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.BBEJIEHHE

B macrosliee BpeMs TEIUIOCHJOBEE H TRIJIOBHE YCTAHOBKH IIO-
JYYHIH ITHPOKOE DACHPOCTPAHEHHE B PA3NHYHMX OTDACHAX HADPOX-
Horo xoasfcrea. Ha npeZnpufirksix He(PrIHOH H ras0BOH MPOMBIII-~
JIGHHOCTH OHH COCTABJIAIOT OCHOBHYIO BaXXHeHINYl0 yacTh TeXHOJO-
THUecCKOro obopyposadus, Mx -ucnonszyior Ha HedTAHBIX H raso-
BHIX LIPOMBICAAX Opu Oypenund He()THHBIX H Ta30BHX CKBAMHUH, Ipi
Jo6eue HeTH W rasa; Ha HerenepepalaTHBAIONIHX 3ABCOAAX, TPU
TPAHCHOPTHPOBKe Hedrrw M raza. Jliofol cnenuwanuer HebTsHol M
T230BOH NPOMBINIJIEHHOCTH AOAXKen o6AazaTs XOTH GH OCHOBHBIMM
BHAHUAMH 00 SHEPreTHUECKHX H TEeXHOJMOIHYeCKHX YCTaHOBKAX,
IPHHIHNAX HX paboTHL.

Hayka, u3yyamomas MeTOAH HCIOJb30BAHHS HEPrHH TOMJHEA,
BAKOHH IIPOIECCOB H3MEHEHHs! COCTOAHHA BEIecTBa, NMPHHIUIE pa-
‘GOTHl Pa3JHUYHBIX MALTHH H ANNAPATOB, HHEPreTHYECKUX H TEXHO-
JIOTHYECKUX YCTAHOBOK, HasblBaeTcHd TemnoTeXHHKOH, Teopernuec-
KHMH OCHOBAMH TCILIOTEXHHKH ABJSIOTCA TePMOXHHAMHKA M TEILIO-
nepepaya,

TlpexnaraeMmit yue6HHK (BTOpOe H3JaHHe) HANUCAH B NOJHOM
COOTBETCTBHMH € HPOrpaMMoi IO OCHOBAM TEPMOJHHAMHEH H Tell-
JIOTEXHUKH [J1s1 TEXHUKYMOB HE(TAHOR H ra3oBOH IPOMBIIILIEH-
HOCTH,

B paspenax yyefHHKA O OCHOBAM TePMOJHHAMHKH, TEILIONe-
pelaud PaCKpPEITH NOHSTHS, OCHOBHBIE 3aKOHH M IPOUECCH Teope-
"THYECKHX OCHOB TEIUIOTEXHHKH, TPHBEJeHbH MHOTOUHCACHHEE MNPH-
MEpH ¢ MONPOGHHIM HX pElIeHHEM, YTO TNIO3BOJISET 3dKPEeNHTh Mpofi-
JGHHEI MaTepHal. :

ITpu moproroske BTOPOrO H3JAHHS HACTOAMIEr0 yueGHHKA aBTO-
PBl CHaOAHIA OCHOBHBIE Pasjenbl Kypca KOHTPOJBHBIMH BOIpOCA-
MH, YBEAHYHIH YHCJIO IPefJaraeMEX 3aJau, YTOYHHJIH OCHOBHBIE
‘ONpefeNeHys] ¥ INOHSTHA TEPMOJHHAMHMKH M TenJonepenays, obHo-
BHJH COJepXKAalHe NPHKMANHOH YacTH KYpCa, VIAeJHE BHHMaHHe
TPHHUHAAM SKOHOMHH 3HEPTeTHUECKHX DeCypPCOB M OCHOBZM 3HEp-
.wonmmcmﬁmmomhmm TeXHOJIOTHH . IPEANPHATHH, YUIH IIOXKEJaHHA npe-
TIofaBaresell TEXHHKYMOB, HANpaBJieHHbe Ha YAYULIEHHE COXEep-
KaHUA yueGHHKA.

OcCHOBEI TEDMOZMHAMHKH B HACTOSINEM YYEGHHKE H3JOKEHH
TIPHMEHHTeJbHO K DeasbHHM (ZeHCTBHTENLHEIM) MpoueccaM IpH-
‘POAEI, OTPAXKAOMIHM TePMOAMHAMHKY pabouero Tema. |

[Ipn u3noXeHMH NPHKMaiHBX Dasuencs gypca «KoTeabubie
yCcTaHOBKU», «TemnoBkie nBHraTelHs, «TennoBble yCTAHOBKH» 4B-
‘TOPBl CTApaJHCh HAPSAY ¢ M3JOXKenwem ofweli Teopum pabouero
nporecca MOKa3aTh M COBPEMEHHBIE NOCTHXKEHHS HAYKH H TeXHHKU
B 5THX OTDACJAX NPOMHIULTEHHOCTH.




4acre nepsas :
OCHOBbI TEPMOOHHAMHKH
H TEIJIONMEPEOAYH

Taasa 1 .
OCHOBHHIE NOHATHA, PH3HYECKOE COCTOSHUE

BEILIECTBA H 3AKOHBI U EAJIBHBIX T'A30B

§ 1. Conepkanne TepMOZMHAMHEH U €€ METOJ,

TepMoauBEaMHKa — HayKa, M3yvaiolLas caMmue pasHooGpasHHe
SABJIEHHS NPHPOAE], CONPOBOXKAAOIHeCS Nepefauell HJAH NpeBpalne-
_HHAMH 3HEPTrHH B PaziHYHHIX (hH3HMUECKHX, XMMHUECKHX, MeXaHHUYe-
CKEX H APYTHX OpOIeccax, ,

TepMoguHaMAKa Kak Hayka BOosHEKJaa B cepenwue XIX B. xor-
Ia B CBSA3H C IIHPOKHM PA3BUTHEM H HCIOJL30BAHHEM TEIJIOBEIX
MAIIHH MOSBHJACH OCTPas HeOOXONHMOCTb B M3YYeHHH 3aKOHOMep-
HOCTEH OPEBpallieHHsA TEIVIOTH B paboTy W CO3ZAHHM TEODHH Tel-
JIOBEIX MAaMIMH, HCHOMbL3YeMOH JANA NPOSKTHPOBAHHS JBHTaTeneH
BHYTPEHHEro CropaHus, HapoBHX TYpPOUH, XONOMWALHEIX YCTAHO-
BOK M T. X. IlosToMy OCHOBHEIM COAEPKAHHEM TEPMOAMHAMHKH
NPOILJIOTO CTOJETHSI Oh0 H3yYcHHe CBOHCTB rasoB H NapoB, HC-
CHAeNOBAHHE UHKIOB TEIJIOBEIX MAIIHH ¢ TOUKH SPEHHSA NOBHILEHHH
HX K. IL 1.

B XX B. maubonee akryanbHOR 3ajauell CTAHOBHTCA pa3paboT-
Ka TEODHH TEUEHHS H HMCTEYEHHS IAPOB H Ta30B B CBASK C INHPO-
KHM DasBHTHEM MaPOBEIX TypOuH. XapakTepHBIM NPeAMETOM HC-
CICAOBANHS CTAHOBATCH TEPMOAMHAMMUECKHe CBOHCTBA I[1apoB,
XKUAKOCTed, TBEPABIX Tesd. IloABifIOTCAS OECATKH YpaBHeHHH coc-
TOSIHHSA BEMIECTBA,

B Hacroamee BpeMA TepMOIMHAMHKA pPasBHBAETCE B 06AacTH
H3YYeHHS PeasNbHHX Ten (CXKaTHX rasoB, XKEAKOCTEH, TBEPAOTO Te-
Jna), MCCIENOBAHHH THCIEPCHHX CHCTEM, XHMHUECKMX NPOLECCOB B
CIJI4BAaX H PACTBOPAX, B HCCIESNOBAHMH ONTHYECKHX SIBIEHHH, KOC-
MHUECKHX H GHOJOTHYECKHX IIPOHECCOB.

B ocHoBY mocTpoeHHs cOBPeMEHHON TePMOAHHAMHKH MOJOMKEHO
HECKOJIbKO 9KCIEPHMEHTANBHO YCTaHOBJIEHHBIX (DH3MYECKHX HCTHH

(nocTynaroB). DrH NOCTYAATH OTPAKAIOT ONKIT MOSHAHHS IPHPOIH
YEJIOBEKOM M, YTO OUeHh BAXKHO, AONYCKAIOT OMHITHYIO IPOBEPKY.
[TocnenoBarenbaoe MaTeMaTHYECKOe PASBHTHE HCXOAHBIX nocryna-
TOB H COCTaBJSET COAEPIKAHHE KYpca TEDMOJAHMHAMHKH,

K y#eny OCHOBHHIX 32KOHOB TEPMOAHHAMHKH OTHOCHTCS npexK-
A& BCETO Nepsoe HAYAAO TePpMOCUHOMUKN, TIPEACTABAsIONEe coboll
He 49TO HHOE, Kak KOJHYeCTBEHHOE BHIpAXEHHe 3aKOHA COXPaHeHHS
H TMpeBPAIleHHs 3HEPTHH. DTOT 32KOH YTBEPIKAAET, UTO HEBO3MOMNK-
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HEl CAMONDOHSBONBHOE BOSHHKHOBEHHE HJH HCUE3HOBEHHe SHepruu
“ITO SHEPTHA H30JUPOBAHHON CHCTEME! IPH BCEX H3MEHEHHAX ee Co-
APauseT NMOCTOAHRYI0 BEAHUHHY. DTOT 33KOH HOCHT BceoGmuii xa-
PaKTep u HCHONB3YeTcst BCIOAY, TZie BOSHHKaeT HeoBXOAHMOCTE B
ONPENEJACHHH, HATPHMED, TEIIOTH HIH padors. Mz sToro sakoma
B YACTHOCTH, C/efyeT BHBOX O HEBO3MOXHOCTH TNOCTPOEHHA <«Bey-
HOrO» HBHraTe/st IepBOro pona, KOTOpRIE 6B 6o B COCTOSIHHY
IpOH3BONHTE paboTy Gez moayuenus SHEPIHH A3BHE.

Bropoe navairo repmodunamury OTP2XKAeT KaYECTBEHHYIO CTO-
POHYy NIPONECCOB M yCTaHABAHBAGT HX HanpaBAeHHOCTL. 3IToT
SAKOH TEPMOAWHAMHKH YTBEDIKAAET, UTO HEBOSMOXKEH Inpolece, B
mmﬁqumem KOTOPOro TEIIOTA NOJHOCTBIO npeBpamaercs B mum.

TY. :

H3 conocraeaenus IEPBOrO U BTOPOro Havana TepMOAHHAMHKH
CIEAYET BBIBOJ O HEBO3SMOMKHOCTH HNOCTPOEHHA BEYHOIO ARHTATENT
BToporo popa. Ilo cpaBrerHO C IIEDBEIM HAYAJIOM BTOPOe HauaJo
TEPMONHHAMHKM HOCHT McHee OGIImiy XdpaxTep W OTPaxaeTr NPHH-
OHIE CYINEeCTBOBAHHS TaKHX NOHATHA, KaK abcomioTHas TeMnepa-
TYPA H SUTPONHSA, a TakXKe NPHHLHII BO3PACTAHHS SHTPONUH

B 1906—1911 rr. B. Hepuer na ocrose 6oabuioro uHCIA SKC-

HHle QH3AKH # XHMuH, TPEACTABAAOINHE coBo PE3YJLTAT MONEKy-
arpeBaHHe TeJq, XM-
MHYECKHEe peakumm, IUI2BIIEHHE, HCMADeHHe 1 T. . 3aKouur ._.m__uao-
mw%%mﬁﬁwamﬂunmzmmxaz K OTACAbHEIM MOJeKyJgaM u MHUKDOCKOIH-
- VHA H3YUHET TONBKO Tefa KOHeuHg

X pasmepos, aux

KOTODHIX H CHpaBensHBi NONI0XeHHT mepBoro n Eﬂwoaowmm__qm
TePMOAHHAMHEKH, "
xmxﬂw%%%gﬁmmmzmmm IPH CBOEM NOCTPOEHHH He HCHOJIh3aVeT HHKa-

» B JaCTHOCTH rHmoTes u TeopHi
O CTPOGHHH Bemmect-
Ba. OHa nokaskBaer, xax c tiep
s TIOMOINBI0 HEMHOTHX NOHSTH

THA, IHTPONHS, TeMIepaTypa, nan ) h Louep-
, JEHHE) MOXKHO ommeaTs -
mzmq (pH3UIECKHe, XHMHYCCKHe H IpPyree mpolecch wm.m -
Esm‘w%%_wmhmzm KYDCHl TepMoOnMHAMMKH uMeroT H COOTBETCTBYIO-
MEHOBAHUA: rTexnuueckas repmodunamurag, H3yYamasn
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TEOPHIO TENNOBHIX IBHraTeleil, XOMOZHILHBIX MAalIHH, KOMIIPECcco-
DOB; xumuueckas repmoCuHaMuKd, W3yuawIlas DaBHOBECHe M Ha-
NpaBjieHHe XHMHMUYECKHX PeakUHH, TEOPHIO DACTBOPOB; (usuteckas
Wik ofwas TepmoOunamure, W3ydalollas TEOPHIO (Pa30BHIX mpeB-
palnen#il, COCTOSTHHE BEIECTBA M T. [. L
Hacrosum#t yueGHHK HANMCAH KaK KypC TEXHHUYECKOH TEpPMOMIH-
HAMHKH C OTPaXXeHHeM OcoGeHHOCTeH 3JHePreTHKH. He(TAHOH  ra-
30BOH NMPOMEIIIIEHHOCTH.

§ 2. Ucxopuple NMOHATHS H onpeeseHns TEPMOLUHAMUKA

HexonHpe TOHATHS H ONUpereseHHs TepMOJHHAMHKH COCTABJA-
10T BBOJAHYIO YaCTh Kypca, NPeJIIeCTBYIOLYI H3JIOXEHHI0 NPHHIIU-
NOB M pacueTHBIX COOTHOIIGHHH TEPMOAHHZMHKH.

Cocrosinie JIOGOTO BELIeCTB2 ODPHHATO XAPAKTEPH3OBATh BEJH-
YyHaMH, KOTOPhHIE B TEpMONHHAMHKe HASHBAWTCE napamerpamu
cocroanus. Hanbojlee pacnpoCTpaHeHHALIE NM2PAMETPRl COCTOSHUS —
IIOTHOCTh (yHenbHBI of0BeM Tenz), [maBneHHe, TeMIEpPaTypa.
KpoMe sTOro B TEpMOAMHAMUKE HIMDOKO NOJB3YIOTCH TaKMMH IIO-
HATHAMHE, Kak pafora, TemioTa, Maccd, CHJId H T. A.

Macca, cuma. Bee Tena B npuUpoje MATEPHANABHE! H oa.mmhm-
IOT omnperedeHHOR Maccofl. Macca Tena xapakTepH3yeT cBOHCTBO
€ro HHePTHOCTH, T. €. CBONCTBO TeJa COXpaHAThL npHOGpeTeHnoe
IBHMXeHUE MJIH COCTOAHHEe NOKOoA. Maccy BemecTsa omnpenelsior
B3BEHIMBAHHEM €r0 Ha PHYAXHHIX Becax (pHe. 1.1, a). 3a enuHuuy
H3MepeHHs MaccH B MexnynaponHo#i cHcTeMe eLMHHIL AOH\C. npu-
HEM2JOT OJUH KHJIOrpaMM (Xr) — Maccy IJaTHHO-HPHAHEBOH THPH-
9TaJIoH4, XpaHgmerocs B MeXayHapoiHoM 60pPO Mep H BECOB.

Puc. 1. 1. Crniocofisl B3BeIEBaHHAS TeJM:

4 —Ha PLYAMHHX BecaX; O — Ha npyMHH-
BREIX Hecax

6

Pae, 1.2. Cxema onpefenenns AaBnemus

——

.

3a emuHHNY M3MepeHHE MOGOR CRJLI NDHHHMAETCA  HBIOTOH
(H) — cuna, coobmaromas -macce B 1 KI' YCKOPeHHe, pasHoOe
1 M/c?, 3navenus cuunt HaxomaT ¢ HOMOINLIO NMPYXHHHBIX BECOB
(prc. 1.1,6). o yrasarensHoi CTPeJ]tKe H4 IIKAje OTCUETOB CYNST
O CHJIe TAMECTH TeNa B NaHHOM NYHKTE B3BelIMBanHd, TakuM 06- -
PAa30M, C MOMOINBIO OJHOK H TOH Ke MeTasHdecKod THDPH onpeje-
JA0T KaK eIUHHMLY MAaCCH ~— KHJIOrPaMM, TaK M eNUHHIY CHJH —
HBIOTOH. IIpHHIMNHANBHOE OTIHUHE 37eCh B3AKIIONAETCH JHIIE B
TOM, HTO CHIY ONPEHENSIOT € NOMOLIBI0 NPYKHRHAHX BECOB, 4 MAC-

_Cy BenjectRa — ¢ NOMOINLK) PHIYAMKHBIX BECOB.

. {Taorrocroio sewjecrsa npumrsTo Ha3LBaTL OTHOMeHHE Macchl
Tesa (K ero obwemy V, mau Macey Tema, coepxalyiocs B enu-
HHLE ero ofbeMa _ : .

p=G/V, (1.1)

Ilnoreocts mamepsiéres s Kr/M® uam B r/cMme,

B repmonunamuxe uacro NPHXOLUTCA HMETh XNeN0 ¢ M3MEeHeHH-
€M IIOTHOCTH Ten B PesyabTaTe HX CKATHS, HarpeBaHHSA, OXJa¥XK-
Aenns u.T. n. Ilpm atom macca ren G, ecTeCTBeHHO, ocTaeTcst o-
CTOANHOM, a IVIOTHOCTh H3MEHTCTCH TOJLKG B CBSIZH H3MeHeHHeM
o6beMa Tena V. B atom cyuae yroGHee ONMEPHPOBATH ¢ MOHATHEM

%hm?:owooaﬁmzm qm.:[wmaxa:mz,oavm,_.momnaoamoﬁmmm-
HIecTBa - -

v=V/G=1/p. . :,.3

Mpusmep 1.1. Ou r ( .
g1 PENEIHTL KOMNUECTBO (Maccy)  edy™H, naxomsmefica n
IHITHENDATCCKOM pesepByape auamerpoM D=8 M u Bricorol H-
= oroff H= -
HOCTh HedTu cocTasasier p=850 gr/m®. 8 2, econn naor

Pewenue. 1. Haxotum ofbeM pe3epByapa no gopMyse
nD?

V= == H==0,785D% H = 0,785-8%.6 = 301, 44 w3,

2. Haxoanm maccy medrn mo dropmyne (1.2)
G=V p=301,44-850=256 295 xr (mam 256,224 1),

,hmmhmm:m. Hapnenne onpemensiercs xax OTHOLIEHHE CHJHI,

JAeHCTBYIONEH Mo HOpManH (T. e. NEPHENZUKYAAPHO) K HOBEPXHOC-
TH Tena, Ha eAHHHHY IIOILANH 9TOH nosepxHocTH (puc. 1.2):

p="Fuff, , (1.3)
rne Fp— cuaa, HeHCTBYIOIAA 110 HOpMaNlH K NOBEDXHOCTH Teaa:

[— naomaze nosepxu i .
i Q,Em.h PXHOCTH Tesla, NEePHeRAMKYNSIPHAS K neficTByro-

Eciu cuny Fy, TPUIOKEHHYIO K NOBEPXHOCTH Tesa H3MEDUTE . B
HeloTOHaX (H), a nuomans IIOBEDXHOCTH f— B wmmh,@.mammx Mer-
pax (M%)}, To emuHumefR IaBlieHNs] GYIeT HBIOTOH Ha KBaAPATHEIH
merp (F/mM?). Dra eammuna nasnenms npunAra B (CH) m nasw-
Baerca mackamem (Ila). Hapsany ¢ nackaney n TeXHHKE YIOTpe6-
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Pue. 1.3. Tlpmuuunuansas cxema n3- Puc. 1.4, Ilpunnpnmanssas CXeMa H3-
- MEpeHHs alCOJIOTHOTC NABJNERHS (MpH- ~ MepenHs H3OLITOUHOrO UABJNEHHA (mpH-
6opE GapOMETPHYECKOrO THNA) GOpH MaHOMETPHTECKOre THTA)

NAOTCA K Gosee KPyUHEE eXuRMUE— Kuiollackans (x[Ta), pas-
ubif 10® ITa, u mMerallackans (MIla), paerxmit 106 I1a,

Hasierne xuIKOCTe#, MapOB HJIH rasoB.HM3MEPAIOT NPHEOpPaM
GapoMeTpHIECKOr0 THOA MJS ONpejelieHHs aGCONIOTHOrO AaBJEHHMS
(p} (puc. 1.3) mnu mpuGopaMm MaHOMETPHUECKOTO THIA (pHC. 1.4)
Ang olpeneineHuss H3OLITOYHOrO HAH MaHOMETPHYECKOro gABJeHHS
(Pw). AGcouIOTHOR aBieHHe, HaMpHMED B pesepByapax, olpegens-
eTcH KaK CYMMa MaHOMeTPHYecKOro AaBjeHHs (r«) u aBcomioTHo-
ro JaBJIEHHS OKpyXKamwomelt cpeint (po) C

pP=pPu+po. (1.4)

Koraa npu6opsl MaHOMETPHUECKOTO THIA HCHOML3YIOT AJIS H3-
MEPeHHA pPA3pexeHHss B COCYAAX, HX HasSHIBAIOT BaKyyMMETpaMH.
AGcomioTHOe HaBNeHHe B 3TOM cilydae ONPELE/SIeTCS COOTHOLIE-
HHEeM :

h“ﬁ@lﬁﬂv AH.mv

T'A¢ Ps-— PASHOCTh [AABJNEHHS OKPYXKAlomeH cpeibl M JaBAeRHS B
COCyAe, HashBAeMAA paspelkenHeM M HaMepsAeMas BAKYYMMETPOM.
Crexyer XOpoLIO 3aOMHHTb, UTO B YPaBHEHUS TEPMOAUHAMHKH
BCErla BXOAAT JHIb abcomoTHbe JaBaeHus (p).
IIpumep 1.2. MaHOMerp Ha mapoBOM KOTMe IOKA3BIBAeT HaBJIeHHE
2,5 Mlla. KakoBo aScomoTHoe AaBJIeHHE:- B KOTJIE, €CIIH-- ATMOCGIepHOe JaBAeHHe

Pe=97,8 xlla?
Pewenue. Tlo ypasxenmo- (1:4)-onpefensem ,

P=pu+po=2,5+97,8-10-2=2,6 MITa.

Hpnmep 1.3. BakyyMMerp noxashiBaer paspexenne pp=>53,2 klla. Karopo
alcomioTHOe JaBleHHe B COCYHe, ecAH JdBMeHHe OKpyXawmef CPeNE =
=98,42 xlla?

8

Fewenne. [lo dopmyne (1.5) nonymaem
P=po—ps=98,42—53,2=4522 klla,

Temneparypa.. Temmneparypa — paxuedimui TePMOJHHAMH-
YeCKHH mapaMerp COCTOSHHA BeliecTBa. OHa XapaKTepHSYET Tell-
JI0BOE cocTofHHE Tesa. TelNoBOe DAaBHOBECHE Ten U BJASYET 3a
coGOll NMOHSITHE TeMNEpaTypH, T. e. Tea, HaxoJsIKeCT B TEMJIO-
BOM DaBHOBCCHH, HMEIOT OJ(HHAKOBYIO TeMNuepaTypy B 060l TeM-
NepaTypHON NIKane W3MepeHns, M3 onmita XOPOUI0 H3BECTHO, YTO
TEIJIOTa CAMONPOMSBOJNLHO MEPEXOIHT OT Ted, GOJee HATPETHX, K
TENAaM MEHee HarpeThiM, T. €. K TeaaM ¢ MeHblIeH TEMNepaTypol
HE3ABHCHMO OT pa3sMepOB TeJ, UX [BETa, 3alaXxa ¥ T. 0. [loatomy
B KaueCTBe ONPCAENCHHA TEMIEPATYDH MOXKET GbTh NPHHATO yT-
BEpIKJIeNHe: TeMAepaTypa — eJHHCTBEHHMH MapaMerp COCTOSHHS
BEILECTBA, ONPEJCNAINIHA HANPABIEHHE CaMONPOHIBOJBHOTO TEll-
JOOOMeHa MEeXAY TeJlaMH, .

B yecnoBrsax TennmooGmena MEXIY TeJaMH C PasiHYHOK TeMie-
PaTypoH, KpoMe HSMEHEHHS TEMIEPaTYPhl T, HAMEHAIOTCH Ipy-
THE MapaMeTpEl COCTOAHHS 00beM, HaBleHHe U T. 1. DToT tdarr u
TO3BOJISET YCTAHOBUTE CIOCOGH H3MepeHHs TEMIEPATYPEL IO H3Me-
PEHHIO KAKOTO-IHGO MapaMmeTpa H, KPOMe TOTO, IPHBOAHT K Teope-
ME O CyIIeCTBOBZHHH YPABHEHHS COCTOSHHs BEIECTBA, T, e. K yT-
BEPRACHUIO, UTO AJISf MI000r0 TeNAa CYIIECTBYET 3aBUCHMOCT M-
Ay TEMIEPATYpPOH H OCTANBLHBIMH IapaMeTpaMH, XaparTepH3yIoLy-
MH COCTOAHHE BEHIECTBA.

Temnepatypy uaMmepsior pasmuumbiMu NpHGOPaMH: KHIKOCTHEL-
MH M Ta30BLIMH TEPMOMETDPAMH, TEpPMOIJNEKTPHYECKHMH NHPOMeET-
PaMu (TepMOLIApAMH), ONTHYECKHMH IIHPOMETPaMH, B KOTOPHIX
HCNOJIb3YETCS 3aBHCHMOCTh H3JIYUEHHS TeJa OT TEMIEPATYPH W
AJHHEL BOJIHEL, H T. A. B mpaxrtuke usMmepenus TEMIEPATYPH pac-
TPOCTpaHeHHe NOJYYHIM DASAHYHBIE TEMNEPATypPHble Immxaisl, Ha-
HO0NeE YACTO HCHONBIYIOT TEMOEPATYpHYIO WKany Lleancws, B xo-
TOPOH HHTEPBAN TeMIEPATYP OT TOUKH IIABJICHUS JbJla IO TOYKH
KHIIEHHA BOALI NPH aTMOC(EPHOM AABNEHHH PasbHT Ha cTo PABHHIX
TacTeH, HaskBaeMEIX epadycamu (°C).

Oco6o BaxHyI0 pomb B TepMOZHHAMUKE HrPaeT TepMOIHHAMH-
Heckas WKajsa reMneparyp. Hynb srtodt mkaman maapsaor abcoqior-
HBIM HyJeM. [leneHHs 37Ol WIKajibl HASHBAOT KeaoBHHaMu (K).
Onm pasanl rpagycam Hexancus, no nokazanrds ‘TeMImeparyps B
rpanycax Kenpsuna Gosbure TEMIEPATYDRI, H3MEPEHHON B rpajny-
cax Ilemscusn na 237,15 rpaxyca. Ecnu o6osmaudts Gyksoft T
alcomoTHY0 TEMIOEPATYDY B KeJAbBHH2X, a ﬂ.wmznmumew_a B rpa-
aycax Henscws, To e e

T={+273,15. (16)

TaruM oGpasow, ecau TEJIo mMeer rTeMneparypy ¢=300°C, to. af-
COMIOTHAs Temnepatypa Ttena Gymer T=»573,15 K. Ecrn #anucamo
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CLTIVU N, TO TEMURDPATYPA Tend B Tpajycax JledhcHa  OYyJer
£=T—273,15=700—273,15=426,85~:427 °C.

TepmMozuHaMHuyecKass cHCTeMa, TepMOAHHAMHYECKAS
CHCTEMA, HMJM TeJO —9TO TAKAf DABHOBECHAS CHCTEMa, KOTOpas
cnocobHa -0OMEHHUBATLCH € JAPYTHMM TeNaMH SHeprueH M BelecT-
BOM. Pa3/IHyaloT NOHATHSA OTKPHITOH, 3AKPHTOH H H3OJHPOBAHHOMN
TEPMOAHHAMHYECKOH cHCTeM. OTKPbiTAA TepMOOURAMULECKAL ClUC-
Temg MOMeT OOGMEHHBATHCH BEIIECTBOM C. APYTHMH  CHCTEMaMH.
Jakpoiran TepmoOUHAMUYECKAA CUCTEM He MOXeT 0GMEHHBATLCS
BEINECTBOM ¢ JPYTHMH CHCTeMaMH. H304uposarntoll repmodunamu-
4eckol cucTemof HA3HBAIOT CHCTEMY, KOTODAsI HE MOMKer OGMeHH-
BaThCsl SHEPrHel ¥ Bell[eCTBOM C APYTHMH CHCTEMAMH,

"IloHdaTHe 0o TepMOLUHAMHYeCKOM nponecce, Ecau
TeMnepaTtypa, AaBJieHHe H 00BeM Tema MOTYT OCTaBatbcd Oes
BHEIIHEro BO3LEHCTBHA HEH3MEHHBIMH KakK VroAHO JONCC, TO. Takoe
COCTOSIHHE CHCTEMB! [PUHATO HA3HBATh PABHOGECHbIM. Eciu XoTs
Obl.OXHH M3 TAPaMETPOB. COCTOSHHST MEHSETrcs, TO H3MEHSETCs co-
CTOSIHEE CHCTEMHI, HJIH, KaK. NPHHSITO TOBOPHTH, NPOHCXOAHT Tep-
MoQuUHAMUMECKLL, nPpoyece, NPEACTARIAIONHE co60il HenpepLBHYO
NOCAeN0BATENbHOCTh PABHOBECHBIX COCTOSHUHA, B AeACTBHTEIbHOCTH
N060H.2peanbHLIl  NPOLECC — 3TO INPOLECC HepasHosecHul, no-
CKOJIBKY AIPH - €TO NPOTEKAHHH Da3HHE YacTH CHCTEMEBI. HMEIOT pas-
JHUHBIE “TEMIICPATYPY, XABJAEHHE, HJIOTHOCTb W T. I, T4 HEPABHO-
. BECHOCTb MOMKeT ObITh CKOJb YrOZHO MAaJIOH 1pH  yMeHbINeHHH
CKOPOCTH ‘TIPOTEKAHHSA NPOIECCca, 4 caM Mepexof K aHAJMH3Y TOJLKO
PaBHOBECHBIX. NIPOIIECCOB 3HAUHTENBbHO OOJEruaer paccMOTpPEHHE
BOMpOCA 00 M3MEHEHHMH COCTOAHHSA CHCTEMH. II03TOMy mOJ MOHATH-
€M «mpouecc» Mb §yAeM B JaJbHefllleM MOHHMAaTh TOJNBKO DAaBHO-
BeCHHH TEePMOAHHAMHYECKHH npomece. . . :

.BHyTpeHHAs sueprHus Buyrpenne#l sHeprue#f Tena man
CHCTEMBL T&J CJeYeT HASHBATH COBOKYIHOCTB BCEX BHIOB SHEprud
(xkuHeTHUeCKOH, XHMHYECKOH, NOTEHUWANbHOH U T. A.), 3aK/IIOUEH-
HOJf B paccMaTpuBaeMol cHcTeMe., Dueprus fAeagercda obIIeH. xas
PAKTEDHCTHKOH DasNHMUHHX (OPM ABHIKeHHs Matepud. OHa Bceria
OCTaeTCH MOCTOSHHOMN. AJsI JIAHHOH CHCTEMB! NPH B3aHMHEIX NIPEBpa-
WeHHsX BcexX (OPM NBHKEHHSA BHYTPH 3TOH cHCTEMBL L

Buyrpennaa sueprus maMepsetcs B mKoynax -(JIx), a ynens-
Has BHYTPeHHSAs SHEPTHS — B JIKOYAAX Ha KumorpamM (I[x/kr).

Tenaora n rennoodmen. Temnora—sr0 KOJHUECTBO
SHEPrEH, NepelaBaeMoil OT OAHOrO Tela K.ADYrOMy NyTeM HeNo-
CPEeJCTBEHHOr0 CONPHKOCHOBEHHS (TEMJONPOBOAHOCTH) M H3JyYe-
uug. CiefoBaTenbRO, TEIJIOOGMEH — 9T0 (OPMA NEpefaud SHeprHu
OT ONHMX TeJl K ADYI'HM MyTeM TeIJIONPOBOZHOCTH, KOHBEKHHM M
H3JyyeHus. | o

- TenmooOMen MeXAy 'TeJaMH OCYINECTBJSETCS TOJBKO B YCJIO-
BHAX, KOTJla Tela HMEIOT pasryl TeMmmepartypy. Ms ompejpenenus
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NIOHATHS TelLIOTHI ciaenyer, 4To -U 7

MOXHO TOBOPHTb TOJNBKO O KO- L, >0
JHYECTBE NEPENAHHON TEIIOTH &
OT OMHOTO TeJa K APYIOMY, HO
HeT CMEICHa TF'OBOPHTB, 4TO TeJIO
COHEPRHT KAKOE-TO KOMHUECTBO

N\
[N
>
TemioTht. Teao uAH cHCTeMa Tej R 2
CONEPXHT TOJBKO BHYTPEHHIOIO | /
SHEpIHIO, 7
Koanyectso TemaoTh, 10~ Vv AV v

JyuaeMoil KakuM-TuG0 TeaoM,
3&BHCHT OT BHAA UPOLECCa, Mo- 2| el o

CPEICTBOM KOTOPOI'D OHA mepe- =

Jaercs. F=pf H
PaGora. Pafora B 06mu- =

HOM OIpPELENEHHH MEXAHHKH — Ly :

970 TNpousBeAenHe cman  F, T TS 7

IefCTByIOMEl B HanpaBAeHHH <

ABHXEHHA, H2 HYTE IlepeMelle- & ¢ . o
HHg Teqa AS Puc. 1.5. TepMonunaMudeckuit npouecc
B KOoopAHHarax p—V u onpeleneHHe
padornr Ly »:

! — xpalinee nenoe {BHyTpennee) nozcKenwe
MOpHINA; 2 — kpafiBee NpaBoe (BReIDAee) Mo~
JOKEHHE [OPIMKA; § — OPOMERYTOSHOR [TONO-
HERAHe NOpPIIET

Lis=F AS. (1.7)

o

Paccmorpum mpouece, coBep- ST
waemelli pabouuM TenoM B NMIAMHAPE TMOPIIHERGH MaLlIHHEL - (pHc.
1.5). Tlycrs, HampuMmep, npomeccy NepeMeIleHHs MOPUINSA 3| MO0~
HeHHusl a—a B mosoxenHe d—d coorsercrsyer JuHUE [—2 B KO-
OpAnnarax paBlenus p, o6meM V. 3Tor mpouecc conmpoBommaeres
yBeqmuenueM obbema V, T. e. paciunpennem paGouero Teaa. Takod
TPOLECC NPHHATO HASHBATE NPOLECCOM DACHIMPEHHS, WJNH IPSIMEM
TIPOLECCOM, B KOTOPOM .

AV=V.—V;>0.

IIpu o6paTHOM NBHIKEHWH NODUIHA H3 TONOXKCHHS d—d B nonoxe-
HHE d—a NPOHCXONUT yMEHBUICHHEe ofBeMa, HAH Npouece cXKarus,
npu xoTopoM AV'=V',—V*;<0. Cuna, neficreyiomas na opirens
H NIEpeMEIIAIONIAsl er0 M3 OMHOIO WOJOXKEHHs B APYroe, paBHA
UPOUSBENCHNIO CPENHErO NABJIEHHS pm HA MAOMALL NMOPINHS f

‘m. "h_suwn.
W3 puc. 1.5 BuaHO, 4T0 mMpoH3BelleHUe MIONALH nopIHA f HA nyTh

€ro mepeMellenns AS H3 OHOTO NMOJOXKEHHs B Apyroe ompenenser
M3MeHeHHe o6neMa
FAS=AV HH AS=AV/f.

11




Hoacrasnsas mochefnne BHpamenns s ypaBHenne (1.7), maxo-
AHM

P_Numau?%bwluna%. (1.8)

Ypaprenne (1.8) onpenesnsier paboTy maMeHeHus ofvema fis Teaa
JI000f Macce. B nanbueiimrem sty pabory Oynem HaswBarh rep-
modunamutecror paborol usmenenus obwemd. B COOTRETCTBHH ¢
H3NOXKEHHEIM 1pH AV>0 paGora Gyner mnosoxumfensua (L1,2>0)
H, KaK TOBODAT, COBEpIIaeTcs pafounM TesaoM, a mpH AV<0 pabo-
Ta oTpuuarenbda {L;2<0), TaK Kak OHAa 3aTpauuBaeTcs Ha CxKa-
THE paovero Tena B LHJIHHADE MANIHHEL Bripaxenne (1.8) mo-
KasplBaeT, 4To paboTa, coBeplllaeMasi paBGOYHM TeJOM, onpefenaser-
€ IUIOINANBI0 ~ MoK JIHHHEH npomecca [—2, ecim TOPHIEHE
nepeMellaercs us TO9KH I 8 Touky 2 (cM. pue. 1.5). Cuepa u chpa-
Ba oTa maomwanh orpaHuyeHa KpafHEMH oOpAMRaTaMu lag 2b, a
CHH3Y — 0CBI0 alcuuce

Lip=na. 12bal=pn,(V,— V). (1.9)

TaxnM o6pasoM, cucrema KOOpIMHAT p— V oblagaer yroGHEM
U1 aRaJH3a CBOHCTBOM: NIOUIALH NOX JMHHSIMU HponeccoB, H306-
DaXECHHEIMH B 3TOH CHCTeMe KOODAHHAT, ONPeesiOT pa6oTy Hesa-
BHCHMO OT BHEA pafoderc tena. I10sTOMYy KOODAMHATH MaBjieHie —
o0beM B pale CIyuaeB HasbiBaloT YHHBEDPCAMBHLHIMH KQODIHHATA-
MH TepPMOJHHAMMYECKOH paGoTL. .

YOeavnan reprodunamunecras pabora H3MeHeHHs ofbeMa —
3TD wmmvoem. OTHECeHHas K eNHHHWLe Macce pabouer Tema (G=
=const), :

hrm — 3.: AV
G G

B auddepennnansnoli dopme SJEMeHTapHaA yHelbHax pafoTa onmpemeser-
€A ypaBHeHHeM

NH.N -

= Pu(ra—V). (1.10

§l=pdo, . (L1D)
a B HHTerpaibHol diopMe ypaBHeHHeM

2
Le={pdv. (1.12)
1

Onpestenerne TepMoAHHAMHUYECKOR paboThl mo ypasHenmio (1.12), €TPOTO ToO-
BOPA, BOSMOXHO NHIIb TIPH HAJNMUHM YDABHEHHS CBA3H MEXKIY H3MCHeHHeM AaB-
JieHun # ofbema B npouecce f—2 . :

p=op(v). . (1.13)

Hanuune ypaBwenus mnpomecca aas onpefeneHust paGoTH Mo
ypaBHeHHaM (1.8) u (1.12) meo6xomumo B CHJIY TOro, 4To pabora
H3MEHEHHS 00beMa SABHCUT HEe TOJBKO OT HAYANSHOTO H KOHEYHOTO
COCTOAHMH paGoyero Tena, HO M or BHAA nponecca I—2. 3ro

[

12

HONOMEHKE XODOWIO  WJMIOCTPHDYercs  p 7
auarpaMmoi puc. 1.6, ITyers cucrema uz
COCTOSIHHA [ Tlepexomur B cocrogHHe 2
no nyte A u no nyru B. B mepsom ciy-
yae pabora 6yReT YHCAEHHO paBHA ILIO-
manu IA2V.V,1, B0 BTopoM cayyae —
nnowany /B2V,V,. Hs puc. 1.6 BHAHO, 5%
uro nnoutans 1A2V,V,1 Goaslre muoma- e saseoes]
Au 1B2V,V(l. Cnegosatensno, pabora v, V, v
MOJIyuaeTcs pPasHOH B 3aBUCUMOCTH OT

TOr0, MO. KAKOMY NYTH CHCTEMA NePeXo-  Puc. 1.6. 3auchmocts pabo-

KSR XA
O RIS AX XX
.Moo&oo%oooooo e ietede

_AHT U3 OLHOTO COCTOSAHUA B Apyroe. [To- T or nyTH mporecca

STOMY nepepn ayieMeHTapHoll paborolt B

ypaBHenuu (l.11) cTaBurcs OBIUME 3HAK GeckoHeUHO Magof BeJH-
YHHB § B OTVIHYHE OT 3HaKa NOJHOTO AH(depenunuana d, KOTOpEIH
CTaBHTCH, HANpHMep, Nepen BHYTDeHHell SHeprueH, MaMeHeHHe KO-
TOPOH HE 3aBHCHT OT BHAA Ipolecca. .

B TepMOLMHAMEUECKHX DacueTax, KpOMe TepMOLHHAMHIECKON
paboTel H3MeHeHHs 00beMa, IIHPOKO HCIOJb3yeTcs NMOHsATHe pafo-
TBI HSMCHCHUS NABNEHMs HJH TAK HA3biBaeMOH _norenyuaisunid
HIH Texruuecroll paboret.

PaGoroit msMeHeHHs napneREs GyZeM Ha3HIBATS paboty nepe-
MeLIeHHs JXUAKOCTeH, IaPpOB H ra3oB U3 OGJIACTH OJHOTO AABJIEHHA
P1 B 06J14CTh APYTOr0 HABAEHHS Pp. OCHOBHHIMH 5TAIIAMU NOTEHIH-
ANbEOA PabOTH NMpH NMEpPeMEINeHHH Tena M3 OGMACTH 1aBJeHHS P
B 06J1acTh JaBJEHUH p, HAaNpUMep, ¢ MOMOUIBID KOMIIPECCOpa MOXK-
HO CHHTATb CTANMH HANONHeHHA L, pacuiHpeHusi L; W BHITANKH-
Bauug Ly, (pme. 1.7). ¥Yxasauure paSormt Ly Ly, Ly uucaenno

1Pz
¥
T

By

Py Wi Vin(p,)

o P or

= 74 2 3 2
2

o LAY o b ¢ V a eV o cV

Prc. 1.7. Craraemtle HOTEHIMANBHON paGOTH Kak PafoTH NepeMelleHHs Bemect-
€3 M3 06/1aCTH JABNEHHA Py B OGNAcTh LABJEHHS pg
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PABHB IIOWLAAAM TNOL COOTBETCTBYIOIHMH JIMHHAMYA Ipouecca, No-
5TOMY . ‘

2
Li=pVy, Ly= m. pav; L= —pe d\v.
1

CleLoBaTeNbHO, HOTGHUHANbHA  (TeXHHueckax) pafora  mepeMelNEHHs Belle-

CTBa H3 06JACTH AABJEHHS p; B 06JacTh JABJICHHA f2

2 2 2
Wya=Li+ L+ Lyr=pVi+ [ pdV —po ﬁnuh_u%l.ma (pV) ==
1

2 2 2 2 .
u?%lfnu_l.?%_ul?\%. (1.14)
1 1 1 1 /\
a yBenphad padora - >.%_
- 2 , 2
Eu.u".i%."hueun_um.n%lbueu" ..l'm.e&h. {1.15)
i

Uz pmarpamm puc. 1.7 chiemyer, uto pafora H3MEHEeRHA AaBJje-
-HES OnpeAeJsercs Kak miomanb 0123, orpaHudeRHas JAHHEH 1PO-

necca {—2, ochbl0 OPAMHAT H JAByMa afCLHCCaMH, NDOBeJeHHBIME

H3 KpalHuX TOYEK NpOLEecea,
_ (1.16)

DneMeHTApHEE BEAHYHHB NOTEHIMALHOH PabOTH COOTBETCTBYIOT
6eCKOHEUHO Ma/aHM H3MEHEHHAM JaBJeHHs

Wy 211 0123=0m (01 — P2).

) dW=—Vdp (1.17%
HIH
O = nghﬂ im\mg.ﬁ —vdp. (1.18)

3nak munyc (—) B ypapHemusx (1.17) u (1.18) noxasnizaer,
YTO B TPOLeccax PAacHIHpeHHs, KOT[a Ha 3JIeMEHTAPHOM YHacTKe
n3MeHeHHe JIaBaenus oTpuuartensio (dp<<0), pabora 6yner moso-
JKHTeNbHOK. B Ipoueccax CcaKaTHA, KOrza H3MeHeHHe [aBJEHUS
nojoxuredbio (dp>>0), paGora GydeT OTPHIATENLHOH.

mﬁﬁ BEIYHCAEHHHA HHTErPaJbHOTO 3HAYUSHHS NOTEHHUANBHOM pa--

6ot o ypaemeHusiM (1.17) m (1.18), xaxK u mpH BLIYHCJAEHHH HH-
TEFPanbHOR TepMoguHAMBUeckoll paboThl H3MeHeHHn oOBeMa
(1.12), momxkHO OniTh 3aiaHc ypaBlieHue NpoIecca H3MEHEHHA CO-
crosnus pabouero Tela p=¢(V) — ana paborsl atoGoro Komuye-
cTBA BellecTBa MAH p=g; () — A yAenbHOH paGoTHL
[Mpocrefimne yacTELiE clydyaH NOTeHUManbHOH paboTH no me-
peMelleRuIo pabodero Teja: :

14.

o

narax p—+¢ (puc. 1.8, Touga A)

1) morenuuasnpnas pabora moaomurensHa (W;2>0) npu nepe-
MelleHHy padouero Tena H3 0GJIACTH BHICIIEro NABJIEHHS B 06JacTb
Hyslero (pi>>pPz) — B NOPIUHEBEIX MaWIHHAX Wl TypOHHAX ¢ pac-
wrpenueM paodero rena (map, ras) OT HAaYaJbHOTO NABJEHHA fh
A0 DABJEHHSA CPEAH Pa(p2<ph);

2) notemnuaidbHas pabora oTpunartensta ( Wi<0) — pas
KOMIPECCOPOB, HACOCOE, HATHETAIOIMHX I'a3hl MIH XKHAKQCTH U3 00-
JIACTH HH3IIHX B 06JacTh BEICHWIHX RaRJEHHH (p2>p1);

3) moreuumanpHas pabora IO ﬁm:emawmm — OpPH HCTEUEHHH
HAKOCTeH, MapoB M ra3oB u3 O0JACTH BHICLIETO HABJICHHA B HH3-
aree B cOTJAX (p1>>p2) H OTPHUATEIND ﬁ

dysopax (p2>m)-

Pa3iMuaior CleAYIOUlHe BHAE ATPEraTHOTO COCTOSIHHS NPOCTEHIX
‘TeJ: TBEpAOE, XKEJKOe H rasoobpasHoel. -

[lepexo XHMHUYECKH OJHODOZHOTO TPOCTOrO - TeJNa H3 ONHOrO
BHJa arperaTHOro COCTOfAHHs B Apyroe xapakrepHsyercs ¢asoBoit-
auarpammoi p— ¢ (puc. 1.8).

Ecnu mpu nocTostHHOM JaBJieHHH p=const Harpesarth Ten0, Ha-
OpUMep BOLY, TO TeMIepaTypa BOJH, KaK NMOKa3mBaeT OmHT, OyAeT
HENPEPLIBHO .MOBHIIATLCSH, TOKA HE JOCTHIHET ONPe]e/eHHOro sHa-
4yeHHs, XAPAKTePHSYIOUIETO HAUaNQ Mepexofa Tejla M3 MHIKOrd
cocroauus /I ‘B rasooGpasnoe [fII. DToT mpomecc .MPHHATO HASH-
BaTh TPOLECCOM KuneHus; OoODATHHH Mpollecc NPEBPAlICHHs Mapa
III B xugkocth I[, npOTEKAOMME ¢ OTBOXOM TOrO 2Ke KOJHYECTBA
TEIUIOTE!, HA3BIBAIOT NpoleccoM xoxdexncayuu.

[Mepexon BemletTBa W3 TBepAoro cocrosHus [ B xeakoe /[ na-
3pBAGTCS IPOLECCOM ' nAasAerus; OGpaTHHE npouece— 3arsepde-
8aHUA. - .

Touky mepeceueHHsl JIMHUE McmapeHus M JUIABJEHHs B KOODAH-
Ha3LBAIOT TPOLHCL TOUKOL.
B TpofiHO# TOUKE HAUHHAGTCS W JIHHHS 60320HKL HIH Cybiumayuu
{mepexo] TBEPAOro BelllecTBa B rasoobpasmnoe). OGpaTHHIE Tponecc
HA3LIBACTCS NMPOLECCOM HOZACUEHUR.

CrnenosaTenibHo, B TOuKe A OAZHOBDEMEHHO B DPaBHOBECHOM CO-
CTOSHHH CYLUIECTBYIOT TPH BHAA arperaTHEIX COCTOSIHMI BellecTBa:
‘TBEPAOe, XKHAKOe, ra30o00pasHoe. D :

s Bomgel TpofRAs TOUKA XapakTepH3yeTcd CIACAYIOUMMH HaH-
upmu: £4=0,01°C; pa=010,8 I1a. ITapamerpm Tpoiinoil TOUKH Be-
WIeCTBA .OTHOCATCH K UHCAY TePMOAHMHAMHYECKHX KOHCTAHT 3TOIO:
BEIeCTBa. ,. i :

§ 3. Buapl arperaTHoOr0 COCTOSHHA Tel

! Tlrasma He TOXXOZWT TOA OWpEAC/eHHe NPOCTOro Tena (XHAKQCTH, MapH,
raskr), InaaMa — 3T0 BHCOKOMOHH3HPOBAHHEIR a3, NPefcTaBAAIINNE cOBOH CI0K-
HYH TePMOLEHAMHYECKYIO CHCTEMY.
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2 Jludun ¢asoBEX HpeBspaillie-
HHif B KOODAMHATAX [aBJe-
HHS—TeMIeparypa ONpelersioT
TEePMOIRHAMUUECKOE  PaBHOBE-
CHe ABYX(az0BEIX CHCTEM, Ha-
npHMep, Ha JHHHH  KHIeHud
(c. pue. 1.8) mMeer mecTO pa-
BHOBECHE Hapa H MXKHIKOCTH
(HachLIIeHHBIE HJAH  BJAXHBIA
< map), Ha JIHHHH ILI4BJIEHHA
o e%,..r 7 T8epidoe ag_o DaBHOBECHe KHUIKOH M TBEPAOH
© P | as u T. A YpaBHeHHe KaXJOH
TaKol JMHHH — 3TO YpaBHEHME

y P saBucemoctu TEMOEPATYPH  OF

h 2

A
o
x

e,

[’\vmm—eﬂ‘ N
e,

R}.ﬂ.mu

X

Puc. 1.8, Iuarpamma ¢basoBeix cocTos- HABJACHHS
u._\x_...m YHCTOIQ BELWECTBA

t=g(p).  (LI9)

OcnosHOA TepMOAHHAMHYECKHHA NPH3HAK PA3JHYHA BHIOB arpe-
FaTHOTO COCTORHHA BellecTBA — HAMHYHE SHEPTeTHYECKOH . TpaHH-
UBl MeXAYy. pasaMHu: TEHJIOTAa HCNAPEHHs] KaK TpaHHla MeXry XKHX-
KOCTBIO H €e mapoM, TeNJoTa IJaBJAeHHd KakK IPaHHLa MexIy TBep-
JBIM BellleCTBOM H KHAKOCTBIO. TemaoTa IWVIaBJeHHs, HMCIAPEHHA H
cyOJidMAllHy -€CTh TEIVIOTA H3O0TEPMMYECKHX NpeBpallleHHH,  T. e.
TpeBpallleHHfl, NpoTeKalomux Oe3 H3MeHEHAst TeMIIepPaTypHl ' Bellle-
€TBa, NO3TOMY OHA QGEIUHO HA3BIBAETCA Tenso0Toll (asosuvix npes-
paujenud. 3HaueHWs TeMAOTH (Ha30BEIX TpeBpaileHHli 3aBHCAT OT
TeMIlepaTyphl ‘WK AAaBJEHHA BelllecTBa. B uacTtHOCTH, MO Mepe Io-
BBHIIEHMs NABACHHS TEIJIOTA HCMAPEHHS YMEHBIIAeTcsl U B KDHTH-
yeckofl Touke K (KOHeuHas TOYKAa JUHHMH KHNedus, puc. 1.8) cxpui-
Tag TeNJIOTa HCIapeHHs CTAHOBHTCA paBHOH Hymo. B 37ofi Touke
HCUE3AeT PA3MHYHE MEXY JKHAKOCTBIO K €€ MapoM. _ .

Kpuruweckoe Oasaerue pyp— JABJeHHe, NPH KOTOPOM H BHIIE
KOTOpOro XHAKOCTh yKe He MOXer OLITh NpespalleHa B Iap.

Kpurnueckaa Ttemneparypa fyp — TeMIepartypa, NpH KOTOPOH H
BHIle KOTOPOfl map y»Xe He MOXeT OHTh CKOMAEHCHPOBAaH
(rada. 1.1). : .

‘TlockoabKy cBoficTBa pasHHIX BelllecTs OTIMYAIOTCH APYT  OT
Apyra, TO H AMarpaMMBl HX ‘B KOODOHHATAX p—¢ GYAYT PA3IHUHLE
Mexay coGol, Kak GyIyT pa3/]HYHHIMH M XapaKTepHbe TOUKH JiH-
arpamMm A u K. = . . .

- W3 pwarpammer p—{ {cm. puc.”1.8) xopollo BHEAHO, KaK M3Me-
'HAETCHA -COCTOSHHME BeINecTBa B HpOIecce Harpesd, HANpUMED [pH
nocTOSHHOM Aamienun. JlBurasce ‘no azofape—{p=const) us - 06-
JIaCTH TBEPHOTO COCTOSHHA BEIIECTBa ~(TOUKA™@); MBI mepeceKaeM
JHHAIO. N1ABJACHHS, B, TOUKE. C, HPOX0AHM.06HaCTh KEIKOTO COCTOS-
HEst {1, mepeceKaeM JMHHIO, Kunenus. (Hackimenus) AK B Touke 4
H nepexomEM B o6JacTe rasoofpasHOTOr COCTOAHHS  (TOuKa b).
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Ta6auna 1.1
KpHTriueckne napaMeTphi HEKOTOPHX BelNecTs

) - HTH e-
BeutecTno _wmwwmuwwxw M_:._.mm Kp ::mnﬂﬂﬂmaEhMMa

Azor Np —149.9 33,9
Kucnopon Oy —1i8'% 507
Merau CH, —826 45'7

Sray Om:.m . mw.m #m_m
Tponan CsHg 96.7 - 49

Ammuax NH; 132,3 11,28

Bona H:0 374,15 22,13

/

)

ITpocsexuBas myTh nepexofa M3 SIBHO XUAKOTO COCTOAHMS (TOUKa
1) B sBHO rasooGpasnoe (Touka 2) W nyte I—I'—2'—2 uepes 3a-
KPHTHYECKYI O0JAcTb, IPHXOLMM K BHIBOLY, UTO STOT [EPEXO
MOMHO OCYINECTBHTh NHYTE€M HEMPEPHIBHLIX H3MEHEHMH BelecTBa.
nyte [—1'—2'—2, 1, e. MuRys (ha30Bhle SHEPreTHyeckHe Bapbepsr
(B maHHOM c/yYae JIMHHIO KHINeHHs no nyre /—2). Dro 3maumr,
UTO MeMAY MUIKOCTBIO M Ta30M HeT NPHHIMIHAJIBHEIX PasiHdHil
H M HHX MOXKerT OHTh cHOPMYJHPOBAHO €AMHOE YDABHEHHE CO-
CTOSIHHS BEILECTBA, CBsI3HIBAIOIlee MeXAY cofol laBienue, yaedb-
HLIH 00BEM M TeMneparypy,

o(p, v, 1)=0. : (1.20)

Jst yrAeBOLOPOAHEIX CHCTEM, COCTOAINMX H3 GOJBIIOTO YHCI&
KOMIIOHEHTOB, 4TO OCOOEHHO XapaKTepHO [IJAs TIa30KOHAEeHCATHHX
MeCTOPOXeHHH, BHJ ¢(a30BHIX - IHArPAMM 3ABHCHT HNPEXJE BCETO-
OT COCT2BA CMECH H CBOMCTB MHIMBHAYAJbHBLIX -KOMIOHEHTOB H MO~
JKET 3aMETHO OTJIHYATBCA APYr OT Apyra. - C —

M\\/\ = W..;l % n :

§ 4. 3aKOHBI HAEAJBHBIX Ta30B

A\mhmmﬁvmggm [IPHHATO CYHTATH rd3bl, NOAYHHAIOIIHECT: ypasHE~
uuio Knaneiipona (pv=RT). B dwusuke nox uieasbHuIMH TOApa-
3YMEBAIOTCA T'a3hl, B KOTOPHIX OTCYTCTBYIOT CHJIBI MEXXMOJEKYJsIp-
HOTO B3aHMOJEHCTBHA, 4 00LEM CAaMHX MOJEKYJ PaBeH Hyaw. Yue-
HHe 00 HIeaNbHHIX rasax sapoauiock B XVII—XIX croseTHsx Ha
Gase SKCIEPHMEHTANLHBIX HCCASNOBAHMHA (DH3HUECKAX CBOHCTB pe-
anbpHEX rasos Bofitem (1662 r.) m Maprorrom (1676 r.), Illap-
aem (1737 r.) u Teti-Jlroccakom (1802 r.). Dtu yyenrle momaraJ,
4TO rasoofpasHoe COCTOSHHE ecThb OCOGBIH BHA MOCTOAHHOTO (H-
3HYECKOTO COCTOSIHHUS' («ra3 ecTh I'ds. IpH Bcex (DH3HUECKUX yCa0-
Busix») . Cxuxenne xnopa (1823 r)) Hamecno Hepsuili yzap mo
3THM -IPEJCTaBIEHUAM. B :HacTosmee BPEMsi MOMHO YTBEpIKIATE,
9TO. HM' OAMH H3 PEeajbHbIX Tda3oB HE .MOLTHHASTCS 5THM TrasoBBIM

2—40 , ‘ | i




-akonaM. Tem He MeHee 3TH cnemH¢HYECKHe TFa30BHE 3aKOHH B
"TEPMOJHHAMHKE COXPAHEHH H yuenre 06 HOEaNBHEX rasax [IHPO-
KO HCIOJIBL3YETCA B TEXHUKE, 3TH 3AKOHH HECHOXKHE H JIOCTATOUHO
-XOPOMIO XapaKTePH3YIOT NOBeJeHHe DEeANbHHX T'as0B IPH HeBhICO-
KHX JBABACHUAX H He OYeHb HHSKHX TEMIEPaTypax, BAaJM OT 06-
JIACTel HACHINEHHS M KPHUTHYECKOH TOUKH, ., A2

3akoH Bo#tasa (1662 r) —Mapuoyra (1676 r.). Ilpm
TIOCTOAHHOH TeMnepaType (f=const) npousseferne aGCONIOTHOrO
JaBJEHUsT B yHeJdbHoro ofbeMa HISaJBHOTO rasa COXpaHHeT He-
HMSMEHHYI0 BeJHYHHY (puv=const), T. e. upousBefeHyne abcoJIOTHO-
TO N4BNEHHS H YUSJBHOro o0beMa 3aBHCHT TOABKO JHIIb OT TEM-
TIepaTypH rasa

puv=const - A (1.21)
pu=f(t), ~ (1.22)
OTKYia OpH {=const umeem
o % pv,=p,u, 1.23
Py o Psthy=P1ty ( )

Tpu Temneparype {=0°C n mo6oM AABJeHHH p yAeNbHBIH omamz
HAeaNsHOro rasa no ypasuennio (1.22) pasex

_FU) _ F(0°C) _ comst
Up,p= = =

' P P P

(1.24)

3akon Te#-Jlioccaka (1802 r.). Ilpr mocrosHHOM naB-
JIeBRn  (p=const) o6beM HAeanbHOTO Tasa  H3MEHAETCH
TPONOPIHOHAJBHO TIOBHIISHHIO TEMHEPaTypHI

75/ 4,\( /_ »_
v=0o(1-+at), 2 <) /: 95)
TIE U lwﬁgwmzm o6beM rasa npu Temneparype {°C u JaBiaeHHH
P, Uo-— yAeNLHHH '00beM rasa TpH TeMneparype {=0°C u ToM
e [NaBACHHH p; o -—— TeMIepaTypHEIH Ko3dGHIHEHT O6BEMHOTO

Paclupedns HAeaNbHEIX rasop npE 0°C, ooxvmmmaﬁmm ONHO H

TO K€ 3HavyeHHe IIPH BCeX IABJEHHAX H Obmmmhowzﬁ A BCex
HACANBREBLIX T'A30B

o, = 1 K-,

273,15 (1.26)

Takum ofpasoM, -coxeprkanne sagoBa @efi-Jlioccaka cBommres

K CIeAyIIIeMy yTBepXICHHIO: 06beMHOe paCIIMpPeHHe HIealbBbiX
Ta30B-IPH H3MEHEHHH TeMIIePaTypE H UpU p=const: uMeeT Juneii-
HHIHl XapaKTep A BCeX HAeaNbHBIX IasoB, 4. TeMIePATYpHBIE KO-

Eumgo.

arnHeHT O06BEMHOrO pacCIIHpeHHA o SBJIASTCA YHHBEPCAJIbHOR
NOCTOAHHOH HeaJLHHX Ta30B.

ConocraByienne 3akoHos DBoftng — Mapuorra u Tefi-Jlioccaka
IPHBOAUT K YPaBHEHHIO COCTOSHHA HIEadbHHX razoB (ypaBHEHHI»
B. Knaneitpouna, 1834 r.). JleiicTBUTENbHO, NOACTABNAASA BHpaKeHHE
yaeJbHOr0 00BEMa HAeaJbHOro rasa Up npu Temmeparype 0°C
mo6oM naBieHHH p ‘[cM. ypaBHeHHe (1.24)] B BHIpaxeHHe yAelb-
HOoro ofwema 3TOro rasa mpH Jo6ofi TeMmeparype { B TOM XKe
nasnenun p [cm, %@mwmmmmm (1.25)], naxonum :

v=1, (1 d-0t) =" (1 J ) = I&wﬁ ﬁai.a . (127

3aMenss

o const = R; lg_n,._.ﬂ_nﬁ

OKOHYATEJLHO NOJIYIHM

v=-———; pu=RT, (1.28)»

rne v — yAedbHEI o6beM rasa; p— alcoJIOTHOE [aBJIEHHE rasa;
R — yneneHast rasosas NOCTOSHHAS HAea’bHOrO rasa; I — abco-
JIOTHAST TEeMIEPaTypa UJEAJbHOTO rasa.

T= L+IL+§GL+SS K. (1.29)

m

Quzugeckuil cMBICA YAeJAbHON Iras0BOll MOCTOAHHON HIeaNLHOTO
rasa R MOXHO HPOCIENHTEL Ha OCHOBE CJELYIOIIEr0 PACCYKIAEHHUS.
Hns HaualbHOrO M KOHEUHOrO COCTOAHMS rasa ypasmenus -(1.28)
MOXKHO 8anucarbh AJg npouecca p=const (HeH3MEHHOEe HABJCHHE)

el

- pu1=RT,
" -
pus=RT,,
Briunras nepsoe ypaBHeHHe M3 BTOPOTO M YYHTHIBAZ, UTO p=
Ioonm_“ H R=const, Haxomum C
P(oz—v)=R(T2—T)) =R(—4), | (1.30)
orciLa 3 WK
Av i A
R=Zi—t, Y an

rae l, —ynenbHas TepMOOMHAMuYecKas paboTa HaMeHEHHA 06be-
Ma B mponecce p=const,
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CrenopaTenbHo, ylienbHas Ta3oBas NOCTOSHHAS HAeaJbHOTO ra-
3a R — 310 ypensnas paGora rasa B mpouecce p=const ‘npu Hs-
MEHEHHH TE€MIIepPaTyphl Ha OLHH I'pagyc.

3akon A, ABoraznpo (1811 r.). O6nem omHoro Modss Hie-
-2JIbHOrO Ta3a ¥ He 3aBHCHT OT NPHPOABI rasa M BIOJHE ONpefes-
©TCA NaBJIeHHeM H TeMIeparypoli Bemecrsa (p, {). Ha stoM ocHo-
BAHAH MOXKHO 3aKJIOUHTh, YTO O0LEMBl MOJEH pasHHX ra3oB, B3s-
THIX DpH OAMHAKOBBIX JABJACHHAX H TEMIEPATYPaX, PABHH MeMAy
w06oil. Ecan v —ynempHbii of6beM rasa, a p— MoJaApHas
Macca, To o6veM MOJ (MOJbHBEIA 06beM) pasen 7=pv. [Ipu pas-
HPIX [ABJEHHAX H TEeMIepatypax IJ PasHhX Ta30B UMeeM

7=pv=const. (1.32)

Ecmu nasnenne uw TemmepaTypa rasa MSMEHHIOTCS, TO YpaBHeHHe
{1.32) samuceiBaercs B BHAe

F=po=f(p, ). (1.33)

. . Moab — sTo KOMMUeCTRO BelyecTBa B IpaMMax, YRCJAEHHO paB-
HOe ero MOJSIPHOM Macce, a4 KHJIOMOJB — KOJHYECTBO  BellleCTBA B
KHJIOTpaMMax, YHCJICHHO DABHOE ero MoJigpHol Macce. Tax, HanpH-
Mép, KHIoMOAb KHCIOpopa Op paBeH 32 Kr, KHIOMOJb YIVIEKHCIO-
wo raga CO;—44 xr u 7. 1. (1 xmaoMoas = 1000 mons). [logcras-
<15 B ypapnenne (1.33) snauenwe yaemproro o6meMa v, onmpegeds-
£MOr0 H3 ypaBHeHHsi Kiianeiipora (1.28), maxozum .

T—po= pm:wuzp 1. (1.34)

Tak Kax ymeabHBI MOJBHEIRR OGBEM raza 7 3aBHCHT B obIeM
‘CJIydae TOJBKO OT JaBJCHHS M TEMIIEPATYDE, TO IPOU3BENEHHe R
B ypaBHeHuH (1.34) ecTb BeqMUMHA OJMHAKOBAN [Jig BCEX Ia30B
H TO3TOMY HA3BIBAETCHA YHUBEPCAALHOL ea3osofl nocroannoi., O603-
Havaerca oHa R. Ee ¢usuueckuii cMmbica Tor Xe, uto u yAeNbHOHR
Ta30BOH NOCTOSAHHOH R B ypasueruu (1.31)

R=pR=8314, Ix/(xMoms-K). (1.35)

W3 ypasHenug (1.35) caemyeT, uTo yjenBEBIE Ta30BhE NOCTOSH-
HBIE OT/JJNbHLIX I'a30B R ONpeleNglOTCS Yepes Mx MOJIIpHEIE Mac-
col. Hanpuwmep, aas asora (un, =28) ymenbHas rasoBag NOCTOSH-
Hasa _ .

. zlbﬁ“ulw.%wlﬁwm.w Ix/(xr-K). (1.36)

‘Cnenoeatennro, B ypaBHenun Knamefipona HHAHBHAYaJIbHHE CBOf-
CTBA KAXAOrO rasa NPOABISIOTCA B SHAUCHWH €r0 yIeJbHOR raso-
BOJ NOCTOSHHOH R, :

|3

op

) Ta6nnnoa 1.2
3HaueHHs Ta3080H NOCTOAHHOR ANA ummhi:zn BellecT®
T OCTOSRAAR
Bemeerso Xpocorn | Momapues | Tasous sectony
H ’ 2,016 4194,3
Pond o He 4,003 2077.2
Meran CH, 16,043 i 518,3
Ammuax NH, 17,031 488,2
Boja . H,O 18,016 461,56
Asot N» 28,013 296,8
Oxcull, yruepoda CcO 28,011 29,8
Boagyx — 28,97 wmm .m
Kncnopon 0, 32,0 mmw.o
Jluokeun yraepona COq 44,011 ,

Ypasaenune Kianeitpona MOXeT GHTb OpeJICTaBJAeHO B CAeLyIo-
wux Bugax. Jas 1 xr rasa [em. ypasuenne (1.28)]

pu=RT, - (1.37) -
mis G (kr) rasa ¢ yuerom Toro, uro Gu=V [cM. ypasuenue (1.2)]
pV=GRT=GRT, (1.38)
Tiae NM — KOJIHUecTBO BellecTBa B MOJSX,
G=G/u;
AJd OJHOTO KMOJIA rasa
pr=uRT=RT. (1.39}

¥Ypaprenne (1.39) nas | KMOJAs BellecTBa, BLIBEJEHHOE BeNMKHM
pycekuM yueurnm JI. M. MenpmesneeBrM, UacTo HasHBAeTCH ypasHe-
wuerm MenOencesa nnu Kaaneiipona — Mendencesa.

3HaveHHe MOJBHOrO 06beMa HJEaJbHBIX I'a30B B HOPMAJBHHIX
¢rsuzecknx yoaopusax (£=0°C m p=101,1 x[la) upunumaercs
pasubiM 22,414 M3/kMOMb=22,4 M*/KMOJIB

v=-RT _ BI85 _ 99 414 wfxmoms. (1.40)
p 101,1-108
M\ﬁmwmmmﬂm COCTOSIHHA PEeaJBHBIX TAa30B 0OLIYRC 3anHCHBaeTcd
ria Gase ypapHeHHs Kiamefipoma ¢ BRefleHHeM NONDPABKH Z, y4YH-
Q.WHNNHOEOM OTKJICHEHHE DeAJILHOTO Tasa OT HIAeaJbHOro, .

pv=2zRT, (1.41).

Tae 2 — KO3(DQHINEHT CHAMAEMOCTH, ONPEASNIAEMEH Mo rpaduKam
MIH H3 COOTBETCTBYIOMMX TaGjHI, A4eT BOSMOXHOCTL OLEHHTH
CTEMEHb OTKJOHEHHS JAHHOTO PEeaJbBEOTO rasa OT €ro HAEaJhHOTO
COCTOSHAL. _ . ;
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Mpumep 1.4, Onpefenurd yAenbHu ofbeM KHCAOpOAA Kak HAEANLHOTO
rasa UpH CAGAYIOMYX YCHIOBHAX: TeMmmeparypa rasa f=20°C, MaHOMETpHYECKOE
(H3BHTOUHOR) Zasnenme ra3a B GaanoHe 5,1 MIla, aGcomoTHOe NaBieHHe BO3AyXa
B MOMEMEeHHH pp=99,08 Ila.

Pewenye. [lo ypasrenuo (1.6) abconrorHad TeMmnepaTypa rasa

T=To+1=273,15+20=293,15 K.
AGBconioTHoe mapnenne rasa  Gannone [(ypasmenme 1.4)]
p=Pyan+po=>5,1+99,08.10-2=5,199 MIla=s52-10% Ila.

VienbHas TasoBas NOCTOSHHAs xucaopofa R [em. ypasuenume (1.36)] .

R 8314
R= " =3 = 259,81 Ix/(xr-K).

ViensHsit 06BEM KHCIOpOLa B paccMarpuBaemslx yeaosnax (R, T)

T 259,81.293,15
U= R = = 0,0146 m3/kr.
P 5,2.108 : )

YiaenpHu# MoAbHEL] 06BeM KMCAOPOLA B TeX e YCIOBHAX
F=pv=52.0,0146=04672 M3/KMOAD.

Tpumep 1.5. Onpeleants Koauyecrso § MeTaHa KAaK HACANBHOTO rasa B
pesepsyape obbemoyM V=50 M?, daxrHuecKie YCNOBHA NPHHATEL MO JaHHHIM npH-
Mepa 1.4,

Pewenue. ¥ienpuasa rascpasf NOCTORHHAS METaHA

_ R 8314

B 16,04

— 518,36 JIx/(xr-K).

IlnoTHOCTE MeTaHa B HansOHe ' ,
ol 1 5,2-10¢

pm e =T 30,99 o,

RT o b518,36-293,15

KoJsiruecTBO MeTaHa
' G=pV=34,22.50=1711 xr.

KoHTpoJbLHBIE BONPOCE

1. Upo Takoe TEPMOLMHAMUXA H UTO QHA H3YLaer?

92, Uro HA3HBAETCSH MADPAMETPOM COCTOSIHHA BellecTBa?

3. Uro Taxoe TepMOIHHAMHYeCKHH mpomecc?

4. Kax ompefensercs TEpMOJHHAMHYECKAs! H NOTEHUHAALHAA (Texuuyeckan)
pafora B goopAuHaTaxX p—V7?

5. Uro Taxoe XpHTHUECKAd TEMIEPATYDA M KPUTHYECKOe JanfieHHe BelecTBar

6. Uro Taxoe Miearphbiii 1as? KaxoBH 32KOHEl HASAJBHHX rason?

7. Kaxkop (usnueckuii cMHC YAeNBHOH IasoBoft TOCTOANHOH BellecTBar?

8. UeM oTJIHYAESTCH DEABHEL Tas OT HAEAABHOTO?

faasa 2 ]
CMECH JKUAKOCTEH, TAPOB H FA30B '

§ 1. YncTple BEIECTEA M CMECH

B TepMozuHaMHKe IOBOJLHO 4ACTO TOJB3YIOTCA NOHATHAMH
ypeTOrO BelllecTBA M cMecH (uam pacrBopa). Iloa THCTHIM - BELLECT-
BOM IpDHHATO MOHMMATh BEIIECTBO, BCE MOJIEKYJEl KOTOPOrc OJH-
Hakossl, K TaxuMm BellecTBaM OTHOCATCA BOJA, a30T, aMMHEK, yrI-
JIEKHCJIBIH ras ¥ Jp. .

CMech (HJH PACTBOP) COCTOHT yMe H3 HECKOJDLKHX YHCTEIX.Be-.
{eCTB, XHMHUECKH He B3aWMOJEHCTBYIOIIMX MEXAY coboit;, I[Tpume-
paMH cMeceli MOTYT CJIYXHTb BOSAYX, cocTOSIMA 3 asora Na,
kucmopona Os ¥ APYIHX Tas0B; NPUPOLHBIH T'a3, COCTOAIME H3
meraga CHj, srana CyHe, mponmana CzHs, Gyrana CsHio m apyrux
YTJIEBOAOPOAOE. .

K ra3oBHIM CMECAM OTHOCATCA H TNPOAYKTH CrOPAHHA TOIMBA.
B srtoM cayyae B CMEcH HAaXOAATCA YIVIEKHCHBIH Tas, KHCJIODOR,
naph BOJL K APYrHe rashl.

UpeThle BelllecTBa, COCTABIANOIIHE CMeCh, NPHHATO HA3HIBATDL
goMmmoneHTaMu. [lpegmosaraercs, 4TO CTPYKTYPa KOMIIOHEHTOB B
cMeCH He HaMeHserTcs, B YACTHOCTH B Ipouecce cMeceoGpasoBaHHA
MOJIApHAas Macca OTHEJbHHX KOMIOHEHTOB HE H3MEHAETCH.

§ 2. CocraB cMecei, Euaxocret, IapoB U rasop

OpHa Y3 BaXHEHIIMX XapaKTEPHCTHK CMeCH — e COCTaE. Co-
CTaB CMECH OQWEEO Ouwmhmhmmoe ﬂooﬁmhnﬂmog HaXoXIeHHs Macco-
BOI HJAHX MOJBHON KOHUEHTPALMHM KOMIIOHEHTOB, BXOJSIIMX B CMECH.
Ecii cMech COCTOHT M3 Maccel (f; Kr' IepBOTO KOMIIOHEHTA, Maccsl
G, Kr BTODOrO KoMIOHeHTa, Macchl (f3 XU TPeThero KOMTMOHEHTa H
Tag jajee, TO Maccosofi KOHUEHTpANHed i-r0 KOMIOHCHT2 HashBa-
eTcs OTHOIIGHHE MACCH JAHHOTO KOMIOBeHTa (; K Macce Beeil
cMecH MHOTOKOMIOHEHTHOR TepMOAMHAMHYecKOH cHereMel G

§H|QI“ (2.1)

t=n .
6=0,+Gy+Got -G, = 3, G 2.2)
: . =

rje [ — CHMBOJ NAHHOrO KOMMOHeHTa, a (;— KOJHTeCTBO . BellecT-
Ba 3TOrQ KOMIOHEHTA B CMECH, -

s ypasrenuit (2.1) m (2.2) caenyer, 4To cyMMa BCEX Macco-
BHIX KOHIlGHTpAauufi KOMIIOHEHTOB, COCT@BJIAIONIMX CMeCh, DaBHa
eNUHHIE , .

G=%=1_ @3
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Econ cmecn cocrour us G; Mouelt mepsoro KOMIIOHEHTA, Go
MOJIEH BTOPOr0 KOMNOHEHTA, G3 MOJIER TPEThero KOMIOHEHTA 1
TaK jajee, TO MOJBHOH KOHUEHTDAlHeHl HASLIBAETCS OTHOLIEHHE

UHCIA MOJIEH NAHHOTO KOMIOHEHTa Gy K ofmeMy YHCNY MoJedi cMe-
cH G.

-

G;
fi=—t : 2.4
G (24)

- = — — —_ i=n__
QHP+QN+Q“+.:+Q=HM G, (2.5)
=l
rie G; — KOJNHYECTBO MOJeli JAHHOrO i-ro KOMIIOHEHTa.
Wz ypaemernit (2.4) u (2.5) caeuyer, uro CyMMa BCEX MOJb-

HEIX KOHHEHTPAIHA KOMIIOHEHTOB, COCTABJSIOLIUX CMeCh, paBHa
eI e .

i = & ‘
ri=y—=— ) CG=—=1 (2.6)
FM_ =1 G ¢ i3 ¢ .

- Mexjy MaccOBHIMH H MOJBHBIMM KOHIEHTPALHAMH CyLlecTByer
CBs13b, NO3BOJAKINAA IPH HEOOXOHMMOCTH BLIPA3HTH OOHH KOH-
HEeRTPALHN uepes jpyrue. JeHcTBHTE/LRO, CONOCTABISA COOTHOIIE-
Hug (2.1) u (2.4), noayuaem .

e G G G G 2.7

OrtHollenne Macch N4HHOTO "KOMNIOHeHTa (; K KOJHYECTBY MO-
JIEH STOrO KOMIOHEHTa G: XaPaKTepPHSYeT €ro MOJSADHYI0 Maccy
{7, 2 OTHOLIEHHE MacCH BCeH cMmecH G K KOJHIECTBY Molell cmecH

G XapaKTEPH3YeT CPEAHIO0 MOJNADHYIO MACCY CMECH [y

wi=GifGr; pm=G/G. (2.8)
C yuetom coorHomenmi (2.8) ypamrerme (2.7) NPHHHMAET BHJ,
mufri=pwifivm, : (2:9)
OTCIONA ;= [mMl; HIN
m __
— =t 2.10
b Pm A v

CyMmmupys coorHomeHusi (2.10) no BceM KOMIOHEHTaM U V.EE&T
Baq pasencrsa (2.3) m (2.6}, HaxonuM

i=n ) le=pt i=n
M_ Py muﬁM__ P 1 = [y, MH my= s (2.11)
o= =] f= ’
{=n m =n r 1 {mcnl |

L= L= Vr=—, 2.12
m re _M Wm B wnMH Bm ( )
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Ypasuenna (2.11) w (2.12) npencrapasior cobofi pacueTHHe
COOTHOUIGHHA MOJISIPHON MacCH CMECH [, B 3aBHCHMOCTH OT MO-
JIAPHBEIX MACC M; H NOE—H@EH@NEEM fi, /; KOMHOOHEHTOB

in 1 G
F:HM_J W= = (2.13)
i=1 g

ny

=1 W

Mouaspuylo Maccy CMeCH [, B pacueTax YacTO Ha3HBAaT
Kaotywelca MONAPHOR MacCoi CMeCH, KOTOpas DaBHA OTHOIIEHHIO
Maccel ¢cMecH G K CYMMAapHOMY KOJHYeCTBY BElIECTBA KOMIOHEH-
TOB GG B MOJsAX. A

PacueTHhie cOOTHOWIEHHS CpelHEH MOJADHOH Macch  CMeCH
{2.13) mcmoyB3yIOTCA HPH ONpeeJeHHH YASTHHOH rasoBOil mocTo-
AHHOH CMeCH HJAeaJbHBIX ra3oB. JeHcTBHTENBHO, 3HAs CPEAHION
MOJAPHYIO MACCY CMECH [lm, MOXHO JETKO ONDEAENHTh TIa30BYIO
NOCTOAHHY0 no ypasHenHo {1.35)

Rym R =834 _ 8 1K), (2.14)

fm  Hm R
=1

Pacuernnie onpeneneHus KOHUEHTPALHIT ‘| cpepHell MoOJAsSpHOH
MACCH NEHCTBHTEJNBbHE M JIOOLHIX KOMIOHEHTOR H JIOOOH cXeMnl
X CMelleHHd.

H:::sm.w 2.1. Ilpn cropanu 1 xr MpEPOJHOro rasa oSpPasyroTCs MPONYKTHL
clefywmero cocrasa, kr: Geo,=3,5, Ggo=1,08, Go,=14 n Gn,=12,1. Hafitu

MACCOBEIE KOHUEHTDALMH KOMIOHEHTOB Ta30B, COCTABNSIOLMX 3TY- CMECh, MOJp~
HYI0 Maccy CMecH B ee YJAeNRHYIO Ta30BYH IOCTOSHHYIO,
Peuwerue 1. HaxonuM Maccy rasoBol CMeCH N0 ypapHeH:10 (2.2)

G =Geo, + Geo + Go, -+ Gn, = 3,5 + 1,06 + 1,4+ 12,1=1 18,06 xr.

2. OnpefiensieM MaccOBEe KOHIEHTDALMH KOMIOHEHTOB IO YPABHEHHIO (2.1)

Geo, 3,5
meo, =~ =Ti8,06 — 0,194;
Mo H.anolnmm_l.ﬂmﬂ 0,059;
Go, 1,4
mo,="g ="18,05 = 0078;
Gn 12,1

2

my, =g ”Iamlﬂoummm.

3. IIpoBepsieM pacuern 1o ypaBuenuwo (2.3)
{xan

2 mp=mco, + meo + mo, + my, = 0,194 +- 0,059 + 0,078 + 0,669 = 1,000.
i=1
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4. MOMSIpHad Macca COCTawRaAoUIHX CMech rason OUPERCIAECTCA T¢ COOTBET-
" CTBYIOIINM CNPABOYHMEIM TabaHIaM

Koo, = 44,01 xr/rMoak; Beco = 28,01 &r/Monb;
o, = 32 kr/rMons; N, = 28,01 kr/kmMoxs.

5, B coorBerereHE ¢ ypawHemnem (2.13) monspHas macca cmecm pasHa

t=n
= 1 L ma&ouw ,_1,.~,5.\,u+acu._.szu vﬂ
. i M beo, Keo to, U,
0,194 0,059 0,078 0,669
=] \ 2 y : . —— | .= 30,38 .
ﬁﬁ,o_ T80l T s T mm.Ev 0,33 xr/icwoim,
6. Ompenensem yapemnuytwo T430Byi0 MOCTCARHYIC CMECH IO ypaeHenHo (2.14)
R 8314 ‘
=== = 271,9 Kr-K}).
R = 30,58 Ao/ (kr-K)

§ 3. Cxemn cmemenus, 3akon JaasTona

PasnnuaiorT xBe OCHOBHBIE CXEMB CMeHIeHHA: CXeMY NOCTOAHHO-
2o o6%ema (V=const) u cxemy nocroannozo Jaerenus (p=
=const)," ‘

~ Cxema mocrosHHOTO ofbeMa npencrasiser co6oil PAA H30JIU-
POBAHEHX Pe3ePBYapoB IOCTOSHHOTO 06beMa (Vi, Vo, Va,..,Va),
PasjpenenHuix KpaHamu (puc. 2.1,a). B kaxumom pesepeyape co-
ACPHHUTCA OAMH KOMIOHEHT, COCTOAHHE KOTOPOTO H3BECTHO, T. e,
HSBECTHEI €T0. AaBJCHHE p;, TeMmeparypa-Ty, Macca G, MOJISIpHAs
Macca p; u T. 4. Ilocste oTKpeITHA Kpamos B pesepByapax BHDaB-
HUBAIOTCA J4BJEHHE, TEMNEPaTypa M KOHUEHTPALHS KOMIIOHEHTOB
BO BceM 00'heéMe CMECH, T. e. CHCTEMA TIEPEXOJHT B TEPMOLHHAMH-
HeCKOe paBHOBecHe. IIpH 3TOM HOMHBIE O6BeM BCEX DesepByapoB
OCTA€TCA, ECTEeCTBeHHO, HeHaMeHHHM (V=V,+V,-- Vat ... +V,},
OSTOMy cXeMa H MOJyYHJia HAMMEHOBAHHE CXeMH NOCTOSHHOTGO
o6bema. ‘ : .

CxeMa NMOCTOAHHOrO AaBJICHHA — 5T0 cxeMma CMeEIeHHsE II0TO-
X0B B TpyGomposomax (puc. 2.1,6). K KOJIeKTOpHOMY TpyGompo-
BOLY OTAEJBHHIMH NOTOKAMH IOABOAATCH KOMIOHEHTH! CMECH O CBO-
UMH AaBACHUAMH p;, TeMnepaTypolt T;, Maccodt G, u Tax zaJnee, IpH-
TEM MOCTYILIEHHE KaMIOTO KOMIOHEHTA PETyIHPYeTCS 34CJOHKON,
Hasnenne KoMnoneHTOR MoCTE TIPOXOXKACHHS SaCJAOHKH (40 cMelre-
HHA KOMIOHEHTOB) CHHXAeTCs IO YPOBHS IABJIGHHS CMeCH B 06-
IEM KOJIEKTOpE pm — IOSTOMY CXeMa M IOJyUHAA HaHMeHOBaHHe
CXeMEl TIOCTOSHHOIG JABJCHHS.

"B yc/oBHAX HEBHICOKOTO NaBJCHHS ra30Basm cMech H KOMIIOHEH-
‘THl 3TOH cMecH OB6HYHO PACCMATPUBAKTCA KAK HIeasbHhle Tashl,
NOXUHAAIOUIHECS ypaBHeHHI0 Knameiipoka (1.28). Cunraercs, uro
TaKas Tas3oBasg cMech MNONYHHASTCS 3axony pguddysHoro pasmoBe-
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Puc. 2.1. OcHOBHbE cXeMbl CMEINeHHSA

CHf HNH, KaK OORIYHO TOBOPST, 3aKOHY Hanvrona, XapaxTepHayio-
IIEro YCTAHOBHBIIEECSA COCTOSIHHE rasoBoH cMecH: kamelsii xomno-
HeHT 2030801 cMecu PAcnpocTpaHner 8o scem obwveme cmecu V u
passusaer g arom obveme raxoe napyudasbuoe (T. e. ceoe) dasae-
Hue pi, Kaxoe O passusan Ov 8 Hem npu remneparype cmecu T
fes yyacTHs APYTHX KOMIIQHEHTOR. ]

CreaoBartenbHo, JAJs Ta3oBOH CMeCH, NOJUHHSIOLIEHCS 3aKOHY
JlanbToHa, CpaBelIUBH CACAYVIONIHE MOJOKEHHU,

1. Kaxjbiii KOMNOHEHT CMECH HMEeT TeMUEepPATypy, pPaBHYIO
TeMIepaType CMecCH. !

2. Kaxirli KOMIOHEHT PaBHOMEPHO pacnopocTpaHeH BO  BCEM
00beMe CMecH H, CIeJOBATENbHO, 06BeM KakAOro KOMIOHEHTA pa-
BeH o06peMy cMecH.

3. Kax/pl u3 KOMIOHEHTOB CMECH M cMeCh B IEJOM IOIUHHS-
lotcs ypaBHeHHMI0 Kaanefipona. .

3amncaB ypaBHEHHA cocTosHHSt B (opme ypaBaenus Kmaneii-
POHA A KOMIOHEHTA H /A CMECH B LEJOM, NOJy4IaM

piV=G:RT;
panV=GRT.
Pa3anenns mepBoe ypaBHEHue Ha BTOPOE, MOJYYHM
Pilpm=GilG =1,

OTCr oA o
Pi=riPm. Aw.Hmv

D70 3HAuuT, YTO NAPUMANBbHOE JABJIEHHE P; KOMIOHEHTAa [ B PaB-
HOBECHOH CMeCH PABHO NMPOHM3BENEHHIO MOJLHOH KOHUEHTpPAIHH 3TO-

r'o KOMIOHEHTA ¢ Ha noJiHOe NABJEHHE CMECH pPp.
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\Q:szm:mwnmmawmv_thmammsmmnmuxoanommﬁ.omnzmomvmu-
- Ha MONHOMY JaBJjenuio cmecH. JefcTBHTENLHO, C YUeTOM ypaBHe-
uuga (2.6) #3 ypasrenua (2.15) maxoaum
ﬁ {=n {=n
M
:

i=n
MhmuM_J.ﬂuE"hEM\m“EE. AMLOV
=1 i=1 i=1

Ecaun -t KOMIOHeHT MACa/bHO TA30BOH CMeCH IPH TeMIEepaTy-
pe cMecH HAXONHTCA He IIOJ CBOHM TNaplHANbHHIM ZABJIEHHEM p.,
a II0X NOJHBLIM-JaBJIEHHEM CMECH pPm, TO ero 00BeM B 3TOM cayuae
paBen Benuuune Vi, a He ofveMy cMecH B nenoM, dror obwem V;
Ha3LIBAETCH npusedennsls 06veMOM, A OTHOIUEHHE NPHBEIEHHOr
o6beMa K 06BEMy cMecH HasHBaeTcs 006eMHOl KOHYenTpayuerd
JaHHOTO KOMIIOHEHTa. ‘

3anucas ypaBHerHe KianefiponHa — MeHzneaeeBa nas Kakoro-
JH00 KOMIOHEHTA [ H AJ5 CMECH B IEJOM, MOJYUHM

pmVi=GRT,;
pmV=GRT.
Paspenus mepsoe ypaBHeHHe Ha BTOPOE, IOJIYYHM
d\m\ﬁ\ﬂmm\ﬁlﬁ."b. Aw.:,v

. Comocraeasa ypaeuenne (2.17) c ypasrennem (2.4), BHZEHM,
4T0 O6BbeMHBIE KOHIGHTDALHH KOMIOHEHTOB CMECH HA€aJbHHX ra-
30B paBHBI HX MOJBHHIM KOHUEHTPALMIM.

Mprmep 2.2, Onpenennts YASTLHYIO Ta30BYK NOCTOSHEYK CMECH, COCTOS~
e H3 430Ta ¢ npuBeleHHnM obnemoM 0,35 mM® m kuoiopOZa ¢ npHBENEHHEIM
obremom 0,16 M3, a rakike napuHaJpHEIE [ABAE€HHA KOMIOHEHTOE CMECH, eCJm
JaplicHHe cMecs B LenoM paeso 0,1 MIla.

Pewenue. 1. O6mni o6peM cMecu

V=Vy,+ Vo,=+0,3540,15= 0,5 m3,
2. O6heMHBIE HIK MOJbHEE KOHIEHTPAUHH KOMIOHEHTOB

ﬁ\Z» 0,35
ﬁZw = .'ll—\ e O.mc = O..Nou
Vo, 0,15 :

..‘Om." _\ = O.mo "Duwo.

3, Kontponsnoe ypabHeHue
N, +r0,= 0,704 0,30 = 1,0,
4, Monapaas Macca cmecu [cmM. ypasuenue {2.13)]

f=n

Pm = D) 71y = 1N, IN, + 70, RO, = 0,70-28,01 - 0,30-32 = 29,21 Kr/rMOM.
f=1

5. Yaeanmas rasoBas MOCTOSHHAs cMecH [cM. ypapHenue (2.14)]
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y . 6. [apuuaneHHe AaBieHHd KOMIOHeHTOB [cM. ypaBHenwe (2,15)]

PN, = I'N, Pm = 0,70.0,1 = 0,07 MI1a;
Po,=ro, Pm=0,30-0,1= 0,03 MIla.

7. KouTponpHoe ypaBHeHHe
Pm=pN, + Po, = 0,070+ 0,03 = 0,1 MIla,

—AOEHQOHEEEQ BRONPOCH

1. Kax onpeflensiioTca MaccoBafl, MOMBHAS KOHUEHTpPAIMH BelllecTBa?

2. Kaxum ypaBHeHHeM ompelleffieTcd CPeAHAA MOJApHAs Macca EBelllecTEa®

3. YUro raxoe saxon Janbrona? Kak onpefensiercd napuHainHOe JAaBleHHes
KOMIOOHEHTa CMecH?

4. B geM pasianuMe cXeMe! CMelleHHS B YCAOBHAX V=const or cxeMH CMe-
OIeHHA B YCJIOBHAX p=const?

Faasa 3
TENNOEMKOCTDb BEULECTBA

§ 1. McTHHHAS H CpeAHAS TENJICEMKOCTD

" ¥OeavHOl TERAOEMKOCTH/0 TEJa TNPHHATO HA3HBATL KOJIHYECT-
BQ TENJIOTH, HeQOXODHMMOM AJs HArPEBa EIHHUIEI KOJHMUECTEA Be-
ImecTBA HA ONMH rpPajyc B ONpefeseHHOM Inpouecce 2. Tennoem-
KOCTh NPHRATO 0603HAYATH CHMBOJIOM ¢. V3 IPHBEIEHHOrO oIpe-
HeNeHHA TeNN0eMKOCTH CAELYET, UTO :

Cam=al (f2— 1), @31y

rae t, {2 — HavaJbHAg H KOHEYHas TEMIEPaTypH, 4 §z — TEmaoTa;.
NO/BeJleHHAs] K GAMHHUE KOJIHUECTBA BeIUeCTBa B IIPOLECCe Harpe--
Ba OT TEMIePaTypH! /1 IO TeMIepaTypH 3. ,

Bennunua ¢ B ypaBHennn (3.1) 3aBMCHT He TOJNBKO OT HHTEp-
Basa reMneparyp f; —1I;, HO H OT BHAa NpoLecca NOIBOAA TeIIo-
Thl. [TosToMy BenMuHHa g, B ypasseHuu (3.1) cHabKaeTcs HHAEK--
COM, XapaKTepHSyIOUM BuJ mpomecca, z. HMumekc 2z oGosHayaer
TOT flapaMeTP, KOTOPHIH COXDAHAETCS NOCTOSHHHIM B NAHHOM IIPO--
necce.

Hau6osee wacto Ha nmpakTEKE HCHOMLSYIOT TEIIOEMKOCTH H30-
Gaproro (2=p=const) u usoxopuoro (2=v=const) mpomeccos: .
OTH TenNIOEMKOCTH Ha3HBAWT 4300APHON 1 u30XOPHOL W 0603HA--
HalT COOTBETCTEBEHHO Cp H Cou.

TemnoeMKOCTh — BeJIHUHHA TEPEeMEHHAs, 3ABHCSAIAS OT TEMIe--
PATypHl H AABJEHHS, a JAJs MJGANbHEIX Ia30B TOJBKO OT TeMmepa--
TYPBI, IPHUEM B psle CNyYaeB 3Ta 3aBHCHMOCTh MOXeT GHITh 3Ha-
UHTeNbHON. I10STOMYy TemIoeMKOCTh, ONpELENAEMYI0 VDABHEHHEM:

(3.1), HasuBalor cpedued TenioemxocTsio H O603HATAIOT Com, Com
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B OTJHHYHE OT TAK HA3blBAGMOH WCTUHHOU TENnAOCMKOCTU, ONperesi-
eMOll AJiA 3afaHHON TeMIepaTypsl M 0003HAYAEMON Cp, Cp.

B rennoBeix pacuerax OOBIYHO MONL3YIOTCH CPEJHHMH TenJIoeM-
KOCTAMM: MaccoBOH, MOJLHOH H 00BEMHOH,

Maccosoli TenaocemrocToo Ha3BIBAETCS  KOJAMYECTRO TEIIJIOTH,

HeoOXONUMOH XJIsi HArpeBa EQHHHIB MAcCH BeEIIecTBa (OGBIYHO .

1 kr) na 1°C B maHHOM mpollecce,

Mouabuoil Tenscemxocrerd Ha3BIBAETCS KOJHYECTBO TEILIOTH, He-
©OXOAHMOl JJI HATPEBA OXHOrO KHJIOMOJS HAa OAMH Fpajgyc B JLaH-
HOM mpomecce z; 0603HAUATCH CUMBOJOM Czm, (Czm=WCzm).

O6Bemuol Tens0EMKOCTHI0 HASLIBAETCA KOJHYECTBO  TEIJIOTH,
Emoaxohmzom IJIS HarpeBa eNHHMIIM 00beMa .BeuecTBa (OGHIYHO

I M%) na 1°C B naRHOM mpouecce z; 0003HAuaeTcs CHMBOJIOM
& m. . .

Han6ojee "acTo B pacuerax HCHOJNB3YIOT MACCOBYIO TEIJIOEM-
KOCTb, KOTOPYI0 B JanbHeHIiem 6yneM HasblBaTh HPOCTO TEIJIOEM-
KOCTBIO, -

'§ 2. Onpepencnne MCTHHHBIX U CPEJHAX TEMJOEeMKOCTEH

HcTHHEBE B CpDeIHHE TENJOeMKOCTH HAXOJAT HABYMs- crnocoba-
MH: TpaHUIeCKHM 10 FMArpaMmMaM Cx—i{ H Ta6JAHUHEIM, ¢ HCHOJb-
30BaHHeM cllenHanbHelx TAOMHL. B jpsarpamme c;—¢ mo ocu abe-
LHCC OTKJA4ABBAIOTCS 3HAYEHUd TeMIepaTyp, 4 II0 OCH OPIHHAT —
TEINIOEMKOCTh Tedla - (puc. 3.1). OpaunHath /—3 u 2—4 B MmacluTa-
‘Oe ONpeleNAIOT 3MAUCHHS HCTHHHEIX TEIVIOEMKOCTEH COOTBETCTBeH-
HO npu TeMmnepatypax f M fp. ECAH IJOWIANL UYeTHPEXYTroJBHHKA
4342 3aMeHHTh IVIOIAABI0 PABHOBENHKOro NPAMOYrOJbHHKA 1562,
TO OpAHHaTa I—6 Gymer B Maciitabe ONPElENATh CPEAHION TENJIO-
‘€MKOCTb [POLECCA Czm B HHTEPBAJE TeMOEPATYP fz2-—f. [laomans
STOTO NPSIMOYTONLHHKA HAXOASIT [IPOUSBEIEHHE OPAMHATH C»pm HI

_nn . )
& . ¢ 4t
J [ 5’ g
"

T i s |

< &

-y 1 2 il . 2!
] . o t i t

ts . LmA ts

Puc. 3.1. Tpaduyeckoe onpellesleHHe HCTHHHEIX H CPeAHHX TeiIOeMKocTell
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Tataunma 3.1

MaccoBast TEMIOEMKOCTh HEKOTODHX Tasos npe mocronsHom (arMocdeprom)
nasaeHun g xJIk/(xr.°C)

N
5] ar st -
=] = Z jan]
g o . fo 5 o Q o
-9 =4 o =0 =20 o = %
g & ) v Q I+ M.
M.u M W mvn @ B B 5 %
S o a e e o =) =]
. B4 < ] [oR-H Sk m = M

0 0,917 { 1,017 | 14,21 | 1,042 0,8205| 1,855 1 2,190 | 1,005
100 0,925 | 1,042 | 14,35 1,042 { 0,8708| 1,867 | 2,471 1 1,005.
200 0,938 1 1,047 | 14,43 | 1,047 | 0,9127] 1,888 | 2,800 | 1,013
300 0,950 | 1,051 | 14,46 1,055 | 0,9503| 1,913 | 3,206 | 1,017
400 0,967 | 1,059 | 14,49 1,063 | 0,9838| 1,938 | 3,650 | 1,030
500 0,980 | 1,063 | 14,52 1,076 ) 1,013 | 1,968 | 4,104 | 1,038
600 0, (992 | 1,076 | 14,56 | 1,088 | 1,042 | 2,001 | 4,545'| 1,051
700 1,006 | 1,080 [ 14,60 [ 1,101 { 1,066 { 2,030 | 4,901 | 1,063

800 L, 1017 1,101 | 14,66 | 1,109 | 1,088 | 2,064 | — 1,072
900 __cwm. 1,100 | 14,72 ¢ 1,122 | 1,109 | 2,097 | — 1,084
1000 1,034 1,118 14,79 1,130 { 1,126 | 2,131 | — 1,093.
1100 1,042 | 1,130 | 14,87 | 1,143} 1,143 | 2,164 | — 1,101
1200 1,051 | 1,139 14,95 | 1,151 { 1,160 | 2,194 | — 1,109
1300 1,069 | 1,147 | 15,04 | 1,160 | 1,172 w.wm‘w — 1,118
1400 1,063 1,165 { 15,13 | 1,168 | 1,185 | 2,257 | — 1,126

1500 1,072 | 1,164 | 15,22 | 1,176 | 1,197 | 2,286 | — 1,130

pcHoBaHue (f2——#}] cornacHo ypaBHenuio (3.1), oHa oOmpegenser
KOJIHYECTBO TEIJIOTH!, IIOJIBeeHHON (HJIM OTBeNeHHOH) B 3TOM Ipo--
Uecce: Ha eUHHNY KOJUYEeCTBA BElecTBA

Gz=Cam(tz—1). Twwv
Cpennsst TEINIOEMKOCTh TeJla B HHTEpBAaJe TeMIepartyp fp— i

" ONMpeneNsAeTcs MO cpeiHeapH(METHUSCKOR TeMIepaType Npomecca:

tma= (f1+12)/2, 1. e. gaa Toro, 4TofH HAHTH CPENHION TEMEOEM-

' KOCTh Czm, HEOOXOJMMO SHATh CPENHIOID TeMNepaTypy npolecca

fma H C 3TOH IEJBIO TO EUE@EQ (pmc. 3.1, 6) ‘onpelenuts HCKO-
MYI0 TeNAOEMEOCTE Czm.

HailineHHas TeNNIOEMKOCTh Czm OVAET owmu.mmm I METEepBANa’
TeMIOepaTyp f; — & H UCTHHHOH AJIA CPEJAHEH TeMIepaTypH IIpomec-
ca tma=1{li+4)/2. Takum xe 00pasoM OIpeNeNdIOTCS BCE TEMIO-
€MKOCTH (MOJBHas, 00BbeMHas, MaccoBasn).

AunanorsyHeiM 06pas’oM  ONpPEIENANTCS TEIVIOEMKOCTH H IO
crnenHanbHeM Tabaunam (taba. 3.1).

[Ipruep 3.1, OnpefenuTh KONHIECTBO TEIMOTH, HeoBXOAMMOH AJA Harpe-
Ba BO3AYXa Maccofl | Kr IpH HOCTOSHHOM h»mammsm ¢ Temneparypoit 4 =200°C
1o TeMueparypst £3=600°C,

Pewenue. KonugecTso TemaoTH, mmomxohszom JJig HarpeBa BO3ILYXA, HaXO-
IEM mo ypasHeHuwo (3.2) \

?.u"nﬂaﬁmulbv.
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3HAUEHRE TEMIOCMKOCTH onpefienseM o Tabi. 3.1 mpu cpenmell Temmneparype
mpougcca, CpefrAA TeMlIeparypa npoecea
f 1 200 - 600

ty — =

2 2

‘@ TemToeMKOCTh IpH sTof Temmepartype 1,03 xllm/(xr.-°C). ChregopaTennuo, Ko-
<IAYECTBO TEIVIOTH, HeoOXoZHMOH AMa Harpesa BO3AYXA, ¢ :=Cpm(fs—1f)=1,03.
{600—200) =412 wMx/xr. :

Ecau xonmyecTBo BO3ZyXa Gyler He 1 kr, a § Kr, TO KOMHUECTBO TEIWIOTH

=400° C,

© R CerQl garpepal B -NaHHOM HHTEpBaje TEeMIepaTyp COCTaBHT

Qi.2=0g1,2=412 G gAx.

§ 3. TennoemkocTH cmeceii

_-Ecam. cocraB Ta30BOH CMECH 3ajaH MAacCOBHIMH  KOHLUEHTpAaludA-

- "MH -OTOEeNBHBIX KOMIOHEHTOB .My, Ma,..., My H HX TeIlJOEeMKOCTH

sCOOTBETCTBEHHO Czm,, Camy, ... Czm,, TO MAaccoBasg TEMJIOEMKOCTb
«CMEeCH ONnpejensieTcs ypapHEHHeM . ,

. f=n
Com =11 nu:ap ..T 1y nu_ﬁw ..._l o |_| M Comn = M_ m; nns:.. mwwv
=1

“T. €. YIe/JbHAs MaccOBas TEIJIOEMKOCTh CMECH PaBHA CYMMe IpOH3-
-BeJleHHH MACCOBHIX KOHIIEHTPaUMH KOMIIOHEHTOB CMECH M HX VIAeJ]b-

@#lBIX TEMJIoeMKOocTeHl B COOTBETCTBYIOLIEM TIpolecce z=uv (IAs CXe-

‘Mi V=const) WK IPH NOCTOSHHOM NABJNEHHH Z=p (IJi CXeMHl
p=const).

Eciu e cocraB cMecH 3aJaH  MOJBHEIMH  KOHIEHTPAIHAMH
KOMIIOHEHTOB ri, ra,...,7n H HX TEIIOEMKOCTH COOTBETCTBEHHO
Lzmy s Camys « - .y Comy, TO CPEAHAS MOJBHAS TEINIOEMKOCTL CMECH PaBHA

*CyMMe TPOH3BEJEeHHH MOJIBHBIX KOHIEHTPAUHi KOMIOHEHTOB CMecH

‘Ha HX MOJbHBIE TENJOEMKOCTH B COOTBETCTBYIOLIHX nponeccax
2=0U UM z=p:

- - - — s -

Com= ﬂunm5~+_1wnnsm+...+ﬁ= QN:_:“M_ Ty Copmye (3.9

i=1

Ecan rasosas cmech 3ajaHa OOheMHEIMH KOHUEHTDALHSIMH, TO
©00beMHYI0 TENNOEMKOCTE CMECH IIPH HOPMAJBEBIX (H3WUECKHX yc-
~JIOBHAX MOXHO HalTH [0 YP4BHEHHIO, AHAJOrHYHOMY YpPaBHEHHIO
{3.4), c To#t mamL pasHumed, uTo ypaBuenue (3.4), OTHeCEHHOE K 06D~
*€MY OZHOTO KHJIOMOJSA, HAJNO Da3sfe/NHTh Ha 3TOT 006heM, OHHHAKO-
IBEH B HOPMaJbHHIX YCHOBHSX JJI BCeX Ia30E ¥ =po =22 4 M3/KMOJIb.

HDpumep 3.2, TIpoAyKTH Ccropasus rasoTYpOHNHON YCTAHOBKH, COCTOALIHE
10 obvemy u3 100 kuenopoma, 159% yraexuesore rasa u 75% asora HCIIONB3Y-
20TCA Ans moforpeBa BoAu. Ilpm oToM TemmepaTypa NpOJYKTOB CrOPaHHS CHH-
#xaerca ¢ 450 mo 250 °C,

OnpefenuTh KOMHYECTBO TEMIOTH, OTAaHHOE BoZe 1 M® MpOIYKTOB CropaHus
"B YGAQBHSX NOCTOAHHOrO JABJEHHS,
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Pewenye, Konudeerso TemioTH, OTA2BaeMOe
TOIVIHBA, MOXHO OIPENE/HTh o ypasHeHHo (3.2)

Gr2=C"pm(ta—11),

3iech ¢ pm— CPelAAA 00beMHAS TEINOEMEOCTE NPOLYKTOB CFOPAHHA OPH  10-
CTOAHHOM NAaBRCHHH B HHTepBane TeMmilepatyp fH—f, kIx/(M?-°C). TlpmurMmas
33aBHCHMOCTE TEIIOEMKOCTH. OT TEMIEPATYPW Kak JHEEfHYI0, HafleM cpefde
MACCOBEIC TEIVIOBMEOCTH JIIA KOMIIOHEHTOB NPOLYKTOB CrOpaHus no Ttabna, 3.1.
ITpn cpenweapudMeryieckosl TeMmeparype npouecca

450 -+ 250
tn = (4 1) /2 =~k

I »® npoiykraMu cropaHus

= 350° C,

Otu remioemkoety (B kllx/{kr-°C) paBHm:
JJI KHCJODOAA Cpm=0,9587;
AR YIVIGKHCJIOTO a3a Cpm=0,9670;
JJIA a30Ta &pm=1,005.

CoOTEeTCTBEHHO MOJBHEIE TENJOSMKOCTH STHX KOMIOHEHTOB Am N‘H—.umn_.__ﬂ!o&v. :

+°C) paeHH:
AT KHCJIOPOZRA Bpm==Wlom=32-0,9587=230,68;
s YLVIEKHCIONO ras’a pm=[RCpm=44-0,3670=4255;
JNIA a30Ta Gpm=Com=28-1,055=29,54.
CpenHsas MONLHAA TeNXOSMKOCTh HPH SalaHHOM OOBEMHOM, a4 CIeAOBAaTEeNb-
HO, H MOJNLHOM COCTape MPOAYKTOB CrOPaHHA MO ypasHeRulo (3.4) .
Gpm = r0, €pm0, *+ 7c0, Gpmco, + IN, ComiNy = .
=0,10-30,68 }- 0,15- 42,55 4- 0,75-29,54 = 31,61 xx/(xmone.®C),

Cpenusas o6beMHAS TEIVIOEMKOCTB CMECH DABHA JJiA AaHHBIX YCIOBHA 7=
=518 M3/kMoab.

Cpm _, 31,81

e’ m =
B 51,8 51,8

= 0,61 gllx/(u3.°C),

Konmuecrso TemIoTH, OTAAHHOH BoAe 1 M® NpONYKTOB cropaHus, paBsHo
1,2=¢"pm{fg—1;) = 0,61 (450—250) =122 xllx/m?,
Ecau pacuers BecTH He Aius 1 M® mpoAykToB cropanus, a ias V w3, to xo-
JHYECTEO TEILIOTH, OTLaBaemoif Boje, GyAer B V pas Goabie
Que=q1,2 V=122 V xllx.

Kontpoanusie Bonpocst

1. Uro Takoe MaccoBad, MONLHAS H OGBEMHAS TennOeMKOCTH Belllecrsa? Kak
OHH ONpeAenaTCAr

2, Or K4aKOro napaMerpa SAaBHCHT TENJIOEMKOCTb HIASAJBHHX T230BP

3. Kakoso pasinene MmexAy HCTHHHON K cpefiHedl TenJOEMKOCTHIC Tena?

4. Kax onpeflenqioTcst MaccoBas H MOJBHAS TEIVIOEMKOCTH CMECH?
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Taagen 4 .
TIEPBOE HAYAJIO TEPMOIHHAMHK

§ 1. MpHENHEN SKBHBAJNEHTHOCTH

[TpuHUED SKBHBAJEHTHOCTH XapaKTEPH3yeT B3aHMHEIE IpeBpa-
IEHHS TemJAoTH H paboTH, SBJSIOUIMXCA OCHOBHHIMH (OpPMaMH Ie-
penauy sHepruu Mexpy TedaMu, TIDHHUEIO SKBHBAJIEHTHOCTH yT-
BEpXKJ4eT, YTO NpeBpallleHHe TEMIOTH B PaloTy W paGoTH B Tel-
JIOTY OCYINECTBISETCSl B CTPOTO MOCTOSHHOM COOTHOWIEHHH, KOTO-
poe XapaKTepH3yeTcs TeMJOBLHIM SKBHBAJMEHTOM.

YcraHoBJeHHe NpPUHUHNA SKBHBAJERTHOCTH — HauGojee TPyA-

Hbll 3Tan B ¢OPMHUPOBAHEM TepBOro Hauaja TEPMOIHHAMHKH.
Brniepssie Temiopoli SKBHBaJeHT OBl ONpeeNeH AHIIHACKMM (U3M-
koM M. Jxxoynem s 1843—1850 rr. mo TenJoBHAEJEHHIO NPH Tpe-
HUH ¥ HeMeukuM yuennim P, Meiiepom B 1842 r. no pasHocTH Ten-
JOeMKOCTefi rasa OpH NOCTOSHHOM  JA2BJCHHH H  IOCTOSHHOM
ofbeMe. o

B pesyabrare cepuu TIATeJbHO NOCTaBJeHHEX oneros JI, llxo-
Yib YCTAHOBHJ, YTO MeXAY 3aTpauéHHok paboroéi L2 H Kojuue-
CTBOM HOJYYeHHOH TemIoTH (2 CyluecTByeT IpsAMas 3aBHCHMOCTb

Qu2=AL,,, (4.1)

rie A — ko3 dUIHEeHT NPONOPLHOHAABHOCTH,

- J. Isoyap ycraHOBHJA, uro KOsbhdHLHenT A cOXpaHfeT MOCTO-
AHHOE 3HaYeHHEe HE3aBHCHMO OT TOro, Kax IOJydYeRa TeIIoTa, Ka-
KoB BHA pafor, KaKoBa TeMmeparypa Tela H T. I. K TakoMy xe
BLIBOLY B cepeiuHe NPOLLIOrO CToJeTMs npuman P, Maiep
(1842 r.) u Jlenn (1844 r.). TaxaM oBGpasoM, GELIO YCTAHOBJEHO,
4TO OPH SaTpaTe OZHOTO H TOro 2Ke KoaHdectsa paGoTHl Bcerna
BHAENeTcH OAHO M TO e KoauuecrBo Temnore, Kosdduument A
IOJNYYHJI HAMMEHOBAHHE TENJIOBONC SKBHBAJeHTA PAGOTHL.

B Hacroflulee BpeMs TENJOBOH 3KBHBajJeHT paboTel B CHCTEME.

CH npuHEMaeTcsl paBHEIM :
A=1 Hdxf(H-m). . (4.2)
B nanbHe#ilmieM B 1endX YOpolUeHHs o003HAaUSHHH B TepMOJLHHA-

MHUECKHX ypaBHeHEaX xoshduuAeHTr A He OyaeM 3anHCHBATE,
HMes B BHMAY, YTO TeIIoTa H paora u3MepAOTCS B OZMHAKOBBIX

eJHHHUAX.

§2 vazz neperayn SHePrHH

_ Bce BO3MOXHEIE BHAB SHEPreTHHECKOTO B3aUMONEHCTRHA MeX-
Iy TenaMil-B KOHeYHOM HTOTe CBOAATCA K Nepelaye TEIVIOTH H pa-
6oth. TemnmooGMen H nepepada paGOTH ~- €AHHCTBEHHBIE BHIH He-
penaun sHepruy. [TosTOMYy He HMeeT CMECJHA FOBOPHTB, UTO TEJIO
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‘06najaeT KaKHM-TO 3aMacOM TEIVIOTH HJIH PaGoTel, MOXHO Aums
COBODHTb, YTO K TeJy NOABeNeHO (HJH OT Telda OTHATO) ompexe-
JIEHHOE KOJHYECTBO TEMJIOTH HJAH paborhl. Temsora m paGora —
NPHHIMNHAARHO pasauubible GOpPMH Oepefayd oHeprud, B ycnosu-
'AX OGpPaTHMOro TeYyeHHS ABJEHHH Bce BHOH PaBOTHEl HNONYCKAIOT
BO3MOXKHOCTL NOJHBIX B3aHMHHIX IpeBpamlenufi, PaGora moxer
GHITh TOJHOCTBIO MepeBefleHa B TEIUIOTY, HANPHMeP NMyTeM TpeHHs
dNH 3jeKTpoHarpepa. Temnora Xe HHKOTAa NOJNHOCTBIO B pabory
He MOXeT OHTE NepeBeleHa. . :

Temnora npeacraenser coGoii Takyio ¢opMy nepefauy sEeprui,
KOTOpas NePeRaercss HENOCPEACTBEHHEIM KOHTAKTOM MEMAY TedaMH
C pasaMuHOH TeMNEepPaTypoH, WM JNYYHCTHM TEIVIOOGMEHOM MeXAy
TenaMi. OOBHYHO CYHTAIOT, UYTO NOBHILIEHHE TEMIEPaTypH Teaa
CBf3aHO € NOABOAOM TeILIOTH. B OCHOBHOM Tak H ObiBaer B
ZeficreutesbHOCTH. .OfHaKo B oflleM Clydae H3MEHEHHe TeMmepa-
TYPHl TeJa ONPeNeNAeTCs COOTHOIIGHHEM 3THX ABYX GOpM mepena-
9d SHEPTrHH, NOABONHMEIX HJIH OTBOAHMHX OT Tejaa, T. €. MOXHO
T&K OpPramHaoBaTh IPOLECC, YTO, HECMOTPS Ha NOABOZ K .TeNY Ten-
JIOTH, €ro TeMueparypa OyIeT NOHHXAThCA., Bee 3aBHCHT OT co-
OTHOIUNCEHS CYIIECTBYIONIHX (OPM SHEDPreTHUECKOro B3auMOmedicT-
BHS MEXAY TeNaMH — TEIJIOTH H paGoTH,.

§ 3. IlepBoe Hawalio TEPMOAHHAMHKH
KaK MaTeMaTHUECKOe BHpaxeHue
3aKOHA COXpaHEHMs SHEPTHH

Hcxonnoe ypaBHEeHRe MepBOTO Hauajga TEPMOAMHAMUKH dopmy-
JIHPYeTCHd KaK MaTeMaTHuecKoe BEIDAXEHHEe B3aKOHA COXPaHeHHsS
SHEPruH, ABNAIOMErocs (yHAAMEHTAJNbLHEIM 3aKOHOM NPHPOLH H
HMeIoIero BCeoOIMuA XapakTep. DTOT 3aKOM  YTBEpXAAeT, uTo
SHEprus He AcyesaeT M He BOSHMKAET BHOBb, OHZ JIHIIL MEPEXOLHT
H3 OJHOrO BHAA2 B JPYrOH B pasjIMyHbIX mpoueccax., STo 3HAYHT,
UTO UBMEHEeHUe BHYTPEHRell IHepeun Tead pasro arzebpautecxod
cymme nodeederinsly KOAUYECTS Tenaors: i PaboTel, WM MOXKHO
CKa3aThb, UTO TENAOTA, NOAYUCHHAR Tesom ussHe Q% uder nocie-
d0eaTesbHO HQ UBMEHEHUE BHYTDEHHEl anepeuy reaa AU u cosep-
werue enewnell noseanol pabore Lyo* (pue. 4.1).

AU=0Q0*—Ly o* , (4.3)
HIIH .
Qf2* =AU+ L, 0%,

rae Q,»*—Tennora, NONBeNEHEAS K TeNy HSBHE NMpH -HarpeBaHHH OT
cocrosnuda [ go cocrognus = 2; AU=U, — U, — uaMenenue BHYT-
PEHIIH SHEDrdH Teja B TOM e mpolecce; Li,* — BHemHas (a¢-
{exTEBHAA) pabora, NOJBEAEHHAH K TeNy B mpouecce 1—2,
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D . B TepMoxMHaMHKe NpPHHATO, uTO TEmJNOTA,
NOABOAVMAs K TEJY, CIHTAETCHA NOJOXKHTEIBHOMH,
a4 OTBOAMMAA OT TeJia — orpHIaTeapHoll. Coot-
BETCTBEHHO pafoTy, NPOH3BOAHMYIO TEJOM HJIH
CHCTEMO# TeJ, CUHTAKT MOJOXKHTENbHOH, a pa-

60Ty, KOTOpYIO HONBONAT K Tely HJH KOTOpad

COBEPIIAETCH HAJ TEJOM, CYHTAIOT OTPHIATENb-
HOH. STHM H OOBACHAETCS 3HAK «MHHYC» B pa-

Puc. 4.1, Buemmufi GoTe Ha pHc, 4.1, Tlie MOKa3aHo, YTO B AAHHOM

Gananc  TepMoaH- cjyyae paGoTa NOJBOJATCH K TeNy H3BHE. BH-
wm.z_ﬂwmwwn CHCTE"  GOp CHCTEME! 3HAKOB COBEPIIEHHO NPOM3BOJIEH H

06YCJIOBJIEH TOJNBKO AOrOBOPEHHOCTHIO.

YDaBHeHHe NepBOTo HAYAN4  TEPMOLHHAMHKH
B MpHBeJeHHOA dopme (4.3) HasHIBaeTCs ypaBHeHHEM NepBOTO Ha-
Jajia TEPMOAMHAMMKH IO GHEUIHEMY OQAQHCY TenaoTs: U paborst.
HeficTBuTeNbRO, NMPHBENEHHOE YPaBHEHHE OTPAXKAET TOJNbKO B3aH-
MOJIEHCTBHE TeNa ¢ OKpyxalomiel cpexoil. OHO He YUMTBIBAET U He
OTpaxaer T€ HeOGPATHMElE NOTEPH, KOTODHE HMEIOT MECTO B pe-
aJIbHBIX YCJIOBHSX SHEPreTHYECKOTO B3aBMOAEHCTBHS Teja C OKpY-
Haolel cpenoll. OHO oTpaxaer TONBLKO OGPATHMOE TEUeHHe MpO-
‘UECCOB NPH B3AHMOJAEHCTBHH TeJIa C OKPYIKAIOWEH Cpenod.

YpasHenne nepBoro Havana B AH((epeRunanbHof (OpMe N0 BHEIIHEMY Ga-
JlaHCY TenJA0TH B paGoTH 3aNHCHEBAeTCSs B BHIe
8Q*=dU-+G6L*, (4.4)
rae 6Q* — xonnuecTBO NOZBCHEHHON HSBHE TOIMIOTH B SIEMEHTADHOM itpoliecce;
8L* — premnss (sddexrHBnan) paGora, BHIONHEHHAas TeloM B BJIEMEHTAPHOM
npouecce; dU — u3aMeHenne BHYTpeHHel SHEPTHH Tela B SIEMEHTapHOM npoLecce.
Pafora 3aBrcRT OT nyTH, IO KOTOpOMY HJeT NIPONECC DACHIHPEHHS MW mpoO-
Hece CKaTHA, T. e, paborTa Aeafercs (QyHKUmel mpollecca, KOAHUECTBO HOJBOIH-
MOE K Tely TENJIOTH TarXe SaBHCHT OT NyTH Ipomecca M SBASeTcH 3h(HeKTOM
nponecca. 106K NOAYEPKHYTL 9TY OCOGEHHOCTb TEMNOTH HAM P2BOTH B Mpouec-
€e, HX 3JeMEeHTapHOe KOJAHYeCTBO 0003HA4aeTcd OOIIAM CHMBONOM GECKOHETHO
MaJIof BeJHYHEH § B OTAHUAe OT O0603HATEHHS CUMBOJIOM ruddepenunana d
BHYTPCHHe/i SHEPIHH NPH e U3MEHEHHH B TOM K& SJEMEHTapHOM mpotecce, Jlefi-
CTBHT&JLHO, H3MEHeHHe BHYTDEHHe! SHEPIHH B JIOGOM @poLecce He SABHCHT OT
BHJla mpollecca H Ompefendercs TONBKC DAaZHOCTHI0 BHYTDEHHHX SHEPTHE B Ha-
YaNbHOH ¥ KOHEWHOR TOWKaX npollecca. STO ciellyeT HENOCPEACTBEHHO H3 3a4KOHA
coxpamenns SHepruH. TlosTomy usmeHeHWe BHYTpeHHelt SHEPTMR B S/MEMEHTADHOM
mporecce H ofo3HauaeTcd cHMBOJAOM Xutdepennnana d.

-~

Ecnu mpmRATh, uTo Macca BemecTBa G B cHcTeMe cOXpaHseTcs
NOCTOAHNOH, TO PasieluB uieHb ypaBHenHst (4.3) m (4.4) ma G,
HOJyIHM ypaBHEHHe MepBOr0 Hauajaa TEPMOAHHAMHKH [I0 BHENIHe-
My Ganascy TemJoThl H PaGOTH AJA EIMHMIB KOJHYECTBA Be-
mecTsa

@1,
G

= Q*a.m =Au+ N*u.n (4.5)

MJH B IH(OEPeHNHaIbHON Gopme

hqﬁug*u%.*.%n

THE §*1,2, 0% — KOMUYECTBO MOABENEHHON H3BHe TEMNOTH B KOHey-
HOM §%1,2 HAH 3JeMEHTAPHOM 6¢* mpoueccax Ha SAHHHLY KOoJHYe-
CTBa Bewlecrsa (Hampumep, 1 &r); [*;., 6{* — Buemrnss {3 dek-

THBHAsA) pa6oTa, BHNOJHEHHAS TeJOM B KOHeYHOM [*;, Hiy sje-

MenTapHoM §/* npomeccax mpu HaMeHemi of6beMa eNHHHIE KO-
JIMYECTBA BeWleCTBA (Hampumep, 1 kr); Au, du— gamenenue
BHYTPEHHEH SHEPTHH CHHHLE KONMYECTER BEHIECTBA B KOHEYHOM
Au=t; — yy nan SJEMeHTapHOM npoueccax du.

§ 4. Ieproe Hayaao TEPMOJTHHAMHKH
AR peadBHBIX OPOLEcCOB

Hcropus passutus uenoseuecTsa NOKa3HBAET, UTO BCE €CTECT-
BEHHLIE CAMONPOMSBOABHEE HPONECCH B npHpope HeoGpaTHMBL,
O6patuMstx nponeccop B TIIDUDPOZE ‘HET, T. €. €C/IH TENO MEePeXOmHuT
H3 TOYKE ] B TOUKy 2, T0 €ro yxke Hemm3s 1o TOMY Xe NyTH B 06-
PaTHOM HampasjleHHu Ge3 3atTPaTH SHepruu NIePEBECTH U3 TOYKH
2 B rouxy 1. Heobparum upouecc obpasoBanus, HADHMeED pacr-
BOPOB MM Kakofi-iu6o cMecu. ITocne 06pasoBaHus CMeCH ee KoM-
IIOHEHTH caMo co6of ye He OTHENAIOTCH Apyr ot mpyra. Ilpsun-
HOH, BEIHBaOUIEH Heo6paTHMOCTE JTIO6LIX MexaHHuecKHx mnpouec-
COB, KAK M3BeCTHO, SBJACTCA TpEHHe. [MosroMy  sddekrusmas
(monesnast) BHemmss paGora I*),2 Beceria Menbure 06paTHMOI; Tep-

MOZHHAMHYECKOH DA%0TH [, Ha BeNIMYHHY HeoGPaTHMHIX moTeps
paboThl [ ,**

¥o=0h,— Iy o**, (4.6)
loteparnas B neoGparumerx poneccax paGora I;,»** npespama-

STCA B TEMUIOTY 6HYTPEHNEZ0 Tenaoobmena tema gy y**, KOTOpas
BOSBPAINARTCS TNY, T. €. HAET HA HATPEB STOro Tena
ho** =g o**, (4.7)

Taxum o6pazoy, s PEAJILHEIX TIpONeccax TeNo NOAyYaeT Kak 6ol
ABa BHJAA TEINIOTH — TEIMIOTY, IIONBEACHHYIO U3BHE §1,2%, W Teno-
Ty BHYTPEHHETO TENN006MeHa gy **, BOSHHKINYID B HeOGDAaTHMEIX
(peaabHrIx) npoueccax, B YaCTHOCTH BCHELCTBHE TPEHHSA

Gre=q1,2% + gy 0**, | (4.8)

Beanmunny ¢, nasmpalor NDHBEICGHHLIM TEMNOOGMEeHOM  Teja
HIH CHCTEMBI TeNl. 3aMeHss BHpaxenHe BHEUIHeH paboTH B ypas-

-
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HEHNR NEPBOro Hauana TePMOAHHAMUKH IO BHeIIHeMy GaiaHcy
(4.5) ypaBrennem (4.6), noayuum

S.»*"D&u_nb.w*nbau_r.b.u IIN_h**

HJAHA . .
qr2*+h o **=Aut1,.

C yuerom ypaBremmir (4.7). i (4.8) oxoHuaTedbuo HaxoauM

Q_.u"?,m*.._.S.u**.HD:._.r.u (4.9)
Had B zuddepennnansuoil gopue .
: . 8g==06g%+6g**=du+ 81, (4.10)

Ypaenenus - (4.9) u (4.10) nasuBaoTCA YpaBHEHHAMH HepBoOro Ha-
Halla TepMOJMHAMHKK 1o Gatancy paGovero Tena W CUPaBENJIHBH

NS BCEX PeaJbHBIX NPOLECCOB. _

-Jlns o6paTHMEIX npoumeccoB, Korma ,2**=0, ypassenns (4.9)
u (4.10) mepexonsT B ypapHeHHS TNepBOro Hadaxa TEPMOXHHAMHKH
NO BHEMREMY GaJaHcy TemIOTH M paboru {4.3) — 3.8.

§ 5. IlepBoe HAYAMO TEPMOZHHAMHKN
AJA 33MKHYTOr0 RPOCTPAHCTBA M MOTOKA

TepmoannaMmuueckas pa6ora aJs Bcex NPOCTHX Tent onpese-
NAETCA KaK paGora maMeHeHMs 06beMa -[cM. ypaBHeHHe (1.10)]
_ ha=pm(vz—1v)) .
ran B g depernnatbroil hopme . "
. , 8l=pdu.

CoOTBETCTBEHHO NepBOE HAYANO TEPMOAHHZMHKH IO Oanancy. pa-
Gouero Tena s 3aMKHYTOIO NPOCTPAHCTBA R EIHHHIEl KOJIHYeCT-
Ba BENIECTBA 3aNHCHIBAETCH B BHIE

Fre=q2*+qo** =1y — w1 +1» - (4.11)
nan B puddepenunancaok gopme .
0g="08g*+0g** =du+:8l=du+pdv, - (4.12)

Konnuectso noppeneHHol wiH OTHATOA TEIVIOTH ;2 B ypaBHe-
nue (4.11) Moxer GHTH HalfifEHO K2K NPOH3BENEHHE TOMIOSMKOCTH
BEMIECTBA H HSMEHEHHA TeMIepaTypH Tefa B PacCMaTPHEaeMoM
Iponecce -[cM. ypasRerue (3.2) ] .

Gr2={q12* + q1,2**) e =Com (e — 1), (4.13)

TI€ Czm — CPENHSAA TEINIOBMKOCTL B PacCMAaTPHBAaEMOM TeMnepa-
TYPHOM HHTEpBasNe f; —if; B mpomecce z=const (ranpumep, v=
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=const wiu p=const), B 14CTHOCTH, €C/H MPHHATL Hpolece” p==
=const, 70 ypasuenue (4.11) npunumaer srx .

Fo=q1,2* 4+ q1,2%* = Cppi (¥ — ) HNEH:M — .

310 SHAUHT, 4TO TeMIOTa, MONBOLHMAS B H30XOPHOM Npomecce,
PacxoxyeTcs TONBKO HA H3MEHEHHe BHYTpeHEes SHEPIHH CHCTEMH.

Ju=uy — uy, (4.14)

Lo cux nop Bee DacCMOTpeHHEIe YDABHEHHS NePBOTO Hagadz
TEPMOIMHAMHUKY OTHOCHAHCH K TEJaM, KOTODHe He nepeMernajncy
B _npocrpancree. OfHako mepeoe Hauamo TEPMOJHHAMEKH HOCHT
OGIIAil XapaKTep H 5TOT 3aKoH [IPEMEHMM M JJISl H3YYEeHHS [IOTOKOB
rasa.

Ilpn uayvenun npoueccon lepeMellenns Tex (Hanmpumep, Wuz-
KOCTeli M ras0B) H3 OGMACTH OLHOTO NABJIEHHS B 06J1aCTh  APYroro
HCNOMbIYIOTCA NOHATHS MOTEHUHANbHON paGoTHI [cm. ypasrenne
(1.15)] # smrasbnun,

Jurarenun onpenensercs Kak CyMMa BHYTPeHHefl SHeprum cu-
creMu U n mpoussenenus pasnenug CHCTEMH! p Ha obweM V

H=U+pV (4.15)

HIH yACJIbRAS MACCOBAS SHTANbNHS (OTHECEHHAS K eIvHHIEe Mac-
Chl BellecTBa)

h=H[G=u+pv. . (4.16)

OHTranenas prpaer BaMHYI0 POJB B CAMBIX PA3HOOGDa3HEX TEp-
MONMHAMHUECKHX pacuerax H H3MEPACTCH B TeX XKe eAUHHLAX, YTO
H Tenjora, pabora ¥ BHyTpeHHss SHeprus. )

Ilo ypaBnennam (4.15) u (4.16) sHrambmug ONpefenserca Kag
CyMMa BeNNYHH, ABAAIOMMXCS (YHKIHIMH CoCTOAHNS 4, pv. Cie-
MOBATEJBHO, OHA M caMa SABJAeTCH (GYHRUREH cocTosnua u nogo6Ho
BHYTDEHHEH SHEDrHH ee M3MeHeHHe He 3aBHCHT OT NYTH nponecca,
4 OHDENLJISeTCA TONLKO HAYAJBHEIM H KOHEUHbIM BHAUCHHAMH 5TOM
OyBRUHH

Ah=hy —py, {4.17)

Ilepexon or ypasnenms TNEPBOTO HAYaNa TePMOAMHAMHKH mjs
3aMKEYTOrO NpPOCTPaHCTBA :[CM. ypaBHeHEHs (4.11) v (4.12)] x
YPaBHEHUIO NePBOro HavaMa AN NOTOKA MOMKET GLITh OCYIIECTBACH
Ha ocHOBe comocraBmenus, HanpuMep ypasuenuft (4.11) u (1.15).

H3 ypapuenus (1.15} cnenyer, uro TepMOIHHaMuYecKas pabora
H3MeHEHH o0BeMa, BXOASIIAS B ypaBrenne (4.11), pasna

2
la= [ pdv=pyv,—p v+, ,. (4.18)
1




Tlogcrasass ypaBHeRne (4.18) B ypasHenne (4.11), Haxomum
qra=ttg— i+l o=ug— iy + pavs — proi+Wis = (Us+Pavs) —
— (w1 +pro1) + w0,

C yuerom Toro, uro h=u-+ pv, MOJIYUHM
f1,2=he—N1+@1,2=Ne—h1+ Vm (P1—P2). (4.19)

PaccMorpuM motok pabovero Tesna MO KaHaly MPOH3BOJABHOH
topMer Mexpy ceuenusaMu J u 2 (pmc. 42). B coorBercTBEH C H3-
BECTHHIM NPHHLUHAOM HEPa3DHIBHOCTH NOTOKZ MACCOBMIA Pacxon B
CTAIHOHAPHMLIX YCJOBHAX [0 KAaHAJY ORXMHAKOB AJaa Jioforo cede-
HuA G =const.

Ecau B ceuenmax I u 2 paccMatpuBaeMoro Kanaia pasHHe AaB-
JIEUHSl Py H Pa, CKODOCTH MOTOKA ¢ U €, ceueHHs] I B 2 HaxXopATcA
Ha pasHO#l BBICOTE OTCYeTa (COOTBETCTBEHHO 21 M Z32), TO MOTEHIH-
aneHas pabora, BOSHUKHYB BCJIEJCTBHE DA3HOCTH [RaBJeHHH B ce-
YeHHAx ] B 2, HAeT HAa M3MEHEHHEe KHHeTHUECKOH SHeprHH IOTOKa
(c2?/2 — ¢,2/2), Ba nogbeMm rasa (KHAKOCTH) M3 NEPBOTO CEYEHHI
BO Bropoe g(2:—=2:), HA COBEpIUeHMe BHEINHeHd paboTH W .%, 2
TaKxKe Ha MPeONOJeHHe CHNl TPEHUS B KHUIKOCTH H Ha CTEHKaX Ka-
Hajga Wy **

w
wia=—(vlp= St — Bt g (g —z) F 0t gt (420)
I .

rie g — ycKopehye cBoGOLHOrO majenss.
TlopcraBasia ypapHenue (4.20) B ypamuenue (4.19), oxonua-
TeJLHO MOAYYHM

2

gy 2= hy—Ny- n%.iw|_|m.ﬁunl..nb+...e*».»+8**ru. (4.21)
YpasHenue (4.21) npencraBiager coGolfl 3amHch NepBOrO Hauana
TEpMOAMHAMHUKH JJS NOTOKAa B caMoM O0INeM BHZE.
‘ Ypasrenne (4.21) ucnonssy-
eTcs JAJIS ONHCAHMSA JBHXKEHHS
rasa Io0 MarHCTPaJbHEIM TIa3o-
IPOBOJLAM.

B ycaopuax, KOraa BHENIHSA
nosesHas pabora w¥,; B moToO-
Ke He coBepumaerca (w*,2=0)
¥ CHJIAMH TPEHHS MOXHO NpeHe-
6pesp (w, **=0), noreAnxams-
Hag paboTa HAET TOJBKO HA H3-
MeHEeHHe KHHETHUECKOH SHEpray

Puc. 4.2. K puBoxy nepsoro Hawapa ABHXKEHHA H H3MEHEHHE BEICOTEI
TepMOABHAMHKH JUIfl TIOTOKA . HeHTpa THAKEecTH HOTOKa fcm.
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ypaBuerne (4.20)]
3 ot ,
Wy g== |'%.S.€“ ry |ﬂ+mo~u —2,). (4.22)
1

B ycnoBusix, Korza B cedeHusX / u 2 KaHaia RaBfcHHE NOCTOSHHO
(p1=pz:=const), HEKAKOro ABHXKEHHS IIOTOKA He GYAeT, a TemIo-
Ta, MOABOAHMAA K CHCTEME, OYAeT PacXOOBAThCH TONLKO Ha H3Me-
HeHHe 9HTAJIBIIHH CHCTEMBI _

Q_.neuv"___nml\a_. Aﬁwwv

§ 6. ARaJATAYECKOE BHIPAXEHHE NMEPBOro HANAJA
TEPMOAWHAMHKYN A5 HAeaNbHbIX rasoe. 3akod Maiiepa

AnanuTHyecKHM ypaBHEHHEM [PHHATO HA3SHIBATH TAKOE ypaBHE-
HHE, B KOTOPOM BXOJSIIME B HEro IePeMeHHLe BeNHUHHE! JONyCKa-
0T BO3MOXKHOCTB HMX HENOCDEJCTBEHHOrO H3MEPEHHS € HOMOIIBIO
PAa3’INYBOTO BHAA NPHGOPOB.

Hpeanbukie rasor moaumasiorca ypasHennio Kianefipona pov=
=RT. Jlns upeaibHBIX Tas0B CHPABENJHB 3aKoH J[KOyns, KOTO-
PHI YTBEDIKIZZET, UTO BHYTPEHHSsl SHEPrHS B3dBHCHT TOJABKO OT
TEMOEPATYpPHl WAH, KaK INPHHATO TOBOPHTL, ABAseTcs (GyHKiHei

»

TOJILKO TEMIEpaTypH £ . .
u=f(t). N (%73
OHTaNbNKA Mo ypasHeHHO (4.16)
h=u+puv.

Hcnonbsya ypasuenne ‘KnamefipoHa ¢ yueroM ypasHemns (4.24)
HaXOAHM

h=u-+po=f(t) +RT. (4.95)

O6a caaraeMex nmpapofi yacTu ypaBHenus (4.25) 3aBHCAT TONBKO
OT TeMmepaTyph. CJeN0oBATeJIbHO, MOXHO YTBEpKAaTh, YTO 5H-
TAMBMHA M BHYTPEHHAA SHEPTHA INS HACAJbHEIX Taz0B 3aBHCHT
TOXE TONBKO OT TeMIepaTyl b

h=fi(1). (4.26)
Js HIeaNbHEIX rasoB BHPAXKEHHS TEMIOEMKOCTell Mpk MOCTO-
SHHOM 00beMe Gy H TPH NOCTOSHHOM JaBJICHHH Cp TOJNYHAOTCS HA
OCHOBE CONOCTAaBJEHREs! 00liero ypasHEHHs TemsoeMxocta (3.1),
YPaBHEHHHA TepBoro Haua/ta TepMopmRaMBKm (4.11), (4.19) w 3a-
xona Jxxoynsa ¢ ypasHenusmu (4.24), (4.26),

Tax, ana msoxopuoro mpomecca (v=const) w3 ypaeHenuyt (3.1)

u (4.11) ¢ yaeroM yparrerns (4.24) nosyuaem .
=—_F U _ Ay (f) =F(@). (4.27)

Cp = =
om Nn IN.._. um - __.-u Nm |1N.._.
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Hna wao6apmoro mpoumecca (p=const) u3 ypaBHeHHH (31) =

(4.19) c yuerom ypaBHeHH: .Am..mmv noayaem
m “..ﬁ..mﬁ ,.\Zplh.,_._sw.lmn i An'(£) .“?Qu.

(4.28)

ﬁ.—us ﬂ» -_— Mu. p—n — HH mn — NH .
YpaBuenns (4.27) 1 (4.28) nokdsHBaioT, UTO TEIIOEMKOCTH

£y H Cp AJA HACANbHBLIX [a30E SABHCAT TOJBLKO OT TeMmepaTypHL.

" W3 ypasmenut (4.27) H (4.28) cyepyior BHpaKeHHA RJA ONpe-

JeNeHns U3MeHeHHs] BHYTPeHHER SHEPTHH Aw H SHTAJIBIHH Ah Bpe-

aJIbHHIX. T230B . .. )
CAu=tis — ty=Com{f2 —1); (4.29)
. rAR=he=shy=cpm{te—h). v (4.30)
C yuerom ypashemnuii (4.29) u (4.30) ypaBHeHus 0epBoro Ha-

yana tepMopunamukn (4.11) n (4.19) Ana nuea’abHEIX rasos fpH-
HHUMAIOT OKOHHATeJsHHE BHJ, 110 GanaHcy pabouero Tesaa

Q_.u"Q*._,u..._nf.u**ﬂnssﬁw —4) +h_.uhu. ,,n_a.ﬁ.Qn —th) Fwie _ (4.31)

nan B JEQdepenuraabHoi popme o

. Sq=08q*+8g**= ¢, dT +pdv=cpodT — vdp.

Ilo sEemHeMy GajaHcy TEIVIOTH X PaGoTH
gi,2=q*1,2=Com (tz— 1)} +1*12=Com (fo—f) +w*s (4.33)

din B nuddepenuuansrol bopue
8g=08g*% =codT +8I* =c,dT + bw*.

(4.32)

(4.34)

Wa conocrasienus ypasuenuit (4.29) m (4.30) ¢ yyeroM ypas-

‘Henust (4:16)" Moxer GHTH MOMYYEHO BAXHOE BHPAXEHHE JJIT Pas-
HOCTH HKCTHHHEIX ﬁwﬂ.ﬁomgmnon.ﬂmwm HIeaAbHEIX Fa30B :

C(hy—hy) — (mg—uy)

Cprm— Com ==
SHEIE TR Pm—TomT ty—t,

4 . ~
.l ?mu_nhuaal.npl..nqu.I?ﬁmlnb.Ivmemln.auc_

" bh—t h f—h '

Ucnonbsys ypashenue Knanefipona p,=RT, noanydaeMm

p o Pala— Pl R(T,—Ty) =R:
Com—Com = = T, ;.

(T=1+273,15; AT=A{).

Ypasuenuwe (4.35), mnoaydenHoe P. MaiepoM BnepBmc B
1842 r., xapakrepuayer saxon, Madepa." OHO n0Ka3HIBAET, YTO TEM-
J0EMKOCTh ¢, BCErNa UhC/IeHHO GO/bIIe TENJIOEMKOCTH Co, YTO pas-
HOCTh STHX TEIIOEMKOCTel DaBHa yHeJbHOH rasoBOH MOCTOSHHOI
R[p Jx/(kmomp=X)J]; [eM.. ypapueyue (1:31)]. Passocts MOJb-
HHX TemJOEMKOCTell KuealbHBIX Ta30B C yueroM ypasHenus (1.35)
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(4.35)

e N— MOMIHOCTE ABRHIaTENA

: e L @ a=N—0,8N=02 N=0,2.335=67 kBr=67 xly/c.

paBna uwmﬂmmﬁnm.ﬁmumom rasopoi —.—QGH.ONEH.HOW" *
Mhalmﬁaumhﬁﬁna - Qeau ":m"m.“mm _.h. AA...W@V

Ypasuenne (4.36) nosBo/AsieT NPH DPOBeJCHHH HHXKEHEPHHIX pacge-
TOB H n1a26opaTopHuHX pafoT ONpeieJHTb 3HAUEHHE TOJNBKO OAHOH
TE[IOeMKOCTH, Apyras NpH HeoOXoAHMOCTH MoXer OHIThL HalmeHa

‘M3 ypasHeHHa (4.36). X

Npumep 4.1, B rasorypGHHHON ycTaHoBKe 3a cYTKR ee palOTH HAa KOMI-
PECCOPHON cTaHuuu coxcrexo 37-10% m® npupofHOroe rasa, HMEWIIETQ TEMIOTY
cropanus Qup=46000 rlx/xr. OnpefeanTs cPeAHIOI0 MOWHOCTE rasoTypOuHHOH
YCTAHOBKM, €CJIM K. 1. J. ee cocTaBiafeT 1.=23%. IlnoTHocTs nprpoAHOro rasa B
IaHroM ciysae pasua p=0,78 kr/m3.

Pewenue, 1. MaccoBwi pacxol TONAHBHOIO rasa 3a CYTKH [0 TasorypOHH
Holi ycTaHOBKE papeH ) g

G=pV=0,78-37.10°=28 860 kr. )

m.Roamamnemo._,mu.noaz,E.mwmemzmomEmo@uammmomwnqmmommow‘uwmao.
Ty 32 CYTKH. N . :

Q=GQryM.=28860-46000.0,23=3053-10% xJlx.

3. DKBHBAJIENTHAS STOMY KOJHYECTBY TEINIOTH paboTa COCTABJALT

,

oo Q -3053- 108 g .
L= 3600 — 3800 = 584,8-10 mm..?__.. ..
4, CpefHss MOMBOCTh rasoTYpOHHHOR YCTZHOBKH 33 CYTKH COCTaBHT
84,8-108
N= ” = 3533 kBr.

Tipumep 42, IIpr HCAMTAHHH NOPIIHGEOrQ JIBHTATENA AAA ONpEleNeHHS
€ro0 MOLIHOCTH JABHPATeJib- 3aTOpMaXKHBaOT. IIpH aTOM padoTa, cOBEpIIAEMan JBH:
rarejieM, pacxoiyeTcs Ha NpeofoJjieHHe CHJ TPEHHA H NPEBPAILACTCA B TEWIOTY;
OJHa YacTh Koropoi (20%) pacceusaercsi B OKPYKAWOUISH Cpefe, a JADYras OTBO-
IiTes oXNaxkpanile TopMo3 BoLoft, CkoabKo BOAM HeOGXOAHMO NOABECTH K
TopMO3Y 3a | U, €ClH KpyTALHA MOMEHT Apurartensl paBed Muyp=2000 H-mM, zac-
TOTZ BpaWleHHs1 ABurareds n=1600 of/MHE,’ a AONYCTHMOE NOBHIIEHHe 'TeMrepd-
TypH Bofn Af=f»—1#==35°C. TemroeMxocts BogH ¢=4,19 rIx/(xr-°C}.

Pewenye. MollnocTh ABHPATEN OpH TOPMOXEHHH TEAKKOM NEPeXOJUT B -Tefl-
JOTY TPEHHS, BHASNCHHYI0O B eRWHHILY BpeMenH, a 80% 3TOR TemIoTH NOIOMA-
evcs BOJOH. CrelloBaTelbHO, YDPABHEHHE TEIUIOBOTO GaNaHca MOMKHO 3alHCATh B

euge (1 ﬁ.zrl.g Jx) ,
i o 08 N=Ge(t—ty),,

b

2-8,14-1600-2000 g

nnMp 3 B o 338
= 334033 Br ~ 335 5Brw;

2 =, =
60. 60
.G — MaccoBHIl pacxof BOMBI, KE/C.

Tagnm 06pasoM, HaXoRHM

0,8N 0,8-335
G == — - — = —
o Cl,—t)  4,19-35

KONHUeCTBO TEIUIOTH, DACCEAHHON. B OKPYIKAIOULYIO CPEAY, COCTAaBHT °

= 1,83 xrfc=216488 xrfu.
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KonTpoabHbie BONPOCH

| 1. Uro Taroe NpHHUED JKBRBAJIEHTHOCTH B TEPMORHHAMHKE?

2. Kaxoso npHHUENHAALHOS OTIHUHE MEXAY NOHATHSIME TEMIOTH H pabors B
'YCHOBHAX HX B3aHMOAEHCTBHA?

3. B ueMm oTamuie MexAYy YpaBHeHHAMH NepBOTO Havajla TepMOAHHAMEKH IO
BRemHueMy GajaHcy H GanaHcy paGoudero Tenal

4, Yro Taroe sHranemuA? Kaxk oHa onpefensercs?

5. B ueM omiMuMe YpaBHEHHS NEDPEOFO Haialda TEPMOAHHAMEKH AAA UOTOKA )

OT ypaBHEHHS NepBoro Havana JAs 3aMKHYTOFO NPOCTPAaHCTBA?
6. Kax ¢opmyaupyercs sakod Mafiepa? KakoBo ero npaKradeckoe 3Hatie-

HHE?

Taagea §
TEPMOJHHAMHYECKHE NPOILECCHI
H3MEHEHBUA COCTOAHUA Ty

§ 1. Kaaccubykanus NpOUECCOB HIMEHEHNA COCTOAHHA

B pasaene «OcHOBHHe OHpENEJNEHHA TEPMOAMHAMHUKH» yKashl-
BAJIOCh, UTO TEPMOJMHAMHYECKHM NPOLECCOM INPHHATO HAsHIBATDL
n060e H3MeHeHHe cHeTemut, IIpH aToM ypaBHeHHe mpouecca MO-
JeT ONpefeAAThCH YCJAOBHEM O NOCTOSIHHOM 3HAUCHHH B NpoLecCe
KaKoi-1H60 (QYHKLMH COCTOSHMA (HANpHMEp, u=const, h=consi,
p=const, {==const u T. I.) HJIH YCJOBHEM O PaBeHCTBe HYyJi0 Ka-
koro-1u6o adderra B npouecce (HampHMep, PaBeHCTBO HYJIO TeN-
ncobmena 8g=0; paborsl 6!=0 u T. n.). Orcioga crenyer, 4ro ¢
MOMOIIBIO YPABHEHHH TepMOZHHAMEKH MOXHO H3y4aTh camue pas-
HooGpasmuie mpouecce. Ha npakTure OOHYHO BHASNSIOT HETHIDE
OCHOBHHIX mpollecca: usoxopsoill, usobaptoidl, usoTepmueckul,
aduabarnoid, Kpome aTOoro B TEPMOLHHAMHKE 9ACTO MOJB3YIOTCA
0606IIICHHIEM NMOHATHEM HOAUTPONHO20 MpoNecca. -

IonuTpona NMPOHCXOZHT OT TPEYECKHX CJOB «IOJH» ~-- MHOTO H
«rponoc» — nyth. [loJUTPONHEIA mpoluecc — 3T0 B NPHHIHIE JIO-
6ol mpouecc, rie OAHOBPEMEHHO MOTYT H3MEHATbCA BCEe mapaMer-
pH paBouero Teqa (AaBieHue, ofbeM, TeMIepaTypa), OCYUIECTB-
JATHCA TOABOA MJH OTBOA TeNJOTH M T. 0. IIoJNHTPOmMHHIE mpouece

o6beHHAeT Bce yKasaHHBIe MpOIECCH, KOTOPHE, Kak OyAer NOKa-

3aHO AaJjee, SBJAAIOTCS €ro YacTHBIMH CAy4asMH.

PaceMOTPHM OCHOBHEIE TePMOJHHZMHUECKHE NDOLECCH H yCTa-
HOBHM COOTHOIIeHHs, CBA3HIBalOIHe Mexzay coboH mapaMerpnl co-
CTOSIHHSI BElllecTBa. ,

§ 2. IlpocTeiine npoueccH H3MEHEHHS COCTOAHHASA

HsoxopuHH npouecc. HaoxopuolM NPUHATO HA36I8QTH
TaKoil Npoyece uiu Taxoe USMEHEHUe COCTORKUA TeAd, Npu  KOTO-
pom ydeavnoili o6sem ocraercs nocroannsim v=const, Ilpouecc
STOT MOMKST HNpPOHCXOAMTbL TOJBKO B 3aMKHYTOM NpPOCTPaHCTBE MO-
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CTOSHHOTO 00'beMa IPE NOCABOAE HJH OTBO- p ,
e TemaoTH. PaccMOTPHM H30XOPHBEIH TpO- b 4
Lece B KOOpDAHHATAX p—v, OCYyIIeCTBJAAC-
MBIl OT COCTOSIHHS, KOTOPOMY COOTBETCT-
ByeT TOYKa I, A0 COCTOSHHA, KOTQPOMY
coorBercTeyer Todka 2 (pHe. 5.1), Ilapa-
MeTpEl COCTOAHHS B TOUKe 2 ONpeiNeNanT- <
€ ¢ TOMOLIBIO CHeMHANBHHIX JHATPaMM
COCTOAHHA, Tab/aHN TepMOAHMHAMHYECKHX
CBOHCTB JAHHOIO TeJa HJIH XKe ¢ MOMOILLIO
NpHBEJEHHHX COOTHOIUEHHH, ¢ yYeTOM TO-
ro, UTo B AAHHOM IIpoLecce He H3MEHSeTCs ol v 7
obLeM Tesa, T. e. Uy=0;=0. [losToMy na- _
paMerpsl COCTOSHMA HAeaJbHOro rasa Ha

H30XOpe CB3aHLl Mexay cobofl coorTHome- Pne. 6.1.  Hsoxopir
HHEM npoiece B KOOPAHHATAX

p—u

palpr=T5[T). (5.1}

Coorromerue (5.1) nerko nosnydyaercsa u3 ypapHenus Kaamei-
POHA, 3aMUCAHHOTO AJA COCTOAHHA rasa B TOUKax I{pv=RT\} u
2(pav=RT,), noclie CONOCTABJEHHA H COKPALIEHHA HA MOCTOAHHYIO
BENVYHHY YAedbHoro of6beMma v. YpaBHeHue (5.1) HHOrAa HasbiBa-
ior. eme sakosoM [lapas. o

Us ypapuenusa (5.1) cnexpyer, uto Harpes rasa B COCYAE IIO-
cToAHHOrO 00BeMa Bcerja OyIerT NPHBOAUTHL K POCTY RABJEHHUSA.

Yaenpuas TepMoAHHaMHuecKast paGoTa B H30XOPHOM IIpolecce
paBHa Hyxwo ;[em. ypasuenua (1.10) — (1.12)]

hae=pm(vy—uv1)=0. (5.2)

YoenbHas norTeHLHadbHAsg pafora HIMEHEHHA NABJACHHA N0 ypaB-
wenuio (1.14)

Wi,2=0(p1— P2) | Am.wv.

¥ YHCJEHHO paBHa miaomamu 12 ba (cM. puc. 5.1).

KonuuecTso TEIIOTH, coobmiaeMoll CHCTEME IpPH HarpeBaHHH
Tesa (MAH OTBOLMMOH IIPH OXJaX/eHuH) B H30XOPHOM mpolecce,
ONpENeNsAeTcss H3 ypasHeHHs L[ePBOro Hayala TepMOIHHAMHKH

Qre=q%1 2t q1o** =t — th+ L2 =uy— 1. _ (5.4)

s HpeaxbHOro rasa ¢ yueroM ypasHemus (4.31) ypasnemue
(5.4) npuEHMaeT BUI

fre=0*2+q1 2 * =ty — th=Com (Te—T1) =Com(lz—11), (5.5)

roe T u Flmmwmawmmm H KOHeyHas TeMOeparypel mpopecca, K;
t 1 ta — 10 e, °C; Com — cpeaHAn YHENbHAA TEIVIOEMKOCTh TeJa.
B uRTepBane TeMmnepatryp T.— Ti, kIIx/xr, K

.43




Ias pabouero Tena maccoli G Kr ypaBleHHe (5.5) mpEHEMaeT

BHA

S.»QHO__NH@*_..N.TO__w**HQm|Q_HQn§AHN|H;H
= Geum (f2—11). :

Mpuumep 5.1. B Gaanone BMECTHMOCTBI 0,01 mM® HaxO#HTCA METaH NMOA
nasaennem 0,51 MITa u npr TeMueparype 15 °C. Kakopa Gyler TeMuepalypa ra-
3a, eclid K HeMy HOJBECTH 5 kK renqioTel? Tem10eMKOCTb Tasa ¢u=1,7 xlx/(xr-
-K). Meran paccMaTpHBaeTCH KaK HJealbHEA ras,

Peweriue. gmoo< MeTaHa Kax nJeallbHOTQ rasa onpepenseM H3 ypaBHCHHA
Knanefipora :

6= pYV__ 0,51-100:0,01 _ _5,1-10° 000
. RTy 518-288.2 149,37. 103 )
Koneunas Temmeparypa mpomecca |
. O_.N“thiﬂﬂ.ulu‘_uu
T Ty 28 958 2+ 5 88,0 b —— = 377.5 K;
BT Gog 7T 0,084.1,7 "+ 0,088
ty=Ty—273,2—=104,3 °C. .

UsoGaprami npomecc. H300apHbiM HABLIBAETCR TaKO
npoyecc uAu TAKOE USMEHeHue COCTOAHUA CUCTEMBbL, npu KOTOpOM
dasaenue ocraerca nocrosHnum (p=const). Kak u B cayiae H30-
XOPHOTO Tpouecca, NapaMeTpH rasa B mobol TouKe mpouecca Mo-
ryT GLiThb ONpeAe/eHbl ¢ MOMOMIbIO MPHBEACHHEIX COOTHOLIEHHH C
yueToM TOrO, UTO JaBJeHHe B Tpolecce OCTAeTCA HeH3MeHHLIM,
PaccMorpum H306apHHj mpollecc B KOOPAHHATAX p-—U H3 COCTO-
SHMs] CHCTeMEl, KOTOPOMY COOTBETCTBYeT ToUYKa I, O COCTOAHHR
CHCTEME], KOTOPOMY COOTBETCTBYET TOHKA 2 (puc. 5.2). Ecan na3-
BecTHH MAPAMETPH COCTOAHHA B TOUKe I, TO AJIS ONDEAENeHHs 1d-
paMeTpoB Teaa B TOUKe 2 HeOGXOXHMO SHATH TOABKO OINHMH H3 Na-
pameTpos cucTeMsl B Touxe 2. Ilapamerphl COCTOAHHA HIeaNbIHOTD
raza B H300apHOM INpOIECCE CBASAHW MEHIY co60H CHAeLYIOUHM
COOTHOMLISHHEM: _

QM\Q»"H.M\HT Ammv

Cootnowenre (5.6) momysaerca ms ypasenus Kaanefipona,
3aNHCAHHOTO AJS COCTOSHHA Trasa B TOYKax I{pv;=RT)) =n
. 2 (pv:=RT;) nocne coxpalleHHs Ba NO-
e 1 2 . CTOSIHHYIO BEJHYHHY. p.

W3 ypaeuenus (5.6) caemyer, dro
uyem Bhllle TeMOeparypa rasa [z B KOH-
ne mpomecca, TeM OOJblIe YAENbHELR
of6beM rasa vz, T. € TeM MEHbIIE IVIOT-

b HOCTH p. DTO S8HAUHT, 4UTO PACIIHPeHHEe
rasa B H306apHOM TNpOLECCE CONPOBOXK-
faeTcsl MOBHIMIEHHEM = TeMIeparypnl ra-

Puc. 5.2. Viso6apunfi nponecc 32 (Te>T1).
B KOOpAMHATAX P—U Vaenprasa Ttepmodunamuseckos pa-
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Gore n3MeHeHHs ofbemMa B H3004DHOM lipollecce ONpenensAeTcs OO0
ypaerennio (1.10) ¢ 3aMeHO# CpeAHEro AaBJEHHA Pm HA NOCTOAH-
HOe [aBJeHHE p H YMCJIeHHO paBHa mIomanu [2ba (cm. pc. 5.2)

lip=p(v2—v1). . (5.7)

Jas BIealbHOTO rasa C YYeTOM YpapHEeHHH Knanefipona ypasHe-
#ue (5.7) mMoxkeT OHITL IPHBEAEHO K BHLY

Nrm"_ﬁaduld.uumﬁﬂ.m]ﬁ—v. mmmv

Yoeapuas noTeBnuanpHas paGora B uzofapHOM Dpollecce pae-
Ha Hyao [cM.-ypasnenue (1.16)]

Wy,2=0m (p1— P2} =0. (5.9)

KosnguecTBo TemaoTh, NOABOZMMOR K CHCTEME NPH HarpesaHHH Te-
JAa (WiH OTBOAHMOH HPH OXJAXKIEHHH), B HzobapHOM mpomecce
onpenensercs H3 YPABHEHHS [1ePBOrO Hauala TEPMOAHHAMHKH

Qﬁ_wHQ*_.wlTan**H.«wwI_“w_l_l..ne__u"mmml}:. AMHDV

a5 BAEaJbHOTO rasa C YIeToM ypaBHEHH: (4.31) ypaepHenHe
{5.10) mpuHEMaeT BHJ . :

fro=q*1,0+q1a** =ha — ly=Cpm (Te — T1) = Com{fa —t1), (5.11)

rae T; u Ty — COOTBETCTBEHHO HayaJbHAA H KOHEYHAS TeMIeparty-
pa mpouecca, K; ¢ u fp— 10 xe; °C, Cpm — CPENHSS YAENbHAS TE-
I0eMKOCTb TeJla B HHTepBajle Temmnepatyp f» — b, KILK/ (kr-°C).

Ias paGouero Tena Maccoli G ypasemue (5.11) mpuHMMaer
BHI, .

7120 =Qi2=Q* 2+ Quo**=H: —Hi=
”Qﬂh-ﬂwﬁﬂaﬂ] N..m/v = tha AWN -_ N__.V .

Tipumep 52 Meran maccot 1 Kr fipu NOABENEHHH TEMJAOTH DACIUHDACTCA
mo u3obape ¢ Aagacuuem 1,019 MIla, [lpn srom erc TemmepaTypa NOBEIMIAETCA C
95 po 125°C. OnpefleinTs KOHEUHH ofbeM rasa, TepMOXHHAMUYECKYIO paGory,
KOJMYECTBO MOABeJSHHON TeIVIOTH M H3MeHeHHe BHYTpeHHefl 3HEDrHH B OpO-
uecce. s
Pewenne. 1. Hs ypasuedna (1.35) waxofuM, 4TO yHeabHas ra3osas no-
cTOAHHAA AR MeraHa cocramiser 5183 Iix/(xr-K). . :
2. Ilo ypasuennwo Knanefipona (pv=RT) HaxofuM HAY4NbHEA U; H KOHeT-
Hulfi Uy ofbeMH rasa . ) , .
g RT,  518,3-298,2
U= = - IIHO- B 3
1= 1,019 10° 187 wdfxr,
RT, 518,3.398,2
Up == = =0,210 mM8/xr.
2= Lo o Or2l0w/x

3. YaensHasn TepMopuHaMuteckas pabora pacuHpeRHs }
bh,2=p(va—01)=1,019-108(0,210—0,157) =52 llx/kr. . . i1

PaGoTa. n3MeHeHNs KABRGHHS W2 PaBHA KYIO @2=0.
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4. Koanmuecrso TenmorH, MolBefeHHOR X ra3dy, ompefenficM mo YDABHEHHIO
(5.11). 3Hauende TemmMOEMKOCTH IA% MeTaHa HaXOLHM M3 Taba. 3.1 upu cpeamedt
TeMIeparype npoliecca _

L2,
2
G1,2=Cpm (f2—11) =2,4(125—25) =240 wlix/kr,

tma = =75"C; epm=2,4 gJIm/(xr-°C);

5. MaMeHeHme BHYTPEHHel SHEPrHH Tela MOMHO ONPENENHTH MO YPABHEHHIO
(4.29)

DE“&»I.R_ = hqiﬁm»[n-u .

-3HavYeHHe TENNOGMKOCTH Cor HAXOJHM H3 ypaBHeHHs Maitepa
Com=Cpm—R=2,4—0,518=1,88 xx/(xr-°C);
Avu=pg—u=1,88(126—25) = 188 xx/xr.

HaorepmuuecKHi npouecc. HsoTepmudeckum Hassiéa-
eTca TaKol npoyecc uiu TAKOe UBMEHeHHe COCTOAKUA Tead, npu
KoTOpoMm Temneparypa ezo ocraerca nocroannod (T=const). Hzo-
TEPMbl HIEAJNBHOrO rasa B KOOPAHHATAX p — U HMEIOT BHA PaBHO-
OCHHX THnepGos. YeM Bhbile TeMumepatypa npoilecca, TeM BHIIE
pacionaraercs COOTBETCTBYIOIAs JIMHES npolecca (puc. 5.3). Ha-
BJIEHHS H 00DbeMBl B JIOGLIX TOUKaX HA H30TePME HISaJbHOTO rasa
CBf3aHH ypaBHeHHeM Bofing — Mapuorra

P1U1=Polly=pv =const.

T

H3sorepMul peaJbHOIO rasa XKHAKOCTEH HMeIOT GoNee CJAOMKHLIN
Xaparrep M HE NOAUYKHSIOTCH YPaBHEHHIO THIEDPGONHL (P10 =pavs).
Oanako s MoGHX BELIECTS B H30TEPMHUUECKOM [POLECCE MNOBHI-
INeHHe AaBJICHHS BCErAa NMPHBOAHT K YMEHLIICHHIO ofbeMa Teda.

YpasHenne Bia onpefeieHuA YAABHOR TepMORHHAMHTECKON paGoTH H3MEHE-
HHA 0GbeMa MOAYYAl0T OGKYUHO C HOMOWIGED BEICIIER MaTeMaTHKH. [leficTBHTeb-
' HO, yAelAbHA® TepMOAMHaMHUeckam pabora

H3MeHeHHs o§beMa no ypasHenuwo (1.12)

»Q NWVN-NVHW 2
L9 =\ pdv.
Ty=const 12 Mn
YMHOMHM W pazfennm NGARHTErp ANBHOE
BHIpaXKeHHe Ha v
2 p 2
17 dv
F.uﬂ_r*\.helulﬂ,m.mu.| '
= v
Ty=const 5 X
0 & TAK KaK B HSOTepPMHUECKOM I[IpOlecce Hie-

axbHoro rasa pv=const, pp=RT, nponsse-
Puc. 5.3. HsoTepMu mlleanboro  Jeumme pv Kax NOCTOSHHYI0 BEJHYHHY MOXHO
rasa BHHECTH 32 BHAK MWHTerpana, cHaGgWR HH-
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HeKcaMi TouRH 1 unn 2

2
. di U U
~s.nﬂ.ﬁ~Qu.M.dﬁ"tuea_uﬂm."w.m.quf _m.ﬂur. (5.12)
: ; 1 1

-

C yuerom ypasHenus Dofing — Mapuorra nocnefiHee ypaBHeHHE MOXKHO SalHMcaTh
depe3 COOTHOLIGHHE AaBNeHHE

. Y .

I = 2,3p, 0, g —2=12,3p, v, Ig 22 — 2,3RT Ig —2 =2 2,3RT Ig £~ . (5.13)
’ n TP 1 P

Hnsa 106010 KOMHYECTBA BelleCTRA vmaoam H3MeHeHHa o0BbeMa

Ly2=Gl 2.

YaenvHas NOTeHIHAJbHAsA paboTa M3MEHEHHS MABJEHAS B H30-
TEpMHYECKOM [pollecce YHC/AEHHO DaBHA YAeJbHOH TepMOIZHHAMH-
yeckolt paGoTe uaMeHeHHA o0BeMa. ITo CAeLyeT H2 YPaBHEHHS
(4.18) hi,o=p2v2 — p1v1+w),2. TaK KaK B H30TEPMHYECKOM IpOUeC-
ce p1t=palsz, TO _ _

?.m"ﬂern. . ..f mmuhv

YIeJlbHOE KOJMHUECTBO TENJOTH, NOZBOIHMON K TeJy HJIH OTBOIH-
MOH OT TeJda, B H30TePMHMYECKOM INIpoOLEecce ONpPENeJseTcs H3 mep-
BOTO Hayasa TepMoauHaMuku (4.11)

Gre=Uz — t1+1,2. (5.15)

Tax kax usMeHeHHE BHYTPEHHEl SHEPTHH HAEAJLHOTO rasa B H30-
TépMHueckoM nponecce (I'=const) paBHO HYMO Uy — U= Com (To—
m.._v = Ou

gro=Ll2=ws, (5.16})

T. €. @NQO.HN. coBepuiaeMay ENEaJbHEIM rasoM B H30TCPMHUYECKOM
mpomecce, YHCAEHHO PABHA KOJHYECTBY TEIJIOTH, NONBOZHMOH K
STOMY rasy. .

Jas no6oro KoJMuecTBa BelmiecTBa ypaBHeHHe (5.16) npHuuMma-
€T BHJ,

Qie=Cqi2=Li =W,

TemoeMKOCTh Ta3a B H3OTEPMHYECKOM IpPOIECCe, KOTAA NOABOL
HJIM OTBOJ TENJOTH He NMPHBOJHT K H3MEHEHHIO TEMIEpaTypHl TeJa,
feckOHeYHO BeNHKa, DTO clAefyer us ypasHenus (3.1)

G=—N et o, (5.17)

th—4
3HaK IAIOC COOTBETCTBYET NOJROIY TEIMIOTH, 3HAK MHHYC — OTBO-
Iy TemJIOTH OT CHCTEMEL. _

IIpamep 53. B xoMnpeccope cmuMaeTes 1 xr Merana c JaBleHHS
0,0981 MITA no naemenna 0,204 MITA npu nocrosHeok Temmepatype --15°C.
OnpefiennTs paboTy CHATHR B 5TOM MpoLecce,

4—40 , 49




Pewenue, Pabory cxarua s H3OTEDMHYECKOM "HpOLEcce HAXOAMM MO ypaBHe- |
anwo (5.13), VnenpHas rasopas nocrosHHas AaA Merana R=>518,3 IDx/(xr-K).

Py 0,0981
&. [ » Tlg ~—— ot ] » . =
1,4 = 2,3RT Ig o2 518,3 (273,24 15) lg—
= wmm_mmwﬂmw_.l.o.n@.ll 2,3-518,3.278,2-0,4771 =
[ » 12 1g O.O&mh = a0t b .. Y -

= — 158,2.10% I = — 58,2 xx.

.H.mmwm_mw.mmo,..muzmamnnozn_uonoonmq_.uﬂﬂe_.u_eommmm=m=<n M ummo,..z
03HAYaeT, UT0 LA COXPAHEHHS NOCTOAHHON Temmeparypu rasa (+15°C) HeoG-
XOZHMO B mpouecce oTBoAWTE 158,2 xJx Teniorel

Anuna6atHui npouecc. Aduabarnein- naseisaerca Taxodl
npoyecc, 8 KOTOPOM K Teay He hoOBOCUTCA TENAOTE u He oT80duT-
ea (1. e, 8¢=0). B roopmuHarax p —uv (puc. 5.4) sToT mHpouece
OT/HYAETCH OT H30TEPMHUECKOro HECKOJBKO GOJBIUHM. HAKIOHOM
K ocH abcmuce, T. €. aguabara uner 6oJiee KPYTO, YeM H3OTEPMA.

TepMoauHaMHuecKyl0 cHCTeMY, B KOTOPOil HpoTekaer ofpatu-
MBI agvabarHbifl mpouece (8% =g, **=0), MOXKHO NpPEACTABHTb
KaK Kakoe-jHGO TeslO, BAOPHMEp Ta3, OrPaHMYEHHHH HIeaJbHOH
TeJIOH3OJMALKONHOR of60J0ouKoH, a6CONIOTHC He mponycraiouel
TENNOTY. .

B peanbunix ycmoersax (64%*%0) stor mpouecc ciaemyer cui-
rath BHemme aguabateiM (8¢*=0; ¢*.,.=0). HeficTeuTennHo,
[pY TEYEHHH PEaNibHOrC rasa, HANPHMEp IO rasonpOBOLY C HALANb-
HOH BHeUIHeH H30MALHEH, TemI000GMEeH MEXAY TrasoM M BHeHeH
Cpenoi OTCYTCTBYET, T. e. 8g%¥=¢%; ,=0. Ho nockonbky Tteuenue
rasa B TpyOonposofe OYZeT CONDPOBOKAATHCA TPEHHEM, BOSHHKAET
TEIJIOTA BHYTPEHHEro TemoobMena (qi,2**s~0), xoropas umer Ha
Harpes 3TOro TeJAa, ,

PacemoTpum cHagana o6paTumbie afnabarubie npoueccH (§g** =
=¢12**=0) ¥ moKameM, KaK CBA3aHH MeXJy CO6Oit HapaMeTpnl
PAa3NHYHBIX COCTOMIHHH B ofpaTtuMoM azmaGaTHOM mpolecce.

H3 ypasuennit (4.11), (4.19)

g L e=gra=ts—ti+l1a=ho—P1 + W12 =
. (5.18)

Ph 11

Aduadame ={,

OTCIoaAa

N_.M =— ﬁ:m.la_u“
T Wy,s=—(ho—"i).

Haomepro

; Tlomenue BTOpOE ypaBHeHHe Ha MepBOe,
=~ HOJYIuM
Puc. 5.4. Aguabara [—2 u

HaorepMa I'—2- B KoOpHH-
HaTax p—7u Lo

W, }»..l. ‘hy AR :
2 — _ :
by — ity Au Hm;@v

‘ED . . L

e

e

3zech k& — mokasarenb aguaGaTHOro mpouecca, ompejpessieMbli ye-
Pe3 COOTHOIIeHWE NOTEHUHANBHOH W;. W TEPMONUHAMHUECKOH [,
pabor (meauuuna Oespasmepuas). Jlasf HAeanbHOro rasa 3TOT 10-
KasaTesb c yueTtoM ypaBHenufi (4.29) u (4.30)

pm Bt _ Mzl Cpm—h) _ Com (5.20)
Au g — by cum (fg— 1) Comn
UJH ¢ yueToMm ypaBHeHns Maifiepa (4.35)
pm B Gm _ emt R, R >1. (5.21)
Com cpm—R Cum Com

M3 ypaemenns (5.21) cJaepyer, 4To, 3Hast ONHY H3 TENJI0EMKOC-
T€ Cpm WAU Cpm JJS H3BECTHOTO Ia3sa, MOXKHO JIETKO ONPeAeNHTb
noKaszaTesb axMadaTHOTO Nponecca £ JAHG0, HA000POT,3HAS BEJIHYH-
HY 2, MOXHO OIpeleJHTh TENJOEMKOCTR Cpm H Com OIS NAHHOTO rasa.
Ecau B ypaBHenus (5.20} u (5.21) Bxomar cpeaHHe TEmIOEMKOCTH
Ipomecca, T0 H ONpefesseMHl noKaszateab k& Gyger cpefuum uas
namnoro mpouecca. Ecau B ypapuenus (5.20) u (5.21) Gyzyr Bxo-
JHTb HCTHHHBIE TEHJIOEMKOCTH M KaKOH-TO KOHKpPETHOH reMmmnepa-
TYPH Tasa, TO H onpeiejseMblii mnoxasarteib & OyHeT CUHTATHCH
UCTUHHbLM, CLPABeNJIHBHIM JHIIL A5 LAHHOK TOUKH IIpoIecca.

VpaBHeHHe apMaGaTH M OGpaTHMOro mpollecca ¢ NOCTOSHHEM (CpelHHM)
3HAYEHHEM NOKA3aTeNAsd Hpoliecca k OGHYHO BHEOLAT C NOMOIILI) BHCUIEHR MaTe-
maTeEkH. Ecam nokasatens k& B mpoligcce NOCTOAHHHIN, TO OH OJMHAKOBO TPABHIL-
HO MOXeT OnpefefATbCA JHGO 'eped COOTHOLIGHHE HHTErpaipHHX SHaUeHHH pa-
gor w2, L» H3 ypaBHeHua Mm._ow. Ju00 "Wepes COOTHOLICHHE  3JeMEHTAPHEIX
sHageNHE 3THX Xe pafor Sw, 6! :

Wy, S vdp
B 0% o — —
=T, Ol pr el O (dofo},
oTcioAa
e
v P

Hurerpupys sTo ypaBHeHHe Ha KOHEYHOM yYACTHe MeMIy Toukamu [ u 2 c yvue-
TOM, UTO E=const, NOAyIHM :

E

HJIR

Bln -2 = In-E

(51 Pz

TloTenuupys nocreliHee paBEHCTBO, MOJAYUAEM
DrthR=pota®,
.Pmmhoﬂ_mamo. nepepoAR CHCTEMH nO agralate B ._._HOQ%HO TPeThbl0 TOUKY, MOMHO
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NOKA34Th, YTO
P1oR=pavgh=pyvskt=const. j

Taxum ofpasom, .EE Jwo6Goro cocrosHHA B aguabaTEoM obpa-
THMOM Tipomecce (IPH YCJAOBHH, 4YTO £ OCTaercs mmmwzmmmsav
CPaBelJIiBO PaBEHCTBO

puk=const=C. (5.22)
Ypapuenue (5.22) u nashiBaeTcs ypasHeHHeM aduabarsi ¢ 1OCTO-
AHHHM TOKasartelieM k Hiau ypasHetuem aduabaret ITyaccona. OHo
yCTaHaBAHBAET CBASb MEXIY p H v B 06paTHMOM afuaGaTHOM Mpo-
Lecce.

Jas Toro, 4To6H yCTAHOBHTL CBA3B gmxﬁ% T H v BIH  MeXAay
T upna mhmmamem ofpaTEMOro mpolecca, MOXKHO BOCIMOJL30BAThb-
ca ypapueHHem (5.22) ¢ yweroMm ypaeHenHs Knaneiipowma. Ieicr-
BHTEJLHO, ¢ YY€TOM TOro, YTo M HaeajasHoro rasa uv=RT/p w3
ypabHenHa (5.22) 3aMeHOH BeJMUMEEI p Aja mpouecca [—2 MOX-
HO TOJYYHTh

T10# 1 =T,vs4!

u..n Vklm
—_—= .
Ty A Uy

Axanornuyo, moIcTaBafsA B ypaBHeHHe (5.22) sHaueHHe yHelb-
Horo o6BeMa, MOJyueHHOro u3 ypaBHewnsi Knanefipora v=RT/p,

HaxonuM
.@FV» - ﬁ RT, v, =C
Py A P P\ '

(5.23)

HIIH

oTCIoaA )

A T, vw“ P A Py va"ﬁ Pe vwl_
T, Pz \ 1 41
HIH Omno.mmﬁmﬂmbwmo ’

k—1 k—1
lﬁluAuluvlﬁ HAPV
Ty Py U
Hs ypaprenus (5.24) cnenyer, uro YMeHLUICHHE AABJCHHS HA aiH-
aGare NPHBOAMT K MOHHIKEHHIO TEMIEpPaTypH rasa. B ¢B43H ¢ sTHM

(5.24)

npouece agumaGaTHOTO pACUIHPEHHS HAaCTO mongwwwmeom KaK -

emﬂﬂﬂmm:umﬂ crnocol oxNamaeHHsa rasa.
52

T

YpaBreHHd Jjs onpejeseHHs paboTol paclIHpeHHst (HJH cXKa-
THA) B agHabaTHOM mpoliecce MOTYT OHTb NOJYYEHB CASLYIONIHM
oGpasoM. Ilo yPaBHeHHIO (4.18) MeXAy YHeAbHOH TepMOAHHAMH-
gecko#l 1, B yHeAbHON NOTEHIHAJNBHOH Wi, wmmoemzm CYINEeCTBYeT
caefyiomas cBsi3b

[12— W1,2=pP202s — P10

Ilo ypasuenuio (5.19) coorHomenue stTix paboT paBHO NMOKasza-
TeJlo agrabaTHOro mpoumecca

ﬂQH-& “bw . HEM N“}MH 2

mu. 2
ﬁoaoﬂ.mwamm 5TH COOTHOLIEHHS, MOJYYaeM
La—ERl =1 ,(] IE Palag—pPyUy=py u»ﬁ Br%a 4 v.“
PiYs
= P10y (T p— 1),
Oq.omohm._
L {1 —"y.2) .
ha=tolona (5.25)
k
k—1

Wy =kl 2= Py (1—1, ), (5.26)

TEE T),; — XaPaKTePHCTHKA INpoLecca pacHIHpeHHs (BJAM CXAaTHAd),
onpeneasieMass K4k OTHOIEHHE KOHEYHOTO M Ha4YaJbHOTO 3HayeHHH
KOMIZIeKCa pv

=Rl (5.27)

Hs ypaeueHns (5.22) gna o6patumoro agsHabarHoro mpomecca
1—2 ¢ nocTosHHBIM NOKA3aTeNeM MOXKHO 3amMCATh

k h—1 k—1
Py Apv —_Pals va uﬂ-nﬁ »v =1
Fi\D Pity \ Dy 151

1 1
AP v w Y __ P Anu v..l..lu I-a._uﬁ Pa vl.ll_
/.. U hty \ Py Pi

Orciona pacueTHble COOTHOUIEHHST XAPAKTEPHCTHKH T2

HITH

k—1 k—1
Pa% Aaq,_.v uﬁb.vll_ﬁ .
Pl Uy Py

& f

(5.28)

Ti12=




[ToacraBissa ypaBHenue (5.28) B ypasuenus (5.25) n (526},
nosnyyaeM BHpameHue 1Jis paGor [, H @iz B LPYroH gopme

=P 1y P10 nlpal_gu
ha= 2 (=) TLT ?uv |

k=1

=Pt (P A\ . .
a2 e
k - E—17

E_.uuﬁruﬂﬂ_t_e% _Iﬁml”v gﬂ
5 gy A
— —f P NTE .30
k—1 Pty 1 AP V ) (5:30)

Hnsa uneanvhoro rasa puv=RT ypaBrermua (5.29) u (5.30) c

yueToM ypapHeuus (5.24) nmpunmmalooT BHA

= RN (D), 31
L 1 A 7, v H (5.31)
k T,
W= al_.hﬁ_ﬁ Iﬂ”.v (5.32)
Ecau npunste BO w:ﬂzmmmm. 47O =m.§mmmmms6 (5.21y nnsm

HAEAJNLHOTO I238 Com=7—7, & Cpm=5 3R, TO ypaBHedus (531}

i (5.32) moryr GuiThH 3amMcaHH B (opme

Ty X
h_.u =Com %»A l1— T, VH om (T1—T2); Am.wwv
,ﬂermﬂahruﬂn.uaﬁ.ﬁ —Ts). (5.34)

B .apgmaGarHoM o06paTHMOM NpoLecce TEmI0EMKOCTb NPOLECCa
. paBHa Hym0 [cMm. ypaBeenue (3.1)]. DTo 3HAYMT, UTO TEMIOTA K CH-
CTeMe He MOJBOAMTCH H He OTBOAUTCH, XOTA TEMIepaTypa B CHCTe-
Me MOXET MEeHAThCH. ‘

NMpumMep b4. Onpeflesuts SHaYeHHA NOKAzaTels aAEabaTH £ KuCIOpona
KaK ufleaZlbHOTO ra3a, 2 Takie SHAYEHHA TEIMOEMKOCTH IIPH NOCTORMHOM o0b-
eMe £y NPH H3BECTHOH TeINoeMKOCTH Cp=0,92 k[lx/(kr °C). :

Pewenue 1. TenaoeMrocTh OPH NOCTOAHHOM 0GBeMe No 32KOHY Maflepa
paBHa

tr=Cp—R=10,92—0,26=0,66 xdx/(xr-°C).

3uaueHus yAensHod rasoBoft MOCTOAHHON  JJf KHCAODOAA  ONpeleNsiorcs no

{1.35)
Ro,= .%n_.h mwmwz =0,26 x[Ix/(xr-°C),
2.TToxkasarens afnabaTh KHCAOPOAA KAK HACAJABHOTD rasa
P ‘o _ 0,92 —1.4.
Cy . 0,66
54 .

,

"

Ipuwmep 55 OnpefeluTh 3HaueHHA TelaoeMrocteli NPH NOCTOANNOM [aB-
JIeHHH ¢p H NOCTOAHHOM ofBeme 6, MeTaHa Kak HAeaabHoro rasa {wem,=16) no

JAHAOMY SMAWCHHIO RHOKa3aTens aimabatm k=1,3.
Peautenue, Tloxaszatens afnaGaTH ¢ yTeToM ypaeHenns Mafiepa pasen

b ‘p _ _ Cpm ,
¢  Com—R
©fcioia
__* R= L,3 0,518 = 2,244 xJx/(xr-°C);
huu_._«-l Nlu u-mlh E - » 1

hc:a“nuu:almu H-.N_.@ mﬁhn—ﬁ\ﬁmnn.oonv.

SByaueHnn yAelbHOR Fa’lopolt MocTosHHOf R onpedenens mo ypasuensio (1.35).
Mpumep 5.6. Boaayx maccoit 1 kr agwabaTHO paclKpAeTcs C RABJEHHN
P1=1,019 MIla u Ttemneparypw 100°C mo Jnapaenus p.=0,102 Mila. Hafiru
HOHeHHe OfBeM, TeMIepaTypy, NOTEHIMAJBHYI0 H TepMORHHAMHYECKYIO paory,
H3MeHeHHe BHYTPeHHel 9HepTHH H SHTaJbNEM. IlokasaTenb Npolecca pacIKpeHHd

EDHHATH PaBHHM k=14, . .
Pewenye, I, Havansuu@i yZenbHEA 06beM ra3a HAXOMMTCH H3 YpasHEHHA

Knanefipora. Yaensuas nocTosHHas Aas Bospyxa R=287 Hx/{kr-°C)
RTy 287.373,2

q.:.ﬂ 3

Py 1,019- 108
© 2. H2 ypaBuenns (5.24) HaxolHM KOHEYHYID TeMNepaTypy npoliecca

k-1 1,4—1

Ll S 0,102 \i=L
Fnﬁﬁnluv E u_ma.wh v T4 =193,3 K;
Y 1,019

| : t2=Ts—273,2=—79,9 °C= —80°C.
* 3. Vs ypapHenus (5.24) HaxoIZHM KoHeuHHH 06beM npolecca paCIGHPEHHUS

.ﬁ.. .ﬁ.w:
q“usﬁﬂ“vw p u_o.:ﬁ 193,2 vi ! =10,572 mofkr.

4, Jlns BHUMCIEHHS YAGABHHX 3HAUEHH{ PAGOT BOCHONE3YEMCS YpPABHEHHAMH
(5.31) u (5.32) :

=0,I1 »3/xr.

1 o
=T R =T =777
=1 129.10% I /er=2 129 k[l /Kr;
wh,a=kl; ,=180,6 xIx/fxr,

5. HsmeneHne BHYTDeHHeH SHEPTHH H SHTANBNHH B 00patHMOM alHabaTHOM
mipolecce COOTBETCTBEHHO PABHO TepMOJHHaMHUecKOl B HOTeHOHAJbHOR paforam

-287-(373,2—193,3) =

P..u =

uy—ty =1, 3=—129 xJlx/xr;
aula.u == ,9 "Immob —nh—.um\uﬂ..

Mpnwmep 57. Ilpr RpHXeH§Y NPEPOAHOTO ra3a nC TOPH3OHTAILHOMY TPY-
GONPOBOAY e€T0 TmapaMeTph H3MeHAWTCA o7 £1=50°C, p=>5,504 MIla no f=
=20°C B p,=38,068 MIla. Cpenusa moanspHass Macca rasa p=20, cpemHAS MO/Ib-
_HAfL TEIIOEMKOCTh rasa “ , :

- nua‘ﬂ.ww.wom@uux:m:oav.oou.
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Cunras ra3 HAeaALHEIM H I .
PHHHMas BO BHEMaHHe, YTO BHEIUHSA MOAe3HAR
- paBoTa Ha y#acTKe qv*wqonwowohm paBHa Hymo (w*; 2=0), onpefenuTs YHENBHYIO
mgmwmmﬁ% MmmES:mao 4%,z H BRHYTDEHHETD TeINIQO6MeHa g%* o
edne. W3 ypaBHeHWEs NepBOTO Havalma TepMORHHAMHKH
y no BHeuHeMy Ga-
JaHey Aas notoxa [eM. ypamnenue {4.33)] ¢ yderom, :
. 410 BHEINHAS pa -
Ha myao (w* =0}, aMeeM Y ' P ao‘am pas

Qn_.uﬂnuz— aﬂ.ﬂlu..; "}_‘ulmu—. [}
Conocrapnsas 5TO ypaBHEHHe ¢ YpaBHeHHEM NEpPBOr
0 Havajda T
notoka [cM. ypasHenue (4.31)], noayuaem P CPAOMITHANIIE At
Crm{To—T1)+g** 2= com(T2—T1) +w** 5, -
OTCIOAA

gt a=wrt 5,

WMO wmwama. UTO BO BCEX CAydadAX, KOTZA BHeNIHss paloTa NOTOKA paBHA HYAM,
INHH TenMoobMeH paBel HIMEHEHWI SHTAMBNORH, a NOTeHUmanbHaa pafora
NOJHOCTBIO NPEBpatllaeTes B TEIMIOTY BHYTPERHETO TenaoobMena

Q*H. = ¢ Q lnv"l@.ﬁ f, 1 "E — —
s=Cpm {34 " (t; —1) o (0—20) =

= 43,96-10° Jx/xr.
Tak ¥aKk B AaHHOM CJAyuae NOKA3ATeAb pPeaNbHOTO NPOLECCa HeH3BecTeH, IO-
TEHUHANBHYI0 pabOTy MOMHO ONpeleldTh no ypaeHenHw (5.13), ucnoanzyas To

0GCTOATENBCTBO, UTO AOCOMIOTHASA TEMNeparypa rasa NpH ABHMeHHH no TpyGo-
NpoBOAY HaMeHseTca caalo

Py 8314 5,504
G =W 4= 2,3RTp lg —2-=2,3 —_
12 =% ™ o0 213218 5 0es
~ 75,2-10% Ik /ur = 75,2 wJx/kr;
T+T 323,24 293,2
Qcau ﬂw Z = IM—I "WHW-M HA. ’

§ 3. MoauTponnsle NpoUECCH

:O&Neﬁoﬂngﬁ NpONECCAMH MNPHHATO Ha3HBaTh TEPMOIHHAMH-
YECKHEe MPOMeCCHl, NOAYHHAICIIHECS YyPaBHEHHIO

pvr=const=C (5.35)

HJIY ypaBHEHHIO
1

Vor=p" (5.36)

TAe £ — NOKA3aTelb HOJHTPOIM, ABASIOWAACST B AaHHOM TNpoIecce
BEJMYMHOR NOCTOSHHOW, HO KOTODH MOMKET MMeTh JIOGHe HacT-
HEle 3HAUEHHs, Kak [oJioxuTrensHule (or 0 go -+oo), Tak H orpu-
Harenapnse (ot 0 g0 —oo); C, C; — NOCTOSHHEE, XapaKTepH3YIO-
LiKe MPOXOXKJCHHE IOJHTPONHl Yepe3 Kakylo-nubo TOUKY Npolecca,
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n
o=V C=const=C,,

HANPHMEp Yepe3 HaYaJdbHYW TOUKY [ HJH 'KOHEUHYIO' TOUKY 2
C=p,vy"= P 0,";

1

Ci=p " vy=p " v, .
Vpasuenne noautpomnt (5.35) no BHemeMy BHAY CXOAHO <
ypasHenueM agmabaTe (5.22). OpHako MeXAy STHMH NpPOLECCAMH

HMeeTCsl CylLIeCTBeHHas pasHHMua, B ypaBHeHUH apuaGaThl NMOKasa-
TeJb Npollecca MOXeT B oOmeM Clydae M3MEHATBCA B MPOLECCE,

slech MOKasaTeab A OCTaeTrca TOJABKO MOCTOSHHBIM,

Ha NOJHTpONe MOXET MOJBOJHTbLCA
=£0). ) .

MMonmrponsstii mpouecc ofobmaer Bce paHee
ofpaTHMble TEPMOLHHAMHUECKHe MPOUECCHL.

Kpome Toro,
WM OTBOAMThbCS Temnora (8g+

pPaccMOTpeHHbIe
HeficTBHTENbLEO, H3

ypaBueHHs noaurponst (5.35) BHTeKaer, 4TO APOLECC ¢ MOKA3aTe-
Jiem n=0 npexcrasasger co6oli oGHYHBIE H300apHLIE Mponecc

pv®=p=const.

M3 ypapuenna (5.36) muirexaer, 410 [poLeECC C noKasaTeneM

fi="+00 H30XODHHIH

1
T

P ‘v=ptv=v=const.

Vpasuenne (5.35) ¢ moxasarejem fn==Fk 00pallaeTcsa B ypaBHEHHE

amuabate (5.22)

put=puvt=const.

Ecan npunate n=1, To us ypasnenus (5.35)

pu=const, P

KOTODHH HOCHT Ha3BaHHe u30-
noTeHyuAAbHOZ0 W H306paxKaer-
¢ Kak pasHoocHas runepGona
B KOOpAHHaTax p—vu. Odasa upe-
anpHoro rasa (pv=RT)} 3TOT
uponece (n=1) saBndeTca H H3-
orepmuueckum (T'=const).

Ha pmc. 5.6 B KoopjpuHaTax
p—u TpEeACTaBJeHBl  KPHBHE
PASAVYELIX FNOMMTPONHHIX MpPO-
1eCCOB, MPOXOAALIHE Uepe3 ONHY
oburyio Touky a. CBsisb MeXIy
pmapamerpamu p, v, T B NOJH-
TPONMHOM OpOLECCe OCYIIECTB-
JAsieTcsl . YpAaBHEHHsSIMH  THEA
(5.23), (5.24) saMeroli B HHX

C/IeAyeT TpoUecc

+ oa)

Haoxope {n

Puc. 5.5. Baanmioe pacnofoieHHe KPH-
BHX Ppa3MYHBIX TepMOAHHAMHMECKHX
IpoLeccos, NPOXOAAMHMX depes ofuyio -
TOUKY 4
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NOKa3aTeNAa & Ha DOKa3aTelb n

HIH : b
(B w20

Ayanornuno, saMensis B ypaBHeHuax (5.29), (5.30} nokasatenp &
Ha NOKa3aTesib h, NOJYyYaeM COOTHOLICHHS AJS ONDEAENeHHH Tep-
MOAKRAMHUECKOH /1,2 B NMOTEHUHANBHOH Wi,2 padoT -

am 22 1= 25 [1-3)F] o
E:IH _c» =l~. $ ,

—1
st [ 1= (3 |t e

n—17 -
lﬁlprv ; H .-
P
Mz ypaBmenufi (5.31}) — (5.34) aHaNOrMYHO MOMHO NONY4HTL

ha=—Rr @ Ty=20 [1—( &) ]=

Uy

“.lﬁiﬂl..w!l—w HIAIFV n“_ H— .
n—1 | P ’

(5.40p

(5.41)

ol zﬁTITPVH_T L _R(T—Ty). (5.42)
n—1 - » n—1 )

Ypasuenna (5.39), (5.40) cmpaseaJHBH Xak JJs pealbHHIX,
TaK H JAA HAeanbHBIX rasos, a ypasHenHs (5.41), {5.42) — roapko
IJis HAeaJbHLX rasos. .

KonnuecTBo TenyoTH, NOABOAHMOR K Tedy (HJAH OTBOAHMOH OT
HEro) B MOJHTPONMHOM Npolecce, MOXeT OHTH ONpeiesieHo H3:
YPaBHEHHR IepBOro Hauana TepMOAHHAMHKH .

Gre=ty—t+lo=hy — b+ Wz (5.43)

C noMompio BHCIIEH MaTeMaTHKH 3TO YPaBHEHHE MOXKET GLITh NMPH-
BeJIeHO K BHIY, VROOHOMY IJs pacueToB MOJHTPONHHX IIPOLECCOB:
peaJbHEIX razoB. JJg pacueros KOMIIDECCOPOB, I'a3sOBHIX ABHrate-
Jedd, pana peaNbHHX NpPOUECCOB HUCNOJLIOBAHHE COOTHOLIGHHN Ha
6ase uaeanbHEX ra30B OKAIHIBACTCH BIOJHE AOCTATOUHBIM.
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penteil SHEPTHH

JLnst miea’bHBX Fasop HO ypapEemmio (4.29) HsMeueEHHE BHYyT-

Uy — H\h—uﬁe_ﬁﬁuau -_ u..mv .

Am@goﬁmmz,samommm paGora AJIs AIeasbHOrO rasa [ypaBHeHHe
(5.41)] |
R

n—1

N».N..I. Aﬂaplm._Nu.
IloacTaBaast Mepsoe H BTOpOe ypasHEHHE B ypasnenne (5.43), na-
XOAUM ,

G12= .ﬂmwl_ ﬁu_ — Ty)—Com (To—T)=

.h..h z. -— uavﬁ,._l..ﬂuv.

n—1]

(5.44)

TlocKoaBKY 0[O YPABHEHHIO Majtepa Cpm — Com=R, U3 YPABHEHUA
{5.44) MOXHO NOJAYYHTH

J10= A Cpm =~ Fom ]nq_sv Qap:lm:uu =

n—1
Cpm

_{ ¢pm —Com T —T.)=¢, Com
I..A n—1 vﬁ i mv om n— 1

—n

(T,—Ta). (5.45)
Tak xax ~Iis WASANbHOrO rasa Cpm/Com=R, 2 com=R[(E—1),
ypasrenne (5.45) mpEEAMaeT BHL

B (1 —To)=

n—1

=1
(5.46)

VMHOKHE H Das[&JHB NpaBylo 4acTh yPaBHEHH:A (5.46) na moxa-
3aTeAb 1 ¢ YUETOM, 4TO Wy,a=nl1,2, NOAYIHM

k

=1

_a TE
= E. A.
G12= 7 %2
Coornomenus (5.46) u (5.47) ONpeAeaAOT KOJHICCTBO TEIJIOTH,
MOXBOJUMON K HACANBHOMY rasy (HnE OTBOAHMOH OT Hero) B IO-
JIHTPONHOM IpOILeCcCe. “
thmamaw. npoBefeHHAs B KOOPAMHATAX p— U 4depes Jn106y10
pouky. @ (puc. 5.6), AeauT AuarpaMmy Ha ABE o6JacTH: BHIIE a1H-
a6ath pacrmosaraercst 06/acTb, TAe BCe NPOINECCH HIYT € noJBO-
JIOM TenJOTH, 4 HHXe agnabaTs — 06aacTh, TAE MPOLECCH HAYT C
'OTBOLOM TemioTH. TaK, Aas TOro 4ToGH OCYUIECTBHTH . IPOHECe
PACUIKPEHHs NO H30TepMe (nuBus ac), HAJO MOABECTH TEMIOTY K
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.E Q..»'u..nu =

1,2= Com 1 n—1




L N ; Puc. 5.6, 3uakn Tennoofmena 5 3asa-
g } CHMOCTH OT PACIONOMCEHREA Qpomeccs
: OTHOCHTENbHO afinabaTn
= @ :
n=0 n=0
[ 8
5
&
@ w ) Qv@\\b. ¢
+H %b\
Il ad;
L (rs L0y ;
‘ = &) T .Puc, 5.7. Cnoco6l onpegeneHus noxa-
— SaTeld NOAHTPONE
5
m ]
- 1
- h. 98
AN
AN
n&m‘ NH.QH@M_W
b S
=¥
ly2 Lor,
e o ¢
=2/t

TeJy B KOJHYECTBE, YHCACHHO PaBHOMY INIOWIAAM acd, a AJS TOTO
“.Moaz OCYIIECTBHTL NPOLECC CHATHA MO H3OTEpMe .?_‘Emn ab),
maWoE %Mwmwww. OT T&la TeNJIOTY B KOJHYECTBE, WUHCJIEGHHO DPABHOM
UncrerHoe sHaueHHe NOKA3aTe/s MOMHTPONHOLO mpouecca MoOX-
.HO OTDERENHTb I'PAHIECKHM METONOM H3 OTHOLUEHHS momagei:
al2b u mHm&. XaPaKTEPH3YIOUIX COOTBETCTBEHHO SHAYEHHS NOTeH-
UHANBHOH W12 H TEPMOAHHAMNYECKOT 12 paor (puc. 5.7,a).
Ilpy HanuuhH SKCNEPHMEHTANBHHX HAHHEIX, xmumﬁ,mwmawSme
34BHCHUMOCTb H3MCHEHHS HaBJEHHS 0T 06beMa, MOKasaTeqh MOJHT-
PONE HAXOIHTCA KK TaHTEHC YIria HAKJIOHA JHHAM MPOILECCa B Jio-
TapHQMHYECKHX KOOpARHaTax lgp — Igv, IeficTBuTe/bHO, JOTa-

wwm.%m%wwg ypaBHeHue — MOMHTPONHL pyUi"=p,yvUs”,  moJydaeM

lgps—lgp,
lgu; —lgoy

Miorue mpomecch u3MeHeHHs, TaKde, KaK agua6aTa B ummuw-
HOM IpoNEcce, H30TEPMa, H30SHTAJLIMHHEIE HNpoLece (h=const)
H T. I, B 06IeM clyuse He MOFYT GHITh NPENCTABJEHH KAK ypag-
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= =tgq. (5.48)

HeHHe NOJHTPONE C  IOCTOSH-
HEIM DOKasaTeqneM (pot=-const).
D10 NposgBJfETCH B TOM, UYTO
KpHBasi 3THUX MNPOIECCOB B JIOTa-
puMuyeckofi nuarpamme Igp—
—Ilgv He cnpamasercd, T. e. He
NONHHHAETCA YPABHEHHIO Ipsi-
moit muuun (lgp=I1gC—nlgv} B
JorapaMMUecKHX  KOOpPAHHA-
TaxX, - K KOTODOMY NPHBOIHTCA
ypaBHEHHE NOJHTPOMLl C IIOCTO-
AHHBIM TokasateneM (punr=C).
B sroM cayuae mpouece OMUCH-  Pue. 5.8. Ioanrpona ¢ nepeMeHHHM
BaeTCs TAK HasHBaeMbIM ypaB- IOKasaTeleM

HEHHeM MOJHUTPONH C NEpPeMeH-

HEIM nokasaTeneMm m. CaM mokasaTelib INpouecca Onpefensercd
KAaK TAaHreHC yNIa HakhnoHa ceKymed I—2 B JOrapH$MHIECKHX KO-

opzunarax lgp—Igv (puc. 5.8).

Ig P2

m=1tgf= lgpi—lgps . _ L T . (5.49)
lgv,—Igo; g Uy
%1

OrTcrona

P\t

lgPr pmiga —lgte Abvsu 0.
21 vy
[ToTennupys mocielHee ypaBHeHHe, MOJydaeM
IE{AFVaH 1 A.,@nvak.mm.ﬂ 1. (5.50)
P1 \Y%

Py Uy

Vpaeuenwe (5.50) u HasplBaeTcs YypaBHEHHEM ROAUTPONBL C
nepemexnsiM nokadaresem. YpasHeHue nojurpons (5.35) ¢ mocro-
SHHHEIM NOKasaTeJeM He Moxer OHTb IPHBEJEHO K BHAY ypaBHe-
HHST DOJHTPONH ¢ IepeMeHHbIM nokasarenem (5.50). IleHcTBHTeNb-
HO, IJsl YPABHEHHS NOJHTPONE! C NOCTOAHHEIM NOKa3aTeJeM Xapak-
TePHO HpEXAe BCero TO, YTO NOKA3aTeNb f OCTAeTCs MOCTOAHHBIM
OJs BCex Touek mpouecca (n—=const), a Ajg NOJHTPOUH C mepe-
MEHHBIM NOKa3zaTesleM MOKA3aTeJb [poIecca M OCTAeTCsl NOCTORH-
HEIM TOJBKO AJS ABYX BHGpaHHBIX ToueK I—2. Ecam TOukYy 2 B
npolecce NPHHATH NepeMEHHOH, TO M MOKA3aTeJb MM, ompenelise-
MHI KaK TaHTE€HC HAKJOHA ceKymledl, 6yier KaXAHH pas pasiHu-
HBIM, TaK JXe KaK OyIeT pasiHYHEIM B KaXAOM CIyuae u HCTHHHEI
mOKasaTeab Ipoiecca, onpefeliseMbll KaK TaHreHC HaKJOHaZ Kaca-
TeJALHOM B TOYKe g K JHHHM mpouecca (cM. puc. 5.8).
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Omﬁmhmhmm AJig AaHHOT0 DeadbHOro mpolecca BEJNHYHHY m,
MBl MOZKeM BOCHNOJNB30BATHCH OOJyi€HHBEIMA DaHee ypaBHEHHAMH

Al pacuera TeDMOAHMHAMHYECKOH [;,; M MoTeHuMadbHOH W, pabo-

TH, TeNJIOOOMEHA ¢1,2, PACCYHTAThL TEMIEPaTypy Npollecca B Kawk-
JO# TOUKe H T. 1.

Tipumep 5.8 B xoMmnpeccope cxMMaeTcs CyXoH BOS
1=2896) oT HauaasHOTO noo._.o%msm p1=0,102 N«:._m_ " MW@%WMH%%MW _mmmnMM
p2=0,408 MIa ! t2=184,3°C=4575 K. Bo3fyx cumTaZercA WICAJbHEM TazoM
cp=1 gllx/(xr-°C). Hexons us Toro, 9ro NOKasaTelb NOAUTPONB — BeNHIRHA
NOCTOAHHEASA, ONPRANHTH YASHBHYK) NOTEHUHAILHYI) @1z pabOTy CHMATHA, HaMme-
HeHWe SHTA/BTIME BO3AYXa H NOJHMI TEIOOOMeH IO Ganaucy pabouero Tena

fi,2 =9%1,2 + " "12-

Pewenye. 1. OnpenenseM cOOTHOLeHHE TeMIEpPaTyp H JaBieHHf B npoHecce

T, ' 457,5
it S = 1,59; F"Eﬂﬁ.
T 288,2 n 0,102
2. Uz ypamuenns nosmtpons (5.38) Haxolum noxasaTeds npolecca
Ty
lg —
n—1 Ty g 1,59 0,201
i - = —— = 0,333,
n le P lg4 0,602
Pr
Orcona
na==|.5, .
3. Tlo yparuenmio (5.42) ypeabHas noTeHuwaAbHAA .pabora cxartus
n_ R 8314
Wy = —({—1) =3,00—— —_ =
i1 p At 28,05 (15:0—184,3)

= — 145,8 w{x fxr.
4. mnw ypasuennto (4.30) HaMeneHHe SHTANLIHK
ha—hi=cpm(ts—t) =1,0- (184,3—15,0) =169,3 kM /kr.

© pmw. Tlomunit Tenvioo6Men no ypaBHEHHIO IePBOr0 Havala TEPMOAHHAMYKH

que=he—I+w; 2= (169,3—145,8) =23,5 kIx/kr.

oan %. Anajnorauro no ypaszennio (5.47) nocle OnpefeNeHHA NOKA3ATeN:d aXHa-

w«“ Wﬁa == n.'uam - — \.(H #.
Com Cpm — R 1—o0,20 = 77
k
. Le |
n 1,5

i = Wie =

Py T1_1 {— 145,8) = 23,5 xlm/xr.
Ilpamep 59. [lo gaunuM npeduix .
8. YIETO HpHEMepa ONPEASIHTH 9 -
#Y10 paboTy NOBHIUICHHS AaBICHHR NOTOKA BO3LYXa n%n_.“ =v oemonm,_.gm%hwa mw-
Tepn 5QdeKTHBHOTO npoNecca CPABHHTENBHO ¢ OGDATHMEIM NPOLECCOM Lo npa
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YCAOBHH, NTQ BHEWMHE TENI00GMEH cOCTapaser g*13=—84 xJlx/kr - (rennora
OTBOMMTCS). )
Petuenne. 1. Buyrpennnfi TemicobMen )

¢**1,2=q1,—q",2= (23,54 8,4) =31,9 kJla/xr;

9, Breumnssa sdpdexTrsHas pafora ¢ YSeTOM, 9TO W**; gz g™y o
ﬂe_.__.»ﬂE_.u|a**_.u“ﬂ.e_.u|ﬂe!..._uﬂ|ﬁ.»m.m+w~.3 ==171,7 xlla/xr.

3, OrHOCHTeNLEAR BOXKYAHA HeolpaTEMEIX HOTEDE
h w* 31,9 .
fw— 9 s T LI %'
W2 Wy,p 145,8

KonrpoJbHbie BONPOCH

1. Yo Takoe H30XOpHAI, H30GApHE, H30TEPMHUECKHH W aAnaCaTHEN mpo-
mecert? Kak OHE u306paKalOTCsS B KOOpAHHATAX p—U?

2. IMouemy azuabaTa HEET Xpyde H30TepMH B KOODAHHATAX p—u?

3. Uro Takoe nOMMTpONHHE mponecc? Kak MOXKHO OnpeAeIuTE NOKa3aTellb
NDOAUTPONHOro npomnecca? , _ : :

4, Upo Tak0e MONHTPONA C NEPeMeHRHM nokasaTenem mpoliecca? IMouemy
NOINTPONA C MOCTORHHEIM IOKa3aTelleM He MOXeT GHTh OpHBeASHA K BULy mo-
JIMTPONH € NEPEeMEHHHM NOKA3ATeNeM?

5. KaKk pacmosaraiorcs sHAaKK Teloo6MeRa OTHOCHTeNbHO alHaGaTHOrO Npo-

Hecca B KOOpAHHATAX p—U?

Tagea 6 :
KPYTOBBIE HPOLLECCHI (LLUKJibl)

§ 1. O6paruMbie M HeOGPATHMBIE KPYroBhIE HPOLECCH (UHKJBI)

OnHEM H3 BaKHEHIIHX NOHATHI TEPMOAMHAMHKH HBJACTCH T0-
HATHe 06 O6paTHMHX H HeOOpaTHMBHIX mpoleccax. MEl yxe rogo-
DHJH O TOM, YTO 06paTuMbiMy TPOLECCAMHE Ha3bIBAIOTCA TaKHE MpO-
HeccH, MPY COBEPINEHHH KOTOPHIX B NPAMOM M 00paTHOM Hampas-
JeHHH TepPMOIHHAMHUECKas CHCTeMa BO3BpAllaeTcd B HCXO[AHOE
COCTOSIHHE H NIPH 5TOM B OKPYXKalollell cpeie He NPOHCXOAMT HH-
¥aKHxX u3MeHeHMH. DTO 3Ha4yuT, HAOpHMep, WUTO ECHH K CHCTeMe
UPH COBEpLICHME NpsSIMOTO npouecca H3 TOuKM I B TOUKYy 2
NOABOAMTCS  Kakoe-THGO  KONHUECTBO  TEIJIOTE, TO  HOpH
CBEPIIEHHH OGPATHOrO mpolecca M3 TOYKH 2 B TOUKY [ OF CHCTeMH
OTBOAHTCA TO XK€ CAMOE KOJHHYECTBO TEIJIOTHL.

EcTecTBEHHO, UTO HPH Heofparumbly (peanbHLIX) HpOLEccax CH-
CTeMa yXe He BO3BpalllaeTcd B HCXQZHOE COCTOsIHHE NPH coBeplIe-
HHH 0OpaTHOTO Ipoliecca.

Kpyeosoimu npoyeccamy IR yUKAGMU, KOTOPEHE OCYLIECTBJIA-
I0TCA B PA3AMYHLIX TEIVIOBHX MalllHHAX, HA3HBAOT HENPePHIBHYIO
TIOC/IEL0BATENbHOCTh TEPMOZHHAMHIECKHX NPOLECCOB, B Pe3yabTa-
Te KOTOPHIX pafoyee TeJO BO3BPAILAETCS B MCXOLHOE COCTOSHHE.
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IIpu srom mox nomsteeMm mpsaMoro TEPMOIHHAMHYECKOIO IHK/A
NOHHAMAIOT IHKJ, B KOTOPOM K paboyeMy TeJy NOABOAHTCH GOJb-
llee KOJIHYECTBO TENMIOTH IPH GOJBINEH TEMIEDATYpPe H OTBOAMTCH
MEHbIlee KOMHYECTBO TEemAOTHl NpH Goslee HH3KOM TeMmeparype,
PasHOCTDb K¢ 3THX TEIVIOT pPaBHA COBEPIIEHHOH pabore.

Tlon nonaTuem 06parnozo TEPMOIHRAMHYECKOTQ NAKJIZ IOHAMA-
I0T LHKJI, B KOTOPOM K paboueMy Teay MOABONHUTCA MEHBIICE KOJH-
HECTBO TEIIOTH! H IPH MeHblIeH TEMIEpaType, a OTBOXHUTCH GOJb-
II€E KOJAHIECTBO TEIVIOTH M NPH Gosiee BEICOKOH -TeMneparype, pas-
HOCTb K€ OSTHX TENJOT paBHA 3aTpaueHHOH pabore. Pa6ounm
TeJIOM LHKJ4 OOHYHO HaSHBAWT BEIECTBO, 34 CUET H3MEHEHHS CO-
CTOAHHA KOTOPOrQ MOJY4aloT pabory. .

Kpyroebie mpomecchl B TEMIOBHX MAUIHHAX OCYIIECTRIISIOTCS KAK

NPOOECCH NEePHOAHYECKH noeropsomuecd. Bece tennmoBrie MAaMIUHH -

MOXHO pasgelNdTe Ha ABA GOJBUIMX KJaCCa — TEIVIOBHE JBHraTe-
JIH ¥ XOJIOAHNbHEIE MANIHHEL .

B TemmoBHIX ABHraTtensx ocyuIecTBIAETCS npouecc Ipespaile-
HHA TensoTEl B pabory (UHKA). TaKHe LHK/IH HASEIBAIOT OPAMEIMH.
B sTuX mMKAax or ropayero MCTOURHKA c Temueparypoii T, or6u-
paerca Temnota Qr*. XoJOZAHOMY HCTOMHHKY c TeMneparypoit T,
(T2<Ty) otnaerca temmora Qs*, a PasHOCTb 3THX TemioT (Q* —
—Q2*) mpespamiaercs B nosnesdyro paboty L*=h*—Q,*, xotopas
H [epeNaeTcs BHEIIHeMy NmoTpeGuTeno. Ecan H306pasHTh psAMEble
IHKALL B KOOpAMHATAX p— V, TO JuHMA mpolecca pacIIHpeHHA
PACHOIaraeTes BCerja BHINE JIHHHH Npouecca cxaTda (puc. 6.1,a).
Ha nyrun 762 ras cosepmaer PaloTy pacliupeHHs, ONpeAenseMyio
maomaneio 162de npu nogsone x rasy remnorn Q,*. Ha oyte Zcl-
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Pac. 6.1. IIponsposbEne kM Temro-  Pue. 6.2. OrHocHTENBHOE  pacmosoie.
BHX MallyH:

HHE LHKIOB DQ_UNQ.NEEN H peanbHBIX
@ ~— TENVIOBKIX HBHratenel; & == xOXOMHABHLIX TEINIOBHIX MALIHH: ,

YEVTY
4 — TCIJIOBLle FRHTATENH; 6 ~ XOAOAHJbHEIE
MaWPHE (TYAKTHPOM OTMedeHA OCOGEHHOCTS

NPOTEKAHHA peafbEBEX OPOLECCoB B HTHX Ma-
IMAHAX) : i

(BosBpamlenne. pafoyero: Tea B NepPBOHAYa/bHOE - COCTOAHHE) Ha
ero cxarHe aTpaunBaercd  pafora, -OnpeleigeMas - IAOLIAABIO
2delc, npu oTBoje oT rasa TemnoTHl Q:*<Q,*. Takim obpasowm,
paboyee Teso M3MEHFeT COCTOAHHE 1O ~3aMEHYTOMY KoHTYpy
1b2¢l, nomepeMeHHO PacCHIMPALACH M CIKHMAasCh U - NePHONHUECKU
BO3BpaIasch B MIEPBOHAYANLHOE COCTOSHHE. ,

KauecTBeHHOE xapaKTePHCTHKOH TemNIOBLIX ABUraTeiedl SABJET-
¢ ux Koaguyuent nosesnozo Oeficreun (K.1m. A.), onpenesseMblii
KaK OTHOLIeHHE IIoMydeHHOH pafoTel L¥ K 3aTpayeHHOMY -KOJHYIECT-
BY TemmoTH Q% . ST e . :

.H.m. Q*ula*».. .. Q*m .Q*m .. mm
IIII.[.lIl]IIHI. ILH|I - -
YT T e T T T &0

K. A. yukna: XapakTepH3yeT CTeleHb ero COBepUIeHCTBA: . YeM
GoJpllie 1, . TEM COBepHIIeHHee LUK, TeM Ooamlle noiaygaercd.pabo-
T4 IPH HOABOAE OJHOrO M TOTO XK€ KOJHYECTBA TEIJIOTHL . - “

B xonopunabeex Mamueax (pHe. 6.1, 6) ocyulecteasiores obpat-
HBle- IHEJH, T. €. OPOIleCCH NepeHoca TeNJIOTH OT. HCTOYHHMKA HHE3-
mrx rTemmepatyp Tp kK HMCTOUHHKY Bhlcmiux Temmeparyp T, (T:<<
<T;) sa cuer HOoABOLHMOH H3BHe paborbl. Taxum c6pasoM, B pe-
3yJbTATE COBepIIeHH:H OOpPATHOrO LMK/IA NPOHCXOMHT OXJaKJeHHe
¢XO0JIONHOTO» HCTOWHHEA, - S : .

KayecTBeHHOH XapaKTePHCTHKOH XOJAOAMJABHHIX MAlUHH sBJSET-
¢ xor08ussnulll KosphuyuenT, oupenenseMuil KaK OTHONIGHHE KO-
JIHUECTBA TelJIOTH, OTBEAEHHOH OT oxJaxkpaeMoH CHCTeMEI (Q:* K
KOJIHYeCTBY H0JBeAeHHON uapHe pabotH L*

L
=L (6.2)
L Q5 —Q%

JHarpaMMpl KpYroBHIX INPOIIECCOB peajibHBIX [BHraTedel H X0-
JIOJUJABEHX MAUIHH OTJIHYHB OT COOTBETCTBYIOUIMX [IHarpaMM o00-
PaTHMHX KDYFOBBIX IIPOHLECCOB IIPEXJe BCEro, H3-3a PA3NHUYHs TeM-
nepatyp pabodyero Tena M BHEUIHMX HCTOYHHMKOB TeIVIOTH. [lpu
3TOM JHarpaMMa pa6ouerc UHKJA PeajbHOrO TeINIOBOFO ABHTATENA
pacnoJoxeHa BHYTPH AHATPAMMEL OGPATHMOrO DHKJIA, a AHATPaM-
Ma XOJIOAMJBbHOH MAIMHHAE — BHE IPAHMIl IHKJA 00pPATHMOH X0J0-
JHIbHOA Malmueel (puc. 6.2). 3alTpuxoBaHHEHE IJIOUWIAZH Ha AU-
arpaMMax XapakTepHSYIOT BEJIMUHHY HeOGPaTHMHIX moTepb (8Q*¥*=&
=0} B mpoueccax NOABOJA H OTBOAA TEMIOTH. IIMKAE TeMJIOBBHIX
MallliH, B KOTOPHIX HCK/IOYEHH HeoOpaTHMHE mOTepH = paboyero
nponecca mamue (§Q**=0), 06HYHO HasHIBAXOT Tepmoduxamuue-
cxumi. 'HecMOTpss Ha TO 4TG OGpaTHMEE NPONECCHl MpPAaKTHYECKH
HeocyllecTBHME, BBefeHHe IOHATHHA O HHX OKa3bIBAeTCsl BechbMa
nonesyniM, Jeno B TOM, 9TO, BO-NEPBHX, B pAle ciayuaes :o6paTh-
MBI IIpouecch OJHSKH K DeajbHbIM, .a,. BO-BTODPHIX, :CTeNeHs- Heob-

g
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PaTHMOCTH peajbHOre MpoLecca yhoGHO ONpelesATh SKCHepHMeN-
TaJbHO H paccMaTPHBATh B OTHOIEHHH K O0paTHMOMY, MpOLeccy.
Pacuer caMoro xe o6paTEMoro npouecca Opd 5TOM HE NDEICTAB-
JIgeT 0co6HIX CHIOKHOCTER.

§ 2. Iluka Kapno

B 1824 r. dpaguysckuii nuxernep C. Kapuo npensoxun ofpa-
THMBIA IHKJ TEIIOBHIX MalUMH, OCYHIECTB/SEMBIH MEXKIY NBYMs
HCTQUHHKAMH IIOCTOIHHBIX TEMIlepaTyp — HarpesareieM I, U Xo-
AoauneHEKOM T3 B KauecTBe paGouero Tesa B LUKJE- HCIOAB3YET-
¢d upeajipHHE ras. Ha Bcex CTafiBAX IMKJIa HPHCYTCTBYET OAHO
H TO XXe KOJHYECTBO rasa. '

Huxkan KapHo Kak TepMOAMHAMHYECKHMH IHKJ TENJAOBOTO IBHIA-
TeJIsl QCYILECTBJMAETCA Caeaylollum obpasoMm (puc. 6.3,a). B mpo-
uecce I—2 g paboueMy Teny c Temneparypoll T MOABOIHTCA Tel-
A0T4 OT rOpAYerc HCTOUHHKA, HMEWILEro TOXe TeMiepatypy Ti.
Pabouee reno pacmimpsiercs, coBepllas NOJe3HYI0 pabory, HampH-
Mep nepeMellas NOpIleHb MallHHB M3 TOYKK [ B Touky 2. Ilpm
3TOM .IIpOLeCC NOLBOAA TEIVIOTHL IIPEACTABJIACTCA TAKHM 06pasom,
9TO TeMIlepaTypa rasa Ha yuacrke /-—-2 Bce BpeMs OCTAaercs Hems-
MEHHOH, HEeCMOTPS Ha yBeJHYeHHEe 00beMa M CHHKeHHe AABJICHHSA,
T. € TNpOLecc NOABOAA TENJIOTH KOMNEHCHPYeT CHHMEHHe TeMIepa-
TYpHLl rasa npu paclinpenud. TakuM ofpasoM, npomecc Ha y4acrke
1—2 ocymecTBaserca Kax .

& . )
oh .

v vy v Uy v

Prc. 6.3. Liuka Kapuo B koopaunarax p—u:
@ — TenJ0oBOTO JABHTaTeRA; 6— XOAOAHABHON MallHHK

66

usorepMuyecknit (Ti1=const) ¢ moxsogom K pafouemy Teay yhelb-
HOro KOJIHYeCTBa TEIVIOTH §i. B Touke 2 HOJABOA TeIJIOTH K pabo-
qeMy TeJy TpeKpailaercs M JafbHellliee pacliMpeHHe rasa ocy-
IUeCTBAAETCS yKe o aguabate 2-—3 OpPH.NOJHOH TENA0BOH H30JIs-
uun paouero Teja OT BHelIHeh cpein. Tak Kak Ha ydactke 2—3
HeT NOABOAA TeIJOTH K pafoueMy Tesy, TO NpH PACIIHPEHHH €ro
TeMneparypa yMmeHbllaercs A0 TemMnepatypol T, paBHOH TeMmepa-
TYpe XOJOAHOTO HMCTOUHHKA. B TOuke & TemaoBas H30JALBA pado-
4ero Teja npekpaliaercs ¥ pafodee TENO HAYHHAST CKHMATHCH RO
JIHHHH 5—4 TakuMm o6pasoM, 4TO ero TeMIeparypa ocraerci HeMs3-
MeHHOM {Tz=const) 3a cyuer OTBOAA TEIVIOTH K XOJOAHOMY HCTOU-
HHKY, T. €. CJRATHe raza OcCyluecTBAfercs no usorepme 5—4. Iloc-
JI¢ TOré Kag ras NpHAET B COCTOSHHE 4, OTBOJ TEIJIOTH NPeKpald-
ercsa B JajapHefillee CXKaTHe NMPOMCXQAHT yXe 1o agualare 4—I ¢
AoBHIIeHHeM TeMuepatyps o Ih. Lluka 3aMukaerca B Touke ! u
Jajee NOBTOPAETCA TeM e caMeiM cmocoboM. Takum ofpasom,
uuxn Kapao cocrour M3 xByx u3oTepMuyeckux ([—2 u d—4) u
JByx apuabatEEIX {2—3 u 4—I) npomeccos. PaGora, npousBoaH-
Masg rasoM IMpH pAacllupeHdd, H306pa)aercs Ha Juarpamme
puc. 6.3,a naomape I23v;v,1,. a pabora CXERarTH{ — MIOOIAJLIO
Jd41v,u3d. Tlomesnas pabora, oTnaBaeMas BHEUIHEMY IoTpebHTelO,
paBHA DasHOCTH 3THX WMomaned /2341, Ha puc. 6.3, 6 usoOpaxen
nugn KapHo Ans XOJOAM/IBHON MAIIHHE, KOTOPHIH OCYILECTBJIAET-
£d TeM Xe HiealbHBIM Ta3cM, HO B ob6paTHoM HampaBieHuu. Ka-
KHX-Jn60 MoTepb B Opoleccax OUK/I4 3/[ech HeT, T. € LHKJI CUHTa-
ercg o6paTuMbIM. Ilo sTOMy IMEAY ras CHayaja pacHIHpSeTcs Mo
apuabare [—4, npoH3BOAS NOJME3HYI paloTy, IPH 3TOM TeMmepa-
Typa rasa CHHKaercd. 3aTeM Ha yuacTKe 4—3 ocyliecrsiasercs
H30TepMHYecKoe pacmiapenHe (7,=const), B mpomecce Koroporo
ras oTGHpaeT TEIUIOTY OT XOJOAHOrO HCTOUHAKA. [lajee 3a cuer
pa6GoTH, mOABOAMMON H3BHE, OCYLICCTBJIAETCA OpOIECC anuabaTtHO-
ro CKATHA IO JHHHAH 3 —— 2 ¢ OOBHIIIGHHEM TeMIepPaTYPH rasa mio
T,. Janbueiiniee cxaTHe OCYLIECTBJSETCS MO H3orepMe T ¢ OTBO-
JOM TEJIOTH K rOpsueMy KCTOUHEKy Temmepatyp. LIHKa saMEIKa-
ercda B Touke /. Takum 66pasoM, pabora PacCIIHPEHHS B STOM I[HK-
Jie onmpepensercs maomwanblo -143vsuil, a pabora  cEATHS — IIIO-
wanbo 321vv;3. Pasnoers sTHX miomages 12341 ykciaeHHO papHa
pabore, NOABOAMMOl H3BHE B LHKJAE XOJOLHJIbHOH MauIHHE. B pe-
3yJbraTe 3aTpaueHHOH PaGOTH OT XOJOJHOTO HCTOYRHKA OTOGpaHa
TEJIOTA M NepefaHa ropsuyeMy HCTOYHHKY TeMIeparyp. :
OmnpenemuM TepMuueckuit K.O.A. mukna Kapmo. Ina moGon
UMHKJIA, COMNIACHO ypaBHenHio (6.1), TepMHueckuifi k.o 4. paBen
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bmmamm u%mmmmmsm 8 S _Swmmzmmme HTO em@zsnmomms K. . I.
reljiosoro ABHrarens, padoranmerd’ o muxay Kapao, TeM' 060Jb-
e, yeM MeHbile OTHOmIEHHe aBcoMOTHEIX Temmeparyp TafTi, T.-e.
ueM BEinie TeMmepaTypa HarpeBaTenas -I; H ueM- MEHBUIIE TeMIepa-
Typa XononunabHuka-Tp. M3 coornouerua (6.3) BHAHO, UTO TepMHU-
YeckHi K.I.J. EBUTraTend, wm@oamSEmno no uuxay Kapuo, Beerfia
MeHblIé efunnus. O oamemmqom B €AVHHIY TOJNBKO B ABYX IPaK-
THYECKH HEJOCTHXKHMBHIX Clyuasix: npH Ti=oco uiad npu T»=0. [Ipu
paBeHCTBE 3THX TeMmmepatyp Fr=7, TepMHUeCKH# K.I. 4. IHKIA
Kapro ofpamaérca B HyJab -

Ne=1— TofTi=1—1=0.
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DTO 3HAYMT, YTO AdA paboTH ABH- p
rarels BcerAda HEOOXOAHMO HaJK-
YHe Pa3HOCTH -TeMIeparyp T1==Ts.
‘B TerJOBHX IBHTATENAX B Kaue-
CTBe HAMBHICIIEH TeMIepaTypH HHK-
ga T, MpHHMMAIOT TEMIepPaTypy
cropanus’ pabouefi cMecH, a- HH3-
wed Ty — reMmepaTypy OKpyxaio-
mero Boszyxa. s reopembl Kap-
10, OKa3aTeNbCTBO KOTOPOH B JaH--
HOM yueGHHKe He IPHBOJHTCH, cle- o
Iyer BajKHOE NOJOXKEeHHE, UTO Tep:r . .
MHUEeCKHH K.IL I. JioGoro o6paTH- ?a ma ﬂuoﬁwoai_zs LEKL ¥
MOTO UMKNIA TENJOBOrQ ABHraTe/ifg UHEN N&Eo B no%h:mmamx nie
He 3aBHCAT HH OT NpPHPOAH pafo- ‘ LAy
yero Tesla, HH OT BHAA UHKJA, 4 3aBHCHT HCKAIGUHTEABHO OT OTHO-
e mano.ﬂo._,mzx emzamﬁméw mm@mmmamam .D u woaohmav-
uika Ts.' - ‘ :

- ITuri” Kapuo umeer LA% TeINOTeXHHKH mmummom ‘wHavenne. 101
MO3BOJAET ONpPEJENHTD HaupF{Clilee ‘BOSMOKHOE: 3HAUCHHE TEPMHeE-
CKQI'Q K. IL A, TEILIOBOrQ hmmﬂmemam @maoemBEm_.o MEXCIY. -TpaHH4-
neiME TeMueparypamy - Tr'm-To Kem uyKna -Kapuo ~— xak 6wl
sTdJoen, c. KOTODBIM MOXHO CP4BHHBATH K. I A. PE4JbHO CyLIECTBY-
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hm:oemmamawmo €CJIH" B3ATh n@ommwoawmzw E:Q nwn_&a ‘" Bak-
‘caTh ero B MUK wamo 12341 (puc. 6°4), To- MOMIO ‘BUAETH, "0
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Kontpoasuste Bonpocsl

1. Uro Takoe UMK/ TENJEOBOTQ ABHIATEAd H XOJOTHABHOH MAIIHHEL?

2. Kakne mogasarenH ABAAIOTCA K4uUeCTBEHHOH XapaxkTepHCTHKOH Tel1GBOrO
JBHraTeid B X040auabHOH Mawmdel? Kak ony onpefensiorcsa?

3. M3 gaxux npoueccos cocrour uuxa KapHo? Kak onpefensercs ero K. I. AP

4. Kax nokasaTs, uro Uukn KapHO AMeer HaHBBICWHH XK. H. X. no CpasHe-
HHIO € JWGHMH JADYIMMH LHKIaMH, ummanoE:zm E TOM e AHana3OHe TeMIe-

patyp?

“Faaea 7
'BTOPOE HAYAJIO TEPMOJHHAMHKH

§ 1. Obmas xapaKkTepHCTHKA
‘H (POPMYJNHDPOBKA BTOPOTO HAYAJA TEPMOAMHAMUKH

Tlepeoe Hauano TepMOZMHAMHKH, Kax ObIJIO IOKa3aHO paHee,
‘XapakTepH3yeT H ONHCHIBAeT Ipolecchl M[peBpalleHHs] SHEPTrHH C
KOJHYEeCTBEHHOH CTOPOHHI H JaeT Bce HeOOXOAHMOe AJst cOCTaBlje-
HHs HepreTHueckoro Gajanca JKO60f yCTAaHOBKH HJH IpoLecca.

BTopoe Hauaj0 TEPMOAMHAMHKH, SBJASCH BAXKHEHAIIHM 3aKOHOM
TIPHPOALL, ONpeAesseT HANPAaBJIEHHE, NO KOTOPOMY IIPOTEKAalOT Tep-
MOIBHAMHYECKHE IIPOTIECCH, YCTAHABJHBAET BO3MOMKHEIE NPEHENH
ODpeBPalleHHs TENNOTH B pafoTy npH KPYroBBIX NpoLEccax, NO3BO-
JsieT 1aTh CTPOroe ONpeiefeHHe TAKHX TOHATHH, Kax SHTPOINHHA,
TeMnepaTtypa K T. A. B 3Toi CBA3H BTOpPOE Haualo TEeDPMOJHHAMHKH
CYILECTBEHHO JONOJHSET MepBOe HAauaJo TePMOJHHAMHKH.

H\HQH_O@NAQONN OTKPRITHE BTOPOrCc HauaJa TEPMOAHHAMHKH CBA-
3aHO ¢ aHaJH30M uuNQO.EuH TEIUIOBEIX MalllHH H J0Ka3aTeJbCTBOM -

C. Kapro (1824 r.) teopeMH © HE3aBHCHMOCTH MX K.I.A. pao-
Tapmux no nukay KapHo, or Buga paGouero Tena (cM. ri. 6, §2).
mm@m.ﬁu\ C 3THM MHOTOJIETHSA NPaKTHKA YCTaHOBHJIA Onﬁmhmhmmmmﬁm
3aKOHOMEPHOCTH NpeBpalleHus TenaoTH B pa6oTy u paGoTH B TEM-
Jgory. HecooTBercTBHe MeXIy IpeBpalleHHEM TENJNOTH B paboTy M
padoTH B TEmAOTY NPHBOAMT K OAHOCTOPOHHEH HampaBJeHHOCTH
peanbHEIX MPONECCOB B NPHPOXLE, WTO H OTFpaxaer QusKuecknil
€MBICJI BTOPOrO Hauaja TEePMOAHHaAMHKH B 3aKOHE O CYLIECTBOBa-
‘HHH M BO3DACTaHMH B DeaJbHHX Hpoueccax uekoft ¢yuxumun, Has-
BAHHOH 8xTponuel, onpelensolei mepy obecyererus suepzuu,

Ouenp uacro B yueOHMKaX TepMOAMHaMHKH BTOPO@ HAuago Mpe-
NONBOCHTCA KaK 0o0LeXHHeHHBIH nE\:EH\E CYIleCTBOBAHHSA H BO3-
goﬁ:ﬁ SHTDOIHH.

[IpHHDHND CYyIMEeCTBOBAHMSA SHTPONHH dOpPMyAHpyeT-

€A KaKk MaTeMAaTHYeCKOEe BEPAXCHHE 3SHTPONHH .ﬂmﬁgo.ﬁmmmg&ﬁmn.

..HNM CHCTeéM B YCJIOBHAX omvm.ﬂxgon..o TCYCHHS MpPOLEeccoB
&hoov"&@*oaw\ﬂ. 3‘.:
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[IpuHmHED BO3PAacTaHUsA OSHTPONHH CBONHICA K YT-
BepIKIeHHI0, YTO HHETPONHS H30JHMPOBAHHBIX CHCTEM HEHSMEHHO BO3-
pacTaer NpH BCAKOM H3MEHEHMH HX COCTOSHHA M oCTaercs MMOCTO-
SHHOH JYIbL NPU O6PaTHMOM TEYEHHH :wonmnoow

dSuson>

O6a BHBOZA O CYLIECTBOBAHHM H BO3PACTaHHH SHTpOTHHE =o.33m-
JOTCS Ha OCHOBE KAKOro-JH60 M0CTyJaTta, OTPaXkaiollero HeoGpaTH-
MOCTb peajbHHX npoueccoB B mpupoge. Haubosee yacro B JIOKa-
saTeNkCTBE OGBEIMHEHHOTO NPHHIKNA CYIECTBOBAHH:A M BO3pacTa-
HUS SHTPONHH MenoNbsylor mocrydarst P. Kmasmyca (1850 r.),
B. Tomcona — Kespeura (1851 r.), M. Ilmaexa (1926-r.) u np.

B nefiCTBHTENPHOCTH NPHHIMIL CYHICCTBOBAHHA M BO3PacTaHHA
sHTpOnHM HHUero ofiero He uMeioT. PHSHUECKOe COAEPXKAHHE:
NPHHIMI CYMECTBOBARHMA SHIPOTMH XAPAKTEPUSYET TEPMOJKHAME-
yecKHe CBOHCTBA CHCTEM, 4 IPHHIHN BO3PACTAHHA 3IHTPONHH -
HauGoJee BEpOATHOE TEUEHHe pealbHEX NpoueccoB, Martemarnue-
CKOe BHIpa)KeHHe NPHHLMMNA CYLIeCTBOBaHMA IHTPONHH -— PABEHCT-
BO, a [PHHNHIA BO3pacTaHHs — HepaseHcrso. ObgacTs npuMese-
HHS: TIPHHIHN CYLIECTBOBAHHS SHTPONHH H BLITEKAIOIIHE M3 Hero
CAEACTBHS MCHOJB3YIOT AJIs H3yueHHsi (PH3MYecKHX CBOKCTB Be-
WeCTB, a NPHHUKT BO3PACTAHHAST SHTPONEY — KIS CYXKIEHHT O HaH-
GoJiee BEpOSITHOM TEUeHHH (PU3AYECKHX . ABJEHHH. emaoooeomom
3HAYEHHE 3THX NMPHHUUNOB TaK¥kKe pasuyHo. .

B cBsi3H ¢ 5THM NPHMHIHOH CYUIECTEOBAMHA K BOSPACTAHHS. SHT-
POTNHM paccMaTpHBAIOTCH DA3AE/NbHO H MATEMATHYECKHe BBIpaxe-
HHA HX AJS JIOOBIX Ten =o.=§m5aom Ha 0ase pasjMUYHEIX HOCTY/Aa-
Tos .[1].

§ 2. MareMaTiiecKoe BbIpaXKEHHe TPHHUKNA
CYIIECTEORAHMS SHTPONHH H a6COMOTHOM aozuoums.g:

Brisox o cymecrsoBansy abcomioTHOR TeMmeparypst I' m SHTPO-
IHH § KaK TepMOJMHAMHUeCKMX (YHKUHH COCTOSHHA JIOOBHIX Tel
H CHCTEM COCTaBJseT OCHOBHOE COfEpIKAHHE BTOPOTO Hawata H
pacmpocTpaHseTcs Ha Jbbie mpolecchl — o0paTHMEe H HeoGpa-
THMBE. DTO NOMOXEHHe HKOKasHBaercs ¢ NOMOINBI0 anmapara BhIC-
el MareMaTHKH.

Iast HieaJdbHOro rasa NPHHIHAN CYLIECTBOBAHUS SHTPONHH MO-
et OLITb NOJAYYeH u3 NEPBOTO Hauana TepMOIHHAMHEH IIyTeM
%oaammmoao JleleHds cJjgaraeMHX ypaBHeHHH E.mwv Ha BeJHYHHY

?ugiﬂgzu@ Iealmlk Ie%
2 s o ar L= ar—-2- L. 1.9)

ITo ypaBuenuto Knanefipora ne\ﬂﬂm. a no zakony J[xoynsa
TENIOEMKOCTb [Jid HJea/bHHX [a30B 3aBHCHT TOJMLKO OT TeMIepa-
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Typt’ €o=cp(T) H co=cy(T). D10 ‘sHauur, ¥ro™B mpasofl “wactH
ypaBHenusn (7.2) NpOHSONLIO TaK HaskiBAEMOE pasieleHHe = Iepe-
MEHHBIX, T.”e. TIpaBHe 4acTH ypasHenusi (7.2) UPUBEAeHH K BHAY
CYMM INOJHEIX AH(depeHIHaloB, a 5T0 B CBOK OYepels O3HAYEET,
yTO0 A JAeBag 4acTh ypabHemus (7.2), T. e. coorHoweHue §¢/T, —
TOXe ROJIEHE AHGGepeHuna) HeKOTOpok %ﬁmnmm s, KOTOpas Ha:
sbiBaercs SHTPOnueld W IJA  H3MEHEHHS moeowos 'HCTION B3y erCs
omamo.n noJHOro_auQdepenruana n_

D.mflﬂ...l ce.(T) &m,.l_lw — nuGJ &Q.. ﬁ _u S

WY nocse ,mmqm%mwowmmmm aToro E.ummmmmxm xz_mmz S
As= 5,5, = nw.,w H‘P.:. I_LN_: L

=¢ - 1n nl.mF 2, it {T1.3)

“.ﬂ.w.. T Copy G e . ﬁ !

wmmxommm nwmbmmm eonaOmzmoSmm Cmy H nau B -ypaBHEHHH
Q 3), ¢rporo ToBOpsA, LOJMHLL  ONPEREATHC B 3aBHCHMOCTH OT
cpenuesiorapHQMUUECKOl TemMIepaTyprl - paccMatpusaesoro mpo-

necca H3MEHEHHS COCTOSHHA. Ohmmmo m nﬁmNHNJGGNEN Humﬁamq_m%

mmmnommm 3THX TellloeMKOcTell MOXHO HAXORUTh OOLIYHEIM MyTeM
(em. ra. 3,-§ 2), yuurbiBas -TOT (akr, Hro nwmhmm.m.musezme.ﬁm-

o.z__:ammanm of %m.mmmaoﬁmwm&zmamoxom B TOM "Ke :wonmonm
'Ws ypasrenus (7.3) cie-

EEEE [ - P L - o T e

m.@f.q o - pyer; 4To THpH NOABOLe TEH-

NOTH K TeAy, KOTAA 1,257,
a
\\\\\ym\\ PA3HOCTb SHTPONHI IOJOXKH-
Wﬂh 1w.Hw..‘_wh

LA

TeNbHAadA, T. €. §2°>51, NOCKOJb-
'Ky temnepatypa Tn>0. Caes
JOBATENbHO, SHTPONHsS Tesa
. TPY TIOABOAE TeIIoTHl wmmam.
B _Ewmm._.nm.
7% Ilpu’ oTBope TEIJIOTH * OT
Tena, Koraa' 1,3 <0, pasHoCTh
:.wm,_.wonsm mm.[m,Ao T. e, 3H-
TpomHa  Tena YMeHblaeTcs.
. Tlpu" agudGatyoM mpouec-
,.,_oo korfia 41, =0, wmmmoo?
:wEﬁonm: Somsi=0;'T. & BHT!
ponHs Tela B aAHaGaTHOM
©;_ JIpomecce _He'u3Mensiercs,; Ta-
‘Koft Ipollect HaBKBAETCA us0-
SHTPONULNGIM, T. €. TIPOTeKalo-
- LIEM TIPH* HOCTOTHHOM 3uaue-
‘i’ suTpoNHK. J{oKasateilb-

Pug:: 7.1, AppaCarie H30IMpOBaHHAA - CH-»
S.mzm ._.ma Iull, -HAXOAAMHXCH B .REB-
BOM' wmw_Smmowx

I
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CTBC IIPHHUHNZ CYLUECTBOBAHHSA 3HTPONHH IJIA. ._:OQEN TEJI .N ONDHQE
Moxer-GHTh OCyLecTBIIEHO 110 bthNGEEE éxeMaMm: - e

BecbMa HecHORHHM H BMecTe € TeM na_uo_.mz METCLOM NOCTPOCHHS CYIIECT-
‘BOBAHHS SHTPOMNHH. JJA PealbHBX NPOLECCOB MOMKET CIYMKHTh METON, NpeANQMKeH-
ubli npod. H. M. Benoxonem B 1954 1, na Gase HCIOB3OBAHNSA Amowmzz TeIg-
BOTO papuoBecus Ter [1].

TeopeMa TEHAOBOTO DABHOBECHA TEN TJACHT, YTO B PABHOBECHEIX KPYTOBBIX
nponeccax ABYX TEPMHYECKH CONDAMEHHEIX Tel (t;=1/1) ofpasyiomux ajuabar-
HO HSOJHpPOBAHHYIY .cucremy (8g= aﬁu_ng:.lov omw Tela BOSBpAINAOTCH B
HCXOJHOE COCTOSHHE OfHOBDEMEHHO.

PacemorpiM  aguaBaTHo mmuamvowmmmﬁo nmnami reh "Tw I anlaa*+
~A-8g**=0), Korfa Tend HaXONATCH  MeMAy: cofol B, TEmIOBOM  -DaBHOBECHH
(fr=tir). E<oer reno [ ~— nwboe mngmﬁwmzom Teno, a Teno Il [momqwoawmom.
J/IA KOTODOro yMe YCTAHOBAEH NPHHUHMN CYIIECTEOBAHHAA ™ -SHTPOmHH “(kak, -Ha-
HpEMep, AIA WieanbHoro rasa). TpeGyeTcs JOKa3aTh NPHHIMD  CYHIECTBOBAHHA
SHYpOIME 1as Teaa J, COBEPLIAIONIErO- AKGLE -PaBHOBECHEE IpOLECCH — 0GPaTH-
ZEM H\WE ReobpatuMue (puc. 7.1}, 3afasHbe JIO6HM KOHTYPOM € TOURaMH A,
B

Tena [ u [, HaXOAAIHECE B TEIIGBOM DABHOBECHH, T. €. ‘HvelolEe ‘omiy-n
TY e rtempeparypy (fr={r HIS. MOTYT NPOXOINTh PA3/IMUELIE NYTH HIMEHSHHH
CBOETO COCTOAHHA, KOTIA, K-HEM H3BHe MOMBOMHTCH',HMM OTBOAMTCH paGota Iy
Irr, a MeXAy Teramu depe3d nepelopoliKy a—d OCYIECTBJAACTCA OODATHMHE TeN-
noobmen. Hast ren [ u I MoxHO 3ammcars

T I N TR PP I R
- §g= aﬁ..“..mﬁ:lo

‘PasfennM ciaraeMeis” E.ovcao YpaBHeHUs Ha Jil06y0® GYHKUHW0, 3aBHCHAILYIO
or TemmepaTypw, Hanpumep” T=T(f). Haa EoHTPOABHOrO Tedia [, rAe B KavecT-
Be pafouero rena :onoammwmanm uflealibHELE ras, 5Ta eﬁ_xnmm ﬁmumm mmnoasemom
u.mznmvmeém T .

.

U of‘..um... 3: .un;mnz ._IT g:
A . dmmv .. .HAMV .o .ﬂmﬂhv_.[.....ﬂvﬁumh.v
Tak Kax Teaa I ® I BosppamaioTca B HCXOAHOE COCTOAHHE ohmomw.mﬂmmmm_‘ao
ciaraeMele 3TOCO YpaBHEHHA MOIKHO OJHOBDEMEHHO =m,_.m€swommﬂu no mmzmmﬁ.o.
My KONTYPY . - B ;
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Tax xax Teao [ MO ycaoBHIO G0 JoGHM TeloM, TO NOAYYSHHMH pPeSyanTaT
pacnpoCTPAHAETCH ' Ha BCe TeAa, HAXOMAUMECH B TEMIOBOM DPABHOBECHH,

§q==1 ({)ds.

dynkuus v(), KoTopas He SaBHCHT OT BHAA T/, HA3HBAETCH afcoqoTHOR TEM-
Heparypoit
: T(H)=T.

llkana T HaswpacTess abcoawTAOd TepModuramuneckoll Temneparyprod wixa-
a0i. OTa e [IXala TEMIEPATYpP C NPOHSBOJMBHEIM HAYAJOM -ee OTCueTa Hasdhl-
BaeTCsl MPAKTHTECKOH TepMOJRHAMHTECKOH TeMIeparypHoi IIKaJIoH,

TIpuHIMI CYNIECTBOBAHHS SUTPONUH S H a6CoNOTHOR TEMIepa-
typul T xapakTepusyercs B oblieM CJyyae ypaBHCHHEM

_ e
T

T

MJIH AJa 1 Kr BelecTsa .
&g _ 8¢+ 8g**

ds =—"—= .

T T

Koneunoe H3MEHEHHE 3HTPOIHH GOpeieaaeTed PaBeHCTBOM

2 2
Dm"mmim“"%.lmﬂn-“% i o . ﬁﬂmv
. . 1 1 ’

T

[IpyuHIHKN CYMIECTBOBAHHA SHTPONMHE H a6COJIOTHOH -TEMIepary-
PH IPHBOAHT K LENOMY DAY BaXHEIX CHAEZCTBHH B TEPMOAZHHAMH-
ke, B YACTHOCTH K CYLIECTBOBAHHIO SHTPOUMHHEIX JAHATPAMM T—s;
h—s s MoGBX Tedl.

§ 3. O6mue cBOHCTBA SHTPONMAHBIX JAATPAMM
Huarpamma T—S

DHTPONUAHBIME TPUHATO HA3LIBATbH TAKHE AHArpaMMbl, B KOTO-
‘PHIX ‘TIO ONHON M3 Oceli KOODAMHAT OTK/IAALIBAIOTCA 3HAUCHAA
yAEAbHON SHTPONHE S, & IO npyroit — m06ofi Apyrof mapaMerp
COCTOSIHHS, HanpuMep abCoMOTHAR tTemnepatypa I HAH yReNBHAS
SHTAJBOHST i, COOTBETCTBEHHO ITH JHArpaMMH TaK M HasblBAKOTCH,
guarpamMul T—S miu h—S. TIpu sTOM 32 HY/b IHTPONHH YCJIOB-
(B0 ‘-TPUHHUMAIOT ee 3HauYeHHE NpPH TeMneparype 0°C=273,1b K u
pasaenun 0,1 Mlla. :

Llennocth puarpaMmul T—S 3akiouaercs IIpeXae BCEro B
TOM, YTO OHA JAeT BO3MOMKHOCTL rPa(RUeCKH ONMPELENHTH KOJHYE-
CTBO TEMJAOTH, COOOLIAEMOH Tely HIH oTBOAHMOH oT Tena. Kouu-
WeCTBO TEIVIOTH, XapaKrepu3ylollee TEPMOJAKHAMHUECKHH TEMI006-
MeH, HaMepsercd B KoopAuHaTax T—S OJOMAABRI0 MEXIY JIHEUEH
npouecca f—2, opaHHATaMH, NpPOBEJICKHBIMH Yepe3 Touxkk [ u 2, i

.
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Pue, 7.2, Coofmenne H OTBOA TENJAOTH B TEPMOOHHAMHUECKHX MNpONECCax

ocsio S (pue. 7.2). 3mak Temmoobmena (8Q=7dS) onpefensercs
HanpaB/JeHEHeM H3MeHeHHs sHTponmu Tesna, Ecau npoiecc uzer B
CTOPOHY BO3DACTAHUA SHTPONMH, T. €. CJI€Ba HanpaBo B KOODAMHA-
tTax T— S, To OH XapaKTepuayeT MOABOA TemJAOTH XK Teay (6Q>
>0), puc. 7.2, a. Ecnn mpolece HIET clpaBa Hajeso, T. €. B CTO-
POHY YMEHBUICHHs SHTPOIHH, TO OH XapaKTepH3yeT OTBOJ TEIJIOTH
or Tena (6Q<0) (pmc. 7.2, 6). .

Ha amarpamme 7—S usorepMuieckui m apuabarHbll mpolec-
CH M306paxanT B BHfe NpAMHX JuHuH. MsoTepmmuecknmii mpomecc
HIeT napajJienbHo ocu abcumec S, a aguabarTHHE Ipouecc — ma-
paiiiensHo ocu opauHar (ocH T), Tak Kak B agmabaTioM mpouec-
ce H3MeHEeHHMe SHTDPONHH PAaBHO HyJNW, T. e. S;—S=0. B yacruo-.
ctH, uuka KapHo, KaKk H3BeCTHO, COCTOSAIIHE M3 HBYX anmabar 1
ABYX H3oTepM {(cM. ra. 6, § 2), B koopauHaTax T — S usofpaxa-
erca B ¢opMe mpaAMoyroisHEka (puc. 7.3). JIumms I—2 xapakre-
pusyer HsoTepMmy ¢ Temmepatypoll Ti, rje Hller Hpouecc pacuixpe-

HHSL € MOABOAOM TeMAOTH Q1. Ilo ypaemenuo (7.4) KOJNHYECTBO
MOIABEAEHHOH TEMNJOTH
2 . 2 .
Q,= % TdS=T, % dS=1T,(S,—S,), (7.6)
H - H - -

T. €. KOJHYEeCTBO MNOABEJCHHOE TEIUIOTH! PABHO IVIOMIAJH TIPAMO-
yroaveuka 12bal » xooppunarax T —S (cm. pue. 7.3). Jluuuu
2—8 u 4—1 — apuabaru (auHHEa 2—3 — mpouecc  pacCIiHPeHH,
JauAns 4—I1 — nponecc cxaTusa). DHTPONHS B 3THX Npolleccax HeE
usMmendercsa. Jluuug 3—4 — 310 HgoTepMa ¢ Temneparypoii T,
rfe TMPOMHCXOAHT mpoiecc CKaTthug B unkie Kapro ¢ orBojoM Tem-
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JN0TH Qs KoJimuecTBO OTBOAHMOH Tel-
JOTH 10 ypaBHeudo (7.4)

4 4 .
Q= h. TdS=T, %. dS =T, (5,—3S3),
3 3

(7.7)

T. . KOJHYECTBO OTBOAKMON TEIIOThL
paBHO IVIOIAZM  I[PIMOYroJIbHHKA
34ab3 B xoopamuatax T—S.
b Pasnocts moaBeleHHofr Qy H OT-
A4S 5 BelleHHOH Q2 TENJIOTH OmpeneiseT pa-
6oty B 1ukiIe KapHo, KoTopasd dYHC-

JIGHHO paBHa INIOHIaJH NPAMOYroJb-
BuKa 12341,

M3 puc. 7.3 sBugHo, uto muka Kap-
1O 3aMHIKaeTcst, T. €. ToYkH I u 4 Je-
sxaT Ha ofguoii ammabare, ecau abco-
J0THAS BEIMUYHHZ H3MEHEHHS SHTPONHH B NpOIECce NOABOAA Tel-
JOTH: -S,—3S|- papHa aGcoMIOTHOH BeNMYHHE H3MEHEHHS SHTDONHH
B, IpoLiecce QTBOAA TeMIOTH Ss—Ss . .

VTR Sy = Si=8y —Sa=|AS].

Tz

Puc. 7.3. Iukn KapHo B KoOD- .
punarax T—S

Torad a6coMioTHOE KOMRYECTBO MOABELEHHON Q' H OTBE)EHHOH Ten-
A0TH (2 A
St

o .,..w_;..ﬂ_.,__,...\ Qi =T1|AS|;
vt 7 |Qe|=T:|AS|;

U =@ 1@ = (=T 1AS)

Kosth(uugenT nonesnioro-NeACTBUA M XONOAMIBHEIA KO9h(HUHEHT
Mallfis,” paboraioliux fio ‘HEKay K4pHO, COOTBETCTBEHHO PABHEL
S ‘ ] TS| T,

=118l 1 —1-—-Ts

QI T, |8 . T

- _dQl_ toTiASK . T 7.9)
METL T @ —Ta1881 Ti—T ] 9

e (1.8)

370 aHAJOTHUHO paHee NOJYYEHHHIM COOTHOIUCHHAM (6.3) u (6.4)

A8 K. I, A B XoJofuibaoro Koa(dankenTa nuxia Kapho.

" KosdhHEerT HoNe3noro: NeHCTENs s U XONOAMABHEIE KOSPPH-
HHEHT y¢ JM060ré TepMOAHHAMHUECKOro” IHKIa TEMIOBEIX™ Mallut
(puc. 7.4) onipefenaAIoT. N6 ypABHEHHAM, "aHANOTHIHEIM YDABHEHAAM
(7.8) i (7.9) ¢ Toit MM PASHHGER, IO B STH yPABREHHA AOMKHM
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Pre. 7.4.. TepMofnHaMHTECKHE nsizémaom!x MalumMH B KkoopiuHatax T—3S:
o = TEenAoB0Hk ABEraTeAb; 0 -— XOJACAHAbHAE MainHHA

BXOJMTH CpenHHE aGCOJIOTHbE TeMIepaTypel pafouero Tena B mpo-
meccax HOABOAA Tmi ¥ 0TBoZA Tme Temnorw. Ha puc. 7.4 JHBEMA
I—2 4 I’'—2" usolpaxaloT NPOU3BOJLHEIA [POLECC H3MEHEHHA CO-
crosHus pabouero Tena, 3aMelss Ha puc. 7.4, miowane [42eal
PABHOBENHKOH IJOINAALI0 MPSIMOYTOJNbHHKA cdbac, onpegeasem
CPeIHIK TEeMNEPaTYpy MOABOAZ TENJOTH Tmi. Amanormuuo = pac-
CyXKAad, MOXKHO ONPEJe/ATh M CPEHIOK TeMIepaTypy OTBOAA Tel-
Jotsl Tme B TEIVIOBOM jBuraTene. To xe caMoe MOXHO CHenarb H
175 ONPEAENeRHs CPENHHX TEMIIEPaTyp MOOABOAA Tmz W OTBOJAA
Tm1 TENJAOTH B XOJOLMJBHOR MalumHe (puc. 7.4,0). o
HOuarpamMa T—S MMPOKO HCIOJNb3YETCS IJd AHAJH34 U CO-
[OCT2BACHHA TEPMOIHHAMUYECKHX NIHKJIOB TEJIOBEIX MallHH.

§ 4. MaTemaTHUECKOE BHIPAXKEHME NPHHIHNA
BO3PACTAHMS SHTPONMH M3OJNHPOBAHHBIX CHCTEM

. BuiBoZ 0 BO3pacCTaHHH SHTPONHH peANbHBHIX TG OCHOBAH BCETAA
Ha KakoM-Au60 YTBEpPXKIEHHH, UTO B NPHPOLE HMEIOTCA IpOLecCH
¢ HeoOGpaTHMEIM XapakTepoM TeueHHs. Hanmpumep, npouecch ca-
MONPOH3BOJLHOIQ TenjooOMeHa MEXKAY TeNaMH, T. € TemaoTa
BCerja TNepexoMHT TOJABKO OT TeX  0OoJiee Harperslx K TeiaM
MeHee HarperhM, MpoLecch NpeBpaileHHs paGoTH B  TEWIOTY,
JpoccesibHEIe IpoIeccH ¥ T. A. B KauecTBe HCXOJMHOrO mOCTyJaara
BTOPOrO0 HAYAJA TEPMOZMHAMHKE (NpHHIHIA BO3PACTAHHA SHTPO-
THH) MOMKHO NPHHATH yTBEPXKAeHHE, 4To pafora MOxKer OHTL He-
HOCPENCTBEHHO M NOJMHQCTBIO NMpeBpalleHa B TENJOTY OYyT€M TPERHA
WM 3JeKTPOHArpesa, OTKyla CJAefyer, YTO TEmJIOTa He MoXKeT. OHTH
IIOMHOCTRIO TpeBpamieHa B pabory (HCKMIOYEHHE BOSMOXKHOCTH CO-
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Iz

XONMOXHIBHHY K03 (UUHEHT He-
e 0o0paTHMOH XOJOAHJBLHON MAaIUH-
08z | - HHI, OCYUIECTBIMIOMIMX MPOLECcCH
" IpH 3aJaHHHIX TeMOepaTypax,
Bcerja MeHbIIe K.ILJ. H X0JO-
JunbHOTO Ko3dduuuenra obpa-
1. THEMO# TEIJIOBOH MAaUIHHEL, OCYy-
S as S, S LMIeCTBAAICIEH IIpoleccH [pe-
Bpamedss] TemAoTH H paboTh
MEXIY TEMH X€ BHEIIHHMH HC-
Puc. 7.5. Yuacrok AB nytm [—2 u3- TOUYHHKAMH TeMOepaTyp

MCHCHHSA COCTOAHHA CHCTEMBL __JA.«._nn XAxu AﬂHHV

Hanfonee maranpueii cnoco NOK23aTeNbCTBA NPHHUEIA BO3PACTANHA SIT-
pomHE — cnocol, OCHOBAHHBI Ha WCCACfORAHHM KDYTOBHIX [POLECCOB TEMIOBEIX
MAIHH. ‘ \ S o ,

PaccMOTpHM HSMCHEHHE COCTOSIHHS KaKOH-IHGO TepMOAHHAMHYECKOH CHCTEMEY
Ha nyru 1—2 (pme, 7.5). BoiflennM Ha 3TOM NyTH IeMeHTapHHH yuactox AB,
K BRJICIEHHOMY DeafbHOMY HeMeHTapHOMY npouieccy AB' mpucTpomM saementap-
Hble yuacTkH 06paThMbix npouecco BC, CD u- DA, Hssecrno, wro k. . A, pe-
AJBHOrO TEIVIOBOTO ABHIATENS MEHbLUE €ro SHAUEHHS -Jug obpaTuMora (n<<mq).

Torsa i xpyromoro mponecca ABCD peansHoro TemiOBOrO ABHTATENS MOMKHO
HanoHCaTek

Tz

T,
= _I.ru,l =n=1
1

100" ] . Ty _ 180)

| _.Q.D*u._ ’ N.u. S __QQ*H* .-

(7.12)

3Zech H HUXKEe SHAKH HEDABEHCTBA CMPaBelNHBH AAs DealbHHX (HEOBPATHMEIX)

Iponeccob, 4 3HAKH PABSHCTBA — IR OQUNHEEEN IpOoLECCORB, Ecan YUeCcTh 3HaKn
Tennoo0MeHa, T. e CUHTATh TEINIOTY, KOTOPAA NORNCMIAETCH CHCTEMOHN NOMOMH-
TeAbHOH, & TEINIOTY OTZaBaeMYl0 CHMCTEMOH  OTDHUATENLHON, TO BHIpaXKeHHEe
(7.12) sanmcHBaeTcH CeNYIOIAM 06pa3oM:

S,__H n @a*u
u._“_. N.n
Jas oGparuMoro yuactka CD MOMHO 3anMCATEH
80* S0*
s _ ﬁ|@i»-v — ds,.
Ty T, ofp
Ho yenosuio saMbikaHHA Kpyrosore mpomecca {cM. § 3)
dS,+dS;=0,

T. € H3IMCHCHHE SHTPONHH OCYINECTEBJAAETCH TOJABKO Ha yuacTKax AB pealbHoro

m Qh.w mwawm;zgo uconmnnowxw.n:mmzmzm::mamnammmoohmmmmomz?z.
pHc. 7.5). ) -
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<0. (7.13)

Iy | 5e 2 3AaHHA  BEYHOTO  JBUIaTeNd
1 - !
@.m \ 11 poxna) :

A | op<l, (7.10)

s nocrynara caenyer Tak-

! XKe, 9TO K. I J. BCAKOTO HeoBpa-

D e . TEMOIO TEIVIOBOrO IBHTATENs H

FRE——

Conocrasigs JBa TOCHEJHHX COOTHOWIEHHS ¢ ypaBHeHmem (7.13), maxommum

6%, 8Q*, v oQ* 8Q*;
= ds, = —dS, < 0.
Ty ..Tﬁ T, Jesp Ty T 4% Ty e
Orcwofa caepyer
8Q*y :
.48 = . (7.14)
u..u

Paccmotpennnit kpyroeofi Ipoilecc B paBHOR Mepe MOMET OHT H IHKIOM
TEIJIOBOTO HABHTATENA MAH LHKJIOM XOJXONHJIBHOH MALIHHE, NOSTOMY IOJAYYEHHOS
cooTHomente (7.14) chpaBeliimBO [AAd JIOOOTO YUACTKA PAcCMATPHBAGMBIX H3IMe-
Henui cocrosHua Tted. OTcLa clelyeT MaTeMaTHYECKOe BhlpaXKeHHe NPHHIHIA
BO3PACTAHAA IHTPOIHH )

2

. mwlmﬂwv. . (7.15)
1

u-_ H

a8 = T

Conocrasnas empaxenns (7.5) n (7.15), Aad noaHoro KoaHYecTBa TeIMOTHL
fonygaeM

8Q 4 0Qr _ 8¢
T = T

ﬂonamuoﬁsammmmxmoammxamog.ﬁmmmmwmmoaamQ.mmvohmom:eom%mm?
Jnuass 5Q%/T HaxoAuM .

48 =

(7.16)

@@%*
T

Ilocnenuee HepameHCTBG CBHAETENLCTBYET O TOM, UTO BHYTPeHHHHE Telmool-
sen §Q** uMeer B peaibHHX IPOLEGCCAX HEHSMEHHO NOJNOXKHTENBHE SHAK, T, €.
peanpHas pafoTa Bcerfa Menbile ofparHMOf HAH  peaiibHO NOJAYYEHHAs TEoM
TEIIOTA Brerla MeHBIUE TEIUIOTH, IepeflaHHOll Tejiy B o6paTHMOM mpoIecce,
HT. I

M3 wmarteMaTHUeCKOro BHIDAMEHHS NPHHIHNA BO3PACTZHHA SHTDONME |ypas-
wende (7.16)] 1A peaZbHEIX NpOLECCOR CRGAYET, YTO AN H3ONHPOBAHHEIX CH-
¢TeM, KOrAa BHeWHE{ TenmooOMen paBed Hyaio (§Q*=0), suTponHs HeHIMeHH
BO3PACTAET ,

dSuaen>0; S22 8. . C(7.18)

dS** = =0. (7.17)

CornacHo nepBoMy 3aKOHY TEPMOAMHAMMKH, SHEPPHS H30JHPO-
BAHHOH CHCTEMBl He H3MEHSETCS, HO IO Mepe MPOTeKaHHA pedlib-
HEIX HPOIIECCOB B M30JHDPOBAHHOH CHCTEME TeIIOTa NEPEXOHHT OT
Ten Gojiee TOPAYHX K TefaM MeHee ropsuuMm. ST0 OPHBOJHT K BbI-
DABHHBAHHIO TEeMIePaTyp MexkIy TelIaMH B 9TOH CHCTEME, T, e, K
COCTOSIHHIO, GoJiee DaBHOBECHOMY, YeM B Hauaje npomecca. Tak
GyzZer NPOLOMKATHLCH MO TeX NOP, IOKa GyHeT PasHOCTb Temmepd-
Typ Mexny TejaMH. M 5To paBHOBEeCHOE COCTOSHEHE AOJMIKHO COOT-
BETCTBOBATh MAKCHMYMY SHTPONHH CHCTEMEL

Iporcxoasine B H3OJHPOBAHHBIX CHCTEMax SBJACHHA YBeJHUE-
HUsl SHTPONHA NPH DPOTEKAHHH DEaJbHHX HPOLECCOB XAPAKTEPH3Y-

10T KaK OH «AErpajialuio» SHePTHH H Jaid NOBOJ HEMEHKOMY yue-

Homy P. Knaysuycy BHICKa3aTh MEICJIB O TOM,, UTO BCE IPOLECCH,
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TPOHCXOASIIAE BO BceneHHOH, BBHAY HX OXHOCTODPOHHEH Hanpas-
JICHHOCTH AOJ/IKELI NPHBECTH BCeNEHHYI0 B COCTOSHHE TEHIOBOrO
PaBHOBECHs, KOTZA BCE XKHIHEHHBIE NMPOHECCH JLOJIKHBL . IOJHOCThIO
saMepeTb. Takoe cocrosHHe NPHHATO HA3MBATL <TENJOBOR cMep-
TbI0» Bceenenno#t. Onnako AHaJeKTHYeCKHH MaTepHANHSM YGemu-
T&JBHO AOKA3LIBAET HECOCTOATEARHOCTh 3akimiouenus P. Knaysmy-
ca. JnanexTHuecKHlt MaTepHanMsM YUHT, uTO BceleHHas cyuecT-
ByeT BEYHO M OHA (eCKOHeuHa, NOITOMY BCe BONPOCH 0. Hajaje H
KOHIle ee OTNAjJalOT KaK COBEPIIEHHO OecnpeamernHe. QOumubka
Kuaysmyca cocTOAT B TOM, 4TO OH PACHPOCTPAHHI 3aKOHOMEPHOC-
TH, NOJYYERHHE AJAA H3OAMPOBAHHHX CHCTEM, OrPAHHYEHHLIX B
CBOMX pasMepax, Ha OeckoHeunyio Bcemennyio. BceneHHas He Mo-
XKET PacCMaTPHUBATLCA KaK H3OJHPOBARHAS CHCTEMA, H HO2TOMY
NMOMyYeHHBle 3AKOHOMEPHQCTH. H30/JHPOBAHHBIX - CHCTEM K neli He
MOryT GBITh NIPHMEHEHE!. . .
Marepus, cocrTaagsiomas BeeleHHYM; - BeuHa, KaK BEYHO ee
ABHXKEHHAE, KOTOPOE MOMKET NPHHMMaTh caMble pasHoobpasHule dop:
MH. [losToMy BO Beenensofi Hapsny ¢ Npomeccams, B KOTOPBIX
SHTPOIHA BO3PACTAET, AOMKEH GHTb NPOUECCH, ILe OHa YGHBaerT,
9TO0 H CO3ZaeT YCNOBHA GeCKOHEWHOTO CYNlecTBoBaHHA Beeneruoil.

Koutpoasnbie Bonpock

"'1. B 9eM coCTOMT (H3IHYeCKH) CMEICA BTODOTO 34KOHA TepMOAMHAMHKE?

2. Uro TaKoe TepMOJMHAMEGECKAs WIKAAA AGCOMIOTHLIX TeMIepaTyp?

3. Kax n300paxaiorcs fpomecctl NOABOKA H OTBOAZ TEIIOTHl B SHTPOIHE-
HEIX JHarpaMMax? : . LT

4. Kax usofipamaercs muxyi Kapuo B xoopannarax T—s? [TokasaTe ma mua-
rpaMMe KONMMECTBO NOJBENEHHOH, OTBeJEHHOA TEIMIOTH M paboTy B HuKMNe,

5. Kax nokasaTh, YTO BHYTDEHHNH TemnooGmen Og** upa T>>0—scerna
NOJNOKHKTENbHAA BEJIHUKHHA,

Faasa 8
CBOHCTBA )KHJIIKOCTEH H NNAPOB

§ 1. Mpouecc napooGpasoranus U ero H3oGpaxKeHne
B KoopauHaTax p—v; T—s H A—s

Ilpu aramuse pexumoB paGOTE! TEIMIOCHMOBHX YCTAHOBOK YaCTO
MPHXONHTCA HMETh J€J0 C PasHOro pofa KHIKOCTAMH H HX Napa-
Mit: BONOH, aMMHaKOM, (PpeoHOM, YIJIeKHCIOTON U T, A.

Ilpouece mapoo6pasoBaHHA NiA BcexX IKHAKOCTEH -OLMHAKOB &
€ro MOMKHO LPOCTELuTh HAa OPHMEPe BOAEL. . :

[lonoxum, uro umeem 1 kr BogH npm TeMmepartype . 0°C &
VIEJbHOM ZaBJedHH p. Ecim npm 5TOM JaBjieHHM ee yJeAbHHI
o0beM 0603HAUHTH Vo, TO STOMY COCTOANMIO KHIKOCTH B CHCTEME
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KOOpAHHAT p—U QyAeT COQOTBET-
CTBEOBATb TOYKA ¢y C KOODIHHA-
TaMH p' H vg (puc. 8.1). Ecun
OpH  HOCTOSHHQM . [AaBJEHHH
(p=const) xugkocTs Harpe-
BaTh, TO, KaK [OKA3HIBAET OIIBIT,
ee .TeMueparypa -Oyuer mocre-
INEHHO MOBMITATHECH, 4 YIETbHEH
obwem pactu. Ilpu.zrom ¢ mo-
BEDXHOCTH JKHAKOGTH : MOJIEKYJIBI %/ wan
BOJH, HMeolmHe G0apIDyI0, 4eM || .m Vil
ILPYTHE  MOJEKYJBl:  CKODOCTD, Y e |
NPEOJONEBAIOT CHJIE MOJIEKYIAP- Tt — sy
HOTO CUEMNJEHH: ¥- BBIIETANT B, [T o e e
OKpYIKalolllee IIPOCTPaHCTEO. z L= NS
Hper npouecc napoofpasoBanus
34 ..cyeT HCNADEGHHS KMJIKOCTH Puc. 8.1 Ilpouecc mapoofpasoBanus B:
TONLKO C €€ MOBEPXHOCTH. DTOT KOOpAMHATAX p—U
NpOLECC TeM HHTEHCHBHee, ueM i .
TeMIepaTypa XHAKOCTH BEIe TeMIepaTyphl OKPYKalolled cpen
TIPH TOCTOSHHOM JaBJIeHHH. S

B HexoTOpHE MOMEHT TEMHEpaTypa BOAH AOCTHTHET TeMnepa-
Typol Kunenus t; (rouka b’). Ilpu Kunenun nap oGpasyercs Bo

Becell Macce MHAKOCTH., MMes MEHBIIVIO VIOTHOCTD, 4eM KHIKOCTB,
NY3EIPBKH Napa VCTPeMJASIOTCS K [TOBEDXHOCTH W HAuHHAETCS HH-
TEHCHBHO® HCIAapeHHe KHIKOCTH C CHJIbHBIM yBeJHUeHHeM. ofbeMa
cMecH. TaknM o0pasoM, OTpe30K M306aphl dod’ COOTBETCTBYET HpPO-~
IlecCY HarpeBaHMA XKMAKOCTH NpH . NOCTOSHHOM JAaBieHuu or 0°C
A0 TeMIepaTypH KumeHus fs. TeMmepaTypy ‘KHIEHH:A, NPH Koropoift

Fr

. BoZa Hau¥HAeT OpeBpallaTbCs B [ap, HA3HBAOT TeMNeparypol

Hacolerun, a nap, obpasyioluiics IPH 3TOM, — BAGHCHOLM HAC6I~
LEHHOLM NAPOM. . , R . _
Tlpy panbHefinieM NMOABOAE TEMJOTH KOJHYECTBO JKHIKOH (hash
YMeHbIIaercs,, a KOJHYECTBO Iapa YBeJHuMBaercs. TeMmepaTypa
CMECH OCTaeTCs NOCTOSHHOH, TAK KaK BCH NOABOZMMAad  TeNIQTa
HAIET Ha HcOapeRHe KHIKoH ¢asel. Drtor npomecc napoobpasoBa-
HHA B KOOPIHHaTax p— v H3ofpaxaercd JuHHeH b'—c”, KoTopasn
ONHOBPeMeHHo aBafeTca H H3obapol, m H3orepMmol, CremoBaTenn-
HO, mpoluece napooGpasoBanus Ha MMHEHH b'—c” n3o6apuo-H3oTepMu-
9ecKHi. : -
Ilpu mepexole CMecH B COCTOSIHHe, XapaKTepH3yeMoe HA JHar-
paMMe TOUKOH ¢”, mocnemHaAss Kamiasi BOALI MEPEXOAMT B Nap, KOTO-
PHI HASHIBAETCS YIKe cyxum Hactidernsim napom. CleioBaTe/IbHO,
CYXOH HaCHIEHHHH Nap — 9TO Nap, NMOJHOCTBIO OCBOGOXKIEHHBIH
or npuMecell Boaul. Bee Toykn Ha nunum b’-—c” xapakrepusyior co-
CTOfHHE BJaxHoro nmapa. Yem mpaBee pacroJsaraercs TOYKA Ha JH-

HuH b'—c”, TeM nap cyie, u Ha0GOPOT.

6—40 : 81




Hnsi o6osHaueREs BeJNHYHH, OTHOCAIIHXCS K PA3JHUHAIM CO-
CTOSHHAM, OPHHATA CAEAYIOIIAs HHASKCAIUHS: BeJHYHEA ¢ HHAEKCOM
«0» —OTHOCHTCH K HAYaJbHOMY COCTOSIHHIO BOJIEL opu 0°C u pam-
JIEHHH p, BEJIMMMHA C HHAEKCOM' -—K BOJe, HAarpetol A0 TeMmmepa-
TYPhl KUNEHHs NPH NABJACHHH p, BelMYHHA C HHIEKCOM” — K cyXo-
MYy HacHIUICHHOMY Napy OpE JAaBJCHHH p; BeJHUHHA C HHISKCOM

. & — K BJIaXHOMY HAacHIIEHHOMY Napy; BeJHuHHa Ges HEAEKCa — K
neperpeToMy napy. :

OcHOBHO} XapaKTEPHCTHKONR HACHIIEHHOIO napa xax Asyxdaso-
BOif CHCTEMEl SIBJISIETCS MAacCOBas KOHUEHTPANUS CYXOro mapa X —
napocodepianue, onpefenseMas KAK OTHOLIEHHE MACCHI napoeoit
<asu G” k ofmel Macce NAPOXKUAKOCTHON cMecH G, WM KOHUEH-
Tpalua  KUAKOCTH ([——x) — gaaeocodepocanue, onpegeaseMast

Kax OTHOWeHHE XHAKOH Qassl G’ K ofliell Macce NapOXKUAKOCTHOH
cMecu G ,

Q_§ Q_:
£= G ““|.|.|Q.,+.Q= Am.c
HMJTH
. G’ G’
—_—=m—— = .
x Q Qal_lQa

Tennora, pacxomyemas ma mpespamjesue | Kr BOJH, mpeiBa-
PHUTEIbHO HarpeToil A0 TEMIepaTypH KHIGHHS, B Iap TOH Xe TeM-
umwmdem, HA3LIBAETCH TeRAOTON UCROPeHUs HIH TenAoTod napo-
0bpa308arus 1 a60o3HavYaeTCy #.

Ilpy pasbHelmeM HOZBOZE TEIIOTH NPH TOM JKe IABJIEHHH p
TEMNIeparypa napa H ero ofneM yBeIHYMBAIOTCS, NPOMCXOAHT NpPO-
uece neperpeBa mapa (cM. puc. 8.1, nuHua ¢”d). Touka d coorser-
CTBYET COCTOAHHI) MEPEerperoro mapa i B 3aBHCHMOCTH OT TeMie-
PaTypH MOXET HAXOJAHTLCA HA PasHbIX PACCTOAHMSX OT TOUKH c”.
Taxum 06pasoM, neperpeTeIM HA3LIBAETCH nap, TeMmneparypa Ko-
TOPOTO BAINE TEMINEPATYPE! CYXOr0 HACHILIEHHOro mapa ({>4) To-
TO Xe HABJICHHSA P, . )

Ecqn pacemorpers mponece napoo6pasoBaHus NpH LPYroM Kas-
JICHHA f12>P, TO MOMKHO 3aMeTHTh CHEAYIOIlHe H3MeHeHHs. Touka
Go1, COOTBETCTBYIOMIAA COCTOAHMIO | KT JXHAKOCTH NPH TEMIEpAaTy-
pe 0°C 1 HOBOM RaBJieHMH p;, OCTAGTCS HA TOH Ke BEPTUKAJH; TakK
KaK BOJla NPAaKTHYECKH HECKMMaeMa H ee YAeNbHBIH ob6keM mosTo-
My MaJo saBHCHT oT AaeieHus. Touka b';, cooTBercTByIOIIAs CO-
CTOSHKIO | KI' BOAM NPH TEMUEPATYpe KHIIEHHS, CMEMIAETCS BIpa-
BO, TdK KaK C yBe/HUEHHEM NAaBJEHHs YBeJHUHBAETCA TEMIepary-
Pa KHICHHA M, C/IENOBATENbHO, YAALHEIH 06beM Xuikoctd. Touka
", XapagrepHsylowas coctosnue 1 kr CYXOro HacHINEHHOro mapa,
CMEIAeTCs BJIEBO, TAK KAK ¢ YB&JIHYEHHEM NABJACHHA YMEHBIIASTCH
YIOeNbHHA 06beM nmapa, HECMOTPSI HA NOBHIIEHHE TEeMIepPaTypH.,
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IIpw ApyrEx HauaAbHHX AABJEHHAX _Ecomawmmommmxm\ P2, P3 i
T. 1, NOJyYaeM aHAJOTHUHO TOUKAM &o, o1, U, b1, ¢, ¢” u Apy-
rue TOYKH Qpz2, Qoz, @auu U\mv nu\\. nm\\ 1T g .

Coenuuss OZHOHMEHHLIE TOUKH MexAy co0oj, moayyaeM JHHHE.
AB, MK u NK. Jlunus AB xapaKrepHsyer B3Haue€HHe YAEJBHBIX.
o6seMoB XuaxocTH npu Temmepatype 0°C, amHus MK — cocros-
HHe KuMOsulel kuaxocTd, a aaHEA KN — cOCTOsfHME CYXOro Hachl-
menHoro mapa. TakuMm o6pasoM, JHHHA AB, MK n NK Renar JH-
arpaMMy Ha TpH oGaactd. OGnacTe, jexamas B KPHBOJIHHEHHOM.
tpeyroabHuke MKN, cooTBETCTByeT BJAXHOMY HaCBHILEHHOMY :m-.
py (o6aacte HackimerHs), COCTOHHHIO NEPETPeToro napa cooTBeT-
cTByeT 0o0JacTh, Jekalmas NpaBee B Haj BepXHedl NOTPAHMUHOL
kpusoit KN, O6nacts, sakiioueHHas Mexiy Junueii AB u HuxHel
norpannyHoit Kpusoit MK, xapakTepusyeT KHAKYW (asy.

VienapHHi 0o6beM BJIAXXHOTO HACHILEHHOIO Napa ONpeieiseTcs
cAeKyIOHMM 06pasoM. | Kr BIaXXHOTO HACHIUEHHOFO apa COCTOHT
W8 ¥ CYXOTO HACHIIEHHOTo mapa M (l—X) Kr BOAHL Oamhmwﬁ.ma?
HO, 06BeM CyXOro HACHIEHHOTrO Napa B CMECH paBeH xu” M°, &
o6peM Boam (l—x}u! M3, Orcioga yAedpHHH o00BeM HachIeH-
HOro napa

vx=x0"+ (1 —x) 0’ =0 +x (0" — v'). (8.2)

Ecau o6beMoM KHAKOCTH ¢ B ypaBEeHHu (8.2) mpeneGpeup B CH-
a1y Toro, uto v”>>v’, T0 ypasHerue (8.2) npuMeT BUJ

vxr=x0”,

YienbHas SHTAJLOHSA BJAAXKHOIO Hapa fy olpelensiercs TakK XKe,
KaK HNJd CMECH mapa M JXKHMJKOCTH, 0 YpaBHEHHIO

w4 (1 — 2 B =H +x (W — h) =H + xr, (8.3)

rje r— TenyioTa napooGpasoBaHHd, PaBHAA KOMMYECTBY TEIMJIOTEL,
HeOGXOAMMOH AJIA MpeBpalllenHs 1 K& BOA, HATPETOH LO TeMIepa-
TyDH KHIEHHs NpPH ZAHHOM OaBJiCHHHA, B CYXOM HaCHIIEHHHH Nap
Toil XKe TeMmeparype (r=h"—h").

W pnarpammel puc. 8.1 BHAHO, YTO O Mepe YBEJHYEHHMA HaDB-
JIeHHHA PA3KOCTh VAEJBHHX o6bemos v”/—v’ YMEHBLIAETCA H ODH
HEKOTODOM JaBJeHHM CTAHOBHTCHA DaBHOH Hyalo. B 31Ol TOUKe,
Ba3LBaeMON KpDHTHYECKOH, CXOHATCS NOTPaHHUHBIE KpHBHEe MK H
NK, CocrosiHme, cooTBETCTBYiOmIee TOUKe K, Ha3HBaercs KpHUTHUE-
ckuM, OHO XapakTepHO TeM, YTO B TOUKe K KHIANIAf XKHAKOCTh i
Cyxofl HACHIUIEHHEIH [ap EMEIOT OJHHAKOBHE MApaMmerphl Pxp, lkp H
Uxp, HA3HIBAGMEHIE KPHUTHYECKHMH, T. €. B TOUKe K XKHIKOCTb H-map

He OTJAHUAIOTCA MO CBOMCTBAM APYyr ot Apyra. JlJaa BoAM mapaMer-
PH  KDHTHYECKOTO COCTOSIHHSA TaKOBH: pxp=~22,13. Mlla; fxp=
=374,15°C; v4p=0,00326 m%/kr.. :

Eciau mponecc napoofpasoBaH¥s HpPOTeKaeT MNPH A4BACHHAX,
BHIIE KPHTHYecKHX (HampHMep, mo JuHHH DE, puc, 8.1),T0B 3TOM

{
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cayuae Bofa IpeBpalfaercs B nap
nocrenegHo, . 6e3. .- o6pasoBaHug
- IByX(asz0BOH CpeBl KHAKOCTD —
‘map. L
Ha puc. 8.2 rokasauel usoTep-
MBI BJIAXKHOTO H HEPErpeToro mapa
B.KoopAauHarax g—v. M3 nguarpam-
" MB pHc. 8.2 BHAHO, UTO, €CJM CIKA-
"THE Ilapa BEETH IO H30TEPMaM ¢
TEeMOepaTypoHd MeHblleH, ueM “KpH-
THYECKAA TeMmeparypa (fH<fe<C
<f3<tep), 3TH H3OTEPMH GynyT
.EPeceKaTh BEDXHHE H HHXKHHe IO-
. rpaHHYHble KpuBbie NK u MK. Ha
N rOPH3OHTANBHLIX YYaeTKax B 00-
: U JIACTH KOCOYrOJBHOrO TPEYrOJbHH-

1/ M
MmehvmksoVMmeNVuu
’

Puc. 8.2. Haorepus mnamuoro n- K8 MKN 3T mzorepMer HABJIAIOTCA.

{ePErpeTorc - napa B KoOpAuHatax OJOHOBPEMEHHO H :woaw@mgm. ..
p—u Ecan cxaTthe BEeCTH ' II0' KPHTH-

4YeCKOi H30TepMe f3=1{yxp, TO OHA He
flepeceder norpanuuHsie KpuBble NK 1 MK, a Toabko KocHeTcs HX
‘B KPUTHYECKOH TOuKe K. H30TepMBl ¢ TeMiepaTypaMH BhILue KpH-
- THYeCKO}{ IPOXOJAAT BHIE TOYKH K, Hmes 3mech nieperu6, KOTOpHIH
OyAer TeM MeHblle, YeM BEHIIIE TeMIeparypa Ieperperoro. mapa.
Tlpu BHICOKHX TeMIepaTypax 3TOT NeperH6 HCUe3aeT COBCEM H JIH.
HHSl DpOLlecCa CXKATHA NPHHHMAET BHA PaBHOOCHOH THIepGOJH —
H30TEPMKl HIEAJLHOrO rasa, T. €. YeM BHIUE TeMIepaTypa fepe-
TPETOoro mapa Haj yPOBHEM KDUTHUECKOH TeMIepATypH Teja, TeM
0oJIbLIe Ta3 0 CBOHM CBOHCTBAM npubanKaercs: K CBORCTBAM Hie-
anbHoro rasza. HMs puarpammu puc. 8.2 BHAHO, UTO cXarHe JA060T0
Ta3a NIpH TeMnepaTypax, paBHBIX HJAH BHIIE KPHTHUECKHX, HE TAET
BO3MOXHGCTH IIEPEBECTH a3 B KUJAKOE COCTOTHUE, .-

Paccmorpum amarpammy T—s BoAsHOro mapa (pac. 8.3). O6-
Ige CBOHCTBA 3TOH AHArpaMMEl GLLIM ONHCAHEL panee. Jluarpamma
T —s5 Ans BOAB CTPOATCS MO MaHHBIM CHeNUAJLHEX Ta0aul, - co-
Aepxamux napamerpe T, s v 8”7, nonydeHHbe Ha OCHOBAHHH . OIIbI-
TOB M TEOPETHYECKHX HCCHezoBaHuil. Tdk Kak sHTpomus - BOAH B
TPOHHOM TOUKe, T. e. npu £=0,01°C (T=273,16 K), -mpunumaercs
PABHOH HYJIO, 5TO COCTOSARHE B Auarpamme T —3s - COOTBETCTBYeT
Touke' M. OTKmagwlBas nas pasHux TeMueparyp T sHauedHs. s’ H
5", nojyuum HuxEHBLDL (¥=0) H BePXHIIO (¥=1) rorpanugHEe
KPHBHE C KDHTHUECKOR TOUKOH K, cOegmHSIOLIEH HX. . :

B obnacty BaaxmOro HacHIiEHHOrO napa’ H3o6apa coBiajaer
€ usoTepMoit (cM. puc. 8.2), Hs TOYKH M mnposenena usoGapa, co-
OTBETCTBYIOINAA AABJACHHIO B TPOHHOH TOUKe po. O61acTh, 3aK/IO-
4eHHas B Tpeyroisknke MKN, Oyner xapakrepusosars .pasinynte
COCTOSIHHA. BJIAXKHOLO HACHIUICHHOFO Napa. O6aacts, - nexaitas HH-
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ke A306aphl TPOMHON TOYKH Do, COOTBETCTBYET COCTOSAHHMAM CMech
nap + sqef. COCTOAHHS NEPErPeTOro nmapa Xapakrepusyores ob-
JIaCThIO, KOTOpAs JIEXKHT NpaBee H Haj JHHHelE K—N, a cocrosxne

ao.pziuoaamneioaommmhmmmmawmmmmhmmm. o‘_
[Ipouecc- marpeBa ‘1 xr BOAw oT TeMuepatyphl {=0,01°C G.o.n\.
Ka M) npu DaBJEHHH p; HPOHCXOMHT BHAYAIE TO mmommwm M—e,
MpaKTHUYECKH cOBOAajaiomlesi ¢ morpanuunofi xpueofi x=10. Komuue-
CTBO " TIOABELEHHOR TEmIOTH NPH 9TOM XapakKTepHsyercs NVIOMIAfbio
Ma’loM ¥ B cOOTBETCTBUH C EPBHIM 3aKOHOM TePMOAHHAMHKE [cM.

ypaprenne (4.19)], nponecc p=const pasro _
: qra=H —homh’; ho=cpt=0. (8.4)

[Ipottecc nmapoobpasoBaHus MPH JABJEHHH Py B om\wmoam Hackie:-
HHS Ha aumarpaMme musofpaxaerca JuHHel a’— a”. KoanuecrBo
fiogBeneHHO TenaAoTH (B JIK/Kr) onpefeasieTcs IJIOHIAIBIO
lo’a”u u no ypasHenuio (4.19) (mpomecc p=const) ,

R ) . Q—.M"\ﬁ\\]\nx“ﬂ.. . . . AWMV

e r — TEeIJIOTA . MapooGpas0oBaHMsl, PaBHAS KOJAHYECTBY TeILIOTHL,
HeoOXoNBMOH /NS NpeBpalleHusa | Kr BOMLI, HArpeTol Ko TEMIe-
PaTypsl KHNEHHs IPU NAHHOM JABJEHHH, B CYXOH HachillleHHbIH map
Tofl e TeMmepaType Ts - T L
e : : r=Tgs(s" —s). < (8.8)
YhenbBas SHTPONHH BJAAXKHOFO HACHIIEHROrOo Napa sy ONpeAe-
JIAETCS ypaBHEHHeM : C
- L S=S 4+, - (87
Ty . ’ ,
upu x=0, sy=s’, a npu x=1 ypaBHenue (8.7) mepexoAuT B ypas-
wenue (8.6) r=Ts(s" —s’). .

. Ilpouecc neperpera napa cOOTBeTCTBYeT Ha JHarpaMme
puc. 8.3 Npu AABJEHAR p JUHHH @” —Q, a KOJHUECTBO HOJBEAEH-
HOH TEINIOTH — IJIOIalH ua”ad, npHYeM KOJHUECTBO TEIJIOTH, AJS
IPEBPAIIEHHS CYXOr0 HACHIUEHHOTO Napa B NMeperpeThlii ¢ TeMuepa-
Typoil T.MOXHO ONPeieHTb N0 YyPaBHEHHIO .

g1,2=Com (T —Ts), : (8.8)

Tl Cpm — CPeAHsAA H3o0apHast TENJIOEMKOCTh Iapa B HHTepBAaJe
Temoeparyp Mexny Ts u T. . .

YienbHas 5BTalbnusA Teperperoro mapa A pasHa KOJIHYeCTBY
TRINIOTEL, KOTOPYI0O HAf0 NOABECTH K CYXOMY HACHIUMIEHHOMY mapy
maccoft 1 Kr, 9TOOB NPH HOCTOSHHOM JABJNEHHH MOBECTH ero [0
TéMmepaTyps £ , S o

h=h" - cpm(t —1s), ) " (8.9)

the A” -~ ynmennHas SHTAJBNHA CYXOTO HACHILEHHOro: mapa; J/Kr;
Com==CPEAHAA TEWNOEMKOCTh IeperpeToro’ mapa: B - HHTepBalje
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T .- t—ts, Ox/(xr-°C); &, — TeMmepa-
A TYypa CyYXOro HachHIeHHOFO Ma-
AR pa, °C.

Takum obOpasoM, Bech NpoLece

X EN NOJNYy4EHHA IePerperoro mapa mnpu

Ho#i suHuell Ma'a”a.’
NG Ha nguarpamme T3 Bugno, uTO
IO Mepe TNOBHIUEHHA JaBJEHHST
TeIJIoTa IpeoGpa3oBaHud r yMeHb-
z _ o | HiaeTcd M B KPUTHUYECKOH Touke K
3 5 CTAHOBHTCA paBHOH HyJdI0 rg=0.
Pue. 8.3. Juarpamma T'—s aas Bo- Hl.:uE AaBJIEHHH BEIIE KPHTHYECKOrOr
JSIHOTO Napa npouecc mapooGpasoBaHHA OpOTe-
KaeT no JAHHHR Mb, nexamefi Hazm
HOTpaHHYHOH KPHBOH.

Eciau wa pmarpamme T —s HagecTd JiiHEE H30Xop (v=const),
TO OHH OyAayT pacmoJiaratbcs Kpyde, ueM u3o0apu. Ha puarpamm
puc. 8.3 IHHHM NOCTOSHHHIX O0BEMOB OTCYTCTBYIOT. :

Huarpammy T — s o6bIuHO HCNOML3YIOT IJs [IPOBENEHHS TEOpEe-
THYECKHX HccaefoBaHdfl. Jlia npakTHUECKHX pacueTOB OHA HCIOJb-
syeTcsl pelKo, IMIABHEIM 00pasoM B CHAY TOTO, YTO KOJHUYECTBE
TEINIOTH B Hell BHIPaXXawresd MIQIAJAMH KPHBOJHHEHHHX (Hryp,
BHIUHCJISITh KOTOPHE 3aTPVIHHTEJNBHO.

IMpr npoBeAeHHH TeNJOTEXHHYECKHMX PACYETOR TACTO HCHOJbB3Y-
0T SHTPONHEHYIO NHATPaMMY, B KOTOPOH IO OCH ODAHHAT OTJQMHKe-
HO 3HAUEHHEe YAEJBHOH HTaAbNHH A, a TI0 OcH afCcuuce — YIEMbHASL
surponus s (puc. 8.4). Tak Kak 3HTPONHS M SHTAJABNHA BOAH B
TPORHON TOUKe NPHHHMMAIOTC PAaBHBIMH HYJNIO, TO 9TO COCTOSHME B
juarpaMme £ — S cooTBeTCTBYeT Havajny KoopiauHart. Jiwaua OM
xapakrepuayer usofapy rtpoiiHofi Toukm (p=610 Ila). O6xacts,
orpanuyenHas JdusHefi OM M KPHBOJHMHEHHEIM TPeYTOJLHHKOM, CO-
OTBETCTBYET PAS/JHYHEIM COCTOSHHSM BJAXKHONG HACHIIEHHQOTO na-
pa. Hsobape (oHu e H3oTepMEH) B 00JIACTH HACHIUEHHA DACXO-
AATCS NMYYKOM HPAMBIX JHHHE, HAUHHAIOWINXCA Ha HUXKHEH JIHHHH,
norpayuynofi xpHBo#t (x=0), H 3aKaHuUMUBAICIIHXCT Ha BepXHeil
(x=1). Yem Bbiiie naBJeHMe, TEM BHIIE JEKUT COOTBETCTBYIOMLASN
KpuBas. KpAaTuyeckas mzo6apa Ha XHarpaMme pacroJaraercs Haw-
6onee kpyro. OTcioga H clIeayeT, 4To KpHTHUeCKas Touka K, paa-
JedAloulas .norpaHnunse KpupHe x=0 #H x=1[, JeXHUT Ha JeBOM
CKJIOHE KPHBOJIHHEHHOre TPEYroJibHHKA, a He Ha BepIIHHE erg, Kax
510 GHIJIO B KOOpPAHHATaXx p—v u T —s&.

O6nacte nuarpaMMH, Jexainas HHKe H306apHl TPOHHOR TOUKH
Po, XapaKTepH3yeT COCTOSHHe CMeCH map + Jeg ¥ OORYHO PEAKO
HCHoMb3yeTcs Ha npaxruke. O6GJacTh meperperoro mapa pacnoJga-
raercs Hap BepXHeH NOrpaHMYHOH KPHBOH, COCTOSHHE BOAH COOT-
BETCTBYET TOUKaM, JeXalMM Hajl HHXKHeH IOrpaHHYHOH KPHBOH.
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Puc. 8.4. Jnarpamma hi—5 BOAAHOTO hapa

CocTOSIHHE BJIAMKHOO HACHIDIEHHOTO Iapa ONpeAeNaercs Aasjc-
HueM p ¥ napocofepxanueM x. ToukH, XapaKrepusyloliue 3TO nw.
CTOSIHHE, ONpejessioTcH MNepecedeHreM uzofap M JMHME y=const.
Jlunui x=const moaysalTCa NeNeHHEM Kamuodl H3oGapnl B obna-
CTH HACHILEHHOrO mapa Ha OJHHAKOBOE UHCJO YACTEH € MOC/ISRYIO-

HM COeAMHEHHEeM COOTBETCTBYIILHMX TOUEK. .

B Emomw@E ¥ H30TEpMH, COBNAjamolue B 061aCTH HACHILIEHHOTO
mapa, IpH Bxoje B 00]acTh MEperperoro napa pacciaHBamwTcs M
TIpH 3TOM H30Gaphl PacmoJiaraloTcs BHIIE HSOTCDM. B oGnacrn ne-
perperoro napa H30TePMB NOAHEMAIOTCA CJeBa Hanpaso, HO HE
TaK cHIBEO, KAK u306appl. Hak/JOH X yMeHbLIaeTca O Mepe yaa-
JIGHHsI OT TOTPAHMYHOR KpHBOH x=1, acHUMNTOTHYECKH npu6imxa-
fiCh K TOPH3OHTAJIH. , . o

Ha pauarpamMme h—S BOJSHOTO Tapa HaHOCATCA TAKKe JUHAH
HOCTOSHHOTO 06BeMa U==const — #30xopsl. F130X0pEl HAYT HECKOb-
KO Kpyue, ueM usoGapel (na puc. 8.4 omn me NOKa3aHH). DoJbIIHM
JOCTORHCTBOM AHArPAMMEL i — S ABJSETCA TO, UTO KOJKYECTBO TEI-
JoTH ¥ pafora B Hell W300paxaioTcs OTPE3KAMH — PASHOCTLIO op-
IFHAT KOHEYHOR ¥ HauaJbHOM TOUEK mpolecca. DTH CBOHCTBA LH-
arpaMMbl ¥ OOecnedHIn e IEPOKOe PACHPOCTPAHEHHE HA HpAKTH-
ge. JLns MpaKTHYECKMX LeJled AHarpamma h —s BHIoOJHASTCA HE
JUIs Bcefl oBJgacTH HacHIlIEHHs, a TOJBKO IJd  U4CTH ee BOJH3H
pepxnell MOrpaHUYHON KPHBOMH, YTO I03BOJIACT YBEJMUHTH maciirat
IEArpaMMbi B HaHecTH DOAPOGHYIO CeTh M306ap, MS0XOp, H30TEPM

M KPUBLIX TMOCTOAHHOH cyxocTH x=const.
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TaGnuna 8.1

—.—Nﬁhiﬁﬂ@g CYXOro HachlEHHOro napa H BoAbL! B 3aBHCHMOCTH OT HABJACHHS
Ha :ﬁ—mwQE. HACKIUEHHR

x/f(kr K)

v

h, wHxfxr
k) (xr-K)

o', M¥Kr
v”, Mixr
07, krim®

¢
kR, kOx/Kr
r. xILsfer

=
= &
d | &

N
N
<] [

0,001 6,94/0,0010001(130,0 ,@.83.. 29,18(9513,4| 2484,2(0,105318,9751
0,002) 17,49/ 0,001001 | 67,24 "| 0,01487| -73,402533. 1| 2450 7(0.2603[8 7227
0,003t 24,08 0,001003 | 45,77 | 0,02185 100,9 |2545.3| 2444 4]0, 3547(8 5784

0,005( 32,89(0,001005 | 28,24 0,03541| 1378 |2560,9( 2423, 1[0,4764(8 3043

0,01 | 45,82(0,00101 | 14,70 | 0.06805| 191’8 (2583°9] 2392" 1|0’ 6495|8" 1494
0,02 | 60,08 0,00102 | 7,652 | 0.1307 | 251.5 (2609.2 2367 710 8324|7 9075
0,04 | 75,67/10,00103 | 3,999 | 0,2501 | 317.6 |2636.3 2318 7|1 026117 6710
0,08 | 93,50/ 0,00104 | 2,089 | 04787 | 391’8 |2665.3| 2273 5|1 2331|7 4342
0,10 | 99,62/0,00104 | 1,696 | 05896 | 417.5 [2674.9| 2257 511 3026(7 3579
0,14 1109,3 10,0105 | 1,237 | 0,8083 | 458.4 2680, 1| 231 7{1 41087’ 2460
120 1120,2 10,00106 | 0,8860| 1,129 | 504.7 [2706.8] 22020|1 '5306(7 1279
26 |128,7 10,00107 | 0.6929( 1,443 | 541.2 |2718 9| 2177 7|1 6213|7 0399
30 |133,5 |0,00107 | 0,6055| 1,652 |561.7 [2725.5 2163 9|1 6716/6.9022
4°|143,6 1000108 | 0,4623| 2,163 | 604.6 [2738.7| 2134 11 7766|6 8969
5 |151,8 1000100 | 0,3749| 2.667- | €40.1 |2748°8| 2108.7|1 8605/6 822t
179,9 10,00113 | 0,1945| 5143 | 762.4 |2777.8] 2015.3(2. 1383(6 5867
~|212,4 10,0018 | .0,0996| 10,04 | 908,6 [2709 2! 1890.7|2.4471]6 3411
20,3 |0,00125 | .0,0495) 20,09  |1087,5 19800, 6] 171,22, 796560659

s .qu R m.osmm 0,0235| 42,52 11317,3 2758, 6| 1441,2(3,2079]5 7448
18 [247,310,0007°, | 0,00031107,3 . |1649,6 2581,7| 932.13756 [5.9478
373.7 | 0’0027 0,0033 (265 2009,7 (2195.6| 185.9|4.294 |4 5815

ﬂmmmzﬁ. E m?,_.m.ﬁmn_.sm ean.: hmma,m.mxm. H.mm. H.Em ..I
=~374,15°C, yRensuut abbon 0ur= 000806 Mofger 1 TOMTEPATIPA b=

IlapaMerprr RKHAKOCTH, CYXOro HACHIEHHOTO HJM NeperpeToro
Tapa HaxXOAAT OOEIYHO MO CHeNHAJBHBLIM Tab/IHLAM, TAe NpHBOLIT-
¢ sHavenns v’, v, B', h”, &', s”, BHIUMCIEHHBlE HA OCHOBE ONLITOB
B TEOPETHIECKHX HCCIefORaBEH. OOHYHO 3TH NauHbie (tabm. 8.1)
NPHBOLATCA B 3aBHCHMOCTH OT AABJGHHA WJIH OT TeMIOepaTypH.
~ [OMOWIpIo TaGJH], NPOBOAATCS TENJOTEXHHYECKHE DAaCUeTH, Ol
DeliesiseTcss COCTOsIHME Napa B 3ABHCHMOCTH OT €ro NapaMerpos
CTPOATCA COOTBETCTBYIOIME AHATPAMMEL H T. I, '

. llpumep mH OnpeneuTs, KakOBO COCTOSHME BOAFHOTO napa — BIaxHEE
.mmvmm. cyx Ez_* .:%mH.%ww.m %En €r0 COCTQANHE XapAKTepHIYeTCS CAEAYKIHME
JapaMerpami: . p=0,0. MIla u v=0,22 M3/xr; 2. p=1 MIIa u #=200°C: =
=0 W_dm B t=2124 ¢ - - \.... & i m =200%C; 8. p—
- Pewmenue. 1. Tak xak Jiasaesmo p=0,5 MIla coorseTcrayer i
. HEIO o M JeJbHB o6Bbenm
HACHHIEHHOrO mapa v”=0;,3749. m3/kr (ra6n’ 8.1), uro aohwwﬁ %Ho_mw M3/Kr, TO
OUEBHAHO, 9ro map ¢ ofbemoM v=0,22 -mM3/kr, gBaseTCH BJAAMCHEIM, a n._.mnmmv.ma
CYXO0CTH uwx_.q:m.ﬁnnwp MOMHO OLEHHTb 4epes COOTHOLICHHE STHX 00LeMOB
L ) - 4,...‘. - .HII QR H. D-M.N O._.mw - . : )
' o". -0,8749° 0.

88

2, Haeaennio p=1:MIla coorBercTByer TeMneparypa mmoEEmmm:., napa =
=179,9°C. Tak Kak B JAHHOM cilyuae nap HMeeT TeMIEepaTypy -200 °C, om-nepe-
rper Ha 200—179,9=20,1°C, ’

3. Tak kak napiennpo. p=2 MIla cooTercTByer TeMIeparTypa HACHIUCHHA
212,4°C (taba. 8.1), To AaHubii Nap HachulieHHBH. Onpefesuth —CyxoR HIH
BIANNEE Nap B AaHHOM® cAydae Helb3d, TaK KakK NepeMCHHLE p H {;- He xapak-
TEPHIYIOT COCTOAKNE HACHIUEHHOrO Napa. c C L

Ipumep 82 Onpesenuts cOCTOSNHUE BOJAHOrO. iapa ¢ AaBJCHHEM 1 MIla,
ecu Ha ero TOJLydYeHHEe #3 BoAH mpu TeMneparype (°C mp NOCTOAHHOM JaBie-

HuH 3arpaveno- 2680 kIk/KP TemAOTEL T .

Pewense. Vs T46n. 8.1 BmIHo,” 4T0 NpH AaBieHdn  napa p=1,0 Mlla. su-
“rallBIHS -CYXOrO - HACHMIEHHOTO TNapa A”=2777.8 gIx/Kr, uro Goaplle h=
=9680 gllx/xr. ChnefopaTensno, nap Baamubi., . CTeNeHb .ero CYXOCTH MOMKHO

onpeAeNyTh 110 ypaBHenuw (8.3} - R

hy=lh' - xr, . ..
m._..ﬁou,m : C e . L . o
_hy-—=-h' . 9680--762,4  1917,6 :
: g e e = =0,95.
TR X=-— P = ﬂwo.mm.m. Hn No_muw . . :

Mpumep 83.-B ._ummmvuw.mmm. ofsemoM 1,5 -M> oohmw%wanm._ -b Xr BogH B
8 Kr.cyXoro mapa. Kakoso AaBlieHHe B pesepByape? . e .
Peuienue. YieneHetl 06beM CMECH o .
| SURLAS TR T B 11 RS PP R Y S

L SETLG B8 - 13-

e
- X==- — rr— =2}, 1 . .
s Mg g T L

CreneHb CyXOCTH napa |

| 4E] .wwmmmmmum (8.2), mpenefiperas o6beMoM BOAH U’ BBEAY €r0 MaJOCTH NG
cpaBHEHHIO ¢ o6BeMoM.IIApa DY, HMeeM .. .. . . S
| vt (=),

-

i .
as [ - .

otkyda- - - ; S
St N SRR S 1 -1
o - X < 0,615 .

Tlo naxgmM Taba, 8.1, sToMys« 00beMy CYXOTo HACHILEHHOTD mapa MOMKHO
coorBeTcTEOoBar: Aamienue cBuwe | MIJa, Tounoe sHayeHHe AABICHHA MOMET
6HTh HAKJIEHO HHTEpIOAHPOBAHHEM. .

Ipumep 84. Onpefeants Maccy ¥ sHTadbmuio 0,6 M® mapa BJAXKHOCTEI
y=1—x=0,2 npu masxaenun p=0,3 MIla. .

Pewenye. Lo Tabn. 8.1 ofmeM cyxoro HacHmennoro mnapa v”=0,6085 M3/kr.
VIenbHHE O6beM [AHHOFO NAaPa MOXHO ONpellelHTs IO YpabHemmio (8.2)

v 0" = (1--0,2) +0,60565=0,4844 m*/kp, : .

0,186 bk Lt

2 ero Macey : ‘
L

. V. 0,6 :
= - - = 1,24 gr. .. ..
. G= Uy .0,4844 , “ SENE
TenuocofepKanHe napa  Maccoi .n.ﬂu.mm KI B COOTBETCTBHH ~

ypasuennem (8.3) .
H=Ghy=G(h"+xr):=1,24(56 1,7+ 0,8-2163,9) = 2843;1 ' kJLx.

c
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§ 2. Npoueccyi H3MeHeHNs COCTOSHUS BOASHOTO napa
H H300paKeHHe UX B gHArpaMmax

B tepmogmEaMuKe, B pasjene mapoB, oGEYHO pPaccMarpHBaT
Y€TLIpE OCHOBHLIX Ipolecca: H3OXOPHHA (v=const), usobapumiy
(p=const), uaorepmuueckuii (f=const), ajuabarnbii (8g=0)

Pacyer TepMOAHHAMHUECKHX HDONECCOB NAPOB oQEmS,mhmw.T
€ JHOO AHAJNHTHYECKHM METOINOM C HCHOJIB30BAHMEM NAHHHIX Tab-
JIHIL H. COOTBETCTBYIOINEX (JOPMYJ TEPMOZMHAMMKH AJIA OMpenese-
HHS PaboThbl, KOJHYECTBA NOABEJCHHOH MM OTBEAEHNON TemIOTH
Mmmom rpadHYeCKHM METOAOM C IIOMOLIBIO JyvarpaMm n.,.,uc“ ﬂlmm

Ilpu pacuere mapoBLIX mpomEeccOB MOryT BCTPETHUTLCA TPH CHY-
34510 NPOIIECC NPOTEKAET NMOJHOCTHI0 B OGJIACTH HACHILEHHS, TpO-
Hecc MpOTEKaeT DOJIHOCTbIO B 06JACTH Oeperpesa :wo:oon_nwoem.
KaeT gacTHYHO B 06JIACTH HACHILICHHS, YACTHYHO 'B obsactu mepe-
TPeBa, T. €. XapaKTepPHOH OCOGEHHOCTBID TEPMOIHHAMHUECKHX
IPOLECCOB BOAAHOrO mapa ABJSAETCA TO, 9TO Map B XO[€ NpOolecca
MOKET NEPEXONHTL W3 OJHOTO COCTOAHHS B APYroe, HampAMEp W3
[I€PErpeTore BO BJIAXHBIH HACHIIEHHHIE Hap, MJIH ,mmoaowoe Tlo-
TOMY pacueT NAPOBBIX IPOLECCOB ¢ NOMOLILID oooewmaoemumoﬁs“ﬁ
Anarpamm ynoGeH Opexje BCEro B CHJY TOrO, 4TO Ha .mxm%mzzw
JIETKO YCTAHOBHTL, NPOHCXOLUT /M H3MEHEHHE COCTOSHHN mapa

IIpu pacyere mpoueccoB ¢ moMouIbio AHarpaMm monoawwwws,
mwwawmmwo %mmamgnmowmm COOTHOLICHHSA, HANPHMEP, B TOM cJlyuae,
wmmwﬂmm. XOMHMO BHIYHCAHTE PaloTy AJIM H3MEHeHHe BHYTpeHHeH

Wmnozo%mz OCHOBHEIE TePMOAMHAMHUYECKHE NMPOLECCH,

oo SOXOpHHEYU Dponecc (v=const). B xoopaumarax p—ov

OpPHOMY HPOLIECCY COOTBETCTBYET OTPE30K BEPTHKAJbHOH JHHHH
—2 (puc. 85,2), a B Koopaumarax T —s (puc. 8.5, 6)— kpu-
Bas, HanpaB/ieHHas B OGJ4CTH HaCHILEHHOro napa mzwwmaoﬁwa
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Puc. 8.5. Hsoxopm mapa B xoopiunatax p—v (@), T—s (6) u h—s (s8)
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BBepx (oTpesok [ —a), a B 0OJACTH NePErperoro napa BLIYK-
JI0CTHI0 BHH3 (oTpe3ok a—Z2). B Koopaunarax h—s H30x0pa Kak
HACHINEHHOrO, TAK M NMEPETPeToro napa Giuska K HAKJIOHHOH mpd-
MOH JIHHHH, MPHYEM H30XODH pacroaaraiorcd SAech Kpyue u3obap,
TmPOXOAAIIEX Yepes Te Xe TOUKH Nponecca. Ha Bcex zuarpammax
-TOUKA @ BO BCEX CAYUasX XapaKTepusyer mepexoi 43 o6/acTH HAChl-
mieHHOro Imapa B ofJacTb OEPerperoro napa. M3 nmaarpaMMsl
puc. 8.5 BHAHO, KAK NpH HarpeBaHuH napa HpH NOCTOSHHOM 00Be-
Me OH MOMeT OLITb NepeBeleH B CYXOl HACHIEHHBIA map u 3aTeM
B Teperpersi. , ,
Tepmonunamuyeckas pabora B TOM nporecce [ (cM. cooTHOWIE-
mue (1.10)] xax pabora usmenends ofbeMa paBHa HYJIO, li,a=0.
Ilorennuansuas paGoTa B 3ToM Ipolecce Kak padora H3MEHEHHA
napJenns [ (cM. cootHomenue (1.16)] wiz=v(p1— p2).
KoJHuecTBO MOABENEHHOH M OTBEJeHHOH TemJIOTH ONpEReaseT-
Cfl M@ yDaBHEHHs! NEPBOro Hauaka TEPMOAHHAMHKH [(em. cooTHO-

wenne (4.11)]
Gro=ls — i1+l 9=tz — U1

Taxg kak npouecc | —2 B Koopauuartax T'-—s u /i—s Hanpas-
‘JleH cleBa Hampapo, T. €. B CTOPOHY BQ3PACTAHHs JHTPONHH, OH
XapaKTepH3yeT IOABOJ( TeIVIOTHl H KOJHYECTBO HOIBENIEHHOH TeIIOo-
TH B KOOpAHHaTaXx I —s 4YHMCJAEHHO PaBHO IVIOLLAa[H 1221 mnop,
Junkeit mpomecca I —2 (quz=t:—w). Ha puarpamm T—s u
h—s Xopollo BHAHO, UTO NPM OXJAXKJIEHHH Napa B H30XODHOM
fpollecce OH KE MOXET OblTb NOJHOCTHIO IepeBefeH B IKHJAKOCTB,
TOTOMY YTO H30X0Da B PaccMarpHBAEMEIX KOODAMHATAX He mepe-
CEKaeT HIKHIOI IOrpaHmuHylo JuHHIO x=0, KOTOpas IpPOXOAHT
3HAUATENBHO JieBee JIHHHH nponecca | — 2.

Mpumep 85 C nmoMolleir AHATpaMME hi—$ OLPEENHTh KOHEUHYIO TeMile-
PATYPY, TEPMOAMHAMHIECKYIO H NOTEHUHAALHY0 pabory mpouecca, eclH Hap Mac-
coif 10 kr mpH HauaibHEX napamerpax py=3,0 MIla n £=350°C paciumpaercs
fApH M30XOPHOM npouecce Lo JaBneHns ps=2 MIla. OmpedenuTs TawKe TeMne-
PATYPY H KOJMYECTBO TENJOTH, OTBOUAHMOH B Npolecce pacluMpenius,

Pewenue, 1. Tlo AauarpaMme h—S5 npH HauaJwHHX NapaMeTpax mapa pi=
=3,0 MIla, #=2350°C HaxoZEM HAYaJABHYIO TOYKY Npomecca I Ha JHHHAX mepe-
CeUCHMST H306apHl M H3OTepMEL i STOH TOUKM — MapaMerpel TAKOBH: =
=3110 glm/er, ©,=0,09 mifxr, w=h—pv=3110-103—3.10%.0,09=2,84X
w108 Ox/kr=2,84 M x/xr. )

9. Uz touku I mo n3oxope v=0,09 m3/kr cuyckaeMmca BHH3 70 IepeceveHH:
uzoxops ¢ MicOapoi p,=2 MIla (rouka 2), B Touxe mapaMerpel TAKOBH:
Up=11=0,00 m3fxr; hy=2680 wllm/kr; o=ho—pov,—2680.10°—2-108.0,09=
=2,5-105 Hx/kr=2,5 MIx/kr; x2=0,94, 1. e. nap B KOHEYHOM COCTOSHHH BAAXK-
grBlft W €T0 CTeleHb CyXocTH cocrasiseT 94%.

3. Konu4uecTRO OTBOAMMOI TEIIOTEH

Q2= Cq1,0=G(tiy—1) =10{2,5—2,84) =—3,4 MIIx.

BHax MuMHYe yKasHBACT Ha TO, UTO TemroTa B mnpomecce /—2 OTBOAMTCA.
4, TepmoZunaMHYyeckas paGora B 9TOM npollecce PaBHA HYJK

h_.»ﬂ Qﬁﬂ.enlﬂ:u =0,
ot




P\_nmm Em._%.%z nmcm m...rmo%h:wmamx _.o..l_n..?cu...ﬂl.ma&.mal‘lh:?ﬂ
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5. Torennganbuas vm.mc,_.m.. Wi _.umm.o,em. .=wzmmm§m Hmmammmm L T
Wi.2= V(pi—psk=Go(pi—ps) =10:0,09(3—2) =0.9 MIx.
HMaoGapuuii mpouecc (p= nomms -B. koppausarax p—uv

(puc. mmv nponeccy . p=cotist. cOOTBeTCTBYET OTpesok, .TOpH30H-
TAJBHOH VIMHHH KakK B OGJACTH BJ&XKHOIO, Tak ¥ B oaamoem nepe-
rperoré napa. B- moowhmmmemx T.—.§ 910T XKe nponece, ‘B-.o6/1acTh
HACHIIEHHs U300pakKaeTcs, TOPHIOHTANbHON JBHKEH, ToToMy, mao
AN HACHILEHHOro' napa. p=canst, OlHOBDPEMEHHO H T= const, T .
B omam@m HaCHINEHHOro Mapa H306apHbll nponece ohmommozmmzo
ABAAETCH U H30TEPMUYECKYM TpoiléccomM. B ‘ofnactd ' meperpeforo
napd, fpoligcc maobpaxaercs. KpueoH,. . mOpHuMalOmedica BBepX.
B koopnumatax i—s usoBape. COOTBeTCTBYeT KpuBas, NOAHHMAIO-
IasICA BBEPX H HanpasieHHas BRIIYKJOCTBHIO BHHUS.

“Ilapamerphl cocTOAHKA, PaboTa M KOJHYECTBO TEIJOTEL-B 3TOM
Tpolecce ONPEAeIsIOres cielyomuy ofpasoM. TIps 3afaHHBIX HC-
XONHHIX AAHHHIX HAXOAHM, HATIpEMeEp, Ha JUArpaMMe A—s Hauais-
HYIO H KOHEUHYI0 TOUKM mpeuecca ./ — 2, 1o 3THM TOUKaM HaxoauM
aHaueHus: ki, ha, 81,-S2, Uy, v2. KonHuecTBo TEINOTSH,  NOABELEHHON
HJH OTBe/IEHHOH B nponecce’ /—2, ynobHO RAXOAMTH mO' Eummmm..
Huw' (4. wwv HCIOJIb3Y S hwm%mzz% h—s,

. th"?ulw_.. - :. u.

‘B xoownmmmamx ﬂ.l.m. .3TO KOJIHYECTBO TEIJIOTH onmmnmammeom
m.noEmu.wB 1 Em\ nox .EEEE ~ponecca. 1 |M Eean mpougce :saer
B CTOPOHY BO3PacTaHHs PHTPONMH, TO TEIJIOTA NOXBOJHTCSH, ECIR
B CTOPOHY YMEHbINEHHS SHTPONHH — TEINIOTE OTBOLHTCH. :
maom,mﬁmohmmmamwmommvm pabota B H300apHOM Hpollecce H300paxa-
%wmmmwmwuhmbv% 122 B moowhmmmemx P—Uv M BHUHCIAETCA N0

MR

2

:&.h ﬂﬁ;@m.} S.w.
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ITorenuuanpHag pafora B 3TOM mpouecce Kak paGoTa H3MEHe-
HHA JABJEHHS paBHA HYJIO
w;,z=0, TaK KakK p=const.

V3MeHenK¥e BHYTPEHHEH SHEPTHH g — Ui MOXKHO NoJACUHTATD,
HCTIONB3Y A ypaBHeHHe (4.16) h=u-+pv, 3aNHCABEOrO M5 HAYATb-
HO¥ ¥ KOHe4YHOH TOuKe mpoilecca (p=const)

,. wy=hy— puy;
=hy — pUs,

orcioaa _
:mlap"}wlrplﬁAdwleL.

Mpumep 86. [lap maccodt G=10 xr co cremenpio cyxocTn x=090 npw
naeneuu p=1 Mlla moporpesaerci. B npotecce p=const 10 TEMIEDATYPLH
300°C. Ompeflenuts HAualBHEIE H KOHCUHHE .NAPaMETPH Napa, KOJHUECTBO IOA-
BefjeHHOlt TEIVIOTH B npouecce, TepMOARHAMHIECKYIO DAGOTY K HIMEHEHHe BHYT-
peHHefi oHeprHH. 3ajauy pellaTh € MOMOILIO JHATpAMMBL A—S. - - A

Pewenie, 1. V3. RuarpaMMs h—s HaualbHam TOUKA npollecca,  HAafAcHHARD
IpH - TepeceueHHE JHHHH p=1 MIla u x=0,90, xapaxTepusyercs CleRY IO MHA:
namnsiMa: B=2570 xw/kr, 5=614 whwc.?q K), =018 m?/xr.

9. Touxy 2 HaxO[uM K4k TOUKY NEpEcedeHHus usobapsl p=1 1 MIla u _‘Go._.ow-
mer £=300°C. Oua xmvmﬁmvmmﬁeon CICAYIOIHME  AaHHEIMH: hy=3050 xJlx/xr,.

s9=7,14 xIx/(xr-K), va=0,27 M3[kr.
3. Konuuecrso noABefeHHON TENJOTH B :wonmoﬂw

Q1.2= G 4= G(h—1u) = 10 (3050—2570) <4800 = .48 MOx, -7

4, TepmoAuHaMuIecKas pabora vmnExmwmxm
Ly »=Gl, uum.a?ule; =10-1- _oiowulo Hmv om Bh.ﬁ
5, MgmeHeune, YHRENBHOM - umw,_.umm:ms SHEPIHA. :m_um - o
mnltzhl_«_ulm_l_cneu.lu; = 3,05—2,57—1 8 w.Nlo _mu 0, mo ghvﬁﬁ
Tpu sToM BHYTPEHHAS m:m?ﬁm p rouke I cocrapaser BENRYAHY
= hy—pv=2570-10°—1+. 10¢.0,18=2390- 109 .u,v_c.m__lw 39 MIx/xr,

a B TOUKE 2 . .-
Elnaulmomc _ou|H Em o 27= m 78 Sh.vimq.

Swoemwzmnmomsx nwonmoo (#=cotist). ‘B koopAHHATAX
p—v (puc. 8.7) mpomecc = =const B obsacTi* mmoEEommo_.o mapa
nzofpaxaercd OTPE3KOM Bmmmom,&avmo: JVHHE, TaK Kag JJs Ha-
CHINEHHOTO mapa mmoam@amamommm npouece Q nozms "0j{HOBpe-
Menno u usobapmeii (p=const), a B ofusacTi neperperoro mapa
STOT MPOHECC H3006pamaeTest. Eumwmgmamnmom kpupoii. [liomans
noj, JNHHHEH :wou.moom xmwmﬁ,mwmm«oe amvzoﬁmmzmnmnﬁs paGory

Lz

o

B moowhmmmamx T—s m@onmon mmommm%mmaom OTPE3KOM TOPH-
soHTANBHON aHHHE, [LI0oLans HOX JHHHEH nporecca 1122 oupene-
hmma moasamoamo emnaod& NONBONENOH B mpougcee, s

4, WHHAM»|$V
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Puc, 8.7. MaorepMel napa B KoopAuHarax p—v (a), T—s (6) u h—s (8)

B xoopaumarax h—s Hpoliecc B obJacTH HACHIUIEHHOrQ oapa
#300paxaercs HAKJAOHHOH mpAMOl, KOTOpas OAHOBPEMEHHO SBJISAET-
¢l B u300apol, a B ofJiacTd Oeperperoro napa — KpHBOMA, Hanpas-
JIGHHO¥ BHIIYK/OCTHIO BBePX, MOAHHMalOlleHcs cJeBa Hampago,
ACHMITOTHYECKH NPHOJMIKAACkE K MOPHIOHTANH. :

Hecneposanne H30TEPMHUECKOrO NpoLecca yuoGHO BeCTH ¢ Io-
MOWIBIO QHAarpaMMbl fi—s, PacyeTHl HAYHHAIOTCA C- ONPEAENEHHS
wapaMeTpoB napa B EayaJbHOIl H KOHEUHOH TOYKAax Ipoiecca,

MDpuwmep 8.7. IMap ¢ remmepartypoit 200°C pacumpserca mmoamwy._:nmmmm
1 Rasnenus 0,5 xo 0,1 MIla, OnpefenuTs KOMHUECTBO TeIUIOTH, COOGLIAeMOi
napy, H3MeHeHHe BHYTPEHHEH SHepFHKH H paGoTy paclUHpeHHs. - '

Peweriue. 1. Vs muarpaMMel f—s$ HaxOZUM NapaMeTpH HaYaNbHON H KOHEHN-
wof TOYeK mpomecca A;=2850 wlmfwr, ©;==0,43 m%fkr, 5;=7,05 xlIx/(zr-K),
hy=2875 wlxfr, v2=2,2 Mifkr, $2=7,84 x[ls/(kr-¥).2. Buyrpennas suepras
| Toukax [ n 2 ompefenserca ypasHenueM (4.16) o

#=h—pv,=2,850: 10—0,5-107-0,43=2,635-10° Tx/ur=2,635 Mau/xr,

Ha=PRo—potrs=2,875.105—0,1-10%-2,2=2,655-10° Ix/xr=2,655 MJx/kr.

3. Mamenenne BHyTpenHell SHeprn B npolecce
Ua—uy=2,6656—2,636=0,020 MIx/kc=20 xllx/xr,

4. Konudecrs0 nojBeJEHHON TEMROTH B Npolecce
q1,2=T(52—51) =473,2(7,84—7,05) =373,8 &/ kr.

5. Pafora paciimpenus onpefenfieTcd ¢ NOMOMIBK YDABHEHUst MEpBOTO Hada-
A4 TEPMOAHHAMHRY §1,2=Us—th 11,2, OTCIOZA

b a=q1,0—(ts—it:) =373,8—20=23563,8 gJlm/kr.
ApuabGarnuii npouecc (8§g=0). Kak ussecrao, B pasho-
BECHOM ajuabGaTHOM NpoLecce SHTPONHS OCTAETCS HEH3MeHHOMH

§;=§z=const, 4T0 AaeT OCHOBaHHE CTPOHTb 5TH HPOLECCH B JHTPO-
NHAHEIX JAHATPAaMMaXx KaK OTPEe3KH BePTHKAJbHHX JuHHE (pHC. 8.8).
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T h
Pt x=1 o
=V A > 1
&
had -N:uﬂ\.‘ &
= 2
) b2 X b R .\
N ‘ .
1’ 2 v s=const 5 s=const M

Puc. 8.8. Anuabath mapa B koopAunartax p—v (a), T—s (6) u hi—s (8)

Anuabara B KOODAMHATAX P — ¥ MOXKeT- CTPOHTBCS MO ypaBHe-
HHIO pot=const. HHCIeHHEHe 3HAYEHHs NOKasaTesis mpouecca ke
LJAs ‘Teperpetoro W HACHUIEHHOro NMapa pasauyHel. B pacuerax
NPUOIHKEHHO MOXHO NPHHSTL. IJs TEPerperoro mapa k=13, a
IJIs1 HackIleHHoro napa &= 1,14.

- M3  mpuBefeHHEIX AHAarpaMM XOPOIIO BHAHO, 4TO IPH agmnabGar--
HOM pACIIHPEHHH [IEPErpeToro napa neperpes  €ro yMEHbBUIAETCS,.
nap CTAHOBHTCH BJAXHHM, YaCTEYHO KOHISHCHPYACH.

Hcenenosague aauabaTrHoro npomecca YyAoOHO BecTH C mo-
MOUIBIO AMATPAMMEL ki —$, ONpelleluB BHauale NapaMerpsl mapa.
B HAYAJbHOR M KOHeuHOH TOUKaX mpouecca.

Hpumep 88. Ieperpersiit nap agualaTHO PACIIMPACTCA C JAABAEHHS py=
=05 MIla u Temneparypu #=250°C no Aasmenus pz= 0,05 MIla. OmnpepeauThb-
C TNOMOLIBIO JHATPAMME f—&. TAPAMETPH Napa B HATUAIBHOH M KOHETHOR TOUKAX.
npouecca, paGoTy pacliHpeHus, H3MeHelHe BHYTpeHHeH JHeprui. - .

Pewenue. 1. 1lo anarpaMme h—s napaMeTps HadalpHOH H KOHEYHOH TOTEK:
npollecca XapaKTepPH3YIOTCA CAEAYIOIHME  TAHHBIMH: hy=2960 xlmfxr, o=
=048 M¥/xr, §=7,28 wllx/(xr-K), h,=2525 klix/xr, v2=3,5 Mxr, x=0,95,
5y=5=T728 x0x/(xr-K). . o

9. [MonpoZuMas maM OTBOAMMAR TemaloTa B afHafartHoM npouecce ¢i,2=Y,.
Q.:=0. T
3. BryTtpennss SHeprus B Touxkax [ u 2 mpollecca

ty=h—p,v,=2,060-106—0,5-105-0,48=2,72.10°  Jx/xr=2,72 MOx/xr,
Us=hs—paUz=2525-106—0,05-108-3,5=2,35-105 [x/xr=2,35 MIlx/xr.

4, YnenbHas TepMojnHAMHUecKaf pafoTa mad palora HSMEHeHH: ofnema:
onpedelsieTCA NO YDABHEHHIO NEPEOTO Hauala TePMORHHAMHKM (4.11)

qz=tz—th+,2
Tax KaK §i,2=0, To ) ) .
b a= 11—y =2,72—2,35=0,37 MIx/xr.
. 95




5. YreneHas moTeHumANbHas padora WM paboTa H3MeHeHHS JABNEHHS Ompe-
J@/IAETCA L0 YPABHEHHIO IEpBOTO Hayala TepMOAHHAMHURH (4.19)

i, ul}u.lw_._.neu 2,
. _o,:&Em P4 YCAOBHH, UTO ¢),2=0, HaXOZuM
W, 9=M—Hh;=2960—2525=435 wllx/kr.

KontpoJasnbie Bonpocst

1. Y10 Takve BAAMHHE ¥ CYXO#l HaCHIEHHHH Lap? KakoBE €roc OCHOBHEE
XapaKTEPHCTHKH?

2. YHro masmBaerca TEmIOTOR napooGpasoBamua? Kak ona ompepensercs?

- 3. :Nmm H3obpaxaiorcs mpolecch NAapoo(pa3gBaHHA B KOOPJAMHATAX p§—U;
—s; h—s?

4. Kax #300paXKAOTCH HIOXOPHEN, M306apHLH, UICTePMHYCCKHE H afuabaT-

HHIA NPOLECCH B Eowh:mmamu p—v; ﬂlm h—sp

Trasa 9
anmam::m _..?.wow H ITAPOB

§ 1. OGmue :o:me:n H COOTHOIIEHHS. .
Hcereuenne mapoe u rasor uepes Q%:um.o.:.:anm conaa,

Hsyuenne Bompoca 06 HCTEYEHHH T'a30B H HAPOB HMEET o%oz-
Hoe SHAYCHHE AJISI PEUIeHHs "GOMBUIOre UHCJA TeXHHUECKHX 3a7ay.
B uacTHOCTH, NIPONECCH, COBepIUAIOUIHECS B IAPOBHX H Ta3oBHX
TypOuHax, nmm,%oam%mzx H OCEBEIX KOMIpECCOpax, CBR3AHH C Iie-
PEXOZOM. rasa WJH napa H3 o6JIaCTH OJHOTO ‘JaBJNeHHS B 06JacTh
APYTOTO AaBlIeHHs, CONPOBOXIAIOUIEMCH pPas3iHYHBIMH Npeobpaso-
BaHHAME 9Heprud. IIponecch nerevemust rasoB H napos OGBIUHO
€OTNPOBOXKAAIOTCA GHICTPHIMHE H3MEHEHHSMH . TAPAMETPOB  COCTOSA-
HHSl BelllecTBa,- B pesyabTaTe Hero mmoawmemazm NOTEPH XOCTHTA-
10T 3aMeTHOH BeJIHYHHEL

"Ha npaxrtuke. Bce peajibfible IPONRCCH HCTEUCHHS OT HCXOJHOTO
«COCTOSIHUSL p1,-0; .HJIH. P1, A f0 3aNAHHOTO KOHEUHOIO IPOTHBOLAB-
JIeHHS Py PACCMATPHBAKTCA KaK IPONECCH 06paTHMEE, npoTeKaio-
e §es ToABOJA HJAH OTBONA - TEIVIOTH -# COBEPUICHHS MOJe3HOH
paborsl. Ilepexon K peaspHEIM NPOLECCAM OCYLIECTBJSIETCH NIyTEM
BBeICHHS B KOHEUHEIE De3YJbTATH NOOPaBOUHEIX ONHTHHEIX KO3(]-
-QUIHEHTOB, YYHTHBAIUIHX HeoGPATHMOCTh IIPOIECCA - HCTEYEHHS.

Jasl -mony4eHus QCHOBHEIX - PACUETHHIX.. COOTHOIUGHHH JIPOIECCOB
HCTEYEHHS] KaK IPOLECCOB NepeMelleHHs Mapos M rasoB H3 obaa-
‘CTH OJLHOTO_[IaBJEHUA- P, B OGNACTE: APYTOrO AABAEHHS pi’ xeseco-
«06pasHo 'BOCHONbL30BATLEA yPaBHeHHEM " NOTeHIHAALHOH * paGOTH
(4.20) pas o6paTHMOro NPONECEA .B. YCIOBHAX, KOrJa H3MEHEHHE
BEICOTHl LIEHTpA TAXECTH IOTOKa He Hrpaer @Ems,wmmmom woam
(z2~22;). U3 ypasuenns (4.20) umeem e

con T RLg= 022022 (9.1)
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Orciofa KoHeuHas JHHefHas CKOPOCTh HcTeyeHHS (B M/c)
nw.llh.ﬁn_ml_lwmerm. A@Mv ]

B GomblUMHCTBE CIyIaeB HCTEUEHHS a30B H 11aPOB° CKOPOCTB (i
(HauanbHas CKOPOCTh mnammmmmmu 3HAUHTENbHO MEHblIEe CKOPOCTH

¢z, MOSTOMY BeJIHYHHA ¢1? B ypaBuenuu (9. mv HOJMyuaeTcd HHUTOMXK-

HO MaJo#i N0 CPaBHEHHIO CO CKODOCTBIO Cp® H €10 MOXKHO nwmmm-
6peun. IMocse uero ypasuerue (9.2) :@mmmzmﬁ, BH

nu|._\we: 2. T . mwwv
BeepeMm noHaTHe MaccoBoi nﬂovonﬂ_m MMOTOKA KaK OTHOWECHHSA ce-

KyHiHoro pacxoja mapa UK rasza Hn HH._HOENE.E ﬂOﬁm@mamOHO Dmﬂm-
HHA NOTOKA .

u= e (9.4)
F
Oouooemm.:mm noo,_.moEmm:m (9.3) u (9.4), HAXOJEM |
Up= nw =0 bmutwd\mn.e_b. - Aw.mv

e pp — MJIOTHOCTb Ia3a WIH Napa B KOHEUHOH TOUYKe HCTEYRHUS.
Hicnonbpsys ypasueHue (5.22), MOXHO 3aIHCaTh

Corstacro ypasgenmio (5.30), aia o6parumoro an#abaTHOrO Mpo-

‘Hecca pabora
k—1

F ) AR
mam gt 1 =E) T

TloncTaBnsas 9T0 BEIPAXKEHHE :oammnmmammom paGoTH B ypaBHe-

aus (9.3) u (9.5), HaXOZHM
o purv I

H
1 [P\
Uy == Dy Cp = @Nﬁ\m@; o AMV X

p k—1
—\ 2 ——— Pe_ﬁﬁlﬁnwv wgﬁ
. - , i h—1 = 2 |
L\w, by Th VQI ﬁlvﬂ ©(98)
TR Ty P ANpo /oo
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noo._.mmao.emmmmo dopmupyercs ypasHenue nis onpenesenns ce-
KYHIHOTO DACXOHA rasa NpH HCTEYCHHH :

/S - h—1 - 2
Qnﬂzmﬂpﬂm.nn%nﬂﬂd\ 2~ k_p _lh Py v P ﬁl.cmlv.ﬂ .
-1 v L P NP

_ . 9.9
Ecan nponecewr mcreuenus rasos u IIapOB pacCYUTHIBATE monAoavw
8ys pHarpaMmy A—s, TO HeoGXOXHMO y4ecThb, YT0 LA 00paTHMOre
anuaaTHOrO mpomecca HCTeYeHH: NOTeHIHaabHas paloTa paBHa
Pa3HOCTH SHTAJILIME HAYaJbHOR W KOHEYHOH TOUeK npouecca [cM.
ypaBHerne (4.19)]

Wy p== \Sllwhm.
CaepoBatenbHo, ypaBHeHHE (9.3) npunuMaer Bug
nw".—\Mmerm ”<M Qmsl.wmmv . AOHOV

Paguocts sHTaNBOHE rasa uiu napa h;—hy HazblBaercs TenAohd-
dernuem Ah. O6BUHO TemjonameHHe onpenginerca mo A—s gua-
rpamme. Ecan B ypasuenue (9.10) i—h, nomcrasuts ( xlx/xr),
TO JUHEHHAs CKODPOCTB €z (M/C) JOMKHA NOXCYUTHIEATLCS no ypas-
HEHHIO -

Co=44,7VR—h,=44,7VAR. (9.11%

B peasbHoM mpoiecce u3-3a HeoBpaTuMEX IOTePs B Ipolecce
HCTEUCHHS MPH TOM Xe nepenafe NABJEHHA pj—p; PA3HOCTL SH-
TalbnRi (f—Hs) x=hy MeHblue, yem B o6parmMoM npoilecce pas-
HOCTb A;—hp. DTO 03HAYAET, UTO YACTH KHHETHYECKON 3HEPrud no-
TOKA 3aTPAUHBACTCHA .HA NPEONOJEHHE CHJ TPEHHSA, IEPEXOZUT B
TENVIOTY, 4TO B KOHEYHOM HTOT€ NPHBOIHT K YMEHBLIEHHIO CKOPO-
CTH €3 NOTOK2 Ha BEXofe. Heo6paTh-
MBI€ TIPOIECCEl CONMPOBOKAAITCS YBe-
JHYCHHEM SHTDOIHH, NOITOMY JHHHS
PeallbHOTO  mpoliecca  (HyHKTHDHas
\ JIHHHUSI) Ha Auarpamme pHc. 9.1 Ha-

MpaB/IeHa CBEPXY BHH3 HANpaBo AG
NIepeCeueHHa C NPOTHBOIABICHUEM Do.

OTHomenne HeoGpaTHMEIX NOTEPE
\ K pacloiaraeMoMy TemJIonafeHuio
\ HaShIEaeTCA KO3(pHUHEHTOM nOTeps
gt — — ] L _ X% sHeprunm
W_H"u mnh__.o.u. = Dmh]__uwh = hltﬁl .

Al AR Ak

(9.12)

$ CoOoTBEeTCTBEHHO IEHCTBHTEIBHAS CKO-
Prc. 9.1, Tlpouece nereverms s POCTh HCTeHEHHS GYAET ONpeRe/sThCs
Auarpamme f—s ypaBHeHHeM [c yueToM COOTHOIue-

08

h
1.~

_v: fro————— Iiﬁ..l.

uag (9.12)]
Con="44,TYhy=44,7) (1—Cn) AR = 44,79} AT, (9.13)

riae Ko3Q@HUHEHT ¢ NOKa3HBAeT, BO CKOJLKQ pa3 MeRCTBUTEILHAA
CKOPOCTb MCTEUEHHS Cax MEHbINe CKOPOCTH 00paTHMOro HCTEYEeHHs!
&2, Koshpunuenr g=~0,90—0,94.

ITpuseseHubIe COOTHOIIEHHA XaPAKTEPH3yOT B  oOueM BHAE
HCTedeHHe Ta3oB M [APOB Yepes CYXKHBAIOMIHECH COMJA — YCTPOH-
CTB4, B KOTOPHIX 34 CYET NMAAEHHS LABJEHHA LOTOKA HHTEHCHBHO
YBEJIHUHBAETCH CKODOCTb ABMIKEHNS I'asza MMM mapa.

Mpamep 9.1. Onpelendark KOHEYHYIO TeMIOepaTypy fz, YAGABHYIO MDOTEHIM-
ANLHYI0 paGoTy W2, JHHEHHYIO €2 H MAacCOBYI0 Ua CKOPOCTH NHPH afHaGaTHOM
MCTEUEHUH BOJMHOPO Napa KAaK HEEaJbHOTO rasa OT HauaJbHOTO COCTOfAHHS, Xa-
paxrepusyeMoroe mapamerpamu ¢;=400°C, pr=1,0 MIla, no xoHeuHOTG NpOTHBO-
JAapnenus pp=0,1 MIla, cpefHaa MOAbLHAT TEIMIOSMKOCTE MOMET ObTh NPHEBATA
paBHO#t &m=36,07 xlm/(gMous-°C).

Pewenue. [ToxasaTent agnabaTi B npoliecce

_@“ Cpm — Cpm —_ mm-cﬂ “_.u“w.
s Nﬁz|m 36,07 — 8,314

Cym

XapaKkTepHCTHKA pacUipeHua BOARHODO Napa Kak uIeadbHOro rasa {0 ypasHe- |
ano (5.28)

k—1 0,23
vy _ Ty lh} vlla uﬁfolwv NN .

Py . \p 1 1,701

KOHEUHAS TEMHSDATYPA Napa

T2 =

400 4- 273,15
1,701

uian £,=71,—273,156=395,6—273,15=122,45 °C, .
YreneHH 06beM Napa B KOHCUHEI MOMEHT aAHafaTHOTO paCIIMpeHHs

Rr, R T, 8314 3055
Pa nops 18,016 " 1.108

Ty=17y o Ty = =1 395,6 K

=1,86 m3/xr,

Iorenupansuan pafora B afHalaTHOM Npouecce DACIIMDEHHA paBHA H3Me-
HEHHIO SHTAAbINH

Cpm 36,07
fm ) = e
w BB =0s

= 565,7 wJx/xr.

W= —hy=cpm (, —1;) = (400 — 122,45) =

JInuefirast 4 MaccoBad CKOPOCTH HCTeUeHHS Mlapa L0 YPABHEHHIO (9.11)
s 1054,2

AHaJOrHYHbIE PACYETH MOXKHO NPOBESTH H MO LHArpaMme h—s.
7* ) 99




th .
P b ve, § 2. Pexuamu acrevenns.

7 "7 Hcrevenme H3 pacmHpsIomerocs
conaa Jlasaas

dopMa mONepeuHoro CceueHHs
COIJIA He OKA3LIBAET CYIIeCTBEH-
HOTO BJIHSHHA Ha ero pabory.
BruiBatoT comya kpyrawe, kBaj-
paTHBle, NPAMOYrONbHBE H BCe
OHH TNIPAKTHYECKH paboTaiT Xo-
pouwo. HauGonee BamHHM OKa-
3HIBA€TCHA BONPOC, KAKHM HOJK-
HO OHITE COIMIO B NPOAOJBHOM
HanpaeJIeHHH, T. €. N0 IYTH JBH-
JEHHS Taza: CyXHBAIOIHMCH
HJH DACUIHPSIOIMMMCT H NP Ka-
KHX YCAOGBHAX QHO JAOMMHO OGHITH
: - TeM HJH HHBIM.

)= / . Boipaxenue (9.8) uns ompe-
Fep/ A=y B e .

P P 2 JeNleHHsd MAacCCOBOH CKOPOCTE NO-
Puc. 0.2. Vsmenenue xapagrepucrnx TOK2 NOKa3BIBEET, UTO MaccoBas
Ipollecca npH HCTeUCHHH CKEMaeMbx CKOPOCTE NOTOKA ABaIIH omvm-
HUAKOCTEH H3 CYMHBAOMIMXCA COIRN . maercsa B HYJb: OPH EM\P"_ H

: p2/p1=0. Tlpu po/pr=1 macco-
Basl CKODOCTL 4y obpallaercss B HyJib 43-3a TOTO, UTO IPH STOM JIH-
HeflHas CKOPOCTL €» PABHA HYIIO (net mepemana aasaenuit), a npm
P2/p1=0 MHOXHTED py=0 (HcTeueHHe B BaKyyM).

Hcecnenys ypasuenite (9.8) ¢ momomipio Beicruei MATeMaTHKH
Ha SKCTPEMYM, MOXHO IIOKAa34Th, YTO MAaCCOBAA CKOPOCTH B STOM
UHTEPBAJIC IIPH CBOGM H3MEHEHHH NPOXOAHT Uepes MAKCHMYM
(puc. 9.2). ,

Coortrowenne AaBneHuit B HuTepsase Mexay O u 1, upH xoTto-
POM MaccoBas CKOPOCT:. HOCTHIAET HARGO/BIIET0 3HAUEHHS Uxp=
=Umax, HA3BIRAETCA KPUTHYCCKHM OTHOUICHHEM IaBJEHHI

5|

P i
i f

]

|

i

[

|

|

Brp= L2 A|muv|h|H J (9.14)

Py ka1

OTCIONA Prp=PxpP1.

OTHOIIERKE KPHTHUECKOrO jAABJCHHS Pxp K JaBJEHHIO Iepen,
COMJIOM p; — BeJMYHHA NOCTOSHHAR, 3aBHCAINAS TOJBKO OT HOKd-
3ateld aaumabaThl k. JIns ABYXaTOMHHIX T'a30B (k=14) pup/p1=
=0,528, nas neperperoro mapa (k=1,3) Pxp/p1=0,646 (raém. 9.1).
OpHEHTHPOBOYHO MOMKHO CUMTATh, UTO Mt TIOAYUeHHS MaKCHMAJb-
HOH M4CCOBOM CKOPOCTH HCTEYEHMS AOCTATOUHO, YTOGH JAaBieHie
nepex comnom GHIO B 2 pasa Godiblle, yeM IaBIICHWE 33 HHM.

1oo

10

TaGauma 9.1

XapaKkTepHCTHKA KPHYHUECKOTO MCTEYEHHS MAPOB X rasa

IoxkazaTear apgpaGarnt &

1| [ne e [0 [1s | e

Toxkasarean ncreyenus

k

D] k1 ' )
Bip = Pup/py = ?l.ﬂv 0.6065( 0,5847| 0,5645] 0,5457| 0,5283] 0,5120[0, 4871

B : 0,4289| 0,4443] 0,4586| 0,4718 0,4842] 0, 4957]0 5135

Maccosmit pacxon rasa B emunmuy speMmenu G. B CHJIYy Hepaa-
PEIBHOCTH NOTOKA BO BCEX CEUEHHAX BJAOJb OCH IOTOKA OCTAETCH
HEH3MEHHBIM, [O3TOMY HAHOOJbLIAA MaccoRas CKOPOCTb (dxp=
=umax) BCErJa Oy4eT B caMOM Y3KOM CEUEHHH COIJa TaMm, rae
.m.a:v”mun::.

Hcreuennst B Cy:HBalOMIHXCA COMJIAX, & TAKKE HCTEUEHHS ue-
Pe3 OTBEPCTHS B TOHKHX CTEHKAX XapaKTEPH3YIOTCH CleNyIOMUMY
ocobenHocTaMu. [IpH NOCTOAHHOM HAYAJIBLHOM LaBJeHHE py=const
CHHOKEHHE IIPOTHBOJABJEHHS HA BHIXOJE M3 CONJA p; NPHBOXHT K
SaMETHOMY BOSDACTaRHI0 MAacCCOBOH CKOPOCTH #» (cM. pHe. 9.2).
DTOT peXEM HCTEYEHHS HASHIBACTCS OOKPUTUECKUM PeXKAMOM HC-
TEHCHHA H XaPAKTEPH3YETCH YCAOBHEM, UTO' Py==Puap>>PxpP). Xapak-
Tep H3MEHEHMs HaB/JeHHA, o0beMa H JHHEHHOH CKODOCTH HcTeue-
HES B 3TOM pexXMMe XapaKrepHayercs auarpammami puc. 9.2. ITo-
Clle TOI'O KaK JaBJieHHe Ha BHIXOAe Py OYLET PABHO Pyp, T. €. KOT[A
P2=pwp=PxpP1, AANbHEHIIEEC CHHIKEHHE KABJEHHS Duap HE IIPHBO~
AHT K H3MEHEHHI0 MaCCOBOH CKOPOCTH MOToKa. KpHBas HcTeueHHs
Ha 9TOM 3saKaHuuBaeTcs. Beplluna kpHBOH# KCTeUeHHA #=1p CO-
OTEETCTBYeT HpPEKPAINEeHHI0 HCTEYEHHS B CYXKHBAIOHIMXCH COMAAX H
HUEpes OTBEPCTHA B TOHKHX CTEHKaX. DTOT PEKMM HCTEYeHHS HA3H-
BaeTCA KPUTUYECKUM H XaDAKTEDPH3YETCS YCAOBHEM Po=Puap=
=Bxpp1. JauapHeflllee yMeHbIICHHE BEJIHYHHBI Prap B CYXHBAIOIIHX~-
Cs comnax mpHBOAHT K TOMY, Y4TO B ycThe comia (cM. puc. 9.2) ce-
YeHHe @ yCTaHABAHBAETCH NOCTOAHHOE KPHTHYECKOE jaBJIeHHe
Pxp- HE3ABHCUMO OT BC€ yMEHBINAWOUIErocsl [aBIEHHS! HAPYKHON
CPebl Puap. COOTBETCTBEHHO HEH3MEHHOMY -NABJNEHHIO pyp HEHS-
MEHHEIMH B yCTbe COIJIA OKaXyTCs YIENbHHI 06HEM Uyxp H. TEMIE-
patypa Iy, CKOPOCTb M MaccoBmifi pacxor. O6nacTh smauenuil B
Ha jpuarpamMe puc. 9.2, Jexamas B npemenax Pup<sB<<l, Hazm-
Baerca Jossyrosod, a obnacth 0<B<<Pxp — coepx38yK06OL,

B yeaosusx, worfa P<Pxp HA BHIXOJE M3 COMJIA HJAH TOHKOM
INeMH, ras NpOAOINKART PACIIHPATHCA IO JABJEHHS HapYXKHOH cpe-

- B, HO 3TO paciiHpeHue GymeT yXe HEOPraHH3OBAHHEM H OyieT

CONPOBOXKIATbCA HEOODATHMBIMM NOTEPSIMM, KOTODHE MPOSBISIIT-
, 10L,




<fi B (hopMe Buxpeli HA BhHIXOZe H3 conna. DTH HeoGPATHMBlE MOTE-
PH HpH pAaCIIHDEHHH OyAyT TeM OOJIBIHE, UeM pyap OYIAET MeHb-
mwe po. Has 3THX pexuMoB HcreueHus coorHomenus (9.3)—(9.9)
OKA3EBAOTCH Y¥Ke HEeAEHCTBUTENbHEIMH. PacuerHsie (oOpMyan aif
MOACYETa MACCOBOR Uxp M JIHHEHHOM Crp KPHTHYECKHX CKODOCTEH H
MaccoBoro pacxofa Gyp MOTYT ObITh mogydeds u3 dopmya (9.7)—
(9.9) nyrem samMedHn B HHX OTHOLIEHHS pPa/p1 HA Pxp/Pi=pxp. Ta-
KHM 00pa3oM, HCIOAL3YS ypaBHeRHe (9.14), MOXHO NOJYYHTD
k E—1 —

l.,—\ 22— Z 1 1%
= ) =3
l._\ o HIA?_LV»I_ E =
2
_—— = i
_\w PST a+_v ﬁ\.w»._l_PS_E 5)
iy = Macp _\MM]“ o (9.16)

Goso=Fhp ]/ 22, @)
1

Pxp L
)

: ._Hhm Axp — XApAKTEPHCTHKA pacxoja T.m@.n 9.1)
o= B2 = E(EL1
Axp A Pl w VEE+I).
Ecnr BOCHOMIb30BATHCA COOTHONIEHHEM (5.22) i
P1v1F = prpUp®, '

ypaBHeHHeM (9.14) .
. :
Pxp ﬂﬁ 2 VH
1 k41

H ONMpDECNKTb H3 HHX Py H U) YEPE3 Prp H Uxp, TO YPABHEHBIO
(9.15) MOXHO MpPHAATE CNEAYIOUIHIE BH: :

. — = .
n_%“—\ 22— P Pyuy= wh nﬂuv Eopy =

= —\.m« pioy =Yk Uyp: (9.18)

Qm D

Bep=

Ilo rakoi xe %owzém ONPEAENsIOT CKOPOCTh PaCHpOCTPAHE-
HHA 3BYKa B Cpele, COCTOSIHHe KOTOPOH XapakTepHsyercs mapa-
MeTpPaMH, CTOSIUMH NOJ 3HAKOM panukana, JIas uieasnbHoro rasa

102

CKOPOCTb HCTEYEHHS C; H KPHTH- |
YecKast CKOPOCTh Cxp MOTYT OHTh P 7
BHIYHCHEHE [0  YpaBHEHHSM puk=const
(9.7) B (9.17) c 3ameHoll B HuX %
pagukana  VYpiww; pagHKajgoM
VRT, (no ypasHenuioo Kaanmefi- o
poHa), a MaccoBas CKOPOCTh H Tep . p
MAaCCOBBIM DAacxop no YPaEHEHH-

aw (9.8), (9.9) u (916) c sa- ¢ pApue

meHofi B nux Yp,fv, na pfYRT, . »
(cm, Taba. 9.1). g

Hansa obecneyeHus: pacuupe-
HH 32 TpeieNbl KPHTHUECKOTO v
peXxuMa HeoOXONHMO LONOJNHHUTH :
CyXHMBAlOLeeCH COMJIO  PACLIH-
PAIOLIEHCH YaCLTb0 B COOTBETCT-
BHH C YMeHBIIGHHeM MaccoBOH
ckopoctd (cM. pHc. 9.2, obaacts
OYHKTHDHOH BETBH KPHBOH HCTe-
ueHus). Takue comiaa HasweBa- Do T .
ITcs  comnamu Jlasans  (pmc. Fep ko2 TR0 py03, T2
9.3) u cnyxaT IJd opraHn3anHu ?5,7 Tp . o> Crp .
BAKPUTUYECKO20 PERHMA HCTeUe- T, v
HUA, KOTOpHIfi XapaKTepusyercs Vl?/
YCIOBHEM  Puap<Prpps. Comio Fmin .
Jlasana oGecneunBaer | moaHoe :
pacIlHpeHde rasa HJIH 1Iapa B :
I¥anasoHe NABJAEHHH OT Py IO Puc. 9.3. XapakTepHcTHKa mpollecca
Prap 6€3 TOTEPh SHEPIHM Ha Bpl- UPY MCTEUCKHH rasa ms comia-Jlapana:
xone comia. OfHA HaCTb PAGOTH 6 nomoneive AABIGANA, CKOPROTH & SAeAL:
(BepxHSA 3aIITPHXOBaHHas MJg- MOre ofheMa mo saume conia
IIajib) NPEBPAIIAETCS B KHHETH-

UeCKYI0 IHEDPTrHI0 B CYKMBAIOLIeMcs sJeMeHTe colula, a Hpyras
(AumuAs mmE%:xommmmmm IJICIAkE) — B wmoEmcmBEsz ade-
MeHTE.

Conuo Jlapans NpHMeHAETCS TOJBKO IPH HCTEEHHH rasa B
CBEPX3BYKOBOH o6JacTH#, T. €. Korga HeoOGXOAMMO NOJYYHTH BHI-
COKHE CKOPOCTH MCTeUeHHH rasa Ha BHIXOJe M3 COIJIA, HanpHMep
B COINIAaX CBeDX3BYKOBHIX caMojeroB. B  HauMeHBLIEM CeYeHHH
Frmin (ropioBuna comia) pocTHraercs KpHTHUeCKas CKOPOCTH H
napaMeTpel 34eCh Pwp, Uxp, lxp. B pacimupsiomiefics yacTH comia
CKOPOCTb Fa3a elle YBEJNHUMBAETCH ¢ >Cxp, COOTBETCTBEHHO ITOMY
YMEHDbIIAETCA NaBlieHHe p<pPxp H YBRAHUHBAETCA yACNLHEI 00BbeM
U>vxp. EcsiH IAHRBY paciimpsiomefica dacrte comsa [ BHOpaTh co-
OTBETCTBYIOUIHM 00pPa30M, TO B BHIXOJHOM CEUEHHH COIIA MOXHO
IOAYYHTL JAaBJAeHHe, paBHOe NaBJEHHIO OKPYKAMEeH Cpeirl, T. €.
OCYIleCTBHTL NOJHOE pacurupenre. JIpH 3ToM, yTOGH CHU3HJHCH
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'3HauHTENbHble HeoOpaTHMBble IOTEPH IPH DPACHHPEHHH, YIOJ ero
KOHYCHOCTH o He IOJUKeH npeBhimath 8—12°. B mpormBHOM cay-
4ae CTPys HCTEKAalllero rasa GymeT OTPHBATLCH OT CTEHOK - COIl-
Jia, 9TO NpHBefeT K O0OPa3CBARHIO BHXpeH M, CJeN0BaTeNbHO,
K TOABJEHHIO HeoOpaTHMEIX HOTepb. [IpH MeHBIIHX yriaax packphi-
THS CONJIa €ro PacUIMpSAIMIALCS YACTh H3JHIIHE BeAHKAa, 4TO yBe-
JIFUHBAEY IOTEPH rasa Ha TPEHHE O CTeHKH H YMEHBUIAEeT CKOPOCTh
HCTEUEHHA.

Ha pacueTHOM pexuMe paborh comjla JlaBais, Korga naBleHHe
B coll/le majaer oT p; AO P HAa BHIXOAE, JHHEHHAs CKOPOCTh HCTe-
YeHus ompelensercs Mo ypasHeuuwo (9.7). .

Pacxoz rasa onpepessior no ypasreruw (9.17), mogcraeass B
Hero BMecTo F MUHHMaJbHOE CEUEHHE TOPJOBHMHEI COINIA Fn,

Qﬂnfafil_. a.é
.ﬁH .

ITpumep 9.2. B oaHOM H3 coefiuHeHHii TpySompoBoAa ofpa3opaltach He-
NIJIOTHOCTH, SKBHBAJIEHTHAs OTBEpCTHIO, IWiowladpio F=1 MM2, ONapjeHne raza B
TpyGonpoBode py=5 MlIla, Temneparypa rasa {1=40°C, moaspras macca p=20.
Tloxasarenr aauaGarsoro npouecca HeTederHa k=1,3, Ompelennts CyTOUHYK
NOTEpIO Tasa, OPHHMMas ras 33 uiealbHEH.

" Peiuenue. PexMM HCTEYEHHA KDWTHYECKHI B> Paap. HavadpHetll vAeIbHBIR
ofben rasa onpelenseM MO ypaBHeHrK pu=RT

RT, R T 8314 313,15
=== ——————— — (0,027 m3/kr.
e T h m 20 50-105 . T
Kpuruyeckas Maccosas CKOpOCTh HCTEYEHHS N0 ypaeHeHHio (9.16)
7y /50105
tigp = H, m],I_HPﬁ:L\ 2 ———— 9080 xr/(mE-c).
K P _\ o 0,027 10e-0)
CekyHANBT KPUTHYECKHE DAcXOA rasa onpefigiseMm mo ypaedenmio (9.17)

G, = F\ _\m P 11000 Sm_\mEmllo 9081072 &r/c
¢ T THp v ’ 0,027~

. RAH 34 CYTKH

Goyr=24-3600-0,908-10~2=784,5 xrfcyr.

§ 3. M pocceampoBarue rasa u napa

Eciu ma nyTR nBueHEs rasa u mapa B TpyGONpOBOAe BCTpe-
44eTCsl MECTHOe CONPOTHBJEHHE, HANPHMEp BEHTHJIb MJH Kpak,
TO OHO BBEI3HIBaeT najeHHe aasiaenus (puc. 9.4). Dror mpomecc
HaspBaercsi Jpocceruposanues, WIH MaTues pabodero tela. Bre-
3anHOe CyKeHHe NOTOKA MOXKHO pacCMarpHBaTh KaK NPOXOXKAeHHe
€ro yepes mIoxo cnpoduaHposannoe comio, [lpoxoxs uepes yskoe
ALeYeHHe, NOTOK. pA3rOHsSeTcs 8a CYeT yMeHblleHMA nasnedus. Hcre-
UeHHE Hepe3 CyMeHHe CBA3aHO ¢ OOJBIIHME HOTEPSIMH Ha TpPEHHE,
B DPe3yJbTATe Y€ro 3HAUHTE/IbHAs YACTb KHHETHYECKOH SHEPTHH

o4

g

Pac. 94. OpoccennpoBanue moToka ra- Pre, w.m..hmoonmhavommmmm . BOAJHOTO
3a IpH NPOXOKAEHUH AnadparMul napa B juarpamme h—s . .

NpeBpallaercsl B. TEMIOTY, JlaBieHHe rasa 3a CyXKeHHeM BOCCTA-
HaB/JIHBACTCS JIMINb YACTHYHO, OCTABASICh MeHbIUe NaBJEHHS pi.

Hast mpouecea ApOCCeNHPOBAHAS MOXHO OTMETHTh IBE Xapak-
TEPHBEIE OCOGEHHOCTH: BO-UEPBEX, OH NPOTEKAET HACTOJBKO GHICT-
PO, 4TO TemnoOGMeH MeXAy DalouyHM TeAOM M BHEWIHeH cpéfofl
NPAKTHYECKH OTCYTCTBYET, T. €. ¢*;2=0, H, BO-BTOPHIX, INpolecc
APOCCeJMPOBAEUST NMpoTekaeT Ge3 cOBepIlleHHs BHEIHeH MNoJesHok
paGoTsl, T. e. W*,9=0. B ‘cooTercTBHE c 2THM ypaBHeHme (4.33)
IEPBOTO HAyala TePMOAHMHAMHKH IIO- BHEIIHeMY GajiaHCy TeINOTEHE
d paGoThl NPHHHMAET BHJ, Cpm (fg—1)) =Hho—h; =0 nan R

 (920)

T. € yIeJbHas SHTAJNBIHA [apa HIH raza [PH - APOCCENHPOBARHH
He HM3MeHsercd. [losTOMYy 3TOT HpoOLECC HA3bBAlT . elle HU309H-
Tarenuidnbim. JIna BieaNbHBX Id30B HOCTOSIHCTBO SHTAJBIHE -npH
ApOCCeNpPOBaHHY 03HAYAET, YTO TEeMIEPAaTypa rasa ocTaeTcd mo-
CTOgHHOH Hi=1f, . =~ . .f ; Lo :

Bosibuias yacTh pealibHBIX rasoB NPH APOCCENHPOBAHHH OXJaXK-
laeTcs, eCH HX TeMmneparypa mepel ApocceseM He ocoOSHHO  Be-
muka (me Bmwe 600°C). IIpM BEICOKHX TeMmmepaTypax apOCCEMH-
posanue peajbHBHIX ra3os, HAaoGOPOT, MPHBOLHT K HX pPasorpesy.
XapaKTepHCTHKON APOCCENBHOTO TpoOLEcca  HIH KosthPHIneHTOM
Hxoyast — ToMcona NPHHATO HA3HIBATL OTHONIEHHE H3MEHEHHSE
TeMIEpaTypH Traza K H3MEHEHHIO erQ NABJEHHS B H303HTaAbIHH-
HOM Npolecce o \n K

hg=h,=const,

Dn=At{Ap. S (9.21)

Hnsi upeanvHux rasos Kosd¢uuuent Dy pasen Hymo. DTo 03-

Hauaer, 4r0 IIPH HEH3MEHHOM YPOBHe SHTaabnHH (A=const) coxpa-

HseT HEeHSMEHHYI) BeJHYHMHY H TeMIepaTypa HAeaspHOTO rasa
(t=const) He3aBHCHMO OT H3MeHEHHS [aBJEHHA rasa.

PaccMOTpHM HEKOTOpPHIE Cayuyad APOCCENHPOBAHHS napa Ha
IpEMepe HCNOMb30BAHHA gHarpaMmel A—s (puc. 9.5). B nmarpam-
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Me .“ﬁ.lm 9TOT npouecc /fy=*hy H306pazKaercs ropH3OHTAMBHON JH-
HHeit. Tak KaK STOT mpomecc HeOGPaTHM H XapAaKTePH3YETCs BO3-
pacTaHHEeM IHTPONMH, TO OH AOJNXKeH OHTb HAmpaBJeH cJeBa Ha-
npaso. .

Us puarpamvms A—s suamo (amHus AB), yro apoccenuposa-
HHe KHNAIISH BOAH NPEBpAlllaeT € BO BJAXKHHE nap, MpH 3TOM
HeM CHJbHee [ajaeT AaB/eHHE, TeM CylLIe Iap B KOHIE mpouecca.

Ecny ppoccennposaTe meperperii map, To OH ocTaeTcs mepe-
TPeTEIM, HO faBJleHHe ero OyfeT yMmempllathest (JMHHES ¢ —c'),
2 NOTeHUHAJbHBlE BOSMOXKHOCTH €ro AJd COBEPUICHHS IOJie3Hol
PaGoOTH NPH 3TOM yMeHbmaoTcs. JeHCTBHTENBHO, eCIH MBI pac-
lojaraeM HapoM B COCTOSHHM, COOTBETCTBYIOHIEM TOYKe ¢', M B
IIApOBOM JABHraTeNe¢ NPOHCXOJHT DacHIHDEHHe N0 NABJACHAR py=
=0,1 MIla, To B agmaGaTHOM mpoLecce HoNe3HOH pPaGoTe IBAraTe-
ast GyAeT COOTBETCTBOBATh OTPe3ok C'E/, (wiz=Hh;—hs). Ecan xe
nap npeABAPHTENEHO NOABEPTHYTL APOCCENHDPOBAHHUIO, NPOMYCKas ‘
ero, HampHMep, 4epes 3ajJBHXKKY, TO €ro HAYAJbHOMY COCTOSHHIO
GyZeT COOTBETCTBOBAThL yXKe TouKa c¢”.  Pacliupenue B napoBoM
aeuratTene A0 xapienus py=0,1 MIla Terepr mofizer yxe no Ju-
HuH ¢”E” m, ciepoparelbHO, mMoJesHas paBoTa IBUraTes 6yner
MeHple, yeM B NepBoM ciyuae. Eciu Ke ApoccelHpOBaHHE BECTH
A0 TOUKK ¢’”, TO B ZBHraTese BOOOUIE yXKe HeJb3 GyJeT MOMYYHTDL
HHKaKyl0 NOJe3HyIo pafoTy, Tak KaK maslieHue [0 IBHratensd 6y-
€T TaKHM Ke, KaK H IOCHe HEro. ,

JHpoccennpopaAte mapa Ha Pa3/HYHBIX MECTHHIX CONPOTHBJIE-
HHAX HEIKOHOMMYHO, MOTOMY YTO HPHBOZHT K IIOTEpPe YaCTH Pacro-
naraemot pabotel. HMHorza apoccenupoBaHue CHENHAJLHO HCIIOJMb-
3YIOT AJi PEryJHpOBaHHA PaboThl JABHraTeisi, XOTS TAKOe Pery.i-
poBaHHE H HESKOHOMHYHO. .

B crnenuanbHEIX XOMOJMIBHEIX YCTAHOBKAX JPOCCENHPOBANHE
IHPOKO HCNOJb3YIOT, KOTAA HEOOXOMMMO YMEHLIIHTh [JaBJECHHE ra-
33 WJH 1apa Nepex arperatoM HJAH OXJaAHTh pafouee Teao, Ha-
IIPEMEpP B YCTaHOBEaX JJIg HOJYUSHHS TIyGOKOro XOMOLa:

Konrpossubie BOnpocs

1. Uro Takoe mpollecc HCTEUeHHT H 4eM OH XapaKTepH3yercsy

2, KaxoBnl pemuMel HcTegeHns? OT 4erc OEH 3aBHCAT?Y |

3. Uro Takoe conao Jloeans? Kaxoma o6JacTh €ro OpHMEHEHHA? -

4, Urto HasblBaeTed JApoccelHpoBamueM rasa? Kak onpefensercs
upent Jxoynsa — ToMconar YeMmy on paBed AJA MAgaJbHHX ra30n?

By
—

roathdu- i

Trasa 10 .
LUKJIEL MAPOCHIIOBHRIX H XON0HBIBHBIX YCTAHOBOK

§ 1. Cxema napocuiopoil yCTaHOBKH.
Ipxa Peskuna B

/ B_napocuJoBHX YCTAHOBKAaX B KauecTBe pabouero Teaa He-
HOMB3YIOTCS Naphl PA3JHUYHEIX KuJiKocTed (BOZA, PTYTh H T. I.),
HO Uanle BCErQ BOJAHOH Map, 4 B KAUECTBE TONMJHBA AJIA KOTedb-
HHBIX %nﬂmmowommltu@mmﬂﬁmmom& BC¢ IPOMBILIJIEHHEIE BHAE TOIIH-

\\lm.@\ TlpenMymecTBeHHOE HCNOJB30BAHHE BOJAHONO Hapa B RapocH-
JIOBHIX VCTaHOBKAax OOBACHAETCA, BO-IIeDBHX, IMHPOKHM pPaCmpoCcT-
paHeHHEeM BOJH .B NPHPOJE H, BO-BTODPBIX, XOPOLIMMH TePMOJHHA-
MHYeCKEMH CBOHCTBAMM BojsHoro napa. Jejo B TOM, 4TO B mpo-
Hecce napoofpasoBamus 06BeM BOJbI 3HAYHTENBHO YBENHYHBALT-
¢, & 3TO AAeT BOSMOXKHOCTD IIOJYYHTh OPH pacllHPeHHH mnapa
3HAYHTEABLHYIO [IOJesHYIo paboTy.

{lapocunoBas ycraHoBka (puc. 10.1) pabGoraer caexyiouum of-
pasoM. B maposom kxomie / 3a cyer nojasoja TemwloTh Q; o6pasy-
ercd Oap NPH NOCTOAHHOM HNaBjieHHM p;. B mapomeperpemarene 2
OH AOIOJHHUTENBHO HarpeBdeTcs M HEPeXOJHT B COCTOSHHEG Tepe-
rperoro nmapa. M3 napomeperpesareds nap nocTynaer B napoBoi
Jpurarens 3 (HanpHMep, B mapoBylo TYpOGHHY € SJEKTpPOreHepaTo-
poM), rae TMOJHOCTEI0 HJH Y4CTHYHO pacUIHpaeTcs [0 AaBJeHHA
pe C IoJiyueHHeM moJje3Ho#i paBorw L, OrpaGorammmii map Ham-
paBiseTc B XOJOAHJIbHUK-KOHIEHCATOP 4, TAe OH INOJHOCTBIO HIH
YACTHYHO KOHAEHCHPYeTCS I[Pd NOCTOAHHOM JjaBieHHH p;. KoH-
JeHcallys mapa IPOHCXOZHT B pesy/bTaTe TeINIOOOMeHa MEeXKAY
oTpaGoTABINHM NApOM H OXJaXAawlel KUAKOCTBIO, NPOTEKa-
HIel Yepes XOJOIHNbHHK-KoHAeHcaTop 4. _

Tloce XOMOAKALHEKA CKOHACHCHUPOBAHHBIA map HOCTYIAET HA
BXOJ Hacoca 5, B KOTOPOM [aBJieHHe IKHMJIKOCTH IOBHINAGTCH C Be-
JHUHHE Pp N0 NEpPBOHAYAJILHOIO 3HAYEHHHS pi, NOCJ]E UYETO KUA-
KOCTh Hocrymaer B Napomol koren [. LIMKN ycTaHOBKH 3aMbIKa-
ercsi. Ecau B xononuapHuKe 4 mpo-
HCXOIHT \%ﬁmammm KOHIeHcal AR
orpaboraBuiero mapa, To B Rapo-
CHJIOBOH YCTAaHOBKE BMECTO HAaco-
ca § ucmoabk3yeTcss KOMIIpeccop,
rIe HaBJaeHHe IapOBONSHOH cMecH
TaK¥e MOBHIIAETCA C pPe A0 Pr
Onnako Ang TOro, YTOGH YMEHb-
mwuTh PaboTy Ha CKaTHE, IeJeco-
0o6pasHo TOJHOCTRIO CKOHAEHCHPO-
BaTh Nap B KOHAEHCATOpPEe H CIKH-
MaTh 3aTeM B HacoCe-KOMIpeccope
He TapOBOJTHYI CMech, a BHIXOAHA-

Puc. 10.1. TlpocTefimas cxema na-
DOCRIOBOR YCTAHOBKH
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Puc. 10.2, Ilgkn Penxuna B koopaumaTax n.le {a) u T—s (6)

LWy0 H3 KOHHAEHCATOpa BOAYy. Taxofi OHKI Ha3HBAaeTCA LHKJIOM
Penxguna. _

Lnra Penkura (puc. 10.2) cocrour us usobapwel 4—1, rzpe noxso-
AHTCH TEINIOTA B Harpesarene, agHabathl /—2 paclugpenns mapa
B 1apoBOi Typ6uHe, H306apbl 2—3 OTBOZA TENJOTH B XOJORHE-
HHKe-KOHAEHCATODe H H30XOPH J3-—4 NOBHILUEHHS MABJEHHS BOJbI
B Hacoce. JIunma 4—5 wa msoGape COOTBETCTBYET IPOLECCY IIOBH-
LWIEHHS TEMNEPATyPH HKHIKOCTH [OCIE HACOCA AO TEMIEPATYPH ee
KHIIEHUS NPH JABJAEHHH p;. YyacTok §—1 COOTBETCTBYET IpeBpa-
UIeHHIO KHNAIEH MHIKOCTH B CYX0H HACHIIIEHHBIH Iap, a yyacrox
I'—1 — ppoumeccy mOABONA  TEMJOTH B napomneperpebaTtenae AJs
NDEBPALIEHHS CYXOr0 HACHUIEHHOTO IaPa B IEperperHi.

Pabora, cosepuaemas mapom B TypOHHe, PaBHA DASHOCTH 3H-
Ta/JbOHK Tapa f0 H NoCHe TypOHHBI : . _

Wa=Fy—hs. (10.1)

wmmoz_.mm%mummmmmmmomﬁmammmohmmmmooom, on_um@mammsom
TaK XKe, KaK PasHOCTb SHTaAbIHH pabouero Tela B Toukax/'4 u §

@:”\mklww. AHOMV ‘

B koopammarax p—ov sra pabora onpefensercs maomazsioad4b
(cm. pmc. 10.2,a). Dta pabora BechMa Mana mo CPaBHEHHIO ¢ pa-
6oTOH TYPOUHHL. . .

Ilonesnasn pa6ora uuxia pasHa paore TYPOGUHH @, 33 BHYe-
TOM paGoThl, 3aTPauMBaeMOl Ha NPHBOJA HACOCA Wy,

W=W,— Wy = Wr=Hh1—ho. : :.O.WV
YHenbHOe KOJHYECTBO TENJOTH g, HOJBEAEHHOH B KOTJe'H ua-

poneperpesaresie, ONperefercs W3 MEPBOTO HAUaja TepMOAMHa-
MHEH (paboTa IpH:3TOM He COBEpINAETCH) KAK DPASHOCTD SHTAMdb-

"i08

nEf pafouerc Teaa B NPOLECCE NOLBOJA TEIIGTE
fr=hr—hs=h1—hy, (10.4)

TAe hg — HHTANLIHA Topsuell BOAH (KOHAeHcAaTa) OpPH HABJEHHH
P2 NPaKTHYECKH paBHA 1[I0 BeJHYMHE 3JHTAJBIHAM BOALI B TOYKAX
dud 1 e hy=hy=Hh, K

Conocrasisis cootHomrenns (10.3) m (10.4), mMoxHO ompege-
JIHTb TePMHYECKHH K. Il A. LHKIa PeHKiHa KaK OTHOIIEHHe MOJe3-
HO NONyYeHHOH PabOTH B IMKJEe K KOJHYECTBY NOABENEHHOH Tern-
JIOTHI

LA Gl T (10.5)

. . Lo ke :
Apyrass BaxnHas XapaKTePHCTHKA - HAPOCHJIOBON YCTAHOBKH —
yoeasvuol pacxod napa d, KOTOPb XapaKTePH3YeT KOJHYECTEO
mapa, Heo0Xopumoro  gas  BhipaGorkn 1 KBr.u  smeprum
(3600 Ix). Ynenwnnbil pacXoX mapa B HAcaJbHOM LHK/Ie Pei-
KHHA

d=

3600 _ 8600 Kr/{kBT-u). (10.6)

w h;—hy

YnenbHEH DAcXoj Hapa ONPEACHSET pasMePH arperaToB: ueM. OH
Goavlie, Tem GoJiblile Napa NPUXOAHTCA BHpaGaTHBATh IS I0-
JIyUEHHH TOH e MOLTHOCTH.

IIpumep 10.I. Onpexennrs TepMudeckHit K. I. A. HNEANLHON [apOCHJIOBON
ycranoskn, paGorawmed no uukay PenkuHa, ecnn HavalbHHE DapaMeTpHl napa
p1=3,0 MIla, x=0,9, a xaBneune napa B XoNOAHALEHKe p,=0,5 MIla.

Pewenye. Ha puarpamme hA—s HaxofEM Iun BOlAHOMO mapa Touky / Ha
mepecedeHuy u3ofape ;=3 MIla u juuuu- cyxocrd x=0,9. B stofl Touke A=
=2620 xOx/xr. IlpoBoAs H3 3TOH TOYKHM JUHHIO afuaGaThl J0 nepeceyedHs ¢
usofapoit py;=0,5 MIla, nonyuaeM rougy 2. Iasa sroll TOukH Hp=2260 gJLx/Kr.

Crefonareabuo, paGora paciiHpenns B TypORHe

@= (ft—hs) ax=2620—2320-300 x[Ixe/xr.

Ilo Taba. 8.1 YAALHAA SHTAMBNHA BOAE Ay, Ipu p=0,5 MIla x ._,msnmﬁmdr

pe kunenus [;=151,8°C cocrapuT h,—=0640,1 xIx/kr. CiefloBaTedbHO, K. @ I
IHKIA . .

By — h, 300

M= T he = 2620 —6do.1

=0,152 (15,2 %).

§ 2. MlyT™ nOBBINEHAS SKOHOMHYHOCTH MAPOCHJIOBBIX FCTAHOBOK

K.n.x. nukna PeHkuHa pae B yCTAHOBKAX ¢ BBICOKAMH -
pamerpamu napa He npeswmimaer 50%. B peannHHX ycraHoBKax
H3-3a HAJUYHA BHYTPEHHHX IOTEDhb B JBHraTej]e 3HAYeHue K. IL J.
€Ile Menbplle.

CylllecTBYIOT ABa NYTH HOBHIUGHHA SKOHOMHUHOCTH napocuio-
BHIX YCTAHOBOK: IOBHIIEHHE NapaMeTpos lapa mepen TypOHHOIL,
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Puc. 10.3. CxeMa ycTaHoBKH AN CO-
"BMeCTHOR  BHPAGOTKH MeXaHHYecKoH
SHeprHH H TEINIOTH. JJIA TEINIOBOro ITo-
TpefuTena:

1~ naporeaepatop; 2 -- naponeperpesatens;
wl:mﬂommm_ TYPUHHA; &I-nn.mhw:nm.-.onuu §—
NHTATEJLHEIL HACOL: & — TemaoEofl noTpeln-
TeNb

HOBKM € OJHHM DereHepaTHBHHIM IO-
[OrPeBOM ITHTATENLHOI BOAL

T. €. TOBLIUEHHE €ro HauaJbHOK TeMIfepaTypH H JaBJeHHHA, M yC-
JIOJKHEHHE CXE€M DaPOCHJOBLIX YCTAHOBOK.

Ilepeoe nampaBJjienne OPHBOAHT K yBeNUYEHHIO TENJIONEpEnanz
npounecca pacliEpeR¥a mo TypOuHe Ai—»HA; u KAk CIeACTBHE 3TOro
K YBeJHYEHHIO YIeNbHOH paboThl H K.I. I, WHKJAA. [IpH 3TOM TEm-
Jonepenaz, no TypouHe A—hy; MOXKHO AONOJIHHTEAbHO YBENHYHTD,
CHHXKad MPOTHBOAABJEHHE B KOHAEHCATODE YCTAHOBKH, T. €. YMEHh-
Was paslenHe py. [loBEllleHHe IKOHOMHEYHOCTH Ha8pOCHJOBBIX yC-
TAHOBOK 3THM IIyTeM CBS3aHO C PEIUeHHeM pAJA TPYILHBEIX TexHU-
YeCKHX 34Ja4, B YACTHOCTH HCIOJb30BAHUS BEICOKOJErHPOBAHHLIX,
JKapPONPOYHEIX MATEePHAJOB JJS H3TOTOBJEHHS TYPOUHEL

O heKTHBHOCTL HCIONB30BAHHSA TAPOCHNOBON YCTAHOBKH MOXK-

HO 3HAUHTENBLHO OBHICHTL 334 CUET JAJbHEHINEro HCIOJb30BAHHT
TeIVIOTH OTPABOTABIIEro Hapa JJA OTOIUIEHHS, TOPAYEr0 BOLO-
cHaGmeHHs, cylIKH MartepHanoB H T. A C stofi Ienmslo oxMax-
AAIOLlYi0 BOAY, Harperyi B KoHzeHcatope 4 (puc. 10.3), ue Buf-
pachlBalOT B BOJO€M, & NPOKAYHBAKT UYepe3 OTOIHTEeNLHBE yCTa-
HOBKH TendoBoro morpebutenss 6 (T/I). B rtakux ycTaHOBKax
CraHInug BHpabaTHBaeT MeXaHHUECKYIO SHEPrHIO B BHIE IONE3HOMH
paborel L; Ha BaJy MAmMHHE 3 B Temnory Qrn- MIS  OTONJIEHMI.
TakHe CTAaHHMH HA3HBAIOT TENJAQ3JEKTpoUeHTpaxaMu (TILI).
Kom6unnpopaHHas BHPaGOTKa TEIJIOBOf M 3/IEKTPHUYECKOH 5Hep-
THH — OJHH H3 OCHOBHEIX METOAOB MNOBHIIEHHZ 3(HEeKTHBHOCTH
tennoBex yecraHoBox B CCCP. Ilo MmacmraGam renmjodukamum
CCCP zauuMaer rneppoe Mecro B MHpe. :
[JoBHICHTD K.1.J. IapOCHJOBOH YCTAHOBKH ‘1I0 CPaBHEHUIO C
HukJIoM PeHKHHAa MOXKHO 32 CUeT HpHMeHeHHS TaK HasLIBAEMOro
perenepaTusHOoro wHkiaa (puc. 10.4). B 3To# cxeme murarenbHan
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Pac. 10.4. Cxema napochaoBo# ycra-'
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Puc. 10.5 I'padukn aguabarHoro paclinpeHHs
napa B TyYpOHHE C IPOMEXYTOYHHM OTGOPOM
{o) ¥ H3MeHeHHS KoAM4ecTBa mapa (6)

Puc, 10.6. CxemMa napocuZoBOf yCTaHOBKH ¢
HPOMEKYTOUHEIM NEperpeBOM Iapa:

{ — naporenepatop; 2 — NaponeperpesaTeNn; 3 —
TYPOHHA ' BHICOKOIO jpaBnedns TBH; 4 — TypGuna
Hu3koro gasitenua THIL; 5 — woumencatop; 6 — mu-
TaTeJAbHEIl Hacoe; 7 — OPOMEMYTOYHELY napomepe-
FperaTeNb .

Puc. 10.7. T'padux npouiecca pacwinpedns na-

P8 B YCTAHOBKE C HNPOMEMYTOUHLIM NEPErpe- -
BOM . . . 5

el

BOJ&, NOCTynamwliad B KOTAQAarperar ~__ HarpesaeTes mapom, ua-.

CTHYHO OTOHPAEMEIM IIDH €ro PaCIIHpeHHH us TypOuum 3. [lo aroi
cxeMe Iap, MOJYYeHHHH B KOTJAoarperatTe / M HeperperHil B Ia-
pomeperpesarene 2, Hampapisercsas B TYpOUHY .3, The HPOHCXOAHT
€ro pacliupeHHe [0 AaB/eHus B KoHAeHcatope 4. OpHAKO He Bech
BCTYNUBLUKE B TYPOHHY Iiap JOXOAMT AO KOHAEHCATOPA, HEKOTODOE
€ro konuuecTBo g (cM. puc. 10.4) OTBOAHTCS Iocae YaCTHYHOIO
COBepIUeHHs HM paGoTH H3 TYPOHHLE H HalpaBJsercd B peresepa-
TUBHEIH nojgorpesaresis (PII) 6, tae B. pesynwrare cBoeilt KOHAEH-
Callld OH HOJOrpeBaeT INHTATENLHYIO BOAY, NOJABAEMYI0 Haco-
coM 5 B Kormoarperar /. CaM KOHIEHCAT HOCJHE DPEreHepaTHBHOTO
mojorpepare]d IOCTYyNdeT Ha BXOJ Hacoca § HAK B KOHjAEHCA-
Top 4, TAe OH CMEINMBAETCHd C KOHAGHCATOM Napa, MPOLIEIIEro
yepes Typ6uHY. Takum o6pasoM, B KOTJoarperat TNOCTYIAET TAKOE
K€ KOJHYECTBO MUTATENbHOH BOJE, KaKoe H BHIXOLHT H3 HEro B
Bufe napa. Ms guarpamm puc. 10.5 BRAHO, uTO Kaxpmi KuiO-
TpaMM TIapa, BXOAAWmMUE B TypOHHY, pACIDHPSAETCS OT XABJIEHHS
M L0 IABIEHHSA pg, coBepluas paboty I=Hh;—hy. Ilap B KoamuecT-
8¢ (l—g) noaeit KuJorpaMma pacliHpseTcs N0 KOHEYHOro jgasJie-
His p;, coBepliasi pafory lp=~hs—h; CyMmapHas paGora 1 xr
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‘nHapa B @mﬂmm,mbm%_mmmog IHKJIe Q%‘mm.ﬁ
I= ?..T“u"\w_.l}\wl_l Aknlmwuv AHIWV ”mfllmwmll
— (h—ho)g. (10.7)

YpaBrenue {10.7) mnokasnBaeT, 4TO HCNOJb30BAHHE pereHepa-
UHH TEIIOTH NPHBOAHT K yMeHbIUeHRIO YyAedbHOH paGoTEL paciHiH-
PERHS IO CPABHEHHIO ¢ LHKIOM Penxuna c teMu e napaMerpa-
MH napa. OgHako pacueThl NOKASHIBAIOT: paboTa B pereHepaTHB-
HOM LHKJe yMeHblllaeTcsd MejAjieHHee, 4eM pPacxoi TEIJIOTH Ha
NoJyYeHHe Napa NOPH HaJHYHH PereHepaluH, NO3TOMY K.IL J. Ia-
POCHJIOBOH YCTAHOBKH C pereHepaTHBHLIM IOJICTPeBOM B HTOre
BHIIE K. IL JI. 0OBIIHOTO IIHKJIA.

IlpumeHeHHe mapa BLICOKHX H CBEPXBHICOKHX HABIEHHE H TeM-
HepaTyp C LEAbI0 NOBHILEHHS K. I [I. YCTAHOBOX HAaTaJKHBaeTca Ha
cepbe3Hoe 3aTPYIHEHHe: BJAaXHOCTh €ro Ha MOCJECIHHX CTYIEHfX
TYPOHHEl MOJYYAETCA HACTOJNBKO REICOKOH, UTO 3aMETHO CHHIKAET
K.I. I. TyPGHHE, BHI3HIBAET 3DO3HI0 JIONATOK, MOMKET CHYXHTH IIPH-
YHHOM BHXOAA HX H3 CTposd. [10STOMY B YCTAHOBKZX C BEICOKHMH
napaMerpaMH Nmapa NPUXOJUTCS NPHMEHATH TAK HA3HIBAEMBIH IPO-
MEXYTOUHBIH NEperpeB napa, ‘UTO TaKXKe BejeT K MOBBILEHHIO
K. 0. 4. yctanoBKH. CyTp 3Toro cmocolda [OBRIIIEHHS SKOHOMMYHO-
CTH YCTaHOBKH cOCTOMT B caepywoumem (puc. 10.6). ITocne pacu-
peHHs B TypOMHe BHICOKOTO NAaBJAECHHA § NMAP OTBOJUTCA B CIIEIH-
ANBHEE TapomeperpeBaTeab 7, TAE OH BTOPHYHO MOAOTpeBaercs
IPH DABJAGHHH Py AC TEMIEPATYPH fs, KOTOpPasA OOBIYHO HECKOJBKO
Huxe, yeM Temuepartypa f; (puc. 10.7). Ileperperhii map mocryna-
er B TypOuHY HH3Koro nagjeHus 4 (cm. puc. 10.6), pacHinpsercs
B Hell J0 KOHEUHOro [JABJEHHS p; H YXOAUT B KOHAeHcaTtop §. M3
puc. 10.7 BHAHO, Y4TO BJAKHOCTL Napa Iocie TYPOHHEI NPH HaJH-
YyH Teperpesa Napa 3HAYHTEbHO MEHBLIE, ueM OHa Oblia Ol Ges
Hero (x1>>xg). Ilpumenenne npoMeXyTOUHOTO NEPErpeBa B peadb-
HEIX YCJIOBHSIX NAET NOBHIIeHHe K.I. & nopanka 4%. D1or BHAT-
PHII TOAy4aerTcs He TOJbKO 32 CUET NOBLILENHS OTHOCHTENBHOTO
K.@. A TypOHHBl HH3KOTO JaBJEHHA, HO H 3a CYeT NOBHILIGHHT
cyMMapuoi paboTEl pacIIMPEHHH napa no TYPOHHe HH3KOTO M BEHI-
COKOTO janJeHHit. JleJo B TOM, 4TO CyMMa OTDeSEOBR a—e H c—d,
XapaKTepUsyIOIIHUX paboTy COOTBETCTBEHHO - TYPOMH BLICOKOIO H
HH3KOTO A4BJeHHH, Oonbire oTpeska a—b (cm. puc. 10.7) B cuay
TOro, UTO OTPe30K ¢—d Gojblie OTpesKa e—b, Tak Kak H3oGaphl
B KOOPIHHATAX h—S HECKOJbKO DACXONATCHA CJIEBA HAMPaBO.

§ 3. Iluka napoBoii KOMNPEcCOpHOH XOMOTHALHOH YCTAHOBKM

B xOhOhEﬁwmom YCTAHOBKE TeJa OXJaXaamTed Lo TeMIEPATY-
DH, KOTOpasi HHXE TEMIEPaTypH OKpyxawomed cpensl. Hrolur
OCYLIECTBHTh 3TO, HEOOXOAHMO OT Tela OTHATH TEINIOTY M Ilepe-
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Puc. 10.8. Cxema napoBofi KOMNDECCHOHHOH XOJONRJBHOH  YCTaHOERHM ‘(@) #-
OHKN XOJCLHABHON YCTAHOBEH B KoopAmuatax T—s. (6)

AATb ee B OKPYAWOIIYIO Cpefy 3a cueT paboTH, MOIBOAHMOR H3-
BHE. o _ .
Xononu/JbHEE JCTAHOBKE LIMPOKO DACNPOCTPAaHEHH B NHILEBOH
IIPOMBIILIEHHOCTH, B GHITY; OHH IUHDPOKO HCIOJBSYIOTCSA MPH 3aMO-
paXMBaHHH [PYHTa TPH CTPOMTENLCTBE IOA3EMHBIX COOPYXKEHHH
g r. . TeopervueckH HauboJee BBITOAHEIR LHKM XOJNOLHILHOH
yeranoBku — ofparHei nuka Kapso. OfHAKO UHKI Kapuo B x0-
JNOJHIBHKX YCTAHOBKAX HE. HCIOMb3YETCH H3-3a KOHCTPYKTHBHBHIX
TpyAHOCTEH, KOTOpHIE BOSHHKAWT NPH Deanu3allUy 3TOTO UHKIA,
H, KpOME TOrO, BJAHSHHE IOTePb H3-38 TPEHHA HACTOJBKO BEJIHKO,
Yro CBOLHT Ha HET NmpeuMyluecTsa nukna KapHo. .

Jlnsi noaydeHHsi HerayGoKoro xonoga HamGospluee  pacipo-
CTpaHeHHE LONYYHJH TNADOBHE KOMIPECCHOHHEIE — YCTaHOBKH
(puc. 10.8). B kauecrse pafouero TeAa B TAKHX YCTAHOBKAX HC-
NMOJp3YIOT HH3KOKKISIIIAE MHEIKOCTH (aMMHAK, dpeoH H ap.). Xo-
JIONHABHASL YCTAHOBKA COCTOHT H3 XOJIOXMJBHOHK KaMephl I (om
TEMIIEPATYPH
oKpyxarolell cpeasl, KoMmmpeccopa I/, ncnapurens 1Il, goHzeHca-
topa [V W peryJEpYOmero (IpoCCeNbHOr0) BEHTHIA V. Pa6ora-
eT ycraHoBKa chejyiomuM obpasoM. Kommpeccop Il sacacmsaer
A3 McrmaputeAs [I] npE NOCTOAHHOM NAaBJEHHH pi=const xouo-
OUIBHBIE areHT B BHAE BAAXHOTO MIH CyXOTO nlapa npH jasJe-
HMM BHIDe aTMOC(EPHOro H OTPHHATENbHOR Temmeparype (Tou-
ka /) ¥ cEuMaer ero mo anuabare 1—2 no Gonee BHICOKOTO ZAB-
JeHUusT po. IIpm 5TOM TeMIepaTypa areHra Ha JIEarpaMMe B .TOU-
Xe 2 CTAHOBHTCA YyiKe IIOJOXKHTEILHOH H MpeBHINAeT TEeMneparypy
oxJMaxIalomel BOAB, KOTOpas B [JAHHOH YCTAHOBKE HrPaer poJb
oKpyXatomedl cpexsl. [Ipu sTHx NapaMerpax KOMHpeccop BbITaJl-
KABAeT  OGHYHO Teperperwii map - B KoHAiemcarop [V (cm.
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prc. 10.8), rae oxraxparouas Boga OTHHMAET OT Hero TENJIOTY
neperpera u mapooGpaszoBanusa (Ha pHe. 10.9, mpomecc 2—3—4).
mnhnbnn.mﬁm 3TOro map NPH NABACHHK Em"noﬂm.ﬁ NOJHOCTBKY KOH-

ZeHcupyercs (rouka 4). Kompescar npoxogur uepes meHTHIH V.

(em. pmc. 10.8), B KOTOPOM OH ApOCCENHPYETCS A0 AABJIEHHS ol
(nuuua 4—5 npu hA=const) u mocrymaer B ucaapurens [lI, rpe
HcnapAercs (Ha AMarpaMme npouecc 5—I), oTHHMAas TeIIOTY OT
OXJAMIACMEIX TeJ, M BHOBB 3acackiBaeT koMipeccopom I/, Liuga
nopropierca. B ycranoskax GONbIIOH MOIIHOCTH MeXIy XOJO-
DUIbHOM KaMmepoH [ u mcmapurenem [/l umpxyjupyer paccol,
OTHEMAOWuE B Kamepe [ TENNOTY gp OT OXJIaxpAaeMbX Ted. Tta
TeNnnoTa B ucnapurese /[ mcrmonpsyercst aaA BHIHADHBAHHS XOJO-
BUJBHOTO areHta. B ycraHOBKax MaJiofl MOLIHOCTH, HaOpHMED B
JOMAIUHHX XOJOJHJBHHKAX, HCHAPHTENbL PACHOJAraerc B caMoll
" XoNloaw/ibHO® KaMepe M HafoGHOCTb B paccolie oTnagaer. B aua-
TpamMme T—s OTHHMaeMOl OT TeJ TENJOTE §; B XONOAMILHON Ka-

Mepe COOTBETCTBYET muowmanb c¢5la; pabote I, satpaunsaeMoil B

KOMIpeccope Ha CXarTue [mapa, COCTBETCTByeT Inomanb 12345,
Tewnora ¢i1=qy-L;, Kotopoi#i coorsercrByer. miomaab cal234bc,
OTA4ETCA OXJaMIaloUlell BOJE HJH, HanpHMep, OKDYXAaOUeMy
BO3JyXY, K4K B JOMAIIHHX XOJOAHIbHHKAX.

TepmonunaMuyeckas s>(¢pQEeKTHBHOCTE XOJONHJIBHLIX YCTAHOBOK

‘OLEHHBACTCA He TePMHYECKHM K.IN.J., KaK B TeNJAOCH/IOBEIX VCTa-
HOBKaxX, & xoaodussvHotm Kosppuyuernrom y. IIoL XOMOMHIbHBIM
K03 OUIAEHTOM NIOHHMAETCHd OTHOIUEHHE KOJHYECTBA  OTHATOH
TENJIOTH §2 K 3aTPayelHoll B HuKJIe pabore Iy

y=qofly. - (10.8)

Temneparypa B X0JOZUIBHON KiMepe XOMOAHJLHON YCTAHOBKH
3aBHCHUT OT MOJIOMEHUS DEryAMPYIOINEro BeHTHNAR & (cM. puc. 10.8).
Tag, npH HeoGXOAHMOCTH YMEHLILIMTH STY TEMIEPATYPY BEHTHIb
JONOJHUTEJNEHO NPHKPHIBAETCH, B Pe3ylbTaTe Uero IPOHCXOIHT
Goiiee rayboxoe npoccennpopanne (cM. puc. 10.8, nuHms 4—57).
Ilpouecc oTpeMa TemuIOTH NPH 3TOM NOAAET yiXKe N0 JHHHH 5 —I',
IJKOHOMUTHOCTh YCTAHOBKM % YMEHBIUAETCH B CHAY YMEHBUICHHS
BEJIHUYHHB ¢ M YBEJNHUeHHS DabOTH, 3aTpayuBaeMOf HAa NPHBOJ
Komnpeccopa {cM. ypaBrenne (10.8)].

KoHTpoasnbe Bonpock

. I. IloueMy B NapOCHNOBEIX YCTAHOBKAX B KauecTBe pafouero Tefld HCROIb-
3YIOTCA NapH XHAKOCTH, HAPHMED BOKGIP
2. KaxoBH XapakTepHEe 0COOSHHOCTH NHKAa Penxuna?
3. KaxoB#l OCHOBHEIE XaPaKTEPHCTHKU NApOCHAOBON YCTAHOBKH?
4. KaxoBH OCHOBHHE ChOCOOH MOBBILIEHHA SKOHOMHAIHOCT
YCTAHOBOK? . . C
5. Yro Taxoe xonoiumbHag ycTaHOBKa? KakMM mOkasaTeneM M Kak OHeHH-
-BaereaA addexTHBHOCTE PAfOTH XOTOAUIEHEX YCTAHOBOK? :
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HapOCHJAOBREIX

Trasa 11
UHKABI ABUTCATEJAENH BHYTPEHHEIO CFOPAHHA

~§ 1, Iukam DOPIIHEBHIX ABMraTefnell BHYTpPeHHEro CropaHus

AHanuz KpyroBoLX npoueccoB (cM. r. 6) IOKa3LIBAET, UTO Tep-
MUYeCKHR K. 1. J. [HKA4 — OCHOBHAR XapPaKTePHCTHKAa 3KOHOMHY-
HOCTH ABHraTelid — TeM Bbllle, yeM BHINe TeMmepatypa pabouero
refla B IHKIe. ITosToMy B KadecTBe pafouerc Tena B JBHratese
HCHOJB3YIOTCA IPOILYKTH CFOPAHHS, NOJNY4aiOUlHECHA OPH CHKHra-
HHM JKHAKOTO HJAH ra3o00paszHOore TOIUIEBA, IOCKOJLKY OHH IO-
3BOJIAIOT IOJAYYHTh BECBMA BBHICOKHEe TEMIepaTyphl B IHKJE ABHIrA-
teas. Tonnkeo ofBMEO CXKUraercid B UMJHHADAX IBHraTeNd, CAe
BOSBPATHO-IIOCTYIIATENIBHO JIBHXETCH HOPLIeHb. Takue JBHFATENH
H HA3BBAIOTCH TOPIUHEBHIMH [BUTATEASMH BHYTDEHHEro CropaHHd,
HJIH, KaK MpHHATO rosoputs, JIBC. HecMorps Ha TO yTO UHKI Kap-

.HO HMEeT HaHBBHICIIAH K.I. X, B peanbHEIX MallHHAX OH He pea-

Jauayercd. Heno B ToM, yT0 HUKA KapHO, 6yAyYH CHJIBLHO PacTaHy-
THIM B KOOPAMHATAX p—U, CBA3aH ¢ BecbMa OOJBLIHMH 00DbeMaME
A gasiespdsaMu (puc. 11.1). OrHOmeHre KpalHHX 06HEMOB LHKEA
Ucfva (972 BeamumHa B nopwmeBnx JBC HasmBaercs CcTeNeHbIO
cxkarud) 3pech gocruraer 400, a pgasnenHe B Toyke a — 280—
300 MIla. JpuraTeqs ¢ TAKHMH napaMeTpaMH HepeajeH, u60
laBjeHHe B UMJHHApAaX coBpeMenabix JBC penko InpeBsiuaer
10 MIla, a crenenpr cxarusa 16—18. Kpome roro, pabora, coBep-
maeMasl 34 IMKN KapHO, OuYeHb Maja M [BHIaTellb IPaKTHUECKH
6yner paGoTaTh TOALKO AJAA caMooGeay:xusamHs (Ba cebs:). st
CHHIKCHHA JaBJAEHHS B TOUKE ¢ H CTENEHH CxaTHA LHKA Kapro BH-.
ZousMeHs0T. Tak, OTBOJ TENJOTH OCYLIECTBJANIOT He NO H3OTEpME
¢—d, a mo usoxope ¢,—d; NONBOJ TEIJOTH OCYLLECTBJAAIT HE IO
uzorepMe a—b, a no usoxope a—b, aubo no uzobape a:—b..
B coOTBeTCTBHH C 3THM M3 IHEAa KapHo KaK 3TajJOHHOTO 3JEChH
HoJy4alorTesa XBa IMKJA: HHKA ¢ NOABOAOM TEIVIOTH IPH KOCTOSH-
HoM ob6beMe (uuka Orro.— g—V), COCTOSIUMA H3 OBYX H30XOP H
IBYyX apuabatT, — IMKI aibcid W UMKI ¢ MOABOAOM TEIVIOTH IIPH
HOCTOAHHOM japnieHnn (uuka Juaens — e—p), COCTOAUE H3 H30-
0apw a,—b, Hsoxopu ¢;—d W ABYX aguabar b—c; u d—das — HHK-
A asbcid. TlomyveHHmle IIHKAEI XOTH W HMEIOT K.ILJ. MeHbIIe,
yeM K. 0. J. HEKAa KapHo, XxapakTepH3ylOTCs MEHBIIHMM IOTEPAMH
Ha TpeHHE B §osee KOPOTKOM LHJAHHIPE.

Pa6ora nopisesblx JIBC oOnUHO OLEHHBAETCA ¢ NOMOIUBIO HH-
IHKATODHOK AuArpaMMHE, KOTOpas NOKA3HIBAET B3aHMOCBASL H3Me-
HeHHs AaBJeHHE W 00BeMa B HUNHHAPEe ABHTATENS IDH ABHIKEHHH
nopmHA. [Ipd gBmXKeH#d NOPLIHA OT BHyTpeHHeH Toukm M; K ma-
pyxHo#i My (pmc. 11.2) xnanad / oTKPHBAeTCA M B LHIHHID JLBH-
raTend sacachiBaeTcs 3apaHee NPHTOTOBJGHHAS B YCTPOHCTBAX
LABHraTeNs CMeCh BO3LYX4 W TOIIMBA IIPH [aBjleHHH p; (aud-
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Puc. 11.2. Teoperuueckas HHAMKATOpHAA RHA- = |
rpamMa muxaa Orro oM M,

Husz Oa}. IIpu NBHMKEHEW NOPUIHS B 0GPATHOM HApPaBJeHHH KJa-
maHpl [ ® I 3aKpEHITH H cMech CKEMAeTcs mo aguabare a—b Jilo)
Jasiienus p;. O6veM ymenbliaercs g0 Vo, paBHOTO 06beMy Kame-
pul cropanus HHaAHHApa. B Touke M, mpomcxouTt BOCmIaMeHeHHe
CMECH OT 3JIEKTDHYECKOTO 3apsja, H NOCKOJbKY pafoyas cMech
YXe 3apaHee IOArOTOBJEHA H XOPOUIO NepeMellana, OHA CropaeT
A0OCTaTOYHO OBICTPO H TEOPETHHECKH IIPH IOCTOSHHOM oObeMe.
Hakn rHOrAa HAa3EIBAIT LHKAOM GHCTPOro TOpeHHA. ‘
BrljenuBwiascs TemnoTa mpogyKTOB CropaHus B YCJOBHAX
V=const BES3HBaeT peskoe NOBHIUICHEE AABAEHHS K TeMIIepaTypPhl
8 nHAHHApe (b—C — AHHHA DoxBOJA TEMAOTEH Tomausa). OGpaso-
BABIIKECHA HPOAYKTH Cropapus aanafaTHO DPACIUIHPSIOTCHS [0 JH-
HHH c—d, coBepmas nonesnyl pabory. B Touxe M, OTKPLIBAETCH
BRIXJIONHOHK KaanaH /[ ¥ NMpPORYKrb! CropaHus BbHIGPACHBAOTCA B
arMocgepy. CHHTAIOT, YTO TEOPETHYECKH BEIXJON OCYILECTBIACT A
no JuHug d—a. Ocraslllnecs B MUJAMHApE LBUrarTens rasbl npH ar-
MOc()epHOM NABJEHHH p; BHITAJKHBAIOTCHA NOPILHEM B aTMocdepy,
KOTAa o Hiler oT TOYKH My no Toukn M, (ammus a—O). Satem
LHKJI TIOBTOPAETCA. 3aMKHyTHI KOHTYD abcd TeoperHueck xapax-
Tepusyer paGoTy ABHTATENs 34 ONHH LHKA TPH CrOPAHHH OTHOH
nopunu TomauBa. Sddekrusnocts uEkaos JABC ®  ¢akTopos,
BJIMAIOIAR Ha pabory IBHraresel, yao6HO M HATJSJHO OLEHHBATH

B KOOpAHHATax [—s Ha Gase aHanu3a paGOTH HACAJNBHBX LHK-

JIOB JBHraTelNeH, XOTd peasbHle IBHraTeqd H He paboTanwT Io
TaKuM .LHKAaMm (pHc. 11.3). JIBHAs I—2 xapakrepusyer amuaGar-
Hoe CKatHe pafoyero Tena, JHEHS 2-—3 — H30XOPHEIH HOXBOL Tel-
JIOTH B KOJyuecrBe ¢; Ha 1 xr palouero Tesa, JsaupHa J—4 —
agnabaTHOe pacCllHpeHHe H JHHHS 4—] — H30XODHHII OTBOZ Tem-
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Puc. 11.3. Lukn OTTO B KOOPAHHATAX p—y (a) u T—s (6)

JIOTHL B KOJMHYECTBE ¢. [loesHas paGora B LEK/Ae PABHZ Pa3HOCTH
TIOABEEHHOH W OTBeINEeHHOH TemNOTH [y=¢,—(s B YHCICHHO paBHa
Taoagu (234, BaxHas XapaxTepHCTHKA LKKJAa — CTENEHb CKa-
THHA, ONpejenAeMas KaK OTHOIIEHHe HOJAHOrO O0beMa .IHJIHHAPA
Vi K 06beMy KaMepHl CropaHusa UHAHHADPA Vs

muﬂ\_:\m"ﬂ:\dm. Ammmv
Crenenr cxkaTHf UMKIA BecbMa CHJLHO BJHSET HA K.IL A. LHKJA,
Uem Bmlllle CTENEHb CXKATHA, TeM BBHIUE K.I. J. LHKAA. JeHCTBH-
TENbHO, eclH B uukae Orro (cM. puc. 11.3) cxaTe BecTH HO TOU-
Ku 2/, a MOABOJ TEILIOTH — IO M30Xope 2'—3&’, To nukn 12'3'4 6y-
ZieT uMeTh OOABIYIO CTeNeHb CXKATHA, WeM uuka 1234, Coorsercr-
BEHHO KOHeUHAasd TEMIEpaTypa CiKaThsl B Touke 2’ Gyner BHIUE, ueM
B ToYKe 2 H, Clef0oBaTelbHO, H30Xopa 2'—& B KoopauHarax T-——s
TMOHAeT BHIIe HIOXOPH 2—3. DTO 3HAUMT, UTO KOJHUECTBO TEIJIO-
THl, IOABOAHMON B muKade 12’8’4 (mnowaaw 2'3’65), 6yier Gonblle,
ueM B upkae /234 (nmomane 2365 puc. 11.3,6), a komuuecrso oT-
BOIHMOH TENJOTH, OmPeAe/sieMOfl B CPABHHBAEMBIX NHKJIAX IJIO-
manslo 1465, Gymer ouumakoso. CuaeloBaTelbHO, K. Il J. LHHKJA,
OHpenedsieMbil ypaBHeHHeM Mi=l-—qgofq:, 6yner GoJblle B IHKIE
12/3’4, Jro 3mauuT, UTO K. I. 4. UAKIA nopmHesmx I BC pacrer
¢ yBeNMYEHHEM CTenmeHH cxkarusf., ONHAKO BO3MOXHOCTH [OBBILIE-
HHS CTENEeHH CKaTHA B LuKIe OTTO B HaCTOALIEE BPEMs HpagTHye-
CKu Hcuepnanbl. CreneHb CXKAaTHA B TAKHX LHKAax pasHa 10—12
H panipuefilliee ee NOBEIIEHHE HEBO3MOXHO H3-3a CAMOIPOM3IBOJb-
HOIQ BOCIITAMEHEHHA TONMJIHBHON CMeCH Ha JIMHHH CXKATHS IO TOTO,
KaK TOplleHb MNOAOHIET K BHyTpeHRell MepTBOH rouke~ My. Camonpo-
H3BQJBHOE BOCN/IAMEHEHHE TOIIHBA BO3MOXHO H3-32  UDE3MEPHOTO
HOBLIIIGHHS TeMAepaTyphl CMECH B MPOLECCEe CIKATHS.
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Pauc. 11.4. Haxn Dusens B koopamnarax p—v (a) u T—s (6)

CreneHb cXaTHA MOXHO SHAYHTENbHO YBENHUHTB, €CJH B IIH-
JHHApPE ABHraTesd CXKHMATb HE TOILIMBHYIO CMech, a YHCTHIH BO3-
AyX, a HeoGXOAMMOe KONHMYECTBO TOHJHBA BBOJHTH B LHJRHAD B
KOHIE MPOIeCca CHKATHSA, KOTHA TEMIEPATYPa BO3AYXAa CTAHOBHTCS
y#&e J0CTaTOYHO BHICOKOR (mpuMepro 500—600°C), obecneumpas
CaMOBOCINIaM@HEeHHe BUPLICKHBAEMOrQ TOIJIHBA H TEM CaMEM HC-
Knoyasd HeoOXORHMOCTh HMeTb s3anaibHoe yerpoiictBo.  Takoid
HAeaNM3HPOBAHHEIA IHK/I Ha3bBaeTcsd LHKAOM JIuseds, HAH UUE-
JIOM IOCTENEeHHOrO CTOPAHHA, TaK KaK BIPHICKHBaHHEe TONJHBA,.
€ro IepeMelllHBaHAE C BOSAYXOM H CaM [poliecc cropamus Tpebyior
SHAuKTeNIbHOro BpeMeHM B LHkie. Ilukn Husens (puc. 11.4) co-
CTOHT H3 nponecca aguabatHoro cxkartusa (n#Hus [—2), usoBap-
HOTO [OABOLA Teliotel (AHAHA 2-—3), apuaGaTHOro pacllFpeHUsE
(munmsi 3—4) u M30XOPHOTO OTBOZR TEMNOTH (NHHHH 4—I[), Hau-.
BHONHEHUIAA CTENeHb CXKATHA B TA4KHX LMKIaX paBHa 14—16.

CpaBHHM Mexnay coBoi uMkael Ot1o 1 JIH3ens TpH ONHHAKO-
BBIX napaMerpax rtouek / H 4 ¢ NOMOINLK AHArpaMMbel T—s§
(puc. 11.4,6). Ecau B 3THX UMKAaX OyneT ONHHAKOBAA CTEIlEHbL.
CXKAaTHs! &€ H OAHHAKOBOE KOJHYECTBO OTBOJHMON TElJiOTH ¢p B CH-
Jy paBeHCTBa mapaMerpoB pabouero Tesa B Toukax [ M 4 (mao-
wanes 1465), o K. . 4. wEHkaa OTTo, WAH LHKIA GBICTpOrC Ccropa-
HHA TOnJHMBa, OyjAer BeuUe K.I. .. nukiaa Jusenda. HeHcrBrTelbHO,
TaK KakK H30X0pa B KoOpAuMHaTax T—s mueT Kpydye HzobapH, TO
KONMYECTBO TEIMOTH ¢, NOABOAHMOR no Haoxope 2—3‘, Gymer
Goabile (naomwans 523'6) KoNMYeCTBA TENAOTH, MOABOIMMOH IO
usobape 2—3 (nnomany, 5236). CreaoBaTeabHo, K. 1. 1. IHKAA,
onpenesseMuii ypasuenneM n:=1—gs/q\ noayuaercs TeM BhILle,
eM GoJibllie BeJHYHHA §; NPH NOCTOTHHOM SHAYCHHH {o.

CpaBHHM Temepb 5TH UHKJIH IPH OAMHAKOBHX, MAaKCHMaJbHO
BO3MOXKHEX [ABJeHHAX B UMJAHHIPAaX IBHraTessi, Koraa ofbuek
Yy HHUX OKa3niBaeTcH He Touka 2, a touka J (uukawl [12'34 u 1234).
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Puc. 11.5. Lipkn cMeilaHHOro cropanus B KOOpAMHaTax p—v (a) # T—s (6)

OTBoj TEemJOTH ¢y B OGOMX LHKIAX ONATE OXMHAKOB (TJIOlALBL
1465). B sToM cliyuae KOMHMYECTBO TEMJOTH j, TOABOIHMON B IHK-
Jie dusens no uzobape 2—38, Gyner Goaplie, YeM KOJHYECTBO TeH-
JIOTBI, NOABOLMMO# B nuKae OTTO 1m0 H3oxope 2'—3 H, cleA0BaTeNb-
Ho, K.I. J. oHKaa Jusens B yCHOBHAX OJHHAKOBOTO MAKCHMAJbHO
BO3MOIKHOTO ZaBJeHmsl GoJblle, ueM K. I. 4. uakaa Orro.

[Tomauy TOmiMBAa MOXHO OCYILECTBJATH TaK, 4TO OJHA €ro
yacrTh §yIeT cropaTh HpH IIOCTOAHHOM oO6beMe, a npyrad — IOpH
NOCTOSIHHOM naBieHuB. Tako# UMK HaseBAaeTCA HHUKJIOM CMeLIaH-
"HoTo cropauma rtomauea (pue. 11.5). Mz comocramiesus paccMoT-
PEHHHIX LHKJIOB BHIHO, YTO IHKJE CO CTOPAHHEM INIPH MOCTOSIHHLIX
o6neMe M JLABJEHHH ABJALIOTCS YACTHHIMH CJAyYagMH CMeHIaHHOIO
ouknaa, Ma guarpame! puc. 11.D BuAHO, UTO 3TOT IHKJ 3aHHMAET
00 K. 1. J, TNPOMEKYTOYHOE MOJNOKEeHHe MexIy uukIaMH Otro H
JHsens xax B YC/IOBHAX CPABHGHHMA NPH OJHHAKCBOH CTerneHH
cKaTHs g, TAK H NpY CPABHEHHH IO YCJOBHIO OJHHAKOBOTO MAaKCH-
MaJLHOTO AABJEHHS B IHAUEAPe OBHrarteqad. [IpuMeHeHHe NUKIA
€O CMEIIaHHHM MOABOAOM TENJOTH MO3BOJSET NPH ONTHMAJbHOH
CTENEeHH CXKATHS NOJYUHTh K.H.J. HEeCKOJbKO BHIIE, UeM X.IL I.
195810 81 H_.Nmmhm 3a cuer EGNOHO_uOﬁO TIOBHIIEHHA MAaKCHMAaJbLHOTO
NaBJeHHs], Korga [OZBOMN TONJHEA HAeT CHAHANA IO H30XOpe.

BrBegeM ypaBHeHHe AJA ONPENeNeHHS K. ILJ. CMelIaHHOro
LMEKIA, CYKTasg ero oOpaTHMEIM H HoJaras, 4TO TeNJOeMKOCTH pa-
Gouero tela B LHKJIE OCTAIOTCH NMOCTOSHHEIMH. Konuuecrso nonso-
IuMOH TemyoThl Ha H3oxope 2—3 (cMm. pHe. 11.5) no ypasHeHHIO
MepBOro ‘Hauaja TePMONHHAMHKH §i'=cCy(T3—T2), a B mpomecce
3—4, q1"=c,(T4—T3). KonuuecTso OTBOXWMOH TENJNOTH ¢ HA
usoxope 5—I1 ga=¢,(Ts—7T) [cM. ypamremna (5.5), (5.11)]. Cue-
JIOBaTEeNbHO, TePMHYECKHMH K.II. A, IHKJA4, ONpeAeNseMB# KaK OT-
HOLIEHHE NOJIE3HO NOJYYeHHOH pasoTsl [y K KOMHMYECTBY NOJBejeH-
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HOH TEINIOTH ¢, paBeH

..\_h".mknn h—4 "ulllla_w =] — ki =
1 71 71 ¢1+4q";
=i— Cy ﬁ.ou._m —— N..Hv

. ulTy—Ty) +cp(Ty—Ty) °
Cokpamas Ha ¢, B BEIHOCH Ti 1 Ty 3a croGky, noJyuaem

Ts
— T Ty
f=1—-1 1
CNERamm 0
u.:n huﬁﬂ.mlm:nv

Hum—nn_soqﬁwﬂs CAeNyIoIHe llapaMeTpHl LUHKJIA: oﬁmdmmw EOEEEW-.

HHf LaBJICHHR B NpOUECCe NOABOLA Tem ‘
OTHl H4a H30XOpe A=
H OTHOINeHHE 06BLEMOB pafouero pe A=ps/ps

umvwﬂm@mmwsﬁnmx CTCNeHb  H306apHOrO  pacWHPEHHA  (cM.
puc. 11.5). C yvetom &=v,/v, oTHOmEeHUS TeMIEPaTyp B ypasue-.
mau (11.2) nast mgeadsHoro rasa (pv=RT) cocrassar . _

Ty Ty v Ty
T, Py Ty Ty Ty uy Ty

=ph. (113§

Hcnonb3ys ypasnenue (5.35), szanmcammoe anm  azmaBaTh .

HACANBHONO rasa #A=4%, COOTHOLICHHS remueparyp Ts/Ty m Ti/T»
MOXHO NPHBECTH K BHAY (NPH Us=0;; U3=0; u Ps=pa)

Hml"bl] _Q&Qaﬁ ﬁmcwm Pa Uy &

L a2 = (1
le" FWIH[‘ H .
T, 178 - gh-1 ° A_. H.._wv

[loncrasasis ypapHenus (11.3),

(11.2), Haxomum (11.4), (11.5) B ypabuenme

I Apt— 1
gl A — 1~ kA (p— 1)

M=1— . (11.6)

Hs ypasrenus (11.8) suamo, uto K. 0. 1. CMEUIAHHOTO LHKJA pac-
TET ¢ yBeJMUCHHEM & H A M C yMeHbIUeHHeM p. Ecuu p=1, T0
CMEIlaHHBId NHKJ nTpeBpallaercs B wHKA OTTo H .A ,..

1 .
h=l——r (1L.7)

mn.:xnm.mmm??HH,BnEmEm ,.
mmzxmmh
Huzens ’ a nwmm@mﬁmﬁnmm LK
._ . ﬁn —1 e - .
ghm1 ko—1) : A:mv

a._._“._.,
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TeNd B TOUKAX 4 H 3 p=u4fva,

Ananns uukaoB nopiuresnix JIBC nosBosiseT cpaBHHBATh UX
Mexny cofoif, ompegessTh MEePCIeKTHBY MOBBLIIUEHWS 3KOHOMEYHO-
CTH LUKJIOB, OHEHHBATh XaPaKTE) H3MEHEHHS SKOHOMHYHOCTH IHK-
JIOB IIPY. M3MEHeHHH BHELIHel HarpysKH, CTeleHH CXaTHd U T. 1.

§ 2. lukabl rasotypOuHELX ycTanoeok (FTY)

T'asoryp6uHHO¥ YCTAHOBKOH UPHHATO HA3LIBATL TAKOH IBHIA-
TeJb, THE B KauyecTBe pabouerc Teaa HCHOJLIYETCA HeKOHNEeHCH-
pytomuiica ras {Bo3LyX, NPONYKThl CropaHHs TOLJMBA), a B Ka-
YeCTBE TATOBOrO JABHCATENH IPHMeHseTcA razoBas TypOuma. Tep-
MHH TypOMHA NPOHCXOJHT OT JaTHHCKOrQ cioBa turbo — BOJIYOK.
B orauume ot mopiHernx JBC, rpe npomecchl CxaTHs, NOABOILA
TEeJIOTH H pPAcCIINDEHHS OCYIIECTBAAKTCH B OJHOM H TOM XKe IH-
JIMHAPE, B raloTypOHHHHIX YCTAHOBKAX 3TH NPOLECCH IPOHCXOAAT

"B DPAa3JHUYHBIX 3JIeMEHTAaX YCTAHOBKH, I0OC/IE€NOBATENBHO pAaCIOIO-

JKEHHHX 116 MOTOKy pafouero rtema (puc. 11.6). TasorypbuHHas
yCTAaHOBKa INpocredineit cxeMel paforaer clefyIuidM —o0pasoM:
HapyXubl# BO3JyX IOCTYNaeT Ha BXOj Komupeccopa [, rae cxu-
maercs mo aguabate I—2 po masinenma pe  (puc. 11.7). Ilocae
CXKaTH B KOMIpeccope BO3LYX NOCTyIaeT B KaMepy CropaHds 2
{cm. prc. 11.6), kyma oiHOBpEMeHHO MOJAETCA KHIKOE HIH Fras3o-
ofpaznoe TonaHBo. O6pasymolluecd NPH CKHIMAHHH TOIJIHBA Npo-
JOYKTH CTOPAHMA [OCTYyNaiT B rasosylo TYpOHHY J, Tie paciuu-
patorest mo aauadare J—4 (cM. puc. 11.7) mpaxTHYecKH A0 aTMO-
ceproro maexenus p,. OrpaboraBiine NPOAYKTHL CrOPaHHS  BEHI-
Gpacniaiotest B atMmoctepy. Pafora, monyuaemas B TrasoBOH Typ-
fUHe, UAaCTHYHO HJeT HA NPHBOL KoMnpeccopa [ (Goubmias ee
yacTb, IPHMEpHO 2/3) W Ha npuBOZ NoNe3HOH Harpysku 4 (Hacoc,
reHeparTop H T. IL).

B rasorypOHHHBIX YCT4HOBKAaX, TaK e KakK H B INOPLIHEBHX
JBHraTeAX BHYTPEHHEro CropaHHs, NOABOJ TEIJOTH K paboueMy
(Tey MOMKET OCYLIeCTBJAATHCH NPH NOCTOAHHOM JABJCHHH HJH IpH

Tonaubo

Puc. 11.7. Uugkn razorypOHHHOA ycTa-
HoBKH B KoopAunarax p—u (a} u
T—s (6) c TmoABOAOM  TENJIQTH IPH
HOCTOSHHOM HaBJ/IeHEH

Puc. 11.6. TlpuxHumnmaaphas = cxeMa

rasorypOuHHOH YCTAHOBKH
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nocrosinaoM ofweme. Ilpu nocrosmmom pasienuu {cM. pmc. 11.7)
TEIIOTA MOJABOAUTCH B HEMPEPHIBHOM IOTOKE CIKATOTO momn.uim. a
IpH TIOCTOAHEOM OOBEME — B KaMepe CrOPaHHS CHeHHAJNBHON KOH-
CTPYKLHH, KOTOpAf NEPHOAMYECKM OTK/IOYaeTCA OT T[a30BOR T p-
GHHBI, TAK YTO NOTOK PaGouero Teda OKA3HBAaETcs =§vn:35Ew:
Emoz_oqvm Ha "HEKOTOpOE NPEUMYMIECTBO  (NOBHILUGHHHH K. I h..
I'TY npu paBrO# cTemend noBEINenus JABNEHHT CIKATHS B KOMI-
peccope), I'TY ¢ MOABOAOM TEMJMOTH NIPH NOCTOSHHOM O6DBeMe mo-
Ka He HAIIIA NDAKTHYECKOIO MPHMEHEHHS [JABHHIM OGPasoM H3-32
CJAOKHOH KOHCTPYKIHH KaMephl CrOpaHHS.

KoshduuueHr NosesHoro peficTeus . HAeaJbHOrO 1uKiga [ TY
olnpeacaseTcs COOTHOUICHHEM

p=lo kg0 G@Ty)
N h Ui ep{Ty—Ty)
1 Ty TyfTy~—1
=1—-x 141y
Ty Ty/T—1 (11.9)

TA€ gy — KOMNMYECTBO IIOABELCHHOH TemIOoTH Ha HsoGape 2—3
g1=0,(T3—T3); g — KGNHUECTBO "OTBENEHHONR TENAOTH Ha mmommw
pe 4—I npu BHXJIONE HPOAYKTOB CrOPaHHA Ga=Cp(Ts—T\); ¢, —
TEIIOEMKOCTL NPOAYKTOB CropaHKd, B COOTHOIUICHHH 2:& _wms
OPHHATA NOCTOAHHOH. o

H7st ra3oTypGHHHEIX YCTAHOBOX B OTJIHYHE OT :owEmmeM ABC
BMECTO napamerpa CTeleHb CXKATHS & BBOJAT IapaMerp, Xapakre-
PHSYIOIIFH CTENEHL NOBBINEHHS NABJIEHHS B XOMOpeccope (=
=pa/p1. D10 0GYCHOBAECHO TeM, UTO 3AMEPHTbL NABJEHHE IO KOMII-
peccopa py M Npche HETO pr 3HAYHTENBHO IPOILIE, YeM 3aMEPHTH
yaelbHbe OOBEME BOSAYXa ¥; M Uz B 3THX TOUKAX LHKJIA. Beripa-
SHM OTHOLIEHHE -TeMMnepaTyp B ypasHenEH (11.9) uepes coorHome-
HHE JaBJIEHHH CIKATHA AAf Kommpeccopa C, HCIONb3Ysl YPABHEeHHR
(5.22) —(5.24) agmaGaTH ANS MAEadbHOrO rasa .

. k1

N..u. = F R — ! M
T
c k C

bl- —
Ty _ Ty Ty T, uﬁav — nmp..vﬁl_
Ty \py

[Tockomsky ps=p2, a ps=p;, T0 u3 @ :

, , oc/ieileTo ypaBHeHHA cAemy-
er, UTO ﬁ\w._ﬂﬂm\m‘m. C yueroM atoro, ypasuenue (11.9) E;Ew-
MaeT BHA : -

=1-F 1 .
=l =l (11.11)
c

k

Mz ypamemna (11.11) caenyer, wro k.n. A HAaJLHOTO LHKJIa
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Prc. 11.8. Cxema rasoTypGHHEHON YCTAHOBKH C peresepalliell TemIOTH OTXOAsNIMX
ra3oB (@) ¥ DMK 5TOH YCTAHOBKH B xoopiunarax T—s (6) :

HeNpephHEBHO NQBHINAETCH C YBeJHUEHHEM COOTHOIIECHHS [ABJEHHA
cxarnst C. :

D¢ dexTuBHOCTD LHHUEIA rasoTyPGHHHOH YCTAHOBKH MOXHO mO-
BLICHTB, ycioxHssa cxemy ['TY, B YacTHOCTH BBeJeHHeM pereHepa-
LHH TEeNJOTH OTXOAsuX rasos (puc. 11.8). B sroii cxeme npo-
AYKTHl CTOpaHHs NOCJIe ra3oBofl TYPOMHH 4 mepen BHOPOCOM B at-
mMocepy MPOXOAST pereHepaTop 2, rie MOAOrDEBAOT CHKATH BO3-
Iyx, MojaBaeMulit H3 KoMIpeccopa ! B kamepy cropamust 3. TakuM
o6pasom, mpH HOCTOSHHOH TeMmepaTrype rasop mepen TypOuuod Ts
CXATH BO3AYX IIOCJHe KOMIpeccopa Ha yvactke 2Z2—a H300apH
2—38 mnojorpesaerTcd OTXOAAUIMMH H3 TYPOHHBI rasaMi H TOJABLKO
Ha yyacTKe g—3 OH Harpepaercs 3a CUeT CXKHTaHAA TOIIHMBA.
Taowany 2abe u b4fe xapakTepH3ylOT COOTBETCTBEHHO KOJHIYECTBO
TeNnJIOTH, NOABOJAHMOH K BO3LYXY M OTHHMAeMOii OT OPOAYKTOB
cropaHds B Ilipollecce pereHepanuM TenjoThl COOTBETCTBEHHO HA
BeNMUMHY MJOMajgH 2cbc yMeHbINATCs KOJIHYECTBO NOJBOIMMOK
TENNOTH, a pafdora UMKIa, ompejenseMas Iuomaabio [234, ocra-
eTcs Ge3 H3MEeHeHHs, DTO ¥ NPHBOLHT K YBEJHYEHHIO K. J. IHK-
na T'TY c peremepamuefi TemiOTH N0 cpaBHeHHO ¢ K.m. A [TV
fe3 pereHepallAM TeNJOThl OTXOAAMHX Tas30B, HA BaJy HarxHerare-
Jig Tasoe 4.

Mpumep 111, Onmpepennts mapamerpwt cocrosus (P, o 4, 4 A, 5)
8 KpafiHHX TOMKAX LHKAA Ta3oTypPOHHHON YCTaHOBKH HpoCTeluled cxems, pago-
Taoleil ApH CTEAYOWAX HCXOAHHX HaHHHX (em. puc. I1.6, 11.7): nauannnoe
naBnenne cxatas py=0,1 MIla; woneunoe AaBienue cikarua pe=0,56 Mlla; na-
qaabHas TemmepaTypa cxarus f=--15°C; uauanpHag TeMmeparypa nponecca
pacunperna £3=750°C.

BHYTPEEHION 9HEpTHIO ¥, SHTaNbmNI0 h ouw.mhmam? orHocuTensto To=0 K,
2 SHTPONMIO S — OTHOCHTENBHO cocTosmus mpa [o=273,2 K, po=0,101 MIila.

NS KAMIOCo NpOLEcca LEKAA OLpeleiHTe paGoTy, KONHUECTBO NOABEAEHHOR

MIH OTBEJEHHON TEIACTH, H3MCHEHHe BHYTPeHHEH 3IHEPIHM H SHTAJBIHIO.

Onpeflenntb paboTy HMKAZ, KOIHYECTBO NOABEACHHOR M OTBeleHHOk Tenuo-
TH, TEpMPUECKmil K. T. A. IMKJZ, CPABHHTb €ro ¢ ¥. M. A. uukaa KapHo, umero-
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INero ONMHAKOBLIC C PACYCTHHIM LHMKJIOM MAKCHMAIBHYIO H MHHHMAJBHYK) TeMIe-
paTypLL

Hocrponrs uukn B p—v 1 T—s KoopAuHaTaX. _

PaGouee Teno—1 kr Bosayxa (R=0,287 xlIx/(kr-K); cp=1,006 I/ xr X
XK}; co=c,—R=0,719 xJIx/(xr-K}.

lna BO3Ayxa npHMEHNMO YpaBHeHHE COCTOSIEHS HAGANBHOTO rasa pv=RT,

Pewenye. 1. Onpefiencuue NapaMeTpoB COCTORHUA B KpayHHxX TOMKAX LHKJIA.

Touxa I. TlppauMas ras Kak MIealbHbll, HAXOLHM

p=0,1 MIla; {§i=+4+15°C; T1=1-4273,2=288,2 K;
yAenacHu# 06bemM:
RT, 287.288,2

= Py = 0.1.108 = 0,827 m3/kr;

IIATHOCTh
0= IHIH.... 1,21 mr/md;
Uy
SHTaNLHAL
h=¢,T1=1,006-288,2=289,9 gJlx/xr;
BHYTPEHHAA SHEPIHA

1=0,71=0,719.288,2=207,2 xllx/ur;

SHTPONHA
T Py 28,2 0,1
=cpln—21  Rin-L-— [,0061 — 0,287 In———
a=cplap - — Rl R B R T

= 0,067 xdx/(xr-K),

Ecnn onpelleJieHHe SHTPOIHH B TOYHE HIET npH cOBNanawileM 3HAYCHHH AaB-
JEHHA p1={f}, TO YpPaBHEHHe YHDPOLIAETCA H NpUHAMAET BHJ,

T
—y ln —X
8 =ecpln T, .

Touxa 2.
Temneparypa

E—1 0.5 \Led=t
T,=T, Alumlv k= 288,2 hlu L4 —98g,9.50,208 456 .7 X;

Py 0,1

f=T2,—273,2=183,5 °C;
ToOKa3aTenk agHabaret .
he h..ﬁ 1 .Qcm

= = 1,4
o 0,719
YIAIBHEHR 06BEM - :
RT, 287 . 456,7
= Py T 0,5-100 = 0,262 w?/xr;
IVIGTHOCTE )
! 1 :
=— =3, 3.
Pz 7 0,262 82 xr/m3;
124

BHTAJBIHSA
hy=cpT=1,005.456,7=-459,4 nh.v.imﬂ

BHYTpEHHHAA JHepIrusa
uy=CyT2=0,719-456,7=328,4 xJLxu/xr; -

SHTPOIHA
T, Pa 456,7
— e 061 —
Sy=1¢pin T, Rln P 1,006 In 2732
0,5
— 0,287 In = 0,057 xIx/(xr-K).
0,101
Toura 8. R

Vienpnui 06neM .
Pa=po=0,0 MIla; Ta=1+273,2=1023,2 K;
RT, 287-1023,2

.Qwﬂ =

Py 0,5-100

= 0,587 m3/xr,

NAOTHOCTE .
I 1
0,587
SHTAJBIHS )
ha=¢pT3=1,006-1023,2=1029,3 xlx/kr;

= 1,704 xr/m3;

EHYTPEHHAS 3HEprus
us=c,T,=0,719-1023,2="735,7 kA x/xr;

SHTPOMHA
T, Pa 1023,5 0,5
— -3 = 1 - (0,287 1 -
hullh..ﬂ.:.— Q..O —Rin To H.GDQ n M.NW.M n O-Hohmu .
= 0,869 xIx/(xr-K).
Toura 4.
k1
T P E
=p, = 0,1 Ma; IPHA.IV ;
i/ T, P
TeMueparypa
T, 1023,2 1023,2 .
Ty= —_1 = poeme 643,8 K;

1,4~1
Ps \"% \Ev T4
Py ﬁ OL
ty=T4—273,2=376,6 °C;
YReALHHH 00BeM _ .
RTy 287.645,8

Uy = =

P 0,1-108

= 1,85 m¥/kr;
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BHTAJbIEA

hy==0pTy=1,006-645,8=649,7 xxc/ur:
BHYTPEHHAS 2HEPTHRA

Ua=0yT4=0,719-645,8=470,8 xlx/xr;

BHTPONHI
To o Pi 645,8
=¢pln———=RIn—=1,006ln———— —
1T Po 273,2
0,1
— 0,287 In = 0,869 xx/(xr-K).

0,101

2. TlocTpoenHe HMKAA B KOOpRHHATax p—v @ IT—s.

Tlpoueccsl, H3obpaikaeMue B p—v H T—s KOOpPAHHATAX, HeolX0AUMO CTpO-
HTL He MeHee 4eM N0 TPeM TOUKAM. ‘

JnA HaxomAeHHA NMapaMeTpPOB NpOMEXYTOUHHIX TOUEK BHadajle Hafio NpHHATDH
TIPOH3BOJNEHO SHAauYeHHe OXHOrO KAaKOTO-THGO mapaMerpa TakHM oGpasoM, u9ToGH
BTO 3HAUEHHE HAXOAHJIOCH MEXALY ero YUCHeHHEIMH 3HAUEHHAMM B KDAHHHX TOUKAX
mpouecca, [locrenyiomuii napamerp onpejensercst HS ypasHeHud, X&PAKTEDHIYIO-
uero AanHmit ApOLECC, COCTABAGHHOrO Aaa oAHOH (Mofol) M3 KpaAHUX TOYEK mpo-
uHecea M g IpOMeKYTouwHOH Touxd (cM. pue. 11.7}.

Hpoyece 1—2. BosbMeM NpOH3BOMLHYIH Touky &. [puumMaeM pv*=C; p,=
=0,3 MIla, ITo wummmmmms amuabaTH HIEAJBHOrO rasa OAs TO9eK a4 ¥ [ HMeeM

Pa¥af=pvy* mnm nn enl_q_ UL
Orciona yoenbHHR 00BEM B TOUKe &

‘1
0,1 \i3
E.HEAPVW =0 m%?wv 4 = 0,377 w3 fxr;

TeMAepaTypa

Pavg - 0,3-10¢.0,377
Q-ﬂ" _

R 287

=3%,1 K; {,=120,9°C;

BHTANBIHA

Aa=6pTq=1,006-394,1=396,5 xllx/xr;
BHYTPEHHASN SHEPrHs : .‘
Ua=CoTa=0,719-394,1=283,4 x]Jlx/Kr;

BHTPOMHS
Ta Pa 394,1
= =1 1
Sg=¢p T, Py ,006 In 273, m
0,3
— 0,287 In——— = 10,0569 x[x/(kr-K).

0,101

AHAJOTHYHO ONpEleNIA0TCS :mbmzmauz HA BCeX JAPYrHX NpoleccaX paccMaTpH-
BacMOro IUEKJa, [10 HaRfifeHHWM 3HAYCHHAM CTPOST HHKI B KOOpAHHATAX p—U
# T—s. Maciutad BHOHpaercs NPOMSBONBHO HCXCAH HI YHC/IEHHHIX SHAUSHHA na-
paMeTpos.

3, Onpenenenue paGoTH, XOAHYECTBA MOABEAEHHOH HJIH OTBEJGHHOH TEIJIOTH,
H3MeHeHWe BHYTpDeHHeH SHeprHH, SHTAAbOMH H SHTPOUHE AJA KAXACr0 mpolecca,
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poyece 1—2 {agnabarseil 6q==0)
q1a=Au-tl s =Af-tw y=
TloTeHuuansHaa pafora oTCioAa
Wy a=M—hy=cp(T1—T3) =1,006(288,2—456,7) = —169,5 xllx/kr.

3HaK MHHYC NOKa3pBaer, YTO paboTa 3aTpaiHBAETCH,
TepMouHaMHueckas pafoTa

® [ o= 1 — thy=Co (T1—T2) =0,719(288,2—456,7) = —121,2 w s /xr.

PaGora saTpaunpaercs,
Hamenenue sHTANBIHH

Ah=hy—h1=169,56 xllx/Kr; .
H3MeHeHHe EHYTpeHHeH SHepriu
. Au=u—u;=121,2 s x/kr; )
naMeHeHHe SHTPOIHH
.w._.u"O. TaK KaK Q—.u"O. ) .
Mpoyecc 2—3 {uzobapuiil, p=const)
i L o=pa(us—0,)=0,5-10°- (0,587—0,262) =162 xlx/kr,
Wy 3=0, Tax xax p=const;
g2,3=hs—hy=10,{Ts—T») = 1,006 (1023,2—456,7) =569,7 xllx/kr;

T. €. TENAOTa MOABOIHTCH;
H3MeHeHHe BHYTpPeHHeH SHepriu

Aug g=0cy (T3—T3) =0,719(1023,2—456,7) =407,3 r]Jlx /xr;
padora .
{s 2= qp.3—Au="569,7—407,3=162 rJx/xr,

H3MeHEeHMe SHTPONEK B Npoliecce 2—3
Ty 1023,2
Ty 456,7

Dmm uHmwlmulo 812 xIx/ur.

mnoxm& 3—4 (apmaGarnmid, dg=0)
Gaa=Duy 4l 4= Alg 4105 4=0

OTCIOZa moTeHNuanpHAs paboTa

Wy 4= —ABgy=fg— hy=Cp (Ta—T4) = 1,006 (1023,2—645,8) =379,7 xLx/ (xr-K) 3

Asy g =0p! = 0,812 gx/(kr-K);

TepMOAMHEaMHuecKan pafoTa
b= —Au=pz—ty=co (Ts—T4) =271,4 x D /ur;
Asg 4=0, T4K KaK §s, .,Ho
Enoxm% 4—1 (usobapumii, p=const)
Wy, =0;
g =AM+ 1 =Ah=cp {T)—T4) = 1,006 (288,2 —645,8) = — 359,7 xJlx /kr —
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Ta6auua ! © Tepmuuecxuil K. . A. LHKI2

. Joon 210
= 0,3686 ~ 37 %.
ﬂ.mv»zo._._...ﬁ 4N .Qnohm = mmw..w = | %

Toury p, MIa | o, m3frr | & °C | T, K |h, BIK/KC |4, woxfur |5, gAxAe-K) K. n x usxaa KapHo, wMeromero OJHHAKOBHIE C PACYETHHIM IHKJIOM MaKCH- :
! : Ma/bHYI0 H MHHHMAJIBLHYIO TeMOEpATYpPH, : !
288,2
289,9 | 207,2 0,057 ) — (_ Jmin _ ., 2882 ~ T 0 . |
: mw mwww _mw 5 mmw“w 459, 4 wwmw .w,mwm it L= == g — 07IBIT2 %; |
' . “|1023;2 1029,3 . : ,. ®
M mm m.w,mu w_,w.w.m 45,8 649,7 | 470,8 0,869 e > N |

KouTpoasubie sonpocs
TaGauna 2 -
_ : 1, [Touemy puxs Kapro Helb3s peand3oBath B peadbHEIX JBHTATENAX?
” " As, . , w m,_d Takoe 1HKA OTTO 1 nuKn dusens? 5
, , : L kO/RT | g f(xe-K) . Uro npejicTaBaAET UHKN CMEUIAHHOrO CrOPAHHA TOMAHBA?
Tipoueccet |4, WHx/xr jw, /8N giomfer | wHK/KC oK

4. M3 Kakux npolleCcOB COCTOMT LHMKA rasoTypOuuHOH yeraHOBKH? KaxoBH
NYTH NOBEHIIEHHS! 9KOHOMHYHOCTH I'TY?

0
— _160.5| 169,5| 121,2 0
= 120,21 =192 | ser7 7.3 69,7 0,612
—4 o1 4| 2197|3794 Al e
1 | =12 o' | Zas9)7 | —267,1 | —889,7 _

TEPMOJAHHAMHYECKHE NPOLECCHI
KGMIIPECCOPHBIX MAIIHH
TENJ0Ta OTBOAMTCA. . o
Atty (= Co Q._..Euo.dﬁmmmblmmm_mvnlmm.\._ ®JUK/KT; § 1. Hasnauenue, yCTPOHCTEO MOPLIHEBLIX, IIEHTPOGEHHBIX
r._un (01—0v4) =0,1-10° (0,827—1,86) =102,6 xIlax/xr M OCEBHIX KOMIPECCODOB

M3 mepeoro Hayala TepMOLHHAMHKM Ga,= At 11,1 HMEENM

i = ~—\= =—102,6 xx/Kr THE KOMIIpECCOpHBIe MAIUHHB OXBaThiBaeT BCE€ BO3IMOXK-
Gs1—AU) 359,7—( 257,1) 102, Ilona

Hble THIIBI MAalIpH, IpeiHasHAUY€HHBIX AJIA CHATHS Ta3zoB H Iapos.
p - Ilo npeHOMNY neHCTBHA KOMIIPeccOpH MOMHO pa3GHTh Ha TPH OC-
pabora nois H

=

T 288,2 K HOBHBIE TPYNNE: ofbeMHEE, JONATOUHHeE H cTpyhHbie. K ofbem-

Asyy = o ELUQ%E%H — 0,812 xllx/(kr-K) HEIM KOMIpPeccOpaM OTHOCSTCS IOpIIHEBHE, POTAIHOHHEIE H BHH-

' Ty : ToBhle. K JIOMATOUELIM KOMIpeccopaM OTHOCATCH IEHTPoGexkKHEIE

- B ocesnle. CTpyfiHEle KOMIpeCCOPH HM3-32a BeCbMa HH3KOro XK. I [.
Asy =51 —54=0,056—0,868=—0,812 kILuc/ (xr- K). Hmvm IONY4YMAH IHHPOKOTO PACHpPOCTPAHEHMA B IIPOMBIUIIEHHOCTH.

. CHOBHBEIMH IIapaMeTpaMH, XapaKTepH3yoIIMMH paboTy KoMIpec-

[lankLe BRUuCACHES CBOASTCR B Ta0. L 2. aGora ; COPHEIX MAaLIHH, MOXHO CUHTAaTh COOTHOIUGHHe MABJEHHH CXKATHA,
PaGora umnkaa. Tepmopunamutieckas p 210 &l /Ke | onpenessieMoe Xak OTHOINEHHe AABJIEHHS 33 KOMIPECCODOM K AaB-
fam bty sl -l =—121,2+1624271,4—102,6~ ' . JIeHHIO Ilepef KOMIPECcOpoOM, H MX Iozauy. Ilox momauedt upuHATO
Horenmaansuas pa6ora : ~ TOHHMATH CEKyHIHOE HJH YacOBOE KOJHMUECTBO [asa WM 1apa, Ko-

_ g 4+ Wy, = — 169,5+379,7=210 L /kr. . TOpoe MOAAET KOMIDECCOp, BHPaXKeHHOe B KyOGHYECKUX MeETpax

Wu =Wt WasT WaaT s rasa MJH mapa IPH NapaMeTpax, KOTODHeE OHH HMEIOT Ha BXO-
Kpyroemx npoueccax ly=wa. . e B KoMupeccop. IlopmiHeBofl OJHOCTYNEHUATHIH KOMIIPECCO
WAOHWWHGQHWO =w=mwm0 HCHCJAB3CBAHHOH TEIJIOTH B HKJe Hﬁnﬁmn U—M.HV@ OOO.H.WH\HA. us @ﬁﬂﬁﬂﬂ.ﬁ@m Hv HO@M—HH.HE. Mu OONW@ENWOE@HW
fron= 2.9~ a1 =569,7—359,7 =210 WL /xcr. ' BO3BPATHO-MOCTYNATSJBHOE NBMIKEHME, ABYX KJaanaHos J— Bca-

B KpYroBOM TEpMOKHHAMHUYECKOM npolecce KOMHUECTBO TOJE3HO MCMOMBS0- | chipalollero M HarHeTaTeslbHOro. KoMmnpeccop paBotaer caegyio-
BAHHOH TOIIOTH YHCHEHHO paBHO padoTe ‘ - maM o6pasoM. [Ipr ABKXKeHHH MOPUIHA 2 clleBa HANPaBO JaBJeHHe
Gron=Wy=lu=210 KIK/KT. , Fasa B LMAHH/[PE CTAHOBHTCS MEHDbIIE [IABJIEHHH BO BCACHBAIO-
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ok o 5 1ieM natpy6ke. Beachiaomuit Kaa-
5 z TmaH OTKDHBAETCA X WO Mepe ABH-
JKEHHs TOpIUHSL B KpaiiHee IOJO-
JKegHe [0JI0CTh HHJAHHIPA 3amof-
HAETCA I'a30M TEOPeTHYECKH 1O JH-
“ged nl. Tlpu o6paTHOM ABUIKEHHH
MOPILHA CpaBa HaJeBO BCACHBAIO-
UIHH K/JA4TIaH 32KPBIBAETCH B TIOD-
HIeHb CKMMaeT ras B LHJIHEIDE
TEOpETHYECKH MO KpHuBoH [2, moka
LaBJeHHe B IIMJHHIDE He AOCTHra-
F # eT JiaBJeHHs pPg, PABHOrO JaBJCHHIO
rasa B HarHeraTeNbHOH JIHHHH TPY-
gonposofa. OTKpHBaercs HarHeTa-
TeJbHBIH " KJANaH, H NOpIIeHb BEI-
TaJAKABAEeT ras B HArBETATENbHYIO
JHHHKY Tpyfompoboja IpH IOCTO-
AHHOM [aBJeHHH pp (amnus 2—3),
B mauaJle HOBOrC XOja MNOPIIHSA
cJleBa HANpaBO BHOBbL OTKPHIBaeTcH
BCACHBAUIKA KJIamaH, HAaBJIeHHE
B UWIHHIPE MAfaer ¢ P L0 P; TEOPETHUECKHM MIHOBEHHO (JMHHA
8—n), ¥ mpouecc nosTopsercsa. [lnomannr [23n xapakTepH3yeT
paboTy, pacxonyeMyl HAeaJbHHM KOMIPECCOPOM Ha CHKaTHe rasa
3a ofnu ofopor ero Baja. Ilpomecch, NpOTEKawlllie B peaflbHBEIX
KOMIIpECCOpax, AOCTATOYHO CHOMKHH, TAK KAK IPH 3TOM NPHXOAMTCH
YUHATHIBATh BJHSHHE BPELHONO-TPOCTPAHCTBA, OOYCAOBJICHHOTO TeM,
YTO MOPLIEHb He MOXKeT-JAOXOAHTh B JIEBOM KpaiieM MNOJIOXeHHH
BIVIOTHYIO [0 KpHINKH UHJHHIAPA H NO3TOMY MEXIY NOpIIHEM H
KpHINKOH UMJAHHAPA BCEr[a OCraercs HeKoTophid o6beM. B peas-
HEIX KOMIIPECCOpaX HPHXOAWTCSA YUHTHIBATh- NOTEPH HKABJIEHHA IIPH
TEUEHHH ra3a uepes3 KJanaHH, TPeREe MOPIIHA O CTEHKH LUHJIHRIDA,
yTeuKd rasa uYepes HEmIOTHOCTH M T. I. Bce 310 -BMecTe B3ATOE
CHJIbHO HM3MEHsAeT BUJ HHAHKATODHOH JM4rpaMMBEl IOPIHHEBOTO
KoMIipeccopa. B uacTHOCTH, H3-3a HaJHUHs CKAaTOro rasa BO Bpel-
HOM INpOCTpaHCTBE NpH ABHXAKEHHHM MNOPUIHA CJIeBa HalpPaBO AaB-
JcHHE rasa B NHJHHADE H3MeHseTcd IO JHHmA 8—4, a He MIHO-
BEeBHO MO JHHHM 3—n., BcacwBalomufi xkJjamaH OTKpHIBaercs He
NpY BABJEHHH p;, 4 TpH [aBJeHHH, KOTOPOMY COOTBETCTBYeT
TOYKA d.
To e caMoe OTHOCHTCH X paboTe HarHeTaTeJbHOro KJjamaHa, Ko-
TOPH} OTKPHIBAETCA NpPH AaBJEHHH, HECKOJLKO GOJbIIEM, UeM AaB-
JeHHe pa.
JHarpaMme, HeJlb3sd TOBODHTH, K&K STO HHOIZA AeNaeTcd, O KPyro-
BOM npouecce (HAH IMEJNE) KOMOpeccopa, NOTOMY YTO B KOMIpPEC-
cope OCYMECTBIASETCs: TOABKO ONMH NPOIECC CXKATHS 10 JIMHUA [—
(uam mo amuEYM g—b B peanbHOM KoMmpeccope). Bo BpeMst mpomec-
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Puc. 12.1. IIpHHIMHUnNHA/bHAS CXeM2
OIHOCTYNEHTATOr O HOPUIEEBOTO
KoMOpeccopa H HIRHKATODHAA Jua-
rpaMma B KoopimHatax p—V

Ananusupyst paboTy xomipeccopa MO HHAWKATOPHOH

Puc. 12.2. Pafodee KOJAecO OCEBOro KOMil-
peccopa

Puc. 12.3. PaGouee xoueco IHeHTpOGeKHO-
TO KOMIIpeccopa

Prc. 12.4. Cxema MHOTOCTYIEHUATOrQ OCe-
BOI'0 KOMIpeccopa

€OB BcachBauusa (nuHHA 4—I) H HarHeranus (JuuEs 2—3) co-
CTOSHME I'asa TEOpPeTHUECKH He MeHSeTCH.

[TopmHeBEHe KOMIIpecCcOpPH HALLIH IIHPOKOE NPHMEHEHHE B -Ha-
popmoM xossiicte. OCHOBHEIE HX NPEHMYHIECTBA — JAJHTEIbHBIH
CpPOK cnyx6H, crnocobuocts paboTaTh B HIMPOKOM IHaNnas3oHe AaB-
JeHHf, BO3MOMKHOCTh DEryJHPOBAHHH NOJAYH 3& CUET H3MEHEHHA
yrcaa 06OpoTOB M T. O. K HepocraTkaM 3THX MalUHH OTHOCATCH
6osbline Macca M pasMeph, AHHAMHYeCKas HeyPaBHOBELieHHOCTD,
yro Tpefyer NJAA HHX MOLIEHX (YHIAMEHTOB, HEPABHOMEDHOCTDH
HozAauy rasa u T. I : :

QOceBHe ¥ UeHTPOOEXKHEE KOMIPECCOPHE! PaSJHYANTCA MeXIY
€060l HanpaBjeHHeM OCHOBHOro moroka B pafoyeM  Kouece.
B ocesoM KoMmpeccope (puc. 12.2) HanpapieHHe IIOTOKa COBHA-
HaeT ¢ OChbI0 BpAaieHHs pabodero koJeca, B HEHTPOGEKHOM KOMII-
peccope {puc. 12.3) moToK ABHXKETCSI B PajHalbHOM — Hampaslle-
HuH. B oceBHiX H IeHTPOGEXKHEIX KOMIIpeccopax JaBjeHHE NOBH-
WaeTcs B pesyabTaTe NPEBPAILCHHA KHUHETHYECKOH 3HEprHH B
noTeHIEanbuyo. [loBEINEHHe AaBJAeHHS, CO3AABAEMOro OLHOK CTIY-
IEHRI0O OCERBOTO HJIH [EHTPOGEIKHOrO KOMIpeccopa, orpaHHYMBAET-
¢ aspOJHHAMHKOH M IpouHocTblo pabouero koseca. [Ipm Bpame-
HHH KoJjeca LeHTpoGexHoro xommpeccopa (pmc. 12.3) mocrymato-
HIMH B €ro HeHTp ras oTGpacHBaeTcid B CTOPOHY, MOJAOOHO TOMY,
KaK OTJeTaeT KaMeHb, OTOPBAaBIIMiACSA HDH BpalleHHH OT Bepes-
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KH, K KOTOPOH OH npHBA3aH. JIBuUrasch mo KaHajnaM MeXAy Jo-
HaTKaMH BpaILaloOLerc KoJeca, ras Ioj AeHcTBHEM IeHTpoGexHOH
CHJEl YBE/MHUMBAET CBOIO CKOPOCTL H cxHMaercd. Ecam tpebyercs
HOAYYHTE GO/billee RaBlEeHHE, TO NOCAENOBATENbHO BKIAIOYAKTCA
HEeCKOJIBKO OTAENbLHHIX KOJIEC, NOCTHTAs KEJAAEMOTO - NOBBIUIEHHS
A2BJIEHHS] B HECKOJLKHX CTYNCHSAX; BOSHHKAET MHOTOCTYNEHYATas
KOHCTPYKIHS KOMIIPECCOPHOH MAINHHELI

OceBHe KOMIPECCODH OOLIMHO BBHIIOJHSIOT MHOTOCTYIEHYaTH -
MH. Kaxpas crymenb cocroMt M3 paGouero kojeca I (puc. 12.4)
¢ pabouMMH JODATKAMH H HENOABHKHOTO HAMPABJSIONIETO amma-
pata 2. I'asz’ u3 pabouero kojeca NepBOfi CryNeHH MOCTyNACT B
HanpapJgIomui aunapar BTOPO# CTYNEHH, 3aTeM B CJIELYIOMu PAL
pabouux Jonatok 3TOH crymeHd H T. 4. PaGoude Kojeca cryneHed
BMECTE ¢ BaJIOM, Ha KOTOPOM OHH HacaXeHb, o00pasyioT poTop
KomMnpeccopa &. Hanpasasmlife anmapaTe ¢ KOPIYCOM, B XOTO-
pOM OHH 3aKpenjeHbl, cocrasasioT craTop 4. OceBHe H IEHTPO-
GexxHre KOMIPEeCCOPH XapaKTepH3YIOTCS YPAaBHOBEIIGHHOCTbIO B
pafore, mJiaBHOH mojauefl rasa H HAXOAT LIHPOKOe IPHMEHEHHE
Ha MarHCTpaJ/JbHHX I'a3OmPOBOJAX KaK COCTaBHbIE 3JIeMEHTHl Iaso-
TYPOHHHBIX YCTaHOBOK.

§ 2. TepmoannamMHuecKuii npouecc
OAHOCTYNEHYATOT0 KOMIpeccopa

Flpu apanH3e TepMOJHHAMHUECKOTO IIPOIlecca CXKATHS rasa B
KOMIIDecCOPe OCHOBHOH HHTepec OGEIYHO NpPEACTABIAeT Olpenee-
Hue paboTHi, 3aTpPauMBAEMOH Ha cXKarde rasd, KOHEUHOH TeMIepa-
TYpH Ipollecca CXKaTHA. YIeapHyl0 paboTy Ipolecca CKaTHA
MOMXHO HafTH H3 ypaBHEHMS [NepROro Hauaja TepMOXHHAMHKH
(4.21), sanucanHoro mjsa noroka. IIpu aToM mousaraior, 910 NPO-
Iece cxKarua B KOMIpPeccope NPOUCXOAHT OpPH CIELYIOUIHX YCIOBH-
AX: TemnooOGMeE ¢ OKpyKaomeH cpenoil BechMa MaJ H, CleLOBa-
TeNBbHO, §*1,2=0; CKOPOCTH ABHIKEHHH rasa BO BCACHBAaIOIEM H
HarHeTaTeJbHOM NaTPYyOKAax paBHH C)=Cp; H3MEHEHHEM BBICOTH
HEHTDPA ‘TAMKECTH IIOTOKAa MOXHO IpeHeGpeub 2;=g2;, HEOOpaTHMEE
NOTEPH OTCYTCTBYT (wi,**=0), Ilpxn atux yciaoBuAX ypaBHEHHE
(4.21) ympowaercs u ynenbHas pabora, sarTpaunBaeMasi Ha cia-
THe 1 KP raza uid mapa B KOMEpeccope, GyleT onpenelsThes Co-
OTHOILIEHAEM

nermﬂwpllkm. AHMHU
.H—..hm HAcaJBbHOTO Fa3a YpaBHEHHE NPHHHAMAET BHJI,
wi,a=h—hy=c, (T;—T5), (12.2)

roe nhlﬂmﬂ.ﬁomgﬂonﬂ& raza IIpH IOCTOAHHOM  HOaBJEHHH,
Jx/(kr-"C); Ty, Ty — HauampHad T; u KoHeuHas T, TeMmepaTypsl
npouecca ouwmenm K; w;; — yAelbHAS NOTEHUHANbHAA (MJIH TeX-

i32

HHYecKas) paboTa CXKaTHsa, BEJHUHHA OTPHUATENBHAS, TaK Kak
OpH CKAaTHH NPHXOLHTCH 3arpauuBark padory, Ix/kr. OpHako B
pacyerax anas ypoGcTBa ee ONpeNensioT Kak TIOJIOKHUTLHYIO =
10 abCcoMIOTHOMY 3HAaYeHHIO.

Hs cootromernua (12.1) BuaHo, uTO yAenbHasa pabora cKaTHs®
1m0 afcoMOTHOR BeNMYMHE DaBHa YBEJHUSHHIO SHTAJBIHNH CHKHMAae-
MOT0 ra3a HJIH mapa

|w,2| =he—Hhi=co(Toe—T1). Qw.m.u.

Ecan o6oznaunTte G (kr/c) pacxoi rasa uepes KOMIpeccop, TO
MOKHO OIPEJeJATh MOIIHOCTh, KOTOPYIO 3aTPATHBAIOT HA CIKATHE
raza B KOMIIDECCOPE,

N=G(hy—h1). (12.4)
Jlas ujeadpHOro rasa
N= Qﬂn Am_..nlm..; . ﬁ..—wmv

IToayyeHHEle ypaBHeHMS CHPaBeAJHBH XKaK [IJ5 IOPITHEBHX,
TaK M AJS JONMATOYHHX MAIIHH, [HO3TOMY NIPOLECCH CXKAaTHR rasa
B TOPIUIHEBHX MM JIONMATOYHBIX MAallHHAX C TEPMOJHHAMHYECKOH
TOUKE 3DEHHS HAeHTHYHH. YpaBHeHus (12.1) m (12.4) cnpaeenin-
BEL JJI7 BCeX DeaJbHBIX I'a30B, a TaKXe /s oupezeneHus pado-
TH M MOUIHOCTH, 3aTPAYHBAEMBIX B HacOocaX IIPH NepeKauKe JKH[I-
KocTeH.

TTocnepnee ypapuenue (12.5) chnpaBesjlHBo TOMBKO AJs  HIe-
aNLHOTO rasa. BOCHOJNB30BABINACH YPaBHEHHAMH T 5, MOXKHO
onpeaeauTh pPaGoTy CKATHSI B KOMIpeccope Liad J060rc npoiec-
ca. B gactHocTH, a1 ob6paTuMoro azmabaTHOro mpolecca H3 co-
nocTaBienus ypapHenuit (0.24) ® (12.3) mmeeM

- [
e ty=a o) =a (2 ¥ -
- k—1 - hem1 -
__k P\ TF ? vli
—— oy A Ev |= R (2 L. (12:6)

PaGora cxarusa rasa B peaJbHOM IIpolecce OUpeieNsaeTcd Io-
¢Jle BBEJEHHS DOHATHA BHYTPEHHEro OTHOCHTENBHOIO K.IL A,
KOMIIpeccopa 1)ic, XAPAKTEPHIYIOUIero HeoGpaTHMbBIE HOTEpH IIpH
CXKATHH,

B—1 -

Auu v|..~||.|m -

Us puarpamm puc. 12.5 BujHO, 4TO B peaJbHOM KOMIpeccope
H3-32 HeOGPAaTHMAHIX MOTEPh JHHHA NpPOUEcca CXKAaTH® HAET IpaBee
JHHHH ofpaTeMoro npomecca (puc. 12.6). 2710 cBA3aHO c TeM, UTO
HeoGpaTHMEIE [IOTEPH NEPEXOJAT B TEIJIOTY BHYTPEHHEro Temfo06-
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Puc, 125. HuarpaMMBl CHaTHA rasa b ABYXCTYNSHIATOM KOMMpeccope B KOOp-
Ipparax p—v (a) u T-—s (6)

MeHa 80**=084%3~0 u ouTpomHs npe sTOM Bospacraer. OTHOuIe-
HHEé MOTeHUHANbHEX pabor W; u @, B npoueccax cxarus [—2 u
I—2" xapakTepusyer BHYTDEHHHe HeOGDATHMEEe MOTepPH H omnpe-
AeJSeT OTHOCHTEJIBHBIA BHYTPeRHHH K.IL J. KOMOpeccopa

o= 2 < 1, (12.8)

o

Ha puarpamme puc. 12.7 BHauo, uTo nepexor oOT ajHabarTHOro
nponecca cxatus (AHEHs [2) K usoTepMuHyecKomy (amEmA [27)
OPHBOMAT K YMEHbIIEHHIO paboTH cxkaTHA, H HaobopoT. Jas Hao-
TEPMHUECKOrQ lIpoLecca yjeapHaa pabora ofpPaTHMOIO CHATHS

h

8

Puc. 12.7. T'padury paGore cxarus B
KOMIpeccope INpH PA3IHYHEIX IOKAa3a-
TeJAAX Tpomecea . )

Pric. 12.6. IFpadwkn npomecca cxarus
B KOMIpeccope B BHarpamme A—s
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MoXer OHTH onpeaeneHa o ypasreHHwo (5.13) —mno a6tomoTHOHR
BeJIHYHHE

|2 = @21 =23p,0 Hmlnr = 2,3RT, _m:mr . (2.9
2 2

Peanusanus H30TepMHYECKOTO IIpOLecca B KOMNDECCOpax, TAe
HeoOXOIMMO INOCTOSHEO OTBOJHTH TEMJOTY, YTOGH TeMneparypa
rasa B Ipolecce ocTasajach HEH3MEHHOM, NPAKTHUECKH ' TPYILHO
ocymectsuMa. HMsoTepMuuecKHi mnpouece CKaTHA ocTaercd Kak OB
3TAJOHHHM, K KOTOPOMY CTPeMATCH HPHOJHSHTL peasbHEIH IIpO-
nece CKATHA rasza B KOMIIpeccopax. .

§ 3. Tepmoznnamuyecknii nponecc MHOrOCTYHEHYATOrC
KoMnpeccopa ,

ITpu BHICOKHX NaBJEHHAX CKATHS Fasa B OAHOCTYNEHUATOM
KOMIIPeCCOpe B KOHIE Npolecca TeMIeparypa rasa AOCTHIAeT BeCh-
Ma BBICOKOTO 3HAYEHH:H, YTO HEXEeNATeNBHO, . B UACTHOCTH H3-3a
OMacHOCTH BoCHjaMeHeHHs KoMnpeccopa. ITostoMy ans noJyvyeHus
rasa BHICOKOTO JABJEHHS MCIONL3VIOT MHOTOCTYINEHYATHE KOMII-
PeccopH, NPeICTABJAAIOIIHE COGOf HECKOJNLKO  IIOCJAENOBATENLHO
COEVHEHHEIX OJHOCTYIEHYATHX KoMmpeccopoB, Mexny oraeabHE-
MH CTYNeHAMH YCTAaHaBJHBAIOT TeNo0OMEHHHKH, OfecnedHBaliollke
OXJaxjeHHe rasa, C¥aToro B npenuinyiied crynesn (puec. 12.8).
l'as npu naBienHu py 4epe3 BIYCKHOH KJalaH NOCTYNAET B -KOMI-
peccop HH3KOTO japjieHus I, rge CKEMaercd NOJHTPONHO MO JiH-
Huu I—2 (cM. pue. 12.5) c HEKOTODHIM OTEONOM TENJIOTH HpH
CHATHH 4Yepes CrTeHKH KoMnpeccopa. CxaTelli BOSAYX mOCTymaer
B XOJOAHJABHHMK 2, TJig, IPOXOAS [0 3MEEBHKY, OH OXJaxAaercs
NPOTOUHOH BOXOR 00 mepBOHAUANbHOH Temmepatypu T (IHHES

Puc. 12.8. Cxema JABYXCTYNIEHIATOTQ KOMIpeccopa:

I=-nepeas crymessr cHaTH? (KOMODECCOp HHSKOro NABJENHA): 2 — MPOMEMXYTOSABS XOMAG-
RHILHUK; J — BTOpAs CTYNedb CHATAA (KOMIPECCOp BLICOKOrQ MABACHHA)
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2—2') u BXo;HT B KOMIIPeCccop BEICOKOTO fAaBjeHHud 3. 3pech raas
BHOBb CXKHMAeTCi C HEKOTOPHIM OTBOAOM TEIJIOTH (NPONECe
2’—3) u BHIOpacHBaeTCa B BHIKHAHYIO JHHHIO.

Ilpomexyrounoe oxmamieHue rasa B XOJONHJBHHKE HZaeT Cy-
IeCTBEHHBH BLIUIPHIN B pafote, HaMepseMoll maomanpic 22'33’
B KooppuHarax p—v (cm. puc. 12.5), Temsora, organHas razom
B XOJIOAHJIbHHKE, Onpejeaserca miomansio B 22ch B KoopiuHATAX
T—s. Ina nonyveHHs HauMeHblued PaGOTH CXKATHA NPH NPOEKTH-
POBaHHMH MHOTOCTYNEHUYATHIX KOMIDECCOPOB CTPEMATCH, BO-TIEPBHIX,
O0ECTIeYHTh PABEHCTBO TeMNEepaTyp rasa Ha BXOJe BO BCe CTYIeHH

KOMIIpeccopa #H, BO-BTODHIX, ofecleynTh. paBEHCTBO DaboT CEATHS:

110 BCeM CTyneHsM Kommpeccopa. IlochiefHee yclIoOBHE MOMXKHO Bbl-
NOAHATh, €CAH CTeNeEb HOBHIIUEHMS JABJACHHA KaXIOH CTYHEeHH
KoMmpeccopa oAHHaRoBa. IloJ CTeNEHbIO HOBHILEHHH IABJICHHSA
NOHHMAaEeTCH OTHOWIGHHEE MABJICHHH Fasa HA BHXONE H3 CTYIEHH K
AABJICHHIY HA BXOjie B CTYIEHD, T. €.

X1=Po/p1=22=ps[ps (12.10)

Ecnu B xommpeccope He nBe, a m cryneHefi, 10 pacipenedae-
HHe NABJIEHHH MeX[Iy CTYNEeHAMH KOMIpeccopa NOJKHO OTBEYaTh
YCIOBHIO

Xp=Kg=...=Xp=Y %. - (12.12)

Takum ofpasom, sHas HauadbHOE Py U KOHEUHOE AABJEHHE Px
rasa B KOMIpeccope, MOXKHO ONPeJeNHTh OOluee COOTHOLICHHUE AaB-
JEHHH CXKATHA X¥=py/py H LHOACYHTATL HABJEHHS CHKATHA 1O CTY-
newsM. 3areM no ypasseHuio (12.6) nopcumrats paGoTy CIKATHS
B Kax/IOH CTYNeHH M, OPOCYMMHpPOBAaB pafoTht CXKATHS 0O CTY-
NeHAM, ONpejeNHTh 00myio paGoTy CXATHA 0O KOMOPECCODY B
nenom. Yem Gosplle crymenell cKaTHf B KOMIpeccope, TeM GJH-
*xe mpouecc mpubaumkaercs K H30TEDMHUECKOMY, TeM- CJAOKHee H
lopoxke xommpeccop. CONPOTHRJEHHS rasa N0 TPAKTy XOJOLUJb-
HHKOB AEJAT HEGOJALIIHMH, NOTOMY CYMTAIOT, YTO MPOLECCH OT-
BOJA TEIIOTHL OCYIICTRIAIOTCA MO M3olapam.

Mpumep 121, Komnpeccop ncacwBaer 100 M?/c Bospyxa upH Haua/inHOM
npasnenud p;=0,1 MIla u TeMueparype #=27°C. KoHeuHOE NaBjieHHE CXKATHA
pz=0,8 Mlla. OnpesiefiuTh TEOPETHYECKYI0 MOIIHOCThE ABHFPATENd JJd ILIPHBOAA
KOMIIpeccopa H pacxoj, OXJampalollledl BOAH, eClH ee TeMIepaTypa IIpH STOM IO-
Bumaercs Ha 13°C, PacueTH npoBecTH XAs H3OTEPMHUECKOrO, afHAGATHOTO H IO-
JIHTPONHOro NPOLeccoB cxkatusA. [JoKasaTenb M3OTEpMH papeH 1, NOJKTPONH — 1,2;
agnaGarer — 1,4, Ternoemxoers Bomer — 4,19 xdu/ (kr-°C). . )
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Pewenue. 1, UaoTepMuYecKoe cxarTHe,

PaGoty Ha cxaTie BO3LYXa B KOMADECCOPE OMPEJENHM N0 YDABHEHMIO (12.8)
Mo abCOJIOTHON BeqHIHHE

Wyl =,V =23V, Hmlwurn_ 2,3-0,1-105-100 Ig 8 = 20 800 x1Tnc/a.
1
TeopeTHueckass MOMIHOCTb MBUraTeNs — 370 paboTa B EAMHHALY BpPEMeHH
W,, 20800

N= =

3600 3600

Tennora, OTBOAHMAs ¢ OXIAMKAAOMeH BOOH B H3OTEPMHUECKOM npouecce Mo
HepBOMY HAYany TepMORHHaMHMKH (4.1}, uHciesmHo paBua paGore cKaTHS
. Q=W\.2=20 800 g /a.
Clle/l0BATENBHO, PACXOA OXJIaJAl0mwell BOIR
Q 20800
cp At 4,19:13
2.AnmnaGarnoe cxartHe. [Io ypasuenmo (12.6) nueem

L= E—1 -
Py

2 ol
_uwu.n_.ll. \mllm.uuj\u |Aﬂv k1

= 5,8 xBr,

G=1 #2382 xrfy.

1,4 9.4
=57 0,1-10%: 100 ?_ - _v = 28400 kI /q,
MomnsocTs IBHraTeNs B 3TOM ciydae
%ﬂ-m
3600

3. loswTponnoe cxaTHe,
Ilo ypasrenuto (5.40) nmeem W o= Gw o

N=

~ 7,9 xBr.

- n—1 - N
n Y— ! 1,2 f. 0,2
| Wi,a] = — A AE v no—l _H_,I.o._..é.so Am_]:..ml,_vﬂ,

Py 0,2
= 24 800 kx/u,

MomuocTs ABHrATENS

%Aﬁms.
N 1,2 —
T 3600 T 3600

Noasamﬁmo._.mnaoaz.Smohmzom=§6§ma§oqmo§§m. =mnoh=z=o§mwmw_.
Hw0 (5.46), Qro=Gqiq . e e C

ﬂm.w,mwa.. .

o b S
Q=G —1 L= 1 Colfy —1;) =1 —116-0,3615-124,2 =
) = —b5208,2 xIx/u. . .
[Ipu sToMm . - . o o o
- p Ve 0,1-105100 -
G= = 16 :
RT, 267-300 - 16 /43
b—n ce0,2 SR
. i Cy= blh.ﬂo.qu,..lodm....lo.mma mh%«?ﬁ.f.._
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THEe Cy — TeNA0EMKOCTE BO3JyXa MpPH IOCTOAHHOM [aBJeHHH, NPH TEMIEPaType
$,=27 °C paena ~0,723 xJx/{xr-K).
KoueuHas TeMoepaTypé cXXaTHf Onpefeidercs M3 ypasHenns (5.38)

a1 0.2
Ta_ Alp.,lv n gl 14,
Py

7,

PasHocTh TeMIepaTyp CHATHA .

AT=T)=Ta=0t=1;—{,=27—151,2=—124,2°C.

Pacxof oxJaxspaiouesi BOAH |
G2 OB o 2 ke ,
cpAF  4,19-13

KOHTpO/bHBIE BONPOCH

1. UTo TaKoe KOMOpPECCOPHAA MALiHHA? -
9. KAKOBH OCHOBHEE THIH KOMIDEcCODHEIX MawmH? B geM X pasnuuue?
3. B ueM pasauqHe TepMOZHHAMMYECKOrQ Hpollecca B GJHOCTYNEHIATOM H MHO-

FOCTYIEHYATOM KOMIIpeccopax? . R
4. Uro TaxOe BHYTPENHHH OTHOCHTENBHHE K. I J. KoMmpeccopa? Kak oH orpe-

Jenserca?

Taasa 13
TEIMJONEPEJAYA

§ 1. Copepxanne u cepa npujoxenua 3aKOHOB Tenao00MeHA.
PopMbI Mepeaady TENJAOTH

Teopusi Tenmonepefadn H3ydaeT SaKOHLH [epeHOCA TEeIIOTH B

TBEpABX, KHAKAX U rasoo6pasHEIX Teaax. Pasauualor ciaenyoune
(opMbl NepeAauH TemJIOTH: TEIJIONPOBOLHOCTb, KOHBEKUHIO W H3-
lyueHne. .
_ # Tensonposo@uocts npeAcTaBiser coOOH Npoluecc mepeHoca Teu-
JMOTH (SHePrHH) CONPHKACAOMHUMHCH, OecnopsAfouHO ABHKYIIHMH-
ct (KoseGaomumMuca) CTPYKTYDHEIMH YacTHHAMH BEILECTBA (mo-
JEKyJaMH, aTOMAMH, 3JIEKTPOHAMM). ..o,%wwewm.mzm JACTHI Go-
Jiee HarpeToil uacTd Tela, o6ianamiell GONbIICHE SHEPrHeH, ConpH-
Kacasich ¢ OKPYXKAOUIHMH T4cTHIAMH, NepefaloT HM 4acTb-CBO-
el snepruy. -Takol Tena00OMEH MOXKeET OCYINECTBJAATLCA B KH0GEIX
TepMHIECKM HEDABHOBECHHIX Tellax WAM chcreMax Ted. Mexahuam
TepeHOCA PHEPrEH 3aBHCHT OT (DPHSHUECKOrQ COCTOSHMA Tel.

B KHIKOCTHX, B TBEPAbIX TeNax — IAHIJEKTPHKAX HEPEROC TEl-
JOTHl OCYIIECTBAACTCS NyTeM HEMQCPEACTBEHHOH HNEpefaun TemIo-
BOTO MBMIKEHHS' MOJIEKYJ H aTOMOB COCe[HHM 4YacTHIAM  Belle-
CTBA.

' B Meraijax NEepPeHOC TENAOTH ‘OCYIIECTBAACTCA NyTeM IBHME-
Hast (naddysHy) - cBOGOAKBIX SJIEKTPOHOB; mEpejata TEMIOTH 33
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CUET YOPYruxX KoueGaHHH KPHCTANIAYecKOR pewleTKH BTOPOCTe-
HEHHA, .

B raszoofpasHbiX Telax DPACHPOCTPAHEHHE TEMJIOTH TEIIGIPO-
BOIHOCTBIO IPGHCXONHT BCaeAcTBHE o0MeHAa sHeprueft mpH coyma-
PEHHH MOJICKYJl, MMEIOLIHX pPAS/JAHYHYI) CKOPOCTL TEMJIOBOTC jBH-
HeHus (nyteM DHQGYSHH MOJEKYJ H aTOMOB).

rKoneexyus npencraBiaser coGoil mepeHOC TEMJOTH IPH Iepe-
MelleHHH O0BEMOB TeKymied cpeibl (KHAKOCTH WM rasa) B Ipo-
crpaHcrBe H3 00JaCcTH ¢ OAHOH TemmepaTypoli B 00aacTs ¢ APYrof.

Konpekuus Bcerza CONPOBOXKEAGTCS TelIONPOBOIHOCTRIO, TAK
KaKk IPH 3TOM CONPHKACAIOTCH UACTHUBL, HMEIOIIHE pAas3JHUHEIE
TemuepaTypel. CoBMeCTHHH NEPEHOC TEIVIOTH KOHBEKIHEH H Temso-
HPOBOJHOCTBIO HA3MWBACTCH KOHBEKTUBHBIM TenAcoOmeHoM. KOH-
BEKTHBHHI TeNJIOOOMEH MeXAy NOTOKOM XHIKOCTH HJIH rasa H
FOBEPXHOCTBIO TEBEPIOro TEJa HA3bIBAETCH TENJ0OoTHAueil,

8-Tenaosoe usayuerue — NPOUECC TEPEHOCA TEMIOTH B BHAE
aJIEKTPOMATHATHHX BOJH, Ha noBepxHOCTH Tesla ero BHYTpeHHSA
SHEPrusl IpeBpallaercs B SHEPLHIO 9JIEKTPOMATHHTHHIX BOJH pas-
JMUNOR JJIHHB, PacHPOCTPAHSIONIUXCH B NPOCTPAHCTBE CO CKO-
pocTbiO cBera. Pacnpocrpansiomuecs B OpOCTPAHCTBE  3JeKTpo-
MarsgTHHE BOJHB MOFYT IOTJ0IIATBCA HPYTHMH TeNaMH, IpeBpa-
masack Npy 5ToM BO BHYTPEHHIOIO JHEPTHI0 9THX Tel. Tenaocbmen
UsAy4erues — 9TO TPOlecC NPEBPAIHIeEHs BHYTPEHHEH SHEPrHH
Te1 B 9HEPTHI) HSJAYHENHs, NepeHOca H3JAYYEHHA H €ro Ioriaoile-
HHSA TeJ0M. ; —_ ,

Paccmorpennrte -(OpMEL “lIepeHdta TEIIOTH BO MHOLHX CHIyua-
AX OCyWecTBASIOTCA cOBMecTHO. IlponeccH TemIONPOBOLHOCTH H
KOHBEKLUHY MOTYT CONPOBOXKAATHCA TEmIoOOGMeHOM  H3JyYeHHA.
ITponmecc mepefayd TEIIOTH OT TOPsSYeH TeKyueld cpeiH XOJOZHOR
yepes paspeNAKNIYIO CTERKY HashbiBaeTcs rernaonepecayed.

Tensoo6Mer B XHIKHX H rasoBbIX CMECSX CONPOBOXKAAeTCA me-
PEHOCOM OJHOTO BEHIECTBA B APYroe, T. €. Maccoobmenom. Temao-
0OMeH XapaKTepusyeTcd BHIPABHHBAHMEM TeMIEPATYDH, a Macco-
o6MeH — BEIPABHHUBAHHEM KOHUEHTpanmuit KoMnoHedatos. CoBMecT-
HOoe NpoTeKaHHE NPOIEccoB TeniooOMeHa B MaccooOMeHa HasHBa-
eTCH TenAOMACCo0bMEHOM. .

CymecTByloT CralHOHApHEE (YCTAHOBHBLINECH) M HECTAIHO-

HapEHe (HeycTaHOBHBIIHECS) NPOLECCH Temioo6MeHa.
- CrauvoHAapHBIMH HASHBAIOTCA TAKHE NPOLECCH TeIIoo6Mena,
NPH KOTOPHIX paclpepelieHre TeMOEPaTypH TOUEK Teja He 3aBH-
CHT OT BPEMEHH, a 3aBHCHT TOJDLKO OT NOJNOMXeHHR (KOOPAHHAT)
TOHEK.

HecranyoHapHEIMHE HA3HBAIOTC TaKHE NPOLECCH TemloobMeHa,
IPH KOTOPHIX pacnpefelieHHe TEMHEPaTypH B Tele SaBHCHT OT IO-

"JIOIKEHHsI TOYEK H OT BPeMeHH (HanpuMep, NDH HAarpesayud H OX-

Naxaenud ted). Teopus Temionepenau ABJseTcd OJHHM H3 pas-
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IeJOB COBPeMeHHOH Haykam H HMeeT Ooapllloe NPaKTHYECKOE 3Ha-
YeHHe B SHEPreTHKE, B TEXHOJNOTHUECKHX nponeccax, HehTdHOH,
razoBol, XMMHUUYECKON H B APYTHX OTPACHAX NPOMEIUIICHHOCTH.

§ 2. llepepavua TENJOTH TENNONPOBOJHOCTLIO
yepes MAOCKYi0 OAHOCAOMHYI0O H MHOTFOCAOHHYIO CTEHKH

B QCHOBY TEODHH TEIIONPOBOZHOCTH NOJIOXKeH 3aKoH Pypbe —
TEnA060l NOTOK APAMO RPONOPUUONQAEH Temneparypromy apadu-
enry u naowadu nosepxrocri Tesq. 3axon @ypbe Aad NIOCKOH
opHociaoiHod crenkn (puc. 13.1) sanmcHBaercst clefylomuM obpa-
30M:

Q= =0 p_ H—b p (13.1)

6 - R

Tpe Q — TemnoBol NOTOK (KOJHYECTBO NepPefaBaeMOH TEeNIOTH B
eJUHHIly BpeMeHn), BT; (0;—02)/6=A0/8 — TeMnepaTypHBIli Tpa-
[HEeHT, XapaKTepH3yIOIuil H3MeHeHHe TeMIepaTypLl Ha eRHHANY AJIH-
HH IyTH 10TOKA, °C/M; A0=0;—0; — UsMeHeHHe TeMOmepaTypH Ha
OyTH TEmJIOBOTO MOTOKa (TeMNepaTypPHBH Hamop), T. €. PasHOCTb
-TeMepaTyp noBepxHOCTell maockoé cremku, °C; 0 — ToMIIMHA
CcTEHKH (AJMHA OyTH TElVIOBOTO IOTOKA), M; F — miomams 1o-
‘BEPXHOCTH CTEHKH, M2; A — KO3(QHUMEHT TeNJONPOBOAHOCTH Ma-
Tepuana creskd, Br/(M-°C); R=0§/h — TepMugYecKoe CONPOTHBRJE-
HMe CTEHKH, PABHOE OTHOLIGHHIO TOMIIMHE CTEHKH K ee K03(da-
IHEeHTY TemIonposofnocTH, M?-°C/BT.
B pubdepennuansroi popme 3akon Pypse
- 2D F (13.9)
dx

3nech dOjdx — TeMnepaTypHbIH TPaAHEHT.
. OTHOILIEHME TEeNJOBOTO MOTOKAa K IJOIafH [IOBEPXHOCTH Tell-
JIONPOBOAHOCTH HA3HIBAGTCSA NAOTHOCTbIO TEMA080Z0 NOTOKA

a?
QHM‘H..QIAPI@MV. (13.3)
- Kosddumuent TemJIONPOBOJHOCTH XaPAKTEPHIYET criocoOHOCTE
TeJl NPOBCAUTDL TEIIOTY

A=Q8/(FAB) =qd/Ab. (13.4)

[To cBoeMy GM3HUECKOMY CMEICAY KO3(QUIHEHT TEIJONPOBOA-
.Hoct: (13.4) ects TemnoBok NMOTOK ( IPH €AHHHYHOM 3HAUEHHH
TeMmepaTypHoro rpainenta AG/0 uepes ejmHANY @OAZH  IIO-
BepxHOCTH F. . :

Haa kamxporo Teja KO3(QUIHEHT TEINIONPOBOAHOCTH HMeEET
CBO@ UMC/eHHOe SHAYEHHE M 3ABHCHT OT NpPHPOAH, NOPHCTOCTH,
BAAKHOCTH, AABJICHHS, TEMIepaTypsl H APyrux napamerpos. Huc-
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JIeHHOe 3HaUeHHe ONpefeNsercH OIEITHEIM . 8

nyreM. B OpaKTHUSCKHX pacyeTax HCIONb- —

3YIOT 3HAUEHHA KO3((HUHEHTA TeIJIOIpPo- —_—

BOJIHOCTH, KOTOPBIE€ MPHBOAATCA B CHPABOi- ¢ —

Helx Tabaunax. llpu BhiBOAe ypasHeHHs = — &

(13.1} npuHsATO, UTO A HE 3ABHCHT OT TeM- a— (] 8,

nepaTypsl H ABJAeTCH HOCTOSHHON BEJHYH- - ,
r —_—

Ho#t. OpHako KoahHUKEHT TEMIONPOBOL- : \

HOCTH BCeX MaTepHaloB H3MeHAeTCH C H3- S \

MeneH#eM TeMIepaTypH IO JHHeHHOMY 3a- z | dz| =

KOHY BO BCEeM paccMaTpHBaeMOM HHTepBa- - 5

Jie TeMnepaTyp HJH 0 ydacTKaM

A=hq (1:£56), (13.5)
Prc. 13.1. Ilepegaga fem-

rae Pclﬂowem@—mpﬂmm.—. TEIIONPOBOLHOCTH  joTH TER/JIOMPOBOAHOCTHIO
npu temneparype Op (0°C); b-— mocToAH- B IVOCKOR  OAHOCHOMRHOM
Had, XapakTepH3yoIas HpHpalleHHe CTEHKE:  pacupelenenue
(yMenblrenne) A MarepHana HDPH NOBHMIE- o oPoTYP

HHH €ro TeMIeparyps Ha 1°C, -~

Hauxyamume NpoBOIHHKAMH TEIJOTH #ABISOTCA rase. Kosg-
$HUHEHT TEMJONPOBOAHOCTH [A30B BO3PACTAET C YBEJHUEHHEM TEM-
neparypel u uaMensierca B npepeaax 0,006—0,5 Br/(m-°C).

KosdhpuuuenT TemIolPOBOAHOCTH XHAKOCTEH JEXHT B npefe-
Jaax 0,07—0,7 Br/(M-°C) u, KaK OpaBmJa0 (3a HCKJAOYEHHEM BOXK
H [JMIEPHHA ), YMEHBIIAETCS ¢ YBedHYCHHEM TeMIIepATYPHL.

HausyulluMH TPOBOAHHKAMH TENJIOTH SBJSIOTCS  METAaJUJIHI,
v KoTophix A=16+418 Br/(M-°C). ¥ 6Oablieft 4acTH MeTalJi0B
C BO3pacCTaRKEM TeMIEePaTyPhl OH YMEHLLIAETCH.

TToBepxHOCTH TEWIOOOMEHHEIX aNnnaparoB, Tpy6uaThix Heuel U
KOTEJIbHBIX YCTAHOBOK C OBEHX CTODOH HOKPHITH 34rpsisHEHHSMH,
CTEHKH TPYOOIPOBOAOR NOKDPLIBAIOTCA :
TEIJIOBOH H aHTHKOPPOSHHHOH H30J1d- 8
nued, CTEHKH KAafKH TONOK IaPOBHIX %
KOTJIOB H TpyGuaTHX Hedelt cOCTOAT —= &

H3 HECKOJLKHUX CJ0eB OOLIYHOTO U Or- / Z
HEYNIOPHOTO Kuppuda u T. A. Temio- g <

BOH IIOTOK, NPOXOAS uepes Takyw — = ; 8y
CTEHKY, MPEOAOJERAET CONPOTHBJEHHE  — = \
HECKOJMbKHUX CJIQEB.

PaccmorpuM nepepauy TemIOTH
TEMJIONPOBOJHOCTBIO Yepe3 MAOCKYlD  —— :
TpexcaolHyl cTeHKy (puc. 13.2) mpm g 0 | &5 | &
YCAOBHAX: TOJINHHA CJIGEB CTEHKH Jf,

.. 0z, 03, KO(QULHEHTH TEMIONPOBOA-
HOCTH MATEDHAJOB COOTBETCTBEHHO Ay, Lu¢ 13.2. llepenaa renmorn

. Te{VIONPOBOAHOCTRI) Yepes IVIoc-
A2, A3, KOHTAKT MEXAY CIOAMH HAC- yyio rpexcuofinyio CTEHKY; pac-

ANbHBIH, T. €. KOHTAKTHOE TEDPMHYE- npeAeieHHE TeMIeparyp
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CKCe CONDOTHBJIEHAE OTCYTCTBYET M TeMIEpaTypa Ha TpaHHIe CMeX-
HEX CJIOEB OZHHAKOBA. IlepeHoC TenfoTh NPOHCXOAUT B CTALHOHAD-
HEX YCAOBHSX — IJIOTHOCTH TEMJOBOrO IIOTOKA IO BCeM CIIOAM CTeH-
KH HMeeT OJ(HO ¥ To e 3uayenne {(g=idem)

g (O —0) = (0, —0) = (8,0

BhijenuM M3 STOTO PAAA DABEHCTE PasHOCTH TemnepaTyp (mage-
HHe TEMIIEPaTypPHl N0 CJIOSM CTEHKH)

3
@»Ir. @N" Q I.ufu. _ Q_MNHM
1

8
0,—06;= ?Iﬂﬂmmm“

2

&
8;—0,=gq ym = gRy.

3

CxaafpiBasi JeBhHe M NpPAaBHe YaCTH ypaBHEHHH DasHOCTH TEM-
neparyp, HOAYYHM cleBa H3MEHEHHe TeMIEPaTypH B CTEHKE
0;—0,, cIpaBa — NPOH3BEJERHE NJIOTHOCTH TENJIOBOrO MOTOKA §
U OfIIero TepMHUECKOro conpotusienusa Ri+4-Ryt+-Rz=R

ol B 8 8N :
0—0s= (33| =0 Ret Ryt R).

Taxam o6pasoM, IJif NJOTHOCTH TEIVIOBOrO IOTOKA NpH Iiepe-
HOCe TEILIOTH TeNJONPOBOLHOCTBIO Hepe3 IVIOCKYIO TPeXCIOHHYIO
CTEHKY HHO.:%JSE nhmh%mom.ﬂmm BEIDAX{EHHE!

0, — 6, 6, — 6

=% & &  RIR+R

F

B ofuleM cayuae njd CTEHKH, COCTOSINEH H3 A CIOEB, STO BH-
paXeHHe 3alHMIETCH TAK:

. (13.8)

4= By =031 _ 0By __ 6 —0nis (13.7)
am M: R R ’ o
g e

rae R — TepMHpueckoe CONMPOTHBJCHHE MHOTOCHOHHOH CTEHKH.

TIJIOTHOCTh TEMJMOBOrO IOTOKA NPAMO NPONOPIHOHAJbHA TEM-
nepatypHoMy Hanopy 0;—8n.41 H 00paTHO npoNOpHHOBAJNbHA TEP-
MHUYECKOMY CONPOTHBJEHUIO CTeHKH R.

Bupaxenne (13.6) MoXxHO IPHBECTH K BHIY ypaBHEHUHSt Teq-
JIOTPOBOAHOCTH AJsl IIOCKoH opHocJoliHoft crenku (13.3). Ilpn sa-
-MeHe IJIOCKOH MHOTOCAOMHON CTEHKH YCJIOBHOR (SKBHBaNEHTHOMH)
_OIHOCNOHHOM INPHHMMAIOT, YTO HX TepMUYeCKHe CONPOTHBJICHH:A
pasibl (R=R,); TONIIHAA SKBHBAJAEHTHOH OJHOCIOHHOH CTCHKH
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gt

i

I

—————— s e

paBHa TOJIIAHE MHOTOCAOHHOH CTEHKH
n.
A= 8;=8 48+ 84 ...+ 0.
i=1 .

Torza BHpaxeHHe IJIOTHOCTH TENJIOBOTO MOTOKA ‘MOXHO  3alH-
€aTh '

7=

Ay
2 (8,— 8- (13.8)

Ko3¢GuuHenT TeNIonPOBOAROCTH YCIOBHOR OJHOCJOHHOH cTed-
KH onpefensercs H3 PABEHCTBA TEPMHMUYECKUX CONPOTUBIEHHE

A :.‘ & . — A || A
Y s
25, AR

i=l

Takum 06pasoM, hs SaBHCHT. HE TOJBKO OT KO3(GQHUIIHEHTOB
TeNJONPOBOAHOCTH MATEPHANOB, CJOEE CTEHKH, HO H OT HMX TOJ-
OIHHBL.

Mpumep 13.1, Ilnockas cTeHKa MeTH COCTOMT M3 ABYX CJOEB: OTHEYNOPHOTO
kapmusa (5;=>500 Mm) m cTpoMTensHOro xupmmua (0:==250 mm). Temmeparypa
BHYTPEHHe#l NOBEpXHOCTH creHkH 0;==1260°C, remmeparypa HApPYHHOH NOBEPXHO-
etH crenkn B;=108°C. OnpeReAHTE HJAOTHOCTB TEINIOBOIG ROTOKA ¢ OpH CTa-
IKOHADHOH TeNJONPOBOIHOCTH CTEHKH M TeMIepaTypy CTEHKH Ha IpaHmile CIOeB
9, Kos(hQHUIMENTH TemIONpOROALOCTH OFHEYNOPHOr0 Kupnnua A1=1,16 Br/(m-°C)
¥ CTPOMTENBHOr0 KupnuHia A;=0,68 Br/(m-°C). . T B

Pewenue, CymMapHaa TOMLUIMHA CTEHKH

Am=8;4-6,=0,50+-0,25=0,75 »1.
Qfiee TepMATECKOE CORPOTHRICHHE CTEHKH

8 8 0,60 0,25
m"muu_:hm".ﬂulr_: . ra
1

+
Ay 1,16 0,58
DxpuBaNeHTHEH KkosPHLHEeHT TenaoNpOBOAHOCTH YCAOBHOH onuocnoiinolt CTeHKH:

‘A 0,75 : o
bo ="F =5 gag — 0:8.:Br/(u-7C).

— 0,862 (m?-° C)/Br. "

H.Hh.o.wﬂonu.w TEeIlIQBOr0 [OTOKE |

A 0,87

3 . | ) ..
4= .a_l Br141) =075 (1260 — 108) = 1336 Br/u?.
TeMmnepatypa CTEHKH Ha TPAHUUE CNOEB
Ay . 8y=0,~GRy=1260—1336-0,431=684°C.

§ 3. Nepegaua TenOTH TEMIONPOBOKHOCTEIO
yepes KPHBOJMHeliHbIe (MHIMHAPHUECKY10, chepruecKyio)
©OJHOCAOWHYI0 M MHOFOC{OHHYIO CTEHKH ™~

. B anmaparax 3HepreTHYeCKUX H TEXHOJOTHUIECKHX YCTAaHOBOK
nepesaua TEMJOTH OCYHIECTBISETCH KaK uepe3 NJOCKHE, TaK H
uepes IHIMHApPAYeCKHe u cdepuueckue cremku -(puc. 13.3). Ten-
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NpaBJeH OT BHYTPeHHeH NOBepX-
HOCTH CTEHOK K BHemIHed u 06-
PaTHO B 3aBHCHMOCTH OT TOTO,
Tie GyneT pacnoJaraTeCs cpeja
¢ 6oJee BLICOKOH TeMIepaTypoil.
7z Ilpu nepefave TEmIOTH He-
7r, _ pe3 KpHBOJIHHeHHEIe CTEHKH Tel-
2ry . JIOBOH TNOTOK OIpejeNsercd INo

TAKOMY €& YPaBHEHHIO, KaK [Js
Puc. 13.3. Tlepenava TemioTH Temio- IJIOCKOH CTeHKH AHW.:. TOJbKO

OPOBOJHOCTLE) uepes UHIHHAPHY9ECKYI0 -
(@) % chepuyeckylo (6) cremww; pac. ©° BPIPANEHHE BBOJHTCS pacuer

npefigNenye TeMIepaTyp

SN

PRI

i

IINNPIN

_m JOBOH TOTOK MOXeT OHTbL Ha-
54

Zr

I

HOCTH
Q=-L-F,u (8,—6). (13.10)

Humndmemmm NOBePXHOCTh TENIONPOBOJIHOCTH IIpHHHMAETCSI B 33~
BUCHMOCTH OT BHAAZ CTEHKH, Yepe3 KOTOpPYI0 NPOHCXOAHMT neperaua
TEIJIOTHL: :

A IJIOCKO# CTeHKH Frp=F|=Fy=F;

LA MHARHAPHYCCKOH CTeHKH

Fo="F, = (F;—F)/In(FyF) =y VFF, (InN=23IgN);

Ias coeputeckolt cTeHKH Fpn=Fpng=VFFy, rne & — Tommuua
CTeHKH (8=rp—r1); F|, Fs— miomanu BHyTpeHHEH u HapyXRol
nosepxHocrell TpyOu (chepm), M?; 1 — KosthdumHEHT, xXapakre-
PHSYIOLUI OTHOUIEHHe cpeAHel JorapH(MHuecKol Fn; Kk cpeamei
FeOMETPHUCCKOH Fpp. :

Cile0BaTENbHO, TENNOBOH NOTOK B KPDHBOJIHHEHHBIX CcTeHKAX
NPONOPLHOHANEH TeMNepatypHoMy Hanopy (0;—6:), pacueTHOH
TUIOINANK TOBEPXHOCTH Frn M 06pPaTHO NMPOUOPUHORAJNEH €e TOJIIH-
HE &"H.MIJ.

Tenaosoit motox (B BT/M), OTHECEHHBH K eIHEHNE IJIHHE TPy-
66l QfL, HasHBAeTCS AUKELHOL NAOTHOCTHIO TENA0B020 HOTOKG qi
H onpegenserca no dopmyne

Qmum.“ u“Amulnanu. — “_.”Amulmuv . A:w.__v
oo nln/n) = In (dy/dy)

3nayenns Koadipuumenta

FiFi . . . 1 1,2 1,4 1,6 1,8 2
vl 1 1,00M 1,007 1,000 1014 1,02
FofFy . . 2,5 3 4 5 6

eu\ Lo 1,085 1,01 1,082 LT 1,139

Haa IIOBEDXHOCTh TeIJIOHPOBOI- .

— e

@¢¢\THH¢$

4

o/ ]
>/

N
-
N

S

SW)
[

1 Q_q&.

oy — _— \ !
[niRm.Im. .liL[l\\.. ' \._ /N
J,
: 7
oz, 11 IRR
dn A {+Fmz
&y Fms F

Puc, 134. Ilepepava temnors Temio- Pue. 13.5, Ilepenaua rtemnorm Tenmo-
OpOBOJAHOCTLIO  Hepe3  MHOTOCHOHHEIE  IPOBOJAHOCTBIO Yepe3  ABYXCAOHHYIO!
KPUBOMUHEHHEIE CTEHKH; pacnpefejeHHe CTEHKY HACOCHO-KOMIIDECCOPHLX  TPYG6:
TeMAEpaTyp HarHeTaTeaRHOH CKEAIKHHEL

Kak yxe ykasmBajoch, Ha NPaKTHKE YaCTO MEPerOC TEMJOTH
NPOHCXOLAT  Yepes MHOTOCJAOKHBIE  KPHBOJNHHEHHBIE  CTEHKH
(puc. 134). Hnsa stux CT€HOK - TRIWIOBOH NOTOK ONpefedseTcd H
Boipaxends (13.12). Dro BhipakeHHe BLIBONHTCH TAK e, KAK H
AJS MJIOCKOH MHOrOCHOHHON CTEHKH

Q= w_lw.: =22 £ (0,—0,,), (13.12)
D
i=1 ....m.::

rae 61, Qx4 — TeMmepaTypa mOBepPXHOCTEH CTEHOK Ha BXOJE H BhI-
XOJl& TEImJIOBOTO NOTOXa; 8i, Ai, Fmi — TONMIHHA, xozthprOHeHT Tem-
JIOIPOBOAHOCTH ¥ DacyeTHAas MOBEPXHOCTb PACCMATPHRAEMOTO CJIOM
[, A — ofmas TOJINHHEA MHOTOCJOHHOH CTeHKH

A=84-8484...+ 8, = §;
i=]

Fm — pacuernas moBepxHOCTB TENJIONPOBOAHOCTH  CTEHKH, As —
SKBHBAJIEHTHEH Koathdunuent TEIIONMPOBOLHOCTH MHOIOCAOHHOMR
CTEHKH, ONpeielifieMbli H3 DaBeHCTBA TePMHUECKUX CONPOTHBME-
HHH OAHOCJIOHHOH YCHOBHOH M MHOTOCHOHHOM peanbHOH CTEHOK,

n

X
A=A[lF_ i,
? FM~ bt Frny
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CrezoBaTelNbHO, 3KBHBANEHTHBIH KOahQHEHEHT TEMJIOUPOBOZ-
HOCTE SABHCHT HE TOJDLKQ OT SHAUEHHMH K02(Q(pHUHeHTOB TENJOIpO-
BOJHOCTH MaTepHaJa H TOJINHH cloeB crenxu (A; §;), HO # OT co-
OTHOWUGHAS 3HaueHHH maowageli moeepxHocTell (Fmi U Fm).

JlaHeliHa# [JIOTHOCTh TEIJIOBOrO NOTOKA KIA  MHOTOCIOHHOH
CTEHKH TPYOH
: 8, —86
g=—2 =) (13.13)
Mn 1 in disq
fe=1 M?—. &_—.

IIpumep 13.2, ITpu warueranuy Bopguoro mapa B HedTaHOf mnact MAR no-
EBHIeNHS He(TeOTAAUN HAPYIKHAS INOBEDXHOCTE HACOCHO-KOMIDECCOPHHX TPY6
(HKT) wusommpyerca acBecToBof Gymaroff, OnpeleiuThk TeMIepaTypy HapyXHOH
ROBEPXHOCTH HBoMAuyy Oi W HA rpagkue coek cTeHKH 8; (puc, 13.5), ecnm pas-
mepst HKT u koo dHUEKEHT TEmIONpPOBOAHOCTH Mareprana Tpy6: di=63 MM, d.=
=73 mM; A;=48 Br/(M-°C); rommuna caog H Koa(PHIHEHT TeMIOOPOBOIHOCTH
acGectoBoli Gymard O.=105 mum, A;=021 Br/(M-°C); TeMnepaTypa BHYTpeHHeLk
nopepxuoctn HKT 0,=320 °C; nn0THOCTD TENAOBOrO NMOTOKA

g=Q/Fn=7200 Br/m2.

Peiyenne, 1. Cpegnre -pacueTnHe IMIOIIAjAH HNOBEPXHOCTH OTAENBHHX CINOEE
H ABYXCHOHHOR DMAHHADHYECKOH CTEHKH: :

- Fy=nd 1=3,14-63-10-%-1=0,198 m2;
Fa=mndy/1=3,14-73-10-3.1=0,228 M2,
Frua="07 F1F:=1,0017 0,0453=0,213 M2
Fo=gtdyl=3,14-76-10-3.1=0,239 u2 :
Fma="0Y Fo'Fa=170,0547=0,234 u; !
Em=17 FiFy=1,001470,0472=0,217 m*, i
2. Omp,.nmm TepPMHYECKOE nonuoﬂ_w.nmz:m CTEHKH:
B 8 5-107%
Ay map + ms.m =023 T
= 31.10-9 (m?-° C) /Br.

1,5-1073
.0,21.0,23¢ |

R=R,+R,=

8. DKBHBANCHTHEL KOS((DHIUHEHT TRIIONPOBOLHOCTH YCAOBHOA CTeRKH tieo
ho__ B - 65100 .
® FmR - [0,217:31-1073°

= 0,967 Br/(u-°C).

4. Temneparypa Ha HAPYIKHOR TOBEPXHOCTH HIOJIALMM L “

A 6,5:10° A
=0,=0, — g —-=2320— 7200 ————= ag, 0 ®
Batq u. Y q A 0,967 271,6 O P
5, Temmeparypa Ha HAPYXKHOH NOBEPXHOCTH H.HG.... i .
8, F . B-1013 0,217
0, =0, ——i-— T g0 — — 2L —319°C.
2T Ny Fima 28 0,213 7200==319°C

§ 4. OcHOBHO}1 3aKOH KOHBEKTUBHOIQ TenaooGmena

HauGoapiunii MATEpEC B HHIKEHEPHBHIX pacyeTax, Kak yxe ro-
BOPHJIOCh, NPEICTABJSET ~ KOHBEKTHBHBIH TeNJIOOOMEH MeXAy KHA-
KOCTHIO H IIOBEPXHOCTBIO TBEPAOro TEJNa, Ha3hBAEMBIM TEIIOOT~
jagen. -

TemooTAaYy NPHEATO PACCUMTHBATE 10 (Hopmyse HeioTona —
Puxmana

Q=0.(6—1) F=a (t—0)F (13.14)
¥ OJAQTHOCTE TEIJOBOIO TIOTOKAa .
g=0.(6—1) =a:(t—8) =aATp, (13.15)

roe Q — TEIIOBOH MOTOK, BT; o — KO3(QHIHCHT, XapaKTepHsylo-
Wipl yCIOBHA TEINIOOOMEHa MeX(Hy XKHIKOCTBI H OBEPXHOCTHIY
TBEPJAOTO  TeJd,  HA3HBaEMBIH KO hPULLERTOM qmahoow@aa:.
Br/(m2-°C); 0,f,7— TeMmepaTypa TBepHOro Texa U ropatuen M
xoq0/iHol xuakoctH, °C; F — maomajb ROBEPXHOCTH TEMIOOTAA*
qu, M2; AT, — pacyeTHLI# TeMNepaTypHbLE HAIOD, C.

B coorpercreud ¢ (opmyaci (13.18) mo cBoemy (uauueCKOMY
COfEPKAHKI0 KOI(D(HUIKEHT TEeNIcoTAAH (a=¢f{ATp) — 310 HAOT-
HOCTH TEeIIOBOTO MOTOKA ¢ NpH 3HAUEHWH TEMIepaTypHOro Hanopa
B 1°C umu 1 K. . :

[Ipy BEIYMCIEHHH TEIJIOBOIO IHOTOKA 10 dopumyse (13.14) oc-
HOBHHIE TPYAHOCTH 3aKNKYAIOTCA B ONPEREJCHHH rkoaduumenta
TemIo0TNaul. BaxkueiuuMy (arTOpaMH, OKa3bIBAIOUIMMH BJIHAHHE
Ha Ko3()HUHEHT TeNIOOTAAuH, ABAAIOTCHS ClEAyoxe: IPHPOAA
BO3EHKHOBEHHS] [JBHMKEHHH MKHIKOCTH Y HOOBEPXHOCTH TenioobMe-
Ha, PeXHM ABHIKEHHA KHIKOCTH, ¢usHUecKHe CBOHCTBA KHIAKOCTH,
{opma, pasMepH!, NOJOKEHHE B IPOCTPAHCTBE H COCTOAHUE noBepx-
HOCTH Tenaoo6MeHa.

BozHHKHOBeHHEe [QBHXEeHHA XHAKOCTH y IO~
BEPXHOCTH renaoob6mena. Ilpomecc TEmJOOTHAYH IIPOTE-
KaeT [O-PASHOMY B 34BHCEMOCTH OT NPHDOABl  BOSHHKHOBEHHH
JBIKEHAS JKHAKOCTH. JJIA OCYILECTBJCHHA JBHKEHHS KHIKOCTH
‘HeoGxoanMo AeficTsHe cui. Cuabl, geficTByiomue Ha EKHAKOCTD,
paszenqoTcA Ha, MacCOBbIE (06beMHEIE) H TOBEPXHOCTHELE. Mace-
COB6lE — TO TAKHE CHJIBI, KOTODhie NPUAOMEHBl KO BCEM YdCTHILAM
MUIKOCTH H OOYCJIOBIEHE BHEINHHMH CHJIOBLIMH TIOJMAMH (rpaBu-
TAIHOHAHM, 3JMeKTPHUECKHM H IP.). , . .

HogepxHoCTHblE — 3TO TaKHe CHJE, KOTODHIE NpUJOKeHH K
OBePXHOCTE O6BeMa JKHMJKOCTH H BOSHHKAIOT BCICIACTBHE [EHCT-
BHsl HA STOT OGBEM OKPYXKAOMEH MHAKOCTH HAH TBEPABIX Ted.
TaKuMH CHAAMH SBJASIOTCA CHJB BHEILIHEr0 IABJEHHH, CO3/aBde-
Moro paboTofi HACOCOB, KOMIPECCOPOB H BEHTHJIATOPOB, H CHJIH
TpeHus. B 3aBUCHMOCTH OT NPHPOAB BOSHHUKIOBEHHA [BHKEHHS
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HHUIKOCTH DA3NHYaloT cBOGOAHYI0 (eCTECTBEHHYIO) K BHIEYKICH-
HYI0 KOHBEKIIMIO. ‘

Csobodnoi KoHBeKyuell HA3EIBAETCH IBHIKEHHE JKHAKOCTH, BHI-
3BaNHOe HEOZHOPONHEIM DacnpefefeHHeM MACCOBLIX CHJ, 0GYCJOB-
JIEHHO® DA3HOCTBIO INIOTHOCTH HATPETHIX H XOJMOMEHX CIOEB, Ha-
XOQAIUXCA B HOJe TATOTeHHA. B 3TOM ciyyae marpersle oJoH
KHAKOCTH HCIEITHIBAIOT NEHCTBHEe apXHMMENOBOH CHIB H JBHXYTCH
BBEDX H, HA060POT, OXJaXIeHHLIE CJOU ABHXKYTCH BHE3. Cso6om-
Had KOHBEKUHHT B OTJIHUME OT BEIHYXKICHHOK HE MOKET OCYNIeCTB-
JaaTbca 6e3 TenmooGMena.

Bowyacdennod ronsexyues; nasmpaeTcs IBHXKEHNe KHIKOCTH,
BHI3BAHHOE JIeHCTBHEM BHEITHHX NMOBEPXHOCTHBIX CHJ, CO3JABAEMBIX
paboTolt HAaCOCOB, KOMIPECCOPOB H T. 4. B oTamuue oT cBOBORHOH
BHHYMIEHHAS KOHBEKIIHS! MOXET U He CONPOBOXKIATLCH TeIIo06-
MEHOM (M30TEPMHYECKOE TEYEHHE); B 3TOM clyyde OCYIIECTBJIA-
©TC KOHBEKTHBHEHI NePeHOC MAacChl. BBIHYXICHHAS KOHBEKIHS B
obmieM cayyae MoKer CONPOBOXAATECA H CBOGOAHON KOHBEKIIH-
ef. Jlona B mepeHoce TemsOTH CBOGOLHOH KOHBEKIHed TeM GOlb-
mre, 4yeM GoJbllle PA3HHNA TEMIEPATYD OTHEIBHEIX wacTefi CpeiH
H GeM MeHbIIE CKOPOCTb BHIHYXJIEHHOrO IBHXKeHud. IIpH GoJb-
UIHX CKOPOCTAX BBIHYKJEHHOrO [BHIKEHHS BJIHSAHHE CBOGOZHOM
KOHBEKIIHH CTZHOBHTCHA IPeHeGpexuMO MallBiM,

IIpaMepoM BHHYXICHHOH KOHBEKHHH MOMKET CIYKHTh TepeHoc
TEIJIOTEL OT ropAved BOAB K BHYTPEHHEH NOBEPXEOCTH Garapen
BOJAHOrO oTonNeHHd. ['opAyas BOJA ABMMKETCA NO CEKIMHAM 6aTa-
per mon gedcTBHeM paBoTH BOASHHX Hacocos. OT BHeMHEH mo-
BEPXHOCTH GaTaped K OKPYXKaloLIeMy BOSAYXY IOMELICHUS TEIJo-
Ta TlepejaeTcs B yCHAOBHAX CBOOOAHOH KOHBeKuMH. JIBHXcHHe BO3-
JZyXa OKOJO BHEIIHeH IOBEPXHOCTH 6OaTapeu
BCJICACTBHE DPASHOCTH INIOTHOCTEH HArperoro (OKOJIO NMOBEPXHOCTH
GaTaped MOAHHUMAIOLIETOCH BBEPX) H XOJOAHOTO (Bmanu or mo-
BEPXHOCTH ONYCKAIOUIErocs BHA3) BO3AyXa.

Pexum JABHXeHHA XEAKOCTH Pazauuaior JaMHHap-
HBIH H TYpOYJNeHTHH PEXUMB ABHIKEHHS JKHAKOCTH.

Jamunaproim BasLBAETCA TAKOE NBHKEHHe KHIKOCTH, WpH
KOTOPOM OTHEJbHBIC CTPYH NEDPEMEINAIOTCH NapajlelbHO . APYT
Apyry u CTEHKAM KaHaaa, He lepemelrnsasch (puc. 13.6). Ilpm
TaKOM pexHMe NEPEHOC TENJIOTH Of OAHOH CTPYHKHM K APYro# ocy-
WECTBAACTCH TONBKO TEIVIONPOBOAHOCTRIO. Koadduument remno-
HPOBONHOCTH XuJKOCTell (KaneMbHHX H rasoB) HEBEJHK, NOSTOMY
Tenao0TZaya OyneT CcpaBHHTENLHO Mada.

TypbyrenTHoim HasHBaeTCSI TAKOE IBHKEHHE, OPH  KOTOPOM
OTAENbHBIE  YACTHUB XKHAKOCTH NepeMeMalorcs GecnopsamouHO
(Xa0THTHO), T. €. UACTHIBL KHIKOCTH NEPEMEINaiOTCs KAk BIOJb,
TaK U nomepex xaHaja. ONHAKO Ha IPaHHIEe KHIKOCTH H CTEHKH
COXPAHSETCH CTPyHHOe NaMHHapHoe JBHXeHHe (cM. puc, 13.6).
Yuaacrok, rae coxpaHsercs JNaMHHApHOE NBHIKEHHE HHIKOCTH, Ha-
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Puc. 13.6. CrpoeHHe JaMHBAPHOTO H TYpPOYJNEHTHOTO  MOTPAHHYHONO CIOS HPH
OMHBAHAH IVIOCKOR NOBEPXHOCTH; pacnpefiefieHHe TEMTEPATYPH B CHOPOCTH B
Laoe: .
#), We— TEMIEPATYPA H CKODOCT: HaGerajomiero mnoToka; f, — geMnepatypa cvemks; O, —
ToAMIAA TYPOYAEATHOrO MOTPAHHUROrQ cyipd; O - ToAmuHa JaMBEapuoro caos; O, , — vox-
{UAHA JaMHAAPHOrC TNOACHAOR; @, — HSMeHeRHe kosddunueHTa TENNOOTAAYH NPH JaMHHAp-
HOM, NEPEXOHHOM, TYPOYAGHTHOM TEUEHHSAX; X4, Xgpp — KOODAWHATH HaUaza H KOHNA Ie-
pexXolHoro TedwcHHA

SHBAeTCHd BSSKHEM IIOJ CAOEM; TOMIIHHA 5TOrO NOACIOS OUYeHb Ma-
Ja. B rypGyJeHTHOM siApe YaCTHIE MMIKOCTH LIePEMEIIHBAIOTCA H
NEPEHOC ~TeINIOTH OCYILECTBAACTCS KOHBeKiMeH. Ilpa mnepeMelnn-
BaHHH HeHW3OeXHbl CTOJKHOBEHHS YacTHN, 06aajaioliHX PasiIHuBOH
SHEprHEH, MO3TOMY, €CTECTBEHHO, IPOHCXONHT MEePEHOC TEMIOTH H
TEIJIONPOBOAHOCTEI0. B BASKOM MOACIOE TENJIOTA IePelaeTCs TenIo-
nposogHocTeio. Ha pme. 13.6 nmokasaHo pachnpejelfieHHe CKODPOCTEH
U TEeMOepaTyp NPy JaMHHADHOM H TYPOYJEHTHOM [BHXKEHHH; BaH-
GoJiplllee LaJeHHe TeMIepaTyPH HabJI0AaeTCs B BA3KOM NOACIOE.
CiiefoBaTeNbHO, NMPH MHepenaue TemJOTH B YCJIOBHSIX TypOyJeHT-
HOTrO JABHXKEHHS OCHOBHOE TEPMHYECKOE COIPOTHBJ/ACHHE IIPEeACTAB-
JsierT BA3KEA NOoAcaOH. ) .

KoapdhrueHT TemA0OTHAAUH x C POCTOM TOJIIHHE IOTPaHMY-
HOTO cJOSL O, NpH JaMHHADHOM peXHMe TeueHHs yMeHbINaercsd
B MepeXOAHOH 30He HAPACTAeT CTENEHb Q@@%ﬁﬁ.mpmm. YMeHbIIIA-
‘ercsl TOJNNIMHA JAMHHADHOTO CJOH H o BO3DPACTaer; mpu Typoy-
JIEHTHOM peXHMe TEeUYeHH:A CpelHAsd TOJIIHHA HNENNNGEOHO. noma-
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C10SI Oxn He MEHSIETCS, IOTOMY oy B 3TOH UACTH TEUEHHS COXpa-
HAET NOCTOSHHOE 3HAYEHHE.

duzuueckne cBoHcTBa MHAKocTel Temwnoormaua
3aBHCHT OT pachpeeNeHHs CKOPOCTH U TeMIepaTypH B INPHCTEH-
HOil o6jacTH. POpMHpOBAHHe M pacnpejelieHHe CKOPOCTeH M TEM-
nepaTyp ONPenelsiorcsd TenJAo(PH3HUECKAMH CBOHCTBAMH KHAKO-
cTefi: BASKOCTBIO [, KOO(QdHLMEHTOM TeNNONPOBOLHOCTH A, TEIJIO-
EMKOCTBIO Cp, NAOTHOCTRIO p. :

®opMa, paszmepH, NOJOXEHHEe B IPOCTPAaHCTBE
H COCTOSIHHE NMOBEPXHOCTH TenidoobOmena Qopma
MOBEPXHOCTH (IANTa, OAHHOUHAS TPyGa HAM mydoK Tpyl), moJo-
JKeHHe B NpOCTPaHCTBe (BePTHEaNLHOE H/IH TOPHIOHTAJNbHOE, KO-
PHIOPHOe HJH IIaXMaTHOE DACHOJNOMKeHHe TPyG B Iyuke), Xapak-
T€p OMHBAHHA IOBEDXHOCTH (MPOLOJBHOE WJIH IIONEPevyHoe), Dpas-
MepH H COCTOSHHE ee (CTemeHh [IEPOXOBATOCTH) — BCe 3TO
co3Zaer coellHpHUECKNEe YCJIOBHS [NJA paclnpenelieHHs CKOPOCTH H
TeMIepaTyphl B NPHCTEHHOH 06JacTH # B KOHEYHOM cyeTe JJIA Tell-
JIOOTAAYH.

PaccMOTpeHEbE PPYIiNH -aKTOPOB MOKASHBAIOT CHOXKHOCTH ON-
pefeNerns koabdHuHeHTa TemIooTAauH. IloaToMy TeopeTHUECKOS

onpejeieHne Ko3()(PHIMEHTa TEIVIOOTLAYH BO3MOXHO TOJBKO IJ# -

YyaCTHEX, HauOoJe¢ NMPOCTHX 3amad. B GouablHCTBe Ke CIyYaes
K03 OHUHEHT TENVIQOTAAYA ONPENeNseTcs ONBITHHM MyTeM Ha OC-
HOBE TEOPHH TMOAO0HA H PasMepHOCTEM. .

§ 5. Npuauunb TeopHit MOKOGH M pasMepHOCTel

Onpegenente KosQQuIHEEHTa TENIQOTEAYH, KAK yXe TOBOPH-
J0oCh paHee, OCYIUIECTBJHSAETCA 3KCNEPHMEHTANBHO Ha MPOMEIIIEH-
HBIX YCTAHOBKAX HJH Ha MX MOJEIAX B Na0OPaTOPHHIX YCJIOBHAX.

OnHTHHEE HCCIeJOBARHA HA HPOMBIICHHBX yYCTAHOBKAX CBAsa-
Hbl ¢ GOJBILMMH TPYZHOCTAMH (rPOMOSAKOCTb H CJIOMBOCTb ycTa-
HOBKH, JOPOrOBH3HZ, HEBOSMOXKHOCTR HCCIEJOBAHHA BCEX DEeXH-
MOB ¥ T. .), IPEOJOJIETh KOTOpHE He Beerfa ypaercs. IIposesenue
SKCIIEPHMEHTOB Ha MOAEIAX C UEJbI0 MOJMYYeHHs —SABHCHMOCTEH
s onpegeieHds kKoa(h@HIHMeHT2 TEmNOOTAZUM NPEANOAAraeT Ha-
JHMYHe TEOpHH, KOTOpas AaBajia OB OTBET Ha CJeAYIOIUIHE BONPO-
col: 1) KakKHe BeJHYMHB HYXHO H3MEPATbH B OMNEITE; 2) kax ofpa-
GaThiBATh NaHHEE ONHTA; 3) Ha Kaxue SBJEHHS MOXKHO B JAaJb-
HelilleM PacHPOCTPAHHTL NONYYEHHbIE PACYCTHHIC 3aBHCHMOCTH.

Ha Bce 5TH BONPOCH A&ET OTBETH TEOPHS MOLOGHS.

HauBonbuinii sKAax B paspaboTKy TEOpHH NOoJfo6us B Halel
crpane caenans M. B. Kupnuyes u A. A. Tyxman. ITonarne nogo-
GH% SaHMCTBOBAHO M3, TEOMETPHM, TAE PACCMATPHBAIOTCA YCHAOBHR
nono6uss reomerpuuecknx ¢uryp. Jad mopo6HsA reoMeTpHYecKHX
GUryp AOCTATOUHO COGJIONEHHH OOHYHEX ODH3HAKOB NOROOHS
(mponOPUAOHAJIBHOCTS CXOACTBEHHHX CTOPOH, DABEHCTBO YyTIAOB H
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ap.). Has mopo6us (QH3MUECKHX OPOLECCOB HeoOxogHMO obecme-
uHTb HeJblil psif YCJOBHE, B TOM HHCJE PaBCHCTBO GeapasMepHHX
KOMILIEKCOB, HASHIBAEMBIX KDHTEPHAMH (yuciamy) TWOROGHA.

[ Tlepeuii BHBOJ, TEOPHH nono6ust (Hpioron, 1685 r.) ¢opmysu-
pyerca Tak: nodobuule mexcdy coborwo ABAEHUR UMEIOT owamaaomsm
Kpurepuyu nodobus. DTOT BHIBOA IALT oTBeT Ha [epBHIH INOCTaB-
JIeHHH BOIPOC: B ONBITAX HYXKHO H3MEPATL BCE TE BCJIUYHHE
KOTOpHie BXOJAT B KPHTEPHH nojo6Hs, XapakTepusyolHe AaHHbiA
mponuecce. . :

d m,_.owom BHBOJ, Teopkh momobus (Dexepman, 1911 r. u Bygus-
rem, 1914 r1.) rnacur: peulenrue QudhcheperyiaibHOE0 YPABHEHILSE MO~
scer BoiTe npedcrasacso 8 'sude (YRKYUOKAALROL 3Q6UCUMOCTIL
MexBy - KpurepuUaMu nodobus, XapaxTepusyrouimiL npoyece 1 no-
AYHEHHOLMU U3 cxouozo ypasnenust. Takas 3dBHCHMOCTL Haskl-
paercsl ypasHeHHEN fofo6usi. CaenoBaTelbho, STOT BHIBOJ, OTBEua-
eT HA BTOpOH BONPOC: ONHTHEIE AAHHBIC HAALO0 o6paforaTh B BHIE
3aBHCHMOCTH MEXAy KpHTepHAMH IoA00Hs, T. €. B BHAE YPaBHEHAA
nojgcbud. - . . .

. hawm,_.mm BHIBOJ, TEOPUH NOKOOHA Qﬁe. B. Kuprmues u A. A. Tyx-
maH, 1936 r.): nodobHo meaedy cobUlL Te ABALHUR, Koropeie npu-
wadaescar K 00HOMY Faaccy, K& OOHOMY pody u umeoT pasHbie
onpedeanionjue KpuTepull nodobus. DTOT BLIBOZL JAeT OTBET HA
TpeTHli BONMPOC: PACIETHBIE 3ABHCHMOCTH, TOJYUEeHHEE B pe3y/hTa-
Te OBPAOOTEM ONBITHEIX NaHHEIX, MOTYT 6T pacmpocipaHeHH Ha
rpynmy sBAeRs#, nOAOGHEIX H3YHEHHOMY. — .

TagiM ofpas3oM, TeOpHHA mofoGHs IPHMERAETCA B TOM Cayyae,
gorza u3pecTHH AH¢{epeHiHaIbHbIE ypaBHeHHs, ONHCHBAOMIHES
paccMaTpHBaeMbli Mpoliecc, HO DELIHTh 9TH . yPaBHEHHMA "HEBO3-

Moo, Toraa H3 AA(QQepeHIHaNbHHX YPABHEHUIL AOJY4aloT BH-
paKeHus UHCEN (kpuTepHeB) NOKOGHT. A’ ONBITHEIM TIyTeM Haxo-
AAT pacyeTHEe 3aBHCHMOCTH — ypaBHeHHA TOAOGHS.

Korpa e mut¢epeHuuaibHBX ypaBHEHHH, ONMHCHBAKIIHX

HsyuaeMblll [Ipomecc, HeT M OHH HE MOTyT 6EITL MOJNYYeHH, NpBEMe-
HsieTcsl TEOPHs PasMepPHOCTEH. OpHako ROMXKeH OHTh H3BECTEH
nepeyerb BENHYHH, OKASHBAIOILMX CyLleCTBEHHOE BAHSHHE HA Ppas-
BHTHE PaCCMATPHBAEMOro Ipollecea. Hanpnmep, A8 CBOGOMHOU
KOHBEKIMM TAKOH NepeueHb BENHUHMH ONMPELSaaeTcd HCXOJHOH 132~

BHCHMOCTBIO

a=F{ gb, p, s X B, Co), ~(13.16)
rie erxmcmmamwmzm A4 AaHHOTO npotiecca wmmmmmzm vmmu
Mep, M; gp —— yCKOpeHHE NOLDLEMHOH cune, M/(c?-K); p=="maoT
HOCTL JKUIKOCTH, Kr/M3; [ -— HAHHaMutecKas BSISKOCThb vxmpmwmé.
Ila.c; A — Koo pHAIMHEHT TENICI POBOHOCTH JKHJKOCTH, Br/(M-°C);
@ — pasHOCTh TEMIIEPATyp CTEHKH H KuaKoctd, °C; ¢p — yACHbHAR
TenJOEMKOCTh KHIKOCTH, I/ (kr-°C). DKcIepHMEHTabEOS. necie-
popaHHe 3TOH 3aBHCHMOCTH BCIIE/(CTBHE HeoGXOJHMOCTH TIPOB&AS-
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HUA GOJIBIIOIO YHCJA ONBITOB HeoCyIeCTBHMO. TeOpHs pa3mepHO-
Crefl MO3BOJIAET CBECTH BEIPAXKEHHE OT CEMH HE3aBHCHMHIX Iepe-
MeHHHX (13.16) k 3aBECMMOCTH OT ABYX 0GOGINEHAHIX TepeMeH-
HHX (K ypaBHeHHIO moAo6us)

Nu~f (Pr, Gr). (13.17}

Taxam obpasom ofecneuuBaercd BO3MOXKHOCTL--2KCIIEPHM CHTAJb-
HOTQ H3YYeHHA KOHBEKTHBHOIO TEIVIOOOMEHA B YCHAOBHAX CBOGOL-
HOrO JABHXKEHHH, TAK KaK 4YHCIAO HEOOGXOIMMHIX ONLITOB PE3KO CHH-
xaercd -

N=an, (13.18)

roe N — obuee uuca0 HeOGXOAMMBIX OIHTOB; ¢ — YHCJO ONBITOR

ANSl BRIABJIEHHA 3aBHCHMOCTH OT OJHOH mepeMeHHOH; n — YHGIO
He3aBHCHMEIX IepeMeHHEX.

B pacuerTHsIX ypaBHEHHNX KOHBEKTHBHOTO TemnooGMena Han-
Gosblllee NpHMEHEHHE IOJAYUMIM CJAefyOLRe GespasMepHble KOMI-
Jdexchl (Kputepun) momobusi: Hyccembra Nu, Pefinosnica Re.
Hpanarasa Pr, Ilexne Pe u I'pacroda Gr. Uucaam nopofus npH-
CBOGHE HMEHa YHeHBIX, CAeJaBUIHX mo.Equz BKXAalL B . ob6aacTs
Tellco0MeHa H THAPOAMHAMHEKH,

Uncia MOLOOHS, cOCTaBIEHRHE TOJBKO H3 3ajaNHBIX BEJHIHH
MATEMATHYECKOTQ ONMHCAHHA 3aLAaYH, HA3HBAOTCA OAPECeiOuiUMU
kpurepuamy nodobus. Kparepun nonoGHs, comepikalline 3aBHCH-
MBle llepeMeHREe (B 3a4ayax KOHBEKTHBHOTO TelulooOMeHa dalle
BCETO &), HASHIBANTCA onpedenrembimi,

Q:go Hycceapra, wnn KpUTepHii TeNN00TIAYH, XaDaKTePH3Y-
@T COOTHOUICHHG TEMJOBLIX NOTOKOB, nepefaBaeMbiX mommmﬁmmg
H 4m=ﬁo=vomoh=onam3%m@%w_mwz uuepes WPHCTeHHEA ™ coof——

et st vt a
- (13.19)

||.I1|sq||‘1!!.l<! !.!un IL!!\!!!.. !.i\
9:». >
rie Q.|mow%&==.mm=e ammaoo_ﬁma: wi (m2-C); ! — onpeaensio-
Ol JuHeHHEIR pasmep, M; ».i.moweexn:mme TeNiQIPOBOJHOCTH
xuzprocr, Br/(M-°C). 4

~ JlumeliHeli pasmep, CYI{ECTBEHHO BJIHAOIHHA HA pa3BHTHE
npolecca KOHBEKTHBHOIO TeIIoOOMeHa, HasLIBAGTCA ONpefeisio-
muM. Jas xamporo pacueTHOrO BHIPAMKEHHS Q@mwmmmmm nofo6ns)
KQHBEKTHBHQIQ TemIooOMeHa ouwmpmamsEmn JHHeHHBIA pasMep
yEazuBaercs ocobo.

\\M&gothmamgumna — KpHTePHH THAPOXHHAMHYECKOro noAo6Hd

XaPAKTEPHIYETCA. COOTHOUIEHHEM CHJ Emmﬁnmm H Eo.nmmmuwhm@moﬂ..o
e

TPEeHHSH ?mmxoﬁ.mv
Re=wl/v, (13.20)

THe @ — cpeaHas (AuHeliHas) CKOPOCTh JKMAKOCTH (B M/c) ompe-
JenseTca OTHOWleHHEM OGBeMHOro pacxofa K INIOINAjH IONeped-
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“HHA KoshdumuenT o6beMHOro paciuBEpenud, K~

A ey o a
rﬂ T NM?&: .4 \ Ciupr 5 & r

HOrO CceueHHd NOTOKa, Mfc; o =vff; v= Em]mmmmzmgmmnmmm BA3~
KOCTb XKHAKOCTH, zm?

Mo uucnoBoMy sHaueHwio kpuTepHa Re CyHAT 0 peXKHMe NBH-
XKeHus XKHAKOCTH B TpyGax Kpymioro ceuedus; Resg2320 — mpu-
MeHHe XKHAKOCTH JaMEHapHOoe; ReZ= Ho*[.hmm%mm:m KUIKOCTH
passuToe TypGyneHTHOE; wwmoAMoAH?l@mﬁsz JNBUKEHHT Ie-
PeXOLHHI, T. €. IO CBOBMY XapaKTepy HeyCTOHUMBELIL

Jucao Ilpandras xapaxrepHsyerT (GHU3HUCCKHE CBROHCTBA MKHIKO- / ‘

CTH ‘H HX BJHSIHHE HA BHABIH emnaoom.&mm

P,Hia. .

Gm.w:
rie a — KosQHIHEHT TeMIepaTypPONpPOBOAHOCTH KHAKOCTH, M2/c.

Uncao memhﬂm onpenensier nmogobue TEMIEPATYPHLIX H CKO-
POCTHEIX HMOJIEH B MOTOKe XEAKOCTH {mpH Pr=1 moaa temuneparyp
H CKOpOCTel TeUeHHsi TOUHO nmofoGHH). s rasos 4HCIO Pr szasu-
CHT TOJLKO OT HX aTOMHOCTH; Ias oaHoatoMHEx Pr=0,67, mis
AByXaTOMEHX Pr=0,72 u MuoroatoMusix Przzl..

Yyucao Iekae — KpUTEPHi KOHBEKTHBHOTO TENAOOOMEHA Xapak-
TEPHBYeT OTHOLIEHHe MVIOTHOCTH TEeIJIOBOrO IIOTOKA, NepefaBaeMo-
FO EOHBeKIHeH, K IJIOTHOCTH TENJIOBOTO NOTOKA, HEpPEenaBaeMoro
TemIoNPOBCAROCThIO,

Pe=wl/a. (13.22)

Yucao Pe — mpousseneHne AByX 6e3pasMepHEIX HHCEN nopommm
Peligoaspca u [IpauaTns

Pe=RePr.

ucao I anmoﬁﬁm KTEDH3YeT COOTHOIIEHHE MOIBEMHOH CH-

e e

ﬁE- BO3HHKINEH BCJE/CTBHE DPAasHOCTH HAOTHOCTEH HAFPETHIX H X0-
ﬁo.ﬂmwﬂn ANOHNP JXHAKOCTH H CHJIB MOJEKYJIADHOIO .ﬂ@mmmm H\:.T

TEeHCHBHOCTD nmoaonmo_..o u.mﬁwmmmm KEIKOCTH " ———

\ ‘ Gr= mEm.m_?N

(13.23)

HaIs g — yCKOperne cBOGOIHOrO MajeHud, M/c?; B — Temmneparyp-
“{ — pasHocTh
MeXKZY TeMIepaTypaMH XKHAKOCTH H CTeHKH, °C.

XapaKTepHCTHKH TemIO(HSHUECKHX CBOHCTB MKHAKOCTeH, BXO-
JAlye B BEIDaXKeHHMS YHceJ NOXOGHS, B oblieM ciydae B3aBHCAT
or temneparyphl. [TosToMy [Jd ONpeleNeHHs UHCICHHHX SHAYEHH
KPHTEPHEB NOJOOHA B KAXAOM YDaBHCHHH rofofusa yKaseBaercs
TEMIepaTypa, IOPH KOTOPOH mmaaom TenaodH3HIecKNe XapakTe-
DPHCTUKH.
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§ 6. O6o6wennbe 3aBHCHMOCTH (ypaBrenus nopo6us)
KOHBEKTHBHOI'0 TemJooGMena

YCTaHOBHBLIUICA KOHBEKTHBHBIN TemJOOGMEeH B obmeM cryuae
ommommmmeomgmhwsEmzémmmmmxmauohoamm ?mumamme _w%gl
.u., \‘..a.

KOCTH) :

Zyar

Nu=CRe™Pr*Gr? (Pry/Pr.) %, (13.24)

It KOHKDeTHHIX YC/NOBHE KOHBEKTHBHOTO TENaoco6MeHa ypaB-
Henne (13.24) MHOrZA MOXKHO YIPOCTHTS. ITpn  BHHYXKAeHHOM.
TYPOYJEeHTHOM HBHKEHHH MOYKNO npere6peys BIHAHHEM cBOGOA-
HOr0 NBHMEHHS, M TOTJA M3 apryMeHTOB Bhmajer Gr i ypaBHeHHe
nozo6us (13.24) npumer pupg oo o

Nu=CRe™Pr#(Pry/Pr,) %%,

(13.25)

[1pu uncro cBOGONHOM ABMIKEHHH B uHC/e apryMeHToB He Gyner

kpurepus Re ® Torna ypasHenue mogo6Hst sanmmiercs tax:
_ Nu=CPr*Gr? (Pr/Pr¢)%% wan
Nu=C (GrPr)" (Pry/Pre) %2, (13.26)

B ToMm cayuae, Kornma KOHBEKTHPYyIOLIEH cpenofi sBifeTcs ras,
MOXKET OTCYTCTBOBATh KPHTepPHH Pr, mOCKONbKY OH HMeeT HOCTO-
AHHO@ 3HAUCHME NJ7 rasoB OJMHAKOBOH aTOMHOCTH H YpaBHeHH:
nojobust (13.25) m (13.26) mpumuMaior eume Goaee OPOCTOH BHI

Nu=CRe™ u Nu=CGre. (13.27)

Beenenne muoxutens (Prx/Prc)%® B ypaBmeHus nogofust aas
KaneNpHHX XHIKOCTEH jaer BO3MOMHOCThD HCIOJB30BATH 5TH
ypaBHeHHs NpH JMIOGOM HaopaBJeHHA TEIVIOBOLO IOTOKAa  {OT
CTEHKH K cpefie' H Ha000pOT) H yuecTb H3MeHeHHe TemaoduaHye-
CKMX CBOHCTB cpenbl. MHHEKCH «K» H «C» 03HAUAIOT, YTO TEHJO-
(prsHueCKHe NapaMeTphl KHAKOCTH CAefyeT BHOHPATL HPH Cpel-
HEeH ee TeMmMepatype H COOTBETCTBEHHO NDH CPefHEeH TeMmieparype
CTEHKH. .

IIpr GONBIIMX HSMEHEHHSX 3HAUEHHH TeMnepaTypel (mopsiaxa
COTEH TrPajycoB) LEPEMEHHOCTb TEMNIOMHSHTECKHX DapaMeTpoB ra-
34 OT TeMIepaTyphl yUMTHBAETCA BBefeHHeM MHOMuTeAR (TofTp)”
B ypaBHeHHe IrofoOus. .

Tenaoordaua npu svinyscdennomn dsumxceruy suUdKocTYy

I
TennooTnaya NPH OMBBAHHE HAOCKOH CTEHKH
Cpennee sHaueHne KoshHIHEHTA TEMJICOTLAYH openensieTcs H3
ypaBHeHHH noxobus: . A

NpH JIaMHAHADHOM TedeHHH Res=S4.104
Nu=0,66 Re®5Pr%33 (Pr,/Pr,)02; (13.28)-
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M. A. HSEMnmmm

npu TypOysieHTHOM TeyeHHH Re>4.10%
Nu=0,037 Re®Pr®33 (Pry/Prc) %%,

.:.;..1 ..
m.“_mwmw%%wwzgmx mwmamoemmonvmhgmsEmmamznm@mﬂeznwm.
HATA TEM

(13.29)

MilepaTypa XKuakocTH BHadH oT Tena (fp=idem); B kaye-

‘CTBE OIPEJENAIONero JHHERHOr0 pasMepa — JJIHHA IJIACTHHBL IO

HaNpagBJeHHIO IOTOKA.
Tenscornava npu ABHMEHHH MUAKOCTH B TPY-
6 ax. IlpH naMHHADHOM TE€YEHHH KHIKOCTH B TPy0ax BO3MOMKHEI
IBa DEXHMA [IBHKEHHS: BJSKOCTHHH H BASKOCTHO-TDAaBHTALHOH-
gul. Hajgpume B XHIKOCTH DPA3HOCTH TeMiueparyp (6es KoTopo#
HEeBO3MOXEeH Temwioo0MeH} NPHBOAHT K BO3HHKHOBEHHI) HOABEM-
HOM CHJIH, T. €. K CyLIECTBOBAHHIO HapsIly C BHIHYXAGHHOH TaKke
cBOCOAHOH KOHBEKHHH. - c
JIaMHHADHEIfI peXHMM BHHYXKIEHEOH KOHBEKIHH, IPH KOTODOM
BJHUSIHMEM CBOOGOAHOH KOHBEKUMH MOXHO mpeHefpeub, HasHBaeT-
e 8A3KOCTHbIM. BaskocTHH# pexuM cymecreyer npu  (GrPr) <<
<8105 u cpenuil ko3(dHHUIHEHT TENNOOTHATH NPH STOM peXHME
onpeneJasercs U3 ypasHeHHS 000U .

 Nu=1,55 ?m ﬂJ:@ (/) 012, (13.30)

®opmyna (13.30) neficrBuTeNbHA EEW +<0,01, fo=idem u

0,7<pof/px=<<1500. OnpepensiomiBM JIHHEHHBIM pasMepom gBJS-
ercss BHYTPeHHUH nHaMerp TPYOHL; ONpeAessiollel TeMneparypo#
NpHEATA TeMnepatypa t=tf.4=Af,/2 (3HaK MHHYC TDH HarpeBaH#M
B IMIOC NpH oxAaxkmeHuH); Af,= (Afi—Aty)/[/InAtfAty — cpepunit
NorapudMHUECKHil  TeMIepaTyPHBIH  HaMop; Afsx=|te—Tax|;
Afsux=|te—Fnux|; Foxs boux — CPEAHSAS TEMIEDPATYPa MHIKOCTH B
Hayaje W B KOHIE OMLIBAHHSA IOBEPXHOCTH TefoofMeHa; Af —
HauOoapinufl, Afs — BaEMeHbIIHE CpefHHE TeMIeparypHble Halo-
PH H3 TEMIEPATYPHHX HanopoB Afsx H Afsux.
BsasxocTro-2pasurayuonnstl pescum cyumecrsyer npr (GrPr)>

' >8.105, & cpenuuit KOS(QQUIHEHT TEINIOOTHAYH ONMpEAeNsieTcs H3

ypaBHEeHHS noao6us . .
* Nu=0,15 Re?33Pr033 (GrPr) % (Prx/Pr.) %2 (13.31)
1
dopmyna (13.31) peficrsurensHa npu [/d>>50; sa ompenensiomni
JuHEAHH pasMep NPHHAT BHYTPeHHRH nuaMeTp TPyO®l, sa ompe-
JEHSIOMYK TeMIepaTypy — CpeiHss TeMIepaTtypa moToKa.

Ias ompenmeneHusl cpefgHero KosdduIHeNTa TENIOOTAAUH NDH
paspuTOM TypOyJeHTHOM [BHXKEHMH pEKOMeHmyercs (opMyna

(13.32)
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Nu=0,021 Re%Pro43 (Pry/Pro) 9%.




B kadvecrBe ompegensiolero nrHefHOTO pasMepa 31eCh HPHHAT
BHYTPEHHHH juaMerp TPYOH; Olpefeasiolias TeMIepaTypa —
CpesHas TeMnepaTypa 1OTOKA; GopMmynaa AelicTBHTeNbHA npH fd>
>50. Ecitn TeueHHe NPOMCXOAHT MO KAHAJZAM HEKPYIJIOTO CeyeHHH,
TO B Kadyecrse ONPeJesIollero JUHEHHOTO pasMepa NpHHEMAeTcH
SKBHBAJIEHTHBIH JHAMeTD, ONpPefeNAEMEH [0 ypaBHeHHO ds=4f/u,
rAe [ — muomanb MONEPeYHOro CeueHHs KaHala (XKHBOe CeueHHe);
4 — NOMHEI CMOYeHHBIH DepUMeETP KaHaJja.

Boinee uHTEHCHBHO, YeM B NpPsSIMBIX TPy6ax, NPOTEKAeT IpoLece
TENJIOOTAAYH B H3OTHYTHX TpyGax (3Meemukax). JIns srIYHCJICHUS
Kosdh(HIEeHTa TemmooTaaYM [PH  TYPOYJEHTHOM J[BHMKCHHH B
3MeeBUKE H COOTBETCTBYIOIIHX YCJIOBHAX MOMKHO HCHOJbL30BATh CO-
OTHOINEHHE Csu=0(1-+1,8 d[R), rlle ey — KOG ULHEEHT TEMACOT-
AAaYH B M3OPHYToH Tpy6e; o — Ko3(dULHEHT TeNJ00THAaYH B mHpd-
Moit Tpy0e, BhrumchenHbE no dopmyae (13.32); d — mguamerp Tpy-
6l; R — pajuyc 3MeeBHKa.

Tenaroordaua npu nonepeunom obrexanuu Tpy6

ITponece TenAoOTAaYH NPU NONEPEYHOM OOTEKAHHH TPYS HMe-
eT OCOGEHHOCTH, KOTOPHe OGYC/IOBJNEHB TEAPOXHHAMHKOH ABHMKE-
HHS XKHAKOCTH BO/IH3M TOBepXHoCTH TPYGnl (puc. 13,7). B cooTmer-
CTBHE C 3THM MeHsieTcs KO3(Q{HIHeHT TeIJIOOTHZAYH [0 MOBEPXHO-
crd TPy6E. B s060BO# YacTH OH HanGOMNBIINEH, Aaliee MO MepHMET-
Py TpyGH o majaer ¥ AOCTHrAaeT MHHHMAJILHOTO 3HAUEHHS B TOU-
Ke OTpHBA NOTOKa (TOYKa a@). B BHXpeBOoM TactH KoaddHUHEHT
TeIJIOOTAYY YBEJAHIHBAETCH.

ITpn sHauenusx Re>>200000 norpanuuusii cio#f o orpeBa me-
pexopur B TypOGynentHuit (puc. 13.7,6); mpm sroM TOUKA OTPHIBA
nepeMellaercia B CTOpPoHy OGoaeumiux . Kamenenue xoshdpuupenrta
TEINIOOTAAYA B STHX YCIOBHAX MMeeT GoJee CHIOXKHEIR xapakrep.

|
|
!
_
_

0 #5 90 135 ¢

0 45 90 135 ¢

Puc. 13.7. Cxemm  rpaduxs usMeHeHus xo3((QHLHEHTA TeIIOOTAauHd IpE 0O-

DEpeuHOM OMEIBANHH OJMHOUHOH TPYOH JIas Aamumaporo (@) u TyplyaenTHOro
(6) morpaHHYHEIX /10ER
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Jana onpeneseHuss kKodhdHUHEHTa TENJOOTAAYH IPH MOneped-
HOM OMEIBAHUH OJMHOUHOHA TPyOGLl MCIONB3YIOT CASAYOLIHE yPaBHe-
HHS moaobusa:
npH Re=5—103

Nu=0,5 Re95Pr0%8 (Pr,/Pr.) %%; (13.33)

npu Re=103—2-10°
Nu=0,25 Red6P1038 (Pr, /Pr.) %25, (13.34)

3a ompepeqdaWHl JHHeHHME pasMep NPHHAT BHEIIHHH .E\Ezmem_
TPpy6Hi; 3a OlPEASIAOIIYI0 TEMIEepaTypy — TeMnepaTypa IOTOKa;
CKOPOCTh XHIKOCTH OTHECeHa K CaMOMY Y3KOMY CEUEHHIO KaHana,
B KOTOPOM paclosioxeHa tpyba.

Gopumyan (13.33), (13.34) u (13.35) cnpaBeisiHBEL IpH YCJIO-
BUM, YTO, YrOJ MEXKJY HaNpPABJIEHHEM IOTOKA H OCbIO TPyGhl, Ha-
asBaemolt yrioM arakd, pased 90°. Ilpu YMEHbIUCHHH yIaa aTa-
KA o ymenbinaerca. Ecau yroa ataxu MeHblle 90°, TO NOTyUueHHHIR
Kos(hpuuKEHT TEMIOOTAAUN HEOGXOAHMO YMHOXKMTH Ha NONPaBOH-
HEll KosthuuuenT, sHAUeHHs KOTOPOro NPHBOJATCA B COPABOUHOM

HTEpaType.

g mvcmwwazmmmmm NONEPEYHHIM IOTOKOM XKHAKOCTH NyuKa Tpy6
HHTEHCHBHOCTh TEILIOOTAAYH 3aBHCHT He TOJBKO OF (aKTOpOB,
BJAESIOUIEX HA TeIIOOTAAYy OLHHOUHOH TPyObl, HO H OT B3aHMHO-
ro pacnosoXeu#s TPyOé B nyuke, a TAKXKe OT IJIOTHOCTH MyuKa.
OBHYHO NPHMEHSIOT KopHAopHoe (MO BepIIHAM KBajpara) H
axMaTHOe (0 BEepIUIAHAM TPEYIOJbHEKA) DaCHOJOXKeHHs: Tpy6 B
nyuke (pmc. 13.8). IlAOTHOCTE PacHONOKEHHSA Tpy0 B IyiKe Xa-
PAKTEPH3YETCs COOTHONIEHHAMH MEXJY NOMepeuHbiM IIaroM m_.q
NPOLOLHHIM LIaroM Sp W BHENIHHM AHaMerpoM TPYS. Hecnenosa
HHSMK YCTAHOBJEHO, UTO TemI00TAaua TPYS BTOPOro H TPEThEro
PSROB TOCTENEHIO BO3PACTACT N0 CPABHEHMIO C  TRINIOOTAATIEH
nepsoro paja. 310 o0LACHAETCA YBENHIEHHEM TypOyAeHTHOCTH no-_
TOKA IPM NPOXOXKJEHHH ero uepes nyuox. Haumnas ¢ Tperherc
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Prc. 13.8. OybiBanue 1yTK0B TpYS NpH wwaxmatHoM (a) H moumho?woz (6) WN.W
HONOMEHHH (S, 52, So’ — NONEPEUHHH, NMPOROMLHHE H AHATOHANBHEIM COOTES

BeHHO 1mard TpyG6}
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PAna NOTOK NPAKTHYECKH crabrausupyercs, NO3TOMY M CpemHHi
ko3 dunnenT rennoornagn JJis Bcex =onamhw8me PALOB coxpa-
HACT MOCTOAHHOE 3HaueHHe., Ecly 3HAYeHHe KoadpunmenTa Ten-
JI00TAAYH TPETBETO PAfa (M ROCIELYIOIUX PAZOB) o3, TO B KOpH-
JODHOM RNYYKe [IJf HEPBOTO H BTOPOTO pana tpy6 kosdduuHenT
TeIIooTAaMH o =063 B a2 =0,9 ay, OpH MWaxXMaTHOM PACIONOKE-
HHH o =06as 1 0:=0,7 o Cpennuii xoahpuument TENNO0TAAYH
MMMomwmewmwo H IOCNEAYIOIUX DANOE ONMPENENSeTcs M3 ypaBHEHHS

Nu=CRe"Pr033 (Pr,,/Pr,) 0%s,, (13.35)

JrA waxmartHEX nmyukos C=0,41; n=0,6; pas KOPHAOPHEIX
JIYIKOB C=0,26, n=0,65. [Tonpasoynnifi = kosbduumenT e, YUHTEL-
"BACT’ BJIHSHHE OTHOCHTENBHBIX IUATOB; NS IaXMAaTHOTO IyyYka OpH
81/52<2; 5= (51/52) /% 1pu 51/52222; 8;=1,12; nas KODHAOPHOTO
Ewaﬂm &8s =(51/82)%15, Gopmyia (13.35) meficTBHTENBHA mpH Re=
=10%—10°5, W KauecTse ONPENeNAIOMEro JHHeHHOr0 pasMepa IpH-
‘HAT BHEIUHHH JHaMeTP TPY6; B KauecTse ompeielsiomel TeMmepa-
TYPH — CPCJIHAS TEMNEpaTypa MKHAKOCTH; CKOPOCTb ONpeAg/sier-
-l B CAMOM Y3KOM CEYeHHM NyuKa TPyo. :

Cpennee snavenne KO3 (pHHHCHTA TemIo0THAYH JJIst Beero
AIy1Ka, COCTOSAIErO H3 7t PANOB, ONPENENSETCA M0 QOPMYJIe

P ey Fat .., o, F
Qnﬁ..t. 171 2 £y 4 + Hin s A.—m.wmv
Pyt Fpeh o - Fy
The £y, Fp, ..., Fn— NOBEPXHOCTH TemIOO6MEeHa B COOTBETCTBYIO-
dIeM PILY.
Ecan IPeINOJOXKHTb, YTO B PARY Fi=F,=F3=., . =F, u VUH-
"THBAMA, YT0 G3=04=...=0p, TO MOKHO HANHCATH
‘ o Oy -0t (R —2 :
Qpp=—aF Tt (2 —2) (13.37)

n

Ilpuuumas BO BHHMalHe NPHOAMKEHHHE 3HAYCHHS a1 H dg
AOAYIHM:
IJIS. KOPHAODHOrO IyuKa

tep= (n—0,5) atf1i; (13.38)
B8 MaXMaTHOO Iy4yKa
. tep= (1—0,7) cifn. (13.39)

Ténaoordana npu ceo6oduom dsumenun wudrkocTu

Y NOBepXHOCTH HArPETOro Tela B NOJAC TATOTEHHS CJIOH KHI-
"KOCTH, NpHJIEramomeii X HeMy, HarpepaloTes, CTAHOBSATCA Jerie H
#149HHAIT JBUTATHCA BBEPX; BO3HHKAIT BOCXOASIIHE KOHBEKTHB-
‘Hble NOTOKH. ¥ OXNaKACHHOH IIOBePXHOCTH COOTBETCTBEHHO KOH-
‘BEKTHBHble NOTOKH OyAyT HanpasjieHsl BHA3. Ecian o6beM, B Ko-
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Prc. 13.9. CpoGoftioe ABEXeHue XHIKOCTH BIONL Harperof BePTHKALEHOR no-
BepXHOCTH (@) M rpaduxn usMeHeHHA Kos(hduIMeRTa TenNOOTHZAYH @, pacupene-—
JieHHe TeMmeparyps ¢ ¥ &KOpOCTH @ B MOTpaHHuHOM caoe (6)

TOPOM DACMHOJOKEHO TeNO, BEJAHK, TAK 4TC KOHBEKTHBHblE HOTOKH,
BOSHHKAIOUIHEe Y MOBEPXHOCTH Teja, HE BH3LIBAIOT LHPKYJIAIHH BO-
BceM o0beMe, ABIXKEHHe HA3HBAWT C80000H0l KoHeekyierd 8 He-
OEZPAHUYEHROM RPOCTPAHCTEE.

Ilpr cBoGOOHOM JBHMKEHHH XXHAKOCTH BAOJb TOpAYeH BEpTH-
KaJbHOH NOBEePXHOCTH CHAYAMZ TOJIIHHA HACPeTOro CJIOH KUIKO-
CTH Maja M TeueHHe JaMunapuoe (puc. 13.9). IlocrenenHo no pH-
COTE CTeHKM ABHXEHHeM yBJeKaercg Bce GoJbllee KOJHYECTBO"
xapkocTH. TonyHa JaMHHAPHOTO cllosl pacreT. 3aTeM OH paspy-
MaeTcs H HAcTynaeT TypOyJeHTHBIH pexum Tedenums., Ha ydacrke
JaMAHADHOTO TEYCHHS o YMEHBIIAETCA B CBA3HM C YBeJHYEHHEM
TOJIIHHK IOIDAHHYHOTO CJ0S ABHXKYIIEHCH XHIKOCTH, 4 Ha yua-
CTEe TEPeXOoJHOr0 TEUeHHS BCJEACTBHME NOBHIIIEHHS CTeNeHH Typ--
GyJausanuyd # yMeHbIIEHHS TOJIUUHH JAMHHADHOIO CJIOS OHO Des-
KO BO3pacTaeT ¥ jajiee Mo BHCOTe CT€HBKM IPH DasBATOM Typ6y-
JEHTHOM TEeUeHHH COXPAHSIETCH IOCTOAHHEIM.

Koatdunrenr tersoorzadr npH cso00LHOM ABHAKGHHH MHIKO-
c¢TH B GosbuioM of0beMe ompepelsieTcs H3 CASAYIOLIMX YPaBHeHHN
nojo6Hd: :

JJIS TOPH3OHTAJNBHBIX TPYG UPH JaMHHAPHOM TEUCHHH HCHIKO-
etr (10°<GrPr<10°) _

Nu=0,5(GrPr) %2 (Pry/Pr.) %%, (13.40)

IJisl BEPTHKAJbHBIX TPYG H NJNOCKHX CTEHOK IPH JlaMHHAapHOM®
TedeHEM XuaKocTd (103 <GrPr<10°)

Nu=0,76 (GrPr) %2 (Pr,/Pr.}%; (13.41)
NN BePTHKAJbHEIX TPY® H MJIOCKHX CTEHOK IIPH eﬁu@amﬁmox;
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Puc, 13.10. Ofpasopane OTAeJBHHX HHp-
KYJSUHOHHAIX KOHTYPOB B Y3KHX KAHANax
H IeJiax:

@ ~— BOCXOAAINMHE H HHCXOASIIUA HOTOKA He Baau-
MOREHCTBYIOT; 6§ == 06pA30BaBNE OTACABHEIX oup~
KYJAAUHOBHEIX KOHTYPOR NpH H3aHMOZelcTnum mo-
MWMow" leaaNOhmn.n:N H mNoNOhMEEn HAGTOKH

HOCTBIO 38TOPMAXHBAOT T ra, cpena
HeTOR AR ApPYr ZIpYra, cpen
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TeueHHH XugkocTH (GrPr)>109
Nu=0,15(GrPr) %33 (Pry/Pr.) %5, (13.42)

B »THX ypaBuenusx onpegensiomet TEMIEPATYDPOH ABIfAETCA
TeMIepaTypa MHIKOCTH BJIAJA OT IOBEDPXHOCTH; ONpeLessiomaM
JIHHEHHEIM Da3MepoOM [Js TOPH3OHTANbHLIX TPYS — HX AHaMeTp,
4 AJA BEPTHKaJbHEIX MOBEPXHOCTEH — HX BLICOTA.

B yskux xananax u mensx socxomsamrmi (y marperoit nosepx-
HOCTH) M HHCXO[AWEH (Y XONOXHOA) NOTOKH B3aHMHO 3aropma-
HKUBAIOTCT M 06Da3yIOT HECKONABKO OTLEMbHEIX HHPKYISIHOHHHX
koHTypoB (pue. 13.10). B sTomM cayuae mAOTHOCTB TeNMOBOIG [OTO-
Ka omnpepensercs o QopMyJaM TenJonpoEoAHocTH. ITpHuem K03(-
(HIHEHT TENNONPOBOZHOCTH. CPELb A 3aMEHNETCH SKBHBAJICHTHLIM
K05 (PPUIHEHTOM TEeIVIONPOBOLHOCTH As, KOTOPHH YYHTHIBAET mepe-
HOC TEelJIOTH TEIIONPOBORHOCTBIO H KOHBEKIfHel,

ha=gxh. (13.43)
Kosdounuenr e, onpegensercs CIenyIomHM 00pazoM:
npH
(GrPr) <103, g4=1; (13.44)
1IpH
(GrPr)>10%; &,=0,18(GrPr)02s, (13.45)

B xayecrBe ompepenstiomero JuHeHHOTO pasMepa OpHHHMAeTCH
TOJIIHHA  OPOCHOHKH; ONPEASNSIONEel TeMIePATYpPH — CpefHsis
TEMICPATYDPA KHAKOCTH Ix=1/2(0'4-6").

ﬁm&haoﬂ.@na& RPU USMEREHUN Qepe2aTHO20 cOCTOSHUA

ArperaTHoe COCTOSIHHE JXHAKOCTH, OMEIBAIOIIEH HOBEPXHOCTh
TBEPAOTO TeNd, H3MEHAETCH B TeX CAyYasx, KOrja TeMmeparypa
MOBEPXHOCTH TeAa B CraHOBATCH BHINE HJIH HHXe TEMIepaTypH

.
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¢daz0Boro mpeBpALIEHHS KHAKO- )
CTH fx IPH OAHHOM [ABJCHHH. g,Brfm A
B nepeom ciayuae (0>1x) ten- o« [ - __7
JOOTAQYa CcompoBOXKAaeTcs Ku- & [ amﬁﬁﬂml%ﬁr T i
[eHHeM HHJIKOCTH, 4 BO BTOPOM 108 }— ? C finehowibi
(8<fx) — koupmencamueil mapa. 4 g BN
Tennmoorpagda mNpH KH- © — "l
NeHHH XHAKoCTH Onur mo- o 7064 5 \\Px
KasLlBaet, UTO TeMmeparypa Ka- 1 \.\\‘Ym I
nsamedl  MHAKOCTH Beeria He-  § g4 w2 | !
CKOJIBKO BhIE fx. OHa ocTaeTcs § a1 1 10 1FALG
DOYTH HOCTOAHHOR B Hampasge- = i .
HHH OT CBOGOJHOTO YPOBHA K IMO- oty | olegnots
BepXHOCTH TemsnocobMmeHa {pHe. Ta84e |
13.11, @) u JumIb B ca0e TOJLH- 100 i

HO#f 2—5 MM y caMmolt CTeHKH
pesko Bozpacraer, CrenoBaTeNb-
HO, B DOPHJETaiolleM K CTeHKe

¢Jioe KHAKOCTE Ieperpera Ha-

At=0—1{x; 3Ta BeJHYHHA HAa3Hl-
BAETCA TEMIEDATYPHEIM. HamNo-

[ 2 4 & &
Paccmpsane om nobBepzunoomy
Hazpeba, om

Puc. 13.11. Tpaduxn pacnpeneaeHust
TeMImepaTyps B KHAAWER KHAKOCTH
{a) u usMeHeHHs KO3hOHUUHEHTa Tem-

JIQOTAANH ¢ H INIOTHOCTH TEWIOBOTO IO~
TOK4 ¢ OT  TEeMIepaTypHOTO Hamnopa
At npr Kunendu (6)

poM. Ha yuacrke -AB npu Af=
=0—5°C, ¢=100—5600 Br/m?
3HauenHe Koadduunenra Tenso-
OTHAa4H HeBeJUKO K onpeje/ser- :
¢Sl YCJAOBHAMH CBOGOIHOH KOHBeRIHH olxHodasHo# muukocTH. Ilpu
JanpHefilleM NOBHINEHHH Af Ha ywyactke BC 3sHaveHus Kosddu-
IHEHTOB TEIUIOOTAAUH H ¢ PesKo yBeauuupaiorcs H mpu Af=25°C
B_Touke C JOCTHraioT CcBOEro MaKCUMAaJbHOTO SHAYEHHS: Oxp=
=5,85-10% B1/(M2-°C), gxp=1,45-10° Bt/M2. . Ilpn ZmanbHefiliem
HOBEIUENHH Af peXXUM KHIEHUS H3MeHdeTcd. ITy3EIpbKOBRIE PeXHM
KHNEHHS epPeXOfHT B IJICHOYHHH, KOIZa OTJelbHHE pPacnojoxeH-
Hble PAJOM IY3HIPbKH CIAHBAIOTCH B OZHY OOILYIO IVIEHKY, OTAE/SIO-
HIYIO XHAKOCTh OT MOBEPXHOCTH Harpesa. BeleicTBHe CpaBHHTEb-
HO Majoro koaHIHEeHTa TeIJIONPOBOLHOCTH Napa HHTEHCHBHOCTD
TEIJIOOTIA4UM NpPH 3TOM pe3ko majgaer. [lneHka, ofpa3soBaBluascs
y NOBEDPXHOCTH HAarpeBa, HeyCTOflUHBA; OHA HENPEPHBHO pa3phiBa-
eTcs Ha 4acTH H B BHIe 0OJbLIMX My3bipeii yAajsercs, a Ha ee Me-
¢Te BO3EMKaer HoBas. Kaxpmas XUIKOCTH B 3aBHCHMOCTH OT ¢H3U-
YECKHMX CBOHCTB H HHTEHCHBHOCTH UHPKYJIANUH NPH KHNEHHH HMEET
CBOM 3HaueHHs Af, o H ¢, HPH KOTOPHX NY3HIPBKOBHIH pEeMHM ite-
PEXOIMT B IJIEHOUHEH.

B npakrudeckux pacuerax A BOAR YAOGHO ' NOJb30OBATHCH
CleIYIOIHMY YPaBHeHAAMH:

o =4,38 g%7p015, (13.46)
_ o= 108A£233p05, (13.47)
11—40 161




Basucumocrn (13.46) u (13.47) nelicTBHTENbHH B LHanasoHe AaBp-
Jequd or 0,1 go 5 MIJa.

Ilpu kunenun ¢peora 12 B hmmnmmomm Temneparyp or —40 fo
10°C ana onpefenenus o pekoMeHgyercs dopmyna

=54 4% (13.48)

EHE KHIIeHHR emmomm 11 moxxer GBITh mo:oavmommmm 3aBHCH-
MOCTD

e - =4 g%t (13.49)

B stux ypaBHenmnax ¢—ps Br/M2, p—B MIla, mow%%xpxmi.
renyicorgaun — Br/(mM2-°C). Ilpu mEEEﬁmmmoa JBHMEHHH KHIS-
el XHAKOCTH B TPyOax TeIIooTAa4ya OCYLIECTBASETCH No- pasHo-
my. Ecin o6osgaunth KO3(h(HIMEHT TENA00TAAYH, NOAYYEHHHH N0
dbopmyste (13:46);, og, 3 kKooDdHIUHEHT TEMIOOTAAUH, PACCUHTAHHELE
0. yPaBHERHIO nonolusi IJs ofHoGasHoi KuakoctH (13.32), ow,
TO, KAK NOKA3BIBAIOT ONKITH, NPH Rg/0iw<0,5- moweexpxmme TeMXO-
OTZauYM [PH IySHPbKOBOM KHIIEHHH NBHMKYUIeHcss BOJAH. B TpyOe

®=0w, A OPH Gg/otw>2; =04 B obnacta 0,55 ctyfow <2 K03(]-
@Esmﬁ. TeM/I0OTAAUH ONPENeNSIT 110 bopumyne Lo
- o= AA.Q.&QI—IQQVANE\ Amgéignu ﬁHw.mOv
Hm:hooahmnm npH momhmmompnx mapa. H.:E co-

NIDHKOCHOBEHHH Mapa CO CTEHKOH, TeMIepaTypa KOTOPOH HHXe
TEMIEPaTyPhl HACHIUEHHA fx, AP KOHAEHCHPYETCS B 32BHCHMOCTH
OT "COCTOSIHHSA IOBEDXHOCTH CTEHKH; OOGPaA30BaBUIASCH - KHAKOCTb
MOXKET NPHHEMAaTh ()opMy Kamelb WIH IJeHKH. B coorsercrsuu c
STHM KOHJEHCAUHa [1apa Ha3blBAeTCH KaNedbHOH M INVICHOUHOM.
Kaneavnas kondencayus TPOHCXOQAT B YCAOBHAX ECTECTECHHOTO
JABHIKEHHs, KOFJa KOHIEHCAT He CMayMBaeT IIOBEPXHOCTH CTEHKH.
970 06BMHO HaGNIOAAETCH HA [OBEPXHOCTH CTEHOK, NOKPHITHIX
TOHKHMM CJIOGM Macja, KePOoCHHA MJH MXHPHEIX KHCAOT. [IpH ka-
NeNEHOH KOHAEHCAUHH Temjoorpaua B 5—I10 pas BHIe, ueM IIpH
HeHOHOH, QAHAKO HAEHOYHAA KOoHOeHcayus uMeeT HAWOONBLUIHE
IPAKTHIECKH] . HHTEPEC, LOCKOABKY OHa BCTDEYAETCA MNPEHMYLIEeCT-
BEHHO B Pa3IHYHOIO POJA NPOMHINJIEHHHX TeMJICOOMEHHAHX . anna-
parax. Ilpenmonaraercs, uro npH JAMHH2DHOM JBHKEHHH IVICHKH
KOHJeHCATa TEmA0 INepefaercs :mmmm CIOH INEHKH TemJonpoBOJ-
HOCTBIO.

B pesyibTare omomEmmxm SKCIEPUMEHTANBHEIX JAHHBIX, HOJY-
YEHHHIX IJA Pa3JHYHHX KHAKOCTeH, NpPeAJNaraloTcs CiefyoLIHe
pacueTHEle GOPMYJH IJIs1 ONPEAENCHHs CPERHEro KoadoHIUeHTa
TEIVIOOTAAYW NPH KOHJAEHCALMH YHCTOTO Lapa H amzsmmumoa IBE-
JKEHHH N/1SHKH:

EE BEPTHKAJbHOR CTEHKH HJH TpyOH wznoeos h

Nu=0,42K0%7 (Pry/Prc) 035; (13.51)
162 | s

" IJiA TOPH30HTaJabHOH TPYGH nHaMerpoM d
Nu=0,72K0%% (Pr/Pr.) %%, (13.52)

rie Ko=glr](vacsAt) = gl3rp/ (VAAE) — KpHTepHE KOHHEHCAIHH;
r —remyiora KoupgeHcauuu, IDK/KT; .Cp — TENIOEMKOCTE KOHIEHCA-
ra, Hx/(kr-°C); a-— xosdduunenT TeMrepaTyponpoBOAHOCTH KOH-
JeHcata, M%/c; v — KHHEMATHYECKas BASKOCTb KOHJIGHCATA, M2fc.

B 5THX ypaBHeHMAX ONpejelAINuil JHHeHHHHE padMep st
BEPTHKAJBHLIX CTEHOK M TPy6 — HX BHICOTZ, a M TOPH3OHTAJb-
HBIX TPY6 — AHAMETP; ONpefeNsiolas TeMmeparypa — TeMmepa-
TYPa HACHIUKEHHA [x.

IIpaMepHble. 3HaueHus  KoadhHUHEHTZ  TEIVIOOTHAYH B
Br/(m?-K) nna pasiuuHBIX YCJAOBHH Temiioo0MeHa JeXaT B Hpe-
Jenax: Harpepanue H oxJaaxienne Bogayxa 1—150, marpenauue u
oxnaxpaenue soast 200—12 000, warpesanne mapa 25—125, marpe-
BaHKRe ¥ oxaaxieHue Macea 50—1800, xunenne popm 50-—60 000;
KOHAEHCAllHA Tapa Ha cMauuBaeMmol mnosepxHoctu 4500—16000,
KOHJISHCALHS Tapa Ha HecMauusBaemoii mnosepxHoctH 40000—
120000. - ‘

MIpumep 13.3. Ilo nacocuo-komnpeccoprbiM TpyGam (HKT) narmeraTenbroi
CKBAXHHE C BHYTDEHHHM JHaMeTpoM 63.MM Nojaercs B HeQTAHOR MIACT ropavas
sona 900 m3/cyr npu cpenHed TeMIeparype 85°C; cpeauag Temneparypa .CTeHKH
HKT 80°C, Onpeleaurs cpefiHER KOs @RIHeHT TENNOOTAAYH HA YIACTKE CKRAMKH-
€6l Ha rayGune 600 m. ,

Pewenue, Hs . o:ummoamzx Tagmum. 1. Prg=21; Pr.=225, KuneMaTHuecKasg
BASKOCTh BOJH IIpH nuohmmx amzumwmdsm var=3,46-10-7 u%/c; KosdoHLHEHT Tefi~
JIONPOBOAHOCTH BOJEI ‘ .

Ax=20,678 Bt/ (m:°C).
Huroe cevenrne HKT o . C
- ond?
wn — -

n.$.$“.5; —31,16. 1074 »2,

9, O6teMran cekyHiuai mojaua ropadeil BOIE
V= ooo\Mp +3600= _onm 5im zu\n

3, CKOopOCTb IpOTEKaHHA mohz no EHG.

Mockounky Re>> 104, pexuM ABHKeRHS BOAM TYpOYACHTHEIL, HCE mmwov_ﬁm::m Nu
BOCMOJIE3YeMeH YpaBHenuem nofoGus (13.20)

Nu=0,021Re"SPr04(Pr.e/Pre)#=0,021 (608,2- _30 8, 1o, 9(2,1/2, m&c %= _mmc
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Orciofa HaxoguM KO3(OHUKEAT TEMI0OTAAYH

oud Nu Ay 1220-0,678
Nu=—; a= =

o d 63-10-3

) H.::‘:smw 13.4. Tlpn HarmeraHdy BOASHOr0 Napa KONbLeBOR 3a30p MeXAY
HApYXHOH NOBEPXHOCTEIO H3OMIHE HACOCHO-KOMIDECCOPHEIX TpY6 (du.ua=76 MM)
u obcanuol xononnolt (OK) (deo.x=158 MM) 3anosuen sogoir (puc. 13.12). Tem-
nepaTypa HapyKHOH MOBEDXHOCTH H3QJSINHH 272°C, OnpefefuTb TEMIEPATYPY
BHYTPEHHSH NOBEPXHOCTH OGCAZHON KOJNOHHE, €CHH IMOTHOCT: TEMIOBOTO OOTOKA
7200 Br/m? u TeniodHsHYecKHe cBOfCTBA BOLBI HPH CpefHell TeMOepaType COCTaB-
asor v=1,33-10-7 m%/c; A=0,59 Br/(M-°C); Pr="087, §=21,7-10—*1/°C; u3s6u1-
“TOuHAS qmz“ﬂmcmawﬁm 4=10°C.

Pewenue, 1. B KonblueBHX nnowwoummx IIOTHOCTb TEMJIOBOrO MOTOKA ONpele-

w

= 12900 Br/(m2-°C).

Jgercsi O YpaBHeHHIO §=Q/Fn= (8,—63); o._.nsnm TeMmneparypa ofcaiHol

RONOHHEE O5==0n.0x=0,—q5/hs, MpHUEM SKBHBAJEHTHEI Koadduument amnuoﬂuo.
BOJHOCTH YYHTLIBAET IIEJEHOC TEmJQTH KaK TEMJIOTPOBOKHOCTEIO, TAK H CBOSORHOR
KOHBeKlHelt, JKBHBANEHTHEH KO3((HIHEHT TenAONpOBOLHOCTH HAXOAHM IO YpaB-
HenuaM {(13.43); AJA STOr0 Ompefiessem ugieno Ipacroda u TPOH3BE/eHHE GrPr.
3a onpefensuowuit AuHefHEA pA3Mep NPHHATA TOJIIAHA NPOCJAOHKH

8= 1/2 (dp ox — dyus) == 1/2 (158 — 76) = 41 mm;

gb° 9,81-418.107?
= +21,7-10-%-10 = 14 67- 108,
ms 1,332. 10724 ) !
GrPr=14,67-108: cmqlmm .\m 108,
2, How&&mnmmma £x HAXOLHM TIO ypasredno (13. pmv

ex=0,18 (CrPr)"#=0,18(12,76- 10%)9.25=33,59.

Gr=
2

m.. wwwsmm.aam,_.:zm xow.&exnmoma emnaoncom.oh:onam
As=2.A=33,569-0,59=19,82 Br/(m?-°C).
4, 3aTeM MOMKHO HaiiTH TeMREpATYpPY BHYTpeHHelt nosepxuocry OK ¢
‘ O.0x=272—7200- 46 - 10-3/19,87=255 °C.

§ 7. OcnoBHBE 3aKOHDB! TENI000MeHA H3JYUEHHKEM

JlioGoe Temo, uMeUlee TEMIEpPaTypy, OTIHUHYI0 OT abCoJIT-
HOTO HyJd, Nepejaer TEIUIOTY H3AyueHHEM, T. €. CYLIeCTBYeT Io-
TOK TEIIOTHl, AepefaBacMBI H3MyueHHeM OT Tea Goaee Harperkx
K TeJaM MEHee HArpethiM, H OGPaTHHI DOTOK SHEPrHH OT TeJl Me-
Hee HarpeTHx K Tenam Oojee HarpernM. Banadc Takoro o6MmeHa
H npeacTapifger co60H KOJHYeCTBO TEILIOTH, NepefaBasMoOl H3-

vV JjyueHneM. TenmooOMer H3NyyeHHEM CBS3aH C ABOHHBIM OpeBpalle-
HHeM: BHYTPeEHAf BSHEPrHd Tela [OPOXKIACT NOTOK 3JEKTpoMar-
HHTHHX KojJeGaHH# (AyUHCTOM SHEPIHH), B CBOK OUEpenb, NOTOK
SHEPTMH 3JEeKTPOMArHHTHHIX KoJeGaHHH NPH NONIOMIEHHH HX APY-
THM T€JOM BHOBDL NIPEBPAINaeTcd BO BHYTPEHHIIO SHEPIHIO. DMIeKT-
POMETHHTHBEIE KosecHaHua BOSHHKAIOT BCJIEICTBHE CJOKHEIX BHYTPH-
aTOMHHX W MOJIeKyJADHEX IPOIECCOB.. -
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‘CyLIeCTBYIOT pasiHuUHEe Bu- Bodswed nap L
LBl 3JIGKTDOMATHHTHOTO H3jayue- ~ |
HHA: KOCMHYECKOe, Y-H3JyueHHe,
PEHTTEHOBCKOS, PAaJHOBOJHBL H
ZLp. HocurenaMu. TenioBOro Hs-
JYUeHHS SIBJAKTCA  CBETOBHE '
(narHa Bosnel 0,4—0,8 MEM) u
rMaBHHM o6pasoM . HHpakpac-
Hele - (oguHa  BOJARH  (,8— Zuus
400 mMxM) JyyH. ) : 8,0

Boabmas uacth TBEpAHZX H
JKHIKHX TeJl HMeeT CIJIOIIHO : :

CHEKTD HSAYUEHHS, T. €. naiyua- oo, 1312 CxeMa yuactxa  marnera-
mﬂ.wmm_uﬂxmo BO BCEM JAHANA30HE f—HKT; 2 —usdasmusn HKT; 3 — konboe-
ATt Bom, HekoTopeie Tena 2o 9330p, sanonteuun ussborme un reg
(JMCTHIe METaUUIB, Ta3bl M JAP.)  xavens; 6 —ropas nopona
XapaxKTepa3yIoTes wzmowoamzz . :
CEJIEKTHRHHIM HaJyueHHeM. C yBelMYeHHEM TeMIEepaTyphl mwaﬁm:xm
YBEIHUUBARTCH, TAK KAK YBEIHYHBAETCH BHYTPEHHSS 3Heprus Teja.

KoanyecTBo sHeprum, HsiyyaeMoe IIOBePXHOCTBIO .Tela  BO
BCeM HHTepBajie JJIMH BOJH (0T A=0 ;o A=00) B emHHHIY 'Bpe-
MEHH, HA3BIBAGTCA NOAHbOIM (UHTEZPAAbHOIM) AYHUCTHLM NOTOKOM
Q- Awd HaayueHnne, cOOTBETCTBYIONIEE Y3KOMY HHTEPBAJy  AMHH
BOJH, ,HA3HIBAGTCH MOHOXpOMATUxecKuMm, KOMHUeCcTBO SHEPrHH, H3-
JdyuaeMoe elHHHIel IIOBePXHOCTH TeJa B eHHHIY BpeMeHH, Ha-
3plBaeTCA uzAy4aresvnoll cnocobrocrero rean E - (Br/m?),. aaum
OJAOTHOCTLE) HHTErPaljbHOrO .u3JAydenns. HaayuaredpHad cnoeol-
HOCTb 'T€Jd, OTHECeHHas K ONpefiefeHHOH .BOJHE Eauﬁom:m. 'Hazbl-
BATCH UNTEHCUBHOCTOIO usayenusn I (Bt/m?).

JIyuncTHA moTOK, Majaomuit Ha Teno (, YaCTHUHO HM orJ1o-
miaercd (4, wacTMuHO orpaxaercs Qg, 4acTHUHO :nomohma
CKBO3b: Tello @p - o S _ S

i

oroa+oa+mm,“. : (13.53)

Pasnenns ofie yacTu paBeHCTBa ‘HA D H oaoES.Em @m\o =A;
Om\o R; Qo/Q=D, HOMYUHM . . o Lo
1=A+R+D." S (13.54)

Koadduumentsr A, R, D XapakTepHsyioT COOTBETCTREHHO HOT-
JOWATENLHYIO, OTPAXKATEAbHYI0 K TPONYCKHYIO (MPOSPAYHOCTH)
CHOCOOHOCTH Tesa. B CBASH C STHM. OHH HMEHYIOTCH ‘KO pHIHEH-
TaM{ TOLJIOLIEHNs, OTPAMEHH H NPONYCKAHHsA. DTH KOsthpHIHEH-
TH IJ5 Pa3JHYHBIX TEJX: MOryT MeHATheA oT O mo.l.

Tena, KOTOpHE BCIO MagaloLlyi0 HA. HAX JYYHCTYIO. mmmwum_o
norsomanwT, Qi=Q u A=1 (R=D=0), HasmBawrca abCOAOIHO
yeproisu. Teno, KOTOpoe BCIO :m.nmSE%B Ha HErd .JAYYHCTYIO
SHEPrHI0- oTpaxaer,!Qr=Q; R=1"(A=D=0),rasunBawr. abcorror:

166




HO fenvim HNH Beprarvtoim. Temno,
1 " KOTOpOE BCIO MaiaIomyK Ha Hero
,_ . JIVYHCTYIO .. SHEDPTHIO TPONYCKAeT,
/ Qp=Q; D=1 (A=R=0), uasupa-
uw,,, 0T abcoAOTHO RPO3paqnsiM, B npu-
o 20 g poie abcoJIOTHO UEpHHX, OeNbX H

= o APO3PauHBIX TeJ He CYIlecTBYyer.
- s\ ‘| ¥ .3akod [lmanka ycrazasmu-
= .u/ BAET 3ABHCHMOCTh HHTEHCHBHOCTH
1 A / Hs3AyyeHHs aGCOJIOTHO YEPHOro Te-
2, Ja 4507 AJHUB! BOJAHLL A H TeMIe-

o \%mw.v....ﬁﬁy/ " vme%v!ﬁ S
a \..N\%ﬁ p mlr..wW o Ia=ciA~5(eca/N—1)-1 (13.55)
. - i0- HYLrEe PR

£] — MOCTOAHHAA, ¢i=3,7X
XK 10—18 Br.M2?; ' ¢p — HOCTOSIHRAS,
¢2=0,0144 m-K; e — ocHOBaHKE Ha-
TYpaanHOro JiorapHpma. =

‘M3 npuBenennsix Ha puc. 13.13
_ H30TePM BHAHQ, UTO HHTEHCHBHOCTL
llnayka) =~~~ - H3IYYERHs - HA YYACTKE, ' KOPOTKHX
w oo 2, BOIE GHICTPO BO3pACTaeT A0 Max-
CHMYMa, a:3aTeM MeJNeHHO yOnipaeT. [Ipn onHoll M- ToH wé NIHHE
BOJMHB HHTEHCHBHOCTh H3JYYeHHH ‘TeM .6oJbllle, YeM BBIIIe. TeMMOe-
patypa reaa. . . . : : :

.cw AKOH tMewmeHHs BHHa raacur — pJHEa BOJHBI, KGTO-
PO COOTBETCTBYET MaKCHMalbHOE 3HAYEHHE "HHTEHCHBHOCTH. HANY-
genns (/a=max), o6paTHO MPONMOPHHOHAJLHA AGCONIOTHOR TeM-
NepaTtype T SO . :

A= 29/(1-10%. (13.56)

Hiu, npyrEMH cloBaMH, ¢ [IOBEILIEHHEM TEMIEPATYPBl MAKCHMYM
HHTEHCHBHOCTH H3JIYYeHHs CMEIaeTcs B CTOPOHY OoJice KODOTKHX
BoaH (cM. pre. 13.13). e

Bakon Crepavma—Bounbumana ¢opmymupyercs cie-
ZYIOIEM 06pasoM: IVIOTHOCTb CYMMapHOTO H3JYYeHHS aGCOJIOTHO
HEPHOTO Tela MPAMO MPONOPUHOHANBHAZ aGCONIOTHONH TeMmepatype
B 4eTRepPTOH CreneHH : o

! U

Ar amwaxz &.orne

Puc. 13.13. Tpaduxe uaMmeHeHHA
HATEGHCHBHOCTH HAJYYeHHA B HHTEp-
Baje AMUH BOJH A=0'H A=oco mpH
Da3NHUHBIX TeMmeparypax (rpadu-
UeCKoe . NpefCTABJEHHE  '33aKOHa

[ '

Ey=0,T*=c,(T/100)*, {13.57)

Tae ds, s — KO3 QUUHEHT NPONOPHHOHAJBHOCTH (MOCTOSHHAS H3-
JyueHHs); 0s=>5,67-10-% Br/(M2-K*%); ¢s=5,67 Br/(M2-K*). Sror
3aKOH ONEITHHIM HyTeM 65l YCTAHOBJEH YELICKHM yueHeM Creda-
HoM B 1878 r. u TeopeTHueCKH. 0GOCHOBAH . aBCTPHHACKUM YUEHHIM
BoasnmanoM 8 1881 r. , .

[I70THOCTE CYMMApHOrO H3/JYYeHHS PealbHHX . (CEPHIX) Tel

NPHHATO ONpPEefeNATh 1O TAKOMY }Ke YPaBHEHHIO, KdK ypaBHeHHe
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(13.57), Toneko ¢ MeHbWHM KO3(pdHH-
nHeHTOM H3nyuenus C

E=C(T/100)%.  (13.58)

ConocraBlieHHe IVIOTHOCTEH CyM-
MapHOT'O M3JIy4eHHs ceporo H abceo-
JIIOTHO YEPHOro .Teq IPH OJHHAKOBOM
TeMueparype NPHBOJHT K X2paKTepH-
CTHKE, Ha3bIBAEMOH -CTenexsl) 4epHo-

Tl € -
m"m\m.w"h\ﬂhhﬂ\lu.
WIH ¢=ggs. . (13.59)
Crenenb YepHOTH XaPAKTEPUSYET HSAYYATENBHYIO CHOCOGHOCTD
ZaHHOI'O -TeMia TI0 CPABHEHHMIO C a6COJIOTHC YeDHBIM; OHa 3aBHCHT
OT COCTOSHHS' [IOBEPXHOCTH TeNad H ee TeMHeparyphl. 3HaueHHd &
L5l PasdHvYHBIX TEN NPHBOAATCH B- CHPAaBOYHOH JHTEPAType.
- 3agoH Jlam6epTa. 3akon Cietanma — Bomenmana ompe-
JeJser CyMMApHOe KOJHYECTBO SHePPHHM, H3JIyuaeMmMoe 10 BCeM Ham-
pasiieHusaM. Pacrmpefenenne 3Toif SHepruE MO Pa3JHYHEIM HAIpPas-
JEHHAM OKasHBaeTcq HeoiuHakKoBnIM. [lo sakony Jlambepra Konu-
YyecTBO 3HepPrHH E,, H3JMyuyaeMoe TeJOM B HalmpapieHHH, COCTABJS-
IIEeM ¢ HOPMaJbIo K TOBEPXHOCTH yrot @ (puc. 13.14), onpexens-

eTcAd YpaBHEHHEM ,
: E,=Ecosq, (13.60)

rge E,— KOJHYECTBO SHEPrHH, H3AyYaeMoi-B HANPABJIEHHH HOD-
MaJii K nosepxHocTH tena {(¢p=0); E.,=E/n, T. e. ussyuareavsasn
CHOCOBHOCTG & HANPABACHUU HOPMAAW 6 T PaA3 MeHbuie NOAHOL
ugaydarervnoi cnocobrocry resq. Oublr NOKasBIBAaeT, YTO 3aKOH
Jlam6epra cnpapesnus TONMBKO AJs abcomioTHO uepHoro Teaa. s
CePHIX TeJl OH TOATBEPIXKIAETcs JHUWEL B npefenax ¢==0—60°FC.
3akoH Kupxrodga GopMyJHPYETCA TaK: OTHOWEHUE UBAY-
4qreAbHol CnocobHOCTU K nozaouwjaresvuoll 04n 8cex Tea oOuHa-
KOB0 I PQA8HO UBAYHATEAbHOL CNOCOGHOCTU (OCOMOTHO HEpHOZO
TeAQ npu TOLU dice- Temneparype, T. e. A ’

E\JA1=FEy/As=...=EsJAs=E.. :m,.m:

Bripaxenwne 3axoHa Kupxroda (13.61) MoxxHO nepenucatk B BHAS
EJE;=A. Bcernompus ypaBHenns (13.59), uro E/Es=e, monyunm
CHASAYIOllee CJAEACTBHE: MOIJIOLIATeNbHas CNOCOGHOCTh H CTeNeHb
YepHOTH TeJa YHCJEHHO PaBHH MeXZY cofofl. DTo 3HAUHT, ueM
GoJpllle H3JTydaTedbHAsds CHOCOOHOCTh Teda, TeM OoJblle  ero Ior-
JomaTenbHas -cnoco6HOCTb. ¢ T =

Puc. 13.14. I'paduuecxoe 00%b-
SCHEHHe COJIepMAHHS  38KOHA
JlambepTa

§ 8. Tenn006MeH H3AYUCHHEM MEMKAY TBEPABLIMH TEJAMH

Ha OCHOBaRHH 32KOHOB H3JIYUeHHA ~ {IOAYYelO pacieTHoe ypaBHe-
HHE NYYHCTOrO TemAoobMmeda Mexjhy TesnoM f TPOH3BOJBHOH "(QOpMEL
H NOBEPXHOCTBIO APYroro, GoJbliero H OXBATHBAWILEro ero rteta 2
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H3xydenHeM . Pac. - 13.16. TennooGMen wHanyuenueM
MEKAY, ABYMA NapaieNbHLIME HeoTpa-
HHYEHHHIME CTEHKAMH 9epes npospai-
-HYIO Cpery -

Phc. 13.15. TemtooGmen
Emvmmh% T&JI0OM H ero DmOhO£N0= ﬂmﬁmww
OPO3PauHYI0 cpedy

(puc. 13.15) o
Qi2=e1,20:F, w:.ﬁ_:osh - (T2/100)4], . (13.62)
rae Q2 — TEIIOBOH MOTOK, nepenaBaeMHil H3JyuUeHHEM TeloM 1

Teqy 2, BT; &1, — NpHBeAeHHas - CTeNeHb YepHOTH Tex I u 2, on-
pefesseMan k3 mzﬁmﬁmmxm

o=

. ! . :m.@
u\mp+m.u\m.»AH\m»|C :

m._ ' Fa — nmyomanu noeepxsocTed ven I H 2, au Ty u T;— abeo-
JIOTHAs TEMIEpaTypa moBepxHocred Texr / u m N
Takoli eayyall elme HasHBAIOT- TERA006MEHOM H3JAYYCHUEM MEXKAY
TEJOM H .ero OOOJOYKOH; BHYTDEHHee TeJo Bcerja Teso 1.
UacrHuil cayuali paccMOTPEHEOrO TemJIo0GMeHa — Teniaoo6MeH
MeXLy IByMf Napaj/JeJbHRIMH.. HeOrPaHMUYEHHBHIMH CTeHKaMH
(puc. 13.16). Koraa Fi=F,=F, npuMeHSIOT pacueTHoe ypaBHeHHe
Tenaoo6Mena manyuennaeM (13.62), a :wsmmnmmmmm CTelleHb YepPHO-
ThL onwmhoammanm U3 BHIPAXKERHA

! . (13.64)

S e i1

Ypasnenune (13.62) MOXHO HCIOJNbL3OBATL JJs pacyera JyuH-
CTOro TemjoobMeHa MeXAY ABYMA TeJaMH Ji060H (QOPMH H IPo-
H3BOJIBHOTO HX DAacHOJIOXKEHHs, TOJBKO B KAXKAOM 4YaCTHOM clydae
LJisl OmpejelieHHs NPHBEHEHELIX CTEICHH MepHOTHl . H. MOBEPXHOCTH
(nns €1, u F1,2) uUMeEIOTCH CBOM PACYETHEIE BhIPAMKEHHS.

hﬁm yMeHbIlieHHS JIyUUCTOrQ TEMA006MEeHa MEXAY TelaMH NpH-
MEHSIOT SEPAHEHL %S.mmommm _OJLHOTO sKpana Emmﬁ@ hmwz_m :m@mh-
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Erdei:

JIEAbHBIMH CTeHKaMH yMeHbLIAET TeM00GMeH HaayueHueM B 2 pa-
34, yCTAaHOBKA ABYX 9KPaHOB-—B 3 pas3a H T. X., B-06INeM cayuae
IIpK; IOCTAROBKE 11 SKPAHOB (crenenn - amwmoaz TeNH w%wmom pas-
HHl):
a+_ SN.‘ Cwmmu
,
rae Qe 25 U 1,2 — INIOTHOCTH nmwmhmmmoao: -TEJLIOTH mm&&ommmz
[IpH HAJHYHH 3KPAHOB M 0e3 HHX COOTBETCTBEHHO. =
S heKTHBHOCTE SKPaHHPOBAHUSA - BO3PACTAET, €CIH :vxammm?
IKPaHH H3 MATEPHAJIOB € MAJIOH CTENEeHBIQ YEPHOTHI. - :
 DKPAHH IIHPOKO IPHMEHSAIOTCS AJIS:OCPAXKIEHHS -JI0LeH, vmao.
anEEn OKOJIO HMOBEPXHOCTel ¢ BEICOKHMH ~TeMIeparypamy, - OT
HAEHCTBHS TeNJVIOBEIX Jydeil, AJs 3aH[ATH CHAEB ‘TEPMONAP, -KOTAa
¢ HX MOMOUIbI) H3MEPSIOT TeMOepaTypy rasoB BEOJH3H TOPAYHX HIH
XOJO/HBIX [OBEPXHOCTEH; IJIS 3aIIHTH IEMEHTHOTO ~ KAMHA. 'HAar:
HeTATEJIbHHIX . CKBAXKHH OT JEHCTBHA BLICOKHX TeMnepatyp npH
TEPMAYECKOM wompm:oemmm Hd IJIACT AJS NOBHILIEHHA- mm%._.mo,ﬂml
9H H T K. :

’ Qﬁ B.w

Mpumep 13.5. O=vm.p§m? JAYUMCTHE TeRJIoROH NOTOK B xoawnwwoa mmmoum
Mexay nobepxHocThio H3oamupy HKT n OK na yuacTKe HATHETATeNbHOH CKBAaXH-
HOl JUHHOH L=3 M (cM. pHe, 13.12), ecay KoAbLEROH 3a30p SANOJHEH BO3LYXOM;
TeMnepaTypa Kapyxuol nosepxuoctn usoasuud HKT ;. =01=272.C; Temnepa:
TYpa BHyTpeiHen noBepXHocTH OK Bu.0.x=0,=242 °C; napyxusii quamerp Hios-
ugd HKT dype=dy=T6 MM; BryTpemmuit xuamMetp. OK de.o.x=d;=163 MM; creneny
HePHOTE HADYXHOH TOBEPXHOCTH H3ONAUHH €ay==£;=0,93 u BuyTpenuelr nchepx-
HoctH OK epx =£,=0,94,

Pewenye. 1. Haiizem naomans nosepxsoctei m3oaauus HKT Q..L H OHA cq&

. Fi=nd;L=n76-10-3.3=0,716 u?, R T

Fo=ndiL=n158-10--3=1488 w2, = - "

2. TTpuaeRemiylo cTeNeD amwmo,.,m mnxohms o eovzwhm ﬁm mwu B r

el ‘ L  0.908°

1/e, -+ Fy/F, :EI c :o 93 + 0,716/1,488 (1/0, ﬁl: = e
3. J/IyuncTHi TEnNOBOH MOTOK ONpeAeNseTca Ho dopmyse ﬁw.m&

Qiz=e1 NQ«P_”Q.___:ocva|ﬁ.n:oozl
=0,005-5,67-0,716[ (545/100)4~ (514/100) ] =676,9 Br.

mu.u =

'

§ 9. Tennoo6men H3ayYeHHEM MEXAY .
o%mﬁnmsEms MOBEPXHOCTLIO H ammm:s:

Sm.&immmm ra30B HMEET CBOH OCOOEHHOCTH W 3aKOHH. OES-
ABYXaTOMHEIE_TasH. SBJAIOTCS NPOSPAYHEIME; H3JYYAOT H NOIJIO-
WaloT- SHEPTHIO Tpex- u MHoroaTomusle raset (CO, HpO, SO,
NH; 1 ap.). Chnexrp Ha/iyuemHs H JOTJIOLIEHHSA . TPEX- H MHOro-
ATOMHBIX Ta30B fABJACTCA CEJEGKTHBHHM (HM3GHpaTennbBeIM), T. e.
3TH-Ta3H H3JIYYaT H NOTVIOWAIT: B yONPeNeleHHBIX - HHTepBalax
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AJBH BOJIH, HasklBaeMBIX HoJocaMi. Tak, y.yrIeKHCJAOro rasa uMme-
l0TCA TPH OCHOBHEIE HOJIOCHI: HepBasi NOJOCA B HHTEPBANE [JIUH
BOZH oT A1=2,36 MEM g0 A;=3,02 MKM, Bropas mosoca OT A;—
=4,01 MM g0 As=4,8 MEM H TPeThA Mojoca ot A =125 Mxm go
22=16,5 mkmM. ¥ BousiHOrO Mapa momock H3JIyYeHHS DPAaCHOJMOIKEHE
Ha ydacTRax Al =2,24—3,27 mrM; Aky=4,8—8,5 MKM; A= 12—
256 MEM. B orauume oT TBepAmx Ted H3Jy4YeHHE H [OIVIOLieHHe
SHEPTHH ragaMM INPOHCXOAHT He B HX NOBEPXHOCTHOM CJIOE, 3 BO
BceM ofbeMe. o : -
- Tlo MEpe NPOXQXJEHHS JIYYHCTOr0 NOTOKA depes ofbeM MHO-
FOATOMHEIX 230B €ro SHePrHsl BCAEACTBHE NOIVIOLIEHHS HENpephIB-
HO yMeHbIagrcd. IT0, ocaAabieHHe 3aBHCHT OT NPHPOALEI [a3a, ero
TEMIEPATYPH H YHCHA MOJEKYJ, HaXONSIHXCA HA MyTH Jyua. Uuc-
JI0 MOJIEKYJ NPONOPIHOHANLHO TOMUIARE CJOS rasos [ H IJOTHO-
CTH Tasa (mApPUHAJBHOMY MaBieHuio p;). -Usiyuenne rasoB - cyle-
CTBEHHO .OTKWIOHAETCA OT "H3JIydeHHs ' MO 3akony CredaHa —
Bonnumana. OnHako mis  TeXHHUECKHX pac4eToB YCIOBHO MPHHH-
MaimT, YTO CyMMapHas IJIOTHOCTh H3JAYYEHHS I'a30B, TAK -JKe KaK
H H3JYYCHHE TBEPAHX TN, NPONOPUHOHAJLHA HETBEPTOR CTemeHH
HX mam@ﬁamomﬂmg:mwmd\wz e

s ot L Ep=gCs (T/100)

R /100)%, - . (13.66)
TIe:gr < CTNeHs UEPHOTHL rasa; er=f(p;, £,.T).
. .- Ilpubankelinbie . snaueHus epeeli AMNE TyTH  Jyda MOryT

OEITH Hal/IeRE He, COOTHOLIEHHS .
- L=36VIF,

D T P 1)

" (13.67)

rge V—ob6pem rasa; F— IIOIIa b IGBEPXHOCTH ero 0GOJQUKH.

CreneHb uepHOTE ra3oBELx cMecell. onpejensiercd Kak cyMMa
CTeNeHed YEDHOTEl OTHENbHLIX KOMIIOHEHTOB. . .
IlmoTrOCTS TemmoBoro *noTOKa, Hépenapaemas HauyueHHeM ra-
8aMu, Orpafaiomeli MOBePXHOCTH, MOXHO BHIYHENHTS 110 JLpAGTH-
KeHHol whapMyae . . . oo . ’ '
gr.c=gcrCs [ (T:/100) 4~
TIE Ecr-— IPUBEAECHHAS . CTENEHD | UEDHOTHL, - Ber=8rEo/ [Ect
+$2|mn:_=mn — CTeNEHb YePHOTH T'a30B; &c — CTENEHb YePHOTHI
Orpaxaalole CTCHKH, . e e o
Hacro B TeXHAYECKHX YCTPOHCTBAX TEMIOTA OAHOBPEMEHHO me-

Syl

ﬁ.m\.yoovﬁ, ST (13.68)

-

penaercs KOHBeKUHed u HaiyueHneM. Toraa 'cymMmapmas —raor-
HOCTB TEIIOBOrO NOTOKA § OMPENeNIAeTcs 110 YPaBHEHHIO- - .
T =t s ak(Te—0) 4 en O (T/100) 4— - -

T —(8/100)4] e (Te—8) Ya Ti—B) =a(Tr—6),
rag Tr, © — abcollioTHAS TEMOEpaTYp4 ..dnm.momﬂ&.«nsm:a:,.;m": 9|
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cyMMapHHR koapdUUEEHT TemJIo0TAAUH ¢ e
KOHBEKIHEfi H H3AYyUeHHEeM, o= 0kt Cn I/
Kos(¢punuerT TenJ00TAaYH H3TyIeHHeM N

MOXHO OUpefiendTs o gopmyre . . .”m.__/
cta="0,04Cser.c Am.ﬁm\HOOu 3rz 8
= O.MMN.mﬂ.n ﬁﬁab\HOOv wu
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[
rae Tms — cpenHeapHMeTHUECKas ' TEMIE- ~]
patypa, K; Tma=05(Tr+8). ° : T

[Ipy TennoobMeHe orpaxjawlle# no- NN
BEPXHOCTH C KameJbHOH MKHAKOCTBIO H3JY- [ //
YeHHE OTCYTCTBYeT, TaK .KaK KamedbHRle .- Jg
JEHAKOCTH [aXKe MpH HeGOoAbIIHX TOJAMMHAX — ~

CHOS HEHPO3PAauHLL M B STOM CIYHae o= Gix.

§ 10. Tenjonepenaua 4epes NJAOCKYI0
¥ KPHBOJHHEHHYIO OAHOCJICHHYIO )
H MHOTOCXGHHYIO CTEHKR . - - . SR S L
o e 0 == "Pame) 13.17. Temnonepena-
IMpouece Tenmomepegauyt COCTOMT: M3 - ua 8 '9epes - MHOFOCHOKRYI®
OPOLECCOB TEINIOOTHEAUH OT HarpeBailielf KPHBOAMHCHHYIO CTEHKY
(ropsued) - XHAKOCTH: K. fIOBEPXHOECTH CTeH-- S e
KH, NEPEIaYd TeIVIOTHl TellJIOIPOBOKHOCTBI0 Y€pEe3 MHOrOCIOHHYIO
(4AH OXHOCHOMHYIO) CTEHKY M [polecca TEeMJIOOTAAYH.QT JIOBEpX-
HOCTH CTeHKM K HarpeBaeMOH (xoJOfZHOMH) xupxocrtu. :IIpm “ycrao-
BHBIIEMCS NpOLecce TemJonepeladyd TENJIOBOE MOTOK BO BCeX Iepe-
quCAeHHHX CTaJHAX cOXpaHseT HemsMeHHoe sHaueHde (Q=idem).
B ¢B#3H ¢ 3THM IJ$ MHOTOCHOHHON KPHBOJNBHeHHOH (LHJAHHIpHYE-
cKofi H cgepHyeckoi) creHkH (puc. 13.17) MOXKHO HankcaTh paj
DABEHCT3, XapAKTEPH3YIOIIHX YCTARHOBHBLIHECS MNPOUECC TEmJIone:
peiavn, PR o S LTt s

1o

oo Dy G S s
Q=04 m_..QJPV" a|H F mm»lnmmvﬂ..ﬂ“h. Fra ﬁmm.ulmmvﬂ.
) 1

.....PB.;:...! U
m.n (On [Prﬁ =y hnw (07—

B arOoM psiy paBeHCTB NepBOE yPABHEHHE ONpefeNisieT KOJH-
YECTBO TEIJIOTH, -NepeflaBaeMoll KOHBekumell (# H3JiyueHHeM) ' OT
ropAueR XHAKOCTH K CTeHKe; BTOPOEe YPaBHEHHE — TO K¢ KOJNHYe:
CTBO TeNJIOTH, NepPEeLaBaeMOH TeIJIONPOBOXHOCTBIO Hepes MepBhIH
CJIOH CTEHKH; TpeTbe ypaBHeHHe H INOCJAeAYIOIIHe BIVIOTL HO 1-T0
XapaKTEPHSYIOT, Mepejayy OAHOr0, H TOro e KOJHYECTBA TEILIOTHI
TeMJONPOBOAHOCTBIO 4epe3 ' BCe * MOCHEAYIOIiHe. CIOH CTEHKH H
‘(nd-1) ypasueHHe — liepefauy Toro e caMoro Koauyectsa rem-
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JIOTH KOHBEKUReH (d H3.
KOCTH. .

BHeAM M3 5TOro psifa paBeHcTs wmmmonem.emiuocm%w

t—B = Q=R,Q;

YYEHHEM) OT CTCHKH K XOJOZHON JKHA-

o, Fy
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CKunaznripas JeBble M NPaBEI¢ YACTH yPaBHEHHI, XapaKTepuayw-
=Eoﬂx qm_ﬂmmoﬁm TEMIEpATypP, B JCBOH YacTH HOBOPO BhIPaiKeHHS

y ; H3MCHeHUe .H.m..z:m@me%_ug Ha BCeMm I¥YTH TeJaoBOro nmno-
n..ommm —T, 8 B b@m.m.om.—lhﬁoﬂmmmhmmmm IIQJHOTO .Hm_ugmamnxoﬂo
CONPOTHBJICHHA TEIJIONepeNaud R Ha TeNJoBOH NOTOK .

NIaHA_ I ST 8
oy Fy Ap Fmy Ay Frnn +|T Aa P o +

. 1 . .
o ..T .Q._».mu vQ,H%»:T%ﬁu_lmnmu*s:.u_:mnwu*xm& Q=RQ.

Oeﬁmﬁm ‘CHeyeT BhIpaxKeHHe ISl TEIJIOBOTO NOTOXA

Q= (—0)=hF ((—)=gF, - (13.71)

TAe ¢ — NIOTHOCTH TEMJIOBOIO MOTOKA, wiam kF=1/R — Bejnynu-

MM. o6parHas NOJHOMY TepMHYECKOMY CONPOTHBJIEHHIO, HA3BIBAET-

BOIAHEIM SKBHBANEHTOM NOBEPXHOCTH TEMJONepesaTH, Br/°C
RE=1R=1/(Ry +Re1+Ru+. . . +Ry=+R) = -

Lo . - -y (13.72)

+Ma & + 1.
oy Fy =1 A Fm g oy Fy

. K . . , ..A‘,
de R :oam.om vazxmmnmom nouwoemmamm.mm {8 °C/Bt) . Tennome-
pepauy zﬂml.“. Rei-f-Ry; ?.. Rz — TepPMHUECKHE CONMPOTHBIEHHSA
TeMJIOOTHATH ) . Lo
Ri=l(@l); Ro=1/(eaFa); Rou=8i/ (il mi)i ' Res=b (haFrs);
o+ -+ Row=0n/ (AnFm,n) — TepMUTECKHE CONPOTHBJEHHS. CIOEB cre-
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KH; o, Gz — KOS(HIHENTE TenJA0OOTAAYH KOHBeKUueH (M HsaAy-
yeHHEM) OT Topsiuell JKUAKOCTH K CTeHKe M OT CTeHKH K XOJIOXHOH
JKHJKOCTH cooTBercTBeHHo, Brf/(M2-°C); F, Fs— njomanu BHYT-
peHHell W HapyXHOH NOBEPXHOCTEH TeMIOOTAAYH KPHBOJHHEHAHOH
CTeHKH, M2, Fmy (=1, 2,...—cpelifd IJIOAAL NOBEPXHOCTH
TeNJONPOBOAHOCTH CJIO€B CTeHKH (IJs LHIHEAPHYECKOH CTEHKH —
cpelHss JorapupmuyecKas, Ans chepHUECKOH — CpeAHAs FeoMeT-
puueckas), M* O;-— TOJIIHHA CJIOEB CTeHKH, M; A¢ — KO3 PHIH-
eHT TeIJIONPOBOAHOCTH MaTepHaldoB cjioes crTeHEH, BT/(mM-°C).

Jlas KpHBOMHHeRHEIX CTEHOK NpoH3Bejenne kF  HepasnennMo
¥ TOJBKO A4S [JIOCKOH CTEHKH BCJAELCTBHe DaBeHeTBa Fi=Fn:=
=F;=F »T0 npousBefleHHe pacnajaercd Ha E wu F. Torga pgasa
IIOCKON CTeHKH BHIpaykeHHe Kos(dHIHeHTa Telsonepefavd 3amH-
wercd caeqyomuM o6pasom; :

Lyl 1
721 + M ?ﬁ

1
oy

Ins KkphBosuMHEHHEX CTEHOK KOI(QGHIHEHT Tenaonepefauy
OPHBEATO ONpEenelisiTh IO TOMY K€ YPABHEHHIO, YTO B AJIsS IJIOCKOH
crenxn (13.73). B atoM cayuae ;i KPHBOJHHEAHHIX CTEHOK pac-
yeTHAsl NMOBEPXHOCTh TENJIONEpeJaul ONPeAesAeTcd H3 BHPAXEHHA

1 & B 1
Fe Q«Wv . (- + M Ay o Qg
k 1 9, 1

:

Ecii TepMHYECKoe COTPOTHBICHHE CTEHKH Mano (R:>Ri>R.)
U o > TO 0 YHCJACHHOMY 3HAYEHHIO GJH3KH KO3((pHIHEHT Tel-
JoTepefaul K oz H IJOAAb MOBEPXHOCTH TeNJIOnepefauy F x Fs,
7. e kagoag 1 F=F;; ecliy TakKe IPH MajoM TePMHIECKOM CONpo-
rHBaeHEH cTeHOoX (Ri>Ra>Rc) 1 aa>>oy, To k~ay 1 F=Fi.

Vaenbnas NuHEeHHAdA NJIOTHOCTH TENVIOBOrO IOTOKA ¢: AJA OH-
JMHHAPHUECKOH CTEHKH B YCJAOBHSX TemJIONepefaund fABJISETCH Hact-
HEIM BHPaXKeHHEM OCHOBHOI'O YDaBHEHHS (13.71)

: . (13.74)

g,= R __- - _n(t—m) -
1= = ; - ) A )
L L O T L
T H =t
oy dy +W_ 20 ; d; + &g divy
- fww A L - (13.78)
rie Ry=1/k; — IHHefiHOE TEPMHYECKOE CONPOTUBIECHHE; ,
' ' N a . 4
R,=1/aydy+ Y 1/2h In w:, Aoty d;, e (13.76)
: ¢ S

=1 :
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. B rexunveckux bacuerax vame Bcero nmpuxogures pewars mpo-
OJeMy nByX BunoB: YMCHBIUGHHE TeNJOBLIX IIOTEpDH (usonsaums mo-
BepXHOCTH TenmoobMena) w YBCJHYEHHEe. KOJIHYECTBA mepefaBae-
MOH TeINOTE (MRTeHCHpHKA WS TeHIonepesayu). . :

Hzoasums kpusonumefinmnx NOBEPXHOCTEH TEeIIOO6MeHa HMeer
‘CBOH 0COOEHHOCTH. Paccmorpam UOKPHTHE HIOAALHEH ONHOCION-
HOH UMIMHIDHYECKOH CTeHK: TPyOu. B atom cnyuae TEPMHUECKOS
CONIPOTHBIIEHHE CTEHKH (13.76) . nepennwercs CACOYIOIHM o06pa-

30M:. -
Re=1{(oud) +1/{2e) 1n dofd, -+ 1/ (20ns) I difdy+
+1/{aads) =Ry +Ric+ R+ Rys. (13.77)
Mz nocnennero ypasnenns BHIHO, YTO NPH YBEJAHUECHHH TOJIIH-
Hbl HSOISIHM d3 TeDMRYECKOE CONDOTHRICHHE Riu=1/{2\y) In ds/d»

YBEJIHYHBaercs, a TEPMHYECKOE  CONPOTHBJIEHHE Ria=1/(ctod3)
YMEHbIAETCS; TePMHYECKHE COTPOTHBICHHS Ro=1/(aud)) u Rie=

=1/{2A¢) In dojd; COXPAHAIOT  TIOCTOAHHO® 3HAYEHHe (pHC. 13.18).
Hpu s1omM cymmaproe TEpMUiEcKoe compoTHBNeHHe R chauana
YMEHLUIAETCA, A 8aTeM yBeJAHUHBaeTCH, & YACTAbHEIA NHHEHHHIY

TEIJIOBO¥ IIOTOK ¢; B COOTBETCTBUH. C ypasaennem (13.75), raofo-
poT, cHauara BO3pacTaer, a moToM yMenbwaercs.  Huamerp wuao-
JIALHH, TIDH KOTODOM CyMMapHoe TEPMHYECKOE  CONPOTHEAEHHE
HMeeT MHHHMAJbHOE SHAUEHHE, A YHeNbHHH JHHEHHBIH TemI0BOk
IIOTOK MaKCHMaJbHOE, HA3HIBAGTCH KPUTLYECKUM (ds=dxp) u ompe-
Aensercs 1o (popmyae mu::‘a:\f 9% viy

o drp=Lufog. (13.78)
ITpu nanomenuu usonsnum ua TPYGY - OCTYNAOT CHEAYIOWIHM 06-
PasoMm: BHOpas Kaxodi-1u6o TEILTOH3OMANHOHHNA MaTepuan no us-
-BECTHRIM o M Ay, DACCUHTHBAIOT dxp 10 opMyse (13.78). Ecan
OKaxercs, YT0 dyp>dy, TO IPHMEHCHHE BHIGPAaHHORO MaTepHaia B
-KA4ECTBe TEIIOBOH H3OJALHY Heledecoobpasto. Tagum - obpasom,
AN 3 (EKTHBHOTO NpHMEHeHHs TEIVIOBOH H30JAUMH HEOGXOLHMO,

HATO0H dp<Sdy, 8 AasCarpdyf2.
.. Ms pulpaxenuna ( 13.71) caepyer, uto uem Gosbiie g, TeM GoJIb-

Lle TEMTOBOH NOTOX, T. e. 3ajmaua VHTEHCH)HKANHH TemI006MeRa
CBOLHTCA K. YBeJHYEHHI0 YIENBHONO TEINIOCHEMA. Yeeanunts g
MOXHO NyTEM NOBHIUeRHS Af H k. YBenuuenme Af Momer GHTH
CBA3ANG ¢ H3MEHEHHEM TeXHOJOTHH TPOLECCd, uTO He BCErga Bo3-
MOXKHO; KpOMe TOrO, yBeNHueHHe Af Boerga Breder Bo3pacranue
SHEDPIEeTHIECKHX 3aTPAT H IOBBHIUEHHE § B HTHX YCIOBHAX B KaX-
ZOM KOHKDPETHOM c/Iyuae pelllaeTcd Ha OCHOBe TEXHHKO-9KEOHOMHYe-
CKHX DacueToB. YBEJHUHTb £ MOXKHO 33 cyer TIOBLIIIEHHS KO3 (-
UHeHToB TedMtoorAaun. Ipm srom, kax y¥&e roBOPHJOChH, NpH-

- GONBUIOM DASAHYHH oy H o KO3 puunent Temionepesaun BCET1a

MeHbIlle MHHUMAJILHOTO -¢. Takum " ofpaaom, ysemuunts £ u uu-
TeHCH(PHUUHPOBATL TEINIOOGMEH MOKHD ABYMS IYTAMH: TPH o <& Qo
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HIH op€oy) — MOBHIIICHHEM MEHBIero
Koo QHOUEHT2 TEMJIOOTAAYH; [pH
01 % 0ty — HOBHILEHNEM 060X KoathbH-
UHEHTOB HJH JI060T0 ¥3 HHX. _
IloMumo ypeanyeHua Kosdbuun-
€HTOB TEMJIOOTAAYH HHTeHCHEUHDO-
BaTh NPOLECC TEIVIONEpPEeNaYy MOXKHO
3a cuer opefpeHHsA NOBEPXHOCTH Tel-
Jooraaun. OpelpseTcsi Ta INOBEPX-
HOCTb, CO CTOPOHB! KOTODOH o MEHh-
LIe; TeOPETHYECKHM NpeaesoM opefpe-
HHSL SBJAETCH DaBEHCTBO TEpMHue-
CKHX COHNPOTHUBAEGHHH TeHJAOOTHAYH
1/(eF1) =1/ (ceF2); B urore yseamun-
BaeTcs NpOH3BeleHHe KF M NOBBIUA- : h

eres Q. ‘ . ,
TemmepaTypa. cJIOEB ' CTEHKH -BH- Puc. 13:18. Tpaduka mwzmmmmmw

YHCIAETCA N0 GOpPMyJIam .TepPMHYECKHX CONPOTHBJEN.
crenkn (R W Ru) wm ylensHoro

B =t—RiQ; 0:=0;—RQ;

JIHHeHHOTrO Hmzhomo_ua.u NOTOKA G
P ; . IIpH HAJNOMEeHHH ' U30JAIKHE HA
03=0:—Rc2Q u 7. n. (13.79)
H ®:+Hﬂ®a|.mmn=©..

TpYOY
Ty xe Temneparypy. Onr1 MOXHO ONpPENEANTH MO KOHTPOJBHO-
My YPaBHEHHIO M Te€M CaMBEIM IIPOBEPHTH NPABHJLHOCTH NPOBEAEH-
HEIX DAacYeToB TeMIePATyDP CAQEB CTEHKH o 5
. . Brp1=T+R2Q. - (13.80)
B cayuae OLHOCIOHHEIX CTEHOK BHPa)KEHHE TEPMHUECKOrO COM-
n v e
poTuBienAs ee (Re=Roi+4Reot...--Ren= hM_ Re) Bo BCex ypas-
Hepusx (13.71, 13.73, 13.79)' yupomaercs u 6yger €OCTOATL  H3
OJHOrG cnaraeMoro. - : } . _
JANs 070CKHX CTeHOK BO BCEX DACUETHBHIX yPaBHEHHAX mwmﬁ_mv
VYHTHIBATH DABEHCTBO BCEX INIOIMAKEH.- - :om.m@xmooamu.f.m_ﬂ =
”T._an.m".m.. t O . e

m:.Ha:bozouohm—_m.nws:%ozﬁ_:v_ueaa:mvma%mx. e
(pacyer TenJ00GMEHHLIX annaparTos) - ,

Tennoobmennom annaparom (TA) - HasmBaeTcs  ycTpoiicTBO,

s npegHasHauYeHHO® [Js NMepelayd TelJAOoTH OT OZHOH cpens! K Apy-

rofi. TA IIHPOKO NPUMEHAIOTCA B AmoﬁﬁohoazmﬂoEmm. . Ta30BOH,
HedrenepepabaTHRAaONIEl H  XHMHUECKO - IPOMBINIJIEHHOCTH, E:m
TPAHCHCOPTe H XPaHeHHH mmeﬂ.nw He()TENPOAYKTOB H rasa u mmhm.w
THX orpacisax HapopHoro xossHcrea. [lo mpurmumy IeHCTBI
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Puc. 13.19. Cxemsr TemnooSyennnix annaparTos:
4 — ropaushn TeWJIOHCCHTENb; 2 — X0JM0naLt TEIVIOHOCHTENb; ¢ — TeNAoBOR HOTOK

ACMATCA HA pEKynepaTHBHblE, DEreHEPATHBHBIE H  CMECHTEABHAE
{puc. 13.19). . o . e

B pexyneparusummx TA (puc. 13.19,a) ropsyas H XO-
JIOJHAA CPeAB OAHOBPEMEHHO.C pasHbix CTOPOH OMBIBAIOT IOBEPX-
HOCTb TelyloNepesauy, a TemJaOTa nepejaercs Hepes CTEHKY, :

B pereneparususx TA (puc. 13.19,6) ropsyas u xo-
JIOLHAA CDeABl OMBIBAIOT OLHY H Ty e IIOBEPXHOCTE TEIIONepe-
AAUH NOCHENOBaTENbHO: CHAYAAA OMBIBAET ropAYyas XKHIKOCTb, OT-
AaBas edl TelVIOTY, a 3aTeM Ty XKe HOBEPXHOCTh OMEBIBAET XOJIOA-
Has HHIKOCTB, KOTOPAs OT Hee M HArpeBaercd. Ipumepom raxux
TA moryr cnyxurs ‘BPAWAIONIHECS - BO3[YXONOXOrPEBATEIH.

B pekynepaTuBEHIX H pereneparHBubx TA B npomecce renso-
obMena yuacreyer NIOBEPXHOCTL TEMJIONEPENAuH, IO3TOMY 9TH TAi
HASEIBAKOTCA AOBEPXHOCTHOIMI.

"B cmecureabrmx TA TEHNoNepesauya OT ropadYel KHIKO-
CTH K XOJOAHOH OCYIECTBJSETCS IyTeM HX HETIOCPEACTBEHHOTO
ememenns (puc. 13.19,8). Otn TA ‘HassiBamTcs KOHTAKTHHIMH.
IIpamepom rtakux TA MOTYT GHTB IDajiPHH, B KOTOPHIX Pa36pbis-
THBAEMAd BOLA OXNAXKAACTCH aTMOCHEPHHM BO3LYXOM. .

B saBHCHMOCTH OT HasHaueHHs K KOHCTPYKTHBHOTO OQopMie-
HEg TA HMeloT cnenuarbHbe Haumenosanus. HauGosee wupoxo
pacupocTpaHens KOXYXOTPYGHES TEINIOOOMERREKH; 110 HEeKOTOPEIM
HBaHHEIM OHH COCTABJSIOT 110 80% mceti TemnoobMennoi annapary-
pul. Boabimde pacmpocrpanenne OAYHHAN TaKXKe Temaoo6MeHHEe
ANIADATE JKECTKOH KOHCTDYKIHH, TeIVIOOOMEHHHKH ¢ KOMIGHCA-
TOpaMu TEMHEPATYDHHX HaNpAXeHHH (¢ JHH30BHIMH KOMIEHCATO-
PaMi Ha Kopmyce, ¢ INIaBaloIIcH roJoegoit), ¢ U-o6pasuuimu Tpy6-
KamH. KpoMe T0r0, B Hed)TAHOK M ra3oBofi NPOMBIIIEHHOCTH IH-
POKO NPHMEHHIOTCA TEMIOOGMEHHHE ammapaThl THIa «TpyGa B
Tpy6e» (puc. 13.20). B npoMBIlTeHHOCTH HauGoABIIee pacnopoct-
pauenne noxyuuaum nmosepxHoctHHeE TA, rie .ropsuas u X0NonHas
HKHLKOCTH MOTYT IBHIaThCs .pasiauuno, Haubomee nmpocteivu m pac-
UIDOCTPAHCHHEIMU CXeMAMH JBUIKEHHS  SBAAIOTCH. NPSIMOTOK, npo-
THBOTOK H MePeKpecTHHE ToK (puc: 13.21). Ilpu JIPAMOTOKE TIO-
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Puc. 13.20. OcHoBHHe BHIH DPeKYNepaTHBHEHZ TemN00GMeHHBIX annapaTos: .

‘ o1 3 f == OBRAHAAPHUYSCKH
—_ # TennooGMEHHBH anuapaT JMecTKON KOHCTPYKIMH; lecKult
Mouwwnmwmumxlo.ﬂww.mm.wzn ny$ox; 38— KpeikH; 4, 5 — wWTymepsl; 6 — TpyGusle .m.mEmdﬂ_“_ma.mmm.._
TRO006MEeHHEL annapaT ¢ naapapomefl rOJMOBKORA, mlamuaccaammmvi damapar ¢ | pag:
HBMH TPYOKam; 2 — TelJOOGMeHHHA anmapar THNA <Tpyfa B TpyGex .

oyt
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e B g P4 2
f——— 71— B
2z Puc. 1321, Cxemm gpu-
A HCHHA TeIVIOHOCHTeNel:
: : |u & — NpAMOTON; & — npoTHBO-
2 h TOK; & — NepeKPecTHol  TOK;
u_ 2 . Y A 2 — cMellaHHoe hw:zﬁm:ﬂmw
S ¥ & — MEOTOKpATHO nepexpect-
v HBUN TOK

-PAYAS M XONOAHAA CPeABl NBUNKYTCS BROJD NOBEPXHOCTH TENI006-

MeHa B OJHOM HaNpaBJeHHH, NpH IDOTHBOTOKE — B NPOTHBOMNO-
~IOXHBIX HaNp4B/JEHHAX, "NPH IEPEKPECTHOM TOKE — g Hepexpery-
Bawmuxcs HanpasnenHax. Cyuiectsyior annapatH . ¥ ¢ GoJee
. *CIOXHEIMH CXEMAaMH IBHXKCeHHY. . .

Or cxemrl gBHKeHUS cpen B NPAMOH 3ABMCHMOCTH HAXOMHTCS M
TEIVIOOGMEeH MEeXAy HHMH, HOSTOMY CXeMBl JABHXEHHS KHIKOCTH
€llle HASHBAIOTCH CXeMaMH TemNMoobMeHa. _

Hecmorps na ocofennocrn KOHCTPYKTHBHOTO HCIOJIHEHHS K
'CHOCO0A AEHCTBES - DA3JNHYHBIX THIIOB TA, rtennosofi— pacuer ux
HMeeT O0llKe NPHHIHNL. C

B ocuosy Tenuosoro paciera .moBepxXHOCTHHX TA [070MEHb
YPABHCHHA TEMIOBOro. 6asnaica u oGo6HIEHHke YPaBHEHHA TenJo-
TICPENAUN  IIPH NePEMEHHBIX TeMnepaTypax, OEeHCTBHTENBHBIX A
JUOBHIX CXeM HEBHMCEHHS cpen (cxewm TelIo06MeHa) H gl KOHCT-
PYKTHBHEIX M II0BEDOYHBIX PACYETOR,

YpasHeHHe TemnoBoro Gaganca MOXHO HANACATh, €CTH Ipel-

TIOJNIOKHTh, YTO KOMHUYECTBG TeIJIOTH, OTAABaeMoH H,Oﬁm&mw_ KHn-

KOCTBIO, PABHO KOJIHYECTBY TEMJIOTH, BOCHPHAATON XOMOAHOMN HHL-
XOCTbIO, Lo - - .

Q=W Ai=W,Ar, =, (13.81)
rre gﬁ.‘ W, — BOJSIHEIE - SKBHBAJEHTH] (pacxopmnié TEIJIOEMKOCTH)
Harpesawlied H HarpepaeMofi cpex, IPENCTABMAIOMIAE MONRYIO
. - " Br

TEIIOEMKOCTE 5THX Cpel; Wi=Gicp; Wa= Gacpy, sz A, Ar—
M3MEHENHA TeMIepaTyp ropauéil. u XOMOIHOH, XKHAKOCTEH, Af=
=fH—tg; Av=To—11; 1, T1, lg, Te — HaYaJbHEE ~H: KOHEYHHE 3Ha-
MCHHA . TeMIepatyp HarpeBalolllere H HarpeBaeMoro “I0TOKOB, °C;
G (8 kr/c), ¢p 1[B (Ox/(kr+°C)] — Maccosmf PARCXOL H yReabHas
TCIJIOEMKOCTb COOTBETCTBYIOIMX CPEX. |

M3 BHpakeHHs TemioBoré Gamanca CICOYET, YTQ H3IMEeHeHHS
TEMIICPATYD ONHOPOLHBIX KHUAKOCTeH o6paTHO IPONOPIHOHANBHEL
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b _ b=l W (13.82)

' OT0 cooTHOWIeHHAE IeHCTBUTRNABHO KAK AJIA Bcell NOBEPXHOCTH,.
TaK H LJA OecKOHeYHO MajlblX ee 3JeMEeHTOB. ..m caygae mmammm
HHS ATrPEeraTHoro COCTOSHHA CPefH e BOAAHOH 3KBHBAJEHT .%W
=00 H TOIJA YpaBHeHHe TeIIoBOr0o GaJlanca NPHHUMAET BHA:

AJIl HCHADHTENS

Q= Fﬁbw" Gors; (13.83)

IAd KoHieHcaTopa T
Q=Gu1= WA, , €i3.84)

e pi e By e
THe ri, ¥ — TeloTa GasoBoro mepexona cped, JK/kr; ri=Hh"—h";
re=h"—ho'; hy', he', Wy", hy” — HauasbHEE H KOHEUHEE 3HAMEIHSE
HTAJBIUN TennooGMeHHBAKOMWEXCA cpex, /KT, .
O6o611eHHbe YPAaBHEHKS TeNJIONepeRayy NPH NEPEMEeHHHBX TeM-
neparypax, Bueperle ctopmysupoBannue H. M. Beaoxonem =
1937 r., anHCHBAIOTCA CASAVIOIUAM 06Da3zoM:
. 11 I T_:J 13.85)
oﬂa.nm_aﬂ,ﬁ.?,.l.a_v\ TWA W, ﬁv,_‘ wo )
Ilepeoe o6obmenHoe ypaBHeHHe Temomepenauu (13.85) dop-
MyJAHpYeTCA aHaJOorHuHo . Bhlpaxenuio (13.71), Toabko pasHoCT
tTeMiepatyp ycpeansercda (—t1),»=8, B CBA3H C H3MEHEHHEM TeM-
nepaTtyps cped (puc. 13.22). .
wmew@om ofobuieHHOe ypaBHeHune Temionepexaun (13.85) mosso-
AAeT ONpELENMTh TEINIOBOH HOTOK IDH HEH3BECTHHX KOHEUHBIX
TeMIepaTypax cpel B NOBepOYHHX pacuerax, CpepHis pasHocThk

, 5 .

& L. LA -7

ﬂ_.w.'. l|f. z ﬁu_“n| -—
. S
J ¥
I @ Sy | N
bsE Bl
.».wwf. ) B . : Th
| S

Puc. 13.22. I'paduxy’ uameneHus TeMnepaType TEIVIOHOCHTENEeH 1pH OpAMOTOKE

(¢} B nporuBOTOKe (6) . |
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TeMueparyp O, onpelessiercs B 3aBHCHMOCTH OT HAYaJbHEIX H KO-
HEUHHX TeMIePaTyp HOTOKOB /i, Ti, f3, Ta H CXeMHl TemlIco6MeHa
(TpoTHBOTOK, HNPAMOTOK H Ap.) C

caua.lﬁ\_n..mr . (13.86)
2

Hauaabuyio 0, ¥ KOHeuHywo 6 DASHOCTH TeMIepaTyp HAXOLAT IO
<hopmynam

Puai._.w AT; 0= if% AT, (13.87)

rae Oma — cpefHeapHpMeTHUECKAs PA3HOCTbL TEMIEPATYDP, Bma=.
=0,5(#1-+-42)—0,5(71+72), °C; AT — xapakrepucTHYecKas pas-
HOCTb TEMIEPATYP,

AT=Q/Wn=Y (At+A1)>—4pAtAT, °C;

€ — (pyHKuH#, 3aBHCALAA OT COOTHolenHs kFfW.,,
. ! kF \2 1 BF \4
=— ( F s
3\ 2w, 45 \ 2W,, :
W — npHBeNEHHEIN BOASAHONH 3KBHBAJCHT 060X IIOTOKOB

YWu=Y (1/W:141/W.) 2—4p/ W Ws).

Baxneiefi o606meHAOl XapaKTePHCTUKOH CXEMH TemIoo6Me-
Ha, onpejelslomell ee BHGOp NMpH mpoeKTHpoBaHHH TA, sBasgetcs
HHAEKC MPOTHBOTOYHOCTH P.

A o0bAcHeBHA (H3HYECKOTO COMEPIKAHHSA MHNEKCa HPOTHBO-
TOYHOCTH JM1060K TA MOXHO IO KOHEUHOMY 5(h(eKTy 3aMeHHTh K-
susajenThoiM TA ¢ U-o6pasuuiMu. Tpy6xamu (puc. 13.23). Torga
WHIEKC NPOTHBOTOYBOCTH MOXKHO NpPeICTABHTh KaK COOTHOLHEHHE
BOASHHIX YKBHBAJEHTOB NOBEPXHOCTH TEIJIONEPERAYH NPOTHBOTOY-
Mot yacTH (kF)mpor K BOASIHOMY 3KBHBaseHTY Beero TA (kF)

p= Qw\..n.v n.uo.u\_” Qﬂm..,v :uo...l_l Qwhn.v :E:L =
= (RF) npor/ (kF). (13.88)

3HaueHHsl HHAEKCA MPOTHBOTOUHOCTH JJS BaXKHEHIIHX TpocTeli-
mHX cxeM TendooOMeHa mpuBopAaTcs B Taba. 13.1. Jasa croxubix

CXeM, COCTOSIIHX H3 IOCJAENOBATEIBHO
24 14 PACHOJIOMEHHEIX YYacTKOB MPOTHBO-
! 1 TOYHOFO, NPSIMOTOYHOTO H NEpeKpecT-

2 HOTOYHOrO TOKOB B DasJHUYHBIX coue-

/ TaHuAX, HHIEKC NPOTUBOTOUHOCTH MO-
AN 7 ;
T\ _t _Jw ®eT BMTh MOACYMTAaH No dopMye

Puc. 13.23. Cxema U-o6pasucro " A
aaemenTa: C p=VAFY o (kFy,  (13.89)

£ = ropAuHA TENAOHOCHTEAL; 2 — XO-
JIOAHEI TENNOMOCHTRIb (L))

i o

TaGauma 13.1

3uadyenne KHACKCA NPOTHBOTOUHOCTH A HaHGoaee PACAPOCTPAHEHHBIX CXEM
TennooiMeHa

3 fe HILJEKCA
CxeMa HJH YCJIOBHE OTHOCHTeALHOE LBHMEHHE u%%u“mw%ommum.wmww p
.ﬂﬁﬂhooqzmﬂm NOTOKOB KB BWHu.gUd.—ﬂ
IlporuBoTOK (F )upor= fy————— % | i
"-@m.;. ﬁwmuvuﬁ.sﬂuo mllllrﬂ-u ;
TIpsamoror (£F)npor=0; t, ———————1, " 0
(&F)apan=FkF 7 o =] %
) 7
Hecummerpumnnit  U-06- : ! (RF) apor
pasHEIR 3MEMEHT t(— — |||Inwu.mm EF
{kF)apors (BF Jepnm ‘z
CHMMETPHYHELH U-06- 7] 1
pASHEL JIEMEHT &uw.m —————=bh P
Hhhnuﬁvoa“ ?&.m.uuu»! bz
TlepexpecTEEf TOK € OA- c3 :
HOKpAaTHHM MepecedeHneM & % 2 0,58—0,79
W,/ W,=0,5—2
IleperpecTasiit TOK ¢ Tk T
ABYXKpATHEIM DepeceyeHH- ¢, z ! t, 0,96—0,80
€M+ IPOTHBOTOK
W/ W2=0,75—1,5
TlepexpecTamii TOK ¢ % . %, 0.465
HABYXKpATHHM  Tepecede- P ¢ ,
HHeM + ApAMOTOK 1 2
Wi=W,
-At
DaeMeHT ¢ BHYTPEHHHM p=1—hrr
gozepaToM  {Tpyfxa P AL
Puiaa) h= (RF) sosup/kF
——— g ———s '
Om=0ma
tOwR) __(w—Wy?
mam g= gy —=0; P=—rw
RF&Wn

rae pi, {(kF);— 3HaueHHs MEJEKCA NPOTHBOTOUYHOCTH M BOASAHOrO
YKBHBAJIEHTA IOBEDXHOCTH TEINIONEepefayuH i-T0 YYacTKa CHOXHOHK
cxeMbl TemJoobMeHa; &F — BomsiHOH 9KBHBAaJEHT MOBEPXHOCTH
Tenjionepenayy scero TA. - : co
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JenxKeine

OGofwennre YPAaBHCHHS!, TEILIONEPCAAYH NPH NEPEMEHABIX TEMNEDATYPAX M RPOCTEHIIHE VACTHHE chyyan °

TEIMOHGCH-

Ta

6irana 13.2

Teleft HAR
BHR Temirool-
MeHRHOTO an-

naparsa,

¥enonre

Pacueritnie ypafiﬂeﬂnn

J s HOHMCTPYKTHBRBIX pacyeron
TpH npoeKTHposasHHE (I poga)

i

Ins nosepounnix pacq."eroa (II poaa)
| Iy —
JlioGasn . _ 1 1
06 —_ Q=W, M= W, Av= LFO,, 1/2( ; L i
- . e ' e Wl Wﬂ + kF
9m=L—€JL=AT/JHﬁ*¢VBII-BII S=-1—( kF )2_ 1 EF 4
Tn —1 H 2\ 2W, s \ow, ) T
- By . . , o :
AT ="V (AT~ AT)® — 4pAfAT ,
L I —_—
B =8mat+ ?AT; 011 = Bma “‘_2‘ AT \ Win
. | 1 _33_]/( R )2 4
T BmA—_-fl—Tl—?(Af—l-A’ﬂ) = Q = '-WI + W_‘“z — v, W,
: _ h—my
lporusorox [p=1 Q=W, Al = W,Av = kFiy, Q= __l_( 1 n i )_I._ i+s
' 2 \w, " W, kF
AT .A:f. Az; L S O
= 3 H 4 Wm - Wl Wg )
8 —f 9 ; . 1 ( kF )2 i EF 4+
={ — Tyt =t =— —_——— ..
. 1= Tgi U e=ip— 3 \ 2w, P (2Wm)
Q L—1%
- =0 e -
Maparrems: 1 Q= W, A = W, At — kFBy; N )+ 1 e
' 2 \w, ", RF
. 61 —6 AT ‘ L L
Orn = B 0 Vi Wi L6 W
In—— a :
¢
O it l( oF )2 { ( iF )4+
£ = — —_— .
AT = Af + At 3\ oW, 45 \ oW,
COi=tH—T Bu=H—T
bh— Ty ! =__l_
T Ty = T = Q= W, At = Gy r = kFbm Q= 1 148 Wm W,
Henapurens 1= Ty, emK A oF . .
— —8 Af _
At = _ 6 —Ou . = V8 0n . 1 WF o\
Wy=QAt=c0 [ ™ | 0; n AT . _1_( )_ (W + ..
. n en fg'_'l:l{ - 3 2Wm 45 2 m’
' AT = At
' =0; %=1
: =ty =T O =h T )
1 1 K Atz—Q-=(t—"rK) (l_e x); x=kF/W1
T 1 - W, '
— — A
e_mA=t1—1“. 2
®
w




IIpk npoekruposanuu TA ero MHHHAMAJbHBIH HHAEKC IPOTHEO-
3 o ) TOYHOCTH ONPEHENSIETCH N0 YPABHEHHIO * * : :
S —_ & : . .
m - _W |_| m.krr... Pmin= .Q_.l..l..ﬂ.v Qul.lﬂnv \D@_D.ﬂ ] :.WQOV
o = I II F . ! ' ' . .
] g — — W : ! - :
= 5 - Wm | = IIpy MHEHMAJLHOM 3HAUEHHA HHJIEKCA [POTHBOTOYHOCTH Pmin
S = S + H MeHblle MUHHMAJLHOTO He MOXeT 6LTh peajH30BaB 33 aHHBIK
2 . — v I R : teMneparypHui pexxam. Ilpu BHGODE CXeMHl TenyocofMeHa Npoex-
g 1_5 i ,_u I_W , tupyemoro TA Hcxoadr U3 YCJOBHIH, 9TO p CXEME TennodoMeHa
£ w = g o+ npoexrupyemMoro TA fo/xeR OHITE OOJBLIE Pmin. . - .
3 & 11_. & I ¢ ; 1‘W1 PasniuuaioT ABA BHIA TENIOTEXHAUeCKHX pacieros.TA — KoH-
g _ 2— | = = crpykrusHeie (I poja) ¥ HOBEPOUHHE (IT poma) (rabm. 13.2).
) W -+ ke Wm of N om [Ipy mpOeKTHPOBAHHK B KOHCTPYKTHBHBIX TENA0TeXHHYSCKHX
g 1_ N I |~ =5 pacuerax M3BECTHEH! HauafbHble M KOHEUHBIE TeMIEpaTyDH NOTOKOB
5 m N — N I I t,71, tz, T2, BOLSHBIE SKBHBAJEHTH OGOHX -notTokos Wi, W. Tpe-
g i —| S o , Gyercss OMpeAeNHTh BONSHOW SKBMBAIEHT NOBEPXHOCTH Temonepe-
3 o I I S naua £F. Dt pacuersl MPOBOAATCA B CJACAYIOIIEM IODPIALKE.
> w & nS, 1. Tlo ypaBHEHHIO, TelJIOBOro OajaHca (13.81) onpeneasercs
m = Rt KOJHUECTBO IepeaBaeMoll TenoTht (MOIIHOCTh TA) Q.
8 <, & 2, o topmyne (13.90) BbYHCAAETCS MUHHMAJbHHH HHLEKC
g N | N - IPOTHBOTOYHOCTH. o : .
& . = " 5 o 3. BHGupaeTca cxeMa TelooOMeHa HPOEKTHPYeMOro TA rax,
X o i e & ;OS2 4TOBH P> Pmin- . | o
g& 20 . s T8 5 2 4. OnpepensieTci CpeiHss DasHOCTS TeMmeparyp mno gopmydre
o - & R ey 2 S u3 Taba. 13.2. ,
28 3 UL e s —[e & 5. BLruHcJsercs BOAAHON SKBUBAJEHT IOBEPXHOCTH Teiomepe-
: mm. Wz hadl | B W2 _.. omlm Jadu .&T,HQ\@E . :
58 . = ¥ _x " i cor 6. INanee pacuersl MOIYT GHTb MPOBeJEHH JBYM: NyTAMI:
g8 - I I -~ b - BHIUHCASETCsl (MM BHIOHpaeTcA No olleHKe) Kod(pHUEEHT Tel-
g8 Y = > _._a 5 I, JOTIepeRayn k; 3aTeM ONpPeReNsercs NOBEPXHOCTh TA F=(&F)/k;
g= - @ =l & - £ ‘g _ B TOM CIy4ae, ecid k BHOpaH IO OlEHKe, TO OH BhHUHCAZETCH H
<8 o =t & a_.w T oo ”. OKOHYATENbHO BEIGupaercd F; i
el = f & ] ocymecrpisgercd 06pafoTka NAHHBIX TENIOTEXHMIECKOTO HCIH-
I b ranass TA, a HMEHHO: IO H3BeCTHOMY [ OIpelciaeTcs & Kaxk pe-
& < * . 3yAbTaT 06PAGOTKE ONBITHHIX A@HHBIX k= (kF)[F.
= L B nOBepOUYHHX TENJOTEXHHUECKHX pacueTax
3 8 = @ T . (11 poza) H3BECTHH HJH MONCUMTHIBAIOTCA BCE BOJAHEEC 3KBHBA-
@ 1 o I o s EE o - nentsl (Wi, Wa, kF, W») H# HaYaJIbHEE TEMIEpATypE IOTOKOB
g SOl ] < & s = . , (41, T(); TpeGyercad ONpeNeNUTb KOHEYHEIE TeMNepaTyps NOTOKOB
3 I3 S e VAT Y {tz, T2).
. I I - I ' Tlopajok. pacuerop II poxa caenymoiHi. .
I Ny 5 I 1. OnpepensieTc KOJHHECTBO nepesapaeMoll TemioTe QWO
oL = . _ BTOPOMY YPaBHEHHIO TeILIONepefadH (13.89). .
-y oo © 9 DBLIYECAAITCH KOHEeYHBIe TeMmepaTyphl NOTOKOB H3 ypasHe-
mmmm”m 4 . m,A aus Temnoporo Gananca (13.81) Af=Q/Wy; ty=t—At; Av=Q/Wg;
mm@nmw m m%% Sl%l.ba. 1 xHuuecKAx pacyerax TA ATCSH JH-
LER E - 229 : ce TPYAHOCTH B TEIVIOTEX yecKAX pacyerax CBOL
B 8 & 8D 185.
184




60 K ompeziedeHalo cpenHedi pasHoCTH Temmeparyp (B pacuerax
.nepsoro poja), JHOGO K ONpENeJeHHIO KOJHYecTBa NepeXaBaeMoil
TelwIoTH (B pacuerax BTOPOrc poia).

‘MIpumep 136 B xonogwisHuKe AOPUIHEBOTO ABHIATEAS BHYTPEHHETC Cropa-
HHR HeOGXOAHMO [OHHSHTh TEMOEPATYPY CMAa3ouyHOro Macna ka 10°C, Hauanbnas
£;=90°C. Onpefeiurh HeOGXOAHMYK AOBEPXHOCTH TEIJIONEPENayH XOACLHABHHKA,
€CAH KOJNHYECTBO LHPKYIHpYIOllero macaa (=120 kr/MuH; -TeNJI0eMKOCTE Macaa
cw=2,093, xMx/(xr-°C); Tommuna uucroff cTeHkH aaryHHEX Tpy6ok §=05 MM,
koapdunnent TenaonposofHOocTH A=75 Br/(M- °C); Bojla B XOMOLMABHHK [MOAAET-
cA OpH Temmepatype T;=20°C u BHXOZHT HpH To=30°C; KoadduunedT Tennoor-
Jadyd or Machaa K creHke o=270 Br/(M2-°C) u rosuiuenT Temnaoornaud oOT
n._.mﬂmm: K Boge =960 Br/(M2-°C); KHIEKC NMPOTHBOTOYHOCTH XOJOAHJLHHKA
p=Uu_t. :

Pewenué. OnpejenaeM TENIOEOH NOTOK

120 9,093:10°.10=62790 Br.

2. Imxcnm:.,xmumxamnmnaiwmés _m.mmm.on? H,m_smmwmeé

Su;\B_.,_.E:I»GRSHA\:Q.T5:!?9@6.5«?&5.

3. Cpepuaz apH(pMeTHUECKasn PasHOCTL TEMIEPATYD Loonr

o 1 T
- aasﬂaiﬁllw-ﬁk._.bd Hooﬂlwc.lﬂco;zsumooo.. _

¢}

4. HauGoapmag W HAKMEHLINAS PASHOCTH TEMOEPATYD

1 1
8= Oma+ — AT =604 8,04 =464,5° C;

1 1 .
817 = Bma— 5~ AT = 60 — — 8,94 = 55,5° C.
5. Onpepensem CpeIHION PAIHOCT emznmume<w_. o
O %5 e T L1116 = 1,001
4 = =1,1186, H 11, Haxomam hp= 1,
8, 65,5 Y i
6. Torna

B = ¢ 1/8;8;; — 1,001 1/84,5-55,5 — 59,8° C.
7. Onpeseasem Kos(GuugenT Tenaonepesay T T
1 1

k= 1oy +8/h+ 1wy 1/270+ 0,5-1073/75 4 1/960
= 210,58 Br/{m?®-°C). ,
Hafitem HeoGXOAHMYI0 MOBEPXHOCTh TenN006MeHA XONOAUABHHKA NpPH m.mnmmmw.x
yeaoBuax M3 dopMyns (13.85) . :
Q 62790

%.. “ "# n.
= o 2105508 B M

H
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Mpumep 13.7. [l gxadfkaenns. aedru or 75 Ko 45°C c mopauedt 23,9 ENQ
H TIpefBAPHTEABHOT0 OoXOrpeBa BOJOHEPTAHOH SMYJECHH. OT TeMNeparyphl 30°C
¢ 06BojHenHOCTbI0 Wp=0,2_n nomauelt 29,8 xr/c B GioKe pereHepallHH TENIOTH.
wcnoBoll noarororkyn nedTH (YIIH) BmOpats TennooSMeHHHHA
py6a B TpyGe» ¢ HEJCKCOM NPOTHBOTIMMOCTH p=1. _
7 1. [lo cripasounnky -Jua HedTH BHOHpaeM\IPH CpejHedl TeMIEepaTy-
pe oxnamueHus fma=0,5(f-1)=0,5(75+45)=60 °C meqGxoAMMEE SHAYCHHs 13-
pamerpoB TemmodHanteckux ceofiern: ;=873 xr/m% A1==0,115 Bt/ (M-°C); cm=
=1,994 xxc/ (xr-°C); v1=53,01-10-F m/c. .

2. lna onpepfenends KOHEUHOH TeMIEpaTypHl MOACTPeRa BOJCHE(TAHOA IMYIlb~
CHE TpeJBADHTENBHC (O YTOUHERHS) MHCIOJB3YEM 3HAUERHA NApaMerpon Teilo-
(huaHdecKHX CBOMCTE TpK cpelHedl TeMmeparype mpollecta Tma=40 Om. . tmu..u
=807 kr/m% Ag=0,174 B/ (M °C); Coz=2,424 w[lx/(kr- Ov_.m vo=2475-108 m2/c.

3. MommuocTs Tenso00MeHHOrO annapari G

W= Gr0p=23,951,994 = 47,66 xB1/°C;
" Q=W At=47,66-30=1420,8 xBr

4, Temneparypa BononedTAHOR sMyIbcHE HA BHXoge M3 TA ompejenserca H3

ypasBsedus TengoBoro GanaHca : .

. Wa— Gacps=20,82,424=72,24 xB1/°C;
Q 1499,8
—ty = =49,8°C.
w=Tt g =T ,

Torpa cpefHAs TeMIepaTypa BOLOHEDTAHON YMYIbCHE COCTABAT
. Tma=0,5 (ty;172) =0,5(30149,8) =39,9°C.
v Takum 06pasoM, TpelBapHTENbHO OLeHeHa CDelHAs TeMIEpaTypa HOJOrpesa

SMYJBCHH H BHIGpDaHH 3HAueHHs ee LADAMETPOB TeNIOPHIHIECKHX CBOHCTB Mpa-

BHIABHO, .

5. Haxogum cpepiolo pasmoCTb TEMNEpATYp NPH NPOTHBOTOKE

R B1=t)—7y=7549,8=252°C; -
ouuunld_u,»mluou._mon“

0, —6, 25,2—15
Om="Te/8,  In25,2/15
6. Bopanoit sKBHBAMEHT =wwmumnoo§ Telnonepeayn
_ 14298 N

19,6

=19,6°C."

BF = Qf0m = =72,95 kBr/°C.

7. OuecHrBaeM, KAKOBE JOMKHE GHTH MIOMIAJK MPOXCAHHX CEMEHUH AAA IOTO-
OB TPH ONTHMAJbHEX CKOPOCTAX ABHIKCHHA (wi=w,=1,5-25 m/e)

f= @ﬂw = mwmm.wo = 186,9-10° w?;
1 W, -2, .
P T 1TV T IV O

Pg Wy 907.2,0 }

8. Bufppaem Temmoolmenmblii anmapaT TWnma <«rpyGa B TpyGe» (cM. pHc.
13.20,2) c reOMeTpHYECKHMH XADAKTEPUCTHKAMM, OGeCIeYHBAIOWIAMA ONTHMAJILHLE
ckopoern: TT 133/219—40/40; remiooGmennan TpyGa n._vmau_mme MM; KOXKY-
xoBag Tpy6a duX6=219X7 mm. Ilnomanp XuBbX CeuedHil: MOTOKA BHYTPH Teil-
JOOBMEHHEE TPY6 fi==115 ¢m?; 10TORA cHAPYXH TelepGMERARX TpYO fo=186 cm2
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Homunansnan maowaanr noee ’ fi
DXHOCTH ‘TemyacoOMeHa OARO =
F=15 m?% [=12 M F=20 m2. Aok ceraut iph [=9
9. OnpexengeM (akTHYeCKHe CKOPOCTH ABHMKEHHI:

HedTn
! o1 f1 873-115-10-¢  °* Mfe;
SMYJRCHH
G 29,8
EN 2 E—1 - —.-.N.N E\ﬁ.

ry 907 186- 102

10, HaxogseM kosdpuUmenT Tennooriaun or HedTH K BHYTpEHHeHl NOBEpXHO-

CTH TennooOMesnoll TpyOH
L 2,38-121.10-8

urcno Pefinonbica Re = = — 108
1 by 53,01-10-5 §,433-10

Pexnu TedeHns Nepexofubl; K0sQQHUKERT TENJCOTAAUH ONPENieiEM Kak cpeA-
m:: MeXAY 3HAYEHHAMH IPH NAMHHADHOM M TYPGYJSHTHOM DEXKHMAX IBHpKeHHs,
Hayenue Nu, 0pH JaMHHADHOM BA3KOCTHO-TPABHTALHOHHOM peXXHMe , .

Nu;=0,15Re"*#Pro3{GrPr) %! (Pry/Pr.y2,
Yucno IMpanaris npH cpeldedl reMnepatype Hedrh
or, M biepy _ 53,01.1075.873-1,994. 108
a B P 0,115
Cpennion TeMIepaTypy CTeHKH MOXKHO NpHGAHIKEHHO OLEHHTEH TaK:
: £:=0,5 ({ma+wma) =0,5 (604-40) =50 °C,

= 802,4.

Yucao Du.mn_.oem :
gd?s 9,81°(121-107%)3
.ﬁn @H .<..u. = - -
1 (53,01.10-%)2
Unucao Ipanaras ans wedTH npu cpellHed, TeMIlepaType CTeHKH
[¥ie=54,1-10-° n2/c;-prc=881 kr/u%; cpre=1;959 wlx/ (xr-°C);
he=0,118 Br/(x-°C)];
VicPie€prc 94,1-1079.881.1,059.10°

Gry e= —~0,0008- 10 = 933, 4.

= 1376.

Prjc=
1 Aic . L0118
Nu, = 0,15 Am&mv,_.a.aow.asa.Gmw.p“.%m.&ﬁA f02,4 va_g =78,T;
SR P - 1376
gsu_.zﬁ:? _ T78,7:0,115 v

= 74,8 Br/(a2C),

|

dp . _.mH.SA .
3nauenne yneaa Nu; opu awuowammamo: peHMe
Nuy = 0,021Re%8 Ps0,48 (Pry /Pr.)% 28 =

. £ 802,4 \0:25
= 0,021 (5433)%8 (802,4)0,83 Al s
)% (802,4) 1376 816,8.

o Znuww.l.wum.m.o.:.m
ar i T 91108 H.u_wo\r_ w.n\..ﬁ.ywu.nuv“

. ey=0,5(ctitour) =0,5(74,84-301,1) =1 mm.mi\ ?Pog. .

i88:

e —— S

11. Onpenensiem Koo(QOALUMEHT TEMA00TAAYH OT HApYXHOH TMOBEPXHOCTH TEN-
* noo6MeHHOE TPYOH K IMYJIBCHH
&w“nmzu|&._.=“MO$|.l—@w“ﬂ~ MM
W, ds 1,77.71.1073
€y = = = 488.
R =" = or75.10%

PexuM TedeHHs JAMHHApPHEIE 9=t —Tma=50—40==10°C; yucno Cpacroda’

g% 9,81 (71:10-5)3
- - 1.10 = 573.
Grp =" a0 247 510" 0,00 3

Yycno [lpanATas mpH cpeAHel TeMiepaType sMyJIbCHE
Voo Cpy 947 5. 10-. 907 2,424.103
A 0,174 -
Tipomnspenenne GroPre=573-3127=1 791 771>8- 105, .
PexuM ABHKEHHS H TEINIOOGMEHA BASKOCTHO-TPABHTALHOHHKEM . . . .
Nu, = 0, 15Re,?,% Pr,0,33 {(Gry Pry)%?1 (Pry [Pryc)?™ =

3127 \25
nc.aSmmvﬂ_.aa_mda_sQ.BZEFAa.a v =36,59. -

= 3127.

ﬁﬂ» ==

_ Nughy _ 359017 o0 0 piaey,

%=y, T 71.107

12. Haxogum kostduument Temnonepefaud TePMHUECKOR CONPOTHRIEHHE:
TEIIONPOBOAHOCTH CTEHKH TPY{bl BMECTe ¢ 3aTpPASHEHHAMH :

< 610~ s o retee
M@PH o+ 0.0015 = 0,00163 . C/Br;

O R 1 1 :
——— ——— R — e — 08
o M/t = g T LB I0P

l_ll =1,8-10"% m*.°C/Br; , n,
- 89,7 i : o

=556 Br/(M2-°C).

13. Heobx0IHMast NIOMALE IOBEPXHOCTH TeRI00GHMeHa
F=hF/he=12949/656=1312 m%

14. Uneso cekuuit Temnoo6MeHHOr0 Gnoka H (axTHyeckad yCTAHOB/JEHHAA MO
BepXHOCTE TénnoobMena . , -
ne=F/F.=1312/20=656. o o
TpunuMaeM n.=66 ceximmfi, MAKTHIECKA] TWICWALL NOBEPXHOCTH TEMNOOGMeHas
Fy=ncF.=66-20=1320 m?% .
(kF)$=55,6-1320=73 392 Br/°C.
15, B cBa3H ¢ TeM 4TO (DAKTHUECKAS NOBEPXHOCTD TEMIOREPE]aH OTIHUACTCH

OT IOTPeGHOH, HeoGXOAHMO ONPENeNHTh, KAK 3TO OTPASHTCA HA 3HAUCHMAX KOHE-
HON TeMNepaTypsi NOTOKOB HehTH H SMYJBCHH. MomwnoeTs (KOMHUECTBO NepefiaBae--

18%




MOH TemmoTH) 6JI0KA pereHepallun
I I I 1 1
Wm W, w, 47,66 72,24

=17,14-10"3 °C/kBr;

. 1 .
(EF)p[2Wpy = —173,392.7, 141073 = 0,262;

2
£=228-10"%
@Hlﬁ L m_l_a_ l+e  °
7 (Tt ) e
_ 75— 30 . N
o.mﬁ L w+ Tz a00 - 148 KT
47,66 | 72,24 73,392

prmmd B ec bt A= T75—30.1- .p °C;

W, | 47,66 TG =h—M=T0—80,1 =44,9°C;

Q 1435,4

D.ﬂu = = 9° - == - = —
7. or = 199°C T=T 4 67=30119,9=49,9°C.

KoHeunue TeMAepaTypH MOYTH He OTIHIAKTCA OT 3afaHHBIX, CHeJOBATELHO,
BLHIOpaHHER GJIOK TemIODOGMEHHHIX ANNApaToB O0O0ECHeYNT HeoOXOZHMEN TeMie-
(PATYPHHIA perKuM. o ’ ’

i ...Z.E\.H HETeHCH(HKALHY Tem/IOnepefiaud B . TemI00OGMeHHLIX anmapaTax, OyTeM
dipfiMeHeHna DeOPHCTHIX TPYO H crelHANLHEIX BCTABOK MOXHO 3HAYHTEJBHO CHH-
-8HTh TPeOYIOLIHECT IVIOIaLb NOBEPXHOCTH TEIIONEPEAatH i COOTRETCTBEHHO YHCMO
«CEKUH} OJOKA peremepallu TermmoTsl YIIH.

KOHTPOMBHBE BONPOCH

1. Tpr (opMH mepesayd TEMAOTH, YeM OHH OTJAHYAIOTCA?
2. Kakye mpoliecchl IepeHoca TEIUIOTH HA3HBAIOTCA CTAUMOHADHKMH H HecTa-
AHOHAPHEIMH? . ) e '

3. Kax dopmynupyerca 3akon ©yppe? )

4, Uro takoe TEMIOBOH NOTOK H MJIOTHOCTD TEIMOBOIC MOTOKA?

5, YUTe Takoe TeMIEDATYDPHEIR TPANMEHT H TEPMHUECKOE COMNPOTHBIEHHE Tel-
JIOMPOBOJAHOCTH? S AR © ..

6. Kaxoro fusHueckoe comepiaHHe KO3DDHIHEHTA TEeAJONPOBORHOCTH H €ro
.3HAYEHHE N4 ra3os, MHAKOCTEHN H MeT4JNoB? .- - . :

7. OT yero 3aBHCHT TemIOBOH TOTOK NPH Nepefade TEMIOTH TeAJONPOBOA-
HOCTLEID (OT TEMIEPATYPH MJIH ee H3MEHEHMs B Tele) uepes MIOCKYHD CTeHKy?

8. ..oeonzwaxwmmem YCJIOBHA 3aMeHBl MNOcKoil MHOrOcMOHHON CTEHKH, SKBHBA-
.JeHTHOR {pacueTHOH) ORHOCIOHHOM. :

9. OT 4ero 3aBHCH? TemacBON NOTOK MPH Tepefiade TemJOTH TEIJIOHPOBOJ-
JHOCTBIO :Uepe3 KPHBOAHHeHHEe CTeHKH? e

10. Kakosm YCHIOBHA 3aMeHbl MHOIOCTOHHOH KDHBOJMHEHHON CTEHKH SKBH-
_mmhmz..._.mom (pacdeTHOH) OAHOCHOHHOR M UeM 3TH . YCIOBHA OTAHYAWTCA OT ye-
-JIOBHH 3dMeHH INIOCKOH MHOrOCcHofiHON CTeHKH?

«CHT?

12, Ot yero 38BHCHT TelIOBOH HOTOK B YCIOBHAX TENJOOTAAYH (KaK HopMy-
JIEPYETes GCHOBHO 3akoH) ?

13. Kakop ¢usnueckuii cMulc KO3D(PHIHEHTA TEMNOOTAAYH H OT KAKHE (hak-
“TOPOB TAIABHBIM OGP230M OH 3ABHCHT? )

14, KaxkoBo cTpOeHHe NOTOKA IpH JaMHHADHOM, TYPOYJIGUTHOM pexHUMaX Teue-
'HHA H KaK OCYINECTBJAETCS TElA00TLAYa B 9THX YCJIOBHAX?

a90

.. 11, Yro TaKoe JHHeHHAA TVIOTHOCTL TENJIOBOrQ ROTOKA H OT 4Yery OHA 3aBH- .

15. Korna mnprMeHsioTcA TeopHS nofolHA H TeopHi pasMepHocTeR?

16, KakosH y¢0BH: NOZ0GHs (QH3HIECKHX ABIEHHH (npoueccos) ?

17. HasoBMTe H HANKLUIATE BEIDAXKEHHS Aas BamHeHmHX KpHTEpHEB (umcen}
10706KA KORBEXTHEHOrO Temnoobmena, Kakop Hx dusuueckui CMEICH?

- 18. Kax sanHcHBaioTcs B OGIEM BHAe YDABHEHHT NOJOCHA NpH 9UCTO BRIHYH-
LEHHOM H cBOGOJHOM: JBHKEHHH MHAKOCTH? :

19, KaxuM MHOKHTejeM B yDABHEHHAX NOAL0GHA YYHTHIBARTCA H3MEHEHHE Ter-
I0H3MYECKHX CBOHCTS. KHUJIKOCTel H rason? :

90, KakoBo KpHTHUECKOE SHaueHHe wncaa PefiHonbAca IpH OMEBAHAH TLIOCKO#H
[OBEPXHOCTH?

91. KakHe perKHMBI TeUeHHs M Tem100(0MeHA pa3/HYalOT TDH BEIHYKJEHH OM
JBHIKEHNH MHIKOCTH B TPyGaX K KaK $TH PeMHMB BRIEHAOT?

99, KakoBH OCOOEHHOCTH TEIVIOOTAAYyH RpH TONEePeYHOM OMEBAHHH Tpyo ®
IYUKOB TpyG?

23. KakoBe 0COGRHHOCTH TEMIOOTAdYH B YCJIOBHAX cBoGonHOrO NBHIKEHHA'
JKHUAKOCTH B HEOTPAHHYEHHOM [POCTPAHCTBE H B Y3KHX MIENAX H Kauajaax?

94, Hasosure . peiHMH kHneHhs. KakoBa HHTEHCHRHOCTb TENI000MeHa MNP
9THX peXuMax? . : o . T :

95 Pacckamirte 06 0COBEHHOCTAX TENAOOTAAYH IIPH KUIEHHH KHAKOCTH B GOJb-
{1oM o6bemMe M 1pH JBHMKEHHM KHIAWEH XHIKOCTH B Tpyde?

96. Kakora ocOBeHHOCTh TEINIOOTAAYH IpPH IJeHOMHOH M KameJBHOH KOMAeH-
calfiy YMCTOro. mapar . e T . :

- 97, Kaxosa cymHocTb KO3 QHUHEHTOB JIYYHCTOTO TeroofMeRa H B KarHX.
npeaenax OHM MOTYT H3MEHATHCA? | .

98, Hammmiure BHpaXeHHS H DPACCKAXKHTE COACpHKAHHE saxonbe Ilmanka
H Buaa. - - :

29, Kak topmynupyerca saxon Credana — Bonsumana fad a6COMOTHY Hep-:
HOTO H CEpOro Teu? - .

30. KakoBo comepxanue sakona Jlambepra?

31, Kax cpasasnl H3nyuaTeJabHad H IOIJIOMIATeALHAA cnocoBHOCTH Ted IpH HX:
LHOCTOAHHOH TeMAeparype?

32, Kax onpeflefnTh AYYHCTH TEIVIOBOH MOTOK MEXAY. NDOHIBOJBHO pacno-
JIOMEHHEIMH TejaMH; KaKHe BEIHUMHBE! NPHOGPETAOT OMpefefeHHOE 3HAdeHHE MU
KaXA0T0 KOHKPETHOTO CIy4as? ) '

* 33, Kakoit caMuiii sdexTHBHE cnocof yMeHbUIEHAA NyUHCTOrC Tennoofmen a.
Mexny Teqamu? KaxoBa ero a¢ipexTHBHEOCT? .

34, Kaxoea oCOGEHHOCTEH MaAyUeHHst- 4308 IO CPABHEHNI0 C. TBEPIAHIMH Te--
naMur

35 Or KAKMX BeaWMHH 2ABHCHT CTENeHE dYepHoTH rason? Kax onpelennTe-
JYYHCTH TeIJIOBOH NOTOK MeXJY rasoM H ero oB0onI0uUKOA?

36. Kak onpeaeniTs cyMMapHHI TEIOBOH NMOTOK NIpH HepeHoce TeIIOTH KOH-
BeKIMeH M H3NYIEHHEM? : , - '

37. Kaxoii mpotiecc pepesoca TEMIOTH HasHBAaeTCs Tennonepenaveii? Kaxme
}hopMH TIepeHoca YY4ACTBYIOT B HeM?

38 KaKOBH OCOGEHHOCTH KOMIeKca kF M Kak ompelengerca KOdHQHIHeHT
TenJonepenatH A% KPHEONHHEHHEX CTEHOK?

39, KaxoBw 0ocoGenHOCTH HIONALNH. KPHBOMHEEHHHX NOBEDXHOCTER B KaK NMOX-
GHpaloT MAaTEpHAJ TENJIOBOH M30AUEA TPYE? .

40, KakoB# nyTH BETeHCH(UKALMH NpOLecca TelIonepelayn?

41. Ha xaxye CpyOns 0O WMPHHIHIY AeHCTBHA ReasTes Tensoo0MeHKEbEe anna-—
pATH W KaK OCYIIECTBJNETCS B HHX Niepeiaya TersoTa? o

42, Uro TAKOe MHJEKC NPOTHBOTOMHOCTH H KAKOBO €rc SHAHUGHHE AJA OCHOB-
HHX cXeM ABHXKeHHs M TelyloolMena? . T .

43, KaxoBo ACMKHO GHITh 3HAUEGHMe MHJEKCA UPOTHBOTOUHOCTH BHOpaHHOI
CXeMB! NBHXKEHHS M TEIOOGMEHa AR, OCyHIeCTBNEHHS 3aJAHHOTO TEMIEPATYPHOIT
pexHMa? o : : ) - :

44, .B ueM CyMHOCTE. H KAKOBa: NOCAGAOBATENEHOCTD TEMJIOTEXHHYECKHX - Dac--
“:m_.om aw:hocmzmmmzx anmapaToB KOHCTpYKTHBHOrO (I pona) M NOBEpOYHOTD:
(Il pona)? ’ '
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Yacre gropas - | ’
KOTEJIbHBIE %n.,_up:owm:

faase 14
TORJAHUBO H Ero TOPEHHE

§ 1. Monstue o KoTenbHO YCTaHOERKe,
KOT€JILHOM arperare.u. napoBoM KOTJte

fIPOMBINIAEHHOCTH COCTaBJsgeT 5—6% Bcero xoamyecTsa JOGEIBae-
MbIX He()TH H HONYTHOrO rasa. A .

OcuoBubIME mOTPeSHTENIMH TOIJIHBA ABJAITCA He(TAHEE W ra-
BOBLIE IPOMEIC/B (6ypeHue HebTSAHEIX W rasoBbx CKBAXKHH, f0OLIYa
HedTH H rasos), HedTenepepa6aTHBanmIKe 1 raso0eH3HHOBHE 3aB0-
ABL, NPEANPHATHI N0 TPAHCIOPTY HedTH M rasa.

Tennora cropanns Tomrea HCUIOJE3YeTCa AN BENEeRHS TeXHOo-
JIOTHUECKOro. HPOLecca M B 3HePreTHYeCKHX YCTAaHOBKAaX HENOCpex-
CTBEHHO HJIH NyTeM NEDefauH ee ¢ HOMOIIBIO NPOMEXKYTOUYHOrQ Ted-
JIoHOCHTens. CaMbe pacmpocTpaHeHHbe TEIIOHOCHTENH — BOLSHON
nap H Boga.

Boasano# nap B 6ypernu HCIIOIBIYIOT JJIS OTOIJIEHHS IPOMBICIO-

30UHOro Macna, o6orpesa mpHEMHHIX u BHIKHAHBIX JIHHEE Gyposbix
HacocoB, ABHraTeseli BHyTpeHHero CropaHHA NPH HX SalycKe, paso-
Mﬂﬂﬂm OYDHIBHEIX TPYS H 3aMkoB IPH COYCKO-NOABEMHEIX OMepa-

Boasimo#t map u TOPAYYI0 BOAY HCNOMB3YIOT HpH AoGHue HedTH
1A HATHETAHES B IJMIACTHI C IeJiblo YBETHUEHHS! Hed)TeOTLauH Mec-
TOPOXKIEHRN, Dasorpesa SKCIyaTaAlHOHHLIX CKBaXHH, OTONJIEHH:
TPOMLIC/IOBLIX 3NaHHH U COOPYKeHRIT, .

Boasuo#t nap na redrenepepabarrBanmuy sasogax (HII3) u
HeTeXHMHYECKHX KOMGHHATAX (HXK) ucnomesyior B NapOBHIX TYp-
*VHHax saBoxpckux TIII, B IIaPOBEIX TYPOMHAX # Mamranax HEeHTPO-
”MMVM_EN Y TIOPIIHEBEIX HaCOCOB, B NODIIHEBHX H TypOoKoMIpecco-

- Kpowme Toro, Bogsmuof Tap OPHMEHSIOT AN BEACHHST TEXHOMOIU-
IECKHX TIPOLecCos Hedrenepepaborky u He()TeXHMHE 15 Nofaun
B PeKTHOHKANHOHHEIE KOJIORHEI, DeaKTopH, ajs TPaHCIOPTHPOBKH
amem.ammmaowm..m moaorpesa He)th K He(pTenponykTos. B obureza-
BOACKOM XO34HCTBE BOASHOR 714D H ropauylo BOAY HCHOJB3YIOT RIS
OTOIVICHNSA, BEHTUIAINHU K IPOTHBONOXKAPHOK 3allMTH, Ha HedTeGa-
38X IPH NIPHEMKe, XPaAHeHHH K OTIyCKe HedTenpoayKTOB,
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" ‘arperata ¢

Puc, 14.1. Cxema xoTensHOro arperara

Boaanoit nap coorsercTeyoniero fapreHus n TemMneparypst (mu
FOpAYYI0 BOAY 3ajlaHHOH TEMOEPATYPH) NOAYYAIOT B KOTeABHOW
YCTaHOBKE, NPeACTaBJAIOME] co00# COBOKYNHOCTh YCTPOMACTB H Me-

XaHH3MOB HJIS CHHMAHHA TONMHBA M NOJYYeRHs mapa. Kortedbuas

YCTaHOBKa COCTOHT H3 OJHOTO M/ HECKOJbKHX PaGOUHX H peseps-
HEIX KOTeJILHBIX arperaToB H BCIOMOraTeILHOrO 0GOPYLOBAHASA, Pas-
MeHaeMoro B npegenax KOTeJBHOTO HeXa HAH BHe ero, |

- Obmee npexcraBienue o paoueM mpoiecce KOTEIBHOTO arpera-
T2 Ha MHIKOM HJIH rasoo6pasHoM TOINIHBE AAeT CXeMa EOTelbHOro
OCHOBHEIMH  BCHOMOraTeJbHEIMH  YCTPORCTRAMH
(puc. 14.1). .

Xenxoe unn rasoo6passoe TOmIEBO Mo TOIMIHBONIPOBOJAM KO-
TeNbHOR | 1 KOTEJBHOro arperara 2 nojaercs B MasyTHble tdopeyn-
KH HWIH Ta30BbI€ POPENKH 4 H 00 Mepe BEIXOXA M3 HHX CTOPAeT B BH-
Ae dakena B TONOUHOH Kamepe, :

CTeHH TONMOYHOH KaMepEl HOKDEITH TPY6aMH. 5, HasHBAaeMbIMH
‘TONOYHEIMH SKpaHaMM. B pesyJbrate HENPepLHIBHOTO TODEHHH .TON-
JIHBA- B TOTIOYHOK KaMepe 06pa3yioTcs. HarpeThie o .BHICOKOH TeMe-
‘PaTypel’ razoo6pasHbie NMPOLYKTH cropanus. Ilponyrrsr CropaHHst
CHapyXH OMHBAIOT SKpaHHHe TPYOH M H3AyvyeHHeM (paiHamuel)

13—40 . it93




H JACTHYHO KOHBEKTHBHLIM MyTeM IEPEAA0T TeINIOTY BOZE H mapo-
BOJSIHOH CMecH, IHPKY/AHDPYIOINHM BHYTPH 3THX TPYO.

ITpopykTHl CropalHs, OXJIaXXASHHHE B TONKE A0 TeMIepaTypsl
1000—1200 °C, HempepHBHO ABHrasch NO Ta30X0AaM KOTEAbHOTO
arperara, OMBIBAIOT BHAYAJE Pa3’peResHHi NYYOK KHIATHILHBIX
TpyO 7, HashBaeMHlil (hecTOHOM, 3aTeM TPYOH mapomneperpeBateqs 9,
sgoHoMaBsepa /2 m BosgyxomojorpeBaTtens [4, oXMaXmgawTca LO
tremneparypu 150—200°C u AbiMococoM 16 uepes hEzomws TpY-
a% 17 ypansiorca B atMocdepy.

JBrxkenne BO3AyXa M NPOAYKTOB CrOPaHHAS IO TagoxofaM Ko-
TEJBHOTO arperaTa oO6ecmeyHBaeTcA TATO-AYThEBOH  YCTaHOBKOR
(BenTHAsATOP 15, ApiMococ [6 H nriMoBas Tpy6a 17),

Ilaratensaan Boga (KoHAeHCAT u N0GaBoYyHas nwmhumvmemavmo
OGArOTOBJNEHHAsA BOAAa)} IOcke IONOrpeBa MHTATEABHHIM HACOCOM
nogaercda B Kodnexrop I8 BomsaHoro sxornoMafizepa /2, B sxonoMali-
3epe BOja HarpeBaeTcs A0 TeMIepaTypH, GJM3KOH K TeMmuepaTtype
KHUIeHNA IPH JaBJcHHH B Gapabafie KoT/a, 4 HHOTAA YACTHYHO HC-
HapsAeTcsd B SKOHOMalsepax KHNJALIETQ THIA H HANpaBJaseTcs B Ga-
pabad 8 KoTia, K KOTODOMY NPHCOENMHEHH TPYOhl TONOUHEIX 3Kpa-
HOB & u ¢ecroHa 7. Ma atAx Tpy6 B GapaGaH KOTia INOCTynaer
ofpa3oBasHIasca napoBogaHas cMech. B 6apabaHe IPDOHCXOJHT OT/E-
JeHHe (cenapaiusa) mapa oT Boxbl, HacrlmeHsHnilf map 3ateM Ha-
npasJsercs B cGopBHI KOJIIEKTOD 11 u maponeperpeBatens 9, rae
OH meperpeBaerca AQ 3ajaHHOA TeMumeparyprl. [leperperwii map us
3MeeBHKOB IapoleperpeBareis NocTynaer B cGopHEH koaaektop 10.
Ortciona oOH yepes rJaBHBIH 3aMOPHLIA BEHTHJb IO NMAPOHPOBOLY KO-
TeABHOrO arperara I8 Hampas/seTca B TJaBHHE naponpopox [%
KoTesqbHOR x morpeburenam. OtnenuBmrasica or mapa B Gapabane
KOTJa BOLa CMEIIHBAETCH C THTaTe]bBROE BOmofi, mo Heoborpebae-
MBIM ONYCKHBIM TPY6aM IOABOJHTCS K KOJJIEKTOPaM 6 5KPAHOB 1
M3 HHX TOCTyNaeT B NOABeMHBe 3KpaHHHe TPpy6m & m ¢ecron 7,
TZie YacTHYHO Heilapsiercs, o6pasys NapoBOAAHYI0 cMech. Iloiyuen-
Hasl MApOBOAAHAS CMECh CHOBA HOCTYNAer B 6apaban Koria.

TMocnenHuit SAeMeHT KOTEJALHOrO arperara Io XoAy rasoobpas-
HBIX TPOAYKTOE CropaHms — Bo3gyXxomojorpesarens I4. Bosayx
B Hero HoZaercsd AYTbeBHIM BEHTHAATOPOM [5 H mocie mOJOTPeBd
Lo 3apaHHON TeMIepaType HO BO3XYXONPOBOAY 3 HANPABIAETCS
B TOIKY.

YnpasaeHue pafouuM IpoHeccoOM KOTEJBHEIX arperaTtos, HOpP-
ManbHag H OecnepefoiiHad HX sKcoayarauusa ofecleuHBAalOTCA He-
00XOAMMEIMH KOHTPOJNbHO-H3MeDHTENbHEMH NpHOOpaMu, apMaTypok
H ¢pejcTEaMH aBTOMATHKH,

JJs1 yMeHbIIeHHs NOTePh TellJa B OKPYXKAWIIYIo Cpeiy H 3a-
IIUTH OGCAYKHEBAIOLIETO [EPCOHAIA OT 0KOrOB BCe TOPsYHe mOBepX-
HOCTH KOTEJBHOIQ arperata K TPyOONPOBOAOB MOKPHBAIOT TEIJIOBOK
H3oasIHed. A
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- 'OCHOBHBIMH XapaKTePHCTHKAMH IAPOBEIX KOTEJNbHLIX arperaroB
ABJIAIOTCS TAPONPOHSBOLHTENBHOCTb, KOHEUHBIE IAPAMETPH . .TOJYs .
4aeMoro -napa — LaBJeHHe H TeMIepaTypa, TemJloBoe HaNpsKeHHE
IO aJH HOBEPXHOCTH Harpesa H KO2(D(MHIHEHT NOJE3HOro AeHCTBHSA
K. 0. A,
A mokw:ahexon naponpoussoouTeAbHOCToI0 :a_qomomo KOTEABHOZ0
aepezara. D HaseiBaeTci HauGoJbllas Macca napa, BblpabaThiBae-
Masg KOTEeNbHHIM arperatoM B €IHHHNY BpeMeHu (CEKyHLYy, uac)

- ¢ cobaaeHHeM 32JaHHBIX mapaMeTpoB LpH JJHATENbHOR SKCmaya-

tTannd. KauecTBo. meperperoro mapa ompenensierca AaBACHHEM H
TEMIEpaTypol, a KauecTBO .EachIEHHOTO =mvm|hmmamm=m§ H ia-
POCOLEPIKaHAEM:

OCHOBHBIE HOMMHANBHEIE NAPaMETpPHI namnmommvmzm napoBhIX
kotJoe no I'OCT 3619—382 maxomsaTcs B uUpefesax: OaponpOH3BOLH-
reasHocTs OT 0,2 mo 2500 T/u npu abGcoaoTHOM HaBiaennu 0,8—
25,5 MIla u TeMneparype meperperoro mapa 225--570°C,

IlaponpOA2ROARTENLHOCTE KOTENBLHOTQ arperaTa OHpefeNser.Io-

.mmﬁkmonﬂw Harpepa 2JIeMEHTOB KoTJoarperara mﬂO.ﬂhm. BOAAHOTC

3KoHoMaiizepa, naponepérpesarens) F.

“JlosepxnocTelo Ha2peaq KOTHA, BOASHOro sKoHoMalfisepa HIH na-
poIeperpegaTeNs HASHBAETCH NOBEPXHOCTb, OMLIBAEMasg ¢ ORHOMH
CTOPOHH POPAYMMHE IPOAYKTaMH CTODaEHf TOMJIHBa, a-¢ Ipyrol cro-
pOEBl — BOZOMH, MapoBOJSHON CMechlo HAH B IapoleperpeBarTese —
napoM. Ilmomagb NOBEPXHOCTH HAarpeBa COBPEMEHHBIX' MapoBBIX
KoTJoB Aoxoput 1o 2500—5000 M2 n Gogee.

- HanpsiKeHHe IJOMAJH NOBEPXHOCTH HarpeBa MNapoOBOro KOT-
na DfF onpegenserca OTHOLIGHHEM 14 PONPOU3BONKTETLHOCTH
KoTia D K niaomany moBePXHOCTH HarpeBa xotiia F. .

HanpsxeHnne miIomafy MOBEpXHOCTH HArPeBA NaPOBHX KOTJIOB:
ansa apxoMobuabneix 20—30 grf(M2.4), BOOOTPYGHEIX HEIKPAHHPO-
BaHHBIXx 20—40 xr/(M2-u) u sKpaHMpoBaEHBIX 50—90 &Kr/(M2. 5

“ mpaMoTounkx 100—2000 xr/(M2-u).

K. m A, KOTEJLHOTO arperata ONpeAenser AOJI0 TemJIOTH Cropa-
HHSl TOTJIHBA, NOJNE3HO HCMONB3OBAHHOH B KOTENBHOM arperarte JJisi
nojorpeBa BOJH, NPeBpallleHHs ee B nap H ero neperpesa. K. m i
KOTJOB 6e3 5KoHOMalizepoB cocraBiseT 60—7H5% H AAA KPYOHHIX
KOTENBHEIX arperaToB ¢ BOJSHBIMH SKOHOMalisepaMH M BOSAYXOINO-
AorpepareasMu gocturaer 80—90%. : :

§ 2. Bupmw Toninea

.-TonnuBoM HasniBaercsa AI000e BELIECTBO, KOTOPOE NPH CTOPaHHH
(oxuciieHHH) BHAENSeT 3HAUMTE/bEOE KOJAMYECTBO TEIJIOTHl HA eAH-
HHUY Macchl HiaH o0beMa u ROCTYIHO A/ MaCCOBOrO HCIO/B3O-
BaHUS. :
‘BoaMoXKHOCTh NPHMEHEHHA TeX HJAH HHHX [OPIOUHX memo._.m
B KAUECTBE TOIVIHBA 0GOCHOBEIBAGTCH TEXHHKO-3KOHOMHYUECKHMH pacs
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_ ) Tab6numa 141
BHAE TOMAHBA N0 cMocoGy MONyueHHs M (HUIHIECKOMY COCTOSHHIO

dy3nzecKoe
COCTORHAE prpogroe Tomanso IMponsnonaCe TOMAHBO
Teeppige Hpoba, Topd, Gypme yr-| Hpesecumft yromb, KOk, ,@_Emez.
JIH, KAMEHHHEe YTJIH, aHT- | YrOJAbHAA NEJL
PAURATH, I'OPIOYHE CAAHIIE )
HKuakoe Hedrs Ceerane HedTenpoAYKTH: GeHauw,
KepOCHH, Ma3yT, CIHPTH, CMOAH
T'asoofpaznoe Ipuponuete rasu TFasa  medyTenepepaGoTKH, KOKCO-
BHI ras, remeparopHme rasw, jo-
MeHHHH TIa3, ras noA3eMHOH razH-
tbukanuu

YETAMH, KOTOPble YUHTHBAIOT HMEIOUIUECH 3anacsl, CTORMOCTE JOGH-
UH H TPAHCHOPTHPOBKH K NOTPeOHTE/0, TEMJIOBLACICHHE HA SNHHU-
wwm Macch HIH 00DbeMa, PEaKIHOHHYI CHOCOOHOCTh (aKTHBHOCTD

AMHEHHS C OKHC/IHTENEM), COCTaR NPOAYKTOB CrOpaHHA, HAJHUHE
BPEAHLIX rasos, COAEPIKAHHE HErOPIONHX HPHMECeH (30JH, BOAHI)
JAOCTYNIHOCTE AJs LIHPOKOrO MCHOJbL30BAHHS H T. I, t ’

B - xauectse TomAMBAa NpEMeRAIOT TMPHPOZHHE H NPOH3BOJHEIE
ODraHHY€CKHe COCJMHEHHS B TBEPJOM, XKHIKOM H Ta3006pasHoM
ooo%ommmmw (taba. 14.1). .

* 1emyIoBbLAeNeHHe NDH PeaKuMAX pacna -
PHIX TAXEJHX 3JeMeHToB 2%5(J, aﬁu:mu ..vmmGhMoMMmM_w@mawu%vu%%Mmﬂ-
JICHHOCTH. STH 3JIEMEHTH YCIOBHO HASHBAOTCA AAEPHEIM TOINIHBOM
mAO.:mEmOHwO TEINQTH, BHAEJAAEMOe IPH pacmane spep 3THX whmu.
MEHTOB Ha €JHHHIly MaCCH, OY€Eb BeJHKO H 3HAYHTEAbHO NPEBOC-
XOJHT TEIIOBBLLC/ECHHE IIPH FOPEHHR OPraHHYeCKHX TOmIMB. OCHOB-
HEIM TOIIHBOM OCTAIOTCS PasfHYHEE BHAH OPraHKYecKOro TOIIHBA.
Tak, B Hacrosmee BpeMs 0koio 80% s/AeKTPHUECKOH SHEPTHH, BLI-
pabGaTuiBaeMofi H NMOTPEONAGMOR Ha 3EMHOM nrape, =o.uwam5,e 3a
CHYeT CIKHFaHHf OPTaHHYECKOTO TOILIMBA H TOJbLKO mao\e 34 CYeT He-
I0/Ib30BAHMA SHEPTHH BOAHI, BETPA, COJHIA H SNEPHOR SHEPTHH.

B TONKAX KOTEJbHHIX arperaToB NpeanpuaTHi RedTeXHMHUECKO
M I'a30BOM NPOMBIINVIEHHOCTH CXKHraercs XHAKOE H rascobpasHoe
TOILTHBO. HedTs mocne oTrouks serxex dpakuui gaer Ma3syT, KOTo-
PHIH HCIIOJIL3YeTCA KAK TOIJIHEBO. .

lasoobpasHoe TOmAHBO mpexcTapiser co6oii cMech FOPIOUMX M
HEropIoYHX rasoB, BOASANHIX MapoB, a HEOTAZ NHJK H CMOJE. Han-
6oJiblres SHaueHHe CeHuac, a TaKke B Aasblefimel mepcnexTHBE
HMeeT ANA Halled CTPaHH NPHPOANHIH ras, IIpHpomHHE ra3 Ho6b-
BAIOT H3 HEAP 3€MIH, I'e OH HAXOAMTCH NOA BRICOKHM AABJACHHEM
(mo 15 MIla). K DpHpoAHLIM. rasaM,OTHOCATCH H.NONYTHEE rashi,

o h? N

BHZENTIOIUHECH ‘B3 He)TH MIPHE ee: 1o6Liye, T ;
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[Ipupomueifi ras H3 YHCTO Ta30BHIX MeCTOPOXAEHHH OBBIUHO
TPAHCHOPTHDPYeTCA NO MAarHCTPajbHHM TasoNpoBOAAM Ha 0oJb-
HIHe paccTOAHHA. [lONyTHEIH raz OGHYHO HCHOJL3YeTCs BOJIH3H
redTAHNEIX TPOMEICIIOB. .

HckyccTBenHble Ta3sl — IPOAYKT NepepaGOTKH TBEPAOTO HJH
JKHMIKOro TONJHBA.

Topd u ropoyue CJAAHLE — MECTHHE BHAH TOIIHBA. Tpaucmop-
THPOBKA TAKOTO TOMIHMBA Ha GoJbllUHe DPACCTOAHHA HEIKOHOMHUHA
#3-33 BEICOKOH BJAXHOCTH Topta H 6OJbLIOrO KOJNKYeCTBA MHHE-
pajfpHEIX OpHMeceH B CJAAHIAX.

TomnueHuf Gansanc CCCP u3MeHsteTca B CTOPOHY GoJbliero He-
N0JAb30BaHHA ra3oo6pasHoro TOIJHBA, T. € TaKOro BUAA TOINIHBA,
KOTOpOE AJiA cBoell JOOHUH Tpefyer MHHHMAJBHEIX KANHTAJILHHX
saTpat, o6aajaerT BHICOKOK TeIVIOTOH CropaHmsd H HMeeT Kpyrue
IeHHLIE KaueCcTBa. " '

§ 3. DneMeHTAPHBIH COCTAB TOMJIABA

JloGoe opraHHUECKOe TOIIMBO COCTOKT M3 yrjiepoia, BOZOPOAa,
KEC/IOPOfa, a30Ta, AeTyuefi cephl, a TBepAEe H XHIKHE TOMIHBA —
13 30ME (MHHEpaJbHbIE OCTATKH) H BJArH. _

TonAHEC B TOM BHAE, B KaKOM OHO IONAeTCA B TONKY KOTENb-
HOTO arperaTa H Cropaer, HasbiBaercs pabovuHM.

SneMenTapHHft cocTaB pabouero TONIHBA XapaKTepU3yeTcs Co-
JepiKaHHeM CHeNyIUHX 3JIeMeHTOB:

CP+HPOP--8P,--NP-- AP+ WP=100%" (14.1)

MHgexc «p» nMpH SJeMeHTaX TOIVIHBA YKA3LIBAET Ha TO, 4TO 3TO
ypaBHEHHe OTHOCHTCS K «pafoueMy TOINIHBY?».

BaxHeAIIEME TOPIOUHMH JIEMEHTAMM TOIVIHBA SIBJISIOTCA YIJIC-
pod C u Bomopon H. Taxk, npn cropanki 1 Rr yriepona Bupeasercs
33,7 Ml TemaoTs, 2 npu cropauum 1 Kr BOJOpoOAa — 120 M.
Cepa mpH CropaHHE TaKXe Bhjelser Tenaory (9 MIIx/kr), HO 3TO
HeJKe/aTe bHEI TOPIOUHil dIeMeHT KoTeabHoro tonausa. Ilpu rope-
HHH JeTyuyell cepn 06pazyercs CEpPHHCTHIH ras S0O,, KOTOPHIHl BHIZH-
BAET KOpPO3HIO MeraJaaa H—u%@ KOTeJbHOrQ arperara H,ncnagas c
YXOJAIIHMHE TasaMH B aTMocepy, sarpssHAeT OKPYKAIoILyIo CPeay.

B cBA32HMOM COCTORHHH NOUTH B JIOGOM TOIIHBE HaXOXATCA HE-
ropiouHe HJIEMeHTh — Kueaopos O H adoTr N, o6pasyloliye BEYTPeH-
uuii -Gannacr, Hanpuue 3THX 9JeMEHTOB YMEHBIIAaeT TeNVIOBLIAeNe-
HEE Ha eIWHHIY MAacCH TOIUIHBA.

3oma A u Biara’ W — Hexenarelbisle NpHMecH, COCTABAAIOILIEES
pHempuf Gangact TomiauBa, CoNepxaHHE 30JIH H BJATH B TOILVIHBE
onpejesisiercs TMaBEHM 00pasoM BHEIIHUMH (pakropaMu — Croco-
GoM HOGHUH, XpaHEHHEM, AOCTaBKOX H T. H. : Lo

. Hanuuwe 30JE H. BJATH YMEHBLIIAET KOJHYECTBO BHIAEIAEMOU
TENJIOTH HpH CropaHHH | Kr TOIVIMBA. Kpome Toro, uacTb TEMIOTHL
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Gecro/esHo Tepsercs, Tax Kak PacXOLyeTcs Ha HarpeBaHHe 30JIbI
1 LljaKa, KOTOPLle B HArDeTOM COCTOAHHH YEAJISIOTCH H3 KOTEJIbHO-
O .arperaTa; Temjora TaKkKe PACXOJyercd Ha HCNApEeHHe BJArCH, cO-
Aepxaueiica B Tonauee (okono 2,51 MIx ua 1 kr BJaru). 3oaa
YCKOPAET H3HOC 0GOPYAOBaHHA, 3arpsisHAeT NOBEPXHOCTH HArpeBa
H Ta30XOAH, yMeHbIIaeT Koa(bUUHEHT Temnomepesau, Tpe6yer
YCTaHOBKH CHELHANBHLIX YCTDOHCTE 30JOYLAJICHUA M S0JI0YJaBJIH-
BaHuA. Birara yxyamaer mpomecc BOCHNaMEHEHHS TOIVIHBA; 3a CYeT
BOAAHEIX NApOB BO3PACTAET KOJHHECTBO YXONAMMX TasoR, BCAELCT-
BHE Yero yBeJMYMBAeTCs PACX0l SJAEKTPOIHEPTHH Ha paboTy ABIMO-
COCOB. .

© DJIEMEHTapHH COCTAB TOMJIHB ONPEAENNCTCS CHeNHANbHEIME JIa-
GOopaTOPHBIMH METON aMH, o

Tonnueo, 0cBOGOMIEKAOE OT BJIATH, HASHBAeTCS CYXOf Maccoil:
DaeMeHTapHBIE COCTAB cyXofl MacCH TONIHBA XA4paKTepH3yeTcs
ypaBHeHHeM

Cef-Ho-O8-Ne-4-S¢, 4-Ac=100%. (14.2)

BesBopnas u GessoibHasg: Macca TONIHBA HA3HBAeTCH roprouei,
Ypaeuenne (14.3):xaer sieMeHTapHHIE COCTAB TOPIOYeH MacCHl TOI-
JiHBa -

Cr+4-Hr4-0r-Nr4-S7,=100%. (14.3)
Bce TemnorexHmueckwe pacuersi- BEAYTCA 10 SJAEMEHTAPHOMY
cocraBy pafouero tomiuBa. B ofimem ciydae smeMenTapHHi coctas
pabouero TONJIHBA MeHseres B Ipolecce JOGHIYH, XPAHEHHS H TPaHC-
NOPTHPOBKH (B 3aBHCHMOCTH OT COLEPIKAHHA 30JH H BJIard). Sie-
MEHTapHHIH COCTAB~TOPIOYEll MaccH TOIVIHBA He SABHCHT OT BHEIN-
HEX (akropoB. OH cTabHieH, 5THM MOHATHEM NOJAbLIYIOTCA NPH H3y-
UeHHH (USHYECKHX CBOHETB TOINIHB H NPH HX KIaCCH(HKAIRH.
D7eMeHTapHEIH €OCTaB M3 OJHOH MacCHl B APYTYIO MOMHO nepe-
CYHTHIBATH N0 yPABHEHRAM _ . :

€O = Ky3C0; HO=KpHO n r. g, - (14.4)

rne CM), E:.lwamzmﬁmwmzm COCTA&B - TOIVIMBA 3aJaHHOH MaccH;
C®, H® — speMeHTapHHIA COCTAB TOMIMBA MCKOMOM Macch; Kjz —
nepecueTHuit koapdumuenr (raba. 14.2).

§ 4. ,_..m.a.:o,,mm. CrOPAHHAS TOMIMBA M. ee o-._umhn.aan:m

Baxuas TemaoTexiiiteckas - XapaxkTepHCTHKA TOILIHEA — €ro
yAeJbllad TEIJIOTa CropaHus (TemOTBOPHAS CHOCOGHOCTL).

¥0esvnol renaoroll c20pania TONAUBA HASHBAETCS KOJHUECTBO
TEIVIOTH, KOTOPOE BEIIENALTCSH NPH NOJIHOM CrOPAHHH SIMHHIE KO-
audecTBa Bemecta (1ikr, 1 Mm%, 1'KMoab TOMNEBA). YIENBHYIO Tell-
JIOTY CrOpaHdHs TONJHBA ONDPEAENSIOT B CHELHAJbHEX NpHGOpax —
KaJopuMerpuyeckoit GomOe uin kadopumerpe IOuxepea (remnory
cropanus rasooBpasHoro tomiusa). - - Coeone
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Buavenns koosdibumuenta mepecuera K SiEMEHTADPHOrG COCTABa TOMIMER !

HckoMas macca TONAHBA
Bajaupas Macca
TONIREA paGouas cyxasi TopIoYan
‘ 100 100
Padosas ! 10— T00—(APF W)
100—WwP 100
. Cyxas 100 A | - T0—AE
100— (AP WP) 100—A¢ .ﬁ
.Ho_:onmm |||_oo. 100

PasuuaioT YAJIbHYR BBHICWYI0 H HHSIIYI TEemJIQTY CropaHHA.
Vuenbhasi Temaora cropatusi padoyero TOmIKHBA ¢ YUETOM JAONOJIHH-
TeJbHOH TenJaoTH, KOTOPAaA BEAEIAETCH NpH KOHAEHCAIIHH BOJAHLIX
[AapoB, HAXOAAUIMXCS B MPOAYKTAX CTOPaHHSA, HASLIBAGTCH g6l
yOeabnoii TenaoToil ceopanus pabouezo.ronausa Q. OTO_JNOMOJ-
HETENbHOE KOJMHYeCTBO TEIUIOTEL MOXKHO OUPEJEeNHTh MyTeM yMHOXE-
HHSL MAacchl BOASHEIX Naposn, oGpasylolluxcsa OT HCIOApeHHA BJAard
tomsiuBa W°/100 u or ropexns sogopona 9HP/100, na CKpHTYiO TEI-
JIOTY KOHAEHCAlUHH BOJSHOrO Napa, PaBHYiO NPHMEPHO 2500 xILx/xr.

VOersHan HUSHIAS TeNnAOTG C20PAHUR TONAUBH QuP — TO KOMH-
4eCTBO TEILIOTH, KOTOpas BHIZENseTcss B OOBIYHEIX NPAKTHYECKHX
YCIOBHAX, T. €. KOrAa BOAAHEIE NAPH HE KOHUEHCHPYIOTCH, d BuIGpa-

Tcs B arMocdepy. . L .
hzm%womnm omwmwo,m_ owwmw Mexly BHCUIEH H HE3IICH YAGNBHOH Tell-
JIOTO} CrOpaHHs MOXKeT OLHITh BHpaXKeHa ypaBHEHHEM

OEﬁIQEEHQWHﬁ“MWAQEGI_l%vv . A—.ﬁ..MV
3Has SJeMeRTapHbE COCTAB TBEPAOrO H IKHAKOTO TOIJIHBA,
yueJbHYIO TenIoTy cropanus ero-B MJIDK/kr MoxHO OTpe/IeNETH 10
- npubnuxennoi popmyae JI. . Menneneesa
O.%Hovmmmoilrommmu|o__omﬁon|m%vlvo.owm%a. (14.6)
['a30006pa3H0e TOINIHBO COCTOKT H3 CMECH OTAGAbHBIX O_Mmom
{komnoHenToB). Tak, HPHPORHBIE Tas COCTOMT H3 MeTaHa 4 H
6oJsiee TAKENEX YraeBofopoloB. [TosToMy yAeabHYI0 TEIVIOTY cCropa-

HHS CYXOro rasoo6pasHOro TOIVIMBA MOXHO ONPEASJATH TIO o0nem-
HOMY COCTaBy K TENJOTaM CTOPAHHS OTARJDLHBIX Tas0B, BXOAALIMX

8 CMeECh, ,
n

Snu | |

Q= S = 0,358CH, -+ 0,687C, Hy 0912, Hy 4

41,29C, HygF 1,46CHy, 4 0,591C, Hy +0,860C; Hy+1,13C Ho+
. 1,41C; H,, -+ 0,108H; +0,126CO + 0,234H, S MIx/v®. (14.7)
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O6beMuylo  Temmory Q.owmm.am rasoofpasHoro TODJAHBA
(8 MIx/M®) mepecunTHBAOT B ero VAGNLHYIO TEIVIOTY CropaHus
(8 MIxx/kr) no dopmyae - : s :

QPy= QPuv/p, (14.8)

A€ p — NIOTHOCTb ra3000pasioro TOIMHBA B HOPMANLHEIX (hH3HUeE-
CKHX YCJIOBHSHX, Kr/M3; r; — 00beMHOe COAEpKAHHE OTAEABHEX TO-
PIOUHX Tas0B B rasoofpasHoM romnupe; Q; — HH3WAg TemIoTa Cro-
paHHg 5THX razos, MJx/kMons, :

Hem MeHbIIE yneabHasA TEMNOTA CTOPAHHS TOIVIHBA, TeM GoJblle
€ro PacXoAyercs B KOTeNbHOM arperarte. JJas cpaBHeRHs pasimu-
HEIX BHJOB TOIVNIHBA N0 HX TEIJIOBOMY 3()()eéKTy BBe/eHO MOHATHE
06 yC/IOBHOM TOIJIHBE, YACJBHAS TEMIOTA CTOPAHES KOTOPOro HpH-
"HATa Qy:=29,3 MJIIxk/kr.

Orrowrenne QP AaHHOTO TOTWIHBZ K QQyr YCIOBHOrO TONJIHBA Ha-
SBIBACTCA TONMHBHLIM 3KBHBaNeHToM J. Torza nepecuer pacxona
HaTYPalbHOrO TOMAEBA By B YCIOBHOE TOIVIKBO By: ocyniecrisger-
ca no dopmyne A

p
By .= B, .M”_._. =B, 3.

Mpamep 141, Onpefenurs mHzwIyIO TEIIOTY E,owmmmm MAanocepHHCTOrO Masy-
Ta M-100 no dopmyne I, 1. Meupeneera: coctas Masyra, Y%: yraepox CP=852;
Bojopor HP=10,2; xucaopon OP=0,4; ‘asor Nr=0,4; cepa SP,=0,5; acna Ar=0,3;
Baara Wr=3. .

Pewenue. Hualas Temiora cropanua Maayra no dopmyne (14.6)
Q?y=0,338CP--1,025HP— 0,108 (OP— SP,) — 0,025 Wr= :
=0,338-86,2+1,026-10,2—0,108 (0,4-0,5) — 0,25 «3=39,2M 0k /xr. '
Tounoe snavenwe TensoTH cropanus Masyra M-100
QPu=38,9 MIIx/kr.

Taxau 06pasoM, pacxomfente MeXTY MOJYICHHHM SHAUCHHEM YUeNsHOR Ten-
._HQ_,E_ E.owuu::m 10 Gopmyne (14.6) ¥ TOUmHIM 3maveHHeM mOCTHTaeT 0,7 MO x/xr,
T. e 18%,

. Ilpumep 14.2. Onpeseaurs pacxofl YeaoBHoro TONAHBA, eC/IM B TOHKE KO-
TeABHOTO arperara ciuraercs 540 M¥/u xpexHur-rasa ¢ yleawHof HHESIMed Temao-

- Tof cropanus 87,8 MMk /v nan 46,7 Mk fxr,

: Pewenne. 1, Tonanennd skBHBANEHT KpEKHHI-rasa

(14.9)

Oa—u A.@«.N @:ﬂ—\
9= 29,3 = 29.3 =1,69 am Fp= 2.3 =12 31,

3To 3HAUAT, uTo 1 M® rasa sKBHBaReHTEH 2,31 Kr yC/AOBHOrO TONIHBA. “
2, Pacxon yCI0OBHOTO TOIJIHBA By.r=Bsd="540-1,59=860,7 M%y uan By.—=
= B,9v=540-2,31=1250 xrfu. .

§ 5. TeoperHueckuii H neficTBUTENLHBIH pacxop roaayxa

_ AlAA- HenmpeprIBHOrO H TNOJHOTO TOPEHHS TOMIHBA R TONKY KO-
TeIbHOro arperara HapAAy ¢ TONIMBOM HEOGXONHMO MOABOAUTE
BO3/(yX. 3Has SJIEMEHTapHHIA cocTas paGouero TOMIHBA H YIHTHIBAA
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OCHOBHEIE PEAKHHH IODEeHHSd, MOMKHO ONPEIeJHTh KOJHYECTBO BO3-
Ayxa, HeoGXOZUMOrO JAJs MOJHOrO cropaHud | Kr Tomiuea, DTo KoJlH-
YeCTBO BO3LyXa HA3HBAeTCS TEOPETHIECKHM, MJH MHHEMAJALHEIM,
U oboaHauaercs GYKBoi L. .
Yriepos TONAHBA, CroOpasi MOJHOCTEIO, 06DA3YET YIAEKUCHBIH ras

C-+40.=C0,. (14.10)

YunTHBas MOJIEKYJIADHBHE MacCH JIEMEHTOB, 3TY PEaKHMIO OKHCJe-
HHs{ MOY(HO 3allHCaTh B MacCOBRIX €IHHHIAX
12 xr-+32 kr=44 xr.

Dro 3HAYMT, YTO AJNA oKHcJaeHms (cropanms) 1 xr yriepoaa pac-

xonyerca 32{12=2,67 xr rucaopoma. Peakuum OKHC/IERHA OCTash-
HHX TOPIOUEX 3/I€MEHTOB TOIIHBA

9H,+05=2H,0: (14.11)
4,032 gr--32 xkr=236,032 &r;

32,06 kr4-32 xr=64,06 kr.

Takum o6pasoM, Ans cropaHua BOZOpoZa Tpelyercsa 32/4,032=
=7,94 Kr KHCJHOpONa, a4 AJAS cropamus cepn 32/32,06=z1 kr.

B Boznyxe comepxurca 23,1% (mo Macece) Kueropoxa; clefo-
BATeNbHO, BO3AyXa NpH ropennn motpebyerca B 4,3 pasa GoJblie,
yeM KHCJIOpONa, T. €. JJa cropaHus 1 Kr yraepoia morpefyerca
11,5 kr Boapyxa, 1 xr Bogoponma — 34,5 kr u 1 kr cepmt — 4,3 xr.

B paGoueM TONMHBE COIEPIKHTCA TOPIOUHX SJEMEHTOB (B Kr):
yraepona CP/100, Bomopona HP/100; cepnt SP,/100 u, xpome TOrO,
rucsaopoga OP/100.

B COOTBETCTBHH C 5THM YpaBHEHHE JJii OLpeAeJeHHs TeOpeTHye-
CKOTO pacxofa Bozayxa Lg (B KI/Kr) MOXHO 3a0HCATH

Lo=0,115CP4-0,345HP—0,043 (Sp,—OP). (14.13)

YaenvHuit pacxoyn Bosgyxa Vo (B M* npu 0°C u 0,1 MIla) na
1 Kr. TOIJIHBA MOKHO ONPENENHTb, pasaenus Ly Ha IJIOTHOCTh BO3-
Iyxa ps=1,293 kr/m*® (mpu 0°C u 0,1 MIla)

V= w., = 0,089C? 4 0,266Hp 4-0,033 (S0, —OF).  (14.14)

I rasoofpasHoro TOMMHBA TeopeTHHecKHE o0BeMUEH pacxon
BO3Iyxa B KyOmueckux Merpax Ha 1 Mm% TONNIHBa MOXHO onpere-
JIUTh 10 (hopmyite

Vo=0,0238C0-+0,0238H,-+0,07 1H;S+0,0952CH,+-

+0,167CoHs-+0,238C,Hs+0,309C,Hyo+0,381CsHip+

1-0,143C,H,~+0,214C5Hg-0,286C4Hy-0,357C;Hyo—
—0;04760,, (14.15)
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rie CO, Hy, HoS, CH; 1 1. 1. — o6beMHoe CO/leDIKAHHE OKCHAA
yraepona, BOLOPOMA, CePOBOLGPOLA, MeTaHa H TAK JlaJjee B rasgoG-
pasuoM TonuuBe (B %). .

YnensHblit pacxon Bosayxa L’y (B xr/M®) MoxHO OTPEAeIUTD Mo
yPAaBHEHHUIO

Ly=p5 V. (14.16)

Teoperuueckuit pacxon Bosayxa Lo (B kr/kr) uam L/, (B xr/m?)
AJI TONHBA MOXHO NPHGJMIKEHHO ONPENENHUTh ACNCHHEM Yyuellb-
HOH HHSIMeH TEINIOTH CTOPaHHs TomnBa QPy (B MJIx/kr) nan
QPayv (B MIx/M3) Ha 2,94 !

P
hé" QPy
. 2,94

QPy vV
2,94

u Ly= : . (14.17)
rae 2,94 — pacxon Bosayxa (B xr) Ha 1 MIX TemmoTH cropaxus
TOIHABA.

Teoperuuecknii pacxoj Bosgyxa AdA CIKHMAHES raszoobpasgoro
romuBa Vo B (M3/M®) MOmxHO nOACUHTATE TIO GOpPMyTae

Vo=Q.?/3,8, (14.18)

rae 3,8 —pacxon Bosayxa (B M%) Ha 1 MJI{X TemnoTs cropamzs
TOILIHEA. :

IMocaennne ypaBHEeHHS BAXKHE MOTOMY, UTO ¢ NOMOLUBIO HX MOXK-
HO OmNpejesiHTh TEOPETHUECKHH PpacXoj BO3SAyXa, He 3HAs COCTABA
paboyero TomaHEa,

*B ReficTBHTeNBHOCTH B TONKY KOTENBHOTO arperara BO3AYXa cle-
Ayer nopasaTh OOJbIIE, UeM STO TEOPETHUECKH HeoOXONHMO M HOJ-
CYUHTARO mO (opMysaM. D10 CBHSAHO C TeM, UTO HPAKTHYECKH He-
BO3MOXHO 00eCNeyuTh PaBHOMEPHOE CMELICHHe BO3AyXa ¢ TOMJIH-
BOM H IIPH NOXAYe TeOPeTHYECKH HeOGXONAMOro KOJHUECTBA B OHUX
2aCTAX TOMKH Oymer H3OHITOK BO3AYXa, a B APYrHX ero Oymer He
XBaraTe. B pesynbrate TomnEBo OyieT cropaTh He IOJEOCTBIO, H
YacTh TEIJIOTHl CCOPAHHA NOTEPAETCs. DTH NMOTePH TeIla Has3hiBaloT-
Csl IIOTEPAMH OT XHMHUYECKOH HemoNHOTH cropaHms. Hanpamep, ten-
JI0Ta CFOPAaHHA YIVIEPOJa MPH NOJHOM OKHCJIEHHH.B YIVIEKHCIHIR ras
(CO;) pamma 33,7 MJIx/Kr, 2 IPH HENOJNHOM CTOPAHHH €0 B OKCHI
yraepoga (CO) —9,84 MIx/kr, 1. e. ma | kr yraepona Tepserca
oKoao 23,86 MJIx tenaa.

Hucno, moxaswiBaollee, BO CKONBKO Das leRCTBHTENbHEIH pac-
Xox Bosgyxa OoJiblle TEOPETHHECKH HeOGXOLMMOTO KOJHUECTBA BOS3-
Hyxa, HaswelBaeTca Koagduyuenrom usbeirkg 8030yxa, T. e. mefict-
BHTeNbHEIA pacxof Bozayxa L (B krfkr) uam V (M3/M3®) pasen teo-
peTHuecKH HeoGX0JHMOMY €ro KoauuecTBY Lo mam Vo, YMHOXKEHHO-
My Ha xoshdunnenT H36HTKa Bo3AyXa o

h“noh.ou
Ve=aVe.

(14.19)
(14.20)
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PeKkoMeHayeMule 3HaAYeHHS Koa(duinenTa H30LITKA BO3AyXa 34-
BUCAT OT BHEZ CXKHraeMoro TOOJAMBA H KOHCTPYKUHH TONOYHBIX-
ycrpoiicts. Tak, Ipu ClI0eBOM CXKHPAHHH K03h(HUHEHT H3GHITKA-
BO3AyXa B TONKe Or=1,3—1,6; npu cKuraHHu Masyra, NPHPOJHOIO
@ IONYTHOTO rasa wr=1,156—1,20; npn cxAraHuu nNpHPOAHOTO H MO-
NyTHOro rasa B TOMKax ¢ OeCHJaMEHHBIMH ropeakamu ar=1,05—
1,10. :

h Ewmzm.w 143, Onpelenlite TEOPETHUECKHRE M IefCTBHTENbHHIE YAeHbHELH
pacxof BO3LYXa RJIH CHHMramHs 1 Kr MafocephucToro masyra M-100, ecan rostp-
dHIECHT H3OHTHA BO3AyXa B TONKE KOTIA Gr=1,2; cocras maayra M-100 npuuaTe

#3 npuMepa 14.1. .
Pewenue, 1. TeoperHuecKHii YAGHLHRI DAcXof BO3AYXa ompeienseM no dop-

uyne {14.13) A . ]
11,5CP 4~ 34,5HP 4- ».mmf —4,30p

L= 100 =
- _.Tm..,mmL._...wm.m._o,m._l».m_.a.ml.p.m.oh — 13,4 xr/r.
100 :
2. ITo =vmmhﬁmm=molm @omiuﬂm (14.17)
QPy 39,2
Ly= ———=13,4 xr/Kr.
Lo="3 ot = 300 134/

JeficTBATebHHE YASABHER PACXO] BO3LYXA
Li=t.Lg=1,2-13,4=16,1 Kr/Kr.
Eumzm.n 14.4, OnpefenuTs TeOPLTHYCCKHH H MeHCTBATeNHHHE OO0DBEMHLIH
PACX0J BO3AYXA AAA caHragxa 1 M? rasa KaraJAHTHYECKOrO KpeKHWHrad, ecli Koad-

<hHUKeRT H3OHTKA BO3AyXa B TONKe KOTVIA Gr=1,15.
Pewenue. 1. TeopeTHueckuit o6bemumuil pacxos poznyxa (14.15)

Vo==0,0238C0O-}-0,0238H,-+0,0714H,$-]-0,0852CH, + 0,167C,H; - 0,238C;Hg +

-+-0,308C,H;0+0,381 CsH 3-4-0,143CoHy - 0,214CH + 0,286 C 4 FH g+ 0,357 CsHyg—

—0,04760;=0,0238- 15,3-40,0952- 23,8--0,167-6,4-1-0,238-9,6 +-0,309 - _..m.o._.

+0,381-6,7-+0,143-3,34-0,214-11,74-0,286-7,6 40,357 - 2,6 = 18,6 m®/m?3,
2. Teopermueckuil MaccoBhilt pacxol, Bosiyxa (14.16)
Ly'=psVo=1,293-18,6=24,1 xr/m3,
3. HeiicreuTenpnblit 0GbeMHBE pacxof Boaayxa aaa 1 M? rasa xaTanauThue-
cxoro Kpexanra (14.16) ,

V=0:Vo=1,15:18,6=21,4 u3/m3

§ 6. Macca, TenJnoeMKoCTh ra3zoo6pasHLIX MPOLYKTOB CTOPAHMS
4 HX BJHSHHE Ha OKPYXaIHYI0 CPeay

Macca rasooBpasHbX DPOLYKTOB CrOPaHEA, 0GPasyOLIHXCH HPM
ropenun 1 Kr MHETKOTO M rasoo0pasHOro TOIUIMBA, ONpejelsercd
N0 3aKOHY COXPAHEHHMS Macchl BeHIECTBAa HDH XHMHYECKHX Deak-
UHAX: Macca raseo0pasHbHX NPOAYKTOB cropaHus G paBHa CyMMe
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Macc 1 Kr TomlEBa W NEHCTBHTEIBLHOrO YAEJRHOIO Pacxoja CyXoro

Bosuyxa oLy, aTMoctepHHX BOAAHHIX NapoB Wi, COHEPMAIIMXCH.

B pACXOJIYeMOM BO3SAYXe, ¥ IONOJHHTEIbHO BBOAHMOro napa Wy,
Pacxo[yeMoro Ha paciblIeHHe XHIKOTO TOIJHBE

G= 14-alotWat+Wa.

BlaxHOCTH (B pacuerax ¢=0,6—0,8), ynenploro abcoJaI0THOrO Bla-
roco/iepxanada ds

Ws=08saLo, (14.22)

ITonnasn yiciapHasa Macca H.Nwoomﬁmwmm.ﬂn ONPOAYKTOB CropaHHn
CKMaABBASTCH H3 MacC CYyXHX rasoB Qoﬂ H BOJSHBIX ONapoe Qm.n
Q"Qn.al_lﬁmm.n. AH_.NHMWV

Macca BoggHBX IapoB COCTOHT H3 MacChl BOASHBIX napos, Om@mu
S0BABIOHXCA OT CropaHEs BOROPOAA H Nﬂﬂm@mmmm BJAarg TONJINBa

P P
ik :w_m% , Macc aTMOc(epHHX BOASHHIX Napos W. K JONOJHH-
relbHO BBEJEHHOR Baarn We
p P ’
Qﬂu% + Wa+ W (14.24)

ViennHas Macca CyXHX FasoB NPOAYKTOB CrOPaHHsS ONpenenser-
Cf KaK pasHOCTb YIENbHHX Mace rasoo0pasHHX NMPOAYKTOB Cropa-
HHst U BOASHHX NapoB

Qn.ﬁ." Q'Qm.:. Auﬁmmv

Baxnefimmas duaudeckas XapakTePHCTHKA IPOAYKTOB Cropa-
HHS -— MAacCcOoBasf TeNJAOEMKOCTh Cp. o :

B ofmem ciyuae MaccoBasg TENIOEMKOCTh— 3TQ TO KOJNHUECTBO
renyoTel (B KXK), KOTOpoe HYXHO 3aTPATATb AJS NOBBILICHHS TEM-
neparyps 1 xr Bemectea Ha 1 °C mam 1 K, TemnoeMkocTs MPOAYXK-
TOB CFOPAaHHS — 3TO TEIIOEMKOCTb CMECH, COCTOAUIE H3 ABYX KOM-
NOHEHTOB: CYXHX I'a30B H BOJAHEIX 1apoB.

Tagum ofpaszoM, MaccoBad YAENbHAd TEIIOEMKOCTh razoo6pas-
HEIX NPOAYKTOB CrOPaHHs DPaBHa CyMMe NPOH3BENEHHE MaccOBBIX
KOHUEBTpalHuit cyxux rasoB Ge:/G W BOAAHHX napoB Gen/G ‘Ha HX
yIENbHEE TENAOEMKOCTH Cper H Cpenn

Qﬁ._.. QW.H—
Cp= Cport G Cpun==Cpert

G

Qa.d

G

(CpomCper) (14.26)

VaenpHasd TEMIOEMKOCTh CYXHX Fa30B Cpep 3ABHCHT OT COCTaBa
rasoB ® NpUGIH3HTEJLHO PaBHA YAGAbBHOH TEIVIOEMKOCTH CYXOro
BOBAYXA Cpen (TaOM, 14.3). :

Cpefussi yoeabHas TENJIOEMKOCTh ra3000pa3HbX NPOXAYKTOB Cro-
panus Cpm MOXeT OHTh DOACUMTAHA KAK HCTHHHAA TEIIOEMKOCTS.

204

(12.21)-

Macca aTMocepHHX BOAAHBIX [IAPOB 3aBHCHT OT OTHOCHTEJBHOM

TaGaumxa 143

Hcruanabe YiehbHbBe TENJNOEMKOCTH BO3AYXa H BOAAHOIO Napa

" Vmempmas Tennoeurocts Cp kIi/(kr°C)

Texnepatypa, °C

CYXOro BO3LyXa BOMFHOrO Hapa

0 1,00 . 1,86
300 w 1,05 200
600 m 111 2,920
900 u 1,17 9,49
1200 1,21 2,60

C,, B3ATag NpH cpelHeapH(pMeTHueckoli TEMIeEparType mpouecca
tma=0,5 ({112}, (£ u f2) — TeMnepaTyprl Hadajla B KOHI4 NpOIEC-
¢a COOTBETCTBEHHO.

BesonmacHsIMHi AJIA KHBHX OPraHH3MOB BellectBaMH, 06pa3oBaB-
HIMMHCA P4 CTOPAHAH OPraHHYeCKOro TOMJHBA, ABJSKTCS JHLIL BO-
JSHHe Naphi, asoT, YIIEKHCAB raz H Kaciaopod. OcrajibHble —
okuci cepsl (SO,=S50,-50;) u asora (NO=NO+NO3), yrap-
Helll Taz, caixa, 30Ja, OKCHA BaHajgua (V) -— TOKCHYHEIE BelllecTsa,
BPEJHO BIAHSIOIIHE HA OPraHb AMXaHHA, KOXKY UENOBEKa H XKUBOT-
BBIX, pacTenng u Ap. Ilo cTemeHH ONAacHOCTH BO3AeHCTBHA Ha opra-
HH3M YeJoBeKa BPeAHHE BellecTBa AeAATCA Ha HECKOJbKO Ipymil

K upesBhYaliHO ONACHEIM OTHOCHTCH NSITHOKHCh BaHanus U GeH-
3anHpeH, KOTOPHif I0ABJsETCA B NPOAYKTAX CrOPAHHS NMPH CHHra-
HHH ODPraHMYECKHX TONJIHE NpPH HEZOCTaTKe KHCAOpoAa. BLICOKO-
ONacHEIMH ABJASIOTCH JUOKCHA asotra NOp u cepHuili anruapus SOs.
IIpr BsauMOAeHACTBHH ¢ BOJAHBIME NlapaMH aTMOC(EpPHOrc BO3nyXa
o6pasyloTca NapH CepHOH KHCJOTH, TOKCHYHOE H KOPPO3HOHHO-ar-
peccHBHOE BEWIECTBO. Pacuersl NOKA3EIBAIOT, UTO MPH pabore TemIo-
BO# asexTpocraHuuy MmomuocThio 1000 MBT Ha noaMockoBHOM Gy-
poM yryie B TeueHHe rofa o6pasyercs 7128 T cepHOH KHMCIOTH, T. €.
npuMepHo 7 Kr CepHO#K KHCNOTH Ha 1 KBT ycTaHoBJAeHHOH MOIIHO-
ctd. Bpeanoe BosmeHcTBHE Ha OKPYXKAIOWYIO CPely 3aKaKYaercs
elI@ H B TOM, 9TO H2 at™Mocdepbl H3BIMAITCA TPOMALHME KOJNHYe-
cTBa KHcJopofa. PaccmarpuBaeMas cTaHIus mo pacuery s 1 4 mo-
Tpebaser 3,2.10% m® Bosuyxa, uro cooTBercTByer 67-10% M® Kucno--
poma. BpenHoe BospeficTBHe BellecTs Ha XKHBOH OPraHH3M OIEHH-
BaeTcad IO KOHLEHTPaluH HX B Bozayxe. IlpefenbHo AOUyCTHMbE
koumentpanka (IIJK) BpeAHrX BEIIECTB YCTAHABJIHBAOTCS CaHH-
TapHEIMH HopMamHa (Talu. 14.4).

O creneHy TOKCHUHOCTH CYAAT IYTEM COIOCTABJEHHA KOHILEHT-
palHit TOro HJIH HHOrO BellecTBa NEHCTBHTENBHOH ¢ NPENeJBHO HO-
nycrumeive, Konuenrpauus C BpexHoro BelnecrBa (esomacHa, ecin
€e OTHOILeHHE K NPEeNefibHO AOMYCTHMOH KOHUEHTPAUHH MEHbINe HIH
papHo eauuntle C/TIIK=<1., Ilpu’ 0OAHOBPEMEHHOM COMEPMKaHHH
B BO3JlyXe HECKOJbKHX BPEXHEIX BelecTB, OJH3KHX IO BOBREHCTBHIO
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Ta6numa 144
Mpepenno aonycrumbie konmenrpaguy (Mr/M3) BpeJMRIX BEMECTE B BO3AYXE

3 Kouuegatpaliust
. Beitecrso Gopuyaa MaKcHMadh- cpefHecy-
Ras TOYHAA
Jeyoxucs asora . NOg 0,085 - 0,085
Oxcuj, asoTa ; NO ’ 0,25 0,256
Ceprmi anruapai 50; 0,30 - 0,10
CepHHECTHIT aHrHApUL, 1 SO, 0,50 0,05
Oxcuz yriepola CcO 3, 1,0
OKcup Banagus V05 —_ 0,002
Cama (xomors) - 0,16 0,05
Mexe (30108BHE JacTALE) — 0,50 0,15

Ha JXKHMBOH OPraHH3M, BO3JAywHas cpela GyzeT GesonacHoli, eciy
CYMMa OTHOWIGHHH HAeHCTBHTENbHHIX KoHIUeHTpauuik kK IIJK 6yazer
MEHBIIe HJH PaBHa efHHHIE

. Crvo,/ T Kno, +.0%.c\ NARwo - Cso,/TIKs 0, + Cso /T Kso, +
+ Ceo/TIAK o+ Ceo, /TTK o, < 1.

OGBIYHO KOHIGHTPAHHS BPEAHLIX BEIIECTB BOKDYT SJMEKTPOCTAH-
nuu Huxe FAK, uro nocrtaraercs nprMeHeHReM PAasiHUHHEIX KOHCT-
DPYKTHBHHIX U TEXHOJOTHYECKHX MEDOIPUATHI.
 Ilpu Hcnonb3oBaHMH ANEPHOrO TOIVIMEA KOHTPOJHPYIOT rasoo0-
pasHble BHODOCE B aTMOChEPy ¥ YCTAHABJIHBAIOT ONPENEEHHYIO
30HY HaOJIOJEHHsS 3a COCTOSHHEM BHewIHeH cpeiwl. Pagmyc Takoi
30HEL cocrasiser 10—15 xm. Muorojeruuii OUMT 3KCIJYATALHH
ATOMHEIX 3JIEKTPOCTAHUHH MOKa3HBAeT, UTO A03a oOAYUEHHS OT HHX
3HAYHTEJILHO HHXKE 103 O6/yueHHS OT NPHPOAHOIO PAaRHOAKTHBHOLO
¢ona. JKupkne pajnaoaxTHBHEHE OTXO/[bl XUMHUECKH OYELIAIOT, yia-
PHB2IOT H BBOJAT B UEMEHTHHE HJIH GHTYMHEE GJIOKH, KOTOPHE Xpa-
HAT B COELHANBHEIX NOMEIIEHHAX-MOTHIBHHKAX.

MMpumep 145. Onpereaurs Maccy o6pasyiomuxcs rasooGpasHEX IPOAYK-
TOB CTOPAHMS MPH TOPEHHHE masyra M-100, ecnw pacxop napa #a pacnulIMBaHHe
masyra 0,3 Kr/kr; npH pelleHWH HCIOAB3OBATH JaHHHe npmvepos 14,1, 14.3; Baa-
roit atMoctepHoro Bo3nyxa npenebpeus Wy=0.

Petuenye. Macca rasoo6pasHiLiX NPOAYKTOB CTOPAHMA onpefeasercs no Qop-
myae (14.21),

G=14L+4+Wep=1416,140,3=:17,4 Kr/Kr.

IIpumep [46. Ompeneaurs yAeAbHYK TENMOEMKOCTD Ira3006DASHEX NPORYK-
TOB, Cropanms masyta M-100 mpu rtemmeparype '1000°C, ecqin ynenbnag tenuo-
@MKOCTh CYXOre BOSHYXa IPH 9TOH TeMmepartype Cpe..=1,18 xMx/(kr-°C) u Boas-
HEIX TAPOB Cpp.n=2,48 xIDxf(xr-°C); OpH pelleHHH HCNOAL30OBATH NAHHEE NpH-
mepor 14.1, 143, 14.5,
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Pewenne, 1, Macca Bogssnx napoB {14.24})
9HP - WP 910,343
AT

2, Macca cyxux rasos {14.25)
Qn.ﬂ"QIQn.nnmﬂ.%lrmmnHm«.—. uﬁﬂ\:—a. '
3. Tena0eMKOCTh HPOAYKTOR cropantd (14.26) !

G 1,%
m.n (¢pa = Cper) =t 1,18+ 74 (2,48 —1,18) =

Gop= +0,3=1,26 xr/rr,

Cp = Cpc,r +
= 1,27 xIlx/(kr-°C).
KoHTpoJbHEIE BOMPOCH

1. HazopuTe 062¢TH HCMOAB30BAHHA ropaxell BOAM M BOAAHOro mapa B Hed-
TAHOH ¥ TA30BOH MPOMBILIIIEHHOCTH,

2. Kax ocymecrsiasercs paGoyuil mpouecc rasomasyTHOre KOTEIBHOTO arpera-
Td K H3 KAKHX OCHOBHHIX 2JIEMEHTOBR OH ﬂonﬂcmﬂw

3, Kakne nmapaMerpH XapakTepPH3yloT pabousil nmpollece KOTeABHOrQ arperara
H KAKOBHEl HX 3HAYEHHSF?

4, UTo HA3LIBAETCH TONJHEOM H KakHe BHIH €T0 CYWECTBYIOT?

5. Kakor tonauBHmit Gananc CCCP u KakoBa TEHAEHIHS €ro H3MeHeHHH?

6. KaxoB ssieMenNTApHHE COCTAB OPraHHUeCKHX TOIJIHB? :

7. IlepeuHcanTe OCHOBHHIE 5JeMEHTH, BXOXAINHe B pafodyl) MAaccy TONIHEA.

8. Uro oTnocHTeA K 6aAnacTy TOMJHBA? .

9. Kak ocymecTeasercs nepecyeT 3SAGMEHTAPHOrO COCTABA C OAHOH MaccH
TONAMBA B Jpyryo?

10. Yro Taxoe Temi0Ta cropanAs TOMINBA H KAK 0HA OIpefeaseTcs?

11, Uro naseEaeTcs YCAOBHHM TOMJAHBOM M KaK OCYHIECTBJASETCS Nepepacuer
pacxoja HATYPaAbHOTO TONIHBA B YCJOBHOE?

12, Yro HasHBaercd TeOPETHUECKMM pAacXOAOM RO3RYXa, HealXOIMMOTo s
ROJHOTO CrOpaHYs TONJMBA, M KaK OH ONpeienderca?
13. Yro Taxoe XMMHueCKAs HeNONHOTA CFOPAHHA TONJNBA M 4UeM OHA BH3H-
BaeTCHA? :

14, Kax onpepensercs ReliCTBHTEABHBIH pacxol BO3Lyxa, HeoOXOAMMELE AnsA
CrOpaHHs TOMIHBA?

15, Kax paccunTHBaeTCA Macca rascofpasHEX NPOAYKTOB CropaHKAa?

16, I3 xagUX KOMNOHEHTOB COCTOAT ra3006pA3HEE NPOAYKTH. CrOpaHHA H KaK
onpeAeseTcs HX TelJlOeMKOCTh?

17. Kax olleHHBaeTes CTeNeHb TOKCHYHOCTH BPEAHLIX BeIleCTB IPH HAaJHUHA HX
B OKpyKamlleii cpefe? '

Taasa 15
TOHOKY M TONOYHBLIE YCTPOUCTBA

§ 1. HazHauenne, kaaccuPUKALAA TOMOYHBIX YCTPOHCTB
H ToKasaTeay padoTH TONOK

Tonkod, HIH TOROYHBIM YCTPOLCTEOM, HA3EIBAETCA YACTh KOTEMb-
HOTQ arperata, Tle OCYLIEeCTBJSETCA CHHTaHHE TOIHBa ¢ ofpasc-
BaHHEM BEICOKOHATPeTHX NPOAYKTOB CIOPaHHS H ¢ OJNHOBDEMEHHBEIM
HX OXJaXXIeHHeM 3a cueT lepeiAayud TeiJIOTH NOBEPXHOCTAM HArpe-
Ba, OKPYXKaIOllHM KaMepy cropanusa. TakuMm o6pa3oM, TONKa ABJIA-
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Puc. 15.1. Cxemnl enoeBore (@), darenshoro (6) u suxpescro (8) cnoco6os
CHUTaHHH TOINIHBA

€TCH TOIVIHBOCKHTAWOUIMM M TelnooOMeHHblM ammapatoM. Cymiecr-
BYIOT TPH crmocofa CHKHTaHHS TOINIHBA: caoesoll, haxeivHuil U ha-
Keabno-cA0egot. B COOTBETCTBHH € 3THM H PA3JUYAIOT TPH TPYOOA
TOTIOK: CJOEBHIE, KaMepHbie H KOMOHHHDOBAHEHE.

CJioeBEle TODKH IpeiHA3HAYEHBl HJI CHUINaHAA TBEPLOTo TOI-
JIMEa B CJI0€ Ha KOJOCHHKOBOH pemeTke. B KaMepHbIX TONKax TBep-
I0e B BHAE IbIIH, KHAKOe K ra3pobpasHoe TOIMHBO CHKHIAIOT B 065-
eMe TONKH BO B3BEIUSHHOM COCTOAHHH, KaMepHEle TONKH B 3aBHCH-
MOCTH OT a5pOJHHAMHKH IOApPasfelsioT na ¢akeiburie (IPpAMOTOU-
HEIE) H BHXpeBhle (UHKJIOHHEE). B KOMOHHHPOBaHHHIX TOAKAX KPYII-
HEI@ KYCKH TOIUIMBA CEKHTAalTCAd B CJI0€, 2 MeNCUb BO B3BEUIGHHOM
cocTogunn (puc. 15.1).

1lpu cl1oeBOM CXKHrFaHHH TBEDLOE TOIIHBO JIEKHT HENQOLBHIKHO
Ha KOJOCHHKOBOH pelleTKe HJIH MeNJEHHO NEDPEMENIaeTcs BMeCTe
¢ Heil. [JeoCxomuMHEI niA TOpPeHHS BO3LYX HOLAETCI K CJOIO TON-
JHBA Yepe3 KOJOCHHKOBYIO PeIleTKy.

Tipu darensHOM crocobe CHHUraHAs B TONOUHYIO KaMepy NOjaeT-
€d cMech TomnBa H Bosayxa I, 2. Tomnmse BocmiameHsercsd, ABH-
raeTcs ONpAMOTOYHO ¢ BO3AYXOM M TODHT Ha JieTy B TONOYHOM IIpO-
cTpaHcTBe, B (aKeNbHEIX TONKAX MOXKHO CXHTaTh JK060e TOMJH-
B0 — razoofpasnoe (Ge3 NOATOTOBKH), XXHUAKoe (mpedBapHTeNbHO
pacnuJieHHOe) H TBepAce (MpeiBapHTENbHO PasSMOJIOTOE).

Ilpr BHXpeBOM criocobe CKHraHus KaMeph I'OPeHHR TONOK BHI-
fIQJHAOT B BHOE TOPU3OHTAJBHLIX HJIM BEPTHKANBLHHIX LHIHELDOB,
Bozayx 2 noppojuTCa TAHTEeHIHAJIBHO ¢ Goilpliloft cKopocTsio ¥ Hia-
roflapa 3TOMY B HUMKJIOHHOH TONKe co3ljaeTcd HHTEHCHBHOE BHXpE-
BOE ABHXKEHHE BO3[yXa H NMPOAYKTOB CrOPDAHHs, BMECTE ¢ KOTOPBIMI
JBHKYTCS H uacTHiibl TomiuBa. OHH oTGpacHBaloTeA IeATpobexHoin
CHAOH K mepudepHH KaMepsl TODeHHHd, IAe Co3JaeTcs NOABHMHOH
TOIIHBHE ¢J0H K ofeclequBaeTcs ropeHHe.

Ins xapakTepuCTHKH PabOTH TOMOK CIYXKAT MNOKA3aTeNH: BHAH-
MOE TEIIOBOe HanpsXKeHHe 3epKaja ropeHHd §r, TEIVIOBOe Hamnps:d-
KEHHE TONOYHOTO INPOCTPAHCTBA gy, KO3(OHIHEHT mOJesHOro Aek-
cTBEA (K. I J.) TOUKH K Koa(dHIHEHT H30bTKa BO3NyXa.

BuauMoe TeRJOBOe HanmpsixXeHHe 3epKaga rope-
HHA (KOJOCHMKOBOH PELIeTKH NpPH YCJAOBHH PAaBEHCTBA IUVIOLIajed
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3epKana ropeHHs Fasr H KOJOCHHKOBOH pemeTkH R; F.,=R) xa-
paKTepH2yeT KOJHYECTBO BHAGIHBIIEHCA IPH IIOJHOM CCODAHEH TOL-
JIHBA TEIIOTHL Ha CAKHHIE NJACLIAAH ﬂom.mﬁunmooaﬂ 3e€pKana H.Oﬁmm:wﬁ
B eIHHUIY BPEMEHH, T. €, IIPEACTaBisaer co6oil OTHOIIEHHe NPOH3Be-
ACSHHA pacxopga TOIJIMBA B EOHHHIY BPEMEHH Hd €ro HH3MIYIO TEILJ10-
Ty cropaHus B K IJIOUaAH NOBeDXHOCTH 3epKaja TOpeHHA Fap

Qh"@@mv\.ﬁm.? ’ m_mHv

JLns cnoeBHIX TONOK gr== {3—8) - 108 x[lx/(m?-u). = .

TensoBoe HAaNpAXKEeHHE TONOYHOrD 00BeEMa MO-
Ka3LIBaeT, KaKQoe KOJHUECTBO TeIIOTH BHueaderca B 1 m® obpema
TONKH B ©AHHHIY BPEMEHH IpPH IIOAHOM CTOpaHHH TONJHBA, T. €.
nIpeAcTaBiseT. cofolt OTHOIIEHHEe NPOH3BEACHHS pacXxofa TOIJIHBA
B ¢IHHHLY BPEMEHH Ha €ro HU3MYI TemA0Ty cropanns BQuP K 065-
eMy Tonku V

qv=BQu/V. (15.2)

s KaMepHHX Tomok qy=(0,5—1,2).10% xJx/(M%.u); mnpm
CHMTaHAM XHIKOTO M ra3000pa3HOr0 TOIVIHBA PEKOMEHIYETCA gy=
= (0,83—1,05) - 10° k[1x/(mM®-4). . S .

BeXMuHHOK ¢y TOJNL3YIOTCA TAKKe NPH ONpefelieHHH obmeMa
COEBHIX TOMOK, YCJIOBHO CUHTAaf, YTO BCe KOJIHUECTBO TEMJIOTH NP
CrOpaHHH TOIVIHBA BHIAENAETCS B TONOYHOM IIPOCTPAHCTBE. :

Bee Tonkr paGoTalT ¢ NOTEPAMH TEIUIQTH, NMO3TOMY K. I O. TOI-
ku Beerpa Menpme 100%. Ecau 3a 1009 DPHHATH KOAHMYECTBO TEIl-
JOTH, KOTOpas MOr/a Obl BEAGTHTLCT B TONKE IPH MOJHOM Cropa-
HuM TonnHBa 6es IOTeps, TO, BEuHTad H3 1009 nonw moreps oT
XHEMHYECKOH HENOJNHOTH CTOPAHHA ¢3, OT MEXaHHYECKOH HemOJHOTHI
CTOpaHHsA ¢4, OT BHEIIHEIO OX-

MAKAEHHS TOOKH gs¢ H Aoai0  Fsp L
DOTEph TEMIOTH €O UIAKOM H 7] \ 1 , N N
Ha oXxmaxienwe mameneli m Ga- o\ \ SE3EE e
JIOK, He BEKJIOUEHHHIX B IHDKY- INUN
JALUEO ~ KOIA g, Tmoayumm A N
K. I. A. TOOKH 7r (B %) 2 X BN P
e =100—(gs+qut+gsetqe). - TN TITHREL |
_ (153) Ay
_ ‘ 28— _ r———
”_..Hﬁﬁ CHHIaHAH MHIKOro H 04 .
rasoo6passHoro Tomiauea ¢4=0 B ,a

OpPH. OTCYTCTBHH  [OTEPL {s
K, 0. K, TOOKH ONPEIENAeTCA BH-
o SHPERE ’ Prc. 15.2. IToTepu TemaoTH KOTENBHEM

paxeHueM aTperaToM OT HAPYXKHOTO OXJaH(ICHHS

= 100—| . 15.4) s« B 3aBHCHMOCTH OT HOMRHAMLHOI
e Eu+amav ﬁ V nu:oxmmohsegmmooem D:

.H\HnﬂEHmEEN TONOYHBIX YCT- [ -~ co6eTBEHHO KOTeJIBHLIA arperaT: 2 — KO-

@51 15 2 3 & § 101 Dxje

TeJbHBI{i arperaT €0 ECMOMOraTéJdbHBIME I10-

DOHCTB KOT@JBHBIX APPEraTOB H  pepxaccram narpesa
20%




OIBIT HX 2KCIMIYATalHH OaJH BO3MOKHOCTL YCTAHOBHTH ONTHMAJb-
Hble NMOTEPH TOMOYHOro npomecca. Tak, moTepH OT XHMHYECKOH
HENOJIHOTH CrOPAHHA WNPH CXKHIAHHM KHAKOTO M rasooGpasHoro
TONJHBA COCTABIAANT §3=1,0—2% naA 3KpaHHpPOBAHHBIX TOMOK H
g5=1,0—15% pnaA ueIRPAHHPOBAHHLIX TOMOK.

Tlorepu TenoTH OT BHEWIHEro OXJAaK/AeHHS ONPEAENSIOTC noTe-
PAMH TeNJIOTH BCJEACTBHE TEIIOOTLAYH OT HADYKHOH NOBEPXHOCTH
O0OMYDOBKM H METAJUIHYECKHX YacTeH K OKPYKaoIleMy BO3AYXY.
OTH NOTEpH 3aBHCAT B OCHOBHOM OT pPasMepoB K THOA OOMYDPOBKH,
OT TeMieparypsl OOMypOBKH M OKPyKaiollero BO3AyXa H AJsd KO-
TEJBLHOTO arperata MoTyT OHITH ompepeseHel no rpaduky (pue. 15.2).

[loTepn TEIIOTHI OT BHENIHEro OXJaMIeHHs TONKH MNPHOGIH3H-
TeMbHO paBHH! NOJOBHEE {IOTEPh OT OXAAXKAEHHT KOTEILHOID m%m-
rata

gs5r=0,55x. (15.5)

OcranbHasy 4acTh MOTEPb NPHXOAHTCA Ha APYrue 3JeMeHTH Ko-
TeJlbHOTO arperata. [Ipu paBHOM K. I Z. TONOK s¢¢exTHBHEe pabo-
Taer T4, y KOTOPOi TONOUHHY IpoIece XapaKTepU3yeTcs MEHBILIHM
Koz HINeHTOM H3OLHITKA BO3AYXA o.

KOHTPOJIBHEE BOTIPOCEH

1. Kague TpH rpynOL TOOOK CYIIECTBYIOT H KAKOB OPHHIHE HX NeHCTBHA?
2. Kakue nokasaTtenu xapaxtepHsyioT pabouuii npotiece TOMOK?
3. Uro Taxoe K. I, 4, TONOK H KAaK OH PACCUKTHBAETCH?

Trasa 16 . i

KOTEJbHBIE ATPETAThI
# BCIOMOTATEJNBHOE OBOPYJTOBAHHE

§ 1. 9BoAOUHS KOHCTPYKTUBHEIX )OPM KOTEALHBIX ArperaTon

[IpoMHILIEHHOE HCHOAb30OBAHHE NADOBBIX KOTJIOB OTHOCHTCS KO
BpeMeHH NOABJSHHs [AapOBOH MALUMHH, T. e K Havamy XVIII B. Ceoe
pasBATHE COBPEeMeHHBle KOTJH HauaJH OT NPOCTOro IUJIHHADHUE-
ckoro kotia (pHc. 16.1). Buauane ocHoBHoe BHHManue Gnio ofpa-
AIEHO HA CO3KAHHE NPOUHBIX U Ge30macHbIX KOHCTPYKUHH B SKCIIyd-
Talnuu. B pansHefilleM no Mepe DasBETHA M POCTa INPOH3BOICTBEH-
Hoii ©Oaspl Gosee cepbesHOE BHMMAHHE YAGNAIOT TEXHOJOTHH
H3TOTOBJICHHS NAPOBHIX KOTJIOB, MOSB/IACTCH CTPEMJEHHE MOBBICHTDH
#X IPOH3BOJNTENBHOCT K LABJEHUE, CHUSHTL MaCCy SaTpasnBaeno-
ro MeTalsa H YMEHBIIHTH BHEUIHHE PA3MEpHL.

PaspuTHe KOHCTPYKTHBHHIX (hOPM mapoBHIX KOTIOB HOULIO [O
IByM HanpasjeHBsM (puc. 16.1, 16.2): no nyTH pasMeIeHds M0NO-
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Puc. 16.1. ZBonmonns KOHCTPYKTHBHHX ()OPM NapOBEX KOTVIOB € YBeNHUEHHHM

. BOASHEIM OGBEMOM:

4 — UMJHHApHYecKHH koren; 6 — GaTapefiupit xoren (mecTepxa); 8 — KOTeJa ¢ XKAapoBOH TPY-
Gol; mlnmwaqvwmmzm KOTed; & — JOKOMOSHALHHE KoTem; & — omouo,_,mzn KoTen

HHTeNLHOH NOBepXHOCTH HarpeBa BHYIPH OCHOBHoro (apaGaHa
(omHo- M HByXapoTpyOHEE, rasoTpybHbe, JOKOMOGHAbHbE, mMAPO-
BO3HbI€ H 0BODOTHHIE, BEPTHKAJBHO-IHIHHEIPHIECKAE KOTJAE) H IO
IOyTH pasMelledKs NONOJNHHTEIbHOK NMOBEPXHOCTH BHE OCHOBHOTO
GapabaHa (rOpH3OHTaJbHO-BOLOTPYOubte, KaMepunte, Illyxosa,
OlyxoBa — Bepanna, CeKIHOHHBIE ¢ NPOJOJBHEIMH H no:mwmnngu
GapafaHaMH H BePTHKAJbLHO-BOAOTPYGHbIE KOTJH).

B xonne XIX m mauane XX B. Npd NpPOEKTHPOBAHHH KOTEJIbLHEIX
arperarop NPHHHMAIOTCH MEPh MO SKOHOMHHM H¢ TOJbKO METaslia,
HO H TONAHBA. C UEJbi0 NOBHIUEHHS K.I.JA. KOTEJNLHBIX' arperaToB
YBENUUHBAIOT YHCIO Ta30XOLO0B, YCTAHABIHBAIOT BOAAHHE SKOHO-
Mai3epE H BO3IYXONOIOTpEBATeNH, wmmcmmm,&mmsa vmnmommawmzm
MEeTOIbl CKHTAHHS TOIIHBA H T. X.

' BepTuKaJIbHO-BOLOTPYOHbBIE KOTIbI B HacTOAllee BpeMs HoCTe-
NEHHO BEITECHAIOT TOPH3ORTANbHO-BOAOTPYOHbIE H 3aHHMAIOT mmE?
ige MeCTO B. MPOH3BOACTBEHHON KOTENbHOH TexHuke. ~  ~

‘1o BuRYy ABHKEHAS BOLBL-H- :mwomoﬁmmom CMECH BCE€ KOTJIEL @mm-
AeARIoTCs Ha flapoBble ¢ eCTECTBEHHOH p:wwﬁmpmmw HC Eummﬁm-
TENLHEIM IBHKEHHEM PAGOYEro BeLeCTBA. ‘

Wk u
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Prc. 16.2. JBOMOUHA KOHCTPYKTHBHHX (hopy BOJOTPYGHEX KOTJIOR:

% — xamepHelfl koTen LlreHumioatepa; 6 — KamepHE KoTen llyxoBa; 8 -- gaMepHEIl KOTelX
Tlyxosa — Bepauna; 2 — CEKIMHOHHBIA KOTeq ¢ NPOAOAbHEIM GapataHoM; § — CEKUMOHABIY Ko-
Tea ¢ nmomepednsd GapaGanoM; € — BepTHKANBHO-BOZOTPYORBIH KoTel TapGe

B npoMbimiennoft TemsiosHepreTHke HaHGoJee PAaCHPOCTPAHEHHL
T1aPOBHIE KOT/L ¢ €CTECTBEHHOK uupkynaumeil, Bce pasHOBHAHOCTH
{1apOBEIX KOTJIOB C €CTECTBEHHOH LMPKYJALEEH MOXHO DasAenHThb
Ha TPH TPYyNnbl: MEPBYI0 COCTABAAKT NAPOBEIE KOTJH C YBEJHUEH-
HEIM BORAHEIM O0BEMOM; BTOPYI MPEACTABJSIOT KaMepHHE, CeKIH-
OHEBe H MHOTOGapabaHHEle BOZOTPYOGHEE KOTIH; TPETHIO —- coBpe-
MEHHHE¢ BOJOTPYOHEIE KOT/Ab SKPAHHOTO THNA. DTH FPYINE Napo-
BLIX KOTJIOB OTPaKalOT TAKKe M STANH HCTOPHYECKOTO Da3BHTHA.

K nepBoit rpynme OTHOCATCH NMUIHHADHIECKHE, GaTapefiHble, xa-
porpy6urie, rasoTpyGHEIE M KOMORHHPOBAHHBIE KOTJIBI {cum.
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puc. 16.1), oTARYATENLHEIM NPHUSHAKOM KOTODHIX ABJsieTcs GOMBIION
BOLstHOH 00DbeM. MpHXOAAAACA Ha 1 M2 miomagd LOBEpXHOCTH Ha-
rpesa, pocruraomuii 200—300 i, B To BpeMs Kak BOASHON o6BeM
COBDEMEHHHX BOJOTPYOHEIX KOTJIOB He npesbimaer 15—20 i1 Ha
1 M2 nosepxmocTH Harpepa. KoTubl 5T0# IDYHNBl KaK TOPH3OHTAb-
HO-IH/IHHADHYECKHe (X apoTpPyGHble, JOKOMOGHIBHEE, OGOPOTHEHIE),
TaK H BePTHKAJIBHO-UUIAMHADHYECKHE C ALIMOTAapHLHIMH TPYOaAMH HJIH
¢ 3aN0JHEHHEIMH BOAOHl BEINYCKAlOT AN TEXHOJOTHYECKHX H XO-
3AHCTBEHHEX HYXJ NPOMEILIJIEHHOCTH, JJIf JLOPOXHOLC CTPOHTEJb-
CTBa, KOMMYHa/IbHO-OLITOBRIX NPEANPUATH, TPAHCIIOPTA U CRILCKO-
TO XO3AHCTBA.

Y xorsios Bropofl rpynmsl (cM. puc. 16.2) nosepxHocTh Harpesa
ofpasgyercs craJbHEIME KHIATHIBHEIMH TPyOaMH MaJoro JuaMerpa
{50—100 mMM), MmO KOTOPHIM ABMIKETCS HAPOBOAAHAA CMECh;. KOTEMb-
Hiele Oapalansl B 3TOM Caydae HIPAOT PoJb KOJAEKTOpa, OGBENH-
HAIOIIEr0 TPYOHYI0 KHNATHABHYIO cHeTeMy Komia. Kotan atofi rpymn-
{5l MIAPOKO 9KCIAYATHPYIOTCH.

Ha npeanpraruax wedTsaHol, HedrexuMu4eckol ¥ rasoBoil mpo-
MEIIeHHOCTR (HedTebasax, HII3 u T. n.) pacmpocTpaHeHm KOTJH
Illyxosa, IlyxoBa — Bepauna, CeKNHOHHBE TI'OpPH3OHTAJIbLHO-BOZO-
Tpy6HEEe B MHOrofapabaHHEe BepTHKaJAbHO-BOJOTPYOHHE,

TopusonTansro-Bon0TPY6HbIH KoTes B. I, IllyxoBa snepshie GbLI
moctpoen B 1891 r. ¥ sToro koria 28 KHIATHIBHHX TpyS (d=
=76X3 mM, [=4500 MM) oOBenHHEHE B IyYKH IBYMS KODOTKHMH
UHAHHIADHUECKHMHE KaMepaMu (roloBKaMi) nHameTpoMm 640 MM,
KaMeprr EMeloT CheMHble KPHIUIKH, KOTODHIE OTKDHBAIOT HOCTYH
ONlHOBpeMEeHHO K 28 TpyfaM H LaioT BO3MOXKHOCTh OCMATPHBATE HX,
BBAJIbIOBEIBATE, OUHIIATE OT HAKHOM H LIJaMa.

Korex IlyxoBa COCTOHT M3 OTIEAbHBIX ABYX, TPEX, YETHPEX HIH
OATH 97eMeHToR. [lnomanp NoBepXHOCTH HACPeBa KOTJA COCTABJASET
62,0—310 M2?;, Kax[IBi 9JE€MEHT KOT/a BKJIOUAET ONHH BEpPXHEH
npofoieHblii Gapaban u nBa myuka TPY6. Ilepenune BepxHue Kame-
PHl CO€AHHEHBl CO BceMH OapabaHaMu TODJOBHHAMH, a 3ajHHe —
BEPTHKAJLHHMH narpybkama. [laposrie npocrpaHcTsa GapaGaHob
KOT/Ia COENHHEHBl HaBepXy MexAy cobofi o6LIMM NONepedHsM ma-
POCGOPHUKOM, a BOJMsiHBIE OPOCTPaHCTBa BHH3Y — 0OLIMM mHOmeped-
HBIM TPA3EBHKOM. :

Ocuosroe npemmymectBo Koo I1IyXoBa — Hanuyme HeGOMb-
{I0r0 YHCJA JIOKOB, CTAHNADTHLIE THHOBLIE AETAJH H 3JeMEHTH KOT-
a2, Jto ofneryaer HX NOTOYHOE HPOH3BOLCTEO, cOOPKY M CHHXA-
er croEMocth Kotna. Kortaw Ilyxosa paccumrans ma napienue
1,3 MIla 1 HMel0T HOpMaJbHOE HaNpsKeHHe HOBEPXHOCTH Harpe-
Ba 20—25 kr/(m2.u),

HenocraTkaMu 5THX KOTMIOB ABJSIOTCS OTHOCHTENBHO GOJBIOH
PAcXox Meraslla, TePMHUECKad MECTKOCTh KOHCTDYKIHH, GOJbLIHE
raGapurH, TeCHO® pacHoJoKenue TpYS B OyuKax, 3aTPyAHAIIIEe HX
QUHCTKY OT CazkH H 30JIHL :
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-B.1936—1937 rr. goten llyxosa 6nul MOJIEPHH3HPOBAH C LEJbID
CHMKEHHs] 3aTPaT MeTajjia H yMEHbIIeRHs TEPMHUECKOH IKECTKO-
CTH KOHCTPYKuHMH. B KoTviax HOBOE KoHcTpyknuu ldyxosa — mmw_:sc.
Ha BMECTO HECKOJBKAX IPOJOJBHBIX NPHMEHANCH OLEH MONEpEUHEL
6apaban aguamerpom 900—1000 mMM; AJAHHA KHOATHJABHBLX Tpys
6bia yBeaHyeHa o 5600 M, a MX uHCaAO B OyuYKe yMembpweHo c 28
10 24, TIyukn KUnATHALHEX TPYG (0T ABYX A0 CEMH) PacCHOJOXKEHE!
B LIAXMAaTHOM MOpPAAKe H.IPHCOSAHHEHH K KoTelbHoMy Gapabany
ABYMS NPpAMBIMH 3aQHHMH NOABOJSITHMHE H@%ngm H IBYMA B30ruy-
THMH TeDefHHMH OTBOAMLEMMY Tpy6amu Majoro auamerpa. [lio-
Wlagb HOBEPXHOCTH HarpeRa OJHOro MydKa COCTaBJfna 35 M2, He-
CMOTPSl Ha HEKOTOpOe NOBHILEHHE K, 1. [, YBeJIHUEHHEe HANPIKCHUA
Mol H TOBEPXHOCTH HarpeBa (Mo 35 krf(m?.u) Ajs HeIKPaHHPO-
BaHHHIX H J0 50—60 kr/(MZ2.u) A HKPAHHPOBAHHEIX KOTJOB) W
HEKOTOpOe CHHMKEHHe pacxofa meraia, Komisl lllyxoma — Bepau-
Ha.He YCTPaHAJIH Bcex HepocTaTkoB Kordos [llyxoBa u Gmam 3ame-
HeHH OoJsiee cOBepUICHHEIMH KOTJIAMH.

CekuyoHHEE BOAOTPYOHBle KOT/AH IOABHIHCL OJHOBDPEMEHHO
C KaMepHHIMH, 3aTeM BHITECHHJM HX H COXDaHSJIH BeAylLlee MeCTQ
B npoMuniieRdocTd o 1930—1933 rr. OcuosHolt paGoyu#l aneMeHT
9TOr0 KOTJA — CEKIHA, COCToAllad M3 NATH — OLHHHAALATH Nps-
MHX KHISATHABEHX TPYS H ABYX BoaHOOOpDasHol dopMbl KaMep-Koua-
JeKTOPOB, B KOTOpDLIE BBaNblOBAHE TPYyOel. Takas dopma xamep
MI03BOJIAET PACHOJIATATh KHNATH/IbHBE TPYOH B IUaXMaTHOM NODAK-
re. Kaxpasa cexuus mpucoennusercd K 6apafany npu HNOMOIIE ABYX
narpy6KkoB: BOAOMOABOAKINErC — 3a/lHETO H HAPOOTROAAINErO — Ie-
penero. L

Manoe ceueHne Kamep (o6bluno. 140140 wmm) To3BOVIAICN
CTPOHTL 9TH KOTJIBI HA CPaBHHTENLHO GOJLIIOE [gaBileHHe (oo
10.MIIa u Gosee). M3 CTaHIapTHLIX KHIATHABEEX CEKUUI MOKHO
6bI0 NOJIYYHTBE KOTEJA ¢ BecbMa OOJMBLIIOH TOBEPXHOCTHID. HArpeBa
2000—2500 M2 npH maponpoHsBOAHTENBHOCTH J0 500 T/u.

CeKIIHOHHBE KOTJIBl BHIIYCKaJH B JBYX BAPHAHTAX C HPOAOJb-
HEIMH -GapafaHaMu (KOTJB MaJOH MOLIHOCTH) H C HOINEPEUHBIMHE
GapaGaHaMn (KOTJAH GONbIIOH MOIIHOCTH).

- OCHOBHBLIMH HEFOCTATKAMH CEKIHOHHHIX KOTMOB ABJAIOTCS TPY-
JOEMKOCTh H3TOTOBJIEHHA KaMeD-KOMJIEKTOPOB, OoJpllad 3aTpaTta
MeTajljla Ha H3rOTOBJEHHe KOTJa, 60/blloe 4HCA® JIOUYKOB (ABH
JI0YKa Ha KAXKAYI0 KHOATHABHYIO TPyOY).

. BeprukaibHo-BOROTPYGHEIE KOTJIH pPaHbIIe H3IOTOBIAZAH MHOLO-
GapabaHubIMH (D; 4; 3; 2). W B Hacrofulee BpeMs BO MHOTHX KO-
TeJNbHBIX HUMEIOTCA €Il¢ B IKCIVIyaTaHIHH BePTHKAaJIbHO-BOLOTPYG-
HBle KOTJB CTapoil KOHCTPYKUEH. DTH KOTJH GECKaMepHHE, B HHX
KHNATHABHEE TPyOhl COEJHHEHBI HENOCPEACTBEHHO ¢ fapaBaHamu..
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§ 2, HapoBrbie ¥ BoporpeHHble KOTAL], NPHMEHAEMbIE
Ha npepnpusTiay. HePTanoil, HefrexnMutecKoi,
rasoEoil MPOMBIMIJIEHHOCTH M HA NpefNpHATHRX
JPYIHX oTpaciell HapOJAHOrO X03daicTBA

B nepuon 1938—1940 rr., Ouaa paspaboTaHa DPHHUMIHANBHAL
cxeMa OflHO- H JiByx6apaGaHHHEX BepPTHKaAbHO-BOAOTPYOHLIX KOTJIO0B
9KDAHHOLO THNA, KOTOPas B OCHOBHOH CBOEE 4acTH OCTaIach Heus-
MmeHHoft B B nacrogmee Bpema (IT-o6pasmas cxema). [lopepxnocts
HarpeBa COBPEMEHHOTO NApPOBOr0 KOTIA COCTABAAIOT MAKCHMAJILHO
Pa3BUTHIE TONOUHEIE DKDPAHH; POJNb KOHBEKTHBHOIO IIyYka mepej
naponeperpesaresieM BEIIOJHAIOT TPYOL 3aJHerc 3KpaHa, pa3BefeH-
Hele Ha 3—4 paja.

[TapooGpasoBaHHe 3aKaHYHBAGTCH NOJHOCTBIO B TONOWHHIX 3Kpd-
Hax 3a cyer pajHalHOHHOH TemJonepenaud OT ¢hakesa TopAIEro
TonauBa, JlanbHeHilee OXAZXKACHHE IPOAYKTOB CrOoPaHHA MNOCHE
naponeperpeBaTeNs OCYLIECTBAAETCH B ONYCKHBIX KOHBeKTHBHLIX ra-
30X0/laX 5KOHOMafisepa H BO3LyXONOLOrpeBaTend.

PacnpocTpaHEeHEHMM KOTEJIbHHIM AarperatoM cpeiHed MOILIHOCTH
Il-06pasHof cxeMBl sBJfAETCE KOTehbHblE arperat DBI'-35/39
{prc. 16.3) DapONpPOHM3BOAHTEIBHOCTBI0 3D T/4 NpH H3IOGEITOYHOM
JasieHud 3,9 MIla u Temnepatype 450 °C. Dtor arperat 06Opyho-.
BaH OJ8 CHKHraHUd HPHPOLHOTO rasa WM HHAKoro Tonamsa. Ofnem
NOJIHOCTBIO 9KpanupoBanHoi tonku 147 me. I[Tox Tonkn oxdaxpaer-
Cs TOJRKO BO3AYXOM. OCHOBHEIE [a30BHe (MasyTHEIE) TOpPeJNKH pac-
UOJOXEeH Ha (poHTOBOH creHe Tonku. Kpome OCHOBHBIX, B BepXy
TONOYHOH KaMepH MOryT GHITh YCTAHOBJEHBl JOMOJHHTE/NBHLIE Ia30-
BLIE TOPEJKH [Jf PEeryJHpOBaHHS TeMIEPaTypPhl NMEPErperoro mnapa.
Iioulaas NOBEPXHOCTH Harpepa Komia B TONKE (pajaualHOHHANA)
cocrapasier 136,1 M2 Bepxuas yacrts TpyO 3ajHero 3KpaHa pasBse-
JleHa Ha TPH paAa.

Ilaponeperpeparte/n AByXCTYNEHHUATEH: mepBasg ¢TYNEHb HO XOAY
ras3oB MMEET NOBePXHOCTh HIOIaLbio 105 M? H H3TOTOBJMEHA HS TPYS
nuamerpoM 40 MM, a Bropas cTyneHb — H3 TpyO auameTpoM 38 M.

Bonaroll skoHoMafizep CTaJbHOH 3MEEBHKOBHIH, INIOIIanb JO-
BePXHOCTH HarpeBa HH4 M?, BHINOJHEH.H3 TpyS AHaMerpom 32 MM.

Bospyxomolorpesarenans TpyGuaThli, H3roTOBAeH M3 TPY6 mua-
mMerTpoM 40 MM H DAcCnOJIOXeH B OTAEJNbHOM, CMEUICHHOM K 3aiHed
CTEHKe TONKH Tas3oxoje AJs obJeryeHHs oUMCTKH TPyO BO3AyXomo-
JOFpeBaTemns. . : o

K| sToMy axe THNy KOT/IOB OTHOCATCH XoTnsl BI-20 u BI'-15 na-
ponponsBoauTensHocTsio 20 u 156 T/u. FlsfrTounoe mapienne mnpo-
®3BOAUMOro napa npuMepHo 3,9 MIla, temneparypa 450 °C.

JanpHeimee COBEPUIEHCTEOBAHHE H DAa3BHTHE KOHCTDYKIFH ra-
30Ma3yTHLIX KOTEJLHBIX arperaTos NPHBENO K CO3LAHHIO KOTJIa
E-25-14TM maponpoH3BOAHTENbHOCTEIO 25 T/4 HpH AaBJIEHHH ‘Hepe-
rperoro napa 1,4 MIla a remneparype 250 °C. S
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Pac. 16.3. ITaposost xoren BT-35/39 ¢ rasoMasyTHol Tomkofi:

I — nas; 2-— Ta3OMA3YTHEE TOPeNKH; 3 — IAIREAKH; 4 -~ OOGMypPOBKA:; § — SKPpaHHpOBaHHaA
TONKa; 6 —RapKkac; 7 — BOZOYKasaTenbHuf npuGop; § — ManoMeTp; ¢ — Gapaan: [ — npexo-
XDAHRTEABHEIR KJaaman: ff — BEIXQHOH KOIAKTOD [MapONEPerpeBaTeAs; [2 -— DeryaATop na-
poneperpepa; f3 — naponeperpesaTenb; f4— E3PLIBALIE Kaananby 15 =~ 3MEeBHKOBLIt BOAfHOR
skonomMaisep; 16 — TpySuatei BO3AYX0OOLOD CBATEAR

. Korenvnmit arperar mmeer ABa Gapabama (pmc. 16.4) ¢ OnyCK-
HBIMHE TPY6aMH M YYTYHHEIE BOAgHOR sKoHOMaisep 7. Ilnowmanu no-
BEPXHOCTH Harpesa Kotaa E-25-14T'M caenyromuae (B M2): decro-
Ha 17, naponeperpesatens 25, koTesnHOro nyyka 165, eosmyxomo-
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Prc, 16.4. T'asoMa3yTHEl KoTeabHHE arperat E-25-14:

P 8= ;£ 3 §—Ho-
1 —ronousas KaMepa; 2 — BLIHOCHOM NMEAOH; & decron; 4 - napomeperpeBaTean;
TeALHBIE myuoK; mlnmvwmaqum BORAYXONOAGTPEBATENb; 7 — UYTYHHLIE Bomsnof axkonoMaitsepr

Torpesatens 242, skoHoMalisepa 531. K. .z Korioarperara npx
pabore Ha Masyre — 889%, Ha rase — 90,3%. . ,
lasomasyTHE#l KoTembHbll arperar I'M-50-14/250 mano orsu-
yaeTcst OT Koraa E-25-14TM. On mMeer npa Gapabana, coemuHen-
REIX BeDTHKAABHEIMH KHOATHAbHBIME TPYGaMH, NOJHOCTBIO 9KPaHH-
POBAHHYIO TONOUNYIO KaMepy TPyGamm AHaMerpoM 60 mm, ropusos-

TaJbHEH ~ KOHBEKTHBHHE  IapOIePerpeBaTeNb, PacHOJOXKEHHbE
B OIYCKHOM TasOXOAE HOC/e KOTeNbHOFO. WyuKa BMeCTe ¢ TPyOua-
15—40 217



TEIM BO3/1YXONOJOI'DEBATENeM, H YYFVHHEL Pe6pHCTHIR BOASHOH 5KO-
HOMAaH3€p, BEIHECEHHHI B OTHEJABHHIH razoxol.

Broynmii Masnorabaputumnfi “Kotsioarperar E-40H ¢ HaglyBOM
{naBienHe HajpRyBa no 4,5 kIla) HMeeT MapONPOH3BOAUTEMLHOCTS
.»m w\m ipi AaBJeHHH neperperoro mapa 3,9 MIla u TeMIIepaType
440 °C.

Muoroo6pasne koHCTpyKumH T430Ma3yTHHX KOTJOAIDEraTon
©O6DACHsETCS NOHCKAMHE DALHOHANBHbIX KOHCTPYKUMH, NO3BOJISIO-
WHX Hanbo/ee HAMENKHO M SKOHOMHMYUHO CIKULATEH Ma3yT H ras.

Boanmroe pacnpoctpanenne ma NPeANPHATHAX He(pTeXHMHUECKOIH!
H Ta30BOH NPOMBILUIEHHOCTH MONYYHIH TpaHcmopTaGenbHble ABYX-
GapabaHHEEe BOAOTPYGHbIE KOTHH (AKB). Hx maponpousBozurein-
HOCTh 2—10 T/4, mpHUIeM KOTJIHI NapoMpOH3BOAUTENBHOCTEID 2 T/4
NpellHasHadeHbl A7 MPOM3BOACTBA HACHILEHHOTO Napa, KOTMAbL Ha-
POTIPOU3BOAHTENBHOCTRI0 4—10 /4 BHOyCKasHCH To TpeGoBaHKIO
mnorpebuTenel Kak c naporeperpeBaTeNsaMu, Tak 1 0e3 HHX.

Bes cepust kornos KB YHHQHIHDPOBAHA H HMeeT OGLIYI0 KoH-
CTPYKTHBHYI0 cXeMy, 2t1o AByxGapabaHHHe KOT/IBL ¢ OPOJOJBHE M
pacnojoxenneM GapaGaHOB ¢ pasBopoTom NPOAYKTOB CropaHHa
B TODHSOHTANLHOH IVIOCKOCTH. Bepxuuii ya/uHEHHHI Bapabax
B CBOGH NEpefHell YacTH TPYGAMH COEAHHEH ¢ HHMHHMU KOJJIEKTO-
pamu. Itu TPYGh 06DPA3YIOT B TONKE 1Ba GOKOBBIX 3KpaHa, DKpaH-
REI€ KOJIIEKTOPE NUTAKTCS BOAOH IO OMyCKHEIM TpyGam, NPOJIOKEH-
HBIM B 06MYDOBKe, M3 BepXHEro Gapabana u mo TPyOaM H3 HHXKHEro
Oapabana. Bepxmuil ¥ HUXHHI GapaGaHel coenuuenn TpyGamn
{51 Mm), KoToprie 06pasyior KOHBEKTHBHYIO MMOBEPXHOCTL HAarpesa
KOTJI4.

Tpy6rr pacnonaraiorcs B KOPHAOPHOM TOPsI/IKE C IIArOM BAOJb
OcH GapaGaua 115 MM r momepexk ero ocy 130 mu. Co CTOPOHEL TOXI-
KM KOHBEKTHBHASI 4acCThb KOTNA OTAENEHA OTHEYHOPHON neperopog-
®olt ¢ aMBpasypoil nas npoxoza rasoB, KpoMe TOr'o, yCTaHABJHBART-
€4 OfHa YyTyHHAs NEPeropojika, pasie/Isionlas KHOgTHIbHEI Oy40K
Ha gnBa rasoxopma. ITaponeperpeBartens coctour ua TPYS AHaMerpoum
38 MM, pacmosaraeTcs 0GBITHOG MEXKNY NEPEHM H BTOPHM Irasoxo-
AAMH B 30HE OTHOCHTEJBHO HHSKHX TeMmeparyp. [Ipm OTCYTCTBHY
I4pONePErpeBaTe/il Ha €ro MECTO YCTaHABAHBAIOT KHUIATHALHLIE
TPYGEL

Haupsxxenne nosepxzoctn marpesa xomia 30 kr/(M2.4); Temme-
PaTypa rasoB Ha BHIXONE H3 KOT/1a npumepro 380 °C.

B sasucumocta or AauHH Bepxmero GapabaHa KOT/IH THNA
JAKBP Brinyckaor B g18yx MOAHGHKANKAX, ¥ KOTIOB TapONPOH3EO-
AUTENBHOCTRIO 2,5; 4; 6,5 T/u u 10 T/u paurero BBIIYCKA AJHHA BEpX-
Hero Gapaana 3HAYHTENBHO GOJKIIE AJIHHB HHMKHEro (raba. 16.1).

Cxema ABHNKEHHT NPOLYKTOB CTOPAHHA B DPEKOHCTPYHPOBAHHEIX
KOT/Iax Taxas e, Kak B xoriax JKB. HNuas yayumenug ycunosni
OMBIBAHHA ¥ Tervionepenaun B Komax JKBP Broms GoxoBbix cre-
HOK M rasoXo[O0B NpPEJyCMOTPEHE KODHIOPH, INAar KHOATHAbHELX
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Tabouna 16}
OcHOBHBIC XapAKTePHCTHKH KoTiios JIKBP

Mnowags noBepx-

umﬂOl s HOCTH wwﬂﬁ”mw KOT- “huwcmn“”hv

- | Abco- He rapa d =

o [memnoe | ZRTIIE Hebe KocTH a-

Ten xoTaa Tedth= nmh_wwn Pa NeperpeToro ... I pomTepr—
mo..m.\n.w. MITa napa, °C ﬁww. pstiapiel PY.TEP _,.._ﬂmh.,mww.
P-2,5-13 2,5 1,4 |Hacmmennm | 17,7 | 73,6 91,3 —
H_u“.mmﬁ.?_m 4 1,4 |Hacemenusr 21,4 (116,91138,3 —
LKBP-4-13-250 4 1,4 250 21,4 {107,6(129,0 8,5
JKBP-6,5-13 6,5 | 1,4 |Hacrmennei 27,9 1197,4(225,3 —
JKBP-6,5-13-250 6,6 | 1,4 250 27,9 1179,0(206,9| - 12,8
JKBP-6,5-23 6,5 | 2,4 |HachimenHni 27,9 |197,41225,3 —
JKBP-6,5-23-370 65| 2,4 370 27,9 1 179,01 208,9 *
JKBP-10-13 10 1,4 |[Hacriuersni 47,9 (229,11277,0 —
JKBP-10-13-250 10 1,4 250 47,9 | 207,5| 955,4 17.0
JKBP-10-23 10 2,4 [HaceieHHH} 47,9 1229,1(277,0 —
OKBP-10-23-370 10 2,4 370 47,9 | 207.5 | 255,4 *
BKBP-10-39-440 10 4 440 34,5 [176,5]211,01 o6&
OKBP-20-13 20 1,4 |HaceumesHstit 51,3 | 357,4| 408,7 —
OKBP-20-13-250 20 1,4 250 73,5 |235,01358,5| 34,0
IKBP-20-23 20 2,4 (Hacwmennsiit 51,3 1357,4|408,7 —
JKBP-20-23-250 20 2,4 250 73,6 1285,01}358,5 *
IKBP-35-13-250 35 1,4 250 86,1 [333,91420,0] 42,7

* Onpenensierca IDK NPOSKTHPOBAHHK B ABHCHMOGTH OT TeMOepaTypbl NeperpeBa W OpHMe-
HAEMOTC TONJMRBA.

TPYG yMeHbureHsl o 110 MM B mpOXOABHOM HalpaBJCHHH H A0
100 Mm B nmofiepeyrom Hampagiemuy. ,
ITaponeperpesarens B xotmax JKBP BEDTHKAJILHBI, 3MEeBHKO-
BHH M3 CTaJbHBHIX LENBHOTSHYTEIX TPYG HAapPYKHBIM JHAaMeTpoM
32 MM. OH pasMeiaercs B Hauaje KOTeJNbHOTO OyYKa H OTAeIeH

- OT RAMEDHL I0rOpannsA IBYMs DSLaMH KHNATHIBHHIX Tpy6. s pas-

MEIICHHA NlapoNeperpesaTeliss MacTb KHNATHIBHLIX TPYG He ycTa-
H4BJAHBAIOT,
Koren IOKBP-6,5-13 (puc. 16.5) NapONPOHSBOAHTENBHOCTHIO

-6,5 1/4, ¢ H36LITOUHBIM maBgenneM 1,3 MIla 060pYAOBAH ABYMS HH3-

KOHANOPHBIMH Ma3yTHEIMH (popcynKaMH cucrembl ODH. Obwas mio-
Waah HOBEPXHOCTH HArpeBa KoTAa 225 M2, B TOM UHC/IE MAOLIAL
PanHalUHOHHOH NOBEPXHOCTH HAarpeBa cocTaBiseT 28 M2 ¥ KOHBeK-
THBHOH# — 197 M2, Koten He mmeer [MaponeperpeBaTeNss U HPERHA3-
Ha'eH JLIA NOJyYeHHs HACLIUIEHHOro rapa.'B Bepxuel uacTe mapo-
BOro o6eeMa BepxHero 6apataHa pacmnoOKeHsl NapocenapHpyoiI e
yerpoficrBa. Hmxumfi 6apaban clyXHT UIaMOOTCTORHHKOM.

B 1963 r. mayasca cepufinbii BHIYCK KOT/IOR JAKBP npouseo-

ARTENBROCTBIO 20 T/4 AJA NOJIYUEHHS HACLIIEHHOrO K Teperperoro:
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Puc. 16.5. JipyxGapaGaniRi BepTHKalbHO-BO-
HoTpyOHBIH KOTEN JIKBP —6,5—13 na Xus-
KOM TOIJIHBE: )

1 — pRsxoRamopHas Bozmymmas dopeyrka O2H; 2—
NpefOXPARNTENBHEI] BIPEBHOR Kianak; 3 -~ Kopo6
NpeOXPaRMTENbHOG  KNANada; 4 — JerkonaaBHad
npo6ka; 5 --BepxmHit GapaGam; 6 — SKpamHLIE TDY-
GLt; 7 — napoBoff NPeROXPARUTEJBNEI Kiaoan; 8 —
NHTATENBEBE JIAHEH; 9 — KHOATHJABHLbIE py6u; 10—
IIAMeHHAS [epPeropofka; 1! —maTpyOgx AJR BHIXO-
na rasa Ma KoTna; /2 — TpyGonpoBox o6LYBRH; 13—
o6pyRoudell mpubop; J4 — mHXHEA Gapabam; 15—
coycKHaa NTHEER




napa npu H30bTounoM KaBiennn 1,3 MIla n remnepatype 250 °C.
BHYTpeHHHH AHaMeTD BepXHero W HMXKHero GapaGama 1000 ms,
AJuHA UHIHHIpHYecKol ydctn 4500 mM. TomoyHas kaMepa (Takke
B KOT/iaX NapONPOH3BOAHTENbHOCTBIO 10 T/u HOBOH MONUGDHKALHH)
IOJHOCTBIO 3KpaHupoBaHa TpyOamu aguaMerpom 51X2,5 MM, npe-
ueM TpyOsl GOKOBEIX 3KPaHOB BbIBEIEHHl KPECT-HAKPECT B [Ba BepX-
HHX KOJLIEKTOPa 9KpaHoB, TeM caMpIM 5KpaHHDYETCS NOTONOK TO-
HOYHOH KaMephl. KoT/ipl #MeloT. iBa KODOTKHX, BEPXHHH M HIDKHUN
GapabBaurl. IlpogykTel CropasHs, NpoHAS NPOMEXKYTOUHYIO KaMepy
xoraa JLKBP-20, BxogsaT B TPyGUaTHi Oy4oK. 1O BCef MIHPHEE KOT-
Ja H NPOXOJST STOT NYUYOK HampsAMywo (6e3 NOBOPOTA B TOPH3OH-
TaJbHOH IVIOCKOCTH, Kak B Apyrux xorax JKBP). Kosgpduuuent
NOJIe3HOro AEHCTBHA KorenabHuIX arperatos JIKBP ¢ scmomoraress-
HEIMH TOBEPXHOCTAMH Harpesa NPH CXHTaHHH rasa HJIH MasyTa
Moxer gocrurarth 0,9. .

Baamen xornos IKBP Gniiiu paspaGoTaHsl 4 BEOYCKAIOTCH ra-
d0MasyTHBHIE. KOTeJbHEle arperaThl cepui JE maponpoH3ROAHTENb-
Hoctblo 4,0; 6,5; 10; 16 m 25 T/u mpr aGCcoOMIOTHOM JAaBACHHH Napa
1,4 MIla (taba. 16.2, 16.3}. Onu npenHasuaueHsl AJAs BHpPaGOTKH
HaCHIIIeHHOTO HAH chaalo IIEPErpeToro mapa Oyl TEXHOJOTHYeCKHX
HY/J, HDOMBILIIEHHBIX NPeAlPUATHH.

Tadgnuua 16.2

XapakTepuCTHKH Fra3omMasyTHHIX koTioB Tana E (JE)

Mapka KoTaa

AE-4-14TM |1IE-6,6-14TM | IE-10-147 [1E-t6-1arsa | me-25-14rs

IToxazarenax

TNaponpoHsBoAUTEND- 4,14 6,73 10,35 16,56 26,88
HOCTB, T/U .
Temneparypa napa, °C:
HACHIWEHHOTO 194 el
caaboneperperoro 225 225 225 225 225 .
ITnowage noBepXHOCTH
narpesa, M%:
pafHalHOHHON 29.0 28.0 39,0 49,2 64,0
KOHBEKTHBHOM 48,0 67,0 116,0 165,0 230,0
K. m a. (mpm cmura-| 88,2 88,7 89.8 88,2 91,1

HHH MasyTa), %

Tun  rasoropenounoro| I'M-2,6 | TM-4,b6 M7 I'M-10 TMII-16
yeTpolictsa {ropenxn) .

labapuTEBEe pasMeps
{c nromazaxamu H Je-
CTHHUAMH), M:

AauHa> WHPEHA 4,28x4,3|5,05X4,37,44xX5,13(9,26x4,67]11,55x4,63
Boicora (oT moJsa do 5,05 5,06 4,4 4,72 4,72
OCH Bepxiero Gapa- :
Gana) 9,44 10,5 13,1 20,2 23,3
Macca  meranna B
obneme 33BOJACKOH
NIOCTABKH, T
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AR i@uﬁn Puc. 16.6. Ofmuii BuA rasoMasyTHOTO
n@ b koTaa taua JLE

Tonounass xaMepa Koraa JE-25TM (pumc. 16.6) pasmemiaercs
c6OKYy OT KOHUBEKTHBHOLO MyuKa, OOpPasoBaHHOTO BEPTHKAILHBIMH
Tpy6aMu, pasBaJbllOBAHHHIME B "BeDXHEM K HHXKHEM omvmammmw

Jinamerp BepxHero ¥ HHxHero OGapaGaHoB B KOTVIaX THNA AE
1000 mm. Paccrosnme mexay GapaGaHaMM, HCXOAS H3 °yCJIOBHIf
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TaGnuna 163
OcHOBHbIE KOMCTPYKTHBHBIE pasMepbl Kotaoe JIE-14TM

Mapxa xomios KOBCTPYKTHBHBIE DAZMEPE, MM

A | 5 | B r I
JE-4-14TM 2240 1650 440 1540
JE-6,5-14I'M 3000 2240 440 2145 Mmm
JE-10-14T'M 4500 3850 550 3410 720
hm._m-_aﬂg 5420 6000 550 5bbb 900
JE-25-14I'M 6960 7500 550 7080 920

TPAHCIOPTHPOBKH GJ0Ka IO Keje3Ho#l mopore, paBHo 2750 MM,

IllupuHa TONMOYHOM KaMEepHl IO OCHEM SKPaHHEX TPY6 1790 Mm; cpen- -

H#as BhicoTa TONMKH 2400 Mm. Tornousas kKaMepa OT KOHBEKTHBHOIO
IyuKa OTAENEHA Tas0IIOTHOH NEPeropoAkof H3 CBADEHHHX MEXIY
coGoi#t Tpy6 d=>51X2,5 mMM. B 3agmefi uacTn neperopogxu HMeercs
OKHO IJi TNPOXOAZ Tasa B KOHBEKTHBHEIH Ny4ok. TpyS6H npasoro
GokoBoro skpana (d=>51X2,5 MM) NOKPHBAIT TAKXKe IOA H HOTO-
JOK TONKH; OHH YCTAHOBJIEHH ¢ IHaroM 55 MM. ¥ COGIMHSIOTEH
C HHXHHM u BepXHuM GapabaHamu. TpyGul 3ajHero skpana Kpenar-
Csl CBADKOH K BEPXHEMY U HHXHEeMy KouaJeKropaMm (d=159X6 mm)
COELHHEHHBIM HEOGOrpeBaeMol penMpKyNSUHOEHON TPy6oi EH.
=76X3,5 MM). KoJIeKTOPH OAHHM KOHLOM NPHBapHBAIOT K BEPX~
HeMy M HHEXKHeMy OapaGaHaM, a ;ApYrHe KOHIE OGBeAHHEHE HeoGo-
FPEBAEMOM DEHHPKYJNsUHOHHOA TPyGok. PpoHTOBOH sKpaH KOT/IOB
NPOH3BOAHTENLHOCTBIO 4—10 T/4 EMeeT aHAJOTHUHYIO KOHCTPYKUMIO
H OTJHYaeTc OT 3aJHero OTCYTCTBHEM YacTH TPYO; B STOM HpoeMe
PasMelaoT aMGpasypsl ropeslok H rasa, COBMEUIEHHEIE CO B3PHB-
HEIM KJIamaHoM. -

PpPOHTOBOH 9KpaH KOTJOB NPOUIBOAHTENLHOCTDIO 16 1 25 T/1 06~
PasoBad YETLIDbMA TPYOaMH, COSIHHEHHEIMH C BEDXHHM H HHXHHM
OapaGanamu, =th TONKH MOKPHIT CJOEM OCHEYHOPHOTO KHPHHYa.
KouBeKTHBHEIH ny40K 06pa30BaH KOPHAOPHO PACHONOKEHHEIMY BEp-
THKaJNbHEIME  Tpy6amm (d=51X2,5 mMM), pasBaablOBaHHHIMM
B BepxHeM r HHXHeM GapaGamax. Ilar Tpy6 Broar Gapabana
90 MM, nomepex — 110 MM (82 HCKIIOUEHHEM CPEJHET0, COCTABRJSIO-
wero 120 Mm). Huamerpst GapabaHoB, paccTOAHHE MEXAY HUMH
y koraoB JE re xe, uto u y Kotaos JKBP; sre mossosser He-
NOMb30BATh AJIA KOHBEKTHBHHIX Hy4yKOB KOTOB IE 1y xe TpyGuywo
CHCTEMY, 4T0 B xis komaos JIKBP.

Koraul nmpousBoaurensHocreio 4; 6,5 5 10 T/u MMEOT B KOHBEK-
THBHBIX NYYKax OpPOACJGLHEE NEPEropOiKH, KOTOPHE oGecnedHBaior
PasBOPOT rasoB B OyYKe H BHIXOJ HX Yepe3 mpoeM B 3afuell cTEHKe,
KoTanl npomsBofguTeNbHOCTBIO 16 ¥ 25 T/u TakHX Ieperopojox He
umeroT, [locTynieHne MPOAYKTOB CrOPaHHA ¢ GPOHTA KOTJOB B KO-
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CKasi TOTOBHOCTbD.

[TapoBsie KOTJH MaNo#
(IPOH3BOJHTE/NLHOCTH ~ HPH-
MEHSI0T TNpH HeGOJABIINX
noTpefHOCTAX B Iape [IA
TeXHOJOTHYECKHX IpOILec-
COB TPH  TNPOHSBOJACTEE
CTPOUTENBHEIX paboT, OTOM-
JeHHH H T. J. 2Ty rpynny
COCTABNSAIOT BePTHKAJbHEIE
UUIHHIDHYECKHE BOAO-

flafaua mumomenra Eade

Burzod eas0f u3 xomog
7 oz

Puc. 16.7. Cxema NpAMOTOYHOTO KOTEJLHOIQ

arperarta
THKAJBHO - BOJOTpPYOHEIE

Koras. s BCex THOOB
KOTJIOB C NPHHYIHTEJbHEHIM IBHAEHHEM pafouero BellecTBa HaH-
6oabinee PAcHpOCTPAHEHHE NMONYYHJIH MNDPSIMOTOYHHIE KOTJEL

TlpaMoTourmfl KoTenplbl arperar (pec. 16.7) ObIT MpPEIONKEH
npodeccopom JI. K. PamsuHEM H Ipejicrasiser co0oil HempephiB-
HBIE 3MeeBHK u3 TpyG Hebospuioro amamerpa (38—64 mm). [Mura-
TeJbHag BOLA MOLAETCS HACOCOM B BOJSHOH sKOHOMahsep 8, saTeM
flo HeoGorpeBaeMuM TpyGam [0 B HIXKHIOI PaclpefelHTeNbHY0
gamepy 11, ganee NPOXOAHT IO BHHTOOOPA3HO PacHOJIOMKEHHBIM HA
cTeEKax Tonku Tpybam 2. B pajmanuonnoM sKOHOMa#3epe H KOTie
BOJI4 NOJOTPEBAETCH A0 TEMIEPATYPH KHICRHA M GoJbluas YacTh e
acnapsercs (75%). M3 pagnanuoHHOH 4acTH KOTJa NapoBOAANad
cMech NOCTYAeT B BEPXHIOI DPacIpefefHTeNbHY0 KaMepy J H
amMeeBHK 6 (mepexojHad 30HA), I'Zle BOXA MNOJHOCTBIO HCHapAETCA.
Tlap cmauaja DeperpeBaercs B pPajHaLHOHHOM TNaponeperpebare-
Jie 5, a 3aaTeM B KOHBEKTHBHOM naponeperpeparene 4. Boaayx mozo-
Tpepaerci B [ABYXCTYNEHYATOM BO3AyXomojorpesarete 9, 7 W mO-
Zaetcst X ropenkam 1.

TaguM obpasoM, B TPyOROM 3MEEBHKE 3THX KOTJIOB MPOHCXOAHT
HellpepblBHOE BHINAPHBAHHE NHTATENALHOH BOAEI, NpHYeM B OIHH
KOHEI[ 3MeeBHKA BXOJMT BOA4, a U3 APYroro BHIXOAHT Ieperpersi
map HYXHOTO ZABJEHHA H TEMIIEPATYPHL.

Tlo Mepe HCMapeHMsl BOAHL COAePIKAINHecs B HEH co/d ocaxna-
goTcd ¥ HAKANMHBAKOTCHA HAa MOBEPXHOCTH Harpesa B BHAE HaKHIH.
Haxunn cO CTEHOK TPYy6 NPAMOTOYHOrO KOT/IA YAAJSIOT, IEPHOMH-
“ecky mpoMbiBas. s GesaBapuitHolt paGoTH NPAMOTOYHBEIX KOTJIOB
CHTAHKE MX OCYIIECTBJAIOT BOJOH ¢ MHHHMAJbHBIM COAEPHKAHHEM
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cofteli (YHCTEIM KOHAGHCATOM), a ANS YBeIHUCHHS MEXNPOMEBIBOT-
HHX TIEDHONOB OKOHYATEJBHOE HCIapeHHe BOIH fIePEBOMAT B 30HY
HHSKHX TEMIEDATYD — B NEPEXOARYIO 30HY 6.

TpeGoBanus K KauecTBY muTaTelbHOM BOIH MOTYT OHTH NOHHU-
ZKEHL IPH UCTI0JIb30BAHAK CENapaTOPHHX NPSIMOTOUHEX KOTIIOB rae
NapoBOASHAA CMeCh U3 3MEEBHKOB pPalHAUMOHHON YacTH :ow_mvx-
HOCTH HarpeBa NOCTYNAET B NApOCenapaTop, B KOTODOM HacHIIEH-
HEIM nap OTASJIAETCS OT BOABL 3aTeM HACHINEHHEI nap ocymuiaercs
H IIeperpesaercs B llapomeperpepartene, a Boja c PacTBOPEHHEIMH
B HEH COIMR yaaniserca W3 mapocenapatopos. Onun us HemocTaT-
KOB 5THX KOTJIOB — $OJbLIas TOTeps BOALI H Tema IPH NPOLYBKE

B besynbTate pa3BATHA KOHCTPYKIUHIL BOAOTPYOHEIX KOTIOB
C CCTeCTBEHHOH HMPKYIALHMEN H NPAMGTOYHBIX KOTIOB IPHHIEIR-
AILHHE TEIIOTEXHHUECKHE CXeMBl HX COJH3HIHCD, _ .

3arpara MeTaasna Ha H3rOTOBNEHHE COBpeMeHHBIX 0AHOGapabaH-
HEIX KOTJIOB SKPaHHOTO THIA HA CPefHHE napaMerpsl HPOH3BOLH-
Moro mapa (masJtenme 3,5—4,0 MITa g TeMireparypa 450 °C) Goub-
e pacxofa MeTa/ia Ha H3TOTOBJEHHE NMPIMOTOUHEIX KOTIOB hihE]
Tex xe.napaMeTpoB napa Ha 15—20%. K K&Y€CTBY NHTATENBLHOIR
BOARl H DEXMHUMHLIM YCIOBHAM PaloTH AJs BOAOTPYOHEIX KOTJOB
C E€CTECTBEHHOH LMPKYNALHEH NpPelbSBASIOT HECOH3MEDHMO MeHee
KecTKue TpeGoBauus. [To sTuM mpuuHHAM NPAMOTOUREIE KOT/IBL NJ5%
CPeNHHX LapaMerpoB Iapa He NPHMEHAIOTCH.

ﬂ?\m noszmmmmhmmammxm:m@m%mmowmmmm.wmmaooawwnmam-
TEJLHOH BOAK A KOTJIOB. C €CTECTBEHHOH HHPKYASLHel H ApAMO-
TOYHBIX COMHMANOTCS, a pPasiHuye B pacxofie Merania Ha H3rQTOB-
JICHRe yBeaHuuBaercs, B cBASH ¢ 9THM DpH NOBHINEHHH JLaBJieHHA
napa o6j1acTe MPHMEHEHHS NPSIMOTOUHBIX KOTJIOB pacmupsercs.

Ilpu AABIEHHUAX, GAUIKMX K KPHTHUECKOMY (hos BOO®I Mapamer-
Pbl KPHTHYECKOW TOUYKH: aGCOMIOTHOE naBileRHe 22,5 Mlla, ‘remne-
partypa 374,15°C), ecrectennas HHPKYISIHA nmnomohmmo.m cMecH
HCRJIOMACTCS U TI0/MYYeHHE NIaPa B 9THX YCIOBHIX BO3MOMKHO TONLKO
B NPAMOTOYHEX KOT/aX. .

Ha nedrausix nmpomriciax HCIIONIB3YIOT HEpeIBHXXHEIE MaporeHe-
PATODPHEIC YCTAHOBKE ¢ NPAMOTOUHEIMH KOTJIaMK OTEUECTBEHHOI'D
TNPOM3BOACTBA H HMINOPTHEE (Tadi. 16.4).

INepensuxuasn naporenepatopras ycranosxka IIIITY-4/120 pae-
DOJIaraeTess Ha ABYX WVIaT(OpMax — 6GasoBbix miaccw. Ha 0fHo#
TIATQOPMe Pa3MEIA0T T'OPH3OHTANLHELH maporeHeparop, Aeaspa-
TOP ¢ GJIOKOM NHTATENLHEIX HACOCOB, 6ycrepusifi Hacoc, WMQEE\‘ o0-
CAYXHBAHHA; Ha BTOPOH NJIaTrdopMe — ocramabHoe omowuﬁommmmm..
6JIOK BOXONOATOTOBKH, HACOCH, 6aKH BOJHL, .

Ilaporeneparop. ITITY-4/120 M (puc. 16.8) coctout us dponTo-
BOro WwHTa ¢ BO3AYIUHMM KOPGGOM, ropeJouHoro ycTpoiicTra, Tpy6-
HOH CHCTEMEI, ABOHHON MeTaJHuecKol o6LUIEBKH, 3aHero :..Eam R
OTODHOH PaMBl C I€THIPbMS ONOPAMH.
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Ta6auuma 16.4

KpaTkasa xapakrepHCTHKA GJOUHLIX TEPEABHKHLIX NAPOTEHEPATOPHBIX YCTAHOBOK

_U—Nﬂms_—w.ﬂﬂw— cocTOoA- ITnomane moBepx-
Taponpo- HHA Hapa HOCTH HArpeBa, M?
udip yeranosws rempiocTh
' |aGeonoTHOR anaconep- ARMALHOH-
T/ rwﬂmﬂﬁ. Ew_ﬁmﬁ .umu abuan P Hast |
TITITY-4/120 4 2 . 80 114 17
YIIr-9/120 9 12 80 216 17
VIIT-60/160 60 16 80 — —
YIIT-50/60 50 6 80 — — .
«Taxymas (Hnouns) VS-45F 4,5 11,6 80 139 27
«Taxyma» (fInouus) VS-90F 9 11,6 80 179 46
KSK SGBH-12500 9 13,2 a5 158 31
(Anonmn) :

KoTenpHBIN arperar 0o XOAy ABHXKEHHS NPOLYKTOB CrOpaHH: OT-
HOCHTCA K JABYXX0i0BbIM. IIpOAYKTH cropaHus, mpoias TOMOYHYHO
KaMepy, noBopadnBaioT Ha 180° H moCTYIAIOT B KOHBEKTHBHLIH raso-
X0J, DPA3MEIICHHEH B KOJBLEBOM 3430De MEXKAY TONOUHBIM 3MECEH-
KOM H OOWIHBKOf.. :

Tpy6Has cucTeMa maporeHeparopa COCTOHT H3 TPyGHOH cHCTEMH
TOMOYHOH KaMepH, KOHBeKTHBHO-HCHADHTEJIBHOTO 3MEEBHKAa H Ha-
CTeHHoTo 3MeeBuka. CHcTeMa 3akJIOUeHa B ABOHHYIO MeTaJjligye-
cKkyo o0IHBKY. B HumHell gacTH oOIBEBKH HMeeTcs CNelHaNbHEE
TIOLN0H, Ha KOTODHIH CJAMBAIOTCS NPOILYKTH OYHCTKH NMOBEPXHOCTEH
#Harpepa. TennoBoe HanpsKeHAe TONOUHOrO ofheMa maporeHepaTopa
JCTAHOBKH cocTaBaser gy=2,72.108 xJlx/ (M3 1), .

IlepenBumxHuas naporeHepaTopHas ycrareBka YIII-9/120 coctout
H3 CABAYIONIHX OCHOBHEIX V3J0B: Hacoca, 0aKa, TelIooOMeHHHKA
HCXOAHOH BOJH, G/0KA XUMHYECKOA BOJOOUHCTKH C HACOCAMH H Pea-
TeHTHBIM X034HCcTBOM, 6aKa H HaCOCOB XMMHYECKH OYHIIEHHOH BOAHI,
leaspaTopa BHICOKOTG JIABJIEHHA, TellooOMeHHHKA AJs oXjampe-
HHA HeaspHPOBAHHON BOAH, GyCTEpDHOro H NHTATENLHOIO HACOCOB,
naporeHepaTopa ¢ CHCTEMOH NOLauK.-BO3AYXa H TOIJIMBA, BJaaroMe-
pa, IpoccelNbHOro yeTpoiicTBa, cucreMer KHII, zamure v asTOMAaTH-
YECKOrQ peryjupoBaHus. Bce o6opyloBaHHe MOHTHPYeTCA Ha ABYX
CTIENUANBHEIX paMax — Ga30BEIX IIACCH. :

Tlaporenepatop ycraHoBkH ¥YIIT-9/120 npeacrasnser coboif
arperaTt MPOJIETHOrO THNA W HBJAMETCS OLHOHUTOYHHM [0 HABHBKE
moBepxHocrefl Harpesa, OCHOBHBHIE .y3/IbI arperata-— rpyGHas CcH-
cTeMa ¢ Omokom of6nyBouHEIX TpyO, Kopmyc ¢ pamof, GpPOHTOBOH
1IYT ¢ TOPEeNOYHBIM YCTPOHCTBOM, BHIXOLHOH rasoBHIH KopoOl.

Boesnyx uepes napopolt Kanopagep AByMs NarpyOKaMi NOLaeTcd
B KOJBIIEBOE IIPOCTPAHCTBO Mexny obmHBKaMu. [lo HHXHeH moJo-
BHHE KOJBUEBOTO CeYeHHs BO3AYyX MPOXOLHT N0 HaOpaBJeHHIO. OT
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Puc. 16.9. Cxema maporeneparopa YIII-9/120

(POHTOBOrO WIMTa K BHIXOZHOMY rasoBoMy Kopofy. B mepemyckHuX
OKHax OOIIMBKH KOpIyca BO3Zyx nobopayunsaercs Ha [80°C m mo
BepXHell NOJOBHHE KOABIEBOr0 CEYeHHs] NPOXOAMT B o0paThHOM Ha-
npasieHkd. Bosnyx npa sToMm Harpepaetcs Ha 40—60 °C, oxnampas
OGIIHBKY. 3aTeM mo NEPENYCKHOMY K0poGy OH mopaercss B cOOPHEIE
BO3AYIUHHE KOpoG Ha ¢POHTOBOM INHTE H Jajee B ropeoyHoe
yCTPOHCTRO.

Ipoxyrra cropanus us tonku (mpa {=1120°C} BXomaAT B KOH-
BEKTHBHEIE [IOBEPXHOCTH Harpesa u 3areM (npu ¢y=s400°C) mocry-
naoT B BEXOAHOH ra3oBH Kopob. .

IlutatespHas Boja -NOAAeTcs BO (POHTOBOR  3MeeBuK [
(puc. 16.9), sarem mnocTynaer B NHJHHADPHUCCKHH CIHDaJBHBIL
3MeeBHK 2, SKPAHHPYIOLIHH TONOYHYIO KaMepy, a K3 Hero B 3aiHHIF
sKkpaH TonkH 3. Jlanee mapoBOASHAaA CMech HANPaBJISETCA N0 BHYT-
PEHHEMY COeOHHHTENLHOMY TpPYOONPOBOAY KOHBEKTHBHOTO Iake-
Ta 4. 3aTeM Mo BHENIHEMY MepPenycKHOMY TPyGOmpoBoay NapoBOAs-
Has cMech MOCTYNaeT B 3MEEeBHK BTOPOTO KOHBEKTHBHOTO nakera &,
Zajee DOTOK HAET 10 BHYTPEHHEMY COEJHHHTEIbHOMY TPYOONpPOBOAY
B HAaCTeHHLI 3MeeBHK 6, OTKYAA O crenerb cyxocrd 0,8 o Tpyoo-
NpOBOAY Halpapasercd B cemapaTtop Baaromepa. Ilocie H3MepH-
TeJIbHOH mapoBo#l aHGH. # BOLAHONO MEPUTEALHOrC COCYyxa map i
BOJA BHOBb CMELIHBAIOTCA H NapoBOJAHAadg CMech Halpapasercs

B CKBAXKHHEL . .
TemnoBoe HaNpsAmeHHe TONOYHOrO 00bEMa B NaporeHeparope

yeranoskr YIIT-9/120 gy=(1,51—2,18) - 108 xJlx/(M®-9). .
B mnaporenepaTopHHX . yeTaHoBkax TIIITY-4/120 u YIIT-6/120
B K44€CTBE TOIJIHBA MOTYT GHITh HCIOJbL30BAHH CHpas He(TL HIK
IONYTHEIA Ta3. :
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o TaGauna 165
HOBHBIE xmwm:ﬁv:ﬁ::m MEPEABHIKHLIX TIAPOTEHEPATOPHEIX YCTAHOBOK

- ) MapKa ycTaHOBKH
mﬁmamqﬁwu
( wys | novam | movasseseo

[TaponpoR3IBOAHTENEHOCTE, Kfd
Hannenne napa, MIIa ' _.a _ Smw _owm _wmm
Temneparypa napa, °C ' 310 310 ! 310
Bunx Tonnuea . : OIusensnoe ,
Pacxon Tonnupa, krfy , 8
.H_ , ) ) 2 82 83
:wﬂm_.wmvmnawwm NHTATEABHON BOAK ‘He 5 5 5
Kectroers i .
fribes E?wmm\wﬁmegwmom BOOHL He 0,01 0,01 0,01
%mzmn._.mzonaw: LHCTEDPHE MJ5 OHTA- -

JBHOH — BOOEI .
ol . i IOpH MOBTAXKe Ha

KPA3-219 3,3

KPA3-257 ’ 5 0

KPA3-2555 — e s
Macca  nmonsoersio CHAPAIKEHHOI " 38 42
YCTAHOBKH Ha wIACCH, T

KPA3-219 21,4

KPA3-257 . - 3 n

KPA3-2555 — i 1073

ﬁmm%%”mhmwmwm%mmﬁ_ﬁmm TOA3e€MHOTO H HA3€MHOr'0 060pYA0BaHUS
Cena nmm_mwa . M_uomoh.om.. MEDHHKOB, MAHU(OABAOB H [P.), a TAK-
oo O Ul HapoM moTpeburenell Ha HedTempoMHCIAX HC-
Tobayiol PEABIDKHLIE TIaPOTeHEPATOPHLIE yCTaHOBKE. OGopy-
STHX yCTaHOBOK CMOHTHPOBAHO Ha MOHTAXKHON paMe, ycTa-
A.w,mm%o:mo: Ha maccu aproMobuas KPA3. Ha medranex n@oz,znamx
om .mz wmnnﬂa%memaae TPH BHJA NCPENBHKHBIX TapOTeHepATOPHEIX
¥ momow I1Y-3, TIITY-3M n IITYA-1200/100 (Tabu. 16.5).
aqmwawwwnmwmw_maow yeraHoekn [11TYA-1200/100 (puc. 16.10) mpen-
o anaLIeT C00C w:m NIPAMOTOUHEIE BEPTAKAJILHBIA NaPOBOH KOTeN ¢ HHX-
e %_mm BIM PaclofoXeHHeM TOpeJiouHOro ycrpoficrBa. Ow
coctont. YTPEHHETO WHIHEAPHICCKOIO 3MEEBHKA C HHKHHM pac-
oo €HHEM KOHMYECKOro CNMPAJbHOrO AHMILA, HAPYKHOLO LUJHH-
mw.awmnmo_,o:mzmmmmwm_ C IBEPXHHM DACHONIOKEHHEM ILIOCKOIO CITH-
Or0 3MEeBMKa, CaiKecgyBareas &8, rOPeNOUHOrO YCTPOHCTBa
UHIMHADHYECKOTO KOXKYXa ¢ AHIMOBOHK TPYGOH, sarymiKu mommowm“
CHT@IIA, KPLIIUKH KOTJIA M .OTOPHOH pambl. Koxyx nmwomwno KOTaa

-00ecreurBaeT NOAOTPER BO3AYXA, NOCTYNAIOMEr0 K OPEJIOYHOMY

JCTPOHCTBY, H .OTPAXA4eT 3MEEBHKH, OOECIeYHBAsl HX TEeITOHIOJS-
LHIO H PePMETHUHOCES. (JH BHIOJHEH B BHIE HBYX BEPTHKAIbHBIX
KOHUCHTPHYECKH PAacHoJOXKEHHbIX 06euaek, KOTOPHE B HIKHEHR uac-
TH NPHBAPEHH! K (pJIaHIly, 4 B BepxXHEeH uYacTH K IBIMOBOI TpyGe.
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Pue. 16.10. IMaporeneparop yCTAHOBKH TI[TY A-1200/100:

a4 — TexHONOrHYecKas cXeMa; O — KOHCTPYKTHBHoe oOdopMaenne; [ -— XpPHIIKA KOTNA; 2
HCKDOTACHTeNb; 4 — NWIHAAPHYECKHA KOMYX KOTJA; 4— SarmyUIKH; 5 — HapYMuH NHARED-
PHUECKH SMEERHK; 6 — OEHTPAaTOphl, 7 — BHYTPEHHHH UHJARKAPHIECKHA SMeeBdx;, & — came-
CAYBaTeab; 9 — OrHEYNOpHAaf HSCA’mHS; [0 — ropenounoe yerpofieteo; ff — onopHas pama
Topsuyo BOAY Aas OTOMJIEHHS H TOPAYEro BOJAOCHAGKEHHA NOMyda-
10T B UYTYHHBIX H CTaJbHHX KOTJaX. :
- B KauecTBe OTOMHTEJNBLHEIX BOJOrpefHEIX N NAPOBHIX KOTJIOB
B CHCTEMAX OTOIVIEHHS H TODSYEro BOAOCHAGIKEHHS KOMMYHaJLHOro-
X03s1fiCTBA NPHMEHIOT UYTyHHEIE H CeKUHOHHHeE KOTasl (Crpend,.
CrpeGeas, Pepoxaropa, «¥umeepcai», BHHWHMCTO, «Oueprua»,
«Jlyas, MT, «OtonuTens» u Ap.), OfHO- H HBYyXKapoTPYyOHHE KOT-
Jibl, FOPH30HTANLHO-BOAOTPYOHEE KOTVIH, BEPTHKAJIbHO-BOLOTPYCHEIE
koram (JKB, IKBP u BBJ), ponorpefinbie rasoMasyTHele KOTJHL
WMeerca NpHMEp HCIOJbL3OBAHHS BoAoTpeiHoro GallenHoro ra-
somasyrHoro kKoraa IITBM-100 B  omEITHO-NPOMBIWJIEHHOH ycra-
HOBKe IJIs IOJIyYeHHs TOpsueli BOAH ¢ LML 3aKaUKH €¢ B MIacT
LA TOAMIEPKAHMS IIMIACTOBOH TeMIepaTypHl npu Jo6bye HedTH.

§ 3. OcHOBHI TENJOBOTO PACYETA KOTEJbROIO arperara

Baaaic Teniors: 04a KOTEAbHOZO dapezara, K. 1. .
# pacxod ronausa

Basrancom TemdoTH KOTEABHOFD: arperara HaskiBaercs [ aBeHCTBOr
MEXKAY HMEIOIAMCH KOJHISCTBOM SHEPTHH H €r0 pacrpeile/icHHeM.
TenaoBofl 6alaHC COCTABAAIT Ha | Kr TONIHBA!
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QuP=Qu+Q2+Qa+Qs+Qs-+Qs, (16.1y
Tie QuP — HuzWag TemwloTa cropadms 1 kr TOMIHBA, kIx/Er; Q1 —
TENJI0TAa 1| Kr TOMJIHBA, MOJE3HO "HCIOJb30BAHHOTO B KOTeJdbHOM
arperate, kIlx/kr; Q2 Qs, Q4 Qs, Qs — moTeps TemroTH © yxo-
AALAMH Ta3aMH OT XMMHUECKOH HENOJHOTHI CrOPAaHHS, MeXaHKue-
CROTO HEOMOFa, OT BHEIUHEro OXJaXAEHHS H HOTEPH TeIJOTH CO
WIIAKOM; HJIH B NPONEHTAX OT TEIJIOTH CrOpAHHSA TOLJMBA

100=n, 100492} g3+ 94+q5--gs, (16.2)

rhoe §q, gs, G4, s, o — TE XKe HoTEPH B HPOIEHTAX OT TEIJIOTHL Cro-
PAHHA TOINIHBA; ¢h=1"yx — [IOJIE€3HO HCNONb30BAHHAS TEILIOTa HJIM

K. T Il. KOTeJIbHOTO arperata «GpyTrTo», T. . Ges yuera clyxeGHOro

pacxozna mapa.

Cnaraemele npapodt wactu ypasHenmit (16.1) u (16.2) ceazanm
MEXIY coboii CAeNYIONIHMH COOTHOINCHHAMMU:

g2=Q:/QxP100 u . 1. . {16.3)

IloTepss TemnOTE! ¢ YyXONAMIMME Ta3aMH s COCTABASLET OCHOBHYIO
4acTh BCeX MOTePb KOTEJNBLHEX arperatoB. DTH HOTEPH CBA3aHEHI
€ TEM, YTO TeMIEepPaTypa rasoofpasHbIX NPOAYKTOB CTODAHHA, NOKH-
Jla0IHX KOTeNbHLIR arperar !y, BEHILE CPeNHel NPHBEAEHHONR TeM-
nepaTypnl HCXOAHHX HPOAYKTOB (TOINIHBO, BO3HYX, (hOPCYHOUHEI
f1ap H 7. J.), NOJABAeMEIX B arperar, no3TOMY HEKOTOPOE KOJHYE-
‘CTBO TENJIOTH], KOTOPOE MOXKHO GLiio 6Bl HCIOJb30BATh NPH OXJIAXK-
ZAEHHH TIPOJYKTOB CTOPAHHS OT TeMINEPATYpH fy 10 fp, TEPHETCA.

Q:= annﬁ Q.w.l.wcv N : AHQAV
Tie Gy— Macca Tas3co6pasHbIX NPOLYKTOB CrOP&HHS HAa BEHIXOHE
H3 KOTEJBHOIO arperata ¢ YYeToM IIpHCOca HapYXKHOIO BO3AYyXa Ha
1 Kr TOMJHBA, KU/KT; Cpm — CPENHSS VAENbHAs TElIOEMKOCTb aso-
O0pasHEIX TPOAYKTOB CTODAHHS NPH TNOCTOSHHOM JABJIEHHH (nns
BHTEpBaNa TeMueparyp fy, ..., o), Lx/(xr-K).

OntuManeHas TeMIepaTtypa YXOASUIHX T'a30B OBEYHO COCTABS-
er ty=130—170°C; gas KOTeJNbHBIX arperaToB Majoll MOIIHOCTH
(D<12 T/4) TemIepaTypa yXoAsIuX ra30B NPHHEMAETCH HECKOJIHKO
sume — 160—210°C B saBuCcHMOCTH OT BHMAA TPHMEHIEMOrQ TOI-
JHBa; NPH CKHraHHH MasyTa H NPEPOAHOro rasa OOLIYHO NPHHHMA-
1T fy=160—180 °C. TeMnepaTypa yXOHANIMX Ta30B OKA3LIBAET HAH-
Gosbliee BIMAHNE Ha 3HAYCHHE HOTEPb ¢o. YMEHBIIEHHE fy Ha 12—
15°C mpuBOAMT K COKpAINEHHIO NOTEPH TEIJIOTH Gs TPHMEpHO Ha
1% H paeT COOTBETCTBYIOLIYK SKOHOMHEIO TONJIHBA. Jlag cHHMKeHHT
4y Tpefyercs HOMOJHHTENbHAS NOBEPXHOCTL HATDeRa, YCTAHOBKA
BEHTHIATOPOB H ALIMOCOCOB, JONOJHUTENBHHE PaCX0k 3/MeKTPO3HEp-
THM Ha HX DPHBOJ|; BCe 3TO NPHBOAHT K YBEJHYEHHIO KAMHTAJIBLHEIX
H 3KCIMyaTallHOHHEIX PACXOJOB. B CBASH C ®THM IpPH NPOEKTHPOBA-
HHH KOTeIbHBIX YCTZHOBOK TEMIEPATYpPa YXOHSUIMX rasoB IPUEHA-
Maercd Ha OCHOBE TeXHHKO-9KOHOMHYECKHX PacyeToB.
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IIpuBesennas TeMnepaTypa HCXOJQHHX NMPOAYKTOB GJIH3Ka K TeM-
nmeparype HAPYKHOro BO3LyXa, TMOCTYNAKOINEro B KOTEJABHEIH arpe-
rar, - , :

fo fun. (16.5)

IToTeps TemMOTH OT XMMHBYECKOH HENOJHOTH CrOPaHHA §3; — pe-
3yJIbTAT HENOJHOTO CrOPAaHHS TONJMHBA B Ipeaenax TONKH KOTelb-
Horo arperarta. IIpofyKTaMH HeNOJHOTO OKHC/JAeHHAR (ropeHHd) B o6-
Imem ciaydae sSBAATCA: oxcHp, yriepoma CO, somopon H,, meran
CH, u gp. Otu nmotepn NpenCTABIAIOT cOGOM CYMMY TEIVIOTHI Cro-

pPaHHsd NPOAYKTOR HENOJHOro OKECJASHHA, OCTAIIINXCH B YXONAILIHX
rasax,

Q= Qo Voo +Qu, Vi, +Qent, Veu, = 0,01 (Qeo CO-

+ @mu mwl_l Qn_mn Omb H\n.ﬁ.“ Q m..mv
gs= %m 100 %, (16.7)

rae Qco, Qu, H. Qcn,— TEMIOTH CrOpaHHs FOPOUHX KOMNOHEHTOB
dHenoaHoro oxkucaenns, xAx/M3; CO= (Veo/Ver)100%; He=
(VayfVer) 100%; CHi=(Ven,Ver) 100% — obbemHEle  KOHIEHT-
pamnuH COOTBETCTBYOIIHMX FOPIOYMX KOMIOHEHTOB B CYXHX rasax, om-
peaCASCMEIC Ta30BEIM aAHAJH30OM, : '

@opmyny {16.6) mMoxkHO mepenmucaTs

Q. — (CP - 0,3755P,) (236,6C0 |- 201H, 4 653,2CH,) (16.8)
2 RO, - CO - CH, T

Iloteps Tensa gs; MoxeT GHITh Pe3yALTATOM HEAOCTATOYHOro KO-
JIHYe€CTBa BO3A¥Xa, IJIOXOr0 NEepEeMENIHBaHHsA BO3AyXa C TOIMHBOM,
HHU3KOH TeMIepPaTyps B TONKE H HEJOCTATOYHOTO BpeMEHH AJs 3a-
BepLIEHHsS PeAKLHH OKHCJHIEHHS.

Ilpr 6anaucoBHIX HCOEITAHHAX KOTENIBHHIX arperatoB IOTEpio
TEIUIOTE OT XHMHYECKOH HEeMOJHOTH CrOPaHHA ONPEAesIoT Ha OCHO-
Be JaHHHX aHalu3a rasoobpasHEIX TPOAYKTOB CrOPaHMS MOCHE BBI-
X0fla B3 TONKM no cdopmyaam (16.8) m (16.7). IIpr npoekTEpoBaHuA
KOTeNbHBIX arperaTos 3HaueHHe ¢; NPHHHMAETCH MO HOPMATHBHBIM
JaHHHM.

IToTeps TenmmOTEHE OT MeXaHAYECKOH HENOJHOTH CTOPaHHS LPH
CXKHMaHHH XHAKOTO H ra3oo6pasHOro TOMJIHBA B KaMepPHHX TONKax
paBHa Hyao (g4=0).

ITorepsa TemIOTH OT HAPYKHOTO OXJaXAeHHA KOTEJBHOro arpe-
rata BCAeACTBHe KOHBEKIHH H H3JY4YeHHs 3aBACHT IVIaBHBIM ofpa-
30M OT pasMepa H BHAA OOGMYPOBKH, TEMIEPATYPH OGMYPOBKH M OK-
pyxawmero Bosayxa. [Ipu pacuerax oGLYHO 3TH HOTEPH MPHHEMA-
IOT 110 ONLITHHM JAHHEM B 3aBHCHMOCTH OT HAPOIPOHIBOAHTENLHO-

CTH KOTEJBHBIX arperatoB IPH HOPMAalbHOH Harpyske (cM.
puc. 15.2).
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Tloreps TemyIoTH €O HITAKOM s NPH CHHTAHHH JXHAKOTO H Ta30-
06pa3HOro TOMJIHMEA PaBHA HYMIO (§e={ewx-+Geoxa=0).

[TosesHnlil TeMIOBOH IOTOK B KOTEJNBHOM arperate Qx.a=Q8
B HpocTelimieM ciydae (6e3 BTQPHYHOrC meperpesa napa u mojorpe-
Ba JOWOJHHTENLHOTO TEIJIOHOCHTENA) INpelcTaBiseT coboff moJes-
HHIA MOTOK TeIJa, BOCIPHHATOrO NEPerpeTHM NapoM (Qnn, HACHILEH-
HEIM TapoM Qu.n M NpoAyBOUHOH BOROH Qup :

.@x.m" @:.:l_l Dm.:lT_.@.:u. mHmwv

- Tlompog TemMOTH B 9JAEMEHTAaX KOTEJNBHOTQ arperarta OpH il1oJay-
YeHHH NPOJAYBOYHOR BOAE HEPEerperToro H HACHIIIEHHOro mapa ocy-
HIeCTBJIAETCS IPH INOCTOAHHOM JaBJeHHH, CJIeNOBaTeJbHO, IOTOK
TemaoTel Q; (B BT) MOXKHO moncyuTaTh KakK NPOH3BEJEHHE pacxona
Temwonocutesnda D; (B Krfc) Ha pasHOCTb €ro yAeldbHHIX 3HTAJBIHH
Ah (B Ix/xr) .

Quan=Dun(hoo—rns); (16.10)
@m.n =Dyn Qnm.nll}:.uv 3 :m. 11 u
@:w"bnwﬁxﬁnvlbn.uv ) mmm.mwv

rae Don, Dun, Dop — MaCCH N0JY4aEMOT0 NEPErPeTOro H HACHIIEH-
HOro napa B NPOAYBOUHONK BOAH B €AHHHIY BpeMeHH, Kr/c; Ann, Awn,
fnp, Bnp — YHAGNBHBEIE SHTANBIMH [leperperoro H HaCHIEHHOTO Napa,
TPOAYBOYHOH H NHUTATENIbHOH BOAEL, JLxK/Kr. e .

Pacxox TomnuBa B (B krfc) npa NPOEKTHPOBAHHH H IIAHHPOBA-

‘HHH ONPEIeJsIOT H3 ypaBHeHEs TeIVIoBOTO falaHca

.W”@n.m\ﬁownw.:x.mu. Ammumv

HA. . A, KOTENBLHOTO arperata ONpPereiaAlT B IKCHJIyaTallHOHRHBIX
YCJAOBHAX M3 YpaBHEHHS .
Sm.m"@m.m\AmDmuv. :m_A.v

Hpunyune: paciera Tonok
u 2a30x0008 KOTEAbHbLX A2PE2ATO8

TenioBok pacyer TOMOUHEIX YCTPOHCTB M rasoXO[OB KOTENBHBIK
ATPEraToB M TPY6UATHX medell MOXKET GHITh MPOH3BENEH IO METOAY
H. Y. Besoxons unm mo HOpMatHBHEIM Metozam BTH — SHHH u
LIKTH. . Co S

Pacuersl TONOK KOTENLUBIX ACPEraTOB CBOZATCH Jubo K ompeje-
JIeHHIO PagHalHOHHOK IUIOIIALH MOBEPXHOCTH IPH 3aJaHHOH TeMmIe-
paType IPOAYKTOB CTOPAHHs Ha BHIXOAe (pacuernl mpd MPOeKTHPO-
BaHuH), Au60 K ONPeAEJEHHIO TEMIEPATYPH NPOAYKTOB CrOPAHHS
Ha BLIXOJe M3 TOIDKH HpPH H3BECTHOM DafHallHOHHOH NJOIIAJH MO-
BEPXHOCTH Temonepesaun (NOBEpOUHbE PACUETH). _

Pacyers rasoxoloB, TAaK:xKe Kak H PacueTHl TONOK, Morytr OBITh
NOBEPOYHHIME H KOHCTPYKTHBHLIMH. [IOBEDOUHEIH pacuer 3akMlo-
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yaercs B ONpeAeNeHHH Nepenaga TeMIepaTyps HPONYKTOB Cropa-
HHS B pacCMaTpHBAEMOM Tra30X0fe NPH H3BECTHOH NJOmMAxH Io-
BEPXKHOCTH. Harpesa M NOACYHTaHHOMY Ko3(duukeHTy Tenjonepeia-
g (16.17). . . S S

B pesy/bTaTe KOHCTPYKTHBHOTO pacuera ompenessior neobxoxu-

SMYK OJolialb INOBEPXHOCTH HarpeBa PACCMATPHBEAEMOrQ rasoxona

N0 3aJaHHOMY B HEM mepenajy TeMIepaTypH rasoo0pasHblx Mpo-
ayeroB cropauus (16.15).

IMnomans NOBEPXHOCTH HarpeBa (Temjaonepejnays) F; B Tasoxo-
naxX KOTJa MOXET GHTh onpejelieHa H3 BHPaXKeHHS

Fi=QB/ (ki0ms). (16.15)

. %ﬁmavmzmennao.momnoeonmammoxohmxoegwme,om%oumﬂmon-
pefenserca H3 YPaRHeHH o
D; . :
@ﬂ.lim (e — hyg) = Gy epme (yp — ta2) . (16.16)
Temneparypa rascoGpa3HblXx NPOAYKTOB CTOPAHMSA Ha BEHIXOAE H3
rasoxona KOTeJbHOIO arperata

tar=ti—hkiF @il (B CiComi) A (16.17)

rae D; -~ naponpoH3BOANTENLHOCTE KOTEJNBHOIO arperara; AJjs Bos-
nyxonogorpepareas Di=BorLe; & — ko3 puumentT Temronepesayn;
Omi — CPeNHAR pasHOCTh TEMNEPAaTyp; A H Az — SBTAJBIHH TENJo-
HocHTe s (map, BOZa, BO3AyX) Ha BXOMe B BHIXO/i€ H3 rasoxoza;
f1; | £5; ~— TEeMIEePaTYPH ra3000Pa3HEX NPOLYKTOB CrOPaHHA HA BXO-
Jie B BhHXONe H3 rasoxona; Gy ¥ -Cpmi— YAEAbHEE Macca H TemIoeM-
KOCTh I'23006pa3ublX NPOAYKTOB CrOPAHMS B COOTBETCTBYIOUIEM. ra-
30X0JE. : o .

Mpumep 16. . Onpenennts K, . I XoTeapHoro arperata JKBP-10-13, ecan
TeMmepATYpa YXOAAIEX razocOpasHeix MPORYKTOB CFOPAHHH H3 KOTEJNBHOTO arpe-
rara fy=140°C; xosdPrumenT H3GHTKA BO3AYXa HA BHIXOJE K3 KOTEILHOrO arpe-
rara oy=1,45, Temneparypa oxpyxaiolnero Bosayxa ly=30°C ® cpepusaa yaens-
Has TEIIOeMKOCTh YXOASIIYX NpPOLYKTOB CropaHf Cpm= 1,07 k]llxk/(kr-K} (mpu
PeuleHEN KCIOAB30BATL Lanuble npuMépos 14.3, 14.5). . i o
Pewenue, 1. Macea rascoGpasiplX IpOXYKTOB CTOPAHHA Ha BHXOJE H3 KOTeb-
HOrO arperata . .

Gy=1+0yLo+ Wo=1-+1,45-13,4+0,3=20,7 xr/xr.

2. IToTeps TEMJIOTH C ﬁohmEm.z: rasamMu
= Gy cpm (by—1to) (o™ 20,7-1,07-110
QP 39,1-100

100=7,07%.
m..wn. I JI. KOTEIbHOTG arperata. L e

Mo =100— (gat-gsHqurhge) = 100— (2,04+1,74+7,07+4-0) =89,2%.

“Nprmep.16.2, Onpeneants pacxo Masyra M-100 B IAPOROM KOTEMBHOM

arperate JKBP-10-13, eciH NpOH3BOZHTCH NEPerperoro ummm 10 T/a (2,78 krjc)
npr aGcomoTHoM Taenenus 1,4 MIHa u remnepdrype 350 °C, nacsumennoro ‘mapa
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na coGersernble HY®AH 1,5 7/ (0,417 xr/c); XpoMe TOro, TepaeTcs KOTJOEOH
Boaw 300 xr/u (0,083 kr/c) mpr npoAyske korna, TemmepaTypa nEHTaTebHOH
BoAR 100°C; ynesnbiile SHTAJALNHE [EPErpeTOro H HACKILEHHOIQ napa, HETATENB:
HOK ¥ NPONYBOWHOA BOLW: [fan=3150 xIx/kr; hun=2790 xJIK/KT; Aas=
=419 gIx/Kr; Bop=2825 xIx/xr.

Petweriue, 1. TennoBoli MOTOK, BOCHPRHEMAEMEN NEPETPeTEIM MAPOM,

Qun=Dn.n(fnn—hn2) =2,78(3150—419) - 105=7,59-10° Br=7,59 MBr.

2, Tennosoft MOTOK, BOCIDHHAMASME HACHIULCHEEM tapoM,

Qan=Dyn (hun—hnz) =0,417 (2790—419) - 103=0,987- 105 Br==087 kBT, i

3. TennoBoii NOTOX, BOCOPHAAMAEMHI IPORYBOUHOR BOAO,
Qnp=Dnp (Anp— Fin.s} =0,083 (825 —418) - 1(#=33,8-10® Br=33,8 xBr.

4. O6mufi noTox Tenaa, BOCHPHHUMAEMNE B KOTENLHOM arperare meperper:M
H HACHIUIEHHHM OapoM, NPOAYBOUHO BOJOIH,

Qua=Qn.ntQun+Qup=7,59- 108-1-0,987- 105433,8- 103=8,61-10° Br=8,61 MBr.

5. Pacxopn masyra M-100 » xorennnoum arperare JKBP-10-13
B— Qea  8,61-100

© QPy ke 39,1-108.0,892
uim 890 kr/fyg).

= 0,247 &gr/c-

§ 4. 3amuTa ot 3arpsA3HenHus oxpykalomei cpeyst

Has cHEXKeHHs KoJuuecTBa BHIGPOCOB B aTMochepy NPOLAYKTE!
CrOpPaHHS OYHIIAT B DA3NHYHLIX 30JI0YJIOBHTE/ISIX, a 3aTeM BHOGpa-
CHBAIOT 4epe3 BLICOKHE ALIMOBhIe TPYGH B arMocdepy.

B nacrosmee BpeMsi HCNOJB3YiOT HHEPUHOHHBE, MOKPHE 30J0-
YJIOBHTEIH M snekTpoduaAbTpH (pHe. 16.11).

B HHepUHOHHEIX 30/I0Y/IOBHTENSX NOA AeHCTBHEM LEHTPOGEKHEIX
CHJI 30JI0Bble YaCTHIH OTKHMAIOTCA K CTEHKAM BHEIIHEro WHMHELI-
Pa, a saTeM moj AEHCTBHEM CHIH TAMXKECTH CCHOANTCH B OGIHI
6yuxep. OUHINEHHHE] ras DORHHMAETCs qepes BHYTDEHHH HHJIHHID
BBepX. Il mosbiureHus 5hheKTHBHOCTH HHEPIHOHHEE 30,10yJIOBHTE-
Ju (UHKIORE) obbenuHsioT B Gatapen. CreneHs 30/0yJaBAHBAHES
Garapeitnbix nuknoHos 0,82—0,90. “ o

Moxpsie sosoynouTenn (CKPYGOeph) OTIHYAOTCA OT CYXHX
HHEDUHOHHBIX TeM, 4TO AJA JYUIIero yAaBJIHBAHHSI H OTBOLA 30JIH
B HEX H2 BHYTPEHHIOI CTEHKY HapyXHOTO LRJIHHADA MOMaeTca BOAA
w %mﬂmo Wammux. CreneHs yNaBJAHBAHHS B MOKDHIX 30JOVJIOBHTENSX

yla=— v 0. .

HanGonee mepcneKTHBHBIME TO CBOEii a(eKTHBHOCTH ABJIAIOTCA’

SJeKTPOpuALTPL (CTenedb yiasausanus 0,99—0,995). B 3JeKTPO-
GRIBTPAX MPOAYKTH CrOPAHHSA IBHETAIOTCHA B KaHATax MeXAy ocanH-
TCJILHBIMH H KODOHHPYIOIHMMH 3JeKTporamu. K anexTponaM nmozso-
LHTCSA NOCTOSHHBIA TOK BHICOKOrQ HANPAKEHHS: WIIOC K OCafHTe]b-
HEIM H MHHYC K KOPOHHDYIOWHM, YacTHuer 30JH '3apAKAIOTCA oT-
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PHIATENBHEIM 3apAAOM H HPHTATHEA-

Ted K OCANHTEJbHEIM SJIEKTPOAAM, 5
IlepHoaRTecKH SJeKTPOAH CHEUHANb- of
HEIM YCTPOHACTBOM BCYDSXHBAIOTCH B o7
YJACTHIE 30JIbI TIOH hmﬁnﬂmﬁwg CHJIBI .
TAXECTH CCHIIAIOTCA B OGYHKEp. :

Jis  yMeHBIIeHHs BHOGPOCOB B
arMocepy CepHHCTHIX COEAHHEHHH
TOIUIHBG AO €r0 CHHATAHHA B TOMKAaX
KOTJIOB nepepabaTHBalOT, YAaads H3
HEro cepy, M OUHIIAIOT NPOLYKTH
CrOpaHHA OT OKCHAOB CepHL.

B macrosuwee Bpems HaunGoaee
3Q(EKTHBHEIMA CcOOCOGAME yMeHbIIe-
HHS 006pasoBaHHS OKCHAOB. a30Ta fAB-
JAIOTCA METOJH, NPHBOAAILHE K MO-
HHXKCHHIO KOHUEHTPAUHN KHCIOPOAA * 31eKmpodEautpn; ! — biixox csien
H TCMIEPATYPH. B 30HE FOpeHHd. 3 —pxopaofi  narpyGox; 4 — BhIXOn,

B pesynbrare mpuMeneRHs Mepo- O O — opocreabmbie conxa: o,
npuartu#i  (Ta6n. 16.6) o6pasobaHme  smexrpommt
OKHCJIOB 330Ta NpH CXKHFaHHH NPH--

POIHOro rasa MoOXKHO coxpatute B 5—10 pas, Masyra—sB 3 pasa,
TBEPJAOr0 TOINHBA-—B 2 pasa.

Ilpu cGpoce cTouHEIX BOL CymecTBYeT MpeAeaLHOE KOJHYECTBO
c6pacEBaeMuIX NIPHMecell B eAHHHALY BPEMEHH, KOTOPOe ONpesieaer-
€2 YCJHOBHAMH cOpoca, BHAAMH NpHMece, HX KOJAHYECTBOM, DExkH-
MoM cGpoca, AeGHTOM BOJOEMa H ADYCHMH KOHKDETHHMH OCOGeH-
HOCTAMM Bojoema u c6poca. IIpepensno gomycTEMBle BHOPOCH
AOJLAHEI GBITh PACCYHTAHH /IR KOHKPETHBIX YCJIOBHH U ONPERSARIOT
TpebyeMyIO CTElIeHb OYHCTKH CTOUHHX BOI.

MeTonn CHHXKeHHS BDEIHOTO BOSAGHCTBHA NPOAYKTOB «Cropa-
HUf» SNEPHOTO TOIUIAB2 XapaKTepu3ywTcs GOJbIIHM MHOrooGpash-
eM, OHH CBOAATCSA K YCTPOHCTBY HaJEXHBIX GHOJIOTHYECKUX SAIIHT,
NPHTOUHO-BHITAXKHOR BeHTHASIMN nomemernii ADC H crnennaibHOMy

TaGanua 166
Boamoxnue npementl camxedus oGpazosammsi NO; B Tomkax koraom, U

— - 8

Puc. 16.11. CxeMu 3010yACBH-
Tenedh:

@ — BHEPOHOHAOTD; & == MOKPOro: 8 —
+ saexkTpodHAbTpa; [ — BBXOA OYHLLEH-

Meropsl cHKenuaa NO,
. - |Pelfupkyaa«| P KyJas-
Tonanse  IManwe ana- .mww.wh,wﬂ mwwwwqw%wn% ups wﬂo- nh.:ﬂw%zm- uww_“wﬂm_ﬂ

HEHHA 06y ropenue m:w L..MERWE- ﬂ.uas.ou Cro- =W_N§ wnmmn_....n- mapa
Ipupoausift 33 50 90 33 80 10
raas
Maszyr 33 40 73 33 70 10
¥Yrome 25 35 _ 60 33 55 10
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XpaHeHHuIo PajHOAKTHBHHX OTXOHO0B. Bce 9T0.103BOJIsET CBECTH 103Y
paJHOaKTHBHOIO -00JNY4eHHs NePCOHANA H HACGNEHHS A0 YPOBH:, HE
NPeBHINAIMIETO A03Y 06AyIeHHs, gawammzws JHBEIM OPFaEH3MOM
oT nwm@ohmog ofuyuenns.

KonTpoasnsie Bonpockl
Kakue cyImecTBYIOT nyTH wmoaanms KOHCTPYKTHBHHX (opM IApOBHX

mo,E.omw

2. Ha xakue TpH TpYIONH MOXHO vmmhmhm? KOTJEL C €CTECTBEHHOH UHpKy/s-
Hefi H KAKOBH HX IOKa3aTeaH?

3. KaroBo KOHCTPYKTHBHOE
u JKBP? |

- 4, Kaxgops oco0eHHOCTH H NoKasareiu Xorios tena JE?

5, Kakoen onommmmoo..,m NPAMOTOUHEIX KOTAOB i KAKOBA HX TEXHOJOTHYeCKasd
cxema?

6. KakeBu moxasareqnH 2pOreHepaTOPHEX eaammomoﬁ HCHONb3YEMHX AAA Ta-
poTeni0Boi 06paGOTKH HIACTOB?

7. KakoBH XapakTepHCTHKH [epeABHXHHX umwoﬁmmumac@mwﬁ ﬁammowom HpH-
MeHSAEMEIX A4 AenapadHEH3alsd oacw%hoummmm CKBAMUH?

8. Kak sanHchBaercs TenJoBof GalaHc KOTENBHOrO arperara?

9, O6bAcHETe (HIHYECKYIO CYIHOCTD c/araeMHX TENJIOBOTO GaldHca KOTelb-
HOrPO arperaTta,

10. Kax ompesenstoTed K. B A H PAacXo/ TONAHBZ KOTeJBHOTO arperara?

11. Paccrax<ure MPHHUMOE [AcHETA TOHOK H ra30X0A0B KOTENBHOIO arperara.

12, Nmmxn CYLIECTBYIOT CNOCOGH 3aMKTH OT 3ArpASHEHHS OKPYIKAIIEH cpeRb?

odopMieniie H .ocobennoctd kotaos JKB

b

RS

Yacre TpeTva
TEILJIOBBIE hwxﬁ?_,m.::

Tagea 17 _
NMOPITHEBBIE ABUTATEJH BRYTPEHHEIQO CTOPAHHA

§1. xamnn:Au:nm::m HOPIMHEBBIX ABMraTee
BHyTpenuero cropanua (JBC)

- IlopuiHeBbie ABHraTeNH BHYTPEHHErO CrOPAHHSA MOTYT ObITH KJIAc-
cuhHIHPOBAHLl [0 PAsAHIHBIM IpHU3HAKAM.

1. IIo TepMogMHAMHIECKOMY INpDH3HAKy NOpPHIHEBHlE MBUIATENH
BHYTPEHHETO CTOPaHHsl AEAATCA Ha TPH CFPYONH: ABHraTesaHd, pado-
raloye 1o mukay eé—V (cm. pue. 11.3), — kap6loparopHpte u ra-
30BHle JBHTATENH; ABHraTesun, paboTalomue N0 LHKIAY &é—p (CM.
puc. 11.4), — KOMHpeccopHBIE JH3ENH C NHEBMAaTHYECKHM PacHblIH-
BaHHeM TOILIHBA; [JBHTrarenu, paGoraiomiue mo DHKNY —Vp (cM.
puc. 11.5), — mmomoznvmooovmzo JH3eMH ¢ MeXaHKYECKUM pacnblIn-
BaHHEM TOIJIMBA,

2. Tlo BuRy NPHMEHAEMOro TONJKBA pAa3jHYAOT: NOPIIHEBHE
IBHT4TeJH *KHIKOTO TOIUIHBA -— KapOlOpaTOPHEE, HH3eNH; ra3oBHE
IBHraTelu; JBHUratejsn GHHAPHOTO TOMJHBA -~ FA30JM3€JH, T. €. JABH-
raTesd, Kotropble pafoTalT Ha rasoo6pasHoM TONJHBE H B KauecThe
3anajNbHOTO TOMMAHBA (/51 C2MOBOCIIAMEHEHUS) KCIQJIB3YeTCH KUA-
Koe (7—259% uurgoBOE HOJAYH); MHOIOTOIMIHBHEIE IBHraTe/H, KO-
Topsie MOryr paGoTaTth Ha Ji060M JKHIKOM TOILIHBE K HA rase.

3. Ilo cnocofy cMeceofpasoBaHHst pasAHYAOT IBHCATENH
¢ BHEHMIHHM M BHYTDEHHHM cMeceo0pasoBanueM. ¥ ABHraresef
¢ BHEWIHHM cMeceo6pasoBaHHEM NPHTOTOBJASHHE TOIJIHBO-BO3AYLI-
HOHM CMecH OCYINecTBJsSeTcs BHe LUHAHHADa B clemHalJbHOM NpHGO-
pe — kap6ropartope ‘(kap6iopaTOpHBIE ABATATENH) HJIH CMecHTele
(rasoBnle jABHraTtenu). ¥ ABHTATeNied ¢ BHYTPEHHHM cMeceolpaso-
BaHHEM TOINTHBHO-BO3AYIIHAA cMeck obpasyeTca B uuauHipe. Coza
OTHOCSTCS AM3e/H, OeH3HHOBLIe U rasophle ABHraTeNH ¢ [OZauyel
TOIJIEBA HENOCPEACTBEHHO B LIHJAHHAD.

Husenn no cMeceo6pasoBaHHIO NENATCA Ha ABHrarteNu ¢ oO6BeM-
HEM (C HemocpejCTBeHHEIM BHDHICKOM, IpeAKXaMEDHHE BHXpeKamep-
Hbleé H BO3AYIIHO-KaMEPHHIE) H IVIEHOUHBIM cMeceo6pa3oBaHHEM.

. 4. Ilo cmocoby rascofiMeHa H UPOZONKHTENLHOCTH pabouero
npouecca HOPLIHEBHIE JBHrATeIH BHYTPEHHEro CropaHHs AeNATCS
Ha UeTHIPeXTaKTHHIE H AByXTaKTHHe. OuHCTKa MHJHHAPA OT oTpabo-
TaBIIAX TI'a30B M 3aloJHeHHEe ero CBEXHM 3apJAOM Ha3hBalOTCA
razoofMeHoOM. ¥ UeTHIPEXTaKTHBIX JABuraTenell paboumii mpouece
OCYIIECTB/SETCA 3a Uerhpe X0na MOpHIHA (3a ABa ofopoTa KoJieH-
HaTOro Baja), y NBYXTAKTHHIX — 3a JBa XO0Aa NOPIUHA (332 OAHH
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N.V._. 1 Pre. 17.1. CxeMbt nopluHeBHX ABHraTenel
-7 .3 BHYTPEHHEro CrOpaBEA:
“ 4 - @ — TDOHKOBRIA 'mpoctoro mefierBEa; ! — mop-
2 o IR T S . T leHb;” 2'— KPHIIKA; ~§ == UHAHBAD, 4— MaTyH;
V ._. |_- adoo & 6 — xpeftnrondani Apofinoro pefterens; f, 2 —
-+l 3 1 _ _E KphIKH; § — UHAHEAP; 4 — NOpIUeRh; § — IITOK;
._ 6 — rpefinkondy; 7 — maTyn
T-T3—¢
._ \Xm "
1 4 -
. = 7
. \\
{ ; i /.r Puc., 17.2. CxeMH MHOTOPAAHEIX ABHTE-
- ..._. ! | Teiefl BHYTPEHHEero CropaHHA: :
e // A 4 G — BEyXpAfHbie V-ofpasume; § — Tpexpapmsie

i.oqwmwmzm“alnquumawm.pmzmN.oaumamw_n
# H-o6pasnne) -

o6opoT Koaenuatoro pana). KpoMe T0ro, nOpUIHEBHE JABUrATENH MO-
ryT 6uiTh mpoctoro (paGouHii Mpolecc OCYLIECTBJSETCA TO OAHY
CTOPOHY MOpwHs, pHe. 17.1,a) n xBoiiHoro npe#icTBust (pa6oudil mpo-
lecc ocymecTBiaserca no obe cTopoHM nopuH#, puc. 17.1,6).

5. Tlo croco6y HanonHeHRs pafouero UHAHHADPA Pa3JHYAIOT ABH-
rateny Ges HaIlyBa H ¢ HagAYBOM. ¥ ABHraresaef 6es HagayBa I{H-
JHHAD 3AMN0JHAETCA BO3ZYXOM HJH CMEChblo HOPMAaABHOTO JaBIEHHS
{BcaeACTBHEe PAsHOCTH AABJNEGHKA aTMOCGHEDHOrO W B LHJAHHADE NPH
BIyCKe Ap=po—p.). ¥ KBHT4TeJ€H C HajIyBOoM UMIHIAD 3aNONH:-
€TCA BO3ZYXOM KJH TOIVIHBHO-BO3AYIIHON <CMEChI0 NOBBILIEHHOIO
JaBleHHA (BclieJcTBHE PA3HOCTH JaBJAEHHsS, CO3LaBaeMOro Hajaay-
BOYUHHIM arperaToM, H B LHJHHApe IIpH BHycke Ap=p«—p,). Han-
LyB NpHMeHAeTCA AJAS NOBLINEHHA MOIIHOCTH NOPUIHEBHIX JBHrare-
Jieli BHYTPEHHEro Cropatns. o

6. Ilo cnocofy BocmIaMeHEHHS TOPICUel CMecH HOPUIHEBHE JIBH-
raTeJii BHYTDEHHErO CTOPAHHA AEASTCS HA ABHTATENH ¢ BOCILIAME-
HEHHEM OT NOCTODOHHEr¢ HCTOYHHKA SHEPrHH (0T SJEKTPEUECKOH
HCKDH —— KapClopaTOpHEIE, TasoBble; OT DaCKaJeHHOH IOBEPXHO-
CTH — KaJOPH3aTOPHBI¢ JBHr4TeNH) H ¢ CaMOBOCIVAMEHEHHEM (MHH-

3end, Hmwohmm,rmha. L A A §
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7. Tlo  KOHCTPYKIHH KPHBOUIHUHO-DIATYHHOTO MEXaHH3MA —
TPOEKOBEIE (C UHAHHAPOBOK MOMIEOCTHIO KO 450 KBT) H KpefuKomnd-
HEIe (THXOXOJHBIE ABHIATENH GOJBIIOH MOLIHOCTH, CM. puc. 17.1).

‘8. Tlo uHCHy HHNMHAPOB H MX DACIOJOMKEHHIO — OLHOLHIHH-
POBEIE M MHOTOUHJHHAPOBHE (puc. 17.2), ¢ BepPTHKANLHEIM, TOPH-
SOHTAJIBHHIM H HaKJNOHHBIM DachoJIOXEeHHEM LHJIHHIDOB, OpHUEM
ABHTATEJH MOTYT OBITh OAHODAAHBIMH, ABYXpaauoiMe (U-o6pas-
HOE pacmoJoxenHe LHIHHAPOB), TpexpauHEMu (W-o6pasHoe), ge-
TEIpexpanubiMu (X- © H-o6pasnoe pacmonoxenne) m 3Besfoobpas-
HEIMH (OAHO- H MHOTODSIEbIE).

9. Ilo crenenn GHICTPOXOXHOCTH — THXOXONHHE (HBHraTeNlE CO
CpenHell ckopocTeio MopmiHs A0 10 M/c) u GricrpoxofHEe {co cpez-
Helt CKOpocThio mopuiHs Goabwe 10 M/c).

10. Tlo HanpapieRHw BpalleHHs KOJeHYaTOro Bald — HPABOFO
H JI€BOTO  BPALICHHS, DEBEPCHBHHE H HeDPEBEDCHBHBIE ABHTATENH
(Bpamenne ocymrecTBisiercs N0 YacoBOM HJIK NPOTHE YAacoBOK
CTPENKH).

I1. TIo cuocofy oxaamIeHds — ABHTATeNH BO3AYVIOHOTO H JKHI-
KOCTHOTO OXJIAXKAEHHS,

12. Tlo HasHayeHHIO ABHraTeNH NEJATCS HA CTAIHOHADHLIE npo-
MBLIIJIGHHOr0 HA3HAUYeHHs (3JEKTPOCTAHLMH, 3aBOALI, HACOCHHIE H
KOMIPECCODHEIE CTAHUHKH MarHCTPajibHEIX He()TENpPOBOZOB H raso-
IIPOBOJOB), HA3EMHO-TPAHCHOPTHEE (TeNNOBO3HEE, aBTOMOGHABHEE,
TPaKTQDHEIE, NePeJBHMKHbE, MOPOXKHHIE, TPAHCIOPTHO-NOTPY30U-
HEIE), CYAOBHe (ITaBHHE H BCIOMOTaTeJbHEE),

Hns cTanlHOHAapHMX H CYLOBHX JE3esefl DASIHIHEIX THIOB IO
I'OCT 4393—82 nns MapKUDOBKH ABHTaTeNeR HPHHSTH 0603HAge-
HHA, cocTosimige H3 OYkB H mudp. Byxsn 0603navaior: Y ~— gerh-
pextakruwie, Il — aByxraxTHbe, JIJ] — nByXTakTHBe ABOHHOTO Ael-
ctBHsi, P — pesepcueHble, C — CyloBbi¢ ¢ peBepCHBHOH My droit,
Il — ¢ peaykropHo#t nepenaues, K — kpeiinkondure, H — ¢ Hamay-
BoM. Lluppame — Brepepn GykBeHHHIX 0603HAYEHHIl YKa3HBAETCS
YHCJIO UHJAHHAPOB, nocie OykBeHHbix 0603HAUEHHE, B UHCAHTENE —
AvaMeTp LHJHHAD4 B CAHTHMETPAX, B 3HAMEHATEJE — X0 HOPITHSA
B cantaMerpax. Hanpumep, 69H 10,5/13 — wectauununxpopki, ue-
THIPEXTAKTHEIE BBHTATeNb C HAALYBOM; RHaMerp HHAMHApa 10,5 cM
¥ xoJ mopmHd 13 cm.

mm.ﬁxn:t:apao.ﬁmnuo_ﬁnn:aetnoﬁm_ﬁ::x
H JBYXTaxTHoix nopmuesmx JIBC -

Pa6ouu#t npouecc 4eTHPEXTaKTHHX H IBYXTaKTHRIX JIBHTaTejell
COCTOHUT H3 nmﬂwﬂumun mhmgmmﬂom]ﬁmmooaﬂmmm. nuﬂm.wm.m. OﬂOﬁmmEm
H pacUIHpEeHHS. :

Bce aTu ssemenTH paGouero npoLecca B MeTHDPEXTAKTHHX JRH-
raTe/fiX OCYMECTBIAIOTCH 3a YeThHpe Xojaa mopuiHd. IIpu oTKpHITOM,
BCACBIBAIOIIEM KjaNaHe B JBHIKEHHH NODIIHS OT BEPXHEHl MepTBO

16—140 241
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Puc. 17.3. Cxema u paGounit mpollece YeTHpexTaxTHOro JIBC:

— QHNHHOD: 2 — mopimens: 3, §— BCachlBaloul M BEIXJIONHOMN Knanagsl; 4 --cBeua HAB
dopeynra; §— matyn; 7 — KoNeRuaTMR paj

TOYkH (BMT) & Humwues (HMT) npoucxomut Hamosnenue
(puc. 17.3, a, 8, aunus X—§) LRJIHHAPA ABHTATENS CBEIKeH TONIHB-
HO-BOSIYIIHOR CMEChIO (IBHraTe/IH ¢ BHEIIHHM cMeceo0pasoBaHueM)
HIH . BOSHAYXOM (HHSENH); STOT HePBHIH Xox DOPUTHA Ha3HBaeTCH
TaKkToM snycka (wanonneHus). BeackBalomuik kiramnan 3aKPHIBaeTCH
€ sanasnbiBaHHeM, IOC/Ie-TOrO KaK NOPIIeHp mpofimer HMT u mau-
HeT nBuxeHHe K BMT. Ilpu aBmxennn nopmusa ot HMT x BMT
(puc. 17,3, 6, 8, nuuna §—0~—C) OCYIIECTBJAIOTCH KOHEN HaTOJHe-
HEAT # CXaTHe TOIIHBHO-BOSLYIIHON CMECH MPH 3aKDHITHX KJANAHAX
A0 TeMneparypr Ic, MeHbIUeH TEMIepaTyps CaMOBOCKIAMeHeHHs
TOMHBA Ter (KapblOpaTOpHEIE B Ta30BHe ABHTATENIM) HIHK BOSLyXa
A0 TeMueparypel T, Gosbinefi TeMIEpATYpH CaMOBOCI/IAMEHEHHs
TOMIHBA Ter (mmsean). Bropoit xon HOPIORSl HA3EIBAETCA TAKTOM
CHCATUN, ,

B xoHne cxkarus TOITMBHO-BO3AYIIHAS CMECh BOCHIAMEHTETCH
OT SJICKTDHUECKOH HCKDPH (KapOIOpaTOpHElE, Taz0BhIe JABHTa-
TENH) HIH BIPHICHYTOE B HHAHHAD AH3ENbHOE TOMJHBO CAMOBOC-
niaMensaercs. [danee nopmens peHraercs or BMT Kk HMT npu sa-
KPLITHIX RiIaNaHaX, OCYLIECTBJSIOTCH MPOIECCH cropauns c—f—z,
PacIlpeHHs 2—e M NPH OTKPHITOM BHIXJAONHOM KAANAHE BHIXJION
e—r (puc. 17.3,8,0). Tperui XOA MOJIIHA HASBIBACTCH pabouum.

BareM mopluenr mBEraetcs or HMT k BMT npu oTkpHTOM BEH-

. XJIOTHOM Kjllaniane, BHEITANKHBAIOTCS OCTaBIIHEeCH NPOAYKTH cropa-

nua (puc: 17.3; 2; 9, nuHMg r—x). YeTBepTHil xoN MOPIUHA HA3k-
BAGTCL TAKTOM 6binycka (BhiTaNKHBaEust)., B Komme YETBEPTOrO XO-
A4 IPH OTKPLITOM BHIXJIOLHOM KiIanaHe (OH SaKPHBAETCH o 3alias-
AbIBAHHEM NOCIe NPOXOXIEHHS NOPIIHEM BMTY) ¢ onmepexennem,
T. € J10 NpHXoAa nopwHd 8 BMT, oTkphiBaeTes BCACHIBAIOINHH KJa-
nan, Takum o6pasoM, okono BMT Kaxoli-ro HMePHOA OTKDHITH Of-
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Puc. 17.4, Cxema 1 paounii mpouece Asyxrakraoro I[BC

HOBDEMEHHO BCACLIBAIONHE H BLIXJOMHbIE KjalaHel (NepeKphiTHe
KIamaHOB); B 3T0 BPEMs OCyLlecTBAeTCS MPOLYBKA KaMepHl Cro-
PaHus UHJIHHADA, €¢ HHTEHCHBHASI OYMCTKA OT OTPaGOTABIUMX ra-
30B. :

B IBYXTaKTHOM ABHTraTelie Bce UETHIPE SAEMEHTa pabouero npo-
Liecca OCYINECTBJIAIOTCA 32 ABa X0Aa NOPIIHS CAELyoluM 06pa-
soM. B Havane mBumeHus nopuras [ ot HMT x BMT- IPH OTKDPBITHIX
IPOAYBOUHKIX 2 M BEIXJIONMHLIX OKHAX KaH KJianaHax5, 7- (puc. 174, ¢,
) IPOMCXORHT HPOAYBKA UMAHEApa 4 [yrateHde OCTABLINXCS npo-
AYKTOB CrOpaHHs H 3aNOJIHEHHe UHJHHADPA Yepes PecHBep 3 CBEXKUM
sapagoM (puc. 17, 6, nirBHA r—a)]. 3aTeM mPOLyBOYHHLE, BBEIXJION-
HEI€ OKHA HJIH KNAOaHE 3aKpHBAIOTCA H IPH AaNbHeRNIeM IBUKeHHU
TMOPIIHA OCyIIecTBAsercst cxxathe (@—¢) R0 To<Ter (B KApGOpaTOp-
HBIX ¥ Ta30BbIX ABHTATENAX) WiH 10 Te>Ter (B AM3ENAX).

Ileprutit xox nopumms (puc. 17.4, 8, Aunug r—a——c) HasHBaeTcHd
TAKTOM CHCATUS.

B koHUE CXaTHT TONNHBHO-BOSAYIIHASL CMECh -BOCILIAMEHIETCH
OT SJIEKTPHYECKOH HCKPBI 6 B GEHSHHOBLIX U MA30BBIX ABHTATENSX I
AH3EJLHOE TONIHBO CaMOBOCIVIAMEHSETCS B AMSeNAX. IIpH KBHKe-
Huu mopuina ot BMT w HMT BHayajJe OPOMCXONUT CropaHue (cM.
pue. ¢c—f—=z), 3arem pacutupeHne (2—e), BHIXJION H HAYAJO HpPO-
LYBRH (e—=z), ‘ . =

- Bropoit xon mopumnst (¢—f—z—e—r) nasmpaercs patouum.

B apyxrakrHoMm pBurarene c KPHBOIWIHNHO-KaMepPHO# NPOAYBKO
Pollb MPOAYBOUHOrG (Hacoca) arperara BHIIOJHAET KPHBOWIHOHAS
Kamepa (8 — xoJenuarwii Bax; 9 — matyn). .
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HuarpaMme paGounx TIPOLECCOB YETHIPEXTAKTHOTO H ABYXTAKT-
HOro JBHraTefedl NOKAasHBAIOT, YTO OHM OTJIHYAKTCS JNHIID CHOCO-
60M OCymiecTBAEGHHS MpoLecca rasoo6MeHa.

§ 3. Tennopok pacuer nopmHermx ABC

Banaua TemaoBoro pacuera nopmHeBblx  JIBC — onpenencrne
apaMeTpoB COCTOHHHA Pabouero Teja B XapakKTePHHX TOYKAX
U1K/, HAXOMKLeHHEe CPeAHEr0 HHAHKATOPHOIO HaBJIeHHS, oupenene-
HHE OCHOBHHX DasMepoB H NMOKasaTelell SKOHOMHUHOCTH,

Cpeduee unduxaroproe dasrenue

Oﬁmh?mm HHAHKaTOPHOE NaBJeHHe p; — TaKoe YCAOBHOE NMOCTOZH-
HOe maBJeHBe, KoTOpOe, hmw—n..__.wwﬁ Ha TOPILEHb B TeYeHHE Xoxa pac-

WIHPEHHST, coBepmaer paboTy, paBHYIO HHIHKATODPHOMN pabore nBu-
ratenas L;,

Li=pVy; Pi=L)fVy. C\N._v

Hist ompenenenus p; HPH NPOEKTHPOBAHHE NOCHEA0BATeNbH
CTPOAT NpoUeECCH rasoofMesa (BIycka H BLIMycKa), cxaTH, cropa-
HHR M DacUIHPEHHs 1O NAPAMETPAaM COCTOAHMS pabouero Tesa Ko-
HEYHBIX TOUCK M NOJYYai0T TEOPeTHYECKyio AHarpaMmy (pHc. 17.5).
3areM HaXosT cpeiHee AaBieHHe P, COOTBETCTBYIOIllee 3TOMY yC-
JIOBHOMY MpOLlECCY, a NOC/e BHECEHHS. MONPABOK MOJYHAlOT Cped-
HEe HHIHKATOPHOE laBJeHHe p; AeHCTBHTENHLHOTO mpollecca MOpI-
Heporo ABuraress. B Teopermueckoit guarpamme pabouero TIponec-
Ca TOPUIHEBOrO' NBHraTeNsi BHYTPEHHEr0 CrODAaHHS JHHH CXKATHR
TOXYKHHACTCA MONHTPOIHOMY 3aKOHY C MOCTOSHHBIM CPeJHHM [OKa-
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Prc. 17.5. TeoperHueckue HHAHKATOPHBE AMATPAMMET:
2 — ABHraTens Anzens; 6 — xapGOPATOPEOro HAR TA30BOrG. ABATaTexelt
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34aTeIeM f,; HpeAmoaraercs, 4T0 Ipoliece cropaius Wuer npH V=
=idem u p=idem y Auseneit u V=idem y KapOopaTOpHEIX U ra-
B0BBIX JBHraTeqelf. JIHHHA pacUIHPeHHs NONYUHAETCS HOIHTPOLHO-
My 3aKOHY C MOCTOSHHLIM CDEAHHMM II0Ka3aTejeM Hy. 3aTpaThl pabo-
Thl Ha ra3000MeH - (HACOCHEIE HOTEPH) OTHOCATCH K MEXaHMYECKHM
NMOTEpsM.

Cpexsee napnenne Teopernueckoll AHarpaMmsl pabouero npouec-
Ca B COOTBETCTBHH C €ro ONPENEJNeHHEM DACCYHTHIBAETCA [0 YPaB-
nenuio (17.1) - . : R -

ha.n "hwﬁ\ﬂ\ﬂ. ) AH‘N-NV

PaGota kpyrosoro npouecca (TeopeTHuecKas ZHarpaMma} - gu-
SeJbHOro IBHraTels L, ompenensercs kak ajarefpaHueckas cymMa
paGoT npeABapHTENBHOro pacliHpenus (f — z), MOMATPONHOTO pae-
IIApeHus (2 —r) ® cEatua (@ —¢) -

|4 PV,
h\.:“bh Q\ul.—\qvl_l hu'.n AHllﬂnu.vl annl..a

Hy—1 |

TA€ Tzr — X2PAKTEPHCTHKA PACIIHPEHHS

Adnn...l :. Cﬂ.@v

= (XYt e Y, 17.4
W= = 74

' Tac — XaPaKTEPHCTHKA CXaTHs
.ﬂgum v va,_u%-_“ (17.5)

Vi — paGounit o6beM nunnpapa _
Vas (Vi—V2) = (VaeV0) = Vo (s—1). (17.6)
IIpeoGpasys HexozHOe BHpakKeHHe AR pn nyTeM 3aMens: L, H

Vi B COOTBETCTBHH. ¢ YPaBHEHHAMH (17.2) u (17.3), nonyunm cme-
AywLiee ypapHeHHe: :

’ 1— —1
L Pe(p— 1) 4 pep——2 —p, g 22
m _ Bwlm =u.|— H»N.N
Pp= = A . u
Vole—1) e—1 . .

HJIH

P. Hlaﬁ .P._. asl_

hslqlr_l? I+p ng— 1 v o—1 ° n—1 ' (17.8)

TAe Pz H pa——rPaHHYHEIE RaBJCHHs PaGouero mpouecca; p, — Max-

CHMaJIbHO® JaBJeniie CrOpaHHs; p, - HayaJbHOe AaBJCHHE CIXKa-
THSI, & — CTeMNeHb CEKATHA, e= V [V, : -

Aas KapGlOpaTOPHHX-H Ta30BLIX IBHraTelel CpenHee naBJe-

HHe TEOPETHIECKOH AHarpaMMbl HOJYUHTCS H3 ypasHeHus (17.8),
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ec/aH .opuHATe p=1 =

Pz 1 — T, Pa Tgo — 1
= . — g . 17.9
Prm e—1 n,—1 s—~1 "n—=1 " ( )

JelicTRaTeNbHEE HHAMKATODHBIE OHATPAMMBl OTJIHYANTCH OT
TEOPETHYECKHX TEM, UTO NpPOLEcC CropPaHHs OTKJIOHAETCA OT JHHHH
V=Idem u p=idem HauHHaeTCA C HEKOTOPHIM ONEpeKeHHeM H IIpo-
TEKaeT BO BPEMEHH; BHIIYCKHOH KnamaH (B 4eTHPEXTAKTHHIX JBHIa-
TeNGX M [BYXTaKTHHX C NPAMOTOYHOH OpPOAYBKOK) MJIH OKHa
(B IBYXTAKTHHIX IBHI'aTeNSX) OTKPHBAIOTCA C ONEPEKEHHEM, BCAS -
CTBHE Yero HadadbHBIH NpOlecc BEIMYCKa He COOTBETCTBYET JHHHH
V=idem; npoueccy CXATHS H PACUIHDEHHA OTKAOHAKTCA OT IOJH-
TPOI CO CPEAHHMHE MOKA3aTENIMH H; H Ng. [lepevHcneHHbIE OTKIOHS-
HHA HAEACTBHTEJNBHBIX AHArPAMM OT TEODETHUECKHX HPHBOJAT K TO-
My, 4TO IJIOI[aAb NEHCTBHTR/IbHON guarpaMMbl DOAyYaercs MeHplie
H COOTBETCTBEHHO HECKOJIBKO MeHblile §yIeT cpelHee HHAHKATOPHOe
LaBleHHe p;. B TepMoaHMHaMHIeckoM pacuere pabouero mporecca
YKa3aHHEIE OTKJOHEHHS HE MOTYT OBITh ONPEIeNEHHl, MOITOMY OHH
VYUHTHIBAIOTCH Ha OCHOBE ONEITHHIX NMAHHBIX IyTeM BBeJeHHS Ko3¢h-
duuHenTa NoJHOTH HHAMKATOPHON AHarpaMmel ¢

EE JETHPEXTAKTHEIX HBHraTeJIeH

Pi=QPm; (17.10)
I/ ABYXTAKTHBIX JBHraTesel
pi=pm(1—4) . (17.11)
rae ¢ — xo3hGHIHEHT NOMHOTE HHAHKATOPHOH AMAarpaMmbl
¢=0,92-+098;

W — OTHOCHTeJbHASA BLEICOTA OKOH B ABYXTAKTHBIX ABHraTE/IiX.

3HaveHns CPEHEro HHAMKATOPHOIO RABJIEHHHA (s Mlla) npH
ROMHHAJNLHOMA HATDY3KE AJd OCHOBHBIX THNOB NBHraTenei

UeTHpeXTaKTHEE AH3ejqH Gea Hajuysa 0
UeTHpeXTaKTHHE IH3ENH ¢ HaZNAYBOM e e e 0
JBYXTaKTHHE ABSEAH . e e 0
YeThpeXTaAKTHEE wawoswmeowmﬁm hm:am,.,mam c e e 0
UeTHpEXTAKTHLEG TA30BHE JBHraTelH . . . . . o = 0

IMpu skcnayaranun p; ompepensercs mno Qopmyne (17.1)
pi=Li/Vu=F[lm,

Jaia 370l Hean ¢ NOMOMIBIO HHAKKATOPA MOJAYy4aloT AeHCTBHTE/b-
HYI0 HHAMKATODHYIO ZHAFPaMMY, 3aTeM ONpPEAeNAT IIOollajnh ee
F=L; Janee F nenatrHaOCHOBaHHe IHarpaMmbl/=Vy; ¢ yueroM
amoE._.mam m. (MITa/mm) pesyabrar npeactaBaser cobol cpenHee
HHAMKATOPHOE LABJIEHHE, .
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Huduraropron U 3ihexTusnas MOWHOCTS
nopuiRessly OBuzarenet BHYTPEHHE20 C20PAHUS;
SKOHOMUYHOCTS pabouezo npoyecca

Pabora rasoB B efHHHLY BPEMEHH B UHIHHIDE ABHraTessl Hasbl-
BaeTcs HHIMKATOPHOHK MoluHocrbio N; Hagukatopuas pabora 3a
IEKJ B OJHOM LMJIRHADE ONPENeNsieTcs N0 ypaBHEHHIO

hn"ﬁhﬂ\m.
Hnnukatopuaa momuocte (B kBt) HBC ¢ yueroM TakTHOCTH

(2/i, i — unca0 TAKTOB), YACTOTH BpAIMEHHA KOJEHYATOrO BaJa
(n, o6/MuH) A uHCcHa UHIHHLPOB (2) ompejensiercs no GopMmyie

Ny=—tet 2, PiVun 2, (17.12)
103.60 & 10%-60 &

S¢pdexTuBHAT MOWMHOCTL HA Bajy ABHrarens N, 6yAer MeHbIIE
HHIMKaTOPHOH Ha BeJHYHHY MOUIHOCTH MEXaHHYECKHX NOTepb Ny

No=Ni—Ny. (17.13).

MomHocTs MeXaHHUECKHX IOTeph COCTOHT H3 MOUIHOCTEH, 3a-
TpauuBaeMuX Ha TpeHHe (Nip), HacocHme mOTePH (Nyac), IPHBOL
BCIIOMOTATEAbHEX MEXaHU3MOB (Npen) M IPHBOA HPOLYBOYHOLC H
HagpyBouHOro arperatoB (Npp)

?_.xuzqwl_lzmwnl*l?ﬂuo:l_ian? A_..N.“_.A.v

HanGonpmuMu NOTEpAME H3 BCeX CAaraeMuiX fABJASIOTCA HOTEPH
Ha TpeHHe NOPIUHA O CTEHKH LUMWJIHHAPA H B NOLIIHIHHKAX; TH IO-
TEPH COCTaBJAIT A0 75Y BceXx MexaHHKYeCKHX IOTEpb.

Auanorsuno cootHOmIeHHI0 Mexay Momuocramu (17.13) moxmuo
HaNHCaTh H COOTHONIEHHE MeXAY CPECIHMMH jAapjeHHsAiMH (puc. 17.6)

Pe=Pi—Pu, (17.15)

rae p.— cpenHee spexTHEHOE [1aB-
JIEHHE; Py — CPeAHee [aB/JeHHE MeXa-
HHUECKHX TOTEpb.

YCTaHOBNEHO, 4TO Py 3ABHCHT OT
THNA ABHraTeNd, cpeiHell CKOpOCTH \
mopmsas  (Cp), OTHOIIEHHS  XOAa N\ \
NOPHIHA K JAAMETPY  LBJAHHApPA 3
(S/D), uncna w pasmepa LHJIHHAPOB,
HATPYSKH H OT APYTHX (akropos.

[Ipunaro B OpaKTHYECKHX pacue-
TaX Py ONpeAeNiaTh [0 SMIHPHYEC- Vo Ve v
KHM 3aBHCHMOCTSM Buaa {ta6im. 17.1.) <

P

Fi
7
-
Pe

Pu

pPu=a+bCn A:‘ 16)  Pac. 17.6. Tpadmseckoe npen-
CTABJIEHHE CPefHHX AABJAeHHH Py,
To - 4HANOTHH € p; cpesuee weﬁmm. Pe B Pu B KOODAMHaTaX p—V
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Ta6aauma 17.1

Buavennst Koo PHUHEATOB ¢ H b 3APHCHMOCTH (17.18) pas ocHoBHMX THIOB
Jpurarenel ’

Kosthduupenrs
KoucTpyxrasuse xapax-
Tun psurartens TepHCTHKH 2, M2 5, MITa o/
YerHpexTakTHEe husenn w=1,7 m; 0,105 0,0120
HelocpeIcTBeHHOTO pi=0,1=-0,9 MIla
BNPHCKA
IpenxaMepuste zusenu Ornouenne ofveMa mpex- 0,105 0,0156
Kamepnl Vy x ofneMy ka-
MepH cxaTHs V;
VilVe=0,30
CooTHomIEHHE TPOXOANEIX 0,105 0,0138
ceueHuH
Fx/Fuop-100= 10,389,
Buxpexamepune nusenu Vi/Ve==0,75
fufFoop-100=1,9%
RapGopatopinie  xpura- |¢ z 1o 6 . 0,050 0,0155
TeJH S/D>1
czao8 0,040 0,0135
S/D<1

THBHOC AaBJEHHE MpPEACTABIACT cOGOH HEKOTOPOe YCIOBHOE MOCTO-
SINHOE NABJEHHE Ha JOPIEHb, KOTOPOE, AEHCTBYS HAa NOPUIEHD B
TEICHHE X078 PaCUIHPEHHs, COBepIaeT PaGoTy, paBHyIo adderTus-
HOlt pa6GoTe Ha Bany gBEraTens. Tagum o6pasoM, BripaxkeHHe sd-
(EKTHBHOK MOIHOCTH ABHIATENS MOXKHO SATHCATH 4HAJIOTHYHO
YPABHEHHIO HHAMKATOPHOH Mommocth (17.12).

N,= PVunr 2, o
103.60 §

Mexannyeckre noTepH Takke MOryT OLITP Y4YTEHH MeXaHHUe-
CKHM K. ., KOTOPHH NpejcTaBaser cofoll OTHOLIeHHe s¢hdekTuB-
HOH MOIIHOCTH K HHAMKATODHOM

(17.17)

=Ne _ P 17.18
Ty N o ( )

Yuurnpas, uro Ne=N;—N, 1 p.= Pi—pu, TOCHEAHEE YPAaBHEHHE
MOKHO NepenHcarh

N; P o L4 pu/pe )

3HaYeHHe MEXaHHYECKOro K.M.J. AJs PASIAYHHIX ABHraTe/ed
HpH_HOMHHANpHOH Harpyske msmensercst ot 0,7 go 0,9.

llokasatenu skonoMuuHoCcTH (Tabn. 17.2) B HHAHKATOPHOM H ad-
(exTHBHOM mpolleccax MOryT GHTh OLPENEiEHH H3 YPABHEHHA Tem-
JIOBOrO GanaHca ABHTATeNd: e o
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(17.19)

TaGauna 17.2
Moxasaresn SKOHOMHUROCTH LA PASAHMHLIX THIOB ABC

K m z. YpensHl ‘pacxoy Tomdnsa,
THI aBHraTens ) E.k,xm_.?a
| & | £e
Kap6GoparopHsie 0,22—0,38 | 0,18—0,30 | 0,228—0,305 0,286—0,3880
Jn3aenn 0,36—0,56 0,27—0,42 c._mhlcvw._h O.Mmmllﬁowmm
TasoBure 0,26—0,38 | 0,21—0,30 | 10380—12310| 12 970—15 390

wllx/(kBr-u)  |«dx/(xBr-4)

B HHAMKATODHOM MpoIecce
BQwni=AN;

B 3()(hbeRTHBHOM Npomecce
mo.mudm"hhb\ﬁ

rie B — pacxon TonauBa, Krfc; Qu° — HH3MAas TensoTa Cropanus
Tonn#Ba, KIK/KT; W;, N — HHAHKATODHHA U 9¢eKTHBHEIA K. 1. 1,;
A; — TeNIOBOH SKBHBAJIEHT eHHHI pabora (A:=1).

" JleBag yacTs ypaBHeHH# TemoBoro Gasamca (BQuPn: 1 BQuPy,)
IPEACTABJIAET COGOH KOMHUECTBO NMOJE3HO HCNOJB30BANHON TEIJIOTH,
TipaBast 4acrh Tex xe ypasHeHHd (A:N; u A;N) — tennorofi sksuna.
JIeHT CeKYHAHOR paloTH JBHraTes.

Hlcnosibsys moHsTHe YNEABHOTO PACXOKA TOWIHBAZ B HHEHEATOp-
HOM g H B 9Q(eKTHBHOM g, Npoleccax KaK OTHOIICHHe pacxozna
TOmAuBA B m uEpukaropHo# N; mau s pexTBROR N, MolHOCTH cO-
OTBeTCTBeHHO (g;==B/N; ge=BIN,), MoxHo Hammcats pacuerHLe
Gopmynnt nusi onpesenenus g; u ge

4;

& QPy 1y A v
A
=—f, 17.21
g QPy v, A v

MHARKATOPHE K 3Q(eKTHBHEN K. I 1. ABHTATENA ONpeAeasioT
H3 ypaBHeHHH

h .
= swhaw ; (17.22)

e 0L, ' !
el a2

TA€ po ~— IVIOTHOCTL BOSAYXa HPH [4BJEHHH M TEMAEPaType BO Bea-
ChlBalOIeM KOJJEKTOpe; wlo — meficTBHTENnbRENL pacxon Bo3myxa;
v — KO3(Q(pHUHEHT HanoAHEHHS; 1y =0,8--0,9.
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‘Onpedenenuc ocrosHbix pasmepos dsuzaresrs

OCHOBHBIMH KOHCTPYKTHBHHIMH pasMepaMH ABHTATeNs SIBJSIOTCA
AuaMeTp naaHEApa D u xox mopmus S.
Bripaxenne agdexTHrHOM MOITHOCTH Apurarens (17.17) moxer

6HTL HPeo6Pa30BAHO H SaNHCAHO CAEIYIOHMIEM 0GPazoM:
. ape D Cp 2

N, = Pe 3

4.108¢

OTcl0fa HENOCPeACTBEHHO CJeLYyeT YpABHEHHe VI onpefeaeHHs
AuaMerpa E\Emmhwm

D= _\ 410N, _ 35,69 _\lm,.pll (17.29)
TP Cm 2 PeCmz
NO&. NOPIOHSA Dﬂ@@hmhmwﬂn.m H3 OOOHEOEmENm
S=1D, ~ (17.25)

e 1p — OTHOLICHHE XOJa BOPIIHA K ZHaAMETpPY.

Nomn%wﬁ.mwmmm XapaKTepPHCTHKA 1 ABJIAETCH 33JaHHOH BeJHYH-
Hofl W MMeer ciefylollye sHaveHua: 1,4—1,756 pua CTALHOHADHELX
nuseqedt; 0,93—1,5 nJs. cymMOBHX H TENJIOBO3HEIX museneir; 0,7—I1,0
Ias aBTOMOOHIBHEIX ABHTATENEH.

MpEMep 17.1. Onpesennurh cpefyee HHAHKATOPHOE LaBJEHHe H HHIHKATOR-
HYK MOWHOCTh LIECTHUMINHEDOBOIC YETHPEXTAKTHOIO HH3eJbHOTO JBHraTels ¢ He-
1OCPEICTBEHHEIM BIIPEICKOM TOIMIHBA B UMAHHAD, eclH AkHaMeTp umawsipa D=0,15,
xox nopwHA S=0,18, yacrora BpalleHAs KoJeHYaToro sana A= 1500 o6/Mumy. L
JHILHDOBAHHEM JABHraTeNs TOAYYeHa HHIHKATODHAA JAHArpaMMa MIOWAAsc F==
=1,95-10-% M2, paunoi {=0,15 M mpu macwrabe pasnerifi m=0,6- 108 TIa/m.

Pewenue.

1. OnpenenseM n_umhmmm HEAHKATOPHOE JaBJeHHe

R Enhh.au-_aww;lwlé 0,6-108 == 7,8- 108 Ta.
@) Biiuncanem pabouui ofbeM nimmh.vm
oo Va= aw. $==F (0,15)%.0,18=3,18- 10 0,
m Inmobxz HHHKATOPHYIO MOLIHOCTh . !
Ny iV B 1810318100150 2 o p

10%.60 & o 10%-60 4

fIpumep 17.2, Onpefenurs 3 GeKTHBHYIO MOIIHOCTE AH3ENS H YAEABHBI
pacxoy, ToiiMBa B 3h{eKTHBHOM Dpouecce, eClH HHAHKATOPHHA =051 u HHs-
IIaA TEHNOTA CTOpaHHA AU3ENLHOrC Tonauea QuP=42,5 MJIx/kr. HE\_ PEIIeHHM
HCIIONBI0BATD YCJOBHE H pe3y/isTaTH BeiyHcAenH#t npumepa 17.1.

Peruerue.
1. mza=o=mms CPEeMHIOI0 CKODOCTD MOPUIHA

18-1
Crn = 130 = 2181800

30 =9 mfc,
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2, Haxoauy npuOauMeHHOe 3HAYEHHe CPSRHETO NABJCHHA MeXanHyeCKHX [OTeph
Pu=0,105+4-0,012C,,=0,105--0,012-5=0,213 Eﬂm

3. Cpexnnee athexTHBHOE AaBenne
po=pi—pu=0,78—10,213=0,567 MIla.

4, OnpegensteM 3bQexTHBHYIO MOIHOLTD
peVun 2 0,567-108.3,18.10-3.1500 2
g oy -— 6= 130 KBr.
Ne="Tp60 T° 10.60 4 K

5. BruHcaIAeM MeXanHueckui H s deKTHBHEM K. 1. K. ABHraTeqs L

TMw=pe/m="0,567/0,78=0,727; __

MNe=1"Mx=0,51-0,727=0,371. :

6. Ypoensuuit pacxojl TonauBa B adpdexTHBHOM npolecce i
A 1.3600

QPsm.  42,5.108-0,371

go= = 0,228 kr/f(xBr 1),

§ 4, Onommmmonax wmoo:ﬂ.o npouyecca rasoBbix ABHraTenei

Tasostie MOJH(HKANHA NOPINHEBHIX ABHraTelieH mmwemmmmoao
CrOpafiist HAaXORST NPHMEHEHHe B KayecTBe OCHOBHHIX H-BCIOMOra-
TeABHHIX arperaTos Ha KOMIIPECCOPHHIX CTAHIHAX zmwmoewmawmzﬁ

razQupoBoAOB, B KOMIIPDECCOPHBIX I€xXaX ra3o6eHE3HHOBLIX mmmohow.

B cHCTEMax ¢00pa K NPOMBICJAOBO NOArOTOBKH rasa, Ha npuBOLE
GypPOBHIX YCTAaHOBOK K T. [I.
OCHOBHEIMH BHIaM# TOIJIHBA, NPHMEHAEMHIMH AJA HOPLIHEBHIX

hmo HedTAHOA U rasoBOi UPOMBIIICHROCTH, SBAAIOTCS nwmwop-.

HBEIH, ONYTHHIE A CKHMKEHHBU rassl (rabua. 17.3).
Emmwohm:m rassl coCTOST B ocHoBHoM (90—=77%) mm MeraHa H

ux cBoficrBa OMH3KH K cBoficTBaM MeraHa, [lonyTHble rasnl TaKmxe-

B Ka4eCTBE OCHOBHOIO KOMHOHEHTa COAEpKAT MeTaH; CPaBHHTENLHO
HeGOABIIoe COMEPIKAHNE TSXENBIX YIVIEBOAOPOIOB OKa3LiBaiOT 3Ha-
ypTeNbHO® BJHAHWE Ha (PU3HYecKHe cBofictBa, Baxuelituag xapax-
TepHCTHKA TOIJHBA — TeMIepPaTypa CaMOBOCILIAMEHEHHS; OHa ONpe-
EeJAeT THN ABHraTells], THN SAXHUCANHS, IPHMEHACMbIH MPH HCTOJE:
30BZHHHM HAHHOTO TOMIHBA B JBUTATEJE.

l'asoo6pasHoe TOIAMBO, KaK H OGH3HH, XapaKTEPH3YeTCA BHICO-:
KOH TeMImepaTypoil CcaMOBOCINIAMEHEHHS, NO3TOMY NPHMEHSETCs
B ABHrarejsax ¢ BOCIJIaMEHEHHEM OT MOCTOPOHHEr0 MCTOYRHKA 3Hep-
run. Taxensle copra TOMJIHBA, HANPHMED AH3e/bHHE, XapaKTepH3Y-
IOTCA 3HAYMTENbHO MeHbUIEH TeMIepaTypoll caMoBOCHJIAaMeHEHHS H
NPAMEHAIOTCA B ABHrareJsaxX ¢ CAMOBOCIIAMEHCHHEM TCOVIMBa OT
cxatus (B IH3ENAX).

AHTHAETOHaUHOHHEE CBOHCTBA TOIVIHB OLEHEBAIOTCA OKTAHOBHIM
YHCJIOM, ONpeie/lFeMblM IIDH HCHOBLITAHHH HX Ha COELHAJBHBIX YCTa-
HOBKAaX B CTaHOAPTHHX YCIOBHAX, UeM BHIIE OKTAHOBOE YHCJHO
TOMJHBA, TEM BhHilIe €10 AHTHAEGTOHALHOHKOE cBoHCTBO. IIpHpoAHLLe,
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TaG6aunma 17.3

QcHoBHbe (PH3HYECKHE CBOACTBA [A30BMX M XHAKHX TOMJIMB

(P CTAHMAPTHBIX yCIOBHAX) =
Tonnugo
nunus.:!ml CHOHKEHERTH
Tloxasatenn npRpoAHbIE .,Mw_#n.smwwﬂ. a3 (OPO- | npsenppoe [GCHSHH abB-
Iraa (Meran)| ape yraeso- um%mmmmm. TONIKBO qoz.wm_maru
Bs | 50%)
TemnepaTypa camoBociiia-| 650 550—600 500 320—360 |550—600
MeHeHust, °C
OxraHoBoe yncio  (mo| 110 95—100 | 95—100 | 35—40 | 60—70
MoTopHOMY MeTojy), OU
IMnoraoers (B xr/m?):
B NapooGpasHoM coO- 0,68 0,80 2,16 — —_
CTOAHHH
B XHIKOM COCTOSHMH 415 — 532 800 750
M.M,Emvmewvm Hcnmapenud, [—161,4 -—160 10 270—300 1200—220
Huswaa  remiora cropa- 49,84 48,60 45,67 42,48 43,78
Hua, MIIx/kr
Tennora cropanma cmecu| 3324 3249 3475 3567 3580
TONAHBA C BO3LYXOM
(ce=1), xx/ M3

TIONYTHEE H CXKHIKEHHbIe Irashl [0 CPAaBHEHHIO ¢ KHJKHMH COPTAMH
TOINIHBA XapaKTepHsyioTci GoJee BHICOKHMH SHAYEHHSIMH OKTAHO-
BOTO YHCJa; C/IeOBATe/bHO, OHH MOTYT GHTh HCIOJNB30OBAHH B JBH-
ratejsax ¢ GoJee BEHICOKHMH 3HAUERHAME CTeNeHeR cikatusa, UeM
Bpllle CTeNeHb CXATHA ABEraTelst, TEM BEIHIE €ro 3KOHOMHYHOCTB,

MomHOCT NOPINKEBOrO JBHTATENS OPAMO IPOTIOPUHOHAMBEA
TeIVIOTe CTrODAHHA CMecH TONIHBaZ ¢ BO3AYXOM [cM. ypaBHe-
Hue (17.23)]. Temnora cropamna cmecH raso06PasHOro TOIJNIHBA
¢ BO3AYXOM MEHbIIe TeIVIOTH CTOpaHHA XHAKHX TOIIHB Ha 6—10%.
CrenoBaTenbHO, Npy neperoje nopmsesbx JBC ¢ XKUAKOro TOMIH-
Ba Ha rasoofpasioe Ges H3MeHERHs KOHCTDYKUMM H IPH LDOYHX
PaBHEIX YCJAOBHSX MOLIHOCTH HX yMeHbmrawrtcad Ha 6—10Y%. Ozunaxo
BO3MOIHOCTb. HCHOJb30BAHNA a3000Da3HOr0 TONJIHBA B ABHraTe-
JIIX -C MOBHINEHHOH creneHnio cxatud (e=9—I11) u mpaMeHeHHe
HajJyBa MO3BOJALIOT TIONYYHTH T'a30BHE XBHTATEIH ¢ MOIMHOCTHHIMH
¥ .-9KOHOMHYECKHMH .[I0KA3aTeNIMH, He YCTYNAIUIHMH XXMAKOTON-
JHBHEIM ABHCATENSIM. L _

B xap6ipaTOpHHIX ABHIATEJIAX NPH BOYCKE B LHAHHAD AaXKe
IpH caMbix GMaronpHATHHIX YCAOBHAX IOCTYNaeT ra3cKHAKOCTHAs,
6eH3HHOBO3AYLIHAA CMEChH; . HEHCIADHBIUHECS MKHMAKHE (paKIuH
CMBIBAIOT CMa3Ky .CO CTEHOK IMIHHApPA H, IPOHHUKAsA B KapTep, pas-
RHKAIOT MACAO,; BCISHCTBHE. HTOTO. YCHAUBASTCH H3HOC AETANEH IBH-
rateis H-COKpallaercs ¢cpoK CIyxkObl Macaa. - .- . -
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T'azoofpasHoe TOIKBO sABJAsAETCA G€330JbHBIM; B CMECH C BO3AY-
XOM TIpH BIyCKe B UHJHHAD OTCYTCTBYIOT HEHCHAPHBIUHECH XKHIKHE
GdpaxupH. 3To NPHBOAKT K YBeNHUEHHIO CPOKaA CIyXKOH Macna B ra-
30BOM [BHrateje, CHHXXEHHMIO H3HOCZ OCHOBHEIX JeTajeM, MOBEIIIE-
HEI0 MOTOPECYpca M HaJeXHOCTH rasoBOro JMBHraTead Ha 30—50%

"IIQ CpaBHEHHI0 ¢ XHAKOTONJIHBHEIM.

I'asoo6pasHoe TOIVIHBO HPHMEHAETCS B Pa3JHYHHIX MO KOHCTPYK-
mHEM # cmocofy ocyliecTBleHHA pabouero mponecca MOPUIHEBEIX
JBHTATesIX. B COeNHAJbHO CO3AABAEMBIX TIasoBHIX JBHraTeNiX,
npefHa3HaueHHBIX AJs PaGoTH TONBKO Ha Fa3oo0pasHOM TONNIHBE,
¢ MaKCHMAJBHEIM HCIOJAb3OBaHHeM BCEX €ro IMOMQXKHTEJIBHEIX Ka-
uect (pue. 17.7).

Takue ABHraTeJH 06Jafai0T BLICOKHMH MOIMHOCTHBIMH H SKOHO-
MHYECKHMH NMOKa3aTeldMH.

B «KOHBepTHBHBIX» JBHTATENsX, T. €. B ABHIaTeNAX, NpeAHAsHA-
weHHBIX AJ paboTH K4K Ha XHAKOM, TAK K Ka rasoofpasHoM TOl-
JIEBE, TIepexoj ¢ XKHAKOTO Ha rasoofpasHoe TOIUIHBO HE BBISHIBAET
KAKHX-Iu00 KOHCTPYKTHBHLIX Nepejes]ok Apurarens. IIpu paGote
Ha ragoofpasHOM TOIJHBE MABHraTelb DasBHBAeT MCHBUIYIO MOTI-
HOCTE, TaK KaK HOJOXHUTEJIbHEHIE KauecTBa mmmooavmm..momo TONJIHEA
HE HCIOJLIYIOTCS H TEIIOTAa CrOPaHHsA rasoBO3AYIIHOH CMECH MeHb-
iIe TemIOTH CropaHHd GeHsHHOBO3RYLIHOM.

B rasoBbixX ABHTaTeNAX TAK e, KaK H B XHAKOTOIVIKBHEIX, OCY-
leCTBISACTCS BHEIIHee H BHYTpenHee cMeceofpasopaHue. Doubiias

* m&@a . m&@a«
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o¥ M\
szl

~ax)
. .__|\J_I.+Eu
P o .
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Puc. 17.7. Cxema u paGounii npouece Puc. 17.8. Cxema u palounii npomecc
r430BOr0 IBHTATEA ¢ HCKPOBBIM SaMH- YETHIPEXTAKTHOrO Ta30[H3emId:

TraHHEM M BHEUWHHM nzmonomwmmommmx- I — cMecHTeNp; 2 — {opiyHKa; 8 — BOphICK
aM: . SanaAbROTO KHIAKOro TONAABA

! — cMecHTeAb, 2 — cBeua BSaMHIAHHA, J —
BNYCK rasoposfymHoH cmecy; 4 — BocmaaMe-
fieHHE 0T JJIeKTRHYESCKOH HCKPH
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Y4CTh. COBPEMEHHBIX Ta3OBEIX JBUraTelell BLINOJHEHA ¢ BHEIUHHM
cMeceobpasoBanneM. 310 CBA3aHO ¢ TeM, 4TO PR KHCUOJNL20BAHHH
BHEILUHETO CcMece00Pa3s0BaHHA BO3HHKAET BO3MOMXKHOCTb CO3HABATh
Ha (ase BEIIYCKaeMbX ABHTATEJEH, paboTaniuux Ha KHAKOM TOM-
JIABE, Ta3oBbie MOAH(HKAUHH, NpeNHASHAYEHHBE CNENHANBHO LIS
pa6oTsl Ha razo06pasHOM TOIUIHEBE, Kpome rtore, mogBaserca Bos-
MOZKHOCTB NPHMEHHTh TasoobpazHOe TOMIHBO B HKHAKOTONNHBHEX
ABUraTeNIix Ges HSMEHEHHsA HX KOHCTPYKIHH H C COXPAHEHHeM Cro-
COOHOCTH STHX JBUrateneil paborTaTh Ha KHAKOM TOIJHBE. [a30Bbie
ABHIaTeNd C BHEMIHHM. CMeceobpasoBaHueM BLINYCKAIOTCH, KaK Ipa-
BHJIO, 4eTHIPeXTaKTHHIMA. [IpHMEHATH BHellHee cMeceoOpasoBaHHE
B ABYXTaKTHLIX JBHIaTeNsx HellesecooGpasHe B CBA3H ¢ GOJBIIEMHE
OOTEPSIMH NIPH NPOAYBKe LHAHHAPOB ropmoueit cMecoio. [Ipd BHElI-
HEM cMeceo6pasoBaHHH XaBJeHHE Ta3a Nepef, CMEeCHTEIbHEIMH opra-
HaMH ABUraTefed NMOALepKUBaeTCA GIH3KHM K aTMOChEPHOMY, TeM
CAMEIM NPEAOTBpAIA€TCT yTeYKa rasa BO BHEWIHIOW CPeAy HaH
NPOHHKHOBEHHE BO3AyXa B rasQupoBOA,

[Ipn mRemmem cMeceofpasoBanuu TOINIHBHO-BO3ZYILIHAS CMECh
HNPATOTOBJISIETCA B Ta3’0BO3AYIIHOM CMECHTENEe HJH CMEeCHTeNbHOM
KJanaHe, HasHa4YeHHe KOTOPHIX COCTOHT B TIATENBHOM [EPeMeNIHBa-
HHH Fa3a H BOBAYXa B OoNpefeNeHHOR NPOmOPIHH.

B rasoprix ABHTraTeNiX HHSKOTO CXKATHA NPHMEHSIETCH SaiCH-
raiie OT SJEKTPHYECKOH HCKPH, OT PaCKaJeHHOTO ajeMeHTa (KaJo-
PH3ATOPa), OT NOHHINKA NPEAKAMEPH H (PAKETbHOE 3AMKHraHHe.
B rasonusessx (B JBHraTelsX BHCOKOTO CXKAaTHs) NpHMEHseTca
BoCluiaMeHeHHe oT (aKesa 3analbROTO XHAKOFO TOWiuBa, [asopLie
JBHI'ATeNH, CO3NAHHbIE HAa 0ase NBHraTeNell HKHIKOTO TOIIHEA HHS-
Koro cxkatus (I'as 51B, 3uc 156) ¢ BHemmumM cMeceoGpasopanuem,
HMEIOT CHCTEMY 3JIEKTPHYECKOro 3amuramug (cM. puc.. 17.7); razo-
'Bble IBHTATEJH, CO3JaHHbE Ha Gase AU3eieH, MOTYT EBMETb KaK HC-
KpoBoe samnranne (I'-10,5/18, I'-58, 6T'U-36/45 u np.), Tak 1 3a-
JKHranye oT (paKena 3amajJbHOTO XKHAKOTrO TolMBa (puc. 17.8, npu-
raresu B2-300-T'H, B2-450-T1 u gp.).

Ilpn nepeBofe Ausenss B ZBHraTelb ¢ HCKPOBEIM 3a)KHMaHHEM
CTeNeHb CKaTHsg OOHMHO CHHIKAETCS HA HECKOJNLKO EXHHHMIL (3a cuer
H3MEHEHHS PASMEPOB NMOPLIHEH HJIM TONOBKH 6a0Ka), GOpCyHKY 3a-
 MEHAIOT CBeYAMM B3aXKHFaHM{, YCT2HABJIHBAIOT CHCTEMY CMeceol-
PasoBaHus H rasonofayH. TeXxHOJOTHYECKH NepejeNka CpaBHHTENb-
HO npocta, HO JABHraTeNb COBEPIIEHHO Tepser BOSMOXKHOCTh Pabo-
TaTh Ha XHAKOM TomiuBe. IIpH mepeBofe AH3e]T HA TA300H3E/bHbI
IpoNece HUKAKHX M3MEHEHHR B KOHCTDYKUHIO He BHOCAT, JHIIb A0~
6aBAAIOT ra3oBEI CMECHTENb, KOTOPHH YCTAHABJIHBAIOT Ha BIYCK-
HOH BOBAYWHHIH naTpyGOK (y YeThlpexTaKTHHIX jusenel Ges Hagmy-
Ba). ¥ nsyxraktHhix (puc. 17.9) u YeTHIPeXTaKTHHX HH3eqell
C HajnyBOM YCTaHABJAHMBAKT la30BHI KJanaH, yepes KOTOPHE ras
BAYBA€TCS B LUMJHHAD mocnie nponyBkH. Taxum o6pasoM, mpu raso-
IuseNpHOM NpOLEcce B UHMKHAD ABUraTeNd NOZACTCH HE BO3AYX,
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KK B OOBUHOM AH3ENe, a Ta30B03- g Ausenshts

' papynn
IylIHas cMmech. B xornme CHKaTH au,w_ i ez
TEeMIepaTypa rasoBOSIYHIHOH cMe- : I\J._ @\Ir_.\ Binaycx
CH HeJOCTaTOYHO BHICOKA JJIA Ca- Basiyz

MOBOCIJIAMEHEHHS], HO OPEBLILIAET
TEMIepaTypy BOCOJA2MeHeHHS [H-
3eqaLHOTO TomaMBa, TloaToMy 3axH-
raHHe TasoBO3AYIIHOH CMeCH NpH
ra30H3eNLHOM NpPOLECCE OCYLIECT-
BJdeTcHd BOPLICKOM B KOHIE CXKa-
THSL HeOOABWIOH MO3H NH3ENBLHOTO
TOIIHBA, KOTOPOE, BOCILIAMEHSSACE,
3a)KuraeT Ta3oBO3AVIUHYI CMECh.
Buprick 3amalbHOTO XHAKOTO TOH- . .
JHBa MOMET  OCYLIECTBASTBCS T v
OOLIUNOK JAH3eNBHOH anmapaTypos. 4 mo-
B o1oM ciyuae gemrarens coxpa- b 179, Cxews w pacous mo-
HAET BO3MOKHOCTD GEHICTPOro nmepe- roni:

X0Fa Ha IH3EJbHOE TOINIMBO B g — patounn HPOLEce TAZOAM3eNT; 6 —
SKCIYATALHOHABIX YCIOBRIX. rasomil ST ¢ Mcxpomun Sk

MunaManibHOE KOJIMUECTBO 3a-  amenpa BosnyxoM: 2 — BOYCK raaa; 3=

MAJLHOTO JKHIKOTO TOMIHBE, 06EC: 5 pumiehems, o7 Mekepiiecsol scupi
NeYHBAKollee YCTOHUHBYIo paGory nuea T
JIBHTaTeNs, ONPEneTseTcs Xapakre- .
PHCTHKOH YCTAHOBJAEHHOH HA HeM TOMJIMBHOMN annaparypel. B Kon-
BEPTHBHOM JBHTaTe/]e TOILIMBHEIE Hacoc HOJMXKeH o0eCHeuHBATDH
I0jaty Taxoro KOJIHMYECTBA TOIMIHBA, KOTOPOE HEOGXOLHMO AJIs Da-
GOTH Ha MHIKOM TOWJHBE IPH HOMHHAJLHOMN Harpysxe. MuraManp-
HO€ KOJIHYeCTBO 3aNalbHOTO XKHAKOrO TONJIHBA, KOTOPOE TAKOH Ha-
€OC MOMeT YCTOHYMBO MOAaBaTh, cocrasager 20—25% ero HOMH-
HalbHOH mofaum. Ilpn MéEHbedl Hojade BOSMOXKHA HepaBHOMEp-
HOCTb H NPOMYCK B TOJAYaX OTHENBbHBIX CEKIHH MHOTOIJIYHMEPHEIX
HacoCOB. : : :

Ecin xe na jABHrartese yCTAHOBHTb CEUMANBHEE TOIMHBHEI
Hacoc A/ BOPEICKZ TOMBKO 3aNa/bHOTO MUAKOTO TOIVIHBA, TO YCTOH-
4MBYIO paboTy JIBHIATENs MOMKHO HOAYYHTH NpH nogaue 5—69% ko-
JIMYECTBA. MHAKOr0 TOIVIHBA, HEOOXOAHMOTO AN PABOTH TOABKO HA
HKHAKOM TONJIHBE NMDH HOMHHAJIBHOH Harpyske,

§ 5. Bpenuble BpIGpoCcH ¢ OTPAGOTABIIMMH rasaMu ABHTATEJei
BHYTPCHHETO CrOPAHHA M MEPHl 0 MX YMEHEHICHHIO ‘

Cunraercs, 4To ABHTATENH BEYTPEHHEIO CrOPAHHN — OCHOBHEE
BATPSSHUTENH BOSLYMHOro Gaccefina. Ecnu K Tomy ke yUecTh, 4To
OCHOBH&A Macca oTpalOTaBUIAX rasoB OT aBTOMOOHJell BHIGDACHBa-
€TCiL B rOPOJIax Ha ypoBHe pocta 4esioBexa (ocofenHo gerefl) u OHH
He pacceHsaioTcsd Ha GoJiblIHe PACCTOAHHA, TO Gopula ¢ BpeIHLIMH
sui6pocamu or JIBC cranoBuTCs BeCbMa AKTyaJsbHOM. ,
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B otpaGorapmux rasax ABHTaTeJed coNepX’arTcs caxa (TBepabLH
YIACPOL), KOTODAs SABJSIETCH MOMIOTHTENeN ‘TOKCHHIY B TOM YHC-
am-.mm::m%owmmmzw BEIUECTB, OKHCIB OKCH/IB) a3oTa NO,, yryieso-
-AOPORE LnHy okHeh (OKcHN) yraepoga CO, a apH paGoTte Ha 3TH-
JIHPOBAHHOM GE€H3HHE — TOKCHUHEIE ‘CORNHHCH S cBHHLA. Cofepxka-

ABHrATEJI, €r0 TEXHHYECKOrO COCTOSHH
A H DeryJEpPOBKH
PaGOTH, BHAA TOILIHBA H AD. pEryIHp > peminia
Kouuentpauns rtokcuunpix KOMIOHEHTOB B CyXHX OTpafoTas-
IIAX rasax OUEHHBAETCS B OGBEMHLIX NpoHeHTaX, MUNIHOHHLIX jo-
JISX N0 OGBEMY H B MUNIHIPAMMaX Ha 1 i

a—
Cogepixanne TOXCHYHRIX - KOMIIOHEHTOB B OTPaGoTaBnIHX rasax

JBuratens c.
Oxcun yraepoxza CO, a\m S h_mmmaw KapGoparopus
Okcugn  azora NO. % . . . . L o.mm m.o
¥Yraesonopouy, L ) 0,04 Q_Mm
Huoxen ~ cepw, oo 0,04 0,007
Cawa, wrfn . ", T L 0 0,30 0,05

]

rateneil 3aBHCHT OT cane .
asora. ACPIAHUA B HHX OKCHAA YIVIEPOAA H OKCHIOB

o B yenoBusx memocrarka KHCIOpoRa B pabovedl cmecH MaAH mio-
TO CMeceolpasoBanys BO3MOXKHA HemouHoTa CrOPaHHA TOWIMBa

Moﬁmmm% NpH paGore Ha GoraThx cMmecsx, JH3enn ra Bcex pPexH-

amx vOmOo,_,an OPH 3HAYHTEABLHOM U3OLITKe BO3AyXa, MO3TOMY Bhi-

Ewmo% €O w wﬁw HEBE/IHK, HO 3HAYHTEJBHO CONEPKAHKE B oTpaborag-
4X YIJICBOHODOLOB H OCOBEHHO CaxKH, KOTO :

BAET ALIMHOCTS BHIXJIONA. o paz o0yeonma-

mmabam YMEHBLIUEHHS BPEAHEIX BHGPOCOB HeOOXOMHMO yayauraTsh

ECTBO IOATOTOBKA TOIHBOBOSYLIHOMN cmecH, ofecmeuuty pas-

qo:axmmnwmnmnow,mmm%mauw.mpx
moamwwﬁm -
rene B ] A PEXHBAHHA) Ia30B B ch
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Bce Gostee wHpoKoe npHEMeHeHNE HaXOLHT <HOXKHraHHe» OTpabo-
TABIUTHX rasoB, obecmeuHBaiollee BHICOKYIO CTENEHb HeiTpaJiH3allHi
NO,, CO u C,H,. ApToMOGHIIbELE IBRTaTeNH NEPEBOAAT Ha pabo-
TY Hd CEKHXeHHBIH ras, cnupT; BeAyTCAd HCCAEAOBAHHA M0 IEePEBOLY
IBHraTenell Ha BOJOPOLHOE TOIIHBO.

§ 6. Ocolennocty sxcnayatauuy nopumesHx JBC B HedTanoi
H ra3cBofi NpOMBINIEHHOCTH

Hau6oasme# cneuunduyHocTeio yenoBrit paboTs XapaKkTepusyer-
Cd IpHMEHeHHe NOPIUHEBHX [ABHraTelefl BHYTPEHHEr® CropaHH:T
B OypeHHH H Ha KOMIPECCOPHHIX CTAHUHSIX MATHCTPAJAbHBIX Fa30Mpo-
BOJIOB.

OcHoBubie onmepaunn GypeHHs — cOGCTBEHHO MeXaHHueckoe Oy-
PeHHe, CIYCK H NOABEM HHCTPYMEHTA. DHEProeMKOCTh ONMPENe/serca
MOJIHOCTDIO NpPHBOAA, HeoOXONHUMOH AJisA COBEPLIEHHS OIepanHH.
MomHocTH it MPHBOJA OCHOBHHIX MEXaHH3MOBR tpH GypeHHH 3a-
BHCAT OT pexuMa OypeHus -(oceBas Harpyska, KOJHYECTBO H Kaue-
CTBO NOZaBaeMoro GypoBOro pPacrsopa, YacToTa BpallleHHs poTopa),
THIA H pasMepa A0J0Ta, QHIHKO-MEXaHHUECKHX CBOHCTB NPOXOAM-
MBIX MOPOJ, KOHCTPYKUMH CKBAXKHHE H GypPHJBHOH KOJOHHBL (ray-
CuHa GypeHHs, NHaMeTPH CKBAaXHHH H OYPHJIBHOH KOJIOHHH), Ha-
3emMHOro 06GopyAoBanEs (THHE! 6YPOBEIX YCTAHOBOK W GYPOBHIX Ha-
COCOR).

B Gypenun BOSMOXKHBI CAEAYIOLIME DEKUMEl PaGOTHI ABHTATEJEH
BHYTpeHHEro CropaHHs: XOJOCTOH XOJ Ha MHHHMAJbHOM CKOPOCTHOM
pexHMe, TOJNePKHBAEMOM BCEPEXHMHEIM PeryJIaTOpoM, IIPH X0J0-
CTOM BpallleHHH Ha3eMHOr0 O6OpYINOBAaHHS, NPH COBEPUISHHH pas-
JHUHLIX OMepalki OypeHHs, NpH meperpyskax.

HBurarens pa6oTaer Ha X0JIOCTOM XOAY HJH IIPH XOJOCTOM Bpa-
IeHAN Ha3eMHOrO OGOPYNOBAHHA HA MHHHMAJbHOM CKOPOCTHOM pe-
JKHMe yalle BCero B 3HMHee BDEeMA NIPH OePepHBAax MEXIY onepa-
uusaME OypeHHs WJR TPH Nepexolie OT OXHOH OmepaluH K APYyroi
¢ nmepeMeHOH paboralompx asurartenel. IIpH XOJIOCTOM BpaulgHHH
HazeMHOro oGOpYAOBAHHH ABHTaTeNb pafoTaer Ha MaKCHMAalIbHOM
CKOPOCTHOM peXHMe BO BDeMs OCYIIECTBJAEHHS BCIIOMOTATENbHBIX
MalIHHHO-PYYHBLIX ONepanil ¥ cMeHe HHCTPYMEeHTa,

Pexumul paGoTel OBHraTe s BHYTPEHHEro CropaHHs B Gypemdu.
clielyeT pacCMAaTPHBATL C TOYKH 3PeHHA CHEeUH(HKH OCHOBHHIX ome-
pailuil Ha NPHBOAE OCHOBHHX yCTPOHicTs GypeHHA: IPH POTOPHOM Gy-
PeHHH — NIPHBOI pPOTOpa, AebeikH H 6YPOBEIX HACOCOB; NPH TYpPOHH-
HOM 6ypeHHH — TpPHBOYX OYPOBEIX HacOCOB H JeGeJKH.

[lo sHEproeMxocTH H crenH(HINOCTH pexuMa 0T6opa MOLIHOCTH
H KDYTSILIEr0 MOMEHTA HAHOOJDBIUHA HHTEpPEC NMpPEACTABNAIOT PeXKH-
Mbl pafOTH ABHraTellss BHYTPEHHErO CTODAHHS HA NPHBOAE POTOPA,
6ypOBHIX HACOCOB IIPH TYPOHHHOM OYpEeHHH H JebeiKu.
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ﬁo._.wmwnmaz 0TOOPa MOIHHOCTH o KPYTAIEro MOMEHTA Ha HPHBoAe

0 mm .m@.&oﬁq OT BTMHAMHKH paBoTH Gyposoro HHCTPYMEHTa, on-
pen, 1AEMOi pusHKO-MeXaHHYECKHME CBOHCTBAMYU MOPOALI, THHOM
%_ﬁmmmmzoﬂo JAo0JIoTa, ero noaavel M yacToTof w@mEmmmm.

" €H3MeHHH | pexuM orbopa KPYTAILErO0 MOMEHTA HA NpPUBOLE
Wo Pa IpH MOCTOAHHOH YIMOBON CKOPOCTH Xapakrtepusyerca pa-

HCTBOM MOMEHTA, NPHIOXKEHHOro K POTOpPY, H MOMEHTa COmpo-
THBJEHHH Mpo,=M,. : :
. .mmﬂnnamhommmmm TIOKaSLIBAIOT, 1TO POTOPHOE GypeHHe COIIPOBOMK-
AACTCl BHAUUTCABHEIME KOJNEOAHHIMH MOMeHTa COTNPOTHRJGHHS H
hawmmenaw paboTaer npu HeycranoBHBLIelics Harpyske. .

o ommEmmmEm ABHrATENH BHYTPEHHETO CrOPAHHS Ge3 ClemHaNbHbx
Wﬁ% HCTB HMEIOT JKECTKYIO XapaKTePHCTHKY, MO3TOMY YMEHbIIeHHe
| YBEJIHYCHHE MOMEHTA CONPOTHBIEHHS HPHBOAHT K aHaJIOTHTHO-
My MSMCHEHHIO MOIMHOCTH JBHTaTes,
ﬁmown“wmwmwwm XaPaKTEPUCTHKH HEYCTAROBHBILEHCs HATPY3KH — fe-

CTOTa H3MEHeHHA HarpyskKH H
v e acTo a _ ¢renedb HepaBHOMEPHO-
Crenens HepasHoMep _
HOCTH HarpyskM, XapakTepHaviomia
HEHHE MOMEHTA, ONpeNenserca o eov_é\.am : prieyloma m e
@Jl..l Eaﬁﬁlaa_ﬂ Mba

Eﬂb = \Enﬁ ! . ﬁ.—\N.M@V

2

Exlmznhmdﬂmmoamm A
: mmmmmwwemEmonoammemoa -
HO €ro cpefHero sHaueHHs M.p. ‘ HOCHTeJIL

MrroBenHoe 3naue
HHE KDYTAIEro MOMe
JIIeTCA U3 ypaBHEHHS Y HTa Ha poTope ompeje-

M= Eusﬁ 1 +W sin amv . (17.27)

]
\.Samw" %ﬁuu*.'.mlvw \Ea_n” ouA I.rw.v,

TAE M — KPYroBas YacToTa Ha3MeH | .
€HHS HATDYSKH, #—= 1 T —

PHOL H3MEHEHHS HarpysKi. PYSIH, M =2m[T; T — ne-
o Mwnamhommmmm NOKA3BIBAIOT, YTO CTENeHb HEPABHOMEPHOCTH Ha-
r %.8 IpH POTOPHOM GypeHHH H3MEHACTCH B npexenax 0,15—0.5
COOTBETCTBYeT KOJIeGaRusM KPYTAILero Momenta M _\E =
”H._mllfm.w. max tin =
VsMeHeHH MrHOBEHHEIX SHAYCHHEl MOMEHTA CONpOTHBJeHHS Ha

avmmohmaw@owzmmmnonowmmm .
‘ H\HOM.H.H c
NaBJeHus Of KOMeGaHHA uX mopauu K

&m"MALoLBme.. DEuxnlh v\A Pmax . Cmax

Pmin QE:._ Pmin QEE

+1 v . (17.98)
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3HaueHus ‘cTeNeHH HepaBHOMEDHOCTH HAarpy3KH Ha mpHBoge Gy-
POBHIX HacocoB Haxousrca B uHTepmage 0,156—0,34, gto cooTBeTCT*
ByeT KosnebanuaM MoMeHTa Mmax/Mmim=1,17—1,41. B cinyqae ycra-
HOBKH B LUJHHApPaXx OYpOBOro Hacoca pa3JHYHEIX IO PasMepy Bry-
Jox (Hanpumep, 170 1 150 mM) cTemeH»r HEPaBHOMEPHOCTH BO3pac-
Taer po 0,5, )

Pexum orGopa KpyTslIero MOMeHTa Ha INpHBOJe JAebeIXH BO
BpeMsi NOABEMa XapaKTepHsyerTcAd TPeMs MNEPHORAMH: HAYaJLHEIM
MOMEHTOM MO[’beMa, COGCTBEHHHM «UYHCTHIM» TOAbeMOM BQ BpeMd
PaBHOMEPHOTO MNOJABLEMAa HHCTPYMEHTa, TOPMOXKEHHEM.

HauaapHEi MOMeHT HOLBeMa XapaKTepDH3yeTcd BO3DACTAHHEM
CKODOCTH MOABEMa OT HYJS O HOMHHAJIBHOrQ sHaueHHd. Uepes He: -
60MBIIOH MPOMEKYTOK BpeMenu {3—5 c) ycraHasjuBaercs PaBHO-
MEpDHH OOJ'LEM, XADAKTeDU3YeMEH [HHAMHUECKHM paBHOBECHEM
CHJI, DPHAOXKEHHHX K TpySam. IIpH TOPMOXKEHHH CKODOCTh NOLbeMa
YMeHbUIaeTcy 0T HOMHHAJBHOrQ 3HAYEHHS IO HYJIL.

Hanbosnbinee sHaveHHe KPyTALIEro MOMEHTa COOTBETCTBYeT Ha~
YaJbHOMY MOMEHTY IOX’beMa. 3aMephl KPYTSAILEro- MOMEHTa Ha HpH-
Boze JeGelKH B HAaUaJbHEIH MOMEHT NOLbeMa NOKa3LIBaIoT, UTO Nyc-
KOBEIE MOMEHTH MOTYT NpeBHILIATh HOMHHAJAbHEE B 1,6—1,8 pas.

Pa6ora npuBoja JeGeAxH XapakKTepH3yeTCH YAacTHIMH (KaxKihe
1—1,5 MHH) DyckaMH TON HArpy3kof, KpaTKOBPEMEHHbIMH Naysa-
MH H, pesepcaMd. Taxoll pexuM Moxer Aaurhed vacamd, OOwee
YHCJAO IHKJIOB MPH 6YPeHHH OZHOH CKBAXKHHH MOXKET LOCTHIATL HE-
CKOJIBKHX JeCATKOB THICAY.

[Ipu nukBUAaUEE aBapuil U pacxaxHBaHHW 06CcalHEIX TPYO, NpH
HX CHYCKE BO3MOIKHE 3HAYHTE/JbHEIE Heperpy3kH (mo 2 Miuoyx) IpR
BechMa MaJBEIX UaCTOTaX BPAlLIeHHS WCHOJTHHTEIbHBIX JBHraTeel,

CTaTHCTHYECKHE JaHHBE CBHASTENBCTBYIOT O TOM, YTO NPH TpaH-
CIIOPTHPOBKE rasa BO3MOXKHHL 3HAYHTE/bHBEIE KOJe0aHHA B NOLaYe
ero no rasonposony. OcroBROA npuuuHO, onpefensdiouiell nepeMeH-
HYI0 OPONYCKHYI CROCOOHOCTH MATHCTPaJdbHEIX TasoNpOBOAOB. H,
CIeNOBATEALHO, NepeMeHHHH penM paboTH IHEPrONPHEBOLA KOM-
IPeCCOPHHX CTaHLHUM, ABJAseTCH HePABHOMEDHOCTh ra3onoTpebaeHus.
Kpome Toro, nepeMeHHas HPOGYCKHAS CHCCOOHOCTL I'a3OHpPOBCILOB
00yClIOB/I€HA H3MEHEHHSIMHK COCTaBa ras3a, ero COCTOAHHSA H Xapak-
TEDHUCTHK. ’

Iasz BeiGopa BHOA SHEPTONPHBOAA, €r0 MOIIHOCTH BAXHO 3HATH
XapaKTePHCTHKR TepeMeHHOro pexumMa paloThl FasonpoBoga. Ha-
BeCTHG, UTO KoNeGanus THAPAaBJHYECKOH MOIHOCTH IasonpoBoja —
COOTHOMICHHEe HaHOOJbWeR Npmax H HaHMenbllef N, min — CBSISAHEE
C XapaKTePHCTHKOH nmepeMeHHOTO: pexkuMa (B) ypaBHeHHeM

e ) (17.29)
EuEm: _Tl.m

BespasMepras XapakTepHCTHKA MEPEMEHHOrO pexHMa P mHpef-
cTaBiger co0ofi OTHOCHTENBEYIO. BEJIHUHMHY AMINTHTYAH KoJaeGaHds
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TIPOUSBONHTENLHOCTH; A5 AHCTBYIOIIAX Ira30NPOBOLOB OHA H3MEeHs-
eTcid B npexenax f=0,10—0,20. Sromy COOTBETCTBYIOT KOJIeGaHHS
THIDABJIHYECKOH MOIIHOCTH TI'a30NPOBOJOB Np maxfNp min=1,83—
—3,66. Taxum o6pasom, ABHraTeqH SHEPronpHBOJa rasonepexKayn-
BalOI[HX arperaToB AO/KHBI GHITH PACCYHTAHE Ha [epeMeHHElH pe-
UM HArPYSKH, a eJHHHYHbIC MOIIHOCTH arperaToB yCTAHOBKH IIO-
noGpansl TaKHM 06pasoM, 4ro6M Ghlia BO3MOKHOCTh CBOOOIHOTO
MaHEBPHPOBAHHS HX YHCJIOM,

DKCIUIyaTaunoOHHEe KAYeCTBa NOPIHEBHX IBHraTeseil BHYTDEH-
HETO CropaHHs ONEHHBAIOTCA M0 HX XapaKTePHCTHKAM, Cymecrayor
Pasiiiubie XapakrepucTuku JJBC — cKOpoCTHHIE, BHHTOBH, Harpy-
S0UlLIe, YHHBEPCANbHE, PETYNHPOBOUHEE H xAp. HanGombmree pac-
dpOCTpaHeHHEe MONYYHAM CKOPOCTHHE XapaKTePHCTHKH. OHH 1aI0T
NPEACTaBJIeHEC O NOK43aTeddX PafoTH ABHraTels {3t dexruBHOH
MOWHOCTH N, BpyTamleM MOMenTe M., yAeabHoM pacxoie TORJHBA
ge H 7. A.) B 3aBHCHMOCTH OT H3MEHEHHS YaCTOTLI BpallleHHs] Ba-
Ja 1. ITH XapPaKTEPHCTHKH IOJYYaioTes OPH TPENRNLHOH, MaKCH-
MaJbHOH NOJAaue TOIVIHBA MJIM TOIVIHBHO-BOSAYLIHOK CMECH W npu
I0jauax, MEHBUINX MaKCHMaJbHOH. B COOTBETCTBHR ¢ 5THM Xapak-
TCPHCTHKH HA3EIBAIOTCH BHEIUHHMH H YaCTHYHEIMH, HJH APOCCENb-
HBEIMH. _

Taxum o6pasom, mosie BOSMOMKHBIX PEXHMOB ABHraTeneil BHYT-
PCHHEr0 CropaHHd OTDAHHTHBACTCS KDPHBOH MAKCHMAJIBHO BOZMOMK-
HOr0 MOMeHTa (MOLIHOCTH) 1O BHELIHEeH CKOPOCTHOIX XapaKTepUCTH-
K€ H OpIHHATAMH MAKCHMAaJBHOH H MHHEMAJBLHON YCTOHUHBOH uac-
TOTH BpaIIEHHA KOJIEHYaToro Bada (puc. 17.10).

YCTaHOBHBIUKMCS CKOPOCTHOH DeXHM ABHIATeNs OnpeneNsercs
YCJIOBHEM paBEHCTBA JABHXKYLIEr0 MOMeHTa ABHraTesisi M. H MOMen-
Ta conporupiennui Mc (puc. 17.11). Ecam BenenctBue H3MeHeHAs
ORHOTO HJIH HECKOJbKHX ()aKTODOB (KPENOCTH MPOXONUMELX JOJOTOM
TOPHELX NIOPOX IIPH DOTOPHOM OypenHH, H3MEHeHHs THJPABIHIECKOrO
COIPOTHBJEHHA CHCTEMH UHDKYJIAUMH GYpOBOIO pacTsopa H T.n.)
HSMEHHTCH MOMEHT CONDOTHBJIEHHH (CMeCTHTCH BBEDX — IYHKTH]-
Hast JIAHHs), TO HOBHIE CKOPOCTHON peXHM ABHTaTelNst YCTAHOBHTCS
18 yCIOBHA HOBOTO DABEHCTBA MOMEHTA JBEFATENs MOMEHTY CONPO-
THBJICHHS. YKasaHHOe H3MeHeHHe M, CBSI3aHO C H3MEHEHHEM TacTo-
THl BpalleHHi KOJEHYATOTO Bala JABHraTeNs HA BeJHUHHY An
{puc. 17.11,1}. TIpu MeHee BHIpaxeHHOM najeHud M. wuaMeHenne
HacTOTH BpAlleHHs BaJja JABHTATeN CTAHOBHTCH GOJIBILIE {Ans).

LIpH HEKOTOPHX YCHOBHAX PeXHM PaGOTHL ABHMATENs CTAHOBHTCS
HEYCTOHYHBHIM, KOrZAa CNPABA OT TOUKH NepeceueHHs JHHUH MOMEH-
T0B M. u M. (Xapaxtepucruka 8) Aunna M, aMeer Goublne opzu-
HaTLl, YeM JHHHA MOMEHTOB CONPOTHBIeHHH M.. B sTom cllyuae npH
HEKOTOpOM yBelHYeHHn M., XxoTa Obl odyeHp HeGOMBIIOM H CBY3AH-
HOM C S5THM YMEHBIICHHEM 7, PasphlB B 3HAUEHUAX MOMERTOB BCE
YBEIUIHBALTCA TI0 Mépe OTXOZa OT NEPBOHAYABHOFG CKOPOCTHOTO
PEXHMA U, €ClM He BOSJAEHCTBOBATH Ha OpPraH YNDABJEHHS, JBHTd-
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; . 17.10, Toxe Bo3aMOMHEX pexuMoB  Puc. 17.11. CpaBHETeNsHAs oHeHKa Xa-
M%%Emmmmx JABC: d paKTepHCTHK nopwHebnix [IBC

1 — puemmas xapaxkrepueThxa; 2, 3, 4— ya-
CTHYHHE (Opoccenbible) XapaKTepHCTHKH

Mg Ne §

m
E=3r =

Pre. 17.12. OcoGeHHOCTH BHEIGHHX M UACTHYHBIX XapaKTEpHCTHK AH3e-
as (1) 1 xkapGopatoprore asmratens (2)

. _2m
Me

Puc. 17.13. Ipaduueckoe ompe-
Zencrne M, no xapaxTepHcTHEe
JABHCaTeNA - o




Telb OCTaHOBHTCH. [Ipu yMmeHbmIEHHH MOMeHTa conpoTmBieHul M.

ABHrarTeJp HOHIET BpasHoc. ,
Huis1 oneHKH yCTORYHBOCTH peXkMMa PabOTH ABHCATEA HCHOMb-
SYI0TCA CHIEAYIOLHE XapaKTePHCTHKH: (aKTop yCTOHUYHBOCTH F, H

mow%emnmmmﬂ apucnocobasemoctn K. *

aKrop ycroduusocTi pescuma paboTH IB
. HraTejs — 310 OTHO-
WMmmm AncGananca A{AM)=AM—AM. (pasHOCTb H3MEHEHH{ MO-
e HTOB CONPOTHBJIEHHH M ABHIaTeNs CPABHHTEILHO C YCTAHOBHBE-
HMCHl) K COOTBETCTBYIOLUEMY OTKJIOHEHHIO YACTOTHI BpallleHUsT OT
ycraHoBHBLIErOCA (cM. puc. 17.11)
Fy= A(AM) _ AM,—AM,
An An

: (17.30)

Xapakrep CuJs, MOABHBLIAXCA IDH BHBOAE KOJEHUATOrO Bala H3

COCTOAHHUS D@MNmOwMﬂOﬂO BpallcHNA, chopepensercd 3HaAKOM h_u.n.
m e e
CJIH An V An ! TO XapaKTepHCTHKa oonﬁo‘wmmhmmm& Kpyue

XapaxTCDHCTHKH NBHTATENA H PEXUM ycTOHUHB. PAKTOp YCTORYHBO~
CTH IIPH 3TOM HOJIOXKHTEJNEH H JBHIaTeNb HMEET HOJOKHUTEALHOE ca-

A
MOBLIpaBHHBaH#e. Ecay me an < M\mm_ To Fp<C0, pexum meyc-

p - CpaBunTensHas OLEHKa yCTOHUHBOCTH DEXHMOB paboThi Kap-
I0PATOPHLIX ABUTATENEH M JH3ejell MOKA3HBaeT (pHc. 17.12}: npu

.gaﬁ o)
331 2600
309 \uule!lm-n.l.lxlll.xIN__....m
SR i
P - e 2200
..Y
230 i n@
— M, ..I/ 260
221 ” \\ 1800
1911, J 1569
g, fkBr-u d,f.// 1400
R )
245 oL 1200
g~ = Y
217 1000
900 7000 7400 7200 1500 7400 7500 7000 1, ab un
82-400

Puc, 17.14. Buemnss xapakrepucTuka iuaens B2
TOPOM MOAAYH TOIVINBA M §3 KOppexTopa:

N: B My=—c kopperTopom; N, u M; — Ges KOppexTopa; & H gz —
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-400 co cmeuHanbHHM KOppex-

YReAbHBIE pacxol, TOmAHBA

padoTe M0 BHElINei XapAKTEPHCTHKE DEXHM KaPOIOPATODHOTO ABH-
TaTesis yCTOMYHBEE; IO Mepe Hepexo[a OT BHEUIHeld XapaKTepPRCTHKH
ila uacTHUHHE (HPOCCeTbHEE) YCTONYHBOCTh PeHUMA PaGOTHl Kap-
SropaTopHOro ABHraTesA MOBLILIAGTCS, ¥ AH3esell Mepexoi C BHeil-
Hefl XaPaKTEPHCTHKH Ha YACTHYEBE NOYTH HE BJAHACT Ha YCTOHYK-
BOCTb pex<HMa, :

Koad¢uuuent nprcnocofuseMOCTH ONpefelseTcd Kak OTHOLIe-
HHe MAKCHMAJIBLHOrO KPYTAILIEro MOMEHTa IO BHEIHeHl XapakTep-
CTHKe K KPYTALIEMY MOMEHTY INPH 4YacToTe BpallleHHs, COOTBET-
cTByOmiefi MAaKCHMaJbHOMY  SHAueHmo MouwHoctH  N.=max
(puc. 17.13) :

Nﬂn“.&:sm gmk\b\.—m N =Tax. HM.N.WHV

s kapGopaTopHEIX ABHraTenell koadduuuenT npucrocobase-
moct Kp=1,26—1,45; naa puseiefl 6es crnelHaJbIBIX npHenoco6-
JIeHHH, yJYHIIAIONIAX 3TOT nokasatenb, Kn=1,15.

XapaKTepHCTHKH NOPLIHEBHIX JBHraTe/ell BHyTPeHHro CropaHus
MOLYT GBITH YJIYUILIEHB NPH HCIOAb30BAHHY 3JEKTPHUECKHX, FHADPAB-
.HME.EOHE% nepefay H CHENHAJbHLIX KOPPEKTOPOB MOJAHH TONIHBA

puc. 17.14). -

§ 7. Nopunessie JABC, npumensiemole B Hetdranoil
H ra3o0BOil HPOMBINJEHHCCTH, H HX NOKa3aTenH

B medTsaHOM U ra3oBolfl MPOMBILLIEHHOCTH NPHMEHAIOTCA B Raue-
CTBe 9HeProNpUBOAA CHJIOBHX arperatoB OyPOBLIX YCTAHOBOK JIBHI@-
Tequ pHyTpenHero cropauns 111128 (124-15/18), 21001 (64H-21/21,
1A-6J149) (84H-26/26), B2-450AB-C3 (124-15/18) u np.; B Kaue-
CTRe SHEpPrONPHBOJA  BCNOMOTATeNbHBX. yerpoiicts  Y1M6-C4
(64-15/18), 1412B (124-15/18), $IM3-236, $IM3-238 u np.
(rabq. 17.4). , o .

BasoBrim GOJblIef 4AcTH ABUraTelel, IPEMEHseMEIX JJs MpH-
BOI2 CHJIOBHIX AFPeraToB, ABJSETCS JABHTaTelNb THHA B2 (puc. 17.15),
KOTOPHl TpeAcTaBiser cobol GecKOMIPEeCCOPHEIH 12-IHIHHAPOBLIH
QETHPEXTAKTHHMA AH3ENb ¢ HENOCPEACTBEHHHIM BIPBICKOM TOILIHBA
B UHJHHAD BOAAHOTO OXJaXAEHHA ¢ V-00pasHEIM DacCOJOXKEHHEM
UBIHEApOB. Jpuratenn B2 o6aafaloT BEICOKOH SKOHOMHYHOCTRIO,
CpeIHui YAeJbHBI PacXof TONNHBA g.=218 xr/(kBt:u). Bricoxag
SKOHOMHYHOCTb STHX JABHUraTesned ofecrneynBaercs NPUMEHEHHEM He:
NOCPEICTBEHHOTO BIOPLICKA TOINIHBA B WHJIHHLD, NOAGOPOM ONTH-
MaJbHOH (OPMEI KaMepHl CTODaHHMH, DPACNOJOXKEHHEM 4WacTH ee
B TOpuIHE, NOAGOPOM ONTEMAAbHEX uucAa (i=7) u imamerpa (d=
=0,25 MM) paclbUIHBAIONIHX OTBEPCTHE B (OPCYRKe H NABJICHHA
PACTELTHBAHHA.

[IpuMeHeHye HENOCPEACTBERHOTO BIPHICKA TOINBA B IHJIRHLD
NpHBENO K 3HAUHTENbHHIM MAaKCHMAJIBHBIM LABJICHHAM LHKAA Po=
=85—9,5 MIla n BHCOKUM CKOPOCTAM HapacTaHud AaBJIEHHA

263




Ta6auma 17.4

TexnuuecKas XapaKFTepHCTHKA ABHraTeneH, NpPHMeHAeMbBX B HedTaAHOR
H Fa30BOH MPOMBIIEHHOCTH

-[Pddert- \xporo- | Mua- Yaenn:

Mapka ppurarens | DocHOTONeNHe i awﬂﬁm ma Bpa- m&.v :Mw%- MMMM. ..%M__Hnu%_m_ g

uHCs . - B,

| S G | B,
B2 450AB-C3 V-12 333 | 1600 | 150 | 180 [14—15| 297
10126 v-12 310 | 1700 | 150 ; 180 |14—15[ 229
B2-800 TK V-12 590 | 2000 | 150 ( 180 | 15 —
210 1, V-6 1092 | 1500 | 210 | 210 | — 211
1A-67149 V-8 1296 | 1000 | 260 | 260 | - 211
Y116-C4 P-6 150 | 1500 | 150 ( 180 [l4—1B| 231
H-108 P-4 80 | 1070 1 145 | 205 | 14 237
J-180 V-6 132 | 1150 | 145 | 205 14 237
SIM3-236 V-6 132 {2100 | 130 | 140 | 16,5 237
1M3-238 V-8 176 | 2100 | 130 ( 140 | 16,5 237
AM3-740 V-8 154 | 2600 | 120 | 120 | 17 234
CMO-14 P4 53 | 1700 | 120 | 140 | 17 265
3HJI-130 V-8 110 1 31001 100 | 95 6,5 316
T"as-63 V-8 84,5( 3200 | 92 | 80 6,7 312

B mpolecce cropanus. Beneacreue sToro GoJblIag 4acTh AeTaded
nuseneit B2 MSroTOBJAAETCS H3 BBHICOKOJIETHPOBAHHBIX CTasei.

OcHOBHHE yalIb fH3eNs — KapTep, GJOKH HHJAHHAPOB, KOJMeHYa-
TH BaJj, NOPINEHb, IIATYHLH H MEXaHH3M rasopachpefeneHus. Kap-
Tep (puc. 17.16) cocToHT M3 BepxHelt # HHXHEH NOJOBHH, OTAHTHX
H3 aMIOMHHHEBOTO CHiaBa. [lnockoeTe pasmeMa NPOXOMHT HO OCH
KOJleHuaToro Basaa. K monepeynelM nmeperopoikaM BePXHEH NOJOBH-
Hbl KapTepa MOABEIIMBaeTcA KOJEHYATHIA Bajd. B HHXHEM Kaprepe
HMEKTCA fABa YrayOieHus: 3afHuii W UepeAHHl MacaoC60DHHKH.
B Huxiell moNOBHHE Kaprepa PASMelleHE! Tepefiaud K Mac/sHOMY,
BOAAHOMY H TOINIHBONOAKAYMBAIOUIeMy HacocaM, YCTaHOBJEHHHIM
CHapyXH Kaprepa.

JleBnift H npaBuf GMIOKH LHJIMHAPOB Kpenarcs K BepxHeli moJo-
BuHe Kaprepa. Kopmyc xampo#t pyOallku NUIHHADOE H TOJIOBKY
KPenAT YeTHPHAAUATHI0 AHKEPHBIMH IUMHABKAMH K BEDXHEMY Kap-
Tepy. B Kopuyce py6amikum MOHTHPYIOT LI€CTh CTAJbLHAHIX A30THPO-
BAHHBIX UHJAHHAPOBHIX THib3. ['0sloBKa 6/10KA HHAHHAPOB OHOHpaeTCs
Ha BEPXHHe (JaHUH Tuibs. UacTs ofbeMa KaMephl cropaHus pas-
MelleHa B TOJIOBKE, TJie¢ B UEHTPaJibHO PACHOJOKEHHEX OTHOCHTEb-
HO LUJHHAPOB CTaKaHaX MOHTHPYIOT Kopmyca dopcyHox. Ha xax-
JOM LHJIHHJADE YCTaHOBJIEHO MO ABA BNYCKHBIX M BHIIYCKHBIX KJalia-
Ha. BoyckHbie KaHa/dbl BRIXOAAT Ha 60KOBYIO IOBEPXHOCTh B PasBale
mexny Onoxkamu wuimAApoB. K srofi moBepxHocTH kpemuTes
IUITAMIOBaKRHb cBapHOK BOyCKHOH TPYSOUDPOBOA.
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7 -—runom{é Gnoka; § —
13 — rAaBEHA MATYH,

6 — dopcynka;
fi Bafd;

; 12 — KosleH9aTH!

§ — NOpIMEHD;

r

11 — nopsecKa

4 — pacupefefUTEILHBE BaT;

& — KJanag;
pa; [0 — HEXKHAA OONQBHHA KapTepa;

HTHASATOPA

15 — Kopuy¢ NPHBONA Be

2 — KpHIIKa TOVIOBEH GMOKA;
9 — pepxuasf MOJAOBHHA KapTe

Prc. 17.15. TlponoasHsi paspes gusens B2:
GnoKa;

1 — BEHTHAATOD;
14 — Macaganeft Hacoc;

pyGamxka




Konenuarsiii sag us3-
FOTOBJISIIOT M3 XPOMOHH-
KeJqLBOJbpaMoBoil cra-
au. OH HMeeT BoceMb
KOPEHHEIX IIeeK H HIECTh
HIATYHHEX, KopeHHue
nrefiKH KOJIeHYATOrO Ba-
Jia paboTalT Ha TOJCTO-
CTEHHEIX CTaNbHEIX
BENAJHINAX,  3aJHTBHIX
TOHKHM CJ0eM CBHHIO-
BucTOfl Gpousel. Macio
NOABOJLHTCS B IOJOCTH
nepBo# KODeHHOH HIefiKH
H [I0 ABYM KaHaJaM B
HIeKaX NPOXOLHT BO Bce
INeHKH. YNOpHHE moj-
WHNHHE GHKCHPYET BaJ
OT OCEBOr0 nepeMelle-

HuA. B Topen xonenua-
Pue, 17.16. Cunosas cxema xaprepa ¢ Gaokamn: TOrO BajNa CO CTOPOHEI

! — Bepxitsax momoswma Kaprepa; 2 — HHXNAS DOAOBBEA AT
XAPTEDA; 3 — CHAOBAA WNMAbKa; 4 — Mofmecka; 5— G6o- NPHBOJA BIpeccoBan

28; 8 2 bt Srovas o mackiame MLl XBOCTOBEK, Na WHLAX
kai 10 —ronoBKa Gi10Ka: /f — CHNABILLS umkaskn; /12— KOTOPOrQ YCTaHABAMBA-
Hﬁwnwwﬁ DONOCTH; .18 — AHKePHASN WINWiIbKa: {4 — 0T KOEHUECKYIO mecTep-
HI0O NPHBOLA BCIOMOTA-

: . TeJbHHIX MeXaHHIMOB.

[lopmens wramnosan uz Rropamomunnd. JacTh Kamepr cropa-
HHsl PacIoJaraerTcst B mopIIHe, HO3TOMY QUepTaHWe erc AHHNIA CO-
OTBETCTBYET (hOopMe TONMUBHBLIX CTPYH u cmocobetByer sdiexTHB-
HOMY CMeceoGDa30BAHMIO M CrODAHHIO TOIVIHBA, Ioprmens umeer
0T YINIOTHAIIIMX KOJEH, H3 HHX IBAa BEPXHHX C HRAMHADHILCKOR
IOBEPXHOCTLIO, TPH HMIKHHX (OLHO PACHOJIONEHO HHMce najpua) —
¢ KoHnueckodt. [Topmnesolt masen maaBaromero Tamna Hmeer sarayni-
KH H3 JI0pajdioMHHHS,

HlaTyHHEI MexaHHSM COCTOHT H3 TMIABHOTO H NPHUENHOTO mMaTy-
HOB. [Lnockocrts, NPOBEAEHHAA Uepes och Haablia NPHUENHOIO MIaTy-
Ha # OCb WaTyRHON WIEHKH, cocTapiser 67° ¢ 0Cbio TJIaBHOTO MIATY-
Ha, BCAEJCTBHE STOrO XOJ MOPWIHA NPHUENHOrQ mwatyHa Ha 6,7 Mm
Gonbllle X042 NMOpWHS IWABHOTO watyna. latyuuele Braagsmmm
CTaJbHbE TOHKOCTEHHEIE, 3ATHTH CBHHLUOBOR 6poH30i,

.. Pacnpenennrenpuite BANHKH MpHBOAa (puc. 17.17) modasie; BHYT-
PEHHHe TOJIOCTH CHAyKAT AJs NOABOZA Macaa K onopaM KyJaaudko-
BOTO BalHKAa W TapenxaM KJamaHoB. . :

_ Cuerema nuranus meuratens B2 cocTout (puc. 17.18) us pac-
XOMHOTO TONIHBHOrO Gaka /, pacxomzomepa 2, TOILTHBONOAKAYHBAI0-

O

el noMner 3, GHAbTPA TOHKOHK OUHCTEH 4, 12-nnyHxeproro Tom-
266.

Febas Npabas
Emopona . CImopoHE

Puc. 17.17. Cxema mexaHuama nepefau Ausend B2:

| — BajHx Macaaporo macoca; 2 — oek; 4 — mEEM BOAAHOFO
Hacoca; f— IACTOTA BPALLSHHA KOJSHYATOrG BaJ

Puc. 17.18. CxeMa cHCTeMH NHTAHHT JH3eas B2




JIHBHOTO HACOCAa BLICOKOTO [IaBJeHHN C BCEPEXKHMHEIM peryaarTo-
PoM 5, MHOrommpoumof SAKPHITOr0 THIA (OPCYHKH 6, BNYCKHOTo
€ BO3AYWHBIM HuasTpoM 7 u BEHIIYCKHOI0 § KOMIEKTOpOB.

Cucrema oxnampenns AKHAKOCTHASA, 3aKPEITOrO THHA (C OKpY-
AaloWel cpefiofl we coobmaercss). Ona BKIIIOUAEeT LEHTPOGEXRHEIL
BOASHOK Hacoc ¢ MaKCHMaJbHOR nopauedr 500 si/Mun, paiznaTop,
OCEBOH BeHTHJAATOP, 3apyGalllesHoe npocTpaHcTBO 0JI0KOB, HOJJOCTH
TOJIOBOK, YCTPOHCTBA H  npHGOPH PETYAHPOBAHHA W KOHTPOJA.
CucreMa oxnamunenns paccuuTana Ha paboTy npu H36HITOUHOM KaB-
Jennd 0,06—0,08 MITa, T e, HpH TeMNlepaType KHIeHHA BoAM 105—
110 °C. A

CHcreMa cMasku B zBHratensx B2 NpHHYIHTENbHASA, LHPKYISI-
IHOHHAS C «CYXHM» KapTepoM. B cucremax cMaskd c XCYXHM» Kap-.
TEPOM HEOOXOXHMEIA 3amac Macja HaXOLUTCH B CIIEIIHATBHOM MAac-
JAHOM Gake, a He B Kaprepe, OcHOBHOE IPEHMYINECTBO TaKoi CH-
CTEMbl CMasKH — OTCYTCTBHE KOHTAKTA Beero 3anaca Macia c mpo-
PHIBAIOIIHMHCS 9epes3 HENJIOTHOCTH B KapTep TOPAYMMH Ta3aMH Hu
ocaakamu ot paGovero mpoitecca, a CIEIOBATENLHO, MeHee HHTEH-
CHBHLIE HPOLECCH 3arPASHEHHS H OKHCACHHS, MENBIIH yrap macnua.
CHcTeMa cMasky AR3elet B2 cocroHT ma mecTepeHyaToro Hacoca,
GHrILTPA, Hacoca PYYHOH IpOKAYKH: paznaropa, Gaka, Macaonpo-
BOZLLOB, yCTPOHCTB M NMPHGOPOB PEryJIHPOBAHHAS H KoHTposis. Macag-

HHH Hacoc COCTOHT H3 OAHOH HAarHeTalomel H ABYX OTKAYHBAIOIIHX
CeKIHH,

OcHoBHas cHCTeMa nycka ABHraresei B2, mpumensembix B Gy-
PEHHH, 3NeKTPHIECKas. DJIeKTPHIeCKas CHOTEMA nycka pHseneit Gy-
POBHIX YCTAHOROK «Ypaamaul» o6nenHueHa B obIy1o. cxeMy ¢ co-
XDAHCHHEM KOMINVIEKTa OGOPYHOBAHHS KaMIOro nusend. Kommnext
SJKTPOOGOPYAOBAHHS KAXKIOIO IHSENS COCTOHT Ha 3JIEKTporeHepa-
Topa, peile-perynaTopa, cTaprepa, IyCKOBOTO pene, 61oka mpeno-
XpaHHTe/eH, YCTPORCTB H npH6OpOB PacupenesNeHust, peryiupoBaHus
H KOHTpOJNs. OGIIHMHE 1715 Beex puaefei ABJIAIOTCA CTAPTEPHHI BH-
MPAMHTENBLHE arperat # akKyMyJsTOPHELE Gatapen.

BHemkne ckopocThe XapaKTePUCTHKH pusenell B2-300, B2-400
H B2-450 (pmc. 17.19) CBHAETeJILCTBYIOT 06 HX BEICOKOH 3KOHOMEY-

HOCTH, a Taxxe o HH3KHX NOKA3ATENfX YCTONUHBOCTH Ha HepeMeH-
HOM pexuMe (Fy, Ky).

B netraHof n rasosoi NPOMHBIUIIEHHOCTH NPHMEHSIOT I'asoBhe
MOZMGHKAUHE  JABHraTes B2 — rasoguseny B2-300-T0
B2-450-r'11. . .

JBHraTean’ B2-300-T'M, coszan ma Gase Asuratens B2-300 u
npucnocofaen g paborte Kak Ha HHAKOM, TaK M Ha rasoobpas-
HOM TOmMHBe. IlBHraTenb OGOPYHOBAH ra3oBhLIM CMeCHTeeM H 0X-
XKL ACMBIMH BEITYCKHBIMH TPYGOIPOBOXAMY. Bryckare tpy6onpo-
BOILI, CHCTEMa N0XA4YR KHAKOTO TOWIHBA H CHOTEMa PeryJiHpoOBaHHS
HsMeneHbl. [lsuratens B2-300-FI1 umeer CAENYIOIIHEe HOKA3ATeNH:
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momHocTh  Ne=176—220" 3. °c

kBr mpu 1500 o6/mus, w0 e
yIOeAbHEH pacxof rasoob- T mp— v 7,
passoro TomiHBa (QPy= 038 e
"_Wmum gﬁvﬁ\gm m.mn." _Q‘uu____ \..Vl_l . -

=0,34 m3/(kBT-q), yienn- G fiBF )] | MM. ]
HEfI pacxol SanajbHOro 274 - L
TOIVMIBBA Gex=052 T/(RBTX B rrfu |
X-Nv NQ \Il‘l“-“ e | o -

B cxeMe muTaHHfA raso- s E=t—T }
BO3LYHIHOA CMechblo  LH- Hyp o 1 | [¥%
JHHADOB  oOfHOro OJ0Ka z0a0 e s R s ==
IBHraTe)is NOABOJ rasa B .
cMecHTeNb J OCYIIeCTBAA- s ™ ||
ercsa mo TpyGe 9, a Bozny- e AN e 4]
xa—uepe3 marpybox I. I P e AN I
KonnuzecTBo mozaBaeMoro " _q. e e

rasa peryaupyercs Apoc-
ceseM, KOTOPHIH ummnamom
Taroit B mepepaueii 8 cBs- 2 -
3aH ¢ umﬂ%.%maovoz IBHra- Puc. 17.19. Bhemmne wmwmﬁmwm_wﬂﬂmmﬁwmmm
reas. [foxaua Bospyxa pe- Jeit B2-300 (1), B2-400 (2) u :
rynEpyeTcd IpH IOMOLIH
@mnwwm, YCTAHOBJIEHHOTO B BO3AYIIHOM maTpyOke. waowmmmmmw%
IOCPEACTBOM NpYXHUHE 2 H pHuara 4 COefHHEH ¢ TAraMH Nep
yeHusa 5 u 6. )
I1ps mpHKpEITHY Ta30BOro APoCCeNsl B CMECHTE/Ne nOmhmmeM%hme-
pexenue, mon AeficTBHEM KOTOPOTO BO3AYIIHBIA KJiaamad, Eum Roze-
Basg HaTAXeHHe NPYKHHH, IDHOTKpHIBaercsd, obecneunBas oww mzﬁ °
TMOXAYY H KOJHYECTBEHHYIO DEryJHPOBKY CMeCH Ha BCeX wﬁoz Max
paCore ppurartens. I1pu pa6oTe ABHraTeds TOJABKO %mm uwwwgammaom
I epeKphiBaeTcH,
Be Tas0BHH APQCCesib TMNOJHOCTBIY I
Mwem%mmmm :w%ﬁﬂmz 2 u ofecneunBaeTca HeoOXoAUMOe HaloJHeHHEe
BO3AYXOM UHAHHAPOE ABArATEJH. i
.Wwvm pa6oTe JBHraTesss MO as0XHIKOCTHOMY nmmmw%mzﬂwﬂwﬂm.
, ofecreuenHst paBHOME]
HACOC PpEryJTHpyeTCs HyTeM pUOCTH_To A
BIX AO3HPOBKaX. Toma
TOIVIHBA N0 HHJAHHApPAM TNPH Magd
coc 7 geuratens B2-300 obpruHO peryaHpyerca Tak, Ma%az wﬂmHMoﬁm
B Nojauax ABYX JIOOHX ceKuuii He npesunIala ﬁw.wnuoﬂwp mmw s
i eKHMe XOJOCT
magabgo#i MomEocTH. OfHako Ha p CTOrC Jepaniio-
ocruraer 40%. PaBnoMepHas. no-
MEPHOCTh B NOJaye No CEKUHAM I
hmmm TOINIHBHOTO Hacoca (NMpH Majblx €ro nojayax) E%. %MMMW
JBHTATeJNs MO ra3ofH3eSsHOMY Npoleccy oam%m%wwomnﬂmanm I
H I'YJAHPOBKO .
HM noufopoM peraneH H mepepe )
! _ﬁmwoﬁmmwav B2-450-T'[l moxer paboraTb Ha uwmco%%owm ,_.M ww_mm
i a4JBHOI0 XKHAKOrQ TOIIHBA, :
NyTHOM rasax ¢ NpHEcalKoll 3al | e
:w OLHOM IH3eJbHOM TOIVIHBE, mpHYeM NePexof ¢ OJHOro TOIIHBA
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o %Mﬁwwmwwhs wmmomohmwmhm wm#mo-ﬂb caepyomye: aghexTuBuan
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TM-8 1 [iP-12 (ra6a. 17.5).  1OTRH, 10TKHA: MK-3,
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1

KoHTpOaBRHLIE BOHPOCK

1, TIo kaKuM NpPHSHAKAM KJNACCHOHIUADYIOTCS IBUFATENH BHYTPEHHETO Cro-
panus? :

9. Kax MapKHpyWTCs ABHraTels BEyTpernero cropanus no FOCTy?
3. KaxkoBp! CXGME, DpHHIHN BeficTBHa H paboulil nponece YeTHPEXTAKTHOTO
H ABYXT2KTHOMO ABHraTeJel BHYTPEHHEr0 Cropadus? .

4. Uro sBasercsa sajayell Tensosoro pacdera IBC?

5. Uto TaKoe cpeAnee HHIMKATODHOE LABJEHHE H Kak OHO ONDEIENACTCHE

NPH NPOSKTHPOBAHHH M SKCIIyATAUHH?
6. K4KoBW mOKA3aTeln SKOHOMHYHOCTH [ABHraTen¢H BHYTPeHHEr0 Cropanui

H KAK OHH ONpefeiioTeH? .
7. Kax onpefenamT OCHOBHEIE padMepH ABHCATEN?
8, KaxoBH ocofeHHOCTH pafoyero mpoilecca rasoBHX ApMratemnef?

9. Uro TaKkoe «KOHBEDTHBHEIH® ABHTATENb?
10, Uro Takoe rasofysejb H KaKOBH OcOfeHHOCTH ero. pafoyero mpotecca?

11, Kaxue Bpefnre B6POCH ¢ OTPabOTABIIHME rasaMi HMEIOT MeCTO IpH pa-
fore ABHrareJei?
12, OT yero 3aBHCHT cOHepIKAaHHe BpPefHEIX BB

liBHraTeneii?
13, KakoBul Bpefiubhle BHOpOCH B arMocthepy y AHseneh H Kap6iopaToOpPHELX:

BHraTefell ¥ KAKHE CYIIECTBYIOT MEPH MO HX YMEHBIIEHHIO?Y
14, Kakre TOKA3ATENH XApaKTepH3YOT HEYCTAHOBHBHIYIOCA HArpysky B Gype-

HHH H TPAHCIOPTE rasa M YTO OHHM coBof MPeACTaBIMIOT?
15. Uro npeAcTaBaaioT coGOH CKOPOCTHEHIE XapaxTep

OHH IOAYYATCA?
16. Kaxde IOKasaTeqH XapaKTepHSYIOT YCTOHUMBOCTE. pexEMa palOoTH ABH-

ravensi?
17. Kaxye LBHPaTeNH BHYTPEHHEro Cropaiis TphMensioTca B ne(TaHol H ra-

20BOH TPOMBIUIMEHHOCTH B KAXOBH X NIOKA3ATENH? .
1 kakne MK npu~

GpocoB B OTPadOoTABIIHX rasax.

HCTHKH EBHTATENCH U KAK

18. Uro mpeAcraBaser cofoll rasomoroxommpeccop (MMK)
MEHSIOTCA B He(THHON M rasoBoll NpOMHIIAEHHOCTH?

Taqea I8
FA30TYPBEHHHEBEIE OBHTATEJH

§ 1. Cxema rasorypGHHHOH YCTaHOBKM; OCHOBHOE
H BCoMoraredbHoe ofopynoeanne. 06.1aCTs NPUMEHEHHASN

Pa6ounii nponecc mpocreiimeii rasotypSunpol yeranosku (ITY)
W TepMOJHHAMHUECKHH LUK onHcansl B T 11 (puc. 18.1).

B rasosoli TypGHHe pacIIApAETCs NOTOK ropAYHX rasos, a B KOM-
npeccope CKHMAETCs XOJMOJHEIH BO3AYX, MOITOMY MOLIHOCTH, PasBH-
paeMas ra3oBoil TYpOEHHOM, Gyaer GOMBIUE MOIIHOCTH, 3aTpauuBae-
MOl Ha TpuBOJ KoMmpeccopa. VI36HTOK MONIHOCTH H NMPEACTABJIACT
coboit moaeanyio (3¢ dextrBHy0) MommuocTe [TV, :

SdpexTrBHag MompocTs I'TY N. ompeaensercs H3 Gamanca
MolmHOCTeH

Ne rry= Nea—Nox—Nra, (18.1}

rne Nrr, Nox, Nrs — COOTBETCTBEHHO: MOIIHOCTH: T230BOH TYPOHHEL,

BO3AYIIHOTO Hogﬂwmnnomvm H TONJUBHOLOD: HACOCA.
g !




Puc. 18.1. Cxema nmpocreitmest [TV:

BK — posnymnuin KoMmpeccop; I'T' = rasopas rypbuma; I'9T — PEHEPATOD SAEKTDHUECKOro TO-
&a; TH — tonnueast Hacoe; JTIM — nycKomoi SAEKTpOABNraTeNs; KC — Kamepa ¢ropamms

Ipu cxkurawsu s T'TY HHAKOrO TomyuBa paboTa, 3aTpauuBae-
Mad Ha ero NoAauy, HeBeJHKA H eld MOXHO npeHebpedr N, pry=—
”an.lé.u.m. .

B caywae ucnonnsoBanus B kauectpe TOIJIHBA NPHPOAHOO rasa
M3 TasonpoBoAa NocHeAHee caaraeMoe Gajamca MOLIHOCTH [CM.
Ypasuenne (18.1)] rakme orcyreryer.

OcHoBHBIME 3jleMeRTamy I'TY ABJSIOTCS: KOMIPECCOPE], pereHe-
PaTOpH, KaMepH CropaHHs H rasobble TYPORHEL

B craumonapumx I'TY mag cxatus LHKJIOBOTO BOSAYXa IIpHME-
HAIOT OCeBBIE KOMIIPECCOpH, B ABHAIIHOHHHIX — NEHTPOGEKHEe,
B sTux koMmpeccopax AOTIyCKAETCs BLICOKAS CKOPOCTh NOTOKA, MO-
STOMY OHH NIDHCHIOCOG/IEHE A/ HACHETAHAS GOJbILEX 06BeMOB BO3-
AyXa. B cBasu ¢ stum Pa3MCDHL HX HEBeNHKH, a2 9aCTOTa BPallleHHs
COOTBETCTBYeT YacTOTe BPAMIEHHS I'a30BBIX TYPOHH, 4TO HOUyCKaer
PaboTy HX Ha ORHOM Bally. Baxnan ocobennocts ocesnix KOMIpec-
‘COPOB — CPABHHTENLHO BEICOKHE XK. I L., mocrurawmui 909, Ta-
30Bble TYPOHHH IO KOHCTPYKTHBHOMY BHINOJHEHHIO NOLOGHL napo-
BuM. B omiuyme oT mapoBmix TYPOHH cpabaTHBaeMBI nepenajg
B TasoBhIX TYpOHHAX HEBeJHK, [IO3TOMY YHCJO CTYNEHeH TIasoBHIX
TYPGHH MeHbiue. MaccoBrnie o0beMHbIe PACXOAM rasa, IPOTeKaro-
UIHe Yepes NPOTOYHYXO YacTh, MOAYHAIOTCH GOJBUIHME, I10 npuBo-
JHT K OOJNBIIOH BHCOTE JIONATOK, K MOBHLIEHRIO K. I.-K. TYPGHUHH H
OrpPaHHY€HHIO €e arperaTHol MOWIHOCTH 0 YCAOBHAM DIPONycKa
rasa, XapakTepHas oco6eHHOCTS I'TY — orcyreTRue DEryNHPYIONIHX
KJAaNaHOB MeXAY KOMIPECCOPOM H rasomoi TYPOHEOH, cllefloBaTelb-
HO, HeT H NOTEepPH JABJEHHS.

Bricokag TeMIepaTypa ra3os mepen TypOHHOMN 3aTPyIHSAeT ee
HCMOJIB3OBAHKE H OGYC/IOB/IHBAET NPHMEHEHHE APONPOYHEIX cTamel
H cnnasoB. Oco6eqHO TAKeNH yenoBHs PaboTH JomaTok rasosok
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Tonaufio

Puc, 18.2. Cxema KaMEpH CropaHHs:

NI..SEGENI G:mmnﬁml KapopaA TpyGa; 4 — PETHCTR; & — pacnbuIHTEnD; 6 — CMecHTeAh]
7 — CMOTPOBER OTBERCTHA :

TYPOUHEL s NOHUMeHHs TEMNIEPATYPEI JIONATOK H POTOPA HX OX-
JTaxnawr. Berencreue storo moxmer Gurp CYIHECTBEHHO MOBLIIICHA
Hala/pHas TeMnepaTypa rasos mepeg TYPOHHON (DDH Tex Ke caMbix

%memwmmamé. 9T0 NPHBONHT K 3HAYHTENHHOMY YBENHYEHHIO K. 1L A.
TY. .

HauGonee pacnpocrpaneno BOSAYIIHOE OXNaxIeHHe NPORYBKOM
CHATEIM BOSAYXOM CHENHAJLHHX KaHAJOB,

B nacrosiee Bpems BEIIYCKAIOTCA FasoBHe TYPGHHE MOIIHO-
cToeio or 1000 zo 150 10% xBr.

B kamepe cropanus OCYIIECTBJIACTCY MOLBOL TemIa K pabouemy
TEIY 3a cuer CHHTaHHA TOWAHBA B IOTOKEe C3KaToro BO3AyXa
(puc. 18.2). ITponykra CrOPaHHs HA BEIXOAE HS KaMEDH CrOpaHHs
AOJIKHBL HMETh TEMIepartypy, He Ipesriacyo 750—900 °C. I[Ipu
STOM B rasax He JOJKHO OBITh CaXH, YACTHIL KOKC4, T4K K4K OHH
BEISHIBAIOT 3arpssHENHe H 3DPOIHI0 IIPOTOuHOM uacTH rasoBoit Typ-
OHHEL .

Ilpu ropeuun xupxoro Tomnuea n TPHPOZHOTO rasa B azpe da-
Kejla TeMmilepatrypa okosao 2000 °C. ‘Taxyio Boicokyio TEMIEPaTypy
TPHMEHACMEIE B ra30TyPGOCTPOCHHE MaTepualin BHIIEDKATh He MO-
ryr. IloHuxenue TeMueparypu NPOAYKTOB CrOpPaHHS AOCTHFAeTcs
pa3baBNeHHEM HX OTHOCHTENBHO XOJOOHEIM Bo3nyxoM, Hamg sTof
1eJIH IOTOK BOSAYXa NePeX BXOAOM B Kamepy CropaHusa pasnesngercs
Ha JBa — MEPBHYHOTO H BTOPHYHOrQ Bosiyxa, Ilepeuunetéi Bospyx:
(npumepro Y3 cymmaproro KOJIHYECTBA) NOZACTCH B 30HY rOpeHHd,
a4 BTODHYHLIH HNPOTEKAET MEXAY KAPOBOH TPYGO& ¥ KoxyXoM ¥ moz--
MEIIHBACTCA NOCTENeHHO MO0 XOLY K NpOAYKTaMm CrOpPaHHA, CHHMKAS
HX TeMneparypy xo 3apansoit, Ilo atoi TIPHYHHE KO3 dHIHEHT K3~
ObiTKa BO3zyxa Ha BEIXOAC H3 KaMEpHl CropapHs COCTABJSACT NI
aBHAUHOHHLIX ['TY g=4-—5, nag CTanuonapuux I'TY g=6—10,
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Has perenepannu temna 5 FTY NPEMEHAOT CHelHalbHEe Tel-
A0o0MeHHEe annapaTe, I1oBepXHOCTH HAarpeRa TENIOOGMEHHBIX ami-
napaToB o6pasylorT GoJblIoe YHCAO TPYS Majlero IHAMETPa MM
BOJIHOOGpasHLle IacTHHE, Mexay JBYMA BOJHHUCTEIMH [IJIaCTHHAME
06pasyiorcss KaHasbl, A0 KOTOPHM- IPOXOANT HAarpeBaeMbit BOBIYX.
C Bremmell CTOPOHHI CTEHKM STHX KaHaJOB OMEIBAIOTCH orpaboras-
INHMH ra3aMH ras’oBHX TYpPOHH.

B suepretuxe I'TY nomyumin noka weGoubliioe npEMeHeHHe. [Te-
pecrpoiika TOIIHBHOTO GajaHca ¢TpaHbl Ha HCINOJB30BAHHE rasa &
Masyra YCTPAaHAET OAHY H3 IPHYHH, OTPaHHYHBAIOIIEX NPHMEHEHHE
I'TY B snepreruke.

ITpuMeHeHHEM COOTBETCTBYIOLIMX CXeM MOXKHO NOGHTHCS PKOHO-
muuHocTH I'TY, ne yerynaomiefi SKOHOMUYHOCTH TapOCHIIOBOH ycTa-
HOBKH. JloKasaHa TexHHUecKas BOSMOXKHOCTh H SKOHOMHUECKas Le-
Jecoobpasnocte moctpoiikd I'TY wmommocrbio 600 MBr u Bhme,

3HauuTeNbHOE yBeNuuenue skoHoMuyHoery I'TY pocTuraercs Mc-
NoJb30BAHHEM TemIa oTpaGoTABLUIMX Ia30B A remiodrukauun, ['TY
NPHMEHAIOT B MeTallJIyPruuecKofl NPOMHIIIEHHOCTH, Ha JKeJde3HOH0-
POKHOM ¥ aBTOMOOMJILHOM TPaHCHOPTE, B KauecTBe CYAOBLHIX ABH-
ratenei. lllnpokoe pacnpoctpanerne I'TY noayuuim B HedTIHOH B
ra3oBoil NPOMHIUIJIEHHOCTH B Kai€CTBE SHEPFONPHBOJAOB ra3onepexa-
HHBAIOLIHX arperaToB Ha KOMINPECCOPHHX CTAHUHAX MArMCTPANbHEIX
FasOnpoBOJNOB M  CHIOBBIX  arperaToB  OypOBBLIX  YCTAHOBOK
(raba, 18.1).

§ 2. OcoGeHHOCTH HCTONB30BAHKA [A30TYPOGHHHBIX YCTAHOBOK
upH GypeHHH He(TAHBIX H FA30BbIX CKBAMKHH

HecmoTpst Ha HHTEHCHBHYIO 3MeKTPHOHKANMIO CTPAHH, B OTLE/db-
HHIX pafionax mpH OYPEeHHH CKBAXKHH, OCOBEHHO DASBEAOYHBLIX, TpPH-
XOAHTCA HCHOJb30BATL YCTAHOBKH € AH3eNbHBIM NPHBOZOM. - [1o-
CTOAHHOE YBEJIHYeHHe IMyOHH GYypeHHs NPHBOJMT K HeoOXOIHMOCTH
YBEAHYHBATL YCTZHOBAEHRYIO MOIMLHOCTB CHJIOBHIX arperaros, BpeMsa
Ha JIOCTaBKY H MOHTaX 060DYNOBaHHS, CTOHMOCTh YCTAHOBKH H pac-
X0M0B Ha ee o6CAyXKHBAHYE, .

BypoBHe ycTanOBKYE B 3aBHCHMOCTH OT KOHCTPYKIHH M HasHaue-
HHSl MOrYT ObiTh OCHAIUGHH PASJHYHBIMH BHLAMH CHJIOBOTO TDHBO-
Ra. CoBpeMeHHHe YCTAaHOBKH OCHAINAIOTCS B OCHOBHOM IIPHBOAOM
OT 3MICKTPOJBUraTENell B [ABHraTesel BHYTPEHHero cropaHus. [Ipu-
YeM B KauecTBe NOCAEAHHX HCHOAb3YloTca nopuiHeBwe JIBC u raso-
TYpOUHHBIE YCTAHOBKH MPOCTEHIINX CXeM.

" -OcobenHoCTH OypeHMs CKBaXHH NPELBABAAKT cHenuduuecKue
TpeGOBaHAA K CHAOBOMY HPHBOAY GYDOBHIX YCTAHOBOK: COOTBET-
. CTBHE MOIIHOCTH LPHBOAA YCJAOBHAM DAalOTH YCTAHOBKH Ha Bcex
CTaJHAX NPOBOAKH CKBAXKHHHI, HOKOCTE XapaKTePHCTHKH, HaXem-
HOCTb M SKOHOMHYHOCTD ABHrartess. Iloa rubkocTei0 XapaKTepHCTH-
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XapakTePHCTHKN OTEMECTHEHHbIX TA30NEPEKAYHBAIONIHX ArPEraToR

€ ra3oTypOHHHEM IDPHBOLOM HA MATHCTPAMLHBLIX TasonpoBoyax
{(npn Temneparype HapymHoro Bosayxa fy=-15°C)

Hmm‘amnm

18.1

o« o
[ o I )
ToxasaTeau M =3 m = W 2 S &
5 & 0 s o e b v
E E = E » & & I
HoMmuuanpeaa mour- | 4260 | 6000 | 6000 | 6300 | 9000 |10 000} 16 000] 26 000
HOCTb, KBT
weﬁmwe&wmw—m K. I J, 25 27 25 21 20 29 29 20
0
Temneparypa rasos 700 750 760 810 750 780 800, 900
tiepen TBJ, °C ' . N
Pacxoy Bosgyxa wue- 163 | 200 164 | 202 280 310 3200 630
pea oceBoit KOMHpec- .
<op, Tfu .
CooTHOUIEHHE  [ABJE- 3,9] 46| 6,0| 7,8 4,8 4.4 11,5 12,5
HUH cxKaTHA A
Crenenb pereHepaliyy, 70 70 0y -0 0 0.0 )
% , . ' kS N
Yacrora BpalleHHS 5000 | 5200 | 6200 | 9300 | 4100 | 5200 ﬁmoo 5500
TYDGHHLL BBICOKOTO .- 4340
AaBAEHHA, 06/MHI ’ . ' : .
Uacrora ppamenua | 5500 | 8300 | 6180 | 8200 | 5000 | 4800 6500 3700
TYpOHHL HHSKOrO AaB- .
JIeHHA, of/MHA .
Ilyanason maMenennmg |4000—3800— 4600— 6150— 3500—|3300— 5400— mo.oo.h.
acrors  ppamenus | 5800 | 5600 | 6400 | 8500 | 5000 | 5000/ 6800] 3900
<HJIOBOTO BaJjd, 06/MHH : ot : o
flpoussoxurensuocrs  |-12,5 | 19,8 19 13| 34 371 51 . =3
HATHETATEIIS, :
108 m3feyr . .
Koneunoe  pmapnesme | 5,6 | 5,6 | 5,6 56| 56| 7,6 7.5 7,6
rasa, MIla o
Crenens cxarun wa- |-1,24 | 1,25 | 1,27 | 1,45 1,2| 1,33 1,25 1,45
THeTaTenst : | .
_WM I. I. HAarHeraTens, 8¢ 84 84 83 | 84,5 84 85 85
h ' .
tlomunanruag  wacro- | 5000 | 6300 | 6150 | 8200 | 5000 | 4800 .4600] 4600
T4 BpalleHHs HaTHeTa- .
Teasd, o6/ MuR
Macea, 7 . i
rry - 90,5 96 | 46,5 63 (2215 112( - 128 75
HarHeTareas 22 22 120,0 ‘7| 25,8 28 35 36
ITIA - 112,5.1 118 | 66,5 70 '247 .8 140) 163 115
Yaemsuag meramnoem- ] 26,41 19,7 | 11,2 11,3 | 27,5 i4 10| 6,95
kocrs I'TIA, xrfxBr ]
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KH JBHraTe/]sl NOHHUMAETCS CHOCOOHOCTL NPUBOLA aBTOMATHIECKRA
HJIH NPH YuacTHH 00CHyKHBalOLero mepcoHata GhICTPO npHcmocat-
JIMBATHCS B Hponecce paboThl K H3MEHEHHIO HATPY3KH H YaCTOTER
BpAalUeHHs] HCHOJHHTENBHHIX MEXaHH3MOB, ofecmeyuBass mpH 5TOM.
Haubo/ee IONHOE HCMOJIb30BAHHE YCTAHOBAEHHOH MouiHOCTH. ['H6-
KOCTb X2DAKTEPHCTHKH .NPHHATO ONEHHBATb KO3 dumaentoM cobeT-
BeHHOH npucnocobasemocty Ki, KOTOpHIE XapakTepuayeT HPHCIO-
co6AeMOCTh ABHraTeNA K BHEIMHEH Harpyske 6es NDHMEHEHHS Ka-
KHX-AHO0 HCKYCCTBEHHHIX NpHcHOcoOneHui# u Kopofok nepenad.

Hapazy c kosdduunentom Ky xapakTepHCTUKOR ABHraTeNs NPH-
HATO CYMTATL AHANZS30H PEryJHDOBAHMS YACTOTH BpAINECHHA Baaa
ABHTATEN]

' ' . wmc"_aﬂmx\aa_su ’ :.m.wv

TA€ fmax, Mmin — COOTBETCTBEHHO HauOOJABLIAS H HaHMeHBNIAA Ha-~
CTOTA BPAIICHHA BaJja ABHrATeNs, OpH KOTOpof ABHIATeJb eme yo-
ToliuHBo paboraer.

Beauunnwt Ky 1 Ko 3aBHCAT OT THOA ABHCATENS M XapaKTepH3y-
IOT €r0 BOSMOXKHOCTH C TOUKH 3peHHs Leaecoo0pPasHocTH HCIOAb30-
BaHHA B NpHBOJe OYPOBRIX ycranoBok. Baxuoe TpeGoBanue K IPH-
BoAy OYpOBHIX YCTAaHOBOK — HaleXHOCTh CHJOBHX arperaroB. Ot
SKCIIYaTAlHOHHON HaZeXHOCTH .CHJIOBLHIX arperaTtoB 3aBHCAT He
TOJIBKO 3aTpartH Ha IKCIIYATAUHIO -HX, HO H B KOHEUHOM HTOTE HPO-
BOJKA BCeX CKBAMHH, .

IloxasaTeneM KOHOMHYHOCTH NPHBOAA GYPOBEIX YCT2HOBOK $B-
JsierTcs yaeanHHE pacxon tomnnBa. Has mopinHeBeix JIBC sra Be-
JH4YHHa cocraeager 230—260 r/(kBr-4), a maa rasorypOGHHHEIX
ycraHoBoK 330—410 rf(xkBr-1). IlochenHse ppa noxasarens CHIO-
BOr0 NpHBOJLA OCOGEHHO BAXHH AJs OGypoBMX YCTAHOBOK, KOria
HPOBOAKY CKBAXKHHH NPHXOJHTCA BECTH B OTAAJIEHHBIX H TPYAHOLO-
CTYHHEIX pafioHaX CTpaHBl, Kyga mocTaBKa obopyloBaHus, TONJIHBS
conpsxena Nopofi ¢ GoapliuMu TPYAHOCTAMH. BaXHHIM mokasate-
JeM NpUBOja SIBJASeTCd K OTHOCHTEJNBHAS Macca JBHraTess, MPHXO
IfMaacs Ha efuHHIY MOLIHOCTH YCTAHOBKH. . :

IlpurogHOETE ABHTATENs TONO WAM HHOTO THOA AJs NpuBoja Gy~
POBOH YCT2HOBKH OIPEAENAeTCA COBOKYIHOCTRIO €ro TEXHHKO-3KOHO-
MHYeCKAX NOKasaTe/el, oTBeyalolinx TpefoBaHEsM TeXHOJOTHH Mpo-~
BOILKH CKBAaJKHH. .

Ilpn BriGope THma JBUraTeNeH ¥ CXeMbl KOMIOHOBKH NPHBOAZ
O6ypoBOH YCTAHOBKHM YUHTHIBAGTCH BeCb IMKJ: pabouHX HArpysok,
XapakTep HCIOJb30BAHHSA YCTAHOBJEHHOH MOHIHOCTH.

Kax H3pecTHO, mpolecchl GYPEHHS U CHYCKO-NOABEMHEIX Onepa-
HHIT — NPOLECCH CaMOCTOATE/bHbIE M TEXHOJOFHYECKH HECOBMECTH-
MHI, TOSTOMY MOIIHOCThL, HeoOXoJHuMasi JJs NPOH3BOACTBA ONEpa-

uui, He cbanarcupoBaHa, [Ipm 1ypOHHHOM H poTOpHOM OYypeHHHR

yCTaHOBJIeHHAs MOIIHOCTE [OJHOCTBIO HCNOAB3YeTCs JIHIIL IpH
noibeMe HHCTpyMenra ¢ Ooabiiux rayous. "Ha mogbeMm HHCTpY-
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MEHT2 ¢ MaJbIX TMYOHH HCIONB3YETCs JHIb He3HaUHTENbHAS TACT
MownocTd. IIpH poTOpHOM GypeHHu M Ha NPOKAYKY JKHAKOCTH Ha
ManbiX MNIyGHHAaX TaKKe HalleKo He NONHOCTBIO HCIOJNBIYETCS YCTa-
HOBJIEHHAST MOMIHOCTb ABHrarteiefl cuioBoro npaBoza. :

TpeGoBanns k npuBosy o6ycioBJeHE TaKXKe u MeCTOoM - yoTa-
HOBKH JBMraTéns: Ha NpHBOAe 6ypoBo# JieGefKH, POTOPHOLO CTOJA
HIH Hacoca, Tak, npmBon JNeSefKd LOMKEH GHITDH pPeBEpPCHBHEIM,
HMETh XOPOIMIyI0 NPHEMHCTOCTh, JONYCKATb H3MEHEHHe KPYTSLIero
MOMEHTa B Auamasone 1:4-—1:10 u 1. n. [8].

Ewmﬁmmmmmm CIENHaNbHEIX MEXaHH3MOB JUI BCHOMOTATEJbLHHIX
ONepanHu NpH CHycKe H NOABEMe HHCTPYMEHTA 3HAUHTENBHO YMeHb-
Waer TPeGOBAHAA K NPHBOLY JeGeIKH NpH PeBEPCHPOBAHHH ABHIa-
TeJIeH. :

TpeGoBanus k OPHBOLY CTOMA POTOPA NMPEAYCMATDHBAIOT BHICO-
KyIo THOKOCTb XapaKTEPHCTHKH, HSMEHEHHE KpYTSLIEr0 MOMEHTA
B RuanmagoHe 1:4-—1:3, peBepcHsrocTh (NPH NPOBEJEHHH JOBHJIb:
HBIX paboT) u T. 4. - :

XapaKTepHCTHKH CYLIECTBYIOIINX ABHraTedell He YIOBAGTBOPAIOT
BCeM TPeGOBaHUAM, NPENDBABJAAEMbIM K APHBOAY HCIOJHHTEJBHELX
MeXaHH3MOB OypoBoil ycraHoBxkH. [1oaToMy, npuMeHss HCKYCCTBEH-
HBIE cpefcTBa, COMMKaIOT TpefyeMble XapaKTepPHCTHKH C dhaxruue-
CKHMH, B mepByio ouepesn 5TO OTHOCHTCHA K HOPHBOAY JieGenKH H po-
TOpa, AJs Mero B HX TPAHCMHCCHAX HCIOJB3YIOT MHOTOCKOPOCTHEIE
KopoGku nepenad, typGorpaHcdopMaTopH, Typ6o- 3JeKTpoMydh-
THLH T, I. - -

IIpuBox macocoB He TpeByer ruyGoxoro PEryJHpoBaHUsl, NOSTO-
MY HCKYCCTBEHHEIE CDEJCTBA HPHCIOCOGJIAEMOCTH 3jech HCIOJb3Y-
fores peko. Ilpu BeGope THna ABHraTens nag GYPOBOH yCTAHOBKH
PaccMaTpUBaIOT’ He TOJbKO (PaKTOPLI, XapaKTEPHAYIOLIHE ¢aM [IBH-
rarteqb, HO H OGIIYI0 HX MOLIHOCTD, YACHO HEOGXOLHMBIX ABHTATE-
JI€H, 9aCTOTYy BpAllCHHs BaJ0OB, OTHOCHTENBHYI0 Maccy ABHTATENS,
9KOHOMHYHOCTb, CPEICTBA NPHCNOCOBIAEMOCTH, - KOHCTPYKIIMIO, Tpe-
00BaRHs TEXHOJOTHR GypeHHd H T. 1. o

- U3 paGoueft xapaxrepuctakm I'TY (pHc. 18.3) cuenyer, yro
YMEHBINCHHE YACTOTH BPaIleHHS BAMa HCIOJHHTENBLHOTO MEXaHHaMa
YBENIHUHBACT KPYTALIMH MOMEHT ABHIrATeNd, T. e. MEXJy Bpamalno-
INHM MOMEHTOM M m uacToTOil BpalUeHHS HMeeTCs JHHelHas 3a-
BHCHMOCTE. MakcuManbHOrO 8HaYeHHS BPalNaOMMA MOMEHT HOCTH-
raer npu n=0. - : s - T

Hang peuratenedt tuna AM-23

oo Ka=Mopma/Mprow=22. - (183),
CootsetcrByrommii Koadpuuuenr 'y rusesei He npeBHiaer. ,5—
1,6 c KoppexTopoM nogaun TOIUIHBA. -

Bosnpuioe snauenne kospduuuenra Kj NOSBOJISET YNPOCTHTD

KOHCTPYKILHIO -KOPOGKH CKOpOCTeH 0e3 yXyAlueHHs BHEIUIHHX Xapak-
TEPUCTHK YCTaHOBKH. I'a30Bas TypOHHA — THNHYHBIA TATOBH LBH-
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Prc. 18.3. 3asmcmmocts Bpamammlero Puc. 184. Tnmosad OCUMAIOTPAMMA
MOMEHTA H MOHIHOCTH TypOHHH of no&beMa GYpH/ADHOH KOJOHHM Ha OAHY
YACTOTEL BpAMIEHHSA CBERY

raTeqb, OHA4 pasBHBAET MAKCHMaJbHHE MoMmeHT npu 2=0, T. e
B Hayale MOMbeMa HHCTPYMEHTa WIH NPOKPYUHBAHHA CTOJNA POTODA.
. Ha prc 18.4 mnpexcrabJ/ieHa THIOBadg OCLUAJOrpaMMa MNoAbeMa
6ypHIbHON KOJOHHE, HOAyuYeHHasa Ha aBurarete AM-23. Jiunus a—a
COOTEETCTBYET BK/YCHHIO LIHHHO-IHeBMAaTHUECKO# MY(TEH, 9acro-
Ta BpalleHua 6apabaHa JeOeAKH NPH 5TOM HECKOJbLKO CHHIKAeTCs
(nuHua 2). Jlunuu 8 B 5 XapaxTepH3yIOT B3AHMHOE H3MEHeH# e Kpy-
THAIMIEro MOMEHTA K YacTOTH BpAallleHHd cBoGoAHOH TYpOHHLE. B uact-
HOCTH, KOLJlAa B TOUKAaX b U 1 BCICACTBHE yBeJIMYCHHA AHaMeTpa Ha-
BHBKH KanaTta Ha OapaGan sefenku YBeJNHYHBAETCH KPYTAWIMH MO-
MEHT, 4YACTOTa BpAaIleHHS CHIOBOH TyPOHIB HECKOJBKO yMeHBIIaeTCs,
Ilpu stom y iByxBaibkbix I'TY He Habmomaerca 3aMETHOro H3Me-
HeHHst YacTOTHl BPaleHHs] TYPGHHLL BHICOKOrO AaBjeHHs (AuHHA 6),
uTo OOBACHSETCS OTCYTCTBHEM MeXaHHyecKolt cBsizu mexuay TB]L u
THM. Jiuaeg 4 xapakTepH3yeT H3MeHeHHe TeMNeparypH rasos 3a
TBJI, Bad, 4To TO XKe caMoe, Ha BXoJAe B TYpOHHY HH3KOro AasJeHEA
B 3aBHCHMOCTH OT H3MEHeHHs HATPY3KH HA Bajly NBHI'ATENA. YBEIH-
UeHHE Harpy3KH HECKOJIBKO I[OBBILIAeT TeMNepaTypy TrasoB. NMEepef
TBI, BO, kak MNOKa3HBaeT ONHT 3KCIMIyaTalyH, 3TO He MOXKET
CAYXKHUTh NpUYHHON OTKa3a oT dcnoyb3oBasud ['TY B MOAOOHHX yc-
TapgoBKax. I'padux I orpaxaer usMenenns HaBJAeHHA B IIHHHO-IHEB-
maradeckoit Mydre. Ha puc. 18.4 crpenxaMna yKa3aHO HANpABIEHHE
OTCYeTa H3MEHEeHHs COOTBETCTBYIOLIErc HapaMeTpa, XapakTepHsyio-
1ero pexuM paboTH rasoTypOHHHOK yCTaHOBKH,

lasopasn TypGHHa Ha nNpHBOAe OYPOBHX YCTAHOBOK HMEET 1O
CPaBHEHHIO C AH3eJbHEIM BHIOM NPHBOAA HeGOJBIIOHK CPOK SKCINTya-
ragud. OZHAKO €cTh BCe OCHOBAHMA MOJAraTh, UTO YHC/IO GYPOBBHIX
YCT2HOBOK ¢ rasoTypOHHHEIMM ABHraTelsMH OyJeT HEYKJIOHHO BO3-
pacraTb.
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Cosnanne ra3oTypGHHHEIX ABHraTesefl, cmelHaJbHO HPHCIOCOO-
JIEHHEIX NNt paGoTH Ha GYPOBEIX YCTAHOBKAX, HOJBOJAET HE TOJLKO
NONyYuTh DPHEMJEMEIE MOILHOCTHHE XapakrtepucTHKH I'TY, Ho ®
Co37aBaTh ABHTAaTeNb, HE YCTYNAWIIHA 110 CBOeH 3KOHOMHYHOCTH:
ZH3ebHOMY nMpHBOAY. Dd(hEKTHBHOCTb HCIOIH30BAHHS I'a30TYpOHH-
HOro mpHBoAa B OYDOBLIX yCTAHOBKAX MOMKHO NOBLICHTH HE TOJBKO
3a cuer NOBHIUEHHS] SKOHOMEYHOCTH CaMOro ABHTATENA (MOBBHILICHHE
TEMIepaTypel rasoB nepex TypOunoil, NpUMeHeHHE pereHepaunud
TEIJIOTH OTXOAALIHX T'430B HJIH HCIIOJb30BAHHE APYTHX TEIIOTEeXHH-
CKHX MepONpHsTHIT), HO H B pesyJbTare IIMPOKOW YTHJH3AILHH OT-
XOHAUHX rasoB TYPGHHBEL Ha HYXAH GYPOBOH YCTAHOBKH B HENOM.
B uactHocTH, TenioTa OTXoAAmEX Taso ['TY Moxer 6uTh sdpek-
THBHO HCHOJAb30BaHA HA OTOINIEHHE MOMeILeHHH GYDPOBOA B- OCEHHe-
3HMHHU NEePHOJ SKCIIYaTallHH, NOACTPeB 6yPOBOrO pacTsopa M T. I
Ecsiw npuusATh BO BHHMAaHHE, UTO Ia30Bas TypOulia Moxer paboraTs
OpaKTHYECKH Ha J1000M NPOMHIIIEHHOM BHIE TONMHBA, TO COHETa-
HHE BJTOro YC/AOBHA € BOSMOXKHOCTBIO KOHUEHTpamuH GoJblloi:
MOIIHOCTE B OJHOM ArperaTe AeJiaeT MCMOJb3OBAHHE Ta30BHIX TyD-
6uH B OYPOBEIX yCTAaHOBKAX BeChMa IEePCHEKTHBHEM,

KonTpoJusubie Bonpocs

i. Hasosure ocnoBune saementH I'TY. Kaxoso ¥x nasyauenme? . .

2. Kaxie I'TY mpumensiores #a KC pua Tpauciopra rasa H KaKOBH HX IO-
Kasareaun? : . , .

3. Kaxne occoGenHOCTH AOMKHEL HMerh I'TY npH HCMOAL3OBAHHE HX A5 6ype-
HHS HeTAHBIX H ra30BHX CKBAMKHH? : :
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CXEMBI-# KHACCH®HKALLHA TENJNOCHNOBBIX YCTAHOBOK

§ 1. Knaccudnkauna TenIoCHAOBBIX YCTAHOBOK

Tensocurosoimu yeTAHOBKAMIL HASEIBAIOTCA TEXHHYECKHE COOPY-
WMeHHsd, NpelHasHAUEHHHE [/ NpeBpallleHus XHMHYECKOK SHEprHH
TONVIMBA, ATOMHOH SHePrau B paboTy (MeXaHHUECKYI0, SJIEKTpHUe-
CKYIO) H TeIlJOTy.

BripaboTka »/JIeKTPHUECKOH SHEPrad OCYWIECTBJSETCS Ha CTaH-
IHsAX, KOTOpPHe B 34BHCHMOCTH OT BHAA [EPBHYHOf mpeobpasyeMoi
SHePTHH HOCAT CHelHaJbHBie HauMeHOBaHHS, CTaHIUHH, TIe XHMHA-
YecKas 3Heprus ToNJAHBa Npeobpasyercs B 2JEKTPHUECKYIO, Hasbl-
BaloTes Tenaosuimy aaexrpudeckusmy (T3C); rae moreHmuanbeas
SHEeprHs BOALI OpeobpasyeTcs B 3JEKTPHUUECKYIQ — 2UOPOCTAHYUAMU
(I'2C); rne aToMHas 9Heprusi mpeoGpasyercs B 2JIEKTPULECKYIO —
aromuoimu dsexTpureckumy cranyuamy (A2C).

Hcnonbsopalune SHEPTHK BeTpa, COJHEYHOH SHEPrHH, 3HEPrHH
HOJN3eMHBIX HEJAD, SHePTHH NPHAUBOB H OTIHBOB HE HMEET LIHPOKOro
, IPaKTHUECKOTO MpHUMEHEeHHs. . _

B nacrosmiee BpeMsl B Haliefl cTpaHe BHpaGaTHBARTCH 3JACKTPO-
sHepruu Gonee 759% wa T3C, 11Y% ma I'SC, =~11% —mna A23C.
Ipermymecrea T2C no cparnenuio ¢ I'AC sar/MoualoTea B 3HAUH-
TEJbHO MEHBIUHX KaNHTAJbHBIX 3aTPATAX H CPOKAX COODPYIKEHHH, B
BO3MOMXHOCTH NOJNY4eHHS H OTIyCKAa NOTPeCHTENAM He TOJNEKO 3Je-
KTPO3HepPTHH, HO H TeIJIOTH B BHAe ropsdeli BOJAH K mapa.

IlpaBna, mpu coopyxeHnE I'2C OZHOBPEMEHHO penIAlTCS M
BaXHHE HaPOJNHOXOSSHCTBEHHEE 3aJa4H ODCUICHUS 3eMeNb H YAy4-
LIeHMs PeYHoro cyZoxoactba. K Tomy xe H ceGecTOMMOCTh 3AeKTPO-
3Hepruy, nonydaemoil Ha I'2C, HHKe, yeM Ha TAC.

TensnoBble 3/eKTPHUECKHE CTAHLMHE [0 BHLY TEIIOBOrO JABHraTe-
JisT KnaccHQUUEPYIOTCA cleayloliuM obpasoM: naporypbunnse TC,
Ha KOTOPHIX OCHOBHBIMH TEIVIOBHIMH IBHTaTeNAMH SBJAATCA MAPO-
CHJOBEIE YCTZHOBKH, @ B KAY€CTBe DACUIHPHTENBHOH MallHHEL HC-
noab3yercs napoBas TypOmHa; razotyp6unntle TOC, rie B Kayectse
TEIJIOBOrO JBHTATeNsA NpHMEHseTCHd ra30TypOHHHAg yCTaHOBKA,
a pacuMpHTeNbHON MalIHHOH sBJSeTcA rasoBas TypOHHA; mapora-
soppie ¥ KoMOHHHpoBaHHBle TIC, Ha KOTOpHIX OGBEAMHEHBl MAPO-
TYpOHHHEIE W Ia30TYPOHHHEIE YCTAHOBKH B OHOH TEXHOJNOTHUECKOH
cXeMe; TEIJIOBHE SJIEKTPHUECKHE CTAHIMH ¢ HOPLUIHEBBIMEA JBHTAaTe-
NAMH BHYTDEHHEro CropaHud; TeNJIOBhE SJIEKTPHYECKHE CTaHIMH

280

e

TOpaMH. - . ,

OcHOBHHIM TeNIOBHIM ABHraredieM Ha coBpeMennofi TOC sBaser-
¢ NapoTypORHHAS ycTaHOBKA. B HeTaHOH H rasoBoH mpoMEILILJIEH-
HOCTH NPHMEHNSIOTCS TENJIOCHJAOBLHE YCTRHOBKH: ‘MaporTypOHHHLIE Ha
He)Te32BOACKUX TEIUIOIEKTPOLEHTPANsX H B OSHEProNoesjax,
C-NOPILIHEBEIMH ¥ Ta30TYDPORHRBIMH JBHTAT@JSMH BHYTPEHHEro cro-
PaHHf Ha KOMIPECCOPHBIX CTZHIHAX, HAa He(PTSHEIX H [A30BHX NPO-
MBLIC/IaX B KauecTBe sHeprompusoga I'TTA u crioBhix arperatos 6y-
POBEIX YCTaHOBOK. .

ITo Buay oTmyckaeMofi 9HEPruM PasAHUAT CJAEAYIOI(HE IPYTIILE
TEIVIOCH/OBLIX YCTAHOBOK. : o

CuloBHe ycTaHOBKH BHPaGaTHBAIOT 3JEKTPHYECKYIO HIIK
mMexanHueckyo sHepraio. Ha T3C, otnycraromux ToAbKo saexTp-
HECKYK) SHEPTHI0, YCTAHOBJEHH MaPOBhe TYpOHHBI ¢ . KOHIEHCALHEH
0TpaloTaBllero napa MpH HH3KOH TeMIEPaType W TAYGOKOM BAKYY-
Me; o1n TOC Ha3HBAIOT KOHACHCAIHOHHEIMH 3J€KTPOCTRHEHAMH
(K9C) man rocynapcTBeHHRMHA PABOHHEMH SNEKTPHUCCKHME CTaH-
nusMu {[PIC), KoToprie cHAGKAIT SJEKTPOSHEPTHEHN OmpeedeH-

€ napocHIOBEIMY. (HapoTypOHEHEIME) ycTaHoBkamMu u MIJl remépa-

- HbiH sKoHOMuYecKuil paiion. K 3Toli 3Ke FpyIIe yCTaHOBOK OTHOCAT-

JIOBHIE arperaThl 6YPOBLIX YCTAHOBOK H T. I.- o . .
TenxoBHEe ycTaHOBKH BHpabaTHBAIOT TOpPSYYI0 BOAY HJIH
BOASHOH I1ap AJs IPOHIBOACTREHHBIX H' OTONHTEJNbHBIX LeJel. '
CMemanHbe yCT2HOBKH NPOHSBOAAT H OTIYCKAIOT 3K
TPHYECKYIO SHEPTHIO, POPSIYI0 BOAY M, BOAAHOH map: DJIeKTpHUeCKHe
CTaHIRH, CcHaGkaloow@e NoTpeGuTeael- 3JEKTpO3Heprueli, ropsauel
BONOH M BONSHLIM IIAPOM, Ha3HBAIOT TENIO3/MEKTPONEHTPANSMH
(T3L); sTr cramumu MOTyT 6biTh HapOTYPGHHHBIMH, rasoTypoui:
HEIMH, naporasoBhMH H. T. 4. Clona ortnocares I'TIA u cumosnie
arperatsl OypOBHIX YCTAHOBOK C YTHAHM3aUMeH Temna oTpafoTaBiuuX
T430B. R o o :
TenyiocuIoBEE yCTAHOBKY MOLYT KAACCHQHIEPOBATHCS H MO ZpY-
rHM HpH3HaKaM, HANPHMEp, LG BHAY CHKHraeMoro nebq_ﬁ::mmu.m.mmﬁ.nu%
HbIM apaMeTpaM napa H T.-A. -+ - , IR I T
TennoBue amexTpuuecKHe CTAHUWH TO HAYAIBHHM NAPaMETPAM
napa LeNATCA HA TDH IPYINBL: CTAHIHH HH3KONG {p=3;5—4 MIla),
BEHICOKOTO (p;=9—13 MIIa) H CBepXKDHTHUECKOrO MaBiIeHHs “(pr=
=24 MIla u Gonee). - . : . R b

¢ I'TIA ¢ TemVIOBLIME IBHTaTeNAMU B K4YECTBE 3HEPrONPHBOLA, CH-

0

§-2. CxeMbl M 0COGEHHOCTH TEMVIOCHIOBBLIX YCTAHOBOK

B xauecTBe mpHMepa CHJIOBEIX YCT4HOBOK MOTYT GEITh PaccMor-
pensr cxemet KOC u TTIA. (puc. 19.1). Ileperperniit map, nosryuae-

MBI B TaporeHepartope ! ¢ HAYANbHEIMH NapaMETPAMH COCTOSHHS

PiLm b, DOCTYnaer B napoByo TypOuny 2, rpe PaCIUHPSAETCS 10 AaBe
JICHET p2 B KOHjieucaTope 4. PaGota, nojyyaeMas npn paciIupeHHH
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napa B TypOHHe, 3aTpauEBaeTCH
] Ha NMPHBOJ, 3JIeKTPHUIECKOIO IeHepa-
7 . Topa J; BHpabaTbiBaeMblil SJIEKT-
POreHepaTopoM SJEeKTPHYECKHH TOK
HCIOJIb3yeTcs HoTpeburesamu. Or-
paforaBmufi B TypOHHe nap KOH-
JeHcupyercsa B KOHZAeHCATOpe; Tem-
JOTH KOHJeHCALHY Mapa mepefaer-
csg oxJNaxpawmuleii Bole, mojaBae-
MOH B KOHJACHCATOP WHPKYJTILHOH-
5 HBIM HacocoM 5. KonpeHcaTHeIH
u/m Hacoc 6 MOJaeT KOHAZeHcaT B IIHTa-
TeJbHHE 0aK 8§, KyHa [OCTYIaer
_ TaKxKe A00aBOYHAA XUMHYECKH OYH-
A Puc. 19.1. Oum.oz_m KOHAEHCAHORHOH eHHAd Boza 7. dﬁﬂwﬂ.m.ﬁ—um—;& Ha-
SACKTPHHECKOI cTaHII] coc 9 u3 6aka 8mofaer BOLY Bnapo-
_ refepatop 1.

K.m 1. rakoit ycramoskm 40%; ocrambHasg uacTh XEMHIECKOMN
SHEPTHE TOIMHMEA NPEJCTABIsieT co60fl TEMIOBHe HOTEPH. K OCHOB-
HBIM [OTEPAM OTHOCATCS HOTEPH -TEIJIOTH ¢ OXJa)Aaloulell BoJOH
H IOTEPH B I1apOreHEpaTope.

Ha ycraneskax I'TIA ¢ nopumnessiMu JBC n rasoTypGHHEBIMU
ABHTATENAMH NONyiaeMas paGoTa TEIJIOBOrO ABHTaTeNisi HCHOJb3Y-
€TCA MJIA NPHBOAA MCHONHHTEIbEEX MeXaHH3MOB — HODPINHEBHX HIH
LEHTPOGEKHEIX KOMIPECCOPOB.

‘K.n. g, TTIA ¢ NMOpIUHEBBIMH ABHIATENIMH BHYTPEHHEro cropa-
HHa paseH npuMepHo 35%. Takofi xe k.m. 4. moryr mmers I'TIA
C rasoTYpGHRHEMY IBHFATENIMH C DEreHepaumell Temia oTpaboTas-
IIHX T430B B ¢ TeMneparypoll rasos nepes TypOuHOH okoso 1000 °C.
OCHOBHEIMH TEINIOBHIME HOTEPAMH TAKHX YCTAaHOBOK SBJSIOTCS IHO-
TePH TeIVICTE ¢ OTPAaGOTABIIEMH ra3aMH H OXJaxAalollell BOZOM.

Ipr poGrlue HedrTH Ha He(TAHBIX MECTOPOMAECHHAX HJS HNOBH-
LieHus HePTeOTAauH WIHPOKOE NPHMEHeHHe NOJAYYHIH TepMHUECKHe
cnocolGu BosfeficTBug Ha miact. Jlis sToH UedH B HejTAHOK mAacT
HarHeTaeTCy BOASHOH Iap HJM ropsAdas Boxa. BoasHo# map u ro-
PAYYI0 BOAY MOJIYMAIOT Ha CHEUMaJbHHX TENJIOBHX YCTAHOBKAX.

B rTemnoBo#i mepegBHKHOH maporesepaTopHOf YCT2HOBKe
[IITY-4/120 (puc. 19.2) Boja M3 eMKOCTH HCXOLHOH BOHH [ npH
TeMneparype He HHXe 5°C ceTeBEIM HacocoM 2 Nojaerca B Temo-
OOMEHHHK J, IJle oforpeBaeTca. 3areM Boia HOCTYHAET B OJOK XH-
Muueckoil ounctkh (XBO) 4 B B eMxocTh yMaruensoi Boan 5. Ouu-

‘lenHas Boxa ua Gaoka XBO macocom 6 mojaerca B neaspartop
BHICOKOrG AaBJCHHS 7. 34ecb BOJa OCBOOOXKIAGTCS OT PaCTBOpeH-
HBIX B HeH rasos, Harpesasch po reMmneparypu 170 °C. [Tosoxenue
YPOBHS BOAS! B A€a3PaTope MOANCPIKHBACTCA PErYASTOPOM MHTAHHS,
Jast oGecneuenns ycTORIHBOCTH GeCKABATANHONHON PaGOTH 6ycrep-
HOro Hacoca 9 MEXKLYy [€aspaTopoM H YKa3aHHbHIM HAcocoM ycTa-
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HCR.ICH TeMNOOOMeNHHK 8, B KOTOPOM AeaspHPOBAHHAN BOXA OXAaXK-
Jaerca-na 8—10°C, Boga us GycrepHoro Hacoca MOA AaBJeHHeM
0,9 MIla u mpu. temmepartype 160°C mocTymaer Bo BCACHIBAIOLLYIO
JHRHIO NMHTATeJIbHOr0 Hacoca [0, KOTOPHIA MONAeT ee B 3MEEBUK
npsAMOTOYHOro nmaporeseparopa 11,

Boixopamuii H3 KOTeNBHOro arperaTa BAAXKHBIA HACHILICHHBIR
nap co creneHeld. cyxoctd x=80% nomaerca Ha JApocceabhoe
yCTpoHCTBO /2 M Ha CKBaXKHHY.

Hap nnaroro masiaemns 0,8—0,9 MIla, ucnoapsyeMeii na co6-
CTBeHHEIE HYX/Hl NaporeHepaTOPHHI YCTAaHOBKM (AN TojorpeBa
BOJBI, TOINIHBA U BOZAYXa), NOJYyYaeTcs MyTEeM NPOMYCKAa HEKOTODO-
ro mgwnmnemm 1apa BHICOKOTO NaBJIEHHS uepes ApPOCCeNbHOe yCTpod-
cTBO 12, ,.

B naporesepaTope yCT2HOBKH B KaYeCTBE TOINIHBA HCHOJB3YETCH
CHpasa HedTh.

JKuzixoe TOMIHBO B BOSAYX IEpéA mofauell HX B TONKY MOROrpe-
BaloTCsl B TemnoobMeHHHKe /4 u B Tennoo6MeHHHKax I m II cryne-
HH 16, 17. Tlopauy, BO3AyXa B TONKY OCYIIECTBASIOT BEHTHJIATODA-
MK 13, 4 ToniuBa — HacocaMmu I5. -

B naporeneparopno#t ycramoexe Y[II-9/120 (puc. 19.3) Bona
H3 MPOMEICJIOBOrQ BOAOOPOBOJA {IPH TeMiepaType He HHXKe -}-5°C
CeTeBHIMH HacocaMu / nojaerca B GaK HCXOAHO# BOAH 2, H3 KOTO-
poro ona sabupaerca Hacocamu 3 Omoka XBO m npoxauusaercd
uepes TemnooOMenHuKk Ty B TemooOMeHHHKe Boja IOAOrpeBaeTcs
napoM HH3KOro JaBllelHa no Temmepatype 20—35°C. 3arem oua
NOCTynaeT Ha (QUIbLTPHL BOJONMOATOTOBKH, IIe NOABEPraeTcs OYHCTKE
OT MEXaHHYEeCKHX npuMeceil H rayfokomy ymsrdenmio. Ilociae XBO
Bojla CIMBaeTCA B Gax XHMHYECKH OUHINCHHOH BOAM 4, OTKyZa ue-
pes TeMICOOMEHHAK Aea3pHPOBAHHOM Boabl T2 H PerylaTop NHTa-
HHs MOJAeTcH B JeaspaTop BHICOKOTO JaBjeHHs 6. 3Aech Boma oc-
BoOOXKIaeTCd OT PACTBOPEHHHIX B Hell ra3oB, Harpesasch A0 TeMIle-
patypst 170 °C. IlonoxeHne ypoBusi BOAH B Aeaspatope moAmeprH-
BaeTCH Pery/aaTopoM nutanus. Jjs obecnevenus ycroHuusoit Gecka-
BHTALHOHHONH PaboThl GycTepHOro Hacoca & MEXAy HeaspaTopoM H
YKa3aHHBIM 'HacOCOM YCTaHOBJeH TemnoofMeHHHK T2, B KoTopoM
JeaspHpoBaHHaA Boja oxnaxpaercd -Ha 8—10°C, a ouHmmennas
Bojfa Harpepaercs o 40°C. .

Bona ms OycrepHoro Hacoca mop zamiesrem 0,9 MIla ¢ Tem-
neparypoit 160°C mocrymaer Bo BCACHIBAIOMIYIO JHHHIO NHTATENb-
noro Hacoca I0, KoTopnifi mojaer ee B 3MEEBHKH HapOreHeparo-

ad.

P Buxoaamuii H3 KOTeNbBOrO arperara BIAXHHH HacHIIeHHH
nap co cremennio cyxocrn x==80Y nomaercs mHa Blaromep 7, rae
H3MEPAIOT BJAAXHOCTh I1apa, Pery/aupyoT ee NyTeM H3MEHEHHs pac-
Xoja TOINIMBa B naporeHepatope. [lanee HacHINeHHH map mocry-
nmaeT Ha CKBANHHY.

INap muskoro paenenus 0,8—0,9 MIla, ncnonpsyembit Aas co6-
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CTBEHHEIX HY2KX I[apOTeHEDATOPHOH YCTAHOBKH (AJs- IOJOTpPEBa
BOJH, TGINNBA ¥ BO3LYyXa), NOJNYYaeTCs OYTEM INPONYyCKa HEKOTO-
POro KoJHYeCTBA {apa BhICOKoro AasneHus 6,0—12,0 MIla gepes
JpoccesibHOe YCTPORCTBO 8.

B naporenepaTope ycraHOBKM B KaUeCTBE TOWJIHBA HCNOJB3YIOT
€HpPYI0 He(pTh (OCHOBHOE), NONYTHEIA ras (PEe3epBHOE) H AHIEALHOE
TOIMIKBO (IIYCKOBOE).

Kunxoe TommHBO H Bosayx Nepen mojavell WX B TONKY NOIO-
epeBaeTcd B TemioobmennnKax I u II crymenu 74 u 7§ ®. B KajlIOpH-
thepe T3.

KosdduunenT HCHOLB3OBAHAS TEMJIa NAPOreHEPATOPHBIX yCTa-
HOBOK Kosebnercs o1 70 1o 80%. OCHOBHBIME HOTEpAMit ABJIAIOTCH
fIOTEDH TemJa ¢ YXOJAAUIHMH ra3aMH H OT XUMHUECCKOH HENOJHOTH
CTOPaHHuA. .

st modydennss GOMBIIMX KOJHYECTB TOpAYell MOPCKOH BOMHE
(15000 M3/cyT) ¢ uedbio 3aKAYKH €@ B MAACT MCOOJBL3YIOT NPOMEIL-
JICHHYI0 HArDeBATEJBHYIO YCTaHOBKy (pHc. 19.4). Hcxozmas mop-
CKas Bofa mpd TeMmueparype 20 °C u paexaennu 0,3 MIla moctymaer
Ha YCTAHOBKY M pasjefsercda Ha JBa notoka. [lepenift notox npoxo-
JHAT 4epe3 NOBePXHOCTHLIH MapoBOAAHOA MOxorpeBaresh /6 u Harpe-
THi 10 40°C nocrynaer B BHINApHOI annapar I4, rae Harpesaercs
#o 100 °C; npu sTOM HacTh BOXH yIapHBaeTCs B BLIMAPHOM ammapa-
Te. YacTHyno ymapenHast MOPCKas BOAA, NPORIS OTCTOHHHKH 18 X
40a, nocrynaer B Gydepuui 6ax 6. Bropo#i moTok, mpoiixs IOBEpX-
HOCTHHI MAPOBOAAHON HOJOTpeBaTeNb 12, MOCTYIAeT B KOHTAKTHELR
KOHAeHCATQP-OforpeRparens fI, rae oT cMelleHHs c¢ Goabliei
JacTeio BTODHUHOTO Hapa Harpepaerca o Temmeparypet 100 °C.
Y13 KommencaTopa-TOLOrpeBaTeNs ropsuasg ROAA MOCTYHAET B OT- .
CTOAHHK /06 B B GydepHHE 6ax 6, rie o6a NOTOKa OGBLEARHAITCSL.
U3 Oypeproro 6aka ropsuas MOPCKas BOZA NOLAaeTcs HACOCAMH 7
B HallOPHEIE MEXaHHYECKHE (UJLTPH 9, B KOTOPHIX OYHLIAETCS, a 3a-
T€M BHICOKGHANODHEIMH HacocamMu & 0OpH JaBJeHuH He HHXKe
10 MIla mopaercs B pacnpefeluTEeNbHYI0 CeTh AJsi HACHETaHHA
8 He(TAHBEIE TOPH3OHTEL, -

Mopcras Boga mogorpeBaercss fapoM, NONYYaeMBIM M3 Ieperpe-
TOH KOTJIOBOH BOAH B camoHcmaprrensx [5. Ileperperas KoTaIoBas
BONa noJdyuaercss B BogorpefinoM xorne IITBM-1 /1. Pperomus map
U3 CaMOHCHApHTeNell NOCTYNaeT B OTCEKH MEXTPYGHOTO mpOCTpaH-
CTBA Kamepbl BhHTADHORO anmapatra I4. Ilpu teMmmeparype 104 °C
00pa30BaBIIBHCA KOHIEHCAT B-OTCEKAX Ipelollell KaMepkl BHIIAPHO-
To ampapaTta ¢ IOMOLIBIO HACOCOB 4, § OTBOJHTCA B GaK KOTJIOBOM
804H 3 M HacocaMH 2 NofaeTcs B BOZOrpeiiHEll KoTea, B 64K MOCTY-
LaeT TaKXKe OCTABIUAfACA BORAa H3 TOCASAHeH CTYNEHH CaMOHCHA-
PEeHHS. .

Broprunrblii nap, Hoayyaemulit B BHIIAPHOM anapare, HCIOJAb-
3yercs A NPeIBADHTENLHOrO IMOAOrPeRa MODCKOK BOAH B TeILIO-
o0MenHuKax 16 5 I12 1 B KonpcHCcaTope-nogorpesarese 11, Konnen-
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B oxBancuner

1 Pre. 19.4, Cxema NPOMBILIIEH-
HOll HarpeBaTelbHOH YCTAHOBKH:

I — wopexast _momay [ —map; fIf—
xompiencat; [V — sarpaska

—_—— 'Pue, 19.5. Cxema Gaoka narpew
J . paTelbHON YCTAHOBKH € Fopell~
fopsuns Bodun KaMi TIOFpYIKHOTO TOpEHHS:

8 nku.mﬁm&\ I —poga; JI—ras; 1] — BO3NYX

nma.v_,...m._.ovmamoﬁ,o mapa, 00pasoBaBIUKiicA B MOBEPXHOCTHHIX TOLOTPe-
BATeNSX, HCUNOMbL3YETCA IJif NOJANATKH BOJOrPEHHOro KOTJA.

* KosdpduuueHT HCOONb3OBAHHS TEMJa mm%mwmemawmom YCTEHOBKH
Ha YACTHUHEIX PEXHMaX Jexur B npemenax 60—70 . OCHOBHEIMI
NOTepAMH SBJAIOTCH TOTEPH Telld ¢ YXOUAIIAMH rasaMh, oT XHMH*
gecKOol HeMOJHOTH CTOPaHHA H OT BHEIIHEro OXJamMACHHAL.

* - Jlag moMyueHHs ropsizefi MODCKOH BOIB 4acTO HCNOMBL3YIOT Ha-
rpepaTe/bHEe  YCTAHOBKH C anmaparami MOTPY2KHOTO TOpEHHT

(pue. 19.5). Mopcgas BOja HacoCaMu 2 nopaercd B KOJNOHKY KOH-

" raRTHOrO TemiuocoOMeHa I. 3xech BOJAA, mepeTeKas C TAPeJIKH Ha Td-

. peNKy, pasGpEI3THBAETCA H KOHTAKTHPYET C YXOIAMIHMA ﬁmoﬁwmemw
_Mi Cropan¥s, oxXampan uX, [as w Bo3AyX KoMmupeccopamu 4 U 2

TI0AI0TCS B TOPEIKH anmnapara OOTPYKHOIG TOPEHHA. Huxua

o

s

Puc. 19.6. Texnomormueckas cxema MepefBUXHON NapOreHepaTOPHON YCTAHOBKH
TIIIY A-1200/100: .

4 —nap x noTpeGHTENI; 5 — BO3EYX K BEHTHIAATODY; B — map B eMKOCTh ANA MOXOTPena bo-
ney S —cxmarhilt Boamyx oT Kommpeccopa; M —cans {Apenax); J-— eMmKocTe Al BOARL: 2,
4, 14, 19, 25 u 33 — npoGKoBEIA NPOXONHOH CcaNbHMKOBREL MYGhTOBHIA kpait; & — duALTP BO-
AsHOM; § — muTaTennyuft Hacoce; &, Jf, 2] — saunopHbft DentHAb) 7, 8, 15, 23 = perynapyowmni
BOHTHAL; 9 — aMadiparMa BhICOKOrO gpabxemus; [0, 22 — oSpaTAWM xnazmaw; 2 — maporesepa-
TCp; [3— npefoXpaHHTeNbHBIN KAaNas; [6 — pPACIIHDHTeNb; {7 — PETYJNHPYIOIHHE BEHTHJB
18— pechnep; 20 — BO3UYIIHBIE $HIBTD; 24 — TOmMUBRLA Oak: 26 — sanopuuift kpaun; 27 —
TONJHBHEIA wacoe; 28, 30 — perynupyrowufi BeHTHAB; 29, 85 — KopofKa or6opa MOLHOCTH;
3/ — tomnusRmit  huabTp; 32 — oTceyHoll KXapaHd; 94 — ropenotHoe YCTPOHCTBO; 36 — BeHTH-
aATAP; &7 — WwubepHad 3aCAOHKA ‘

YacThb TOPEJOK HAXOAMTCA NOJ YPOBHEM BOMHI; NPOIYKTH CrOpaHHA,
BLIXO/IA H3 ropesiok, GapGoTHpyOTCs, 00pasys ¢ HarpeBaeMoOH XKUA-
KOCTBIO MEHAIYIOCH Maccy ¢ GOJBIIOH IOBEPXHOCTBIO CONPHKOCHOBE-
flHS MEXAY Ta30M H XKHAKOCTBIO} STO NPHBONUT K HHTEHCHBHOMY
remiooGMeny. Harperag Mopckaa BoZa HacocoM BBICOKOTO JaBlie-
#us 3 mojaercs B HarHeraTesJbHBle CKBaXKHHEL

KoagdunuenT ECNONL30BAHHS Tenla YCTAHOBOK MOTPYKHOTO Io-
peHus OYeHb BEICOK M gocTuraer 95—989Y%. _

ITepexpuxHble maporeHepaTOpHEE ycTaHoBku [I[TVA-1200/100,
UpHMEHseMEe JI8 Oenapa@HHH3aNHH NOA3E€MHOr0 H Ha3eMHOTO
obopynosaHud, ¢ 1978 r. BEINYCKAIOT B3aMeH CHATHIX C NPOH3BOACTBA
yeranoBox [1ITY-3M.

B naporeneparopuoii ycraHoBke (puc, 19.6) maratensHas Bona
H3 eMKOCTH / caMOTeKOM 4epes GHIBTD & NOCTYIaer HA IIpHEM
fIHTATENBHOrD HACOCA BHICOKOrO JA2BJAEHHT 6 m Jgajee M0JAeTcs
& - naporeHeparop 2. C [OMOIIBIO pEryJHDPYIOINErD BEHTHIAR 7
9acTe NOTOKA HANPABJISIOT BO BCACHBAWOIIYID JIHHHIO, PErYIHPYS
pacxon Bojn. O6parHufi kKaanan J0 OpefoTBpamger monazaHHe
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napa B HANOpHYIO JHHHI IDH BHe-
3allHOM MOBHIUEHHH JaBJEHHA B
naporenepatope. Ilap u3 mapore-
HepaTopa uepe3 pacmiHpHTens I6,
peryJHpyiomHi BeHETANL I7 # 06-
pPaTHHH knanan 22 mocrynaer K
notpebuTeno. I1puGoph. KOHTPOIA
TEMIOEepaTypH H HaBJIEHHS CMOHTH-
poBaHM Ha pacumprTene I6. JIH-
3ejibHO@ TOIVIHBO H3 eMKoctH 24
nmocTymaer B lrecTepeHuaTHi Ha-
Puc. 19.7. Cxema TOH c mpome- coc 27, 3arem, mpofina ¢mnsrp. 81,
MYTOUHEIM OTGOPOM mapa oTceyHo#t KmamaH &2, mpeaBapH-

_ TeJBHO HarpeBasCh, mNojaercda B
ropejouHoe ycrpoicTBo 34, Pacxof TONMHBA PeryJdHpYIOT BeHTHICM
28, c6pachlBalOINUM YacTh TOIIMEA BO BCACHIBAIOINYIO JMHUIO Ha-
coca. Bosayx nmoctynaeT B ropeouHOe YCTPOHCTBO OT BEHTHJATOPA
36 uepes mmGepHylo 3ac/A0HKY S87. CHCTEMH TPYyGONDOBOJLOB Ape-
HHDPYIOTCA KaK CIHBOM 4epe3 3amopHyl apMmarypy 2, 6, 11, 26, rak
H mojauell CXKAaTOrO BO3AyXa H3 pecHBepa I8.

IlpuBon muTaTeNBHOrC Hacoca §, TOIUIHBHOro uacoca 27 u BeH-
THAsATOpA 36 OCYLUIECTBAAETCA OT TATOBOTO JABHTaTeNs ABTOMQOHJR
uepes KOpoOKM orfopa momgocTH 29 u 35. YcranoBra cHaGxkeHa
HeOOGXOMHMON CHCTEMOH aBTOMATHYECKOTO KOHTDOJIS SAlLHTH H CHI-
HAJH3aUHH. - o : :

CMeliranHble. YCTAHOBKM, OTIYCKAIOIHE NOTPEGHTENsM SJIeKTpH-
YeCKyio 9HEprHio, map.® FOpsiiyio BOJy, OMarofaps BHICOKOMY 3Ha-
yenHio ‘Koaddunuenta uenonanzosanus temna (60—70%) moayunmn
LIHPOKOE PacCNpoCTPaHeHHe B HAPOAHOM Xoadfcree. [IpHHOHIHANE-
HHe cxeMBl TOIl Moryr GHTh PasAHYHBIME (C NPOMEXYTOUHEIM OT-
0opoM napa, ¢ HPOTHBOLABJIEHHEM H Ip.).

Cxema TOL ¢ npoMexyrounnm or6opoM napa (pec. 19.7) orau-
9aeTcsA OT paHee paccMoTpeHHol cxemu KOC Tem, uto B maporof
TypOHHE He BeCk MAp PaCHIHPAETCH NC NIPOTHBOAABJIEHHS B KOHJIEH-
catope, a YacTb mapa MEXJIY CTYHEHSMH pacllupeHHs TypOHHH
orfHpaeTca ¥ MNojaercd INOTPeCHTENO TeXHOJIOTHUECKOro mapa I0.
OcralbHBIE SIEMEHTH CXeMBl, HX Ha3HaUeHHH H 0003HaueHHS Te e,
uTo u Ha cxeme K3C puc. 19.1,

Ha KOMIpeccopHBIX CTaHOMAX MAarHCTPaJIbHBIX Ta30NPOBOLOB
noayuaior pacnpocrpanesde I'TIA ¢ yrunusanueft temia orpa6oras-
mux rasos (puc. 19.8). Ha srmx ycraHoBkax ‘pa6oTa TeIOBOTO
ABHTATeJIsl HCIIOJAB3YeTCd IS NPHBOAA LEHTPOGEKHOr0 KOMIIpPECCo-
pa 3, ofecneuyBaOLIero TPAHCIOPTHPOBKY IPHPOAHOrC rasa Io ra-
30IIPOBOAY, a -OTpaboTaBlile Tashl [OCTYNAOT B KOTEJI-YTHJH3A-
TOp 7, TAe nmojyyaercs FOpAYAR. BOZA MM 1ap, HCOOJAb3yeMHbe Ha
coOCTBEHHEIe HYXAH H HYIKAH nocenxa 9. Kosddanuenr nenoabso-
BaHMA TEIA TAaKHX YCTAHOBOK JOCTHraer 74—78%.
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Pac.
kpynHEx ADC

19.9. HsyxgourypHas cxema . Pme. 19.10. Cxema Temiocraosoit yeras
.. . HOBKH OTKpHTOre IEEIa ¢ MIJ] remes
" paTopoM ’ '
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iD Hacrosllee BpeMs B LLULF R BO MHOTHX JIPYr#X CTPaHax MH-
@a paboTaer u cTpouTCA GOJBLIOE UHCIO ATOMHHIX SJMEKTPHUECKHX
cranuuit (ADC). OtHocuresnblias hons BHpabaTeBaeMofi Ha ADC
BJACKTPOIHEPIHH HENPEPHIBHO BO3pacTaer, ATOMHEE 3/€KTPHYECKHE
<CTaHIHH OPeACTaBJAIOT COG0H TaKXKe TEIJIOCH/IOBHE YCTAHOBKH, HC-
TOYHUKOM TeINIOTHI B KOTOPHIX fBJSETCS SHEPrHs, ofpasyloimascs
@ Mpolecce AeeHus Afep ypana. PabounM reminom na ADC gsaser-
-¢sl BONSHOK map. B saBHCAMOCTH OT TOro, MOJIy4aeTcs JiK ap B cle-
dlHaJIbHOM NapoTeHepaTope HJHM HENMOCPEACTBEHHO B DEAKTOpe, pas-
JIHYAIOT JBYXKOHTYPHblE HJIH ORHOKOHTYDHEE cxeMe ADC.
Ha puc. 19.9 npuBeseHa NBYXKOHTYpHag cxeMa KpymEeix ASC
*CCCP. LlupKy/sluns TeINIOHOCHTENH BO BTOPOM KOHTYPE OCYIECT-
‘Bafgercs cllenyiomuM obpasoM. ITap meperpeBaercs B peakTtope [/
@l [IOCTYNIAeT B IIApPOBYI0 TYPOEHY 4, rie PaclIHPSETCH; MOJyYaercs
‘paboTa, HCMOJNb3yeMas IJs NPHBOAA SJEKTPOreHepaTopa. 3areM
#ap HanpaBaseTcA B KOHAEHCATOP 5, KOHASHCHPYETCH, H BOLA KOH-
JeHCAaTHBIM HacocoM 6 Nopaercs B Jeaspatop 7. HMs pmeaspartopa
BOJA IHTATEAbHBIMH HacocaMH & MNOZAeTcss B Nojorpesareqas 10
# B TaporeHepartop 4. B maporeHeparope Boa KCIapseTcs 3a CUeT
OXJax/eHUs] TEMJOHOCHTENS] NMEePROre KOHTYPA M HACHINEHHHI map
MOCTYMaeT B PEaKTOp, rje neperpesaercs. [lepeniii KORTYp BKJIIOUa-
€T TaKXe CenapaTop 2 H NUPKYJANHOHHHe HacocH 9. Takme ASC
B 3aBHCHMOCTH OT HapaMEeTPOB COCTOSHHSI IIEPErPeToro napa HMe-
0T K. 1A, Gonee 35Y%. _ .

B nocnepuue roxst B CCCP 1 B APYrHX cTpaHax BeJyTCH HHTEH-
«CHBHEIE Da0OTH MO CO3MAHMIO TeIVIOCHIOBHX YCTAHOBOK ¢ MATHHTO-
rrpponuramayeckumu (MIJ1) reneparopamu, B MI'JI remeparopax
-QCYILECTBJACTCS HENOCPEACTBEHHOE Npec6pasoBanue Tellla B 3JeK-
TPHYIECKYIQ SHEDPTHIO,

Tennocunosste ycranoBku ¢ MU remepatopamu Moryr OHITB
“BBIMOJIHEHE! 110 CX€Me OTKPHITOFO IHKNA M 3aMKHYTOrO IIHKJIA,

B rtemnocunoBhix ycTaHOBKax ¢ MIJ] reHepaTtopaMH OTKPHITOTO
atukaa (pue. 19.10) atmocepnrii Bosgyx I xommpeccopoM 2 mo-
-AaeTcs B BO3JYXONOLOTPEBATENs 3, IIe NOJOTPEBACTCA H NOCTYIIAET
‘B KaMepy CropaHus §, XKyaa nomaercs H TOWIKBo 4, VoHH3HpOBaH-
HEIE NDH BHICOKOH TeMmepatype NDOAYKTH CrODAHHS I[POXOLAT
-¢ Gonpioll ckopocTsio uepes MIJL remeparop (comio 6). B ML
TeHepaTope HOHHSHPOBAHHLIE Tashi IEPECEKAIOT MAarHHTHOE IIOJIE,
-00pa3oBaHHOE CHENHANLHOR MATHHTHOH cHCTeMoll, B NMOTOKe Tasa
Bo30yxKnaeres 3. 1. ¢. C NIOMOLIBIO TOMEIEHHEX BAOJbL NOTOKA 3JEK-
‘TPONOE CHHMAETCH M OTBOJHTCS BO BHEWHIOI LENb-7 NOCTOSHHBI
:3JIEKTPHYECKHHl TOK.

[poaykTel cropaHus Ha BHXoze ua MIIL reHeparopa HMEIoT

"«QUeHDb BLICOKYIO TemmepatTypy, Goamee 2000 °C; pia Hx oxiaxaeHmst
H MONOrPeBa BO3JYXa OHH NOCTYNAIT B PEreHEPATHBHEN BOSLYXO-
:nojorpesaress 3. Ha BbiXofe H3 BO3LYXONOZOrpeBaTeis HOPOZYKTH :
‘CTOPaRHs MMEIOT elle BEICOKYIO TeMnepaTypy. 3ateM NPOXYKTH cro-

990 !

!

PaHHA NOCTYNAlOT B NaporeHepaTtop &, riae OXMAXKIAIOTCS A0 TeMie-+
parypu nopsiAka 150 °C u BubpackiBatoress B aTMocdepy 9. B napo-
reseparope noJdyuaerTcs BONAROH map, KOTOPHEH Tojaercs B mapo-

.BYIo TYypOuny 10, Tie pacmupsercs, noayyaercs pabora, HCIOAb3Yye-

Masi A TPHBOAA aJjeKTporeHeparopa. OTpaboraswufi B TypOuHe
nap nocTymaer B KoHAeHcarop [, RoHpeHCHpyeTcs H Boja INMHTa-
TeNBHEIM HacocoM 12 momaercda B maporeHeparop.

Ecin 6yaer ofecmeueno moJyueHHe NapaMeTPOB COCTOSHHUS BO--
IIHOTO Tapa nepex TypOuHO# — npu naeaeaam 24,5 MIla, remme--
parype 870 °C u maBsneHRn B KoHAeHcartope 4 klla, TO K. I Jl. TaxoiE
TENJA0CHIOBOR ycranoBKR ¢ MI'II reHepaTopoM GyJeT NpeBOCXOXHTD-

50%.

§ 3. Pacxop, TonsiMBa, mapa M TETJIOTH B TENAOCHIOBBLIX
YCTaHOBKaX; TEXHHKO-9KOHOMHYECKHE NOKASATENH

»

Hacosoil pacxod Tonausa B JIIOGOH TENNIOCHAOBOK YCTAHOBKE OI-
penensercda M3 ypaBHEHHA TelJioBoro GajiaHca, COCTARJEHHOTO IJISE
5TOH YCTAHOBKH .

BQP, 1, y=3600N, xllx/y; (19.1)
B 3600, ,
. QPury - .
rae B —uyacoBoil pacxom TomauBa, Krfu; N, — sdderrusnas Mom-
HOCTh TEIVIOCHJIOBOH YCTAaHOBKM (TeINIOBOFO ARHrartens), kBrt;
QxP — HH3MAs TENNOTa CTOPAHHA TOMAHBA, KJ[K/Kr; fry — K. . A..
TEINIOCHIOBOH YCTaHOBKH., ) -

Yacosofi ‘pacxoff YCIOBHOIG TOIJIHBA MOXHO HafiTH W3 TOTO Xe
ypasrenus (19.1), ecnr BMecro QuwP HaTypasbHOro (paGouero) Tom-
JHBA NOJCTABHTb 3HaieH#e TEemAoTH croparusa (19.1) ycaoeHoro-
TomtuBa, pasHoe 29 300 kAx/xr, uau oo dopmyne (14.9)

By=—200We _,193. e | (19.2)
29 3000z y Nr.y

YmensHeifl pacxox tomamBa (19.3) —sTo pacxox Tonsmuea Ha
€IHHHIY BHIpa0OTAHHOH MJH OTHyILEHHOH SHEePrHH

Bt B 3600

s

= ee— T e— * H H nm
mw = ~< == mﬂﬂ\ﬁmﬁw.ﬁ Hmvu . ﬁ @ v_
¥ 3 N ] \A Vu ﬁ N V

rae & — KONHYecTBO BHPAGOTAHHON WIH QTOYLICHHON SHEPrHd 3a

T 9acoB, KBr-u. ; . .
Ecnn B ypaBHenns (19.3) m (19.4) nmoacTaBHTHL KOJHYECTBO BHI-

paboranHoi sHepruy (), To B YPaBHEHHT BXOAHT K. I A, YCTZHOB-

i9* 29%




&R «6pYTTO? 1)ry B MONYIAIOT YHESNBHEIR DACKXON TOINIHBA «ODPYTTO».

Ecax Xe B 3TH YDaBHeHHsS NOACTABJAAETCH KOJHYECTBO OTHYMIEH-
#l0F sHepruH 3, TO B ypaBHeHHs BXOJAT K.IL K. YCTAHOBKE <«HET-
T0® N"ry

- Ny <Ny (19.5)

OKOHOMHIHOCTD TEMJOCHJIOBHX YCTAHOBOK PAasNHYEBIX THIOB CO-
MIOCTABJISAETCS 110 3HAYEHUSM K. IL I, «HETTO® 1) r.y. . :

Yacopoit pacxoj mapa B NapOCHIOBOH YCTAHOBKE ONpPeNesaeTC
#3 ypaBHEHHA Tensosoro GajaHca

D (h—H5) ne=3600 N xIx/u; (19.6)
D 600N,
(fy,—R'2) me

rae D —uacoBofi pacxos napa B AapOCUIOBOR YCTaHOBKe, Kr/d;
N¢~— addexraBHax MOIIBOCTb NapoBOTO ABHMraTess, XBr, hi— sH-
TaNBpOHA TNapa, NOCTYHAlIIero B NapoBoW ABHraTenb, KIIXK/Kr;
#'s — DHTANBNHA KOHACHCATA NpH KOHEYHOM NaBJIEHHH Napa Ha BHI-
Xofe H3 ABHTaTensi, KIK/Kr; 1. — s3dOdeKTUBHbH. K. . i, MapoBOro
JIBATATEJ.

VnenwHE pacxop mapa, T. € Pacxof Ha enuHmNy BHpaGoTaHHOH
HIR o.—.gmmmom SHEPTHH

Dz D 3600
‘ a Ne (hy —h'3) Me

YaensHu# pacxon Temna B TeIIOCHIOBOMN yCTaHOBKE, T. e, pac-
XOJ Ha eNMHHEY BHIPaboTaRAOH HAM OTNYWEHHOW SHEPrHH

Ze=bQuP=20 300 by =d, {—"';) KIx/(kBr-1). (19.8)

Ecan B ¢opmyny (19.8) mopcraBHTh 3HaYeHHS YZENLHEIX PacXo-
JIOB HATYDaNbHOrO M ycJoBHOro [cM, ypaseenms (19.3) m (19.4)]
TOIJIHBA, a T4KXKe 3HAaYeHHs yIeJbHoro pacxopma mapa (19.7), To
JIONY9HM cllefylolllee YPABHEHHE YAeNLHOTO Pacxofa TemJa:

g,= 3600 KILk/(xBT - u). (19.9)

Kr/(kBr- ). (19.7)

Tr.y

Jaa TOI B cooTBeTCTBHH ¢ ABYMS BHAAMH BHIpaGaThIBaeMOR H
-OTNycKaeMofl IPOAYKUEA NPHMEHSIOTCS ABA TAaCTEHX K. IL A,

K.n. a. TOLI «6pyrros» no BHPabOTKe 5/AeKTPHUYECKOH 3HEPTHH H
“TEIJOTH ONpefeNdloTces no hopMyaam

- Sron . . '
o =g (19.10
S Qron
.w._‘amn Bren rog @Pa ’ ‘ (19.11)

€Xe Sron, Qrox — rofioBast BHPAGOTKA 3NCKTPHYECKOH SHEPTHH Y KO-
JiHueCcTBa TenJOTH, KJXK; Bsiroa — I'OJOBOH pacxoj TOMIHBA HA BE-
PaboTKy SNEKTPHUECKOH SHEPTHH, Kr; Brenrox — FONOBOH pPacxof
TONJHBA Ha BHIPAaGOTKY KOJHYECTBAa TEIUIOTH JJS BHELIHHX NGTpe-
BHTeNel, KT, . ) Co . .

Qopmyarr (19.10) n (19.11) npurozHH AJA OnpeAeNeHHS K. IL A,
{IpH J1060M OTPE3Ke BPEeMEeHH.

K.n. x. TOLI «HerT0» nO OTHYCKY SJAEKTPHUECKOH SHEPrdH H KO-
JIHYECTBa TEIJIOTH ONpeLefArTcs N0 yPaBHEHHAM

L .moa.wou . 19.12
1 " Borron — Benro) T (19.12)
L Qo rox : (19.13)

Awqmn.—dy + mnm._ng QP

rae Bewrog — FONOBOH pacXol TONMHBA HAa BHPAGOTKY SI€KTpPOIHEp-
THE JJA COOCTBERHMX HYXJ, NOTPebiseMOi B CBI3H C OTIYCKOM KO-
JugecTBa TemiaorH ot T, kr, S ‘

ITonnwiit rogosoit pacxon tonauBa Ha TSIl pasen cymMme romo-
BOTO pacxoia TOIJIHBA, 3aTPAUeHHOI0 Ha BHPaGOTKY aJaeKTpHYec-
WOX SHEPTrHH M KOJHYeCTBAa TemNOTH Brog=Bsnrox+t Bremrog.

YoenvHbl pacxox ycnopsoro TomiHBa Ha T3Ll ma BHpPaboOTKY
1 MII>xx 1 1 xBT-4 s/leKTpHYECKOH SHEPrHU

10° 0,0343
By = ~ 0 .
e ._.__‘w._...MQ 300 .:\9_._ mﬂ.\ghvmﬁu A._ @. Hﬁv
@w.u‘ = 3600 0,123 Nﬂ\ﬁmmw.ﬂ . -.HV. A_Q. —mw

Non-29300 1’y

YaeneHefi pacxof ycioBHOro Tomiiea Ha TAIL ma BEIDAGOTKY
i1 I'lx remna

b =100 343
ey N rén+ 29300 .

N rem

xr/THx. (19.16)

Ha gpymumx K3C yxensHmfi pacxop TOIIHBA cocTABJSET
0,3—0,4 «kr/{gBt.qu}, mas TSIl om ceAxaeres po 0,2—
0,25 kr/ (kBt-9).

CefecTorMOCTh BHIPAGATHBAEMON SHEPrHH 3aBHCHT OT cyMMap-
HBIX TOJOBHIX 34TPaT, CBASAHHHEIX ¢ ee NojayueHHeM. CyMMapHEe 3a-
TPATHL Pa3fedsioTes Ha INOCTOAHHEE, HE 3aBHCANIME OT KOJHYeCTBa
BrpabaTeBaeMoll SHEPriy, H HA IepeMEHHEe.

K nOCTOSHHHM TONOBHM DACXORAaM OTHOCATCH oniara ofcay-
xkuparouiero mepconana . (10—15% Beex sarpar), ofuticienus Ha
AMOPTH3ALHI0 0COPYNOBAHHS H CTPOHTEABHHX CcOopyxenui (10—
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Buauenns MPeAeAbHON. KPATROCTH HAFHETAHHS ropfuek ROAM NpH =085
UsMeHense TeMie: HMamenenne faBjleHns npH RarmeTandy, MIla
P oRorpene, ¢ 5 10 [ 2
110
50 128 122 _

100 66 64 mm

150 44 44 42

200 34 33

159 ofuiAx PacxXofoB) M NpOYHE PACXOJH, CBA3aHHHE C OXPaHOR

TDVA&, XO3FHCTEEHHEIMH DACXOLaMH H T. I .
.Eﬁowomzm PACXOABl HA TOMIHBO M BCIOMOTATEJBLHLIE MaTepHaJbl
OTHOCATCA K NMEPeMEHHLIM; 5TH PacXoAnl MEHHIOTCA TNOSTH nponop-
. Mol sHeprHuH.
[MONAJBLHO KOJNHYECTBY BHpaGaThEae . -
Ce6ecTOHMOCTR 2JeKTpOSHEPTHH, BHpabaTHBaeMOl OTIYyCKae

Moit na KOC, onpexensercd no ypapHEHHAM .

G gy (91D
Cor= @Mwmg .10% xon/(kBT-4), (19.18)

Tlle S gac — roAOBHE 2KCITyaTalHORHEIE PaCXOlLbl, pyo. _
Ha TOL cyMMapHHe TO0BbE 3aTPATHl ASNATCA Ha ABE qacTd
OIlHA 4ACTh 3ATPAT OTROCHTCS HA OTHYIIEHHYIO SHEKTPHUECKYIO wmmwn

rEI0, pyras YacTb 3aTPaT OTHOCHTCS HA OTIYIUCHHOS BHEIIHHM

TeAsiM KOJHYECTBO TEmJOTH.

ameﬂamneoszoSw BIEKTPHYECKON SHEPrHH Ha KPYMHBIX T3C name-
nserca B npepenax 0,4—0,8 xon/ (kBT-u) B 3aBHCHMOCTH OT YJeJb-
HOro pAcxofia TOMIEBA, LEHH TOMIHBA H YIEJBHBIX KanHTaJdbHBIX
3aTpaT., YBeJHYEHHE MOIIHOCTH TAL u npuMeHeHHe AELIEBRIX Wmhow
TONIUBA [O3BOJSET CHUSHTb Ce0ECTOHMOCTb A0 0,2—0,3 xon/{xB - 1).
CeBecroamocts Tenaa Ha TOLI cocrapaser 0,5—0,05 xom. na 1 IJIx.

Koa(h(pHIHEHT HCTIONb30BaHE TeNJOTH CHCTEMEl HATHETaHHsA Tell-

JOHOCHTeNel ‘B mIacT AJA NOBHILCHHA HetTeoTAauH ecThb BeJHYHH&
OTHOLIEHHS KOAMYECTEa TENJIOTH @non, HCIOJB3YEMOF0 AAA HArpesa-
HYs MA3CTOBOH CHCTEME! (wiacT XMAKOCTH H ras, €ro 3aNOJHAI0-
1i##), K PACHOJAraeMOMy KOJHYECTBY TeIJIOTE BG@yP

._:Fnll.u Ono.n,\m. D:v.

Yem GoJbllie mmamémw.?.e TeM BHILIE SHEPreTHICCKas adperTuB-
3 : ropsuell BOLHL :

HOCTH CHCTEMH HATHETAHHS Iapa HIH Fop

. VjenpHbI - PACXOA TONJAHBA ONPENENAETCH OTHOMEHHEM vmnmwhw

tonuBa (B). K AONOJHHTENEHO AQGLITOMY KONHUECTBY nedTH AQs

(19.19)
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Ja «nﬂ—we HarHeTanHg TIapa HJIH
TopsdYedl BOAK 34 paccMaTpH-
BaeMBIH IepHOL,

bo=B/AQx  (19.20)

HIH YAENBHHH pACXOJ: TONJHEA -
MOXHO ONPENENHTh Yepe3 CooT-
HOUIEHHE KpaTHocTel  momauy
TApa HAH TOpsuell BOIE!

(19.21)

THe M —TeKyllas KDaTHOCTh
HArHeTaHMSA ropsueit BOAW HJAH
gIapa, T. €. COOTHOIIeHHe mopga- Puc. 19.11. Tpapmwu yreawuoro pac-

X0/la TOIJIHBA H HpefeBHON KpATHO-
aeM
B Or0 B IJIACT KOJH1ECTBA CTH B 3aBHCHMOCTH OT K. I J. Harpe-

mapa maH ropsaved BOABl Duox K  garensHofi ycTaHOBKH mpu HArHeTanum
JOMNOJHHTENBHO E..O@Tuq.oguw KOJIH- ropsavell BOLLL:

YeCTBY HeMTH }— Ap=100°C: 2 — A=150"°C; 33— Al=
% @u D@ﬂ =20°C: 4£—m=147T; Af=200°C; §—m=
M =Dgop/AQx,

mc._..:uaaco“mlau_m.&uaoon..ql
m=10, A?=100°C; & —m=35, Af=100"C

Mgy — NIPEAENBHAS EPaTHOCTh
HaTHETAHHA Napa MJIH ropsuell BOABL, T. € TO e COOTHOILEHHE, UTO
H nisa HmmuﬂEmm KpAaTHOCTH HArHeTaHHsI TOJLBKO B YCJIOBHAX, KOrAa
BCA NONOJHATENLHO homvz.,mm He()TH pacxofiyercd HA HOATOTOBKY H
TPAHCNOPT TENJOHOCHTENA B ILIACT, _

[Ipepesnpnas KPATHOCTL HArHEeTAHHS BOASHOTO lapa B YCIAOBHAX
©6paboTky HedITAHBHIX IIACTOB MEHsercs B Y3KAX OpefeNax H
B e€pellHeM pABHA Mexn=11 (Tabm. 19.1),

Ha pue. 19.11 nprBenens KDHBEHE, X2PAKTEPHIYIOUHE H3IMEHE-
#He OpefenbHOl KparHocTr (Tadn. 19.1) marnerauns ropsadedi BOILH
{1, 2, 8) u ynensHoro pacxoaa tomausa (4, 5, 6, 7, 8) npu pasany-
HEIX TEKYUIHX KPaTHOCTAX HaUHEeTAHHS K TeMmIepaTtype mogorpesa
B 3aBHCHMOCTH OT KO3t dHIHeHTa HCNOJB30BAHHSA TEHAOTH CHCTEMEL
#Harperanud, Kak BHAHO, yAeNbHbIH PACXO[ TONJHBA B 3HAUATENLHOH
CTENEHU 3aBHCHT OT How%eﬂcﬁmmew HCNOJB30BAHAA TEIUIOTHI CHCTE-
MEl, YBeJHUMBAAChL [IPH VMeHbMIEHHH nochaejineroc, B CBA3H C 3THM
fIpH TIPOCKTHPOBAHMH M SKCHJAYATALMH CHCTEM HATHETAHHS JOJKHO
OBITh 00paIleHO COOTRETCTBYIOLIEE BHHMAHME Ha CHHXXEHHE TEINO-
BHIX HOTEPh B CHCTEME.

Tpurmep 19.1, OnpefenuTs yJeAbHE pacxof, TOMJIHBA TpPH HATHETAHHH ro-
pHdei BOAK HA MeCTODOMIEHHH Y3eHb MoAyocTpoBa MaHTEIINAK, eCuH TeKymas
KPaTHOCTh HATHeTAHHdA ropauelt Bokel pasHa m= 10, H3MeHeHHe TeMIOEpPaTYDPH BOAH
qapu nogorpebe Af=100°C, naMenenne paBnenns HarHeranng Ap=20 MIla, xosd-
PULHEHT HCIONBIOBAHHA TEINIOTH CHCTEMBI HATHETANHA Vs.c=0,62.

Peweiute, 1, OnpefenneM NpefelbHYIO KpaTHOCTL HaTHeTaHud; Wa pue. 19.11
flo kpuBol [ npd KoaDOHIOUEATe HCMNOJB3OBAHHA TEMMIOTHL CHCTEME 1).c=0,62
HaXOMUM Hlee=240, :

@0 = 3\3@3&

a 4 1 i 1 1
035 84 05 g6 47 88 @,
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+ 2. OnpeAehnem yXeAbHENY PACXOA TOMAHBA 10 QopMyde
m_*s 10 “

— =10,25,
Mox 40 ’

.lh.uommnan. Onpenensem be mpu Kpueoh 7 (e ._ =

. puc. 1911} npn 1a.=0,52
monydaeM bo=0,25, 1. e. 25% IomonuHTEABHO LOGHTOR =mea=u vmmxomwwnm HE
OOAOTPEE H NOJAYY BOAH B MJACT, :

boe=

i
KonTpoasHele BOSIPOCH

1. Kax xnaccR)HIEPYIOTCS TENAOCHAOBHE YCTAHOBKH? .
2, KaKoBH TeXHOJOTHUeCKHE CXEMH H OCOGEHHOCTH pafduero Mpouecca Temio-
CH/IGBHX YCTAHOBOK, NPHMeHSAeMHX B He()TAHOH M ra3oBoll HPOMHIINEHHOCTH?

3. Kakopn TeXHHKO-S9KOHOMHUECKHE NOKASATeAH TEMJIOCHAOBHEX YCTAHOBOK Hedh
TAHOH ¥ rasoBOf MPOMEIILIEHHOCTH? . .
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MUKH M TenxoTexHukn. M., Mamunocrpoeune, 1980.
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wuxa, M., OneproaTomuspar, 1983. .
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Jgewnoctd) M., Henpa, 1987.
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