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1 BBenenne. OCHOBHBIE OHATHS U ONpe/IeIeHNs
1.1 BBenenue

Tepmoounamuxka — HayKa, KOTOpasi U3y4aeT METOJIbI MOJYy4eHUsI, TPEOO-
pa3oBaHus, MEpelayd U UCIIOIb30BaHUs TEIJIOTHl B TEIJIOBBIX MAaIlIMHAX, alllla-
parax U yCTpOUCTBAX.

Teruora HCMOAB3yETCSA BO BCEX OOJIACTSX NESATEIBHOCTH uenoBeka. [[ms
YCTaHOBJICHHsI Hau0oJiee pallMOHAIBHBIX CIIOCOOOB €€ MCIOIb30BaHMUs, aHAIN3a
AKOHOMHUYHOCTU PabOUUX MPOIECCOB TEIJIOBBIX YCTAHOBOK M CO3/JaHUSI HOBBIX,
HanOoJiee COBEPIICHHBIX THUIIOB TEIUIOBBIX arperaToB HEOOXoauma pa3paboTka
TEOPETUYECKUX OCHOB TEXHUYECKOU TEPMOJNHAMUKH.

Paznuuaror nBa mMpUHOMNMAIBHO PA3JIUYHBIX HAIpPABJIEHUS MCIIOJIb30Ba-
HUs TEIUIOTBl — JSHepeemuueckoe W mexuonocudeckoe. llpu sHepreTnyeckom
HCIIOJIb30BAaHUU, TEIUIOTA MPeodpa3yeTcs B MEXaHMYECKYI0 paboTy, C TOMOIIBIO
KOTOpPOH B T€HEpATOPaX CO3/AETCS AJIEKTpUUecKasi SHEPTHs, yI00Has JIs repe-
Jlayd Ha PacCTOsAHWE. TeIIoTy MpU 3TOM NOJYYarOT CKHTAaHUEM TOIUIMBA B
KOTEJIbHBIX YCTAHOBKAaxX WJIM HEIOCPEICTBEHHO B JBUraTEISIX BHYTPEHHETO
cropanus. [Ipu TeXHOIOrHYECKOM — TEIIOTa UCIIOIB3YETCS Uil HAIPABIEHHOTO
W3MEHEHHSI CBOMCTB Pa3JIMYHBIX TeJ (pacrjiaBieHUs, 3aTBEpICBaHUs, U3MEHE-
HUSI CTPYKTYPBI, MEXaHUYECKUX, (PU3NUECKUX, XUMUYECKUX CBOMCTB).

KonnyecTtBO mpom3BOAMMBIX 3HEpropecypcoB orpomHo. [lo maHHBIM
MunsHepro PO nuHamuka mpou3BOACTBA NMEPBUYHBIX SHEPrOPECYpCOB ITPUBE-
neHa B Ta0auie 1.1.

Teopernueckumu pasfenaMu TEPMOJUHAMUKHU SIBISIIOTCS  MeXHU4ecKas
MepPMOOUHAMUKA U OCHOBbI Meopuu menioooMeHd, B KOTOPBIX HUCCIEAYIOTCS
3aKOHBI ITPEBPAIIEHUS U CBOMCTBA TEIJIOBOM YHEPTUU U MPOLIECCHI pACIPOCTPa-
HEHUS TEIUIOTHI.

JlaHHBI KypcC sSBAsSETCA OOIIETEXHUYECKON TUCUUIITMHON MPHU MOJATOTOBKE

CriIcouaJIncCTOB TEXHUYECKOM CIICOHUAaJIbHOCTH.



Tabnuna 1.1 — IIpon3BoACTBO MEPBUYHBIX 3HEPTOPECYPCOB MO BUIAM

(MUJUTMOHOB TOHH YCIIOBHOT'O TOILJIMBA)

Tonel
Bun sHepropecypcos
1990 2000 2005 2008 2010 2013

Hedtp, Bkitouas razoswiii | 738 463 672 657 723 746
KOHJICHCAT
['a3 mpuponusiii U nomyt- | 739 674 739 730 752 770
HBIN
Yrons 262 163 193 183 215 237
DIIeKTPOIHEPTUS 98,3 102 112 111 117 122
TornmuBHBI TOp® (YCI0B- 1,8 0,7 1,0 0,5 0,5 0,5
HOM BJIQXKHOCTH)
CraHubl 1,4 0,7 0,5 0,4 - -
Hposa 16 5,4 5,2 5,0 5,0 4.0

Htoro 1856,5 | 1408,8 | 1722,7 | 1686,9 | 1812,5 | 1879,5

Uctounuk: Poccuiickuii ctatuctuueckuii exeroanuk denepanbHoil ciy>KO0bl TOCyAapCTBEH-
HOU CTaTUCTHUKU

TexHuueckass TEpMOJMHAMUKA pacCMaTPUBAET 3aKOHOMEPHOCTH B3aWMHO-
ro MpeBpalieHusl TerIoThl B paboty. OHa yCTaHABIMBAET B3aUMOCBSI3b MEXKTY
TEIUIOBBIMU, MEXaHUYECKUMH W XUMHUYECKHUMHU IPOIleCCaMU, KOTOPhIE COBEP-
HIAIOTCS B TEIUIOBBIX M XOJIOJAWJIBHBIX MAIlIMHAX, U3Y4aeT MPOLECCHI, MPOUCXO-
JSIIME B ra3ax W Mapax, a TakKe CBOMCTBA ITHX TeN MPH Pa3IUYHbIX Pu3nde-
CKUX YCIIOBUSIX.

TepmonuuaMmuka 0a3upyeTcsl Ha JBYX OCHOBHBIX 3aKOHAax (Hayanax) Tep-
MOJUHAMUKU:

- Ilepsviti 3axon mepmoouHamuKky — 3aKOH NPEBPAIICHUS U COXPAHEHUs
SHEPI'UH;

- Bmopou 3axon mepmoouHamuxku — 3aKOH, YCTaHaBJIMBAIOIIUNA YCIOBUS
MPOTEKAHUSI W HANPABIEHHOCTh MAaKpPOCKOIHMYECKUX IPOIECCOB B CHUCTEMAX,
COCTOSILIUX U3 OOJIBIIOTO KOJUYECTBA YACTHII.

TexHuueckasi TepMOIMHAMUKA, IPUMEHSISI OCHOBHBIE 3aKOHBI K MPOIECCaM
IpeBpalleHUs] TETUIOThl B MEXaHUYECKYI0 padoTy U 00paTHO, JA€T BO3ZMOXKHOCTb
pa3pabaThiBaTh TEOPUU TEIJIOBBIX JBUTATENEH, UCCIEA0BATH MPOIECCHI, TPOTE-

Karomue B HUX U T. II.



1.2 TepmoauHaMHUUYeCKasi CHCTEMA

OOBEKTOM HCCIIEOBAHUS SIBIIACTCS MEPMOOUHAMUYECKAS cucmeMd, KOTO-
poli MOTYT OBITH Tpymma Tell, TeJIO WIA 4YacTh Tena. 10, 4TO HaXOIUTCS BHE
CHUCTEMBbI, Ha3bIBACTCS OKpYHCatoufell cpeooli.

Tepmoounamuueckou cucmemoii (TC) Ha3bIBae€TCd COBOKYIMHOCTh MaTe-
PHUATBHBIX TEJ, HAXOJAIIMXCS B MEXaHHMYECKOM U TEIJIOBOM B3aMMOICHCTBUU
JIPYT C IPYTrOM U BHEIIHEH cpeoil (Tenamu).

Buewnss cpeda (oxpyacarowan cpeoa (OC)) — 370 COBOKYITHOCTh Mate-
pHUANBHBIX TEJI, HAXOALIMXCS 3a IPeIelaMi TEPMOIMHAMUYECKOU CHCTEMBI.

To ecth, TC 3TO COBOKYIHOCTh MAKPOCKOMUYECKUX TEJl, OOMEHUBAIOIINX-
Csl DHEPIHEN Apyr ¢ IPYyromM M OKpyxkaromed cpenoi. Hampumep, tepmoauHa-
MHYECKasi CUCTEMA — Ta3, HaXOASUIEHCA B UMWIMHIPE C MOPIIHEM, a OKPYXKaro-
masi cpefa — UWIMHIP, NOPILIEHb, BO3AYX, CTEHbI TOMEIICHUS.

Cucrema MOXeET ObITh OmKpbimot (He U30JIMPOBAHHOM ), T.€. 0OMEHUBATHCS
BEILIECTBOM U TEIJIOTOM C BHEILIHEW CPelloH, WK 3axkpuimoti (N30JIUPOBAHHON),
KOI'JIa OHa HE OOMEHHUBAETCS C OKPY KaIOLIEeH cpefoi HU TEIJI0TOM, HU paboTOM.

TC, xoTopasi He OOMEHUBAETCS TEIJIOTOM C OKpYKaloIIe cpeaoid, Ha3bIBa-
€TCS A0UadaAmHou.

TC MoxeT ObITh OJTHOPOJHOM, TOMOTEHHON M TETEPOreHHOM.

Oonopoonaa cucmema — CUCTEMa, UMEIOIIAsl BO BCEX CBOMX YaCTSIX OJU-
HAKOBBIN COCTaB M (PU3UUECKHE CBOMCTRA.

I'omozennaa cucmema — OTHOPO/IHAS CUCTEMA 110 COCTaBY M (PU3UUECKO-
My CTPOEHUIO, BHYTPH KOTOPOI HET MOBEPXHOCTEHN paszzena (jien, Boaa, rasbl).

I'emepozennaa cucmema — cuctema, COCTOAILIAS U3 HECKOJIBKUX TOMOT€H-
HBIX yacTel (¢pa3) ¢ pa3nuyHbIMU (PU3UYECKUMH CBOMCTBAMU, OT/IEJICHHBIX OJHA
OT JIpyro¥ BUAMMBIMU MTOBEPXHOCTSIMU pasjeiia (Je1 U BoAa, BojAa U map).

TC otnensercs ot OC peaqlbHOW WM MHUMOW T'PAHULIENR — KOHTPOJIBHOU
noBepXHOCThIO (pUcyHOK 1.1). TC moxer oomenuBatbes ¢ OC maccoit M, sHep-

rueil, nepegaBaeMoit B hopme temioTsel Q u B popme padoTsr L.
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Qkpyxawuian cpeaa

( TC KoHTponsHan
T T I NoBePXHOCTDL
dM dQ dL

Pucynok 1.1 — [Ipocreiinas cxema TepMOJIMHAMUYECKOU CUCTEMBI

TepmoauHamMuyeckas cuctema o xapaktepy ooMena ¢ OC MOXKeET ObITh:

- n3oaupoBanHoi (3aMkuyToi) ipr dM = 0; dQ = 0; dL =0;

- nenzonupoBanHoi mpu dM # 0 mau dQ # 0; dL # 0;

- 3akpeIToi pu M = 0;

- oTKpbITO# pu AM # 0;

- TEpPMUYECKH U30JIMpOBaHHOM (aauabaTHoi) mpu dQ = 0;

- repmMomexanmnueckoi mpu dQ # 0; dL # 0.

B TerutoBIX MalMHAX (IBUTATENSIX) MEXaHHUYECKas paboTa COBEPIIACTCS C
IOMOINBI0 pabouux Ten — ras, map. Padouee meno B TEPMOAMHAMHUKE — 3TO
razoo0pa3Hoe TeJo, OCYLISCTBIIAIONICE B3aMMHOE MPEBpAIllCHUE TEIUIOTH U

paboTHI.
1.3 TapameTpbl COCTOAHUSA

Tepmoounamuueckumu napamempamu (XapakTePUCTUKU COCTOSHUS Be-
IIECTBA) HA3bIBAIOTCS BEJIMYMHBI, OJHO3HAYHO XapaKTEpPU3YIOIIME CBOMCTBA M
COCTOSIHME CHCTEMBI U HE 3aBHUCSINNE OT €€ MPEeAbICTOPHH. BeanunHbl, KOTOpPHIE
XapakTepU3yloT (U3MUECKOE COCTOSHHUE Tejla HAa3bIBAIOTCS TEPMOIMHAMMYE-
CKUMH TIapaMeTpamMH COCTOsIHHS. TakuMmu mapaMeTpaMu SBISIOTCS YICIbHBIHI
o0beM, abCOJIIOTHOE JaBieHUE, abCOJIOTHAs TeMIlepaTypa, BHYTPEHHssI SHEp-
T'Usl, SHTAJIBIINSA, SHTPOIHUSL, KOHIEHTPAIUs, TETJIOEMKOCTD U T.JI.

[Tpr OTCYTCTBMM BHEUTHUX CHJIOBBIX MOJEH (TPaBUTAIIMIOHHOTO, AJIEKTPO-

MarHuTHOTO | JIp.) TEPMOJMHAMUYECKOE COCTOSIHHE OAHO(A3HOTO TeIa MOKHO
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OJTHO3HAYHO OTPEACIUTh 3-Ms TapaMeTpaMH — yAeTbHBIM 00bEMOM (V), TEMIIe-
patypoii (T), naBacauem (P).
Yoenvuuiii 06vem — BenmuumHA, ompejenseMas OTHOIICHHEM oObeMa Be-

IIECTBA K €T0 Macce.

v=V/m,xr (1.1)

ITnomnocme eewgecmea — BenvurHa, 00paTHAs yIeIbHOMY 00BEMY U OII-
penenseMasl OTHOIIEHHEM MacChl K 00bEMY BEILECTBA!

p=m/V, kr/m’ (1.2)

v=1/p;p=1l/v;v-p=1 (1.3)

Jlaenenue — ¢ TOYKM 3PEHUS MOJEKYJIAPHO-KMHETHYECKON TEOPHH €CTh

CPEIHHUIT pe3ysIbTaT yIapoB MOJIEKYJI Ia3a, HAXOAAMIMXCSA B HEMPEPHIBHOM Xa0-

THYECKOM JBHKEHUM, O CTEHKY COCy[a, B KOTOPOM 3aKjIIOueH ras. JlaBieHue

ONIPENENSETCS CPEAHEN KMHETHYECKON DHEPIHEN MOCTYIMATENBHOIO JBHKEHHUS

MOJIEKYJI, COIVIACHO OCHOBHOMY YPaBHEHUIO MOJIEKYJIIPHO-KMHETHUYECKOM TEO-

pHH Ta30B:

mw 1.4
—, (1.4)

rae M — cpeaHss Macca MOJIEKYIT,
W — cpeaHEKBaJIpaTHYECKast CKOPOCTh MOJIEKYI,

N — KOHIIEHTpaLUs MOJIEKYII.
JlaBnenue, 3TO cuiia rasa, IeUCTBYIONIAs Ha €UHUILY TUIOMIAJAN CTEHKU CO-
CyJia, B KOTOPOM OH HaXOJUThCS:
p=F/S, a=HMw (1.5)
BrecucTeMHbIe €TUHUIIBI 1aBJICHUS
1 kre/m? = 9,81 ITa=1 MmM. Bog. CT.
1 at. (Texn. armocdepa) = 1 kre/em” = 98,1 kITa.
1 at™. (dpusuaeckas atmocdepa) = 101,325 kIla = 760 mm. pT. CT.
I at. = 0,968 aTm.
1 mm. pt. c1. = 133,32 I1a.



1 6ap = 0,1 MITa = 100 xITa = 10° ITa.

PasznuyaroT uzbeimounoe u abconiomnoe naBieHuE.

H36vimounoe oaenenue (p,) — Pa3sHOCTh MEXIY JABICHHEM XHIKOCTH
WJIM Ta3a v JaBJICHUEM OKPY>KaIOIIEeH Cpe/Ibl.

Ab6coniomnoe oasnenue (p) — NaBjIeHUE, OTCIYUTHIBAEMOE OT a0COIFOTHOTO
HYJIA AaBJICHUS WK OT aOCONIOTHOTO BaKyyma. JTO JIaBJICHUE SIBJSIETCS TEPMO-
JMHAMUYECKUM MapamMeTPOM COCTOSIHUSI.

AOGCOIIOTHOE JJaBJIEHUE ONPEIEISIETCS:

- IpU JaBJICHUM cocyaa 0oJiblie aTMOC(hepHOro:

P=PutPo (1,6)
- IIpXU AaBJICHUH COCyaa MCHBIIC aTMOCCI)CpHOFOI
p = pO + va (17)

rie Po — aTMoc(epHOe TaBICHHUE;
Ps — JaBJICHHE BaKyyMa.

Temnepamypa — xapakTepu3yeT CTENEHb HATPETOCTH TEJ, MPEICTaBISCT
co0oil Mepy cpelHel KMHETUYECKOW SHEPruu MOCTYNATEIbHOIO JBUKEHHS €TO
MoJieKyJl. Uem OombIlie CpeHssl CKOPOCTh IBMKEHHUS, TEM BBIIIE TeMIEpaTypa
Tena.

3a TepMOAMHAMUYECKUIN TTapaMeTp COCTOSIHUSI CUCTEMbI IPUHUMAIOT mep-
moounamuyecxkyio memnepamypy (T), T.e. abcomommuyro temmneparypy. OHa
Bcerja nojioxkutenbHa. [lpu temnepatype abcomotHoro Hyds (T=0) TernmoBbie
JBIDKEHUS MPEKPAIAIOTCS U 3Ta TEMIIepaTypa sIBISICTCS HayajioM oTcueTa abco-
JIOTHOU TeMIEPaTyphbl.

TemmnepaTtypa — mapaMeTp, XapakTEPHU3YIOIIUH CPEAHIO KHUHETHYECKYIO
SHEPrUI0 TEIUIOBOTO JBIKEHUS MoJieKyd. COrjacHO MOJIEKYJISIPHO KHHETHYe-

CKOM TEOpHUU ra30B:

—:% Ke-T, (1.8)



rae M — cpemHsis Macca MOJICKYIT;
Ky — nocrostnas bonbsimana (K, = 1,38-10% IIx/K);
W —cpenHeKBaIpaTHUECKasi CKOPOCTh MOJICKYJI.
Temneparypa Moxer usmepsaThes mo mkanam KemsBuna (K), Ileabcus
(°C), ®apenreiita (°F) u Penxuna (°R):
T =t°C + 273,15; (1.9)

{°C = g (t°F — 32):
TK=18°R

1.4 YpaBHeHHe COCTOSIHMS U TEPMOAUHAMMYECKHUI MpoLecc

OcHOBHBIE TepMOAMHAMHUYECKUE NTapaMmeTpbl coctosiHusa P, v, T oxHopoa-
HOT'O Ta3a 3aBHCAT APYr OT Apyra M B3aUMHO CBSI3aHBI MEXAy COOOH ompene-
JEHHBIM MAaTE€MaTH4YECKHM YpPaBHEHUEM, KOTOPOE HA3BIBACTCA )pAGHEHUEM

COCMOAHRUA:
f(p,v, T)=0 (1.10)

Pasnosecnvim cocmosinuem Ha3bIBa€TCS COCTOSTHUE Tela, TP KOTOPOM BO
Bcex ero Toukax oorema P, v u T u Bce npyrue ¢usznueckue CBOMCTBA O uHA-
KOBEI.

CoBokynHOCTh U3MeHeHHi coctosHus TC mpu mepexojie U3 OJHOTO CO-
CTOSIHUS B IPYTO€ HA3BIBACTCS MEPMOOUHAMUYECKUM NPOYECCOM.

TepmoauHaMUYECKHe MPOIECChI OBIBAIOT PABHOBECHbLE U HEPABHOBECHDIE.

Ecnu mporiecc mpoxoIuT yepe3 paBHOBECHBIE COCTOSIHUS, TO OH Ha3bIBACT-
Csl pasHosecHbIM. B pealbHBIX CIydasX BCE MPOLECCHI SBISIFOTCS HEpasHO8eC-
HBIMU.

Ecnmm cuctema, B mporiecce, MPOTEKAKOIMEM B OOpaTHOM HaIpaBJICHUH,
MIPOXOJIUT Yepe3 T€ )K€ COCTOSIHUSA B OOPAaTHOM IMOCIIEIOBATEILHOCTH U TPUXO-

JUT B WCXOJIHOE COCTOSIHHME, TO TMPOIIECC HA3BIBACTCS oOpamumsim. Bee peaib-



HBIE MTPOLIECCHI HEOOPAMUMDBL.

Ecnmu mpu m000M TepMOAMHAMHYECKOM TPOIIECCe M3MEHEHHUE MapamMerpa
COCTOSIHHSI HE 3aBHCUT OT BHJA MpoOIlecca, a ONpeaemsieTcs] HadalbHBIM U KO-
HEYHBIM COCTOSTHUEM, TO TapaMeTPbl COCTOSIHHS HA3bIBAIOTCS (PyHKYuUel co-
cmoanus. TakuMu mapaMeTpamu SBJISIIOTCS BHYTPEHHSISI SHEPTHUs, SHTAIIBIINA,
SHTPOMHS U T. II.

HumencusHnvle napamempsi — 3TO TapaMeTpbl, HE 3aBHUCSIIHAE OT MacChl
CUCTEMBI (JaBJIE€HUE, TEMIIEPATYPA).

Aooumusnbie (IKCmeHcuHble) napamempsl — apaMeTphl, 3HAUCHUS KOTO-

PBIX IPOMOPLIMOHATIBHBI Macce CUCTEMbI (00BEM, IHEPTHUS, SHTPONUS U T.J.).

2 YpaBHeHne COCTOAAHUA UICAJBHOIO rada 1 CMeCH ujacajab-

HOT'0 rasa

2.1 YHuBepcajibHOEe YPABHEHHE COCTOSIHUS M1€AJIbHOT0 ra3a

Hoeanvnvim 2az3om Ha3bIBACTCA TAKOU I'a3, Y KOTOPOTO OTCYTCTBYIOT CHJIbI
B3aMMHOTO MPUTSKEHUS U OTTAIIKUBAHUS MEX]ly MOJIEKYJIaMH U MPEHEOpErarT
pazmepamu MoJeKyl. Bee peanbHble ra3bl IPU BHICOKUX TEMIEpATypax U MaJIbIX
JABJICHUSAX MOKHO MPAKTUUYECKU CUMTATh KaK U€aIbHbIE ra3bl.

YpaBHEHUE COCTOSIHUS KaK [JIsl UJICAJIbHBIX, KaK U JJI1 PEaJIbHbIX Ia30B
OIMCBIBAIOTCS TPEMs mapameTpamu 1o ypaBHenuo (1.10).

VYpaBHEHUE COCTOSHUS UJI€aTbHOTO T'a3a MOKHO BBIBECTH U3 MOJIEKYJISIPHO-
KUHETUYECKOW TEOPUM WM U3 COBMECTHOI'O PACCMOTPEHHMS 3aKOHOB boiis-
Mapwuotra u I'eii-JIroccaka.

Ot1o ypaBHeHHe ObLI0 BbiBeneHO B 1834 r. dpanmysckum dusmkom Kia-
MIEUPOHOM U UMEET BUJ:

ais 1 Kr Macchl rasa pv=RT, (2.1)

11t M KT Macchl raza pv=RMT, (2.2)

rae R — unauBuyaibHas ra30Basi TOCTOSTHHAS.
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B 1874 r. JI. U.MenneneeB, oCHOBBIBasCh Ha 3akoHe J[anbToHa (B paBHBIX
o0BeMax pa3HbIX HJICATBHBIX Ta30B, HAXOASAIIMXCS MPU OJUHAKOBBIX TeMIIepa-
Typax U JaBJICHUSAX, COACPIKUTCSA OAMHAKOBOE KOJHUYECTBO MOJIEKYI), MPEIIIO-
KUJ YHUBEPCAIBHOE YPaBHEHHE COCTOSHUS, KOTOPOE HA3BIBAIOT ypaBHECHUEM

Knanelipona-Meneneena:
s 1 kmonsrazap v, = R, T, (2.3)
maNrasapV=R,NT, (2.4)
rae |\ — MoJsipHas (MOJIEKYJIsIpHasi) Macca ra3a, KI/KMOJIb;
R, — yHnBepcanbHas razosas nocrostanas, Jux/(kvmoub-K).
R, = Kg Na = 8314 Jx/(xmois-K)
N4 = 6,022-10%° kmoms™ — wncio ABorampo
V= Wo = 22 4 M*/xMOTIb

_ P Yy 101325224
H T 273

R = 8314 JIx/(kmoin-K)

VYpaBHEHHE CBSA3M MHAUBHIYAJIbHON Ia30BOM IOCTOSIHHOM M YHHBEPCAJb-
HOM ra30BOM IIOCTOSIHHOM WMEET BUJ:
R, _ 8314
n n

R= (2.5)

Ousuaecknii cmbica Ry, n R — 310 padota, coBepmaemas cooTBeTCTBEHHO

lkMonp 1 1Kr raza B mpouecce HarpeBaHus Mpu p = CONSt U mpu U3MEHEHUH

temneparypsl Ha 1 K.

2.2 3aKkoHBI M YPABHEHUSI JJIsl CMeceil u1eajJbHbIX I'a30B UM MX Xapak-

TEPUCTUKU

TI'az06aa cmece — 3TO CMeCh OTJAENIBHBIX I'a30B, HE BCTYMAIOIMIMX MEXKIY
co00Oll HM B Kakue XuMudeckue peakuuu. Kaxiplii ra3 (KOMIIOHEHT) B CMECH
HE3aBUCUMO OT JAPYIHX ra30B MTOJHOCTBIO COXPAHSET BCE CBOM CBOMCTBA U BEAET
ce0s1 Tak, KaK ecJii ObI OH OJIMH 3aHHMMaJl BECh 00bEM CMECH.

Iapyuanvnoe oasnenue — >T0 NaBICHUE, KOTOPOE UMEN Obl KaXKIbIi Ta3,
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BXOJISIINANA B COCTaB CMECH, €ClTi ObI ATOT Ta3 HAXOIWJICS OJWH B TOM K€ KOJIU-
YECTBE, B TOM XK€ 00bEMe U MPHU TOU Ke TEMIIEpaType, UTO U B CMECH.

["a3oBast cMech Mo MUMHSACTCS 3aKOHY JlambToHA:

Kaoicowvii komnonenm cmecu 6edem cebs nezasucumo om opyeux, mo ecms
3aHuUMaem 6ecb 00veM, 8 KOMOPOM 3AKIOUEHA CMeCh, U OKA3bl8Aem HA CIMEHKU
cocyoa ceoe napyuaibHoe 0asieHue npu memnepamype pasHol memnepamype
cmecu. Obwee oasnenue cmecu 2a308 PAGHO CYMMe NAPYUATbHLIX OAGIeHULL

OMmoebHbIX 2306, cocmasiIAIInUUX CMeCh.

Pev=P1tPpP2+tpst...pn=2 Pi (2.6)
rac p1, P2, P3 - « « Pn - DapuuaabHbIC JABJIICHUS KOMIIOHCHT CMCCH.

['azoBas cmech IMOOUYNHACTCS 3dKOHY Awmara:
CyMMCl napyuailbHblx 00beM08 KOMNOHEHMO8 cMecClU paesHa 05’b€]l/ly cmecu

npu memnepamype u 0agieHuu cCMecu.

Ve =Vi+ Vot Va+...Vn=Y V, 2.7)
ITo 3ax0HY COXpaHEHHUsI MacChl U KOJINYECTBA BEILIECTBA UMEEM:
My =2 Mi; New =2 Ni, (2.8)
YpaBHEeHUS 115 Ta30BOM CMECHU U €€ KOMIIOHEHT UMEIOT BUL:
Pev Ven = Moy Ren T Pewt Ven = 8314 N, T; (2.9)
PiVeu =MiRi T; pi Ve = 8314 N; T; (2.10)
PouVi=MiRiT; pew Vi=8314 N; T (2.11)

CocraB cMmecu 3a4aCTCAa O6’beMHI>IMI/I, MaCCOBBIMH N MOJIBHBIMH AOJISIMU,

KOTOPBIE ONPEAEISIIOTCA COOTBETCTBEHHO IO CEAYIOIUM (hopMyam:

r= Vl / VCM; = V2 / VCM; rh = Vn/ VCM, (212)
01 = M1/ Mey; 92 = M2/ Mey; 0 = M/ My, (2.13)
Ny = N1/ Ney: N2 = No / News N = Np / Neas (2.14)

rae Vi; Vo ... Vi, Veu — 00bEMBI KOMITIOHEHTOB ¥ CMECH,
M1; Ms; ... M,; M., — Maccbl KOMIIOHEHTOB 1 CMECH;

N1; No; ... Np; Neyw — KolMuecTBO BeliecTBa (KMOJIe) KOMIIOHEHTOB U
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CMCCH.

[Ipu aTOM CymMMa BCeX 10 KOMIIOHEHT CMECH PaBHA €IMHHUIIE:
Zgi=1;2ri:1;2ni:l (2.15)
CBs13p Macchl, 00bEMa U KOJIMYECTBA BEIIECTBA UMEET BUJL:

_ — Py _ 8314
M=pV=V=pV=="N

N3 ypaBuenuit (2.10) u (2.11) npupaBHuBas J€BbIE U MPaBble YaCTH MOJIY-

YUM:

inCM=pCMViH i =—L =

]

CM VCM NCM
torma I j = N; (2.16)
COOTHOIIICHUS MacCOBOM JIOJIM KOMITOHEHTOB CMECH ¢ 0OBEMHOM U MOJISIP-

HOU JIOJSIMU ONPEAENSAIOTCA U3 YPABHEHUM:

M N = _Til
Ji Moy 3 (N’ Ji 2(rim) (217
u
N; M; /1 i /M i /Mi
h=n=—i=—uM - B/H o BUM ;g

New  S(Mi/m)  Z(gi/m) ' Z(gi/m)
2.3 Kaxyumiasicsi MoJIsIpHasi Macca U ra3oBasi IOCTOSIHHASI CMeCH

B Teoputio ra30BeIX cMecel BBEICHO MOHSTUE O Kadcyujetics (cpedneti) mo-
JIAPHOU (MONEKYIAPHOU) Macce cmec U, T.€. 0 MOJIEKYJISIPHOW Macce TaKoro
BOOOpaX)aeMoro 0OJJHOPOJIHOTO ra3a, KOTOPbIN 10 CBOMM CBOMCTBaM aHaJOTMYEH
paccMatpuBaeMor cMmecu. HaxoauTcs Kaxylascs MOJIEKYJsIpHas Macca u3
YCJIOBUSI PAaBEHCTBA MACChl ¥ YMCJIa MOJIEKYJI peaibHON CMECH U BOOOpakaeMo-
ro OJHOpPOAHOrO rasza. M3 BeipaxkeHus (2.8) U onpeaesieHusl Macchl ra3a yepe3

MOJIIPHYIO Maccy [, UMeeM:

HMem NCM = Z(ul NI)

OTKyJa, yunuthiBas (2.14) u (2.16), umeem:
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Pew = 2(Mi Ti)
WJIM NPUPABHUBAS MpaBble YaCTH ypaBHEHUH (2.9), moxyyum:
MCM RCM = 8314 NCM1 uCM NCM R CcM = 8314 NCM

_ 8314

CM
RCM

c yueroM (2.19), razoBas nocTossHHasi CMECHU paBHa:

8314
2 (uiry)

Ry =

B cootBeTcTBUU ¢ IepBBIM BhipaxkeHueM (2.20) u (2.8)
NCM = MCM RCM /8314 = ZN| = Z(M, R|/ 8314)

Ortkyna nonydaeM it Rey 1 ey

— 8314

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

3 Temy10eMKOCThH HACAJTBHOIO rasa H TCPMOAUHAMHUYECCKHUEC

GyHkuuu

3.1 Tem10eMKOCTDh MICAJBLHBIX I'a30B U UX CMeceil

TennoemMKoCTh pa60qero TCIa OIPCACILICTCA OTHOHMICHHCM KOJIHMYCCTBA

MOJIBEICHHOW (OTBEAEHHOW) K paboyeMy Teny TEIJIOThl B JAaHHOM TE€PMOJMHA-

MHWYCCKOM IIPOHCCCC K BBI3BBAHHOMY 3THM U3MCHCHUAM TCMIICPATYPhI TCJIA.

C=dQ/dT, ox /K

(3.1)

Yoenvnasa mennoemkocmes — xomuecTBo TCIIJIOTHI, H606X0)II/IMOC JJIA U3-

MCHCHUA TCMIICPATYPbI CAWMHUIIBI KOJMYCCTBA I'ada B JAHHOM IIPOLCCCC Ha 1

KCJIIbBHH.
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Paznnuaror cieayromue yaCIbHbIC TCINIOCMKOCTH!

- maccoByio — ¢ = C / M, JIx/(kr- K); (3.2)
- mossipHyto — pe = C / N, JIx/(momb- K); (3.3)
- 06bemuyt0 — ¢ =C / V= ¢ p, Jx/(m° K), (3.4)

rae p = M /V — JIOTHOCTH BEIECTRA,
N — KoMuecTBa BEIIECTBA, MOJIb;
v = V/M — ynenbHbI 00bEM BEIIECTBA, MY/KT;
i =M /N — momnspHas (MOJISKYJIsIpHAsT) Macca, KI/MOJIb.
CBsI3b MEX/LY STHMH TEIUIOEMKOCTAMHU: € = UC /1L = ¢/ Po-
TennoeMKoCTh 3aBUCUT OT MPUPOJIBI Ta3a, BHEITHUX YCIOBUM U XapakTepa
npoiiecca, Mpu KOTOPOM MPOUCXOIUT TOJIBOJT UM OTBOJ] TETIOTHI.
[Ipuposa ra3za ycTaHaBIMBAET €T0 amoMHOCHb. YeM 00JIbIlle aTOMOB B MO-
aexyse (He 6oJiee Tpex), TeM OO0JIbIIe TEII0EMKOCTb.
TennoeMKoCTh Ta30B 8 00bULOL CHeneHu 3aBUCUT OT TE€X YCJIOBHH, MPHU
KOTOPBIX IMPOUCXOUT MPOIIECC X HArPEBaHUS WM OXJIKACHUSA (PUCYHOK 3.1).
[Tpu sTOM, pa3aIM4arOT TEMJIOEMKOCTH MPHU MOCTOSHHOM JIaBJICHUH (M300apHBIiN)

U TIPU TOCTOSTHHOM 00beMe (M30XOpHBIN).

Vo =V +aV,
B st
=Py=cons
V,=VF const, 2 1|
T, =T#1, I T
P, =F+aP
e L
AT R
ALK TR
R U G T
Aq=cy 4=cp\
a) G)

Pucynok 3.1 — Xapakrep nporiecca nojiBojia (0TBoAa) TEIIIOTHI K ra3zy Mpu
V=const (a) u p = const (0)
IIpu V=const C =Cy,= Au

Ipup=const C=Cp=Au+1
15



rae Au — u3MeHeHHe BHYTPEHHEH dSHepruM KT rasa mpu HarpeBaHUM Ha
1K;
l — paGora 1kr rasa npu Harpesanuu Ha 1 K.
Takum 00pa3oM pas3InyaroT CIAEAYIOLINE yAEIbHbBIE TEIIOEMKOCTH:
Cp, Cy — MacCOBbIE H300apHBIE M M30XOPHBIE TEIIOEMKOCTH;
ICp , LCy — MOISPHBIE M300aPHbIE U U30XOPHBIE TEMIIOEMKOCTH,
C'p, C'V — 00BEMHBIEC N300apHBIE U U30XOPHBIE TETTIOEMKOCTH.

MC)K,Z[y I/1306apHI>IMI/I N U30XOPHBIMH TCINNIOCMKOCTAMU CYIICCTBYCT 3aBH-

CHUMOCTh Ha3blBacMas ypaBHeHUEM Maliepa:

c,—¢, =R (3.5)
ne, — pey = 8314 (3.6)
I[Ipu stom: K = Z— = ﬁip oKa3aTellb auadaThl. (3.7)

TenmoeMKoCTh 3aBUCUT OT TeMIIEpaTypbl, KOTOpas MPUBOJUTCS B CIpa-
BOYHOU JUTEpaType B BUJEC TAOJMIIBI KaK CPEJIHUE TEIIOEMKOCTH B UHTEpPBAJe
temnepatyp ot 0 mo tK.

YILGHBHBIG MAacCCOBBI€ TEIIJIOEMKOCTH Ia30BOM CMECH:

=2(Ci81); MCey=X(NCi8i); Coen= Z(C'i gi) (3.8)

3.2 UcTHHHAA " Cpeandas TCIJIOEMKOCTDb U/1€AJIbHBIX Ia30B

Hcemunnas mennoemkocms — OTHONIEHUE 0ECKOHEYHO MajIoro KOJIUYECT-
Ba TCIIJIOTHI, COO6Hla€MOI71 CAWHUIIC KOJIMYCCTBA I'a3a, K BbI3bIBACMOMY IIPHU 3TOM

OECKOHEYHO MaJIOMYy TOBBIIICHUIO €T0 TEMIIEPATYPHI.

. q
llmAT_,OE = dT’ gq-= f CdT,

rae ¢ = f(T) — pynkuns rennoemkoctn ¢ ot Temueparypsi T.
DYHKIMS TEMIOEMKOCTH MpeCTaBIseTcss rpaduuecky, TaOIMYHO UM all-
IPOKCHMHPYIOIIMM BBIPaKEHUEM BHIA:

cza+bT+cT - KBaJIPaTHOE YPaBHEHUE,
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Cc = a + bT - nuneiinoe ypasHenue.

Cpedu;m menjioemKocmb Ccp — KOJIMYCCTBO TCIIIIOTHI, H€O6XOI[I/IMOC JJIs1

HarpeBaHMs €IMHMUIBI KomuecTBa rasa Ha 1K B cpenHem 3a paccmaTpuBaemblii

WHTEpBAJ U3MeHEeHUs Temiieparypsl oT Ty 10 Th.

= C|T2 = Q .
T M- Ty’

c

_ Tz _ Q :

T _ T
Q=Mc|;; (T2 — T1); Q =N pcly; (T2 — Ty)

cp

c
C(T)

/1'/\ dg=cdT

T4 . .J dT T, T
LoaT

"
-

Pucynok 3.2 — I'paduk dpynkuuu temmoemkoctu ¢ = f(T)

Ha rpaduke (pucysok 3.2) mr.13421 = m1.1122'1 u onpenensier TEmoTy,

MOABEJCHHYIO K KT ra3za B unTepBaie temmeparyp ot Ty 1o To.
_ (T2 _ T
Qi = le cdT = c|;2(T, — Ty) (3.9)

. T
Jlns ompenesieHuss CpelHEN TEMIOEMKOCTH C|Ti B MHTEPBAJIE TEMIIEPATYP

or Ty no T, mnpenBapuTenbHO, C UCMOIB30BAHUEM TAOJHUIl WIH TpaduuecKux

3aBUCUMOCTEH CpeIHEH TEIIOEMKOCTH B MHTEpBaje TeMmeparyp or 0 mo maH-
. T Tq
HOII Temmeparypsl T, ompenensoT TemtoeMkocTd C|g“u  €|,". Hcxons u3
rpapuka ¢=f(T) (pucynok 3.2) u Bepaxenns (3.8) umeem:
— T2 Tq
Qrz=¢ly*-Tz — cly - Ty (3.10)

Ty T
C|0 'Tz—Clo ’Tl
T,-T,

T
c|Ti = (3.11)
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AHaJIOTN4YHO

T Ty
T, _ Mcl|y®-Tz2 —pc|y™ Ty
el = T, (3.12)

B cnydae aHaIMTHYECKON 3aBUCUMOCTH UCTUHHOM TEIUIOEMKOCTH OT TEM-
neparypsl ¢ = f(T) BmecTo mHTerpupoBaHMs CpemHIOI TEIIOEMKOCTH IIPH-
GIMKEHHO MOYKHO OTIPEIENUTD TSl CpeaHeit Temnepatypsl T, = (T1 + T,)/2.

DKCIIEPUMEHTAIBHO TEIUIOEMKOCTh B 3aJaHHOM HMHTEpBale TeMIIEpaTyp

OTPEEIISIOT B MPOTOYHOM KajopuMerpe (pucyHok 3.3) mpu p = const ¢ momo-

T
IIBIO BHIPAKEHUS C|Ti = qp/AT.

. T T 2
Bxsg:"“-__l ! ENERD
fazd - ] rasa
-

' —
'%FAF
3

1,2 — TepMOMETPHI; 3 — AIEKTpOHATPEBATEND

Pucynok 3.3 — [IpoTouHbIl KaJOPUMETP

3.3 Tepmoannamuyeckune GyHKIIUH

3.3.1 ®yHKIUHU COCTOAHHUS TEPMOIMHAMMYECKOH CHCTEMBI

K ¢hyHKIMSIM COCTOSIHMS TEPMOJIMHAMHYECKOW CHUCTEMBI OTHOCSATCS BHYT-
pennsist sHeprust U, sutansnus H u saTponus S. M3menenus »tux GyHKIUA HE
3aBUCST OT MyTeW MPOTEKaHUs MPOIlecca, a ONPEESIeTCs JIUIb HavyaIbHbIM U
KOHEUHBIM COCTOSIHMEM pabouero tena (rasa).

Buympennaa snepeus — cymMmma OTACIBHBIX BUIOB DHEPIHM: KUHETHUYE-
CKOH DHEPruy MOJICKYJ (TTOCTYIAaTeILHOTO M BPAIIaTeIbHOTO JABVIKEHUS MOJIe-
KyJl); DSHEPrUU B3aMMOJCHUCTBHS MEXIY SIPOM MOJEKYJIBl W JJICKTPOHAMH,
MOTEHIIMAIBHON SHEPTUM MOJIEKYJT;, KOJIeOaTeIbHOTO ABMKEHHUS aTOMOB B CaMOM

MOJIEKYJIE; SHEPTUU AIEKTPOHOB; BHYTPUSIEPHON SHEPTUU.
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B TexHMYECKOW TEPMOJMHAMUKE PACCMATPHUBAIOTCS TOJBKO TaKHWE MPOLEC-
Cbl, B KOTOPBIX M3MEHSIOTCS KMHETHYECKas M NOTEHLHMAJIbHAs COCTAaBJISIOLINE
BHyTpeHHel sHepruu. llpu 3ToM 3HaHME aOCOJIOTHBIX 3HAYEHWH BHYTPEHHEH
sHeprun He Tpedyercd. [loaToMy BHyTpeHHEH »HEpruer JUisl UACAIbHBIX Ia30B
Ha3bIBAIOT KUHETHUYECKYIO SHEPIHIO JBMKEHMSI MOJIEKYJ M 3HEPrur Koieda-
TEJIbHBIX ABUKCHUI aTOMOB B MOJIEKYJIE, & JUISl PEaJIbHBIX I'a30B JONOJIHUATEIb-
HO BKJIFOYAIOT MOTEHIUATIBHYIO SJHEPTUIO MOJIEKYIL.

Buyrpennsist sneprust (U) siBisiercst GyHKIUEH JBYX OCHOBHBIX MapameT-
poB coctosiHus rasza, .. U = f (P, T), U = f (V,T), U= f (P,V). Kaxxnomy co-
CTOSTHUIO pabodero Tena (CUCTEMbI) COOTBETCTBYET BIIOJHE OMPEICIICHHOE
3HaueHue napamerpoB coctosiHus. To ectb U sBisercs QyHKIUEH COCTOSHUS
ra3za. M1 pa3HOCTh BHYTPEHHUX DHEPTUM JUJIS IBYX KaKUX-ITHOO COCTOSIHUI pado-
4ero Teja WM CUCTEMBI Tel He OyJeT 3aBUCETh OT IyTH Mepexoa OT IEPBOro

COCTOAHHA BO BTOPOC.

U = UKI/IH + UHOT

Jns 1xrraza du = (g—:,)v; dT + (g—:;)T dv
JLiist ieaabHOTO Tas3a (g_:l’)T = 0, torna du = (g—;)v dT = ¢y dT

Torz[a, BBIPpAKCHHUA IJIA OIMPCACIICHHUA BCINYHWHBI N3MCHCHUA BHYTpeHHeﬁ

OHCPIUHU UMCIOT BU/:

Au =c¢, (T,—Ty), Jx/kr (3.13)

Auy, = pcy (T2—T1), Jx/kmons (3.14)

AU=M ¢, (To= Ty =N e, (To—Ty), (3.15)

Jinst cmeceit 1a30B Uy = 2 (Ui G ); Upen = 2(Uyi i) (3.16)

dumanvnua — cymMmMa BHYTPEHHEH SHEPIHMM U MOTEHIMAIBHOW 3HEPTrUu
nasnenuss H = U + pV unu sHeprum, 3arpaunBaeMas Ha nepeBoj raza u3 adbco-
JIOTHOTO BaKyyMma B JIaHHOE COCTOsIHUE Ipu p = const. [Ipoie rosops, 3HTAIb-
nusl — 3TO Ta BHEPrus, KOTopas JOCTyIHa JJIs mpeoOpa3oBaHusl B TEIUIOTY MPH

OHpeI[eHéHHOM IIOCTOAHHOM AAaBJICHHU.
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Ecnmu TepMOMexXaHWYECKYI0 CHCTEMY pacCMaTpUBaTh KaK COCTOSIIYIO W3
MakpoTena (raza) U MOpIIHS IJI0maasi0 S ¢ Tpy3oM Becom P = pS, ypaBHOBe-
[IMBAIOIIETO JaBJICHUE Ta3a P BHYTPU COCYyNa, TO Takas CUCTeMa Ha3bIBACTCS
pacuupertoll. JHTAIBINS WA SHEPTUS paciiupeHHoi cuctemsl E paBHa cymme
BHYTpEHHEH 3Hepruu raza Un MOTeHIIMAILHON YHEPTUH TIOPIITHS C TPY30M
Enor = PSX = pV. Takum 00pa3om, SHTAIBIUS B JAHHOM COCTOSIHUU IIPEACTaB-
JsIeT co00i cyMMy BHYTPEHHEH SHEPTUHU Tela U padOThl, KOTOPYIO HEOOXOIMMO
3aTPATUTh, YTOOBI T€NIO O0BEMOM V BBECTU B OKPYXKAIOIIYIO CPEly, UMEIOIIYIO
JaBJICHHUE P U HAXOMSIIYIOCS C TEJIOM B PABHOBECHOM COCTOSTHUH.

W3meHeHue sHTaNbIUU (WIH Meniogou 3ghgdekm Xumuyeckou peakyuu) He
3aBUCHUT OT ITyTH IpOIecca, a ONMPEAC/SIeTCS TOJIBKO HAYaIbHBIM M KOHEUHBIM

COCTOAHUEM CUCTCMBI.

Jiis Txr rasa dh = (%)p dT + (%)T dp

JIs ueanbHOro rasa (g_:’l)T = 0, Torna dh = (%)p dT = Cp dT

Torna, BEIPAKEHHS [UTA OTPEIENEHNs BETHUHHB! H3MEHEHHs SHTANBINH
MMEIOT B

Ah =y (To— Ty), T (3.17)
Ah, = pCy (To— o), Tfksions (3.18)
AH =M ¢y (To—T) = N pcy(To- To), ik (3.19)
Jinst emeceit ra30B Ney = (NG5 ); Ny ew = 2(Nyi 1) (3.20)

Oumponusa (0T Jp. TPEUYECKOr0 «IpeBpamieHue») — (QYHKIUS COCTOSHUS
TEPMOJIMHAMUYECKON CUCTEMBI, OMPEIENIoas Mepy HEOOpaTUMOro pacceu-
BAaHUS PHEPrUU. DJIEMEHTAPHOE W3MEHEHHUE SHTPONMUU PABHO OTHOLIEHHUIO 3JIe-

MEHTapHO! MOABEAECHHON (OTBEEHHOM) TEIJIOTHI K a0COJIFOTHOW TeMIlepaType:

d
ds = 22 (3.21)
d dT
s 1xkrraza ds = 4 C —,
T T
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https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B0

rae € — TeIOEMKOCTh B JaHHOM IIpOIEeCCe.

BHTpOHI/ISI €CTh OJHO3Ha4dYHasA CI)YHKI_[I/IH COCTOAHMA TCJId, IIPUHUMArOIas
I KaKA0r0 COCTOSHHA BITIOJIHC OIIPCACIICHHOC 3HAYCHHC. Ona sBsIeTcs dKC-
TCHCHUBHBIM IIapaMCTPOM COCTOSHHUA (SaBI/ICI/IT OT MaCChbl BGHIGCTBa) 1 B 1I000M
TCPMOANMHAMHUYICCKOM IIPOLECCCC IMOJHOCTBIO OIPCACIIACTCA Ha4YaJlbHBIM M KO-

HCYHBIM COCTOSHHUCM TCJId 1 HC 3aBUCHUT OT ITYTH IIPOTCKAHUA IIPOLICCCA.

T

A

,2
/ 2
f’,q“_éﬂﬁds

L~deg=Tds

\

-
W A A

L 3

P
h
n

[~
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Pucynok 3.4. — I'paduk TepmogunHamudeckoro npoiuecca B T-S koopaunarax
Ha rpaduke tepmoamHamudeckoro mporecca B T-S xoopaunaTax (pucy-
HOK 3.4) miomans mox jnuHHeR mporecca (1 11221) cooTBeTcTBYeT mojBe-
neHHoM (oTBeneHHo) Terore. Tak kak Bcerna T > 0, To:
npuds>0 — dg>0 — moaBoa TEIIOTHI,
npu ds<0 — dq<0 — oTBOJ TEILIOTHI.
npuds=0 — s=const — Her moaBoaa (0OTBOJIA) TEILIOTHI.
Tak kak SHTpOINHUS HE 3aBUCHUT OT BUJIA MPOIECCa U OMPEIEAETCS Hadalb-
HBIMH U KOHEYHBIMHU COCTOSIHUSIMU Pab0Yero Tefa, TO HaXOJAT TOJIbKO €€ u3Me-
HEHUE B JaHHOM IPOIIECCE, KOTOPOE B OOIIEM BHJIE OMPEACISICTCS U3 BhIpaXKe-
1505078

As = cln 2, wm As, = pcln 2, Jx/(xr - K) (3.22)
Ty Ty

C yuetom ypaBHenusi Kinaneiipona-MeHnpeneeBa, onpeaeieHus yIeabHOM
TEIJIOEMKOCTU U IEPBOIO 3aKOHA TEPMOAMHAMUKM AS MOXHO HaliTu 1o ciie-

JIYIOIIUM YPaBHEHUSIM:
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As = ¢, In(T,/T7) + R In(vy/ v9); (3.23)
As = Cp In(T2/ Tl) +R In(pllpz), (3.24)
As

¢y In(p2/py) + ¢, In(vy/ vy). (3.25)

3.3.2 ®yHKUUM NpoLecca B TEPMOIMHAMMYECKOM cHcTeMe

DyHKIUSAMU TIpollecca B TEPMOAMHAMUYECKON CHCTEME CITYyKUT paboma L
U pacnonazaemas paboma L, . 3HaueHHs 3TUX QYHKUUN 3aBUCAT KaK OT Ha-
YaJIbHOTO ¥ KOHEYHOT'0 COCTOSIHUSA ra3a, Tak U OT IyTel caMoro mpoliecca.

Paboma ¢ mepmodunamuke — NEUCTBUE B PE3yJIbTaTE KOTOPOTO IPOMUC-
XOIUT OOMEH SHEPrUei Mex a1y TEPMOAMHAMHUYECKON CUCTEMON U OKpY Karolen
Cpe/oid, HEe CBSI3aHHOE C TMEPEHOCOM BEIIECTBA W/WIM TeraooOMeHoM. Paborta
3TO Kak crocod/(opMa nepenauu sHEprum, padoTa Kak 0coObIi BUJ SHEPTUU B
IpoLEecCce NEPEX0/ia, TO €CTh KaK (PYyHKIIMOHAJ MPOLIECCa, «HE CYLIECTBYIOIIUN»
710 TIpoliecca, Mociie mpolecca U BHE npouecca. PaboTa — 3TO KoJu4ecTBEHHas

Mepa JEUCTBUS, TO €CTh BEJIMYMHA [IEPEIABAEMON IHEPTHH.

Pi 1 v
a 2
1 | p=ipdv
P | | o vy
L /| de=pdv
ds L
- 41 a-»duxe- 2 v
a) 0)

Pucynoxk 3.5 — IIpouecc coBepiienust paboThl (a) u rpaduk mpoiiecca ¢

BO3MO>KHBIMH ITyTSIMU IIEpexoa U3 cocTosiHus 1 B 2 B P — V koopauHatax(0)

DnemenTapHas paboTa ra3a B TepMOJMHAMUKE paBHA (PUCYHOK 3.52):
dL =P dS =pAdS =pdV,
rjae P, p — cuna u naBieHue rasa;

A — TJI01A]1b TOPIIHS;
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https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
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https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%80%D1%83%D0%B6%D0%B0%D1%8E%D1%89%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%80%D1%83%D0%B6%D0%B0%D1%8E%D1%89%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0

dS — snemeHTapHOE IIEpEMELIEHHE.
Jns 1xrraza dl = p dv, l= f:lz p dv, Jix/kr (3.26)

Ha rpaduke pucynke 3.56 miomaas noj JMHUSMU MPOIecca eCTh BEIUYU-

Ha paboThl, MpuyeM paboTa 1o mytu 1a2 Gosbiie pabotsl 1o myTH 162 lyz >

l162, 3HauMT paGoTa 3aBUCHT OT IyTH Iporecca (padoTa — QYHKIUS MPOIIECCa).
Cogepiasi HaJl Ta30M TMOJOKHUTEIBHYIO padOTy, BHEIIHHE Tella MepeaaroT
eMy 4acTh CBO€H sHepruu. [Ipum pacmmpeHuu ra3a BHEIIHHUE Tela OTOMPAIOT y
rasa 4acTh €ro SHepTuu — padoTa BHEITHUX CHJI OTPHUIIATEIIbHA.
Pacnonazaeman paboma — padbota U3MEHEHUsI TABJICHHSI, TO €CTh padoTa,
KOTOPYIO MOXKET COBEPIIUTH pabodee TENO MPH HUCTECYCHUH B OKPYKAIOIIYIO

cpely 10 AeiiCTBUEM Pa3HOCTH JABICHUI TeNa U CPEIbL:
LO = - V dp,
ms lkrrazadly=-vdp, 1, = — fpplz vdp = fppzl vdp (3.27)

Fe
<~|r

TR SN

Pucynok 3.6 — I'paduk npouecca ¢ BO3MOXHBIMH ITyTSMHU IEPEX0/1a U3
cocTossHMA 1 B 2 B P — V KOOpAMHATAX I ONPEIEICHUS paclojarae-
MO pabOTHI
Ha rpaduke (pucynok 3.6) mioriaas Moja JUHHSIMH Ipoliecca B CTOPOHY
JaBJICHHS, €CTh BEJIWYMHA pacrojiaraeMoil paboThl, MpUYEM pacmosaraemas

pabora o mytu 1a2 MeHbIIe pacrojiaraeMoit padoThl Mo myTu 162
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o 122 < |y 162, 3HAuMT pacmonaraemas paboTa 3aBHCUT OT IyTH IPOLECCa

(pacnonaraemast pabora — QyHKIIMS IIpoIiecca).

4 OCHOBHBIE 3aKOHBI TEPMOJIMHAMHUKH

4.1 IlepBblii 3aKOH TEPMOAUHAMHUKH

Ilepsviii 3ak0n mepmoOuHamuKy SIBISETCS OCHOBOM TEPMOIMHAMHUYECKOMN
TEOPUU U UMEET OIPOMHOE MPUKJIIATHOE 3HAUEHUE MPU MCCIEI0BAHUU TEPMOIH-
HAMHYECKUX MPOILIECCOB. DTOT 3aKOH SIBJISIETCSI YACTHBIM CIy4aeM 3aKOHa CO-
XpPaHEHUS U MPEBPALICHUS SHEPTrMU NPUMEHUTEIBHO K TEPMOJIUHAMUYECKUM
npoleccaM, MPOTEKAIIIUM B TEIJIOBBIX YCTAHOBKAX.

s IpOU3BOJIBHOM TEPMOJAUHAMUYECKON CUCTEMBI IIEPBBIA 3aKOH TEPMO-
JTUHAMUKH MOXET OBbITh CQOPMYIHUPOBAH CIEAYIONIMM 00pa3oM: u3MeHeHUe
9HepeUUu mepMoOOUHAMUYECKOU CUCMEMbL PABHO AN2eOpaUYecKou CymMme GHeul-
HUX 8030€UCBUIL.

[Tox BHEMIHUMHU BO3JIEUCTBUSIMU B TEPMOJAMHAMUKE IMOHUMAIOTCS TEILIOTA
U padoTa.

[TockonbKy B pa3HBIX CHCTeMax BBIMIONHSAETCA pa3Has paboTa W 3amac
SHEPrUU TEJa Pa3IUYHBINA, TO BBIPAKEHHUE MEPBOr0 3aKOHA TEPMOJIMHAMHUKU
Pa3IMYHO JJIs 3aKPBITOM, OTKPBITOM U MPOTOYHOM CUCTEMBI.

3axkpeimaa mepmoounamuieckana cucmema. 11epBblil 3aKOH TEpMOJUHA-
MUKH (HOPMYIUPYETCS CIEAYIOIMIMM 00pa30OM: 8HYMPEHHsS IHepeus pabouezo
mena 8 3aKpblmou cucmeme moxcem Oblmb USMEHEHA 3a cyem nooeo0d Mmenjio-
mbul U pabomsl coxcamus

Up—u;=q+ (1) (4.1)

WIn

q=(u—ug) +1 (4.2)
TO €CTh, MenI0ma, no0eoouUMas K pabouemy meny 8 3aKpblmou cucmeme

pacxooyemcst Ha U3MeHeHue e20 GHYMpeHHel IHepeul U co8epuieHus um pabo-
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Myl pacuupeHus.
s TepMOIMHAMHYECKUX MPOLIECCOB 3aKOH YCTAHABIMBAET B3aWMOCBS3b
MEXIy TEIIOTOM, paboTON M M3MEHEHHEM BHYTPEHHEH SHEPTUU TEPMOJINHAMU-
YECKOM CHCTEMBI.
Ecnu:
g > 0 — TerroTa MOABOAUTCS K CUCTEME;
g < 0 — TeruroTa OTBOAUTCS OT CUCTEMEI;

1 > 0 — paGoTa coBepiIaeTcsi CHCTEMOIH;

1 <0 — pabora coBepIiraetcst HaJ CHCTEMOM.
MatemaTnueckoe BBIPRKCHHE IEPBOTO 3akoHa B AuddepeHIMaTbLHON

¢dbopme 1715t Bceil MacChl raza UMEET BHUI:
dQ=dU +dL
st 1kr rasza dg =du +dl 4.3)

Hcnonb3ys BeIpa)keHUs i1 U3MEHEHUs] BHyTpeHHer sHepruu (3.12) u pa-

6075l (3.25) MOIyYHM CIIEYIONIEE BEIPAKEHHE ITEPBOTO 3aKOHA:
\'
q=c,(T,-Ty) + fvlz p dv (4.4)

Hpyrue hopMyIHpOBKH MEPBOTO 3aKOHA TEPMOTUHAMUKH

- «DHEprus He UCYE3AE€T U HE BO3HUKAET BHOBb, OHA JIMIIb MNEPEXOIUT U3
OJIHOTO BUJIA B IPYTOM B pa3IMUHbBIX (PU3UYECKUX MPOIECCAX);

- «HeB03MOkHO B KaKOM-TH00 MEXaHW3ME MEPUOIMYECKU TOTydaTh pado-
Ty 0€3 MoIBOIa YHEPTUU U3BHEY,

- «JlBurarenap, MOCTOSHHO MPOU3BOMAIIMK PabOTy M HE MOTPEOJISIOIINN
HUKAaKOM SHEPrYMU Ha3bIBACTCS BEUHBIM ABUraresneM [ pomay;

- « BeuHslil 1BUTaTENb NEPBOTO POIA HEBO3MOKEH).

BeuHsblit gBUTaTENb MEPBOTO POJIa — TUMOTETUUECKHUI JIBUTATEIb, CIIOCO0-
HBIN TPOU3BOJIUTH PabOTY, HE MOJy4dasi JHEPTUIO U3BHE.

OmKkpoimas mepmoounamuyeckas cucmema._11epBblidi 3aKOH JUIs1 OTKPBI-
TOW CHUCTEMBI MOXXHO C(OPMYIHUPOBATH TaK: IHEpPeUs OMKPLIMOU CUCHEeMDbl,

pAsHas cymme GHYMPEHHel U GHEeUlHel dHep2uu, Moxcem Oblmb U3MEHeHA 3a
25



cuem no0BOOUMOIUL K paboyemy meiy meniomsl u pabomsl CHCAmMusi.
Uz—Ug) + (W5 - wi)/2 + (P2 V2= P1Va) + 9(z2— 21) = g + (1), (4.5)
rae (W% - W% )/2 - u3sMeHeHne BHEIIHEN KHHETHYECKOM SHEPTHH;
(P2 V2 — P1 V1) — paboTa 1o npeo0IeHUIO BHEIIHUX CHUIL;

0(z, — Z1) — u3MeHenue BHEIHEH MOTEHIMAILHOM YHEPIUM MOJIOXKE-
HUSL.
JI71s MOTOKA, COBEPIIAIONIETO TEXHUYECKYIO PabOTy MEPBBII 3aKOH TEPMO-

JUHAMHKH UMCCT BH /.

0 =(Uz— Uy) + (W3 - Wi )2 + (P2 Vo — Py V1) + 9(z2— 21) + L, (4.6)

B sToM ciydae nepBblit 3aK0H (HOPMYITUPYETCS TaK: mMeni0ma noo080OUMAs
K OMKpPbIMOU cucmeme, pacxo0yemcs Ha UsmeHeHue dHepeuu paboue2o meia u
Ha cogepuleHue UM MexHU4ecKol pabomal.

Tak kak ynenbHas sHTaIbIusS h = U + pv, To ypaBHeHue (4.6) Oynet UMeTh

BU/I:
q=(ha—hy) + (w3 -wi)2+9(z.—z1) +1, (4.7)
B mu(pepeHnnanbHoil popMe BbIpaXKEHHE UMEET BU:
dg=dh +wdw +gdz+dl (4.8)
JIJIst OTKPBITO#M CHCTEMBI pacroiaraemas pabora l, = — fliz vdp wm

L= (W3 -w2)2+g(z,—21)+ 1,
TO €CTh, pacmojaraeMas pa0oTa paBHa CyMME BHEIIHEH KUHETUYECKOU

OHEPTUH, BHEITHEH MOTEHIIMAIBLHON SHEPTUH TOJI0KEHU U TEXHUYECKOU pado-

Thl. Torma:
d=(h—h) + L =¢,(To-T)—- [Pvdp,  (49)
B udepeHImanbHoil GpopMe BRIpakeHHe HMEET BHII
dq = dh + dl,= dh - vdp, (4.10)

B Takoii 3anucu nepBbiii 3aK0H (GOPMYITHPYETCS CISAYIONUM 00pa3oM:

menjioma noogoouMas K pabouemy meiny, 3ampavueaemcs Ha yeeaudeHue e2o
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IHMANLAUU U PACNONIA2aeMOU pabomul.

Ilpomounaa mepmoounamuyeckas cucmema. llepBbIi 3aKOH TEPMOIU-
HAMUKH U711 TeJa, HE COBEPIIAIONIETO TEXHUYECKYIO0 paldoTy, hopmynupyercs
CIIEYIOIIUM 00pa3oM: dHepausi NPOMOYHOU CUCMEMbl, PABHASL CYMMe GHYMpPEeH-
Hell U GHeulHell SHepeUU, Moxcem OblMb USMEHEHA 3a cYem NO008OOUMOU Mmen-

Jlombl
(Uz—Uy) + (W5 - WE)2+ (P2 Vo2 — P Vi) + 9(22— 21) = q (4.11)
WITH
gq-= (hz— hl) + (W% - W% )/2 + g(Zz - Z]_), (4.12)
Jlnst mpoTOYHOM cUCTEMBI pacrionaraemas pabora paBHa
o= (W5 -wi)i2 + gz —2)= — [PV dp
Tornpa
q = (ho—hy) + 1, (4.13)
B muddepennmansHoi popme
dqg = dh + di, = dh — vdp (4.14)
To ecTb, BEIpasKEHUS [IEPBOr0 3aKOHA I OTKPBITO# cuctembl (4.9), (4.10)
U Uil IpoTOYHOM cucteMsbl (4.13), (4.14) UMerOT OJMHAKOBBIA BHUJ, pa3HHIIA

3QKITIOYACTCSI B BRIPAXKCHHSX JJIsI ONIPEICIICHUsSI pacmosaraeMoii paboTsl L.

4.2 OcHOBHBIE MOJIOKEHUSI BTOPOI0 32aKOHA TEPMOJIMHAMUKHU

[lepBbIli 3aKOH TEPMOJAMHAMHKHN YTBEPKIAET, YTO TEILIOTA MOXKET Mpe-
Bpalarbcsi B paboTy, a paboTa B TEIUIOTY M HE YCTaHABJIMBAET YCJIOBMM, MpHU
KOTOPBIX BO3MOXHBI 3TU IipeBpainieHus. [IpeBpamienre paboTsl B TEIUIOTY IpO-
UCXOAMT BCETJa MOJHOCTBIO U 0e3ycnoBHO. OOpaTHBIN MPOLECC MPEBPALCHMS
TEIUIOTHl B pabOTy MpH HENpPEpHIBHOM €€ IMepexoie BO3MOXKEH TOJBKO INpHU
OTpPEJIEICHHBIX YCIOBHIX U HE MOJHOCTHI0. Temnora cama coboii MOXKET repe-
XOIUT OT OoJjiee HArpeThiX TN K XOJOAHBIM. [lepexos TemaoThl OT XOJOAHBIX
Te1 K HarpeTbiM, caMm coOOi, He MpoucxomuT. JJis 3TOro Hy)XHO 3aTPaTUTh

AOIOJHHUTCIIbHYIO OHCPIHIO.
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Takum 00pa3zom, ISl MOJHOTO aHAK3a SIBICHUS U MPOLIECCOB HEOOX0IUMO
UMETh KpOME MEPBOr0 3aKOHA TEPMOJMHAMHUKH €I1I€ JOMOJHUTENBHYIO 3aKOHO-
MEPHOCTb. DTUM 3aKOHOM SIBJISIETCSL 6Mopotl 3akoH mepmoourHamurkuy. OH ycTa-
HABJIMBAET, BO3MOXKEH MJIM HEBO3MOKEH TOT WJIM MHOW Ipolecc, B KAKOM Ha-
MIPABJICHUH TIPOTEKAET MPOIECC, KOTJIa JOCTUIaeTCsl TEPMOJIUHAMUYECKOE PaB-
HOBECHE U NPU KaKUX YCIOBUSAX MOKHO MOJYYUTh MAKCUMAJIbHYIO paboTy

BTopoi 3aKk0H TEpMOAMHAMHUKY, TaK KE KAK U IEPBBIN, MIOJy4YEH HA OCHOBE
onbITOB. Ero opmynupoBku gaHbl B BUJE MOCTYJIATOB, BHIBEACHHBIX OJTHOBpE-
MeHHO P. Knaysuycom u Y. Tomconom.

OO0benunss noctynatel Knmaysuyca u TomcoHa, MOXHO c(OPMYIUPOBATH
CJIEAYIOIIEE MOJIOKEHUE, COCTABIAIONIECE 110 CBOEH CYTH COJIEP)KAHHE BTOPOIO
3aKOHA TEPMOJMHAMUKH B 001IeH dopme: eciu 6 3a0amHOU cucmeme Kakue-
UOO npoyeccvl MO2ym NpomeKkamv CAMONPOU380IbHO, MO 0OpamHvle no Om-
HOWIEHUIO K HUM NPOYECCbl BO3MONCHbL IUULL NPU YCIIOBUU ONPEOEeTIeHHbIX KOM-
NEHCUPYIOWUX USMEHEHULl COCMOAHUS CUCEMbL, NPOMEKAMb CAMONPOUZEOTbHO
OHU He mo2ym. [[pyeumu clrosamu éce camonpou3BosibHble Npoyeccvl Heoopa-
MUMbL.

C. bonbiman chopMynupoBall BTOPOH 3aKOH TEPMOJMHAMUKH UCXOMAS U3
CTATUCTUYECKOTO MOAXOAA: 6CAKOE USMEHEHUEe COCMOAHUS CUCMEMbl NPOUCXO-
Oum camonpou38oibHO MOJLKO 6 MOM HANPABIEHUU, NPU KOMOPOM MONCem
UMemb Mecmo nepexoo uacmel CUCmeMbl Om MeHee 8epoamHo20 K boee 6epo-
SAMHOMY pacnpeodeneHuro.

HauGoiiee BeposSITHOE COCTOSIHUE TEPMOJUHAMUYECKON CUCTEMBI — COCTOS-
HUE BHYTPEHHETO PaBHOBECHS.

Hpyrue GpopMyIMpOBKH BTOPOTO 3aKOHA TEPMOJAMHAMUKH .

- «HeB0o3MOXXHO mpeBpaTUTh B pabOTy HHEPrUIO0 KaKoro-iubo Tena, He
IIPOU3BOJSI HUKAKOIO ACHCTBUA, KpoMe oxJiaxaeHus 3toro tena» (TomcoH u
KenbBuH);

- «BeuHblil n1BUTaTENb 2-r0 pojia HEBO3MOXKEH» (OCTBANIBA).

s cytiecTBOBaHUs JIFOOOTO TEIJIOBOTO ABUTATENS HEOOXOAUMBI 2 UCTOY-
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HUKA - 20pAYUL UCMOYHUK U XOJ0OHbIU ucmoynux (OKpyXatomas cpena). Eciom
TEIJIOBOM JABUTATENb pabOTAET TOJIBKO OT OJJHOTO UCTOYHHMKA, TO OH HA3bIBACT-
Csl 8euHbLM 0gueamenem 2-20 poodd, YTO HEBO3MOKHO, TaK HEJIb3s1 CTOMPOIEHTHO
PEBPATUTH TEILIOTY B paboTy;

- «TemoTa He MOKET CaMONPOU3BOIBLHO MEPEXOTUT OT 00JIee XOJIOAHOTO
tena k 0osee Harpetomy'" (Knaysuyc).

Beunsiii qeurarens 2-ro poga MOXKHO OCYLIECTBUTH, €CJIM TEIUIOTY IIepe-
JIaTh OT XOJIOAHOTO UCTOYHHUKA K ropsiuemy. Ho a1 aToro Temiora camornpous-
BOJIBHO JIOJDKHA TIEPEUTH OT XOJIOTHOTO TENNa K TOPSYEMY, YTO HEBO3MOKHO;

- «TaM rae ecTh pa3HHIIA TEMIEPATYpP, BOZMOKHO COBEpIIECHUE PaOOTH»
(Kapwno).

Bce atu hopmynupoBKr B3auMOCBSI3aHBI, U3 OJHOW (POPMYITHPOBKH MOYKHO
MOJIYYUTH IPYTYIO.

[lepBbIil 3aKOH TEPMOJMHAMUKH «IIO3BOJISIET» BO3MOXKHOCTH CO3/IaTh TEIl-
JIOBOM JBUTATENb, MOJHOCTHIO TMPEBPAIIAIONINI MOABEACHHYI0 TerioTy Q; B
paboty L, T.e. L = Q;. Bropoii 3akoH HakiagbpIBaeT 00Jiee KECTKUE OrpaHuye-
HUS W YTBEPXKIACT, 9TO paboTa MOJDKHA OBITh MEHBINE MOABEACHHON TEIUIOTHI
(L<Q.), Ha BeauuuHy OTBEACHHOM TemioThl — Q;, To ecTh L = Qq - Q.

[TycTh TepMOaMHAMUYECKAS M30JUPOBAHHAS CHUCTEMa HAaXOJIUTCS B HEpaB-
HOBECHOM COCTOSIHUU U UMEET JIBe 4YacTu ¢ Temreparypamu Tiu T, mpudem
T, > T,. IIpu pa3HocTH TeMmrmepaTyp MEXKIY 4YacTAMU OyIeT OCYIIECTBISATHCS

TEMI000MEH. DHTPOIHUS MEePBOM YacTh cucTeMbl ¢ T; OyAeT yMeHbIIaThCsA Ha

Q .
Bennunny ASqy = — 7.+ & OHTPOIHS BTOPOH 4acTh CHCTEMbI OyIeT yBelIn4uu-
1

Q
BaThCs Ha BenuuuHy AS, = o CyMMapHOE€ M3MEHEHHE DHTPOIUH CUCTEMBI
1

paBHO:
As=As;+As;=Q (1/T,- 1/T))

To ecTh, cyMMapHOE€ M3MEHEHHE SHTPOMUU OYJET MOIOKUTEIHHBIM. Ko-

r7ia cucTeMa MepeiieT B COCTOSIHIE PaBHOBECHS, B HEH MPEKpaTATCS HEOOpa-

TUMBIE MPOLIECCHI U PHTPOIHUSI JOCTUTHET MakcuMyma. Takum 006pa3om, ycio-
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BHE BHYTPEHHETO PAaBHOBECHS CHCTEMbI MOXKET OBITh BBIPAXKCHO aHATUTHYC-
cku ds = 0.

DTO0 3HAYMT, YTO FHTPOIHS ABJIACTCS TAKUM IIapaMETPOM COCTOSHUS, KOTO-
pBIf OTpa)kaeT HE TOJABKO KAYECTBEHHO, HO M KOJMYECTBEHHO OrpaHHUYCHMS,
HaKJIabIBa€MbIE Ha TEILUIOBBIE IPOIIECCHI BTOPHIM 3aKOHOM TEPMOTUHAMUKH.

B 001mem BHe 3TH OrpaHUYEHHUST MOKHO 3aIIHMCaTh Kak BTOPO# 3aKOH Tep-

MOJMHAMUKHU CIETYIOUM 00pa3oM

ds > 7 (4.15)

Jlisi HEeM30JIMPOBAaHHBIX CHCTEM 3HAaK PABEHCTBA COOTBETCTBYET MpPOTeE-
KaloIIKUM 00paTUMBIM TpoIleccaM, a 3HaK HEpaBEHCTBA OTHOCUTCS K MPOTEKaro-
MM HEOOpaTUMBbIM IIPOLIECCAM.

Ecnu cucrema m3onupoBaHa, TO BHEUIHWM MOJBOJ TEIIOTHl OTCYTCTBYET
dg=0 u BeIpaxenue (4.15) npumert Bux dS >0 .

Beipaxas snemMeHTapHOE KOJUYECTBO TEIUIOTHI U3 MEPBOr0 3aKOHA TEPMO-
JTUHAMUKH, IPUXOIUM K YPaBHEHUIO OOBEIUHEHHOTO TIEPBOIO M BTOPOTO 3aKOHA

TEPMOJUHAMUKH JIFOOOT0 TEPMOJIMHAMUYECKOTO IPoLIecca:

T ds>du +dl (4.16)

5 TepmoannamMmuuyeckne MpPouecchbl ¢ MAEATbLHBIM Fa30M

5.1 OcHOBHBIE TEPMOJUHAMUYECKHE NPOIECCHI

[IpeoOpazoBaHue SHEPrUM  MPOUCXOJIUT B MPOIECCAX B3aUMOJCUCTBUS
CUCTEMbl M BHEIIHEN CpeJlbl MPU HENMPEPHIBHOM W3MEHEHUU COCTOSIHUSI CHUCTE-
MBI.

Tepmoounamuueckue npoyeccvt — 3TO MPOIECChl PACIIUPEHUS U CKATHUSA
pabouero Tena, MPoOIECChl MOJBOJA M OTBOJA TEIUIOTHI, MPOIIECCH UCTCUCHUS

ra3oB U MapoB, MPOLIECCHI APOCCETUPOBAHUS, CMEILICHUS U JP.
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B TexHuyeckoil TepMOJAMHAMHUKE pEabHbIE MPOIECCHl 3aMEHSIOT PaBHO-
BECHBIMU OOpPATHUMBIMU MPOLECCAMH, PEANbHBIE Ta3bl 3aMEHSIOT WJI€AIbHBIM
razom.

K ocHOBHBIM mpolieccaM, UCIOIb3YEMbIM B TEIJIOTEXHUUYECKUX YCTPOUCT-
BaX, OTHOCATCS: MU30XOPHBIHA (V = const), u3obapHsiii (p = const), uzorepmuye-

ckuii (T = const) u annabatuueckuii (dq = 0).

5.2 U30xopHblii mpouece

OTO paBHOBECHBIH MPOIIECC, TPOTEKAIOLIUI MPU OCTOSIHHOM 00BEME.

CooTHoIlIeHHnEe MEXAy OCHOBHBIMHU IapaMeTpaMU COCTOSIHUSL B Hayalie U B
KOHIIE IIpoliecca YCTaHABIMBAETCS € TIOMOIIbIO 3akona Lllapas:

P2 T,
— = — 1upu V =const 51
o Ty P (5.1)

To ecTb, ¢ pOCTOM JaBJi€HUS Tra3a TEMIlepaTypa ra3a yBEJIMYHUBAETCS IPO-
nopuuoHanbsHO. M30xopHsIif iporiecc B P —V u T — S auarpammax u3o0pakeH

Ha pucyHke 5.1.

P 4 T4
2 T, 2
1 T, 1 q=0
> >
v=0 v S1 52 s

Pucynok 5.1 — M3oxopnsriit mporiecc B P—V u T — S nuarpammax

Pa6ota B n3oxoprom mporiecce (V=const):
— (V2 —
1= fvl pdv =0 (5.2)

Pacnonaraemasi paboTa B M30XOPHOM IPOLIECCE PACCUUTHIBAETCS 1O (op-

MyJie
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o=~/ vdp=—v(p; — p1) (5.3)

KonudecTBo TemoThl, MOJBEIECHHOE K paboyemy Teny B mporecce 1-2

paBHO

T
q= lez ¢,dT = ¢, (T, — T;) npu ¢, = const (5.4)
ITepBEIii 3aKOH TEPMOJUHAMUKNA U M3MEHEHUE BHYTPEHHEN DHEPTUU
g=Uy—U;+L=U,—U; = AU, (5.5)
q=Au=c,(T; — Tq) (5.6)
WM Yepe3 SHTAIBIIHIO CHCTEMBI
q=hy—h;+1,=hy—h;-v(p,—p1) = Au (5.7)
To ecTh, BCs moABEACHHAs y/CIbHAS TEIJIOTA B M30XOPHOM IIpoIiecce pac-
XOyeTCs Ha U3MCHEHNE BHYTPEHHEH dHEpruu pabodero rea.
DHTPOIHUSA B TEPMOJUHAMHUYECKOM Ipoliecce Ipu V =CONSt, yduThiBas
(3.20) u (3.21) ompenenseTcst CaeayIONMM 00pa3oM
_ 2 dq _ 2 dT _ TZ _ P2
As, = f1T_f1 Cy o = cvlnT—l— cvlna (5.8)
V3MeHeHre SHTAIBITNY Ipoliecca onpeaenuThes ucxons us (5.7), (5.6),

(4.13) u (3.16):

h,—hi=qg-1,= ¢,(T; — Ty) + v(pz2 - p1) (5.9)

5.3 U306apHublii npouecc

DTO paBHOBECHBIN MPOLIECC, MPOTEKAIOIINN TPU TOCTOSHHOM JABJICHUMU.
CooTHOIIIEHUE MEXKIY OCHOBHBIMH TapaMeTpaMU COCTOSHHUS B Hadalle U B

KOHIIC IMMPOICCCa YCTAaHABIIMBACTCS C IIOMOIIBIO 3AdKOHA Teii-Jlrocaka.

V2 _ E _
v o Ty PE p = const (5.10)

To ecTb, BO CKOJIBKO pa3 U3MEHSETCS yIeNbHbI 00bEM ra3a B Uu300apHOM

IpoIIeCcCe, BO CTOJIBKO pa3 M3MEHSETCS €ro TeMIepaTypa, HabIoaaeTcs MPSIMO
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IPOMOPIUOHANIbHAS 3aBUCUMOCTD. M300apHsiit mpoiecc BPp—V u T —S aua-

rpaMMax U300pakeH Ha pUCYHKE 5.2.

P & Ta U:C_onst
T, ) 2
1 2
p -
i>0 )
T 40
»> >
vy vy P 51 S2 s

Pucynok 5.2 — N306apnsiii ipouiecc BP —V u T —S auarpam-
Max
Pabota mo u3meHeHuto odbeMma raza B M300apHOM IMPOIECCE HAXOIUTHCS

o dopmyiie:
L= [?pdv=p(vz—vi) (5.11)

Ucnionb3yst ypaBHenust Kuanetipona-Menoeneesa 1asi  coctosiHus 1

(p1v1i=RT}) u cocrostaus 2 (P,V,=RT,) BeipaskeHue 1151 pabOTH KIMEET BH/I:
1=R(T, — T;) (5.12)
Pacnonaraemast pabota raza B ©300apHOM Mpoliecce
L, =— fp"fv dp=0 (5.13)
[lepBbIil 3aKOH TEPMOJMHAMHKHU JIJIi M300apHOTO TMpOIecca B 3aKPBITON
CHUCTEME UMEET BUI:
g=U;—U;+1=Au+ p(Vo— V) (5.14)
To ectb, mogBeIcHHAS TEIJIOTa B ©300apHOM TIPOIIECCE 3aKPBITON CUCTEMBI
pacxoayercssi Ha W3MEHEHHE BHYTPEHHEW HHEPruud W COBEpIIECHHE padounMm

TEJIOM pabOThI IO U3MEHEHUIO €T0 00beMa.

3anuchIBasi IEPBBIN 3aKOH TEPMOJIUHAMUKH Y€pe3 SHTAIBIUIO, MOTYyUYHUM:

g=Uz—Uu;+p(vo—Vvy)=hy—hy (5.15)
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To ecth, mo/IBeICHHAS TEIIOTA B M300aPHOM IPOIIECCE 3aKPHITOM CUCTEMbI
pacxo/yeTcsi Ha U3MCHEHHE YHTANIBITUH.
[TogBomMast TEIIOTa B H300apHOM MPOLIECCE OMPEACTUTHCS 1Mo (hopMyJie:
q=hy—h;=¢c,(To—T,) (5.16)
M3MeHeHne BHYTPEHHEH JHEPIMM CUCTEMBl HaWJEeM W3 IEPBOTO 3aKOHA
tepmoauHaMukH (5.14) ¢ yuetom (5.11), (5.12), (5.16) u (3.5)
Uz~ Us=q - I=¢, (T2~ Ty) - R(T2— Ty)=(c, — R)(T2— T1)=e(T2~Ty)
Au=U,—U;=¢y(T,-T)) (5.17)
To ecTh, U3MEHEHNE BHYTPEHHEH SHEPTHH OMPEICIIACTCS aHAJIOTUYHO H30-
XOPHOMY IPOIIECCYy.
N3menenune sHTponuu coryacHo (3.23) mpu p = CONSt ompenensiercs 1o
dbopmyie:
As=s;—5;=¢, In(To/ Ty) (5.18)

N3mMeHeHne SHTaIbIIUKU TIpoIiecca onpeaeauTbes ucxoas us (5.16):

h2 - hl =6C (Tz— T]_) (519)
5.4 U3oTepMuyeckuii mpouecc

DTO PaBHOBECHBIN MPOLIECC, MPOTEKAOIIUNA MTPU MOCTOSHHON TEMIIEPAType
npu T=const.
CooTHOIIIEHUE MEXy OCHOBHBIMH MMapaMeTpaMH COCTOSHUSI B HadaJie U B
KOHIIE MPOoIIecCca YCTAHABIMBAETCA C OMONIBIO 3axoHa bounsa-Mapuomma:
p1Vi= p2V2 = pVv = const, npu T = const (5.20)
To ecTh, U3MEHEHHE JaBJICHUS Ta3a B U30TEPMHUUECKOM IMpoliecce 00paTHO
MPOTIOPLIMOHATIBHO U3MEHEHUIO YAEIBHOTO 00beMa. M3oTepMudeckuil  mporece

BP—Vu T-S auarpammax nu3o0pakeH Ha pUCyHKe 9.3.
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P &
p

vy vy O 51 S2 ‘S.
Pucynok 5.3 — M3otepmudeckuii npoueccBPp—V u T —S aua-

rpaMmmax
Pabora mo m3aMeHeHuio o6beMa raza B M30TEPMUYECKOM TPOIIECCE C yde-

ToM ypaBHenus (3.25), (2.1) u (5.20) naxoautcs o Gpopmyiie:

L= [pdv= fVZRTdTV= RTln:—iz RTIn2 (5.21)

Vi p2

Pacnonaraemas pabora ra3a B U30TEPMHUYECKOM TIpoIiecce

_ (P2 _ (P2 dp _ P1
o, = fpl vdp = fpl RT-"= RTIn >  (522)

PaccmatpuBast Beipaxkenus (5.21) u (5.22) MOXHO cenaTh BBIBOJ, YTO pa-
00Ta MIeanbHOrO ra3a Mo U3MEHEHUI0 00beMa W pacrojaraemas padoTa mpu
U30TEPMHUYECKOM MPOLECCE PABHBI.

Tak kak NpH U30TEPMHUYECKOM IMPOLECCE TEMIIEpaTypa HE MEHSETCH, TO
U3MEHEHUE BHYTPEHHEN dHEPruu paBHO HYJIIO:

Au=U,— U= CV(Tz— Tl) =0 (5.23)

[lepBbIii 3aKOH TEPMOJMHAMUKH JJIsI M30TEPMHUUECKOIO IIPOIIECCA B 3aKPbI-

TOUW CUCTEME UMEET BU:
q:ug—u1+l=l=RTln:—2 (5.24)
1

To ecth, MoABECHHAS TEIJIOTa B M30TEPMUUYECKOM IPOIIECCE B 3aKPHITOM
CHUCTEMeE TOJIHOCTBIO MPeBpaIlaeTcs B paboTy MO U3MEHEHHUI0 00beMa paboyero

TCIA.
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N3menenne sutponuu cornacHo (3.23) nmpu T = const ¢ yuerom (5.20) on-
penensercs mo GopmyIe:
As =5, —5; = R In(p./p,) = R In(vy/vy) (5.25)
M3MeHeHre SHTaNBIMK Tpoliecca ompeaenurcs ucxons u3 (3.17) u npu
T=const OyzaeT paBHa HYJIIO:
hy—hy=c¢,(T,—T1) =0 (5.26)

5.5 AxuadaTHbIi npouecc

DT0 paBHOBECHBIN TpoOIIeCC, MTpoTeKaromui 0e3 Termooomena = 0.
B aamabaTHOM TpoIriecce BCE OCHOBHBIC MapaMeTphbl COCTOSHHS IEPEMCHHBI.
CooTHoIIIEeHHE MEKIY OCHOBHBIMH ITapaMeTpPaMH COCTOSHUS B Hadyaje U B KOH-

e nmpouecca yCTaHaBJIMBACTCA C IIOMOIIBIO YPABHEHUA Hyaccona:

p1Vy = p,vy = pvK = const (5.27)

Pa T4
P 1

1 P = Const B

4
=0

p 2 !

2 |

> »
by vy ¥ S

Pucynok 5.4 — Aquabatssiii mpouecc BP —V u T —S auarpam-
Max
Anuabara pacumpenust 1 — 2 B p —V KoopAuHATax pUCYHOK 5.4 rpaduye-
CKH CXO’Ka C TUNepOO0JION M30TEPMHUYECKOTO MpoLiecca, HO pacIoyiaraeTcs Kpy-
ye. Kak BUHO U3 IUarpaMMbl, C YMEHBIIIEHUEM JIaBJICHUS ra3a ero o0bem yBe-

JUYUBAETCS, U HA0OOPOT.
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Hpyrue ypaBHeHUS annabdaTHOrO mporecca oTHocuteabHo T, p UV Ha-
XOJST ¢ HoMollbio ypaBHeHus Knaneiipona (2.1) (2.2) myTem BbIpaxeHus OJJHO-

ro ¥ nmapaMeTpoB P UM V U UMCHOT BU/:

_ k-1
T2/ T]_ = (V1/V2) (528)
k-1
T/ T1=(P2/P1) k (5.29)
rae K — moxkasarens aguabaThl, KOTOPHIM MOKHO ONPENEIUTh U3 BhIpaXKe-
HUA

,+R R 8314
k=2=2""—14+ =1+ (5.30)

Cy Cy Cy nCy

B Buay Toro, uro TeruiooOMeH B aauabaTHOM MpOIecCe OTCYTCTBYET

]
(6g=0), TertoeMKOCTh aKabaTHOTO MpoIecca € = d—;’, = 0, TO COOTBETCTBEHHO,

Y UBMEHEHUE SHTPOIIUU PABHO:
8q
As=—=0, a s=const

Wcxons u3 storo, B T-S auarpamme (pucyHok 5.4) aguabara oOpaTumMoro
npoliecca n300paxxaercs B BUAE BEPTUKAIbHOU MPSMOIA.
[lepBbIil 3aKOH TEPMOIUHAMUKH JIJIsl aAnadaTHOTO MpOoIlecca B 3aKPHITOM

CUCTCMC dHAJIUTHYCCKH BBIPAKACTCA YPABHCHHUCM:

g=U,—u;+l=Au+1=0
TO €CTh
Up—U;=-1 wmm AU=-1 (5.31)
W3 ypaBHEHUS BHIIHO, YTO JJIsl TOTO YTOOBI MOJYYUTh B alnabaTHOM MpO-
1ecce paboTy Mo U3MEHEHHI0 00beMa, HEOOXOJUMO pacxoJl0BaTh 3arac BHYT-
pEHHEN sHepruu rasa. [lpu cxatuu 3amac BHyTpEHHEN SHEPTUH BO3PACTAET.

JlJ1s1 OTKPBITOM CUCTEMBI IEPBBIN 3aKOH TEPMOAUHAMUKHU 3AMUILIEM B BUJIE:
Pabota mo u3menenuto oobeMa ra3a B ainadaTHOM MPOIIECCE MOKET OBIThH

paccuutana u3 (5.31) no ypaBHeHUIO
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l=u;-Uy=c¢cy(T1—T)) (5.33)

wm ¢ yaetoM (3.5)u (3.7): 1= (R/(k-1))(T1-T,) (5.34)

Pacmonaraemast pabora raza B agmabatHoMm mporecce coriacHo (5.32) u
(3.17):

b = (hy - hy) = c,(T1 - T3) (5.35)

W3 3T0r0 BRIpaXKEHUs CIAEAYET, YTO U3MEHEHUE SHTAJBIIMU PABHO pacroja-

raeMoil paboTe ¢ MUHYCOM:

h2 - hl = Ah = -1, (5.36)

5.6 IloruTponHbIE MPOLECCHI

[TonmuTpONHBIM MPOLECCOM HA3bIBACTCA MPOLECC NP HEU3MEHHOM TEILIO-
eMKOCTH €. M30XO0pHBIN, W300apHbIA, U30TEPMUYECKUN U alnadaTHBIN Mpolec-
CBI SIBJIIFOTCS YaCTHBIM CIIy4YassMU IIOJIMTPOITHBIX IIPOLIECCOB.

[TonutponHsIe MPOLECCHI TOAYUHAIOTCS YPABHEHHUIO!

p1V{ = P2V = pv" = const, (5.37)
rae N — nmokasaTesb MOJIUTPOIIEI.

[Toka3zaTens monuTponsl N I pa3iIUYHbIX TOJIUTPOIHBIX IIPOLIECCOB MO-

JKET UMETh PA3JIMYHbIC 3HAYCHUSI HA BCEM MHTEpPBAJIE OT—00 J10 +00.
[pyrue ypaBHEHUS MOJUTPOMHOTO Mpolecca OTHOCUTENbHO T, p UV

aHaJIOTUYHBI aguadaTHoMy Tporieccy (5.28) (5.29) u uMeroT BU/L:

T2/ T]_: (Vl/Vz)n_l (538)

-1

Tyl T1=(P2/P1) (5.39)

ITokazarens IMOJINTPOIIbI 3aBUCUT OT BCIIMYMNHDBI YHCHBHOﬁ TCIIJIOEMKOCTHU U

OMPEIEIIACTCS BEIPAXKECHUEM:

(5.40)

Cc— CV
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JIJig 9acTHBIX CiIy4aeB MOJUTPOITHOTO TMpouecca (M30XOpHBIN, H300apHBIil,

WU30TEPMUYECKUIM, aauabaTHBIA NPOLECCHI) MOKA3aTeNd MOJUTPONbl HWMEKOT

3HAYCHUS:
v = Const, (M30XOpHBIiI), c=¢C, N=4
p = Const, (u300apHbIii), c=c, n=0
T = Const, (m3orepmuyeckmii), C=oc0, n=1
dq =0, (aguabaTHbI), c=0, n=Kk
n=k
ph 0=l .f A N=tw Tk n=k N= a0

b—

dQCO

/ A e k>n>1
du:(); dh>0 /

(e ’ du:»o dh>0
TN ,4M/ .
o n=0

S |>0
\ dleo V4 S .--d
% \0 /

P.)T
gu<0; dh<0 n=tw
n= e du<0; dh<0 ”S‘f

dlc0 —t— ds0

<Y

0q<0 <—4—» gg>0

Pucynok 5.5 — [lonurponnsie mpoueccsl BP —V u T — S nua-

rpammax

B numarpammax cocTosiHHs (PUCYHOK 5.5) CEMEMCTBO MOJMTPOMHBIX MPO-

HECCOB UMCCT TOJILKO OAHY TOYKY IMCPCCCUCHHA.
Ecau cuurath TOUYKY IICPCCCUCHMS 3a HAYAJI0 KaAXKIAO0TO IIponeccca, TO Ha OC-
HOBC aHaJIM3a JuarpaMm MOXHO CACJIAaTb BbBIBOJALI, YTO BCC ITOJUTPOIIHBIC IIPO-

LCCChI, PACIIOJOKCHHBIC!

MpaBee U30XO0PbI — MPOLECCHl PACIIUPEHUS, JIEBEE — MPOLIECCHI CHKATUS;

BbIIII€ M300apbl — IPOLIECCHI C POCTOM JIaBJICHUS, HUKE — C YMEHBIICHUEM;

npaBee aanadaThl — C OJABOJIOM TEIUIOTHI, JIEBEE — C OTBOJIOM TEILJIOTHI,
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BBIIIIE U30TEPMBI — MPOLIECCHI C MOBBILIEHUEM TEMIEPATYPhl U BHYTPEHHEN

SHEPI'UH, HUXKE — C IIOHWKEHUEM TEMIIEPATYPBl U BHYTPEHHEN SHEPTUHU.

B cBsa3u ¢ sTtUM Bce IMOJIMTPOIIHBIC IIPOTCCCBI MOKHO p8,36I/ITI) Ha TpH

TPYIIIBL:

1) Toxka3zarenp mOMUTPOIBI M3MeHsieTcss B mpenenax —oo < n < 1. Ilpo-
1[ECChl UAYT C MOABOJAOM TEIUIOTHI U POCTOM BHYTPEHHEUW DHEPIUHU IIPU PACIIU-
peHnn. Bo Bcex mporeccax cxaTus TEIIOTa OTBOAUTCS, @ BHYTPEHHSIS YJHEPTUS
YMCHBIIIACTCH.

2) Iloka3zarenp monuTponsl m3MeHsieTcs B mpenenax 1 < n < k. Bo Bcex
IIPOIIECCAaX PACIIMPEHUS ATOW TPyNIbl UAET MOABOJ TEIUIOTHI, & BHYTPEHHSA
DHEpIus yMeHbIIaeTcsa. Bo Bcex mporeccax ¢KaTus IpU OTBOJE TEIIOTHI BHYT-
PEHHSS DHEPTHUS YBEIIMYNBACTCS.

3) Ilokazartenb mOMUTPONIBI M3MEHsETCs B mpeaenax kK < n < co. Bo Bcex
IIPOIIECCAaX PACIIMPEHUS 3TOW TPYNIBI UIAET OTBOJ TEIUIOTBI W BHYTPEHHSA
DHEpPrus yMeHmlaercsa. Bce mponecchl cxkaTus UAYT ¢ IMOJABOJAOM TEIUIOTHI U
pPOCTOM BHYTPEHHEU DHEPIUU.

AHQINTUYECKHAE BBIPAXKEHUS MIEPBOrO 3aKOHA TEPMOJAUHAMUKH IS TTOTUT-

POITHOTO IPOLECCA UMEIOT BU:
q=Uy—Uu;+1 (5.41)
q=hy-h;+1, (5.42)
PaGoTta monuTpomHOro mporecca OMNpeAeNseTcsl aHaJOTUYHO KakK TpH

anuabaTHoM miporiecce (5.33) (5.34):

L= (R/(n - 1))(Ty— T>) (5.43)

WIH ¢ yueToM ypasHerus KnaneHpona
L= (pve/(n - 1)) (1= T4/ Ty) (5.44)
1= (U/(n-1)) (prvi— P2V2) (5.45)

Tennora, moxBoguMasi B TOJMTPOITHOM IIPOIIECCE, PACCUMTHIBACTCS 10
bopmyre

q=c(T1—Tp) (5.46)
40



uinu yunutbiBas (5.40)
-k
q=c¢, — (T1-T)) (5.47)

Pacnonaraemas pabota ra3a B OJUTPOITHOM IpoIiecce:

lob=q— (hy-hy) =q—c,(T,- Ty)
C yuerom (5.47)u (3.5) u (3.7)
lo = — R(Ty - Ty) (5.48)

6 TepmoguHaMHuUYecKHe HUKJIbI M MUKJI KapHo

6.1 TepmoannamMuveckue 0CHOBBI IIUKJIOB (KPYroBbie MpoLecchl)

Tepmoounamuueckum YuUKIOM, WA KPY208bIM HPOYECCOM, HA3BIBACTCS
TEPMOJMHAMHUYECKUN MPOLIECC, B KOTOPOM TEPMOJAMHAMUYECKAsI CHCTEMA, Ipe-
TEpIEB psJl U3MEHEHUH, BO3BPAILAETCS B HCXOAHOE cocTosiHUE. Bee mapameTpbl
U (YHKIMU COCTOSIHUSI, U3MEHSSICh B MPOIECCE, B KOHIIE LMKJIA MPUHUMAIOT
nepBoHavyalibHOE 3HaueHue. Ha nuarpamme cOCTOSHMN Tako# mporiecc n3odpa-
YKAETCS 3aMKHYTOU JIMHUEH. OCYIIECTBISITHCS MOXKET NPAMON LUK U OOpATHBIN
UK.

IIpsamou yuxn — UMK (pUCYHOK 6.1a), B KOTOPOM TEIJIOTAa IPEBpalIacTCcs B
paboTy, MPU FTOM MPOIIECC PACIIUPEHUS POXOIUT BBIIIE, YEM MIPOLIECC CHKATHSI.

Obpamuwiii yukn — nuki (pUCyHOK 6.10), B KOTOPOM TEILIOTa OT «XOJIOJI-
HOTO» HCTOYHHMKA MEPEaeTCs «ropsiueMy» HWCTOYHHMKY IpHU 3aTpaTe padoThl,

IIPpH 3TOM IPOLECC CIKATHA IMTPOXOAUT BBIIIC, UEM ITPOLUECCC pACIIUPCHUA.
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PaA

n

7457 T

1

a) 0)
Pucynok 6.1 — Jluarpamma mipsimoro (a) u oOpatHoro 1ukia (6) B p—V koop-
JIUHATAX
B pesynpTate 3aMKHYTOTO TEPMOIMHAMUYECKOTO MpoOIlecca HM3MEHEHHE
BHYTPEHHEH 3HEepruu padouero tena (rasza)
Au,=du=u,-u; =0

B cooTBeTCTBUU € NIEPBBIM 3aKOHOM TEPMOAMHAMUKU IS HUKIA Ly, = (.
To ecTh paboTa, coBepIiiaeMasi TEPMOJUHAMUYECKON CUCTEMOM 3a IUKJI, TOJIXK-
Ha OBITh paBHa CYMMAapHOMY KOJIMYECTBY TEIUIOTHI, MOJy4aeMOMY WJIM OTJa-
BaeMOMY CHUCTEMOI B TeueHue 1ukia. Eciau yuecTs, 4To B ITUKIIAX BCEr/ia cylle-
CTBYIOT TIPOIIECCHI, TIPH KOTOPBIX TEIJIOTA MOABOAMTCS K padouemy Temy (Q; >

0) u mpoueccsl, mpu KoTopbix oTBoaUTCs (0, < 0). [TosToMy, B 001IEM ClTyuae
lu = 0u=01—-0Q2 (6.1)
B mpsMoMm 1ukiie (pucyHok 6.1a) mo kpuBoil 1a2 mpouCXOIUT Mpolecce
pacmpenus U TerioTa (1 oT 6osee «ropsyero» MUCTOUYHUKA TepenaeTcs: padbo-
yemy teny. Ilpu 3TOM B mpoliecce coBeplaercss MOJOXKUTENbHas paboTa pac-
mmpens lpaem, KOTOpas Ha rpaduke paBHa IIOMAAM MO KPHBOH mHporecca
mr.1'1a22'1". Kpusas 261 mpezcrasisier co6oif mpoLmece cxatus pabodero Tena
¥ OHO BO3BpalllaeTca B UCXOAHOE cocTosiHue 1. B aToM mpouecce ot padouero
TeJa OTBOAMUTHCA B «XOJIOAHBII» MCTOUYHUK TeruioTa (. s ocyuiecTBieHus
nporecca HeoOXOAUMO COBEPIIUTHL paboTy CxKaTHs Haa paboduM TEIOM ley,
KOTOpast Ha rpadyiike paBHA TUIOIIAM IO KPUBOH mpomecca mr.l1'1622'1' u mve-
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eT oTpuuarensHoe 3Hadenue. [lo Bemmanne lyaem > Lo 1 Torma by = Lpaew ™ Lo
YTO Ha rpaduKe COOTBETCTBYET Iutomaau 1a261 BHyTpu 1UKIIa.

[Tpu ocyuiecTBICHUH TPSIMOTO IUKIA MPOUCXOAUT COBEpIICHHE PabOThI,
KOTOpas B TEIUIOBBIX MalIMHAX MpeoOpasyercss B MexaHUdecKyro. J{is pazmmy-
HBIX HUKIOB 3((EKT B MOIYyYeHUU paObOThI pa3IudHbIA. DTOT 3P PEKT OleHUBA-
eTCSl mepmMuiecKkum Kodpuyuenmom none3nozo oeticmaus_ Iy, KOTOPBIA ompe-

ACIACTCA

1 q1 - |92| 92|
= = —==1- - 6.2
U q1 d1 q1 ( )

OnHOM U3 BaXKHEHUIIMX XapaKTEPUCTUK TEPMOJUHAMHUYECKOIO LMKIIA CITY-
KUT cpedHee OasneHue yukia Pi. ITO YCIOBHOE MOCTOSHHOE NaBJIEHUE, NPU
KOTOpPOM coBepIaeTcs padoTa, paBHas padoTe 3a IUKJ MPU MEPEMEHHOM J1aB-
nenuu. Ilo pusnueckomy cmsicity Py 3T0 paboTa, NPUXOAAIIASICT HA CAUHUILY

pabouero oobema, paBHas

1§
Pe= ———— (6.3)

Vmax = Vmin

Ha rpaduke (pucyHok 6.1a) Pt COOTBETCTBYET ILIOIIAAN m11'221 =
mi.1a261.

B oOpatHoM 1ukiie (pucyHok 6.10) mo kpuBoi 1a2 mMpOUCXOIUT MpoIecce
pacipenust ¥ Temnora Oy MOABOAUTHCS OT «XOJOAHOIO» UCTOYHHMKA. KpuBas
201 mpexacraBngeT coOoi mporece cxaTrs pabovero Tejia U OHO BO3BpaIlaeTCs
B ucxoqHOe coctosinue 1. B aTom mporecce ot pabodero Tena OTBOAUTHCS B
«ropsYMi» UCTOYHMK TerioTa (1. B oOpaTHOM LuKIe IS €ro OCyIeCTBICHUS
HEO0OXOIMMO 3a IMKJ 3aTpaTuTh padoty. Ilnomanp 1a261 Ha rpaduke mporop-
IIMOHAJIbHA 3aTpaTte padoThI (- 1,). B aTOM 11HKIIE 11O BETMUMHE
Lpacm < lew ¥ by = Lpacw ™ e OTpuIaTensuas.

O6paTHBIﬁ IMUKJI UCIIOJIB3YCTCA B XOJOAWJIBHBIX YCTAHOBKAX MW Xapak-

TEPUBYETCS XON0OUTbHBIM KOdDPuyuenmom E

q:2 q2
=== —=— 6.4
&t T (6.4)
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OOpaTHBI MUK B TETUIOBBIX HACOCA OLICHUBACTCS OMONUMENbHLIM KOIQ-

puyuenmom &;

q1 q1
=== —— 6.5
& L a-w (6.5)

TakuMm 00pa3zoMm, I OCYLIECTBICHHS JIIOOOTO TEPMOAMHAMHUYECKOIO
IUKJIa HEOOXOIMMO MMETh JBa BHEIIHUX MCTOYHUKA SHEPTUU C Pa3HOM TeMmIle-
patypou. «l'opsA4nii» UCTOYHUK C BBICOKOM TEMIIEPATYPOU HA3BIBACTCS MenJio-
0moamyuKom, a «XOJOJHBII» UCTOUHUK C HU3KOW TeMIIepaTypoul — menionpu-
emHukom. [{nst pabodyero He UMEET 3HAYEHUS, YTO SIBIISIETCS UICTOUHUKOM DHEP-
run. Hanpumep, B OpsIMBIX MUKIIAX TEIUIOOTAATYMKOM MOKET SBIIATHCSA OpraHU-
YECKO€ TOIUIMUBO, SACPHOE TOILIUBO U T.J., @ TEIUIONPUEMHUKOM — OKPYXKaroIas
cpena, BOAa U T.A.

B npsiMoM 1ukiie 3HEprusi NoABOAMMAs K padouyeMy Telly OT UCTOYHHKA C
0oJsiee BBICOKOWM TEMIIEpATypOol pacxoayeTcs Ha IMOJyuyeHUE MOJIE3HOM paboThl
Y Ha TEIUIONIOTEPU B OKPYKAIOIIYIO CpELy.

B oOpatHom mukie padodee Teso 3a0UpaeT TEIUIOTy OT UCTOYHUKA C HU3-
KOW TeMIepaTypoH, 3aT€M C IIOMOIIBIO JONOJHUTEIBHO MOABEACHHON YHEPTUU

YBCIIMYMBACT €€ IMMOTCHIHUAI U MCPEAACT TCIIJIIOTY HCTOYHUKY C BBICOKOM TEMIIe-

parypou.
6.2 IIpsimoii oopaTumblii nuka Kapuo

CaMbIM SKOHOMHUYHBIM TEPMOAMHAMHUYECKUM IIUKJIOM SIBJISICTCSl ITUKJI
npeanoxeHHsi B 1824r. Cagu Kapno.

[ukmom KapHo Ha3bIBae€TCS KPYroBOM LUK, COCTOSAIINMN U3 2-X U30TEPMU-
YecKUX M 2-X aauabatHbIX mporeccoB. O6parumbiii 1uki KapHo B p-v u T-S

JuarpaMMax MokasaH Ha pucyHke 6.2.
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P

1(F';,V1 J1)

lopaqsi
MCTOMRNK

Ti=const

T,=const
HONOAMNLHMK

Pucynok 6.2 — IIpsmoit o6patumslii nuki Kapuo B p-v u T-S aua-
rpamMmax

B npsimom obpatumom nukie Kapao conepxkutcs 4 mporecca:

1 - 2 — uzorepmuueckoe pacmupenue npu T; = const, moaBo TEMIOTH O
OT «TOPSYEro» UCTOYHUKA K paboueMy Telly.

2- 3 — oOpatumoe aguabaTHOE pacIIMpeHue mpu S; = const. Temmeparypa
ymenbinaetcst oT T, =Ty 1o Tz3=T,.

3 - 4 — u3orepmuueckoe cxarue npu T, = CONSt, OTBOJ TEIIOTHI (, K «XO-
JIOJJHOMY» UCTOYHHUKY OT pabOyero Tena.

4 -1 — obpatumoe anuabatHoe cxaTue npu S;=const. TemnepaTypa noBbI-
maetrcsa or T4 =T, no T, =T;.

Beinenennsie 3Hauenus temmeparyp T; u T, (Ty > T,) cooTBeTcTByIOT
TEMIIepaTypaM «ropsuero» UCTOYHUKA U XOJIOAHIbHUKA (PUCYHOK 6.2).

Tepmuueckuii ko3((PULKMEHT Mosne3HOro aewucTBusd Iy (K.I1.4.) MpsIMOTO
nukia Kapao omnpenensercst coriacHo (6.2). Ilpu aTtom paborta 3a UK paBHA

CyMMC pa60T COBEPpHIACMBIX OTACIIBHO B KAXKIOM M3 YCTHIPEX MIIPOLCCCOB!:

L=l Hos g+ =RTy ln +—(T1 T,) + RT, In- +—(T2 T,)
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L,.=RT, In :—i +RT, In :—: (6.6)

KonunuecTBo moaBeIcHHON TEIJIOTHI IPU U30TEPMUUECKOM mporecce 1 — 2

onpenenseTcs u3 ypaBueHus (5.24):
01= 0, = RTy In =2
Vi

Tornma repmMuueckuii K.m.ja. nukia KapHo paBex

V2 Va
lu RT1 In vy + RTZ In Vs
N =—= Y,
qd1 RT1 In—= d1
Vi

Jnst anuabatHbIX nporneccoB pacimmpenus 2 — 3 u 4 — 1 cornacho (5.27)

(5.28) umeem
T,/ T;= K= u T,/ Ty = k-1
2/ T1=(V2,V3) uTy/ Ty=(Vi/Vy)
oTtkyna Vo V3=V ,Vq nim Vo V1 =V3/Vy
C y4eTom MOJy4eHHOrO PAaBEHCTBA TEPMUYECKUH K.I1.1. nnkia KapHo nme-

eT BUJ

ne =t=Af=q- 2 (6.7)

W3 Beipaxkenust (6.7) cienyer 1-s1 meopema Kapro:. « Tepmuueckuti K.n.o.
oopamumoeo yuxkna Kapno ne 3asucum om ceoticme paboue2o mena u onpeoe-
JI1emcsi MOJIbKO MemMnepamypamuy UCMOYHUKOBY .

N3 cpaBHEHMS TPOU3BOJILHOIO OOPATUMOrO IUKJIIA U 1uKiIa KapHo BeITeKka-
eT 2-1 meopema Kapno: «Obpamumvnii yuxn Kapno sensemcs mausvleooHell-
WUM YUKTIOM 8 3A0AHHOM UHMep8aie memnepamyp.

To ecth k.m.a. nukia KapHo Bcerga 0ofibiie K.M.J. MPOU3BOJIBHOTO ITUKIIA
IIPY OJAMHAKOBBIX Temreparypax T u To.

BriBosbl 3 ananu3a mukia Kapao:

- Jlns mpeBpaliieHus TeIIoThl B pab0Ty HE0O0Xoauma pa3HOCTh TeMIlepa-
TYyp.

- Ki.x. nukna KapHo Iy Bo3pacrtaer ¢ yBenuueHueM T; U yMEHbLIEHUEM

T,
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- Hoctuxenue temnepatypsl T, < 0 HEBO3MOXKHO, Tak Kak I|; > 1, uTo mpo-
TUBOPEUUT MEPBOMY 3aKOHY TEPMOJIMHAMUKH.

- [lonHOE mpeBpallieHue TEIoTh B padOTy HEBO3MOXHO, Tak Kak Iy = 1
nipu Ty = oo mun T, = 0, 4TO MPaKTUYECKH HETOCTHIKHUMO.

[{uxn KapHo siBiIsIETCSl UI€alIbHBIM IIMKJIOM U B TEIUIOBBIX JBUTATENSAX HE
peanu3yercs o MPUYUHAM:

1) HeBO3MOXHOCTh MPAKTHYECKOTO OCYIICCTBICHUS H30TCPMHUCCKHUX
MIPOIIECCOB C M/€aTbHBIM Ia30M.

2) Manas BenuurHA pabOTHI IWKJIA BCIICJACTBUE HE3HAYUTEIBHOTO Pa3iiv-
Yyusl B KPYTU3HE HAKJIOHA M30TEPM M aauabdar, KoTopas coM3MepruMa ¢ MEXaHH-
YECKUMU MOTEPSIMUA B pETbHOM JIBUTATEIE.

3Hauenue nukia Kapno:

- TenoBo# 3TajoH, ONPEACIISIOMINN MPU JTaHHBIX TEMIIEPATYPHBIX YCIIO-
BUSIX MAaKCUMaJbHO BO3MOXXHYIO CTETEHB IMOJIE3HOI0 MCIOJIb30BAHUS TEILIOTHI,
B CPAaBHEHHMHM C HUM MOXXHO CYJIUTh O CTEIICHU COBEPIICHCTBA PEAJIbHBIX IHK-
JIOB;

- Urpaet 00JibliIyI0 pOJib B YCTAHOBJICHUH OCHOBHBIX MOJIOKEHUNA BTOPOTO

3dKOHA TCPMOAWMHAMUKH.

6.3 O0paTHbIii o6paTumblii UK KapHo

OOpatubiit nukn KapHo, kKak v psiMOii, COCTOUT TaKXke W3 2-X U30TEPMHU-
YeCKUX M 2-X aauadaTHBIX MpoieccoB. B oTauunu oT mpsiMoro (pucyHok 6.2)
oOpatHbiii Mk KapHo HaunHaeTcs ¢ aanabaTUYeCKOro paclIMpeHus, KpuBas
KOTOPOTO JISKUT HUXKE U30TepMuueckoro. B p-v u T-S quarpammax oOpaTHBII

nuki KapHo nokaszan Ha pucyHke 6.3.
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Pucynok 6.3 — O6patHbiit oOpatumsblil iiukia KapHo B p-V nuarpamme

B o6patHom obpatumom 1ukiie KapHo conepxxutcs Takxe 4 nporecca:

1- 2 — oOpatumoe amuabaTHOe pacimupenue mpu S; = const u dq = 0. Tewm-
nepatypa ymensninaercsa ot 1, =Ty g0 T, = T,.

2 - 3 — m3orepMuUecKkoe pacmmpenue npu T, = CONSt, TOABOJ TEIIOTHI
OT «XOJIOJTHOTO» UCTOYHUKA K pabodeMy Teiy.

3 - 4 — obparuMoe agnabaTHOe cxxatre rmpH S;=const u dq = 0. Temnepary-
pa nosbimaercs ot Tz =T, mo T4 = T;.

4 - 1 — u3orepmuueckoe cxkarue npu T; = const, oTBoj TEIIOTH (, OT pa-
00Yero Tena B «ropsuuiny UCTOYHUK.

Beinenennsie 3nauenus temnepatyp T u T, (T; > T,) cooTBEeTCTBEHHO
TEMIIEPaTypPhl «KTOPSUETO» UCTOUYHUKA U «XOJIOJHOT0» UCTOYHHUKA.

Jlis ocymectBieHus ooparHoro nukia Kapao 3atpaumBaercs padora ly,
KOTOpasi MOKET OBITh OmpenesieHa UCXOMs U3 BhIpaxkeHus (6.6), aHAIOTMYHO
npssMoMy 1ukiny Kapho.

DddexTuBHOCTH 00paTHOro 1KKIa KapHo oreHHBaeTcs XOJOAMIBHBIM KO-

s purnenTom (6.4), paBHbIM OTHOIIECHUIO TEIJIOTHI, OTBOJAUMOM OT «XOJIOJHO-

ro» UCTOYHMKA (2, K 3aTpadeHHOM pabdoTe Ly

_%2_ _T2
& = L Ti-Tz (6.8)

Beanunna Et YBCIIMYMBACTCA IIPU YMCHBIICHUHW TEMIICPATYPhI «KIrOPAICTO»
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HCTOYHHKA T1 N YBCIIMYCHUUN TCMIICPATYPhI «XOJIOAHOTO>» UCTOIYHHUKA Tz.

JUis  XOJIOAMIBHBIX YCTAHOBOK, pPaOOTAOIIKUX IO OOpaTHOMY LUKITY
£ > 1.

OronuTenbHbI KodQdUIUeHT &, B TEMIOBBIX HACOCAX PABEH OTHOUIEHUIO

TEIJIOTHI, OTJAHHOUW BHEIIHEMY MOTPEOUTENIO, K 3aTpauyeHHOM paboTe:

_@_ T
& = L = T (6.9)

Benmnunnaa otonuTensHoro koddgduireHTa (TemiorpancpopmaTopsl, pado-

TaroIKeE 10 06paTHOMY IHKIY) & > 1.

[ PeanbHble ra3pl. Boassnoii map. Baaxubiid Bo3ayx

7.1 CBoiicTBa peajibHbIX I'a30B U MX YPABHEHUS COCTOSIHUS

PeanbHbie ra3bl OTAUYAIOTCS OT UICATBHBIX TA30B TEM, UTO MOJIEKYJIbI 3TUX
ra3oB UMEIOT OOBEMBI U CBSI3aHBI MEXKITY COOON CHJIaMU B3aUMOJICHCTBUS, KOTO-
pbl€ YMEHBIIAIOTCS C YBEJIMYCHUEM PACCTOSHHUS MEXIy MoJiekyinamu. [lpu
MPAKTUYECKUX pacyeTax pas3IMYHbIX CBOWCTB PEAJbHBIX ra30B YPAaBHEHUS CO-
crosiaust (2.1)-(2.4), ucnonb3yemble i HIACATBHBIX Ta30B HE MPUMCHUMBI.
PaBeHCTBO B ATUX YpPaBHEHUSX OTCYTCTBYET W, OTHOILICHHE JIEBOW YacTH K Ipa-
BOM YaCTH ypaBHEHHM B Clydae peajbHBIX ra30B, HOCUT Ha3BaHUE KO3Quyu-
eHma corcumaemMocmu v ONnpeesnseTcsi 3 ypaBHECHUS:

P-v/(R-T)=z, (7.1)

Tak kak mjg uacanbHBIX Ta30B NpH JOOBIX ycioBusax P-v = R-T, To g
ATUX razoB Z = 1.

Takum oOpazom, BeanurHa KOA(P(ULIHMEHTAa C)KUMAEMOCTU BBIPAXAET OT-
KJIOHCHUE CBOMCTB PEAIIbHOIO Ta3a OT CBOMCTB WICAIBHOrO. BennunHa Z 1

PCaJIbHBIX T'A30B B 3aBUCHMMOCTH OT JABJICHUSA W TCMIICPATYPBI MOXCET IIPUHH-

MaTh 3HAYCHHS OOJIbIIE WM MCHBIIC SIUHUILI (PUCYHOK 7.1) M TOJBKO TpH
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MaJIbIX JABJICHUAX W BBICOKHMX TCMIICPATYpPaX OHA IMPAKTUYCCKU paBHA CIAWHUIIC.

Torz[a PCaJIbHBIC T'a3bl MOKHO paCcCMaTprUBaTh KaK NACAJIbHBIC.

1'24.-

s

30 40

1.0 S0 80 P.Mra

0,8""' mz

T=373,15¢

0,6+

Pucynok 7.1 — 3aBucuMOCTh KO3((HUIIMEHTA CKUMAEMOCTHU OT JIaBJICHUS [IPU

T =373,15K

B cBsi3u ¢ OTJIMYMEM CBOMCTB PEAIBHOIO Ta3a OT CBOMCTB MJICAIbHOTO Ta3a
HEOOXOJMMO HMETh HOBBIC ypaBHEHHUS COCTOSHUS, KOTOPBIC CBS3BIBAIM OBl
3HaueHust P, vV, T u naBaiau Obl BO3MOXHOCTh PAaCCUMUTHIBATH HEKOTOPHIE CBOU-
CTBa PEaJbHBIX Ia30B JJIs Pa3HbIX YCIOBUM. BBIIO MpenioKEeHO MHOTOUYHCIICH-
HOE YMCJIO Pa3IMYHbIX YPABHEHUU COCTOSHUS PEaIbHBIX Ta30B, HO HU OJTHO U3
HUX HE peraet rnpodyeMy st 001Iero ciaydas. Pa3BuTre KHHETUUECKON TEOpUH
ra3oB MO3BOJIMJIO YCTAHOBUTH TOYHOE YPAaBHEHUE COCTOSIHUS PEAIbHBIX T'a30B,

KOTOpOE€ HOCHUT Ha3BaHUE ypaeHeHus Ban-dep-Baanwvca:

(p+5)(w-b)=RT, (7.2)
rzae a, b — MoCTOsIHHBIE BEJIMYUHBI, IIEPBasi YUUTHIBAET CUJIbI B3aUMOACICT-

BUSI, BTOpasi yYUTHIBAET pa3Mep MOJIEKYI.
B ypasHennn (7.2) BenuunHa a/V° — XapaKTepu3yeT 106aBOYHOE JaBICHHE,
MO/l KOTOPBIM HAaXOJUTCS PEAbHBINA ra3 BCIEICTBUE CHJI CLEIUICHHS MEXIY
MOJIEKYJIaMH W Ha3bIBACTCS GHYMPEHHUM Oagnenuem. s XKUIKUX Tela 3TO
JaBJICHNE UMeeT GOJIbIINe 3HAYCHUs (HarpuMep, /s Bobl pu 20 C cocTasiis-
er 1050 MIla), a ayig ra3oB u3-3a MajbIX CHJI CLUEIJIEHUS MOJIEKYJ OHO OYEHb
Mmazo. [TosToMy BHEIlIHEe IaBJIEHHE, MO KOTOPBIM HAaXOJUTCS KUAKOCTh, OKa-
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3bIBAET HUUTOXKHOE BIMSIHUE Ha €€ 00beM, U )KUJKOCTh CUUTAIOT HEC)KMMAEMOH.
B rasax B BUIy MaJOCTH 3HAaYeHHs a/V° BHENIHEE JABJICHHE JIErKO H3MEHSACT UX
00BeM.

[TompaBka b yuuteiBaeT KOHEUHBI 00bEM MOJIEKYJ M CHJIBI OTTAIKHBAHUS,
BO3HUKAIOIINE MEXTy HUMH.

VYpaBHenue Ban-nep-Baanbca kaueCTBEHHO BEPHO OTOOpa)kaeT MOBEJCHUE
KHUJKUX ¥ ra3000pa3HbIX BEIIECTB, MU IBYX(a3HBIX COCTOSHUN OHO HEMpUMe-
HUMO.

Ha P-V — nuarpamme (prcyHOK 7.2) MOKa3aHbl H30TEPMBbI IOCTPOCHHBIE TIO
ypaBHeHH10 Ban-nep-Baanbca.

ae

Pi
k T=const
R
\'ﬁ
T
d T
a 3
p s P
€ e 5
2
1’8 S

Pucynok 7.2 — U3otepmel Ban-nep-Baanbca.

W3 KpUBBIX BUAHO, UTO MPU CPABHUTEIBHO HU3KUX TEMIIEpaTypax UMEIOT-
csl BOJIHOOOpa3Hble y4yacTKU. Uem BbllIE TeMIlepaTypa, TEM KOpouYe 3TH YacTH

KpUBBIX. DTH BOJHOOOpa3HbIE KPHUBBIE YKa3bIBAIOT Ha HEMPEPBHIBHBIA MEPEXOJ

OT >KUJKOTO COCTOSIHHSI B MapooOpa3HOe MpU JaHHOW Temmeparype. Touka a

COOTBETCTBYET COCTOSTHUIO >KHJIKOCTH, TOYKAa € OTHOCHUTCA K MapooOpazHOMY
COCTOSIHUH BEIIIECTBA.

Ha aunarpamme pucyHok 7.2:

- munus 1K — nuorcnsisi noepanuunas kpueast, paaessiet KUIKy da3y Be-
IIeCTBa cjeBa U JIByX(a3zHoe cocTosiHME (KUIKOCTh — Map) CIpaBa, B KaxIou
Touke JMHUH 1K Havan0 KUICHHS KUIKOCTH;
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- qunms 2K — eepxusas noepanuunas xpueas, paznenser nByxdasHoe co-
cTostHre (KHJIKOCTh — T1ap) CJIeBa M MapoByIO (Ta30Byi0) (ha3y BelecTBa Crpana
U COOTBETCTBYET COCTOSIHUIO CYX020 HACHIWEHHO20 napa.

Taxkum oOGpazom, I peanbHOTO BemecTBa PV — numarpamMmmy MOXKHO pas-
ouTth Ha 3 oOnacTu:

1 — 00651aCTh )KUJIKOTO COCTOSIHMSI, PACIIOJIOKEHA JIEBEE HUKHEN MOTpaHny-
HOW KPUBOW;

2 — 00nacTh ABYX(a3HBIX COCTOSIHUHN (BJIaKHBIN Map), pacroyiokKeHa MexK-
Iy HUKHEW Y BEPXHEW TTOTPaHUYHOU KPUBOWU;

3 — 005acTh meperpeToro napa, pacroiokeHa MmpaBee BEpXHEH MmorpaHnd-
HOM KPUBOU U BBIIIE KPUTUYECKON TOUKH. Y CIIOBHO 00JIACTh KUIAKOCTH OTpaHU-
YHBAIOT CBEPXY JuHUEH Pk K — kpumuueckas uzobapa.

Kputnueckyro remneparypy . U.MenneneeB Ha3pIBan abConOMHOU meM-
nepamypou KuneHus, TPH KOTOPOW IMOBEPXHOCTHOE HATSIKEHUE B JKUJIKOCTH
CTAaHOBUTCS PABHBIM HYIIIO, T.€. UCUE3AET Pa3InuUe MEXKIY >KUJIKOCThIO U MMapo-
00pa3HbIM COCTOSTHHEM BEIIECTBA (HACHIUEHHbIM NAPOM).

C pocToM p yneibHbIe 00beMbl V (TUIOTHOCTH P) KUIKOCTH U Ta3a cOH-
xaroTcs. Touka K — KpuTHUecKasi Touka, B KOTOPOW MCUE3aeT pa3iInuue MEXIy
JKUIKOW M ra30BOi (ha3zamm, rmapameTpsl B 3TOH TOUKe (Px Vk Tk) Ha3BIBAIOTCS
KpUMuyecKuMu napamempamu.

Pesynprarsl ananusa uzorepm Ban-nep-Baanbca:

- mpu T > Ty ypaBHenue Ban-aep-Baanbca nmeer OJMH BEIIECTBEHHBIN
KOPEHb U JIBA MHUMBIX, U30TEPMbI UMEIOT BUJ TUIEPOOT.

- npu T = Ty kputndeckast Touka K sBisieTcs ToUkol neperndoa u30TepMbl
Ty=const, Bce Tpu KOpHS ypaBHEHUSI BEIIECTBEHHBIEC, paBHBIC IPYT JIPYTY.

- npu T < Ty ypaBHEHHE UMEET TPU Pa3HBIX MO BEJIMUYUHE BEIIECTBEHHBIX
KOpHS, Ha M30T€pPMax MOSBISIOTCS BOJHOOOpA3HBIC YYAaCTKH C MHUHUMYMOM
(Touka e) u MakcuMyMoM (Touka d).

B Tpetbem ciydae TeopeTuueckre u30TepPMbl BOJIHOOOpa3HbIC, HO B pealib-

HOCTH M30TCPMEI B 9TOM 00JIACTH SIBIISIOTCS MIpsIMBIMHU, IIAPATJICIBHBIMU OCHU V,
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COBIAJAIOUIMMHU C M300apoil (Hampumep, mnpsMast ac). B 3Toil yactu u30TepMm
CyIIeCTBYET JBE (ha3bl BEUIECTBA KUAKOCTH U ra3 (Imap).
B ypaBHennu Ban-nep-Baanbca koaddunmentst a u b 1 nnauBuyaabHas
ra3oBasi MOCTOSIHHAsI R ompenensioTcs: uepe3 KpUTHIECKHUE apaMeTphl:
a = 3vg Pxk; b= Vk/3; R = 8kak/(3Tk) (7.3)

Kosddumment cxrnmaeMocTt B KpUTHUECKOU TOUKE:

V]
Zk: PkVk
R Tk

Tabnuna 7.1 — Kputuueckue mapaMeTpsl BEIIECTB

BemtectBo H,O N, O, H, CO CO,
Pk, MIla 22.06 3.4 5.043 1.32 3.5 7.383
T, K 647.1 126.2 154.58 32.2 132.9 304.2
vi*10°, m*/kr 3.06 3.194 2.3 33.5 3.325 2.136
Zy 0.229 0.29 0.29 0.32 0.295 0.274

7.2 BonsiHOM map ¥ Mpouecchl ¢ Napom

CaMpIM pactpoCTpaHEHHBIM pa0OYUM TEJIOM B MAPOBBIX TypOWHAX, IMapo-
BBIX MalllMHAX, B ATOMHBIX YCTAaHOBKAaX, TEIIJIOHOCHUTEJIEM B PAa3IMYHBIX TEILIO-
OOMEHHHMKAX SIBIISIETCS 800AHOU Nap.

Ilap — razo00pa3Hoe TEJIO B COCTOSIHUU, OJIU3KOE K KUTISIIEH KUKOCTH.

Ilapoobpazosanue — Tporiecc MpeBpaIlEHUs] BEIIECTBA U3 KHUAKOTO CO-
CTOSIHUS B MapooOpazHoe.

Hcnapenue — napoodpazoBaHue, MPOUCXOsIIEe BCEraa MpH 000N TeM-
nepaType ¢ MOBEPXHOCTH KUIKOCTH.

[Ipr HEKOTOPON ONpPEAECTIEHHOW TEeMIEpaType, 3aBUCIIIEH OT HPUPOIbI
KUJKOCTHU U JIaBJICHUs, 1OJ] KOTOPHIM OHA HAXOJIUTCS, HAYMHACTCS Mapoo0paso-
BaHWE BO BCEH Macce JKUIKOCTH. DTOT MPOIIECC HA3BIBACTCS KUNEHUEM.

OOpatHbIil TIporiecc MapooOpa3oBaHUsl Ha3bIBAETCs KoHOencayuel. OHa
TaK)Xe MPOTEKAeT MPU MOCTOSHHOW TeMIIEpaType, paBHOW TeMIEpaType KHUIle-

HU4.
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[Ipouecc nepexoaa TBEpAOro BEIIECTBA HEMMOCPEICTBEHHO B Map Ha3bIBa-
eTCs cyoumayuetl.

OOpatHbIll Tpolecc nepexoja mapa B TBEpAO€ COCTOSIHUE HA3bIBAETCS Oe-
cyonumayueil.

[Ipu ucnapeHuu >KUIKOCTH B OTPAaHUYCHHOM MPOCTPAHCTBE (B MapOBBIX
KOTJIaX) OJJHOBPEMEHHO MPOUCXOAUT OOpaTHOE SIBIEHWE — KOHJACHCAIUs Mapa.
Ecnu ckopocTh KOHAEHCAIMKM CTAaHET PAaBHOW CKOPOCTH MCIIAPEHHUs], TO HACTYyTa-
€T JuHaMuyeckoe paBHoBecwe. [lap B 3TOM cllyyae HMMeEET MaKCHUMAaJbHYIO
IUIOTHOCTB M HAa3bIBAETCS Hacvlujenuvim napom (HII).

Ecnu temnepaTtypa napa BbIllI€ TEMIIEPATYPhl HACHIIIEHHOTO Mapa TOro e
JABJICHUSI, TO TaKoW map HasbiBaeTcs nepecpemvim (I111). Pa3zHOCTH Mexmy
TEeMIEepaTypol MeperpeToro napa u TeMnepaTypoil HaCBIIIEHHOTO Mapa TOro ke
JABJICHUSI HA3bIBACTCSl cmeneHvio nepezpesa. Tak Kak yAelbHBIA 00BEM mMepe-
rperoro napa OoJibllle YACIbHOI0 00beMa HACBIIIEHHOTO Mapa, TO IUIOTHOCTh
NEPErpeToro napa MeHbllle MIOTHOCTH HachllleHHOTo napa. [loaTomy neperpe-
TBIN Map SBIACTCS HEHACLIUEHHBIM NAPOM.

B MoMeHT ucnapeHus nociaeaHel Karmii )KUJIKOCTH B OTPaHUYEHHOM ITPO-
CTpaHCTBE 0€3 M3MEHEHHUS TeMIIEpaTypbl U JaBJICHUS 00pa3yeTcs CyXou HACbl-
wennwvlti nap (CHII). CoctosiHAE TakoTO Mapa ONpeAeisieTcsl OJHUM TapameT-
pPOM — JaBJICHUEM.

MexaHnnueckasi CMECh CyXOTro U MEJIbUaMIIINX KamnesaeK >KUJIKOCTH Ha3blBa-
eTcs snaxcHvim napom (BHII).

MaccoBast 107151 CyXOro napa BO BJIa)KHOM Iape HA3bIBAETCS CHMENneHblo Cy-
xocmu — X.
X = Mey/ Mgy, (7.4)
rae Mg, — Macca cyxoro HackieHHoro napa (CHII) Bo BnaxHoOM;

My, - Macca BIaxHOro HaceieHHoro napa (BHIT).

ITpu atom 0 < X < 1, ipu yem X = 0 — Havyasio kunenus, X = 1 — ToapKO

CHIL
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MaccoBas A0JIA KUAKOCTH BO BJIAXKHOM IIaPp€ HA3BIBACTCA CmMeneHslo

earadxcHocmu_—Yy.

y=1-x (7.5)
=\ K
- > ;
5 7 ‘
b o
al Ib L s \¢ ¢
: ,
\ d
a :W ¢ 4
s P 4 Iz
¥ A \ Y
Vol | |84 Co v
V’
V.I’
. v .

Pucynox 7.3 — P - V auarpaMMsbl npu NpoU3BOCTBE Mapa

Ha pucynke 7.3 npuBeneHa P - V nuarpamMMa nipu pou3BojcCTBe mapa. Ha
nuarpamme Touka K 3TO kputmdeckas Touka Boabl (Px = 22.06 Mlla, Ty =
374.1°C, v,=0.00306 M3/Kr). Touka A — TpoiiHas Touka Bojabl (Px= 610 ITa T,
=273.16 K (0°C), vk = 0.001 m%/xr), obo3Hagaromee Tpex(hasHOE COCTOSHHE
Bozbl. JImuns T,=cONst rpaduk u3MeHeHHs mapametpos skuaxocTd mpu 0 C.
Jluaust X = 0 — HWKHSAS TOTPaHWYHAs KPHUBas, COOTBETCTBYIOIIAS COCTOSHHUIO
XKUJIKOCTH B Ha4daJle KUICHUS W JTUHUS X = 1 — BEepXHss MOTpaHUYHAs KpUBas,
COOTBETCTBYIOIAS TTOJIHOCTHIO CYXOMY HACBHIIIICHHOMY Tapy.

[TycTh BOJIa B HAYAJILHOM COCTOSTHUM HaXOJUTCS TIPH JABJICHUU P U UMEET
TeMriepaTypy | W Ha auarpamme u300pasutcsi Toukon a (pucyHok 7.3). [lpu
M0JIBOJIC TEILIOTHI €¢ TeMIepaTypa OyJeT pacTd, a 00beM HECKOJIKO YBEITHUNT-
Ccsi, TIOKa HE JOCTUrHET TeMreparypbl KuneHus T, (A-b-K — munus nHacere-
HUS), COOTBETCTBYIOIICH JTaHHOMY JaBlIeHHIO Touku b (yuacTok a-b coorBercr-

BYET JKHJIKOCTH).
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JlanmpHEeNmnii NOABOJA TEIUIOTHI, MPU MOCTOSSHHOM JABJICHUHU, COXPAHSET
TEMIIepaTypy MOCTOSIHHOM, COOTBETCTBYIOIIEH TOUKe D , a 00beM yBemn4nBaeT-
csi. OnHaKo M3MEHEHHE 0O0beMa MPOUCXOJIUT HE 3a CUET YBEJIMYEHHUs 0O0bema
KHUJIKOCTH (aHAJOTHYHO y4acTKy a-D), a mocpencTBoM mepexoma 4acT KHUIKO-
ctu B map (y4dactok b-c). Temneparypa B Touke b HaseiBaeTcs memnepamypoii
Hacvlujenusl, a JaBJICHUE — JaBJIeHUEM HachlllleHus. Kurenne xapakrepusyercs
napooOpa3oBaHUEM B O0BEME KUJIKOCTH B OTIMYHME OT HCIAPEHUs, KOTOPOE
POUCXOANT JIUIIb CO CBOOOIHON MOBEPXHOCTH MPHU YCIOBUH, UYTO MAPIIHAIBHOE
JABJICHUE TIapa HaJl KUJAKOCTHIO MEHBIIE JaBICHUS HACBIILIEHUS.

[To Mepe moaBoJa TEMJIOTHI, BCE 0OJIbIIEE KOJIMUYECTBO KUAKOCTU MEPEXO-
JUT B Map, a Npeodpa3zoBaHuE 3aKOHUUTCSA B TOUKE ¢. J[ByxdazHas cpena B 00-
nactu b-C HaswbIBaeTCs enaschbim Hacviwennvim napom (BHII), a mporece napo-
oOpa3oBaHUsl B HEH SBISAETCA HM300apHO-U30TEPMHYECKUM (T.K. BCA TEILIOTa
pacxoayercsl Ha ucnapeHue Xuakoi ¢assl). B Touke ¢ BcA )KHIKOCTh MpPEBpa-
IAETCS B [P, KOTOPBI HA3BIBACTCS CyXMM HACHIIIEHHBIM (JIHHHUS K-C-C ).

[Ipu cooOiuieHnn cyxoMy napy TEIUIOThI, IPU TOM K€ JABJICHHUH, €r0 TEM-
nepatypa OyAeT yBeJIMYMBAThLCS, Map OyJeT meperpeBaThes. [lepecpembim Ha-
spiBaetcs map (I1IT), TemmepaTypa KOTOpOro MPEBBHINIAET TEMIEPATYPY HACHI-
IICHHOT'O Tapa TOro ke JaBjicHus (00jacTh M300apHOro meperpeBa mapa c-d,
crenens meperpesa Ty — T.). O61acTh c-0 — H30TEPMUUECKHUii IIEpErpeB mapa
(ctenens neperpesa T, — T ).

VY aenbHOE KOJIMUYECTBO TEIUIOTHI YYacTBYIOLEE B Ipolecce napooOpa3oBa-
HUS Ha AuarpamMme (pUCYHOK 7.3) paBHa IUIOIIAAM, OTPAaHUYEHHOW JHMHHEH
npoiiecca, ocsIMH aOCIMCC M OpAMHAT U paBHA MILD.bCC,by. TIpu sToM ¥ 310
BHEIIHSAS TEIIoTa NMapooOpa3oBaHUsl WU padoTa pacHIMpeHHs BJIAKHOIO Ha-
ceimieHHoro napa (BHII). Ho, Termiora 3aTpaunBaercs erie Ha M3MEHEHUE BHYT-
pPEHHEN MOTEHUNAIBbHON SHEPIUH, KOTOPasi Ha3bIBAETCS GHYMPEHHEl Meniomou
napoobpazosanus p. llpu 3TOM KOIMYECTBO TEMJIOTHI, HEOOXOAUMOE MJIsi MOJI-
HOTO MPEBpAIICHUS 1KI KUIISIIEH KUAKOCTU B CyXoi HachimeHHbIi nap (CHII),

Ha3bIBAEMas CKPbIMOU Meniomot napooopaz08anus, PaBHO:
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r=p+W¥=Tg(s —5)

rac T — TCMIICpaTypa HACBIICHUA IIPHU JaHHOM JAaBJICHHH,
S

b

|
S — SHTPOIIMHM TOYKH HadaJla KMIICHHI,

S — OHTPOIINA CYXO0T'0 HACBIIICHHOTO I1apa.

B touxe K Temnora mapooOpa3oBanus I' paBHa HYJIIO.

Ha pucynke 7.4 npusenena T-S nuarpamma BojasiHoro mapa. Ha sroit nua-
rpaMMe TaKKe Kak U Ha p — V JuarpaMMe JIBe MorpaHHdHbIe KpuBbie a,aK (X = 0)
1 Ka'C (X=1) menst moje auarpaMMbl Ha TPH 0OIacTH: Boja (KHIKOCTD), BIAXK-
HBII HACBIILIEHHBIN Map U MeperpeTslii nap. M3orepmsel npeacTaBisioT coboit ropu-
30HTaJIbHbIE JTUHUM, U303HTPOIIbI — BepTUKadbHble. Ha auarpamme Takxke HaHece-

HBI H300apa (p = const), uzoxopa (V = const) u mHUKM cyxocTH (X = CONst).

Pep = 22100 xITa
Tp=647 K

p = const
T = const

. Ob6nacts
\ VP rneperpeToro
\ napa

T,
T, ——
! O6nacTs B1aXHOIO[y p
(HACHILIEHHOTO /
=—napa—-—
L ‘\x s Pr
! pra0.611 KIa, s Ty= 273,16 K
ay
C
0 s S S5 s

Pucynok 7.4 — T-S quarpamma BOJISIHOTO mapa

N306apa B 001acTU BOJIbI, BJIAXXHOTO HACHIIIEHHOTO W MEPErpeToro mapa
UMeeT pa3HbIi XapakTep. B 001acTu BoJbI OHA MPEACTABISAET COOOM IKCIIOHEH-
HUAIBHYIO KPUBYIO, KOTOpasi HAUMHAETCA B TPOMHOW TOYKE dg, PACIIOJIOKEHHON
Ha OCHM OpJIMHAT, M 3aKaHYMBAETCSI B TOYKE Hadaia KureHus a'. V3meHeHue

OHTPOIIMHU B 3TOM IIPOOCCCC
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. _ Ty dT T,
AS=5s -So—fT:cp?z Cpn lnT—: =s' (7.6)

rae s’ — PHTPOIUS TOUYKH Havaja KUITCHUS;
So — PHTpOMHS TPOIHOH ToukH (Sp = 0);
Cps — MaccoBast H300apHast TEIIOEMKOCTb BOJIBI;
T — TemniepaTypa HaCBIICHHS TIPU JTAHHOM JaBlIeHUH, K

Ty — TeMnepaTypa TpoitHO# Touku K.

VY nenpHOE KOJMYECTBO TEILIOTHI, HYIIEE HA HArPEB BOJBI 10 KUIICHHUS
Ts
pasro q = [.° T ds.
o
B o6nacT Bi1aKHOTO HACHIIIEHHOTO Mapa u300apa CIUBAETCS C U30TEPMOI
(Ts = const mpu p = const) u siBJIsIETCSI TOPU3OHTAIBHOM THHKEH a'a'.

W3mMeHeHne HTpONUU NMPU KUIIEHUHU BOJIbI cocTaBisieT AS=S""-S', rae S —
SHTPOIHS CYyXOT0 HACKHIIIEHHOTO Iapa.

B oGmactu neperperoro mapa m3obapa mpeactaBisieT co0oi KPUBYIO, yI-
JIOBO# K0>(hHUIMEHT KacaTenbHOU K KoTopor tana = T/cy,, rae ¢,, — Temno-
E€MKOCTh IIEPErPETOro mapa.

N3MeHeHne >HTpONUY MpU NEPErPEBE Mapa B Mpolecce a''a, paBHo:

W (T dr T
As =S, -s"= fTS“ Cpn 7 = Cpn lnT—z, (7.7)

1€ Sy — DHTPOIHUS MEPErpeETOro napa;
T, — TeMriepatypa neperpeToro mnapa.
Ty
VY 1enpHOE KOJIMYECTBO TEIUIOTHI HA MIEPETPEB Mapa = fT T ds.
o

Ha pucynke 7.5 npuBenena o0001IeHHAs AuarpaMMa u300apHOro npo-

1ecca IMmojJydeHus eperpeToro mapa u3 BoAsl B | — S KOOpIMHATAX.
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Pucynok 7.5 — M300apHblii Ipo1iecce MoayYeHHs IEPErPETOro mnapa u3

BOJIbI B T — S KOOpJIMHATaX

[Tnomane Moy KpUBOM a, @' XapakTepU3yeT yACIbHYIO TEIUIOTY Mpoliecca,
Uaylyo Ha HarpeB Boabl oT T, B Touke a, 0o Ts. Ilnomans nox kpusoit a' a"
XapaKTepu3yeT YHAEIbHYIO TEIUIOTY IapooOpa3oBaHus, IUIomaab nmoa a'a, —
nonydenue neperperoro mapa ¢ T,. IlomHas ynenbHas TerioTa, WayIias Ha

noiyuyeHue u3 1 kr Boawl 1 Kr meperperoro napa OyJaer paBHa CyMMapHOM IJ10-
Ia/I1:
q= [ °Tds+Ty(s"—s)+ [,"Tds (7.8)

DyuKyuu cocmosaHus ycuokocmu u napa (pucynok 7.3)

THapamempot srcuoxocmu npu 0°C TPUHAMAIOTCS CJICTYIOIINMHU:

h’o=0;  s%=0; U= h'-pVv,=0

Ilapamempwi dcuoxocmu 6 Hauane KuneHus TPUHUMAIOTCS
'=h'o+G(T-T)= (- 27)=C ks 4705 U= hig-ply V=0
rje Cf —TerioeMKocTs Bofpl, Cf = 4,19 k/bx/(kr K)

T, dT

T

s' =s',+ cffTO — = ¢In—=  w=h-pv
Cyxou nHacviwennwlii nap:

h*“=h'+r; s"=s"+r/T;; u"=h"-psv"
Brasicnwiii nacviwyennwlli nap:

hy=h"+xr; Sx=8"+Xr/[Ts; Uy = hy - Ps Vx
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meVy = (1-x) V' +xV'"' = xV
Llepecpemviii nap:

1] r T
h=h"-¢,(T-Ts) ; s=s"+ cplnf;

u=h-psVv

Ocnoeénvle npoueccsl ¢ 600AHBIM napom

[Ipy npoBeeHNM OCHOBHBIX TEPMOJMHAMUYECKHUX MPOLIECCOB C PEAIbHBI-
MU T'a3aMUu (r[apaMH) HU3MCHCHUC COCTOSHHA OIIPCACIIACTCA oo ¢ IIOMOIIIBIO
ypaBHEHUH COCTOSHUS BEIIECTB, TUOO MO TaOIUIIaM U AHArpaMMaM.

HpI/I IMPOBCACHUN TCINIOTCXHHUYCCKUX PpPaCUYCTOB, CBA3AHHBLIX C IIApOM,
00JIBIIIOE IMPUMCHCHHUC ITOJIYUHNJI rpa(bﬂqecm/lﬁ METOA C HUCIIOJIB30BAHHUEM 1HA-

rpaMM COCTOSIHHS, 0COOEHHO h — S uarpamel.

OCHOBHBIE ITPOIIECCHI C TTAPOM B pabouel YyacTu mokasaHbl h — S nuarpam-

Me Ha puUcyHke 7.0.

haA 2

tip=t 2T =cohnst

Pucynok 7.6 — Jlnarpamma h —S OCHOBHBIX HPOIIECCOB C BOJISIHBIM MTAPOM

Ha nguarpamme (pucyHok 7.6) moka3aHbl TEPMOJMHAMHYECKHE MPOIECCHI
W3MEHEHUS] COCTOSIHUS C TIEPEX0JIOM BJIQXKHOTO HACHIIIEHHOTO Tapa B Meperpe-

TBIN.

[Mpornecc v = const (uuus 1,2,). YuuteiBas Gopmysasl pazaena 5.2, moiy-

YHUM.
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YUM:

YUM:

0).

Au = (h,—py Vo) - (h1—p1Vve); 1=0; gq=Au
Tak kak (5.7) = Ah +1lg, 70 ly=Au-Ah umu L, =V (p2- p1)

IIpouece p = const (muuus 1,2,). Yuuteias hopmyisl pazaena 5.3, moiy-

Au = (hy—p2 Vo) - (h1—p1 Va);
l=p (Vo- Vy); g=Ah; 1,=0
U3 (5.14)q=Au+ 1, tornra l=Ah - Au

[Mponiecc T = const (muaus 1,2;). YuutsiBas Gopmyiisl paznena 5.4, moiy-

Au = (hy— p, V) - (h; — P1 V1); (B oTyimumu oT ujeansHoro rasa Au #

2
q= J,Tds= TAs; l=q-Au
u3 Boipaxenus ( = Ah + 1, umeem |, = q - Ah
[Mporntecc dq = 0 (muus 1:2)/ YuuteiBas hopMyIibl pasaena 5.5, moaydum:
Au = (hy—pa Vo) - (h1—p1Vvy); L=-Au; l,=-Ah
7.3 XapakTepuCTHKA BJIAKHOT0 BO3yXa

ATMochepHBbIil BO3/TyX, B OCHOBHOM COCTOSIIUN U3 KUCIIOPOJIa, a30Ta, yrI-

JICKHUCJIOIO ra3a, COACPKUT BCCTIa HCKOTOPOC KOJIUYCCTBO BOJAAHOIO I1apa.

Cmecn CyXOoro Bo3ayxa v BOASAHOI'O Iapa HA3bIBACTCA 6/1AHCHbIM 603()yXOM .

BrnaxHbil BO3yX NpW JTaHHOM JABIICHUHM U TEMIIEPATYPE MOXKET COAEP-

KaTb Pa3HOC KOJIUMYCCTBO BOAAHOI'O IIapa. Ecaun cmech cocTout u3 CyXoro BO3-

AyXa W HACBIIICHHOI'O BOJSAHOIO I1apa, TO €ro Ha3bIBAIOT HACLIUWEHHbIM 6]1A24C-

HbIM 603@)/)(?0.714. B sTtom CJIydac BO BJIAJKHOM BO3JYXC HAXOAUTCA MaKCUMAJIbHO

BO3MOKHO€ JIJI1 TaHHOW TEMIEPATYpPbl KOJIUYECTBO BOAsHOrO napa. [Ipu oxna-

KIACHHUU 3TOro BO3aYyXa, 6Y)1€T MMPOUCXOAUThL KOHACHCAIMWA BOJAHOIO IIapa.

[TapuuanbHOE AaBJIEHUE BOJSIHOTO IMapa B 3TOM CMECH PABHO JIABJICHUIO HACbI-

LIECHUS [IPY JaHHOMN TeMIiepaType.
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Ecnu BakHbIN BO3AYX COAEPKUT MPU JAHHOW TEMIIEPATYPE BOJASIHOM Nap
B MEPErpeToM COCTOSIHUH, TO OH OyJeT Ha3bIBATbCA HeHAcblujeHHbIM. Tak Kak B
HEM HAXOJUTCA HE MaKCHUMaJIbHO BO3MOKHOE ISl JAHHOM TEMIIepaTyphl KOJIU-
YeCTBO BOJSHOTO Iapa, TO OH CIOCOOEH K JanpHeieMy yBiaxHeHuto. [loaro-
My TaKOW BO3IyX HCIIOJB3YIOT B PA3JINYHBIX CYIINUJIbHBIX YCTAHOBKAX.

[lo 3axowny /anemona obuiee AaBieHHE BIAKHOTO BO3/yXa PaBHO CyMMeE
MapLUUaIbHBIX JABJICHUNA CYXOro BO3JYyXa M BOJSHOTO Iapa, BXOIAIIUX B €ro
COCTaB:

P=P; + Py, (7.9)
rae Pg — napuuanbHOE TaBICHUE CYXOro BO3AyXa;
P — mapuuanbHOE IaBJICHUE BOJASHOIO I1apa.
[TapumnaneHOe naBieHue napa Py Ha3bIBAIOT TAKKE Ynpy2ocmvio napa.

Kaxnomy 3HaueHuo Py COOTBETCTBYET ONpeeiieHHas: Temneparypa t, npu

KOTOpOM Map CTaHOBUTCS HACBILIEHHBIM. MakcumanbHOE 3HaueHue Py mpu
JAHHOM TeMIlepaType BIAXKHOIO BO3ayXa t MpeacTaBisieT cobou dasnenue Ha-
CblUYeHH020 800aH020 napa — Pg, a Temnieparypa ts — memnepamypoti naceiwye-
HUS.

JInst HaXOXACHUS NapLMAIbHOIO JABJIEHUS Iapa IMOJIb3YIOTCS CIIEHHalb-
HBIM TPpUOOPOM - TurpoMeTpoM. C MOMONIBIO 3TOTO MPUOOPaA ONPENEISIOT MOoU-
Ky pocul, T.e. Temnepatypy (t,), 10 KOTOpOH HY>KHO OXJIAJUTh IIPH MOCTOSIHHOM
JIABJICHUM BO3JyX, YTOOBI OH CTaJl HACHIMEHHBIM (P, = Ps). 3HAs TOYKY POCHI,
MO>KHO IO TabJMIaM ONpeneNuTh NaplualbHOE JaBJIECHUE Mapa B BO3yXe Kak

JiaBicHHE HachleHus (Pg), COOTBETCTBYIONIEE TOYKH POCHI tp.

HMeeTcs 3aBUCHMOCTB JUISL ONpe/encHus Aasnenus naceimenus Ps=f(ts) u

TEMIIEPATYPbl TOUKH POCHI:

(10,95 — 2224
Ts

ps = 10 , [Ta (7.10)

T, = 2224/ (10,95 - Ig p.), K (7.11)
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Abconomnoii 61ax#CHOCMbI0 6030yXa HA3bIBAETCSI KOJINYECTBO BOJSHBIX
3
napoB, HAXOAAIIUXCS B 1 M~ BIaXHOTO BO3/1yXa. AOCOTIOTHAS BIaXHOCTh paBHA

IJIOTHOCTH Mapa MpH €ro napiuuaibHOM JaBICHUH U TEMIIEpaType Bo3ayxa tg
pn =M, /V (7.12)
OTtHouieHne abCOMIOTHON BIAXKHOCTH HEHACHIIIEHHOTO BO3[yXa IMpH JaH-
HOM TeMriepaType K aOCONIOTHOM BIIaYXHOCTH HACBHIIIEHHOTO BO3/lyXa MpPH TOU
YK€ TEMIIEPATYPE HA3bIBACTCA OMHOCUMENbHOU 8ANCHOCIbIO BO3lyXa
O=c, /¢ mwm @=c;/cs-100% (7.13)
Jlnst cyxoro Bosgyxa @ = 0 (py = 0), nng venaceimennoro ¢ < 1, s Ha-
ceitienHoro @ = 1 (100%6).
Ecnu BomstHOM map cuMTaTh Kak WICANBHBIA Ta3, TO MO 3aKOHY bois-
Mapuorra OTHOLIEHHE IUIOTHOCTEN MOKHO 3aMEHHUTh OTHOILIEHUEM JIaBJICHUN.
Torna:
Q@ =ps ps uma p =ps/ ps- 100% (7.14)
ITiomnocmy 61ascHo20 8030yxa CIATACTCS U3 MACC, CONSPHKAIUKCS B | M
CYXOTr'0 BO3/lyXa U BOASHBIX MAPOB:
P =pet Pu=Pu/(ReT) + @/V" (7.15)
Kaoieywasica monexynapuas macca BIAXHOTO BO3AyXa ONPEIETSAIOT IO
bopmyie:
p = 28,95 — 10,934 ¢ ps/p (7.16)

3HaueHus Ps U V' pu TemmepaType Bo3ayxa t 6epyrcst u3 TabIUIIbI BOIS-

HOTO Tapa, () — 110 TaHHBIM IICUXPOMETPA, P — 1o OapoMeTpy.

Brazocooeporcanue — npencrapisger coOOH OTHOIIEHHE MACChI Mapa K Mac-

CE CyXOro BO3/yxa:

d=M, /M, =p,/p, =22 =0,622 22 7.17
11 B pl’l pB Psls P—®Pps ( )
rne M, , My, — COOTBETCTBEHHO MAacChl mapa M CyXOro BO3AyXa BO

BJI&JKHOM BO3/yXE€.

CBs13b MEXIY BIAroCOAEPKAHUEM C OTHOCUTEIBHOM BIAXKHOCTBIO:
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d=0622¢-ps(p-9-ps) (7.18)

I'azo6as nocmosinuas.

R = 8314/p= 8314/(28,95 — 10,934-¢-ps/p) (7.19)
Obvem e1adxcHo20 8030yxa, MPUXOAIIErocs Ha 1 KT cyXoro Bo3ayxa:
Ves=RT/P (7.20)
Yoenvuwiii 06vem nasxcrnozo ozoyxa:
V=V /(1+d) (7.21)

Yoenvuas maccosas mennoemxocms NapoOBO3YIIHON CMECH:
cey=Cs +d ¢, (7.22)
Maccosas 0ons napa Jy — OTHOLIEHUE MACChI Tapa K Macce BIAKHOTO BO3-
ayxa:
0u=M,/M=M,/(M,+M,)=d/(1+d) (7.23)
Obvemuas oons napa Ny
ra=Ny/N=N,/(Ny+Np)=d,/(1+d,) (7.24)
Voenvuas snmanvnus énasicrnozo ozdyxa(1kr Bo3ayxa u d xr mapa)
h=hs+h,d=cpets +d-(ry + cppty), (7.25)
rae Cpg = 1xJLK/(kr - K) — n300apHas TEMIOEMKOCTL CyXOro BO3/yXa,
Iy = 2501k /1x/(xr - K) — ckpbITas TerioTa napooOpa3oBaHuS;

Cpn = 1.97 xJlx/(kr - K) ~TemnoeMKkocTs napa.

8 TepmoanHamMuKka ra3oBbIX NOTOKOB

8.1 IlepBblii 3aKOH TEPMOJIMHAMHUKH J1JIsl FTA30BOr0 MOTOKA

Ha mpakTrke mpu paccMOTpEeHHH pabOdYMX MPOIECCOB MAIIMH, anlapaToB
U YCTPOWCTB, BCTPEYAIOTCA 3a7a4d W3yUYCHUs] 3aKOHOMEPHOCTEH JBYKCHHSI
pabounx Ten (ra3oB, mapa W KUAKOCTel). B aBTOMOOMJIBHOM TEXHUKE ATO BO-
MIPOCHI TIOJITOTOBKHM TOIJTMBHON CMECH B JBUTATEINE, IBMKEHUC €€ B IIUIMH/IPHI

ABUTATCIIA 1 IBHKCHHC BBIXJIOIIHBIX I'da30B B CHCTCMC BBIITYCKaA.
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[TapameTpsl ra3a B MOTOKE M ITPH €r0 TOPMOKEHUH UMEIOT BHUI:
p, p(v), T — mapaMeTpsl ra3a B MOTOKE, W — CKOPOCTh TTOTOKA,;
p,p (V),T — mapameTps 3aTOpPMOKEHHOT0 oToka (W = 0).
[Tpu 3TOM, CBSI3b MEXKIY ITapaMeTPaAMHM:
h'=h+w2, T=T+w/(2c,); p =p(TMED;, p'=p T/T)"*D,
IIpu TeyeHnH rasa Mo KaHaJly PUCYHOK 8.1 ero mapamerpbl MEHSFOTCS C Te-
YEHHEM BPEMCHH M B KaXKJIOM CEUYECHHH B OOIIEM ClTydae UMEIOT ONpeIeICHHbIC

napameTphbl.

Pucynok 8.1 — Teuenne rasa no kanamy

VYpaBHeHue 1-T0 3aKOHA TEPMOJMHAMUKM JJIsI TOTOKA ra3a pacCMaTpuBacT-
Csl IPH CIAEAYIOMIMX JOMYIIEHUSX:
- IBUKEHUE ra3a 1o KaHaly YCTAHOBHBUIEECS U HEPA3PbIBHOE;
- CKOPOCTH MO CEYEHUIO, NEPIEHAUKYIIPHOMY OCH KaHajla, IOCTOSHHBI,
- IpeHedperaeTcs TPeHNE YacTUYEeK raza aIpyr IPYyry U O CTEHKH KaHaa,
- U3MEHEHHE MapaMeTPOB MO0 CEYCHUIO KaHajla Majio TI0 CPAaBHEHUIO UX a0-
COJIFOTHBIMU 3HAYEHUSIMH.
[Ipu TeueHnu ra3a no kaHainy (pucyHok 8.1) 3a Bpems At ra3 nepemeniaeT-
cst u3 ceueHudt | — Il B ceuenus I' — II'. Pabota cuibl qaBieHus p; paBHa:
Pp1 At Widt=p; AV =p; V. AM
PaGoTa cuiiel naBneHus p, paBHa:
P2 Ay Wrdt=-p; AV,=-p, V,AM
Torna paboTa mpoTaNKUBaHUsI PY TEYCHUH ra3a paBHA:
LHpOT. = (pl Vl - P2 V2 )AM
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3anmchiBas ypaBHEeHHUE OajaHCca SHEPTUU ra3a B IOTOKE UMEEM:
Q+ (P V1~ P2 V2)AM = (Uz —Up) AM + (W5 — W) AM/2 + Loy,
B pesynpTaTe MOXKEM 3amucarTh ypaBHEHHE 1-ro 3aKOHa TEpMOJMHAMHKA
JUIsL Ta30BOTO MOTOKA JIJIsl 1KT rasa B BUJIE:
q - Au + Ae + Il'lpOT. + ITeXH.1 (81)

r1e Ae — I3MEHECHHE KMHETUYECKOM SHEPTHH CUCTEMBI,

Wj ,W, — CKOPOCTH TIOTOKA B Hayaje M B KOHIIE KaHAa;

lnpor.— paboTa mpoTanKuBaHus, 3aTpadrBacMast Ha IBIKCHUS IIOTOKA;

| exn. — TEXHUYECKAS (TTOJIC3HAS) paboTa (TypOMHBI, KOMIIpEccopa,
Hacoca, BEHTWISITOpa U T.1.).
Hcnone3ysi TOHATHE dHmMAIbRUU, YpaBHEHUE |-T0 3aKOHA TEPMOIUHAMUKH

OyJeT UMETh BU/I;
0= (hz-hy) + (W5 — W5) 12 + |y, (8.2)
B nuddepenunansuoit popme ypaBHEHUE UMEET BUL:
dg=dh +w dw + dl,, (8.3)
Cdhopmynupyem 1-biii 3aKOH TEPMOJMHAMMKY AJI NIOTOKa rasza: Tennoma,
NO0BEOEHHAsl K 2A3080MY NOMOKY, PAGHA aANeOpauiyeckou cymme UMeHEeHUs.

IHMaAlbnuu, BHeUlHell KUHemu4ecKkou JHepsuu casa u coeepmaemoﬁ Um mexHu-

yeckou pabomol.

8.2 Kputuueckoe gaBjienne u ckopoctb. Comia u auddysopni

Ecnu npu nepeMelieHny rasa no KaHajay MPOUCXOJUT €ro pacuIupeHHe C
YMEHBIIEHUEM JIaBJICHUS U YBEJIIMYEHUEM CKOPOCTH, TO TAKOW KaHaJl Ha3bIBAET-
CsL coniom.

Ecnu B kaHase MpOMCXOAMT CKaThe paboyero Tejaa ¢ yBEIMYEHHEM €ro
JIaBJICHUS U YMEHBIIEHUEM CKOPOCTHU, TO TAKOM KaHall Ha3bIBAIOT Oughghy3opom.

B kanamax mpu HeOOJBIION PAa3HOCTH JABJICHHWMA ra3a W BHEITHEH CpEeIb
CKOPOCTb T€UEHHUs pabouero teja J0cTaToyHo Oosnbluas. B GonblmimHCTBE Cily-

qacB AJIMHA KaHalla HeOoJIbIIAs U IIponccce TenJa000MeHa MCKIY CTCHKON M
66



ra3oM HE3HAYMTEJIEH, TOATOMY IPOIIECC TEUCHUS Ta3a MOXKHO CUMTATh anadat-
HeIM. [Ipu aguabatHom Teuenuu raza B kaHajie dq = 0 U dly,, = 0, Torma us
ypaBHeHHS (8.2) umeeM:
(wz —w2)/2=h;-h, (8.4)
PaccMoTpuM mporiecc paBHOBECHOTO aaua0aTHOTO MCTEUEHHUs ra3a depes
COIUIO U3 Pe3epByapa, B KOTOPOM ra3z UMEET mapameTpsl P; ,v1 , 11 . CKOpocTh
raza Ha BXOJi¢ B comio W; . /[aBieHue ra3za Ha BBIXOJE U3 COIUIAa PaBHO JaBiie-
HUIO CpEJibl, B KOTOPYIO MCTEKaeT ra3. Pacuer comia cCBOAUTCS K OINpPEAEIICHUIO
CKOPOCTH M pacxojia raza Ha BBIXOJI€, HAXOXJICHHUIO IUIONIAJAN MOMEPEUHOrO
CEUCHHS U MPaBUILHOMY BbIOOpY ero (opmbl. CKOPOCTh MUCTEUEHMs raza Ha

BBIXOJIC B COOTBETCTBHH C YpaBHEeHUEM (8.4) mpuMeT BUL:

w, = \/Z(hl—h2)+wf =,/2(hj —hy),

WM, €CJIN IJIA IIPOU3BOJIBHOI'O CCUCHUS NPHUHATE Wy = W, a h2 = h, PaBHCHHC

IIPpUMCT BHUO:

w = \/Z(hl —h) + w?Z =,/2(h} — h) (8.5)

®opmyia (8.5) npuMeHrMa U 71l UACAIBHOIO ra3a v AJi pealbHbIX Ta30B.
Hcnonp3yss OCHOBHBIE COOTHOLICHHS M NEPBBIA 3aKOH TEPMOJWHAMUKH IS
aauabaTtHoro mnporecca (6q = 0), a Takxke ypaBHeHue Knaneiipona-MeHeneena,

noJIyduM (OpMYITy JUIsl OTIPEACIICHUsSI CKOPOCTH UCTEUCHUS UJ1€aIbHOTO Ta3a:

w = JZ k—‘_‘lRTi‘[l — (p/pp) & V/K], (8.6)

r7ie P — CTaTUYEeCKOe JaBJICHHE B paCCMaTPUBAEMOM CEUCHHH.
MaccoBsiii pacxon raza G depe3 coruio (Kr/ ¢) ompenensercs u3 COOTHO-

HICHUA
G=wpA=wA/v,
rae A — IIom@aab BEIXOJHOTO CEYSHUS COILIA.

YuuThiBas ypaBHEHHE a/I1a0aTHOTO MPOIECCa, TOTYUNM:
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v = (plp) Y v =pi(p/pi) ™ (RTS)

Hcnonb3yst 310 BeipakeHus: | (8.6), momydaem:

k  py " "
G=A \/ 2 — 2L [(p/PD¥* — (p/PD VK] e (8)
1

Taxkum oOpa3oM, MaCCOBBIN PacXoa UACATLHOTO Ta3a MPY UCTCUCHUN 3aBU-
CHT OT IUIOIIA X BBIXOJHOTO CEYCHHUS COILIA, CBOWCTB M HAYAJIbHBIX ITapaMeTPOB
raza K, p, T u cTenienu ero pacmmpeHus (T. €. IaBICHHS ra3a Ha BBIXO/IE).

[To ypaBuenuto (8.7) moctpoena 3aBucumoctsb G = f(p,/p;) (myHkTHD), THE
P2/p1=P,a G =mu p = p,. Peanbro mpu 0 < p,/p; < P, MaCCOBBIH pacxon
OCTaeTCsl MOCTOSIHHBIM. TO €CTh B CY)KAIOIIEMCSI COTLIC HEBO3MOXKHO MOTYYHUTh
JaBJICHUE HA BBIXOJE HMXKE Pyp, COOTBETCTBYIOIIEMY MaKCUMAIBHOMY PACXOIy

(pucyHok 8.2).

>
0 Bip 1 PP

Pucynox 8.2 — 3aBUCHMOCTH MacCOBOTO pacxojia ra3a 4epe3 COIio

OT COOTHOILIECHUS P2/P1

s otbickanus max ¢yHkiun G = f(p./p1) Bo3bMeM Mpou3BOAHYIO (p =

const) ot Beipaxenus (8.7). B pe3ynbrare momyqnm:

_ P _ 2 \k/(k-1)
BKp - p»i - (k+1) (8-8)

Takum oOpa3zom, OTHOIIEHHE KPUTUIECKOTO JaBICHUS HA BXOAE (P2 = Prp)
K JIaBJICHUIO TIEPEJ COIIJIOM [P; UMEET MOCTOSIHHOE 3HAYCHHUE U 3aBUCUT OT MOKa-
3aress aauadaThl (T.€. OT IpHUPOIbl padouero Tena). OMHOATOMHBIN Ta3 uMeeT K
= 1,66 1 cOOTBETCTBEHHO P, = 0,49 . Tpexaromusblii u neperpersiid nap K = 1,3

M COOTBETCTBEHHO Py, = 0,546 . [lna Bo3mymHO#t cmecu K = 1,4 u cooTBerct-
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BEHHO Py, = 0,528. /Iy o11eHOYHBIX pacyeToB NpuHUMAETCA Py = 0,5.
Kpumuueckas ckopocmb yCTaHaBIMBAETCS B YCThE COILIA IPU UCTEUEHUU B
OKpY’KaIOIIyI0 CpeAy C IaBJICHHWEM, PaBHBIM MM HIKE KpuTHUeckoro. s

sTOr0 B ypaBHeHue (8.6) moacrasum (8.8), Torma mosryanm:

/ k x
w}cp. = 2 mRTl (89)

Bennuuna KpPITH‘-ICCKOﬁ CKOpPOCTH OIIPCHCIIACTCA (1)I/IBI/I‘ICCKI/IMI/I CBOMCT-

BaMH W HayaJIbHBIMH ITapaMeTpamu Ta3a. M3 ypaBHeHUS aanabdaThl CIIeIyeT:

Vi =Vip (PP

MOJICTABIISIS Ciola ypaBHeHHeE (8.8), momydnm:

. 2 \1/(k-1)
Vi = VKp (m) (8.10)
a TaKXKeE:
x 2 " K/&-D]
P1 = Pxp (m) ; Ty =((]+1) Typ/2 (8.11)

[Moacrapnsas (8.11) B (3.17), noayuum:

Wyp, = / KRT,, = / K PypVip

N3 kypca (puU3uKu U3BECTHO, YTO
Wip. =  KRTy, = /KPypVip =,

r7ie € — CKOPOCTb PAacIPOCTPAHEHNUS 3ByKa B CPEZie C MapaMeTpaMu Pyp, Vip

Takum 00pa3oM, KpUTHYECKass CKOPOCTh MCTEUEHHUS ra3a paBHA MECTHOM
ckopocmu 36yka. 1103TOMy ra3 B Cy»KaronieMcs COIUIE HE MOXKET PaCIIUPATHCA
JI0 TaBJICHHS, MEHBIIIE KPUTUUECKOTO, & CKOPOCTh HE MOKET MPEBBICUTh KPUTH-
yecKkyto. JJiga monydeHus CBepX3BYKOBOM CKOPOCTH Ha BBIXOJIE U3 COIIa HEOO-
XOJUMO TIPUAATh €My CHelHaIbHYI0 (popMy. [ XapakTepuCTUKU BUAAQ UCTE-
YeHHs rasza B KaHaje ucronbsyercs yucio Maxa pasaoe M = W/C. To uncny
Maxa pazmuuaror M < 1 — no3BykoBoe Teuenue, M = 1 — 3BykoBoe, M > 1 —
CBEPX3BYKOBOE.

B cranmonapHOM peXuMeE B COOTBETCTBUM C YPABHEHUEM HENPEPHIBHOCTH
69



G = Aw/v = const
CGKYHHHBIﬁ MaCCOBHﬁ pacxoz[ OJINMHAKOB BO BCEX Ce‘—IeHI/IHX, HOBTOMy N3MEe-
HCHUC ILII0IIaaAun A BAOJIb COILJIa onpeﬂenﬁeTc;[ COOTHOUOICHUEM UHTCHCHUBHO-

cTer BO3paCTaHuA YIACIIbHOT'O oO0beMa rasa v m ero CKOPOCTBIO W . Ecau cko-

dw dv

POCTh YBEIMYHMBACTCS OBICTpEE, YeM 00BEM I > g 1O COILIO JOJUKHO CY-
X X
dw dv
KaTbCs, €CJIN XKE d_ < d_ , TO paCIuPATHCA. C HUCIIOJIB30BaHuEM Uunciia Ma-
X X

Xa aHAJOTUYHO UMEEM:

-ipu M < 1; dw > 0; ecan dA < 0 — cyXuBaroImuiics KaHal;

-ipu M > 1; dw > 0; ecaim dA > 0 — pacmmpsIOnIHiAcs KaHal.

B cyxwuBaromeMcsi kaHasiie W > C HEeBO3MOXKHA. UTOOBI MOJIy4uTh 32 CO-
IUIOM CBEPX3BYKOBYIO CKOPOCTbh, HY’KHO MMETh 32 HUM JIaBJICHHUE MEHBIIIE KpPU-
THYECKOT0. DTO BO3MOXKHO B KOMOWHHPOBAHHOM KaHaje, TO €CTh COIUIO HE0O-
XOJMMO COCTAaBUTh M3 JIBYX 4acTei: cyxkaromeiics, rae M<1 u pacmmpsiromei-
cs, rne M>1. Takoe KOMOMHHUPOBAaHHOE COILJIO MOJYYUIIO Ha3zBaHue coruvia Jla-

Bajisi. @OpMBI KaHAJIOB COILI U (P (Py30pOB MpUBEIEHBI B Ta0auue 8.1.

Tabnuna 8.1 — ®opmbl kKaHATIOB cOIT U TU(PY30pOB MPU Pa3IUUHBIX CKOPOCT-

HBIX PpCKUMax

. | Conne Audpepysop
ergggf‘::mu dw>0; dp<0; | ‘dw<0; dps0; | Conne JlaBans
i dT<0; dv>0 dT>0; d<0

W= Cip wac

WeC |
l'.-1<<1 e W< G i
m 1C —f==1 M<M1E= M> 1

N3meHeHue [mapamMCTpoOB ra3a 110 JJIMHE COIlIa JlaBans IIpu UCTCUCHHH I'a3a

Y TIPOIIECC UCTEUYEHUS B VP-KOOPAUHATAX PEACTABICHbBI HA PUCYHKE 8.3.
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Pucynok 8.3 — [1apameTpsbl ra3a U X U3MEHEHHUE MPU UCTCUYEHUU

110 JJIMHC COILIAa JlaBams u pv-koopaumHarax

ITpn 5TOM KpHUTHYECKAs CKOPOCTh W, ONpPENENAETCS 10 ypaBHEHHIO (8.9),
a CKOpoCcTh W, — 110 ypaBHeHuIo (8.6), rae p = p,. Pacxox raza Bberaucisercs mno
ypaBHEHUIO (8.7), B KOTOPOM A = Ayp, P = Pxp WK A = Ay, P = P,. 3aBUCH-
MOCTh CKOPOCTH Ta3a Ha BBIXOJI€ U3 CY>KMBAIOIIErocs coruta u coria JlaBans ot

OTHOIIEHUS JaBJICHUN MpUBEIeHa Ha pUCYHKe 8.4.

conno JFlagann

CyY>KHBaK U eecs

f
|
i

Bip B

Pucynok 8.4 — MI3MeHeHne CKOPOCTH T'a3a Ha BBIXOJAE U3 CY>KUBAOLIETOCS

coruia u coruia JlaBais

8.3 UcTeuenue napa u3 coma. /[poccesiupoBanue ra3on

BopasHolt map He sBiseTCS HIEaIbHBIM Ta30M, MOATOMY (OPMYJIIBI MOJTY-
YEHHBIE ISl pacyeTa UCTEUEHHUs UACATBHOTO ra3a HEMPUMEHHUMBI U MIPOLECC €T0

UCTCUCHHUS U3 COILIa Jy4Ille PacCUUTBIBATh C MOMOIIBIO h-S — muarpammsr (pu-
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CYHOK 8.5).

Y=

L g
3

Pucynok 8.5 — IIpouecc pacummpenus nmapa B COruie

[Tap ¢ HayaNbHBIM COCTOSIHUEM P1, T1 BBHITEKAET B Cpelly C JaBICHUEM P .
B cnydae ucreuenus 6e3 TpeHuUs U TEIooOMeHa (anabaTHOE, paBHOBECHOE) S=
const (mporecc 1-2). CKOpOCTh UCTEUCHUST paccUUThIBaeTCs o hopmyie (8.5),
€CJIM IJIOIA/Ib BBIXOJHOIO CEUEHHUs COIlIa BBIOpATh JOCTATOUHO OOJIBIIYIO TAK,

yT100BI W= 0, TOT1a

W = \/Z(hl —hz) = ﬂZAhO

Ecmu h m3mepsiercs B x/I)k / X, ¥ W B M / ¢, TOr/1a CKOPOCTh UCTEUCHHS
IIPpUMCT BHUIO:
B pPC€alIbHBbIX YCJIOBUAX HMCTCUCHHUC IIapa ABJIACTCA HCPABHOBCCHLIM U IIPH

TCUCHUHU BBIACIIACTCA TCINNIOTA TPCHUSA, UTO ITPUBOANUT K YBCIMYCHHUIO OHTPOIINH

(mporecc 1- 2"). CpabatbiBaeMasi pa3HOCTh SHTAIBITHI MEHBIIIE:

hl' hz' =Ah < Aho
YTO CHU3UT CKOPOCTH McTeueHuss W,'. IToTepss KMHETHYECKON SHEPIUM IOTOKA
BCJIE/ICTBME TPEHMS BhIpaxkkaercs pasHocThio: Ahg - Ah = hy, —h,’. OTtHOwEHNE
IIOTEPH B COILIE K PACIIoiaraéMoOMy TEIUIONMAACHUIO HA3bIBACTCS KOO(puyuen-

mom nomepu snepauu 6 conie G
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_ bAhg—bAh _ . A
== —=1- 4~ (8.13)

Jlpoccenuposanuem HaA3bIBACTCS MPOLIECC MOHM)KEHUS JABJICHUS B JIBU-
KYILEMCSl CTAlJMOHAPHOM ITOTOKE Ta3a WM Iapa MpH IPOXOKIECHUU €ro 4epes
npenarctue. [npoko ucnonb3yercs B TEXHUKE AJIS MMOTYYEHHUsS] HU3KUX TEM-
neparyp. PaccMoTpum npoccenupoBaHue ra3a Ha MpUMepe TEYEHHUs MOTOKA I10

KaHany ¢ auadparmoit (pucyHok 8.6). IlepBblii 3ak0OH TEPMOJIMHAMUKH JUIS

notoka (8.2):

qBHemH = (h2 - hl) + (WZZ - W%) /2 + ITeXH.

mar

Pucynox 8.6 — I[Ipouiecc npoccenupoBanus ra3a B auadparme

Tak xak nporecc aquadaTHBIA (pyemn — 0 , KPOME TOTO, Ta3 HE MPOU3BOJIUT

BHEIIHEH padoThL, T. €. lox = 0, cllemoBaTensHO,
(hy - h) = (W3 —wg) /2 (8.14)
Eciii CKOPOCTh TOTOKA JI0 M mocle guadparMel Mana, To (W2 — w2) = 0,
toraa hy —h, =0 . Wrak, npu agnadatHoM ApOCCEIMPOBAHNN pabOYero Teia ero
SHTAJIBIINSA OCTACTCS MMOCTOSIHHOM, NaBlicHHE TajaaeT, o0beM yBelnduBacTcs. B

camoii ke auadparmMe M B HEMOCPEACTBEHHON OJM30CTH OT HEE CKOPOCTh BHa-

yajie BO3PACTAET, a 3aTEM YOBIBACT; SHTAJIBIINS YOBIBACT, a 3aTEM pacTeT (PHUCY-

HOK 8.6).
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V3MeHeHre SHTAIBIIHHA HIeaIbHOTO Ta3a CBA3aHO ¢ U3MCHEHUEM TeMIlepa-
Typsl cootHomenueM dh = ¢,dT, mosToMy U3MeHeHUe TeMIepaTypsl B IPOIEC-
ce IPOCCeTUPOBaHUS UaeaIbHOro raza He npoucxoaut (dT =0).

Tak kak
ho—hy=u;—u+ (p2v2 —p1v1) =0
WA
Uy — ug = (P22 — p1 V).

Tak kak st uACaIbHOTO ra3a TemIieparypa Ipu ApOCCEIUPOBAHUN HE Me-
HsieTest, To Uy = Up, @ COOTBETCTBEHHO, U P71 V1 = P2 V).

[Ipu nmpoccenrpoBaHUM pPEATbHBIX Ta30B TEMIEpaTypa MOXKET MEHATHCS
(oppexm [[rcoynsn-Tomcona). TlepBas mpou3BOgHAS TEMIIEPATyphbl 1O JaBJIC-

HUIO TIPU HEU3MEHHOW SHTAJIBIINU Ha3bIBaeTCs AU EepeHIInanbHbIM Opocceib-

agppexmom [picoynsa-Tomncona
dT
a, = (—) 8.15
n=\Gp), (8.15)

Ha pucynke 8.7a mpuBeneHbl 3aBUCUMOCTH AUG(EpEeHITNATILHOTO IPOC-

cenb-3(pexra aApoccenupoBaHUs BO3AyXa OT TEMIEPATYPbl MPU PA3THYHBIX

JABJICHUAX.
37') .
(3‘;‘5‘ ;r»ﬂ;l KMNa Tnn.» .4
20 \\ 1000
A \ aTr=0
\ _p=tina 800 >
r: N \v \:r{ﬂ::: |1
Q 2-1.5 600 ~J
‘ P30 (53;}'),;"" .2
o /:;\%oo ss:— 1000 1200 1400TK 400
I e iy aT<0 /
4 l / I S 200
° // '-—’-— Tmflmfn ar=0
e 10 20 30 40 £ MnNa
a) 0)

Pucynok 8.7 — 3aBucumoctu nuddepeHimanbHoro gpoccenb-3ddexra apoc-
CEJINPOBAHMS BO3/LyXa OT TEMIEPATYPhI IPU Pa3INYHBIX JTaBJICHUIX (a) U UH-

BepcuoHHas KpuBas (0)
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dT
KaK IIOKa3bIBacT OHLIT, 3HAK UBMCHCHUA TeMnepaTprI (d_) AJIs1 OJHOI'O
P/p

dT
U TOro K€ BCIHICCTBA MOXKCET 6BITB ITOJIOKUTCIIbHBIM . (d_) > O — a3 HpI/I
P/h
dT
JPOCCCIIMPOBAHUMN OXJIAXKAACTCS, U OTPULIATCIbHBIM: a0 < 0 - ra3 narpesa-
P/p

€TCsl, YTO 3aBUCHUT OT HaYaJIbHBIX MMapaMeTPOB U (PU3NUECKUX CBOIMCTB peaibHbBIX

ra3os.

dT .
CocrosiHne ra3za, B KOTOpOM (d_) = 0, maswiBaercsa mouxou uneepcuu >¢-
P/p

dexra J[xoyns-Tomcona, a Temrieparypa, npu KOTopoud 3(hPeKkT MEHsIET 3HaK,
HA3BIBAIOT MeMNepamypoll unéepcull | yug. 3aBUCHUMOCTH | s OT JABICHUS
Ha3bIBAETCS MHBEPCUOHHOMN KpHBOH (pUCyHOK 8.70).

B coBpemenHO# TexHUKE apocceb-3G(EKT UCIOIB3YETCS IS MOTYICHUS
HU3KUX TEMIIEPATyp: CKIKCHUS Ta30B B XOJIOAMIBHOU TexHUKe. [Ipu nBrkeHnH
mapa B IapoIpPOBOJIaX, UMEIOIIUX MECTHBIC CONMPOTHURBIICHUS, TEMIIEpaTypa TeIl-
JIOHOCHUTENST MOXKET M3MEHATHCS. JIJIsl BOASHOTO Mapa MPaKTHYECKH BO3MOXKCH
TOJIbKO MOJIOXKHUTEIbHBIH 3 dekT: ap > 0, dT <0, tak kak T, = 4370 K. U3-
MEHEHHE TeMIIepaTyphl Traza ((KHIKOCTH) B MPOIIecCe aanadaTHOTO JAPOCCETUPO-
BaHMS TPU 3HAYUTEIHHOM Iepenaje MaBJICHUH Ha JAPOCCENE HA3BIBACTCS UHMe-
epanvHbiM Opoccenv-3¢ppexmom. WHterpanbubiii ddpdext Jxoynsa-Tomcona

OIpEJENsIeTCs B pe3yJIbTaTe MHTErpUpOBaHus ypaBHeHUs (8.15):
T,~ Ti= [’y dp, (8.16)

rae T u T, — TemnepaTypsl IpOCCETUPYEMOro BEIIECTBA COOTBETCTBEHHO
nepea IpoccesieM U 3a HUM.

WuTerpanbHbliii gpoccenb-3PGeKT MOKET JOCTUTaTh BEChMa OOJIBIION Be-
anuuHbl. Hampumep, npu agmabaTHOM JApOCCETUPOBAHUU BOJSHOTO Iapa OT
nasiienus 29,4 Mlla u remnepatypsel 450 °C no nasnenus 98 klla temneparypa

napa ymenbmures 1o 180 °C.
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9 lukabl aBUraTes el BHyTpeHHero cropanus (ABC)
9.1 O0mue moOHATHS

Jleucamensv 6Hympennezo ccopanusa — 3TO Takasl TEIUIOBAsl MAIlIMHA, B KO-
TOPOM MOABOJ Temia K paboueMy Teldy OCYIIECTBIISIETCS 3a CUET CKUTaHUs
TOIUIMBA BHYTPU caMoOro jABuratens. Pabounm Tenom B Takux JABUTATENsAX Ha
MIEPBOM dTaIlle SBJISETCS BO3AYyX WM CMECh BO3JlyXa C JIETKO BOCILUIAMEHSEMBIM
TOIUUIMBOM, a HA BTOPOM — MPOJIYKTHI CTOpaHUsA. XOJOAHBIM UCTOUYHUKOM B 3TUX
JBUTATENISIX CIIY>KUT BHELIHSASA cpefa. L{MKITbI MOpIIHEBBIX ABUTATENIeld BHYTPEH-
HEro CrOpaHus MOoJApa3IesaOT Ha TPU TPYIIIbL:

- Huxa OTTO — UMK ¢ TOJIBOJIOM TEIUIOTHI NPU MOCTOSIHHOM 00beMe (pac-
yeTHbIN UK JIBC ¢ HCKPOBBIM 3a)KUTaHUEM);

- [ukn J{uzenst — UMK ¢ MOABOAOM TEIIOTHI IPHU MOCTOSTHHOM JIABJICHHUH
(pacueTHBIN UK TEPBBIX IU3EJICH ¢ KOMIPECCOPHBIM PACTIbUTMBAHHEM TOTUIH-
Ba);

- Huxn Cabat>-TpuHkiepa — UMUK CO CMEIIAHHBIM TMOABOJAOM TEIJIOTHI
YaCTUYHO MPHU IMOCTOSIHHOM OOBEME M YaCTHUYHO IMPHU MOCTOSIHHOM JaBJICHHUU
(pacueTHBIN UK COBPEMEHHBIX OE3KOMIIPECCOPHBIX JHU3EICH ¢ BIPHICKMBAHH-
€M TOILTUBA ITOJT JABJIICHUEM).

OCHOBHBIMH XapaKTEPUCTUKAMU WJIU TapaMeTpaMu JFOOO0TO MK TETIo-
Boro asuratens ([IBC) sBastorces cneayromne 0e3paMepHble BEIMUNHBIL:

- cmenens cocamusi (OTHOUICHHUE yIENbHBIX 00beMOB paboyero Tena B Ha-
qaJie ¥ KOHIIE CYKATHs)

e=vi/ v, (9.1)

- cmeneHb nogvluienus 0asnenus (OTHOLIEHUE 1aBJICHUI B KOHIIE U B Haya-
JIe ©30XOPHOT0 MPOIECCca MOIBOJA TEMIOTHI)

A=ps/p: (9.2)

- cmenenb npeosapumenbHo20 pacuiupenus Ui CTeNeHb n300apHOro pac-
mUpeHust (OTHOIIEHHE YJIETbHBIX 00BEMOB B KOHIIE M B Hadajle MU30XOPHOTO

rpoliecca moABojia TETUIOTHI )
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P=V3 / Vo (9-3)

9.2 Huxka JIBC ¢ moaBoa0M TenJIoThl IPH MOCTOSTHHOM 00beMe

Luxn Ommo — mukn JIBC ¢ moiBOJIOM TEIUIOTHI MPU MOCTOSIHHOM O0BEME.
[{uks1 Ha3BaH UMEHEM HEMEIIKOTO KOHCTPYKTOPA, OCYIIECTBUBIIIETO TOT IIUKII B
1876 r. B HacTrosiee BpeMs KapOHOpaTOpHbBIE ABUTATENN (C UCKPOBBIM 3a)KUTa-
HUEM), paboTatonye no nukiry OTTo, MUPOKO pacpoCcTpaHEeHbl B TeXHUKE. OHU
MPUMEHSIIOTCSI B JIETKOBBIX U MHOTHX I'PY30BBbIX aBTOMAIIIMHAX, B CaAMOJIETaX C
MOPIIHEBBIMU JBUTATENAMU U Ap. Jluarpamma aBurarens, padOTaromero o

nukity OTTO mipejicTaBieHa Ha pucynke 9.1.

i i > o
Li5 L L Sa Shb s

Pucynok 9.1 — Lluxa OTTo ¢ 1oABOIOM TeIIOTH nipu V = CONSt B P-V Ko-

opauHaTtax U B T — S KOOpJAUHATAX

[ukn padoTaet cienyromum oopazom. CMech MOCTyNaeT B KaMepy cropa-
HUS NpU AaByieHud p;. OT HavaIbHOTO COCTOSIHUS (Touka 1) ¢ mapameTpamu Py,
T1, V1 (maBnenue, 6M3Kkoe K arMocepHOMY) roproydasl CMech aanadaTHYeCKu
ckuMaeTcs (Touka 2) 10 mapamerpoB Py , T2 , Vo , IPU 3TOM IPOU3BOJIUTCS
pabota cxxatusi roprouer cMmecu (padbouero tena). B Touke 2 mpoucxoauT BOC-
JIaMeHeHue (MOJKEr) CMECH, U MPOLIECC CrOPAHUS MPOUCXOAUT MPAKTUYECKU
MTHOBEHHO, TO €CTh IpH V = CONSt (h30XxopHbIil niponecc). JlaBienue Bo3pacra-
eT 70 P3 (TemrepaTypa U yAeIbHbIH 00bEM B TOYKE 3 CTAHOBATCS PaBHBIMU

COOTBETCTBEHHO I3 M V, ) U B mpolecce 2—3 MOABOAUTCS (BBLACISETCS MPH
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CropaHuM TOIUIMBHOM cMecH) Teriora (;. [anee (mpouecc 3—4) mpoucxoaut
annabaTuyecKoe paciiupeHue MPOIyKTOB CrOpPaHUs 0 MapaMeTPOB COCTOSHUSA
Ps, T4, Vi(Touka 4), mpu 3TOM pabodee TEJIO COBEpIIaeT padoTy PaCIIUPCHHUS.
OT ToukH 4 OCYILIECTBISIETCA U30XOPHBIN MPOLIECC OTBOJA TEIJIOTHI (; K XOJIOA-
HOMY MCTOYHHUKY, BO3Bpalllasi CUCTEMY B MepBOHauaibHOE cocTosiHue. [Ipoiecc
4] B MOpPUIHEBOM JBUTATENE, paOOTAIOIIEM B IUKIMYECKOM PEKUME, OCYIIECTB-
JISIETCS 10 U30X0pEe, TaK KaK MPU OTKPHIBAHUH BBIXJIOIHOIO KJIalaHa J1aBJICHHUE B
[TAJIUHAPE TPAKTUHICCKA MTHOBEHHO CHIDKAETCS 70 aTMOC(HEpHOTo, 3a BpeMs, B
TEUYEHUE KOTOPOTO MOPIICHb CMEIIAeTCsl He3HAUUTENbHO (V = CONSt).

OnpenenuM BETMYMHY TEPMUYECKOTO K. I1. 1. ( 1 ) mukiaa OTTo, UCHONIb3YS

BbIpaxeHus (5.4) u (6.2):
Cy(Ty — T
nt=1—2=1— v(Ts 1)
d1 ¢, (T3 — Ty)
[Ipu ycinoBuu C, = CONSt BBIpa)KCHUE IPUMET BU/T :
()«
_ 1 _ \Ih - |
Ty

Jlnst annabaTtHoro nporecca 1-2 umeem:
T1 Vs k-1
%= ()
C ydyeToMm BBEJICHHOTO TOHATHS cTenieHu cxaTus (9.1) numeem:

Ly (9.5)

s annabar 1-2 u 3—4 moxHo 3anucarhk ypaBHenus [lyaccona (5.27):

kK _ k
P1V:s = P2 V2
k _ Kk

P4 V4 = P3 V3
Jlens 3Tu ypaBHEHUS MMOYJICHHO M YYUTBIBAs, 4TO Vo=V3 U V4=V noiy-

YUM:
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P4 _ P3 Ty, T3

= — wm — = (9.6)
P11 P2 T T
C yaerom dhopmyi (9.6) u (9.5) ypaBaenue (9.4) npumeT BU:
1
Ne = 1- k-1 (9.7)

Pabota 3a muki ¢ yaetom (6.2) u (5.6) onpeaenutcs mo hopmyiie:

1
L, = q1mc = ¢(T3 — Ty) (1 — F) (9.8)

Cpeonee oasnenue yuxkia Py ONPENCTUTCS KaK OTHOIIIEHUE pabOTHI 3a

LUK K pabouemy oovemy yurunopa Vy:

l
pt= (9.9)

rae Vy = Vi -V, — pabounii 00beM HUIMHJPA, PABHBIA PA3HUIIE MEXKITY
NOJIHBIM 00beMOM miuHApa Vi nopuieHb HaxoauTbed B HM.T. u oO0beMom
KaMmepsbl cropanus V, korja nopiieHs B B.M.T.

Y4uThIBas ONpeeIeHue CTENICHN TOBBIeHMs naBieHus A (9.2) u y4uThI-
Basg BbIpakeHus (9.8), ypaBuenue Knameiipona (2.1), ypaBuenue Ilyaccona
(5.27) u onpenenenue creneHu cxatus (9.1), OTyIUM BBIpaXKCHUE IS OTIpe-

JeJIeHUs Py

D, = N _ &(M-T)ne _ 6(Ps—p2) N _ & P2A—D) g
V=V, Va(e-1) R(s—1) (c, — ¢,) (1)

OKOHYATCJIIbHO ITOJIYYHUM:

_ bh1 ek (A-1)
Pt = "4 -1

(9.10)

9.3 Huxka JIBC ¢ moaBoa0M TenJI0ThI MPH MOCTOSTHHOM J1aBJIEHHH

Huxn /luzens — nuxn JIBC ¢ moaBo/IoM TEIUIOTHI MPU MOCTOSIHHOM J1aBJie-
Huu. [ukn [{u3enst Ha3BaH UMEHEM HEMEIIKOTO MHXKEeHepa, MOCTPOUBIIIETO JIBU-

raresub, pabdoraroumii mo aTomy nukiy B 1897 r. TepMoauHaMUyecKuil aHaAIIN3
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nukia J(uzenss OymeM TPOBOIUTH, paccMaTpHUBas HACATM3UPOBAHHBIN ITHKI,

NpEJICTaBICHHBIN B P-V-AHarpaMme Ha pucyHke 9.2,

14

>
%

Pucynox 9.2 — [{uxn [luzens ¢ moaBOJOM TEILIOTHI TIPH P = CONSt

B P-V koopauHaTax U B T —S KOoOpIWHATaX

[Mukn paboraet ciaenyromum odbpazoM. CMech MOCTyNaeT B KaMepy cropa-
HUS NpU AaBiaeHuu p;. OT HayalbHOTO cOCTOsIHUSA (TOouKa 1) ¢ mapamerpamu P ,
Ty, Vi (naBnenue, 61m3Koe K aTMOchepHOMY) aTMOChEpHBI BO3yX anadaTh-
YECKU CKUMAETCs (Touka 2) 10 mapameTpoB Pz, T2, Vo, IPU 3TOM MTPOU3BOAUTCS
pabota cxkatusi Boznyxa (pabodero Tena). CTeneHb CKATUS B JBUraTelisax C
koM J[uzens oObraHO mocturaer 15-16. B Touke 2 HaumHaeTCs mporiecc
paclMpeHus BO3/lyXa, 1 OJHOBPEMEHHO, Yepe3 CeuuaibHy0 OPCYHKY BIPbI-
CKHUBAETCS TOTUIMBO. 3a CUET BBICOKOW TEMIIEPATYpPhl CKATOTO BO3yXa TOIJIHBO
caMo BOCIUJIAMEHSIETCS M CrOpPAEeT MPHU MOCTOSHHOM JIaBJIEHUHU, YTO 0OecreunBa-
€TCsl pacIIupPeHNeM rasza oT V, 10 V3 , TIpu 3ToM P, = P3 (pucynok 9.2). Cropa-
HUE TOIUIMBHOM CMECHU MPOUCXOJMUT IMOCTENEHHO (TeMIiepaTypa W yJEIbHBIM
00BbEM B TOUKE 3 CTAaHOBSITCSI PaBHBIMU COOTBETCTBEHHO |3 U V3), U B MpoIlecce
2—-3 moaBoANTCA (BBIAETSETCS MPU CTOPAaHWW TOITUBHOW CMeECH) TeryioTa (.
Hanee (mpouecc 3—4) mpoucxoauT aanabaTUYecKoe pacIIMpeHue MPOAYKTOB
CrOpaHusi 10 MapaMeTPOB COCTOSIHUS Py , T4, Vi (TOouka 4), nmpu 3TOM padouee

TeJI0 coBepiiaeT padboTy pacuuperus. OT TOUkH 4 OCYIIECTBIISICTCS N30XOPHBIH
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MPOIIECC OTBOJIa TEIUIOTHI (; K XOJIOJJHOMY HMCTOYHHUKY, BO3Bpallasi CUCTEMY B
NIEPBOHAYAJIEHOE COCTOSHUE.
OnpenenuM BEJIMUMHY TEPMUYECKOTO K. M. A. (1) ) 1ukia Juzens, ucmnomib-

3ys Beipaxkenwus (5.16), (5.4) u (6.2):

_ dz Cy(Ty —Tq)
Ne=1-—=1-
d1 ¢, (T3 — Ty)
win ¢ yuetom K = Z—p nMeeM
Tq
— 1 (ﬁ_ ) Ty
T2

VYpaBHenue uzobapHoro npoiiecca ¢ yueroM (5.10) u onpenenenus creme-

HU TIpeABapuTenbHoro pacmmpenus P (9.3) umeer Bu:

T3 _ vs _
T, v, p (9.12)

W3 ypaBuenuti (5.27) nns aguabatel porieccoB 1-2 u 3—4 umeem:

k _ k k _ k
Vi = P2Vy P3 V3 = Pg Vy

C YYETOM, TOTO YTO V4 = V1 ¥ P2 = P3 , HOUWICHHO Jieist GOPMYIIbI OTYYaeM:

P4 (V—3)k (9.13)

P1 V2

N3 ypaBuenus KianeiipoHna miig n30XopHoro nporuecca 4—1 BeIpaxkaeM py v

p1 4, 3aMeHsis ux B popmyiie (9.13) ¢ yuerom ypaBHeHus (9.3), momyyaem:

Ta _ &k
moi p (9.14)
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[ToncraBnss (9.14) u (9.12) B (9.11), monyyaem BbIpaK€HHE NJisI TEPMU-

YECKOro K. II. 1. nuKJIa Jluzens:

1 (pk-1 1
ne=1-+ ((p—1))' o (9.15)

Takum 00pa3om, TEpMUYECKHUM K.I1.J. ITUKIIa [{nu3ens TeM BhIlIe, 4emM
0O0JIbIIIE CTETICHB CKATHUS € U YEM MEHBIIIEC BEJIMYMHA CTEIIEHU MPEIBAPUTEIHHO-
IO paclIupEHus .

Pa6oTta OUKJIa AU3CIIbHOTO ABUTATCIIA OIIPCACIISACTCA:

k_1
L=aime = (T —T) [1- 520 o

Cpeonee oasnenue yukaia Py ONPEACIUTHCS KaK OTHOILLIEHHE PabOThI 3a

IUKII K pabouemy obvemy yurunopa Vy (9.9) u npumeT BU:

_ nme _ M —T)n
P Vi—V; Va(e—1)

YuuTeiBas onpeiescHUE CTEIICHU MpeaBapuTeabHoro pacmmupenus p (9.3)
U yuuTbiBas BeipaxkeHus (9.16), ypaBuenne Knaneiipona (2.1), ypaBHenue Ily-
accona (5.27), onpenenenue crenenu cxarus (9.1) u ypaBaenue Maiiepa, nosy-

YUM OKOHYATECJIBHO BBIPAXKCHHUEC AJI OPEACICHHUSA Pr.

_ p1efk(p-1) 0,
Pt= 0D e-v

(9.17)

CpaBHeHHe TepMHUYECKHX K. . A. ( 1 ) mukia Orro u [uzens npu pas-
JUYHBIX CTEMEeHSIX CKaTus ( € ) MOKa3bIBACT, YTO K.II.J. uKiIa Jluzens OGosblie

K.11. a. nukia OTro.
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9.4 Ilmkn IBC co cMemaHHbIM moaBoAoM TemaoThl (Huka Cadars-

TpunkJiepa)

B yukne Cabams- Tpunkiepa npouecc noaBoia TeIIOThl (; MPOU3BOIUTh-
Csl IIPU CTOPaHUM TOILUIMBHOM CMECH YaCTUYHO NpHu V = CONSt 1 4acTU4YHO NpH P
= const. TepMoMHaMUYECKHUI aHAIU3 IMKJIa OyAeM MPOBOJUTh, paccMaTpUBas

UJIcaIM3UPOBAHHBIN IIUKII, TPEICTABJICHHBIN B pP-V-AxarpaMMe Ha pucyHke 9.3.

Y T}

5
%ﬂ[ [2
! o .
0 y / s

Pucynox 9.3 — [ukn Cabars-TpuHkiepa ¢ moaBOIOM TEIUIOTHI pu V

=const u p = const B p-v koopauHarax u B T —S koopauHarax

[{uxn pabotaeT ciaeayronuM odpa3zoMm. UUCThIM BO3AYX MOCTYIAET B Kame-
py cropaHus npu jaaBieHud p;. OT Ha4aJbHOTO cocTosHUs (Touka 1) ¢ mapa-
MeTpamu P;, T, Vi (IaBieHue, Om3koe K atMochepHoMy) atMochepHBIi BO3-
nyx aaunabatuydecku ckumaercs (rpoiecc 1-2) mo mapameTpoB Pa, T2, Vo, IPU
ATOM MPOU3BOAUTCS paboTa cxkaTusi Bo3ayxa (pabdouero tena). Bo3ayx Harpea-
eTcsl Tpu cxkatuu oT Temrepatypsl T; mo temmeparypsl T,, KoTopas OombIie
TEeMIIepaTyphbl BOCIUIAMEHEHHS TOIUIMBA. B 3TOT MOMEHT B TOYKE 2 B IMJIMHJIP
yepe3 (OpPCYHKH T0J JAaBJICHHEM BIIPBICKMBACTCS TOIUTMBO. ['oprouas cMech
CaMOBOCIUIAMEHSIETCS W K pabodyeMy Telly IOABOJUTCS TEILIO  (q
(n30x0pHBIA Tporiece 2—3), JaBJIEHUE TOBBIACTCS 10 P3. M300apHbIi mporecc

3—-4 — mopiieHb mepemeniaeTcss 00paTHO, MOCTYIJICHUE W CTOPAaHHE TOILIMBA
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NIPOIOIKACTCS TP TIOCTOSHHOM JIABJICHHH M TIOBOIMTCS TeIIo (. B amua-
O0aTHOM Tporiecce 4—5 — MOpPIIEHb MPOJOHKAET MEPEMEIIAThCS B HUKHIOIO
MEPTBYIO TOUKY, AaBJIEHUE MajaaeT (aguadaTHoe pacmupenue). B mpoueccax 3—
4 u 4-5 coBepiaeTcsl MOJIOKHUTENIbHAs padoTta. B m3oxopHoM mpomecce 5—1 —
MPOUCXOANT MPOIECC OTBO/A TEIJIOTHI (|, (Uepe3 BBIMYCKHON KJIanaH MOKUIAI0T
oTpaOOTaHHBIE Ta3bl).

OnpenenuM BEIMYMHY TEPMUYECKOTO K.IL.J. (1); ) uukia Cadars- Tpunkiie-

pa.
Bripazum TeMiiepaTypbl B XapaKTepHBIX TOYKaX IUKJIA Yepe3 HadyaIbHYIO
temnepatypy umkia Tp. Jlis aquabatHoro mporecca 1-2 u3 (5.28) u (9.1) ume-

CM:
T,/ T, = (V1/V2)k_1 =g<?
Torma tremmneparypa B Touke 2:
T,=T, ¢} (9.18)

Temneparypa B Touke 3 ¢ ydyeTtoMm ypaBHeHHs (5.1) 151 ©30XOpPHOTO TPO-

necca 2—3, Beipaxkenus (9.2) u (9.18) onpenenutbes cieayrommM o0pa3om:
T3 = TZ ? = T1 Ask_l (919)
2

BrlpaskeHue s onpeeieHrsl TeMIIepaTypbl B TOUKE 4 C YUETOM ypaBHE-
Hus (5.10) nns uzobapuoro mporecca 3—4, Beipakenus (9.3) u (9.19) umeer

BU/I:
T4_=T3 :—4=T1 lpsk'l (920)
3

JIist ompeneneHrss TeMIlepaTypbl B TOYKE 5 HCIOJB3YeM ypaBHEHUE
(5.28) mst anguabatHoTrO Mporecca 4-5 ¢ yuetoM, uto Vs = Vi U BBEAEM I10-

HATHUC cmeneru HOCJZB())/}OWQZO pacuiuperus 0:
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| /4 vV
§=2=21 (9.21)
Ve V.

BeipaxkeHue 75 onpeiesieHrs TeMIIEpaTypbl B TOUKE D C y4ETOM ypaBHeE-

HUA € = P 0 IMpUMCT BUO:

=T (%) =T, ()T =mae () = Tk 02

A% [

BBIpEDKCHI/Ie JJIA OIIPCACIICHUA IMOABCACHHOI'O KOJHMYECTBA TCIUJIOTBHI (; U

OTBEJIEHHOTO KOJIMYECTBA TEILIOTHI (|, 3a IIUKII ONPEAENIATHCS BHIPAKEHUAMU:
Q1 =q; t9q7 = ¢,(T3 —T;) +¢,(Ty —T3) =¢, Ty g1 A-1+KkA(p—1)]

q: = CV(TS - Tl) =¢, Ty (}ka - 1)

OnpenenuM BeIWYUHY TepMuueckoro K.a.ja. (ny ) nukia Cabars-

Tpunkiepa, ucnonb3yst Beipaxenue (6.2):

Apk-1
=1-2_-1_ 9.23
" q1 k-1 A-1+kA(p-1)] (9.23)
CpenuHee napiieHHe IUKIIA Py ¢ yueToM (9.9) onpeaenuThes Kak:
K
_ @ane _ pie[A-1+KA(p-1)] 0
P v, T T e (9:24)

9.5 Binsinue pa3iu4HbIX (P)AKTOPOB HA MOKA3aTeJU IIUKJI0B

B nukine OTTo n3MeHEeHHE MoKa3aTejICii B 3aBUCHMOCTH OT € IIPUBEICHO Ha
rpadukax pucynke 9.4.

B 1ukne Otro:

- KJILI. 1) YBCJIMYMBACTCS MPU YBCIMYCHUU CTCICHU CXKATHI € U
nokaszareiis anuadarsl K;

- CpemHee JIaBIICHWE I[HWKIJIA Py pacTeT NPU YBEIUYCHUU TOKa3aTelIs
anuadatel K U cTeneHH CHKATHS € 70 €guy, U YMEHBIICHUU CTCIICHU MMOBBIIICHHUS

JABJIICHUS A.
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P, MMa
t, —
1.08"‘ -'ﬁ:_ h’-"—-—
1.n?~l
1.061: 4.5 Pz, MMa
- 4.0 .i\.x 12

N} 3.5 ol 10

0.7+ 3.0 4 Pzp=t—T==41 3

0.5 ,—,ﬁ—f""" 6

0.5- i

-
6 8 10 12 14 £

Pucynok 9.4 — N3menenue nokasareeit mukia OTTo B
3aBucHMOCTH OT € (p;= 0.1 MIIa, T;= 300K, T3=2700K, k =1.4) u
(ps= pz)

B nukne Auzens:

- K.IL.J. 1); BO3pacTaeT NpHu yBEJIUYCHUU CTEIICHM CXKATUS € M IMOKa3aTels
annabatel K M yMeHbIIACTCS MPH YBEIMYCHHM CTCICHH IIPEIBAPUTCIIHHOTO
pacimpeHus p;

- Cpe/IHEee JaBJICHUE UKJIA Py YBEIMYUBACTCS MIPU YBEJIMUYCHUU MMOKA3aTEIIs
annabaThl K, CTereHn CKaThs € U CTEIIEHU MPEABAPUTEILHOIO PACIIUPEHUS p.

B nukine Cabata>-Tpunkiepa:

- K.ILJI. T¢ YBEJIMUUBACTCS MIPU YBEIUUYEHUU CTEIICHU CXKATHS €, MOKa3aTelIs
annabaTel K, CTENCHH TIOBBIINIEHWS [OaBICHHUS A M yYMEHBIIAETCS IPU
YBEJIMYEHUH CTETICHU MIPEABAPUTEILHOIO PACIIUPEHUS P;

- CpelHee JaBJICHUE IMKJIa Py YBEJIUYMBACTCS IPU YBEIWYCHUHU CTEIICHU
cxarths €, anuabarel K, CTelNeHM MOBBINICHUS [OaBICHUS A U CTEIEHU
NPEIBAPUTEILHOTO PACHIMPEHUs P, a TAKK€ HAYAJIbHOTO JAaBJICHUS LUKIIA P,

KOTOPOC B MNHUKIC PCAaIbHOI'O ABUTATCIIA IIOBBIIIACTCA IIPpU IIPHUMCHCHHUHU

HaJlJ1yBa.
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10 IopuiHeBbIe KOMITPECCOPBI
10.1 O0mme cBeeHUA

Komnpeccopst — 5T0 MalllMHbI, IPEIHA3HAYCHHBIE JJISI IOBBILICHUS JaBJIe-
HUS ra3a JI0 3aJaHHbIX 3HAYCHHM, OOYCIIOBJIICHHBIX IPOU3BOJICTBOM, U IS
TPAHCIIOPTUPOBKH ra3a Ha 3a/IaHHbIE PACCTOSHHUSL.

Kommnpeccopbl npuBOASTCS B IEUCTBUE JIEKTPOJBUTATENSIMU, IBUTATEN -
MU BHYTPEHHETO CTOpaHHUsl, TYPOUHAMH.

[Io BemuuuMHE JOCTUTAEMOTO MAABJIEHUS KOMIIPECCOPBI JENATCA Ha
TPH TPYIIIIHL:

- BEHTWIATOPBI — anmnapaThl HU3Koro aasieHus c p < 0,115 Mlla;

- Ta30/IyBKHU — allnapaTsl cpeaHero gasieHus ¢ p < 0,45 Mlla;

- KOMITPECCOPBI — anmapaThl BBICOKOTO AaBieHus ¢ p > 0,45 Mlla.

[To ciocoOy MOBBIIIEHUS TaBIIEHUS KOMIIPECCOPHI PA3ACIISIOT Ha:

- obOvemmuble, B KOTOpbIX paboyee TeNO MOCTyHaeT B amnmnapar, TAe
CKMMAaeTcsi TopiiHeM  (TIOPIIHEBbIE  KOMIIPECCOPhI) WM  IUIACTUHAMU
(poTallMOHHBIE KOMIIPECCOPHI) 0 3aJaHHOIO JAaBJCHUS M BBITECHSETCA B Ha-
NOpHBIA TpyOoIpoBoA. OCOOEHHOCThIO OOBEMHBIX MAIIUH SIBJISCTCS MEPUOUY-
HOCTh WX pabodyero rmpoiiecca, OOyCIOBIEHHAs MEPUOIUIECKUM JIBIXKCHHEM
pabounx yacTei, HapuMep MOPIIHS;

- Jlonacmuule, paboTalOIKe M0 TUHAMUYECKOMY MPUHIUITY, B COOTBETCT-
BUU C KOTOPBIM pabodee Teslo Ha OBICTPOBPAIAIOIIMXCSA JIOTATKaX MPHOOpeTaeT
OOJIBIIYIO CKOPOCTb, CJIE€I0BATEIBHO, OOJBIIYI0 KHHETUYECKYIO SHEPTHI0, KOTO-
pasi mpeoOpazyercs B MOTECHIMAIBbHYIO dHEprut0 naBieHus. K momacTHeiM Ma-
IITUHAM OTHOCSTCSI IICHTPOOEKHBIE U OCEBBIE KOMIIPECCOPHI;

- cmpylHble, B KOTOPBIX pabouee Teno TOJIy4aeT JOMOJTHUTEIbHYIO
CKOPOCTh 3@ CUET CMEIIECHHS C TOTOKOM pa3orHaHHOrO B comule rasza. B
nuddy3zope KuUHETHYECKass DdSHeprus ImpeolOpazyercss B MOTEHIUAIBbHYIO
sHepruto napieHus. [1o 3ToMmy mpuHIMIY paboTalOT WHXKEKTOPHI, JIEBATOPHI,

9KEKTOPBI.
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HecMoTpst Ha pa3nuyHble KOHCTPYKIIMM KOMITPECCOPOB, C TOYKH
3peHUs TEPMOJWHAMHKH, B HHUX TMPOTEKAIOT OJAHM M TE€ K€ MPOIECCHI:
BITYCK Ta3a, €ro CXKaTHe, BBIMYCK.

3amadeil, KOTOPYIO pelIacT TePMOJIMHAMUKA, SIBISICTCS OINpEAeICHUE BUIA
mporiecca, Ipu KOTOpoM paboTa cxkaTtus (paborta mpuBoja) OyaeT MUHUMAJb-
HOii. TepMoauHaAMHIYeCKOe MCCeOBaHNE KOMIIPECCOPOB MPOIIe MPOBOAUTH Ha

IPUMEPE UOEATbHO20 NHOPUIHEB020 KOMNPeCccopa.
10.2 OnHoOCTynEeHYATBI HaealbHbIH KOMIIpeccop

ITpenmosaraercs, 4To B TAKOM KOMIIPECCOPE BCE IMPOLECCHI ABIISIOTCS PAB-
HOBECHBIMHU U 00pAaTUMBIMU, PAOOYUM TEJIOM CIYXUT UAcaIbHbIN ra3. Kpome
TOTO, B HEM OTCYTCTBYET TaK Ha3bIBAEMOE BPEIHOE IMPOCTPAHCTBO — MPOCTPAH-
CTBO MEXIYy KpBIIIKOW KOMIIpECCOpa M IOPIIHEM, HAXOIAIIMMCS B KpalHEM
BEPXHEM TOJIO)KEHUHU. B peanbHbIX KOMIIpECCOpax TaKO€ MPOCTPAHCTBO €CTh,
TaK Kak MOPIIEHb HE MOXET MOAXOJAUThH BIUIOTHYIO K KPBIIIKE KOMIIPECCOPA.
BpenHoe npocTpaHCcTBO yMEHBIIAET MPOU3BOIUTEIBHOCTh KOMIIPECCOPA.

Ha pucynke 10.1 n3o0paxeHsl cxema OJHOCTYNEHYATOTO KOMIIpeccopa U
IPOLECCHI, U3 KOTOPBIX CKIIaAbIBaeTCs padboTa KoMIipeccopa B P-V KoopAuHa-

Tax.

a) 0)
1 — BOycKHOM KJ1anaH; 2 — HarHeTaTeIbHbIN KJIanaH; 3 — Kopnyc; 4 — nmopiieHb
Pucynok 10.1 — OgHocTyneHYaThIi NOPIIHEBON KoMIIpeccop (a) u

nporiecc pabotsl B P-V koopauHatax (0)
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Ha pucynke 10.16 kpuBas 0—1 — 1o mporecc Bmycka raza. C TOUYKH
3peHUs] TEPMOJAMHAMUKH 3TOT IMPOIIECC MOXKHO paccMaTpuBaTh Kak m300ap-
HBIA TIpoliecC pacmmpeHus npu p;. Kpuas 1-2 — mporecc cxatus rasa B
KOMIIPECCOpPEe, MOXKET OBITh MOJIUTPOITHBIM, U30TEPMUICCKIM U aa0aTHBIM
nporieccoM. KpuBast 2-3 — mporecc BBIMycka Taza. TepMoanHaMuKka
paccMaTpuBaeT 3TOT MPOLIeCC Kak U300apHbIil MPoIIece CHKATHUS.

B sTux mporeccax coBepiaeTcsi paboTa o u3MeHeHHIo 00beMa Tasa,

KOTOpasi paCCYUTHIBACTCS TI0 YPABHEHUIO:
V2
l= f p dv
Vi
PaGota, 3aTpaunBaemas Ha mojgy4deHue |1 Kr c:KaToro rasa, pacCuuThIBAETCS

o ¢popmyie:
e =112 + p1V1—p2v2:f‘:’12pdv+ P1Vi—P2V2
2
Tak Kak (P1 V1 — P2 V2) = fl d(p V), TO

k= [ (-d(V) +pdv) = - [[vdp=1, (10.)

W3 popmyisr (10.1) cinemyer, uto paboTta, 3aTpayrBacMasi Ha IIPUBOJL KOM-
mpeccopa, YUCICHHO paBHA pacroyiaraeMoil padote mporiecca 1-2, u rpaduye-
CKHU nu300paxkaercs TJIOIABIO, PaCIOJIOKEHHOM MEXITY

JIMHUEH Tpoliecca U ocbo opauHat (pucyHok 10.2).
P

pz 2 2 2

v

1-2,— n3oTepMHuUecKuii mporiece; 1-2,, — moJMTPONHbIN mporecc; 1-2, — agua-
OaTHBIN Mporecc
Pucynox 10.2 — Ilporecc cxxaTus ra3a B TOPITHEBOM KOMITPECCOPE B

p-V xoopauHaTax
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[Tpu n30TEpMHUUECKOM MpOLIECCE yAEIbHAs padOTa IO CKATHIO rasa

L=qx=—P1 V1 ln::—l = — RTy ln% = —RT;Ina, (10.2)
2 1

rac ;\, — CTCIICHD ITOBBIINICHUA NAaBJICHHA.

HpI/I IMOJIUTPOITHOM IIPOUICCCC YACIIbHAA pa60Ta II0 CXKATHIO I'a3a
1

i =pyvy+ n_il (P1Vi-P2V2) - P2 Vo = - ﬁ RT;(An-1) (10.3)

[Tpu annabaTtHOM mpouecce ynenpHas padoTa o CKaTUIo raza
Kk k-1
.= -— RT, (A% - 1) (10.4)
k-1

Otu Gpopmyinbsl pabOThl OTYUYEHBI U1 KOMIIPECCOPa, HE UMEIOILEro Bpea-
HOTO npocTpaHcTBa. O HaKO 3TU (HOPMYJIbI CIIPABEUIUBBI U IJIs1 KOMIIpECCOpa ¢
BPEIHBIM TPOCTPAHCTBOM, IOCKOJIBKY, BO-TIEPBBIX, KOJUYECTBO pPaOOTHI BO
BPEIHOM IMIPOCTPAHCTBE MaJlo, a BO-BTOPBIX, pad0oTa paclIMpeHHs ra3a BO Bpe-

HOM TIPOCTPAHCTBE M pabOTa C)KATHS B HEM MMPAKTHUECKH OJMHAKOBEIE.
10.3 MHorocTtyneH4aTblii HaeajJbHbIH KOMIIpeccop

PaGoTy MHOTOCTYII€HYaTOTO KOMIIpEccopa pacCMOTPUM Ha IPUMEPE JABYX-
CTYNEHYaTOT0 KOMIIpeccopa JBOWHOTO JEWCTBUS, NPUHIUIIMAIIBHAS CcXeMa
KoTOoporo mu3zoopaxkeHa Ha pucynke 10.3. ['a3 ¢ qaBneHueM p; MocTymnaeT B Iep-

BYIO CTYIIEHb KOMIIpeccopa 1, Tae ra3 ckuMmaercss 40 MPOMEXYTOUYHOIO AaBile-

P2
HUA P = [—. 3areMm ras OpOXOAUT B XOJIOAUJIBHUK 2, OXJIaXKIaeTcs opu p =
P1

const. Bo BTopo#i cTyleHr KoMIpeccopa 3 ra3 CKMMaercsi 40 KOHEYHOTO JaB-
JICHUS P2, C KOTOPHIM OH MOCTYMAeT B HAKOMUTENb WIH K MOTpeduTento. B kax-
JIOM CTYNEHH KOMIIPECCOpa I'a3 MOXKET CKUMATHCA MOMEPEMEHHO MO 00€ CTOPO-
Hbl mopurHs. [{unuaap cHaOeH AByMsl BITYCKHBIMH KIIallaHaMH 4 W JIBYMsI
HarHeTaTeJbHBIMU (BBIMTYCKHBIMU) KJIallaHaAMU 5.

B MHOroctyneH4aTblXx KOMIIpECCOPAX MOCHE KaXJIOW CTYNEHH IIO-
JUTPOITHOTO CHKATHsI MPOBOAUTCS M300apHOE OXJIAXKIACHHE raza. ITUM JOCTUTa-

CTCA HpI/I6J'II/I)KCHI/IC IMOJUTPOIIHOTO IIpomecca CXaTusd K HM30TCPMHUUYCCKOMY H
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yYMEHBITIEHUE paOOThI HA IPUBOJI KOMITPECCOPA.

Tas3 /\
|

==
T

[

—

I

i
é—{

La
L

>

{
-1
HHIHHLﬁ

=

1 — mepBas cTyneHb KOMITpeccopa; 2 — XOJOMIBHUK; 3 — BTOpasi CTYIIEHb KOM-

al

3

Ipeccopa, 4 — BHYCKHOP'I KJIaIlaH, 5 — HarHeTaTeIBLHBIN KiallaH

Pucynox 10.3 — J[ByxcTyneHYaThIii TOPUTHEBON KOMITPECCOP

Ha rpaduke (pucynok 10.4) npuBeneHsl pabodne MpOIECChl TBYXCTYIICH-

9aToro KOMITpeccopa.

o .
pv = const
:
]
PAfpmmmmmmme 1
i
)
[}
|
1
i
F L e 1
]
1
:

Uy
Pucynok 10.4 — Ilporiecc cxaTus raza B OPIIHEBOM JIBYXCTYyIeHYa-

TOM KOMIIpeccope B P-V KoopIHHATaX

[TonuTpoIHbIN IIpoLecC CKAaTUs ra3a MPOUCXOIUT B | CTylIeHU KoMITpecco-
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pa (1-4). CxaTtblii ra3 nocTynaeT B XOJIOAWIbHUK, IJI€ OXJIAKIACTCS MPU p =
const 1o HavanpHOI TemmepaTypsl (A—B). IlonuTponHbIA NpoUecc cxKaTus rasa
Bo Il ctynenn kommnpeccopa nokazan kpuBoit (B—2,). Kpusas 1-2, — uzotepma
raza. [IpomexyTouHOE OXJIaKI€HUE ra3a yMEHbIIAET padOTy KOMIIpECCOpa.
Pacnipenenenue nepenaja aBIeHU MEXIYy CTYNEHSAMU JOJDKHO OBITh Ta-
KHM, 4TOOBI CyMMapHas padoTa LHKJIa KoMrnpeccopa Obula MUHUMAJIbHOM.
Jliia koMIpeccopa ¢ YMCIOM CTYIIEHEH M 3TOMY YCIIOBUIO OTBEUYAET BEJIU-

YHHAa IOBBIIICHUS JaBJICHUS Ha CTYIICHHU:
1/m

p'/p' = (p2/p), (10.5)
rae p', p"' — JaBlieHUE Ha BXOJIE U BbIX0oji€ CTyleHu. CTENeHb CoKaTus rasa
Ha CTYIEHU OJMHAKOBA JJIsl BCEX CTYNEHEH KoMIpeccopa.

C yBenuueHHEM YHnciia CTyNeHel cKaTus padoTa Ha MPUBOJI KOMIIpeccopa
yMmeHbInaetcs. OTHaKO BOIIPOC O BBIOOPE YMCIIA CTYIICHEH pelraeTcs Ha OCHOBE
HE CTOJIbBKO TEPMOJMHAMHYECKUX, CKOJBKO OOIIMX TEXHUYECKUX M TEXHHUKO-
PKOHOMHYECKHX COOOpaKEHUM.

Ecnu temneparypa rasa Ha BXOJ€ B K@Kyl CTYNEHb KOMIIpeccopa OJu-
HaKoOBa, TO paboTa raza B KaXKJI0M CTYNEHH MOJIUTPOITHOTO CXKATUSI ONPEACIISIeT-

Cs YpaBHCHUECM.

L=L=..=L,=(n/(n-1)p'Vv'((p"/p)"""-1) (106
[Tonnas yaensHas paboTa KOMIIpeccopa paBHa:
L.=ml,, (10.7)

r€ M — YUCJIO CTYIICHEN;
l,, — paboTa rasa B OZHO# CTyIICHH.

CTelneHb MOBBIILIECHUS JABICHUS B MHOTOCTYIIEHYATOM KOMIIPECCOPE Ay :

Me=A" (10.8)
JI1st IBYXCTYIIEHUATOTO KOMITPECCOpa CIPABEAJIMBO BEIPAKCHHE:
)Ll ).2 == & &
P1 PsB
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[Ipu OJIMHAKOBBIX 3HAUEHUIX AU PA=Pp: A = B2 (10.9)

Py
JlaBrieHuie B Hadasie cxaTus B | — CTYIICHH KOMITpeccopa U padouuii oobeM
| - CTyneHH:

Pi= P1 )vi_l; Vhi = V! At (10.10)
10.4 PeaabHblil KOMIIpeccop

B oTnHMuny OT HI€aJbHOTO peajbHbI KOMIIPECCOP UMEET 8peoHblli 00bem
Vyp, ABJICHUE IIPU HAIOJIHEHUU P1 M HATHETAHUU P, HE OCTAETCS MOCTOSHHBIM.

[TpumepHBIii UKIT peaJbHOTO KOMIIpeccopa npuBeaeH Ha pucyHke 10.5.

Pt 4
P> ~£ N2

P 1
! 4
EB:E < Li | o _,VL-—
BMT FHI"
=

=
I s .__#

=

=

HMT — nwxnss meptBas Touka; BMT — Bepxusisi mepTBas Touka; Vi, — pado-

Ui 006eM; V,, — BPEIHBIN 00bEM
> VBp

Pucynoxk 10.5 — [ukin peanbHOro Kommpeccopa

BpenHblii 06beM KoMIIpeccopa 00buHO cocTaBisieT Vi, = (0,04-0,10) Vi,
[TopuriHeBOM KOMITPECCOP COCTOUT U3 UWIMHAPA U nopuHs. [Io yucny Bca-
ChIBaHWM W HArHETAaHWUM HA OJIMH JBOMHOW XOJ IOPIIHS IMMOPIIHEBBIE KOMIIPEC-

COPBI JIEJSITCA Ha MAuiUHbl NPOCmoz20 U 080tiHo2o Oeticmeus. 1o dynciy cryme-
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HEH CKaTus MOPIIHEBbIE KOMIIPECCOPHI NOAPA3EISAIOT HA 0OHOCHYNeHYamuole U
MHO20CmYyneHyamaoie.

PaboTa 01lHOCTYNEHYATOr0 MOPIIHEBOTO KOMIIPECCOPA MPOCTOTO ICUCTBUS
(pucynok 10.5) mpoucxoauT CIeayOMMM 00pa3oM: C TIOMOIILI0 TIPUBOJIA TTOP-
HIeHb IPUXOAUT B IBMKEHUE, Ta3, HAXOASIIUICS BO BPEAHOM 00beMe IMIUHIIpa
10T TOPIIHEM paciiupsiercs (kpuBas 3-4), naBjieHHe ero magaeT (Touka 4),
OTKPBIBAETCS BIIYCKHOW KJIallaH ¥ ra3 MOCTymnaeT B muiuHap (kpuBas 4-1). Cxa-
THE Ta3a (kpuBas 1-2) MPOMCXOIMWT JIO 3aJaHHOTO JABJCHHS, C KOTOPHIM OH
Yyepe3 HarHeTaTebHbIN KIIanaH uaeT B TpyOompoBo (kpuBas 2-3).

B peanbHoM KoMITpeccope aelcTBuTeNbHas pabora |, Oymer Goibiine Teo-

peruueckoit pabotsl |, n3-3a moTeps, 00YCIOBICHHBIX TPCHUEM, YTCUKAMH rasa,
TEIJIONOTEPSIMU B OKPY’KAIOIIYIO CPENy, HaJMYMEM BPEIHOTO MPOCTPAHCTBA U
p.

DddexTuBHOCTh PabOTHI PEATHLHOIO KOMIIpECcopa OMpeaeseTcs: uzomep-
muneckum My U aouabamuvim N, KIIJ. Ot KIIJ] paBHEI OTHOLIEHUIO yaElb-

HOM TeopeTuyeckor paboThl, 3aTpaurMBacMoOil Ha MPUBOJ KOMIIpeccopa, K JeH-

CTBUTEJILHOU padoTe:
n, =L/ =L/, (10.11)
Bennuunsl I, U I, OPEICTABISIOT COOOW HEKOTOpPHIE YCIOBHBIE YHCIIA,
KOTOPBIE XapaKTEPU3YIOT CTENEHb MPUOIIKEHUsT paboThl PEalbHOTO KOMITpEC-

copa K paboTe TECOPETHYECKOI0 KOMIIpEccopa ¢ BBIOpaHHBIM ITPOIIECCOM CiKa-

THSL.

VaenpHas paboTa M30TEPMUYECKOTO cxkatus |, paccUnThIBAETCS MO ypas-
uenuto (10.2), a ynensHast pabota aguabaraoro cxarus |, mo dopmye (10.4).
Pa6ora |, MokeT OBITH OmpejeeHa MO pearbHON WHIANKATOPHON JHarpamMme
MaIIMHbI, KOTOpasi CHUMAETCS MPHU €ro padoTe ¢ MOMOIIbIO CIIEHUATBLHOTO MPH-
O0opa — uHAuKaropa. B 3aBucumoctu oT THHa kommpeccopa BenuuuHa KIIJI
konebnercs B npenenax N = 0,6...0,8,a n, =0,75...0,92.

Kpome Toro peanbHbIil KOMIpeccop xapakrepusyercs oobemubiM KITJT:
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Nos = (V1— Vi)/Vy, (10.12)
HpI/I OJMHAKOBBIX 3HAYCHUAX IIOKA3aTCJIA HOHI/ITPOHBI cXXaTtuda u paCH_II/Ipe—

HUA.

V4 - VBp ;\‘ 1/n

C y4eToM 0003HAUEHUS OMHOCUMENbHO20 8pedH020 obbema a = Vg, [V,

BeIpakeHue st oobemuoro KII/] mpumer Bua:
1/
Ns=1-a(h""—1) (10.13)
Luxnosasn nodaua 2aza B KOMIPECCOP OINPENEIAETCS BhIPAXKEHUEM:

P P
My= (Mg-Mg)= (V1= Va) 77-=Tos Vh gy, (10.19)

3
Ilpouzeooumenvrocms Komnpeccopa paznuyaroT oovemuyo (M°/4) U mac-

cogyto (Kr/4), KOTOpBIE ONPENEISIOTCS U3 BEIPAKCHUN:
V =60 i nVy nug10°; G=60inM, (10.15)
rae | — 4uciIo MUITHHPOB;
N — 4acTOTa BPAILCHUS Baja, MAH
Mowmnocms N, 3aTpauriBaeMasi BHyTpH KOpITyca KOMIIpEccopa MpH ero
IPOU3BOAUTEIHOCTH V, M°/C, M IUIOTHOCTH Ta3a Ha BXOIE Py HAXOMHTCS II0
dbopmynam:
N=VpLL/na u N=Vp l,/n, (10.16)
MomHOCTh Ha Baly KOMIIpEccopa C Y4eTOM IOTeph Ha TPECHHE Ha-
XOJIUTCS TIO (hopMyJIe:

Ne = N/ Qyex: (10.17)
r1e Nyex — Mexannueckut KIT/1, Nyex = 0,85...0,99.

11 Ilnkabl Ta30TYPOMHHBIX ABUTaTeIeH U MAapPOCUJIOBBIX yCTAa-

HOBOK

11.1 Hukasl ra3oTypounHbIX Apuraresaei (I'T)

PaCCMOTpI/IM TepMOI[I/IHaMI/I‘—IeCKI/Iﬁ OUKJI OAHOI0 U3 IICPCIICKTUBHBIX JIBU-
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raTesieil BHyTPEHHETO CrOpaHusl — 2a3080i mypounsl. JlaHHBIA ABUTATENH 00-
JajaeT BHICOKUM TEPMUYECKUM KO3 (UIIMEHTOM MOJIE3HOTO ACHCTBUSA U 00Jia-
JTaeT BO3MOKHOCTBIO COCPEAOTOUUTH OOJBIIYI0O MOIIHOCTh B MaJIOTa0apUTHBIX
YCTaHOBKAaX.

["a30BbIe TypOMHBI MPUMEHSIOTCS B aBUAIMM, B CYJOBBIX YCTaHOBKaX, Ha
YKEJIE3HOIOPOKHOM TPAHCIIOPTE, B SJHEPTETUKE U JIP.

["a3oBbie TypOUHBI, KaK ¥ MOPIIHEBBIC JIBUTATEIU BHYTPEHHETO CrOpaHus,
MOJIPA3JIEISAIOTCS MO CIOCO0Y CrOpaHMsl TOILJIUBA:

- Ta30BbI€ TYPOUHBI CO CTOpaHUEM IpH p = CONSt;

- Ta30BbI€ TYPOUHBI CO CrOpaHUeM Tipu V = CONSt.

[Ipocreiimas cxema ognoBansHoro I'T/] npuBeaena Ha pucynke 11.1.

K — kommnpeccop; KC — kamepa cropanusi, I'T — razoBas typOuna, P — nonu-
YKAIOLIAN PETYKTOP

Pucynox 11.1 — Cxema 0IHOBaJIbHOTO Ta30TYPOMHHOTO JIBUTATENS

PaccmoTpum paboTy (1K) ra30TypOMHHON YCTaHOBKH CO CTOpaHUEM TO-
UIMBa npu nocmosunom oasnenuu (yuxn bpatimona). [TpuHIMT pabOThI 3aKITHO-
YyaeTcs B CIEAYIOLIEM: CXKaThli BO3AYyX M TOIUIMBO IOCJE KOMIIpeccopa MOJ
JIaBJICHUEM TOJIal0TCS B KaMepy CrOpaHMsl, T/Ie CTOpaHHe TOILJIMBA MPOUCXOIUT
npu p = const. [IpoaykTel cropanus, paciIupssiCh B COIUIaX, MOMAAA0T Ha JIO-
naTku TypOWHBI, Tpou3BoAsS PaboTy, U BeIOpacwkiBatoTcs B atmocdepy. Ochb
TypOUHBI COEIMHEHA C TOTPEOUTEIEM SHEPTUHU.

[Ipenmonaraercs, 4To KOJIUYECTBO pabovero Tejaa B LIUKIIE COXPaHIETCs

MOCTOSTHHBIM; BBIXOJ OTPaOOTaBIIMX Tra3oB B aTMocdepy 3aMEHSIETCS H30-
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OapHBIM IMPOLIECCOM C OTBOJOM TEIUIA K XOJOJAHOMY MCTOYHHKY; TEIUIOTa ()
NOJIBOAMUTCA K paboueMy Tely M3BHE, Yepe3 CTEHKU KOpITyca YCTaHOBKH; pa-
004YUM TEJOM TYypOHMHBI SBJSIETCS Ta3 HEU3MEHHOTO cocTaBa (IMPOIYKTHI CTO-
paHusi), KOJUYECTBO KOTOPOIO B LHKIIE COXPAHSETCS MOCTOSHHBIM. Takum
o0pa3oM, paccMaTpUBAETCS UI€ATTM3UPOBAHHBIN IIUKJI, KOTOPBINA MpecTaBieH

B p-V u T-S auarpammax Ha pucyHke 11.2.
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Pucynok 11.2 — I{ukin ra3oTypOMHHONW YCTAaHOBKU CO CTOPaHUEM TOILJIUBA
NP TIOCTOSIHHOM JaBJICHUU MPH U30TEPMUYECKOM CxkaT (1-2)

(umka BpaiiTona)
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Pucynox 11.3 — I{ukin ra3oTypOMHHON YCTAaHOBKU CO CTOPaHUEM TOILJIMBA

MIPHU TIOCTOSTHHOM JIABJICHUH TPY aabaTHOM CKaTHH (2 — C)
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[Mukn bpaiitona (pucynok 11.2) pabortaer ciemyronum odpazom. OT Ha-
Y4aJbHOTO COCTOSTHMS (Touka 1) ¢ mapamerpamu p; Vi T (maBieHue, O1mM3K0e K
aTMoc(epHOMYy) aTMOC(hEpHBI BO3AyX B KOMIIPECCOPE CHUMAETCS U30TEPMU-
YyeckH (Touka 2) 0 mapaMeTpoB Pz, Vo, 1 TIpU 3TOM NPOU3BOAUTCA paboTa
ckaTus Bo3znyxa (pabouero tena). [Ipoiecc cxarus 1-2 B koMIpeccope MOKET
ObITh aauabaTHBIM, U30TEPMUUYECKUM WM ToJuTponHbiM. [lo m3obape 2-3 k
paboueMy Teily MOABOJUTCS TEIIOTa (MPOILIECC COOTBETCTBYET CrOPAHMIO TOTI-
JuBa B Kamepe cropanusi). Jlanee padoudee Teno (B JEHCTBUTEILHOCTH BO3YX U
MPOJYKTHI CrOpaHusi) aAnabaTHO PACIIUPSETCS B COILUIOBOM armnapare TypOWHBI
U otnaer pabory TypobunHoMmy kosecy (3—4). BoiOpoc oTpaboTaHHBIX Ta30B
TypOMHBI OCYLIECTBIIsSIETCS MO HU300apHOMy mnporeccy 4—1. Tak kak TypOuHa
SBJIIETCS] MAIIMHOW HEMPEPHIBHOTO JCHCTBUA (B YCTAaHOBUBIIEMCS, CTAI[MOHAP-
HOM, peXuMme paboThl MapaMeTpbl paboyero Tejla HEU3MEHHBI BO BPEMEHH),
JTaBJICHUE OTPAOOTAHHBIX Ta30B Ha BBIXOJE U3 TYpOUHBI BCETa MOCTOSIHHO (Pg =
const) u 61M3K0 K aTMOC(epHOMY.

Onpenenum Tepmuueckuid KIIJ[ nukma ra3oTypOMHHON yCTaHOBKH (I10-
MPEXKHEMY CUMTaeM padoydee TeNo UJIeaTbHBIM Ta30M).

B »TOM ciydae Tersiora ot pabodero Tena K X0JI0JHOMY UCTOYHUKY OyaeT
OTBOAWTHCS W B M300apHOM Tmpouecce 4—1 (twiomanp b-1-4-c-b Ha pucyHke
11.26) u B u30TEepMUIECKOM mporiecce cxxatus 1-2 (miomians a-2-1-b-a).

OO611ee KOJIMYECTBO TeIjIa, OTBOJIMMOTO B M300apHOM mporiecce 4—1 u npu

nu30TepMUYecKoM mnporecce 1-2 (pucynok 11.2), cocraBur:
J2 = ¢, (T4—T1) + RTy lng—z
1

[Ipu ycnoBuu mpoTekaHus aauabaTHOrO mporecca 1—2 Termooraadya OT-
cyrcTByeT (pucyHok 11.3), Tora KOJIM4ecTBO OTBOJAUMOTO TEIIa COCTABHT:
02 = ¢, (T4—Ty)
KonuuecTBo TemiaoThl, MOJABEICHHOE K pabodeMy Teny B HM300apHOM

nporecce 2—3 (tutomanp a-2-3-c-a, pucyHok 11.2), coctaBur:

01 =¢p (T3—T))
o8



[ToncraBinsist BeipaxkeHus: (; v ¢, B Beipaxkenue aisa KIIJ (6.2) npu ycio-
BUU U30TEPMUYECKOTO Tporiecca 1—2 momyqum:
cp(T4 - T1) + RTy In2

— _ P1
ne=1 o T3 (11.1)

[Ipu ycnoBuu aanadbaruyeckoro mnpoiecca 1-2:
(11.2)

Pacuer KITJ{ I'T/:
a) npu yciosuu usomepmuieckozo npoyecca 1-2

BripakeHus: TEMIIEPATYP B XaPAKTEPHBIX TOYKAX LUKIA KMEIOT BUL:
Ty=Ty; Ta= T2 (Va/Vo) = To p= Ty p; Ta= Ta(pay p3) ™ =T, p/a® V¥
rae p = V3/V, _ crenens npeiBapuTeIHOr0 pacupeHus;
L = T, = P3/ P4 — CTeNeHb MOHMXEHUS NaBleHus B TypOune (6e3 ydyera

THAPABIMYCCKUX IIOTCPh BCJIIMYMHA 7T, paBHA CTCIICHU ITOBBIMICHUA NAaBJICHUA B

KOMIIpeccope T, = Poy P1).

Torma, yuauTeIBas MONyYEHHbIE BhIpaskeHus it T, pa3ieiuB B BRIPaKCHUN
(11.1) npo6s nHa ¢,T; u yuursBas, 4ro (¢, — ¢,)/c, = R/e, = (K-1)/K momyanm
BbIpaxkeHue s KIT/:

P2

Ta k-1, P2 _ k-1

n=1- T =1- _
ﬁ-n p-1

(11.3)

0) npu ycrosuu aouabamuozo cocamusi npoyecca 1-2

BripaxxeHust teMnepaTtyp B XapaKTEPHBIX TOUKAX [UKJIA UMEIOT BUL:

To=Ti (P pr) P =Toa Y Ta=T, (Va/Vy) = Toa" p;
T4=Ts(py p3)(k'1)/k =Tip

Torz[a, YUUTBIBAA MOJIYYCHHBIC BBIPAKCHUA IJIA Tu pas3aciivB B BbIPaXKe-

Huu (11.2) qpo6s Ha T nomyunm Beipaxenue s KIT:

Tq

_ Yo 1

Ne=1-m =1 G
T Tq

(11.4)
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Kak Bunno u3 ypaBHenus (11.3), KI1/l 3aBucUT Kak OT CTENEHH MPEIBAPH-
TEJIBHOTO PACIIUPEHHUS P, TAK U OT CTETECHU TOBBIIICHUS JaBICHUS B KOMIIpEC-
Cope T B MPOIECC CXKATHSI TIPU W30TepMUIecKoM mporiecce 1-2. U3 ypaBHeHus
(11.4), KII/I 3aBUCHT OT CTENECHU TOBBIINICHUS TABJICHHUS B KOMIIPECCOPE T B
nporecc cxartus npu aauabatHoMm mpouecce 1-2. IIpu stom KIIJ Bo BTOpom

ciydae OyZEeT BBILIE.
11.2 Hukasl napocwioBbIX yecTaHoBOK (IICY)

[TapocusioBble YCTaHOBKM MMEIOT PsiJi OCOOEHHOCTEH pabOThl U MpEeuMy-
HIECTB, CYIIECTBEHHO OTIUYAIONIMXCS MX OT TEIUIOCHJIOBBIX YCTaHOBOK C Ta-
3000pa3HbIM Pa0OYUM TEJIOM, U OHU B OCHOBHOM HUCIOJIB3YIOTCSI B COBPEMEHHOM
CTallMOHApHOM TeruiodHepreTuke. Haubonee pacnpocTpaHeHHBIM pabOdYUM
TEJIOM TEIJIOCWIOBBIX MAapPOBBIX IMKJIOB SBISETCS BOJSHOW TMap, OCHOBHBIC
CBOMCTBA M COCTOSIHUSI KOTOPOTO OBLIA pacCMOTpEHHI B pazzeine 7.2. PazpaboT-
YUKW TEIUIOBBIX JBUTATENIed CTpeMATcs co3aaTh ux Oosiee 3P GHEeKTUBHBIMHU.
[Ipenen coBepiieHCTBOBaHUSA (C TOUKHU 3PEHUS] TEPMOJUHAMUKHN ) 3aKJIFOYAETCS B
NPUOJIMKEHUHU IUKJIAa peaJbHOM TEIJIOCHIIOBOM ycTaHOBKM K nukiny Kapuo. B
cily4ae MOTOKa BEIIeCTBa TEXHUYECKH Hanboliee MPOCTO OCYIIECTBUMBIM IPO-
[[ECCOM MOJIBOJIa WJIM OTBOJIA TEIUIOTHI SBJISIETCS M300apHBIM mporiecc. Panee
(paznensl 7.2, 7.3) o0cyx)aa10Ch, YTO TIpH (Pa30BOM IEPEX0/Ie YUCTOTO BEIIECT-
Ba M3 JKUJKOTO B ra3z000pa3HOE COCTOSIHUE, BHYTpH JBYyx(a3HOU o00sacTu
(BaxxHBIN Map), n300apbl COBIANAIOT ¢ U30TEPMaMH (OCYIIIECTBISICTCS U300ap-
HO-M30TepMUYECKHI mporecc). Ha mpakTuke JIerko OCYIECTBUTH M300apHBIiA
MPOIIECC MOBOA TEIJIOTHI K BIAXKHOMY Mapy (mapooOpa3oBaHue) U U300apHBIi
MPOIIECC OTBOAA TEIUIOTHI OT BIAXHOTO Mapa (KOHJEHcalus), KOTOPbIE OJHO-
BPEMEHHO €Ill¢ SIBJISIOTCA H30TEPMHUECKUMH IMpoleccamu. TakuM oOpaszom,
UCIIOJB3Ys BJIQXHBIM Map B KadecTBE pabouero Teia M OCYIIECTBIISS IIUKI,
COCTOSIIUHN W3 IBYX aanadar u IByX u300ap (KOTOPBIE B TO K€ BpEeMs SIBIISIOTCS
H30TepMaMu), nojyuum 1uki KapHo.

Paccmotpum paboTy TEmIocuioBOW yCTaHOBKH, B KOTOPOM OCYIIECTBIIS-
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ercs ki1 KapHo Ha BnaxkaHom mape (pucyHok 11.4).

B mapoBon koten | moctynaer BiaaXXHbIM BOJSHOW IIap MAJIOM CTENEHU CY-
XOCTH X. B Tomke KoTJIa 3a cueT cropaHus TOILIMBA K I1apy MOABOJIUTCS TEILIO-
Ta, B pE3yJIbTaTe€ CTENEHb CyXOCTH Napa MOBBIIIAETCS 10 3HAYEHUH, OJU3KUX K
enunauie. [Iponecc moaBoaa TEMIOTH OCYIIECTBISIETCS MPU NOCTOSHHOM JIaB-

JeHuu p; u temmneparype Ti.

Pucynok 11.4 — Cxema napoBoii TEIIIOCUIIOBOM YCTaHOBKHU

W3 koTna map nmoctynaeT B mapoByro TypOuny 2. [Ipu pacumpenun B Typ-
OMHE MOTOK IMapa NpUoOpeTaeT 3HAUUTENbHYI0 KHHETUUECKYIO SHEPTHUI0, KOTO-
pas Ha JionaTkax pabodero koseca TypOWHBI MPEBPAIAETCS B KUHETUYECKYIO
HHEPrUI0 BpAILEHUsA paboyero Kojeca, a 3aTeM B JIEKTPOIHEPTUIO C MOMOILBIO
3JIEKTporeHeparopa 3, BpaliaeMoro TypOuHoil.

Ha BbIxoze U3 TypOMHBI BIQXHBIA MMap UMEET JABJICHHE Pz, U COOTBETCT-
BYIOLLYIO 3TOMY JaBJICHUIO TeMIlepaTypy Hackienus T,. [lanee nap nocrynaer
B KOHJIEHCATOp (TErI0O0OOMEHHHUK) 4, B KOTOPOM C TOMOIIBIO OXJIaXarolei
BOJbI KOHAEHCUpPYETCs (MpU MOCTOSHHOM JIABJICHHUH), YMEHBIIAs CBOIO CTENECHb
CYXOCTH.

[Tocne KoHIeHCaTOpa BIAXKHBIN Map (CO CTENEHbIO CyXOCTH, OJIM3KOM K HY-
JII0) TOCTYIIaeT B KOMIIPECCOP 5, B KOTOPOM aauadbaTHO CxKuUMaeTcs (yBeIUdu-
Bas BJIAKHOCTH Iapa) 0 JABJEHUS P; U OCTYNAET B KOTEN 1, 3aMbIKast LIUKI.

Onucanublii mapocuioBoid nukia KapHo mpencraBieH B p-V U B T-S-

Juarpammax Ha pucyHke 11.5.
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Pucynok 11.5 — [ukn KapHo Ha BnaxHOM nape

[TogBom TETUIOTHI (; K Mapy OCYIIECTBIsETCS MO M3o00ape-u3orepme 4—1,
MPOIIECC PacUIMPEHUs B MapoBOM TypOuHe — o aguadare 1-2, 0TBOJ TEIJIOTHI B
KOHJIEHCATOpe — MO0 M300ape-u3oTepme 2—3, cxaTue napa B KOMIIPECCOpPE — IO
annabare 3—4. OTBOJ TEIJIOTHI B KOHJIEHCATOpPE JOJKEH OCYIIECTBISITHCS IO
TEX MOp, MOKa BJIAXHBIM Map HE JOCTUTHET COCTOSHUSI, OMPENENIeMOro cie-
JYIOLIMM YCJIOBHEM: MIPU CXKATHU MO aguadaTe OT COCTOSHUA 3 ¢ JAaBJICHUEM P;
J0 JaBICHUS P) KOHEYHOE COCTOSHHE PabOodYero Teja He JOJKHO OKas3aThes 3a
npejenamMu 00J1aCTH HACHIILICHHUS.

Tepmudeckuit K.m.j. obparumoro nukiaa KapHo, oCyIIECTBIsIEMOTO BO

BJIQKHOM TIape, onpeneiseTcs ypaBHenueM (6.2) u (6.7):
Ty -Ty 1 T,
T T,

[Ipy mpakTUYECKOM OCYIIECTBIEHUH PACCMOTPEHHOTO IMKJIA BOSHUKAIOT
psAa TpoOIeM: UMEIOTCST HeoOpaTHUMBIE MOTEPH B aauadaTHYECKUX TPOIeccax
pacCIIMpPEHUsT M CXKATHUS; BIAKHBIN Map (Karmid BOJBI) OTPUIIATEIHHO BO3ICH-
CTBYEeT Ha JIOMaTKW TypOWHBI (paspyllaeT WX); KOMIpeccop TpeOyeT 3Hadu-
TEJIBHBIX 3aTpaT Ha C)KATHE BIIAXKHOTO Tapa (HEOOXOIUM TPOMO3JIKHH KOM-
rpeccop).

YacTh MEpeUnCICHHBIX HEJOCTATKOB MOXKET OBITh YCTpaHEHA, €CIIM OTBO/I

TCIIJIOTBI OT BJAXKHOTO IIapa B KOHACHCATOPE MPOU3BOAUTL JO0 TCX IIOP, IMOKA

BCCh IIap NOJHOCTBIO HC CKOHJICHCHUPYCTCHI. B stom CJIydqac CXKaTUIO OT OaBJIC-
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HUS P, 10 JABICHUS p; TOMJIEKHUT HE BIAKHBIA Map MaJol TIOTHOCTH (OOJb-
UM yJIeTbHBIM 00BEMOM), a BOJIa. B CBsI31 ¢ MajbIM yAEIbHBIM 0OHEMOM BO/IBI
U MPEHEOPEKUMO MO CKUMAEMOCTBIO (M0 CPABHEHHUIO C BIIAYKHBIM IApOM)
TSl ee TiepeMellieHnst u3 KoujeHcaropa 4 B koten 1 (pucynok 11.4) ¢ onHoBpe-
MEHHBIM TIOBBIIICHUEM JABJIECHUS MPUMEHSIOTCS HE KOMIIpECCOp S5, a Hacoc,
KOMITaKTHOE, MPOCTOE ¥ SKOHOMUYHOE (IMOTPeOIIIoIIee Majao SHEPTUH M0 CpaB-
HEHUIO C KOMIPECCOPOM) YCTPOUCTRBO.

Takoit rukit B 50-x rr. XIX B. ObUI IpeasIOKeH MIOTIAHACKUM HHKCHEPOM
PeHKMHBIM, KOTOPBII BIIOCIEACTBUU OBUT Ha3BaH €ro uMeHeM. [ yBemudeHus
tepmuueckoro KIIJ[ yuxra Penxuna NpUMEHSIOT MEPErPEB Mapa B Iaporepe-
rpeBaTere.

Ha puc.11.6 mpuBenena cxema yCTaHOBKHM padoTarollas ¢ neperpeBoM ma-

Pa U MHUKJI Penkuna c INECPerpCThbiM I1apOM B T-5 AuarpamMmmc.

Pucynox 11.6 — Cxema mapocuioBoi ycTaHoBKY (a) u nuki PeHkrHa Ha

neperperoM mnape (0)

Temora ; k pabouemy teny B mnapoBoMm komie (IIK) (pucynox 11.6a)
HOABOAMTCS NPH P; = CONSt B mponeccax 4—5 (IOZOTPeB BOABI 10 TEMIIEPATYPBI
KHIeHus), 5—6 (mapooOpaszoBanue), 6—1 (meperpeB mapa) (pucynok 11.60).
[TeperpeB mapa mnpoucxoaut B mnaponeperpesatene (IIII). Ileperpersiii map
nocTymnaer B napoByto Typouny (T) u pacmmpsierca Tam no anuabare 1-2 1o
JaBJICHUS Pp, COBEpIIAs TEXHUUECKYIO paboTy l,, KOTOpas mepemaercs Ha
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anekrpudeckuii reneparop (31). OrpaboTaBimunii B TypOuHE map MOCTyMaeT B
kouaeHcatop (K), roe xomaeHcupyercs mo mM300apHO-U30TEPMUUYECKOMY TIPO-
neccy 2—3, oTnaBasi TEIUIOTY KOHJEHCAIMK (] XOJIOAHOMY HCTOYHHKY (OXJIaXkK-
naromiet Bojge). Konmencar 3abupaercs Hacocom (H) m momaercst B mapoBoif
KOTEJ, MOBBIIIAs JABJICHUE BOJBI 10 P; MPAKTUYECKU MPU MOCTOSIHHOM YIETb-
HOM 00beMe 3—4 (Hec:)kuMaemasi KUAKOCTh). 3aTpauynBaeMas Ha MPUBOJ Hacoca
MOIITHOCTh HUYTOXKHA TI0 CPABHEHHIO C MOITHOCTHIO TypOMHBI. [logorpeB BoIbI
B 1300apHOM TIporiecce 4—5 oCyIecTBIseTCS B dKoHOMai3epe. Takum oOpa3om,
IIUKJI 3aMbIKaeTcs. HauanpHbICe M KOHEUHBIE TOYKH Tporiecca Ha pucynke 11.60,
pacroJiararoTcsi Ha COOTBETCTBYIOIIUX YYaCTKaX CXEMBbI MapOCHIOBON YCTaHOB-
ku (pucyHok 11.6a).

KonuuecTBo TEmaoThl, MOABEACHHON K pabodyeMy Tely B LHKIE (], IK-
BUBAJICHTHO Iuiomaau (pucynok 11.60) a-4-5-6-1-b-a. Termora, oTBOmMMas B
UKJIEe (p, DKBUBAJICHTHA IUIOmaAn a-3-2-b-a, a pabora mukia — mwiomanu 3-4-
5-6-1-2-3.

[TockompKy MpOIECCH MOABOAA W OTBOJAA TEIUIOTH B ITMKIIe PeHKMHA OCy-
HISCTBIISIIOTCA 10 HM300apaM, a B HW300apHOM IIPOIIECCE€ KOJIUYECTBO IO/
BEJICHHOU (OTBEJICHHOMW) TEIMJIOTHl PAaBHO PAa3HOCTH DHTAIBIUNA pabouero tena B
HayaJie ¥ KOHIIE MpoIllecca, TO MOKHO HAUCaTh:

qi=h-hs n ga=hy-hg (11.5)
rae Ny — saTansnus neperperoro napa Ha BeIX0J€ M3 KOT/A (IPU JaBICHUH
p1 v Temneparype Ty);
h, — sHTanENMs Bo#B! HA BXOZE B KOTEN, T.€. HAa BBIXOJE M3 Hacoca (IpH
JaBJICHUH Py ¥ Temiieparype Ty );
h,— sHTaneENMs BnaskHOrO Mapa Ha BBIXOJE U3 TYPOUHBI, T.€. HA BXOJIE B
KOHJIeHcaTop (TP IaBJICHUU P, U CTEIICHH CYXOCTH Xp);
N3— sHTanENMA BomBI HA BEIXOJE U3 KOHAEHCATOPA, T. €. HA BXOJE Ha-
coca (oHa paBHa PHTAJIBIIMK BOJBI Ha JIMHUM HachlieHus N3 = h, mpu Temmnepa-
Type HachieHus T, 0HO3HAYHO OMpEAeAEMON TaBICHUEM Py).
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C yuetom cootHomenu#t (11.5) u3 obmiero ypaBHeHUs Uil TEPMUUECKOTO
K.IL.JA. HuKJa (6.2) IpUMEHUTENBHO K 00paTuMoMy UKy PeHKHA momydnm:

_ (h1—hy)-(hz-h3)
hi—hy

(11.6)

YPaBHCHI/Ie MOKHO 3aIIMCaThb B BHJIC:

_ (h1—h3)-(hs-h3)
hi—hy

(11.7)

Pasnocts Nj — N, npencrapnser coboif pacnonaraeMelii nepenas SHTAIb-
UM, [IPEeBpaIlaeMblii B KHHETHYECKYIO DHEPTHUIO MOTOKa (pacnojaraemyto pabdo-
Ty) U 3aTeM B paboTy B Typ6usne. Pasnocts sutansmuii (N, - N3) — 910 Texuuue-
ckasg pabora Hacoca. Takum 00pa3oM, MPOU3BOAUMYIO PabOTy B LUKIIE MOXKHO
paccMaTpuBaTh Kak pasHOCTh Pa0OTHI, MOJNy4YeHHON B TypOuHE, U paboThI, 3a-
TpadyrBaE€MOM Ha MPUBOJI HACOCA.

[Ipy HEBBICOKMX IABIEHUSAX paOOTOM MUTATEIBHOIO HACOCAa MOYKHO Mpe-
Heopeus (T.e. N, = N3), Torna ypasuenne (11.7) 6yxer:

__ hi—hy
v (11.8)

VYpaBuenus (11.7) nnum (11.8) mo3BosisitoT ¢ moMoIIbIo h- S guarpaMMel Witk
Ta0NHI TEPMOJMHAMHYECKUX CBOMCTB BOJbl U BOJASHOTO Mapa OMNPEIETUTh
tepmudeckuii KIIJ[ oOGpatumoro mukina PeHkuHa 1O 3HAYEHUSM Ha4yalbHBIX
napameTpoB napa (T.e. mapamMeTpoB Mapa Ha BXoJe B TypOuHy) nipu pp u T; u

JABJICHUU TIapa B KOHIEHCATOPE Pa.

12 Ilnkabl X0J0AUJIBLHBIX YCTAHOBOK

M cKyCCTBEHHOE OXJIAKJICHHE IIUPOKO NMPUMEHSETCS B PA3JIUYHBIX OTpac-
JX TIPOU3BOACTBA, HANIPUMED Ui XPAHEHUS IUILEBBIX IIPOLYKTOB, 3aMOPAKHU-
BaHUs (DPYKTOB, MPU KOHAUIIMOHMPOBAHUU BO3yXa, CYOIMMAIMOHHOW CYIIIKE
BEILIECTB, B ITPOLIECCAX KPUCTAIIIU3ALUY, PA3AETIEHUS ra30B U Ip.

Xonoounvuvimu ycmano@Kamu HA3BIBAIOTCS YCTPOWCTBA, IpPEaHA3-
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HAaYEeHHbIE JUIS TOHMXKEHHSI TEMIEpaTypbl Tejla HWXKE TeMIepaTypbl OK-
pyKarolmen Ccpeabl W HENPEPBIBHOTO MOAJIEPXKAHUA 3aJaHHOM  HU3KOU
Temneparypbl. PaboyuMm TeNOM XOJOIMIBHOM YCTaHOBKH, OTOMPAOIIUM
TEIUIOTY U3 OKPY>KAIOUIEH Cpeabl, SIBISIOTCA XOJOAUIIbHbBIE areHThI (XJIaJ0areH-
ThI), B KAYECTBE KOTOPHIX UCIOJIB3YIOT aMMHUaK, (PPEOHBI, TEIUH U JIp.

[Tony4yeHne HU3KUX TEMIEPATYP B XOJOAWIBHBIX YCTAHOBKAX IPOUCXOIUT
[0 IUKIIy, B KOTOPOM OTOOp TEIJIOTHl OT HCTOYHUKA C HU3KON TEMIIepaTypoil u
IIEPEHOC €€ K HMCTOYHUKY C 00Jee BBICOKOHM TemIepaTypou, COMPOBOXKIAETCS
KOMIIEHCUPYIOIIMM IPOLIECCOM — IOJBOJIOM 3HEPIHMM (MEXaHMYECKOH, TEIio-
BOM U Jp.).

Haubosiee SKOHOMUYHBIM MO 3aTpaTam »>SHEpPruu SBISETCA 00pat-
Heli nukin  KapHo. [uMKnbl peanbHBIX XOJOIWUJIBHBIX YCTAHOBOK B TOM
WJIM MHOM Mepe MPUOIHMKAIOTCS K BEIMYUHE €r0 XOJOIUIBHOTO KO3 puureHTa,
XapakTepu3yromero 3pHeKTUBHOCTh padOThI LUKIIA.

[Io Buay NOpUMEHSIEMBIX XJIQJOAr€HTOB XOJIOJWIBHBIE YCTaHOBKH
JETAT Ha 2a306ble (B TOM YHCIE 8030YUiHble), B KOTOPHIX XJIaJ0ar€HTOM CIIYKHT
ra3, HapuMmep BO3AYX, U naposvle, B KOTOPBIX B KAUECTBE XJ1a10areHTa UCIIOJIb-
3YIOTCSl ITApbl Pa3IMYHBIX HU3KOKHUILAIIMX BelecTB. [IpenMyniecTBoM napoBbIX
XOJIOAWJIBHBIX YCTAHOBOK SIBJIIETCS TO, 4YTO TNOJABOJ W OTBOJ TEIJIOTHI,
OCYLIECTBJISIOTCS B U30TEPMHUUYECKUX YCIOBHSIX.

[TapoBble  XOJOIWIBHBIE YCTAHOBKM OBIBAIOT  NAPOKOMHPECCOPHUIE,

abcopoOyUOHHbBLE U NAPOINCEKMOPHDbIE.
12.1 Bo3ayumHble X0J10AWJIbHbIE YCTAHOBKH

B BO3myHIHBIX XOJOAWIBHBIX YCTAaHOBKAaxX B KauecTBE pabOYero Tena uc-
NOJIB3YETCSl BO3/YyX, NIEpeada TEIUIOThl OT «XOJOJHOT0» MCTOYHHKA «ropsye-
My» OCYILIECTBIISIETCS 32 CUeT 3aTparbl padoThl. CxeMa BO3AYIIHOM XOIOIUIb-

HOM ycraHoBkM (BXY) u mpomecchl LMKIa TpUBENEHb Ha pHUCYyHKe 1
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1 — xonoanbHas Kamepa; 2 — KOMIIpeccop; 3 — TeMI00OMEHHHK; 4 — paclIupH-
TEIbHBIN LHJIMHAP (IeTaHAep)
Pucynok 12.1 — Cxema BO31yIIHON XOJOAUIBHON YCTaHOBKH

u ee 1ukIiI B p-V u T-S nuarpammax

XOoJIONHBIH BO3AYX CokuMaeTcs (Tmporiecc 1-2) B kommpeccope 2 ¢ HOBBI-
HIeHHEeM TeMrepatypsl 10 T, oT naBieHus p; 10 AaBieHUS P,. [Ipu sTom Temme-
patypa T,>T3 — Temneparypbl «ropsuero» MCTOYHUKA HarpeBaemou cpennl. B
TEII000MEHHUKE 3 TIpU U300apHOM Tporiecce 2—3 MPOUCXOAUT OTBO/J TEIIOTHI
0: OT BO3AyXa K «ropsiYeMy» HUCTOYHUKY (OKpysKarolas cpeaa). B nerannepe 4
IPOUCXOIUT anabaTHOE pacHmpeHue Bo3ayxa (mpouecc 3—4) ¢ yMeHbIICHHEM
temnepatypbl T4<T; — TemmepaTypbl «XOJOIHOT0» HMCTOYHHKA OXJIAXKTAEMOMN
Cpebl.

Jlanee mpoucxoauT u300apHBINA MOBOJ TEIJIOTHI OT «XOJOTHOTO» MCTOY-
HUKa (TI0JIBOJT XOJIOJTHOTO BO3/yXa) B XOJIOJUIIbHYIO KaMepy 1.

Ha p-v muarpamme (prucyHok 12.1) muromaab orpaHuYeHHas JTUHUSAME 1-2-
5-6-1 cooTBeTcTBYET paboTe CxKATHS BO3AyXa B KOMIIPECCOPE, a TUIOMIAb Orpa-
HUYEeHHasi JUHUSIMHU 3-4-6-5-3 — paboTe pacmupeHus Bo3Jyxa B JETaHIEpE.
[Tnomans BHYTpH IHKJIA COOTBETCTBYET pabOTE 3aTpayMBaEMON 3a OJIUH ITUKI
XOJIOJUIIBHON YCTAaHOBKH.

Ha T-S gmarpamme miomanb 5-4-1-6-5 cCOOTBETCTBYET X.1adonpouszeoou-
menvhocmu BXY, TO €CThb KOJIMYECTBY IMOJABOAUMOIO TEIIa (y MOIy4acMOMY
pabouuM TenoM (BO3yXOM) OT «XOJOJHOTO» HMCTOouHWKa. [Lmomanps BHYTpu

MUKJIa COOTBCTCTBYCT PAa3HOCTH OTBOI[HMOfI u HOI[BOI[HMOﬁ TCIIJIIOTHI K pa60qe—

My Teny (Bo3ayxy) d; - 0z
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XonoauneHelil ko3¢ dunmeHT yctaHoBku BXA HaxoguTcs no gpopmyne
(6.4):
q2 q2

= £ = 12.1
Spxy L a0 (12.1)

C YU4CTOM MATCMATHYCCKOI'O OIMMCAHNA COOTBCTCTBYIOIIUX ITPOLCCCOB

LHKJIA B pa3gese S5, UMEeM:

_ cp(T1—Ty) 1

Spxy = T (2-T3)
C (Tz T3) c (Tl T) 2—°3) _
P P 4 (T1-Ty)

(12.2)

Jlist amuabataoro nportecca 1 — 2 u 3 — 4 cormacHo (5.29) MoxkeM 3ammu-

CaThb:
k-1 k-1

T2/ Ti=(P2/P) & u T4l T3=(PasPs) *
Y4uThIBas, 9TO P2 = P1, @ P4= P1, OyJIeM UMETh:
T,/ Ti=T3/ T4 unosromy To/ Ty=(T,-T3)/(T1-Ty)
Torna xonoauabHbIN K03 duimeHt ycranosku BXY | ucxons uz (12.2)

HAXOJUTCS MO popMyJie:

1 Ty
— = 12.3
Sxy E 1 T,—T; (12.3)

HeI[OCTaTKOM BO3AYIIHBIX XOJIOOAWJIBHBIX YCTAHOBOK SABJIAIOTCA HX 001b-

e rabapuThl.
12.2 MapokommnpeccopHbie Xoa0auIbHbIe ycTaHOBKH (IIXY)

B mapokoMnpeccopHbIX YCTAaHOBKAX paOOYMM TEJIOM SIBIISIOTCS MAphbI
pPa3IMYHBIX XJIaJareHToB. [lapameTppl 4YacToO HCHOJMB3yEMBIX XJIAJAr€HTOB
npuBeIcHBI B Tabmmie 12.1.

[IpyHIMOMaNbHASA CXEMa MApPOKOMIIPECCOPHOM XOJIOIWIBHONM YCTAaHOBKH,
paboTaronieil Mo «BJIaKHOMY XOAY» U IUKJI MapaKOMIIPECCOPHOM YCTAaHOBKHU Ha

T-s nuarpamme npeacTaBiaeHbl Ha pUcyHke 12.2.
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Ta6nuna 12.1 — Ouzudeckue napameTpsl XIagareHToB

Temmneparypa Kputnueckas Temneparypa
KUIICHUS TIPU o o
XJtamareut nasienuu 0,1 MIla Temneparypa, - C samepsanus, - C
AMMHak -33,7 132,4 -77,7
VTeKucIblii ra3 -78,9 31,35 -56,6
®dpeon-12 -30,6 1115 -155,0
O®peon-142 -10,1 137,0 -130,8
n
o 3 2
P2
7 4 7
/ x=0 \t= 1
fi
f9 3 s

Pucynok 12.2 — IlpunnunuanibHas cxema u ki Ha T-S nuarpamme

ITapOKOMITPECCOPHOM XOJIOAWIBHON YCTAHOBKH I10 «BJIAXKHOMY XOIy»

Brnaxxupiii map XyagoareHTa ¢ BBICOKOU CTEIEHBIO CYXOCTHU CKHMMAaeTcs B
KOMITpECCope 2 OT JABJCHUS P, 0 JABJICHUS P;. BIIaXHOCTH mapa mpu CKaTHH
YMEHBIIAETCS U B KOHIIE CKATHS TTap CTAHOBUTCS] CYXUM HACBIILICHHBIM.

W3 xommpeccopa map moctymnaer B KOHAEHcaTop 1, rae KOHACHCHPYETCS
IIpY MOCTOSIHHBIX JIaBieHUM p; u temrneparype Ti. KoHnencar nanpasisieTcsa B
JPOCCENBHBIM (pemyKIIMOHHBIN) BEHTUJIb 4, JIaBIICHUE U
TeMIIEpaTypa >KUIKOCTA CHIDKAIOTCS 0 3HaueHud p, u T,. Ilpu cHuxkeHun
JIaBJICHUS U TEMIIEPATYPbI )KUJIKOCTh MPEBPAIIACTCS BO BIAXKHBIA HACHIILICHHBIN
nap ¢ HeOOIBIION CTEMEHbIO CYXOCTH. DTOT Map MOCTYIMAET B UCHAPUTEND 3, T
MIpY TTOCTOSIHHOM JIaBJICHUU Py U MOCTOSIHHOM Temnepatype T, uaer ucrnapenue
YKUJIKOCTH 3a CUET TEIIOThI, OTOMPAEMOIl XJ1aJ0ar€HTOM OT OXJIAXJAeMbIX TEll.
B mporecce mapooOpazoBaHus CTENeHb CyXOCTH Tapa Bo3pactaer. I[Iporiecc
CKaTHs Mapa paccMaTPUBACTCs KaK 0OpaTUMBIN aguabdaTHBIN MPOIECC, KOTOPHIi

Ha T-S aguarpamme wuzobpaxkaetrcss JuHuert 1-2 (pucynok 12.2). M3obaphHo-
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U30TEPMUYECKUN MPOLECC KOHACHCAIMKU Mapa u3zobpaxeH gunHuen 2-3. [lpu
KOHJICHCAIlMU Tlapa TeIyioTa, OTBOAMMAS OT XJaJloareHTa, MepeiaeTcsl OKpYy-
YKAIOILEH Cpelie UiIU IPYTOMY OXJIKIAIOIIEMY areHTy, HalpuMep BOJIE.

Ha T-s muarpamme mpoliecc ApOCCEMpPOBaHUS MOKa3aH JuHUEH 3—4 mpu
h=const. HeoOpatumbie nporiecchl HE MOTYT OBITH M300PaXKEHBI B THArpaMMax
COCTOSIHMSI, T03TOMYy JmHUs 3—4  sBigerca yciaoBHoW. M3oOapHo-
M30TEPMUYECKUH Tpoliecc mapoodpazoBanusa Ha T-S quarpamme uzoOpaxkaeTcs
nuHuen 4-1.

JlaBnenue B ucnapuresne p, BRIOUPAETCS TaKUM, YTOOBI COOTBETCTBYIOIIAs
TOMY JIaBJICHUIO TEMIIepaTypa HACBINIEHUS XJaJoareHTa OblLIa HECKOJIBKO
HWDKE TEMIIEPATYPBI OXJIAKIAEMBIX TEIL.

X0N0UIBHBIA KOI(PPUIIUEHT YCTAaHOBKU HAXOIUTCS TI0 popmyIie:

_q2 _ hi—hy
& == W h (12.4)

rae hy, hy, h 4 — sHTANBNNK B XapaKTEPHBIX TOYKAX ITUKJIA;
J2 (o) — yaenbHas X0J010IPOU3BOAUTEILHOCTh YCTAHOBKH, KJK/KT;
L, —ynenpHas paboTa KoMIpeccopa.
s m3obapHOTO Mporiecca
d2=0o=hy-hy (12.5)
Y nenbHas paboTa KOMIICHCHPYET IMEPEHOC SHEPTUU C HU3IIETO HA BBICIIHN
TEMIIEPaTYPHBIA YPOBEHb.

Jlnist auabaTHOro MpoIecca CKaTUsl
L, = hz— hl (12.6)
VenbHas TEMIOTA, BhIAENsAeMas B KOHIEHCATOPE
01 = 0o + L= (h1- hg) + (h2=hy) = hy=hy (12.5)
TIOCKOIBKY B Iporecce apoccenuposanus N3 = hy, o 0y = hy,— ha.
X0J1010IPOU3BOIUTENLHOCT YeTaHOBKH Qg, KBT, paccuuThIBaeTca u3

YpaBHEHUS.
Qo =0, M, (12.6)
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r7e M — pacxo]l XJiaJloareHTa, Kr/c.

Teopernueckas momHocTh kommnpeccopa L(N), kBT, Haxoautces mo ypag-
HEHHUIO!

L=1m, (12.7)
rae | — ynenpHas pabota cxarus, KJx/Kr.

TemnnoBas Harpy3ka KOHJIEHCATOPA ONpeaesieTcs Mo hopmMyiie

Q1= ag:m = (hz- hg) m, (12.8)
re ; — yAenbHas TEIJI0OBasi Harpy3ka KOHJIEHCAaTopa;
h,, h3 — sHTaNBEIMS XTamoOareHTa 40 M MOCHE KOHIEHCAIMH COOTBETCT-
BEHHO.

XonoaunbHbI KOdPPUIUEHT & 3aBUCUT OT MPUPOABI XJIaJI0areHTa U TEM-
neparyp nporeccoB ucnapenus (T,) u konaencanuu (T;). Hwkusas Temmnepary-
pa mukina T, 3agaercs B 3aBUCUMOCTH OT Ha3HAYCHUS XOJIOAMWIbHOW YCTAHOBKHU
U COOTBETCTBYIOIIEH TeMIEpaTyphl OXJAXIAeMOro OOBEKTa, KOTOpas KoJieOo-
aercs B npenenax ot 0 mo -120 °C. Temnepatypa T, noikHa ObITh MEHBIIE
yKa3aHHBIX BeauuuH He MeHee yeM Ha 10 °C. XKenatenbHOo, 4TOOBI TIPU 3TOM
JABJIEHUU P, ObUIO OJIM3KUM K aTMOC(EPHOMY IJisi TOTO, YTOOBI HE YCIIOXKHSTh
YCTaHOBKY.

Bepxusiss temneparypa nukia Ti, nomkaa 0bith Ha 5... 10°C BbIle, yem
TeMIIepaTypa OKPYKAIOIIECH CPEabl MU TEMIIEpaTypa OXJaxaaromed Boabl. Yem
MeHbIe pazauia Mmexay Ti u T, TeM Bbillie BeTUYUHA XOJIOAWIBHOTO KO3 du-

LMEHTA &
12.3 AGcopOuoHHAs X0J0ANIbHAN YcTaHOBKA (AXY)

B aGcopOuroHHOM X0I0AUILHONW YCTAaHOBKE B KauecTBE padouero Teja uc-
MIOJIb3YETCSl OMHAPHBINA PACTBOP, COCTOSIIINIA U3 TTOJTHOCTHIO PACTBOPUMBIX OJIMH
B JIpYI'OM BEILIECTB, HAIIPUMEpP BOJbI U aMMHaKa. JTH BEUIECTBA UMEIOT pa3jiny-
HBbIE TeMIlepaTypbl KUIEHMs IpU OJMHAKOBOM JaBjeHHH. BemectBo ¢ Ooiee

HU3KOU TGMHGp&TypOfI KUIICHUA ABJIICTCA XOJIOAWMJIBHBIM ar¢HTOM, a BCIICCTBO
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c 0oJiee BBICOKOW TeMmepaTypoil KUIeHUs — a0CopOeHTOM (TIOTJIOTHUTEIIEM).
TemmepaTypa KWIIEHHsT pacTBOpa 3aBUCHUT OT TMPHUPOABI KHUIKOCTEH, COCTaB-
JSIONIUX PAacTBOP, WX KOHIIGHTPAIMU M JIaBJICHUS, TIPH KOTOPOM HAXOIUTCS
pacTBop.

PaccmoTtpum paboTy abcopOIIMOHHON XOJOAMIBHON YCTAaHOBKU (PUCYHKE

12.3).

,/
ol Lo
___IQ_r_._
7X 5 —‘ f L,
O :‘E”gﬂ:_
\ } vg.\z
B

1 — ucnaputens; 2 — abcopOep; 3 — Hacoc; 4 — reHepaTOp aMMUAYHOIO Tapa;
5,7 — npoccenbHbIE BEHTWIH; 6 — KOHJIEHCATOP

Pucynox 12.3 — A6copOLMOHHAs XOJIOAWIbHASL YCTAaHOBKA

Cyxol HaChIIIEHHBIN Map amMmMuaka mpu temmneparype T, u3 ucnapurens 1
noctynaer B abcopbep 2, Tyda Takke MOJAeTCsl PacTBOP, MMEIOIINUN HEe3HAUU-
TEJIbHYI0 KOHIIEHTPAalMI aMMHUakKa B BoAe, pu temreparype T;. PactBop ciy-
XKUT aOCOPOEHTOM JIJisi TTapoB aMMuaka. [l CHKeHus Temmneparypbl adbcopO-
iy oTBoAMTCS Terora Q,. IlomydeHHBIN pacTBOp ¢ OOJBIIUM COJEPKAHHEM
aMMHUaka HacocoM 3 TMO/aeTcsl B TeHEpaTop aMMUadHoro napa 4. 3a c4eT Terio-
Thl Q; MOJABOJIMMOM OT BHEUTHErO UCTOYHUKA, PACTBOP B TE€HEPATOPE 3AKUIIACT.
[TockoJibKy aMMHaK UMEET 00Jiee HU3KYIO TeMIepaTypy KUIIeHUs], 4eM BOJAA, TO
OH 3aKuIaeT nepBbiM. M3 pacTBopa BBIIEISETCA MOYTH YHACTBIM aAMMHAYHBIN
nap, uMmermmin remneparypy T; u nasnenue p;. Ilocne BblaeneHuss amMmuaka
€ro KOHUEHTpAalKs B pacTBOpe cHukaercsa. OO0eHEeHHBI pacTBOp APOCCENUPY-
eTcsl B BeHTHIE 5 u nomaercsa B abcopbep. TemmnepaTypa pactBopa B mporiecce
JpoCCeIMpOBaHusl U3MeHsieTcs Majo. [lapel ammuaka u3 reneparopa 4 uayT B
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KOHJIEHCATOp 6 M MpH MoJave OXJIAXKIAIOIEH BOMBI, OTBOASIICH TEIIOTY, KOH-
JNEHCUPYIOTCS npu AaBieHuu p; U Temmeparype T;. C 3tumu mapamerpamu
KUJKAA aMMHUaK MOJAeTCsl B JPOCCEIbHBIM BEHTWIb 7, TJ€ €ro JaBlieHUE U
TEeMIIepaTypa CHU)KAKOTCS COOTBETCTBEHHO /10 p; U T,. B ncmapurene 1 3a cuer
TerI0Thl Q,,; MPOUCXOUT HCMApEHUE aMMHaka. AOCOPOIMOHHBIA y3ell ycTa-
HOBKHM COCTOUT M3 abcopOepa 2, reHepaTopa 4 aMMHAYHOTO Mapa, Hacoca 3 U
JPOCCENIbHOTO BEHTWIST 5. AOCOpOIMOHHBIN y3€ld CIYXKUT JUJIsl TOBBIIICHHUS
JABJICHUS XJ1aJ0areHTa OT BEJIMYHUHBI P, (IaBJICHUS B UCMIAPUTEIIE) 10 AaBICHUS
B KOHJIEHCATOPE P1.

KoaddummenT Ternoncnonb3zoBanuss a0COpOIMOHHON XOJIOIUIBHON ycTa-

HOBKH HAXOOUTCA I10 YPABHCHHUTIO

e [0] q2
=0 - 1z 12.9
E q1+ly qr ( )

rae g, — yaejabHas TCIJI0Ta, OTBOAMMAs OT OXJIAXKAAEMOI'0 O6’beKTa;
J,— yacabHasA TCIJIOTa, IOABOAUMAA B TCHECPATOPC aMMHUAYHOT'O I1apa,

l, — pabota Hacoca (L, = 0).
12.4 Iapo3:keKTOpHBbIE X010A1IbHbIE YcTaHOBKH ([I9XY)

[TapomKEeKTOpHBIE YCTAHOBKH MPUMEHSIOT JIJIs1 OJTYyYECHHS TEMIIEPATyP
3... 10 °C, mo3TOoMy XOJIOAWIBHBIM Ar€HTOM MOXET CIIYKUTh BOJA.

[Ipu temmepatype Bozbl, O6au3koit k 0 °C, gaBieHUEe B HUCMIApUTENE MPHU-
ommkaercs kK p = 0,6 - 10° MIIa. IIps TakOM HE3KOM AABICHHU BOISHOMN map
MMeeT Malyio IoTHOCTH (p'' = 0,0048 kr/M°) U GONBLIOH yAENbHBIH 00BeM
(v''=206,3 m*/kr). Jl1st cxatus rnapa ¢ TaKOW MIOTHOCTHIO KOMIIPECCOP TOTKEH
OBITh OOJIBLINX Pa3MEpPOB, MO3TOMY 3aMEHa KOMIIPECCOpa MapOBbIM 3KEKTOPOM
JienaeT XOJIOAWIbHYI0 YCTAHOBKY KOMITAKTHOM.

B 1mapo3KeKTOpHON YCTaHOBKE KOMIICHCUPYIOIIECH JHEPIUeH, IOBBIIIAKO-
niel JaBJ€HUE U TEMIIEPATYypy XJIaJ0areHTa, sIBJISIETCS HE MEXaHWYecKasi SHep-
I'vsi KOMIIPECCopa, a TeIIoBas >HEpPrusi, pacxoiyemas B MapoOBOM KOTJE MpH

CXKHUI'aHWH TOIIJIMBA.
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[IpyHIMNManbHAsA cXeMa NapO3KEKTOPHOU XOJIOAWIBHOU YCTAHOBKH IIPH-

BeJIeHa Ha pucyHke 12.4.

6 I}l_l_

Vi 2]

>

4 1\5 —’

1 — mapoBoii KOTeI; 2 — MKEKTOP; 3 — UCIIAPUTEND; 4 — NIPOCCEIbHBIN BEH-

TUJIb; 5 — KOHJEHCATOP; 6 — Hacoc

Pucynoxk 12.4 — Cxema napo?KeKTOpHOM XOJIOAUIbHON YCTAaHOBKHU

B mapoBom koTiie 1 mapo3KeKTOpHOM yCTaHOBKH OOpa3yrOTCs Iaphbl XJja-
Jl0areHTa C JaBlICHUEM P, U Temrepatypou Ty. Pabounii map nomaercs B mapo-
BOM KEKTOP 2, MPOXOJUT YEPe3 COIUIO, MOBBIIIAS KHHETUUYECKYIO YHEPTHIO U
yMEHbIIas MOTEHIHAIbHYI0 3Hepruto nasieHusa. OOpasyrouuiica B KaMepe
MKEKTOpa BaKyyM CIOCOOCTBYET IIOJCACHIBAHUIO TApOB XJaJoareHra u3
ucrapurens 3. Pabouuii map u map u3 ucnapureis nepemMeniarTcs B 1uddyzop
KEKTOpa, B KOTOPOM TPU TOPMOMKEHUM MOTOKA KUHETUUYECKasi YHEPTHs MPeoOd-
pasyeTcs B IOTCHIMAJIbHYIO SHEpPruro JaBiieHusd. llociae sToro cmech mapoB
MOCTynmaeT B  KOHJEHCATOp S W KOHJAGHCHpPYETCS 3a CueT  OT
BOJIa TEIUIOTHI OoXJIaxaaromen Bojaou. KonaeHcaTr pasaensiercss Ha JIBE€ YacTH:
OoJIbIlIasi YaCcTh HAMPABISAETCS B IPOCCEIbHBIN BEHTHIb 4, TJIE IPOCCETUPYETCS
c 00pa3oBaHHUEM BJIAKHOTO HACHIIIIEHHOIO Mapa ¢ HEOOJIBIION CTEIEHBIO CYXO-
cti (x = 0,1); MeHbIIasg 4acTh KOHJACHCATa HAcOCOM 6 IMomaeTcs B MapoOBOii
koten. Ilocae apoccenbHOro BEHTUIIS BIAXKHBIM HACHIIIEHHBIM Tap XJiajareHTa
MOCTyMNaeT B UCHAPUTENh 3 U MPU MOCTOSIHHBIX JaBJICHUU U TeMIIepaType nepe-

XOIUT B CyXOW HACBIIEHHBIN Hap.
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[TapameTpsl pabOTHl MAPOIKEKTOPHON YCTAHOBKU CIEAYIOIIHE: TEM-
neparypa ucnapenus t, = 3... 10 °C, npu 3TOM 1aBleHHE HACBILIEHHBIX MapOB
cocraBisier coorBercTBeHHO 0,7... 1,2 klla; Temmeparypa koHacHcamuu t; =
30...40°C, naBneHue HachIEHHBIX MMapoB oT 4,2 no 7,4 xlla; naBineHue B mapo-

BOM KoTIIe P = 0,3... 1,0 MIIa, rTemnepatypa B napoBoM koTJie okoiio 180°C.
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[Tpunoxenue 1

CooTHoOIIEHHE MCEKIY Pa3/iHYHBIMHU ¢ AMHULIIAMHU U3MEPCHUA JAaBJICHUSA

Kre/em®

Enununa Ila oap at™m (¢pu3s) MM PT. CT. | MM BOJ. CT.
1 Ia (H/m°) 1 10° 0,98692-10° | 1,02-10° | 7,5024-10° 0,102
1 6ap 10° 1 0,98692 1,02 7,5024-10° 1,02-10*
1 at™ (pu3) 101325 1,01325 1 1,03323 760 1,03323-10*
1 krc/em? 9,8067-10* | 0,98067 |0,96784-10 1 735 104
1 MM pT. CT. 133 1,33-10° [1,31579-10° 1,36-10° 1 13,6
1 mmBox. cr|  9,8067 9,8067-10° |0,96784.10™ 10 7,35-10° 1

[Ipunoxenue 2
CooTHOUIEHHE MEKAY eAMHNUIIAMHA PA0OThI M TEIVIOTHI

Eauanna Jx apr KIc-M KKaJl KBT-u
1 Jix 1 10’ 0,101972 2,38846.10" | 2,7778-10”
13pr 10”7 1 10,1972-10° | 23,8846.10" | 27,778-10-15
1 kre-m 9,80665 98,0665-10° 1 2,34228-10° | 2,72407-10°
1 kKam 4186,8 41,868-10° 426,935 1 1,163-10°
1 kBt 3,6-10° 36-10% 367,098 859,845 1

[Tpunoxenue 3

dusnyeckue cBoicTBa cyxoro sosayxa (p = 0,101 MIla)

C 2107, 108 106
T.K t°c S P Br/(mK) uni(.)c’ lez(l)C, Pr
263 -10 1,342 1,009 2,361 16,7 12,43 0,712
273 0 1,293 1,005 2,442 17,2 13,28 0,707
283 10 1,247 1,005 2,512 17,7 14,16 0,705
293 20 1,205 1,005 2,593 18,1 15,06 0,703
303 30 1,165 1,005 2,675 18,6 16,00 0,701
313 40 1,128 1,005 2,756 19,1 16,96 0,699
323 50 1,093 1,005 2,826 19,6 17,95 0,698
333 60 1,060 1,005 2,896 20,1 18,97 0,696
343 70 1,029 1,009 2,966 20,6 20,02 0,694
353 80 1,000 1,009 2,047 21,1 21,09 0,692
363 90 0,972 1,009 3,128 21,5 22,10 0,690
373 100 0,946 1,009 3,210 21,9 23,13 0,688
473 200 0,746 1,026 3,931 26,0 40,61 0,680
573 300 0,615 1,047 4,606 29,7 48,33 0,674
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[Tpunoxenue 4

CaoiicTBa razos npu t =20°C u p = 0,1 Mlla

BemectBo ®opmy.ia Mousipaast Macea | ¢ g ][/ (kr-K) p, Kr/™m°
M, Kr/KMo.J1b
AMMHak NH; 17 2,22 0,77
Benson CHg 78,1 1,25 -
Bonsaoit map H,0 18 1,97 0,73
Oran c2H6 30,1 1,73 1,36
Cyxoii Bo3yx - 29 1 1,19

[Tpunoxxenue 5

CpenHue MaCCOBbBI€ TCNIJIOEMKOCTH Ira30B INIPHU MOCTOAHHOM JaBJCHUMA,

k/1x/(kr-K)

t,°C 0, N, CcO CO, H,O SO, Cyxoii
BO3YX

0 0,915 1,030 1,039 0,814 1,859 0,607 1,003
100 0,923 1,031 1,041 0,865 1,872 0,636 1,006
200 0,935 1,034 1,046 0,910 1,893 0,662 1,011
300 0,950 1,040 1,053 0,948 1,919 0,687 1,019
400 0,965 1,047 1,063 0,982 1,917 0,708 1,028
500 0,979 1,056 1,074 1,012 1,977 0,724 1,038
600 0,992 1,066 1,086 1,039 2,009 0,737 1,049
700 1,004 1,077 1,097 1,063 2,041 0,754 1,060
800 1,015 1,088 1,109 1,085 2,075 0,762 1,071
900 1,025 1,098 1,120 1,104 2,109 0,775 1,081
1000 1,035 1,107 1,130 1,122 2,143 0,783 1,090
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Ipuiaoxenne 6

HNcTHHHBIE TENJI0€eMKOCTH HEKOTOPBIX ra3oB, k/x/(kr-K)

Temmnepa- Bosnyx Boasnoit nap A3zot Kucnopon
typa, °C cp Cy k =cpley Cp Cy k =cp/ey Cp Cy k =cp/ey Cp Cv k =cp/ey
-50 1,0019 | 0,7147 | 1,4020 — — — 1,0387 | 0,7419 | 1,4000 | 0,9102 | 0,6502 | 1,4000
0 1,0082 | 0,7159 | 1,4010 | 1,8606 | 1,3992 | 1,3300 | 1,0387 | 0,7419 | 1,4000 | 0,9136 | 0,6536 | 1,3980

50 1,0057 | 0,7184 | 1,3990 | 1,8711 | 1,4097 | 1,3270 | 1,0400 | 0,7432 | 1,3990 | 0,9215 | 0,6615 | 1,3930
100 1,0098 | 0,7226 | 1,3970 | 1,8899 | 1,4285 | 1,3230 | 1,0421 | 0,7444 | 1,3990 | 0,9328 | 0,6728 | 1,3860
200 1,0241 | 0,7369 | 1,3890 | 1,9393 | 1,4779 | 1,3120 | 1,0517 | 0,7549 | 1,3930 | 0,9630 | 0,7030 | 1,3700
300 1,0446 | 0,7574 | 1,3790 | 2,0000 | 1,5386 | 1,3000 | 1,0693 | 0,7725 | 1,3840 | 0,9948 | 0,7348 | 1,3540
400 1,0680 | 0,7808 | 1,3680 | 2,0649 | 1,6035 | 1,2870 | 1,0911 | 0,7942 | 1,3740 | 1,0237 | 0,7637 | 1,3400
500 1,0919 | 0,8047 | 1,3570 | 2,1328 | 1,6714 | 1,2760 | 1,1158 | 0,8189 | 1,3620 | 1,0480 | 0,7880 | 1,3300
1000 1,1844 | 0,8972 | 1,3200 | 2,4794 | 2,0180 | 1,2290 | 1,2154 | 0,9186 | 1,3230 | 1,1225 | 0,8625 | 1,3030

1500 1,2347 | 0,9475 | 1,3030 | 2,7495 | 2,2881 | 1,2020 | 1,2694 | 0,9726 | 1,3060 | 1,1627 | 0,9027 | 1,2880
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[Tpunoxenue 7

Ouraabnusa h, kx/kr, sarponus S, kKx/(kr-K), BHyTpeHHsIs JHeprus

U,kI2K/Kr, HEKOTOPBIX Ta30B

Bozayx 0, N2

T, °C

h S u h S u h S u
0 0 0 0 0 0 0 0 0 0
100 100,6 |0,3128 | 719 92,3 0,3 66,2 1038,2 | 0,3215 | 80,8
200 202,3 | 0,5543 | 1448 | 187,5 0,5 134,9 | 206,9 |0,5681 | 155,0
300 305,7 |0,7524 | 219,5 | 285,0 0,7 206,8 | 312,0 |0,7695 | 230,4
400 411,3 [0,9224 | 296,4 | 386,0 0,9 2819 | 419,1 | 0, 9416| 317,8
500 519,6 | 1,071 | 375,7 | 4894 1,0 359,5 | 5284 | 1,093 | 387,8
1000 | 1091,0 | 1,64 803,7 10350 | 1,5 774,8 |1108,0 | 1,671 | 818,8
1500 |1697,0 | 2,041 |1266,2 | 1607,0 | 1,9 |1216,8 | 1725,0 | 2,077 | 1286,3

[Tpunoxenue 8
TennoeMKoOCTh BOASTHOTO Iapa

toc K;EK/(KF-K) ivﬂ?ld (kr-K) k= Cp/CV

0 1,86 1,39 1,33

25 1,86 1,40 1,33

50 1,87 1,40 1,32

75 1,87 1,41 1,32

100 1,88 1,42 1,32

125 1,90 1,43 1,32

150 191 1,45 1,31

200 1,93 1,47 1,31

300 2,00 1,53 1,30

400 2,06 1,60 1,28

500 2,13 1,67 1,27
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[Tpunoxenue 9

TenyioeMKoCTH BOABI IPU ATMOCHEPHOM JaBJICHHH

t,°C Kﬂxdc(';ér*lc) Rz[xc/c(:’cr*lc) Cp-Cv
0 4,22 4,22 0
10 4,191 4,187 0,004
20 4,183 4,153 0,030
30 4,178 4,102 0,058
40 4,178 4,078 0,1
50 4,183 4,032 0,151
60 4,183 3,982 0,201
70 4,191 3,931 0,260
80 4,195 3,877 0,318
90 4,204 3,823 0,381
100 4,216 3,768 0,448

[Tpunoxenue 10

JHTaabIKA BOALI Npu Temneparype 100 °C

p, MIla h, kJIs/kr
0,1 417,51
20 434,0
40 449,2
60 464,4
80 479,7
100 495,1
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I10THOCTD TeIIOHOCHTeJIel p, Kr/M°, ipu p = 0,1 MIIa

[Tpunoxenue 11

Temneparypa t, °C

Bemectno 20 40 60 80
AueToH 791 768 746 719
Benzon 879 858 836 815
Bona 998 992 983 972
MeTunoBsIi CIUPT 792 774 756 736
Tonyon 866 847 828 808
DTHIIOBBIN CIIUPT 789 172 754 735

[Tpunoxenue 12

YaeiabHasi TeMJI0Ta Mapo00Pa30BaHUS HEKOTOPBIX BellecTB, K/k/Kr

Temmneparypa t, °C
BemecTrBo
0 20 60 100 140
AMMHak 1265,4 1190 - - -
AneroH 565,7 553,1 519,6 4735 -
Beunson 448,3 435,8 408,5 379,2 346,1
JMATUITOBBIM 387,6 366,6 326,4 2824 228.,4
a¢up
MeTunoBsIil 1198,3 1173,2 1110,4 1013,9 892,6
CIHPT
Tomyon 4148 407,7 388,8 368,7 344,0
YkcycHas - - - 406,4 0
KUCIIOTa
OTHianerar 427 4 411,5 385,9 355,7 317,2
TUIIOBBIA 921,8 913,4 879,9 8129 712,3
CIHPT
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KoHTpoJibHBIE BONIPOCHI

(ITpumepHBbIe 3K3aMEHAIIMOHHBIE U JOIIOJIHUTEIBHBIE BOIIPOCHI)
1 IlepBblii 3aKOH TEPMOAUHAMUKH, TEPMOAMHAMHYECKHE MPOLECCHI
1) Yrto m3ydaeT TeruioTeXHuKa?
2) Uto n3yyaet TeXHUYeCKas TEPMOIMHAMHKA?
3) Uro Takoe TepMOAMHAMHYECKAsI CHCTEMA, KaKOW OHa ObIBaeT?
4) OmpeneneHne TePMOANHAMUYECKUX MapaMETPOB.
5) Kakoii ra3 Ha3pIBacTCs UACAIbHBIM?
6) YpaBHEHHS COCTOSHHSL.
7) TepMoarHAMUYECKUH TIPOIIECC, KAKOW OH ObIBacT?
8) BHyTpeHHs1s1 2HEpTHSI.
9) OYHKIMKM COCTOSIHHS, UX CBOMCTBA.
10) Pabota pacmmpenus. OCOOCHHOCTH P-, V-TUarpaMMel.
11) Temora.
12) 'a3oBas cMech; 3akoH [lanbTOHA; KOHIIEHTPAIIXS Ta30BOM CMECH.
13) IlepBblii 3aKOH TEPMOAMHAMUKH.

14) TemnoeMKocThb ra3oB, €, H Cy; CpeaHssl U UCTUHHAsA TCHIIOCMKOCTH,

ypaBHeHHUe Maiiepa.

15) DHTanbnus.
16) DuTponus. Beruucnenue sutponuu; ocooenHoct T-, S-nuarpammel.

17) TepMmoavHaMHYECKHE TPOIECCHI, JHarpaMma Iporecca, OOIUNd oI-

X0 K UCCIICAOBAHHUIO TCPMOINHAMHUYCCKHX IIPOLCCCOB.

18) HccnemoBanue H30XOPHOT0, H300apHOT0, U30TEPMUUYCCKOTO, aaruadaT-

HOr'o, IMOJIMTPOITHOI'O IIPOLECCOB.

2 BTopoii 3aK0H TepMOIUHAMUKH
1) Bropoii 3aK0H TepMOTMHAMUKH.

2) Bropoii 3aKOH TEPMOIAMHAMHUKH I PAaBHOBECHBIX W HEPAaBHOBECHBIX

TIPOIIECCOB.

3) TepMOAMHAMUYECCKHIA ITHKIT.

4) TenaoBoit 1BUTATENb.
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5) XonoauiapHas MalIuHa, TEIIOBOM HACOC.

6) TepmoamHamuueckuii KOA(Q(GUIUEHT TOJIE3HOTO JCUCTBUSA, XOJIOIUITh-
HBIN KO PUIIUEHT, OTONMUTEIbHBIN KOA(PDUIIUECHT.

7) Iuxa Kapwo.

8) JIBa ocHOBHBIX cBoO¥cTBa IMKIa KapHo.

9) BoastHoii map.

10) OnpeneneHust COCTOSTHUN BOJIBI H BOASHOTO TIapa.

11) BraxkHbIi map; TaOJIUIBI COCTOSIHUN BOJIBI M BOJSHOTO T1apa.

12) Pacyet TepMOJMHAMHYCCKHX MPOIIECCOB BOISIHOTO T1apa.

13) BrakHbIH BO3/1yX; OCHOBHBIC OIPEICICHHUS.

14) h-, s-quarpaMma BiIakKHOT'O BO3JyXa.

15) MeTobI onipeieiieHrs TapaMeTPOB BIAXKHOTO BO3/yXa.

16) PacueT npoIeccoB ¢ BIAXKHBIM BO3IyXOM.

3 Oco0eHHOCTH TEPMOAUHAMUKH OTKPBITHIX CHCTEM

1) Yro Takoe OTKpPHITas TEPMOANHAMHYECKAsS cCHCTEMA?

2) YcaoBre HEMPEPhIBHOCTH TECUCHHUS.

3) PabGoTa BhITeCHEHHS.

4) TlepBblii 3aKOH TEPMOMHAMUKH JIJIS TIOTOKA.

5) Pacnionaraemas pabora.

6) [IpumMeHeHHE TIEPBOTO 3aKOHA TEPMOJIMHAMUKHY K PA3IMYHBIM THITAM TE-
MJIOTEXHUYECKOTO 000PYI0BaHUSI.

7) Uto Takoe pacroJiaraeMbIii Terionepenan?

8) Uto Takoe coruia u Auddy3opsi?

9) IlepBblii 3aKOH TEPMOAUHAMUKH IS coIuta U auddysopa.

11) CkopOCTh UCTEUCHHUS T'a3a Yepe3 COILIO.

12) MaccoBblii pacxoj ra3a uepes CoIio.

13) Kputnueckast CKOpOCTh HCTEUCHHSI ra3a M3 COILIA.

14) Cormno JlaBass.

15) PaBHOBeCcHOE ¥ HEPAaBHOBECHOE UCTEUCHHUE TTapa U3 COILIa.

16) JIpoccenupoBaHue.
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17) Bddexr Txoyns — Tomcona. Kpuas mHBepcHH.

4 TenocnJjioBble HUKJIBI

1) Huka Orro.

2) Huxn Jquzens.

3) Luxn Cabats-Tpunkiepa.

4) Iuki ra30TypOMHHON YCTaHOBKHU.

5) TemmocumoBoii mapoBoit nmukiI. [{ukn KapHo Ha BiaxxHOM T1ape.

6) CrerneHb cXaTus; CTENCHb NMPEIBAPUTEIBHOTO PACHIMPEHHS; CTCICHb
TOBBIIICHUS TABJICHUS B IMPOIIECCE CHKATHSI.

7) Llukst PeHkuHA Ha TIEperpeToM mape.

8) OCHOBHBIC METO/BI MOBBIIICHUS TEPMUYCCKOTO KOA(DPUIIMECHTA MOJIE3-
HOTO JICHCTBUS TETUIOCHIIOBBIX YCTAHOBOK.

9) XonoauabHbIe YCTAHOBKHU. [IMKIIbI XOJOJMIIBHBIX YCTAHOBOK.

10) O6paTUMOCTh TEPMOTUHAMHYCCKUX MPOIIECCOB M MPOU3BOJCTBO pado-
THI.

11) YcnoBust mpou3BoAcTBa pabOTHI U30JIMPOBAHHON TEPMOJINHAMHYECKOM
CHUCTEMBI.

12) TloHsTHs MOJE3HON pabOThl, MAKCUMAJIbHOW PabOThI M1 MaKCUMAaJIbHOM
MOJIE3HOM PabOTHI.

13) MakcumalibHas mojie3Hasi padoTa TEIUIOThI, PadOTOCIIOCOOHOCTh Tell-

JIOTBI; DHCPICTHUYCCKasd IIOTCPA.
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TEPMOJMHAMMUKHA U TEIUIOIIEPEJIAYN
(Kpatkuii kypc)

Yacte I. Texnuueckas TEpMOAMHAMUKA

Yy4eOHOE 1mocodue

IToanucano B neuvars 25.08.2017T. ®opmar 210 x 297
[Teuats TdpoBast VYen. meu. 1. 8,1
Tupax 30 3k3. 3axa3 No f§ IleHa oroBopHas

140170 MockoBckas obnacts, r.bponnutsl, yi. KpacHas, 1.85
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