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TipH H3y'-l.eHHH Kypca «TennoTexirnKa> cry.n.eHT-3a0'IHHK py
K0Bo,!:(crnyeTCH yqe6Hoii: nporpaMMOii no ,n.aHHOii JJ,HCIJ,HilJ1!-l:He, 

yTaep}K,nettttoii MHHBy3oM CCCP. 

Kamn:hlii CT)7A-eHT-330'1HHK o6H3aH ca'MOCT0HTeJJbH0 BblTI0Jl· 

HHTb no TeD.TJ0TeXHHKe TPH K0HTp0JibHble pa60Tbl, o,pa6oTaTb 

ll)-IKJI JJa6opaTopHb!X 3aH.f!THfi H Il0JIY'IHTh no HHM 3a'leT. no Bbl· 

TI0JIHeHHhlM K0HTp0JibHblM pa6oTaM npoB0)lHTCH co6eceAOBaHHe 

c npenon:aeaTeJJeM. 

CttatJ.aJia CTy,neHT ,U0Jl)KeH TIHCbMeHH0 0TBeTHTb Ha K0HTp0JJb

Hble B00p0Cbl, a 38Tet,,I p,eWHTh C00TBeTCTBYIOWJ!e 3a,na 1rn. Qrne

Thl Ha KOHTpOJib,Hble aonpoCbl ,U0JDKHbl 6b1Tb Kp8TKHMH, HO HC· 

1.Jepnh!BalOmHMH. l1x He06X0AHM0 conp0B0:iK,U8Tb qlopMyJJaMH, 

rpaqlttK8MH, cxeMaMH H 3CKH38MH KOHCTPYKll)iH.. Tiptt peweHHH 

3a,na'l tty:iKH0 YK83b1B8Tb, no K8K0A qlopMyJJe onpe,neJIHeTCH Be
.~H'IHHa H B K8KHX e}I,HHHlJ,8X H3MepeHH51, 0TKy,na B351Tbl no,ncTaB

.~eHHble B qlopMyJIY BeJIH'IHHhl (ernH 0HH He con:ep)K8TOI B ycno
BHH 38IJ:84.H) 

TTpH HCTI0Jlb30B8HHH Ta6JIHU, HOMorpaMM, 9MTIHpH'lecKH"-

¢>opMyJI H ,a:pyrnx cnpaB0IIHblX MaTepHaJI0B H8,!l0 c,neJiaTb CCbJJI· 

KY J-18 Jl!-t:TepaTypttblii HCT0IIHHK. 

Bh!'-IHCJieH!rn tteo6x0µ)iM0 ,rJ,eJiaTb B pa3septtyT0M BH)le. O6o-

3H8'-leHIH! BeJIH'l.HH H TepMHH0JI0rHH B ITO>!CHHTeJibHOH 38TIHCKe 

,l0.1J.)KHbl C00TBeTCTB0B8Tb npttHHTblM B y'-!e6HHK8X. PelUetttte 

38,Il,8'1 ,!:(0Jl:-J{H0 conpoB0:iKll8ThCH TIU8TeJibH0 Bh!Il0JJHeHHblMJ-1 cxe

M8MH ll rpa!pmrnMH. Tiptt 3aTpy,a:tteHHHX, BCTpetJ.810IUHXC51 B xon:e 

BblTI0JIHeHHH K0!-ITp0JibHb!X pa6oT, Il0Jie3H0 o6pa!.U_aTbCH K 8H8JJ0· 

rH'-lHblM 3a,na'-1aM, HMelOIUHMC.fl s yqe6ttHKaX. 

Tiocne noJJy<J.eHHH H3 HHCTHTYTa npoBepeHttoH pa60Tbl CTY· 

n:ettT ,11,0JI:iKeH HcnpaBHTb OllJH6KH C yqeT0M c,a:enaHHh!X yKa3a

Hmi:. HcnpaB.TJemrn, BbJil0JJHeHHble Ha 0T,!leJibHh!X JIHCTaX, cne,n:y

er BKJIE'HTb B C00TBeTCTByIOmHe MeCTa ,0TpeueH3ttpoaaHHOii pa-

60Tbl. OT,a:eJibHO OT pa60Tbl HcnpaBJieHHH He paccMaTpHB8!0Tc'51. 

C1yJJ..eHT o6H38H coxpaHHTb ace BhlIT0.rJHeHHbie K0HTp0JihHble pa-

60tbl, HMelOW,He TI0MeTKY peuett3eHT8 «JJ..onymett K 38'leTy». 

Tipn pellleHRH 38,ll.8'1 Bbl'lHCJleHH.fl CJle,ll,yeT np0H3B0,ll,HTb C T0'-l

H0CTblO ,11,0 Tpex-'IeTblpex 3Haqaw;nx ue!pp He3aBHCHM0 OT MeCT0-

TI0JI0:!KeHHH 38ITHTOfi. 



B COOT-BeTCTBHH c rocToM 9867-61 'lHCnOBble pac'!eTbl a pe
WeHHHX aa,n.aq peKOMeHAyetcH BhlilOJJHHTb B eJJ,IIHHU.aX CH. 

COHCOK PEKOMEHAYEMOA JlHTEPATYPbl 

~ 0 lU y K II H A. J...... ; y w 1< 11 H I I. H., 3 ax P. r. H ap. TennoTeXHHKa. 
Y'!e6BHK. J1aa. 2-e, nei,-c:pa6. M.: MeTan.1yprusi, 1973, 479 c. 

V 2. T enJIOTeXHHK3 I no.11 pe.11. A. n. BacKaKOBa. Y4e6HHK. M .: 3aeprOK3-
)laT, 1982, 264 C. 

\ 3. Ten.noTexaaKa / 00.11 pea. r. A. MaTBeeea. Y'le6Koe noco6ne. M .: 
81,1cwasi WKona, 1981, 480 c. · 

4. TennoTexBHKa / fioA o6m. pe.o.. B. YI. KpyToaa. ;'i'qe6HH1c. M.: Mawu
eocrpoeuae, 1986, 432 c. 

5. M lf.X e ea M. A., M H x e e ea 11. M. Ocaoe1i1 rennonepeAB'IH. M .: 
I 3eeprHJi, 1977, 344 c. 

6. pa 6 H HOB H q 0. M . C6opHHK 38)18'1 no TexBH'!eCICOH TepMOAHH3MH
Ke. M.: MawKHocTpoeHHe, 1973, 344 c. 

7. K p a c H o me K OB E. A.. Cy Ko M e n A. C. 3aaaq11mc no Ten.11one
pe.D,a'le. Yqe'Cieoe noco6ae .II.Jill ayaoB. 4-e H3A., nepepaG. M.: 3aeprall, 1980, 
288 c. ' , 

8. TI au K p a To B r. n. C6opuux aaaa11 no TennoTex1HfKe. Y11e6eoe no
co611_e .II.Jill ~yaos. M.: Bhlcwall lllKOJla, 1986, 248 c. 

3A;ll.AHHE HA KOHTPOJlbHYIO PA60TY .N'11 1 
I 

! no pasAeJJY 

TEXHH'lECKMI TEPMO.ll.HHAMHKA 

. -CTy JJ,eHT Bbl6HpaeT KOHTpOJJbHble BOilpOCbl H aa.n.atrn H3 Ta6-
JIHU.bl BapHaHTOB, a tIHCJJOBble .n.aHHbJe K aa.n.alla M ITO npe.u.noc
JieJI.HeH IU:Hf>pe WH<pp a - H3 COO'JlBeTC'I'BYIO~HX Ta6JIHU. Ka.JK,IJ.OH 
aa,a;atIH, KOTOpble npHBeAeHbl B KOHU.e sa,n.aHHH-

Ta6nH~a BapHaHTOB 

IlocneARJUl U.H4>pa WBq>pa 
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KonTponbHble sonpocbl 

1. KaKHe napaMeTpb! cocTOHHHH pa6oqero TeJia Ha3bIBaJOT 
OCHOBHbtMH, B KaKHX e,l(HHijIJ,ax OHH H3MepHFO'I'C9? 

2. Hanmmne ypasHeHHe' cocTOHHH.R. H,n.eanhHOro ra?a, qeM 
OTJJHqaeTCff peaJTbHblfi rag OT HJI.eaJJbHOro? 

3. lla!'%Te onpeJI.eJJeHHe yn:enbHOH TerrnoeMKOCTH. K KaKHM 
emrnHU.aM Kon11qecTBa pa6oqero Tena npHHHTO OTHOCHTb Tenno
eMKOCTb? 

4. TioKa>KHTe CBH3b Me}KJI.Y TennoeMKOCTHMH npH ITOCTOS'IH· 
HOM olheMe H npH TTOCTOHHHOM .n.a'BJieHHH· 

5. KaK MO>K<Ho Bblpa3HTb H3MeHeHHe BHyTpeH-HeA 9HeprHH, 9H
TanhnHH H 9HTpOilHH B npOH3BOJlhHOM TepMOJI.HHaMHqe~KOM. npo
u.ecce? 

6. B KaKOM npou.ecce H3MeHeHHH COCTOHHHSI BC.ff no.n.aeJI.eH
HaH TenJioTa K pa(5oqeMy TeJiy pacxoJJ.yeTCH Ha H3MeHeHHe ero 
BH)'TpeHReH 9HeprHH? 

7. lloK82KHTe, qTo B H30'6apHOM npoueoce H3MeHeHHH COCTOfl· 
HHH TTOJI.Be,ll.eHHaH K pa6otteMy Teny TeTTJIOTa paBHa_ H3MeHeHHIO 
ero 9HTaJibTIHH. 

8. qeMy paBeH TTOKa3aTeJTb TTOJJHTpom,1 .ll.Jlff OCHOBHbIX TepMo
.n.1rnaMHt1eCKHX npou.ecQOB H3MeHeHHH COCTOHHH.ff H.n.eaJibHbIX ra-
30B? 

. 9, KaKof.i Be_JI,l'IHHOH oueHHBaeTC.H 9q>q>eKTHBHOCTb ' npsrMoro 
TepMO.D.HHaMHtJ~C'KOtO- U.Hkna? 

JO. OrrHIIIHTe npHMOH o6paTHMblA UlfKJT KapHO- npHBeJI.HTe 
q>OpMyJJHpOBKH BTOporo 3aKoHa TepMO.D.HHaMHKH. 

l 1. Hao6pa3HTe pv-11.HarpaMMY •BOJI.si:Horo nap a H noKa:>KHTe 
B Heft xapaKTepHble JIHHHH H o6naCTH. 

12. H3o6pa3MTe Ts-,n.HarpaMMY BO.ll.~Horo napa H noKa:arnTe B 
Hef.i Tennory 2KH.ll.KOCTH, napoo6pa3oBaHHH H neperpesa. KaKaH 
nnoruaJI.b Ts-mrnrpaMMhJ npH onpe.n.eneHHoM .n.aaneHHH ,H TeMne- . 
paType neperpeTOro napa 6y,n_eT 9KBHBaneHTHa ero 9'HTaJibIIHH? 

13. qTO HaahmaeTc.H pacnonaraeMOH pa6oToi\ noroKa B npo
u.ecce HCTeqeHHff H qeMy OHa 9KB~BaJTeHTHa? 

14. KaxoH npouecc Ha3b1BaJOT .n.pooceJIHpoBaHReM? TipH Ka
KHx ycnoBHHX npoTeKaeT npouecc anHa6aTHoro .n.poc~enHpoBa
HH.R.? 

15. KaK01'i nponecc c>KaTHH B nopuIHeBoM KOMrrpeccop.e HB
nneTcH HaH6onee 9HeprenrtteCKH BhlrOJI.HbIM? 

I 6. l13o6pa3HTe :B pv- H Ts-.n.HarpaMMax H.ii.eaJibHhle UHKJJhl 
nopw-HeBbJx nBI-1ra,:enei%. B-Hy-rpeHHero cropaHHH c no11.ao,D.0M Ten
noTbI npH v=const, npH p=~onst H cMewaHHhlH l.I.HKJI. llaATe 
He06XOAHMbTe TTOHCHeHHH . . 

17. KaK BJJHHeT BeJIHttHHa ·cTene1rn c>KaTH.ff Ha 
KTill lf.D.eaJJJ:,Horo U.l-fKJia nopwtteaoro .D.BHraTeJJ.fl 

TepMHtfe<,KHf\ 
BHJTpeHHero 
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cropaHH51 C IIOJJ:BO.ll.OM TeIIJJOTbl B IIPOllecce v:c:;ccons!? 4To or
paHH1JHBaeT yaeJJHt1e1rne CTenettH oKaTH51 B .'.l·B11:raTem1x, pa-

60Ta10urnx no 3TOMY UHfLlIY? 
18. IloJth3}'51Ch Ts-.uHarpaMMOH, cpaBHHTe TepMH'lerntte Kll.Il 

H,LJ,eaJibHbIX' UH'KJIOB IIOplllH6BblX ,!l,BHraTeJJei'i BH)'Tpettttero cropa
HH51 nptt O,l!,HHaKOBblX 3H31JeHHHX a(}coJJIOTHb!X !l,aBJleHHH H TeM
nepaTyp B KOHlle ITOIJ:'BO/:la TenJIOTh! H ,n:pyrttx npO'lHX ycJJOBJj-

" 19. OT K8KHX aeJlH'lHH 33BHCHT TepMH1Je('KHl"i KTTll tt.n:eaJib-
HOro UHKJla ra30T)'p61-1HHO!i ycTaHOBKH C ITO.ll.BOJIOM TeITJJOTE,J K 
pa60<1eMy Te.11y a npouecce p=const? 

20. l13o6pa3HTe' 8 Ts-1rnarpaMMe OCHOBHOH l~HKJJ napocttJJO
BOH yCTaHOBKH (UHKJl PeHKHHa) H TIOK3)KHTe TlJJOLUaAH, 3KIBI-IB3· 
Jl€HTHhle IlO!I'B€)l,eHHOH TeTIJlOTe II Il0Jl€3HO HCITO/Jb30B3HHOl1 Ten
JlOTe B UH<t11e. 

3a.11,a,rn 

I. B llHJIHHilpe C noprntteM OKHM3€TCH ra3 npu IlOCT051HHoH 
TeMnepaType ll,O JJ.aBJJ€HH51 (no M3HOMeTpy) P2- Onpen.eJIHTb, BO 
CKOJJbKO pa3 yMeHbllHITCH o6beM ra3a, eC.IJH nepe,n c»rnn1eM B 
UHJIHHD.pe 6bJJJO pa3pe}f{eHHe P •••. BapoMeTpH4eCKOe !I3BJJe
HHe B·=750 MM PT- CT. IlJJOTHOCTb PTYTH B npH6opax C4HT8Tb 
p=13590 KrlM 3. H3o6pa3HTb npou.ecc B pV-1mop.D,HH8T8X. 

rj 2. Orrpe~eJIHTb Ma0cy 330Ta H KHCJJOpo.11.a, eCJJH K8)K,nblfi H3 
3THX ra30B H8XOJJ.HTCfl B 6a.11JJOHe o6oeMOM 350 .IJ. non Jl3BJieHH· 
eM (no MattoMe-rpy) p npH TeMneparype t. Orrpe!IeJIHTb T8K}l{e 
!IJJCTrHOCTb 3THX ra30B B 3a.naHHOM COCTOHHHH H npH HOPM3Jlb
Hh!X ycJJOBHHX. EapOMeTpH<iecKoe .n.aBJieHHe B=750 MM pT. CT. 

3. AHaJIH3 npo,nyKTOB cropattHH IlOK838JI CJJenyIOLUHH o6beM· 
Hb!H cocTaB: CO2 - 12,3%, 0 2 - 7,2% N2 - 8Q,SS/-0. Orrpene
-~HTh cpe11HJOJO (Ka}f{ymyJOcH) MOJleKyJJHPHYIO Macey H M3CCO
Bbtii COCTaB rrpo!IyKTOB cropaHHH, a T8K}f{e yAeJJbHb!H 06beM H 
!IJJOTHOCTb CMeCH npH TeMnepaType t H n.aBJJeHHH JOO KTia 

4. ,UJJ51 npo,llyKTOB cropaHHH, o6beMHbll¥ C0CT8B KOTOpb!X 
npHBe.ueH B 38,llaqe 3, HaiiTH 3H811€H1UI cpe.n;HHX MOJJbHOll, M3C
COBOl1 II o6beMHOi1 H306apttb!X T€fTJl0€MKOCTeH B IIHTepsa.rie TeM
neparyp f 1=200°C--;-t2. 

5. Onpe,lleJIHTh ra3oByIO IIOCTOHHHYIO, opeAHIOIO (KaiKYll.i.YID
CH) MOJieKym1pHyJO Macey H o6beMHbl8 cocTaB CMeCH H!Ie3Jlb
Hb!X r330B, eCJIH 33A3H ee M8CC0l3b1H COCT8'B. Onpen.eJIHTh TaK
me napUH8JlhHhle ,n:aBJJeHH51 KOMilOHeHTOB, ecJJH ,ll8BJJeHHe CMe
CH IQQ Klla. 

6. KaK@e KOJIH4€CTBO renJJOTb! Ha,UO OTBeCTH npH OXJJamn,e
HHH OT H81JaJlbHOl1 TeMnepaTypbl f1 !IO f2=,200°C OT 1 Kr CMecn 
1-1,n:eaJibHblX ra30B npH ITOCTOffHHOM ,u:a·BJl€HHH. MaccO-BhlA COCT8B 
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npHBen.ett B 33JJ.8'le s,. MacCOBble TenJJoeM'KOCTH raaoi::1 C4HT8Tb 

38'BHCHUI.HMH OT TeMnepaTypbl. 
7. G, Kr, a30T3 HMelOT H8113JlbHOe aticOJJJOTHOe ,U8BJI€HHe p 

H t 1·=17°C. B pe3}'JlbTaTe H3o6apttoro pacumpemu1 TeMnepaTy
pa ra3a TIOBblCHJl8Cb ,llO fz. Onpen.e.JIHTb '06beM a3ara B KOH'I.l,e 
pacunipeHHH, non.seneH1ttyJO TenJIOTY, pa6oTy npouec-ca, a T3K)Ke 
YJJ.€JibHble 3'1-!alJeHHH H3MetteHHH BHyTpeHHeii 9HeprHH, 9HT8Jlb
IIHH H 9HTpOIIHH "B npou.ee-ce. TenJJO€M'KOCTb ra3a npHHHTb He sa
BHC51lll.e/.i: OT TeMnepaTypbI. HpeJJ.CTaBHTb rrpouecc B pV- H Ts
.,r1:r1arpaMMax 

8. B pe3y.111,TaTe ttarpesa,HHH rrpH IIOCTOHH'HOM 06beMe V TeM
nepaTypa B03.Uyxa IIOBblCH.118Cb JIO !2. -Onpe,!1,e.lJHTh noJrBeJieH-HYIO 
TeTIJIOTy, KOHeirnoe naBJletttte, a, TaK)l{e y,n:eJJbHble 3Ha11€HHH H3-
MeHeHHll 9HTaJlbll'HH H 9HTp0IIHH B rrpouecce, ecJIH Ha'laJihHble 
napaMnphI soanyxa Pi'=-100 Klla H t1=27°C. TenJJoeMk.OCTh 
ra3a npHttHTb tte 3am1rnmeH OT TeMnepaTyphl. Ilpou.ecc H3or5pa-

3HTh B pV- H Ts-KoopJIHHaTax., 
'9. -s npouecce paClllHpeHH51 npH TIOCT051HHOH TeMnepaType, 

pa'BHoii 127°C, )laBJJeHHe 1 Kr 1BQ3JI,yxa CHH3H.110Cb OT Pl JlO P2-
KaKoe KOJIH4€CTBO T€Il.'10Tbl B 9TOM npouecce 6b1JJO !I0.11.,Be,lleHO K 
ra3y? Onpe,ue.TJHTb o6beM ra3a B tta'laJJe H Kottue pa-curnpeHHH, 
a TaK)l{e H3MeHettHe ero 9HTPOTIHH B npon.ecce. 

IO. Onpen:eJIHTb Macey H KOHellHh!e napaMeTphI (P2, V2, T2) 
yrJ1eKHCJ10ro ra3a, ec.,1H B npouecce aJJ,Ha6aTHoro pacurnpeH'H51 
ra3a era BHYT'P€HHH51 9HeprHH yMeHblllHJJ8Cb tta 6.U=.500 Kllm. 
Ha'laJibHhle napaMeTpbI yrneKHCJJoro ra3a pi, V1 = 0,3 M3 H 
i{=527°C. TeilJl0€MKOC.Tb ra3a npHHRTb He saBHCHIUeA OT TeM
nepaTyphl. TTpou.ecc 1no6pa3HTb B pV- H Ts-,!lttarpaMMax. 

11. A30T pacurnp51eTCH B TIOJIHT~O!IHOM np"ou.ecce OT Ha113.'Jb
HOrO o6beMa V1'=4 M3 H OT H31J3JlbHOfO a6comoTHoro JJ.8B.'Ie· 
H'HH Pl H TeMneparyphl f1 = 127°C .no n.aBJJeHH51 P2- B KOHU,e pac
WHpeHHH f83 3aHHMaeT o6oeM V2. OIIpen.emnb IlOK83aTeJlb no
Jll!TpOTihl, Macey a3oTa, npoHasenettHyro raaoM pa·l5oTy H Tenno
TY npouecca. TTpouecc Hso6pa311Tb B pV- H Ts-irnarpaMMax. 

l.j 12. B Ha'laJlbHOM COCT051HHH 1 Kr B0,llHHOrO napa HMeeT a6-
C0JllOTHOe Jl,8BJl€H'He Pi H yJJ.eJlb'llblii: o6beM U1 B n-pou.ecce 3,!J,Ha-
6aTHOro pacrnHpemrn ,na,a.11eHHe IIapa cHH3H.llO-Ch ,no p2. Onpe!Ie
JIHTh coCTOHHHe napa H ero rrapaMeTpbl B Konue npon:ecca, a 
TaKme H3MetteHtte .9IITaJJbilHH H pa6o-ry pacrnnpeHHH Pe!llettHe 
33,ll3'lH HJIJlJOCTPHPOBaTb B iS-JJ.HarpalMMe. 

13. B napoIIeperpeBaTeJJe KOTJI8 BO,llHHOH nap rrpn IlOCTOHH
HOM ,llaBJ1ettm1 p neperpeaaercH .11.0 TeMnepaTyphl t2. Onpen.e.nHTh 
cOCT051HHe napa H ero napaMeTtphl nepeJJ. naponeperpe.aaTeJreM, 
eCJIH H3BeCTHO, '-l.TO B neperpenan:JJe K J Kr napa Il0,1l·B0,1lHTCH 
renJJOTa B tt:OJ]I-FleCTB€ q. Pewe1-1He 3a,!J,atJ.H HJ!JllOC'l'pH-pOSaTb a 
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is-.nHarpaMMe. 
14. Onpe,!!,.eJIHTb K0JIH'-leCTB0 TeTIJI0TbJ, tteo6xoAHM0e Jl.JIH Il2-

perpeea I Kr napa B naponeperpeBaTeJle K0T-1Ia .no TeMnepaTyphl 
t npli Il0CT0HHH0M Jl.8BJieHHH p. Onpe.ne.n:HTb TaK)l(e pa6oTy napa, 
CBHaaHtty10 c yseJIH'l:eHHeM ero 061>eMa B npouecce noncywKH H 
neperpeBa. )],o nocrynneHHH B neperpeBaTe.n:b nap 6hlJI BJia)K
HHM co cTeneHbIO cyxocTH x- PewettHe aa.na'IH H.JIJI!O'CTpHpoeaTh 
B is-n.earpaMMe. 

15. CyxoH H8Cbllll,eHHhI'H nap npH HeH3MeHHOli TeMnepaTypr 
pacwttpHeTCfl OT .naBJieHHH Pi .no P2- Onpe,ne.n:HTb CO'BepweHHY!O 
1 Kr napa pa6o-ry ·n npouecce. PeweHHe aa.naqH H.~.1110cr-pHpo
B8Tb a is-.QnarpaMMe. 

16. IlJIH. BJl8)KHOro H8Chilli.€HH0ro B0.llHH0r0 napa, H.Me!Omero 
a6COJIJOTHOe llaBJJeHHe p H BJia)l{H0CTb 1 - X, ttaJ:!TH TeMnepaTy
py, y.neJihHblil: o6beM, IlJI0TH0CTb, 3HT8J'lbnl-ll0, 3HTponHIO H BHYT· 
peHHJOIO 3Heprttl0. 

17. BJia)l{Hbln H8Cbll.ll,eHttblH BO.!I..Hl-!OH nap C .naB.1IeHHeM p H 
CTeneHhlO cyxocrn x .npocce.irnpyeTCH AO .naeJJeHHfl P~- Onpe,n,e
JIHTb C0CT0HHHe napa H ero napaMeTpbl Il0CJle .npocceJJHp0BRHIHr, 
a TRKJKe H3MetteHHe 3HTpOTIHH B npou.ecce. }bo6rpa3HTe YCJJOB
Hbdl: npm~ecc a is-.nHarpaMMe. 

18. PerfnHp0B8HHe napoBoro Jl,BHraTeJIH np0H3·B0,ll,HTCH C no
M0lll,bIO n,pocceJJbttoro KJianatta, ctttt}KaJOmero a6coJIIOT·H0e ,n,aa
JieH"He eo.c1,1rnoro napa OT Pi:=-10 MTia Jl.o P2- TIOCJie ,upocceJJH
poaaHHH l Kr napa pacurnpHeTCH a .n:attraTeJJe no a.nHa6aTe no 
11aeJ1eHHH a K0H,!lettcarnpe 5 KTia. HaqaJJbHBH TeMnepaTypa na
pa t1• Onpe,n,eJIHTb n0Tep10 noJiesHofl (pacnonaraeMoA) pa6oTbJ 
JJ;BHraTemI B pe3yJJbT3Te npocceJJttp0B8HHH. KaK H3MeHHTCH 
BJia)l{HOCTb' OTpa6oTaBwero napa? PeweHlfe 38,ll,BtJH HJJJlJOCTpH· 
poBaTb a is-.11.ttarpaMMe. 
J 19. KaK Jf3M€HHTCH TeopeTH'leCKaH CK0P0CTb HCTe'leHHfl ne

perperoro napa n;asnettHeM Pi a BTMoc!pepy (pz'=O,l MTia), 
eCJJH cy:»rnBa10meecfl conJI0 )l0TI0JIHHTb pacwHpHIOlll,eHrn qaCTbJO, 
T. e. 38MeHHTb C0ITJJ0M JlaBaML HaqaJJbHaf! TeMneparypa napa 
t I. Tennoo6MeHOM H TpetttteM a conne npette6pe%. 

20. ITeperpeTblA nap C a6c0JJlOTHblM JJ.8BJieHHeM Pi H TeMTie· 
paTypoA ti H-CTeKaeT 'l.epe3 COMO B ope.ny C .naaJJeHHeM P2, On
peJI.eJJHTb Tpe6yeMy10 q>opMy (rnn) con.na, TeopernqecKyIO cKo
p0CTb HCTe'-leHllfl, a T81C/Ke ceKytt.!I..HblH MaCCOBblli pacxo,!l, napa 
qepes conno, ecn:H aea-MeTp ce'l.eHHH, onpeJJ,eJJflIOlll,ero pacxo.n, 
d=lO MM. 

21. B03,!l)'X C a6cOJIIOTHb\M ,!18BJleHH.eM p, H TeMnepaTypoH 
f I=27°C BblTeKaeT 11epe3 cy»rnaa10meec,1 conJJo c ii;HaMeTpoM 
IO MM B aTMOc!pe,py (6apoMeTpH'-leCKOe ,11;8BJieHHe C'-lHTRTb no
CT0HHHblM tt paBHblM 3"=750 MM pr- CT-). OnpeAeJIHTb reope-
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TH'l€CK)'ID CK0p0CTb HCTerieHJrn H CeKyH,JI,Hblfl M8CCO'Bblfi pacxo.n 
B03,JI,,YXa 11epe3 conn,o. HcTe'-leHHe ClJ.HT8Tb an;Ha6aTHblM, CKO,P0CTb 
rasa nepe,n, C0TIJIOM H noTepH. Ha TpettHe He Y'-lHTb!BaTh. 

22, AsoT C Ha'laJJbHblM a6COJllOTHblM ,ll,8BJleHHeM P1 H TeMnepa
Typol1 ti BbJTeKaer B K0J1H1leC'J1Be 0,3 Kr/c qepe3 COilJJ0 B aTM0C
(pepy (6apoMeTpH'IOCKOe ,!l,.8BJiettHe C'lHT8Tb TI0CTOf!HHblM H pa;B
Hb!M B=750 MM pr. er.). Onpe,neJIHTh rpe6yeMb!H rnn conJJa, 
CKOp0CTb HCTelJ.eHHH (eCJIH CKO,POCTH0fi K03!pcpm.1,HeHT conJia 
cp=0,9) H Bb!XOJ],'H'OH ,!lHaMerp COIIJla. 11cTeqeHHe C'l!_!TaTb a,utta-
6arnb!M. CKopocTblO tta BXOJJ,e B COilJI0 H noTePHMH Ha TpettHe 
npette6pe%. 

23. 11,Il,eaJib'HblH O,!I.HOCTyneH"laTblH _O,ll,HOUHJIHHJI.pOBblff r10pw
tteaofi K0Mnpeccop oJJ.ttocropoHttero .neHerBHH, pa6011ttfi o6beM 
UHJJHH.!1.pa K0T0poro vii = 5. 10-a M8' C>KH-MaeT B03,!1YX no IJ0JJH
rpone c noKa3aTeJJeM m=,1,2 OT ,naBJJeHiHI. p 1 = 90 KTia JI.0 a6-
C0JJIOTttoro Jl.aBJJeHHH P2. 4atTOTa Bpalll,eHHH BaJla K0Mnpeccopa 
n=23 06/c. OnpeJJ.eJJHTb ceKyHnttyK> pa6oTy B npou,ecce cma
THH B03,!lyxa H MOµJ:H0CTb npwB0)J,a K0Mnpeccopa. OnpeAeJIHTh 
raK)l{e TeMnepaTypy ra3a B Kottue nrpouecca C}KaTHH, ecJJH Ha
'-l8JlhHaR TeMnepaTypa ao3,n,yxa t 1 = 37°C. 

24. Bo3AYX C>KHMaeTCH OT Ha'-laJib'H0ro a6COJllOTHOro A8.BJle
HHR 100 KTia )10 ,!18-BJJeHHR 900 KTia B nepBOM cJJy'lae B HJJ.€
aJibHOM 0,!lH0CTynett'-laT0M KOMnpeccope, BO BT0,POM - B .!I.Byx
CTynett'laT0M, Tipouecc C:lK8T,Hfl Il0JIHTpOIIHbIH C IlO'Ka3aTeJJeM no
JJHTpOilbl n. Ha CK0JJbK0 npouewroB H3MeHHTCfl BeJJHll.HHa pa6o
Tbl, 38Tp81IHBaeMoH ·BO BT0p0M CJiyqae B npouecce C)K8THH } M3 

ecacbleaeMoro ra3a, ecJIH npoMe2KyT011.noe .naaJiettne B ,uayxcry
neHqaroM KOMnpeccope paietto 300 KTia, a oxJia)KJl,ettHe B03Jl.yxa 
IT0CJJe C)l{8THfl B nepaoii CTyne11H ocymec'J'IBJJf!eTCfl ,!1.0 H8'18Jlb
HOH TeMnepaTypbl 11 = J 7°C? OnpeJI.e.lJHTb TaK.tKe K0He'-IHble reM
nepaT,Ypb! B03JJ,yxa B nepB0M H BTQpoM c.11y1IaHX. J.fao-6pa3HTb 
tt.neaJJbHble pa-60'-lHe npon.eccb[ 0.!1.HOcryneH'l8Toro H A'Byxcrynett
'laToro KOMnpeccopoB ·B pV-KOOp)l,HHaTaX. 

25. )].:rm tt.neaJJbHoro UH·KJia nopurneeoro Jl.1BHraTeJ1f! Btty-rpett
ttero cropaHHH c IlO,!lBOJI.OM TeTIJJ0Tbl nplr IIOCT0HHH0M o6beMe 
onpe,!leJIHTb 3Ha'-leHHfl OCHOBHb[X napaMerpoB B rrepeX0,IJ;HblX T0'I
Kax UHKJla, TepMH'leCKHA KTin, IIOJJe3HYlO pa6oTy, nOJ]JBe,ll,eHHYlO 
H 0T'Be,!leHHYlO TeilJJ0Ty, eCJJH H8'l8Jlbl-!0e ,naBJieHHe 100 KTia, tta
'l8JibH85J TeMnepaTypa 37°C, CTeneHb C)l{aTHR ,I'., CTeIIeHb II0Bbi" 
weHHH ,JI,a'BJJeHlifl A. Pa6oqee TeJIO - I Kr cyxoro aoan;yxa. 

26. B HJJ,e8JJbHOM UHKJie II0pWHeiB0ro )J,'BHraTeJIR 1rnyrpetttte
ro cropattH5J K pa6oqeMy TeJiy (l Kr cyxoro ao3,n,yxa) n0.LlBO
JJ.HTCH renJIOTa B K0JlH'-leCTBe Q1 nptt II0CT0flHH0M JJ,aBJJeHHH. 

. Onpen.eJJHTb 3Ha'-leHHH OCHOBHbJX napaMe-rpo.B B nepexo.n•HblX T0'-1-
KaX, TepMH1leCKHA KITJl H TIOJie3HYlO pa6oTy, OCJJH Half8JlbHble 
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lfHGIIOBblE ,11,AHH.blE 
K 38:,11,aqaM KOHJl)OabHOA pa60TW .Nii I 

' 

HoMep-a 
Tipe,zmoc11eJ1,HJ1J1 o;Hqlpa wuc(lpa 

JaJlaq Be.,uiq1rnhl 

I ' , I I I I I I 1 2 I 4 5 6 7 8 9 0 

1 Pa, Mna 0,2 0,3 0,4 0.5 0,6 0,7 0,8 0, g 1 1, I 
Paaw, "' PT. CT. 600 550 500 450 400 350 300 280 260 ?50 I 

2 p, MTia 12 11 JO 9 8 7 6 5 4 3· 
t, °C u 5 7 10 1,5 17 • 20 25 27 30 

3 t, "C 300 350 , 400 450 500 550 600 650 700 75Q. 
4 f2, °C . 80(!, 750 700 6:iO 600 ,'5.JO 500 450 100 350 
5 mco,. % 18 17 16 15 14 15 16 17 18 16 

mo,, % 12 12 11 11 111 10 9 8 7 6 
nlN,, % 70 71 73 74 76 75 75 7J 7-~ 7(') 

6 t1, °C 1000 950 900 850 800 750 700 1),50 600 6.)0 
7 G 

' "' 1 2 3 4 5 0 7 s 9 10 
p, Mna J,::; 1,4 1.3 1,2 I,! 1 0,9 0,8 0, 7 0,6 
t2, ~c 100 · 120 130 140 LSO 160 170 ISO 190 200 

8 \I, M'l 0.2 0,3 0,4 0.5 0,6 07 0.3 0,9 1 I ,2 
t2, °C soo 750 700 650 600 550 500 450 400 350 

9 P1, Mna 4 3,8 3,6 3,4 .3,3 3 2 --~ 2,6 2,-i 2.2 
P2, MTTa 2,0 I, 8 1,6 1, 4 1,2 I 0,8 0,6 0.4 0,2 

10 P1, MTia 0.6 0,65 0, I (), 75 0.8 0 :'-;:J 0,9 0,95 0,1 0,1 
11 Pi, Mna 3 2 ,8 2,6 2 ,4 2,2 2 1,8 1,6 l ,4 l .2 

P2, MTTa 0,3 0,28 0,26 0,24 0,22 0 2 0.18 0. 16 0, 14 0, 12 
V2, M1 30 2\J 28 27 26 25 24 23 22 20 

12 Pi, MITa 20 18 16 14 12 10 8 7 6 s 
U1, M3/Kr 0,02 0,02 0,025 0,03 0,03 0,035 0 04 0,05 0,06 O,U7 
Pi, MTia 0,1 0,35 1 0.5 0, 18 1,5 0,35 0,55 0,4 0,5 

llpoao.A:)l(;eH.ue TaD.11. 

TTpe.nnocJJeJUIHH U:Hltipa urnrppa -HoMepa 
Be.nH'IUHH 

I I I I I I I I I sa,!lia'I 1 2 3 4 s 6 7 8 9 0 

13 p, Mila 9 10 9 10 8 8 6 6 5 " 
12, °C 51)() ;"J{JO 450 .'lf,O 500 45-0 600 500 400 350 
q, K)llll/Kr 690 (i60 560 830 700 575 970 720 ~10 3i0 

14 I, °C 400 420 440 460 480 500 fi20 540 560 580 
p, Mna 1 ! ,-5 2 2,5 3 3,5 4 4,5 5 6 
X 0,98 0,97 0,96 0,95 0,98 0,97 0,96 O,!f) 0,94 0,93, 

15 Pi, MITa J l ,,'J 2 2,8 3 a,.) 4 4,5 5 6 
Pi, MITa 0.1 0,2 0,3 0,4 0,5 0,6 0.7 0,8 0 9 1 

16 p, MITa 2 ',2 2,4 2.6 2.8 3 J,;) 4 4,5 5 
l~x, % 20 18 16 14 .12 10 8 6 4 2 

17 P1, MTTa 5 4,5 4 3,5 3 2,6 2 1,8 1,D 1 
X 0,9~ 0,96 0,97 0,98 0,99 0,98 0,97 o,96 0,95 0,9& 
P2, MITa 0.2 o, 18 0, 16 o, 14 0, 12 0,1 0,2 0,18 0, ]6 0, 14 

18 P2, MITa 6 5.5 5 4.5 4 3,5 3 2,5 2 2 
ti, °C 500 480 460 440 420 400 410 430 45-0 470 

19 P1, MITa 4 3,5 3 2.8 2,fi 2,4 2,2 2 1,8 1,5. 
!1, oc 460 440 420 400 380 360 340 320 300 280·· 

20 P1, MITa 2,5 3 3,5 4 4,5 5 5,5 6. 7 8 
!1, "C 450 480 500 480 460 440 420 400 420 400 

·-.- Pi, MTia 0,3 0,5 0,6 o. 7 0,8 0,9 1 1,2 1,4 1,5 
1• 21 Pi. Mfla 1,5 1,4 1,3 1 ,2 1;1 1 0,9 0.8 0,7 0,6 

22 p1, MITa 0,6 0.65 0,7 0.75 0,8 0.85 0.9 0.95 1 1,1 
1,, uc 200 210 220 230 240 2;")() 260 270 280 290 

23 Pi, MITa 0.3 0,35 0,4 0,46 0,5 0,,55 0,6 0,65 0,7 0,75 
24 n l, 16 I, 18 1,2 1,22 1,24 1,26 1,28 1,3 1,32 1,34 
25 ' 8 7,5 7 6,8 6,6 6,4 6,2 6 5,8 5,6 

' 2 .4 2,5 2,6 2,7 2,8 2,9 3 3, 1 3,2 3,3 
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napaMeTpbI p 1·=80 Kfla 11 t1=47°C, creneHb C}KaTm1 e. TenJio
eMKOCTb B03,Uyxa C'lHTaTb He 38BHCHmeff: OT TeMnepaTyphl. 

1 '2):· UJIH HJle8JibHOro UHKJJa noprrJHeBOrO JIBHf3Te,IJSI BH)'TpeH

HE'·f() cropamrn co CMewaHHblM ITO,U'BO)l.OM Te!IJIOTbl onpe,UeJIHTb 

3Ha'leHHH OCHOBHbIX napaMeTpOB B neipeX0,11,HhIX TO'l!Xax, TepMH· 

'le-CKHH KITJl, no.TJe3HY10 pa6oTy H TI0,1.1,Be,l.l,eHHYIO TeTTJJOTy B H30-
6apHOM rrpouecce, ecJIH Jl0ll,Bell,eHHa51 TeTTJJOTa B H30XOpHOM rrpo-
1..lecce paBtta qi'. Ha\JaJibttaH TeMrrepaTypa f1=37°C, a6cOJifOT
Hhle ,u:asJiettHSI s TOqKax U,HKJia:· ttaqaJibHOH p,·=0,1 'Mna, B 
KOHQe IlOllBOll,a TeTIJJOTb! p4 H KOHUa npouecca pacurnpeHHSI 
p 5=0,25 MIT a. CTenettb npe,1.1,BapH'teJlbttOro pa,curnpettrri:r p= 1,5. 
Pa6011ee TeJio - l Kr cyxoro B03,1.1,yxa. TenJioeMKOCTb sosnyxa 
Cl!l!TaTb He 38-BH,Cill..U.eH OT TeMnepaTypbI, C1 ; / PJ,..-u _,.,.;)N, / _,' k) 

28. OrrpeJ:Le.11HTb, ao cKOJJbKO pas TepMlll!N~KHH KTT,U UHKJJa 
Kaptto 6oJibme KTT.Il Hn;eaJibttoro UHKJJa nopwtteBoro JJ:·BHrawJrn 
BHyTpeH'ttero cropaHHJ'l c !10.[l,BO,LlOM TeIIJJOTbJ rrpH IIOCTO.IIHHOM 
o6beMe, D.JI51 KOToporo CTerrettb cMaTH.11 e, ecJIH o6a UHKJia ocy
mecTBJI51KJTC>I B O,llHOM ,Uttanasotte H3MeHeHH51 TeMnepaTypLI tmu. 
H rmin ·=17°C. Pa6011ee TeJJo - I Kr cyxoro B03.!l.}'Xa. 

29. ,U.11.11 HJJ,eaJibHOro UHKJJa ra_3oTyp6ttttttoll ycTaHOB-KH C no.a,
BOllOM TeTTJJOTb[ npH TIOCTOJ'IHHOM ,!l,BBJieHHH onpeJJ.eJIHTb 3HaIJe
HH51 OCHOBH!:,JX napaMeTpOB B nepexo)lHbJX TOIJKBX, TepMHlJeCKHH 
KTIJl, no.~e3tty10 pa6oTy, non:ae.Qett,tty10 H OT'Ben:etttty10 TeITJIOTY, 
ecmf B ttaqaJJbttoii: 1'0lJKe UHKJJa p I:=0,1 Mna, f1=17°C, TeMne
paTypa B KOHUe TIOJl.BOJ:lB TeIIJIOTbl (3 H CTerrettb TIOBblllleHHH .1I.aB
.1eH1151 /,. Pa6o<Jee TeJJo - i Kr cyxoro BOJJl.yxa. 

30. Orrpen.eJIHTb Tep'MH4eCKHtl: KTT)l octtoottoro napoCH.~O'Boro 
UHKJ!a (UHKJia PeHKHHa), eCJJH a6coJIIOTHOe Jl.B-BJJettHe napa-ne
pe)l rrapoBbJM J:lBHrareJJeM Pi II TeMnepaTypa f I JlaBJieHHe B 
KOHlleHcaTo.pe P2'=4 KTTa TTpOH3BeCTH cpaBHeHHe C TepMH'le
CKHM KTT,U UHKJJa Kaptto, ocymecIBJJtttHbJM MeJKJl.Y Ma·KCHMaJib
ttor1 11 MHHIIM8JlbHOH TeMnep<ITypaMH nep1Boro UHKJia 

MET0,!1,HqECl(HE Yl(A3AHHll 

K BblnOJIHeHHIO KOHTPOJlhHOA pa6on,1 1i& I 

3a,11,aqn .M 1-t 1 

3a,QB4:H COCTB'BJJtHb! ITO pas,u:e.naM TeXHH'1eCKOJ.l: TepMOJl.H"Ha
MHKH" ypaBtteHHe COCTOHHH.11 H;.i:eaJJbllOro ra3a, CMeCb H;.i:eaJib
HhIX r1130B, 1'ennoeMKOC1b, TiepBbIH 3aKOH TepMOJl.HHBMH"KH Hoc
HOBHhle TepMOAHH8MHlJeCKHe npou.eccbJ, 
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TTpH peweHHH .3THX 3a,Ua'-I MoryT 6b1Tb HCITOJ'1b30Bal-!UI CJJe-
,W!OlUHe cj)opMyJlbl H Bblpa>KeHHH. 

Ypaa1-1em1e cocToHmrn tt,neaJJbHOro ra3a 

pv·=RT (MH I Kr ra3a) 
Hntt 

pV=ORT (.nJrn G Kr r,na). 

me R.=8314/µ - ra30BaH OOCTOflHHa51, Jl)l{/(Kr· K); 
µ - Macca 1 KMOJl51 ra3a, Kr ('-!HcJle1-1110 paa1-1a 

MOJleKyJJRp1rnA Macce rasa); 
p - a6coJ110TttOe .naaJJetttte, Tia 

P = P"36 (Maa) + B; P = B- Pu~, 

3)1,€Cb P,oo(w&H)- M36blT0'-IHOe ll8BJ1em1e, H3MepneMoe MaHOMeT-
poM; 

p,.. - pa3pe}!{etttte, H3MepHeMoe aaKyyMerpoM; 

B - arMoctpepttoe (6apoMerpuqecKoe) nasJJeuac 
(B=750 MM pr. er.= IO" Tia). 

llJJH ra30BhlX CMeceA BBO,UHT nOHHTHe O T8K Ha3b!BaeMoH 

cpe,nttefl (Kamyrn.efl:CH) MOJJeKyJJHpttoH Macce cMectt, 3Ha'-!eHHe 
KOTopoH onpe11em1eTc51 no BhlpameHHHM: qepe3 o6beMtthie ll.,O.irn 

' 
1-'cw = I r 1 ll1 H t1epe3 Maccosble !lOJIH "'" = 1 / ~ m,/e;, 

' 
r.lle 111 - MOJleKyJJHpHaR Macca KOMJIOHeHTa, BXOJlRUJ,ero B 

m - G, 1--~ 

r,= v, 
V 

G 

CM€Cb; 

MaC-COBan JlOJIH raga B CMeCH (OTHOWeHHe M8CCbl 

.'JTOfO ra3a, BX0.11.Jlll.lero B CMeCb, K Macce BCel1 
cMern); 

o6oeMttaH .!J..OJlH (0Tttowem1e npnse.nett1-1oro 06·1.,eMa 

KaKOrO-JIH6o ra3a, BX0.11.HW:ero ·B CMecb, K o6beMV 
BceH CMeCM). . 

<t>opMyJJhl rrepecqeTa cocTaBa CMecH: 'i::::: m1 fl-<,./1-11; m1 = 
= ,, !li/p.~,. 

fasosyJO llOCTOHH'HYIO CM€CH H)].eaJJbHhlX ra30B R MO)KHO on
pe.neJJHTb HJIH '-lepe3 ra30Bble llOCTOHHHble OT)l,eJJbHblX KOMTTO!lel-1· 

' 
TOB R1, axo,nHW:HX B CMecb, R = I mi Rt, HJIH no cpen-, 
neil MOJJeKyJIHpttofi Macce cMeca R=8314/f-l~ 111,,l],)l{/(Kr·K), 
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lJ.JJH onpe.ne.lJeH!rn narpll_H8JlbHOro )l,8BJleHH51 OT,UeJlbHOro KOM· 

IlOHeHTa p;, BXO)IJ!lll.ero 8 CMecb, eJJymaT tpopMym,r P1 = ,,p H 

R, 
p1 = m1 - p, r.ne p - o6w:ee )].aBJJeITT!e cMecH rasoB. 

R 
B 38BHCHMOCTH OT Bb16!)aHHOfl KOJJH'ieCTBeHHOA e)l,HHHUbl Be

lll,€CTBa pa3J1H1,moT MOJJhHYJO TenJIOeMKOCTh µc, KlL)Kf ("KMOJJb · K), 
Ma-ccoByJO-·c, KllW{Kr·K) H o6oeMHyJO-c', KlL,K/(M3 ·K). 

06beMHYJO TeilJIOeMKOCTb OTHOCHT K 1 M3 npH HOpMaJlbHblX yc

.rJOBHRX (Po=7G0 MM pr. CT., to=0°C) . .3TH TenJJOeMKOCTH Mem
,c1;y co6ofl CBH3aHbl C.IJe)].y!Ow;HMH 38BHCHMOCTHMH: 

p. C c' 
C:::;:-=- H 

ll Po 
c' - p.c 

22,4 =cpo, 

me µ - MOJJeKyJJHpttaH Ma•cca rasa; 

Po - I!JIOTHOCTb ra3a npH HOpMaJlbHblX YCJJOBHHX, Kr/M~. 
MO.rJbHa51, MaCCOBaH H 06beMHaH T€IlJIOeMKOCTH MoryT 6blTb 

npn I!OCTOH:HHOM .u.a:sJJeHHH Cp H nptt IlOC'I'OHHHOM 06beMe Cv-

0THOIUeHHe TE'IlJIOeM'KOCTeH n-pH Il~{l!Jl:HHOM .na1BJJeHHH H IlOCTO· 

HHHOM o6'beMe Ha3bIBaJOT llOKa3aTeJJ€"M a.1rna6aTbI H o6ostta'-laJOT 

' • k k- I-' Cp cp 6)-KBOH , T. e. - __ =-
p. Cv (' r, 

Ten.11oeMKOCTb raga 38BHCHT OT ero TeMneparyphl. B npn6JJH· 
)KeHHblX pac'leTax '-18CTO npette6perafOT .9TOH 38'BHCHMOCTb!O, ll 

Ten.1oeMKOCTb rasoa O.U.HH3'KO'BOA aTOMHOCTH C'lHTalOT BeJJK"lH· 

HOH ITOCl'05lHHOH. 3Ha<JeHHH MOJlbHblX renJJoeMKOCTei!: H ITOKaJa
Te.rJeii: aJma6aTbI npHBe)].eHbJ B rn6JIHUe: 

---

ra3bl 

Ten.rJOeMKOCTb, 

K.ll>K/ (KM:QJ!b. K) k 

o<p I "'' 
0,llHO!ITOMllhle 12 .16 20,93 LG7 
JJ,11yx~TOMHhle 20,93 29,31 1 .40 T\,ex- ll MfH,r(,J]Ui',lliblt 29,.'{] :H,68 1,29 

3as1frm,rncrn Ten.~oeMKOcTeH ra30B OT TeMnepaTypw HMeIOT 
Ht.~HHeHHbIH. xapa!{Tep. B Ta6JJHUe I (CM. npHJJ01KeHHe !!:O JI 
4aCTH 38Jl.,3HH51) n•pHBeJl.,eHbl cpe)].HHe MOJlbHble TeilJJOeMKOCTH He
KOTOpblX ra30B B npeJl.,eJJax OT 0° ,11,0 t. Ilpu Il0Jlb301l3HHH .9TOA 

Ta6JJHQeH B He06xO)].HMLIX CJ1y1Ja51x npOH3B0,UHTC5! HHTepnOJI5l· 
Ll,ml. 

,Il;JJH cMecetl: lf.n:eaJibHblX ra3oa MaccoBaH renJioeMKOCTb 
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• 
Cc.,= I mj c1, o6'beMHa51. TeMTIJJoeMKOCTb 

1 
• 

H MOJibHa,J TeTIJIOeMKOCTh p- Cn, = ~ r, p- Ci-

' 

• 
' ,, ' c,,.=,.;.r1c 1 

1 

1I.m1 Haxom,!J.eHHH, Hanp!iMep, cpe,nHeH MOJlbHOH TeTIJI0eMK0-
CTH B npe.n,eJJax TeMnepaTyp OT t1 .11.0 t2 Hall,O H3 COO'I'BeTCTil)'!O-

met!: Ta6JJHUbl B351.Tb TeTIJJOeMKOCTb 

BeHHO B npeAeJJax 0° - t1 H 0° -
conpoBO)KJl,8lOTCH HH,lleKCOM «m>). 

\.I- Cm1 H P, Cma COOTBeTCT

fz (cpe.llffHe TennoeMKoCTH 
3aTeM no Bb!pameHHJO 

f"Cm = 
fJ.C(-ttCl, 

mi 1 
' "" onpe,neJJHTh 

t1-t1 
HCKOMYIO TeTIJJOeMKOCTb. 

ECJJH B npouecce y11aCTBYIOT G Kr Belll,OCTBa, TO KOJIH'leCTBO 

TeIIJlOTbl B COOTBeTC'I'BYJOIUeM ~POI.L€CCe Q = G(cm2 t, - cm1 11}. 

B rv-i:uiarpaMMe JIHHHH, H306pa}l{alOlUUI TI0JHITpOTIHblft npo
uecc, HMeeT ypaaHeHHe pv" =canst, r,ne n - rroKa3aTeJJb no.n1-
Tponbl. C'BH3b Me)K)l,y OCHOB!:lbl"MH napaMeTp3MH pa6011ero TeJla 

B TIOJIHTpOilHOM 'npouecce Bbip8}K8eTCH CJl€.UYIOill.HMH ¢,opMyJJa

MH: 

•-1 

P2f P1 = (v1fv,)11 ; T2fT1 = (vifv,)"- 1
; T2/T1 = (P1 ip1)-,-, 

llJJH a.11.»a6arnoro npouecca B .:1nix qlopMyJJax noKa3aTeJJb n 
33MeHHeTCfl ITOK338TeJieM k = Cpf cv. 

HaMettettHe Bttyrpettttefl 3HeprnH 3HT3JlbTIHH H 3HTPOTIHH 

ne 33BHOfT OT xapaKTepa npouecca H npH TIOCTOHHHOH TeTIJJOeM

KOCTH l Kr H.lle8JlbHOro raaa ITOAC~rHTbl'B3eTCH TIO cpopMyJJaM. 

B nocJ1e.11tteM 

mero npouecca. 

n-k 
Cn.-c11-. n-1 

U2 - Ui = Cti{f2 - t1); 

{2-i1 =cp(t1 -t1); 

s. - S1 = cln T2/T1, 

Bblpa)KeH'HH C - renJJoeMKOCTb 

1lm1 noJJHTponttoro npouecca 

Pa6ota raaa a noJJHTponHoM rrpouecce 

COOTBeTCTB}'IO· 

TE'TIJIOeMKOCn, 

•-1 

L= GR (T,-T,)_GRT,[t-(P•)•]. 
n-1 n-1 A 
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B H30Tl'j)MH'leCROM IIpouecce JIU TTepBllM;.' Jdl\UHY repM0,11I

HaMHKI! TeTI,TIOTa paBtta pa6oTe npou.ecca H MflH\eT 061Tb onpeJJ,e

,!letta no cpopMy.ne 

Q=L =GRT1n°1 =GRT1n£.!.. 
t\ Pz 

B 3TOM npou.ecce IrJMe11em1e y.CJ,e.1Jbl-!Or"1 :1HTpomI1I 

5 2 - S1 = R ln ~ = R ln~ = q1
-• 

0 1 P2 T 
r,'le 

Q 
q1-2=a· 

B a .. rrna6aTHOM npoueccc v..1e.TJbttM1 pnfiora paBtta I1JMCHCtt1110 

BH}'TpettHe1"1 .:1ttepnm c o6paTHhIM JHaKOM. 

l = l/G =U 1 -u1 = c,,(/, -t 1l. 

3an,a'IH .M! 12-18 

3an.a'lH pewaJO'rCH 11pH ITOMOl,ll,H iS·.'.lllclrpziMML,I !30.!UIHOro na• 
pa, npaKTHlJeCK3H lJ3CTb KOTOpof1 COC'TOIITI13.UB~\ ofi.1acteii H11-

.llie norpam-ici:ttoH KpHBOH cyxoro Hacb1IUeHt1oro napa (CTeTieHb 

CVXOCTH X= 1) 6v,c1er 06,TJaCTb B.,:rnrnoro H3ChJEUeHHOrO n;ipa 

(b < x < 1), auw·e - 06.TJaCTb neperpernro nap a. TTo3TOMY 

J{Qfll.3 B 33,113'Ie Tpe6yeTCH onpeJJ,eJIHTb COCTOHH!le napc1, TO H)':-l<· 

HO DOK33aTb, B K3KOH 06.TJaCTH .unarpaMMbl HaXOJJJ!TCfl J04K;) 

ll3Httoro COCTOHHHH napa B is-.11ttarpaMME' R o6.TJ3C'Tll B,la/KHOro 

napa COOT'BeTCTBYIOIUHe H306apa H IJ30TepMa r:OBTI<l!li.lJOT. T3J.; 

KaK B '.:!TOH o6JJa<cTH onpe.1le,rteHHOMY ,'.1,3B.TJE'HIIIO COOTBeTCTB)'l'T 

onpe.ne.1JeHH3fl TE'MnepaTypa HacwweJ-111,1 B 06.1Jan11 neperpernrc> 

napa H30TepMbl 0Tl{.'lOH51JOTCH OT H306ap 1rnp:rno. c'CIJMTTTOTI-Jlll'· 

crrn npH6.'lmKaHCb J( ropH30HT3.TlbHOtJ ,TJHHIIII 

Yn.eJJbH3,1 BH)'TpeHHHfl 3Hepnrn rrapa 11=1--pv (3.'~€Cb He· 

o6xOl]J-iMO o6pan!Tb BHHM3HHe Ha COOTBeTCTBHe paaMepttoCTe(J 

acex BeJJH'lHH) 

Ylle.TJbH3H T€ITJJOT3 B 1!3o6apHOM npouecce palJHc! I13Me-Helll1K) 

3HT3.TJbTIHH B 3TOM npouecce, T. e (/=i2-i1 B H30TL"]JMM'leCKOM 

rrpouecce q=T(s2-s1). 

B o6paTHMOM anHa6atHOM npouecce Tl3MCHeH!Hl COCTOHHllll 

11apa. npon•K8JOIUeM npll l10CT051HJ-IOM 3H8'I€Hlll! 31-11j)01Jl1fl. 

y.11eJJbHaH paGoTa npouecca l=.u 1 -11~ = li 1 ·-p 1 t'!) -
-(i2-P2V2) 

flpouecc L1pocce.1rnpoBaHHR rrapa yc.~OPHo 11306pa1i-:aeT01 .~Ji 

1-rnei"1 TIOCTOHHHOJ'.\ 3HT3JlbTTHI! 

D.m1 BJ13JKHoro HaCI:,nu;eHHoro napa· 

y.lleJJhHbli-i o6'heM V =V"X--l-- v'(l-x)· " . , ' 
1,7 



3HT8JlbITHH ix =i' + rx; 

:ciwrpomrn Sr= s' + rx/T~; 

BHyTpeHHllH 3Heprrrn ux = lx - pux. 

3a,a,a'ln N~ 19-22 

3a,~aqn cocraBJJeHbl Ha rrpoueen,z HCTe•1eHHH H ,!];pocceJittpo

Ratt11>:1 rasoa H napoa. TTpouecc HCTetJeHHH npHHHMaeTCfl 6e3 Ten

JJ006Metta, T. e. rl;J.Ha6aTHblM, !Vl5! !{OTOporo B YK838HHHX K 38,Ua

'-lclM 1-11 rrpI1BC.'leHhl (popMyJJbl, CBH3b1B8101JJ,He OCHO-BHble napa

MeTphl H]le8JlbHOro ra3d, ll Hepa3phlBHblM (CilJIOlllHbIM), Korn:a 

co6monaeTCH paBeHCT'flO (ypaBHeHHe Hepa3pbl'BHOCTH) 

Gv=fc, 

c.H' G 'vtaccoBbll'i pacxon. ra3a HJJH napa, J{r/c; 

v - yI1:eJJbllbiii o6oeM ra33 11.11n napa, M 3/Kr; 

n.11ournn:h }IaHHOro cetJeHlrn corrna, M2; 

CKOpOCTh TIOTOKa B paCCMaTpHBaeMOM ceqemrn, Mic. 

1-b 3TOro paBeHCTBa MO~HO 011pe,'leJ1HTb MaCCOBblH pacXOJI. 

Jrnll TIJlOl.U:3,11.b ,':LilHJJOro Ce'lel!HSI COT!Jla. 

Ecm1 a,11.11a6aTttOe HcTe'leHHe ra3a BJIH napa 11poncxo,11.11T npH 

OTHOU!E'HHH 11.aBJiemr(r P2IP1 60JJbIIIe kpHTH'-leC'KOro 3Ha•1emrn 

(P2lP1)~r,, TO TIJ)l!ME'HHKJT cy.m:tt-B3I0ll.leern conJio. B 3TOM cJiytJae 

nwpeTHtJeCKJfl ('!WpOCTh HCTe'-leHHH onpe,rremieTC51 no (popMyJle, 

1,1/c, 

c,=i,f1k k 
1
RT,[l-(p,/p,)','l 

,Um, so;:1:s:rnoro napa cKopocTb Hcre11ett115! onpeAenmoT no 

rpopMy,ne 

C1 :--c: 44,76 Vi,- i2, 

!'}LE: i1 lI i2 COOTBeTCTBeHHO 3HT3JlJ-,TIHH, Kll/K/Kr, rrapa B na•ia

/!e II KOHue o.;urn6anior(J npouecca 11cTe1JemH1, onpeJJ.eJJBc'Mble no 
,S-.'.!J!arpCIMM(c (pile I 

KpHT!llJ('CKOe OTHOll!eJrne ,'l.3BJlellHi-i JI.JI,! ll,ByxaTOMHblX ra30B, 

13 TOM '-lHC.~e )])If! BO:in:yxa (k = 1,4), paBHO 0,528, a UJHJ nepe
l'pernro flO]l5ll-rnro rrapa - 0,546. 

Furn ircTetJem1e nponcxo,nnT npu P2/p I < (P2/p1)Kp, TO npu-

MeHHJOT paCLUH'p5l!OIJJ,eec5l COITJlO Jl3B3Jl5l, r,n:e CKOpOCTb B Bh!XOLl

HOM ceGeHHH conJia JI.OCTHraeT cBepxKj]llTHlJeCKHX (caepx3BY· 

KOBbIX) :rnat.Je1111H, B :HOM CJIY'!ae rnopoCTb tta Bb!X0,11.e 113 comrn 

16 

onpeJJ,em1e1'C'H no npJJBe!.le1-IHhIM BLIL1Ic QiopMy.11aM a KpInIPw

CKall CKOpocn-, B Mlll-lllM3JlbHOM CelleHHIJ JI.Jl,l llBYXiil\)MHb]X ra-

30B no lpopMy,~e c11 P = 1,08 V p 1r.•1, 1I.rn l\p = 1,08 VRT 1 

i 

,, 

,, 

P, 

~t, 

h, 

~/~ P, 

--S' 

)1,1HrreperJH::Toronapc1 c,p= 44.78 ,, -i.w r.rte '•P -- -,,IIra.1L· 

TIHH na:pa B MHJ-1llM3.'lhHOM cetJeHHH COTIJIJ 13 I<o:1ne Cl:illa6aTJ-l()

ro 11pouecca pacw11pemrn napa no h].lI!Tll'll"Cl\urt, .12n.ne,rIrn 

PKp = 0,546 p 1 onpe11,eJt5leTrn no is-n:11arpaMMe. TT;1oll.laJI.i, Mll

HlfM3JlbHOro ce<1eHHH JlaBa.1151 MO)l\el' 6b1Tl., Oil!)('llt"'.~l'J-Jd 113 ypaB-

HeHH51 Hepa3ph!BHOCTH IlOTOKa 

' ' = u1 (PdPv.p) 1 ivrn ra30B. 

M [!KP 

fmin = ,---
' ,, rJI.e v~P 

BcJIH'lH!Ja v~P .tvrn rrapa MO)KeT tihlTb onµe,TL')te1ia 110 is-,111;;1 

rp.iMMe. 

3a.11,a111t N!? 23 H 24 

TTpH ITOJlllT)JOTIHOM OIWTHl! ceKyH,11.Hafl pafi(J"J(I B 1<;111{-'C !K!3Tj 
01u10cryneHGaToro HJJ.ea,::iuttoro Iw-Mnpeccopa 

r,11.e Pi H P_2 -

2-19131 

111--1 

L = J'L [ ( P,)- ~,,, --- 1], 
m --- I \ fl1 

a6cOJJIOTHble ,11.aBJJ€HHll 

l1 HartteTaHH51, Kf1a; 

B npoueccax Bcc1c1,113;i1111,1 

" 



V1:::: V11·n - no,nalJ:a KOMTipeccopa npH yc.r10BHHX BCaCb!BaHHH, 
M 3/c. 

TeopeTH1l:eCKa5:! MO!.UHOCTb npHBOJla KOMITpeccopa B «m» pa3 

60.TJblllC L, T. e. Nnp><Bo.a == m·L. 
Pa6oTa, OTHeceHHaH K I M3 BCaCh!BaeMoro ra3a, R)l:,i,;:/M 3 

m [ m;;' l I= --P, I -1 , 
m-1 

rne 11.rrn OJl.HOCTynewiarnro KOMnpeccopa B = p2ip 1, ;1,.1u1 JIByxny

nettrrnoro l == 11 + lu Tipn onpe.ueJJeHHH 1, H fn ~1 = Prrpow/P1; 

~IJ = P2/P11pow 

3a,na'!H N2 25-29 

Bb111ep'IHHaeTc.>1 I.Ul!(.TJ s pv- H Ts-,IJ,narpaMMax c o6o3HarreHH

f'~l BCCX nepexoJJJlh!X TO'!eK UHK.'la. TaK KaK B TeopeTH'!e-CKHX 

uJ!KJtax nopruHeBbIX JJ:Bl!raTeJJeH Bttyrpettttero cropamrn H ra30-

Typ6n1-11-1r,1x ycTaHOBKax npoueccbl C)KaT,m1 H pacurnpemrn. :;nJJJ.>1-

lOTC,1 a1wa6aTHblMll, TO OCHOBHb!e napaMeTphl B TO'lKax 3THX 

npou.eccOB MOf)'T 661Tb onpell,e.TJeHbl H3 38BIIC!lMOCTell Me)KJJS Ha-

1Ja.~bHb!Ml! H KOHe'!HbJMH napaMeTpaMH a1i:i-rn6aTttoro npouecca 
(cM \'1{33aHIJH K 3.'.L'l343M 1-11). 

B-38Il3'l3X 26 Tl 27 HeH3B€CTHble 3HC!'-lCHllH TeMnepaTyp B co
OTBeTCTBy!Ollll!X TO'max npouecca c,npeJlCM!IOTCH 113 tpopM)'.'lhl 

TE'fl.'lOTl>l ;J.aHHOro npouecca. B pHJJ,e TOlfeK UHKJia HeH3BeCTHhll1 

napaMeTp COCT051Hll5l pa6oqero Te.TJa HclXO,'IHTrn 113 ypaBH€HH51 

C'CICTOHHHH 11,Qea.%1wro ra3a. Eurn B .!Ial-!l--lOH aaJ1.a1Je onpe,!I,eJie

f-lhl TepMHlJeCKlli"! Killl "f/1 H YJI.€JlbHMl TTOJJe:rnaf! pa6oTa lo, TO 

:,;;1e.r11,11ue l{O.'lJllleCTBO nonBe}lCHHOi"t T€TTJ10Tl,J B UHI(Jle qi = loh1, 
a OTBe.'l.eHHOil q~=q, - lo. 

3ana'la ,Nh 30 

TepMtt'let1rni-'I Knll Teopern,reurnro napornJJOBOro UHKJla 
11trm.:1a PeH!rntta) 

i\ - ii 
T11 = I ., 

1 -! ~ 

r;ie i 1 -- .:JHT3JlbTIHH rrnpa B HarraJJe a.rrna6aTHoro npouecca pac-
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m11peB11H napct B napoBOM ;:mttrcne.'!e (TO'lKa I). 3tta-

4€HHe i1 onpeAem,eTCH no is-JJJtarpaMMe no 3a,nattttbTM 

11a'-!a.1JbHh1M 11apc1MeTpaM napa (cM pttc. I); 
i'.! 3HTa.TJbmrn napa B KOJJUe an:irn6aTttoro npouecca pac

urnpemrn napa (TO'lKa 2 Haxo;J,HTrn Ha nepeceqemrn 

• 

.r111J11u1 pacuIHpei-rnH s 1=const c 11:;ofiapori p2 3a,n:aH

HOro .1JB.TJCIIIIH B IWH.lCHC3Tope), 

I~ - 3HT<l.1bTIJIH KIITIHWeH j]{llj].KOCT!l (KOHA€HCaTa) npa 3a

,!I3HHOM ,llaB.TJeHIHJ B KOH,ll€HC8TOJW. 3HalJ:eH!le i"2 (Je

peTCH H3 Ta6JI 2 npllJIO)KeHJrn B !WH!.le II '18C'TII :J::Jllcl· 

Hlll1, 

3A)l,AHHE HA l(OHTPOJlbHYIO PA60TY J'I, 2 

no pa3aeJ1y 

OCHOBl:,l TEnJJonEPE1I,AlJl1 

Cn,,.ueHT Bb16JJpaeT KOHTpOJJbHble BOTipOCbl II 3<Jll,a<111 113 TiJ6-

.TJI\Ubl BapHaHTOB, a lJUUIOBbie ,naHHble K 33,cJ,atlaM --- Jl3 COUTBeT

CTBj'IOll.l.llX Ta6.r111u, KOTOpble npnBejlE'Hbl B IWHUe 33Jl,3Hllfl. 

3a.11aHJJe 
I I 

HoMepa h.OHT- I 
jJOJ!bHblX BOnpo-
w, 

1-loMepa lWHT- I 
pu.%HblX Ja;i:a~ -~IQ 

2U 
~.-

Ta6Jrnua BapitaHroB 
---

O' "" -/4~-r'~-.: s:.;----,,-,.-,,~-· c'· Cl_ 

nocJJc,~HflH llllljJpa w111ppa , r~ 1 , 1 , 1 ,-1 , 1 8 I 9 I 0 

' 3 4 5 6 7 8. " IO 

, l < :i I 2 ' 4 " " IS 
7 C 0 b ' 

--.- -

!9 17 16 ].5 14 13 12 
----,------

1. 06bHCHHTe {jJH311'-l€CK}'!O C)'WHOCTb nepeHoca H'fl.'lOTbl 

TeTIJJOTipOBOllHOCTb!O. CtpopM)'JJHpyihe OCHOBHOl1 33KOH TCTI.'10-

npOBO,IJ,HOCTH (33KOH <Pypbe)- 4TO H33blB3CTUl K03ql¢,HUlleHTOM 

T€TIJJOTipOBO)J,HOCTH? 

2. Hanm1111Te paC4.€THble cpopMy.TJbl TCll.TJOBOro JJOTO)(a B rrpo-

uecce TeTIJJOTipOBO)lHOCTH qepea TTJJOCKYIO JI l.(H.TJllH,.'lJlli'leCK)"lO 

CTeHKH. 

3. KJKOBa cfrn3H'l€CK3X cyW,MOCTb KOHBeKT!iBl-lOrO Tefl,'J006Me

Ha? Ha3oBttTe onpe.ue.TJm.'MblH Kp1nepm1 ren.TJosoro noJ1,061rn npH 

3TOM Bnne TC'ITJJ006Metta. KaKHe Kptt1ep1m 6yAyT on11e)le.'JHIOWll· 

MH nptt CB06011ttof1 II BbJHY}!(llel-!HOJ) KOHBeKumr? 

4. KaIWBbl 0611.u:1e DOHHTHH 11 oope,.1e11ei-11rn Ten.110nepettoca 
H3J1)'4€Hl!eM;> lfro T3!We a6COJ110TJ-l0 412pttoe. cJ6COJ1JOTIIO 6e.'loe 

11 JU!aTepM1P-1eciwe (npo3patiHoe) TE>.~o? 

5. LloKa)KBTe, '-ITO K03qlqlBU)Jf'HT TTOUJOUH.'l-11!51 ceporo Tf'.~3 
paBett ero c1enetttt qep11orh1. 

,. 19 



G. 060,irn11Te npouecc Ten.110nepe.na11n s Tennoo6MeHHhIX ati

napaTax. 1ho Ha3hlB8eTC5l 1w3(j)(j)I1u11eHTOM TenJJorrepeJ.J,a'ln? Optt 

KaKOM yc.r!OBHH pac 11eT K03(j)(j)HUHeHTa TefJJlQllepe,na'IH qepe3 UH

JlHH;1,pH4tCKylO CTtHKY MO}KHo 3aMeHHTb pac'leTOM ,qepe3 llJlO

Cl(y 10 CTe1my? 

7. Ec.TJH a1 };, CJ..~, TO KaKOii 113 K03(j)(j)HUHeHTOB TenJJOOT/l,8'111 

c.TJe,u,yeT ysem1<JHTb D.JIH yseJIH<JtHHfl K0.3(j)qlrrutteHTa Tennonepe

,'.\3'IH.J C K3KOi'I CTOpOHbl ue.r1e~oo6pa3HO ope6pHTb Ten.11006MeH

'!YlO ITOBepxHOCTb? 
8. l(aKHe THilb.! TtllJI006MeHHhlX annapaTOB Bbl 3Haere? TipH

JC'}l)lTe npHMepb! npHMeHeHH,l peKynepaTHBHblX TeT1JI006MeHHH

KOB? 
9 Ha OCHOBe KaKHX HCXO.ll:HblX ypastteHmi: 6a3HpyercSI ren

<ryOBO!l pac'-leT peKyrre.paTHBHblX Ten.11006MeHHhlX annaparos? B 
<!CM cyJ..UHOCTb npoeKTl!OrO H nosep04HOro TtllJIOBblX pactJ.eToB? 

10. B J{aKOM cJ1y 1rne H3MeHeHHe TeMnepaTyphl rpelOw:ero 

TC:n.'IOHOC!1TtJISI B Ten.TJ006MeHHHKe 6y,ll,eT 60JJbWe, 11eM 11arpeaae

\!(il"O, H B KalCOM MtHbWe? 

3a,IJ.MP 

1 nurepH TeilJIOTbl ~epe3 KHpnnqHyIO CTeHKY JV]HHOii: 5 M, 

B1,1co10C1 2.5 M H TOJ11..UHH0ll 0,5 M cocraBJI5lIOT Q. KaKO'Ba TeMne

parypa ttapymttofi TIOBepXHOCTH CTeHKH, ecJJH Ha BHyTpeHHell no-

3epXHOCTTT no,a,;:i;epmuaaeTCSI TeMnepaTypa t/r :=120°C. Ko9(j)(j)H· 

UileH I' TeTIJlOTI,pOBOj],HOCTll KHP-ITJl4a 0,8 BT/ (M. K). 
2 nno-rHocn TtTIJJOBoro noToKa, npoxo,a:S1mero '1epes creHKY 

K0TJ13, paBHa q. CTeHKa KOTJJU TOJll..UHHoH 20 MM C BHyTpeHtteH 

CTOpOHbl TTOKpb!Ta KOTeJJbHOH H3KHITbiO C K03(j)(j)HllJ!eHTOM TeTT

o10IlpOBOJlHOCTH 1,0 Br/ (M. K). Onpe,!leJIHTb TOJII..UHHy H8KHTIH, a 
T3K)Ee TeMnepaTypy IIOBepX'HOCTH CTaJib'HOH CTeHKH KOTJla no..a: 

H3KHTTb!O, ecmi pa3HOCTb TeMrrepaTyp Hapy:acttoH H BHyrpeHHeii. 

r:osccpxnonei"! ..:TeHKII _\t=,50 K Ko::HP(j)ttUHeHT TennonpOBO.ll:HO

:rn CT8JlbHOJ:i CTeHKH npHHSITb paBHhlM 50 BT/ (M • K). 

:3 riaponpOBOJ!, .UHaMeTpOM 160/170 MM TIOKpblT tlBYXCJloHttoH 
IBO.'ISIUHeii. Tomu1rna nepaoro CJIOH H30Jl5ll..lJIH 30 MM H BTOpo

ro ~ 50 MM Km(prtrnuneHThJ TenJJorrpOB0.11,HOCTH Tpy6bl TT CJIOeB 

TT30.'l51UHl:l COOTBeTC"l'Bemio paBHbl /1,1=50, M?=0,15 H Aa·= 

=0,08 BTl(M·K). TeMnepaTypa BHyTpeHHefi noaepxHOCTH napo

rrpoBo,a:a 1, er = 300°C. Onpe,a:e.rIHTb TeMnepaTypy attewtteH no

BE'D.\HOCTH H30JISIUHH, eCJJll JlHHefrnaSI llJlOTHOCTb TeITJlOBOrO no

T(Jirn q /· Onpe,!1,eJlHTb T810Ke TeMrrepaTypb! Ha noaepXHOCTSIX 

pa3,lie.1a OTJJ,e.%11b!X CJJOeB H swqepTHTb B M8CWTa6e rpa¢mK H3-

MeHeHHH TeMTI~JJaTYPbl TIO TOJll.UHHe rraponpoao,a:a C H30Jl5lUHek 

4. flJJOCKYIO llOBepXHOCTb Heo6xOAHMO H30JJHpoeaTb T3K, lfTO-

,o 

6bl IlOTepH TeilJ!OTbI c e.D,HHHII,bl llJlOI..Ua,U.H noBepXHOCTH He npt:

BblllJa.TJll q, BTIM 2 TeMnepa1ypa fJOBep>.HOCTJI TIO.LI. il30JJr:u,11di 

t 1 °\ 1eMI1eparypa BHeurnei\ Il0B€'[JXHOCTJI ),J.,;u;rnuHH I 2 n = :~,()"~ 
Onpe,u.eJIHTb TOJllll.[JHY H30MlUHH AJHI .il,Byx cnyqaea: 

a) !130JIHI..IJ{SI Bb!TI0.1He1-Ja H3 coaemna, JJ,MJ hCnoporo 

), = 0,09 + 0,000075t, BT/ (M · K); 

6) H30M!Ull5l BbiITOJ1He11a H3 nc60TepM11n, .il,.'J,l KOTOpuro 

. \ = 0,1 l + 0,000125!, Br/ (M· K). 

5. Onpe.neJIHTb IIOTepm Ten.TJOTbl nyTeM IWHIWKUHJI TIJ>II ITj)O· 

j.lU.llhHUM o6.u.ysaH!ll1 rJJa)i!{O(J JJ.TJIJTLl D03,UYXUM. CV C!Wj)lKTl,](l cl') 

nmirn m-ieeT wup1rny l M H ,[JJHHY 1,5 M. TcMnepa1ypa [l()BC]l.\· 

HOCJ'li Tj))'6bl /er 1-1 TeMOeparypa B03}1,JXil t~, = 2Q°C. 

6. no Tpy6e J.J,11<:JMerpoM 50 MM 11 ,11,.rnm11'.r 3 M npo-re1rne·1 

BO.la B KOJJJ1qerTBe G. Onpe,neJJHTb CflCJ.ll-lJ!il l·,Osql(j)HUHeH"r Tl'Ji

JlOOTJ(a'-lJI, eCJJH cpe,ll,HSISI TeMnepa1ypa BO!lLI II<! BXO,r:i:e (,. = lO"C. 

a TeMnepaTypa CTeHJrn Tpy6w '7-T. OnpeJLe.11irb raE)![e i-;0.111-

qecTBV TCTIJJOTbl, nepe.iI,airneMoH B0,!l(' OT TTOBepXHOCTH Tj>y6w 3d 
O.il,HH '-lac. 

7. no l..ll!JlHH.UpHqec1wMy KaHaJJy ll!JaMeTpOM d= 14 MM Jl,BI!· 

Jl(tTCn BO,!la. Pacxo~'l, BO.Ubl G, ee TeMllf'jLlT)'pa Ha BXO;((;' t' 

Ha KaKOM pac,CTOSIHHH OT sxo,u.a cpe,ll,JJSIH no Ce'-leHHIO TeM 

nepaTypa BOJJ.bi ,cJ,OCTIIrHer t", ecnu TeMnep,11y1rn Btty-rpe11JIPi'1 

IlOBepXHOCTH KaHaJJa TIOCTOHHHa /CT·= J00°C? 

8. Harh!! KOJJH<JeCTBO renJia q/, BT/nor. M, l,OTOpoe OTIIJl-

l'T l:13.TJyqemreM II KOHBeKUHeil Htll30Jlllj)OBdHllbIJ1 rupl!30JIT-'.lJlb

HblH naponpOBO.D, ~fiaM?Tj)OM d=0,3 M, TeM11epc1Typa TTOBE'jl.>i.HU· 

CTH KOTOporo (y. CTeneHb '-IE'pHOTU llOBepXHOCTH E, a Te!'<rne

paTypa B03.D:}'X8 B IlOMe1U.eH11H fQ=25°C . 

9. Onpe;i,e.~i1Tb TeMneparypy noaepxHocrn Tpy6crnpo110,1a 11,ua 
MeTpoM d, OCJIH JHtHeiittaa IlJIOHIOCTb pe3yJibTHpy10mero llOTOKa 
H3JJyqeHHeM OT Hero COCTaBJrner q,, J. llJ-ITCfpa.!lbHa51 C1C:TieHb 

qepHOTbl nosepxHOCTH e. TeMnepaTypa OKPYA'-8IOJ.Uero B03/1.,YXa 
l11 =20°. 

10. KaKoBa TOJIU.UIHa CJI05l H30Ji51UHH naporrposo,na Hapy.HCHblM 
,;:J,HaMeTpOM d~. ecJJH rrpH TeMnepaType ero nosepAHOCTH t~ CT H8-

PYlliH8SI llOBE'j)XHOCTb H30Jlitll,HH JIME'eT TeMrlt'paTypy 1/' =50°C 
Ko3(j)q:11-nu1eHT TenJJonpoaon,HOCTH H30.TJSll1.lla J,=0.1 BTl(H Kl 
TeMnepaTypa 0Kpy}KaJOw:eroao3,11,yxa tR ·=25°C. Koaq)(jrnu1w1n 
TeIIJIOOT,[fl'IH OT Hapy;1rnoH TIOBepxllOCTH ll30MlUII!I B Ol(PJ!)]{;\)(J

ll.l}'lO cpel!y a2, 

" 



11. OnpeAeJittTh 11mepu ren.1a qepe3 KJia,/JJ\Y KaMepbI cropa

HH>I TOJ1W)rnoll ;;n = 0,4 M, flJ10lll,3AhlO F=B M
2 KJia;i,Ka BhI

no,.rneHa B BH,']..e n.~OCKOll CTE'HK}j l!3 l!I3M0TH0f0 1rnpntt43, K03(p

lj)lllJ.HeHT 1enJ1onp0B0.QH0LTli h0T0poro 1.,,, BT/(M·K) CBll33H C 

TeMnepaTypoH 33BllCHM0CTb10 

J,,.T = 0,84 + 0,0006 t. 

TcMI1ep,nypa ra30B B KaMepe cropamrn t1, TeMnepaTypa xoJI0,iJ,-
1-1oro B03}iyxa t2=25°C Ko::,(p(pmu1eHTbl Ten.'I00T,'1,34H co CTcpo

,11,1 ra30B 11 B03Ayxa C00TBeTCTBeHH0 Ct1 11 a2. 

12 B03,n,yxcttaLJa.11bHOllTeMnepaTypoll 'n. =35°C noCT-yna-
CT ;\JlH ox.~a)K)..l,eH!Hl B Ten,1006MeHHllK, COCTOllW,Hil J-13 ny 1-1Ka K0-

l")Hil,0jl!!0 pacnoJJO)K2HHhlX •'13"TYHHh!X Tpy6oK t-1apyMHb!M ;i,ttaMeT
['0M d = 10 MM. O6TeKaH!1e Tpy6oK 803,iJ,)'X0M nonepe'-IH0e. Pac
'lE'THUe )KHB0e ce1Jett1-:1e ,ii.TH! np0X0)J.3 B03JJ.yxa f=0,013 M2

. no 
TpyfiKaM UllPKYJIHpyeT OXJl3)l{JLalOW,11H TerIJIOH0CHTeJlb, o6ecnelJH

H3H cpe,n:HJo_m TeMnepa,ypy Ha,py)KHOH TI0BepxH0CTI! Tpy6oK t,T· 
KaKy!O noa.exH0CTb 0X.~<DK;J.et!Jl5l )J,0}J)l{e/l 11MeTb TE'rIJI006MeHHHK, 

'IT06b1 ox.ria;i.1nb B03,/J,yx ll.O a" B Ko.~nl!ecTBe G npH a.,_·Mocqlep

!I0'-.1 ,.QaBJieHJ-rn? TionpaBKY Ha q11cJI0 p51..[!.0B He Y4HTbl:B3Tb(Cz= 

=l'i 

13- Tio rom,IM aJIIOMHHHeBh!M npoB0Jl,3M ceIJettHeM 50 MM
2 

:ionywttm1 .nrn1111 3.'leK-rponepe;i,airn TelJeT TOK I=200 A. Ka

KYIO TeMnepa-rypy 6yAeT HME'Tb fl0BepXH0CTb nposona nptt TeM
rrep3Type Bo:iti.yxa t,, CKopocTb seTpa w, HanpaB.~e.ttHe no

nepe1rnoe.Ka)KJJ.bli-I np0B0Jl. M0.iKf!0 C411T3Tb O)]J{HO"lJHblM UHJIHH}l
poM, TenJJ00T,!:WlJY H3JJY4eHHeM He Y'lHTblB&Tb. AKT11BHOe 9.TJeKT
plllJeCK0e co11ponrnJieHHe npoB0Aa r=0,92 OMIKM 

14 KaKyIOTeMirnpaTypy TT0BepxH0CT!-f 6y.u.eT HMeTb HHXp0M0-
83>1 Tpy6Ka 3}1E'KTptt4CCK0[(l HarpeB3TE'Jlfl Hilp)')l{Hb!M ,n,11aMeT

poM d= 10 MM 11 TO}llll,HHO!"I cTeHKII 1 MM, euIH fl0 tteH rrpox0Jl,HT 
TOK J Tpy6Ka paCIT0JJ0}l{E'J-la rop1130HT3Jlb·H0 H 0XJ!3.iKA3eTCH 'B 

:,'C)l01ll1f!X CB060.[I.HOH K0HBCKU1111 B03,11,yX0M C TeMneparypoH t. 
Tcn.~OOTA34Y ll3JJY'leHl1eM He Y'-lllTblB3Th. Y,ri:eJibHOe 9JleKTpH4e· 
CK0C conpoTHBJieHJie Hllxpo~a C4\1T[!Tb TI0CT051HHblM H paB/lblM 

u=l,J OM·MM2/M. 

15. Onpe,IleJJJ11'L Tpe6yeMble TIJJOIU3,UH nosepXHOCTeH npHM0-
T0'-IH0I'0 11 np0Tl1BOT0'lH0ro renJioo6MeHHHKOB )]_.Tlll 0XJl3}K.[l.eHIHI 
MiJCJl3 B KOJll1'1eCTBe G(=0,93 Krlc OT TeMnnepaTypbl i1"=65°C 
;:i,o tt"=5:Si°C. PacxoJJ. oxJia)!{Jl,3!01.llei.\: BO.[l.bl 0 2·=-0,55 Krlc, a ee 
TeMnepnypa H3 BX0AeB Tennoo6MeHHHK t/. Pac4eTHblH K09(p(ptt

;u1el!T Terrnorrepe;i,aIJH 1c TenJJoeMKOCTh MacJia C(=-2,5 1dbK/ 
'(Kr K) TennoeMKOCTL son.bl Ci=4,J9 Kll)Ki(Kr· Kl J-13o6pa-
3HTb rpaqrnKH H3MeHeHHH TeMrrepaTy;p B0,'l,bl ll MaCJJa B TenJJO

o6MeHHl1Ke. 

22 

16. Orrpe).l,eJJHTb Tpe6yeMyJO nJJow.an,b renJJvl)6Me1u-1.oii no-

BepxF!oCTH 0X.113LJ.11Te.'JIJ ll3Jl..UYB04HOf0 B03,!l,yxa ,[lH3e,'lfl H3 0CHO

B3HIHI c.~e,rryrow,11x .'13111-JblX: 

f2'; 

TeM"nepaTypa B03LJ.yxa Ha sxo,ue 13 ox,'! a .. 'll\TeJJb f1' = 105°C; 

TeMnepaTypa B03.ILyxa Ha BblXOD.e ll3 0.':,na.[I.HTe.11H ti"=55°C; 

pacX0A B03ll)'X3 G1; 

TeMnepaTypa OX.13)l{!luJOW,ei.\: B01lbl !Ii.I BX0~ri.e 13 0>i.~3.[I.HTf>.J!b 

pacxo,n ox.'!a,KJJ.<nomel, ao.n,hl 0 2= 1,25 Kr-le; 
K03qlqlHUHeHT TeTIJJ0Tiepe,11.alJH k= 100 BTl(M 2 -

0 C) 

CxeMa Jl,BttaceHH5l TenJJ0JIOCl1Te,1ei1 nepeKpeCTH0TO'lll3fl. 

17. Onpen.eJIHTb Tpe!'iyeMyIO TIJJOW,Cl,Ub TT0BepXHOCTH HarpeBn 
peKynep8THBH0ro TeTIJJ006MeHHHKa npH npHMOTOlJHOH H np0TH
BOTO'lHoi.\: cxeMax llBIDl\f'HllH Tf'TTJJOHOCl1Te.r1eli ..ll .• 1H TI0!.J,0rpesa BO
.Ubl B KUJJHlJeCTBe G2=l,:J Kr.le OT H343JlbHOli TfcMTTepaTyphl 
t2'=15°C Jl.0 t2". B irnqecTse rpe10u1ero Tennottornrem1 nc
nonb3yeTcf! ra3, Ha'l&JibH3fl H KoHe'-lH8H 1e~rneprnypb1 K0Toporo 
C00TBeTCTBE'H,H0 ti' H ti". Ko9(pcj)HuHeHT TE'TT)I0nepel\3411 k = 
=40 BTl(M 2 ·K). ITpttsecT!l rpacj)HKH H3MeHeHHH TeMnepaT'yp 

renJJOHOCHTeJieii Jl,Jlfl npHM0T0Ka H npoTHB0T0K8· 

18- ;K,l!lKOCTb. pacxo.1 KOTopofJ G1 !1 Ten.~0f'MK0l'fb Ci'= 
= 3,05 Kil>Kl(Jff· K) ox.~a)K)laeTCfl B XOJJ0.lllJlbH!ll(e BO,U0ii OT 

TeMneparypb! t 1' Ao TeMnepaTyphl ti"= 50°C. Parxo.11 oxJJa)l<
J.&JOLUefr B0.J.hl G2• TE'TTJ10eMK0CTb c2 = 4, ID 1,.lli!<r' (Kr- K) TeMne
paTypa B0Jlbl. rronyrraJOweH s xoJJo.1urnbHllK. t2'= l0°C Onpene

JJHTb TI)I0JU3,'U, TeTIJ1onepe.11.a101UeH rroBepXH0CTH xum11lHJlbJ-JHKa 
npH np5lMOTO'!HOi% 11 rrpOTHB0TOlJHOH cxe~iax .!J.B]rn\e]-]ll,! TenJJ0H0-

CHTe)[efi, eCJlH K03ql¢,HUHeHT Ten,~onepe,ua,m k=l KBTl(M 2 ·K). 

19. B noBepxHOCTIIOM M3CJIOOXJJa,rnTe.~e TpattclpopMaTOprwe 

MacJJo oxJJat1rn:aeTrn OT t 1' .[I.0 ti"= 30°C son.oi1, -reMneparypa 
KOTopoi\ H8 BXOJJ.e l0°C. PaCXO,UbJ M3CJJ3 11 80,iJ.bl paB·Hbl COOT· 
seTCTBeHHO C I H G2. Onpel1eJJ!!Th reMneraT\'PY so.111,1: Ha Bbt

xone 113 MaC.~O0XJl3)1HTE'.'I::!. Cpe,'.llllle MC1CC0BbJe TCllJlOeMK0CTH 
Marna Ci"=·l,88 K.Ll.11,/ (Kr· K), BOAbI c~=4, 19 KJltKi (1ff - K). 

20. Orrpe.rreJIHTb nosepxH0CTb ttarpeea B01151HOr0 3KOHOMi:lfl
'~epa, B K0TOp0M TeTIJJ0H0CHH'.H! nBmKyTC51 !10 npoTHBOT04!-IOli 
cxeMe, eCJIH 3a,naHbl: TeMneparypa ra3oB Ha BX0.'.le t 1', tta BbIXO· 

.'1.e ti". Pacxo,a: ra30B 0 1. TeMnep3Typa mnaTeJibH0J) BOllbl Ha 

sxoJJ.e B 3KOHOMaii3ep f2=60"C, pacxo.u G2. Ko::1¢icj)Hu11eHT Ten
J1onepe.[1.a1JH OT ra3oB K BO.[l.e k=,20 BTl(M~·K). Cpe11Htte TerrJ10-

eM1wcrn f330-B1JB0~1hl npllH~Tb paBHbP!ll C1=1,05 i;]l)1{/(Kr-K): 
c2·=4,2 x)l_JK.i(Kr·K). 
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METOAHqECKHE YKA3AHHjl 

K BhlllOJJHeHHIO KOHTPOJlbHOH pa6on,1 .Mt 2 

3a)l.a'I.H .Mi t-4, 9-11 

nJ!H 0Ilpe,a,:eJJE'HH51 IlJlOTHOCTH Tell,'IOBOrO IIOTOKa q, BT/M2, qe
pe3 IT.'JOCKyJO CTtttKy H JIHHeiittoll TIJJOTHOCTH TeJIJIOBoro TIOTOK8 

q1, Bo/1>1, 1repe3 UHJJ·HH)lpHtreCKYJO CTeHKY nptt ll3BeCTHbJX TeM-

nepaTypax rpaHWIHbIX noBepxttocTeil: t1cT n C+i ncrroJih3YJOT

c,i lpopMyJJbl, no.11y'lel!Hble Ha OCH01'3HHH 3aKOHa <t>ypbe: 

q, 

q= 
t,"T - t~:I 

" 
~ a,;,, .... 
' 

21t(t1CT_(~..,__l) 

" 
~_!_In du-1 
~}., di 

' :s!!,e i"=l, 2, 3 ... , n, 
!1 - 'JHCJJO OT,':leJJbHbJX CJIOeB B CT~HKe; 

01 - TOJJLUHHa K8.tK)I,Oro CJIOH cTeHKH, M; 

),1 - lW3lp(pHUIH'HT TE'OJJOilpOBOll.HOCTH K3}1{)1,0ro 

BTl(M·K) 
,J.m1 pac<reTa TT.'IOTHOCTH TeIT.'IOBOro TIOTOKa tJ:epe3 

CJIOH, 

IlJIOCKYJO 
C'TE'lfKY MO?KHO 11CTI0.1lb30B3Tb CJJe,nyIO!l]Jie 1iopMyJibl: 

r,.'lc a: 1 H a2 

q='.l:1U1-t/T); 

q=a~(t/T-f2}; 

q=k(f1 - f2), 

KO:Jlp¢lHUHeHTb! TeTIJIOOTA3'11I co CTOpOHhl ropH· 

lJeii H X0.~0)]..HOil: :+:11,'1.KOCTEfl, 0Mb1B3l011U1X CTeH· 

KY, BTl(M 2·K); 
Ii 11 I~ - T~·Mnepnypb! }!{ll,UKOCTef1, 0Mb1B3IOIUHX CTeHKy; 

11 "' fl t/T - TeMneparyphl noBepxttocTe1i: CTEll-KH co cropOHbl 
rOLHJlle!i: H XOJIOJI:HOii )KH,UKOCTeli; 

k - KoicflQJm.r.neHT renJionepeAaqH, BTl(M 2-K); 
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l 
k=------~ 

• 
1 ~·a- 1 -+ -' +-
ll1 )_l al 

~ 

ECJJ11 KO::HP'flm.r,.tteHT TenJionpoBOJJ,HOCTH MaTepna.ria A 3a,llaH 

m-rnei1Holl 38BHCHMOCThlO OT TeMnepaT)'pb!, TO ero 3Ha'!eHHe ,J,m:i 

nJJOCKOH H l~IlMiHJIPHlJecKol'i: CTeHOK CJie;iyeT 6paTb np11 

(p = (1,5 (t I CT 7 t2 er). 

3a.ri.au N! 5 

,il.'IH onpe;LeJieHHJI cpeJJ..ttero Ko::,cpqnrn,He1in1 rerr.1100T,n:a,rn 1rnl!-
BeKu.11ei1: npH 06TeKamm n.1JaCTHHbl B03}].)'XOM peKOMel!JJ;YlOTC5l 
cJie,nyJOnrne 1,pwrep1-iaJib1:1h1e (j}opMyJihI: 

a) npu JiaMHMDpHOM petKHMe Tet.Je111rn B norpattw1110M CJJOe 
(lie< S· 10") 

'' Q57nt'.s. l\ll)K=, I\€~., 

6) np11 ryp6y.11eHTHOM pe)KHMe TelleHHH B norpaHH'JIIOM CJIO(' 
(Re> 5· 10') 

!•./u;f{ =0,032Re~8
• 

OnpeJ],e.1rn!Ou.tHM JIHHe!i:HhlM pa3MepOM B YK338HHl,IX KpHTC'-

ptra.~bHblX cj)opMyJiax 5lBJIJleTCH pacCTOHI-IHe OT nepe,ru1ei1: KpOM· 

KH IlJJDC'THHbl (B p,1CCMaTpHBaeMoH 3aJl8LJe - npu,D,0.111,HbUi: pa3· 
Mep). 

3a,11,atiu .NI! 6 H 7 

D.JJH 1-1axmK,n:ett1rn: cpe.irnero KositpqmuneHTa TCTinooni:a,rn npH 

Te'-leHHH )KHJ],KOCTH B Tpy6ax HCilOJlb3YlOT CJ!e,LJ,y!OW.He KpHTepH" 
3JJbHble !popMyJibt: 

" 

a) npH pa3BHTOM 

I 
->50 

Typ6yJieHTHOM peMJ.JMe TC'leHH)l (Re> ]04) 

d 

" -0022 R"·' p 0•4~(P ;n )02s. nu"'_ , · e,. · r)lf r"' rrn • , 

6) DpH JlaMHH3pHOM pe)KHMe Te'l.eHHfl 

Nu*= l,4(Pelf<. d/1)03 · Pri:33 (PrxJPrcT)0,'25. 

Han;eKCbi «)K» H «CT» 03H3'l3!0T, 'ITO (pH3JilJE'CKHe napaMeTpbl 

)KHJl:KOCTH OTHece-HbI 3.QeCb COOTBeT'CTBeHHO K cpe,D,He1f TeMnepa. 
Type )Kfl)]..KOCTH H Ti.Mneparype CTeHKH. 
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II 

11 

11 

3a.n,aqa .Mi S 

11.Jrn 11aXO)K,!l.eHIH! K09(p4nni:HeHTa TeIIJIOOT)J.a'lH KOH•BeKI.UJeii: B 

ycJlOBHHX CB060JI,H0f0 JJ:BH:>KeHH.11 803,!l.yxa OKOJIO ropH·30HT8JlbHOii 

Tpy6hl C.'le,TLyeT l!CTIOJlh30BaTb KpHTep!laJlbHYIO cpopMyJly 

Nu,0 = 0,47 Gr~~5
• 

Ten.r10soi1 TIOTOK H3Jly<JeHHeM MO:tKeT 6b1Tb 11allne11 no 38KOHY 

'-~ TC[p a J·l :1 --5oJlbUM a Ha 

,, .. ,c [ ~)' ~(__7',_)'] F. 
'en ° ' JOO 100 · 

)'DE' Cu =5,67 KO:Hpqlmi:HeHT H3JJy'leH!lff a6COJl10THO 'lep110-

ro Te.cia, BTl(M2 ·K4 ); 

f - !1J70llW}J:b IIOBepXHOCTH H3JiyqeHJrn, M~; 
2 - i!HTerpa,%HaH CTeIIeHb qepHOTbl nosepxHOCTll 

Ko::,qJ(pHllllE'l!'f reIIJJOOT,Ll,3411 H3.'ly'leHHeM 

i - Q., 
., -((T-tB)F 

'.:b.'U11Jl! }fo 9- 11 CM. C. 26. 

3a,a,aqa .N'2 12 

Cpe;Lttee a11a•1e1111e KpInep1u1 HycceJJbTa npn nonepe'-!HOM 

06Tu,n1-11rn f338Mll IWPHAOpHoro ny'IK3 Tpy6 onpe,a,e.irneTCH (npH 

Re> 4. 103) no CJJeJlyIOIUei"I KpnrepttaJJhHOH ¢iopMyJ1t•· 

Nu K = (J,177 Re~6
i Cr 

3a):la•rn Nt 13 H 14 

Jlm1 peWCHHH 3cl,'La'! CJJe,[l,yeT BOCil0Jlb30Ban,CH ypaBHeHHeM 

n-:n.~onoro 6aJl/ll!('8, Bb!pa.iKalOlll.HM JIHHe-iitty!O IIJIOTHOCTb TenJJo

BOru fl()'fOKa qi, BTIM 

q/ = l'' ( = a_(tCT-/B)r,d, 

r.rr.e I :-- TOK, A; 
r - RKTHBHOP 9JleKTPH'leCKOe con,poTHBJieHHe, OMIM. 

3a,11,a1Jtt .M 15-20 

3a)la1IH, CB5!3aHJJhle c TellJlOBblM pac'leTOM peKynepanrBHblX 

TeTIJJ006MeHT-rnKOB, pelllalOT'CJl Ha OCHOBe llCTIOJlb30BaHHJl ypaB

neHTJH TeIIJIOBnro 6aJlaHca 

Q=,G1C1 (!1' - ti")·= G2C2 (/2" - t2') 
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H ypaBHeHHH TeTIJJOTiepe,11aqu 

Q = k F 6. t,p, 

me G1 H G2 - pacxom,1 rperomero H Harpe-saeMoro renJioHo
CHTe.JJeH, Krlc; 

C1 II c, - cpen:HHe M8CCOBbl€ TeTIJIOE'MKOCTH TeII,10HOCllTP· 

.IJeH B HHTef)'BaJlax TeMnepaTyp COOTHeTCTBeHHO 
t 1'-;-t/' H t2'-:- t2", K,Il,:>Kl(Kr·K); 

ft' H !2' - TeMnepaTypbI rpe10mero n 11arpeBaeMoro Ten

JJOHOCHTeJieH Ha BXO)le B TeTIJJ006MeHHHK; 

ti" H t2" - TeMnepaTyphl rpe101ll.ero H HarpesaeMoro Ten

JIOHOCHTeJieH Ha Bb!XO)lE' H3 TeIIJJ006MeJ-IHHKa; 
k - K03(pqlnn,HeHT TeTIJJOTiepe,n;a<JH, (KBT/M 2 - K); 

F - llJIQill,8)lb renJJo06MeHHOH TIOBepXHOCTII, M 2 ; 

a tc, - cpe,n,HHH teMneparypHbIH ttanop. 

flpu rrpHMOTOKe H npotHBOTOI<;e 

.6. t - 6. t,, - 6. t,. 
cp- .6.f 

In --0
-

C. ,. 

r.n.e /:J. t6 !I .1. t,. - COOTBeIT.TBeHHO Han60JJbWaH J-1 H8HMeHbW8fl 

p83HOCTH TeMneparyp TeIIJJOHOCHTeJleli: B 
TenJJ006MeHHHKe. 

ECJJH 6. tel6. t .. < 1,7, TO c )lOCTaTO'lHOH )l,,JlH npaKTH'leCK!IX 
paclJeTOB TO'lHOCTb}O 

6. tcp = 0,5 (6 t6 + 6. t .. ). 

)lmi. nepeKpecrnoH cxeMbl ,!I.BH.rKeHJrn reTIJIOHOCHTeJJeH 

" n· " npT u. fcp = '±' u. iep , 

r.n.e t.\, t~~T - cpe.tt.HHH TeMnepaTypHblJi Hanop npH npOTHBOTO'l· 
HOA cxeMe. 

flonpaBO<JHblti K03(pqlHll,HeHT 'P )l.JI~ ycJJOBHl'i 3aJJ,a1IH 16 nptt
HHTb paBHblM 0,9. 




