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NPEAHCIIOBUE KO BTOPOMY H3JAHHIO

3a BpeMsl, mpolLIeAUIee 1OC]e BHIXOAA B CBET NepBOro H3ja-
g npefnaraeMoro yueGuuka (1975 ), coaep:kanue ero B yc-
JIOBUSIX COBPEMEHHBIX BBICOKHX TEMIIOB Hay4YHO-T€XHHYECKO-
ro mporpecca X0 M3BECTHOH cTemeHH yxe ycrapeno. IToatomy
npH NOArOTOBKE BTOPOrO M3JaHUsI OHO OBbIO 3HAUHTEJLHO 06-
HOBJIEHO.

Bce cozep:kanue yueOHHKa NPUBEAEHO B IOJHOE COOTBETCT-
pue ¢ TOCT 8.417—81 «EauHuus! GU3NUECKUX BEJHUMH», KO-
Topk1il noctanosenueM [N'occranaapra CCCP or 19 mapra 1981 r.
Ne 1449 BBenen B peiicteue ¢ 1 guBapsa 1982 r.,

PaccMOTpeH 3KCepreTHuecKHit METOX aHanHM3a paboThl Temn-
JIOBLIX YCTAHOBOK. YJeJIeHO AOCTAaTOYHO GOJbIIOE BHUMAaHHE
TaKHM HOBBLIM IEPCMEKTHBHLIM IMKJIaM TeIVIOBLIX ABHraTesel,
KaK, HanpuMmep, NaporasoBblil, pereHepaTHBHbIH, uuka MIJI-
reneparopa. Hekoropyle 3 3THX IMKJIOB YK€ HAIVIH NPAaKTH-
yecKoe NpHMEHEHHe,

3HauuTebHO OGHOBJIEHA BTOpast 4acTh yueOHHKA «OCHOBBI
TenvionepeRauu», B 0OCOOEHHOCTH IVIaBa O TEM1000MeHe H3Jyye-
HHeM.

JIONOMHUTENLHO K KOHTPOJABHEIM BONpOCaM H NpHMeEpaM ¢
NOAPOGHEIMH  peILeHHSIMH, BKJIOYEHHHIM B MEPBOE H3JaHHE
N0 BCEM Y3JIOBBLIM BONpOCaM Kypca, BO BTOPOM H3JlaHHH NpHBe-
ZeHbl okono 160 3amau A caMoCTOATENbHOM PaGoTHl yyallHX-
cs.

ABTOp BHIpaXKaeT HCKPEHHIO 0/1arofapHOCTb XOL., KaHK.
TexH. Hayk JI. P. Croukomy, /Mi06e3HO coOrJiacHBLIEMYCS Bbl-
NOJMHUTL paGoTy IO HayyHOMY pPeAaKTHPOBaHHIO yueOHHKa.
JI. P. CroukuM HanucaHa rnasa 20 «OCHOBHbIE 3aKOHBI TEIJO-
BOTO M3Jy4eHHS».

ABrop Bblpaxaer npusHarenpHocth A, B. KyaosieBy 3a
GoNMbLIYI0O M Pa3HOCTOPOHHIOID NMOMOULL IPH IMOATOTOBKE Ha-
CTOALLEr0 H3AaHus.

Asmop



YACTb TIEPBAS
TEXHHYECKAS TEPMOJHHAMHKA

«Tepmodunamuka — 310  eJUHCTBERHAR
dusuneckan reopus,
OTHOCUTEAbHO KOTOPOU 5 Ybexcden,
4TO 8 PAMKAX NPUMEHUMOCTU
ee OCHOBHbLX NORATULL
OHa Huxoeda He Gyder
onposepeHyTa».
A. diinwTelin

lFnapa 1
OBIUHUE NOHATUA

§ 1.1. Mpeamer TeXHHUECKOIT TePMOAUHAMHKHI

Texnnyeckas TepMOAHHAMHKA 3aHHMaeTcs H3yueHHeM -
3HYECKUX SIBJIEHHI, CBA3aHHBIX C PEeBPalleHHeM TeIJIOTH B pa-
GoTy  paGoThl B TEIVIOTY B TEIVIOBBIX MalMHaX (MapoBLIX H ra-
30BLIX TYPOHHAX, ABHTraTeNsX BHYTPEHHEro CropaHus, KoMmpec-
copax, XOJOIMJBHEIX MalUWHaXx).

d1a Hayka siBJsercs yacTbio Gosee oblieii HAayKH — TepMo-
IMHAMHKH, B KOTOPOH M3Yy4aloTCsA pa3HOOOpasHble sBJEHHS
npupons: ¢usnueckHe, XHMHUECKHE, KOCMHYeCKHe, OHOMOrd-
YeCKHe H Jpyrue — B cBeTe ABYX (yHAaMEHTaJIbHbIX 3aKOHOB
NPHPOJLL: MEPBOro U BTOPOro Hayaj TepMOAHHAMHKH.

3apox/JeHHe TeXHUYECKOH TepMOAMHAMHKH ObUIO BHI3Ba-
Ho nosiBnienreM B koHue XVIII cTonetis napoBuX ABHTaTenei.
BHauane onn ObiM KpaiiHe HeSKOHOMHUHLIMH: YJAelbHHIH pac-
XOjl TON/MBA, KOTOPLIM B Te BpeMeHa Obll B OCHOBHOM KaMeH-
HBI yrosip, poxoaun o 35 kr Ha 1 kBr-u. Oanako_Toraa ato
OGCTOATENLCTBO He UMeJ0 GOJIBIIOrO 3HAUEHUs!, TaK KaK napo-
BLIE€ IBHTaTeNH HCNONb3OBAINCH JJIA OTKAUuKH BOAB! H3 KaMeH-
HOYTONbHBIX IIAXT, TAe Yroib OblT HEMOKYMHOM.

OGnacts mpuMeHeHUs napoBbIX MamMH G6raroaapa HX
HECOMHEHHLIM TNPeHMYINeCTBaM I10 CPaBHEHHIO C APYTHMH CH-
JIOBLIMH YCTaHOBKaMH TOT'O BpeMeHH (BOAAHBIMH KOJECaMmH, BeT-
PSHBIMH KPLITbAMH) OBICTPO yBenuuuBanach. ITapoBeie jpHra-



wweil CTAH HMCMOMbL30BAaTh B MPOMBILIIEHHOCTH, Ha TpaHCHop-

te. UHCIO HX poco, Poc CIPOC HA KaMeHHBIH YroJ U LeHa Ha

gero. Bce 3To BbI3bIBAO HEOGXOAMMOCTb H3BICKAHHS NyTed

[OBBILIEHHS 3KOHOMHYHOCTH TEMJIOBBIX JBHratesied, T. e.
MeHbLUEHHST HMH YAeJbHOro pacxoia TOIIHBA.

[TepBbIM, KTO TEOPETHYECKH PEIUHJI 3TY OCHOBOIOJIAraiolLyio
3ajauy, yKasaB NYTU IOBBIUEHHS 3KOHOMHYHOCTH TENJIOBEIX
asuratesedt, Ol ppaniysckuil Gu3uk v HHxkenep Hukona Jle-
onap Camu Kapno (1796—1832), KOTOpBI 3a/MOXHI OCHOBHI
TeXHAYECKOil TepMOAMHAMHKH M CYMTAeTCS OAHHM H3 OCHOBa-
TeJieil ¥ TBOPLOM 3TOH HayKH.

JanbHeiied pasBuTHE TEPMOJMHAMHYECKHX HCCJeNO0BaHU i
o no nyTH, ykasanHoMmy C. KapHo, u 610 Hanpae/ieHO Ha
yCOBEPIIEHCTBOBAaHHE TEIVIOBHLIX JABHMrartesnell (NMOBBbILEHHE HX
9KOHOMHYHOCTH). Takue HccleoBaHHSI B HacToslilee BpeMs
npuobpent ocoGeHHylo ocTpory. OObsCHEETCS 3TO TeM, UTO
HCTOYHHKOM TEMJIOTHI, HCIIONB3YEMbIM JJISl SHEPIeTHYECKUX Lie-
Niell, B OCHOBHOM SIBJIsieTcsl NPHPOAHOE TOMIMBO (MPOAYKTHI
nepepaGoTKU HepTH, ras, KaMeHHbIH yroib, HHOTAA IPEBECHHA).
Opnnako 3amachl ero He Ge3arpaHHyHbl H, KaK NPaBUJIO, HEBOC-
noaHuMel. Bonee Toro, H3-3a Bce yBENIHUHBAIOLIErocs MoTpes-
NeHHs TOMVIHBA, BLI3BAHHOTO TEXHHYECKHM NPOTPECCOM, OT-
MeyaeTcsi B HEKOTODPHIX CJYy4asiXx MCTOIEHHE 3THX 3amacos.
Onuum K3 cnocoGoB BEIX0AA H3 CO3JaBIIErocs MOJNOXKEHU ST ABs-
€TCsl SKOHOMHSI B pacXojie TOIIMBA TEMJIOCHJIOBLIMH YCTaHOB-
KaMH. B 3THX yc/IOBHSX 3HaueHHe TEXHHYECKOH TepMOAMHAMH-
KH Heu30eXHO M HeyKJIOHHO Bo3pacTaer. Pa3BuTHe TepMOAKHa-
MHKH CIOCOGCTBOBAJIO Pa3sBUTHIO TEMJIOTEXHHKH, PaKeTocTpoe-
HHS, MAlUMH U YCTAaHOBOK aTOMHO SHEpreTHKH.

BHenpeHne snexTpuyeckoil 3HEPTHH BO BCe OTPAc/aH Hapox-
HOro X03sHcTBa H ObIT MMeeT, KaKk H3BecTHO, GO/blIOe HapoxA-
HOXO351CTBEHHOE M NOJHTHYECKOE 3HaueHHe,

B npunarteix Ha XXVI cvesge KIICC OcHoBHBIX Hampas-
JIEHUAX SKOHOMHUYECKOoro M couuanbHoro passutuss CCCP Ha
1981—1985 roast u Ha mepuoxp xo 1990 roma mpegycMoTpeHO
yBeaHueHHe BEIpaboTKH 37€KTPOIHEPr1H, B TOM YHCJIe Ha aToM-
HBIX H THApO3/NeKTpocTaHuusAX. Kpome Toro, mpexycMoTpeHo
npojo/KeHue paboT Mo OCBOGHUIO PeaKTOPOB Ha OBICTPLIX Hel-
TPOHAX M HCMOJb3OBAHUIO SAEPHOrO TOIVIMBA A BbIpaGOTKH
tervioaHeprud (Cum,: Marepuannt XXVI cwesga KIICC. M.,
IMonutusgar, 1982, c. 148).



§ 1.2. Marepust u aveprus

Mz Kypca (QH3HKH H3BECTHO, YTO /OGO OTAGNBLHO B3ATHIA
npeaMeT B NPHPOJAE HA3LIBAeTCA (PUSUYECKUM MEeAOM WM TNpo-
cTo menox. VI3BeCTHO TakxKe, UTO BCE Tejla MaTepHaNbHBI, NPH-
yeM NojJ MaTepHel MOHMMaeTcs! BElleCTBO, H3 KOTOPOro COCTOHUT

TeJo.
OnHO M3 Ba)KHLIX CBOICTB MaTepHH 3aKJIOUaeTcsl B TOM, UTO

OHa Bcerfa M Be3je HaXOAHUTCS B COCTOSHHH JBH:keHus. [lo-
9TOMYy M TOBOPST, UTO MaTepHs M JABHKEHHE HEeOTAENUMEI APYT
ot Apyra. Kak matepus He MOXKeT CyLIeCTBOBAaTh Ge3 ABHIKEHH S,
TaK He MOXeT ObITb U JiBH2KeHH 51 6e3 MaTepHH. X oTs ¢opME ABH-
JKEHHS MaTepHH pa3HOoOoOpa3HH, HO BCE HX MOXHO Pa3feNHTh
Ha BHAUMEIE M HEBHJMMEIE,

PacnpocTpaneHHo BHAMMOH (OPMOI JABHIKEHHSI MaTepuH
ABsieTcs ABH2KEHHE BCETO TENA B LEJIOM, KOr/ia U3MeHsercs ero
TNIOJI0XKEHHE OTHOCHTENBHO APYTHX Tes, YCJIOBHO CUHTAEMBbIX He-
NOABHXKHBLIMU  (Me€XaHHuecKast ¢opMa JBHIKEHHsS MaTepHH).

PacnpocrpanenHoit HeBUAUMOH GOpMOiH JBHKEHHS MaTepHH
SIBJISieTCS TEIJIOTa, XapakTepHayeMasi 6ecropsiiOuHBIM JBHKe-
HHEM CTPYKTYPHBIX YacTHL, COCTaBJSAIOWHNX TeJO.

Uem Oonble TaKHX YacTHIl B Tesle U ueM GoJbluc CpepHsst
CKOpPOCTb HX JABHKEHMS, TeM SHeprus Teja Gonbllle H BMecTe
c TeM Gosbiie ero paborocnoco6HocTb. TakuM ob6pa3oM, sHep-
TSl SIBJSIETCS! XapaKTepUCTHKOH pabGoTOCNOCOOHOCTH —Tea.

Tak kak ¢opMbl ABHKEHHS MaTepuH pasHoOOGpasHE, TO M
SHepPIrHs NposiBNsieTcs] B pasHbIX BHAaX. M3BecTHbl, HanpuMmep,
TaKve BHJbl SHEPIHH, KaK MeXaHuuecKas, BHYTPEHHSAA, 3JeK-
TPOMAarHdTHasl, aToMHas, fAepHas u Jp.

§ 1.3. du3nyeckoe cocTosiHue BeleCTBA

BelectBo B mpHpoje MOKET CYLIECTBOBAaTh B TpPeX COCTOSI-
HUAX (basax): TBepAOM, KHAKOM H raszoobpassHom®. OaHako B
KakoM OBl COCTOSIHHH BELIECTBO HH HaXOJMJIOCh, OHO COCTOUT
U3 BEYHO ABHXKYIIUXCS CTPYKTYPHBIX YacTHIl; MOJIEKYJ, aTo-
MOB, HOHOB M Jp., CBSI3aHHLIX MEXAY co0Oil CHJIaMH B3aUMO-
AeficTBUS (NPHUTSKEHMS ¥ OTTAJKUBaHUSA).

B TBepABIX Tenax cHJbI NPUTSKEHH A MEXAY YaCTHILAMU OKa-
3LIBAIOTCA HACTONBLKO GOMBIUHMH, YTO TaKOE TeJ0 COXpaHseT

* Cunraercs, YTO MOJNHOCTBIO MJM YAaCTHYHO HOHH3OBaHHHII ras,
Ha3nlBaeMulit naa3amod, npeacTaBasieT co6oil yeTBepTOE COCTOSAHHE Be-
mecrBa. [Togpo6Hee o naasme ckasaHo B § 15.6.
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csoo ¢opMy, M 4TOGE HAPYWIHThL €€, HAalAO NPHUJIOKHUTbL K HeMy
Gonee HJIM MeHee 3HAUHTENbHYIO CHJY.

B XMAKOCTAX CHJIBI NMPHTSIKEHHS MEXKIY YacTHLaMH 3Ha-
YHTeJbHO MeHbllle, YeM B TBepABIX Tenax. )KUAKOCTH He B co-
CTOSIHHM COXPaHSATh CBOIO (HOPMY H NMO3TOMY NPHHUMAIOT GopMy
TOro cocyja, B KOTODOM OHH HaXoAfATcs.

B rasooGpasHbIX Te/laX PacCTOSTHHA MeXAY YacTHIAMH Be-
ecTBa ropasfo Gonblue, YeM B KHMAKHX MM TBepAwX. Ilpn
STOM CHJIHl B3aUMOJEHCTBHS MEXJIY 4YacTHIIAMH OKa3blBalOTCS
HACTOMIbKO HEe3HaUHTeJbHBIMH,
yTo rasoofpasubie Tema pac- t
NPOCTPAHAIOTCA TIO BCEMY Mpo-
CTPaHCTBY, B KOTODOM OHH Ha-
xoxsTcs.

B onpejeneHHbIX yCIOBHAX
BEIIECTBO MOXKET NEPEXOJHTh H3
onHoro ¢usuueckoro (arperar-
HOro) coctosinus B apyroe. Ha-
npuMep, Bojia B TBEPJOM COCTOS-
HHH (/1el) NpH HarpeBaHHH Mo- 2
KET IMpeBpamarbCs CHavajla B Puc. 1.1. Pasosasm juarpamma
XKUJAKOCTh, 4 3aTEM B Hap, T. €. OJHOKOMIIOHEHTHOI'O BCLIECTBA
B rasoofpasHoe COCTOSIHHE.

Bo3moxHbIE crocoOE NMepexofa OJHOKOMMOHEHTHOTO Bele-
cTBa U3 OfHOMH (a3kl B APYTYIO HArMISAHO MOryT GHITH NOKa3as
HBl Ha ¢asoBoit auarpamme (puc. 1.1).

Ha aToi1 aparpamMMe-mo ocH OpAMHAT OTKJaAbIBaeTcs B OI-
penenenHoM Macwitabe TeMneparypa, a no ocH abcuuce — jase
nenne. Jlunuamu AB, AC u AD nnomanp Auarpammel paspene-
Ha Ha TpM 30Hb; / — 30HA TBepAOro cocrosHus, //—30Ha KU~
Koctd ¥ II] — 30Ha rasa (napa). Jluuus AB spasercs norpa-
HHYHOM MEXZy 30HaMH TBEPAOro COCTOSHHSA BeLIeCTBAa M KHI-
KoctH, JUHHSL AC — MOrpaHHyHOH MeXAy 30HAMH XHJKOCTH
U rasa (mapa) U quHus AD — morpaHHyHOH MEXKAY 30HaMH
TBEpAOro BemlecTBa M rasa (mapa).

JInnus I—4 — rpaduyecku u3obpakaeT mporece, B KOTO-
poM TBepJOe BeIecTBO NpPH MOCTOSHHOM AABJEHHH Harpesa-
HHEM npeBpallaercs BHayasne B XKUAKOCTh, a 3aTeM B ra3 (map),
B Touke miaBieHHs 2 BelECTBO MOXKET HaXQIHTHCS OLHOBpE-
MEHHO B JIByX COCTOSIHHSIX — TBepJoil M xuAKoit ¢asax. Ha
yuyacTke 2-3 BellecTBO HaXOAUTCS B XKHUAKOM COCTOSIHHH, a Ha
yuacTke 3-4 — B COCTOSIHMM mneperperoro napa (rasa). B Tou-
Ke 3 OHO MOXKET HaXOIUThCS B IBYX (pazax — KHAKOCTH H napa
(T. €. ABNATHCA HACHILEHHHIM MApaM).




Ecnu yMeHbIIMTb AaBJeHHe, NIPH KOTOPOM MPOUCXOAAT 3T
¢asosbie npeppauieHus, To IMHUS npolecca GyAeT nepemelaThb-
cA BJIEBO M TOYKH 2 M 3 mocTeneHHo Gyayr cOnuxarncst. Ha-
KOHell, KOrja JIUHHA nporuecca npoiaeT uepe3 Touky A, To ToY-
k1 2 u 3 conblotcst. Touka A HaspiBaercs mpodroll, Tak Kak
B HeH BEIECTBO MOXKEeT HaXOIHThLCsS OAHOBPEMEHHO B Tpex Cco-
CTOSIHHSIX: TBEPJAOM, XKHUJIKOM H razoo0pa3HOM.

Ecan nuHMIO npouecca nepeasUHYTH elle BJAeBO, TO NPoLece
nepexofia BellecTBa W3 TBEPAOro COCTOSHHS B ra3oo0pasHoe
H300pasuTCcs, Hampumep, JHHHeH 5-7.

Kak BMAHO M3 amarpaMmbl, B JaHHOM cJyyae TBepjoe Be-
IIECTBO HEMOCPeACTBEHHO MEepexoiHT B ra3oobpasHoe cocTos-
HHe, MHHYSA XHJXyio ¢asy. Takoii npolecc HasbIBaeTcs 603-
2oukoll (cybrumayuedi). ITo aToMy mpoleccy NpoMCXOIHUT, B ya-
CTHOCTH, NpEBpalleHHe CyXOro JbjAa (TBEpAOH YINEKHCIOTH) B
YIVIeKHCABIH ras.

IIpyHUNNHANTBHOTO pa3iUuYUs MEXAY ra3oM M NapoM Her,
OHaKO NapaMH YCJOBHO CYHTAIOT TaKHe ra3oo6pasHbie BelecT-
Ba, KOTOpHIe B OOBIYHBIX YCJIOBHAX MOTYT NPH OTBOJE TEMJOThI
NepexoiuTh B KUAKOCTb, T. €. KOHAeHcHpoBartbcsi. K rasam
OTHOCST TaKHe BellecTBa, AJ15 KOHAEHCAUH KOTOPHIX HYKHEI OT-
HOCHTEJILHO BEICOKHE AaBJeHHS H HH3KHe Temneparyphl. Tak,
BOASAHOH map npH HOpMaJbHOM aTMocdepHOM JaB/eHHH KOH-
JeHcupyerca yxe npu temneparype 100°C, a ana KoHaeHca-
LIMH NPH TaKOM Ke JaBJeHHH, HanpuMep, Kuciaopoja Tpebyer-
ca Ttemneparypa — 182, 97°C.

B TennoBbIX ABHrartensix TemJoTa npeBpaiiaercsl B pabory.
Jlns Takoro mpeBpaleHusl HCMONb3YIOT BelleCTBa-TeNJIOHOCH-
TeJIM, HasblBaeMble pabouumi mesamu.

ITpakTHueckn B KauecTBe paGouMX Tea HCMOMB3YIOT rasbl U
naphl, KOTOpble NpY H3MEHEeHHH TeMmepaTyphl U JaBJeHHS MO-
TYT 3HAUYHTEJIbHO H3MEHATh CBOH yJeJMbHbLIH 00BEM H NMPH 3TOM
coBeplIaTh ropasjo Gonbliyio pabory, ueM KUAKHE U TBepAble
Tena.

Hrak, pabouumu mesramu nasolearom eewecmsa, ucCnoab-
3yemole 0N npespaujeHUs menaomet 8 pabomy.

§ 1.4. Macca, cuaa TAKECTH U BeC

B panee u3nanHoii TeXHHUeCcKoi JUTepaType NpHBOAATCS
yCTapeBlUIME EAMHHLBI (H3uuecKUX BeauunH. JIjs nepeBoma
MX B HOBBIE COCTaBJIEHBl CHElHaNbHbIE MepecyeTHble TabsH-
uel. OiHa U3 TaKKX TaGau1L, B KOTOPOi IPHBEeHb HEKOTOPbIE Me-
XaHWYeCKHE M TeNJIOBble EAMHHIBI, JaHa B NPHJOKEHHH .
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‘OctaHOBHMCA B 3ToM maparpade Ha TpPeX BaXKHbIX BeJHUH-
Hax: Macce, CHJIe TSXKeCcTH U Bece. VIMeHHO B UX NMOHATHS B IO-
cnefHee BpeMsl OblIM BHeCEHbl CYLIECTBEHHbIE H3MEHEHHS U
JONOMHEHH I, HAlIeAIIHe OTpaXKeHHe H B TeXHHUECKOH TepMOIH-
HaMHKe.

M acca— nouartue MHororpaHHoe. B TexHuuyecKoii Tep-
MOJMHAaMHKe Macca paccMaTpHBaeTCsl IPEK e BCero Kak Xapak-
TepHCTHKA HHEPTHEIX CBOHCTB TéNa (Takas macca mnojyunsa Ha-
3paHHe HHepTHOH Maccel). HamomHuM, uto unepmuocme —
Mo CeoUiCcmeo mea UBMeHAMb C8O0 CKOpocmb: nod eoadeticmeuem
BHEWHUX CuA UM, APYTHMH CJ10BaMH, OT3bIBATbCA YCKOpEHHEM
Ha JelicTBHe TaKHX CHJI. i

Macca yuyacTByeT H B 3aKOHE BCEMHPHOr'O TAroTeHus, B KO-
TOPOM OHa SIBJISIETCS XapaKTePHCTHKOIl CHJI B3aHMHOTO NPHTS-
JKeHH s Tesl. B TepMoAHHAMHYECKHX pacyeTax Maccy paccMaTpu-
BaT KaK NOCTOSHHYIO BelHuHHYy. Takas Macca HasblBaeTcs
maccoll nokos. Maccy moKos MakpoTeJs OnpefensiioT B3BellHBa-
HHEM Ha Becax, B YaCTHOCTH PBIYaXKHBIX, Ha KOTOPLIX OHa ypaB-
HoBelMBaeTcs Maccod rHpH. Tak Kak mpu 3ToM Macca B3Be-
IIHBAEMOro TeJla K Macca THpH OKasbIBalOTCS MOJA OAHMHAKOBBLIM
BO3JIEHCTBHEM CHJl 3€MHOI'O NPHTAKEHUS, TO pe3yJsbTaT B3Be-
LINBaHUA HE 3aBHCHT OT MeCTOHaXOXJIEHHsS] NYHKTa B3BelIHBa-
HHS. f

3a exnunny maccel B CH npuHaT Kunorpamm (Kr).

Cuna TsHAXecTH — BekTopHas (T. e. HampasJeHHasn)
BEJINYMHA, OHA ABJSAETCS MepOoil 3eMHOro NpHUTsKEeHHd. 3a elu-
HHLLY CHJIBI TSKECTH NPHHATA CHJa, coollaonias NoCTOSTHHOM
Macce B 1 Kr yckopenue, paBHoe 1 M/c?. Droil equHi1Ie PUCBOe-
HO creuHanbHoe HauMeHOBaHHe — HbiomoH ¢ o6o3Hauenvem H.

B ec Tena Toxe BekTOpHad BeNHYMHA, MpeACTaBISIOLAS
co0olt cHNy, C KOTOPOii TeJo MOA ASHCTBHEM CHJBI TSXKECTH Jefi-
CTBYET Ha rOPH3OHTAJNLHYIO ONOpPY HJH Ha HHThH IOABeca.

Bec, KaKk U culy TsKecTH, ONpefe/sioT C NOMOLIBIO AMHA-
MOMeTpa B YCJOBHSIX OTHOCHTENILHOTO NMOKOSl B3BELIHBAEMOTro
TeJa ¥ JMHaMoMerpa.

Kak 6bl10 ckas3aHo Bbllle, Macca JAHHOro Tejla He 3aBUCHT
OT NMYyHKTa B3BEIUHBaHHA, OHA NOCTOSIHHA Ha BCeX WHpPOTax
H BBHICOTaX Haj YPOBHEM MOpH, MOITOMY Macca MOXKET CUMTaTh-
cf XapaKTepHCTHKOH Teua.

Bec ke 3aBHCHT OT yCKOpeHH ST CBOOOAHOrO NafeHus B NyHK-
Te M3MEPEHHs, NMO3TOMY OH He MOXKET CUMTaTbCcH XapakTepH-
CTHKOH Tesa. 3HaHHE Beca HEOOXOAMMO B TeX cayyasx, Koraa
Tpebyercsi OnpefeNuTb CH/Y BO3JEHCTBUS Tesa Ha €ro omnopy
HJIM Ha HHTb noaseca. Korja omopa MM nojsec HeMmOABUKHBI
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OTHOCHTeNILHO 3eMaH JIHGO Teso ABHIKETCS NPAMONHHENHO H
paBHOMEpPHO, Bec TeJa paBeH cuje Taxectd. [Ipu noxbeme
C YcKopeHHeM Bec Teja Gonblie CHJEI TsxkecTH. Ilpu cnycke
C YCKODEHHEM BeC TeJa MeHblIle CHJIBI Tsixkectd. [Ipu cBoGoa-
HOM NajieHHH Bec Teja paBeH HYJo.

§ 1.5. KonnyecTBo BeliecTBa, MoJsipHas Macca,
MOJIAPHBI 00BEM

KoanunuectBo BemecTBa n— QH3HYeCKas Be-
JUYHHA, onpejessieMast YHCJIOM CTPYKTYPHBIX yacTHU. Eaunu-
neit konuuectsa BeulecTBa B CH aBnsiercs Mosib. Moab — ko-
JIMYECTBO BEIIECTBAa, YHCJIO CTPYKTYPHBHIX YacTHIl KOTOPOro
pPaBHO HHMCJIY aTOMOB, COlepxKamuxcss B yraepope-12 Maccoi
0,012 kr.

MonspHasa Macca M — seqMunHa, paBHag oOT-
HOLIEHHIO MacCHl K KOJIHYECTBY BEIlECTBa:

M = min, (1.1)

TZe m — Macca BelecTBa; 1 — KOJNMYECTBO BEIIECTBA.

Ecau Mmaccy m Bbipasuth B Kr, a n — B MOJISIX, TO €AHHHU-
ueit MonsipHo#t Macce GyAer Kr/monb. UncioBoe 3HaueHHe Mo-
JSPHOH Macchl, BbIPaXKEHHOE B KI/MOJNb, PaBHO OTHOCHTEb-
HOll MOJIEKyJIApHOI Macce, fienednoit Ha 1000 (M = M,/1000,
rie M, — oTHOCHTeNbHast MOJEKYyJsIpHAsA Macca).

Takum o6pa3om, MonspHasi Macca BellecTBa NMPOCTO onpe-
JeNSeTCA MO ero OTHOCHTENBHOH MoylekyaspHofi Macce. 3Ha-
YEHHs] MOMEKYJSPHBIX MacC HEKOTOPBIX ra3oB NpPHBENEHH B
NpHIOKeHHH 2.

Monapuwit 06beM V, paBeH oTHOLIEHHIO 00BEMA,
3aHHMAEMOro BEIeCTBOM, K KOJMHYeCTBY BelLIecTBa:

Va = Vin, (1.2)

rze V — o6vem Bemectsa. Ecnu V BhipasuTh B KyOHUECKHX
MeTpax, a n — B MOJSX, TO €IMHHIA MOJSAPHOro o6beMa —
KyOHueckuit MeTp Ha Moab (M%/Mons). KonuuecTBO BelectBa
onpejensercs, Kak GblI0 CKa3aHO BhILIE, YHCJAOM €ro MOJEeKy.J1
(M1 IPYTHX CTPYKTYPHBIX YacTHL). DTy BeNTHUMHY HeNMb3f 3a-
MeHsITb BeJHuHHOH «Macca». Hanmpumep, Henb3ss ynorpebnsith
BhIDAXKEHHE (KOJIMYecTBO BO3Ayxa pasHo 0,5 M®» MM «Koau-
YeCTBO BOJIEI pPaBHO 25 Kr», TaK Kak B EPBOM C/1y4ae peub HAET
06 ofneme, a Bo BTOPOM — O Macce.
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KoHTpoJbHbie BONpOCH

1. Uto Takoe TeXHHYEeCKas TepMOAHHAMHKaA?

2. Yem 6nila BHi3BaHZ HEOGXOAMMOCTb CO3JaHHA M JfajbHeHlero
Pa3BHTHS TeXHHYECKOH TEePMOAHHAMHKH?

3. Uro Takoe Mmarepus?

4. Uro aBasercsd YCJAOBHEM CYIIECTBOBAaHHA MaTepHH?
5. Uto Takoe cy6aumanusa?

6. IToueMy B KayecTBe paGOyHX TeJq B TepPMOAHHAMHKe HCIOJb-
3yloTcA rasbl H naper?

7. Uto Takoe MoaspHasa Macca?

FaaBa 2
OCHOBHBIE NNAPAMETPHI COCTOSIHHSA

§ 2.1. T110THOCTL H yAEJbHbLI 00BEM

CocTrosinne Jo60ro BelecTBa, B YaCTHOCTH pabouero Tena,
onpejensiercss 3HayeHHSIMH HEKOTOPHIX BEJIMUHH, KOTOpPHIE Ha-
3LIBAIOTCS  NAPAMEMPAMU COCMOAHUR,

Tpu u3 >THX mapaMeTpoB — NMJAOTHOCTbHb (HIH 06-
paTHas efi BelHyHHa YAeJAbHBHH o6beM), AaBaAE-
HHE M TeMmepaTypa— ABISIOTCA OCHOBHBIMH.

T1aomuocms  6euyecmea — 6eAUYUHA, PABHAR OMHOUILHUIO
e20 maccee & 06vemy. IInoTHOCTL OGBIYHO OGO3HAuUaeTcst rpeve-

ckoit 6ykBoii p (po). Ecan maccy BemiecTBa 0603HAuHTbL yepes
m, a ero o6beM yepe3 V, To

p = mlV. 2.1,

Yoervnoii o6vem eewjecmsa — GeAUHUHA, PABHAS OMHOUle-
HUK0 06vema K e20 macce; eCAH YAeNbHbI OObEM OGO3HAUUTD
6ykBOii v, TO

v=Vim. (2.2)

M3 ypasnenus (2.2) cmeayer, uto eAMHHLEH NJIOTHOCTH B
CH aBnsercs kumorpaMMm Ha KyOGuueckuit Merp (kr/m®), a emu-
HHIeH yAeapHoro o0beMa — KyOH4yeckMH MeTp Ha KHJOrpamm
(M¥/xr).

ConocraBngs ypaBHenus (2.1) u (2.2), BuAMM, 4TO mJOT-
HOCTb ¥ YAGNbHLIA 0ObeM — BeJHUHHbI B3aUMOoOpaTHbLE, TaK
Kak

pv =1, (2.3)

HssectHo, Hanpumep, uto Macca BoAsl oGpemoM 1 M® mpH
TeMmneparype 3,9 °C pasxa 1000 kr, Mo3TOMy MJIOTHOCTb BOAbL
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1npH Takoi Temneparype pasHa 1000 kr/m®, a yaenbHBIH 0GBEM
0,001 Mm%kr.

OO6beM rasoofpasHbix Tea npy GOMBLIOM H3MEHEHHH JaBJie-
HUA WK TEMIepaTyphl 3HAUHTENbHO H3MEHSETCH, NMPH 3TOM
H3MEHSIIOTCS MX IVIOTHOCTb H YAebHbIN o6beM. [loaTomy, Koraa
FOBOPAT O 3HAUEHHH YAENbHOro o6beMa MJIH IJIOTHOCTH raso-
o6p4a3Horo Tena, TO YKasblBalOT AaBJIeHHE H TEMNEPATYpY, NpH

KOTOpPBIX OHH OIIPEAEJICHBI.
B cnpaBouHOH JHTepaType 3Hau€HHS YIENAbHBIX OGBEMOB

M TUIOTHOCTEl AaloTCsl OOBIYHO NPH TaK Ha3bIBaEMBIX HOpPMallb-
HBIX (HU3HYECKHX YCJOBHSAX, O] KOTOPHIMH HMEIOTCSI B BHAY:
nasnenue, pasuoe 101 325 ITa (760 MM pT. cT.), H TeMnepaTypa
0° C. ITapaMeTpbl COCTOSIHHSI B 3THX YCJOBHSAX 0603HAYalOTCS
COOTBETCTBYIOLIEH OYKBOH H HHAeKcoM «H». Hampumep, vy, pu
# T. A. B npunoxenny 2 npuBoAATCS 3HAUEHHST OTHOCHTENbHOI
MOJIEKYJISIPHOH MacChl M INIOTHOCTH HEKOTOPLIX ra3oB IpPH HOp-
Ma/bHBIX (U3HYECKHX YCJIOBHSX.

Npumep 2.1. B nyckosoM GasnnoHe ausenst BMecTuMocTbio 0,3 M3
COEPKHTCS BO3AYX, MJIOTHOCTL Kotoporo 2,86 xr/m3, OnpegeiauThb

Maccy Bo3jayxa B GaJjoHe.
PemeHnne. Maccy Bo3ayxa omnpefenum Hu3 ypasHeHHsa (2.1):

m = pV = 2,86:0,3 xr =~ 0,86 kr.

3apaun

2.1. B nuaunape npH HeXOTOPHX JaBJeHHH W TeMmeparype co-
JAepxuTCS Bo3nyx o6vemoM 0,6 M3 u Maccoit 0,72 kr. Haiitu ero naor-

HOCTB.
Omsem: 1,2 xr/ms.

2,2, Haiitu Maccy rasa o6vemoM 0,5 M3, ec/iH H3BeCTHO, 4TO MJOT-
HocTb ero pasHa 1,05 kr/m3,
Omsem: 0,525 xr.

2.3. Haiiti o6beM rasa, ecan Macca ero 3 Kr, a notHocTs 0,95 kr/m3.
Omsem: 3,16 M3,

§ 2.2. Hasaenne. Enunnua pasaeHus

Hasrerue — eeaununa, pagHas OMHOWIEHUIO CUAbL, DPABHO-
MEPHO pacnpedeneHHOE nO HOPMAALHOL K Hell nosepxHocmu, K
naowadw smod noseepxHocmu:

p = Fis, (2.4)

rAe p — AaBiaenHe; F — cuja, AeACTBYOLUIAA HA MOBEPXHOCTD;
§ — IJIOMaAb NOBEPXHOCTH, HOPMANbHOIL(T. €. NepNeHAHKYAAp-
HOH) K cuJje.
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Tax wak B CHU enuuuna cunast — HeioToH (H), a eaunnua
MJIOIAAH -—— KBajJpaTHuI MeTp (M?), TO elnHHUe(l AaBleHus B
CH sBnsiercs HHIOTOH Ha KBaapatHuiil Metp (H/M?). Dta enunn-
1a nojyudsia crneuuanbHoe HauMeHoBaHHe nackaab (I1a).

Ilpu peleHHH TeXHHYECKHX 3ajay yacTo NPHMEHAIOT KpaT-
HbHle eJIMHMIBI OT mackansi: Meranackanb (MIla), paBHbIif
1-10° Ila, u xunonackanp (kIla), pasubiit 1-10° Ila.

Jlo BBefeHHs MexAyHapoaHOH CHCTEMBI €IHMHHIL NpPHMEHS-
JIH eMHHUUEI JaBJEHUS: KUJIOrpaMM-CHJY Ha KBaJpaTHHI caH-
TUMeTp (Krc/cm?), MHANHMETP BOASIHOro cTon6a (MM BOA. CT.),
MHJITUMETP PTYTHOro ctonba (MM pr. cT.) H Ap. CoOTHOMIEHH S
MeXJy 3THMH eIMHHLAMH JaBJeHHS H YHUBEpCaJbHOH €INHH-
ueit pasnenus CH — nackanb npHuBefeHbl B NMpPUJOXKEHHH 6.

IMpumep 2.2, IuaMerp AHHILA KOJJIEKTOpa BOAOTPYGHOro Kotsia

= 1,2 M. [laBneHue napa B Kotae p = 2,5 MIla. Haiitu cuay, geicr-
BYIOIlYI0 Ha JHHILE KOJJIEKTOPa KOTJa H3HYTpH.
PeweHue. l'].nomanb AHHIIA KOJJIEKTOpa KOTJjaa
s = nd®/4 = 0,785d4% = 0,785-1,22 M2 = 1,13 M2,

Cuna, feiicTByiomas Ha JHHIE KOMJIeKTopa KoTaa H3nytpu [dop-

myaa (2.4)L:
F = ps=2,5.10%.1,13 H = 2,83 MH.

Mpumep 2.3. Bripasutb B eguuuuax CH pasaenus 367,7 u
882,6 MM pt. cT. u 300 MM Bog. CT.

PewmeHnue

1) 367,7 MM pr. cr. = 367,7-133 Ia = 48,9-10° [1a = 48,9 xIIa;

2) 882,6 MM pr. cr. = 882,6-133 IMTa ~ 118 kIla = 0,118 MIla;

3) 300 mM Bog. cr. = 300-9,81 ITa &~ 2,94 «klla.

3apauun

2.4, B uuauHiApe au3ens NPH CrOPAaHMH TONJHBA JaBJeHHe YBe-
auuuBaercs go 5,0 MIla, Haiith cuay, pefictsyiomyio npH 3TOM Ha
KPHILIKY UHJIHHAPA H3HYTPH, €CAH BHYTPeHHHH JuUaMeTp LUHJIHHAPA

paseH 375 mM.
Omsem: 550 kH. g
2,5. Bripasurb aaBiaenue, paBHoe 100 kIla, B MujaauMerpax pryr-
Horo cron6Ga M B MeTpaX BOAfHOro cronaGa.
Omeem: 750 MM pT. CT.;
10,2 M BOx. cT.

§ 2.3. JlaBnenue u pa3pexeHne

JonycTtuM, uto HMeeTcss COCyJh, K KOTOpOMY NPHCOEAHHEHa
U-ofpasnas TpyOKa ¢ Kakoii-HHOyJb XHAKOCTEIO (pHc. 2.1).
Ilpu oTkphITOM cocyne AaB/eHHe BHYTPH HEro, OueBHAHO, paB-
HO JIaBJIEHHIO OKpYXKawlei cpeabl (aTMocdepHOro Bo3AyXa)
Po M B 3TOM CJ1ydyae JKUAKOCTb B o6oux KoseHax U-oGpasHoit
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TPYyOKH MO 3aKOHY COOOIIAIOIUXCST COCYAOB HaXOAUTCa Ha oA-
HOM ypoBHe.

Ecny napnenne B cocyle YBEIHUHTb, TO 4acThb JKHAKOCTH
U3 JIEBOro KoJjieHa TpyGKH OyJeT BhITeCHEHA B NPaBoe, BCJEACT-
BHE uero obpasyercs Pa3HOCTb YPOBHEH »XMAKOCTH B OGOHX
Konewax. Tenepsb naBieHue p B cocysie OyeT ypaBHOBeLIHBATh-
csl JlaB/leHHeM aTMOC(EpHOro BO3AYXa (OKPYKaIOLIEH CPEAEI) Po,
H3MepseMbIM OGLIYHO GapOMETPOM, H, KPOME TOro, AaB/IeHHEM,

lPa |7

P 2P,

Puc. 2.1, Hamepenne Hu36urouHoro Puc, 2.2. Mamepenne paspexe-
nasnennss U-o6pasHeiM MaHoMeTrpoM HHA U-06pasHHM BaKyyMMeTpOM

CO3/1aBaeMbIM CTOJOOM KHAKOCTH BBICOTOH A M Ha3blBaeMbIM
usboumounoim py. Takum oGpasoM,

P = pa -+ po, OTKYAQ (2.5)
Pa =P — Po- (2.52)

B TepMoIMHaMHUeCKMX YypaBHEHHSX BCErAa HCNOABb3YIOT
3HAUeHHs JIaBJeHHSA B COCYJe, TaK KaK TOMbKO OHO SIBJISIeTCS
napaMeTpoM, XapaKTepH3YIoIHM cocTosiHHe Tesa. M36biTouHoe
e JlaB/leHHe He AB/SETCA MapaMeTpoM U MOXKET IIPHHUMATh /IS
O/[HOrO U TOrO K€ COCTOSHMSA Tela Pas/NUYHble 3HAYeHH:, 3a-
BUCSILIME OT JaBNeHHS OKpy:xawoueit cpeasl [cM. dopmyay
(2.5a)]. M36biTouHOE JaB/eHUE H3MEPSIOT CHelHaNbHBIMU TPH-
GopaMu — manomempamu.

BepHeMcsi K ONBITY C COCYAOM, HO Tenepb NOHH3HM AaBje-
HHe B HeM TakK, 4ToObl OHO CTaJIO MEHbIUE JaBJeHH OKPY:Kalo-
el cpeasl, T. e. aTMocdepHoro AaBaeHus., Toraa wyactb XKuA-
KOCcTH H3 mpaBoro koneHa U-o6pasHoii TpyOKH mepeMecTHTCS
B aesoe (puc. 2.2). Tenepb Hapy:KHoOe AaBiieHKe p, 6yAeT ypas-
HOBEIINBAThCSl JiaBNeHHeM BHYTpH cocyAa p H, KpoMme Toro,
JaBJIEHHEM pg, CO3/aBaeMbIM CTONOOM XHMAKOCTH BHICOTOH .

Takum ofpasom, mosmyuuMm

Po=p+ P (2.6)
Ps = Po— P, (2-63)

HIn
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rie pp — Pa3nOCTb AaBJEHHS OKPY:KaloUeii Cpeanl M JaBaeHns
B cocyzie, OOBINHO H3MepsieMasi BaKYYMMETpOM H Ha3blBaeMas
paspesceriuen.

[Tpn HeusmeHHOM AaBNeHHH OKpY:Kaiolwleil clefsl p, paspe-
JKeHHe TeM GoJibllle, YeM Melblue AaBJeHHE BHYTpH COCYAA p
[popmyna (2.6a)].

Mpumep 2.4. ManoMmeTp, YCTaHOBJACHHLI Ha MapoBOM KOTJe, MO-
KaswBaer nasnende 1,8 MITa. HaliTh nasieHue mapa B KoTJae, ecau
atMocdepHoe nasienne 99 kIla (0,099 MITa).

Pewenue. ITo dopmyne (2.5): p=p;, -+ pp = (1,8 + 0,099) =
~ 1,9 MIla.

Npumep 2.5. Bakyymmerp nokassiBaer paspexxenuc 80 kIla. Ka-
KOBO JIO/IXKHO GHITL JaBJieHHE B COCYJAe, €CJAH aTMOcdepHOe JaBjeHHe
no GapoMerpy cocrasaser 100 xIla?

Pewen ue Ha dopmyan (2.6) umeem: p = p, — py = (100 —
~— 80) klIla = 20 KIla.

3apauun

2.6. Manomerp,, ycraHOBJeKHHBH Ha MapoBoM KOTJe, MOKa3hBaer
Xapienue 0,4 MITa. Yemy paBHo paBieHHe mapa B KOTJNe, eCaH 6apo-
MeTp mnokasniBaer 94,4 klla.

Omeem: 0,494 MIla.

2.7. Kakoe naBjieHHe HCMbITHIBaeT BOJONA3 Ha ray6uxe 30 M Huxe
YPOBHA MOps, eCAH IJIOTHOCTD MODPCKOH Bojnl paBHa 1080 kr/m3
a pnapjeHHe  arMocdepHoro  Bosayxa

—0,1 MIa.
Omeem: 0,418 MIla. B

2.8. Insa onpejeneHHst YPOBHS XHA- = =
KOTO TONJHBA B UHCTEPHe B Hee MOMe-
HeH BO3AYIWHLIA Koaokon K (puc. 2.3). F
Bo3nayx B 3TOM KoJOKOMe, CXKHMasicCh
crosi6oM TonauBa H, mepenaer paBae-

HHe MaHoMerpy. KakoBa fonxHa GHITH K\—:.‘—_—_:'—._——:- \
BHICOTA VDOBHS TOnAHBa H B UHCTepHe, N— - —
eCAM mIOTHOCTL TonsuBa 880 xr/m3, a — 4 T
noKa3anue MaHomerpa B pasHo 13,3 x[Ta? iy T
Omeem: 1540 mm. T ===
— —_—_.

2.9. JlaB;eHHe B KOHAeHcaTOpe napo-
BoH TypGHHE 12 xITa. labnenwe atmoc- Puc. 2.3, Komokon aaa
¢eproro Boagyxa —98,4 kIla. Uemy onpexenends o6bema KHR-
PaBHO paspexeHHe B KOHAeHcatope? KOCTH B 3aKpPHITOM COCyZAe

Omeem: 86,4 xIla.

2.10. PTyTHHit BaKyymMMerp, NpHCOeAWHEHHHH K KOHJieHcaTopy,
nokasniBaer 620 MM pr. cr. Ilokasanue pryTHOro GapoMerpa —
770 mm pr. cr. HaiTH paBicHHe B KoHjeHcaTope.

Omesem: 19,95 xIla.
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§ 2.4, Temnepatypa

TemnepaTypa— ogfMH H3 OCHOBHEIX MapaMeTpoOB
BEILIeCTBA — SIBJISIETCS] MEpPOif CpefHell KMHETHUeCKOi 3HeprHH
MOJIEKYJI, T. €. Mepoil CKOPOCTH MX TEIJIOBOro ABHKEHHs, UeM
3Ta CKOpOCTh GoJblie, TeM Bhile TeMrmeparypa Tena. K coxa-
JIEHHIO, HeT TaKUX NpHOOpOB, C MOMOMLIBIO KOTOPHIX MOXKHO Gbl-
J0 OBl HEMOCPEeNCTBEHHO H3MEePATb CPERHIO KHHETHYECKYIO
SHEPTHIO MOJIEKYJI, TIO3TOMY TeMnepaTypy OnpenesiioT KOCBeH-
HBIMH NYTAMH H NpeXKAe BCEro SMIHPHUUECKH,

Jo xonua XVII B., Koraa emte He GLIJIO H3BECTHO NOCTOSIH-
CTBO TeMMNepaTyp TasHHUA JbJa U KHUMEHHS BOAb, GBUIO HEBO3-
MOXKHO CO3/aTh TeMMepaTypHbe IIKaMbl, KOTOphle HMeaH Obl
NIpaKTHYeCKoe 3HayeHHe.

TonbKo nociie Toro, Kak aHIVIMIACKHIL €CTECTBOMCIHITATEND
P. T'yk (1636—1703) OTKpBII NMOCTOSIHCTBO TeMmepatyphl Taio-
IIEero JbJa, a BHAAIOIMIACSA TONIaHACKHI MeXaHuk, QU3HK H
mareMatHk X. Toiirenc (1629—1695) — mocTosiHCTBO TeMme-
paTypel KMNEHU S BOABI, OKAa3al0Ch BO3MOXKHLIM CO3AaTh IUKAJILL
¢ AByms penépHEIMH (ONOPHEIMH) TOUKAMH: TasHHSA JbAA U KH-
NEeHHS BOABIL.

CospartenemM nepBoro TepMOMeTpa, FOAHOrO ANs NpaKTHYe-
CKOro mnpHMeHeHusi, Obl1 HeMeukuii yuennlfi I'. dapenreiit
(1686—1736), xorophlii 3a Hayano IUKaAbl CBOCFO TEPMOMETPA
" (HHXXHIOIO ee TOUKY) MpPHUHSN TEMIepaTypy TastHHSI CMECH, CO-
CTOSILLIE} M3 HALIATHIPS H TAIOLIEro JIbja, B3SAThIX B OJHHAKOBbLIX
Maccax. TeMmneparypa TasiHus JIbAa Ha TaKOi IUKaJNe 0Ka3anach
paBHoOit 32°, a BepXHfiT TOUKA COOTBETCTBOBANa TEMIEpaType
KHIIEHU sl BOJBI NPH HOpMaslbHOM arMocdepHOM jAaBieHHH. Pac-
CTOSTHHE MEXAY 3TOH TeMnepaTypod M TemmepaTypoi TasHHS
JibJia OH paspenui Ha 180 vacTeit H TakuM o6pa3oM MOMYUHJI pas-
Mep ofHoro rpajyca, o6osHauaemoro cumBonoM ° F,

B 1723 r. ¢pannysckuit ¢pusuk P. Peomop (1683—1757)
NPENNIOKHA IIKaNy, OCHOBaHHYIO Ha JABYX penepHHIX TOYKax,
COOTBETCTBYIOIMX TeMNepaTypaM TasiHU sl JIbJa U KUTEHH ST BOAb
NpH HOpManbHOM atMochepHOM AaBieHHH. PaccTosiHHe MexAy
STHMH JIBYMs TOYKaMH OH pasfeausn Ha 80 paBHBIX 4acTel-
rpapycos. Temneparypy B rpanycax Peomiopa 0603Ha4aioT CHM-
BonoMm °R.

Heckonbko nos:xe (B 1742 r.) wseackuit actponom A, Lens-
cuit (1701—1744) npennoxun TeMnepaTypHyKO LIKaAy C TeMH
2Ke penepHLIMM TOYKaMH, Ha KOTOPBIX OCTpOeHa wKaJa PeoMio-
pa, HO paccTosiHHe MEXXAY HHMH OH pasgenua Ha 100 oguHako-
BBIX yacTeii-rpanycos, Temnepatypst B rpagycax Llenbcus oGo-
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3Hayaior cuMBosnoM ° C. Tepmomerprr dapenreiita, Peomiopa
H LlenbcHsA OTHOCATCS K JKHAKOCTHBIM TEDMOMETPaM, NpUH-
LMIT IeCTBH S KOTOPLIX OCHOBAaH Ha M3MeHeHUH oGbeMa paboueit
(Tep MoMeTpHYECKOiT) KHAKOCTH C H3MEHEHHEM ee TeMIepaTyphl
NpH NOCTOSHHOM JaBieHHH. [ToKa3aHHA TaKHX TEPMOMETPOB He
oT/IHvaloTcs GOMbLIOH TOYHOCTBIO, TAK KaK 3aBHCAT OT (u3Mye-
CKHX CBOHCTB NPHMEHSEMBIX B HHUX TEPMOMETPHUECKHX KHAKO-
CTel —CnupTa, pTYTH H Jp., a GU3HYECKHE CBOHCTBA STHX XKUJ-
KocTeit pasauuHbl. [ToaToMy, eca ofHa M Ta XKe TeMmepatypa
H3MepsieTcs IByMsI TEPMOMETpaMH, H3 KOTOPHIX OAMH PTYTHEIM,
a apyroil CIUPTOBBIH, TO X NMOKAa3aHHS TOYHO HE COBMAZYT.

TouHee TeMmepaTyphl OnpeaeNsoTCs MO ra30BbIM TEPMOMET-
paM, TpHHUMI AEHACTBHS KOTOPHIX OCHOBaH Ha pacLIHpeHHH
rasoB NpH NOCTOSHHOM AaBJIEHHH C NOBLIIEHHEM HX TeMmepa-
Typel. Kak H3BecTHO, KO3(pPHUHEHT OOBEMHOrO paclIHpeHHS
HJleaJIbHOrO ra3a NpH NOCTOSTHHOM JiaB/IeHHH OJIHMHAKOB BO BCEM
HHTepBaje M3MepsieMoil TeMmepaTypsl M paBeH 1/273,15. drto
3HAUMT, YTO MEXAY TEPMOAHHAMHYECKO! TeMneparypoii H obne-
MOM HZeaJbHOr0 rasa CyulecTByeT npsiMast mpornopuyoHanbHas
3aBHCHMOCTb, YTO OOGJMeryaer rpafjyHMpoBKy IIKal TakKHX Tep-
momerpos. Kpome Toro, muanason Temmeparyp, KOTOpHIE MO-
ryT ObITh H3MEPeHbl Ta30BHIMH TepMOMeTpamH, OoblIe,' yeM
SKHAKOCTHBIMH,

HepocraTkaMu ra3oBbIX TepMOMETPOB SIBJSIIOTCS CJOXKHOCTh
HX YCTpOHCTBAa, a TaKxXe HEeMpPHMEHHMOCTb AN HM3MepeHHs
OYeHbL BLICOKMX TeMmmeparyp H Temmeparyp, GAH3KHX K abco-
JIIOTHOMY HyJTi0. MexAy TeM pa3BHTHE HaYKH H TEXHHKH HJCT Ta-
KHM IyTeM, Korja Bce GoJbIIHii HHTepeC MPeACTaB/sIoT HMEHHO
OueHb HH3KHE TeMmneparyphl, U3MepsieMble JAOMSAMH rpaayca,
H OueHb BLICOKHE TeMNeparyphbl, H3MepsieMble ThICAYaMH H Ja-
e JlecATKaMH ThicAY rpanycos. JJjis H3MepeHHs BBHICOKHX TeM-
nepaTyp HCNMONb3YIOTCA CrelyanbHble TePMOMETPHUECKHE YCT-
polcTBa, HampHMep ONTHYECKHE NMHPOMETPHl, NPHHLMM AeHCT-
BHSI KOTOPHIX OCHOBAaH Ha H3JYUeHHM HarpeThiM TEJIOM 3JIeKT-
POMarHUTHHIX (CBETOBLIX) BOJH.

B Hacrosiiee BpeMA NPHHATA B KauecTBe OCHOBHOH TepMo-
JUHaMHuecKas TeMnepaTypHas wkana. OHa mocTpoeHa 1o ef1H-
CTBEHHOM penepHoii TouKke — TeMneparype TpoHHOH TOUKH BOAHI,
T. €. KOr/la HaXxoAfATCS B PaBHOBECHH TpPH (a3bl BOABI: JIEJ, XKHA-
KocTb ¥ nap. HuxxHeit rpanuiesl mkansl BISETCS TEMNEPATypa
a6GcoMoTHOro HyJsl (MpaKTHUECKH HeAOCTHIKMMas), KOraa mnpe-
Kpaiaercsi TeMJIOBOe ABHXKEHHEe MOJeKyJ (pHc. 2.4).

Epunuua teMneparyp no TepMoAMHaMHYecKO# TeMmmepaTyp-
HO# 1IKa/le NONYYN/Ia Ha3BAUE KeAbBHH-{1K) 110 HMeHH-pHITIH -
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cxoro yuyenoro ToMcoHa (nopaa KeabBuHa), npeanoxusliero
QTCYUHTHIBATL TeMnepatypy oT abconmoTHoro Hynas. TpoitHoi
TOUYKe BOJBI NpHcBoeHa Temnepartypa 273,15 K. Eaunuua TeM-
nepaTypel — KeabBUH — paBeH 1/273,16 Ttemnepatypnl Tpoii-
HOH TOYKH BOAH. DTa TpoiiHas Touka Haxomutca Ha 0,01° C
BbllIE TOYKH IVIAaBJIEHHS JIbJa. B NMpakTHuecKHX yC/MOBHSIX Ha-
paly C OCHOBHOH TepMOAMHAMHYECKOH INKa/loOH HCIONb3YerT-

oc K cs npuHsTas B 1968 r. jerko BocmpoH3-

1000— 1300 BofuMass MexayHaponHas mpaxkTHuecKas
1 1200 TeMneparypHas wkama (MIITHI-68) c

900 4. equnuueit rpagyc Lenscus (°C). Ira wka-
800 Y100 Ja cTpoHTcd no 11 penepHbIM TOuKaM,

BLIGpaHHBLIM TaK, YTOGLI TeMnepaTyphl MO

700 4 %% 5roii wKane GLUIH GAH3KH IO 3HAUEHHIO
T 900 K TepMOAMHAMHUYECKHM TeMmeparypaM H

600 pasHOCTb MeXAY HHMHM OCTaBajlach B Ipe-

sp0 4 600 Jenax COBPEMEHHOII TOUHOCTH H3MepeHHH.

400 700 TakuM o6pasoM, TeMmepaTtyphl IO OCHOB-
31 HOH, TepMOIMHAMHYECKOH LIKajAe H Mo

3004600 wkane MIITII-68 nonyuyarorcss mpakTH-
1 500 YeCKH OXMHAKCBBHIMH.

2004 Ennnunamu temnepatyp no oGeHM 3THM

200 400 IIKaNaM MOTYT GhiTb H KeIbBHH, H TPajyc
I 300 Ilenbcust B 3aBHCHMOCTH OT Hayajia oOT-
0—F 77355 cueta. EcaM 3a Hayano orcuera NpuHsT
_100F 200 aGCOMOTHEI HYyJb, TO TEMIEpaTyphl Bhl-
T 00 paxaloTcss B KelbBHHAX, a €CJH OTCYeT
-200f TeMmepatyp BEAETCS OT TeMNepaTyphl
—o73151-g nnasaenus gapja (273,15 K), To Temnepa-
Puc. 9.4, Conoerag. TYPHI Onpefiensiorcss B rpagycax Llens-
nerne Temnmeparyp. CHA. COOTHOIIEHHE MeXIy STHMH Temme-
hix wkan Lleabcuss PATYPaMH ONpeieNisieTcsl MO CAeAyIoLeMy

H  TepMOAMHAMHuYe- YDaBHEHHIO:
CKOH T = t 4+ 273,15. (2.7)

3neck T — TeMmepaTypa IO TepMoaHHaMHueckoll mkane, K;
t — temneparypa mo wkane Lenscus, °C.

B pmanbHelimeM, rae He GYAeT crneuUaNbHOH OrOBOPKH, CO-
OTHOIIEHU S MEXKAY 3THMH Temrneparypami GyAyT OnpeAensiTbes

N0 ypaBHEHHIO
T =1+ 273. (2.8)

PasnocTb TeMneparyp Moxer GbiTb BHIpaKeHa B KeJbBHHAX
HaH B rpaaycax Lleabcusi, 4To OXHO H TO ke, Tak Kak JJs pas-
HoctH Temneparyp 1 K = 1°C,
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TepmoaunaMuueckast TeMneparypHast wmkana umeer Goab-
IIME NPEHMYIIECTBA 1O CPABHEHHIO C APYTHMH TeMNepaTypHh-
MH IIKanaMH. Bo-nepBbIX, 3HaYeHHs TeMIepaTyp Mo 3TOi IIKane
HE 3aBHCAT OT QH3HYECKHX CBOACTB TEPMOMETPHUECKHX TeJl, I0-
9TOMY TakKHE TeMneparypnl Bcerja OAHO3HaYHbL. Bo-BTOpHIX,
TePMOAHHAMHUECKasl TeMmepaTypHas ILIKajla CTPOUTCS TOJNbKO
1o OlHOit penépHOi TOUKe — TeMrepaType TPOHHOHR TOYKH BO-
Jbl, @ 3Ta TemmepaTypa MOXKeT ObiTh BOCHpPOH3BEJeHa CO 3Ha-
YHTEJbHO GOJbIIeH TOYHOCTBIO, YeM TeMIeparypa IUIaBJIeHHs
Jabjia (c morpemHocThio, He npesbiuatomeii 0,0001 °C). B-tpe-
TbUX, BCE TEMNEpaTypHl IO 3TOH lIKajae — BeJHYMHBI NMOJNOXKHU -
TeJIbHLIE, YTO YIPOILAeT pacyeTsl, CBA3aHHLIE C TeMepaTypaMH.

KonTpoabHbie BONpOCH

1. Uro Takoe mapaMeTpn COCTOSHHA?

2. HasoBHTe OCHOBHHE mapaMeTphl COCTOSIHHSL.

3. Kak HasuBaerca eguHuna nasnedus B CH?

4, HasoBure cnoco6nl u3MepeHHs JaBjleHHs ra3oo6pasHoro Be-
uecTBa. ‘

5. Uro nasmBaercA pa3pexeHHeM?

CaaBa 3
3AKOHbI HAEAJIbHBIX I'A30B

§ 3.1. Upeanbnbie rasnl

HneanbHeIMM Ha3bIBAlOTCS rasbl, CTPOro MORUHHAIOLIHECH
3akoHaM Boiina—Mapuorra, leii-Jlioccaka u lapas. Mneans-
HBIX ra3’oB B NPHPOJE HE CYLIECTBYeT, OAHAKO HCMOMb30BaHHE
5TOro MOHATHS B TEPMOAMHAMHYECKUX HCC/EAOBAaHHAX MO3BO-
JISeT 3HAUMTENbHO OOJEryuTh TaKHE HCC/IEJOBaHHS.

B Kypce ¢u3HKM HAeanbHbI ra3 paccMaTpHBaeTcs Kak Be-
IIECTBO, Y KOTOPOro OTCYTCTBYIOT CHJIBI B3aHMOAEHCTBHS MexX-
Ay €ro 4acTHIlaMH, a caMH YacTHLEI He HMeIoT 00beMa, XOTs OHH
M MaTepHafbHbL.

Korza Bo Bropoit monosune XVII B. anranuanus Boins
(1662) u ¢panuys Mapuorr (1676) npon3BoaHAH CBOH OMBITHL C
rasamH, npHBeAlIMe K HE3aBHCHMOMY APYT OT ApYyra OTKDPBHITHIO
3aKOHa, Ha3BaHHOI'O HX HMEHaMH, OHH CYHTaJH, 4TO 3TOMY 3a-
KOHY NMOAYHHSAIOTCA PeaJbHO CyLIecTBYiolue rassl. PpaHuyssl
[apab (1737) u Ieii-Jlioccak (1802), oTkpriBiIKE ellie fBa OYEHD
Ba)XXHLIX 3aKOHA A/ ra3oB, Ha3BaHHbIE MX HMEHaMH, TaKikKe
CYHTAJH, YTO peajdbHble rasbl MOAYUHAIOTCA 3TUM 3aKOHaM,
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OnHaxo BNOCJAEACTBUH, KOI'Zla B PACHOPAKEHHH YUEHBIX OKa-
sanucp Gosee COBEPIICHHEIE MPHGOPLI, YeM Te, KOTOPLIMH MOJb-
3oBanuch boink, Mapuorr, llapap u Teii-Jlioccak, Guuto yera-
HOBJIEHO, YTO PealibHble ra3bl He COBCEM TOUHO CJIEAYIOT 3aKOHaM
HJlealibHBIX ra3oB. Pasnnune B CBOMCTBaX HAealbHBIX H peallbs
HHIX ra30B MOXeT ObITh Goiblile UM MeHblle B 3aBUCHMOCTH OT
ycJa10BHi, B KOTOPBIX HaXxoAuTCA peanbHblil ra3. Hanpumep,npu
TeX OTHOCHTEJIbHO HH3KHX JaBJIeHH X H OTHOCHTENIbHO BHICOKHX
TeMnepaTypax, B NpefesaXx KOTOPhIX npoTekaeT pa6oTa ABHUra-
TeJell BHYTPEHHEro CropaHus, rasoBblX TypOHH H KOMIpecco-
POB, 3TO pa3/uuHe B CBONCTBaX peajbHHIX rasoB (pabouux Ten)
H MJ€aJbHBIX ra30B HAaCTOMLKO Majlo, UTO HE HMeeT MpaKTHue-
CKOro 3HAueHHsT H B TePMOAMHAMHUUECKHX pacyerax OGLIYHO
BO BHHMaHHe He nmpuHHMaercs. [TosToMy paGouue Tesa, Haxo-
Asiuecss B TaKUX yC/JACBMAX, PacCMaTpHBAlOTCA B TEPMOAHHa-
MHKE KaK HJealbHble rassl. B Zpyrux yc/oBHsX (MpH BLICOKHX
AaBJ/IEHHSiX H HU3KHX TeMnepaTypax) 3TH Ke peajibHble Iasbl Mo
CBOMM CBOHCTBAM 3HAYHTENbHO OTVIHYAIOTCS OT HJAEaNbHHIX ra-
30B M IIO3TOMY HE MOrLYT paccMaTpPUBaThCsl KaK MJeajbHHIE,
Taxum o6pa3oM, OiMH H TOT e ra3 B 3aBHCHMOCTH OT YCJIOBHH,
B KOTOPLIX OH HaXOJAUTCS, MOXKET pacCMaTpHBATbCS Kax HAcallb-
HHH HJIH Kak peanbHbIil.

§ 3.2, 3akonbl Boitns — Mapuorra,
leii-Jlioccaka u Wapas

3akon DBoiing—Mapuorta ycTaHaBnuBaeT —3aBHCHMOCT
YASJIbHOro 00beMa HAealbHOro rasa oT ero JAaB/leHusl NpH Mmo-
CTOSAHHOH  TeMMepatype: npu nOCMOAHHOUL memnepamype
YOenvrivle 06vemol 2a3a 06PAMHO NPONOPYUOHAALHLL €20 0asae-
HUAM.

Ecin o6o3HaunTb HayanbHbIA H KOHEUHEIH YAeNbHbe o6be-
MBI HJI€A/IbHOrO rasa uyepes vy M Uy, a COOTBETCTBYIOLME UM ab-
COJIIOTHBIE JJaBJIEHHS Yepe3 p; H p,, TO IO 3aKOoHYy Boing—Ma-
pHoTTa

Vo/vy = py/p, (npu T = const), 3.1)

OTKyAa ‘
p101= pzvz, (3.13)
nam |pv = constl (npu T = const). (3.16)

3akon Teii-Jlioccaka ycTaHaBAHBAeT 3aBUCHMOCTb YAENb-
HOro ofbeMa HJeaNbHOrO rasa OT €ro TeMmneparypbl NpH Mo-

20



CTOSIHHOM JaBJIeHHM: IPH TOCTOSTHHOM ~ JIaBJIEHHH YyJAeJbHbIe
o6BbeMbl HAeaJbHOIo rasa mpsiMo NpONOPLHOHANBHEL €ro abco-
'MIOTHBIM TeMMeparypam:

Uy/vy = T,/Ty (npu p = const), (3.2)

TAe Uy H vMenbﬂb MEl ra3a B HayaJbHOM H KOHeY-
“HOM cocTossHusX; Ty U T, — COOTBETCTBYIOLIME MM aGCOMIOT-
'Hble Temmeparyphl.

~ Ilomenss B popmyae (3.2) MmecTaMH CpeaiHHe WIEHB! NPOMOP-
. UHH, MONy4HM

02/T2 = vl/Tl, (3.23)
uin |o/T =const| (npu p = const). (3.26)

3akoH [llapns ycTaHaBAHBaeT 3aBUCHMOCTD JaBJIeHHS HJe-
aJIbHOrO rasa OT ero TeMnepaTyphl NpH MOCTOSTHHOM Y/eJbHOM
ofbeMe: npu nocmoAHHOM YyOesbHom obveme abrosomube O0as-
NeHUR uOearbHo20 2a3a NPAMO NPONOPYLOHANbHYL €20 abCoAOm-
HbIM  memnepamypam:

po/py = To/Ty (npn v = const). (3.3)

[ToMeHSB MecTaMH CpefHHE u/MeHbl NPONOPUMH, MOMYuHM
Po/Ty = py/Ty (3.3a)

uan |p/T = const| (npu v = const). (3.36)

§ 3.3. YpaBHeHHe COCTOSIHHS HAEAJNbHbIX ra3oB

3akoun Boitnas—Mapuorra, eii-Jlioccaka u llapasa yera-
HABJIMBAIOT CBSA3b TOJALKO MEXKAY ABYMS M3 TPeX OCHOBHBIX Ia-
paMeTpoB HAeaNbHOro ra3a p, v 4 T npH YC/IOBHH, YTO 3Haye-
HHe TpeThero IapaMerpa OCTaeTcsl HEH3MEeHHBIM. Y paBHeHHe
COCTOSIHHS YCTaHaB/IHBAeT CBA3b MEXKAY TPeMs OCHOBHBIMH Ma-
pamerpamu p, v B T uJeanbHOro rasa.

JlonycTHM, uTO HACa/bHBI ra3, 3aKMIOUEHHBIH B UUJIHHADE
C TOpIIHEM, HMeeT napaMmeTpul py, Uy M Ty (monoxenne I Ha
puc. 3.1). Ecau yMeHpIIMTD JaB/ieHHE ra3sa B UMJIHHAPE H MOA-
BECTH K HeMy HEKOTOpOe KOJIHUEeCTBO TeIIOTHI, TO ra3 nepenaer
B HOBOE COCTOSIHHEe, B KOTOPOM napaMerpnl MPHUMYT 3HAUEHUs
P2 Us U T, (monoxkenue 2 Ha puc. 3.1).

YcTaHOBMM CBfI3b MeXAY HayaJbHLIMH M KOHEYHBLIMH Mapa-
MeTpaMH HJeajbHoro rasa. Ilyis sToro nepexox 13 coctosinus /
B COCTOSIHHE 2 COBEpIUHM ABYMS NOC/eA0BaTe/IbHbLIMH OnepauH -
MH, CHaya/na YMEHBIUHM JlaBJIeHHE ra3a OT p; 0 pg, MOAAEPHKHU-
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past temneparypy 7T'; NMOCTOSHHOH myTeM MNOABOAA TEMAOTH k
rasy. Takum o6pa3oM, ras OKaXXeTcs B HEKOTOPOM ITpOMEXYTOY-
HOM COCTOSIHHH 3 ¢ mapaMeTpaMH p,, vgu T,. 3ateM Gyjem no-
JorpeBaTh ra3 TaK, YTOOBl OH NPOROJKAA PpaclIHpAThCS,
COXpaHssi JaBleHHe HEH3MEHHBIM, a TeMnepaTypa €ro
npu 3ToM noBeicHTes fo T, (momoxenue 2 Ha puc. 3.1).
ConoctaBuM 3TH TpU cocToAnus rasa: I, 2 u 3. Tak
3 2 Kak B cocrosgHuax [

1 H 8 TeMmmeparypel OfMHa-
KOBEI, TO MEXAY YAe&Jb-
HBIMM 00BEMaMH H JaB-
JIEHHSIMH rasa B 3THX CO-
CTOSIHUSIX JOJIXKHA Cylue-
CTBOBaTh CBSI3b IO 33KO-
Hy DBoitna — Mapuorra:

vs/ty = pi/ps,

Puc. 3.1. K BHBOAY ypaBHEHHA COCTOSI- OTKyAa
HUA

Bl AlsT, Pty

U3 = pi/ps.  (a)
Tak kak B cocTossHHAX 3 ¥ 2 AaBleHHS o,JmHaxosbl TO 11O

3akony [Ieii-Jlioccaka

7)3 = val/TZJ (6)
B ypasnenusx (a) u (6) JieBrie 4acTH PaBHHI, NMG3TOMY paB-
Hbl M NpaBhle, T. €.
P1vy/py = 0Ty T,
ITomensB Mectamu Ty H pg, NONYUHM
P10y/Ty = pyva/Ty. (3.4)
Hayanbioe 1 KoHeuHoe cocTosiHus rasa I u 2 Gblin BHGpa-
HBl NPOH3BObLHO, MO3TOMY OTHOLIEHHS NpPOM3BEASHHI AaBiie-
HHSl Ha yJeabHbllf 00beM K TepMOAMHAMHYECKOH TeMmepatype
B JI060OM COCTOSIHUH JAHHOrO MAealbHOro ra3a paBHBI MEXAY
coboii:

OTKyZa

pulT = const. (3.5)
ATy MNOCTOSHHYIO B&JIHYHHY HasbIBAIOT ydeAbHOl 2a30800
nocmosnnoté, O603HauuB ee GYKBOH R,, MOJyuuM

pulT = R,, (3.5)
HIH

pu = Ro T. ‘ (3.6)
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Ypasuenue (3.6) HasbBaeTcsi ypasHeHuem COCMOAHUS ude-
anro20 easa. OHO cBfA3bIBaeT TPH OCHOBHBLIX MapaMerpa
ujeanbHoro rasa p, v 1 T. [To H3BeCTHHIM 3HAUEHHSM JIIOOBIX
ZBYX H3 HUX MOXKHO ONpEJeNINTh 3HauUeHHe TPETLEro napaMerpa.

YpaBHEHHE COCTOSHHSI Ha3bIBAeTCA TaKKe YpasHeHuem
Knanedpona (no gamumuu pycckoro ¢pHsMKa, YCTaHOBHBLIErO
3Ty 3aBHCHMOCTD). '

YMHOXHM ofe uacTH ypaBHenHs (3.6) Ha m — Maccy ra-
3a:

pvm = RoTm.

B coorBercTBUH ¢ ypaBHeHHeM (2.2) mpoH3BefeHUE yAelb-
Horo ofbema v Ha Maccy m paBHo o6veMy V. CiegoBatenbHo,

C pV = mR,T. 3.7

YnenbHas rasoBasi moctosHHas R, B CH uMeeT exuuumy
JUKOyJIb Ha KHJorpamMm Ha keabBuH — JIxk/(xr.K).

Pasenctso (3.7) — Apyrast ¢opMa ypaBHEHHS COCTOSHHS
HJeaabHOro rasa Jo6oit Maccel (m Kr).

§ 3.4. 3akon Asoragpo

3akon Aporaapo (1802) nepBoHauanbHO GopMyJHpOBAICS
TaK: 6ce udeanbroie 2asvt co0epcam 8 pasHvlx 06semax npu oou-
HAKoBoLx 0asreruw 1 memnepamype 00UHAK0BOE HUCAO MOAEKYA,

ITockonbKy B OAHOM H TOM 2Ke KOJIHYeCTBe BellecTBa Cojep-
JKHUTCS OHO H TO 2K€ YHCJIO €ro YacTHII, COBpeMeHHas ¢opMyJIH-
pOBKa 3aKOHa ABOraipo CJeRylollasi: 8 pasHulx 06semax nlo-
Ovix udearbHolx 2a308 npt 00UHAKOBLLX OGBACHUL U MeMNnepamy-
pe codepacumcs 00HO U MO Jice KOAUYECMBO BeLeCmea.

Hs storo onpenenenus u u3 ypassenud (1.2) caeayer, uro
morapHoll 00vem 2106020 udearbroeo 2a3a npu 00UHAK06bIX 0as-
NeHuu u memnepamype 00uK U Mmom ae.

IMpakTHYeCKH 3TOT BHIBOA MOXHO paclpOCTPaHHTb H Ha
peanbHble rasbl NPH OTHOCHTENbHO HEBLICOKHX JaBJEHHAX H
OTHOCHTEJIbHO BBICOKHX TeMmmeparypax.

Ha ocnoBanuy HayuHBIX HCC/IeIOBaHHT 3HauUeHHEe MOJSPHO-
ro o0beMa HjeanbHLIX ra30B NPH HOPMAJIbHEIX (QU3HYECKUX yC-
aosuax (= 0°C u p = 101 325 [la) mnpHHATO paBHBIM
Vm,x= 22,4136 10~2 m*mMonb (npubau:kenno 22,4 M3/kMonb). *

* B pgeficTBHTeNBHOCTH MOJSpHBIE O6bEMH DeaNbHHIX Ta3oB NMpH
HOPMAJIbHBIX (PH3HYECKHX YCIOBHAX HeCKONbKQ OTAHYAIOTCA OT NMpPHBE-
ACHHOrO 3jJiech 3HayeHHd 3TOro o6beMa.
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B nanbueiitem Besge, rie He Gyner TpeGoBaThesl Gonbuias
TOYHOCTb, GYJeM Nnoab30BaThCs MPUOIHKEHHBIM 3HaUeHHEM Mo-
AfpHOro oGbeMa He TOMbKO AJf MAealbHLIX, HO U JJIsl pealib-
HBIX Ta30B NPH HOPMaJbHBIX GH3AYECKUX YCMOBHAX PaBHBIM
22,4 m3/kMonb.

ITo 13BeCTHOMY 3HAYeHHIO MOJISIPHOIH MacChl HAEaNbHOro ra-
3a M ¢ ucnonp3opanueM ¢opmya (2.1) u (2.2) MoxHO onpepe-
JIUTb €ro YAeJbHbIH 00BEM Uy H INIOTHOCTh Py NMPH HOPMaJIbHBLIX
(pU3HUECKUX YCIOBHSAX:

vy = 22,4-107% M; (3.8)
ou = M/(22,4-10-9). (3.9)

Hanpumep, orHocuTenbHast MonekyJsipHas Macca BOJOpO-
Ja M; paBHa 2,016 (cM. npunoxeHne 2), 1o3TOMy ero MonsipHas
macca M = 2,016 xr/kmoib, a npu 3ToM vy = 22,4/2,016 =
= 11,1 mM%¥kr u p = 2,016/22,4 ~ 0,09 xr/m3.

OTHOcHTeNbHAast MoOJeKyJiIsipHAast Macca OKHCH yriepoja
M, = 12,01 4+ 16 = 28,01. Ilostomy M= 28,01 Kr/kmounb,
vy = 22,4/28,01 ~ 0,8 ™m3¥/kr u p, = 1/0,8 = 1,25 xr/md,

Ecs H3BeCTHEI MOJSipHAast Macca M KOJMHYECTBO BeleCTBa,
TO Macca rasa MoxeT ObiTb onpefeneHa no ypasHenHio (1.1).

§ 3.5. YpaBuenue Menpeneena

YMHOXHM 00e 4yacTH ypaBHeHHSI COCTOSIHHS HAeanbHoro ra-
3a (3.6) Ha MoaspHyl0 Maccy M:

puM = MR,T. (3.10)
ITocne noacranoBkn vM = V,, [B cootBercTBun ¢ (2.2)]
NoJayYuM
me et MRoT (a)
HaH
MRy = pVnulT. (©)

[TpaBas yacTb 3TOro ypaBHeHHsT — BeJHYHHA, HMEIOWAA Of-
HO M TO XKe 3HaueHHe A/ BceX HJeaJbHLIX ra3oB, TaK KaK B CO-
OTBeTCTBUH C 3aKoHOM ABorazpo o6beM /0Goro HAeanLHOro
rasa npu OAMHAKOBBHIX JaBJEHHH M TeMIeparype OIMH H TOT XKe.

M3 storo cieayer, uto u JieBas yacTh ypaBHeHus (6) sB-
JsileTcsl OAMHAKOBOH LSl BCeX MIealbHtrX ra3oB, MO3TOMY OHa
Ha3bIBAETCA YHUBEPCAASHON uanm monaspuolt , eA3060L NOCMOAH-
Hoii n ofbo3Hauaercd R:

MRO= R (B)
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HiMes 310 B BHAY, YPaBHeHHe (2) MOXXHO HamucaTb B TaKOM
BHJE:

PVm=RT. | @.11)

YpaBHeHHe cocTosiHMsA HjaeanbHoro rasa (3.11) BmepBue
6e11o BhiBeaeHo JI. M. MenjeneeBeM ANd KOJMHUECTBA BEUIECTBA
1 monb ¥ HaswiBaercsl ypasrerues Merndereesa wnn Kaanedipo-

» Ha—Mendeneesa.

$ BriuncnuM 3HaueHHe yHHBepCaNbHOI ra3o0Boii MOCTOSIHHOM
R. Ins storo, moactaBuB B ypaBHeHHe (a) 3Hauenusi T =
= 273,15 K, p = 101325 Ila ¥ cOOTBeTCTByIOLIEE 3HAUCHHE
Vm = 22,4136 M%/monb, nomyunm

R = pV,/T = 101 325-22,4136-10-3/273,15 dx/(Monb: K) =
= 8,3 Ix/(Monb- K).

Tenepb YpaBHEHHE MenpeneeBa MOXXHO Hanucathb B caeny-
IollleM paCueTHOM BHJE:

pVm =8,3T. (3.12)

W13 ypapnenns (6) nonyuaeM ypaBHEHHE AJ1s onpeleneHHs
YACTbHOH ra3oBOM MOCTOSHHOR R

Ro==8,3/M. (3.13)

YpaBHenue (3.13) oueHb yA0GHO AN BLIYHC/EHHS YAeNb-
HOH rasoBoii NOCTOSIHHOMH, TaK KaK /IS 3TOro HyKHO 3HaTh TOJb-
KO 3HayeHHe MOJISIPHOH Macchl (B KI/MO/b), UHCJIOBOE 3HAYeHHe
KOTOpOIf, KaK y»e roBOpUJIoCh, PABHO OTHOCHTENbHOI MOJIeKy-
JasapHoit Macce M.

3HaueHHss M, NpHBOAATCS, B YacTHOCTH, B MNPHJIOXKEHHH
2 151 OTHOCHTENBbHBIX MOJIEKYJSAPHBIX Macc.

st npuMepa HaiileM yAeabHYIo Fa3oByl0 MOCTOSHHYIO Yr-
nexucioro rasa CO,. Tak KaKk OTHOCHTE/NbHAsi MOJEKYJsIpHasi
Macca 3toro rasa M, = 44,01 (cM. npunoxenue 2), To Mo-
JspHag Mmacca ero M = 44 01-10-% kr/mosb, a yneanaa
razoBasi mocrosHHas R, = R/M = 8,3/(44,01 - 10-3) =
= 188,9 Ixk/(xr:K).

Onnaxko oOBIYHO 3HAUEHIST YJeJbHOH ra3oBoif IOCTOSHHOM
HE BBIYHCJSAIT, a 6epyT M3 Tabauu (CM., Hanpumep, Tabauuy,
NPHBEACHHYIO B NpPHJOKCHHH 3).
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IMonp3ysice ypasHenneM (3.12), MOXHO onpeseNuTL MOMAD-
HBli 00BbEM HJIeabHOrO rasa npH JMOOLIX JaBIeHHAX M TEMIe-
patypax.

BIYHCJHM AT NpuMepa MOMSPHBLIA 06beM HAealbHOro
rasa npu p=0,1 MIla u ¢t = 15°C (T = 288 K):

Vm = 8,3T/p = 8,3-288/(0,1-10%) M/ mMonb = 0,024 M*/mMonb.

B 3TOM ypaBHEHHH B 3HaMeHaTelb BBeJeH MHOxHTenb 10°
Jnst Toro, uToGHl AaBjieHue, 3aganHoe B MIIa, nepesectu B Ila.
YMHOXHB 00e yacTi ypaBHeHus (3.11) Ha n — KOJHYECTBO

BEIECTBA, IOJYYHM
pVmn = nRT,
HH
pV =nRT. (3.14)

Ypasuenue (3.14) — mpyras ¢opma ypasHeHust Menaene-
eBa.

Mpumep 3.1. B GannoHe comep:KUTCH KHCJIOpOA Maccod 2 Kr NmpH
aasnenun 8,3 MITa u temneparype 15° C. BryncauTh BMECTHMOCTD 6aJi-
JIOHa.

Pemenne. Hs ypaBHenus cocrosnusi (3.7) moayvaem V =
= mR,T/p = 2-259,8 (15 + 273)/(8,3-10%) M3 = 0,018 ™M} = 18 &
(3mecr 3Hauenne R, B3ATO H3 NMPHJIOKeHHA 3).

NMpumep 3.2. Pesepsyap BMectuMocTblo 4 M3 3amONHEeH YIVIEKHC.
AuM rasoM. Haifitu Mmaccy rasa M ero Bec, ec/li H3GBITOYHOE JaBJie-
HHe B pesepByape 40 kIla, Temneparypa 80° C, a GapoMeTpHYecKoe AaB-
nenne 102,4 klla.

Pewenue 1. JaBrenue rasa

P = Pa+ po = (40 + 102,4) kIla = 142,4 kIla.
H3 ypasHenna cocrosnus (3.7) moayuwaeM: Macca rasa
m = pV/(R,T) = 142,4-103-4/(188,9 (273 + 80)] xr = 8,54 xkr

(szech 3HaueHue Ry = 188,9 IIx/(xr-K) B3sfiTo M3 mpuaoxeHust 3).
2. Bec rasa G = mg = 8,54:9,81 H = 83,8 H.

3anaun

3.1. Ina aBToreHHO!N CBapKH NnpHBe3eH GaJlJIOH KHCJAOPOAA BMECTH-
mocThio 100 s, Hafitu Maccy Kucaopoaa, ecau ero aasiaexue 10,8 MIla
npu temaepatype 17° C. HapyxHoe aasaenne 100 xITa.

Omeem: 14,45 xr.

3.2. B Gannone BMecTuMocTbio 100 /1 COREpIKUTCH KHCIOPOA Maccoit

117 xr npu Ttemneparype 20° C. Onpegenutb jJaB/ieHHE KHCJIOPOAA
B Gaa/oHe, ecqM Macca MopoxHero GamioHa 102 xr.
Omeem: 11,43 MIla.

3.3. IlaBneHue kucaopoga B GajioHe BMectuMocTbio 100 21 paBHO

883 kIla npu temneparype 20° C. Onpegenutb Maccy KHCI0POAa, KOTO»
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pHfi HYXHO MOAKaYaTh B 6a/JIOH, 4TOCH MOBEICHTb JaBJaeHME B HEM f0
10,2 MIla npu temneparype 70° C. HapyxHoe nabnenne 101 kIla.
Omesem: 10,27 Kr.

3.4, OnpegenuTs Maccy BO3AyXa, H3pacXOAOBaHHOro Ha MycK jH-
3eJ151 B XOJ, €CJIH H3BECTHO, YTO BMECTHMOCTh NycKoBoro 6aJusaoHa 200 Jr,
TeMnepatypa B MalUHHHOM OTAeJeHHH (M Bo3ayXa B Gamaaone) 20° C,
JaBJdeHHe BO3lyXa B 6a/ljIoHe O mycKa B Xox pusens 2,26 MIla, noc-

cae nycka 1,86 Mlla,
Omsem: 0,95 xr.

3.5. ITo TpyGonpoBoay npoTeKaeT XKHCJIOPOX NPH TeMIepaTtype
127° C n gasneHuu mno maHomerpy 294 kIla. Hafitu MaccoBnii pacxog
KHCIOPOXa, ecliH o6beMHHBI pacxog ero cocrasaser 10 mM3/mum.

Omeem: 28,3 Kr/Mun,

3.6. Haiitn o6veM 1 kMoab rasa npu aasiaeHun 0,5 MIla u teMme-
parype 30° C.
Omeem: 5,04 M3,
3.7. Halitu npn HOpMalpHHIX YCJI0BHAX (T. €. NMPH JRaBJAEHHH

101 325 ITa u Temneparype 0° C) NIOTHOCTb KHCJIO)OAa, a30Ta H aMMHas

Ka.
Omsem: po, = 1,429 xr/M%; py =

= 1,251 Kr/w%; oy, = 0,760 kr/w’.

KonrpoabHbie Bonpocs

1. C KaKoit ueabio B TepMOAHHAMUKY BBEJEHO NMOHATHE 06 HAca/Mbe

HOM rase?
2, KakuMH BaXHBIMH CBOHCTBaMH 06J1ajaeT MOJAPHHI 06beM

Ji060ro MjeafbHOro rasa?

3. Tlouemy MoaspHad rasosast mocrosiHHass R HasbiBaeTcs TaKke
YHHBepcalbHOH ra30oBOM IOCTOSTHHOI?

4. Kax Hcnoassys npHJIOXKeHHe 2, ONpefesHTb JeHCTBHTEeAbHOE
3HaYeHHe MOJNAPHOro 06beMa KHCJAOPOAa NMPH HOPMANbHHIX (PH3HYECKHX
YCHOBHAX?

Faasa 4

CMECH )XHAKOCTEMW, IA30B H NAPOB.
TFA30BBIE CMECH

§ 4.1. Yucrble BelecTBa U CMECH

B TepMopMHaMHKe YacTO HCNONB3YIOTCS MOHATHI U H C T O €
BelllecCTB 0, BCE MOJEKYJEl KOTOPOrO OAHHAKOBH, H C M e-
CH, COCTOsllMe M3 HECKOJbKHX YHCTBIX BeILECTB, Ha3sniBae-
MBIX KOMNOHEHmMamu CMeCH.

UkcToiMH  BewlecTBaMH  SIBJISIIOTCS, HanpHuMep, KHCJIOPOJ,
as3oT, BOAOPOJ, BOAA, yrwekHcawli ras. IlpuMepamu cMecu Mo-
IYT CJAYKHTb BJIaXHBIH atMocepinifi BO3AYyX H JAp.
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3HaynTeNbHbIA MHTEpeC B TEPMOJMHAMHUKE H TEI0 TEXHHKE
NPeACTaBSIOT ra3oBble CMECH, COCTOSILINE 13 ra3oB, XMMUUECKH
HE CBfI3aHHBIX Mexay coboii.

K Takum cMecsiM oTHOCSATCA, HanpuMep, aTMocdepHBIl BO3-
JAyX, COCTOSILIME B OCHOBHOM M3 a30Ta N,, kuciopoaa O,, npH-
POAHBI ras, KOMMOHEHTaMH KOTOPOro SIBJISIIOTCS PasfIMyHbe
yrnesogoponst (Hanpumep, CH,;, C,Hg, C;Hg), Bomopox H,
H Jpyrue rashol. la30BLIMH CMECSIMH SIBASIIOTCA U NPOAYKTHI
CropaHHs TOILIHBA B TOMNOYHLIX YCTPOHCTBAX MapoBBIX H BOJO-
rpei’mmx KOTJIOB, B JABHTaT&/IAX BHYTPCHHEro CropaHus H ra-
30BbIX TypGHHaX. B 3Tu cMecH BXORAT, B YaCTHOCTH, a3oT, yr-
JIEKHC/IbIA ra3, CepHUCTHIfi ra3, mapel BOAbl H KHC/IOPOA.

§ 4.2, CoctaB cMeceil XXuAKOCTEIl, Fa30B H NapOB

CocraB cMecell XMAKOCTEH, ra30B U NapoB BLIpaXaloT Mac-
COBLIMH MJIH MOJISIPHBIMM JOJISIMH, a ra3oBOH CMeCH — TaKie
O0BEMHBEIME JIOJISIMM  KOMIOHEHTOB CMECH.

Maccosoti Joaeli komnoxenma cmecu Ha3bIBAIOT BeAUYUHY,
PABHYI0 OMHOUWEHUIO MACCL OQHH020 KOMNOHEHMA K macce eced
cmecu.

Ecsu cMech COCTOMT M3 HECKOJNIbKHX, HanpuMep U3 n, KOM-
NOHEHTOB, TO

0, = myim; @, = my/m;

03 = my/m; ...; w, = my/m, (4.1)
rae ©;, Oy Og, ..., O — MACCOBLIE JOJH KOMIOHEHTOB CMECH;
my, Mg, Mg, ..., My — MacChl KOMIIOHEHTOB CMECH; -m — Mac-

ca CMecCH.
Cymma BC€X MacC KOMIMOHEHTOB, COCTABJAIOUWHX CMECh, paB-

Ha Macce CMeCH:
my+my+my+ ...+ m, =m. (4.13)

PaspenuB ofe yacTi 3TOro ypaBHEHHS Ha M, MOAYYUM
mylm + my/m + my/m + ... +.m/m = 1. (4.16)
Kaxpass ApoGb /1€BOH 4acTH 3TOrO ypaBHEHUs SIBJSETCS

MaccoBoi JoJiell COOTBETCTBYIOLIErO KOMIOHEHTA.
CnenoBarenbHo,

lw1+(°z+‘°3+---+wn=l, (4.2)

T. €. CYMMQ 6Cex Maccogolx 00aeld KOMNOHEHMOS, COCMAGAAIO-
Wux cmeco, pasHa eduruye.
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Ypasuenue (4.2) yacTo NpUMEHSIOT B KAuUeCTBE KOHTPO/Mb-
HOro ypaBHEHHS.

JlonycTHM, U4TO CMeCh COCTOMT M3 a3ora Maccoil 10 Kr, Kuc-
JIOpOAa Maccoit 4 Kr M BOAsTHOro mapa Maccoit 6 kr. s Takoit
cMecH m = fity + my 4+ mg = (10 4 4 4 6) xr = 20 xr.

(3nech nupexcamu 1, 2 u 3 0603HauUEHbI COOTBETCTBEHHO KOM-
NOHEHTHb: a30T, KHCJIOPOA M BOASHON nap.)

MaccoBble 01 KaXKAOro H3 3THX KOMIIOHEHTOB:

asora
o, = my/m = 10/20 = 0,50;

W, = my/m = 4/20 = 0,20;
BOAAHOrO mnapa
(03 = m3/m = 6/20 = 0,30.
[TpoBepHM mNpaBHABLHOCTL NpPOH3BENEHHBIX BHIUHCJIEHHI C
MOMOILBIO KOHTPONBbHOTO ypaBHenus (4.2):
0; + 0, + 03 = 0,50 4 0,20 + 0,30 = 1.
Mouznsaprod doseii Komnorenma Has3bIBAIOT 6CAULUHY, PABHYIO
OMHOWIEHUIO KOMUHECMBA 6eU4eCm8a KOMNOHEHMA K KOAU4ecmay

geujecmea cmecu.
s cMecH, COCTosIled M3 7 KOMIIOHEHTOB:

Xy = min; Xy = ny/n; X3 = ny/n; ...} X, = nz/n,  (4.3)

KHucaopoaa

TAC Xy, X9, X3, «voy Xp — MOJISIDHBIE JOJHM KOMIOHEHTOB CMe-
Cu; ny, Ny, Ng, ..., Ny — KOJHUYECTBA BEIECTBA KOMIIOHCHTOB
CMeCH.

OueBHAHO, YTO KOJHYECTBO BEIECTBA CMECH PaBHO CyMMe
KOJIHYECTB BELIECTB BCEX KOMIOHEHTOB, COCTABJSIOMHUX CMECh:
‘ny+ng+ng+ ... +n, =n. (4.3a)

PasnenuB ofe uacTH STOro YypaBHEHHs HA 7, TMOMYYHM
min + ng/n + nyln + ... + na/n = 1. (4.36)

Kaxnas apo6b eBoii YacTH 3TOro ypaBHEHUs SABJSAETCHA MO-
JIPHONR JloNiell COOTBETCTBYIOLIErO KoMmmoHenTa. CieoBarelib-
HO, KOHTPOJNbHOE ypaBHEHHE MOXKHO Hamhcarb B TaKOM BHJAE:

|x1+x2+x3+...+xn= l,l (4’.4)

T. €. CYMMQ 6CeX MOASPHbLX O0Neti KOMNOHEHNO08, COCMABASIOUUX
cxech, pasra eduruye.

Jlnsa pemleHus 3afau Ha cMecH HepelKo TpeGyercs NpH 3a-
NaHHH CMECH MacCOBHIMH AO/ISIMH OMpPEeAeNsTb MOASPHBIH CO-
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cTaB“ee, a MpH 3aJaHHU CMECH MOJISIPHBLIMH JOJISIMH — Macco-
BbIl COCTaB.

BriBefieM COOTHOLIEHHE MEXKAY MacCOBBIMH M MOJSPHBIMH
JIOASIMM KOMITOHEHTOB cMecH. JIfIT 3TOro IMOWIEHHO pasfenauM
ypasuenue (4.1) Ha ypasuenue (4.3) ans JoGoro, HampHmep
nepBoro, KOMIIOHEHTa:

0%y = (my/m) : (my/n) = (my/ny) @ (m/n). (a)

Hcnonw3ys ypaBuenue (l1.1), 3amuceiBaeM anas mepBoro
KOMITIOHEHTA M JUIS CMecH ml/nl = M, u m/n = M. Pa3nenus
nepBoe M3 3THX ypaBHEHHH Ha BTOpOe U HMesl B BHAY ypas-
HeHue (@), MOMy4HM

OTKYAa HMeeM
w; = lel/M9 (4.5)
X = o,M/M,, (4.5a)

rie ©; U X; — MaccoBasi H MOJISpHas JOJMH NEPBOro KOMMOHEH-
Ta cMecH; M; 1 M —_ MonsipHbIe MacChl MEPBOr0 KOMIIOHEHTa
H CMecH.

IMocnennne xsa ypasHenus (4.5) u (4.5a) mossossiorT mo
M3BECTHHIM MOJISIPHBIM JO/AM KOMITOHEHTOB CMECH WaXOAHTD
HX MaccoBble JOAH H, Ha00OpOT, IO H3BECTHHIM MAacCOBEIM JO-
JIAM—HX MONSIPHBIE 101 MPH YCJOBUH NPEABAPUTENbHOrO Bbl-
UHCJIEHHST 3HaYEHHST MOJISIPHOH MaccHl cmecn M.

QopMyssl AIs ONpEACNEHUS MONADHOA Macchl CMecH —
OCHOBHOH XapaKTEPHCTHKH CMeCH —- BLIBOASATCS CJEAYIOLIMM
o6pasoM.

ITpu 3afaHul cMeCH MOMNSAPHBMH JO-
aamu. B ypasnenne (4.1a) TOACTAB/IAIOTCSA BMECTO MacC HX
3HayeHuss u3 ¢opmyast (1.1):

= Mlnl, my = Mzng, veey Mp = Mnnn.
I'Ioc.ne MOACTAHOBKH IOJMyYaeMm
Mlnl 'l" Mznz + oee + Mnnn = Mn,
OTKYAQ MOJSIpHAss Macca cMecH
M = Min/n + Myny/n + ... + Mun,/n.

Hcnonw3ys coorHowenus (4.3), nonyyaeM oKoHYaTeNlbHOE
pacueTHoe ypaBHeHHE AJS MOJSPHON MAacchl CMeCH

M = Myxs + Moxy + oo + Moty | (4.6)

T. €. MOARPHAR MOCCA CMECU PABHA CYMMe NpPOU3BEOeHULl MOARD-
HOLX MACC KOMNOHEHMOB8 HA UX MOAAPHble O0AU.
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[Ipy 3ajaHHUM CMeCH MAacCCOBHLIMHU JO-
aaMu. B ypaBuenue (4.3a) MOACTaBIAIOTCS BMECTO KOJH-
yecTR BelecTB MX 3HayeHHUss U3 ¢opmyanl (1.1):

ny = mM; n, = my/My; ...; tty = mu/M,.

ITocnie nojacTaHOBKH nosmyyaem
my/My + my/My + ... + m,/M, =miIM,

OTKyAa Mo/sipHAas Macca CMecH
M = ml(my/M; + my/M,+ ... + m,/M,).

JenuM uncanTeNb H 3HaMeHaTeNb ApPoGH B MpaBoii yacTd
3TOro ypaBHEHHS Ha m:

M = Ulmy [(Mym) + mo/(Mym) + ... + mp/(Mm)l.

B pesyabTaTe Hcnoiab3oBaHHsS ypaBHeHH (4.1) monmyyaem
OKOHUATeJbHOE pacyeTHOe YpaBHEHHEe Iyt MOJIIPHOH Maccel

CMecH
M = U(o/M; + 0,/M,; + ... + 0/My), 4.7

T. €. MOAAPHAS MACCa CMeCU PasHa eQuruye, OereHHOl Ha cym-
MY OMHOWEHUL MACCO8bLX, 00NELl KOMNOHEHMOB K UX MOASPHOIM
maccam.

§ 4.3. T'azoBrie cmecH. 3akoH JlaabToHa

B TepMoaMHAMHUECKHX pacueTax peaslbHble rasbl, BXOAs-
IMe B COCTAaB ra3oBOil CMECH C OTHOCHTENIbHO HEBLICOKHM JAaB-
JIEHHEM, pacCMaTpHBAIOTCSI KaK HJealbHble rasbl, NPH 3TOM
W caMa rasoBasi CMeCb TOXE€ pacCMaTpPHBaeTcst KaK HiealbHhIi
ra3. Taxkoe fonymenne jaeT BO3MOXIIOCTb NIPH pacyerax raso-
BHIX CMeceil 1Mo/b30BaThCsl 3aKOHAMM MJealbHLIX ra3oB, B ua-
CTHOCTH 3aKOHOM JlanbTOHa, KOTODHIH JIEXXKHT B OCHOBE H3yue-
HHUSI rasoBbIX CMecel.

Auraniicknit xumux HanbtoH chopmynuposan B 1809 r.
CJEAYIOIMI 3aKOH A1 CMECH MJeanNbHBIX rasoB: Kancoolil u3
KOMNOHEHMO8 2a3060L CMECU PACNPOCMPAHEH 80, 6CeM NPOCMPAH-
cmee, 3aHUMACMOM 2Q30680L CMeCHIO npu 0asreHUU, KaKoe OH pas-
susan 6bvt, 3aAHUMAS 6Ce NPOCIPAHCIBO NPU MeMnepamype CMecu.
Takoe Qdasrenue Hasewsaemca napyuasoroim. JJagrenue 2030606
CMECL P PABHO CYMME NAPYUALbHLIX 0QBACHULL ee KOMNOKEHMO8:

p=p1+p2tpst.cctpn 4.8)
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TAE P31, Psy Pgs ++or Pn— NapuuaibHble NaBJeRHsT OTACAbHbIX
KOMIIOHEHTOB CMecCH.

ITosicHM 3TOT 3aKOH Ha TakoM npumepe. lomycTuM, 4TO
B GansnoHe HaxoauTtcst atMocdepHEI BO3AyX MOX AaBJleHHEM
1 MITa 1 ONHLITHBLIM MyTeM HYXKHO HafiTH mapuuanpHoe AaBie-
HHe a30Ta, HaXOJAAINErocs B 3ToM Bo3ayxe. IList saToro yAanum
H3 6aJ/I0Ha KHCA0pOJ (HampuMep, ¢ IMOMOLIbIO Kakoro-HUGY b
MIOTVIOTHTEN A 3TOro rasa), rnocje yero B cocyZe oCTaHeTcsl TOMb-
Ko a30T (ec/iH npeHeGpeub HE3HAUHTEJbHEIM CONEPKAHHEM APY-
THX rasoB B BO3AyXe), JaBJieHHe KOTOPOro OKa:KeTcs PaBHBEIM
0,8 MIla; ato maBneHue u GyAeT napuyaibHLIM JaBJIEHHEM a30-
Ta. YAanuB u3 GaJuIoHa BMECTO KHCJIOpoJa a3oT, MOXKHO OOHa-
PYXHTb, YTO MapuMaabHOE AaBjeHue Kucaopoaa 0,2 MITa. das
9TOr0 npHMEpa, OUYEBHAHO, CIPABEANIMBO PABEHCTBO

Ps = PNz + pog= (0,8-10% 4 0,2-10%) [Ta=1-10%ITa =
= 1 MIla.

Jnsa rasoBoit cMmecH, noauHHsmomelics 3akony JlanbToHa,
CIpaBeJJIMBLL CJEAYIOIHE MONOKEHHS:

1) xaxzeii ra3, BXOAAIIMH B ra3oBylO CMech, HMEET TeMIe-
patypy, paBHylO TeMmnepaType CMecH;

2) Kaxjplil U3 KOMIOHEHTOB ra3oBoOi cMecH pacnpocTpaHs-
ercs 1o BceMy o6beMy, 3aHHMaeMOMY CMeChIo, a TI03TOMY 00BbeM
KaXROoro M3 HUX paBeH o0neMy Bcell cMecH;

3) KaxAplit U3 ra3oB, BXOAALMX B CMeCh, MOAYHHSIETCS CBO-
€My YPaBHEHHIO COCTOSHHS;

4) cMechb B LieJIOM YCJIOBHO sIB/IsIeTCS] KaK Gbl HOBHIM I'a3oM,
OTJIMYAIOMUMCSA OT €e KOMIOHEHTOB U NMOJUMHSAIOMIMCS CBOEMY
YPaBHEHHIO COCTOSIHHA.

Hanumem ypaBHenne MeHaeneeBa Ans Kakoro-HHOYZAb oA-
HOro, HampuMep AJISi NEepPBOro, KOMIOHEHTa ra3oBOH CMecH H

VISl BCEH CMeEcH: .
p1V = anT; (a)
pV = nRT. 6)

PaspenuB mounexHo ypasHenue (a) Ha ypaBHeHue (6), mo-
JYYUM
pilp = nyn = x, 4.9)

HIH

pi=Xx1p. (4.9)

2



ChnenoBatenbHo, napyuasbroe 0aserue KOMNOHeRma 2asool
cmecu pasro npoussederuro e20 MOAApHOL doru Ha OasreHue
cmecu.

®opmyne (4.1)—(4.7) AefiCTBHTENLHE HE TOJbLKO A/ CMe-
ceil KUAKOCTel, ra3oB H NMapoB, HO H AJs J0GOH rasoBoil cMe-
CH, B YaCTHOCTH AJIs1 CMeCH MJeajbHBIX ra3os.

Jlns rasoBoit cMecH, paccMaTpHBaeMol KaK HJeanbHHIA ras,
nNpHMEHUME! ypaBHenusi cocrosinus Kaaneiipona (3.6) u (3.7)
n MenpeneeBa (3.11), (3.12), (3.14). 3nauenue ynenbHoil raso-
Boﬁl I;OCTOHHHO}'*'I cMecH Ry MOXHO ONpEle/IHTh H3 ypaB HEHUSA
(3.13).

INpumep 4.1. Cyxue npomyKThl cropaHust HepTH Maccoif
1 kr umeloT caeaywoowmit cocras: mco, = 3,20 Kr, Mco =
= 1,01 xr, mo, = 1,33 kr u my, = 17,40 kr.

HafiTu MaccoBble KOMIIOHEHTHI ra3oB, COCTABASIOWHUX 3TY
CMech, MOMSPHYIO Maccy M YA@AbHYIO Ta3oBYIO MOCTOSHHYIO
CMecH.

Pemenune 1. IlpeasaputenbHO HaXOAHM Maccy raso-
BOH CMeCH NO YypaBHEHHIO

m = mco, + mco + mo, + mn, = (3,20 + 1,01 +1,33 4
-+ 17,40) xr = 22,94 «xr.

BriuncisieM Maccoshle AO/MH KOMIIOHEHTOB:

Wco; = mco‘/m = 3,20/22,94 = 0,140;
oco = 1,01/22,94 = 0,044;
wo, = 1,33/22,94 = 0,058;
oy, = 17,40/22,94 = 0,758.
HpOBepﬂEM NPOH3BEACHHLIE BBLIYUCACHUSA MO KOHTPOJbHOMY
ypaBHenuio (4.2):
@co, + wco + wo, + WN, = 0,140 + 0,044 + 0, 058 +
-+ 0,758 = 1,000.
C)’MMa MAacCOBLIX JoJ1ei paBHa eauHUIe, 3HAUYUT BLIYHCJICHHUSA
NPOH3BEJECHLl NPAEBAJBHO.

2. Tlonp3ysich NPUJIOKEHHEM 2, HAXOAUM 3HAYEHHS MOJsp-
HEIX Macc KOMIIOHEHTOB:

Mco, = 44,01-10~3% xr/monp; Mco = 28,01+ 10~ kr/monb;
Mo, = 32-10-®  /monb; Mn, = 28,01-10~3 kr/Mons.
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ITonp3yscs, ypasHenneM (4.7), onpenensieM MOJSAPHYIO Mac-
Cy cMecH:
M= ‘ -
©co,/Mco,+ @ co/Mco+@o,/Mo,+ 0N,/ My,
1

= 0,140/ (24,01 -10-%) - 0,044/(28,01 .10~9) -+-0,058/ (32-10~%) -
0,785/(28,01-10~3)

=28,91.10-3 xr/moasb.

3. OmnpenensieM yAeNBHYIO Ta3oBYIO IOCTOSHHYIO CMecH
R, = 8,3/(28,91-10-3) Iix/(xr-K) = 287,1 Ix/(xr-K).

3anaun

4.1, HaliTH OTHOCHTeNBHYIO MOJIEKYJISIPHYIO Maccy CMeCH, COCTOSI-
weit u3 5 xr CO, u 3 xr O;
Omeem: 38,61.

4,2, HMmeercs cMeChb, COCTOSIIAS M3 YTJEKHCJOTO rasa Maccoii 6 xr
H asora Maccoit 2 xr. HaiiTu MaccoBsle JOJH KOMIOHEHTOB CMeCH.

Omsem: meo, = 75%; my, = 25%
4.3. T'azoBas cMeChb COCTOMT H3 YIJEKHCJOrO rasa, asora H KHCJO-
poaa, MaccH KOTOPHIX COOTBETCTBeHHO paBHH 2 kr, 1 kr 1 0,5 xr. Haiitu.
IJIOTHOCTh B 06beM cMecH npu TeMnepatype 27° C u aapaennu 147 klla.
Omgem: p = 2,13 kr/m3; V = 1,64 M3,
4.4, HTH YJIeNbHYIO Fa30BYIO NMOCTOSIHHYIO CMECH rasoB, COCTOS-
meidi 13 6,67% H, u 93,33% CO, a Takxe yjeabHHIt 06beM 31Ol cMecH
npu pasneduu 100 kIla u Temnmeparype 0°C.
Omeem: Ry, = 553,3 Hx/(xrK);
v = 1,51m%kr.
4.5. 1o KaKoro JaBJeHHS HYXHO CxaThb cMecb Maccoit 8 kKr, co-
crosmyo u3 18% CO,, 12%0, u 70% N,, uTo6m npu TeMmeparype

180° C oHa sanuMana o6beM 4 MS?
Omsem: 247,4 klla.

§ 4.4. O6BeMHBIE 10J1H Fa30BOI CMECH

Ob6vemnoil Odosell KOMNOHeHMA 2a3080li CMeCU HQA3bIEaemcs
omHowenue npusedenHozo 06vemMa KOMNOHeHMAa K 06vemy 6cell
cmecu. BHISICHUM, YTO Ha3BIBaeTCs MPHBEAECHHLIM OOBEMOM KOM-

TNIOHEeHTa.
ITycts B GanyioHe, pasjenieHHOM MEPeropoiKoi Ha JBe He

coobuiaromuecs: Mexay coGoii uacTu, copepxarcs aiparasa l u 2
(puc. 4.1, a). ITycTs naBneHHe H TepMOAMHAMHUYECKHE TEMIEpa-
TYpPH 3THX ra3oB OyAyT OAUHAKOBH H PaBHbl COOTBETCTBEHHO

puT.
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Ecan meperopoaxy yOGpatb, To ofa rasa uepes HEKOTOpOE
BpeMsl nepememaiorcs (nyteM auddysuu) u obpasyercs raso-
Bas cmech (puc. 4.1, 6). Ilpu oTcyTCTBHH TenIo06MEHAa C BHELI-
Heli cpefoit TemmepaTtypa ofOpasoBaBuieiics rasoeoit cMecn T
6yJeT paBHa TeMieparype rasoB A0 mepemewBaHus, Ilocie
CMEIIEHHs] KaXKABI ra3 pacmpocTPaHUTCS MO BCeMY OGBbeMy
cMecd V U aBlieHns ra3oB I v 2 yMEHbIIATCS 0 3HAYEHH Iap-
LIMaJbHLIX JaBJeHUH p; U p,.

Ecnu ke xaBneHua KOMIOHEHTOB IPUBECTH K AaBJEHHIO CMe-
cu (ocTaBHB IOCTOSIHHOH MX TEMIEpParypy), TO 0OBEMBI KOMIIO-
HEHTOB yMeHbLIaTcs JO TaK HasbiBae-
MBIX NpHUBEAEHHBIX 00beMoB. Crneposa- g
TEJLHO, NPUBCOCHHbIM 00BEMOM HA3bIBA-
emcs 00vem KOMNOHEHMA CmeCu npu
memnepamype u 0asAeHUL CMeCU.

OueBHAHO, 4YTO B HalleM npuMepe
npuBejeHHHIMU oOneMamu rasoB | u 2
ABJAITCA HX 00BbeMbl O cMelleHHs Vy
u V, (puc. 4.1, a). Ecnu rasosas cmech
COCTOHT M3 7 Ta30oB H €CJH IpPHUBEAEH-
Hble OOBEMbl KOMIIOHEHTOB 3TOH CMecH
o6o3Haunts uepes Vi, Vi, ..., Vp, a
o6neM cmecu — uepe3 V, To oObeMHbIe
JONM 3THX KOMIMOHEHTOB OmpejAensrcs ¢. 4.1. TIpuBeneHHs
arnowenusmu Vi/V, VoIV, .., V,/V. gg‘beMblt rasoasx‘? cmecst

Kak Gyzer nokasaHo Huxe, 00 b-

eMHBHE JOJH KOMIOHEH-
TOB CME&CH HAEAaJbHLHX ra3soB PaBHH HX
MOJNSPHBM JOJSAM, BCICICTBHE Yero H MOJSPHLIE
H OObeMHHIE JOMH MOXKHO OGO3HAYHTb OHOHX M TOH ke GyK-
BOH X:

P, ViiT  PiVyT

xl = VIIV; xz = Va/V; ey Xp = Vn/V. (4.10)
KonrponbHoe ypasneHue:
X+ X+ oo Fx, =1, (4.11)

3anumem ypaBHeHue MenaereeBa (3.14) ans KoMroHeHTa
CMECH HJealbHLIX ra3oB (HanpuMep, AJs [EPBOro) NpH Aasie-
HHH CMeCH p H ANS BCcell CMeCH B LIEJIOM:

pVy = nRT; (a)
pV = nRT. ©)
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Pasnenns ypaBHenue (a) Ha ypaBHeHue (6), NOAyuHM mocie

COKpALIEHH ST
VIV = ny/n = x, (4.12)

T. €. 06BeMHble 004U KOMNOHEHRMO8 CMeCl uleaibHblx 2a3ds Oell-
CMBUMEAbHO PABHbL UX MOAAPHUIM doasam.

B cuay 3toro B HacTosllee BpeMs NPeANOUUTAIOT BhIpa-
2XaTbh CMECH He Oﬁ’beMHblMPl, a MacCOBBIMH HJIH MOJIADHBIMH J10O-
JIAIMH, IIOCKOJIBKY B 3TOM CJy4ya€ MOXKHO IOJb30BAThLCA Goutee
NPOCTEIMH pacueTHHIMH ¢opMyJaaMu. .

Mpumep 4.2, HaiiTh yjeqbHYIO ra3oBy10 NOCTOSIHHYI0 CMecH, CO-
crosieR U3 a3oTa c npHBeJCHHEM o6semom 0,4 M3 u KHCIOPOAA € MpH-.

BeJeHHHM o6memMom 0,2 M3,
Pewmenue. 06umi‘1 06beM CMeCH

V="Vy,+ Vo, = (0,4 + 0,2) u®=0,6 ».

O6beMHEle (MM MOJAADHBIE) JOJAM KOMIOHEHTOB:
= Vo/ = 0,2/0,6 = 0,333; xN, = VN/V-— 0,4/0,6 = 0,667.

Kom'ponbnoe ypaBHeHHe:
xo, + xy, = 0,333 + 0,667 = 1.
¥ Mo.lmpnaa Macca CMeECcH
M = xo Mo, + xy My, = (0,333-32+0,667-28,01) 10-% kr/monb=
= 29,34.10-3 «kr/mounb.
Vp,e.nbnaﬁ rasopasl NMOCTOSHHAST CMeCH
= R/M = 8,3/(29,34-10-%) lx/(xr-K) = 283 Jx/(xr-K).

ﬂpmwep 4.3, Haiitu gas ycJIoBHii NpefLIAYLIEro NPHMepa napunalb-
Hule aBJeHHSI a30Ta H KHCJOpoja rasoBoil cMecH. JllaBleHHe CMecH
passo 0,1 MIla,
Pemenne. IlapuuaneHble JaBJeHHSI KOMINOHEHTOB:
Po, = %o,p = 0,333:0,1 MIla = 33,3 «lla; py, —lep—'
—-0667 0,1 MIla = 66,7 xIla.

Kourponbhoe ypasHeHHe:
p = po, + pn, = (33,3 + 66,7) xIla = 100 xIla = 0,1 MIIa,

npmwep44 ITpoayxTe cropaHus TomauBa Maccoit 1 Kr umelor
CleAyOWni cocTaB (B MOJIB): ny o (mapos Boaw) = 60,3; nco, =
= 173,9; np, = 123,2; ny, = 849, 5. Haiitn MOJISIPHYIO Maccy H Maccy

cMecH.
Pemenue 1. KoanuecTso BemectBa NPOAYKTOB CropaHus

n=ny.o+ nco, -+ no, + ny, = (60,3 + 73,9 + 123,2
- 849,5) Moap = 1106,9 MoJb.
MonsapHbie A0MM KOMIOHEHTOB®
*H,0 = ”H,o/ﬂ = 60,3/1106,9 = 0,0544;
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by
xCO. = nco'/n = 73,9/1106,9 = 0,0667;
X9, = no‘/n = 123,2/1106,9 = 0,1113;
xN, = nN’/n = 849,5/1106,9 = 0,7676.
KoHnTpoabHoe ypaBHeHHe:
xH‘o + xCOg + xO’ + xN‘ = 0,0544 + 0,0667 + 0,1113 +
: =+ 0,7675 = 1.
Moasphnasa Macca cMecH
M = xy,0My,o T xco,Mco, + *o,Mo, + *n, M, =
= (0,0544-18,02 -+ 0,0667-44,01 4 0,1113-32 + 0,7676 X
X 28,01) kr/mons = 28,04:10=3 Kr/mMoub.
2. Macca cmecu
m = Mn = 28,04.10-3.1106,9 kr = 31,04 kr.
3apaun

4.6. T'opiouaa cMecb Fa30BOrO JABHrartels COCTOHT IO O6BEMY H3
8 wacreit Bo3ayxa H 1 4acTH cBeTHJAbHoro rasa. Hailth ygenbHyio raso-
BYIO NMOCTOSIHHYIO H TJIOTHOCTb cMecH npH gaeiaeHuu 0,1 MIla u Temme-

parype 15° C, ec/iH CBeTH/IbHEIL Ia3 COCTOHT H3 CAERYIOIHUX OGBEMHBIX
yacreii: 48,5% Hy; 39,6% CHg; 7% CO u 5% N,.
Omeem: R, = 308,7 x(xr:K);
p= 1,12 kr/m8,

. 4.7. O6GbeMHBIe JOJH CYXHX IIPOAYKTOB Cropanus (T. e. He coaep-
JKalHX BOASHOro mapa) cJaegyolHe: Xco, = 0,123; X0, = 0,072;
Xy, = 0,805. Haiitn yaeqbHYyIo ra3oByio NOCTOSSHHYIO, NJOTHOCTh H
yAeabHbIi 06beM NPOAYKTOB CropaHHs, ecaH MX 7tasiaeHue 0,1 MIla,

a Ttemmeparypa 800° C.
' Omeem: Ry = 274,7 Hx/ ('“"K&;
v=2,95 mM%xr; p= 0,34 xr/md.
A.8. TazoBasg cMech 3aflaHa CJERYIOUWMMH MOJSPHHIMH ROJISMHT
xN. = 0,03; Xco = 0,1; xH' = 0,45; xCH4 = 0,35; xC'H‘ = 0,04
H xco, = 0,03. JlaBnenue cmecu 90 klla. Haittu ygennHyio rasosyio
MOCTOSIHHYIO CMeCH M Napuua/bHOe JaBJeHHe MeTaHa, a TaKke IJIOT-
HOCTb CMeCH NpPH HOPMAJbHHX YCJOBHAX.
Omsem: R, = 650,0 JIx/(xr-K);
Pcy, = 31.5 xlIla; p = 0,571 xr/m8,
4.9. Haiith Maccy mpoAyKTOB CrOPaHHA TOINIMBA COCTaBa: nco,=-
= 789 Mo0JB; My,0 = 67,4 Moab; no, = 96.2 Moab; ny, = 787,3 MoJab,

Omeem: 61,07 kr.,
4.10. TTpogyKTH CcropaHus He(TH HMeIOT C/leAylOWUit COCTaB B
monax: no, = 70; ny, = 660; nco, = 70 u ny,o = 66. Haiitu
YAeJbHYIO Fa30BYIO OCTOSIHHYIO H YACJIbHEI 06beM CMeCH NIPH HOPMa/be

HHX YCJOBHAX.
Omsem: R, = 288,0 Ix/(xr-K);v =
= 0,776 m%kr.
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KouTtpoabHnble Bonpocst

1. Yem oTsIMYAlOTCH ra3oBhle CMECH OT XMMHYECKHX COefHHEHHI?
2. UYro TaKoe mapuuajnbHOe JaBJeHHe rasa B CMecH?

3. Uro HasniBaercsl NpHBeAEHHLIM 0GbeMOM ra3a B CMecH?

4. Uro Takoe MaccoBas JONs rasa B CMecCH?

5. Uto Takoe MoaspHas JoJAs rasa B CMecH?

Iaaea 5
TENJTOEMKOCTDb

§ 5.1. O6iuue nOHATHA M onpeJecHUs

Tenaoemrocms — 6eAUdUHA, PABHAA OMHOWERUIO cooétqae-
Mot meay uaiu 0msodumoli om Hezo menaomot K coomeemcmeyio-
uemy U3MEHeHUn eeo memnepamypol:

C = Q/AT.

3nech C — TennoeMKocTb; Q — mozxBefeHHas (MM OTBeAEH-
Has) Ternora; AT — H3MeHeHUe TeMmepaTryphl Tena.
B TennorexHHuecKMX pacueTax WIHPOKO HCIONbL3YIOTCA
yAeabHas M MOJSIpHAas TeMIOEMKOCTH.
¥dervroli mensoemxocmoro HasbHIBAETCS OMHOLWEHUE MENAO-

eMKocmu meaa K e2o macce:
¢ = C/m,

rpe ¢ — yaejabHasa TEIIOEMKOCTb, M — Macca TeJja,
MO/lﬂpHOl.t' mena0emMKoCcmbr0 HA3ol8aemcea OmHouiesue menao-
eMKocmu K Koaudecmey eewyecmsa: ’

¢m = Cin,

Tae Cp, — MONSIpHAS TEIVIOEMKOCTh; M — KOJMYECTBO BEIECT-
Ba.

TennoemkocTH ra3oB H MapoB SIBASIOTCS NEPEMEHHBLIMH Be-
JHYMHAMH; JJ15T HACAJbHBIX Ta30B OHH 3aBUCST OT UX TeMIiepa-
TYPHI, @ /151 peaibHbIX Ta30B U apOB TaKXKe M OT HX JAaBJeHHS.
ITosToMy pasiMyaloT TEMIOEMKOCTH HCTHHHEIE H CP € A-
HHU e. Hcmunnod Ha3bIBaeTCS [MeNA0eMKOCMb NpuU 3A0aHHOL
memnepamype, a cpedHeli — cpeQHee 3Ha4eHUue MeNnAOeMKOCMU
€' 3a0aHHOM UHMepeare memnepamyp, 6 npedeaax KoOmopsLx
npousgodumcs nodsod uiu omeod menaomeot.

HctunHple TermoeMkocTH 0603HaYal0TCsl CHMBOJIAMU : YA€/b-
Hag — ¢, MOJIfIPHAS — Cp; @ CPEAHHE TEeNJOeMKOCTH — CHM-

BOJIaMH: YyjhesrHad — ¢, MojisspHasT — Cp,.
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B TensoBLIX pacuerax MOMB3YIOTCA CPEAHHMMH TCIIOCMKO-
CTAMH: YAENbHOH H MOJSPHOM.

Cpednasn ydeabras mennoemKocmy 6euyecnoa pasHa OmHoule-
HU NO0BEOCHHOL MeNnAOMmbL K MACCE 6eL4eCBA L POSHOCIIL MeM«
nepamyp 6 Koxye u 6 Hawaie nod0eoda menaomet:

E=Q1,2/[m (Tz_'Tl)]- (6.1)
CpedHas MOAAPHAS Mena0eMKOCb GeWeCnea PagHa OMHO«

Wenuio no0ee0eHHOL Menaomel K KOAUYeCMBY 6eulecmnsn i pas-
HOCmIL memnepamyp 8 KOHYe U 8 Hawase nodsoda menaomet:

Em =Qy,2/[n (To—TH)). (5.2)

B CH TennoeMKOCTb ¢ MMeeT eIHHHIY AKOYJb Ha KHJIO-
rpamm Ha kenbBHH — JIxk/(xr+K), a MoasipHast TemIOEMKOCTh
Cm — IKOYJb Ha MOJb Ha KeabBUH — JIx/(Monb: K).

CBf3b MeKIY TEIJIOEMKOCTSIMH YIeNbHOH M MOJSpHOH (Hc-
TUHHOH H cpefiHeil) MOXXHO NOMYYUTh cegylomum nyteMm. Pasze-
quB ypaBHenus (5.1) Ha (5.2) ¥ mpousBeAst COKpallEHH s, NG~
JYUHM TPOMOPUHIO: €/Cp, = n/m. OBpaTHMCA K YpaBHEHHIO
(1.1): M = m/n, rne M — MonspHas Macca paGouero Tena,

ConocTap/iAs 5TH JBa paBeHCTBA, MOAyuaeM c/c, = 1/M uan

c=cn/M. (5.3)

y 0.2. TenjnoeMKocTH H3oXOpHas M M306apHas

Tenyory MOXHO NOABOAUTL K rasoo0pasHoMy Teny (4 oOT-
BOIMTb OT HEro ) pasauyHbIMH cnocofamu. B TepMoaunamuke
IIMPOKO HCHOJNB3YIOT ABa M3 HUX:

1) moaBoOA TEMJIOTH MPH IOCTOSTHHOM YAENBHOM OOBeMe pa-
Gouero Tema. Takoif crmoco6 mMOABOXA TEmJIOTH HasbIBaeTcs
usoxoproeim (OT rped. CJIOB K30 — MOCTOSIHHBIH, X0poC — Mpo-
CTPaHCTBO, OGBEM);

J  2) noxeox TemsnoTH NPH IOCTOSIHHOM AaBJeHHH pabouero
Tena.- Takoit crnoco6 HasbiBaeTcst usobaprein (OT rped. €a0Ba
6apoc— xapJenue).

Vl3oxopHblit moaBOJ TENIOTH NPOUCXOAUT B 3aKPHITOM IIPO-
CTPaHCTBE IOCTOSIHHOrO ofbeMa, HampuMep B LMJIMHApPE C He-
noABHKHBIM nopmHeM (puc. 5.1, a). M3o06apHbii noasox Tel
JIOThI MOKET IPOUCXOAHTD B LMJIMHAPE C MOJABUKHEIM [OPLIHEM.
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B 3TOM c/iyyae npH NoABOAE TEIJIOTE paGoyee Telo B UHJAHHAPE
HMeeT BO3MOXHOCTb YBEJHUMBATb CBOH 0OGbeM, mepepBHrast
nopmens. ITpy 5TOM JaBjieHHEe Tela MOXKET OCTaBaThCs MOC-
TosiHHBIM (pHC. 5.1, 6).

Huxe npHBOAsATCS HAHMEHOBAHMS TEIVIOEMKOCTEH H HX
0Go3HaueHus, CBEAEHHblE B TPYMIbI.

Hcrunnbe Cpennne
YaenbHble TEMI0eMKOCTH: . _
H30XOpHHIE Cp Cy
n3obapHeue ¢p . cp
MounsipHble Ten0eMKOCTH: -
H30XOpHHE Cy, m Co, m
H306apHLie Cp, m cp, m

B TEPMOJHHAMHYECKHX pacyeTaX 4acTO BCTpEHaeTCA BEJIHU-

YHHA R, paBHAs OTHOILEHHIO TEMJIOEMKOCTel MOMsIpHO H306ap-
HOH K MOJISIpHOH H30XOpHOIi
8) MU ylenbHOH M306apHOil K

a) -
I o= ' “—r  YAeIbHOIl H30XODHOM, T. €.
[ k="Cpm/Co,m=CplCy. (5.4)

DTH OTHOIIEHHS 3aBH-
it =1 tp-1,=1 CAT OT TeMmmepaTypel Be-
v=const p=const LlecTBa, HO JMJsl rasoB H

Pue. 5.1, lsa cnocoGa noxsozxa Tem- Mapos 5Ta 3aBHCHMOCTL Ha-

O NOTH CTOMLKO He3HAuuTeNbHA, 4TO
€0 B pacueTax uacTo mpe-

HeOperaioT, NpUHUMas OTHO-

1IeHH e R BeJIHUUHOHA NMOCTOSIHHOM, B Takux ciyuasx npHHAMAIOT
9TO OTHOILEHNE PABHEIM /151 HAEAIbHBIX Ta30B; OQHOATOMHBIX —

1,67; nsyxatomHbix — 1,40; Tpex- M MHOroatoMHelx — 1,29,

TouHble 3HaYeHU ST OTHOLIEHHS R JJIST HEKOTOPLIX ra3oB U BOASA-

HBIX NapOB B 3aBUCHMOCTH OT HX TeMIeparyp NpUBeJEHE! B NpH-

JIOKEHHH 4.

§ 5.3. HaxoxmeHne HCTHHHBIX U CPERHHUX
TENJ0EMKOCTEH

Jns HaxOKIeHHST HCTHHHOM YAENbHOR MM MOJSPHOH Ten-
JIOEMKOCTH HCIOJB3YIOT ABa crnocoba: rpaduueckuii — mno ct-
AuarpaMme M TabJHUHBIH — C HCIIONb30BAHHEM CHEUHaNbHbIX

_ Tabnuu,
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B cf-puarpaMme mo ocH OPAMHAT OTKJIAABIBAIOTCS 3HAYEHHS
HCTHHHO TenJoeMKOCTH (YAeNbHOH MJIH MOJMSIpHO#), a MO OcH
a6cuycec — TeMmeparypsl. ,

IlycTh MCTHHHASL YAeNbHAs TEIUNIOEMKOCTh Ha cf-Iparpamme
n3obpaxkaercs JuHUel I-2, KoTopast B oflieM ciyuae SBJAsET-

N

Cn

N
w

ca xpuBoi (puc. 5.2). Toraa orpesok 4-1 B Maciirabe Oyzer
HCTHHHOH YJeJbHOH TEmJIOEMKOCTBIO NpH TeMmepatype f;, a
OTpe30K 8-2 — MCTHHHOH YJesb-
HOH TENJIOEMKOCTBIO INpPH TeMme- ¢
parype . /
Ecau 3amesnTs niomanp 1234 !
PaBHOBEJIHKHM el NpAMOYTrofb-
HUKoM I'2'8 4 ¢ ocHoBaHueM 4-3,

TO BhicoTa ero 4-1' (unn 3-2') u Gy- /
JeT npeicTaBAATe B MacuwTate .

CPeAHIOI0  YAGJbHYIO  TEIIOEM- ] ¢

KocTb ¢ B mpouecce I-2.

ITnomaas sToro npsIMOYroiib=  pye 59 I'paduueckoe ompe-
HHKA paBHA NPOU3BEACHHIO BLICO-  peseHHe ‘cpefiHell TeMIOEMKO-
THl Ha OCHOBaHHe MJIX B JaHHOM CTH B 3aJaHHOM HHTepBaie
cayuae NpOH3BeLEHHIO Temneparyp
A=c(l,—t). (a)
OGpartuMcs Tenepb K ypaBHenuio (5.1). YMHOXHM ero npa-
BYIO H JIeBYIO YacTH Ha pasHoctb Temneparyp (Tp,— T4), no-
JyuHM

Ql,z/m = (Ty — Ty).
Ho Q,,./m paBHO q,,— YyZAeNbHOI Temnore, MO3TOMY
N2 ="¢c(Ts— T)). (5.5)

ConocTaB/isis NpaByl0 YacTb STOro YypaBHEHHS C BHIpaxe-
HueM (a), BUIUM, YTO OHH paBHHI, mo3ToMy mia. 1234, paBHoBe-
aukasa ma. 1'2'34, onpepensier B Macwrabe yAENbHYIO NoOABe-
IEHHYIO (MM OTBEJCHHYIO) TEIJIOTY.

CrnesoBate/bHO, Ha cf-puarpamme naowyado, 02pAHUYEHHAR
AuRUeld UCMUHHOU YyOenrvHold menaoemKocmuy, Kpatinumu opou-
Hamamu smotk AuHUL U ocvro abeyuce, onpedeasem 6 macuimabe
yOeavHoe KOAUHeCBO n00sedeHHOU UAW OMEeOeHHOW Menaomot.

3anaua onpejeseHust cpefHeld yJAeNbHOH TEMIOEMKOCTH B
3aJlaHHOM Tpollecce 3HAYHTEJbHO YMPOLIAETCS, €C/H JIMHHUIO
HCTHHHOIT TENJIOEMKOCTH NPEACTABUTD B By e npamoii (puc. 5.3).

B 3TOM ciyuae cpefHsis yAenbHas TeaJOEMKOCTb B HHTEp-
Bane TeMneparyp ¢, — ¢, MoKeT GbITb MPHIATA KaK CpeaHeapHe-.
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|

MeTHYecKast MexkAY HCTHHHBIMH TEIIOEMKOCTAMH ¢, (PH TeMrie-
patype #) u ¢, (npu Temneparype ¢;) (puc. 5.3, @), T. e. '

¢ = (c; + c)/2.
3ajaya HaXOXIEHUS cpelHeld YNeNbHON TelJIOeMKOCTH (B
ciydae npsMOJHHEHHO! 3aBUCHMOCTH TEIJIOEMKOCTH OT TeMIe-
paTypsl) MOXKeT OLITh elle ynpolieHa, eclii B KauecTBe ee B3ATh
HCTHHHYIO YAENbHYIO TEMJIOEMKOCTL INpPH cpelHeapHdMeTHye-

CKoil TeMnepaType mpouecca, T. €. IpH Temneparype ¢== (f,+
+ t,)/2 (puc. 5.3, 6).

@ )
c 7
gl ¢ ¢
A
t t t ¢
t 2 : t m
7

Puc. 5.3. Onpeaenenne cpefHeit TennoeMKOCTH B 3aJaHHOM HHTepBane
TeMNepaTyp YNpOLIEHHBIM CIOCOGOM

3ameHa KpHBONHHENHOH 3aBHCUMOCTH TEMJIOEMKOCTH OT TEM-
nepatyphul npsAMOJHMHEHHOH 3aBUCHMOCTBIO BHOCUT HEKOTODPYIO
HETOYHOCTb B pacuerhl, OAHAKO HE3HAYHTEJbHYIO, H IOITOMY
4acTo €0 MOXHO npeHeGpeub.

Haxoxaenne TennoemkocTeil TaGMHYHEIM COCOGOM NpOH3-
BOJUTCS C INOMOLLBIO TaO/MHL, MONAPHBIX MJH YACIbHHIX TEl1o-
€MKOCTeil.

B npunoxenuu 4 npuBeseHsl HCTHHHBIE YAEAbHEIE TEMIOEM-
KOCTH, 4aCTO BCTpeyaloliyecss B TEMJIOBBIX pacyerax BO3fyxa
H OTAEeNbHBIX ra3oB.

Mpumep 5.1. Halitu cpegniolo yaeqbHYIO TEMIOEMKOCTb KHCJIOPO-
Jla IpH NOCTOSAHHOM JaBJEHHH NPH NOBLILEHHH €ro TeMmneparypo CT
600 mo 2000° C.

Pewenue HckoMyio TennoeMKOCTh NPHHHMAaEM PaBHOH HCTHH-
HOIf yAeIbHOH H306apHOM TENJIOeMKOCTH NPH CPejHell apH(MeTHUECKOH

remr;&aorépe 1. Temneparypa £ = (f, + #,)/2 = (600 4 2000)/2° C =

=
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Haxoatm B npunomehntt 4 HcTuHHYlo yrefihyto isoapryio Tefls
JIOEMKOCTb KHCJIOpoAa mpu TeMneparype 1300° C: cp = 1,1476 kdx/
/(xr-K). D10 3HayeHH¢ TENJOEMKOCTH PaBHO cpefHeil YAeJbHON H30-
6ap;(§>gioo'rcemoemxocm KHCJIOpOZa B HHTepBajde Temmeparyp 600 --

Mpumep 5.2, HailTn cpeaniols MOJNSPHYI0 H306apHYI0 TemJoeMs
KOCTb yraekucioro rasa (CO,) mpH MOBEILIEHHH ero TeMmepaTyphol Of
200 no 1000° C.

Pemenue, HaliTh 5Ty TennoeMKOCTb MOXHO NO YDaBHEHHIO
(5.3), u3 KoToporo mosayuaem

Cp' m =CpM- (6)
IlpeaBapuresnbHo HaXxoxuM MogapHylo Maccy M. OTHocHTenbHas Mode-
KyJAsipHasl Macca yraekucioro rasa M, = 44,01 (cM. npuiaoxeHue 2),
CrenoBatenrHo, e€ro MogasipHag Macca M = 44,01.10-3 xr/mons,

CpeHIon yReNBHYIO H3062PHYIO TEMJIOEMKOCTb Cp HaXOAHM B npHe
JIOXKEHHH 4 KaK HCTHHHYIO Y[e/bHYIO H306apHYIO TeIIOEMKOCTh NpH
cpeaneii Temnepatype f{. B nanHOM npuMepe 3Ta TeMmeparypa

T=(t + t,)/2 = (200 4~ 1000)/2 = 600° C.

H3 npunoxenus 4 HaXoXHM, YTO NpPH 5Tofl TeMmepaType HCKOMast
HCTHHHas yjeNbHad TeMIOeMKOCTb ¢p = 1,1962 kIx/(xr-K). 3naynr,
cpeaHss yhelbHasd H306apHAsA TEMI0eMKOCTb B XaHHOM HHTepBajle TeMe
neparyp toxe pasia 1,1962 kIx/(kr-K) =~ 1,20 xIx (xr-K).

Tenepb MOXeM HaiTH MCKOMYIO CPEJHIOI0 MONSPHYIO H306apHYIO
TeNJMOEMKOCTh Cp,m MO YypaBHeHHIO (6):

Cp,m=cpM =1,20-44,01-10~3 xJlx/(Mons- K) =52,89 kIx/(Monb+ K).
Mpumep 5.3. Bo3ayx, comepxkamuiica B 6GaNnoHE BMECTHMOCTHIO
.12,5 M3 npu Temnepatype 20° C u pasienun 1 MIla, nogorpesaercs 0
temneparypu 180° C. HaiflTn pmogsepennyio Temaory Q..
P ewe n ue. Bocnonbsyemcss ypasuerueM (5.1), H3 KoTOpOro
nosnyuaeMm _
Q1,2 = mep (I3 — 4). (s)
Maccy Bo3gyxa m HafileM no YypaBHeHHIO cocTosnua pV, =

= mRoTl:
m = pVy/(RoTy).

B npunoxennun 3 HaxoguM, 4YTO yAeldbHas rasopasi IOCTOSIHHast
Bo3nyxa R = 287,1 Ix/(xr- K), noaromy macca Bosgyxa m = 1.108 X
X 12,5/(287,1.293) kr = 148,6 kr.

CpenHIOI YAeJAbHYIO H30XODHYIO TENJIOEMKOCTh NPHHHMAaEeM paBs
HOft MCTHHHOM YJe/NbHOH H30XOPHOH TenKOeMKOCTH NPH TeMmeparype
100 °C (cm. mpepuigymuit npumep). Ma npunoxenns 4 Bugho, uro ¢, =
E— 0,7226 xIx/(xr-K) = 722,6 IOx/(xr-K), a sHauur, ue, = 722,6

*/(kr- K).

Tenepn MoxeM HafiTH HCKOMYIO TemnoTy @y, [cM. ypapHenue (8)]!
Q,2 = 148,6-722,6-160 Hx = 17,0 MIx.

3anaun

5.1, Hakith cpepne ygmenbHLIE M30XOPHYIO H H3006apHYK Temao-
€MKOCTH KHC/J0pOja B HHTepBane TeMmnepatyp 1800-- 1200°C, _
Omeem: ¢y = 0,90 kIlx/ (kr+ K); cp =
== 1,16 xIx/(xr-K).
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5.2, HafiTH cpexHiol0 MO\rSDHYIO M30XODHYIO TEIJIOEMKOCTb KHC-
Jopoja npu Harpesanuu ero or 0 xo 1000° C.
Omeem: 25,3 xJx/(Moab- K).

5.3. B nomemenun pasmepoM 6 X 5 X 3 M Temneparypa Bo3ayxa
27° C npu pasnenun 101 kxI1a. Haiith, KaKoe KOJKHYECTBO TENMJIOTH HYK-
110 OTBECTH OT 3TOr0 BO3AYyXa, YTo6GH NOHH3HTD ero TeMneparypy ao 17° C
npH TOM e naBjeHHH. CpefHAs yAelbHas H306apHas TelJOEMKOCThb
Boaayxa 1,004 kIIx/(xr- K). Maccy Bo3ayXa B nOMelleHHH YC/JAOBHO NPH-

HATb IOCTOSIHHOM.
Omeem: 1,06 MIOx.

5.4. Or a3oTa, 3aKJI0YeHHOro B 6ananoHe, orsoaurca 17000 xx
TemyoTH. IIpH 3TOM TemmepaTypa ero moHuixkaercs ot &00 xo 200° C.
Haiith maccy asora, 3ak/i04eHHOro B G6aJlJIOHE,

Omeem: 34,6 xr.

5.5. B Tpy6uatoM Bo3zyXonojorpesartene BO3AYX HarpeBaercd Np
nocTosiHHOM JRaBJjeHHH oT 10 no 90° C. Hafitn -MaccoBHIfI pacxox Bo3zy-
Xa, mpoxopsuiero uepes BO3JAYXOINOZOrpeBaTeldb, €CaH eMy coobua-
erca 210 MIx/u TenJoTH.

Omsem: 2610 kr/y.

5.6. Haiitu KoanHyecTBO TenaoThl, Heo6XoxHMOe AN HarpeBaHHs

RDH mocTOSIHHOM o6beMe 10 kr asora or 200 go 800° C.
Omesem: 4,91 MIx.

§ 5.4. TennoemkocTb cMeceii

ITycTb cocTaB cMecH 3aiaH MACCOBEIMH IOMSMH @y, @, ...,
«ssy @p. OOO3HAUMM Maccy cMecH yepes 1, MacChl BXOASIIHX B
STy CMeCh KOMIIOHEHTOB Yepe3 My, My, ..., My, @ HX CPEAHHE

yAeNbHbIE TEMJOEMKOCTH COOTBETCTBEHHO YEpPe3 Cj, Cgy «ovy Cne
Ecau cpeaHiolo yAenbHYIO TEMJIOEMKOCTb CMECH O003HAYHTh

uepe3 Cey, TO KOJHYECTBO TEMJIOTHI, HEOOXOAMMOM JAJsI MOBHI-
IIeHUsT TeMmepaTyphl cMecH oT Ty Ao T,

Q2= mzcm (T,—Ty = mfc'; (Te—Ty) +

’I‘ngz (To—Ty)+...&+m, Fn (T,—T))
Hau
Com = (My/m) €y + (My/m) €, + ..+ (M /m) C.

Hcnone3ys cootHowenus (4.1), monyuyaeM OKOHYaTesNbHO

Z(:M=wlzl+w2;2+'~-+mnzm (5.6)

T. €. Y0eabHAS MennoemKOCb CMECU PABHA CYMMe npou3ssederult
Mmaccoevix 00nell KOMNOKEHMO8 CMECU HA UX YOeabHole menioem-
Kocmu.

Ecnn cMech 3ajaHa MONSIpHBIME  JOMSIMH  KOMIIOHEHTOB
X1y X3, ey X, CPCAHHE MOJISIPHbBIE “TEMJIOEMKOCTH KOTOPHIX paB-
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HEL COOTBETCTBEHHO Cpmy, Cragy ++y Cmny TO, PACCYIKAAS AHATOTHY-
HO NpeAbIAyIIeMy, MOXKEM 3amucath
- -
Qu,2=nCm, en (Te—T1) =1y Cpay (To— Ty) -

+n2 Cm2 (Tz_Tl) T+ + ny Z:mn (Tz-'Tl)s
rjie n — KOJMHYeCTBQ BeELIECTBA CMECH, Ny, Mgy ..., Np— KO-
JIMUECTBO BEIECTBA KOMIIOHEHTOB, COCTAaBJSIOIINUX CMECH.
Pemas srto ypaBHEHHE OTHOCHTeJleO—Cm,cu, noyyuuM

Em, [ S (nl/n) 5;n1+("z/fl)zmz + see + (nn/n) c—r.nn
HJIH

Cm, e =X1Cm1 X2 Cma+ oo. = Xn Couny (57)

T. €. MOLAPHAA MENA0EMKOCMb CMECU PABHA CYmMme npouaeeae-
Hut MONAPHbIX 00ell KOMNOKEHMO8 CMECU HA UX MOAAPHbIE then-
AoemKocmu.

Mpumep 5.4. TeMmmepatypa cMecH, cocrosmeif M3 asoTa Maccoft
3 Kr ¥ KHCJIIOPOZA Maccoif 2 Kr, B pesyJbTare NoABOAa K Heil TeIIOTH
NpH NOCTOSSHHOM o6beMe moBHmaercs or 100 go 1100° C. IMoacuurath
KOJIHYECTBO IIOABEJCHHON TEMJOTHI.

PeweHne Hckomoe KoanuecTBO TemaoTH Qp,, HaXoguM H3
ypasHenus (5.1):

Q2 = mcy (t,— 1), (a)

rae c,, — CPefHfsT YZXeNbHas M30XOPHAsA  TENMJOEMKOCTb  CMeCH,
Jix/ (kr+ K); m — Macca cMecu, Kr; f; H ¢, — HauaJbHasg H KOHeYHas
TeMnepaTtypu cmecu, °C,

. 6Cpezuuolo YAC/AbHYIO TENJIOEMKOCTb CMECH Cp HaljleM IT0 YpaBHEHHUIO
(5.6):

Cy = W1Cpy + Wolpg. (6)
3aech @) H @y — MaccOBble JOAH KOMIOHEHTOB CMECH a30Ta M KHCJOPO-
aa. ,

ITo ycnosuio Macca cMecn m = (3 - 2) kr = 5 Kr, H03TOMYy Mace
COBHE J0/H paBHH: a30ta 03 = 3/6 = 0,6 u KHC/I0pOAa ©g = 2/5 =
= 0,4, 1A HaXoxjcHHA TenJoeMKocTeit c,,l " c,,z BOCHOJIb3YeMCs

npunoxenueM 4. IIpuMeM, YTO OHH paBHHI HCTHHHOH YXEJIbHOH H30-
XODHOHt TENVIOEMKOCTH INpPH cpefHeil apudMeTHuecKOi TeMmeparype
t = (4 + #,)/2 = (100 + 1100)/2° C = 600° C. IIpu sroit Temnepary-
}n.'m a3oTa ¢y = 843 Jx/(xr-K), a ana xucaopoga cpg = 809

*/ (kr - K).

Tenepb 110 ypaBHeHHI0 (6) MOXKHO HafiTH HCKOMYIO TEMJIOEMKOCTb CMeCH:

. 0,6-843 + 0,4-809) [/ (kr+ K
~ 825 nfox’r _l}-o%c" ( + ) Batar-R) =

Haxonum nogsesennyio tenyory Q,, no ypasHeHuio (a):
Q,2 = 829-5 (1100 — 100) Ox = 4,1-108 Ox = 4,1 MIx.
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Mpumep 5.5. CocTaB NPOAYKTOB CropaHust GeHsuHa B IHAHHADE
JIBUTaTess. BHYTPEHHETr0 CropaHus B MOJNAX CAeAYIOMHMA: YIJIeKHCJIOro
rasza (CO,) — 71,25, kucaopoma (Op) —21,5; asora (N,) —488,3;
napos poas (H,0) — 72,5 npu Temneparype arux rasos 800° C. Onpe-
JIeINTh JOJIIO TENMJIOBHIX IOTEPh C Y XOASILIHMH ra3aMH, eCJAH TeIJIOTa
cropanus GensuHa 43 950 kJx/kr.

P e e H ne Hailigem cHavana TenaoTy Q; yXoxfmux (BHXJOmN-
HHIX) rasoB. [Tomaraem, 4yTo cropaHye NPOUCXORUT NPH NOCTOSTHHOM JaB-
JIeHHH, TI03TOMY, BOCIOJB30BaBIIHCL YpaBHeHHeM (5.2), mocie MPOCTHX

npeoGpasoBaHHi, NONYyYHM
Qu="16p, m (ta—t) =Py Cp,mt (ta— 1)+ 113 5p, ma (o —tr) +
+13¢p, ma (fla—t1) +14Cp, ma (la—t1) = (11 Cp, 1+ 13 Cp, ma+
+nszp,ma+n4‘;1.7. ma) Uz-—t‘l).

3aeck ¢p,m, Cp,m1) €p,ma» Cp,m3s) Cp,ma—CPEAHHE MONAPHLIE H306apHLIE
TENJIOEMKCCTH COOTBETCTBEHHO Bceil cMecH (NMPOAYKTOB CrOPaHHs) H ee
komnonenros, x/(Mons-K); n, ny, Ny, Ng, N4 — KONHYECTBA BEIECT-
Ba COOTBETCTBEHHO BCelf cMecH u ee xomnoneHTos: COy, Oy, Ny # H,0,

MOJIb.
B npunoxennu 4 npu cpepueapudmernyeckoll TeMmepatype mnpo-

necca £ = (f, + #,)/2 = 800/2° C = 400° C cpeaune yxenbHuie H306ap-
Hble TEMJIOBMKOCTH KOMIMOHEHTOB CMeCH, a Takxe HX MOJAPHHE MacChH
cleRyomHe: A5 CO, cpy = 1,11 xIx/(kr- K), M; = 44.10~3 xr/Moab;
ans O, cpp = 1,02 xIw/(kre K); My = 32:10-3 kr/monb; pas
Nocps=1,09 kIx/(xr- K), My=28:10—3 xr/monn; zna H,0 cpy =
=2,06 kdx/(kr-K), Mg = 18-10—3 kr/moas.

Io HaiifeHHLIM 3HAYEHHUSIM YAeNbHEIX TENJIOEMKOCTeN M MOJsPHBIX
MacC BBIYHCJAMM 3HAYEHHS MOJIAPHBIX TemaoeMKocTell KOMIOHEHTOB:

s CO, _c},ml =1,11.44.10-3 xJ{x/(Monb+ K) = 48,84 I/ (mMoab- K);
ana Oy cp,my = 1,02-32.10-3 kx/(Moas K) = 32,64 Ix/(Moab- K);
ans Ny cp,m3=1,09-28-10-3 kJx/(Monbs Ky =380,52 Tx/(Moab: K) u
a1 HyO ¢p,ms = 2,06 18103 xax/(Monb- K) = 37,08 I/ (Moas+ K).
Tenepb MOXeM HaliTH KOJIHYECTBO TEMJOTH, YHOCHMOH cMechio (Bbl-
XJIONHLIMH Ta3aMH):
Q: = (7Cp,m1 + NyCp,ma + naCp,ms + neCp,ma) (fy — #) = (71,25 X
% 48,84 - 21,6-35.64 + 488,3+30,62 - 72,5-37,08) 800 Kk =
= 21,95-800 kIx = 17,418 xIx.
OG6o3HayuB TENJIOTY cropaHus GeH3uHa depe3d Q, MOAY4UHM, YTO MO-
Teps TEMJIOTHl C BHIXJOMHBIMH ra3aMH COCTABJSET:

Q/Q = (17 418/43 950) 100% = 39,6%.

3apayn

5.7. T'azoBast cMeCh COCTOMT M3 2 KI yrJekucjoro rasa, ! kr aso-
Ta, 0,5 Xr kucaopona. Haiitu cpeaHio0 MOIAPHYIO H306apHYI0 TenabeM:
KOCTb CMeCH B MHTepBaje Temnepatyp 200 -~ 800° C.

Omeem: 42,86 Ix/(moasb:K).
46



5.8. Haiitn cpepnne u306apHyio H H30XOPHYIO MOJIAPHEE TENJIO0EM-
KOCTH NPOLYKTOB CrOPaHHSI TOIUIHBA NPH oXJaxkjaeHuu ux or 1100 go
300° C. MoasipHhle J0/H KOMIOHEHTOB STHX NPOAYKTOB CrOpaHHs Cie-
ayomue; Xco, = 0,090; *H,0 = 0,083; *o, = 0,069. N, = 0,758.

Omeem: ¢p,m = 32,3 JIx/(Moan-K);
co,m = 27,0 JOx/(Moab: K).

5.9. CocraB oTpaGoTaBIIHX Tra30B ABHTaTeJsl BHYTPEHHEro cropa-
HHA B MOJNAX CAeAYOWHA: npo, = 74,8; ny,o = 68; no, = 119 u
e = 853. HaiiTH KoJHYecTBa TeNnJIOTH, BHIJAEJASIEMOl 3THMH rasaMH
NpH MOHHXKeHHH HX TeMmepaTyps oT 380 x0 20° C npu NOCTOAHHOM JaB~

JIEHHH,
Omsem: 13,84 mIx.

Konrpoanhsie sonpocs

1. Or KakuX nmapaMeTPOB 3aBHCHT 3HayeHHe TEIIOEMKOCTH Napos
¥ HJeaJbHHIX rasos?

2. Kak onpefenuTh MOJSPHYIO TENJIOEMKOCTb ras3a Io YZAenbHOH
TENM0eMKOCTH?

3. Ilo kakoit opMyae MOKHO HAATH CBA3b MEXKAY YASTbHOH M MO-
JASPHOA TEIMIOeMKOCTAMH? |

4. Kak onpefensior CpegHIO0 TEMINEMKOCTb C MOMOULbIO I'paduKOB
H Ta6auu?

5. Kakoit BUJ HMeeT JUHHSA MOCTOSHHON TEMJOEMKOCTH Ha cf-AH-
arpamme?

6. Bo ckoabKO pa3 MOJspHafg TEMJIOEMKOCTb YIVIEKHCJAOrO rasa
Gosblie ero yJAeJlbHOH TeMJOEeMKOCTH?

Faasa 6
NEPBOE HAYAJIO TEPMOOUWHAMUKH

§ 6.1. YpaBHeHue nepBoro Hayana TepMOXUHAMHKH

Kaxk n3pectHo, /mo6oe Qusnueckoe Teno, B 4aCTHOCTH paGo-
yee TeJo — ras M map, objajaeT BHYTpEHHel SHeprued.

KonnuecTBo ee He aBnsercs nocrosHHBM. IIpu B3aumopeii-
CTBHH C APYTHMH TeJllaMH, HampuUMep C BHELIHeH cpejoH, BHY-
TPEHHASA 5Heprus paboyero Teja MOXKET YMEHbIIATbCS HJH yBe-
JIHYMBATBCH.

3r0 B3aUMOJIEliCTBHE NPOsBAsercs B ABYX ¢opmax: B popme
TeMJIOTHl NyTeM TemyooOMeHa M B (opMe MeXaHHUECKOH
paboTel. B cayuae Temsmoofmena TemioTa MOXKET INOABOAHTHCS
H3 BHeIHel cpeAnl K paGoueMy Teny HJM OTBOAUTHCA QT HEro
BO BHELIHIOIO cpely. B mepBoM ciyyae BHYTDEHHSSI SHEPrHs
pabouero Tesia yBeNHYHBAeTCS, BO BTOPOM — YyMEHbIIaeTCH.
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Ipu Mexannueckoii paGore paGoyee Te10 MOXKET PaCIUpAThb-
csl, T. €. IPOU3BONUTL PaGoTy 3a CueT CBOeH BHYTpPEeHHeH sHep-
THH, KoTOpast npu 3ToM OyAeT yMeHblIaThesl, Mau paGouee Te-
JIo OyfeT C:KMMaThbCsl, ISl Yero nmorpebyercsi coBepuIeHHE pa-
GOTHI CXKaTH$ BHeIIHeH cpenoif (BHemHHMH cuiamu). ITpu sToM
BHYTpPEeHHsIs 3Heprus pabouero Tena yseauuutcs. Pabora pac-
LIMPEHHS U CXKATUA HasbiBaeTcs pabomol usmeHeHus obvema.

Cnenyer umeTb B BHAY, YTO NOCKO/NbKY pa6oTa, KakK H Tel-
JIoTa, ABJsIeTCS OfHO M3 (OpM mepenaud SHepruv OT OJHOro
TeJa K APYroMy, TO TakHe OOLIENPHHATHIE BbIPaXKEHHS, Kak
npespalleHHe TeIIoTel B paboTy MM paboThl B TENJOTY, sIB-
JISOTCS ycnoBHBIMH., TouHee ObWIO Obl FOBOPHTb O MOJYYEHHH
TEJIOM SHePrvH B ¢opMe TemIoTH (MM *pabGoThl) K nepejaye UM
STOH 3HEpruu B ¢opme paGoOTHl (MM TEMJIOTHI).

Bo Bcex cmyyaax ofliee KONMHYECTBO BHYTPEHHell SHepruu
BCEX TeJ, Y4acTBYIOIIHX BO B3aHMOJEHCTBHH, €C/IH OHH o6pa
3YIOT H30JHPOBAHHYIO CHCTEMY, OCTaeTcs MNOCTOSIHHBIM, YTO
clenyer U3 BceoOLIEro 3aKOHAa COXPAaHEHHS M IpeBpaileHus
SHEpPIUM, COIVIACHO KOTOPOMY NpH BCEX NpEeBpalleHHsIX OHA He
HCYe3aeT U He Co3jaercs, a JHUUIb NepPeXofHT H3 OXHOro BHAA B
Jpyroii.

IepBLIM, KTO TpHIIEN K BLIBOAY O COXPaHEHHH H npespalle-
HHM 3HepruH, 6ul1 M. B. JloMoHOCOB.

Bor uto on nucan B 1760 r. B HayuHOM TpyAe «Paccyxne-
HHSl O TBEPAOCTH U XKHMJKOCTH Te/»: «Bce mepemeHsl, B HaType
CIyYaloIHecs, TAKOro CyTb COCTOSIHHS, YTO CKOJbLKO Yero y
OHOrO TeJia OTHHMAeTcs, CTOJAbKO NMpPHCOBOKYMUTCS B APYroM
Tene ... Ceii BceoOluil eCTECTBEHHBIN 3aKOH NMpPOCTHPaeTcs H B
caMple npaBuJa JABUKEHUS: KOO TeNno, ABHIKYILEe CBOeH CHJOIM
Jpyroe, CTOJNBLKO K& OHble y ce0sl TepsieT, CKOAbKO COOOILaeT
Apyromy, KOTopoe OT Hero ABHKEHHE MOoyuaery,

K coxanennio, Tpyasr M. B. JloMoHoCOBa coBceM He GLIH
H3BeCTHHl Ha 3anajie, Aa M y Hac B Poccun npu xusuu M. B. Jlo-
MOHOCOBA €ro HayuHble paboThl B 06/1aCTH €CTeCTBO3HAHU A OBl
H3BECTHBI TOJNBKO Y3KOMY KpPYIY YUeHbIX.

' MatemaTnuecky 3TOT BceoOmIMii -3aKOH BHLIPAXKAETCH YPaB-
HEHHEM MNEpPBOro Hayasa TepMOAHHAMHKH

Q1.2= (Uz—‘_(fx)+L1,z, (6~l)

rae Q,; — TenyoTa, NOABOAMMAS MJH OTBOAMMAs B Mpollec-
ce I-2; U, n U, — BHYTpeHHSA 3Heprus B Hauaje H B KOHLE
npouecca I-2; Ly, — paGora usMeHeHusi oGbeMa B mporecce

-
»
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N3 sToro ypaBHEHHS1 BUAHO, YTO BCS NOABEAEHHast K pabo-
yeMy TeJy TetuloTa pacxofyercsl Ha H3MeHeHHe BHYTpeHHel
SHEepPrUM M Ha CoBeplLIeHHEe paboTH HM3MeHeHHS obbeMa,

Jxns paboyero Tesia Maccoit 1 Kr ypaBHeHHe NepBOro Haya-
Jla TEPMOAMHAMHKH NPHHHUMaeT BHJ

Gr,2=(tl— ;) +1 2 6.2)

rle i, — YAeAbHAA TeJIoTa, MOABOAHMAS MM OTBOAUMAS, B
npouecce /-2, u; U U, — yjAeAbHast BHYTPEHHSIs SHEprus B Ha-
yajne U B KOHuUe npouecca [-2; [y, — yAenbHas pafoTa H3Mme-
HeHHa obbeMa B npouecce -2,

YpaBHeHHe mepBoro Havana TEPMOAHHAMHKH HelCTBHTENb-
HO NpH B3aMMOJleHCTBHH pabouero Tejia C BHeLIHell cpelodl B
ofuieM BHJE, NO3TOMY BEJIHYHHBI, BXOASIIME B HEro, SIBISIQTCS
anre6panyeckiMH; B OTAEAbHBIX KOHKPETHEIX CJydasiX UX 3Ha-
YeHHS MOryT PaBHATbCA HYJMIO, ObITh IOJOKUTENbHBIMH HJIH
OTpHILATEJbHBLIMH.

Jlns onpenenenus 3Haka KaxkA0il H3 3THX BEeJMUHH PYKOBOA-
CTBYIOTCA CJEAYIOUMMH INpaBHJIaMHU:

BHEIUHAS TemoTa Qy,, ABISETCS MONOXKHUTENbHOMH, €C/IH OHa
. lrofBoauTCA K paboueMy Teny, M OTpHLATENbHON, €C/AH OTBO-

JIUTCS OT Hero; : »
pabora H3MeHeHHs1 o0bema L, , 6yAeT nonoxXuTeNbHOM, ec-
JIH OHA coBepluaercst paGoyuM TesioM (T. €. IPU pacluHpPEeHUH pa-.
Gouero Tena), ¥ OTPHLATENbHON, €C]H COBepluaeTcst BHeUIHel
cpefoit Hax pabouuM TesnioM (T. €. IPH CKATHH paGouero Tena);

H3MEeHeHHEe BHYTPEeHHeil SHepruH ABASETCS MONOXHTENbHON
BeJIMYMHOH, €CJIH 9Ta 3Heprus yBeaHuuBaercs. B stom cayuae
- B KOHIe npouecca /-2 KOHeYHoe 3HaueHHe BHYTPEHHEl sHepruu
JOMKHO ObITh Godiblie HavyanabHoOro, T, €. U, > U;, a moatomy
pasHocts U, — Uy > 0. Ecsin xe B npouecce 1-2 BHyTpeHHAS
SHeprus ymeHblnaercs, sHauut, U, << U, u U, — U, < 0.

N3 ypaBHeHHst mepBoro Hayala TepMOAHMHAMHKH CJEAyeT
TaKXke, 4T0 HEBO3MOXHO CO3JXaTh BEUHBHH
ABHrateasb (perpetuum mobile) nepBoro pojxa,
T.€¢. ABHTaTeJb, KOTOPHH NPOH3IBOAHA OH
pa6oTy 6e3 3aTpaTh 3HepruH,

§ 6.2, BHyI:peHHHSI sHeprus. 3akon Jlxkoyas

BHYTpeHHSIt SHeprHsl ABASETCS CYMMOH BHYTPEHHeH KH-
HEeTHYECKOH H BHYTpEHHEH NOTEHIHaNbHOH 3HEpTHH.

INepBast H3 HUX OmpeAesieTCss XaOTHUECKHM ABHXKEHHEM Ya-
cTHll Tesla. C yBeqHYeHHEM CKOPOCTH 3TOro JIBHXKEHHMS BO3pa-



CTaeT U BHYTPEeHHAS KHHeTHuecKas 3HeprufA, Ho Tak Kak TeM-
nepatypa Tena omnpejensieTcsl CKOPOCTbIO JBUIKEHHS ero ua-
cTHL (MOJIeKYJa), TO yBenuueHHe (HJIH YMeHbLUEHHE) TeMmepa-
TYPHI TeJ1a B Tpolecte 03HayaeT yBeJHYeHHe (HJIH yMEHblIeHHe)
€ro BHYTPEHHEH KHHEeTHUYeCKOH 3HEepruH.

BHyTpeHHsIs noTeHUHaNbHas SHEPrHs ONpeensercs CHaa-
MH B3aUMOJEHCTBHS MexXAY YacTHIAaMH BellecTBa.

B TepMoaMHaMHYeCKHX Npoleccax MOXKeT ObITh HCNOMb30Ba-
Ha TOJIBKO YacTb BHYTPEHHEH 5Hepruu pabouero Tena, B CBA3H
C yeM BIIOJIHE JOCTaTOYHO BEISICHHTD, KaK H3MEHHJIach 3Ta SHep-
THd B JaHHOM Ipouecce.

OG6o3HauuM H3MeHeHHe YAeJbHBEIX BHYTpEHHeH KHHeTHuec-
Koif U BHYTpEeHHEl noTeHuHaJbHOoH SHepruii 1 Kr pabouero Tena
CoOTBeTCTBEHHO uepes Auy u Aup,. Torza nameneHue yAebHoit
BHYTpEHHeli 3Heprun Au B TepMOAMHAMUHUECKOM Ipolecce Mo-
JKeT OLITb BLIPAXKEHO YpPaBHEHHEM

Au = Auy + Au,.

H3menenne BHyTpeHHelt 3HeprHH 060 NpoU3BONLHOIT Mac-
col AU paGouero Tena Bblpasutcst ¢opMyJioii

AU = AU, + AU,

B 1843 r. anramiickuit ¢usuk Jxoyap copMynnpoBan Ha
OCHOBAHHH NPOBEJICHHBIX HM SKCNIEPHMEHTOB BeCbMa BaXKHHIi 3a-
KOH HJeaNbHBLIX Ia30B: «BrympeHHAs sHepeus udearbnozo 2asa
sasucum auwb om e2o0 memnepamypow. OOBIACHACTCA 3TO TeM,
YTO B MJ€ANbHBIX ra3ax CHJbI B3aHMOJEHCTBHS MEXAY MOJIeKy-
JIaMH OTCYTCTBYIOT, BCJI[ICTBHE YEro BHYTPEHHSAS NMOTEHUHAb-
Hasl 3HePrHs MX paBHa HYJIO H BHYTPEHHSS SHEPTHS COCTOMT
TONBKO H3 BHYTPEHHEH KHHETHUECKOH SHepruH, KoTopas H oIl-
pejensier Temnepatypy upeanbnoro rasa. Ho mockolbky TeM-
neparypa MJeanbHOro ra3a onpejesnsiercss BHyTpeHHell KHHeTH-
UeCKOH sHeprued, a TeMmepaTypa Teja siBIfieTCs NapaMeTpoM
COCTOSIHHSI, TO H BHYTPEHHSISI SHEPTH S TOXe SIBJIsIeTCs napaMer-
POM COCTOSIHM S, KakK, HanpuMep, YAeNbHHI 00beM H JaBJieHHe.
CrieloBaTeNIbHO, UsMeHeHUE BHYMpPeHHell SHepeul He 3a8UcUm ont
6u0Q NPoYecca UBMeHeHUR COCMOAHUS MeAq, @ IMOAbKO O Ha-
4QAbHO20 U KOHeUH020 COCMOAR UL, OnpedessieMsix NO e2o napamem-
pam.

Jlns BLIBOJAA PacueTHOro ypaBHEHHS, MO KOTOPOMY MOXKHO
NOACUHTATh M3MEHEHHE YJeNbHOH BHYTpeHHeH SHepruu Jyobo-
ro Teja, pacCMOTPHUM Ipollecc MOABOAA TEMJIOTHI K pabouemy
TeJy Maccoii 1 Kr, 3aKJIOYelnHOMY B COCYA MOCTOSIHHOrO ofbe-
Ma. DTOT NpUMep NMOKa3aTe/IeH TeM, UTQ 3/leCh YAENbHbIH 0GbeM
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TeNa He M3MEHSeTCs, MO3TOMY HE cOBepiiaeTcst paBota H3me-
HeHHs o6beMa U BCs MOABOAMMAST TEIJIOTA LEMHKOM pacXoayer-
" csl TOIKO Ha yBeJHYEHHE ero BHyTpeHHel SHepruH,

ITycTs B pesysibTaTe noABoAa TEMJIOTH paGoyee Teso Hepe-
XOAUT H3 COCTOSIHNA I B COCTOSIHHE 2, TOoraa nojgsoauMasi Tell-
JioTa

Q2 = Uy — Uy. (a)

Hmes B Buny ypaBHenue (5.1), MO:keM Hanucarhb, YTO YAEMb-
Has Temora
G2 =¢(Ty —Ty).

Tak Kak JaHHBIi npouecc sABAAETCA H30XOPHBEIM, TO

Tf,2 = 0—; (T, — Ty). ©
Conocrasnsisi ypaBHenus (a) u (6), nosyyaem
Uy — U = ¢ (Tz — T) (6.3)

uiaM, B oOWEM cayuyae, A Teaa Maccoil m

U,— U, =me, (T,—Ty), (6.3a)

rae Ty v T, —HauanbHas M KOHEYHast TeMnepaTypsl B npouec-
ce; ¢, — CpPeAHss yAenbHasi H30XOpHas TemymoeMkecTs; U; M
U, — HavaibHOe H KOHEYHOoe 3HaueHHs] BHYTpPEHHeill SHepruH.

Tak Kak yjneabHas BHYTpPeHHsAs: 3Heprus paGouero Tena
SIBJISIETCS [IapaMeTpoM COCTOSIHH S, TO YpaBHeHHA (6.3) u (6.33)
RefiCTBUTENbHBL VIS BLIYHCJIEHU ST M3MEHEeHH 1 BHYTPEHHelt 3Hep-
THH B JIOOOM npolecce, B KOTOPOM TeMneparypa rasa HaMeHser-
ca or Ty 5o Ty

Enunuueii ylenbHOR BHyTpeHHel SHEPrHHM, Kak H JoGo
Apyroit yaenbHoit snepruu, B CHU sBnserca Jx/kr.

§ 6.3. pv-puarpamma, PaGora usmeHeHns
obnema

B TepMoaMHaMMyecKUX pacueTax HCHONL3YIOT HE TOJAbKO
MareMatHueckHe GopMyJibl, HO M pasHuyHble TpagHKH B BUAE
AuarpamM, 3HayHTe/IbHO ofisieryaiolye Takue pacuersl. B uacr-
HOCTH, IUHPOKO NpHMeHsercd pv-guarpaMma, B KOTOpPOH Ino
OocH alCUMCC OTKJAAbIBAIOT 3HAYEHHS YAENbHBIX OOBEMOB U,
a no ocH OpAMHAT -— 3HA4YeHUs AABJCHHH p. ’

Ecnu B 3THX ocfiX cocTosiHue paGoyero Teja ompefelser-
cfl napaMeTpamH p; H v;, TO MOXKeT ObiTh HaH/IEHa 110 3THM napa-

Si



MeTpaM Touka I, ompexensioulast faHHoe cocrosuue pabouero
tena (puc. 6.1). Ynu, HaoGopor, ecu Ha pu-iHarpamme JaHa
TOUKa, TO, ONpPEAENHB IO KOOPAHHATAM 3TOH TOUKH 3HAUEHHS
nmapaMeTpoB p H v, MOXHO YCTaHOBHTb COCTOsiHHE Tena. Ecan
paccMaTpHBaeMoe TeJO IOA AeHCTBHEM BHEUIHHX CHJ Mepeuuio
H3 COCTOSIHHS, ONpeAessieMOro TouKoii I, B ApPyroe COCTOsIHHUE,
onpesienseMoe, HanpuMep, TOYKOH 2, MPOHAs NPH TOM noceao-
BaTe/bHO uepe3 psij COCTOsHHUIL @, b, ¢ H Apyrue, TO 3HAYHT 3TO
TEN0 COBEpLIMJIO TepMOAMHAMHYECKHH npouecc (MAH NPOCTO

p
1 P11

Py
o

P2

0
S

I B
S

— — —

—llan_

Puc. 6.1, pv-gnarpamma Puc. 6.2. Pa6ora u3MeHeHHa
o6beMa Ha pv-aHarpaMme

e D
&
‘IN &

npouecc). IIpoBoas uepes 3TH TOUKH MIaBHYIO KPHBYIO, NOMY-
YHM JIMHHIO NpoLecca Ha pu-Auarpamme.

ITocMoTpuM, Kak 1o Takoit AuarpaMMe onpeensiercs paGora
H3MeHeHHs! 00beMa, 0 KOTOpOH roBOpHJOCH Bhile. JlomycTHM,
4TO paGouee Tejo Maccoit 1 Kr M AaBieHHEM p 3aK/IOUEHO B
uuaHHApe ¢ nopwHeM (puc. 6.2). Ecau nop pefictBHeM KakHX-
JH00 CHJA TeJo pPacIMPHTCA H MOpLueHb NMepejBHHeTcs Ha Gec-
KOHEYHO Majoe pacctofHue dh, mpeojosneBasi BHELIHHE CHJIBI,
TO pabouyuM TeaoM GyZAeT coBepiieHa GeCKOHEYHO Manas pabo-
Ta, KoTopyio o0o3HauuMm cumBoiioM &/, Ha pu-auarpamme
(puc. 6.2) ona nokasaHa B BHJE Y3KOil 3alITPHXOBAHHOH MJIO-
maaxd. MarematHueckH 3Ta pabora MoxeT GbITb BbIpaxkeHa

YpaBHEHHEM
81 = pAdn,

rae p — AaBieHue, AeHCTBYollee HA moplueHb; A — muomans
nopunsa. B stom ypaBHenun npoussesenne Adh — GecKoHeu-
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HO Majioe M3MeHeHHe yAeabHoro obvema dv. C yueroM 3TOro
MOXKHO 3amnHCaTh

8! = pdo,

a ans Beero mpouecca [-2

2
{ 6l = ( pdv.
1

S Gy, 0D

Hurterpupys sto ypaBHeHHe H monarasi, 4TO yAe/AbHEIH 06beM
- H3MEHSAETCH OT Uy JO Up, MOMYHHM

2
L= 4‘ pdo. (6.4)

M3 ypasuenus (6.4) BHAHO, UTO HENPEMEHHBIM YCIOBHEM
COBEpILEHHS YAeNbHOi paGOoTHl [y o AABNAETCSA H3MEHEHHE Y/eNb-
HOoro ofmeMa paGouero Tena.

Herpynuo yGemuthcss B p
TOM, YTO H3MEHeHUe JaB/eHHS
H TeMnepaTypsl paGouero Tena P
MOXeT [IpoHCXOAuTh 6e3 <o-
BepUIEHH S Takol pabotwl. Jlei-
CTBHTEJbHO, ecnd pabouee Te- b .
JIo, 3akJ/IoueHHoe B GasiioHe, 4
o6MeHHBaeTcs TeIIOTOl C BHEI-
Heil cpefioil, TO €ero Temmepa-

Typa H JaBjeHue H3MeHSIOT- 7 3 7

csl, XOTA HHKaKoit paGoThl MpH

STOM HE COBEpIIaeTcs. Puc. 6.3. K o6nbacuennio, nove-
Hurerpan B ypapuenut (6.4) wmy pa6ora mamenenus o6bema

H3o0paxaer mIoWaAL Aua- aBasercsa GyHKUHeH npouecca

rpammel 1234 (puc. 6.3), nosto-

My MOXHO CZeJ1aTh BBIBOJ, YTO

IJIOWAAb pu-AMarpaMMbl, 3aK/JIIOUYEHHAs MeXAy JHHHeH mpo-
necca, ocblo abcuucC M KpalHHUMH OpAMHATaMH 3TOM JIMHHH,
H300paxkaer yeJbHYlo paGoTy H3MeHeHH 1 oGbeMa B nporecce.
 Pabora u3MeHeHHs 0GbeMa 3aBHCHT OT BHJA JIHHHH mpolec-
rca. HdefictButenpHo, B mpouecce I-m-2 (puc. 6.3) paGora u3o-
Opaxaerca na. Im234, a B npouecce I-n-2 — mn. In234.
‘Ho, xak BUAHO U3 pHUCYHKa, nepBas miomaab Gosblue BTOPOt,
a nostoMy u pabora B npouecce I-m-2 Gonblue, yeM pabora B
npouecce f-n-2, XoTA HayalbHOE H KOHEUHOE COCTOSAHUA paldo-
uero Tena B o6OMX mpoueccax OAUHAKOBEI
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CnepoBatenbHo, paGora H3ameHeHHs ofbeMa 3aBHCMT OT
BUJA JIMHHH TIpouecca, T. €. sfBnsgerci Gy HKuueit mnp o-
necca.

Emunuueit yaenbHoit pa6orsl uaMeHeHns o6beMa B CH aB-
aserca JUx/Kr.

§ 6.4. Tennota. PyHKUHN COCTOAHHSA
M nmpouecca

Tensora, Kak yxe roBopHJOCh, €CTb OfHA H3 (OpPM nepeaa-
YH 3HEPrHH OT OfHOro Tesa K Apyromy. IIpuMepHo Ro cepenu-
uet XVIII B. Tennora paccMaTpuBanach Kak ocofast Hese-
coMasi M HEBHAHMas KHMAKOCTb — TEIVIOPOJ, KOTopas MOXeT
neperekath or Gosee Harperoro Teja K MeHee HarperoMy.

M. B. JlomMoHOCOB ¢ reHnajbHOH NPO30PJAHBOCTBIO, 3HAUH-
TeJIbHO OMNepeAHB CBOH BeK, Aajl onpejeneHHe CYIHOCTH Tem-
JIOTHl KaK 0co00i (OpMBI ABHIKEHHS MaTepHU:

«JlokaszaHo MHOIO, NpexJAe BCEro, UTO 3JIeMEHTapHbLI OroHb
Apucrorensckui, HJH, O HOBHIX YY€HBIX LUTHJIO, TEIIOTBOP-
Hast ocoOsIMBasi MaTepHsi, KOTopas H3 Teja B TeJO Mepexons H
CTPAHCTBYS, CKUTaeTcsl 6e3 BCAKOH Maiefilleii BepOsATHOI mpH-
YHHBI, €CTb OAHH TOJBKO BHIMBICEN, H KYNMHO YTBEPXKAAlO, UTO
OrOHb M TEIJIOTA COCTOAT B KOJOBPAaTHOM JABHXKEHHH YacTHIL,
a ocob6/HBO caMoii MaTepHH, Tejla cocTabiasiomux» («Paccyxae-
HHSI O TBEPAOCTH H KHAKOCTH Tes»).

Kak usBectHo, B3rasant M. B. JlomonocoBa Ha Temiory
He BCTpeua/H NMOHMMaHUS Y COBPEMEHHHKOB, H B Hayke elle Ha
NPOTAKEHHH TOYTH CTa JIeT NPOAOIKala CYIeCTBOBATh «Te-
OpHs» Teropoaa. TONbKO IUMPOKOE pacrnpocTpaHEHHe TemJo-
BBLIX JBHTraTeJsel, notpeGoBabluee ray0GOKOro H3yueHHS TeIio-
BHIX TPOLECCOB, BBISIBHJIO HECOCTOSTENBLHOCTb STOMH «TEOPHHY,
KoTOpas cTaja TOPMO3OM B JajbHEHLIEM PasBUTHH HayKH.

B 1842 r. nemeuxuii yueuniii P. Maliep oTKpbUI 3aKOH 3K-
BHBAJIEHTHOCTH MeXAY TemaoToH M paboToH, KOTOpHIil sBJseT-
Cs YaCTHBLIM CJyuyaeM NEpPBOro Hayala TepPMOAMHAMHKH. DTOT
33aKOH MOKeT ObITb chOpMyJIMPOBAH TaK: 83aUMHOE npespaujerLe
mensomot w pabombt COBEPUIAEMCS 8 CMPO20 IKBUBANECHMHOM CO-
OMHOWeHUL:

Q=L.

O6e 3T BeMHUUHBI JONKHEI GHITh BHIPAXKEHBI B OAUHAKOBBLIX €fH«
HHLAX.

BepreMmcst K ypaBHEHHIO MEpBOro Hauajla TepPMOAHHAMHKH:
Q1,2 = (U;— U)) + L,,,. B 310M ypaBHerun Tenora Qo
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apnsercst anreGpauyeckoil cymmoli asyx sennunH: (U, — U,)
u L, ,. [Ipuuem onHa us Hux L, , sBnsercs GpyHKuued npouec-
ca, a 3TO 3HAYHUT, YTO TEIJIOTA TOXKE MOXKET ObITh TONLKO (YHK-
LnMeil mpouecca.

TakuM 06pa3oM, XOTS BCe TpPU BEeNHUHHE], BXOASLIHE B
ypaBHEHHE NEPBOro Hauyaja TEPMOAHHAMHUKH, HUMEIOT OJHHAKO-
Bble eIMHHLE! (4151 pabodyero Tejla NMpOM3BOJBLHON Macce m —
Jx, a nast Maccel 1 Kr— JK/Kr), TeM He MeHee 110 CBOHM CBOii-
CTBaM 3TH BEJHUYHHBI IyOOKO pa3nuuHbl, YHKUUHE COCTOSTHHS
I/l BCEX MPOLIECCOB, NMPOTEKAOINX MEXAY ORMHAKOBLIMH Ha-
YaJbHEIMH M KOHEYHBIMH COCTOSIHHSIMH, HE€ 3 aBHCSHT
OT NMPOMEXKYTOUYHLIX COCTOSHUH pabouero Tesa, MO3TOMY MOLYT
NOJCUMTHIBATBCS 110 OfHOH, ofmef ans Hux dopmynae. Hanpu-
Mep, A5 onpefle/leHHs H3MEHeHH s BHYTpeHHel .3Hepruu B Ta-
KHX caydasx Hcnonb3yioT ¢opmyay (6.3) n3amenenus storo na-
pameTpa B npolecce, NpoTeKaoLleM NPH NOCTOSTHHOM yAelbHOM
obnewme.

Tennora u pa6ora 3aBHCAT OT IPOMEXKYTCUHBIX COCTOSHHI
pabouero Tesa B npouecce, MO3TOMY JAOMMKHEI ONPEASNSATLCA 1O
¢opMyJsiaM, B KOTOPHIX YUHTHIBAeTCHA XapaKTep paccMaTpupae-
Moro mpouecca. Pasmuuus Mexay (QYHKUHSMU COCTOSHHSI H
GyHKUMSAMY Npoitecca AesaloTcsl U B UX 3anucsx. Tak, B ypas-
HEHHH TNEpPBOTO Havala TepMOAMHAMHKH, HANHCAHHOrO M
npouecca I-2, H3MeHeHHe BHYTpeHHell sHepruu Kaxk QyHKUMH
coctosHuA obo3Hayaior cumsonoM U, — U,, a pabory u Ten-
JIOTY KaK (YHKIWH Tnpoiecca — CHMBOJIaMH COOTBETCTBEHHO
Lys 1 Qe

Jna sneMeHTapHOro mpouecca, COBepLIaeMOro paboyuM
TeJIoM Maccoit 1 Kr, ypaBHeHHe NepBOro Hauajia TepMOAHMHAMHKH
MoxKeT ObITb HanHCaHO B CJERYIOLIEM BHJE:

8g = du + 91,
a s Tela NPOM3BOJNBLHOH MacCel m Kr — B BHAE
6Q = dU + 6L.

§ 6.5. PaGora u3MeHeHHsA NaBJCHUA.
JuTagabnusa

B TepMoAMHAMHYECKHX pAcyeTaX IMPOKO HCHOMBb3YIOT KDO-
Me MOHATHSA paboThl H3MekeHUs obbeMa MOHATHE paGoThl Hi3Me-

HEHHS JaBjieHus.
PaGoroit n3Meners st JapaeHHA HaspBaeTcs paboma nepede-
eHuA KUAKOCTRH, TA30B H NApOB 43 05.4acmit 00K020 0agler:is
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s b

p1 8 obaacmb Opyeoeo dasrerus p, nod deldcmeuem pasHocmu
smux dasrerull (p; — ps # 0). Ee onpexensior am6o no dgop-

MyJam _
Wi =V (o — po); (6.5)

Wy,e = U—(Px — P2) (6.5a)

aubo rpadHyecky, noJab3yschb pu-aHarpammoii.
B stux ypaBHeHHsix: Wy, —
Pl v, paboTra H3MeHEHHS JaBJIEHHS;
7 Wy,2 — yAenbHas paGora us-
NG MeHeHHS AaBNeHus; V — cpef-
AN : Huil  oOBeM; v — cpeaHHil

‘\ yAeIbHBbIH O0BEM.
SN2 Ipajuueckn yneabHass pa-
5. ~ GoTa H3MEHEHUS] NaBJIEHHS ON-
v, v pemensiercs  IVIOMGABI0  Ha
pu-juarpamme, OrpaHHYeHHOH
—— OChI0O OpJAMHAT H JABYMs alc-
| B IMCCaMH, TPOBEAECHHLIMH M3
l KpaiHHX TO4YeK JIHHHH npo-
1] mecca (3almITpUXOBaHHAs MJIO-

— - mwanp 1234 Ha puc. 6.4).

Puc. 6.4. Tpaduueckuit cnocot B pesynbrare 3aMeHnbl 31Ol
OmpeneNeHHs YAeabHOH paGoTH TJIOIIAH paBHOBeJIH_KOﬁ en
H3MEHEHHA J.I?B:Le{l:dﬂe}t Ha pvu-mHa- NJICIAABIO ﬂpﬂMOYFOJIbHHKa
P 3456, Bricoroit 34, paBHoit pas-
HOCTH  p; — p;, H OCHOBa-

HHeM 36, paBHBIM CcpefHeMy YAEAbHOMY 0ObeMy U B
npouecce, yCTaHaBIHBaeM:

—

S

n1. 1234 = nn. 3456 = v (p, — py). (6.6)
ConocraeuB ypaeeennsi (6.5a) u (6.6), momyuum
m. 1234 =v (p, — py) = w2 6.7)

IMpocreiimme yacTHele cayuyan paGoTHl M3MeHEHHS AaBie-
HHS1 — paboThl NepeMelleHusl KHAKOCTEH, rasoB M NapoB —
craenyiomue:

a) nonoxuTeNbHag pabota (wy,,>>0; p, < p;) mopuxe-
BOH NapoBoif MalUHHBLI, NMapoOBOil MM ra3oBOi TYPOHHBI, ABH-
rateJsi BHYTPEHHEro CropaHHsl NpH pacluHpeHHH paGouero
Tesa (mapa MJM rasa) OT HayaJbHOro p, A0 KOHEYHOro JaBie-
HHS NPH BHINYCKE p, (Mapa — B KOHAEHCATOP HJIH B HAPYKHELIN
BO3AyX, ra3soB — B pereHepatop uju B arMmocdepy);
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6) orpuuartensHas pabora (w << 0) KOMIPeccopoB H Ha-
¢0COB, HarHeTalWMX Napel, rasbl HIH KHAKOCTH U3 06JacTH
MEHBILIEro AaBJeHHs B ob6saacTH GOJblero AaBiaeHHs (P> p1);

B) MOJIOXKMTeJbHAs paboTa ucreyeHus (w,,,=>0) Kuakocrei,
rasoB H mapoB u3 obJjactdH GOJbluero jpapjeHHs B 06/acTh
MEHBLIETo AaBaeHus (P, << p;) B COMJIAX;

r) oTpuuaTenbHas pabora (wy,. << 0) CXKaTHA KHJAKOCTel
rasoB Uiy napos B auddysopax (pe> P1).

([Toapo6Ho o connax u Audipysopax rosoputes B ri. XIV.)

YCTaHOBUM  CBS3b  MEXAY Pt
yIAENbHLIMH paboTaMH M3MEHeHH s 6
obvema l; , U U3MEHEHHS JaBJie-
HHSl Wy . [TycTh Ha pu-nuarpam-
me guHug I-2 usobpaxaer mnpo-
LleCC APOM3BOJBLHOIO M3MEHEHHS
cocTosiHusl paGouero Tena (puc. §

6.5). B stoM caywae ma. 1234 J
(3awTpuxoBaHHAsi BepPTHKA/NbHEI- . » 4
MH JIMHMAMH) rpadHuecKH H300- o

paxaer yaenbHylo paGory u3Me-  Puc. 6.5. K ycranosnenuio sa-
Henusi obveMa [y ,, a na. 1256 ng‘;;’:;;“ Pﬁ;"éﬁg’ﬂiﬂeg%iw"
(sawTpuxoBannas  ropusontams- P R
HBIMH JIHHHSIMH) — YJe/JbHYIO pa-

Gory U3MEHEHHSI NABIEHHS W .

U3 puc. 6.5 MOXHO yCTaHOBHTB, uto 1. 1234 + nn. 6140 —
-1, 0523 = nan. 6125 unu ly,p+ pivy — pava=1wy,,, OTKYAQ

)

[78

ha=w—pty+p 0, (6.8)

INocne noacTaHoBkH 3HaueHust /; , B ypaBHEHHEe NEpBOro
Hauaza TepMopuHamukHu (6.2) HmeeM

qi,2 = ”z—”1—P101+P202+w12
Uau
2 = (uz + pyv2) — (uy + pivy) + Wy, 2- (8)
OGo3nayuM CyMMY yAeNbHON BHYTpEHHe! SHEPTHH # ¥ Npo-

M3BEleHH s JaB/eHH s Ha YAeNbHLIH 00beM pu uepes h, Ha3biBae-
Myto ydeabrold snmaivnued:

h=u-t po. (6.9)

Bce TpH BeqMUMHE B NpaBOii YacTH 3TOr0 ypaBHEHUS — mapa-
MeTphHl COCTOSIHHSA, a 2TO 3HAUHT, YTO YAS/NbHAR SHTAJAbNHA TO-
ke IapaMerp COCTOSHHS.
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[TopcraBuB 3Hauenne A B dopMyay (B), MOAYUHM €lIe OQUH
BHJ YPaBHEHUS IepBOro Hauana TepMOAMHAMHKH

Gr2=hy— M+ W, 5, (6.10)

rie hy 1 hy — yjaelabHble SHTANBIHH pabouero Teja B Hauaje
H B KoHue nponecca, JK/Kr; w, , — yAenpHas paGoTa IH3Me-
neHus AaeneHus B mpouecce I-2, Jlx/kr.

3HaueHUs yAeNbHOH SHTAJBIHK ONpPENEeNsioT MO CHEeLHaNb-
HBIM TaOaMIaM M AHarpamMmam, 0 KoTopulx rosoputcs B ri. XII.

Kou‘rpo.nbnue BONPGCCEI

1. Kak ¢opmynHpyercs H MaTeMaTHYeCKH BbIPaXaeTcs 3aKOH
9KBHBAJEHTHOCTH MeXAY TENmJIOoTOH H paboToi?

2. Kak ¢opmynnpyerca M MaTeMaTHYeCKH BHIpaXaercs nepsoe
HayajJlo TepPMOJHHAMHKH?

3. Uro Takoe BeuyHH JABHraTe]b IepBOro pojga?

4, Ilouemy B TepMOAHHAMHYECKHX pacyeTaX BHIYHCASIOT H3MEHCHHE
BHYTPeHHelt 9Hepruu DaGouero Tesa, a He abCOJIOTHOe 3HaueHHe ee?

5. ITo xakoMy M3 mapaMeTPOB COCTOSHHS MOXHO CYAHTb, OCTalach
JIM BHYTPeHHSS 3HePTHs HIeaJbHOro rasa B JaHHOM Ipolecce NOCTOSH-
HOH MAM H3MeHHJach?

6. ITouemy paGora H3MeHeHHs o6beMa, KaK H Pa6oTa H3MeHeHHS
naBleHHs, He MOXET CYUHTAaThCA MapaMeTPOM COCTOSTHHSA?.

7. Tlouemy B npeafbHEIX rasaXx BHYTPeHHSS NOTEHUUANLHAs SHep-
U NPHHUM2eTCA DPaBHOH HYJIO?

Faasa 7
TEPMOOHHAMHYECKHE MPOLLECCHI TA30B

§ 7.1. OGpaTuMEle NPOLECCH,
Hx cpoiicTBa

Kak y:ke oTMeuanoch Bhllle, H3MeHeHHe COCTOSIHUS paGoue-
ro Teja, NpPH KOTOPOM MapaMeTphl COCTOSHUSA (BCe MJIH HEKOTO-
phie) H3MEHSAIOTCS, & Macca paGouero Tejia, COBEpPUIAOLIErO Npo-
IIeCC, OCTaercsl HeM3MEHHOMH, HA3BIBACTCS MePMOOUHAMULECKUM
nnoUECCoM HAH TPOCTO NPOYECccoM.

M3 .uncna caMblx pasHoOGpasHBIX TEPMOAMHAMHYECKUX IIPO-
LIECCOB B TeNJOTeXHHKe HauOOJbLINI MHTEpeC NpeACTaBsIoOT
TE€ M3 HHX, KOTOpble NMPOTEKAOT B TEIVIOBLIX MalUMHAaX (TemJo-
BBIX JIBHrarenfax, XOMOAMJBHBIX MalUMHaX, KOMIIpeccopax,
Hacocax H Ap.).
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OznHako TepMOAMHAMHUeCKOe MHCC/IeAOBaHHE TaKUX IpoLec-
' COB OYEHb 3aTPYAHHTENBHO M3-3a pAja ABJIEHHIT, CONPOBOXKIA-

IOIIMX HX nporekanue (ofpasoBaHue BUXpeil B paGoueM Teie,
BEHI3niBaeMoe GOJIBIIMMH CKOPOCTSIMH INPOTeKaHHs peasbHBIX
NpoIeccoB, TEMIOBOE H3JyueHHe pabouero Tena B atMocdepy,
TpeHHe H 1p.).

IToaTomy B TepMOAMHAMHKE PacCMaTPHBAIOTCS YNPOIIEHHEIE,
HJeanu3upOBAHHEBIE NPOIECChl, KOTOPLIE MOTYT GHITh TEOpeTHYe-
CKH HccaenoBaHbl. OCHOBHOH XapakTepHOH uYepToil TaKHX
YNPOIIEHHEX NPOLECCOB SBJSETCS HX OOpaTHMOCTb.

O6pamumbimu Ha3LIBAIOTCA NpoYeccot, NMOCIEC COBEpPLIEHHS
KOTOpLIX B NPSIMOM, a MOTOM B OOpaTHOM HanpaBJIeHHSIX BCS
cHCTeMa Tesl, NPHHUMaBLIKX ydYacTHe B mpolecce, BO3Bpallaer-
csl B CBOE NepBOHavaibHoe cocTosiuue., Ecan Kakofi-HHOYAb 06-
paTHMBIH npouecc npoTekaeT B o6paTHOM HampaBleHHH, TO pa-
Gouee TeJI0 MPOHAET MOC/IEAOBaTeNLHO Yepe3 Te 2Ke COCTOSHU A,
yepe3 KOTOPHIE OHO NPOXOAMJIO B NPSIMOM HamnpaB/i€HHH, HO
KOHeuHo, B o6parHoM nopsaxe. IIpu 3ToM JuHuH npsmoro [-2
n obpartHoro 2-1 npoueccoB (puc. 7.1) KOMKHBL CTHBaTLCSH BCe-
MH CBOMMH TOYKaMH, H pabouee TeJ0 B KOHLe o6paTHOro mpo-
niecca npujieT B CBOE NepBOHavYalbHOe cocTosiHUE. Ecau HHHU
npsMoro U o6paTHOro MpPOIECCOB CHBAIOTCS BCEMH CBOHMMH TOY-
KaMH, TO TaKHe JIMHHH JO/KHBI NMOAYHHATBLCS ORHOMY OOLIEMY
AN pacCMaTpHBaeMoro mnpouecca ypasHeHuto. Ilpu sToM pa-
6oTa B mpsAMOM K 06paTHOM npoleccax rpaduyecKy onpeaenser-
Cs ONHOH H TOH e INVIOWafAbio, T. €. OHa GyJeT OJUHAKOBOM
10 aGCoMOTHOMY 3HaueHHIO, OTIHYasACh TONbKO 3HAKAMH (ecsH
palora pacuMpeHHs NOJNOXHTeNbHA, TO paGoTa CxKaTHsl OT-
puuareabHa). Ilpu yxasanHoM ycaoBHH paGoTa paciIMpeHHs
H CKaTHS TOXKE MOXKET BBIYHCJAATBCA 0 OAHOMY oOLiEeMYy ypaB-
HEHHIO.

PaBeHcTBo abcomoOTHEIX 3HaueHHit paGoT pacluMpeHHs H
cxXaTHsl B 0OpaTHMBIX Npolleccax 03HayaeT paBeHCTBO aGcomoT-
HBIX 3HAUEHHH KONMYECTB TeMJIOTHI, OTHATOMN B PSIMOM IIpolecce
OT TEeNJIOBOrO MCTOYHMKA, H TeIJOThl, BO3BpalleHHOH eMy B
o6paTHOM IIpollecce, Noc/e Yero TelJIoBOH HCTOYHHK TOMXKe Bep-
HETC B CBOE NEPBOHAYaJbHOE COCTOSIHHE,

Bce ofpaTuMele npolecchl — pasrogecHwle.

PaccMotpuM mponecc ofHOBpeMeHHOro MoABOAA TEIVIOTHI K
paloueMy Tesy (C NOBBHILEHHEM €ro TEMNEpaTyphl) H 3aTpaThl
BHELIHeH paGoThl Ha ero cxarHe. B peasibHBIX YCJIOBHSX NMOBHI-
IUEHHE TeMmeparyphl NPOHCXOAUT He OLHOBPEMEHHO NO BCeH
Macce paGodero Tena, a NOCTENEHHO PacHpOCTpaHsAeTcsl OT Ha-
rpeBaiolell NoBEPXHOCTH BHYTpb. Kpome Toro, B KaxAbli
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DAHHBI MOMEHT €ro cJjIoHM, pacmoNOXKEHHbIE Y MOPLIHS, CXKaThl
Gosblre, yeM B OCTaNbHOM Macce, H BbIpaBHHBaHHE AaBJEHHMH
no Bceit Macce pabouero Tesa MPOHCXOAUT TOXE MOCTENEHHO B
HanpaB/leHMH OT MOPIUIHS K KpblUKe UMAHHApa (puc. 7.2).

Takum o6GpasoM, B JefiCTBMTENBHBIX TEMJIOBHIX MallMHaX
Temneparypa H JaBjieHHe HEOAMHAKOBb, TaK KaK He ycre-
BAIOT BLIPABHHBATbCA MO Beell Macce pabouero Tena. Takue co-
CTOSIHU S Ha3bIBAIOTCS HEPaB8HOBeCHbIMU, & TIPOLECCH], B KOTOPbIX
pabouee TeJI0 NPOXOJHT uepe3 HePABHOBECHbIE COCTOSIHUS, —
HepagHoGecHbIMU.

p
1
2
A,
4 i v
Puc. 7.1. Jluuusa obpatu- Puc. 7.2. §IBnenus, npouc-
MbLIX IpoleccoB (nmpsmoro XoAslHe B Ta3006pa3HOM
1-2 n obparHoro 2-1) Ha TeJle NPH OLICTPOM CXKATHH
pu-aHarpamme ero B LHJALHJpE

Ho ecan B npoctpaHcTBe, 3aHHMaeMOM TeJIOM, TeMmeparypa
H JlaBjleHHE HEOAUHAKOBHI, TO HEBO3MOXKHO H300pasHTb Takoe
COCTOsIHHE TOUKOH, a mpouecc — JjguHuei. [Tostomy, cTporo ro-
BOps, NPH HEMOCPEACTBEHHOM HCCTEAOBAHHH HepaBHOBECHLIX
NPOLECCOB HEJIb3A HCIMOMB30BaTh NMPOCTOH M HAMVIAAHBIA CrO-
€00 rpaduyeckoro H306paxKeHUsT HX, HEBO3MOXKHO TaKKe NpH-
MEHHTb YPaBHEHHE COCTOSIHHSA, TaK KaK OHO OTHOCHTCA K TaKHM
COCTOSIHHSAIM TeJla, KOra BO BCEM €ro MPOCTPAHCTBE YCTaHAaBJIH-
BaJlNChb OJHHAKOBble JABJIEHHE M TeMieparypa.

OueBHHO, YTO paBHOBECHOE COCTOSHHE MOXKET H306paxaTh-
Cs1 TOYKOH, a paBHOBECHBI mpouecc—JHHHEH; K PaBHOBECHO-
MYy COCTOSIHHIO HJ€aJIbHOTO ra3a NMPHMEHMMO M ypaBHEHHE CO-
CTOSIHH A, :

Takum o6pa3som, BBefileHHE B TEpPMOAMHAMUKY MOHSATHS o0pa-
THMBIH Tpolecc Mo3Bo/sieT 3HAYHTENbHO YMPOCTHTH PacyeTsl
H BMECTE C TeM NMONYYHTb Pe3yJ/IbTaThl HX C BNOJHE JOCTAaTOYHOH
CTENEHbIO TOYHOCTH,
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§ 7.2. O6mue noHaTHA 06 OCHOBHBIX
TepMOAMHAMHYECKHX mpoLueccax

B TepmopuHaMiKe H3YyalOT caMble pa3HooGpasHLIe npouec-
cel. OnHaKo M3 HHX BBHIENSIOT YETHIpE OCHOBHHIX INpolecca:
H30XO0DHBH i, NPOTEKAIOWHUHA NPH INOCTOSHHOM Y AeNb-
HOM OOBEME;
H300apHBH i, NpoTreKaowyil NpH NOCTOSHHOM AaBJje+
HHUH;
H30TepMHUYUYECKH i, NMPOTEKAIOMHUA NpPH TNOCTOSH-
, HOll TeMnepatype (HasBaHHe mpolecca NPOUCXOAUT OT COEAHM-
He)mm TPEYECKHUX CJIOB «H30C» — PaBHBI U «TepMO» — TeIIo-
Ta);
" axumabGaTHBMI, nporexaromuii 6e3 MOABOAAa H OTBOAA
TEMJIOTHl (MO-Tpeyecku «aauabaToc» — HENpOHHIIAEMBlil).
Kpome nepeunciieHHBIX HeTHIPeX OCHOBHLIX IIPOLIECCOB B
TEPMOAMHAMHKE pacCMaTpHBAIOTCS €lie TaK HasbiBaeMble ho-
AUMPONHble TPOLECCH (MO-TPEYECKH <MOJMH» — MHOrOo, <TpoO-
noc» — myThb). B 3THX mpoueccax MOryT OZHOBpEMEHHO H3Me-
pATbCS BCe napaMeTphl paGouero Teja M, KpoMe TOro, Npouc-
XOAMTbL NOABOL MM OTBOA TemnoThl. Kak Huxe Gyper ob6bac-
HEHO, YETHIPE OCHOBHHIX Mpolecca SBJASIOTCA YacTHHIMH CJY-
YasMH MOJHTPONHOIO IIpolecca.

§ 7.3. U3oxopHblii nponecc

Hsoxoproim npoyeccom HasbIBaeTCs maxoe U3MeHerue CO-
CMOAHUA pabo4ee0 meaa, npu Komopom ydesvHoul o0vem €20
ocmaemcs NOCMOAHKbLIM, DTOT Npollece MOXKeT NPOHCXOAUTb
TOJBLKO B 3aMKHYTOM INPOCTPAHCTBE NMOCTOSHHOro obneMa IpH
noABojie TEMOTH K paboueMy Teay HJH OTBOAE TEIVIOTHl OT
Hero. MareMaTHueCcKH YCJIOBHE NMpPOTEKAaHHA H30XOPHOro mnpo-
{uecca BhIpaxaercsl Yp4BHEHHEM

v =const. (7.1)

I'paduuecku Ha pv-AuarpaMMe H30XOpPHLIi Mpouecc H300p a-
JKaercs u30xopod — npAMOH JiMHMel -2, mapanenbHOH OcH
(AasJeHuit (puc. 7.3). Bce Touku JuHHM [-2 OJAHHAKOBO yAa-
JIeHBl OT OCH JaBJIEHHIl, H, CJeJOBaTeNbHO, YAeJbHble 00beMbl
rasa pasHBI MexAy co0oH. B sToM mpouecce H xeaJbHOT O
rasa HCNOAb3YETCS COOTHOIIEHHE MeXAy JaBleHHeM p H
acomoTtHolt Temnepatypoii T B COOTBETCTBHH C 3aKOHOM
I.uap.ﬂﬁ pllpz = TI/T2'
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HaMeHenne yaenbHOM BHYTpeHHEH SHEPrHH B H30XOpHOM
npoitecce (Kak 1 BO BCeX MNpoleccax) onpeaensierca no popmyae
(6.3):

Uy — uy = ¢, (Ty — Ty).

Tak Kak B H30XOpDHOM mpoluecce yAeNbHHIH 06beM HMeeT

NOCTOSIHHOE 3HaueHHe, To yAesnbHas pabora H3MeHeHUsT o6be-

Ma paBHa HYJIO:
p .

2 Li,=p(@W,—v)=0. (7.2)

YnenvHast paGora M3MeHeHMS JaBiie-
HHST OnpejesieTcsi B COOTBETCTBHH C
ypaBHeuneMm (6.5a):

Wy,5 = U (py — po). (7.3)
1 YpaBHeHHe NepBOro HauaJja TepMOAM-
N HaMUKM Jas  yAeabHoit paGotel (6.2) ¢
v V' yyeroM ¢opmya (6.3) u (7.2) ansa usoxcp-
HOro mpotecca HnpuMeT BHJ

Py

Puc. 7.3. Hsoxopa )
Bocax p—v G1,2=C, (Ty—T), (7.4)

rae T, u T, — HauanbHasi B KOHEYHas TeMIepaTypbl rasa B
npouecce; ¢, — CpPefHss YAeJIbHass H30XOpPHAf TeNI0eMKOCTb.
Jas rasa mpoMsBOMBLHOM MacChl /1 KI' ypaBHEHHs H30XOp-
HOro mpoluecca NPUHHMAIOT BHA:
pa6oTa H3MeHeHHs oObeMa

L1'2=mll'z= 0; (7.43)

paBora usaMenenns aasnenus no gopmyne (6.5)
W12 =V (py — p2); (7.40)
H3MEHeHHe BHyTpeHHe#l 3Hepruu no dopmyae (6.3a)
U,—U, = m-é,, (T, — Ty);

YpaBHeHHe IepBOro Hauaja “TepMOJHHaMHKH

Q2= mz:v (Ty—T)y). (7.48)

Ypapnennst (7.2), (7.3), (7.4a), u (7.46) neACTBHTENbHBI
ans goGoro BeuiecTBa, a ypasHenus (6.3), (6.3a), (7.4) u
(7.48) — TOMBKO ANA HMAEANbHBIX Ta3oB.
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Mpumep 7.1. B GansnoHe BMecTHMOCTbIO 15 J1 comep:KHTCA BO3AYX
nop pasaennem 0,4 MITa u npu Temnepatype 30 °C. Kakosa Temnepary-
pa Bo3iyXa B pesyJbTaTe NOABOAA K Hemy 16 k]I TennioTh? ¥ aeabHast
H30XOPHas TeIIOeMKOCTh ¢, = 736 JIx/(kr-K).

Pemwenne 1. IlpegsapHTesbHOo BLIYHCIHM Maccy Bo3jgyxa m,
Us ypapHenus (3.7) umeem m = p,V/(RoTy).

Tax kak anasa sosayxa Ry = 287,1 Ix/(kr-K) (cM. npuiaoxkeHHe
3), To m = 0,4-108.0,015/(287,1-303) xr = 0,069 kr.

2. Hafizem koHeunyIo TeMnepatypy #, H3 ypaBHeHHS (5.1): Qp,0 =
= mc, (l— #), orRyma I, =t + Q4 (mcy) = [30 4 16.10%
1(0,069-736)1°C = 366°C.

3apauu

7.1. Kakoe KOJHYECTBO TEMJOTH HYXHO COOGIIHTH YTJAEKHCIOMY
rasy, cojiepxaueMycst B GaanoHe BMectuMocThio 0,8 M3, 11g moBhimIe-
Huqa pasaeHus or 0,1 po 0,5 MIla, npuuumas ¢, = 838 Ix/(kr-K)?

Omeem: 1,42 MIOx.
7.2. CKOMIBLKO TeMJIOTH HYXHO COOGIIHTDL NMPH MOCTOSTHHOM oGbeMe
rasosoii cMmecu Maccoit 1 kr, pmaeiaenueM 1,2 MIla u Temneparypoit
390° C, uTo6H NOBEICHTL AaBJgeHHe Jio 4 MITa? YaenbHas TenJ0eMKOCTh

cMecH ¢y = 956 JIx/(kr-K)
Omeem: 1,48 MIIx.

7.3. K Bo3ayxy B GansnoHe BMectuMocTbio 100 J1 nmpH jaBleHHH
p1 = 0,3 MIla u teMneparype ¢, = 15° C moABoAMTCS TenjoTa B KO-
anyectse 148,8 k1. HaiiTh KoHeyHEle TeMnepaTypy H AaBlleHHe BO3JY-

Xa B 6aJJIOHe, €CIH YJeNbHasl TeMJIOEeMKOCTb Cp = 752 JHax/(xr. K).
Omeem: t, = 560° C, p, = 0,87 MIla.

7.4. B nyckoBoM GansnoHe AM3eas HaXOXHTCA BO3AYX NOX JaBJes
HHeM p; = 2,4 MIIa u npu Temneparype Ty = 500 K. Hafitu nasnenne
B 6GaJl/IoHe NpH OXJaxJeHHH Bo3ayXa B HeM 20 15° C H KOJIHYECTBO BHl-
JieIeHHON NpPH STOM TEMJOTH, ecJAH BMeCTHMOCTb GalioHa 0,5 M3, a

yReNbHas TemIoeMKocTb ¢p = 726 Ix/(xr-K).
Omeem: py, = 1,38 MIla; Q =
= 1,30 MIx.

§ 7.4. U3o6apubiit nponecc

Hszobapreint npoyeccom Ha3bIBACTCS maKoe USMEHeHUe Co-
cmosnus pabouezo meaa, npu KOmMoposm 0asreHue e2o oCmaemcs
nocmosxHsiM. DTOT npouecc MoxeT GbITb OCYIIECTBJIEH B LH-
JIMHJpE C MOABHKHLIM MOpUIHeM. MaTeMaTHYecKH ycJoBHe npo-
TeKaHHs1 H300apHOro Mnpoluecca BhIPAXKaeTCil ypaBHEHHEM

p = const. (7.5)

T'paduuecku Ha py-guarpamme H3oGapHbIfl mpomece H3obpa-
KaeTcsi M300apoit — mpsAMoil JIMHHeEH, napajJie/lbHOH OCH
yAenbHBIX o0beMoB (puc. 7.4). B nzobapHoM mpolecce HAeanbs
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HOTo rasa COOTHOIIEHHSI MeXAY nmapamerpamu v u T ycTaHaB-
JIMBAIOTCS B COOTBETCTBHH ¢ 3akoHoM [Ieii-Jlioccaka: v,/u, =
= Tl/Tz.

H3MeHeHne BHYTpeHHell SHEPIUH, KaK H3BECTHO, He 3aBUCHT
OT BHJA npoliecca H MO3TOMY AJisl H306apHOro mnpouecca onpe-
AeNsieTcs Tak XKe, Kak M A BCeX MpOIeccoB, no ¢opmyiie

Uy — Uy =-(;v (Tz -_— Tl)' (7.6

YaenpHas pabora M3MeHeHHSI o0beMa B pacCMaTpPUBAEMOM
npouecce onpeaensercss no ¢popmyne (6.4), koropas mIa u3o-
GapHOro mnporecca NPHHHMAET BHA

P / » L,y =p@©;—0y). (7.7)

Ypasuenne paboThl H3Me-
HeHHsT o0beMa  MJealbHOro
8 rasa B H306apHOM Tpouecce

MOXHO NpPEeACTaBUTb H B ApY-
. rom Buje. Hanumem a5 satoro
7, J, : U nBa ypaBHEHUsI COCTOSIHHSI rasa

(oAHO AJ1s1 KOHEUHOro U Apyroe
AN HayaJbHOro COCTOSIHHMIA):

pvs = RoTy u pvy = R T,.

Puc. 7.4. H3o6apa B ocax p—v

BhiuTsi BTOpOE ypaBHEHHe M3 NepBOro, MoJlyuuM

p (s —vy) = Ry (T — T). (@
ConocraBasis ypaBHenue (7.7) ¢ ypaBHeHUeM (a), moayuum
b2 =Ro(Ty—T)). (7.8)

YrmenvHas paGora M3MeHeHUS AaBJIeHHS B M300apHOM IPoO-
lecce paBHa Hy/o, D10 BHAHO M3 ypaBHeHHus (6.5a):

Wy,2 = ;(Pz — p1).

Tak kak B usoGapHoM nporecce p = const, T0 p; — p; =
=0, a npu 3toM

wl'z =0,

IMonb3ysich ypaBHeHHeM mepBoro Hauajaa TePMOAHHAMMKH,
HaMHCAHHEIM B BHJE §y,3 = hy — By -+ @, [cM. ypaBHenue
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(6.10)], u umes B puay, uto B u306ap oM npouccce wy,, ‘=9,
fony4aem
G2 = Ny —hy. (9)

YaenbHyio TenJoTy MOXKHO OMNPeAC/AHTb, PYKOBOACTBYSICh
ypaBHeHuem (5.5): '

- 1,2 =;)l (To—T)). l (7.9)

[NMoacTaBUB B 3TO ypaBHEHHE BMCCTO ¢, , €ro 3HaueHue M3
ypaBHeHus (6), monyunM ypasHeHiic, 6onee yaoGuoe Anst Tem-
JIOTeXHHUYECKHX PacycToB:

hy—hy = ¢, (Ty—TY). (7.9a)

W3 ypasuenus (7.9) BuaHo, uto npu #3oGapHoM pacimpe-
HAM MJeanbHOro rasa TemaoTy HYXKHO K HeMy MOABOIHTH, a
npH CXKaTHH — OTBOAHTb. JleHCTBHTENLHO, NMPH pacIIHpEHHH
'KOHEYHbli{ yZAe/ibHbII 00beM Gosblue HayaJbHOrO YAENbHOro
‘o6bema, 3HauMT, U TeMNepaTypa rasa B KOHUC paciunpeHn st 6osb-
we, ueM B Hauane. B n3obapHoM npouecce v,/v, = T,/Ty, T. €.
T;> T,, a npu 3TOM @, , — BeNHYHHA MONOKHTENbHAS, YTO
H YKa3bIBaeT 1ia TO, YTO TeM/0Ta NMOABOAHTCS K rasy.

Mpn cxatun xe v, < vy u Ty < T,. 3HAUUT, ¢y,, — BeSH-
yiHa OTPHUATesNbHAfA, YTO YKa3niBaeT Ha TO, YTO NpH H3obap-
HOM CXKaTHH TenjoTa JAOJXHa OTBOAHTLCS OT rasa.

YpaBuenns (7.6)—(7.9a) pefAcTBUTENbHBI AJS PacyeToB
¢ BellecTBOM, Macca Koroporo 1 kr. Ecau ke oG6bekToM pacue-
TOB AIBJISIETCSA HAeaNbHbIi ra3 Maccoil 1m, To MOXKHO ONpeAe/ATh;

paboTy H3MeHeHUss o0LemMa MO ypaBHeHHIO

| Lua=mRo (=T |

»
KOJIMYECTBO TEMJIOTHI MO YypaBHEHHIO

Qu2=mcy (T,—Th); I

M3MEHEHHe BHYTpPEHHell SHepruH no ypaBHeHHIo, obuieMy
ISl BCEX MNpOLECCOoB,

Uy, = U, == mcv (T, — T)).

ﬂpumep 7.2, Hawru Kakas: uacTb TCMJOTbH, noABCACHHON B W30~
GaptoM npouecce K ABYXaTOMHOMY uaeanbHoMy rasy, pacxouycrcn Ha
\yBe/IHUeHHE ero BHYTpeHHeld SHeprud.
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PeweHue YaeapHoe KOMHYECTBO TEMNJOTH, NOABCACHHOE B H30-
G:pHOM npolecce, onpefessieTcs Mo ypasHeHH:0 {7.9):

01,0 =Cp (Ty — Ty).

U3 sToro xoanyecTsa TeNJOTH Ha Ynezmqenue BHYTpPeHHEH 3Heprud
sarpauuBaerca [cM. ypapuenue (7.6)

Ug— Uy = ?v (T2 -_ Tl)o

CnepoBaTeslbHO, JOA TENJOTH, 3aTPayHBacMas la H3MeHeHue BHY-
TpeHHell 3Hepruu:

(g — 1)/qy, = ey (Ty — T/ ep (Ty — Ty)] = colcp.

Iis [BYXaTOMHBIX ra30B OTHOWeHUE Cyfcp = Ik = 1/1,4 = 0,71.
CrnepoBaTesqbHO, H3 BCCil TENMJOTH, MOABOAKMOI B 3TOM Npouecce Ha H3-
MeHeHHe BHYTpelHel 3HeprHd MJealbHOro JIBYaTOMHOro rasa, T. e, Ha
NOBHIIIEHHE €ro TemnepaTyphl, pacxoayetrcss 71%.

Mpumep 7.3. Asor maccoli 0,5 xr pacwupsiercst no uHso6ape npu
nasaenun 0,3 MITa Tak, uro Temneparypa ero moBuiwdercs or 100 xo
300° C, Haiitn KoHeuHEHIi 06beM a30Ta, COBEPLIEHHYIO UM PaGoTy M noj-
BeJICHHYIO TemJIOTY.

Pewenne. |1 IlpexpaputesbH0 N0 NPHJIOKCHHIO 3 HaX0AHM,
YTO AJs1 a30Ta YAeJAbHas rasosas noctrosHHas Ry = 296,8 Ix/(kr- K).

Haxonum HavauabHBI 06beM a3ota W3 ypaBHeHUs cocTosHUuR (3.7):
Vy = mRTy/py=0,5.296,8-373/(0,3-10%) m3 = 0,184 m3.

Tenepn HaiineM KoHeuHoli o6beM: V, = V T,/T; = 0,184.573/
/373 M3 = 0,284 3.

2. Onpepennm paGoTy H3MeHeHHS o6beMa:

Ly,g = p (Vy— V;) = 0,3-10° (0,284 — 0,184) Ok == 30:10% Jx =
= 30 xIx.

Pa6ora usMeHeHus pasneHust Wy o, = 0.

3. Onpepenum Tenaory, nojaBsejieHHYI0 K rasy, no ¢opmyne (7.9)
c 3ameHoit pasHocTH (Ty — T)) Ha {{; — ¢,). VI3 npunoxenus 4 Haxonum,
YTO CPeAHAs yAeqbHast H306apHad TENJOEMKOCTb NPH cpefHelt TeMMepa-
Type B jaHHOM npouecce f == (/ + 1,)/2 = (300 + 100)/2°C = -200° C
paBna 1,052 xIx/(kr-K). Cneposateasho, Qo = mcp (t, — 1)) =
= 0,5-1,052-10% (300 — 100) Hx == 105,2 k]Ix.

3amaun

7.5. Boanyxy coobmaercs 42 k1 TenOTEl NPY NOCTOSIHHOM faBie-

Huu. Halith cosepweunyio npu atom pa6oty, ecau cp==1,01kdx/(kr-K).
Omeem: 11,9 k.

7.6. Bosnyx o6vemom 3 M3 mpu temneparype 10° C pacwmpsercs
1306apHO ¢ yBeqHYeHHeM o6bema B 1,5 pa3a BcaeAcTBHE NMOZBOAA K He-
My 630 xIIx Tennmorsl, Halith faBaenuc, Npu KOTOPOM NMPOHCXOAMT NpO-
LecC paclIMPeHHs, M COBEPLICHHYIO NpH 3TOM paboTy, eclaH c¢p =
= 1,008 xIx/(kr-K).

Omgem: p = 120 «xIla; Ly, =
= 180 k.

7.7. Boapyx npu  HayaabHbX  ycaosuax V= 0,05 M3,
Ty = 850 K u p = 3 MIla pacuupsecrcs Npu NocTosHOM AaBJcHHH A0
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o6rema Vp == 0,10 m3. Hailtn koHeunyio TeMnepartypy, NOXBeeHHYIO

TENJIOTY, H3MeHCHHE BHYTpeHHell sHeprHH H paGoTy H3MeHeHHs oGbeMa.
Omeem: Ty = 1700 K; Q = 619
kIDk; Ly, = 1560 xx; U;—U, =
= 469 xJx.

7.8. Ta3wl, gBHrasicb Mo AbIMOBOM TPy6Ge NMpPH IMOCTOSHHOM JjaBie-
HUHA, oxaaxpatorcsa or 350 no 294° C. Haiitu, BO CKOJIbKO pa3 mJouaib
BepXHEro OTBepCTHs TPYOH JOJXKHA GHITh MeHblUe NJIOULAAM HHKHErO
OTBEPCTHSA NPHU COXpPaHeHHUHM OAHHAKOBOI CKOPOCTH rason B lHeii.

2 Omegem: B 1,1 pa3sa.

7.9. Komnpeccop nogaer 1,5 m%Mun Bozayxa aasiaeruem 0,8 MIla
npu temneparype 207° C. s oXJamAeHHA CXKATBIH BO3AYX NPOXOIHT
NPH NOCTOSAHHOM JaBJIeHHH TPYG6YaThiil BOASIHOH XOMOAUIbHHK, NIPH BhI-
Xoje H3 Kotoporo HMeer TeMnepatypy 47° C. Haiith MaccoBulit pacxop
OXJaXJalouieit BOJbI, eCIH NPH BXOZe B XOJOAUIBHUK OHA HMeeT TeMne-
parypy 12°C, a npu Bmixoge 28° C. TemmoemkocTb BO3AyXa Cp =
= 1,013 xIx/(xr- K), Tenaoemkocts Boant 4,19 kx/(kr - K).

Omeem: 1259 xr/u,

7.10. Bosayx o6bemoM 0,2 M3 i nasaennem 0,2 MIla nogorpesaer-
cs B uuauuape auamerpom 0,5 M or 18 xo 182° C npu mocTOsTHHOM faB-
Jenun. Haltth pa6oTy paciunperus Bo3fyXa H pacctosiiHe, Ha KoTopoe
NMPH 3TOM MNepejBHHETCA NOPLIEHb B LHJAHHADPE, a TaKXe IOABeACHHYIO
TENJOTY.

Omeem: Ly,o = 22,56 xIOx; s=
= 0,63 M; Q@ = 79,3 xIx.

§ 7.5. Pu3nuecknilt CMbICA ra3oBoii NOCTOAHHOIM.
Ypasuenne Maiiepa

U3 ypasuenus (7.8) cneayer
R, = 11,2/ (T, — Ty, (7.10)

rie R, — ynenbHas rasoBast NocTosHHas; [y , — yAenbHaA pa-
60Ta n3MeHeHHs o6beMa HAeaNbHOro ra3a npH MoCTOSTHHOM JaB-
aeund; Ty u Ty — HavalbHas U KOHeUHas TEMIEPATypl rasa.

YOeavras ea308aa NOCMOAHHAA PaBHA OTHOLIEHHIO YAEIbLHOH
pabote! H3MeHeHHs o6beMa HeanbHOro rasa B H300apHOM npo-
lecce K M3MEHEHHIO TemMnepaTyphl B mpolecce.

OnHoit M3 BaKHeHIMX 3aBUCHMOCTell Mexay H3o06apHOil
H U30XOpHOIi TeNI0EMKOCTSIMH M/leaibHOro rasa siBsercs ypas-
HeHue Maiiepa,. KoTopoe BBHIBOAMTCS CJEAYIOLUM 00pasoM.

3anucbiBaeM ypaBHeHHe NepBOro Hawaja TepMOAUHAMHKU
B BHJE

Qro = Uy — Uy + 1y 5 (8)

Tak kaxk ans noGoro mpouecca UAeanbHOro rasa
Uy — thy = ¢, (Tg — Ty),
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a ASa usobaproro mpouecca ly,, = Ry (T, — Ty), TO ypas-
HeHue (B) MOXHO NpPEACTAaBUTb B TaKOM BHJe:

‘71,s=zv (T —Ty) + Re (T2 — Ty)
di,2 = (Eu 4 Ro) (T, — Ty). (r)
ConocraBnssa ypaBHenus (r) u (7.9), monyuum
p(To—T) = (6, +Ro) (Ty — Ty’
KM mocjie COKpalleHus Ha pasHocTb T, — Ty
¢p =, + R
ITepenecs c, B néByxo qaCTb'ypaBHeims;, nMeeM

han

(7.11)

'Cp—C,, = Ro.

Crieno BaTeNbHO, pasuocme yoeabHuix menaoemxocmetd npu
nocmoaHHoOM 0asreHul U NOCMOAHHOM 06Beme a5 2106020 Ude-
QAbHO20 2a3a pasHa ydeavroll 2a3060ii nocmosantol. B . TakoM
BHJE 3Ta 3aBHCHMOCTb Ha3bIBaeTcs ypasweruem Madepa.

YMHOXHB 00€ yacTH 3TOro ypaBHEHHs Ha MOJNSpPHYIO Mac-
cy M, nonyunm

Mz,— Mz, = MR,
HIHU

Com—Com = R. (7.12)

3ro apyroit BUA ypasHeHui Maiiepa, KoTopoe MOXKHO cop-
MYJHPOBATh TaK: pA3HOCHb MOAAPHOLX MmenaoemKocmed npu no-
CMOAHHOM Oa8AeHUL 1 NOCMOAHHOM 06Beme 0AR 2106020 udeans-
H020 203a PasHA YHUBEPCAAbHOW (MOAAPHOL) 2030801 NOCMOAHKOL.

§ 7.6. HaoTepmuueckuii npouecc

Hsomepmuudeckum npoyeccom Has3LIBAETCS MAKOe USMEHERUE
cocmoanus pabodezo meaaq, npu KOmopom memnepamypaezo
0CImaemca noCmoanHoy.y cioBHe NPoTeKaHus 3TOro nporecca:
T = const.

B unsorepmuueckoM npouecce ueanbHOro ra3a UCNob3yer-
€51 COOTHOLIEHHE MeKAy mnapaMeTpaMH p M U B COOTBETCTBHH €
sakoHoM bBoitns—Mapuorra:

v/, = palp,
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nau
Pty = pals. (7.13)

H3otepMy MAEaNbHOrO rasa CTpoAT Ha pu-AHarpamme rpa-
¢HMYECKHM ONpeje/ieHHeM HECKOJIbKHX TOYeK, MPHHAIeRAUMX
JaHHON KPHBOii, Uepe3 KOTOPhIE 33aTeM NMPOBOAAT IIABHYIO JIH-
Huo. /s NOCTPOeHHS H30TepMbl JOCTATOUHO HMEThb MATh TO-
YyeK. '

PaccmotpuM rpaguueckHil Crnoco6 NOCTPOEHHS H30TEPMBI
HJealbHOr0 rasa — pPaBHOOCHO! rumnepGoJIL.

JonycTtuM, uTo B OCAX p—v JaHa Toyka J ¢ mapaMerpamu
p1 ¥ Uy, 4epe3 KOTOPYIO HYXHO IPOBECTH H30TepMy HAeasb-
Horo rasa (puc. 7.5).

_ INpoBoaum uepes Ty TOUKY FOPH3OHTAIbHYIO H BEPTHKAMb+
Hyio npsamele Id ¥ Im. 3areM U3 Havana xoopAxHaT O NpOBOANM
ayu Oa nop Npon3BOJIbHLIM YIVIOM K OCIM KOOpJAHHAT, HO Tak,
yTOGH! OH nepecek npsameie Imu Id. Y3 Touek nepeceuenusiau a’
BOCCTaHOBHM K 3THM MPSIMBIM MEPNEHAHKYAPLI, KOTOPHIE nepe-
CeKyTcss B TOYKe 2, MNpHHajJIexaled HCKOMOH H30TepMe,
IlposoaxM H3 Hauana KOOpAMHAT DAA Jayudeit, Hanpumep 0b,
Oc'u Od, u, nOBTOpAS YKa3aHHOe MOCTPOEHHE, HaXOAUM TOUKH
3, 4 u 5, xoropble Takxke OYAYT NPHHAANEXKATh HCKOMOH H30-
tepMe. IlpoBeas yepe3 5TH TOUKH IJIaBHYIO KPHBYIO, MOJNYYHM
usorepmy EF.

Jlns nokasaTenbCTBa NPAaBHJBHOCTH JaHHOro crocobGa mo-
CTPOEHHS M30TepMbl PacCMOTPHM TpeyronbHUKH 0bn u 0b'm.
Tak xak oHu mogoGHbl, To bn/b’m= 0n/Om. U3 puc. 7.5 Buz-
HO, uT0 bn = p;; b'm = pg On =vy u Om = v,.

Ha ocHoBaHuM 3THX paBEHCTB HamMCaHHYIO BhILIE MPOMOP-
LU0 MOXKHO MPEACTaBUTb B CJAEAYIOLIEM BHAE: p,/ps = U4lvy,
OTKYAa ClefyeT, YTO pyvy = Pgls, @ 3TO 3HAUUT, YTO TOYKU I
M 3 nexaT Ha OfHOIl H30TepMe HAEANbHOrO rasa.

- TakuM e croco6oM MOXKHO JOKa3aTh, YTO U APYIHe TOUYKH
2, 4, 5 Toxe nexar Ha 3Toii Usorepme, CiiefoBaTe/bHO, JHHUS
1-2-3-4-5 aBnsiercss U30TepMOA HAeajbHOro rasa.

,UeMm.Bbiue Temnepatypa, NpH KOTOPOi MpOTEKaeT M3oTep-
MHUYEeCKHIi fIpolLecc, TeM BhILIE AO/KHA pacroJaratbes H3oTep-
Ma, KaK NokasaHo Ha puc. 7.6, rae T3> Ty > Ty Y6eautsb-
€l B CKAa3aHHOM HETPYAHO, €C/IM B3ATh Ha H300paxKeHHBIX * H30-
TepMax KakHe-qu60 NpOM3BOJNbHBIE TOUKH, HaHTH IJA HHX
yAenbHble 0GbEMB U J1aBJeHN 1, a 3aTeM N0 ypaBHEHHIO COCTOsA-
HUs pv =R,T BLIYKCAHUTb TeMNepaTyphl AN 3THX H30TepM.

YaenvHyio paGoTy H3MeHeHHS o6beMa B M30TEDPMHYECKOM
npouecce HALANLHOrO rasa ONpeAenfAloT MO YypaBHEHHIO
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ly,2=2,3p; v, 18 (va/vy), (7.14)

rae p, — tiauanslioc XaBJjieHHe rasa; vy H U, — HadanibHHIA H
KOHCUlBIH yJAeabHble o0heMbl rasa.

Ecnu p, Brpaxeno B ITa, vy u v, — B M¥/Kr, TO [}, 5 JOMKHO
ObiThb BeIpaxkeHo B JIXK/KT.

p
fa_b c d ?

Py
"‘\

7Z4hNT

< 5
U
0 U mUJ n
Us
U

Puc. 7.5. I'padmyeckuit cnoco6 noerpoe-  Puc. 7.6. HsotepMn Ha pu-

HHSt H30TEPMBI Ha pU-AHAarpaMme IHarpaMme NpH PasHEIX TEM:

nepartypax

VYpasuenue (7.14) BHIBOAUTCS C NOMOWBIO BLICWIEH MaTeMaTHKH

v
CornacHo ypasHenHio (6.4) Iy, == j1 pdv; YMHOKHM H pasfeqHM
£

nojJbIHTErpajbHoOe BLIpaXEHHUE HaA U
U,
tl,,z=_f pu-do/v.
Uy :

MMes B BHAY, YTO B M30TePMUYECKOM Npouecce HAeaabHOro rasa
pv = const, BLIHOCHM 3TO MPOU3BejeHHe 3a 3HAK HHTerpaJa ¥ HHTerpH-
pyem:

Us
Iy, s =pv | dolv=p, v In (ca/v;) =2,3py vy 1g (0,/vy).

Uy

Ha ocnopauun ¢opmyan (7.13) p,v; = p,vs MOXKHO ypas-
Henue (7.14) nepenucath B TakoM BHJE:

| ha=2.3p.01g (/). (7.15)
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YpenbHass paGota H3MEHENHs JaBJCHHS B H30TEPMHUECK 31
npouecce paBHa yjelbHOH paGoTe H3MeHEHHS oGbeMa.

3TO CJIEAYET U3 MOJYYEHHOrO BLIlE YPABHEHHS [} o = p,v;—
— P:Vs + Wy 5. Tak Kak B M30TePMHUYECKOM NpOLECCe p,v; ==
= F7ﬁ02, TO

11_2=w1'2. (7.16)

Yaensuyio TEmnoTy ¢ ,, MOABOAUMYIO B H30TePMHUECKOM
npoluecce K MAealbHOMY rasy, onpeieluM M3 ypaBHeHUs rnep-
BOr0 Hayala TepMOAHHAMHKH:

Gr,2 = Uy — Uy + 1 5.
HMsMeHeHue yAenbHOH BHYTpeHHel 3HEPrHU HICaNbHOro

rasa B H30TePMHYECKOM Mpoliecce paBHO HYJIO B CBSA3H C TeM,
yro Ty — T; = 0,

uz—ul':Ev(Tz—Tl):O.

nosTomMy Gro=1l1,5. (7.17)

CnenosatesIbHO, npu U30MEPMULECKOM PACULUPEHUL UOCANbHO-
202a3a K Hemy noO0BOOUMCA MeNAOMaA 8 KOAUYECMEe, IKBUBAACHM -
HOM pabome pacwiupenus, @ npu U30MePMUHECKOM CHAMUU
u0eanbHo20 2a3a menaoma om 2a3a OMeoOUMCS 8 ' Koauwecmae,
IKBUBANCHMHOM pabome cxcamus.

Mpumep 7.4. B KoMnpeccope cxxHMaeTcst BO3RYX Maccoit 2 Kr npu
nocrosiHHoii Temmeparype 200° C or p, == 0,1 MIla no p, = 2,5 MIa.
Haifith Maccy Boabt mg, Heo6XOQUMYI0 /sl OXJaXKAEHHSA CKHMae-
MOro BO3ZyXa, ecay HavanbHas TeMnepatypa soast 15° C, a KoHeuHas
50° C, yxeabHas TenoeMKocTb BoAwl ¢g = 4,19 xJ[x/(kr; K).
Pewenne: 1. Haiipem pabory cxatus
Ly,s = mly,5 = 2,3mR,T Ig (py/py). -
Ilna so3ayxa R, = 287,1 I/ (xr- K) (cM. npunoxenue 3), nosromy
Ly,,= 2,3.2.287,1.473.1g (0,1/2,5) Ok == — 2,3-2.287,1-473 X
X 1g(2,5/0,1) Ix = — 2,3.2.287,1-473.1,398 Ok = — 873,3 X
X 10% IOk = — 873,3 xIIx.

2. Tak xak B H30TepMHuccKOM mpouecce Qo =: Ly 5, TO Q5 =
= — 873,3 xIx. .

OTo 3HaYHT, YTO B pe3yJbTaTe pPaGuTHl CXKAaTHT BHYTPEHHASN 3Hepe
THS CXKHMaeMoro BO3JlyXa Mo/KHa Oblia yBeaduntnest Ha 873,3 k1K u
A1l COXPaHelHs TeMIepPaTyphl NOCTOSIHHOIT CTOMBLKO XKe TeMJIOTLl HYXKHO
OTBeCTH OT BO34yXa NyTeM oXJaxkAeHHs ero Bogoi. Mckomoe koauye-
CTBO BoAbl HaiigeM, MoJab3yscb ypaBHenueM (5.1):

Q1,z=mgcp (l;""t;;)~
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H3a atoro ypaBHeHHs nNoJyuaeM

g == Qy, o/ [cn (¢4 —-1;)] =873,3-10%/[4,19- 108 (50— 15)] kr =5,95 kr.

3apnauu

. 7.11, O6bem Bosayxa Maccoit 1 kr npu 40° C u3oTepMHUCCKH yBe-
anueH B 1,5 pasa. Haiith yneaeHylo pa6ory u3MeHeHHs 06beMa H NOX-
BeJICHHYIO TemJaoTY.
Omeem: ly,5 = q;,, = 36,4 kIx/xr.
7.12, TIpu H30TepMHYECKOM CXKaTHH a3oTa Maccoit 2,1 Kr, B3ATOrO
npu 60° C u 0,1 MIla, orBoautca 340 kI x Tenaorn. HaiiTH KoHeuyHHit
o6beM M KOHeyHOe JaBJIeHHe.
Omeem: V,= 0,386 M3; p, = 22,3 xIla,
7.13. K Bo3ayxy o6bemom 0,1 M3 npu paBaennu 1 MIla u nocrosn-
Hoit Temneparype 200° C nogsoautca 126 xIIx tennotsl, Hafith koHey-
HLle JlaBNieHHE H 00beM. .
: Omsem: p, = 283 kIla; V, =
' = 0,35 ™%
7.14. Or Bo3pyxa o6vemoM 0,1 M3 npu HavanbHOM xaBieHuu 1 MIla
H nocrosinHoll TeMmneparype orBoguTcsa 126 kJIx Temaorhl. Halitu

KOHeuHLle JlaBJeHHEe U O6beM. :
Omesem: p, = 3,63 MIla; V, =

= 0,0278 M3,

7.15. Bo3ayx c HavaabHHIM o6bemMoM 8 M3 npH pasienun 90 k[la
n teMneparype 20° C H3oTepMHUYeCKH CXKHMaeTcs j0 AaBieHus 0,8 MIla,
Haiitu KoHeuHHii 06beM M paGoTy H3MeHeHHs oGbeMa.

Omgem: V, = 0,889 M% Ly, =
N = — 1,65 MIx.

7.16. HavanpHoe cocTosHHe Traza onpefenfieTcsl napaMeTpamH
py = 1 MIla u v; = 0,5 m¥kr. TlocTpouTh B OCAX p—v H30TEpMY pac-
WHpPEHHS,

7.17. HavanbHoe cocTosHMe rasa onpejesstercs mnapaMeTpaMH
py = 50 kIa u vy = 0,5 M¥/kr. ITocTPOUTL B OCHAX p—U H3OTEPMY CKa-
THSA,

§ 7.7. ApuaGarnsiii npouecc

Aluabamueim Ha3bIBAETCS Npoyecc USMEHeHUR COCMOAHUS
paboueeo meaa be3 nodeoda u omeoda menaomet.

Ipaduueckn Takoii mpouecc u3obpaxkaercs JHHHEH, KOTO-
pas HasmiBaerca aduabamodl.

Ha pv-mnarpamme nuuust 1-2 (puc. 7.7) npeacrasiasier co-
6oii runepGoay, OTIHYAOWIYIOCS OT M30TePMbl Gonee KPYThIM
najcHueM. YpaBHeHHe anHabaTh HMeeT BHA

put =const (7.18)

3pech k — mokasatenb apuabathl — BeNWUHHA, paBHadg oOT-
HOLUEHHIO MOJPHOit M300apHOil TEMmJIOEMKOCTH K MO/SAPHOM
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H30XOpHOf TENIOEMKOCTH HJIM YAEMbHOi H306apHOii TensoeM-
KOCTH K YJAeJNbHOH H30XOPHOH TErIOEMKOCTH?

k= cpmlCym =CplCy.

YpapHeHHe agHaGdThl A1 HACANBHLIX ra3oB BHIBOAUTCS CJACRYIO- |
wHM o6pa3oM. . -

TlpeacrtaBuM ypaBHeHHe NepBOro Hayasna TepMOAHHaMHKH B gudde-
peHUHaNbHOL (opMe:

, O¢=du+ 6l=du+ pdv. (a) 'p‘\‘

Kax naBectho, h = u -+ pv, oTkyna- 1

- u=h— pv. (6)

" Tocae auddepeHunpoBatnsg noayunm
du = dh — pdv — vdp. Iogcrasum 3Ha- .
yeHHe du B ypaBHeHHe (a):

8¢ = dh — pdv— vdp + pdv =

= dh — vdp. ®) 2

B apguaGatHom npomecce O = 0, ' v
NOSTOMY ypaBHeHHs (a) M (B) MOXHO
NpeiCTaBHTh B BHJE

du = — pdv; (r)
dh = vdp. (n)
Mopenus. ypaBHenue (1) Ha ypaBHeHHe (T), MOJAYUHM
dh/du = — vdp/(pdv), Ho dW/du = k.

[HeiicteuTenLHO, HamuumeM YpaBHeHHS (6.3)_n (7.9a) nna mo6HX
NPOUECCOB: Uy = Uy = Cp (Tyg— Ty) W hy— hy = cp (T — Ty); B mud’
¢epenunanvuoii dopme du = ¢,dT u dh = cpdT. Umes 210 B BHAY,
MoxHo 3anucath: dh/du = cpdT/(cydT) = cplc, = k.]

Urax, k= dnW/du = — vdp/(pdv), wau kpdv = — vdp, uam
kpdv 4 vdp = 0. :

Pa3fiesiB JieBYI0 H NpPaBY10 YacTH 5TOro YpaBHeHHs Ha Npou3Befies

HHe pu, HMeeM
kdv/v + dp/p = 0.

Hurerpupys 3to ypaBHenue, nosaras k = const, noayuum
kjdv/v—l— jdp/p = l(n C,

Puc. 7.7. AnnaGara B ocax
p—v

(rpe C — nocTtofiHHAas HHTErpPHPOBaHHA)
wim klnv+Inp=1InC; Invk+Inp=1InC,
uan In pv® = In C,
OTKyJa M noJiy4yaeM ypaBHeHHe ajaHabaThl
pv* = C = const.
Jlns noctpoenust agnabarhl B OCSAX p—Uu YacTo HCMOJb3YIOT
rpaguueckie MeToAsl. OJHAKO BCE OHH rPOMO3AKH M He COBCEM
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ToudH, I{anGosee nmpocTo M TOYHO aauabaTy MOKHO INo-
CTPOKTh MO BBIYHC/JAEHHBIM TOYKaM. DTOT crnoco6 3akJaioua-
eTcsl B TOM, UTO NO 3aAaHHBIM KOOpPAHMHATaM TOYeK Haya/b-
Hoit 1 (p) ¥ v;) ¥ KOHEuHO# 2 (P2 M U2) BBHIYHCASAIOT KOODJH-
HAThl HEKOTOPO} MPOMEXKYTOYHOH TOYKH X, KOTOpas JOJKHA
JlexkaTh Ha JaHHOH aauabare.

st HaXOXKAeHHsl YKa3aHHBIX KOOPAMHAT Px H Uy NOJIb-
3YIOTCSI YPaBHEHHAMH: Py =V pips; vz =V 0.0,

JlokazkeM, 4TO TOYKa X C KOpAHHATAMH px H U, NPHHAJ-
JIEXXHT NaHHOH ajguabare. Isg aToro paccMOTpHM NpOH3Be-
AeHHe pok:

Px Vs =V P19 (V0r0.)* =V (p; v) (p2 vh).

Ecnu Touku I u 2 nexxar Ha aguabare, To pv¥ = pyv%, a
no3TOMY

P Vs =V (p1 V%) (py %) = py 0%,

STO 3HAYHT, YTO TOYKA X C MapaMeTpaMH p, U U, HEHCTBH-
TeJbHO NPHHANIEKUT- HCKOMOH afuabate, SABIAACH NMPOMEXY-
TOYHO! ee TOYKOH MexAy Toukamu I u 2.

TakuM ke cnoco6oM HaXOoAAT BTOPYIO NPOMEKYTOUHYIO TOY-
Ky Mexay I u x 1 TpeTblo MexAay x U 2. Fmest nsiTh Touek (aBe
3aflaHHble M TPH HaHJeHHbIE), MOXKHO MPOBECTH HCKOMYIO ajua-
Gary.

B annaGatHom npoiecce napaMeTpel p H U CBA3AHBI MEXAY
coGoif yKe M3BECTHHIM HaM ypaBHeHHeM pu* = const. 3HauuT,
Ana Toyek I M 2 MOKEM HamucaTb PaBEHCTBO

PVt = psvs, (¢)
H3 KOTOPOro nomyyaem
pi/ps = (vafv))* (7.19)
WM
v/t = (py/pa) V5. (7.19a)

Urobbl HaliTH 3aBUCHMOCTb MEXKAY YACMbHEIM 00BEMOM U
¥ TepMOAMHaMHuecKoil TeMnepatypoii T jis HAeaNbHBIX ra3oB
B aauabaTHoM npouecce A5 Toyek / M 2, Bocnonab3yeMcs ypaB-
HeHHeM (e).

‘Hmea B Bupy, uto v* = wwk—!, ypaBuenue (e) nepenumem
TaK:

pyvi=! = pogvi L,
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Ho ansa upeanbHbXx rasoB pyvy = RoTy, a pvy = RyT,, mno-
atoMy R,Tyi—! = R, Twi—! nm Tyk—! = Tpk—-1,  Cre-

JIOBATENbHO,
Ty T, = (vs/v;)*—! (7.20)

vylvy = (T4/T,) /E—=1), (7.21)

Jnst HaxoxAeHHs1 3aBUCHMOCTH Mexay T H p Ans Hieanb-
HOro rasa B agvabaTHOM InpoLECCE COMOCTaBUM YypaBHEHHs
(7.19a) u (7.21). JleBbie uacTH STHX YPaBHEHHIl PABHLI MEXALY
co00H, 3HAUHT, paBHHl H TpaBble:

(pu/p)' 1% = (T4 Ty) k=11

HJIH

HJTH

prlpo= (Ty/ T/ =), (7.22)

BriBeneM ¢opMyabl psist onpefesieHHs YAeabHOH paGoTel
H3MeHeHH s ofvema B aguabaTHoM npouecce. s 3TOro Bocnons-
3yeMcsl ypaBHeHMEM INepBOro Havana TepMoauHaMuku (6.2).
B paccmatpuBaemoM npouecce yAeabHOE KOJNHYECTBO I1OABO-
AUMOIl HJTH OTBOAMMOMH TEMIOTH ¢y o = 0, mostomy

Lo = — (Uy — uy) = Uy — u,. (7.23)
OTO 3HAUUT, UTO NOA0XNCUMEAbHAR paboma usmeHenus o6ve-
Ma 6 aduabamuom npoyecce COBEPUIACMCS 34 CHEMM YMEHbUIEHUS

BHYmMpenHed snepeuu meaq, a ompuyamensvtras paboma (pabo-
ma cocamus) yeeaudusaem sHympenHion Hepeuro e2o. Tak Kak

B cootBeTcTBHH ¢ dopmyaoit (6.3) uy—u, = ¢, (Ty — T,),
TO MOXHO 3amMcath, YTO B afuaGaTHOM mpouecce

h,s = ¢, (T — Ty).

3nauenue pabothl [y, yacTo yAobHee onpeaensTh He uepes
pasHocTb TeMmneparyp, a uepe3 OTHOMIGHHEe YJeNbHBIX OObe-
MoB MaH fasnenuil. CorsmacHo ypasuenuio (5.4):

k = C,lc, = Cpm/Com.
YMHOXKHB YHCIHTeNb H 3HaMeHaTeJb 3TOrO ypaBHeHHA Ha
passocte Ty — Ty, NONYuUM
k=cp (T, — Ty)lle, (T, — TH)L.
Ho cornacro ypasuenuio (6.3) Co (Ty — Ty) = g — ty,
a coryiacHo ypasHenuio (7.9a) ¢, (T, — T,) = hy — hy. Hmes
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B BHAY YpaBHeHMs nepeoro Hauana TtepmosuuHamuru (6.2)
n (6.10), MoxHO 3anucath (WA anaHaGaTHOro mporecca):
Uy — Uy = lj,2 U hy — hy = Wy,,, 2 MOSTOMY

k= w4/l (7.24)
OTKyfa Clelyer, uTo
w1'2‘= kll'z. (7.243)
{locne NOACTAaHOBKM 5TOrO 3HAYEHHS ©;, B yPaBHEHHE
(6.8) momyunm .
L2 = kly,; — p1vy + pa0a.
IMocne mepeHoca B JIeBYIO HacTh ' ypaBHEHHM s BeIHUHHBL Kly,,
nonyuuM (k — 1) iy, = pyvy — ps¥s
HJH f
' by, = (p1vy — pava)/(k — 1). (7,25)
ITocne noacraHoBkH B 3Ty ¢opMyay R,T; BMeCTo pyv; H
RoT'5 BMECTO p,vy, MOXKHO MONYUHTH GOPMYJIY ANIS ONpeAeNeHHs
yAenbHOH paboTel M3MeHeHHs ofbeMa HACANBLHOrO rasa, He
cofiepxkailyio yaenbHoro oobeMa H JaBJEHHA:

ll,z = Ry (Ty— To)/(k —1). (7.26)
BrineceM M3 ypasuenus (7.25) p,v; 3a CKOOKH:
L, = pov [l — szz/(Plvx)J/ (e—1) (7.27)

H Hcnonb3ys ypaBHenus (7.19) u (7.19a), nmonyuum dopmyast
U1 noAcyera yAenbHOI paGoThl HAEaNbHOro ra3a B 3aBHCHMOCTH
OT COOTHOLICHHS! 0OBEMOB HJIH JaBJIEHHIA:

li,s = pivy [1 — (v /v)52/(k — 1); (7.28)

2 = pyvy [1 — (po/py)E-D/R)/(k — 1), (7.28a)

Jas moGoit Maccel m paGoTy H3MeHeHHS 06beMa MOXHO

MOJYYHTb M3 3THX JABYX YPaBHEHHIi, YMHOXKHUB JIEBbIE H NpaBbie

YaCTH MX Ha M W UMesl B BUAY, UTO mly o = Ly s vym = Vi u
02/01 = Vz/VI:

Ll'z = prI “. -_— (Vl/Vz)k-]']/(k —_ l); (7.29)

Ly = piVi [l — (po/p ) E=1E) (R —1).  (7.292)

Mpumep 7.5. Boaayx Maccoir 2 kr npu pasieHuu p, = | MIla u
Temnepatype ¢ = 300° C pacuupsierca no aguabare TaK, YTO 0GbeM
rasa ysennyusaercss B 5 pas. HaliTh koHeuHBle 06beM, XaBJeHHe, TeM-

nepatypy, pa6otTy H3MeHeHHA o6beMa W H3MeHeHHe BHYTDeHHefl 3Hep-
rHH,

Pewen ue Haxogum HauanbHHI 06beM rasza V; u3 ypaBHeHHS
cocroauua (3.7):
Vi = mRoTy/p;.
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Vaenbtiast rasoBast HocrosiHHas BO3AyXa (43 npuaoxenus 3) paps
Ha 0R03= '.;87,1 Iox/(xr- K), nostomy V; = 2.287,1.573/(1.108) m3 =
= 0,33 M3,

ITo ycnosuio koHeuHmit o6vem V, = 5V, nostomy V, =5 X
X 0,33 M3 = 1,65 M3,

Haxoaum xoseukoe faBJeHHe py M3 ypaBHenus (7.19):

plpe = (Vof vk

IMpumeM ana BO3ayXa 3HauyeHHe MNoOKasarteas aguabata k = 1,4
(KaK A1s CMeCH ABYXaTOMHKIX TasoB), Toria p,/p, = 5+4 = 9,52. Or-
cloqa p, = p,/9,52 = 1.10%9,52" Ma =~ 0,1 MIla.

Bocnoab3oBaBlNCh ypaBHeHHeM cocTosiHHA (3.7), HaiijieM KoHey-
Hylo Ttemneparypy T, = pyVo/mRy = 0,1.108.1,65/(2:287,1) K=
= 287 K nan f, = (287 — 273)°C = 14°C,

Jna BouHc/IeHHs paGoTH L,,, MCOJAb3yeM YypaBHeHHe ‘7.24a):
Ly,o = mRy (t, — t,)/ (b — 1) = 2.287,1 (300 — 14)/(1,4 — 1) Ok =
= 411-10% Ox = 411 xIlx.

HameHeHHe BHyTpeHHeit 3Hepruu B agnaGaTHOM npolecce PaBio
paGote H3MeHeHHs1 o6GbeMa, MO3TOMY

Uz"— Ul = e Ll’z = - 4]1 K,H)Ko
3apauu

7.18. Bo3nyx npu HauanbHbIX RaBiaenun 0,5 MIla m temmeparype
40° C agua6atHo pacwupsercs zo aasiaenus 0,15 MIla. Bo ckonnko pa3
ROJIXKEH YBEJHYHTLCS ero o6beM H KakoBa GyJeT KOHeYHas TeMIepary-
pa?

Omeem: Vo/Vy == 2,36; 1, =
51° C,

7.19. Cmech CBeTHJILHOTO rasa M Bo3ayxa (k = 1,38) xaBaeHueM

90 xITa u Temneparypoit 50° C aguaGaTHo cxuMaercs A0 o6beMa B §

pa3 MeHbLIEro, YeM HayalbHbIH. HaiiTu KoHeuHkrle faBJaeHUe H TeMnepa-

TypY.
( Omgem: py = 830 kIla; T, = 596 K.
7.20. Cxathit Bo3ayx npu aasiaeHun 1 MIla n temneparype 50° C
JokeH anuabaTHO pacwupsartbes Ao aasiaeHus 50 kIla. Bo ckoiabko
pa3 yBeJIHYHTCA NPH 3TOM 0GbeM BO3AYXa, KaKoBa GyaeT KOHeUHas TeM-
neparyga H pa6oTa H3MeHeHHs1 06beMa, ecaH HavaldbHHI o6beM V; =
M3, ’

=]
Omeem: V,/Vy = 8,52; T, = 137 K;
Ly, = 1,44 MIx. .
7.21. Bo3ayx npu HavaabHeix xasiaeHuu 0,1 MIla u Temnepartype
15° C apuabatHo cxuMaercs jo aasienus 0,8 MITa. Haiity KoHeuHbe
YAenbHbIH 06beM H TEMIIEPaTypPYy, a TaKXKe YReJAbHYI0 paboTy H3MeHeHns
AaBJeHu,
Omsem: V, = 0,191 M%xr; Ty=
= 522 K; ‘w = — 234 Jw/xr,
7.22. B uynauHape Au3ess afHasaTHO CXKHMaeTcsh BO3AYX Maccoi
0,03 kr, npHyeM B Hauajde CXKaTHA 06LEM UUAHHAPA, 3aNOJHAEMOr0 BO3-
ayxom, paseH 0,03 M3, a pasaenne 93,0 xI1a, Uemy paBHa TeMneparypar
BO3JyXa B KOHUE CXKAaTH§, €CJAM NPH 3TOM O6bEM ero YMEHbIUHTCH
13,6 pas? .
Omeem: 1139 K.

L



7.23. B 3axphiToM 6GajsoHe BMecTHMOCTHIO 0,3 M? 3arMided pode
Ayx npu pasnennu 3 MITa u temneparype 27° C. Yacib Bo3gyxa H3 6an-
JIOHA mepemyckKaercst B Apyroit GaJJioH, TaK 4YTO OCTaBLIAACHA YaCTh €ro
B NnepBoM GasllloHe pacuiupsiercss agua6GatHo o aasiaenus 1,5 MIla.

Haiitn maccy Bo3agyxa, nepenytieHHoro Bo BTOpoil GaJJoOH, H faB-
JieHHe BHYTPH nepBoro GaJljIoHa Iocjie TOro, Kak TeMmepaTrypa 3akKJaio-
YEHIIOrO TaM BO3JyXa JOCTHI'HET CBOEro NepBOHAYaJbHOrO 3HAYeHH,

Omeem: m = 4,1 kr; p; = 1,8 MIla.

§ 7.8. NoautponHbie NpPoUeccH

IToaumponmeimu Ha3LIBAIOT NPOYECCHL, NOOHUHAIOULUECS pAs-
HeHUIo :

pu™ = const, (7.30)

B KOTOPOM IOKa3aTe/b MOJNHTPOILL 72 MOXKET NPHHUMATh JioGhie
3HayeHUs] OT — oo J0 -+ oo, a B 3aBHCHMOCTH OT 3HAUCHHA 1
OyJeT M3MEHATbCS M XapakTep NpPOTeKaHHs IpOLEeCCOB.

MoxHOo noxasarhb,. YTO paHee pacCMOTPEHHBIE MPOLECcCH TO-
xe SIBASIOTCSA YaCTHHIMH CJY4asMH MOJHTPOMHBLIX NpPOLECCOB
NPH ONpeAeJeHHBIX 3HaYelnusAX MOKas3aTeasl MOJHTPONLl H.

JeficTBuTeNbHO, NpH n = k ypasHenue pv® == const npu-
HHMaeT BHJ

-pvk = const — ypaBHeHUst aauMaGaTHOro mporecca.

Ilpu n = 1 nonyyaem

pv = const — ypaBHeHHe H30TepMHYecKoro mpouecca AJs
IileanbHOrO rasa.

IIpu n = 0 pv°® = const, Ho Tak Kak ¢* = I, TO OKOHua-
TCJLHO MoOJyyaeM '

p = const — ypaBHeHHe H300apHOro mpotecca.

Ilpu n = oo ypaBHeHHe monUTpoOnLl obpaltaercs B ypas-
HeHue

v = const — ypaBHeHHe H30XOpHOro mpouecca,

Jna 1okasaTenbCTBa 3TOrO HYXKHO JIMLIBL NMpPeABapUTENLHO
U3 obeHx uacreii ypaBHeHUs pu" = const H3BJeub KOpeHb cTe-
neHu n: pl/7vp = const.

IToacraBnsas 3aTeM B 3TO PaBEHCTBO # = o= 00, MOJYUYaeM
p'/=v = const, Ho 1/oo = 0 u p° = 1, cnegoBaTeNbHO, U ==
= const.

Kak BuauM, Bce uerbipe OCHOBHBIX TEpPMOAMHAMUYECKHX
npouecca AefiCTBHTEIbHO 00OOLIAOTCA YpaBHEHHEM put =
= const.

Bsanmnoe pacrionmoxkenne n3oGapel, H30TepMbl, anuabathl
H H30XOpbl, NPOXOAAIIMX Yepe3 OAHY OOWYI0 TOYKY Ha
puv-puarpaMMe, fokKasaHo Ha puc. 7.8,
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TlokasaTesib NOAUTPONLI MOXKIO ONPEASTHTh MO 3aAaNHBIM
IBYM ee TOUKaM C M3BecTHbIMH napamerpamu. IlycTth, HanpH-
Mep, H3BeCTHBI napametpel Touek I (py, vy) H 2 (p,y, U,), uepes
KOTOpble MPOXOAUT MOMHTpONa, M Tpebyercs naiiTH ec nokasa-
tenb. M3 ypaBnenns (7.30) umeeM: pv% = p,u? Uau p/p, =
= (va/vy)™.

JlorapudmMupysa 3To ypaBlelide, NOJTYYHM

n = 1g (pi/p2)/1g (valvy). (7.31)

3aMena B 3Toil opmyJie OTHOLIENHIT p;/p, 1 v,/vy ORHOBpE-
MEHHO OGpaTHBIMH OTHOLIGHUSMII po/py 1 v /v, He BauseT
_Ha pe3yJIbTaT, No3TOMY A/ ynpo-
IIeHUs] BBIYKCJEGHUIH 3HAYeHHH n
no ¢opmyae (7.31) pexomennyer-
cs 3aMUCHIBaTh €e B TaKOM BHAE,
yroGLl OTHOLIEHHe JaBJeHHH B
YHCJIMTENIE H OTHOLIEHHe 0GbeMOB Ysodare
B 31aMeHaTeNe OblIM Obl Conblue
€I HHLLBL,

Ha puv-npuarpamme nomutpony
MOXXHO NOCTPOHTb TaKHM Ke CIIOo- o
cofoM, Kak H aauabarty, T. €. no- v
TOYKaM C 3aMeHOH B YPaBHEHHAX  pu. 7.8, Baammioe pacnono-
AJiS py M U, TIOKA3aTeN S k Ha MOKa-  ewuuwe AMHMH OCHOBHBIX TCp-
3aTedab n. MOAHHaMHYEeCKHX MPOUCCCOoB,

YpaBHeHue NOMUTPONHOro ~ MPOXOASILINX ¥epes OuHY 0f-
npouecca put = const omMya- YO TOUKY Ha pu-narpamue
eTcs OT YypaBHeHHS agjuabaTHo-
ro npouecca puvk = const TONLKO MNOKa3aTeJsIMH CTeNeHH
npu v. CiiesioBaTesibHO, AJIsS HAXOXKAEHHA CBfA3ell MeXxAy napa-
METpaMH p U v, a 4151 HJealbHBIX IasoB — TaKXe Mex1y v H
T, p u T moryT GbITh HcnoNb30BaHkl ypasHenud (7.19), (7.19a),
(7.21) u (7.22) ¢ 3ameHoli B HuX MOKasaTeas aguabathl k Ha
NoKa3aTesib NOJHTPONHL 1:

0

”"0/77!,0,70

42,
o0y,
¢’ /77&'

H3oxopa

polpL = (v /vy) (7.32)
0y, = (py/po)iin. (7.32a)
Jnst uaeanbHLIX rasos:
vy/vy = (Ty/Ty)Vn—1); (7.33)
pi/ps = (Ty/Tyr/tn—h, (7.33a)
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Takum ke crnocoGom u3 ypasuenuit ansa paGor ly, H
L, . B annaGaTHOM npolecce IMOMYYaeM H YPaBHEHHS A5l STUX
’e paboT B MOJHTPOIHOM IpoLecce:

Ii,s = pv; [1 — (0 /vp)n=1/(n — 1); (7.34)
i, = pyoy [T — (po/p) =10/ (n — 1); (7.34a)
Ly = p Vi l1 — (Vi/V)n=1/(n — 1); (7.35)

Lio= piVill — (po/p)n=1nl/(n — 1).  (7.35a)

- YpaBHeHHsl yAenbHO paGoThl U3MEHEHHS JaBJEHUS B MO-
JIHTPOMHOM MPOLECCE MOXHO MONYYHTb H3 COOTBETCTBYIOLIMX
. ypaBHeHHH ajauaGaTHoro npouec-
P ca ¢ 3aMeHoil mnokasateas k Ha
\ nokasatelb n. .
\ ITo aHanoruum ¢ ypaBHeHHeM
@ (7.24a) MoxHO HanmucaTth

’ Wy,e = nly 5. (7.36)

@ N T M3 3toro ypaBHenus mnoay-
e yaeTcs MNpaBHNO rpadpHYecKoro
onpejesieHHs MOKa3aTeJas! MOMHT-
i ponmbl n Ha puv-guarpamme. [as

E,Z’E;(ofigﬁi 32;:3?00&6;?’:{ 3TOr0  JOCTATOYHO  pa3feqHThb
DACTIONOKEHHBX Bhue agua- YAEJbHYIO paboTy H3MEHEHHS aB-
GaTel, TensoTa NMOABORHMTCA, a  JIGHHS W,,, HA YIeNbHYIO pa60'ry‘

PAaCmoONOKEeHHBLIX HHXe aaua- HU3MeHeHU s 06-beMa ll 2
6aThl — OTBOAHTCA . / '
n = wl'z 11'2.

PaccMotpuM xapakrep npoTekauust NOMHTPOMHBIX mpouec-
cos. Auabara, npoBeleHHasl Ha py-AMarpamme uepes JioGyio
TOUKY, Hampumep uepe3 Touky I (puc. 7.9), pasgenser none
ZuarpaMMbl Ha iBe oOnacTH: Bbllie aguabaTel NpoTeKaloT npo-
I1ECCHI € NOJBOAOM TEILIOTHI (C MOMOKHTENIbHLIM Ten1000MeHOM),
a HHXE — C OTBOAOM TemI0TH (C OTPHLATEJNbHLIM TEMJIO-
o6MeHOM). ‘ '

s BeiBofia hopMyJIbI, 1O KOTOPOIt MOXKHO HAHTH NOABEAEH-
HYIO TEMJIOTY B KaKOM-HHOyAb MOJIHTpOmHoM npouecce [—2
HJeaNbHOro rasa, HCrnosmb3yeM ypaBHeHHE NepBoro Hayana Tep-
MOAHHAMHKH ) o = (U — ;) + l; 5. Tak KaKk A5 HAEANbHBIX
rasoB dy — Uy =¢, (To — T)uly 3 = Ro (Ty — T)/(n — 1),
TO G2 = (T3 —Ty) — Ro (T, — T1) l(n — 1)

HJH Q1,2 = e, — Rol(n — D)1 (T2 — T)).

OcuoBHble ¢GoOpMyJIEI AN TEPMOAMHAMHYECKHX NPOLECCOB

NpHBEAEHbE B NpuAOXKeHHH 9,
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Mpumep 7.6. Boagyx ¢ HauanbHbLIM 06beMOM 8 M3 H NayalLHOM TeM-
nepatypoit #; = 20° C c)XHMaeTcs NO MOJHTPONE C NOKa3zaTesleM n ==
= 1,2 ot paenenus p, = 0,09 MIla no pasnenus p, = 0,81 MIla.
Hailtu KoHeuHBle TeMmepaTypy, o6beM BO3ayXa H Pa6oOTy H3MeHeHUS
o6beMma.

Pcuwenmne 1. Haxoqum KoHCUHYIO TCMNepaTypy H3 ypadBHeHHUS
(7.33a):

Ty =T, (py/py) "~ 1 /" =203 (0,81/0,09)(}:2=1/1.2 K=
=293.9%167 K ~ 423 K.

2. OnpenensieM KoHeuHbI 06b¢M V,, PYKOBOACTBYSACh YpaBHenHEM
(3.4): pyo/ Ty =pyuy/ Ty. BameHasi B HeM vy M Uy Ha Vy u V,, noayunm

Vo = (Vipi/py) (To/Ty) = (8-0,09/0,81) (423/293) m3 = 1,28 m3,
3. Haxopum paGoty H3MeHCHHS o6bema:

Ly,s = (0, Vy — poVyo)/(n — 1) == (0,09-10%.8 — 0,81-105.1,28)/

(1,2 — 1) Ik = — 1,58-10% Ix = — 1,58 MJIx.

Mpumep 7.7. OnpefctHTb YCIOBHS NPOTEKAHHS MNOJHTPONHOrO
npouecca paclIHpeHHs JBYXaTOMHOIo rasa ¢ moka3sateieM n = },32,

Pewenue. B gaunom cayvae n < &, ciegoBatesibHo, JIHHHA Npo-
Hecca J0JXKHa HATH BhIIIE agHabaThl, a 3TO 3HAYHT, YTO TCMJIOTA NOABO+
AUTCA K rasy u3BHe (puc. 7.9). B 1o xe Bpema n > 1, No3ToOMy JHHHS
npouecca JOMKHA MATH HHXKE H30TePMbl, H TCMMepaTypa rasa JoJKHa
NOHWMXKATbCS, @ BHYTPEHHSS SHEPTHS — yMeHbIIATbCA. STO 3HAYKT/
yto paGoTa, coBeplIaeMasi Fa30M B NOJNHTPONHOM NPOLCCCC PACLIHPCHHS
¢ nokasateneMm n = 1,32, npOuU3BOAHTCS He TOJbLKO 33 CUYCT NOABOAA
TEnJOTH, HO OTHYACTH M 3a cYeT BHYTPCHHeH 3HepruH rasa.

Ilpumep 7.8. ITpouecc paciupeHus raza NPOHCXOAHT MO {IOJHTPO-
ne ¢ nokasarenem n = 0,8, OnpeacanTsb ycJa0BHS NPOTCKaHH A NpoLccca.

Pcwemnwnue B pannom npouecce n < 1. CnegosatesnbHo, JHHHS
npoiecca ROMKHA PacnosarathCs He TONbKO Bbllle afHa6aThl,HO H BLILIC
H30TCPMBI, a NOITOMY TEMJIOTA K Fa3y JOJKHA NMOABOAMTLCA, TeMaepaTy-
pa NoBHIUATECH, 4 BHYTPEHHAA 3HEPTHS YBEJHUHRAThCS. DTO O3HAyaer,
4YTO TEMI0Ta MNOABOAHTCA K ra3y H3sBHe B GOJILWIEM KOJHYECTBC, HCM
9TO HYXHO ANA COBepWeHHR paGoTel {; 5, NOSTOMY YacThb NOABeACH-
HOW TCNJOTH HAeT Ha YBeJHUYCHHC CrO BHYTPeHHel 3HCPruH.

Mpamep 7.9. Boagyx B Komnpeccope CKHMacTcsi NOJAUTPONHO-C
nokasareneM n = 1,15. Onpeaenuts ycJAOBHSI NpoOTCKaHUs npouccea.

Peweunue B 3toMm mnpouecce | < n <k, caepopareanho,
JIMHHA NpoLecca JIeXKHT MeXAY H30TepMoit u aguabaroii. [lostomy TenJo-
Ta OT ra3a OTBOAHTCH (TaK Kak flaHHas MOJAMTPONA pacnonaracrcs lHxe
anuabaThl), HO TeMnepaTypa BO3JyXa NMoBbI3eTcHA (TaK Kak NMoahTpona
pacnonaraercs Buillue H30TepMbl). IIpakTHUYCCKH BO 136cHaaHHC 3HAYH-
TCNLHOI'O MOBLILICHHA TeMNepaTypbl CXKHMACMOro BO3JyXa CTCHKH LH-
JHHAPA KOMNpeccopa OXJa)<AaloT BOROH.

3anayu ,

7.24. Tas, aauumaowuit o6ueM 6 M*, CAHMACTCSH NOJAHTPONHO OT
napacuun 1 MMa po 4 MMa ¢ ymeubweHuem o6sema o 2 M3, Haiitu
nokaszatenb MOJMHTPonb H paGoTy HaMcHeHHa obGbema.

Omsem: n == 1,26; Ly, = —7,69 MIIx.
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7.25. Bo3nayx ofneMoM 3 M3 pacwimpstercs ot pasierus 0,55 MITa
# TeMnepatyphi 45° C g0 xasaenus 1,5 MITa u 3anuMaer nocjie 3TOro
o6bvem 10 M HaliTy nokasatenb NOJHTPONH, KOHEUHYIO TeMNepaTypy
H paboTy M 3MeHeHHA JaBJCHHS.
Omgem: n = 1,08; T, = 289 K;
Wy, = 2,03 MIIx.

7.26. Bosayx o6vemom 1,5 M3 cxumalor oT jgasienus 0,1 MIla u
temnepatypsl 17° C no nassenust 0,7 MITa u temneparypst 100° C. Haii-
TH MOKa3atedb NOJHTPONH H pa6oTy H3MeHeHHs o6beMa.

Omeem: n = 1,15; Ly, = — 286 k]I,

7.27. Haiitn paGory Hu3MeHeHHst o06bcMa, H3MeHeHHe BHYTPeHHeil
SHEPrHH M NOABEAEHHYIO TENJOTY NPH MOJHTPONHOM pacIIHPeHHH BO3-
JAyXa Maccoif 5 Kr npH ycJIOBHH, 4TO €ro HayaJibHasl TeMneparypa ¢, =
= 150° C, xoHeyHas f, = 50° C M NOKa3aTeJb NOJHTPONHE n = 5,3.

Omeem: Ly, = 478 xIx; Au=
= — 361 xIx; Q= 117 xIx.

7.28. Bo3pyx pacummpsercss MOJHTPONHO ¢ mokasateneMm n = 1,45,
Byger /¥ IpH 3TOM TEMNepaypa BO3AYXa NOBBIILATHCA HJIH MOHHKATHCA?
Omsem: Temnepatypa O6yjneT NOHH-

xKarbes.

7.29. Bo3pyx coBepaer paGoTy H3MeHeHHsl 06bcMa, pacluupsascs
NOJNUTPONHO ¢ Nnoka3saresJeM n =1,35. BHsAcHUTD, cOBepluaercs JIM 3Ta
pa6oTa TOJNILKO 3a CYeT NOABOAHMON TENJOTH HJH TaKXKe H 3a CYeT BHY-
TPeHHell 3HepruH BoO3ayXxa?

Omsem: paGotra H3MeHeHHS o06be-
Ma OyJAeT NPOH3BOAMTBCA 3a Cyer
NOABOJAHMOMN TENJIOTH H 32 CYET BHY-
TpPeHHeHl 3HeprHH BO3jyXa.

7.30. Kak oTpasuTcst Ha nokasarteJse NOJHTPONEI PacIIHPEHHE Tra-
30B B LHJHHJPE ABHTaTe/ s BHYTPEHHEro CropaHus, yBeJqHYeHHE NPHTO-
Ka oXJaxjamouleii Boabi? '

Omeem:  noKasaTenb NMOJIHTPOMB
YMeHbIIHTCS, T

7.31. T'a3 cxxuMaercsi NMOJMTPONHO ¢ nokasareneM n = 0,9, Kax
npu 3ToM GYJeT M3MeHATbCS BHYTPEHHSS1 SHeprus rasa?
Omesem: BHYTpeHHsia  3Heprus Gy-
JIET YMeHbIUaThCH,

KonrpoabHble onpoch

1. Kakne npomecchl Ha3HBalOTCA OGPaTHMEIMH?

2, Uem BHI3BIBaeTcS1 Heo6paTHMOCTb JeHCTBHTENBLHEIX NpPOLECCOB?

3. Iloyemy HepaBHOBecHbIe IPOLECCH HE MOT'YT GbITh OGPaTHMBIMH?

4. Karolt Bux uMeer ypaBHeHHe NMepBOrO Hayala TePMOAHHAMHKH
JJST H30XOPHOro mpouecca?

5. Kak uameHsercs TemMnepaTypara3a npH H306apHOM PaclUIHPeHHN?

6. Kaxkoit BUZ HMeeT ypaBHeHHe NEePBOro Hayala TepPMOAWHAMHKH
A H30TepMHYECKOro mpoiecca? :

7. Kakue pealbHO oCyllecTB/ASeMble MPOUECCH MOTYT MPHGIHIKEH:
HO CYHTaTbCA anHaGaATHBIMHP

&



Fanasa 8
BTOPOE HAYAJNO TEPMOAUHAMUKH

§ 8.1. O6uwue nousitust. PopMyaHpOBKU
BTOPOro Hayaja TepMOJHHAMHKH

Kak u3BecTHO M3 mpeAblAyIMX TI71aB, MepBoe Hayalo Tep-
MOJMHAMHKH YCTaHaBJHMBAeT KOMHYCCTBEHHbIE 3aBHCHMOCTH
NpH B3aHMHLIX NMpPEeBpalIeHUSX SHEPIHH B TEPMOAHHAMUYECKHX
npoueccax. Ha ocHosaHuM mepBoro Hayajna TepMOAHHAMHKHU
MOXHO Gbl10 OBl CUHTaTh OCYIIECTBHMBLIM JIIOGOH TePMOAHHAMHU-
YeCcKHH npouecc npH OAHOM TOJBLKO HeNpeMeHHOM YCJIOBHH, 4TO
6ul OH He MPOTHBOPEYHJI 3aKOHY COXpaHEHHS M NpeBpalleHHst
SHEpTHH.

Ho nepsoe Hauano TepMoaHHAMHKU He paccMaTpHBaeT yc-
JIOBHH, NMpPH KOTOPHIX BO3MOXKHO OCYILECTBHTb NpeBpalleHue
ONIHHX BHJOB 3HEPTHH B Jpyrue, Mo3TOMy eMy He NMPOTHBOPEYUT
KaK Mo/iHoe mpeBpateHHe paboThl B TEMIOTY, TaK H IOAHOE
npespaileHHe TEmIoTsl B pabory. ,

Bropoe Havano TepMOAMHAMHKH, HONMONHSAS IepBOe Hayalo
H paccMaTtpHBasi 3TH yCJIOBH S, YTBEPKAaeT HEeBO3MOXKHOCTh TQJl-
HOro mnpeBpauleHHs TEmI0THl B paGoTy M YCTaHaBIHBaeT NpH
3TOM mnpejensl 3TOro NpeBpalleHUs.

KpoMe Toro, BTopoe Hawyano TepMOAHMHAMHKH BBOAHT OYeHb
BaXXHOE MOHATHE SHTPONMH KaK IapaMeTpa COCTOSHUS BellecT-
Ba.

B ocHOBY (hopMyJIHPOBOK BTOPOro Hauaja TepMOZHHAMHKH
MOJIOXKEHBI MOCTYJIaTHl, T. €. OYEBHAHLIE MOMOXKEHH 1, He TpebyIo-
e JOKasaTeJbCTB M SABJASAIOIMECS Pe3yJabTaToM MHOIOBEKO-
BOro o0L1eYe0BEYeCKOro OMbITa.

HanGonburyio n3BecTHOCTh 1n01y4au nocryaatst P. Knaysu-
yca u Tomcona (nopma Kenbsuua).

[MTocrynar Knaysuyca (1850): «Tennora He Moxer nepe-
XOAUTb caMa coboit oT Goslee XOMOAHOro Tes1a K 6ojiee Harpero-
My». CorsiacHO 3TOMY MOCTYJaTy Temjaora CaMOnpoH3BOJNbHO
MOXKET MepexOAHTb JIHIIbL OT Tesla ¢ Gosee BLICOKOi TeMneparTy-
poit k Teay c Gonee HM3KOi TeMnepaTypoif; caMONpoOH3BOJ/Ib-
HBIH 2Ke mepexoj, TemJIOTHl OT Teja ¢ MeHblled TemmepaTypoi K
Teny c Gonbluel TeMmepaTypoi HEBO3MOXEH.

IMocrynar Tomcona—Kenbsuna (1852) useecten kKak yT-
BepKAeHHe O HeBO3MOXKHOCTH MOCTPOEHHS BEYHOro TeN/JoBOro
Aeurarens (perpetuum mobile) Broporo poaa, =. e. aurarens,
NO/THOCTBIO MpeBpautaoriero Tenyaory B pabory. Coraacto 3T1o-
My NOCTYJaTy H3 BCeil TeMIOTbl, NONYYEHHOH CT HCTOUHHKA Ten-
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JIOTHI ¢ BHICOKOM TeMNeEpaTypoH—Ten100TAaTINKA, TORLKO HACTD
ee MoxeT OHITb npeBpauleHa B paboTy, OCTalbHas e 4acThb
LOMKHA OBITh OTBEJIEHa B TEMJIONPHEMHHK C OTHOCHTEJIBHO HH3- -
Kol TeMnepatypoit. JIpyrumMu c/10BaMH, JJisl paGoThl TeNJIOBOro
ABHraressi HeoOXOAMMEI MO KpaiiHeii Mepe ABa TeNJIOBLIX HCTOY-
HHKa pas/IHYHOH TeMneparypHl.

OTHM n 00BACHAETCA NPHUYMHA, 1O KOTOPOH HEJIb3s mepepe-
CTH B pa6oTy TeMJOTY OKPY2KaloLiero Hac aTtMochepHoro Bo3ay-
Xa MJIM TEIVIoTY BOABI MOpeH H OKeaHOB INpPH OTCYTCTBHH HC-
TOYHHKOB TeIJIOTHI ¢ Goslee HU3KON TeMnepaTypol, ueM TeMnepa-
Typa aTMocdepHOro Bo3fyxa uaH Boabl Mopei. Eciu 6uito 6bl
BO3MOXHO ' 000HTHCh 6€3 TakHX HCTOYHHKOB TENJIOTbi—TenJo-
NPHEMHHKOB, TO, YUHTHIBas KOJIOCCA/ILHLIA 3anac SHEPIHH BOAHI
OKeaHOB H MopeiH, MOXHO Gbl10 Gbl CO3/aTh NMPAKTHUYECKH Bey-
HEIH IBUTaTeNb BTOPOro pojAa, KOTOph paGoTan Gbl TOMBLKO 3a
CyYeT TerJIoThl TeMIOOTAATYHKOB — 3TOr0 €HHCTBEHHOro HCTOY-
HHKA TEMJIOTHI,

INoxcuntano, urto, ecau. 6l BCEe TENJIOCHJIOBLIE YCTaHOBKH
Haled naaueTel paboTanu 3a cyer TenaoTel Muposoro okea-
Ha, KOTOpHIil Obl1 Obl €AH HCTBEHHBIM HCTOUHHKOM TEIJIOTHL, TO 32
1700 net ero Temneparypa monu3uaach 6bl Tonbko Ha 0,01°

BTopoe Havano TepMOAMHAMHUKH, fABASOILEECH, KaK H mep-
Boe Hauano, ¢QyHAaMeHTaAbHbIM 33aKOHOM NPHPOABI, HMeeT
Gonblloe HayuyHoe, NPHKaAHOe 3HayeHHe.

§ 8.2. Kpyrosrie npouecchl (UMKAB) TENAOBHIX MaLIHH

Tennostimu mawunamy Ha3HBAIOT B TEDMOAMHAMHKE TenJIo-
Bble JBUTaTelH M XOJOAMJbHBIE MAalUKMHbI, TenioBbie MallHHbI
He MoryT paGoTath MO MNpoUecCcy, NPOTEKaioleMy TONbKO B
OZHOM HampasJieHuH. [leficTBHTeNbHO, MYyCTh HMeeTcs ras, 3a-
KJIIOYEHHBIH B UMAKMHAP noA nopiuHeM. Ecau x rasy noasoauth
TEIJIOTY, TO OH OyJeT paclHMpATbCA H, CJel0BaTeNbHO, CO-
Bepwarh pabory. DTOT npouecc MOXKET GbiTh H300apHLIM, H30-
TEPMHYECKHM /I B ofuleM cayyae noautponHunM. Ho Takoi
NpoLecC He MOXKET AIHThCS 6ECKOHEYHO: JOMKEH HaCTYNHTh MO~
MEHT, KOrja noj AeHCTBHEM pacluMpsiollerocs rasa nopiueHb
NpHJAET B CBOE KpaiHee NOJOXEHHEe, U Npolece H3MeHeHHs €O~
CTOAiHHSL pabouero Tena MNpeKpaTHTCA.

CnenosatenbHo, AN HenpepuiBHOA pabOTH TEMJIOBLIX ABH-
rateneii HeoOXOAMM KpoMe npolecca paclIHpeHHs ele npo-
llecc CxkaTHf, KOTOPLIM pabouee Tes1o Bo3Bpauanoch Obl B nep-
BOHaYa/JIbHOE COCTOSIHHE, T. €, COBEPLIHJIO Onl Kpy2osol npoyecc,
UJAH YuKa.
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B pesyabraTe coBepumeninst npkaa paGoyee TeJ0 BO3Bpala-
eTcs B CBOE HavyaJlbHOE COCTOSIHHE, MOC/IE Uero OHO MOXKET MOB-
TOPSATb CHOBA TaKHe LHKJEL .

B 3aBHCHMOCTH OT TOro, Kak GyAyT NpPOTEKaTh IIpOLECCH
pacUIMpeHHs ¥ CXKaTHs, JHHHS CKaTHA Ha pu-AuarpaMMe MOXKET
pacmonaraTbCsl NMOA JHHUeH pacmmpenus (puc. 8.1) mam Hag
Helt (puc. 8.2). Kak BHAHO H3 5THX PHCYHKOB, PaclO/IOKEHHE
JIMHHH CXKaTHS MOJ JIMHHEH pacluMpeHHs onpejessieT Hampas-
JIeHHe JIHHHH LMKJIa M0 XOAY 4YacoBOil CTPe/KH H, HaobopoT,

’ P

v

Pic. 8.1, pv-anarpamMma npsmoro Puc. 8.2. pv-muarpamma oGpar-
I{HKJa HOro IHKJIa

pacnosioKeHue JIMHHHM CXKaTHSl Haj JIHHHEH paclHpeHHs —
NMPOTHB XOAa uvacoBofi cTpenkH. B JnanpHeilieM mnepBblii H3
. 9TMX UMKJI0B GyJeM Ha3blBaTh Mp A MBI M, a BTOpPOi — O G-
PaTHBH M.
B npsamom nukne (puc. 8.1) nmonoxurtenbHas pabora H3o-
6paxaercs ni. Im234, a orpuuarenbHas pabora — mi. 1n234.
IMockoneKy B TakoM uMKJ/e nepsas U3 3THX pabor Gosblue BTO-
poit Ha 1. /m2nl, orpaHHYeHHYIO HHHEH KK/, TO B Pe3y/ib-
TaTe COBEPLIEHHS NPSMOro UKKJA MoJayuaercs NoJOXHTeIbHas
pabora, Koropast MOxeT OBbITb HCMONL30BaHA /ISl NPHBEACHHSA
B NEACTBHE CTAaHKOB, S/JIEKTPHUECKHX IeHepaTopoB H T. I
CnenoBartenbHo,

| Ly|—| Ly | =] Lo|,*

‘rae L, — nonoxurenbHas paGora uuknaa; L, — OTpHUATEND-

Has pabora uHkaa; L, — paGora uuk/aa TEnJaoBOro Apurareis,
srpaduyeckn H3o0pakaeMas Ha pv-AHarpamme IJIOLAAbIO, orpa-
HHYEHHOH JIMHMEH wMKna.

* BoigesneHHe KaKof-MHG0 BeJHYHHH ABYMA BePTHKaJbHBIMH JH-
HHSIMH O3HayaeT al6CoOMIOTHOe 3HayeHHe ee (HanpHMep, |L| osHavaer
-a6CcoMoTHOe 3HaYeHHe PaloTH).
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ITo npsAMEIM uKMK/IaM pa6oTaloT TENJIOBLIe ABHUratean (mapo-
BLIE M ra3cBbie TYPOHHBI, ABHTaTeJIH BHYTPEHHEr 0 CrOPaHus H Ap).
ITpocTeiiinas cxemMa TenvIoBoro ABUrartes oKasaHa Ha pHc. 8.3.
3nech Temnora Q, noaBoaMTCS K paGoueMy Teay OT HCTOYHHKA
TEMJTOTHI—TEIJIOOTAATYHKA C OTHOCHTENIbHO BBLICOKOI Temmepa-
Typoii Ty. HacTtb 3T0it Tenynotel Q, OTBOAHTCS OT paGoyero Tesa
B JpPYro#l HCTOYHHK TEMJIOTHl — TENJONPHEMHHK C OTHOCHTE/b-
HO HH3KoOl Temnepatypoél T,.

ITockonbky B pesyJabTaTe COBepUIEHHS LHKJa paboyee Teno
BO3BpalllaeTcsl B NepBOHAuaJbHOe COCTOsIHHE (T. €. K TeM e
3HayeHHsIM napaMeTpPOoB COCTOSTHHSA), KOTOpoe OHO HMeJo B Ha-
’ yajie IMKIa, TO 3HayeHus
BHYTpPeHHel 3HeprHH Kak
napaMmerpa COCTOSIHHA B
Hayaje H B KOHIE LHKJIa
ONMHAKOBEl, T. €. U, =
=y, Wi U, — u; = 0,

ITostoMy ypaBHeHHe
NepBoOro Havajla TepMo-
JMHAMHKH JJ1s1 KpYrOBOro
Puc. 83. IMpocreiimas chcrema ten, NPOHECCA  MOXKET GbiTh

y4acTBYIOWHX B coBepireHHH npampix HAMHCAHO B CJEAYIOLIEM
TePMOAHHAMUYECKHX LHUKJIOB BUAE:

IQII—,Q2I=|L0"

M3 sToro ypaBHenus BHAHO, 4TO B MPSIMOM LHKJIE PasHOCTb
|Q:l — 1Q;| paBna paGore |L,|, xoTopas Ha pu-auarpamme
u3o0paxaercs, Kak ObWIO YKa3aHO, IVIOMWAJBI0, OrpaHHuYeHHO
JHHHEH LHKJa.

UeM GOmblast KOS TEMJIOTH, MONYYEHHON B NPAMOM LMK-
Jie, nepepejieHa B paboTy, TeM LMKJ C TOYKU 3PEHHS MCIIOJb-
30BaHMs NOABEAEHHON TENIOTH BEIFOAHEE. DKOHOMUYHOCTD NMp -
MOTO LIHKJIa OlleHHBaeTcsl TepMHUECKHM KoadpHLUHEeHTOM noses-
HOro JIeHCTBHSA TEMJOBOrO JABHraTens, oGO3HayaeMLIM rpe-
ueckoit OykBoii 1 (3Ta) ¢ HMHAeKcoM «i». Tepmuteckud k. n. 0.
1, ABJAsIETCS OTHOLUEHHEM MONYyYeHHOH paboThl B LHUKJE K 3a-
TPAY€HHOMY KOJHYEeCTBY TEIJIOThI:

M=|Lo|/ |1Ql @8.1)
Ne=(Q—1QN/Q|=1—]Q/Qsl, 8.2)

rae |Q,] u 1Q,] — aGcomoTHbIE 3HAYEHHS NOABEJEHHON H OT-
BeJICHHOH Temnothl; |L,| — abconoTHOe 3HaueHHe MoayueHHOMH
paboThl.

HIH

86



U3 ypaBHeHus (8.2) BuAaHO, uTO TepMHuecKHil K. . A. Ten-
JIOBOrO JBHrares 1, TeM Gosbire, ueM MeHbuie |Q,| npu paH-
HoM 3HaueHHH |Q, |, T. e. yeM MEeHbILE TEIVIOTH OTBOJHTCS B Tell-
JonpueMHHK. B npeznene v, paBeH emmHuLUe, Koria |Q,| = 0.
OpfHako OTBOA TemJIOTH B TEMIONPHEMHHK — HeoGXORHMOe
ycioBHe paGoTel JI060ro NMepHOAHYECKH AeHCTBYIOIIEro ABH-
raresisi, noatoMy |Q,| He MoxeT paBHATbCA HyJ10. Beneacrsue
3TOTO 1), HHKOrJa He MOXET AOCTHTHYTh 3HAUeHHS, PaBHOro
eI HALE.

Bo3HuKaer Bompoc, Kakoil Ke IMKJI HMeeT HaHBbICIIHI
TepMHUeCKH# K. M. A. B JaHHBIX TeMmepaTypHBIX IpaHHLax?
OrtBet Ha 3T0T Bonpoc Aan Cagu KapHo. B tpyze «Paccyxnenns
O ABUXKYINEl CHJe OrHs» OH NOCTaBHJ mepex coboil Bompoc:
«Bo3MoxkHO s Ge3rpaHHyYHOe YyCOBepLIEHCTBOBaHHE I1apoBOil
MalIMHbL B CMEBIC/Ie YBeJIMYEHHS ee K. II. A. HJM ecTb IpaHHua,
KOTOpYIO NMpHpOAA BelLleil MeUIaeT MepelardHyTb KaKHM-JIHG0
o6pa3om?»

Pas6upas ator Bonpoc, KapHo ykasan Ha o6paTHMBIi nps-
MOH IUKJI, CTaBUIMH OCHOBOH TEeOpHH TEMJOBLIX JABHraTeel
Ha3BaHHLIA ero MMeHeM. DTOT UMKJ NoApoGHO paccMaTpHBaeT-
ca Huxke (B §8.3).

Ecnu nposectH uMK/A B 0OpaTHOM HanpasjeHHH, T. €. Npo-
THB XOJla YacOBOii CTPEeJNKH, KaK MOKa3aHo Ha puc. 8.2, To JH-
"HHS CXKATHS PACMOJIOXKUTCS Bble JIMHHH pacwupenus. Crego-
BaTeNlbHO, B OGpaTHOM LHKJe 3aTpaydBaeMas (OTpHIaTe/IbHas)
pabora no aGconoTHOMY 3HauyeHHIo Oobllue MOJOKHTENbHOMH
paboThl, MO3TOMY AJISI COBEpLIEHHS TAaKOro LUKJIa HeoOXOoauMo
3aTpaTHTh paboTy BHELIHNX CHJI, PaBHYIO B Macwtabe MIIomaaH
IHKJa. ‘

B of6parHoM uukJ/e K paboueMy Teqy B mpolecce paciuupe-
HHA TemioTa |Q,| mMoABOAMTCA OT HCTOYHHKA TEMJIOTHI ¢ Gonee
HH3Koll Temneparypoii T,, a B INpoOlEcCEe CXKaTHA TEeIoTa
|Q,| oTBOAMTCS B MCTOYHHK TEMJIOTH C Gosiee BBLICOKOM TemIe-
parypoit T;. Takum o6pa3oM, TOT HCTOUHHK TEMJOTH!, KOTOPLIH
B NpSAMOM LMKJIE SBJASETCH TeIVIOOTAATIHKOM, B OOpaTHOM
LMKJe CTAaHOBHUTCS TEIVIONPHEMHHKOM, a TOT, KOTOPLIH B nps-
MOM LHKJE GBI TEMIONPHEMHHKOM, CTAaHOBUTCS TElVIOOTAATYH-
KOM. S

[To ofparHelM LMKAaM paboTaOT XOJIOAUJIbHbIE MalUHHHL.
Jnsa coBepuienusi oOpaTHOro HMKAA 3aTPAunBaeTcsl BHEIHSAS

pabora

|Lo|=1Q1|—]Q:l, .. B3
rae |Q,| — abcomorHoe 3HAaueHHe TEMJIOTHI, OTBOXHMOH OT pa-
Gouero Tesla K HCTOYHHKY TeIJIOTHl ¢ Temneparypoil Ty; |Qql —
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afcoioTHOE 3HAYEHHE “TElVIOTH, OTHHMaeMOH# OT HCTOYHHKA
tenyotel ¢ TeMmneparypoit T,.

Jns XOMOMMABHBIX MAWUMH BBOAHTCH MOHATHE X0A00UNb-
HO20 K. M. A., o6osuaqaeM0ro rpeveckoii GykBoH y (XH) ¢ MH-
JIEKCOM “«f».

XonoauAbHLIA K. M, A. €CTb OTHOIUEHHE OTBOAMMON B 06-
paTHoM uukie Temnaothl |Q,} x 3aTpauennoit paGore |L,l:

%t =1Qel/|Lo|=1Q /(| QI—1Q:)). (8.32)

Mpumep 8.1. Tpu coBepiIeHHH HEKOTOPOrO OGPaTHMOrO UHKAZ B
TENJIOBOM JBHraTene K paGoueMy Teny NOABOAHTCHA TENMJOTa B KOJHYe-
cree 420 MIIx; npu 3TOM ABUraTeab coBepuraer-paGory 196 MIIx. Ue-
My paBeH TepMHYECKHi K. I. A UHKJIa?

Pewenmue.
Nt = 1Lol/1Q;] = 196-10%/(420-10%) = 0,468 (unu 46,8%).

CnepoBaTesIbHO, B 3TOM LiMKJe B paGoTy nepesoaurca 46,8% sceit
TEMJOTH, NoJyyaeMofi paGoYMM TeJIOM OT TEIVIOOTHAYHKa, a OCTalb-
Hble 53, 2% OTBOAATCA B XOJOJHJBHHK.

.3anaun

8.1. K rasy B KpyroeoM npouecce NMOABOAHTCS TeNJIOTa B KOJNKYe-
cree 250 kIx. TepMuueckuit K. n. A. uvkaa pased 0,46. [Toxcunrars
NUAYYEHHYIO NPH 3TOM paGoTy H3MeHeHHs oGbeMa.

Omeem: 115 xIx.

8.2. B pesysnbTare coBepileHHs KPYFOBOrO NpOLECCAa TENJOBOM
JABHTaTesab coBeplaeT pa6oty, paBHyio 60 kI, a TenIONpHEMHHKY OT-
JRaeT TenJaoTty B KonHuecTBe 42 xIxx. Halith TepMHuecKHii K. I. I. 3TO-

ro Kpyrosaro mpoiuecca.
Omeem: 58,8%.

§ 8.3. lluka Kapno tennoBoro asurarens

Bce peanbHele mp o1 ecc bl — HeoGpaTHMbIE, MOITOMY
W I H KJ b, N0 KOTOPHIM paGoTaloT TemJIOBHE MALUHHEI, SB-
JAI0TCA Takxke HeoOpaTHMBIMH, a ClIel0BaTeldbHO,
HepaBHOBECHBLMH.

UT06b! MOXKHO GbIIO YIPOCTUTD HCCJIELOBAHIE TAKHX LHUKJIOB
¥, B YacTHOCTH, M300paxaTh MX rpacguueckd, HeoGXOmHMO,
4TOOLI OHH GBI PaBHOBECHBLIMH, T. €. COCTOSIIH TOJNILKO H3 paB-
HOBECHBIX npoueccoB. TakHe WUKAB M paccMaTpHBAIOTCS B
JanbHeinweM,

LHukn KapHo TenmoBoro asuratensti — oGpaTHMbl, T. €.
PaBHOBECHBII KPYroBoil mpolecc, COBeplIaeMblii MeXAy ABY-
Msl HCTOYHMKAMH TeIJIOTBI C IOCTOSIHHBIMH TeMmeparypaMH
(rennoornatunka—7Ty; TemonpHeMHHKa — T'p) U paGouum Te-
JIOM — HJeanbHbIM [a3oM,
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JlonycTiM, HMeeTcst ABHraTeNlb CO ChEMHOM HAEaNbHOM Ten-
JIOBO# HM3OJIALMel, He JonycKaioued TensioobMeHa MeXAY pa-
6GounM TeJioM Maccoil 1 Kr, COBEpIIAOIIMM MpoLece, H OKpyxKalo-
meit cpenoit. OgHako npH CHATHH H30JSLHH pa69qee TeJO MO-
JeT MepHOJMYECKH cOOOMIATBCS € TeMIOOTAaTYHKOM, HMEIOLHM
temnepatypy Ty, H C TENJIONPHEMHHKOM, TEMIIEPATypa KOTOPOro
T, (puc. 8.4), npuuem Ty > T,. [Tonaraem, yto oTBOA OT TEN-
JIOOTAATYHKA UAU TOABOA K TEMVIONPUEMHHKY HEKOTOpOro Ko-
JIHYeCcTBa  TEMUIOTBI He  py °
BAMAET HAa MX TeMmnepa-
TYpbl, KOTOpBHIE, TaKHM
obpasoMm, B mpoiecce co- ,
BepLIEHHS [IMKJa OCTaloT- 2(p,it3iTh)
Csl HeM3MEHHBIMH.

- Ilpu yKasaHHLIX ycJi0-
BUSX mpaMoit uuka Kap- ST
HO MPOTEKaeT CeAYIOLUIHM Pailaila
obpa3om. OGo3HauMM na- 7
paMeTpel rasa npH JEeBOM
KpalHeM NoNoXeHUH nop-
wHs vepe3 py, vy U T,

~(Touka_ I THa ).
B “stoT _MomeHT pabouee:
TeJO CooOLaeTcsi ¢ Ten-
WUUMOPO- Puc. 8.4. pv-amarpavma uukna Kapuo
ro TEMmepaTypa TakKxe TENJIOBOro ABHraTeNs

-paBua~Ty. TIpHABHTKeHHH

~TOPIMAN BHpaBoO AaBjleHHE rasa B UWJMHApPE YyMeHbIaer-
cs, a YyHrenbHeli obbem yBenuuuBaerc. Tak Gyzaer mpo-
AoJXKaThCs 0 NPYXOAa-MOPWIHST'B NuMoxeHHe, onpeaenseMoe
TOUKOH 2, ¢ nmapamerpaMu—paGouero Tena p,, Uy H T,. Temne-
paTypa B 3TOM npolecce ocTaercsl HeH3MEeHHOH, ,TaK KaK TeM-
neparypd paboyero Tena M TEMJI0OTAAUMKA B Npolecce paciuu-
peHusi }<2~OpHAKOBH. TakuM o6pa3oM,.npou ge1-
Cs1 M30TepMHUECKAM. B 3TOM npoluecce OT TemJI00TAATYHKA
K paGouemy Tesqy nepexonuT yAenbH3g Temnora lg,).

B~rouke™2 uuAHHAP NOJHOCTBIO H30MHPYETCS OT BHelUHed
CpeAbl W nepeMellleHHe MOpPLIHSA BMpaBO INpH  JAajbHellLIeM
YMEHbIUEHUH JaBJIEHUA NMPOHCXOIUT no aauabare 2-3, T. e. Ge3
Teryioo6MeHa ¢ BHewHel cpefoil. Korpa mopuwenb npupaer B
KpaliHee npaBoe nonoxeHue (Touka 8), mpoiecc paciuvpeHus
3aKOHUMTCA W JaBJeHHe, H YAeNbHbIt o6beM rasa GyayT pj,
U3, a TeMmneparypa rasa NOHH3UTCH 10 3HaueHust T,, T. €.
cTaleT paBHOH TeMnepaType TemJonpHeMHHKa.

1p;v;T)

1
1

| btk bt |

re="""""
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Ilpu 3TOM MOMOKEHNU MOPLUHS M3O0MALKA CHUMAeTcs H pa-
6cuee TeO0 B UMIHHAPE <COOOUIAETCS C TEMJIONDUEMHHKOM.
Ecnu Tenepp yBenmnuuBaTth AaBlieHMe Ha MOpLIEHb, TO OH Oy-
JieT NepeMeliaTbCst BJIEBO NMPH HeW3MEHHOH TeMmnepatype pa6o-
uero Tena T,. CoenoBarenbHO, 3TOT Mpolecc cxatusi Gyaer
H30TepMHYECKHM. B sTtoM mpouecce yjejapHasd TemIoTa |g,|
nepefiier or paGouero Tesa B TEMJONPHEMHHK.

Koraa mopiuens, ABUrasch BJA€BO, NPHIAET B MONOXKEHHE,
ornpejensieMoe TOYKoi 4, paboyee TeJo C mapaMeTpami p,, U,
H T, OTBEJUHSIOT OT TEeMJONpHEeMHHKA.

JanbHeiimee cxkatie pabGoyero Tesia coBeplIaeTCs N0 agua-
6ate 4-1 ¢ nosbieHHeM Temnepatypsl. [Tomoxenue nopuHs B
TOYKE 4, Korja TelVIONpHEMHHK OTheAMHSETCS OT paGouero Te-
Ja, BbibMpaercsi TaK, 4ToObl OGecrneuyuTb NPHXOA MOPIUHA B
KpaiiHee JieBoe, T. €. HCXOJHOE MNOJOXKEeHHe C mapaMeTpamH pa-
6ouero Tes1a, paBHLIMU NEPBOHAYAIBHLIM 3HAUEHUsM py, Uy U T;.
Janbie UMK MOXKET NMOBTOPSATHLCH TEM e CaMEIM CIOCOGOM.

Takum obpasoM, Becb UMK KapHo TemnioBoro ABHratens
COCTOHT M3 ABYX u3orepM I-2 u 3-4 u aByx aauabar 2-3 u 4-1.
Tak xak B 3ToM uUMKJe yAenbHas Temnaora |g,| mopsoauTcs, a
yAeJabHas TemnoTa |g,] OTBOAUTCS NMpPH MOCTOSIHHBLIX TeMmepa-
Typax cooTBeTcTBeHHO Ty U Ty, pPaBHBIX TeMIepaTypam Tem100T-
JaTyHKa M TEMJIONPHEMHHKA, H BLIMONHAOTCS YCJIOBHS oGpaTu-
MOCTH mpouecca (OTCYTCTBHE TPEHHS M NOTEPh B OKPYKAIOLLYIO
Cpefy, paBeHCTBO TeMMepaTyp MCTOUHUKOB TEMJIOTHl H paGoue-
ro Tejla BO BpeMst NOABOJa U OTBOAA TEMJIOThl, PaBEHCTBO JaB-
JIEHHH U TemmepaTyp BO Bceii Macce pabouero Tena), TO pac-
CMOTpeHHbIH LMK KapHo siBnsieTcs o6 p aTH M bl M.

Onpenenum TepmuyeckHii K. n. A. uMkaa KapHo aas upe-
anvHoro rasa. [asa Joboro uuKaa, cosepliaeMoro paboyum
TeJIoM Maccoil 1 Kr, TepMHUYeCcKHil K. I. A, onpejensiercs no
¢opmyne (8.2):

N = 1—lg.l/lq.
Tak Kak B faHHOM clyyae NOABOA M OTBOJ TEMUIOTHI MPOHC-

XOAAT no usotepMam /-2 v 3-4, TO B COOTBETCTBHH C ypaBHEHH -
mu (3.6) u (7.14) umeem:

l9:] = 2,3R,T, 1g (v/vy); (a)
[7:1 = 2,3R,T5 1g (v3/v,). (0)
ChnenoBarenbHo,

N =1 — 2,3R,T, Ig 0 /0)/12,3 RoTy Ig @)l (8)



[Npouspenst coxpaeHHst, MOJAYUHM
Ny = 1 — T, 1g (vy/v)/[Ty Ig (va/v1)], (r)

Ho v,/v; = vy/v,. defictButensho, faa aguadatr 2-3 u 4-1 Mo-
K€M 3amucaTb, YTO

Vglvg = (To/Ty)ME=), ()
/vy = (T4/T)V k=1, (e)

ITpaBrie wactH ¢opMya (a) H (e) paBHB!, CJELOBaTENLHO,

HO/KHBI GBITb pPaBHHI M JIEBhle, T. €. Uy/vg = 0,/v,. Mensas
MeCTaMH CpefHHE WIEHH 5TOH NpONOPUMM, TMOAYUYHM, YTO
U ,/v; = U,/v,.
. Hocae cokpamenns Ha lg (vs/v,) = Ig (vy/v,) ypaBHeHHS
(r)>monyunM pacuetnyio ¢opmyJay Ans onpeieNeHHs TepMuue-
CKoro K. m. A. npsMoro uukna Kapho, T. e. uukna KapHo
TEMJIOBOTO JIBHIaTeNsI:

My =1—T,/T;. (8.49)

Ananusupys ypapnetue (8.4), mpiXoauM K CJeRYIOIHM Bbl-
BOAaM:

1) TepMuueckuii K. m. X. npsmoro uukna Kapxo Tem Goiib-
Ille, YeM MeHbIlle OTHOLIeHHe TepMOAWHAMHYECKHX TeMnepartyp
TEVIONPHEMHH KA H TeNIOOTAATYHKA, T. €, ueM MeHblue Ty H 6oiibe
we T,;. CaenoBaresibHO, A5 MOBLILEHHS S3KOHOMHYHOCTH Nps-
Moro uukaa KapHo Heo6X0aHMO CTPEMHTLCS K MOBBILLIEHHIO TEM-
neparyphbl TeIVIOOTAATUH KA M K NOHHKEHHIO TeMIepaTy phl Tem1o-
npHeMHHKa:

2) TepmuueckMii K. I. J. TENJOBOro Aeurartens, paboTaio-
wero no uukay KapHo, Bceraa MeHblue eIHHHLbI; OH ObLT Obl
YpaBeH eAMHHIE NpH TeMmnepatype TemyooTAarydka T, = oo
HJAH npH TeMmnepatype TemionpuemHuka T, = 0 (T. e. npH
t, = — 273,15°C), Ho npakTuuecku o0Ga 3TH YCJOBHS HeoCy-
ILLECTBHMBI;

3) npH paBeHCTBE TeMNepaTyp 3THX HCTOYHHKOB TEIVIOTHI
Ty = T, TepMHUECKH} K. n. A. npsmoro uukna KapHo pasen
Hymo: ;=1 —To/Ty=1—1=0.

ITo Teopeme Kapno, koTopast 3zech He paccMaTpHBaercs,
TE€PMHYECKHH K. II. Jl. Jiio6oro o6pariMOro LHMKJa TENJIOBOro
JABHraTens HE 3aBUCHT HM OT NMpPHpPOALl pabouero Teja, HH OT
BHJA UMKJA, a 3aBHCHT MCKJIOUHTENLHO OT OTHOLLEHHS TepMo-
MHaMHYeCKHX TeMNepaTyp TelJIOOTAaTYHKA H TEIIoNPHEMHH KA.
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D10 3HaYuT, uTO Miepmuteckull K. n. 9. 2106020 06pANUMO20
YUKAQ menaoso2o dgueamens onpedersiemes no mot sice ¢opmyae,
umo u 0a8 yurxsra Kapro.

OnpefenuM 3HaueHHs 3TOoro kosdduuHeHTa A napoBoi
MalnHbl, ecjay 6bl oHa pa6oTaja no o6paTHMOMYy LHUKAY.

ITpumMem, yTo TEMNepaTypa TEIVIOOTAATYHKA pPaBHA TeMnepa-
Type napa, MocTynaolero B UHJHHAD NMapoBOd MalIHHHI, Ha-
npumep 190° C, a Temneparypa TelsionpHeMHHKa — TeMIepa-
Type oTpaGoTaslLIero mapa, NocTynarmoulero B KOHAeHcaTop, Ha-
npumep 60° C. Toraa.Tepmuueckuit K, m. A. TAKOro mapoBoro
jBUrartens npu pa6ore no o6paTuMoMy UHKAY: 1), = 1 =T o/T =
= 1 — (60 4 273)/(190 4 273) = 1 — 0,72 = 0,28 (28%).

B neficTBHTENILHOCTH Xe napoBas MalMHa, paboraoas np4
YKa3aHHHIX TeMneparypax mnapa, BCJeACTBHE Heo6paTHMOCTH
NpoTeKaloWKUX B Heil npoueccoB HMeeT K. M. A., pPaBHbIA mpH-
mMepHo 6—8%.

Jas aBuratenss BHyTPEHHEro CropaHHs BhICIIeH TeMmmepa-
TYpoOii B LiMKJIe ABISeTCS TeMnepaTypa cropaHus padoueii cme-
CH, KOTOPYI0O MOXXHO npHHATb paBHoit 2000° C, a Hu3weil —
TeMnepaTypa OKpyxaiouiero Bo3fyxa, T. €. npuMepHo 30° C.
Ecan npuHSATB, YTO 3TH TeMnepartypbl AIBASIOTCA COOTBETCTBEH-
HO TeMneparypamH TeIVIOOTAATYHKA M TEMJIONPHEMHHKa, TO

7; OOpaTHMOro UHMKJAA: 1), = l — (30 4 273)/(2000 + 273) ~
~ 0 867 (86,7%).

B JEeHCTBHTENILHOCTH K. M. A. 3THX ABUraTesIell He mpeBbl-
waer 40%.

Hecmorps Ha To yTo oOpaTHMBIit UMK/ TEMJIOBOro ABHra-
TeNs, B yacTHOCTH UMKA KapHo, B 3aJaHHBIX TeMmepatypHBIX
rpaHHLlaX JAaeT Haujyuluee HCIOJAb30OBaHHE TEMJIOTHI, TEMIOBLIX
AsHrareJefi, paboraolX Mo 06paTHMBIM LIHK/1aM, He CYILEeCTBY-
er. O6bAcHAeTcAd 3TO TeM, YTO NMPAKTHYECKH HEBO3MOXKHO Bbl-
MOJIHUTD YCJIOBHSI OOPaTMMOCTH: OTCYTCTBHE TPEHHS U NOTEPh
TEIVIOTHl B OKPY2KaloLlyio cpely, PaBeHCTBO TeMmeparyp pabo-
yero Tes1a M TerVIOOTAATYHKA NPH MOABOAE TEIVIOThl, PABEHCTBO
TeMNeparyp TenJonpueMHHKa H pabouero Teja Npu OTBOAE Ten-
JIOTHl H Jp.

Kpome Toro, ecan puv-guarpammy uukna KapHo mocTpouTsb
B Macwrabe, TO oHa GyJeT OTHOCHTEJNbHO Y3KOM M AJIHHHOM.

Jas ocyiecTBaeHHs Takoro UHK/Ia norpeGosanach Gbl Ma-
IUHHA ¢ GOMBIUMM XOZOM MOPILIHSA, a 3HAYHT, THXOXOAHAA (C He-
GonbLIoil yacTOTOH BpalleHHsl KoneHyaTtoro Bana). B utore
9KOHOMHYHOCTb, CBSI3aHHAsA C BHICOKHM TEPMHUECKUM K. M. J.
uukna Kapho, ceogunach 6bl Ha HET TPOMO3AKOCTHIO MAILMHLI,
GonbILOi €e CTOMMOCTBIO M JAPYTHMMH HEXOCTaTKaMH.
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Tem He Menee wuxa KapHo, kax # moGoii 06paTHMEI LHKA,
HMeeT LIS TeIVIOTEXHHKH BaxkHoe 3HaueHHe. OH nosBossier om-
peAeNuTh HauBHICIIEE BO3MOXKHOE 3HaUeHHe TepMHUYECKOro K. 11 1.,
cJIel0BaTeNIbHO, NpeAeNbHOE HCNONb30BAHKE TEMJOTH, KOTOpoe
MO2KeT ObITh TEOPETHUYECKH NOJYYeHO B 33JaHHLIX TeMmeparyp-
HBIX rpanunax. Takum o6pa3oM, NpAMOi 06pPaTHMbI UMK 5B~
JisieTcs 3TalIOHOM, c\xmogbm MOXHO CPaBHHBaTb 3KOHOMHY-
HOCTb peaNbHO CYIIECTBYIOIIMX ABHrareseil. Uem Tepmuve-
CKHI K. II. . peajbHOro (Heo6paTHMOro) UHKIa Kakoro-nu6o
Apuratens Gonblue NpUOMHIKAETCS K TepMHUYeCKOMY K. M. [
06paTHMOro LMK/, OCYLIECTBASEMOrO B TeX Xe Temmneparyp-
HBIX IPaHHIaX, TeM 3TOT ABHraTe/lb TEPMOAHHAMHYECKH COBEp-
ILeHHee,

§ 8.4. Liuxa KapHo X0n10AHAbHOI MaLIKHBI

Iuxn Kapro Xo/noau/IbHON MalIHHBL MPOTEKAET CJeAYIOMHM
obpasom (puc. 8.5). Ilycte B Hauane uukaa pabouee Ten0
(nzeanbHblit ras) Maccoit 1 Kr HaXOAHTCS B MUJIHHAPE XONOAU/b-
HOH MalUMHbI MPH JaBJAEHUH py, TEPMOAMHAMHUYECKOH Temmnepa-
tType T, PaBHOH TeMmmepaType TeMI0OTAATYHKA, H YASIbHOM
o6veMe v; (Touka /). Lluauuap
NOMHOCTBIO  M30JHPOBAaH  OT A
BHEWIHeH CpPEeREl, W nepeMelie-
HHE NOPIIHS BNPaBO NPH YMeHb-
IIEHHH JaBJEHHS A0 py NpO-
ucxoauT no aguabare -2,
NpHYEM B Touke 2 TeMmepary-
pa rasa cHusurcs jgo T,, pas-
HOH TeMnepaType TemIonpHeM-
HHKa, NPY 3TOM YAEAbHBLIHA 00B-
€M CTaHEeT PaBHEIM U,.

B Touke 2 paGouee Teno
coof1aercs ¢ STHM HCTOYHHKOM
TEIVIOTHl ¥ JanbHeiiliee ero
paciuMpeHHe npoTekaer 1o H3o-
TepMe 2-3 npH nocrosiHHoil TeMmnepatype T,. B mpouecce 2-3
NOABOAUTCA YJeNbHAasA Terora [¢,] or TennonpueMHHKa K pa-
Gouemy Teny.

B Touke 3 uuAHHAP CHOBA NOJHOCTBIO H30MUPYETCs OT BHELL-
He#H Cpelibl, ¥ IpH 06paTHOM XOJe MOPIUHS NPOHCXONUT afuabar-
HOe CKaTue IO JIMHMH 3-4, npHueM XaBjieHHe IOBHILIAETCH RO
Ps» YAENbHBIA O0BEM yMeHbIUaeTcsl A0 U,, a TeEMIepaTypa rasa
nossimaercs Ao T;, paBHOH TeMmmepartype TemJOOTAATYHKA.
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B Touke ¢ paGouee Tesno coofuraercst ¢ THM HCTOYHHKOM
TEeNVIOThl; 3aTeM JaBJeHHEe YBEJIHUUBAeTCS A0 p;, YNENbHBbIi
00BEM yMeHbLIAeTCs A0 Uy, a TeMIeparypa rasa ocTaeTrcst HeHs-
MeHHOi1 H paBHoit Ty. IIpH H30TepMUUECKOM CXKAaTHH B mpolec-
ce 4-1 ynennnasi Tenora |g;| oTBOAMTCS OT pabouero Tejia B
TEeMJIOOTAATUHK.

Takum ob6pasom, KA KapHo X0/10AHIBHOIN MalIHHLI COCTO-
UT U3 ABYX aguabar I-2 u 3-4 u aByx ysorepm 2-3 u 4-1. B pe-
3yJbTarte coBepuleHHs ofparHoro uukaa Kapho or tensonpu-
e€MHHKAa OTBOJMTCH YJAE/NbHAas Tem1oTa |¢;] M K TEM00TAATYHKY
MOABOAHTCA TemsoTa |g,|; Ha coBepiIeHHe LKA 3aTpauyHBaeT-
csl H3BHe yAenbHas pabota |/y|, rpaguuecku onpejensieMas Ha
auarpamme ma. 1234.

XonoaHABHBI K. M. 4. MalliHbl, paboTaoueil Mo LUHUKIY
Kapho, kak u no moGomy o6paTHMOMY LHKJY, Onpeiensercs
no c¢opmyae (8.3a).

[Tocne noacraHoBku B 3Ty ¢opmyny 3Hauenuit ;| u [g.]

[9:] = 2,3RT 1g (v4/vy), (a)
[92] = 2,3R T, Ig (v3/v,) (6)

I CcokpauleHus Ha 2,3 R, Ig (v/v,) = 2,3R,1g (v5/v;) mony-
yuM ¢GopMyay AN onpejeseHUs XOMOAUJIBHOrO K. M. A. XO-
JIOAUJIbHOH MalKHbl, paboTtaouieit no o0paTHMOMY UHMKIY:

Y= To/(Ty—Ty). (8.5)

Mpumep 8.2. Onpegenuts K. M. A. O6PaTHMOTO UHKJAA TeNJIOBOTO
JBHraTess, €CAH TeMNepaTypa Tenaootaatyuka # = 200° C, a TenJo-
npueMHuka f, = 30° C.

Pewenune K. n g ob6paruMoro uHkjaa TENJI0BOro ABHraTens
[popmyna (8.4)]

e = 1 — Ty/Ty = 1 — (30 + 273)/(200 -+ 273) = 1 — 303/473 =

»

Mpumep 8.3. Onpegennts ANA TeX ke TeMmepaTyp (cM. IHpHMep
8.2) xonopMAbHBIA K. M. A. XOJOAHJLHONH MalHHLI, pa6oTralowei no
06paTHMOMY UHKJY.

Peuwenue. Ilo dopmyne (8.5):

yt = Tof (Ty — Ty) = 303/(473 — 303) = 303/170 = 1,78,

Npumep 8.4. Hccneposath uuka Kapho, cosepuracMblil BO3gyXoM,
ecJH napaMeTpel Touku I (cM. puc. 8.4) caeaywoumne! p, = 2 MIla n
Ty = 600 K, a mapamerpnl Toukn 3:p, == 120 k[la u T3 = 300 K.

Pewenwne, 1. [lapamerpel paGoyero Tesla B XapaKTepHBIX TOY+
Kax uHkKna:

Toyka I. p, = 2 MIla u T, == 600 K.
94



Yoenwunit 06beM BO3fyXa ONPeATHM MO YDaBHEHHIO COCTOSHUSA

o = RoTy/py = 287,1.600/(2-10%) m¥Kr==_0,086 M%kr;

ToukH 2 u & Jas 3THX TOueK, NMpHHajAMeXaulHX afnHabare 2-3:
Ty = 600 K, p3 = 120 kIla, T3 = 300 K. Yensuril 06beM HaxoguM
H3 YpaBHEHHS COCTOSIHUS

vy = RoT3/ps = 287,1-300/(120-10% wm3/kr = 0,718 m¥xr.

Hs ypapHenus aguaGatel 2-3 HaXOogHM U,:

To/Ta=(v3/0p)*— !, otkyaa

vy =03 (T4/To) /5 =1) = 0,718 (300/600) 1/ (14 =1) ya/xr = 0,127 m3/xr.
ITo ypasHennio u3oTepmbr [-2 HaXOAuUM p,:

p/py = vlvy;  py = py(vy/v,) = 2-108 (0,086/0,127) MIla =
= 1,35 MIla;

touka 4. T, = 300 K. Tak kak v)/v; = vy/uy, 10 3 = v4 (0,/0,) =
= 0,718 (0,086/0,127) w%/xr.= 0,486 MY/xr. aree
ITo ypapHenHIO COCTOSHHSI HaXOZHM pa:

Ps = RyT4lvy = 287,1.300/0,486 ITa =177 klla.

2. OnpepennM yzaenbHyio paGoty umukaa. HaiineM npeasapHrens-
HO 3HayeHHA yACAbHBIX PaGoT U3MCHCHHSA 06bCMa Ha OTAENbLHHIX yyacT-
Kax LHUKJa:

a) no wu3orepme pacwupenus I-2

l,ol = 2,3RoT; lg (v,/v,) = 2,3-287,1-600 Ig (0,127/0,086) I/xr =
= 67,4 KIx/Kr;

6) no agua6arte pacwHpeHus 2-3
287,1
1,4—1
B) no H3oTepMe cxarua 3-4

Us.al = 2,3RoT; lg (vg/vs) = 2,3-287,1X300-1g (0,718/0,486) Iu/xr =
=33,7 xIx/kr;

14, sl=;&’—l- (Ty—T3) = (600—300) Ox/xkr=215 ¥ Jx/Kr;

r) no apuabare cxarus 4-/

R, 287,1
=l (T T,y =
1, 1] E—1 (T 1) 141

Ypeavhaa pa6ora uukaa: |[,| = ”;,ml + 1y, 3l — |l3,a] —
— Maa) = (67,4 + 215 — 33,7 — 215) 103" Tiw/kr = 33,7 kIx/kr.

3. Tepmuueckuit K. nm. g. ukkaa Kapno MoXKHo HaiiTH N0 ypaBHeHHKD
e = 1— Ty/T, = 1 — 300/600 = 0,5.

STOT K. M. A. MOXHO HaliTH M no GoJee ofweit poOpMyJae: Mg =
= |l)l/Iq|, rae ymenvHas pa6ora uukaa |lo| = 33,7 kIlk/xr; |gy| —
yAeNbHAs TenJora, NMOABeJeHHass K pa6oueMy Tesay OT TeMIOOTAATYHKA.
B unkne KapHo srta tensora nogsoauTcst no H3orepMe /-2, a 370 3HAYHT,
uto |qy] == |4,4] = 67,4 kIx/kr. Caeposareasto, np =~ ll/lgy| =
= 33,7/67,4 = 0,5.

(600 —300) qx/xr =215 g Ix/kr.
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3anaun

8.3. TemnepaTypa OKeaHCKOH BOJBI B TpPOMHKaX Ha rayGHue
1000 M paBHa 4° C, a Ha noBepxHocTH 24° C. Hailt TepMuyeckuit X, 0. 1.
TENJIOBOrO JABHraTte/ist, ecliH Gbl OH paGoTan mo uukay Kapuo B stux
yCIOBHAIX, T. €. B YKa3aHHOM MHTepBaJe TeMneparyp.

Omsem: 6,7%.

8.4. Ha Kpaiinem CeBepe moja cjoeM BeuHOro JbAa MOpCKas Boja
umeer TeMmnepatypy - 3°.C, a TeMmnepaTypa Hapy:kHOro BO3AyXa
— 22° C. Hajiti TepMHYECKHi K. M. X. TENJOBOLO JBUTATCAsI, CCAH OBl
oH pa6oTa) no uHkJaAy KapHo B TakoMm untepsaJse TeMncparyp.

Omsgem: 9,1%.

8.5. Hafitn pabory uukaa Kapuo M KoaHueCTBO TCOMOTH, mepe-
JlaBacMoit TenJIONpHEeMHUKY, NPH CAeAYIOUWHX YCJOBHAX: TeMmcpatypa
no BepxHeit HaotepMe pasHa 200° C, a no HuxHen usorepme 10° C. Ko-
JIUYECTBO MOABOAKMONM TEMJOTH OT TenJooTaaTuuka |Q,] = 1,7 MIx.

Omeem: |Ly| = 0,67 MIx;
1Qz) =1,02 MIx.

8.6. Bosayx coecpuwaer npamoit uuxkn KapHo B HHTeppane TeM-
neparyp 250—30° C. MakcumanbHoe aapnaeHue B uukae 1 MIla, a Muuu-
manbhoe 120 kITa. Hcenegosath umka.

Omeem: v, = 0,150 ™m¥kr; v, =
= 0,185 ™m¥xr; v, = 0,725 wm¥/kr;
vy = 0,588 m¥kr; py, = 811 «klla;
pas = 145 klla; ng = 0,42; |ly| =
= 13,22 kx; lg;| = 31,43 xx/kr;
19| = 18,21 xJx/kr.

8.7. Bo3anyx coscpwaer npamoil uuka Kapno npu cacpyownx
AaHHBIX: py = | MIla; ¢ = 1000°C; "p, = 0,5 MIla u |[y] =
=83,8 kx/kr (cM. puc. 8.4). Haiitu |q,l, Igol, T3 1 1y sTOro umkaa.

Omeem: |q,| = 253 xJx/kr;
Igol = 169 xIw/kr; T, = 852 K;
N = 0,33], )

' 8.8. Boanyx copepwaer npsmoit uuka Kapno. Hccxenosath uuk,
€c/TH M3BeCTHO, uTto p; = | MIla, f; = 227° C, p3; = 0,1 MIla, v, =:
= 0,178 m¥«kr. .

Omeem: v, = 0,144 M¥gr; v, =
= 0,790 M¥kr; vy = 0,639 wm%/«kr;,
py = 809 klla; pi->= 124 xIla; Ty =
= T4 =275 K; Ty = 500 K; ¢ =
=0,45; |g,) =4 30,4 kIIx/kr; |gol —
= 16,7 k[lx/kr; |lo] = 13,7 kx/kr.

§ 8.5. AuTponusa

Kak u3Bectno, U3 Bcell nMoABeJeHHOH B KPYyroBOM mpoliec-
Ce TeMIOBOro JABHraTtens TenaoTsl @, B nojesnyio pabory, nepe-
BOAMTCA TONBLKO 4acTb ee, a HMeHHO |Q,| — |Q,]. Tennota xe
Q,, nepepaBaeMast B TENJIONPHEMHUK, ABASETCS HeoGXOAUMOI
norepei, KoTopyio, OAHaKO, CJeAyeT CTPEMUTbCS yMeHbUIATb.

Boisicuum, or kakux ¢akTopoB 3aBHCUT 3Ta noteps, Jlo-
NycTUM, 4TO coBepliaercsl npaMoil uuka KapHo uau apyro#
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?«npsmoﬁ oGpatuMmblit uuka. Jag: takoro uMkna n; = | —
— 1Q:l/1Q¢l = 1 — T/T,, otkyaa

leVlQn' = Tz/Tl-
Pewas 3To ypaBHeHHe OTHOCHTENbHO Q,, MOMYYHM

Q2] = (IQuVTY) T

Kak Braxo u3 BeIpaxcenus, 3naueiiie TeN/IOBOH MOTepH
|Q;| 3aBucHT oOT 3HaueHH{l ABYX MHOXKHTENE(: OTHOLIEHHS
Q,/T, n Tepmoaunamuueckoit Temneparypsl T,. Temneparypa
TenionpueMunka T, NpakTHuecKH H3MmeHsieTcss B HeGOJbLIMX
npefenax, nostoMy Tenjora Q, 3aBHCHT, IaBHbLIM 0Gpa3oM, OT
otHoweHusa Q,/T;, Uem oHo Gonblie, TeM Gosiblue noTeps Ten-
Jqotel, OtHowenne Q/T HaswiBaeTcst npusedennod menaonod.

YuuTbiBas GO/bLIOE 3HAYEHHE TOrO OTHOLUEHHS, HEMEUKHIT

yueHelit Knaysuyc sBen B TepMoaHHaMiKy ocoGblii mapamerp
COCTOSIHHS, 3aBHCSILIHI OT 3TOrO -OTHOWEHHS M HA3BaHHBIA
3Hmponuet.
., B TepMomMHAMHYECKHX pacueTax NpeicTaB/sieT HHTepec
He abconoTHOe 3HAYCHHE 3HTPONHH, a JUlIb €e H3MeleHHe B
npouecce, KOTopoe 3aBHCHT TONbKO OT KOHEYHOro M Hayalb-
HOro COCTOSIHHI1 paGouero Tena. .

Hamenenue sutponun onpejieisleTCsl OTHOLGHHEM KOJIHYe-
CTBA NOABeAeNHOI (/M OTBEJEHHOMH) TEMIOTH K CpeaHeit Tep-
MOAMHAMHYECKOH TemnepaType pabouero Te/a, K KOTopoMmy Tefl-
JIOTa MOABOAMTCA MJH OT KOTOPOrOo OHA OTBOAUTCS:

S;— 8 = Ql,z/f' (8.6)

rae S;, S; — Hauanblias H KoHeuHast SHTPONHH; T — CPemsst
TEPMOAMHAMIYCCKasl TeMnepaTypa paGodyero Tena npH MOABO-
Je WIH OTBOLE TEIJIOTHI,

M3 ypapuennsa (8.6) caenyer, uro:

1) npu noasoge rennoter x Teny (Q,.>>0), pasmoctsh
SHTponHit S, — S; >0 uan S, > S;, nockoabKy cpeausis
TepMOAHHAMHuECKast TeMmmcpatypa 7 Beeria Gonplue nyas,
Cappoparennlio, SHTPONMST TeNa YBCJAHYNBaeTcH;

2) npu otsoze TemsoTHl OT Teaa (Qy,, << 0) pasuocTb 3i-
Tponuit S, — §; <O uau S, << S; (suTponist TejAa yMelb-
maercs);

3) B azguabariom npouecce (Q,, = 0) pasHocts S; — Sy ==
=0 uan S, = S,. CnenoBarenplio, B agMaGaTHoM npouecce
SHTpoNMs Tera He H3MeHsercH.

Taxoit npouecc HasbIBAaeTCS TAKKE USOIHMPONULHBIM, T, €.
NPOTEKAIOWHM NPH NOCTOSTHHOM 3HAYeHHH 3JHTPOMHH,
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B u3orepmuyeckom npouecce Ty = T, = T = const, no-
aTomy B ypaBHeHue (8.6) caeayer noactasaate T BMecto 7.

HaMeHeHue sHTpONMHHM M YJAENbHOH 3HTPONHU HAEANBHOrO
rasa B M30XOPHOM H H300apHOM Hpoleccax MoXeT GblTb NoA-
CUHTaHO nc caeayomwHuM ¢opmysaM, BHIBOAHMEIM C IOMOLIbIO
BhicLIell MaTeMaTHKH:

/1T H30XOpPHOro mpolecca

Sz'— Sl = 2,3 m;v lg (T‘Z/Tl); (8.7)
Ans u3obapHoro mnpouecca
S;—S, =23 mc_p 1g (To/TY). (8.8)

Mpumep 8.5. Halith uM3MeHeHHe SHTPOMUH HJEaNLHOrO rasa Mac-
coit 1 Kr B pe3ysbrare COBeplIeHHS UM CJAOXKHOro npouecca I-M-2, co-
CTOAIEro H3 ABYX MOC/JEAOBaTeJbHO NPOTEKAIOWIHX NPOCTHIX NPOLECCOB
(puc. 8.6): n3oxopnoro npouecca I-M,
B KOTOPOM [aBJeHHe H3MEeHSIeTCs OT
py KO py, TNpHYEM py, = p,/2, H Hu30-
Gapunoro mnpounecca M-2, B KOTOpoMm
yAeNbHHIH 06beM H3MeHSeTCd OT v, A0
Uy, NpHYEM U, = 20;.

M 2pyivs) PeweHune B usoxopuom npo-
uecce HAeaJbHOrO ras3a ero TepMoauHa-
MHYecKas TeMnepaTypa B COOTBETCTBHU
c 3akoHom Illapns ymeHbluaeTcs B
2 pasa, T.e. Ty = T\/2. Ucnoarsys

v dopmyay (8.7), nonyuum
Puc, 8.6. K npumepy 8.5 sy — S =2,3c, Ig (TY/Ty) =
= 2,3¢, Ig (1/2) = — 2,3¢, Ig 2.

B n3o6apnoM mnpouecce TepMOAHHAMHYecKas TeMIeparypa Tesa
B COOTBeTcTBHH C 3aKoHOM leii-Jlioccaka yBesHyuTCsS B 2 pasa no cpas-
HEHHI0 ¢ TeMneparypoit B Touke M, 1. e. Ty = 2Ty, TaK 4TO B KOHey-

HoMm cyere Ty = T,. IlosTomy, ucnoabaysa dopmyay (8.8), nonyuum

Sy — sy = 2,3cp 1g (Ty/ Tyy) = 2,3¢p 1g 2 = 2,3ke, 1g 2.

s 1(p,:%;)

Tak xak coraacho ¢opmyae (5.4) ¢cp = kcy, TO HaXOZHM OKOHYa-
TEJABHO, YTO H3MeHEHHe SHTPOIIMU B CJOXKHOM mpouecce [-M-2

Sy — 8§ = (s — 81) + (5, — sp) = — 2,3¢, 1g 2+42,3kc, Ig 2 =
=23 (k—1)clg2. (a)

.

YyuTbIBast paBeHCTBO KOHEYHON H HayaabHO TeMneparyp B pe3yJib-
TaTe COBEpIUEHUS rasoM cJoxHoro mpouecca I-M-2, onpefelnM H3Me-
HeHHe SHTPONHH B M30TepMuueckoM npouecce I-2, xasi KOTOPOro HC-
KOoMOe H3MeHeHHe YAeJbHOH SHTpPonuH

S3— 8 = g1,o/T = 2,3ReTy Ig (v/u))/ Ty = 2,3R, g 2. (6)
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Monsayack dopmyrnoit (7.11), noayurm Ro = (k— D o [Heit-
CTBHTEJBHO, Cp— Cp = Ry WU cplcy, — ¢ylc, = Ry/cy, uan k—1) =
= R,/Cp, M OKoHUaTeABHO Ry = (£ — 1) cy.]

[TopcraBass 310 3Haueline Ry B ypaBHeHue (6), ‘BUAMM: OHO MPHHH-
MaeT BHJ yPaBHeHHs (), YTO M CJCAOBAJNO OXKHMJAAThb, TaK KaK yjeJbHas
SHTPONHs — NapaMeTp COCTOSIHHS M M3MelieHHe ee He 3aBHUCHT OT BHAA
npouecca, a ToJAbKO OT Haya/JbHOTO H KOHCYHOTO COCTOSIHHI BellecTBa

3apauun

8.9. Bo3xyx Maccoit | kxr u3o6apHo: pacluIHpsieTcss C YBeAHUYCHHEM
temneparypsl or 15 zo 150° C. HaiiTh n3MeHenHe YyJeJbliOi SHTPONHH
B 3TOM mpouecce:

Omesem: 389 Hw/(xr-K),

8.10. INonaras, uto npu teMmneparype 0° C u pasaenuu 0,1 MIla
SHTPONHS BO3AyXa PaBHA HYJIO, BLIYHCIIHTD, YeMYy GYAeT PaBHO yBeJHye-
HHe SHTPONMHH B CJeAYIOUHX Tpoleccax: a) NPH NOABOAE TENJOTHL IO
usobape go 500° C; 6) npu moABofe TemaoThl no usoxope xo 1000° C;
B) NpPH H30TePMHYECKOM pacUIHPEeHHH C YBeJHYeHHeM oOGbeMa BO3fyXa
B 10 pa3. Macca Bo3ayxa paBHa 3 Kr.

Omeem: a) 3,23 kIx/K;
6) 3,71 xIx/K; B) 2,00 xIx/K.

§ 8.6. MameHeHHe IHTPONUHM H3OJMHPOBAHHOK
CHCTEMBI

DHTpPONU S OTAENLHO B3SITOrO TeJ1a, Kak OblI0 YKa3aHo BhILIe,
B 3aBHCHMOCTH OT TOro, NOABOAMTCS WJIM OTBOAUTCS TEIVIOTA,
MOXXET COOTBETCTBEHHO YBEJIHYHBATBLCH WM YMEHbIUATHCS JIH-
60, npH OTCYTCTBHH TerlooOMeHa, OCTaBaThbCS HEH3MEHHOH.
Ilpu coBeplieHHH KPYroBHIX NMpPOLECCOB WJH LHMKJOB OXHH Te-
Jla, yuacTBylollHe B Ipolecce, NOAYYaloT TEIJIOTY, C/lel0Ba-
TeJIbHO, SHTPONUSA MX YBEJHUHBAETCS, APyrHe ee OTAAOT H I0-
STOMY 3HTpONHSA HMX yMeHbluaercs. Kax ke uameHsercs sH-
TPONMHSI HM3OJHPOBAHHOH CHCTEMBI, SIBJSIOLIEHCS COBOKYIHO-
CTHIO HECKOJIbKHX TeJl, NMOJHOCTBIO H30/IHPOBAHHLIX OT BO3JEH-
CTBUSl BHELUIHeH cpeaw?

IMpeacraruM ce6e H30JHPOBAHHYIO CHCTEMY, COCTOSILYIO
TONBKO H3 TpeX TeJ — TelJIOOTAATYMKA, TEeIJIONPHEMHUKA H
pabouero Teja, M NPEANONOXKHM, YTO B AaHHOH CHCTEME MpOTe-
KaeT npsaMoi uHka KapHo. B aToM ciyyae Tersiora nofBoguTCs
no u3orepme K pabouemy Teny, CJeNOBaTeNbHO, SHTPONHUS Tell-
JI00TAaTYHKa yMeHbwaercs Ha |Q, |/T;. K TensonpiieMHUKY Ten-
JIOTa MOABOAHTCS TaKXKe I10 H30TepMe, MO3TOMY SHTPOMHS €ro
yBenuunBaerca Ha | Q,|/T,. Uto Kacaercsi paGouero Tena, TO
OHO, COBEpIUMB UMKJ, NPUJET B INepBOHAUaJIbHOE COCTOSIHHE,
[I03TOMY BSHTPONHS €ro ocTaercsi 6e3 H3MEeHEHH.
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Jna npamoro uukaa Kapuo ornomenusi |Q, /T, u [Q.l/T,
paBHEI Mexkay coGoit. CiiefoBaTennHo, B Lukiae KapHo, Kak U B
Jio6oM ApyroM o6paTHMOM IHKJ/e, SHTPONHS CHCTEMBI HE H3-
MeHsercs.,

Ecau ke B H30MMPOBAHHOH CHCTEME NPOTEKAOT peabHO
OCYILECTB/ISIEMEIE TENJIOBLIE NMPOLECCH, T. €. Npoleccs Heobpa-
THMBIE, TO B 3TOM cJiyyae SHTPONHS CHCTEMHI BCerha Bo3pacra-
€T. YGeAUTbCS B 3TOM MOXKHO NMyTeM CJAEAYIOIMX PacCyKAeHHH.

JlonycTHM, 4YTO MMEIOTCH JBa HCTOYHHKA TEMJIOTHl — OJWH
¢ TepMoJuMHaMHuecKoit Temneparypoit T,, a Apyroi — c Tep-
MOZMHaMHyecKol Temnepartypoil Ty, H NyCTb B 3THX TeMmmepa-
TYpHBIX I'DPaHMLAX NPOTEKAIOT ABa UMKJA, H3 KOTOPHIX OAUH
oOpaTUMbIf, a ApYroi HeoOpaTHMBIi.

Kak u3BecTHO, 0OpaTHMBIl LMK JOMKEH COCTOSATh TOAbKO
u3 obpatuMmeix npoueccoB. OAHMM H3 yciaoBiuil 0GpaTHMOCTH
AIBJISIETCSI PAaBEHCTBO TeMIeEpaTyp TEMJIOBOrO MCTOYHHKA M pa-
Gouero Tena, Koraa MexAy HHMH NPOHUCXOAHT TEINIOOOMEH. 210
3HayHT, YTO NPH NOABOAE TEIJIOTHI B nMpsMoM wuukiae Kapno
Temneparypa pabouero Tejla LOJKHA PaBHATLCH TeMmmeparype
TenaooTAaryuka T3, a MpPH OTBOAE €e — TeMIepaType Temio-
npuemuuka T,.

B peanbHbIX HeoOpaTHMBIX LHMKJAX TENJIOBLIX ABUraTteneil B
npoueccax TenaooOMeHa BCErAa CYLIECTBYeT pasHUIA MEXAY
TeMnepatrypamu TenJOoBbIX HCTOYHHKOB M pabouero Tesna. Ilpu
NnoABOJle TeIJIOTHI B HEOGpaTHMOM LMKJE TeMnepaTypa paGoye-

*T0 Tesa T% HHKe TeMneparyphl TEMI0ooTAaTIHKA T, NPH OTBOAE
ee Temneparypa pabouero Tena T% Boiue TeMneparyphl Temjo-
npuemuuka T,.

. Takum o0pa3oM, OKa3biBaercs, 4YTO OTHOLUEHHE TEMIEpaTyp

Ty Ty < TH/T,

T. €. OTHOWeHHE HauMeHbLUeHl TeMnepaTyphl K HauGosbliell B
O0paTHMOM UMKJE MeHblie, ueM B HeoOpatuMoM. A B § 8.4
OL1/10 NOKa3aHo, YTO YeM 3TO OTHOLLUEHHE MeHblue, TeEM TepMHYe-
CKHIt K. M. JA. BBILLE.
" CnenopatelbHO, TEPMHYECKHH K. I A, OGPaTHMOro LHKJA
Bbllle, YeM HeOGPaTHMOro NP1 OAUHAKOBIX 3HAYEHUIX TeMNepa-
Typ, BHELIHHX HCTOYHHKOB — TEMJIOOTAATUHKA Ty H TeMI0npueM-
mika T,

Hoaromy, €C/M 11 o6paTHMOro LHMKJA

Ny=1—|Q|/| Q| =1—T,/Tyy
TO AN HeoOpaTHMOro LHKJa
= 1—]Q/Q < 1—T,/Ty
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CrnepoBaTtesibHO, A HeoOpaTHMOr'O LH Kad
[Q51/1Q¢I>Ty/T,

[QE 1Ty > Q¢ |/Ts.

DTO 3HAYMT, YTO YMEHbIIeHHe SHTPONHMH TeIJIONPHEMHHKA

|Qe|/T, Gosblie yBeIHUEHH A SHTPONUU TEINOOTAATHHKA |Qy/T,.
‘OuTponus ke pabouero

Tella U B pesyabTare Heob- ?

paTHMOro uHKJIa oOcTaeTcs

Ge3 usmeHenus, Takum o0-

pasoM, SHTPOMUS CHCTEMBI

B HeoOpaTUMOM LMKJ/e yBe-

JIMYHBaeTcs.

Ecnn B34Th IPOU3BOIB-
HBlH  HeoOpaTHMbIH UMK
A-B-C-D (puc. 8.7) u paspe-
JIUTH €ro IUHUAMH ak, bl, cm
W Ap., PACHONOKEHHLIMA HA  p,. g7, pu-jHarpaMMa IHKJIA
GecKOHEYHO MalioM paccTosi- A-B-C-D
HHM OJHA OT JApYrod, TO -

NOJYYUM 3JIeMEHTapHLIE He-

obparuMble WMKAL ablk, beml, cdnm w ap. Jas xaxporo u3
Hux |0Q.|/Ty > [6Qy|/Ty. Hurerpupys 3TO HepaBeHCTBO,
MOJIy4HM

HIIH

Slst /Ty > S| 6Qs /Ty,
OcBoGoxasch OT 3HaKOB aGCOMIOTHOrO 3HaUeHH ST, TOMYUUM
[ (6Qu/Ty) — § (8Qu/TY) >0 wi AS™— AS™ > 0,

HJIN OKOHYATEJIbHO
ASTn > A Sro,

3nech AS™ — H3MeHeHHe SHTPOMHH TeronpHeMHHKa; AST™ —
H3MEeHeHHEe 3HTPONHH TeIoOTAAaTYHKa.

CnefioBaTeNIbHO, ecAl 8 KaKoU-AU60 U30AUPOBARHOL cucmente
npomexarom Heobpamumbie npoyeccsl, mo Hmponus 3mod Cus
cmembt 8o3pacmaent.

Mpumep 8.6. MMmeercs mpeanbHEul ra3 Maccoit 1 Kr npu teMnepary-

pe 0° C u ra3 maccoit Toxe | Kr, Ho npu Temneparype 100° C. Haiitu na«
MeHeHHe SHTPOMUH STHX ABYX ra3oB B Pe3y/abTaTe HX CMEUEeHHS NPH No-
CTOSAHHOM AaBJEHHH. YReAbHas TemnoeMKocTs rasos cp = 1 kIw/
/(kr- K). TennooGMer ¢ BHewHeit cpefoll OTCYTCTBYET.
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Pemwenuue Ecamaru aparasa cMewars f1pH NOCTOAHIOM faBJe-
HHH, TO B peayJibTare NOJNYYHM ra3 Maccoif 2 Kr C TeMnepaTypoi, NpH-
6/7H3HTENLHO paBHOIt HX CcpeaHeapH(MeTHYecKOH TeMmepaType, T. e.

50 °C.

SToT npouecc cMelueHK st Heo6paTHM (AefiCTBUTENbHO, HeJb3s CHOBA
nosnyuHTh Ge3 y4acTHs BHeIUHeH cpeAbl H3 CMeCH Maccoil 2 Kr, HMelowel
TeMNeparypy 50° C, | xr cremneparypoit 0°C, a apyroii—c TeMnepa-
Typoit 100°C). D10 3HauHT, uYTO B pe3yJbTaTe CMELICHHS SHTPONHA
CHCTeMB! JOJXHa Gbl1a yBosHuuThes. IIpoBepum aTo.

Ilpu cMelleHHH TeMNepaTypa «ropsiyero» rasa noHusuaach ot 100
zo 50° C, a «xosnogHoro» — noBucHaach ot 0 go 50°C. Takum o6pasoM,
AJ15 MepBOro rasa HavyajlbHas TepMOXMHaMHueckasl TeMIeparypa npouec-
ca 61?1311}:1< T,=(273-+100) K =373 K, a temneparypa T,=(273-50)K=
= 323 K.

Ilpu 3TOM H3MeleHHe SHTPOMHH «ropsYero» rasa COCTaBASET

(s — sy = 2,3-?plg (To/Ty) = 2,3-1.10% Ig (323/373) Ox/K =
= —2,3-1-10% Ig 1,1547 Ox/K = — 144 Ox/K.

Has sroporo raza T,=(273-+0)K=273 K u T,=(273450) K=
= 323 K. Ilpu stom H3MeHeHHe SHTDPONMHHK «XOJOLHOrO» ra3a COCTaB-
Jiser

(s, — s1)y1 = 2,3¢p lg (T/Ty) = 2,3:1.10° Ig (323/273) NIw/K =
= 2,3-1.10% Ig 1,183 Ox/K = 168 Ix/K.
Hamencuue autponun o60MX ra3os [pu CMCWEHHH
(53— s)qp -k (s, — )1 = (168—144) Ox/K = 24 Ox/K.

3apaun

8.11. Boay maccoit 2 kr npu Ttemncparype 60 °C cMelIHBAIOT € BO-
Aoit maccoit 20 xr u temneparypoit 3 °C. HaiiTh uaMcHeHHe SHTPONHK

3THX ABYX Macc BOJHL B PC3YJIbTATC HX CMCIUeHHS.
Omeem. 83 Nx/K.

8.12. Cranbhylo NOKOBKY Maccoit 2 Kr u Ttemnepatypoit 200 °C
norpy»kaiot B Bogy o6beMoM 51 u TeMmmepatypoit 5°C. Haiith ua-
Meclelde 3HTPONMH 3TOH CHCTCMBl. YJAelbHas TeMJIOCMKOCTb CTalH

687 M/ (xr- K),
( ) Omeem: 209 HOx/K.

§ 8.7. Aurponua u paborocnocoGHOCTD
M30JIMPOBAHHOM CHCTEMBI

Honyctum, uto cosepuiaercs npsmoil uxka Kapuo. PaGora
Takoro uMKaa cornacuo ypasuenuio (8.1):
l LI = M l Ql l;

rie 1, — TepMHYeCKMi K. M. A. UMKNA, paBHblil 1 — To/T;.
DUTPONHUSA CHCTEMLI TeJI, B KOTOPOi coBepluaercs unka Kap-
110, KaK H3BEeCTiO, He H3MCHMETCH.
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[MpeanunoxuMm Telephb, YTO CoBeplIaeTCsl- HeoOp aTHMKILT KK
TENJOBOro ABHTaTe]st, OTJIHYalLWMics oT uukaa KapHo TeM,
uTO TEMMeparypa pabouero Tesia npH NoABoJE TensaoTel T'| HHXKe
TeMnepatypnl Temjonpuemuuka Ty. Toraa pans HeoOpaTHMO-
ro HHMK/a TepMHUeCKOH K. MH. X.

= 1—To/Ti,
a pabora uMkKJaa
[L3]=n¢]Qul.

Tak kak T{<< Ty 10 Nf <<, nostomy [L#] << |Lo| (mpu
ONMHAKOBLIX 3HaueHHsIX Q, Ass obpaTiMoOro u HeoGpaTHMOro

L{HKJIOB).
CnenoBaTesibHO, B H30JIMPOBAHHOH CHCTeMe HeoOpaTUMOCTh

LHKJIa BAcYeT 3a coboii morepio paboTwl:

[Lol—ILY 1= 1Qu =77 Q| =]Qu|(,—mi) =
=|Qu [[(1 =T%/Ty)—(1—=T/TH)L.
OkotyateNbHO NOJMYUUM
Lol — ILE| = |QVIT, (/T — UTL. (a)

OnHoBpeMeHHO MPOMCXOAHT YBEJIHYEHHE SHTPOMUU CHCTe-
MBI T€J, B KOTOPOH NpOTeKaeT HeoOpaTHUMBLil LUK/, DTO yBeIU~
yeHue MOKeT ObITb OnpefesIeHO MO ypaBHEHHUIO

Sz - Sl = |Q1|/Tf - |Q2|/Tz- (6)

Heo6patumocTs paccMaTpHBaeMOro LMKA2 3aKJaoyaercs,
KaK 0TMeYaJIoch BhlllEe, TOJAbKO B HEOOpaTHMOCTH H30TE€PMBI, MO
KOTOpOit NMOABOAMTCSA TEnJoTa, BCAEACTBHE TOro, YTO Temnepa-
Typb! TemooraaTyuka T3 v pabouero tena T'] He paBHBI MEXAY
coboit. OTBOA ke TEeNIOTHl NPOHCXOAUT IO O6paTHMOMY H30-
TepMHYeCKOMY Mpolieccy, B KOTOPOM TeMIepaTyphl Temlo-
npHeMHHKa ¥ pabouyero Teja OAMHAKOBBI U paBHbl Ty,

CnenoBaTebHO, NPH COBEPLIEHHH JAHHOTO HEOOPaTHMOro
LIMK/a yBeJHYeHHe SHTPONHH TellonpHeMHHKa, KaK ¥ B Heob-
paTUMOM UHKJe, paBHO |Q,|/T,. Ho nas uukna Kapuo |Q,|/Ty=
=|Q,|/Ty, nostomy ans Heo6paTHMOro LHK/Ia Mocje MOACTA-
HOBKH 3TOro paBeHCTBa B ypaBHeHue (6) noayyum

S, — 81 = |Ql/Tt — |Q)/T, = |Q)(V/T, — UTy). (8)
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ConocraBnas ypasHenne (B) ¢ ypaBHeHueM (a), uMmeeM

lLol—‘l LB' |= Tz (Sz—'Sl)
HJIH

1AL, =T, AS. (8.9)

TaxuM ofpasoM, ues 60ablue YEeAULUBALMCA SHMPONUS U30-
AUPOBAHHOL cucmemot, 8 Komopol cosepwalomes Heobpamumole
yuKaet, mem 6oavuie nomepsa pabomot N0 CPABHERUI ¢ obpamu-
MM YUKAOM.

DTOT BLIBOJ sBJseTCS OOWMM AJs BceX HeoOpaTHMBIX Mpo-
I1€CCOB, NMPOTEKAIOIK X B H30JHPOBAaHHOH cHCTeMe.

§ 8.8. Ikceprus

Briwe GbI10 YCTaHOBAEHO, YTO BCE peasibHEIE NMPOLECCH He-
o6paTHMEl, NpHYeM B 3aBUCHMOCTH OT XapaKTepa H YCJOBHII
NMPOTEeKaHHs Inpoluecca HeoOpaTHMOCTb MOXKET OkITh OGosblie
unH Menblle. HM3BecTHO, UTO C yBe/qHuYEeHHEM HeOGpaTHMOCTH
YB&JIHUHBAETCA NpHpalleHie SHTPONHHU M yMeHbllaeTcs paGoTo-
€rnocoGHOoCTb cHcTeMbl. TakuM o6pa3oM, pacKpeiBaercs Heol-
XOJIUMOCTb BLIIBICHUS NPHUYHH H CMOCcOGOB yMEHbIIEHHS Mo-
Tepb paboTocrnocoGHOCTH UHMK/OB HJH, APDYTHMH CNOBaMH, MO-
BHIIEHHS CTeNeHH WX TepMOAMHAMHYECKOro COBEpLUEHCTBA.
C 370it 1eabI0 B TEXHUUECKYIO TepMOAMHAMHKY BBEJEHO MOHS-
THE 0 QH3HUECKOH BEIMYHHE 3 K C € P I' H ¥, KOTopas B Nnocjaex-
HHE rojul BCE LIMPE HCNONb3yeTcs B TeNIOTEXHHUECKHX pacue-
TaX, JIna O3HaKOMJIEHHS € 3Kcepruell BOCMONb3yeMCS TepMO-
M HaMHYecKoli cHcTeMoH, cocToseil H3 paboyero Tes1a H ABYX
HCTOYHHKOB TEIVIOTHI: TEIJIOOTAATyHKa € TeMmneparypoir T,
H TenjonpHeMHHKa, KOTOPHIM SIBJISIETCSl OKPYIKalollas cpejia ¢
Temneparypoii To. Bribop okpy:xaroleii cpeabl — OKOJ03eM-
HOH aTMmocepbl — B KauecTBe TeMJIONpHEMHMKA OOBbsCHsAeTcs
TeM, 4TO 3Ta cpefia ABASieTCA JAJISl NOAABJAIONIEro GONbLINHCTBA
HA3EMHEIX TEMJIOCH/IOBLIX YCTaHOBOK €CTECTBEHHBIM TEeMJIOBLIM
HCTOYHHKOM C HH3LIEH TeMmnepaTtypoi.

Ikcepeueti mensomet Qq, omsodumoti om men/toomaamttufca
¢ mennepamypot Ty, HA30180eMCA MA MAKCUMANLHAR NOAEZHAA
paboma, komopas mosxcem Gbimb NOAY4EHA 3a cHem 3moL menao-
mot npu ycaosuu, 4mo pa60ttee meao dogodumcs 0o cocmosHus
pasnoeecus ¢ oxpyacarowelt cpedodd, m. e. do memnepamypet Ty u
dasacrusa po.
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Orceprus ob6o3nauaercs cHMBONOM EX; exnuuuell skcepruu

ABnsercs axoyiab — JIK.
Kak u3BecTHO, A1 MNOJYYEHHST MAKCHMAJIbLHOI IONE3HOM

pa6oTLl B 3alaHHBIX TeMIepaTypPHLIX I'PAaHHLAX HYKHO, YTOGH!
B CHcTeMe npoTekan obpatHMelil uuka Kapno. CorsacHo ypag-
Henuio (8.1) mns Takoro HMKAa

Lo, x= Lyax=1Q1] n;

3pechb 1, — TepMuuecKui K.m.A. uukaa Kapuo; |Q;| — Tenno-
Ta, OTBOAMMAS OT TEMJIOQTRATYHKA.
Taxk kak ans uukaa Kapuo

'r]' = 1 — TO/TI’ TO Lmax = lQll (l -—_— TOITI)'
3Haunr,

Exo=|Qul (I=To/Ty), | @)

rie Ex, — aKkceprus oGpaTHMoro nykma.

B COOTBETCTBHH C 9THM ypaBHEHHEM 3KCeprisi HeoGpaTHMOro
IIHKJIa NIPH OJHOM M TOM XK€ 3HaueHHH MOABOAMMOIT K paGouemy
Teay TemnotHl |Qy| Bhpaxkaercs ypaBHeHHEM

Exg=|Qul (1= Tu/Ti). | ©)

3necy T — TepMoauHamMHuecKasl TeMneparypa pabGouero Tena,
npuuem T1 < T.

M3 conocraBnenns ypasrenuii (a) u (6) HeTpyaHO yOeAHThCS,
yto Exy > EXy, T. €. uTO B HeOOpaTHMBIX LMKIAX MPOUCXOAUT
‘noteps skcepruu (A Ex). B3sB 3TH 1Ba ypaBHeHHS 32 HCXOX-
Hble, myTeM npeoGpa3oBaHHM, NMONOCHHIX TeM, KOTopble Gbilis
cAenanbl AnA onpenenesus AL,, monyudM ypaBHeHHe A1 Of-
penenenus norepu sxceprun A Ex:

AEx =TGAS,, (8.10)

rae AS, — u3MeHeHHe SHTPONHH CHCTEME.

(ConocrasuB ypasHenns (8.9) u (8.10), yBumum, uto oba
STH YpaBHEHHS ORHOro BHJA, YTO M CJELO0BANO OXHJATh: BeAb
9KCeprus — 3T0 paGoTOCNOCOOHOCTS.)

YpasHenue (8.10) no3sosnsier NOACUKTATEL NOTEPIO SKCEPruu
B 3aBHCHMOCTH OT 3HaueHus Temneparypbl T¢ H NpHpalEHHs
sHutponuu AS. B npaktHyeckux ycnoBusax temneparypa T U3~
MeHaeTcs B CTONb MaJloM MHTepBaJie TeMneparyp, 4To ee MOXHO
NpHHUMaTb KaK MOCTOSIHHYIO BeanuuHy. IIpu Takom pomylie-
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HHUH TOTE€ps 3KCEPrHH 3aBHCHUT JIHUIb OT U3MEHEHHA SHTPOMHH

AS.
BrisicHHM, KaK NOACUHTLIBAETCS H3MEHelHe SHTPONHUY CHC-

TeMbl B HeoOpaTHMOM Ipolecce TenaooOMeHa MexAy ABYMs HC-
TOYHHKaMH TeIUIOoThl: TEIVIOOTAATYHMKOM ¢ TeMmneparypoit Ty u
TemJIonpHeMHHKOM ¢ Oojiee HH3KOi Temmepartypoit 7 (4to H
Jies1aeT 3TOT npouecc HeoOpaTtHMbIM). B TakoM mpouecce Temno-
Ta Q OTBOAMTCS OT TEIUIOOTAATYHKA IPU TMOCTOSHHOM Temnepa-
type T,. Takum oOGpa3oMm, 3HTPOMHS €ro YMEHBLIIHTCA H MO-
xer ObITh Omnpesie/ieHa 1o YPaBHEHHIO

ASm'o = —_— Q/Tl'

K TensonpreMHUKY 3Ta TemjoTa MOABOJMTCS NpPH MOCTOSH-
Holl TeMneparype T'{, MO3TOMY 3HTPOINUSl €ro yBeJHYHBAETCSH
U onpefeasercs [0 ypaBHEHHIO

ASn . = QITi.
B pCSYJ!bTaTE H3MCHEHHE 3HTPOMHH CHCTEMBI

AS,=AS o4 ASy n = —QIT,+Q/Ti =
=Q/T1—1/Ty) =Q T —T1)/(Ti Tyl 8.11)

Kak Beiuie OblI0 OTMEYEHO, noTepsi 3Kceprud tem Gosblue,
yeM Go/blie MpHpalleHHe 3HTPOMNHM, BhHI3BaHHOE HeoGpaTHMO-
cThio npouecca. CreneHp HeoOpaTHMOCTH MJIH, ADYTHMH CJIOBa-
MH, CTeneHb TEpMOAHAMUYECKOro COBEpLIEHCTBA Ipolecca
onpejensiercs 3 KceprerMH4eckKu M K. I A Mgx.

STOT K.IL.A. MOxKeT ObiTb BbIPAXKEH ypaBHeHHEM

Nex = LH/LOv

rie L, — daxkTtiyeckn noayuenHas paGora; L, — pabora,
KoTopast MorJia Obl GbITh nosyyeHa, eciiu Obl MpoLece npoTexasn
obpaTumo.

B npoueccax Ge3 coBepiuienusi pa6otsl (B npoueccax Temao-
oOMeHa) 3TOT KO3(pHIUHEHT MOXKHO ONpeAensiTb 10 YPaBHEHHIO

Nex = EXp x/EXpxe

3neck Ex o — akceprust Ha BXofe, onpejensieMasi no ypasHe-
1810 (a); Ex,=Q, (1—Ty/Ty). EXyyx — 3KCeprus Ha BbIXOJE.

F3-3a neoOpaTHMOCTH peanbHbIX NpoLeccoB, OGYCJOBJIEH-
HOi TeM, uro T; > Ti, 3Kceprusi HaXOAMTCS MO ypaBHEHUIO

Exuux =Q (1 — TO/TD-



Herpyano yGenutecst B TOM, UTO Mgy ABAsETCS Mepoil He-
o6patumocTy. [eiicTBuTenbHO, ecad Gvl npouecc Obl1 o6pari-
MBIM, T. e, ecqii Obl Temnepatypsl Ty T OblIH OAHHAKOBLIMH,
To Expy = EXpux U Mex paBHaAACA Obl efvHHLe.

Ha ucnonb3oBaHuH 3KcepreTHYeCKOro K.N.J. OCHOBAaH Me-
TOJ, Mojcyera notepb paGOTOCMOCOGHOCTH TEMJIOCHJIOBLIX YCTa-
HOBOK, CYTb KOTOPOrO COCTOMT B cjeaytomeM. Bee yactHbe npo-
Liecchl, IpOoTeKalouue B YCTpOit- Yennama
CTBaX, COCTaBAAILIUX TEMJIOCH= monnuba
JIOBYIO YCTaHOBKY, paccmar-

100°% [Tomepu

pPHBAIOTCA KaK C€aMOCTOATe/b- 8 xormne
Hble TepMOAMHaMHueckHe CH- ] 9%
CTeMbl, KaxJasd M3 KOTOPBIX

HMeeT «CBOH» UCTOYHHKH TemJo- fomepu
Tl (TEMVIOOTAATUHK M TemJo- 37 OE’ %
NPHEMHHK), «CBOH» 3SKCEpPTrHH npodode

XxeT ObITb HcCcjefoBaHa, T. €.
onpejejeHa noreps paborocmno- ;ermoma, om- Mexuyugecmé_eH
i R annas menno- nomepu 0 mypoute
coOHOCTH B Hed 6e3 HeoOXoAau P 1o
MOCTH npejBapHUTeNbHOrO BHl- (8 xondencg~- P

SICHEHUs TIOTEpH TeIVIOCHJIOBOH /Mope)  sef N—==D1%

Ha BXoje M Ha Beixofie. Kaxnas 5%
H3 TaKHX HacTHBIX CHCTEM Mo- < )

. * llomepu
YETaHOBKOIl B LIeJIOM H MOTepb | 6eenepamope
pa60r90noco6uocm _ Bo Bcex TeBpauenue
yCcTpoicTBaX JaHHOH CHCTEMHL. 6 onexmposnepeuro

DKcepreTHyeckHil MeTof aHaJH- .

3a paﬁo-rb[ TENJIOCHJIOBLIX yCTa- Puc. 8.8. THHH;HHI-{ ‘EeﬂJ'lOBOH 6a-
HOBOK OKAa3bIBaeTcs ﬂpomeﬂpy- JIaHC napoTypOHHHOH YCTAaHOBKH
FHX aHaJIOTHYHLBIX  METOJOB.

KpoMme Toro, oH mno3po/isieT OTHOCHTENBLHO NpPOCTO HAXOAUTH
Te YacTHbIE NPOLECCH, B KOTOPLIX OCOGEHHO BEIMKH NOTEpH pa-
GoTocrnocoBHOCTH, U [je, c/eloBaTeNIbHO, HEeOGXOAHMO B Iep-
BYIO ouepelb YJyullaTb KauecTBO Mpoiecca, T. €. CTEleHb ero
TEepMOJAMHAMHUYECKOr0 COBEpILIECHCTBA,

B pesynbraTe NpUHATBIX Mep YZAaercs MOBBICHTbL paGoTo-
CnocoGHOCTh YCTAHOBKHM 0e3 yBeJHUeHHs pacxoja TOIUIHBA
TOMBKO 3a CYET YMEHbLIEHH NoTepb paboTOCMOCOOHOCTH OT He-
o6paTiMOCTH npolecca. .

Ha puc. 8.8 npuBogutcs THNHuHLI OanaHC TEMJIOTH Iapo-
TypOUHHOIl YCTaHOBKH, paGoTalomeil Ha snektporeHeparop. ITo
3ToMy GajlaHCy TenJioBble NMOTepH B KOTJIoarperare OLEeHHBaioT-
¢4 Bcero B 9% ot Bceil nofBeseHHOMH TENIOTE, a IPU SKCepreTH-

, YeCKOM aHa/u3e 3TH NoTepH B MOAOOHEIX MapoTypOHHHLIX yCTa-
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HoBKax coctapstioT 20—30%. Croib ouyTHMas pasHHua 06b-
SICHSIETCS TEM, YTO B GalaHCe TEelIoThl YUHTEIBAIOTCS JIHIIbL KO-
JIMYECTBEHHBIE, T. €. YHCTO BHEIHHE IMoKa3aTtequ paGoTHl ycra-
HOBKH, H HE YUHTBHIBAIOTCSl BHYTPEHHHE NOTEPH TEILIOTH B Ca-
Moit yc:TaHosxe, BBI3BAaHHBIE HEBBLICOKHMM KauecTBOM NpoOTeKa-
IOIUX B Heil TMpOLECcCOB. DTH MOTEPH SKCEPrHH BHI3bIBAIOTCS
npexzue Bcero OOMbLIOH Pa3sHOCTBIO TeMIepaTyp HCTOYHUKOB
TEMJIOTH M pabouero Tena.

Takum ob6pasoM, skcepretHueckuil (KauecTBEHHHIH) MeTof
aHanu3a paboTHl TEMIOCHJIOBBIX YCTaHOBOK JaeT Gojee mpa-
BUJIbHEIE pe3yJbTaThl, 4eM GanaHCOBBIl (KOMHYECTBEHHBIH)
MeTOA.

§ 8.9. Ts-puarpamma

Bhimme 6510 yCTaHOBMEHO, UTO YACTbLHAS SHTPONMHS ABJASET-
¢s napaMerpoM coctosiHusl. OHa MoxKeT ObITh HCMOMbL30BaHa ISt
rpajuyeckoro H3o00paxkeHHS TePMOAMHAMHYECKHX MpOLECCOB
B Tak Ha3blBa€MBIX 2HTPOMMHHLIX AMarpamMmax, Io OAHOH H3
ocefl KOTOPHIX OTK/afAbIBAIOTCS 3HAYEHUS YASMbHON SHTPONUH §,

a mo Apyroit ocH Jo6oi Apyroi

Pacuriperie InapaMeTp COCTOsHKA, HaNpHMep
;m_u: 2 TepMOANHAMHYECKAs TeMIeparypa
- / T wunn ypenbHasi SHTaNbNHA A
OTH SHTPONHiiHbEIE ZHArpaMMbl HO-

!
[N / CAT HAaMMCHOBAHH - COOTBETCTBEH-

/ Ho Ts-anarpammau hs-guarpamma.

4 // YnobHa M HamIsiAHA cHCTEMaA

EA 5 KOOpAMHAT, B KOTOPOH IO OCH

~ alcuucc OTKIafbIBaeTc yAeJqbHas

SHTPOMHSA S, a [10 OCH OpPAHHAT Tep-

Puc, 89. Msorepma wma Ts-  monunammueckas temmepatypa 7.

Auarpamme ITpu 3TOM OOBIYHO 33 HyJab 3H-

TPONHH YCJOBHO NPHHHMAeTcs -ee

3HAueHHEe TIpH TeMmepatype 0°C = 273,15 K u naBneHuu

101 325 ITa. Eciu B Taxoil cHCTeMe KOOPAMHAT HAHECTH JIM-

HHH TepPMOJMHAMHYECKHX NMPOLECCcOB, TO noayuutcst T's-uar-
pamma.

Ha Ts-pnarpamme H30TePMHYECKHUIT H a/11 a6aTHbII NP OLECCH,
H3oGpaxaioTcs B Buje NpsMbiX JuHUH. M3orepma npeacrasns-
er coboit npsamyio -2, napaeNbHYIo OCH a6cuuce (puc. 8.9),
TaK KaK JUIs BCeX TOYeK TaKOH NpsMoii 3HaueHne T ONMHaKOBO.
YBesnueHHe yAebHOM SHTPOMNMH CBA3aHO C MOABOAOM TEIIOTHI
K paGouemy Teny, a B H30TEPMHUYECKOM MPOLECcce TEMIoTa MOA:
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BOAMTCA NpH pacluHpenuyn paGouero Tena. [TosTomy nsorepma
pacluMpeHHs BellecTBa M300paxkaercsl Ha Ts-auarpamMme ro-
PH30HTaILIO, HAYLICH BMPaBO, a H30TEPMA CKATHS — FOPH3OH-
Tajblo, HAYLIEH B/AEBO.

B agnaGatHoM npoliecce M3MeHEHHE YAENBLHOH SHTPONHM
paBHO HYJIO, T. €. §3 — §; = 0. DT0 3HAUUT, YTO aguabarthl Ha
Ts-qvarpamme napajJieNibHel ocl opausar (puc, 8.10). Tak kax
npu anuabaTHOM C2KaTHH TemnepaTtypa paGoyero Teja 1oBbILIA

r 2 2'
T 1
3
o = WY
I~ QV
S ) 1
X 3
S S K
S
2 5 5 §
5,25, s S
Puc. 8.10. ApnaGara Ha Puc. 8.11. B3aumnoe pacnoso-
Ts-puarpamme JKeHHe H30XOpH M H306apH

Ha Ts-guarpamme

eTcsl, a NpH paClUHPeHHH — MOHUIKAETCs!, TO mpouecc aauabar-
HOTO paciuMpeHHs: H3006paXkaeTcsl BepTHKaJbIO, WAYILEeH BHH3,
a npouecc aanabaTHOro C2KaTHs —BepPTHKabIO, HAYLIed BBEPX.

Paccmotpum Teneps, kak nsobpaxaiorcss Ha Ts-auarpamme
H30XOPHBIH M H306apHLIN NMPOLECCH HAeaIbHbIX ra3os.

HMaMmenenusa yaeabHoli 3HTPONMH B 3THX Npoueccax MOryr
OuITh onpenenentl no ¢popmyaam (8.7) u (8.8). .

JlonycTiM, uTo Haya/ibHOE COCTOSIHME ra3a B JAHHBIX NIPOLIEC
cax (c napamerpamu $, u T;) onpenensiercs Toukoit I (puc, 8.11).
3afaBasicb 3HaYEHHSIMH TeMNeparyp, NPOMEXYTOYHBIMH MeXKIY
Ti n T,, nonyunM psii NpOMEXYTOUHLIX 3HAYEHHH YAeNbHOI
sHTponHH, TakuM o6pa3oM onpeResnsioTcs TOYKH AJisi H30XOPh
1-2 u nzoGapmnt 1-2'. Kax Bugno Ha Ts-quarpamme, 130xopa pac-
nonaraercs Kpyue nzobapul. B sToM MoxHO y6eauThCs M3 ypas-
Henui (8.7) u (8.8) ans paccMarpuBaeMbix npoteccos. JlefAcTBH-
TeJIbHO, €C/IH OAMHAKOBH HayaJbHble H KOHEYHbIE TEMIEepatypht
TIPOLIECCOB, TO yAe/NbHasl SHTponus B W306apHOM mpouecce Oy-
Aer U3MEHATbCA B COMblUl CTENEeHH, YeM B HM30XOPHOM, TaK

KaK ¢, > C,.
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LlennocTs Ts-AHarpaMMbl 3aKJIIOYaeTcsl B TOM, yTo Olia AaeT
BO3MOYKHOCTb HATVIsSAHO, rpadiuecKky onpeaessaTh yAeabHoe Ko-
JIHYeCTBO TEIJIOTHI, cooluiaeMoil paboueMy Teny WJH OTHHMae-
MOH OT Hero. )

[Tyctp aunus I-2 n3obpaaeT NPOH3BOMBILIA Mpolece H3-
MeHeHH s cocToauusi paGouero Tena Ha Ts-auarpamme (puc. 8.12),
3aMeHHM Ha 9TOM pUCyHKe M. /234 paBHOBENHKO MJIOWAABIO
npsMoyroibHiKa 5634, umelomero ocHopatue 4-3, rpapuueckH
onpejessiolec 113MelicHie SHTPOnkH Ha yyactke /-2, OGo3Ha-

cm——r—

T ? T m

.,
-~
N

T |2
J . o
4 J s
Puc. 8.12. Onpenencuue Ha TS-naHa- Puc. 8,13, Haxoxnenue tep-
rpaMme KOJIIYeCTBa MOABOANMO{T H MHYEecKoro K. M. A. NMpAMOro
OTBOAHMOH TenJoTLI uukaa Ha Ts-guarpamme

YHM BLICOTY NpsIMOyrojbHHKa (oTpe3ok 6-3) uepes T — cpen-
HIOIO TepMOAMHAMHUecKylo TeMneparypy npouecca. Toraa mi,
1234 == nn. 5634 = (s, — s))T.

Hs ypasueuust (8.6) caepyer, uto (s, — 8;) T = qy,0.
Cheposatensto, na Ts-quarpaMme Ijowmaip, orpaHHyeHHas Jiu-
HHell npouecca, ee KpalHUMH OpAMHATaMH # ocblo abcuuce, on-
peaensieT KOMHYECTBO MOABEACHHOH HJIH OTBEACHHOH YAENbHOH
Temiothl. [loaTomy T's-AuarpamMmy WHOrAa Ha3bIBalOT MmenAo-
eoti Ouaepammotl,

Ecau nmuuus npouecca HAET BNpaBo, YTO YKa3bplBaeT Ha pocT
SHTPONHUH, TO Tensiota K pabouemy Teny moasoautcs. Ecau xe
JIMHMS POLEecca HAET BJEBO M SHTPONHSA yYMEHbLUAeTcsl, TO Ten-
JIOTa OTBOAUTCSI.

Ts-pnarpamMMa  1M03BOMSIET rpajuyeckH  onpeaeasTh
TepMUUECKHH K.M.J. U nonesdHyio pabory uukaa. Msobpasum B
ocsix T — s mnpsiMoit wuka I-m-2 -n-1 (puc. 8.13). Tepmu-
yecKMil K.M.A. TaKoro UMK/, KaK M3BECTHO, BBIUMC/ISETCA IO
YPaBHEHHIO

N = (|1l — lg20)/lgul,

rae |g,| — abcomoTioe 3ayenHe yANLHOI TENJIOTE!, 10ABOIH-
Moil OT Tem1ooTAaTyMKa K paGoueMy Teny H rpadHuecks onpe-
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nenseMoil mn. Im234; | q,| — aGconoTHoe 3HAueHHE YAeNbHON
TeIJIOTH, OTBOAUMMOH OT paGoyero TesJa B TEIJIONPHEMHHK H
rpabunyeckn onpegensemor mia. In234. CnenosatenbHo,

na. Im234—nn. 1n234)/nn. Im234=nn. Im2nl/nn. 1m234(a).

In. Im2nl npepcras-

JasieT coGOH YASMbHYIO Tel- U

JIOTy, TNpEBpallCHHYI0 B
yAenbHylo pabory npsamo-
ro UMKaa:

[l = gl —lg.|- W
Takum o6pasom, ydeas-

xas paboma 06020 npa-
MO20 YUKAQ Onpedensiemcs

1 — A
>
7
] - J
o
6 . 5 5

epagpudecku Ha Ts-Ouae-  p,. g4 1 s-AMarpaMma npSMOTO LUK~

pamme  Kak naouads,
02paHUMEHHAR Aurueld
yuxaa.

aa Kapno

Naobpasum Ha Ts-auarpamme npsamoii wuka Kapro. Hdony-
CTHM, YTO Haya/IbHOE COCTOSIHUE ra3a XapakTepu3yeTcst TOUKOM
1 (puc. 8.14). Hsorepmuueckoe pacumpenne npu T, = const

r

-

N

7

6 S S

Puc, 8.15. Ts-nuarpaMmma o6paTHOro
uukaa Kapho:

1-2 — agua6ata pacwHpeHus; 2-3 — H30-

TepMa pacWIHpeHHA C OTBOAOM TENnJaoTht

q; OT TemjonpHeMHHka (na. 2356); 3-4 —

anpaGara cxarua; 4-/ — u3oTepMa CxKa-

THY C NOXBOAOM TENJAOTHI ¢; K TemJooT-
AaTYHKY (na. 1456)

u306paxKaeTcsl FOpH30HTaNb-
Holi mpsMoii 1-2; apuabatHoe
pacupeHHe — BepPTHKANb-
Hoii mpsamoit 2-3 (B Touke 3
Temneparypa pasHa T',), H30-
TepMHYecKoe cxKaTHe IpH
T, = const — ropusoHTaNb-
Holt mpsamoit 3-4 u aauabar-
Hoe cxKaTHe —BepTHKaIbHOH
npsamoit 4-1, Takum o6pasom,
npsamoii uuka KapHo u300-
paxaercs Ha Ts-guarpamme
npsMoyronrbHuKoM 1234,
KonuuecTtso noapeneHHoi
K paboueMy Teny TemJOTH
rpaduuecRu u3obpaxaercs

na. 1256, KonHuecTBO OTBEAEHHOMN TeMOTH — I, 4356, Ten-
JoTa, npeBpamaemasi B pabory, — I, 1234,

Kak usBectHo, ana mukaa Kapuo m, = (Ty — T,)/T,.
ila T's-nuarpamme (puc. 8.14) 5T0 OTHOLIEHHE PABHO OTHOLICHHIO

orpe3koB 2-3 u 2-5.
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O6paruetit uuka KapHo At XonoguabHOA MauuHet H306pa-
*Kaercsl Ha Ts-auarpamme npsimoyroaphikoM /234 (puc. 8.15).
B omivuHe OT npsiMOro uyKJa stor (o6paTHbI) LUK poTeKaeT
B Hampas/eHHH, o0paTiOM XOAY YacoBOH CTPE/KH.

U3 auarpammel BUAHO, UTO TEMJOTa NOABOAHTCS K TENJO0OT-
JaTYHKY B GOJbIUEM KOMHUYECTBE, YeM OTBOAMTCS OT TeM/IonpHeM-
HuKa (nn. 1456 Gonbwe mna. 2356 wa ynhensHywo paGory I,
usobpaxaemyio nia. 1234).

XonoaubHelil KO3phUUHEHT 06paTHMOH XOMOAMIBLHON Ma-
UUIHBEL onpefensieTcsl rpaduuyeckd Kak OTHOWIEHHE oTpe3ka 4-
5 K orpesky 4-3.

§ 8.10. PerenepatuBHbIii LUKA

Tepvuu perenepauu s (BOCCTAaHOBJNEHHE) B Tenso-
TeXHHKE O3HayaceT HCIOMb30BaHHE A5 nojorpeBa pabouero Te-
Jla 4acTH TemIoTH, OoTBoAMMOl B aTMocthepy. Takum obpasom,
pereHepauus no3BoJsieT YAYUIUIHTh HCINOAb30BAHHE TEMJIOTH! B
TEMJIOCHJIOBbIX YCTAHOBKAX, a CJIeA0BaTe/NbHO, MOBLICHTL TEPMHU-

yeckHit K.1.4. uukaa. Kak

g, nanswe OyaerT pacckasa-
T \4; Pibbiiby ’ 1O, pereHepauus TemIoThl
< ' HEDeIKO HCroab3yercs B
gy~ g raso- W naporypGHHHBIX
PN W/ YCTaHOBKaX.
\:“ ~ qp T
S 5 2 % 's-qMarpamma  pere-
Y/ % @/ 1] HepaTHBHOIO LMKJIA Mo-
f/ 1223 Ka3aHa Ha puc. 8.16, 3tor
/ g, ' // LMK/, COCTOSILLUIT U3 ABYX
8

usorepM 4-1 4 2-3 u ABYX
noautpon I-2 u 3-4, npo-
Puc. 8.16. Ts-nuarpamma perenepatup- TEKAeT CJeAylOLUM o6pa-
HOrO UHKAA 3oMm. [To BepxHeit H3oTep-

me 4-1 x paGouemy Teay

Mmaccoif 1 Kr noasoauTcs

yAeabHas Tenniota |gy]. Ot Touku ! Hauuuaercs mpouecc pac-
LUMPEHH T, HO Ol HAET He no aguabare /-5, Kax oif wes 6bl B LUK-
qie KapHo, a no IIGKOTOPO# moaiiTpone [-2 ¢ OTBOAOM TEILIOTLI
perenepauust |g,|. Touka 2 pacrionaraercs ua guarpamme Je-
Bee TOUKH 5, TaK KaK BCJeACTBHE OTBOAA TEMJIOTH B MpOLECCE
1-2 ynenbuas sutponus pabouero Tena ymeHsuuaercs., [To HHxK-
Heit u3orepMe 2-3 Tensiota |g,| oTBoguTcs B Tenonpuemuuk. OT
TOYKH 3 HAUHHAETCA MPOLECC CXKATHA MO HEKOTOPOIl MOMMTPO-
ne 3-4 ¢ NOABOAOM TEMJIOTH! lgp!- TlockonbKy Bes TensioTa- g, |,
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oréupaemas B npouecce [-2, nogsoauTtcs B mpouecce 3-4, To
MO’KHO paccMaTpuBaTh JHHHIO [-2 Kak JuHHIO 3-4, nepens-
HYTYIO BNpaBo, a 33.ITPHXOBaHHbLIE HA PUCYHKe MUIOLIaAH, Ofl-
peAensiiolne OAHY H Ty e Tensoty ig,l, cunTaTh OLMHAKOBEI-
MH. A 3TO 3HAYHT, YTO €C/IH OAHY M3 3THX MJIOLWAAEH HANOXKHUTh
Ha ApPYyryio, TO OHH MOJHOCTBIO COBMAAYT M MOAYYHUTCS LMK
KapHo /-5-6-4. Cneayer oTMeTHTb, uTO Tenuiota g, | B ycTanos-
Ke He pacXolyercsl, ee Hy>KHO 3aTPaTHTb TOJALKO ORHH pas3 npH
nycKe ycTaHoBRU B Xof. C/I€A0BATeNBHO, TEPMHUYECKHi K.I.J.
paccMaTpuBaeMoro uukJ/aa [-2-3-4 MOXHO cuHMTaTh paBHLIM OT-
HoweHHIo . 1564 k nn. 4197, Kak v A1 TEPMHUECKOro K.Mm.A.
uvkaa Kaptio, coBepuiaeMoro B Tex e TeMIepaTypHHX*rpa-
HHUAX, YTO U UMKA [-2-3-4. BoT noueMy pereHepaTHBHBII LUK
HasbiBaeTcs Takxe ofoluieHHbM wikaoM Kapuo.

KonTposbHble Bonpocol

1. Kakue uMKJIL Ha3LIBAIOTCA NPAMBIMH H KaKHC O6paTihiMu ?

2. Kak mna puv-guarpamme rpadHyccKH onpegeasiercs YAcaeHaf
pabota npsMoro uukaa?

3. Ons KakuX neJeil NpHMEHAIOT o6paTiible LHKIH?

4, Yto XapakTCpH3YyeT TePMHUCCKHIl K.NI.A. MPAMOro LUHKJIa?

5. TNMoueMy TepMHYecKHit K. M. 4. MPAMOro UMKJAA He MOXKeT OblTb
paBeH cauMHHUeE?

6. Kakoe 3nauyenne umcer npamoit unka Kapuo s Tepmonuﬂamuk‘e?

7. B ueM cyuwHoOCTb BTOPOro Hayana TePpMOJAHHAMHKH?

8. Kak nokasaTb, 4To B pe3yabTate COBeplUeHHS KPYroBOro mpo<
1ecca SHTponHust paGoyero Tesna e H3IMEHHTCA?

9. Ioyemy npH coBepuleHHH KPYTOBLIX NPOILECCOB SHTPONHUSA TENO-
OTAAaTYHKa YMEHblUaeTcs, a TenJonpHeMHHKA YBeJHYHBAETEA?

10. B yeM cocTOHT OCHOBHOE CBOHCTBO T'S-AMarpammsi? .

{1. Kax nokasats, yto Ha T's-gHarpaMme H3oXxopa pacrnoJaraercs
Kpyue H306apu1?

FanaBsa 9
MPOLLECCHI KOMNPECCOPHBIX MALLIHH

§ 9.1. O6wue noustua

Kosnpeccopasu (narneratessiMit) Has3pIBalOTC MaLLH HBEAN S
CXKaTHST rasoB CO CTenelibio MOBLILIEHHS JaBneHHUsT Oo/bie
1,1*, TTo cnocoGy BoinosiHeHHST mpolecca CxKaTHA KOMNpecto-
Pbl MOXKHO Pa3JeNHTD 1ia ABE OCHOBHLIE FPYNMbL.

* KoMnpeccopHrle MaluMHBL CO CTEMCHbIO MOBLIICHHS AaBjeHHA
MeHblwe 1,1 Ha3bBalOTCA GeHmuALMOPAMU,
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KnepBofi rpynne oTHOCAT KOMIPECCOPHl OGBEMHO~
ro C)KaThs, B KOTOPLIX MOBHILIEHHE AABJEHHUS C3KATHS NpPOHC-
XOIUT 3a CYeT yMeHbIUeHHs oGbeMa paGouero NMpoOCTPaHCTBA.
K 3Toii rpynne KoMnpeccopoB OTHOCAT MOPILIHEBEIE KOMIpec-
COpHl C BO3BPATHO-NIOCTYNATENbHBIM JBHKEHHEM NOPLIHEH H
pOTaUOHHEIE KOMIIPECCOPHl € BPALAIOI(HMMHUCS MOPLIHAMH.

KoBTOopo#t rpynme OTHOCAT KOMIPECCOPE! KHHETH-
YECKOro CKaTHsi, B KOTOPHIX MPOLECC CXKaTHs NPOHCXOAUT NpH

-
)
L/

Puc. 9.1. Cxema oanocry- Puc. 9.2. Cxema onHocry-
NeHYaToro  MOPLIHEBOro NEHYaToro LeHTPoGeKHOro
KoMmupeccopa KoMnpeccopa

NPUHYAUTENBHOM JBUKEHHH rasa. KuHerHueckast sHeprus ne-
PEXOMMT NpH 9TOM B NOTEHUHAIBHYIO SHEPTHIO.

CxeMa OIHOCTY [IEHUATOr0 MOPLIHEBOr0 KOMIpeccopa rokasa-
Ha Ha puc. 9.1. Komnpeccop paGoraer caenyiomum cSpasoM.
INpu aBu:xenuH nopiuHs / BHU3 B LHJIMHAD MOCTYNAeT ras ugpes
BcaceiBaomuit kjaanan 2. Ilpu ABMKEHHM NOpIUHS BBEPX BHa-
yajie IPOMCXOAUT CKATHE rasa NnpH 3aKpHITHX KJaanaHax, a 3a-
TeM IO JOCTHKEHUH 3aJaHHOrO JaBJeHUsT — [0faya rasa uepes
HarHeTaTteNbHbI KJAanaH 3 B HarHeTaTe/bHbI TpPyOOnpoBOX.

OnHocTyneHyaThiit 1eHTpoGeKHbIH KoMnpeccop (puc. 9.2)
COCTOHT H3 HEMOABH:KHOrO Kopmyca — crtatopa I, BHyTpH KO-
TPporo Bpamaercst porop 3. I'a3 moctynaer uyepes BcachiBaio-
1M natpy6ok cratopa Ha pabouue Jonatku 2 poTopa, rie 3a
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GUeT SHepruH, 3aTpauvBaeMolt HA BpalleHHe poTOpa, YBEAHYH-
BalOTCS! CKOPOCTb M BHEWUHSIA KYHETHUYECKAsl SHEPTUs ABHXKY-
ILerocst yepes JionaTkM MOTOKA rasa. 3aTeM ras HanpabJisieTcs
B auddysop 4, pacnonoxeHHbll B Kopnyce KoMmrpeccopa, rie
NpH YMCHBIIEHHH CKOPOCTH NOBbIIACTCA ero AaBneHue. ['a3
yepe3 HanpaBjAOMWIMI KaHal § mocTynaeT B HarHeraTe/bHbI
TpyGonpoBoz.

Cxema oceBoro KoMnpeccopa nokasaia Ha puc. 9.3. Kowmmn-
peccop cocTOMT H3 portopa /, Ha KOTOPOM 3aKpenJeHbl HeCKOJb-
KO psaoB pabouux JonaTok 4. Mexny psjaMH 3THX JONaToK
NOMELUAIOTCST HEMOABHIKHEIE PSAABI JIOMAaTOK 3, YKpPemJeHHLIX B
Kopnyce — cratope 2. I'a3 mnocrynaeT uepe3 BcachlBalOLIHi
natpy6ox 5 B mepBblii psif pabouHuX JIONATOK, YKPENnaeHHbX B
poTope, rje Npu ero BpallleHHH NPOUCXOAUT YBeAHUYeHHE CKO-
pPOCTH ra3oBoro noroka. Beixoas u3 psiaa pabGouyux JIOMaTox,
ras nomnajgaer B NepBHI psi HEMOABHKHBLIX JIONATOK CTaTOpa.
ITpoxoapl Mexay STUMH JIONAaTKaMH HMEIOT Takyio ¢opMy, npH
KOTOpOii ra3 nocreneHHo 3aMefseT B HUX CBOe ABHKellle; AaB-
JIEHHE JKe ra3a COOTBeTCTBEHHO moBbimaercs. Kaxaplil aneMeHT
NPOTOYHOH YacTH KOMMpeccopa, COCTOSMI M3 ofHOro psiaa
pabouMx M OJHOro pAja HEeNOABHXKHBIX JIONMaToK, obpasyer
cTyneHo KoMmpeccopa Tak Kkak B ogHoit cTyne-
HH MOXXHO TIOIyUUTb TOJbKO HeGOMbIIOE MOBLIIEHHE JaBlIeH T,
TO B OCEBBIX KOMIIpeccopax ycTpauBalOT HECKOJbKO pAAOB pa-
OouMX M HEMOJBMKHBLIX JIONATOK, Yepe3 KOTOphle B OCEBOM Ha-
npas/ieHHH JABHXKETCS MOTOK rasa. [laBjieHde nocsiefHero npH
nepexoje U3 OXHOM CTYNEHH B APYTYIO NOBbIILIAETCS,

K porauuoHHLIM KoMmpeccopaM OTHOCATCH C/eRyiolye TH-
Nbl: OAHOBa/IbHLIE IIACTHHUATHle, OAHOBaJbHBIE C KadaloUUM-
csl pOTOpOM, JABYXBa/IbHEIE ABYX-TpPeXJIOMacTHble, CO 3Be3J0-
o0pa3sHbIMH pOTOpaMH, ABYXBa/lbHbleé H TPeXBa/lbHble BHUHTO-
Bble KOMIPECCOpHI.

B uuMaMHApHYECKOM Kopmyce — CTaTope OJHOBaJbHOro
IJIaCTHHYATOrO POTalHOHHOrO KoMnpeccopa (puc. 9.4) 3kc-
LIlEHTPHYHO pacnojioked porop I ¢ mjacTHHamMuH 2, cBOGOAHO
BCTaBJICHHbIMU B nasel poropa 3. IIpu BpaueHuH poropa nJjac-
THHBI MOJ JeHCTBHEM LEeHTPOOeKHOH CHJBLI BLIABHIAOTCSA H3
NasoB H CKOJAB3SIT MO BHYTPEeHHel NOBEPXHOCTH WUHJHHApA
U npH 5ToM 06pa3yioT BpallaolHecs KaMepsl ¢ yMeHbLIAoLHM-
cqa obbemoM. I'as xe BmyckHoro Tpy6ompoBoja mocTynaer B
LUJMHAD KOMIpeccopa U 3ano/HsSeT KaMepy MexAy IJacTHHa-
mu. I1pu BpaweHnu o6beM KaMephl yMEHbIIAeTcsl, a JaBjieHHe B
Hell yBeJIHuMBaeTcs AC TeX Mop, MOKa nepejHss IJacTHHA Ka-
Mepbl He AOCTHIHeT KPOMKH BbIMYCKHOro KaHana.
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I.lem;xo TEPMOAMHAMHYECKOT'O HCCHEAOBaHHS KOMIPECCOpoB
ﬁBJlﬂeTCH onpesejieHre paGoTsl, 3aTpaulBaeMoii Ha NOBBLILLIEHHE
ZaBJieHHs rasa M, B 4aCTHOCTH, BO3LyXa.

TepMoaH HaMHYECKHE HCCMENOBAHMS NPOILLE NPOBOAUTb NPH-
MEHHTENIbHO K nopuHeBoMy komnpeccopy. Ilpeanonaraercs,
YTO B TAKOM KOMMpeccope BCe MNpouecchl ABASIOTCS PaBHOBeEC-
HbiMH. HeoGxoauMmocTb Takoit Mieanusauuu oObsICHSIETCS TeM,
YTO TOMLKO PaBHOBECHbIE COCTOSSHHS H MPOLECCH MOryT GbiTh
MOABEPTHYTHl TEPMOAHHAMHUECKHM HCCJIENOBAHU M.

[i]

..__..._._...Ja_ {

‘ _

’ Ll e LX & s
2 : 3
2 J
Puc. 9.3. Cxema oceBoro KoMm- Puc. 9.4. CxemMa nnactHnuaToro
. npeccopa KoMIipeccopa

Hpeanpubiit nopluneBoii KOMNpeccop AOMKeH YAOBJETBO-
PATb ellie oAHOMY ycJoBHI0. CUHTaEeTCS, YTO B HEM OTCYTCTBYET
TaK Ha3bIBaeMOE 6pedHOe NpOCMPAHCINGO, T. €. NPOCTPAHCTBO,
ofpasyemoe BHYTPH LMJIMHAPE, MEX]Y €ro KpHIUKOH M ropur-
HEM B KpaiiHeM BepXHeM NoJO0XeHHH (NPH BePTHKAALHOM 110J10-
KeHUH LUJAMHEpa).

‘B peanbHO CYIECTBYIOMMX MOPLIHEBBIX KOMNPECCOPHEIX™
MalUHHaX MOpLIeHb He MOXET NOAXOIUTh K KpbIUIKe UHANHADPA
BIJIOTHYIO, NOSTOMY B KOHLIE NPOLECCa HATHETaHHS BO BPeHOM
NPOCTPAHCTBE OCTaeTCs CKaThi ras. BenencTsue atoro npa
ABHKEHHHU MOPILHS BHU3 BIYCK CBEXEH NOPUMH ra3a B UHJIHHJD
MOXeT HayaTbCs TOJNBKO IOCJIE TOro, KaKk OCTABLUHFCA BO Bpea-
HOM NpOCTpaHCTBE ra3 PaclUMPHTCS A0 JaBJEeHHS BCAaChIBaHHS.
Tpu 3ToM yacTh XOa NOPIIHS NPH BCACHIBAHHK HE HCNONb3YeT-
Cfl M MOJaua CXKaToro BO3ZyXa KOMMPECCOPOM YMeHblIaercs.
ITonATHO, YTO yeM MeHblLE BpEAHOE NPOCTPAHCTBO, TEM MeHbLIE
OCTaeTcsl B WHJAHHAPE CKATOro rasa, TeM GbicTpee npH ABHKe-
HUH TOPILHSI BHH3 AaBJ/ieHHe TOHIKAeTcs A0 AaBJieHHs BCachl-
BaHHs N TEM panbllé HaunHaercs BNYCK rasa.

116



B 37001 r;1aBe paccMaTpHBAIOTCST TEOPETHUECKHE OCHOBEL HAE-
aJILHEIX KOMIIPECCOPOB, T. €. TAKUX, B KOTOPBIX MPOTEKAIOT TOMb-
KO PaBHOBECHBIE NPOLECCHl H OTCYTCTBYET BPeAHOEe MpOoCTpaH-
CTBO.

§ 9.2, Mpouecc upeaaLHOro OAHOCTYNEHYATOrO
NOPIIHEBOro KoMapeccopa

JIo cHX mop MBI MOJMB30BaNUCh, TNIABHLIM 06pa3oM, puv-Auar-
pammoit, OfiHaKO B HEKOTOPHIX C/ydYasiX, B YaCTHOCTH, NPH HC-
C/1eI0BaHHM paboThl KOMIPeccopoB, Monb3yioTcs pV-auarpam-
MOil, TAe MO OCH OpAMHAT OTK/JAALIBAIOT 3HAYeHHS AaBJeEHHIl,
KaK M B pu-iuarpamMme, a 1o ocH abeuucc — 3HaueHHs1 06beMoB
pabouero Tena. OTOXAECTBIATL STH ABE AHArpaMMbl HeJpb3sl.
B pv-puarpamme usoGpaxarotcsi TepMOAMHaMHUUECKHE IIpOLec-
CHl, B KOTOPHIX MOTYT H3MEHSTbCS BCe TpH napamerpa p, vu T
HJIH laKe KaKoi-HHOY/Ab OMH M3 HHX, HO Macca paboyero Tes1a
B TEYEHHE BCEro Mpolecca OCTaeTcss HeH3MeHHOM.

B pV-puarpamMme kpoMe mpoueccoB CKaTHsl H pacLIMpeHHs
H300paXkaloTcsl TakxKe H JIHHHH NMPOLECCOB BIYCKA M BBHIMYCKa;
napametpsl p, v 1 T MOrYT OCTaBaTbCs IOCTOSTHHBIMH, @ Macca
pabouero Tena uaMeHsercsl (MpH BIYCKe YBEeIUYMBaeTCs, a NPH
BhIMyCKe yMeHbliaercs). CieoBaTe/IbHO, JHHHH BIYCKA H Bbl-
nycKa sIBASIOTCSA JHHUSMH He TEPMOAMHaAMHYECKHX, a MeXaHH-
YeCKHX MPOLECcCOB.

pV-puarpamma MoxeT CHHMaThesl ¢ paGoTalolero nopuiHe-
BOrO TeIJIOBOro ABUIaTeNs ¢ MOMOLIBIO ClielanbHOro npubopa,
Ha3LIBaEMOro UHOUKAmMOpOM, TIOITOMY TaKHe AHMarpaMMbl Hasbl-
BAIOTCS UHOUKAMOPHbIMU.

PaccMoTpuM npoliecc HAEaNbHOTO OXHOCTYNEHYAaTOro KOM-
npeccopa Ha pV-puarpamme. Havaso uuuE BcackBaHH S, COOT-
BETCTBYIOLIEE KPaiiHeMy JIEBOMY IOJIOXKEHHIO NMOpIuHS, H3o6pa-
JKEHO Ha 3ToH AuarpaMme Toukod O, Jexamieil Ha OCH JaBJe- -
Hus (puc. 9.5), Tak Kak o6beM BPEAHOro NPOCTPAHCTBA NPHHAT
paBHBIM HYJIIO. o

Ipu pBuxkenun nopuHs BHU3 (cM. puc. 9.1) ras BcachiBaer-
Cf B UMJHHAD MalUMHH yepe3 BCACHIBAIOLIMI KJamaH npu Mo-
CTOSIHHOM JaBJIEHHH p; Ha MPOTAXKEHHH BCEro XOAa MOpIIHS.
Ipaguuecku stor npouecc H3oGpaxeH Ha puc. 9.5 ropusoH-
Ta/bHOH NuHUed 0-1. Touka I cooTBeTCTBYET KpaiiHeMy npaBoMy
'TIOJIOZKEHHIO MOPLIHS,

B MoMeHT nepeMeHbl HanpaB/ieHHs ABHKEHHs MOPLIHSA BCa-
CHIBAIOMUIA KJanaH 3aKpblBaeTcsi M NPH JBHXKEHHH TOPLIHS
BBEpPX ra3 cxumaerca (muuusa 1-2), Koraa pas/neHue ra3a cTaHer
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PaBHEIM JaBJIENHIO p,, HAUHETCS NpOUECC HarHeTaHus (BiTal-
KHBAHHA) CXKATOro ra3a B HarHeTaTeJbHbI TpyGonpoBoa uepes
HarieraTeabHbI Kiaanau (aunus 2-3).
B MomenT BTOpOIt nepemMenbl HanpaBJEHH A JBHKEHH S [0 LW~
HS HarHeTaTeNbHbIf KJanal sakpuiBaercs, JaBjeHHe B LHAHHA-
pe nonnxkaercs (Muuua 3-0) 1 BcachIBalOWM T KJ1anaH CHOBa OT-
KpuiBaeTcsi. Ilpouecc noBbilends AaBaeHHsT MOXKET NpOTeKaTh
no aauabare, H30TepMe WM

p noJiuTpone.
5= 2(0,; 5 T,) Onpenenum  Teoperuuec-
Kyio pabory Wy, 3artpaun-
; BaeMyl0 Ha CXXaTHe rasa
I \ Maccoit m B ORHOCTYMeHua-
| TOM KoMmmpeccope. Jra pa-
! 6ota Ha HHAMKATODHOH JHU-
. 1(pi v, PHOH 1
0 ]p,, ! g arpamme H3obpaxkaercs .
¢ 1a 0123 (puc. 9.5), kotopas,
l | Kak H3BECTHO, rpadHuecKH
| ! n3zobpaxaer pabory H3Me-
NN NN HeHust AasieHHs Wy,,.
N N\
N N Takum obpasoM, Teope-
S\ N THueckasi paboTa, 3aTpauH-

BaeMast B rnpolecce nosbiuie-
HUA AaBJICHHA ra3a B OJHO-
Puc. 9.5. Uuankatopnas amarpam- A A

Ma HjaeasbloOro OAHOCTYTEeHUaToro CTyﬂquaTOM KOaneCCOpe
KOMIIpeccopa W «, paBHa no aGCoMIOTHOMY

3HayeHuio pabore H3MeHe-
HUSA AaBleHdst W ,.
C-yueroM ypaBHenus (7.24a) B cayuae aauabaTHOrO CKaTHS

‘ LR' = I Wl’zl —'_—'kLl'z. (9.1)

[pn BhiuMCAEeHHH paGoTel KoMmpeccopa YAOOHO MOJB30-
BaTbCA OTHOLIEHHEM KOHEYHOro AaB/€HHS rasa p, K HayalbHO-
My p,. ITosTomy npu apuaGarnom ckaTHH B ypaBHeHnue (9. 1) Bme-
CTO L,,, NMOACTaBHM €ro 3HauenHe U3 ypasHeuus (7.29a):

[ Ly anl = —2— py Vy [(pof py) e D141, 9.2)
k—1

B cayuae nonutponHoro cxkatus, INoAb3ysicb ypaBHEHHEM
(7.352), nonyuaem

l Ln,non |= ";—i—r 1 Vil(py/ pp)in—11n—1], 9.3)
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B cayuae n3orepMuueckoro cxkatisi, HMest B BUAY ypaBHeHHe
(7.15), monyuum

I Lx,na |= 213}71 Vl lg (pzlpl)r (9-4)

rae p; M p; — HavajabHOE U KOHeYHoe JaBjeHus rasa; V; —Ha-
ya/lbHEIH 00BEM rasa, BCackBaeMoOro B LMJIMHAD KOMMpeccopa
3a JiBa X0/la NopIuHsa (MM 3a oAUl 060POT KOJEeHYaToro Bana).

Ecan B ypasuenus (9.2) —- (9.4) nogcraButh BMecTo o6nema
o0BbeMHYI0 oAaqy KoMnpeccopa, NpeACTaBIsIOILYI0 OTHOIEHHE
o0bema rasa Ko BpeMEHH, TO MOaYy4uM opMyJibl JJisi onpeje-
neH)pm TEOPEeTHUYEeCKOH MolHOCTH KoMmmpeccopa N B BaTTax
(B1): ‘

Naz=p1 Vi l(po/p)tt =114 —1] = ; 9.5)
Naoa=p1 Villpo/p)n—1m— 1] ——; (9.6)
Nna = 2’3 %! Vl lg (Pz/lh) (97)

3neck V, — obbeMHasi nojaya OAHOCTYNEHYaTOro KoMmpec-
copa, onpejensieMass no gopmyJe
V, = Vyzn, 9.8)

rae V; — obbeM rasa, nocTynaiouiero B oAHy paGouyio nonocTs
KOMINpeccopa 3a OAMH XON BCachlBaHHs; 2 — YHUCJIO pabGouux
NoJIoCTell KOMNpeccopa; 7 — 4acToTa BpalleHHs KOJME€HYaToro
Bajla KoMmpeccopa.

B cnyuae nonutponHoro Ui anuaGaTHOrO CxKaTHS TeMmepa-
Typa CKHMaeMoro rasa nosbiwiaercst. [Ipu stom Loneunoe 3iia-
yeHue ee T, A UAealbHOrO rasa MoOXeT ObITh HaiifieHO IO
HH2Kec/eAyolHuM opMyaam:

IIPH MOJUTPOIHOM CXKaTHH

Ty =Ty (py/p)tn—1)0 =T Mn—=1)/n; (a)
l'lpH aﬂHa6aTHOM C2KAaTHH
Ty =T, (po/ py)ts— 1k =T ME—1)/%, )

M3 stux ypaBHenuii BUAHO, uTO yeM Gonblue TeMmepaTypa
T, a TakxKe CTeneHb MOBbILEHU S JaBJeHHsT A = p,/p; U moKa-
3aTellb NOJMTPONLI A, TeM Bblllle KoHeyHast Temmeparypa T,.
[Tpu nocrosHHbIX 3HaueHHsX Hayanpliof Temmepatypsl Ty H
nokasaresifl MOJHTPONLI 1 KOHeuHas Temmepatypa T, ompene-
JISIETCS1 B OCHOBHOM CTEMNEHbIO MOBLILIEHHs RaBieHHs A. IIpn
BHICOKHX 3HaueHHAX KOHEYHOH TemmepaTyphl rasa T, BO3HH-

£19



KaeT OnacliocTh CaMOBOCMJIaMEHeHHS CMa3OYHOro Macsa, BBO-
JUMOrO B LMJHHAP, YTO MOMKET NPHBECTH K HapYLICHHIO HOp-
ManbHOH paboTel Komnpeccopa. IloaTomy Temneparypa rasa B
KOMHIe CXKaTHA Ao/kHa OblTh HHKE TeMnepaTypbl caMOBOCHJIA-
MCHeHH s CMa30yHoro Macsa. 3HaueHHeM KOHEYHOl TeMmepary-
pul ckatia T, U OrpaHHuMBaeTCs CTeNEHb MOBLILIEHHA AaBJie-
HHA B OAHOCTYNEHYaTOM KoMmpeccope.

Mpumep 9.1. HaiitTh MaKCHMallbHO XQNYCTHMOE NaBJICHHE CXKATHT
B MJCaJLIOM OAHOCTYNCHYATOM BO3AYIUHOM KOMIpeccope p,, €CJIH TeM-
nepatypa caMOBOCNJaMeHeHHs CMa3oyHoro Macaa fy = 270°C,
TeMnepatypa Hapy)KHOro Bo3fyXa, NOCTYNaouero B KoMnpeccop, fp =
== 27°C (navanbHoe JaB/leHue Bo3ayxa p; = 0,1 MIIa), cxartne npo-
HCXOAHNT TIO apnabate (k = 1,4).

Pewenne MakcnManabHO ZONYCTHMYIO TeMIepaTypy Bo3ayxa B
KOHLe CXaTHsl MPHHHMaeM paBHOIl TeMmepaType CaMOBOCMJIaMeHEHHS
macna: T, = (by 4 273) K =(270 +-273) K = 543 K. Temneparypy
BO3/lyXa B HauaJle C:KaTHfl MPUMeM PaBHOf TeMNepaType Hapy:KHOIO BO3-
ayxa Ty = 300 K, a paBnenne p; = 0,1 MIla. MakcumanabHO Jonycri-
Moe KOHeuHOe JlaBJieHHe BO3qyXa

Py =py (T oy =1 =0, 1.108 (543/300)! 4/ (14 = 1) MITa =
=0,798 Mlla.

H3 storo npumepa caenyer, uTo A1 GeCKOMIPECCOPHHIX XH3eseit,
TpeGYIOlHX NPHMeHEeHHA NYCKOBOro BO3AyXa JaBJeHHeM NOpPAAKa
3 MIla, oaHocTyneHuaThili NyCKOBOM KOMNpeccCOp HeNnpHroOjeH.

Ipumep 9.2, O6vemnas mnojaya MJAeaJbHOrO OXHOCTYMEHYAaTOro
BO3AYIIHOrO KoMnpeccopa cocrasasier 0,2 M¥/c npu TeMnepaType Bcachl-
Banus 27° C u gaernenun 0,1 MITa. Jasaenne cxxaroro sosayxa 0,8 MITa.
HaiitTh Temnepatypy Bo3zyXa H 06beMHYlo mojauy Komnpeccopa (mo
KOHEUHBIM MapaMeTpaM BO3RyXa) B KOHIle C:KATHA U MOIMIHOCTb, 3aTPayH-
BaeMyio Ha ToJyuyeHHe CKaToro Bo3ayXa, B TPeX BapHAaHTaX: NpH CKa-
THH NO H30TepMe, mo ajavabare (k= 1,4), u no noaurpone (n = 1,2).

Pewenne. Ilepsaii eapuanm — H30TEPMHYECKOE CiKaTHe

Ty = Ty = (27 4 273) K = 300 K.
OGbeMHast NOZaya N0 KOHEYHHIM TapaMeTpam
Vi,s = Vi (p/p,) = 0,2 (0,1:10%/0,8.10%) m3%/c = 0,025 m3/c,

MomHocTb NpH H30TEPMHYECKOM: €XKATHR ONpefensieTcs N0 ypapHe-
Huo (9.7):

Nas = 2,3 pVi lg (po/py) = 2,3-0,1-105-0,2 Ig 8 Bt = 41 500
Br="215xBr " | © P2 £

Bmopod eapuanm — apnabathoe cxkatne (g = 1,4),
Koneunas temneparypa Bo3gyxa

Ty =Ty (py/py) #— 1% =300.8(1 4 =114 g 544 K,
O5'b€MHaﬂ nogaida no KOHEYHHIM napamMerpam
Vi, s=Vi(p1/p,) /% =0,2 (1/8)1 714 M3/c=0,045 w3/c.
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MomuocTs npu agnabaTHOM CXKaTHH onpefesiercs MO YPaBHEHHIO

(9.5)
Nag=p1 Vi [(p./p ) 5= D% 1] 1R/ (k—1)] =

=0,1-100.0,2 (84 —=11/14 _1)[1,4/(1,4—1)] Br =56 700 Br=
==56,7 xBr.

Tpemud sapuanm — nonutponHoe cxatue (n = 1,2).
Koneunas Temnepatypa posayxa

Ty=T, (ps/py) "~ 1)/"=300.8}2— 1)/ 1.2 K - 368 K,
O6bemHan noxaya no KOHEYHLIM NnapaMeTpam
Via=Vi(pi/p:)171"=0,2 (1/8)!/1+2 M3/c =0,033 m?/c,

MowHocTs NpH NOHTPONHOM CXKATHH ONPCACASETCS IO ypaBHe-
nuo (9.6):
Nuon=py Vi l(pa/p)'* =1V —1][n/(n —1)] =

=0,1.10%.0,2(8¢}+2—1)/ 1.2 _1y[1,9/(1,2—1)] Br=49 800 Br=49,8 kBr.

3apaun

9.1. Komnpeccop, umerownii nogayy 100 m%/u, nogaet oxnaxaeH-
HEIA 0 Haya/lbHOH TemnepaTypsl cxkaThlii BO3ayX pasaenunem 0,5 MIla.
HapyxHoe naBaeuue 0,1 MIla npu Temneparype 27 °C. Haiitu noapozu-
MYI0 TEOPETHYECKYI0 MOULHOCTb NpH: a) H30TEePMHUYECKOM CXKaTHH; 6)
noJHTpONnHOM cxxatHd (n = 1,25); B) agnaGaTHOM cxkaThHu (k = 1,4),

Omeem: a) 21,9 xBr; 6) 25,9 xBr;
B) 27,9 xBr.

9.2. Komnpeccop BcackiBaer Bo3gyx o6bemoM 500 M3/y, papaenueM
0,1 MITa n temneparypoii 17° C. B xoMnpeccope Bo3fyX H3oTepMHuec-
KH cxknMaercst no pasiaedus 0,9 MIla. Onpepenutb oGbeM UMAMHAPA
KOMIpeccopa ¥ TEOPETHYECKYI0 MOXBOAHMYIO K leMy MOUIHOCTb, €CJH
4acToTa BpaweHHs Bajga komnpeccopa 100 mun —1,

Omeem: Vy, = 83,3a; Nr = 29,9 kBr.

9.3. Bosaywnblit KOMnpeccop BcachiBaeT BO3fyX o6bemom 500 m3/y,
nasiennem 0,1 MIla npu temneparype 17°C. IMocTynusiunii B uuIHHAD
BO3AyX aanabaTHO cxuMmacTesa Ao AasacHua 0,9 MIla. Haiitn xoHeu-
HY10 TeMneparypy cxaTusd, o6beM HHAHHAPA H NOLBOAMMYIO TEOpeTH-
YeCKylo MOWIHOCTb, €CJAH 4YacToTa BpalleHHs BaJa KoMnpeccopd

100 mun =1, .
Omeem: T, = 543 K; Vp = 83,3 u;
N = 41,6 xBr,
) 9.4, Komnpeccop nogaer Bo3nyx Maccoii 500 Kr/4, oXsaxjmeH-
NHH 0 HavadbHOit TeMneparypnl M cxaTthii go 0,8 MIla. dasnenue
B UHJAHHADe KoMApeccopa B Havane cxatus 93 x[la npu temneparype
27° C. CxatHe NpOHCXOAMT no moaurtpone ¢ n = 1,3. B pesyabrare
YAyUIleHHST OXJaXKACHHA CTEHOK UMJAHHApAa KOMIpeccopa noKasartelb
NOJHTPONLL €KaTHS NOHH3KICA A0 1,2, HaliTH 3KOHOMHIO B NOABOAUMOIL
MOULHOCTH, MNOJYYEHHYIO B pe3y/abTaTe YJAYULIEHHS OXJaxJelHd CTe-
HOK LHJIHHADA.
Omeem: 5KOHOMHsI COCTABHNA
3,46 kBT, uau 10,5%.
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9.5. Komnpeccop scacuBaer 250 M%'4 Bosgyxa pasaerucm 90 klla
npu temneparype 25°C u cxxumaer ero fo 0,8 MIla. Kakos gosxken 6u1Tb
o6beMHBIl pacXoj BOAb!, MponyckaeMoii yepes pyGallKy KoMIpeccopa
3a | 4, ecIy cxKaTHe NMPOHCXOAHT NO MOJHUTPONE C nokKasaTeleM n =
= 1,2, a TeMmeparypa BOAbl B py0allKe KOMNpeccopa nosuiiiaercs Ha

15 K.
Omeem: 370 a/y.

§ 9.3. Ilpouecc UaeaNbLHOro MHOrOCTYNEHYATOrO
NnopLUIHEBOrO KoMMnpeccope

B naeanbHOM OJHOCTYNEHYaTOM KoMMpeccope cTeneHb Mo-
BBLILIEHA S JaBJeHHs ra3a A (B yaCTHOCTH, BO31yXa) He AOMKHa
npeBhIaTh 8, a npakTHyeckH 4—6, Tak Kak npu Gonee BLICOKOI
CTeNeHd TMOBbILEHHS AaBiedust Temnepatypa T, cTaHOBHUTCS
HeJonyCTHMO BbicOKOi. [TosToMy B Tex cayuasix, Koraa Hy»KHO
nony4yuTh ras pasnenvem Oospiie 0,4 MIla nmpn navanbtiom
nJasnenuu 0,1 MIla, npuMeHsIOT MHOroCTyneHdJaTble KOMIpec-
COpLI, B KOTOPLIX INpOLECC CKaTHS NpoTeKaeT MocJ/efoBaTelb-
HO B HECKOJNIBKMX cTyneHsX. I'a3s, cxkaTblif B nepBoH cTyneHu
KOMIpeccopa, NMpONYCKAaloT yepe3 NpOoMEexYTOUHbIH XOJ04H/b-
HHUK, TJe TeMnepaTypa ero noHHXaeTcs NpH NOCTOSTHHOM JlaBJie-
HUY npHOaU3UTeNIbHO JO Temneparypel T, nmpH BCTYIVIEHHH B
nepByio cTynedb. OxJaxJeHHbIH TakMM crnocoOoM ras noasep-
raioT jalbHeHIIeMY CxKaTHIO B CJeAylolled cTyneHH KoMmmpec-
copa, NocJe, 4ero OH MoxeT OBbITb OXJIaX<AeH CHOBAa M T.X.

Jnsa npakTHYecKHX uesefi JOCTaTOYHO HMMeTb ABYX- HJH
TPEXCTYNEHYaTLil KoMmpeccop.

JIByxcTyneHuaTeifi NOpIUHEBOH BO3AYLIHLIH KoMmmpeccop,
CXeMaTHYeCKH H3o6paxKeHublit Ha puc. 9.6, cocTOMT H3 JABYX
UHAMHAPOB I ¥ 2 ¢ nopwHAMH 3 U 4, NOJNYYaIOMMHE JBHXKEHHE
OT KOJIEHYaTOro Baja uepe3 IATYHbl & H 6, ¥ NPOMEXKYTOYHOr0O
XOJIONMJbHMKA 7 AJs1 BO3AyXa.

Ilpu aBHxenyu nopiiHsa 3 BHH3 aTMocdepHblil BO3AYX NMpH
Jasiexuu p; = 0,1 MIla noctynaer yepes BcachlBaloWUH Kaas
naH 9 B UMJAMHAD HH3KQro AapieHus (u.H.4.) 1. [Tpu ABuxke-
HHUY TMOPLIHS BBEPX BO3AYX B IL.H.A. C:KHMaeTcs A0 JAaBJeHHs
P2 C MOBLILIEHHEM ero TeMneparypbl. CxKaThlil BO3yX yepe3 Ha-
rHeTaTeJbHbIA Kaanad /0 mocTynaer B XOJOAU/IbHHK 7 CO 3Me-
€BHKOM 8, uyepe3 KOTOpLIH HAacOCOM NPOKAuMBaeTcs OXJIaXKaalo-
was Boja. B xomoauabHiKe TeMneparypa Bo3/JyXa IOHHKaeTcst
NpHMEpHO N0 TeMnepaTypsl Hayanad cxkatis B WLH.A. Ilpu aBu-
JKEHHH TOPIUHS 4 BHU3 OXJax/AEHHLIH B XOJOAU/IbHHKE BO3AYX
yepes BOYcKHOH KiamaH Il mocTynaer B LUMJAMHAD BBICOKOTO
Jasjienust (. B. A.), rje NpH ABUKEHHH NOpIUHS 4 BBEPX CKH-
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MaeTcs JI0 JaBJEeHUS p g, MOC/E Yero BHITECHARTCS H3 MUIHHAPA
yepe3 HarHeTaTeJbHHIl KjanaH /2 B HarHeTaTesbHBIA TPyOO-
NpOBOA.

B TpexcTyneHuaToM KOMmpeccope ras CxHMaeTcst nocJeno-
BaTeJbHO B TpeX LMJHHIApAx: cHavaaa B II.H.A., 3aTeM B LH-
JHHIpe cpeanero Aasaennus (. €. A.) 4, HaKOHel, B Il.B.A. B npo-
MEXKYTOYHBIX XOJMOAMJIbHHKAX, YCTAHABIHBAEMBIX MEeXAY IL.H. 1.
M L.C.A., a TaKxke MexAy W.C.A. M I.B.X., ra3 oxJaxaaercd
npHMepHO J0 nepBoHavyanbHOH TeMIepaTyphl, T. €. A0 TeMnepa-
TYPBl Hayazla CcKaTHs B ILH.A.

»
8 } A
7 g
9§ 1 ‘ 12
1 -
[ 3
| 2
1 J 0
§ A i
h o‘\l v
Puc. 9.6. CxeMa aByxcTyneH- Puc. 9.7, Muaukarophas pau-
YaToOro KoMmmpeccopa arpamMMa HJeaabHOro  ABYX-

CTyNeHYaToro  KoMmpeccapa

HUnpukaropnas auarpamma uJeajibHOro JABYXCTYIEHUaTOro
Kommpeccopa M3o6paxeHa Ha puc. 9.7. 3zecb O-1 — nuHuA
BCcacblBaliMfl rasa B I.H.A., @ TOUKA | COOTBETCTBYET HHXKHEMY
nonoxenuio nopwus 8. Ilpy sToM nonoxeHUH NMOPLIHSA AaBJe-
HHe rasa p;, aTtemneparypa T,. [Ipouecc cxkaTus rasa B 1L H.A.
u3obpaxaercs NHHHelR [-2, KoTopas B ofuieM ciyyae gBasercs
noauTponoi. B Kouue cxkaTHA JaBjleHHe rasa p, H TeMnepary-
pa T,. Jluunsa 2-3, napannenbHas ocu 06beMOB,— MpoLeCC Har-
HeTaHHs rasa H3 I.H.I. B XOJOAHNbHHK (MpH XOCTaTOYHO 6OJb-
IWMX pa3Mepax XOMOAHJbHHKA YKas3aHHbIA npouecc B JeHCTBH-
TE/IbHOCTH MPOUCXOAUT NpPH MOYTH MOCTOSHHOM AABJIEHHH).

I'a3, oxJaxKJAeHHbIH B XOMOAH/bHHKE 10 TemnepaTyphl T 3=
= T,, NP1 TOM K€ JaBJEHHH p, MOCTynaer B ILB.A. (AHHHA
3-4). Touka 4 LO/KHA JlexKaTh JeBee TOUKH 2, TaK KaK 00beM
rasa npu H300apHOM OXJa)JeHHH yMeHbluaercs. B Touke 4,
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COOTBETCTBYIOLIEH HHXKHEMY MOJOMEHHIO MOPLIHS W.B.A., ra3
HMeeT JlaBjeHue p, H TeMneparypy T3 = Ty. Ilonmutpona 4-5—
TpoLecc CKaTHs B I.B.A., MPHYEM B TOYKe 5 ras UMeeT jAabJe-
HMe pg U Temneparypy T,, JIMHUA 5-6 — mpolecc HarHeTaHUs
rasa u3 I.B.J. B HarHETaTe/bHbIA TPyGONpOBOX.

HeoGxoauMoe uucsio cTynmeHell KoMnpeccopa ycTaHaBJIHBa-
10T B 3aBHCHMOCTH OT JOMYCTHMOii TeMmepaTyphl ra3a B KOHIE
C2KaTHS B KaXIOH CTymeHH: OHa JO/KHa GHITb HHKe TeMmmepa-
Typel CaMOBOCIJIAMEHEHHSI Mac/a, KOTOPBIM CMa3bBalOTCS
"CTEHKH NUJAMHAPOB Kommpeccopa. [Ipw 3ToM mnonaraior, 4Tto
TeMmepaTypsl ra3a B Hayajle H B KOHIE C2KaTHs BO BCeX LUMJHHA-
pax oIMHAKOBHl (Hampumep, ANS ABYXCTYNEHYaToOro Kommpec-
copa Ty=T; u Ty,=T,). PaBeHcTBa 3THX TeMnepatyp obec-
NeyHBalOT M OAUHAKOBHIE CTEMEHH MOBLILIEHHS JaBjeHHI B
Kaxaoii cryneHu. [efictBuTeNbHO, NpH agnabaTHOM CXKATHH

pa/py = (Tl Ty)kl k=1, (a)
palpy = (To/T )4 =), (6)

Taxk Kak npasble yacTd paBeHCTB (a) U (6) paBHBI MeXAY CO-
6oi1, TO paBHHI H JIeBbIE:

Pa/p1 = ps/ps. (8)

O0603HauYHM CTeleHH MOBHIEHHS JaBJeHHS B OTJEJbHBLIX
CTYNeHsIX KoMmpeccopa yepe3 A:

A= po/pr = pa/pe = Cu[P- (r)
INepeMHOXKHB NMOYIEHHO 3TH JABA yPaBHEHHS, NMOJYUYHM
A = (pa/p1) (ps/p2) (n)
HIn
A = pslp;. (e)

[TosToMy 451 ABYXCTYMEHYaTOro KOMIpeccopa CTeneHb mo-
BHILIGHHS JABJEHHS JJIsS ORHOM CTyNeHH

A=V (ps/Py), (9.9)

a ANf TPEeXCTyMeHYyaToro KoMmpeccopa

A=V 5, (9.10

rie p, — KOHeuHoe JiaBJieHHe CXKaTHSI B TPeTbeld CTYMEHH.
Beiesem dopMyaibl Anst onpeneneHus paGoThl H MOLIHOCTH
HJIeabHOT0 MHOrOCTYNEHYaTOro KOMIIpeccopa
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Jans apyxXcTyneHuaToro xommnpeccopa pabora, saTpaunupaé-
Mas Ha paboTy aanaGaTHOro CKaTHS rasa B NepBOi CTYNeHu:

k

[Ly]=py Vi ME=DIE—1) ——; 9.11)
BO BTOPOH CTyMNeHH
| Lo =p Vo M=k —1) £, 9.12)

HO p3Vy = mRoTy, a p,Vy = mR,T,.

Ecan npunaTte, uTo TeMnepaTrypa B Hayasle CKaTHS B 1. H.A.
paBHa Temneparype B Hauajle CKaThs B I.B.A., T. €, Ty == T',, TO
npasble yacTd ypasHenui (9.11) u (9.12)
paBHBEI MexAy coboii, a cjeloBaTeNbHO,
paBHBI MexAy cob6oii u pabotel |L;| u
|L,]. OuesugHo, uro paGora ABYXCTY-
NEHYaToro KoMipeccopa paBHa CyMmMe
pabor, sarpauMBaeMbIX B MepBOil H
BTOPOH CTYNeHAX:

|L|=lL1|+|Lz|=2|L1|-

TakuM e nyTeM MOMXKHO YCTaHO-
BUTb, YTO JJIS1 TPEXCTYNEHYaTOro KOM-

npeccopa v
= = Puc. 9.8, Buurpuut 8
ILI=1Lyl+ 1Ly |+ La] =3 Ly, pa6oTe mpH MHOroCTy-

rae | Ly], |Lol u |L ;]—aGcomoTHee 3Ha- NEeHYaTOM CKATHH

yeHH s paboT, 3aTpayHBaeMbIX Ha C2KaTHe

rasa COOTBETCTBEHHO B NepBOH, BTOPOH U TpeThell CTYMeHsX.
HuannapoBass MOUIHOCT MHOTOCTYNEHYATOro KOMIpeccopa

Moxer ObITh HalifieHa no ypasHenuam (9.5), (9.6) uau (9.7).
Jlasa AByXcTyneH4yaToro Kommpeccopa

N = Nl + N2= 2N1,
'a AVl TPEXCTYNEHYaToro
N=3 Nl’

BrirogHocTs nNpHUMeHeHHST MHOTOCTYINEHYaThIX KOMIpecco-
POB 3aKJI0YaeTcs TaK:Ke ¥ B TOM, YTO NPH OAHHAKOBHIX Hayalb-
HOM H KOHEYHOM JAABJIEHHSAX CKHMAEMOro rasa ¥ OJUHaKOBBHIX
ero o6beMHbLIX nofiauaXx MOUHOCTb, HeoOxoaumast ANl C:KaTHA
rasa B TaKuX KoMmrpeccopax, MeHblIe, YeM B OAHOCTYIEHYaTOM
KoMnpeccope, YTo BHAHO H3 puc. 9.8, 3awmTpuxoBaHHas IJo-
11aAb 3TOf AMarpaMMbl NpeAcTaBJser co6oil BHHTPLIL B pabore
NpH MHOrOCTYIIEHYAaTOM CXKATHH.
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Mpumep 9.3. B uueanbhoM ABYXCTYneHYaToOM KOMIpeccope BO3AYX
cxxuMmaercs ao 2 MIla. Haifitu TeMnepaTypy B KOHLE CXaTHS H KOHey-
HOe jlaBJeHue B MepBoii cTyneHH (U. H. J.), €CAH TeMnepaTypa Hapyx-
Horo Bo3nyxa ¢ *= 15°C u nassenue ero p; == 0,1\MIla. Cxartue Bo3ny-
Xa NPOMCXOAHT MO MoJHTpoOne ¢ noxasareaem n=1,2.

Pewenue Haligem Kolcunoe paBieHHe p, B MepBOil CTYMCHH.
Ilns 3Toro cHaya/la BLIYHCJHM CTeNCHb MOBLIWECHHA JaBJCHHSA B ORHOI
CTYNeHH:

A=V pslpy=V/2]0,1=4,47.

Moatomy p, == Ap, = 4,47:0,1 MIla = 0,45 MITa.
Haxoaum temneparypy T, B KOHIE CKaTHSl NMEPBOM CTYNeHH KOM-
npeccopa:

T2/Tl =(p2/p1)(ll-—] )/n,___;\(n-—-l)/n __:4,47(1 2=1)/1,2 1,527;
Ty=1,527T; =1,5627.288K =~ 440K nau £, =(440—273)°C=:167°C.

Npumep 9.4. OGbeMuas mojaya HMJAealbHOrO TPEXCTYNEHYAaTOro
KoMmnpeccopa coctasasier 0,03 m%/c (npu BcaceiBanum), £, = 27°C u p; =
= (0,1 MIla. Cxatue npoussogutcs ao 6,4 MIla no nosutpone c noka-
3ateneM n = 1,2. HaiiTH TeopeTHuecKyl0o MOLIHOCTb XKOMIpeccopa.

Pewenue. HaiizeM creneHb NOBLILICHHS AaBJAEHHS JJAST OLHOH
CTyNeHH KoMnpeccopa:

3 3 3
A=py/pr="V (pilp;)="V6,4-105/(0,1-10°) = /64 =4.

MowHocTb oaHOI CTyneHH KoMnpeccopa NPpH MOJHTPONHOM CXKATHH
onpenenseM no ypasHenuio (9.6):

_ n
Nooa=nVi [(Pz/Pl)(n l)/n-'ll =

n—1
(1.2—1)/1,2 1,2
=0,1.108.0,03[4'"" C—1] 1—2—I—BT=4680 Br=4,68 xBr.
MoLHOCTb TPEXCTYNEHYATOrO KOMIIPeccopa NpH MOJHTPONHOM CXKa-
THH paBHa
Npon = 3 Npg, == 3-4,33 kBt = 13 kBr.
3apayn

9.6. IOns nonyvyenus Bo3gyxa aasaenuem 3,6 MIla npumensercs
ABYXCTyneH4aThlii KOMNpeccop C NPOMeXYTOYHLIM OXJaxKjeHHeM BO3-
AYyXa B XOJOAHJbHHKe 0 HayaabHOH TeMnepatypsl. HaliTh Teopetnyecs
KYylo NOABOAHMYIO MOIHOCTb, €CJIH B HayaJle CXKaTHA RaBJicHHe BO3AyXa
0,1 MITa, a noxasaTe/b MONKUTPONLI CXKATHSA AN 06eHX cTyneHelk n =1,3.

Omegem: 217 kB,

9.7, MaccoBas nopaya Bo3ayXa, CKHMaeMOro B TPeXCTYNeHYaToM
KoMnpeccope, coctasaser 250 kr/y npu gapaedun 8 MITa. Haiith Teope-
THYeCKY10 NMOABOAHMYIO MOWHOCTbL, HEOGXOAUMYIO A/l oGecneyeHHs Ta-
KOi nopaun Bozayxa. CxaTHe cuuTaTh aguaGaTHbiM. [laBieHHe Bcachl-
BaeMmoro Bo3fyxa 95 k[la, a ero Temneparypa 17° C,

Omeem: 31,8 xBt.
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TpeXcTyneHuaTelii KOMNpPeccOp BCAaCHIBaeT BO3AYX 06beMOM
60 M%/u, naBaeunem 80 kIla npu TeMnepatype 27° C ¥ C)KMMaeT ero agu-
a6aTHo a0 10 MITa. HaijTn o6beMHY10 nojauyy KoMmpeccopa 1o CxaToMy
BO3AYXY U TCOPCTHYECKYIO MOWHOCTL KOMnpeccopa No.
Omeem: V = 0,8 M3/u; Ny =
= 8,1 kBr.

9.9. INpu nycke B Xox nxu3ens Obla H3pacXojOBaH BeChb 3amnac
cxartoro Bo3gyxa. Jlist BOCMOJNHEN WSl H3PACXOJOBAaHHOIO BO3fyXa Obla
nymweH B XOX ABYXCTYNmeHyaThlfi KoMnpeccop MowHocTbio 2,9 kBr.
OnpeneninTb BpeMs, Heo6XOAHMOe I/ 3TOro, €CJH BMECTHMOCTb Nyc-
KoBOro 6a/n/oHa, H3 KoToporo 3aGupaJcs Bo3qyX AJAs NycKa, COCTaBasieT
100 a1; naBaeHue Bo3ayxa B GanyioHe npu Temneparype 27°C mnepep
HayajioM 3anonHenus 0,1 MIla, a B xoHue 3anonnenus 4,3 MIla. Ilpu
nojcyeTe NPHHATH, 4YTO JaBJeHHe B IL.H.A. KOMIpeccopa B Hayate
cxkarua 90 xlla. Temnepatypa Bo3ayxa B Hauale CkKaTHSI B OGEHX
crynenax 27° C. Pa6ora B HuX pasjesneHa moposHy, CxkaTHe npouc-

XOJHT MO NOJHTPONeE C noxkasareaeM n = 1,
Omesem: 11,8 mun,

KoHTpoabHble Bonpoch

1. Kakne ponyweHHs fenaloTcs NPH H3YYEeHHH HAEalbHOTO KOMI-

peccopa, OTJHYaIOUHE €r0 OT peasiibHOro?
2. Ilouemy B pealbHOM NOPWHEBOM KOMNpeccope NOCtynaeHHe BO3-
AyXa B UMJHHAD NPOHCXOAHT He Ha BCeM NPOTSXKEHHH XOZa NOPIUHSA?P
3. Kak Bauser Ha nokasaTelb MONHTPONHl CXKaTHA YCHIeHHe

OXJIaXKIeHHA CTEHOK LHJAHHApPA KoMnipeccopa?
4, Or XKaKuX NpPHYHH 3aBHCHT HaHOboJbllee XONYCTHMOE faBJeHHe B

KOHLle CXaTHR B KoMnpeccope?
5. Jln1s yero npuMeHsieTcs MHOrOCTYNeHYaToe CXKaTHe?
6. B ueM npeumyuiecTBa MHOTOCTYNEHYAaTOroO CXKAaTHA MO CpaBHe-

HHIO C OHOCTYNEHYaThIM?

lFaasa 10

TEPMOJAHHAMHYECKHAE URKJBI ABUTATEJNER
BHYTPEHHEIO CrOPAHHUA
H TA30TYPBHHHbBIX YCTAHOBOK

§ 10.1, O0wue nouaTHsa

Ipoueccel, Mo KOTOpPHIM paboTAIOT ABHUraTeNH BHYTPEHHEro
cropanus (ABC) u rasoryp6unnsie ycranosku (I'TY), saBas-
IoTcsl mpoueccamu HeobpaTHMbIMH. [lelficTBUTenbHO, BO Beex
peanbHo cyuecTsyiomux JIBC Tensora noasoxutcss K paboue-
My TeJly MyTeM CKHIAHHS TOMWBA BHYTPU UHJIHHAPA ABHraTe-
as, B I'TY TonauBo cxxuraercss B CelHaNbHbIX Kamepax cro-
paHus, a mpouecc CropaHHsi sABJAseTCS npoueccoM HeoGpaTH-
MeM. Kpome Toro, pa6ora peansueix JIBC u I'TY conposoixaa-
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eTCsl TpeHHEeM, JyHeHCNYCKaHHeM i APYrUMH 1eoGpaTHMbIMH
SIBJICHH SIMH.,

B TepMmoanHaMHKe pacCMaTpHBAIOTCS TaK Ha3LIBaeMble Tep-
MOJAH HaMHUeCKHe LHKJILI, COCTOSILIHE TONBKO H3 00pPaTHMBIX NPo-
1leccoB, KOTOpbIe, KaK H3BECTHO, MOrYT NMOABEPraThCs TepMOJI -
HaMHM4ecKHM HccsegoBaHHaM. [lpn sToM npeamosaraercs, uTo
paGouuM TesioM SBASETCS HAeaNblbIl ra3, TenI0Ta MOABOAHTCS
K HeMy H3BHe, a He BblAe/seTCs npll Cropaii TOMAHBa BHYTPH
UMJAHIAPA ABHraTens MAH B Kamepe cropanus. Kpome Toro,
npeanosiaraeTcs OTCYTCTBHE TPEHHU S, JYUeHCnyCKaHHs H APy TrHX
HeoOpaTHUMbIX fIBJIEHMIl, cOnpoBoKZaWHX paboTy ABHrate-
Jieil. Pe3yJibTatel McClefOBaHUS TepMOAMHAMHYECKHX LHKJIOB
MOXXHO B MPUHIHIE NPUMEHATb K NPaKTHUECKHM, AeHCTBHTE/b:
Ho ocyuecTBasieMuM npoueccam JIBC u I'TY BBezenueM B pac-
yeT pas3/IMUHLIX NONPaBOYHBEIX KO3(pdHLUHEHTOB.

B 3aBicuMocTH OT cocoGa MojaBoAa TCMIOTH K paGouemy Te-
JYy 3lechb DacCMaTpPHUBAIOTCS CJeAyIollHe TepMOAHHAMHUECKHE
uukan JIBC:

1) UMK CO CMeIaHHBIM NMOABOAOM TEMNOTHI, KOTOPLIi AB/SA-
eTcsl HAeaNbHLIM LMKIOM LUIMPOKO PacnpoCTpaHEHHbIX ABHra-
TeJlell BHYTpPEHHeroCcropaHiis — GeCKOMNpPecCOpHbIX JAu3eneit;

2) UMKJ C H30XOPHBLIM MOABOAOM TCIIOTHI. DTOT LUHKJ ABJA-
eTcst HAeaNbHBIM LMKJIOM TOXKG LIHPOKO pacnpocTpaHEeHHbIX B
HapoJHOM Xo3sificTBe KapGlopaTOpHLIX M ra3oBbIX JBHraTesei;

3) UMKA ¢ H300apHLIM MOABOAOM TEIIOTHI, SIBJSIOLHIICS
HAeaNbHLIM LHKJIOM TYPOHHHBIX YCTaHOBOK.

§ 10.2. Tepmonunamnueckuit uuka JABC
€0 CMEUIAHHBIM NMOABOAOM TEMIOTHI

[No3sHakoMuMcst CHauana C MPUHUHMIOM PaboOThl UEThIpEX-
TaKTHOro 6eCKOMNpeccopHoro Au3ens, CXemMa KOTOpOro nokxa-
3aHa Ha puc. 10.1. B BepxHeM KpaiiHeM NONOXEHHH TOPLIHS
1 otkpbiBaeTCSt BNYCKHOM KjanaH 2 ¥ BO3AYX NpH JABHKEHHII
MOpIUHS BHU3 (MEPBHIil TAaKT) 3aMo/HsAET BHYTPEHHIO MOMOCTh
uusnaapa. Ilpu nocsnenyioumeM Xofe nopuiHs BBepxX (BTOpoi
TaKT), KOrAa Knanauel 2 1 4 3aKpLIThl, MPOHCXOAUT CXKATHE BO3-
AyXa B LWM/IHHAPE C MOBBHILIGHHEM ero Temneparypol A0 3Haye-
HH$1, NPEBLILIAOLIErO TEMNEPaTyPy CaMOBOCIIAMEHEHH ST TOTIH -
Ba. Heaazlonro 10 IPUXO/a MOPIUHS B KpaiiHee BepXHee nojoxe-
HHE — BEPXHIO0 MepTBYIO TOUKY (B.M.T.) — B LMJHMHAp uepe3
¢opcyHKy 3 BCnphicKMBaeTcs nox GoabwuM AapiexueM-(10—
40 MITa) xuakoe TOMMHBO; HAYMHAETCST NPOLECC FOPEHN s ToM-
JIMBa B Hayane NpH NOCTOSHHOM OObEME C MOBHILEHHEM JAaBjie-
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HUS B LUJIMHApPE, a 3aTeM MpH MOCTOSTHHOM AaBJieHHH (B Haya-
Jle TpeThero Takra pabouero xona). ITo OKOHYAHHH TrOpeHUs
TOIJIMBA MPOHCXOJMT paclIMpeHHe o6pa3oBaBIUMXCS MPH STOM
rasoB M mepeMellleHHe IMOPLIHA BHH3 NPH 3aKPHITHIX KJamaHax
2 n 4 (BTOpast yacTb TPETLEro TaKTa).

IMo npuxone MOpUIHS B HHXKHIOIO MEPTBYIO TOUKY (H.M.T.)
OTKDHIBA€TCS BHIMYCKHOI KJanaH 4, naBjeHHe ra3oB MOHHXKAET-
cs, oTpaGoTaBIUHEe Taskl Ha MPOTSKe-
HHH 'BCEro TMOC/IeAYIOLIero XoAa MOpLIHs
BBepX (YeTBepTHIil TaKT) yAa/SIOTCS H3
IMAMHAPA. 3areM BCe OMMCaHHbLIE Npo-
11eCCHl TOBTOPSTIOTCS,

B cBA3K ¢ TeM yTo mpoleccH BlycKa
BO3JyXa M BbINyCKa OTPaGOTaBIUMX ra-
30B (nepBEIii H uYeTBEpTHIl TaKTH) fB-
JIIOTCSL TPOLECCAMH YHUCTO MeXaHHYec-
KHMH, a He TepMOAMHAMHYeCKMMH, Ha
pv- u Ts-puarpaMMax HX He NOKasbl-
BaIOT.

Ha puc. 10.2 u 10.3 nokasau rep-
momuHamMuueckuii uuka JIBC co cMme-
IUAHHEIM TIOABOAOM TEIVIOTHI Ha pu- H
Ts - npuarpaMmax.

Touka @ Ha 3THX JAHarpamMMax co-
OTBETCTBYET IOJOXKEHHIO JIOPLIHSA B
H.M,T. JIuHHS @-c — JuHUS aznabat-
HOro nmpolecca CXKaTHA HAeaJbHOro
rasa (pabouero Tena), NPOTEKAIOIIEro
C NOBLILIEHHEM €ro JAaBJEeHHUS H TeMmme-
patyphl M YyMeHblueHHeM YyAenbHoro Puc. 10.1. Cxema Gec-
o6beMa, Ilo u3oxope c¢-z' M u300ape  KOMMPECCOPHOro ause-
2'-2 IPOHCXOAUT MONBOA TEMmAOTH. JIu- o
HHsL 2-b u3obpaxkaer aguaGaTHoe pac-

IIMpeHKe ra3a ¢ MOHHKEHUEeM JiaBJieHHsl U TEMIepaTypsl U yBe-
JuueHHeM ero yaenoHoro obbema. ITo u3oxope b-a Temnora
OTBOAHUTCA.

XapakTepH3yOWHMH 3TOT UHMKJ BelHUHHAMH SIBJSIOTCA:

CTenmeHb CXaTH S &— OTHOLIEHHE YANBHOTO 00b-
eMa ra3a B Hauale CXKaTHA U, K YAeTbHOMY 00BeMy B KOHLE

CXKATH S U,
€ = v,/v,; (10.1)

CTENEeHDb MNOBHUWEHHUSH AaBJeEeHHU A A—
OTHOLUEHHE JABJ/ICHHS B Kouu,e 10JBOAA TEIVIOTHI P, K AABJAEHHIO
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B iia‘iajie noABoAa TEMNJIOTHI P,
= pJpe (10.2)

cTeneHb MNpeABapHUTENABHOroO paciiu-
PEeHH s p— OTHOWEHHE YAETLHOrO ofbeMa rasa B KOHLE
MOABOAA TEIJIOTH U, K YAeJbHOMY ofbeMy B Hauaje NMOABOAA

TEMNOTH Ug:
p = v,/v.. (10.3)

Jlns BbiBOZAA pOPMYJILI TEDPMHYECKOrO K.ILJI. LMKJIA CO CMe-
IIAHHBIM TOABOJOM TEIJIOTH BOCNONAb3yeMcsl OCLMM ypaBHEHH-

] q'
7 7y ‘ l L z
;l'r[: E=U/Vei A=p, /0,
1 L/ T
B
% 5
——
=%
a
Uy v
Puc. 10.2. pv-puarpamma uukaa Puc, 10.3. Ts-puarpamma
CO CMEUIAHHHM INOJBOAOM TeEMN- IIHKJIA CO CMEIUAHHBIM MOA-~
JIOTH! BOJIOM TENJIOTH

eM ans atoro kosbduunenra. Ilosaras, yTo LUK COBEpLIAET
HJealbHBIY ra3 Maccoil 1 Kr, MOXKHO 3amucarth

N=1—1ql/g:|=1—[g/(qi|+]4qi]) ()

rie |gi| — abcomoTHoOe 3HayeHHEe YAENbHOMN TEMMOTH, MOABOAU-
MOH K rasy no usoxope ¢-2' (cm. puc. 10.2 u 10.3); |g7| — a6co-
JIOTHOE 3HAueHHe YAeJbHOH TEMIOTh, NOABOAUMON K rasy no
usobape 2'-z:

lgil=c, (T —Te); lgi]=cp (T,—T,).

YaenbHas TENIOTa ¢y, OTBOAUMAS B XONOAH/LHUK M0 H30XO0-
pe b-a, BouucaAsgeTcs mo ¢dopmyJe

lqzl=?v (Tb""Ta)'
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Ioacraeus sHaueHuss |gil, lgi|l u |g;| B ypasHenue (a),
MOJNYYHM N
co (To —T4)

E} (T, —Tc)+E;J (Tz_Tz')
pa3AeJIHB YUCJAHUTEJNb U 3HAMEHATENb Ha Z,,, noJIyuuM
Ty —T,

nt=l—

n=1—
‘p

Ty =T+ —=— (T,—T,)
Co

Ty —T
- (©)
Ty =Ttk (T;—T,")
Onpenenum temneparypsl T, T,+, T, ¥ T, B 3aBUCHMOCTH
or T,.
Jns naxoxaenus T, Bocrnonb3yeMcsl COOTHOWEHHEM Mapa-
MeTpOB B aguabaTHOM mpoliecce a-C:

Tc/Ta = (valvc)k-l = gh-l,

=1—

OTKyZa
T, = Teb-1, (5)

JHns oiuncienns T,» BOCNONb3yeMCsl COOTHOLIEHHEM Mapa-
MeTpPOB B H30XOPHOM npouecce ¢-2":

T, IT.= pz/pc = A,

T, = T = Tkl (r)

Temneparypy T, HaiiileM KaK KOHEYHYIO TeMrepaTypy H3o-
GapHoro npouecca 2’-z:

T,IT, =v,/v. =p,

T,=T, p=T,e~1hp. (m)

Temnepatypy Tp HaiiileM H3 COOTHOWIEHHS MapaMeTpoB B
aznabaTHOM npouecce 2-b:

Tb/Tz = (Uz/Ub)k_l

Tak Kak vp = Vg, TO TH/T, = (v,/v,)k—1.
PasgenuB uucnuTeNb M 3HaMeHaTeJb NPaBOH YacTH 3TOro
ypaBHenus Ha vf—1, nomyuum

Tb/Tz = [(vz/vc)/(va/vc)]k_l

Ty=T,(p/e)t—! =T, ek=1 dp (p/e)*—1.
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Oxonuatenbuo nomyuaem
T, = Ta pk}“ (e)
ITonyuennsie 3uavenns T, T,+, T, 0 T}, noacTaBuM B ¢op-
Myay (6):

n=1 To0*A—T,

q=1— .
Toet = I A—To e~ 1 f (T ek~ hp =Ty ek~ 1)

BeiHocuM B 3HaMeHaTesle H3 CKOOOK €k~!u mocJse cokpatie-

HHS Ha Ta noyyaeM OKOHYATE/bHO

%

1 ApF—1
Jk=1  A—14-kA (p—1)

W3 atoro ypaBHeHHS cJefyeT, YTO NOBBLILEHHS 3KOHOMHUY-
HOCTH ABHrateJisi MOXHO IOCTHTIHYTb YEQJIH‘!QHHEM CTEIIEeHH
C2KaTH$s &€ U CTEINIEHH MOBLHIIUIEHHA HAaBJIEHHU S A YMEHbIIEHH EM
CTEMNEHH IpeABapUTENbHOro pacliupeHusd Q.

Mpumep 10.1. HccaegoBaTs TepMOAHHAMHYECKHH LMK €O CMellaH-
HHIM NOZBOJOM TeILVIOTH MO CJAEAYIOUWHM AaHHEM: pg = 0,1 MIla; #; =

= 27°C; ¢ = 0,72 xIx/(xr-K); [gi] + lg7] = 1340 kIx/kr;
k= 1,4 p;=25, 5 MIla u e = 15. PaGouee Tes0o — BO3ZYyX, paccMare
pHBaeMblil KaK HhealbHEI ras, Macca Bo3gyxa 1 kr.

Pemenune Haxogum nmapaMeTps B XapaKTepHHIX TOUKaX LHK-
aa:

B TOUKe @ — Hayale cKaTHsl Vg = R,To/py; ana Bospyxa Ry =
= 287,1 Ilm/(xr K); Tq = 273415 = (273+27) K = 300 K, noaromy

= 287,1-300/(0,1-10%) M%xr = 0,861 m¥xr;

B TOYKE ¢ — KOHIle CKaTHS — NoJb3yeMcs ypaBHeHueM (10.1) (cTe-
UeHb cxaTHa € = 15):

Ve =0,/ =0,861/15 M3/kr=0,0573 M3/kr; po=p, (va/ve)*, oTkyna
pe=po e*=0,1.15ly* MHa=4,?3 MITa;
Te=pcve/Ro = 4,43-106.0,0573/287,1 K =883 K nau {,=6100C;

n=1— (10.4)

B TOYKe 2’ — KOHIle NOJBOAA TENJAOTH IPH NMOCTOSHHOM OGbeMe —
nonbsyemcsx ypabHenuem (10.2) (cTemeHb NOBLIUEHHS JaBJeHHs A =
= p,lpe = 5,5/4,43 =~ 1,242):

T,. =T = 883:1,242 K= 1097 K nan ¢,. = 824 °C; v, =
= v = 0,0573 M%kr;

B TOUKE 2 — KOHLE NOJBOAA TeNJIOTE NPH NOCTOSHHOM JaBNeHHH —
npeaBapHTe/IbHO BHYHC/AsSEM ¢j; TaK Kak ¢i =+ g7 = 1340 k[ x/kr,
TO CHavasa NOACYUTAEM q1:

191t = ¢ (T2 — Tc) = 0,72-103 (1097—883) kIx/kr = 154 xIIx/kr,
nostoMy |g3] = (1340—154) xIx/xr = 1186 kIx/kr.
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Temnepatypy T, B TOUKe Z onpegensicM U3 ypaBHeHHst
I9i |=cp(T;—T,.) 011003 T3=q7/cp+T,.,

Haxonum npennapmenbuo?p:

ep = kcy = 1,4:072.10° IO/ (xkr-K) = 1,01 kMx /(kr- K).

IMogcrapass 3Haqelmc—c,,, onpejeaseMm
T, = (1186/1,014-1097) K == 2274 K wnau ¢, = (2274 —273)°C =
= 2001° C.

Haxogum v;. CHayala NOACYMTacCM CTeHNEeHb MNpEABAPUTENLHOrO
pacwupenns: p = T,/T,» = 2274/1097 = 2,07.

Tenepn BHIYHCASICM vy ¢ Uz = pue = 2,07.0,0573 ™3/ xr =~
= 0,118 M3/kr; B Touke b — KoHLe agHa6aTHOro pacllupeHUs — vp =
=vg = 0,861 M%kr; HaxoguM Tp H3 ypaBHeHus (e):

Tp = Tap*A = 300.2,07%:4 . 1,242 K = 1034 K uan
#p = (1034—273) °C = 761 °C.

JlaBnenuce pp HaXogMM H3 YpaBHEHHSI COCTOSHHSI JMAH TOYKH b: pp =
Ry Tplvp = 287,1-1034/0,861 Tla = 0,345 MIla.
OnpegeauM TCPMHUYCCKHIl K. I, 4. UHKJAa no ypasHeHuio (10.4):

N = ek—1 A—1-4-kA(p—1) 15141
1,242.2,0714 —1 1
X —1— x
1,242 —1--1,4-1,242 (2,07 —1) 2,954
1,242.2,78 —1
' =0,605 (60,5 %).
0,2424-1,4.1,242.1,07 0, ( 1} A))
MpoBepka.

Yaenvuas pabora unkiaa: | ol =wll,s _,| + [lz—p] — llg=ecl;
Ul p= Ry (Tz — T,.)==287,1 (2274—1097) Ix/xr ==337,9 xIx/xr;
Uemtl == Ry (Tz — To)/(k— 1) = 287,1 (2274 — 1034)/ (1,4 —
~1) JOx/kr == 890 xJIlx/kr; [lamel = Ro(Te — Tg)/(k — 1) =
=5 287,1 (883—300)/(1,4—1) Ox/kr = 418 x{x/ xr.
© Ygeavuas pa6ota uukaa || == (337,9 4 890 —418) kIx/kr =
+3809,9 kJx/Kr.

TepMuucckuit K.n.4. LHKAA

15|

lgi\+141l
=0,604 (un 60,4 %),

ne= 1l gy | = =2(809-10%)/(1340.103) =

YTO OTIHYaeTcsA OT paHec HaifcHuoro auayeuns 1 (60,5%) na 0,1%.
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3anaun

10.1. H3recTHH cliepylomue napaMeTprl LHKIA CO CMetIaHHBIM 10~
BOJOM TEMJOTH M €ro XapaKTepHCTHKH: pg = 0,1 MIla, ¢, = 30°C,
CTeneHb CXKAaTHA € = 7, CTeNeHb NOBHIILUEHHs gaBJeHHs A = 2,0, cte-
neHb NMpeaBapHTeNbHOro paciuupenus p = 1,2, pa6Gouee Teso — BO3-
Ayx. Haiitu napaMeTpsl XapakTepHBIX TOYeK AHArpaMMBl LHKJa, KOJH-
Y2CTBO NOJABEAEHHOH TeNJIOTH, YAeAbHYIO PaGoTy UHKJIA H ero TepMH-
YecKHil K.IM.JA.

Omeem: vq = 0,870 wM3/kr; v, =
= 0,124 m%kr; v, = 0,149 m%/kr;
pe = 1,62 MIla; p, = 3,05 MIla;

pp = 0,26 MIla; #. = 387°C;

t,, =1047°C; t,=1311°C; tp=>511°C;
| ¢ | = 744,2 xIx/xr; Ig5] =

=378,2 kdx/kr; |l,| = 396 xIx/kr;
Nt = 0,532,

10.2, IIna nukKaa co CMelIaHHHBIM MOABOXOM TEMJOTH JaHO: pa6o-
uee TeJ0 — BO3AYX; m = 1 kr; pg = 0,1 MIla; ¢, = 27°C; ¢, =
=0,714kIx/(kr-K); A = 1,5;p = 1,7; ¢ = 14,

Haiitu |q{l, I91l, 1%l, ne.

1 Omgem: |q{| = 307,9 xIOx/xr; |q]| =
=911,4 xIx/kr; |lo] = 741 xJx/Kr;

1: = 0,63.
10.3. Hafitn gaBneHue u TeMneparyph B TOYKax @, ¢, 2’, 2 4 b wiK-
J1a CO CMellaHHEIM NMOABOJOM TEMJIOTH H 1)¢, €CIH H3BECTHO, YTO paboyee
TeJO — BO3AYX; pg = 0,1 MIla; T, = 288 K; Koauyectso mnopgo-
JHMMOMH TEnJIOTH |q, | = 840 KIX/KT; cTeneHb NOBLILIEHHS JaBJAeHHS A =
= 1,8; TemoeMKocTs ¢ = 0,840 kJx/(kr+ K), crenens cxkarus e =15,
Omeem: ny = 0,66; pp = 0,213 MIla;
pe = 4,35 MIla; Py = pz=
=7,82 MIla; T, = 850 K; T, =
= 1530 K; Tp=0625 K; T,=1758 K.

§ 10.3. TepmopuHamuyeckuit uuka JIBC
C H30XOPHBIM MOABOAOM TEIJIOTHI

OTOT TePMOAMHAMHUECKHI LMK/ SABJSIETCS MAEaNbHBIM A/
MHOTIOYHCJ/IEHHOrO KJjacca KapOropaTOpHBIX M ra3oBbIX JABUra-
TeJIeH, WHPOKO pacmpocTPaHEHHLIX B YCTaHOBKAaX Ha caMmovie-
Tax, aBTOMOOHJIAX, Ha KaTepax W MOTOPHHIX JIoAKaX, B MaJo-
MOILHBIX CTAHOHAPHLIX YCTaHOBKaxX (HanpuMmep, Juis mpuBese-
HHS B A€ACTBHE HEGOMBIUMX 3JIEKTPOABUraTeNeH U T. IL.).

YeTblpeXTakTHBI KapGlopaTopHLI ABHraTeNlb, CXeMa Ko-,
TOpOro nokasaxa Ha puc. 10.4, pabotaer caenymomum o6pasoM.
Ilpu meukeHuu mopwHs I BHM3 yepe3 BcachiBAIOWIM KaamaH
3 B UMJIMHJD 3acachIBAaeTCsl CMECh MapoB XKHAKOro JIerKoHcna-
pstowerocs TonsuBa (HanpuMep, GeH3WHa) ¢ BO3AyXoM, obpa-
ayemMast B 0co00M ycTpoiicTBe — KapGiopaTope 2 (nepBblit TaKT).
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TIpu mocneayowmeM Xoae NOpIIHA BBepX 3Ta CMeCh C:KHMaeTcsl H
B KOHLE XOJa BOCMJAaMEHSETCSI OT HCKPHl, MPOCKaKHBaoUeil
MEXAY 3JIEKTPOAAMH 3/IeKTPUUECKO! cBeuH 5 (BTOpOil Takr).
CropaHue cMeCH, COOTBETCTBYIOLIEe NMPOLecCY MOABOAA TEMJIOTHL,
MPOHCXOJHUT MOYTH MTHOBEHHO B BHJE B3PLIBA; COOTBETCTBEHHO
MOABOA TEIJIOTHl B TEPMOAHHAMHUECKOM LHKJE CUMTAETCH M30-
XopHbIM. B pesyabTarte cropaHus cMmecH JaBleHHe H TeMmepa-
Typa €e INOBHIIATCA M ‘3aTeM COBep-
maercss paGouuit XOf, NPH KOTOpPOM
nopuieHb MJeT BHU3 (TpeTHH Takt). B
KOHIle pabouero xoaa BBHIMYCKHONH KJa-
naH 4 OTKpbIBaeTcs, MOpIUeHb HACT CHO-
Ba BBEPX M BHITAJIKMBAET U3 UMJHHApA
NPOAYKTHl cropaHus (4eTBepTHIH TAKT).

Ecnu B nMk/Ie co cMeulaHHBIM MOA-
BOJOM TEMJIOTH MPHHATH, YTO IMOJBOA
TEMNJOTH NPOUCXOJUT TONBKO IO H30XO-
pe ¢-z, T.e. MPUPABHATHL 0 CIHHULE, TO
U,s CTAHET paBHBIM U,. B 3ToM ciyuae
NOJYYHM UMK/ C H30XOPHBIM NMOABOAOM
TEIIOThl, KOTOPLIH Ha pv- U Ts-guarpam-
Max MMeeT BHJ, MOKa3aHHBLIH Ha pHC.

10.5 u 10.6. Ha aTux pucyHKax JHHHS Puc. 104,
a-c rpaprHyeckd H300pakaeT mpoLecc Cxema xap-
auabaTHOro cxkaTHs HJAeaJbHOro rasa; GioparopHoro

ABHrartena

C-z — NpollecC MNOABOAA TEIJIOTHI MO
usoxope; 2z-b — npoumecc apuabar-
HOro pacuupenus (paGounit Xon) M JHHUSA b -a — npouecc oT-
BOJA TEIIOTH B XOJMOANJBHHUK 110 H30XO0pe.

TepMuueckuit K.II.X. 3TOr0 UHMKJIA onpeaenseTcs 1o ypas-
Henuio (10.4), ecnu npupaBHATL BHEM P = 1:
1 A—1

gk—1 A—1

>

n=1—

HaHn

. (10.5)

n=1— 1

N3 ypaBuenuns (10.5) BUAHO, YTO TepMHUECKHil K.M.A. LHK-
sa JIBC ¢ noaBoaOM TeM/IOTHI 10 H30XOpe 3aBUCHT OT CTEeNeHH
CKaTHs & U MoKasatens aauabatel k. IIpy HeM3MeHHOM 3Haue-
HUH TePMHYECKHH K.M.A. 3TOrQ LHKJA 1), yBeJIHYHBAETCs C yBe-
JIHYCHHEM CTENeHU CKaTus,
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Mpumep 10.2. MccnenosaTh LHKI C H30XOPHHM NOABOLOM TEMJOTH,
ecan pavo: Ve = 1,5 a; tg = 90°C; pg = 0,1 MIla; &= 5; A = 1,6;
k = 1,4 (cM. puc. 10.5). Pa6ouee Teno — BO3AYX.
PeweHue. |. [Tapamerpsl paGoyero Tesla B XapaKTepHHIX TOU-

XaX XHarpaMMbl LMKJa:

mouxa a. IMogcuutaeM o6beM rasa Vg, Hssectro, uro Vo/Ve =
e =05, mostomy Vg=5V,=25:15:10"3m® = 0,00756 M3 =
7,5-10-3 M3,

Haiinem Tg:Tq = (273-+1£5) = (273+90) K = 363 K.,

IlaBneHue pg JaHO B YCJIOBHH NpHMepa;

I}

P
Z
TN Crtelv,
I\ 2=esr 7 oo\ v
e . \ \
—
JEL A
7 ) ) b
lf’ —— ql \
¢ a \ ‘1 7,
Va v
R S
Puc. 10.5. pv-gnarpaMMa LHKJAa € H30- Puc. 10.6. Ts-gnarpamma
XOPHBIM NOABOJOM TENJIOTHI LHKAA C M30XOPHHIM MOA-
BOJAOM TEMJIOTHI
mouka ¢. pc/pn= (Vo/Ve)* = ek, nostomy Pe = pgogk =
= 0,1.5!+¢ MIla = 0,95 MIla; .

Te = Taek=1= 363.51:4-1 K = 690 K; V. = 0,0015 m®— no ycio-
EKIO; '

mouka z. p/pc= A, orkyma p, = pch=0,95.1,6 Mlla =
= 1,62 MIla; szc= Ve = 0,0015 . -Tch = p/pc = A, caeno-
patesabHo, T, = T.A = 690.1,6 K = 1104 K;

mouka b. Vo = Vg = 0,0075 M3, pp/p, = (Vo/Vp)t = (V/Vo)* =
== 1/e*, oTkyna pp = p,/e* = 1,5/51:4 MIla = 0,16 MIIa.l "

0,16 . 108

UssectHo, 410 Tt/ T = pp/pq wan To=Topt/pe = 36391108 K—
=581 K.

2. Pa6ora nukna

ILOI:le-bI - lLa-cl .
pzVe—pp Vp
L,,|=—"—2—b"0
2] k—1
1,52.106.0,0015—0,16-108.0,0075
= 14—1 % kdx=2,70 xIx;
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peVe—pras Vo

ael=—"p =
0,95.108.0,0015—0,1.108.0,0075
— 0 0,00 kdx=1,69 xJIx.

1,4—1

Wrak, Lo = (2,70—1,60) k[x = 1,01 xIx.
3. TepMHYecKHH K. II. J. LHKJIa

=0,474 (47,4 %).

k=1 pla—1

4. ToaseneHHas u OTBeJieHHAs TerlJIOTH! 1Q:) 1 |Q,].
Ecau B ypaBHeHuu Maiiepa ¢p — €, = Rp npaByio U JIeBYIO YacTH
PasfieUTh Ha Cp U YUECTb, UTO Cp/Cy = k, MOSYUUM
k— 1= Ryc,, oTKy1a
Co = RJ/(k— 1) = 287,1/(1,4—1) JIx/(kr-K) = 0,718 xIIx/(xr-K).
Macca rasa m = pgVo/(RoTg) = 0,1-108.0,0075/(287,1-363) Kr =
= 0,0072 kr.
TaxuM o6pa3oM, nosnydaeM, 4ro
1Q:]= 0,718.0,0072 (1104—690) xIx = 2,14 kIx;
Q] = 0,718.0,0072 (581—363) xx = 1,13 k[Ix.
IlIpoBepka.
Pa6ora uukaa
ILol = Q] — |Qq] = (2,14—1,13) xIx = 1,01 kdx.
TepMuueckHit K.I.A. UHKJA
N = (1Q] — Q) 1Q:l = (2,14—1,13)/2,14 = 0,472 (47,2%),

YTO OT/IHYAeTCA OT pPaHee HalileHHOro 3HayeHus M; Ha 0,2%.

TNpumep 10.3. Hafith HanGosbuylo JONYCTHMYIO CTeNeHb CXKATHSA
B LHKJE C H30XOPHMM IOJABOLOM TEIJIOTH, €CJAH H3BECTHO, UTO pg =
= 90 xIla, ¢; = 80°C, noxasaresab agHabathl cxkatist & = 1,3 u Temme-
_parypa camoBocIIaMeHeHHs ropioyeit cmecu ¢ = 400 °C,

PeweHnune Temneparypa B Konue cxkatus T¢ He JOJIXKHA NpPEBHI-

marh TEMNEPaTypy CaMOBOCIJIaMeHeHHs ropioyeit cMecu T MJH B mpeje-
Jie Moxer paBHATbcs T. B panHoM cayuyae ponmyckaeM, uro Te=T =
= { - 273= (400+4-273) K = 673 K.

U3 cootnowenua To/Tq = (Vo/Ve)r—1 = ek—1 naxopum, uro

emax = (Te/Tq)"F—1) = (673/353)1/(1:3=1) =5,

CrenosarebHO, BO M36exxaHHe CaMOBOCIJIaMeHEHHsT roploueft cMecH
BO BpeMs CXKaTH{ €€ B LUHJIHHAPE CTeNIeHb CXKAaTHA He JoMXKHa OHITH 6ONbe
we 5,

3anaun

10.4. 17 nuKaa ¢ H30XOPHHIM MOABOAOM TENJIOTH!, COBEpLIAEMOTrO
BO3yXOM, Macca KoTtoporo 1 kr, sajaHbl cjaefyiouiHe MapaMeTphl:
Pa= 0,1 MIla, 4= 27°C. Onpegenutb nOABeAEHHYIO YACALHYIO
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Tennory |qy|, yaeabHY1o paGoty uukaa |lo| u TepMHYECKHR K.ILA. Ny,
ecin e = 5,5; A = 4; ¢, = 0,722 kIw/(xr-K) n &k = 1,4,
© Omeem: |q;| = 1,29 MIx/xr; |{,]=
= 628 kIx/xr; m; = 0,494
10.5. HccneoBaTh UMK/ C H30XOPHLIM NOABOAOM TEMJOTH, COB2p-
waeMblit BO3ZY XOM Mmaccolt 1 Kr, ecan gaHc: pg = 0,1 MIla; ¢, = 27 °C;
=55 ¢, = 0,722 gIOx/(xkr-K); |ql = 1,13 MIOx/kr; k= 1,4
Omsem: vg = 0,88 M3/xr; v, = 0,16 M¥kr;
pz = 3,87 MIla; T, = 2160K;
Te =592 K; ve = 0,16 M3/kr;
pe = 1,06 MIla; A = 3,65; m; =
= 0,494; uvp = 0,88 MY¥kr; pp =
= 365 klla; Tp= 1100 K; [/o] =
= 559 kJIx/kr.
10.6. OnpeneJuTb CTemeHb CXKATHSA W TepMHYECKHH K.NM.JA. LHKJAA
C H30XODHBLIM NMOZBOJLOM TEMJOTH NMPH CAEAYOMHUX AAHHHX: #; = 60°C,
te =270°C nk = 1,4.
Omgem: e = 3,4; N = 38,7%.

§ 10.4. TepMoaMHAMHYECKH I LUK ra30TypOMHHBIX
YCTaHOBOK C H300apHBIM MOABOAOM TEMJIOTH

B Hacrosiee Bpems rasorypOuHHble ycTaHOBKH (['TY)
HaxofsT Bce Gosblllee pacnpocTpaHeHHe B aBHAUMH, CYAOBBLIX
YCTaHOBKaX, KeJIe3HOJ0POXKHOM TPaHCIOPTe, Ha KOMIIpeccop-
HBIX CTaHIMAX. Paclunpsiercs HCNoab30BaHle TaKHX YCTaHOBOK
H B 3HepreTHke.

Pacnpoctpanenue I'TY B pasnuuHbelx ofnacTsaX HapoAHOro
X03sHcTBa OOBACHSAETCS HECOMHEHHBIMH JOCTOMHCTBAMH, CBOH-
CTBEHHBIMH 3TUM ycraHoBkaM. B I'TY orcyrctByer KpuBowHn-
HO-LIaTYHHBLIH MEeXaHH3M M CBSI3aHHOE C HHM BO3BpPaTHO-NOCTY-
narenpbHoe JABHxKeHnue. DBiaarogaps stomy pa6ora TypOHH OT-
JIHYaeTcs BHICOKOH papHOMEpPHOCTbIO BpallleHHs paGoyero Basa.
Bricokas yacToTa BpalleHHs Bajla MO3BOJSET COCPEAOTOUHTL B
OfHOM arperare GOJbLIYIO MOIIHOCTb NP OTHOCHTEJIbHO He-
Gonbmux rabaputax Bceil ycraHoBk. B CCCP epunuuHas
MOIIHOCTb Ta30TypOHHHLIX ABurareneii npepwitiaer 100 MBr.
K.m.a. Takux psurarteneit 1oxomut 1o 35%.

IlpuHnMn HeAcTBUA ras3oBoil TYpOMHBI JIETKO YSICHAETCSA
no puc. 10.7, Typ6HHa cOCTOMT U3 ABYX OCHOBHBIX 4acTe: po-
Topa I, HacaxKeHHOro Ha pabouuit Basn 2, U cTaTopa — Henox-
BHXKHOH 4acTH TYpOHHLI, B KOTOPOM YCTPOEHBI KaHaJbI-coma J.
ITpoxoas no TakuM comviaM, rasel (COCTOsLHE U3 CMECH TMPOAYK-
TOB CrOPaHHs TONJIMBA C BO3AYyXOM) BCJICACTBUE NafleHHs JaB-
JieHHsi npHobperaoT GOJbLIYI0 CKOPOCTb, H3MepSeMylo COT-
HAMU METPOB B CEKYHAYy H YacTO INpEBHILAIIIYI0 CKOPOCTh
3Byka. [1o BbIXoAe M3 comvia raspl HanmpasAsIOTCA B KaHalbl,

138



obpasyeMule paGouHMH JionmaTKaMH 4, YKpeileHHBIMH MO OK-
PYKHOCTH pOTOpa, W 3aCTaBsIIOT ero Bpamatbes. Ha nepBriit
B3IVISIl MOXKET MMOKAa3aThCs, YTO 3TO MPOHCXOAUT 3a CUET yAapa
MOTOKA ra3oB O CTaHKHU JionaTok 4. B JEeHCTBUTENILHOCTH XK€ MNo-
TOK ra3oB BXOAHMT B KaHaqrl 6e3 yjaapa, Ho 6inarofaps ToMy, u4To
JIONATKH HE IJIOCKHE, a H30THYThI€, ITOTOK rasoB, NMNPOXOoAs MExK-
Ay HMMH, MMOCTOSTHHO MEHSIET HanpaBJ/ieHHe CBOEro ABHXKEHUS H
TNpH 35TOM BO3HHKAET CHJIA, AeﬁCTBleU.Iaﬂ Ha CTEHKY JIONaTKH U
3aCTaBJI0LIAs POTOP BpalaTeCA.

4
Tonnubo (7
—
Bo3dyx 0

Puc. 10.7. Tlpocreiimas cxema Puc. 10.8, Cxema I'TY ¢ uzo6apuum
NPOTOYHOM YacTH TYPGUHEI NOXBOJOM TEMJIOTH

PaccMotpum pabory I'TY ¢ n3oGapHEIM NOABOLOM TEMJIOTHI.
Takolt Tun I'TY B Hacrosillee BpeMsi SIBISIETCS OCHOBHBIM.
Cxema ee nokagaHa Ha puc. 10.8. PaGouas rasosas cMech noa-
roTaB/IMBaeTCsi B KaMmepe cropaHus I, B KOTOpYIO IOAaercs
BO3JlyX, NpeABapHTeJ]bHO CKaTHlii B KoMmpeccope 2, H TOM/IU-
BO ((kMAKOe MJM rasoobpasHoe). XoTS MNpoLECC CropaHus
(monBoga TemsoTH) NpoTEKaeT MpH BLICOKOH TeMneparype
(oxono 2000 °C), o6pa3syiouiecss MPOAYKTH CrOPaHHsT CMELlH-
BalOTCS B KaMmepe C BO3AYXOM, He NpHHHMAaBLIEM YyuacTHs B
FOpEeHHH, T. €. OTHOCHTENIbHO XOMOAHLIM, Grarogapst uemy TeM-
neparypa rasosoii cMecH nonH:kaercs fo 600—700 °C. Takasa
CMech HampasJsercsi M3 KaMephl CrOpaHHss B TypOuHY 38, a
oTpaboTaBIIM B Helf, KakK ObUIO OMHCAHO BbILE, OTBOAUTCH B
atMocdepy uepes BbIMYCKHOI matpy6ox 4.

Cnenyer noguepkHyTb, 4TO BCE MPOLECCH], MPOTEKAIOUIUE B
Kamepe CropaHHs, a MMEHHO: NpOLECC MOJAuH TOMJIHBA H BO3-
AyXa, ropeHHe TOINIHBA, oOpa3oBaHKe paboueii ra3oBoii CMeCH—
COBEpLIAIOTCS HeNpPEepEIBHO NMPH NMOCTOSTHHOM JaBJeHHH. B utore
TIOTOK ra3oBOH CMeCH, MpoTeKalolU i yepe3 TypOHHY, monyyaer-
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csl TOXe HENMpepLIBHBIM M C YCTAaHOBUBIIHMHCS MapameTpaMmu
paboueii cmecH.

pu- U Ts-aparpamMMpl LHMKJIA C H300apHBIM MOABOAOM TeIn-
JoThl MoKasauel Ha puc. 10.9u 10.10. Tak ke, Kak U npH
PaccMOTpeHHH TEepMOAMHAMHUYECKHX LHKIOB nopiiHessix JIBC,
npeanosaraeTcst, 4YTO UHMKJBI [a3’0BbIX TYpOHUH SABJSIOTCS
HJean3HpOBAHHLIMH, T. €. YTO OHH SABJAIOTCS 3aMKHYTHIMH,
coBeplIaeMbIMH HJEANbHLIMI ra3aMH MOCTOSSHHOH MacChl, 4YTO
HUKJIBI COCTOSIT TOJILKO U3 06paTHMBIX npoueccos. Bosppamasce

T
4 ') \
Z
i \
\ b
) c \
T deN g
4 \ 2
v S
" Puc. 10.9. pv-gnarpaMma UMK/ Puc, 10.10, Ts-pnarpaMma LHKJIa
I'TY c¢ u306apHEIM TNOABOAOM I'TY ¢ u306apHbIM  NOABOLOM
TeNJIOThI TEJIOTH

K puc, 10.9 u 10.10, otmMeTuM, yto Ha ofeux Amarpammax, H3o-
OpaxeHHBIX Ha 3THX PHCYHKaX, 0G03HaueHUs XapaKTepHEIX To-
YeK OAUHaKOBbIE.

ITo anuabate a-c NPOHCXOAUT CxKaTHe HAeANLHOrO ra3a, 4To
COOTBETCTBYET CKaTHIO BO3AyXa B KoMmmpeccope, mo H3o0ape
C-2 — NOABOA TEIJIOTHl ¢; K CKAaToMy rasy, YTO COOTBETCTBYET
CropaHHIo TOIJIHBA B KaMepe cropaHus; no aguabare z-b raset
B rasoBoil TypOHHe pacumpsioTcs, a no usobape b-a npoucxo-
ZUT OTBOJ TENJIOTH g, B aTMocdepy.

BriBeseM ypaBHeHHe TepMHYecKoro K.I.A. TepMOAHMHaMuUYec-
Koro uukaa I'TY ¢ u3o6apHLIM MOABOAOM TEITOTHI,

Kak ussectio, Ans J060ro uMK/Aa TEN0BOro ABHraTess
(snauut, u ansa uukaa ITY) Tepmuueckuit K.1.4. MOKeT GbiTh
onpepeneH no ¢opmyae

N =1 — lg;l/lql. ()
YaenbHOe KOMMYECTBO MOABEAEHHOH TEIVIOTHl No H3o00ape
c-2
gl =cp (T — T).
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Vaenbttoe xonuuecTso OTBefiCHHOI TeMIOTH fio ti3o0ape b-a

l9s = ¢p (Ts — Ta).

Ilpu 11X 3HaueHHsx |g;| U lg;] monyuaem
n=1—1lc,(To— THcy(T: — TN =1—(Tp — T,/
(T, —T). ()

BBeneM B pacuer ocHOBHbIe XapaKTepucTHKH uukmaa ['TY ¢
H300apHLIM MOABOAOM TEMJOTHI:

CTeneHb MNOBHWEHHS NaBAEHUS NpH
annaGaTHOM CKaTHH (COOTBETCTBYET CXKATHIO BO3AyXa B KOM-
npeccope)

A=pcps (10.6)
cTeneHp nNpejgBapUTENbHOro pacui-
peHH s rasoB NpH CrOPaHHH

p = v,/v,. - (10.7)
Buipasum temneparypet T, T, u T uepes T,. U3 cooTHo-
ILIEHUS MapameTpoB Ha aauabare a-c HMeeM
‘ Tc/Ta=(Pc/pa)(k—l)/k=}‘(k—”/k’
orcioga T,=T,AME—1/k
N3 cootHoleHN st mapaMeTpoB Ha H3obape ¢-2
' T,/T,=v,/v,=p
umeeM T,=T,p=T,pM=1/k,
M3 cooTHOmenu st napaMeTpoB 1a aauabarte 2-b
T/ Ty = (ool p)*=1% = (pa o) =11k = 1 MA=1I,
Tak KaK po=p, U pe=p;, TO
Ty =T, /ME= DIk = _.___Ta’f(’i“f;/';/k =T,p.

i
[MoacTaBnsieM nonyyeHHble 3HAUeHUS TeMIeparyp B ypas-
HeHue (0)

Ta p"‘Ta .
T, pl(k" 1 )/k__Ta AE—=1)/%

nt=1—

ITocne coxpauieHust nomyyaeM pacueTHyio GopMmysay

My =1—1/Me—11k, (10.8)
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CrenoBaTenuio, TepMuueckuit K.nm.a. I'TY ¢ usoBapHeM
MOABOAOM TEMIOTH 3aBHCHT TONLKO OT CTENEHH MNOBBLILUEHHS
JaBJeHus A U NMoKas3aTess aauabatsl k (OH yBelMuHBaeTcs C Io-
BLILIEHHEM 3HAYEHHH STHX BENMUYHH).

§ 10.5. F'a30TypOUHHbBIE YCTAHOBKH
t perenepanuei

Otpa6oraBiune B ra3oBoii TypOHHE rassl HMEIOT TeMneparypy
450—500 °C u, cimegoBarenbHO, YHOCAT B artMocdepy 3HayH-
TeJIbHOE KOJHYEeCTBO TEIIOTH, YacTb KOTOPOi elle MOXHO HC-
nosb30Bath B TypOuHe, 15 5TOrO CYXHT pereHepauus Ten-
JIOTEI, O TEOPETHYECKHX OCHOBAaX KOTOpOfl OblIO YKe paccKa-
sato B § 8.10.

T Y
z
'
C’
T ===
A N
N
a .
N
)
Puc. 10.11. Cxema I'TY ¢ perene- Puc. 10.12. Ts-guarpamma
pauei IMKJA ¢ pereHepauuei

ITpumenntensHo K I'TY perenepauus sakiouaercsi B TOM,
yTo oTpaboraBluHe B TYpOHHE ra3bl IPONyCKAOTCA Yepes ChelH-
aNbHBII TeNn00OMEHHHK, B KOTOPOM OHH OTAAIOT YacTh TEMJIOTH
BO3AYXY, HanmpaBiseMOMY IOCJIEe CKAaTHS B KOMIpeccope B Ka-
Mepy cropanusi. Cxema I'TY ¢ perenepanueit nsobpaxena Ha
puc. 10.11, PaGoraer Takas ycraHoBKa CJeAyioUUM oGpa3oM.
Hapyxxublil Bo3gyx mociie cxkaTHst ero B Komnpeccope I nmocty-
naeT B TEMJIOOOMEHHHK 2, T/l MPOXOAUT MO 3MEeeBHKY, OMbIBae-
MOMY OTpaGOTABUIMMH ra3aMH, M TaKHM 00pa3OM, Harpesaer-
Csl 3a CYET OXJIaXKACHUS 5THX ra3oB. [Tocse 5TOro CxKaThI H Ha-
TpeThlil BO3AYX NMOAAeTCsl B KaMepy cropaHus 3,

Ha puc. 10.12 npuseaena Ts-guarpamma I'TY ¢ perenepauu-
eit, Kak u B I'TY Ge3 pereHepauuu, BHeLIHsisI Temsnora |q;|
NOABOAMTCSA IO H306ape p, (cM. puc. 10.10), a Tensnora |g,| orBo-
AuTCS Mo usobape py. Js oCylLIeCTBIEHH S PereHepatH HyXKHO
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TIepPEeHEeCTH YacTb TeMmJIOTH ¢ M306apel p; Ha u3o6Gapy p,. Haso-
BeM 3Ty Temoty |g,|. Takoil nepeHoc BO3MOXKeH TOMLKO mocJe
TOro, Kak pabourie rassl OTpaboTaloT Ha JonaTkax Ty pGUHbI(TOY-
Ka b Ha quarpamme), a 3aKOHUMTCS B Touke d, KOT/a TeMnepary-

a orpaGotaBluuX rasoB T, cpaBHseTcs ¢ Temmepatypoir T
8‘0‘-“(& C) M Korjia I0/2KeH HauaTbCs MOABOJ TEIJIOTH 110 H3oGape
ps. JIpyruMH c/I0BaMH, NEPEHOC TEIVIOTH! |q,| BO3MOXKEH TONBLKO
B npefenax Temneparyp T, — T3 HaH300ape p; HJIH, UTO TO XKe
camoe, B npefenax temneparyp T, — T¢r, Tak Kak Ty = T,
a Ty = T,.. Hcnonn3osanue sToro mepenaja teMneparyp Ans
nepeHoca TEMmNoThl |g,| MOMHOCTBIO HA3BIBAETCS nOAHOU WK
npedeavroti pecenepayuedi. IIpn aToM ¢ H306apkel py; GyAeT B3ATO
KOJHYECTBO TEIIOTHl, onpejensieMoe rpadHueckd SalITpHXo-
BaHHOH IVIOLIAAbIO AHarpaMMLl oA OTpe3KoM b-d u mepeHece-
HO Ha M300apy p, (3alITpHXOBAaHHAs IUIOWIALb AUarpaMMbl MOJ
oTpe3KkoM c¢-¢’ n3obaprr). OGe 3TH 3alITPUXOBaHHBIE IJIOLIAA-
KH paBHBI MeXAy co6oif, TaK Kak u300apel p; H p, ABISIOTCA
9KBHAMCTAHTHBIMH KPHBLIMH, T. €, PABHOOTCTOALIUMH APYTr OT
apyra.

Ilpu TaxoM nepeHoce TenIOTHl 3HaueHHEe YAENbHOI paboThl
mHkJa [, He H3MeHUTCs U 6yJeT TaKHM JKe, KaK U B UUKJe 6e3
pereHepauyd. OAHaKO KOJIHYECTBO TEIJIOTHL |g,| 3a cueT BHer-
Hero HCTOYHHMKA, T. €. 3a CUeT TEeMJIOTHl CKUIaeMoro B KaMepe
CropaHusl TonnuBa, 6yAer yMeHblieHo. IIpi pereHepauuu sTa
TenJIoTa MOABOAUTCS Ha NpPOTSKEHHH He Bceil H300aphl C-2,
a ToNbKO Ha yuactke c¢’-z. JIpyrumu cjioBaMu, NMOABOZMMAs OT
BHELUHETo MCTOYHHKA TEMJIoTa COCTaBUT |gi| = lgy1 — lg,|. Co-
OTBETCTBEHHO YMEHBIUMTCS M OTBOA TEMJIOTH [¢'3,, K ‘TOPBHIH
6yaer npoaosmKaThCs He no Beeil H3obape b-a, a Tor 70 ..a yya-
ctke ee d-a, T. e. |gi] = lg;] — lg,]. Taxuu obpasom,
UMK/ CTAHOBHTCS GoJlee 9KOHOMHYHBIM,

TepMuueckuil K.I.A. LMKJA C pereHepanuei MOXHO ompe-
RENMUTb H3 YPaBHEHHS A4 1), OOLLEro BHAa

n = 1 — lg;l/lgl.

Hns paccMatpuBaeMoro LHMKJIa 3TO YpaBHEHHe NMPHHHMAET
BHJ

n, = 1— lgiV/lg2], rae lgil = ¢, (T, — Ter) =¢p(T ,—
— T4}, algsl = C(Ts — To) = Tp (Te— Ta).
CnepoBaresnbHo,

ne=1— cp(Te=Ta)  _q_ TaTe/Ta—1)
cp (T, —Ty) Ty (To/Ty—1)
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N3 coorHomeHui napaMerpoB B aaHabGaTHBIX mporeccax
MOXKHO HaNHCaTh B JaHHOM cayuae Ans aguaGatet a-c: T/
ITy = (p/po)e=Y/t u pna amguabatel b-z: T,/T, = (p,/
Ipp)t=1k =" (p /p ) k=1)1k,

TAK KaK pp = pPgo, MOCKOJbKY 00a 5TH JaBJEHHS MpPUHaJIexKaT
onHoil u3obape, U p, = p, — NO TOH XkKe MPHUHHE.

Hmes B Buay 06a aTH paBeHCTBa, MOXKHO Hamucarb

TJ/T,=T,)/T, unnu (a)
TJTeg—1=T,Ty—1.
CneznoBarenLHo,
N =1—=Tg/T,. l (10.9)

ATo ypaBHeHHEe MOXKHO HaMKkcaThb U B ApyroM Buge. Ilns storo
nponopuuio (a) npeacrasum B Bupe: To/Ty = T./T,, HO OT-
nomenue T/T, = v/v,= l/p. Tenepb ypasHenne nnsa 1), ne-
penHiueM B TaKOM BHJE:

n=1—1/p.| (10.10)

Huxe, B Ta6n. 10.1 npuBoasiTcs XapaKTepHCTHKH PaccMOT-
peunmx LUKJIOB.

Mpumep 10.4, T'azoBas cMech, o6nagaomasn CBOHCTBAMH BO3JyXa,
Macca koropoii 1 kr, paGoraeT B ras3opoif TypGHHe ¢ H306apHLIM MOA-
BOJOM TemJyIOTH. H3BecTHH! cjexyouiie napaMeTpul H XapaKTepHCTHKH
uukaa: tg = 27°C; pg= 90 kIla; p.= 0,9 MIla; ¢, = 600°C; & = 1,4.

Onpepe/nuTs NapaMeTps B XapaKTepPHHX TOYKaX AHarpaMMbl IHKJa;
KOJIHYECTBA NMOABEJNECHHON H OTBeJeHHOH YAEJbHHLIX Temaor |q;| H |g,l;
yaAeabHylo pa6oty |ly| ¥ TepMHYecKHit K. N. A. WHKJIA 1¢, YASAbHYIO Ten-
JIOEMKOCTE CYHMTATh NMOCTOSHHOIA,

Pewenne. 1. IlapaMerTpul rasoBoit cMecH B XapakTepHLIX TOY-
KaX gMarpaMMH LHKJa:

mo4ka a

Ta = t, + 273 = (27+273) K = 300 K.
H3 ypaBHeHHS COCTOSHHSA HaXOxUM
Vg = RoTo/pe = 287,1.300/(90-10%) m%kr = 0,957 m%xr;
mouxa c¢. CTeneHb NMOBHIUEHHSA AaBJAEHHSA
A = pe/pa = 0,9-10%/(90-10%) = 10,
Haxogum 7T,. HssectHo, uto T¢/Tq = AMk=1)/k, CaegosatennHo,
To=T, ME—13/% _ 300.10(1.:4 —1)/1.4K =579K.
H3 ypaBHeHHS COCTOSTHUS HAXORHM YACABLHHI 06BEM Ug:
ve = RoTc/p. = 287,1.579/(0,9+10%) m%/xr = 0,185 m¥/kr;
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Ta6anma 10.1. XapakTepHCTHKH TEPMOAHHAMHYECKHX WHKJ/IOB

TENJOBHIX JABHIraTeMeH

Haspanne uukia Be’;iﬁ;‘;’:p:;&a Tepmugeckuil k. m, AL
1 2 3
Hukn Kapno u sio-| Hausniclas Temne- Nn=1—T,/Ty

Goit o6paTHMHN ILHKA

parypa Ty U HaHHu3-
was Temneparypa T2

Hukn OBC co cme-
UIaHHBIM TOABOAOM
TeMJIOTH

Crenenb cxkaTHA
e=Va/V,.
Crenenn MOBHILIE-
HHSL JaBJIEHHS
A=p./p..
CreneHp mpexBapH-

TeJbHOI" ACLUHPCHHA
PL g/z/ Ve

1
n’=l——8k—| X

Apk—1

XA 1A (—D)

Huka OBC ¢ wuso-

Crenenp CXKATHA

XOPHEIM MOJBOXOM e=V,/V,. Ne=1——7—3
TeN0TH CTenenb NOBHILCHHSA e
JlaBJIeHHSA .
A=p./p.
Iukn TTY ¢ mso- J
6GapHHM NoABOAOM
TEeNJIOTH:
' a) Ges pereHepauuH Crenenb NOBLILEHHSA —1— 1
aasaenns / = AE=1)1k
= pPc/Pa-
CreneHb npeaBapH-
TENBHOTO PpacCUIHPEeHHSA
p=v;/v;
6) c pereHepanueit Te xe, uTO0 H AJ4 n=1—1/p
uukaa Ge3s pereHepa-
LUK
mouKa 2.
Ty = t; + 273 = (600+273) K = 873 K.

Pz = Pc = 0,9 MIa.

Mo 3aKoHy Teii-Jlioctaka v,/ve = Tof T¢, a 3Hauur,
"0y = veTo/ Te = 0,185.873/579 M¥/xr = 0,279 M¥/kr;
mouxa b. Vs ypasuenns (a) Te/ Tg = Tof Tp umeeM
Ty = T1To/Te = 873:300/579 K = 452 K; pp = pa = 90 klla.
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ITo sakoHny Teii-Jloccaka
vp = vaTe/Tq = 0,957-452/300 M3 /kr = 1,442 m%/kr.

2. YpenbHas pa6ota uukaa
|1o l=—".' | la-cl+' lc.z I+l lb.z l_l’a-b l‘

YaearHaa paborta cxxaTHsl mo aguabate a-c

R 287,1 (300 —579
| la.c'=_2‘ (Te—Te)= )

1 - Jx/kr =200 xJx/kr.

YpenbHas pa6oTa pacluMpeHHs mo H3o6ape c-z

.2 1=Ro (T,—T;)=287,1(873—579) Ax/xr =84 xJIx/xr.

N .
YpaenbHasa paGora pacliHpeHHs mo agHabare 2-b

T,—T 287,1 (873 —452
1ypl= RO(k:l B _ 1(4_1 ) Ix/kr =302 kIdx/kr.

YpenbHaa pa6ora cxkaTHA no H3obape b-a

11y o 1 =R (Tq—Tp) =287,1 (300 —452) Mx/kr=44 xIxk/kr.

YaenbHasa pa6oTa LHKJa
|2l = (—200-+84-+302—44) xx/kr = 142 xIx/kr.
3. KoauuecrBa moxsefieHHON M OTBeleHHOH YAeNbHBIX TenaoT |q|
H |q,]. CHayana onpefesHM H3_ypaBHeHHs Maiiepa sHaueHHe YAeJbHOM
H306apHOI TEMJIOEMKOCTH Cp: Cp — € = Ry. Ilocne penenns sroro
YpaBHeHHS Ha Cp H NPOCTHIX Npeo6pa3oBaHHil NOMYUHM
k 287,1-1,4

cp=Re = v Ix/(kr-K)=1,005 x Ix/(xr-K).

KonuvecTBo noaeefeHHON yAeAbHOI TENIOTHI:
191l =cp (Tz — Te) = 1,005 (873—579) xIlx/kr = 295 xJIx/xr.
KonuyecTBo OTBefleHHOM YAeNbHON TemJaoTH:
14,1 =?p (To — Tq) = 1,005 (452—300) kOx/xkr = 153 &Jx/kr.
4, TepMHuecKni K. m. X.:

1 1

== T Taaas e 048
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lTpoBepka.
YpgenavHas pa6ota nHKJIa:

ol = lqul — Igy) = (295—153) kIx/kr = 142 kIx/kr.

TepMuyeckHil K.1.1.
Nt = (gl — 1921)/|g1| = 142/295 = 0,481.

l‘ypacxox{neﬂne C paHee NOJYYeHHEIM 3HaueHHEM K.II. JX. COCTaBJser
0,1%.

Mpumep 10.5. HacKoabKko noBrICHIach GBI SKOHOMHYHOCTb Ta30BOi
TYpOHHH, HKJI KOTOPOH Obl1 paccMoTpeH B npuMepe 10.4, ec/iu 6l OHA
pa6otana ¢ NONHON pereHepauueit. ’

PemeHn ue HaxoguMm snayeHue Tepmuveckoro k.mp. I'TY c
noJHOM pereHepauueii. Mmeem 1; = 1—1/p. CreneHn npexsapurebHO-
ro pacwHpeHus p = v,/ve. Kak 6bl/10 HafileHo B mpeabAyLIeM TPHMepe,
v,= 0,957 M3/kr u ve = 0,185 M3/kr. TakuMm o6pasom, }) = v,/v, =
= 0,957/0,185 = 5,19. Ilpn stoM 7 = 1—1/p = 1—1/5,19 = 0,81.

CrnegoBaTe/IbHO, B pe3yJ/ibTaTe BBefleHHS MOJHOM pereHepalHHd Tep-
MHYeckHil k. n. 1. I'TY yBeanuuucs 6u ¢ 0,481 o 0,81.

3apauu

10.7. T'asoBas Typ6HHa paGoTaer no UHKAY C H306aPHHIM MOZROAO0M
Tenm1oTH, Onpene/uTh NapaMeTPH B XapaKTePHHX TOYKaX LHK/IA, KOJK-
4yecTBa MOJABeAeHHON H OTBeJieHHOI TenJoT, pa6GoTy IHKJA, a TaKxKe Tep-
MHYEeCKHH K.N.X. H CPaBHHTb ero C K. M, X. LHKJA C NOJHOK pereHepa-
uHeil, ecAH 3ajaHHl cJejylolulHe NMapaMeTPl H XapaKTePHCTHKH: pg =
= 0,8 MIla, #; = — 10° C, creneHb NOBLILICHUSA AaBJeHHA A = 5, cTe-
neHb NpeABapHTeAbHOro pacuiupeHus p = 3. PaGouee Tejio — asor.
YRenbHylo TeNJIOEMKOCTb CYHTATh NIOCTOAHHOIA. .

Omsem: pg = 80 k[la; T4 = 263 K;
vg = 0,976 M%¥/xr; p. = 0,4 MIla;
Te =417 K; ve= 0,310 wm¥xr;
pz: = 0,4 MIla; T, = 1251 K;
vy = 0,929 m%kr; pp = 80 k[la;
Ty =790 K; uvp = 2,93 m%kr;
lgl = 8657 kIdx/kr; lgp] =
= 547,0 xJx/kr;

ANst uHKJAA Ge3 pereHepauuu n¢ = 0,368; A1 UHKIA C MONHOI pereHes
pauueiin = 0,670,

10.8. Jnsa uukaa ra3oBoit TYpGHHH ¢ H306apHBIM MOABOAOM Tem-
JIOTH! NOCTPOHTb KPHBHE 3aBHCHMOCTH TePMHYECKOro K. I. Z. OT CTemne-
HH NMOBHIIUEHHA AaBJeHHS NpH 3HaueHHux A = 2, 4, 8 u 10 ana gByx
CayvaeB: npH paboTe TypGHHH Ge3 pereHepalHH H npH pa6oTe C moJ-
HOit pereHepalHem.

10.9. Temneparypa Bo3ayXa. nepes BXoAoM B Typ6uHy 950 °C.
Havaabnoe apasiaeHue Bosgyxa pg = 0,1 MIla, creneHb NOBHIUEHHS
naBjeHHss A = 7; cTeneHb NpPeABaPUTENbHOrO paclinpeHHs p = 2,2,
Paccyurars uuka I'TY ¢ H306apHLIM NOABOAOM TEMJIOTH Ge3 pereHepas

UHH,
Omsgem: pg = 0,1 MIa; Tq = 319 K;
ve = 0,916 M¥kr; pe = 0,7 MIla;
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T. = 556 K; = 0,228 wm%xr;
pz= 0,7 Mila; ° T, = 1223 K:
vy = 0,502 m¥kr; pp = 0,1 MIla;
Ty = 702 K;  0p = 2,015 m%kr;
[lol = 285 kI/KT; lgy) =
—670 xﬂm/xr, Ig5| = 385 kI x/xr;
1'“ 25

10.10. I'TY paGoraer mo UHKAY € M306apHEIM MOZBOXOM TEMJOTHI
npu A = 7 up = 2,8, Haya/bHOe cOCTOSIHHE BO3JyXa xapamepnaye'rcﬁ
JpaBjieHneM pg = 0,8 MIla u temneparypoii {; = — 12 °C. Ilpoueccn
CXKaTHA H PacClIMPeHHS MOTYT OCYIUECTBJSATLCH NO agHabaTe HJAX NO-
JHTpone ¢ noxasareaeMm n = 1,3

PaccuntaTbh 06a 3TH UMKJIA H NMOCTPOUTH HX HA pv- U TS -guarpam-
Max.

Omasem:

a) agnaGaTHOE pacCIIHPeHHe U CXKaTHe:
Pe = 0,8 MIla; Ta—-261 K; va =
= 0,094 m¥kr; pe= 5,6 MIla;
Tc— 455 K Ve = 0023 M3'ar;
pz‘—56 a, Tz=l274K
v, = 0,064 M3/Kl‘, py = 0,8 MIla;
Ty = 731 K; v =0, 263 M3/xr,
gl = 823 KIx/kr; gl =

= 472 xJx/kr; | lj| = 351 xl.bx/ur,

n:= 0,426;
6) NONMHTPOMHOE paclIHpeHHe H
cxKaTHe:

pe = 0,8 MIla; T, = 261 K; vg =
= 0,094 ™m%¥xkr; pc= 5,6 MIla;
T.= 409 K; =0, 021 m%/kr;
pz = 5,6 MIla; Tz-— 1145 K; v, =
—0059 m¥kr;  pp = 0,8 MIla;
Ty = 731 K; wvp = 0,263 m%/xr;
Il = 916  kIw/kr; 19| =
=585 xIx/xr; |l,| = 331 K,B,m/xr,
ne = 0,361.

KOHTpOJ‘leble BONPOCHI

? IMouyemy TepmoguHamuyeckue nHKAL JBC HasnBaloTca HAealdbe
numu

2. Kak pokasaTb, YTO ¢ yBeqHYeHHeM cTemeHu cxarus B JJBC no-
BHILIAETCS TeMNepaTtypa B KOHIUE CXKAaTHA?
3. Kax mameHsiercst Temnepatypa Tz B LIHKJIE CO CMeMaHHLIM MOJ-

Boaom?'rennoru NpH yBeJNHYEHHH CcTeneHH NpeJBapHTEJLHOrO pacud-
peHus

JIBC4 Kaxk ausier YBeJMHUYEHHE CTENECHH CXKATHA Ha TEpMH‘lQCKHH K.l 1.

5. Kak Bauser ymeHplieHue creneﬂu npennapmenbnoro pacmu-
PeHHs Ha TepMHyeckHit k.n.g. JBC

6. Kak Bauser crenens noaumenna JaBJeHHA B l‘TV ¢ H306apHLIM
NOABOJOM TEMVIOTH HA HX TepPMHYECKHH K.II. A ?
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IFaasa 11
OBILIHE CBOHCTBA )KXHJIKOCTEX U NMAPOB

§ 11.1. OcHoBHble mapaMeTpbl COCTOAHUSA
XKHAKOCTH M napa

B TennorexHuke W X/MafoOTeXHHKE HCMOMBL3YIOTCA pas3iHy-
Hble XXHAKOCTH M uX mapel: ammuak (NH ), yraekucaora (COy),
(ppgom;l H MHOrHe jpyrue, Ho HauGosee 4acTo — BOJa ¥ BOAs-
HOH nap.

Ilap MoxHO mosnyuaTs ABYMSI crocoGamu: MpPH HCMapeHHH
H NpH KHNEeHHH. B npouecce HcnapeHus MOJeKYJbl XKHAKOCTH
Yy ee noBepxHocTH, UMelolde OOMAbLIYIO CKOPOCTb, UeM JApyrue
MOJIEKYJILl, NPEOAO/NEBAIOT CHJILL MOJIEKYJSPHOrO CUEIVIEHHS

a ) b 2) )

- t', 1/4

-t-u;' ' L v lrlz 7

Puc. 11.1. Craanun moayyeHus neperperoro mapa
H3 XHAKOCTH

H BHIJIETAIOT B OKpY2Kaiolllee npocTpaHcTso. UeM Brile Temnepa-
Typa XKHAKOCTH, TeM Gosiee HHTEHCHBHO NPOHCXONUT HCIapeHHe,

Ilpu kuneHuu nap obpasyercs BO BCeil Macce XHAKOCTH H,
HMest MeHbLIYIO NJIOTHOCTD, UeM XH JKOCTb, YCTPEMJISIETCS BBEpPX,
COeMHAACL NPH 3TOM C APYrUMH YacTHLAMH napa U obpasys,
TakuM obpa3oM, KnyOku. Takue ka1y6ku, mocTiras nopepxHo-
CTH XXMAKOCTH, NPEOAO/EBAIOT CHJbI NMOBEPXHOCTHOrO HaTsXKe-
HHS ¥ BBIIETAIOT B OKpY:Kamlllee npocTpaHcTBo. Ilpouecc Ku-
NEeHUsT MOXKeT MPOHCXOAUThb JIMIUb NPH BIIOJHE OnpeesneHHOl
Ind AaHHOro AaBJMEHUSI TeMmeparype >KHAKOCTH, Ha3blBaeMoil
memnepamypolé Kunenua v o6o3HauaeMoit f;.

B npakTHueckHX Yc/aOBHSIX nap oOObIYHO MOAYHAOT NpH
JIOCTOSTHHOM fAaBjeHHd. Takoit mpouecc M paccMartpuBaercs
HHXKe,

JonyctuM, uto xkuAKOcTb Maccoit 1 kr npu 0°C 3akJiouena
B LHJHHADE C MOJBHKHLIM TOpIUHEM, HArpYKEHHLIM TOCTOSH-
HBIM Tpy3oM, cosjalowum aasaenue p (puc. 11.1, a). B nepsoit
CTajuH MONyYeHHs Mapa XKMAKOCTH MOAOrpeBaeTcs oT 0°C no
‘TeMnepaTypbl KUIEHHs £, COOTBETCTBYlowIei JAaHioMy AaBie-
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umio. Ecnn npu Temnepatype 0°C yfenbHbiit 06beM XKUAKOCTH
6Bl v, TO NpH HarpeBaHHH ee 1o TeMnepaTyphl f; OH YBEIHYHT-
cs Jo v’ — yJenbHoro oGbeMa Kunsiiedt xkunkoctH (puc. 11.1,6).
IMpu panbHeifimieM HarpeBaHUM HacTynaeT BTopas CTajud,
KOrAa KHOsias KHAKOCTh IIOCTENEHHO MNepexofuT B nap
(puc. 11.1, 6). ITap, obpasyiomuiics U3 KHNALEH >KHAKOCTH,
HasbIBaeTCs Hacowyertoim. CMech mapa H 2KHAKOCTH (ABYXda3o-
Basl CHCTEMa) HA3bIBAETCS BAQXMCHOIM HACOLIUEHHLIM NAPOM.

B nporecce Kunenus Macca napa B UMJAHHAPE YBeJlHYHBaeT-
cs, a JXHUAKOCTH YMEHbIUaeTcst O TeX Iop, MOKa MOoC/AeANss
KamnJsi ee He IPeBPATHTCS B nap. B 3TOT MOMEHT nap CTaHOBHTCA
cyxum Hacowyernoim (puc. 11.1, e).

BnaxHBI HacHILIEHHBIE nNap XapakTepusyercs napoco-
Oepacaruem X — OTHOLIEHHEM MacChl CYXOro HachILIEHHOro
napa K ofuueii Macce BJIaXKHOrO HachILIEHHOro napa HJH, Apy-
THMH CJIOBaMH, MaccOBOH foJielt mapa.

H\arllanMép, ecnM  mapocofieprkanie Bnaxmﬁro HACBIIIIEH-
Horo hapa pasHo 0,85, To 3To 3HAyHT, YTO B TaKeM mape Mac-
coit 1 Kr copep:xutcs nap Maccoit 0,85 Kr B XKHAKOCTb Maccon
0,15 Kr.

B HEKOTOpHIX CyuasX COCTOSIHHE BJQXXHOTrO HACHILIEHHOro
napa XapakTepu3yercsl 62a20codeprcarnuem . BunpHBeneHHOM
NpHMepe BI&rOCOAEpKaKKe napa.pasHo 0,15,

UeM map cyure, TeM napocofep:xkaHue ero 6osblue; Ans cy-
XOro HacCHILEHHOro Mapa napocojep)XaHHe paBHO eAHHHIE, a
INIST JKHUAKOCTH — Hymo. Tak Kak yJAeNbHbIE 06beM CyXoro
HaCHILIEHHOro napa v” Goblue yaelbHOro o6beMa KHAKOCTH ',
M3 KOTOPOH OH MOJYYMJICH, TO C YBeJUYEHHEM Napocofepa-
HHS yJenbHBIE 00beM BIaXKHOrO napa v, Takxe yBeJHuHBaeT-
cs1. CnefoBaTtenbHo, V' < v, <<v”. IpH OTHOCHTeNbHO HEBHICO-
KHX JaBleHHsX v" 3HauuTenpHo Gonbiue v’. Hanpumep, npu
naBnexuu 1 MITa ynenbHbiit o6beM CyXOro HachIEHHOro BO-
AsiHOro mnapa GoJblie yAeabHoro oobemMa Kunsuieii BOAB! NMOYTH
B 200 pas.

Koraa npoiiecc KHneHnst npotekaeT NpH NoCcTOSTHHOM JaBJie-
HUH, TeMmmepaTypa *XMJAKOCTH, Kak OblIO CKa3aHO BhIlE, OCTa-
eTcsl MOCTOSIHHON M PaBHOM TeMneparype HachlllleHHs (Temrne-
paType KuneHHs1) {; TaKylo »Ke TeMnepatypy MMeeT HachbllleH-
Helit nap. Mcxonas M3 paBeHCTBa 3THX TeMmeparyp, HachllleH-
HOMY napy (KaK BJaXKHOMY, TaK M CYXOMY) MOXHO JaTh TaKoe
ONpeJeNieHHe: HacbiujeHHbiM HA3bIBACTCA nap, UMeujull mem-
nepamypy xunawed oscudkocmu, u3 KOmopow OH NOAYLUACA.

EcaH K CyXOMY HachlllleHHOMY napy NoABOAMTHL TEIJIOTY, TO
OH CTaHOBHTCA neperpereiM. IleperpeB siBasieTcs TpeTbel CTa-
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AMell paccMaTpHBaeMoOro mpolecca napooGpa3oBaHHs, CONpO-
BOXJalolIefics TIOBHILIEHHEM TeMIepaTyphl Napa H YBeaHuuye-
HHeM ero yaeabHoro o6wema (puc. 11.1, 0).

M3 ckasannoro ciaenyer, uto nepeepemoim HasbiBaeTcs nap,
umeroujull memnepamypy 6vluie MeMnepamypsl KUNeHus xuo-
Kocrmu, u3 Komopoi o1 noay4uacs. Temmepatypa meperperoro
napa o6o3Hauaercss yepes f, a yAeabHbIl 00beM ero—uepes3 v.
PasHocTb ¢ — {; Ha3sblBaeTcs cmenensbio nepezpesa.\eMm Brlie
npH  JlaHHOM JaBJIeHHH TeMmeparypa
neperperoro mnapa, TeM Gosblue CTeNeHb
neperpesa H ero yJelbHuIl 06beM.)

OTHATHE TEemIOTEL OT Ieperperoro
napa npH NOCTOSTHHOM JaBJIEHHH CBf3a-
HO C YMeHbIUEHHEM ero TeMmepaTyphl.
Ecav oHa He mnoHMKaercst J0 TeMmepa-
Typel KHMINEHHSA, TO Map OCTaeTcs Ie-
perpersiM. .

ITocnennee cBOHCTBO meperperoro
napa nosBoJIsSIeT JOCTaBJSATL ero noTpe-
6HTeNIO B MeperpeToM COCTOSIHUM; Gostee
BLICOKasi paGOTOCIIOCOGHOCTD Neperpero- fuﬂféct(lofc.) %ﬁgg‘gﬁgpﬁg'
ro BOAsiHOro mapa (o CPABHEHHIO C Ha-  juueuus  neperpetoro
CBHIILIEHHEIM) SIBJISIETCS] OCHOBHOM MpPHYH- napa M3 JKHAKOCTH
HOH €ro WIHpPOKOro HCMO/Nb30BaHHS B
MapoBLIX JABHratessx.

Hrak, npouecc nonayueHHss mapa npH NMOCTOSHHOM jaBiie-
HHH B OOLIEM CJIyyae MOXXHOQ pasfie/IHTh Ha TPU CTaJuU:

1) nonorpes XMAKOCTH O TeMIepaTyphl KHIIEHUS,;

2) KuneHHe XXHAKOCTH (MOJYuYeHHE CYXOro HachlEHHOro
napa M3 KHMNsLEeHd XKHUAKOCTH) NIPHU NMOCTOSIHHOH TeMneparype;

3) npespalieHye CyX0ro HacHIEHHOro napa B neperperkii,

CocTosiHHE CYXOro HaChILIEHHOrO Mapa KpaiiHe HeyCTOHuM-
BO, TaK Kak /laxe NPH CaMOM He3HaulTeJIbHOM IOABOAE HJIH OT-
BOJIe TEIVIOTH! OH NpeBpallaeTcs JH60 B meperpeThiit (B nepBoM
cayyae), HG0 BO BIaXKHBIH HaChIUEHHEIH ap (BO BTOPOM CJTy-
yae).

N3 paccMotpenHoro mpouecca napooGpa3soBaHHA CJeAyer
TaKKe, YTO B NPHCYTCTBUH XKHUAKOCTH I1ap MOXKET ObITh TONBKO
BJIaXXHBIM HackIeHHBIM, [Tpu moaBose K HeMy TenJioTe! 6e3 npH-
CYTCTBHS 3KMJKOCTH OH NOJACYIIMBAETCS H TONBKO IOCJE TOro,
KaK napocojiepXkaHie CTaHOBUTCS PaBHBIM eAHHHUE, HAauHHa-
€ICs ero neperpes.

[TpakTHueckH neperpeThiii BOASIHON map noJjydaercs B Ko-
Te/IbHOA YCTaHOBKe, CXeMa KOTOPOif moKasaHa Ha puc. 11.2.
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IMutatensHas BoAa no TpyGe / HarHeTaeTcs NMUTATENbHLIM Ha-
COCOM B liapoBOit KoTes 2. B mapoBoM NpOCTPAHCTBE & 3TOrO
KOT/1a 00pa3syercst BAaXKHBIH HACBIEHHBIH nap, HMEOWHU i TeM-
neparypy Kunsuieil B komie BoArl. M3 mapoBoro Komia Baax-
HBIiT N1ap OTBOAMTCA no TpyGe 4 B mapomeperpeBarens 5, 060-
rpeBaeMblif TOpPSIYHMH rasaMH, rie CHayaja NpeBpailaercs B
CyXOH HaCbIIIEHHEI, a 3aTeM B neperpeTwiil nap. M3 naponepe-
rpeBaTe/isi 3TOT nap 1o Tpy6e 6 nocrynaeT K norpeGuTeNo (Ha-
npuMep, B NapoByio TypGUHY).

§ 11.2. MorpannyHbie KpUBbIE

H3obpasum paccMoTpeHHBIT B npenbiaymeM naparpage
npouecc napoo6pa3oBaHHsl NpH MOCTOSHHOM JAaBJEHHH TIpa-
¢uueckn Ha pv-guarpamme (puc. 11.3). HonycTHM, uTO NpH
nasjeHud py; 1 Temnepatrype 0°C yzenbHblit 06beM XKHAKOCTH

paBeH vy (TOuka @, Ha auar-

£ ) pamme). Tak Kak mnporecc
HarpeBaHUsl  KHAKOCTH H
8 napooGpa3oBaHHsl MpOTEKa-
€T NpH IMOCTOSTHHOM JaBJjie-
HHH, TO JIMHUA ero sBaseTcs
n3o6apoif, HAyLEH OT TOUKH
a, Bnpaso. ITonoxumM, uTO B
MOMEHT Hayaja KMMNeHHd,
, ¢, ,d, KOIllaTeMmepaTypa rogorpe-
BaeMOH KHAKOCTH CTaHeT
paBHoO#t f;, cocTosiHHE ee OIl-
penenuTcst TO4KoH by; B 3TOT
MOMEHT YJenbHHii o0BeM
JKUJKOCTH YBENTHYHTCSH A0V,
Ilpn panbhelilueM mnoaBofe
Puc. 11.3. TIpouecen mapoo6pasoBa- TIIOTHI TOTyHacrCsl BAaK-
HHMA, NpoTeKawllHe NpH NOCTOAHHOM HBbIH  HaCbIEHHBIH nap' a

INaBJIeHHH Ha pu-aHarpaMme KOEﬂa BCA 2KHAKOCTb Ie-

pefiler B map, OH CTaHer

CYXHM HAacCBHILEHHBIM (TOY-
Ka ¢;). Tak xak B mpoiuecce MOJY4YeHHsT HaCHILEHHOro mapa
TEMNepaTypa €ro ocTaercsi NMOCTOSHHOH, TO y4acTOK H3006aphl
by-c, siBasieTcsl OfHOBpeMeHHO M H3oTepMoit. MTak, Touka by
NOKa3bIBaeT Hauajo, a TOYKa C; — KOHelLl KUIMeHHs, TMO03TOMY B
TOUKe by nmapocojiep:aHie paBHO HYJIO, a B TOUKe ¢; — €JH-
Huue. ITpoMeKyTouHble TOYUKH OTHOCSITCS K BJIaXXHOMY HachlLleH-
HoMmy napy. IloHsTHo, uTO ueM mnpaBee Ha JIHHHH by-c; pac-
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fosnaraeTcsl TOYKa, OMpEJeNsIomasl COCTOSHHE BJaMKHOro Ha-
CHILIEHHOrOo napa, TeM OH cyle.

ITpu cooGIIEeHHH CYXOMY HaCHILEHHOMY Napy TEIVIOTH OH
nepexoiuT B Neperpersii nap, COCTOsSHHE KOTOPOro ONpeJes-
eTcs, Harnpumep, Toukoii d;. UeM TensoTel noaBeAcHO Goabuie,
TeM yJeNbHbll 00heM neperperoro napa v GyfieT Takxe Gonblue,
1 Touka d ; PacnoNoXMUTCSA Janblie OT TOYKH Cy.

Ecan nonoGHeli mpolecc napooGpa3oBanus MPOBOAKTL NPH
GoJiee BHICOKOM JaBJIEHHH p,, TO M300apa, COOTBETCTBYIOLIAS
5TOMY JaBJIeHHIO, PACMONOXKUTCS BhILLIE,

JKUIKOCTh CUMTAIOT MPaKTHYEeCKH HeC:KUMaeMod W mojara-
10T, UTO YJeNbHBIT 0GbEM ee He 3aBHCHT OT AaBieHusi. [Tostomy
Ge3 3aMeTHOI NMOTPEIIHOCTH MOXHO TOYKY @y, ONPEAENSIONIYI0
COCTOSTHHE KHAKOCTH IIPH JlaBJeHuH p, 1 TeMneparype 0°C, pac-
TMOJIOXHUTh HAa ONHOH BEPTHKAJIH C TOUKOH @, (B AeCTBHTENLHOCTH
TOYKA @y JIO/KHA OLIThb PacCIlONIOKEHA HECKOJIBKO Jiepee TOu-
KH @y, KaK NI0Ka3aHC Ha PUCYHKe).

Kak yxe orMeuanoce, C yBeJIHUeHHEM JIaBJIeHUsT TEMIepaTy-
pa Kuneuus fs nosemuaercss. IToaToMy, uToGel JOBECTH KHA-
KOCTb 10 KHIEHHs npH Gosiee BHICOKOM JaBJNEHHH, €il HYXKHO
coo0wuTh Gonblue TemaoThl. C yBeNHueHHEeM JaBJeHHs, a cJe-
JOBaTeNbHO, U TeMIIEPaTyphl YAeNbHBIH 00beM KUNSMIEH KUAKO-
cti v’ yBennuuBaeTcsl. SICHO, UTO M TOUKa b,, ompejensiomas
COCTOSTHHE XKUJKOCTH B MOMEHT HauaJja KHMeHHsd, JoKHa GbITh
pacronoxcHa Ha usobape p, HECKONBKO MNpaBee TOUKH b;.

Touxka ¢,, onpegensiomas Ha q1arpaMMe COCTOSIHHE CyXOro
HACHIIIEHHOr0 N1apa NpH AaBJeHHH p,, PACHONOXKHTCH HA H300a-
pe p, JieBee TOUKHU C;, TaK KaK C YBeJHUYEHHEM AaBJeHUS YAeNb-
HbI 00BEM CyXOr'o HaChILIEHHOr0 Napa yMeHbIIaeTcs.

B npouecce napoo6pazoBanus npu ele 6onee BEICOKOM /aB-
JIEHHH D3 NMOJYYHM TOYKH @z, bg M ¢4, onmpepessiolyie cocTos-
HUe XKHAKOCTH cooTBeTcTBeHHO npH 0°C, B Hauajne KHMEHHs H
KOr/a rnap CTaHOBHTCSI CYyXHM HaCBILIEHHBIM.

Ecny uepe3 opHoHMEHHbIE TOUKH TIPOBECTH IIJIaBHBIE JIHHHH,
TO nonyuuM nunuio AB ydeavrbix 06zemos acudxocmu npu 0°C,
a Takxe jqunnd MK u NK, cxoasuuecs B Touke K. JIuHud
MK npencraBasier cofoif reoMeTpHyecKoe MecTO TO4eK, Xa-
PaKTepU3YIOUHX COCTOSIHHE KHMed MKUAKOCTH, a JIMHHA
NK — reomerpruyeckoe MecTO TOYeK, XapaKTepH3YIOUHX CO-
CTOSIHHE CYXOro HachlleHHOro napa. TakHM o6pa3oM, JIMHUH
MK v NK pasgensior BClo AuarpaMMy Ha TpH oGaacTH: oG-
JIacThb JXHMAKOCTH, Jexallyio mexay aunuamu AB u MK, ob-
JIacTb BJIaXXHOrO HACBHIEHHOrO napa, pPacnosoXeHHYI0 MexAay
norpaHuyHeIMM JuHUAMU MK u NK, u obnactb neperperoro
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napa, raxogsamyiocs npasee auuun NK. Jluuusa MK HasuiBa-
ercst nozpanuuHol Kpueoid scudxocmu, a auuus NK — noepa-
Hutrold kpusoll napa. B Touke K Kunsiwas })HUAKOCTb U CyXOil
HAaCBbIIEHHBIH Nap UMEIT OJHHAKOBbIE TIapaMeTpHl Pk, ik H Uk,
HasblBaeMble Kpumu4eckumu, a cama Touka K — Kpumuueckod.

B ta6a. 11.1 npuBeneHbl 3HaueHHS KPHUTAYECKUX TeMIepa-
TYP U JaBJEHHil JVIS1 HEKOTOPEIX I'a30B M BOASHOrO napa.

Ta6auua 11.1. KpuTHueckoe reMnepaTypsl H AaBJACHUS
HEKOTOPHIX ra3oB M BOJASHOIO Napa

H Xumuueckas | ¥pHrHueckas | Kpuruueckoe
aHMEHOBaHWe rasa d)OpMlea TLN;)I;'E‘,':?:TY ﬂalﬂvilﬁlgﬂe,

Azor N, —147,0 3,39
AmMHuak NH, 132,3 11,3
Boaa H,0 374,15 22,129
Bonopox H, —239,9 1,29
Bosayx (cyxoit) —_ —140,7 3,76
Kucnopoa 0, —118,4 5,07
Meran CH, —82,1 4,64
Okuch yriaepoaa CO —140 3,49
CepHHCTHI ra3 SO, 157,5 7,88
Yriexucaniit ra3 CO, 31,04 7,38
Opeon-11 CF,Cl 198 4,37
Xnop Cl, 144 7,70
Dodup AUITHNOBLIL C.H,,0 194 3,61

Hannune xpuTHYeCKOH TOUKH y Pas3NUUHEIX BELIECTB BNeEp-
Brle Oblio ycraHoBaeHo [I. M. MenneneeBeiM. D10 OTKphITHE
0Ka3a/och Ype3BhluaiiHO BaXKHBIM JJIA BCEro jajbHeHlulero pas-
BUTH S TEOPHH PeaNbHBbIX rasos.

B Hacrosiee BpeMst NPHHSATO CYUTAThb AT BOABI: KPUTHUeEC-
Koe nasnenue px = 22,129 MIla =~ 22,1 MIla, kpuTHyecKas
TeMneparypa fx = 374,15°C u KpHTHueCKHil YAeNbHHI 06BEM
vg = 0,00326 m%/kr.

§ 11.3. Kputnueckas teMneparypa

ITycts cocTosiHHe meperperoro napa onpepeisieTcs Ha pou-
Auarpamme Toukoit I (puc. 11.4).

Ecau nap cxkuMath ¥ np 5TOM OTBOAHTH TEMJIOTY TaK, UTOGLI
COXpaHATL TeMNepaTypy ero HeM3MeHHOH, TO TaKoH mpoiecc
CXKaTHsl MOXeT OblThb rpaduueckd H3obpaxceH JaHHHeH [-2,
KoTopasi sBJsieTcsl M3oTepMoii‘ meperperoro napa. ITo mepe
CXKaTus AaBJieHHe napa, Kak 3TO BUAHO Ha Auarpamme, IOBHI-
waercs, a caM nap Bce Gosblue npuO/IHKAETCH K COCTOSHHUIO
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rHachIEHN s H, HaKOHEll, B TOyKe 2 MPeBpPaTHTCS B CYXOil Hachl-
mweHHbli nap. I[Tpn nanpHelieM cxkaTiy OH mepeieT B 06acTb
BJIa)XHOTO HACBILIEHHOTO mnapa M cTaHeT Bce Gosnee M Gojee
BJIaXKHBIM, TOKa HE MpPEeBPaTHTCS BeChb B XKHAKOCTb (TOuka 3).
Tak KaK KOHJEHCallMsl MPOHCXOAUT NPH NMOCTOSHHOH Temmnepa-
Type, TO H JaBJIeHHe napa JOMKHO TaKKe OCTaBaThCsA HeM3MEH-
HBIM, @ MO3TOMY H30TepMa 2-8 fBJIsieT ST OJHOBPEMEHHO H H30-
6apoii. JlanpHeiilee cxxaTHe XKHAKOCTH NPOHCXOAHT 1O JHHHH
3-4. TloBTopsis Takoi

JKe Ipolecc U30TepMH-  p
YECKOro CXaTHs INpH
6osee BEICOKOI Haya/b-
HOi TeMmepatype Ie-
perperoro napa, co-
CTOSIHHE KOTOpOro orl-
peneisieTcss Ha jJuar-
pamme Toukoi 1’, nony-
uuM usotepmy 1'-2'-3'-
4', OT/HYAIOULYIOCH OT
nepsoii Gojee KopoT-
KHM TOpPH3OHTa/bHBIM
yuacTkoM. [lpu ete
Gojlee  BLHICOKOH Ha-
YanbHOH TeMmmeparype
NMONYYHM  H30TepMy
1"-2"-8"-4", y Kortopoit
rOpH30HTANbHLIA Yyua-
cTok 2"-3" ewwe Kopoue.

Haxkonen, ecan npoeecTH u3oTepMy A/ napa, MMEIOLIETO
HauaJIbHYIO TEMIepaTypy, PaBHYIO KPHTHUYECKOH TeMrepaType
(anst Bozer 374, 15° C), To OHa He nepeceueTr NOrpaHHYHLIX KpH=
BIX MK u NK, a TOIbKO KOCHETCSl HX B KpUTHUECKOH Touke K.
H3orepMel ¢ TeMnepaTypamu BbILIE KPHTHYECKOH MPOXOAST BHI-
e 3TOH TOYKM, WMes HaJ Helf meperu6, KOTOpLIH GyJeT TeM
MeHbllle, YeM JaNblie OT Hee PaCMoNOKEHa H30TepMa M UeM,
CJIe0BaTe/NbHO, BHIIE TemmepaTtypa mneperpetoro mapa. Ilpu
OueHb BLICOKMX TeMIeparypax 3TOT neperu6 COBCeM MCUe3HET
H JIMHHA TIpolecca CXKaTUA NPUMeT BUJ H30T€PMBI HAEANLHOrO
rasa — PaBHOOCHOH rHepGOJbL.

M3orepMbl An1s1 TeMnepartyp BhIlle KPHTHUECKOi He mepece-
KaroT KpUBEIX MK 1 NK, cnefoBaTenbHO, ecau nap umeem mem-
nepamypy, pasHyto UL evlule KPUMU1eCKol, mo HUKaKoe noast-
wenue 0GBACHUS NPU NOCMOAHHOU memnepamype HUK020a He
nepesedemn e2o 6 acUOKOCMb.

Puc. 11.4. H3otepMbl BlaXHHX H neperpe-
THIX NapOB Ha py-AHarpaMme
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Uem TeMmeparypa neperperoro napa Buillle KPHTHUYECKOI,
TEM OH I10 CBOMM CBoiicTBaM GoJiblie NpUOIHIKAETCS K HAealb-
HbIM raszam. OgHaKo B HHTepBaJle TeMnepartyp U AaBJeHHUl, B KO-
TOPOM OH HCHOJb3YeTcsi B IapOIHePreTHYeCKHX YCTaHOBKax
(mapoBbIX KOTJ1aX M NapoBbIX TypOHHaX), pasjHuie B eroCcBOi-
CTBax H CBOHCTBaX HACANbHBIX Ta30B HAaCTOJbKO BEJHKO, YTO
neperpeThblii Map HeAONYCTHMO paccMaTpPHBATh Kak HAeanbHbIil
ras, nofo6HO ToMY, KaK 3To JieJlaeTcsl B pacyerax ¢ razamu. Ta-
KOii nap NpUXOAUTCH PAaCCUHTHIBATL N0 GopMyJiaM, B KOTOPLIX
YUHTBIBAIOTCS. H MEXKMOJIEKYJIsipHble CBSI3H, H CYMMapHbLIi 06b-
eM MoJiekyJ B ofleM oGbeme, 3aHMMaeMoM napoM. It ¢opmy-
Abl, KaK NPaBHJIO, CJAOMHbBI H MO3TOMY Be3je, rie BO3MOXHO,
HX 3aMeHAIT TabMHuaMH M AUarpaMMamH, COCTaBJEHHBIMH Ha
OCHOBaHHHM 3TUX (popMyJT H ODBITHEIX JaHHbIX. Takoii rpadoana-
JIHTHYECKUH MeTOJ pacueTa OKa3blBaeTcsi AOCTATOYHO MPOCTHIM
# ToulbiM. HcnonbayeMmble npu aToM Tabauubl M rpagHKku pac-
CMaTpHBaIOTCs  HHUXKe.

Kontpoasbtbie Bonpocst

1. UeMm oTanyaeTcs vcmapeHHe OT KHMCHHA?

2. YBennuuBaercst HIH yMeHbllaercsl YAeaAbHbl 06GbCM CYyXOro Ha-
CHLILEHHOTO Napa Npi NOBbILIEKHH ero JaBJeHHs?

3. UYrto Takoe Tensora napooGpa3oBaHHsi?

4. Kakue CyLLCCTBYIOT NapaMeTpbl COCTOSHHS BJIAXKHOTO HAaCLIULCH-

HOro mnapa?
5. YBeaHuuBaeTcsl HAH yMeHblIaeTcsl YACAbHBIE 06BLEM BJAaXHOTO

HacbllEHHOro napa ¢ yBeJHUCHHEM Mapocojeprkalius NpH NocTrosHHoM

RaBJICHHH?
6. Yto Takoe KpHTHYECKas Temmeparypa?
7. UTo TaKoC KPHTHYCCKAS TOUKA?

Faaga 12
TABJIMUBI H IUATPAMMBI BOASAHBIX MAPOB

§ 12.1. TaGauubl napaMeTpoB XKHUAKOCTH
H CyXOro HacChlLWEHHOro napa

Jnsa HaxoxAeHHsT napaMeTpoB >KMAKOCTH M CYXOro Hachl-
LeHHoro napa ¢, v', v”, p”, A', h”, r,s’ 1 s” NpakTHUYECKH MO/b-
3YIOTCS creudanbHbIMA TaGAHUAMH, B KOTOPLIX I[PHBOAATCH
3HayeHHUsT 3THX NapameTpoB, BblUUCJAEHHbIE 118 OCIIOBAHUH Oflbl-
TOB M TEOPETHYECKHX HCC/EAO0BaHHIA.
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B npunoxennn 5 npusomutcs Tabmuua napameTpoB HacH-
IIEHHOTO BOAAAHOrO NMapa M BOJBI HA JIMHMH HAaCHIIEHH S,

B nepBoit KonoHKe npHBeeHs! 3HAUEHUsT AaBJEHHI p, pac-
NoJIOKeHHBIE B NOPAAKE UX Bo3pacTanus or 0,001 no 22 MIla;
B TIOCJEAYIOMUX KOJOHKaX — APYrHe MnapaMeTpbl COCTOSHHU S
CYXOro HachHILEHHOrO Nnapa H KHMSALEe BOAbI MPH COOTBETCTBY-
IOIUX AaBneHHsiX. Tak, BO BTOPOi KOJIOHKE NMPHBOAATCS TeM-
nepaTtypel KHneuust mapa £, °C;

B TpeTheil M YeTBepTOil KOJOH- orine o un
Kax — yhenbHble OGBeMbl KHMS- < ot
w1eit BOAE! v M CYXOro HacHIIIEHHO- BN
ronapav’’, M3/Kr; B nATOi KOMOH- N N

Ke — IUIOTHOCTB CYXOro HachimeH- 4| R 2 NN
Horo mnapa p'’, Kr/M®, B wiecToH R
KOJIOHKE — YJenbHas SHTAMbIUS \ R
Bonel ', xJIx/Kr, a B ceabMoii F \ N

N\ AN

KO/IOHKE — yJIe/IbHAs  SHTalIbMHA
CyXOro HacblueHnoro mapa h", o, o, T'paduaeckoe cormo-
K,UJK/K]‘. CTaBJIEHHE BEJIHYHH 7, 0 H ‘\!J
ylleJ'IbHaﬂ SHTAJIbIINSA KHIfA- ana  gaenaeuuil napa 0,1 #
mweit A’ KUAKOCTH paBHA YJe/Nb- 0,5 MIIa
HOMY KOJIHYeCTBY TeMJIOTHl, KOTO-
poe HyXHO NMOABECTH K xuAxocTH, B3ATod mpu 0 °C, uToOR!
NpU TOCTOSIHHOM JAaBJE€HHH XOBECTH ee A0 TeMIeparyphl KH-
NeHus. YjenbHas 3HTANBNHS CYXOro HacHIUEHHOro mapa h'’
paBHa Y/eJbHOMY KOJIH UeCTBY TEMJIOThI, KOTOpPOE HYKHO c000-
LU Th XKHUAKOCTH, B3sTOH npH 0°C, yToObl NpH MOCTOSTHHOM JaB-
JIEHHH TNIPeBpaTHTb €e B CYXOif HacHIEHHBIH nap.

B BocbMoit KOMOHKE NPUBOAATCS 3HAYEHH ST YASNbHOI TemIo-
Thl napoo6pa3oBanys BOAw! 7, KIK/Kr. YaeabHas Temjora na-
pooGpa3oBanisl paBHa YAeMbHOMY KOMUYECTBY TEIUIOTHI, KOTO-
pOe Hy:KHO MOJIBECTH K XKHAKOCTH, A0BEJIEHHO 0 TeMneparyphl
KHIEHHsI, 4TOObl NPH TOCTOSTHHOM JaB/JE€HHH NMpPeBPaTHTb ee B
CyXoif HaChIlEHHBI nap.

YrienbHass TemyoTa napooGpa3oBaHHsT SIBJSETCS CYMMOi
yAeNbHOH BHYTPEHHell TemIoThl mapooGpa3soBaHus P H y/elb-
HOH BHeLIHeH TemaoTH napooGpasoBanus P (puc. 12.1).

YnenbHast BHY TPEeHH 8 Temnora napooGpasoBaHHd
p €CTb Ta YacTb YAEIbHOH TEMJIOTHL #, KOTOpast pacXoAyerca Ha
npeofioJieHHe CHJl B3aHMOJAEHCTBUS YacTHI| XKHAKOCTH, T. €. Ha
yBeJIHUeHHEe ee YJeNbHOH BHYyTpeHHeil NOTeHUHaNbHOH 3HEp-
THH. A

YienbHasi BH @ W H 1 51 TeIOTa NapooGpa3oBaHud P eCTb
Ta YacTb YAeNbHOH TEmJOThl 7, KOTOpas 3aTpauxBaeTcd Ha pa-
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6oTy rpeofoseHH st BHEIIHHX CHJI, ReHCTBYIOMHNX Ha KUAKOCTD.
B pesyJbTare coBepiueHust 3ToH paboThl yAeNbHbBIH 06BHEM XU I~
KOCTH yBesquunBaercs oT ' fo v'' Ecam npouecc napooGpaso-
BaHHM$l NPOHCXOIHT NPH NOCTOAHHOM JaBjeHHH (p = const),
To 3Ta pa6oTa paBHa p (V"' — v’), a COOTBETCTBYIOLIEE i KOJIH -
YeCTBO BHelLIHel TemJoThl Napoobpa3oBaHUs P MOXKeT ObITb BHI-
paXkeHo ypaBHeHHEM

=p (U" - U’),

rie p — NOCTOSIHHOE AaBJIeHHE KHJAKOCTH B mpoiiecce mnapoob-
pasoBauus; v” i v — yJAe/ibHble 06BbEMBI CYXOro HachlEHHOro
napa ¥ KHJAKOCTH INpH TeMIepaType HachIIeHUs,

OcHOBHYI0 uacTb TCMJIOTHI NMapooGpa3cBaHUS COCTaBJIsET
BHYTpPEHHSAS TelI0Ta napoobpas3oBaHH P.

[Ipu conocTaB/ieHHH yKa3aHHBIX TpeX omnpejeneHuit aias h’,
h'' u r BHAHO, uTO

K" =h'+r. (12.1)

Haxonel, B nmoc/iefHUX ABYX KOMOHKAaX — JEBATON U jaecs-
TOH — HAIOTCS 3HAYEHUS YAeJNbHOH SHTPONMUH KHUMNSALIEH BOJBI
s', xIx/ (xkr+-K), H yAenbHOH SHTPONHH .CyXOro HACHILEHHOrO
napa s"’, kIlx/(kr-K).

Ilon ynenbHolt sHTponHel KUnsAuleHd XKHUAKOCTH NOHHUMAIOT
BeJIMYHHY, PaBHYIO YBENHUEHHIO SHTPOMHH XKHAKOCTH, HMeo-
weit teMneparypy 0°C, B npolecce HarpeBaHUs ee NpH IMOCTO-
SIHHOM JIaBJIEHHH JIO KHMIEHH .

Tlon yaenbHoit sHTpONHell CyXOro HachILEHHOrO napa MoHK -
MaioT BE/IHYHHY, PABHYIO YBE/IMYCHHIO SHTPONHH MKHIKOCTH,
uMmeloweit TeMneparypy 0°C, B npouecce NPEBPAlICHHA ee MpH
TNOCTOSIHHOM JiaBJIEHHH B CYXOH HaCIeHHEI nap.

3HaueHHe yAenbHOH sHTponuu Kunsued pogst npu 0°C B
9TOH Tabnuue NpPUHATO paBHLIM 0, a yAeJabHbIE SHTPOMHU KH-
nsmeii BoAl s’ H CyXoro HachlleHHoro napa s'’ onpeaensiorcs
no dopMyanam:;

= 2,3 ¢ Ig (T,/273), (12.2)

"'=§" 4 rlIT,, (12.3)

rae T, — TepMoAMHaMUuecKas TeMneparypa kKuneunus, K; r —

yAenbHas Temnota napooGpasoBaHus, JK/Kr; ¢ — cpefHas
yaeabHas TemnioeMKocTb, JLK/(kr-K).

U3 npunoxeHuss 5 BHAHO, YTO C YBEJIHUCHHEM JaBJIeHH S
yAeAbHEIH 06beM BOAbI U yBeJqHuHBaeTcs BecbMa He3HauHTelb-
HO, a YAGJIbHBIH 00BEM CYXOro HaChILIEHHOrO napa yMeHbIIaeT-
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csi. Ilpn KpuTHUECKOM 3HAueNHH TeMmepartypsl ix = 374,15°C
AN BOAbl 00a 3TH yJebHbIX 00BEMa CTAHOBSTCS PaBHLIMU.

HirepecHoe cBOHCTBO BOASHOrO mapa oOOHapY:KHBaercs
NpH pacCMOTPeHHH XapakTepa H3MEHeHHsS YAeNbHOH 3HTallb-
NHH B 3aBHCHMOCTH OT JaBJieHHS napa (CM. npHJoxKeHue 5,
KOJIOHKa 7).

Kak Buzano, npu aasnenun 0,001 MIIa yzenbHast sHTa/b-
must A’ = 2,513 MIIx/kr. C yBemuueHHeM AaBJeHHS YAE/b-
Hasl SHTaNbNHS YBeJIMUHBAaercss, JOCTHras MNpH JaBJeHHH
3,0 MINa makcuManbHoro 3HaueHdst A''n,.. = 2,804 MIx/Kr,
a 3aTeM MOCTENeHHO YMeHbluaercs Ao 2,168 Mx/Kr npu jaaBs-
nennu 22 MIa. Takum o6pa3oM, OKa3bIBaeTcs, YTO AJisl MOJY-
YyeHHsl CYXOro HachllleHHOro napa jaasnenueM B 10 MIIa Ttpe-
Gyercsl mofiBecTH K KHAKoOcTH npu 0° C MeHblIe TEMJIOTH, YeM
npu Aasaenud B 1 MIla (B mepBoM cayuae '’ = 2,725, a Bo
BTOpoM h'' = 2,778 MIIk/kr). A Beap mnap JaBjeHHEM B
10 MIIa croco6eH coBeplHTbL ropasao GoMblIyld MeXaHHyec-
Kylo paboty, uem nap fasieHHeM B 1 MI]a,

B npunoxenun 7 npuBoauTcs Tabmuua napaMeTpoB Hackhl-
IEHHOro Napa, COCTaBJeHHAas He NOo JaBJeHH M, a 110 TeMnepa-

Ty paM.

§ 12.2. MMapameTpbl COCTOAHHSA BJAAKHOIO
HACBIIWEHHOrO napa

TemnepaTypa BJIaXKHOrO HACBHILEHHOrO Napa paBHAa TeM-
neparype KMNeHHs fs NPH TOM 3Ke JAaBJEHHH, NOITOMY TeMIe-
patypy BJ1a:HOro HaCLILEHHOro Napa Nnpu 3aJaHHOM JaBJEHHH
MOXKHO HaXONHTb N0 Tab/uLe napaMeTpoB CYXOro HacHIIEHHO-
ro napa, CoCTaBJI€HHOH MO AaBJIEHH M.

3HayeHHe y/eNbHOro o6beMa BJIaXKHOrO HACHILEHHOro napa
U, HaXofuTCa MexAy 3HaueHusimu v’ 1 o'’ (puc. 12.2) u 3aBucuT
OT JaBJIeHHSl U mapocofiep:xanus x. EcM Bo BIaXHOM Hacbl-
IIEHHOM Mape Maccoi 1 Kr cofep>XMTCfi X KI' CYyXoro napa u
(I — x) Kr XHAKOCTH, TO YAe/bHBI 0GBEM BJIaXKHOTO HACKIIEH-
HOro mapa Moxer ObITh OmpefeseH Kak cyMMa oGbeMoB napa
xv" u xuakoctd (1 — x) o', 1. e.

Vo =" + (1 —x)0 (12.4)
Vo =0 +x @ —0). (12.4a)

HIH

Ec/i BAaxKHEIN HachIUWEHHbI nap HMeeT GoMblIoe napoco-
Aepxanue (nopsaaka 0,7 u Gonblue), To 0GBHEMOM KUAKOCTH,
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COfiepiKalleiics B HeM INPU HEBHICOKHX MaBJACHHAX, MOXKHO
npeHeGpeyb, CUUT asl, UTO

Vg = X0”. (12.46)

HerouHocTs, momycKkaeMast TIIpH -10M, HeaHayHTeqabHa., Ha-
npumep, npu Aasnenud 1,2 MIla u napocopepxanuu x = 0,8
YAenbHblil 06beM BJIaXKHOrO BOAFHOrO mapa ¢ yuyeToM oGbeMa

2 conep:xauleiicss B nape BOAHI (CM.
npHJjoxenue 5)

vo = [0,8-0,1633+(1—0,8) X
X 0,0011385] Mm3/kr =
a {5 2 \C = 0,1309 MY/kr,

a Ge3 yuera oOnema BOAHI
L vy = 0,8-1633 M¥/kr =
= 0,1306 M3/xr.

Puc. 12.2. Vaenvuue o6beMbl

MHAKOCTH 1 Mapa Ha pu-IHa- Herounocth B JaHHOM ciyuae
rpamMme COCTaBJIsIeT npHOIH3HTEILHO
0,18%.

[Tpn HeGOALIIOM NapOCOAEpKaHHH M BHICOKOM AaBJEHHH
NOJIb20BaThCsl YIPOIEHHBIM ypaBHeHueM (12.46) Henb3ss, Tak
Kak omu0Ka NMpH 5TOM MOXKET OKa3aThCH YiKe 3HAuMTebHOH.

YpenpHas SHTaAbNHA BAaXHOro mnapa h, onpexensercs,
KaK A4 CMeCH napa M XKHAKOCTH, IO YpaBHEHHIO

ho = xh'" + (1 — x) ' (12.5)

ho=H +x A" —h")y="0" 4 xr. (12.6)

Ecau Bocnonb3oBaThecsl ypaBHeHueM (12.3) M yuecTs, yTO
IpU MOJNYYEHHU BJIaXKHOrO Nnapa K HeMy MY>KHO NOABOAUTbL TO/Mb-
KO 4acTb TeMJIOTH napooGpa3oBaHHs r, PaBHYIO X7, TO YAelb-
HYIO SHTPOMHIO BJIAXKHOrO HACHILEHHOrO Mapa S, MOXHO omnpe-
JENUTb 1O YPaBHEHHIO

HJIH

=§ -+ xr/T,. (12.7)

Mpumep 12.1. Ha6uTOYHOE paBJdeHHEe, HCNLITBHIBAEMOE CTeHKaMH
nagonoro KoTJ1a, coctaBaser 3,4 MIla. KakoBa Temneparypa napa B Kor-
ae?

Pewenue, INpiarumaeM, yTo paBiaeHHe aTtMocdepHOro soanyxa
po = 0,1 MITa. Torpa naBieHue papa B KOT/IE

Pa = Pu+ po = (3,4+0,1) MIa = 3,5 MITa.
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. B npuuoxeHuu 5, HHTepmOAUpYd, HAXOAHM, YTO NpPH AaBIEHHH
3,5 MIla TeMnepaTypa kumenus ¢; = 242° C, .
. NMpumep 12.2. lapieHHe BAa)KHOro HaCHIUIEHHOrO BOASIHOTO nap
pa = 1,6 MIla u napocogepkanue x = 0,9. Hailtn yaensHsiit o6nemM,
YAeTbHYIO 3HTA/BIHIO H YAeAbHYIO JHTPOIHIO Napa.

Pewenne B npunoxkesun 5 HaXoAHM, YTO AJMS CYyXOro Hackle
meHHoro napa pjasdeHuem p = 1,6 MIla yxenbHet 06BveM 0" =
= 0,1238 M¥/xr. CnegoBarenbHo, yAeIbHEIl 06beM BIaXKHOIO HACHILEH.

HOTO mapa |
v, = 0,9.0,1238 m%kr = 0,111 M%&r;

YAe/abHasA 3HTaJMbNUA
a, = h' -4 xr = (858,3+0,9-1935) kllx/kr = 2600 xIx/kr;

yAeabHAS SHTPONHUS
s, =8+x("—5)= [2,344 + 0,9 (6,422—2,344)] xIOx/(xkr+K)=
= 6,014 xJx/(kr-K).

IMpumep 12.3. B Bogjonogorpesatene mnoJy4alor B TeyeHHe 1 4 mo-
JIOTpeTyIo NHTaTeJbHYIO Boay Maccoii 2000 kr, cMelIHBas XOJOLHYIO BORY
¢ OTpaGoTaBLIHM NMapoM OT BCIOMOraTeJIbHBIX MexaHH3MoB. Omnpege-
JIMTh HeOGXOAUMBIE NSl 9TOr0 MacChl oTpaGoTaBluero mapa My U XONOX-
HOIt BOABI mp, €CIAH JaBjleHHe oTpaborasiuero napa 0,2 MIla, Baaroco-
nepxanue 10%, HavanpHasi Temneparypa Boan 20 °C, a TeMnmeparypa
cmecn 80 °C.

Pemenue. CocraBuM ypaBHeHHe TemIoBoro 6asaHca HCXOAf
‘M3 TOT'0, YTO KOJHYECTBO TEINJOThI, OTHATOH OT Mapa, PaBHO KOJNHYECTBY
TEIJIOTH, COOGUleHHOIl BoOje:

my (hy,—hen) =g (Ao —h1). (a)
U3 ycnoBus 3agaun cregyer, uto
mgp + mg = 2000 kr. (6)

Pemas ypasHenus (a) u (6) ¢ ABYMS HeH3BECTHHIMU My H My NOJNY-
YUM HX 3HaueHud. A STOrO NMOACTaB/AfAeM B ypaBHeHHe (a) 3HaueHHe

mg U3 ypaBHeHHs (6):
mg = 2000 — my (s)
H nojyyaeM
my (b, —hex) = (2000 —1myg) (hem—h1).
Pewas 370 ypaBHeHHe OTHOCHTEJBHO My, HMeeM
my= 2000 (Acm _hl)/(h@ —h). (r)
U3 npunoxenus 5 HaxoauM, 4to npu p, = 0,2 MIla
hy, = b’ + xr = (504,8-+0,9-2202) kx/kr = 2487 xx/kr.

Ua npunoxenus 7 HaxoguM, yro npu 20 °C yjenbHas SHTaJbNUA
BoAH hy = 83,9 xJ[x/kr, a npu 80 °C hgy = 334,9 xIdx/kr.
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MoacraBnsas HafifeHHrle 3naueHns hy, hy u hey B ypanuenue (r),
noayyum

my = 2000 (334,9—83,9)/(2487—83,9) kr = 208 kr; my = (2000—
—208) kr = 1792 kr,

3aapayn

12.1. OnpenenuTs Maccy BAaXkHOro napa o6bveMoM 10 M3 , naBaenu-

em 0,8 MIla u Bnarocozepxanuem 12%.
Omeem: 47,26 kr.

12.2. Onpeneants BJIarocoicp:kaHue napa Aasjienuem 0,6 MIla,
CCJ/H ero yaenabHblii o6beM 0,295 m%/kr.
Omeem: 6,6%.
12.3. Haiitn o6beM BaaxxHoro nmapa Maccoit 10 Kr, cc/H ero gas-
Jdetne 1,0 MITa u napocogepxanue 0,9.
Omesem: 1,95 M3,
12.4. Briuneants Maccy napa o6bemom 400 M, pasaennem 1,2 MITa

. 1pu Temneparype 300° C.
Omeem: 1910 kr.

§ 12.3. Tabauubl napaMeTpoB neperperoro mapa

YIenbHblit 06beM, YISAbHYIO SHTANBIUIO U YAENbHYIO SHT-
PONHIO MEpPEerperoro napa npu 3ajaHHEIX JaBJE€HHH U TeMmmepa-
Type Take oObIYHO He NMOACYHTHIBAIOT, a 6epyT M3 TabJaul na-
paMeTpoB NeperpeToro napa HJu M3 Auarpamm, o KOTOPHIX ro-
BOPHTCSL B caepyiomeM naparpade.

B oznnoii u3 Takux Tabnuu (npunoxenue 6) as neperperoro
BOASIHOTO f1apa B NepBOil KOMOHKE NPHBOAATCS AaBJEHUS mapa
B NopsAAKe HX Bo3pacTaHus, HaunHas ot 0,005 xo 30 MIla, ana
KOTODHIX MOACYMTaHbI B TaG/HLle 3HaUeHH ST mapaMeTpoB U, b U s.
B nocnenyiompmx KosOHKax NpPUBOASITCS 3HAuUEHHs 3THX Mapa-
MeTpoB AJs Temnepartyp, HaurnHas ot 0°C u ao 550° C. 211 na-
paMeTpnl MOXKHO NMOACUHTATh, MOMb3YSich GopMyJaMH, COCTAB-
JIEHHBIMH 110 CJIGRYIOLUUM ONpeaeNeHH M.

Y eabHas 3HTaNbNHS neperpeToro napah paBHa yaeJdbHOMY
KOJIMYECTBY TEMJIOThl, KOTOPOEe HYXKHO ITOJABECTH K KHMJKOCTH,
B3saTol npu 0 °C, uyToGbl, MpH NOCTOSHHOM JaBJeHHH NpeBpa-
TUTL €& B neperpeTwiit map:

h=n"+c, (t—t), (12.8)

rae h'' — ynenbuasi sHTanbOMS CYXOro HACHIEHHOrO napa;
Cp — CPelHssl yJlenbHas TeIVIOEMKOCTh Ileperperoro napa
B HHTepBase Temmnepartyp ¢ -~ {,.
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Y aenbHas SHTPONHS NEpPerperoro napa s pasHa yBeJIHueHHIO
(yReNbHOH 3HTPOMNHM KMAKOCTH, B3fAToi npu 0°C, B mpouecce
npeBpalleHus ee NPH NOCTOSHHOM JAaBJeHHH B Neperperhlii nap:

s=5s"+23%, lg (T/Ty), (12.9)

rae s'’ — yjaenbHAs 3IHTPOMMA CYXOro HaCHILIEHHOTO MNapa;
T u T, — TepMOAMHAMHYECKHE TeMNEepPaTypbl COOTBETCTBEHHO
IIePerperoro U CyXoro HachILEHHOro napa.

YaeabHeI 00beM neperperoro BOXSHOro mapa v B o6/1acTu
OTHOCHTEJILHO HEBLICOKHX JAaBieHHit (xo 2,5 MIIa) MoxkHO on-
pefesuTh Takke H nmo npuOiHxeHuoit popmyne

v = R,T/p — 0,016, (12.10)

rie p — AaBjieHue napa; R, — yZAenbHas rasoBas MOCTOSHHAst
BOAsHOro napa, Ry = 461,5 Ix/(kr-K) (cM. npunoxenue 3).

Mpumep 12.4. Haiitn yfeabHylo SHTaJbOHIO, YASAbHHI 00BeM M
YAAbHYIO SHTPOMHIO BOASHOrO mapa npu gasacuun 2 MIla u temnepa-
Type 400 °C.

Pewenue. Ilockonbky 3azannas TemMneparypa Bhllle TeMoepa-
TYPB! HacHIEHHS NPH TOM e JaBJeHHH (OHA JaXKe BhIle KPUTHYCCKOM
TeMIeparyphl), TO 3ajaHuLlfi map sBJAseTca neperpersiM. B mpuaoxe-
HHHM 6 HaXoAHM, YTO AJas mnapa, HMewpoumero gasaeiue 2 MIla, npa Tem-
nepatype 400 °C h = 3,246 MIOw/kr; v = 0,1511 M%kr u s=
= 7,122 xIx/(xr-K).

Mpumep 12,5. HaliTH KOJNHYCCTBO TEIIOTH, KOTOPOE HYXKHO MOJ-
BeCTH K BOLSTHOMY napy B naponeperpenareJse AJs Neperpesa napa Mac-
coit 2500 kr, ecaiu ero gasaentne p = 3 MIla, napocogepkanue npu Bxo-
ne B naponeperpepareab x = 0,9 a Temnepatypa npu BHXOAE H3 mapo-
neperpepateas ¢ = 360 °C.

Pewenue Jna pemeHus 3afaul COCTaBasieM ypaBHeHHe Q =
= m (h — hg). 3necb passoctb h— h ApAsfeTcA YAeABHON TenaoTol,
TOABOAMMON B maponeperpenartese K nmapy.

B npujoxenuH 6 HaxopuM, uTO yJelbHas SHTaJAbIIHA NepPerpeToro
napa h = 3135 x»/Kr; yAebHYIO SHTAABIKIO BJAAXKIOIO Napa h, nait-
AeM u3 ypapHenus i, = h’ 4 xr, B npunoxenun 5 naxonum, uro npu

p = 3 MIla yaeaphasn sutansnus h’=1008 xIx/xr u r==1796 xIlx/kr.
‘ CaegonaTenbHO

h = (1008+40,9:1796) xxw/kr = 2624 xJx/kr.
Torpa Tensiora, NoABOAHMAS K Napy B naponeperpeparee:
Q= m(h— h,) = 2500 (3135—2624)-10° Ox ~ 1,28 I'Tx.

3anaun

12.5. Hailitn ygenbHylo SHTaJbNHIO NeperpeToro mnapa, AabfleHHe
*kotoporo pasio 3 MIla, a Temneparypa 400 °C.

Omeem: 3,229 MJIx/kr.
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12.6. HajiTn yjenbHYI0 3HTPOMHIO neperpeToro napa JaBleHHeM
2 MIla npu remneparype 300 ° C. '
Omeem: 6,757 xIx/(xr-K).

12.7. HafiTh yjeJbHYI0 SHTANBNHIO H YAEJNbHEI 06bEeM meperpe-
TOro mapa npu gasiaenuu 1,6 MITa u remneparype 300 ° C.
Omeem: h = 3,030 MIw/kr; v=
= 0,1585 m%kr.
12,8. HafiTu ygenbHoe KOJHYECTBO TEMJIOTH, KOTOPOE HYXKHO mojg-
BEeCTH K Boge, HMelowel Temnepatypy 10° C, uToGhl NpeBpaTHTb €€ B
neperperhil nap gasaenuem 1,2 MIla npu temneparype 300 ° C.

Omeem: 3,010 MIx/kr.

§ 12.4. Ts-nuarpamMma

Jns n3obpaxkenuss Ha Ts-auarpaMMe npouecca napoobpa-
30BaHMS HEOOXOAMMO IO/Ib30BaThCS TAKHMH COOTHOLIEHH SIMH
IUIs1 9TOTO mpouecca, KoTopele ObutH Obl BRIDaXKeHBI uepes ma-
pametpsl s u T. Ilpu nocrpoenun Ts-guarpammel AJ1s nepBoi

cTaguu napooGpasoBa-

T D HHS, T. €. Harpesa

KHJKOCTH Maccoit 1 kr

8 E ¢ ot 0°C po TeMnepaTypul

: {, paBHOil HJH MeHb-

iuel tTemMneparypsl KH-

; neHusa ¢, NONbL3YIOT-

N C ypaBHEHHEM JJsi

YAENbHOH  3HTPOMNHH

JKHAKOCTH

P s = 2,3 1g (T/273,15).
Jp :

S5 (2)

L s* Ecmn T=273,15K

J = (r. e. 0°C), TO, KaK

Puc. 12.3: Tpouece nonyuenus neperpero- BHAHO H3 YpaBHEHHS,

ro mapa mpu mocrosmHoM jpapienmnu wa S = 0 M, cjenosa-

Ts-pnarpamme TeJbHO, TOYKa, oInpe-

Jensiomas  3To  Co-

CTOSIHHE XKHAKOCTH, IO/KHA JiexkaTh Ha ocH opaunart. O6o3Ha-

yuM 3Ty Touky A (puc. 12.3). Ecan xkuAKOCTb NOZOrpeTh A0

Temneparypsl Ty, TO SHTPONHS, YBEJAHUHBASACH, CTAHET PaBHOMH

§; K COCTOSIHHE KHAKOCTH OyZeT onpefensTbest Toukoit /. Ecnu

Jlanee nojorpeBaTth XHJAKOCTb, TO Temmeparypa ee OYyAeT BO3-

pacratb, npuHUMasl nocjaeioBatesibHO 3HaueHuss T,, Tg,...,

H, HAaKOHELl, OHa 3aKHIIUT U TeMmepaTypa ee cTaHeT paBHoil T.

TIpx sToM yjaenbHas SHTPONHS KUAKOCTH GYAET Takxke Bce

£}
7

E,, 273°C N>

(7

]
)
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BpeMST YBeJHUMBATLCS H IIPHHHMATH 3HAUeHHE COOTBETCTBEHHO
Sy, S3,... M, HakoHel, s’ (npu Temnepartype, pasuoil T').

CocTosiive napa npu yKasaHibIX 3HAUEHHAX TeMnepatypol
M 3HTPONHM onpeje/sieTcA Ha JAvarpamme Toukamu 2,3,... J0
ToukH B. Ecau yepes Bce 3TH TOUKH NPOBECTH NNABHYIO KPHBYIO,
TO oHa rpadHyeckH H3o0pakaeT XxapakTep H3MeHeHHS yAeNb-
HOH 3HTPOMHH MHAKOCTH mpH ee HarpeBauun or 273,15 K no
T;.

[lpu RanbHefiieM noABoAe TEMIOTHI XKHAKOCTb MpeBpalla-
€TCsl B Nnap, 3HTPONUsA yBeNHUHBAeTCA, HO TeMmepaTypa He H3-
MeHSIETCs!, 103TOMY JIHHHST mpolecca ANs 3Toil CTaAHH Napoo6-
pasoBaHusi u3oOpasutcs B BHfAe npsamoii BC, napaanenbHoii,
ocu abecumcc. Touka C onpegensier COCTOSAHHE CYXOro Hachl-
weHHoro napa. Mamenenue yaenbHoil SHTponHH B mpolecce na-
poofpasoBans, T. €. of Toukd B ao ToukH C, MoxkeT GhiThb
MOACYHTAHO MO YypaBHeHHio -

s —s" =rlT,. (6)

[pu panbueitiiem noasoAe TeMOTH nap nepeifer B 06/1acTb
neperpesa, NpH 3TOM BO3pacTeT yAeJbHas SHTPONHS H €ro TeM-
nepatypa. Jlnnus npouecca A5 JaHHOi CTaiuH napooGpa3oBa-
nust CD ctpouTcs no ypasuenuto (12.9):

s—s"=23 ¢, lg(TITy). ()

Takum obpa3som, Bech mpouecc Nnoay4euust neperpeToro na-
pa u3obpasutcsa somaHoit aunueit A-B-C-D.

3HaueHue yaeabHoH SHTponuH napa B Touke C MOXKET GbiTh
NoAcyYMTaHo no ypasHeuuio (12.3):

8" =8 4 rlT,. (r)

INpu stom otpesok BC rpaduueckn n3obpaxaer H3MEHEHHE
yAenbHO! 3HTpPONUU B npouecce napoobpasosanus r/T,.

Ecau npouecc napoo6pasoBaHu sl He AOBOAUTH 10 KOH11a, T.€.
OCTaHOBHTLCA 1la Kakoi-HHOYAb Touke E, Koropas onpejensier
COCTOSIHHE BJIaXXHOCO HACBIEHHOrO Mapa NapocoAepKaHHeM X,
TO YJAe/NbHYIO SHTPONHIO TAaKOro napa MOXHO NMOACYMTATH IO
"ypasxeuuro (12.7):

Sp = 8" 4 xr/T,. (m)

Otpesok BE rpaduuecku nsobpazkaer H3MeHeHHE YAeNbHOI
SHTPONMH B Inpolecce HemnonHoro napooGpasoBauust rx/Ts.
Ornowenne otpeska BE k orpesky BC rpaduueckn onpefe-
JIgeT 3HaueHHe NapoCoAepKauHA X.
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Ecan nosbicuTh AaBieHHe XKHAKOCTH, U3 KOTOPOH GELI 1O-
JIyueH IeperpeTeiit nap, 10 Np4 TeMIepaType, COOTBETCTBYONIEH
Touke B, KMnenus eure He HacTynut (puc. 12.4); aas Toro uTo-
Obl XMAKOCTb 3aKHIesa, ee HeoGXOAMMO MOAOrperh Ao Goaee
BBICOKOH TeMmIepaTyphl, IPH 3TOM YBeIHUHTCS U YAeNbHAas 3HT-
ponusi. MoMeHT Hauana KHNEHUSI ONpefenuTcsl TOuKoit B’,
pacno/oKeHHOH Ha NpoAOKeHHH JHHUH AB, a cocTosiHuE Cy-
XOro HachllleHHOro napa — Toukoii C’ Ha puc. 12.4,

Ecan xe naBnense KHAKOCTH MOHH3HTBL, TO MOMEHT HayaJsa
KHIIEHUS M300pasuTCcsl KaKoH-HUOYAb TOUKOH Bj, Jexaueit

T K

) E )

Y\, P 2

o—% W\%l&,l
N\
W
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Puc, 12.4, Ts-quarpamMa BoAsiHOro mapa (cxema)

TaKKe Ha KpuBoit AB, Ho Huxe Toukd B. [Ilpu sToM AaBjeHHH
COCTOSIHHE CyXOro napa nso6pasurcst Toukoii Cj.

Beps pa3Hble 3HaueHHS AaBJIeHHS XKHAKOCTH, MOMYUUM PSIX
Touek B;, B,, Bj,..., COOTBETCTBYIOUMX Hauajgy ee KHMIEHHS,
n psap touexk Cy, C,, Ca,..., COOTBETCTBYIOUIHX COCTOSIHHIO CYXO-
ro HaCHILEHHOro napa npH 3THX AaBjeHUAX. Eciau uepes stu
TOYKY NPOBECTH IJIaBHEIE JIMHUM, TO Ha AUarpaMme IoJayyarcs
ABe kpuBbie AK v DK: nepBasi U3 HHX SIBJSIETCS] MOrPaHHYHON
KPHBOH XXUAKOCTH, pasiessiolied o61acTH XKHIAKOCTH H BJaX-
HOro HachILIeHHOro napa, a BTopas — NOrpaHuyHod KPUBOH na-
pa, pasgensioueii o6nacTd BIAXKHOTO H INEPErpeToro mnapos.
Kak BunHo U3 pucyHka, 3T JHHUH CXOAATCS H TOUKA Nepeceye-
HUSl UX — KpHUTHYecKas Touka K.

Ecnu va munusix BC, B, C,, B, C,,... HaHecTH TOUKH E, £},
E,,..., COOTBeTCTBYyIOIIE KAKOMY-HHOYAb 3HAUEHHIO Mapoco-
Zep:KaHUs, H NPOBECTH yepe3 HUX IMJaBHYIO JMHHIO, TO NOay-
YiM KPHBYIO [OCTOSIHHOTrO napocoaepxanus KF.
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Takux KpUBBEIX AJIS1 Pa3NHUHBIX 3HAUEHU I NapOCOAEPKAHHS
MOXXHO HaHECTH Ha JuarpaMMe HECKO/NbKO; TOrAa MOAYUHM Pk
KPHBBIX, TaKXKe CXOASUIMXCS B KPHTHYECKOH Touke K.

B'§ 8.9 Grlnio ycranosseHo, uTo miomans Ha T's-auarpamue,
orpaHMyeHHas JMHHel mpouecca, ocblo abcuMce U KpadHUMH
OpAMHATaMH, ONpeessieT YIeabHOe KOMHYECTBO TEIJIOTH, MOJ-
BelleHHOl K pabouemy Teny (HJIH OTBEAEHHOH OT HEro ) B IpO-
necce. [TpuMeHHM 3TO cBOHCTBO T's-guarpaMMbl K MpOLeEccy na-
poo6pa3oBaHHs, KOTOPLIH H30-

Gpasum Jumueit A-a-b-c¢ T £
(puc. 12.5). Ha stoM pucyhke
JUHHA A-a u3obpaxkaer rpa-
(uuecKH mnpouecc HarpeBaHHs
x)uaxoctd or 0°C 1o Temnepa- -
Typel kunenusi T, Ilostomy
nJIOWab AUArpaMMbl 110 STOH hR
JUHHeH rpaduuecku (B Mac- :
wtabe) u3obpaxkaeT YAeILHYIO gl 2 (0 )
SHTANBIMIO KUAKOCTH A'. ' 5

Ipouece mnpespaleHus K- ' s’
nsiies }KUAKOCTH B nap usobpa- g
xaercs JuHuedr a-b. Coraac-
HO YKa3aHHOMY CBOHCTBY IJIO-
IIaAbp NpSMOYyroibHUKa abmn
JIOMKHA OnpeiesisiTh yAeIbHYIO
TeIoTy mapooOpa3oBaHus 7. JIeHCTBHTENbHO, AN KOHEYHOH
TOYKM 3TOrO mpolecca — TOYKH b, KOria map npeBpaTHTCA B
CYXOit, YASNbHYIO SHTPONHUIO HAXOAAT 110 YPaBHEHHIO

' —§ =rlT,, orcioga r = T, (5" —§').

Ha puc. 12.5 tremneparypa T, onpelensieTcss OTpe3KoM an,
T. €. BLICOTOil nmpsIMOyrojibHuKa abmn, a s’ — s’ — orpesxoM
nm, paBHLIM OCHOBaHHIO 3TOrO MPAMOYTrONbHHKA.

[Tnowans AuarpaMmel NoA JHHHeH b -c u3o6pakaer yaeab-
HYIO TEIIOTY ¢, MOABEAEHHYIO K CYXOMY HaCHILIEHHOMY napy,
410Kl NPEBPATHThL €ro B neperpertwiil ¢ TeMnepatypoi T, npH-

yeM g = ¢, (T — T).

Ts
b

D

-

Puc. 12.5. Koauuectsa Tenaorw
K, r nu q Ha Ts-guarpamme

§ 12.5. hs-puarpamma

Ts-nuarpavMMa sBAsIeTCSl OueHb HAIVIAAHOM NpPH pasfHy-
HbBIX HCCJ/EAOBAHHSAX, CBA3AHHBIX C COOGHJ,EHPICM HJIH OTBOAOM
tenyothl. OZHAKO B pacyeTHOH pabore aTa AMarpamma Heyao6Ha
TEM, YTO /151 HaXOXACHH A 1O Hell yeNbHOro KoJIH4ecTBa Tero-
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THl, COOGIIEHHOR WJIHM OTBEACHHOH B mpolecce, HYyXHO H3Me-
PATH IJIOLAAB, @ B TEX CaAy4asaX, KOrAa JIHHHS mpouecca sBis-
€rcsl KPHBOIi, 3TO MpeACTaBAAeT HEKOTOpHe 3aTpyAHeHus. [o-
3TOMYy B TEINIOTEXHHUYECKHX Pacyerax 4acTo MOJb3YIOTCS IHT-
pONMIHON AMarpammoii, B KOTOPOH 1O OCH OPAHHAT OTJIOKEHEI
3HAYyeHUsl YAENbHOI SHTAAbNKH, a 0 OCH a6CLUCC — YAENbHOM
suTponud. Jns atoro uroGbl HafiTH M3MEHEHHE SHTaMbNHH A
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Puc, 12.6. Cxema hs-guarpaMMe

110 TaKOH JAHarpamme, a C/1eJ0BaTeNbHO, H YAeJbHOe KOJNHYeCT-
BO TENJIOTH, HE0OXOAMMO HM3MEepHTh JHUIb AJIHHY COOTBETCT-
BYIOLIIEro OTpe3Ka MO OCH OpAMHAT, YTO ropasjo Npoule, ueM
H3MepATh MJomanb. dTa AHarpaMma nojyuusaa HaspaHue As-
JuarpaMMbl, cXeMa ee NokasaHa Ha pHc. 12.6*.

Ha Hee HaHocATcA OGHIYHO Te e JIHHHH, uTO H Ha Ts-
JHarpamme, T. €. TNOrpaHHyYHble KPHBHIE XKHAKOCTH M Iapa,
KpPHBbLIE NMOCTOSTHHBIX JABJEHHI M IOCTOSHHBIX IapocojepKa-
nuit. Kpome Toro, Ha hs-auarpaMme HaHOCSITCS KpHBBIE IIO-
CTOSIHHBIX TeMmnepaTyp, KoTopble B T's-aparpaMme HMEIOT BHJ
TOPH30HTA/bHLIX JIHHHE,

* IlpexxHee ee HaHMEHOBaHHE is-fjUarpaMma
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IMorpannunas KpHBas *HAKOCTH B YKa3aHHOi cHCTeMe KO-
OpAMHAT CTPOMTCS MO TOYKaM, KOOpPAMHATaMH KOTOPHIX sIBJIfI-
10TCA 3HaueHHsa A’ ¥ s'. OTH 3HaueHHA HAXOAAT Mo TabauIaM
napaMeTpoB CYXOro HacHIIEHHOr0 Napa WK N0 YPaBHEHHIO §' =
= 2,3 Ig (T',/273).

Beps pasnuuHble faBleHHs H NONb3YsACh TaGaMIaMHi nmapa-
METpPOB CYXOro HaCHILEHHOro Napa, MOXHO HalTH TEMIIepATy PHl
t,, COOTBETCTBYIOLIME 3TUM JaBjeHusM. IlepeBoast 5TH TeMle pa-
TYPH, BHpaxkeHHsle B °C, B TepMOAMHAaMHUECKHE H NOACTABNAS
HX B YKa3aHHOe Bhlllleé YpaBHeHHe, MOXHO NMOACYHTATh 3Haye-
Hus s'. Jlanee no HaiiieHHEIM 3HaueHHsM h' u s’ ana psana nas-
JIeHH# HaxoasT Touku b, b, b'’, b'"’,..., uepe3 KoTOpLIE H MpO-
BORMTCS TorpaHHyHas KpuBas xkupkoctH OK. ITonoGHbIM ke
crniocoGoM, Gepst U3 TaG/HIl apaMETPOB CYXOro HachILIEHHOI'o
napa sHaueHus v'’ u s’’ UK BBUMCASASA s'' MO ypaBHeHHIO 8’ =
= 2,3 1g (T,/273) + 7/T,, cTPOAT NOrpaHNYHYIO KPUBYIO Mapa,
KOOpAMHATaMH KOTOpOi sBiasioTcs 3Hauenus h'’ u s'’. Takum
crnoco6oM HaXxoAfT TOYKH ¢, ¢’, C'’, .i., C", COEAMHHB KOTOpLIE
IUIaBHOM JIMHUEH, MOMYYHM MOrpaHHYHyl0 KpHBYlo napa KN.

Touru b uc, b’ uc', b’ uc'’, ... oTHOCATCS K OJHUM H TeM
3Ke JIaBJIEHH SIM, TTO3TOMY HX MOXKHO CUHTATh KpafHUMH TOUKaMH
n3o6ap. Tak Kak B 06/1aCTH HachILIEHHS, KaK H3BECTHO, TeM-
neparyphl napa npH MocTOSHHOM JaBJIeHHH OJHHAKOBHI, TO H30-
6apkl B 9TOi 06/1aCTH SIBJASIOTCS OAHOBPEMEHHO M M30TepMaMH.
CnepoBaTte/IbHO, MJIaBHBIE JIHHHM STHX ABYX HPOLECCOB MOTYT
coBnaaarth. [Ipu mepexoze ke B objacTb meperpeBa M3oGaphl
M306paxkaloTcst KPUBLIMH, SIBJSIOIMIMMHCA MPOAOJMKEHHEM H30-
Gap — u3orepM B o6nacTH Hacwiuuenus (kpusste c'd’, ¢''d",...);
H30TepMHI 3Ke B 00/1aCTH HEBBLICOKHX JaBJeHH i, HauHHas OT KpH-
BOil CYXOro HaCHIEHHOro mapa, HAYT Gonee nojoroe (KpHBHE
ce,c'e’,c'’e’’,...), uTO MOXHO OOHapyXHTh IOCTPOEHHEM 3THX
JIMHUH 110 YKa3aHHEIM YPaBHEHH M.

Ha mnexoroprix hs-guarpaMMax HaHECEHBI Takxke JIHHHUH
yaensHeIX 06beMoB (Ha puc. 12.6 OHM mMOKa3aHE! yHKTHPOM).

Ha npakrtuke oGbYHO He NMPHXORUTCS MMETb JEJO C OuYeHb
BJIQXXHBIMH TapaMH, o6/lacTb KOTOPHIX HAXONUTCA B HHIKHEH
uacTu hs-aunarpammel. ITo3TOMy AJIst TPaKTHYECKUX LeJIeH Nofb-
3YI0TCS TOJILKO NpaBoif BepXHel ee yacTblo, YTO JAaeT BO3MOXK-
HOCTb BHIMOJIHHTL ee B Gojee KpymHoM Macuirabe H cAenath
NoAPOGHO M YAOGHOH A/si MOIB30BaHMUS (CM. NIpHJIOXKeHuUe 8).

NMpumep 12.6. Halitu no hs-guarpaMme teMnepaTypy HacHIILEHHOro
napd, nMeowero Aasnende 1,5 Mlla.

Fewenue Tak Kak Temmepasypsl BJAa:KHUTO H CYXOro Hachl-
ImEHHOrO napa, HMEIOMUX OAUHAKOBOt A2BJIEHHe, PaBHEI MeXAY coboit,
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TO HaXOJAHM Ha JHarpaMMe TOYKY, ONpEeReJSIOLIYI0 COCTOSIHHE CYXOro
HachllleHHoro napa nasnaexHeM 1,5 MIla, T. e. Touky nepeceueHus: H3o-
Gapul 1,6 MITa ¢ xpuBO#i CyXOro HacHEHHOro napa, ¥ NPOYHTEIBaEM
TeMIepaTypy Ha H3oTepMe, HAYIlel OT 3TOfl TOUKH; OHa OKasLiBaercs
pasHoli 200 °C. CiiegoBaTe1bHO, TeMNepaTypa 3afgaHHoro nmapa 200° C
(TouHee, mo Tabauue 198,28 ° C).

Ilpumep 12.7. Yemy paBHO mapocoiepikaHHE BJIAKHOrO HachlIeH-
Horo mapa, uMelowero gasJjeHue p = 0,9 MIla u yxenbHY10 5HTAALNHIO
hyx = 2600 xJx/kr?

Pewenue Ilonbsysacshs-guarpaMmoit (cM. npHJaoxkeHHe 8), Ha-
XOZHM Ha OCH OPIHHAT TOYKY, COOTBETCTBYIOLYIO YAJbHON SHTAAbIHH
hyx = 2600 xJIx/Kr, u oTMeuaeM NepeceueHHe FOPH3OHTANH, NMpPOBejeH-
HOit U3 3TOl TOYKH, c H306apoit p = 0,9 MIla, koTtopoe u Gyper ompe-
JeJATh COCTOSIHHE JAHHOrO mapa. Dra TOYKA JIEKHT NPHUGIH3UTENbHO
Ha cepefHHe PacCTOSHHSI MeXAY JHHHSIMH IOCTOSHHOTO NMapocofepiKa-
Hua x;= 0,91 n x, = 0,92; cregoBaTeJbHO, NapocofepkaHue JAHHOIO
napa x = (%, + x,)/2 unu x = (0,91 4-0,92)/2 = 0,915,

3agauu

12.9. HafiTh yznenbHyl0 3HTaJbNHIO:
a) BMAaXHOTO HacHlmeHHoro napa npu p;= 0,2 MIla, x = 0,9;
pz = 1 MIla, x, = 0,85; pg = 2 MIla, x3 = 0,8;
6) cyxoro HachlmeHHOro napa npu p, = 1,2 MIla, p, = 1,5 MIla;
B) neperperoro napa paejennem 2 MIla npu #, = 300 °Cu ¢, =
= 460 °C,
Omsem:
a) hy | = 2,49 MIx/kr; h, o=
= 2,48 MIx/Rr; hy, 3 = 2,423 MIIx/kr;
6) hi = 2,789 MIx/kr; h; =
= 2,795 MIIx/kr;
B) by = 3,024 MIx/kr; h, = 3,389 M x/kr.

12.10. HafitH 3HaYeHHS TeMnepaTyp BJAXHOro HaCHILEHHOro
napa pasienuem: p, = 50 xIla; p, = 0,33 MIla; py = 0,6 MIla;
pa =1 MIla.

Omsem: Ty = 354 K; T, = 406 K;
Ty = 431 K; Ty = 452 K.

12.11. Haifitn ypenbHble SHTaJABNNMIO, SHTPONHIO M TEMNePatypy
HachlleHUsT BJIaXXHOTO HachleHHoro napa gasienueM 1,4 MITa npu na-
pocoxepxanuu 0,9.

Omgem: h, = 2,60 MIw/kr; s, =
= 6,073 xJx/(xr-K); #; = 467 K.

12.12. Ilpu Bnycke B UHJAMHAP NMapOBOrO ABHIaTe/sl CyXOi HacChl-
IEHHHH Nap CTaHOBHTCS BJIaXKHBIM ¢ Bjaarocojepxanuem 4%. Kaxas

IOJIS TEIVIOTH Mapa nepejaercs CTEHKaM LUJAHHIDA?
Omeem: 3,6%.

KonrpousbHble Bonpocst

1. Kak MoxHO onpeaefuTbh COCTOSIHME Napa, €CAH H3BECTHHL €ro
AaBJeHHe H YZAeJbHHH 00beM?
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9. Kak Moxito oripeaesiiTh ¢ocrosiHue riapa, eca1H H3BecTHH erd
TeMnepatypa H YAeJNbHHIH 06beM?

3. Kakxoii u3 neperpeTsix NapoB Pa3/IHYHLIX AaBJeHHIT, HO OXHHAKO»
BHIX TeMNepaTyp HMeeT GOJbINYIO CTeNeHb meperpena’?

4, Kaxkoil BU HMeeT KpHBasi 3HTaJbIIHi{l CyXOro napa Ha puv-gHar-
pamMme B Tipefenax gasiennit 0,1—1,0 MI1a?

5. Kak onpefe/iuTh napocojiep:kaHHe BJaKHOTO HachlIEeHHOro napa
no Ts-puarpamme?

FnaBa 13
TEPMOAUHAMHYECKHE NPOLLECCHI MAPOB

§ 13.1. OGwnit meTop, pemieHus 3anay

[pu pacuerax, CBSI3aHHEIX C TEPMOAMHAMHUCCKHMH fpolec-
caMH, COBeplIaeMbIMH MapaMH, CTaBATCA B ofleM Te Xke 3aja-
YM, YTO H NPH pacyeTax, CBS3aHHLIX C NPOLECCAMH, COBEpIlIae-
MBIMM TasaMH, T. €. ONpeNeNsIoTCS HayajbHble H KOHEUHble
napaMeTphl napa, H3MeHeHHe ero BHYTPEHHell 3HeprHH H SH-
TaJbIIHH, KOJIHUECTBO NOJABEACHHON UJIH OTBEAEHHOH TEIIOTHI H
paboThl U3MeHeHHs oObeMa H H3MEHEHHS AaBJIeHH .

OznaKo B NpOTEeKaHHH NMapOBHIX NMPOLECCOB HMEeTCS BaKHas
0coGeHHOCTh, OTIHYAKOIIASt X OT ra3oBhIX npoueccos. Jleno B
TOM, YTO B TEPMOAMHAMHUECKOM IpOLecce Map MOXKET nepexo-
JIUTb U3 OJHOrO COCTOSIHUS B APYroe, HampHMep H3 BJIaXKHOTO
HaCHILEHHOrO B MeperpeTsiil MM U3 Neperperoro BO BIAXHEIH
HaCBILIEHHBIH Map. A Tak KaK MpoLecchl BAaXHOr0 HaCHIEHHO-
ro H neperpeToro napoB HMEIT CBOM OCOGEHHOCTH, TO MpEXIE,
YeM pacCUHTHIBATh HX, CJERYyeT BHISCHHTb, B KAKOM COCTOSHHH
HaxXOJMTCSA Nap B Hayaje H B KOHIe npolecca.

B TepMoauMHaMMKe napoB pacCMaTPHBAIOT YeThIPE OCHOBHBIX
npouecca: H30xopHbi (v = const), usobapuuit (p = const),
nsotepmuueckuii (T = const) u aguaGaruniit (8g = 0).

Ipu 5TOM, ec/iM paccMaTPHBAIOTCS NMPOLECCH BJAXKHBIX Ha-
CHILIEHHbIX NapoB, TO LOIKHEI OBITh 3a/laHbl NAapaMeTphl: JBa
HavyaJbHBIX M OJAHH KOHEYHHIH MJIH OAMH HauajbHEIA U JBa KO-
HeuHBIX. TakuMH napamerpamu ofblyHO ObIBAIOT AaBJeHHe (Ha-
yaJbHOE # KOHEUHOE) M mapocofiepkanue. Ecia ke paccMarpH-
BAIOTGS MPOLECCH NeperpeThiX NapoBs, TO 3alaHHLIMH MapaMer-
pami GLIBalOT AaBjeHHe (HauanbHOe H KOHEeuHoe) H TeMreparty-
pa napa.

INopsinok rpadoaHaMHTHYECKOrO MCCJIENOBAHHS TEpMOAH-
HAaMHYeCKHX NpOLECCOB N1apOB MOXKET OLITh MPHHAT CAEAYIOUHA:
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1. Ilo 3agaHHLIM napaMeTpaM COCTOSTHUS HAaXOAAT Ha hs-au-
arpamMMe TOUKH,XapaKTepPH3YIOlHe HayaJbHOe U KOHEeYHOoe COo-
CTOAHUA napa (Hanpumep, p, £, x), 10 KOTOPHIM YCTaHaB/IHBa-
I0TCSl OCTajJIbHble HCKOMBIE MapaMeTphl Mapa B Hauaje H B KOH-
e npouecca (Harnpumep, v, kb H s).

2. YhenbHYIO TEIVIOTY §y,q, MOABEACHHYIO K paGoueMy Teay
M/ OTBEEHHYIO OT Hero; HaXoAsT no GopMyJam:

a) ans usobapHoro mpouecca

G1,2 = hy — hy; (13.1)
6) pns aguabaTHOro mpouecca
Gue = 0; (13.2)
B) AJI5 H30TEPMHYECKOro mpouecca
Gue =T (53— 51); (13.3)
r) AJsi H30XOPHOI'O mpouecca
ql.2 = uz _— ul. (13.4)

3. YIeNbHYI0O BHYTPEHHIOIO 3HEPIHIO #; H U, BHIYHCASAIOT
He3aBHCHMO OT BHJa npouecca no gopmyiae

u=h —puv. (13.5)

4, YpenoHyio paGory u3MeHeHHS oObeMa MOXKHO ompefe-
JIUTh TaKxe 1o obweH A1s BceX mpoueccos ¢opmyine, noay-
YaeMOH U3 ypaBHEHH I IEPBOro Haya/la TepMOJAHHAMHKH

Ly = Gus — (U3 — uy). (13.6)

5. YaenbHyio pabory H3MeHeHHS JAABJEHHS MOXXHO Bbl-
UMCAUTDb N0 opmyJie, nonyyaemoii 3 ypaBHenus (6.11): -

Wie = Gy 42— (A — Iy). (13.62)
J11s1 npou3BOJIBHOM Maccel /m napa:

Q2 = mgye Up— U, =m (g — uy); Ly,g = mly,g; Hy —
— H, =m(hy —hy); Wi,z = moy,,.

§ 13.2. U3o6apHsiii npouecc

Ha pv-, Ts- u hs-puarpammax u300apel MMEIOT BHA, MOKa-
3aHHbli Ha puc. 13.1, 13.2 1 13.3, npyuem oOwuM ciyyaeM siB-
JifeTcs mpouecc, H306pa)keHHbI Ha ITHX pHCYHKax H300apoit
1-2, B KGTOPOM nap nepexofuT H3 BJAXHOrO COCTOSIHHA B Iepe-
rperoe Mad ofpaTHO — 113 MEepPerperoro BO BJaXKHOE COCTOs-
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Hue. HM306ape! a.u b ABASAIOTCS YAaCTHBIMU CJY4asiMH STOTO Npo-
liecca, Xorja nap B Hauaje H B KOHIIE €ro OCTaercsl BJIaXKHLIM
(THHMA Q) MAH TeperpeTeIM (IHHUS b).

P
7
2
1 /
a
7 S
Puc. 13.1, H306apu napa ua pv-gna-  Puc, 13.2. HUso6aput napa na Ts-
rpaMme JuarpamMme

PaccMorpum obmmit cayyait usofapHoro npouecca (IMHHS
1-2), nporekarollero npx 3aJaHHOM AaBJeHuH p = const (py=
= p,). 3aJlaHHl, KPOME TOro, 1apOCOAEpKAHHKE B HayaJle ImpoLec-
ca Xy H TeMneparypa B KOH- p
e nmpouecca £,.

I. HaxoxpeHue
napaMeTpoB mapa.
ITonb3ysick 3HaveHHsMH 3a-
JaHHLIX MapaMeTpoB, Haxo-
UM Ha hs-muarpamme (puc.
13.3) Toukn I u 2, coorser-
CTByIOLIME Hauanay H KOHLY
npouecca, 4 TeM caMLIM ofl-

penensem nsobapy I-2. ITo 35
TouKaM I M 2 HaXOMHM SHa-  py. 133 Msobapst napa a hs-an-
YEeHHU A hl H hz, Sl H 82, Ul al‘paMMe

H U,

2.YnenpbHYy0 TENAOTY @,, Onpefensem no ¢op-
myae (13.1):
q1,2 = hy —hy.

3. UsMeneHHe BHyTpeHHell SHEeprHHu
Uy — U, TIOACYMTHIBAEM, HMcnonb3ysl ypasHenue (13.5). Hanu-
IUEM €ro Jyis HayaJbHOroO H KOHEYHOrO COCTOSIHMII mapa:

Uy = hy — pvy, (a); uy = hy — po,. (6)
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HsMenenue pHyTpéHHeit sHeprun
Uy — ty = (hy — pvy) — (hy — pvy)

nan u2—-u1 = hz'—hl—p(vz—vl).
4, YpenbuHnyw paGoTy H3MeHeHHST o0 b
€M a MOXHO onpefesnuThb au6o o obueit popmy.e (13.6):

lx,z = (1,2 — (ug — uy),

at6o no dopMmyJie A1s H3oGapHoro npouecca Jgoboro paboyero
Tena :

li,s = p (vy — vy).

6. Ypnenvunass pa6oTa H3MeHEHHS JaB-
fieHu s B H3obapHOM mnouecce w;,, = 0, Tak Kak B 3TOM
nporecce p = const.

Ecuu 3apansl yaenbHele o0beMbl apa vy U Uy, TO HX CPaBHH -
BalOT C YJe/JbHbIM OGBHEMOM CYXOr'O HaCHIUIEHHOrO mapa npH
3aJaHHOM JIaBJIeHHH p, MOMb3YsCh, HanpHMep, Tabauueil B mpH-
aoxennn 6. Ecan ynen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>