,1 M oT Bepxmero Komnua
Tpy6ul
s _ 4/4-0,686-227-10*6-0,1-4w
x=°"“l/ 9392.2182.10%.9,81
=0,6-10—4 u,
HIH Ox=p,1=0,06 MM.
TENJI00TAaYH Ha PacCTOSHHH x=0,1 ™
b 0,686 "
Or=01 " 0,6.10—
TomumMna naenxy Kowugencarta GyneT H3MEHATbCA O BHICOTE npsiMo

» 2 KOS(OHUHERT TemI00TAaqH — 06paTHO NpONOpLUO-

Ha/LHO KODHIO YETBEPTOH CTENEeHH Ha PaCCTOSIHHA OT BepxXHEro KOHIa
pyCOxu. Takum o6pason,

¢t 1073 Br/(m?. o)
g

Puc, 8-1. K 3anage 8-1,

Mecrrbiit kosdpuument

[e4

x=0,1 =

= 11430 Br/(m2.°C).

4,—
6x=0,2 = 6x=0,1 V' 2=0,06-1,19 = 0,0715 mm;
v 0,686
¥=0,2  0,715-10—4

s apyrux swauennii x, §.
pasom. Pesyabrarth
H Ha puc. 8-1.

8-2. Kax wsmensitca tomuuuna maenxy KOHJleHCaTa H 3HaucHHE MecT-
HOTO x03(unHeHTa TemnooTnaun B YCJIOBHAX 3anauu 8-1, eciu mpu we-
HSMEHHOM naBicHHH (p=2,5-105 ITa) TeMIeparypuelfi Hamop Af mpu-
MET 3HaucuusA, pannnic 2, 4, 6, 8 1 10° C?

Pacuet npouseectn ans paccTostinsn x=2_ M. Iloctponts rpadiky
3aBHCHMOCTel ==/ (Af) 1t ax=/, (Af), :

pPHMecuanue B paccvarpuBaemuix ycaosmsx CpeaHsasa Temre-
PaTtypa NJICHKH KOHAencarta fr H3MeHSeTCsl Majo u U3MeHeHveM du3Hye-
CKHX CBOHCTB KOMZENCATa ¢ H3MeHeHHeM Af MOXKHO mpeHe6peyb,
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%o = = 9620 Br/(2.°C).

H O BBIYHCAAIOTCA AHAJOTHYHHIM 06~
pacdueToB NpHBENEHB B QOTBETE K HacTosieH 3ajaye

OTteer )
PesyabraThl pacueTop NpHBeneHH Ha puc. 8-2 u rtabauue:

2 4 6 8 10
gt’;h(} 0,108 | 0,027 | 0,141 | 0,151 | 0,160
oy, Br/(M2.° C) 6360 5410 4870 4540 4300

8-3. Ha moBepxHOCTH BepTHKaJbHOA TPYOH BblcOTOR H=2 M npom;-
XORUT MN/IEHOYHAS KOHAEHCALHS CYXOro HACHIIEeHHOro Bozém-x(;ro_ QHS%’pC'
HdaBnenne napa p=4 klla. TeMnepatypa nmosepXHOCTH TPYOH fc= .

- MM =9
;'-37 S &
. 0775 L7
36 07
= 0,73 ‘\/
A %
'S\Ef 0,12 ; x,{‘
5| e AT
grol L |
o 2 3 & 5 6 7 8 §°C

Puc. 8-2. K 3anaye 8-2.

OnpenennTth 3HaYeHHs MECTHOro Ko HIHEHTa TeNI00T1aYY Ha pac-
cTosnuAx x, paBunix 0,1 1 2 M or BepxHero konua Tpy6H. Ilpu pacuere
CYUTaTh TeyYeHHe IJIEHKH KOHJeHCcaTa JaMHHapHRIM 10 Bcefl BHCOTe

pr%léaynwam pacueTa CpaBHHTb C OTBETOM K 3ajaye 8-1,
Orteer
G 1 = 7460 Br/(M3.°C); o,y = 3530 Br/(mM%-° C).

CpaBHeHHe 3THX 3HAuYeHHHA C OTBETOM K 3ajfaue 8-1 HoKaskeBaeT, uTo
npu p=4-103 I1a xos¢duuHenT TENI00TA24YH NPHMEPHO B 1,5 pasa MeHb-
ute, yem npu p=2,5-10° ITa, YMeHblUCHHE ¢ MPOHCXOAUT B OCHOBHOM 3a

H
a
CueT yBeJHuUeHHs BJ3KOCTH KOHJEHCATa. .

8}14. Ha napyxnoil noBepxsocTH FOPH30HT2JIBHOH TpyOHl AHaMeTpOM
d=20 MM u AgauHOH [=2 M KOHAEHCHDYETCH CYXON HaChILEeHHHI 3011651-
Ho#l map mpu aaBnenud p=1-10% [Ta. TemnepaTypa noBepxHOCTH TpyOH
£.=94,5° C.

‘ Onpenenntb cpeauuil xos(gumuesT TemIooTAadyn OT mapa K TpyGe
H KosmdyecTBO Napa G, Kr/4, KOTOpOe KOH/JEHCHPYeTCS Ha NMOBEPXHOCTH
TpyOHL.

OrBer

a= 15600 Br/(m2-°C); G =15,9 Kr/u.
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Pelenne

Ilpn nuenounoll KongeHCalnM CyXOro HAachlLeHIOro napa ua ropu-
30NTAIBHLIX Tpybax cpedHHil 1o JiepuMerpy xos(hHIHEHT TemnooTAayln
MOKHO ONMPEACIHTL Mo eaepyiomell gopyyac [10];

Re = 3,257%:75, (8-3)
rae

Re = aAfnR
rpv

173
Z = AtaR (i) B4
vz rpv

o TPHBCACHHAs  Anuha  TpyGh;  Af=fy—fc — TeMmepaTypHbIl Harmnop;
R— paguyc TPYOL; A, v 1 p -— KO3 bruKenT TeIJIONPOBOAHOCTH KHHe:
MaTHUECKIH KO3(@HIMENT BAKOCTH H IIOTHOCTL KOHACHCATA npi Temme-
PaType HaCHINEHHS f;; 7 — TENJIOTa napooBpasonantg NpH ls.

dopmyaa cnpanepansa npu d<<20(0/pg)®® (0 — Ko3hPuicut no-
BEDPXIIOCTHOYO HATSKEHIIST) H JAMHHADIIOM TeUCHNH IJIEHKH KOMACHCATA
110 onpeaeaserca yeaosuem Z<<3900. [lns perTpeuaomuyixes Ha HpaKTH:
K€ ciydaeB 3TH JiBa YCJAOBHA OOLIYHO BAHINOJHAIOTCSL,

@opmyny (8-3) MoKHO 3amucaTh CAeAYIOUIHM 06pa3oM:

0,75 |
o=23,25 —_—, 8-4
B (AtaR)"® (8-4)
rne —
g 81,3 *
A= [—= MO Y
&) o
B , M/BT.
fp‘\}

3iauenist KoMIIekcoB A 1 B 3aBUCAT TOAbKO OT poja XKHAKOCTH I
TCMIEPATYpPLl Hachilicuys. Jis BOAB 3HAYCHUS HTHX KOMILIEKCOB B 3a-
RIICHMOCTH OT f; npHBegenbl B Taba. 8-1.

B paccmatpupaemoli zamaue npu p=1.105 [Ta £:=99,6°C u no
Taba. 8-4 HaxoanM:

A=51,2 1/(M-°C); B=6,25-10—% u/BT.
Temnepartypusiit nanop
At =t;—1;=99,6—94,5=5,1°C,
[MogcraBus nafilenHble 3HadeHis p dopmyay (8-4), noayunm:
5 (51 ,2)"75 !

o=3,26 2.2 .
6,25-10—3 (3,14.0,01-5,1)

>

7 = 15600 Br/(m2.° C).
Wa ypamieuns tensoboro Ganalca naxoguM Ko.ANUECTBO KOMEHCH-
pylolero napa:
Gr = altF,
rie F=ndl, M — njomasnb noBepxHocTH Tpy6hl,
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Taéanua 81
3nauenns A u B B dopmyaax (8-4) u (8-5) nas Bous

1.°C| A, 1j(m-°C) | B-10%, m/Br tg, °C A, 1/(M-°C) | B-10%, m/BT

20 5,16 1,62 170 136 12,04
30 7,88 2,06 180 150 12,90
40 11,4 2,54 190 167 14,02
50 15,6 3,06 200 182 15,05
60 20,9 3,62 210 197 16,08
70 27,1 4,22 220 218 17,63
80 34,5 4,88 230 227 18,40
90 42,7 5,57 240 246 - 19,78
100 51,5 6,28 250 264 21,32
110 60,7 6,95 260 278 22,70
120 70,3 7,65 270 296 C 24,42
130 82,0 8,47 280 312 26,31
140 94,0 9,29 290 336 28,72
150 107 10,15 300 354 31,21
160 122 11,09

ITpun £,=99,6°C remsora napoofpasosanus r=2258 xkIlxk/kr, cre-
10BaTeNLHO,

_15600:5,1

adf
— 225 3.14.0,02.2
G = ndl— S0 2958. 103

=4,43-10—3 xr/c,
um G=4,43-10-3.3600=15,9 xr/u.

8-5. Pewntp 3amauy 8-4 npu ycsaoBHM, YTO AaBJaeHHe napa p=2X%
X105 ITa, a Bce ocra/jbHBle JaHHBlE OCTajgHCh Ge3 H3MeHeHHH. Pesyab-
TaTHl pacueTa CPaBHUTL C OTBETOM K 3ajaue 8-4.

Otser

@ = 10800 Br/(M?-°C); G =57 xr/q.

8-6. Onpesne/iuTh KOJHUECTBO CYXOrO HACHIUIEHHOTO BOASHOTO Napa
G, Kr/4, KOTOpoe KOHAEHCHPYeTCs Ha IOBEPXHOCTH FOPH3OHTANLHOM TPY-
6u1 aHametpoMm d=16 MM u aqausoft =15 M, ecid AaBJeHue mapa p=
=1,2 MIla, a Temneparypa nosepxHocTH TpyOH f.=180°C,

Oteer

G =99 kr/y,

8-7. Kak u3MeHHTCs1 KO3(DHIUHEHT TeNJOOTZAYH NPH KOHIEHCALHH
CYXOro HAacCHIIIeHHOro BOJSIHOrO l1apa Ha NOBEPXHOCTH TFOPH30HTAJbHOMR
TpyOH, ecin faBnenye napa sospacrer ot 0,04-10°5 no 4-10% Ila, a Tem-
nepatypublii Hallop Af={;—{; ocTaHeTcs 6e3 I3MeHEeHHs?

Otser

Koagpouuuent rennooriauy yseauuurces B 1,43 pasa.

8-8. Kak wuaMeHsiTcs: KO3(h(HUUEHT TENJOOTAAUH U KOJHYECTBO Cy-
XOro HachILIEHHOTO BOASINIOIO Iapa, KOHAGHCHPYIOIIErocs B [HHHIY Bpe-
MeHH Ha II0BePXHOCTH TODH30HTaJ bHON TPYGH, ecjH AHaMeTp TPyG6h
YBeJHUYHTh B 4 pasa, a jJaBJeHHe Tmapa, TeMNepaTypHHA HAMOp H AJIHHY
TpyOhl coXpanuTh 6e3 n3MeHeHufi?
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OTBer

Kosdpduunuent rennootgaun yMeubLIHTCH BV2=I,4I pasa; KOJu-
YeCTBO Mapa, KOH/JEHCHPYIOUEroCcst B EAMININY BPCMCINL, YBCJITHTCS B
23/2=2,84 pasa. o

8-9. Kakyio TtemrepaTypy CTeHKH f, HEOOX0auMo obecmeunThb, 4TO-
6b! TpH IJICHOYHOH KOHAEHCAUHM CYXOr0 HAaCHILEHHOrO BOASHOTO Napa
Ha MOBEPXHOCTH TOpPH3OHTAMbHOH TPYOnl anamerpoM d=16 MM H AJHHOI

=24 v xougeucuposasocs G=6,5-10~3 xr/c napa. Hasnenne napa
p=>5.10% [1a.
OmnpefenuTs TakKxKe 3HayeHHe KO3(dHUHEHTa TENJIOOTAAYH B 3ITHX
YCJIOBHSX.
Ortser
te=145°C; a =16600 Br/(m%-°C).
Pemenne
Us ypaBHeHus TenjoBoro 6ajaHca HMeeM:
Gr Br/(2.* C)
=, m2.°C).
atom s BT

C zpyrofi cropoHH, Ko3QOHLUHEHT TeNI00TAAuH COrIacHO dopMyne
(8-4)
AO'75 1

a=3,2 — .
B (arAp™*

[IpupaBusB mpaBble YAaCTH 3THX ABYX YpaBHEHHM, IOJYUHM BbIpaxKe-
liHe AJI1A TeMIlepaTypHOro Hamopa:

ALTE _ Gr B_
6,5 (nR)0,751 A0,7D

B paccmaTpusaeMoli 3ajgaue npin p=>5-105 Ila TemnmepaTtypa Hackt-
wenusa f,=151,8°C. TIpu a3rtoit temnepartype r=2109 kIx/kr, u 10
taba. 8-1 A=109,7 1/(M-°C); B=10,3-10-% m/Brt, cregoBatennho,

AR5 6,5-10—2.2109-10% ___10,3-10—3
6,5(3,14-8:10-3)%7%.2,4 (109,7)°:7
OTKY/Ja TeMIIePaTypHbIA Hanop
At = (4,221 =6,8°C

= 4,29,

H HeoBXxoAuMast TeMIepaTypa CTeHKH
to=1t;,— At =151,8—6,8=145°C.
3ravenne KosddHUHEHTa TENJOOTAAYH HaXoAuM Mo dopMyse (8-4):
(109,7)%:75 1
10,3-10=% (3,14-8-10—3.6,8)%%

8-10. Kakoli TemnepaTypubifi Hamop Af=f,—f; Heob6XOxHMO ofec-
nednTb, 4TOGH MpH TNJIEHOYHOM KOHJEHCAllHH CYXOro HACBIIEHHOTO BO-
ASHOTO TMapa Ha NOBEPXHOCTH [OPH3OHTaJbHOM Tpy6H AMamerpom d=
=34 MM NJOTHOCTb TENJOBOrO NoToKa 6ea ¢=>5,8-10% Br/M2, Mane-
HHe mapa p=1.105 Ila.
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o=3,2 = 16600 Br/(u2-°C).

OnpefenuTh TaKKe 3HaueHHe Ko3(HIUHEHTa TeMJOOTAAYH B ITHX
YCJIOBHSAX.
OTser

At =14°C; o= 14500 Br/(M%-°C).

8-11. Ha noBepxHOCTH TOPH3OHTAJbHON JaTyHHOR TPYOKH JHaMer-
poM d2/d1=20/18 MM KOHJEHCHDYeTCs CYXOH HACHIECHHHIE BOASHON map
¢ aapsenneM p=2,4-105 ITa. BHyTpu Tpy6Ku mpoTeKaeT oXJaxaamllasn
Bojga. Pacxop M cpeaHss TeMmepaTypa BOABl DAaBHH COOTBETCTBEHHO!
G, =400 xr/u; tw1=40°C.

OnpefennTh KOJHUECTBO [apa, KOHAEHCHpylolwerocsd 3a 1 u Ha 1 M
NoBepXHOCTH Tpy6KH G kr/(M-u).

OTtger

Gy = 20,8 Kr/(M-u).

Pewenue
Tak Kaxk 3HauyeHHf KO5(p¢pHUHEHTOB TelJIOOTAAYH CO CTOPOHH napa

M BOZM 3aBHCAT OT TEMIEpaTyp COOTBETCTBYILIHX NoBepXHocted Tpy6-

KH, a 3TH TeMnepaTypbl HaM HEH3BECTHH, TO PACYeT MOXKHO NPOBECTH
KGO MeTOZOM MOC/]eJ0BATENbHBLIX NPHOMHKEHHH, 3a1aBasich COOTBETCT-
BYIOUIIMH TeMIepaTypaMH, JHO60 rpadoaHajHTHUeCKHM MeTonoM. Pe-
IIHM 3a1auy rpadoaHaINTHYeCKHM METOLOM.

Ompe/je/iHM 3HAYEHHA ABYX TeEIJOBBIX NOTOKOB, OTHECEHHHX K 1 M
Tpy6KH, OT BHYTpeHHel MOBEDXHOCTH TPYOKH K BoJe (gu, Br/M) — npo-
XOAAIETr0 yepes CTeHKY TPYGKH (gie, BT/M) M nepeflaBaeMoro OT KOH-
JEHCHDYIOMEr0 NMapa K NMOBEPXHOCTH TPYOGKH (qiz, Br/M), — B 3aBHCHMO-
CTH OT COOTBETCTBYIOLIHX TEMIePATYPHHX HamopoB Ati=fci—tum1; Afe=
=tea—tct H Afca=ts—tco.

Ina onpemenenust gu=f,(Af)) 3agaguMcsi TpeMs 3HadeHHAMH Aty
65, 70 u 75° C. Torza fei=Ati+tx 6ymer pasHo 105, 110 u 115°C.

Ilpn TemmepaType oxJamjawlieii Boasl fmy=40°C W1 = 653X
X10-¢ Ila-c; Aux1=0,635 B1/(M-°C); Prmi=4,31, uucno Peiinonbaca

46, 4-400
ndy Py 3,14-18-10—%.3600-653.10—

Req = =1,2-10%,

Pexum Teuenna oxJaaxjaawuieil BoAb TypOysaeHTHB, u Ko3abdHU-
CHT TENJIOOTAAauH onpefesseM no dopmyae (5-7):
0,25

_ 0,85.0,43 (Pl \2°

Num1~-0,02lRem1 Pry ( Pr, ) =

Prya

10,25
=0,021(1,2-10%)%8 (4,31)0.43 (M) = 73(
P Pre

g

0,25
)

otcioga npu fey=105°C (Pre;=1,67) Haxonum:

4,31 \0,25
Nugy, =73(—— = 92,5,
Wskey ( 1,67 ) ' 75
KosdduuneHt rennooraaun
A 0,635
Gy = NUmell =92 'SW = 3260 Br/(m2.°C);

g1, = oy At, id; = 3260-65-3,14-18.10—3 = 12000 Br/u.
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1;\?” rer=110"C noayuuy cootnerctizeri|n.
W1 = 93,5,  «, = 3300 Br/(m2.0 .
e 1 T/(M2- 0); 911 = 13000 Br/s.

=115°
=14200 By 10 C Nuwy=948; o _3349 Bt/(m2.°C).

Coorper

L CTBYI0 .

pic. 8:3. Yiouas - sanucumocts, gy, = f(

e Tar kak xos
C) MOXHO B

TeMueparypr, 1o

Pdutsent renon
JI0NPOBOAHOCTY 1 ~
YCNOBHAX naunoj 3agayy aTyHH Ao

bynrus Gie =] (Ato) 5yueTnPHHmb ne 3a

JIHHeHHo:

lh.::(tc_;m).i‘L.

2,31 %

HPH Atc:[c2_tcl:2nc L
5 2:3,14.110

%“2\\20 = 13000 Br/y,

2,3]g—
18

3asne
HMOCTDL g =f(Afe) Takke UpHBeleHa Ha puc. 8-3

Br/m
8

20 %0 60 ) 80 °p

Pue. 8-3. K 3ajgaye 8-11.

3aBucuMocTs gy, =[(Atcz)

Ha
spduunenTa TEIIOOTAAYH oT K oM, HCXO

AT u3 bopmyan Aast Ko-

ki (3-4): omeucnp}’lomerocsx apa x crenke Tpy6-
’ 0,75
Uy = 3'25 A\_ 1

(R, A

TOraa Temnosoit norok Ha |l M

—_—

0,75
9o =gy Aty = 3,95 A 2nR, Aty
H B (aR,At,)0%5

e = 0,5 (TAR TS
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AfY) nokasaua ya rpacuxe

~ 110 Br/(ux

BHCALLHM oT

[pu p=2,4-10% [1a #,=126,1°C u no Ta6n. 8-1 A=77,4 1/(M:°C);
B=8,15-10—3 M/BT, ciegonaTelnHo,

_ (3,14-77,4:1072)%75 | 075 0,75
q1="56,5 5 T AL 75 — 154044975,

Sagzasurics Afz=10, 15 1 20°C, noAyuHM COOTBETCTBEHHO 2=
=8650, 11 700 u 14 600 Bt/M. 3aBHCHMOCTb Giz=(Af2) TaKXKe HaHeceHa
Ha rpa¢uk (pHc. 8-3). _

Jns HaxoxAeHHs 3aBHCHMOCTH TeIlJIOBOTO [OTOKA OT CYMMapHOrO
TEMIEPATypHOro Hamopa Af={ts—Fhy NPOCYMMHDYEM TPH HaflleHHbEe 3a-
BHCHMOCTH., PesyspTHpylowmas Kpueas §i=f(fs—fwi1) Ha pHc. 8-3 BH-
jencHa Gostee KHPHOH JIHHHed.

OTnoXHB Mo ocH abcuuce 3afaHHOe 3HaueHue oGlero TeMmeparyp-
Horo Hanopa Aft=t;—*tw=126,1—40=86,1°C H npoBeis BepTHKanb 10
nepeceyertst ¢ KpHBOA §i=f(fs—fw1), HA OCH OpPAMHAT HAXOLHM HCKO-
Moe 3HaueHHe TemnoBoro moroka (puc. 8-3): g:=12 600 Br/m.

Ipu £;=126,1°C Tennora napoobpaszosadus r=2185. kx/kr u,’
¢eloBaTeNbHO, Pacxol KOHAeHCaTa :

qr - 1,26-10%
Gi=— = ——"——
r 2185-108

8-12. OnpenenuTh  3HadeHHe KO3(pOHIHEHTAa TENNOOTAAYH U,
Bt/ (M2.°C) OT KOHAEHCHPYIOLIErocs: BOASIHOTO Mapa K szzpymuoﬁ noBepX;
HOCTH TOPH30HTAJBHOH JNaTYHHOR TpYGKH AHaMeTpoM dz/di=18/16 MM,
TEMIIEPATypH Hapy:XKHOM H BHYTpeHHell NOBepXxHoCTefl CTEHKH TpYGKH
tea U foy W xonuMuecTBO mapa (a2, Kr/(M-u), KOHAEHCHPYIOLIErOCs Ha Ha-
PY/KHOH MOBEPXHOCTH TPYOKH. o .

[Tap cyxoft wacemeHHbl# nox KasiexueM p=700 klla. Baytpu tpy6-
KH €O CKopocThio w=1,0 M/c mpoTekaeT oxJiaxAaaiollas BOJA, HMewlas
cpenHIown TeMnepaTypy fxi=30°C.

OTBer

@y = 7600 Br/(m?-°C); feg ~ 110°C; fog = 106°C;
Gy = 41 kr/(M-4),

8-13. Kak H3MeHHTCS KOMHYECTBO KOHIeHcupylowerocs mnapa G,
Kr/(M-4), B YCIOBHAX 3amaul 8-12, ect CKOPOCTb OXJaAaloweil BOAbI
yBeqnunTh B 2 pasa (¢ w=1 M/c o w=2 m/c), a Bce OCTaJjbHble yc-
JIOBHSA OCTABHTb 6€3 H3MEHEHHH?

OTeeT

Kg.m{qec-rso KOHJEHCHPYIOUIEroCsl Nmapa YBeJMYHTCS  NpPHMepHO
Ha 10%:;

3600 = 20,8 xr/(m-u),

G, = 45 Kr/(M-u).

8-14. Ha Hapy:xHOl NOBEPXHOCTH BepTHKAaJbHOH TPYGH IHAMETPOM
d=20 MM H BHCOTOH H=2 M KOHIEHCHpyeTCsl CyXOH HaCHILEHHHIH BO-
AsHOH nap npu pasienHd p=1.10% ITa (pHc. 8-4). TeMnepaTypa nosepx-
HOCTH TPYOHl fe=94,5°C. '

OnpeennTh. cpefiiiil n0 BHCOTe KO3(@HIUHEHT TelVIOOTAAUH OT Ma-
pa k Tpybe ¥ KouHyecTBo napa U, Kr/4, KoTopoe KOHAEHCHpYeTCH Ha I1o-
BEPXHOCTH TPYyGHL.

CpaBruTb pe3y/bTaTH pacyeTa C OTBETOM K 3ajaue 8-4, rxe pac-
cmagpmsaeTcn TelsooOMeH B Tex e YCJOBHAX [/ TOPH3OHTANbHOM
TpyOHI.
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Otger

@ =7840 Br/(m2.°C); G =g Krfy,

Tipn Tex xe YCAOBHAX
Obl (3agaua 8-4) q— 'm0, fIPH FODH3OHTA/IbHOM pacrionokeny .
Penrenye ) @=15600 Br/(2.°C); G=159 xr/y. i TPy

Ipu naenounoi;

HOH KOHAeHCaUuu ¢

Ha YXOro HachIle

PHOM peXiMe Teuems MACHKI Koftonca s Hamn HHOro mapa u namy-

p}’ p 1 JIHHe q)q) CH c JIOOT a4 MOXXH
HOCTAX M 1T (;ax CPCAHUH NO AJHHEC KO3 HIH T Ten KHO

220 OTPENEHTD 1O CaeayouLel dopmyae [10]:
_ 7 Re = 3,82%78  (8-5)
rac
4
=94 °C Re=adil ;
s . rpv
S =110 ’
§ ’ 1/3
: Z = AtH ( i) :
V2 rpv
~- MpUBeACHnAs AJTiNa~Tpy6p, H

g ; i — BLICOT -
THKAaAblIOK HoBepxuocTiy g pr()bl ieora sep

_

Puc. 8-4. K 3anauc 8-14.

8CTaﬂbeIC 06o3naucus Te ke, yto u &
OpMyJla cnpasenanna mpu
cara, 1. e. npH

$opmyse (8-3).
JIAMHHAPHOM " TeYeHHH NieHky KOHJEeH-

Re < 1600
1 COOTBETCTBCHHO
, Z << 2300,
HaueHHd KOMIJieKcop
) H3H it
L du3HYecKnx CBOHCTB, Bxoadlux B BbIpd Ke-
4
= B
) rpv
v2 rov

AN clyvag xou
HbI B Taba, 8-].

paccMartpu i
ra6a. 8.1 HaxoﬂgMi?aemon 3ajave mpn p=1.105 [Ia £,=99,6°C

JCH
ICHCAL T BOAsTHOrO napa B 34BIICHMOCTH OT ts lnpHBele-

; To
A=51,2 1/(m-°C); B 6,25.10—3 nm/Br;
TeMIepaTypHblil Hanop
A=t — ;= 99,6 — 94,5=5_1°C.
NPHBEAeHHAS AIHHA TPYGH '
Z=AMHA=5,.92.5] ,2 =522 < 2300,
164

CJ/lel0BaTeMbHO, pexHM TeueHus KOHAeHcaTa Mo Bcell BbicoTe TPYyOhl
JaMHHApHBIA, H pacueT TEMJOOTAAuH MOXKHO BecTH N0 dopmyne (8-5).
Uncao

Re — 3-82°78 = 3,8 (522)"7® = 500.

Koapduunent Tennootaauu
Re 500

- - — 7840 Br/(v2-° C) .
% = UHB “51.2.6.2 105 (CHOBH(0)

Ipu £5=99,6 Tensora mapoobGpasoBaHus r=22568 kJK/Kr u KoJH-
UeCTBO Mapa, KOTOpOe KOHASHCHPYeTCSl Ha IOBEPXHOCTH TPyOHl,

7840.5,1

9958.100 =2,22.10—3 xkr/c,

t
G = ad 221 3 14.2.10-2.2
r

H1

- G =2,22.10—3.3600 = 8 kr/uy,

CpapHeHlie MosyyeHHBIX 3HaucHuii o ¥ G c oTBeTOM K 3agjaue 8-4
rnoKasslBaeT, 4To K03(p@HIHEHT TENn0oTAaYH H KOJHYeCTBO KOHAEHCHDY-
lolerocss napa GyayT NpHMepHO B 2 pas3a MeHblle, YeM MPH TCOPH3OH-
TaJbHOM PACMONOMEHHH TPYOHI.

8-15. Ha ropusonraibHoii TpyGe AnHaMeTpoM d=16 MM H AJHHOI
{=1,2 M NPOHCXOJHT NJEHOYHAST KOMAEHCAUHS CYXOrO HACHIUEHHOTO BO-
AsiHoro napa npu aasaeHHH p=3 MIla. Temneparypa moBepXHoCTH TpY-
6nl to=227°C.

Kak nsMeHHTCA cpelHHH KO3(Q@HIHEHT TENJOOTAaYH OT napa K Tpy-
6e, ecan TpyOy pacnoJoXHTh BepTHKAJbHO, @ Bce APYTrHe YCJIOBHS OC-
TaBHTb 0e3 H3MEeHeHHs? ' :

OtBer

Cpepr ~ 0 ,55arop .

8-16. Onpenenutb KOJHYECTBO KOHAEHCATOOTBOAHBIX IHCKOB 1, KO-
TOpHle HeOOXONHMO pAaclOJIOXHTb Ha BEpPTHKAJbHOH Tpyle, B YC/IOBHAX
3apaud 8-15, yToObl KO3 HUHEHT TENJOOTAAYH IpH BepTHKAJbHOM pac-
MOJIOXKeHHH Obll paBeH KO3(pQHUHEHTY TemI0OTAAauH AJS TOPH30HTAJb-
HOM TpyOHl (Coepr=trop).

OTtBer

n=15 wr.

8-17. IlapoBonsiHOH TemJOOGMEHHHK BbINONHEH U3 n=218 BepTH-
KaJ/IbHO pacnoJioxeHHbIx Tpy6 auaMerpom d=16 MM H BHcoTofi H=
=1,56 M.

TpyGbl H3HYTPH OXJ1aKAAKOTCS BONOH, TAaK YTO CpeJHsS TeMrepaTypa
HX HapyxHOH moBepxHocTH fc=173°C. Cyxofi HacbIUIEHHLIH BOASAHOH
nap noa gasijeHneM p=1 MIla KoHzeHCHpyeTCs Ha HapyXHOH mHoBepx-
1«ocTH Tpyo.

Onpepeantb x03pQHUIEHT TEeMJOOTAAYH OT napa K MOBEPXHOCTH
Tpy6 M KoJIiMeCTBO TemJoTH Q, KBrT, mepenamaemoe Boje B Tenn006-
MeHHHKe.

Orger
o = 8800 Br/(M2.°C); Q=1 MBr.
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8-18. Onpegesnts KPHTHYECKYIO BLICOTY TPYG Hyp, mpn KoTopofi B
yolaosnax sagaud 8-17 ua px ummueM Kouie Syner npoucxoaurs mepe-
X0 JIAMHIADHOTO TCYEHHs KONAEHCATHON NJIElKH B Typ6GynenTnoe.

Otser

pr = 2,2 M.
Pewenne

Ilepexon namunapsoro Teyemns KowaewcaTHol naeHkn B TypOy-
JIEHTHOE UPOUCXOAHT NPH KPHTHUCCKOM 3HAYCHIH NDHBEACHHON  AJIHIIBLI

Zxp = (HAt)yp A = 2300.

IMo ycaopuam 3agaun 8-17 p=1 Mlla; {c=173"C. Ilpn sanamrom
nasaennu fs=1799°C u At=179,9—173=6,9°C. ITo TaGu. 8-1 mpu t,=
=179,9° C naxomum: :

=149,9 1/(n.°C);

TOr1a

z 23
mp 2300 =222 .
AAE T 149,9.6.9

8-19. Oupeueintrs, 10 KAKOro 3lIayeHus TeMIeparypHoro Hanopa B
YCJAOBUSX 3afadit 8-17 naMuHapHoe TeueHnpe mienkH KOlLAGHCATA coxpa-
HHTCs 10 Beefi phicoTe Tpy6HL.

OTtier

an =

At < 10,2°C,

8-20. B meprukamsiom U2POBOASHOM TEMNQOGMEHIHKC OXJ47K /1410~
wast Boja, nporekaowas no Tpy6aM, noaxkua OTBOAHTL Q=350 kBT
TCIITQTLI,

Cyxolt nacuunenunit nogsnof 1ap noA Aas:cuxeM p=1,5 MIla kou-
ACHCHDYCTCA 11a HapyKHOH noBepxHoCTH Tpy6.

Onpeaennts 1eo6xogumb TCMIIEPATYPHHE Hanop, ecan Temnoo6-

MCHHIIK BBINOJIHEH H3 =50 Tpy6 AHAMETPOM d=22 MM U BuICOTON H =
= 1,5 M.
O71Ber

At =8C,.

Yxaszaune Tax kak no YCJIOBHSIM 324a4H TeMnepaTypuulij nanop
HCH3BECTEH, TO HeJb3A HelloCcpeaCcTBENHO ONpeAeuTh MPHBCACHHYIO MJIH-
1y TpyG Z M yCTAHOBHTD PEKHM TedeHus TIEHKH KOHAGHCATA HA HapysK-
HOH NoBepXHOCTH TPy TENI0OGMEHHIKA, B CBS3H ¢ 5TUM crieflyeT npo-
H3BECTH NpelBADHTE/BHLI pacyer, Mpefnonaras, wro PEXHM TeyeHHus
KOHAEHCATA JIAMHHADHEIA MO BCelf BBICOTE Tpy6. Ilocne waxopenus
3uavends Af neobxoxumo TIPOBCPHTL DENKHM TEeUeHHST KOHAencaTa.

an JIaMHHaPHOM PeXHMe TEUEHHS NJcHKH KoHpaelcara no (])O]’)My-
ac (8-5)

Re = 3,8 (HA1A)" 7%,
Re =aHAIB.

Yunthinan, yro «Al=Q/F, rae F=gdlln, w2 mosyuacem cacayouee
Brlpazkene 14s remieparypuoro namopa:

, QB )1]0,78 1
-(3,8ndn AH
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8-21. Ha napyxuoft mosepxHOCTH BepTHKAJbHON TpyGel KOHAEHCH-
pyeTcs CyXO# HACBHILEHHBI BOASAHON map. PexXiM TeYeHHS NJEHKH KOH

i 'Ol TaMHHapubilL
Jelcara no Beell BbcOTe TPYOU \
OnpelenuTh 3aBICHMOCTH [MIOTHOCTH TEIIOBOro hoToka g, BT/M?,

U TensioBoro notoxka Q, BT, or BricoTH TpyOuL
Oteer
—0,22 0,78
q= H 022, Q~ H"78,

8-22. Ha BepTuxaabHoii TpyGe BOAONOAOrpeBaTesst KOHﬂeHCpr’?TCH
CYXOH HacblleHHBIH BOAAHOH mnap. [laBieHHe napa p=BB,6 MITa. eﬁMb-I
nepatypa HapysxHoli mnoBepxHocTn TpyOn fc=287°C. Bnicora Tpy

H=1,8 M.
OnpepesuTb cpeAHHA KOa((PHIHEHT TelI00TAAYH OT Napa K CTeHKe
TPYGHL,
Oroer o = 8100 Bt/(M2-°C),
Pewenne

Tlpu p=8,6 MIIa £,=300°C; no taba. 8-1 naxogum: A=3541/(MX
°C); B=31,21-10-3 m/Br. .
X Cl)“EMnepaTyprlﬁ Hamop Af=t—1.=300—287=13°C, caenosates-
10, NpHBegelHast AaHia TpyGsl
Z=A{tHA=13-1,8.354 = 8380 > 2300.

Tax xax suavensie npupefennofi Aanns Goablue xpmuqecxor?,s'ro
peXHM TeyeHHs IJICHKH KOHAEHCATa B HHXKHeR wacTH TpyGH TypOy
JEHTHBIH. ) )

Ilpu nuienounoi KONACHCAUKI CYXOrO HACHIUIEHHOrO Napa i cmema}t
HOM DPeXHMe TeueHHs MJCHKH KOHJEHCATA CPEiHHAA MO AMHHe KOB@I%}'
UHENT TEMJIOOTZaYH MOXKHO ONpeAeuTb nmo caedywowed opmyne [10]:

' \0,25 483
Re = [253+o,069 < ; )P0 (2—2300)] , (86)
T

[+
P Prc¢ —uncna Ilpauatas nns KoHleHcaTa COOTBETCTBEHHO NpH
;gfme;a};ypa; ts u tc. Ocranbupie o6o3HaueHHs Te Xe, 4To B (opMy-
Jge (8-5).
dopmyna (8-6) cnpasenausa npu Z>=2300. _
B gagCMa-lngBaeMoﬁ 3anage nmpH £,=300°C Pr=097; npu f.=
=287° C Pro=0921. ITo dopmyse (8-6) umeem:

0,25 _ 43
Re = [253 +0,069 (%) -0,97%5 (8380 — 2300) ] = 5930.
Yuutbisas, 4To Re=aAtHB, naxoanm:
Re 5930

= 8100 Bt/(m%.°C).

“=AHB T 13.1,8.31,21.10-3
Mast BoJAa OBH-
8-23. B BepTHKaJbHOM BOAONOAOrpeBaTese Harpesae
KeTCs 1o prﬁgM, Ha HapYXKHOH MOBEPXHOCTH KOTOPHIX KOHAeHCHpYeTcs
CYXoH HacblUleHHbIH BOAAHON nap nmoja AQaGB(;legHEM p="5,6 MITa. Temnepa-
Typa HapyxHOHI NOBEPXHOCTH TPY6 fo= .
P Onppe);[enmb KoJiHyecTBO TemnoTH Q, kBT, nepegaBaeMoe Boge, ecan
BOJONOJOrpeBaTe/b BHINONHEeH U3 =112 Tpy6 HapyXHHM JAHaMeTpOM
d=16 MM u BHcoTol H=2 M.
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OtBer

Q=1 MBr,

8-24. Onpepeaurs I3MCLICHIE ¢
110 BRICOTE BepTHKAUbION TPYGL n
CMMEIH”OFO BOASIHOTO Napa.
aBJlente napa p=6 MIla, T
e
~265°C, '
Pacuer npoussecrn s SHAaYCHIE BLICOTH H, paBnuix 0.2: 0.4: 0,6;

0.8, 1,0; 1,25; 15, 1,75; 2 25
soet a—f(H). 75, 2, 25, 3 1 4 M, u nocTponTs rpadHK 3aBucH-

[)ClIII‘CI'Oml@‘\(pllu[l(ﬁll'l‘él TCnaooT Ay
pu KOHACHCALUII Ha Held CyXOoro Ha-

MIEPATYpa NOBEPXHOCTH TPYBH f =

P(’)TBCT
€3 ¥
pic, 8-5%7J1bTaTbI pacuera IIpHBe 1eHbI HHXXe, a TakKe Ha rpa(bm(e
Hom ... 0,2 04 0
IR , , 6 0,8
2 ir/(mz- c) ..... 11 000 9440 8600 8150 7880 7380
P Mo , 75 2,0 25
a, Br/(m2.cc) | 0. 7760 7800 7840 8000 832b% gégo

Bae‘\/18-25. Onpeniennts usMenenue KoJHuCCTBa Tensotn Q, kBr nepena

" i ¢ .

BbIC00: OT Tapa K CTCHKe BEPTHKAJbHOH TPY6bI, B 3aBHCHMOCTH OT ee
Tl B ycioBusix 3apaum 8-24, ecayu AHnaMeTp Tpy6nl d=22 Mm

KkBr
25

20
15
7
P 5
; ' #
T 0 7 7z 3 m
Puc. 8-5. K 3apaue 8-24, Puc. 8-6. K sapaue 8-95,
OTser

Peaynpratu p
acueta NpPHBEAEHD
picC. 8-61 PHBGAEHBI HHAE, a TaKkke Ha rpaduke

H oM . . . 0,2 0,4 0
...... , , 6 0,8 1.0 1
Q kBr . . ...~ L6l 2,76 376 476 576 7:?(5)
H oM . . .. 1,6 1,75 9
..... , , ,0 2,5 3,0
Q xBr . . ..~ 8,53 10,0 11,4 146 179 2§f(2)
168

- path Gea ydyeTa BJHSAHHS CKOPOCTH IABHXEHHA mapa

8-26. Onpeneauts x03bdHUHEHT TeMI00TAAaYH OT mapa kK TpyGke
BePXHEr0 psiia I'OPH3OHTAJLHOro TPyGHOro nyuka KOHAeHcaTa NapoBoit
TypGuubl. Tpy6ka HMeer napyxubifi Anamerp d=18 MM .4 TeMmepartypy
nosepxHocTH fe=22° C, ‘

Ha noBepxHocTH TpyOKH KOHAeHCHPYeTCS cyXofi HachIieHHBIH BOJS-
nodl map mox naBjeHueM p=>5 kIla, OABHXYLIHHCR CBEpXy BHHM3 CO CKO-
pocTbio wp=20 M/c (puc. 8-7).

CpaBHHUTb NOJYUYEHHBLIH De3yJabTaT CO 3HAUEHHEM

Ko3¢pdHIUHeHTa TEMJIOOTAAUH AJ5 HEMOABHXKHOLO Ia- L W20 m/c
pa. p .
OTeer :
a= 13700 Br/(m2.°Cj; oafagz=1,34.
Pemenne i
KosddHiuneHT . Tem100TAa4H NpH KOHAeHCAaUHH =22 AL
CYXOr0 HAacbIUIEHHOrO BOASHOrO Napa Ha TOPH3OH- -4”

2
TaJbHBIX TPy6ax Npu w,p”’<l MOXKHO pACCYHTHI-

Ha Tenmjootiauy, T. e. no dopmyae (8-4).

Ipn snaveHusx w?,p”>1 HEOGXOLHMO  YUHTHI-
BaTh BJIMsSIHHE CKODOCTH JABMXKEHHs TNapa Ha Ten-
JooTaauy. B nocnenHem cayuae kosadduuneHT Temn-
J0OTHaud MOXKeT ObiThb PaccyHTaH Mo CcJaeaylouled

dopmyae [26]: o
a 0.0 0 Puc. 8-7.
o = 8.8 % Nu 058, (87) K sapaue 8-26.

rae On — 3HaueHHe Ko3(hQuiieHTa TemI0OTAAYH AJs HenoABHXXHOrO ma-
pa, nojcyuTaHyoe no hopmysae (8-4):

ayd
Nuy = };’ ;

9 »
H: wnp’aﬂ

gp'h

3mech wn — cKOpocTh Haferamoulero notoka napa; p” — NJIOTHOCTb

napa npH TeMnepatype f,; p° MU A — IJIOTHOCTb H KodddHuHeHT TemnJo-
TPOBOAHOCTH KOHJEHCATA TIPH TeMneparype fs.

®opMyaa (8-7) mpHMeHHMa npu LaBJeHHsX mapa oT 5 o 100 klla,
TeMNepaTypHuX Hanopax At=t;—t; or 2 no 20°C n II<C800.

B paccmatpuBaeMom cnyuae npu p=5 kIla £,=32,9°C. Ilpu stoit
temneparype p”=0,0354 kr/m3;, p’=995 kr/m?; A=0,623 Br/(M-°C) u
w?]p”=202-0,0354=14,2 Kr/(m-c?). Tak Kak wﬁp”>1, TO pacyeT BeleM
no dopmy.ae (8-7).

KosdhhuuneHT TennooTAauH MpH KOHJEHCALHWH HEMOABHIXHOrO mapa
onpexeasem no dopmyae (8-4).

! f'Ipu },=329°C no raba. 8-1 uaxomum: A=89 1/(M-°C); B°=
=2,20-10-% m/BT; TemneparypHuiil Hanop Af=tf,—f;=32,9—22=10,9°C
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H K
k03¢ Grinment TeIJIOOT 1 ayy HENOABIKHOTO napa

0,75
oy = 3,25 A

1 (8 9)“,75
0r = 3,26 —~L____ .
B (wrAy"2 2,2. 10— X
X 1
_
(3’14'9’10“3-10,9)()'25 = 10200 81/(M2'DC),

Ynesta Nuy 1 IT:
Nuy = 20 _1,02:10¢.18. 10— 29
;v — [~
2 0’6237\\;‘\ "
Y&, - 202-0,0354-1,02-104
, gp'h 9,81.995.0,623 297,
Wosdnienr TeNJA00T A4y

7
T = 18,3 %98 Ny—0,58
i H

= 28,3 (23,7)"%8 (995)—0,58 _

& =10200-1,34 = 13700 Br/(m2.° C),
8-27. Kax namenntes Koshbunuent 1

Hpn p=const ga wg'm

Zlaun Bo3pactact pa 950
puc. 8-8. b

H, CcrepoBatenbio, Koy

dbuunent TEINJIOOT-
PesyabraTi

pacyera IpeacTapacb a

87/(m?- °r)
il
.

75

020 30 wmyc
Puc. 88 K 3ajaue 8-27.

Pne. 8-9. K 3agaue 8-29.

8-28, Kar .
I(OlillelicaT()([;a( ;ratfcnmcn Koshpiment TCII0OOTHAY OT napa x tpyGie
ot 0,05-10° n0 8%”?8?”?1 Jakaun 826 mpi wavcnenni gaacwis ma b
W Bee Apyrie ILZIHI;bIc OCTa”a,Tecn? TeMIIEPATYPHbI Hanop (Af=10 Q“(JZB
csl Ge i >~
OtBer y 3 1I3BMCHeHIIfi?

3HaucHe Koadduuienta
£=05-10Tla ¢=18 000 BT/(MzT.eonC":")O'OTﬂaqu
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YBOIYNTCH na 379 g npr

8-29. Onpegenuth cpennnft KosddHUHEHT TenaooTAAuM OT napa K
Tpy0aM KOHACHCATOPA, BRIMOJHCHIIOLO B BILJC FOPH3OHTANLHOrO KOPHAOP-
voro TpyOuoro myuka, cocrosiiero n3 n=14 psgos Tpy6 mNO BHICOTE,

Hapyxnolit anamerp tpy6 d=16 mMm. Illar Tpy6 no ropu3oHTasH
s=1,25d (puc. 8-9). IlosepxHocTb TemnoofMeHa BCeX psuoB TpyS B
nyyke 0XHHAKOBA.

Ha nosepxuocti Tpyo xongeHcupyercst cyXxoil HACHUEHHBI BOAS-
nofi map noa pasaennem p==9,8 xlla, askyuiics csepxy suus, Cxo-
poCTh 110TOKa Mapa nepej BepxuuM psagoM Tpy6 @, =35 m/c. Temnepa-
Typa NMOBePXHOCTH BceX TPYOoK fe=35°C.

[Tpr pacueTe mpHHSTL NaBleHHe Napa H TeMIepaTypHH HAMOp He-
H3MCHHBIMI 10 BLICOTE TyUKa.

OTtper

@ = 13700 Br/(M2.° C).

Peuwienue

Ilpn KoWfAencalldl BOASHOTO IHapa HA TOPH3OHTAJNBHEIX TPYBHLIX
nyuxaX, OOTEKaeMblX CBEPXY BHH3 YHCTEIM BOASIHHIM NapOM, 3HAYeHHs:
KO3 dHIHCHTOR TeMMOOTAAYH MO psiAaM TPyS MOXKHO ONpeeNHTb MO
caenyrollefl NpuGAHKEeHHOH MeToAnKe [26]:

I. TIpousBornTes mociefoBaTe/bHLIH pacyeT KoauyecTBa mapa AGa,
KOHAEHCHPYIOLerocst Ha TPYGkax Kaxaoro psaa, pacxoia mapa Ga u

KO3 ULUEHTa TeNNO0TAAYH @, N0 paaam. ITpu sToM
,
o, F At

AGp=—"T—,
r

Gpti=Gn— AGy,
rie coraacno ¢opmyne (8-7)

L ;
1501
Fn — niowans TTOBEDPXHOCTH Tensoo0MeHa paccMaTpHBaeMoro psajnaa

TpyG; @, H Wn — CKOPOCTIH MOTOKA Tapa Mepei MepBHIM H 72-M PAJaMH.
2. OnpepeqnsioTest MONPaBKH Ha BJIHsIHIE CTEKAHHS KOHJEHCATa MO

dhopMyJe

@ 10,16
n (ﬂ Ve (8-8)

wy

n —0,07
3, 46
=1
gn =\ ———— (8-9)
AG,
n
rre Z AG; — cymMmmMapHOe KOJIIIYECTBO KOHAEHCATa, CTEKAwIIero Ino
i=1
n-it Tpy6e; AG, — KonHuecTBO KOHAeHcara, o6pa3yrollerocs Ha n-it Tpy-
6e (i=n).
3. 3uauenne koabbulKHeRTa TENJOOTAAYH AJs 71-TO PSila C YUeTOM
BJMSHHA CKODOCTH Mapa I CTeKaHHS KOHJAEHCaTa ofnpefelsercss Kak

a = a’;: €. (8-10)

B paccMartpHBaeMofi 3ajade cHayaja ornpefeiseM .Ko3hbHUHEHT
TENJI0OTAAYK AJst HEMOABHXKHOIO mapa. ‘
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Pacuer Besem mo dopy

Jie -
[Ipn p=9,8 xITa t?)=p45,y5° C<8 h)-
1o tabJ. 8-1 Haxoaum: ,

A=13,7 1/(M-°C); B = 2,83-10—% m/Br.
Temuepatypuuii Hamop Al=fs—f,=455_35_ 10,5° C;
0,75 ) 5
a=g05 L 1 (3,75

(URAZ)"25 ' 2,83.10~ <

)
Xm——m o - _
(3,14.0,008.10,5)7-% — 11300 Br/(m2.2C),

VlIeT(I)’:{lc::;m};;)a(bdmuuema TeILI00TRAYN  1as MepBoro
3 M BJ 151 CKODOCTH napa senem
> 1o dopmyae (8-7)

ITpu ts=455°C 7=0,06 Y
xoC) s o 1\',71)}(/1?1‘. ;0668 xr/m?; p’=99] Kr/M3; 4=0,645 Br/(Mx

psiia nmyuka c

Nog—d LI3108160r
A 0,645 e

w2 ” e

o 10 % 352.0,0668-1,13.104
; :x P— .
gp’a 9,81.991.0,645 H7;

a1
=t _ 0,08 1, —0,5
o 28, 3T Nug ™™ o 28,3 (147)8 (987158 _ | ¢

1t
OTKY1a

oy =1,6ay = 1,6-11300 = 18 100 BT/(M2-°C)_

Koauyecrso Tapa, xoHaeHcupymomerocs na |

prna, M TpyGKH rnepBoro

AG, — @Atad1,811010,5.3,14.1,6. 10~
r 2393. 103 =
=3,98.10—3 Kr/(M-c),
111
AGy = 3,98:10-3-3600 = 14,3 kr/(v-u)

Pacxon mapa na | w 7 oK
:30-0,0668~1,25-O,Ol6-36b0:p1}6é\111<r/r(]§9?1(;.r0 PArs G- 3600~

Pacxos napa, ma | m TPYOKH Broporo psiga,
Gy = G, — AG; = 168 — 14,3 = 153,7 Kr/(M-u),
Tax kak mo ycnopusm sa
Pa10B TpY6 0aHHAKOBHL, TO st reo
w2 Gy _ 183,7
—WI —01 -7T8 =0,915 n w, = 0,915.35 = 32 M/c.

MeTpHYCCKHe XﬁpaKTerICTHI\'II BCCX

Coraacno dopmyac (8-8)

Ay / Y

0,16 0,16
o _( wl) = (0,915)*16 + 0,985,

172

U TaK Kak p, Af, r 1 d NOCTOSHEE O BCeM pfAlaM, TO
.
&)
AG, = AGy — =14,3-0,985 = 14,1 kr/(M-u4).
%
’
AnasoruubiM o6pasoM paccunTsiBaiotes sHauenus AGi, w: n a;/e;
no psAnaM. PeayabraTsl pacuera npHBeleHH B caeaymouledi niuxe tabuHue.

24
Ne paga Kr/(Q{m) w, M/c L Kr?(ﬁ'-q) € BT/(ﬁ’”’C)

Ay
1 168 35 1,00 14,3 1,0 18100
2 153,7 32 0,985 14,1 0,954 17 000
3 139,6 29 0,970 13,9 0,927 16 300
4 125,7 26,1 - 0,953 13,6 0,910 15 700
5 112,1 23,4 0,936 13,4 0,893 15 100
6 98,7 20,6 0,918 13,1 0,880 14 500
7 85,6 17,8 0,900 12,9 0,870 | 14150
8 72,7 15,1 0,875 12,5 0,861 13550
9 60,2 12,5 0,850 12,1 0,853 13 100
10 48,1 10,0 0,820 11,7 0,845 12 500
11 36,4 7,60 0,785 11,2 0,837 11 850
12 25,2 5,25 0,738 10,5 0,830 11050
13 14,7 3,06 0,680 9,7 0,822 10 100
14 5,0 1,04 0,625 5,0 0,814 9200

B 3Hauendst Ko3dGHUHEHTOB TEMJIOOTAAYd BHOCHM MONPasKy Ha
yMeHbIlleHHe HX 34 CYeT CTeKaHHs KOHJeHcara:

A A —0,07 14 14,1 y—0,07
EF(M) :(3+—] ~0,95¢4;

AG, 14,1
: a
&, =0y &, = &, — € = 18100.0,985-0,954 = 17000 Br/(m?.°C);
oy
AG AG AGy \—0,07 [4 14,14 13,9)—0,07
o, _ A0+ 4G, + 3) (48414014 ) _o.027
\ AG, 13,9
u

o3 = 18100-0,97-0,927 = 16 300 Br/(u2-°C).

Pesynbrarel mocaeaoBatesabHOro pacyera Ko3(OHLUHEHTOB TenJooT-
JauH Mo psigaM NpHBeaeHH B TabaHie Ha crp. 173.
Cpegunit xosdHUHEHT TemyooTHayn M BCero TPYGHOro nyyka

1 n
E‘ZT E a; £,
=1

rae Fiy — naomaib NOBEPXHOCTH TemJoofMeHa OTAENbHEIX pAAoB TpYO;
F— o6mas naowanb nopepxHoCcTH TenaocobmeHa., Tak Kax no ycjaoBHaM
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3apavn HOBEPXHOCIH IenﬂoOﬁMeHa BCeX pagoB OJHIIAKOBHKI, TO
’
n
— 1 ‘ ‘
o = — ;.
; H
=1

I
Taﬁmli);cyxl\mposan SHAUCNHA i, NpHBEJCNIbE B NocsegHEM croabe
» M PaSAGIHB STY CyMMy Ha uuCaAO pamom n=14, nafigem:

@ = 13700 Br/(m2.°C).

8-30.
e (ng_}‘giﬂggrb snatenne xosddunuenta Temnooraauy ans Tpy6u
§paro (eana. OCprxy) PAL3 KoHJencatopa, paccMorpennoro s 3ajaue
8 pa'aa oK pOCT 71apa lepef mepXimM pioM Tpy6 YMenbIIHIACh B
oubaad, a1 Kom{qeachbBHob]e YCIOBHA COXpaHeHbl 6e3 H3MeHeHH Onpene-

napa, Kouje o1
A e pa, AeHCHpyIomerocs Ha | M 57Ol Tpy6u,
CpasunTb pesy :
JIbTATHI

v 85b PacueTa ¢ NaHHBIMH, MOMYYCHHBIMH B 3ana-

Orser

Ipy w; = 35 m/c
Ipu w; = 17,5 m/c

%5 = 15100 Br/(M?.°C) AGy = 13,4 kr/(M-u),
as = 12450 Br/(m2.°C) n AGy = 11,1 kr/(m.u),

FTMTABA AEBATASR

TENNOOTAAYA NPy KMNEHMYU uakocTu

9-1.
I Tpggﬁﬁﬂf{gmb Kosdduuuenr TCIIOOTAAUH OT mapyxofi NOBepX-
MapuTens x xunsuwedl Boge, ecau TemI0Bas narpyska

TIOBEDXHOCTH Harpesa g=2.105 Br/u2
=2. T/MZ, pexxum i1
BOIIaOHaxOlIHTCﬂ MO JdaBJjieHHeM ,U=2-’10p5 I1a FHTCHIA Tystiprxonut n
TBET '

o = 18400 _Br/(m2.°C),

Pewenne

A
HHEHITT;;I;nrJII}(;Z}:EZE?{BOM KHl‘lgHHII XKHAKOCTH B GOJbIIOM 06beMme Ko3dbu
MOXeT OBITb OACYHTA : )
o RegAa Jit H 1o dopmyae [11]:

- 0,65 p.1/3,
Nu, 0,125Re % prl/3; (9-1a)
npH Re,<C10-2
— 0,5 1/3
Nu, = 0,0625Re-° pr'/2, (9-16)
rne
Re, = 2 ;
rp"v '
Nu, — o, ;
174

cpp’ T
v, €p, 7, A, @ H O — KlHeMaTHueCKHH KO3 HUHEHT BA3KOCTH, TelsoeM-
KOCTh, TelJoTa mnapoobpa3zoBaHHs, KO3(QHIHEHTH TEeMmJIonpOBOLHOCTII,
TEMIEepaTyPONPOBOAHOCTH H IOBEDXHOCTHOTO HATAMEHHA XHIKOCTH IPH
TeMIepaType HaceIeHHs fs; o’ H P” — IVIOTHOCTH XHIAKOCTH H Napa
npu temneparype lo; Ts — Temmepatypa Hacbilenus, K.

Gbopmyael (9-1a) u (9-16) cnpaeegausnl Ipu 0,86 <<Pr<{7,6;
10~2<CRe.<{ 10% u naBsaenun ot 45-10% po 175-10% Ia.

Iust Boab! 3uauenus [, u [./rp”v B 3aBHCHMOCTH OT TeMmeparyphl
npHeejeHnl B Taba. 9-1. :

B paccmarpuaBaeMoMm ciayuae npH p=2-105 [la TeMnepaTypa nach-
wennn £,=120,2°C; A=0,686 Bt/(M-°C); Pr=147. Ilo Ta6a. 9-1 ua-
XOIIM:
l,=14,08-10-% m u [,/rp"v=22,56.10—° m?/Br,

Uneano
!
Re, — ——*_ _ 9.105.92,56-10—¢ = 4,51,
rp”v
Tak kax Re.>10-2, to pacuer BeaeM no dopmynae (9-1a). Iloacra-
BUB 31a4eHHd Re« v Pr B oty dopmyay, Hailgem:

Nu, = 0,125 (4,51)%% (1,47)!3 = 0,378.
Kosdduuuedt Tennooraaun

A 0,686
@ = Nu, -~ =0,378 = 18400 Br/(m*-°C).

" 14,08-10—¢

9-2, Pewntb 3aaauy 9-1 npH YCJOBHH, 4YTO BOJA HAXOANTCA IO
AapacuueM p, pasHmM 1; 2,6 w 5 MIla. Onpegennutb TakXe pasnocTb
TeMnepaTtyp MexkJy IOBEepPXHOCTBIO HarpeBa I KHIsweR BoJoA Al=
={¢-—Is NIDH 3THX 1aBJIEHHAX.

Orser

Ilpu p=1 MIla ¢=22 600 Bt/(M2-°C) u A{=89°C;

npu p=2,5 MIa ¢=27 400 B1/(M%.°C) u At=7,3°C;

npu p=>5 MIla a=40 000 Br/(M2.-°C) u Af=5°C.

9-3. Onpeaenuts KoaQQHIKEHT TeMJIOOTLAYH OT HApYXXHOH NMOBEpX-
HOCTH TPYGKH MCMapHTessi, pacCMOTpeHHOro B 3ajaye 9-1, HpH ycJIOBHH,
.UTO TemsoBasi Harpyaka ¢=3.10% u 4-10% Bt/M2, a ocTa/jbHbe YCJOBHA
coxpaHeHbl 6e3 H3MeHeHHH,

Ortser

[pu g=3.10% Br/m2 a=24 200 B1/(M2.°C);

npu g=4-105 Br/m2 ¢=29 000 Bt/(M2.°C).

9-4. BoiBect opMyJb Ass TEIJOOTAAYH IIPH Ny3LIPLKOBOM KHIle-
HHH B GoabluoM ofbeMme, B KOTOPHX uilcjao Nu, fBAAJN0CH Gbl (yHKIHER
TeMnepaTypHOTo Halopa,

Ykaszanue. Jlas nonydeHHs yKa3aHHBIX 3aBHCHMOCTell cJaeayeT
B dopmynax (9-1a) u (9-16) npoussecTn 3ameny ¢ Ha aAl. Hanpurmep,

zanncas Qpopmyay (9-16) B Buze

! 0,5
al* _ 0,0625 (q—:‘) prl/G
A eV

175



H HCNIOJb30BAB PABEHCTBO ¢==aAf, MOTyyHM:

o
O
s X s At
~ al, o2 - 113
= <| &= N van—o «8B3FE IRILS . = 0,0625 V) Pr’ ,
= N %K& &Dccx’;ﬁ'.‘_??_?\:mooz\@ T ) o’
s x ' OTKY A8 , AL
al, 23
& x* = (0,0625) | —— P,
- rp
—_—
S X & o Caenosareqanto, popmyna (9-16) npumer BHA:
S 2% 2 Oooanl IR MAE
el BN Sl ©Q §§§B‘§ BEJEZ §2a=S U*:3,91'10_3(—T)Pr2/3.
2 o [Nl
N ~& A SoScs 53888 SS8S8S8 rev
[Nl e I S
] X Coocoo cocooco Scooso AnajornunbiM o6pasoM MOXHO mnpeo6pasoBath ¢opMyay (9-1a) n
& HaliTi npejesbl NPHMCHHMOCTH 3THX GOpMYJL
~ OtBer
o~ = H
= 2 o w© VO~ owrows RBRILJEL AL 13
- 3 ray; 8?‘383%@ N R Rl weaId Ilpu ——Pr'’°> 1,6
~ ¥ A N-00S 5953558 88888 rp"v
= =~ ©C cocooco oooos cocao AAt \1.%6
oo ’ 0,952
e Nu, = 2,63.10— 3< - ) pr-%2, (9-2a)
— - rp’v
= P
e o AAL 13
4 ° O ooocoo nps ——Pr'7 <« 1,6
o “ 2% 9532 SRIRE =2g88ses rp’v
; ~ ANAN QANANND HeRD5H
213
o Nu, = 3,91-10— 3( )P (9-26)
L=2
a x O QopMyant (9-2a) (9-26) mpuMeHHMBI B TexX e Mpelesax 4HCeJa
% Pr, Re. 11 naBaenu#t, uto u (9-1a) u (9-16), u npH ycAOBHH
e — LY oOhmoa woo ’
> . = [N Te)
<la | « Qs IRR @%g'&.‘: f:éugc; f;m_uz AAE 13 g
S - SRB BIS 0,05 < ——Pr" < 200.
= X rp
Hast Boab 3HaveHls kKoMmaexca Afrp”v 1/°C B 3aBHCHMOCTH OT TeM-

lnepaTtyphl npuBefeHst B Taba. 9-1.
9-5. OnpeleHTb TENNOBYIO HArpysxy I[IOBEpXHOCTH Harpesa mnapo-

rejepartopa NpH MYy3bIDbKOBOM KHIICHHH BOIBI B 60Jb1LIOM 06’beM€, €CJIH

{y
ro’v
/

: £ =% g y
= ~>§ §§§ §§:§E’§:{ °°A°°»‘\h°‘3:3i 8:?% BOJA HAXOMITCS N0 NABJEHIEM p=6,2-10° Ila, a TeMnepaTypa noBepx-
E L c:gmg SARBY BPSWN —oo HOCT?):se?eBa te=175°C.
= q =790 kBr/mM2,
2 Pewenune
» —
Ipu p=62-105 Ila £,=160°C; Pr=1,1; A=0,683 Br/(x-°C); no
= oo - 126, 9-1 HaxoHM:
= S8R /5N ca8RE RE Mrp"v=0,5261/°C; [, =1,73-10—% u.
o) 2
< = 8F gIz@va ~-g TemneparypHslit Hanop At=f.—?#;=175—160=15° C, Toraa
- AAE
= = 0,526.15 = 7,9
O 4
] BS3 2RR88 283398 ge8 . ME .y
- T T ——Pr'®=79(1,)!"=8,15.
5 rp’v
12—133 177
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Tax rax
ANt
rp’v
TO pacuer sejem 1o QGopMyie (9-2a):
Nuy = 2,63-10—3 (7,9)185 (| )982 __ 0,134,

Kozdduunent tennoorgauy g TENI0Bas Harpyska:

prif s 1.6,

A 0,683
@ = Nu, — = _ P00
T O g = 52800 Bi/(w2.o )
H —_—

9= alt =52800-15=7,9.105 Br/yz.

9-6.
woer Tp\(}%ﬂ{){;e{}:()e:;{;bxI(I?;I(Ij;q;liluuneUT TCIIOOTAAUM OT Hapy:Kiioi nosepx-
\ J eIl Bojie, Haxomsel
1oeT B ae, Cel NOJ fapJaenieM p=
4, IpH TCMIIepaTypax nobepxiocTH TPYOHI f¢, pPaBlibix 265, 2p70
»

275 C Oﬂpell ocC 0BO -
. CJHTb TaxKxxe 1o y
N H H eIl O TIOTOKa B 3 HX clio

ngeT
pH fe =265°C a=38 400 BT/(MZ'OC Cg=199 5
Tk (= 270° C a =76 800 BT/(M2-°C)?,qq=768 K%E%:;.'
g_P?H Oc=275 C a=123000 BT/(MZ-OC); q=1850 KB:T/M2
voxe s NPENCJINTL KPHTHUECKYIO Teronyio HarpysKy npu Kk
OabLIOM 00heMe Mox Aabseniem p= | - 105 [] p TICHHH
Ortger a.

Gup = 1,4.10% Br/u2,

Pewenye

Kpurnueckas
TEIJI0BAst Harpyska npu xume
HHH 2KHJIKO -
LIOM 08beMe MOXKeT GuiTh NOACdHTaNa 10 opmyse [11] aroen® Goa

= 119 p.—1/3
. Re*Kp 68Ar. Pr , (9-3)
Reyyp = Guep Ly
rp’v
5o "
® — P
Ar* =g T]; b p’ t .

OGosnavenns seex mesmany 1

¢ € XKe, 4To 11 B hopmysax (9-]: -

lflel(l?if??) i 59'26)' Popmyna npumernnya anpO!S\éEIl;S AR

aeunsx 1105 p<< 185+ 105 [14. SIS Is
I3 pacemarpinacmon caydac
mpH p=1-10% ITa £,=99.6°C. v -

060 a /o A KF/MRQQ,G C; v=0296-10-5 M?%c; Pr=1,76; o =
ITo taba. 9-1 naxonuw:

Il gap-

)

I, =50,6-10—5 b an ins
oy = 130-10—5 a/By,
178

Uiiesio Apximena
Lo —p (5,06-10—%) 960 — 0,59
Ar* = g e = 9)
vE p’ (2,96.10—3)2 960
ITo dopmyae (9-3) HaxoanM: '
Re .. = 68Ar'/Y pr=1% . 68 (14,4)"Y (1,76) 71 = 184
*KD *

= 14,4.

"

o
qup = Re*}(p / = 184

*

300 = |41-10° Br/w,

9-8. OnpepenHTh KpHTHYECKY!O TEMJIOBYIO HArpy3Ky NpH KHIEHHH
BOALI B GosblioM oGBeMe, ecal BOAA HAXOIHTCA Mol HAasJjeHneM p=75
1 15 MIla. CpaBHHTb pe3yJbTaThl pacuera C OTBETOM K 3agaue 9-7,

OTser .

Ipu p=1-10% Ila qxp=1,4-10¢ Bt/M2; npu p=75-10° Tla gxp=
=4,1-10¢ Br/m?%; npu p=150-105 [1a g«p=3-10¢ Br/M2.

9-9. BroiuHcauTh (NpHOJHXeHHO) HauGoJbllee 3HayeHHe Kos(HIN-
enTa TemICOTAAYH MNPH NY3LIPbKOBOM KUNEHHH BOAM B GoAbWIOM 06D~
€Me, eCJH [JaBJIeHHs BOAB paBHH coorBercTBeHHo 1:10% u 75.10% Ila.

OnpenenuTth TakXKe TeMNepaTypbl NOBEPXHOCTH HarpeBa, NpH KoOTO-
pHIX AN 'YKA3aHHHIX [aBJEHHA HAaCTynaer TJEHOYHBIH PeXHM KHIeHHS.

ITpuMmeuanne [lpu onpeneseHud KPHTHYECKOTQ TeMNepaTypHO-
ro Hanopa Afxp= (fc—Is)xp MOXKHO BOCNOJIH30BATHCS OTBETAMH K 3a-
nayam 9-7 u 9-8. 3HaueHHe Oxp MOXHO OLEHHTb No ¢opmyaam (9-1a)
H (9-16).

Oter

Ipn p=1.10% Ila axp~ 60000 Br/(M2.°C); Afp=~23°C n fex
2~ 123°C,

Npu p=75-10% IMa awp=2,4-10% Br/(M2.°C); Atip=17°C u .~
~307°C.

9-10. Ha noBepxHOCTH TpyG6H € HapyXHBIM auaMerpoM d=238 MM
u pmuno#i /=05 M xunur Boja noax AapienneM p=49-10% ITa. Tpy6a
C BHYTPEHHell CTOPOHH oGorpesaeTcsl 3JeKTpoHarpeBaTeseM. MollHocTs,
sarpayHsaeMasi Ha oborpeB, W=7 kBT.

Ornpefenuth TeMIepaTypy HapyXKHORA NOBEPXHOCTH TPYGHL.

Ortser

- fg=159°C.

9-11. Onpepenuts HeOGXOAHMYIO NJIOIAAb NOBEPXHOCTH Harpesa
KOT/ia [pPOM3BORMTeNbHOCTHIO (=4 T/u napa npH JaBJeHHH pP=
=15,7-10% [Ma..IlpeanonaraeMuifi TeMnepaTypHblil Hanop

At =t,—t;,=10°C.

Orset
F =16 M2,
9-12. Kaxo#i TemnepaTypHbiii Hanop Heo6XoAumMo ofecneudTb B yC-
n0BuAX 3amaud 9-I1, aas Toro uToGH YBEJNHYHTH MNPOU3BOAHTEIBHOCTD
KoTJia B 2,5 pasa npH TOH XXe NJIOIaAH MOBEPXHOCTH HarpeBa F=6 M2

Orger
Af=13,8°C, VsesnHuenue TeMnepatypHoro Hamopa c¢ 10 po 13,8°C

NPHBOAHT K BO3PAaCTaHUIO MaponpoH3BoAuTeJbHOCTH ¢ 4 po 10 T/4.

12* ) 179



9-13. Ha HapYXHOA nosepxuocTy TpyOLl KHOMT Bopa noj aasae-
HueM p=3,3 MIla. [LroTaoers TCINIOBOrO OTOKA 1ig oBepxHoCcTH Tpy-
661 g=1,75.]105 Bt/Mm2,

Onpeneanrs TCMIECPATYypy 1oBepxuocTy TpYGH: a) ecau noBepx-
HOCTb yiicTas; 6) ecay TOBEPXHOCTL TpPy6rr [IOKpBITA OKCHAHON NJIeHKOH,

TEPMIUeCKoe conporiBaene KoTopoli R=
°Cl¢ °Cl¢
260 260R\E
13

=7,75° C-m?/Br. ITpu pacyere OPHHSATD,
ITO 3a  cyer wepoxosaTocTn OKCHAHOM
IIeNKH KOSQQHUMEHT TemIooTaayn na ee
1IOBepXHOCTH BO3pacTaer p 2.5 pasa mo
CPABHEHWIO ¢ KUNERHEM Ha yHCTol noBepx-
HocTH [8]. ‘
Otser
250 I[Ipn kunewnn na uperog NOBEPXHOCTH
x te==245°(C. Ipu naanyuy OKCHAHOW TJel-
KH f.=~255°C, Coorsercrayiompue pacnpe-
ACJICHHS  TCMICDATYD moKA3aHbl f1a pHC.
240\
230 230

s Pewenne
a) Ecan nosepxuocts TpyObl 4YHCcTas,
TO pasHOCTL Temmeparyp MEXAY CTeHKOi
H KHOfe! KHAKOCTbIO te—ti~=qgla u xo-
f) sppuuHenT TEIJIOOTAYH, BXOASIUHI B 5TO
Cooriomenye,  onpegeasteM o bopmyae
(9-1a) nau (9-16).
Ilpn p=3,3" MIIa 1,=239,2°C; [, =
=0,0699.10-6 M Llro"v=0,0163
X10-¢ m2/Br, A=0,629 Bt/(M-°C); Pr=
=0,87.

)

SR

al

25

]/
TR

Puc. 9-1, K 3ajgaue 9-13,

Uncao

!
Re, — —2L= = 1,75-10%.0,0163.10~% — 2 g§.10—3_
o'y

Tak kak Re.<<10-2, 10 uneng Nu. ompenensem mo (9-16):
Nu,_=0,0625Re® Pr'/* — 90625 (2,86-107%%5 (0,87)14 = 3,19.19-3
Kosdpguunent TeII00TAaYH
A 0,629
=N —:3,19-10—3'\:3-1048 2.°C
*=R T 0,0669- 10—o T/t

*

H HCKOMUIT TeMmepaTypubti Hanop

q 1,75-10%
bo—tg= " =22 7 83°C
C s a 3104 Sr 3 ’

OTKYyAa
te=5,83+239,2 ~ 245°C.

6) C YUYETOM AONOJHHTCIBLIIOTO TePMHYCCKOro CONPOTHBAECHHS OK-

CHAHOH MJICHKH te—ts=q/k, rae, IpHOIKENHG ApuHMay Kak 4SS 11410~
CKOH CTCHKH

1 —

I
— +R
(04

k=

180

0 HCTIOJB2YS YCJAOBHR 3afauH .
a' =2,50=2,5.3,10¢ =7,5-10¢ Br/(M2.°C), monyyaem:

1

b =1,1.10* Br/(m?.°C);
——— 4 7,75-10—%
7,5-104
L1058
PR RS V13 L
e T, 1,1-104

te =159+ 239,2 ~ 255°C.

0
9-14. Peiunts 3agauy 9-13 npu ycnoBHM, 4TO HJI(Q)THOaC;‘: 1‘(er1203)3€c’);<
MOTOKA HA NOBEPXHOCTH TPYOHl YBEJIHYHJIACH g ;;[ HeHH(Z( ,
. X105 Bt/M2), a Bce ocTa/bHble AaHHble OCTAJHCh 6e3 HiMe .

TBET ) e
(F)Ipn KHIIEHHII HA yHCTOH NMOBEPXHOCTH TeMIepaTypHBfl Hamop y

 anres s V2 pas u tcz%ﬁf;{%{ b 9700 C
H HaJHYHH OKCHAHOH N ¢ R - » i

.gI-PI)SIHB Tpy6e- BHYTpeHHHM JHaMeTrpoM d=18 MM nB;meT::JIé\HHEM
mas Bojla ¢o cKopocThlo w=1 M/c. Boaa Haxoautcs mop I
=8 105 5 KH-
g SOL?JGE}JIHTL: 3HaueHne Kosddiiienta TenJI00 TAAYH 2:;1‘:1{\1%”&1(&:
nfWe Boje, eCAH TeMnepaTypa BHYTpeHHeli NoBepXHO D3
=173°C.

OrtBer .

a = o, = 8040 Br/(M2.°C),

ICHHE . )
IF_'I;H BBIHYXJICHHOM JABHXEHHH KHNOAILEH XHAKOCTH B pr6ax B YC

03~
A0BHAX, Korja XKHINKOCTb HarpéBa A0 TeMNepaTypbl HaCblI(I)ﬂe:;H&);{PM%)I-
&)HHHQH,T TeNJ100TAa4YH MOXeT ObIThb MOACYHTAH MO craenyoour

aam [117:
o
HPH_H < 075
o

w
o =y, (9-4a)

a
npn—“ > 2
Qw
o= g (9-46)
<o

<
npu 0,5 %

o 4oyt ok (9-48)
Qy - Bty — Clyk ’

Hns-
' TAC O — KO3 OHIHCHT TENJAOOTAAYH TP Bbmymneau()o;ﬂn:q};mgggnpzafw
el MHAKOCTH B TPYGax; ox — KOSQQHLHEHT Teng A des
TOM NYy3BIPbKOBOM KHMEHHH B GOJIBLIOM 061?6Me,£1?03¢)¢munem Dapity-
aamu (9-l1a) u (9-16) uau (9-2a) u (9-26); afxoﬁ A e,
oTaauH npH TypGy/leHTHOM ABIIKeHHN OfHOda3
onpegeasieMblit gopmyaolt (5-7). "



Gopmynsr (9-4a) —(9-4n) CNPABEANIIRLL ANA BOAB NPH AABACHHSX

or 1-10% no 8G-10% I1a, ckopocrax or 0,2 no 6,7 M/c 1 npn o6wmemuon i

napo&onepmmmn f<<70%.
peiensem sHauenue Ko3aumIeHTa TemnooTaay
OnHODA3HON  KHAKOCTH Guw. [lpn p=8.10° HalI tsH= F?I;)(;{liélél'mf:g
=0,181-10-% M2/c; D =0,679 Br/(m-°C): Pry= 1,05, T
Hpu te=173°C Pre=1,04. Uncso

wd  1.18-10—3
Ve 0,181.10—6
Mo dopumyae (5-7) naxomum:
— 0,8 : 5
Nu, = 0,021Re,; Pr?\g43 (I—"rm/Prc)o-20 =

Reyy = =99 400,

1 0,25
= 0,021 (9,94-10") (1,05)"43 (—(&> =213;

1,04
C1e10BATETbHO, KOSDOHIHEHT Tena00Taa K
Yo 0,679
Ay = Ny ——— = —_ o
w T 213 1810 = 8040 Br/(m2.°C),

" OupenensieM suauen
J He xospduuncHTa TennooTAaud npH O
BOM KHICHHH B 60JbLIOM 06beMe . 8 Pi TysHpLKo

TIpn £:=170,4° C no ta6n. 9-1 uaxomwm:
Ly =1,07-10—¢ u;

=44,2.10=2 1/°C;

rp’v
A =tg—t, = 173 —170,4 =2,6°C;
AAL 4.9 .
o' =44,2-10—2.2,6 = 1,15;
AAL
Pl . 13 _
o'y r 1,15-(1,05) = 1,17 < 1,8.

Pacuer Besiem o opumyae (9-26):

Nu, = 3,91.10-3 ( rai
ro’v

) Prf = 3,91.107%.1,15 (1,05)%° —

=4,67-10—38,
Koapdmunent rennoorgaun

A 0
ax = Nu, :’ = 4,67-10—3 LU}%“ = 2960 Br/(m2.°C).
OnpencisieM oTHOmenune KOSPQUIHEHTOB TETVIOOTAAUH  O/0tyy:
ox 2960
v 8010 0,368.

Tak kak av/aw<<0,5, To o (9-4a) nHTeHCHBHOCTD TenmooGmena on-

pEAEJISIETCH HEeJTUKOM BblHy)KﬂeHHI)IM BHXEeH

He = =
—8040 B/ (v2-°C). 8 Yo emms
182

9-16. Onpenenuth 3uavenne Kodp@HUHEHTa TEMNOOTAA4YH NPH ABH-
KEeHHH Kunsiuiell soaw B TpyOe B ycaoBusx 3agaun 9-15, ecin temme-

f paTypbl BHYTPEHHE{l MOBEPXHOCTH CTeHKH TPYObl PaBHhHl COOTBETCTBEHHO
te=175 u 180° C.

OTBer

Tpu £.=175°C a=9150 B1/(M2-°C);

npH tc=180°C a=25 200 Bt/(m2-°C).

Pemenne

a) te=175°C. Ilpu pas’HuHLIX TeMmmepaTypax CTeHKH kKo3dou-

| LWMEHT TeIVIOOTAAYH NPH ABHXEHHH OAHO(DA3HOA KHAKOCTH H3MeHAeTCS
[ TOJBKO 33 CYeT Pa3AUUYHOTO H3MeHeHHS CBOMCTB JKHAKOCTH MO CedeHHIo
f  [10TOKA,
I Pre=1,03 1, Tak Xe Kak B ycnoBuaX 3anaud 9-15, (Prw/Prc)02x 1.
¢ 113 pewenns 3anaun 9-15 nMeeM:

yTO YyuHThiBaeTcA nonpaBkKoR (Prw/Prc)25. Tlpu fc=175°C

g = 8040 Br/(M2-°C)’

OnpenensieM 3HaveHHe Ko3bbHIUHEHTA TEMJIOOTZAYH MPH My3bIPpbKO-

4% BOM KHMeHHH B GoaLIIOM o6beMe:

At = tg—ts=175—170,4 = 4,6°C;
AAt

— = 4,6-44,2.10—2 = 2,03,
ro'v

AAL
Tak kak o > 1,6, pacuer BeaeM no dopmysie (9-2a):
Y

AA )1,86 py0,952 _

//,V

Nu, = 2,63-10—3(

=2,63-10—2(2,03)-% (1,05)%%% = 1,017.107%

A 0,679
= — =1,017-10-2——— = 6450 B 2.2C).
ay = Nu, i L 07-10 1/(M2-°C)
OTHoueHne
oy 6450
=—=0,8.
[+ 9 8040

Tak kak 0,5<<ou/dw<C2, To coracHo (9-4B) UHTEHCHBHOCTbL TEMJIO-

& obmena onpenesaeTCca KaK BBIHYXXICHHRIM JBHXKEHHEM XHIAKOCTH, Tak
- W MPOLIECCOM KHIIEHHA H

o 4ay+ag  440,8

_a: " By —oax  5—0,8

=1,14;

creoBaTenbyo, a=1,14 a,=1,14-8040=9150 Bt/(M2-°C).

6) Tlpu ¢:=180°C Prc=1,00 H, Taxk »e Kak B C/yyae «a», MOXHO

NPAHSITh:

ay = 8040 Br/(M2-°C),

OnpenemeM 3HauUcHHE KOS(;b(pHLU'IeHTa TenJIooTAaYH NPpH MYy3LIPbKO-

“ BOM KlineHnn B Gonbuiom obbeMe

Af = to—t=180—170,4 =9,6°C
183



H, TaK XKe KakK B cayyae «ax,

M
Ry
1103TOMY
Atg \1,8 9,6 1,8
o = @ — L0 A _ o
« H,a( Afﬂ) 6450( 5 ) = 25200 Brj@t.o0),

Otnoluenue
25 200

—_—

8040

Cornacio (9-46) uuTeHCHBHOCTD TeNoo6MeHa B 3TOM cayuae on-
PeleNaeTCs LeJHKOM NMPOLEcCOM KHIeHHs U

& = ax = 25200 Br/(m2.°C).

was S;:Zé 120 TpyGe BHyTpeHHIHM/mlgMeTpOM d=38 My ABHXKeTCH Kuis-
CkopocTbio wW=1 M/c. Boga naxogur =
¢ JHTCS TIOJ AABJEHHEM p=
o qﬁ)l?pcnemnb TCIIOBYI0 HArPY3Ky ¢, Br/M2, n xoadduuuenr remio-
AQUH OT CTeHKu K Kunsedi Boge, ecan TeMIepaTypa BHYTpeHHell no-
BepXHOCTH Tpy6bl /o =236,9° C.
OtBer

g=2-10° Br/M% o =y =2,9.10% Br/(M2-°C),

o 9T18. uOnpe;Lenmb TEMIEPATYDY fc BHYTPeHHEH MOBepXHOCTH TPy 6k,

OTOPOH ABHIKETCS KHIAIIAST BOJA, eCJH TellIoBas Harpyska IoBepx-
HocTH g=45-105 Br/n2, cKopocTs n AaBJeHIIe BoAB w=4 M/c u p=
=1,57 MITa u BuyTpesnni AHaMeTp TpvOLl d=12 mm.

Oteer
At=10°C; = 210,4°C.

9219' Onpeaeantn KoaddruuenT renaootaaun i TCMICPATYPY BHYT-
gclmeu TOBCPXHOCTH TPyObl TPH KHUCHULL BOALI B TpyGe miaMeprM
=38 MM, ecau I.I0THOCTS TerJ0BOro HOTOKE'Q:Q- 10> Bt/Mm2 CI;O OCTh
W 1aB.JaeHHe BOAB w=1 M/c, p=2,8 MITa. o P
OrBet

Ak
gy

~3,14>2,

@ = 29000 Br/(M2-°C); #,=237°C,

o B9-20. 6I\aK H3MEHHTC KO3ID(HUHEHT TemnooTaauy NpI KHIIGHHH BO-
Tpybe nuHameTpoM d=20 MM HpIl NOBMHUEHHH Tend0BON HaTPY3KH
NOBEPXHOCTH HarpeBa or ¢=>5-104 go g=1.105 Br/m2, ecam ckopocts
ABHKCHHS BOAB w:=5 M/c 1 gaBienne p=2-10° [Ta,
OtBer
Koadduunenr temnoor
4aYH He H3MeHHTCA. B oBonx c =
=25 600 B/ (m2-°C). e e
9-21. OnpenenuTs aHaueHne mioTHOCTH TENJIOBOTO MOTOKA, HpH Ko-
TOPOM B yCIOBHAX 3agayn 9-20 NpoOHCCC KHNEHHs HIKOCTH HayHeT oKa-
3era(T)b BJITSIHHC Ha HITCHCHBHOCTB TECNA006MeHa.
TBET

g=1,15.105 Br/m>.

. 9-22.'6}(61( H3MEHHTCH KOpQHINENT TemI00TAa Il lIDH KHIOEHHH BO-
Abl B Tpybe nuamerpom d=38 MM npu nosuimenn CKOPOCTII JBHMKCHHS

184

pogbt or w=0,3 M/c 1o @=3 M/c, ecan TennoBas Harpy3ka [OBepX-
noctn marpesa ¢=2,5.10% Br/m?2 11 gaBaentie Boasl p=7,5 Mlla,

Oraer . .

KosthduuneHT TtennooTgaun e n3Menurcs. B ofoux cayvyasx a=
=60 000 Bt/ (m2-°C).

9-23. OnpeneanTbh CKOPOCTb ABHXKEHHS BOADL, NMPH KOTOPOH B ycJo-

BHAX 3ajauil 9-22 BbIHYKJACHHOe JABH2KEHHE HAaYHET OKa3biBaTL BJAHAHHE
Ha HUTEGHCHBHOCTD TemaoobMena.

Otser
w==6 M/c.

TNABA ABECATAA

TEMNOOBMEH U3AYUYEHMEM MEXAY TBEPALIMU TENAMMY,
PA3AENEHHBIMM NPO3PAYHOW CPE[OM

10-1. Onpeaeqnth H3JyuaTeNbHYyI cHocoGHOCTL NoBepxHocTH CoJiH-
na, ecay H3BECTHO, YTO ee TeMnepaTypa paeHa 5700°C H yc/ioBua H3Jy-
yeHHs G6JIH3KH K H3JydeHHi0 ab6CoJIIOTHO YepHOro Ttena. BeiuncauTs Takxke
JUIMHY BOJIHBI, MPH KOTOPO# GyxeT HaGMIOAATbCA MAKCHMYM CIIEKTpab-
HOH HHTEHCHBHOCTH H3JyuYeHHs H oflllee KOJHYECTBO JYYHCTOH 3HEpTHH,
ncnyckaemoft CosHueM B eANHHUY BpeMeHH, ecaH JaHaMerp CoJHua
MOZKHO NPHHATb paBHbIM.1,391-10° M,

Otser

E,=72,2.10% Br/M2%;  Ayaxc = 0,485 MkM;
Q = 4,38.10% Br,

10-2. [ToBepXHOCTb CTaJIBHOTO H3JeJHS HMeeT TeMNepaTypy fec=
=727° C u cTenenb 4yepHoTh &.=0,7. H3nyyamomyo NoBepXHOCTh MOXKHO
CYHTaTh Cepof. .

BblyHCIHTL MIOTHOCTH COGCTBEHHOrO H3JyYeHHst MOBEPXHOCTH H3ze-
Jist ¥ JAJHHY BOJHB, KOTOpoH OyleT COOTBETCTBOBATH MaKCHMAJbHOE
3HaueHHe CINEeKTPaJbHOH HHTEHCHBHOCTH H3JyYeHHS.

Orser

E = 3,97‘104 BT/MZ; A’MaKC = 2,898 MKM,

10-3. HafiTH MaxcHMaJibHble 3HAYEHHs! CIEKTPaJabHOH HHTEHCHBHO-
CTH H3JyYyeHHS AJs ycioBHil 3agay 10-1 u 10-2,

Orser

— .1018 3. = .10° 3
Jomaxe = 9,94-101% Br/m3; Janage = 9,15-10° Br/m3,

10-4. Onpenenutb, Kakylo RO H3NydeHHs, Magawuwero ot abco-
JIOTHO YePHOro HCTOYHHKA, 6yAeT OTpaXaTh MOBEPXHOCTb MOJHPOBAaH-
HOTO aJIIOMHHHS IpH Temmepatype (=250°C, ecnu H3BecTHO, YTO HPH
3TOR  TeMmepaType HajayyaTesbHasl CNOCOGHOCTh MoBepXHoctH E=
=170 BTt/m2. TeMmepaTypa HCTOYHHKA YEPHOrO H3JyYeHHS paBHA TeM-
nepaType MOBePXHOCTH aJIOMHHHS,

Orser

R=10,96.
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o 10-5. TCMnepoaTypa MOBEPXHOCTH Terd, KOTOPOe MOMKHO CYHTATh Ce-
puiM, papna 827°C. Ilpu stoii TCMIIEpaType MakciMaablioc 3nayenue

CIICI\'T])HJII}H()I”X HHTCHCHRNOCTH I3AYUCHILs
Jisage = 1,37-1010 Br/u2,

HaéyOnpeu‘e‘m{Tb CrerneHb YEePHOTBl TeJa u JUIHHY BOJIHBI, npu KOTOPO!’I
VI(I;).;‘TI;L(?:LH MaxkCHMym CriekTpaJsbHoi UHTCHCHBIOCTH naayueris,

€=10,65 Apaxc= 2,634 MKm,

- .
10-6. IlpuGop ans H3MCDEHHUA BBICOKHX TEMIIEPATYD — ONTHYCCKU] -

HPOMETP — OCHOBAH Ha CPaBHEHHH §PKOCTH HCCTTelyeMOro Teja ¢ sip-
KOCTbIO HNTH wnakanuBamus. [lpuGop NporpajlyHposail mno H3x qe}m[r)o
abcosoTIIo YepHoro HCTOUHHKA, H NO3TOMY OH H3Mepsier TeMnegaT

KOTOPYIO HMeN0 6Bl aGCOMOTHO YepHOe Tedo PH TOH e SIPKOCTH ngxfl)y,
deiHs, Kakolfl ofnapaer uccaenyemoe reso. B NHPOMETpe HCMOJIb3 eTcy
KPacHbl CBeTOPHABTD (A=0,65 MKM). yerer

Kakosa rcrnnnas remneparypa Tena, cen THPOMETD 3aperucTpH- .

0):] °
gaaig g%lgnepaTypy 1400°C, a crenenn uepuoTH Tena npu A=0,65 mxu

Otger
t=1467°C.
Pewenne
SIprOCTb HecaenyeMoro Tena
el B 1 €& c A8
Ay T T pee/AT _ 1 ’ lj

rae T — aGcomorhag TeMIIePaTypa HCCICAYeMOro Tea.
SIprocTh abeomoTHO YepHOTO Tena

Bt _ 1 _eghs
OR n on ecglkTo_l'

rne To— aBcomorHas TeMnepaTypa uepHoro Tesna, npu B, = B,, 310
TEMIEPATYPA, KOTOPYIO NMOKA3LIBACT ANPOMeET). g’ *
Tak xak B namem cayuae c2/ATo=13,2, 10 e%/ATO 3HAUYTEbHO
6oabuie exuHuner. IlosToMmy B dopMynax s 3HaMeHaTesNe eLHHUIEH MOX-
HO mpeHeGpeun 10 cpasuenio ¢ /M
Hs yenosns By =B o, nonyuny:

\.7
U N Y
T 0 Co " g, "’
OTKYyZa |
T— L _ I
B I 1 0,65-10—5 . -
To Cg 8& 1673 1’439_10_2 * ,31 lg—o,e
=1740 K.

Temnepatypa Tena
t = 1740 — 273 = 1467°C,
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E. Thl HANDABJICHHOrO H3JYUellisl €

H HOPMaJIbIo K IIOBCPXHOCTH,

10-7. OnTHyeckHii MHPOMETP ¢ KpacKbIM cBeTOMHJILTPOM (cM. 3aja-

f uy 10-6) sapernctpuponaJ Temmepatypy fo=1600"C.

[afitu crtenenb uepHoThl HecheAdyeMoro teia npu A=0,65 Mkm, ecnu

 H3BECTIIO, YTO ero HCTHHHAs TeMMNepaTypa ¢=1700° C.

OrBeT
g, = 0,55,

10-8. Temmepartypa Tesa H3MepsieTC ABYMSI ONTHYECKHMH IHPOMeET-

} paMH C pasHbIMH CBeTOQHJLTPAMH. B mepBoM MHPOMETpe YCTAHOBJEH
E kpacCHBIB  CBCTOGHIBLTP

(A1=0,65 MKM), BO BTOPOM — 3eJeHbIH (Ao=
=0,50 mMkm). TemmepaTypbl, MOKa3blBaeMble MNHPOMETPAMH, COOTBETCT-
BEHHO paBHBL: fo1=1400°C u fo3=1420°C.

HafiTh HCTHHHYIO TEMIEpPAaTypy Tesa M €ro CTeneHb YepHOTHI, CYHTAs
TEJO CEPbIM,

OTtBer
{=1492°C; e=0,71.
Peuetine
Ucnonbayss dopMyasl, nosyuenuile B pelweunH 3agauy 10-6, MoxHo
E samucarth:
1 1 Ay ]
—_— = In—;
To T Cs €1
1 1 \ 1 (1)
- ——=——1In-—
Toa T s €r2

Ilnst ceporo Tena £31=8yo =€. W3 cucremul (1) moayuum Bnipaxe-
ue gas1 7 i g: :

}\‘ .
x—l —1
T = * ; @)
M L1
M To Toy
Ine — C2 (Tor — T2 i 3)

To1 Toz (A1 — 2a)
ITojcrasuB B (2) ¥ (3) 3afaHHHeE 3HAueHHs) BEJHUNH, HaleM:
T =1765K; =1492°C; &=0,71.

10-9. Hafity cooTHuoLICHle MeXAy OTHOCHTC/BHLIMH H3JydaTesbHbI-
MH crocOGHOCTAMH B moJychepy ¥ B HOPMAJbHOM HANMPaBJAEHHH AJf MO-
BepxXHoOCTl okHCaeHHO! Meau npH 130° C, ecin 1H3BECTHO, UTO:

a) b npepenax yrna 0<C¢gp<C60° n3nyueHue OKHCJEHHOH Mean Moa-
uHHseTCs1 3aKoHy JlamBepTa, npuuyeM B 3TOM HHTepBAJe CTeNeHb YepHo-
=0,8;

6) B mpegcaax yrma 60°<C@p<C90° morsomaerca 679% Bcero uaza-
IOLLEr0 B HTHX HANPABJEHNAX 13JyueHNs OT abCOJMOTHO YEPHOTO HCTOU-

E HHKa, IMCIOUICTO Ty e TEMIEpaTypy, 4TO H IMOBEPXHOCTb OKHC/IEHHOH
E Menu.

I pPHMedYaHHeE @—Yyrog MeXiay MNpPOH3BOJbHBIM HanpaBJe€HHeM
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Oteer
&/ey_y=0,96.

Pewenne

OTtHocuTe bHAs H3AydaTenabHas cnocobuocTh B moaycdepy (cTeneHb
4ePHOTH) MO ONpeAeieHHIO

E

eE=——
EO
HanyyatebHyo crnocofHOCTb B noJdycdepy Has OKHC/IEHHOH Meju
MOZKHO Bpr'd3HTb 'IGpC3 HHTCHC‘}IBHOCTb HBJI)"ICHHH:
E= | J(pdm:j Jpdo+ | U, do,
(2m) (@) (2n—0,)

rie o — TeJCCHLIH yrod, B KOTOpPOM CTENEHL 4YE€pHOTL HaNpasJCHHOI0
I3JYYCHUA NOCTOAHNA.

Yunrpisast, uto J o = &, Joo ¥ Joy=Bo cos ¢ (By — sprocTb uaayue-

Hius aGCoMOTHO YePHOTO Teaa), neprbli HHTETPAT MOKHO BHPA3NTh e
AyoulimM obpazom:

[ Jodo—=e, B, [ cospdo.
((l},) (mx)

Bropo# uuTterpaa no 3axony Kupxroda pasen:

Jodo=24" [ Jy,do=A"B,

[ cosgdo,
(2m-a@,)

(2n=-w,) 2nlw,)

rie A’ — norJowaTebHas crnoCoGHOCTb, OTHOCSLIAsiCH KO BCeMy Magaio-
LeMy B TeJIeCHOM yriie 271—@; YepHOMY H3JYYEeHHIO,
Tak kak do=sin pded?y, To

T 1
m 3 w7
E=¢,B [ dll}g sin pcos pdg = A’ B, GY 8 | singcospdp =
n
3

3 1
:SQJBOTTC—}—A BOTJT.

To 3axony JlamGepra Eo=Bom. OKoHUATEIbIIO NONYUUM:
3 {
— I 4 —_
£q B, 7 " A’ B, P

S it ol
e =g — —_— = —
¢ B, v g T °

1
+ 0,67 = 0,7675.

OTHociTeabHast H3ayvaTeanilas cnocobnocTh B HOPMAaabHOM Hanpas-
JeHHN &4,_o=8;, =0,8. Heromoc othomertie:

a/a(p:O =0,7675/0,8 = 0,96,
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10-10. ToBepxHOCTh, MOKPHITAA CJlOeM JAMIIOBOA CaxH, HNyuaeT B
HanpasJleHHH HOpMasJu B eQMHHUEe TEeJECHOTo YIia JIYYHCTYIO 3IHEPTHIO
Jq,zo =1,87-10% Br/(M2.cp). TlornowarespHas clocoGHOCTL CAXH AR
uepHoro uanydeuns pasHa 0,96. Oupenenuth TeMHepatypy 2Toii NoBepx-
HOCTIB noJaras, 4To AJf JaMNOBOH caxXH crApaBeAius 3axkoH Jlambepra,

TBET

t =300°C

10-11. OnpefenuTb NJIOTHOCTb COJIHEYHOTQ JIYYHCTOTQ IOTOKA, Na-
[JAINero Ha TJIOCKOCTb, HOPMAaJbHY0 K JyyaMm COJHUIA U DAacnoJOMeH-
HY0 3a mpefesaMu atMmocdepnl 3eMian. HM3BecTHO, uto Haayuenue CouH-
ya 6JH3KO K H3/JydyeHHI aGCOJMIOTHO YepHOro Tesa C TeMiiepartypofl fo==
=5700°C. Huamerp Coanua D=1,391-106 kM, paccrosHie oT 3eMJH
1o Connua [=149,5-108 xm.

OTser

Euan = 1550 BT/MZ.

Pewenne
TTy0THOCTD NMajaloulcro COJHEYHOTO JYHHCTOTO NOTOKa onpejenser-
cs o ¢opmyne -

Enan = Bd(l) R
rie B— SIPKOCTb COJIICUHOIO H3JYUCHI, dw — TeaecHbI i yroJ, nox Xo-

TOpLIM eflIHHYHAs nuowaaka «BuauT» CoJHue.
SIpKOCTb COJIHEYHOrO H3NyueHHsd

/ TO 4
awry
s By “V00)
4 T
Tenechblll yroa
D2

T—

do = T .

C y4eTOM 3THX COOTHOLIEHIHT

4
0 2
C"( 100 ) "D 5 67(59,73)0 1,301
n4/2 o 4.149 47

10-12. HckyccTBeHHb#I cnyTHHK ofJeTaeT 3eMa0, HaxXolsch Ha ee
aucBnol cTopoHe. CnyTHuk uMeer ¢opMy mapa. Ilormomaresbras cno-
cOGHOCTD TOBEPXHOCTH CNYTHHKA A/ TaZAaloNleTo COJHEYHOTO H3ayue-
HIiin A, a ¢€ CTCCHD UCPHOTH E.

OnpejesiuTh TeMIEPaTypy NOBCPXHOCTH CIIYTHHKA.

[IpunsaTh, YTO BHYTPH CIYTHHKA HCTOYHMKH TEHJOTHl OTCYTCTBYIOT,
a TeMIepaTypa NOBEPXHOCTH BCioay onumakona. OTpaxeHHoe OT JeMun
CONHeHHOe U3JgYyueHHe H coOCTBEHHOE H3nyucHie 3eMal He YYHTHIBATH.

Oteer

Enax = — 1550 Br/m?.

4/71
T:Qgsl/ —E—,K,
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=288 — —273°C
€
Pemetline
Tlpn ycranoBUBUIEMCH COCTOSHMH KOJKYECTBO .ny‘mcmu 3LEPTHH,
MOrJIOMIEHHOH CIYTIHKOM, H KOJIIYECTBO SHEDIHH, H31YUdeMOlt CYTHHKOM
B NpOCTPANCTBO, PABHH, T. €,

T 4
AE,. Fy=¢C F( ™ )

rie Fy —npoexiuns o6/1yyaeMoli MOBEPXIOCTH CHOYTHIKA HA MIOCKOCTD,

HOPMauLIYl0 K MajaiolleMy H3JyYyeHHIO; F — [iolladb NOBEPXHOCTH
cnyTHika. s uwapa

Fy nd?

F And?

IlnoTHOCTL Majaollero JyyHcToro NoTOKa Euan=1550 Br/M2 (cm.
sajauy 10-11). Oxonaneano TcmnepaTypa CIYTHHKA

_A-1550

~100]/ Han 100]/ v _288l4//z

10-13. Pemnre 3agauy 10-12, npuuss, yrto 10BEpXIOCTL BLITOANEHA
13 MeTadaaa, aias xoroporo A=02 u ¢=0,1.
Otser

L
T

t=70°C. T

10-14. Hafiti teMnepaTypy MOBEPXHOCTH CHYTHHKA B YCJROBIGX 34-
Jau 10-12, npeanodoixuB, uTo 3Ta MNOBEPXHOCTb a6COMIOTHO Cepas.
OtseT

t=15°C,

10-15. Hafiti, KakuM [A0JKHO OLITH OTHOWICHIIE NOLJAOLLATCHBIION
Croco6HOCTH MOBEDXHOCTH CIMYTHHKA AJISI NAAAIOLEro COMICUIIOro H3AY-
YeHHA K CTeMeHH YepHOTH B ycjopusx 3anaun 10-12, yrobsl Temmepary-
pa noBepxuocTy Gbia papHa 30°C

Orser

Afe=1,295.

10-16. Kocmuyeckuit xopa6ab, cTapToBaBWui ¢ 3eM/H, HanpaBiseT-
cst k¥ Benepe. Pacctosinue or Benepwr no Cosna 108,1-108 xM, a oT
3eman go Cosnua 149,5.108 xm. Temneparypa NoBepXHOCTH KopabJs
e6ask 3eMau pasha fy, °C.

Kak H3MeHHTCA TeMNlepaTypa MOBCPXHOCTH KOCMHYECKOro Kopabis,
Korja oH cTaHerT npHOIMXKaTbcs K BeHepe, ecad cudTarth, YTO CTencHs
YePHOTHI MOBEPXHOCTH NMPH H3MCHCHIH TeMnepaTypbl xopaf/isi He u3Me-
HsCTCA?

Ortper

ty= (1,18, + 48)°

Pewenne
Temnepatypur nosepxnoctd KopaGas p6iansu 3emam H p6amsu Be-
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epbl ONpeAesTIoTCs H3 ypaBHeHHH:

Tg_ 4
eCo F (—100 ) = AE Fu;

eCoF (W) = AEnanz Fy,

(&)4: Exr_ ()"
Tl Enam 22 ’

T, /149,5

T, 108,1

ty+ 273 = (t, -+ 273) 1,18;
ty = (1,18, -+ 48),

10-17. O6myposKa Tofounofi KaMepsl NapoOBOro KOTJa BHINOJHEHA H3
IIaMOTHOrO KHpIHY4, a BHeluHsis OOLHMBKA — H3 JHCcTOBOH craau. Pac-
cTosine MeXAy OOGLIMBKOHA I KUPNHYHOH Kiaaxoill pasHo 30 MM, H MOX-
HO CUHTaTL €O MaJulM N0 CPABHCHIIO C pasMepaMi CTeH TOMNKH.

BblulicIMTh MOTEPU TEMJOTH B OKPYMKAKULYI0 CPefly C eAWHHUBI No-
BePXHOCTH B €JHHHIY BpeMeHH B YCJOBHAX CTAUHOHADHOIO pexuMa 3a
CYET JYYHCTOrO TENI000MEHA MEKAY NOBEPXHOCTAMH 06MYypOBKH H 06-
wHeKy., TeMmepaTypa. BHewHell NOBEPXHOCTH o0OMypoBkn #1=127°C,
a TeMneparypa cranabiofi o6uHpxy f2=>50° C. CreneHb uepHOTH WaMOTa
ew=0,8 11 JiHCTOBO# cTaJn £c=0,6.

OT1BeT

OTKYAa

CaeaoBaTenbHO,

Epi = gy, = 435 Br/m2.

Peuenue

OGmuBKY H KHPNHYHYIO KJaaKy MOMKHO paccMaTpHBaTh Kak JBe
Ge3rpaHuyKble NJOCKONApaJJe/]bHbIe [1OBEPXHOCTH, pasfesieHdble Mpo-
3paudofl cpemo#. JlJs TaKof CHCTeMHl Tes PE3yJbTHpYIOLlee H3JyyeHHe
BbluHCAsIETCS 110 popMyJie

T \4 T, \4
Epy=¢qe=¢2np G [(_l(i) - (Tzo) ], (10-1)

rjae npHBeAeHHAs CTelleHb YePHOTHI

1 1
Pap =~ 1 = 1 =0,522.
—_ | _— —_ ]
& + £ 0,8 + 0,6

Torpa

127 4 237\¢ [ 50 4 237\4
Ep1=0,522.5,67[< + )—( +

=4 B 2,
100 100 ” 3 Br/u

10-18. Bouncautb 3HayeHuss cobcTBeHHoro, 3ddekTHBHOro, oTpa-
JKEHHOTO H Mafarllero M3ayueHH# AAs noBepxHocrteld miaMoThof Kiaan-
KH U CTaJbHOH OGUIHBKH B ycJOBHAX 3aaaud 10-17.
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Orser N
Ecogy = 1161 Br/m?, Ecopz = 370 Br/m%;
2.
Eyp = 1342 Br/M?, Easzif)o—/ BT/M‘ ;
Egrpy == 181 Br/a®,  Eorps:== 937 BT/M~f
Epam = 907 Br/y®, CLuame = 1342 Bt/M>.
G e Bongon saxona  Creda-

[4ICJaHM Ha ocHoBatim

T 4
Ecos = €Cy (7&)") .

JLnst WaMoTHO! CTEHKH

Ecop1 = 0,8-5,67(

CoGerpeiiioe uaayyenic Bb
Ha — DoabliMaHa:

127 +- 237

4
> — 1161 Br/m%
100

s CTaAbHOM 06 HBKI

50 -+ 273 Y~ 370 Br/m2.
ECO62:0,6-5,67( m

7

D PexTUBHOC HaJayyeHne
L -
Esp="4 [Ecos — (1 —A) Epl.
= Eps. M3 peurenus 3a-

Ha ocHOBAHMH CTAUHOHApHOIO npouecca Ept
mauu 10-17 Ep1=435 Br/m2. Toraa

\ 1161 1 .
Leorn (1—— :-—-—’(J—ljws/
Es(pl: ;0 _ . 1)Ep1 0,8 \ 0,8 )
1 \ ;
— 1340 Br/m%;
\ 370 ! B
Leot 1 3 /——<—vf(,—1j435~
Eape =y (:,;—1) Em =% 7106
) — 907 Br/m?%.
Has paccmanHBaeMoﬁ CHCTEMBL
EH&JII == EQCIJZ =907 BT/MZ;
Egane = Espn = 1342 Br/M%.

Orparwentoe u3JyyeHHe
Eorp = (1 - A) Eyan-
COOTBETCTBYIOLIAE 3HAUCHHS, noayu
L (1—0,8) 907 = 181 Br/M2;
— 537 Br/m?.

aeM:
IToacTa
Eorpr = (1— Ay) Enap1 =

Eqppz = (1 — A2) Ename = (1—0,6) 1340

10-19. Kag n3MeHATCH TENJIOBHIE ?gge%{ﬂ"’Br/w ey o6
f / o a1y Me, ]
eKTHBHBIH JYWHCTBIH I e
cpye;ly %ﬁaqﬁp oBmuBIolt  TONOUHOI KaMepul, paCCMOT‘I::;(HOTH Ay
hf%pIO;KyCTaHOBHTb cTaMbHOIl IKDaH, IMEIOUHH crenellb
b ’
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I
i

Br/M%, B OKpYyXaOWyo :

OreeT
Epi = gn1 = 196 Br/m%;
Espt = 1400 Br/m?,

Peutexue
ITpu HaQHYlH 7 3ALLTHEIX SKPAHOB OT TENIOBOrG H3NY4eHHs B 06-
ey ciayuae TemaoBofi noToK, Br/m?

e (o ) = (s /|
3 ° |\ 100 ) | 100 ) )

o 1 B 1 (10-2)
—+2 — —(n41
Ai+121A5Kl+A2 (n41)

ITpu HanmuHn ojHOro 3Kpana (n=1)
4 4
()~ [t |
100 100

1=

1 + 1 +2< 1 1)
Ai Az Asx
ToacTapuB ClOAA AaHHble N3 YCJAOBHH 3ajaud u NpuHHaB A=e, mo-
JIYHIM:

5,67(

100

127 + 273)4 (
100

50 4- 273)4

=196 Br/m3,

a=

1 1
2 —
0,8 + 0,6 + (0,6 1)

DddexTiBHOe H3MyyeHe HafigeTcs n3 ycsaosua gai=Epg (no ycao-
BIIO 3a1a4n):

1

Eapt = 5 1Eeos — (1— Ay Eprl =
1

1161

1
0,8 0,8

10-20. Kaxkofl gonxHa 6HITh CTeleHb YepHOTH JKpaHA AMA TOTO, YTO-
6Bl IpH HAJIHYHH OAHOrO 3AUIHTHOrO KPaHa Mex Ay O6MYDPOBKOR H CTajb-
HOfi OBWINBKOH TemnoBLIe MOTEDH B OKPYXKAIOWIYIO Cpely 3a CyeT H3nNy-
denyst He npesuiwami 60 Br/m*? Bce Apyrue ycnoBuf coxpaHAmTCA, KaK
B 3afade 10-17.

Orser

1)-196 — 1400 Br/m2.

g5k = 0,143,

10-21. Harpes crasbHOli GOJBaHKH OCYUlecTBAAETCH B MydensHoft
3JMIEKTPHYECKOH Neun ¢ TeMmepaTypoH ee creHok f2=1000°C. Crenenb
YepHOTHl NMOBEPXHOCTH CTaJbHOR Oospanku &,=0,8 (cpeaHsas 3a mepHox
Harpepa) M CTEMeHb YEPHOTHl 1AMOTHOX CTeHKH MydeabHON Meyd gy=
=0,8. Ilnomans MOBEPXHOCTH Medd, YUacTBYIOIER B AYUHCTOM Tela006-
MeHe, Fp CyUleCTBeHHO TMpeBbIHAET MJOIAAbL MOBEPXHOCTH Goapanki Fy,
T. €. F1<F2.
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Briuucauts 3HaYeHHe NJOTHOCTH JAYYHCTOTO MOTOKA B 3aBHCHMOCTH

OT TeMmnepaTypul GONBAHKR B npolecce
T : €e HarpeBa I IOCTpOIH ¢
3TOf 2aBHCHMOCTH. ’ porrTy rpaguk

Boiuncnenns npoussectn aaa CNeayIOLIHX TeMnepaTyp:
ti =20, 100, 300, 500 u 700°C.

OTgeT
t, °C .. L. 20 100 300 500
700
Gn, KBT/M2 | | 118,8 118,2 114,2 102,9 78,5
Tpadux saBucumoctn gx=[(#) npeacrassen ua puc. 10-1.
- Pewenune
#BT/m2 His 3aMeHYTON cHCTeMbl, cocTosnedt
e M3 ABYX TeJ, OIHO M3 KOTOPHX (C mJo-
UlaJblo NMOBEPXHOCTH F|) HAXOANTCH B TNoO-
\\ JIOCTIL APYroro (C NJ0LLablo NOBEPXHOCTI
110 : ) I'y), snadenie MIOTIOCTH JYYICTOTO MOTO-
\ Ka 115 TICPBOTO  Teaa OlpedeJsieTcs [0
00 \ hopmye .
L0 v 4
| c,,[(—‘ _(L)
a0 4= 100 100 |
TN e e
. ° &g Fy \ gy
¢

Jlas Halero cayuas, xoraa F/Fo=
=0, noayunm:

B Ty \& [ T, \4
=t C“K 100 ) _( 100 ) J (104

Ioacrasin suadcuns €, Co u Ty b dopmy.y (10-4), noayuuwm BLI-
axenue a8 a0COMOTUOH  BeJHULHBL ILIOTHOCTH JYUICTOLO NOTOXKA
} BHAe

1273 \4 T; \¢ Ty \4
=0,8.5,67 (— _( 1 }z _(—r
In { 100 ) 00 4,536 | 26 260 00/ |-

70
g0 200 400 600 °C

e, 10-1. K sanave 10-21.

Peayinrare aaapnefiunx suuneacnnd IIPIBE/IeHbLl B OTBCTC K 3ajaye.
10-22. BuiuicouiTh DAOTHOCTH JVULETOrO 10TOKA OT CTCHOK Myheb-

O newil K MOBEPXUOCTH CTAAbHONE GOJBAUKH B VCJAOBISK, DACCMOTPCH-
bIX B 3azade 10-21. ccanr cootnoluciie 1nosepxnocted, VIACTBYIOUHX B
VUHCTOM Teioo0Mene, pasno [/ = 1/5, S “

OT1ger -
P O 20 100 300 500 700
1, KBT/mM2 ., 114,2 113,6 109,8 98,9 75,5

10-23. Crenenb wepioTui BoaLGPAMOBOIT TPOBOICKI olnpeneaeda npu
eMniepatype 2000°C u pasua €=0,3.

Onpe geniuth, KakuM 6bl1 Ko OHIIENT TENIO00TAANN npi 3ToH TeM-
“paType Ha MOBEPXHOCTH NPOBOJOKH 3a CUeT H3JAYYEHHs, ecu NOBepX-
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HOCTb orpaxkienus HMena temnepatypy 20°C. ITosepxHocTh mpoBoJoKH
MaJla 0 CPaBHEHIIO C NOBEPXHOCTBIO OrpaKAenHs,
OTtser

o, = 230 Br/(M%.°C).

10-24, Ilnansaphyeckuii cocyp ATS XPAaHEHHS KHAKOTO KHCJIOPOAA
BLITOJIHEH C JABOHHBIMH CTCHKAMH, MOKPBITHIMH cJoeM cepebpa, koaddu-
wient noruaouients kotoporo Ai=A:=0,02. Ha napyxHOil NoBepXHOCTH
BIYTpeHHell cTeHKH Temnepatypa f1=-—183°C, a Ha BHYTpeHHeH MO-
BEDXHOCTH Hapy:xKHOH crenku TeMneparypa t3=20°C. Paccrosnne mex-
4y CTCHKAaMH MaJ0 W NOBEPXHOCTb Fy MOMKHO CUHTAaTb PaBHO{l NOBepX-
vocti Fa. B

BorancauTs TenaoBoil NMOTOK, NPOHNIKAIOWMI B COCYA depe3 CTCHKH
NyTeM JYUYICTOro TenjaoofMeHa, ecll TenJ00TAalllast MoBepxHocTh F=
=0,157 M2

Otser

Qs = 0,66 Br.

10-25. TemnepaTtypa nOBEPXHOCTH BHIXOAHOrO KOJJEKTOpa napore-
perpeBaTesis BLICOKOro AasaeHns e ==500°C.

BbiulcHTE TenyoBble MOTePH C | M HCI30JIPOBAHHOrO KOJJIEKTOpa
nyTeM JyuHCToro TtemjgoofMeHa, ecJM HapyXHBIH AHAMeTP KoJJeKTopa
d=275 MM, KosddHuUHeHT norsolenns A¢=0,8, a reMneparypa orpax-
neunfl £2=30°C,

OTBer

gat = 13,7 kB1/m,

10-26. BulunicaHTh TemnJoBble MOTEPH € eAHHHUBI JJIHB KOJIEKTOpA,
paccMoTpeHHoro B 3agawe 10-25, nmpH yCJOBHH, YTO €ro MOBEpPXHOCTD
OKDYKeHa CTajbHbIM IKPAHOM AHAMeTpoM da.x=325 MM c KoahdHuueH-
ToM mnoraolleknss A;«=0,7. Ileperaua TemIoThl MeXAy NOBEPXHOCTHIO
IKpaHa H BHEIUHHM OrpaKAeHHeM MpPOHCXOAHT KaK 3a cYeT H3JydeHls,
TakK I 32 cyer cBoboanoil KousexyHl. Ilepegauy TenJoTH Mexay NMOBepx-
HOCTAMIU KOJJIEKTOpa I 3KPaHa 3a cyYeT KOHBEKUHH U TENJONPOBOLHOCTI
MOYKHO He YUHTHBATD.

Kosdpuiuent Ttenaooraaud KouBekuuell Ha ITOBEpXHOCTH 3KpaHa
a=29 Bt/(M2.°C). CpaBulTh NoJydYeHHble De3yJAbTATHl C OTBETOM 3a-
nayn 10-25.

OTtser

qi‘f:SjS KBt/M; qm/q;“[: 1,565,

Peenne
Temneparypy skpana najiieM 1u3 ypabHeHHs GaslaHca 3Hepruu

4
ey () = (o] | Tt [Ty
L oty A G (i — (2] &
1 +£(_1 1) 100
A T P \ Ang )
o fdyy 0 (B — 1)
13* 195




IlpuBesenuslt Ko3QQUuUHEHT norJiomlenls AJ8 CHCTeMbl KoJJek-

TOp — 3KpaH
1 1
A = =
op 1 4 F < 1 1 ) 1 +‘0,275 < 1 1 )
A Fsx \ Ask 0,8 0,325 \ 0,7 /

H

=0,62.

TToacTapuM H3BCCTHLIE 3HAYCHHS BCINYHU T ypasueHne 6amaaHca
3HEpruu:

773 \4 [ Top \4 T,. \4
0,275-0,62-5,67[(—)—<l }20,325-0,76,67 2
100 100 100

303 \4
— <W) j( -+ 0,325-29 (45, — 30),

OTKYa
y ’ 100 ) ’ 3K~

Taxne ypaBucHUs yA0GHCE BCCro pewarh rpauueckit. O6osnauny
3842,4—042{,x=Y, 1 -

TSK W4
2,26 —— | =Y,.
100
Ilpousseses BbIUHCJAGHIA I TEMIEPATYp 3kpaua foc=100, 200,
300° C.
Pesyartarsl BoluicaeHril cpelcenbl B Tab.ILy:

\

tax' °C
Y
100 200 300
Y, =123842,4 — 9,42 {,, 2905,6 1963 1020
TSK 4 '
Ye=2,26——— 437 1129 2
: ( 100 ) 436

i mpenctangersl Ha rpaduxe puc, 10-2. Tlo rpaduky HaxXOQuM: fac=
=240°C.
JIyuHeToll MOTOK ¢ eqUMILL AT KOAIeKTOpa

(Tt [ Toct

g% =ndA_C [ — }:=3,14-O,275-0,62-5,67X
i up =0 |\ 100 ,) ( 100)
T3NS [ BI3 4
—— | — (=1 | =8,75 xBr/m.
XKIOO) (IOO)J 8,75 kBr/mM

CpapHUM IIOTEPH OroJIEHHOI'O KOJJCKTOPA H KOJLICKTOpA, OKpYIKeji-
HOTO 3KPaHOM:

13,7 e
4ai !
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C ycTaHOBKOfl 3KpaHa MOTEpH YMEHLUIAKCH Bosiee ueM B 1,5 pasa.

10-27. Kak HM3MeHsATCS TeMJIOBHe MOTePH ¢ | M KOJJEKTOpa 3a CHeT
NYMeHCYCKAHHs, €CAH CTaibHOM KpaH B YCIOBHAX 3afadn 10-26 aame-
HITh SKPAOM 113 aMoMuHHeBOH (OJBTH TOTO Xe Auamerpa ¢ Koapdu-
miteniroM mordouienus A,=0,05? Bce npyrue ycaosua Te XKe, YTO H B
sapnauc 10-26. Tloayyennsle pe3yjbTaThi CPABHHTb C MOTEPSAMI OroJeH-
HOro KoJuIeKTopa naponeperpenarens (3agada 10-25).

OTtser

9% =0,975 xkBr/M; qn,/qy; = 14,1.

10-28. Ilaponposoa HapyX-
uuiM anasmerpoM d=200 MM pacro-
J0XKCH B OGOJLIIOM MOMEIMCHHM ¢
TeMnepatypolt Bozayxa tx==30°C.
TeMiieparypa  [OBEDXHOCTH  Mapo-

nponoia fe;==400°C. Onpegeantn .
TelJOBLIe MOTCPI C €IHIINEL AJHHBL i

V=3842,4~ 9,42t gy

napompoBofa 3a cueT H3ayweunsi m 2000

KOHBEKILHH,
Crenelib yepHOTHL  NMOBCPXUOCTH 1600 _,4‘J
naponposoia e=0,8. Temneparypy Tox 4 |
CTCH JIOMCLUCHHST MOMNHO  TPHHATL LY2=Z,26<-7-0—E> |
paBHOH Temmneparype BO3AyXa, T. C. 1200 .
1‘”1300 C
Hafity takme  COOTBETCTBYIO- 800 J

Uile TEMIOBBIC MOTEPH MpPH TeMre-
paType naponposoaa 200° C. ] v T
Otser 00 750 200 272 °C

Mpu £, = 400°C

iﬁ

Puc. 10-2. K 3axaue 10-26.
g;*" = 5600 Br/m; ¢ °"® = 1970 Br/m;

qlz‘laﬂ/qll(OHB — 2,84.
Mpu ¢, =200°C  ¢*" = 1185 Br/m; ¢ =750 Br/n;
q73ﬂ/q;(0HB — l ,58,

Pewenue-
Tenaosbi® MOTEPH H3.IYyUCHHEM

T\ Teo V4]
H3T __ cl R - 1 .
=Gy K 100) < 100 )J

Tlpir te=400°C
ql‘un ~0,8.5,67-3,14-0,2 (6,734——3,034) =5,6-10% Br/m.

TIpn fo1=200° C
q?an =2,85 (4,734 — 3,034) = 1,185-1021 Br/m.
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Aas onpereaenns kosbuunenta TeRAOOTAAUN KonBerunefi Boc-

noansyemes opmyaoit (7-1) aas cayuan ropH3oHTaAbHOI TPYGHL:
1 . 3 1/4
Nu, = 0,50 (Gr Pr),/*.
B nepsom ciyuae

P Atdd 9,81-370-8.10~-3
> Pry =
V2 303-2,56.10—10

P

(GrPr)y, =

=2,62.108,
Bo BTopom cayuae
170
GrPr)y = 2,62-108 — =1 ,2.108
(CrPr)a a0~ 20

Uicaa Hycceasta n KO3 dHIIIEHTs TenTooTaaTn
Nuy == 0,50 (2,62-10%)'/" = 63, 5;
Nty = 0,50-(1,2-10%) "/ = 52, 3.
S 2,68.10—2
g = Nl —— == 63,5 “——-
1 M1 d )5 0,2
&y = 7,0 BT/(M2.°C),

Ten.0Bble noTepn Kompexued:
1npu fc1=400°C

KOHB

g =and(t,—¢.)=8,53,14.0,2.370 = 1970 Br/m;
npn {cy=200°C

= 8,5 Br/(m2-°C);

—

g™ — 7,0.3,14-0,2-170 = 750 Br/u.

10-29. TemmepaTypa Bo3ayxa B HOMeIeHHI H3MCPSETCA  DPTYTHBIM
TepmoMerpoM. Tepmoserp noxaswmsacr 27° C. Temmepatypa cres moue-
uienns pasxa 25°C.

Ouennty ownbxy B NMokazaknax TEPMOMETPA, KOTOPAS BO3HHKAET
34 CUBT JNYYHCTOTO TEMI000Mena MeK1y TEPMOMETPOM I CTeHAMH MoMe-
IeHHs, H NeNCTBUTENBHYIO TeMIepaTypy BO3AYXa, NPHHAR CTeleHsb yep-
HOTH CTexna paBHod 0,94, a Koah@iiuenT Temn00TIAYH OT BO31yXa K
NOBEPXHOCTH TepMoMerpa 5 Br/(M2-°C)

Otser

Onni6ka pasna 3°C; fx=230°C.

10-30. TemnepaTypbl ABYX NJaCTHH, MOMENICHHLIX B BAKYyM, paBHbI
127 1 327° C. Crenenb YepHOTH MAACTHH ONHHAKOBA 11 pasHa 0,8. Mexay
MLIACTHHAMH, KOTOPbIe DACMOJIOMEHbl N1apanebio APYr APYLY, YCTAHOB-
Jeil 3KpaH, WMewInl crenens uepuorn 0,05.

BbrugeanTs mioteocts Temiosoro motoka, NPOXOAAINETQ uepes 3K-
PaH, I TeMrlepaTypy 3xpana. '

OTger

g =146 Br/m?;, ¢ =254°C.

10-31. Haiftrr uncao skpanon, KOTOpLIE HCOBXOMIMO IOMCCTHTD MeH -
Ay ABYMH TIOCKONAPAJICALIBIMI OBEPXHOCTAMI, UTOOL Pe3yJbTHPYIO-

L_Igu‘a JIYUHCTBI MOTOK OT ORUOH §OBEPXHOCTH K APYFOH YMEHBIINICH B
79 pas,
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ITpuHATL, 4TO TeMrepatyphl OBEPXHOCTER MOCAE YCTAHOBKH 3KPAHOB
e H3MeHATCH,

Creneub uepHoTet 3xpanon 0,05, a cTenmeHb uyepHOTH TNOBEPXHO-
crefi 0,8.

Otger

3 skpana.

10-32. HarpeBaTeabHylo neub C LeJblo yMeMBlIEHMS TEMJIOBHIX MO-
TePb OKPYXKIIM CTAJbHbIM 3KpaHoM. Pa3mepsi NeyH BEJWKH NO cpamue-
HHIO C DACCTOSHUCM MeXAy ee HAapyXHOH MOBEPXHOCTBIO H SKPAHOM.

B pesyabrate naMepenufi GBLIO MOJydeHO, UTO TeMIepaTypa HApyXK-
HOIl MOBEpXHOCTH K/aaAkH meun pasHa 107°C, a TeMmepatypa cTajbHOrO
skpana 57° C.

Hafttu nI0THOCTD Pe3yJbTHPYIOULErO JYYHCTOrO MOTOKA OT HOBEPX-
[OCTH KJIaRKH K 9KpaHy, MPHHSB CTelleHb YePHOTHl KJAAKH H 3Kpana pas-
HeiMy cootBetcTBento 0,85 u 0,75.

OTBe?r

gn = 342 Br/Mi.

10-33. KaxoBa ponxua OHTh CTeneHb YepHOTHL 3AL[MTIONO 3KpaHa
KOJIIEKTOpa IMaponeperpeBartes, YTOOH TeNJOBbie NOTEpH C NMOBEPXHO-
CTH 3TOr0 KOJJIEKTOpA 3a CYeT H3JYyyeHHs He npesuiuasu 580 Br/m?
M TeMHepaTypa Ha IIOBEDXHOCTH 3KpaHa He mnpesblana 70°C? ua-
MeTp 3alIHTHOrO 3KpaHa paBeH 325 MM, K03pOhHLUHEHT TeNJ00TAAYH 3a
CyeT KOHBEKIHH C BHeluHed MOBEPXHOCTH 3KpaHa a=11,6 Br/(M2:-°C) u
TeMnepaTypa OKpyxalmlell cpedsl 1 orpaxiennit f2=30°C,

Otser

epn = 0,34.

10-34. B onblTHOH ycTaHOBKe JJsI ONpPeNeJNeHHs CTereHHy HepPHOTHI
Tel JJA TOAAepKauusi nocrosiHoil Temmepatypw f1==800°C soabppa-
MOBOf NPOBOJOKH AnaMeTpoM d=3 My 1 aanHoft [=200 MM 3arpaunBa-
Jach 3JeKTpHueckas MowmHocTb 20 BT. TloBepxHocTb BakyyMHOR kae-
PH, B ROTOPYIO NMOMelleHa NPOBOJOKA, BeJKa [0 CPABHEWHIO C IOBEpX-
HOCTBIO MPOBOJIOKH. B npolecce HCMNBITAHHH TeMmepatypa NOBepXHOCTH
CTEHOR BAKYYMHOH KaMepnbl MOXAepKUBAJLach NOCTOSHHOX H paBHOR
t2=20° C.

OnpefeanTh CTeNeHb YEPHOTH BOJb(PaMOBOf NpPOBOJOKH NPH TeM-
nepatype 800° C.

OTtser

gg = 0,132,

10-35. BeluHCcAHTb CTENeHb YepPHOTH BOJbPaMOBOR NMPOBOJOKK NPH
temnepatypax 1000, 1500 u 2000°C, ecau nas MOAJEPKAHHA YKasaK-
HHIX TeMrepaTyp MNpPOBOJOKH 3ATPAUHBAJIHCH 3/EKTPHYECKHE MOIIKOCTH
cootpercTBenHo 45, 234 u 834 Bt. Bce apyrie ycloBHS NPHHATb TeMH
e, 410 1 B 3anaue 10-34,

[ToctponTtb rpadiix 3aBHCIMOCTH CTEMEHII YEPHOTHI OT TEMMEpPaTyphl.

Otser

€ =0,16; € =0,22;"¢ =0,29.

3asuciMocTb & =f(f) npeacrasaena na puc, 10-3.

-10-36. B xanaJe, M0 KOTOPOMY ABHXKETCs ropsuymMil ras, TeMmepary-
pa rasa H3MmepsieTcs npu moMouwn rtepMonapul (puc. 10-4). Ilpu ycra-
HOBMBILIEMCSI TENMJIOBOM DexliMe MMoKaszaHus rtepmonaps {;=300°C, a
TeMnepatypa creHki f2=200° C.

Briutrenits omnbKy B H3MEDeHHM TeMnepaTypsl rasa, XoTopas no-
JAy4aercs 3a CYeT JYMHCTOro Ten1006MeHa MeXAy KOPOJBLKOM TepMona-
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Pl I CTEHKON Kalana, H HCTHHIYIO TemnepaTtypy rasa. Crenens yepHOTLI
KOpOaLkA Tepyonapsl npuHATh £;=0,8, a kosdduinent TenncoTiatn

OT rasa ¥ OBEePXHOCTI KOpoabka a=>58 B1/(m2-°C),
Ot1ger
Ounira pasua 45,5° C; £x=345,5°C.
Pemenne
Cocransis ypasneie Te11080r0 faaanca-aag Kopo.iKa TCpAISlapLI,
Tepnmonapa otaaer TEIJIOTY 33 CUET H3Aydenst

Q= F1E‘1C0 H%\)d‘_' (%)T

|
0,75 : ! i
900 7060 7500 2000°

Puc. 103, K 3ajgaye 10-35. Pic. 10-4. K 3a1aue 10-36.

H TOJdYyyaeT TCIJIOTY 33 CUCT KOHBCKLIIN
Q=Fo(tx —1y).
Ilpu yeranosusmwemes peiKkHMe

T \
o (ty — 1) = .Gy Uﬁ)‘— (?@ﬂ .

Hoacrapus ® 510 ypanmenne wspectnuie snaenis BT, TTOTY MM
0,8 5,67 [,"300 + 273+ 2004273

t}]( - f1 ==

58
Herrunas texuepatypa rasa
Ly =300 45,5=345,5"C,

10-37. Kakosa OyaeT owmbka usMepeHis TEMNCPATYPBl Fa30BOI0 NO-
TOKa, cc/u 3a CyeT TIMATCALHOH BHeIUWell H3OMALMHE Ta30npoBOZa TeM-
flepatypa ero BHYTPEHHHX CTEHOK crania f2=250°C. Bee apyrue yeio-
BHA Te Xe, uTO H B 3agaye 10-36.

OTger

OurnGxa pasua 23,5°C; £,,=323,5° C.

10-38. B rasonposoge muamerpom D =500 Mu TeMInepaTypa ropsue-
[0 rasa usMeps.iacb TCPMOMETPOM CONPOTHBJICHHS AITaMCTPoM dy=>5 wmy,
OKPYMEHHBIM  IULTHHAPHUCCKIM — JKPAHOM  AHAMCTPOM  dp=10 MM

200

4
TV R B T ”’:4‘)’5@‘

/

(puc. 10-5). Tloxasanus TEpMOMCTPA CONPOTHBJEHHH t1=300°C',°TeM-
nepatypa BOYTpeineil TOBCPXHOCTH CTenki rasonpopofa f2=200°C u
CTCTICHb YEepHOTH MOBEPXHOCTI TEPMOMETpa CONMpOTHBJEHHA I 3KpaHa
€§:€nu=o,8‘

Brlydcanth OWHOKY B H3MCPCHIN 1T HCTHHHYHO TeMmIiepatypy rasa,
caril Ko>dULTeHT TEMJIOOTAAUN K MOBCDPXHOCTH TepMOMeTpa COMNpPOTHB-
Jeuiig 1 K noeepxnoctn skpana a=>58 Br/(M2.°C). ITosyuennbe pesynb-
TATLI CPABHUTL C OTDETOM K 3anaue 10-36.

OTBeT

tx=2309° C; omnéxa H3MepeHn
VMCHBLIIACh MPUMEPHO B & pa3 I cocTan-
asiet 9° C.

Pemenne -

CocTapitm ypasuenlie Tenaosoro Ganan-
ca:

a) IJs TCPMOMeTpa COMPOTIBACHIIA

and; (I — ;) =
Ty \* (TaH \ 4}
ﬂdlCU [(\100) - ' 100 )

IR

—1

5 dy \ Esx /

6) nas 3Kkpana

and (ty— t1) + 2and, (fy — t?") =
4
— nden C Tox \* Ty ©) Puc. 10-5.
T Trerem o 100) 100/ | K sanaye 10-38.
B mocaeaneM ypapuCHUI VUTCHO, UTO IOBCPXHOCTb 3Kpala Maja 1o
CPABICHINO € OKPY’KAIOULCT ©I'0 NMOBEPXHOCTbIO A30TPOBOAA, TOCKOJLKY

dr g D.
s ypamuennit (a) u (6) naxotnm:

o |l —(55) ]

@ 1 d < 1 )
— - — — 1
€y dy \ Ex

+ 4

g =

Ton \* T\
20dytyy + adity + dafer Co o0/ daEox Co 100

L 2dy2 1 ad;
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HOL[CT&BI!B M3BCCTHBIC 3I1aycHl

tBCIGHIL B ulouslennie ypasHenis,
HOJYYHM:

TFII( 4
L = 377 — 0,071 [ 21
" (100)
H

T i
tw = 44,3 40,0314 (—1;—’6) +0,8fox.

Betuncieniisle 3navciig bac=Ff1(to) 1 be==lo(ta) nagm Pa3THYHDLIX
SHauelnil TeMAepaTYpul skpana fpeacrasaensl ua puc. 10-6 11 cpefens
B CJICAYIOLIYIO Tabuamiy:

'Tsx\.\‘l(}
I -
‘ 210 260 ’ 280 l 300
E—H
L= fi (Hax) 327,6 323,6 315,1 305,8
f;ucfz([m:) 258,0 275,8 295,6 315,4

{ r ' ) ”‘ “
S R S N
=f7 (fﬁij _ I‘ J i

Puc. 10-6. K 3azauc 10-38,

U rpaduxa (puc. 10-6) HAXOLIM, MTO HCTIHHAS TemnepaTypa ra-
3a 1, =2309° C. e

Omnbxa B mvepennu TeMneparypel rasza 309--300=9°C. Cpasmy-
324 5TOT Pe3ynbTaT ¢ OTBETow K 3471aue 10-36, BuanM, uto B Tex e
YCJIOBHAX, HO NP HAJIHYMH OI1HOrO SKpaHa OWHGKXA B II3MEPEHHH Tep-
IePATYPLI rasa yMeHsuniach B 5 pas

10-39. Buunmeants yraosoli xosbduuyent n TemTosod notox IpH
YUHCTOM Tenoo6Mene mekay ABYMA MUPAIACALHBIMU JI0JI0CAMH, pac-
TOAHHE MEXy KOTOpbMH A=3 M. Ulnprira nonoc oamnaxosa ay— g, —
=2 M, @ ANHHA BesuKa 1o CpabHeHmo ¢ mupuHoli nostoc (prc. 10-7).

TeleHp HEPHOTH nonoc g;=g,=0,8, a TEMIEPaTypbl HX MOBEPXHOCTH
1==500° C u #,=200°C,.

02

-

Orser
Pia= 01 =0,3; Qn=9050Br/m.

Pemenue . .
Jas ABYX TNapadjenbHbX MOJ0C OAHHAKOBO{l WHPHHLI YrJI0BeEE KO

3ODUIUIeHTH (P1,2=(g,1 I HAXOAATCA U3 ypaBHeHUA [4]:

_ Rk
P 2= 1+<—a_) T a

Piic. 10-7. K 3agave 10-39. Puc. 10-8. K 3apaue 10-40.

IToacraBags uncaennsle 3HaUeNa BeIHH, oJaydaeMm:

_ 3y 3
fP1,2:]/1+<_2_) Y =0.3.

Tens0BOM MOTOK, OTHECEHHDBIT K €AHILE AANHB TIOJOCH, OTpefens-
eM 113 ypasHennsa [4]:

T \4 T 47 _
Qn‘:E‘ano {(&) _(1—0,0) ]H'

roe
l ==
ap = - 1 \oo= ( ! 1)
1+(PJ_2(81 )+‘P2_1 .,
— ! =0,87;

1
1+2‘0'3<ﬁ“‘)

H — B3anMHas nOBEPXHOCTb JywicToro obMena na 1 M HOJOCH;

Ay =Hy=9 9 F =0321=0,6u/m.
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Torma

<
Qx=0,87.5.67 [(500 -- 273 N 200 4 273
100 100
10-40. Kax nameusitesn Yri1osoil Kosdduenr, [IpHnBeAennas creneHb

;gpé{((’)Tb'rwn TCIIOBOI  HOTOK, oc T mo.ocL, paccMorpenbie Bosajave
S FUTANOBITL WA PaceTosni fiy==1,5 y 1t =6 7 o

I ocC POUTDL I'pe (p - 1] 1 pe -
IMCCRYIO 3anl MOCTL I CT
\{I I‘ : \ D BIC Th @10, Egp 1 Q OT CCTOs

OTBer

L4
) Jo,s = 9050 Br/x1.

Ipn A =15u }EI,Q:O,5M; &rp = 0,8, [Q,=13,9xB1/u;
npu A, =6 M 61'2 =0,16u; &p = 0,926,°Q_ =5,15«Br/u,

o)

2ABHCHMOCTL  COOTRCTCTBYIONNIX  BeTHUI
puc. 10-8.

10-41. Oupencairs YIAOBLIC KO3(mticnTh
CTIL AYUICTOro o6MeNa MeX 1y CTCIKAMIT K
HOM cewenn (bopyy pannocto
=h=r=9 .

Otper

OT ' mpejactaniaena  na

it B3amMnne napepxno-
AHAAQ, JMeloNero B norneper-
poitiero TPCVTOALHIIKA €O cToponaMy qg-=—

Hyq= e :/72”: 7y 9= /1’3:1?/3'1:11\19/1\1,

) 10-42. Onpeacanrs yraonuie KO3DPULIEHTH 11
HOCTH AyuncToro o6wvena
nepey

B3AUIMIDIC TOBCPX-
MEKIY CTCHKAMI Kanaaa, IMCIoHier

! , 3 Aa, I r0 B l0-
HOM cevennit hopMy pasnoGeapenHoro TPCYTOILUIKA CO CTOPOUAMIL:

a) b=c¢=2q;
6) b =c¢ = 3a.

I3 ofonx cayuasix a=2 .
Otger

3) Pap = Yac =

q
[
S
N
n
I

Ppa =

(_Pbc = Ppp =

Hap = ﬁba = —ac:l_fm =1 M¥/n; ﬁbc,—_ﬁm. =3 M2/u,
I — 5

Poa = Fpq == 5 Voo = Py = —

6’

ml_.

6) $db == (Fa(: =

Heap = Hpq = Hae = H g == M2/ M;
Hye =Teg =5m2/n,
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10-43. BblyHCcaHTL 3l1ayenHe JY4HCTOTO MOTOKA MeEXAYy AByMsa Uep-
HEIMK AHCKAMH, PACMOJIOXKEHHHMH Jpyr MPOTHB APYra B Mapajjie/bHhX
naockoctax. TeMmepaTypa mepeoro gHcKa t1=500°C u BTOpOrO f2=
=200° C. JIHCKH OZHHAKOBLIX pasMepoB dy=d»=200 MM H paccTosHHE
MeXAY HEMH A=400 MM. :

OTser _ _

@1'2:@2'110,055; Qn=3OBT.

Pewenne

Yraopoit kosduuMenT JyYncTOro OO6MeHa JS CHCTEMBl TeJ, yKa-
3aHM0H B YCJIOBHAX 3aJ1auH, BBIYACANETCSA 110 YPABHEHHIO [24]

- h\® _ h ho\2
= = —e—=1/ 1+(—=].
1.2 1+2(d) 2 +(d>
rIO}lCTaEHB yicIeHHble 3HAUSHHS BEJIHUIIH, MOJMYyIIIM!

_ 14002 400 4 /(400
- 100" 920 + (=) = 0,085.
o= 142 (200) 2200 - (200)

HOCKOJII:I(}' AHCKI OJHHAKOBLIX DasMepon, TO H Qi,2=2,1.
BsauMuasn ITOBEPXHOCTL TengaoofGuMena Haiigercsa Kak

M, o=, o F,=0,055-0,785 (0,2)* = 1,73-10—2 m%.

JIyyn¢TRIl MOTOK OT MEPBOro JiicKa KO BTOPOMY

/T \4 T, \4] _
0= (1)~ (i) | Fo=

14 4
-5 67 500 - 273 _(200—}—273) } 1,73-10—% = 30 Br.
' 100 100 )

10-44. Kak 113MeHfiTCst yIJioBble KO3bGHIHEHTH H JYYHCTble MOTOKH
MeMAY AHCKaMH, paccMOoTpeHHbBIMH B 3azade 10-43, ecnm paccTosiHHe
MEM(1Y HHMH COKPaTHTb COOTBETCTBEHHO B 2 ¢ 4 pasa?

ITocTpours rpadHYecKyio 3aBHCHMOCTbL YrJIOBOTO KO3GQHUHEHTa H
JAYUYIICTOrO MOTOKA OT PACCTOHHILA MEXKAY AHCKAMH.

Orser

a) o =0,17; Q, =92,6Br;

6) ¢ »=0,382; Q,=208,0Br.

10-45. Briuncauth cpefHHe yrioBble KO3GQHIHEHTH Qi H (2,4 H
pPe3y bTHDYIOLIHA JYYHCTHIH NMOTOK jmJsi ciydyas: KOTAa AHaMeTp AHCKA,
HMEIOILero MeHBHIYI0 TeMNepaTypy, yBeJHYeH B 2 pasa, a Bce ApyrHe
YCJIOBISI OCTAJHCh TakiMH e, Kak B 3agave 10-43.

OTeer

$10=0,194; Fp;=0,0484; Q, ,=1059Br.

Pewenne
Has paccvaTpuBacMoro ciyyas, xorga dy<<dz, cpeanni yrjoBoft
ko3 duuHenT BriuHCAsIETCH MO Popmyae [24]:

— I d dy \2 dy —di\2
o1/ T -/ 5 o]
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\\
ayeHua BeJHylH, NnoJsyuaeM:

! 024042
(F; 022 "l/(&,) 40,42 —
04 02
- 40,42 | = 0,1935;
2]

Moacrasasa uuchennre 3H

&
P, 1 fple ~01935——OO484
2
d;
211J
N
Puc. 10-10. K sagave 10-47, _~¥ a Z j

B32’II[MHaﬂ NMOBEPXHOCTDL JYUHCTOrO Temi1006Mmena

3=y Py =0,1935.0,785.0 ,22.= 0,00608 p2.

P(‘3}'JII)TIIP}IOIHIHI JYYHCTHIH 1TOTOK:

Quia=C [(100) /100)4[ 1z =

— 5 g7 (500+273* /200 + 273\
' (‘ro ) } ,00608 = 105,9 Br.

10-46. dpe zaumipe noJsoc
qCHHIS yroa a (puc. 10-9).
altTd yrJIoBOH
poya y Kospdunuent U3JyYyeHHsa ¢
OTser

Bl OANHaKOBOI HIHDHHBI Oﬁpa'&}/IOT B ce-

ONHO! nos0CcHl Ha

—_ . o
Pio=1—sin —
2
10-47. e
AJIIHBlE  TIONI0CHT  o6paay
I0T B cedcmni nps
(pucH;l](I){TJH()) Ulnpura oanoit nosock 5 2 paza Goablue apyrof p Hoit yron
YTI0BO#  KO3(hdunnenT HBNYUCHT ¢ MeRbilelt nonocy Ha

Boabiyio.
OTser

P10 =0,38.
206

10-48. Boruncante K0sdduiieHT 06ayyeHls Kpyrjoro AHcKa paniy-
COM ro 3JeMeHTapHOl maowaakofl dfy, HopManb K KOTOpO# cosmagaer
¢ HOpMaJbl0 K AHCKY B ero uchtpe, Paccroauue mexay sgaeMeHTapHoil
NJ0laAKOR u AHCKOM paBHO A. [ pellieHHsl BOCHOJb3yeMIA METOLOM
COOTHOINGHHA MNPOeKUHH (rpadoaHaJUTHYECKHM METOAOM).

OT1rer

2

o
r2—f-h2 )

10-49. CreHpl TOMO4HOH KaMepbl MapOBOrc KOTJA NOKPHITHL OQHHM
psiaoM :-)KpaHHbIX Tpy6 nuaMerpoM d=100 MM c waroM s=120 MM
(puc. 10-11).

P13 =

D4
G /

Paamepn NMOBEPXHOCTH CTeH 1 MJINHA 3KPaHHblx TpYO AOCTATOYHO
BEJIIKH, H DacCTOfHHe MeXAy CTeHko#t 1 TpyGaMu He GyAeT HMeTb 3Ha-
YeHHsl AN ayulcToro obMena.

Briuncnuts cpennie yraosble KosddHIHEHTH qyln n (p“ I B3aHM-
Hble NMOBEPXHOCTH JYYHCTOrO TenmnooGMeHa AJIA TAKOH CHCTEMbl Tell.

OTser

Puc. 10-11. K zapnaue 10-49.

P12 =0,934; @,5=0,357;
Hy,=Hy;1=0,112m3/n.

Peiiienue
Jiis yKasanHo# cucTemBbl Tesl yraosoil Kosddguuiledt sydncroro ob-
MeHa BHYHCAAETCA No dopMyae [4]

- d\* d 2
P1a=1— ]/1 _<T) + - arcig l/(—:—) —1

TloacraBuB 13BecTHHIE M3 YCJOBHI 3ajaud 3HAa4eHHs BeIYHH, Mo-
AY4YHM:

100 Lo, / 120
=1— =0,934;
iz =1 l/ 120 T1g0° gl (100) —1=0,94]

Q2,1 HAXOAHM H3 YCAOBHIT B3AHMHOCTH:
o1 F2 = Qi Fr,
OTKyna

— Fy
Pg,1 = (Plz F, =0 934—d—0 357.
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BBaHMHble MOBEPXHOCTH TCOJA000MEHA

Hl.z =Hyq= Gy F) = 0,934.0,12 = 0,112 m2/m.,

10-50. Kax usmenstes cpemine Yra0Bble KOS()QUUHEHTL H B3aHM-
HLIE TIOBEPXHOCTH TCINOOGMEHA, ecan paceTosiits MEXAY OCsMH 3Kpan-
HBIX TpY6, PaCCMOTPCHHBIX B 3a1aue 10-49, ymeauwants 8 2 1 3 pasa,
4 BCe IpyrHe YCIOBNs OCTABIThL Ge3 NaMencnkil

Ioctpouts sasncumocts yriaosbix xovdduuientos 1 psanmunx mo-
BEPXHOCTEH JYYHCTOIO ofMclla  or paccroamnn mMexkAy Tpybamu; npu
STOM HCHOJIb30BATL II Pe3y, bTATLI BLIUICACHII B 3anave 10-49.

Orger

8) Pr,=0,566; @pq=0,432 H,,= Hyy == 0,1358 m3/m;
0) P1,0=0,401; Gpq = 0,460; Hyg=H, 1 = 0,1445 u3/m,

10-51. Creunt Tomounoj KaACPbl NOKPBITE IBYMA PAAAMH SKpaHHBIX
TPYG, MMM BHeUINHf Ruametp d=80 MM. Tpy6u B o6oux pagax

Puc. 10-12. K 3apaue 10-51.

PACIOIORCHBL € OANHAKOBBIM WAroM (n MJIOCKOCTIL, 1ApatIeanlofi cre-
He), paBHLIM s=400 MM (prc. 10-12).
Botyneants cpeannit yraonoi KO3SDGHIUHENT JyWICTOr0 06MeHa MexK-
Ay DOBEPXHOCTLIO TOMOYHOR KaMepnl I 2KPANNLIMI TpYGantH,
TBET

P1,2 = 0,502.
Pewenne

Yraosofi kospduuient AYUNCTOr0 o6MeHa MeMAy CTCHKOf u oxuiry
psiaoM Tpy6 BuLIwMcasercs mo dopryve [24) '

- e
Py g=1— l/ 1 -—(‘?‘)g+ {—arctg ]/ (i )‘_ ] =

d /
m 80 /(TOOT
=1= {20 AN - — =
l/ (400/) Faorete | B0 — 10,204,

Has muoropaaubix IYy4YKkoB Tpyb
Pro=1—(1—3,)"=1—(1 —0,004)2 = 0,502,
A€ N — UIICJ/I0 PAAOB, B llaWeM Cayvac /=9,

10-52. Brriuncants yraopee KospGHUHEHTE AyuncToro o6Mena MexK-
Ay TIOCKOH NMOBEPXHOCTBIO M NYuKOM TpYy6, ecai uncao psiob TpyG B
HANPABJCHMH, HODMANBHOM K NOBEPXHOCTH CTEeHbl, PABHO COOTBETCTBEH-
HO n=3, 4, 5 4 6, a Bece Apyrue YCIOBUSL Te XKe, 4TO B 3agaye 10-51.
IMocrponTs, TPaIINeCK Y0 3aBHCHMOCTD yraosoro koshdumiicuta ny-

r*o
L)
[¥e)

P OJb3GBATb
YyHCTOrO 06MeHa QJI_QOT yitcsa paaon . lel I[TOCTPOEHHH NMCh

pes3yabTaTnl BRMIICICHIT B 3agave 10-51.
OrBer _,
n=3, ¢ ,==0,6485;

n=4, @ ,=0,752;
n=>5, &7;2-:0,825;
n=6, 6{_2 =0,8754.

FrMABA OAMHHAAUATAR

TENNOOBMEH MU3NTYYEHUMEM B MOTNOWLAIOLWLEA
CPEQE ‘

11-1. Onpegenutb Ko3pdHIIEHT OCAAGMEHIA Jyya CJOEM ABYSKHCH
yraepola TonwHHofi 30 MM, °CJH H3BECTHO, YTO MoC]e MPOXOXK ACHHS
3TOro CJOsl CNeKTpaJbHas HHTEHCHBHOCTb Jyda yMeHblingack Ha 90%.

Otser 4y = 767 1n,

Pewenne . .
Kosdduunenr ocnabrennsa Jayda B morjouamollet cpee yMexKHO

Kaltti 13 3axoHa Byrepa:

Jpx=Jp gmp€ ¥, (11-1)
OTKYA2 ;
L M (11-2)
=——In5—.
2 X n JA,x_—_O
H3 ycnoBuil 3anaun nMeeM:
J
Shr 0,1.
JA,X':O

IMojcraBip yiC/AeHHBle 3HAYEHNs BeJIUIH 113 yCJoBHIT 3ajaud B
ypasHeHne (11-2), monyutim:

1
—— ———2,31g0,1 = 76,7 1/m.
“a 3.10-% '

11-2. IToraomarenbHan CnoCoB6HOCTL ¢J0s rasa toawmmnofl [y mpn
napruanbHOM AaBjeHIH py pasua A, .

Onpeﬂenmb HOI‘J’IOLLLaTeJIbHy}O CﬂOCOﬁHOCTb rasa l'IpH OﬂHOBpeMeH-
HOM H3MeHeH#H TOJLWIMHBI CJOoA H napuHaanoro AaBJeHHa A0 BeJIHYHH
COOTBETCTBEHHO lz H pa. C'-[H’!‘aTb, YTO AJISI ZAHHOro rasa Cl'IpaBe}IJIHB
3aKOH Byrepa, a TEMHEPQTypa rasa B 06011)( c¢ayyasax OXHa H Ta Ke.

Otser ol

Ill
Ay =1—(1— 4" .
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Pemenne

ITo saxony Byrcpa norsolwarenviias crnocofuocTh rasa, HMaxoas-
ULCrocst NpIL HCH3MeNHOH TeMICpaType, sipasieTest QYURIHET Bejuuimbt pl:

A}\‘ = l —E_k(pl) .

3amiies frocdiearee paBelnCcTBO NPHMEHIITCHBHO K YC/JAOBIIAM 3aaauil:

— —kip,l)).
AA,I — 1 —e 1 1),
A}\'r‘2 =1 — e-k(pzlz) .
HMexarouas & 113 ypaBucHuil, nosyyaeM:
pals
Ay =1-—(1 —A)

11-3. B sakpetToil ¢ oGenx ctopon Tpybe puamerpoM 200 MM i -
Holl | M HaxoauTcs cMech CyXoro BO3AyXa H ABYOKHCH yracpoxa. IToJ-
HOe AAaBJCHIC H TeMIIcpaTypa CMECH DaBHbl cooTBeTcTBerHO 98,1 xlla u
800° C. ITapunaapbHoc gaBicliHe ABYOKHCH yraepoaa pasuo 9 klla.
[afity cTenenn weplioThl naxoisiieiicsa B Tpy6e cMecl rasos.
OTeer

e =0,06.

11-4. B narpenaresiofi neun TeMnepaTypa rasos no sceMy ofneMy
nocroahna 1t paeua 1200°C. OGbem neun V=12 M3, 1 noauas nosepx-
HOCTb orpaxjaenns F=28 M2,

O6miee nasnenue mpopykros cropanns p=98,1 xlla, napuuaIsnoc
LaBjleHHe BOAAHBIX MapoB py =48 klla n yraexucaots peg = 12 klla,

BrlugciTh CTeneHb UepHOTBE H3dyyaloliell razoBofi cMmecir It cobeT-
Beryoe 13Jaydesie NpoAYKTOB Cl'OpaHHs.

Orser

ep = 0,215; Ecog.p = 57400 Br/nm2,

Peprenne

Cpeauss Aauna nyTH ayya AJs rasoBoro €1os B oGbeMe ueul phl-
yieaserest o opmyae [28]:
v

12
=36 —=386—=1 )
[=3,6 7 3, o8 ,54 M

H]’)OHSBGIICIIHC NapuHajabHOro AaBJcHIISA ABYOKICH yrJcpoia H Bo-
JSTHLIX ITapOB Ha AJHHY NYTH Jyda PaBHLL:

Pco, {=1,2.10%1,54 = 1,85-10*M-ITa = 18,9 cm-Krc/cm?;
Py,ol= 0,8-10%.1,54 = 1,23.10* m-Ha= 12,5 cm-krc/em?,

Crencnt uepnorst CO, 1t O 1upn remnepatype rasos f,=1200°C

#afigem no rpadgukam pne. 11-1 1 11-2 [29]:
Eco, = 0,11;
€,0="0, 10.

CTCHCHI) lICP”OTI)I FQSOBOPI CMeCH
&, = eco, T Beyy,0-

210

Hs rpaduxos puc. 11-3 naxoaum nompasky P=1,05, torna er=
=0,11+1,05-0,10=0,215.
CoGeTrettiioe u3nyyeHie NPOAYKTOR Cropanis

Ty \* 1473\4
Ecos.r = &:Co (ﬁ) =0,215-5,67 (1_05) = 57400 Br/m2.

[1-5. Boulieants crenenb “epHOTH 1 cOGCTBENHOE H3JYyueHiie cMe-
CII, eCcJN cpeaHss TeMmmepaTypa rasos cuusuaach o 1000°C, a sce apy-
rHe YCJOBHS OCTABAJUCh TEMH e, 4TO i B 3ajaave 11-4.

OTeer
er = 0,256; Eco6.0 = 38200 Br/m2,
0,30 T T J
8
Seo; - Lo, |

0,25/ — = T Yocy, |-

0,20—=< SISO
3 g 3%% 205 b’lfe
== —— &

015 |- T== L o J
= ] \\%\§\\
= S DA NN

0 = - N

0,1 : — = \\‘§Q”7j\ ) ‘,\\\ =

0,08 = —+4 SRR <
S ~ S

" - \\ 5;\5‘3‘\

500 = J \EL\\NQ\‘\\
0,051 = ~SIJEE \‘\E‘%m
Nk NN NN NN
0,04|—3 T VWL
d \b\i\\\\\\ > I~
0,03|—F=r RN ~
| TN USSR NN

0,02 ] \\\ q\fé‘\,&\

I N DR NN
0,01 ~ |~ SN
KL\'\ 075 2 ‘\\
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Puc. 11-1. CrefleHp uepHOTBl ABYOKHCH YIJIEPOAA Ecp, =f(f, pby [29].
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Pc. . Crenenb 4CPUOTHL BOSIONO napa epo =2(¢ pl) [29].

11-6. Bulvicants cremens uepHOTH I coBCTBelHoe H3 JdyudeHile raso-
uou CMECHT, ecair rapuiiaibiioe japjelilie ABYOKHCH YINepojaa Pco, =

10% ITa, poastiiix naponb Py,o =1-10% Ila, a Bce apyrue yenosus

Te XKe, yTo B 3ajnaue [1-4.
OTneT

er == 0,220; FEgop.p = 58 700 Br/m3,

11-7. Onpencantn Koach(b TUHCHT TEMA0OTAAUNl H3.ayucHileM 0T NQTo-

Kd Tasa X MMOBEPXHOCTI TPy NapoMeperpeBaTels NApPOBOTO KOTI4, eCaH

TCMIEpaTYPA rasa na BYoAc te=1100°C 1 ma Brxoac n3 naponepe-
e

212

5 B Mu;ee Babrenue t 1 L cle
1,5 — pp =Tkrec/em? 5M
T4t — \70 (3'75 5,
g

7,3 /'g;;S

\ 1.5
PRI M-KFG/CMZ
1,7p=- o
; 1 T Fﬂzo

00 a1 0,2 03 0,4 0,5 0,6 5,7 0,6 0,910

Puc, 11-3. Tlonpasounsiil xosbduunest B Ha
napIIaaLIoe  RABJCHIE M5l BOASIHOro napa

[297.
rpepateas  fro=2800°C. TIpuustn
TeMHePaTypy BCeH NOBCPXHOCTH @
rerioo0MeHa IOCTOsSHHON 1 paB- } i
noil fc=>500°C 1 creneilb uepio-
T nosepxuocti &=0,8. Tpyou ‘@“
PACHOJ0KEHBl B IHAXMATIOM N0-  ——» @ 't

psiake (puc. 11-4) ¢ maranu mo e@'
bpoutry s;=2d n raybuue s:=2d;

BHEIHIT  AHaMeTp pr6 d=

@$$

=38 mu. I'az conepxnt 10% CO, . "
1 4% H,O. Ofuiee nasnenne rasa .
p=981 Il

a. @
Orsetr

¢

%z = 11,5 Br/(u2-°C). Pic. 11-4. K sazaue 11-7.

Pemenne
Cpeandas AnuHa nyTn Jyda B MexTpyGHOM TNIpOCTpaHcTBe olpene-

Jsierest no gopmyde [28]:

—0 785)—1 08-0,038 (2.2 — 0,785) = 0,132 M.

l__108d(
a2

HPOHSBE}IEIII{F{ napuHaJabHoro JaBaeHHA JBYOKHCH YIViepoJa H BO-
JUTHBIX TapoB Ha CPEAHKIO NJHIY IIYTH Jiyda PaBHBL:

Pco,{=0,1.9,81-104.0,132 = 0,129.10* m-I1a = 1,32 cm-Krc/eM?;
pH:Ol =0,04.9,81.10%4-0,132 = 0,0518-10* m-ITa = 0,528 cM-Krc/cm2,
Cpeanss TeMuepaTypa raion
1
fp = 7 (tpy + tro) = 5 — (1100 -{- 800) = 950°C.
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Ilpu cpenneft TeMIepaType rasos 1o rpadhukam
Ha pHc. 11-1 u 11]-
HaxoAuM ctenenH uepnoThl CO, 1 H,O: \p\fb P 12

gco, = 0,05;
&p,0 = 0,0105.

Ilo rpaduxy ua pue. 11-3 naxonnm HOMPABKY f 11 BeIYIIC18eM CTe-
Tlels 1CpIUOTEl Fa308 MpiL CpejUHeli TCMIIepaType rason
&, = €cp, T BeH’O =0,05+1,05-0,0105 = 0,061 .

Horaomareashas cioco6Hocts razos MpH TeMIepaType MOBepPXHO-
cTH Tpy6

Ty \0,65
A = eco, (F) T Bepo =
C
: 950 - 273\0,65
= 0,056 (‘— . =
500 273) +1,05-0,021 =0,0975,
rie cp, 1 €y Gepytes mo Tem ke rpadukam (pnc. 11-1 1 11-2) npy

TEMIEpatype CTCHKII,
Tenaopasn Harpyaxa MOBCPXHOCTI Tp\6 34 CUET H3AVUEHs

1 © TR\t T\
Gn=—(c+1)C, |& (—“ — A [ -
n="5 (e 1) OI P\IOO) AF(IOO/)_ . (11-3)

B azaunoy cayuae
950 4 2734

J

1
Ga = —2~(0,8+ 1)-5,67[0,061 (

100 )
500 4 273 4
—0,0975 (—+— = 5180 Br/m2,
100 | ——
Kovyddpunueur teiroor1aun 13y UCIIIeM

ga 5180
fo—ts 950 — 500

11-8. Pemnts sazany 11-7 NPIL YCIOBIIL, HYTO PACCTOSHIC MEXIy
ocsn\;u Tpy0 1o PpONTY i B rayGruy yeeiuelo B 2 pasa, T. e. §y=5;=
=4 ,Oa BCE OCTAIbHbIE 1ICXOAHble AaHHBE OCTaJMICh 0e3 H3MeHeH.

TBET

o — = 11,5 Br/(m2.°C).

o = 25,4 Br/(u2.°C).

11-9. Peumnte 3anawy [1-7 np yeiosum, 9To b pesyasTaTte naMene-
HUSL pexuMa paGoThl TONKM NapuHazsbHOe AaBJIeHHE BOASHLIX napos
YBEANUINIOCH B 3 pasa, a Bee APYTHC HCXOANbIe Aaligble OCTAMICH Ge3
H3MEHEeHHT!,

OTeer

an = 15,6 Br/(m2.°C),
11-10. Tlyuox w3 Goabmoro wheaa AMMIIIBX Tpy6 HAPYKHLIM AHa-
MeTpoM d=60 MM O6TeKacTcs NpOAYKTAMI CrOpATis, Coaep KaunMu

0,
12% nsyoxucu yraepoma u 7% momsioro napa. Temnepatypa npoayk-
TOB cropanust pasua 1200°C, a oGuee papaennc 98,1 xIla.

214

Tpy6el pacno/ioMeHbl B LIAXMATHOM MOPsIAKe C ORHHAKOBBIMI MO-
nepeynbiMil 1 NPOAOJbHBIME IACAMH, DaBHBIMII §1=S53=2d.

Ounpeaeniith coGCTBCHHOC 13JYUCHIIE NPOAYKTOB CTOPaHIis, NPIXOAS-
weecst #Ha | M% moBepxHocTH TPYO.

OTBer

Gcog.r = 2,03-104 Br/M2,

11-11. Beluncanth, Kakylo AO0JI0 COCTAaBUT TeNJ1006MeH H3JydeHHeM
B o0UIeM npouecce mepejaud TCNJIOTHE OT ABIMOBLIX ra3oB K TpyBaM Ko-
TCJLHOTO MyuKa, paccMOTpeHHnoro B 3agave 6-13, mpu ycjoBHH, ecau wIa-
I'H MeXAay Tpy6aMu No (GpoHTY H B DIYyGHHY s1=S:=3d (dz=80 mM),
CpeAllsisi TeMnepartypa rasoB B nyuxe fr=1000° C, teMnepaTypa nosepx-
Hocti Tpy6 fo=400°C u crenens uepHoTHl €¢=0,8. JAbMoBble rasm co-
gepxar 11% HyO u 13% CO. [[dasaenue rasos 98,1 kIla, KousexTus-
HYI0 COCTABJSIOIIYIO Oy B3sTb H3 OTBeTa K 3ajade 6-13 (i3MeHeHHEM Oy
34 CYET APYrOro 3HayeHHs Si/Se NpeHebpeub). i

Orser

Ag = 0,385@9.

11-12. BrluncanTs NJIOTHOCTb TCHJAQBOTO NOTOKA, 08YCIOBIEHHOIO
JyUeliCyCcKkaHlleM OT JBbIMOBHIX ['d30B K IIOBEPXHOCTH LHJIHHAPHUECKOTrO
rasoxoga ahnamerpom d==500 mMM. T'aser copepxar 10% CO, u 5% H,O.
O6uiee npamsenne rasos 98,1 klla. TeMmepaTtypa rasos na BXoAe B ra-
30xoA tr1=800°C 11 Ha BHxOJe f2=600°C; cpeanss TeMmepartypa mo-
BepXHocTH rasoxona fe=400°C N cTeneHb yeplOTbl MOBEPXHOCTH E¢=
=(,85.

Oreer
ga = 4630 Br/m2,
Pewenune
Cpeaiast giiiia nyTi jyya
2
)
{=0 9£—O 94——0 94 = 0,45
TUI TR TV g T T A

B pacuernoft npakTiKe cTeneHb 4ePHOTH ra30B ONpEeAeJsieTCss B OT-
Jnyue ot 3agaul 11-7 1 mo cpeaneil reoMeTpHYCCKOR TeMlepaType rasos.
OToT MeToA mpHMeHsieTcsi NpIl GOJABIINX H3MCHEHIAX TEMIEpPaTypH B ra-

30xo0.4e.
Cpe}msm reoMerpuyecKas TemMnepartypa B razoxone

— 4 4
Te=1 (Te)2(Try)? =V (800 + 273)2 (600 + 273)% = 967 K;
fo=Tp— 273 = 694°C.

IMpoussegenns napunanenx gasiennii CO, u HyO na cpeaHwono
HJAHIY MYTH Jiyda PABHBIL:

Pco, § =0,1-9,81-10%.0,45 = 0,442-104 M-ITa = 4,5 cM-Kre/en?;
Pyu,0f=0,05-9,81-104.0,45 = 0,221-10* M-ITa = 2,25 car-Kre/cm?,

TIpu cpeaneit Temnepatype 1asos 1 =694°C 1o puc. 11-1—I11-3 na-
XOJIM: N
EC03:O'09; EH;OZO'OS H ﬁ—_- 1,06.
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CTCHCI]b lICPIIO’I‘]_)I rason H{)H CPC[LIICI-I TEMHC[)STYPG rasen
£, = €co, + Bey,o == 0,094 1,08-0,05 == 0,143,

IHpuo remneparype creuxn $c=400°C no teM ke rpadugam la-
XOAHM:

€co, = 0,08 1 gy o=0,07.

HOIX’I()H{H']C.'IMIZIH CNocoGHOCTR Ta30R r]{;hélﬂle[)ll’r}'[)fl cTenkn Hal-
HCTCs KAK
740,65 '96710,65
T\ . .
A =teo, ,_F) 4By o =0,08{==] " +41,06-0,07=0,175.
Te 673

Yaeanunlit tenmosoil TOTOK Ha CTCHKH 1azoxona 3a cuetr naayuennasa

— 1 i Tr A (Tc\“}
qun = 5 (ec+ 1) Gy {Er (m) — 4 m) =
i
= —2—‘ (0,85 1).5,67(0,143-9,7¢+ —0,175.6,73*) = 4630 Br/m2.

11-13. Pewnts 3agauy 11-12 mpu yeaosni, 4To xanasd asoxona B
TIoNepeyoM ceuenlin iMeer GopMy NPSMOYTOJLHHKA CO CTOpoiaMll a=
=00 M 1 b==1 M. Bee apyric mcxomine Agsnbc coxpanirth Ges nsve-
HSIGH

OrpeTr

gn = 5420 Br/m2,

11-14, Pemnirn sazauy 11412 mpn yelaoBuin, Y10 Hapllainbloe gan-
JeHiIe BOJAINX MAPOB YBCAIUILAOCL B 2 pa3da, a Bee Apyrue 14nnnle ocTa-
mich 6¢3 n3Menenuit.

OTner

gn = 5930 Br/m2.

rNABA ABEHAAUATARZR

TENNOBOH PACYET TEnnOOBMEHH\Hx AMNMNAPATOB

12-1. Macao Mapsn MC nocTyiacT B Macaoox.J aTeah ¢ TeMiepa-
"

‘

. - 7ot - . e L el
Typoll ty =70°C 1 oxaaxpacrca a0 reAtnepaTypLl tyt =30° C. Texn-
nepatypa oXxaaxaaoniell boasl 1a Boac f,o =20°C.

Onpeaeanrh TeMucpaTypy BOALI Ha BLIXOAC 113 MACTOOXJaLHTEIs,
CCAH PACXoabl Macaa i BOAL paBunl cootserernciio Gy=1-10% xr/u i
G2=2,04-10 xr/u. TloTepsisir TCILIOTHI B OKPY/KAIOU[YIO Cpely Tpede-
Gpeus.

Otrer

t o =130°C.

12-2. Jo wxaxoit teMmnepaTypbl OyleT uarpesaTbcsi Bola B Maclo-
oXyraguTese, eeaH pacxodsl Macaa i BoARl OYAyT oAnnakonbimi: Gy= s,

’

, .
a TeMUCPATYDB fy ), £y 1 f 0o TAKIMH K€, KaK B 3agate 12-17
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Orret
£ = 40,4°C.

12-3. OnpCACAITL 3HAUEHIIS CPELLIX norapHdMIUeCKIX TeMIepaTyp-
HLIX 114110DOB MCHJIY TCIIOHOCITENsMI B YCJIOBHIX 3afad 12-1 8 12-2,
ecaIl TCIAOIOCHTE N ABIAKYTCS 10 CXOMC NPOTHBOTOKA.

Orger

0
At;=21,7°C u Aty =18,1°C.

12-4. B BoszayxonojorpesaTteie BO3ayX HarpesaeTca OT TeMIepaty-
put Z;Kg=20°C 10 tyo=210°C, a ropstuie rashl OXJaXKAAOTCH OT TeM:

nepaTyphl t’m =410°C no l;d =250° C.

05‘ -t QC t r
s Eh=410°C 400! ra3e! xr
t11,=260°C
300 300+
tx1 "
200 200 poalds—| 2
100\~ 001
£ the F
0 g

Puc. 12-1. K szanaue 12-4.

OnpeaeauTb CpeiHHi fgorapugMHYecKHR TemmepaTypHBIl Hamop Me-
WAy BO3LYXOM H ra3oM Jjs CIyuaeB JABHKEHHA X IO MPAMOTOYHOR H
npOTHBOTOYHOR CXeMaM (puc. 12-1).

Ortser

. . 0
Algpay = 154 °C; Atppor = 215°C.

12-5. Onpeaeaith cpennesorapH@Miueckuit TennepaTypHbii Hannoe;i
s yeqosiil 3ajaun 12-4, ecan BO3AYX i ras JBHIKYTCS TIO CXEM(‘:ie(:HH-
pexpécmbn“x ToKk» 1 MOTOK KAXAOTO TEMJOKOCHTE/s! XOpOUIO MHepeM
aaeTcs. CpaBHHTb pe3y/IbTaT C OTBETOM K 3d]1aic 12-4.

OtBeT
Atneperp = 184 °C; Afppor > Atgepexp > Atfgpam-

Vkasauue Cpenuensorapudmideckus TemmepaTypHbifi HANOp MPH
NepeKpecTHOM TOKE TENAOKOCHTE/eH

(12-1)
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At[.]epe}{p = Alppor Emepexp,



rae  Afnpor — cpeanesorapudMmuecKn
NTPOTHBOTOKE; Emapexp — MONPABOUHLIE KO3DBUINIEHT, OmpesessieMbiii Mo
rpaduxy (cu. puc. I1-3) B 3asucnMocty or Beamunn P 1 R

e t.=138,9 °C p:xét_’“_:w.
L L Nt SN At ’ ’ 0
t}Kl - tmz
7201~
00 o o Stut _ Lt =ty
80 t’“ t)l(?. t;x?
60
40
—
ty =20
H1 ) F{ Puc. 12-2. K zagaue [2-6.

12-"6. B rtpy6uatoM napoBOAsHOM TCMI00GMeHHIKE CyXoHl Hachl-
WeHH LI BOASHOA map ¢ fasjenHeM p=3,5-105 [1a koHaelcHpyeTcs Ha
BHELHEH NMOBEpXHOCTIH Tpy6. Bona, aBmxkymascs no TpySaM, Harperaer-
sl OT £ =20° C o £y =90°C.

Onpenennts cpennesorapudmirieckui TEeMNepaTypHbll HANoOp B 3TOM
Tenaoo6Mennuke (puc, 12-2).

Orser
Atp=178,9°C.

12-7. OnpeneanTs pacxoi napa B NapOBOASHOM TEILIOOGMEHHHKE,
paccMorpennoM B 3ajaue 12-6, ecnnm pacxox Boanl cocTaBaseT Gi=
=8 1/u. CunTath, 4TO NEpEOXNANIEHHE KONACHCATA OTCYTCTBYET.

OTser
Gy = 1090 kr/u.

12-8. Kax usmensiTcs cpeiHelorapH$MHUecKHil TeMiepaTypHbi Ha-
[Op W pacxoj mapa Ajas YCJOBHH 3ajgau 12-6 n 12-7, ecan paBaeHie ma-
pa MOBLICHTB J0 p=7-10% [Ta?

OTBer

p=3,5-10°Ia; Aty =78,9°C; G, = 1090 Kr/u;
p=7T-10%ITa; Aty =106 °C;"G, = 1130 xr/u.
12-9. Ompesesnte MJOMWAAb NOBCPXHOCTH HATPEBA BOASHOTO SHO-

HOMa#i3epa, B KOTOPOM TeILIONOCHTEI ABILKYTCA MO NPOTIBOTOUHOI CXe-
MC, CCJI H3BCCTHBI CJAEAYIOULNC BC/IMIIHLI: TEMICPATYPA I'AJ0B HA BXOJLE
by el . - ~
{1 =420°C; pacxon rasos G;=220 T/%._TEILIOCMKOCTh  Fa30B (pi=
- ,

=1,045 x/lx/(xkr-°C); TeMnepatypa Boabl Ha BXOAe £40=105°C; pac-
X0, r_130;(1:1 G2=120 T/u; KOJIHYCCTBO nepejaasacmoll  temaors Q=
=135 MBT; Kosdpdumicur TCILIONCpEeAaYl  OT rasoB K Boje k=
=79 Br/(m2.°C).

Orger
F = 1100 m2,
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TeMmepaTypuufi  Hamop npn;

12-10. Onpenenuts NJollagb MOBEPpXHOCTH Harpesa BOASHOLC 3KO-

f moMalisepa, paccMoOTpenHoro B 3ajade [2-9, ecnd TenjOHOCHTENH ABH-

KYyTes Mo npsaMoTouHol cxeme. CpaBHHTL OJMYYEHHBIA pe3yJbTaT ¢ OTBe-

TOM K 3ajgaude 12-9.
Oreer

F =1930 M% Fppor/Fppan = 0,57,
12-11. B 1mpOTHBOTOYHHI BOJO-BOASHOM TeNJOOOMEHHHK, HMEIOLIHA
mIowaibp noBepXHocTH HarpeBa F=2 M2, rpeiouwas Boaa HocTynaeT C
’
remnepatypoit f,,=85°C; ee pacxon Gy=2000 kr/4. Pacxon Harpesa-
eMoii Boas! Gz=1500 Kr/u 1 ec TeMmepaTtypa Ha BXOJe B TENJI00OMEHHHK
,
2 =25° C.
OnpesendTh KOJHUCCTBO NepelaBaeMoli TEIJIOTh H KOHEdHble TeM-
nepaTyphsl TeNJOHOCHTeel, eclTH H3BECTHO, UTO KO3QpHIHEHT Terone-
» o o
pejadH oT uarperofi BoAbl K Xoaognoi 2=1400 Br/(m2-°C).
Otser

Q=169,8 kBr; £, = 55°C; t,, =65 °C.

12-12. OnpeaennTh NJ0LEAb NOBEPXHOCTH HATPEBAa M UHCJO CEK-

unii Bogo-BOAAHOrO Tenaoobmentika tina «tpyba B TpyGe» (puc. 12-3).
ytre
the r—dj% —
L - -—

Pic. 12-3. K 3apaue 12-12.

[petomass Boja ABHXKETCA Mo BHyTperHeHd cranpHOH Tpybe [Ae=
=45 Bt/(M-°C)] mnamerpoM da/d;=35/32 MM 1 HMeeT TeMnepaTypy Ha
‘ o

Bxode f,q =95° C. Pacxoa rpeowei Boast Gy=2130 xr/u.

HarpeBaemas BoAa ABIKeTCsl NPOTHBOTOKOM N0 KOJbLEBOMY KaHa-
Ay Mexay TpyGaMu U Harpesaetcs oT f,o=15°C g0 f,9 =45°C.
BuyTpenunit gmaerp sunemHel Tpyont D=48 mM. Pacxoag marpesaemoit
pofabl Gp=3200 wkr/u, Jauna ojnoit cexuiil tenjoobMennnka (=19 M.

IToTepsMil TemnOTHl yepes BICIUIIOI NOBEPXHOCTb TENJA00GMEHHHKA
npeuebpeus.

OTser

F=1,33M% n=17,
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Pemicrue
Teni0eMKOCTb BOAB ¢p &2 4,10 kJ1k/ (kr-°C),
[ComiucerBo nepegasaenMoit TenaoThl

" 3200
Q= GQ p2 (txcE -

tm) = 3500 119 (45— 15) = 111 xBr.
Temncparypa rpelomelt poan Ba BHX01E

. , Q 111-3600
Loy =ty — = 05— =50 °
axl acl - =50 °C.
G ey 2130-4,19
HHU.\'O,'LHM CPC,[IHCHpII(T)MCTII‘{GCI{HG 3HAYCHITST TCMIIQpIIT\'p TCHJIOHO-
CHTeCH 1t 3Hayeunsa (b'd.'%ll‘ICCKHX CBoHCTE BOAL npi sTix TCI\IHCp&T\'an:

tar = 0,5 (£, + 1) =0,5 (954 50) = 72,5 °C;
i = 976 Kr/mM3; vyq = 0,403-1070 m2/c:
hxi = 0,670 Br/(m.°C); Pryy = 2,47;
tua = 0,5 £+ £,) = 0,5 (15 4 45) = 30 °C;
Pz == 996 kr/M3; v, = 0,805-107° m2/c;
hxa = 0,618 Br/(m-°C); Pry, == 5,42,

Cxopoeri asiskenus Teudonocnreacit
0, = 4010 _ 4.2130 = 0,755 x/c:
Py 7 3600 976-3,14(3,2-107%)%.3600 '
w, = 4G, _ 4.3200 _
P ( Dz—dg') 3600  996.3,14 (4,8°—3,5%) 10*. 3600

= 1,06 m/e.
Hucno Pefiwoasica ans novoxa rperomiclt o
wdy  0,755-3,2:107°
Vi 0,403-107

Reyy = =6.10*

PexuM Tedenus rpewlicii BOAH TYyPEyJeHTHbIA, 1 pacuer mucaa
Hyccensra 1 kosddumicura Tenacoraaul sesem 1o dopuy.e (5-7).
Hucno Hyccemnra

‘Pry, 10,25
Nu)xl = 0,021 RE&? Prggg( p)m)
\ rCl/

Tak xak TeMnepaTypa CTCHKHM HEM3BCCTHA, TO B nepBoM npuésiKe-
il 3ajaeMcs sHayclHeM
for ~ 0,5 (fyy +- fa) = 0,5 (72,5 - 30) = 51,2°C,

Hpn s1oit Temucparype Prey=233: tToraa
‘2,47

, 0,23
Ny = 0,021 (6-101)™% (2,47)4 (’3_5) =158,

—
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KosdduuyenT Tem100Taaun oT rpeollefi BOAbl K CTEHKE Tpy&hl

| 0,670
K1 ’ o
oy = Nuyg d_1 = 188'3,2—.10__g = 3940 Br /(M2-°C),
Uneno PefiHoabaca 445 OTOKA HarpesaeMoit BOsl
Wedy 1,06-1,3.10—2
Cyg = —— m———————— =] 7].164,
Rexa Vika 0,805-10—8

rJle 3KBIBANEHTHBI AHaMeTp A5 KOAbLEBOro Kalana
dyg=D—dy =48 —35 = I3 MM.

PexuM TeycHHs HarpepaeMoil BOAb TypOYJEHTHbII, H pacyeT uxcaa
Hyccenpra n koadduuuenra rtemaoorfaud seseM no cdopmyae (5-12)
Aad Ten100TAauH npH TypOydeHTHOM TeyeHHH B KaHaJaX KOJbLUECBOrO

CCUCHHA:
Pryc, )0,25( D >0,18
Pre, dy
foartct 1, CcJaelOBaTeabHO,

5,4210,25 [ 48 10,18
Uy = 71.104)"8 20'4(‘ ) (— =95
Nuzer = 0,017 (1,71-109"° (5,42)" { P

0,8 0,4
Nu, = 0,017Re sy Prys (

IpuHse B 1epBOM OPHOIHKEHHH
Pre2 a2 Pret & 3,5, noayunm:

Kosduient TeniooTzaun or CTeHKH TpyObl K HarpemaeMoli Bojge

Axa 0,618
= ;g —— = 05 ————— = 4500 Br/(M2-°C).
s =Ntxy == =952 T/(u2-%C)
Kosdduuuent tenonepeaaun
_ 1
1 6_c+ 1
Gy Ag G
1
= == 1970 Br/(m2.°C).
1 +1’5,10-—a 1 a )
3940 ° 405 4500
g — b2 50
Tak xax B paccMaTpHBaeMOM cJyuae 723—5<1,5, TO C

&l T fx2
JOCTATOYHOR TOYHOCTBH) MOMKHO BeCTH DacyeT no cpenHeapH(MeTHye-
CKOH PasHOCTH TeMIIepaTyp:
Aty = lyi— lwo =T72,6—30=42,5°C.

ITnotHocTL TENJOBOrO NMOTOKA
g = kAtq = 1970-42,5 == 8,37-10* Br/m?,
ITnowans noBepXxHOCTI HAarpepd .

Q 11l
Fe X = — 1,33,
g 83,7 "
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Yic1o cerunii

L F 1,33
T omdyd we3,2:10-2.1,9

Testepatypel nosepxuocteil crenox TpyGul

83700
foy = by — —= =T2,5— ——— = 51,3°C;
ct KL o 3940
q 83700
tog =1 =304 —— =48,6°C.
c2 we T o + 4500

Ipu stnx temneparypaXx Preci=3,47 u Pre2=3,60 u nompasku Ha
n3MeHeHNe (H3WYECKHX CBOHCTB KILAKOCTH IO CCYCHHIO ITOTOKA HMEIOT
C/leAYIOUIHE 3HAUCHUA:

(Pr,,d )0.25 (2,47)0.25

= 0,915 (8 pacuere Gul10 npuHaTo 0,92);

Preg 3,47
(Pruo V0,25 75 420,25
(\?c;_/) = k3,65, = 1,10 (B pacuete Gnlio npuaaro 1,12),

Connajeliue AOCTATOUNO TOUHOE, MONNO JIPHilsTL, uTo f=1,33 M?
iy n=7.

12-13. B cesunonnoy teiioobuvennike tuna «1pyba o tpybes rops-
yee TpaHC(OpMAaTOPHOE MACJI0 0XJ1ai 1a6TCs BOJOH.

TpanchopmaToproe Mac10 ABHXKeETCH [0 BHYTpCHHeH natyiHoil Tpy-
6c anamerpoM do/di=14/12 MM co cxopocthio w=4 M/c. TeMnepatypa
’

MACIa Ha BXOJAC B TCIIOOOMCIHIIK fm:lOOL’ C. Boga ABHKCICH 110 KOTb-
LUeBOMY 3a30py MpPOTIBOTOKOM IO OTHOLICHHIO K Maciy CO CKOPOCTLIO
)

we=2,5 »/c, ce Temmepatypa wa Bxoae [,o=20°C. Buyrpenunit nua-
MeTp BHclHell TpyObl d3=22 M.

Onpeteants 06u1yVio L TIHY Tern1000MCHKOl NOBEPXIOCTH, UPH KOTO-
poit TeMIepaTypa Macla Ha BuX01c Ovaer {,, =60 C.

IMoTepaMH TeNJIOTH vCpPC3 BHEININOKW NOBCPXUOCTb TerlI100GMCHIIKA
npeietpeub.

Otger

{=11,6mM.

12-14. B tpybuaTtom ABYXXOJ0BOM BO3AYXONOAOTpPeBATC/e MaAPOBO-
ro kKotsa (puc. 12-4) Bo3ayx B koauyecTse G2=21,5 kr/c mo.keH Ha-

rpeBaThes OT f,,0=30°C 110 f,.4=260°C.

Onpeaenuts 11e06X0AUMYI0 NIAOWAAb NOBEPXHOCTH HarpeBa, BEICOTY
Tpy6 B OAHOM X0J¢ !y H KOJH4CCTBO TPYG, PACIOMIOKENBX MONEpeK H
BIOJIb IOTOKA BO3AYXA.

Huimossie rasur (3% COy, 119% Hy0) B koanucctse G1=19,6 xrfc
JBHIKYTCST BIYTPH  cTaabliniX Tpy6 (Ac=46,5 B1/(M-°C) nmamerpoM
dofd1=53/50 mm co cpeatieil ckopoeThio wi=14 nm/c. Tesmneparypa raszon

;
Ha BXoJc B Bo3ayxomnogorpenatcas £, =380°C.

Bosnyx nmBixkercs monepex TpyOHOro mydka Co CpelHeH CKOPOCTLIO
B Y3KOM ceueHun fmyyka wz=8 wm/c, TpyOu pacnonokenul B 11aXMATHOM
nopsjKe ¢ WaroM Sy=Ssz2=1,3ds.
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Orser
Tliomaxs nosepxaocTi narpea I'=1830 m? BhcoTa Tpy6 B OANOM

xone [1=5,4 M; KxoauuecTBo Tpy0 mofepeK INOTOKA 11y=38; KOMIUECTBO
Tpy6 BALOMIb MOTOKA 712=29.

Peuwenne

CpeaneapudMeTiiueckas TeMepaTypa Bo3ayxa

o = 0,5 ({0 F t32) = 0,5 (30 -+ 260) = 145°C.

[Ipn  arofi  Temmeparype — ¢usiue- Lt’;’
cxiie cpoficTBa BO3JAyXa DaBHb  COOT-
BeTcTBEHHO!  Dme=0,844 Kr/M¥ Cpmr= IJX_LI L 1!
=101 &Ix/(kr-°C);  Auwez=352-10"7 T

Br/(MX°C); Via=28,3-107% m?/¢c; Prue=
=0,684.
KonnuecTBo nepefaBaeMol TeIIOTH

144
w2

Q = Gy Cpr (32 — ty2) = 21,5-1,01 X

4
X (260 — 30) = 5000 kBr. 13

Onpesenum Temnepatypy TrasoB Ha
BLIXOJE M3 BO3AYXONOAOrpeBaTe’s.

B neppoM NPHOAHKEHHI NPHHIMAEM ”
CpeIII0I0 TeMepaTypy rasocs B BO3NYXO- h”"
nojorpesatene tx1=2300°C. Ilpu sToii
TemnepaType Cpxa 1,12 xIx/(xr-°C) Puc. 12-4,

" K samaue 12-14.
, 5000
(Y L S ) = 152°C,
®L TR G ey 19,6.1,12

TOrAa

fur = 0.5 (£ + ) = 0,5 (380 4 152) = 266°C.

[pu aToit Temnepatype Cpmy=1,11 kIx/(xkr-°C) u B pesyisrare
BTOPOTO NPHOIHKEHHS

£: =150°C u ¢, = 265°C.

[lpn temnepatype fwi=265° C ¢u3nyeckue CBOHCTBA AbIMOBBIX ra-
30B 3aj1aHHOTO COCTABA PABIIBl COOTBCTCTBEHHO!

pxi = 0,622 Ro/M3; cpii = 1,11 kIIx/(xr .°C);
Ayci = 0,0454 Br/(M-°C); vy = 41,2.107° m2/c;
Pr,i=0,66.
Yicao Pefinoabaca n1 MoToKa rason
Re.: — wy dy _ 14-0,05‘ _
KLy 41,2.107°

17000,
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Uneno Hyccensra n kosddHIHeHT TenQQTAZayH OT rasoB K CTeH-
kam Tpy6 no dopmyae (5-7):
Nt = 0,021 Re2:S Pro:t® — 0,021 (1,7-10%)%8 (0,66)"* =

1
Aoki 0, ,0454
ot = Nilyg _d_
1 0,05

43,5;

= 39,5 Br/(m2.°C).

Unicaro Pefinoanica Ags notoka Bo3ayxa

8:0,053—_

d
Caldy = 15000,

Vag  28,3-107°

Uneao IHyccenabra 1 xosddHIEHT TeMI00TAauM OT CTENOK TPYG K
BO3AYXY IIpH IONepeYHoM NoToKe 1o dhopmyae (6-4):

Resq =

Nu,o = 0,41 Re%S Pri-Se = 0,41 (1,5.10H%5 (0,684) % =115,
rie TIPH NIAXMaTHOM pPacnono:KeHuH Tpy6 u §3/55<C2 533(51/52)1/"
I TaK KaK Sy=s§z, TO £,=1;

Ma 0,0352
Oy = N = [15 ———— = 76,2 Br/(m2.°C).
2 At 7 7 0,053 T/ (at-C)
Kosdduiuenr renaonepenain
1 1
k= =S = 26 B M?-°C .
A R -0 T
og kg 2y 39,5 46,5 76,2
Tak rak
fa1— b0 380—150
t;u—t' T 260—30

TO CpefluH TeMiepaTypHbfl Hanop

Atz mpor = Ala = by — tyeg = 265 — 145 == 120°C.

[To rpaduxy AJas paccMaTpiBaeMOfi CxeMbl JABIIKEHHS TENJOHOCHTe-
get (cum, puc. [1-4 npuaoxelinsa) HaXoANM:

npu .
£, — t'z0 60 -
t}l - t)K’ -
4
fa = b 380 —150
R 950 0
too — o 260 —30
£ =0,88;

caeaoBaTelsibHo,
At = eAtppor = 0,88-120 = 105,5°C.
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[Mromanb NOBEpXHOCTH HArpEBa BO3AYyXOIOROrpeBaTeNs

. 8
L) YWY
kAt 26-105,5
O6inee uucso Tpyd
L 4G _ 4.19,6 1080,
Py Wdiw;  0,622.3,14(5-107%) 14

Bricora Tpy6 B OJHOM XOfe

F

A=A
Iy = = :

B 180,
© 2.3,14.0,05-1080 ' qp
[To1maAb HBOTO CeveHHs AJs Npo- Y b
Xona Bo3lyXa
21,
*"G—g-—ﬁ%“&“ A o A
Prata 0,55 AT T
Yucno Tpy6, pacloNiomeHHHx mo- AP |
niepex NOTOKa,
= —t
U li(si— )
3 2 ) I il
B 2 ~ 38 K {\ ! E A &, % i
5,4 (1,3-0,0563—0,053) I +
Ukeno  TPyS,  pacnoomenHbix
BJ10J1b MOTOKA, . YXondencam
n 1080
Np== —— = —— = 29 Puc. 12-5. K 3anaye 12-15.
ny 38

12-15. BEImosIHHTB TeNJIOBOH pacuet H ornpenennTh OCHORHBEIE pa3Me-
pHl BEeDPTHKAJBHOrO YeThIPeXXO40BOr0 IapOBOAAHOr0 TPyGYaToOro Tel10-

oOMeHHHKa, NpefHa3HaueHHoro s Harpepa Gi=230 T/4 Bombl OT t
=20°C no tm =95°C,
-Bona aBumxercs BHYTPH JaTYHHBIX TpyGok [A=104,5 B1/(mM-°C)]

anametpom dp/d1=14/12 Mm co cxopocteio w=1,5 m/c. T'peromum
TeHJ'IOHOCHTeJIeM CAYXHT CYXOH HACHIIEHHLI! BOASHOH Nap C naBJieHHeM

=127,5 klla, Korophii XOHJeHCHpyeTCi Ha BHellHell NOBEPXHOCTH
prﬁox
15—133 225



[Tpn pacyere TensoBele moTepH B OKpyxKaioulyro cpedy npuiats pad-
HEIMH 29 KOJHYECTBA MOABOAHMON TemsoThl. Cxema Tenjoo6MeHHHKa
npeacrasJ/aeHa Ha pHc. 12-5.

Orger

Pacxox mapa G»=4310 ki/u; uoscpxuocts uarpesa F=20 M2, xo-
anyectBo Tpybok n=200; Bbicota TpyGoxk H=2,5 M.

Pewenue

Koauyectno nepeganaeMoi TenaoTsl

. . 3-104
Q=G cp (ty—tnt) = 3600 4 187 (95— 20) = 2620 kBr.

Hafinem pacxon mnapa G, Tpu p=1275 k[la £,=106,6°C; i"=
—=2685 kJIxk/xr; i’ =447 kJAx/kr;

@ 2610
2 0,98 (i//_i/) - 0'98 (2685‘%2\

= 1,2 kr/c.

Jns pacuera Ko3PPuIHEHTA TENJOOTAAUH K BHelLIHeH MOBEPXHOCTH
TpyGKH NpH KOHJeHCalUMH Napa HeoOXOAMMO 3HATb TeMNepaTypy BHELI-
Hell NMOBEPXHOCTH CTeHKH fop H BeIcOTY Tpy6kn /. Tak Kak 3HauyeHHd
3THX BCJIMUHH HCH3BeCTHBl, TO pacyeT MPOBOAHM MeTOJOM HNOCJaef0Ba-
reJbRbIX npubankerull. OnpenenseMm cpeiHesorapH@MHUYECKHH TeMiepa-
TYDHBIIT Hallop

At — Bt —ha  95—20 57 4
Ty 106,6—20 '
sTha o 931 ———

In- ; "% 106,6—95
to— 1

B [IEPpBOM ﬂpl{6ﬂﬂ}KeHHH 3ajaeMcsn
At 37,4
teo 0t — ?” =106,6 — == ~ 88°C;

Kpome Toro, 3afaemes BeicOToH TpyGok H =2 M.
[Tpusenenuan aausa TpyGKu:

Z =At, HA.

ITpn £:=106,6°C no ta6xn. 8-1 naxoaum: A=57,6 1/(M-°C) u B=
=6,71-10-3 m/BT1. Toraa .

Z = (tg—tey) HA = (106,6 — 88) 2.57,6 = 2140<2300.
Teuenne nAcHKH KOHJeHcaTa NaMHHADHOE NO BCell BHCOTe TPYOGOK;
pacueT Beaem no ¢opmyae (8-5)
Re = 3,8 2°7® = 3,8(2140)"7® = 1520;

Re 1520 —
= = = = 8 2.9C).
At,HB  18,6-2.6,71-107° 6080 Bt/(mM2-°C)

@y

OnpenensenM K03QGHUHEHT TENIOOTAAYH K BOJE.
CpenneapHbMeTHYECKas TeM1lepaTypa BOABI

tyy =0,5 (t;xl -+ t:K1) = 0,5(20+-95) = 57,5°C;
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npu 3Tofl TeMneparype

Vi = 0,498-107° mM2/c; Ay = 0,665 Br/(m-°C);
Oxg = 984 KI/M3 H Pryg=3,12;
—2
Rewy— 241 o LEL2I0 5 65 400,
v 0,498.107°

TeueHne BoAB TypOy/eHTHOe; pacueT Bejem no (opmyle (5-7).
Tleperran TeMmilepaTyp MO TOJLIMHE CTEHKH OLCHHBAcM OPHMEPHO B
1° C, Toraa fo1 = tee—1=87°C 1 Pre1~2,03;

Nu,, = 0,021 Re%S Pryi (Pr,,, /Pry; ) =

XK
3,12\0,28
00,8 0,43 (2> )
= . 4 12)* = 65;
0,021 (3,62:10%)%:° (3,12) (2,03)

At 0,655 .o
= L =XKL 155 ————= = 9000 Br/(m2.°C).
[« 5% Num dl' 5 1’2'10_2 ( )

Kosdduupent tennonepefaun
k= ! = ! = 3630 Br/(M2-°C).

1 J L R
w T T e 9006 104,5 T 6080
CpellHﬂﬂ NJOTHOCTEL TeIlJIOBOI'O MMOTOKA
q = kAt = 3630-37,4-107° = 135,8 KBr/M2.

Miolagb TOBEPXHOCTH HArpEBA B MepBOM NPHO/IHKEHHH

PR 20 o
q 135,8
Yucsao Tpy6oOK B OLHOM Xone
4Gy 4.8,34 _

m = =
0, wnd?  984-1,5-3,14(1,2-1077)

Yucao xo0108 4 u Bcero Tpy6ox n=4-50=200.
Bricota Tpy6OK B nepBoM npulasxKesnu

F 19,3

= = = 2,37 M.
H ndepn  3,14+1,3-1072-200
TemmnepaTypa CTeHOK TpYOOK
q 135,8-10° .
= fg — —— = 106,6 — ———— = 84,3°C;
fea=1s- oy 06.8 6080
135,8-103

fog = les —%6:84,3— 1.1073 ~ 83°C.

104,5
Tak KaK mo/yueHHble 3HAUEHHS BeJHYHH H, fcy M fci He COBNANAIOT

C DpUHATHIMH, NPOW3BOAMM NOBTODHE pacuer, MpuHuMas H=24 u;
£c2=84,3°C u £c1=83°C. B pesyrbTaTe¢ MOBTOpPHOro pacyera noayda-

19*
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eM: u;=8950 Br/(M2-°C); @;=6030 Bt/(M2.-°C); k=3490 Bt/(M2-°C);
g=130 xBt/mM?; F=20 M? BbicoTa TPYGOK BO BTOPOM TNpPHO/IKEHHII
H=245 wm.

Temneparypa moBepxHocTeH cTeHOK TPYGOK BO BTOPOM NpPHEJHXKE-
1 £c2=85°C u fc1=283,8° C. CoBnafeHue noayyeHHEX 3HaueHHH ¢ pa-
Hee NPHHATBIMH JIGKUT B Tpefesax TOYHOCTH pacyera, H, TakuM ofpa-

, 30M, OKOHYATeJbHO NpHHHMaeM F=20 m?
. Lf)n )54 H=2,5 M.

12-16. BLITOJHHTB TemJIoOBOH pacuer
e - NAPOBOASHOIO TeNI006MEHHHKA, pPaCcCMOT-
X2z —= ) peHHoro B 3apmaue 12-15, ecad AaBjeHue
) rpelollero napa  HOBLIWIEHO A0 p=
=226 xlla, a Bce ApyrHe YCJAOBHS OCTa-

JiIch 6e3 H3MeHeHHIl,

OTtBer
— Gy =1,22kr/c; F=12,1 m¥%

)17 H=1,5m.
- /
) \ S —
Tz N
7 —-g.t" %
'L 1 Puc. 12-6. K 3anaug 12-17.

12-17. OnpepeanTs 0014k HOBEPXIOCTH Harpesa M AJNNIY OTACIb.
HBIX CeKUHI (3MeeBHKOB) 3MeCBIIKOBOTO IKOHOMak3epa NMapoBoro Kotja,
npeAnasHayeHoro A MOAOTpeBa OHTAaTeJbHOH BOAbI B KOJIIYECTBE
G2=230 1/9 OT £,0=160°C 10 { ,9=300°C (puc. 12-6).

Boaa ABHIKETC CHH3Y BBEPX MO cTajibHbiM TpyOam [A.=22 Br/(MX
X°C)] nuametpom di/d2=44/51 MM co cpenseil ckopocTblo wz=0,6M/c.

Jevimosbie rassl (139% CO,, 11% HoO) aBHKYTCS CBepxXy BHH3 B
MeXTpYyGHOM [POCTPAHCTBE CO CpelHeH CKOPOCTBIO B Y3KOM CeyeHHH
Tpy6HOro myuka wi=13 M/c. Pac>§ou razos G1=>500 1/u. TeMneparypa
rasoB Ha BXole B 3KoHoMafisep f,;=800°C. Tpy6u pacnosoxens B
IIAXMaTHOM IOPSiAKe C IIAroM Ionepek MOTOKAa ralos Si=2,1d # BROJDL
noToKa Sz=2d. .

OTtBer

[Mnowaas mosepxHocTH Harpesa F=1065 M? 4HCJO 3MeCBIKOB n=
=86; nanna sMecBuxon [; =775 M.

Pewmenne

Cpenseapudmernueckas TeMnepaTypa BOAbI

tuo = 0,5 (£ra + tyea) = 0,5 (160 + 300) = 230°C.

Tpu sToil TeMmepaType ¢naHyecKHe CBOFACTBA BOABI PaBHLL COOT-
BETCTBEHHO!

Pima = 827 KI/M?; Cpmy = 4,68 kIIx/(xr-°C);
Az = 0,637 Br/(M-°C); Vyp = 0,145-107° m2/c;
Pry,=0,88.

—

228

KoJ/iHuecTBO nepenaBaeMofl TENJOThH
=G £ )= 2010, 68 300 160) = 4,2.10¢ kBt
Q= QCp;KQ( x2 }K?)_ 3600 268 ( - =% .

Uucno PefiHonbaca AJAS MOTOKa BOAH
wyd; 0,6-4,4.102

Uneno Hyccenbra # KoaddHUHERT TensooTnaud AJs BOALI Ompeje-
asieM 1o ¢opmyae (5-7), B KOTOPHIH, yUHTHBaA, 4TO Ko3ddHUHeHT Ten-
JOOTAA4Yd CO CTOPOHB BOABI HaMHOro GoJblue XKo3dgHUHEHTa TENaooT-
Ja4d CO CTODPOHBI ra3oB I, CJeAOBaTelbHO, TeMIeparypa CTeHKH TpYGhl
Gauska K TeMIepaTtype BOAbl, mosaraeM (Prua/Prez)%25x1:

Nu,, = 0,021 Rel:S Pri:a® = 0,021 (1,82-10%) 8 (0,88)"** = 314;

A 0,637
oy = N, -Z(—: = 314m

Ilnsi onpenesieHns TeMIepaTypel ra3os Ha BHIXOAE H3 3KoHOMaiisepa
TpHMEM B TEPBOM  NPHOAHIKEHHH  TENJIOEMKOCTb  rasa  Cpmi R
~ 1,25 xIx/(xr-°C). Toraa
‘ 4,2.104
Q =800 ——————— =558°C
Gitpxi 500-10%-1,25

= 4550 Br/(u2-°C).

t:KI = t:Kl -
H
ty1 = 0,5 (0 + ) = 0,5 (800 - 558) = 679°C.

[Ipu stofl TemuepaType Cpmi=1,234 kJIx/(xr-°C) u B pesy.ibTate
BTOPOTO NMPHONHKEHHS

thq =554°C 1t = 6T7°C,

Ipu rtemnepaType #wi1=677°C ¢usuyeckHe CBOACTBA ABIMOBHIX Ta-
30B NaHHOIO COCTAaBa PaBHBl COOTBETCTBEHHO:

pxi = 0,373 Kr/m3; Ay = 0,0808 Br/(m-°C);

Vi = 108-107% mM2/c; Pry; =0,61.

Uneno PefiHosbaca 4414 M0OTOKa rason
wid, 13-5,1-1072

= 6130.
Vi 108.10°

Rewi =

Haitnem umcno Hycceabta u Koad@uuHeHT TenJI00TAaYH KOHBEK-
IHell OT ra3oB K CTeHKaM Tpy6.

B cBA3H C TeM, YTO YHCJAO PSAAOB TPpYyG BAOJb NOTOKA HEH3BECTHO,
pacuerT BefeM A1 TpeTbero paga TpyG. Ilpu waxmaTHOM pacrnoJoxe-
HHM JJs YHCTBIX TPY6 mo dopmyae (6-4)

Nuy = 0,41 Rel? Priyie = 0,41 (6130)"° (0,61)"% = 64,3,

XK
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riae, Tak Kak §i/s2=1,05, es &~ 1;

’ 8,08-1072
}%—1:64 3—8_

102 Br/(m2-°C).
®l g, 5,110

4
a; = Nu

B [pOMBLILUJIEHHBIX YCAOBHSIX BCJAEACTBHC 3arpsi3HCNMSl  KOTCJbILIX
IIOBEPXHOCTEH HAarpesa HMHTEHCHBHOCTL TemnooGMena cHipkaercsa. st
yueta sToro noJsaraem [13]:

a, =0,8a; =0,8-102 = 81,6 Br/(m2-°C).

OnpenensieM Ko3QQHIHEHT TENAOOTAAYH H3JIYYCHHEM OT NOTOKa ra-
30B K cTeHKaM Tpy6. CpellHsis AJMHA NYTH JAyda

[ =1,08d, ( ih_ 785) =1,08-0,051 (2:2,1 —0,785) = 0,188 M.
d2

HPOIBBC,HGIIHC CpeJAHEro NyTH Jiyua Ha NapupaJblioc AdBJeHIC ABY-
OKHCH Yyriepoja H BOASHBIX IMapoB

Pco, 1=0,13-0,188 = 00,0245 m-xrc/cm2;
Pyol= 0,11-0,188 = 0,0207 m-xkrc/cm2,
Crenenb UepHOTHI ABIMOBBIX [a30B IIPH CPejHEH TeMmmepatype rason
(tx1=0677° C) Haxoaum nmo rpacduxam na puc. 11-1—11-3:
€, = €co, + B"'HQO = 0,072 4 1,08.0,042 = 0,017,
YuurniBag, 410 @< dy, NpHHHMaeM feia fwe+20/250°C. Ilpu

3TOIl TeMIepaType C MOMOILBIO TeX e rpatdikoB HAXOIuM NOIIOULATED,-
HVI0 CNocoBHOCTh Ta308 wpu TEMNepaTyVpe NOoBepXuocTH TPYVG:

Toi' &% 077 275 S

A=t o=, O o)
- 1,08.0,07=0,17.
OddexTiBHAA CTENEHb YepHOTL 060J0UKH
€ =0,5 (e, -+ 1)=0,5(0,8+1)=0,9-

[110THOCTL TEMJOBOTO MOTOKA, OGyCJIOBJIeHHHH H3JYyUYCHHCM,

¢ T)Hl Tci‘
"“ZE“CO[ (100) - r(l—oo)]z

2 250 - 273\4
=10,9-5,7 lo,117(67—7+—73) —0,17 (50—+—3> ] =

100 100
= 4230 Br/m2.
Kos¢p¢uunent remaooraayn, o6yCaOBAEHHBI H3/IyYeHHEM,
gz 4230

oy — — 9,9 Br/(u?-°C).

tai—tei 677 —250

CymMapuplii x03QHIHENT TenI00TAa4YH OT ABIMOBHIX [a30B K CTeH- *

Kam 1pyo
oy =0+ oy =81,64+9,9=191,5 Br/(M2.°C).
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Koaq)qmﬁnem TenJonepeiayx
1 1
=T L~ 1 3,5 10—3 1
€ -
w T T atsT + 1550

Gy

= 88,3 Br/(M2.°C).

HaxoauM cpepnuii TeMnepaTypHHE Hanop, NpHOJHXKEHHO NPHHAMAsA
CXeMY [ABHKEHIH TeNJoHOCHTe/ el 3a IPOTHBOTOYHYIO:
. . »
bt — txe 800 — 300

L] t -
bt — tyo 554 — 160

=1,27<1,5.

ITpH 3TOM
Alg = Aty = by — tyg = 677 — 230 = 447°C.

[lnoiltaae NOBEPXHOCTH Harpesa 3KOHOMaH3epa
__Q 4,2-104
T kAy  88,3-447

YHcao napasienbHo BKJIIOUEHHBIX 3MeeBHKOB
4G, 4.230-10%

n = = ~ 86
Pyco Td7 Wy 3600 827.3,14-(4,4-1072)%.0,6-3600

Hnuna oTAeNbHOR CeKUUR (3MEeBHKA)
F 1070

I = =
Y ndyn 3,14.5,1-1072.86

12-18. BEIMOJHHTL TENJIOBOH pDacyer H OMNPEJEJHTb YHCJAO H IJHHY
3MCEBHKOB NaponeperpeBaTesi MapoBOr0 KOTJAa INPOH3BOJAHTENbHOCTBIO
(32—230 T/4 mapa npx xaBjenun p=9,8 MIla u TeMnepaType neperpesa
tyo =510°C (puc. 12-7).

B napomneperpesatenb nocTymaeT cyxoft HachllleHHbIA BOAsHOR map.
[lap pBHXKeTCH nO cTadbHHIM TpyGaM JuaMerpoM dq/d;=32/28 MM
[Ae=22 Bt/(M-°C)] co cgem{eﬁ cxo&)ocnlo we=17 m/c.

Ouimosbie rassl (13% CO,, 11% H,0) B xoauuectse Gi=500 1/4
ABHXKYTCSL Tomepek TpyGHOro myuka. TemmepaTypa rasos Ha Bxofe
t,1=1100°C. Cpeansis CKOpPOCTb ra30B B Y3KOM CEYeHHH MyyKa W=

=14 m/c. Tpy6bl pacmosOXKeHB B KODHIODHOM MOpsAKe C LIAaroM IO-
mepek NoToKa S1=2,3ds u BAOJb NOTOKA Sz=23ds.

Ilpu pacyere H3MeHeHHeM JaBJeHHs Napa MO AJHHe NaponeperpeBa-
TeJisl IpeHeGpedb,

Orser

IMnomwane moBepXHOCTH HarpeBa F=764 M2, uHMC/IO 3MEEBHKOB n=
=168; ANHHA KaXkA0ro 3meeBuKa [1=452 M.

Pemenne

Mpu p=9,8 MIla Ttemneparypa Hacumemm t.—-t;(2—3095 C.

10% = 1070 m3.

=77,5 M

Tlpu 5TOli TeMnepaType SHTAABIHS -napa [2] 12 =2728 kJIx/kr. Ha BhI-

XOJ€e H3 TapomeperpeBaTess MpH t,x2—510°C 12 =3401 xJIx/kr, creno-
BATEJBHO, KOJHYECTBO BOCIPHHHMAaeMOR MapoM TeMJOTH

» e 280-108
Q=G2(z2—12)-——- 23600 (3401 — 2728) = 4,3.108 KBr.
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CpenneapudMeTHueckan TeMmnepaTypa napa
tyo = 0,5 (o -+ H0) = 0,5(309,5 4 510) ~ 410°C,

Ilpu 3Toit TeMnepaTtype ?mmmecxue cBOHCTBa mapa paBHE COOTBET-
cTBeHHO [25]: pwa=36,0 Kr/M3; Am2=0,0708 Bt/(M-°C); vuz=0,704X
X 10-8 M2/c; Prxa=1,09.

Yucso PefiHosbaca s moToka mapa

wydy _ 17-2,8- 102

n ’
Tx2 Tz =1s
e I
—_— —_—
—_— —_— -
7
x1

th,=1100°C
Puc. 12-7. K 3zapgaue 12-18.

Uncno Hyccenbra u KosdduudenT TenJ00TAAYH OT CTEHKH K Napy:
Nu,, = 0,021 ReX:3 Prl:2® = 0,021 (6,77-10%)%8 (1,09)*** = 1000;

Ama 0,0708
=N = 1000 ——— = 2530 B 2.°C).
G =M Ty 0,028 /(e2-%C)
IIpuHuMass B mepBOM NpPHOJHIKEHHH TeMJOCMKOCTh Tasza Cpwmi=
=1,31 gx/(kr-°C), HaxoQuM TeMNlepaTypy ra3oB Ha BHIXOJAe H3 mapo-
neperpenaTess

" Q 4,3-10%-3600
tg =t — = 1100 — ————— = 863°C;
e 500-10%.1,31
TOTRa tuct =05 (31 +1 ) =0,5 (11004863) ~982° C.
Ipu stofi TeMmepatype Cpwi=1,303 xIx/(kr-°C) u BTOpOro mnpH-
GJIHXeHAs feNaTh He HYJKHO.
IIpu TemnepaType #w:=982°C ¢usHueckne cBofcTBa ALIMOBHIX ra-

30B 33JaHHOTO COCTAaBA PABHBI COOTBETCTBEHHO:
pi = 0,28 kr/M3; Agy =0, 1075 BT/(M -°C);

Vyg = 170-1075 w2/c; Pryq — 0,58.

Yucno Peftnonbaca aJ1s1 IOTOKAa ras’os
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Hafinem uucao Hycceabra u kosddHumHEHT TensoOTAAuH KOHBEKIHI

OT Ta30B K CTEHKaM TPY0.
B cBA3H € TeM, UTO YHCJO PSAOB TPYS BAOJH MOTOKA HEH3BECTHO,

pacueT BeaeM AJis TpeTbero psifa TpyS. IIpH KOpHAOPHOM pacnonoXeHHH
It aHCTHIX TPYO no dopmyne (6-4)

Nu,, = 0,26 Re% Pr&-Be

Tx1
rae —0,15
S. .
g = (_ﬁ_) =35 =0,8
dﬁ
H
Nu,q = 0,26 (2640)" % (0,58)"% 0,85 = 31;
, Mxt 0,1075
- TR g2 2.°C).
o =Nty =+ = 3170 = 104 Br/(m2-°C)

YuuTbiBaeM . pe3ysIbTaT 3arpA3HEHHs MOBEPXHOCTH HarpeBa HEKOTO-
PLIM CHHXKeHHeM Koa(dodHuunedTa temtooraayn [13]:

@, = 0,80 =0,8-104 = 83 Br/(M2-°C).

OnpepensieM K03Q(GHIUHEHT TENMOOTIAYH M3JAYyueHHEM OT MOTOKa ra-
30B K CTeHKaM Tpyo.
Cpenuas pjuHa MyTH Jydya

;s
[=1,084, (1—;—0,785) — 1,080,032 (2,3-3— 0,785) = 0,212 u.
dy
[pouspesienne cpelHell AJMHHBL NMyTH Jyya Ha NapuHa’bHble AaBje-
HIIs IBYOKHCH YIJIepoAa H BOJSIHBIX MapoB:
Pco, {=0,13-0,212=0,0276 M-xrc/cM?;"
Puo! =0,11-0,212 =0,0233 M.krc/cu2.
Crenenp yepHOTH ABIMOBBIX Ta30B IIPH CpefHell TeMIlepaType ras3oB
tx1=982° C HaxonuM o rpadukam Ha puc. [1-1—11-3:
&, = €co, + Peyy,0 = 0,066 -+ 1,08-0,037 = 0,106.
JIlast pacueTa MOrJIOL[AaTeJbHOR CIOCOGHOCTH ra3oB MPH TeMIepaType

NMoBepXHOCTH Tpy6 NpHHHMaeM f¢ = fwa+40=450°C, IIpu 3To#ft TeMme-
paType ¢ NOMOIIbIO Tex XKe rpadHKoB Haxo;um-

T g \ 0165 12
A =eco (ii + Pey,0 =0, 068( 5 1 1,08.0,067 = 0,169,
r 2\ T, 733

dddekTHBHASA cTeNeHb YePHOTH 060J0YKH
g =0,5(e,+1)=0,5(0,8+1)=0,9.

IInoTHOCTL TEMJIOBOTO NOTOKA, OOYCJAOBJAEHHAs H3JYYEHHEM,

A T.i\4 T
In ="t 00[8“ (WWS) A (IOCO)]

255 733
= 6 =1,1.104 2
0957[0 106(100) 019(100)} 1,1-10 BT./M.
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Kosb¢uuuent tensootaauu o, o6yCNOBJIEHHEI H3/YyUCHHEM,
qn__ 11104
bag — e 982 —450

Cymmapubifl Ko3¢h$HIUHEHT TENJI0OTAAYH OT ALIMOBBIX I'a3oB K CTCH-
Kkam Tpy6

oy = = 20,7 Br/(M2-°C).

G = otz &g = 20,7 + 83 = 103,7 B1/(M2-°C) .
KosthdHuuent Tennonepeauu
. 1 N 1
Tl 8 11 ea0 1
e o, 103,77 22 13530

%o
Cpennnii TeMmepaTypHBIfi Halop omnpelensieM D pacueTe Ha IPOTH-
BOTOYHYIO CXeMY. Y4UTHIBaA, UTO

= 98,5 Br/(m2.°C).

.

fu1 — o 1100 —510
trr — Lo 863 — 309,5

X

~ 1,07<1,5,

MOXHO IIPHHSATD:
Aty = Afg = i — o = 982 — 410 = 572°C.
Temnepatypa HapyxHOH NOBEPXHOCTH TPYD

tey= tm—}-@t—:%Q— 98'5——‘=440°C.
ay 103,7
IIpi pacuere aAyunctoro TtemnoobMena ObL10 mpHHATO fo=450°C.
Hns pacuera oy TaKoe COBNajeHHe AOCTATOYHO TOYHO U Tepecyera Je-
J1aTh hHe HyKIIO,
Tlaomanb 10BEpXHOCTH Harpesa naporeperpeBaTens

S T
F=at, = 95572 "

Ykcsno 3MeeBHKOB
' G .230-103
n = 4 2 == 4 N = 168
Do Td7 0,+3600  36,5-3,14(2,8-107°)*17-3600

IIJIHHa Ka»xJaoro 3MeeBHKa
__F 764
T ndyn 3,14.3,2-1072.168

12-19. IOByokuch yricpoia npu RaBieHud p=10 MIla B xoaugect-
Be G=0,02 kr/c nocTynaeT B Kpyraywo Tpy6ky AuaMerpoM d=4 mw, npo-
XOAMT YYacTOK THAPOANHAMHYECKOH CTaGHJH3AUHH H C TeMIepaTypoi
tw1=30° C mocrynaer B ofGorpeBaembift yyactoxk TPYOKH, Flie Harpenaet-
C NpH MOCTOSHHON NAOTHOCTI TENJIOBOTQ MOTOKA Ha CTeHKe ge=8X
X108 Br/m2.

Hatfitu pacnpeneneune TeMnepaTypsl o AauHe Tpy6xu, Pacuer BH-
ITOJHHTL a5 OTHOCHTCALHLIX pacCToslinii OT BXoAa B TPy6Ky x/d=2, 4,
10, 20, 30, 38, 50, 60 u 75,

234

I =45,2 M,

OTBer
PesyabraThl pacueTa MpHBeleHB B Caefywllell Tabanue:

x/d 2 4 10 [ 20 y 30 | 38 [ 50 | 60 | 75
tyx, °C 31,2132,4135,6(39,943,0)45,1|48,2|51,6{ 59,0
ax, Br/(M?.°C) |4510]4000|3500|3150}3050|3200}3340]3360} 3190
£cx,°C 208 232 264| 294| 305| 295| 288| 290| 310

M3MeHenne no OJauHe TPYOKH TeMIepaTypbl CTEHKH CpeLHeMaccoBOM
TeMIepaTyphl ABYOKIICH yrJlepola H HeKOTOPHIX APYFHX XapaKTepHBIX Be-
JIYHH TMpHBeleHO Ha pHc, 12-8 u 12-9. .

¥ [Re,«'ﬂ?"
vz
/
7__J wll
6Tp
I

ZO00FNU, BT I
600 f
400, f'/}——-“
12} e, 10 7
Brimiec) ]

0

8 !

L1

L A
ﬁr(nz.o?[w‘

I
a2l L
0 10 20 30 40 50 60 70

i

10 20 30 40 50 60 70 &0
Puc. 12-8. K sapaue 12-19.

Puc. 12-9. K 3azaue 12-19.

Pemenune

Kpurtudyeckoe nasaeHHe ABYOKHCH yraepofa px=7,39 MIla. Cuae-
L0BaTeJbHO, paccMaTpHBaeMbIH fpouece Temaoo6MeHa MPOTEKAeT B CBePX-
KpUTHYeCKOH obsacTH mapaMeTpoB cocTosHus. Tak kak B 3Tofi o6aacTd
TENJOEMKOCTb KHAKOCTH CYIIECTBEHHO H3MeHAeTCs C TeMIepaTypoil, To
H3MEHEHHE CpeHeMacCoBOH TeMNepaTyphl ABYOKHCH YIVIepofa Mo JJIHHE
TpyOkH omnpefesiseM MO H3MEHEHHIO ee 3HTalbmuu. IIpH gec=const 3H-
TAJbIIHS XHAKOCTH H3MEHsIeTCs Mo AJHHe TPYOKH JHHEHHO H
Ge ndx

G
IIpu £, =30°C u coorserctBeHio T =303 K Ik =537,4 kI x/Kr;

8.10°1.4.10~3
10~2

e = Ing +

{4 = 573,44+ x =573,4 + 502x gk /Kr,
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IMpu x/d=2 x=2-4.10-%=8.10"3 M Ht,,(x—5734+502 8:-10—3%=
=5774 gk x/xr. —

[To tabauuam HAXOMAIM TEMIIEPATYpy ABYOKHCH YIJepOxa, COOTBET-
CTBYIOILYIO 3TOMY 3HaueHu1o suTanbmint: Tuwe=304,2 K, nag 4, =31,2°C.
AwanornunbiM 06pa3oM AJs APYruX sHaueHHH x/d HaxoaHM:

x/d 2 4 10 0 30 38 50 | o0 | 75
wx K 304,2 | 305,4 | 308,6 | 312,0 | 316,0 | 318,1 |321,2 |324,6 | 32,0
1, °C 31,2 | 32,4 | 356 | 39,9 | 43,0 | 45,1 | 48,2 51,6 | 59,0

HE

IlceBaokpuTHYecKast TeMmepaTypa JBYOKHCH YIJepoja NpH p=
=10 MIla /n~45°C. Tlostomy BOau3M ceyeHus x/d=38, rie tuze=
=45,1°C, TennoeMKoCTb Cpm H YHCJIO Pri HMEIOT MaxkcuMyM, a Apyrue
dim3uyeckue coficTBa H3MeHAWOTCS Hauboee pe3ko.

MecTroe uncno PefiHosbaca

4G 4-2.107% 6,37

7d Pycx

ITposemeM pacueT UCKOMOH TeMIepaTypsl CTeHKH JJS CeYeHHS
x{d=2,

IMpu x/d=2 T,==3042 K u ¢usuyeckne cBoHcTBa JABYOKHCH yIJe-
po/a COOTBETCTBEHHO PaBHBI: [x==6,55-10-3 Ila-c; pwx=761,1 KO/M3;
Imx=5774 KIXK/KT;, Cpmxz=3,37 xIxk/(xr-°C); 7»m=8 74-10-2 Br/(MX
XOC) pl'mx—252

Rex =

n-4.107° Wox B TP

6,37
e ——— —0,72.10%;
Re; = 6,55-107°
pE)KHM JABH2XKEHUA TypﬁyneHTHbIH, H pacuer TENJ00TAAYI IIPOBO/NM
no dopmyse (5-17): —

E n Oc m
=Ny, { =2 — | ey,
* 0 (Cpnc) <p}i\’ ) ¥

rae Nug, €p, 1, M R € ONPEAESIOTCSt N0 3aBHCHMOCTSAM, NPHBEAEHHBIM
BIM. 5K CI)OpMyJIaM (5-15) u (5-17).

Yucno Hycceapra ans ciydas CTaGMaH3HPOBAHHOrO TemnooGMena
OCTOSIHHEIX (DH3HUECKHX CBOHCTBAX NPH P& Px

iRem Pry

127‘/5 Prif® — 1) 41,07

£E=(1,821gRe, —1,64)2=11,821g(9,72-104) — 1,64] > =
=1,81.107%
/8 =2,26-10"
VE/8 =4,76.1072;

Nu, =

236

2,26-102.9,72.10*.2,52
Nu, = - s = 348,
12,7-4,76-1072(2,52%/3 — 1) + 1,07

TTonpaBka Ha Haua/JbHBI Y4aCTOK

d \0.4 1 \0,4
ex=o,se+0,54(7> =o,85+0,54(7> =1,27;

Nu, e, = 348.1,27 = 442;

8,74.1072
== Nu, Bx}\'_):;i =442 —F

HOns onpehenenust TeMnepaTypbl CTEHKH HYXHO 3HaTh MECTHHIA KO-
3¢hQHLUHEHT TenJ00TAAaYH, 3HaueHHe KOTOPOro corsiacHo dopmyne (5-17)
3dBHCHT OT HCKOMOH TeMIepaTypol cTeHKH. [103TOMY pacder TPOBOAHM
MeTOAOM NOCJe10BATEJILHEX NpHONHXKeHHH, pewas coBmectHo (5-17) H
BHIpaXeHHe

= 9650 Br/(m2-°C).

g
bex =ty f . (3>

X

YuuThlBas, 4TO BJIHAHHE Ha TeNJI0OOMeH H3MEHEHHS (H3HYECKHX
CBOHCTB JBYOKHCH YrJepojia IO CeYeHHIO MOTOKa, Kotopoe B (5-17) BEHI-

paxaeTCcsa MHOXHTeJEM
/= n m
¢ p
14 c
(P =\ - ]
Cox Px

B paccMaTpHBAEeMBIX YCJOBHAX CYLIECTBEHHO CHHXKAeT MHTeHCHBHOCTh
TENJ00TAAUH, 3aaeMCs B NeppoM npubanxenun ¢=0,5, Torna

Nug = Nu, &, ¢ = 442.0,5 = 221;
Do 8,74-10~2
| —4— = 4820 Br/(M2-°C)
4.107

H TeMIlepaTypa CTeHKH B IepBOM NpHOAHKEHHH mO (a)
8.10% '

=31,2
fex 2+ 2820

[Mpr tcx=197°C, Tex=470 K pc=1242 rr/m? ic=930,3 xIx/kr.
Haxonnm 3HaueHKe ¢ BO BTOPOM TIPuOAHKEHHH,

o, = Nuy

= 31,2 4 166 ~ 197°C.

- de—iwy 4930,3—577,4
= =4 == ‘°C N
O et 19735 13 K/r0
¢, 2,13
——=———: 6
Cowe 3,37 0,632.

IlcespokpuTiiyeckast temnepatypa I'm=318 K u B paccmatpuBae-
MOM CCYCHIIH
T To 470

1, a ——=
7, < T T3
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ITokasartenn cTenenn n onpefenseM no dopmyse

T ,
n=0,22+0,18T—°=O,22+0,18-1,48=0,486‘
e 124,2

px 7611
m=0,35—0,05-> —0,35 0051—0—0282'
) ) - ) y 739_ ) »

Py ,
@ = (0,632)" 1% (0,163)" %2 = 0,48,
=0
Uncno Nux, @x H TeMnepaTypa CTEHKH BO BTOPOM Rpibmierniu:
Nu, = 442.0,48 = 212;
ay = oy ¢ = 9650-0,48 = 4640 Br/(M2.°C);
8.100
fox = 31,24+ —— = 31,2+ 172,4 ~ 204°C.
cex=3 - 4640 3 -4-172,4 04°C

Ecan nas Tperbero NpPHO/IHMKEHHS 3aJaThCAd TeMIEPaTYpoOR fex=
=204°C, TO 0. HeCKOJbKO YMEHBUIHTCH H fe. HOBbicHTCH. [ToatoMy 3a-
JaeMcs 3HaueHHeM f.x HECKOJbLKO Bhllle MOJIydeHHOro: fcx=208°C,

[pn 1c2=208°C (Tcxz=481 K) pc=120,2 xr/m3; ic=943,3 xJlx/xr
H B pe3yJbTarte TpeTbero npubamxkeHus cp=2,07 xIx/(xr-°C); ¢p/cpm=
=0,613; T¢/Tm=1,51; n=0,493; pc/pxx=0,158;, m=0,282 u

¢ = (0,613)%4% (0, 158)"2%2 = 0, 468;
Nu, = 442-0,468 = 207;
cy == 9650-0,468 = 4520 Br/(M2.°C);
8.108

tex = 31,2+45—20= 208,2°C.

Copnazenye noJy4eHHOro 3Ha4eHHS fcx € MPHUATBIM AOCTATOUYHO XO-
pouee, H OaJbHeHIIHX YyTOYHEHHH MdeJaTh He HY:KHO. TakuM obGpa3ow,
npu x/d=2 t.==208°C.

Bropoit pacuer npoBeneM nJg teyekus x/d=>50.

Ilpu x/d=50 txx=482°C, Txx=321,2K u d¢usuueckue cpolicTsa
IBYOKHCH YIJIepoJa paBHb COOTBETCTBEHHO!

Woser = 3,07-1075 Ta-¢; o = 422,1 KO/M3; iyr = 673,8 KD /xr;
Comz = 6,98 KIIK/KE-°C; Ay = 5,42- 1072 Be/{x-°C); Pry, = 3,9.
MecTtHoe uncno Pefinonbaca
6,37 6,37
T e 3,07-107°
Koaguiutent conporusaenns tpeHus &, uncao Nug U g

E=[1,821g(2,08-108) —1,64]2=1,55-10"2,

£/8=1,94.107% VE/B =4,4.107%
_ 1,94.1073.2,08-10%-3,96 B
12,7-4,4-107%(3,96%3 — 1)+ 1,07

=0, (83;

835.

Nu,

238

Tak xaxk x/d>20, T0 ex=1 1

A 42.1072% |
tutd :8355'_0_ —
4.1073

ao = Nu, 11 300 Br/(m2.°C).

YunTlBas, UTO B ceyeHHH, Oojee YIaJeHHOM OT BXoAaa, fox GymeT
Bbille, ueM MpH X/d =2, H, cJeL0BaTENbHO, BJHAHHE NCPEMEHHLIX CBOHCTB
Ha TensnooO6MeH NPHBOAHT K GoJjlee CHJIbHOMY CHHXKEHHIO TensooTLAuH,
3ajaeMcs B mepBoM npubsuxennu @=0,3, torga

Nu, == Nu, ¢ = 835.0,3 =250,5;

oy =0y ¢ = 11 300-0,3 = 3390 Br/(M2-°C);
ge 8108

oy =1 = =48,24+ — ~ 284°C,

ex ’*“‘+ax + 3390 84°C

TlpH tcx=284°C (T¢x=557 K} pc=98,5 xr/m? ic=1032 kIxk/kr.
3HayeHHe MHOMHTENR (¢ BO BTOPOM MPHOJIHKEHHH

fe—ixx 1032 —673,8

= 1,52 k1x/(xr.°C);

Pt | 284— 48,2
i=l_'5_2:0'218;
Cpx 6,98
Ty 32,2 1,01; Zc—=5—57=1,75.
Tn 318 T, 318

T T
Tax Kak 1< == <12 u l< == <26, T0 MO dopmyne (5-17)
TITl Th‘l

T T
n=ng+ (5n1—2)(1 — ) rae m=0,22+0,18T—°=0,22+0,18- 1,75=

- Th m
=0,536 u
n=0,5364 (5.0,536 —2) (1 —1,01) =0,53;

98,5
;)—:( =42—2,1 =0,233. Kax u pauee, npu p=1-107 I1a m=Q,282 H
- n m :
o=[2 ] (£} = (0,218 (0,233)"%2 = 0,207.
cp’l'Ki p){(

Yucao Nux, @z H fex BO BTOPOM NPHOJHKEHHH

Nu, = Nu, ¢ = 835.0,297 = 248;
oy = oty @ = 11 300-0,297 = 3350 Br/(u2-°C);
8-108
= 48,2 4+ ——— = 48,2 4239 =287,2°C,
tCX 48) + 3350 4 ’ +

Tak Kak MosyYeHHOe 3HAueHHe f¢. OTJIHYAETCA OT MPHHATOrO, TO He-
06X0IHMO TIPOLOMKHTL pacueT. B TpeTheM NpHOJIHKEHHH IPHHHMAEM fcx =
=287°C n mnosTopreM pacueT. Ilpn £cz=287°C Tcx=560 K, pc=
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@ = (0,217)%% (0,232)" %2 = 0,295,
Nu, = 835.0,295 = 247;

ax = 11300-0,295 = 3340 Br/(M2-°C);

8-10%

fox = 48,2
ox + 3340

CoBnajeHue TOJYYEHHOro 3Haye-
st fex © TIDHHATHIM JOCTATOYHO TOY-
1l0€ Y MOXKIQ NPHHATB, 4TO NpH x/d=
=50 f..=288°C.

Pacuer TEMIIepaTyp CTEHKH B OC-

TaJBHBIX CEYEHHAX TPYOKH INPOBOIHM
AHaJIOTHYHBIM  o6pasoM. Pesynbrathl
pacueToB IpHBeJeHs! B TabadHue Ha
ctp. 240 u ua puc. 12-8 n 12-9.
. 12-20. TTo kpyraofi Tpy6ke ¢ nua-
MeTpoM d==4 MM JABHXeTCS ABYOKHCb
yraepona. JlaBreHHe JBYOKHCH YrJe-
pora p=10 MIlla u ee pacxox G=
=0,03 xr/c. B o6orpeBaeMulit yyacTok
TpyOKH JNBYOKHCH Yr/epola iIoCTyNaeT
¢ Temnepatypofi fm1==10°C u Harpe-
BaeTcst INpH TOCTOSAHHOA MJAOTHOCTH
TeNJOBOro MOTOKa Ha creHKe g¢=1,3%
X10% Br/m2. Tlepen oforpesaembiM
VYACTKOM  HMeeTcslT HeoborpeBaeMbli
Y4acTOK THAPOJAHHAMHUECKOf CcTabHau-
3aUHuH.

Haiitu pacrnpezesneHHe TeMmIeparty-
pel Mo jJuHe TPYOKH. Pacuer BHMno.s-
HHThL JUISi OTHOCHTEJBHBIX DacCTOAHMH

48,2 - 239,5 = 287,7°C.

97,9 kr/M3; i.=1035,6 kI x/kr; cp=1515 kIx/ (xr-°C); ch/cpm=
0,217; T¢/Tm=1,76; n=0,53; pc/px=0,232 u

°C t‘, T % 4_|
380 : - |
.
L L
e‘i
||
B
|
— ‘r__{r
-
il
Tl T IE

0 10 20 0 %0 50 60 0 &
Puc. 12-10. K 3anpaue 12-20.

oT BXxOAa B TpyGKy x/d=2, 4, 10, 20, 30, 40, 50, 60, 65 u 75.

OTger

Pe3yabTaThl pacueTa IPHBEJAEHH B Caeldylolled HUXKe Tabaxle v Ha
puc. 12-10.

x/d
PacyeTHas BeJHYHRHA
e | 4 10 20 30

L, °C | 11,8 13,6 18,9 26,9 33,5
ala 0,504 0,462 0,419 0,363 0,332
o, Br/(m2.°C) 5630 4730 4080 3840 3730
¢, °C 243 288 337 365 382
16—133 241



IIpodoascenue taba.

x/d
PacuyeTnas pesiHuxHa -
R o | w | e | e 75
t, °C 38,7 42,4 45,2 46,6 49,7
Oyl Qy 0,276 0,230 0,212 0,223 0,29
ay, Br/(M%.°C) 3670 3680 3680 3730 4360
te, °C 393 396 398 395 347

12-21. OnpepennTs pacnpefefieHie TeMIEpaTypH B TONEPEYHOM Ce-
HENHH TeMJIOBLIAEAIONIETO 3JeMEHTa, HMEIOILEro GopMy MOJOr0 LHIHHA-
pa C BHYTPEHHHM RHAMETPOM d1=14 MM H HapYKHHIM AHaMeTpOM dp=
=28 MM, BBINONHEHHOrO H3 ypaHa [A=31 B1/(M-°C)]. O6e mosepxaoCTH
TB3Ja MOKDHTH MJOTHO NpPHJEraloWuMi o60I0UKAMH H3 lIep:KaBelolel
cramn [hos=21 B1/(M-°C)] Tomuunoft §=0,5 mMmM. O6BeMHYIO MIOTHOCTB
TEIIOBBIIC/ICHHS B YPaHe NPHHATh DAaBHOMEPHOM 1O CEYeHHI0 H PaBHOl
g, =2-108 Br/m3,

Tras oxnampaetcs BOMOM, KOTOpask SBHMKCTCA TMO BHYTPEHHEMY Ka-
Halxy KDYIJIOrO CEYEHHsT H BHEINHEMY KOJbLEBOMY Kanaay. BHelunmi
AnaMerp Kosbuesoro Kamana ds;=34 mu. Cpensemaccosasi TcMmepaTypa

H pacxoj BOJABl BO BHYTpeHHeM Kanase fx1=180°C, G1=0,18 kr/c 1 Bo
BHEIIHEeM KaHage fre=200°C, G2=0,30 xr/c.

Ilpi pacucte npiHATb, YTO YEPE3 BHEIIHION TOBEPXHOCTb KOJIBLEBO-
ro Kanaja TCIJ1000MeHa HeT, T. e. g3=0.

Oteer

Maxkcumanpias Temmepatypa fo==307"C; TeMmepaTypel Ha NOBCpX-
HocTAx ypana: t =268 C, f2=265° C. [Tepenags temmepatyp B 060/104-
Kax t;—tci=20‘o C, tz—tc2= ]50 C

Penrenue

Onpeneanv kosG@GHUNCHT TEMI0OTAYH OT MOBEPXHOCTH OGOJOUKH K
BOJE BO BHYTDEHHeM KaHae.

DuanyeckHe CcBOHCTBA BOAH NPH fu=180°C: pax1=886,9 Kr/u?
7&;}(1:0,674 BT/(M-DC); 'Vm1=0,173' 10-6 MZ/C; Prm= 1,0

ITnomans momepevHOTo CeueHUs BHYTPEHHEro Kaxnana

fi=n(ry— 8% =n(6,5-1072)%=132,5.107° w2,

rie
d; 14.107°
ri—8=-—-21_§= —0,5-1073=6,5-10"° u.
] 2 2
CK()pOCTb JABH2XKeHHsT BOALL
G 0,18
wy 1 : — 1,535 m/c.

T Fipwi  132,5-107°.886,9
Yucno Peltnoabaca

@ (dy —28)  1,535(14—2.0,5) 10—°
Var  0,173.107°

Reyi = =1,15-105.

242

Uncno Hyccensra onpeaenseM no dpopMysne (5-7):

Pri.; \0,25 :
" 0,8 p.0,43 w1 — .105)0.8. —
Nu, ., =0,021Re; Prig; ( Preg ) = 0,021 (1,15-108)"°.1,0 = 236,
TAe B HepBOM NpPUOJHMEHIN NMPHHATO, YTO MONpaBKa Ha H3MeHeHHe (H-
3HYECKHX CBOHCTB no ceueHuio notoka (Pra/Prei)®2ia1;
Asni 0,674
= i = 236 =1,22.10* Br/(M2.°C).
o1 =Nwi 508y = 230 50109 (u*-%C)
OnpepenuM Koah@HIHEHT TEIJIOOTAAuH OT MOBEPXHOCTH 0GOMOYKH K

BOJ€ BO BHEUIHEM KOJIbLILI€BOM KaHaJe. A
TTpH tw2=200° C pwe=863 Kr/M3% Awz=0,663 Br/(M-°C);
Vigg = 0,158-10—8 M?/c;  Pryx, =0,93;
fy=a[B—(r,48)"] =n(17°—14,5%) 1075 = 248.10=° u’;
o .
= Ga = .3 =1,4 M/c;
fa Prxca 248.10—8.863
w,d;  1,4-5-10—3

= = = 4,42.104,
Rema == = 0.158.109

Wy

rie
_ 4 _
7t [dg + (d, - 20)]

Tak kak Tensora MOABOILUTCA TOJBKO C BHYTpeHHefl MOBepXHOCTH

KOJIbLeBOro Kamasa, TO yuesado Hyccesbra onpegfensieM no  QopmyJe
(5-24) nasa caydas OfHOCTOPOHHEro oGorpesa:

d; \»

Nug g = Nugp (1 — @) (7) g,

2

dy — (dy -+ 26) = 34 — 29 = 5.10—3 .

ds

rle, 3aMeHsiss 0003HAuUEHWst B COOTBETCTBHH C paccMaTpHBaeMofi 3ana-
€H, MMoJiyyaeM
Nuj i = Nuy,;  Nugp = Nugrp:
di  dy+28  28+1
dy T dy
0,255 0,255

P = 0.9 I .
1+1,1Prx;2 1+1)1 110

= 0,853;

= 0,121,

=—0,16Pr1% =—0,186,

H TaK xax (d2+26)/ds>0,2, To E=1.
- Yucao Hyccesbra B KOJBLUEBOM KaHaJje, MOACUHTaHHOe Mo dopMyde
(5-7) axns kpyrao#t TpyGHI,

Pr 0,25
Nu,, o = 0,021Pe3 Pri:d® (——Pr’*" ) =0,021-(4,42-104 %8 X
c2
X (0,93)%% = 102, v
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rjfie B NepBOM NpPHOAMKEHHH NPHIATO (Prge/Prez)®2=1;
Ny = 102 (1 —0,121) (0.853)~ %16 — g9,
) 0,663 ]
= 92 =1 22-10\‘l B 2.°C
ds 5-10—3 T/ (-5C).

DbdexTuniubie KOSPPHUNCHTS TENJIOOTAAUN, YUHTHIBAIOUIHE TEpPMIl-
ueCKHe CONpPOTHBJAEHHS 060JI0NeK,

@y = Nijy

1 d d; 4
= + In =
a1 ay (dy — 26) 2006 dy—26
14.10—3 14.10-5 14
= = _n 5
1,2210%13-10-3 T Iy =Ll
a5 = 8880 Br/(M2.°C);
1 d, d dy - 28
—d + ln f—t
L3ha oy (d, - 26) 2856 d,
98.10—3 98.10-3 99
= S, . 10--6-
12,2.109-29. 105 T g.91 M gg = 10,35:107%,

Gspa == 9680 Br/(m%.°C).
Paanyc HefiTpassHOro cedycHilst

v \ 1 o
(s — b) 22| T T (-

9 Cspi Ay 2M\
o= % [ 1 1 s =
v 2
- + —In —)
2 (aadn Iy OQsgers + A r
2.103[7.10—3%  14.10—3 1
200 — 180 — (142 —7?).10—*
_( )+ 2 [8880 9680 _*-231(4 7910 }
2.108/ 1 1 1 14
S
2 K8880-7-10—3+9680-14-10 : T 3 7 )
= 105-10—¢% M2
ro =10,25 Mm,

[InoTHOCTL TensioBOro NOTOKA Ha BlYTpenieil MOBEPXHOCTH ypaHa
H Ha BHYTPEHHCH NOBEPXHOCTH OGOJOYKH

 Gury _’f2>_ | _2-108.7-10—3(10,5 :
eI T 7 )—

=7,98.10% Br/m2;

Gei = 41 dli—f% —7,08. 1051—; — 8,60- 105 Br/m2,
Temnepartypa Ha BuyTpenhcii IOBCpXIOCTH 060I0UKI
fe = toij +- "“ _ g0+ 281 1705 « 251°C,
I.22-10° '
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TTAOTHOCTL TCHJIOBOFO NOTOKA 2 H o2 M TeMIepaTtypa fcp HA BHeI-
1l MoBepxocTH TB3AA

P 2.108.14.10—2 ' 105
o=t (1- ) (1) -0 oo

2 3 2 142

28

2

g, — — _6.5.105—— —6,28105 Br/u;

Ges =93 d, + 26 6,5-10 29 ’ T/M
6,28-108

fog = tyeq + 2 o = 200+ o =200+ 51,4 % 251°C.

Ilo HafiZeHHBIM 3HAYEHHAM fcy H fcz MOMHO YTOUHHTH MONPABKH HA
H3MeHeHHe (H3HYEeCKHX CBOHCTB IO CEYEHHIO MOTOKa B (opMynax anas
pacuera KosthduuueHToB Temaootaayd. [IpH £64=251°C Prc1=0,86,
1pH fe2=254° C Prc.2=0,865, Torna

Pry; \0,25 1 \0,25
()™ ) e
Preg 0,86
P 0,25 0,25
( Fixo =(0,93) — 1,02
Pres 0,86
Xota NornpaBKH HEBEJHKH, OHHM BCe XK€ CKasblBAlOTCA Ha pacnpenc-

JeHuu TemnepaTypil. Ilocse nepecuera ¢ y4eToM 3THX IONMPaBOK MOJy-
qaeM;

o = 1,27-10% Bt/(M%.°C);  aagi = 9170 Br/(M?-°C);
Nugep = 104; @y =1,245-10¢ Br/(M?-°C);  agpy = 9850 Br/(M2-°C);
ro =10,26 mm;
g; = 8,04-105 BT/M2;  goq = 8,65-105 Br/M?;  f; = 248°C;
gy = 6,48-10° Br/M3; g, = 6,25-105 Br/M?%; £y = 250°C.
Tak kax TeMneparypbl H3MEHHUJHCh HE3HAYHTEJAbHO, TO ,lIaJIbHEﬁ[LHD(

NepecyeToB JeJiaTh He HYXKHO.
TemmepaTypbl Ha BHyTpeHHeHl H BHelliHelf nosepxx-[ocmx ypaHa

qui = qydy = 8,04-108.7-14-10—3 = 3,53-104 Br/m;

q,1 4 _ 3,53-100 14
=fit o Mg—28 2t o T3 T
= 248 1 20 = 268°C;
dy 426
1y = teg + ‘Izdz 2t — 250+
dy
6,48.105.98.10— 29
' = 9504-14,9 ~ 265°C.
4 o In— = 250+14, 5
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Marcumanbias Temnepatypa B TB3Je

r 2108
t=t + [Qrg mr—;’—(rg_r?)J :268+m[2(10,26)2x

Ty

43
10,26

X1n —7—— (10,262 — 7% ] 105 == 268 4 39,2 ~ 307°C.

12-22. Onpepesuts pacupegeseiite Temmeparyp B nonepeyHoM ce-
YCHIIM TB3Ja, paccMOTpeHHoro B 3agaue [2-21, ecanm pacxoix BOAH BO
BHYTpEHIIEM KaHaJie YMeHbIIHJICT B 2 pasa, T.e.

r(_‘zi_,l G1=0,09 xr/c, a BCe UCTANbHBIE YCJAOBHS OCTa-

2 JHCh 6e3 H3MeHelHi.

OTBer
& Makcumaspnas  Temmepatypa  $=2327°C.

ty |5 TeMn%paTypm Ha = MOBEPXHOCTSX ypaHa (=
[ 4ol 4] =298°C, 1,=274 C.OHepenallbI TeMIepaTyp B 060-
* ’ [ & qoukax tH—te;=16"C, fy—fco=17°C. Taxum
06pa3oM, 3a CYeT yMeHblIeHHs KO3(dduIHeHTa
2 TENIOOTAAYH Ha BHYTpEeHHeH CcTeHKe ofwWuii ypo-
@,  BeHb TeMIepATyp YBeJHYH/CH, MPH 3TOM TeMme-
pangzé 1 Bo3apocia Ha 30°C, a Temmepatypa I
na .
[ THINT 12-23. OnpenenuTs pacipejeiieHne Temmepa-
1 ' H e, TYpHl BOIBI MO AJHNe BHEWHEro H BHYTPEHHEro
N H %,  KaHanoB B TENOBBIAEJAIOWEM 3JeMeHTe C ABY-
la; M XOAaMH TelJoHocHTeas (Tuma «Tpy6ku Pui-

na»). Boga nmocrymaer cpepxy Ha BHELIHHE KOJb-

UeBOH KaHaJ, JBH:KETCS BHHM3, MPOXOAHT IOBO-

_ pPOT H [BMIKETCA BBEpPX [0 BHYTpPEHHEMY KOJbLe-

; E( BOMY KaHayy A0 BHIXOAA U3 TPYOKH.

W OcHoBHble pasMepnl  TBada (puc, 12-11):
IJIAHA KaXJ0ro xoja [=2,7 M; AuaMeTpbl BHYT-

peHHero KoJbLeBoro Kanaga d;=14 MM, do=

N\ N =20 MM; ANaMeTpLl BHEIIHEro KOJBLEBOrO Ka-
[ g
X

Lt
S

§§ ty= nana d; =22 MM, dy=28 MM; BHewHH AHaMeTp
TB3ja ds=234 MM.

Pacder BBINOJMIHTL [J5 CAEAYIOUIHX YCAOBHI:
NJIOTHOCTb TCIMJIOBOIO INMOTOKA 11a MOBCPXHOCTI

Puc. 12-11. LCHTPAJBIIOrO TEMJIOBLLIEMSAIOErO CTepXKHS §e==
K 3amaue 12-23. =38-10° B1/M?; cKOpOCTb 1BHMKEHHS BOIBL BO

BHYTPEHHEM KOJBIIEBOM KaHale w;=2 M/[c; TeM-

nepatypa BOALI Ha BXOAe_ BO BHEUIHHA KaHaJ
$o=90°C; temnepatypa BOIBI, OMBIBAIOLIEH BHELIHHH KaHaJd CHApyXH,
T nocrosnna mo anute u pasHa 86° C; KosddHUHEHT TeNJONPOBOAHOCTH
MaTepHasna ctenox A=21 Br/(m-°C).

KosdduuneHT tengooriaud u Ko3®OHIUHEHTH TenJonepefayH MpH-
HATb MOCTOSIHHBIMII O AJHHE II IPH HX ONpelejeHHH HCHO0Jb30BaTb (H-
31UeCKHe CDOHCTBAa BOALI NPH CpelHelf MO AJHHE TeMMepatype BOALI B
JLallHoM EanaJe.

KosdduinenTsl TemnooTaaud ¢ o6eHX CTODOH BHEIIHEH CTEHKHM TB3-
JIa [PHHATb OAHHAKOBBIMH Q3=z. TenmoeMKocTb BOJB NMPHHSTH MOCTO-
SIHHON H ¢p=4,25-10% JIx/(xr-°C).

B pesysibTarte pacuera onpenesnHThL TeMIEPATYPy BOAbl B KOHIC Mep-
Boro xona U U Ha BBLIXOZAE H3 BTODOTO XOAA fy, @ TaKKe KOOPAHHATY Xm
u 3naueHHe Um MaKcHMaJbHOH TeMIepaTypbl BOLbI B M@PBOM XO[€.
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OTrer
0;=103°C; £, =156°C; x,=2m; &, =104°C,
Pemenue

Has pacuera xosddHuHeHTa TENNOOTAAUH BO BHYTpPEHHeM Kaunane dj
HeoGX0AHMO B NepBOM MNpHOJIKCIHH 3a/aThCsl CPeliedl B 3TOM KaHaje

TeMnepaTypoil BOAb /. DTO MOXKHO clelaTh Ha OCHOBE CJEAYIOUIero Mpk-

GJHXKEHHOT0 pacyeTa.
[Tnomaanr npoXoLiHOro CeYeHHs W 3KBHBAJIGHTHBIH AHAMETD BHYTPEH-

1ero KaHaJsja
f — _/ ;12 d2 = — (202 142) 10—¢ =1,6-10—4% m2:
17 4 ( 2 1) T4 ( = b '

dst =dy—dj = 20— 14 =6 Mmum,
Pacxog Boabt

G =p; f;wi ~ 965-1,6-10—4.2 ~ 0,31 &r/c,

rie p1~965 Kr/M® nmpu TemnepaTtype Ha BXofe hhy=90°C.
Torpa npu OTCYTCTBHH TEIJIOBBIX NMOTEpb TEMIepaTypa BOAB HA BHI-
xoze
g dy 1 8.105m-14.10—3.2,7

~ de1” g : = 160°C.
fox ot Ge, 0+ 0,31.4,25.109

YuHTBIBAA OTBOJ TEIJIOTH OT BHEUIHErO KaHa/ia, MOXKHO NpHOIHAKeH-
HO mpuuATh fh~ 150°C n t~0,5(90+150)=120°C. Takum o6pasoM, B
nepBoOM NpuGAKKeHuH npuHuMaeM ¢ =120° C. TTpu sToit TeMnepaType Gpu3H-
yecKHe cBofcTBa BoAB: p1=943 kr/M3; ~;=0,2562.10-¢ M%/c; A=
=0,686 Br/(m-°C); Pri=147.
Uneno Pefinonbaca )
@y day 2,6-10—3
Rei =1 =
vyi 0,252.10—¢

—4,76-10¢,

YuyuTEIBasl, 4TO pacueT BLINOJHSETCS TPH Psifie YIpOLAIOUIHX Mpel-
MOCHLJIOK, uHcao Hyccesbra M Ko3dduUueHT TENI0OT/a4H ONpejeseM IO
cdopMyne (5-7) nmas Kpyraeix Tpy6 C BBEJleHieM 3KBHBAJIEHTHOrO JHa-
meTpa. Kpome TOro, ¢ HeGOJbLILOH NMOTPEILHOCTbIO NPHHHMAeM MONPAaBKY
(Prw/Prc)®2=1. Torna '

Nu, = 0,021Re]*® Pr{*®® = 0,021 (4,76-109*° (1,47)*% = 136;

A 0,686
al-=Nu1~d—3I = 1366-10_3=

1,55-10% Br/(mM2.°C).

Pacxoa Boabl
G =pjfyw;=943-1,6-10—4.2 = 0,302 kr/c.
Iis BHeluHero kxaHaja IIPHHUMaeM B NepBOM NpHGIHKEHHH 4=
=$=90°C. [Ilpn s3roit TeMmepatype pP2=965 kr/M% v2=0326X
X 10— m2/c; L2=0,680 Bt/(M-°C); Prz=1,95.
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I'I.noma)lb NpOXOAHOro CeYeHHS H 3KBHUBAJIEHTHBI /i AHAMETP BHelIHe-
ro KaHaJsa

21 T
fo=— (di—d) = T(282—222)10—“= 2,35-10—4 M2
dsy=dy— dy = 28— 22 =6 mu,

CKOpOC’l‘b ABH2KEHHA BOABI H YHCJIO pEIlleIOJII)ZlCH BO BHCILIHCM
KaHaJe

pm e = D3R ay g

i P2 fo T 965-2,35-10— ;
d. 1,33-6-10—3

Re2=w2 %2 __ — 2.44. 104,

Vg 0,326-10-—8
Uucso Hycceabra # Ko3DdOHIHEHT TeNJ00TAAYH

Nu, = 0,021 (2,44-10%)*® (1,95)%%3 = 90;

A 0,68 -

d2 =90 =5 = 1,02:10¢ Br/(w-°C) .
92 )

KospdrnnenT Tennooraayd oT BHelUHell CTeHKH TB3JAa, [0 YCJOBHIO
3anaun, az=0az2=1,02-10* Br/(M2.°C).

Kosdbdunuedr TensooTAayn ucpes CTEHKH, pasiefsiOUIHe KOJbLEBHIE
KaHaJbl £1, H 4CPe3 BHELUHIO CTEHKY Az:

— N
= Nu,

by = i =
= 1 da 1
+——In—+
o, dg 2h d, a,y dy
_ 3,14 _
- 1 2,3 22 1 -

1,55-104-2.10—2'*' 221 £ 20 T T,02-1002,2 102
=317 Br/(m-°C);

b — I
2 1 1 ds 1
+ -+
oy dj 2 dy oy dy
_ 3,14
= 1 2,3 34 1 -

I -
T ool €0 T 02.1003.4. 10

= 285 Br/(m.°C).

1,02-104-2,8-10—2

Ilpuxumast corJacHo ycJoBHsM 3agaull ky=const n kay=const, pac-
ueT pacnpefleeHHsA TeMNEPaTyphl BOAB 10 AsHie KaHAJ0B TPOBOIAHM 10
dopmyaam (5-31) — (5-33).

TensoBoft MOTOK Ha €IHHHNIY AJIHBL HEHTPAJbHOTO TelJOBH AeAI0-
LIero CcTepKHf

g1 = qc nidy = 8-10°.3,14-14.10—3 = 3,51 .10* Br/m.
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OnpenensieM 3HAYeHHA BeJHWHH, BXOAAWHX B (5-31):
W = Gc, = 0,302-4,25-10% = 1280 Br/°C;
o 3,51.104 qu 3,15-104

= 123°C; —=

=27,4°C/m;
by 285 W . 1280 I

Cl—\‘)o—T— p L 90— 86—123 =— 119°C;

o= 2:7 (=t Vi +aee) =

1
— ————— 2 2 . . S
= 21980 (— 2854 102V 2,852 +4-3,17 2,85)

1
=————(—285-665) =0,148;
= gy SO0
1 - 1
€, =W (——kz— Vk2 -}-4k1k2) = 2560

8l = 037127 _ 368

(— 285 — 665) =— 0,371;

8’_8014827 149

q
C‘ 3;[___
19 "W —119.0,148:0,368 — 27,4 _ .
Ai= EN] el — 55,8°C;
ere® —e et 0,148.0,368 1-0,371-1,49
a
C,ey et ——
—119. .1,49 — 27,4
o W USOITLLAO—2

;e —e & 0,6075

Temnepatypa BOJHI B KOHIE nepsoro xoaa mo (5-31)
Oy =t;=Age® + A, e - T Z—’=—55,8-1,49—63-o,368+
A .

+ 86 4 123 = 102,5°C.

(5 K)OOPAHHaTa MaKCHMaJbHO# TeMrepaTypsl BOAB B NEPBOM X0Je IO
-33

g = 1 In(_Azea)_ 1 In( 63-0,371 \
M e —ey Ase;) 0,148+ 0,371 55,8-0, 148
=2,01 M,

Makcumanbras TemnepaTypa BoAbl B mepeoM xoge mo (5-31) mpu
X=Xm '

By = AT 4 A, T %
2

— 63037201 4 g6 4 193 = 103, 7°C.

=—55§ &0,148-2,01 _
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Pacnpenenciue TeMmepatyphti BOAB [0 AJHIC BHYTPCINCro KAHAIA
onucLBactes ypasHenneM (5-32)

! qi
fo= By et A Byttt T = 4 o
ki ky

.10
o 85LI0
3 317
Comti—T— 2 9L 102,586 — 111 — 128 =—217,5°C;
ki 2
a
Caty 217,5.0,37L+27,4 _ |, o0
b= (ef—ege®  (0,14840,371) 1,49 ’
Cye +ﬂ
2% .
W —AT50,184 278 o

By = (81— &) ™! = (0,148+0,371)0,368

Temneparypa BoAul Ha phIxoAc o (5-32) npH x=0
tO:Bl—}-Ba—{—T—}-% +% —— 140 — 25,1 4486 - 111 123 =
1 p
= 154,9°C. C—

VrounseM 3/1aUCHHA (H3HUYECKIX CBOACTB BOAMI, NPINIATLIC AL pac-
gera KO3QQUIHENTOB TEMJIOOTAAUH G H Oz YUWITLIBAS Xapakrep pac-
Npejcienils TeMepaTyphl BOAN MO AMIIe BHEILIHero Kanana, ee Cpealee
3iAUCHIE MOZKHO OUEHHTH CAeayIoulim 06pasom:

¥ =0,5[0,5(% L8 +0,50n+00]=
~ 0,5[0,5 (90 4 103,7) 4-0,5 (103,7 - 102,5)] = 100°C.

B nposenennoM pacyeTe Obl10 TPHHATO "3="90° C. CpeaHion no AJH-
lie TeMmepaTypy BOABI BO BHYTDeHHEM KaHaje C yUeTOM HeJHHEHHOCTH
ce H3MelleHHS MOMKHO OLEHHTb Kak f=s135°C; Bblio NPHHAITO t=120°C.

Mpr £ =135°C  p; =930 wkr/m3; A= 0,685 Br/(m-°C);

v; = 0,225-10—¢ m?/c; Pry=1,31.
Mpn & = 100°C  p, =958 xr/m% Ay = 0,683 Br/(m-°C);
v, = 0,295-10—¢ m*/c; Pry= 1,75.
TloaropHbili pacyeT MO YTOYHEHNBIM 3HAUEHIsM (QUIHUCCKIX cBoficTB
JaeT CJACAYIOLIHE pC3y/bTaThl!
G=0,298 xr/c; w,=1,32 mM/c;
a; = 1,61-10% Br/(m2-°C);  ap= 1,06-10% Br/(M%.°C);
by == 326 Br/(M-°C)  ky =291 Br/(M-°C);
0 =103,2°C;  xn=2M 9,=104,3C f= 156,3°C.
Coprafenie ¢ NepBLIM paciucToM JAOCTaToUIo Xoponice I Aaasielt-

X epecueron JenaTth e HyaHio.
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12-24. Onpegedirh pacrnpejejeHHe TeMIepaTypbl BOAbLL [0 AJiIHe
KO/bLEBbHIX KaHalOB B TENJAOBHACASIOWIEM DOAEMENTe C JABYMA XOLaMH
TENJIONOCHTENS, PACCMOTPEHHOrO B 3ajade 12-23, eclH CKOPOCTb ABHIKe-
HHS BOJB BO BHYTDEHHEM KaHaJle YBeJHUYHTb B 2 pasa: ¢ 2 g0 4 wmfec.
TemyocMKoCTh BOAb NPHHATb NMOCTOAHHOH H €p=4,23-10% Ix/(xr-°C).
Bce ocranbHble yCI0BHA OCTaBHTb 6€3 H3MeHeHHH.

Oteer

9, =05°C; x,=21M ©,=096°C; f,=124°C,

12-25. Onpefienuts paclpefe/ieHHe TEMNEPATyp TEMAOHOCHTEAA H
CTEHKH IO JAJIMHE KaHajsa aKTHBHOH 30HBI aToMHoro peaxtopa. Temso-
BblIeAOWHAE 3aeMeHT (puc, 12-12) umeer dop-

My LHJIHHJPA ¢ BHEIIHHM AHaMeTpoM d;=21mMm . |<_C‘i_>

M AauHOH [=2,8 M, BBHINOJHEHHOr0 N3 ypaHa [A== a
=31 Br/(M.-°C)]. [ToBepxHOCTb TB3Ja IMOKPHITA ' s (
NJICTHO TMpHJeramulel o60on0uKOA H3 HepxKapelo- : =
uteli cramu [Ae =21 Bt/(M-°C)] tomuuHoil §== ’ N £
=0,5 MM. \ w/Jk/ ocuy
O6beMHYI0 IJIOTHOCTb — TelJIOBBILE/JEHHS B % %/fc,
ypane g, NPHHATL TOCTOSHHOH IO CEYEHHI6 H il
H3MeHKoWelca N0 AAHHE N0 KOCHHYCOMAANbHOMY V%/ %
3aKOHY (peakTop 0e3 TopLUeBLIX oTpaxarteseil) § te
Ecad Havano KOODAUHAT pACNOJOMHTB B cepe- [ K
JIHE MO AJiHe TB37a, To IpH x=0 gpe=4,9X N
X 107 Br/m8. o
TBaa oxna:kpaeTca  ABYOKICHIO yIJepofaa, NEN
KOoTopas ABIDKETCS MO  KOJbLUEBOMY KaHany
BHeWHHM AuameTpoM dp;=30 mM. JlaBJicHHe H \
pacxoi JBYoxHcH yraepopa p=2 MIla, G=
=0,25 kr/c, a ce TeMmmeparypa La BXOZe B Ka- 4&&4
Haa Ly;=150° C. Tennoo6veHOM Yepe3 BHEIUIHIOW Glfm

CTEHKY KOJbIEeBOro KaHana npeHeGpeus.

[pn pacyere NpHHATH KO3(GHUHEHT Temno-
OTLaYd OT NMOBEPXHOCTH 00OJOUKH K TeNJOHOZH- Puc. 12-12,
TeM0 NMOCTOSHHBIM 110 JiJIHHe, H ero 3HadyeHHe OIl- K sanave 12-25.
peReanTb NpUOAHKEHHO N0 GOpMyJNe AJs TeIo-

OTAa4H B KPyrapix Tpy6ax H 6e3 IONpPaBKH Ha
TeMnepaTypHLI ¢pakTop.

B pesysnbraTe pacuera onpenesHTh TeMIepaTypy ABYOKHCH YIaepo-
Ja 0w, TeMIepaTyphl Ha BHeWIHefl { BHYTpeHHeH NOBEePXHOCTAX 0OOJOUKH
tc M fci W Ha oCH TB3JA locy Ha paccToAHMax oT Bxopa: 0,5; 1,0; 14;
18 u23uM (x=—09; —0,4; 0,0; 0,4; 0,9 M), a TakKe KOOpIAUHATEl H
31aueHHs MaKCHMalbHBIX TeMuepaTyp fem, fcim H focm,m.

dusitcckHe CBOMCTBA ABYOKINCH yraepona npH p=2 MIla u t=
=150+300° C [25] npuBoaaTca B cienymollell TaGaunue:

o 3 4 6 A-10¢,

7, °C p, KI/M KH.)KI?:(I"“ o) n-108, Tla.c Bt/(m-°C) Pr
150 26,3 1,00 20,0 260 0,768
200 23,2 1,02 22,5 278 0,825
250 20,8 1,04 24,6 307 0,832
300 17,9 1,07 26,5 341 0,832
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OTtser
KoopAuHATHl H 3HAYECHHA MAKCHMA bHBR-TCMIEPATy D!

Kem=0,300 M; fc,, = 384°C;
Xeim=10,298 M; feim= 390°C;
Xocnm = 0,240 M;  focum = 431°C.

Pacnpeicienne TeMnepaTyp no AJHHE Kallaja IPHBCACIO B CJACAY-
joimeli HiKe Tabnuue ¥ Ha pue. 12-13.

x —1,4 —0,9 —0,4 0 0,4/ 0,9 | 1,4

- tx, °C 150 159 183,56 209 |234,5| 260 | 268

te, °C — 246,5 331,5 373 |382,5| 347 —

teis °C — 249,65 336,5 379 |387,5| 3580 —
tocu» °C — 272,5 375,50 {422,5)426,5] 373

X
00 A 0,8 1,0 1.2 M‘
~1412-1,0-08-0,6-040,2 0 5,2 0% 0,6 0,8 10 7,

Puc, 12-13. K 3apaue 12-25.

Peitenue
TemyoBbieiCHHe Ha €IHHHLY JJHHBL B CepEIHHE IO nJliHe KaHana
(x=0)

2
ndy 3,14-212 . B
—g,—— = 1 408 =1,7. .
9o = Guvo 4 4,9.-107 4 10 1,7-104 Br/

TeMunepaTtypa NBYOKHCH YLJepOja Ha BEIXOJe H3 KaHajla [0 dop-

Myae (5-34) npu x=1/2 "
2 g1 2 1,7.10%.2,8 ,
bsia — bt = o e = — — = 118°C,
n Gep . 0,25-1,02-10

rge B HHTeppade Temmepatyp 150—250°C cp=1,02-10% Ix/(xr-°C):

bs = bei -+ 118 = 150 4+ 118 = 268°C.
252

TeMnepaTtypa ABYOKHCH yrJepojaa npH x=0

i 1
o = bt -+ o = 0,5 (txr + ) = 209°C.
P

Dusnyeckre CBOHCTBA ABYOKHCH yrjaepoda npu p=2 MIla u fx,0=
=209°Ci cpu=1,02-10% JIx/(xr-°C); px=22,7 ®r/M3; uwx=22,8%
X10-8[la-¢; Ax=2,83-102 B1/(m-°C); Prx=0,826.

DKBUBANCHTHHIH AMAMETP KOJBIEBOroO KaHaja
dy=d,—d=30—22=28 mu; Tae d=d; + 28 =21 4 2-0,5=22 mm.

Uycno PeffHosbaca

wdy Gd, 4G
Reﬂ( = = = s
Vix P [V T (dy-+d) P
rie f=mn (dg—dz)/ti — nJaolafs> NPOXOAHOTO CeYeHHS KaHaJa.

Iloncrasass B BBEIpaxKeHHe /s 4HCa Rey H3BeCTHhle 3HaYeHHs Be-
JIHYHH, foayyaeM:

4.0,25
7 (30 + 22) 10—3-22,8-10—°

Rey = = 2,69- 108,

Uucno Hyccenbra 1 kosddHUHEHT TennooTAauu onpefensieM NpH-
Oanzaento no gopmyne (5-7)

Nu, = 0,021Re%®Prl;™ = 0,021 (2,69-10°)%8 (0,826)"*3 = 424;

Ak 2,83-10—2

‘o= Nuy— =424 ————— = 1500 Br/(M2.°C).

&% 7 d, 8.10-3 T/( )

PasnocTn Meaay TemmepaTypoH Ha OCH TB3Ja H ABYOKHCH yriaepoja
npu x=0

- q 1 1 d 1
Alocn,o = Locmo — b0 = ;0 (ﬁ‘ + o In R + =
c 1

1,7:104/ 1 12 1
=T a (4.31 PR TRET +1,5-103-22-10—3)"
— 43,61 5,9 -+ 164 = 213, 5°C.

Taxum o6Gpasom,

Afeo=leo—tw,o= 164°C;

Atego = tego— bxeo = 169,9°C;
Atocn.o = toen,o — fm,o = 213, 5°C.
TeMnepatypa Ha BHellHeA H BHYTpeHHedl IOBepPXHOCTAX 060JOYKH
1 Ha ocH TB3J1a npu x=0:
teo = b0 + Abcp = 209 4- 164 = 373°C;
teio = b0 -+ Afci,p = 209 + 169,9° = 378,9°C;
foemp = b0 Afocm,o = 209 4 213,5 = 422,5°C. .
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3paycude MaKCHMAJLHON TeMIepaTypbl Ha TOBEPXHOCTH Tenjoob-

Mena fem Onpefensem no gopmyde (5-35):

At 2
tc,rn—tmi__l_ /L_F(__C'O_)
2 +1 4

] —t
fg — i faee — Tt

HJII

I
Latg — Dug) 2 _ 909 +
tc,/n - t;}(,o+ 9 ) + Ats.o;
T, o
n l/(J;i) 4 Af2 o= 209+ 1/3481 4 A2y (a)

by =209+ 1/ 3481 + 164% = 383°C.
KoopauHaTy MaKCHMaJbHOM TeMiepaTypbl MOBEpXIOCTI tenaoofme-
Ha X¢m ONpenc/neM no hopmyne (5-36):

L bwa — i) _ 2,8 ret ( 5 > (6)
xC,r11:TarCtg< 2Atc,o >— 7 arctg Afc,o ’

59
= ——| =0,308 u.
Xem=10,89 arctg< ™ 0,
3Hagchilg 1l KOOPAHHATH MaKCHMaJLHLIX TEMOEpaTyp Ua BHyTpeH:
Helt HoBEpXHOCTH 0BOOUKH I HA OCIT ONPeALiAeM 1O Bblpamcnnﬂ.\?\t(a)
B (6), saMeHsis B HHX BCJIUHHY Atco coormercTBCHHO HA Aleio

1 Afycu,ot

— 009+ 1/ 3481 + A2, =209+ 1/ 34814-169,92 = 380°C;

59
_ ——\)=10,298 m;
>—0,89axctg<169‘9 >

tcl,m

Xeim = 0,89 arctg (Atci ;

— 209+ V/ 3481+-213,5% = 431°C;

tOCH,m

59
Xoemm = 0,89 arctg (2—13—%/} =0,240 M.

3HauchHs TeMneparypbl ABYOKHCH yraepofa-Ltx TPl Pa3AIUHBIX ¥
naxonum no dopuyae (5-34):

9o !
b = tmi““ nch

(sinlf—l—l):fm"*‘
tua—tbua (0 X L ) g 459 (sin (1,122%) + 1.
+ 5 (sm ” + )

HOI_ICTaB.Hﬂﬂ 3gayeHusa X, HaxoJuM: .
fo = bg = 150°C;  x=—0,9, fm=159C;

x=—1,4;
by = 209°C;

xe=—0,4, tyx=183,4C; x=0,
£=0,9, fln=259,7°C; x=1,4, Ix=268C.
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3nadeHHs TeMnepaTyphi HOBEPXHOCTH Teiioo6MeHa [o LPH Pa3/Iit-
UBIX X HaXoAuM no dopMyne

fo =t Afg, cos“Tx : O (129)

Jlpn x =—10,9
to =159 164 cos (— 1,122-0,9) = 246,3°C.

Ananornyunim ofpasoM onpegensieM fc NpH 3HaueHUAXx Xx=—0,4;
0; 0,4 u09 M.

3HayeHHs TeMHepaTyp Ha BHYTPEHHell NOBEPXHOCTH OGOJIOUKH H HA
OCH TB3Ja B 33aBHCIMOCTH OT X oNpefendeM no (12-2), 3ameHss Ben-
unny Afe,0 COOTBETCTBEHHO Ha Afcyo ¥ Alocn,o.

Ilpu x=—0,9

11 .
fei = b + Abeg o cOS —l"~ — 159 + 169,9 cos (— 1,01) = 249,3°C;
x
foew = e+ Alogg'tos— = 159+ 213, cos (— 1,01) = 212,5°C.

AnanoruunpiM 06pasoM onpefensieM foy ¥ focy TPH APYFHX 3Have-

HUAX X

PesyabraThl pacyeToB HpHBeleHH B OTBeTe K 3afaye. lsMmenenne
10 AMAHHe Kauaaa lwx, fc, fey M focm NMOKa3zaHo Ha puc, 12-13.

12-26. Onpeneants paclpefefleHHe TeMIeparyp TeMJICHOCHTENs H
CTEHKH N0 JJHHE TB3Ja, PACCMOTPEHHOro B 3ajade 12-25, ecau rennoHo-
CHTeJleM ABJISETCH HATpHIL. :

Makcumanbias oGbeMHasi TJIOTHOCTb TEMJIOBbIENEHHS B ypaue
gvo=1,2-108 Br/M3 Pacxog narpua (=0,66 kr/c, a ero Temnepatypa na
BXofe B kaHaT fx1=300°C. Bce ocrajbHBlE YCAOBHSI OCTAIOTCA TAKHMH

XKe, kKax B 3afaue 12-25.
B pesynprate pacyerTa ompejetnTb 3HAUEHHA TeX XKe BEJHUHH, 4TO

6plnd paccuHTaHbl B 3agave 12-25,
OTser
KoopaunaTh M 3HaueHHS MaKCHMaJbHBIX TeMIlepatyp:
Xem=1,21 M; {.m=389°C;
¥eim = 0,955 M;  fqf p = 349,1°C;
Yocum = 0,289 M;  {ocmm = 482,5°C.

Pacnpenesenne TeMuepaTyp No AMMHE KaHana NPUBEAEHO B CJAeAy-
touterl Tabauue:

X, M —1,4 —0,9 —0,4 0 0,4 0,9 1,4
Ly, °C 300 306,7 325 344 | 363 |381,3| 388
ts, °C — 311,8 333,6 ]353,6,371,6] 386 | —
tey, °C — 319,5 346,7 |[368,1(384,71 394 —
fogi, — 376,2 436,8 475 1474,81450,8! —
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NPMNOXKEHMG
ITpodoaxcenue Taba, 2

Tagauua 1o Leeewoen | Rean/ e °C) 4,187 T (x-1C)
Mexaynapoanas cuctema exmnny (CH) BpamemH s ota $acoporo mpe- | 1 Kkaafkre=4,187 klx/xr
} I’I_}envxosofx NOTOK I kkan/u=1,163 Bt
- JIOTHOCTb TEMNJOBOrO MOTOKa I xkaa/(M%-9)=1,163 Br/m?
Besnynna EpuHHUA H3MepeHHS Oﬁglslx:}a;;e;me ' Oﬁ:glt{aua;z MJIOTHOCTh TeNJOBOro NO- 1 KKan/(m3- q))—l 163 BT/MI;d
Kosdduunent TenmonposoitocT I xkan/(M-u-°C)=1,163 B °
= C)
Kosbduunenr ten naone- (M2 2:°C) = SN o
OcloBHble CARHILE peg)aqa J100TAadH TemIone 1 kkaa/(?-2°C)=1,163 B1/(m?-°C)
Iauna MeTp M Kosbdrunent uanyyenus 1 xkan/(M?-94-K)=1.163 Br/(M2-K!)
Macca KHJIOrpaMM KT .
Bpems ceKymia c
CHJIa  3JIeKTPHYeCKOro TOKa | amiep A* L Ta6anma 3
TepMOAMHaMHuyecKass  Temme- | KCJILBHH K P
DpaTypa e i Ilaornocts p, Kosdduuuenr TEMJIONPOBOAHOCTH A H TENJOEMKOCTb C
KonnyecTso | pemgeetsa - MO CTDOUTE/IbHBIX, TEMMOU3ONAUHOHHBIX H JDYTHX MaTepHasoB [24]
Cuna cseta KaHgena — KL
HekoTopble NPOH3BO/dHbIE €JUHHILLI Marepuasnn Kl}};\i' t*, °C A, Br/(u-°C) L(‘K:f%é)/
IMrnomans KBaIpaTHbIH MeTp M7
O6beM Ky@u4eckuii Merp M3 ]
CKOpOCTh MeTP B CCKYILY M//c2 . Anbdonn npr Toamuue aogmm_
YcKopeHie METp Ha CeKYILy B KBaaparc| um/c s I HLIX cjoeB 10 MM . . — — 0,0302-4+0,85-10—1 ¢ _
T1noTHOCTh K;m;g;mm Ha KyGsdecknli | Kr/m Ac6ecT pacnyueHHplit; '
Cuna HBIOTOH H; (xr-mM/c?) i 3-# copr . . .. . L. 340 — 0,08740,24-10—3 1 0,816
Japnenue nackanb Ta; (M/m?) ‘ 611 ! 3 '
J HHaMH4ecKas BS3KOCTb nackanb-ceKyiHga Ta-c; (H-c/m?) COPT ... 650 — 0,114-0,19-10—9 ¢ 0,816
KHHeMaTHyecKast BS3KOCTh KBa;lypaTHbIﬂ MeTp Ha Cexyl-| m¥c . Ac6ectoBbift kaprom ., ., . . . 900 — 0,16—0,17.10—3 ¢ 0,816
Paicé;e;l,o_rsl:eprm, KOJIHUECTBO | AXKOYJL Jo; (FL-m) AcGecroBuiff wmyp . . . . | 800 — 0,13—0,15-10—3 ¢ 0,816
MOL(HOCTE, TENJOBOR MOTOK | BATT Br; (d:x/c) AcSoumndep:
YpenbHast TenaoeMKOCTb JOKOYJAb Ha KHIorpaMM-Keas- | JIx/(kr-K)* ; C _ BBICOKHM  CcOJepKaHHeM
pel ' acGecta . . . . . . . . 1800 20 0,17—0,35 —
Tennotra ¢$a3aoBoro fipespa- | AKOYJAb Ha KHJIAOTPaMM JLk/Kr ¢ 10—50% ac6ecta (cyxoit) 1800 20 0 64—0 52 .
LeHHSI, SHTaJbIHNA _ Achaner ., . .. 2120 | 0—30 0'60—0’74 1.67
[1710THOCThL TENJOBOTO MOTOK2 | BATT Ha KBAAPATHLIH MeTp Br/m? BeTon ¢ kaMebim lLLeGHeM - 2000 0 1,28 0,84
KosddHuueHT  Tenjonposoi- | BaTT Ha MCTD-KelbBUH Br/(m-K)* To xe cyxofi . . Lo 1600 0 084 il
S JKeneao6eTon HaGuBHON - A 2200 0 1,55 0,84
Kosdpdunuent  renjaoorsaun, | BaTT Ha KsajpaTHwulil Mctp- [ Br/(MZ-K)* nako6eton . Lo 1500 0 0’70 0°80
Tenaonepegaan KeJbBHH ByMmara ofuknosenHas . . . . — 20 014 1'51
Kosdduuiuent aanyvyenus BaTT ua kBaapatumit Merp- [ BT/(m-K) Barta xaonuatoSymamuas . . . 80 30 0042 ja
KCJALBUH B 4eTBepToOll cCTe- - T'ume (cbopmosaﬂﬂbm cy‘(oﬁ) .. 1250 20 0’43 0,8—0.92
nenu ! T'apna . .. ] 2000— 20 0,9-0,7 0 84"
1600 ! '
lmuna ormeynopwas . . . . | 1845 450 1,04 1,09
. . . . Cpasnft | T I 20 0,36 i
HapasHe ¢ TepMoauHamHyeckoit Temnepatypoit Keanpiua (K) gonvekaeres JledbTa-gpesecia i 3570 '
K TNpHMEHEHHIO MEeXJAYHapoaHAas MNpaKTHuecKas Temncpatypa Lleabcus (°C), 1 N - 0,21 -
epeno:
AYy6 TONepeKk BOJOKOH . . 825 | 0—15 0,20—-0,21 2,39
A4y6 BAOJL BOJNOKOH . . . 819 | 1250 0,35—0,43 2,39
Ta6aunmwa 2 - COCHA MONepex BOJOKOH . . 546 0—50 0,14—0,16 2'79
. COCHa BJOJb BOJOKOH . . — 20—25 0,35—-0,72 2,72
CooTHOWeHHS MeXAy €AHHHIAMHM H3MepeHHs cucremslt MKICC | Kasennnt yromn: ’
M MeXAYHapPOAHOH CHCTEMBI eJIHHHLL (CH) rasosmilt . . A 1420 | 20—100 3.6—4.0 B
‘ — oObIKHOBeHnL Tocpami . . | 1200— 20 0,24—0,27 -
dueprus | 1 xkaa=4,187 gJlx 1350
Cuna I xre=9,81 11 KamenuoyronabHas nmiin . . . 730 | 30—150 0,12—0,13 _
YnenbHbft Bec 1 xre/v3=9,81 H/m? Kapron = . o — 20 0,14—0,35 1,51
MJ0THOCTE 1 kre-cm*=9,81 kr/m® KeM6phk (raxupomanunfl) . . - 38 0,157 Z
Jassienne l 1 1<rc/c1u?2=0,981~10~’ [Ta Kupnuy:
Koshdbunment punaMuueckoii BI3KO- { kre-c/m?=9,81 Tla-c KDacHH  MalMHHOH  Gop-
cTH
I i MOBKH 1800 0 0,77 0,88
! KpacHbI# pquoR d)OpMOBKH 1700 0 0,70 0,88
256 J CHJTHKaTHBIR 1900 0 0.81 084
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11podoasenue Taba. 3

¢, K
Matepuans was | £%°C| A BT/(m.°C) ('Krﬁé‘)/
KsaZka M3 KpacHOro KHpNHYa:

Ha XOJOAHOM pacTeope 1700 0 0,81 0,88

Ha TelJoM pacrBope 1600 0 0,67 0,84
Kilaaxka H3 CHAMKATHOrO KHPIHYa.

Ha XOJIORHOM pacTBope 1900 0 0,87 0,84

Ha TelJIOM pacTBope .o 1700 0 0,76 0,80
Knagka 6yroBad M3  Kamuo:

cpeanell NJAOTHOCTH . 2000 0 1,28 0,88
Kap6oanT yepHbIH 1150 50 0,231 —
Konca o - 20 0,14—0,16 —
Koke nopoimkoo6pasHuilt 449 100 0,191 1,21
KoTtenbHasi HaKuUNb:

GoraTas runcoM 2000— | 10C 0,7—2,3 —
2700
Goraras H3BecTblo 1000— 100 0,15—2,3 -—
2500
GoraTasi CHAMKATOM 300— 160 0,08--0,23 —
1200
KBaply KpHCTaJAHYECKHI:
nofiepek OCH — 0 0,72 —
BAOJL OCH — 0 1,9 —_
Jlamnosas caxa 165 40 0,07—0,12 —
Jlen . 617 0 — 2,2 2,26
Jen N 428 ~—100 —-3,5 1,17
JIbHAAHAs TKaup . — — 0,088 —
MarHesus B Qopme ¢

A8 H3OTANHE TPYO 266 | 50—200 0,073—0,081 —
Mea . . . . . . 2000 5 0,9 0,88
MIKaHHT — 20 0,21—0,41 —
Mpamop 2800 0 3,5 0,92
Ilapaduu [ 420 20 0,27 —
Mecok pewneil meaxui (cyxodt) 1520 0—160 0,30—0,38 0,80
ITecok peudofi Meaknft (Baaix-

HulE) . L L L L 1650 20 1,13 2,09
flpeccunan — 20—50 0,26—0,22 —
ITnekcuraac e — 20 0,184 —_
[Tpo6GkoByle NIHTHLI cyxie 148— 80 0,042—0,053 1,76

198
IIpo6GkoBasi Menodb, BeJAMYHHA

Kycka 4—5§ mMv . ., . . . 85 0,60 0,044—0,058 1,76
Pesnua;

TBeplas 06blKHOBeHias 1200 | 0—100 0,157—0,160 1,38

Markaas . o, ., , . . — 20 0,13—0,16 1,38
CaxapHblit Tecok 1600 0 0,58 1,26
Cepa poMGiuueckas — 21 0,28 0,762
Caaumen e — 94 1,49 —
Caoa (nonepek cisioes) 2600— 20 0,49—0,58 —

3200
CHer;
CBeXEeBhIMaBILHK 200 — 0,10 2,09
YIJIOTHEHHbI{T 400 — 0,46 2,09
Crekao:
3epKanbHoe 2550 0-—100 0,78—0,88 0,779
00LIKHOBCLLIOE 2500 20 0,74 0,67
TEPMOMETPHYECKOR 2590 20 0,96 —
fHpeKe . .o — 0 1,04 —
TO Xe — 400 1,55 —
KBaplesoe — 400 1,76 —

TO XKe — 800 2,40 —

TO Xe — 1200 3,05 —
CreknsiHHAdA BaTa 154—206 88 0,051—0,059 —
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ITpodorxcenue Taba &

Mareprana m.‘;;(a t*, °C A, BT/(m °C) LEerI}é()/
Tekcronur 1?280— 20 0,23—0,34 1,46—1,51
Papdop . . .. 2400 95 1,04 1,09
To xe 2400 1055 1,96 1,09
®ubpa KpacHas 1290 | 20—100 0,46—0, 50 —
DUEPOAHT 360—440{ 80 0,073—0,128 -
Hennyaoun 1400 30 0,21 —_
Menx 100 0—93 0,043—0,06 —_
36oHHT 1200 20 0,157—0,17 —
" Inak:

KOTeJNbHELf <« . . . [ looo 0 0,29 0,75

AOMEHHbI} rpaHy/HpoOBaN- !

351 S 500 [ o0 0,15 0,75
LITykaTypka:

H3BECTKORAsN . 1600 0 0,70 0,84

LeMEeHTHO-recyaHan 1800 0 1,2 0,84
daHepa kneenas ... 600 0 0,15 2’51
JpesecHbif yroan Kyckomoft 190 80 0,074 =

* TeMnepatypa, Anas KOTOpolt naHk cBOACTBA.

; NMaorHocts p,
H MaKcHMaJbHas

Tabauma 4

KO3t PUUMEHT TenaonpoBoAHOCTH A, TenJaoeMKocty ¢
padouas Temnepatypa { AJ8 OCHOBHBIX OTHEYNOPHHMX

H3feani [24)
HamuenoBanue 108,
oMHeymopa L4 . A, Bt/(M:°C) ¢, xJIx/(xr-°C) ¢, °C
Kr/Mm '
' W amorneft  kup- -
gy, ., 1,8—1,9 0,84+4-0,0006 # 0,884-0,00230 350—1
Mexomamor R O,Qgio,OOOQSt S5+ - P 1350450
IMenowaMor 0,6 0,10+-0,000145 # - 1300
Kupnuy: .
AHHACOBHIf 0,9—1,95 0,9+4-0,0007 5
AitaconhiR 40, ¢ 0,8+4-0,00025 ¢ 1700
BhI# . 2,628 4,656--0,0017 —
oo arHe ¢ 1,054-0,0003 ¢ 1650—1700
30TOBHIY 2,75—2,85 1,86—1,08 — 7
(0—6005C) 1700
XPOMHTOBBI 3,0-3,1 1,3+4-0,00041 ¢ 0,8+0,0003 ¢ 1650—1700
Hanenus:
CHIIJIHM aHH-
TOBBIE )(M)’"'l'
JIHTOBbBIC 2,2—2,4 1,690, 0002
Kopyﬂmme) 0,00023 ¢ 0,8+0,00025 ¢ 1650
(anynposnie 2,3—2,6 2,00 :
A o ) , ,004-0,0019 ¢ 0,804-0,0004 ¢ 1600—1700
BHEe . . . 3,3 1.30. 5.0 00 —
RapBonyl- ,304-0, 00064 ¢ 0,54+-0,00012 ¢ 1750—1800
noBRIe )(Kapﬁo-
dpakc . 2,3—2,6 21—0,010 ¢ 0,964-0,00 —
yroabieie 1,516 2340,035 ¢ S0t o 80146 : 1403005500
(o 1000°C) !
rpaduToBLIE 1,6 163—0,041 ¢ 0,8 2000
1 259



S Ta6anpga 5

MaoTHOCTL p, KOIDPHUHEHT TEMIOMPOBOAHOCTH KOHCTPYKUHU A
W Mpepe/ibHas TeMIePaTypa MPHMEHEHHS [ OCHOBHBIX H3OMAUHOHHBIX
MaTepuanos u uaneani [24]

P, Xr/n®
HanmeHoBaline .
MaTepHasa B MacTHUHOR A, Bt/(M-°C) t, °C
HJIH H3JACTHA B IO poLIKe KOHCTPYKIHH
H3oasiHOHHDbIE
MaTepHalbl
AcGect copra 800 — 0,1304-0,00019 ¢ 700
Ac6030HOJHT 350 500-—550 0,143--0,00019 ¢ 700
AcGoaypuT 450 700 0,1622--0.000169 ¢ 200—300
AcGocnlona 400—500 580—650 0,1204-0,000148 ¢ 600
AcBoTepMuT .| 400—430 550—570 0,1094-0,000145 { 500—550
AMATONHT — MOTO™ 400500 — 0,0014-0,00028 ¢ 800
) EepMi g0 a5 - 0,0724-0,00262 ¢ 900—1100
A N a-
‘\”:;pafmaé ,m 180—250 — 0,046—~0,058 mpu 50°C gog
ToBoacGosvph 400—150 580650 0,14424-0,00014 ¢ 25
o ¥t 180—200 405465 §,87-4-0,000064 ¢ 325—370
Comeant . . . 230—250 440—520 0,00014-01000087 ¢ 400— 450
Topddataa KpOIIK: 200—350 — 0,06—0,08 100
dep ne mnac- <
Ergurf]{)e;pon() — 400—3550 0,07—0,08 650
Hizseomamsy 2T 170200 — 0,06--0,000145 1 750
H3zoasnnoHnnLie
H3gennsa
Bepiiyito- - 350380 0,0814-0,00015 ¢ 700—750
Byaxaintonbie — 400 0,0804-0700021 ¢ 550— 600
Boggglﬁm,m crpon — 300 0,05 mpu 0°C 90
Auatostonuiff xitp- . 500—600 0,1134-0,00023 ¢ 850
JIHaTOMOBRIC CKOp-
AYIw o cersen: - 500—600 0,113-4-0,00023 ¢ 830
I"IS,ILC.“I}IS‘{ «11OBO- ) 2 400
Naomry , — 400—450 0,073-4-0,00028 ¢
KaMmblmnTonble . N 100
MIHTBI - 260—360 0,10 npu 0°C
Muneparbiui - 250—300 | 0,058—0,076 mpu 50°C -
TexoGeToptte — 400—500 | 0,099—0,122 npu 50°C 300
B A, - 230—430 0,07—0,09 npu 70°C | 690—800
ITeHoCTEKI0 (ra- . ) ) o 800
— 200—450 0,124—0,160 npx 70°C | 600
e e sones | — 20350 0,078-40,00012 1 a0
TIpOBKOBbIE TLANTHI — 25 , p
Copenutopite T — 400—150 0,079--0,00010 ¢ 450500
CO.,'IO]\IHTOBL‘IC Mz
— 260—360 0,10 npu 0°C 100
ro;?ﬁon;m{bl' ' — 170—250 0,046-4-0,0001 ¢ 100—120
m.nax’)naﬂ I oM
I — 970350 | 0,064—0,081 npu 50°C 150
260
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Ta6anuma 6

Koatpduunents tennonposogsoctu cranedt A, Br/(m-°C), B 3aBHcHMOCTH
OT TemnepaTtypnt [24 n 25]

TeMneparypa, °C

HaumeHoBaHue
H Ma a a,

@pra e |00 | 200 | a00 | w00 | so0 | 600 | 700 | 800 | s0o
Yranepojaucras 15 54,4 50,2 | 46,0 | 41,9 | 37,7 | 33,5 — — —
Yrnepoaucras 30 50,2 46,0 | 41,9 | 37,7 | 33,5 | 29,3 — — —
XpoMoMONHGae-

HoBasi X10C2M

(3U107) 18,4 — 21,7 — — 24,6 | 25,5 — —
XPOMOHHKENb-

BoAbdpaMo-

Basg 4X14HB2M

(3H169) 15,5 16,9 | 19,2 | 20,2 | 21,2 | 22,0 — — —
XpoMoHHuKene-
pasg IX18HIT"

(41T * 16,0 | 17,6 | 19,2 | 20,8 | 22,3 | 23,8 | 25,5 | 27,6 | —
XpoMOHHKe IeBas '

X25H20C2

(3H11283) 14,6 — - — | 21,6235 251 |27,1]| 288
XpoMmHCTast He-

PIKAaBEIoIAN:

1X13 (0K 24,0 | 23,6 | 23,3 | 23,3 | 23,7 | 24,4 | — — —

2X13 (OK,) 24,3 | 25,8 | 26,3 | 26,4 | 26,6 | 26,4 | 26,2 | 26,7 | 27.6

3X13 (JKs) 25,1 | 25,6 ) 256 ] 25,6 | 25,6 | 25,6 | 24,6 | — —

4X13 (OK.) 28,0 29,1 20,3 ] 29,2 | 28,8 | 28,4 | 28,0 — —

XI7 (OKpr) oYI B i A B B G e S

X28 (OKy) 2009 [ 2,71 2,7 |23,4|24,3] 25,0 — _

. |
* 3uaucHHA A aas pasamydnix o6pasnosB craan 1X18HIT uaMeHsioTcss B npe-

nedax £20%. 3aech NpuBeACHLI CpPCAHHE 3HAYEHHS A,

B 3aBHCHMOCTH OT TeMIepatypsi [24]

Ta6anwa 7
Koadduunent Tennonposoanoctu 2, Br1/(m.°C), MeTajsnoB H cnaasoB

Temneparypa, °C

HaumeHoBaHHe
MeTaNja HJIH clhaBa
o | 2 | 100 | 20 |30 | 00 | 500 | 600
ANoMHRI 202 ~— 206 229 272 319 ‘ 371 422
ANIOMITHHEBbBlE cllla-
BBI!
92% Al, 8% Mg 102 106 123 148 — — — —
80% Al, 20% Si 158 160 169 174 — — —_ —
JopaiioMUHHL:
94—96% Al, 159 165 181 194 - —_ — -
3—-5% Cu,
0,5% Mg
JlaTyHb:
90% Cu, 10% Zn 102 17 | 134 | 149 | 166 | 180 | 195
70% Cu, 30% Zn 106 — 109 110 | 114 | 116 | 120 | 121
67% Cu, 33% Zn 100 — 107 113 121 128 135 151
60% Cu, 40% Zn 106 — 120 137 152 169 186 200
Mean (99,9%) 393 385 378 371 365 359 354
261



Ipodonrmenue Tabar. 7

¥ ©
HaumeHoBaHHe Temneparypa, °C
MeTanna wam €A | o | gp | 100 | 200 | a0 | w00 | w0 | eoo
Momneas-meTanan:
29% Cu, 67% Ni, — 22,1 | 24,4 | 27,6 | 30 34 — —
2% Fe
HefiananGep: B
62% Cu, 15% Ni, — 25,0 31 40 15 49 — —_
22% Zn
Hiuxpom:
90% Ni, 10% Cr 17,1 17,4 19,0 | 20,9 | 22,8 | 24,6 | — —
80% NI, 20% Cr 12,2 13,6 13,8 | 15,6 | 17,2 | 19,0 — 22,6
HHXpOM Kese3HCThl:
61% Ni, 15% Cr, — 11,6 11,9 12,2 1 12,4 | 12,7 | — 13,1
20% Fe, 4% Mn
61% Ni, 16% Cr, 11,9 12,1 13,2 14,6 | 16,0 | 17,4 — —
23% Fe .
Cranb Msrkas 63 — 57 52 46 42 36 31

Tab6aunna 8

KoahdguuuesTnl TenionpoeoiuocT cniasos [24]

Cnnas t, °C %, Bt/(Mm-°C)

AnomuHHeBas Gpousa: 95% Cu, 5% Al 20 82
bponasa:

90% Cu, 10% Sn 20 42

75% Cu, 25% Sn 20 26

88% Cu, 10% Sn, 2% Zn 20 48
Bpon3sa docdopucTad:

02,8% Cu, 5% Sn, 0,15% P, 2% Zn 20 79

91,7% Cu, 8% Smn, 0,3% P 20 45

87,2% Cu, 12,4% Sn, 0,4% P 20 36
Hupap: 35% Ni, 65% Fe 20 11,0
I{oncTanTain

€0% Cu, 40% NI 20 22,7

0% Cu, 40% Ni 100 25,6
MalraHuH:

84% Cu, 4% Ni, 12% Mn 20 21,3

84% Cu, 4% NI, 12% Mn 100 26,4
Maruesble cniasb: N o

V2% Mg, 8% Al 20—200 62—79

88% Mg, 10% Al 2% Si 20—200 58—76

92% Mg, 8% Cu 20—200 126—132
Meauble cnnagu

70% Cu, 30% Mn 20 13

90% Cu, 10% Ni 20—100 58—76

80% Cu, 20% Ni 20—-100 34—41

40% Cu, 60% Ni 20—100 2226
Metaaa Pose: 50% Bi, 25% Pb, 25% Sn 20 16
Merana Byaa: 48% Bi, 26% Pb, 13% Sn, 20 13

13% Cd )

HuxeneBrie CIIaBsl:

70% Ni, 28% Cu, 2% Fe :‘20 35

62% Ni, 12% Cu, 26% Fc¢ 20 13_:5
Huxenesoe cepebpo 0 29,3
To xe 100 37
IaaruHoupupuit: 90% Pt, 10% Ir 0—100 30,9—31
Dackrtpon: 93% Mg, 4% Zn, 0,6% Cu 20 116
1TaaTHnoposuit: 90% Pt, 10% Rh ) 0—100 30—30,6

262

Ta6anua 9

dusuyeckHe cBodcTRa cyxoro Bo3ayxa (B=760 MM pT. CT.==

~1,01-10° Ma) [13]

-
. & -6
P, c., kLx/ A.107, a-10° w108,
1, °C | krjm® (kr-°C) | B1/(m-°C) MZ/c Ma-¢ v-10%, Mi/c| TPr
50 | 1584 |- -1,013 2,04 12,7 14,0 9,93 0,728
—40 | 1,515 1,013 2012 13,8 15.2 10,04 0,728
—30 | 1,453 1,013 2,20 14,9 15,7 10,80 0,723
—20 | 1,305 1,009 2,28 16,2 16,2 12,79 0,716
—10 | 1.342 1,009 2,36 17,4 16,7 12,43 0,712
0 | 1,23 1,005 2,44 18,8 17,2 13,28 0,707
10 | 1,247 1,005 2,51 20,0 17,6 14,16 0,705
+ 2 | 1,205 1,005 2,59 21,4 18,1 15,06 0,703
30 | 1.165 1,005 2,67 22,9 18,6 16,00 0,701
0 | 10128 1,005 2,76 24,3 19,1 16,96 0,699
50 | 1,093 1,005 2,33 25,7 19,6 17,95 0,698
60 | 1,060 1,005 290 26,2 20,1 18.97 0,696
70 | 1,029 1,009 2.96 28,6 20,6 20,02 0. 694
80 | 1,000 1,009 3.05 30,2 21,1 21,09 0,692
90 | 0,972 1,009 313 31,9 21,5 22,10 0,690
« 100 | 0,946 1,009 3,21 33,6 21,9 23,13 0,683
120 | 0,898 1,009 3.34 36,8 228 25,45 0,686
140 | 0,854 1,013 3,49 40,3 23,7 «27,80 0,684
160 | 0.815 1,017 3.64 4379 2.5 30,09 0,682
180 | 0,779 1,022 3.78 47,5 25,3 32,49 0,681
200 | 0,746 1,026 3,93 51,4 26,0 34,85 0,680
250 | 0,674 1,038 4,97 61,0 27,4 40,61 0,677
300 | 0.615 1,047 4,60 71,6 29,7 48,33 0,674
350 | 0,566 1,059 "91 81,9 31.4 55, 45 0,676
400 | 0524 1,068 5,21 93,1 3300 63,09 0,678
500 | 0,456 1,093 5,74 115,3 36,2 79,38 0,687
600 | 0,404 1,114 6,22 138.3 39,1 96,89 0,699
700 | 0,362 1,135 6,71 163,4 41,8 115,4 0,706
800 | 0,329 1,156 7.18 188,8 4.3 13,8 0,713
900 | 0,301 1,172 7.63 216,2 46.7 155,1 0,717
1000 | 0,277 1,185 8,07 245,9 49,0 177,1 0,719
1100 | 0,257 1,197 8.50 276.2 51,2 199.3 0,722
1200 | 0,239 1,210 9,15 316,5 53,5 7 0,724
Ta6aunua 10
TeMnepaTypa Kuneuus BOALI B 3aBUCMMOCTH OT AaBaenns [2]
p-10751 1, oC llp-10—% #., °Clip-10=8) ¢, oC 1}7‘10—5, tg °C 'p-lO“b g, °C
Ma Ia Ila ‘ Ma ‘ Ma
1 99,64 || 13 [191,60( 25 |223,93| 44 |[256,05| 68 283,85
2 |120,23) 14 | 195,04 26 |226,03| 46 |258,75| 70 285,80
3 11335400 15 198,28 |) 27 228,06 48 1261,37| 72 287,71
4 14362 16 201,36 28 |230,04| 50 |263,91| 74 289,
5 |151.84| 17 | 204,30 29 |231,96| 52 |266,38( 76 291,41
6 |158,84| 18 |207.10] 30 [233,83| 54 |268,77| 78 293,22
7 |164,96 (| 19 |209.78| 32 |237.44| 56 |271,10( 80 294,98
8 |170,42) 20 | 212,37 || 34 |[240083( 58 |273,36( 82 296,71
9 |175.35 || 21 214,84 | 36 [244,16( 60 |275.36 | 84 298,40
10 |179,88 (| 22 |217,24( 38 |247.31(| 62 277,71 | 86 300,07
11 184,05 | 23 | 219,55 40 33| 64 |27m9,80 | 88 301,71
12 |187,95 ] 22 [221,77| 42 | 2s3j24 | 66 | 281,85[ 90 303,32
263



Ipodoanenue taba. 1

5 —b o —5 °Q
—5 ° | 107" °C |lp-1073,1 #_, °C |lp-107%] ¢, °C ‘p-lO ot
p.llgla e e ‘p 11(7)3 | s " Ha 5 Ma s I Ila s
: 304,90 | 1 321,63 [ 148 | 311,041 175 | 355,11 | 204 367,37
gﬁ ggéﬂg }5‘? 32590 | 150 | 34211 178 | 356,04 || 206 ags,és
96 | 307,98 | 124 |327,15| 152 | 343,18 180 | 356,96 || 208 268'78
100 | 310096 | 128 | 329.61 || 156 , , ,
; 86 | 359.67 || 214 371.4
102 | 312042|| 130 | 330081 158 | 346,30 | 1 07| 214 3714
132 | 332,00 | 160 | 347,32 188 | 360,56 2,
%8; g%ggg 134 | 333,18 || 162 |348/33 | 190 | 361,44 218 ggg
108 | 31667 || 136 |334.34| 164 |[349)32) 192 | 362,31 22 :
110 | 31804 | 138 | 335,49 | 166 | 330,31 || 194 | 363,17 | Kpyriueckoe
112 | 31939 | 140 | 336.63| 168 |[351.29| 196 | 364,02 CoCTOnHne
114 | 320,73 | 142 | 337,75 | 170 | 352,26 | 198 | 364,87 09129 | 37015
116 | 322005 | 144 | 33886 172 | 353,21 200 ‘36\),714 , ,
18 | 32335 || 146 | 339,06 | 174 | 354,17 202 |-366 5
Tatbauwma 11
du3HUeCKHe CBOHCTBA BOABLI Ha JHHAM HacbiwieHds [2 u 13]
3 Q0 o — =
2 |- |® = = | Z
0" & E ia M = R = 4 T
o | | R - S o - B
| =a : 28Tz T38| % = -
iy [ & o FEL|=Z [ E3 > =y ™
5 — 756,4 | 13,67
99,9 0,00 4,212 | 55,1 | 13,1 [1788 | 1,789 |—0,63 , X
18 igig 399',7 42104| 4,101 5;,4 13,; %882 }ggg -|-0,gg ;gég 9,52
20| 17013 | 998.2 | 83,91| 4,183 59,9 | 14, . . 9| 102
: 5 1,5] 0,805 | 3.21( 7122 ,
30| 1,013 | 995,7 | 1257 | 4,174 | 61,8 | 14,9 | 801,50, 2
' ' 3.31 0650 | 3.87]696,5 | 4,
40| 1,013 | 992°2 | 167.5 | 4,174 | 63,5 15,3 60(’,4 0,659 | 3,87 6965 | 4,31
50| 17013 | 98871 | 209.3 | 4,174 64,8 15,7 | 540,40, ; 6.9 | .54
, ; 469,9 | 0,478 | 5,11 | 662,2 ,
60| 1,013 | 9832 | 251.1 | 4,179 | 65,9 16,0 9100, . 2.8
; 16,3 | 406.1 0,415 5.70 | 643,5 .
70| 1,013 | 977.8 | 293,0 | 4,187 | 66.8 | 16, 406,11 0,415 | 51701 68,5 | 2,50
80| 1013 | 97118 | 3350 | 4,195 67,4166\ 355, ‘Q%rm,, 2 ; .21
’ 65 4,902 6,95 | 607,2 | 1,
9| 1,013 | 965,3 | 37,0 | 4,208 | 68,0| 16,8 | 314,90, 6,95 | 07,2 | 1,98
C : 584 | 41901 | 4,220 |68.3 | 16,9 | 282,5( 0,295 7.52 : ;
%?8 %%3 gé?’o 461.4 | 4,233| 68,5 | 17,0 | 259,0 | 0,272 | 8,08 569,0 | 1,60
' , £ 548,4 | 1,47
943,1 | 50,7 | 4,260 | 68,6| 17,1 | 237,4| 0,252 8,64 \ .41
HEAE I O A R
140| 3.61 | 926,1 | 589,1 | 4, , , 100, . 2 | 1.2
. 64| 0203|103 |486.6 | 1,
150| 4.76 | 917.0 | 63202 | 4,313 | 68,4 | 17,3 | 186,4| O, . 117
. 75 3.6| 00191 10,7 | 4660 | 1,
160| 6,18 | 07,4 | 675,4|4,346|68,3| 17,3 | 173,6) O, . 66,0 | 1,10
: 8| 0,181 11,3 | 443, .
170 7092 | 8973 | 7193 | 4,380 | 67,9 | 17,3 | 162,80, , 43,41 1,05
: ; 53.0| 0,173 | 11,9 | 422, .
180 | 10,08 | 885,9 | 763,3 | 4,417|67,4 | 17,2 | 153,01 0,173 L
; 44,2 0,165 12.6 | 400,2 ;
190 12,55 | 876,0 | 807.8 | 4,459 67,0 | 17,1 | 144,20, . 2| 0.9
5, ; 36.4] 0,158 | 13,3 | 376, .
200| 15,55 | 863.0 | 852.5 | 4,505 | 66,3 | 17,0 | 136,4 | 0, 16,7 | 0.5
: 5 30'5| 0,153 | 14,1 | 354, .
210| 19/08 | 852.8 | 897.7 | 4.555|65,5| 16,9 | 130, 183 | 14,101 83,11 0,01
. 840/3 | 943)7 | 4.614| 64,5 16,6 | 1246 0,1 ; . .
ggg 3?32 827.3 | 9902 | 4,681|63.7| 16,4 | 119,7 | 0,145 | 15,9 | 310,0 | 0,88
' ' 5 285,5 | 0,87
13,6 | 1037,5 | 4,766 | 62,8 | 16,2 | 114,8| 0,141 | 16,8 ,
3@8 2832 E7;99.0 1085,7 | 4,844 | 61,8 | 15,9 | 109,9 | 0,137 18% gg;g 82;5
260 | 46094 | 7840 | 1135.1 | 4,949 | 60,5 | 15,6 103,9 | 0,135 ;1,6 21,1 087
270 | 55,05 | 767.9 | 1185.3 | 5,070 [ 59,0 | 15.1 | 102,0 | 0,18 2,0 2148 | 0,58
280 | 64,10 | 750,7 | 1236,8 | 5,230 | 57,4 | 14,6 | 98,1 0,131 27 113 | 0.0
290 | 74745 | 73203 | 1290,0 | 5,485 | 55.8 | 13,9 | 94,2 0,129 2.2 | 1687 | 0.9
00| 85,92 | 712,5 | 1344,0 | 5,736 | 54,0 [ 13,2 | 91,2 8122 2,2 | 142 | 0,97
310| 98,70 | 6911 | 14022 | 6,071 (52,3 12,5 | 88,3 0128 82,0 | 120.7 1} 1,02
320 (112090 | 6671 | 1462.1 | 6,574 | 50,6 11,5 | 85,3]0, 88,2 | 98,10 Ll
330 128,65 | 640.2 | 1526.2 | 7,244 [ 48,4 [ 10,4 | 81,4 012; 8.3 | 1071 L2
165.37 | 574.4 | 1671.4 | 9, . . 610, , ,
ggg 132'74 52870 | 1761,5 [13,984 | 39.5| 5,36| 66,7 0.122 égg 22,%9 ggg
370 1210)53 | 450.5 | 18925 1407321 133/71 1'86! 56,91 0,12 , .

®du3nueckne cpofictTa BOIAHOr0 napa

Ta6auma 12
Ha JIHHHH HacoinenHs [2 u 13]

c
< (o] ) (%]
= % =S -] el o 2 5 =
- = X = ° = = =
U N I O A BN N
O S 2 2 | as N & )
R = :‘ o N = = - - u
w5 o Q b ~ [ <M 5] 2 > A,
100 1,013 0,598 | 2675,9 | 2256,8 | 2,135 | 2,372 [18,58 | 11,97 | 20,02 1,08
110 | 1,43 | 07826 | 26914 | 223070 | 2,177 | 2.483 [13°83 12,46 [ 15,07 | 1,09
120 1,98 | 1,121 [2706,5 | 2202,8 | 2,206 | 27593 |10,50 | 12,85 | 11,46 | 1'09
180 0 2,70 | 1,496 | 2720,7 | 2174)3 | 2257 | 2,686 | 7,972 | 13,24 | 885 | 1’11
MO 3,61 1 1,966 2734,1 | 2145,0 | 2,315 | 2,791 | 6,130 | 13]54 | 6's9 | 1'12
1900 4,76\ 2,047 | 2746,7 | 2114,4 | 2,395 | 2,884 | 4,798 | 13,93 | 5,47 | 1.16
1601 6,18 | 3,258 [ 2758,0 [ 2082,6 | 2,479 | 87012 | 3722 | 14732 | 4130 | 118
1700 7,92 | 4,122 2768,9 | 20495 | 2,583 | 3,128 | 2,030 | 14'72 | 357 1,21
180 | 10,03 | 5,157 2778,5 | 2015,2 | 2,709 | 3.268 { 2,339 | 15,11 | 2,93 | 1'25
190 12,55 | 6,394 | 2786,4 | 1978,8 | 27856 | 3,419 | 1,872 | 15.60 | 2’44 1,30
2001 15,55 | 7,862\ 2793,1 | 1940,7 | 3,023 | 3,547 { 1,492 | 15,99 | 2,03 1,36
2101 19,08 9,588 | 2798,2 | 1900,5 | 3,199 | 31722 | 1)21a | 16738 | 1.71 | 1'41
220 23,20 | 11,62 | 2801,5 | 18578 | 3,408 | 3,896 | 0,983 | 16.87 | 145 1,47
250°| 27,98 113,99 | 2803,2 | 181310 | 3,631 | 4,094 | 0,806 | 1736 | 1'24 1,54
240 | 33,48 | 16,76 | 2803,2 | 17656 | 3,881 | 4,291 | 0,658 | 17.76 | 1.06 1,61
250 39,78 119,98 | 2801,1 | 1715,8 | 4,158 | 4,512 | 0,544 | 18,25 | 0,013 1,68
2601 46,04 | 23,72 | 2796,5 | 1661,4 | 4,468 | 4,803 | 0,453 | 18'84 | 0.794 1,75
270 | 55,05 [ 28,09 | 27898 | 1604,4 | 4,815 | 5,106 | 0,378 | 19°32 | 0'688 | 1'89
280 | 64,19 1 33,19 | 2779.7 | 15429 | 5234 [ 5,489 | 0.317 | 19.91 0,600 | 1,90
290 | 74,45 39,15 [2766,4 (1476,3 | 5,694 | 5.827 | 0/261 | 20°60 0,526 | 2,01
S00°) 85,921 46,21 | 2749,2 | 1404,3 | 6,280 | 6,268 | 0,216 | 21,29 0,461 | 2,13
310\ 98,70 ) 54,58 | 2727,4 | 1325)2 | 7,118 | 6.838 [ 00176 | 21'97 | 0’403 2,29
820 1 112,90 [ 64,72 | 2700,2 | 1238,1 | 8206 | 7,513 | 0.141 | 22’86 0,353 { 250
330 | 128,65 | 77,10 | 2665,9 | 1139,7 | 9,881 | 8,257 | 0108 | 23.94 0,310 | 2,86
340 146,08 | 92,76 | 2621,9 110271 | 12,35 | 9,304 | 00811 | 25.21 0,272 | 3.35
350 | 165,37 1113,6 | 2564,5 | 893,1 116,24 | 10,70 | 0,0580 | 26,58 | 0,234 4,03
360 | 186,74 |144,0 | 2481,2 | 719,7 | 23703 | 12,79 | 070386 | 29'14 0,202 { 5,23
370 | 210,53 (20,0 | 2330,9 | 4384 [ 56,52 | 17,10 | 070150 | 33.75 0,166 | 11,10
Ta6bauma 13
®uanueckHe CBOACTBA BONB MPH AABJEHHH p=240-10% Ma* [23]
v-108, | Cpp A-102, w107,
L°C ekt |4 kIk/KT KT/ (kr-°C) | BT/(M-°C) | Ta-c Pr
350 1,611 1630 7,16 471 750 1,14
351 1,620 1637 7,25 468 746 1,16
352 1,629 1645 7,34 465 741 1,17
353 1,639 1652 7,44 462 736 1,18
354 1,648 1660 7,55 459 731 1,19
355 1,658 1667 7,67 456 726 1,21
356 1,669 1675 7,79 453 721 1,24
357 1,680 1683 7,93 450 716 1,26
358 1,601 1691 8,07 447 711 1,28
359 1,703 1699 8,23 443 705 1,31
360 1,716 1707 8,42 440 700 1,34
361 1,729 1715 8,60 436 694 1,37
362 1,742 1724 8,81 433 688 1,40
363 1,757 1733 9,04 429 682 1,44
364 1,772 1743 9,30 425 676 1,48
265



I podoarenue Taba. 13 ‘

; v-108, Cp A-102, R 107, ITpodorx
i, °C M® /KT ¢, kIR xr Kﬂ)KIfK!‘-”C) BT/(M-°C) Ma.C Pr o108 p enue taba, 13
©, N » . C
t, °C M3Kr i, KDk /xr ’ B 1-10:, w107
o, . >
365 1,788 1752 9,58 421 670 1,52 — L | /ey [ BTGy | Tra-c Pr
366 1,805 1762 9,91 416 663 1,58 -—
367 | 1,824 1772 10,28 412 656 1,64 : 430 8,779 2871 5,83 o
368 1,844 1782 - 10,71 407 649 1.71 432 8,886 2882 5'60 116 304 1,53
369 1,865 1793 1,20 | 402 © 642 1,79 B 5o 2893 5,56 i i 151
376 1,880 1805 11,79 396 634 - 1,89 438 97195 %g?g 5,44 112 §8§; 149
371 1,915 1817 12,79 390 625 2,00 410 : 5,32 T 305 18
372 | 1,944 1830 13,33 383 616 2,14 i 9,294 2926 5,22 A7
373 1,976 1844 14,37 376 606 2,32 442 9,392 2936 b 110 305 1,45
374 2,014 1859 15,72 367 596 2,55 ‘ g g o8 2046 5202 e 306 1943
375 2,057 1875 17,44 358 576 2,80 ! 448 9,675 223(‘;’3 4,93 108 3382 11 '43
376 2,109 1894 19,84 346 564 3,23 \ 4 4,85 107 307 1 o4
377 | 20174 1915 93,40 332 549 3,87 i3 9,766 2976 4,77 \39
378 21959 1942 29726 314 532 4,96 | 454 9,857 2085 4'70 106 307 1.37
39 | 2,380 1976 40,71 203 500 7.07 i pos 5946 2094 462 18 a7 1,36
380 | 2,59 2098 68,38 269 468 11,90 t 458 | 10.12 2004 4,56 105 o 1.3
381 3,068 2125 119,36 242 426 21,01 460 4,49 105 308 132
382 3,608 2234 86,59 219 383 15,14 4 10,21 3022 4.43 ’
383 4,134 2302 56,17 204 363 9,90 i 10,41 3043 49 1o4 309 1,31
384 4,458 2349 41,57 194 351 7,52 475 5.8 3064 416 s 310 1,29
385 4,718 2386 33,38 187 343 6,12 480 11,01 5108 3,08 102 312 {';’2
386 4,940 2416 928,17 8L 338 5,26 185 3,95 102 314 1°29
387 5,136 2443 24156 176 | 333 4,65 490 1L,20 | 3195 3,85 ’ ,
388 5,311 2466 21,89 172 329 4,19 105 11,38 3144 3'77 101 315 1,20
389 5,471 2486 10,84 168 326 3,85 500 H?E 3162 3a 11811 216 1'18
300 5,610 2505 18,21 165 394 3,58 : a181 3,62 101 HH 118
391 5,758 2523 16,87 162 322 3,35 15
202 5,888 2539 15,76 160 320 3,15 \"p2—212 105 IT
393 6,011 2554 14,81 157 318 3,00 k=221,2- a; t,=374,1° -
394 6,128 2569 14,00 155 317 2,86 K 1°C. Npn p=240-10" Na ¢, =380,7° C.
395 6,240 2582 13,29 153 316 2,74 ,
396 6,347 2595 12,66 151 314 2,63 i
397 2,458 geog 12,(13% 149 313 2.52 : ® . Ta6aunma 14
398 ,55 62 11, 148 312 2,4 f H3HyYe o
399 6,646 2631 - 11z 146 312 2'39 CKHE CBOACTBA BOMM MPH RaBAeHuH p=300-10° [a* [23]
400 6,738 2642 10,76 144 311 2,31 ; ,
401 6,828 2653 10,40 143 310 2.96 : 1, °C v 105, ¢, 105
402 6,916 2663 10,06 142 310 2,20 : ke [, kDx/xr b s 107, ©n-107,
103 7,001 2673 9175 140 309 2°15 | K/ (kr-°C) | Bt/(M-°C)| Tla-c Pr
404 7,084 2682 9,46 139 308 2110 - 250
405 7,165 2692 9,20 138 308 2,06 . . 1,554 1611
406 7,244 2701 8.95 136 308 2,02 i A pro8 1624 S o 778 1,01
407 7,322 2710 8,72 135 307 1,98 i 356 1,582 1637 6 64 439 770 1,03
408 7,397 2718 8,50 134 307 1,94 358 1,597 1651 6.76 47;} 762 1,05
409 7,471 2727 8,30 133 306 1,91 i 1,612 1664 6.88 473 754 1,06
410 7,544 9735 8,12 132 306 1.88 : 360 1,629 1679 7.0 746 1,08
411 7,615 2743 7,9 131 306 1,85 ' 362 1,646 1693 7 2 467 737 1.11
419 7.685 92751 7,77 130 306 1,83 j 364 1,665 1707 Y 462 799 1’13
413 7,754 2758 7,61 129 306 1,80 366 1,684 1722 7 456 720 1’16
414 7,821 2766 7,46 128 305 1,78 4 368 1,705 1737 7'753, 450 7t 1,19
415 7,888 2773 7,32 127 305 1,75 370 L7 " ' 444 701 1,22
416 7,053 2781 1Y 126 05 1,73 : 372 1751 53 7,99 427 692
417 8,017 2787 7,06 126 305 1,72 | 374 1797 1769 8,26 430 ooz 1,26
418 8,081 9795 G4 195 305 1,70 : 276 1806 %735 8,59 423 671 1,31
419 8,143 2802 6,52 124 305 1,68 ! 378 1837 lggg 8,95 ils 6aq %%3
420 8,205 2808 6,71 123 305 1,66 \ 380 9,39 407 643 148
422 8,326 2891 6,50 122 304 1763 | 381 1.872 1841 9,90 398 4
494 8,443 9834 G.31 120 304 1.60 J 382 1 891 1851 10,19 303 632 1,57
426 8, 558 2847 6,14 119 304 1,58 383 1-911 1862 10,51 ot 626 1,62
428 8,670 2859 5,98 117 304 1,55 | 381 332 1872 10,86 555 620 1,68
—— 1,955 1884 11,25 614 1.74
—_— ' 378 608 1:81 .

b
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T ——

MTpodoancenue raba. 14 IIpodoaxenue raba. 14

. 0. 109, ‘p A-107, w107
[ A107 w-107, i t, °C o i, kI /xr B Kre; Ma-c’ Pr
3 i D ) P ! /KT K T/(M-°C) a-c
b s fer ’Ma/ (xr-°Cy | BT/ (0 °C) Ma-e ' [ KA 7O
~ ] 0 470 7,600 2941 5,32 125 330 1,40
1895 11,67 372 601 1.8 475 70795 2967 510 122 330 1,38
1907 12.14 366 594 }),g_ ‘ 480 7,983 2992 4.90 121 331 1,34
1919 12,66 359 587 Se 485 8,165 3016 4,73 119 331 1,32
1932 13,23 352 580 ;ég 490 8,342 3040 4,58 118 332 1,29
1916 13,87 345 572 2, 495 8,514 3062 4,44 117 333 1,26
1960 14,59 ggg ‘;23 g gg 500 8,681 3084 4,32 116 334 1,24
15,40 5 , T L b e e —a00. 105 —dp1 g
}gg? 1630 399 546 2,76 * P=221,2-10° Ia; ¢t =374,1°C. Ipn p=300-105 Ila tp, =401,6° C.
2008 17,32 315 536 IZYQS
2026 18,46 307 526 3,17 i
299 516 3,40 !
gggg %g:gg _ 281 s 562 Ta6auna 15
2086 22,21 284 poa 88 | Pusnueckne CBOACTBA NBYOKHCH Yraepoja MpH KaBaeHHH
513 2% 269 471 1,34 p=100-10> Ma* [i]
25,71 262 460 4,52 )
o153 26,48 255 41 % g 5 o H i
So15 26169 218 438 110 0 ¢ & o | T g L
e 3% %36 s 1,58 R e e - ; ; RN
226 = “ & & ) <)
. 24,89 230 410 4,13 R ad & = = =
3;?2 5371 5 403 4,29 o7 <R 8 2 =
2337 22,74 220 396 10
3360 21,63 215 390 3’96 275 964,6 | 502,0 2,20 11,9 5,59 11,1 52,9 | 2,06
2381 20,55 211 335 3,7 280 | 938,1 | 5131 2,28 11.3 5,31 10,3 58,4 | 2.07
5 206 380 3,60 285 | 909.6 | 524.8 2,38 108 5,01 9,52 65,6 | 2.00
2401 19,51 00 396 3045 200 | 878,2 | 537.0 2,51 10,3 4,67 8,76 75,4 | 2,14
24Qg ig,;g 19 372 3731 295 | 843,0 | 5500 2,70 9,77 4,30 8,00 89,4 | 2,21
2 » '
5}25 16,88 196 368 3(1)2 300 | 802,1 | 564,1 2,99 9,23 3,85 7,23 111 2,34
2472 16,12 192 - 365 3,06 301 | 7930 | s67°1 3,06 9.11 3,75 7,07 117 2,38
187 15,43 190 363 2,95 302 | 7836 | 5709 3,15 9,00 3,65 6,91 123 2,42
a7 11,75 187 360 2/85 303 | 7737 | 573°4 | 32 8’88 355 6175 131 2,46
3317 14’90 184 358 ggg 304 | 763,3 | 576.7 3,35 876 3,43 6,58 139 2,51
2531 13,66 182 ggi 260 305 | 752,4 | 580,1 3,47 8,64 3,31 6,41 149 2,57
2544 13,16 : 0 "o 306 | 740,9 | 583.7 3,61 8,52 3,19 6,21 160 2,64
2557 12,69 177 352 ?'§9 307 | 728'7 | 587.3 3,76 8,39 3,06 6,06 173 2,72
2382 11,86 173 349 2 5 308 [ 7157 | 59172 3,95 8.26 2,92 5.88 188 2,81
2605 11,15 162 %ﬁ g 0 309 | 701,8 | 595.3 4,17 8112 2,77 5,69 206 2,92
2628 19,52 e 342 2,10 310 | 686,7 | 599,5 | 4,23 7,97 2,62 5,50 298 3,05
264 ' 160 310 2,02 311 | 67004 | 604.1 4,74 7,81 2,46 5.99 254 3,21
2666 9,49 167 338 15 312 | 652,5 | 609.0 5,11 7,65 2,29 5.08 286 3,39
2685 9,06 154 337 1'89 ! 313 | 632,9 | 614,4 5,55 7,47 2,12 4,86 326 3,61
2708 gg; 1?2 336 184 314 | 611,2 | 6202 6,08 7,27 1,96 4,63 373 3,87
%26 8,01 150 335 1,7 : 315 | 587,2 | 626,6 6,68 7,05 1,80 4,38 428 4,15
773 148 334 1,75 | 316 | 561,0 | 633’5 7,28 6,81 1,67 4,13 487 4,42
2752 ot 146 333 171 ! 317 | 5329 | 6411 7,79 654 1,58 3,89 538 4,63
276; 793 144 333 1,67 318 | 504:0 | 64970 8,05 6,26 1,54 3,65 571 4,69
e 701 142 332 e | 39 | 4759 | 6571 | 7'98 598 1,57 3144 575 | 457
2810 6,81 140 332 1.6 i 30 497 | o849 | 768 | 571 1,66 | 3,25 553 | 4,35
28923 6,62 139 331 128 | 321 | %62 | 67202 7,10 5,46 1,80 3,10 516 4,03
2836 6,45 137 331 1 .53 k 322 | 405,7 | 67901 6,52 5.24 1,98 2.97 472 3,70
2849 6,29 136 33l 1,51 323 | 387)9 | 6853 5,96 5,04 2,18 2,87 429 3,39
2861 6,14 }g4 ggg %gg 324 [ 372,3 | 691.0 5,46 4,87 2,40 2,78 389 3,12
2874 6,00 h 11* 30 148 325 | 358,8 | 696,2 5,01 4,72 2,62 2,71 354 2,88
2885 5,87 30 20 1*16 326 | 46,8 [ 70101 4,63 4,59 2,86 2,66 324 2,63
9897 5,74 lg 530 144 327 336,3 705,5 4,30 4,47 3,09 2,61 297 2,51
2908 5,63 1 g Eer 11 38 [ 32,8 | 7097 4,02 4,37 3,33 2,56 275 2,36
2928 ggg }%s 330 1742 329 ) 318,3 | 7136 3,77 4,28 3,56 2,53 255 2,23
293 A2 ’

269



Ipodoarrenue raba. 15 ; Tpodoarenue Taba. 16
- i
1
~ ’ 0. fpr A-102, a-108 n-10¢ v-10¢
(5] o, ’ ’ »
g o =2 = ] T J LG /e kI /(kr-°C) | BT/(M-°C) Mi/c Ma-¢c Mt/ Pr
x| D L z ‘. E . 1 “ Fr [
B e Lt = 2E e = = 500 | 0,457 1,18 6,56 121,1 a4,8 76,30 | 0,63
e = = " o 600 | 0,405 1,214 7,42 150,9 37,9 93,61 | 0.62
o <@ & | A O 700 | 0,363 1,239 8,27 183.8 40,7 1121 0,61
- ‘ 800 | 0,330 1,264 9,15 219,7 43,4 131,8 0,60
20 | 810,5 | 717.2 3,56 4,19 3,80 2,50 23§ 2,12 ' 900 10,301 1,290 10,0 258,0 45,9 152,5 | 0,59
a1 | 2024 | 7207 3,37 4,12 4,03 2,47 223 2,02 1000 { 0,275 1,306 10,90 303,4 48,4 174,3 0,58
S I 851 105 495 244 210 1,95 1100 | 0257 1,323 11,75 345.5 50,7 197,1 0,57
333 | 2000 | 727.1 1,07 3,99 4,47 242 | 198 1,86 1200 | 0240 1,340 12,62 392,4 53,0 221.0 0,56
334 | 285,4 | 730.1 2,94 3,01 4,70 2040 188 1,79
335 | 280,2 | 733.0 2,82 3,88 4,91 2,39 179 1,73 : Ta6awuma 17
3§e 275,4 | 725.8 2,72 3,84 5,12 2,37 170 1,68 ; 1
337 | 2708 38,4 2,63 3,79 5,33 2,36 163 1,63 ; ®usnueckue ceoficTBa TpaHcopmaTopHoro Macsaa B 3aBHCHMOCTH
338 | 266.5 | 741,0 2,54 3,75 5,54 2,34 156 1,59 ! OT Temmepatypst [24]
339 | 2625 | 7135 2,47 3,71 5,74 9’33 150 1,55 , 4
340 | 258,7 | 746,0 2,40 3,68 5,94 2,39 14 1,51 : o, Cpr A 1104 | v-105, | @.10s, | B.101,
55,1 748,3 2,33 3,65 6,13 2,31 139 1,48 t, °C » B LoC A h P et Pr
gié 5.2’;?:6 950,6 2,27 3,62 6,33 2.30 134 1.45 KI/M kIx/(kr-°C) | BT/(M-°C) | Ma-c | m¥c | m2/c K
343 | 248,3 | 752,9 2,99 3,59 6,51 2.30 %gg igg
344 | 245,2 | 7551 2,17 ,56 6,70 2,29 , 0,0 ( 892,5 1,549 0,1123 6208 | 70,5 | 8,14 | 6,80 | 866
345 | 242,2 | 757, 2,12 3,54 6,90 2,28 121 1,37 10 886, 4 1,620 0,1115 335,51 37,9 | 7,83 | 6.85 | 484
346 | 239,3 759,3 2,08 3,51 7,07 2,28 118 1,35 20 880,3 1,666 0,1106 198,2 | 22,5 7,56 6,90 298
347 | 236,6 | 761,4 2,04 3,49 7,25 2,27 114 1,33 30 874,2 1,729 0,1008 128,5 | 14,7 [ 7,28 | 6,95 | 202
348 | 233,90 | 763,4 2,00 3,47 7,43 2,27 111 1,31 . 40 868, 2 1,788 0,1090 89,4 | 10,3 ) 7,03 | 700 | 146
349 | 231,4 | 765.3 1,96 3,45 7,60 2.9 108 1,29 |
008.9 | 7673 193 3. 43 7.77 9 96 105 1.97 50 862,1 1,846 0,1082 65,31 7,58) 6,80 | 7,05 | 1
350 | 208, 767, .93 3.43 L 3.2 100 i 60 856,0 1,905 0,1972 49,51 578 6,88 | 710 87,8
352 | 224,38 4 7711 L& , ' J 03 o 70 850,0 1,964 0,1064 38,6 | 45| 6,36 | 715 71.3
6| G3e | TR 1Bl 3E | b | un s | ' 80 | 839 2,026 0,108 | 30,8 | 3066| 617 | 7.20 | 593
ks 3, i3, : ’ » s » ' -
38 | w20 | w19 | 17 3,32 | 008 | 2% 87,6 | 1,16 S 2,085 0,1047° 1 25,4 | 3,03 600 | 7,25 | 505
. e 169 3.30 9,39 994 81,2 | 1,14 100 831,8 2,144 0,1038 21,3 [ 2,56 | 5,83 | 7,30 43,9
ggg %gg ég;j e 393 1009 294 71,0 | 1,07 110 825,7 2,202 0,1J30 18,11 29| 567 | 7,35 38,8
380 | 180,6 | 816.2 1,44 3,20 12,3 2,25 61,8 | 1,02 120 819,6 2,261 0,1022 15,7 [ 1,92 550 | 7,40 34,9
390 | 17004 | 8303 1,38 3.19 13,6 2,97 55,0 | 0.979
400 | 161,7 | 8438 1,33 3,20 | 149 2,29 49,7 ) 0,950 Ta6anua 18
5 2 21,3 2,44 34,6 | 0,871 . ;
égg i?:lif gggg %1; ggg 979 70 27’2 | 0,830 : ®uznyeckue cBoiictBa Macta MC-20 5 33aBUCHMOCTH
550 | 99,9 | 1094’ 1,16 4,04 34,5 2,80 22,7 | 0,803 OT TeMnepaTypu [24]
600 89,9 | 1082 1,16 4,40 42,9 2,97 19,6 | 0,784
650 82,0 1140 1,17 4,77 49,8 3,15 17,4 0,770 0 c., ’ w10t 0. 106 a-108 B-10t
7 75 9 1,18 5,14 57,8 3,31 15,7 | 0,760 £ oG , » ., 104, | %109, | g.108, | B.101,
790 000 | 153 1,19 5.51 66,0 | 847 143 | 0,752 - KE/ME |k flk/ (- oC) | BT/(M°C) | Tlac' | mz/e’ | wije k1| Pr
800 65,4 | 1318 1,21 5,87 74,5 3,63 13,2 | 0,746
* p —73.9-10° [Ia- - =100- 10% T 318 K, ’ —10 990,3 1,951 0,136 — — 7,75 | 6,24 —
P =73.9-105 Ma; T, =30% K. [px p=100 Ma 7, K 0 oot Lo grize = = AT IS -
+10 897,9 2,010 0,135 — — 7,44 | 6,31 —
Ta6auma 16 28 892,2 3,8‘713 0,134 10026 | 1125 | 7,30 | 6,35 | 15400
o ~ 105 Ma: 3 886, L072 0,132 4670 ( 596 | 7,19 | 6.38 | 7310
bdu3udeckue CBOHCTBA ABIMOBLIX ra3os (B=760 M;lﬁ;)TI.:l(‘;‘].Aal,Ol 10° Ma; ‘§8 85170 3-102 RES 2333 576 | 708 | o | 1310
=0,13; p =0,11; p, =0, 875,3 ,13 0,130 133 153 | 7,00 | 6,46 ( 2180
Pco, =777 Prio N 60 869,6 2,165 0,129 798,5| 91,9 | 6,86 | 6,51 | 1340
i 70 864,0 2,198 0,128 498,3 | 58,4 | 6,75 | 6.55 865
" 0. Cpn A-103, a.100, ®-109, V108, Pr 80 858,3 2,227 0,127 336,51 39,2 | 6,67 | 6.60 588
°C | KO/M | g )(kr-oC) | BT/ (4-°C) Mijc Ma.c Mi/e 90 852,7 2,261 0,126 2344 27,5 | 6,5 | 6.64 420
100 47,0 2,290 0,126 171,7| 20,3 | 6,44 | 6.69 315
110 841,3 2,320 0,124 132,4 | 15,7 | 6,3 | 6,73 247
0 1,295 1,042 2,28 16,9 15,8 12,20 0,72 120 | 835.7 2,353 0,123 10,0 [ 12,1 | 6,25 | 6.77 193
100 | 0,950 1,068 3,13 30,8 20,4 21,54 0,69 130 830,0 2,382 0,122 79,76 9,611 617 | 6.82 156
200 | 0,748 1,097 4,01 48,9 24,5 32,80 0,67 140 824,4 2,420 0,121 61,80 7,50 | 6,08 | 6,87 123
300 | 0,617 1,122 4,84 69,9 28,2 45,81 0,65 150 | 8187 2,445 0,120 53,17 6,50 | 6.00 | 6.92 108
400 | 0,52 1,151 5,70 94,3 a7 60,38 0,64
| 271



Ta6auuwa 19

duszuueckne csoiictBa mMacaa MK B 3asMcuMocTa oT Temneparypnt [24]

0. ¢ 2. weios, | vt | oaos, | poaos,

1°CH ke KII}K/(/KI"OC) Br/(m-°C) | Ma-c | wrc | wmrre | x—1| Pr
10 911,0 1,645 0,1510 35414 | 3883 9,94 8,56 39 000
20 903,0 1,712 0,1485 18 560 | 1514 9,58 8,64 15 800
30 | 894.5 1,758 01461 | 5180 | 691,2| 9.28 | 871 | 7450
40 887,56 1,804 0,1437 3031 3420 8,97 8,79 3 810
50 879,0 1,851 0,1413 1638 186,2 | 8,69 8,86 2 140
60 871,5 1,897 0,1389 961,4 110,6 8,39 8,95 1320
70 864,0 1,943 0,1363 603,3 69,3 8,14 9,03 858
80 856,0 1,989 0,1340 399,3 46,6 | 7,89 9,12 591
90 848,2 2,035 0,1314 273,7 32,3 7,61 9,20 424
100 | 840'7 2081 01290 | 20271 20| 7033 | 9’28 327

110 838,0 2,127 0,1264 145,2 17544 7,11 9,37 245
120 | 825.0 2173 01240 | 110°4 1345092 | 945 | 193,5
130 817,0 2,214 0,1214 87,31 10,7 6,69 9,54 160,0
140 09,2 2,265 0,1188 70,34 8,70: 6,53 9,65 133,3
150 801,6 2,311 0,1168 56,90 7,10| 6,25 9,73 113,5

Ta6uuma 20
dusuueckHe cBONCTBA PTYTH U HEKOTOPHIX PACHAABJIEHHBIX MeTananos [9]

@] @]
o o 2 [*]
. . < <
L = Z g = =
MeTann °C = = =~ o
) I 5 2" o” =)
% a A = =
. . b
= < (:.Q x 2] > =%
Pryts He 20 | 13 550 7,90 0,1390 | 4,36 11,4 2,72
f o o—_ageeC.f . = | 100] 13350 8,95 01373 4,89 9.4 1,92
07 xHn T | 150 | 13230 9,65 0,1373| 5,30 8.6 1,62
=357°Ci ry 200 | 13120 10,3 0,1373 | 5,72 8,0 1,40
=11,72 xmm\r, 300 | 12 880 11,7 0.1373| 6,64 7.1 1,07
Tyg=291.8 )/ Kr
01080 Sn 250 | 6980 34,1 0,255 19,2 27,0 1,41
f oo C. 4. —|300| 6940 33.7 0,255 19,0 24,0 1.26
na™eohy e TgunT | 400 | 6865 33,1 0,255 18,9 20,0 1,06
=2270°C; r = | 500| 6790 32,6 0,255 | 18,8 17,3 0,92
=58,2 xJXK/Kr;
ryg =301 KJL#/KT
Bucmyr Bi 300 | 10 030 13,0 0,151 8,61 17,1 1,98
b o710 £ — 400 | 9910 14,4 0,151 9,72 14,2 1,46
an == e gu 500 | 9785 15,8 0,151 | 10,8 12,2 1,13
=477 C; rpp= 600 9660 17,2 0,151 | 11,9 10.8 0,91
=50,2 kJIm/Kr;
r “0“—855,»1 1 L/ Kr I
it Li 200 515 37,2 4,187 17,2 | 111,0 6,43
=17 Ci = 300 505 39,0 4,187 18,3 | 92,7 5,03
na Lo RHO 400 495 41,9 4,187 20,3 81,7 4,04
=1817°C; ryp= 500 484 45,3 4,187 | 2,3 | 734 3798
=061.5 k#/KT;
Ty = 19595 kOn/kr
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llpodorscenue Taba. 20

9 %) 2] o

o = g o s
Metann uté = < z = H “
P = = =" s =
= m . E E =1 -
. . bt
s < e 3 > a
6,5% Bi+ 150 | 10 550 9,8 0,146 6,39 28,9 4,50
C"f_‘}%g% /&b; s =200 | 10490 1003 | 0146 | 667 | 243 | 3.6
—193.5° Cs ¢ A 1300 | 10 360 11,4 0,146 7,50 18,7 2,50
=123,5" G tyun™= | 400 | 10 240 12,6 0,146 8,33 15,7 1,87
=1670°C 500 | 10120 14,0 0,146 9,44 13,6 1,44
Cnnas 25% Na+ 100 852 23,2 1,143 23,9 60,7 2,51
175% K 200 878 24,5 1,072 27,6 45,2 1,64
t =G = | 300 808 25, 1,038 31,0 36,6 1.18
T a4 oC I 400 778 27,1 1,005 34,7 30,8 0,89
=/ 500 753 28,4 0,967 39.0 26,7 0,69
600 729 29,6 0,934 43,6 23,7 0,54
700 704 30,9 0,900 48,8 214 0,44
Harpuit Na 150 916 84,9 1,356 68,3 59,4 0,87
—07 8 Cs o = 200 903 81,4 1,327 67,8 50,6 0,75
tpa =15 & T run 300 878 70.9 1,281 63,0 394 0,63
=883 C; ryn,= 400 854 63,9 1,273 58,9 330 0,56
=113,26 kIx/kr; 500 829 57,0 1,273 54,2 28.9 0,53

rHC=4208 K XK/Kr
Ta6numa 21

CTeneHb YepHOTHI MONHOTC H3JIyHeHHsl DA3JIMMHBIX MaTepHajioB [24]

MaTepran H xapakTep NoBepXHOCTH t, °C €
MeTanan

AmoMuHuA:

NOJIUPOBAHHEIH 225—575 0,039—0,057

WepOXOBaTHIH 26 0,055

OKHCJCHHBI TIpH 600°C 200—600 0,11—0,19
Boabdpam . . 230—2230 0,053—0,31
BoabthpaMoBas HHTb 3300 .
JKeneso:

3JeKTPOJHTHOE, Tma'renbno NOJAHPOBAH-

Hoe e e 175—225 0,052—0,064

cBapouHoe, 'ruxa'renbﬂo nom{poaauﬂoe 40—250 ,28

NOJHPOBaHHOe . 425—-1020 0,144—0,377

cBex e06paboTantoe HAMKAAKOM | 20 0,242

auToe Heo6paGoTaHHOE . . 925—1115 0,87—0,95
CrasbHOE JIHTbE MOJHMPOBAHHOE 770—1040 0,52—0,56
Cranb:

AucToBas WINHGOBAHHASN 940—1100 0 52 0,61

OKHcJeHHas TipH 600°C 200—600 9’

OKIICJICHHAA, wWepoxoBaras 40—370 0 94—0 97
UyryH:

NMONHPOBaHHEIfi 200 0,21

06TOYEHHBIft 830—990 0,60—0,70

OKHCJIeHHbIH npH '600°C . 200—600 0,64—0,78

epoXoBaThlft, CHIBHO OKHCTEHHBIR 40—250 0,96
30710TO, TULATEJbHO NOJUPOBAHHOE 225—625 0,018—0,035

18—133
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ITpodossenue taba. 21

MaTepran m xapakTep nobBe pXHOCTH t, °C e
JlaTyHb!

TUATEALUO TIOAMDOBAHHAK, COCTaB (1o <

Macce) 73,2% Cu, 26,7% Zn . . . o 245355 0,028—0,031

NpOKaTHAS ¢  ECTECTBEHINON  nomepx-

HOCTBIO e p 22 0,06

TyCKAas e 50—350 0,22

OKIICeHHasi NPH HarpeBe Xo 600°C 200—600 0,61—0,59
Menan:

TIMATeJLHO MOJHPOBAUHAR  3JEKTDOMIT-

Has p 80 0,018

NOJHPOBAHHAS . . . . . . . . . . 115 0,023

NPOAOJKHTENbHO HarpeBaBLIascs, Io-

KDbITAs TOJNCTHLIM CHAOEM OKHUCH 25 0,78

OKHCJennast NpH warpese no 600°C 200—600 0,57—0,55
MMaaTnna 4ieTas noAHpOBaRuast 225625 0,054—0,105
I'laaTunoneie:

JenTd 925—1115 0,12—0,17

HHTb 25—1230 0,036—0,192

[OPOEONOKa 2261375 0,073—0,182
Xpom 38--538 0,08—0,26

Ordeynopubie, CTPOITCALHDLIE, —

TCPMOH3OJALKONIIBIC B APYTHC MaTepHaabl
AcGecToBBIft KapTow . 24 0,96
OrHcynopupie MaTepHasbl:

cnabo Hanydawoulie 500—1000 0,65—0,75

CHJbHO H3Jydaloluie 500—1000 0,80—0,90
Il}lllacol!bli"[ KHDIIY mepOXOBaThH"I:

Her/asypoBaHK LA 1000 0,8;

[71a3yPOBaHHBLL A 1100 0,85
LlaMOTHBII KHMPNHMY TRa3yposallisii 1100 0,75
KpacHbplfl KHPNHY [I€POXOBAThii 20 0,93
®apdop raa3ypoBaHHbIA e 22 0,92
(ITyKaTypKa IuepoxosaTas® H3BeCTKOBAaA 10—90 0,91
Jlamnosasi caxa, caoft 0,075 MM B Gonee 40—370 0,95

Ta6auuma 22

dopmyapi AnA BbMHCTeHHA KOS(DPHIUHEHTOB 0GAYYeHHOCTH H B3aMMHBIX
NOBEPXHOCTEH B THOKYUBIX cAydamx TennooOmena Hanyuennem [24]

Ne dopMa B B3aHMHOe pacllojo- KoshduuneHT 061ydeHHOCTH A B3aHMHHE

n/u. JXeHHe MOoBePXHOCTeR TIOBepPXHOCTH

1 , i
Jpe [OBCPXHOCTH, o6pasyw- | Qu=1; @u= —; H=F. F<Fys F, u F;
nyie 3aMKHYTYIO cHeTemy. Of- F,
Ha IIOBEDXHOCTb  HaXOAHTCHA | MpeacTaBasmT coGoil AMHHHEIE LHAHHADHYEC-
RHYTPH Apyroii. Menbwasi no- | Kilc NOBEPXHOCTH € NapanijeibHbIMH OGpasy-
BEDXHOCTL He HMeeT BOTHYTO- | omiumu
crell

2 Jlse rnapannenbHLie CTCHKM, | @o=@yn; H=F,=F,  H — BzanMHag nosepx-
pasMepbl KOTOPbIX BEJHKH IO | HOCTb; Fi 1T F ~— 110BEPXIOCTH CTEHOK
CPABHEHHIO ¢  PaccTOfHHEM
MeX Ay HHMH
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Mpodosxcenue taba. 22

Ne | dopMa ¥ BaauMHOe pacnoo- KosbdHuueHTR 06IYYEHHOCTH B B3aAMHEeE
n/m, JeHHe nopepxHocTel NOBe PXHOCTH
3| JiBe napanzeiblibie CTEHKI H F, u F;— pa3Mepnl MOBEDPXHOCTH Napanienb-
BRINYK/JIOE TeJlo MexJy HHMH | HBIX CTEHOK; F3 — pa3Mepbl MOBEPXHOCTH Bbl-
NYKJOro Teja, HaXONALUIErocsA MewAy napaj-
JelbHBIMH crem(alml; Pz=Qu=1; Q=
=Qi3=0; Qu=0n=— ; Hy=Hu=— Fs
2 ~ 2
4| Tpn noBepxXuoCTH, o06pasyo- F,, F» u F; npeactasasior coGoft HJHHHBlE
tnHe 3aMKHYTYI0 CHCTeMY HUAHEAPHYECKHe MOBEeDXHOCTH C Hapajlfielsb-
HbIMH OOGpasywoliHMH. CXeMy NPH 5TOM cJe-
AyeT paccMaTPHBATb KaK NonepeyHoe cedenue
nosepxHocTeRl, a Fi, F2 H F; OTHOCHTb K | M
OJIHUBL CHCTEMBI;
1 Fy3 — Fq
Pu=— (1 +22);
2 Fi
1
Hyy =?(F1+F|_Fs)
5 | Uerwmpe mosepxHocTH, 0fpa3y- | [ToBepXHOCTH F3 u F, coelHHeHbLl NOBEPXHO-
omHe 3aMKHYTYI0 CHCTeMy ctaMu Fy u F2 B o6pa3syioT YeThIpexyrojb-
HHK ¢ KDHBOJHHEHHBIMH CTODOHAMH. F\, Fa,
Fs B F, mpejcTaBiasioT coGoR IJHHHblE LH-
NHHADHYECKHe MOBEPXHOCTH ¢ Napa/JesbHEbl-
MH ofpa3ywoumlHMH. CxeMy MNpH 3TOM CJeay-
eT paccMaTpHBaTb KaK [oOnepeyHoe cedeHHE
nosepxnocrel, a Fi, Fa, Fy U F, OTHOCHTBL K
| M ganusl cicTeMbt; Hip= —(Di+Dy—Fs—F,);
2
1 1 .
H13='2—(Fx+Fs—D1); Hu= —2-(F,+F‘—D2),
D, u D;— gnaronaln uweTbIpeXYroJbHHKa.
TToBepXHOCTH Fi H F; PacrnosoXeHsl APYT Ha-
NMPOTHB ApPYra
6 | Jdse mnapaanesibHble MNOJOCHI 1
GecKoHeuHo!l AMMHEL H KOHed- H= (gt o)+ B —
HO [WHPHHBL 4
! [y Y
- — (@2 —ay)*+ 8%,
4
sfech @ H @z — LIHPHHA noJoc (a:>a), pac-
CTOSIHHE Mex Ay nonocaMu h B A —Ha 1 M
JAJIHHBI N10J10CH
7 | ABa napanneabHbIX Kpyra ¢ v
LeHTpaMH Ha ONHOA oGuled H== ditdi\' g
HOpMaJH K HX IJIOCKOCTAM 4 9
- s
-— 3
_ V G-t w],
2
3
7
npu dy = d, =—(y d’+h’——-h) s
4
agech di M dy — gHaMeTpn HKHCKOB, h — pac-
CTOsSIHHE MeXAY HHMH
a» 1 «b» — pasMepHl CTOpPOH IIPAMOYTrOJb-
8 | Msa onumaxkoBnix  mpsmo- | € P i
yronbHHKa, pacloJoXeHHbx B | HHKOB «h» — paccTofiHHe MEXAY H
napaaienbHLIxX NJAOCKOCTA% 271 /1o b
APYT NPOTHB APYra ou=—|— V a*+Warctg ———— +
: nla at + b3
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No
n/m,

®opMa H B3auMHOe Ppacrnono-
HEHHe NoBepxunocTel

IIpodonscenue Taba, 22

Koahpuuuenrtnr 06TYyUEHIOCTH K B3 aHMHuble
NOBEPXHOCTH

_—
-_—

11
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HBa B3aumuo nepneHAHKyasap-
HLIX MPAMOYroJbHUKA, HMCIO-
HX 061YI0 rpais

Vo
+— Vot mrarctg o _
. Vi tw

b\ ok
— — arcfg| — ) — —~ a
2 r g(h) 5 arctg(;)—%—
e

2ab (a4 b2 - g2y p2
Ecnn a=b (1. e, AJs KBAAPATOB), TO

2 2
Prz = — [; ]/(az -+ h?) arctg a -
Vat+ne
—2 i arctg (i) -+
a h

1 2 2
b (L)
2 \a h® (2a2 - h2)
@ — IUHpHHa ofulelt rpamu; b — BEICOTa nep-

BOro NpAMOYIOJBHHKA! € — BHICOTA BTOpOro
IDAMOYrONLHUKA; Yron Memay IPREMOY oAb~

HABa napannenbupx UHMIHHApA
OAHHAKOBOro AHaMeTpa

Heorpanmnyennas nnockoers u
OAHODPALHBIA NMYYOK TPYG

HIKaMH paseH st/2;

T2 = — |arctg =l -+ £ arclg £ —
s b b T
ra 2
-~ ]/(——) — 1 arclg a ~+
L a e
Vitto

+ K In (222 - c2) o3
(&% +6%) (b2 4 ¢%)
bop_ta®-b% 2 12
b ) B
da (@t b?) (b* - c2)
T Gt e o ki
4 b (a*+b7) (a® + ¢?) J
— AdHamerTp LUIHHIPOB; s — C
MeXLY OCAMH nepBoro u BTOPOg)OaLI(Jf;;i}l'{l}};?

1 . d
poB; Q1 = — (arcsm— +

n s

{ 2
VE--3)

d d
H=Vsz—d2+darcsini——s,

S
AJIHHBL  LUHAUHIDPOB

3aeck M —wua opun M

d — guamerp TpyeG: § — DACCTORAHHE MeXKAY
OCsAMH Tpy6. HeorpaHuueHHas NIOCKOCTD —
NepBOe TeNo, napasleNuHLIB NM0CKOCTH psn
Tpy6 — mTOpOE;

. d
q>12_1—]/1~—(—-—
s

)+

+£ arctg ]/(iy— 1;
s d

N

I podoaxerue taba. 22

KospduuuerThl 06NY4EHHOCTH H B3aHMHEE

Ne DopMa K B3aHMHOE paclojo-
n/m, KeHHe MoBepXHOCTeR TIOBEPXHOCTH
’ 1 S s\?
(pr)]:—'_‘l/(_ -1+
- n{d d
s\?
-+ arctg (— — 11
d
’ ’
= = d
H=0,S= 0y nd,
ajecb H OTHeceHo K OJHOH TpyGBe H | M
LJHHBL TPYGBI
12 | HeorpaunyenHnas MJIOCKOCTL | d — AHaMeTp TPyG; § — paccTofiHHe MeXAY
1 ¥ n-pganblil nMywok 2 OCAMH TPY6; TpYOBI DacnojoxeHbl B KOPH-
LOPHOM MNOpsiiKe; !
- ’ -
=1—(1— . H= s;
P12 ( q’lz) P19
’
@10 — Ko3¢hHIHEHT 006NYYeHHR NOBEPXHOCTH
1Ha OAHOPOAHLIN NMy4oK (cM. m. 1}; n — yuc-
JIO PAAOB B NyuKe
13 | 3amkHyTas NOBEeDXHOCTb, €O- | Tea 1, 2 U R npeAcTaBAAT cofof ANHHHDBIE
cTosilass H3 NOBEPXHOCTell 1 | HMANHADHYeCKlle NOBEPXHOCTH ¢ Napanjesb-
M 2, 4Yepe3 KOTOpbie TMOABO- | HEIMH OOpa3ywowHMH., CxeMy NpH 3TOM cJe-
OHTCA M OTBOAMTCA TeNA0Ta, | AYET paccMaTpHBaTh KaK [onepeyHoe ceye-
M oTpaKawueH NOBePXHOCTH | HMe UMAHHApPHYECKHX NoBepxHocTeft 1, 2 H R
R, He npoBOAfuefl TeNnaOTHI | H OTHOCHTb K I M AJIMHEI CHCTEMEI;
- 1 _ _
P12 =(I712+—I+T i H=F, qu,
P Fr %
g ‘le' W?R MOACYHTHIBAKOTCH AN COOTBET-
CTBYIOIIHX CJyyaeB MO NpeAbiAymHM dopMy-
qaM
11 | Heorpanuuennas uanyvaiomas | ¢ — AHAMeTp TPY6 H § — PaCCTOHHE MEXAY
nnockoets Fy M onHO»(SHJm oCAMH TPYG B NYuKe;, Que=P1(2—Qn); H=
IBYXDALHBIH MNYY0K TPYS Fo| . F .=
NPH  Haj HYHE OTpaatuei Fi@u=Fgyn. Ilns oamopsiauoro nyuxa R
[OBePXHOCTH R, pacCnofioxeH- | BulyHcaAseTca no dopMyste n. 11 L @ro=012}
HOH 32 NMYYKOM — =
ang ABYXpAAHOro — no dopMyne n. 12 (n=2)
-~ F,—F 9% - -
15 | Tlomepxuoctd F, u F,, uepes P = —————————; H=F,Qq
KOTOpble NOABOAHTCA U OTBO- Fy - Fo—2F @49
LHTCSA TEIJIOTA, He HMEIOT Bbl-
THYTOCTell, H 3aMblKaloulas
HX OTpaKalollasi NMOBePXHOCTb
R
- 1 — —_
16 | Mosepxuoctd Fy u Fi, uepes Qra= —i—2¢p,. ;. H=Fipu

KOTOpble MOABOAHTCS H OTBO-
AHTCA TemJoTa, paBHBl H Na-
panayedbHel  (AHCKH, KBajpa-
Tbl, NPAMOYFOJMBHEKH H T. (1.),
H 3aMblKaloulas HX OTpaxa-
10ulas NOBCPXHOCTbL R
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Npodoascenue TabA. 23

Ta6ng
¢YHKHHH Beccean nepBoro pojaa HyJneBoOro H nepso na 23
LTo0 nopsaaka t ‘
‘ Jo(x) w 7i(x) P x Iy (%) Je (%) ! x Jo (1) J1 (%)
Jo (2 ) i IR !
Py P L Jo(x) Ja (%) i 11,0 —0,1712 —0,1768 13,0 0,2069 —0,0703
I — ¢ 1,1 —01528  -|  —0,1913 13,1 0,2129 —0,0488
0,0 1,0000 ' | ———————————— ) 11,2 —0,1330 —0,2038 13,2 0,2167 —0,0271
0,1 09975 0,0000 || 5,5 00064 \ 11,3 —0,1121 —0,2143 13,3 0,2183 —0,0052
0,2 09900 8.0»199 506 ‘0*032% —0, 3411 ! 11,4 —0,0902 —0,2224 13,4 0,2177 0,016
0,3 0,9776 30000 5,7 0,050 T ; 11,5 —0,0077 —0,2284 13,5 0,2150 0,0380
0,4 0.9604 01900 5,8 0.0917 :(ngf'il ! 11,6 —0,0446 —0,2320 13,6 0,2101 0,0590
05 , 5.9 0.1220 0';;910 11,7 —0,0213 —0,2333 13,7 0, 2032 0,0791
o'e 0,9385 0,2423 6.0 0,291 i 11,8 0,0020 —0,2323 13,8 0,1943 0,0984
0'7 0:o120 02867 o 0,1506 —0,2767 : 1%y 0,0250 —0,2290 13,9 011836 01165
0.8 o B 0,3290 6’ o —0,2559 - 12,0 0,0477 —0,2234 14,0 0,1711 0,1334
09 P 0,3688 63 R —0,2329 | 12,1 0, 0697 —0,2158 14,1 0.1570 0,1488
5 0,4059 64 e —0.2081 ; 12,2 0,0908 —0,2060 14,2 0,1414 0,1626
1,0 0,7652 04400 . , ~0,1816 ! 12,3 0,1108 —0,1943 14,3 0,1245 0,1747
1,1 0, 7196 0'4709 6,5 0, 2601 —0.1538 ( 12,4 0,1296 —0,1807 14,4 0,1063 0,1850
H 0,6711 074983 6,6 0,2740 01250 ) 12,5 0,1469 —0,1655 14,5 0,0875 0,1934
1 0,6201 05220 6.7 0,2851 0" 0953 ! 12,6 0,1626 —0.1487 14,6 00679 0,1989
4 0.5669 0’3119 6,8 0,2931 0 ooe 12,7 0,1766 01307 14,7 0.0476 0,2043
1,5 0.51 e 6,9 0,2981 —0.%%2 : 128 01887 Zol1114 14.8 00271 0,2066
18 s 0,5579 7.0 0 ' : 12,9 0,198 00012 149 0/ 0064 02069
17 P 0,5699 ol 43001 —0,0047 15,0 _0,0142 0,051
1’8 0'2.80 0,5778 7’9 8'2?91 0,0252
]:9 O,les 0,5815 7'3 o'%gl) 0,0543
, 0/5812 7’4 9.2882 0, 0625 .
2,0 0,2239 o ' , 2786 0.1095
921 0 1666 0,5767 7.5 0.9 ' Ta6nrua 24
2, 0,104 groua 7,6 02315 21352
2,3 0°0555 g,gggg 7.7 0;2348 8.}29:2 Monudunuposannbie ¢dynxunn becceas flepsoro POAZ HYJA€BOTO
2,4, C,0025 015202 ;g 0,2154 0:2012 M nepBOro MOpPsAKA Io(x) n Fi(x)
58 —0,0484 0,4971 8.0 o 042192
2 —0,0968 0.4708 'l 0,1716 0,2346 : . ] ‘ :
5 —0,1424 004416 85 0,1475 012476 x 1, (%) I (%) \ x I, (%) Iy (%)
29 - ;350 0,4097 33 8-})3?0 0,2580 l
J 43 0,3754 84 0'0688 0,2657 ;
3,0 —0,2600 0,3391 5 ) 0,2708 0,0 1,0000 0,0000 2,2 2,629 1,914
31 —0,2921 0,300 8.5 0,0419 0,27 ! 0,1 1,0025 0,0501 2,3 2,830 9,098
3,2 03202 13009 8,6 0,0146 »2731 :
3,3 0’3143 0,2613 8,7 —0'0195 0,2728 0,2 1,0100 0,1005 i 2.4 3,049 2,298
3.4 073543 5,207 8.3 —0,0312 0.2007 0,3 1,0226 0,1517. 2,5 3,200 2,517
3,5 —0,3801 o, 1s}~ ? .70, U652 02559 0,4 1,0404 0,2040 2,6 3,553 2,755
3,6 —9.3918 0'095§ 2.0 00,0603 0.2453 0,5 1,065 0,2579 2,7 3,842 3,016
& —,3992 0'0538 ) —0 0,234 . 0,6 1,0920 0,3137 2.8 4,157 3,301
39, 0,028 0,028 9’3 1k 0,2174 ) 0,7 1,1263 0,3719 2.9 4,508 3,613
io 0 2071 —0,0272 9,4 —01,1763 o204 ' 0,8 1,1665 0,4329 3,0 4,881 3,953
e e —0,0360 , ' 0,9 1,2130 0,4971 3,1 5,294 4,326
4,1 —0, 3887 = %5 ~0,1939 : % , . ' . '
49 013766 i 9,6 072000 2108 i 1,0 1,2661 0,5652 3,2 5.747 4,734
ig —8 %6%0 01719 3; :g%g 01116 i 1,1 1,3262 0,6375 3,3 6,243 5,181
’ —0,3423 —0,2028 9.9 YT 00928 1.2 1,3037 0,7174 3,4 6,785 5,670
32 —0.3205 —0,2311 10,0 —0,245 00654 1,3 1,4693 0,7973 3,5 7,378 6,206
47 0 fggé —0,2666 1011 o 0,0435 1,4 1,5534 0,8861 3,6 8,028 6,793
1,8 0’2404 TR 10,2 —0.2496 e 1,5 1,6467 0,9817 3,7 8,739 1,436
4,9, —0,2097 o' sl 10.2 —0.2417 —0°0313 145 1,75%0 1,0848 3,8 9,517 8,140
5,0 —0,1776 —0 ’ ~0,0555 f 1,7 1,8640 1,1963 3,9 10,369 8,913
?é —0,1443 _01225? %82 —0,2366 ~0,0788 . 1,8 1,9896 1,3172 4,0 11,30 9,76
5.3 :8(1)%23 —0,3432 107 :83%2 —8.1012 ! 1,9 2,1277 1,4482 4,1 12,32 10,69
5.4 000412 o 10,8 002022 —o.122 : 2.0 2,980 1,591 4.2 13,44 1w
: 10,9 —0,1881 —0.1604 ; 2.1 2,446 1,746 4.3 14,67 12,82
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Tpodossenue raba. 24 1,0
: L €At N ~
' N
x 1o (x) I (%) x L (x) 0 ‘ 0.9 i (
T ——— = m_&s‘
08 v ‘:T* =
4,1 16,01 14,05 5,1 =
. . ) , 29,79 26,68 a7 ___‘__H_ L
5,2 . ! . {
4,5 17,48 15,39 32,58 29,23 ! 06— | 1]
5,3 _ { !
dEsscidlicsl
R 16,80 > 29,01 35,18 , YT Gz 63 0% 07 06
5,5 ' i i HE AE
4,7 20,86 18,48 42,70 38,59
5,6 i
Do e 42,33 Puc. 1.
4,8 22,79 20,95 5,7 5110 i51s
5,8 '
4,9 24,91 22,90 ( 56,04 50,95
| 59 61,38 55,90 ’
5,0 27,2 21,34 ‘!
” /70 £ m— ﬁ *
o5 N &
5 T \ <
i L .
! 1 \ ]\ Ne % t; __’-»
Tabaunpna 25 08 AWLSHAS S —
Monnduunposanubie gynxunn Beccens sropoy EVE )
0 po, r : :
u nepsoro nopaaka Ky(x) u ‘(x)P la HYNeBoro 070! = : " :
EEENE L I
x Ko (%) Ki (0) x Ak N L I 7 tr
' ' X Ki (9 Tt 1
HEEERN RN 79 L0
P 0’517 o7 G2 03 44 45 06 o7 08 %
. 1 ] ! td ’
0.9 o0 ) 2,2 0 ) -
01 2,447 9,854 2.3 0088 0,108 puc. TI-2.
02 1,753 4,776 24 00 0,0042
0,3 1,373 3,056 ’ 0,0832
0.4 1,115 2,184 23 0,062 00739
0,5 0,924 1,656 2,7 e 9,065
SO ST B A I ) :
0, 661 : . 0 .
0.8 0,565 0,862 o 039 00456 : g
0,9 0,487 0,717 39 8_8347 0,0402 10 Y NN 2 ,}
1,0 0,421 0,602 3.2 0" ool 0,0861 ‘ RS NN GN \Z -
X 0 1509 3.3 0283 0,0314 ‘ 09 N & NE
L1 366 o, " 9.0251 0,0283 ' AVAVER M WA A "
12 0,318 0,435 3.4 0,022 010251 NAVEANR B / >t
1.3 0,278 0,372 . . 08 = N\ e 2
1,4 0,244 0,320 g,g 8'0 & 0.0992 s T [[ }é\ :_é '»; o \
’ 0172 s =
1,5 0,214 0,278 37 0'0122 0.0201 a7 T N
FONI - B N I - |
1, 168 208 3 ot 018 :
£ I B O I e SR
1,9 ,129 16 . 0119 0,0125 . I { 0
4,5 0,008 #0120 05 7.7 08 G9
2,0 0,114 0,140 5.0 0 0: 0,00708 ) 0 0/ 02 03 04 05 08 07 Y
21 0,100 0,122 37 0,00404 oae Be s
Pue. I1-3.
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