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Mpeaucnosue

HatHoe yueGHoe nocolue COZERIKHT He TONBKO 3aJa9H, HO H KDAaTKHe
eOpETHYECKHE CREJCHHSR, TTO NPeAcTaBAdeT cnpejleagHHoc yJubeTso AA
amocToATe bHOH paGoTBl CTYABHTOR, a TAKXe 118 NpOBeleHHA TpaKTHde-
IKHX 33HATHE nNpH HIYYRIMH TAKHX JHCUWDIMH, Kak Tenlomaccoobuen,
Tenjomepejlaya H T. .

Trape 327aUHEKE COOTBETCTBYIOT OCHORHEIM DASAENAM JTHCUMIHHE.
Kaxian riasa coCTOMT M3 ADYX uwacref; B Tepsoil 4ac1H NpHBOAATCR
JCHOBHHE NOHATHS, DACYETHHE 3ABHCHMOCTE H HeOGXOIHMBIE NOACHENHN,
50 BTOPOi YacTH MpEACTABJAeRH 3aaud. Bee zajaun cHabmensl oTeeTamu,
Axmoveds MHOrOBAPHAHTHHE 3aNa4l, KOTOpHe MOryT Onik UCHOMB3OBaHH
An Fpynnosofi caMotTonTeIniol paBoTH eTYAeHTOB, a Takie 33iaui Ha
AHANHZ XADAKTEPHHX 3JARHCHMOCTER W TPEKTHYECKHX RHIBOAOB H2 OCHOBE
:paBlienHs BapualifoR, Pacnpefenenwe 3alaq N0 [gaBaM —p  OOpALKE

TTOILEH CAOKHOCTH, HX KONMECTBO ¥ COJepallle ONpeIeIenc i
.a0Be OIBITE NMPER0IABANHA Kypca TemroMaccooliMena Ha kadeape ienso-
sHepreTukl  PHMCKOIO MOJNTEXIMMECKOrS HlCTHTYTa. HekoTopuic 3azaun

“MT AKANCTHH B paHec H3JaHHHX HIBECTHRIX 33[JaYHHKAX TNo TemIo-
wMe

IMpuaokesna BKMOYAT copasodnHfl matepuan B puae tafauu, ana-
paMM  H HOMOIpaMM, KoTopblii nprasan cnoco0CTEORATb OpHOODPETEIND
HABHKOB CaMOCTOSTENBHOIO OTHCKAHHE HEoGROAMMHN Besusun. [ToMoras
YCRODeHIiO BuYUCTEHE, o ofaeruaeT moas3oBaHHe 3a1agHRKoM. Cnpapoa-
Huifi Marepdaa cobpad B o0beve, AOCTATOUHOM AJA pellennus 3azadq, B 3a-
"aqHiKe HCMoJAbioRaHa MemiyHapodwaa cHCTEMa eAHARL
- AsTOpH HCKpeHile NpH3HATE bNMH DEUSHIENTAM JIOKTOPY TeXil. Nayw
H. M. Tausy uw gana. texu. uayk I1. M Muxaiilosy 32 ueHibe coBeTol

OPeLTOKEHITA, BHCKA3AHHHE NPH NDAFOTORKE PYKORICH K H3IAHHIO,

Bee sodnnkamoulpe Y YHTaTeNel ROMETANMA H KpHTHYECK!E 3AMETAHHS
fi0 COBEPWEHCTBOBAHKIO HACTOAWICrD 3231aYHHK2 aBTOpH NpUMyT ¢ Gaaro-
napuocta, 1ix cmegyer nampasasts no agpecy 113114, Mockea, M-ild4,
dlawasosas #ab,, 10, Jueproaromusiar.

Aeroput



masanepeas

TEMJICNPOBOAHOCTE M TEMACNEPERAYA
NPH CTAUMOHAPHOM PEXHMME

1.1. OcHOBHbI® MOHATHA M PacueTHbie 3aBHCMMOCTM

TenaonposodnocTe — nepenoe TEMAOTH NOCPEACTACM  TEMGBOTO JIBH-
MEHHS MHKDOMACTHN, B CMJoWHOR ¢pede, o0yCI0BIeBHH HeOIHOPOAHBIN
pacnpefielenneM TeMmepaTyphl. B uMcTOM  BRIe TPOLECC TIPOKCXOART
B TBEPAHX Te&laX, a B KHAKOCTAX H ra3ax — NpH OTCYTCTEHH TiepeMelle-
HHA Cpeds.

Tenaonepedoun — npouece TendoobMena MeXAy MHAKHMH WAR raso-
o0pa3sHEIMH ¢peflaMy, pasAeiCHHEIMH TBepAGH CTeHKOMH.

CTQUUORNPHBLM PRAKEMOM HaSHBAeTCA TEMAOBOH DEMHM, MPH KOTOpPOM
TeMNEPATYpHOE TNOJe He 3ARHCHT OT BpeMeHH,

Tenaogoldl nerox Q, BT, — KoauuectBo TennoTH, nepefaeaemol B elv-
wnuy speMenn {1 Jw/e=1 Br}.

fo3epxnoeTHAR RAOTHOCTS TEMNCBOrG O0OTOKa ¢, Br/v2, — Tenaonolt
MOTOK, NPOXOAALIMI yepes eAwHRLY NIowa u F NoBepXHOCTH TemioobMena:

g=Q/F. (1.1}

Junefinag AAGTHOCTH TeNJOBOTO TMoTtoka §:, BT/M, — TenaoBofl noTok,
OTHeCeHHbI K eIHHHLE ASKHBE { UHAHHAPHYeCKOR T1pyOn:

qi=Q/L (1.2}
Tenaonposodnocrs matepnaia HiM Koaduuuent rentonposodnocru A,

Br/{m-K), — Beanynnua, pasHag OTHOWEHHIO TNOHEPXHOCTHOH NIOTHOCTH
TelA0BOre NOTOKA ¢ K MOAYI0 TEMIEPATYRHOrC rpajiRenHTa:

A=g/lgrad T|. (1.3)

CpenHeHHTerpaanaH TEMIONPOBOIHOCTE B QHANA30HE TeMN2patyp fey
H leo HA NOBepXHOCTAX CTEHKH
192
W= J ?\;f“;'r(tcg - !C]_}) (] ,4)
e
rae As— TeNJIONpeBCIHOCT, 3ABKCHILAA OT TEMNepaTyphl
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3asucuvMocTs TenJonpoBonHocTH Ae or TeMnepatypu f, °C, npuban-
MEHHO MONIO BRIDA3MTL B BHIAE JHHEHNOH (YHKLHH

Ar=ha {151}, {1.5)
rae Ao — Temdonposoanocte npu 0°C, Br/({M-K); b - nocrosnHad, zaer-
Cas OT MPHPOAH MATepHa a2 M onpefensdeMas olHTHBHM nytem, K-l

Bennawna A npe mcnoJs3oBaHMH 3aBHCHMocTH (1.D) NpDHHHMaeT 3Ha-
qenue Ay, ONpeaeAfeMoe No cpeAHeapHMEeTHYeCKOH TeMNepaType CTeHKHT

he=ho[1--0,56 {fc1tfea)]. (1.6)

TenaonpoBogHOCTE  HekOTOpWX  MaTepHanos (h=const) npusepena
B 1ala 1 npHaoMReHHA.

1.2. MNnockana creHka
TeMnepatypHoe mole B oJHOpoAHON HeorpanwueHHoN CTeHKE TOANIH-
ot 8 upe A=const
t t=to - {teg—1er} £ /6, (L7}
roe X — TEKVMAAd KOOpPAHHATA NJOCKOCTH, B KOTOpoi onpelensetcd TeM-
nepatypa !, 0=Sx<2d,
TesnepaTypHoe TONe B CTEHKE NPH JIHHEHHOM 3a8KOHE HIMEHEHHA Ten-
JGNPOBGAHOCTH OT TEMOepaTypu (X — DAcCTOAHHE OT NOBEPXHOCTH CTEHKH,
uMemes TeMueparypy fo)

1 2 g n.s__]
t=|:(b+f¢,) _?tub} b (1.8}

PopMysd TenAonposodHOCTH NS CTEHKH, COCTABJGHHOR H3 7 caoch
pa3MYHBX MATEPHAJOB,
i=n
Q= (ta—te mer))F | ) (B1/h), (1.9)
i=1
rac feci H fognyp) — TEMOCPATYPEl HA BHEWHHX NOBEPXHOCTAX MHOTOCION-
Hoft credkd, “C; O, — ToMmMHA {-TO CNOs CTeHKH, M A — TEMJONPOROA-
HOCTE MaTepHana i-ro cnod crenkn, Br/{M-K).
TeunepaTypa Ha NoBEpXHOCTH MMOTHO COMPHKACAKIRHICH MEXAY coBoMH
CJI0eB B MHorochoinoll ctenke

=
Q Bs
A e 0o
k=1
QPopstyra Tensonepedany  MemKy IBYMA CpegaME ¢ TeMiepaTypaMH
Ty M 1o
Q=k(tm|_t}l|2)F, (1!1)
rae k— gospipuystent rentonepedond, Br/{m2.K), xapaxtepusyer Temno-
BOfl MOTOK (), NPOXOASHE Yepe3 @AHHELY MAMafln F NOBEPXHOCTH CTCH-
KH TIPH PasHOCTH TeMnepatyp cpen, pasdoit 1 K.
&



Kosthdunpent rennonepedaun Ans f-CACHHOR CTEHKH
t=r —1
k L Eﬁi L 1.12)
T lwm +, A omy ' (
i=l
rig ) H o — Ke3p@HuHeHTH TenAoOTHdYH HA BHEWHHX NOBEPXHOCTHX
crerkn, Br/{m2-K).
B dopmyae (1.12) npepcrasneHH cAGAYIOWHE TEPMHYECKHE CONMpOTHB-
nenns R, M2 K/Br:
TEPMHYECKHE CONPOTHBJBHHA TENNOOTAAYH HA BHEIIHHX NOBEPXHOCTAX
CTEHKH

l L
—=Ry u —=R&;;
xy e

cyMMaproe COIDOTHBJABHHE TENALNPOBOAHOCTH f CJAGEE CTEHKH

i=n

ofiliee CONPOTHBAEHHE TeN/MonependUts
1
Ry= _k"'=R1 R+ R,

3uavenne Ry scerna Gonsure HAHGOJBLIETO H3 OTABABHAEIX TEPMHYECKHX
CONPOTHBAEHH, H JMA HHTCHCH(HKALMN Npolecca TenJomepeRadd, creayer
CTPEMHTBCA YMEHBWHTL 3TO HawGoanutee conpordpieuxe. EcaH olaeabHue
TePMHYECKHE CONMPOTHBMEHMS HMEIOT NPHMEPHO ORHHAKOBHe 3daYeHHA, TO
ofillee conpoTHBAeHHe GyAET CHHA{ATHCA TMPH YMEHbIIEHHH KaKAOro H3 HHX.

[pr pacyere MuHOrOCHCHHHX CTEHOK MOMKHO BOCHOJBL3OBATLCA 3KBHEA-
NMeHTHEM Ko3DPHIHEHTOM TEMADTPOBOAHOCTH

i=n t=n 5
laxa'—_-zai ‘If‘: {1.13)
i

i=1 i=1
rae G — romunia f-ro cAof, M; A — TenIONPOBOLHOCTb MaTepHAana i-ro
cnon, Br/{m-K).
[T70THOCTS TenAoBoro MOTOKa AJA MEOTOCAOHKOH CreHxH

i=n
‘?=lsxa(fcl"'fc m-_u)] 2 6!- “-M)
i=l1
1.3. UMnurapuuyeckan cresua

TeMumeparypHoe nose B OAHOpOZHOM OecKOHEYHOHR CTeHEE € HAPYAHEIM
d BHYTpeHHHM JAHAMETpaMH COOTBETCTBeHHG d» u d; W A==const

d d
=tu“(ru—runnd—l/1n - (1.15)



“ae ¢y H fop— TeMnepaTypH Ha BHYTpeHHeR # HAPYXHO# NOBEPXHOCTAX
aTeHKM; @ — TeKYWHA AnaMeTp UMAHHAPHUECKOR ROBEPAHOCTH, ARMA KoTe-
poit omnpeacaseTca TeMmeparypa £

TemmepaTyplioe fighe 5 CTEHKe ¢ YYeTOM TEMAEPATYPHOil 3aBHCHMOCTH
TeNOIPOBOAHOCTH he==hy (1 D{)

- [(T:Jr’“)g_u_ﬁfz in d_1]0 5*%, (1.16)

rie ! — AMHHA UMAHHAPHYECKOH CTEHKH.
Dopaysa TenAORPOBOOHOCTY ANS CTEHKH, COCTABMEHHOR H3 A UHAHH-
IpHueCKHX CJ0eB,

i=n
] divy
Q = nt{fey — Ic tn 1)) Q—M ]nT;’

{1.17)
rae fa1 H fen+) — TEMOSPATYPH HAa BHYTpeHHell n BHEIWHeR noBepxHO-
CTAX MEOTOCAOHHON CTeHKH COOTBeTCTBeHHO, d; n diy, — BHyTpeHHHIT 1
BHEIHHH AHAMETPHL {-r0 CNOS CTEHKH.

Temnepatypa Ha rpauaue Mexay i-M u {i-1)-M NJoTHO npumeraw-
WHMH CNOAMH MHOFOCHOMHOA CTeHKH

k=F
i} 1 dp
fcff+1i=fc1—“?2§;1"_§j- (1.18)
k=1

Q’Opﬂyﬂa TERﬂOpredaltﬂ MEXAY ABYMA CDEJAMW C TEMASPATYDEMH
tm] H fmz

Q=nk(Lui—tm2)l. (1.19)

JAunelinotli  Koyppuyuenr renaonepeduun k, Br/(m-K), B dopryie
(1.19) ans n-caofinol cTeHEH

=h —1

dfnl I +
di L Fadn

1 - 1

aydy

) (1.20)

=i

Tae Uy M U2 — XO3QOHUMEHTH TENAOOTARYM HAa BHYIPEHHell H BHeluHedl no-
BEDNXHOCTAX CTEHKH COOTBETCTBEHHO,

Tepmnyeckre compoTHSaenns, npeAcTasieHusle B dopmyae (1.20),
R, M-K/Br:

CONPOTHBJCHHA TEUACDTAAYH HA BHYTPRIed H BHemHell nopepxuoCTAX
CTEHXH COOTBRTCTBEHLO

Ry = N Ry =

a5y agly,



CYMMApHOE COMPOTHBJACHHE TenACNpOBE0IHOCTH A CAOEB CTeHKH

i=n 1 d
Re 2 24 ds

i=]
ofdee CODPOTHBMEHME TeNAONEPelayH HHABHADHUecKOR CTEHRH

1

i
Rl’ = E:Rl + Rc + Rz-

TIpu pacuere MHOFOCHOMHEIX CTEHOK HCHOJB3YETCA SKBRBANCHTHHE KO-
S$OHUHERT TeNIONPOBOIHOCTH -

[=n i=n

d{-_]_ 1 d{.,]_
— !: Zizl — i .
Aska ln( ; ) . Y n ) {1.21)

=1 i=1
nponepKa OpPHrOZHOCTH MATEpHANA HAQJAUHH ANA YMEHRBIIEWHA Tensa-
BHX MOTgpE OT prﬁanOﬂDﬂ,a B OEPYRAWWMYK Cpejy NDOHIBOLHTLA MO
KPHTHYECKOMY ZHAMETpY
dey=2hus fets, (1.22)

rie  Ay: — TeMVIONPOBOAROCTE MATepHAJIA HAOHALHH; Op — KO3PDHEHEHT
TEMACOTZAYH OT HApyXMHOA MOBEDXHOCTH R OKPYHAKWIIYI CpPERY

Ecne dyp<ld: {do— napymubiil AHaMeTP HEH3CAHPOBAHHOMG TpyGo-
NposcAa), TO NOKpblTHE TpyGomposoAa Taxo wu3otauueil OyAeT CHHKATH
TEMANONOTEPH B OKPYXawulyio cpeay. Ecan dupi>ds, 10 npHMetenHe Takoro
TENADH30.IAUHOKHOrD MaTepHada Heuedecoofpaine H cledyer noaolpaTe
Apyrofi Marepuan HAN NPHMERHTH MEOTOCNGHHYIO HIONAUHIO,

Yenonre BHGOpa TEMNCHIOIAUMOHRHONG MaTepHada LA CHHXKEHHA Ten-
JOBHX noTeps 0T TpyGonpoBofa, MOKPHITOTG CIOEM HIDJIALHH:

ln:<0.5a2d2. (1.23}

Toantuua Hz0AsuKOkHOTO cion ompejeasercs w3 (1.19), {1.20),

1.4, lLapoBaa cTeHKa

Temneparypuoe node e onnopoanefl crenke npu A=const

ot (oD (), s
(=ta—ta—ta (37—} [(5-7) 02

rae le; M foz — TEMOCPATYPH Ha BHYTPEHHEH o BHEWHEH NOREpPXROCTAX
uiaposol crenku; &) # dy — BHYTPEHHHM H HAPYXHBI AHaMerpsl WAaposoil
crenxd; d —rexywnit Auamerp cdepuveckeli nmoBepxuocTH, HA KoTOpOi
onpeleAscTes TeMnepartypa f

TemnepaTypHoe nNoJe B oAHOPORHCR lapomolt cTeHKe OpH yUETe TeM-
nepatyprofl 3aBHCHMOCTH TEMNGIPOBOAHOCTH he=ho(l--67)

A E e

Y




QopMyaa TeHAONPOBOAHOCTH ANX 1IAPOBOH CTEHKH, cOCTABJeHHOR &3
n cJoes,

i=n

IR
Q=2n(tey — Lo (121} ZJ»(m‘mﬂ)' (1.26)

3

1=
TenORepejaya MEXKAY ABYMS CcpelaMd ¢ TEMNepaTypamid &my H fwme
Q=nkm(zm]—tmz). (1-27)
Kosppmuuent tennomepesaun ans Muorocnoiivoli credku, Br/K,

i=n -1

1 1 1 1 i
by~ —_+E_ — )+ . (1.28)
aldlﬂ - 2)\;’ dl[ d£+1 msdg-l-l

Ry = [Ry + Re+ Rl = Ry, (1.282)

rfle R, H R;— TepMHUECKHE CONDOTHBAEHHA Temlootiaiu; K¢ — cyMmap-
Hoe TEPMHUYECKOE COMPOTHBACHHE TENNCOPOBOAHOLTH i CAROEB CTEHKH; Ro—'
ofiee TepMUYecKOe CONpOTHBMAeHHE Tendonepeiau, K/BrT.

1.5, 3apaum

1.1. CreHa H3 CHIHRATHOrO RHpRAYa TOAmAHEcH 250 MM Hmeet ¢ oaHoH
cropounl Temmepatrypy —30°C, a ¢ mpyroft — temnepatypy —F20°C. Hafitn
IIGTHOCTL TENADBOTG NBOTOKA 4Yepes CTeEY H rayGHHY ee NPOMep3aHHA Lo
teMnepatypi 0°C, cuuraf KoshHUNEHT TepAONpOBOAHGCTE MaTepHana
CTEHH _{IOCTOSHHBIM.

@ﬂeﬂ Ha pexke AveeT ToIwWHHY 300 MM U nNOKpHT CJ0eM cHera
Tounuudoll 200 mm. TemnepaTypa Ha napyMuoit nopepxnoctd chera —i15°C,
4 HA TIOBEPXHOCTH JbJa, oGpamennodl K Boje, 0°C. Haiite nnoTHoctk Teén-
Jdoporo notoka Yepes 3TH ABa CAOA,

1 3. TInockyio NOBEpXHOCTL ¢ Témnepatypoll 400°C palo nzodmpobath
NEHOWAMOTOM TaK, YTO6n NOTEDH TENJAOTH He mpeRMimajgn 450 Br/M? npu
TeMNmepaType Ha BHewHel noBepxHoctd Hzonauun 43°C, Hafitu ronmury
CNoA H3OTAUHH,

i.4, Oxounan paMa COCTOHT H3 JIBYX €J0ED CTEKAA TOMHHHON no 5 MM
KamIul. Memay cTeM.Iamd HaXoAHTCH cnoil CYXOTO HENOABHMHOrO E03AY-
Xa TomuHHoH & MM co cpeameii TempepaTypoit 0°C. Inomaab nopepxuo-
erd okHa 4,56 m® Onpeleiuth MoTeplo TEIMOTH TeNJOIPOBOIHOCTEK 9epes
DKHOQ, eCH PasHOCTE TEMOEPATYp HA BHELIHWX NMOBEPXHOCTSX cTexon 25°C.

1.5. Cranmnag tpyGa auamerpoM 45X2,0 MM * nokpolaeTc CHApYHH

6* 3aeck B NOCASAYIOULEM — HADYMHEIH AHaMeTp H TOMLMHA CTEHKH
TpyGH,
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B BHYTPH c/0eM 3Mann ToqumpHcl me 05 my [Raw=1,056 Br/(m-K)]. Bo
CKOABKO Pa3 YBeJHUYHTCH TepMHYECKOe CONPOTHBJIeHHE CTCHKH nodiie 3Ma-
JnpoBauia? Pacuer caenats no ¢popMynaM AJs NAOCKOH CTEHKH.

1.6. Cocya, Hano HEHHBEA KHEAKHM FE30M, HMET Ha HapyXHOHA OORepX-
HoctH TeMnepatypy —I190°C. Onr noxpHBaeTcs C10eM UL1AK0BATH ToJmin-
moit 250 MM, Temneparypa Bosayxa B noMellednn 20°C. Kakoit Temnosoll
noTok npofifer depes 1 M? H3QTAHHH, ECAH NpeHebpeyr TepMHHECKHM co-
APOTHEJEHHENM TeNINOTIAYH CO CTOPOMB! BO3Ayxa?

(\:Z/He% H3HYTpH BRJIOMEHA AMHACOBHIM KADIMHIOM, 3a KOTOPMM CJe-
AYET clOH KpacHOro KHPNuYa ToduHHoH 200 MM H, HaKOHel, CHapYXKH —
C10ft CHTHKATHOTO XKHpUuda TonmuHod 60 mwm, Ha BuyTpennefl moBepxmocTH
fewn temnepatypa 1150°C, wa mapysmuoll 60°C . KakoBa aoaxua GulTk
TOAMAYA CADA AHHACOBOTO KHPNHYa, YTOOM TeMIEpATYPa KPAacHOro KHPIH-
uya me npeseiana 820°C? Hafith TemnepaTypy Ha BHYTpCHHEH noBepxne-
CTH C/I08 CHAHKATHOrD KHPNHYA.

1.8, Crenga ONMHTHOW YCTAHOBKH TOKPEITA CHAPYKH H3CAAULHOHHEIM
croeM ToauwuHel 260 vM. Oua oforpeBaerch HIWYTPH TAK, UTO Ha HapyM-
HOA NOBepXHOCTH HiIDAAIHH NMOAfepXpsaeTcda TemNepatypa 35 °C, aa uay-
YeHHS TeMACBBIX MOTeph B W30AAUHK 1a raybuiy B0 mMm or HapyxkHol
TOBEPXHOCTH 3afelaHa TepMonapa, koTopas nNokadaaa 70°C, Onpegeants
TeMIepaTypy Ha MOBEPXHOCTH KOHTAKTa CTeHKH H H30JALHH,

1.9. Hafivh sxBumanesTHH# xosdduonenT TemaonpoBRoAHOCTH (B mome-
peuHoM HanpaBIeHHA) AdS MAOCKOTO KOHJIeHCATOPA, KOTQpHH cofpaH H3
2 Jyetos aaomiHHeBod ¢woabrH rogiguHoi 0,02 MM H Z AHCTOB H30aS-
LHOLiOR GyMard, kMewmel TennonposoaHdocts As=0,18 Br/(M-K) u ton-
wugy ancta 0,05 mm.

1.10. Ias mpoBeleHHA HBCOWITaHHA CMOHTHpOBaHa cfopKa H3 NATH
CTAABILIX JucTeB ToAlLtHHeH 0,0 mM xamauid. Memay EMCTAMH NpONOMAen:
NpoKaaaxil H3ocaAuHoHucl Gymard toamutod mo 0,05 um n remnomposoa-
Hocteo hs=0,116 Br/(M-K). Hality 3KBHB2ICHTHYIO TenAOMPoOBOIHOCTE
X.a cOopxd (B nonepeunodm HanpaBaeHnH). Kak wameHHTCR Asxs, ecan
YYeCTL, UTO  MeXAy CJICGAMH  MMEOTCA  BO3IYINHEE 3a30pH  TONMHKHOR
9,001 uu (Temneparypa seanyxa 20°C)?

111, Harpepatens H XOJOAHIBHHK HMEIOT COOTBETCTBEHHO TeMMepaty-
pu 200 v 0°C. Mexay HX NoBepXNOCTAMK 3a&aT AHCK AuaMerpom 150 M
# TOAWHHOH 25 MM, ¢KBoab KOTOPHEH WpoxoaHT Tenaosed notoxk 60 Br.
Menioy NoBepXnocTAMH HarpeBaTedn, AHCKA H XOACHHIbHMKE HMEIOTCH BO3-
Aytdue 3azopul Tonwkaoi 0,1 mm. [Ipenebperan Ay4ncthiM TEIIOOSMelnoM
# MOTepAMH TEMJIOTH, HAHTH TennonpoBoINGeThH MaTepHa a JHCKA © YUeTOM
¥ $ez yuera BO3AYLIHBIX 3330pos. TenjonposoiHocT: BOsAYXa B 3adopax
OnpeAeiHTb NC TeMNepaTypaM HarpepaTelfs H XOJ0JHAbHHKA.

1.12. Cresra xoqoauietndt Kavepsl ciefaHa H3 TPOGKOBDIH MIHTH TOI-
gupoit 100 mM H 00WHTA ¢ OOeHX CTOPOH COCHOBBIMH JOCKaMA TOAUIHHOHK
15 mM kamapada. Ha BHelUMHX TU0BepXHOCTAX ANCOK TeMIepaTyYpbl COOTBerT-
cTBenno: --20 u —12°C. Onpeaeauth notepn TemaoTsl depez 1 M mo-
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BEPXHOCTH CTEHKHM M TEMOEpATYpH Ha obeux noBepxHocTAX mpobkopofi mun-
T, [ae B 0polKoRoH RIHTe pacnofardercd M3oTepMHUecKad NOBEPRHOCTA
¢ I=0°Cp

1.13, K weanoMy crepxuio zHameTpom 20 MM n aamkoit 200 wmum
C GAHOrG KOHUA Wepe3d Topel ROABOAHTCA Temaora, Jlpyrofi xodeu oxnam-
JaeTcd ROTOKOM BOAH, Kotopaa npu pacxoge 0,0167 kr/c nmarpepaercs oT
crepxas Ha 2°C, Hafitn nepemaj TeMnepaTyp MexAy KOKLaMH CTEDHHA,
TIPHHAB, YTO 4Yepe3 BOKGBYK NOBEPXBOCTb CTEPHKHA TENVOBME MOTEPH OTCYT-
CTRYIOT.

1.14. Amomunnestiét SpycoKk KeaapaThoro ceueHus AJRHOR 180 mm 3a-
AT TOPHAMH MEXAY HArpepaTeneM H XOAOJHABHHKOM, TEMHIEpaTypH KoTo-
puXx cootBerctBenHo 400 x 10°C. HafiTh TepMuuecxkoe COMPOTHBACHHE H
CTOPOHY KBAAPaTHOro ceweHHs Opycka, ecaH No GpycKy mepenaetcs Temno-
Boit norok 176,8 Br, a Tennosue notepH ¢ Ookomofl momepxuocTH Opycka
OTCYTCTBYION.

1.15. PaccunTaTh TOAUMKY C/OS HIOAAUMHH, HMEMOUETO Ba NOBEPXHOCTH
TEMIEPATYPY COOTRETCTBEHEO 600 u 40°C, ecuH AONYCTHMBE TENJACEHE 00-
tepH 366 Br/mM?, 2 TelNOnpOBOJHOCTE MarteépHana M3OAAUHH  As—=
=(0,111-0,000065¢) Br/{x-K). Haflth TteMnepatypsl B Ca0e HIOJALHH
uepes xamzbie 50 MM ero TONUMHN M MGCTPOMTL TeMNepaTypamil rpadux.

1.16. Croit wzoaaumy Toimunoi 0,09 M HMeeT Ha NOBEDXHOCTAX TeM-
nepatypel 570 u 30°C. HaftTh NAOTHOCTh TENIOBOTO NOTOKA Yeped 5TOT
clA0il, ecnH €ro TemIonposoiHocTb, Br/(M-K), A:=0,12(1--0,00023f). Ha#-
TH TeMnepaTyps B cj0€ uepe3 30 MM M0 ero TOMIMIHHE AJA ABYX CJIyuaen:
a) M=f{fy; 6) h=const, ompenenen no cpeaHedl Temnepatype ciaofl. [lo-
CTPONTE rpadHKy pacnpelenesia TEMNepaTyp B CJ06.

1.17. Tlaponposoa ¢ BHewnanM araMerpom 80 MM B Temmeparypofi na
Hapy#kHol noBepxunocts 180°C nokpuBaercs CJ0€M MHHEpadbliof BaTH
roannnoft 50 mm, HafiTh cyTounyl moteplo TemnoTH MAPONPOBGAOM AJH-
soft 30 M, ecan TeMmepaTtypa Wa HapyxkKvofi momepxHocTH Maoasuud 32°C.

1.18, Tlaponposca ¢ HapysumM JHamerpoM 100 MM NOKDHIT CJA0EM
u3oaAuEH TomuHiol 80 MM u TenaonpoBoiHocTew, BT/{M K}, A= (0,144
+0,000164). Ha nopepxsoctsx caos temnepatypy 170 u 30°C. Hafitn
TOTEPH TERAOTH Yepe3d HM3CAALHMW, ecAH AlnHa naponposoga 15 M.

1.19. Kpapuepaa tpyfxa asaMerpoMm 2,7X1 mm u gZaunofi 100 mm
3aNQMHeH2 KHAKOCTHIO, Biodb TpYGKH N0 LEHTRY DACTMONONEH2 NNATHHO-
Bag HUThL JHamerpoM 0,1 MM, marpcpaeMas snekTpHueckHm TtoxoM. Hsme-
PeHHs nOKasanu: Temmepartypa HutH 221°C, Ra BHewHeit norepXHOCTH
Tpy6xn 206 °C, tenmoBoil NOTOK OT narpeToR HUTH Hepes CIOH KHAKOCTH
2,5 Br. HaiéiTh 7eniompORGANOCTE M CPEARIOID TEMNEPATYPY IKHAKOCTH
B Tpyfke. TemnonpoBognocTs xBapua mpHuATe 1,58 Br/({m K).

@Daccqmarh AOMYCTHMYIO CHJIY TOKA MO afAlOMHEHEBOMY TPOBOAY,
MOKPHTOMY DPe3HHOBOH H30AguHMeR ToMUHHOH 1 MM, NpH YCAOBHH, ¥TG CHa-
PY®H Ha p3onaumu reMnepatypa 50°C, a uwa pHyTpenHefl noOBepXHOCTH —
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yle 6onee 70°C. Inaverp nposona 2 MM, YACALHOE 3/EKTHOCONPOTHRJEHHE
anovuyyg pasuo 3,28-10-% Ou-y,

1.21, Tpy6y nokpHBalOT ABYMS €ICAMH H30AAUMH W3 padiHX MaTepHa-
J0B, HO oZxHakoBoH Tonuwindnt. Ilepenit caod, acxkammit wa TpyGe, HMeer
Ko3(pdHUHENT TenaonpoBoLiocTH B 3 paza Goasule, wem Bropoli. Hapyx-
MBI ZHAMETp HenaonHposanHo# TpyOwm B 6 pas Goublle TOJMMHHE OmHOTO
TAGA H3oAAuHH, B kakyio ¢TGpOHY H BO CKOJABKO Pa3 H3IMEHATCS TENJ0BHE
norepy ¢ 1 M IIHHE TPYGONpOBOAA, €cAM CACH H30AAUMH OMCHATH Me-
cTamMu? '

1.22.Tpy6a puamerpom 60X3 Mm H aawuoli § M NOKpHTA CNoeM
npoGxosoR aanTH tomnmiof 30 MM M CBEepXY ellé CaoeM COBeanTa TO4-
wiHol 40 mM. Ha crenke tpybw cHapyxn Temaeparypa —110°C, a ua
HapyxHof noBepxuoctH copeanra F10°C. OnpegemiTe noTepw xoacaa 3z
cyTer. Cxombko Byner nOTepAHO XOA0IA, €CAH CAOH AOMEHATH MecTaMM?
3Hauenns TEMNepatyp M TOJUIHH CAQEB COXDaHHTL.

1.23. CraapHo# maponpoBop aHamerTpom 1505 MM uMeer wa BHYTpeH-
weft nopepxHoctd temnaeparypy 300°C. Ero Hajo nNOKpHTh ZRYMA CAOSMH
H30AUMK, ADHYEM TEMAGPATYPE HADYKHOR ROBEPXNOCTH HBOJALAH He
gomxea npepstinaTe 50°C. Jan wzoasng npensaraTea: caol A Tomuu-
Hoi 200 MM H TenaonporodrocTeO As==0,037 Br/(v-K) ¥ caoli & tomauu-
uokt 40 MM K TenacnpoBoaroctblo Ap =0,14 Br/(m-K). B kakoit nocaezo- }‘
RATENLHOCTH HAN0 PACHOJAONKHTL 3TH CAOH Ha NAPONPOROAE, UTOSH Aoy~
UKHTE MUHHMAJBHBIE TenJopkie ANOTepH?

1.24. 2nekTponarpesatear mowmocTelo 1,7 kBT HaxGAMTCR BHYTPH
¢apgoposelx TpyO, anaMetp korophx 20%3 uMm, 2 obwar paHEa T M,
Ha payTpenreft NomepxHOCTH Tpy6 Temnepatypa 140°C. Tpy6H onyniens
B pacTeOp, TeMmcparypa Khnewns wotopore 130°C. Byner 1A npoHCKOaUTE
KHMEHHE PACTBOpA Ha NOBEpXHOCTH Tpyo?

1.25 Tlo crexasnHomy TpyGonposoay azuamerpon S56X3 MM gocae
Tenionoil ofipaloTky  Apusercs MOnoKCe co ckopoeTter 0,5 Mm/fe. Tenao-
eMxocTh Monoka 3.84 x[x/(kr-K), maotdocts [030 kr/m? Ha ryrpennei
MOBEPXKOCTH TPYOH Temmeparypa 74,5°C. OnmpefesuTb Temnepartypy Ha
RApYKHOH NOBEPXHOCTH TPY6H, ecaH Ha Kaxaee 10 M panwe TpyGonpo-
BOAa TeMAEPATypa MOMGKa cudXaerea Ha [ °C.

1.26. Beronnpe TpyOu, uMewlipe auameTp 150X 25 MM, Hapo npoac-
#HTs B rpyate. Temnepartypa rpyHTa Ha BHEWHER novepxHocTH TpyOm
MOXeT CHHBHTbeR 10 —1,82°C, JKuakocte 8 1pyBax samepsaer apH TeM-
mepatype —0,0°C . Mokuo au npokJalbiBath TpyBh Ge3 TenJAQH3OASLHM,
eCdH JHHEHAaR NAOTHOCTE TERNJ0BOTC NOTOKA 4epe3s credKy TpyOH pas#a
21,7 Br/fu? :

1.27. Kopnyc annapata 1waposoil ¢opMbl BuIOAEH H3 THTAIIA H HMEeeT i
HapyxHp# gHaMeTp | M M romuoury crenxn 100 MM, O noxput #3nyTpu ’
nmedondacrom rouwnnod 8 cm. Hafitu remmeparypht 112 NOBEPXHOCTHEX Caog
Tel0NAacTa, &CaH TeMrepaTypaHf mepenan Ha asyxcnolioi credxe 120°C,
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TeNVIOBOH MOTOX KPOXOAMT BHYTph annapaTa, CHADYXH Ha THTaHOBOH Crew-
ke TeMneparypa 5°C.

1.28. Creska TenaooSMeHHWKA K3 CTaly TOAKAGH 5 MM DOKPHTA
CHADYXH H30AAUKel M3 WAakomaTH ToalHWol 50 MM. B TennoobMedn-
Ke — JMHAKOCTB ¢ Temnepatypail 100°C, a TeMneparypa HapyHOIO BO3-
ayxa 10°C. Kosdduupentel TenioOTAAUH: €0 CTOPOHB KHAKOCTH 0=
=240 Br/(M*-K), co croporH Boanyxa op=i0 Br/(M*:K}. Halitd temme-
PaTypel HAa NOBEDXHOCTAX CTEHKH H H3GJALMH M NPOAHANHIHDOBATh BJMH-
HHE TePMHHECKHX CONPOTHBJACHHA TeNOMPOBOLHOCTH H TeMJA0OTAAYH lfa Ho-
TERH TEMAOTH,

1,23 Ha#ith TOMUHHY c¢A0R WAAKGBATH, KGTOPHM HAjo H3GAUPOBATEH
nmcm CTEHKY OT OKpyXamwmel cpeid, 9Tobb YMeHbUIHTh NOTEPH TEN-
16Te B 2 pasa NG CpPAaBHEHHIO ¢ HeH3oaBpoBaHHOH crexkod, Temmepartypa
HADYKHOH DOBeDXHOCTH CTEHKH [OCAE HAJDMKEHHA HW3OIAIHH He H3MEeHH-
JAack. KospduideHT TenaooTAaul B OKPYKALIUYK Cpely MPHYATE B OGOHX
cayqsasnx =16 Br/(m*-K).

1.30. Onpenentts Ko3pOHHUHEHT TelAomepefadd B TENACOOMEHHHEE,
BEMOAICHHOM W3 CTaABHHX TpyG auamerpom 3205 MM, s cayyaes:
3) uYucTAA NCBepXHOCTE TPYO; 6} Ha mMoBepXHOCTAX TPY0 pXKaBYHHA TOAI-
uHEcH 0,5 MM 4 cnoft sakHn¥ Toawxnci 2 mM. Koadduuneur TennooTiavu
¢ oaHok cTopoHn creHkd @ =7000 Br/(M?-K), a ¢ apyroBi qu==
=10000 Br/(m?*-K). Pemute zanauy no dopMysaMm AAf RAOCKOH CTEHKH.

1.31. Meranauvecknil xopnyc annapaTa MMeeT Ha NAGCKOR RapyxHoH
noeepxuocry Temmeparypy 500 °C. Kopnyc cuapyXM MoOKpHBAETCH cHAYAAA
c10eM AHATOMOEOFO KHMPRHYad ToMnHeCH 123 MM, a noTom HoBoacBGoszypH-
ToM. Paccudrarh TOAMMRY cAoA HOBoacGo3ypHTa, 1HeGOXOQAHMYIC AAs TGFO,
q9TofH Ha HAPYHHOR NGRBEPXHOCTH 3TOrG CAOA TeMNepaTypa He MpeBhinana
45°C. TeMmepatypa GO3AYXA B NOMEWEHHH, e HaxoaHTcs anmapar, 25°C,
a koahbHUHEHT TenJ0OTAAYH €O CTOPORE BO3Zyxa ;=13 Br/{M%.K}.
Haitry TeMmeparypy Ha NOREDXHOCTH KOHTAKTA MEMAY HOBOACBO3YPHTOM
H KHPIHYOM.

1.32. B rennoobmedHNKe — cTadbHble TPYGH ¢ TOAUIHHOH CTEHRH & MM.
Ha noepxunocTax TpyS§ pixapysna TOMAMHHEOR 2 MM ¥ OT/IOKeHHe HAKHNH
ToawKrof 3 M. EcAn cuutars, uTO Ko3hdHUMEATH TenJooTiaund ¢ obenx
CTOpOH CTEHKH TPYOH OYeHb BeNHKH, UeMy OYAeT paBeH HaMOOJLUIHE BO3-
MOMHEHE KospHUHEHT TenaomepeaaiH?

1.33. B napomoM nojorpesaTtene Ha CTaJbHHX TpyOKax € TOJUIHHON
cTengH 4 MM KOHIEHMCHDYETCR BO/\RHOW nap aaeaeduenm 476 kIla. Buyrpu
TPy rpecrcA BoAA 1pH cpeadell Temnepatype 30°C. Kosdduuuentsl Ten-
JAGOTAZed: AAA napa @=13000, zaa Boawm @p=3500 Br/(4?-K). Ha no-
BEpPXHOCTAX TPYOOK ¢ 0AHOR cTOpOUH CI0H HAKANH TOAWMHOR 2 MM, ¢ ApY-
roff —caoft papennbl roatinuod 1 mM. Hafith TemnepaTypel Ha nosepx-
HOCTAX BCEX CA0SB W NOCTPOHTH TeMmepaTypHBil rpadmx.

134, o ganusiM ApeAblaylledl 3a024B HaiTH TEMOSPaTYp Ha 04-
BEDXHOCTAX BCeX C/OER, eC/H BMECTO BOAH FPeeTcR BOSAYX ¢ Ko3ddHIHeH-
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TOM Tera00TAaYH o:=50 Br/(m?-K). OcraspnHe ycnons — 0es namMene-
unit. [TocTpoRTe TemnepaTypHHI rpaduK H CPABHHTL €ro c rpadHKoM npe-
RHAyelt 3aladH.

1.35., B raa0cBORAHOM OXJaguTene KOQEGHIHCHT TERA0OTIAYH OO LTO-
pohbl raza 0=58, co cTopoHK BOAM ®;=5B80 Br/(M%K). B Bumapuom
annapare co ¢TOpOHH Tpeiowero napa ,=11000 By/(v2:-K}, a co cro-
POHH KHOAETD pacTsopa «p=2800 Br/(m2-K). B oGoux tennocobmentu-
KaX crafbHee TpyGel ¢ TOJMUMHHOH CTEHKH 3 MM INOKDHBAKTCA ¢ ofHoR
CTOPOHH CAGEM HAaKENE TOMWHHOH 2 MM. Kax W3MeHuTCA B 3THX annapa-
Tax KospdHuMent TeNNONMEpenauM MG CPaBHEHHD ¢ UHCTHMY TpySamm?
Pacuer caenars no popMyaaM A% NAOCKOH CTEHKH.

1.36, Karg usMenutcs KO3(pOHUHEHT TenacOependud, €cAH 3aMEHHTD
cTankHule TpyOm AnamerTpom 3BX25 MM Ha MeIHHe TaROGIG XKe paamepa
LAA cleayowlnx Tengoo0MEHHUKOB: a) A4 BOIAYMIHG-N2POBOTO Kafopu-
jepa, B KOTOpOM xosphHoweHTH TerooTAdYH  @==11000 5 .=
=40 Br/(M?-K); 6} aas pHpapHOro annapara, rie Ko3pOHUWEHTH TERAO-
oraaud =11 000 1 @=2300 B1/(m2-K)? Pacyer npoM3BecTH no (opmy-
AaM IR MAOCKOH CTeHKH.

Tatauwua Kk sanaze 1.37

Bal | Mavepuan wooasws | ez | fwe Lo G PR e | aydatiy
1 AcfieeT 100 27 25 a 1500 120
2 Llnaxosata o0 30 30 4] 1400 130
3 | Comedant 60 32 35 B 1300 140
4 | Acboavpur 70 35 40 r | 1200 156
5 | HsioBens 50 25 45 A 1100 160
6 | Creknosata 40 20 50 e 1000 170
7 Beron 110 17 42 # | 1250 180
& | HosoacSoaypur 80 15 ar 3 ) 1350 110

1.37. B narpesaTe bHOR mewn, [AE TEMNEpaTypa razoB fw), CTENKA cae-
JdaHa H3 TPeX c0eB: QMHACOBOrO KHMprNHYa ToamusHof 60 MM, Kpachore
KEpNHYA TOMOHHOH 250 MM M CHAapyMH CAOS H3OAALHW TOMHHIOH Oaa.
Bozayx 8 pexe umeeT temnepatypy fuwo. Kosddunkent tenacotiaun 8 nevs
OT T'a30B K CTERHKE (5, CHAPYMH OT H3QARUHH K BO3AYXY 4z Haftw xosd-
HUMEHT TemnonepeAavH OT rasoP K BO3AYXY, NOTEpH TenA0THl Uepes cTeR-
Ky, TEMIOEpaTypH Ha NOBEPXHOCTAX Brex caoed. ITocTpOMTh rpadue Temne-
paTyp B cTeHke [Mauwhle A peinenns BIATb W3 TaCAHUR.

1.38, T'azd npa TeMnepavype fw; NePeraIOT Yepes CTeHKY NAcHiansio F
TENAOTY BOAe, HMEIOHWER TeMnepaTypy fw. KosdpuudenTn Tenni0oTiavu
OT ra3’ce K CTEHKE () M OT cTeHKH X 80de ap Onpelrendts Bee TepMHue-
CKHE CONpOTHBJAeHHSA, KOBDOHUMEHT Tenjomepedasd W TenJaoBOH DOTOK, me-
penaBAeMHE OT [a30B K BOJE, MJA cAyyaes a) CTeHKA YHCTaA TOMIMHHOR
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§er H2 cTanu !, 6) CTaJBHEA CTEHKA MOKDHITA €O CTOPOHH BOAH CHOEM Ha-
KENH TOJUMHON Op W €O CTOPOHH T1a308-— CAOEM CaXe TOMUHHOH &c.
Halttw takxe ans caydaa 6) TeMilepaTypl BeeX CJI0BB CTEHKE PacueTHHM
K TpafHuecKEM CHOco6aMH 4 HAPHCOBAThL YEMMeparypHufl rpadnk. Haxnue
AJA pelleHHA B3ATh M3 TaOGARUE,

1.39, Ilo uyrynHoMy TpyGonpoBoay auamerpoM 60X3,5 MM nBHEeTcA
map ¢ Temuepatypok 325°C. KosdbodruuenT Teniootiaun ot fapa k Tpy6e
ay=110 Br/(mM?*-K); Oxpy®awuni HapyKHHH BOAZYX HMeeT TeMmepaty-
py 20°C Haifitu vensnoesie noTepH: a) ecAu TpyBONpoBOX KHE HIGAUPOBAM
W OoXnamaaercA  BozayxoM ¢ kosddHumeHTOM  TEMAOOTAAYH  (Ip=
=25 Br/{m*-K); 6) ecnu TpyGonposof H3GJAHPOBAH CACEM NeHOWRAMOTA
roauaol 70 MM, a ¢ paped 15 B1/(M3-K).

TaGauia K sazase 1,38

Bapu. | ¢, e apu- | &, Ty, 2z, 3. L
art | Fow | ER Bal?‘l‘ ‘e | Brioe Ko Brrows R3O |
1 600 2,0 120 a 16 40 1400 7 12,0
2 300 | 3,0 130 i} 18 B0 1600 ! 3,0
3 450 4,0 140 B 14 60 1500 2 1,0
4 400 1 3,5 120 r 12 70 2200 5 10,8
5 30 ] 2,5 130 I 10 #0 2400 3 11,2
6 300 | 5,5 140 e 22 90 1800 § 10,6
7 550 | 6,0 190 w 15 100 3500 2 12,5
3 520 | 7,0 150 3 12 110 4200 4 0,9
9 480 | 4,0 170 H 14 120 5000 5 1,2
10 330 | 5.0 160 K {6 130 4600 6 1,3

1.40. B ycrawoBke Aas Tenaopoll nepepafotim AedTH No THTAHOBOR
TpyGe dameTpoM lI8X4 MM ApMKYyTCA HeTENPOLYKTH €O cpeausit TeM-
neparypoit 350 °C, CHapyu Tpy6a rpeeTcH raaoM, HMEIOLHM TeMnepaTypy
1400 °C. KoapoKumenTe! Tenncorzadn Ka NOBEPXHOCTHAX CHAPYMH H BHYTPH
TpyOH papHm cooTercTReHHO =100 ¥ @;=300 Br/({M2-K). Hailth au-
Hefikill Ko3ddHUKEHT Tenaonepeaadd, AMHeHdHYO TAOTHOCTE TENAOBOr0 0o-
TOKZ depes cTeHKy TpyOuf, TeMmepaTyps! HA MOBEPXHOCTAX: a) AAA YHCTOR
cTeHKH, 6) npE yCAOBHH, MTQ HR BHYTPEHHEH MOBEPXHOCTH HOABHACA CAOd
[NOPHCTHX OTJIOMEHAH, NPONMTAHHHIX HedTENPOAYKTAMA, TOAIIHHOA 5 MM.

144 lna ymedswewus noteps TenjoTsl OT NAPONpOBOAA IHAMETPOM
20X1 MM npeanaraloTes HIQAALNOHHEE MATepHank: acGecT W CTEKNORATA.
Kakoit maTepuas uefeccofpasqee HPHHATh B KaUECTBE WIOMALMH, €CAH OT
fIOBEPXHOCTH HIONAUHHM K OKpykamwmedi cpese KozhpuimeHT Temnooraavs
;=10 Br/(M2-K)?

(.42, Haittu noTcpu TemaoTs! OT MYTYHHOMG R2ponpoBOAa ZHAMETPOM
100X8 uM, no KoTopomy Teuet map ¢ TeMneparypoft 200°C. Kosbprunent

| Bo3MoxHH BapEanTsl martepnada CTEHKH—YYTYH, THTAH, AJMUHHA
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TENCOTARNH OT napa k crenke a;=100 Br/{m?-K). Temncpatypa Hapym-
Horo Boafyxa 20°C, a kosthdHUMEHT TeMJICOTAANH K BOBAYXKY UrF=
=15 Br/{M2-K). Kakoed OyiyT noTepH TeNNOTH, eciH DaponpoBoj HO-
KphiTh coeM Getona toamuAoi 40 wmwm, 2 KoaddHUKeHT TENA0OTIAYH K BO3-
AYXY OCT2BHTh NpexHEM? Jarte ofnfAcHeHHe PE3yJbTATOS.

1.43. ITaponporoa n3 tuTana gnaMerpoM 57X 3,5 MM H Anuuol 50 M
HMEET Ha BHyTpeHHeH noBepxnocTh temmeparypy 160°C. Ou nokpelT croeM
BepMUEYAMT2 TomuuHol 60 mm ¢ temmeparypoii 40°C Ha wapyxuo#t mo-
BepxHocTH caod. Hafity cyrowayie noteplo tennoTH maponpoeonoM. [lpo-
BEpHTh NPHTOAHOCT, MaTepHada H3OJALUMM JAAA YMEHhIIEHHA TenJOBBIX (10-
Teph, NPHHAB KOSMMPHUHEHT TENACOTAAYH OT H3OAALHH K OKpYyXKamollemy
BO3LYXY pabibM =20 Br/(m2-K),

1.44. Tlo yecnoswo npeHpylledf 3a02un  M3GAMPOBAHNAA BEPMEKYJIH-
TOM THTARGBAA Tpy(a NOKPHBAETCA BHYTPH CJA0EM HAKHNH TOMMIHHOH ! MM.
Haz#ity cyTouRy® moTepio TemJOTH NAPONPOROAOM H CpABHHTh C OTBETOM
npeaiaywei 3apauy. TemnepaTypulifi nepeman GcTaBUThL Oe3 H3IMeHenHi,

Tadnuwua k sazane 1.45

Ba.

B:,];: : CJI0H H3OARUHH d:;‘ Lo |E . °C E;P,M' aB'_qm( il,'é'

1 | A—acSocmona, 1000 1 40 | 500 a 200 | 90
E—teton 250

2 | A—sepmuxymr, 1200 | %0 | 600 6 300 | 60
b-—atgecr 180

3 | A—nenowawor, 1040 80 | 780 B 250 | 55
5 —BepMHKYIHTOREE 350

NAHTH

4 | A—mnaxosara, 720 ) 70 | 700 r 210 ] 45
E—acbect 310

5 | A—copeaur, 950 | 60 | 450 £ 180 | 40
5—para MunepaibHan 220

1.45. Tfo craapnomy TpyGONpOBOAY HapyMKHbIM IHaMeTpOM da H TOJ-
upHol 25 MM MpoTexaeT Tas ca cpeiHedt remnepatypoil fx H kKoadduLHER-
ToM TenagotAayd B TpySe o =35 Br/(M?-K), Cnapyxu tpyGa mOKpHTa
IBYMA CJIOAMH H3OAAUMH: choeM A Toauunofl 8. (na moBepxwocTH Tpy-
6u) B chaoem 5 tonmmHo# ¥y, Ha BHewed moBepXHOCTH HIONFUHH TeM-
neparypa fys. Onpegeqnte notepH Tenaots! TpyOORposoaoM ganHofi [ H
TEMNEPATYpY Ha MOBEPXHOCTH KOHT2KTA MeXay cnoaMH HsoJauud. Kak
H3MEHATCA NOTEpH TCMNGTHl, ECAH CJAOH H3OIALMH NOMEeHATh MecTamu? Han-
Hbie I pelledHst 3aja4dy BIATb U3 TaGVIHLHL
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146, B iex u3 xoTeabHoll NojaloT TOpaAYYo BOAY IO claibHol Tpybe
nuaMerpom 5835 MM co ckopoeteo [,2 M/fc. Boma Bxognt B TpySy
¢ temmeparypoit 90°C H uMeer cpeaHHB KedQHIHERT TemIcoTaadd o=
=2000 Br/(m2-K). K napymuomy soayXy c temnepartypoit 2°C Tenaora
or TpyGH mepexoant ¢ kosdduunentoM Temacoraaun wp=35 Br/{m?-K).
Kaxyilo TenaonpoBojxocTb HOAMHA 1MeTh H30NAUNR HA Tpybe, uTolel OpH
ee ToAMMHEE 2| MM TajeHHe TeMNepaTypsl HOAH OT KOTedLHOR 40 nexa,
MeX(Ty KOTOpuiMH paccToanie 120 M, e mpeswmanc 2 °C?

1.47. Oronesnuifi 3JeKTPONPOBOA AHAMETDOM 2 MM HME2eT HA NDBEPX-
Hoctd Temumepatypy 90°C K koadduusedT TenaooTaaun =22 Br/(m*-K)
K ¢BOOOAHOMY NOTOKY BO3AYX2 B NOMEUEHHH, TeMIepaTypa KOTOpOra pas-
aa 18°C. Koraa npos0a DOKpeini pe3HHOBOH H3oAduMedl ToamnHo# 3 M,
KoobduenT TenaooTn2ul yMeHbllnacs B 2 pasa. Kakam rtemmeparypa
GyZeT TCHCPL B2 NOBepXHOCTH NpODLA3, £C7H CHIZ2 TOKA He H3MeHHAZchP

i.48 Bapounnit xoTen chepudeckod (GopMul ¢ HADFHNBIM ANAMETPOM
[200 MM cpenad us Hepasetoure# cranad, ToAwiHHA cTeHKu woTaa 10 mMm,
BuyTpn HaxomsTca muakocte ¢ Temnepatypod 140°C; cHapyXi xoTed no-
KpHT cacem acbecta TommuHoft 60 Mm. B uexe TemnepaTypa ®mosayxa
29°C, Kosbduuuent Tenscotiady wHYTPH R CHapyxn KoTaa «,==600 n
u;=18 Br/{m2-K) coorsercrtennn. Ilocne RERnmuUeHEMA ReHTHAANHHM B LeXe
TeMIepaTypa Bozzyxa cHEzHgace Ao 23°C, 2 xoaduuMeHT TendooTraun
gy OT HAPYKHOH NMOBEpPAHOCTH KOT/Aa yBeawumacw 8 1,6 pasa, Ha croaeko
NPOUCHTOB BO3POCIH NOTEPH TelOTH GT KOTAa?

1.49. Craabuoit TpySonpoBea ndameTpoM 200X8 MM nposoxed Ba
OTKPBITOM BO3AyXe, TeMOepaTypa xotoporo pasia —17°C. Baytpu tpybum
ILBIMETCH Bofa co cpeAReit temnepatypoit 93°C, a2 xosdduuueHt Ttenio-
oTaauH oT BoaH x Tpyfe @, =820 Br/(M2.K). Onpeaennre motepio Tenio-
TH TpyGonposcaom, ecid ero aausa 23 m, a roadduuresT TenaooTzaid
oT TPYOH K oKpYXawlieMy Bo3Ayxy ax=9 Br/(m2-K).

150 IMo yenosmio 3agaus 1,49 BHUMNCANTG TeNAOBLIE MNOTEPR, ecau
TpySonpoBoa mokpuBaeTcy caoeM OuTywa Toauunoll 50 MM K Tenaompo-
BogHocTelo A=0,1 Br/(M:K), 2 xoapdrRuMEHT TenfooTAauH K OKpyKalo-
WeMy BO3AYXY YMewbilHacHd po ay=7 Br/(m?-K). Onpeneaurs Temnepa-
TYpbl Ha BHewHell W EHYTpeHHeHd NOBEPXHOCTAX RICAALHE.

'naea eTOopas

TEMNOOBMEH HA PEBPMCTOW NOBEPXHOCTH

Jna MATEHCHPHRAUHMH Temomepeiadyil MeXiy ABYMA CPeA2MH IpHMe-
HAWT opefpeune nopepxnocTell CTeHKR, pasgeasiowled aTH cpein. Kax
npasrao, opefpeHHe OCYLIECTRARGTCA HAa TOH TOBepXHOCTH Tenaoobmena,
rae HMCeT MECTO Maalit kodddmunent Temncatigue (Wau Gogblioe Tep-
MHYECKO@ COTMPOTHB/EHHE),

2—472 17



12.1. Mnockan cTeHKa ¢ NPAMMMK PeSPamM NOCTORHHOrO
NONEPEUHOTO CeUeHMS

Ocnoentle mapamerpbi pefipHcroff crenrs (puc, 2.1): I, &, & — nauma,
pHcoTa, Toamuna pebpa; M=2{(I48) — nepumerp pebpa; f=I6 — naomane
ceyenna pebpa, b —war pebep; B, Oc — WupuHa U ToAmMMHA NAGCKOMR
cTeHklt, f.), fwy— TeMmepaTypH cpen, OKPYKZIOWHX CTEHKY, fuwi>>fwg;
op, @ - Ko3QdaukenTH TERIOOTARYH OT TOBEDXHOCTH pebpa W OT raad-

KON MOREPXHOCTH CTeHKH X OKpY-

b ap Hawwel cpeae; f, fy — reMneparty-
o, ppt pefipa y OCHOBaHYA W Ha ero
& Fe iy KOlIe
s , ! [lpu  pacuere TenaooTiauk ¢
o NOBEPXHOCTH Fp OAHOrG NpAMOroc
vy 3 pefpa B OKPYHKRICWYIQ CPRLY, HMRIO-
4 [ i WyK TEMAEPaTypy [z, TENAoRCH
' 4 2 g - e noTok  Qp, BT, onpeagenserca ne
?M,ﬂ“l g bopmyae
Puc. 2.1. Tlnockan pelpacras cTen- Qp=8omAf th (mh), @0

Ka rae Qo=fr—fun—HIORTOUHAR TEM-

nepatypa y OCHOBarHA pebpa, K;
m= Vmpﬂjlf —napaMerp, M~!,  th (mh)=(1—e—2m%) /(14-e~?"") — rau-
reAc  runepOosaudecknft; A — TenJONpOBCHHOCTD — MarepHana pebpa,
Br/{M:K).

Tenncsofl notox Qr, BT, ¢ raapkolt nobepxaocTH F. CTeHKH B npoMe-
WMYTKEX MERIY pebpamu

Qr=ﬁr{t0—‘tm2) Fr=ar (tu—'—fﬁu] (1——?:&) Bl, (22)

rAe n— KoAWdecTBO pefiep Ha | M LUIMPHHEL CTEHKH; { — JAHHA CTCHXH
(asuna pebpa), M.

Cymmapiuii Temnonali notok Qo fpH remnoorgave ¢ opebpedno#t mo-
BEPXHOCTH CYEHKH

Qo=nBQp1Qr. (2.3)

Temnoroit notoK, ofycloBleRERR Tenacnepesauel Mexay AsyMa cpe-
AaMu, pasAeeHHHME MAOCKOA credkodl, umewwed opebpenne ¢ oanoit cro-
{HOHH,

_ (b — Ewa) F
Q= 1 [ 1 ’ (2 4)

w T Mo 4okl — 1)
rae F— naoiagh HeopefpeHHOR NOBEPXHOCTH CTenkk, M o) — koagdu-
UHEHT TERJOOTHAYE Ha neopelpeHHoll noBepxHocTH ¢Tenku, Br/(M2-K);
Jc — TenJonporoARocTh Martepuana creukn, Br/(u-K}; E — xosdduunent
adbexTHBHOCTH pelipa; Rp — KospdHuHenT opelipeHHA.
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Kosdpdayuenr apgexrugnocru pebpa E apnrerca ero pafoveil xapax-
fepHCTHKOH H mpefcrapaser coBofk OTHOWEAHe TEMIOBOFO NOTOKA, AeHCTEH-
fenbho pacceHBaeMoro pefpoM B OKPYMAWILYI0 Cpely, K TERJAOBOMY IO~
TOKY, KOTOpHR pelpc Morao §a oTZaThk, ecaH OW BeA Bro {10BEpxXHOCTh
HaxoAMAack NpPR TeMnepaType g

E=(i—f2)/ {to—tmz) <1 (2.5)
HJH, npeiedperad TeRdocoTdaded ¢ Topua pebpa,
E=th (mh) j{mh) <], (2.5a2)

rae { — cpeatAn TeMnepaTypa NOBEpXHOCTH pefpa.
MoBniwenna TerdAockeMa pebpa MoMHo 100ATHCR NPH yMeHbleWHH mh.
Koagpuguenr opebpenun

kp=Fypr/F31, (2 6)

rae Fpr — cyMmMapnas naowaae opebpediofl NOBEPXHOCTH CTEHKH, M2,
B dopmyae {2.4) MOKHO NONO¥KHTE Gr=0Cp=0 TOrZa TEOMAOBOH RO-
TOK TpH TERJcNepelaye depe3 ope0peHHyIo CTeHKY
”»ﬂ — t,,;,)F
Q= ; — : (2:7)
—_— ==
3 he el 'I"E(kp_“]
a8 xoathduupeHT IPOEKTHBHOCTH TOHKOrO ix:\ﬁpa (B RpeANOACKEHHH, UTO
6! u I=2!) MOXno OnpeAe/HTb H3 3ABHCHMOCTH

E=th 4/A, (2.8)
cae A=h(20p/A8)%%, uay ua rpadura prc. 2.2 /
£ ™
48 .
2611\ |
Pue. 2.2. Koadduunent sddek- nu N T
THBHOCTH E pebpa ::;)2 N #'\/1‘;’_;_
I

@ 7 23 &« 5 & 7 6 517

Idna yuera TennooTIaYH ¢ TOpPUEBOH NMOBepXHoCTH pebpa HeoOXomHMO
BulcoTy pebpa A yBeamuuts Ha 0,58,
Temnepatypa {x #a koHUE pebpa

Gy=Oo/ch (mh) wnm (te—tng) = (fle—tms) /ch (mh), (2.9)

rie Ox H B — yalnTounwie TeMmepaTypw Ha koupe pefpa # Y erc OCHO-
panua, K; ch (mh)=0,5(em"Fe—""} — xochHyc runepSoARaecknil.
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2.2, UnnuuppuyuecKkan cTeHKa ¢ Kpyranm pebGpom
NOCTORHHON TONWMHK

Pacuer tennonepepawu uepes TpyOY, OpeSpeHAYI cHapyXH Koabire-
BHMY pefpamk (prc. 2.3), MOXNO NPOROLUTL RO dopmyaam (2.7) u (2.8),
apurEMan A=R—r u yMHomas kosdduilnent apdekripiocth E wa mo-
NpasodHblR KO3(PPHUNERT Ex, KOTOPHIE OUPEACTACTCA RO rpaduky pue. 2.4,

Kospdrudent sdpdexrasnocty Kpyraoro pefipa

Ev=¢: th (mhad}) )'r(mkud:u], (210)
rie Ex-— HOS{HpHUHENT, OnpepefifeMblil no rpaduky pHc. 2.4 B 3aBHCHMO-
cth ot Bu/By w R/ hag =h-1+0.58 — sbbexTuBH2A BHCOTA peBpa, w;
O fBy=[ch (mhap)]-! — oTHOWeHe BIGHTOLHMX TeMIEPATYP Ha KOKIE #
¥ ocliosaura pedpa.

MMapamerp m onpegenserca n3 REIpAKEHHA

m =V U/(Xf) = |/ a-TxR/ (A ZnR0) = |/ TayJ (A8} -

1

2.3. 3agauu

2.1. Haltite xosdbduuuent sddektusrocTy npAMOro pedpa OOCTOSHHO-
O MONEPETHOrO CEYEHHH TOMUAHOR 2 MM M aguHoE 20 MM A DIOCKO)
CTEHKC, ecAH pefpo BHNOAHENG: &) W3 THTaua, 6) u3 uyryHna, B) H3 Megd,
YCAORHA TemncoGMeHa OUHHAKORLE, KOs QUUHERT TEIIOOTAAYM ¢ ROBepXx-
Hoetd peGpa 100 Br/{m?-K). Bucora pebpa 6 mm.

el 1p ia‘?/r'm
— : 10 _] |
™ ) |15 =t 2@
. ~ "‘
S 48| L i
1 | 7 E) e
. . qa‘_._é/
jry A |
R0 " 7 5z G4 G5 48 &0,

Puc. 23. Kpyraoe peGpo nocto-  Prc. 2.4. 3aBHCHMOCTD Er =@ (T /G;
AHKBOR TOMLIHHL! R/r) mna kpyraoro pebpa -

2.2. Ha anocxofi amoMBiUmeBCH cTeHKe XoMOLRNbHGH KAMEDH paszme-
pom 500200 MM pacnonoweno 20 pefep tonmmHol 2 MM W BHCoTOR
30 mum, PeGpa pacuonomens BAoAb CTEHKH Ha BCIO anusy 500 MM, Tewite-
barypa y ockosanus pebpa f=50°C, Temneparypa OKpyMawwelt cpesw
txy=10"C. KospduusesT reraoorgasH or monepxuocth pelep (4 ot no-
BEPXHOCTH CTeHKH MemAY pebpami) K oKpymaomeh cpeae NpHHATL dy==
=7Br/(u*-K). Halite tcMnepatypy ma konge pefipa u TemaoTy, OTxapae-
MYI0 peOpHCTOR CTEHKOW B Crehxof RpH OTCYTCTBHH pebep,

2.3. Menuoe pebpo MOCTOAHNONG ceueMHA Ha ILIOCKCR  CTeHKe mMeer |
ToAUNEY 3 MM, BEICOTY 40 MM K AdmHy | M, Hamepenns noxazann: vem- 1
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mepatypa y ocHoBaams fp=60°C, a ua xoune pebpa («=59,5°C. Oxpy-
AWK BOILYX EaxodrTca upH temiepatype 20°C. Oopefensts xoshdu-
1HeT TENFO0OTA4YH OT MOBEpPXHECGCTH pebpa.

2.4, Hlenoaesys yonoBHe aagayk 2.3, onpeleNdTh TemJoBok NOTOR, ne-
peAaBaeMblii B OKpYKAWULYly cpely uYeTHPeMH GoKoBHIME OpeGpeHHHIME
cTeHKaMH XouoiHAbHEKA, Kaxmuaas crenka paamepoM 10,8 m umeer 40 pe-
Gep. Haiith takme Temrosoli noToK, KOTOPHI nepexeawn GH b OKpPYKaEI0O-
UiYI0 cpeny or ueopeGpenublX CTEHOK, eCJH CUHTATH KOIQUIHEHTH Temlo-
OT1a4K OT pedep H OT ROBEPXHOCTH CTEnKE
MeX(Ay pefipaMH OAMHAKOBBLIMH. s

25, Jlns usMepeHHs TemmepaTypsl BO3- toT
Jvxa © pezeprRyape {puc. 2.5) pryrHui Tep-
MOMET[ BCTAaBJAHETCS B KPYIIYR CTadbHYIQ Y ? W
THABAY, 3ANQAHEHHYD MacIoM, [aas3a uMeeT ]

CARAYIOLIHe paaMepsl; OaHHa [=130 MM, ToA- g
maKa 8=10 mm. Ma-aa orsoga TenaoTw 1O -
THAb3E TEPMOMETp HOKAIHWBACT He HOTHHIYIO o
TeMnepaTypy BO3AYXa B DelepByape, a TeM-
mepaTypy KOHIEA rAaAb3d, pasuyn 80°C. Or
8034¥Xa O pe3ePEYape K ruibie TeunoTa fe-
penaeTca ¢ KOIPPUIHEHTOM TensoOTAAMH,
paBub {8 Br/(m2-K). ¥ ocuopanms reapan  £he. 25 K zanave 2.5
TeMOepaTypa CTeRkH #&H=35°C. Haiita aeit-

CTBHTENBIYIO TEMNEPATYPy BO3NYXa B pesephyape f, ¥ oWWOKy Af B usme-
DeHHH TeMepaTypbl TEPMOMETPOM.

2.6. Henoasays yenosue 3ajavk 2.5, ycranomuTh, Kakopa GyneT oG-
Ka Al B naMepeHH# NefiCTBHTEALHOH TeMmueparypsi: 1) ecMmit CTaAbHAN TilAb-
3a aaMeHdeTCs Ha rUAB3Y- d) H3 JATYHH, 5) M3 HepKaselolieil cradm,
2) ecsn Godee TWATEALHO W3ONAPYETCS BO3IYXOMPOROA BOANE TEpMOMETHA,
4T0 MPUBOAUT K YBENHWEHHH) TeMNEPATYPHl CTEHKH ¥ OCHOBAIKA CTaJbHOH
runab3el 10 Hy=60 °C. TIOCTpOHTE rpagMKu 3aBUCHMOCTH 0WHGOK €3vepen:il
Al 0T TEOAOTNPOBORHOCTH MATEPHANA CUIbABl H TEMAEPATYPH ¥ OCHOBANHA
runbas Ly,

2.7. Harpesarenb BGHINOJIEKH B BUAE ATOMAHAEBOH TPYGhl AMaMeETpOM
60x3 mMm H paueoit 1,5 m. Buytpn TpyOH apumerca Boaa co cpeanei
remnepatypoit 90°C, wosgduurent TemnooTAauM o BOAB K CTEHKE
310 Br/(m2-K). TpyGa cHapysu HMeeT Kpyrike pefpa C NOCTORHHOH TOA-
wano# 2 MM o anamcrpoM 160 mM. Ha ojroM MeTpe AMHul TpyGH pac-
noaomedo 50 pebep. OkpyRaoWui Tpyly BOIAYX HMeeT TeMIepatypy
10°C, a xos{huuueHt TendooThaysw oT opepenuofl NoBepAHOCTH TPYOH
¥ pozayxy 14 Br/(v*-K). Onpesesurs Tennosoil notox, nepeiapaemuii ot
BONH K BO3AYXY.

2.8, Ho ycnosuio 3afauu 2.7 onpepentiTs nepelaBaeMBit Tenntosol no-
TOK 0T BOAH K BOSAYXY, @CAW HACrPeBaTeIb BRNO/HEH B BHNE Faagkol Tpy-
ful Gea pebep. Bo CKOABKG pa3 yMedsliuwTcA nepejasa TeAOTH?

o
T
T
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2.9, AnwowmuaHpeBas Tpy6a gauwod 1 M H graMerpom 58X2 MM nueer
nomepeunke Kpyrade peGpa ToAmEROH 2 MM B juamerpom 120 mwm npr
mare peGep 13 mm. Buyrpu TpyGm IZBEMXKETCA BOKA ¢0 cKopocThio 1,5 M/c
npe cpeanedi Tevnepatrype 70°C, PeGpuctiie Tpy6u cofpant B WaxmaTHRR
MyqoK, KOTODLfl CHApPYKH OMBIBAETCA NONEpEYHEM TNCTOKOM BO3AYXa CO
CKOPOCTBIO B Y3KoM ceueilid 14 mfc u cpennefi remnepatypoit 40°C. Onpe-
AenkTh KO3PdHiEedT Tendonepefauy nAf opelpeHHol TPySH (HcnoaBio-
BaTh GopMyan ra, 6).

2,10, Boanyx B XoA0AMALHOH Kamepe OTAZET TEMIOTY OXAaXAA0MEMY
YCTPOHCTHY %3 TODH3OHTAMNBHBIX TPYS € HApPYMHBM 1HaMeTpom 14 MM
Temnepatypa Bo3ayxa B KaMepe —B5°C, TeMneparypa HapyXHol nopepx-
voetH Tpy6m —10°C. Bo cxoasko pas rRospacter Temaoeodl NoTok oT BO3-
fyxa K TpyGaM, ecad TpyObl OpelGpHTE MONEPeYiHME KPYIAbIME JIATYHHE-
MH pelpami ¢ AocTofHHoR ToMmHRol 1 mm. Duamerp pefep 38 mm, war
12,5 wmm. Cpegnuit xosdduuHcHT TemiooTaadn K pe6pHOTOR DOBEPXHOCTR
Tpy6u npruate 6 Br/{m2. K).

211, OxnagATedr Macfla CASTaH H3 TPeX XATYHHHX Tpy( NUAMETPOM
301 wmM u paumoit BOO mM kamnan, BuyTpw Tpyl neukerca Macio
co cpepHeit remnepaTypoli B0°C. CHapykM Ha Kam10f Tpybe pacnonome-
vl 40 Kpyranix peSep ¢ nocToAmioR Toamuinoll 1 MM o guametpom 50 mMwm,
KOTOpHlE OBGAYBRIOTCA BO3LZyXOM, HMewwHw Temaepatypy 15°C. Koshok-
UMEHTEl TEeNnADOTAAYH o CTOPOHM Bosayxa 22, co CTOpOHH  Macia
42 Br/(mM?-K}. Onpenpenvith KosiuuseuT renionepenadys H TemaoBOH no-
TOK vepes ope6peHHBle TPySHL

2.12. Bo cxonbko pa3 yMeHBIIHTCR TeNAoBOH MOTOX, MepelaBaeMui oT
Macda K BO3JAYXY, €014 B YCMOBWHX 3auaud 2.11 Tpy6u oxnamntenn GynyT
Ge3 opebpenun? OupenennTh TEMNepaTypy Ha KOHile pebpa, ecaH HPHHATS,
NTO ¥ ocHoBauur pefpa fh=79°C.

2.13. Onpeneasts TenaoBofl NOTOK, nepeiasaeMufl Kpyrablm peGpoM
ORpYHAIOUIEMY BORLYXY, uMelolleMmy temnepatypy 5°C. Huamerp pebpa
160 mm, tonmmkea 2 MM, mwar 10 mm, PeGpo HaxoauTes na tpy6e ghaMer-
pov BOX3 mm. Marepran — Mexns. B TpySe nBHMKETCH KHAKOCTL €O cpel-
neit Temneparypoit 130 °C. KosdduiHenT TenMooTAa4E CO CTOPOINDB HEAKO-
cth 170, co ctopone Bosayxa 8 Br/i{m?-K).

2.14. Tlpoarafu3HpoBEaTh 34BHCHMOCTD TRMAOROTG [OTOKE, nepegaBae-
MOro uepea opeGpeuHyio HOBEPXHOCTh K BO3AYXY, oT 3dhekTuBHof BHCOTE
pebpa no ycaoewo 3anayd 2.13. Jlan avanuza NpAHATE Rapy:Rubit ana-
merp Tpy6er paBHbiM 20, 30, 120 wme, ocTanbHBic YeAoBHR OCTABHTL Ges
usmeneneit. TToctpouts rpadux 3aBkcuMOcTH Q=f(fag).

215, Bo cronbko pa3 yReAHYUTCA OTNABAGMBN TemmoBoH ROTOK, ecaw
Ha nopepxHocTH nAowansio 800800 MM pasmectats 24 pefpa mpawmo-
YroJpHOro cedenyn BRICOToH 35 MM, Tomuudaoll 5 MM, MaTepwan — JaTyHb,
TeMNEDATYPa OKpyXakowed cpepn  10°C, TemnepaTypa nOBEpPXHOCTR
¥ ocuopanus pebpa 70°C. Tpuuare xosdibrudent TemicoTmavH of Fsan-
kol B peGpuctoi moeepxyoereir 8§ Br/(M?-K).
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Tnaeatpetea *

TEANQOBMEH € YUYETOM BHYTPEHHMX HMCTOYHMKOB
TERNOTE

B onpenefexHElX YCUORASX B TENAX MOCYT OpPOHCXOAWTE NPOUECCH
¢ EBlueTeHHCM (NOTNOueRHeM) TEnAOTH, HARPHMED JIKOYJERD HarpeBadue
SACKTPONPOBOANUKE, XHMHYECKHE 3K30- ¥ JIACTEPMETECKHE DeakWnAH, A1ep-
HHE RpOoUSCCH B TEMIOBLLACAAIWHX 3ieMedTax (TB3Iax) peaktopa H T. o.
DTH NPOUECCH XADAKTEPHASYIOTCA MOUIHOCTEIO BHYTPEHHHX HCTOYHHMKOB Ten-
AOTE IAH HAHTEHCHEHOCTLIC OOBEMEOMY TenAOBRALAEHUA go, Bt/

3.1. OpgHopoaHAR HEOrpaHMUYeHHaR NNacTHHA

Jny  mnockofl  naactunbl  (A=consi), paBnoMepHo oxAamaaemod
¢ ofeux cropon (puc. 3.1), 3anaKa TEMNEPaTYpa ROBEPXHOCTH fgga.

OhnoMepnoe TeMNepaTypioe nose
B naacTHde ToAmAHOR 26

t=toos+ i (0—x1),  (3.1)

rae Osxsch.

B dopmyne {3.1) npy x=0 temie-
paTypa B CepeWHE TOJIUHRB  Nna-
CTHHE

fccp=tnoa+q;-§2f2?., (3.2)
YuuTHRAT 33BHCHMOCTL Ar=ho (1

+bt) B yenoBuax Gosibliux nepenafoB  Puc, 3.1, Temneparypusii rpa-
TEMNepAaTypP, TeMIepaTypioe none B GHK & NAACTHHE C YYeTOM BHYT-
AMACTHHE MOMKHO pacCTHTATE N0 Gop-  DEHHHX UCTOUHHKOR TENJOTH

My.le
| 1 % gyt
. ‘/(m+b) i (3.3)

Hs nnockolt nnacteubl (A=const), pasHoMepHo oxjaxaaemoit c obenx
CTOPON, 3alaitkl TeMOepaTypa cpeibl fx M KOd(HLHERT TemJOOTHAYH &,

OnromMepHoe TeMRepaTypHOe NOAE B MAACTHHE T
b {8t — x2)
t=1t,+ gy —;_+th T—‘ (3.4)
cRe ‘0,_<_x.._<_ﬁ.
B dwopuyne (3.4): .
npd ¥=08 TeMmepaTypa Ha NOBEPXHROCTH RAACTHHH -
3

tnos=‘m+'?v";_ (3.5)
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npu x=(} TeMnepaTypa b cepeause TOMUHHH TAACTAHH
1 3
Leep = b + g8 (T+2—?\) {3.6)

MOI.]J.HOCTI; BHYTPeHHHEX HCTOYHHKOB TeRloTH ANy DBACTHHEH onpene-
Afercd [o Qopmynas

P2y
o= ? (tcep Y H (3.7)
QU‘T(anB“‘tJK); (3.8)
& a2
qy= (fcep""'rm) / (”‘; "EA") . (3.9)

Cea3b Memay o8bemMiuoli §» H DOBEpXUOCTHOH §r MAOTHOCTAMM TEWI0-
BHOeJendd MHeloab3yetcs NpPH onpeZededkd TenAOBOTO NOTOKA Ha GOKO-
B&X NMOBEPXHOCTHRX NAACTHHE

Q=r 2Fgou™ quFson-28; gr=g.b, (3.10)

3.2, LinnuHBPUUeCHHH CTepEeHD

Jas Geckoueunoro crepxus  {A=—const) sagana TeMueparypa Ha
OCH fpen

TemnepatypHoe NoAe B CTEPXKHe A¥aMmeTpom dp
tastoon—quil? /162, (311)
rae 0<d i, ,
B dopmyre (38) nmpn dx=dq TeMnepaTypa Ha HOBEDXHOCTH CTEPXHAA
fnon=focu—-?ud02ﬂﬁ)\u {3 12)

C yueroM 3aBicHMOCTH Ar=As(l-}b{) TeMmeparypHoe moMe B CTepiKHe

i [ z g4t
= Tt ( — oo | 313
t 3 T oo g (3 13)
IOna crepxas (A=const), paBHOMEPHO OXJAXAseMOro CPEpod, sajauul

ee TeMNepatypa fm H KOSQOUUHENT TEMACOTARH G.
TeunepaTypHoe NOAe B CTEpIKHE

—d2
=ty qa o g, W*-*—ﬁ?\ (3.14}
B dopuyre (314)
npH =0 Temmeparypa Ha GOCH CTepDIKHH
(
- focu = fu + Guilo (_E;*l_elhj; .(3- 15)
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npH de= d, TeMaepatypa Ha LGOBEQXHOCTH CTEPIKHA

d
toon = b+ G0 o (3.16)

MDIIIHDCTI: BHYTPEHHAX HCTOUHHKOR TeJIOTH 008 CTEPIKHA

16X
iy = dt (toca — fgon}s (3.17)
4o
Gy = d {gos — Ex}i (3.18)
]
d da®
q,,..—_ft(c,{—fm)/( 41 +_l_961_)' (3.19)

3.3. Uunuuppuuecran Tpyba

TennoTa OTBORATCA UePe3 ARCWAION ToRepXHOCTb TPYOH. TeMimepatyp-
HOE noje B cTeHKE TPYSH C BHYTPEHHAM PAAMYCOM /| U BHELHUM fp

:=¢I—Ml(’—")g—21n L *1], (3.20)
4\ r 1

THE FiSsfesyf2, f — TeMOepaTypa Ha BHYTPeHHER TelIOH3OAHPOBAHHOW ho-
BEPXHOCTH TDYHBL.

[Mogcrasana s hopmyay (3.20} re=rs, MOXHO IORYURTH PaCYELTHOE

BHpaXkende AMA nepenafa Temnepatypll B cTeHke -
{ v 2ry® s
| f—ty= = 1) (1 — T (3.21)

® GopMyay a4 MHHEHHOR ACTHOCTH TERI0BOTO BOTOKA

/ 2r,® rz
qi = gun(re? — %) == dmd(fy — by) \1 — = (322
g8 —rny ry
rae {;— TeMNepaTyps HA BHEMIHEH NOBEPXHOCTH TPYOH
Tennota OTBOANTCA YCPE3 BHYTPERNHHCG T[OBEPXHOCTL TPySHl
TemnepatypHoe mose B CTeRke TRYOb

2 2
{ =ty —222 |0y —’—2-+(’—" —1. (3.23)
40 r o
ITepenan temnepatyp B CTeHKe
it =8 2 _2"_22;_ s
fy— b= rp—ry) (r,“—rf tn 221, (3.24)
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JiyHefinan MAGTHOCTL TENJOBOID LHOTOKA

a =4::Mt,—t1}/ (r&—’gz Inft —1). (3.25}

£—n [#
Tennora oTBOAHTCA Yepea ofe DOBEPXHOCTH TPYOHI.
Tlepenaj TeMIepatyp B CTEHKe

Goro® ( re \? ( ) A
by e f e (f 72 9n—+_91g 2L 2,
! t2 43, [ ro) LY " r ]’ ( 26)

1
FEE ry-— PAAAYC NOBEPXHOCTH, KOTOPAA HMeeT Hauﬁo.rlhmy!cl TeMIEpaTypy
fo, ri<<ra<lra.
J70T pasyyc ONpefenfaeTcAd H3 3ABHCHMOCTH :
it

r
= [qo{re? — r 2} — 4{¢; — !2)]/2% ll‘lr—s. (3.27%
3 :
HanBoabmyio Temnepatypy B creHke TpySH MoMio HafiTH 00 BHpa
HKeHnio 1
b 2
1y =t o} X vrn [(2) -—2]112—-1], ‘
."Q rn .
HTH (3.281

,_t1+‘?”’° [(r )-1-2111 . 1] : f

3.4. Tennoobmen B yCNOBHAX JNEKTPHYSCKOTrO Harpesa

b

ITpu mpOXOKIEHKH 3MEKTPHUSCKOrO TOK2 NG NPOBOAKURY UHIHHIPHYe-
ckoll ¢opmel AnaMeTpoM dp ¥ AAHHOK ! TeMnepaTyphl paccynTHBAKTCA N
dopuynam (3.12) & (3.15), B KOTOPHX §. BHPAXKAETCA Yepes SJIEKTPHLe
ckne napamerpwl: [-—enay toxa, A; U-—uanpamenne, B; Ryx — smexy

TPHYECKDE COMPOTHBIEHHe NPOBOAHHKA, Om: .

2
iy {3.29}

4

rne Roa=paalff; F=nde®/4; pon — yaenbioe sqekTputcckoe colpOTHBIEHHE
Ma'l'&pﬂa.ﬂa OpoBOAHEKA, Om-u.

Q=1U=IR,: =UR! = g,

3

3.5. 3agaun :t
3.1, TpyGa us crann anameTpoM 8X0,2 MM BKIWOuEHE TOpuUaMK B 37eR-
TPUTECKYIG LEMb M HArpesaeTesl DOCTOAMHGIM TOKoM cuiolt 25 A. Hadti
MOUIHOCTE BHYTPEHHMX HCTOYHHKOB TENJOTH, eCnH yAeNbHOE 3feKTpHuYecKoe
conpotyareHne TPYOH NpPHHATH MOCTORHEEM H paBiEM 0.9.107% Osm.m,
32. TendoBuAenaOWui CTCPMKEHE AAEPHOrO pEAKTOPA HMEET Tenao-
nposoarocTe 4 Br/(M-K) n gramerp 12 mm. HadTi noBepxHOCTHYI DA0T-:
HOCTL TEAGBOrD NOTOKA N9 CTEPKHA M TEMOEPaTYPY HA ero NOBEPXHOCTH,
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ecllh TeMaepatypa Ha ocH crepmua 1000°C, a MmoLIHOCTE BRYTpEeHHEHX
HCTOYHEKOB TenoTol 2-10% Br/m.

3.3. HaiiTH MOLIHOCTb BHYTPeHHHX HCTOYHHKCB TeOJOTH H TeMIEpaTy-
Py Ha NOBEPXHOCTH TEIOBBIACARIOWErO FIEMEHTA RASPHOTD PEARTOPA, ecau
pEameTp TBasa 10 MM, TemnepaTypa na ero ock 1150°C, tensonposofsacT
smatepuaaa 1eadta 3,6 Br/{M-K). Tesa oxnampaercd B CPefs, TEMNEpaTy-
pa woTopoil 430°C; kosipunrenT rendooTiaus pased 25-10° Br/(m?-K).

3.4. HarpepaTent BBIMONRCH B BHAE JSHTH H3 KOKCTAHTAHA CeYEHHEM
7x1 My u Axnkolt 600 MM, Do Hemy OPOXOIHT INeKTPHYeCKWH TOK cHaoH
15 A, napeude wanpAmesHn #a Kouuax qentet 120 B, Onpensauts Temme-
PATYPH NICBEDXHOCTH JIEHTW H CepPeAMHE N0 te TOALIHHE, €CAM TCMNEpaTy-
pa okpyxaioueit cpenasl 80°C, a KoapPHIHEHT TCMMDOTAGYM HA MOREPXHO-
cri AeHTH 800 Br/{u%-K}.

3.5, Meskas wruna apaMoyroanioro ceuerrs 303 MM BAXOJIHTCA moA
rokoM 300 A. [lo yCHAOBHAM KCOJIYATAUME MAKCHMAABIO XOMYCTHMAR TeM-
MepaTypa WHHB He AOJKHA Npesbiuiate 75 °C NpA TeMmepaType OKpymaio-
mero Bozayxa 20°C. OnpefenHTb MOUIHOCTD BHYTPEHHHX HCTOUHHKOB TEM-
JOTH, TEMNEPATYPY H& IOBEPXHOCTH WIMHN # Ko3QpHUUEeHT TeIACOTZAUK
OT NOBEPXHOCTH IMHHEL ¥ BO3AYXY OPH ofecheUeHHH 3aJ3HHHX yCIOBHE
sHenmnyataurd,  fIpHuATeE  Yaedblloc  3JCKTPHYCCKOE  CONPOTHBAGHHE MeiH
1,62. 1073 Om-u,

3.6. {To HUXpOMOBOMY CTepHE0 dHaMeTpoM 5 MM H AaaAeH 400 MM
OPOXOUHT HIEKTPHYCCKMA TOK NpH najen#s wanprkenua 10 B, Crepxenw
ONYIIEW 8 KURALYID BOAY, HAXOAAUIYIICH nop Aasieutem §,18-10° [la. Or
CTEPHIA K BOAe Kodduudenr tephoctaaun 38000 Br/(mM2-K). Haiita
MOIIHOCTD BHYTPEHHHX HCTOYUHKOB TeNNOTH, MJIOTHOCTB TEMNIOBOMD MOTOKS
BEa 1 M? [OBEDXHOCTH H H& SAHHHUY JAHHH CTepMXKHA, TEMIepaTyDHl Ha
NOBEPXHOCTH W ua ocH cTepikuA. [IpHHATD LAS HUXPOMA TENIONPOBOAHGCTS
15 Br/(m-K} © yheabroe sfexTpocompoTHeiaende 1.2-10-¢ Om.m.

3.7. HarpepatensHufi saeMeqT BHAONHEW B BHAe YroabHoRl mracTHHH
pazMepoM  10X70X900 wmm, xostbKUMenT TENACNPOBOAHOCTH  PAaBeH
9 Br/i{-K). K OpoTHBOTIONOXKHBM MANeIM CPAHAM NPHAGKEHO HANpsIKe-
due 12 B, gnacTuHa paBHOMEDHO pasorpedack M Ha Ce NOBCPXHOCTH TEM-
mepartypa crana 760°C. Halti TeMmepaTypy B UEWTPE TAACTHHE, eCJH
YAeablioe 3ACKTPOCONPOTHBIeHHe Matepuana paske 31,1-10-¢ Om-wm, [pu-
HATb, 9TQ TeNAOTA M3 MJACTHHH OTBOAHTCA TOJALKO Yeped SOAbHIME TDAHH,
a TeMIepaTypa B IIACTHHE HIMEHAETCH MO HOPMAAH K GOAbLUEM TDaHAM.

3.8. ITo tnramoBomy crepmui Auamerpom 25 umM H OAnHol 600 mm
fAIPOXCAUT 3MeHTpoTOK cHack 15 A n nanpskeruem 36 B. Msmepenne Tem-
nepaTypsl MOBCPXHOCTH cTepwHA Nokasaio 216°C. Hafith reMmepatyps
B cTep#HE HA paguycax 5 u 10 mm,

3.9. DaekTponpoBoA NHAMCTPOM & NOKPHT H3OASWIHER TOADMHOE O.
Ilo npososy npoxoauTt Tok cwaolt [ Temneparypa oxpymalouwere Boany-
xa fs, 3 KO3(QPULHEHT TENACOTAAME K Bozayxy o. Haiiry temnepatypsl ua
MOBEPXHOCTH MPOROAL H H3ONALUHHE, MOULHOCTE BHYTPEHHHX WUCTOVHHKOB TEf-
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AOTH, ¥[eJbHOE 3AEKTPOCONpPOTHBAEHHE amoMuHEA 2,62-10-8 OM.M, MeiH
1,62-10-% OM-M, Zanunle a7na peuieHHA B3ATE H3 TaOJHILbL

3.10. Cranenan tpy6a amamerpoM 60,2 MM BKAK4eila B SEKTPHYE-
CKYI0 Uenb, ¥YReJbHoe sJeKTpoconpoTHBaenHe crany 0,82-10-% Owm-m. Ho
Tpybe mpomyckaeTcAa Fok cmaoll 230 A, BHgenseMas Tenfora oTBCAMTCA
9epes BHYTPERHING NMOBEPXHOCTE TPYOH, ONpeaendTe MOULHOCTB BHYTPEH-
HHX HCTOUHHKOB TEfiIOTH M Nepenan TeMmuepaTyp B cTeHKe TpyOH.

TaGauna x sazase 3.9

Bapu- Martepunan d, , Bapu- Marepuan g, | f.. I,
adr npoBOaA uM | Brfim* K || aur HZOMAIHA MM nnc A
I Anoueuni 2,0 10 a Peayna 1,0l20| 8
2 | Mepp 0,5 6 6 | Buuunnact 1,510 6
3 | Anovenuit 1,0 15 6 | [Moaustunen 2,0 5| 3
4 | Mens 1,0 1t r | Peauna 2,012 4
5 | AmoMusnit 3.0 8 & | Buawunnact 1,01 16| 8
6 | Mess 5.0 14 e | Tlohuatuien 1,0 D15
7 AnoMmunnit 0,5 16 # | Pesnua 1,51 8111,
8 | Memp 2,5 12 3 | Bunumaaer 0.5 6 7'&

311, U3 sepkapeioled crain cperana tpy6a phmHoit 0.4 M W aHa-
merpom 10X0,3 mM. Ou2a BKIICUEHA B 3JCKTPHUECKYIO Lenb. BHYHCIATE
CHAY TOKA, NPONYCKaeMoro mo TpySe, ecal OT BHewHeH NOBEPXHOCTH TPYOH
oTBoaHTeA Tennorol notok 0,9 xBt, & Taxxe mepenan remnepaTtyp B CTEH-
Ke TpYOE, YpmelbHOe 3NEKTPHYECKOE CONDOTHBJEHHe MaTepuana TpPYOSH
0,85-10-% Om-m,

narauyeTtseprTtasn

TENNONPOBOAHOCTL TIPH HECTALMOHAPHOM PEX{MME

HectanmoHapHas TENAONPOBOAHOCTE XaPAKTEPHIVETCA M3MEBHRHHEM TEM-,
RepaTYpPHOro NMOMA Telda BO BPeMEHH H CBA22HA ¢ H2MEHEHHeM SHTaAbIHH
Teda npH ero HarpeBe WAH oxAaxiaedHu. Despasmepiian TemmepaTypa Tena
© onpeanenseren ¢ Nomoltpio wdena Buo Bi=al/A, uwena Qypee Fo=
=gt/ u GeapaamepHoil KoopaHRHATH, 06031AYAEMOH AAA MARCTHHE X=
=x/8, 2 gaa uaaMigpa R=r/r,. Oxaaxaeune (HarpesaHne) Tesl NMPOHCXo-
AT B c¢pene © NocToAHHol TewnepaTypoll [w, NPH DOCTOANHOM KO3IP@H-
HeNTe TEMAOOTIAYH &, A K £ — TERAONPOBOAHOCTL B TEMIEPRTYPONROBOA-
HoeTe Marepiana Tena, | — xapakrepublft pasmep Ttena ({=48 nnma nna-”
¢THRH, !=rg AA% UWJAHHAPA), X B r— TEKYIIHE KOODAHHATH CQOTBETCTBEH-
HO IJS AJ&CTHRB H UHIHHApA.
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4.1. Tena c ogHOMEPHBIM TEMMECPATYPHBIM NONEM

TMaactvra ToawwnHod 26, BespasmepHas TemuepaTypa OA2CTHHBH
= (I—tw} /(fy—tx) =f (Bi; Fo;, X)=F(ad/d; av/8% x/8), (4.1}
rde {— TEMIepatypa B MAacTHHE NJA MOMEHT3 BPEMEHH T B TOUYKE ¢ Ko-

opﬂHHaTOﬁ X; fo— TeMpepaTypa MNACTHHB! B Ha¥aapHblif MOMEHT BPEMEHH.
Ecan Foz=0,3, 1o TeMmeparypa Ha TOBEPXHOCTH naacTank (X=1)

Buos= “uos—f?k)/(fo_tik) =P exp (—HIZFC‘); (42}
TeMOepaTypa Ha cepelune TOJMLUMHE miacThun (X=0j

fcen —

cep = 7y e0( — i Fo); @

TeMnepaTypa BHYTpH DAACTHHE Ha DACCTOAHNH X OT g€ cpema'eﬁ ANOCKOCTH

p
89, = Ncos (."*1 _6_) exp( — »,2 Fo), (4.4)

rae P, N, @, p? onpenensiorcs no Taba 5 NPHAGHKEHAN BAN RISCTHHH
B 3aBHCHMOCTA 0T yHeja Bi,

TeMneparypa Onos B Geep MOXHO ONpeleTHTs NO Tpaduxam puc, 1.1
u 1.2 no nsmectrsim uuctam Bi m Fo.

Unawnnp panwycom re. Bezpaaveprnas reMieparypa LuIWHDpA

=(1—fu) /[ (lo—tu)=¢ (Bi, Fo, Ry =q{are/h; av/rd®; ri/rg), (4.5)

rie ! — MCKOMaf TeMNEpPaTypa B LHJIMHAPE A4S PAZUYCA rx W BpeMeHH T,
Oérxé_ro,
Ecau Foz03, 1o TeMpepatypa Ha HOBEPXHOCTH MuAHHIpa {R=1)

Bnas=(fnon—1u) /{fo—1x) = Py exp (—p,?Fo); {4.6)
TeMIepaTypa Ha OcH UEAuuApa {R=0)
Bocu="{facu—tuw/{ti—tu)=Noexp (—p,*Fo); ' (4.7)
TEMNEPaTYpa BHYTPH HEAMHAPA AAH pajnyca rx )
O =Nololpire/ro) exp (—n2Fo), {4.8)

rae Py, No, i, w2 onpenensiores no Taba. § mpHaOoMenHs AIs LuARHIDA
B 3aBHcuMocTH OT ucaa Bi) Jo{pure/ro) — dynakuus Beccens nepeoro poaa
HYNeBOTo nopamka {Tafn. 19 npunoxewds).

Teunepatypst Bpon B Ogcx MOWKHO ONPefeNuTb N0 rpadmxam phe. (L3
# I14 TMpunomennn no wssectublM uncnam Bi u Fo,

4.2, Tena KOHEUHbIX Pa3Mepos

Temneparypa oflpeensercis Ha OCHOBE TEOpeMsl O NEPEMHDMEHHH pe-
WeHHi: GespasmepHas TeMIEeparypa TeNA KOHEUHHIX pa3Mepos Npu Harpe-
BAHHA (0xnaMpeHnu) pasuHa MPOHIBENEHUIO De3pasMepHEX TEMNEpaTyp Ted
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€ GeCKOHEUREBIM pa3MEpOM, IpH [EPECETeHH KOTOPHX 06pasomano A4HHOE
KoHEYHOe Tedo.

Wuannap aawnolt 28 u papmycom 1, (pmuc. 4.13. On ofpa3osan mepe-
ceyeHdeM GeCKOHEUHON NMACTHHE ToausHol 28 W GeckoHeuHoro URAHHZPA
pagnycoMm 7o

Beapasmepras TemmeparypH  cTepmHs O=840, = (t—Lx) / (fo—tm)
pasfa

9_—.ehe,=rb1(—%-; :—Z; %-)@, ( “‘;:'; F:Tt; :—: . (4.9
Z
» 4+ | |22
* x_é‘\ % //5,, ¥

~ g 1\ » | A %

& & ‘ _‘zy
Puc. 4.1, Linannnpuaecknit Puc. 4.2, Tlapaamenenuneg co
cTepxedds AadHol (=28 u pa- cTopoHamu 2x, 2g, 2z

AEYCOM rg

rie B; (uak @yuxups @) opw Fozz0,3 ompesenmercs no (opMmydlam
(4.1)—(4.3) u rpagrxam pec. IL1 & T12 opunomenuss snsg SeckoHeuHolt
nnacTHRE Toauuoft 28; 8. (M dyukuma @) aps Foz0,3 onpegenser-
est o popMyaam (4.5)—(4.7) o rpapnmkam pue. IL3 u T14 npraowenus
AR BeCKOHEYHOTO UHAMHAPHYECKOrD CTEPXHA DAJHYyCOM rg.

Tlpu Foz=(,3 Gespaauepna® TeMIepaTypa BHYTPH UHAUHIPHYECKOTO
CTephuf B TOUKE ¢ KOOPAMHATAMH X K r. Oyner oapenesiTecs aHaNOrHy-
HO, HO O, paccunTeBaerca no dopmyie (4.4), a 8, —no popmyne (4.8)
¢ HCMoae3oBaiueM TaGa. B B & WpHNOKCHHUA.

NMapanaeaenuned co cropoBamu 28, 28,, 28. (puc. 42) DBespasmep-

f—ty
#an TemaeparTypa 6=9,0.9, = —
07 W

3 at x By ar y)
8=r |Zx; :--—F( L -
1( TR ax) PATR A, %

x
of,  av, 2z
B\ w) @19

©yuruuu F(, F2, F; ooperensioTed no gopMynam (4.1)—(4.4), no 1284, 5
¥ no rpagukaM puc. II.1 u T1.2 npuaokenun pas Geckoseunolt MAACTHHH
¢ yYeTOM MeCcTa pACHOJIOMEHHA HHTepecylwedl wac TOUKA B Napa/iene-
nunene,
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4.3. Pacuer OTJaHHOM [BOCTIPMHATOM] TENOM TennoThl

Koamwecteo temnsots Q. JIk, ornamnofi (socrpunartolt) teaom 32
BpeMA T B DPOLECCE OXNAMZeHHA (HATPEBAHKA), PaABHD

Q. = Qy(1 —8), (4.1t)

rae Qo — KONHUECTBO TEIADTH, NepelaRHOH 3a BPEMA [ONHOTO OXJIAM Je-
gua (narpeBanus), L, © —cpeauns mo obueMy GeIpsaMepHan TeMIepa-
TYpa TE& B MOMEHT BDEMEHH T.

Jaa nagcrunst ToARMEOH 28 W naoulainio noeepxnocTH Fotenaota,
nepenauﬂaﬂ 3a BREMA NONBOTD OXNaXIeHHR, paglia

Qo=me (fo—tw)=26Fpc(li—tw), ©412)
rae M — macra NJAECTHHE, KI; ¢ — TeNNOEMKOCTh MaTepRana NJacTHEE,
&/ {kr-K); p— ero nnoTHOCTB, KT /M85,

Cpennsa no o6kemy {espaaMepHan TeMNEPaTYpa [MIACTHHH B MOMEHT
BpeMenn T npd Fo=0,3 . -
2 Bi2
430842 - Bi® -+ Bi)
Haa quaundpa paanycoM ro B AaHOA [ 1ennoTa, oTnannas 3a BpeMs
DOJHOTO OXJaMIeHHA, PaBHa
Qe=nrilpe{to—in). (4,14}

Cpeatdas no ofbeMy GeapasMepHan TemmnepaTypd LANHRAPA B MOMEHT
BpeMerd T npu Foz=0,3 papHa

@ exp{ — 2 Fo). (4.13)

-— 4312
°= i + Bi?) exp(— e F). {4.15)

——.
Cpennsn GeapasMeDHai TEMNEPATYPA UNIHHApa Kouewmol IMWHE

8= 6,8, = (B, Fopia(Bir, Fo,), (4.16)

rie ¢yukuwn f, onpejenserca no gopuyse {413}, a f: —no (4.15).
Han napansesenuneda co croponamu 28, 28, 28: (puc. 4.2) Tenuo-
Td, OTNAHHAA 34 BDeMA NOJHOTO OXNAMJIEHHN, paBHa

Qq=86xﬁyﬁzp£‘(f0—4m). (4.17}
Cpenuns GeapasMepuas TEMNepaTypa napade/enynesa
0=0,0,8,=f(Bix, Fo.)l2(Bi,; Foy)f:(Bis; Fo.), (4.18)

rae dyrxunn §), f, f3 onpeneaswotea no dopmyae {4.13).

Ecan Fo<0,3, 10 ana pouncienns © ucnoavsyetes PRI, YIERH KOTO-
poro onpegensiores gopwmyvaasuy thna (4.13), (4.45), npuuem pesnunnn
Wio M ..., Mo ompenessioTed No  TaGaAHUEM, NpPHBEIEHHHIM, HanpHMED,

e [12].
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4.4, PerynsipHoii pextim OXRAMACHHS [Harpesawua) ten

Teoprwo peryaspHoro pexuma paspabotan T. M. Komzpartees. Ilpo-
UECC OXNANKIEHHA Tea B CPele ¢ MOCTOAHHOR TeMneparypofi £, 4 NOCTORH-
HHM KO3(OHIHEHTOM TEMJIOOTAAYM 0O MOEKHO PA3LCIHNT: HA TPH peXHMA:

1} neynopadouennsul — ga npouecc BAHFET HAYaAbHOE pacnpereliende
TEMNepaTypH B TEJE;

2y pesyadpuoul —p moboli TouMEe TeNa OTHOCHTEABHAA CKOPOCTh H3ME-
HeHHS TeMIEPATYPH, HA3WBaevasd TEMNOM OXJAXKIACHNA (Harpepanns),
octaercd MOCTORHHONA H He 3aBHCHT OT BpPeMeHH:

3) crayuonapnsil — TeMNepaTypa Bo BCEX TOUKAX Tela pasua Temne-
paType cpell (TennoBoe paBHOBECHE).

B perynapHoM pemHEMe TeMR OXJAaXKAeBHA (arpeBauHs), m, c—-1, anpe-
AeNeHHRH Mo IBYM MOMEETaM BPEMEHH T, H Tp; DaBeH

In%, —In#8,
= ————=const, {4.19)
Te— T
rpe ty=t—tw 1 t=1{—!% — H30BTOUHBIE TEMNEpPaTypH B J0GOH TOUKE
TeNa B MOMEHIH BPeMEHH T; H To.

TeMn OxAaXAeHKHR M 3aBHCHT OT (PHIHYECKHX CBOMCTB Tesa, €ro paa-
MepoB B QopMH, KosddHIHeHTa TeNI00TAAYH M 1l¢ 34BHCHT OT BpEMEHH o
HKOOpAHHAT.

llepeas teopema I', M, KoHIpaTheBa ANA Dery/ADHOTO PeXHMa RHDA-
maerca dopumynoi

aF

peV '

m=1 (4.20)
rae F r V — saomafgs nosepxuocty n o6weM Teaa; \ — kodddHBHEBET He-
PAPHOMEDHOCTH pacnpefefeHHs TeMNEpAaTYpH B Tele, onpesefdemuil cie-
AVI0imHM obpajoy:
Pp={(B%| 1 44B-[ 1) -5, (421)
a FK
rie B= T V__MOJlHd)HuHDOBaHHaH $opua uneaa Bl K — xoaddmunent
dbopMe Tena, M2,

KosddbHuMerT Y 3aBHCHT OT YCJIOBHI Npouecca Ha MOBePXHOCTH TEAA:
upr Bi<0,1 =1 (reMnepaTyphl, ycpejHeHHBe NO NOBEPXHOCTH H OOGLEMY
Teda, OAHHaKOBH), npd Bi>100 ¢$=0 (remneparypa NOBEPXHOCTH TeJa
paBHa TEMpeparype CpelH).

Bropas tcopema I. M. KonapaTtbepa: mpd BHCOKOH HHTRHCHBHOTTH
TENAOOTZAYH TEMN OXAAMAEHHA NMPONOPUHOHAJed KoadpHuHeHTy reMnepa-
TYPONPOBOANOCTH MaTepHana Teaa g, w2/u:

P ' (4.22)

Koadpduuuerr dopMe K pasAHuHBIX Ted:
IJA Wapa pagHycoM fq
K=0,101rp% (4.23)

k)
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CIESHERET e

4.5. 3apaum

4 1, BepmEkyauronas napta TosmMuofl 30 mM, HEMelOWAf HauAAblyr
1emneparypy 150°C, oxnamkpaercd B cpeae, TeMmepatypa KOTOpOH no-
crontda W papia 10°C. Hafiru teMnepatyps B cepeaiHne TOAMWHNEL TLIH-
TH, Ha €e NOBEPXHOCTH H Ha paccTORHHH 5 MM 0T noeepxHocty 4epea (.5
H | u nmoche wauaNa oxnamiedsd. [IpuruTy XosdduureHT TeMOcpaTypo-
nposopkocte 8,2-10-% m2/c w koaddprnment Tenaootaasw 60 Br/(m?-K).
[octponTk Tpaguk pacnpelefeHHA TeMIepATYD B RIUTE.

42, Craawnofl auer ToamaHol 30 mm [renncevxocts 0,42 kIx/(kr-K},
maoTuocTe 7900 kr/m’] narper Ao 400°C u oxaaxaaeTcd B BO3AyXe
¢ temmepatypoii 10°C npu Koadduumente TenacoTaaun 20 Br/{MP K},
Uepez cKOJIBKG UACOB TEMNEpATYpa JMCTA WA nopepxnocTH Gyner Ha !1°C
OTAHYETBHCA OT TeMnepatTypH Boanyxa? CroAbko TemnotH GyneT OTAAHO
¢ 1 M2 mifera 3a ppemd oxnaMmaenun?

4.3, Credka KamepH cTopanys TomuxHofl 5 MM B HaYalbHHE MOMEHT
HMeer Temnepatypy 20°C. 3arem ¢ oaHOfl cTOPOHM (apyras NOBEpXHOCTH
CTEHKH TeMJOH3ONHPOBAHA) CTEHKA CTE14 OMHBATECH MOTOKOM ra3a L TeM:
nepatypolt 2000°C u koaddunnentoM TenaeoTaadd 700 Br/(m2-K). Cun-
Tast Tem10Bofi MOTOK HOPMa/LIBIM K CTeHKe, Ha#TH TeMTiepaTyph Ha obenx
noBepxuocTAX crewkK¥ uepes 20 g 60 ¢ mocne nauana oforpesa CTeHKH.
Opuitate ana mateprana cretky tenaonposoatocts 0,35 Br/{M-K), Ten-
noemgocte 147 x[x/{kr-K}, mnotiocts 1400 wkr/m®. Jlyyuctnfi Ttendo-
oiMen He YHUHTHBATE.

4.4. Kosnonna papuycom 3,15 M H3 GeToHa © HaYaAbHOH TeMmnepaTvpeol
30°C exnaxaaercd B BOZAYXE € MOCTOAHUOW Temnepatypod —20°C, ko-
sthipruwent Tenncotaays pased 4,3 Br/(m?-K). Haitth remnepaTypH Ha
NOBePXHOCTH, HE OCH KOJoHHM W ka paanyce 1 cm wepea 6 o 12 u nocae
Hayana oxaawaerus. [IpHEATL gns GeTowa nhoTHocts 1700 wr/wm®, Temao-
emxocTs 0,7 kIx/(kr-K). OnpefenRtt konnuecTso TennoTH, xoropasn Gy-
LeT OTAdHA BO3AYXY | M AJHHH KOMOHHE 33 6§ 4 mpomecca OXAAmeHHA.

4.5. Tpy6a c posoll HaxoaHTcs B cpeae ¢ Temnepatypoli 13,3°C. BHe-
3dNIHO TeMRepartypa cpeil nokxmaerca ac —20°C, Tloacunrate, uepes
CKOAbKO BpeMeHH Bofia B TpyOe NayHeT 3aMep3aTh, ecli auamerp TpyOH
200X 20 wmm; TennonposoaHOCTL MaTepaNa TpyOH 100 BT/(M-K), ynens-
Has Ttemnoemkocts 0,56 xMx/(xr-K} u naotHocTs 8300 kr/M®. Koshdu-
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uHeHT vemnootaavd ot TpySH K cpeae 50 Br/(m?.K). YenomHo paceMor-
peThb ¥ax cnyual (ecKONEWHOrO CIJOLIHOIG LHJAMHAPA NpH FoX> 0,3,

4.6. Ban pwamerpom 021 M w gasuof 0,36 u nepeouyauwadbHo HMEET
temneparypy 20°C H narpesaercs B meud, rae remmepatypa 900°C, a ko-
shduupent rentootaayr 134 Br/{mI-K}. Temnoemzocts MaTeprala Banad
0.4 gIx(/xr-K), nnotHoctt 6500 xr/m3, Temmonposomnocts 20 Br/(m-K).
Hafity ¢ nomouwsio rpauxkos teMnepaTypy uzepes 1,2 ¥ nocae Havana Ha-
rpesa: a) B uUeHTpe TOpUa Banda, 0) B uenTpe Bala, B) HA NOBEPXHOCTH
Balla B CEPEAHHE ero AMHEBL T} Ha OKpYRHOCTH Topua. Onpeneintbh KO-
JHYECTBO TeNAOTH, KoTopad OyjeT nepejana Baly B We4y 3a ppema Ha-
rpesa.

47, Ilo ycnosuwo zagaun 4.6 HaliTH TemnepaTyphl B LDeHTpe Bala H HA
OKDYHHOCTH TODUA, CCHH YBENHYHTL NHAMETP H AJHHY Bana B 2 pasa,
OCTABHE BCe ADYTHE YCIOBHA 0€3 HaMeHelHa.

4.8, Ban anamerpom 140 mm ¢ Temneparypol 27 °C nomecTnin B Ha-
rpepaTend, Iae TeMnepaTypa nocrofEua g pasHa 860°C. [Mpouecc narpesa
MJBACA IO TOMYYEHHA Ha MOBEpXHOCTH Rana texnepatypw 520°C. Halitr
BpeMA HaTheBa M TeMNepaTyPy Ha OCH Baja, ecliH TenlonpoBOAROCTD MA-
Tepyana sana 38 Br/{M-K), remneparyponpomopHocTt 6,94-10-9 wmife,
a xostduuHenT renaocoraasy 163 Br/(v2-K).

49 Hnm petany UMAHBADHYeckol GOpMH HafiTH TeMNeparypy B TOU-
Kax c xoopaknartamu: a) r=90, x=0; 6) r=0, x=90; B) r=rq, x=0; 1) r=
=rp, x=4 vepes 40 MHN noche HaYana HAFPEBA €€ B MeYH, rje Ta3bl HMEiOT
temnepatypy 640°C w rosdduusent tendoortnavy 138 Br/(m2-K). ua-
MeTp aetadd (3,24 ™, aauwa 0,4 M, navaabsas reMnepatypa 15°C. Mare-
pHan netanH uMeer TengcemigocTs 0,32 xJk/(xr-K), nnotHocTs 6000 Krim3,
Tennonpoeoatocts 23 Br/(mM-K}.

4.10. Bpycok meranaa passmepom 400600700 MM ¢ HavanbHOH TEM-
nepatypolt 30°C {rennonposoanocts 35 Br/(M-K), kosdduunent rtemne-
paryponposognocth §,25:10~% M?/c] pasorpesaeTcs B meun, rae TeMmmepa-
typa 1200°C 4 wosdpduunent Tenmooriaauwsn 175 Br/(m?-K), Hahtu rtewm-
mepaTyhy B meHTpe Opycka uepes 2 Y nocie navana narpepa. Kaxoshl npu
STOM GyAyT TEMNEpaTYDH B UEHTDE KaMnoH rpanH?

4.11. B 3RcIepHMeHTalbHOA YCTaHOBKE AAs onpegenchus kozdhdHuUek-
T4 TeMNepaTypONPOBOAHOCTH CHIMYHYETO MATEPHANA METOAOM PeryJsapHoro
PEXKHMA MATERHAN HAXOAUTCH B UHMJHUIDHYECKOM HZJODHMETpE AHAMETPOM
50 MM # BhcoTolt 70 M. PaanocTh TemuepaTyp MeXay MaTepHANoM H
oxnaxaawoulefl MUAKOCTBIO T=fn—fw. Oxlampenwne 5 -TepMocTaTe Ha-
rPETOro KafOpPHMETpA © MaTepnajoM gafo cleayioupe pesyasTatd {Bix-
>100):

Bpems, MuH , . 0 I 2 3 4 5 6 7 &8 9 19
§=t,—t,, °C 242 235 198 151 1i2 &3 61 45 33 25 19

Onpeseantd KOsPHHLUIHET TemmepaTyponpoBoANDCIL MATEpHANA,
34

H
F

o
Il




4.12. Ha ocHoBe METOMA DETYASPROTO DPEKHMA HeoBXOZHMO Ompeaeé-
AHTL TRMNONPOBOJHOCTb HEKOTOpPOTo MaTcpHana. Mz sr1oro marepuata Haro-
TOBMJH KalOpHMeTp B BHje Wlapa akamerpoM 120 MM ¢ moArofi Temno-
eMrocThio 285 [k/K, oxjakiesde KOTOpPOTO B TEPMOCTATe ¢ BHICOKHM
kostpdumienTon Tengooragaun (Bi>100) moxasano cienywIuc pe3yabTa-
et (T — pasHOCTE TeMNepaTyp MeXAy KANOPHMETPOM H OXJdaXaalllei
cpenoit}:

Bpemst, ¢ . .. 0O 2 4 6 & W0 I2 14 16 18
b=t —t,, °C 61,56 59,7 54,6 47,9 42,1 36,6 32,1 27,9 24,5 21,5

Haiita Kos(HLUHEHT TemAONPOBOJROCTH MaTepHana.

Fnapanaran ) .
TECPMA NCAOBMA OPHMMEHUTENLHO K TENNOBLIM ﬂPbllECCAM

Ilpr skcnepHMEHTANBHOM M3YUERHH TERACBHX NPOLECCOB MPRHATO BH-
PaxaTth MATEMATHYECKOS ONHCAHHEe MpOLEcca H pACYETHBIE YpABHEHHA B BH-
Jle 33aBHCHMOCTEH MeHAy YACAaMH (KpUTepHaMH) nogoGHA, npeacTarasnio-
mHMH cobolt Ge3paiMeplibe KOMNAEKCEL

YpasreHns nojolHA, BHpaMas ofoOLIEHHYI0 3ABHCHMOCTD MEXDY Ee-
JMIHHAMH, XapAKTEPHIYIOWHME Npouece, CNPABEAJHRE ANA BCeX NOROGHBIX
Mexay cobolt npoueccop. Ileppan Teopema moaoHA: A4A nOnOOHBIX MeXay
cofol mpoueccoB BCE OAHOHMEHNME YHCTA MOA0GHA UHCAEHHO OAHHAKOBH,
HanpuMep Re=idem, Pr=idem. Corzactio propofi Teopeme noaoBus ceAlp
Mexny uUHcIaMu NonofMA BHpaxaerca B $opMe OAHOIHAYHOA (yrKnHo-
HagpHON 2aBHcHMOCTH, Hampadep Nu=f(Re, Pr, Gr, .. .).

Tpeten TeopeMa HoxoOHA yTHepX jaeT, YTO YOI0BHS NMOAOBGHA Han-
YecKHX ABJEHHI, 3aKIH0Ma0OTEA B NOMOGUH yCorTOBHA 0aHO3NAYHOCTH H pa-
BeHCTHe OZHOAMCHHBIX MHCCN N0A0GHA, COcTaBAGIHMX H3 BeJR4YHH, BXOJA-
IUX B 3TH YCJAOBHE.

5.1. Yncna TennoBoro M rMApoMExXanMyeckore nopchia
npoLeccos
Hycceavra uncao — Gespasseprblil koaddHusenT TenqooTnaun

Nu = al /h = gi JAIR, (5.1)

rZe A —- TenJAONpOBOAHOCTh KHAKOCTH; { -~ XapaKTepuuill JuHeRHEA pasmep.
Cpenrpril Kos@@HuHeHRT TenooTaavl o Hopuyne (5.1)

o = Q/(AlF) = q/At
OTHOCAT K HAYATBHOMY TEeMNepaTypHOMY HAMOpy
) Bf = Ay =t — 1,0, ' (5.2)
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K cpeaHeApHPMETUTISCKOMY HATIODY
Af = Aly=t. — 0,5 (Fy + 1) (5.3)
BN K CPEAHEIOrapHGMHIeCKOMY Hanopy

_ — —- - S
AF == A1, = (F'" — ) /ln == __t"‘ ' (5.4)
tc_‘i)[("

rae fp — cPeAHAR TEMNEpaTypa CTeHKH; [\ — TEMNepaTypa HaBeraloilero
MOTOKA HJIH CPEHEMACCOBAR TEMMEPATYpPa MHIKOCTH HA BXOAE B TPYOGY,
B TenaoobmesnHk; 7y — CpeAHeMaccoBan TEMPepaTypa KHAKOCTH HA BH-
X0ne H3 TPyGbl, TeITQOBMENHHKA.

Eeau {fo—i"w) [{fe—1"w) <2, 10 BMecTO (5.4) MOMKEO HCNOJLIOBATH
{5.3), 1. e.

Aty == Afy, (5.5)

Hpundran gncho — Be3pa3Meplan  XapaKTEPACTHKA  TenaogHIHYECKHX

CBORCTR .1 AKOCTH

v B By
=—=—— 5,
Pr 2 pat Y ’ ( 6]
rac v H W — KHHeMarwueckan, m%/c, v gunamuyeckan, ITa-¢, BAIKOCTH, p=
=¥p; P H Cp— NJOTHOCTb, Kr/M% o H206aPRAM MAccOBAA TENJUEMKOCTD,
Jac/ (xe-K}, mugkoetd;, o=2d/{pes} — TeMNepaTypoONpPOBOANOCTE KHLKO-
cti, mifc.

{fTexte 9nCT0 — KpHTepHit TemnoBore nogoGHA
Pe=wl/a=Re Pr, (5.7

rie Re —uncno Pefironbaca; @ — XapakTepHan CKOPOCTh MOTOKA, M/c.

CTAATORE 9nco — KPHTEpHH GHHYXKICHHOTO KOHBEKTHBHOTO TEperoca
TENNOTH

St=Nu/Pe=u/(pwc.). {(5.8)
Dypbe YHCNO — KpHTEpRIT TENJORON COMDXPOHHOCTH
Fo=ea1/8, (5.9)

raé T— BPEMA NPOTEKAHHR HeCTALHOHAPHOTO Mpouecca TeNJAGNpOBOJHOCTH
Buo yHeno — gpHTepHit Kpaeroro nopobus

Bi=al/A, {5.10)

rne [ — xapaxrepuwil NHHEAHH! paamep TBeplOro Teda; A — TenJonpoBOi-
HOCTL: TRCDAOMO Tena,
Tenaorok kputephft grazosozo npesputijenus

Ke=r/Atc,=r AR, (3.11)

rage r— TenaoTa ucnapedds (wongedcanwu}, IDK/xr; Al — pasHoCTh TeM-
nepaTyp Hachilenda M meperpesa (mepeoxnamaenus} aspl; Al — pasnocts
suraaenef (a3 B COCTOAHMHX HachiulenHa 11 neperpesa (Nepeoxaax.
ACHKA) .
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Pasuntn dicio — xpwrepuft nogobua noaeht croSoxnoro Teverns
Ga=gl*/?, (5.12)

Fae g — YeKopenie cBoGOANOTO naneHHs, M/
fpaceoga uucno — kpuTepHil cBOOOAKOA TeNNOBOR KOEBEKRHH

Gr = %’ B (e — tn) = Ga pAl, (5.13)

rae f— xosddrigent oftemworo paciiwpedas, K-', a4 ejeafibHEX Ta-
308 B=Twm~1==(2734fx}~"; aan KanenLawx Kuakocrell nprGakmkenuo Pz
2 (pe—pm) [[pw (fx—1c)], TAE pe B pw — MACTHOCTH MHAKOCTH OpH fe
# 1w Jnsg sopn § MOKHO ONpeaeldTs no taGa, 3 npHAOMeRHs.

Peser wHCTO — KPHTEpHI TenmooOMena npH croBOAHOR KOHBEKUHH

Ra=Gr Pr=glpAl/va. (5.14)

dpyda uucnao — KpHTEPHI TPABHTAWHOHUOrO DOROGHS, XapaKiepusyer
JL
MEPY OTHOIWIEHHN, CHI HHEPHHA H THHKECTH B NOTOKE!

Fr=w?/gl=Re*/Ga. {5.15}
Peliroabdca upeno — KpHTepHA peMHMA IBHIKEHHH KHAKOCTH
Re=wl/v=wlp/u=Pe/Pr. (5.16)
Jdiagpa yueno — KpuTepHi Molo6HA noJel NaBAEHHA
Eu=Ap/(pw?), (5.17}

rze Ap— nepenaz NabBjeHHd H3a YVACTRE ABHKEHHA JKHIKOCTH.
Apxumeda yucno — kputepyii cao60AHOR KOHREKIHE

8 gy — A
Ar=E_hPr_ g, P (5.18)
v 1 f1

rge py, P — NACTHOCTH MMIKOCTH B ABYX TOYKaX NOTOKA,

Onpederromas TeMneparypd, N0 KOTOPON DHOHPAWTCA TenaodH3Hue-
cikHe cBOficTRA HHAKOCTH BAH Tasa, BXOAAllEE B 4HCAA NOA0GHA, yKa3u-
B3ETCA HHXHHM HHJIEKCOM BO3Ne YHCAA MOAOOHAT «XKs, «C», «I.C% — COOT-
BETCTBEHHO cpeABAR TEMAEepaTypa MHAKOCTH, CTEUKH, [HOTPAHHYLOLO CHOA.
Hanpuwmep,

Nuwm=al/lw; Nue=ol/he; Numec=u!/lo..

Onpedeasronjuli 2eomerpudeckuld paaMep Tarme Moxer ObITh yKasau
HHXHAM MWHACKCOM BO3JMe 4HeaAa noao6ua: { ¥4 b — gauka ¥ BHCOTA NO-
BePXHOCTH, d — araMeTp Tpy6u # T. n. Hanpumep, .

Ree=wd/v; Nu,=af/}.

5.2, 3apgauw

G.1. Onpeaenntd anauetinn qucen Nu, Re, Gr, Eu, Pe pan cnenyomux
yenosgil: cpefa JBuxerca no tpyfe fHamerpoM 242 MM y pasnofl 2 M,
ee pacxon 50 kr/u, Ha Bxoae Temneparypa cpeant 80°C, va muixone 40°C,
CpeANAR TeMuepatypa cTeHkd TpySh 25°C. CompoTHBAeHHE ABHEKEHHIO
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cpenut 400 Ila. B kavectme cpepll npHHATE BOAY H po3ayx. Onpegenak-
WHE [18pAMeTPhl — CPeAHSA TEMAePaTypa Cpefbl H BHYTPCHHHE [EAMETD
TPYOH,

5.2. Azor npu remnmepatype 200°C 1 aGecomotnom papaeruu 10° Ila
ABwKerca B TpYGe co ckopocibic 10 m/c. Jax Heciegopawus rHapoaHHa-
MHYeCKOrD Mpouecca MOCTPOEHA yMEeHblleHHads B 4 pasa MoAedb, rie ABH-
WeTcA Bofa c TeMnepatypoi 20°C. OnpefeaHTh CKOpOCTh BOAL B MOASSKH.

5.3. Temmepatypuoe noNe B AAMHHOM LHAHHApe nxamerpom 200 mM
Heeqefyerca Mo weredernk 30 # 60 s ¢ pomomew Mopenn, TennonpoBon-
HOCTE H TEMOCpPATYPONPOBOMLIOCTE MarcpHaia Luaukapa 15 Br/{M-K) n
20-10—* m%/c, matepuana mogeas 4 Br/(M-K) u 8-10-% mP/c. Hafitu mHa-
Merp MOZenH H Bpems, KOTRA B MOACAH CJIeflyel H2MepaTh pachpcienshie
temnepatyp. puHars KosppHuHeHT Ten 00TAAYH ZaA uMAKHApa 9,8 W nas
Mogent 35 Br/(m®-K).

5.4. Ha#ith KHHEMATHYECKYIO BA3KOCTh NAA KEAKOCTH B MOEE]H, TAE
H3YJaeTCA TemnoO6MeH MpH BBHYKACHHOR KOHBUKUMH, eCAH KOIDHHIHEHT
TEMNEepaTYRONPOROAHOCTH xupkceTH 0,8-10-% wm?/c. B 'oﬁpaaue B BHAE
TPYSBL ABHMETCA BO3AYX ¢ TeMacparypoit 180°C g abcolwTnuiM gagne-
HHem 10° [Ta.

5.5. Mogenr Baja H3COTOBJAEHA K3 MATEpHAJNZ C TEll10NpOBUAHOCTLE)
27,2 Br/(m-K), renmoemkoctbio 4 kI /(kr-K} # naorwoctbie 510 kr/wd
Mopesy noMemiena o narpesatens, ITocae 22,4 MHEH narpesa npoH3BORHTCH
HaMEpeHHe TEMIEPATYD B MOJARNH, NG 2THM 3aMepaM ONpEASIseTcA pachpe-
ZeJeHAe TEMTepaTyp B 00pasle — CTANBHOM Bade —IOCNe 2 4 HArpesa ero
B neud. CrTaneHoR Ban HMeer AxaMerp 400 MM, TeMnepaTyponpoBOLHOCTh
11-10-% wm?/c, a kosdduudent Tennooraaud o nevs 110 Br/(m2-K). Hafi-
TH RHAMETp MOaeqn M KO3(duuMcuT TENAQOTRAYH B HarpeRatene.

5.6. Wap auaverpov 0,4 M ¢ Ttemmeparypoir B00°C gpoamen oxaan-
AAThCS B Macasuol Bauwre, rge NMoaaepxiBaercs TeMpepatypa 100°C. Pac-
NpeAeAeHue TEMICpPaTypbi B UIape NOCAE OXNAXASHHE B TeueHne 10 Mun
AOMKHO 6HTH #3yveno Ha Oeronuod sopens auaMerpov 0,6 M, koTopas
nocae pazorpesa ao 110°C oxaaxaaercd b BoaAyxe ¢ reMnepatypoit 10°C.
Yepes cROAbKO MHHYT CACAYET HauaTh HIMCpRlMe TEMOepPaTyp B MOpeau?
QnpefcauTL COOTIIOMEHHE TEMNEPATyp B 08padne H MOJe H B CXOACTmen-
weix touxax. TeMpeparyponposOAHOCTL MaTepuydna uwapa 13,3:10-¢, Gero-
wa 5,0-10-¢ m%/c.

5.7. Oas davepenus pacxola Tasa B TpybonpoBon AHaMerpom 270 mm
noctasaad guadparmy. Ee pasMepn OB OnpeEeedbl 10Ce WCNBIT3HHi
Ha MOAEJH, yMeHblueHyOit B 3 pa3a. Bo ppems HCTHTAaHHiE Yepe3 MOfenb
nponyckanack Bosa ¢ TeMmmeparypolt 30°C, mpu pacxoae Boab Gonee
28 My Habmogancs asroMoAeabHEIR peum, HalTd MHIEMAABHBIR pac-
%07 ra3a AJA ABTOMOLENBHOIG PeXHMA, 4 TAKME COOTBETCTBYIOLHE 3TOMY
PaCcXOly CKOPOCTb Ta3a H MHApPaB]HYecKoe CONpOTHRMenHE (COMpPOTHENeHMe
va Mopend coctasuao 280 mM pr, cr.). [prrare naonitocts rasa 0.9 kr/m?,
KHile MATHYECKYIO BAaKocTs 14-10-% w?/c.
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5.8, TenaooTaaua B TasuxoAe KOT/A4 Heclegosaflack Ha MojeAH B 1/4
HaTypanbliofi sennunad. [lpn 3ToM GLiNH ROAYYEHH KO3(OHUHEHTH TENA0-
OTHAYH NpH pa3MH4HEIX cKOPOCTAX BO3AYXE, NMPEINCTABJCHHBIE HHMe,

e, Bij-Ky . ..., ...,. 42 76 138

Wy MCL o v s v s s s 4 8 16
Hapyxuni#t avamerp tpy6 Momear 14 My, Aa cTedke TpyOB TeMmepa-
typa 30°C. Boaayx umen temnepatypy 70°C npn 1,013-10% Ila. ITo pawm-

HEM HCMWTAHMY 1a MOZeAH NOAYYATE ¢opMyny Nugca—=C Rel H

yHa3aThb TMpegedsl ee npHMeHuMocTH no Re. Mcmoaesys moaywensywo top-
vyay, HaRTH ZA% HATYPHOro rasoXola TEmAOBOH NOTOK, NepeiaBaeMmli
AHMOBHMH ra3aMH cTeHkaM TpyS, eclly Ta3kl ABHKYTCH €O CROPOCTBIO
10 m/c u uvenT Ha swxoje 800°C, #z2 exoge 1000°C, TeMnrepaTypa cre-
oKk Tpy6 300°C, nosepxuocth HarpeBa 600 m?, Cocras abiMOBOro rasa:
pcon = 0,13, pqzo = 0,11, pN’ = 0,?6.

5.9. lpy wm3ysedun tennooGMedHa Ha MOLeAH B YCAOBHAX eCTeCTBeH-
KON KOHBEKIHH MeMAy TOPHIOHTANBHOR Tpy6oi ¢ TemMmepaTypok {c u Bo3-
AYXOM MOJYYEHBl CHefvIOWHE AaiHHe;

fer °C o v Lo 85 125 145
a, Bry(?2 K)o . . . 0oL, 9,34 13,35 10,76

Tpy6a rapymHEM nHaMeTpoM 45 MM 63 noMelleHa B BO3IYX C TeM-
neparypoit 20°C, [To wamepenusm na Mofean HafiTh 0COGIUIEHHYIO 3aBHCH-
mocTb B BHAe dopuynsi Nug.=C (Gr Pr);:m., HCNOJB3YS KOTOpYID, onpe-
LelHTE TERAOTY, NepelaBaeMylr 33 5 4 OT rOPHIOWTalbHON Tpyfum AHa-
metpom 10 MM u zanHoit 4 M K Boge ¢ TemnepaTypolt 40 °C. Teunepatypa
MOBePXHOCTH TpyOl parHa 60 °C,

5.10. Ha Bo3AyILHOR MODENM KOTJAA RPOH3BOAHIOCH W3YUeHME TenJao-
OThaui Npu BEIHYMAeHNONH KOHEEKOHH, H NpU pasluyHblX CKODOCTHX BO3-
AyXa GBI TIONyueHBl RPEeNCTARNSHNbIE HHMe KOSHOHIUHEHTH! TEMNOOTAAUH:

w, MT L, .. 0. 2,0 3,14 4,65 8,8
a, Br/{m?-K) 50,5 63,6 90,7 141,2

B mopenu cpepusst TemmepaTypa Bosayxa 20°C, TpyObl HMeWT Ina-
serp 14 mu. TTo paHHWM, MOJYYeMHHIM Ha MOJEJH, ONpefedHMTh 3HAYEHHA
C un B dopuyre Nuwa=CRe} ;. Vcnoassya nonyuenayo dqopmyny,
HWafiTH NOBEPXHOCTH HATPeBa HATYPHOTO XOT/A, ecdd CKOPOCTH ABIMOBHIX
rasos B Tazoxofic 8 s/c, a cpeanss tempepatypa raios 800°C, Tpy6u
nramerpom 80 MM MMewT Ha nopepxHOocTH Temnepatypy 308°C. Ilepena-
pacmuit Tennosoh norox 1,2 MBr. Cocras abMOBHX raaok: Peo, = 0,13,

Pro=0,11, Eans 0,76.

511, Tpy6uaTHi BOIAYXONOAOTpeRaTent ROMAXeH PAGOTATH NpPH Cped-
Hell TemmepaType BozAyxa ! M CKOPOCTH ero ABHxenna w. JJAR HeciAeno-
BAHHSA nponeccad TEYAHHA cO3aflalla MOJelb B Maciirabe M, no KOTDpDﬁ ABH-

39



¥Kerefd KUAKOCTL © Iwox=40" . HafiTH CKOPOCTD Wxoy ABMMEHHSN HARKO-
cTH B Mojienu. Jaunuwe Anf pelleHHR 3a7a4K B3ATH M3 TAGMHIM.

5.12. JIna xaydenuna npouecca Tena1oo6MeHa npu cBofofnof KouBexRUNHA
cpeAH B GOMLINOM OfbeMe OKOND BEPTHKANBHOH NMOBEPXHOCTH COMIaHAa 3KC:
MepHMERTANbHAA YCTAHOBKA B BHIE NJINTH BHcOTOR 290 MM, warper KoTO-
POfi OcymecTBAANCA sAeXTpHiYecKMM ToxoM. Temnmepatypa mozayxa Baasd

Tatbauua x sanave 5.11

Bapnanr t, °C w, Mic Bapuaur 43 Foa xuEKoCTH
1 100 10 a 1/5 | Bosa
2 400 15 6 5f1 Tpanchopmaroonos
Macho
3 150 12 B 1/10 [ Bona
4 250 8 T 2041 Macno MK
5 200 10 .4 1,20 | Boaa

OT NAXTH paBha 20°C. Bo BpeMA SKCMEPHMEHTOB H3MEPAJCH TeMIEeparyp-
HEA HANOP MENJY MOBEpPXHOCTBIO TWIMTHL H BO3AYXOM H ONpeletstca Ko-
shounHenT TeMMOoTAauH. IKCMEDHMENTaJbIHe Aankbe TMpHBeAe H HHXKe:

A=l—fy, °C . . .., .. 20 40 60 80 100
« Br/m@K) ,..... .56 67 74 7,9 B85

OnpesiennTs ypapHehHe NOOGHA, cBA3BIBAONIEE YMCIA MOAQOHN, Xa-
paKTepH3ywlHe AaHHWE npouece.

fnama wecras
TENNOOTAAYA MPHM BLIHYIKAEHHOM ABMMKEHMH MMOKOCTH

6.1. OCHOBHBIC NORDKESHMA

TennooTnadell Ha3HBAETCA KOHBEKTHBHDIFE TennoobMeH MEMAY TBepRHM
TeJqOM M AsuXkymefica cpefof (KHAKOCTE HIH [a30M), KOTODWH ocy-
IIECTRASETCS COBMECTHRM [lefCTEHEM TemJONPOBOAHOCTH M KOHBEKOHH mpu
HANRYAW TeMOepaTypHOro kanopa Af Memjy Tenom H cpegol. Bunyskden-
HOe [BHMEHHE cpefb! BLI3NBAETC DAINHYHOTO POAA BHeWHHMY Bo3dyau-
TeASMI (HacOCaMH, BEHTHAATODAMH R T. O ).

IMocronsKy Rpowect TEMMOOTAAYH CBS3aH € JBi)KeHHeM CDeAdl, BHpe-
JARIOT MBAa OCHOBHKX peHMa TeuenHs — AgMuHapabil, MPA KOTOPOM Yacru-
B ABHXKYTCH YOODAJAOUEHHO, CAOH He NepeMeluBalTCa ApYr © APYToM, u
FypOysenTaonl, KOTAA YaCTHIH COBEMUAOT HeyHOPAZOUeHHHE IABHXeRuA,
B pesy/bTaTe Yero pasdYHbe CAOM HHTEHCHBIO NEepeMElIHBRRTCA. Hepexon
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Y

61 bAHOrO peMHMa K ppyromy Ompegensefcs HeKoTophiM «KpHTHUECKHMS
pRavexHeMm 4uacaa Pefnodbaca,

[IpH TeweHHH cpeAH Ha NOBEPNHOCTH CTEHKH obpaayetes eudpoduna-
MuneckKud norpaHAdHBl cAofi BsaKoH KuAaxecTh. B nmpedenax 3toro caos
(Mo HopMann X NOREPXHOCTH) CKOPOCTb NOTOKA H3MEHAETCA OT HYJA Ha
NOBEPXHOCTH A0 CKOPOCTH HEBO3MYILEHHOTO NOTOKA HA BHEILHER rpandle
cioA. JIBHX@HHAE FKHAKOCTH B NOCPAHHYHOM CJ0E MOMET HMETh JAaMHHAD-
HHB H TypOyneHTHHN XapakTep, a TOJLIMEA CAOH NOCTENEHAO BOIPACTAET
N0 HANPABAEHHIO ABHKEHHA KHAKOCTH,

B ycaopafx tenaoofMelia 112 NOBEPXHOCTH CTEHKH ofpasyercs Terao-
608 HOCpaHHYHHE /0K cpedbl, B Npejedax KOTOPOTO TeMmeparypa Temdo-
HOCHTRNIS H3MeHSeTcA OT TeMDepaTYPH Ha CTeHKe f{, ZC TeMNepaTypH cpe-
ABl BAAMH CT CTEHKH fa.

B TOHKOM ¢l0e MHAKOCTH 118 TOREPXHOCTH CTEHKH (2mskud nodcaod)
MePEHOL TeNJACTH OCYULECTBAAESTCA TEMAQNpPOBOAHOCTEIO: g=-—A|grad {|uos,
THe SHAueHHE I'DAJHEHTA TeMNEepATYpH KKAKocTH |grad f|aos oOnpenmeaser-
€51 Ha MOREPXHOCTH TeAa, YPaBHEHHE TEMIO0TAAUH

a=—nh|grad {|ues AL (6.1)
BHPAMALT CBA3L MexAY KozpPauHerToM TeNJAOOTHAHA &, ¢ CAHOH CTOpO-
HB, H TeMOEPATYPHBIM MOAeM B MKHAXOCTH, A TAKNME ee TelJoNpOBOAHO-
CTHIO A, ¢ ApYrofL.

KospdhullhenT @ XapaKTepHayeT HHTCHCHBHOCT: Npollecca TEOMOOTAAYH,
Paanngawr cpedrud no ncell NoBepXHOCTH Tendcodmena KoshHUHEHT Ten-
NOOTAATH A MecTrotd (aoKaabhtid), onpelenfeMult B 3a7aHHOW TOYKE Mo-
BEPXHOCTH,

6.2, PacuerHbie (fopMynBl ARK TENNOOTAAYM
NMpH NpoAONbHOM o6TeraHMM NNACTMHbLI

IIpH ABHMEHHH TOTOKA BEOAB ONOCKOH NOBEPXHOCTH, HMEOMed fo==
wconst, u aamuxaprom pexcune (Rewa € 105):
AR KAMEAbHOH XHAKOCTH

. Pr.1 0,26
Nuy; = 0,65 Re%opr2% (—"‘) ; . (6.2)
Prg
RN BOSAYXA
ﬁflm; —=0,57 Reg;?, (6.3)
Opr rypbysenrnom pexume (Reu>>10%):
AAd KanedsHol KHAKOCTH
—_ Pryy 0.26
Nty == 0,037 RE?K’?PI:].;“ (— ) : (6.4)
Pr,
ARA BO3AYXA
. ___,Nilxl w 0,032 Rel?, | ’ (6.5)
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Onpefensomedt npuramaercs Temneparypa waberatowere norora (Pre
OMPENENRETCE 10 fc}, ONPEnCASIOUINM TeOMETPHUCCKHM Pa3MepoM — AJH-
na ! CTEHKH TIO HanpaBnem{K} noToxa. pﬁc'{CT MOIKHO BHOONHATE [0 HOMO-

rpamme puc. I17 Ilpunomxenns.

Mecrusui xoapuyuent rensoordawu na PACCTORHHH X OT nepeaseR
KPOMKH DMACTHHBI DIpefednerca N0 (GopMmynam:

OpH NaMHHAPHOM DEMHME TEUEHHA B NOTPAHHYHOM c/ge

. Ny, = 0,33 Rei';Pr?fs {Pr,"fPrc)ﬂ'Qs; (6.6)
npH TYpOYAEHTHOM pexiime
Nty = 0,03 Re; 2P 43 (pr, rpr y0.25, {6.7)
Tonmuwy ruaposnnaMaveckoro 8 H tenioporoe f NOrpasynbX ¢A0es
Ha pacCTORHHR X OT MepeRued KPOMKH NJAcTHNH MOMKHO PACCUHTATE N0
dopuynaw:
MPH BAMHHADHOM DCHCHME
&~ 4,96x Re;B's =49V v o,

. (6.8)
k = 4,96x Re; 0opr=03, '
BPH TypOyJaeHTHOM pexname
8=220,37x Re;g"z. 6.9
@
Wi —
—_— //_.___,’f o
i ] i
Puc. 6.1. Ilnactusa ¢ eoSarpe-
— ' BaeMHM HauRALHEM YUACTROM
ter anunoft 1
L]
- & 4 E——
z- - -

Hng practunil e ncuE—orpenaeuuu HEYAJBHHM Y1aCTKOM AJHHOHR [,
{prc. 6.1) npa nNaMHHaRHOM peEMe ChpaBelJHEa thopMyaa

Nu. .0, ' 0,

Nug = 0,71 Rel"Pris® (Pr, /Pro) %1, /)92, {6.10)
eae fi H {—oBorpesaeMan M NoJHAS AAHHA 12 CTHHLL Onpedenmomui
reomMeTpHYecKHi pazmep — [,

6.3. Tennoorgava npu QEMKEHHM NOTOKa

BHYTPM TPYG [Hawanoa) :

Ha ua4anbuom yuacTke Kpyraofi TpyGH NpPOHCXOMHT BOPMEpOBANHE
FHAPOAHHAMHYECKOTO U TENROBOTC MOTDANMYHHX CI0EH, T. €. TOJMHHA pg.
FPAHAYHNX CNOEB YREAHTHBAETCA A0 Tex n0p, MOKA OHH A€ 3aNOJHAT gee
TIONepeyHoe CeyerHe TPyOH,
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3TH HavadbHER YHACTKH HA3WBAKOTCA COUTBETCTREHHD CHIDOAHHAK AYE:
cKuM (Iauea L) u TemaoBeM (AsaaHA [r) HauaJdpHEIMH Y1aCTKAMH H Xa-
PAKTEPH3YIOTCT MAJCHHEM TERJOOTAAYH NOG MEDe DasBHTHA JNOCpaHHYHEIX
caces. ITocne HAYANBINOTO YyacTKa TeYSHKE MKHIKOCTH H TerAoofMeH cra-
GuaManpymTea, mode cxopocTefl ¥ TENAOCTAAYA CTAHOBATCH OAMHAKOBHIMH
A4S Bcex TMOMCPCUHEIX cevcHuH. CracxuoBarenbio, AAS AAUHABX TRYG npH
Iele w Iyl cpejuss TENACOTIAYA OUPENENACTCA MO YHCAY Nu, Xapakre-
pH3YIOMEMY TeRAODTAAYY TNPH TMOAHOCTE CTabHIN3BpOBABIIEMCA TOTOKE,
Jas xoporkux Tpy§ TCHAOCTAZEMA BHIUC N0 CPABHEHMIO C AJAHHLMH Tpy6a-
MH B DaBNHX YCNOBHSX,

MOpPMA NONEPETHOrD Ce4eHHy DHBABA- Kosptmusenr Koappmuneyr &,
Kanana JAEHTHE
AHAMET] r rc=cnnst qn:const
Kpyraoe cenenue, dy—BRYyT- de 0,065 0,035 0,07

PEHHHE nuaMmeTp

Koasuesoe cevense, otho- | dy—dg |0,010—0,015] 0,05 0,06
HMeHue BHYTREHHErO gHaMert-
Pa K HapymHOMY
1,0 dy/dy 20,1

2ab
paMoyranenoe  ceucuue Lb 0,023—0,075 -— —
CO CTOpOHAaMH & H b, &/b= a-+

=0,125+1

Jdauka nauaAbHEX YYACTKOB MHAPOIMHAMAYECKOH 11 Temnosod crabunu-
3aun onpeaeaseTcd no GopMyAaM

b=k Rey doxs 8 fr="%:daxn Rew Pra, {5.11)

rae kr ¥ kc — koabguinnenTte, 3asicsuiie 0T GopMB kaHada {cM. TalaH-
uy); doxs — 3KBHBAACHTHHI IuaMeTp CEUCHHA KAHANA, ONPENeNAeTes Mo
nacmwaze [ v nepumerpy [ nomepeunoro ceusHus KaHana:

dawn=4f /L. (612)

CrepyeT OTMeTHTh, YTO HCMORLICBAHHE dsxa [LAST YHOBJETHOPHTCAR-
HBle Pe3IYAbTATH TOALKC NPH PAIBHTOM TYPOYACHTHOM [BHMKEHHH CpelH
B kananax 0e3 OCTPHX YTIOB,

A. Jlamunaprotli pexcum TeueHHa B KPYTARX TpyGax (Rew<<2000) npu
DTCYTCTBUM CBODOAHOR KOHREKUHH HA3WBAETCA SAIKOLTHOIM, A NPH HANMYYH
c8060IAVA KOHBERDHY — @R3xocTHO-gpacurabuonnsiM. Tlepexos canaro pe-
HHMa B Apyroft onpedenaerca BemnidroR (Gr Pr)n.o.=8. 105 kotopas Ha-
XOONTCA MO ONpejlefAloilel TeMnepaType NOrPaRMYHOTO cA0f  fp o=
=0,5(fc1¥x).
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Has easxoctnozo pemnMa aeewenns opH (Gr Pr)a .«c8-105 cpegnee
70 panHe Tpy6e uncae Hyccensra mpy fe =const

_ dy |13
R 1,55 ¢; (Pe T) (o 2c)0 15, (6.13)

rde ! v da — ARHHA W BHYTPEHWHH AuaMerp TPYOH.

$opsmyna (6.13) cnpareannBa npa (Pedp/f)2220 w upu oTHOWEHHRA
KoshGHuHeHTOB NHRAMUUECKHX BAIKOCTER L/ pe=0,00067--14,3. Muoxu-
TeAb (M /) ® 1 HCOOABIYETCA TOABKO ANA KaNeJbHHX Xeaxoctedl, Ompe-
Aeafouit pasmep — BHYTPEHHuA AHaMeTp TpYOH. Onpefensiowas Temne-
parypa ans Gr, Pr, Nu, Pe, px npunumaerca foc=05(lc}Ix), v 8 Gr
BBOANTCA Af=(lc—Iw), eCAH TEMIEpPATYPA JKHAKOCTH Mano HIMEHARTCA MO
Anune. B npotaBHOM chyuae ompenendomlel Temnepartypolt axa Nu, Pe, Mo
npuuumalor f=1.—05Alz, rTBe cpeaHesorapupMHuecKull reMuoeparypRE
wanop Afp waxoauTea no dopMyne {5.4) npH cpeanedt TemmepaTtype CTeE-
ki fo. Tlpw srom ana Gr m Py dusuueckue cmoiicTBa bakocty BEHOH-
patored mo =05 x+2c), a At={fe—t'x). [Tonpanka & Ha ruzpannua-
MHYECKHA HauanbHHH yuacToxk oDpeleanetca No Gopmyte

&= (0,6+4-1,6kr) fRs'17,

KOTOpad cnpaBegftHBa mpH k<01, Ecan % >>Q,1, T0 £/=1.
Han  saskocTro-zpasurayguonnozo  pexuma nupun  (Gr Prime>>8-10%
B TOPH3OHTAABHEIX TpyGax Aaunkol [ cnpasepiusa hopmyna

—_ d 0,4
Nity ¢ =0,8 ( Pe :_B) (Gr Pr}ﬁ-fc(mm)“-“, (6.14)
n<

@opmyna {6.14) copaseanusa mpH (Pe ds/{}n.c =20+-120; Rex <3500,
(Gr Pr)n.c<£13-10% Prgo=2+-10.
B BepTHKAAbHWX Tpy6ax Apu cosnadenuy HANPABACHHA BHIHYMACHHOM
H c8000OHOR KOHBEKHHH ¥ CTEHKH CpelHAf TRINDOTAAYA ONpeieaserca
dbopMyaoi
Nu, = 0,35 (Pe da /1) 93 (Gr Prdy/1)% 18 (6.15)
c— = 8, m.e B, n.cy "

sgech Nue=0ds/ho; Fo=a{fo—F ).
PopMyaa copaseAnnsa npu {/dy=20+130;

dy 40,25 da
1,6 (GrPr-—- Q(Pe—') < 1100; {(GrPr)y o =< 4108,
{ /ne t /ua
B pepTHKaAbHBX TPYSAax Apu NAPOTUSOROAGHKHHIX HANPABAEHHAX BH-
HYXAeHHOA M cBOBOAUOA KOHBEKHMH Y CTEHKH CpefHfA TeIVICOTAAHA Onpe-

aenserca opMynoh
me = 0,037 Re%rj Pr',’.;" (l‘*m;’k"c)n, (6.16)

roe n=0,11 npu karpemanun, n=025 Npu OXAAMLCHHH KUAXOCTH. Bop.
Myna cnpasenadBa NpH Rew=250+-2:101 8 (Cr Priee={15+12).100
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Ha ¥uacrye CTaGHJIliaHpL)BaHHUT'CI Tengaoo0MeHa TENA0OTAAYa AAA XKHA-
KOTO MeTasua anpelenfieIcs COOTHOUIRHHEM

Nuw=4,36 npx gc=const, {6.17)

B. MTpu typbyrentsos TeucHus MUAKOCTH B HPAMHX TpyBax H xana-
A4axX ¢ pasaHqHOH topmol momepesnoro cedewHR (Rew >10%} cnpaseganpa
dopmyna M. A, Muxeesa

"Nuw=0,021 Rex®8 Pr®43 (Pry /Pro)®%e;, (6.18)

Jna pByXaTOMHHX razos (Hanmpumep, BO3AyXa) MpPH NOCTORHHHR ¢H-
3HMEcKHX CBOACTRAX MOXKIO HCNONBIQBATL QOPMYLY

Nuw=0,018 Ren*e:, (6.19)

Kos{pduunenr tensooraadn a=q/Al;, rae Afx onpepenserca mo dop:
syne (5.4}, Onpeneasiolinfi reoMeTpudecKkuii pasMep A% Kpyrawx Tpyd—
BHYTpeHHHH AHameTp, AAA HEKPYrALX KaHaA0B — DKBHBANEHTHHA aHaMerp
daxp, KoTOpHA Haxogutca no QopMyae (§.12). Popmyaa (6.18) cnpases-
ausa nph Rew=104+-5-105 n Pr,=0,6-+2500. Kospduuuenr e; yuntH-
BaeT BAMANHE HAYaNbHOTO TENJIOBOTD yuacTka: npH [/da>50 ei=1; mpu
{/ds<50 & onpezenserca wa 1aba. 9 npunoxenun. Homorpamma ans pac-
yeta 10 dopmyne (6.18) npupenena na pue, [L7 TIpraoxenus.

Jaa crabunusupoBanioll TeNACOTRAYH NPH nepeMesnsiy (PHIMTIECKHX
cBORCTBAX KHAKOCTM pexoMerayerca dwopmyna (npeaaovxeua B, C. Ilery-
XOBHM ¢ COTPYAHHKAMA) .

— n
Ny — — 0,125% Re « Pry H_m) , (6.20)
. —— aSVEEPRP—1) 1 e
Rey
rie #==0,11 npH uarpepauun, n=025 Opr oxXNAKAEHANH KHAKOCTH; L=

= (1,82 g Re.x—1,64) 2 — wo3puuenT rnapasivyeckoro colpOTHBICHERA
aag taaakux Tpy6. QPopMyaa cnpaseanusa NMpH Rew =104+5:109 Pry=
=0,7=-200, pum/pne=0,025+12,6. OnpepesnioWitii pa3Mep — BIYTpPenuni
IHaMeTp TpyGHL

OThoweHne  IHHAMHYECKHX BA3KocTel  Wm/fpe MCNOAB3YETCA TOABKO
LNf KanenbHBX MHEKOCTEH,

TennoaTgauy ¢ ydeToM H3MEHEHHR (IH3HNECKWX CBOHCTB ra3a npH Typ-
fynenTHOM TeueHuH B Tpyfax H xaHamax pacCUHTHBAT N0 GopMynaM:

OpH HACPEBUHHH

Nttw=0,021 Re0* Pry243 £,0-0.55, (6.21)
ecan 8=1-+35;
IPH OXAANACHIH
Nitn=0,021 Rew® Pryy®43 £,(1,27—0,278), (6.92)

ecay 8=0,5 1.
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TesnepaTypuuit daxtop
O=Tc/Tw= ({273} f{tx}273). {6.23)

OnpeaenAwuluit pasvep — BHYTPEHHHA aWaMeTp TpyGH {3HBHBAJICHT-
HHH Juaserd donn).

Ilpi Tewenuy SUCTBIX KHAKAX MeTANOB B KPYracit TpyGe u g,=const
Cpefnad TenlooTaaqa onpegenserca (opuyaoh

Nuw==(5--0,025 Pen8) ¢;; (6.24)

npu {/dy2230 e=1; npr {/ds<<30 &;=1,72(d /%15,

Dopmyna  (6.24) ucmeapayercs  npr Rew=3-10°=-10%, Pru=
=10,004--0,04.

B koasyespix kanagax ¢ HAPYXELIM dy H BHYTPEHHHM &y ZHaMerpa-
MH gas TypOynenTuorc cTabHiAHPOBAHHOTC TEMEeHHA TENOOTIAAYA HA GHY-
Tpenned creHke (Hapy:KHas TEIACHIDAMPOBANUA) ompegexsercd Gopmynof

— 0,45 & [dgyn
N =N —_— - — = .
o = N (1 2,44 Prm) (d) ’ (6.25)

rae r!=0,16 Prm‘o'"‘; N'LIB_m=U-Bdannfl; (-l-n=q(:.n/(£c.n'—f;u}, {o.p — TEM-
nepaTypa Ha BHYTpeHiefi MOBEpXHOCTH CTEHKH.

TemnooTaaua Ha HapymHOE CTeHke (BEYTPBHHSS TenNOH30AHPOBANA)
onpefieasercs dopmysol

— _ﬁ 4,45 dy \ 08 .
Nu“""zNuT{lﬂz,H Pry (d_n) I : 6.26)
rae m.r‘,.i:c?nda.\n,fl; an=Gen/ {te.o—tm); Lo« — TEMOSPATYPA HA HAPYH-

HOW NeBEDXHOCTH CTEHKH.

B dopmynax {625) n (6.28) Nur — 9HCIO HyceensTa, BHYHCICHHOE
no gopuyne (518) ¢ skuBaseuTuULM AHaMeTpoM doxe—du—ds. Ilonpa-
pouubifl  xosgpuurent e=1, ecam dy/ds<Zd, W e=14T[(de/dy—
—4) Rew,~1]%8, ecau dufdo>5. Popmyanl (6.25) m (6.26) cnpaseannsm
apit Re,=104+10%, Pry=07--100 u du/da=1-+-33,3,

Hna onpegencnua IAHLL YUacTKa TenaoBo#i ctaluawzausd Ir B Kods
iEeBOH Tpyde NPH TeNAoOTAAYe HA BHYTpeHHell CTeHKe HCnOJb3yeICcs op-
Myaa

Ir/d:mn=40{dn;’du]u'm. (627)
4 opH TenagoTiaye 1a Hapy}KHOﬁ crefxe — cpopmy.rla

!1'fdalin=15(l—F-l.5dan1l). (6.28]

+ Eeqit anmua xoasuesore xaladga senswe fe W Pr=07-1, To so3tbbu
UHENTH TEN0eYTNaud On W ty, onpeeienssie mo (6.25) m (6.26), wanc
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YMHOKHTD Ha  Koshpmunent & £r=0,86-10,8(d5/dn) % (doxa fx)5, ecan
TennoolmMet  Ra  sHyTpeHHe  cremke;  e;=0,86- 0,54 (dows/x)S[1-
-+0,48(dp/dr)®?7], ecan Tenmoo6MeR #HA HAPYKHON CTEHKE,

B. TlpH AsHKeHHH MOTOKA B usoznyTolx Tpylax {3MeemnKax) co cpea-
HHM gMamMeTpoM HarnGa (BHTRa) [ ¥ BHYTpeHHHM puamerpoM tpyGH dp
(puc. 6.2) TenpooTnaua OPOHCXOLHT HMTEHCHBHEH BCNEICTBHE OONDBJCHHA
texrpaberinoro sppexra. IIpa pacycre TCHAQOTIAYH ONpEASAALTCH UHCAO
Rew=wds /v, KoTopoe cpasHuBacTes ¢ AByM®  uyncaamy  Pelinoabfaca:
Re'szll,sVﬁ'fd_nH Re"xp=18 500 (dp /D)% {qpn D/ de=£2,5-10%).

Ecan Rew < Re'yxp, TO pacuyer Ten-
AOOTHAYH H COMPOTHBAEHHA NPOROAHT-
cg To popMysaM A JaMHHAPHOTO
HBHMEHHST B TpAMBIX TpybGax. Ecaw
Re'up<Rew <<Rexy, TO HCNOAB3YETCH
dopmyna (6.18) ana Ttyp6yaenTsoro
Tedenda B Kananax. Ecad Rew > Re%yp,
to x03(pdHUNEAT TenncOTHAYH onpefe-
aAgeted no dopmyae (6.18) u ymuowma-
erca Wz £p=1+3.6d/D. Pyuc. 6.2. Tpybuarwmit 3smeennx

I'. faa npodoseno  obTexaemstx
nyuykoa Tpy0, OXAamI@eMBIX Tas’aMH H MHAKOCTAMH, cnpapefinsa $op-
Myna

Nits = Nuz {140,91 Rey=%! Pru0s [1—2 exp (—5}]}. (6.29)

3xeck Nur=0023 Ren® Pra®% B=doe/du; A48 pacnonomenus 1py6
B nyuKe no Ttpeyroanduky B=11(s/du)?>—1, nas pacnonoxesns tpy6 no
kpaapary B=127{s/dy)*—[; s — paccTodAHHe MEMly OCAMH Tpy6 (war);
dy — Rapyxupil aHaMeTp TPYOH, duxp=4F /Il — onpenedsOWHR TeOMeTDH-
HeCKHIT paszMep.

Gopuyna cnpaBeaanma npH  Rep=3'10%:10% Pry=00566-+5 B=
=0,103-+33; s/de=1,02-+2,5,

B memTpy6HOM NPOCTPAHCTBE KOMYXOTPYSHHX Tenacolmennnkos Go3
MONEPEyHBIX Neperopodok udcao Nu onpegzenserca no dwopmyie (6.18)
€ ONPefeAROIIHM PASMEPNM

daxe= (Dnﬁ_ﬂdﬂz} )'{(Ds+ﬂdu), . (630}

rae D5=V1,27V;zﬁ+d2nr':—BHyTpeHHHﬁ IHAMETD KONKYXa, dy-— HapyK-
HEH gpaMeTp TpyO, M; n— uHCno TPYS B nyuke; V — ofneMEH# pacxon
cpeam, wmife; @ — CPRAHRA CKOPOCTH NOTOKA B MRMTPYSHOM NpOCTpaNCTBE,
OTHECEHA K WHBOMY CCHEHHIO.

Ecau uapecrelt war §, 70 Aa8 NYUKOR ¢ KOPHAOPHHM (KBaApaTiieim}
pacnonoiendem pyd

down=[1,27 (s/da)2—1]da, {6.31)
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a AaA nydKkod ¢ ImaxMatHhM (TPEYI'OJIbHHM} pacnodoxKeHHEM
down= [l,l (Sfdn}s'—]]da. (632)
Iaa TenncolMeHHRKOB ¢ NofMepeqHHME NeperopoaKaMH B Mex{rpyﬁnom

HpoCTpaHCTBE:
NPK KODHACPHOM PAacnojckednH 1pyl B myuxe

Nt =0,154 Rey®8 Pryd%, (6.33)

NPK WIAXMATIHOM pacloJtKeHHH TpyO B nyuxe .
Nune=0,195 Re w08 P03, (6.34)

Onpegensnownfi  pasvep dx — Hapymuufi gaaMerp TpyGH, CKOpOCTh
BRUHCARETCA MO CpefHEMY MHHHMAJALHOMY MUBOMY CEUEHHIO;
GCJIH MEPErOpOAKH cerMesiTioro Tena,

Inea=0785D5k(1—du/s); (6 35)
€CJIH NEPErOpPCAKH KOHIEHTPHUECKOrD THOA,
Tuma= 157Dk {1 —dg/s). (6.36)

3pece h — paccTosHHE MEMAY COCEAHHMH TEPETCPOAKAME; TAr oGHUYHC
npauuMaeTed 8= (1,3-+15)du.

6.4, Pacuetnule thopmynsl No rennoarthade
npH nonepevHom obTeHaHuH TpyE M nyukom

B caeaywmnx dopuynax (637)—(650) onpefensiomne BeAHYHHE —
HADYMHHA AHAMeTp TPYOOK (RPOBOAOKH) K CPeANSif TEMNEPATYDA MHIKO-
¢TH (xpoMe Pr¢); CKOpUCTh MOTOKE NOACYHTHIBAETCH N0 CAMOMY Y3KOMY
nonepewioMy cedeHKie Kauana (myuxa); Y=s,/d H Pr=s./d — oTHOCH-
TeAbHBE [0HEPEUHHA B NPOLOABIEE 1ard.

A, Opueoanaa Toy6a. [las oamsounofi xpyraoit TpyGe cpeanss Temno-
0Tja4a NpH HATPEBAHHH MKHAKOCTH ONDPEAeAfeTes CNCAVIOIHME DupMymaMy:

npH Reg=40-+-10%

m "= 0,52R31[cu'5pf1[c°'31 {pf m/Pl’c) 0,258"); {6.37}
mpH Rey=1032-2. 0%
mlm=0,2?'Rem"’GPrmﬂ-S?{Prm/Prc]"'25%: (6.38)

npH Rew=210%+107 |
Nuw =0,023Ren®#Pr2¢ (Pru /Pre ) e, {6.39)

Oaa ToHkofft mpoBONOKH M KpYrac#H TpyGW B moroke TpaacdopMarop.
ROro Macaa npH Rex <40 ameenm

. Nuw==0,76Re 0 Prg®% (Prg /Pro)®%. (6.40)



TIpr oxnampeHHR MHAKGCTH NOKalaTenb cremeHn oTHoWeHHA Pry./Pre
mpmecto 0,25 npunnMacres papubim 0,2. Daw razos monpaska (Pra/Prc)®®
He Mmeer cmpcna. IlompaBka na pauAnHe yraa araxe €, npH ofTexauun
Tpy® NOA yraoM @ HaxoAutTcA no pHC. 6.3,

—— ‘Ir
w1 RRR
g
' K JdA)
e N o
57 N — s
- N v z
gs Sy
% -
f¢ 80 70 68 S0 40 g, rras
Puc 63, Tlonpanka ¢, Ha Puc. 64. IroMerpHueckie
BIHAHHE YTJA aTAKH P OpH uO- napaMeTph NaxmMaTHOoro
nepedsoM obTeKanun TpySu nyika

B. Tpy6ume nyuku ¢ raankoii mosepxuocTsw, Cpegiaf TenacoTiaua

AnA  TPYD, pacnoNoMenHBX B [AYGHHHOM PSAY WAXMATHO2G TIyuKa
(puc, 6.4):
npi Rew=1,6=-40 n P =1ps=2

Nt = 1,04Re w4 Pr 038 (Pr [ Pro) 0.5, T(6.41)
npH Rewe=40-+10% ¥ ;=1p~=15+20 .
"Nuw=0,71Re®Pr 5% (Pr /Pre ) 0.25; (6.42)
l'lpH R6m=1m+2‘105, ’lp1=1,3+2,0, ‘l|}2=1,0‘1.—1,8
mn:=0,35Rem0'ﬁpfﬂi°‘“(Prmfpfc)°'25(51/52}°‘2 npH (s:/s52) <2; (6.43)
mm=0,4Rcm°-‘Prm°»“(Prm/Prc}“-“ npH (s /s:) >2; (6.44)
mpH Rew>2-10%, 4, =1,2502,0, pa=125-+15
Nty =0,031 Ren#Pr w4 (Pr s /Pro )85 (s, /53) 012, (6.45)

Hna kopudopasix myukos {phc. 6.5):
npH Rex=1,6+100 i p=1p=2

Nt == 0,9Ren® Pr %38 (Pr g [Pt ¢} 0.5 (6.46)
npH Rew= 100108 y 4 =vpy=1,5-+-2,0
Ntt4=0,52Re,x®3Pr 036 (Pr, /Pr. ) 025, (6.47)

npr Rew=108+2-10%, $,;=1,3+2,4 0 po=1,3+2,0
Nuw=0,27Rew™*Pr g038 (Pry. /Pr ) 0.25: (6.48)
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ftpr Rew>>2:10%, 4, =15-=-2,0 u ;=125
“Nupu=0,033Re w®EPru* (Prw/Pre )%, (6.49)

Tlpn ofTekannn WMAXMATHHIX M KOPUAODHHX OYUKOB MRAKEMH Meran-
nAaMH
Nt = Pe w03, (6.50)

QopMyna NpHMenneTea UPR Prx=0,007-+0,03, Pen=10°+4.103, §,/d=1.5,
Sz;{dél,a - .

RO R

Puc. 6.5. TeoMerpuueckue napa-
METDE KOPHBEODHOTO ny4Ka e

Cpesusd TemicOTNAYs BCEro MyuKa riaikuX TRy®
Nitays =Nuege:, (6.51)
rie Nuw — cpeanan Tenaceriada TpyOH B rayYOHHHOM DAAY -NyiKa npH
§=90°, onpepensercs no dopMmyaam {6.41)—(6.50); € — MONPaBK3 Ha
BAnARHE YTNIa ATAKH, HaXofWTC no pHe, 6.3; £ — monpasKa, yYHTHBAK-
Wasn 3ABHCHMOCTB TENNOATZAYM OT 4dcAa 2 DAZCB TpYO B NMyhKe, UNpeje-

JgercA no pHe. 6.6
B. TpyGupie nyuki w3 opebpendbix TpyS. Ilas nyukos u3 Tpy6 ¢ kpyr-
auimi pefipamy Koshdundent Tenioordaud ¢ opebpesHoR  cTopoHH

{puc. 6.7) onpeaenserca popMynon
Nuw=C Rex ™ (b/dy) "4 (h/5) > pCsCs, (6.52)

riae mm=ubj’?.m; Rﬁm=&‘yab/\’m;-ﬁ-=§f}§t_n OTHECEH K NOMEOH NoBepx-

HocTH opebpeHanx TpyD.
ChopocTh rasa wys HAXOAHTCA TI0 Y3KOMY CeueHHIO

o[t e e

rae § —Tonmuna pelpa; fyp — maomlank QpoHTanLHOrG ceYCHHA  Temno-
ofMeHHHKa; $§; — nomepeunuti war 1pyS; h— Buicota pebpa; b — war

pebep.
HepaproMepHOCTE TeBNCOTAAYWH MO BHcoTe pelipa YUHTHBAETCR Koad-

iunnenrom  §=1-—0,0568 V2cr.f(?\3{6} h.
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Mpu kopudopuos pacnonoxenun opefipenunlx TpyG s Gopmyne (6.52)
npruuMaercs C=0,105, n=0,72, KoanyecTso nomepeuHbx psijos & B myd-
ke yudrnpaeres Cz npn z=1, 2, 3, 4 u Goaee C.=16 1.3; 1,1; 1,0 cooT-
BeTCTBeHHO. Pacnonoxenne Tpy6 8 nyure yuHtwmBaercs G mpu sp/dy=
=1,4; 1,75 2 n Gonee kosdduument Cs==083; 0,96; 1.0 cOOTBETCTBCHHO
(52— npogoasubli wmar Tpy6). Popmyna (6.52) copaseasmba mpu Rex=
=300--25 000, dy /b =38, h/6=0,36+43,

2 [ Re=1pZ2107 | 1|
10 7= 1
08 r‘—’ — Nopudoprsil |
P4 == = HaTMITTHE
&8 < 7

Re>70% | i

YT i

4.3
0 2 4 & 8 W2 e 2

[= 2% 1) 5*- ___‘_’_]
Puc. 6.6, [lonpaBka e, Ha wuuC- Puc. 6.7. Tpyba ¢ kpyrabmn pedpamiu
N0 Z pAnoB Tpyfd B OyHKe

[Ipu wnxmarnos pacnonoKeHAU opebpenblx Tpy6 B dopmyte (6.52)

npunaMaerca C=0,23; n=0,65, Kospodunuenr
Co= [{s1—d3} / ('a—da)}*2, : (6.54)

rAe §; — nHaronamsEHEN War TpYS B NyUKe.

Koadnuuent C: npeacTaBien HHIKE:
....... 1 4 ] 8 10 16 20
C oo oo 0,8 0,9 0,98 0,99 1,0 1,015 1,025

dopuyna (6.52) cnpabepnusa npn Rex—300--22 500, dp/b=24-35,
hib=0,36-5, C;=0,46-+2,18.

CpoifcTBa NOTOKA Ta3a An, Vw ONpefelflTCs MO erd cpefHell Temme-
patype fr=foEAls.

Koaghpuyuent rensonepedanis qeped peSpuCTVIO CTEHKY -

k _[_!_+(__]_+_§L).ﬂ'_]_l ' {6.55)
P anp oy 2\0 FB ! '
TAg anp=Ez{Est+Fc_n]XFn—nprlaeneﬂnblﬁ KO>dPHLHEHT TenJgoTLAYH

cHapyxH opeBpennoit mopepxHocTy; a;=0,85¢ — kosdduukent remnooraa-

YH CO CTODOHH  opeOpeHHON MOBepXHOCTH, ( HAXOAMTCA N0 dopMyle
(6.52); Fo=nd\{ — nnowals eHyTpeHned ROBEDXHOCTH Hecywed TpySuL
Fy—nnpowafb noAHOE HAapYXKHOH NOBEPXHOCTH opeSpeunol TpySkk BMecTe

oo D
¢ noeepxuocTsly pefep; Lp=1¢ (-&— V2Bi; ?)—- ko3 thdunnent spdex-
2

THBHOCTH Kpyraoro pebpa NOCTOAHHON TONW(RHBI, ompedenseTcs ns rpadiu-
ka puc. 1.8 Iipmaomennn; Bi=a.0/hp —uucno Buo, Ap — Tennonponon-
HOCTB MatTepHana pebpa; Fp, Fecn — nAowanH nosepxuocTu pefep H CTeH-

4* 51



KH TpyOH B NpoMeXYTKax MeXiy pebpamu; Oc — TOAMHA CTEHKH: Ag —
TEMMONPOBOAHOCTE MATEPHANA CTEHKH,

Tentosoii norox vepes pebpuctyio CTEHKY npH NOCTOAHHMIX TeMmepa:
Typax obewx mMHAKOCTEH fwmy # fue

Qp=kn (tu—Lwz) F'u, (6.56)

rne F'z—nonHag opedpedHas NOBEPXHOCTh Telno06MeHa Beero myuka
TpYyS.

6.5. Japgaum

6.1. Baons ropaueli CTEHKH ¢ NOCTOSHHON Temmepatypofi 120°C ua
MpaBaeH MOTOK BO3AYXa €O CKOpoOCTeo 5 Mfe. Onpegeants cpeinnfi Kosdh-
(bHOHENT TENJIOOTAAUM OT CTEHKH K BO3AYXY, €CAH HIAHA cTeHKkH 2 M, 3 TeM-
nepatrypa naGeraiomers poziyxa 10°C, Onpefeauts MecTnhil KosddHIHERT
TRIIOOTAAYH H TOJUHHY THAPOAHHAMHYSCKOTD NOTPANHYHOrQ CAOA BO3-
I¥Xa HA& PaccTOAHHH | M DT HAYANA CTEHKH.

6.2. TpancpopmaTopHOoe Macao ¢ TteMuepatypol 90°C oxaamjaercs,
npotekas co ckopoctbio 04 Mfc Bloah MeTannmueckoll MAWTH, TeMIepaTy-
pa koTopoit moamepmuBaerca 20°C., HafiTH kos(ppHOHEAT TENIOOTLAYUY,
eCay ANKHA TJHTE NO aNpaBAeHH0 noroka 500 mm.

6.3. Booap nmnockOl cTedkr ¢ ofeux CTOPOH ABHXKYTCH TypByneHTHhe
MOTOKK IBYX KuAKOCTel, B npouecce TenioofMelnra ¢ OZHOH ¢TODOHH Koad-
fupuent renacorsaun 230, ¢ apyrofi — 400 Br/(m2-K). Bo ckoaeko pas
YBEAHUHTCA KO3h@HMUHEHT TeNAONepenayd vepes CTeHKY, pasaeAiolnyo
JKHOKOCTH, eCJd CKOPOCTb NepBOro J10ToKa BospacteT B 2 pasa, a BTO-
poro —B 3 pa3za? TepMHYeckOe CONDOTHBAEHHe CTEHKH He YUHTBIBATE,

6.4, I[Mnhacruna Zanuoi 500 my n umpnuoil 0,2 M HMeeT HAYATbHLIR
HeoBorpeBaeNsfl yvyacrok Aauuoi 100 mm. Ha nosepxuocTs  maacTHHe
temnepatypa 30°C. TlpozoJbrnlit MOTOK BOJBL OMBIBAET NMACTHHY €O CKO-
pocteo 0,05 mfc. Temuepatypa poam 7O°C. Haiftti TtentoBoft noTok K
naacTune, CpaBHHTE ¢ TeNIOBHIM [OTOKOM JAAfA CAYYaH, KOrja mnAacrina
oforpeBaercd No Beel [MJIHHE.

6.5 B BeprHkanbHoi TpySe guamerpom 22X MM A gamHol 3,5 M
Teyer TpaHCOPMATOPHOE MACHC CBepXy BHH3 co ckopoctew 0,12 wmfe n
cpeaneds temuepatypoit 90°C. OnpeneanTs cpefiHil Kos(QhHLHEHT Tenno-
OTHAgH, ©CAH TeMmmepaTypa crenku TtpySp 10°C. YuecTs mauaHHe ecre-
CTBEHHOH KOHBEKLHH,

6.6. TpanchopmaTopuoe macao nogerpesaercs ot 10 ao 30°C, npoxo-
na Buytpu Tpy6 guamerpom 20X1 MM u anunod 3 M. Hailitu xospdu-
UMEHT TeMAOOTHAYH, €CIH CPEAHAA TEMNepaTypa cTedkH TpyOun 40°C, xo-
aMyectse Tpy6 40 wT., a pacxox macaa 18 400 xrfu.

6.7. flo ropuzonTaabnoft TpyGe Anamerpom 20X 1 MM TNpoOTeKaeT Boxa
¢ Temnepatypoll 85°C na Bxoze. Cpeamas teMnepatypa CTeHKH [D°C.
Pacxon soan 05 kr/c. Ha wphixoAe u3 TpySn BoIa JOMMKHA HMETH Tem-
nepatypy 25°C, Kakoii aaunn TpySy caeAyet ZnA 9TOTO BAATH?
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6.8, Tlo ropusontancROMy TpySompoBoLy aMaMeTpoM BEX25 wmwm
ABHKETCA BOSAYX co cxkopocThio 4,6 Mfc m temnepatypoi 95 °C. Temnepa-
Typa cTeHkd TpyGu 60°C. Oupegetuts Kos(puUiedt rtenaooTaasu ot
Bo3fyxa K TpyGe. Bo ckoAbKO pa3 M3IMEHMTCH KoOshdHUMEHT TENNOOTHAUH,
eciH BOSAYX 3aMEHHTL BOJoH, mporckamwlled co  ckopocTnio 1.2 wmfe,
a OCTAALHEE YCJQBHS OCTABUTH OPeiKHHMK?

6.9. Hakm xosdpuulcHT Tenjoorfaud mpPH ABHIKEHHH BO3Iyxa co
¢kopocteio 11 M/c mo rophzonTaapHoll Tpyfie Anamerpom 35X25 mm d
anuHoit & M. Cpepnss temnNepartypa sosayxa 40°C, a cremku tpy6u 20 °C,
Haiiti temnepaTypy BO3AYXa HAa BXOAe H BHXOJe H3 TPyOH,

6.10. Tlo conny peakTHBHOR YCTaHOBKH ABHMeTCS ropaudil ras. Comao
B BHAe TPYSH ¢ HapymHblM AraMerpom 120 mm v anHHOR 4,4 M BAOKEHO
B APYiYyio TpyOy BHyTpeHHHM Zrametpom 124 mm. Memay TpyGavu sloas
KOJbLEBOrQ KaHada TNOoaaeTess OxJaMalnmas KHIKOCTE B KOJAHYeCTBe
3,95 xrfe. Ins cpenmeft Temmepartyphl KHAKOCTH 46 °C W3BeCTHH Tapa-
MeTPH: Temaoemkoctn 1890 Ix/(kr-K), naotHocts 1430 krim?, tennsmpo-
BoAHocTh 0,33 Br/(m-K)}, aunamudyeckas ssakocts 0,75-10-9 [la.-¢, Teu-
nepatypa napyxnoff mosepxHocTi coltna 680°C Ompenenuts xospdruHenT
TEMNOCTAAYH H TelJoBOH NOTOK K HHIKGCTH, ecad Pre=1,75, 2 Boabniag
Tpyfa CH2pYHH TenJoH3OAHPOBAHA.

6.11. >Kupkocts co cpepneli temnepatypoli 40°C, npr xoTopoft e
NAOTHOCT: paBHa B58 krfw®, a guHawmHuyeckans BHskoctn 0,78-10-3 Tla-e,
LBHMETCS N0 BepTUKAALHOR TpyOe BHYTPCHHHM puametpom 53 mMm »
anunch 8 wm. Ckopocrs teusenws (.1 wmfe. Temnepatypa cTeHRH Tpyow
70°C. Ilpu 370t TeMOcpaType BA3KOCTh XKHAKOCTH pasna 0,54.10-2 Ila-c,
Onpefe AT DEXHM TeueHHA JKHAKOCTH H KOJHUECTHO TeNAGTH, Nepeja-
paeMoli 3a cyTki. [IpHHATL Zns MHAKOCTH MO cpelHeR TemnepaType Tell-
roemkocts 1300 Jx/{(xr-K) u rtenaonposognocts 0,14 Brf(m-K).

6.12, B TennoobuenHnxe BOAA  IRHMeTCA no Thyfam  AHaMeTpom
40425 mm co ckopocThiy 1 M/c u BarpeBaetcs or L5 ao 85°C. TpyGa
HveeT temnepatypy 95°C ua nosepxnoctd, Ha#th xosdpduunent Tennoor-
JA9H pacycTHBIM cNocofoM o MO HOMOTpaMue,

6.13. B rTpySy BoZomodorpeBaTeas ¢ TeMmepatypoll cremkn 254°C
Bofa Bxogut ¢ 4 =160°C u seixoaur ¢ £=240°C. Pexun TeveHHs BoAW
TypSyneHTHHH, cKopocTh | wm/¢, TennoBan Harpyaka NOBE&PXHOCTH Harpesa
py6m 3,7-10°F Br/m? HaiTH sHYTpCHHHE AHAMETp H LAMHY TPyOSH.

6.14. TpyGka xonacHcaTopa Anamerpom 27X1 mv u gannoil 208 m
UMEeT Ha cTenke TemnepaTypy 40°C. B Hee BxojMT BOAA ¢ TeMnepatypoi
17 °C u xarpeBaerca Ao 23 °C., HafiTu ¢PefiHOD CKOPOCTL IBHXKEHHN BOAN
H AMHEHHYID DNAOTHOCTh TeMAOBOro NOTOKA, CUMTAH PEKEM TeueHun TypOy-
NEHTHBM,

6.15. Tas ¢ afcoMOTHHM jaBaeHHeM p U cpefHell Temnepatypolt fr
npotekaer no rophaoHTaApHoR TpyGe. Pacxop rasa m, suyTpcHHME aua-
MeTp TpySH o, Aanna [, a cpeauus TemnepaTypa cTeHKH TpySm fo. Halimu:
1) cpenHuit KoshQHUMEHT TENAOOTAAUH OT ra3a K cTenke Tpybw, 2) Ten-
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nosOR NOTOK, 3) BO CKOABKO PA3 H3MEHHTCH KO3DPHIMEHT TeMN00TAAUH,
eca ¢KopocTh raza yBenumunte B 2,5 pasa, 4) Bo cKOMBKO pa3 HIMeHHTCR
KOs OHLHEHT TENNOOTAAYH, 8CAH YMEHRMHTL AHAMETD TPYOH B 2 pasa mpH
HEH3MEHHOM pacxofe raza? Jaukble 1A pellieddn 3afayu psAthk 3 rtab-
NHOE.

6.16. Bona ¢ navanenof Temmepatypoil 90°C Bxoaut B ropHsoHTanb-
nylo TpyOy anamerpod 201 mM u oxnaxpaercA, CreHka TpySm nmeeT
cpeadoie Temteparypy 15°C, pacxon soan 273 krfa. Haiitu nauny Tpy-
6B, H& BHXOAe H3 KOTopoit mroga Oyner umeTh Temmepatypy 30°C. Kak
H3IMEHHTCA 3Tgé [AAHHA, eCdH BOAY 38MEHHTh RO3AYXO0M, a4 OCTEAhHDe ¥C-
ACBUA OCTABHTL O3 HaMeneWwdi?

TaGauna x sapaue 6.15

- 10-85,{— m, - -,
Ba;:::‘:‘H Faa P l'lga ! fn €| krje B:r?: dum] Lm |1 °C
1 | Boaayx 2,0 | 400 | 0,25 a K0 10 150

2 | Asor 2.5 50 | 0,20 6 90 12 0
3 | ¥raekwenstd raa | 3,0 | 200 | 0,40 B 100 15 50

4 | Kucaopog 1.5 75 | 0,30 r 1o 18 20

5 | Bonmopon 401 100 [ 0,10 a 120 13 50
6 | Boanyx 3,5 { 300 { 0,40 g 110 14 100
7 | Asor 4,0 | 200 | 0,34 W 100 11 30

6.17. Bosayx c¢ pacaoacu 5 xrfc nprm cpenmeft TeMnepaType 300°C
MPOXOAMT MO KAHANY AmHOR 1O M K cevennem 800X 400 mm. Hadty cpen-
HHI KOS(DUUMCHT TENAGOTAAYM W TeNAOBOH TOTOK, ecAR Cpeidfd Tem-
neparypa creHkH KaHana 150°C.

6.18. Tennosuiieanollitd 2/AEMEHT AZEPHOTD PRAHTOPA UMERT Hapyw-
uwiii graverp 25 wmM. Tesx Haxognrcs B TPYSe BHYTPEHNHM ZHAMeTpOM
31 mm. B xoanuesoM 3azope ABHMXKETCS OXJaXKAACUIAA BOAA €O CKOPOCThIO
2 mfc ® cpegxeit Tewmnepatypoli 270°C. Hahtu cpenuuil  wosdduumedr
TEMICOTAAYH H MOUIHOCTL BHYTDEHHHX HCTOYHHKOB TENAOTH gy, Br/wd TBsy-
Nz, ecni TeMncpatTypa ero HouepxHocTH 305 °C.

6.19, OSmoTka 3neKTPOreHEDaTOPZ BHINOJMHENZ B BRAe MeAnOH NIHHL
ceuennem 20X10 mm w paunol 1 M. TIpn npoxoxaeHHH TOKAa B [HHe
MOULHOCTE BHYTPEHHHX HCTOURWEKOB TENADTH §y=1{0¥ BT/M5. BHYTPH inuuw
HMEETCA Kauan HpAMOYTOAbHOrO ceueHHs 10X5 MM, no KOTOPOMY OBH-
WETCA OXNEMARIOMMHA BO3AYX ©0 cKopocTeld 5O wm/fc. Tewmnepatypa Bos-
fpyxe na Bxope B kanan 40°C, pasaenie 3.105 Ila. Paccyutats Kozddn-
OHeNT TeMNOOTZAYH OT [UWHE K BOJAYXY B Kanajae M CPefHIO TeMilepa-
TYpY CTEGHKM KaHala, cunTasd, 4T0 BeA TENn0Ta ©T IUDHHE  OTRCOAMTCH
BO30YXOM.

620, B 3aCKTPOUHOA annapatype HCIOMB3YRTCH 3IMECBHKOBHIA Tpy6-
UATHIfi OXMAAHTEAB H3 4,8 BHTKOB guameTpom 300 MM, BHYTPeHHHH AHaMeTp
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1py6rn 24 mm. Tlo TpyGke nBuKeTcH OXNaxjalwias BOJa cO cKOPOCTHIO
0,3 wmfc. PaccunTaTh TeMmepaTypy BOAM HA BBIXOJE H3 3IMEeBHKA, eciaH
pa Bxoge oHa HMeer TemnepaTypy 5°C, a cpeAsss TeMNepaTypa CTEHKH
ameeBixa 80 °C.

6.21, TpancopmaToproe maciao AGMHHEO OHTh Oxaaxieno or 100 mo
40°C B cOHMpaibHOM OxaaZMTeNe ¢ paZHycoM BuTKa 200 mm. Tpy6a oxna-
DUTENA HMEeT cPeAHIO0 TeMNEepaTypy Ha BHYTpeHHedl crewxe 50°C M npu
nuamerpe 46X3 MM npomyckaer 1,2 T Macna B vac. Onpenennts Heod-
XOLUMYIO AJNHHY CIOHDAAH H KOJHMYECTBO BHUTKOB,

6.22. [Tyuox TB3JIOB HAEPHOrG PEEKTOPA TIPOADALHO  OMEIBAETCH
oxnamjawmel BOJOR cO CKOPOCThIO 3 M/C NpW  cpenHelt  TeMmepartype
200°C. Hapywwuuifi aguamerp Tesna 1)) MM, 3JMeMeHTH PACHOAOKEHH B
KOPHACPHOM TIOpAfKe OO KBaipaTHoHd pa3buBKe cO CTOPOHOR KBajpara
s=14 mm, Haiirs cpegnnit kospdrUMEHT TEMNOOTHAYH H CPEIHION TeM-
ODEPATYRY HA NOBEPXHOCTH 3/eMEHTA, €CAH MOMHOCThH BHYTPEHHHX HCTOY-
HHKOB TeMAOTH JJ74 Hero PaBHa 44- 107 Briwd

623. Tpy6H ¢ wapyxHEM nHameTpoM 30 MM W ATHEOR 5 M pacno-
JIOKEHH B NyYXe C Pa3sCHBKOM MO BeplUIHHAM pABHOCTODOHHETD TPEYrodb-
HHKa co cTopoHoi 60 MM, CHapyXd TPyOwl OMBBAIOTCA BO3LYXOM, Ha-
rperm 10 8§00°C m apmKymHMCA BAOAL TPYyG o0 ckopocThio 20 mfc,
Hality cpeannt kosbMUHEHT TeORCOTAAYH OT BO3AYXZ K HAPyKHOW
MOBEpXHOCTH TPYO.

624. B woxyxoTpyOHOM TensiooGMmennyike 318 Tpy6S pachonomeHw
B LIAXMATHOM MOPAJKE H CHapyXH NPOADILHO DMEIBatoTes MacioM MK
co cpexuelt TemnepaTypoi 80°C. Pacxos Macna 2056 w3y, B mexrTpyGuom
MPOCTPaHCTBE TeMTOOGMEHHHKA PaCNOAOMEHH TEPerOPOAXH  CerMEHTHOIro
THMa Ha paccroAnuy 0,4 M apyr or apyra. Jduaserp tpy6 20X 1 mwm, pac-
CTOAHAe MeXAy UeHTpaMn cocelnux Tpy6 32 wmM. Hadte kosddmusent
TeMAOOTAAYH OT Macha X TpyOam.

6.25, LlunupapHdeckas 3NeKTPOIIMHA AMameTpoM 16 Mm o gnunod
0,4 m oxnampaercs NONEPeyHhM MNOTOKOM CYXOIG BO3LYXa ¢ TeMmepa-
Typoft 20°C u cxopoerbio 2 mfc. Haltty TensoBoii noTok, OTAaBaeMHil
WHHOH ¢ MOBEPXHOCTH, H LONYCTHMYI0 CHAY TOKa B Hefl TPH YCI0BHH, 4TO
HA ee TMOBEPXHOCTH TeMNepPaTypa He JOKHA npesBbuuats 90°C; yaenssoe
JAEKTPHUECKOE CONPOTHBJeHHe papho 0,46.10-% Om-m, Kax 4amenuTes
Ko3phHLMeHT TEMAOOTAAYH H CHAA TOKA, echd: 1) AuaMmeTp IWUHH YMeHb-
mHTh B 2 pasa; 2) CKOPOCTh BO3AYXa YBeAHUNTh B 3 pasa; 3) BMecTo
BO3/1YXa HCMOMbL3OBATE TPAHCHOPMATOPHOE MACTG?

6.26. BoaayuHuit notox co cxkopoctei | Mjc u remneparypoft 10°C
oBnypaeT JMEKTPONPCBOA IkaMerpoM 5 MM moA yraom ataku 60° Hafitu
KospprusenT TEMNOOTAZYN H CHJIY TOKA B MpoBOAE, echH YIenbHOS 3MeK-
TpoconporHBaeHHe npoeoda $,13-10-% Om-m, a TemmepaTypa Ha mnoBepx-
nocti 90°C.

6.27. Venoapays yoioBHe 2apgadn 6.26, onpepennTh, kKak HIMeHAETCA
KovgupHitHenT TenMOOTAAYH M CcHaa TOKA, echd, 1) yBeMHYHT: CKOPOCTh
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Boasyka B 4 paza, 2) yeeaMuwTh mHamerp npoeosa B 4 pasa, 8) ysemt
YHTL IaBJCHH¢ BO3AyXa B 6 pas,

6.28. Onpegenuth, KAKYIO TEMNEPATYPY HeOGXOMHMO ROANEPXHBATE HA
MOBEPXHOCTH TPYOM ¢ HADYXKHHEM [OHAMETPOM 25 MM, urofSH MAOTHOCTE
TeNJIOBOTO MOTOKA Guaa 79,56 kBrim2 Tpyba oxaamazercs ftonepeTHEM
NOTOKOM TpPaHCHOPMATOpHOrO Macha ¢ TeMnepatypoit 20°C CKOPOCTBIO
1 mfe mog yrnom araki 50° Kaxkoe npu stom Syner KO3PHUHeHT TEnRO-
DTHAYH?

6.29. BEMHCAHTS KOSHOUUHENT TEMNOOTAaYM 0T TPYGW K BO3AYXY 449
HEYX ciydaes: 1} BO3AYX ABHIKETCE & IJIMHHOH TpySe BHYTpeHHMM aHa-
merpom 40 mu; 2) BOBAYX OMHaeT TPYOY CHEDYKH B NOMEPEUROM HA-
pasjieHl, BHCWIHWA aaverp Tpy6w 40 mm. [lng ofoux cayuaes Tem-
neparypa BosAyxa 60°C, ckopocTe BosAyxa upausts 5, 12, 20 u 28 M/c.
Toctpouts rpadui 3asucHMociedl g=f(w) ANd NPOAONLHOTO H MOMEPET-
HOTO NOTOKOB BO3LYXE.

6.30. Haun fABa Tensoo6MEHHMKA [7% HATpeBa BO3AyXa, B neprom
TenioofuMeHilike BO3LYX Npoxeiutr no TtpyBam ({/d>50), a rpelomui
nap — cHapyxn 1pyS. Bo sropom, naofopor, nap peaserca B rtpy0ax,
& BO3AYX CH@PYMH OMBBaer TPyOn B nofepeduow HanpaspeHwn. B oboux
CnyYady NpHHATE CKOPocTh Bo3fAyXxa 12 wmfc, cpeiHiol TeMneparypy Ha-
rpetoro Bosayxa 60°C, koshdUUHEHT TenoOTLEYH Or 0nApa K CTEHKAM
8000 Brf(m2-K). Tpybu —H3 aaTtyRn pdamerpom 26X3 mm, pacmonoxe-
HHe TPy 1IAXMETHOE, COOTHOIWIEHHe IHAToB $;=2,15, Hafita nmunelinue
KosOPHUNEHTH renjofiepeladd AA8 OO00HX BapHaHTOB TelloolMeHHHKA.

631, Halitu cpennnit KodddHUHENT TENACOTZAYN B OXA3JHTETE BO3-
Ayxa NpH NoNepesHoM GOTEKAHHH TyYKa H3 BOCBMH PAROB TPYH ¢ IDax
MaTHEM pacniosioxenneM. Hapymuwit Auamerp tpy6 16 mm, cKopocTs BO3-
Ayxa B Y3KOM CeueHMH nyuka 15 wf¢, cpeAnfis Temnepatypa BOZAyXa
160 °C. TlpuHATe pasvepm waros TpyS ;=38 MM, s:=21 Mm.

6.32. Mo ycroehio 3agatH 631 wafttu cpeannit xosdpdulivest Temno-
OTHAYH, SCAM LYYOK OyIer ¢ KODHAOPURIM paclofoXenweM rTpye.

6.33. Onpenenirh ¢peAHuil kosphHUMEHT TEnNOOTIAYH AN WIAXMATHO-
ro Tyuka, ecad B 3agave 6.31 Bmecro BOsAyxa TPYOH Gyjer OMuBaTh
BOJa O CKOPOCTRIC B Y3KoM ceuenkk 1 M/c, a Temmeparypa MOBEPXHOCTH
Tpyé 40°C.

6.34. [lywox Tpy§ nonepeutc ofTeKAeTCA rOPSATHM BO3AYXOM €O CKO-
POCTRIO W B Y3KOM CeueHHH W cpeAHeit Temneparypod fs. TpyGW Eapyx-
HEM gHametpom d cOTekalores nof yraoM atakd . Mlare tpy6: sy
=kl U Sp=k:d. ONpefeauTh CPeAHHE KOn(bhuUHent TeNRO0TAAUH NHYYKA,
ecan wHeno pasos TpyS B nyuke z. JlaunWe s pelleHHs 3ajfaddl B3ATh
i3 taOgAHLR,

6.35. Onpene/mTs KosDOHIHEHT TeMIoOTAAvH Ada 16-pAAHOTO WIAXMAT-
Horo myuka TPYS © KpYIIHMH AATYHHHME pefpami (CM. pHC. 6.7} Ton-
WHHOR =2 MM, BmCOTOl h==25 MM ® warom peGep 15 mm. [1y40K OmMu-
BaErcq B MONCPENHOM HANPABAEHKH BO3LYXOM, KOTOPW HArpEBAETCH o
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20 5o 120°C, cxopocTs B Y3KOM cewennu nyuxa 10 m/c. TpyOu amamerpom
38X2 MM pacnonokeHW B Nyuke ¢ WaramH $=116 MM H 5==130 mm,
Cpennss temlepaTypa NoBepxHocTH Harpesa 130°C,

© 6.36. BO3LYX00XNAAHTENs B BHAL fyuka TpYS ¢ KOPHAOPHBIM pacmlono-
eHHeM 0§]YBaeTCA NOflepeYHblM TMOTOKOM BO3AYxa CO CpefHell TeMmiepa-
typoit B0°C. Pacxon mosayxa 9000 m?fu. TpyGH H3rGTORNEHSl W3 anio-
MHHMA, aHaMeTp Hx 26X 1.5 MM, amura 0,4 M, OHH pacloNoMKeHH ¢ lUara.
M $=5:=062 mMm. Hz nomepxnoctn tpv6 HMewTcd Kpyrame peSpa Aua-

labadya K 3anave 6.4

Baﬂr?:' Thi NyKa d, MM z ° B:E“;' w, ®ic _-fB, Cl Ay kg
1 [Ulaxmarami| 6J 15 70 a 9 380 [ 1,9]1,3
2 | Kopuaopuma| 5) 10 30 6 10 400 | 2,6 1,2
3 | Ulaxsaramfi| 70 10 50 B 11 180 | 1,5 ] 1.2
4 | Kopuropueid| 40 13 55 r 12 250 | 2,4 ¢ 1,14
;» B | Uaxmaraué| 50 7 80 a 13 120 | 1,3 1,4
. 6 | Kopunopuei| 60 8 65 e 14 | 300 |2,2(1,2
7 | UWaxmarnwit| 40 12 40 w 15 200 [ 1,411,3

wmeTpoM B2 MM, Toatmsod 2 MM H warom 65 mM, BHuyTpH Tpy6 mpo-
TeKaeT IKHAKOCTE c¢o cpefmelt  TemnepaTypoit  10°C, xoadgunuent
TENN0OTAEYH OT cTenkH K kuakocTH 820 Brf(m®-K). Onpepenats koadda-
UHeHT TeMnomepejaud H Tel1080H MOTOK, nepelaBaeMmil yepes pelpucTuie
CTEMKH OT BO3IYXa K MHIKOCTH, ecid (QpPOHTAIBHOE CEYEHHE TEIAOOSMEH-
ruka 0,69 m?, a2 konuuecreo Tpyd — 250 mit.

6.37. B KPYramx KaHanax @TOMHOTCG PeaKTopa ¢ EHYTDEHHHM LIHAMET-
pom 10 MM TNpOTeKaeT MHAKHA MeTanaA co cpefHell ckopocTsid B mfe
Cpeansia temnepaTypa foroka Metanna 500°C. Hailiru cpenuuft koaggm-
UHEHT TEMAOOTIAYH, QCJIH METANN: a) BHCMYT, §) 3BTEKTHUGCKHA CNJaR
25% Na475% K

638, Mo TpyGe amamerpom 1632 mm H momgofi (000 MM gBHKeTCR
PTYTh CO CKOPOCTHLIy 4 Mfc TPH cpeAHed TeMfeparype 150°C, Haiita ko-
shHINENT TENMOOTAAYH M TENNOBOR TOTOK OT PTYTH K CTéHke TPybH,
aMeowelt cpeaHion Temneparypy 80 °C,

6.38. B ycranoske no TpyGe amamerpoM 18X3 MM npoTekaeT 0J0BO,
HMeIONge cpelHIO TeMmepatypy 400°C. Iauua Tpyfu 4 M, macCOBHE
pacxon odgsa 97,2 wrfd4. Hafty xosddHOueHT TemnooTAauw M Temiorof
NOTOK OT QNOBA K CTEHKE, eCIM HA CTHKe Temmepartypa 250 °C.



Fnama cepoman

TERNQOTAAYA NPY CBOEOAHOW KOWBEKLMM

CBO&O}U{&H KOHBEHIHA — ABHMKQHHE CpeRn, BOJHEKAWMee B TpaEHTa-~
LHCHROM IIONe BCASICTBHE HEGHOPOINOTO pacopeleedpns OAOTHOCTH,
BHIIBAHHOID B OJIHOQJEIBHOH Cpcie HaNHYHEM TEMﬂepaTypHOFO TpagHeHTa.
ﬂpu 3TOM [BH¥cHHE B NOrpaHHYHOM CJI0E MOMET OHTD JaMHHapAnM H
TypOyaentbim. Tlonst ckopocTi n TeMnepaTypu CYMIECTBEHHO 3aBHCHT ADYT .
OT Apyra.

71.1. CrobopHan KoHReKUMA B Bonkwom o6Leme

Tennporgaua npu mamunaphom pemaMe (GrPr)a=10%-109 nas aep-
THRQAGHELX TPYS B OAACTHH onpejeaseTcs no gopmyns
Nuts=0,75{GrPr)0: 25 (Pry/Pro )02, (7.1

OnpenesfomKi  pasmep — BucoTa H  NOBEpXHOCTH  Tenioo6MeHa,
Onpenexsiolnas TeMngpaTypa — TEMNepaTypa KMAKOCTH BAaAM OT Teda
{kpome Pr., koropeii onpeesnseTcn N0 TeMAEPATYPE CTEHKH),

Ipr snaveddax {GrPr),>>10" ma BepTHRKanbHBIX ROBEPXHOCTAX 08-
pasyercd Ha HRUAABHOM YYaCcTKe JaMHHAPHHA norpaHuyamifl caoff, xorto-
peiii satem mepexoaut B TypOyaentHufl. Dpannuneft vexiy sTHMH cA0aMH
CNYXHUT ceueHHe pa BulcoTe Hyp, 3HayeHHe KOTOPOH  Onpefenfiercs M3
QOPMYARL

Hyp= 10%va/ (gBan) 1 13, (7.2)

Torna TenacoTaada Ha NAMHEAPHOM YYAacTKe 10 BHCOTH Hup puvvin-
TiBaeTCA 1o diopuyae {7.1), 2 na TypOyaeHTHOM yuacTKe BHCOTOR H—Hyy
{rae H -— nonvaa AaHpa TpyOul WAH BHCOTE MAACTHHE) ORpeneaserca Mo
topmyne

Nt = 0,15{GrPr)*% (Pry/Pre) 5. (7.3)

Cpeannii no Bucome KosQRHOHENT TEMIOOTA2YH N[PH MAXHYHH JaMH-
MapHOre W TYPOYJAENTHOID YYACTKOB UOIPAHHMHOLO CAQOH HA BEPTHKAAbLHOA
NOBEDXHOCTH

_(lz[EHHp“}‘&;(H_HND]]H_I» (7-4)

roe cc_n H a — cpeflde KoshduIMeHTH TelNNOOTRAYH HA JaMHHADHOM
#4 TYypOVIEHTIIOM YYacTKax NOCPAHKRYHOrG CAGH,

Jas zopusonrasoton TpyGsl ¢ HRPYKHHM ZAaveTpom da:

npH (GrPrig.e=10-8-108

"Nitg o= {,18(GrPr) 0,125, " (7.5)
opi (GrPr) g .=105=10%" .
“Nitn o =0,5(GePr) 425 . (76)
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Onpepenmownft pasmep -— dy, oNpefenfiiollass TEMREDaTYPa fnc=
=05(fc+{x).

Tenno0TAaYa ropHIOHTaAbHON MAACTHHH ¢ TEMNOOTAAWLIER NOBEPEHO-
cTblo, 0OPAlIRHHON BBEpX HAM BHM3, pacCuMTHBaeTcA no dopwyre (7.1},
NpEYEM BO BTOPOM C/yuge NOAYMeHHHE KO3(QQRLRHEHT TEMAOOTAZYH Cao-
AyeT YMeHbUIHTh B 2 pasa. 3a onpedeawlolMil pa3Mep NpRHHMEeTCH
MEHbIUAA CTOPOHA NJACTHUHH,

TennooTAaua OT TOHKHX HarpeTHX npoBonoueR aramerpom 0,2—2 MM
npt {GrPr)ac<l10-7 {nnencunmii pexum)

mﬂ‘ﬁ=0:5v . ' {T-TJ
o-rxyaaa =A/(2d). L

Ecmt {(GrPr}g.e=18-%+10, 10 cho.nhsye'l‘ca d)oplqma {7.5).
TelnooTAa%e HUAKEX METANIOB M CNIABOD

Nu, =€ Gi? P (7.8)

Oupegensioian TeMnepatypa fne=05({{m+fc); ONpesensiomai pas-
MEp: NN TOPHIOHTANbHOW TpYOM — HAPYKHLA nRamerTp, AAS BEPTHKAND-
HOH NOBEPXHOCTH — BICOTE; th=03+0 O?IPr”*

Ecnu Groe==100+10%, 10 C=0,52, a= 025 ect Grg,e>>10% 10 C=
=0,105, n=1/3.

Kosdduunenr ofbeMuHoro pacliMpeHHs APHGNHIKEHHO OMNPeAeNAeTcs
BEDAXKEHHEM

In.c

Ba.cms(on—po) /Tom (fe—tu) 1. . _

7.2. CeoGopHas KouBEKUWS B orpaHuueHnom obbeme

TennocofMen B Y3KHX UINHX, NJCCKHX H KOJBUEBLIX K2HAJNAX H Mpo-
cholikax MpHOAHMEHHO MOMKHO ONpeAeHTh:

np (GrPr) < 10%-— po opMynaM TemnonpoBOAHOCTH; ,\f—"-‘ )( £

mpi (GrPr) . > 10® —no dopmyne A & &

& ﬁp,ﬁ_ms GrPr)tss,, > 1 7" -:\— (7.9)
£

Onpefeasiolafi paaMep — HIMDHHZ WeAH WAH 3a3ppa O; ompeAeaswmas
Temmepatypa tw=006(lc1+{ce), e fey H feg — TEMOEPATYpPa CTEHOK 1ileay
MJIH 3230pa.

+

7.3. 3apaum

7.1. TophaoutancHas mamta ¢ ofpanieHHOR BBEPX TeNNOOTARIOMIEH
NOBEPXHOCTBIO MMeeT pasmepu 600X 1100 mm u uarperza mo 80°C. Bpaar
OT TJHTH BO3AYX Hmeer Temnepatypy 30°C. Hagru rtemnosofi moToK oOT
NJATL K OKDYIK2IOLIEMY BO3AYXY,

7.2. Iaf oronyieHMm RoMemenHs Tpefyercs pacxop rtemna | xMx/e
ot ropusodTansHore TpyO6omposoga amametpom 25 mv. Temnepartypa To-
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sepxuoctd Harpesatenst 100°C, a sGafyxa B moMewemnn 25°C. Paccun-
TaTh HEQGXOIMMYIO AJIHHY TPYOOupobona.

7.3. Tlporonoka w3 nuxpoma guametpom 0,5 MM pacmofoesa rTOpA-
30HTANBHO K HATDEBALTCH 3ACKTPUUCCKMM TOKOM; TEMIRPATYpA RpPOBOJIORH
He 0/XKHA npeBuimwate 280 °C. YienbHOe 9MCKTPHYecKOE CONpPOTHBJISHHC
HHXPOMA NPHHATL He 3aBHCANIMM OT TEMEISPATYDPH H pasHeM 10-5F Oum-m,
Teunepatypa cpeasl BOKDYT npeopoioxk 20°C. Onpepesnrts fonycTHMYS
CHJIy TOKAa ARA HPOBOJOKK B ABYX CHYHasX: NIOBOJOKA HAXOAMTCA B CHO-
KORHOM BO3LyXe H B CROKOHHON BoAE Mo RanienHeM, HCKIOUJIOWHM KW
HeHHE.

7.4. BepTuxaibubil UMAHHAD HaDYHHHM ZHaMerpom 200 MM B gauuod
4 M OKpy®eH BO32yXoM ¢ Temnepatypod —50°C. Lnmisap aomxen umets
Ha EBHelllHeR NOBEPXHOCTH TeMNepaTypy, pasHyw 20°C. Kagoma gomkHa
6LITE AaA 9THX YCAOBHH HHEANAR DAOTHOCTL TONAOBOTO NOTOKA OT LUH-
muHEpar

75, Iiponcere auanna saBucuMocT RoatddHUMeHTa TeRACOTAAYH MR
BEPTHK2bLOrO OHAHAZPA TPH cBOSOAHOM ABHMKEHHH OT KAaMAOR Ha cde-
LYOWHX BeJHYHH: BHICOTH FI, BA3KOCTH cpeasl W, TEMOEPATYPHOTO HAaMNoO-
Pa Af, NIOTHGCTH Cpead P, TeMJOEMKOCTH CPEeRH Cp, Ko3ddHuHenTa 06b-
eMHOro paciiperus i cpeppl: a) aad rasa, 6) A% KATSNBHON MKHIKOUTH.
[punate (GrPr) y zaxaoueHuoll B uHTepBane [03—I10°,

7.6, OnpeaennTh TeMIepaTYDY HArpeTodl NPOBOJOKH ZHAMETPOM 1 MM,
KOTOpa® OXJamAaeTC# NpH CBOGOIHOM JBHMKEHHH BOJAYXa ¢ TEMNepaTypoil
0°C. Ilo nposonoke uaer Tox B A, a yIelpHO® 31eKTPHUSCKOE CONPOTHE-
aeste 1,1-10-% Om.m,

7.7. JlBe ropH3oHTafLIHE TPYOu ¢ OAMHAKOBON TEMMEDATYPON NOBepX-
HOCTH M AAHHOR OXJANAZIOTCR B HENOABHKHOM Bozayxe. Juamerp oaMol
Tpy6ut B 10 paa nmpeswiyacT gnaMetrp apyrod. Jlaa  wmanoft  TpySwm
(GrPr)a.c=10* OnpeaenuTd OTHOWEHHE KO>P(HUHEHTOB TEMJIODTOAYH M
OTHOWIEHHE TenJOBHX [OTOKOB MJf 3THX Tpyo.

7.8. Tpanciopmatoproe macno ¢ TeMmnepaTypoii 40°C  narpemaerca
B MacaomarpeBaTese TpyfaMmH ¢ Temmeparypolt na moeepxnocTe 110°C u
HADYRHBM aHaMeTpoM 30 smm. OnpeleauTe TenmacBoA MOTOK OT TPYS K
Macay, eciH NMOBepPXHOCTH Harpesa 15 w2

79. HaifiTH noTepH TERJOTH BEPTHKAJBHLIM YY4CTKOM DApORposeAa
anaeoi 6 M 33 CYeT TOnACOTAAYM TPH CBOGOAHOM RRHMKEHHH B TRUSHNe
4 gacom, ecmi ROSAYX B uexe umeer temneparypy 25°C. Hapyxwel gua-
MeTp naponposoaa 200 MM, cpeapHas TeMnepaTypa Ha erc NOBEPXHOCTH
190 °C.

7.10. Tlo yenoBuio szagaun 7.9 onpeaenuTh, KaK HIMeHATCH TEINOBHE
NOTEPH, CEAH HAPGNPOBOA NOKPHTL RIOAALNE] ToMuHHOR 50 MM, HA Buewr-
Hell MOREPXHOCTH KOTOpofl yCTanasaupaercs temneparypa 50°C?

7.11. TopuacHTanbKeA naponpoBop aWamerpom 03 M w ammHoR § M
HMEeT HA DOBEpXHOCTH TeMmepatypy 230 °C. Bokpyr Herc — BO3AYX C TeM-
neparypoéi 30°C., Hafith noTtepu TenaoTs NapomporonoM OmnpeneiHte, Bo

60



MROALKO DA3 CHH3ATCH TENAOBLIE MOTEPH, ecAH TeMnepaTypa HOBEPXHOCTH
lraponpoBOAA YMEHBUWMTSA B 3 pa3a, a ocTaibHble YCAOBHA OCTaHYTCs Ges
H3MeReini.

7.12. HafiTd notepu TenaoTs 0pH YC/AOBHH, YTO NApONPOBON € TeM-
mepaTypoit Ha mosepxHocry 230°C pacnonomed BepTEkanbHo, OcrafsHbE
naHHble TMPHHATL DO yoAeBHp zafavd 7.11, TlpoanasHznpoBaTs 3aBHCK-
MOCTh KOSQHUKEHTA TENJICOTAAYH H NOTEDhL TEMAGTH OT JAJAHHBI HapOTpO-
BOzA.

7.13. Tonkuii 3MEKTPONPOBOZ OXJAXKIAETCA TPH CBOGGAROM ABHAEHHH
rasopoli cpean ¢ aanemaem 10° IMa. Kax m3amesuTeA KosdQMEHEHT TEnao-
OTHAYH OT NpOBOAA K raldy, ecld JABJeHHeé rasa noBucHTE B L0 pas, a
OCT2AbHBiE YCJOBHA COXPAHHTL Oea namenerui? BO cKOALKO Pa3 MOMEO
WIMEUHThL CHAY TOK2 B TpOBOAe W B KaKyld CTOPOHY — YMeHEUMTL HAH
yBeanunts? Ipuuats (GrPr) g =400

7.14. B Goabmom Oaxe ¢ BOJOA OXJaxZaerca BepTHRZJbHAA [Aa-
cTaaa WHPHHOA 3 M u BecoTol 2 M; ee Temneparypa 90°C. Cpenusnn rem-
repatypa soas 40 °C. Tlaitti nepejapaeMywr BOe TenaoTy.

7.15. B y3KOfi weAd Memay cTeHkaMH, HMeOILUMH Ha TNeBEPXHOCTH
TemnepaTypu 160 9 60 °C, napxynHpyer sozayx. BoaxywHas mpocaofika
B ICAH HMeeT Toakey 25 MM, HaliTH MaoTHOCTE TenAoBOrO NOTOKA MEX-
Ny CTeHKaMH.

7.16. Kark HIMeRHTCA NJAOTHOCTh TRMJOBOSQ NOTOKA, SCAH B 3afave
7.15 TonuiMBHy BO3AYIUHOTO CJIOA YMEHBIIHTL B 2 pa’a, a OCTAJBHHE YCAO-
BHAL OCTABHTL O3 H3MeHeHHH?

7 17. Ecau, coxpaHHB ycl0BHA 3afdun 7.15, 3anoAHHTE Mean BOZOH
EMGCTO BO3JAYXa, KaKOBH OYAYT BedHuWHHA KO3(pPHUHEHTA TENAOOTAavH
H OJAOTHOCTD TENJIOBOrO 0OTOKA?

7.18. Tpy6a auamerpom 1231 MM HaXoAHTCS BHYTPH ADYrofl Tpydw,
krMetowedl guametp 583 M. Ha napymsod noeepxHocTH Madof Tpyfm
Temurepatypa 130°C, ra BayTpeHHel nNoBepxXnocTa Goapwon Tpyder 50°C
Hajitk kosdduupenr Tempooraayd H NAOTHOCTD TeNoBOro NOTOKA 4ep.d
KONBIERDH 3430p, 3aN0JHEHHHH. 4) BO3NYXoM, ) BOaGH NOM NaBTeHHEM.
HCKJIFOUAKLIHM KHITEHHe,

T7.19, B y3xkod mea# temnepaTypbl WA NOBEPXHOCTAX CTEHOK COOTBET-
ctBenio 18 u 12°C. Ilpn Kakoit Touanfine BO3IAYUHON TpOCAOAKH B LleqH
nepenaya TEMAOTH OT TOPAYEA MOBEPXHOCTH K XOJOAHOA Oyger onpemenstl
CA B OCHOBHOM TeIAOTPOBOAHOCTBIO (T. € KOHBEKUHER MOMHO npenefpeun):
Kak namesdrcs TOMUHHR TpOCAORKM, ecnH BMECTO BOsayxa Oyaer Boaar

7.20, Snextponposos Gez H30AALHH HMEET OHaMetp 2 MM H TeMmme
parypy 90°C na noeepxsocTH. OA OANEMNAETCA BOINYXOM C TeMEEpaTy-
poit 20°C. Kakyio TemMoepaTypy Ha TOBEPXHOCTH Gyler HMETh NPOBOJ,
CCIH €0 NOKPHTh H3CGAAUMENl TONMHHOH | MM, TENJONPOBOAHOCTE KOTOPOL
0,3 Br/{«-K)? Cuny 10Ka ¥ 5JAEKTPOCONPOTHENERHS TIPOBOZA CYHTATE TIPRlK:

HAVH, 3 KO3(MOHEHT TeNNoOTHAUH OT H3OJNAUHE K BOSAYXY NPHHAT
16,5 Br/(M?-K). '
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721. B Goabwom Gake, rie WaxoaMTes TpawcdiopMATOpHOE MAco,
pacnofoxens BepTHKaAbHO TPYOH aqu#olt 1 M. Hafitn  kosdriumenTH
TCOAQOTRAYM NS ABYX cAyuaeB: 4} Macno ¢ remneparypoit 20°C na-
rpeaeTcd o7 TPY0, HMeWlHX TeMNepaTYPy Ha nosepxxocrd  120°C;
6) macno e remnepatypol 120°C oxAaxAaercs na TpyGax, norepRHOCTB
koTopHx umeer 20 °C. O6BACHATL pasAHuHE B pesyJAbTaTaXx.

7.22. Harpee onosa b GOJLILON BAHKe OCYIICCTBAAETCA ¢ MOMOILBIO
3JICKTPOHATPEBATEAN B BHAS TOPHAOHTANLHOMG UHAHHADA C HADYMHEIM IHA-
merpoM 40 Mm 1 Aanwoft 2 M. HafiTh kosddmnpesr rtemnoorzaus or no-
BePXHOCTH HArpeBaTens, HMewweH temneparypy 500°C, x wmeraany, paso-
rpeToMy an 300°C. PaccuurtaTh DepegaBaeMbifi TENAGBOH MOTOK,

nasasaoceman i

TENNOOTRAMA NPU nnEHOIIHon I{OHAEHCAII,HH
YHCTOTO MAPA

Konpencauna — npoltece  nepexoga BeuecTBA H3 ra30ofpasHoro co-
CTORHHS B KHAKOE — MPOHCXKOMHT NPH CONPHKOCHOBEHHH Napa <o cTeHdkof,
uMeiolllefl TemnepaTypy fs, fonec HHASKYIO, 9eM TEMICPATYPa HACHIUEHHS
l;, H conpoBOMgaeTcsl BHAEAEHWeM TemAoTh. Ha cwmaunsaemofi nomepx-
HOCTH CTEHKH KOHZEHCAT oOpasyeT COAOIIHYIG IJEHKY {(mAenownas Kod-
AeHcauus). JBHMCHAE IJeHKH KOlAencaTa MoxeT GolTh AaMHHapublM B
TypOynentawiM. TIpH cTeKauud gaMAiapHoi NTACHKA ¢ BepTHKaAbHOH To-
BCpXHOCTH HalMopacTes BOMIIOBOE TCUBIIHE KOHAGHCATA, YTO cMOCOGCTBYET
IOBH WEHAID HHTEHCHBHOCTH TENJOOTAAMH,

8.1._HoHfieHcauun HENOABMINHOrO napa

[pu AaMuHapuoM TeUcHHH MACHKH KolieHeaTa B yeaoeusax Z<2300;
rlep(fe—1c)2=5 n Przzl cpepnuit no BuicoTe KO3DHUMEHT TENAOOTiauH
RIS BepTHraapHoll NOBEpXHOCTH BHcoToft Ff ompepenserca dopMyaod

- rpy
=0,94 ————— Z9.%%, 8.1
C= 0 T " (&1
NPHBELEHHAN AAHHA
) 173

H (ts—T) A lg ( Pn)} )
— Sl = - — i 8.2
z rpy e\l P (8.2)
srech & = [(_?;_JSL]G-WS—nonpaBKa Ha  TepeMeHHOCTh (H3HUecKux

e

CBOMCTS KOHACHCATA; Ag H Me — TONJIGNPOROJHOCTE W AHHAMHYECKAA BA3-
KOCTL KOHNEHCATA, ONPEfeqRIOTCH MO cpeldell TemNepatype io CTEHKR,
% M, V., p, Lp— COOTBETCTRBCHNO TelVIONPOBOAHOCTE, AHHAMHYECKAA H Ki-
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HeMaTHIECKaa BA3KOCTH, IMOTHOCTH H MACCOBAasf TENAOEMKOCTb KOHAGHCATE,
onpefensl0TeA N0 TeMNepaType HACHULERHR 5 Py B F — MAOTHOCTb HACLI-
[WeHHOTO TAPa U TennoTa napoobpa3oBaHHA TIPH [s; g — YCKOPEHHE CBO-
HoJHOTO [AABHHA.

Jns cayuas konmekcauun sofancze napn dopuyam (8.1 u (8.2) mo-
ryT GHTh NpeoBpazopanu Aas YAOGCTBA NOMBSOBAHHA:

0,94 D (I p_,,)‘l%s .
[H (e — )P ) i
Z=H(t;—E)A(1—pafp}'f, (84)
rze D 1 A subHparTes B3 TabA. 14 npunoxenus no f;.

CpenHuit N0 OKPYACHOCTH 20PU3ORTAAbHOT TPYOs ROapPHEEEHT Ten-

fAootazun  (TpyGz ¢ wWapyMemM JHaMeTpoM d, JaMHHAPHWA PersHM —
Z<3900)

E ==

(8.3)

(8.5)

(g — 0,25
T‘-=D,725 [rgl (P pll) ] €.

dv (ts - f:)

QO0o3Havenns Te e, uTo Axs dopmyasl (8.1). ®opuyaz (8.6) npHmenser-
ca npn d<20[c/(pg)]%* rae O — xoabPHUHEHT TNOREPXAOCTHOTO HATA-
HEHHA.

Han cayuas Kongeucalut sodaxozo napa dopwmyna (8.5) Moxer GWTs
npeobpazosaila:

‘@=M[t;—Eo) d-%%ey, (8.6)

roe M Bufrpaerca B3 Taba. 14 npuiokeHus 0o .

[Ipun Z>>2300 1wa pepTHKAALMEX NOBEPXHOCTAX HalARAETCA KOMOMAU-
POBRAAOE TEUEHHE TASHKH KOHAEHCATAa: HA HAYAJBHOM YYaCTKe — JaMHAHap-
HOoe TeuewHe, a panee — rypbynenthoe. [lepexnn faMHBApHOTO pexcHMa
B TypOyZeHTHHH NPOHCXOANT Ha BhiCoTe Hyp 0T BepXHeH KPOMRH CTEKAKO-
HIEH KOHIEeHCATHON MASHKH

rpy va 143
Hyp = 2300 — (“_ d ) . (8.7)
A, —1) E PP
Hdas cayuas konfiehcalny sodasoco napa popmyaa (B.7) Moxer GHTH
npec6paloBana:
230 y—1/3
Hyy = ———— (1_P—“) -, (8.8)
A {{s— tc) i

rae A poifupaercs H3 Tadh. 14 npuaoxends 0o i
[pu xoMOURUPOSEARHOM TedeHHH HONEHKH KOHASHCAT4 Ha BCPTHRAALHOH
HOBEDXHODCTH CPeAHAR No BHcoTe H Ko2ddHUMENT TENNOOTHATH

rpy - 2 Dr. 4 0,2574/3
— = [140.¢ 5P —1 ") 1 '
H{ts—1) [ + # (‘).';r;o ) (Prc

(8.9)
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tae Pry, Pro—snavenna wicen lIpaulmias ans kowpmewcaTa, onpeaena-
IOTCA COOTEETCTBEHHO N0 TemilepaTypam #; W [,. Ecax ofoanawnts F—=
=rpv, TO LAs pacieTa KOHAEHMCRUHA BORSHOTO Mapa £ MomHO BHGPATh
na tafn. 14 mpHAOKeHHS NO i,

Ecnn kougencupyerca neperpeTldt nap, To KoadduUHERT TenacoTAAYMA
ﬂp}{GJ]H}KEHHO MOWKHO ONpenedHTh 0o BHUIENDHEBE AEHHEM ¢opmy.r|au [
3AMEHOH TeNnoTHl NapooGpasoBaMHa r BESHYHHOR [r+epn(fn—1s)], rae
Cen H fn — COOTBETCTBEHHO H300apHAA TEMAOEMKOCTh H TEMNEpaTypd nepe-
rperore napa.

Ecan koWzeHCHPYeTeR BAAXKHEA Nap co CTENEHBIO CYXOCTH X, To B dop-
Myael (8.1)—(8.9) BMecTO r ROACTABARETCA Xr.

KonuuectBo napa G, Krfe, KOHIGHCHPYIOLlCrOcA HA noBepXHocTH F,
M2, TpYOH, HAXOAUTCA H3 GOPMYJE TenaoBoro GanaHea

Q=GCGr=u(fs—I)F. (8.10)
Tomuwua nxaewki komnencata 8, H MeCTHHE KOsQdHUHENT Tenncot-
nay¥ Cx HA PACCTORHMM X OT BEPXHEro KOHLZ BepPTRKa/MbHOR MOBEpXHOCTH

NpH NaMHHAPHOM peXKHME TEUeHHA KOHAeHCATA ONpeleafqloTCs nNo q:lOp-
MYnaM

— 0,25
3x=0.8 (M) : (8.11)
re?
a.—Af8,, (8.12)

rae A, W, p— TENACNPOBOARGCTh, AHAAMEYECKAash BAZKOCTE H IAGTHOCTD
KOHAGHCATA, ONPefensoTcs no Temneparype fpa=005(t:+f:); r— Tenaora
napoobpazoBaing, onNpefedseTes N0 TeMNepaType .

8.2. Honpencaums ApMKyULEroca napa

[MapoBoll NMoTOK, ABHKYVIZHECA OTHOCHTE/bHO CTEHKH, OKAa3biBaeT RH-
HAMHYECKGE Bo3JeHcTBHe Ha NJACHKY KOHJIEHCATA, YTO BEI3HIBAET H3Me-
HeHHe KoadulluerTa TemaooTlaud, Bausune cxopoCTH wg Haberawotnero
NoToKka HACHINEHHOrMO mapa CiAeNyeT YHUHTEBATE NpR  we>>10 Mfc H
wznp">l.

Fopusontasbrni ywausdp ¢ HAPYXKHEM AHAMETDOM d OMBBaeTcs no-
NepedHLM NOTOKOM Napa, KORASHCHPYIONIEroSa Ha BHEWHEH NOBEPXHOCTH
HHAEHAPA; APH 3TOM

K Pry05 70.5
Nt = 0,64 Reﬂ-j[i + (1+ 1,69 _FT)M] , (8.13)
i
—  ud Wl d . _at
Nun:l = E; Ren = Yaa ; K= €p (fs —_tc) ' o gd ,

Anm, Voa — TENAONPOROZKOCTh H KHHEMATWYECKad BRIKOCTE KOHAERCATa,
onpeneasioTeA No fng=05(fs+1c).
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Gopwyna (8.13) ucnoabsyerca mpH Repa=1+10%  (KPr/Fr)oa=
=10-5+105,

flyuok zopusonTarensty TPYS OMHBACTCHE ABHMYUIHMCH CBEPXY BHH3
monepedkiM TOTOKOM HACHILICHHOrO Mapa;, METOARKA NPHOAHIKCHHOTO pac-
yeTd BKAKYACT QNpefeneHie CIeIyIONHK DeTHYHR:

1) wosbdHuAeHTa TENI00TLAYR &) HA NEPBOM PALY TPYS
@y = 25,75, [og o2/ (g) 2 F (@) 70, (8.14)

rae U._;,—-CPG,EHHf:I Ko3OHIHEHT TeoOTAAYH NPH KORACHCAUHH Hemoa-
BHKHOrO fapa, onpexeasctca no dopMyae (8.5); pn, p — DAOTHOCTL Napa
H KORACHCATA NPH TeMmepatype [y Wy — CKOPOCTL 0APa B Y3KOM CoUCHHH
ropHaauTalbuOTo pAZA TpYS: d — HAPYKHWA AHaMerp TPY6;, A — TenJo-
MpoBOAROCTL KOHACHCATA NpH fs.

Gopvyna (8.14) npHuveHACTcs AAA BOAAKOrn Napa Opu Af=f—fc=
=0,6--12°C, zamiewns or 0,032-10° mo 0,89.10° Ila, unche Peitioasaca
Reg=%ndpa/iln o1 46 no 864 H oObeMHOM COACPIARHHA Bo3jyXa B Nape
no 0,017%;

2} pacxoana napa Ha 1 M Aadub TPYOB epBoro pafa

Ga1= 10081, C o (815)

rae @) — CKOpPOCTL Napa fepen NepBHM paaoM TPYG; po—- MIOTHOCTH fa-
Pa, HAXOIATCA No fs; §; — Nonepeunbifi war Tpy0;
3) KomHyecTBa Napa, CKOHACHCHPOBaBINErocsl Ha 1 M ANHHBL TPYOh
Mepegro PANA B ceKYRNY,
Guy=u (t—tc)ndlr, . (8. 16}
£e r — TenfoTa napoobpazopanksa npH fs; h
4} pacxopa nmapa Ha | ¥ amuub TpyOel LTOPOFO pAMA
Crp=0n— Gy} (8.17)
5) CKopoCTH Napa i Nepen TpyGaMH BTOpord paja ¢ ¥9eTOM YacThu-

HOH KOHeHCalnl napa Ha prﬁax NepEOro pAjla H PABEHCTBA IMOLAAH
TOBRPEHOCTH TeNAOOTAAYH HA BCEX PAJAX NYVUKAE

’

Ba/®1=Gna Gun, ' (8.18)

6) xosdhHUMeHTA TemA0OTAAMH ¢p Ha TPyOax BTOpPOro psaa, KOTOPHA
HaXOOATCH C Y4erom BJAHAWHA  CKOPOCTH  Mapa, HeXoda €7 GopMyaw
{8.14):

Ez;"E[ = (521@1)0'16; (8.19)

7] wonHuccTBa Napa (e, CKOHAEHCHPOBABIWNETOCA Ha | M AAMHH TDY-
(b BTOpOro psja B CGKYHAY,

Grof =l ‘ (8.20)
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8) nonpaBkE B4 CHHMeHHe TENACOTAAYH H3-3a HATEXaHHA KOHEEHCATA
ceepxy Ha TpyOy Bropore pfga
n 0,07
={Gu [ (3KfJ , (8.21)
X i=l1
rae 2 Gy — CYMMapHoe KoIHUecTBO KDHASHCATA, CTEKAWILEro 1o TpyOe
i=|
i-To pAAd; (Fn, — KOMHTECTBO KOHAeHcaTa, ofipazywulerccs €a Tpybe i-ro
PAAa; £ — KOMH4ECTBO pAAGB TPYO N0 BLICOTE KOPHAODHOTO MYYKA HAW
NOAOBHHA DHAOB TPYD WAXMATHOLO MywKa.
Ias nopamepa aTa nonpaBka anf TPYOSH BTOPOro psaal
&= [GH2J'r{GRI+ GHQ)]D'D?;
9) nefcTBHTeNBHOTO KosddmuHenTa TennooTAauM Ha TpyGe BTOPOrQ
paza
(?;12 85282. (8.2 2}
Pacuer f[poaomXKaeTcsf AAS OCTAALHEIX PHALOB Ny4Ka DOROSHHM e

ofpasoM Ha oc#oBe nn. 1—9. Ilaa Beero nyuwsa cpeanRR kosdbdHument
TenJIooTREaun

GJII:F[‘ (8.23)

s

Bpyy =

.

L
F

.

-

rae F— ofwaa photlafs NoBepxHOCTH TpyOGHOro NMywRa; F;— maomafis no-
BepXHOCTH [-r¢ paia Tpyo.

[Mpu onnHAKOBOA NOBEPXHOCTH TENMOOOMERA B KaXjioM B3 ¢ PALOB
Myuka cpensfil KoadpHUEMERT TenAOOTRAYH NYUKa

n

Tt . (8.24)

i=1

-
@

oy =

2|~

8.3. 3agaym

8.1. Mmeerca tpySuaTtmi FennoctMeHdrMK #3 22 rOpPH3OHTAALHMX TPYG
napymiusM guamerpoyw 18§ MM u mamAod 1,2 m. HocTaTouna gd ero no-
BEPXHOCTE AR KoafeRcaydH 1100 Krfa cyxoro HAcHHISRHOTO BOASHOTO
napa? Kouaencauns napa npeinosaraercd npy maBiendH 0,27 MIla, Tem-
nepatypa NoBepxHocTH TpyGox 60°C, Kowaedcar oTBoguTcR npe  TeM-
nepaType HacHLUISHAA.

8.2. Cyxofi uachlleRHbWIA BOARHOA Dmap ¢ TeMmepaTypoll HACHUIEHHA
42°C oxaamjaercs Ha BEPTHHAMBHOR CcTeHKE KAMepw, TeMNEpaTypa xo-
ropoit 28°C, PaccuutaTs TOMMKEY nAeHKM KOMIEHcaTa, CTEK2WONIETG MmO
CTeHKE, H JOKANBHEIA KosOHUHEHT TENAOOTAANH IAA CAERYIOUAX 3Ha-
yeHHR paceTOARME OT BepxHeR Kpomku cresku: 03; 0,6; 09; 1.2 m,
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8.3. B ropuaodTanslion KOHAEACATOPe HeOOXOEHMO CKOHASHCHPOBATL
1000 krju ¢yxoro HAaCHWLIEAHOTO BOIMHOrO mNapa NpH sapaeHan 1,013
X10% Tla, KonzeHcauns npoHcXogHT Ha TpyGax pawnmo#t 3,6 WM H Hapy®-
uav aHaMeTpom 30 mm. Temneparypa crenox Ttpy6 80°C. Kaxoe xoauue-
€180 TpyG HeoGXOQHMO ANR KOHIEACALMH Tlapa TPH YCIOBHIL 4YTO KoOH-
AeHCAT He TIePEOXJakRAeTCH, & Nap HempgBHMKEH?

8.4. Tlo mepTHKanLEON croiike B TeRJOOGMEHHOM annapaTe cTexaer
IfMeHKa KOHZeHCarta, BO3NHKIIAR [IPH OXNAMAEHHHM CYXOTO0 HACHIUEHHOrO
mapa. Bucora crofikn 3 w, vemneparypa ee nomepxHocrn 70°C. Bopssolt
nap KOHaeHcHpyeTca npH f,==110°C. OnpeneanTs BLicOTY cTOMKH, Ha Ko-
TOpoi GyeT fnaMHHapioe TeyeHHe IedKn KoHaercata. Halitn Hadwmenrs-
urtd KoathhHIMERT TEenNNOTZAYH HA AAMHARADROM YYAaCTKe TRUGHHA NJEHKH,

8.5, Mo ycnosuio azaun B4 ONpenenHTL pexHM TEUCHHS KOHIEH-
caTHOH W/AEHKH H HaHTH cpegHHil Mo Bcel BHRICOTE CTOMKH KoaddHuRest
TenJ00TAAH.

86. B KOHAGHCATOPE HA TOPHIOHTAJNLHOR TPYOE ¢ HAPYXKHHM AUAMET-
poM 18 MM KoHgewcHpyeTcs CyXoft  HACHIULeHHBH DNap 0pPH  ZABJEHHH
0,00424 MIIa, HaiiTh cpeguuft no okpysuocTH TPYOH kosh$HURERT Tenao-
OTAAYH H KOJHYECTBO BOZAHOTO Mapa, KOHAeHCHPYIOUlErncd 3a Yac Ha 1 M
AMHEH TPyOb, HMewulel Temnepartypy cTedHkd 10 °C.

8.7. PaccymTaTe cpegHHit  KosbdHUHEHT TENNOOTIAUH, KOAHYELCTBO
CKOHEEHCHPOBABIMETOCS Mapa B yac HA | M TPyGH, ecAH B YCJOBHH 3a-
Jaud 8.6 TpyGa OyaeT pacuogoXeila BePTHKAABHO, CpaBsAls pezy.IbLTaThH
¢ ropH3CHTaALHBMM pacnoiokeHHes TpyOH, ecAH B oO0HX caydasx TCye-
HHe MVIeHKH JaMHHADHOE,

8.8. Kak HaMeHATcA KosthdHuHedT TennooTsaud B YCNOBHAX 3a7aud
86, ecn, a) nabaeHAe napa yeeauute B 10 pas, a Af=f—{. ocTaBHTL
fies H3MeHeHHd, H) mHamerp TPYOW yReAHuHTb B 3 pa3a, B) PasHOCTb TeM-
mepaTyp Al yMedbWwHTh B 2 pasa, ocTapliB  #apneHne Mapa  PABHBIM
0,00424 MIla?

8.9, HaroTobaeH KOUZELCATOP ¢ BCPTHKAMBHHMH MEnHWIMH TPyGamH B
kpaHuectee 45 wr. [lo rpydam Amametpom 22X 1 mw B ganwoi 0,34 M
NBHXETCH Bopga N[op gaBiaeHneM ¢ Temuepatypofl Ha Bxoge 15°C n na
puxone 110°C. CHapysi Ha Tpy0ax KOHLEHCHPYeTCH CYXOH HACHIIEHHBIA
nap npu zapaehuu 3,61.10° [1a. Buytpr 1py6int KosdduuHedT TennooTnaun
OT CTeHKH K Boge 2549 Br/{M3.K). B »10M TenncobMemHHKe KOHOEHCH-
pyvetca 257 krfy BoAsnoro mapa (KoHZeHncaT He nepeoxnamiaetcd). Onpe-
LeMHTE CPefHION TemuepaTyPy CTeHKH Tpy0b H KosdHIHEHT TenacoT-
aaiH oT napa K TpyGe.

8.10 Ha HapyXHoi NOBEPXHOCTH BEPTHKAALHOH TPYSH SHAMETPOM d
H AnHHOR [ KOHAGHCHDYETCA cyXonfl HacHUICHHHWE nap NpH  ZaBACHAH p.
Cpennas teMfepaTypa 3Tof MOBEPXHOCTH fe. Onpesendts kompdHIHEN
TERAQDOTHAYM TDH KOHTEHCAUMH BORAHNro Tapa. Bo cKosabko paz HaMe
HHTCH Ko3hDHIHEHT TEMAOOTRAYH, ecAH TPYBY pachofoXHTL [OPH3OH:
Tavbio? HaliTH KoOAHHECTBC CKOHZ Jed Tmapa TPH  KaXJ0M
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HOAQMEHAN TPYOEl, CUMTAR, 4TO MePeOXNI2MIeHHMA KOHAeHcaTa HeT. JlanHHe
ANR peleRHA 3a0aU8 B3ATE H3 TAGMHLEL.

&.11. B xoureucaTop moctynaet 900 kr/y HeperpeToro BOAAHOTO Napa
¢ temmepatypolt 120°C. OpH moctofduom paeacumm [,013-10% [la om
KOHIGHCHPYETCA HAa HAPYXNBX MNOBEPXNOCTAX TPYH, TO KOTOPHM TeYeT
OXJaK12I0UARCA BOZA D MPOTHEONOIOMNOM uaNpPaBACHHH MO OTHOIICHHN
K napy. Ofpasyiomufics KorgedcaT lepeoxaaxnaetcq #a 8 °C npn ewxoze
H3 KOupeucatopa. llaHMeHpinag paznocTh MeXAY TeMAepaTypaMy Hackl-
UWCHHA H OXnampawuich Boan B kowaencatope §°C Tloctpoure rpadmk

Tatawna k zanaue 8 10

Bapuanr d. MM i M BapuaHkT p 1075, Tla [ °C
1 46 1,5 a 7.00 140
2 52 2,0 o 4,76 [42
3 44 1,8 B 7,0 176
4 36 1.6 r 6,18 150
5 38 2.0 I 12,55 178
6 44 1.2 e 7,92 162
7 30 1,4 i 8,92 168

H3MCHEHA TEMNEPATYp Napa n OXA2MKIDAWMWCH BOJH NO AJHHE KOHICHCA-
Topa. Onpefeants: 1} KOAMYECTBO TEMAOTH, OTAABACMON napov H KOH-
ACNCATOM  [PH  OXJANICHHH, €CTH  TEMAOEMKOCTh  MEPErpeToro  napa
2 wldwf(kr-K}, 2) pacxoa oxsamnaomefi sogm u ee TEMOEPATYPY Ha
BBIXO1E, ¢CAH Ha BXOAE OHa HmeeT 17 °C,

8.12. B xougexcarop napoTypEHHHOH yCTAHOBKA BXOAHT CYXOR 118Chi-
MeHHBIA fap ¢O0 ckopoctuie 20 Mfc npu nasacumu 0,05-10° Da. Kouncuca-
TOp BLINOJHCH HS FOPH3OMTAAbHBIX TPYS ¢ HapYMUMM gHAaMCTpow 20 MM,
Temmepatypa Ha nosepxnocTa Tpy6 22°C.  Onpegeants  KoadpHumclHT
TeMACOTAAYN OT KOHICHCHPYIOmierocs BOAAHOTO Dapa K TpyGe nepsoro
(Bepxnera) paga mywka. IpoaHanm3ApoBaTe HIMeheHHe kOsduupenta
TENN0OTIAYN HA fepBOM pARY TPpyD, CCIH CKOpOCTh TMapa 6yAer usme-
HaTeed B apesenax oT 10 go 50 wm/c. TIocTpouTh rpadMK saBHCHMOCTH
Kos(puiiera TeNI0OTAAYM OT CKOPOCTH Rapa ¢ HHTepmaioMm 10 w/c.

813. To yeaosdo 3azaqn 8.12 NMPOAHANHIAPOBATE HIMEHCHHC KOs(-
(HnnenTa TCNAOOTIAYH Ha TpyGe NCPBOTO pAmA, ecAH JABACHHE BONAHOCG
napa 6yaeT H3MeHATLCA B npeaenax ot 0,05.10° a0 0.5.10° Ma. Cropocts
napa, paBuyl 23 M/C, B TeMOEpPaTYDHUIH Wanop Memay NapoM u CTCHKOR
TpyOed NPURATL NOCTOSHHEMH, [JocTPOMTE rpaduk sapHCHMOCTH Kosthipu-
UHeHTA TENMOOTIAYK OT AABMCHHA napa,

814. Ilo ycnoBumw 3agaun 8.12 Hail™a cpesHii AR TCPBUX NSTH
PRIOB TyYKa KOSMHUHEHT TEMIOOTAAUM, €CAH KOUAEHCATOP BHIOJHEN
€ KOPHRODHEIM (HAH MAXMATHHIM} PACHOAOMEHHEM Tpy6. Opruate paumay
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py6 6 ™, nonepeuswi war Ttpy6 1,4 4. [losepxyocts Tennoolmena
PAAOE OAHHAKOBaf, AABEHHE Napa M pa3HOCTh TeMOepatyp (f—1.) mo
BHcoTe NyYyKa He MEHAKTCA,

8.15. B kouaencatope 10 ropu3oHTaAbHHX psagos TpyS, pacnoaowxed-
WX B IWIAXMATHOM MOpAIKE ¢ Nonepeunsim warom 26 mm, Hapyxawmi
muamerp tpy6 20 mm, annHa TpyG 4 M, TemnepaTypa MOBEpXHOCTH TPyl
20°C. Kak noKasa i H3MEDEHHR, cyxoR HACHUISIHNH BOAAHACH nmap Hmeer
nasnenne 0,07.10° Tla n cxepocTs mepepn TpyGamu Nepsoro paga 70 m/fc.
[TpEHATE KoAHuecTBG Tpy6 B psAdax OAHHAKOBHM, AaBJAeHHe napa M pas-
HOCTh TeMmepatyp f,—f. MNOCTORHHHIMH mo BecoTe Nyyka. Onpegenuts
cpenkufi KoxbdHuHCLT TCNAGOTAAYH AR BCETO Nyuxa H ofillee KONHYECTBO
CKOHIEHCHDOBABLIErDCH Napa B pacyere HA ofiny Tpy8y KamAaoro paaa.

lnasa pessaTtasn .
1ENROOTRAYA NP KMNEHMM MHUAKOCTHU

.

Kunesye — npougec BOHHKHOBEHHA NApoOBof a3kl BAYTPH Neperperoi
HHAKOCTH HJN Ha rpeiolliedl CTeHke,

flepezpes swudkocTu — NpeBHIICHHE €€ TEMHOSPATYPH fw Hafl Temme-
paTypoil HACHILEHHA {; IPH NaHHOM AABAEHHH.

[Ipn kuNeHHH »UAKOCTH B GoAbliom ofbeMe B 3aBACHMOCTH OT Temilés
paTypHOro Hanopa Al=fc—¥: waW NNOTHOCTH TENAOBOTO MOTOKA ¢ HA 10+
BEPXHOCTH TPeOHISH CTeHKH DalHYaI0T Ny3sipsKodnil H NASROYRLIE DeKH-
MBl KufleHHA, MakcHMaAbHaM TENA0BAR HACpy3Ka DPH Ny3HPbKOBOM pPeiKH-
M@ KHIEHHf Ha3hIBaeTeA 2epsof Kpuruxeckol ni0THOCTSW Gup) TEIIOBOTO
noToKa.

lNponece KunenHA MHUZKOCTH, ABHKYWeHcA B Kanasde AaH TpyGe, xa-
paKrepusyercs psgoM ocoleHnocTel. B 3aBHCHMOCTH OT CKODOCTH ABHMKE-
iHA AHIKOCTH, 8C TeNAChHIHUECKHX cBOHCTB, TABJEHHSA, JHaMETpa M AJH-
HB TPyGHI, pacfioNOMeHHA €& B NPOCTPAHCTBE PA3JHYAOT HECKG/BKO e~
AMMOB TEYEHHH, HANDHMEp Ny3blpbKOBLIE, CHAPALHHE, 3MYJbCHOHHHE, sHC-
Nepcyo-KoAbUEROH, paccAORHHHI.

9.1. lly2nipexoeoe xunenye B Gonbwom obveme

Jias ny3bpbKOBOrO KHMEHHS B YCNOBHAX ECTECTBEHHOM KOHBEeKIHH
B KayecTBe ONPEAGiIHiOIEd NPHHEHMAIOT TEMEepaTypy HachiueHus f, Ten-
hooTaava PACCYHTHIBAETCA AR CHEYWINHX BYX CAyYach:

I}y sanana tenaoBanA Harpyska q, Br/m2

Nuy={,125 Res"® Prsi9 apu Re,=0,01: 51}
Nus=0,0625 Re,% Prs'® npu Re;<0,01; (9.2}
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2) sagan temnepaTypHufi Hanmop Al=lc—Is:
Nus=2,63-10-3(BsAl) 140 Pr,0.9%2 npu B,Af Proi2z1,6; {9.3)
Nus=3,91-10-2(BsAt) Pry2® mpn BAf Proid<1.6; {9.4)

alg LopwaTs lg

yece Nug = 3t £3=W ’ l'-ses—Q'As*‘q pn Prg=v/a; B;=
=A/(rpaVv}; r — Tennota mapooGpasobaund, Mxk/kr; 7. — TeMnepatypa Ha-
Bliennsa, K; A, v, @, ¢p, 0 — renaonpoBofHoctb, KHEEMaTuyeckas BA3KOCTb,
RMICPATYPCNPOBOZHOCTD, YiAe/bHAS Tel0EMKOCTh M NOBEPXHOCTECE HATA-
#eHHe MHAKOCTH; P H Po — MIOTHOCTE HMHIKOCTH H Mapa.

CopMmyanl  (9.1}—(94) npuroassl apH  yeloBHH Re==10-5+]10+%;
Prs=0,86+76; nanaenne p=4500--175-10° [1a,

8:Af PrilRf=0,056--200

Haa sopu suauenus l,, As, Bs npusezenst B Ta6m 15 npuaomeHus.
Cpenuuil KoabOUIREHT TemIOOTAAYH NPH NYAHIPHKOBOM KHNeHHH BOAH

5,167 | o
—_—n 9.5
1—0,045p0, (9.5)

x =

‘Ae pPs— RaBleHre Hacwwenns, MIla; g — nn0THOCTE TEMAOBOrO MOTOXA,
Br/m?% opMmyaa npuMeHuma npH ps=0,1--20 MIla.

[Teppast KpurHYecKad MJOTHOCTH TENNOBOFG MOTOHA [PH NYIHPLKOBOM
CHOEHHH YHCTHX HeMeTalIHuecKHX KuIKocTed Ha TOpH3OHTABHEX Tpyfax
1 BAHTAX

F
L '3’248"]/5’132_“ (P — 9u)- {9.6)

9.2. My2nipbRoBOe KHMNEHWe B TpyBax
APM BbLIHYHACHHON HKOHBEHLMM

[Ipr oGbeMmHOM mapocedepxalud mo 70 % Tenaoorzata mpn KHAneHus
tapakTepuayercsd Kak KOHBekuHell onHodasHoft cpeabl, TaK W npoueccoM
1apoofipazopakus (AByxjasHoe cocroside). [1pH Mananix TenaoBHX Harpys-
tax Gosbllee BAAfHHE OKa3biBaeT KOHBeXUHST oAHOQAIHOH IKEJKOCTH, PH
S5oMbUIHX — 1apooGpascralne, .

KosdhruHeHT TEMIDOTAAUH Grp MPH BRIHY:KASHHOM TeyeHHH Kumauleft
KHIKOCTH B Tpy0aX MOXHO ONpea®THTb CJAeRYWOI(HM o8paaoM:
wean oy fawsz05, TO

Ly p== O, (97)

"Ee O — K02QQHLHEHT TendooTAays ogHodasHofl KHAKOCTH DPH TypOy-
TeHTHOM DOIKHME TEYeHUH, onpeneafietca mo copmyae (6 18); ox — xoad-
punuerT TEMMOOTAZYH NpH NY3HPBKOROM KHNeHHH, onpedeaserca no dop-
dyaam (9.1)—(9.4);
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BCAM (Ix/Gw=22, TO
Crp= Gy} {9.8)
ety gfun==05+2, ToO

I oL S o /YL (9.9)
P My —ay B agfay ‘

[Oas monw dopmyatt (9.7)—(98) nprrogHb npe ZaBhedkn p=0,02-
20 MIla u ofbeMHoM napocofepxanud §<70 %.
9.3. Mnenounoe knnenue B Sonvwom oSveme

Koadduuweur Tennoorasun onpegensercs u3 GopMyas

Nu; =CRaf | (9.10)
! 5
Nuyy=2; =2 I/H—;
e ! Ag " g{tx - Pu)
g[ﬂ P — bn r l )
= —_— ) At=id =i,
Ray Vubg fn (Mcp“ F 2 e

3uavenus C ¥ n OMPENSAAKTCA CREAYIOIKM o6pagom:
ANA BEePTHKANLHOH NMOBEPXHOCTH

1 v —1/3 7 T \0.8
C=0.32( 4 — ( S) i n=1)3;
Atoya T 2 ) T, n=173

]

onpelgiaswllan TeMnepatypa fs;
ANA TOPHACHTAAbIOH [IOCKOR NOBEPXHOCTH

C=0,672, n=025, ecomt Ra,<<107, u
C=0,012, =05, ecnu Ra;>107:
onpeleasioman TeMnepatypa f=0,5(L4He);

AR GOKOBOH NOBERXHOCTH rOPH3OHTaNwHO# Xpyraok TpylH ¢ HapyH-
HHM AuaMmerpoM d

€=0,594-0,069¢/df; n=0,25; «f
onpeneasiomas temnepatypa f=05(1 fe).

9.4, 3apaum

9.1. Ha noBepxhocTh GPOBOAA 3MeXTPOKHMNATHAbHHKA IPOUCKOAHT NY-
3BIPLKOBOE KHMENHE BOJIH B S0aLLioM OGbheMe MpH AaBaewun 1,43-10% Tla,
Anamerp mnpoBoja 3 MM, a YAeloHoe SeKTpoconpoTHBAeHne 11X
¢ 10-% Oum-m. Onpenensts RanGOADWYIO CHAY TOKA, NPONYCKAEMOTO Yeped
SAEKTPOKKIATHAbKEK, CHHTAad neperpes BoaW 20°C. Onpemesuts KpHTHYE-
CKYI0 TEMJIOBYW) HATPY3KY ANA ARHHEX yc1oBui,
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9.2. Boga B GoapuioM oOGBLEME KHIHT KA TpyGax HCHAPHTENS, RMEWD-
HIAX Ha nopepxHocth TeMnepatypy 180°C. Ilamnenwe sopm 0,792 MIla,
Hapyxuud guaMmerp TpyS 40 Mm, aauma 13 m, koawdectse Tpyé 50 wr
Hafitn ko3hPHIHEHT TEMACOTAAYH NPH M}3HPEKOBOM KHIEHAK H TENMioBof
notok ot Tpy6 x some. QUpeIeNHTh, BO CKDJIbKO pa3 H3MeHutes Kosddn-
UHEHT TENAQOTAAYK, eCTH TeMNepatypa CTeHkd TpyS yeeamunten po 200°C,

9.3. Boga moa nasaenues 15-105 [Ta kunur B GoapwoM ofweme. [Tnot-
HOCTL TEMAOBOTC NOTOKA, NMOARGAHMore K Bofe, paBaa 1,25-10° Br/w2
Paccunrare KoadhuuuenT TENAOOTAZYH NPH OYAHPLKOBOM K{MEHHH BOIL
B YCAOBHAX CROGOAHOrG ABHMKEHHS W Na#iTe ero mo rpaduxy puc. [N

9.4, V3 poaw, KunAwies B G0ALIMOM 06bEME NpH Aasiednd 3,61-10° Ila,
EeofxoauMo noayuuts OH00  Kkrfy cyxoro wachilerhore napa Haite
HEeOBXOAUMYI0 [AA FTOTO TMOBEPXKOCTE HarpeBad, BC/IH TeMOepatypa NoBepx-
Hoetd Harpesateas 151 °C.

9.5. TlnorkoeTe TenJoBOr0 NMOTOKA © MOBEPXKOCTH KAarpera NpW KHOE-
UM BOAK paswa 3,34-[0° Br/M%, a temnepatrypa kamamed soad 195°C,
Hafitu TeMIepaTypy OOBEpPXHOCTH HAPEBA B YCNOBHAX OYIHDPbKOBOTO KH-
Rendn B Gonplrom ofneme nps cBOBOAHOM ABHMEHHH.

9.6. OnpedeanTt KOJHYECTBO CYXOrO I2CHIIEHHOIG Napa, NOJYY2EMOrQ
€ NOBEPXHOCTH Harpesa 4 M NpK OY3KIPEKOBOM KENMEHHH B GoabwoM 0Gb-
€Me, BCM MAHOMRTp HA HCRapHTede OOka3nBaeT Japnenee 22,2:10° Tla,
a neperpes soan cocrasasier 8°C,

9.7. lpn parnennn 1553-10° Tla B TpySe NpOMCXOAMT NY3MpPBHKOROE
KHneKHe BOAM, KOTOpan ABMMETCH €O cKopocTsio 2,2 wm/fe. Temneparypa wa
creHxe Tpy6ol 213°C. auwa tpySu 2 w, Axamerp 34 X2 mwm. Hafitw Ten
J0BOH [OTOK, NepeaBaemulii OT CTEHKH K BOAE.

98 B rpyfe anamerpom 2315 MM NpoHCXONHT XENeHHe BOIH, Ha-
xogAwelcs moa gaenenpem 23.2.10° fla Cxopocts Boaw 2,5 m/c, Temne-
parypa Ha BHyTpeHseil nopepxroctk Tpyout 227 °C, Onpeieants kosddr-
IHEHT TENJOOTLAYHM OT CTEHKH TpyOH XK Boae.

9.9. Ha ropusonTanpuofl NMiockoll NOBEPXHOCTH NPOMCXOAHT MACHOYHDE
Khnekke BOAM NpH zashiennu $,27 MIla, TeMmmepatypa nosepxuocri 470 °C.
BelyscanTh Ko3pOHIHEHT TENACOTAAYH OT CTEHKH K BOJE,

9.10. OnpedenyTs DJOTHOCTL TEIIOBOTO NOTOKA HAa AOBEPXHOCTH B2)-
THKAAbHOH TPYOR KapyKuwM AHaMerpom 20 MM v Zaukoil 500 wM, rae
MPOHCXCIHT MAEHOUHHEA pemuM kunenwa poasl. Jlasnenwe popw 0,143 MIla,
TEMREPATYpPA CTERKH TpYGm 440°C,

9.11. Hafirn xos(duurent TEMIOOTAAYM NPH LACHOYHOM DEXHME KH-
MeHHS BOAH HA HAPYARROH ROBEPXHOCTH TODHIOHTAABHOR TpyOH AHaMeT-
pou 10 mM. Temneparypa nacwutenna 130°C, temneparypa nomepxuocTH
Tpy6e 370 °C.



Fnaea gecATas

TEMNOOBMEH W3INYUEHHMEM MEHAY TENAMM,
PASLAENEHHLIMM FIPO3PAYHOW CPEROM

10.1. OcHOBHBble NCHATHA M pacueTHLie (HOPpMYNBl

Tentoobmen udiydedueM — nepesaya TETNOTH, CBA3AHHAA C NpeBpa-
LIEHAEM BHYTPEHHEH 3ZHEPrHd Tena B 3IHEpTHI0 BAEKTPOMATHHTHLIX BOJIH
(1ay POTOKOB) H MOCAEAYOUIMM MPEBpALIEIHEM NocAefHEd BO BHYTPEHHIOK
SHEPTHIO APYTHX Te.

B nbxeHepHHX pacuerax TengooGMen HINYUEHHEM MEKIY TEAAMM,
NasiedeHHBIMU Npo3padxofl {InaTepMuynoH) cpencid, NPOBOAHTICA B NpEd-
AONOKEHHH O TOM, UTO0 H3NYYAIOIIHE NOBEPXHOCTH — CEPHE W HX H3Nyue-
nHe — pxtdyanoe ¢ NOCTOARKHON NIOTHOCTHIO HA HIOTEPMHKUECKHX YYaCTHax
AOBCOXHOCTH.

Cepoism TeAOM HAZHBAETCS TENO, KMEWLIEE HENpPEPHBHHA CrexTp u3any-
YeHH$, NONHOCTBIO TOJO6HEN cMeKTpy a6COMOTHO TePHOrC Tena OpH ToH
JKe TEMNCPATYPE, €ro CHERTPAAoNbIE KOHPUUIENT Tenacso2o uIAYHEHUSA
£, TOCTOSNHEH BO BCeM JIHANA3OHE JLJHH BOJH OT HYNA 10 GecKOHEMHOCTH
H He 3aBHckT OT teMunepatypdl, Juedyanoe usayrwenue xapaxrepuzyercs
MHTEHCHEHOCTLI), HE 3aBHCHIILH OT HANPABNEWHA

IMpr pacuerax TeNNOBOrO H3JAYUYEHHS CEPHX TN NPUMEHARTCS NOHATHE
siPeKTUONDZ0 HANYYEHHE, OHO MNPEACTABIAET Cco60# COBOKYNHOCTH OG-
CTBEHHOrO £ H3JYy9eHNA Teaa W oTpaxednoro Egrp naayvenns,

IlogepxHOCTHAR  MAOTHOCTL ROTOKA  COOCTEEMHOCO HIAYREHUR TEIA,

/8% HMelomero abconotayio temueparypy T, K,

E=ecy(0,0iT)* =0 (0,01T}%; (10.1)

37ech £ — UMTEZPAALHPUL KOMPIPLUYNERT TERAOBOZO UIAYHENUA — GTHOLIEHHE
RAOTHOCTEH NOTOKA M3AyyeHHN £ peafsHOro TeIa M abCOdKTHO 4epHOrod
rena Eg HAn OTHOWeEHHE Ko3gHpuiuesTos AY4elcRyCRAnIR PERARHOr0 Tea ¢
u afcomonio uepHord Tead <g=25,67 Br/(m*-K*). Toraa aaa peasbworo
Tena

=gy (10.2}

3nauenne ¢ uamcymercs ot D no 5,67, a & waMenserca ot 0 go I Mpene-
Operast 3aBHCHMOCTBIO € OT TCMNEPATYPH, MOXKHO BHOWDATH 3HATEHHA €
H3 Tabn. 16 npHIoXeRdn.

Tenaaeod norox usaywenttn Q. BT, MERAY [BYMF TeNAMR, HMEIOLLH-
wh reMnepatypul Ty w Ty (T,>>Ty), onpenenserca e obumeM suane no dop-
Myne

T, % (T,
Ga=rte| (505 ) = (05 ) | Fmne (10.3)

rAg €ap — NpHBEAEHHHA KOSQPHUMENT TENNOBOrO H3TYYEHWA CHCTEMH ABYX
TeA} Baple=Cnp — NPUBENBHHBE KOSGPPHIHEHT NyyCHCNYCKAHMSE CHCTEMB
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nByX Ten; Fy—nJoulalb TOBEpXHOCTH Tena ¢ TeMmnepaTypod T, Pz —
cpenusft yraosofl kos(dHIHENT Ay9eHCNyCKAHHA Teda c reMmneparypoft T,

Cpednaly yerosod Koappuuyuent ayveucnyckanus (KxosdpipungesT obiy-
QEHHOCTH) @,z ecTb GeapasMepHOe HHCRO, MEKLUIEC eiMHKUL, KOTOpOEe MOo-
Ka3elBacT, Kakad AONA OT Beerc TENJOBOCO TOTOKA Q), H3TYIaeMOTO OAHHM
TEAOM CO Beeli CBOEH NOBEPXHOCTH BO BCC CTOPOHH NPOCTDA¥CTBAE, AOCTH-
FaeT [OBEpXHOCTH ApYroroe Tena, T. € ¢.a—=Q12/Q), rae @z — notox ot
MepBOro Teda, JOCTUrlUMA NOBEPXHOCTH BTCporg Teaa Hanyyaemibe nOTOKH
npeanonaraloTea AHOGYIHHMY, B 3HA9EHHA DNOTOKOE HE MEHMIOTCA N0 Co-
OTBETCTBYIOILHM NOBEPXHOCTHM.

CROHCTBG B3AHMHOCTH YTNOBHX KosGHIHEHTOB:

Prafi=gsaf2, (104)

rie @z @z, — CpeaHHEe YrjA0BHE K0DOHUHEHTH HIIYHCHHA NEPBOTO H
sToporo TeA; Fi, Fy—- nnowann nopepxwocTH NepBOTO ¥ BTOROIO TEML
Yraopne KoohHEHEHTH HINYUEHHS ONPefeaaioTes B 33DHCEMOCTH OT
FeOMETPRUCCKHX M&pPaMeTpOB K cmocoba pa3velledHds ABYX Ted B JIpo-
ITPaHCTBE:
1) nRa napanfieqbHHX AKCKA C ueHTpaMu ka obileil HopMaaW ¥ OfM-
HakoBEMH JNuamerpami d {prc 101).

?1,==9=,1=[%—]/1+ (%)T. (10.5)

rie 4 — pPacCcTORHHE MeXJY NHCKaMH;
. 2) asa napafiedpHHX JHCKA € HEHTPaME na ofweidl HODMadaH, RO pas-
HHMH NAHAMETPaMHE, dy<ldy:

1
ta="y VOS5 TP ¥ = — V{0.5(d; — dp P + iz}

P2, = P1,2F1/Fy = gra(dy /do)* (10.6)
3) ABe napannencHhHe NAACTHEHE OJHHaKkoeoH Wwpned @ {pxc. 10.2):

91.s=?2.1='/1+(-2—)”— L, (10.7)

MIe A — DACCTOAMHE MENY NOBEDXROCTAMH NNACTHH,
4} ¢TeHKA ¢ PACMONOMEHAHM Ka Hell pasoM TPpyS © HAPYMHEM QHa-
weTpoM 4 B waro s {(puc. 10.3):

A R A e

Poaftd =@,3§ — YCAOBHE B3aHMKOCTH YMMIOBHX KospPHUHEHTOB ydeHcnyc-
{anHa 3a | M AJAHE TPySu,

fTpusedennbul KOMPPULUERT TENAOBO20 UIAYHENUA Bap CHCTEMH ABYX
Iell OnpeleaaeTca C NOMGHLbIO K03¢¢HHHEHT3 TENI0BOrD HANYHCHHA £ nep-
BOMQ K €2 BTOPOrO TEJ, PACTIOANGKEeHHBIX CJ‘IBI[YKJIL[HMH CACCOGaMA:
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1) Rpa Tema, MPOW3BOJLHO PACIOONEHHHX B MpocTpancTee {oGmmd
eryqal):
l 1 -1
fgp = (_—‘—1 frat T —1]ea+1 + (10.9)
f1 =
2) nBa TeNa ¢ NAPAAIEbHHMHM NOBEPXHOCTAMHE OGOMBIIMX pa3Mepos,
YrAOBHE KO3QPHUHEHTH Pi2=0,;=1, n dopMyaa (109) npuaunMaer BuA

%=[—'+L—1]ﬂ; (10.10)

£ f
3) Ten0 ¢ NAOMANLIO TOBEPXHOCTH £ HAXDAKTCH BHYTPH ApPYIOIO Te-
Ja ¢ ANOILaEbo noeepxkocTd Fp. Yrooeole Kosdduukentot @ro=1, ¢z, <L
C yuerom (10.4) dopmyna (10.9) mprnumaer Bun

[

3
Tpu F.2» F| BMeem Fy/Fe>0Q, TOrna gep=g
4) npu HANMMMM M RAOCAUX 3IKPAHOR, PACAOJOMENHHX MeEAY ABYMR
TENAMA € AAPAANEABHEMH MOBeDXHOCTAMH COJBIIHX pa3Mepos,

11 s -t
Ewaz[s—l+?+22?—(n+l)] . (10.12)

rie ee — K03GORINEHT TENJAOBOrG M3NYUYEHH: §-TO KPAHA;
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Puc. 101, Jiyunerwdt  Pwe, 102, Jlyuwerwit  Puc. 103, Jlyuucruft

renncobMen MEXAY  TemjioobMeH MemAy  TennpobmeH MeXAY

LACKAMHK NapajanensHuIMH — naa-  TpyGaMu B crenxofi
CTEHAMH

———

5) TMpR HATHYMH 7 YUALHOPUMECKuX IKPAHOB, PAcAOJIOMEHHHX MEMpW
TenoM H BHeluneil oG0J0YKOH,

AR YA A b )
fop e = 51+\En_ ) Fy +2 Fu ( Ea.f_]) » (10.13)
=1

TRe £, 82, £s — KOIDHUMEHTH TeNAGBOrO H3NYYEHHA COOTRETCTBEKHO TEAA,
puenfHell 0GoNOYKK M i-r0 3kpaHa, Fi, Fj, Fa—naouiann nopepxuocrell
COOTBETCTBEHHO Teha. BHeliHedl 000MQUKR H [f-ro sxnamna.
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Jaren Buua:
Thm=2,808-10-%, - {10.14)

rae T — remneparypa Tena, K; Ams— NHHA BOMAM, COOTBETCTBYIOWAR Ma-
KCHMYMY COeXTpaNbHOR HHTeHCHBHOCTH H3NyYeHHT, M.
3arxon Kupreoga: .
EjA=E,, (10.15)

rae E, Eg— ONOTHOCTH NOTOKOB COGCTBEHHOTO HANYYEHHA PEaNLHOTO H
aGCONOTHO UePHOTO T&M B YCAOBHNX TeNAOBOTa paBHoBecHs; A — roadidu-
UHEHT NOCNOUIEHHR PEaNLHOTO Tena.

Jns ceporo Tead B YCNOBHHX TeNJIOBOTO PaBHOBECHA HHTerpannHHe
XapaKkTepucTHKH A =8,

Seppertusnoe E,g w pesyastupyrowsee Eyea Walylenns Teda ompese-
JAWTCA COCTHOWEHHAME

Eg¢=E+REuan=E+(l—"A)Euan; (10]6)
Epex=E‘—‘AEnan=E—(l—RJEna:, (101?)
rie £ —cobGereennoe uanyuewne tena; R, A — xoabdHUNEHTE OTpaKeHHs
H MOCAOUIEHHS Tena, Enay — ANOTHOCTL MAAAKUIELO W3BHE TENJOBOTO H3Ny-
qeHHS Ha Tedo.
JyucTo-KoHsexTUSHbII Tern000Mes MeXAY ABYMH TENAMH C TeMIepa-
rypasmu T u T {Ty>Ty):
1) tennopoR notox Qn.x, BT, B ero nAOTHOCTE gnw, Br/ME,

T, \9 T, \4 )
Qn_x=oﬂ+ox=eupcn[( 1) -(i)]F,JraK(Tl—T,}F;; (10.18)

100 100
T1 4 ’f‘z A%
Gn.x = Gn+ G = EmpCa [(ﬁ) - (ﬁ} J +og(Ty— T2}, (10.19)
HAH
grx=0a2t0x= (a0} {T+—T2)=0a.x (T)—T3), (10.20)

FAe ity —— KO3DHIMENT KOUBEKTHBHOR TERNOOTAAYH, ONpefeeRHbBIH Ge3
ydeTa BAMSHHA JyqucToro TemicobMena (paccunTHBaerca no hopmyaam
AN CBOGOZMOrO KAK BHHAYXIEHHOD ABHIKEHHR CDPeAH); Ogn.x — koaddu-
LHeAT JYYKCTO-KOHREKTHBHON TeNNCOTAAYH Cn.x=Ca] Ci;

2} yeaopuHf xoab@HuEEHT TerNOOTAAYH H3nyucHmeM, Br/(M%'K),

T4_T24
ML S, . O i iy (10.21)
(T‘I. - T2)Fl 10 (Tl - Tﬂ) Fl

10.2. 3apaum

10.1, Merannuueckan NOBePXHOCTL Harpera Ao Temmepatypht 927 °C n
umeer Koadounuehr Hanyuewns 3,8 Br/(m®-K4). OnpegefnTs NI0THOCTH
noroka cofcTBeHHOrO H3NydYedHf Ha MOBEPXHOCTH, XKC3({PHUHEHT TeAJI0BOro
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{3NYYEHHR TOBEPXHOCTH, AAWKY BOJHH, KOTODAS CODTBETCTBYET MAKCHMY-
4y HHTEHCHBHOCTH H3JNYUeHHF.

10.2, Onpepenuts Tenaoeod MOTOK, ®#3Ay4aeMei cTaqbuofl TpySoit
3 GEHCNEHHON NOBEPXHOCTHIO, HMeWWeH HapymHbE LuaMmerp 70 MM B ANH-
1y 10 M. Temnepatypa nosepixnoctu Tpybet 230°C. TpyGa pacnoacxena
3 TIOMELIeilHH Ha GONbINOM YAAJEHHH OT CTeH, Tesmnepatypa kotophix 20°C.

10.3. Pacewurars TeMmnepaTypy MOBEPXHOCTH JETaNH U3 OKHCJIEHKOW
MATYHH, eCNH MABYUAEMLIH €0 NOTOK BHepran HMeeT naotaacTe 32 wBr/ME,

10.4. Onpepeauts notepy TERJNOTH B Yac 33 CYET JY4EHCTIVCKANHS iHa-
ponpoeoaa (¢=2,6 Br/(m?-K%), 0pOnOKEHHOIQ BHYTDH LEXQBOIY 00MELe-
HEA, CTeHH xotoporo umerot temneparypy 25°C, Hapyxuwbifl gnamerp na-
ponposofa 150 mm, aanna 200 m, [lo naponpoBOAYy TeMeT HacHLIEHHHIR
BOoAAKON nap ¢ faeaennem 106 Ila, temmepatypa HapyKHOH MOBEPXHOCTH
TpyGnl Ha 20°C duHe TEMNEpaTyphl HACHIEIEHHS.

10.5. HuxpoMopas NpoBoaOKa pasorpera Ao Temaepatypm 1000 °C. Bul-
YHCARTE KO3DEUIHERT TENADOTIAYK NYYEHCNYCKaHHeM ¢ MOBEpXHOCTH npo-
BOJOKH, €CNIH HATPEBATENb DACOOAMKEH B BOSLUIOM NOMElIEHHH, 3 TeMme-
patypa orpaxuennii 27 °C.

13.6. Neyxcrenunlit cocys [Muiapa ¢ nocepeSpeHnsiMH NOBEPXHOCTAMH
RANOJHEH JMAAKHM KHCIOPOZOM npH Tesmneparype —183°C. Cuapyxn co-
CYM OKpYXaeT BO3AYWIHaA cpena ¢ teMmnepatypoit 27 °C. Haith reanomoit
RKOTOK, NEPesaBacMuil u3fAyueHHEM MEXKAY CTEHKAMM COCYNd, eCcH NpHHATY,
YTO CTEHKH NPHOSPETAIOT TEMIEPaTypy Cped, ¢ KOTOPHIMH OHH CONPHKA-
CAlOTCR, A NOBEPXHOCTh TEMNooGMena paeka 0,05 m2

10.7. 3nexTpovarpenaress B BHAE NPOBOAOKH AHamerpoM 05 My w
amiroit 2,5 w norpeaser sowmuocth 400 Br. Koaduuuwest remacsoro
u3nNyuenHs nosepxHoctH npososckk 0,85, temnepatypa orpaxiawniei
apMmatypsl 15°C. Halitw teMnepaTypy UpOBOJOKH B3 YUET2 KOHBEKTHBIO-
ro TemnoooMena.

10.8. Tpyba Hapymunm nuaMerpoM d H LJAHEOK ! HMeeT Ha nopepx-
HOCTH TeMNepatypy faoz. OmpesetnTh Temnosoll DOTOK B MpOHECce JAY4H-
CTOrO TennooBMena Mexay TpyGoH N Oxpy¥XawileR cpefiof AnAa ABYX Cay-
uaes: 1} rpyBa Haxofurca B BONLIIOM MOMEILEHHH, CTEHL! KOTOPOrO HMEIOT
Temaeparypy te; 2) tpyb2 uaXofutcs B DeTOHROM kauane cedenmeM 250X

X250 MM npH TeMneparype CTEHOK Kadana fo. Hanwde A8 peleHds 839Thb
H3 TabAHLbL.

10.9. Topaynf ras ABUMKETCA MO KAHAXY, CTEHKH KOTOPOLO HarpeTH g0
[80°C. B notox raza ODOMCLICHZ TEPMONZpa, KOTOPas TMOKAIHEBAET TeMne-
parypy 340 °C. Kosddulnert renioBoro uaiyzenus cnas tepmonaps 0,88,
KosbdutiHenT KONBEKTHBHOH TenNOOTAAUH OT NOTOK2 rasa ¥ CNaK TEpMO-
napet 50 Br/(M?-K), H3-3a Ayuncroro Tennoobvena MemAy CnaeM H CTEH-
KAMH K2HZJMA TepMOnapa NOKAJIHBaeT JAHWKEHHYID TEMNEpPATYpY rasa.
Hafity geficTauTeNbHYH TEMASDATYDY rasa B Kawahe.

10.10. Tlo yenosuio sanayd 109 wafiTh, Ha CKONBKO IpPajyCOB CHHBHTCA
OMIHBKA B H3MEpPeHUH AeHCTBHTEILHOR TeMACDATYDH [OTOKA ra3a, ec/H:
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1) EOo3(OHUHEHT TENAOOTAadH OT rada K CHAK TepMOmapH YBeNHIKTh
8 2 pasa; 2) TemmepaTypy CTEHKK KaHana noasars o 240°Cy

10.11. PryTHeifi TepMoMeTp B XONOAKIbHOH KaMepe MOKasan TeMnepa-
1ypy —17 °C. Kostduuvent tennoporo uaiyuesns clekna repMomerpa 0,86,
CTenxH XONORRIBHOR XaMepol wmelT temnepatypy —14°C. Ha cxoasko
TPaIycOB TEPMOMETP KHCKaXKaeT AeHCTBHTEJBHYIO TeMAEpaTypy B KaMepe
H3-33 AYUHCTOrO TEMJOOGMEHZ MexIy CTeHkaMK u tepMoMetpom? [lpuusare
KOMpOANKEHT KOHBEKTHBIOH TENNCOTAATH MeXIy TepMOMETPOM Y BOIKY-
xoM B kaMmepe 3,3 Br/(um* K).

Ta6Gamya x aajaue 10.8

B:f.:[' MaTtepnan Tpyou doum | LM B:f.?' fop © |4 °C
1 [ AnoMungll mepoXoeaTh 70 8 a 250 10
2 | Jlaryus NoaupoBaitiad 130 5 6 300 15
3 | Crane wepoxosaTaf 30 9 B 369 40
4 | Uyrya ofTovenHuH 160 § r 280 25
5 | AmoMmAHEf nOAUpOBaHHE 90 7 Jis 320 30
6 | Hurenp oxucaexrmii 100 3 e 280 35
7 | Xpom 150 | 4 m 200 20

10.12, DkpaH o3 OKHCNEHHOTO HHEeAd PACHOJOKEH MEMNY LBYMH
CT2JABHBIMA JIICTAMHA C WEPOXOBATOH NOBEPXHOCTHI), TeMmepatypa JHCTOB —
coorsercraeRdo 420 H 120 °C, Hafte teMmnepatypy 3KpaHa H IJNOTHOCTh
TEOBONO NMOTOKa HadyvenneM. Kakolf cTameT NAOTHOCTh TEMJOBOTO NOTOHA
H3JyYerReM, ECH 3Kpal OyJeT cAelNaH H3 xpoMar

10.13. Onpeaenuts, BO CKOOBKO DA3 YMERBIIKTCA JYYHCTRE Tennceod
NOTOK MeXAy ABYMSH NapaanenssbiMH AN2CTHHAMEK, €CclH MEXKAY HEMH NO-
MECTHTbL JBA SKP2K& W3 MNONRPCOBAHHOTO anoMuHuA, (IHa HAACTHHA H3TO-
TOBJAEHZ H3 HeoGpaGoTaHHOro NRTOTC Menesa, a Apyras — B3 OKHCAGHHOM
crani. TemuepaTypld DNACTHH TOCAe YCTAHOBKH 3KDAHOS OCT2BHTDL (el
H3MeHeHH A,

10.14. Jyupctuilt TenAooGMeH TPOHCXOART MEMIY NapaifeNbHHEMH N0-
BEPXHOCTSMH RBYX IJACTAK H3 TpoKaraduofi maryex. Korna mexay naa-
CTHEAME NOCTABHNH 3KpakH ¢ xoaduunentoM tenaosoro Haayvenns 0,04,
pes3yanrTHpYIOMHE Ay4yHCTHH TeNAOBOR moTOXK yMenbHAcA B 17,33 pasa.
Onpeaeants KOMMYECTBO NOCTRBJAEHHBIX 3KPaKOB, CIUTAR, TTO TEMNEPATYPR
NOBEPXHOCTER NJNACTHH [OCAE YCTAHOBKH 3KPAHOR OCTAWTCA HEeH3MEHHHMA,

10.15. B Kkasaje H3 TNOJHPCBaHHCOH CTainH BHYTPEHHHM AKZMETPOM
150 MM pacnonoeH COOCHO TOpAYHE tpyGONPOBOA RaDYMHHM AHaMETPOM
80 wwm. Marepnan TpyGonposoaz — oBrogeHHNit 4yryd. Memny xanaioM H
TpyGoNpOBOLOM PACNGRATAIOT UHAHHADHYECKHHA JKpaH H3 NOJHPOBAHHOR
natyun. Bo CKOAbKO pd3 YMEHBWHTCH NYYECTHA TeRAOBOR NOTOK OT TpY-
GonpoBoa K CTEHKAM KaHada NpPY HaJAWYHH 3KpaHa IO CPaBHEHHKY ¢ OTCyT-
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CTBHEM 3KPAHA, eCAK 3KPAH NOCTABHTD Ha PAcCTOSHMN 3 MM: a) o7 noBepi-
#octH Tpybonposofa; 6) 0T MOBEPXHOCTH KaHana?

10.16. TpyGa us oxmcaennol cranu umeer zvamerp 100 mm w oxpy-
JeHa ABYMA 3KpaHAMH, PACTONOMEHHHMNM KOHUEHTPHYECKA HE OJHHAKOBHIX
PACCTOAHMAX 5 MM Lpyr OT ApYra H 0T TPYOH. JKpanH cAenanbl M3 OXHMC-
JeHHOTO HHKensn. OnpefeAuTs, EC CKONBKO DA3 YMEHBLLIHTCA JYYHCTHH 1en-
JAoapll MOTOR OT ropAveit TPYGH TPH €8 3IKPARHPOBAHME N0 CPABHEHHIO
¢ TpyOoit Ges skpanow? TemmepaTypul TPpyOH U OKPyXKawlied CDEAH NOCHE
YCT2HOBKH 3KPAHOB NPHHATE Ge3 KaMeHenuh.

[0.17. [IBe nmapannenvknle nmaactvke Whprdoll 0,5 M 1 aamiofl 0.8 u
cHeaHt M3 MOJHPOBAHHON CTANM K HMEIOT TeMnepaTypH nosepxioctelr 83
g 320°C coormercreeHKo, Paccrosude Mexay miactuvame 0,3 v Haittu
cpefHuf  yraopofl KosdOMOHEHT NyUeHCMYCK2HHA W AYYACTHA Tennoso#t
MOTOK MemJy TJACTHHAMH.

10.18. Ha pacctosuan 0,4 M Zpyr OT Apyra pacRGAOMERH Napailenb-
MO ABE nOAOCH OAHHAKOBOW wupudsd no 800 my, Bosee warperaa nonoca
13 OKHCeHHOH Mefu mMeer Temmeparypy 600 K » mepejaer 2516 Bt wany-
qeinHes ¢ 1 M% MOBepXHOCTH Na BTOPYKD O0A0LY, H3rOTODJEHHYIO H3 LIeDO-
XoBaTod crani. OnpefenuTh TeMoepaTypy TNOBEPXHOCTH CTaJbHON NOJOCHLL

10.19. Temnepatypa ancka u3 xpoMa 300°C, a2 u3 nomupopaHHOl cTa-
an 200°C, Ouekn uMeoT ofMHagoBulfl guaMerp, pakHu# 200 MM, H pac-
MOMOMEHH NapajneibHo ¢ UeHTpaMy Ha oOuiell HOPManu Ha pacCTOSANH
50 MM apyr ot mpyra. Halire: 1) cpeanuii yraosolt koadduuuent JAyue-
HCnyCKanHs; 2) AydscTWi Tenncmoll moTok MexAy anckaMu, Onpepennts
Te e BeJHUHHH, eCN¥ paCCTOAHHE MemIy AMCKamu OGyaer 200 mw,

10.20, Henoabays ycaoBue sagaun 10.19, onpenesants ayuucreii Tenno-
BOH MOTOK, ecNH JAHaMeTD XPOMOBOTC JKCKa YMEHBIIEH B 2 pasa, a pac-
CTOARKE Mewc gy AnckaMyu 50 M.

10.21. Tlo nmxpomoBOH NpORONOKE AHAMETPOM ] MM NIDOXOLHT 3.e€K-
TpoToK cuaol 8 A, a punensomiascs TENJOTA OTBOAHICA HIIYUEHHEM,
YaenbHOe 3JeKTpHUecKOe cOnpoTHEAeHHe nposofokd 1.1:-10—% Om-M. Tewm-
fiepaTypa BHewero oxpywerns 10°C. DBblauciante TeMnepaTypy npo-
BOMOKH.

[0.22. Crenxa TpyGonposoga ZuamerpoM 400 MM Harpera Ao TeMne-
patypa 527 °C u umeer xosdduument TEnA0Boro wanyvesss 0,735, Tpy6o-
OpoBOA nNoOMelleH B Kanaa cedenueM 600X 800 M, poBepxHoCTE KOTO-
poro HMeer Temmepatypy 127°C u  xospbuuMeHT nyvencnyckawna
522 Br/(m?-K'). Paccyntats mpuBefeHHMH KoaddHuBenT AysenmcnycxaHus
H BOTEPH TeNNOTH TpYGONPOBOLOM 3a C4eT JYYMCTOro TennoobMeHa.

10.23, Teno uknunfpHdeckoll dopMel IOHHOR & LAuameTpom 300 MM
HMEET KOBDMHUKEHT TEMJNOBOro H3AYUeHER mokepXioctd (,8. B rene neir-
CTBYIOT BHYTPeHHHE HCTOYHHKH TEMJOTH MoluHocThio 46 xBr/m2 Brjease-
Ma# TENJOTA TOCPEACTBOM H3NYYEHHS OTA2eTCA Beefl MOBEPXHOCTHIO TENA
B OKpymalowyio cpeny ¢ Temneparypod 0°C. Hafivu temneparypy nosepx-
HOCTH TERA.
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10.24. Ha crvenxax Ttomouuolf KamepH pacnoioKed pfa tTpyd Hapyx-
HelM gHametpoM 58 mm H warom 70 . [JosepxnocTs ¢TeH W 1anka Tpy6
AoctaTouHe penHud. OmpeAeanTh cpefuHe Yri0Bble KodtbdHUKEHRTH nyue-
HCIYCKaHHA.

10.25, Tlnockan BeprHKaibnag CTEHKA CyLUIHJKHM, Haxoigigefic B 3a-
KPHTOM NOMCHIEHHH, H3TOTOBJEHA M3 CTANBHOIO JHCT2 TONIUMHOA 5 MM
H LAnHOR 3 M. BHYTpeHHAR NOBEPXHOCTb CTEHKH OMEBIBAETCH WPOAQALHHM
NOTOKOM BO3IAyXa, HArpeThM A0 cpepnelt teMmnepatyph 85°C. CxopocTh
Bo3Zyxa 2,5 M/c. UTO6H yMEHbWHTL TEMJAONOTEPH B OKPYXKAWILYIO Cpeny,
TeMmepatypa KoTopoit 18°C, cTeHWa cHapykM 4sonuposana 30-MHAAHMET-
POBHM CROEM HbIOBENd, TAK MTO Ha BHewHefi MOBEPXROCTH M3ONANNH VCTA-
HoBHAack Temnepatypa 45°C. OnpefeadTh B YCNORHAX NyUYHCTO-KOHBEH-
THEHOTO Ten.J1o00vena KoshpHIHeHT TemhonepeaadH Yeped HIONNDOBALHYIO
CTEHXKY H MOTepH Temnorst ¢ [ M? CTEHKH B OKPYRIOUIYIO Cpeny.

10.26. Annapar nuAHKApHuecKOH (hopMB AnaMerpo | M R BRecoTod
2 M ¢ WepoXOBATOH CTalbHOH TOBEPXHOCTLID HaXORUTCH B NOMEWIENHH, CTe-
Hbl KOTODOLC BHKpaUleHB MacadzoR Kpackod., Pazuepsl noMemtenna 4X
X10X6 M, TeMmmepaTypa Dpoagyxa B neMm 20°C; TemmepaTypa Ha MOBEpX-
hoetw annapara 70°C. Hafith noTepo TennOTl amnapatoM NYTEM H3AY-
HeHAd, CYHTAs TEMIEPATYPY CTeH HOMEILEHHA Dasilofi TeMDepartype BO3ZLY-
X2 CHpENeNHTb TaKie CYMMADHYIC AOTEPI TEMJOTh 32 CYET H3JYueHMH H
KO BCKUAI.

1027. B TtennoofMenHOM anmapate KHNHT pacTROp WA TeMmaepatype
120°C. CreHxa anmapaTa CIenana K3 THTAHOBOrO IMCTa TOJUIHHOH 2 Mm
M M30HDOBAHA CHApYKH choeM achocnoin Toaunuaofi 45 mM. Onpeaeaute
TEMAEpaTypy BO3AyXa B TOMEHIEHHHM, eCAH TEMIepaTypa Ha BHelluel no-
BepxHocTH Maonaunk 40°C, a Tennota nepefaeTcs OT HEe MIJAYYEHHew }
konBeRUHeH. TIpHHATE TEVREpaTyPY HA BHYTDEHHeH TOREPXHOCTH CTeHKH
pasrol TeMnepaType pacteBopa.

10.28. 27eKTPHYECKH! TOK NPOXCAHT N0 OPOBOLY ARAMETPOM 2 MM,
uarpesan ero ao 440°C. Ipudope nokasand chay Toka 20 A n conpotue-
Jende mposona 0.8 OM. [poBog OxJ1aXAAETCA 33 CYET TEMIOOOMEHa H3NY-
YeHHEM, @ TAKKe MOICPEeuibiM JNOTOKOM B031¥Xa, 001yDalcllHM npoBoa <o
ckopocthio 3 M/c. Temneparypa moaayxa 20°C. Halire xosdibuunest Tten-
MOBOFO M3JYYEHHSA TPOBOLA, CUHTaA TEMNEPATYPY OKPYHAIOUIETD NPOBOL
orpakienna 20°C.

10.29. Topusonranphuii nmapouposoa adaMerpom 300 MM W aaunol
10 M uMeeT Ha DOBEPXKHOCTH TeMmnepatypy 507 °C. Ou cmenan 3 oxucaen-
HO cTaaW H HaXOOHTCA B DOALLIOM HOMELIEHHHR, e TEMNEPaTYpPa CTEHOK
# posayxa 37 °C. Halitn koahdHuueRT NYYHCTO-KOKBEKTEBHOTD TeNA006ME-
Ha W NOTEp> TENADTH WaPOnpOoBOIoM B uac,

10.30. ITo yenosuw 3anzud 1029 onpenefMTh Ha3Bannble BENHYHRLL,
ecnH MaponpoBO] NOMECTHTH B OeTOWRHH Kanaid ODHARHADHUYECKOHA (GopMb
BHyTpeHHayM anaMeTpoM 500 Mm, TeMmeparypHHE YCAOBHS IpEXHHe.
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10.31. TopHsonTanbHasds HEXpOMOBAf NPOBOJIOKA AHaMeTpoM | MM H
anunold 4,5 M HarpeBaeTcd SJEKTPHUSCKHM TOKOM Tak, YToOH TeMnepatypa
npoBonokd He mpesbiwasa 500 °C. Tlponcioka oxnaXpgaerca 3da cueT cBo-
fionsoTo ABHMXEHWA BO3ayxa H uanydernud, OKpyxKawmMe npoOBOMoKy BO3-
AyX K orpaJenus Haxopdtca npk temnepatype 27 °C. Yaeaenoe saecktpo-
conpotuBaeHne npoeosokk  1,1:10-% Om-m. Onpelennts AONyCTHMYIO
CHAY TOKa.

10.32. PaccuuTtath ADOYCTHMYK CHAY TOKA, €CJH MPOBOIOKY o0ayBath
MonepeynbM NOTOKOM BO3AYXa CO CKOPOCTHIO 2 M/¢, a OCTAJLHBIC YCHOBHA
B 3ajtave 10.3]1 ocTapuTh Ge3 HiMenenHi.

10.33. B uexoBOM MOOMEMEHWH, TAe TEMOCPAaTypa BO3AYXa H CTCH fs,
pacno.oXKeiia roplisoHTansas tpyba napyxibv anamerpoy d n aamaol [
Otra MMeeT TEMNEPATYPY Ha NOBEPXAOCTH fr H OXJAMKASETCA 33 CYET H3My-
ueiHa K ¢BOGoANOro ABWMenus eo3ayxa. Onpepenuts: a) xoadduueHT
TenIooTAa%H  H3AYUCHHCM; 6) KO3(@HHHENT TCRAOOTRAGH KOHBEKUHER,
B) TeNJOBOH NOTOK OT TpyOLl Pa3sfe/bHO ECTECTBENHON KOHDEKUHEH W H3AY-
yeHneM. [lawHble N8 peuledHs 3ajaun BaATh H3 TaGAHUL.

10.34. Ipe ropusoHTaNbHHE cTaALHHE TPySH ¢ Wepoxosatofl N0BepX-
Hacrbio gHaMerpoM 300 W 150 MM coOOTBETCTBEHNO HaTpPeTH 10 ONHHAKO-
Boft TeMmnepaTypu, paptoit 400°C. Hafitn kosdduuhenTH TenscoTiaud H
NoTepy TENJAOTH OT KaMXaoll TpyOn KOiBEKIMEH, €cliH OKpyMalouui Boa-
I¥X W orpawmmenHs uMelor 20°C. Bo ckoawko pas ypesHYHTCA NOTEPS Ten-
JOTBI OT KaX0f Tpy0ul, eCil yuccTL W JYMHCTHH TenMooGMcH?

TaGawua x zapane 10.33

B:}E?_ doum | Lm Matepwan TPy B:]];?' £ °C fo °C
i 180 i¢ | Amomuunii WepoxoBaTni a 3 70
2 200 12 | Crais okucaenuas & 10 10
, 3 1 250 18§ Narvab npokarannas B 20 130
4 3C0 | 20 | Mesn noswpoBanHan r 2% 150
5 350 25 | Yyryu wepo ora1uil I 7 8¢
6 400 13 | M ab owrue. enpas e 17 100
7 380 {0 | #ee30 antoe neoSpadioTaHAGE w | 27 140
8 270 14 | Aaryub okHe enuHas 3 15 80

10.35. JnexTponpoBol HarpeT TOKOM Io TeMmaeparypst 900°C. Frg
Auametp 1,5 MM, a yrenbroe afiexipoconpoTiBieHne 1,2-10-¢ Oum-m. Haii-
TH CHAY TOK3 B npoBofe, ecad ero KosGQQUUMEHT TenaoBoro nanydennn 0,82
H COH OXNAMJABTCS NYTEM JAYYHCTOTC TENACOOMEHA i TENOOTAaM# OpPH
cBoGOIHOM IBHMEHHH OKDYXKAWllero Bo3ayxa ¢ Temneparypoét 0°C u xo-
stpdineHToM TemIooTdauk @x=25 Br/(v?-K). Onpeaedntb Takke chiy
TOKa AJA c¢7ydas, KOTN2 TeMNOTa OTBOAHTCA TOABKO H3nyueyHeM. Temne-
paTypy oOrpamieHu# NpHHATL DABHOM TeMmepaType BoaAyXa.
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fMasaopaWMHHEAAKATASR
MPOUECCH MACCOOBMEHA

11.1. O6WME NONOMEHHR H PACHETHBIE IABMCHMOLTH

B Ttensotexsuxe maccoofMeH BCTPEUAeTCH B NPOUECCAX HCMAPEHMHA, KOH-
JNEHCAUHH, CYLIKH, BEHTHASUMH, KOHIHRHOHHPOBAHKA Bo3Ayxa u T. nm. Mac-
coordased Ha3bIBAIOT NepPeHOC Macchl BELIECTBA M3 AApa tha3d K NoBepX-
HoctH paszena ¢az M HaoGopor. KodxyecTBo BellecTsa, NepeHOCHMOTO NpH
MaccoofiMeHe, MPONOPUHOHAMLHO NOBEPXHOCTH KOHTaKTa (aa n apHXKywed
CHJEe npouecca B BYAE PAIHOCTH KOHUEHTPALHH PacmpeneifeMoro Memay
dasaMn BellecTBa.

JBHyilias CHJI2 MaccOOOMEHHRIX NPOLHECCOB MOXET ObTh BHlpaena
B CHCTEME MKHAKOCTE — MHJAKGCTE DasHoCTB O0LEMHEIX KOHUENTpAUHl Be-
WecTsd ¢ cAKHMOCH WaMepenka xr/M%, a4 B CHCTeMe Tad — MUAKOCTh —
PadHOCTLIO MAPHMANbHBX NAB/AeHHR KOMIOHEHTA,

Huena nonaoGuit MaccoofMEHHBIX MPOuECCOB HMElOT CTPYKTYpy, aHanio-
THYHYIO CTPYKTYDe 9KCea nonofux npoueccoe TennooOmexa. (JCHOBHEE 4ue-
Jaa nofoGuf npoleccop MaccoobmeHa:

Hycceaora nuddysnounoe yucho (unchio LWepsyna Sh) — Geapaamep-
HEH koadduuMeHT MaccooTAaYH

E_ ired
Nty = = TCre—C.hD (L.1)

roe B —xosdhmineRt MaccooTnaun, M/c; [ — xapaxTepuHil pasMep, M;
D — xosdduunent Dadbdysun, m/c; fio — nNOTHOCT TOTOKa MaccH {-ro
KOMIOHEHTA Y TCBePXHOCTH pasgena daz, kr/(m?-¢); G u Cim — OTHO-
CHTEIbHBE MAcCOBHE KOHUGHTPAuUHH i-ro KOMOOHEHTA ¥ NOBEPXHOCTH pad-
Aenz ¢e3 H BAAJH QT Hee, onpejeisiorea no dopmyne Co=pifp; po. p—
NJAOTHOCTH {-[0 KOMIOHEHTAa K CMecH, Kr/mMS;

fIpandran puddysnornce dncao {yucso HIMHAra Sc) — KpHTepHA no-
A06HA CKOPOCTHHX H KOHNEHTPARHOHHBX nojeR B nmoToxe

Pra=v/D=p/(pD), (11.2)
rne v H u-—-xuuemamqecxaﬁ H QHHaAMBYeCKaa BAIKOQCTH,
Fyxmang 9HCAD — XapPAKTEPH3YET BAHAHHMe MaccoolMema #Ha Tenao-

abMeH; .
Gu=(Te¢—Tu)/Te, (11.3)

rne Te v T'w - TeMneparypa cyxoro W Mokporo TepMoMerpos, K;
JTviouca — CeMenosa uncnio — kpHTeplfl nojoGus nonef KoHuewtpanuft
H TeMncpaTyp B NOTCKE
Le=D/fa=Pr/Prp, (11.4)

rae @ — remnepartyponpoBoanoets, Mifc; npu Le=1 poas KoHuerTpaumit
H TeMnepaTtyp OyayT noAOGHHE, 3TC YCJAOBHE DPHOIHXEeHHO BHRONHAGTCS
LA pAga CAyuaes Macco06MeHa B TajoBBIX CMeCsX;
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Cranrors auddysnoHnOe THCAO

t) = ite -
{(ch-—-ciw)(PW)m ke Prp °
rie {(pw) — MACCOBAX CROPOCTh CMECH BAat OT NOBEPXHOCTH paspena
tas, wr/{M2-c);
ITexsre pRpdyIROHHOE HHCIO — XAPAaKTEPHAYET OTHOIIEHHE KOHBEKTHB-
HOTD NIepeH0ca Maccl K MoJekyaaprod andpyamu:

Pep=wl/D, (11.8)

rije ® — CKOPOCTE Nepeldoca MacCH BellelTsa, M/C;
cooTrolenie Jpwouce mexny KospOHUHEETAMH MACCO- H TERJAQOTAAUH

Be = a/(pey), (11.7)

1ae Py — KO3GGUUAEAT MACCOOTNAYN, OTHECEHHHR X pASHOCTH KOHNENTpA-
guit b YHARPYIOWErO BeulecTsa, M/c, @ — ko3pPHUFEHT TENICOTIa4H,
Br/(M2:K): ¢,— yAenbHas Hagbapdas TtenkoewkocTs, [ /(kr-K).

Ifo sakony duxka Macca sellecTsa Mm,, KO, nNpollegllerc B DpoLecce
MOJEKYJApHOR AH(OYINH uepes cloft 8, M, npomopmHonadbHa nACaLH
NOBepXHOCTH ook F, MI, H3MeHeHHW KOHNEHTpAuHA Benlecta Aps, Hr/ud,
no TONMNIE CJACH, BPEMCHH T, ¢, M OO6paTHO npOnOPLHOHANLEA TOJUIHIE
coof:

S

(11.5)

m=DFAp,1/8, {118)

rne D — xosppguuent dupdiysuu: KonsuecTso BemecTBa, AnpdyHIUpYIC-
Wero Yepea noBepXHOCTE NAouaAbie | M? B endHHUy BpeMeHH NPH pasHo-
CTH KCHUEHTpAURH HA pAcCTOAHWH | M, panHoll elnHALE, M3MepHeTcA
B M2/c,

Kosddraynsent nuddyark D ra3os H napos B 3aBHCHMOCTH OT AaBle-
HASA p A TeMnepaTypbl { onpepenseTcs no popMyne

7o (2?3+x L1+n
r 273 )

rae Dy — xosdduunent anddyarK npH HOpMaAbnbIX  (DHIMYECKHX  yCao-
BUAX; Pop— AasileHHe NpH HOpMAJIbHHEY (H3MYECKHX YCROBHAX; rt— NoKa-
sareb CTeNend, KOTOPHH 3aBHCHT OT cocTasa raacBofl cMecH, HanpuMep
n=0,8 nnd cvecy BOAAHOrC Mapa H BO3NyXa.

¥ pasnenue saccoordasu

D=0D, . (11.9)

fi= ﬁp (P{C_Pjoc)z ﬁp?(cic_cjw) = “ﬁﬁ—;— (pfc__pto:)v (” ]0)

rie j:— NJIOTHOCTB ROTOKA MaccH, xr/(M?-c}; BD—~Koac]Jq:mmeHT Maceo-
0Taa4R, OTHeCEHHHH K pa3HOoCTH KOHUEHTpaunH Anddyrnupylollero Belie-
¢TBa, M[C; Pic, Pie — KOHUEHTpAUHA IRGPYHAHpYWOLlETrs BeulectBa y mo-
BepXHOCTH pasiena ¢a3 W BaanH ar Hee, xr/m* Cip, Cjo — OTHOCHTEJIBHAS
Maccopass KOHHeHTpaurs AHQDYHIHDYKNUETD BEMECTBA ¥ NOBEPXHOCTH
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pa3fena a3 n spaan oT nee; R —rasopas nocromunas andgynaupyo-
wero rasa, Jlu/(kr-K}; T — cpeaunas temmeparypa norpanaudore caod, K;
Pic, P — NADUHaJbithle AaBJACHHA AHGGYHAHDYOwWere Bewnectha y No-
HepXHOCTH pa3nena $a3 u BIanu orv Hee, Ila

Horox maccst geujecreq [-r0 KOMOOHEHTa Yepes nicwais F B eguHHLY
BPEMeHH, Kr/c,

fe=jiF. (11.11)

Ornocureasias gaaxcnocTe 6osdyxa @ (WAK cTenerb HACHIUEHAR) ecTb
OTHOWEeHNe AGCOMOTHOH BAAXHOCTH BO3IYXA K afCOMIOTHOR BAAXKHOCTH
era B COCTOAHHH HACKIMICHHA:

FP=PufPs=,Un/Ps. (1112]

Toe pu, Ps — AOGCOMOTHAA BJIAMHOCTE BO3JYX2 8 HEHACHIIIEHHOM H HACH-
IMERHOM COCTOAHHSX COOTBETCTBEHHO, KI/M?, Pn — NAPURANBHOC JaBJelHe
BOAHHOTC Dapa B8O BAAXHOM BO3AyXe; Pc— NAPLHANLHO2 NaBJeHHe HACH-
LWIEHHOTO BOARIIOTO Mapa, NPH TeMpneparype Bo3gyXa (TeMiepaType CyXoro
TepMonMerpa fo) onpefensercs K3 Tafn. 17 npuiomenns waum no Hd-ana-
rpaMme.

OTHOCHTE/ILHYIO0 BJAXKHOCTL @ MOXKHC onpeneistb ne rabn. 18 npuio-
MEAKHSA, ©COH H3BECTHRI TEMNEpaTypel Cyxoro f. H MOKPOTO fu TEPMO-
MeTpos.

fTapyuaavsoe dossenite mapa BO BNAMKNEOM BO3JAYXE MOMHAO onpeje-
JHTb € MOMOIUILIO NCHXPOMeTpa:

pn'—_psu——‘A{tc—tu)B, (11‘]3)

rie pPsm — NapuHafbHOE [aBleHMe HACHUEHHOTC BOASHOIO napa NPH Tem
nepatype fu MOXporo tepmomerpa; A — xozbduunenr, onpenesseMuii Ao
dopmyne A= (65--6,75/w)-10-5, ecsin cKOpoOCTL BO3IyXa OKOJO WAPHKA
Moxporo TepMoMerpa w=x0,5 M/c; fc, tw — TEMNIEPATYDE CYXOro H MOKpO-
ro TepMoMeTpoR; B — GapoMerpuuccKoe JaBAcHHC.
Baazocodepswauue RIAKHOTO BO3IyXa &, Kr BAATH/KC CYXO0TO BO3y-
X8, — KOJKMeCTBO BOAAHHX RApPOB, TPUXOAAMIAXCA Ha 1 Kr CYXOro Bo3-
Ryxa
d=0622pa/(B—pu). {11 14)

BaarocoaepaHHe BO3AYXa He MeHSeTcd ¢ HM3MEHEHHEM ero TeMmmepaTyph.

Iurasenus aaaxnozo go3dyxa H, kIx fkr cyXoro Bo3nyxa, cwhiajbl-
BABTCA M3 SHTRJNLOMH CYXOTO BO3AYXa H SHTAMBNHH BOAAHOrO [apa H OTHO-
CHTCst ¥ | Kr cyxoro Bosayxa:

H =144 (2501--4,931) = (14-1,934) 1-}-25014, (11.15)

Tae { — Temneparypa Bosayxa, °C.
flaornocte saguknozo doadyxa npu TeMneparype t, °C. B SapoMerpa-
4EeCKOM naBieHuH B

pr.5=(0,00358—0,0013pa) /(2734-1), (1018
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rae B n pn usmepsiorcs B ITa; ps.» — nAOTHOCTH, Kr/M%,
OfpeM 840%H020 403FYyxa, oTHeceHHHH K | Kr cyxoro Bo3gyxa, m*/kr
CYYoro BO3AyXa,
TRy (2734 1).287
Vas= = ' {11.17)
B~ pa B —eps .
rae Res—-rasobBas NOCTOAHHas cyxoro BodAyxa, pasHas 287 Ox/(xr-K);
T — remneparypa po3nyxa, K.
OcuoBHHE [apaMeTphl LpPOLECCE CYLWKM ONPEREARIOTCA CJeAYOLEHMH
COOTHOUIEHMAMA.
Pacxgn W ncnapaemoil Brarn, xr/c:

W="Lidy—d), (11.18)

rie L - pacxol cyxoro B03Ayxa, HaxoAAWeTocA BO BAAKHOM BO3AyXe,
¥r/c; dy, di —HavanbHOe M KOHEYHOE BNATOCOAEPIE@HHe BO3NYXa, K Bha-
TH/KT CYXOlo BO3LYXA,
Pacxog cyxore 8o3zyxa L na W xr WcrapenHCH BJarm, Kr <yxoro Bos-
nyxajc
L=W1, {11.19)

rae { — yneabHEHA pacxod CyXoro BO3AYX4, KT CYXoTro BO3LYXA/KP BJAArH.
YaenbHEH pacxof CyXOro ro3fiyXa B CYLIRJKe

!

rae d, n d2-— Hada/bHOe H KOHEYHOE BJAAMOCOAEPMAHHE 1LO3AYXA,
¥YaencEHE pacxoa TennoTsl B cylluixe, kI /xr HemapseMoli Baarh,

g=t(Hy—H) = (Ho—H\} /{de—d1). | (1121)
Pacxoa renfiotH Adg Harpesauns Boshyxd, gBr,
Q=L{H,—H)=Wy, ‘ (11.22)

rae ffy w Hy-—snranbnug BnaX#oro BOBAYXa HA BXOJZe B HATPeBaTelb H
BRIXOOE H3 Hero, KILx/Kr.
Tennosgit KI1I cymuaky

n=rfy, (11.23)

rie r— TenaoTa napooSpasoBaHdd BOMH NpH TeMnepaType Mokporo Tep-

MoMeTpa {OmpenesgeTca 0O TeMNepaType Marepnaia OpH Cylixe, Taba, 4
NPHNOKEHHA).

Konusgecrae paarp W, acnapmoulefics ¢ OTKpHITOR noBepxiloctd, ki,
WT:FC (pr[s—Pn)T, (]]24}

rie F—nilomaib NOBepXHOCTH BOAB, M%) pns — napiyanbuoe AaBAeHHe
HAachillleHHoro BOJOAHCTO napa. l'Ia, QnpelenseTcqy no 'Iemnepa'rype Hema-
prioliefica BOAH HF Taba 17 DPHNOMNeHHA: P — NaplUHANbHOE AABJAEHHE
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aapa B Bosmyxe, Ila; T —NpONOAMHTENPHOCTE RPOLECCA HCR2PEHHSE, 1;
¢ — xosthdunuent nacnapenns, wrf(a-m2-IT2), onpepenserca mo dopmyne

c=(17,17-+13,05w) - 10-5; (11.25)
BlleCk W — CKOPOCTH BO3AYXA 1133 MOBEPXHOCTHI0 BOJAH, M/C.
Ilpn cMmemnpanAm BoBAYXa [BYX COCTOsHHI: cocTosura | B xojWde-

ctee G, Kr, H COCTOAHAA £ B KOJAH4eCTBe (fj, KT, — HMEEM CAEAYIOUINE TA-
pamerpnl ofipasopaBliefica cMecH:

Macca
Gew= G-+ G2 uan Gew=Gy{l-+n}; (11.26)
SHTAJLHAA
How= (H G H-H,G2) [Gen, B Hew= (H-pny) (140); (11.27)
BAArOROAEpKAHHE
don=(d\G\F-dalG2} /Gon; . (11.28)
TEMIOEpATYpa
fen=(6,G1-1:0G2) flen; - (11.29)
B dopuynax (11.26), (11.27) a=0y/Gy. ;

Kosdduunent maccoornausn P, Mfc, B npollecce CYIIKR MOMHO Onpe-
JedUTe ¥3 yDaBHEHHA

Nug=C Re® Prp?#Gu®3s, {11.30)

rae Nup=@1/D; Re=wl/v.

Onpenensiomye napaMerp: ! — gJHHA MOBEPXIOCTH HCRZpendst B HA-
APABNEHHH ABHMEHHA CYWHJIBHOTO BTEHTA; fo,a — TCMEUEPATYPS CyLIKAbHO-
rQ areHra.

3uavenns € B n QNpedelsiOTCA B 3ABHCHMOCTH oT 4uena Re:

Re . . ....... 1—200 200—86000 6000—70 00O

cC ... 0,4 0,87 0,36
Bo v v v o v e e 0,5 0,54 0,65

11.2. 3agaum

11.1. AtmocepHmii moagyx npH Tesnepartype 25°C HaxofmTca nop
papnennem 757 MM pT. o7, OTHOCHTensHaA BAAXHOCTE 60 %. Onpepennts
TIOTHOCTE, BIATOCOJEDHKARKHE BO3AYXa H NAPUHANRHOE AABJEHHE BOIAHOTO
napa B leM,

11.2. B cywnake BAa¥HHE MarepHald ROJKEH NOTEPSTb 33 4ac 70 xr
paard. Mag cyllks ®CROAb3yeTcA Bosayx ¢ Temneparypoll 10°C u otuocu-
TeabHOR BaaxHOcThio 70 %, XOTOpHE NpemgBapHTENbHO HATPEBAETCA B Ka-
nophgepe. Ha Bexope H3 CyLIHJAKM mapaMeTpl Boznyxa; £=50°C, p=0,6.
Hafity pacxoa BhaaHOro BO3AYXA Ha BXOAE B KaJopHdep, TEnAoTy, 3a-
TPAYEHHYI0O B HeM Ha Harpes Bosnyxa, H TennacBod KILA cyumnaxu. Bapo-
MeTpHueckoe AaBiexHe 760 MM pT. cr.
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11.3. OrkpmTan 0OBEPXHOCTL BOAH RAcwamoio 2,4 M? obayeaetca
BO3AYXOM CO cKopocThio 1,5 M/c. OnpenefMTh KONMUECTBO BHATH, HCHAPAD-
mefict 3a 1,5 1, ecnn Temmepatypa Bos 35 °C, moapyxa 22°C, ortHocH-
TeApHAA  BJakHocTe  Bosgyxa S50 %. Dapomerputieckoe  nasrenne
745 MM pT. CT.

11.4, Hafitn xosdduuneHT WMaccooThaud B [poHecce BHCYLIHBRHHA
BA2KHOrO0 MATEPHANA BOSAYXOM NoA AapieHxeM 780 MM pT. o7, RBHXKY-
mWHMca co ckopocthio 1,8 M/c Han noBepXHOCTBIO HCRAPEHMA, AJHHE KO-
topoit 1=06 m, Tloxazamna ncuxpomerpa: 1e=32°C, {=18"C. Ilpunate
kospduunent auddysur De=21,6-10-% m%/c mpH HOpPMABHBX $H3HYE-
CKHX YCAOBHAX,

11.5. Mo TpyGram Kanopndepa npoXoanT HacHuennuwdk poafnofl nap
npu abionoTHoM gaenenun 0,52 MIla, xotopeii rpeer armocdepumt Bo3-
nyx (nanfenne 750 MM pr. 1) ¢ HauanbHEMH napamerpaMu 5°C u =08
Ac Ttemneparypn 140 °C. BoanyX 3aTeM HANpPaBJAfeTcs B CYUIHJAKY, TAe H3
BJAANKHOTO MaTepHata yaandercs p uac 650 xr paarn. TlcHxpomerp Ha BH-
X0e M3 CYWAAKH nokaszan: fo=>55°C u f,=238°C (wapux Moxporg Tepmo-
MeTpa ofaysasTcd BOAYXOM co ckopocteio (08 mfc). Onpexeants pacion
BAAXKHOUG ED31yXa HA BXoAe B Kajopudep, paciol rperllero Napa, HMelo-
were crenews cyxoctH 0.9, v xos@duunent Tenacnepepasn B KajgopHepe,
TpyOHBIE NYy®0K KOTopOro cocToHT H3 320 Tpyfok anaMerpom 36X2 Mm
H Amuuof 0,8 M.

11.6 PaccuutaTh KOAMYeCTBO OTBEJSHHOH TemNoTH # BHAenHellefics
BAark NpH oxmaxierud 60 000 m® Boaayxa ot 8 m0 1°C. Bosayx naxo-
IMTCA nof naBieHHeM 750 MM DT, cT. ¢ HavalbHOW OTHOCHTEJBHOE BAAXK-
noctoio 0,85 HoHeuHasi OTHOCHTEIBIAY BAaMHOCTB Bo3dyXa 0,7. CKOABKO
BAAMH OCT2.0Ch B BO3AYXE NOCIE OXJAAMAEHAA?

11 7. Mposcxognt agnalaTHoe HCNAPEHHe BOAH, B Pe3y’bTaTe 4vero
TEMOepATYpa OKPYKAWILEre Bo3AyXa mounsdaace ¢ 81 no 35 °C. Pacxoa
Bozayxa 20000 md/u, HauaibkAH OTHoCHTeAbHAs BaaxuocTs 5 0. Paccun-
TaTh KOJNHYECTBO HenapHsmefiea 3a 0,5 4 BOAK W KOHEMHYK OTHOCHTENLHYIO
BAAXKHOCTD BO3AYXa. ATMmocdepuoe gasnenne 755 MM pr. cT.

11 8 3000 m%/u HapymxHoro suznyia ¢ Temnepatypoit 10°C a oTHocH-
TeApHOR BRamiocTelo 75 % CMeNINRAeTCH B BEHTHARUHOHMON YCTAHOBKE
¢ 7200 m*fq4 BHyTpeHHerc BO3AYXA, AAA KOTOPOro (CHXPOMETP NOKasad:
£=35°C n f{y=26°C. Paccuurath, a 32TeM ¢ RoMowbio H, d-AMarpamMu
ORPEIEJNTh AN CMECH CNEAyLINe NapaMeTpH: TEMNepaTypy, ITAILLHIO,
OTHOCHTENBHYI0 BAAXHOCTH M Biarocodepxanue. [lokazanwe GapoMerpa
1,01-10% Ila.

11.9. Bosnyx warper Zo 43°C w HaxoauwTcR nojd  AaBleHHEM
755 MM pt. ¢1, OB vachiued BofaHbiM napoM. ONpegeauTs NAOTHOCTh BCeil
NApOBO3AYIMHOH CMeCH K KaXA0ro KOMIOHEHTA (mapa M B03gyxa) 0OpH
CBOHX NapUMAABHBIE  AapnerHsx. OUpefeSnTs OpH Tex e NapaMeTpax
RAOTHOCTE CYXOro BO3AYXA, CPABHATH C IOTHOCTBIC BJAAMHOTD,

11.10. e ycrosHio 3afayn 11.9 onpenednth OTHOCHTENLHYID MACCOBYIC
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KEOHIBHIPZUMID napa # CyXoro BoajyXxa B napoBOAyIiHoi cMecH. Haith
ofbeMHEIe 0N napa n CyXoro Bosayxa.

1511, Onpeaesnts MIOTHOCTL NOTOK&E MAcCH BOAKHOTD Rapa, TnddyH-
IHpYyloulere B naposoziyumol cpefe, wmeromell TeMneparypy 30°C i nnot-
Hocts 1,102 rrfm® Kosdduument Anddysnn npu HopvalbHB YOIOBHAX
Dy=0216-10-* u?/c. Armocdepuoe mapienne 765 v pr cr. B mpeienax
cnoa cpendl TOMUHHOR 10 MM DNPOHCXDAMT H3MENEHNE OTHOCHTEALHOR wac-
COBOH KOHHEHTpaluy mapa Ha AC,=0,038.

11.12. Tlonoca Boabt mMpHHOH | M 06AyBaeTCA MPONOABHHIM NOTOKOM
Bozlyxa Ha aakHe 3 M. CkopocTe BO3Zyxa 2,56 Mfc, temmeparypa BOAW
10°C. TMogazanun oerxpomerpa  fe=17°C, f«=12°C Onpeaeauts Ha
OCHOBE @HAJOTHH NpOueccos Tenao- H MacCOOTAauH KOJIMeeTBO BOIH, NHOMA-
preuiefica B Tedeme 2 u Kosddrmueur znddysui poanl 8 Boslyxe npe
0°C  npruare  Dy=0216-10-% M%/c, OGapoMeTpHYecKoe  aBlienne
740 uwm pr1. oT.

11.13, Tlo ycnoewio 3amaun 1112 ompefenuts 3Havenne ARddysnou-
#bix uucen Crantoma B [Texne

11 14, Baoar nopepxhoctH Boaoema anamHo#l 1,5 M gBumertes Bo31yx
¢ oTHOcHTeAbHOA nhamuocrore 20 % u temmeparypoit 30°C. Cxopocte Bos-
nyxa 0.8 m/c. Henoneays coothoweske Jlsiouca, ompefeniTs Kosthdnunent
MAceooTIaMH M KOAMYecTBO Henaprpuiciica 3a 0,5 9 Biarw, eciw Tewvuepa-
Typa BoAH 18°C, a nacmwagb nosepxsoctd soacema 10 w2

fnaea geeHdaguyarasn
QOCHOBW PACMETA PEKYNEPATHBHLIX TEMROOEMEHHMKORB

ToBCPXHOCTHRIE TRMNOCOMEHAMKY, B KOTOPHX TeNJOTa OT OAHOTO Teils
NMOHOCHTENA NepenaeTes K ApyroMY u9épes pDAsJe/fIOMIYH X CTEHKY M3
TeNNONPOBOANOTC MaTEDHaNa, HASHBAKTCS pexgreparusnsimu  Tlo Bray
B3aHMHOIQ HAaHpABREHMA TOTOKOB TenNOHOCHTENeH pailiHualoT TeHAOOGMEH-
HAKK npamorosHele (06a TENJAOAGCHTE A NBHMYTCA NapaaniedbHo B oflloM
HANPABNEHHR), ApoTusOTOYHbe (002 TENAOHOCHTENA ABMKYTCR B 1IPOTHBO-
TMONCHKHKWX HANPABAEHHAX), ¢ fAepeKpecTHbiM TOKOM OIHO- H MHOTOKpaT-
Huy (068 TENJAOHOCHTENs ABHAYTCA BO  BIaHMAC  MEPHeRIHKYIAPIHIX
HANPABAEHHAX) K CO CICHMHBIMH CXEMaMH IsnxeHHA.  OxonuatencHas
cxeMa TenIooGMeRHHKA BHOHpaeTcd nocle TeANCBOre H THIpoMeXxaHude-
CKOTO pacueToB pazfNMYHLIX BAPHAHTOB M HX CDABHATENbHONW OUEHKH ¢ yde-
TOM BCeX TpefioBaHHA.

PaasyvaloT KOHCTPYKTHEHHIL H ROBEPOYHHE pacueTht TeT/ooGMellliHKa.
B nepeom ciydae Heabi pPAcdeTa ABARETCA COPCLCICHMe  NOBCPXHOCTH
TeNAoOGMena U OCHOBHHX pasMepoB TendooOMenndxa. Bo BTOpOM Coyvse
ONpenelsioT TeNACBOH ROTOK H KoHedibe TeMNePaTypu (3HTAAbAHB) TEl-
NopocHTemell AnA TeNAQOOMEHNHKA ¢ 33aHHDH ROHEPXHOCTBIO TeNsooGmeda
H pa3vepaMH.
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12.1. Tennosok pacuer TenNooBGMEHHHKOB

A. ¥pasuewne rennogozo ferauca TeIOOGMEHHHKR BHPAXKAET pAaBeH-
CTBO TEIVIGTH, OTAARIOH rpCIOAM TeMNOHOCHTENEM, H TeNAOTH, BOCOpH-
HATOH HarpepaeMol cpefofl, ¢ yueTom TelJOBHIX NOTePr B OKDYXAlOULIYio
cpeny KoadPUUHEHTOM 1)

Has TenIoo6MeHHHKOB fie3 H3MeHeHHRt arperaTHONG COCTOSHHA TEMIO-
RocHTeqel

Q=ro {t' | —t" yn=mac ({"—+3), - (12.1)

rae ¢ — tennobalt notak, Br; m — maccoBuil pacxoa TENNOHOCHTCAH, Kric;
€ — vielbHas TelfioeMKOcTe TennoHocktens, s/ (kr-K); # n " — Tem-
nNepaTypst TeNMOHOCHTCAS ¢QOTBeTCTBEllIc HAa BXOA& B BBIXOAE H3 Tendo-
obueHIlEKa,

Hpu HaMenenuyt arperaTHOTO COCTOAHHS ORHOTG H3 TenJOHOCHTenel

Q=m (A" —h" In=ttaca(f"s—i"3), (12.2)

rae B B A7 — oHTAJBMHA TeNJOHOCHTEAA HA BXOJE W BHIXOJE M3 TEMIQ-
obmennuka, Twfxr,

na ucnapAredel, rAe TPelOinME  RAAacHUEHHBA Nap OpeBpalllaetcs
OpH OXAA#ACHHH B KOHACHCAT, 4 HarpesaeMasa MHIAKOCTE BIOAHT ¢ TeM-
mepatypoll {3 H JQBOZHTCA 70 COCTORHHA CYXOTO HACHLIMIEHHOTO TNapa
{6ea yueTa moTeph Tenia ¢ npoaysxof),

Q=m (fun—Hhix) n=mats (tes—t's) +-mpr, (12.3)

rae fin. fjx —3HTaNb0OEs rpemwitierc napa H ero KolaeHcara (HaxondArTcH
no Tafa 4 W 3 NpHAGKEHRA); fos H r — TEMOEpATYpPa HacHILIEHHR H Ten-
nora napoaBpasoBaiing narpesaeMol JKNAKOCTH,

Nns KoHpgeHcaTOpOB, TAE NeperpeTsili 0ap, OXNaXpadck, NepeXoaHT
B COCTOSHHe HACHHMUEHHA € NOCAeAyRuyM OXJaKAEHHEM KOHAEHCATA AO
TeMIepaTypel {7 Ha BHIXQAC, 8 0XJaXKAaKWAA XHAKOCTL (Hanpiwep, BOAA)
He MEHfeT CBOerQ arperaTHOrg COCTOHHHA,

szlcm('{m—!‘s)'{‘mlr‘l‘-mlclm(ts‘—t”l]=
=.".l'12|';2(i”2‘—'f’2), (12.4)

rie Cin H ) — YEENbHHE TEMJIOEMKOCTH NePerperoro mapa H ero KoH-
Hencatd, fjp v {: — TEMOEPATYPII NEPETpeTord napa M I[ACHUIEHHA Tipa
HAHHOM ILABJIEHHH; C; — YASIbHAS TENA0EMKOCTh OXMAAKAANWIEH XHAKOCTH,
HarpeBamuedcH B KowgeHcaTope oT {2 a0 o

B ¥pasuenue rensonepedouu:

geped IVIGCKYI0 CTEHKY € MIOWAIBIC NOBEPXHOCTH TenagobmeHna F

Q=kALF; (12 5}
yepe3 MHJIIHAPHYECKYIO CTeHKY ASHHOH {
. Q=nkAtl; . (12.6)
uepeld WApOBYID CTEHKY _ B ' P
Q=mkmAl. ' - {127)

8%



Kospdunuents Tenaonepefauu #, k;, Em ONpefensioTcd COOTBETCTBEH-
Ho no dopmynanm {1.12), {1.20), (1.28),

Cpednuil Temneparypusii HAAOp Al MeXAY ABYMA TeNAOIOCHTEJAMH
N0 NOBEPXHOLTH TenooiMedHa onpeaendeTea CACAYKIDIHME CnocoGaMu.

Cpeduesozapuduuueckud nanop

_ 1y,
Af = (Alg— Aty) /ln -2, (12.8)
Al

rae Afs, Alw — 6OJbIAA H MeHLIUAH DPAIHOCTH TEMIEpaTyp ABYX Ten.Io-

HOCHTeNeHl Ha KOHNAX TemaoofmenHnAxa (prc. 12 1); Af MOKHO OnpemesnTE
Bo nomorpamme puc. IT13 npricKeHAS.

2

T —

2}

a5
Aty

£

Pm:(.ﬁ}l&! 1. TemnepaTypHele rpadnRW NpH UPAMOTOKEe (4} H GPOTHBOTO-
Ke

CpedneapudmeTudeéckult  KEnOp — NpH  MAfOM HIMEHEHHH  Da3iOCTH
TeMRepaTyp TENNOHOCHTRNEl BADAL  1OBEPXHOCTH TeNNo0GMeHa  {fpw
AbgfAfs<C2)

AF=05(Ats+Aly). (129)
,[L.'Iﬂ nepexpecmoro TOKA H CAOXHOTD JBHMEHHHA TeNAOHOCH TR
‘At=Atypeat, (12 10)

rae K}up—CPELLHEJlOFZiqu)MH‘[eCKHﬁ TEMOEPATYPHBIA HANOP, ONpeacAcHHBI
LI OPOTHBOTORE; Ear={(P, R) —xosddunmenr, onpeneagemmii na
pHc. I1.14 npuno#eHHA B 3aBUCHMOCTH OT [mapaMeTpos P W R W CxeMH
LRMMEHHA TEeMGHOCKTenel, P 3TOM

1yt — 1t 3t
P 2, 2' _ : .
{1 "12 ‘mec
(12.11)
_ PO A

4 — 1ty Bty
B. ¥pasuenue maccoscio pacxoda TeNAOHOCHTENS
m=wpf, (12.12)

rfie i — CKOPOCTL ABHXEHHA TENA0HOCHTeNAd, M/c; p — NJIOTHOCTL TEOAO-
HOCHTEAA, KO/MY; f — nromafs X¥BOCC CeueHWd NOTOKa, M2
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[Mnoumiags MHBOrO CeYEHHS] INOTOKE INPH APHIKEHHH TRLAOHOCHTENH
B TpyGax

%:0,785d§3~:-—, (12.13)

rge des H A — BHYTPeHHHH ArameTp Tpy( u WX oO0Mee KOJAAYECTBO B TEN-
JOOOGMEHHHKR; 2 — YHCAO XOLOB TEIJCHOCHTENR B TenacolMeHHHKe.
[px monepeguom ofTekaHuy TpyGiHOH pelleTKU

f=(s1—du)l, (12.14)

rae s, — MOMEPedHBIH War TPyS, B CcPEAHEM MOMHO INPHHEMaTbh §;=
=(1,5+-25)da'; de H I-—HapymBEi AuaMeTp H AhuHa TpyOw.

[, flosepounsti pacuer renaoedMeHHUKOs OCYIIECTRAACTCH CASAYIOUIHM
006pa3oM: MpH MaA0M H3IMEHEHHH Pa3HOCTH TeMIEPATYP BAGb NUHEPXHOCTH
Temnoolvena (npu AfefAfw<C2) B NMpHOAHMEHHH NWHEAHOTO pacrpesencHHA
TEMMEPATYP N0 AJAHHE M [PH K3PeCTHHX BeandndHax F, W, W, ¢, ¥y uc-
noab3yeTcs dopMyaa

1 1 1
Q={{1!_12f)/( oF +2w,‘—_~ 2W2)' (12,15}
rie W, W,-—nodHbe MAaccOoBHe DACXOJQHBE TENNOEMKOCTH TEIIOHOCHTE-
aAell (poanume sksusadeHtn), Br/K, W=rmc,.

[IpH 2KCIOHERUKANBHOM H3MEHEeHHH TeMINIGPATYPHOTO HANOpA MO AJKEE
TeNAQGGYMEHHHKA pa3HOCTE TEMIepaTyp CApPeleIdeTc] C YUSTOM CXeMEl JHH-
MEHHA TeNAoHOCHTeNed.

Tpu apasorounod cxeme:

A9 TOPAYErD TENJIOHOCHTENR

Bty =1) — &' = (£ — L0

I XOROAHOMN TEMLIONOCHTRA (12.16)
W,
w,’
rae =[{kF/W,; W,/W;} onpenessercw no rpajuky puc. IL15 npHno-
HEHud,;

KOJHYECTRO NEpeNaBAeMOil TEMAOTH {IpH TPAMOTOKE

~ Q= Wit =W; (' —£,) IL. (12.17)

8{2= ' — b = (Hh — £")

Tlpe nporuaotounod cxeme
=1 —1"" = (Y — ") Z;

4 12.18
- Bfy = 1" — 0= (f — fz’}z_-L ( }
W,

' Hasg nmyuxop ¢ WAXMATHEIM  pACHOAOKehneM Tpy§ HCOOAbIyeTCH
¥3xoe CeveHHe, MaoliaAb KOTOPUro MOMET 3aBHCeThb TaK¥Ke OT MPOJOAhHO-
ro ara.
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rie Z=g{kF/W;; W,/W,) onpenenserca mo rpapuky pmc. I1.16 npuao-
JKEHHR,

Q=W.86,=W, (¢ —I')) Z, {12.19)
Sppextuanocre (KM} TennooGMenduxa
i I | 1 P g ¢
E R - Wi 4 _ Walts ') (12.20)

Qzne Waa(f" — t5°) Wuu(ty — 1)’
roe () — QAKTHYSCKH MepelakHoe KOMMYECTEQ TEINOTH; (Quaxe — MAKCH-
MB/JLHOE KOMHYECTBO TEINIOTH, KOTODOE BO3MOXMHKEQ NEpesaTh B HAEAAbIOM
NPOTHBOTOMHOM TemAColMeHHHKe;, Wygs — MAHHMAALHER 3 W, 0 W, Bo-
HAHOH 3KBHBANEHT.

MeTton pacueTa TeCOGMEHHHKOB ¢ NOMOWIBI wucAd eCuniy nepenoca
Tenaoter (UEIT}
UETT=LF! ¥ unuu (1221}

OCYIIECTHARETCA CACAYIOUHM ©6paz0oM: NPH KOHCTPYKTHBAOM pPACieTe OIpe-
REARETCA

E='- (t;[—"(”[]/ (t’l—tlz) , eCcaH Wl'_: Wmug,
un E= (f”z—f’z] f(f“—f’ﬂ, ecain Wo=W, un.

Mo rpapmxy puc. 112 nprnoxenna uaxoautes HETT B saBucumocru oT
E, Wuon/Wwnake ® CXEMH ABHKGHHA TelnoHocHTedell, IomepxuaocTe Tten-
JooGvena F BHukeageTca no ¢opmyne (12.21) npm HssecTnonM Koddgdu-
LHEHTE TEeRAOMEperadn.

{lpu nceepounom pacuere Boiucarercs YEIT no dopuyae {1221) n
3aTes HaxogMTess E mo rpadmky puc. 1112 npunomcunsa B 3aBHCUMOCTY
0T Wuue!/Wraxe H CXOMB ABHMKeHHS TemnouocHtenefl.  Onpenensiorcen
Q=Wuua{t''—#3)E H HOHEYHMWE TeMODepaTypu Tenaouocutcaeh )=
=t —Q/ W, w "=t Q[ W,

12.2. THAPOMEXAHHYECKHMH PAcYeT TeNnNoOBMEHHRKSR

llennio pacuera mBARCTCA ONpefenende nepenaga (moTepH) AasneHud
TEAOHOCHTE A Ap:p.——pg Ha YUACTKE MeMAY BXOACM H BBHXOLOM, KOTQ-
pblﬁ HeodX0AHM IR LpeCAoneula: COIpOTHENEeHHY TPEHHA TIpH NBHHKCHHH
TENJIOHQCHTEIA;, MECTHBIX COﬂpOTHH.’[EHHﬁ HA NYTH [OOTOKE, CHA TAXECTH
B rpaBHTALHCHOOM IOJAE; HUEPUHOHHBY CHAI NPH YCKODEHHR 00 ANHIE
KAHAJMAa H3-33 H3MEeHeHH® obbema NpH HATPeB3aHHHE TEIOHOCHTENHA.

Conporupiteitie Ap woxmaTHozo OyYKa TpYG TpH nmonepeyHoM ofTe-
Kauuu {cM. pue. 6.4) onpeaersercd caeaywmum olpazom.  OfosHauHwW
reoMeTPHUECKHE Mapamerp INy'Ka

A=(1—sgi;)/(;}—1), O 12.99)

rae o — napyxumil gEamerp Tpy6; 5, s’z — nonepedibf M AWArOHAabHEHI
war#d TpyG.

a2



Ecan A<0,53, TC cONpOTHBACHHE

Ap=1,4(z+ 1} Re79Ppp2. (12.23)
Cenn A>>0,53, To conporasieHke
Ap=1,93(z + |)Re, - Pow? | A, (12.24)

rie z — 4Meno pALOE TPYO no NOToKy. :

Conpotusaenke xopudopuoze nyuka Tpyf npH NOREPeYEOM OOTEKARHH
{cM. puc. 6.5) onpeleaseTcd cleAYMUM GODPIIOM. ’

OGoagaunMm recMeTPHUECCKHA MapaMeTp NYUYKa

B=(s;—08d)/(s1—d), (12.25)

rI¢ s — NpOAGNbHBIH mWmar Tpyo.
Ecar B<1, To conpoTHRIEHHE

Ap =0,2652 Relr , pw?R2.5, . (12.26)
Ecnmn B>, T0 colpoTHBNEHHE
Ap = 0,265z Re™ putB?. . (12.27)
- Tlokaaartens crenenu npH Re oNpegenserca Mo GopMyne
- —d L 0,138
m___o,ss[s‘— ~01) 1 npu—23=1,24,  (12.28)
) Sp—d d
HAH
s;—d \‘0.138( sy \O7 Sg
=0,88| ——— — 0, — 1 — < 1,24, (12,29
" (sg— 1,24d pn < (12.29)

B opuynax (12.23), (12.24), {12.26), (12.27) w — cKOpocTh NOTOKA B
Y3KOM cEueHHH NYuKa.

Mowrocre N, kB, noTpebidesasn ABHraTeneM Hacoca HAH BRHTHAR-
TOpa,
VAp mAp

N= = ’
10600575, 10000 Mginp

(12.30)

e V., ri-— oOBeMHEHNA, M3, W MACCOBBIH, Kr/C, PaciOlb TeIIOHOCHTER,
Ap — NOJHOE rCHAPABAHYECKOE CONPOTHB/ICHHE REHIKEHHIO TeNAO0HOCHTeNM,
Ma; p— naoTHOCTL TeNAoHOcHTEAR, KrfM% fn, Mn, Mz— KM cootser-
CTBGRHO Hacoca (BEHTHMAATOpPA), MepefayK K RBHETATENS.

foanoe conporussensie TpPM JBHFKEHHH TEMNOHOCHTENS Hepes Temno-
O0MERHHE oNpefenfeTca no Gopmyne

Ap=ZAprp+ZApu + Apye, {12.31)

rae  Aprp— COMPOTHBJIEHHE  TPEHHA; APy — MECcTHOe  CONDOTHBICHHE;
Apye — CONPOTHBARHEE YCKODEHHS TOTOKA.
CoNpOTHRNEHHE TPEHHA NpH ABHAKEHHE TENJOHOCHTENA

p %

[
ﬂpyp=a-5~ o (12.32)
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rne § — xosdduHEHT CONDOTHBMCHHA TpeHHA; | — MAMBa KaHana; D=
=4 F/I] — 5KBHBANGHTHEA (rHEpABJAHYecKHH) pHameTp (F — maomans mo-
fiepeNHOro CevyeHHs KaHaaa, Il — nepAmerp KaHana); p, w-— NROTHOCTE M
CPENHAA CKOPOCTE TEMNCHOCHTENS.

Kosppuguenr conporusaensn Tpenis B ONpeleqsercs  cHeXyIOUIHM
ofipalom:

MpH MAMHHADHOM CTAOHAHIHDOBAHHOM DPEXHME TEYEHHA B H30TEDMH-
HeCKHX YCOOBHAX 00A MRANKHX NPpAMEX KaHa loB

E=Ao/Rem, {12.33)

rie anf TpySu Ap=04, nnA Kananop KBAJPATHOTO DOMepeYHOro ceyeHHs
Ap=>57, KOILOeRoro cedeHnsa A,=96;
NpH JAMEHAPHOM HeHIOTEPMHUECKOM TEYeHHH ITOTOKA

s—-ﬁ(E’—"‘u)“'sa[1+o.22(9—rﬂ)°'u]; O (12.349)

" Rey ‘Pry Re /i
IpH TYPOYIEHTHOM H3QTEDMHUECKOM DEXHMe TEUeHHS
Era=1(1.821g Re,—1,64)%; {12.35)
Npr TYPGYNCHTHOM HEUIOTEPMHUECKOM PEMUME TEHCRHS
E=Yuo(Pre/Prx) 0%, (12.36)

NpH TYpPOYJNEHTHOM peXAMe TeUeHHH ¢ YUETOM IIepOXOBATOCTH CTEHOK
Tpyo )

E=0,11(A/du +68/Rew) ™%, ’ (12.37)
rae dn — BHyTpenrufi Aamerp TPYOH; A — sKBHBANEHTBAR AaGCORIOTHAA
(IepOXOBATOCTE CTEHOK TPY6, AHAYeHHe KOTOPOl MOMKHO NPHHAMATB! AM7
GeclUIOBAHX CTAlbiRX HOBHx Tpy6 0,014 mMM; 119 CBADHHX CTaNBHHX HO-
Balx Tpy6 0,05 mM; ymependo 3apxaBeswsx TpyG 0,5 mMM; crapeix sa-
pxageBuwHX Tpy6 1 MM, anE qyryHesx tpy6, OuHBUMX B ynoTpefrneHun,
1 My; ung ouers crapux TpyO AsZ3 mMM.

MecTHHe rUAPARIHYSCKEE CONPOTHBACHHS

Apy=0,5¢pw?, {12.38)
tae { — k03thdHUHENT MECTHOrO CONPOTHBIERHS, KOTODHIi BHOHpaeTCH no
cnpaBounkKy [11]; 4AA HeKOTODWA CAYYAED €r0 MOXHO ONPRJENHTh {Ae-

Aytouny obpaaom:
NpPH TOBOPOTE MOTOKA B KOJEHE KA YTOoN

-

t=sin?(0,50)42sin*(0,5a}; (123%
NpH BHE3ANHOM pacmupeuun MoToOKA -
L= (1—FfF2)%, (12.40)

rae Fy u Fy— Inoliafyu CEUeHHA KAaHana 10 H OOCHKe pacllHPewHH;
MpH BHE3aNMHOM Cy:eHHH NOTOKa:

FiiFpo oo L o,00 0,1 0,2 0,3 0,4 0,
0,5 0,47 0,42 0,38 0,34 0,



CO]‘IPOTHBJIEHHE OT YCKOpeHHA WOTOKA ra3a HPH HEH30TEPMHYeCKOM
TeyeHHH B KAHAJAE NMOCTCANHOIO CEHEHHA

Apye=ports—piw?, (12.41)

rge wHpekcet 1 v 2 of03HauaioT BeNHUHHH, OoOpefeicHHBE IJ8 BXOAHOrQ
K BHIXOZHOTO ceveHHR KaHana

3seesukt U3 KPyrawx Tpyb:

npu Rewp<Rewm<KRe"wp (cv. § 6.3) KosdipHUMEHT CONPOTHBACHHA
TpelHs

£p= 21,68 Rey [/ dJD (1,56 + lg Rey V' d7D) ™, (12.42)
np# Rew>Re”wp KOspdHIREHT CONPOTHBAECHHA TPEHHA
Ep=E{10,075Rew™* (d{D)%5], (12.43)

rae £ —KosppunHenT cONpPOTHBAGHEHME TPEHHS NPH TYPOYASHTHOM LBHME-
HHH A OpAmoll TpyGu mpH Tom Me 3uademnn Rey, dopmynm (12 35)—
(12.37).

12.3, 3apaum

12.1. Temacuacutenem ¢ TemnepaTypol Ha wsxoae 300°C u ua puixoge
200°C narpesaercs Hepts oT 26 xo 175°C. OnpefeauTs cpefne apug-
METHUECKHH H JoTapH@MHIecKAA TeMIepaTypHHE HATOPH MeXAY Telio-
HOCHTEeleM # Heditbic B Ten10oGMEHHHKE O/f NPAMOTOKZ, NPOTHAOTOKA H
NepeKpecTHore TOKa, BRINOAHEHHOro N0 cXemMaM B} W ) ua puc. [114
[PHIOKEHHA.

12.2. Cyxoft nacumerHw# map ¢ hasieereM 6,18-10° Tla konmeucu-
pyeTca B TEMAOOOMEHHHKe Ha TPYyGaX, BHYTPH KOTODHIX LBHIKETCHA BOAa,
Harpepaemas ot 20 ao 70°C., OnpelennTb cpelHeNOrapHPMHUECKER H
cpenHeapudmeTnyeckull TeMIepaTyYpPHHE HANOPH.

12.3. B tenacofmeHHEKE ropAYHM MAIYTOM [1ATPEBAETCH chipad HedTo
ot 20 zo 160°C. IIpu sTom MasyT ocThisaer oT 280 mo 190°C.

Haitth cpegtue TemnepaTypunle Hamopbl — apHGMeTHYeCKHH Aty B a0-
rapudMuueckali Afy B TeNIoOGMeHHuKe 178 TMPAMOTOKA H NPOTHBOTOKA.
Bo cKOABKG Pas OPH MPOTHBOTOKE TNOBepXHOCTH Harpesa OyaeT MeHbue
No CP2BHEHHIO ¢ NPAMOTOKOM, eclE B ofoMx cIyyafgx NPHRATE OJHHAKO-
BEIMH KO3UIKRITE Tenoncpesasn k u TenaoBee notekd Q? Ha ckoap-
KO NPOUBHTOR YMEHBUIUTCA MNOBEPXHOCTE TemnooiiMeda INpH OLHHAKOBHX
£ u Q, ecJH TIPR OPAMOTOKE HCIOABIOBATL Afy BMECTO Afg?

12.4, ITo yenoBuio 3agauu 12.3 onpezenuts, ng xakoll cxeme — ) HuH
e) puc, [1.14 OpHAOKENRS — CACLYET BHIMOJIHHTL TeMAOOOMEHHHK, 4TOBH
OH HME&N MeHBUWYK MOBEPXHOCTb TemnooOmena mpu oauAakoBwx £ w Q7

125, TpeSyerca OXMafHTh XHAKOCTH oT 120 pgo 50°C, nas yero ue-
nosbsyetcs poga ¢ TemmepatTypo#t 10°C. Komeynan remnepaTypa BOLb)
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24°C. Onpesennte HeoOXOAHMYy NOBEPXHOCTL OXAAMIEHHN TpPH NpPAMO-
TOKE M NPOTHBOTOKE, ecan Koafiprument Temmomepemasr 1000 Br/{4?-K)
H repenaBaevui Tennosof notok 14 kBT

12.6. Onpegennts mOBEPXHOCTL HATPEBA PEKYNEPATHBHOTO TEMnoOf-
MEHNHKA MPH MPAMGTGYHOM B NPOTHBOTOYHOM OBHIKEHHH TEILNOHOCHTENSH.
TennoHocuTenew sBAAeTcA Taz ¢ Hauanenofi TemmepaTypoit GO0°C B ko-
neunnoii 300 °C. Heo6xognmo narpets 40000 w3y mosayxa (06BeM mpu
HOpMaAbHBX (H3HYecKHX ycroBHAx) oT 30 go 250°C. Mpuuats xo3dpdu-
urent Tennonepenadn 20 Br/(mM?-K), TennoeMKoCTE BO3fyXa NOCTOAHHAS.

127. B opaMoTouHoM TENROGOMEHHMKE BOAA OXJAXJAeT MKHAKOCTb.
Pacxos Boawl W ee iauasgbuad temmepaTypa 025 kr/c u 15°C, Te xe pe-
JHYHAR RIA MHOKOCTH coorteercTBenro 0,07 kric u 140 °C. Koshduukenr
tennonepenaun 35 Br/(M?-K), u nmomepxnocTe tennootvena & u2 Temno-
eMkoeTh kHAKOCTH 3 kIw/(gr-K). HafiTn koHeuHnle rtemnepaTypsl BOAH
H MHIKOCTH H NepelaHiuHil TenNoBoR NOTOK, €CJAH OPHHAThL JHieliHoe W3-
MeleliHe TeMMepATYp TEMICHOCHTENe#l [O JAJHHEe Tennocbmendnka. Onpe-
Aenate sbpexTuBiocTe (KITI) oxaaputens,

128 Tlo yenosuw sazauu 12,7 OnpefesuTh KOHEYHHE TEMIEpATYpH
MHUAKGCTH H BOJL u NEpefadHibi TenmoBofl NOTOK, eclH NPHHATL 3KCHO-
HEAIHANbHOE H3IMEHNeHMe TeMMepaTyprnore namopa IO ANHEE TenNoofHMeH-
HHKa.

128, B npotHBOTOYHOM TemnoofMeHHHKe oXxJamaaerceq 0.5 m?fa tpanc-
dapuaTopnore wmacna or 95 o 40°C, Oxnawpawnias Bofa HarpeBacTeH
or 12 go 50°C, koadduUuKEnTH TeRNOOTAAuM: co cTopond Macma 200, co
croponud Bolu 800 Br/(M2-K) Tomuuila crans-
Hoff crenxH 3 My CrTeni®a NOKPHITA CAUAMH
psHaBUHNBl H HAKHNH TomuHuodl oo 0,5 Mm. Cnpe-
AeMMTE PACXOl OXJAMAAOWEH Boael H Heolxn
AHMYIG NOBEPXHOCTL renaoofmMena

12.10. Tpy6Guatblii TeNAOUGMEHIIHK HMeeT Mo-
BepXHOCTE TennooGmena 48 w2 B neMm warpera-
wred 85,5 T/u Bogw or 77 go 95°C Tpeomei
cpegofi ABARETCN HACHILEHHHIA BOAANOH Map npx
uaburounoM gawsnennd 0,43-10° Ila Hafitu no-
Puc 122, K sagave 3pPHURENT TENTONEPERaYH,

12.11 12.11. B mexTpyGiioe npocTpaHeTBO anma-

pata A {puc. 122) nocTynaer raz ¢ f=300°C.

Ha pex0de 3 annapata raz Hwmeer £=430°C,
OpOXCOHT 9epes uarpeBaTens A KW BOsBpamlaetcs 8 TpyGw anmapara A
npe f£=560°C. Hafitu ®rospduuxenTt Temnomepenais B anpapare, ecaH
ero moBepxiocth narpena 360 w2, pacxon rasza 10 T/u, cpenran Temioewm-
KocTe rasa 1,05 kJlw/(xr-K), a noTepr B ORpy®aiCllyio Cpely cOCTaB-
gt 0% rennoTh, MoNyueHHOH ra3om Opu Harpese B anmapate. Mosuo
AR B JQaHHWX YCAOHHEX OCYLIECTBHTL B anlapate DPAMOTOYHYID CXeMy
ABHMEHHA rasa?

96




1212. lo cranswomy 3meepsKy ¢ aHaMerpoM BHTKa 0,4 M W jaua-
meTpoM TpyGw 573,50 MM mpoTexaeT 2 M¥uy TpamchopMaTOPHOTO MacAa,
KoTopoe oxqaaxjiaerca oT B go 30°C. OxaampeHde OCYLECTBARETCH BO-
goft, umeomed wa pxome 16°C u na suxoge 40°C. KosdduuneHt tenno-
orrasd #as Bogwm 580 BrTf(m2-K). Tepmuueckoe conporubiexse CTEHKH ®
e 3arpA3deHHE npuuaTh pasuary 0,0007 m2.K/BT. Onpegennts: a) cxemy
IBHMEHAA TEMNOHOCHTENeH; () HEOSXONHMYIO LJHHY 3WEEBHKA; B) DACXOJL
OXAaXKAPNIeR BOAH.

12.13. Naposoi kazoputep HaroTorAeH M3 150 rOpHIOHTANBHHX CTAJb-
HHX Tpy6 axamerpoM 38X 3 mm. Mo tpySam nmpoxozuT 5200 M’f4 Bosmyxa
(06BeM NDE HOPMAJEHHIX (EIHYECKHX YCIOBHRX)}, KOTOPHI BarpeBaercd
or 2 2o 90°C. Cuapyxu TpySw oOOUpeBaldTCH BOASHEIM lapOM c LaB-
renrem 1,98-10° [1a n snaxuoctekr 6%. Hafith necfxoapmy AJHHY TpyG
¥ pacxog rpeiowmere napa. [IpHHATE cPeaHiol0 TeMRepaTypy CTEHRH rpys
90°C, map CYHTATH «HENOKBAKHEM, TEPEOXMaXJeHHe KOMJCHCATA HE Y4H-
THBATh.

12.14, TpeGyerca ucnaputs 1600 Krfu wuaxoeTH, HocTynawmed B He-
RapuTeab nNpu Temnepatype kumewus |27 °C. Tenpota mnapoofipazoBards
spakocta 377 wIx/kr. Harpes UPOHCXGOHT BOASHHM NAPOM npu J4BJe-
nan 4,76-10° [a. OnpenenwTs pacxol Tperillero mapa, ecld OH: a} Cy-
X0H HaceilerdHf; 6) neperpersié po 250 °C; B) mnamdanfl HacweHHBIHA cO
¢cTeNebwo cyXoctH x=0,8, BozaHoll nap KoHACHCHPYETCH NONROCTBIO, KOH-
LeHcaT OTBOAHTCA NpH TeMITEPATYPE HACKIMEHHA, TeMIOeMKOCTL TNeperpe-
tore napa npeuste 2,04 kx/(kr-X). Jna cayyas* a) QnNpedendTb
HeOOXOLMMYIO NOBRPXHOCTh TENACOGMEHA, eCAH CpeiHHA  KOsh$HIHeHT
Tenaonepenaud 309 Brf{m?-K).

12.15. ITo 71pyfam OOHOrO X0Za KOMyXoTpyOHOTO TenJooGMenHEKA
HeoOXOAUMO NpPONYCTHTE M, KrMi, XHAKOCTH ¢ B#H3KocTbix M, [la.c, mpw
ee cpefdelt TeMmnepatype. UTofH xoshdHIHEHT TenacoTAays Omn aocra-
TOYHG BRICOKHM, yHeRO PefiHoRbaca fomkHo OmTh He mewbnie 104 Kaxoe
Hawboabiree queno TPyG ¢ BHYTPeHHHM ZHaMeTpoM “d, M, MOMHO B3ATh
B TenacobMenHEKe?

12,16. BrMucaHTh FOBEPXHOCTh HATPEHA [POTHROTOYHOrO TIAOCOMEH-
vua pns nepcgayr 8 MIk TennoTm B CekymOY, ecAR Ha BXOAe ras
Hmeer TeMnepatypy 380°C, ua suxoze 210°C. Temnepatypa Boasyxa Ha
pxoze 150°C. Pacxofm u TeNNOEMKOCTH T33a M BO3NYXA OAHHAKOBH, KO-
shdaurerr Tensonepezavn 9¢ Br/(v2.K). Moxuo am ocymectsuTh Aau-
HWM HAFPEH BO3RYXA, eCAH TellNOoGMCHHEK OySeT BKJAKUER 0O [pAMO-
TOUHOH CXewme? -

12,17, Tlyuoxk TpyG B TenfooOMeHHHKe OGTEKaeTCA NONepeyHnM NQTO-
KOM HarpeBaeMoro TpancGOpMaTOPHOrC Mataa, HMEmero CpegHRie TEM-
rapaTypy Fw. Hapywuali ngpameTp TtpyG d, nonepevssfi H nponoabusift
iwarn Tpy6 s; ¥ sg. Ilepen NyYKOM CKOpOCTB Macha wg. Hucno panos 1pyd
B Oy4Ke 2z, ueno TpyS B ofHOM psay #. Cpenlias Temnepartypa NOBepXHO-
cTH Tpys F.. Onpepennth: a) KAaKOH AAHWE JONKHH OHTh TpYOw, ec/aH
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TeNJIOBOA MOTOK PABER 7 D) KAK HAMEHHTCH cDeHHA KoshOHIHEHT TEmIo-
OTAATH Nyyka, ec/IH BMECTO Harpema maciaa GYAeT OCYIIECTBANTHCH ero
OXNaKOeHHe? B) KaKOBH OYOYT CpefRHft koIQhHUACHT TENAOOTEAYH NYTRa
H AAnMHa Tp¥6, €ClM B NydKe CTAHET HArPeRaThcd BOJA BMECTO TDAnC
dopmatopuoro Macna? JlanHole fAA PEUICHHA B3ATE H3 TaGRHLLL

12.18. TpyGuartsfi iMecTHpAmHEi BOSAYXORArpeBaTeNb ¢ KOPHAOPHBIM
pacnonoKeHHey TpySd OMLIBA€TCA BO3AYXOM B NONEpeuHOM HARpaBJIeHHH
mog yriaod 60° K och TPyS co ckopoctslo nepen nyukom 4,87 ufc, [ua-
Merp Tpy6 44X2 mM, ionepeddblt H ApoIohbibli Wark Tpy6 74 n 54 mm
coorBeTcTEeRdo, Cpeansism rteMuepatypa Boafyxa 200°C. Hality cpensuh
k03P hRUTEHT TenAooTAAYE AAR nydxa. Kax HasmenHtes  KOdpamAEnT

Tabawnpa x 3ajaue 12.17

£ o £ =
Tui myuka E- E: §; E z E »Li 5:')- 2
R ERE N A N e
[Haxmathoe 1 10,9154 70 1 40 | 1] a 3150 95 11,5
PACTIOAOHEHRE 2 11,11441 80155 | 10 )i 6 9|55 9% |17
Tpy6 B mLuKe 311,21104| 65 45| 9 a 1124 45 a0 | 2,0
411,0]158} 65 ] 40 ] T 10 | 60 o5 1 16
5|08 98,70 | 30| 15 a 6| 40 100 § 1,9
Kopuaoproe 60,71 BOf70|50) 9 € 7140 50 1,8
pacnoiome Hie 71t,00 95|83 6 # | 10 | 60 100 1,9
TpyG B IyaKe 81,2 8|85t 45| B a 12 | 45 8 | 1,7
911,11100] 72 | 48 | 10 " 8153 80 1,6
10 |0,9] 901 4G | 40 | 12 H 3] 50 11,8

TEN0OTAAYA, ecltE TPYOR B NMYYKE DPACnOOKKTL B (MAXMATHOM TIOPAAKEr

12.19, Boaoeoagywuti HarpesaTenb BBIDOJHEH M3 TPYG JHAMETPOM
38X3 wmuM, I'pewillan cpesa — BO3AYX ¢ TeMmepaTypoll 11a BXOZe I, M Ha
Buxefie £ Harpepaemad poaa MMEET pacx0i M, KAYAJAbHYI0 TeMIlepary-
pY !y w KOHEuHyW #’;, Koab@HuHeNHTH TenNoOTHAauH OT BO3AYXa K TpYGaM
@, oT Tpyl K Bome ¢z Ha#TH nioméaab NODepXHOCTH Harpeea amnnapaTa,
eCH OH BHINOJHEE NO NPAMOTOYHOR M NDOTHBOTOUHOH cxeMaM, YuecTh
3arpA3NeHHe NOBEPXHOCTH TPYS ¢ OAHOH CTOPOHM HaKHOBK  TOAUHAON
05 MM H ¢ gpyroft —cnoeM Macna ToamkHoR 0.1 mm. KpHBHawci crenxs
TpyGH MOXKHO npeneGpeyn. HarpesaTesnb TepaeT B OKPYMANWMYW cpeiy
8% TensoTH, nonysaemoii Boiofi. JIaHHpE€ And pPEIIERHH BH3ATL K3 Tab-
JIKIIBL. .

1220, TpyGuarw# TtenrcoGMeHHEK cMOHTHpoGar k3 {87 tpyd mmra-
smerpom 18X2 v, Kowyx pemonfer H3 TpyOb aHaveTpoM 424312 wwm,
[To wmexrpyGHoMy npocTpancIsy Baosb TPYG upoxoaur 3000 m3u asora
nog pasmendem 0,15 MIla npn cpenreli TemnepaType 10°C. Onpeaeanrs
cpemni KO3QpHUHRHT TENJAGOTAAYH CO CTOPOHH A30TA.
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1221, IMaxmatuett (unE kopugopuuft) nydox Tpy6 ofTeKaercs nome-
PEYHEIM NOTOKOM BO3AYXa co cpexuefl TemnepaTtypol 100°C. HapyuuA
rhaverp TpyOow 50 mm. Kogmuectso pszos B nyuke Goabwe 18, THo-
CTPOHTh 33BHCHMOCTH CpeRuero KosdpHitHedTa TenAQOTZAUH OT CKOpOCTH
JABHKEHHS BC3IYXa B Y3KOM CEYERHH, B3AH HuTepman ot 5 o 20 mfe, Ha
9TOM e TrpadHKe NOCTPOMTE 3ABHCHMOCTE KOshOhHUMeHTA TeNAQOTLEAYH
OT CKOPOCTH NPH HAPYKHOM ZHAMeTpe Tpy(, paBHOM 25 wmu,

TaGarua K zanaue 12.19

. 3 g =

B:.];:- Marepran tpyt ‘E-i - &'i .;‘ E. f; é 3__5_

< % ) :, 3 £ s&| s

1 AomunRE 350 | 2350 30 200 a | 2,0] 30 | 2;0

2 | Taran 380 200 | 40 | 50 )| 4 |40 40| 3.0

3 Natyns 400 300 a0 120 B 6,0 50 | 4,0

4 Mens 420 280 553 180 r 8.0 60 | 3,0

5 | Cram 450 { 260 | 60 | 190 || 1 [ 25| 65 | 6.0

&  Hepwasewowasn | 270 | 200 69 140 e |50 3% 13,5
cTamb

7 | Jaryus 360 ¢ 220 | 70 170 # | 3,5 45 12,5

8 | Turan 500 | 360 80 215 3 (300585 4,5

12.22. IHaxMaTHRIl (KNK KOPHIOPHHHA) nNyuork H3 TPpyd quamerpoM
B0>4 vy oMbaeTcest nog yraoM 70° K ocH TpYS MOTOKOM NBIMOBLIX Ta-
30B CJOELYILETD COCTaBa: Ecoﬂ =0,13, ‘I_JHQO =011, 'p_q,=0,76. Cko-
POCTL TA30B NpH noaxoAe K myaky 10 wfe, Temnepatypa Ha Bxese 1100°C
# Ha Buxoge 900 °C. ITyuyoK cocTour #3 8 pARAOB TPYD, B KaMAGM DPALY—
8 Tpy6, warn Tpy6 B nyuke S51=8,=154d, Onpepesure: 1) cpepuni xo-
spdhunuerT TennooTAANH AJA NyYka; 2) TENAOBOH NOTOK M AAHHY TpYG,
€cnH MOREPXAROCTR TelncoOmena 45,2 wm?%, a cpenHas TEMMEpaTypa CTEHEY
Tpy6 400 °C; 3) Kak H3MENWTCRE 44 NyuyKa KoshdHUHENT TemI00TAAH, ecaH
KOANYECTBO PANOB YBETH4HTH B 3 pasa? 4] KaKk HIMEHHTSA Koadgrudenr
TENAOOTZAYK TYYKd, ©CIH IHAMETD Tpy6 YMEHBUIHTHS 2 pasza?

1223. B mpOTHBOTOMHHIl INOBEPXHOCTHLIH  KOHAEHCATOp  ROAAETCS
360 kr/u BoagHOro Napa NpH remnepatype 120°C B NOCTOSHHOM AaRjeHHu
31 «lla, [lap oxmaxnaeTcs W KOHISEHCHpYETCS, OTOABAR TEOnoTy BOAE,
uMelliel Ha exone rTeMmnepatypy 20°C., KoHZencaT BHXOAMT H3 KOMAEH-
caTopa Npu TCMIepaType Hacwuuewus, Halth pacxopx poms, HeoGXORHAMOW
NAf KOHAEHCALRM Napa, H TeMNepaTypy BOJAH HA BIXOAE H? KOHAEHCATOpA.
[IprHATE, 4TC B KOHICHCATOPE IAMMEHLINAA DA3HOCTE TeMIEPATYp MERAY
RACHILEHTILIM [ApOM H oxJamjaowed Bosol cocramaser 10°C. Onpege-
JATE cpegHencrapHpME4ecKill TeMnepaTypHuIl Hanep MeMZY TENIOHOCH-
TENAMH W TeNJ0BOH NMOTOK OT Napa K BOZE,

™ 99



1224, Mo cnmpansHoMy MaclowarpeBaTelo LBHMeETCR Macho MK co
cropocteis 2,7 mfc. Harpepateapr wmeer 15 ButroB mHamerpoM 400 Mm
u3 TpyOkH muametpom B3X1,5 mm Cpemuds TeMnepatypa wMacna 90 °C,
crenxkn 100°C. HaliTu moTepwo napaeHHs wa TpeHHe B CIHPAJAX 1arpesa-
tens, [llepoxoBaTOCTL CTEHKH He YYUTHBATD.

1225. Ipyxx040B0i KOMyxoTpyGuwéi TenioolMenwnk  (puc. 12.3)
umeer 120 1py6 agHamerpom 282 mm H wmawodk 3 m. [lo TpySam gp-
MeTeg BOna cO ckopocThi 1,2 wfc. Bxofuol W BHXOAHON NATPYSKH Bh-
MOMHEeHH #Hamerpom 180 mm. CpenHsa TeMmeparypa BOIb 113°C, cTeHok
Tpy6 140°C KoadduunenTsl MeCTHHX CONPOTHBICHAWE: NpH BX0Ae B maT-

+

+ ;
+

Jm N

Pre. 123. K aapauve 1295 Puc. 124, K ampaue 1228

py6ok H Buxone Ha wero fu=15; mpu Brofie B TPYOW ¥ BRIXOAE HZ HHX
Er=1; upu nosopote notoka Ha 180° W3 oxHoTO X0Aa B APYIOH B Kamepa
A, rie cKOpOCTE BOZH NPHWHATEL DABHON CKOPOCTR B TPYGKax, Cr=28.
OnpenenTs cONPOTHBAGHHE TPEHHA, MECTilie COTPOTHDAEHHA M TOAHOE
THAPABAHYECKOES CONMPOTHBAEHHE TENACOOMEHHHEA.

12.26. IiaxMaTHHA Oy90K OMHBAETCA MORSPEYHHIM NOTOKOM ARMOBGIO
raza ¢o CKOPOCTBIC 20 M/C B Y3KOM ceyeHMw npH cpemmell TeMmeparype
rasa 700°C. XapauTepucTHKa nyuxa: AHAMeTp Tpys 322 MM, momepeminii
mar 1,2d, npogonbauf. mar d, KONHYECTBC PAACE na xoay rasa 30. Onpe-
JeHTe THAPADBAHYECKOE CONPOTHBACHHE NYuKa,

1227 Boaaywswi noTox HaleraeT #a KOPHNOPHBIN TMYyYOK DOA YIJIOM
80° k ocu TpYG co ckopoeThio 18 Mjc B yagom ceveund. Ha nxoae Boagyx
narper no 350°C, a Ha Buxofge erc Temnepatypa 120°C. [Iy4or warotom-
AeH H3 TpyS6 AdametpoM 26X15 MM ¢ maramg s5,=8,=123d. Hajm
rHAPEBAHYECKOE CONPOTHBAEHHE MyYXa, ecdH on MmeeT 22 prga TpyG. Onpe-
JeAdTh MOWHOCTL BeHTHAATOPHOH yerauomxn ¢ KILH, pasamm 0,75, ecnn
pacxop 5oagyxa 2500 krfu. ’

1228, [lo wmsorwyToft nox yraom 90° 1py6e (puc. 124) npotekaer
Bona co ckopocthio 0.9 mfc Tpy6a cranbuas, ceapiafi, yMepeusHo 3apia-
SeNMIaf ¢ NPAMBIMH YYaCTKAMH IJMHOH No 5 M M aAnameTpom 96X3 wmm.
Ha sxome H BHiXCZe BRapeRR TaTpyGkn neamerpom 44X2 mwm. Cpegnss
TeMnepatypa BOAH 90 °C, OnpegenuTh NCAHOE FHIPaBIHICCKOE COMNpPOTHA-
AeHHe JBHKEHHIO BOIM € y4€TOM IIePOXOBATOCTH W MOULHOCTb, NOTpefage-
MYI0 HacocHol ycTaHoBKof, AMewowell KITH, papawit 82%.
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1229 B ganuuod rAaAKoR npaMofi TpyGe yBeJRREHR cRKOpOCTh Ty~
GYJASHTHOrO NOTOKA MKHAXOCTH, 3TC NPHBEAD K BO3PACTAHHIO CPeRHEro
KosdpdunrenTa TeNA00TZaYH B m pa3. Bo CKONBKO pa3 YBeJHUHTCH TNIpH
3TOM MOWIHOCTE YCTAROBKH HE NpOKAYHBAHHE KHAKOCTH, eCAH TPHHATH,
uto KoaQ(HIHeHT CONPOTHBJASHHA TpenHs E nponopuHoHaiex Re-%35?

1230 ¥YwmenbllleHHe AWaMeTpa AAMAHOR NpaMo# TpyGH DpHBeNO K NO-
BHINEHHIO KOsh(HIMeHTa TeMJoOTHaTH B 2 pa3s MNpH TYPOYIeHTIOM pe-
MHMe TEUEeHHA MXHAKOCTH M MNocToRHHoK cxopocTH notoka. Bo ckoasko
paz H3IMEHHTCH MOIMHOCTH YCTAHOBKH il4 TMPOKAayHBAaHHe MHAKOCTH, ecnm
CUHTATH, 4T0 KOQHUHEHT COMPOTHBISHHA TpeHHS E NpPOMOPURAOHAIEH
Re—0.259

12 31. Ucnomaya coorHOowenHe Mexiy 3ddexTHBHOCTEIC E 0 UHC/IOM
UETT, wafiTH DOBEpPXHOCTH TeRNOOGMERa A1 NPAMOTOYHGrO HarpepaTens
poanyxa Kosdduuuent temnonepegawn 38 Br/(m2-K). Boaaine sksupa-
nentes Bosayxa 1,04 w rpewcmed muarocrrn 4,16 kAx/K. Hauanenas u
KOHEYHaf TeMNepaTyphl BO3AyXa — cooTBerctiedno 10 m 210°C, xEakocTb
Ha BXO0Ze HMeeT Temnepatypy 300°C. Bo crRGAbRO pa3 YMEHBIIETCA f0-
BEPXHOCTH TeNnn00GMeéHa, ecay HArpeRaTeNs CHENaTe 710 AOPOTABOTOUHOH
cxeme?

12.32. OnpenennTh KOHEUHNE TeMNEPaTYPH TENIOHOCHTesel, MpOXOAR-
LIHX uepes IpPOTHEOTOUHHA OXJdaaHTens ¢ HOBepXHOCTLIO - TennoobMeHa
125 M2 u xoadHUHeHTOM Temaonepedayd 78 Br/{m%-K). Ina oxnaxnae-
MOro rasa BONAHOH aKBHBaqeHT papen 2,74 »[x/K, temneparypa Ha
pxofe 520°C [Jna oxsaxciaionied XHAKOCTH 3TH 3HAYEAMS CODTBETCTBEHHO
paBHW 5,48 kAm/K ® 55°C. Pacuer npoBecTH ¢ MOMOWIbIO COOTHOLICHAR
E=f{YEIl, Wpn/Wuare}.



Tatauua 1. Tennonposoprocts Matepnanos

NPHROKEHHE

Matepaan k, Briim K)

AmoMuHAR 204 -
Acfect 0,151
Acbosypur 0,213
Acbocmoaa 0,208
Berow 1,28
Bpopaa 64 °
Bata sunepanbhas (4,052
Bepmugyaur 0,328
BepMuKyauTORME MUTH 0 186
Bununnact 0,165
JuaToMuT MONOTHE ! 0,314
Kapinu

AHaToMosnil ! 0,23

AHHACOBSIA 0,35

KpacHai 0,76

CRIMKATHER 1,82

1aMOTHRE 1,14
JlaTyas 93
Jleg 2,22
Macasasiit caoll sarpaaReHus G, 15
Menn s
Haxuns 1,75
HogoacGos pur 0,175
Hufopenn 0,11
Tlenouaact 0,05
[Neunowamor 1,29
Flomaruien .29
TlopucTiale OTOKEHES, TIPONHTAHHLE HedTENpoiyKTavu 0.1
Hposkopue mnntel 0,047
Peanna 0,16
Fxasyuna 1,15
Cama 0,09
CHer ynorwenHul 0,46
Conesnr 0,04
Cotna nonepex BOJOKON 0,151
Crane  TiepoancTan 45
Crane Hepwapeloilan 18
Crex1oBaTa 0,047
Crek 0 0IblKHOBEHHOE 0 745
Turan 15
Yyryu 90
Inaxonata 0,6
Papgop 1,04
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Tadauung 2, Pusuieckue cBOHCTEA CYXOro BO3RYXA
{naegenne 1,013-10% Ila)

£ %I, Toe, s 10%,

f, C g« Krim? K}bﬁﬁm Ky} BrAim Ky Ha ¢ M jc Pr=v/a
—50 1,584 1,013 2,04 14,6 4,923 | 0,728
— 40 1,515 1,013 2,12 15,2 10,04 | 0,728
--30 1,453 1,013 2,20 15,7 10,80 | 0,723
—20 1,395 3 1,008 2,28 16,2 11,79 | 0,718
—10 1,342 1,064 2 36 16,7 12,43 | 0,712
0 1,293 1,005 2,44 17,2 13,28 | 0,707

10 1,247 {005 9,5t 17,6 14,16 | 0,705
20 1,205 1,005 2 BT 18,1 15,06 | 0,703
36 1,165 1,00 2,67 18,6 16,80 | 0,701
40 1,128 1,605 2,76 191 16.96 | 0,699
50 1,083 1,065 2,83 19.6 17,95_| 0,698
B0 1,060 1,005 2.90 20,1 18,977 ©,696
70 1,629 1,009 2,96 20,6 20,02 | 0 694
80 1,060 1,009 3,05 211 21,02 | 0,892
Q0 0,972 1,009 313 21,5 29,10 | 0,690
100 0446 1.004 3.21 21,4 23,13 | 0,688
120 0,898 | 1,009 334 [ 22,8 23,42 | D,686
140D 0,854 1,013 3,49 23,7 27,50 | 0,684
160 0,815 1,017 3,64 24.5 30,04 | 0,682
180 0,779 1,022 3,78 95,3 32,49 | 0,681
200 0,746 1.0G26 3,93 96,0 34,85 | 0,680
250 0 674 1,038 4 97 27,4 40,61 | 0,677
300 0,615 1,047 4,60 28,7 48,33 | 0,674
350 0,566 1,054 4 9] 31,4 55,46 | 0,676
400 0,524 1,068 5,21 33,0 63,09 | 0,678
500 0,456 1,083 5,74 36,2 79,38 | 0,687
600 0,404 1,114 6,22 39,1 96,89 | 0,699
700 0,362 1,135 6,71 41,8 15,4 0,706
800 4,399 1,156 7,18 44,3 1348 6,713
9no 0,301 1,172 7,83 46,7 155,1 0,717
1000 8,277 1,185 8,07 49,0 177,1 7,719
1100 0,957 1,147 8,50 51,2 159,3 0,722
1200 0,234 1,210 9,15 53,5 213,7 6,724

[

Tadrwpa 3. OusnyecKkne CEOHCTBA BOAW HA THHHH HACBILEHHS

. -10°1, . S X 109, Y08, | v 108, & & 1ps,
SR A P ®Ijiwr K)| Br/tu K a< | e e Pe
0 | 1,01%51{999,9/ 4,212 55,1 (1788 |1,789] —0,63 | 13,67
10 1,1,018 [999,7) 4,191 57,4 |36 |1,308{ 0,70 | 9.52
20 |t 0131ug,2| 4.183 59,9 | 1004 {1,006 1.82 | 7,02
30 | 1,013 [995,7| 4,174 61,8 | 8&01,5]0,805 3,21 | 5,42
4 {1,013 992,21 4,174 63,5 | 653,310.659 3,87 | 4,31
5 1 1,013{048,1| 4,174 64,8 | 549, 410586 4,49 | 3,54
&0 | 1,013 19832} 4,179 65,9 | 460,410,478} 5,11 | 2,98
70 11,013 {977.81 4,187 66,8 406, 1 {0,415 5,70 | 2,55
#0 11,013 }971,8| 4,195 67,4 | ass,1|0,365] 6,32 | 2,21
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[T podoamenue mada. 3

o | 21070 | g, . %10 & 108, | s-10v, 164,

70| e |t e 1) Bain K | Tae | e | ke pr
9 | 1,013)865,3| 4,208 68,0 | 314,9 (0,326 6,95 (1,9
100 1,013|958,4| 4,220 68,8 | 2825 (0,295 7,52 | 1,75
10 | 1,43 [951,0] 4,233 68,5 | 259,0 0,272 8,08 |1 60.
120 | 1,98 [943;1] 4,250 68,6 | 237.4 |0,252 8.84 11,47
130 | 2,70 [934,8| 4,266 68.6 217,810,233 9,19 | L36
140 | 3,61 lo26,1| 4,287 68,5 | 201,110,217 9,72 | 71,26
150 | 4,76 {917.0} 4,313 68,4 1§ 186,14 10,203] 10,3 1,17
160 } 6,18 | 07,4 4,346 68,3 | t73,6 0,191] 10,7 L, 10
170 | 7.92 |g97.3| 4,380 67,9 |[162,8]0,181] 11,3 1,08
180 | 10,03 | 886,9| 4,417 67,4 | 153,0 |0,173] §t,9 1,00
lzgg iggg 876,0| 4,459 67,0 | 144,2 o,lgg 12.6 g,gﬂg

i "63.0 4 :i“ﬂ ﬂi.a 0‘1 ]-313- oy
210 [° 252.8| 43 65 1 0,97
220 ,20 [340,3 4"35: 14: EI'% 124,6 | 0,148 T4.8 |[70.89
230 | 27,98 [827,3| 4,684 63,7 | 119,7 {0,145 15,9 {,88
240 | 33,48 | 813,6| 4,756 62,8 | 114,8 10,141 16,8 0,87
260 | 39,78 [7u9.0| 4,344 61,8 | 109.9 |0.137| 18,1 0.86
260 © 46,04 | 784,0| 4,949 60,5 | 105.9 |0,135] 19,7 0,87
270 1 55,05 [ 767,9| 5,070 59,0 | 02,0 (0,133 21,8 0,88
280 | 64,19 [750,7| 5,230 57,4 88,1 (0,131 23,7 0.90
280 | 74,45 |732.3| 5,485 55,8 o4,2 (0,120 26,2 0,93
300 | 85,92 {712,5| 5,736 54,0 91,2 (0,128 29,2 0,97
310 | 98,70 |691,1| 8,071 52,3 88,3 [0,128] 32,9 1,03
320 (112,90 [667,1| 6,574 50,6 85,3 |0,128( 38,2 L1t
330 128,65 |640,2| 7,244 48,4 81,4 [0,127] 43,3 1,22
340 (146,08 [610,1] .8,165 45,7 77,5 |0,127| 53.4 1,39
360 |165,37 |574,4] 9,504 43,0 72,6 10,126! 66,8 1,80
360 1186,74 |528,0 13,984 39,5 66,7 10,1261 1089 2,35
370 1210,53 1450,5 40,321 33,7 56,9 10,126/ 264 8,79
Tatanua 4 Pusuiecune csoficTsa s0IAHOTO MAPA HA AHHAH
HACHIWEH uH N
io-s, £ . L) X109, v 10e, [[:L

“t(': ? Kr/m® uﬂ!:;c,l'lir K;‘I)Hﬁxr 1| Br sy M3 /e “ch Pr
10| 0,0123 | 0,0106 |2477,4| 1861 1,89 — — _
20 | 0,0233 | 0,0173 | 2453,8| 1,866 1,04 510 — _
30 | 00424 | 0,0304 |2430,2] 1,874 1,99 313 — -
40 | 00737 | 0,0511 [2406,5] 1,885 | 2,06 {188 —
50 | 0,123 | 0,0830 |2382,5| 1,808 2,12 119 — —
60 | 0,190 [ 0,1302 |2358,4| 1,915 2,19 80 — —
70 | 0211 [ ©€,198 |[2333,8| 1,936 2,26 56 — —
& | 0,453 0,293 (2308 9] 1,962 [ 2,32 a8 —
%0 710,707 | 0,423 [2983,4] 2,006 2,35 26 — —
100 | 1,013 | 0,598 |2256,8| 2,135 | 2,372 20,02 [ 11,97 1,08
110 | 1,43 0,826 12230,0| 2,177 | 2,489 15,07 (12,46 1,00
120 | 1,98 1,121 [2202,87 2,206 2,593 11,45 | 12,85} 1,09
130 | 2,70 . | 1,496 |2174,3| 2,257 | 2,686 8,85 | 13,244 1,11
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T podoaxenue masa. 4

103, i, r. ¢ % 100, w108, | o109,

"t(': " Ha Kr/we | DR Kﬂm;'(o;‘p.[{) Br/mK)| wmie |Tlac | P
1

140 | 3,61 1,966 | 2145,0( 2,315 2,791 6,89 113,54| 1,12
156 | 4,76 | 2,547 [2114,3] 2,395 2,884 | 5,47 |13,93] 1,16
160 | 6,18 | 3,258 |2082,8| 2,479 3,012 | 4,38 114,32 1,18
170] 7.92 | 4,122 [2049,5| 2,583 3,128 | 3,57 114.72] 1,21
180§ 10,03 | 5,156 ;2015,2| 2,709 3,268 | 2,93 |15,11] 1,95
190 | 12,55 | 6,397 | 1978,8| 2,586 3,497 2,4¢ |[15,60] 1,30
200 | 15,55 | 7,862 {1940,7( 3,023 3,547 | 2,03 [15,99] 1,36
210 | 19,08 | 9,588 {1000,5| 3,199 3,722 1,71 |16,38) 1,41
220 | 23,20 { 11,62 {1457,8| 3,408 3,846 [ 1,45 [16,87( 1,47
2% | 27.9% | 13,99 11813, 3,63 4,094 1,24 17,361 1,54
240 | 33,48 | 16,76 |1765,6( 3 881 4,291 1,06 117,76| 1,61
250 | 39,78 | 19,98 {1715,8( 4,158 4,512 1 0,913 [18,25] 1,68
260 | 46,94 | 23,72 {1661,4| 4,468 4,808 | 0,704 {18,84] 1,75
270 | 55,05 | 28,09 [1804,4( 4, 815 5,106 | 0,688 |19,32] 1,82
280 [ 64,19 | 33,19 |1542,9| 5,234 5,489 | 0,800 |19,91] 1,90
200 | 74,46 | 39,15 |[1473,3| 5,604 5,837 | 0,526 [20,60] 2,01
300 | 85,92 | 46,21 11404,31 8,280 6,268 | 0,461 |21,29] 2,13

Tadnuuna 5. K nectannonapuoli TEMAONPOBORROCTH MAACTHE
Toxmuuod 2 & [HoadipuunenTi KA DacYeTA OXMBEIEHHH (nHarpeBaHHi)]

81 R Ha? - N
0,01 0,0998 0,0100 0,997 1,002
0,02 0,1410 0,0199 0,933 1,003
G,04 0,1987 0,0397 0,987 1,006
0,06 T 0,2435 0,0584 0,981 1,010
0,08 0,2791 0,0778 0,974 1,013
0,10 0,311 0,0968 0,967 1,016
0,12 0,3357 0,114 0,960 1,020
0,14 0,3656 0,1337 0,954 1,023
0,16 0,3896 0,1518 0,948 1,026
0,18 0,411% 0,1687 0,942 1,028
0,20 ,4328 0,1874 0,936 1,031
0,22 0,4525 0,2048 0,930 1,043
0,24 0,4713 0,222¢ 0,924 1,037
0,26 0, 4889 0,2390 0,918 },040
0,28 0,5058 0,2558 $,912 1,042

© 0,30 0.5218 0,2723 0,906 1,045
0,35 0,55850 0,3125 0,891 11,052
0,40 ¢,5932 0,3516 0,877 1,058
0,45 0,6240 0,3899 0,863 1,064
0,50 0,6533 0,4264 0,349 1,070
0,55 0,6800 0,462 0,836 1,076
0,60 0,7051 0,497 0,823 t,081
0,70 0.7506 0,564 0,798 1,092
;.80 0,7910 0,626 0,774 1,102
0,90 0,8274 0,684 G,751 1,111

. 105



f1podosxcerue maba. §

By " ] F N
1,00 0,8603 0,740 0,729 [,119
1,20 0,9171 0,841 01,689 t,134
1,40 0,0649 0,931 0,653 1,148
1,60 £,0008 1,016 1,159 1,619
1,80 1,0440 1,090 0,587 1,169
2,00 1,0769 1,160 0,559 t 179
92,20 1,1054 1.292 0,535 1,186
2.40 t.1300 1.277 0,510 1,193
2 60 1,1541 1,322 0,488 1,200
2 80 1,1747 1,380 0,468 1,905
T340 1, 1925 1,420 0,448 [,210
3.20 1,2330 1,520 0,406 1,221
4,00 1,2646 1,590 0,370 1,229
5,00 1,3138 1,73 0,314 1,240
6,00 1,3496 |,82 0,273 1,248
7,00 1,3766 1,90 0,241 T1.254
8,00 1,3478 [.95 0,216 |.957
9,00 1,4149 2,60 0,196 1,260
(6,00 I,4289 2,04 D, 180 1,262

Ta61uia 6 K KecTaudonapHod TenaonpoBOHOCTH OMJAHRAPA
paznycom r, [KozdduunenTa ANd pacyera OXAaMACHHI (Harpesanaf}

Hi By te* P Ng
0,01 0,412 1,0200 0,998 1,nc2
0,02 0,1995 00,0308 0.945 1,005
0,04 0,284 0,0752 0,9% 1,010
0,06 {1, 3438 0,1153 0,935 E,014
0.08 0, 3960 2, 1569 0,980 1,019
0,10 0,4417 0,195l 0,975 1,024
0,12 0,4726 0,2329 0,970 1,024
0,14 A ArH200 0,2704 {965 1,034
0,16 0,5545 0,3075 0,960 1,039
0,18 . 5868 0,3443 3,956 1,044
0,20 3,6170 0,3807 0,951 1,048
0,22 0, 6455 0. 4167 0,946 1.053
0,24 0,6726 0,4524 0,941 1,057 -
0.26 0,6983 D, ABT7 0,937 1,082 -
0,28 0,7229 04,5226 0,932 1,067
0,30 D, 7465 0.5572 0,927 1,071
0,35 0,8012 0,642 0,915 1,082
0,40 0,8516 0,726 0,903 1,093
0,45 0,8978 0 806 0,891 t, 103
0,50 0, 9408 0,888 0, 880 1,114
0,55 0,9808 0,962 0,869 1,124
0,60 1,0184 1,036 0,838 1,134
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flpoiormcenue maba. 6

Bi B e ? Py No

0,70 1,0873 1,184 G, 836 1,154
0,80 1,1450 1,322 0 815 1,172
0,90 1,2048 1,453 }, 795 t,190
1,00 1 2358 1,580 G,774 1,208
1 20 1,3450 t,81 0,738 1,239
1,40 1,4250 2.03 0. 704 t,268
1,60 1,4%00 2,22 0,671 1,285
b gl 1,5460 2,39 0,639 1,319
2,00 1,59594 2,56 0,610 1,340
209 1.6432 2.70 0,584 {357
. 214 1,6852 2,84 0,558 1,375
2.6 1,7234 2,97 0,534 1,392
2.8 1,7578 309 ¢,513 1,406
30 1,7887 320 0,492 1,420
3,5 t,8547 - 3,44 (, 446 1,449
49 1,¢081 3,64 0 407 11472
5.0 1,9498 3,96 G, 345 i.504
6,0 2,0450 4,20 0,299 1,527
7.0 2,0537 4,38 0 262 1,541
8,0 2,12¥6 4,53 0,234 1,551
9.0 2, 1566 4 65 0,210 1,560
19,0 2, 1795 4 75 0,191 1,566

Tatauna 7. Puanveckne caoficrea xumosux razos (B=1,013.10° {1a)
Coctan: Eq02=0,13: P o=0-15 ;N‘=0,76

S IR PP R - IR Ie
100 | 0,950 1,088 3,13 21,54 0,69
200 | 0,748 1,097 4,01 32780 0,67
200 | 0,617 1,122 4,84 5581 0,65
00 | 05 1,151 5,70 60,38 0,64
500 | 0,457 1,185 6,76 76,30 0,63
600 | 0,405 1.2t4 7,42 93.61 0.62
700 | 0,363 1,239 8.97 12,1 0.6
800 | 0,330 1,264 9,15 (31,8 0,60
900 | 0,30t 1,280 10,0 152,5 0.59

1000 | 0,275 1,305 10,90 174,3 0,58

1100 | 0,257 t,323 1,75 197,11 0,57

1200 | 0,240 1,340 12,62 921.0 0,56
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Tataraua 8 Puandeckue ceolicTea HHAKHX MeTAXIOR

. PN ‘o a {05, | v-108, .

Metaan i, °C Kr':ful Briie K) [pmgri K| Mife | wife Pr 10
Bacuyr 300 | 100301 13,0 0,151 8,61(17,11,98
500 97851 15,8 0,151 |1g.8 [ 12,2] 1,13

Harpuit 300 878 70,9 1,281 63,0 | 3%,4 | 0,63
500 8201 57,0 1,273 (54,2 | 289 0,53

Qnoso 300 6540 33,7 0,255 19,0 | 24,0 1,26
400 6865 | 43,1 0,255 18,9 | 20,0 { 1,06

500 §790| 32,6 0,255 |18,8 } 17,3 | 0,92

Pryrs 150 | 13230 9,65 | 0,1373 } 5,30 611,62
200 | 13120] 10,3 0,1373 : 5,72 0f1,40

Conas 25%  ~ | 500 753| 28 4 0,97 (39,0 [26.7] 0,69
Na-+753 % K €00 72%; 29.6 0,93¢ (43,6 123,7] 0,54

4

!
Ta6runa 9 Doupaska cy=F (W' Re,K) HA HAayadbuwi#l Tepmuueckul
KA

¥UACTOK RPK TYPOYJ EHTHOM TeUYeHWH B Tpydax

[lpu otHOwenuu ¢ fd

KB

Re}h

, 5 10 15 20 30 40 50 u Gonee
I 104 1,34 | 1,23 1,17 1,13 1,07 1,03 1
2 int 1,27 | 118 | 1, 1,18 1,05 1,02 1
3 104 1,18 1,13 | 1,10 1,38 1,04 1,02 I
1168 Lo b 1,10 4 108 l.G6 [,03 1,02 1
1 ine (081 1,65 (1,04 1,03 1,02 1,01 1

Tadanua 10 Nonpaska e;=f{/ d.x,) HA HauaTuHul TepMugecKnill

YUacTOK NPH BAMHHADHOM TEueHHH B Tpybax

14 gy

5

10

20

E

40

50 u Gonee

=

‘ l '

Tatauua [l. ¥genbwad TendoeMKoCTs rasop ¢,, kfin/(kr-K),

44

1,28 | 1,18 i, 13

npu paeleuns (0,1 MTla*

1,05

1,02

1,8

T K AsoT Apron BoacpoR EacaapoX w?:;p]{,co;a '332;:;:
260 1,041 0,522 14,156 0,916 1,040 —
280 1,041 0,522 14,24 0,917 I, 040 0,830
300 1,041 1,822 14,31 0,920 [,041 0,851
350 1,042 0,521 14,43 ¢,929 1,043 0,900

-



I podoaaenite maba, H

K Aaor Apray Bogopoa | Kecaopon y,?.fégiia ’33:;3;:
400 1,045 0,521 14,48 0,942 [,048 0,942
450 1,050 0,521 14,50 0,956 1,055 0,981
500 [,056 0,521 14,52 9,972 1,064 1,020

* G RONYCTHNLN NPHOAHMEHAEM NAHHHMH TASAHLH MOMHO DOMLIOBATHCH H NpPRE
KaBNEHUH DODAZKA HECHONLBKHK Gap.

Ta6nuua 12. Guanyeckne coolicTsh TpancdopMaTopuore macia

. L 2, v 108, t,
¢ °C xr?m' Kﬂgl’ggm Br/{n X) Mije BKI'OI Pr
10 836, 4 1,620 0,115 | 37,9 6,85 484
20 #a8,3 1,666 a.1106 22,5 6,90 298
30 §74,2 1,729 0,1098 14,7 6,95 202
40 868,2 1,788 ¢,10%0 0,3 7,00 146
50 862, 1 1,846 a,1082 7,58 7.05 111
60 856,0 1,905 0,1072 5,78 7,10 87.8
70 850,0 1,964 0,1064 4,54 7.15 71,3
80 843,9 2,026 0,1056 3.66 7.20 59,3
.90 #37.8 2,085 Q1047 3,03 7,26 50,5
100 831,8 2,144 0,1038 2,56 7,30 43,9
1o -3-25,7 2,202 0,1030 220 7.35 38,38
120 810,6 2,261 ¢,1022 1.92 7.40 349
TaGanna 13 Ouanveckue ceofictea Macaa MK
. € o * v 10%, 104,
000 | ke | o ) (B | e | e Pr
1 91,0 1,645 0,1510 3883 8,56 39000
20 9n3,0 1,712 0,1485 1514 8,64 15 80@
a0 894 .5 1,758 0,14861 691,2 8,71 7450
© 40 887.5 1,804 0, 1437 342.0 8,79 3816
50 879,0 i,851 0,1413 186,2 8,86 2140
60 871.,5 1,897 ¢,1389 11,6 8,95 1320
70 8640 1,943 0,1363 69,3 9,03 858
3Q 86,0 1,898 0,1340 46,6 9,12 551
90 848 .2 2,435 0, 1314 2.3 5,20 424
130 8407 2.081 0,12%) 24,0 9,28 327
110 338,02 2,127 D,1264 17,4 9,37 245
Taaena 14. Beruuwsam A, £, D, M ans pacuera treanooTaaun
npH KouAencannu sonfnoro napa [gpopmyan (8.3), (8.4), (8.6), (8.8), (8.9)]
f.°C A E 40,78 neFAh T8 M
20 5,16 2469 3,62 8888 6136,6
30 7,88 1942 5,00 5717 66218
40 1.4 1545 6,67 10511 7080,9
1
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Hpodoamernue mada. 1

g °C A E A0.78 D=EAD-78 M
50 5,6 1367 4,52 11 141 74749
60 20,9 1105 16,71 11832 7831,6
TG 27,1 948 13,11 12 431 8163.3
B0 34,5 H20 15.83 12 981 8450, 4
a0 42,7 714 18,69 13423 B7i1.3

100 51,5 637 21 64 13783 8418 5

10 60,7 575 24 60 14143 76, ¢

120 70,3 523 27,58 14425 9212.8

110 82,0 472 31,10 14 650 9342,9

140 G40 431 34 .60 14 911 9444 6

150 107 304 38,27 15080 9533,5

160 122 36! 42 40 15 308 9605, 2

170 136 332 46 15 15 321 10263,5

180 150 310 . 49, 8i 15442 96808, 3

190 167 285 - 54,16 15437 960! , 9

200 182 266 57,92 15 4068 9543,8

210 197 249 61,81 15 342 0450, 4

220 218 207 66,68 15 136 93260

230 227 247 68,82 14 933 4186, 8

240 246 202 73,27 14 801 o046, 2

250 264 188 77,42 14 5565 8888 0

260 278 176 80,60 14 186 8656, 4

270 506 164 B4 65 13 882 8595, 1

280 312 152 88,19 13 405 8112,4

290 336 13% 93,44 12 938 7817 .4

300 354 128 47,32 12 457 7473 .4
Mpuwenanue, O00IHaIenHA:

T LR e S P e S S

M=27 r}_a(p_{,‘_)‘!\,lo.%' Bry(m! 7% k0,75,

TaGrnuua 15, Bemmuunwm [, A, Bs Jll.ml pacyera TeNAGOTAAYH NpPH

Huoeuur BoAN [gopmyas (9.1) —(9.4)

3

fs, °C ',s 108, u Asvlﬂﬂ. M2{Br Hs 102, §-1
30 16 450 276 870 1040
40 5950 73 345 782
50 2305 20 894 587
60 960 6543 450
70 423 2001 - 347
80 197 798 273
90 46,0 304 216
100 48,7 122, 4 172
1o - 259 51.8 138
120 14,2 228 11¢
130 8,05 10,7 96,0
140 . 4.70 513 75.0
150 2,62 2.58, 80,5
160 1.73 1,33 526

i1 -




M podorxenue maba, 15

{C {108 M A_-109, mtBr B-10%, K1
170 . 1,08 0,710 44,5
180 0,715 0,396 7.5
140 0,450 0,216 32,2
200 0,296 0,123 27,5
210 0,200 0,0718 23,5
220 0,136 0.0426 20 2
230 0,0938 0,0254 17,3
240y o 0,0648 0,0155 13,1
250 0,0451 0,0098% 13,8
260 0,0318 0,00593 11,4
280 0,0158 0,00243 8,80
300 0,00800 0,00091! 6,16
210 0,00565 0, 000604 5,64
320 {,00398 0, 00388 4 .93
330 0,00278 0, 000249 4,34
340 0,00192 0,000138 3,77
350 0,00126 0, 0000989 3,36

Mpuwme qyayn e HozHauenas:

_ (.Upsrs . — [s . A
T ey P T E A=

[

Tatcanua 16. Huarerpanbasiii Ko3hGHIHERT Tengomoro HBAYYenHg
MaTepHa)0B

Marepwan 3 Matepuan H
ATOMUHKH Mens:
II8POXOBAT Wit 0,055 OKHClennas 0,62
OKHCTeHHM A 0,15 NONHPOBAHRAA 0.02
NoJnpoBAHHME 0,048 ) Huxenb orucnexnmit 0,4
AJGMAHMEBAA KPacKa 0,5 Hexpougsas npomovioxa 0,96
Berox 0,8 Cepedpo noaupoBadroe 0,02
Heneso autoe neobpatoran- | 0,91 || Cranw.
HOe OKHC AeHHAA 0,80
Kupmeynas knagka (kpacawii | ¢ 93 OKHCJEREaA, epoxoBarT s| (7,95
KUpNHY) NOAHPOBAKHAR 0,54
JlaryHe: Xpom 0,17
OHHCNEeRHaA 0.6 Uyrya:
NOJHPOBAHRAS 0,02 OGTOYERHR 0,65
NPOKAT 2aHHAA 4,20 mepoxosaTyi, oxHcnes- | 0,96
MacnaHan Kpacka 0,94 Hu
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Tagau u a 19. Oyunusn Beccens nepeoro poxz uyresoro J(x) u
nepaoro /i(x) mopsapxon

x EES] Jiix) x Jalx) Jilx)

0,0 1,0000 0,0n00 4.9 —0,2097 —0,3147
0,1 0,9975 0,0499 5,0 —0,1776 —0,3276
0,2 ¢,5900 0,0995 5,1 —0,1443 —0,2371
0,3 0,9776 90,1483 5,2 _0,1103 —0,3432
0,4 0,9604 0, 1960 5,3 —0,0758 — 00,3460
0.5 0,9385 0,2423 5,4 —0.0412 | _0 3453
0,6 0.9120 0,2867 5.5 —0,0068 | _p,3414
0,7 0,8812 0,3290 5.8 0,0270 —p,3343
0,8 0,8463 0, 3638 5,7 0,0599 —0,3241
0,9 0,8075 0, 4059 5,8 0,097 —0,3110
1,0 0,7652 0, 4400 5,9 01,1220 —0,2951
1,1 0,7196 0,4709 6,0 0,150 —0,2767
1,2 0,671 0,4983 6,1 01773 | —0,2550
1,3 0,6201 0,5520 6,2 0,207 | -p.2320
1,4 0,5659 0,5419 6.3 0,2238 —0,208]
1,5 0,5118 0,5579 6,4 0,2433 --0,1818
1.6 0,4554 0,5699 6.5 0,260 —0,1538
1.7 {1,3980 0,5778 6.6 0,2740 —,1250
1.8 0.3400 0,5815 6.7 1. 2831 —0,0953
1,9 0,2818 0,5312 6,3 0,2931 —0,0652
2,0 0,2239 0,5767 6,9 0,298] __0,0349
2,! O, 1666 0,5643 7,0 0,3001 —0,0047
2.2 0,1104 0,5560 7,1 0,299 0.0252
2,3 0,0655 0,35399 7,2 0,2951 0,0543
2.4 0,0025 0,5202 7.3 0,2882 0,D826
2,5 __0),048¢4 0,4971 7,4 0.2786 0,109
2.6 10,0968 0,4708 7.5 0.2663 0,1352
2,7 —0,1424 ¢,4416 7,6 0.2516 0,15692
2,8 —{,1850 0,4097 7.7 00,2346 0,183
2,9 __(,2243 (,3754 7.8 0,254 0,204
3.0 —0,2600 ¢,3391 7.9 0,1944 0,2192
3.1 —0,2921 00,3008 8,0 0,1716 0,2346
3,2 —0,3202 02613 8,1 0,1475 0,2476
3,3 10,3443 0,2207 8,2 04,1220 0,280
3.4 —0,3643 0,1792 8,3 00960 0,2657
3,5 —0,380] 00,1374 8.4 Q,0692 0,2708
3,6 —0,3918 0.0955 8,5 0,0419 0,2731
3,7 —.0,3992 0,0538 8.6 0,0146 0,2728
3,8 —0.,4026 |. 0.0198 8.7 —0,0125 0,2697
3,9 —0,4018 —@,0972 5,8 —-0,0392 0.9641
4,0 . —{,3971 —{,0660 8,9 -—0,0652 {,2559
4.1 —0,3887 —0,1033 9,0 —0,0903 0,2453
4,2 —0,3766 —0,1386 9,1 —0,1142 0,2324
4,3 —0,3610 | —p,1719 9,2 10,1368 0,2174
4,4 —0,3423 —{,2028 9,3 —0,1577 0.2004
4,5 —0,3205 —{(,2311 9,4 —0,1768 0,1816
4,6 —0,2961 —0,26866 9,5 -0,1939 0,1613
4,7 —0,2643 —0,2791 9,6 —0,2090 0, 1395
4.8 —0, 2404 —{,2945 9,7 —(,2218 0,1116



|
1 podosmenie mata. 19 ’

% to(x) Lz x iz Lite)
9,8 | —0,2323 0,0928 11,5 [ —0,0677 | —-0,2984
9,9 | —0,2403 0,0684 11,6 | —0,0446 | —0,2320
10,0 | —D0,2459 0,0435 11,7 | —0,0213 | —0.2333
10,1 | —0,2490 0,0184 11,8 0,0020 | —0,2323
10,2 | —0,24% | —0,0066 11,9 0,0250 | —0'2290
10,3 | —0,2477 | —0,0313 12,0 0,0477 | —0.2234
10,4 | —0,243¢ | —0,0555 12,1 0,0697 | —0.2158
10,5 | —0,2366 | —0,0788 12,2 0,098 | —0,2060
10,6 | —0,2276 | —0,1012 12,3 0,1108 | —0,1943
10,7 | —0.2164 | —0,1224 12,4 0,1296 | —0,1807
0.8 | —0.,2032 | —0,1422 12,5 0,1460 | -0, 1655
10,9 | —6.1881 | —0,1604 12,6 0,1626 | —0, (487
1.6 | —0,17m2 | —o0,1768 12,7 0,1766 | —D0,1307
1 | —0,1598 | —0,1913 12.8 0,i887 | —o0,1114
1,2 | —0,1330 | —0,2038 12,9 0,198 | ~—0.00I2
1,3 [ —0,01121 | —0,2143 13,0 0,2069  —0,0703
1.4 | —0,0002 | —0,2224 13,1 0,2129 | —o0,0488

TaGasna 20. MuoxwHTeNd nax 06pA3OBAHHH NEeCATHYHNX KPATHHX
# MOALHBIX @HIIL

OBo3Haue HHe Odoan areeme
Mua. M poRtK.
JIpHCTABKH | MR- sexcryra. || TIPHCTABKE] ya gy MeRIYHa-
TEAE | py<croe pOZHoe - PYCCHOR pojHoe
Tepa | 101% T T AeUH 10—1 I 4
ryra | 10® r G cautdH | I0—2 ¢ ¢
mera | 108 M M Mum | 10—3 M e
kunp | 102 K k Mukpo | 108 MK i
rexro | i0? r h HaHo 10—9 H n
aexa |10 aa da nuke | 1012 o r
Ta6rnuua 21 CooTHOLIEHHH MENAY €IUHHILAMH PA3AHURBIX CHCTEM
Benwiuna N CoOTHOLIE HHE MEXCIY &RHH Ui aMy
1 Ila=1Hjmu?
Aazrenne 1 6ap = 10% Ta = 100 kT2 = 0,1 MITa = 1000 rfla
t rexu ar.=— 9,81 10t Na = 735,56 uM pT o7 =
= |0} % OO cr
1 ppa ar = ilL13 10* [Ta = 750 mu pPT. 1. =
= 10.33 M BOK cT
1 wM pr ct.:x=133,3 Ma M
- ! um soX cr = 4,81 Ila
' T#A, KOJAHLECTRO I xKaa = 4,1868 i
pag:'::ano?:p ° 1 kB 7 = 3,5 10* xOAx
[ kMIx = 0,239 xxan
1 Br=1 Hx&fe = 0,56 xxanfq
Mompocs ! glmfa=10,278 Br
I kxkanfa=1,163 By
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auHele 2 Ha Wkanme pmaxopum -~8260 : 0,86=5593 Br/(MZK}
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Puc. TI.1I. TenscoGMen npi Da3BHTOM NYSHIPSKOBOM KHNEHHE BOAW B
onbltom o&beMe:

o — aaBHCHMacTe §=f{Af, p). 6 — aapnckmocTe a=f{#; p)
—

Pac. 1112, 3asucumocrs  E==f (UEI, Wauus/Wuase) 0OPH TRMIOBOM
paC‘ICTC TCHacoOMEHHHKOB!

4 — UpPAMOTOMHOE  ABMWEMHE TENACHOCHTEAeH; &8 npoTHBEOTONHOE  IEBIMEHKe
TENAANOCHTeReR

Puc. T113. Onpepenenne cpeAHSnOrapE(MHYECKOrO  TeMNepaTYPHOrO
Hanapa Al
JE— AIG e ;‘.\f“
HOMOTPAMM a NocTpoena Raf Qopuyasl 47,= W , rae Alg, Aty—0oavuag
: Al

B MARA% pasjoct remimepal¥p Ha HOHUAX TENLODOGMeHHHKa, NoMOTPAMMON MOM-
Ho n.nr:xm-soaa-.-bca H TH 3nauenHAx Af,  BHIXOZSimMx 3g npelenu MKAAR, Ha-
NPHMED, nano Afg=280 K, A, =25 K; AemMyM 5TH Beapupnm na 2,3, 003;%aEn

Mo':‘mil(, Af =10 K, naxoans no Wxase AT 7301 K u yunokaew ha 2.3
OTBET: Af,~30,1%2,5==07,76 K
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Puc 114 Onpelenerde ga; AMA PACUETA CPLARCACTAPHPMUYECKOrD TEM-
NepaTypHOrO HaNopa NpH pASAMYHLIX  CXeMAX JIBHMEHHT TeNJOHOCHTEqel!
B TERAooGMeEHHHKE,

AHACPAMMLL COCTABACAN ANR dopuyab Af==Afp &4 ;. CAe &fy, — cpeanenorapudimu-
qecHu® TeMNeparypHBI?  Hanop ZJ2 NPOTHBEQTORA, napaMaTphl P= (it —t, )it —
—ty ) B JAY Ly e R Wyt =06 100, . 2 — nepeKpecTHRA  TOK, TeUIOHO-
CHETEAL [ B MEXTPYGHOM NpOCTPHHCTEE ~— NEPeMeWUBAIWUACE, § — MPAAroXCAQBoA
B MEHTPLDIOM NPOCTPAHCTBe ¥ ABA XOHA TENAOHOCHTEAR 2 B TRYSHOM nNydHe, & —
MHOTOACAODOE B MEMTPYGHOM [IDOCTPAHCTEE H TPH X043 TEINICHOCHTENHR 2 B TpyG-
HOoM nj9ae, 2-— MHOTOXOAGBOR B MeXKTDYGNOM MpOCTRAHLTBE M YeThipe XOna Temao-
HocuTCas ¥ B TRYGAOM nyuke & — DePekpecTHHIE TOK. GdHH  X0L B Me¥TpPYOHOM
npocTpakcTBe {(NepeMewHBawuiKiics TendgnocHTeAs [}, IR3 xola TerdoHocuTeas 2
8 TPYGHOM NYYKE NG NPAMOTONHOMY DPHHUARY, € -- NePEXPECTHHMA TOK, ODRH XOf B
MeRIPYSHOM  RpPOCIRARCTBe  [mepemelldBaknuufica  TeRAcHoCHTENL J), ABA  Xoga
TEONGHOCHTEAR 2 B TPYOHOM OYYHe, 00 NPOTHEQTGHHOMY OPHHUHNY. ¥ — MAOCGLOAG
BOH B MEMTPYOROM OpOCTPAHCTEE H BOCEML X0A0B TENJOROCHTENR A ThYGuoM nywke,
8 — nepekpecTHEIl ToK, ofa TeNMOROCHTENR ~— NepeMelllHBaiollAECH
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OTReTH K 32ga4aM

1.1
1.2.
13
14
15
16
i7.
1.8.
19
1.10
1

164 Bt/mz 0,15 M.
26,3 Br/M2

0,23 M.

434 Br

B 18 paa

134 Br

61 mm, 198°C,
217 °C.

0,25 Br/(m-K}.

. 1,5 Br/(m-K); 1,3 Br/{m-K).

0,479 Br/(» K); 0,425 B1/{m-K).

112 13,75 Br/w? 18,6°C; —i0,6°C, wa paccrospan 63,7 MM oT Bas
py#®HOMi MOBEPXHGCTH NPOGKOBOH MAKTHL

113

114
115
116
117
118
119
120
121
122
123

232°C.
88,23 10-5 m? KfBt; 20 mm.

0.2 M, 474°C, 340°C; 197°C,

986 Brim?% 416°C; 240°C; np Amconst 390°C u 210°C.
154,56 M

2153 Br

0,668 Br/(u K}; 215°C.

527 A

Yuenpnaeres, gn==1,135q;.
16 MIx; 19 MIx.
Cnavana cnofi A, morom caoch B, toras gme=1764

—

qi=2125 Br/m,

124
125
126

Her, #,==126,7 °C.
65 °C
Her, #,=2—0,72°C,

127, 468°C, —115°C,

128
129
130
131
132

1.,=99,1°C, 99,08 °C; 31,6°C.

001 M

a) 2826 Br/i{m? K); 6) 518 Br/(m? K).
0,219 m; 370°C,

280 Br/{m? K),

5,
Brh?‘ naue
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1.33. {ei=146°C; 91 °C; 86°C; 44°C.

134, #,=1496°C; 143,4°C; 142,9°C; 138,2°C.

1.35. ¥mempuntea: 1) & 1,06 pasa; 2) » 3,22 paza.

1.36. 1) IlpaxTauecku we MemennrcA; 2) ybeansutes Ha 9%.

1.37, Bapuarr Je: k=0,83 Brf(n?-K); g=803,4 Br/m% 55°C; 591 °C;
827 °C; 995 °C.

1.38. Bapramr la: a) R.=25-10-3 m2.K/Br; R.=355-10-% m?.K/B;
R:=T71,4-10-5 M2-K/Br; k~=38,3 Br/(M2-K); Q=368 kBr; 6) f..=370°C;
166 °C; 163°C; 126 °C.

1.39. a) g=1,144 xB1fu; 6) ¢=037 xBr/m.

140, a) q=~28,09 xBr/M; k=85 Br/(M-K); £=621°C; 642°C.
1.41. Crexnosaty.

1.42, Bez waoasugrE 718 Br/u, c naongmuelr 785 Br/im.

1.43. 941 MOx, MaTepHan npaArofe.,

1.44. 934 M.

1,45, Bapuant la; Q,5z=058 kBr; (=106°C; Qg, =746 xBT.
1.46. 0,2 Br/(u-K).

i.47, 68°C.

1.48, Ha 10%.

1.49. 14,1 gBr.

1.50. 3,16 xBt; 3,86°C; 92,7°C.

2.1. a) 0,920; 6) 0,986; n} 0,996

2.2, 1.=49,4°C, Qp=189,4 Br, =28 Br.

23, 91 Br/(m2-K).

2.4, Qp=5624 Bt, Q=1165 Br.

25, tn=94°C, At=14°C.

26. 1. a) Af=f;—6=345°C; 0) At=3,4°C; 2. &i=6°C,
2.7. 1,68 xBr.

2.8. 218 Br; 8 7,7 pasa.

2.9 42 Brf{m2.K).

2.10. B 46 pa3a,

211, 26 Br/{m2-K); 024 xBr,

2.12, B 1,85 paaa; 77,4°C.

2.13. 18,3 Br.

2,15, TipumepHo B 3 pasa.

3.1, 23,4 MB1/w.

3.2 0,6 MB1fm2, 550°C.

3.3. 382 MBr/u2, 468 °C.

3.4. 556 °C, 567 °C.

35 0,18 MBr/w, 75°C, 9,8 Br/{u>K).

36. 521 MBr/u%: 651 kBr/m% 10,22 kBr/m; faes=177°C, fo==231'C.
3.7. 774°C.

3.8. 1==220"C; #,y=217,7°C.

3.9. Bapuant 4e: 53°C; 4,9°C; 0,66 MBr/u3,

3.10. 3,86 10° Br/m®, 1,76°C.
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3.11. 155,50 A; 0,6°C.

4.1 Yepea 0,5 u: {3=66,7°C; fnow=24,7°C; f;m465°C; wepea 1 m
tp=28,5°C; fno2=14.8"C; #:=21,9°C,

4.2, UYepea 2,46 4; 38 Mx/m2

4.3, YuutnBan TOJAbKO OBA NEPBHX qaeta pang (oM. [12): @,=1,4289;
Pa==4,3058), noayqaem: uepes 20 o §,=1708°C u £,=170°C; =epes 60 c:
t,=1845 "Cn 13=913°C.

44, Ana 6 w4 fnos =-—2,5 GC, ta=19 °C, t|0-0,12 *C, Q-
=254 MM x/M;

Ans 12 4 taa=—13°C, tg=—11¢C, {jg=—11,9°C,

4.5, ITpumepuo uepesz 1,25 u.

46. ay 80]1°C, 6) 886°C, &) 890°C, r) B94°C; Q=28,15 MIx.

4.7, ig=T700°C, {>=849°C.

4.8. 17,3 mun, f5=480°C.

49. a) 600°C, 6) 816°C, B) B10°C, r) 627 °C.

4,10, ¢g=911°C; rpans 0,4X06 m— 1040°C, rpasp 0,6X07 Mw=
1005 °C, rpans 04307 m— 1030 °C,

4.11. 0,44-10-% m%/c,

412, 0,77 Br/(m-K).

5.1,
Nu Re.10-? Cr.10°5 Eu Pe-10°#
Bopa. .. . ... 6 1,88 61,4 _ 201 5.6
Bosgyx. . ... . 87,6 44,0 0,23 0,22 3l
5.2. 11,5 m/c. ’

53. 15 MM, 1,=25 ¢; 1,=50 c.

5.4. 0,54 10-% m¥/e.

55. 0,19 m; 140 Br/(m2-K).

5.6. Yepes 60 mun; {,50="5{{xox+10) °C.
5.7. 1463 m¥u; 7,1 wm/c; 8,5 mum pr. o1,

5.8. Nilg ca=0021 Re%88. Q@=1773 MBT™.

n.cd>y

5.9. Nuwa— 0,8%(Gr Pr)2317:0=48,18 M/Ix.
5.50. Nuya=0,13REDT! F_390 w2,

wd oy

5,11. Baphuaut la: 1,42 m/fc.

5.12. Nuwa= 0,75{Gr P2 2.

6.1. 19 Br/(m2-K); 17,8 BT}(M’-K}; 29 mm,

6.2. 83 B1/{m2-K).

6.3. B 1,9 pasa.

6.4, 845 Br; 972 Br. . '
f.5. 66,8 Br/(M2-K) .

6.6. 89 Br/(m2-K).

6.7. 96 m.

6.8. 18,4 Bt/{m*-K). ¥peauunTcs npumepno B 304 pm.
6.9, 43,8 Brf{m2-K); #=63,4°C, {"=16,6°C.
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6.10.
6.11.
6.12,
6.13.
6.14.
6.15.

11203 Br/(m2-K); 1,06 MBr,

Bsagocrko-rpaBuraqnonuni; 515 M,

0p="5438 Br/(M?.K}, ¢g=5460 Brf{M®.K).

d=0,021 u, 1=5,44 u,

1.9 mfc; 141 gBr/m.

Bapnaur 4r: 1} 70 Br/(m2-K), 2) 24 xBr, 3) ypenguurca

B 2,08 pasa, 4) ymemuuurcs 8 3,48 pasa,

6.16.
6.17.
6.18.
6.19.
6.20.
6.21.
622,
6.23.
6.24.
6.25.

L=b4 M; [,=3,4 M.

37,6 Br/(m?-K); 135 xBr.

15,7 xBrf(M2-K); 88-10f Br/m?

Tpumepno 200 Br/(m2-K). ITpamepao 756°C.

Tpumepro 75 °C,

88,6 M; 70,5 muTKa,

26,9 kBr/(m2-K); 242°C,

40 Br/(m2-K).

430 Brf(s2-K).

51,5 Br; 237 A 1} Yeeawunrca ¢ B 1,32 pasa, ymenpumres [

B 2,46 pasa; 2) ypenuwaTcs: « — B 1,93 pasa, /—=8 1,39 pasa; 3} ysean-
matcs: & — 8 46 pa3,  —p 6,8 pa3a.

5.26.
6.27.

38,83 Br/(m2-K); 80 A.
1) ¥eesnuaTes: @ —8 2 pasa, f—B 1,4 pa3za; 2) yeenrHuaTcs:

o¢—mnp 2 pasza, I—s8 56 pasa; 3) yveawdarca: a-—8 2,6 pasa, I—
B 1,6 pasa.

6.28.
6.29.
6.30.
6.31.
6.32.
5.33.
6.34.
.35,
6.36.
6.37,

6.38.

6.39.

Mpumepro 110°C; 884 B/ (m2-K}).

Mpu w=5 mfc: 1) 21,6 Br/(m?-K), 2) 43 Br/(M2-K),
1 Br/{u-K}; 323 B1/(M-K).

165 Btf{m2-K).

148 Br/(u2.K).

10,5 BT/ {u?-K).

Bapuaut lx: 86 Br/(M2-K). ' -
88 Br/(m2-K). -

39,2 Br/(»2-K); 84 xBr1.

a) 41 gBr/(u?-K); 6) 36 Br/{ui-K).

33,4 kBr/(m?-K); 88 kBr.

12 kB1/(M2-K); 271 kBT, - -

7.1. 180 Br.

7.2. 103 m. . :

7.3. 1,78 A; 45 A

7.4. 387 Br/m.

7.5. Ous rasa: a~H-035; a~A0S; grop-%8 g-pt®; g ~ec,025
AN HHAKOCTH:  o~cH-05:  g~lf035; gl o=0%;  a-px®; -
oma{2n) w3 (Cp) PR ‘1’“3*0'25-

7.6. [Mpamepro 305 °C.

77. GI=I,7802; Ql———D,ISQz.

7.8. 157,56 xBr,

134



7.9. 85 MJTx.

7.10. ¥wenbmarcs 8 2,43 paza.
7.11. 5,65 xBr; B 5,75 pa3za.

7.12. 9,65 wBr,

7.13. ayp=1,78 a5; [p=1331.
7.14. 389 kBr.

7.15, =342 Br/m2

7.16. g=203 Br/mi

7.17. 355 Br/(m2-K}; 35,5 gBr/me.
7.18. a) 3,52 Br/{m?-K); 282 Br/m? 6) 579 Br/(»*-K); 46,3 xBrhe,
7.19. énoanéll 5 MM, 630;4127 MM,

7.20, 80°C.

7.21. a) 207 Br/(m?.K); 6) 171 Br/{m%-K).

7.22, 9,74 kBr/(»2-K); 0,49 MBr,

8.1. HocraTouna, Tak xak G=1364 xrfu.

-

8.2,

X, e e e e 0,3 0,6 0.9 1,2
3, 10 Mo e, 1,35 1,60 1,77 1,90
a,-10~%, Br (M.K) . . .. ... 4,64 3,92 a,54 3,29

8.3. 10 1pybhox.

8.4. 0,95 m; 5600 B1/(M2-K).

8.5. 6570 Br/(m2-K}. _

8.6. 7,82 gB1/(m2.-K); 13,1 krfu, .

8.7. 4,32 xBv/{u2-K); 7,24 xr/u.

88. 2) 10,31 xBrj(w2.K); 6) 594 xBr/(M2.K): 5) 931 xBr/(u2-K).

8.9. 125°C; 9654 Br/(mZ-K).

8.10. Bapwanr 2n; sepThraisHo — 7155 BT;’(MJ K): 51 «xrfy; ropu-
soHTaAb80 — 10 738 Brf(M2-K); 76,5 xrfu.

8.11. 1) 578,4 w[x/c; 2) npumepno 14 T/u; 954 °C.

8.12, 11,97 xBt/(M23-K); @ip=10,34 gB1/(M?-K), ctpe=11056 gB1/(M?X
X KY, 03=1232 &B1/({m2-K), t=1290 kBr/(m%-K), Ggo==
= 13,37 kB1/{M?-K).

8.13. Ooos=1 1,97 KBT,"{Mz-K), 0'.0.1=13,25 KBT,”(Mz‘K:I, g3 =
=15,58 kBr/(M2-K)}, tos=16,068 eBt/(m2-K).

8.14. Kopraopuuft nyuox — 9,88 xBr/(m®-K); maxmMaTHuA RYIOK —
10,26 kB1/{M2-K).

8.156, 10,3 kBr/(»%-K); 922 xr/u,

9.1. 251 A; 1,36 MBr/m2

92 278 xBr/(m?-K); 2274 xBT; ypesauynres n 7,7 pasa.

93. 69,2 kBr/(M2-K}.

9.4, 1,126 M2

9.5, 205°C,

96. 17 1/u.

97. 144 kBT,

9.8. 25,85 kBr/(m2.K).
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9.9. 2,94 xB1/{m®-K).

9.10. 72,4 xBr/M2,

9.11. 0,59 xBr/(m?-K).

10.1. E=72,57 gBrjmt; e=0617; 4=24-10~7 u.

10.2. 5,65 kBr, -

10.3. 712°C.

10.4. 240,4 M x /. -

10.5. 147 Br/(m2-K). ’

10.6. 0,23 Br.

10.7. 934°C, . i

10.8. Bapnaur 6e: 1) 3,69 xBr; 2} 3,58 kBr.

10.9, 439°C,

10.10. 1) Ha 50°C; 2) Ha 27 °C,

10.11, Ha 3°C.

10.12, 324 °C; 2298 Br/m32; 987 Br/ut,

10.13. B 61,3 pasa. ;

10.14. 3 akpana. *

10.15. a} B 31,6 paaa; 6) B 19,3 pasa,

10.16. B 6,57 pasa. ~

10.17. ¢=0.566; Q=704 Br.

10.18. 410 K.

10.19. ITps 50 mm: 1} ¢=0,61; 2) Qw74 Br, opp 200 smi: 1) =
=0,17; 2) Q=47 Br. ’ .

10.20. 21,3 Br.

10.2i 580°C.

10.22. 4,05 Br/{m2-K*): 19,5 gBr/m. ) -

10.23. 214°C.

10.24. g==0,93; tpg; = 0,36,

10.25. k=212 Br/({m2-K); ga.x=314 Brfui

10.26. Q;=273 KBT; Qun.x=52 kBT,

10.27, 9°C.

10.28. 0,794,

10.29. 43 Bt/(m2.-K); 6854 MIx/fq.

10.30. 34,4 Br/(u2-K); 548,3 MIx/a.

10.31, 10,3 A.

10.32. 13.1 A,

10.33. Bapraur la: ¢x=037 Br/{(#2.-K); ax=05,87 BT/(M?-K), Qn=
=2223 Br; Q,=142 Br.

1034, duamerp 300 wmMm: ax=7,84 Br/(M2-K); Qz=2800 Bt/m;
B 4,6 pasa; amamerp 150 um: @x=932 Br/(m>K), Qu=I1670 Br/m;
B 4 pasa.

10.35. I, u=276 A; 1,=247 A,

11.1. 1,177 ®r/m®; 0,0i1% ®r BAZmHOro BO3AYXAJKT CYXOro BO3AYXa)]
po=1000 Tia,

11.2, 1270 w¥fu; 69 xBt; 68%.
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11.3. 5,7 xr. :

114 11,7107 mye. B

11,5, 16 660 »¥fq: 1490 krfu; 482 Br/{m2-K). -

11.6. 1048 MOx; 210 xr: 560 xr. < T

11.7. 178 ®r paarn; @=92,8%. ’

11,8 27.3°C; 63 wllx/er cyxore Boadyxa; BI% 0,014 xr Ba./Er cy-
XOTa BO3AYXa,

119, pen=1,08 wr/mi pc=006 Er/M% pa=1,02 Kr/M% poa==
=1,11 xrim3.

11.10. €5=0,066; C,=0,944;: ob6nemMume aonn: napa-—0,0858, Boa-
Ayxa — 10,8142, . .

11.11, 1,08.10-% xrf{m?-c).

11.12. 0,263 &r. .

1]1.13. 5t p=358-10-3; Pep=0,3.108% .

11.14. 24,4101 m/c; 0,387 xr.

12.1. Afa=150°C; Al,=104°C (apaMoToK); Al;=149°C (mpormpo-
10x); cxema B) Afp=131°C; cxema ) Ala=113°C, '

122, Ma=115°C; Afz==113°C.

12.3. 1) Ata=145°C; Afz=106,5°C (npaMOTOK); mn—lﬁﬁ"c (npo-
miBoToxR); 2) B 1,3 pasa; 3) Ha 26,6%.

12.4. [o cxeme e} Al=141°C.

12.5. 0,24 m? (npamoTog); 0,22 »? (npoTHBOTOK).

126. 749 m? (npsmotok); 519 M? (MpOTHBOTOK).

12.7. 17a=33,5°C; t"x=47°C; Q=19,44 gBr; E=T74%,

12.8. #2=56°C; "=32°C; Q=17,64 kBr.

12.9. 0,08 kr{c; 2,5 M2

12,10, 1630 Br/{u2-K).

12.11. 8,5 Br/(m?-K); nenp3q,

12,12, a) nporusorok; 6) I=105 m; B) ma.=1,87 t/u.

12.13. 3,7 m; 288 Krfu.

12.14. a) 2853 xrfu; 9 m% 6) 259 xrfu; B} 356,6 WPt

1215, 2=0354-10~7 m/(pd).

12.16. 1482 w2, ‘

12.17. Bapuanr la: a) 3.5 m; 6} smecro 1392 Brf(u*-K) Oyger
1167 B1/(2-K); B) 10974 Br/(m2-K), 0,44 m.

12.18. 76 Br/(m?-K); ysemuunten ua 3,4%.

12.19. Bapuaur la: 101 M2 pam mpAmoTora, 80 M? ANA MPOTHBOTOKAE,

12.20. 6% Br/(m?-K).

1221, [ng d=50 mM; em=225 (@)% ax=19,1 (@)%, anq d==
=25 uM; ap=297 {w)%%; 0x=24,7 (w)%%,

12.22, Maxmarrect mywok: 1) 106 Br/(M%.K); 2} 2,87 MBT, 28 m;
3} yeeaumurca B 1,04 pasa; 4) yseamunrca B 1,3 pasa; xopumOpHHA my-
qok: 1} 109 Br/(m2.K): 2) 2,95 MBT, 28 m.
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12.28. ma=5,16 T/a; "2=61°C; Q=243,4 xBT, Afz=276°C B 30me
OX7aXACHHA TeperpeToro Mapa; Afy=245°C B 30He KOMACHCANHH RACH-
HIeBHOrO Napa.

12.24, 0,19 MITa.

12.25. Apep==2807 [Tla, Apu=Apa+Apr+Ap:=6993 [Ila, Apm
=&p1‘ﬂ+5pu=9800 na.

12.26. 1241 Ila.

12.27. 1053 ITa; 1,4 xB7.

12.28. 23,14 xlla; 0,16 gBr.

12.29. B m3#4 paa, ’ - -

12.30. B 2275 paa.

12.31. 43,8 m%; 8 1,27 pas,

12.32. 94°C u 268°C,
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H. WU, Eropos, K. M, Bawowuun, [l. A. Munees, B. f. Tepexoa —
{ll ve.).— 20 n, 1 p.

Qboaocrckuin M. M, COORpHMK  33flaw NO 3KCNEPHMEHTANBHBIM  METOAAM
saepHoi cmanwkw. — (Il ka).—20 n, 1 p.

Paccoxun H. T. MaporeHepatopHele YCTAHOBKM ATOmMHbIX  3NeKTPOCTaH-
uWA, — 32 n, 1 p. 0 &

CrpouTenscreo aromunix 3nektpocranuki / B, B, AyBpoasckuid, B. C. Komu-
g3, A. . Hwpunnoe w pap.; 0DMNoa pea. B. 6. AybSposckoro. —
{IM xe.). — 32 n, 1 p. 40 k.

C aHHOTAUMAMM HA 3TH HHHIM Bl moMere OIHAKOMMTECA 8 TeMaTH-
4HeckOsm NNaHe PLINYCKA NMTEPATYPm JHeproatomuanara va 1987 r., wo-
TOPBIH NOCTYNAET RO BCE MAFAIMHbI, PACNPOCTRAHAIOLNE HAYHHO-TEAHMU-
YECKYIO NWUTEPaTypY.

MNpenpapHTencHbIe 38KA3LI HA 3TM KHHIW NPHHHMBIOT 8L8 MAardauHn
HEYUHO-TEXHMUYECKON NMTEPATYPEL

- Ang nonyueHWA HHWI NO NREegBAPMTENbHbiM  33Ka3am nNOKynatent
HEOBXOAMMO OCTABHTE B KHHMHOM MArd3MHE NOUTOBYKY OTKPBITKY € Yka-
s3nvem OBpRaTHOrD BQpeca, ABTOPA WM HAIBBHWA KHHUIM, HOMEDA HHMIW No
nnauy.

OpraHuaaumu moryT 3aKas’ate KHMIM YEPEe3 MarazuHel TFARaHTHHHBIMM
MUCE MBMM.

HHMMHEBIE  MAraamHbl NPHUHUMAIOT NPeABAPMTERLHbIe  38Ka3sl A0
1 noabpa 1986 r.

CrocapemeHHoe ODOPMNSHWE 2J3KAIOB — rapanThs  Toro, uto Bm
npuobperere wHvepecyouyo Bac wwwry.



