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IIpegucioBne pemaxkTOpOB IEepeBOja

Hacroamumit yuefHEK TepMOOHHAMHAKK, HANECAHHBIA OpodeccopoM
P. Hy6o opm yuactmr X. Hummypa, I1. Yeym » H. Xacusyme, open-
crapiaser coGoil MEePBYI0 9acTb OPHIWHANBHOTO Kypca TepPMOAWMHAMHKH
H CTATHCTHUECKOH MeXaHHKH, B KOTOPOM COBMemaeTcs KpaTKoe MaJo-
JHEHHE OCHOB TEODPHM ¢ NOXPOGHHEIM pemeHmeM GOJBIOTO KOMAYeCTBa
samad. Bropas wacrs Rypca, «CraTmcTAdYecKas MexaHuUKay, Oblaa
magaHa Ha pycckoM ssuke B 1967 r. msgarenncrBom «Mupy H BhIZBaA
0ONpIIOil WHTEpEeC 9YWTaTesiell, UT0 CBERETEJBCTRYET 0 HOTPeGHOCTH
B ydYeOHHIX moco0maX Takoro THIA.

B yuebEuKe paceMOTpeHE 00KTIHHEe pasgens TepmognHamnrn. Ilep-
Basg H BTOpas TIABEH NOCBAINEHH HBIOMKEHMI0 DEePBOro X BTOPOTO
3aKOHOB TCPMOOUEAMHUKH, I7le aBTOPH, OTCTYNAd OT CIOKABIIMXCS
TPAfNEnAi, v CAMOr0 Havasia (GOPMYIHPYIOT 3aKOHB TAKEM 00pasom,
970 OHN TUPHTONHLEL ¥ [ OTKPHTHX cHCTEM (¢ 00MEHOM BeIecTRa).
d10 obJaerdaer aBTopaM MH3J0KEHHE METOHA TePMOTHHAMHYCCKHX
TOTEHIINAJIOB M YCIOBHI paBHOBECHs, KOTODHE PACCMOTPEHH B I 3.
Tx. 4 pocBAmEHA TPWIOHKEHHID TEPMOLHHAMARA K TEOPUH PABHOBECHA
das ¥ xwMEYecKoMy paBHOBecmio. Hak m B xypce «CrarmcrHIecKoH
MEXaHHKHY», TeoPeTHIeCKHe Pas/el B KOUKION Iiape HM3JO0KEHBl Ipe-
IeNBHO KPAaTXo, HO AOCTATOYHO SCHO H HANIOCTPHPYIOTCA HogpobHO
pasobpamaniMa npumepamu. [lasee mpepmaramnTcd safgadd B HOPSIKE
BO3pACTAIOMICH TPYAHOCTH © Noxpo0HBIMEH pemeHmamu. ManoskeHne
O'REBAAT BeckbMa mHTepecHHEe «OTCTYMIeHAR», OORYHO CONepIKamue
M00ONETHLe HAYIALE HWJIH HCTOPHYCCKEE CBEISHNA.

HecomBEeHHO, YT0 9TOT ODUTMHANGHLIA yYeOHAK-3aJaIHAK IpHHE-
cer BOJBINYI0 MONK3Y CTYAGHTAM, HPHCTYNAONAM K H3YICHEID Kypca
TePMOJHHAMUKE, W AaCHHPAHTAM, KaK (HUSHMKAM, Tak M XAMHEKAM,;
OH MOteT GHITH IMAPOKO WCUONB30BAH TAKKE MPELOJABATENAMU YHH-
BEDPCHTETOR H ()HBAKO-TEXHATECKHAX BY30B. ’

ITepesop Bumoaunin A. I'. Bamrupos (ra. 1 m 2) n E. E. Tapeena

(ra. 3 u 4).
HA. H. 3ybapes
H. M. Ilraxuda



[IpenmcnoBEe K aHTIMACKOMY H3JAHEIO

IIpexnaraemas xEETa ODpepcraBasder co00f mepBHE WeTHPe IIABH
yueOHuKa «3aia9d U NPAMEPH [0 TePMOAMHAMHKE H CTATHCTHYCCKOH
‘MexaHuKe», ONyOANKOBAHHOLO B « Y HHBEDCHTETCKOM cepuu» AMOHCKHAM
nmafgareabpcrBoM «CoraGo». HecMorTpss Ha TO 910 aHrIHACKHE mepeBof
BTOpO# wactm 9roro yweOHEKa nof HaspagmeM «CraTmcTudYecKas
MexannKa. CoBpeMeHHsIi KypC ¢ BaJadyaMd W DeMEHWAMH» BHIIIeJ
B magatensctBe «Hope Xouaaang xomunamm» paHbmie, mpeijaraeMyio
KHHTY CcJeIyeT PaccMaTPHBATh KAK IepBHEA ToM YyieOHHEKA.

AHrapiickoe Ha3BaHA® HECKOJBKO OTIAYAETCS OT OPHTHHAJIBHOTO,
970, TO-BAAUMOMY, OTpasaeT HEKOTOPOe HeJONOHMMAaHWe Iejeil, mpe-
CIIeIOBABIINXCA ABTOPAMH OPH HAWNCAHHY KHHTH. JTO OTRIODb He 00h9-
HHA ydJe6HAK, a CKopes mocofde, UPA3BAHHO® IOMOYb CTYICHTY
AKTHBHO H3YIATH NpeJMEeT LOyTeM CAMOCTOATEJBHHRIX pPAasMbllieHAN
A pemenus s3ajgav. [Ipm sroM npuBoguMEBIE B TEKCTE DPEINEHHA 3a7aY
MOryT OBITH HCHOJAb30OBaHH CaMHM pasamuyabM obpasom. Iloatomy
MaTepuaJ, IOMEMeHHNE B pasfenax « DCHOBHbIE HOMOKeHRA», HAIACAH
[0 BO3MOMKHOCTH CKaTO, ¢ TeM YToOH 9Hrareiio 610 yRoOHO Opo-
CMATpUBATH €ro NOBTOPHO IPH pelleHHd 3aja¥. JHAYATENbHAS 9acTh
BOIIPOCOB, OOBYHO paccMaTprBaeMHX B y4eGHARAX, OPHABOLUTCSH
B 3aMACKHPOBAHHOHA (opMe — B 3amadax m npmMepaXx. B aTom cmeicie
HACTOAINAS KHATA NaeT 3aMRHYTOe H3J0KeHHe mpeaMera. Tem He MeHee
cielyer IOPEeKOMEHIOBATH CTyJAeHTaM HAapAXY C HACTOAMEH KHATOH
OOJBb30BATHCA TAKKE RAKAM-JUO0 CTAHJAPTHHM yIeOHHKOM.

IlepeBopn ¢ AnoOHCKOrO HA AHTHECKAN OB ¢lleflaH B OCHOBHOM J[OXK-
ropom Xagsmma Cexd, BeROTODHE pasjein mepesesd aBTopu. Hak
PelakTOpy ANOHCKOTO H aHTAHACKOTO M3JaHuA MHe X0TeJOCh OBl BEIpa-
8uTh rayGoryw OGaarogapHocths portropy X. Cexm, a Takske mpodec-
copam B. Copurrepy u [I. Yopcy, Koropse B3snd Ha ceGs TpyR Opo-
YATATh PYKOUWCH M OOMOTJ® HAM IPEON0JEeTh HEKOTODHEe JHHTBHCTH-
yeckme Tpymuoctd. f1 raroke OGaarogapen mmccme H. Xacupsyme
7 muccic M. Cysyxs sa noMombs B DOATOTOBKE DPYKOIHCH.

Puozo Kybe



ITpenucnosne K ANOHCKOMY H3[HHIIO

TepMorgmEaMHRa M CTATHCTHYECKAS MEXAHAKA COBEPIIEHHO HeoD-
XOJMMBl IPH M3y9eHWH (QU3HYeCKHX cBoiicTB BemecTBa. Cratmernde-
CKas MeXaHWKAa HAapsAAy ¢ KBAHTOBOH MeXaHHKOH ABJAETCH OCHOBOH
COBpeMeHHONl (HU3uKU; ee TeJb COCTOUT BO BCECTODOHHEM HCChe-
JOBAaHWU (U3WYECKUX ABIEHAH ¢ MHKPOCKOIHYIECKOH TOYKM 3peHHA
Ha ocHOBe aromuo#l dusuku. Hosromy riyGoxume sHAHHSI CTATHCTHYE-
CKOl MeXaHHKH M yMOHHe NPHMEHATHL €e HA MPAKTHKe HeoOXOIMb
He TOJABKO CTYHEHTaM, M3yYAOIIUM (usHYeCKnme cBOICTBA BemecTBa,
HO W TeM, KTO 3aHUMaeTcs sjepHoil (U3NKOH M Hake acTpopu3UKOi.
Bre paMor ¢(usHKM craTHCTHYeCKAas MeXaHUKA Temepb BCe 00JbIIe
® foabnie NpOHMKAET B TAKHe HAYKU, KAK XUMusd, OHONOTHA O Té MHO-
roqmucjieHnasle o61acTH TeXHHKH, PAa3BHTHE KOTOPHIX CBA3aHO C_ycme-
XaMH COBPEeMEHHOU (M3NKH.

TepmoguHEaMHKa BceNejg0 NUPWHAJIEKHUT KJIAaCCHIeCKOH (HU3HKe,
¥ I03TOMY HHOTJA CTYNEHTH, YBJeUeHHLe H3yJYeHHEeM COBpeMeHHOR
¢U3nEN, CYMTAIOT ee MaJlO3HAUMTEdbHON Haywkoil. Haske pna cryned-
TOB-XMMHKOB IOQJIO/KEHHE CTAaJ0 COBEPHOIEHHO WHBIM, YeéM HECKOJBKO
AeCATUNETUN Ha3af, KorAa Quandeckas XuMusa npefcraBasia cobolt
He 970 HHOe, KaKk XuMudecKyo TepmopguaamMury. Heobxonumo mogaepr-
HYTh, 9TO ¥ celdac TepPMOJNMHAMHKA, NPEACTaBIAMAd Cobol onmH
M3 OCHOBHBIX DPa3gesoB (M3WKH, ATPAET CTOJb jKe BaKHYIO POJb, KaK
¥ BO BTOPOi DOJIOBHHE MPONLIOro Beka. TepMoguHaMAKA AeMOHCTDH-
pyeT HeHHOCTh (EHOMEHOJOTHYECKOro moaxona. B Heli He HCIOIb-
3YI0OTCA B ABHOM BHJe Kakme-muGo QusmuecKkue o0passl WIH MONEJH,
HAUpUMEP UpeACTABJICHHA 06 aroMaxX WM MOJEKYyNaxX, a yCcTaHaBIW-
BAIOTCA COOTHOIIEHUA MEKAY TAKAMA HECKOJbKo abCcrpakTHRIMA
BeJIMINHAMHA, KAK 9HEPIHsA, BHTPONHsI, cBobogHas sgeprud n 1. 4. lpn
STOM TePMOJWHAMHAKA He ONMPAETCA Ha MHTYHUTHUBHEIE IPEJCTABICHUSA,
KaK aToMHAA TEOPHs; HTO ABIAETCA ONHOH M3 HPUYAH TOTO, 9UTO
CTYAEHTH CYHTAIOT TePMOAMHAMHUKY TPYAHON I YCBOGHHUSA H He YMEIOT
OPUMEHSTH ee [Js PACCMOTPEHHsI KOHKpeTHHX 3agad. OgHano 6garo-
JapsA OpocTOTe JIOTHMYECKHX NOCTPOEHUH TePMOWHAMEKA HAcTO HO3BO-
JseT ¢ 0YeHb 06X MOo3HIni pasobpaTscs B pusnIecKod CyTH NAaHHOH
3agaun. B »ToM cocTomT OTPOMHOE IpeMMyInecTBO GEeHOMEHOJOTHIe-
CKOIro mogxofa. :
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OuesEpaHO, OJHAKO, 9TO, OTPAHWIABAACH TONBKO TePMOJHHaAMHUYE-
CKHM pacCMOTpeHmeM, HEBO3MOKHO TpoBecTE Gonee rayGoxoe mccie-
HAoBaHHWE ATOMHHX NPONECCOB, IPOHCXOIAINNX DPH JaHHOM (u3mTe-
CKOM SIBJICHHM. JT0 BO3MOKHO CJeJaTh JHINE ¢ DOMOIIPI0 KBAHTOBOM
MeXaHAKA H CTaTHCTAYeCKoi MexaHmkW. CTaTHcTHUECKAaA MeXaHHKa
HO3BOJAET YCTAHOBHTEL CBABH MEKAY PMBHUSCHEMM 3AaKOHAMA MUKPO-
u marpomupa. KBanToBas MexaHuKa, B3ATaA B OTPHIBE OT CTATHCTHYE-
CKOM MeXaHHKH, He Bcerfa MoIJia O ONMCHBATL peajbHBE (Quamde-
CKUe sSIBJEHAA. B 5TOM CMEBICIe CTATHCTHICCKYIO MEXaHHKY HEe0OX0auMo
paccMarpuBaTh KaR OFWH W3 RIIOYUEBHX PasfelioB COBPeMeHHOMA
fuanrm.

Har m Bo Bcako# gpyroit mayke, HEBO3MOKHO XOPOINO YCBOHTH
CTATHCTHYCCKYIO MEXAHHKY, BEIYUIUB TOJNHKO €€ OCHOBHEIE IIPUHIIHMIIH.
Heobxopumo m0BOABHO HOJIT0 TPEHHDPOBATHCHA, YTOOH OBJATETH METO-
JAMHA CTATHCTAKE, T.e. HAYIATHCH NONB3OBATLCS CTATHCTHYECKON
MeXaHUKOH OpH pelleHUN KOHKPEeTHHX Qusmueckux sazad. Hexoroprie
OpejcTaBIeHUs W METOAHl CTATHCTHICCKON MeXaHUKH W TepPMOJHHA-
MERHA CYHDIECTBEHHO OTIMYAIOTCH OT HCIONL3YEeMBIX B IPYrEX pasmesnax
¢usurm. Ham wacro npumxogmmoch BCTpeuaTh CTYAECHTOB, RKOTOPHE
SHAKOMEL ¢ OCHOBHBIME HOJIOMEHUAMEA TEPMOAUHAMUKE U CTATACTHYE-
CKOl MeXamWKH, HO C TPYJAOM OBJIA/IEBAIOT MX METONaMH W HE YMEOT
pemars KOHKpeTHLe 3afadu. JT0 OOHYHO CBA3aHO C HEJOCTATOTHOMR
B HempaBHJAbLHON MOATOTOBKOI.

Uesp macroameit KEUTYM — TOMOYL CTYAEHTAM B H3YICHHM T€PMO-
AMHAMAKA H CTATHCTHIECKON MeXaHURU W B OBIAJAGHHH COOTBETCT-
BYIOIIMME MeTogaMu. KHWTa cOofepsKUT OCHOBHEIE TOJOKEHUSI TEOPWH,
opuMepsl W GOJBINOE UHACHO 3a7aY ¢ IOJHLIME pelieHHsMu. XOTA
paspenst «OCHOBHBIE TONOKEHWSI» HANMCAHH JOBOJBHO KpATKC, OHA
OXBATHRAKT Bce Hambonee BasKEEE Boupock Teopuu. llpeguonaraercs,
970 3Ty KHHTY MOKHO YUTATh, HE IOJB3VACH APYIHMHU yieGHHKaMHU.
WNsyaus marepnan «OCHOBHBIX HOJOKeHMIY, TATATENH B JOCTATOUHOMR
Mepe M03HAKOMHTCA C OCHOBAMEH TE€PMOAMHAMHKHA H CTaTHCTHYeCKOI
MexaHWKE. [IpuMeps JOUOJHAIOT TEOPETUUECKHS PA3JeNsl, HO B OCHOB-
HOM OHM TOJLKHEL MOKAa3aTh YATATENI0, KaK cjJelyeT OHPHMEHATH Teo-
PHI0 IpH peimeHnn PU3NIeCKuX 3a4ad.

Sapgaun pasgeaens ma Tpu rpynus A, B, B B nopsagre Bospacranug
TpyfEOCTH. Kcid umTaTeas PacmosiaraeT AOCTATOYHEIM KOJIHMIECTBOM
BPEMEHH, OH MOKET mepepeliaTh BCe 3a7aYd HOPAN B KaKIOH riase.
B mporusHOM ciydae MH peKoMeHIyeM eMy CHadajia PemuTh 3agadd
Tpynnsl A 1o Bceit KAWTe, a HPH BO3MOKHOCTH BEPHYTHCA K 3afadaM
rpynn B u B. Jlaxe pemue ToabKO 3afaYn IPYyNOH A, IATaTENb HOTYB~
CTBYeT, 4ro OH ¢Taj aydmie pasbmpaTbhes B (H3AMUECKOR cTOpOHe
asaenuit. Yucmo sajauy B rpyome A [0ocTaTOUHO BeJIHKO, TaK 9To
cHaYaja MOKHO BLIODATH M3 HUX IPHMEPHO IOJOBHHY M PEeIIATH HX,
BEPHYBIIMCH K OCTABIIEMCA mo3zke. Jlas ymobcTBA 3Be3gouKOE ()
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OTMEYEHHE Te maparpadsl @ DpAMePH, KOTOpHe He HY/KHH NIPH peime-
HEH 3a/1a¥ rpynosr A.

- B mpusejieEEnix B HAacTOAMel# KHATE 3a7JaYaX IO TePMOAWHAMEAKE
M CTATACTUYECKOA MeXaHMKe PacCMATPHBAIOTCA TJIABHHM 00paszoM
PaBHOBeCHHE COCTOsAHMA. BeposarHo, Ob0 OH jKejlaTedbHO OXBATHTH
¥ KUHETHYeCKWe METONH, & TaKKe HPUIOKEHNA TePMOANHAMAKE M CTa-
THCTHYECKOUM MEXaHWKH K HepapHOBeCHHM npobaemam. Ham npumnocs,
OJHAKO, OTPAHUIHTHCA JHUIIL CKATHM DPAaCCMOTpPEHHMEM 3THX BOIPOCOB
B nocaejigel raase (ria. 6 «Crarucradeckoit MexaHIKT» ). ITO BEIBBAHO
TeM, YT0 00BeM KHUTH H TaK OKasalcs ropasgo Goneme, deM Ipej-
I0JIaraJioch pPaHee; KPOMe TOTO, 3alaTl HA HepaBHOBECHEE IPOIECCH,
KOHETHO, 3HATHUTENBHO 00JIee CIOMHEL.

KHar ymommmanoce pamee, KBaHTOBas MeXaHMKA ONWCHIBAET AWHA-
MHEKY MUKDOMHEpA. B DTOM cMBICJIe CTATHCTUYECKAs MOXaHMKA JOJKHA
O6nrs kBaHTOBOK. IlockonbKy, opHAKO, TEJBI0 HACTOAIIEH KHHIHM
ABASeTCA 00yIeHNE METONAM CTATUCTHYECKOT MEXAHUKH, JJIS PeIeHas
sagay rpyna A m B Brnoame mocTarouHo »ieMeHTAPHHIX CBefeHUH
IIo KBAaHTOBOH MexammKe. [loaTomy fmaske Te CTYHEHTH, KOTOPHE HE CIIe-
OHAJA3UPYIOTCA Ha H3ydeHAH (U3WKH, HO MMeI0T mpocTeiimue Dpen-
CTABIEHUsI O KBAHTOBOW MEXaHWKE, HE BCTPETAT CePBe3HHIX TPYAHO-
creil, HAYaB YWUTATH BTy KHHTY.

1lpn maydenmu ¢usudeckoit mpobuaessl 0UeHD Ba;KHO IOHEMATL €€
Kak mpobaemy uMeHHO gfusureckyo. MaremMaTnueckie BHKIAZKH HHOT-
Ia CKYYHHI, a HHOTHA TPeOyT OmpefeNeHHbX TeXHUYECKUX HABBIKOB.
He caepyer, womeuno, mpere0peraTps H3YYCHHEM MATEMATHIECKHIX
MeTON0B, HO OblIo O 6oabliol ommOKON yBJIEILCH MATEeMATHHOR
7 3abeiTh mpo ¢msmKy. llpemopasarensiM 9acrTo npHXOAMTCA AMeETh
JeJio CO cTyHeHYecKnMu pafoTaMu, THE CTYASHT HOJYYAeT NPABUIBLHELE
3Havamue OU@PH, HO OpH 5TOM omubaercs Ha JBa-TPH HOPAAKA IO
BejgnunHe miad B pasmepHocTH. OgHaskan nmpod. Haraoko - mumomep
SANOHCKON (UBMKHE — BO BpeMsa NEKOUM TPOBONAN BHUYHCIEHWA Ha
Jocke. B KoHIle BHYMCIEHHH OH NIOMEHAI 3HAK B OTBETE, 3aMETHUB:
«31ech CRopee MOKEH CTOATH ILTC, ueM MuHyc. He tax am?» Ommu-
OuThcsA B MATEMATHYECKUX BHKIAAKAX 04eHL jnerko. Ilostomy ¢uam-
qecKkie coobpakeHna 0COGEHHO Bas;KHEI, m00 OHH TO3BOJAIOT OIpeje-
JUTH TPAaBUABHHA 3HAK, [JaKe eCJH BHYHCJCHHWSA DONBEIH Bac.
Bo MBOrHX cayuasx pesyabrar, DOAYICHHHA P BEIYHCICHAAX,, JIEIKO
HOHATH, IO KpaiiHeii Mepe radecTseHHO. Ero, MosxeT GHITH, TPYZHO
yrajath 0 BHUHCJICHHA, HO, IPOBeAs BCe BHKJIAAKH, He CJIELYeT
JICHUTHCA TOJYMATH HaJ Pe3YJAbTATOM €Me pas W NOUHTATHCH MOHATH
ero ¢umamveckuit cmricia. llogoGHEte 3aMevaHWsA He [eIAl0TCA B peime-

l) HanoMmmaem qATaATeNI0, 9T0 B OPHIHMHAJBHOM SANOHCKOM H3JAHAH TEpPMO-
AUMHAMHEHA ¥ CTAaTHCTHYGCKAas MeXaHwmKa cofgep:xaluck B OFHON KHWUTE.
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HEAX 3a%ad, HOITOMY MH 0CODEHHO IONYePKHEBAEM 3JeCh BajKHOCTH
TAKOT0 LOAXONA.

IlpoBopsa ceMAHAPH CO CTYASHTAMM, Mhl HHOT/A JieJaeM IepPepHBH,
91o0H HOTOBOPHTH O PasHHX mnpobaemax. TouHo Tar ke B PA3HHX
MecTax KHMTA MH mo3Boauam ceGe Tax Hasbipaemue «OTCTyuneHRms).
Usygasg marepmad KHATH W pPemasd 334aqd, IATATENH TOe, KAK MEL
HajeeMcs, Halifer BpeMA HeMHOI'0 OTBJIeUbCcA M 3a Hamkoil kKode miam
CHIapeToll OPOYATATEH ABTOPCKAE OTCTYILIEHUA.

Paspemst «OcHOBHHE MHOJOKEHHS» [TOYTH IEJIHKOM HaIECAHBL
P. HyGo. Ilpumepst u sagaun orGupannch scemn apropamz. OKoHIa-
TeJbHAS TpoBepKa pemeHuidl Grina mposegena P. HyGo, a obmas
KOMIOHOBKA KHWrE ocymecrsiena H. Xacusyme. ABropsr 6ynyr O.1a-
TOJapHLL YATATENSAM 38 BCe 3aMeYaHdsA O TeX OmnOKax, KOTOPhle MOIJIH
YCHOJABLBHYTH OT HANIET0 BHUMAHUA.

Puozo Kybo



TIHABA 1
TepmomuEaMIUecKoe COCTOSHITS
U TepPBBII BaKOH TEPMOHHAMMIKI

B aroit rnase obcymgaeTcsa DoOHATHE TEPMOTAHAMATECKOTO COCTOA-
HHEA, a TakyKe UOHATNA, CBA3AHHLIE ¢ IEPBLHIM 33KOHOM TePMOJNHA-
makn. [Ipucrynawmpe R M3ydeHNI0 TePMOJHAAMAKE NOIKHB HMETH
ACHOe TpeficTaBienne 0 H3WIECKOM CMbicjae 9TuX nomsruit. B wact-
HOCTH, HY/KHO OTMeTHTBH, 4To padoTa W TersloTa He ABAAITCA QYHK-
IMAMEA COCTOSHUS, a 3ABUCAT OT NYTH IepeXofa W3 OJHOTO COCTOSHHUSA
CUCTEMEI B ApyTroe.

OCHOBHDBIE IHOJOREHONA

§ 1. Ilpegver TepMopMHAMNKH

Huxe nepeancasiorcds ® HOACHAIOTCS HEKOTOPDLIE OCHOBHBIE HOHSM-
THA X TePMHHLI, HCOOJb3yeMble B TepMoguHamumke. Urobul He sarpo-
MOKZATH M3JIOMeHNe, He BCeM IOHATHUAM AaeTcA CTPOroe ompelese-
Hie. B rex cayuasx, Korga sTo HeoGXOZMMO OO XOAY PaccykAeHHH,
OpuBoAATCA GoJee crporme ompejejeHHs.

Tepmodunamuieckue cucmemnt. TepMOHHAMAKA 3AHENMAETCA H3yde-
HAEM MAKPOCKONUYECKUT CHCTEM, RPOCTDAHCMEEHHble PABMEPHI KOTOPHX
B peMs cylecmenganus NOCTATOYHLI IJs HPOBEJEHNA HOPMAJIbHBIX
upoueccos uaMeperns. Takoro poJa CHCTEME MOT'YT COCTOATH M3 60Jib-
Moro 4YUcJa MaTepHaJbHBIX YacTHI[ (HAIPHUMEpP MOJEKYJ, aTOMOB,
DJIEKTPOHOB H T. [.), HJIH TOJel, HanpuMep 3JeKTPOMATHUTHOTO IIO-
asa. B mo6om ciyuae MH mMeeM [eJI0 ¢ AMHAMHIECKHMH CHCTEMaMH,
obramauMA 9pe3BhlIafiEo OoJBIIAM YHCJAOM CcTeneHed CBOGOTHL.
CuereMnl ¢ MaJIbIM 9HMCJAOM cTeneHeil ¢BOGOILI TePMONMHAMUKON He
paccMaTpUBAIOTCH.

Tepmocmam. Ecam uzygaercd 9acThb IOJHOHM CHCTEMEl, TO OCTAlb-
HY10 9acTh OylieM HasbBaTh OKPY/RAOMEH cpefoil, HAM ORPYIHEHUEM.
Donee abcTpakThHo oXpy:ReHHE MOMKHO PacCMAaTPUBaTh, KaK TePMO-
€TaT, KOTOpHi Hajaraer HEKOTOPLIE YCJIOBHSA HA H3YIAEMY CHCTEMY
(Eanpumep, YCAOBES HOCTOAHCTBA TeMOEPATyDPH, AABJICHHSA, XHMHAYe-
CKOTrO HOTeH[HaJa ® T. A.).

H3zoauposannas cucmema. Hezapucuman cucreMa, Koropas coBep-
MEeHHO He¢ B3Aa@MOACHCTBYET ¢ OKpYysKaome# cpenoif, HaznBaeTca u3o-
AEPOBAHHOH CHCTEMOH.
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Bamrnymasn cucmema. Cucrema, Koropas He oOMeHHBaercA eeuje—
cmeom ¢ OKpy:kalome# cpemoili, HasHBaeTca 3aMKHYTOH CHCTEMOM..

Omkpumas cucmema. CacTeMa, KoTopas oOMEHMBAESTCH BEMIECTBOM
¢ OKpY:Ralomed cpefoil, HA3HBAETCS OTKPHITOM CHUCTEMOH.

§ 2. IlonaTHe TemI0OBOTO paBHOBeCMA (HYIEBOH 3aKOH TEPMORMHA-
MHKH)

Cocmostue menaog020 PAEHOBeCUS US0AUDPOBAHHOT cucmeMu. V3o~
JnpoBaHHAs cucTeMa (Hampumep, ras, 3aRJIIOYeHHHH B cocyme ¢ He-
TENJNONPOBOJSIUME CTEHKAMH) HE3aBACHMO OT CBOEr0 HAYAJBHOTO
COCTOAHHS B KOHETHOM MTOTEe TPUXOZAT B COCTOSHIIE, KOTOpPOe B Jafb-
HefimieM ysKe He MeHdeTCA. OJT0 KOHETHOe COCTOAHHE HA3bIBACTCHA
COCTNOAHUEM MEPMUKECKO20, UL MENL08020, pasHosecus. Ecid ropopurs.
0 MHUKPOCKONHMUYECKON KapTHHE, TO MaTepHaJbHbe YacTHIIBI IPOOI-
FKAIOT CBOE CAOYKHOE ABMKeHNe, HO ¢ MAKPOCKONHISCKON TOYKA 3peHAd
TepMAUYIeCKH PAaBEOBECHOE COCTOSHKE SBIAETCS NPOCTHM COCTOAHHEM,
KOTOpOe oUpefesseTcsi HeCKONBKHMU mapaMeTpaMy, KaX, HAIDUMED,
TeMIepaTypol H paBienmeM l).

Tenaosoe pasnosecue dsyx cucmem. Ecia 1Be H30AAPOBaRHEE CHCTE-
Mel A 1 B npuBefeHH B KOHTAKT [ADPYT € APYTOM, TO NOJHAA CHCTEMa
A + B B KOHEYHOM HTOTE IIEPEXOIHT B COCTOAHME TCHIOBOTO PABHO-
Becusi. B aToM carywae roBopsT, 9T0 cucTeMbl A 1 B HAXO[AATCA B COCTOSI-
HUHE TeILIOBOTO paBHOBecus [ApPYr ¢ fApyroM. Hapgaa mus cmerem
A m B B oTHeNBHOCTH TakyKe HAXOMUTCS B COCTOSHIA TENJOBOIC PaB-
HOBecHS. Jmo pasrosecue He HADYWUMCR, €CAU YCmPARUMy KOHMAKm
MexHcdy cucmemamiL, @ samem uepe3 HeKOMopoe 8peMs 60CCIMaH08UMb €20.
CrieoBaTeIbHO, €CAM YCTAHOBJICHHE KOHTAKTA MERIY ABYMSA CHCTE-
Mamn A u B, xorophie [0 9T0oro GHIAM M30JIMPOBAHHLIMHA, He IPUBOIHET
HE K KaKUM NW3MEHEHNAM, TO MOYKHO CYATATH, YTO HTM CHCTEME HaXO-
AATCS B TEOJOBOM paBHOBecwn Apyr ¢ gpyrom (4 ~ B).

Hyaesoil saxon mepmoduramury (3aKOH TPAHIUTHBHOCTHA TEIJIOBOTG
paeHoBecus). Ecin cucremsr A m B HaXoIATCA B TEIIJIOBOM PABHOBECHK
u cucrembl B u C maxomATCsS B TEIJIOBOM PaBHOBECHH, TO CHCTEMEI
A m C rtaxKke HaXOQATCA B TENJOBOM DPaBHOBECHH MeAy coloil:

A~B, B~C->A~C. (1.1)

9TOT SMIHpPHYECKHA B3aKOH HA3HBAETCA HYJIEBHM 3aKOHOM TEPMONH-
HAMEKH.

1) TepMHdeCKM pPAaBHOBECHO® COCTOSHRE, OMpelelcHHOe TAKAM 06pasoM,
OpPUHATO HA3HBATh TEPMONMHAMHIOCKH pPaBHOBECHHM.— Ilpum. ped.
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Tepmodunamuueckoe cocmoanue, Uil NPOCMO COCIMOAHUE CUCTEMbl.
B OyxBaNbHOM CMEICIE 3TOT TeDMHH O3HadaeT TO 3Ke caMmMoe, 4YTO
M COCTOAHNE TemwIoBoro papHoBecus. OxHaKo B o0meM ciryuae MOMKHO
¢uuTaTh, UTO HOJNHASM CHCTEMA HAXOAUTCSA B TePMOAWHAMHIECKOM
/COCTOSHEM, €CIIH PASIAIHEE ee TaCTH HAXOJATCA B TePMAYCCKHE PAaBHO-
BECHEIX COCTOAHEAX, TOTA KaK [IJIA BCed CHCTEME B HeJ0M HT0 HECIPa-
pegampo. Hanpmmep, ecam B cucreMe U3 AByX Tel A w B ramoe Teao
pMeer cBolo Temueparypy Ty m T, To 0 momHO# cHCTeMe MOMKHO CKa-
3aTh, YTO OHA HAXOQUTCA B TePMOAHHAMMYECKOM COCTOAHEN, KOTOpOe
onpegeasercs temueparypamu (74, T'p). Tepmmdueckm papHOBecHEIe
COCTOAHHS, B KOTOPHX HAXONATCA OTAeTbHEe YacTH CHCTeMBI, HA3Hl-
BAIOTCH AOKAALHO DPABHOGECHBLMUL,

-§ 3. TepmogumaMmdeckuil ROHTAKT

TepMogmHaMHYeCKEM KOHTAKTOM HABHIBAETCA TaKasd CBA3D MEHKIY
cHCTeMAaMH, NPH KOTOPOM BOBMOMKHO XOTsA OLl OJHO W3 CHCHYIONUX
TALNOB B3AXMONEHCTBAS MEKIY TEePMONWHAMHAYECKHMH CHCTEMAaMH:

1. Mexanuneckoe e3aumodeiicmeue. Ecnm ofHa cucreMa coBepuiaer
pa6ory Haf IpYroi cucteMoil ¢ MOMOIMbI0 MEXAHUYECKHX MW DIEKTPO-
MATHATHHIX CHJI, TO B3auMoOAeHCTBYe TAKOI'0 POja HA3LHIBAETCH Mexa-
HATECKAM.

2. Tenaogoe s3aumodeticmeue. BaammoneiicrBue, Koropoe npnBomﬁ'
K M3MEHEHMAIO DHePTUHU M COBEPIIAETCA B JOpMe epeJaun Telia mocpel-
-CTBOM TOILJIONPOBOLHOCTH HJIH TEIJIOBOH pajfHaniK, HA3EIBAETCA TEILIO-
BHM BaauMmope#icTBiieM. CTeHKA, Uepes KOTOPY TEHIOBOe B3AWMO-
_gelicTBME HEBO3MOKHO, HABLIBaeTCHA aduabamuieckoli.

3. Mamepuanvnoe esaumodelicmeue. Baammopeiictsue, KoTopoe
OPHBOEAT K 0OMEHy BEMECTBOM MY IBYMA CHCTeMAaMM, Ha3hi-
BaeTcsAd MaTePHAJLHEIM B3amMojeidcTeueM. I[losynpomwpaeMas MeM-
:fpana obecnedInBaeT B3aUMONEHCTRYE TAKOTO POJA.

Wpeanmsanueit B3auMopeiicTsmii 2 ¥ 3 MOKHO CUMTATh TaKOe B3ai-
MOJefcTBHe, KOTOPOe SBJIAETCA AOCTATOTHO CIAGHM, 9T00H HE BJAUATH
‘HAa CBOMCTBA CHCTEMEl, HO BMeCTe C TeM NOCTATOYHO CHJIBHBIM, YTOOH
UPHBOZATH K addexrtaM, ROTOPHe MOryT 65ith 00HADYIHEHE B IpoLiecce
‘gabaogeRms.

Ecam paccmaTrpmBaTh TepMocTaT KA HCTOTHAK, KOTOPHIA AeHcCT-
BYeT Ha MCCIeyeMyIo CHCTeMY OJHUM W3 BHIICYOOMAHYTHX CI0CO6OEB,
“TO DTOT TEPMOCTAT MOKHO HABHBATH COOTBETCTBEHHO UCMOYHUKOM
pabomur, menioguln pezepsyapor (TenI0BOH GaHeH ) MM UCMOUHUKOM
{(pesepByapom) wuacmuy. OOHYHO NPHEMMAIOT, 9TO HCTOYHHK, WJIH
pesepByap, HaMHOTO 00JbIIe CHCTEME M LIO3TOMY OH OCTAETCHA B 3aJaH-
HOM PAaBHOBECHOM COCTOSHHY HE3aBUCHMO OT TOT0, KAKO® BIHAHUE
‘OH OKa3hBaerT HA CHCTeMY, HAXONAMYIOCH ¢ HAM B KOHTaKTe.
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§ 4. TepMoguHAMAYECKAE BEIMIUHE

Dynryuu cocmosrus. Pu3nveckne BeJWINHB, HMEIOIIHE Ompefie-
JeHHOE SHAUCHHE JJIA KAXKJOTO TePMHAYECKM PABHOBECHOTO COCTOMHMS
CUCTEMBl, HABKBAIOTCA TEPMOTHHAMATECKUMY BeIMYMHAMA MIH QYHK-
OUAMH cOCTOARAA. K HMM OTHOCATCA, HAPUMeEp, TeMUepaTypa, rasje-
HUe, BHYTPEHHSS SHEpPrHsf, SOTAJBIHA M SHTPOOHA.

Hepemennre cocmosnus, uiuw mepMOGUHAMUUECKUE NePEMEHHBIE.
B yskoMm embicie c¢ioBa 9TH BEIWYHHR OPEACTABAAIT cobo#l yHmo-
MAHYTHIE BhLINE TepMONWHAMHYECKHAe BeamunHsl. B 6Gonee mmpoxom
CMbiC/ie TePMOTMHAMHAYECKOIO COCTOSHMA OHM 03HAYAWT (HU3HYeCKHE
BEJMYUHBE!, OHPeNeJANAe JOKaJbHO. pABHOBECHO® COCTOAHWe. Ecam
COOTBETCTBYWINHM 006paszoM BHOPATh COBOKYUHOCTh HE3aBHCHMBIX
mepeMeHHBIX TAK, 9Tobs oOHA Onia Heobxommmollh ®  jocraToyHOR
U OUPCHeJeHHA COCTOAHHUSA, TO OCTAJbHbEe BeJHYAHHI, XapaKTepH-
BYIOMHAE COCTOAHHE, ABJAIOTCH QYHKIUAMHA 5THX I€peMEHHEX. ducio
He3aBUCUMBEIX IePeMeHHEX, OIHCLIBAIGUX TEePMHIECHHU paBHOBecnoe
COCTOSIHME, OUPeJeasieTcsI dMIHPHUICCKH.

I/Inmencugnue U 9KCmeHCUBHblE seAUNUHB. KCeaw cuereMy, HAXOAA-
UIYyIoCs B TEPMUYeCKM PABHOBECHOM COCTOAHUU, PA3AENHTH HA TACTH
¢ DOMOIMBI0 HENPOHUIAEMEIX TEPErOPOLOK, TO KAKAAN JaCTh OCTAHETCH
B paBHoBecHOM coctogrmu. CiemoBaTesbHO, PABHOBECHOE COCTOSHUE
OMHOPOAHOH CHUCTEME ABIAETCA €€ BHYTPEHHHM CBONCTBOM W OIpefe-
Maerca TepMoguHAMHUECKAMA IepeMEeHHLIMA, He 3aBHCAMIUMYA OT Pas-
MepOB CcHcTeMmbl. TakHe BeJMYWHB HA3HRAIOTCH HHTEHCHBHEMH., K #x
9UCAy OTHOCSATCA, HANPUMep, TEMIOEPaTypa, HAABJeHHe, XAMHYECKHH
norernuan. C gpyro#l cropoHs!, IepeMeHHEle, BHATCHNA KOTOPLIX H3Me-
HAITCHA IPONOPIHOHANBHO pasmepaM HJIH Macce CHCTEMHEI LD ee
pasbueHMy Ha dYacTH, He HapymapmeM pPaBHOBECHOTO COCTOSAHHA,
HA3BIBAIOTCS DKCTEACHBHEIME BeJuawHamHd. Iipumep: Macca KoMuoHeH-
TOB, DHEPTHA, DHATPONHA H IP.

Buympennue u snewnue nepemerniie. B EeKoTOPHX cayvasXx Tep-
MOIMHAMMUYECKHE NEePEeMEHHbE MOMKHO pPasénTh HA ABe KaTeropwu:
BHYTpEHHUE W BHeMHWe. DHeHHE mepeMeHHEHe ONDefieffAl0T COCTON-
HEHe OKpymawome# cpexst. Hanpumep, BHEIIHEMA T[epeMeHHHIME
MOKHO CUMTAThL NOJOKeHHe NOPINHA B IUIHHIpE, COMeD:KaIleM ras,
WM HAOPH)KEHHOCTHh BJIEKTPHYECKOro JHGO MaTHATHOTO 10Jd, gedcr-
Bylomero Ha cucremy. OJHaKO HX MOKHO pacCMaTPHBATh H KaK
BHYTpPeHHHE MEepPeMeHHBIe, €CIIH HOPIIeHb HJIH HCTOYHHKH HOJS BRIIO-
YeHBI B CHCTEMY, a H6 B OKpy:Kawmyio cpeny. CregosaTensno, pasim-
qge MeKHy BHYTPOHHHMH M BHEOIHUMHM IepeMeHHHIMH 3aBHCHT OT TOTO,
rpe ME HIPOBOJHMM FPaHUIy MEKIY CHCTeMOH H OKpY)Kalmlel cpemoi,
HaxXofiflielicd ¢ Hell B KOHTaKTe. Do mnabe;kamme HeJopas3yMeHHN
HeoGXOHMO BCErla HMeTh B BHAY 3TO o6c'rome.ubc'r}30 oco6eHHo
B clydae MeXaHMYECKHX KOHTAKTOB. :
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§ 5. Tlponecc msMeHeHHA COCTOAHUA

TepMoprHEAMAKA PACCMATPABAET TONBKO TAKNE WBMEHEHUS COCTOSM-
HUs CUCTeMBl {IpOMCXofdmue MWId camu mo cebe, miam Hox JedcTBHEM
KOHTAKTOB ¢ APYIMMH CHCTeMaMHA), B KOTODHIX HadalpHOoe U _KOHEYHOe
COCTOAHHA ABAATCA TEp- |
MopuHaMHUeCKuMa (HO He
06s3aTIBHO TePMUYECKHA
PaBHOBECHLIMA), Opraxo
TPOMEKYTOUHRIE COCTOAHMS,
gepes HKOTOpble IPOXONUT
cucreMa, MOTYT M He OBITH
TepMoguHAMUYeCKAMA. Bo06-
mie TOBOPA, OHA MOI'YT OBITH
O0YeHb CJIOKHLIMH  COCTOA-
HUSAMH. [Mpome;ryToUnER
cocroguuss OyAyT TepMogA- :
HAMAYECKNMH TOJIBKO B TeX i
ciyyadx, Korja mpouecc i
COBepIIAETCS dpe3BbIIaliHO ;

:
:
!
:

Jabnenue

mepzxerHo. Ilpn raxux ycmo-
BHSIX IIPOMECC MOMKHO OIH-
caTh, paccMaTpwuBasg HsMe-
HEHWE [OCTATOYHOTO YHC-
jia TePMOAMHAMMUCCKUX Be-
JANYVH,

Huka. 1lwrgoM HazH-
BaeTCA WPOIECC, UPH KOTO-
POM HadaJabHOE M KOHeuHoe
COCTOAHHUA CHCTEMHl COBIIA- dur L.
maror.

Hugunumesumasvnni npoyecc. Ecnum pasEuma Memgy HA4aNLHEM
H KOHEUHbIM COCTOAHMAMH CucreMb GEeCHOHEYHO MaJja, TO TaKO# Ipo-
mece HA3bIBAeTCA HHPHHUTE3HMAJILHBIM.

Keasucmamuueckuil npoyecc. 'Tak npuHATO HABHBATH HpeaJbHEE
[IpoNecchl, B TedeHHe KOTOPHIX CHCTEMA W OKPY:KAIMAas cpela 0CcTaloT-
¢ B TePMHYECKH PaBHOBECHOM cocToAHHME. Tako#l nmpouecc npuGand-
KOHHO PeajH3yeICi B TeX ClydasXx, KOIfla H3MEHEeHHWA IPOUCXOHAT
nocraTouno MepaerEEo. Hanpumep, miast Toro 910l ¢)KaTh ra3, BHeIIHee
nasJsiense p(*) foiswHO OHTH He3HAUNTENBHO OoJbINe JaBJiEeHHS Tasa p,
a uroGH pacmupuTh Tas, BHeMHee AaBieHue pl® KoJKHO GHTH He3Ha-
aurensHo meHbme p (pur. 1). B npegenpHOM caydae 09eHb MeJJeHHEIX
H3MeHeHUMH o0a mpoilecca NPOUCXORAT IO ONHOM M ToHl ke TpaeKTOpHH
B TPOTHBOHOJO;KHEX HampaBiaegusx. CneqoBarenbHO, KBasucTaTHIe-
cKmil npomece Apagerca obpamumvim (cm. ra. 2, § 1). Ilepedmcamm
Hau0osee BayKHHE KBA3UCTATHIECKWE HPOLECCH.

06vem
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a. Keasucmamuueckuil usomepmueckuli npoyecc. B Tarom mupo-
mecce CHCTEMa HAXOAWTCS B KOHTAKTE ¢ TEPMOCTATOM, MMEIOUIWM
HOCTOAHHYI) TEMUEePaTypy (TemIOBEHIM pE3ePBYapoM), H HPOHECC
OpOMCXOOUT KBASHCTATHYECKHN UDPH 3TOH TeMmeparype.

6. Keasucmamunecrkull aduabamuyeckull npoyecc. Tax HazmbBaeTea
KBABACTATAYECKAN IPOIECC, HPH KOTOPOM CHCTEMa He HMeer TeIlIoRO-
ro {(m MaTepwaJBHOTO) KOHTAKTA € OKpPYRaiomeil cpeao#, HO Ipum
BO3AeHCTBHA CHCTEME HA OKPYIKAOINYI Cpejly miad, HaoO0OPOT, OKPY-
JKAIOme cpeflsl HA CHCTEMY MOoker coBepmarhes pabora.

Hpasmncratnaeckue agnabaTnyeckue IPoneccs WHOTAA HA3HBAIOTCA
IpocTo agnabaTWvIecKUMH, HO, TaK KaK MOKeT CyNecTBOBAThH ajgmada-
TRYeCKN HeoOpaTHMHN nponecc, HY;KHO fCHO pasjguuars ofa atd
caydas (cm. ra. 2, § 1, rae ofcyxpaerca pasamame Me;xgy obparm-
MEIMA ¥ HeoGpaTUMBIME TIPOIECCaMMU).

§ 6. Ilepsoni 3aKoH TepMOUHAMUKE

Xors nepBHi 3aKOH TePMOSHHAMAKA ABJIAETCA TACTHRIM CIyTaeM
o0mero 3aKoHA COXPaHEHUS SHEPTHUM, OH UPE[UQIATAET CYMECTBOBA-
Hue BHYTPeHHe#l HHePTHHU, KOTOpag IpejcraBisger coboil repMomwmHA-
MHYECKYIO BEJIUYUHY.

Hepsriii 3axon TepmogunaMurn. 1 pu nepexode cucmemsl U3 Hataib-
no20 coctnosnus 1 6 KOHeuHOe cOcmosnue 2 NOAYHaeMas CUCTEMOTE om
orpyscarouel cpedvt cymma pabomy A, menaomun Q u smepzuu nepe-
Hoca maccwt Z ') onpedeasemcs moavko cocmosnusmu I u 2; sma
CYMMQ He 3ABUCUIM O MO20, EAKUM CROCOGOM OCYWecmEAsemcs nepexod
uz 1 e 2. 3ro osHadaer, ITo CYMmeCTBYeT TaKkasg Beawdmaa U,
XapaKTepUsyoIas BHYTPEHHeE COCTOAHHE CHCTEeMHl, YTO PA3HOCTH
e 3HayeHHmir B cocrosguuaX 1 um 2 onpefiendercs COOTHOMEHHEM

Uy— U =A-F+Q+Z. (1.2)
QDynxoua U mpexcraBasier coGoli, BHEYTPEHHIONW BHEPTHIO CHCTEMEL.

Ecim cmcrema xapaxrepusyercss MeXaHUYECKo# Hepruell (Kumern-
JeCKo#l UNE mOoTeHUUAaNBHOMN), TO cooTHOmeHue (1.2) 3ameHAeTCA COOT-

Honieouem . -
B, —E, =4 +Q+ 12, (1.2)

rge I — mospast 9HePTUA CHCTEMEI, BIIIOYAS MEXaENIeCKYI0 DHEPTRIO.
[lepBuif sakoH TePMONUHAMAKE LpeacTasiser co0o0i 3aKOH coxpa-
HeHns sAepram. Ko MOMKHO sanucars B opme

Eonx = const,

rie Egong — TOTHAS 3HEPTHA BCeil CHCTEMEH, BKAOTAA BCe IOJCHCTE-
MHI, ydacTBylomue B paccMatpusaeMoM upouecce. Coorromenme (1.2)

1) Qaa senmumun Z apTOpP TOAB3YeTCs TepMUHOM «mass actiony, me uMe-
0IM¥M OJHOZHAYHOTO DRBHBAJEHTA B JATEPAType HA PYCCKOM Asnike. Mul Oymem
JAIOAB30BATHCA TEPMHAROM <IHEPrHA mepeHoca Macchy.— Ipum. ped.



Ocrosrvie noOAONCEHUR 17

nan (1.2') 3aummcaHO JJA MOACHCTEMEH, YHEPIHs KOTOPOM HM3MEHSETCH
B peaylpTaTre TOTo, 9TO »TAa WIOJACHCTeMa oOMeHUBaercs dHepPTHei
¢ IPYTOMU YaCTAMHE CHCTEMEl (OKPY;RAMER cpefol) ¢ moMOmBbIo pas-
JAYHEIX MEeXaHH3MOB B3amMopeiicrsus. PaGora A4, tennora Q u sHep-
THA TepeHoca MacCH Z HpPeACTaBIAT cobolt Koawdecrsa HEpPIuH,
moJAydaeMod 4depes COOTBETCTBYION[HME KOHTAKTH.

YUuratenab moisKeH OHTH 3HAKOM € IOHATHAMI PaGOTH W TemJIOTH
xora OB W3 Kypca siaeMeHTapHON Qpusuxn. O6 sHeprum mepenoca mac-
CH Z, BO3MOXHO, W3BecTHO Menbme. OHa mnpepacrasiser cobofl Ko-
JUYeCTBO DHEPIHWH, KOTOpas IepefaeTcad CHCTeMe He B BHe paboThI
WM TeINJOTH, & IPH IePEeHOCe MAacCCHl BEINecTBA M3 OKPYIHAIOIMER
cpefpl. Jra Beawdwnaa OOHYHO BBOAHTCA B yIeOHHKAX TepPMOJUHA-
MAKHA 3HAYATEJBHO IO3Ke, 4 HMEHHO IPH PACCMOTPEHHH HEOLHOPOJI-
HHX cHeTeM. 3fech OHA BBefileHA [ANA NONHOTH (OPMYIMPOBKHA mep-
BOTO 3aKOHA TEPMOAMHAMUKH.

Beunwii deuzamesv nepsozo poda. [ns MERIATECKOro IIporecca
HMeeT MecTO COOTHOUIeHWE

A+Q+2Z=0. (1.3)

CrnefoBareibHO, CACTEMa NPOUBBORUT pabory — A Hajg orpy:xawomed
CpeIoi, a moaydaeT 0T OKRPY:KaMeN cpefsl B ¢BoW0 odepess Q -+ Z.
Beursiit geuratens HepBoTO PoFa KOJKEH OBLI GH TOABKO COBEPIIATH
pabory Haj OKpY:KaoUel cpefoil, HHIero me moaydas ot Hee. Cueso-
BaTeJbHO, IODPBHHA 3aKOH TEePMONMHAMHKN MOKHO HA3BATH TAaKIKe
RPUHYUNROM HEBOSMONHOCTIU 6e4HO020 Osuzamens nepsoeo poda.
Brympenuss snepeus. BEyTpeHHe# sHeprmeil MH HasHBaeM jHeEp-
I'uio, 3aKJIOYEHHYI0 B cucteMe. Ilpm 5TOoM OGHIIHO HE YIATHBAETCA
KAHeTHYCCKAasd 2HEPIrudA CHCTEeMBl B NEeJOoM M HOTeHHIHAJILHAA JHEePIrus
CHCTEeMbl BO BHEIIHEM IIOJIe (XOTH B HEHOTOPHIX CJayYadAX IIOTEHOWAJIb-
HYI0 SHEPIMI0 MOKHO PACCMATPHBATH KAK UacTh BHYTDeHHell sHeprum).
{Ipu MUKPOCKOTAYIECKOM PACCMOTPEHHUN 3TO 03HAYAET, YTO BHYTPEHHAS
9Heprusa paBHa CyMMe KuHeTAIeCKOI 9HEePIru|m OTACIbHEIX MOJEKYJ
W »Hepruy B3auMofeiicrBua Mmempy HmMa. OJHaKo TepMogmHAMEHKA
o0WYHO He 3aTPaTEBaeT BOOPOCA O HPHUPOJe BHYTDeHHER JHEprum.
Ilepnuii 3aKOH TEPMONMHAMEKY YTBePKIAET, YTO BHYTPEHHAS YHePrud
apugercd gynkyuell cocmoanus. AAFATABHEYI0O TOCTOAHHYI0, BXOIH-
mMYyI0 BO BHYTPEHHIOIO SHEPIHI0, MOKHO GHKCAPOBATH, BEIGpAB HEKOTO-
poe HCXONHOe COCTOAHWEe 3a HYJEeBYI0O TOUKY OTcYeTa BHYTDEHHeH
omeprum. Ha $ur. 2 msobpaskena BHYTPEHHSS SHEPTHS BO3JyXa Kak
$yEKOuA TeMuepaTypu u faBiaeHud. Touka C ABIAETCS KPUTHYECKOR
(em. opumep 8). '
Basucumocme pabomsl, MenLOMbL U IHeEPeUL NEPEHOCA MACCH, OM NPO-
yecca. B orammaue or U Beamdmsn A, Q mw Z B coorHOmeHusx (1.2)
u (1.2') 3aBHECAT OT TOTO, KAKAM CHOCOOOM OCYHIECTBIAETCH HEPEeXof,
73 OHOTO cocToAHMA B apyroe. Hampmmep, mepexop m3 cocrosmusa 1

2 p. Ky6o
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B COCPOSHME 2 MOKET OCYMIECTBATHCA MIyTeM MeXAHMIECKOTO BO3IeHCT-
BAA WM OyTeM Hepefadd Temja, T. e.

U, — Uy = A (aponecc 1),
U, — U; = Q (mpomece II). (1.4)

Orciofa caenyer, 9aro A, Q U Z He ABNATCA QYHKUUAMEA COCTOSAHMSI
W 9T0 IX HEBO3MOKHO BHPA3HUThH 4epe3 PasHOCTh QYHRIAA COCTOAHUA.
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G ur. 2. BRyTpenHAA sHEPrUA BO3AYXa.

Tem He MeHee IO3ATHBHAA (QOPMYIHMDPOBKA HEePBOTO 3aKOHA TePMOMH-
HaMHKW COCTONT B yTBep:kJeHnm, 9ro cymma A -+ Q-+Z apusercs
¢yHEKEOEeR COCTOAHUA.

OTCTYILJIEHHUE 1

Ocrosameat nepeozo 3arona mepuodunanury. BEcanm 651 B 50-e ropst
HPOTLIOTO CTONETHs GBI MOCTABICH MAMATHUK HEM3BECTHOMY YICHOMY, TO
mambosee mogXonAmen miag Hero Onua 6m crenyomas Bagmuch: «B ma-
MATh TOPA W OTYAsiHAA TeX, KTO NHITAlJCA CO3[IaTh BEYHEIH [BArATEls).
Ho 3aK0H COXpaHeHHUs YHOPIAH, AN IePBHH 3aK0H TePMOTUHAMAKY, JI0KA-
3aBINWI TIIETHOCTh STHX HONEITOK, CB3aH NPeAMYINECTBOHHO C TPeMA Beln-
M mMepaMm: Maitep, Teapmroasn um Jxoyas.

I0mmyc PoGepr Maiiep (1814—1878) peiicrBuTenbHO ORI TeHMEM,
OpHmeImEM B HAm MHAD ¢ OAWHCTBEHHOH HEABIo: CAelaTh 5T0 BENHKOE
orkpuitre. Fepmane Jhogsar ®@epaanany leasmronsr (1821—1894) massan
stor 3axom «Erhaltung :der Krafts, T. e. 3akoHOM COXpaHERHMS DHEPTMH.
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TlogoGao Maiiepy OH Ha4ad CBOIO [eATeJBLHOCTh KaK Bpa%, HO MPOKEI
3aMeYaTeNbHYI0 sKASHD KAK BeJImIaimuii GUsHoNor u QUMK TOTG BPeMeHH .
Ilxeiime ITpeckort [moyas (1818—1889) paboranm Goxee copoka JeT Ham
SKCTePEMEHTAJLHEM MCCIAeIOBAHAEM SKBHBAJIEHTHOCTH PaOOTH M TEIJIOTH.

Uz stEX Tpex ruraHTOB Maitep 6hX TepBEHIM, KOMY yAalOCh IPHHTH
K 5TOMY 3aKOHY, M TOCHeTHWM, 4bf NeATeIbHOCTh Ohlra mpmsmaHa. Ero
skusEb Omga mambosee mpamatmamoil. OCHeNIAANINAA BCHHINKA T'eHHANb-
HOTO TpeABUAEHHUsI O03aPHIA ero, [BAfUATHMIECTANEOTHEI0 HEMEIKOr0
KopafexsHoro Bpada, ORHaKKE BOAN3N fIBKE, KOrAa OH 3aMETILT, 9T0 BeHO3-
Hag KPOBb ¥y ONEepHpYyeMoro GOJBHOTO 0Ka3anach HEOOHKHOBEHHO SPKO-
KpacHO#. Majiep HpPeIIOJIOMKIN, YTO ITO MOKeT OHTbH CBA3AHO C CO3JaH-
Hoit Jlapyasbe TeopHmell OKHCIACHMSA KPOBU y ;KABOTHHX. M3 5Toil Teopmm
CJIEMOBANO, YTO B TPOIMYECKHX 30HAX ITPONECC OKUCICHHA KDPOBH MOJKET
UPOHCXOANTH MeJIeHHee M3-3a YMEHBIIeHNsI CROPOCTH TemIooOMeHa
opraHH3Ma >KEBOTHOTO C OKpy:Kalomeil cpepoit. O6obmerne aroro mabiaso-
nerns npusedo Mailepa ¥ mpuee 06 SKBUBAJEHTHOCTH Tellla M MeXaHWgYe-
croit paborei. Caegylomme TpH Tofla Ilocle »TOro myremecrsus Maiiep
paboTasa goMa Kak Bpad, OTHABas Bce cBoGOAmOe BpeMs 3aBePIIEHMI0 CBOEH
nepBoil paboTe MO coxpanenuio sHeprum: «Bemerkungen iiber die Krifte
der unbelebten Natur». d1a paGora Germa mocinasa B sypHand «Poggendorf
Annalen», Ho EuKorga He 6pIa TaM onmybameoBama. B 1842 r. JImbur
ony6IuKOBAN ee B CBoeM ;KypHaJe «Annalen der Chemie und Pharmaciey,
Ife B TeYeHWe MHOTUX JeT OHA OCTABANAChH HE3aMEUeHHOU.

ITo 1851 r. Maiiep manmcas 9eThipe CTAaThA. B TeueHHe STUX NET HEOOKIK-
HOBEHHO HANIPS/KEBHON paboTH OH He 3aHWMAJICA HEYeM, KpoMe CBOen
Teopun. B 41852 r. om 3afojien NCHUXWYESCKUM PacCTPOUCTBOM ¥ YIOTAA
B GompHuny. Yepes mBa Toga OH BBINIEJT OTTY[A, HO YiKe HHKorpa 6Goxee
He BO3BPamIAJICsi K HAYWYHOH AeATeILHOCTH.

§ 7. Temnora u 3HTAIBNNA

IIpegmonosknm, uro mepexon us cocroguus 1 B 2, 06ycaoBIeHHEIH
TEIIIOBHIM BO3JeHCTBIEM, MOKET IPOUCXOPUTE TAKKE W TOJ BIAAHACM
MexaHHdecKoro BosgeiictBua [uporecc I B coormomenun (1.4)]. Torga
KOJWYecTBO Temia (), KOTOpoe BBOJUTCS TIPU TEMJIOBOM BOBHEHCTBHY
{mpomecc 11 B coornomenun (1.4)], MoKHO 0XapaKTepHU30BATHL JIKBH-
BameHTHOH paboroit A. I1oT cmocob ompefesieHHs KOJHYECTBA TeILjia
TOKAaBHBAET, YTO OHO MOKeT M3MepATHCSA B eguamuax paborel. Ilpunsa-
Tasg eJUHUNA OIpeJeNseTcs COOTHOIIeHHeM (OIA TepMORMHAMIYE-
cKoM HKasopumu 1))

M rar = 4,1840 duxc.

JKBUBAJIEHTHOCTE TEIIOTH M PaGoTHl, 9eMy COOTBETCTBYIOT, B 9ACT-
HOCTH, cooTHomeHnus (1.4), mo cyrm fgena m mpepcrasaser coGoi mep-
BBl 3aKOH TePMOJUHAMAKY. JKCOIEPUMEHTAIBHOE ONPEeTeHAe TeIIo0-
BOTO BKBHBAJeHTa paboThl Onlio ocymecTBiaeHo [[sxoymem.

Ecan n3mMeHeHEHe COCTOAHMS CACTEME MIPOUCXOLUT OPH NOCIMOSHHOM,
daesenuu (m306apuUecKmii mpomecc), TO MexaEmYecKas paGora, cBs-~
33HHaA ¢ maMeHeHmeM obneMa AV, ompepmedsercs mpocro Kak —pAV.

1) CymeCTByeT HECKONBKO PABNAYHHIX OILpeleleHdil KalOpHH.
2%
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Ecanm npm 570M He IPOM3BORUTCA HEKAKOR APYToi pabGoTH, TO, coriac-
HO II€PBOMY B34KOHY, MOJKHO BHIOIHATHECHA COOTHOIIEHHE

Up—U;=pV,—V2)+0.
ITosromy yno6Ho BBecTH (YyHKIMIO
H=U+4pV
H 3a0HuCaTh

H2—H1=Q' (1.4,)

Brenennas sgech Benuguua [/ HaswkBaeTcs SHTANBINEH, HAK TEIJIOBOM
dyHRIIUETH.

§ 8. IlpumeHenne MepBOT0 3aKOHA TEPMOJUHAMHKHM
K MHQUHATE3NMATLHBIM HpoLeccaM

Jus mHQuUHMTE3sMMANBHOTO Hpomnecca cooTHomernue (1.2) moskHO
sanmeats B Qgopme
dU =d'Q +d'A + d'Z. (1.5)

B wgacTtHOCTH, ecim OKpy:Kalomiad cpeja IpeicraBiaseT coboil ommHy
HPOCTYI0 CUCTEMY, TO

d'A= —pOdV 4+ 3 XPda;, (1.6a)
dZ= 2 wdN; (= 2 G{dny), (1.66)
=1 =1

rie pl® — maBinenwme OKpysKalomeil cpene, V — o0beM cuCTEMHI,
X{ — cmna i-ro Tma, AeHCTRYIOMAA Ha CHCTEMY CO CTOPOHEI OKPY-
;alomed cpejsl, r; — KOOPIUHATA CHCTEMEI, COOTBETCTBYIOMAS CHIe

O N ; — THCI0 MOJEKYJ HMIM MOJeil j-To KOMIOHEHTAa CHCTeMH 1),

pg-e) — XuUMUYeCKHWiT MOTeHIMAN (OTHECEHHHIH K ONHOHW MOJEKylIe Uid
OJHOMY MOJIO) j-To KOMIIOHEHTA OKpYy:Kalomell cpepsl. Ilpm xeBasumcra-
THYECKOM WHOWHATE3MMAJTBHOM IIpoilecce CHCTeMAa HAXOMHTCSA LOYTH
B paBHOBECHM C OKpYy/Ralollel cpefoif, B CBA3KM ¢ geM HMEIOT MECTO

COOTHOHICHAA

IA— —pdV + Xz, (1.72)
@'Z =3 uydN;. (1.76)
J

1y Ecaun N; mpencrasiger coGoif dmeno Moieit, To ero 0603HA4anT depes
nj; XAMWYeCKA IOTEHNWAJN, OTHECEHHEIT K OTHOMY MOII0, 0003HAMAETCA depes
Gy (cM. Ta. 3, § 3). Vmorna BMecTO uUMCIA MONEKYJN HJIH MOJe# WCHONB3YeTcs
Macca j-ro koMmoHemTa M;. B 5T0M ciIydae XWMEYECKAH IOTEHNHA] OTHOCHTCH
K 1 2. B macroameit KHmre, €CIE HE OTOBOPEHO WHOE, XMMWUYECKHH IOTEHIUAJN
06K9HO OTHECEH K OfHOM MOJEKyJIe WIH K OJHOMY MOJIO.
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B obmem ciyuae keasucmamuueckoeo npoyecca
2

Vs U, § @Q— | pav+ Y § Xidai+ 3 ? wdN;,  (1.8)
1 1 i 1 i 1

THe p B \; — HaBJeHHE W XMMHYeCKUil IOTeHI[AAJ] CHCTEMEl, KOTODLIe
PaBHEI COOTBETCTBYIONIMM BeIMUMHAM /IS OKpYysKaomell cpems, nGo
CHECTeMa HAaXORHTCH B PAaBHOBECHM C OKpYy:Katomei cpenoit. TouHo Tak
K¢ BHEIIHHE CUJIE HAXONATCA B DABHOBECHM ¢ CHJIAMH ACHCTBUA CH-
CTeMH Ha OKDYHAIOMYI Cpeay, M03TOMY BeDXHHH HHAEKC e x{
MO3KHO onycTuth. MlETerpupoBanue coorHomennit (1.8) npousBogurea
BIOJIb TPAEKTOPHE Ipofecca.

Ob6osnauenue d'. Tar war uepemaBaeMoe TemJo, COBepmaeMas
MeXaHHmYeckKas paboTa M 3Heprua INePeHOCa MACCH B3aBHCAT OT XapakK-
Tepa DPOIecca, COOTBETCTBYIONMIME OCCKOHOYHO MAaJjlhle BeJIWYMHHE He
ABIAAIOTCA TOYHHIME AuddepeHnmanamu ¢yHROmA cocrosausa. O6o-
3HadeHne d’ BBEJEHO, YTOOH HOYEPKHYTH BTOT MOMEHT.

Pa6oma. B obmem cayuae cumua X(¢), ¢ KOTOpOH ORpY:;KaOMmas
cpefa jeficTBYeT Ha CHCTEMY, OIpefledeTca TakuM obpasoM, 410 Gec-
KOHeYHO Manasg pabora, npoumsBoguMas IpU HsMeHeHun 0600IMeHHOH
xooppuHarst z, pasHa X()dz. Coormomesnme (1.6a) nwmmEA pas
mofdePKUBAET HTI0 oIpefereHWe. B ciaydae paBaeEns X —> —p.
B kBasmcraTmueckoM mpomecce CHCTEMa HAXONUTCA B PABHOBECHH
C OKpyKalolleli cpefol, B cBAsM ¢ ueM pf® = p, TOYHO TaK Ke
X = X (sBHyTpeHHEAA CHIA).

Mamepuaavroe e3aumodeticmaue. AHaJloranO coorromenne (1.66)
MOJKHO PaccMaTpuBaTh KaK oOIpefgejeHre XHMWYECKOr0 IOTEHIHMAla
j-ro KOMIOHEHTa OKpy:Katomei cpemsi. Iloka MB MOMKeM cKasaTh
0 XWMHYECKOM HOTeHIHANE TONLKO TO, 9T0 OH SBIAfercA HEKOTOpOM
XapaRTEPUCTHKONA ORpYKalomell CpefEl 10 OTHOMIEHUIO K j-My KOMIO-
HEHTY CHCTEMEl, ONHAKO OH OyIeT IMWPOKO MCHOJb30BATHCSH HAUWHAA

¢ ra. 3. B kmasmeraTmueckom mpomecce pf” = ;.

§ 9. Temmeparypa

Temmeparypa onpepensieTcsi KaK BeIMYAHA, MO3BOJAAIIIASA ONUCH-
BaTh TEIJIOBOE PABHOBECHE MEKY TeJIaMU, HAXOMSIIAMEICH B TEIIOBOM
koHTakTe. Eeim 6; m 6, — TemMmepaTypsl ABYX Ten, TO COOTHOIIEHHE
0, = 0, sABaderTca YCIOBHEM TEUJOBOI0 paBHOBecHsA. KEcam ke
6; > 0,, TO NpH TEMAOBOM KOHTAKTE MeKAY ABYMS TeJIaMH TeMIepa-
Typa 0, Oymer yMeHbmarecid, a 0, — ysemmumsarbea. Ouenmpamo,
ecan 0; = 0,1 0, = 03, T0 8, = 03 B coorBercTBEE ¢ yemoBmem (1.1).
B cBolo ouepens mnomsarme TeMIepaTypPH OCHOBAHO Ha COOTHOMIPHHH
(1.1) (cm. samauy 23). :
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1

Xora BHOOpD TeMmePaTYPHON TIKAJNH HA 9TOM 3TAIE PacCyMpenui
COBEPIIEHHO IPON3BOJIEH, MOKHO BBECTH a6COMIOTHYIO MIKAJIY, KOTOpas
O6ymer 00OCHOBaHA TPH BBEICHWH BTOPOr0 3aKOHA TEPMOTHHAMUKH.
Hanee My BCIOAY OyAeM MOIB30BATHCA abCOMIOTHON UAM CTOTpaycHOR
TeMIIePATYPHON IMKAJIOH.

AGcomorHas TeMneparypa Oymer obOosmadarncs depes 7. Iaa
IOCTPOGHHA IMNUPUNECKOl TEeMIePATYPHOH MRANB MOKHO BOCIIOIb-
30BATHCA Tas30oBHM mepmomempom. lIpoWsBoabHYI TeMmepaTypHYIO
mraxy 0 mosxHO mpeobpasoBarh B abconiorHyw I ¢ MOMOIEBIO COOT-
HOMIEHU S

T lim (pV)e
TO p—0 (PV)

(cm. ra. 2, samaga 37). Crorpagycuas TeMiepaTypHas IMKaja (mKaia
IMexscus) ompegersercsa COOTHOIMEHNEM

0°C=273,15°K

T'rpoﬁﬂoif: TOYKHN BOIB — 273, 160 K (1 9)

§ 10. TennoemxocTp. YaeabHAA TENIOEMKOCTD

Ilyers cmcreme KBasauCTaTHYECKH COOOM@ercsl KONMWIECTBO TeILIA
d’'Q. IlpegmonoskumM, 9TO 5TO OCYLIECTBIAETCA C IIOMOIIBI0 TAKOIrO
mporecca, KOTOPHIE, COXPAHAA HOCTOAHHON BeIUYNHY Z, yBeIUUABaer
TeMIeparypy cmcreMil Ha dI'; Torfa BeJHUHHY

4
Co=22 (1.10)
OymeM HA3EBATD MENA0EMKEOCIMBI0 CHCTEMEL IS TAKOro IIpoIecca.
TenaoeMKoCTh, TPUXOAAMAACA HA SIWHHILY MACChi CUCTeMbI, Ha3HI-
BaeTcA ydeavholl menaoemkocmuio. TemioeMROCTh OHOTO MOJIS Bellle-
CTBA HABHEBAEGTCH MOAAPHOU WK MOACKYAAPHOU MENA0eMEOCTLIO.

Tar rax seamuusa d'(Q) 3aBucHT OT mpoHecca, TO OHA CTAHOBHTCS
QyHRUEeH COCTOAHHA, TOIBKO KoTAa mpomecc (HaIu mapaMerp )
onpefeneH. IlpmMepH: menaocemkocme npu RoCMOAHHOM OasieHUL
(m3obapuueckag TemyioeMKocTs) Cp, yHedpHAS TEIIOEMKOCTh IIPH
NOCTOSHHOM [aBlIeHWZ (U300apmuecKas YAedbHAA TeIOeMKOCTH)
Cp, MENAOEMEOCING RPU NOCMOARHOM 00veme (US0TOPUMECKAs TEHA0EM-~
Kocts) Cy, yAeIbHAA TEIJIOEMKOCTh IPH HOCTOAHHOM ofsneMe (u30-
XOpHMYecKas yAeJbHAA TeILIOEMKOCTB) c¢y. MoxHEO QopManbHO
onpepesures BennamHy Con (=0) pua agmabardiecKoro mponecca
B Ciymor (= o0) IS W30TEPMHUYECKOTO LpoLecca.

OTCTYILJIEHUE 2

«Hloueny mw monum aumoi?
Tlecmenpianuer oTBeTAT: ITOOLL CAENATH KOMHATY TeIJee; nsyqaronmn
TePMOAMHAMUKY BHPasuTCH, BO3MOIKHO, TAKEM 06pa3om: «dTO6H TIOXBECTH
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HEJOCTAINy0 SHEPIHioy. B TakoM ciIyiae OPaBHIM OKaKeTCA Hecmenua-
aucr, a He (QUBHK.

B coorserctsME ¢ GAKTHIECKAM NOJNOKEHHAEM BeINedl IIPEHOILOMKEM,
9T0 [aBleHHe BO3TyXa B KOMHATe Bcerna paBHO armocepHoMy. B o6mra-
HHX 0003HaReHMAX JHePrus eIWHWIE MAacCH BO3NyXa B KOMHATE pPaBHA
(apIETHBHOM KOHCTamTOll UpeHe(peraem)

u=c,T

1, CJIe0BaTeNbHO, JHEPTHA eIWHHUIH o6neMa paBHa

ul = chT,
MM, YYHTHBAsg ypaBHeH:e cocroammsa p/p=RT,
ut =P
R

Jas Bospyxa mpu arMmocdeprom faBTeHHN
ul =0,0604 rax/cm3.

Caedo6amenvro, KOAULECMEO dHEPUL 6 KOMIAME He 30gUCUM OM Mmemnepd-
myps B NeINKOM oIpefenasiercss norasadueM Gapomerpa. Bes sHeprud,
KOTOPYIO Mbl BBOTUM B KOMHATy OPH OTOINIEHWH, YXORHT Yepe3 IOPHI
B CTeHAX HAPYIKY. ;

fl npmHOmMY GYTHIKY KPacHOTO BHHA W3 XOJORHOTO morpeba, m oHA
IIDHEEMAaeT TeMOeparypy Temaoi womuarel. OHAa CcTaHOBHICA TelJjee,
OJJHAKO BHYTPeHHSS SHePIUA ee yBeJMIWBAETCA 3a CIeT HAPY/KHOIO, a He
KOMHATHOTO BO3AyXa.

ITouemy j;xe Bce-takm Mbl TormM? Ilo Toif ke caMoii mpmdmHE, IO
KOTOpOil KA3AL HA 3eMie OHJIA GH HEBO3MOKHA 0€3 COIHEYHOTO M3IY-
uenns. 1lpn aToM fedo 3ariaiodaerca He B mamaromell smepruu. Ilocuegras
6ymer CHOBa WBIY4YeHAa BILIOTH H0 NpeHEGPERMAMO Majoil Konu, HogobHO
TOMY KaK 9eJIOBeK He MEHAeT CBOero Beca, HeCMOTPA Ha TPHHATHE OHINA.
YcIoBHA HAMero CYMmeCTBOBAHES TpeOYT W3BECTHOH TeMIepaTyphl,
1 YTOOH ee NOoANepP/RuBaTh, ACIONb3YeTCHA HE YBelNIeHne SHePINy, a IOHN-
JKeHAE SHTPOIHAH.

Bynyun crynentoum, s ¢ mouabaoii npodea Heboxbmylo kanry @. Baabga
«Japunma Mupa u ee Tedny. VMenach B BHAY 9HepIrus m surpomas. J[ocrhr-
HyB Gosee Iriy0OKOTO HOEMMAHWSA, A IPAME] K BHBOLY, UTO HX HRI0 HOME-
HATH MecraMu. B rurastckoil ¢abpuKe eCTECTREHHHIX IPONECCOB IPHHITAI
SHTPONHN 38HAMAaET MECTO AAPEKTOPA, KOTOPHH HPefIMCEBAET BUE B TeTe-
HIe BCeX CMEJOK, B TO BpeMsa KAaK 3aKOH COXDAaHEHWsA SHEPrHH HIPaer
JIMDIB podb Gyxraiitepa, KOTOPHII IPHBOXWUT B PABHOBecHE Xe0eT M KPe/IATY.

P. 9nden

IIprBefennasg BHIIE 3aMeTKa ORTa ONYOJAMKOBAHA B AHTUIHICKOM
mmypEage «Ilpmpoga» [1]. Oma moxasamacs A. 3omMMmepdelbny HACTOIBKO
MHTEPECHOH, UTO OH CUYeJ HYKHLIM HpPUBECTH €¢ B cBoeM yieGHmKe [2].
P. 9mpen msBecTeH cBomMH paboTaMm IO acTpodU3UKe W METEOPOJOTHH,

B YACTHOCTH CBoeil craTthei «Tepmommmamuxa HeGecHnx Tem» B [3].

§ 11. YpaBuenme cocrosumsa

Cywjecmeosarue ypasuenus cocmosHus. s ogHO3HATHOrO ompe-
JeJeHAs TePMUYECKH DPABHOBECHOTO COCTOSIHHS CHCTeMH OOBIYHO
JIOCTATOYHO 2337arb B3HAYEHWS HECKONBKHX (QVHROWH COCTOSHHSA.
Hanpumep, TepMmueCKE PaBHOBECHOe COCTOSHME IpPOCTOIO rasa M iad
JKHATKOCTH OLpefiesisieTcsA TOABKO OBYMs HepPeMeHHHMH: [aBIeHUEM p
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—2000

®ur, 3. JlaBnenne mWAeadbpHOrO Tasa.

¥ yAeALHHIM 065eMOM v (HHOTHA YHCI0 HEPEMEHHEIX MOJKET GhTh 605~
me; HaOPEMED eCJH I'a3 HaXOAUTCA BO BHEITHEM DJEKTPUIECKOM WK
MATHHTHOM [OJle, TO SHAYeHAA HAOPssKeHHOcTed d1mx momeir £ m H
TaKKe SBIAITCA TePeMEeHHHMHE, 0T KOTODHIX MOKET 3aBHCETH COCTOA-
Hoe rasa). Orciona w ms HyJeBoro saxona repMopmHamuky (1.1) cae-
yeT, 9ro Me;Rmy Temmeparypoit O (B mpomsBoabHOI mKAJe) W QYHK-
OUAMA COCTOSHAA [O/UKHEO CYINeCTBOBATH (YHKIHOHAIBHOE COOTHO-
menwne (cM. sagauy 23). EcnE QYHKIUAMA COCTOAHUSA ABASIOTCA PHA U,
TaKoe COOTHONIeHHe MO;KHO 3ammcaTh B Qopme

0=7(p, v),
KOTOpas W fBjsieTcs ypasHenmeM cocrosmmA. [logoGEEM jxe oGpasom
MOJKHO IIOKA3aTh, YTO ¥ [Aid Oojee oOmHUX CHCTEM CYMECTBYIOT ByHK-
HHUOHAJBHLE COOTHODIEHHA MERNY TeMueparypoii ¥ HeoOXOoauMuiM
¥ JOCTATOYHHM HaGopoM TepeMeHHHX (He BRJIOYAOIMX B cebs TeMm-
neparypy), T. e. cymecTbyeT ypaBHeHme cocrosHEmA. OXHaKo TepMo-
JUHAMMKA HAYET0 He TOBOPHT OTHOCHTEIBHO (YHKIUOHAJBHON GOpPMBI
YPaBHEHHA COCTOSHES, 33 NCHIAIOYCHAEM TOTO, UTO YPABHEHHUE COCTOs-
HEA JOJGKHO YAOBIETBOPATH HOKOTOPHM YCIOBHAM ~ yCTOMYHBOCTH
(em. rm. 3, § 8). Jas Kamo#i KOHKPETHOM CHCTEMB ypPaBHEHNA
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COCTOSIHAA OUPEeeNAITC IMIMPUISCKU MIH METOJAMH CTaTHCTHYe-
CKOHl MeXaHHKH, TaK 9YTO0 B PAMKAX T€PMOJMHAMEKE OHH CYHTAIOTCH
3alaHHEEIMEA IIPY OIpPEJeJNeHAN CHCTEMEL.

Y pasnenue cocmoanus udeaavrozo 2a3¢. Y PABHEHWE COCTOAHUA
B o0ImeM BHJe 3amMCEBaeTca caeqyomum oGpasom: pV = g(0). Onna-
KO €CJM BOCHOJB30BATHCA Ta30BOH TEMIEPATypHOH IMKadol
(c mOMOmBI0 BTOPOro 3aKOHA TEPMOZMHAMHKH;MOKHO HOKA3aTh, 4TO
OHA COBHAfjaeT ¢ aGCoM0THOM TeMmepaTypHOA MKAIoN; cM. I'I. 2, § ),
TO 3TO YPaBHEHUE COCTOAHMS NPUHWUMAET BUJ

pV = nRT = NkT, (1.11)

rae n — gmcno Mojei, N — umemo mojaexyd, R — raszoBas mocTOAH-
Has, k — mocrognnaA BLoanmmanma:

R = 8,314-107 ape-moav1-2pad~* = 1,9872 kax-monv~-2padt,
k = 1,3803-10"1% opz-2pad-! = 8,616-107% a6-epad~t.

Ha ¢ur. 3 wusofpameHa mOBepXHOCTH, OIHKCHBAeMas ypaBHe-
gueM (1.11). JlwoGoit peanbHHE ra3 CTAHOBATCS HACANBHHIM B Ipejee
BEICOKIX TEMIIEPATYDP M HE3KHX IuiorHocTeif. C moMompbio BTOPOTO
3aK0HA TEPMOJNWHAMUKA MOKHO IIOKasaTh, YTO BHYTDeHHAA SHEPTHU:A
AfeaJdbHOTO Taza He sapuchr OT ob6bema V (cM. ra. 2, safgada 2):

ou

—] = U=U(T). 1.12

(57),=0 (1) (1.12a)
Bun ¢ysrmuum U (7) oupepensercs sMIMPHYECKH HJIE TeOPeTHISCKA
MeTOf[aMH CTAaTHCTHYeCKoil MexaHuku. [Ipm HOpMAJABHEX TeMOepaTy-
Pax COOTHOIIEHWE

U = nC%T (1.126)
ABJSETCS XOPOMHKM HPUGIIGKEHNeM i GOJBIIAHCTBA JUCTHIX Ta30B,
09TOMY TemjoeMKocTh Oyder mocrofEHoi. [lasg »TEX TemmepaTyp
MOJAPHAS TeIJIOEMKOCTh ILpH MOocToAHHOM o6neme Cy paBHa

3 .
—2—R (om\EoaTOMHEI ras),

Cy = —;—H (zByxaToMHub# ras), (1.13)

3R (MEOTOAaTOMHELE ras).

Caxeco udeaavnbiz 2a306. CMmeck M3 r BHAOB UJGaNbHEIX TI'as30B
NOAYRHACTCA CAEAYIOMEMY YPABHEHHIO COCTOSHHA:

pV=nRT, n=n, (1.14)

THe n;—uuca0 Mone# i-ro Komuomenrta (i=1, 2,...,7). ABanorom
coorHomenus (1.12) saBmsercsa cooTHOLIEHHE

U= nChT, (1.15)
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ApzoH
p.= 48,00 amm
V= 1,8839 cm¥/2
T, = 150,72 °K

2,0

Dur. 4. HOBerHOCTb, omuchiBaeMasa YpaBHeHWEM COCTOAHMA JJIsI aproHa.

ROTOpOe OOBIYHO CIPABEIINBO B 06jacTH CpefdHNX SHAYEHWH TeMmIrepa-
TYPHL.

IMapumanbpHoe JaBJIEHHE (-0 KOMIIOHEHTA p; OMPENEIseTCA COOTHO-
TEeHHeM

piV =mn;RT, . (1.16)
OTKY[A cllefgyer

P:;pi-

VpasHeHre COCTOAHMA HAeaJbHOr0 T'a3a NPUrORHO A ONHCAHUA
PeaJbHHX rasoB B MPeJelbHOM CIyUae JOCTATOUHO HUSKHX JaBICHUIH
F JOCTaTOYHO BHICOKHX TemmepaTyp. [as Goiee BHCOKHX JABJEHMIX
(00Jiee BEHICORMX MIOTHOCTEH) B GoJiee HIBKAX TeMIEPATYP OTKJIOHEHHS
OT 3aKOHA MJIeaJbHOTO Ta3a CTAHOBATCA (o0Jiee CYMECTBEHHHIMH. ITO
BHJHO, Hanpmmep, W3 ¢ur. 4 m 5, HA KOTOPHX NPHBENEHH IaHHEE
Zuag aproHa. OKasHBaeTCs, 970 IIOTHHE ras Py OXJaKEeHHN MOKET
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Apzon
b= 48,00 amm
V, = 1,8839 cm3fe
T, = 150,72 °K
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® ur. 5. Peaved p — V-mOBepXHOCTH JJIsI aproHa.

nepeiitu B muproe cocrosEme. CymecrByer Gosplioe YHCIO ypaBHe-
HHU{ COCTOAHHSA, ONMCHBAIOMUX ILIOTHLE Tassl. Mul ymoMaHeM TOJIBKO
JBa W3 HUX.

Ypasnenue cocmosnus ean dep Baarvca szaunmciiBaercs B Buge

(p+=) v—b)=RT, (1.17)

e v = V/n — moasApHui o0meM rasa. Bmarogaps cBoe# mpocroi
aHaImTEIeCKOR (opMe 3TO ypaBHEHEWe YacCTO HCHOJB3YeTCHA AJdA HpPH-
6ImKeHEHOTO OnHMCaHWs peanbHEIX rasoB. llocrosmbme ¢ u b maa
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PA3NAYHEIX Ta30B IpUBeNEHH B Tabx. 1, B3aTol W3 KEErm Jmmrreii-
Ha [4].

Ta6auya 1
Tas amM?éJstg/thbabz b, cm3/Mone
He 0,03415 23,71
Ne 0,2120 17,10
H, 0, 2446 26,61
Ar 1,301 30,22
Ny 1,346 38,52
0 1,361 32,58
CO 1,486 39,87
CO, 3,959 42,69
NyO 3,788 44,18
H,0 5,468 30,52
Cls, 6,501 56,26
SOy - 6,707 56,39

Bupuaasnoe pasacucenue (ypaBHEHHE COCTOAHAS HamepauHr
Omnreca). s peanpHHX Ia30B 49acTo HPUMEHSETCA CIe[yIOmee pas-
JI0HEHNE;

4y A '
pv:RT(l—Q——Ui—r-v—;—Jr...), (1.18)
naa
pv=RT (1 4 Byp + Bsp? + .. ), (1.19)
e Ag, Az, ..., By, Bs, ..., ABagworcAa QYHROEAME TeMIEPATYPH

X Ha3HBAIOTCS 6UDUALbHBIMU KodPduyuenmany.

Hoearonnii napamacnemur v sakon Kwopu. Hamaramgesrocts M
MATHUTHOTO Teja fBjIsgeTcAd QYHKIWed BHeIIHero Hoisa /1 m TeMmiepa-
Typu I'. BemecrBo HassBaloT MpeaJbHEM LapaMarHEeTHKOM, eCIH ero
YPaBHEHHE COCTOSHUSA WMEET BHJL

M=i(F) (¢©=0. (1.20)

B wacrmocru, ecam Bemmumua H/T mama, 1o ypasmerue (1.20) samm-
CHBaeTcsd B NPHONMREHHON (opme:
CH

M= - (1.21)
9TO0 COOTHOIeHWe HasmBaeTca saxomoM Hiopm, a C — KoHcramTO#
Hroopn. Hemeranmuueckdme KPHCTAILIBI, COREPIKAMEe HMOHH HapaMar-
HUTHHX METalJ0B, 9aCTO HOFYUHSAIOTCA 9TOMY B3aKOHY, OJHAKO OH
HECHPABEINB NDH TeMOeparypax, OaumsxuXx kK abCOoNNTHOMY HYIO
(cm. ra. 3, samaga 20).
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§ 12. 3amena HezaBMCHMBIX HEPEMEHHbIX

HUnorga B TepMoxMHAMAKE B KadecTBe HE3ABHCHMEIX IePEMEHHEIX
paccmarpusaloresi p u V, a muoraa 7 m V. llosromMy 3ammeh 9acTHBIX
npousBogHEIX B Buge OU/AV He ompefeiser ogHO3HAYHO BHIOODA
HE3aBWCUMEIX NEPEMEHHHX, M Yy 9aCTHHX IPOHM3BONHHEX CTaBATCSH
HHIEKCH, YKASHBAaWIlUe, KaKde IMepeMEHHbE COXPAaHAIOTCS MOCTOSH-
ueMia, Hanpamep (U/dV),, (AU/OV)y.

Heroropoie repmoguEaMudecKme COOTHOMICHMS SBISIOTCS OO~
HBIME COOTHONICHUAMM MERIY YACTHHIMA TPOU3BOHEIMI C PASIUIHEIM
BHIOOPOM He3aBUCHMEX HEePEeMEHHHX. IloaToMy mOf0GHEE COOTHOIIE-
HHUA WUOJAYYajOTCA ILPOCTO 3aMEHOM He3aBUCHMbIX HTEDEMEeHHEHX.

OcoGerro yao0HO ciaefyiomee TOMIECTBO: €CAW TPH HepeMeHHEIe
Z, Y U 3 CBS3AHH (QYHRIMOHAJIBHON 3aBMCHMOCTHI0, TO MOKHO CUATATH
z QyHKOme or £ u y, win £ pyariuei ot y u 2, nan y GyHKOWeH 7 ¥ .
B ostoM cayuae mbt mMeeM

(), (). (3).~ o
HIM

9710 caefyer HeHnOoCpPenCTBEHHO M3 DaBEHCTBA

a 17
a;@%hm+(§hw. (1.24)

Ecnm z = const, To dz = 0 u otrOmeHne dz/dy = (0z/0y), nomKHO
umers Bay (1.23).

IOIPHAMEPBI

1. MarauTHOe Teji0 IIOMEHIEHO B KaTYNIKY W HAMarHUYMBaeTcCHd
MATHUTHBIM I10JIeM, CO3][aBaeMbIM TOKOM, IPOTEKAODIUM Yepe3 KaTyId-
Ry. Jlasg 1mpocToTsl OpeamosoMKMM, UTO B HaMarHHYNMBaeMoOM Tele
mone H u mamarEmaeHHOCTH M omHOpOXHH. IloKasaTh, 4T0 OTHECEH-
Hadg K efmEmile o0mema Teja paboTa, coBepmiaemasi 3JIEKTPHICCKIM
WCTOYHAKOM B IpOIecce HAMATHWIMBAHUA, PaBHA

M
A=§HdM.

Ipeanonaraercs, 9To MaTHATHOE TeJIO He JeOPMHPYETCA B Ipomecce
HaMarHUIABAHHA.



/
30 I'a. 1. Tepmodunamuneckoe cocmosnue u nepevili 3aKOH

PEIIEHUE

PaceMoTpHEM ciyuai, KOTAA KATymKa HAMOTAHA BOKPYT /IOCTATOU-
HO ANMEHOTO HEANHPHIECKOro MaramrHOro Tena (gur. 6). Marmartroe
1ojie B KaTyIIKe, ¥ KOTOPOH HA eNWHUNY AJHHEN OPHXOJHUTCH 7 BUTKOB,
pasuo H; = 4nnJ/¢, Toe J — TOK, IpoXoiAmuii 0 KaTymiKe. ITpme
H BHyTpDH MaTHWTHOTO BeIIECTBA PaBHO cymMe monxs H; u pasMaraw-
gppawmero nons H,r, KOTOpoe, BIpodeM, Mano, ecid o0paser mmeeT
dopmy pmEHOM uras. CrefoBaTebHO, B 9TOM CIYyIae MOKHO CUMTATh,

ﬂd: l Nszzég : L ”‘)

=/

i pj——"—

aro H = H,. Ecam xaTymra HamoTaHa U0 BCell pamme ! NuInHADA,
MMEIero ImIomans MONePeTHOro CEeYeHHs ¢, TO MATHUTHHIA LOTOK
uepes karymky paseE ® = onlB = VnB, tae V = ol — obpem
MargEuTHEOTO Teda, a B = H -+ 4nM — mioTHOCTH IOTOKA B MAarHHT-
woum tene. Ecau Tor J Bospactaer, To H u M, a ciaegosarennro, u B
TaKkyKe U3MEHAIOTCA TAaKEM 06pasoM, 470, COTIACHO 3aKOHY HHIAYRIAN
dapagest, BoHEKAET IIPOTURO- 3.71.c. — (1/¢) dD/dt = —V (n/c) dB/dt.
Pafota, coBepmiaeMad 2MEKTPUUSCKIM HCTOYBHKOM JIJIA KOMIOEHCAIMH
5TOll OPOTHBO-3.1.C. 3a BpeMsa di HNPHU HPOXO:AeHAU Tepe3 cedeHune
IIPOBOJHKEKA 3apsAna

. 1/4CHJ di

- nn ’

J dt
paBHA
1 dd 1
1 T—E—Jdt:ZEVHifﬂ:
= o=V (H dH + 4ol dM) =d (-S—H—) L VHdM.

Hepssit wieR npasoit gactm sroro ssipaxkenus d (VI?/8n) mpencra-
Bister coboit pafory, HeoGXoAuMYIo A co3faBna nona [ He3aBUCHMO
OT HaJWIHS HaMarEwamBaeMmoro Teja. CrmepfoBaTeibHO, BTOPO# UieH
npasoii gwacta HdM MOKHO CUETATH OTHECEHHOU X efMHEIe obpeMa
paGoToii, Heob6xommmoii fiis yBenudeHWsi HamaramueHHOCcTH M Ha
penmuuRy dM. Orciona caegyer, 9To OTHECeHHAas K efuAwne obnema
pabora, HeoGxomuMasa AJA yBelmdeHHs HAMATHUICHHOCTH OT 0 mo M,
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M

paBHa A = S HdM. (Ecam ©6nl OBLIO BO3MOKHO 3aUKCHPOBATH

0
OKOHUATENbHYI0 BeJWIHHY HamMarHmuensoctn M, to pabora VH?/8m
Moria 0wl GHTH BOBBpPAMIEHA 2JIEKTPHICCKOMY MCTOYHHKY B IIPOIECCe
ymensinerns H go 0, Tak Kak B 9TOM caydae Ml mMean Gut dB = dH.)
2. lycerp d’q — rennora, Heo6xopuMasa A W3MEHEHHS TeMIEpa-

Type 1 2 BemecrBa Ha BequdnHY d7 TIpW COXPAHEHWH BEJWIHHHL T
HOCTOAHHOR. [[a4 IPOCTOTHl LPEAIONOKUM, 9TO UMEITCA TONBKO JIBE
He3aBHCHMEIe TepeMeHHble, & MMEHHO YAeJbHHIH 00beM U W TeMiepa-
rypa T. IlokasaTp, 9T0 TEMI0EMKOCTH ¢, ONpPeeNsdeTcs YPaBHOHIEM

dqg\ _ ( du du | v\
cx“(dT )x—(ﬁ)ﬁ[(%‘)ﬂ‘ p] ( T )
Ife U — BHYTPEHHMs DHEPTHAA HA eJWHUIY MAcCHl U p — HAaBJEHHE,

PEUIEHUE

Tar war Macca CHCTeMEI COXPAHSETCA IIOCTOSHHON, MBI MOKEM
OTPaHWINTHCA PacCMOTPeHmeM paboTLI, coBepmraeMoil mof meicTRHEM
naBnernsa. Us coorrnomennit (1.5) u (1.7a) cremyer, 4To HePBHIl 3aK0OH
TePMOAWHAMHKY [IJA eJWHHUIE MAacChl MOKHO 3ammcaTh B Qopme
d'q = du -+ pdv. WUsmenenue du BHyTpeHHeHl 5HePTUUM U, BH3BAHHOE
upnpamerEueM d7 temueparypsl I ® wupupameRmeM dv yIeib-
HOoro ob6memMa v, MOMHO sammcath B (Qopme du = (0u/dTl),dT +
-+ (Qu/0v)pdv. TlopcraBasas 5To BHpasKeHMe B cooTHomenue mis d'q,
ToIygaeM

o= (d2) a0+ [(20), + o) 0

XoTs mapaMerp x OIpefeaAseTcA Kak QyHROUA or T ® v, IAsd paBHO-
BECHBIX COCTOSHMI MOKHG CUMTaTh U QyHKIueH ot T u z, ecan BHOpaTh
T n z B KauecTBe HE3aBHCHMLIX mepeMeHHEIX. Torga, ecium BeJIHYNHA &
coxpaHgeTcss mocTossHHOH, a I wMmensercsa, 1o dv = (9v/0T).dT.
Ilopcrasass sror pesyasrar B cootHomerme (1) m pmens ero Ha dT,
IMoJlydaeM WMCKOMOEe COOTHOIIeHHE.

3. JlorasaTts cooTHONIEHHE

Cp,=Cy+R (coorHomenme Maiiepa)

MeJKIY H300apuYecKoil TEeII0eMROCTHIO ¥ TeNIIQOMKOCTRIO IPH TOCTOSH-
HOM o0'heMe [ist ONHOTO MOJA MACATHHOTO Iasa.

PEIIEHUE

TlepBuit 3axonm TepMOAWHAMEMKY A WHPHHATOSHMAIHHOTO KBABH-
CTATMIECKOTO Ipoliecca NS OMHOTO Mong rasa mmeer Bup [cm. (1.5)
u (1.7a)]

d’'Q = dU + pdV.
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Tak xax BHyTpeHHAA dHeprua U HAeanbHOTO Ta3a He 3aBHCHT OT
obzwema V, Mo MoxeM cumrarh dU = Cy (T) dT u

d'Q = Cy (T) dT + pdV. : (1)

Tennoemrocts npu nocrosanoM obveme (d'Q/dT)y u ecth Cy. HosTomy
mepennuuieM coorHomenue (1) B Bmpe

d'Q = CydT + d (pV) — Vip )
#, TONCTaBHB Tyla YypaBHeHHme cocrosHmg pV = RT, wnonyaum
d'Q = (Cy + R) dT — Vdp, )
uAT
_(4? _
Cp= (W—)Mz0 —Cy+R.

4. Brrumeaurh MeXaHHYSCKUA SKBUBAJIGHT Temna J, ecim u3BeCTHO,
9T Jijis BO3YXA NPW HOPMANGHEX TeMuepaType u JasieHnu (T. e. UpHu
T'=0°C, p=1 ammn) maoraocrs p = 0,00129 2/ca®, ypempHasm
TeIJIOBMKOCTh NPHE IOCTOAHHOM pAaBieHnu ¢, = 0,238 kaalz-2pad
1 ee OTHOIICHNE K TEIIOEMKOCTA OPH MOCTOSHHOM 00beMe Y == cp/cy =
= 1,41. Ilpegmonaraercsa, 4ro BO3MYX ABAAETCSA HICAJBHLIM rasoM,
00BeM KOTOPOro OPH dTHX YCIAOBUAX paBeH 22,4 .4/Mo04b.

PENEHHUE

TazoBywo moctosaHyI0 R, BEIPa)KEHHYIO B 0¢/M04b: 2pad, MOKHO
TOJYYNTh M3 YPAaBHEHWs COCTOAHUA wuaeanbHoro rasa pV = RT.
ITy LOCTOAHHYI0 MOKHO TaKyKe BHIPASHTH B Ka4/MO4b-2pad, BOCIOIb-
soBaBumMch coorHomenmeM Maifiepa €, — Cy = R (umpumep 3). Ecum
06o3HaUNTh NOCHENHO0 Beauanay depes R’, ro J = R/R’. Hopmaus-
HOe COCTOAHHE FABJIACTCH PABHOBECHBIM COCTOAHWEM C TeMueparypoi
T = 0°C = 273° K u gaBanemmem p = 1 amm = 1,013-10° dun/cm®.
O61eM 1 Moab IpU HOPMAJBHEIX yeaosuax V = 22,4-103 cu®. Orciona
caegyer :
pV  1,013-108.22 ,4.103
T 273 o

=8,32-107 ape/moav-2pad = 8,32 o/ moaw-2pad.

R:

YienbHyo TEemJ0eMKOCTh NPH HOCTOAHHOM 00bheMe MOMKHO mpejcra-
BUTH KaK MOJISPHYIO TEIJIOSMKOCTDL TIPM TOCTOSHAOM o0Beme, HeieH-
HYIO HA Maccy MOJsA Boanyxa (CpeqHui MOJeRYJIApHHIA Bec), Koropas
paBHA
m = pV = 0,00129-22,4-10° = 28,9 z/moxp;
OTCIOAA caemyer :
Cp = me, = 28,9-0,238 = 6,88 kaa/morb-zpad.

Temaoemkocts Ha 1 Moap npm mocrosaHOM of6BeMe Cy = mey =
= meply = Cply = 6,88/1,41 = 4,88 kaa/moav-2pad. Cuemosarens-
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HO, MBHL HMeEeM

R = Cp — Cy = 2,00 kaa/moan- 2pad,
OTKYyZa

o]

R 32
J:T =350 = 4,16 Ooc/kaa.

5. a) BuuacanTh KoamuecTBO Telia, HeoOXo[uMoe i HarpeBaHus
poagyxa ot 0 o 20° C opm nocrosmaoM 00BEeMe, €CIH MePBOHAYAILHO
OH HaXORHICH NPH arMoc(ePHOM HAaBIeHUH W 3aHMMAN obbem 27 m>.

6) KHaxoe xoamaecrBo Temia morpeGyercs AiA HarpeBaHusA BO3AyXa
or 0 mo 20° C umpm WOCTOAHHOM [ABICHHM, eCAW HAYANBHHIE 06BEM
6et paser 27 wu*?

B) Ilycrs BOBZYX Haxomwres B TepPMHUUECKH H30JEDPOBAHHOH KOM-
Hare o6peMoM 27 m%. B KomHATe mMeercs: HeGOABITOE OTBEPCTHE, Yepes
KOTODOE BO3JIyX MOJKET IPOCAYMBATHCHA HAPYIKY, e JaBJieHAe PaBHO
1 amm. Karoe xonmvecTBo Temita HeoOXOTWMO HOABECTH B KOMHATY,
q9To6H TeMmepaTypa MemmeHHo yeeamgusasack or O mo 20° CG? (Duam-
9eCKUe XAPAaKTePHCTHKU BO3JyXa CleAyeT B3ATh W3 YCIOBHAA NIpPH-
mepa 4. TemnoeMrocTs BO3TyXa MOKHO CYATATh HOCTOSAHHOM.

PEmEHME

a) PaccMorpum HarpeBamme HpHm HoCTOSHHOM o6meme. Maccy M
Bosgyxa B o6wseme 27 m® mpm tTemueparype 0° C m masnemmm 1 amn
JeTKO BHUMCIATH, B3HAR €ro IJIOTHOCTH TPH JTHX YCIOBHAX p =
= 0,00129 2z/cmd, :

M = 0,00129-27-10¢ = 3,48.10% e.
Tennoemrocts npu HmocTosiEHOM o6BeMe Cy MOKHO BHYNCIHTD, 3HAA
VOEeABHYI0 TEIIOeMKOCTh
_cp 0,238
Cv=—F={ =0,169 raale.2pad,
Cy=Mey=10,169-3,48.10¢ = 5,88.10% kas/epad.
Ecnu rtemmoeMKrocTs mOCTOSHHA, TO KOJWYECTBO TeIIa, HeoOXOZmMoe
nus yeenmdenus temoeparypst ot Iy jgo Ty, pasmo
Tg
Qv = Cvdl =(T,—T) Cy=
T1
=20-5,88-102=1,176-10° gaa.

6) B cayuae HarpeBaHHA UPH TOCTOSHHOM [aBIeHHH BMecTo Cy

0ygeM MOIb30BATHCS TEILNIOEMKOCTHI0 IPH IOCTOAHHOM - JaBJCHHHA

Cp = Mc, = yCy = 1,41-5,88-10° = 8,29-10° xau/2pad.
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Torma TpebyeMoe KoamuecTBO Temiaa (J, paBHO
Qp = Ty — Ty) Cp = 20-8,29-10° = 1,658-105 xau..

B) Tar xax HarpeBaHHe IPOMCXOJAT MEJICHHO, MOMKHO CYHTATh,
4T0 IaBJeHHEe B KOMHATE coXpaHserca pasHEM 1 amm. B sToMm caywae
garpeBaHme BO3AYXa HPOMCXOKHAT LPH NOCTOAHHBIX [TaBJICHAH D
a oboseme V, a mamemenme Macchi Bosfyxa M (I') MoHO ompejlenuTh
W3 yPABHEHHS COCTOAHU pV = RTM/m (m — cpemHUH MONERYIsAp-
HE Bec Bosayxa), otkyaa M (I) T = const. Ecau mpu Temueparype
T, macca Bosgyxa B romuate pasEa M,, to M (') = M,TT. Tar
Kak marpepanwe Macchl M (7') BoAyXa HPOMCXOAUT UPU IOCTOSHHOM
IABJIEHWH, ero TelnoeMKocTs Oyner pasHa M (T') cp, OTKYyHA caexyer,
9T0 KOJMYecTBO Teimia (, TpefGyeMoe M yBENWHYEHAs TEMIEPAaTYPHI
Bosgyxa a0 T, paBHO

To Ta
aT T
Q= g M (T)¢pdT = c,M,T, S = eMIyIn 7.
T T1

Tak wak T;=0°C=273K, T,=20°C=293°K u C, = 8,29 ¥
x 10% raalepad, 10

Q=8,29-10°-273-1n 222 — 2,26.10°.0,0706 — 1,506 10° ra..

6. Moxrasarp, 9T0 I KBA3HCTATHIECKOTO afdaGaTHIECKOro Mpo-
mecca, COREPIIAGMOTO WACAIBHHEM TasoM, CIPABEJINBO COOTHONICHINE
pV? = const (ypaBeerme Ilyaccoma), m ompepenurs pabory, cosep-
maemMyio Tas3oM OpPM KBasWCTATHYECKOM agnabaTHUeCKOM Nepexofe
u3 cocroauus (pi, Vy, T1) B cocroanme (ps, Vi, Ty). Yaeasaywo rtem-
JT0EMKOCTh MOKHO CUHTATH IIOCTOSHHOI.

PEINEHHE

JIlns mpeansHOTO rasa IPH KBasMCTATHIECKOM IPOIECCe HepPBEI
3aKoH TepMoguHamMuky uMeeT BAR d'Q = CydT -+ pdV [em. npumep 3,
coorromenue (1)]. Yexosue aguadatugaocrn d'Q = 0 MoKHO 3ammcaTh
B BHE

CVdT+nRT—=O (1)
Ime MH HUCIONb30BANH ypaBHeHHe cocrosanudA. llpumenss coorHome-
gue Maitepa (opumep 3) Cp = Cy 4 nR (gaa n Moxeil) m mHTErpUpys

cooraomerne (1), uonyqaeM ypaBgeEre Cy In T + (Cp, — Cy) In V =
= const, KoTopoe B cmay coorHomeHms Cp/Cy = y mepexogaT B

TVt = const. (2a)
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Ecam BOCHONB30BATHCA ypaBHeHWEM COCTOSHEA, TO Halimem
pV? = const. : (26)

[Mn MosmkeM Takxe oT ypaBHeHHMA cocTosHHA pV = nRI nepeiitu
® cootHomermo dp/p -+ dV/V = dT/T; wewnmwgas ws mero dT/T
¢ momomsio (1), moxygaem dp/p + ydV/V = 0, orryaa caegyer (26).]
Iipm agmabaTudgeckom mameneHuH oGvema ot Vy mo V, pabora W,
coBepHIaeMas TrasoM, ONpefieiAeTca CciaefyomuM o6pasom:

Va Va .
av 7
We — A= SpdV: § PV} S — (rax xax pV?=py)
Vi Vi
VYoo - 1
= %j Vi'—Vi = EE=y (p1Vi— paVe) = (3)
nR

= (T—T)=Cy(T{—~T,) [tar rar Cy(y—1)=

:CP—CV:nR]. (4)
B cnyuae apmabatudecroro pacumperus (Vo > V,) Ty > T,. Tas

coBepmraer paboTy 8a cUeT yMeHBINEHHS BHYTPEeHHEH 9HEPINH, TOITOMY
QUeBHHO, YTC TeMueparypa yOniBaer (cM. ri. 3, mpmmep 5).

7. IToxkasarp, 970 Me;KAY apmabaTHaecKoil %,y = —(1/v)(8v/0p)ay
U M30TePMUYeCKOl CKUMaeMocthio %y = —(1/v)(0v/dp)r cymectByer
COOTHOIIeHME

Cy
Kag = ‘cp“ U,

The ¢y, ! Cp — YAEJBHBIE TCINIOEMKOCTH COOTBETCTBEHHO IPH IIOCTOAH~
HOM 00'Be€Me M ITOCTOSTHHOM JaBJIEeHYIH.

PEIIEHNE

Korpa mut roBopuM 06 agnabaTHIeCKOR MIM M30TePMUIECKONR Cu-
MAaeMOCTHU, MEI, KOHOUHO, MONPA3yMEBAeM CKIMAeMOCTh IPH KBA3MCTA-
THY9eCKOM afuabaTH4eCKOM HIH KBA3BHCTATHYECKOM H30TEPMHOICCKOM
cKaTuu. Ecau paccMaTpUBaTh BHYTPEHHION DHEPIHI0 U Kak $yHRIuIO
oT p U v (MEL EMeeM JIeI0 ¢ eJUHNIHOR Maccoi BemecTBa), TO YCIOBHe
agmaGartmaaoctd du -+ pdv = ( 3auHCHBaeTcsa B BHIE

(5 ),ap-+[(55), 4 pJao=0.

op p-{—(au/av)p ) R
(-a_v)anz T (oujdp), . (1)

3%

Creposarennno,
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Ecmm camrate, aro u=u [T (p, v), v], 1o

() =), (55). == (5)e @

a ecam camrarh, 9ro u=ul[T (p, v), p], T0

ou ou T
(%)= (7). (%),
OTKYJa CIexyer

(&), re=l(ar), (), (&), = (55), @
TA€ MBI WCHONB30OBANM COOTHOmenue ¢, = (0u/dT), -+ p(0v/dT),. Ioxa-

crapiaa (2) u (3) B (1), moxyyaem

op ¢p (0T [v)y,
(0_17)an: " ¢y (6T /0p)y © )

Teneps ¢ momompio coorHOmeERust (Op/dv)y = — (0T/0v)p/(0T/0p)y,
KOTOPO@  BLITEKAET M3 PABEHCTRA

ar =(55), o+ (), 2
HAXOUM .
(%%)an:%(g_i)f ©)

OTKYJa HemOCPe/[ICTBEHHO BHITEKAET COOTHOIIEHHE, KoTopoe TpeGoma-
Joch moKasarh. (Ilpyroil coocob mokasarenbcTBa cM. B TiI. 2, 3agaga 14.)

Jamewgsanue. Tar Kak cp/c, > 1, us coorHomenus (5) cue-
myer, aro (0p/ov)ag > (Ap/0v)y wmam, wHA"e roBops, B M0GOHR TOUKe
P — V-ILIOCKOCTH HAKJIOH afuafaThl GolbIme HAKIOHA HM30TEPMEL.

8. Onpeneants gasiaedune p,, 00seMm V., m remmeparypy 7. B KpuTH-
9eCKOM COCTOSHMH Trasa, HIOTYAHAOIIErOCA YPABHEHHI0 COCTOSHHSA
BaH aep Baauabca

(p—{——a[f—:) (V—>bn)=nRT,

rjge n — 9ucIo Moaei, a > 0, b > (0. 3auncars ypaBHeHHEe COCTOAHHAA
B OPHUBEJCHHKX BeJINIUHAX P = p/pe, b = V/V.ut = T/T,. Ucnoas-
3yA TaKoe IIPWBEIcHHOE YPAaBHEHWE COCTOAHHA, H300pasuTs Ha
p — D-IIOCKOCTH M30TepMHUUECKHE JIMHAM, a TAKKe KpuBHe (0p/0b), =
=0 u (9 (pt)/dp)y = O (mocnexHAA KpWBasg HOCHT HasBaHHE KPHBOMH
Boitns). : _
3ameuanmue. Ecam Ha p — V-miockoctd #300pasarTh KpUBHE,
COOTBETCTBYIOINNE ypaBHeHHI0 BaH aep Baaxnbca mpa pasamummx T,
T0 DPE [OCTATOYHO HABKUX TeMIePaTypax KpuBhie GyAyT EMEThH MaK-



=27

—>1p

Dur, 7.
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CHMYM M MMEAMYM, a HOPH BHCOKHX TeMOeparypax CTAHOBATCA MOHO-
TOHHHIMHU, KaK 5TO BEZHO Ha ¢ur. 7. Kputrueckoe cocTrosiHue (KpUTH-
HYeckad TOUKA) COOTBETCTBYeT To4Ke Ha Kpmeoit T = 7., B KOTOpoH
(ap/aU)T = Oc

PEHIEHNE

3anmmeM ypaBHEHH® COCTOSHUA B (HopMe

rRT an?
P=T g VE M

Torga ycnosua (0p/0V); =0 u (92p/dV?)y =0 npuBNMaOT BUA

RT 2an
Ve =V @)
u
RT 3an ( 3)

V—=tm3~ V& *

Orciona caegyer, uro V—bn=2V/3, wm V=3bn m RT = 8a/270.
Tloacranopka atux smavenwut B (1) maer p=a/27b%. 910 M ecTh 3HA-
yeHnA p, V u I' B KpuTHYECKO# TOUKe, T. €.
1 a 8 a
Pe=37 73> V.= 3nb, Tc:ﬁ—ﬁb_' (4)
HNopcrasum reneps B (1) p=ph, V=V m T =Tt u paspemum obe
HACTH HA Pe. LOrMA
o nRT t ___an?
p= pcVed — pebn PCV?;"2 )

Honcrasass ciofa sHaueHdst po, Ve u T, us (4), monydaeM

8t 3
P=gp—7— %2>
nian

(» +%) (3b —1) = &t. (5)

B rakoi ¢opme ypasHeHHE COCTOAHNS HE 3aBUCUT ABHHM 00pazoM
OT KOHCTAHT @ ¥ b, XapaKTepusyIOLINX KOHKPeTHOe BemecTBO. IloaTomy
MOKHO CYHTarh, YTO Ta3n (HOUEHAIOMUecs YPAaBHEHWIO BaH Jep
Baassca) HaxopsaTca B OMHOM ¥M TOM jHe COCTOAHMH, €CIM OHH Xapak-
TEePU3YIOTCA ONHHAKOBHIMY 3HAYCHMAMH Y, b 1 £ (KOTOPHE JJILA KasKI0T0
rasa BHPa)KeHb I€Pe3 COOTBETCTBYIOMME 3HAYEHHUA P, V. 1 T). B sToM
YTBeDReHAH 3aKJI0UAeTCS BaKOH COOTBETCTBEHHHIX COCTOAHMIA.

OrMerum caepymomue oco0eHHOCTH KpHUBHIX t=const Ha p—b-
IJI0CKOCTH. Bo-HepBHX, MOJKHO He PacCMAaTpHBaTh 00IacTé ¢ OTpHIA-
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TeIBHEIM JlaBienueM, rie b <<z m p<<—3/02 Tlpum b D> Ysm b >
> 9/8t ypasuemme (D) mepexogur B Pb & 8/3t, T. e. mpm GoasmmEx b
raz Befier ceba Kax wumeanbHEIE. Horma sHawenne b oxassiBaeTcs
OmuskuM K 1/, maBmenme P craHOBHTCA OBCKOHEYHEIM. HasKmomMy 3Ha-
YeHWIO U COOTBETCTBYET TOJABKO OHO BHAYeHHE P, HO BaJAHHOMY B3HA-
GeHHI0 ) MOYKET COOTBETCTBOBATH ONHO WJIH TPU [eHCTBATEIBHBIX
smavennsi b. B cnyuae Korjga wmMeercs Tpm 3HAYeHHMS b, OymeM 0603-
HadaTh UX Kak bp < bp<bp. PaccMorpmm upomssommEyio

(3), =~ ()

1Oy IeHH Y10 mudppepentmposanmem ypasaeHEA (). llepsaiit wien
B mpaBoil wacrm coorHomeHms (9') Gompmie Broporo mpm b &~ /3
m b —> oo, moaTOMy B 910l Obmactm (9p/db); << 0. CuemosareinHo,

(Gp/(?b)t<0 npr b=bp, b=Dbp m (Ip/0b);>0 mpm b =g
Tar kak mnpaBas 9acrhb COOTHomeHHs (D') mpemcrasaser cobodl pas-
HOCTh [BYX MOHOTOHHEIX (YHKIIMA, W30TepMa MMEeT MEHHIMYM MEMEIY
bp ¥ Dy W MaKCUMYM MeXAY by m by, OGosHaumM uepes bg U Dy
aOCIUCCH 9THX OKCTPOMYMOB, KOTODH® ONPENeNSAl0TCA PABeHCTBOM
(ov/dv); =0, 1. e.

3p —1)2
4= 07 (6)

CooTBeTCTBYIOIMMe 3HAYCHHA Pg U Py MOKHO IOAYUUTh, NOJCTABHUB
B (D) sHauemms bg u by. Ilpm n3mememwm t ToYKH MakcmMyMa
(b, Pyg) m mmamMyMa (Dg, Pg) ONMCHIBAIOT KDHBHIE HA P — b-IIO-
CKOCTH. ¥ paBHEHMs DTHX KDUBHX MOMKHO HOJXYYHTH, WMCKIYAA Iapa-
merp t w3 (5) u (6), gro maer

dra Kpupasg IPOXOLUT deped Tourm P = —27 mpm b= p=0
npu b=2%3 m p —> 3/b? npu b — oco. OHA HMeeT MAKCEMYM B TOUKe
b=1, p=1 (xpuTHuecKasds TOUKA) M TOUKY mHeperuGa’ mpm b =*/,,
p =27/32. Ha ¢ur. 7 eii coorsercryer xpusag JGCHK. CosmectHrie
pemierns ypasuenmit (5) u (7) oDpefiesA0T TOUYKE MEHEMYMA (G ¥ Mak-
cumyma H kpumsoit (5). VsorepMmueckas KpHBas, ONMCHBAEMAs YpaB-
HeHueM (0) mpm t=1, mpoxommr depes Tourky Maxcmmyma C(p=1,
b =1) wpumsoii, ommceiBaemoii ypasHeEmeMm (7). Ha »toit msorepmm-
9ecKOil KpHUBOII TOuUKM dKcTpeMyMoB G m H cimpalorcs B Todke
meperaba C, wroropas sBiseTcss KPHUTHUeCKOH Tougkoil. Ecam reneps
paccMorpers ypaBHenme (D) mpm d¢uxcmpoBaHEOM b, T0 P Oyder
MOHOTOHHO BoO3pacTaiomieii ¢yHKIumedl or t, mpwwem mpm t>1 ypas-
HeHnda (9) m (7) me mmeror ob6mux pemenmit. IIpm 0<t<<1 wmaorep-
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MHYecKHMe KpHBEIe HMEIT MAaKcHMyMH # MuHuMyMH. Otcioma crepyer,
uro omm mMmeiorT Gopmy ADGEHFB npm 0<<t<<1 mwmm LCM upm
t=1, unm PQ upm t>1, xax moxasamo Ha ¢ur. 7.

HaKOHeII, onpenenuM KpuBylo boing. Ws ypasmemms (O) HAXOINM

( a (pb) ) _ 3 8t
ap t p2 (Bpb—1)2°

Orcrona pas (0 (pb)/0b), =0 mmeem

33— 1)2
Ilopcrasasaa s10 paBeHCTBO B (D) W MCKI0OYAA f, HOTydaeM
3 (3b—2).
p=—02 (8
dta KpmBag npoxoaut uepes Tourm (b=1/5, p= —27), (b=2/s,

p=0) m (b=1, p=23). Ora mmeer MakcmMym B Touke (b=1*/s,
p=2"/g), a mpm b — oo, p — 9/t. Toura mepermGa mmeer KOOPIH-
gatet b =2, p=3. Ha dmr 8 m3o6paskeHa MPOCTPAHCTBEHHAA TOBEPX-

HOCTh, COOTBETCTBYOIIAA ypaBHeHm0 BaH jiep Baaunbca.
3amMeunanne. Ha msorepmmdecroit kpmpoi mpm 0 <<t <1
EMeITCA YIACTKH, e p << 0. ITH yIacTKE MOTYT GHTH MeTacTabMiIs-
mevMu [(0p/0b); << 0] wnm meycroiumseivu [(9p/0b); > 0]. Pammosecume
rasoBot (p > 0) m munkoil Pas ompenensierca mpasmiaoM Maxrcsena
(cM. ra. 4), mosTOMY B yCTOMYUMBOM TepMHUYECKH DAaBHOBECHOM COCTOSI-
HEN maBjeEWe P JOHKHO OHTH MOJOKHTEALHEIM. ‘
! 2

A s Pz
®ur. 9.

9. B sucmepumente Ioyas — ToMcoHa ras, mMmelomuil KaBie-
HUEe Py, Me[JeEHO MPOJABIABAETCS CKBO3H NOPHUCTYI (BATHYIO)
meperopogKy B o6Jjacrtb, Ifie AaBleHWe DABHO p, (IEperopogka He
TO3BOJIAET rady OpuobpecTH KUHETHIECKYI0 SHEPTHIO), KAR 3TO MB0-
6paskeno Ha ¢ur. 9. [Tokasats, 9T0 B 5TOM IpoIecce mepexoa rasa
u3 obvema V, B V, spramenma H = U -+ pV coxpamgercsa, a mame-
Henne TemueparypH Iy — T, OLNpeienseTcsa M3 YCAOBUA noc'ro;mc'ma
9HTAJIBIAH. :
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PEINEHNE

B mavanpHHE MOMeHT nopniessb P, IpmKaT K meperopoaxe S u ras
HAXOIUTCS MEKIy NePeropofkoit u mopimaeM P; B HPOCTPaHCTBE 06He-
MoM V,, Ile OH HMe€T AaBjeHue p, u remueparypy 7. 3aTeM mopineHb
P, HaunHAeT Me[JIEHHO [BWTATHCA K HePeropofke Tak, 4ro0H HaBie-
HEE p; COXPAHWIOCH HOCTOSHHBIM., OMHOBPEMEHHO ¢ 3THM NOPIICHL P,
MEJJIEHHO OTOABUTAeTCHA. ITO [BIKEHHe IPOJOIUKAeTCH M0 TeX
II0P, HOKA HOpHIeHb F; He NPHUABMHETCS BIIOTHYIO K meperopopke S.
Meskny P, u § K aToMy MOMeHTY oGpasyercda obiacTs obGneMoMm Vs,
3amoHeHHAsA Ta30M IO aBJIeHuWeM p,. Ilonnasg paGora, coBepmieHHAN
JBYMA TODIIHAMH, NMEET BUX

0 V2
A== pav— | podV=py,—pi¥.
Vi 0

Uz 11epBOT0 3aKOHA BHITEKAEeT

U (pss Vo) —U (ps, Vi) = piVy— paVia,
Ui+ pVi=Us+ psVe, ums . H{(py, Vi)=H (pa, V2).

CaepoparesibHo, ecan sHTANBNHIO rasa H cumrarh ¢ymHrmuer or p u T
npu (PUECHPOBAHHON Macce rasa, TO cooTHomenme (1) Mo:KHO 3ammcarh
B BHIE

(1)

H(py, Ty)=H (ps, T5). (2)

W3 mero ompepensercs temumeparypa I’y mpu safaHHEX py, Iy # P,

3ATAYN
[A]
1. Ilowkasars, 4ro eciam ypaBHEHHe COCTOSHAS WMEeT BHJ
p = p (T, V), T0 cupaBe/iuB0 COOTHOINEHNE
pap = kay,

rae o, = (0p/dT)y/p — TemmoBoit Kod(pPUIUEHT AABIEHUS HPH IO-
crosiHHOM 00BeMe, oy = (0V/0T),/V — xosdpdumuent TemaoBoro pac-
IMpeRHA OPX MOCTOAHHOM [ABICHUH, k= —V (0p/dV)r — maorep-
MAYeCKUH OO0BeMHHI MOAYIH ynpyrocm.

2. Jlorasarh cOOTHOIMEHTE

dp:k(—iv——[—ocvdT),

CBsI3HIBAIOMIEe MaJjibie H3MEHeHU dp, dV u dT paBaeHus p, o6sema V
¥ TeMmeparyps I IpPH KBa3sHCTATAIECKOM IpoIecce.
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3. Tlpu HOpMANBHEIX TeMIeparype W [NARICHWA IIA KACIOPOIA
¢p = 0,2203 Kaale-2pad, ¢y = 0,1578 Kaa/e-2pad. Canras r@ECIOPOT
HjealbHEM ras3oM, BHUHCIAMTH MEXaHMYECKHU SKBHBaJeHT TeIia.

4. Ipu nocrosuuoit remueparype 20° C mpyeanbHHIA ras KBasHCTa-
TUYECKH PACHIMPAETCH W3 COCTOAHMA ¢ fgaBiermeM B 20 ama; Komed-
Hoe masjeHue pasHO 1 ama. Hakyio pabory coseprmaer 1 moab rasa
(B mmoynsax)? Kaxroe wonmuecTBO Temaa (B KaJOPHAX) He00XOmHAMO
mepefaTh rasy?

1(‘/11 pl'Tf) ,D

H3oxopa

—
A Haobapa 2(%,0,,%)

®ur. 10. ® ur. 11.

5. Haifity agumabaTHYecKyi CRUMAeMOCTh %,y HICAJLHOI0 Tasa
Opu KBazWCTaTMUeCKoM afuaGarmueckoM cxarud. CKOpOCTH 3BYKA

onpenensercs coornomenneM ¢ = )/ dp/dp (p — mmorHocT). Cumras,
910 AmdPepeHRnEpoBaHEe NPOUZBOSUTCA HPH aaHabaTHIECKOM H3Me-
HeHNW, BHUHACINTH CKOPOCTh 3BYKa B Bosgyxe mpum 1 amm m 0°C
U HAWTH ee 3aBUCHMOCTD OT TeMIepaTypH.

6. VgeanpHNI ra3 KBasMCTATHYECKE B afMabaTHUECKH HEPEXOMUT
u3 cocrosrusa (py, V4, I'1) B cocroanme (py, Vi, T'3). Hlorasars, aro
€cJd B KOHEYHOM COCTOAHWE COOOIMATE rasy (IPE HOCTOSHHOM 00nheme)
KOJMTIeCTBO TEIAa, SKBHBAJEHTHOe paGoTe, COBePUICHHON rasoM Ipu
3TOM TePeXofie,” TO TeMIepaTypa ero CHOBA CTaHET PABHOM HCXOHOM.

7. Ilepexof ugea LHOTO ra3a U3 HAYAIBLHOTO COCTOAHRHAA (py, Vi, T1)
B KOHeuHOe cocTosHme (Pj, Vi, T's) coBepmaerca ¢ HOMOINBIO Tpex
KBa3HCTATHUECKHX IMPOIECCOB, M306paKeHENX Ha guarpamme ¢dumr. 10:
a) 142, 6) 1B2 u B) 1DC2. Uem onpefnenserca Bo3pacTanue BEYTPEH-
Heit sHeprmu upH mepexoge 1 — 2? OmpepennTh TarKe [isd KayKgoTo
mpouecca paboTy, CoBepIIaeMyi0 CHCTEMOH, W IepeflaBaeMoe TeIo.
VaensHY0 TEILIOEMKOCTh CIATATH HOCTOSHHOM.
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8. IlpuEnMasn, 910 BO3AYX, MOJHEMAACH B arMocepe, pacmupsercs
KaK WAeabHHA ra3, ONpeleldTh €HEeHHe ero TeMIepPaTyPH ¢ BRHCO-
roii. Hackonbko yMmembImaercsa Témmeparypa Ha BeicoTe 1 kam?

9. Wpeansapii raz coBepmiaeT KBASHCTATUYECKEOH IWKJIMYECKUA
nponece (mura Kapmro), mzobpakennnii Ba ¢ur. 11. Ilepexox ms 1
B 2 mpeacraBiser cofoli M30TEPMUYECKOe DACIIMPEHNe, IIPH KOTOPOM
ras HaXONUTCA B KOHTAKTe C TEIIOBHIM Pe3epByapoM € TeMIepaTypoi
Ty, uepexom u3 2 B 3 — agmaGarHdecKoe paciigpeHme, MIepPexof,
u3 3 B 4 — HM30TePMEUECKOE CIKATHE, IPH KOTOPOM HMeeT MecTo KOH-
TaKT ¢ TEILTOBHIM De3epByapoM ¢ Temmeparypoit Ty, M, HAKOHEI, mepe-
xox us 4 B 1 sBasercsa agmabarmuaeckam craTmeM. J[OKasaThs COOTHO-
HIeHNe

% Qs
1 Ty
(ypasmerme Kaaysmyca), rme Qi — Temo, MOJydeHHOE OT TEIJIOBOTO

pesepsyapa ¢ temuepatypoit Ty, a (), — Temso 0T pesepByapa ¢ TeMiie-
parypoir T,. ¥YAelapHYI TemIo-

p‘ €MKOCTh CHYATATH TOCTOAHHOH.
\ 10. llna mpomecca, IpH KOTO-
o pOM mapaMeTp Z COXpaHseTcs
] "'"‘“";*?\%; . IOCTOAHHBIM,  J{OKa3aTh, 910
£ \% - pY =const, tme f=(cx—
5| Ve —¢p)l(cx — ¢y), P — HaBleHHe,
= \f?o% U — YOeNBHH 00BeM, ¢y, Cp U ¢,
g %, yHAeIbHHE TeILIOEMKOCTH COOT-
g \*:%% BETCTBEHHO IPH TOCTOSHHOM 3HA-
E \3?1% YeHNW ¥, NOCTOSHHOM [aBlIeHOR
2 N —— U LOCTOSHHOM OOBEMe.
’ ! 11. Opur MoOJB HAEANBLHOTO
i rasa ¢ HagaJbHHMHE JaBJICHHEM D,
0 v, Vz > u obwemom V, cBoGogao (1 aguaba-

THYECKH) pacimupsercd Jio o0seMa

dur. 12. V,. 3areM O0H KBAa3HCTATHIECKH

crmmaercs mo obwema V,; mpm

OOCTOAHHOM JABJEeHHH p,. HaKoHem, ras KBasuCTaTAYeCKH HaTpe-

BAETCH MPH HOCTOAHHEOM o0BeMe V; mo Tex mop, IOKa eTo AaBJCHHE

HE CTAHET PABHHEM py. Tawo#l murja, w3obpaskeHHH# Ha ¢ur. 12,

HassBaerca muKIoM Maitepa. [orasars ¢ moMOmMBIO 3TOTO TIHKIA

cooTHomerne Maitepa (cm. mpmmep 3). MoaAapHY TENIOEMKOCTH
CYATATEH HOCTOAHHOM.

12. Paccmarpusaercs ras, HOJ:[‘IKHHIO]]IE]Z[CH YPaBHEHHUIO COCTOsA-

aasg Jlarepmun:

nRT
__BBT  _aa/mrTV
P=v—5 e ,
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prenme, V — obweMm, I — abcomoTHAS TeMumepaTypa,

a

Pe=—ars» Ve=2nb, T

__a
T 4Rb

¥ 3ammcaTh yPaBHEHHEe COCTOSHHA B YHHEBEDPCAJBHOH (opme s3aKoHa
COOTBETCTBEHHHX COCTOSHNH.

13. Briuncnuth yHeabHYIO TEIJI0eMKOCTH BO3AYXA DU MOCTOAHHOM
obneme, camras ero emecbio kmesaopoaa Qs u azora N, ¢ oTHOMEHHEM
Mace KOMODOHeHTOB 23 : 77. YmeiabpHad TEIIOEMKOCTH rasoobpasHOTO
KHCIOPOfia IIpH TocTosHHOM ofbeme pasHa 0,158 Kaalz-2pad, a raso-
obpasHoro asora 0,176 raa/e-2pad.

(B]

14. IlepsoHaganmpHO HeHaMaTHWYEHHAS HeGOJbINAA JHeJe3HAH
MIoJIKa MeJICHHO BHOCHTCA M3 OeCKOHEYHOCTHM B MATHHTHOE IIoJe

=\

NS

Onur. 13.

TOCTOAHHOTO MarHWTa HPAMOyroiabHOH gopmer. Tlpu sToM opmeHTanUA
WIrOJKH BCE BPeMSl COXPaHAeTCs NADAJLISAbHON OCH MarHuTa, Kak
noxasaHo Ha ¢ar. 13. [lyers HanudIre UTONTKY He MEHsEeT CHIK MATHATA
7 06'beM HTOJIKE 0CTAeTCA MOCTOSHEHNM. [{oKasarh B HTHX HpeuooKe-
HEAX, dro pabora, coBepmaemMas NPHA HAMATHAYMBAHAH HTOJKHA [0
3Ha4YeHHSA €e MATHHTHOTO MOMEHTA My, OUPEIeNAeTCA COOTHOIICHUEM

my
A=§HM%
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TAie m — MATHETHHIA MOMEHT HTOJKH B TOi TO9YKe, Ijle MATHHTHOE
nose pasHo H.

15. Paccmorpers BepTHKANBHEIR Croxl Boany}\ OecroHeYHOHR
BEICOTHEL M HOCTOSHHOTO cedeHWsA. BHUMCAWTE ero TemiIoeMKoCTh, CHH-
Tasg BO3NYX HXEAJbHHM TIas30M, HAXOQAMUMCA B IMOCTOAHHOM TPaBH-
TAamMHIOHHOM II0Je.

16. Illycts mMeeTca 3aMKHYTasg CHCTEMA, [JIsA OOWCAHHA TEPMO-
JUHAMAYECKN PaBHOBECHOIC COCTOAHHA KOTOPO B KauecTBe He3aBH-
CHMBIX TIePeMEHHBIX MOJKHO B3ATH HI00YH mapy 3 TpeX BeJHIUH:
Jasiaesna p, obwsema V m Temmeparypst I. Jlorasars, 4TO:

a) TeIJIOBMKOCTh MpH HMOCTOAHHOM 06BeMe Cy = (AU/OT)y, a npm
noctTossHHOM fasnermn Cp, = (OH/0T)y;

av U ap 80V
% C=Co=(37), 7+ (57).]= = (57), [2(5F)
) Co=Cv={37 ), P+ 37 ), ar )v LP\3p )r
()
i ap ?
oH ) oU oV \
W ()= V= (G )t (55)e
) ( ap dp P\%p )z’
92T ICp ar \ aCy ar
— A Y e 2y _ (&Y =
1) (o= Cv) g7 ‘(0p )V( av (0V )p(ap) t,
rge U — BEyTpeHHAn smeprud, H = U - pV — sHTanbnus.
3ameuanmne. Tak Kar B JeBo# 4aCTH COOTHOIIEHHS «I» CTOAT
u3MepsAeMble BEIWINHE, 5TO COOTHOIIEHAE MOKHO HCHOJNDB30BATH I
SKCIePUMEHTAILHON NPOBEPKA IEPBOTO BaKOHA TePMOAMHAMHUKI.
17. Jokazars, 9T0 BHYTPEHHIO SHEPTHIO I W DHTANBINIO A eJIMHI-
I MACCH HIAJBHOI0 raza ¢ MOCTOAHHON.YIeNBHOH TEMI0EeMKOCTHIO
MOKHO 3aIUCATH B d)opme
c2
U= const, ~=——-const
Y (Y—1)+ =1 ’
rae ¢ = )V (0pldp)ay — cropocTh 3ByKa (p — AaBIeHHe, P — ILIOT-
HOCTH, IIPOM3BONHAA BHIYMACIAAETCS NIf afuabdarmyecKoTo IpoIecca),
Y — OTHOUIEHHMEe Yy/eJbHON TeilI0eMKOCTH IIPH IOCTOAHHOM [aBJICHAN
K yIeJbHO! TeII0eMKOCTH IPY MOCTOAHHOM ofBeMe.

18. oxrasarh, 9TO A ONHOPOJHOTO MATHHTHOTO BelIecTBa TeILIo-
@MKOCTH IPHU IIOCTOSHHOM MarHUTHOM moJse H MokHO 3ammcath B BHfE

oU or
CH*(@T )H“H( ar )H
rme U — BHyTpeHHsin »Heprus, J — MarsEmTHH MoMmeHT, I —
abcoaloTHaA TemMmepaTypa MarHATHOro Bemecrsa. MzmeHenwem o0nema
TpH HAMATHAYMBAHEM MOKHO IpeHeOpedb.

19. JloxasaTs ciegymomiee COOTHOUIEHHE MEKAY H30TePMHISCKOM
u aamafaTHdecKoM MATHATHOH BOCHPHUMYABOCTHIO OFHOPOAHOTO
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CM
Xag = XT7

BemecTna:

rie €3 — TennoeMROCTh IpH TOCTOAHHOU HamarmmuenHoctH, Cpxy —
TEIIOEMKOCTh IIPY MOCTOSHEOM MarHUuTHOM mone. Vsmerenmem oGbeMa
IpH HAMATHAYWBAHUU MOKHO HpeHe0peds.

20. Paccmorpers mura HapHo, B KoTropoMm B Kadecre pabodero
BeI[ecTBA HCIOJIb3yeTcd TelIoBoe m3nyderune. IlmorHocTs BHyTperHei
SHEpPIUM M3AydeHusA u oupefenasierca sarnomoM CredaHa — Boapomana
u = oT* rpe T — abcoarorHass TeMneparypa (mocrosHHag ¢ > 0),
a [aBJeHHe WUBIYIEHHS p ONPENeNsercsi ypaBHEHHEM COCTOAHNL
p = ul3.

OTCTVYIIJIEHUE 3

Hukoaa Jdeonapd, Cadu Kaprno. llepsag TONOBHHA IeBATHALLATOTO
cToMeTHsi OHIa MepPHOTOM, KOTAA LApOBas MAIINEA, YCOBEPINEHCTBOBAH-
man Jmemcom Yarrom (1765), moGasmBmmM K Hell KOHJZEHCOD (HH3KO-
TeMIepaTyPHHHI TEINIOBOH pe3epBYap), COBepIIaia OfHO 3a IPYIHEM 3aMe—
gareJbHbE NpeoGpa3oBaHNUs B HPOMHIMJIEHHOCTH W TpaHCHopre. MHOTHE
BHIgaomuecs ¢usuku, mopoduo Jlammacy m IlyaccoHy, 3aHUMAJNCh H3Y-
verneM Jlpmxymeii Coxsl Oresa. Capm Hapao (1796—1832) — cuia Jlasapa
Kapso, HoToporo HasHBasim «opranmsaTopoM mobempy Mpamuyscroil
peBoaonuH,— popmics u ymep B Hapmwre. ITo-BugmMoMy, OH OHJ 3HA-
KOM C KalopHiecKoil TeopHeil Teiia, COTJIACHO KOTODOH TEeIJIO IPeNCTaB-
asgeT co6oil HEKYI cyb6CcTaHmuWIO, CIOCOGHYI0 HmepeTeKaTk M3 ONHOTO Teja
B NIPyroe (TeIJIONpPOBOMHOCTH) W OOpPa3OBHBATH XAMHYECKOe COEJUHEHNE
¢ aToOMaMH BemecrBa (CKpoiTasg Temmora). KapEo Hammcad HeGONBIIYIO,
HO 09eHb BRKHYI0 KHATY «Pa3MbimuieHnsas 0 ABWKYymeid cmre orEsy [5],
KoTopas Ovlna m3gaHa ero 6PaToM BMECTe ¢ HeKOTODPBIMHI npvrmvm nocMepT-
HEIMU - 3alIACKAMA YI€HOI'O.

OcaorHas npges KapHO cocTosia B TOM, YTO TeIIOBAA MAIIMHA IPON3-
BOAUT paboTy me 34 cuem TOrJIOMEHHS Tervia, a Oaaromaps meperaue
Temla OT TOpA49ero Tela K XOJOMHOMY, IIOSTOMY HEBO3MOKHO HCIIOIH30-
BaTh TENJI0, HE MMes XOJOMHOTO Tela, MOgo0HO TOMY KaK BOJA AOMKHA
ajaTh W3 BEICOKOTO Pe3epByapa B HH3KHil. B cBoell kumre HapHO mIpen-
moxaraer CHpaBe[JIABLIM 3aKOH COXPAHOHWA Temaa H CYATAeT, YTO KOJH-
9ecTBO Tella e€cThb PYHKUMA cocTosHHA. IlpaBma, 1O3;Ke OH OTKA3AJICA
OT DTOTO IPEATIONOKEHNsI W IPHUMeN K 3aKOHY HKBHBAJCHTHOCTH TeILia
¥ paborTH, B 9aCTHOCTH, NPEINOMKHI PasiWuHbie cHOCODH ONEHKH MeXa-
HHEYECKOr0 YKBUBAJEHTa Temia. KapHO BBEJ NUKJ, M3BECTHHII TeNePb WON,
€r0 WMeHeM, W YCTaHOBUA NpmHuumn KapHo.

Kunra Kapro ocraBanacy HesameuenHoi mo 1834 r., rorma Kaameii-
POH TpeAcTaBHA Teopuo KapHO B aHANUTHIECKOH H TpadudecKoil
dopMe ¢ IOMOIMBIO MHANKATOPHHX JMarpaMM, BBeJeHHWX Yarrom. OcHO-
BEIBAsICH Ha Tpymax Maitepa (1841) m moyna (1843—1849), Kauay-
suyc (1850) maMemma ¢GOpMyIMpPOBKY B3aKOHA COXDAHEHAsA TEMAa, W3
kotopon mexogun Kapmo. CormacHo dopMysmposre Kiaysmyca, mis co-
BepuIeHNA PaboTH HEJOCTATOYHO TOJBLKO HepepaciIpefieleHAsA TeIlla; HeoO-
XOOAMO TAK:Ke HM3PacXOf0BaTh HEKOTOPOE KOJIMIECTBO TEIHa, IIPOIOPIAo-
HaJibHOe padore, m Hao0Gopor. IT0 HOIO;KeHMe Hiaysmyc HasBajd IEPBHM
3axkoHOM TepMmommaaMukd. Deasmroaen (1847) m Kuaysmyc o6obmpmian
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STOT 3aKOH M UPHNUIM K NUPHHNUIY cOXpaHeHus dHeprmu. -B. Tomcom
(;10pr, KenpBHH), KOTOPHIA, OCHOBHBAsichH Ha pabore KapHO, IpeioRmi
(B 1848) mraay TemmepaTypsl (mkada HeapBHHA), TaKme OPHIIEX K 3a-
KOHY SKBHBAJEHTHOCTH Temia m paboTe. Bropoil 3aKOH TepMOAMHAMAKE
6m chopmyamposar Tomcomom (1851) m Kaaysmycom (1867).

0030p HCTOPUA pAaHHETO IEPHONA DA3BUTHA TEPMONHHAMUKHE MOKHO
HaiiTh B crathe Merpmosu [6], cM. rarmke xmury Maxa [7]. :

[B]

21. Ilpene6peras BHyTpeHHHM TpeHHEM (BA3KOCTBIO) H TEIIOUPO-
BOJHOCTBIO, JOKA3aTh, 94TO CYMMa ILIOTHOCTEH SHTANBINA M KAHETHIe-
CKoll HEPrH¥ CTANHOHAPHOrO IOTOKA KHEKocTH (WJIH rasa) coxpa-
Hsercsa mocroaanoit. llpegmonaraercs, Yro BHONIANE CHJL THIA I'PABU-
TAMMOHHOTO TOJS OTCYTCTBYIOT.

22. Haitith KOoHeUHYI0 TeMIEpaTypy W BepXHHH Ipemes] CKOPOCTH
CTAHOHAPHOI'0 HOTOKA HeperpeToro mapa, BHTEKAIOEro 4epes COILIO
B atmoc(epy ma KaMepl, rie o mmexa temmeparypy 300° C m maxo-
Auicsa OPH JABJASHAU 5 amM; HaBjJeHHe HAPYKHOTO BO3LYyXa DPaBHO
1 amm. lleperpersiit map MOMKHO CYATATSH MIEAJLHEIM TasoM, Y KOTO-
poro yfembHAs TENJIOGMKOCTh NPW IOCTOSHHOM JABJIGHHOH Cp =
= 0,49 kaa/z-2pad m orHOWeHWe TemimoeMrocter y = 1,33. Temio-
TPOBOJHOCTHI0 W BJIUAHUEM IOJNSA TAKECTH MOJKHO MpeHeOpedsn.

23. Paccmorperh COBOKYIHOCTE cucteM A, B, C, . . ., TepMAYeCKH
paBHOBECHOE COCTOSHWE KajK[0i M3 KOTODPHX OIpefiexsercd JaBJe-
HEeM p ¥ yEeIsHHM o0BeMoM v. [lokasaTh, 4TO B COOTBETCTBHH C HyJe-
BEIM 33aKOHOM TeDMOAMHAMHAKHA [Isi KajKOOH CHCTeMH CYMecTBYyeT
xapaxrepucraueckas pyarmust 0, = f4 (p, V), . . ., IPHIEM yCiIao0-
BHeM TEIJIOBOIO DPaBHOBECHs MEAy cucTemawu (Hampmmep, 4 m B)
ABJAETCA PABEHCTBO THX QyHKumi (dampumep, 04 = 0p) (reopema
cymecTBOBaHNA TeMueparypw). Ilpm sToM ciemyeT BOCHOIB30BATHCA
SMOUPUIECKY YCTAHOBJIEHHHM (AKrOM CYHIECTBOBAHHA (QYHKIHO-
HAJIBHOTO COOTHOLICHWS MY HE3aBHCHMBIME IapaMeTPaMé ABYX
cucTeM, HAXONANIAXCS B PABHOBECHH.

24, O606muTs 3aKa1y 0 HAMArHUIWBAHWM, PACCMOTDEHHYIO B LIpH-
Mepe 1, Ha caywafl, Korga MarEmrHoe noie H, HaMarEWdeHHOCTH M
7 ILUIOTHOCTL MATHATHOTO moToKa B HeogHopomuul. (BocmomssoBarbesa
ypasHeEUAME MakcBeJia.)

PEIMEHN A

1. U3 ypaBHEHAA COCTOSRASA IIOIYIAETCA CASAYIOMEee COOTHONICHHE
Meay puddepernuanamn dp pasiensuda p, dT tremueparypu T m dV
-obsema V: :

dps(g)VdTJr(j—{j)TdV.
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Cornaceo onpeneneﬁmo, nMeeM
dp= papdl — k

OrHomenue nmbq)epeﬂunaMOB dV m dT npm p=const (1. e. dp=0)
PaBHO

( av ) _ Vpoy
oT I k ’
Cle0BaTeNbHO, Kkily = poip.

2. Vs mpegmiaymnero pemeHUs HaXOAUM

dp = kawy dT — L0 — & (anT—d—VV) .

3. Kar u B mpumepe 4, OTBET MOYKHO TOJYIATH, CPABHUBAS 3HAYE-
HUSI Tra30BOfl IOCTOAHHON, BHYUCJEHHEE € IOMOMbLI0 YpPaBHEHUS
COCTOAHMA W COOTHOIMEHHA Maﬁepa MoneRyIApHHIEA Bec RUCIOPOAA
paser 32, orcioga m = 32 e/moae. Ilpu cTaHNAPTHEIX YCIOBHAX 00BEM
1 moav rasa pasem 22,4-10% cu®, mosromy obwem 1 2 Kmcaoposa mpH
CTAHAAPTHEIX YCIOBHAX PaBeH

103
V— 22,4-10

3 = 700 cmd.

Tar xax 1 amm =1,013-10° dur/cm?, roupu p=1ammu T =273°K

R V 1,013-108.700
—= pT :—W«:Z,GO%OG apele-epad = 0,260 da/z-2pad.

C ppyroii cropodni, ma coorHomenus Mailepa mmeem
A e,y ==0,2203—0,1578 = 0,0625 xas/-2pad.

m

CuresioBaTenbHO, MeXaHNWUeCKIH SKBUBAJEHT TeILia pPaBeH

0,260
J= 0.0655 =4,16 Oxc/raa.

4., Ecoz o6veM 1 moab HeanbpHoTo rasa paseH V, To cosepiaeMas
uM paGora B coorBerctBUE ¢ (1.7a) paBHa —d'A = pdV. Tar kak
[pPOIeCC KBABMCTATUYECKA, TO JaBIeHUe P OUpe/essaeTca ypaBHEHNEM
cocrosaua pV = RT. CxemoBaTensHo, paGora, coBepimaemas rasoMm

upu abcoaroTHOE Temuepatype I mpu maMeHeHWE obbeMa oT Vi 10 Vo,
uMeer BHJT

—A— SpdV RTS Y O RTIn —zsz1n§1

Vi

TAe MBI mcnoabzopanm cootHomenuda pyVy = RT u p,V, = RT. Ilpn
T =20°C = 293° K mmeem RT = 8,31-293 = 2,43-10% Oxc/moavb.

A WoRA
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Hasa py = 20 amm, py = 1 amm In(pi/ps) = In 20 = 2,30-1,301 =
= 2,99. CuaegosarensHo, paborta, coBepmaeMas Ta3oM, pPaBHa
RT In (pi/ps) = 2,43-10%-2,99 = 7,26-10° dac/moav.

Ilornomaemoe Ipy 9TOM KOJHIECTBO TEILIA IOJNYIACTCA U3 IIEPBOLO
saxoHa tepmogmBammru (1.2): U, — U, = Q + A. B repmudeckn
PABHOBECHOM COCTOSTHHHM BHYTPCHHAA dHeprusa U ogHOro MOJS Tasza
3aBHCHUT TOJbKO 0T I ¥ TMOBTOMY He MEHSETCH UpH H30TePMHUYCCKOM
upottecce: Uy, — Uy = 0. Orciofa caemyer, YTo KOJIWYECTBO TEHIA;
OOTJIOMEHHOe ra3oM, paBHo @ = —A = 7,26.10° dac/mosn. Pasgenun
3Ty BeJUWYMHY HA MEXaHWIECKWHl DKBUBAJEHT Temja J, moaydaem ee
3HaveHHe B Kajopuax Q = 7,26-10%/4,18 = 1,937 rkaa/moav.

5. Ws ypaemenus Ilyaccoma (cm. mpumep 6) pV?¥ = const mmeem
(dp/p) + v (@V/V) = 0. CnegosaTensHo,

%an:—~V(g—§)aﬂ=W~ (1)

Ecuu c;xatue u pacimupeHme B 3BYKOBOM BOJIHE MOKHO PACCMATPUBATE
KaK KBasucTaTHdecKuil agmabarwmueckmii mponecc (dTO CUPAaBENIHBO
JJist 3BYKa C OCTATOYHO HU3KOW WaCTOTOH), TO

Yy V(oY _Ta __wp
(dp)au* p(@V)an_ o p’ @
tak Kak dp/p = —dV/V. Ecam MouaeRyJIApHHI Bec rasa pasen M

u B obseme V comepmrea n Moieil rasza, 1o p = nM/V. Iloosromy
YPaBHEHHUe COCTOAHUA MOKHO 3aMMCATh B BHJE

RT
= (3)

" Hojcrasassa ero B (2), moxygaem

__{ YRT Ve

o= (L )"
Tpu vy = 1,41, cpemHem MoxeryiaspHoM Bece 28,9, T = 273° K
u R = 8,31-10° ape/moav-2pad® umeem

¢ = 3,32:10% cu/cex = 332 m/cex.

Uszmerenne ckopocta ¢ Temueparypoit de/dT = Yoo/ Tupn T = 273° K
pasro 0,607 m/cer-zpad.

6. Huna agmabatudecxoro mpomecca 1 — 2 mmeem U, — U, =
= A = —W (W — pabora, coBepmaemas rasom). Jlms mpomecca
-2 — 3, IpH KOTOPOM ra3 morJomaeT KoJIHdecTBO Temna (), Harpenasch
OpE OOCTOSEHOM 00BbeMe M, CIefoBaTeNbHO, He cOBepmas paboTH,
noxydaeM Uz = Us + Q. Ecim Q = W, 1o Ug = U, + W = U,.
A Tar KaK BHYTPeHH:sI 9HePTHA HAeaJbHOr0 'a3a He 3aBUCHT 0T 06'beMa,
a 3aBHCHT TOJBKO OT TeMHEPaTypPH, TO OTCIOfa cixexyer, aro T3 = T.
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7. Bayrpenaomwo srepruo U momxuo Brpasnts B Bufle U = CyT +
-+ const (Cy=const = nC¥, rae n — gucao Moxeir, Cy — MonApRasn

TeNJA0EMKOCTh), oTKyma caeayer, u9ro Uy — Uy = Cy (T, — T4y).
CooTeeTcTBYIOmMAaA NOBePXHOCTH mpHBefeHa Ha ¢ur. 14.
Va
8) Apra=0, max wo A=Ay = — [ pdV = — po (Va—V),
v 7
(1)
T, Ty
Qua= | Cyar=Cy(Ta—T0), Quoa= | €, dT=C, (1T ).
T

A
C npyro#t cropomm, Tak kKak 4 onpejenseTcs ypaBHeHmeM ppV;=—
=nrRT,, 10 ¢ nomompo coorHomeHms Maiiepa Cp=Cy+nR (cM.
mpuMep 3) HaXomHEM
0® = Q1o+ Qan2=CpTo—CyTy— (€, —Cy) T o= '
=Cplo—CyI1—pVi=Cv (To—T)+ p2 (Vo= V1). - (2)
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6) B mpomecce B —> 2 pabora He COBepI[‘[aeTCH, HO9TOMY

Ve
. av 4
AP — A, g —Vg nRTy 5= =nRT In gt (3)
1

Tennora, mormomenus B mpomecce 1 —> B, ompefenseTcs W3 COOTHO-
meEnaA d'Q=pdV (U=const, tak xar T =const). CuefoBarenbmro,
B

Qip= S pdV= —A,,p= —nRT, ln% ,
2
1
win

Ta
Qo= S Cydl = Cy (T, —T)),
T1

OTHYa
.
Q® =Cy (To—T))--nRT;In 2. (4)

B) B mpomecce C-— 2 paGora TosKe He coBepuraercA. PaGory
B ajmabarmueckoM mpomecce 1 —>C MOMKHO BEIYACTATH TAK JKe, KAk
B mpuMmepe b:

A = Ape=Cy To—T)= =G 1= ()] ©)

B upornecce 1 — C remmora: He Torjomaercs, HOITOMY
Tq

0V =Qcor= | Cvar =Cy (T,—Te)=Cy [— T (72)"7']. (6)
To 2

Bo Bcex 7Tpex caydasx cymma A 4+ Q pasma Cy (75 — T).

8. Ilpesxme Bcero mcclieffyeM 3aBHCUMOCTH JIaBIEHUA TePMHUYECKH
PaBHOBECHO¥M aTMOC(EPHl OT BHICOTH Z. JTa 3aBUCHMOCTH OIIPEesieTcs
¥8 YCIOBHA, COCTOAMET0 B TOM, UTO NPHA TEHJOBOM PaBHOBECHH
CHJIB YpPaBHOBEIMUBAIOT APYT Apyra. PaccMoTpuM IHMIWHIDHIECKH
o6BeM BO3HyXa, HAXOFAMUICA Ha BHCOTE OT 2 0 2 -+ dZ W HMel-
muii cedenne S. CHAR [aBIeHUd, AeHCTRYWOIMMe HA BePXHIOW U HIDK-
HIOI0 IA0CKOCTA, COOTBETCTBEHHO PABHH —p (21 dz) S mp (z) §. Cnxa
TAYKECTH, JleiicTRyOMasn Ha aToT o6BeM Bosayxa, paBHa —p (3) Sg dz,
rae p (z) — nIOTHOCTE BOZAYXA, & g — YCKopeHMe cBOGOAHOTO maje-
Busi. U3 yeaoBma paBeHcTBa HYJII0 MOJHOR CHIH, AeficTBylomeiR Ha
o6meM Boamyxa (dur. 15),

—p(z+dz2) S +p () S —p(2)Sgdz =0,

HaxopuMm dp (2)/dz = —p (3) g. Ecim m — cpegamil MoneKynsapHSEIHA
Bec Bo3gyXa, To o6beM Mo Bospyxa paseH m/p (z). CregoraTensHo,
ypasHenne cocrosEms (1.11) Mo:xHO npencrasuTs B Bujie p (3) m/p (z)=
= RT (z). Bupaskas p (z) qepes p (z), HaxomuMm dp (z)/dz =
= —mgp (2)/RT (3).
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YcuoBre agmabaTHYECKOT0 KBA3HCTATHYECKOTO PACIIUPEHAA OIpe-
pexnsierca cooTHomenueM (1) mpumepa 6. Ua ypasmemmsa coCTOSHHEA

pV = nRT umeem

dp , AV _ dr
Ucrkmouaa dV/V, noxyuaem

4ar __ (y—1)dp

r vp ’

nian
(SL), — =T
op Jaxn= yp

W3 sroro ycenoBusa MOJKHO ONpPEeNTh 3aBECHMOCTH TeMneparypsl ' (z)
OT 2, HMCIONb3ysl COOTHONIEHWE, BHIpajKaiollee M3MeHEHWe [ABICHHUA P
¢ Buicoroit z. Taxmm obpasoM, Haxopum

ar (z) _ (_31) dp(z) _@—DTE —megp(a) (-1 meg
dz op Jan dz 0 (3) AT (z) 2

3HAUEHMA KOHCTAHT [IIA BO3MYXa IPHBEJEHH B POIICHUH TpHMepa 4:
y=1,41, m=29 e/moav, g =980 cm/cer?. CregoBaremnsso,

W DAl B —1,00-107¢ epad/es=10,0 epad/xm,

T. €. OpH YBeJWYeHHN BHICOTH Ha 1 kM TeMmepaTypa yMeHBIIAeTCA
ma 10° C.

3ameganue. B rpounocdepe (armocdepe) mMenrTcas BOCXOTH-
mye W HUCXOQANIMe IOTOKH BO3/yXa. Tak KarR TenIompoOBOTHOCTH
BO3[yxa NOpeHeOPeXUMO Mana, TO MOKHO
CUNTATH, UTO NPH JABWKEHHAW BO3AyXa ¢ HEM plz+dz)§
OPOHCXOAAT  apdafaTMyecKue  MIPOIECCHL.
1losromMy Banm9me TaK¥X HOTOKOB HE J[OJIKHO
BJIMSITH HA IHOJXYYeHHHH pesyiasrar. OgHAKO
HA CaMoM Jielie YMeHBIIeHHe TeMmepaTyp co-
craBasier 6° C Ha KayRqe# KHMJIOMETD BHICOTHL.
PacxomeHne cBA3aHO C PasINYHHEIMEU SBJE- T
HUSIMM, OPOMCXOJAIMME B aTMocdepe, THIA A
KOHJeHCAI[NN BOASHOIO Iapa. |

‘9. Tak Kak B H30TePMHUECKOM TIPO- p(z)s
necce BHYTPEHHSAs pHOPIUA BREAJBHOTO rasa ®ur. 15.
HE MEHJeTCs, TO IOrJomiaeMas B TaKoM

mpoInecce DHEPIHA paBHA MPOMSBOAEMOi pabore | pdV. CiemoBarenn-
Ho, B upomnecce 1 — 2 qusa n Mosed rasa
K av v
Vs
Qiz‘YnRT—V-:nRTiIn—V—i. 1)

7y

z+dz

iP(Z) - Sdz - g
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ApanormaaeM o0pasoM B nponecce 3 -—>4
: Ve
av 14
Qp= 5 nRT; S5 =nRI3 In 3% @)
V3
Ilasa mponecca, maoGpaskeruoro ua dur. 11, @ >0 u @, <0, Tar rak
Vo>V, u Va>V,. Hua aguabarmueckux yIacTkoB 2—>3 u 4 —1
nMeeM ‘

rvit=ryi~t  ryitt=ryit (3)

(a3 ypasmenmsa Ilyaccoma pV* = const mmm TV?~*=const; cm. mpm-
mep 6). W3 coormomermust (3) cmepyer, 9ToO (Vz/Vl)"—iz(V3/V4)V—1,
mnu Vo/V,=Vg/V,. Cregonarenpno, ua (1) u (2) momydaem

Q1 0

T, T,

10. Cornacmo ompegemenuio, xoamuectBo Temna d'Q, HOTOMEHHOE
B mporecce, pasao C,d7T, nosromy

C2dl =d'Q=Cy dT + pdV = Cy dT + (C, — Cy) 1oL,

rje Mbl BOCHOIb30BATACEH cooTHomeRusmu p—=nRT/V m Cp —CV =nR.
Orcrona ceyeT PaBeHCTBO

(C—Cn) F =, —Cn) 3

mckmouns us Koroporo dl/T ¢ nomommo COOTHOIEHUA

ar dV
T —T v
MOy IaM
d dv
(Cx—Cy) === (Cp—Cx) 3
Beepa o6osmauenme f = (C, — Cp)/(C,, — Cy), momydaem,
In p + f1ln V = const,
HJIna !

pV! = const.

11. CsofopgHoe pacmiZpesnme He SBJAETCH KBASHCTATAYECKEM IPO-
geccoM. CreoBaTeqpHO, XOTA HadaapHOe M KOHEUHOe COCTOAHRAA 1 u 2
OTHOCATCA K WHCJIY TePMHIECKH DPABHOBOGCHHIX COCTOSHHAN, NaBiIeHHe
p(® B Bupamenmum mus paGoret d'A = — p®dV He oupepmensiercs
W3 YpaBHEHHAS COCTOSHMSI Tasa, a mOpeAcraBiageT coboii BHeImmHee
nasienme. Ilociennee B crydae cBOGONHOTO PacmMpeRrA PaBHO HYIIIO.
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CiefioBaTebHO, IPU CBOGOLHOM PaCIIMPEHWE ras He coBepmaeT pabo-
TH, T. €. A4,5 = 0. Tak KaK Temwio mpHU HTOM TaKKe He HOTJIOIAETCH,
70 Q153 = 0 u BHyTpeHHAs sHeprmsa U me meHsercs. CiefioBaTeabHO,
M TeMmepaTtypa ocraercs mocrossHoi: Iy = T,, Tax Kak ras mpef-
[oJIaraercs WHeaJbHBIM.

Ecnu cocrosisme 3 monydaercss U3 coCTOSHUA 2 B pes3yibTaTe KBa-
AUCTATHYECKOTO CIKATHA IPH MOCTOSHHOM JaBJIeHWH, To paboTa, Ipons-
BOIMMAs HaJl Ta30M OPH Hepexoye 2 —» 3, AMeeT BUA

. 12]
A5 = — | PV =p (Vo= V). ~
Ve
Ilpu srom Temneparypa MeHsercs or Iy mo T3 U, clexoBaTe]bHO, Ia
oxnaxkgaerca. Hoamgecrso temna, moJyIeHHOEe Ta3oM, pPaBHO .
T3
Qros= | Cpal =, (T, — T3 <0,

Ta

riae Cp — MOJAPHAA TeII0eMKOCTE IPH MOCTOAHHOM faBieduu. B mpo-
necce 3 — 1, mpepcTaBIAIOIEM cO00OH KBasWCTATHUECKOE HaTDeBaHHE
1pH mocTossHHOM o0BeMe, pafora He cosepmiaercs, T. €. Az,y = O.
Eemm Cy — MonsipEas TemIOeMKOCTh IPH IHOCTOSTHHOM o0BeMe,
TO MOTJIOMEHHOE TelJI0 MOYKHO 3aIHCATH B BHUJe
T3
Qsor= | Cvar=cy (1,—1).
T3
W3 mepBoro 3akoma TepMOTUHAMURHU CJENYeT, UTO MJSA 3aMKHYTOTO

K13 CyMMa BCero HOAYUEHHOI0 Telia W UPOW3BefeHHOH paboTs
JopkEA OBTEH paBHa Hymaw. CregoBaTelnhHo,

Q2+ 0Q2s3+0351+Aga+ Az 34-A3,1=0.

[logcraBasasa ciofa BalileHHbIe BHIIIe BRHPAKEHNA NI KajKIOT0 U3 CJja-
raeMHX, HAXOLUM

(Cop — Cy)(Ts5 — T9) + pa (Vo — Vi) =0. €y

s ypasmemma cocroaamsa pus 1 Mmoav mpeansHOro rasa pV = RT
uMeeM

ngz '—:RTi, p2V1 =BT3
n

Pz(Vz—V1)=R(T1—;T3)-

IlopcraBusas B (1) mocaegaee u3s 9TUX PaBEHCTB, HodydaeM TpeGyemoe
COOTHOMEHNE

(Cp —C)(Ts— T1) + R(T1 — Ty =0
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i

Cp——CV=R.

12. HpurmaeckuM fBIAETCS TAKOE COCTOAHHE, B KotopoM p, T
u V OXHOBpeMEHHO VIOBIETBOPAKT CJCIYIOIEM COOTHOLICHHAM:
(0pldV)p = 0, (0*°p/0V?®r = 0 m ypaBHeHHIO cocToAHMA. Tak Kak

(57 ), =p [~ =m0+ 5] |
(578 ), =p [~ =m0t |+ [ =ty =]

10 us ycuosug (Op/dV)y =0 cnemyer
Ve na
V—wb ~ AT’ (4
a us ycaosua (02p/dV?), =0 umeem
Vs 2na
(V—nb)2 ~ RT * @
Honemns ofe wacru 'ypaBHeHHS (2) Ha COOTBeTcTBYIOINWE HACTH ypaB-
perud (1), monyuaem
Ve

m:Z, Vc=2nb

Has ompenenennmss KpuTmueckoil teMmeparypst I, TojcTaBuM HaiimeH-
Hoe suavenme V. B (1). Torma.
__ na(V,—nb)

Tc__—_——_Rvg .

Mopcrasum B ypaBHeHMe cocTOgAMA Bupakeuus mua V., u T, 1o pacr
___nRT, eX( na )_ a
Pe =555 OXP RTV, )~ %%

Bemem Temeps IpuBeeHHLIE BeNMIuHE P = p/p,, t=T/T,, b=V/V,,
qro0H HONYUYMTh B3aKOH «COOTBETCTBeHHBIX cocrostHU». llogcraBnas
nBT ./ pVe="1/2, nb/Vo=15 u na/RT.)V.= 2 B BHpa/kenue
. nRT:t ox ( na )
D=2 w—ntivy P\ TRV )

TIOJIy4aeM

te2/2 2
p= b—1j, exp ( -——t—b—) .
13. Cormacmo coormomenmio (1.15), BHyTpeHHAS DHeprus cMecu
XAEMAYECKA HefiTPAaNbEHX HJealdbHEIX ra30B PaBHA CyMMe BHYTPEHHUX
HEPruil OTHENHLHEX KOMUOOHEeHTOB. Feam macca i-r0 KOMIOOHEHTa rasa
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pasHa M ;, a ee ymeldbHAH TEMJIOEMKOCTH OPH MOCTOAHHAOM 00BEME Cy ;,
T0

Mdu=">Mcy; dT,
i

rie M = D) M; — noiHas Macca CMeCH, U — BEYTDEHHsSI DHEPTHA eii—

1
HUNEL Maccel cMecd. TemmoeMKocTh CMEcH  HPU  IOCTOSHHOM ofbeMe
ompegensgercsa COOTHONTCHIMEM ‘
o du
vodr

s Bosgyxa oHAa OpHHMMAeT chaefylomee sHadegme: ¢y = 0,23 X
X 0,158 -+ 0,77-0,176 = 0,036 -+ 0,136 = 0,172 Ekax/e-epad.

14. BosbMeM B KagecTRe 0CH Z IPAMYIO, IPOXOAAMIYIO Yepe3 UTONKY
I UYepes IPSMOYIOJBHHIE TOCTOAHHHN MarHAT, KAk IIOKa3aHO HA
¢ur. 16. IIpm srom Hampasnenwe marEUTHOTO mous H g Tarxe Oyner
coBOanaTh ¢ ockio z. llone H g (x) papHO HYJIIO DA & = — 00 U MOHO-
TOHHO BO3pacTaer UpHM yBeawdenun z. Vria MepieRHO TORHOCHTCA
K MarHUTY BJOXb OCH I OT —oo [0 TOYKE &, Ihe mpuobperaer
MATHATHEIA MOMEHT m, HAIPaBIEHHBIH, KO- .
HETHO, BMOJb OCH HIronKW. PasmarsmamBa-
ommee TIOJie WIOJKH, HADABJIeHHOe HABCTPe-
9y TOJI0  IOCTOSHHOr0 MarHmra Hg,

%

MOJKHO cauTaTh mpeHeGpemmmo ManmiM. Tar z
KaK pasMepsl MTOJKH HEBEJWKH, €€ MOKHO = n@ s
paccMaTpmBaTh KAK MATHATHRIAL JHIONB D

¢ MATHHTHHIM MOMEHTOM m (%), 3aBHCAMHUM
oT KooppamuarH z. Cuna, peficTBylmas Ha
HTOIKY, OUPeJelisAeTcA BHPAKEHUEM

ol
K (z)=m (2) 2. (1)
’ ®rr. 16.
Yrobpl HTolKa mepeMelnazach OT £ = — 00

A0 TOUKH & = 2y OeCKOHeYHO MeJJIeHHO,

HY/KHO €e yhep/RUBaTh ¢ CUI0H, He3HAUATENHHO MeHbielt —K (r).
IlpomsBomuman »roit cmiofl paGora (modydaemas 3a CUeT MeXaHMU-
9eCKOr0 HCTOYHWKA, HampaMep NpU NepeMemeHWH TIpysa B Tojae
TS;KECTH) HAJ CHCTEMOH HMIOJKA — MATHUT WMeeT BHJ

ay X1 H(xy)
4= — | K(x)dx:—s m (z) 22 x[:— S de]. (2)
Zeo oo 0

OpmHEaKO TONBKO 9ACTH ToH PaGoOTH HOeT HAa HaMaTHHYHBAHUE WTOJKIH,
ocTajpHAA paboTa pacxofyercsa HAa CO3faHHE 3amaca TOTEHUANB-
Holl pHepruu. KEciad MarHATHEE [gHOOAD ¢ MATHATHHIM MOMEHTOM
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«n (z) = m, noMectatb B moje H (x;), T0O erc moTeHOWAJbHAA HHEp-
rusg paBHEA —myH (2;) (oHeprus B3amMONEHCTBHA MEKAY [IHIIOJEM
1 OCTOAHHEHM MarHATOM). UT06GH BHYeCTH ee M3 (2), paccMOTpHUM Clie-
JLYIMAHR Dporece: MycTh HaM HEKOTOPHIM CIOCOGOM YHAI0Ch 3aduKCH-
poBaTh HAMATHAYEHHOCTH HUTOJKH my = m (z;), mocie d4ero MBI ee
TlepemeniaeM U3 TOYKE Xy HAa — oo. lIpH 3TOM mOCTOAHHEIA MarHmT
“OyAeT UPUTATHBATH WTOIKY ¢ CHJION .

K (z)=m, 228, (3)
“TAKEM 00pa3oM, BHENTHMH MEXaHUUeCKHH WMCTOYHMK [IOJIKEH COBep-
AUTh paboTy

~—00

x1 ‘
Ag— — S K’ (z) dz —m, S D o

x1 — o0

X1
d{m (z) H (x)
Hy= | 02Oz
—COo
{(C;1e/10BaTeNLHO, pa60fa, HeoOX0IUMAaA TOJBKO [JIs HAMAIHHYMBAHUA
Hroaxd, Gyjaer mMeTh BHUT

X1 my
A4 A, — S H(x)meﬁ_dx:S Hdm. (5)
—00 0

3amMevanune. Ecim paccMaTpuBaTh MrONKY M HOCTOAHHBIR
MATHHT KaK eJHHYI TepMONUHAMUYECKYI0 CHCTeMY, TO HX DHEPIH:A
B3aMMOJEMCTBHA BOWAET BO BHYTPEHHIOK DHepPruo cucreMni U'.
Ecnmm U — BHyYTpeHHAS 5HEPTHUSA WUIOJKH, TO

» = U — Hm -+ const,
TAK 4TO

dU' = dU — Hdm — mdH = —mdH.

OrmernM 3aBucuMocTh BeauauH U u U’ or ounpemesneHAs TepMojuHa-
MpyecKnx cmcreM. HecMmorps Ha €BOIO 09eBHIXHOCTH, OHA TACTO IPHBO-
JUT K HeOpasyMeHHsM.

15. Tax Kak NIOTHOCTH BOBIYXa O 3ABHCHT OT BEICOTH Z, cT010 BO3-
JlyXa HeJb3sl CYHTATh OFHOPOAHOH cucremoit. Tem He MeHee B cOCTOA-
HEH TEIJIOBOT'0 paBHOBecus TemMmeparypa I HoirkHA GHTH OMHOPOKHOM.
Ecam HeogHOpOAHYIO CHCTEMY MOKHO pas3buTs Ha Takdme dacTm (IOf-
CHCTEMHI), UTO KKAYI W3 HHWX JOHYCTHMO CUYHTATEH OTHOPOTHOMN,
a B3aEMOJeficTBAe MeKAY HAMHI DpeHeGPEKEMO MAJHM, TO SHEPTHsd
HoaHOM cHCTeMEl OyJer pasHa CcyMMme BsHeprmii ee gacred. Ilmiamm-
ApHYeCKuA 00beM, JNe;Kamui Memay 2z H 2 + dz, MOMKHO CYHATATH
ONHOPONHON MOJCHCTEMOH TAKOTO popja ¢ BHYTPeHHeH »Hepruei
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o (z) Su (T) dz n nmorerunanbHOi sHeprued o (z) Sgzdz, rme S — mao-
fagb MONEePEeYHOro cedeHus MUAMHAPA, U (I) — BAyTpeHHAA >HEPrAs
©IMHUIE MacCH BO3AyXa, PACCMATPHBAEMOr0 KaK HjeaJbHHI ras,
a g — YCROpeHHe CHMJH TaxecTtd. TaKk Kak cyMMapHas HepTHA CJOA,
Jeykamero Mexny z u z + dz, pasEa S [u (7) + g ()] p (2) dz, 1O

fI0JHASA HYHEPTHA BCEro BO3AYXa B IMUIMHIPHYECKOM 0ObEeMe OT 7 =
A0 2 = 00 HMeeT BHT

E(M=S @ +elo@d.
0

3aBHCHMOCTH O OT BBICOTH ompeseixsercd ypasHenueM dp (z)/dz=
= —p(z)g (cM. pemennme 3ajaum 8). Yrobwm wmckaountd p(2), mpo-

" amdpdepernupyem ypasaenme cocrosums p(z) = RTp (z)/m; torma

do(z) _ _ p(@)mg
dz RT
OTRYA
Inp(2)= —%%,z——l—const,
nin

P (5) = p (0) =me=/RT.

Bmecro miuoraoctr Bodmyxa p (0) BOnmsm moBepxHOCTH 3eMmud mpu z = 0
yno0Hee BBECTH HOJHYI Maccy BO3AyXa B IHIMHIPHIECKOM oOBEeMe

M=(o@Sd=p©s { emmazmr gz = LO KL
0 N 0 e

970 Jaer
e—mgz/RT_

M
Sp (2) =71

C [OMOIIBIO HTOTO COOTHOUICHWS IOIYYaeM BSHEPrui0 pPaccMaTpu-
BaeMOro 00beMa BO3AYXa

CEM)= S [u T)-]—gz] VM o~mgz/RT (g —
=_MO§ [u(T)+£mT£] e~t dE —
0

- [u(T)+—j§e§d§ =M [u(n)+5-
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Orcropa BUJHO, 9T0 9HEPrusa spisercd QyHKIWed TOTBKO TeMIepaTyphL.
TennoeMKOCTh ONPEIENAETCA BHPaKeHUEM

C_dE(T) (%—{—%):M'(Cv—i—i).

m

BocmonbsoBasmucs coorHomenuwem Maiiepa ¢, = ¢, R/m, nomxydaex
C=Mcy.

16. KoamuectBo Teiia, MONYyYEHHOE CHCTEMOH B KBABMCTATHYECKOM
Ipomecce, ONpeelseTcA MEPEHIM 3aKOHOM TepMoguHaMmuenr d'Q = dU +
-- pdV. Ecau cumrars BHyTpeHHWIO dHepruio ¢yurumeil or I u V, 1o

aU oU
dU = (ﬁ) dT+( ) dv.
Torga mepselit 3aK0H TEPMOTMHAMHKYR anHnmaeT BUJ,
oU

v~ (%), a1+ [(4), + 2] »

Hua suransumu H =U - pV umeeM coorHOmenme
dH =dU -+ pdV +Vdp,
OTKYa
dU - pdV =dH —V dp.
CremoparebHO, MOKHO 3alACATh -
d'Q=dH—Vdp.
Yno6ao pacemarpusars H war ¢ymrmuwo or I u p:

dH —(S7-) dT + (S, dp.

IIpu sroM BrIpaKkeHme [ KOJMIECTBA TEILIOTH 3anHIIETCA CJE/YIOMuM
obOpasoM: .

vo- (), [(8), o

a) TemmoeMKOCTh IPH HOCTOSHHOM ofheMe” PaBHA HPOM3BOXHOI
d'Q/dT npm dV = 0, nosromy u3 (1) Bureraer, aro Cy = (U/OT)y.
Ilpr wmocrosmmoM paBiennm dp = 0, torma u3 (2) caexyer Cp, =
= (0H/dT).

6) Kax 6510 mOKa3aHO B pemeHAN npuMmepa 2, TENIOEMKOCTH UDU
DOCTOSHHOM JaBJEHHU MOKHO IOJYYATH W3 coorTHomeHus (1), ecanm
cumrats V ¢ymERumii ot p u T, onpenesnseMoil ypaBHeHEHeM COCTOSHUSA,
u mopcraurs B (1) dV = (@V/0T),dT + (8V/dp)r dp, dro Raer

vo=coar [(2),+0][(%5), 0+ (), ).
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Feam nomossmrs 3mech dp=0, 10 mna npomssopmoit d'Q/dT momyumm

Co=Cv+ [ (57),+7] (57),-

Dro mepBoe m3 paBeHCTB «6». UTOGH . MONYYATH BTOpOE, BLIBEEM
n3 coorHoirenus (2) Burpakenne jug Cy. Tar vak dp =(9p/0T)y dT -
+(0p/dV)r dV, 10

v=cpar+[(55),—V][(GF), o + (5F), o]
{Ipu dV =0 upoussoguas d'Q/dT papua
co=Cor (35 ), = VI (),

TlogcraBnas cioa COOTHOIIGHME «BY, TOAYdaeM BTOPOe U3 DPABEHCTB «O».
B) Tar xax H=U+ pV, to

()= ()t ()= (G )y 2 (55), Y

r) Tax rax (8V/0T), = 1/(0T/3V),, mepBoe W3 PaBEHCTB «G» MOMKHO
3anucarh B BAJE

(Cp—Cy) (%{/L)p: (—g—g—)T—[—p.

Cunrag 06e 9acTH HTOro cooTHoImeHWA QyHRIEAMA oT p u V, mpoxud-
<epeHanupyeM HX 1O p; TOTAA
92T ac, ar

Cor=Cgm+(52), (77),~

aCy ) ( aT ) _ (8(0U/6V)T) { 3

(BPVOVp— ap V+' )

PaccMorpuM Teneph TpeTHii 4ieH B JIeBOM 9YacTW W TEPBHIA WieH

B OPaBOH 9acTH 9TOTO ypaBHeHHs. X 0TS OHH SBJIAIOTCA 9aCTHHEMHA IPO-

W3BOAHBIMA 110 p IpH mocroauHHOM V, Aad ymoGeTBa OyaeM CIHTATH

€, m (0U/3T)y dpymrrimuavu or nepemenssix I u V. Ecau B Temmoem-

rocta Cy (T, V) mepemennyio T camrars @yHRumei or p u V, oupene-
JIsIeMOH ypaBHEHHEM COCTOAHASA, TO MOKHO 3aMHCATh

(%)== () (),

AnanormaanM 06pasoM, ecau cantath aprymert I ¢yaxuun (OU/0V)p =
=9U (T, V)/oV ¢ynxnmeir or p m V, 10 mma Toro, 9roGu momy-
YOTh YACTHYI0 HPOU3BOJHYI0 IO p, HY/KHO cHauama mpoxmddepeHiiu-
posars mo I', a 3areM YMHOUTH Ha YacTHYIO mpousBogHyw or I' mo p:

(*5575), = (5 )y = (7). (5),
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OTKYy/Ja

(0], (25) 20y

1 aCy or aCy oT

‘[( ar )V(W)p+( ov )T](T?F)v' (4
C apyroit cropommt, cuuraa I B ¢ymkmum Cy (T, V) dynrnoueir or p
m V, momydaeMm BhIpasKeHme

(a(;/v )p:aCV(Tg/, V), V):( aaCTv )V (%)p'l'(%(ifl)w

¢ TOMOIIbIO KOTOPOTO COOTHOINeHHe (4) MOMKHO IepenmcaTh B BHTe

( aCy ) (a_T) _0@UV)p ( Cy ) (6_T)
ap Jy\avV ], op BRI NAA
Ioacrasass: aro pasencrBo B (3), momywaeM TpeGyeMoe COOTHOILEHME.
17. WUcnonbsys pemienne sajaum 5, a TaKMe CIeyIOMe COOTHO—
meRna: ¢ =yp/p,
p _Rr _(Cp—CyT

L = == T=(—1 T,

monydaeM, 9to ¢2 = y (y — 1) ¢y T, mmu ¢y T = c*/ly (y — 1)]. Kpome
TOT0, HaM H3BECTHO, 9T0 U = ¢,T - const u

=utpp=ut(p—c) T =u+{y—1)¢cTl =
= y¢, I -+ const. -
Tarum 06pasoM, Ml IPUNLIE K HCKOMOMY DPe3yILTaTy.
18. Bupaskenne gaa paGoTH B MOCTOAHHOM MarHuTrHOM mode H

nmeer Bun d’'A = HdI, mosToMy w3 mepBoro 3aKoHA TePMOZMHAMHUK
clle[lyeT, 4TO NOTJIOIIAeMOe TEIJI0 ONPEZeseTcsa COOTHOMEHHeM

d'Q =dU —d'4 =dU — Hdl.

Ecan caurare U m I yEEUEaME or Temumeparypsl I ¥ MargurtHOT >
nons H, to v
U au
dU = (W)H T + (—6—H~)TdH,
oI 774
Al =(57) 2 9 + (57 ) 97

10=[(5) a1 (3r)a) o +[ (). 2 (57 ),] ot
Uckomas remmoemrocts Cy pasma d'Q/dT npu dH = 0. Taxum o6pa-
30M, ME HAILIK peureHHe 3afatid.

n
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" 19. Lna eguEATHOTO 066Ma MATHATHOTO BEIECTBA, YIACTBYIOIEI -
B KBasHCTATHYECKOM IPOIEcce, MePBH 3aKOH TepMOJHHAMHUKM, BaIN--
CEIBAETCS B BUAE '

d'Q = dU — HdM

[cornacuo ypasrennio (1.5) m mpumepy 1]. CpaBHEBas 910 BEHIpasKeHue
¢ aHAJOTHYHLIM cooTHOmeHueM nia rasa: d'Q = dU - pdV, maxomms
coorsercrue p — —H, V—> M. Tax

HaK BEJHNYHUHEL

Hzomepmuyecroe

oM ) pacupenue
an

te= (55 ), ® tn= (S ez

cooTtBercTByIoT Beamummam 1/(dp/oV)r
o Abyabamu- Abuabamuveckoe
u 1/(0p/8V)ay, TO MCKOMBIA pesyabTAT L pacuupenue
MOKHO HOJYYUTH, obpamasch K pe-
MeHNnI0 OpuMepa 7 # meficTBYd ama- A 3
J0THIHEIM 06pasom. Hopmepmusecxoe
corcamue

20. BryTpeHHsA sHepPrus TeILIO-
BOTO M3JYyYEHWA B 3aMKHYTOH HMOIOCTH
¢ o6semom V ompefensiercst BEIpasKe- g
HueM U = Vu = oV7T* Tax xax pgas-
aenme p = u/3 = ¢7*%/3 Be saBmcur
or V, BeamunEn p u I' He ABAAIOTCA
HesapucHMEIMU. [losTOMY B KauecTBe HEPEMEHHHIX €CTECTBEHHO BHIO--
pats (V, T) uan (V, p). Jlaa KeasmcraTwdecKoro mnpomecca Iep--
BHI 3aKOH TEPMOJAHHAMUKZ 3A0HCHBAETCA B BHIE

dU = d’'Q — pdV.
Hogerasasin ciofa Boipaskenus misi U ® p, moiaydaem

d'Q=d (GVT#) 45 oT*dV =5 T4 dV -+ 4aT*V dT.

dumr. 17.

CreosaTenbto, yciaopue afgabarwaHOCTH HNPHHUMAET BHJT
Sor (%4345 o,
MW [OCjie HHTerPUPOBAHUSA
InV4-31nT =const, VT3 = const.
I/Icuonb3yﬂ YpaBHeHHe COCTOMHHS, HAXOLMM
pV*3 = const.

TennoeMKOCTh TPH IOCTOAHHOM 00HeMe paBHa

Cv= (5, =40V,
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4 TEmJIOEMKOCTh NPW IIOCTOAHHOM [ABJICHHH MOKHO CYHTATH GECKO-
HeYHO#, TaK KaK OpPH QHKCHPOBAHHOM [aBJCHHH TeMIepaTypa H3Jay-
YeHUA B MOJOCTH HE MOMKET MEHATBCH.

HKaxk moxasano Ha ¢mr. 17, murn Hapro o6pasyerca xksasmcrarude-
CKUMH TPOIeccaMy, IPH KOTOPHIX CHCTeMA MePeXO[uT U3 cocTosxausa 1
B COCTOsHIE 2 TyTeM M30TePMUYECKOTO PACIINPEHHA, U3 COCTOAHMUA 2
B cocTosiHOE 3 myrTeM amuafaTrhdecKOro PaCIIMPeHHs, M3 COCTOAHHA 3
B COCTOSIHME 4 TyTeM H30TePMUIECKOTO CHKATHA H BO3BpPAI[aeTCA
B cocroguue 1 myrem agmabaruvecroro c:katmsa. Ilyers B mpomecce
1 — 2 oObem Boapacraer or Vy go V, npu nocrogauoit remueparype 7I'y.
Pabora, moayJaeMas TeIJIOBHIM H3JIyYeHHWEM, 3alHCHIBAETCH B BHIE

Va
, 1
Apo=— | paV = — 30T} (V,~V)),
Vi
A NoJdy4deHHoe TeIlIo
Ao 4
Quoz=3 T} S dV =5 oT% (Va—V)).
Vi

«CregoBaTeabHo, WX CyMMa
Ao+ Qiua=0T{(V,—V))

-COOTBETCTBYeT BO3PacTaHMIO BHyTPeHHell sHepruu. O4eBUIHO, 4TO I PO~

V3
mecca 2—3 Q2.3=0, a ugrobu Boameaarh Az 3= — g pdv,
Ve
BOCHOJIb3YeMCA COOTHOUIEHHEM
' 1
pV4/3 — p1V§/3 =5 O'Tng/s.
‘ClieoBaTeIbHO,
1 v
Apy= — oTIV3s S V43 4V = 6TV (Vl/s — Vilis) =
Va

= ol Vy/sV s —oTiVs.
W3 pasercrBa VoI'i =Vl HaxomuM TeMIeparypy CHCTEMH B COCTOS-
man 3. Ona pasaa Ty=T, (Vo/V,)'2, orkyma

A2_,3 = O'T;V3 —_ O'T§V2.

Ilpu sroM NPOWCXORHT TAK/Ke yBenH4eHWe BHYTPEHHEH HHEpPTHH.
{(JeiticTBaTenbHO, Q5.3 = 0, MOBTOMY B CHIYy NEpPBOTO 3aKOHA TePMO-
JUHAMHKE [0JUKHA BO3pacTark BHYTpDeHHsAsA dHeprud.) B mpomecce
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3 — 4 TemMmepaTypa IOCTOAHHA W

Quos =5 0T (Vi —Va),
1 i
Agay= —E‘GTé (V,—Vs).

Jas mponmecca 4 —>1 mmeem @y, =0 m A,y =0TV,—oTV,.

Tar war Vo>V, 10 Q1,2>0. 910 o03HAUAET, YTO HIPOUCXOJHT
DOIJIONNeHne Telna oT TelnioBoro pesepsyapa (¢ remmeparypoit T).
N3z pasencrs VoIt =V,I% u V,T:=V,T? sureraer, uro Vu/V,=
=Vy/V;>1. Cneposarenvro, Q3.,<C (0. I10 B CBOIO ouepeab O3HA-
9aeT, uTo TemIoTa Iepejlaercs Gojee XOMOAHOMY TeIIOBOMY pesep-
Byapy (c temueparypoit I';), tax war 1'5=1, (VZ/V3)1/3<T1 B CHIY
toro, uro Vs> V.. Ilomnasa sHeprus, moaydeHHAd CHCTEMOH OT TIIO-
Boro pesepByapa Qi3 —|Qs-s|= Q152+ Q3-4, paBHA TOJHOI nIpoms-
BeferHol padore — (A0 Aozt Az 4+ Aa ). Hosromy

01—»2
Ty ?

Qs b 4
—;—33:§0T§(V4—V3):—3—0T3(VI—VZ):—

otkyna caenyer ypasuenme Huaaysmyca Qyo/Ty—+ Qg4/T3=0.

21 (Cm. mpumep 9). B craruonapHOM mOTOKE JIWHEAE TOKOB HE M3Me-
HAIOTCA €O BpPeMeHeM. B memoM jRuUmKOCTh He HAXOTUTCH B COCTOSHUU
TePMOAUHAMUYECKOTO DaBHOBECHS, TAK KAK M3-32 ABIKEHUA JKUTKO-
CTH CKOPOCTH ¥, IIOTHOCTH P W [JaBIeHHE p SBIAIOTCA QYHKIWSIMA
roukn. OfHAKO MOKHO CUHNTaTh, UTO JAOCTATOTHO MAajble HIeMEHTH
o0beMa HAXOJATCA B COCTOAHHM TEPMOJUHAMUTECKOTO PABHOBECHS
(ToRanBPHOTO PABHOBECHA), T. €. MOKHO CYdTATh, UTO H3MEHEHUS
MX COCTOSHUA HPOMCXORAT KBABHCTATHYECKH. B TaKoM ciaydae maBie-
HUe MOJHOCTBHIO OIpefleligeTcsa IIOTHOCTHI0 W TeMIepaTypoll aneMeHTa
of6BeMa ¢ MOMOIIBI0 YPABHEHUS COCTOSHH.

3 ypaBHeHHS HepPaspHBHOCTH }RUAKROCTH CIEAYET, UYTO KOIHUECTBO
JKATKOCTH, NOPOXofsimeil 3a equUHUIY BPeMeHEH UYepe3 IOIepedHoe
ceuermne S; TPYOKM TOKA, HePHEHIUKYAAPHOE HAUPABIGHUO TOTOKA,
KaK DOKa3aHO Ha ¢ur. 18, paBHO RoMMYeCTBY sRUJKOCTH, IPOXORAMEMY
3a TO ke BpeMaA uUepes Apyroe cedeHme Sy, T. €. P1S10p = P28 o0s.
O6osHagas depes [ paccrosiHMe BIONH TPYOKM TOKA, MOYKHO BATIMCATDH
d (pSv)/0l = 0. Temepr npuMeHAM NEPBHA B3aKOH TePMOANHAMHKY
K 00beMy HHUAKOCTH, 3aKIIOYeHHOMY MeKIy cedeEmaMu S; # Sy,
PAaCIoNIOsKeHHEIME HA paccrogana dl Apyr or Apyra. Tak Kak msl mpe-
HeOperaeM TeINIONPOBOSHOCTHIO, MOJKHO He PacCMaTpMBAThL TEII006-
MeH 3T0T0 00BeMa JKIIKOCTH ¢ OKpYy:Katomel cpefoii. Ecan npeneGpeun
emie BABKOCTBIO W I'DABUTAMOHHON CHIION, TO coBepmiaemMas pabora
Oymer BEHIpaKATBCA TOJBKO YePes BHEIIHHE [JABJEHHSA p; HA MOBEPX-
HOCTH Sy U py Ha S, Pabora, coBepmaemas Haj JKEIKOCTLI0 33 eH-
HHIly BpeMeHH, paBHA p1Sivy — paSav,. Iasa GeckomegHo Masoro dl

5 Hy6o



66 T'a. I. Tepmobunamuueckoe cocmoanle U nepeviii 3aKon

oHa pasHa —dld(pSv)/dl. Byngem caumrats, 9T MJIOTHOCTH BHYTPEHHEH
SHEPTHH U JEKAOKOCTH ¢ NOMOIbBIC YDaBHEHHH COCTOSHHA MOMKHO
BHIPA3HTH depPe3 ILIOTHOCTH P W TeMueparypy 1. dremeHT oOmema
AHUTKOCTH, HAXOMWBINUACH B MOMEHT BpeMmeHH [ ME/KAY cedeHmAMHA S,

Oumr. 18.

n §,, 0 ACTEUCHAN WHTEPBAJa BpeMeEd di OyHeT pacHONOKeH MERIY
CeYeHHAMH, CMEMEHHLIMU OTHOCUTENbHO S, 1 Sy HA 11dl U v.dt cooT-
BercTBeHHO. llopTOMY ero »Heprms BospacraeT HA BeJUUHHY

— 04 (ur!-—;‘ Vf) S dt + 2 (u2+%v§) Sovs dt.

B mepeom mopsaxe mo dl Bo3pacraHme SHEPIME Ha eJUHHIY OOheMa

Oymer paBHO
. ] [pSv (u —}——;— vz)]

al

d

B CHJy TIepBOI'0 3aKOHA TePMOJWHAMHUKH 3T0 NIpHpameHme JSHEePrum
AOKHO OBITH PaBHO paHee HNOJYUYCHHOMY BBIPAJKEHHIO IJI COBEPIIEH-

HO# paboTH, T. €.

8[PSv (u-l-%zﬂ)]_ 2 (pSv)
ol T

Jro PaBeHCTBO MOXHO IepemdcaTs B BUAE

o[ oso (u+gu2+i0)]
al
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C momomwio ypaeHermsa HepaspHBHOCTH O (pSv)/0l =0 momyqaem

7 (utyvitop)
al i

Orcroma caenyer, aro cymma u -~ p/p -+ Y/, mocrosnwa BHoanL AMHEEK
Toka. Tak kak Benmumna 1/p npeacrasnser coGoil yuenvunii o6bem,
t0 h = u -+ p/p ecTh MACTHOCTL DHTANBNEH, 1/, — KWEeTHYeCKas
SHEPIHUs eIWHANE MACCH.

22. B upepmimymeil sajaue MB HAINJIH, YTO CyMMa IJIOTHOCTH
BHTANBONA A W KHHETUYECKoll sHeprum /,0% NOCTOSHEA BHOJDL JHHHHR
Toka. Jlus mmeanbHOTO Taza ¢ TOCTOAHHOW YHEABHOW TenJICEMKOCTBIO
¥3 ypaBHeHHMA JJiA BHyTpeHHe#l swepruu u = ¢, -+ const caemyer,
uto h = u + p/p = ¢, T -+ const. CaepoBaTenbHO, IJsA HETO BeJH-
auna ¢, T -+ Y/,0® mocrosBEa BRoas AmEME ToKa. Ilpw apmaGaTtm-
9eCKOM H3MEHEHNH COCTOAHWA WAeajbHOTO raza Benmgumpa pli—vwv[T
OOCTOAHHA, MOSTOMY OHA JOJIKHA OBITH IOCTOAHHA TAaK/Ke W BHOIL
nuEwEi Toka. Ecam Teneps ME NpefmonoxnM, IT0 B KaMepe ¢ eperpe-
THIM IIapOM, THe OH HaxomuTca upm temueparype I = 300° C =
= 573° K u paBryenunm p = 5 amMm, CKOPOCTH MOTOXKA PABHA HYJIO, TO

P

cpl -+ 12 =049 573 =281 kaale =1,174-101° cm?/cex?.

Korpa p=1 am>, Teymmeparypa craHOBUTCS PABHON

T:573~(%p K = 573.5—0,248 °K |

)0.33/1.33
Hua swancaenns z = 5248 pospmem  norapudm npaBoit m JeBoi
qacreil:

lgx = —0.248 1g 5 = —0,248-0,699 = —0,1734 = 1,8266,

oTRyma caenyer, aro z = (,671. Tarum ob6pasom,
T = 573-0,671 = 384° K = 111°C.

Temeps HEeTPYIHO HONYIHTH BePXHWH Ipenes CKOPOCTH
v = 2(1,174-10*° — 0,49-384-4,18-10%) = 0,774-10'° cm?/cex?,
T. e. v = 880 Mm/cek. : '

23. llyerr HesarmcHMEIMM HepeMeBEHHIME cucTeMe A 6yuyT p, m vy,
a mepeMeHHHIMH cucTeM B m C — COOTBETCTBEHHO pg, Up H Pg, Vg-
Ecan A w B Haxops1CcA B PAaBHOBECHH, TO MEKAY UeTHPHMSA IE€PeMeH-

HBIMHA P4, V4, Pp B Up CYIECTBYET HEKOTOPOE COOTHOMeHHE. 3annmeM
ero ciepyiomuM obpasom:

Fs (pA7 ‘UA, DB UB) ='0. 4 (1)
5‘
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Amasornuno, ecim B u C HaXofAarcs B PABHOBECHW, TO GyHeT mMeTh
MECTO COOTHOIIEGHHE

Fi (va Upy Pes UC’) = 0. (2)
CoriacHO HYJIeBOMY 3aKOHY TepMopmaaMukm, A u C Takme HAXOIATCSH
B pasHoBecuu, Torma m3 (1) m (2) ciaexyer, 94T0 AOMKHO MMETHh MECTO
COOTHOINEHHE

Fy (pa, va, pe, o) = 0. 3)

Ecan paspemunrs (1) u (2) otHOCHTETBHO pjp
Pe = @1 (Pas Va, V), Pr = @3 (Pc) Vos Ug),

TO COOTHOIICHUE
®1 (Pas va, ) = @3 (Pc, Ve Up) (4)

HOJKHO OBITH HKBHBAJEHTHO ypasHeHHIo (3). CiepoBarenpHO, COOTHO-
menue (4) JOMKHO He BaBHCETH OT Up ¥ MOJ/UKHO OBITH HKBHBAJIEHTHO
COOTHOIIEHIIO THUIIA

f1 (pa, va) = fs (pey Vo). (5)

[9710 o3mauaer, nanpumep, 0 @3 (Pa, Vs, Up) = f1 (Pa, va) M (v5) +
4+ T (ws), 93(Pcy Ve YB) = f3(Pey ve) M (vs) + L (vp).] Caeposa-
renbHO, (3) u (O) MOKHBI OHTH dKBHBAJEHTHH. TaxmMm ke oGpasom
MOMKHO [oKasaTh, 4T0 (1) m (2) DKBHBaJIGHTHH COOTBETCTBEHHO COOT-
HOIIEHUSIM

f1 (pa, va) = 2 (ps, V), (6)

f2 (pB, vB) = f3 (Pe, Vo). (7)

[Unerruanocts pyaRum f; B (3) B (6), fo B (6) m (7) m f3 B (D) u (7)
clefyeT W3 HyJNeBOTo 3axoHa TepmopuHamuru.] Eciam Temepr BBecTu

BOIIIAHY o — i )
= J1 (Pa, Va),

XapaKTepPU3yIOIyI0 TeII0OBOe PABHOBECHe, TO OHA 6Y/eT HPefCTaBIATH
c06oil He uTo MHOE, KAK TEMIEPATYPY B HEKOTOPOH IIKaje. YCIoBHEM
paBHoBecus Me;Ay cucreMamu A m B Gyner paBeHCTRBo MesxAy coloi
pesumunl 0, u Op.

24. [lpm paceMoTpeHHHE 00Iero caydas MaTHATHOTO TeJa IPOW3-
BOJBHOR (JOPMEL TPEXOAHUTCA YIATHBATE BINARAE Da3MarHMIHBAIOIETO
moaa o0pasia ¥ HEOZHODOZHOCTHE Hoiaa H, HaMarHW9eHHOCTH M
B, oroTHocTHE moToKa B. llosromy ¢ camoro mauama GyjeM HCXOZHTH
w3 ypasHermi MaKcBena. OKBMBAJCHTOM 3aKOHA AMmepa sIBISETCH
mepeoe ypasHeHme MaxcBessa, B KOTODOM IpPeJUOJAraercs, ITO
HaMargmYpBaHUe HPOMCXONAT NOCTATOUHO ME/JIEHHO, 4TOGHL MOKHO
6r1JI0 TpeHeGpedYs TOKAMH CMEIeHUs

rot H = i?— J (mepBoe ypaBHenme MaxcBemna). ¢}
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3mech j — IJIOTHOCTH TOKA, NPOTEKATOINETO WO MPOBOJYy KaTYIIKM.
Ecay MarmmTROE TeN0 HEmOABWKHO, TO 3akoH mHAyRnmE (Papages

NMEeT BUA .
1 oB X

rot B = — — —— (sropoe ypassenue Maxcpeina), (2)

rae E — snerrpudeckoe nmone. JIIoTHOCTs MAarHMTHOIO MOTOKA YAOB-

JeTBOPAET YPABHEHUIO
div B = 0 (gerBeproe ypaBmemme Marcsemana). 3)

Marmuraoe wome H aBaserca cymmoid mons H; Tora B KaTyIIKe
u nonsa H gy, CBABAHHOTO ¢ HAMATHHYCHHOCTBIO!

H:HJ+HM-

Hax umaBectno, nounss H; n Hj YAOBIETBOPAIOT CJACAYIOMUM ypPaB-
HeHHAM, KoTopile BHTeraior u3 (1) m (3):

rot H, =22 j, div H,; =0,

rot Hy =0, div Hy = —4ndiv M.
Cuaopvie nmaum nojia H; 3aMKHYTH M UPOXOAAT BOKPYL KaTyUIKM,
a mone H j — GesBuXpeBoe U ero CHJIOBblE JITHUM COEHHAIOT IIOJO-
JKUTENBHEH 1 OTPUTATEABHHI MON0CH MarHnTHOTO Tena. llone H y
o6najaer (ICEB0)CKANAPHHM MOTEHITHATOM M OTIPELIIACTCA KYIOHOB-
cruM 3axomoM. ClemoBaTenbHo, MHTETPHPOBAHNE 10 BCeMY NPOCTPAH-
CTBY Jaer

XH,-HMdV: — S H,-grad ¢ dV = S gdivH, dV=0. (4)

Msr mpepmonossuam, 4To Ha 0eCKOHETHOCTH IoJie o0pamaeTca B HYIb.
YMHOKEM Tenmepb cKaiApHo ypasuenue (1) ma cE/4m, ypasuenme (2)
Ha —cH/4n, 3arem cnouM WX ¥ IPOHHTEIPUpPYyeM NOXYICHHYIO
CYMMY 00 BeceMy mpocTpadcrBy. llpaBas dacrts upuruMaer BHE

S (E-rot H—~ H -rot E)dV = 5 div[H x E]dV =0.
[losromy nas sneBoii wacTh MOSKHO 3amUCaTh

SE-jdVJr—;?SH——dV 0. (5)

Ilepswiit w3 5THX [BYX WHTErpajioB HY:XHO O0pars mo obmacTtm, TAe
TOK j OTJIHYEH OT HYI, T. . B IPOBOJIaX KATYIIKK W B Garapee. Ech
yAenbHOE CONPOTHBIEHME IPOBONOB WU OGarapem paBHO P, TO W3
sakoBa Oma F -+ F = pj maxomgmm :

SE-jdV: S 0j2dV — SF-jdV.
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3pmece F—»n. 1. c. Oarapem, a S F- jdV —pabora, npousBofEMan

Garapeeil 3a equHMIly BpeMeHH NPH TPOXOKIAeHHE TOKA j. Ecmm tem-
mepatrypa MONHOH CHCTeMEl COXPaHAETCS IOCTOAHHOH, T0 HHTErpaa

pj2dV onpegenser pomio PaGoTHI, PACTPAUMBAEMON HA JFKOYIEBO
remno. Bropoit uTerpan B (5) MOKHO mepemmcarhb caeymuM oGpa-
30M:

1 B
o | - = | 25 dV+S

1
8 ot

aM M

SHZdV+SH Maw.  (©

Hepssiii uner cyMME B mpaBoll 9acTH IpeJCTAaBIAET PaGoTy, 3aTpaum-
BaeMyio Ha cosfgaHme noxs. Tax waw, coriacuo (4), \ Hy;-HpydV =
=0, To nonyqaeM

. S HdV = S H dV -+ S Hy dv.

3nech HY/KHO OTMETHTH, 4TO B HalifleHHOe BHIpajkeHHe BXommT pabora,
Heo0xoomEMas AJd COBNAHMA WOJA KATYNIKA W Pa3sMarHMYHABAIOLETO
0JA, BO3HAKAWINET0 IPW HAMATHWYHBAHWE MATHUTHOTO ofpasma.
9ty paboTy MOMKHO HCKIIOYATH M3 ONpefeerus paboTh, HeobXo uMoR
IiA HaMarENYABAEMA o6pasua. OTHeceHHasg K eJUHHIEe BpPEeMeHHU

paboTa HaMarHUYIABAHAS paBHA S H-(0M/dt) dV. Yumomas ee Ha dt,

nojiydaem paGoTy, NPOMBBORAMYIO NPU YBEIWYCHHW HAMATHHTICHHOCTH
obpasna or M no M + dM

d'4= 5 (H-dM)dV = S (H s+ Hy)dM dv,

rae WHETeTPHDOBAHME NPOM3BOIHTCA MO BeeMy o6bemy ofpasima. Core-
J0BaTeNbHO, ToNHAA pafora HAMATHHYMBAHUA MMEET BH[

M

a={av § (H;+ Hy)-dM.

Bamso orMernts, 910 pasmarnmumsaiomee uoie H h, cBa3aHHOE
¢ HaMarHWYeHHOCTHIO ofpasma, B ofmieM ciydae HeOGXOMMMO BHIIO-
9UTH B MaTHUTHOe HoJe. Kciar marauTHOe noje H m HaMarHHYEHHOCTD
M opHOpORHEH, TO 00'beMHEIA MHTErpaj COOTBETCTBYET NIPOCTO YMHO-
WeEuI0 Ha o6nem V.

3aMesanne. Maramraoe moxe BEYTpE 00pasma W ero HaMar-
HUYeHHOCTH OJHOPOJHH TONLKO B TOM CJIydYae, KOTAa OH mMeeT JopMy
sxnmoconga. B sroM caydae pasmarHWYEBaOmige IOJNe BEOJB oceil
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SJIIANCORAKA L, Y U 2 OLNPENEeIseTCs BHIPAKeHHEM
(Hy)o = —NoM, (a=z, ¥y, z),
rae pasMarHmauBapomae gakropsl N, N, 0 N, nofauaaorcsa MpaBuIy
Ny+ N, 4+ N, = 4n.

Ite KosdPHOUEATH MOKHO BEIYUCIWATH KaK QYHEKIMM OTHOIIGHUH ocei
SJLIIAICOU/A.
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Fr1TABA 2

Bropou 3axoH TepMoOfHHAMIKA

B oroii riaBe BBOAUTCA BTOPOW BaKOH TePMOZHHAMHKHM H PaCcCMAaT-
PHBAIOTCA HEKOTOPHIe IIPOGIEMEl, HENOCPEACTBEHHO ¢ HUM CBA3aHHEE.
I'naBpas meas cocTomtT B TOM, YTOGH YSICHHTH CYIHOCTH HTOTO (yH-
TaMeHTRJIBHOTO 3aKOHA H OCBOHTH MOHATHE SHTPONUM, KOTOPAS Ipej-
craBasger coboil Haubojee BasRHYI0 (U3MTECKYI BeANUAHY, HO, K CO-
HANOHNUT0, UACTO KAKETCHA CTYIeHTAM 49eM-TO BechMa OTBJIEYEHHBIM.

OCHOBHDBIE HOJJOKEHNA

§ 1. O0patuMble B HeoOpaTHMMBIE NPOIECCHI

O6pamumnii npoyecc. IIpeanono:xum, 4T0 IPH mEpeXoie PaccMaT-
PHBaeMOH CHCTEMHI H3 COCTOSHHA o0 B [PYToe COCTOAHMNE &' TepMOCTAT
mepexofnT u3 cocrogHuA B B f’'. Ecam karuM-mu6o o6paszoM Bo3MO-
HO BO3BPATHTH OJJHOBDEMEHHO CHCTEMY B COCTOSIHHUE ¢, 4 TePMOCTAT —
B cocTosHMIe f, To mpomecc mepexoaa (a, ) — (o', B’) Hasmmalor o6pa-
THMBIM.

Taroe ompepmeneEre 0o6pPATHEMOCTH #ABJsAeTcA Hamboaee o6muM.
Yacto npuBogmrcd MeHee L0ilee olpefiefieHNe: PACCMATPHBACMEL
mpouece ABIAETCs OOPATHMEIM, €CIH HA KAKIOH CTajum ero MOKHO
06pATUTH ¢ TOMOMIBI0 GECKOHETHO MaJibIX HMBMEHeHHH TepMoCTaTa.
B srom cumuicae o6paTuMBIi HPOTECC MPeNCTABIAeT 060l He UTo HHOE,
KaK KBa3WCTATHUECKWHA NMponecc, paccMoTpenunii B ra. 1, § 5. JloGoir
KBasMCTATHYECKHN DIporecc B 9TOM cMEIcae obpatum. O6GpaTuMEIil
MPoIece B MUPOKOM CMEICIe He06a3aTeIbHO 06PaTHM B y3KOM CMHICJe.
Hanpmmep, dmero mexammdecKue HJIM DJIEKTPOMATHUTHLIC ABICHMM
o6paTuUMBL B IMUPOKOM CMEICJTE, HO OHH MOTYT U He OHTH 06paTUMBIME
upu Gostee yswom ompejeiaennz obpatmmoctd !). OGwuHO paccMaTpm-

1) TIpmMepoOM TAKOTO POJa MOKET CIYKUTH ABIKEHNE 3aDPsOKCHHON YaCTHI(E
BO BHEIIHEM MarguTHOM NoXe. UToGH o6paTHTh HAUPABICHWE [ABIKEHHAA, HEOO-
XOAMMO H3-33 HANWYUSA CHIH JIOPEHIA MBMEHATH HALPABICHAe MATHATHOI'O HOJA.
CremoBareibHo, 0e3 W3MeHeHHS MATHHTHOTO IOJNA TAaKoe [NBI;KEHHE B Y3HOM
CMBICIE HEe ABIAAETCA O0PATAMBIM.
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BaeMble O6paTHMEE HPOMECCH ABJAIOTCH KOMOMHANMMAMHI YHCTO MeXa-
HAYeCKUX WJIH 3JJIeKTPOMATHUTHRIX TPOIECCOB M KBA3ZHCTATHYCCKUX
TeIJIOBEIX HPOLECCOB.

CaemoBarelbHO, MBI MORE€M BOCIOJb30BATLCHA (oJiee Y3KUM OIpe-
DeJeHUeM O6PaTHUMOCTH TEILIOBLIX HPOIECCOB; 00PATHMBIM TIPOLECCOM
OymeM cuumrTaTh KBazucraTmieckuwit mpormecc. Ha camom jgeme Bce
¢UBMYECKIe TPOMECCH NPOTERAIOT ¢ KOHeYHOH CKOPOCTBIO M, CJEO-
BaTeIbHO, SIBJISIOTCS HEOOPATHMBIMH, TAK KAK OHH BCeTJA IIPOMCXOMAT
¢ HeKoTopniM TperueM. O6patumstii mporece NpefcTaBasAeT coboil mae-
ANHBATIIIO.

IIpomecest, KoTopele Helnb3A WPOBeCTH 0GPATHEMEIM 00pPa3oOM, HABHI~
BaOTCA HEOOpaTHMBIMA.

Ob6pamumsie u Heobpamumbie yukast. 1lycTs maygaemas cucreMma
IePeXo/NT M3 COCTOAHMA O B HTO Ke COCTOAHHUE o, 3 TePMOCTAT —
3 cocrosinuA f B cocrosHme P, mpudem mpollece mepexona (o, f)—
— (a, B') saBaserca obparmmbiM. B sToM ciydae Iepexon o —> o
Ha3HBAIOT OOpaTUMbHIM UWKJIOM. Keam »T10T npomecc HeobpaTuM,
TO IMKJ HA3HBAaIOT HeobpatumbiM. B coaydae KBa3HCTATHIECKOTO
W3MEeHeHWA NTpoiecc o6paTmM Ha RasyKgoil CTa uH.

Oépamumas w Heobpamumas menaosas mawurg. Tennosoit mManmm-
HO¥l HA3HIBAETCA YCTPONCTBO, TO3BOJAWINES IPONBBOAUTH padoTy
OpH IUKIMIECKOM IIpolecce TemioobMeHa MesRAy cucremoir (pabouumm
BENIECTBOM) M T€PMOCTATOM. TaKas MalIWmEA MO3KeT GHITH Kak o0paTu-
Moii, Tak W Heo6paTMMoil B 3aBHCHMOCTH OT TOTO, OGDATHMEIM HJIHI
HeoOPATHMBIM SIBISACTCA ITHHKJI.

§ 2. Jlemma (mura Kapwo)

OpganM m3 Haubosee MOIHEIX METOOB HCCJIENOBAHHA IPOGIeM,
CBASAHHLIX CO BTOPHIM 3aKOHOM TePMONMHAMUKH, fABJAETCA MBICIeH-
HHI YKCOepPHMeHT, OCHOBAHHEIN Ha ucmoiabsoBaHmu nmkia Hapmo.
3mech ME maguM omnpefeseHHe IMUKIa HapHO B y3KOM CMEICAe JJIsS
ciydas, Korfa paGoumM BeMEecTBOM SBJAETCA NealbHE ras (raxoi
nuka nokasan Ha ¢ur. 19 m cxemarmyecknm Ha ¢ur. 20). Ilyers upnm
OZHOM HM30TEPMHYECKOM INPOIecce CHCTEeMA IIOIydaeT OT pe3epByapa
Ry (Ty) vommuecTBo Temna (g, a IPU BTOPOM — KOJIMIECTBO Temaa (Jo
or pesepByapa R, (T,); Torza MOMHO 3aIHCATh

Oy @, (2.1)

Ty " Ty

Tax rax s JOKa3aTeJdbCTBA 9TOr'0 COOTHOIICHUA MOCTATOYHO ypaB-
HEHUA COCTOSAHUA UAeaJILHOI'O ra3da M MepPBOr0 3aKOHA TEePMOIHHAMHU KA
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(cm. ra. 1, sajaga 9), TO OPH W3YYEHHM BTOPOTO 3aKOHA TepMOIUHA-
MHKH er0 MOKHO PAacCMaTPHBATH KAK M3BECTHYIO JIEMMY.

P

Homepmuyeckul
npoyece

lopA i
pesepbyap

Ri(n)

Aduaba-
A
poyece !
- A (pasoma)
Q ABuabamuueckuit
‘ npoyece Y
8 pesepbyap Ry (Tz) *””g";""z
H3omepmuveckud pesepogap
npeyece Ro(Ty)
v
Omr. 19. O ur. 20.

§ 3. Bropoii 3aK0H TepMOJMHAMUOKEA

Bropoil 3ax0H TepMOJUHAMHUKY SBJSIeTCA SMIOINPUIECKHAM, IIO3TOMY
ero MOHO Cc(OPMYJIMPOBATH pPa3AMYHKIMEA crmocobaMm, KOTOpHE,
KOHEeUHO, pKBuBaJdeHTHH. Ilpusemem sTH (OpMyIHPOBKH.

a) Hpunyun Kaaysuyca. Ilpomece, IpE KOTOPOM HE HPOUCXORHT
HAKAaKUX M3MEHEHUWI, KpOMe mepejaud TemJa OT FOPAYero Tejga K Xo-
JI0THOMY, ABJIAETCA HeoGpaTHMHM, MHAYE TOBODPA, TEIIOTA HE MOKeT
CIOHTAHHO TlepeliTm 0T Gosee xoaopHoro Tena K Oolee ropademy
0e3 Kagux-auGo APyrAX M3MeHEHUil B cHCTEMe.

6) Ipunyun Tomcona (Keavsuna). Ilponece, mpu KoTopoM pabora
IepexoiuT B Temio Ge3 KaKux-iuGo APYIUX HM3MEHEHUH COCTOSAHHUA
CHCTeMbl, ABIAETCS HeoOPATUMEM; HHAaYe TOBODA, HEBO3MOMKHO IIpe-
o0pasosaTh B pafoTy BCe KOIMYeCTBO TemJa, B3ATOE OT Teja ¢ OJHO-
POXHOM TeMHepaTypoil, He NPOM3BOAA HAKAKEX APYTHX H3MeHeHHK
COCTOSHASA CHCTEMEI.



Ocnoenvie noaoscenus 75

8) Ilpunyun Hes03moIUCHOCMU CO30AHUA Be4H020 Deuzamens. 6MOPO20
poda. Heso3aMOKHO CO3RATE MAKINICCKY PAGOTAIONYI0 MAIIUHY, KOTO-
pas mpowsBojimaa Ou paboTy 3a CUeT HOTJIOMEHHS TeIa OT OTHOTO
TEMJIOBOTO pesepByapa, He COBepmIas NPY DTOM HHKAKUX APYTHUX
M3MEHEHHH COCTOSIHUsSI CHCTeMBl (BEYHBIH JBHTraTeib BTOPOTO POAA).

2) Hpunyun Kapameodopu. BGausu m060ro TepMHYIECKM PaBHO-
BECHOTO COCTOSHHsI TEPMUYECKH OJHOPOMHOH CHCTEMEl CyIIeCTBYeT
Opyroe COCTOsIHZE, KOTOPOe KaK YrofgHO MAajo OTJINYaercs OT LepBo-
ro, HO HUKOTHA He MOKeT GHTH HOCTHIHYTO H3 HETro IyTeM a,lma6am—
9eCKOTO TePexofna.

3ameqarue. Ilog TepMuEOoM pyrue H3MeHEHH» IOIPa3yMe-
BAaIOTCS TAKWe HW3MEHEeHHsI CHCTEMEBI, KOTODHE COXPAaHSITCA IOCie
3aBepIIeHHsd mponecca. B QopMynMpoOBKe «B» CYIIECTBEHHO YCJOBHE
OUKINYHOCTH MamwHH. lleficrBuresbHO, NPH H30TEPMHUECKOM pac-
UINPeHNN NAeaTLHOTO Ta3a BCe TEeIIo, B3sSTOe OT TENJIOBOTO pe3epBy-
apa, Mo)xHO mpeoGpasoBaTh B pabGory. OjpHaKO Tako#él mporecc He MO-
et GuiTh mepuonmueckuM. QueBupHo, 94T0 GOPMYIMPOBRE «O» W «BY
sKBuBaNeHTHH. B 3anmage 1 Gymer moxasaHa SKBUBAJCHTHOCTH HOPMY-
AUPOBOK «a» u «6». Heckombro cnomuee (M. 3agaqy 30) foxasbiBaeTcs
SKBUBAJIEHTHOCTh QOPMYIUPOBKH «I» (GOPMYIHPOBKAM «a» H «O».

§ 4. KospduunenT nomesnoro peitcrBma oOimero Iuria Hapsao

O6wuti yuka Kapro. XoTa MOKHO NPERIOKHUTL PAp o6o0meHni
HECKOJILKO Y3KOro ompenesenus mukia HapHo, npusepenHoro B § 2,
ME OymeM 1oj o0o0memHnM IuKJIOM HapHO mOApasyMeBaTh IUKI,
COBepIIaeMbll TenmjoBoi MammHOM, KoTopadg Iorjomaer Temino (Q
1 (), OT ABYX TEHmJIOBHIX pesepByapoB Ry m R, m coBepmaer pabory

= @y 4 Q, Bapg oxpymawomeir cpegoit (Pur. 20). CuegoBatennHo,
nuka HapHO cocromt W3 ABYyX HM30TePMHIECKHX HPOIECCOB H JBYX
agmabaTwdecKuX mponeccoB. Ecam BCce »TH Ipomecch o0paTHMES,
Ml mmeeM ob6pamumeiil yuka Kapro.

‘Koasgppuyuenm noaesrozo deticmeus. Ecau Ry ABIAeTCS TOPAYAM
pesepsyapoM, a R, — xosopHHM pesepByapoM, 10 Q; >0, Q, << 0,

=01+ Q2=01—|0Q2|, a K. IL. A. 1 uMeer BHUL

A 10l .
=73 =1 . Q! (2:2)
cIefoBaTeNBHO,

1—n=‘—gj—'. ~ (2.3)

T punyun Kapro. K. u. x. v o6parmmoro mursia HKapro, pmeiicr-
BYIOIIETo MeAY TEIJIOBHMH pesepByapamu Ry um R,, ONHO3HAYHO
onpepexserca Temueparypamu 0, m O, TenJoBHX pe3epBYapoB M He
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saBuCHT 0T paGouero BemecTBa. boaee Toro, K. m. g. 1)’ a06Goro meob-
parmmoro mmkiaa Hapro, meficTBylomero MeKAy TOMH ke CaMHIMHE
TeIJIOBHIME pPeé3epByapaMu, MeHb-
me 1, T. e,

i (6) =0, 0), n>n. (24

JorasareascTBo. Pac-
cvorpus g8a uraa Kapuo Cu C7.
IlepBuiit ms mux spasercs oGpa-
TEMBIM. 1IpE 2TOM OT TemIOBOTO
pesepByapa [, Gepercs Komnumie-
crBo temsa Qq, pesepByapy R,
mepejaeTcs KOJMYECTBO  Temja
| Qs | u coBepmaercsi pabora
A=0Q — | Qs Hurax C’' mo-
Ry (65) #er ORITH 00paTHMBIM HWJIH HEOO-
patumeM. B atomM mmrae or pe-
3epByapa R; 6eperca KOIHYECTBO

Qur. 2A. renia ();, pesepByapy R, mepema-

ercs KosmuecTBO Temaa | @, |=| Qs |

n copepmaercsa padora A° = Q,— | Q, |. Ecan unra C npoussopursn

B oOpatHOM HanpasmeHum (¢ur. 21), To B peayiprare BHIOJTHCHHS

060WX TMUKI0B TOTIoMmaeTess rTemao @, — @y w3 pesepByapa Ry u
coBepmaercg pabora

A'— A= Q,—| Q)| — (Qi—| Qs ]) = 0, — Qs

CornacHo npmanuny ToMcoHa, IpH 5TOM JOIYKHO BHIIOJHATbCA Hepa-
BEHCTBO

A —A<0 wm Q; <@
CaemoBaTeisHo,

b g 102l 4 1Q2| _
W=l <l -0

Ecnu muka €’ apasercs obpatumium, To muasl C 1 C7 MOKHO 3aCTaBUThH
meACTBOBATL B IPOTHBOIONOMKHBIX HANpaBileHUAX ), oTryma Oynmer

I

CJIef0Barh, 9o 1)” > 1), a MOPTOMY 1 = 1’.

1) Ecam nukast C u €' ofparuMil Ha KayKmo#l CBOEl CTajul, TO OHH MOLYT.
OCYIIECTRIATLCA B OOPATHOM HANPABICHHM, KCIM jKe 3T LUKIH 00paTmMul
B IMIHPOKOM CMHCIe CIO0BA, TO BO3MOMKHO, YTO WX HeNb3sd IPOH3BOTUTH B obpart-
HOM HampaBlenmn. OJHAKO MOKHO YKa3aTh Takme npouneccsl C m C’, KOTOphie mpu-
BOIAT K INDOTHBONOJIOKHOMY spPeKty mis wakporo umkna. Taxmm obpasoM,
MH NPHXOAMM K IPEKHEMY pe3yabTary.
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§ 5. A6comoTHaA TemmepaTypa

Otromenwe aGCoqIOTEEIX Temmepatyp I, m I', TeiljoBHX pesep-
Byapos Ry (8,) u R, (0,) ompemensercsa cOOTHOMIeHTEM

To Q] 4
T, = 01 =1 1’](91, 92), (2.5)

e 1 — K. m. 4. o6parmmoro muiaa HapHo, gedcTByiommero Messmy
JBYMA TermioBHME pesepsyapamm. CoriaacHo coorsomenuio (2.1),
memnepamypa, nOKA3ueaeMas UOCALbHUM 2a3086LM MEPMOMEMLPOM.,
cognadaem ¢ abcoaomnoil memnepamypoti. UToOEH 0JHOZHAYHO OHpe-
HenuTh abCONOTHYI0 TEMIePATYPHYIO IMKaxy, HeoOXOofuMO 3a1aTh
3SHAYeHHE TeMIeparypsl B HEeKoTOpo# omopHoi#l Toure. Horjga » nade-
CTBe Takodl ToYKHM BHIOpPaHA TPOMHASA TOUKA

a9 AP0
T'rpoﬁﬂoﬁ TOYRU BOEBL — 273,16°K,

TO IIKAJa Ha3HBAeTCA memnepamyprol wkasoli Keaveuna. B pann-
HeifiteM MBI BCIOAY, 38 HCKJANUEeHHEM 0C0060 OTrOBOPEHHBIX CJIy4aes,
OymeM moabsoBaThea abCoMOTHON TeMmepaTypHO# TIKagoi.

OTCTVIIJIIEHUE 4

Abconiomuas memnepamypa. AGCOMOTHON TeMIOePATYPHOH WIKAJLOH
HA3HBAIOT TEMIEPATYPHYI0 NIKALY, KOTOpas OIpefendeTcd TepMOANHA-
MUYeCKIM METOIOM TakmMm 06pasoM, 9T0 OHA He 3aBHCHUT OT BHOODa TepMO=
METPHUIECKOTO BemecTBa. HymeBas Toura 5Toil IMKAIEL OUpeenaercs Kakr
HAWHEBIMAA TePMONIHAMMIECKA BOBMOMKHAA TeMmeparypa. AbcomoTHas
UIKAJNA TeMIepaTyphi, KOTOPAsA HCIOIb3YeTCA B TeIIOPH3UKe B HACTOIIIee
BpewMms, Onta BBegeHa JopaoM KeasBuaom (Buasamom Tomcorom) B 1848 r.
M II09TOMY HA3HIBAETCA TAaKKe mMHKaIol KexbBuHA,

s OfHO3HATHOIO OIpefeleHUsI IIKANB Mbl MOMKeM BOCIIONb3O~
BATBCA JIOOHIM M3 CIEAYIONMX ABYX cmocoGon. IlepBHI M3 HAX OCHOBAH
Ha HMCHOJIb30BAHAX [IBYX (UKCHPOBAHAKIX TOYER, JeKAN[HX BLIUle HYIA,
IpHYeM DA3HOCTH TEMIEePaTyp, OTBEYAON(AX ITUM TOYKAM, NPUIIHCH-
BaeTCS OIpefesleRHoe 3HAYEHHe. J[PYyroil cmocob 3arA0UAeTCsS B MCIOJNb-
30BAaHAH ONHON (UKCEPOBAHHON TOYKW, KOTOPOHl HPHIACLIBASTCS OHpe-
fleJleHHOe YHCIEHHOE BHAUEHME TeMuepaTypel. [{o HegaBHero BpeMeHH
KaTu6pOBKA TeMUeparypHOH mKamsl HelbBHHA NPOM3BOIUIACHE IO JIBYM
$EKCHPOBAHHHIM TOYKAM: TOUKe miapmennsa abga 7, °K nm TOUKe KUIeHWs
Ty + 100° K 4mctoit BOAH IIpM FABAGHAU B OXHY CTAHZAPTHYIO ATMO-
chepy (101 325 nwromon/m?). Bennaury T, MOKHO H3MEPHUTH C IOMOINHIO
rasoBoro TepMoMerpa. IIpm =W3KNX [gaBIeHUAX ypPaBHEHWE COCTOAHHUS
pealbpHOr0 ra3a MOKHO 3almcaTh B BHAE

pV=a-+up.

HsmepmM Bellaaunut p, V, & B % B [ABYX BHINEHA3BAHHHKX (AKCHPOBAH-
guX To4yKax. Ilomaras o pasEeiM nRT, HaxOmAM

'100(10

Tome ————,
0400 — X0
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Tlomarass Ty = 0, monydaeM TePMOIMRAMAYECKYIO TeMIEPATYPHYIO IMKALY
Heunncun. Orciona caegyer, uro — Ty °C aBigercss abCONIOTHLM HYJleM Op®
W3MepenwH B 9TO TeMIlepaTypHOI mKale.

Tourbe ACCaAeR0BAHMA B 00JACTH ra30Boil TEPMOMETPHH, TIPOBEieHHBIE
¢pamnysckam  yuenmtm Ilammiom (P. Chappuis) mempny 1887 u 1917 rr.,
nanu spauemnme T,, desxamee Mmexxay 273,048 m 273,123, Ilon samamuem
aToiil pabotsl k 1842 r. 66110 npoBeneno Gosee 100 onpenerennii sgaveHER
T,. Cpenm HAX OTMETHM BLICOKYIO TOUHOCTE pe3yiantaroB Xoitze (W. Heuse)
u Orro (J. Otto) B T'epmannn, Heesoma (W. H. Keesom) m np. B Hunep-
sannax, burta (J. A. Beattie) m zp. B CIIA m Kumocmra (M. Kinoshita)
n Owmen (J. Oishi) B Joommm. Hafineasele UMy 3HAaYEHWs JIGIKAT MEMAY
273,149 n 273,174,

YuuThBasg 9TH Pe3YIABTATH, & TaKKe TO 0o6CTOSTENBCTBO, dYTO 3HA-
Yqemrne TPOHHON TOUKM 4mcTOil Bojuel odens Gamsuno K 0,0100° C, Necaras
regepaibias KoufepeEnus Mep @ Becos B 1954 r. mocramoBmMIA CAHTATHL
TPOHHYI0 TOIKY BOAbl (QUKCHUPOBAHHOH TOWKOI, KOTOPOH COOTBETCTByeT
temaeparypa 273,16. DTa KoEGepeHnuA TAK/Ke 3aHOBO ONIpeeNniIa TepMO-
AVHAMMYECKYI0 TEMIEDATYPHYI mKany leabema cieayomum obpasom:
*C =T — 273,15, tne T — spadenue afCOIIOTHON TeMIIEPATYPHI, ycTa-
HopJennoe KoHepenuneii. Hynas HOBOH TepMOIMEAMHYECKOI TeMIepaTypPhl
Heabcus oriamuaercs 0T TOUKM MJABJEeENs Jbfa Upumepso mHa 0,0001°.

Ilia of6BIYHBIX Hesedl PasjimiIneM Me;KAY HOBBIM H CTAPLIM OLpejee-
HUeM ITKAIR MOMKHEO IOJHOCTLIO Hperebpeus. OQHaK0 B TCX CAYUASX, KOrIa
afcoN0THAS BENWYHHA TEMIEPATYPH [0KHA ObITH OIpEfeleHa ¢ TO9-
wocreio. 104 2pad, BeobGXogmMo VIUTHIBATE DTY PAsHHLY.

Touxa
nnabnenus Tpotiras Tounn

séa | moyxa Kunenun
0°K K ' To.r 100°K
L R i
A 0% 1 100°
N e _
0°K Phooeansek i °K, 1954
: 273,15°K i
— s —_— S S
=273, 15% o°c Qo1 °c oL, 1954

damMeuanmue. 3 onpegenenus (2.5) caegyer, YTO COOTHO-
mIeHAe

L | (2.6)

cupaBenamBo AaA Jo6oro oGparmmoro mukia Hapmo, Tak ke Kak
n coorromenne (2.1). Jlas Toro arobu ompepenenme (2.5) 6emo Bo3-
MOJKBO, Heo0X0oguMO [OKa3aTh, 4TO

1=, 0) =70 8), 2.7y
rage . .

0
.y 02)= f,ie;; . (2.8)
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Y6enmBmucs B CUPAaBEFIUBOCTH COOTHOMmeEHUs (2.8), MH CMOKeM
¢ momompio pasercrsa T (0) = Cg (0), rge € — mocrosiHHAS, CBASATH
temmepatrypy © ¢ abGcomxwrHOMR :
rTemmepaTypHoil mramoir 7.
JorxaszareabcTBO CO-
orHomenns (2.8). Pacemorpum
tpu rurna Kapuo Cyg, Co3 u Cy3,
n306paskeEHHX Ha Qur. 22, Kam-
OHA W3 9THX IHMKICB RefCTBYET
MeEIY JBYMSI W3 TpeX pesep-
syapos Ry, R, w R Ha ¢ur. 22
BBeeHBl 00603HAYEHNS KOMUYeCTB
Tenja, IMoJydaeMbX H3 RAKIOTO
TEILIOBOTO pesepByapa, n paboTHI,
COBePImaeMoil HaJ TePMOCTATOM.
V3 mepBoro 3aKOHA TEpPMO-
ANHAMUKA Clefyer, 1UTO

Ay = 01—027 A23:Qz—037
A13 = Q]. - Qs-
Coraacmo ¢ur. 22, marx Cp3

ABNAETCHA  XoaodmiabHBIM. Ode-
BHOHO, 9TO :

Q1 —Q,=A;;+ 4535 —A13=0, @ ur. 22.

rak Kak ecam Qy — @; >0, TO

monHasA paGora OYHET COBEPIIATHCH TOJNBRO 3a CYeT OXINaKIeHHSA
pesepByapa R;, uro mpormeopeunt npmpruny Tomcoma. Ecam sre
Q, — Q; < 0, To, o6paTHB CUCTEMY, MBI HOJydaeM TAKOe e IPO-
tuBopeune mnpmanuny Tomcona. CaemoBaTelbHO, JOJKHO HUMETh
mecto paBeHcrso (y = Q,. OTcofa BHITEKAET COOTHOILECHNE

10, 0) =51 =22 10, 0) 1 (0, 00).

Pemernue ortoro ypapHerms mMmeer gopmy (2.8).

OTCTYILJIIEHHNE 5

MexcOynapodnas nparmuueckas memnepamypras wrasa. Teoperm-
YeCKH [NA KaluGpPOBKM BCeil TeMIepaTypHOH mkaiasl HeassuHa pocra-
TOUHO PacHOJIAraTh OUpENeNCHUEM TeMIepaTypPs TPOHHOE TOUKHE 4HCTOMH
Bogsl (273,16° K). OgHako ¢ MPAKTHYECKOH TOUKA 3PEHAs TePMOLWHAME-
geckme cHocoObl, HEOOXOHHMEIE IS TOYHOTO H3MEpPeHHA TEeMNIEpPaTypH ,
CAHMKOM TPYZOOMKM, MOTOMY HYHH HOPAKTHIECKHWEe CTAHAAPTH, KOTO-
pHie To3BOJNAJA OH CPAaBHATEIBHO JErKo MPOM3BOMUTL JOCTATOYHO TOUHOE
ompepiesenme Temmeparype. Tawoif crammapr Osx ycramosier Cepbmoi
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remepalbHOil KOH($epeHnueit Mep @ BecoB B 1927 r. M ycoBepuIeHCTBOBAH
B 1948 m 1960 rr. OupejensieMass UM IIKaJa TeMIEPATyp M3BeCTHA IO
HasBaHmeM MeXIyHApOAROH ILPAKTHIECKOH TeMIepPaTyPHOIl IIKAJIbL.
Temmeparypa, usMepeHaasf ¢ MOMOIBIO BTOI MKANK, BEHPAKAETCA B Ipa-
naycax Ilexbcus u o6osmavaercs ° C (Int. 1948). Mmorma et 6ymeM ofo-
3HAYATD €€ lyeiy. MEKIYHAPOIHASA IMPAKTHICCKAs TeMueparypa Kemabeuna
Tyemn OTPEIeJLATCS COOTHOMICHHEM Tyesrg = twempy + 273,16 1 oGosna-
vaerca 7 °K (Int. 1948) 1).

MempynapogHass IpakTHdeCcKas TeMmmeparypHas mxana 1948 r.
OCHOBAHA HA 1ecTH UKCHPOBAHHLIX 3HATCHMAX TeMIEPaTyPH; KPOMe TOTo,
B Hell MCHONB3YETCH METO] WHTOPIONANWN B UeTHPeX MHTepBaJaX TeM-
neparyp. HwKe UpuBOAATCS (HKCHPOBAHHLIG: 3HAYCHUS TEMIEPaTyp:

Todra KuieHEds KACIOPOTa . . . . . . . —182,97° C (Int. 1948)
Tpoitgass To4Ka BOAHL . . . . . . . . . 0,01

Tourka wuneswms Bogst . . . . . . . . . 100

Touka wuneHust ceper . . . .. .. 4446

Toura 3aTBepreBaHuA cepe6pa e 960,8

Toura sarBepgeBamusg 3ojgota . . . . . 1063

BMeCTO TOUYKW KUNEHMS CePHl MOKHO MCIIOJH30BATH TOUKY 3aTBePHEBAHUS
nuara (419,505° C). Bce 3T BeAWYWHLI, 3a HCKINICHUEM TPOHHOH TOYKH
BOMBI, Oepyres IpH NaBICHWM B OJHY CTAHIAPTHYK arMocdepy.

[Ia ompefielleHnsa BCeTO AMANa3oHa TeMIepaTyp HMCIONB3YeTCA Cle-
AYIOIMAN MHTePIOJSNNOHHEIA MeTOJI;:

,a) I/IHTepBaJI 0—630,5° C (roura sarteppeBamns CypPbMEL). - Temme-
parypa #° G (Int. 1948) ompemenserca COOTHOIIEHHEM

Ry =Ry (1At Bi2),

THe R;— SIERTPAYECKOe COUPOTHBIEGHWE IJATHHOBOH IPOBOJOKH, KOTO-
pas HCHOMB3yeTCA B KAUECTBE CTAHJAPTHOTO TEPMOMETPa COHPOTHBIGHHS
npu Temmeparype f. Bemmummnl Ry, A m B qO/KHE OIPeAeNATHCA U3 3HA-
gennit R; B TPOHHON TOYKe BOGEl, TOUKE KHIEHHS BONH H TOUKE KHIe-
HHUA CEPHL.

6) WNurepan —182,97° C (rouka wumeHmsa wuciaopoxpa) — 0°. Tem-
weparypa ¢ OUpPeeNsercs COOTHOIIEHHEM

Ry = Ry [1-- At -+ Bi2 - C (¢ —100) £3],

The Rg, A ¥ B UMeIOT TO Ke 3HAYeHHe, YTO U B MATEPBAJE «a», & MOCTOAHHAA
C onpepnensaerca U3 3HAYeHUs R; B TOUKe KHIEHAA KHCIODOJA.

B) HMurepsan 630,5°—1063° C (rouxa sarTBepmeBaHms 30JI0Ta).
TemnepaTypa ¢ OIpeeNsieTcss COOTHOIICHHEM

E=a-} bt ct?,
e £ — 9. . ¢. INIAaTAHO-IIATHHOPOAWEBOIl TepMouapsl, y KOTOPOil OnWH
KoHTAKT mojgmep:RuBaercs npu 0° C, a gpyroil — upu remneparype ¢. Kon-
CTaHTH a, b U ¢ ompegensioTcs w3 sHadenmit £ mpm 630,5° C,5 B Touke
3aTBepieBaHMAa cepedpa M TOYKe 3ATBEPAEBAHHA 30JI0TA.

r) Brime 1063° C (Touxa 3atTBepmeBaHus 30701a). Temmeparypa ¢ ompe-
NeJIAeTCs COOTHOMICHHEM

Ji _ exp[Co/A (tautTo)]—1
Tau~ exp(CoA (T —1

1) B oredeCTBeHHOK JHTepaType MHOTAA HOJIB3YOTCA 0G0O3HAYCHHAAMHA

°C (MITII 1948) m 7T °K (MIITIN 1948).— Hpux. nepes.
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rae J; B J Ay— CHeKTpaIbHAsl AETeHCHBHOCTD M3JIyYeHAs HA JJIAHE BOJHE
A 9epHOTO Tesa, HMEIONEr0 COOTBETCTBOHHO TeMHeparypy ¢ I tay (TOUKa
saTBepaeBaHUs 30i0Ta), Ty = 273,16, C3 = 0,01438 x .2pad, a mamBA BOM-
HH A BHIPDa;KeHAa B MeTpax.

JleranpHOE OMMCAEME FPYTEX SKCHEPEMOHTAIBHHX YCIOBAH HPHBO-
guTed B KEmre [1].

B KxavecTBe BCIOMOTATEIBHHX CTAHHAPTOB B fo0aBleEde K INECTH
BHINICHA3BAHHEIM TOTKAM DPeKOMEHAYETCS €mle OKOJO ABaAmaTH (PHKCHPO-
BaHHBIX TOYEK: TOYKA 3aTBepAeBaHms yriaexmciaoro rasa (—78,5° C),
TOYRA saTBepp;eBaHHﬂ pryra (—38,87° C), Touka miIaBlieEma Bonb(bpaMa
(3380° C) m 1. 1.— BCe IPH AABJIEHAH B OOHY arMocdepy.

Hpske TOYRM KUIEHHA KHCIOPOLA Y HAC emie HeT Me:KIYHADPOXHOTO
cragfapra. OfHAKO HKCIEPHMEHTATOPH, pafoTalmume NpA OYEHb HH3KHEX
TeMOepaTypax, MOJIL3YIOTCA TEMOEPATYPHOH IOKAJOH, OCHOBAHHON HA
ypasHenuu jgapienud napos He? mw Hes.

OmnpefelleAne NPAKTHYECKOIl IMKAJH OHIO TPOJENaHO OYeHb TINa-
TEIHHO, MOITOMY OHA ¢ OYEHB BHICOKOH CTENEHBI0 TOUYHOCTH [aeT IMpUGIH-
;eEne K aGCONIOTHOH TeMmeparypHO# mrkane 1954 r. OgHAKO B IpAHIMIE
B JI0G0¥ TOUKE 9TH ITKAIL MOT'YT OTIMIATREA LPYT OT Kpyra. lipoBenenHOS
B CITA nx cpaBHeHHe HalX0 AJS TOUKA Kunedus Bomu 99,994° C (Tepmo-
ARHAMITECKA MIKAJA 1954 r.), B TO BpeMsT Kax B Memnyﬁapopgﬁon IpaKTA-
dJeckofi mKale oHAa paBHa 100° C C (Int. 1948).

§ 6. Hepasencreo Kiaysmyca [y mpousBOIBHOTO IHKIA

Ecam cucrema coBepmaeT OUKJIMYECKHMH HIpPOHecc, HIpA KOTOPOM
OHA HAXOAWUTCHA B KOHTAKTE ¢ TEPMOCTATOM M IOTJOINaer Temiory Q;

(i =1,2, ..., n)usTemroBoro pesepsyapa R; ¢ remmeparypoii T\",
TO CHpaBeqINBO HEPABEHCTRBO

2 T(e) < (2.9)

CyMMHUpPOBaHHE MOKHO 3aMEHHTh HHTETPHPOBAHMEM, €CIH H3MEHEeHNE
COCTOSHMA IPOMCXOAMT HempepeiBHO. Torma (2.9) upwammaer eup

=9 <o. (2.10)

HorasartensbcTBso. BeegeM BcmoMoraTeapbHHe HCTOUYHHKHA
remaa Ry (¢ Temmeparypoii T,) m muraum Kapmo C,, C,, ..., C,.
IMzra C; peiictByer Meskny Ry, W i-M TeIIOBHEIM pesepByapoM R;.
IIyers Qi — Temmora, moriomerHas mukiaoM C; or By, a Ai — pabo-
Ta, coBepImaeMas OKpy:;Kalomell cpemoill, Korma mmra C; pmeiicTByer
TaKEM 06pasoM, UTo mepefaeT pesepByapy R; temnory Q;. G noMompbio
(2.5) momygaem

Q==Y T(e) nAi=Qi—Qi=0i(1——5).

T(e)

68 wveo
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Ilycre Temeph MCXOAHHIN MUKJI H BCOHOMOTATeNbHEE DUKAH Cy, . . .
. . ., C, neficTeyior BMecre, TOT/ia pesepByapH Ry, . . ., R, me 6yayr
HH [OJy9aTh, HE OTHABATH TEHJO, MO3TOMY OKOHYATEJLHEIM DPE3YIh-
ratoM Oymer morixomenme Temma (Q; + ... -4 Q) m3 Temaomoro
pesepeyapa R, m coBepmeHHe paGoTH :

HAJl TEPMOCTATOM.
Cornaceo mprenuny Tomcona, sra BeIwunmHA MoJKHA GHITH paBHA

HYJI0 UIH orpunarenbia. Taxmm obpasom, HepaBeHctBo (2.9) moxa-
zano. PaBeHcTBO §y[eT EMeTh MECTO TOMBKO A O6PaTHMOTO IHMKIA,
TAK KaK TOTAA OPOIece MOMKeT COBePIIATLCA B 00paTHOM HANPABICHAH.

§ 7. 9urpomusa

Onpedenernue. Tlycrb HEKOTOPOE TEPMHUOCKYM DABHOBECHOE COCTOS-
Hume o, BEGpaHO B KadecTBe MCXOJHOTO COCTOSHUSA PacCMaTPHBaeMOif
cuereMil. JETpoINS S (&) CHCTeMBI B {PYTIOM PABHOBECHOM COCTOAHIN o
OIpeeNAeTCs COOTHOMEHNEeM

S(O&):S‘?—Q, (2.11)

rje mATeIPHPOBaHNe HPOBOJHUTCSA BROMB JI0G0T0 KBA3HCTATHIECKOTO
nporecea, CBA3HBA0IETO COCTOAHAA & ¥ g, 4’ — KOJIWIECTRO TelIa,
DOTJIOIMEeHHoe CucTeMoil mpw TemmepaType I 3a GeCKOHOTHO Malyio
gacTh Beero uponecca. B guddepennuansuoit Gopme TO ompemeNeHne

OpHHAMAaET BUJ

dl
as =22 . (2.12)

CorsacHo mepBoMy 8aKoHY TepmopmuaMuxu (1.5), 3ro ompepemenme
MOJKHO Uepemmcarb B clexqyiomeit gopwme:

ds :%(dU—d’A—d’Z). (2.13)

Ecam BocmosbsoBarbesa coorHOmrenmamn (1.7a) m (1.76), To (2.13)
nepexonut B coorHomernwe I'mG6ca

AU =T dS — pdV + 2\ X; dz; -+ 2} py dN . (2.14)
;' ) t J

910 PyHIAMEHTATLHO® ypaBHeHme O0BeIMHAET TIIEPBEIX M BTOpOM
3aKOHH TepMOfmHAMERE. YpaBHeEme (2.14) mmeer Bupy udaddoroir

GopMEBL
dU = D y: Yy (2.15)
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(tme y1o =T, ys= —ps Yya=Xy, . . , Y3 =8, Y=V, Y3=

= 2y, - ..). JAA 3aMKHYTORX CHCTEMH, ¥ KOTOPOH NPOMCXOJAT TO/b-
KO m3MeHeHme o0beMma, ypaBHeHue (2.14) mepexomur B
dU = TdS — pdV. (2.16)

Sumponus. Qynkyus cocmosnus. llyers L w L' npemcraBiagor
€000l MBAa KBA3WCTATHYECKUX IPOMECCA, CBAZHBAOMNX COCTOSHHA
co u o. llpumensin ® oGparmmomy mmxuay o, (L) o (L') ey coorHO-
werug (2.10), nmoayuaem
A 4 ao ‘ !
[ g
T T

ao(L) a(L")

Kax wmsBecTHO, 9T0 03HAYAET, UTO HHTETPAJ

o a
aQ a'Q
T T

ao(L) ao(L")

onpefeNsaeTca COCTOAHHUSME Q, i ¢ W He 3aBucut or L u L'. Caego-
' BATEJIHHO, ©CHIM COCTOAHWE oty (UKCHPOBAHO, TO STOT MHTEIpal, WK
S (&), sBAsgeTcd QYHRIMUEHR COCTOAHUS, OLpPeIeIAeMOd OTHO3HATHO
BJAS BalAaHHOTO COCTOSHUA CL.

3ameganune. Kar yrasmBamoce B ra. 1, §6, d'Q, dA adZ
He ABJIAITCS MOJHEME AuddepeHiuaraMy, a 3aBHCAT OT Ipolecca,
CBASHBAIOINETO fBA COCTOAHWA. B orawmaume or Hux Beauwumua d'Q/T
SIBJSIETCA MOMHBIM A(PePeHIUaIoM A KBASHCTATHTIECKOTO MPOTECcCa
u paBHa GECKOHEYHO MaJOMy W3MeHeHMI0 (QYHKIum cocroamma S.
Hpyrevu caopamum, I'~! ABAAETCA UMMezpUDYIOWUM MHONCUMEAEM
aas d'Q.

Ha ¢ur. 23 msoGpaskeHa sHTpoOUMs Tazoo0pasHOro BOLOpOLa KAk
QYHROUA TeMOeparyps U JAaBieHHs, a Ha ¢ur. 24 — sHTAIBOUA
raszooGpasHoOro BOA0POAa Kak QyHKIUA AaBieHus u surpormu. Orme-
THM, 9TO BO BTOPOM M3 BTHX CIydJaeB 3HTPONHS OOHYHO paccMaTpH-
BaeTCs HaK HezaBucHMasd nepeMeHHas (cM. ria. 3, § 1).

§ 8. AmguTHRHOCTH SHTPOHHHA

Iloutu ovesmpumo, 9TO BHTPOHUA NpPERCTABIACT COGOM IHCTCHCHB-
HyI0 Beawuupy. [lus OMHOPOJHON TePMHYECKH PABHOBECHON CHCTEME
9HTPOIMA NPONOPHEOHANGHEA Macce HJN 00beMy, TaKk KaK IPH Hepe-
X0fe CHCTEMH W3 HMCXOMHOTO B PAacCMATPHBAEMOS TePMOIAHAMHYIEC-
KOe COCTOSHHe KOJMYecTBO TEIJIAa, IIOTJIOomaeMoe Ha KayKROHE CTafHm
mpomecca, OPOMOPIUOHAIBEO Macce.
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TepMopmEAMATECKOE COCTOAHAE B 00IMEM CMEICIIe ABIAESTCH JIOKAIb-
HO paBHOBECHHM cocroanmeM. IlycTh cmcTeMa COCTOMT M3 TePMHYECKH
PaBHOBECHHX moOAcHcTeM. B aToM caydae ecTecTBeHHO 0606mmTh
BBeIeHHOE BHINE OupefiejicHAe SHTPOUME M CYATATH, YTO SHTPOIUA
CHCTEMHB! pPaBHA CyMMe SHTPONHUA MOACHCTEM. JTO 3HAYMT, 4TO HOJHAA
SHTPOIHA HMeeT BUJ
S=84 (@) +Sg(P)+ ..., (2.17)
rpe dactu cucreMul 4, B, ... HaXOAATCA B COCTOAHEAX &, P, ...
¢ SHTPONMAMH, PaBHHMU cooTBercTBeHHO S, (@), Sz (B)y - . - .
Bripasxename (2.17) m sBasercsas oGo0menneM UOHATHA JHTPOIMH
Ha ciaydail ofmero TepMOAMHAMHYECKOrO COCTOSHMA.

§ 9. O6ugan ¢opmyampoBKa BTOPOro 3aKOHA TEPMOJMHAMHKH

Jna mpoumecca mepexopma paccMATPUBAEMOR CHCTEMB! H3 TEPMORH-
HaMPYeCKOTO COCTOAHMA o’ B JAPYrLoe COCTOSIHWE o COpaBeIIABH
CeNYIOMue COOTHOMICHMUS:

BTOpOfI 3aKOH TepMOIXWHAMHKHA
a” d'o
Jar <AS, rne AS =8 (")~ S (2'); (2.18)
a’(L)
MEePBH 3aK0H TEPMOTUHAMUKHA
-~
NAQ=AU—A—Z, tne AU=U(")—U (a"). (2.19)

a’(L)

Bmech d'Q — GecKOHEUHO Majioe KOJHIeCTBO TOIJIa, NOJTYYeHHOe Pas-
JUYHKME YACTAMU CHCTEME! OT TepMocTtata (¢ Temmeparypoit 7(9),
2 o3HAa4aer CyMMUPOBaHHE OO PA3JWIHHIM YaCTAM CHCTEMbI, & MHTET-
PupOBaHMe OPOBOAHTCH BROJBL TpaeKTopuu mponecca L. PamemcTBO
HMeeT MEeCTO TOJABKO B TOM c¢Jydae, Korfa mpomecc L oGpaTmmeri.
Jns medwANTesNMANBHOTO nOponecca cooTHomeHwme (2.18) npumam-
MaeTr BHJ

40 ds. (2.20)

T
Ecan temmepaTypa cmCTEeMH OJHOPORHA, TO MOJKHO CYHTATH, 4TO TEp-
MOCTaT MMeeT TeMUOepaTypy, 09eHb OJIM3KYI0 K TeMoepaType CHCTEMEL.

Torga temueparypy T'(® Mo;xHO 3aMeHHTH TeMmeparypoil I' cmcTeMsl,
mocyie gero coornomenwme (2.20) mepexomur B

d'Q < TdS, 2.21)

peun .
AU — TdS L d'A + d'Z. . . (2.21a)
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HorkasaTeasbcTso. PaccMOTpEM KBasmcTaTHUeCKHE TIPO-
necc R mepexopa m3 cocTofgHAA o' B o.” M HPUMEHEM HepaBeHCcTBO (2.9)
k muxkay o'(L) a”"(R) o’ (¢pmr. 25). Torma

o o @
T +

a’(L) a”(R)

dl
E <0,

OTKY A

d ” '
| 22 <s@)—5@).
a’(L) :

Coorromenne (2.20) aBaserca puddepermmadbEOil opMoii COOTHO-
meHust (2.18). FKenm Temmeparypa CHCTeMH OFHODOKHA, TO TemIoo6-
MeH IPOMCXOAUT LPH TOW jKe TeMImepaType, IMO3TOMY ME MOKEM CuYHd-
Tath, aro T = T, r. e. mepeirrm ot (2.20) ® (2.21). HepasercTBO
(2.21a) moxydaerca ¢ MOMOINBIO IIEPBOTO 3aKOHA Tep- v
mopmaaMukd (1.5). YramemM, 9To B HepaBencTra (2.21) P
u (2.21a) BXomAT TOABKRO mEpeMeHHEE PaccMaTpPHBae-

MOH CHCTEeMEL.

§ 10. Hampasnenne peanbHbx HPONECCOB

IIpomece L nepexoma meswny cocToganamy o’ u o
JlaHHOW CHCTeMEI He MOKeT OHTh peaJH3OBAH, €CIH
mpu proM Oyser Hapymathcad Hepasemcrso (2.18). &
JTO 03HAYAET, YTO B TOM Clydae, KOTMa Ha cACTeMy
HAJIO}KeHH HEKOTODHE OrpaHHYeHMs, ee cocrogmme P mr. 25.
MOKeT MeHATbCA TOJBKO TAKAM 00pasom, 9To0H BLi-
mOJNHAIOCH HepaBeHCTBO (2.18) mpm ormx orpammuenuax. Ecam Hu
OIHO W3 BO3MOKHEX M3MeHeHHH He yIOBIeTBOPsAET HepaBercTBY (2.18),
70 HUKAKHWe W3MEHEHHs He MOTYT OCYMECTBUTbCA K CHCTeMa Ocra-
gerca B pasHosecuu. CienoparenbHO, HepaBeHcTBo (2.18) mpepmcras-
asAeT coboil yeiaoBMe BO3MOKHOCTH M3MEHOHES COCTOSAHHA HJIHM YCJIO-
BHE DaBHOBECHS IPH DasAAYHBIX OTPAHAYEHUIX. DTH YCIOBHA YKasa-
HBl B NpmBofmMO#l HMxe (CM. CIeIYIIMYI crp.) Tabaume, B KOTOPO
A — pabora, copepmaemast HaJ| CHACTEMOIi,

F=U-—TS (2.22)
— cBoboHAA 3HEprEA I‘enbmronbua,
G=F-4-pV=H-—-TS : (2.23)

— crofomEan sHEPrua I’n660a (TepMonMAAMAUECKEH HOTEHIWAI)
(cM. ti. 3).
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.

Hanpapiiegne

OrpaHnyeHu A ABMEHEHUSA Yenosue paBHOBECHA
a) Obman apmafaTWgecKas CHCTEMA:
Q=0 AS >0 S =max
a;) Mzonupopannas cmereMa:
Q@=0, 4=0, Z=0, AM=0* | (AS)y, v, >0 § =max
6) IlocroanHas SHTPOMHA:
AS=0 AU <CA+Z
0;) 3amuHyras cmcTeMa, paGora
HE TPOW3BOJHUTCH:
AS=AM=4=0 AU <0 U=min
B) 3aMKHyTaA CHCTeMa, TeMmeparypa
I0CTOAHHA:
AM=0, AT=0 AF LA

B;) 3aMKHyTas CHCTeMa, HM30Tep-
MWYECKUN IR
AM =0, AT=0 04

By) 3aMKHYyTas cUCcTeMa, TeMIepa-
Typa 1 00BeM IOCTOSHHH:
AM=AT=AV=0 AF L0 F=min

B3) 3aMKHyTasd cucTeMa, TeMmepa-
Typa W [aBieHHe IOCTOSHHLL
AM=AT=Ap=90 AG <0 G —=min

* VYenosnme AM = (0 osHagaeT, 4TO He NMPOMCXOOUT 06MEHA BEHECTBOM.

3ameuanme. B cryugae «a» yseBag "gactp coornOmenus (2.18)
ofpamaercsa B HYIb, CleJ0BATENIbHO, HepaBeHCTBO AS > ( aBagercs
YCIAOBHEM QONYCTAMOCTH H3MeHeHUsi. HOoHeTHO, €0 MOMKHO IPAMEHATH
¥ s 3AMKHYTON CHCTeMH (RPUHYUN 603DACMAHUL IHMponuu). ¥cio-
BHe BO3MOKHOCTH Ipomecca «6» ¢ HOCTOSHHOH »HTPONHEN OYeBHIHO
u3 coorHomeHus (2.21a). OrMermMm, OFHAKO, 9TO, IOBOPA O HMOCTOSH-
CTBe BHTPOIAM, Mbl HMeEM B BHAY TOJHKO DHTPONHI0 paccMaTpuBa-
eMo#i CHCTeMH, B TO BpeMA KaK B 00ImeM HeoGpaTuMoM MPOIecce MosKeT
TaK:Ke HMeThb MeCTO BOo3pacTaHWe SHTpomum TepMmocrarta. Ilpm msorep-
MHYeCKOM HpoIllecce «B» m3MeHeHHe HTpommu AS, TemioBoro pesep-
Byapa nmMeeT BHJ

(T(") =17). Tax xax DpPWHEIUWI BO3DACTAHWSA DHTPONHYU OMPEAENAET MOJ-
goe wmaMeHeHme BSHTpormHm AS;=AS--AS, cumecremMm m TemioBoro
pesepByapa, TO [OJKHO MMETHh MECTO COOTHONICHHE

AS;=AS—2L >0,
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IMocme mnopcramoskm @ = AU — 4 310 HepaBeHCTBO DEPeXOmHT B
, AU — TAS  A.
B cooTsercTBUm ¢ ompenenenneM cBOGOTHOH pHeprmm F 510 HepaBen-

CTBO ABJISETCH YCJIOBHEeM Jis Lporecca «B». llpm mocToammom maBie-
. A = — pAV, u 510 HEPaBEHCTBO MEPEXOLUT B YCIOBHE (B g).

§ 11. MakcumanpHAA W MUHUMaJabHAss padora

I punyun marcumasvroti pabomer. PaccMOTPAM BO3MOKHEIE IIPO-
HECCH, KOTOPHEE MOTYT MMETh MECTO B CHCTEME Tel, He HaXOomAIMuXCs
B TepMHYECKOM PAaBHOBeCHH APYr ¢ japyroM. Pafora, cosepmaemas
B KaROM-Tu6O0 W3 JTHX HPONECCOB HAX OKPY;RAOIMMedl cpemoi, Maxkcu-
MaJgbHA, ecaH TPOLece 00PaTHM.

Ilpeanomoskum, B YACTHOCTH, UTO TEPMOCTAT XapPaKTEPH3YeTCs
reMuepatTypoit 7°), napnernem p'®) m XHMHUECKUM IIOTEHNHAIOM j-TO

xommomenTta ui”. Ilycrs, fanee, cOCTOSHNME CHCTEMB MEHSOTCH, UMy
coorBercrByfor mpupamennus AS, AU, AV u AM;. Ilepeuii zarom
repmopuHaMuKu (1.5) mis sTOr0 CcayUaA TPUHUMAET BH[

Q=AU + p@©OAV — Y WOAM ; — W,
J

rie W — pgonmonmmmTenbHas paGoTa, coBepOIaeMas TepMOCTATOM Haj
cucremoit Kpome paGorst —pOAV, cpasaHHON ¢ waMeneHueM ofBeMa.
Nz eroporo saxoHa tepmopgmHamuike (2.18) Q < T®AS smreraror
CHeIYIOMAe TEeOPeMEL:

) Wi = AU —TOAS - pOAV — 3 p@OAN,; < W. (2.24)

Paccmorpum cayuait, rorga Wyyus > 0. Torma pabora W, roropyio
OOJIKeH COBEPIIUTH TEPMOCTAT IJA OCYIIECTBICHUWs ITOrO Hmepexola
B cucTeMe, Bcerma Oymer He MeHBINe MEHEMAIbHOH paGoThl Wiyy.
Pa6ora W pasaa Wyyuy ToNBKO B caydae o0paT@EMOTO H3MEHOHMU.

6) Wyare =— (AU —TOAS + p@OAV — D WOAN ) > — W, (2.25)

Pacemorpum cayuait, rorga Wyawe = 0. Torma pabora, woropyio
MOKHO IONY9IATEH OT CHCTEMB! DX TaKoM m3MeneEnn — W = | W | >
> 0, e 6ymer upeBHmarh MARCHMAJBHYI0 padory Wyaw.. Pabora
| W | Gymer paBHA Wyayee TONBKO i 00PATHMOIO IpoLEcca.

OTCTYIIJIEHHE 6

Arcuomamuueckoe nocmpoerue mepuodunanury. COBpeMeHHRM (QH3u-
KaM aKCHOMAaTHYECKOe IOCTPoeHme (M3WKU, BO3MOKHO, YK€ He KajKeTcs
CTONL CyHlecTBeHHHM. J[eficTBMTeNbHO, ceilyac (usuea B GOIbBIIEH CTe-
TEeHA HMeeT fello ¢ PusndecKuME GaKkTaMd, 9eM ¢ HOCTPOCHEAME GOpPMaih-
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HOM JOTHKH. B 70 jKe BpeMsa He ciaepyer 3a0HBaTh, YTO CHCTEMATHYECKAS
GopMyJIMPOBKA TEOPHH HHOTHA MOKeT OHTH OYeHhL IOJe3Ha, HO3BOJASN
ACHO NIOHATH, KakWe (AKTH ABIATCA HamGolee CYNMECTBEHHEIMEA H KAK0e
MECTO 33aHAMAIT JOTHYeCKHe BHIBOAB IIPH HOCTPOEHHH $H3MISCKOH Teo-
pan. B xomne XIX croxerns, Korga ¢usmKa craja NapUneid TOYHHX HAVK,
00 KpafiHeli Mepe HEKOTOPHE (DUBMKH UPHACDKABAJINCH B3TAAHZA, YTO
KOHEYHOH IeNbI0 TeOPeTHIeCKOd (PH3MKHE SBIAETCH CIPOrOe AKCHMOMATH-
4ecKOe MOCTpoeHne PU3MIecKuX TeopHii. Taxas TOYKA 3peHAA PasBEBAIACH
10 OYeHb CHJILHLIM BJIHAHWEM AaKCHOMATHYeCKOTO IOAXOMd, KOTOPOTro
NPHAePKABAIACE B TO BPeMs MOYTU BCe MATEMATHKY BO IJaBe ¢ BeJIHKHM
Hasagom TuanbeproM.

N3 Bcex (PU3MYECKAX TeOpHi TOPMOIUEAMAKA, LO-BALAMOMY, JydIIe
BCeX NOXXONAT Js HOLOOHOTO AKCHOMATHIECKOT0 HOCTPOCHHS, H/IEAIE-
HBEIM IPAMEDPOM KOTOPOTO ABIsIeTCSA eBRINNOBA TeoMeTprs. J|eficTBUTeNbHO,
nake B RIaccHueckoll uavKe TepMONUHAMHMKA 3aHEMaeT ocoboe MOJOMKe-
Hue, BEOEJIASACH CBOUM CTPOTO JOTHMYECKUM IOCTPOCHHEM, ONAPAIOMEMCS
HA HECKOJNBHKO (yHAAMEHTAJIbHEIX 3aKOHOB. JTH 3aKOHH ABIsAIOTCA abcTpax-
nuei HAIIEr0 ONIKITA M HNPHHAMAKOTCA 3a aKcHOMHEL. Ilo cBoeil mpocToit
CTPYKTYPE TepMOAWHAMHEKA HAOOMHHAET I'eOMEeTDHIO.

Cperr MBOTOYACTAEHHBHIX NONBITOK AKCAOMATHYECKOTO MOCTPOEHHS
TepMORHEAMAKE Hambolee W3BecTHOH M mamGojee YCHEITHOH, NO-BHIH-
MoMmy, saBiaserca Teopusa Kapareomopn: [2]. OH saMeHmNT TpagmmuoHAOE BH-
paskeHHe [JIA BTOPOT0 3aKOHA OYeHb IPOCTEIM YTBEP:KIEHWEeM, KOTOpoe
npUBOAEIOCH B § 3. JTO YTBED:KIEHWe OCHOBHIBAETCA Ha CJemyomed
MareMarmdeckoit Teopeme: ndaddona dopma

dQ=Xdr{Ydy+Zdz

HMeeT WETETPHPYIOMHA MHOMKHTeIbh B TOM HE TOJBKO B TOM caydae,
Korga B in060d OKpPeCTHOCTH ToYxM P cymecrsyeT Xors 65l OgHA TOIKA
P’, Kotopaa He MOKeT OHITH JOCTHTHYTa M3 TOYKA P BAOIAb KaKoH-1uGo
KpHUBOH, Jeamieli Ha IOBEePXHOCTH, oOIpeneideMoit yciaosmem d'Q = 0.
Kprrageckuit o6zop Teopum Kapareogopm, HANWCAEHEA HOCTYNHO NIA
CTYIeHTOB-QH3MKOB, COLEPIKATCA B cTapoit cratse Bopra [3] (cm.Takme[4]).

NPHAMEPDI

1. BuBecrn npurnmn Kiuaysmyca ms mpwanumna TomcoHa, a Tak-
e upumanyn Tomcoma w3 upmEnuuoa Kaaysmyea.

PEUIEHUE :
Y1068 - HOKa3aTh, Y70 UpHHIEOD Kiaysmyca MOKHO BEBECTH M3
npuanuna ToMcoHa, MOCTATOYHO MOKa3aTh, 9T0 eciu npueman Hiay-
sdyca Hapymiaercs, To OpHATNHO ToMcoHa Tax:xe Hapymaercs. IIpun-
man Kaaysuyca Gymer HapymeH, eClIu 0T HU3KOTEeMIEPaTYPHOTO TeIi-
10BOrO pesepByapa Ry Oyaer BsaTo Koamdectso Temia @y (@ > 0)
u mepegaHo Gojee ropAYeMy TENJOBOMY pesepByapy R, 06es Karmx-
aubo Apyruax maMeneHmil cmeremsl. IIpeamosnoskmM, 9To Takoi mponmece
BosMoxeH. O6npepmauM ero ¢ muriaom Hapuo C, faeficTByiomuM Me:x-
Ay OBYMA TeIJIoBEIME pesepByapam:m R, m R,. Or pesepsyapa R,
Gepercss Temiao @y + (p (Beamumia (0, Ta)’Ke HOJOKATENLHA), a pe-
sepsyapy R; mepemaerca rtemio (J;, OpE 3TOM IPOM3BoxmTCsA paborta,
skeuBalieETHaA Q, (pur. 26, a). Torma cymMMapHHM PesyIbTaTOM Heii-



I pumeps N

cTBHA J[BYX NpomeccoB Oyjer HoiHOe upeobpasosanme B pabory
KonuuecTBa Temina (),, BSATOTO OT pesepByapa R, 910 ABaserca
HApyImIeHAeM IpHEHIANA 10MCOHA.

JowkaxeM Temepsp, 94To B ciydae HapylIeHHMd NpHENHNA TOMCOHa
ppranuEn Kaaysmyca rarxme Hapymaercsa. 11pu Hapymenun npuHOmIa
ToMcoHa BO3MOKHO, KAK YKa3HBAJIOCH BHINE, HOIYIATH HOJOKHATE]b-
goe KoumuecTso Temia (O, (Q; > 0) or TemnoBoro pesepsyapa R,
A TOJHOCTBIO MPeoGpasoBaTh 510 Temio B pabory (6es mpyrux mameHe-
Hoii cucremer). O6beguEEM STOT Hpomece ¢ nmkiaoM HapHo, mpwm
KOTOPOM OT XOJOHHOTo pesepByapa R, Oepercsai KoJmIecTBO TeIja

\%*Qz 02/ \01"02

SO O

A 14
g

a

@ nr. 26.

@y >0) =m pesepyapy R, nmepemaerca remio Qy -+ Q, (pur. 26, 6).
Ilpm sTEX ABYX mpomeccax He OPOMCXONWT HUKAKHX APYTHX H3MEHE-
HUil, KpoMe Tepefagn Temia (; OT XOJOMHOTO pedepByapa R, K rops-
weMy pesepByapy R, 9ro mpormBopeumt mpmAmumny Huaaysmyca.

2. IloxasaTs, 4TO BHYTpeHHSS DHEPTHs BeIIECTBa ¢ YpPABHEHHWEM
cocrogHAA B dopme p = f (V) T He saBucur oT ofbeMa. 31eCh p —
naBinesme, T — abcomorAas temumeparypa, f (V) — QyHROEA TOJIB-
ko or V.

PENIEHNE

B coorsercremz ¢ (2.16) pEyrpesHaAs sHeprEs U m sETpommA S
YIOBIETBOPAIT COOTHOIIEHUAM

1

ds =—]—,—(dU—i—pdV), (1)
(o )e=7 (7)ot F: @
(%)v:—;‘_(%)v‘ 3)

&

W3 ypasmenma 0%S/0T0V =092S/0V AT (ycnome Ttoro, uro dS
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ABIAETCA TOMHKM AnddepeRumanoM) mMeeM

() L (2) =L (2
aT \'T oV T \'T ) v \'T oT ]

Tar rarx 02U/0T oV = 02U/dV 8T, to

(7)o =757 (s g

oU . ap =

(). =7 (57 ),—» )

Mopcrasam p==f(V)T; Torza mpaBag wgacrb coOTHOHEHUsT (4) oGpa-
MaeTcsA B HYJb, CIENOBATENBHO,

(%%)TZO’

nim

1. e. U me sasucur ot V.

3. BuyrpemHsaa sHepTHEA ¥ egHHUNH 00beMa rasa ABIAETCA PYHK-
mueit Toabko of I, a ypaBHeHNE COCTOSHUSA Ta3a HMEeT BHI p =
= u (I)/3. Onpepemnry ¢yarumonansHEyl (gopmy u (7).

PEMIEHUE

Pacemorpum ras, umerouimii TeMmueparypy I W 3aKJIIOYEHHBIR
B o0wseme V. Bryrpemsiono smeprmio U MomHO 3ammcath B (opme

U = Vu (7). ()

Iogcrasass B coorHomenue (5) mpuMepa 2 coormomenue (1) m ypas-
geHne cocronuus p = u (I')/3, momyuaem

du(T)
dar

du (T)
darT

u(l)=—4T —gu(l), T —lu(T)=0. (2
Nnrerpupys, maxogmm

Inu(T) — 4ln T = const, u (T') = const- T,
T. €. BHYTPeHHAA SHEPIHA U UPONOPIHOHAIBHA YeTBEPTOH CTemeH:
tremoeparypsl. (Takum razoM sABIseTcs moNe TEINIOBOTO H3IYYCHHS,
T. €. a3 KBAHTOB CcBeTa — (JOTOHOB.)

4, Ilycrs nurn HapHo geficTByeT Me;RAy TeNAOBHMHE pesepByapa-
Mu ¢ temoeparypamu Iy m Ty = Ty — d7, a pabounm BemecTBOM
cay:xuT ras. Mcnonssysd sTOT MUK, JOKa3aTh clefyollee ypapHeHMe:

() =7 5+ 7]

riie p — naBaenne, V — o6bem um U — BHYTpEHHAS SHEPTHA.
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PEIIEHHNE

Hycrs V; — obbem rasa 8 cocroanum i (i = 1, 2, 3, 4), Oy u Qy—
KOJNYeCTBO TeNJa, MOIJOMEHHOTO IIPM H30TepMH‘IeGHHX nponeccax
1+>2m13>4 (qmr 27). s nepsoro sarona TepmonuHammkn (2.19)
cregyer

= [(5),+p] v, )

L——am »L,?N,

3
00— [ pav -+ pdV+j pdwjpdv )

Tar wax 1muERI P{apHO HPEeJIIONATAeTCs, MICATBHBIM, CIPABEIHBO
coorgomerne (2.6) ’

P
] 2
__(71+__02 0. (3)

ITockoabRy pasHOCTH TeMIEpPaTYyp
d7 = Ty — T, GecromedHo Maja,
Mpl MOMKeM cguTarh Ve =~ Vsm g 2
V, ~V,; m o16pocurs B yparHe-
aum (2) BrOpoE ®w geTBepTHIl P
qjaenH. Hpome TOro, pasHOCTH
JABICHUII p B COOTBETCTBYIOIIHX
rogKax (T. €. TOUKAX, OTBeda-
OMAX OJHHAKOBHIM 3HAYCHAAM
o6bema) msorepMm 1 — 2 m 34 v
6eCKROHEUHO Majia W ee MOKHO dur 27.

NONORATL PaBHOH (9p/0T)y X

X (Ty—T4)= —(8p/dT)ydT. Ilpu sroM cooTHOIeHNE (2) IPUHEMAET
BAL

2 4

Q,+Qy= S pdV+SpdV: § pdV — E pdV =dT § (—;—) dv.
1 3 1 4 1
(4)

Teneps coornoureHwe (3) MOKEO HEpeIMCaTh B BUMIE
Q4 Q2 1% _ar 4
—17+T_z—7'é_(01+02) T3 Q:=0, . (9)

HIHA

O+ O="7-0: (6)
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N3 coornomenmit (4), (6) m (1) Haxommm
2

i(”g%) = [ [(7)e 2] Q

Tax Kak cocrogameM 2 MOMKeT OHTH JI00ad TOYKA M30TEPMEI, IPOXO-
nameit gepes cocrosimme 4, us coorHomemus (7) ciaemyer

(7 ) =7 [(57)r+2]- @

5. Ilpomecxoaur audhdysmoaaoe CMemeHnme KealbHEX Ta30B ABYX
COPTOB, MEePBOHAYAJLHO HAXOMHBIIAXCA B [BYX COCYJAaX M HMEBIIMX
OJUMHAKOBHE fapjieHns u Temneparypsl. lloxasars, 9TOo mpmE B3TOM
HSHTPONHSA BO3PACTAET HA BEIHIHHY

AS_——R(niln —l—nz n+n2), 1

Ifie Ny A Ny — YACIO MOJIEH KOMOOHEHTOB. IlpuEATH, 4T0 B mpomecce
mupdysul He IPONCXOAMAT H3MEHEHHWs [ABJIeHAA H TeMIepaTypH,
a HDapouajJbHOe MaBICHHE KaXKEOTo KOMIOHEHTA CMECH IPOIOPIHO-
HAJILHO MOJAPHOR KOHIEHTPANWH.

PEOIEHUE

Brauame rasu 1 m 2 3amumanm obveMul V, = nyRT/p u V, =
= n,RT/p m 6um pasmeaeHs meperopopkamu. llocie yerpamemms

r. 28.

meperopoijKu OHM HepeMemmBaTCH 3a cdeT Auddysmm. Bmecro roro
97008 00Cy:KmaTsr AEGYSMOHHHE Npomecc, CHAYANA PACCMOTPHM
npomnecc, KOTODHH ob6pamumwm o00pasoM paspieifder CMeCh Tra3oB
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B cocrogEmy (V =V, 4+ V,, T, p) Ha umcrhie rassi, HAXOHAINWECH
B cocroanuax (V, T, p))u(V, T, p,). Takoi nponecc Momer GHTH pea-
JU30BAH ¢ IOMONBI0 YCTPoiicTBA, H306paxennoro Ha ¢ur. 28. Honreii-
Hep ob6memMoM V cocToMT W3 HBYX KOHTEHHEPOR, IPHIEM IOJYIPO-
HUIaeMasg CTeHKAa B mpomyckaeT TOJBKO 9ACTHIE Tasa 2, B TO BpeMs
KaK HMOJyHpOHHWIaeMas cTeHKa A mpomyckaer TOJIBKO 9acTHOEH Tasa 1.
Hasierne, xotopoe oKasbiBaeT Ha NOJIYIPOHHIAEMYIO HEPEropPOAKY
HE DPONYCKaeMHH €10 ras, PaBHO €ro NAPHHAIBHOMY AABJICHHIO.
Otrcroma caegyer, 9T0 UpPH pPasfeleHAA ABYX KOHTeHHEPOB CTEHKH
KoHTeliHepa ¢ razoM | MCUHTHBAKT NAPIHAJLHOE JABIEHHWE Py, TAK
970 [OJHAA CcHMJa, AeHCTBYOINas HA KOHTeifHep, paBHA HYJIIO.
CaepoBaTenbHo, npu aguabaTmaecKoM mpomecce paGora He coBepmaer-
€, W BHYTPEHHAS DHEPTHA U TEMIEPATYPH OCTAIOTCS HEW3MEHHBIMH.
CooTBETCTBEHHO HE MPOUCXOMUT W M3MeHeHHS opHTponuu. Yrobh Bep-
HYTh T3k B HMCXOTHHE COCTOAHHS, PA3NeNeHHEE Tash H30TePMHTe-
CKE cRmMaroTeA or obwema V mo o6vemoB V, m V, cooTBETCTBEHHO.
Unrerpupysa soipamenme dS = d'Q/T = pdV/T = nRdV/V, nony-
waeM IpHUpAMeHne HSHTPONME IS KAKAOr0 KOMIOHEHTA

AS;=mRlnYt, AS=nyRln Y2, (2)

Taxkum oOpasom, cymma AS;---AS, mbpencrasmger colofl u3MeEeHWe
DHTPONHN NpH 0oGpaTHMOM pasjieJeHAN cMemaHHEX ras3oB. Ciefora-
TeAbHO, yBeJW4YeHme dHTpommE npu uddysmm momrHO OEITL PaBHO

AS = —(AS,+ASy) = —R (nlln +nyln =2 )

= —R (niln +n2 L) .

n —‘—nz

6. Iloxasarp, 4ro mug anuabaTHYecKOro mM3MeHeHms aGCcosloTHOR
rTemmeparypsl 7 MarHeTHKa, mogumHaomeroca sakony Kwopu M =CH/T
(M — mamaraugensocts, H — marautHOe none, C — KOHCTAaHTa), cupa-
BEJNIEBO COOTHOIIEHTE

CH
=——dH
ar CyT ?
rae Cy — TemiI0eMKOCTh Ha elHHULY 0056Ma OPHA MOCTOSHHOM MarHUT-
HOM IIOJe.

‘PELIEHUE

-Ofo03HAUMM BHYTPEHHIOI 9HEPTUI0, DHTPONUIO W ' HAMATHHYEH-
HOCTH HA €JHHHIYy 00beMa COOTBETCTBEHHO 9epes u, s m M (naMenenme
o0'reMa He YYATHIBAEM). DHTPONHS § ABJAserca yEKmmei or I m H,



96 I'a. 2. Bmopoii sakon mepmoduramuru /

[O9TOMY HMeeT MEeCTO PaBeHCTBO

a p ‘
Tds=T(%)HdT+T(5%)TdH. (1)
Cornacao oupepenennio, Cx =T (0s/0T)y. Kpome toro, mmeer mecto
COOTHOITICHIE
ds oM
(37 )= (57 ) s 2)

RKOTOPOe JOKA3bIBAETCA CaeqyiommM obpasoM: m3 pasencTBa du — I ds-I-
-+ H dM sBuTeraer

ou ds oM
(7T_)H =T (W)H+H ( or )H’
u ds aM
vy () o g
(OH)T T(ﬁH)T‘H(ﬁfI)T' (3)
poguddepennupyem mepBoe M3 9THX COOTHOImeHmH mo H, a BTOpoe
no 7; mocie »5ToTo, NWPHPABHUBAS WX MOPaBble YaCTH, IUPUXOTAM

K cootHOmermIO (2). IlogcraBnsas (2) B (1), ¢ yaerom onpenesnennsd Cy
HAXOIAM

Tds—Crudl 4T (%)Hdﬂ.

Ilpn apmabatuweckux yciaopuax (ds =0) orciofa momyuaercs tpefyemoe
COOTHONIEHNE

CH om

dT:—T (aM o )

o (57 ) ¥ =
7. Jlorasats, 9T0 eciM He OPOUCXORHUT 00OMEH BEINECTBOM MEKIY
CUCTEMOY M TEepMOCTATOM, TO MmHEMaabEAA paGora dWy,y; paBHa:
a) mpupameEW0 cBofomEON sHepruum dF NpH NDOCTOAHHEIX TeM-
mepaType m obBeme;
6) OpHpAmeHWI0 TepMOJUHAMEYECKOro IoTeHmumama I'mbGca dG
NHpHM HOCTOSHHHX TeMIeparType W AABJICHNH.

PEUIEHUE

Ilpm w#m30TEepMHYECKOM TPOIECCe TeMIepaTypa CHCTeMEl paBHA
temunepatype T(¢) TepmocraTra, mostoMy (2.24) mpmHEMaeT BHL

AW = AU — TdS + p@dV = dF + p©dv. (1)

3mech MBI BOCIOJIb30BAIKUCH OIpefeneHdeM cBoboaHoi sHeprum (2.22).
Ipz umocrosimHOM o6Bbeme (dV = 0) coorHomenme (1) osmawaer, 4TO
AWyus = dF. Ecim gaBienwe cECTeMH IOCTOSHEO W PABHO BHEITHEMY
‘maBiIeHHI0 p®), To cooTHomreHme (1), COrIACHO OIpPEENCHUIO TEPMO-
auHaMmYeckoro moreHmmana I'm66ca (2.23), maer dWyyn = dG.
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BATAYN
[A]

1. C momomplo upmumuna Kiaysmyca [oKasaTh HepPaBEHCTBO
Kaaysmyca

T(e) (2'9)

Z

2. Ecnu cmcrema myTem o6paTmioro H30TePMIYCCKOT0 H3MEHEHH S
BO3BPAINAETCH B CBOE HCXOJHOE COCTOSHNME, TO ILOJHOE KOIUYeCTBO
NMOTJIOMEHHOT0 TeIJIa PABHO HYJI0 U COBePUIEHHAsA pafoTa Takske pas-
Ha Hyxo. JlokasaTh 3TO yTBED:K/AEHHE: a) C IOMOMbI0 HEPABEHCTBA
Huaysmyca m 6) Hemocpe[CTBEHHO ¢ IOMOINBI0 DpHEIHNA ToOMCOHA.

3. Jlorasath, 4T0 IepecedeHMe ABYX KBaBHCTATHYECKHX agmalar
HEBOBMO;KHO, TAK KaK 3TO IPWBOAHUT K HapymeHmio npummma Tom-
coHa.

4. Iloraszath, 970 K. . [l. TeNI0BOH MAINHHE 1] HE MOJKET IPEBHI-
math 1 — (Tyma/Tware)y, THRe Tyaxe — MAKCHMAJBHAA TEMIEPATyDPa
TEILIOBHX pe3epBYapoB, OT KOTOPHX TeHJI0BAas MaNIWHA [OJydaer
renso, a I'yyy — MARAMAJBHAA TeMIepaTypa TemIOBHX pe3epByapoR,
KOTOPHIM OHA TepefaeT TeIlo.

5. Hoxaszath OpUBOAHMEE HWIKE BEHIDUKEHHS IJA K. H. 4. CIeNY-
I0IMAX TPex MEKIOB (pabouuM BemEeCTBOM SBIseTCA MOCANBHHI ras):

a) mara Otro (¢ur. 29, a)

v—1
n=1— (V) ,
6) mura Dswoyas (dur. 29, 6)

AR et
K =1 ( P2 ) ?
B) nmen Husens (¢ur. 29, 6)
g AV V)T (V)Y
=T TRV = (ValV

IIpm srom cumrark, aro Cy, Cp B Cp/Cy =y — KOHCTAHTH.

6. Ilyers mua mewroroporo BeimecTBa agmabaTsl @, @' W H30TEPMBI
{, t' Ha p — V-guarpamme nepecekaiorcsa B rokax 4, B, C, D (¢ur. 30).
Hoxrasarp, 94r0 npm muraudeckoM mponecce ABCD ormomenme Koam-
9ecTBA TelJia, MOTJIOMAeMoro upu nponecce 4B, ¥ KolmdecTBy Temia,
orgaBaemoro mpu mpomecce CD, ompepensiercss SHadeHHAMH f{ u i
U He 3aBUCHT OT BHGopa ammabar.

7. BriBecTH BHIpasKeHHe A5 SHTPOIMH HAEANBHOrO Iasa AJAA CIY-
9asg, KOITA yMeJdbHAs TEILIOEMKOCTH IPH HOCTOAHHOM o0neme Cy =
= C% = const.
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8. UpeanpHuit ras agmabaTHueckm pacmumpsierca w3 o0bema V)
B BaKyyM. BuumciamTh Bo3pacTaHAe SHTDONIAH, €CIM B KOHETHOM
COCTOAHHMNA ras mMeeT o0meM V,, W moKasarh, 9T0 IPONECC pacIIApe-
HHA ABJIACTCH HeOOPATHMEIM.

P

~
~T Sy

® ur. 30. @ ur. 31.

9. PaccmoTpers BospacTaHHe SHTPONMY LPH HATPEBAHHE HAEAJh~
#oro rasa oT I’y ko T'5: a) Ipu MOCTOSHHOM [aBJICHAN U ) OPA TOCTOSH-
HoMm obseme (pur. 31). HoraszaTh, 4T0 B NEPBOM Cly9ae BOSPaCTAHHE
SHTPOLNH B Yy pas Golbilie, 9eM BO BTOPOM CiIydIae, Te y — OTHOMIE-
HUe TeIJI0eMKOCTe# TP MOCTOAHHOM JaBleHWH W NIOCTOSAHHEOM 00BeMe.

10. st HeKOTOPOTO Fasa BKCHEPHMEHTANBHO YCTAHOBIEHO, UTO
NpPOU3BeiCHUEe JABJIEHHS p H YHEeIbHOTO o0BeMa U B3aBHCAT TONBKO
0T TeMIEePATypPH ¥ UTO BHYTPEHHSsS HHEPIUs TAK/KE 3aBHCHT TOJBKO
OT TeMueparypsl. UrTo MOKHO CKasaTh OTHOCHTEJNHHO YPABHEHUS
COCTOAHMA TAKOTO Tasa ¢ TOYKH BPEHUS TePMOIHHAMHAKH?

11, [lna rasa sagann coorHomeHns: a) pV = f (6) m 6) (0U/9V)g =
= 0. llorasare, qro f (0) mmeer cMEICaA abCoNOTHON TeMmepaTypH.
3nech O — TeMmepaTypa B HEKOTOPOH IIPOHM3BOJIBHON TeMmepaTypHOR
mKage, p — faBiaeHme, V — o6seM m U — BHYTpDeHHsAS BHEPrH:.

12. BroiumcauTh NIOTHOCTH BHTPONUM S HOJAS WIIYUEHHS, HCHOADL-
3yA cieqyIOmue COOTHOIMEHNA MEKAY IJIOTHOCTHI0 SHEPTHA U, PajiHa-
HAOHHHIM JIaBiIeHHEM p U abCoNIOTHOH TemmepaTypoit T

p=%u, u=o0l* (o=const).

MN306pasuTs Tarme H30TEPMEL H ap;naﬁa'rm u paccmoTpers nEKa Hap-
HO JJIA TaKOTO fasa.

7*
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, 13. UssecTHO, UTO BHYTPEHHAA HHEPIHA HapaMarHeTHKa He 3aBH-

car or ero HaMarEmdeHHocTH M. IlokasaTs, 9To TeMmepartypa, ompe-
fgenseMas o6paTHOR BeJWIMHOW MATHUTHOH BOCHPHAMYHBOCTH 3TOTO
marepmana O = 1/y (y = M/H), npouopnmoHanbHA abCOMIOTHOR
TeMmepaType.

14. a) owasars, 4To OTHOIIEHHE aguabaTHICCKOW CIKMMAEMOCTH
K H30TEPMHIECKON CIRUMAEMOCTH PABHO OTHONMEHWIO TEMI0eMKOCTH
IOPH IOCTOSIHHOM 00BeMe K TeIJ0eMKOCTH OPH MOCTOSHHOM JaBJICHUM.
(Yrasarue. dra 3agava y:xe Opina paccMoTpena B ri. 1, mpmmep 7,
HO 371eCh MH HCIOJIb3yeM HOHATHe dHTporuE. [pyro#l momxop oM.
B TJ. 3, pemieHne 3ajadu 5.)

6) [oxasarp, uTo OTHONIEeHME afuabaTHIECcKoi#l MarHUTHOR BOC-
OpEUMINBOCTH K M30TePMHIECKON MATHMTHOH BOCIPUMMYBBOCTH PaB-
HO OTHODICHUIO TeIJIOEMKOCTH IIpH NOCTOSAHHON HAMATHHYCHHOCTH
K TeIJI0eMKOCTH HPH HOCTOSHHOM MATHWTHOM IOJe.

15. JloxasaTp ciaefymoommue COOTHOHIEHH:

D (57), =T (), —»
(Vrasarnue: dU — noansiit puddepennnar.)
0 (5),= =T (%), +V

(Yrasanue: dS u dH — nonmsie puddepernuars.)
16. Jlorasarh caemylomie COOTHOIIEHUA:

0s \ _ ‘v (_‘73_ 5
a)(aT)u“T ' aT)p“T ;

6 %u T 02s 2h % |
) 0T dv — = T ov ’ aTdp = ~ oTap’
0s __[{op ds _ ov
B) (%)T_ ( aT) ( 3;) = ( 5T )p (coormomenua Maxcsemia),

rme 4, h W § — COOTBeTCTBEHHO BSHEPIHs, SHTANBONSA ¥ IHTPOIHA
IMHALNE MAaCCH, a ¢, U Cp — YAeJIbHEE TeIIOeMKOCTH OPH IOCTOSH-
goM o0'beMe M HOCTOSTHAOM JABJICHHH,

17. Jloxasarhr ciemyiomue COOTHOIIGHH:

0 e—e=T (57), (). =5

e
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~ 18. BriumcanTh M3MeHEHHe SHTPOUHH, CBOGOMHON SHEPTrUuH @A Tep-
MOJUWHAMHAYeCKOT0 HoTeHIUaNa I'm6Gca mpu csxatnm 1 amoqsp Umealb-
moro rasza or 1 mo 100 amm mpm 20° C.
19. ITpu 25° C oGmem Boppl V onpepensiercsa BHpaskeHHEM

V = 18,066 — 0,000715 p + 0,000000046 p* cm®/moaw

nas gasieHn# p ot 0 mo 1000 amam, a

A
(%;—)p — 0,0045 - 0,0000014 p cxd/epad - moav.
Onpenenurs pabory, Heobxogumyto s c:xatua 1 moas Bope or 1 o
1000 amam upu 25° C u mHafiTm BospacraHNe ee BHYTpDeHHeld 9Heprud.

20. Tennora munasnenuss asga upm 1 amm u 0°C pasEa AH =
= 1436,3 kas/moab, a temmora mcuapenus npm 1 aemm w 100° C
AH = 97171 raa/mose. Cumrag, 9To CPENHAA TEIJI0EMKOCTH BOIHI
opu 1 amm mexpy 0 u 100° C pasra 18,046 kas/zpad- mosv, BHIHC-
JTHTH PA3HOCTH MeRAy oHTpommeir 1 moav apma upu 1 amam m 0° G
u sHTpommei 1 moaw mapa mpa 1 amam mw 100° C.

21. TenmoeMROCTHL HEKOTOPOro BemecTBa maccoii J/ B TBepiaoM
COCTOAEAN PABHA Cg, @ B RAAKOM cocTosgHuu ¢;. 1lpu nepexoyne u3 TBep-
ZOTO COCTOAHUWA B JKUAKOe, NpPOMCXofsmem npm Temmeparype Iy,
morjomaercs CEpHTas Temiota (Jy. Ilomaras, d9ro Bce ymeabEEHE
TEIIGeMKOCTH HE 3aBHCAT OT TEMIEPATYDH, BHIUCIATH HPHpameHHe
SHTPOUNM 3TOr0o BemectBa mpu temmeparype Ty (<< Ty) B mepeox-
JAKAEHHOM JKUKOM COCTOSHUHE 110 CPABHEHMIO C TBEPHEIM COCTOAHUEM
mpu Toii xe Temueparype. (Cumrarh, 9TO yAenbHAA TEMIOEMKOCTH
IepeoXJaKIeHHON JKMIKOCTH TaKiKe paBHA cj.)

22, Ilycrs gas HEKOTOPOTO TBEPHOTO TeJa dKCIePUMEHTaJbHO Hal-
HZeHo, ¥To Ipu TeMuneparype I B mHETepBaJe XaBIeHHH p, < P < Pg
NMeeT MeCTO ClefyIInas 3aBHCUMOCTH:

(%) =a+bptep?

6T p *

Hackonpko BozpacTeT HHTPOOAA UPH CKATHH TeJa OT NABIEHAA Dy
N0 pp UpH mocTogHHON Temueparype I?

23. Bmpasurs wrosddumument V (07/0V)g, oupemensommuii mame-
HeHWEe TeMIepaTypH NPHU KBA3UCTATHYECKOM afmabaTHIecKoM pacuim-
DPEeHEH Tasa, gepe3 BEJWIMHE, KOTOPHE MOTYT GHTEL HANNEHH H3 YPaB-
HEeHUs COCTOSHUA.

24. B axcmepmmente J[Isxoyis — TomcoHa ras, saxiI0YeHHHA
B TPYOKY ¢ apmabaTHYeCKHMHI CTeHKAM¥, IpOTeKaeT IPH CTAHOHAD-
HEIX YCIOBMAX Uepe3 MOPHCTYI0 TePeropofKY W3 06JACTH ¢ BHCOKAM
JaBJeHHeM B 00JaCTh HM3KOTO MAaBJIGHWs, IpPUYEM JaBIeHHA o 06e
CTOPOHBI IOPHCTOH NEpEeropofKE HOANEP/RABAKTCH HNOCTOTHHBIMA
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(¢ur. 32). B pesynbrate »TOTO TeMmepaTypH mo o6e CTOPOHH Hepero-
poaku pasanuHH. Jloxasarh, 9T0 B 3TOM DKCHEPHMEHTEe DHTAJBIHSA
0CTaeTcAa MOCTOAHHON, W BHpasuTh wepes C, u (0V/8T), Bemmammy
(0T/3p)y, oupemensiomyn H3MeHeHHWe TeMnepaTypH (KoddumuenT
Hxoyasa — Tomcona). Kpome Toro, qusa tex ciaydaes, Korja B JocTa-
TOYHO XOPOMEeM; NPUOIMKeHVH ypaBHEHWe COCTOABMS MOJKHO 3anud-
catb B Buge pV = RT - B(T)p, swpasurs kospdumment xoy-
nss — Tomcoma wepes B.

.'{T-n'
T d—
LT
o
.\'.;'J
D ur. 32,

25. Teit-Jlroccak mpomsBes N3MepeHHA HW3MEHEHHS TeMiepaTypH
rasa, WCIHTHBAIMEr0 CBOGOMHOE pACIIADeHZEE B BaKyyM. 3alAcaTh
ypaBHeHHe, onpefelawinee maMeHeHne TeMuepaTypsl dI mpw cBoGon-
HOM pacimmpeHEM Taza or obomema V mo V -+ dV.

26. MaranTHAA BOCOIPAMMYABOCTE HAPAMATHUTHOTO BeINecTsa Loj-
auAserca s3axoHy Hiopm y = C/T (C — xoHcTaHTa), a BHYTPEHHAA
sHeprusa oupefensercd Brpa;keHmeM U = aT* (¢ — mogomuTensHAs
KOHCTAHTA).

a) Haiita TemroTy HaMarHWYHBAHHUA, KOT/A mojge Bospacraer or 0
no H,, a TtemMmepaTypa coxpaHseT mOCTOAHHoe 3HadeHme T.

6) Hax meHsercs TeMmepaTypa IpH agua0aTHIeCKOM pasMATHH-
YMBAHUM, T. €. IPH afmabaTuIecKoM yMeHbinmeHwd noJjia ot Hy mo O?

27. B pesynprate uaMepeHHH YCTAHOBJEHO, YT0 B HEKOTOPOH
ofJacTH TeMIepaTyp HAMATCHHIeHHOCTH M mapaMarHUTHOTO TeJja
BaBECHT TOABRO oT otHomenns H/T, v.e. M = f (H/T). Jorasats,
9T0 BHYTPEHHAA DHEPrHS He 3aBUCHT oT M, ¥ HajtH QyHKRIHO-
HAIbAYI0 $opMy sHTIpommu S.

28. PaccMmoTpers Bce BO3MOKHEIE HPOMECCH, ¢ HOMOINBI0 KOTOPHIX
Tello ¢ TemJ0eMKOCThI0 C MOMKEeT OXJANHThCH LIYyTeM OTIAYH Tela
ot remueparypu Ty go remueparypst 'y (<<T,) TeIIoBOro pesepByapa.
Kaxr po6uthea T0r0, 9To6H -paboTa, coBepmaeMas OIPH 5TOM mporecce,
6nLma MakcumMaasEOE?, HakoBa sTa MakcumansHad Beananaa? s opo-
CTOTH cumTaTh C KOHCTAHTOM.

29, Ilpu 0° C remnora mnaBienus nbga paBHA 1436,3 kaa/moaw.
Xod0gANBHAK OMKEH MPOM3BECTH TOHHY JbJa IPW KOMHATHON TeM-
meparype (25° C). Kakoe MmEmMalbHOE KOJEYECTBO DIEKTPOSHEPTHH
(B kem-u) Heo6XODEMO HJIS 5TOroO? '
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(B]

30. Bmibectm npumrmun Kapateomopnm ms upmHmunDa ToMmcoHa.

31. Horasarp, 9To HpoONEcC mepeMemEMBAHUA [BYX PpasIMYHHIX
HAeANBHNX Ta30oB nyTeM pupdysam He Momer OHTL 0OPATHEMEIM,
TaK KaK 9TO HecoBMecTuMo ¢ npmaiunoM Tomcoma.

J2. HIBa mpeasbHHIX rasa, Mo 1 M0.4b KAMKIOTO,.C TEIIOEMKOCTAMEA
Cy u Cy Haxofarca B MIIAHEAPE, TAe OHM pasjgeieHE agnabaTadecKIM
OOSBIKHKEM mopmHaeM. J[0Ka3aTh, 4TO 5TA TepMHTECKE HeOJHODPORHAS
CHCTEMa HErOJIOHOMHA, T. €. Jjig mpmpamends d'( He cymecTByeT
HHTETPHPYIONET0 MHOMKHATENA.

33. llorasaTh, 94T0 /A BemecTBa, BHYTPEHHAA SHEPIHA KOTOPO-
To He 3aBHCHT OT 00beMa, COPABEHJIUBH CiefyIOMHe YTBEP:KICHHA:

a) Temmoemkocts npm mocToAnEOM o0neme Cy BaBHCHT TOIBKO
or T.

6) O6wem V zaBucuT ToabKO OoT orHOmenms p/T.

B) PaszHocTh TemioeMKoCTe! IpH MOCTOAHHOM [ABJICHAN B HOCTOAH-
HOM of'BeMe 3aBHCAT TOJLKO oT oTHomeHus p/T.

34. Horasars, 9ro y rasa BaH Hep DBaaabca TelIoeMKOCTh UpH
TOCTOSHHOM 00beMe 3aBHCHT TOJIBKO OT TeMIepaTyDH, ¥ HA@TH BEIpa-
JKeHAe s BHYTPeHHeH SHEPTHM ¥ 9HTDONUH.

35. Ilycrs ras nomumHseTCs ypaBHEHHIO COCTOSAHAA BaH lep Baas-
ca (p +a/VH(V —0b) = RT, a ero MonspHEAsA TeILIOEMKOCTh IpDH
HOCTOSTHHOM 00BeMe Cy TOCTOAHHA W He 3aBUCUT OT TeMIEPATYPHL.
IToxasarp, 9ro BHYTpeHHAA sHeprusa (Ha 1 moaw) Taroro rasa U om-
pefenfaeTcsa BHIPAKEHHEM

U:CVT———%—i—const

A 49TO OpH a;maﬁaﬂmecxom KBa3uCTaTUICCKOM N3MEHEHHNHW BRIHOIHAETCA
COOTHOIECHIE

T (V—b)""'=const, mm (p—{—Taz—) (V — )" = const,

rge y = (Cy + R)/Cy. Kpome Toro, HaiTE M3MeHEHHe TeMIepaTypH
9TOTO Tasa OpPY ero ¢BOOOZHOM DACIIHPEHWHA B BAKYYM.

36. Buiumcants roaddunment moyns — Tomcona (9T/0p)y mus
PaspekeHHOT0 rasa BaH jiep Baaansca ¢ TOYHOCTHIO [0 BTOPOIO IMOPAN-
Ka mo nb/V (L1) 1 na/VRT (£1). Kpome toro, ONpenelnTs TeMIe-
parypy T';, mpm kortopoit ros¢dumuert [Isoyaa — Tomcoma obpa-
maeTcsa B HYIb, U BHPASUTH €e Tepe3 KPUTHUECKYIO TeMIepaTypy
T. = 8a/27Rb.

37. Hu opwH wa peAnbHEX razoB Ha caMoM Jlejle He ABJIAETCA
mpeanbHEEM. Ilpnm Maneix 3HA9eHHAX p yPaBHEHHE COCTOAHHHA DEaJlb-
HOTO Tasa MOKHO BaIHCATh B BHJE

PV =A+Bp+Cp+ ... (1)
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U=a+pp+yv*+ ..., (2)

rme 4, B, C, ...ua, B, vy, ... — #3BecTHse QYHKI[HHX OT TeMmiepa-
Typsl. IlokasaTs, Kak ¢ MOMOIOBIO STOTO Ta3a MOMHO M3MepHTh abco-
JAIOTHYI0 TEMHOEpaTypy.

38. [lnsa sagagHoro BemecTBa KO3QQUIWEHT pACHIMPEHNS Q =
= V-1 (0V/30), mamepsercss ¢ mOMOMBI0 MPOMBBOJBHOM TeMIeparyp-
Hoit mrann 0. Wsmepserca Tarxe KoamdectBo Temia —d Q/dp = L,
(ckpriTaa TemioTa pacIIEPEHWS), IOTJIOMAEMOe IPH H30TEPMUIECKOM
pPACIIMpeHNH BemecTBA WPU W3MEHEHWW [AaBIeHHA p. PaccMoTpers
MEeTOJI, IO3BOJIANINKUIA CBA3ATH HMIMPATECKYI0 TeMuepartypy 6 ¢ abeo-
JIOTHO# TemuepaTypoil, # pPasofparh ero MPUHIANHAJIHHEE OCHOBH.

39. Ilorasarp, uro BHyTpeHHIW sHepruio U u sHTponmI S eim-
HHIHOro 0o0beMa IapaMArHUTHOTO BEIIECTBA, HOAINHAIMIETOCA 3aKO-
By Hiopu — Beiicea y = C/(T — O) (rme € u © — xoucraari, I —
abcouoTHAS TEMIepaTypa # 7 — BOCHPHUMIMBOCTH), MOKEO Hpef-

CTABHTH B BHJE
T

U= S CMdT—S—CM“—}—const,

T
daT M2
=\ Cyr —+ — = - const
S S M~ 50 - const,
rae Cy— TenmoeMKocTh NPH HOCTOAHHOW HaMarHmaeHHocTu M.

40. ITorasars caegymomiee COOTHOIICHEHE MEKIY 06BEeMHON MarHATO-
CTPHKIHE! M IPOM3BOMHON OT MATHHTHOTO MOMEHTA IO JIABJIEHHIO:

(37),.2= = (%)

OH Jp, T ap Jm, 1’

Hanee mokasaTh, uTO IpHM MIOTEPMUIECKOM YyBenwdenum moius or 0
no H mavenennme o6wsema (mpm |AV | < V) umeer Bun

3meck I — marEmTEEIE MoMmeHT Bcero ofpasma, B = — (1/V) x
X (0V/0p)g,r — maoTepMmuecKas c:xmmaeMocts, y = I/HV — wmso-
TepMUYeCKasA MATBEATHAS BOCHPHUMYIABOCTE. MarHATHOE moje M HaMar-
HOYeHHOCTH CUHTATh OFHOPOJNHHIME BO BceM oOBeMe obpasra.

41. Jlorasars, 9ro koamuecTBO Tenna 0'(Q, MONYIeHHOE CHUCTEMOH,
He OOMEHMBAIOWEHCA BEHECTBOM C OKPY:KAlOMel cpepoil, B caydae
H30TePMUIECKOTO IPOmecca OIPH HOCTOAHHOM 0GBeMe CBS3aHO ¢ MHHU-
ManbHOH pPaborol §Wyyy coorHOmEHWeM

o 7=l (572 ]
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a B Cllydae H30TepMHYECKOr0o nponecca IMIPH NOCTOAHHOM [JAaBICHUN —
COOTHOIEHUEM
0 40— [ (L)1
T2 T T »

(9T ypaBHeHHs HasWBawTCA ypaBHeHWsaME [u66ca — lenbMroabna
mnu ypapHeEmaME Hemnpsmaa. OHm BCmoassynoTes s oupe,u;eneﬂnﬂ
OWyus mo maMepsaemoit sesnnamae 6°Q.)

(B]

42, Har MOMKHO BHYHCIATH MOJAPHYI0 TEIJOEMKOCTL raza OpH
DOCTOSIHHOM [NaBJIGHUH B IpefeibHOM ciaydae p = (, Korga oH cra-
HOBHUTCA HWeaJbHHM rasoM, pacmojiaras peaJbHO M3MEDeHHHIMH 3Ha-
YeHUAMH TEIJIOBMKOCTH NpPH KOHEYHOM J{aBIeHHH p?

43. C woMompr ypaBHeHEHA  cocrossHEA [urepmum p =
= nRT (V — nb) ! exp (—na/RTV) onpepenurb 3aBACAMOCTb TeM-
meparypu mEBepcHmE aus addexrta sxoyna — TomcoHa or faBieHHA
u 1300pas3urs ee rpaduuecku. Mcamonrao-
BaTh BaKOH COOTBETCTBEHHEIX COCTOSHUI
H BHIPAa3WTh 3HAUYCHUA MNABICHHUSA, TEMIIe- 0, °C N
parypsl u o6BeMa depes KpPATHIECKUE
BeJ@9IUHH; ¢M. Ta. 1, samaua 12. IIposecrn

TaKoe jKe PAaCcCMOTPeHWMe HJA Tasa BAaH 0 0,257
B 25 0,220
mep Baamsca. 0 0 183
44, Yro6m moxyduTs aOGCONTHYIO 75 0.153
TEeMIOepaTypy, HYKHO KOpPOKarmGpoBaTh 100 0,129

SMOUPUIECKYI0 TeMmepaTypy 0, mamepeH-
HYI0 C IOMOIBI TasQBOLO . TEPMOMETDPA
(zpm mocrosnHOM AaBiaeHu:). J[IA 3TOr0 HEOOXOAUMO MpH (PHKCHPO-
BaHAOM [aBJICHAW ONIpPEHENHTb BaBHCHMOCTH OT O IJIOTHOCTH p,
termroeMirocTd u Koapmomenrta oyt — TomcoHa. BeiBecTH 0CHOB~
Hyl0 QOPMYyIy, HEOOXOMUMYIO IJIA TAKOW KAaIUGPOBEH.

45. 3mauennsa rosdpduumenra [xoyra — TomcoHa p faA Bosgyxa
¢ pasienueM 1 xe/cm?® mpmsemensr B taGaune. Ilmormocts BO3gyxa o
annporcuMupyercs GopMyoit

00012932  p
= 130,0036699 760

2-cm3

rjae p — JmaBIeHue B mm pm. cm. u 0 — remmeparypa B °C. B maTeD-
Baxe remmepatyp ot 0 go 100° C ymeapHAA TEMIOEMKOCTH IPH MOCTOAH
HOM J[aBJeHMM mouyrm He meHsercsa ® paBHa 0,240 kaa-27l-epad~?.

C moMompio STHX JAHEHX OIpefeadTh uncieHHoe sHadenme (0° C
B a0CcomOTHON TeMmepaTypHOI IIKale.
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PEHMEHNA

1. MoHO C¢uATaTh, UTO TEPMOCTAT COCTOMT M3 TEIJIOBHIX pesep-
ByapoB Ry, R,, ..., R, ¢ TeMoeparypamn, DABHHEIMA COOTBETCTBEH-
g0 TV, T, .. ., T, Paccmorpum n — 1 nmmaos Kapmo C,
Cy ..., Cpy, HOTOPHE MEACTBYIOT caegyomuM obGpasom (cM. § 6).
Hurn C, coBepmaercda Mexmy pesepByapamum R; m R, m moaydaer
KoJmTecTBO Temna (Q; ot pesepByapa R; m (; — or pesepByapa
Ry, murkn C, — memxpy pesepByapamu R, m R; m monygaer KoJddde-

<TBO Temyna (Q, or Ry, m Q) or Rj, ..., ouka C,_; — MeKAy pesep-
ByapamMu £,y n R, m moxydaer XoamdecTBo Temiaa .y orT R, 4
m Qn or R,.

Ilycrs paccmarpmBaemasn cucrema cosepmaer nuki C. Ecian Temeps
sce muraw C, C,, ..., C,_y OeAcTBylOT BMecre, TO KOJHAYECTBA
Temsa, TEPAEMOTO KasKIHIM pesepByapoM, OYIyT MMeTh BUI

Ry Q+0, Ryt @+ 0,405, - - -,y

Rpyi Qe+ Qn—-1-+ Qn—1» Ry: Qn+-Qh.

‘CuemoBaTenbHO, COTJIACHO HEPBOMY 3aKOHY TEPMOAZHAMEKH, IOJHYIHO
pabory, coBepmaeMyI0 HaJl PacCMATPHBAEMOH CHCTEMOH, MOMKHO 3aIIHCATDH
B BHJE

A= —[(Q+ Q)+ (Q+ 0+ )+ ... +(Qn+ Q). (1)
TlonGepem muxmet Kapao Cyy Cyy ..., Cn, TakmM obpasom, dro0H
2(n—1) Bemmanew Q;, ..., Qn—1; @5, . .., On YEOBIETROPAIRE CleLYIO-
IAM COOTHOIIEHHAM:

Q:+0;+ =0,
Qs+ 0;+0;=0, )

...... v e e s @ s

Qn-1+Qn-1+Qn-1=0,
A=0

{cnepoBarenbHo, Q)+ Q;+Qn-+0Qn=0). Hpome roro, gas mnuKIOB
Hapro mMe0T MecTO COOTHONIEHHS

Q3 Q3

7@ T 7o =0

e T

e (3)
Qny Qr

g, e

Ypasmerns (2) m.(3) oGpasyior cmeremy @8 2 (n — 1) ypaBHeRmii,
CJIefloBaTeNbHO, orpagm4eHHsa (2), HajJaraeMse Ha OHRIN HKapHO
Cy, ..., C,, Bcerma MOryT GHTH YHOBIETBOPSHE. YMHOMKAA KaKI0©
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ypaBrenne cucteMs (2), KpoMe mocaegnero, ra —1/T%7, ..., —1/T,
COOTBETCTBEHHO W CKJAANBBASA BCE IMOJYYCHHEIR ypaBHeHnﬁ A ypae-
HeRma (3), HaxogWM

A oy
(e>+ <e)_ <e)+ <e)+ -+ <e>° (4)

ITockonpry yciaoBms (2) BHIOJHAIOTCA, CYMMapHHI sdPexT Bcex
OHKJIOB BaKIOUaeTcA B TOTepe Temna pesepsyapamm R, mw R,. Ecam

Tﬁf)>T(f), To u3 npmAnmoa Haaysmyca cmemyer

On+0n>0, Q+01<0. ()

C apyroit cropousr, us ypasmenwii (2) mmeem

Qn"i"o"r'l: —(Qi+0’1)7

OTHYZA&
onTZe?n - 01;?))1 ’ 6
nin
;2(19) T TQ(e> < —( e + T(e) ) (6")
Torpga ms (4) m (6') caegyer
2 7o <0 (7)

9T0 HEPaBEHCTBO fBIAETCA CIE/CTBEGM HEPABEHCTB (D) H MePEeXORUT
B DaBeHCTBO B ciIydae o00paTEMOro Ipomecca.

2. a) llna msorepMmueckoro oGpaTHMOrO IPOIECCAa HEPABEHCTBO
Knaysuyca mepexojsT B paBEeHCTBO

%@d’Q:O,

rae d'Q — GeckomeuHo Maloe IpHEpaMieHWe KOIAYecTBa Temuia, I —
Temneparypa. CremoBaTelbHO, IOJNEQe KOJWYECTBO TeIJa, HOrJoliae-

Moe m3 Tepmocrarta Q = &d’Q, pasHO Hyao. Hpome Toro, coriacHo

nepeoMy 3aKoHy TepmommHamukm [em. (1.2)], U, — U; =Q + 4
(rme U, — U, — yBeimueHme BHyTpeHHe#l »Heprmm, A — pabora,
copepmaemas Tepmocrarom). Tax kax U, — U,; = 0, To coBepmaemasn
paGora A = — @ = ( Tawxe paBHA HYIIO.

6) IlpemnososxumM, 910 AJISA paccMaTpPHBAEeMOIo IIpoIecca IOJHEIH
npuToK Temia M3 TepMoCTaTa He PaBeH HYIO U IOJOKHTEJIEH, T. e.
Q > 0. Tar ®ark cmcTemMa BepHYJach B CBOe HCXOJHOE COCTOSHHE,
T0 W3 mepBOro 3aKoHA ciexyer, uro Q -+ A = 0, a paGora A, coBep-
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maemMas TepMocratoM, pasEa A = — @ << (. Iro ozHagaer, UTO
B pacCMaTpuBaeMoM 06paTMMOM LIPOIecce TemioTa fepercsa oT OFHOTO
TEMJI0BOT0 pe3epByapa M OpeBpamaerca B paboTy, IpHUIEM HHKAKHX
OPYTHX H3MEHEHW# cucTeMEl He npomcxoiur. Takwoil pesynabTar mpo-
THBopegut unpuEnuny TomcoHa, mostoMy HepaseHCTBO Q > O Hepo3-
moskmo. Taxnm ke o6pasoM, paccMarpuBas oOpaTHBIE Hmponecc, WOKHO
70KasaTh, uro HepasencTse () <C 0 TakKe IPOTHBOPEYUT HPHHENHIY
Tomcorma. CiemopaTenbHO, FOIIKHBI
P mMeTh MecTo paserctBa Q = 0,4 = 0.
3. llpenmonoskmM, 9ro Ha p — V-
guarpaMme faBe agmabGaTil @ m b mepe-
cerarorcs B toure C (¢pumr. 33). Pac-
CMOTPHM H30TEPMY, KOTOPAA mepeceraer
agmabaTsl ¢ um b B Toukax 4 m B coort-
peTcrBeHHO. (Tarag msoTepMa Bcerpga
cymectsyer, Hu00 HAKIOH W30T€PMSI
BCerga MeHbIIe HAKJIOHA aauabaTH;
eMm. ra. 1, upmmep 7.) Ilpomece
~ A — B—(C — A MoxHO cIHTATEH 00pa-
THMbBIM MHKJIOM, HUPH KOTOPOM CHCTEMa
@ mr. 33 noxy4aer Tenao () oT TepMOCTATa TOIb-
KO Ha M30TepPMHEYeCKOM yiactke A — B.
PaGora A, coeepmaemas cucTeMoH,
paBHa mromanu ¢urypesr ABC wu wonomurensHa. V3 mepsoro
3aKOHA TePMOAWHAMUKHE ciegyer, uro Q = A, m0aTOMY BelHdYMHA
() TariKe WOJOKHTENBHA. ITO O3HAYAET, 9TO TemJo, KoTopoe Gepercs
OT TeIJIOBOTO pesepeByapa, IOJHOCTBIO Ipeobpaszyerca B pabory.
Taroit pesynbraT mporrBopenT npmHuny Tomcona. CiaemoBarensHO,
aguabaThl He MOILYT IEPEeCeKAThCH.
4, CormacHo HepaBencTBy HKuaysmyca, umeenm

S a0 S d'02<0’

“Teer TE
@ )
nin
d'Qq d’'Qs
5 T < S T@ (1)
a

Ile HOIJIOMeHZEe TeIlla TEIIOBOM MAaIMMHOH NpPOMCXOAUT B IIPOLECCe
(a) (d'Q; > 0), a ormaga remaa — B mpornecce (b) (d'Qs > 0 — Koum-
4eCTBO Temia, OTRaBaeMoe pesepByapy). Eoau Tyaue — MAKCHMAIb-
Hoe sHaueHHe 71'(¢) B mpomecce (a), a Tyuyn — MAHUMAIBbHOE 3HAYCHHE
7@ B npouecce (b), 1o m3 coormomernmsa (1) caemyer

T B
01 < 02 , i _0_2 > MHUH .
Qi Tlvxaxc

=
Tmauc TMPIH
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(PaBeHCTBO HMeeT MeCTO TOJIBKO B TOM CiydYae, Korja MCHOOJIb3YIOTCSH
BCErO [Ba TENJOBEIX pe3epByapa, a mUKa obparmM. B caydae Tpex
u Gojiee pesepByapoB PaBEHCTBO HE MOKET HMeTh MeCTa Jake A
obpatamoro mukia.) Pabora W, coBepimaemas mam TepMocTaToM,
pasga W = Q; — Q,, oTEyAa K. H. I

w 02 TI
SRS R+ I Rt
g Qi Ql< TME\RC

5. a) Hax moxrasano B ra. 1, npumep 6, noxmas pabora, coBep-
naeMasi cmereMoil (rasoM), paBHA PasHOCTH DabOTH, CoBepilaeMoit
rasoM B mpoiecce ¢ — d, @ paGoTH, COBEPITAEMOA TEPMOCTATOM HAJ
rasom B mpomecce a — b, T.e. W= Cy (T, — Tg) — (T — T)l.
C nmpyroit cropoun, ras B mpomecce b - ¢ moaydaer remiory Q =
= Cy (T, — Ty). Hna agpabarmgeckoro mpomecca [em. ra. 1, mpu-
mep 6, coorHomenme (2a)] TV¥-! = const, orkyma T.Vy-! = T,Vy1
u IWVyt = T,Vy'. K. 1. 5. upm 5ToM IPUHMMAET BHJ

:_Z__ Te—Ty—T3+4 T, =1 Tg—7,
L ey To—Ty
Tar ran
Td_Ta_ Vs '\’_1__ Td_Ta
Te —T{f(Vf) — T.—Tp !
uMeeM

©) Pabora comepmmaercs He TOJNBKO MPH aguabaTmdecKuK Ipoleccax
¢c—>d m a—>b, HO TawKe ®W B mmpomeccax b—>c, d— a. ITosromy

W=Cy[Tce—Ta)—(Tpo—T)]+ps(Ve—V)— p; (Vo —V,).

C nomominio yparenna cocrosaua pV =nRT=(Cp, —Cy)T=Cy (y— 1) T
110JIy4aeM

W =Cp(Te—Tp—Tq-+Ty).

B upomecce b —> ¢ ras noaydaer Temno Q =C,(T.—T}). aa aguaGa-

Tiaeckoro mpomecca pV¥ = const m Tp'* /¥ — const, orxyna BHTeRAROT
‘PaBemcTRA

Ty ( P1 )(v—i)/v Tq ( P1 )(v—i)/v

—a (1 n —%=(L£L .

Ty P2 T, pe
{emoBaTeabao,

w Ti—T v—1/y
WL a:1_(ﬂ) _
=73 Toe—To Ps

B) W=Cy[Te—To— Ty —Ta)l + pa(Ve— Vo) =
=CV[Tc“Td—Tb+Ta+('Y_1)(Tc—Tb)]=
ZCV [Y(Tc_Tb)_(Td'_Ta)]
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Temmora, moraomaemasa mpm mpomecce b—>c¢, pasHa Q= Cp (T —Tb).
CienmoBarennsHo,
g1 Ta—Ty
N Y Te—Tp

Orcioa ¢ y4eToM paBEHCTB

Te T2 opyitorwit w TV =TV
Ty Vs
DOJy4aeM COOTHONIeHWE, KOTOpoe TPeboBaloch MOKA3aTh.

3aMeuanmme. B cooTBercTBHE ¢ BHBOXAME 3aNauMd 4 K. I. 1.
BO BCEX TpeX cIydYasAx He HoJsKeH upeBnmars 1 — T,/T..

6. IlpuBeennoe yTBepIKIeHHE OYEBHIHO, €CIM aGCOIIOTHAA TeM-
meparypa OIpefeNfeTcsa ¢ MOMONIsI0 HepaBeHcTBa Hmaysmyca (2.9)
{paBeHCTBO MMeET MECTO TOJBKO B CIYUae KBA3HCTATHIECKOTO MPOMec-
ca). Ecam abGcomorHag teMmeparypa He omnpefesieHa, TO ClIegyer
BOCHOJB30BaThCA NOKABATEIBCTBOM cooTHomeHmsa (2.8) B § 5.

7. Ilpm EBasucraTHMIeCKOM W3MEHEHWH COCTOSHHA MOJS HIEANH-
HOTO Traza H3MeHeHWe SHTponnd dS ompepensercsa coorHomenueM (2.16)

as — auv -1;' padv

*

rae U — sayTpennAs sHepTH#A, p— fapieHue u V -— oobeM. G moMomsio
pasercTs dU =C%dTl u pV = RT monyuaem

cy R
dsS = - dTl + 7 dav.
CremosarennHo,

S=CyInT+RInV +8§,, 1)

rae Sg— MOCTOSHHAH WHTETPUPOBAHMUSI.
dameuanme. Ecum mMmeerca n Mosedl rasa, T0 B CHIY 3KCTEH-
cupHOCTH sHTpomunm S coorHomenwe (1) mpwHEUMAaeT BuL

S(T,V,my=n(CymT+RIn-+5,) . (2)

8. Tar kak ras agmaGaTHYeCKH pPaCHIMPsAETCA B BaKyyM, OH He
coepmaer pabors (d'A = 0) m He 0OMEHABAETCA TEIJIOM C OKpYIKa-
fome# cpenoit (d'Q = 0). CormacHO mepRoOMy 3aKOHY TePMOAHHAMIKY,
u3MeHEHHWe ero BHyTpeHEe#l smeprmum U Tawxe paBHO Hyawo. Torma
H3MEHEHNEe er0 TeMIepaTypsl TAK:Ke PABHO HYJI0, TaK KaK [IJs HIealib-
Horo rasa B cuay {1.12) dU = nC%dT. SHTpOonus HAEANBHOTO Tasa
OIpeesAeTCH BHIPAKEHHEM

S:n(C%lpT+Rln—:/7+So)
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(cM. zameuaHme k mpexmmigymeit samaue). IloaTomy mpmpamiemme 3HTpO-
OAE B 9TOM Opomecce 0yAeT MMeThb BT

AS =S8 (T, Vs)—S(T, V1)=n31n% ,

oTKyja BHTeraer, 410 AS > 0, tark rak V, > V,. CuegosaTensHo,
OpH 3T0M afiEabaTHUecKOM Nponecce NPOUCXOAAT BO3PACTaHWE 3HTPO~
ouy. CoraacHo .BTOPOMY B3aKOHY TEPMOAWHAMAKH, TaKOH NpOmecc
ABIAETCH HEOOPATAMEIM.

9. Ilpw KBasHCTATHIECKOM HW3MEHEHHH COCTOAHHA HJealbHOTO
rasa, KOTOPOMY COOTBETCTBYIOT KpHBEE Ha ¢HT. 34, mMeeT Mecto
cJeylomee paBedcTso [eM. ra. 1, mpu- :
mep 3, coorHOmernus (1) @ (3)]: P

d'Q=Cydl + pdV=C, dl—V dp.
' (1)
ITpmpamerme saTponnE (AS), upu
TOCTOSTHHOM /IABIICHAH WMEET BHL
T2
Cpdl
88),= | =5—,
Ty
a OpH OOCTOAHHOM 06BeMe

Foypar v
Vv
(AS)v=S T ®ur. 34

Ty

CremosarensHO, orTHOmeHWe mupupamleRmit sHTpommm paBHO Cp/Cy,
ecia Cy u Cp MOCTOAHHEL.
10. Mo y:e ycTaHOBHIN, YTO

po=HT) a u=u(D).
3 OCHOBHOTO yDABHEHHA TePMOAMHAMEKI

__ du-tpdv
ds = T

mMeeM (cM. mpmmep 2)
duy Opy
(5).=7 (37 ),—p=0. (1)
YMHOMKag 9TO ypapHeHme HA U, HAXO[UM
df (T) — : )
I ———1(T)=0. (2)

UrTerpupys ero, moixyiaeMm ,
f(T) = const-T. (3
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HoHcTanTa He 3aBHCHT OT TeMiepaTypn u o0BeMa, CilIefoBaTeBHO,
VpaBHeHHE COCTOAHHS HMeeT (OpMy

pv = AT (A — xoHcranTa). (4)

11. U3 pasencrsa (0U/9V)y = 0 Baxopum dU = g () dO. Paspe-
auM Ha f (0) ypaBHeHme MJis KBa3WCTATHYECKOTO IPoIecca

d’'Q = dU + pdV = g (8) d6 + pdV.
B pesynbrate mosyTEM

40 g©)dd | pdV _ g(0)dd
F =7 T _f(9)+V'

IJT0 BHpa’KeHHe, KAk HETPYAHO BHAETH, ABIAeTCA NOJHEIM Audeper-
mumasnoM. Ecim Teneps IONOMKUTH

’
L9 —as,
70 § Oymer ¢yErumeir cocrosaua. M3 paccmorpemma pmriaa Kapro
cleyer, 9T0 OTHOUIOHWE KOJIH9ecTBAa Temia ()4, HOJy4eHHOTO OT TO-
pAYero TEHJIOBOTO pesepByapa ¢ TeMueparypoil 0, K KoIMYeCTBY
Tenia Q,, HEPEJAHHOTO XOJOJHOMY TeINIOBOMY pPe3epBYapy C TeMile-
patypoit 0;, oupefeinseTcs W3 COOTHOIICHWS

_ Qz _
§ ds = f (91) F0) =0,

Qs __ 18y
Q1 f@®p °

CaemoBaTesbHO, COTIACHO OUpeneaeHuio abcooTHOHR TemuepaTypsl (2.9),
f(0)=const-T'. (Ipyroii cmoco6 cMm. B pemenuu 3apauu 10.)

12. Ilycrs U — pHyrpeHHsaa sHeprus #m S — SHTPONUA HUSIYICHHS
B o0weme V. Torma

OTRYA

a (oT4V) - —;— oT4dV

_ dU+pdV _
s = T - T -

= 40TV dT + 3 0T?dV =d (4 oT*) (1)
3 3 ?

4
S = T o3V - const.
CrnenoBaTeIbHO, IIOTHOCTh DHTPOIMM S HMEET BHJ

s=of". | )

JIlna msoTrepMmIecKoro mpomecca u = const m p = const, a fis agd-
abarmuecroro I3V = const u, caegomareasHo, pV*s = const. Pac-
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cvorpum Tmka Kapuo, msobpaskemmmit Ha ¢ur. 35. KoamgecrBo
TeIJIa, KOTOPHIM CHCTeMa O0OMEHUBAETCHA ¢ TEPMOCTATAME B IIPOILECCAX

»
kY \
\ 7=
A 8 T
V% =const

®ur. 35.

A —>BuC > D, pasHO cooTBeTcTBeHHO @) u (Q,. ITH BeIHIHHM
OIPeReNAIOTCH CAETYIOmMuM 00pasoM;

B
Q= { (@U+ pdV) =5 oI{ (Vs —V.),

A
4 .
szg‘GT; (Vc——VD).

C nmomomiplo cooTHOmEHUMN s azmaGatmueckmx mpoueccos Vplh =
=VelE u VAT =Vplh wmm Veli=VT3, VaT3=VpIl: noryuaem

9 _ 9
7y T °
PaGora, cosepmaemasn 3a Bech nuka ABCD, mveer Bup 4/30T3 (T3—T4) X
X (VA-—P p) I papHa pasHoctu () — (.
. llepeniit saxon tepmomuHamuku d'Q) = dU — d'A paa xBa-
BHCTATHTECKOTO mpomecca M3MEHEHHS COCTOAHUA MapaMarHUTHOIa
rena mmeer Bug (cM. ra. 1, mpumep 1)

d'Q = dU — HdM ()

(MBI paccMaTpuBaeM egHHNYHEI 00BeM), rae U 3aBucHT TOJABKO OT TeM-
meparypHs u He saBucut or M. Ms coorHomenns M = ylI crenyert,
uro H = M/y = M8. 3gecs y u 0 = 1/y Tawre ne sasucar ot M,
a 3aBUCAT TONBKO or Temmeparyphi. Paspenms (1) ma 0, monyuaem

29 ——dﬂ—MdM ds, 2)

8 Ky6o
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rae dS — wonmmi muddepenruuan. CremoBaTenpHo, BeamumHa § =
= 1/y, sABiAeTcA HHTErpUpylOmuM MHO;kuTedeM a1 d'Q. Tar kak
BeJmduHA O 3aBHCHT TOJBKO OT TeMiepaTyph, OHA [OJKHA OHITH
OpoNOpPIUOHAIbHA a6coaoTHO! TeMueparype. [lelficTBATENBHO, €CAM MBI
paccmoTpuM mukia HapHo mius »T0T0 mapaMarHHTHOTO TeJa, TO OTHO-
OIeHHe HOJIyIeHHOTO OT TOPsSidero pesepByapa KoamiecTsa temaa
K KOIW4ecTBY Temia (J,, OTAAHHOIO XONOAHOMY pe3epByapy, Oyner
paBHO 0,/0,, Kak 5TO BUIHO W3 COOTHONIEHUSI

0= d;ds §d<’ g—;_g—;.

14. (Opyroit criocod pemesns cM. B ria. 1, mpumep 7.)
a) AjuabarmdecKas M UB0TEPMUYECKAH CKIMAEMOCTH ONPENEIAIOTC
COOTBETCTBEHHO COOTHOUIEHHSIMHA

_ (v
Ks=—"7 (Tp)s ’
1oV 1)
r=—7vy (W)T ’
rae S —ourpomus. G nmomompi (1.23) %g MoXKHO 3ammcarb B BHJE
1 (8S/0
(85/9p)y (2)

STV @Siavy,
Ecau S cunrars ¢pyaenmeii or T uV, r.e. ST, V)=S T (p, V), V), 10

(%)V:(%)V (%)Vz%’l(%)v° (3)
Amagormarmy ob6pasom, cuaras S (T, p)=8 (T (p, V), p), nMeem
(5),= (& ), (5 ) =7 (57), - @
Tlogcrasuas (3) u (4) B (2), HaxogmM
v =y = — oo (5 )= T )

37Mech MBI CHOBA BOCIIOJIB30BAJNCH cooTHOommeHmeMm (1.23).

6) Ecau gus BhuucieHHs apmabaTHaeckod MarHUTHOHM Bocmpmmm-
yrpocTH g = (0M/0H)g u msorepMmueckoll MarBHTHOH BOCHPHEMYH-
Bocta Y= (0M/0H)y mMCIIOAB30BATE TAKOHE jKe METON, YTO H IDH
BHUHCICHNH CiiuMaeMocTn (3ameHsaAs V — M u — p — H), To noay-
wm y s = (Cv/Ch) Yz

15. a) Opua cmocod noxasaTenLc'rBa OpUBEJEH B DPENIeHHH IpPH-
Mepa 2. 3mecs MH HAmuUM ApPYroe JRokasaTedbcTBO. M3 paBeHCTBa

dU—TdS—pdV =T (-Z%)VdT+[T(%§_)T-~p] @ 1)
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‘caenyer

A aS\71_ @ as S op

T (o) ]=a [T (7)) —r) = o (57)o=(35), @
IMogcragnas ato coornomenne B BEIpaskeEue nuaa OU/0V, momydesHOE
uz (1), maxomum

U _mfaS o ( 9p
(7). =7 (5 ), —p=1(3F),—»
6) Homerasnsaa e (2.16) supaskerne mas swuransmmn H =U -+ pV,
nMeeM

1
dS = 3 (dH —V dp). (3)

Caeposarenpho,

(ﬁ) _i(a_H) (0_5) _ 1 (oH 14
aT Jp T \ 0T Jp’ \oplr™ T ( ap )T_T'

C vuerom pasemctpa 0%S/0p 0T = 92S/0T Op aro maer

(), = ()= =7 (35, 7

Tlpw pgpyrom Meropme pemieHHs cJiejyer HCXOIUTH B3 COOTHOUICHUSH
dH = d (U + pV) = TdS + Vdp, a 3ateM UpHEMEHHTH MeTON,
HNCIIONB30BAHHKN B M. ¢ay.

16. a) Coruacuo oupepenenuw ¢, = (d'q),/dT, oTRy/a ¢ HOMOMBIO
Broporo saxoma tepmommHamuk:m d'qg = T'ds [cm. (2.12)], momywaem

{ 0Os
Cp = T k—é—T_ ) »
AHanormuHEM 00pasoM HaXOTUM
ds
Cp= T (-()—T- )p .
6) W3 coornomenns (2.16)
du=Tds— pdv (1)

caengyioor pasedcra (0u/0T), =T (0s/0T),, 0%u/dvdT =T 8%s/dv dT.
HKpome Toro, w3 ompepieneEnA SHTAJIBIHEA A =y | pv uMeeM
dh=Tds-{-vdp, (2)
a Tawixe 0%°h/0T Op="T 0%/0T Op.
B) IlepBoe paBeHcTBO HOKasaBO B pemenun sagaunm 15 [popmyaa (2)].
Bropoe papencrso forasmBaercA clefgylomuMm obpasom. Us (1) cmexyer

(@)= (G () (G)=T (), =7 (57),-

8*
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Tax rar 0°u/0T0p = 9°u/dpdT, 1o (9s/0p)r = — (0v/0T),. dpyroi
cnocof pelleHAsA aHAJOTHYeH IPEBEleHHOMY B mnpmmepe 2. B kaue-
CTBe HE3ABHCHMEIX IIEDEMEHHEIX CJeyeT B3ATh p um 1 W HCXOJHUTH
H3 COOTHOEHWmS (2).

17. a) Har mHafimeno B pemenumm samaqam 16,

cp—cva[(%)p—(-g—;)v]. (1)
Cumran s=s(I, v(T, p)) dyuxunmeit or I u p, uveem
(77),= (7). + (5): (7). - @)

ToacraBum remeph ciofia coorHomendss Maxrcsemna (ds/0v)y = (0p/dT),
(cm. sagagy 16, m. «»). O1o paer .

cp—c,,zf(j_;)p(g;i)v. | (3)

Teneps BoCTOab3yeMCs cooTHOenneM (0p/0T), = —(0v/0T),/(9v/dp)r;
mocJie TMONCTAHOBRY 3HAYEHHH o W [ HOJYYMM OTBET.

JIlpyroil cmocol pemeHns COCTOMT B CIETYOMEM: MOJCTABAM Pelle-
Hue mepBoil vactum 3amaud 15 ms 1. 1 B pemenue samaum 16, uw. «6»,
TOM jKe TJaBHL.

0 »=T (3r),"

OTRYJA
ch) 82s a v 02v
(ap T—TﬁpéT:—Tﬁ(W)p:_T(aTz )p’

TAC MH  BOCIIOJAB30BANMCH cooTHomenmeM Makcseana (9s/0p)y =
= —(0v/0T)p (cm. 3agmauy 16, m. «B»). AHamormuHEIM 06pasoM,
MCnoNb3ysa cootHomenue (0s/0v)p = (dp/dT),, naxomum

dey . %8s a2p
( v )T*T ovaT ‘T(OTZ )1, )
18. Beyrpennaa smeprua 1 Mmo4b HAEATLHOTO Iasa HMEET BHJ
U=CyT + Uy (Cy — MOIAAPHASA TEIIOEMKOCTHh IIPH IIOCTOSHHOM
o6weme), a suTponnsa S (T, p) = C, In T — R1lnp + S, (cM. peme-

mme 3agaqu 7). 3pech U, m S, — woHcrauts. CiefoBaTenbHO, CBO-
fopHas pHeprusa Oymer mMeTh BHJ

FZU—TSZCVT—CPTIHT+BT1DP+Uo—TSO,
a TepMojMHAMIIeCcKHH moreHrman I'mG6ca
G=U—-TS4+pV=C,T—C,TInT+RTInp+U,—TS,.
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WsMeneHre sTuX BeJMUNH IpH CKaTEm rasa or p =1 amm Ro
p = 100 amm (opu 7' = const = 293° K) mmeer Buf
AS=8(T, 100)—S (T, 1)=
— —Rln100—= —=% ;g 10~ —4,6R~—9,2 raa/epad,
AF=AG=RT1In100=293RIn100 ~ 2,7 kkraa.

3aMedaHue. 30eck Mu cuaTaeM Cy KOHCTAHTOH, HO 9TO 0Ly~
meHre Heo0A3aTelbHO.

19. Ecam ob6vem V m ero mpupaiieHre OUPEJIATCS BHpaMKe-
HUAMYA

V=a+ bp + cp? (1)
av = (b -+ 2¢p) dp, (2)

T0 HeoOxomumMast pagora A mMmeer BHJ
1 2
A:—SpdV:—(ibpz—]—gc]ﬁ)i (3)

IlogcraBisga cioma unciaenHble 3HAYeHmsaA b = — 715.107% u ¢ =
= 46-10-°, monyuaem A = 326,83 amm . cu®/moav = 33,116 dac/moav.
Ecim upm 5TOM HOTIOMAETCS KOIMYECTBO Temna (), To HpHpaIeHue
BHYTpeHHel sHeprum AU pasHo

AU = 4 + Q. (4)

HJIH HBa3HCTATUYCCKOTO IIpoItecca

p=0
p=1000"

as f(ov
Q:STdS:TS dS—TS (a—p_)poz —7 | (W)pdp. (5)
[Bmecs MB wmcmoansoBanu coorHOmeHme Maxcsenna (3S/0p)r =
= — (0V/0T)p; cm. pemeHume zagaum 16, m. «B».] CaemoBareasHO,

0= —.298.(4,5+-;—- 1,4) amau-cwlmoas ~ —157,0 dac/aoas, (6)
otkyna AU ~ —123,9 doc/moan.

20. CornacHO omnpefeleHN0, OpUpamieHHe JSHTPONUN HMMeeT BHJ
AS =8,—8; = j. d’Q/T. 3pgecy umATerpHpoBaHHe 03HAUAET OIPE-

11—
HelleHre IOJHOTO KOJWYeCTBA HOIMIOMEHHOTo Temna d'(), HeaeHHOTO
Ha 3HaveHge TeMueparyps 7, Ha KayqoH CTAagMH mpoOIecca KBasmWCTa-
THYeCKOT0 mepexofa u3 cocroasusa i (megupu 0° C u 1 amm) B cocToa-
ume v (map upu 100°C m 1 amm). Ilpomecc mepexoma i — v MOM-
HO pasbuTh HA TPH CTAJHHE [ — W, (rge W, — COCTOSHWE BOJHI
upu 0° C 11 amm) — Wiy (w190 — Boma mpm 100° C u 1 amm) - v.



118 Ta. 2. Bmopoii saxon mepmodunamuri

B oponecce i — w,

0 1436
T 213

i-»wy

Kaalepad- moab ~ 5,26 Kas/zpad- mosw. ey

IIpexmonmarast, 4ro npm DTpoIecce Wy —>Wie CPEAHAA TEINIOEMKOCTD

pasHa Cp, mMeeM
ao 5 ar
| =6 | +-
wWe PWLLO Wo—wW100

=18,051n ( ras/epad-moab =~ 5,63 waalepad- moas, (2)

273)

rae MH HCHONb3OBAMM HPEOIMKeHHOe paseHcrBo In (373/273) =
=1n1,366 =~ 0,312. {na wyy —> v uMeem

%9_: %9 Kaalepad - moab ~ 26,1 raslepad- moav.  (3)

wio0—>v
Craagusan (1) —(3), nonyzaem

AS = 37,0 kaa/zpad-monv.

21. PaccmorpmM KBasucTaTmdeckmil mepexon (¢umr. 36) semecTna
|3 TBEPAOr0 COCTOAHHWA NpPH Temmeparype I'y B HepeoxJa KIeHHYIO
JuUKoCTh TpH Toif ke Temmeparype Ty. JToT mepexon uWMeer BHA:

1

tBepgoe Teao mpmu Iy -~ TBEp-

& 2
noe Temo upu Iy —> KHAKOCTh

3

T e upr T, — mugxocts upm T.

/ Bospacranue sHrpomum B mpo-
necce 1 cocraBiager

2 ' To P Q
T8epidoe S = Mec, 111‘——'
COCMORHUE

/ Ty

SN

Bospacranme sHTpOmMEH B IIPO-
necce 2 passo MQ,/T,. Bospa-
CraHme OJHTPONME B Ipouecce 3

nmeer BH}I
7y T 7
d'Q T
®nr. 36. S——=—Mciln—T£.
To

CireloBaTelIbHO, ¥ MePEeoXJTaKIeHHOR FRANKOCTH IpH 'reMHep.svrype‘T1
sHAUeHme SHTPONNH BHIIe, WeM y TBEP/IOTO Tejla NIpPH TOM ske Temme-
parype T, ma sermamHy AS =MQy/To— M (c1—cs) In (To/T)).
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22. C momompio coorHomerns Maxrcpemwna (8S/0p)y = — (6V/0T),
ACKOMOe YBeJIMUYeHNe DHTPOINM MOMKHO 3aIMCATH B BHJE

1y p

fas=[ (5),0-— ) (%), a0~

Dy Dy
1 1
= —[a(Ps—p+3b(h— P+ 5 (Ph—ph)] -
23. Ws ycaoBus dS = (3S/3T)y dT +(8S/0V)rdV =0 Haxoamm

ary (889
(W) T T @Sjanyy

[em. (1.23)]. Haznee, ¢ mOMONmBI0O BRIPDAYKEHMA IS TEIIOEMKOCTH IIPH
nocrosstaEOM  o6weMe Cy =T (0S/0T)y m coormomenma Maxcseina
(08S/0V)p = (0p/dT)y (cm. samauy 16, 1. «»») moxydaem

V()= ()=~ ()
oV )s— \alnV /g Cy \oT Jv
[Tar war masi rasa (dp/dT)y > 0, upu agmabaTHv4ecKoM pacIINpeHHH
TPOUCXONUAT YMEHbHmieHme Temmeparypsi . ITo oXuaskfeHHe IPOMC-
XOAHUT K3-33 TOTO, UTO NPH PACHIMPEHHH Ta3 coBepmaer padory HAR
TEPMOCTATOM. |

24, B ra. 1, opamep 9, MH nokasaau, uto H = const. Namenedne
TEMIEPATYPH UPH MajoM W3MEHEeHUH MAaBJICHWA NOJydaercss W3 yCio-
Bua dH = 0, T.e.

aT ___(oH/dp)T
(‘a?) T T @HJD),

C momomsio paseucrsa Cp, = (0H/0T), u Qopmuyast (0H/0p)r =
= — T (0V/dT)p, + V (cm. samagy 15, m. «G») Haxommm

()s=z; [T (o), V] O

Eclm B 8TO COOTHOINIEHHE IIOJCTABATH YpPAaBHEHWE COCTOAHHA pV =
= RT (14- Bp), 0O TpHHWMAeT BHJ

(5)a=2; (T —5). @

Ecam 4 — Toura, B KoTOpO# KacaTelbHas, NPoXofdmas 4epes Hada-
JI0 KOOPZUHAT, KacaeTcd KPMBOM 3aBHCHMOCTH BTOPOT0 BEPHAILHOTO
koappunmenrta B or T, to mpm Temmeparype T, COOTBeTCTBYMOMmMER
aTo#t Toure, Kosddumment Imoyasa — TomcoHa MeHSeT BHAK.

Ha ¢ur. 37 wvokaszama BzaBHCHMOCTh Kod(pdunmenta [moymsa —
Tomcona or p u T, a ma ¢ur. 38 — saBucumocts B or T maa yrie-
KHCJIOTO rasa.
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25. Ilpm cBoGogHEOM pacIIEPEeHUM rasa B BaKyyM (aguabaTmuecKui
meofpaTuMEil upomece) ¢BOGOAHAS HHEPIUA ABIAETCH KOHCTAHTOM.
Pemenne 570l 3ajaun aHAJNOTHYHO PemeRuaM 3afad 23 u 24. [Acnons-
syem mpu stoM (1.23) u pesyuabrar sagauu 15, m. «6».] Haxopum

(40), = LUt _ AT, p(2
av Jju @U /0Ty ~— Cy p— ar )V] .
26, Ilna KBasmcTaTHYECKOTO IIporecca, B KOTOPOM Y4acTBYeT efu-

S

B T

®ur, 39.

HEIHE 00beM BelllecTBa, 3AIMIIEM COOTHOMICHNO
d'Q=dU—HdM. (1)
Kax wuspectHo, mpm msorepmmieckoM Hamarmmaupammn dU =0 n M =
= CH/T. Orciopa ciemyer, 910
Hy

o-~fna ()=~

T. e. Temiora maMeHserca Ha. —Q=CH?/2T,. G momompl COOTHO-

meHnsa

. 1 H H
dS =1 (U —Hd M) =4aT* dT —C 74 (5 )

mMoJIydYaeM SHTPONUID B BULE

4 g | H\2
S=—3-aT‘-—7C(—T—) -+ const. (2)
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Tlpn apnaGatugeckoM pasvarmwaumBanmm or H = H, mo H =0 suTpo-
mus S He Memsercs (¢ur. 39), oTryma ciemyer

4 4 1 Hy\2
fam—fan—jo (%)
gela=geli—5Cl7) >
nin
3C ( Hy\2
3__ 73 1
nen-% (%), o
Tak waxw C>0 n a>0, mmeem 7Ty <<T,. Ilpn Maapix 3HAYEHMAX
nong H, masMeHenme TeMHEPATYPH TAKYKe MAJ0 I MOKHO BOCHOIB30-
BATBCA HPHONTHEHNEM
ch?
T: —— z—————1
A T2 Tl SaT% .
3amesanme. [{na monywsemus temmeparyp, membmmx 1° K,
Hcmonbadyercd agmabarudeckoe pasmMarmmaaBanwe. Ha ¢ur. 40 m306-

paykeHa TpeXMepHad HOBEPXHOCTH, HPEACTaBIAIaA SHTPOIUIO (OBH-
3aHHYIO CO CIIHHOM E)JIeHTpOHa) jKeJe30aMMOHUEBBEIX KBAacCIlOB KaRr

R

‘=, 41‘?;““5

$yHRUMIO MATHETHOTO mOJA B TeMueparypu. Lura Kapro (¢ gmarpam-
Moii TEHa m3oGpaskemHoi Ha ¢ur. 40 sxUpHOH JNwWHEeH), B KOTOPOM
B KagecTBe pafouero BemiecTBA MCIQAB3yeTCHA MONO0HAA mapaMarHHT-
HasA COJNb, MOKeT OHTH HCOOXB30BAH A CO3NAHHA OXJAKIAIOHIEr0
yerpoiicrea. C oMOMBI0 HOKOGHHX XONONANLHEKOB ORIIA XOCTHIEYTA
Temneparypa mopsanka 0,2° K. ‘
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W3 coorrOmMenun (3) caegyer, 9T0 ecim OpH PEKCHPOBAHHOM BHa-
geanu 'y yeeamumrh Hj 10 mocTaTogHo GOJBMINX 3HAYCHWH, TO TeM-
neparypa T, craHer oTpunareabHoil. OFEAKO BHpaskeHUe [ SHTPO-
mum (2), DomydeHHOe 6e3 yUeTa TPETHETO0 3aKOHA TePMOJIHHAMUKH,
gesepHo B6amsu 0° K, mosToMy ero Heanss OPUMEHATH B TeX Caydadx,
KOTJ[a 0HO MPUBOJIUT K OTpUTIaTeAbHOH Temuepatype T',. Ha camom pmedte
HE ¢ ToMOIBI0 anuafaTHvecKoro pasMarHMUUBAaHHUA, HM KaREM-1ubo
HHHM CIoc0o00M HEBO3MOYKHO NOCTHYHL abconiorHoro Hyis. Hammms-
' {ee 3HAYEHHE TeMIePaTypsl, NOJYIeHHOE K HACTOANIEMY BpPEMEHH
myreM ajgmabaTHMdecKOro pasMarAmunmBamms, aesrur s6amam 0,003° K.

27. Mmr paccmarpusaeM egwEAW4HB 06beMm. U3 cooTHOmMeHHMA

as = dU —HdM (1)
T
HAXOAHM
iN 1 ¢ aU a8 1 ou H

(% )w=7 (o) = (Gr)e=7 )7 @
Toacrasnas cioga ycaosue umaTerpEpyemoctu 0%S/0M oT —= 62S/0T oM,

TmoJrydaemMm

A a (H/T)

(3 )= =7 (557 ) (3)

(cM. samawy 15, m. «a»). Tark wax M = f (H/T), npasas YacTs paBHa
HyIo (HefcTBUTeNbHO, eciM HaMaTHWYeHHOCTh M HOeCTOAHHA, TO OTHO-
menue H/T rawske uocrosuuo). CieposaTenbHO,

aUu
( oM )T:O'
Ilpz stom coorEOmerme (1) npuEmMaer BHE

1 H ,, ( H H
d§ =—dU (1) — 7 | (7) d (—T_)
nian HOCJIe' HHTGI‘pHpOBaHI/IH
H/T

;S'=S£l—%_ S xf'(x)dx+const.=g(]’)__];_’f(%)_i_
0

H/T
-+ S f (2) dx -+ const. %)
b

28. W3 mpmAnuma MakcHMaldbHOCTH PaboTH caemgyer, uro pabora,
nonxydaeMasi mpu obparEMoM upoiecce, MakcEMambHa. (Eciam Teao
HaXOAUTCA B HEMOCPENCTBEHHOM KOHTAKTe ¢ XOJOJHIM Pe3epByapoM,
To HmKakxag pa6ora He coBepmaerca.) UTo6r o6paTAMEIM OyTeM BIATH
TeNJIOTY OT Teja W HPEBPATHTH €e B PaGoTy, MCKHO BOCHOJNb30BATHCH
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nukinoM KapHO, IpM KOTOPOM OT TeIJIOBOTO pe3epByapa C TeMIle-
parypoii T wmormomaercs Koamuecrso Ttemaa d4'Q = C |[dT | =
= — CdT (dT < 0), a pesepByapy c¢ remmeparypoli T’y mepemaercs
KoamuectBo Temna d'Qy = d'Q (Ty/T) m cosepmaerca pabora

d’W:d’Q—d’QO—_—( __) aQ.

B pesyaprate wmoBTOpeHHs 3TOTO NHKIA TEAO0 B KOHEYHOM HTOTe
OPUXOAUT B cocrostHUe ¢ temueparypoir To. Ilpu sToM monHasa cosep-
meHHasaA pabota mMeeT BUL

w={aw={(1-3)ao-— ?( — ) car=

T
~c[(@,—T)—Toln —TT-;_] .

29. 9Ira sagava sBiafercHa 06pPaTHON WO OTHOMEHHI0 K MPEIBILY-
meii. Mi Haxomumca B KomHare ¢ temmeparypoin 25° C (298° K),
KOTOPYIO MOJKHO CUHTATH TEILIOBHIM pesepByapom. Urobm mpeBpaTtnTh
Bopy ¢ remmeparypoit 298° K B mem npm 273° K, Heo6xommmo oxxa-
JUTEH ee, IePeflaB Temiio pesepByapy ¢ Golee BHICOKOI TeMIepaTypoi,
geM BOAA. JTO MOKHO CHeJaTh TOJBKO IIyTeM COBepHIeHHWs paGoTH,
KoTopas Oyfer MAHMMAJIBHOH B cIydae oGpatuMoro npouecca. Yemomis-
syem rura Kapro, B KoropoM KojamuecTro Teimia d'Q Gepercs oT BOMb
npu remueparype T, a pesepsyapy ¢ Temmeparypoir T (> T) mepe-
maercs kouamdgectso Temna d'Q = d'Q + d'W. Tax xak d'Q/d'Q" =
=T/T",t0o dW =d'Q(T" — I)IT, tne d'Q = — CdT, C — noax-
HaA TenaceMKocTh Bopnl. PaGora, Rortopas HeoOXoguMa AJs OXJasKe-
mus Bogel ot 298 mo 273° K, pasma

273

wi= | (fp—1)de=
223 208
= | (F—1)(—cdn=c[298Im 37 —(298—213)]. (1)
208

MurauManbHasi padora, HEOGXonmMAasA [Ja TepeJavyd CKPHITOH TeIToTh
saMepsaHug L pesepsyapy mpu 298°K, pasHa

L-(298—273)

7
Wy= 273

Wcnonp3ysa 3amaHHOe BHAYEHWE CKPHTOH TEMIOTH 3aMEP3AHHA BO-
ge, TemaoeMKocTh Cu,o = 18,05 kas/epad-moav W MexaHMYeCKuit
SKBUBAJEHT TemaoTH 4,18 dawc/kan, maxomgum W, = 4,64-10° 0o n
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W, = 35,8-10° oda. IHounmaa paGora pasma W =W, + W, =
= 40,4-10% dxc, uro coorsercrByer 40,4-10%/3,6-10% = 11,2 rem-u.

30. JlocraTouHO [OKA3aTh, UTO B ClIydae HAPyMeHHs IPUHIHIA
Kapareofopu mpuunuu Tomcona Taxie Hapymaercsa. llpepmonosuum,
970 Tepexoy TepMHYeCKH ONHOPOJHOM cmcTeMbl u3 cocrosHusa (1)
B cocrogHme (2) MPOUCXOMHT M30TEPMUUYECKH C MOLJIOIEHHEM OO~
RUTENBHOT0 KojmuecTBa Temma (7. M3 mepBoro sakoHa caepyer, 4To

Q=U;—U;— 4, M

rge U, u U, — BHyTpeHHAA sHeprua B cocrosmmax (1) m (2), 4 —
pa6oTa, copepriaemMas Haj cumereMoff. Temeph ajmaGaTuvecKn mepene-
meM cucteMy m3 cocrosimus (2) obpatHo B cocrosmme (1) (dmr. 41).

(1

Aaomepma
(2)

Abuabama

DO ur. 41,

Eenu monmyerurs, dro npumanun Kapareogopu HeBepeH, To TaKod mepe-
xox Oypmer BosmoskeH. llepBhiil 3akoH TepMOIMHAMHUKH YTBeps;KEaCT,
qT0

OZUi—Uz—A,, v (2)

rqe A’ — paGorta, coBepmaemas Haj CHCTeMoir B 3ToM mpollecce.
Nz (1) m (2) cuaegyer

Q=—(4+4). (3)

CurefoBarensHo, B ukie (1) — (2) — (1) cuereMa moraomaeT TEMIOTY
Q oT TepmocTaTa 1M COBEpITAeT 9YKBUBAJEHTHOE KOIMICCTBO PAGOTHL
— (A + A'), aro aBagercA HapylieHmeM NpHHEMUNA ToMcoHA.
HIpyrot cnoco6 pemnte s na. [lpuanun Kaaysuyca (nam
TomMcona) o3Eagaer CyImeCTBOBaHKME (QYHRIUH COCTOAHHA S, IpHIeM
d'Q/T = dS, rome T — aGcomorHas TeMmuepartypa. Ilpu agmabartm-
geckoM mpotnecce d'Q = 0, dS = 0, a Tar war dS — moaneni UG-
¢epernmaa, To S = a (= const). 310 o3HAYaeT, YTO B HPOCTPAHCTBE
TePMOAWHAMIOYCCKAX IIePeMeHHHIX (HaupuMep, Z, Y, 2) CYIMEeCTByeT
ceMeiicTBo moBepxHocTedn S (2, y, 2) = a. HagaapHoe cocTosHMe
(g, Yo, ) JERUT HA MOBePXHOCTA S (Xg, Yy, Z) = a. ClefosaTenbHo,
Bce agmabaTmuecKue oOGpaTHMEIE HPOOECCH ¢ MCXOMHBIM COCTOSHHEM
{Zg, Yo, %o) AOIKHEL JIe;KATh HA DTON MOBEPXHOCTH, M HE OJHON TOYKH
BHe 3TOH NOBEPXHOCTH HENb3S OOCTUTHYTH LyTeM aamabaTH4ecKoro
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o6parmmoro mnpomnecca. CiexoBare bHO, B JI000H CKOIL YTOZHO Majxol
OKPeCTHOCTH HCXOFHOTO COCTOAHHA (Xg, Yo, Zg) BCETHA CYMECTBYIOT
TaKkWe COCTOAHHMS, KOTODHE He MOTYT OHTH AOCTHIHYTH ajmabarm-
gecKH. JTO 03HAUAET CHPABeRJABOCTh HpHHOUNA Hapareomopw.
3aveuanne. Hpmanun Kapareonopu cupaBejauB H I afgna-
Garmueckux mHeobparmMux mnpomeccoB. HMexoma ns mpumanmoa Kaa-
ysmyca miu npuHDuna ToMmcoHa, MOKHO JIOKABaTh, YTO B CHIY Hepa-
BeHCcTBA Huaysuyca mnpu ajuma-
emecs 2az08 GaTugeckoM Heo6paTHMOM NPO-
12 mecce IPOHCXOAUT BO3PACTAHHE
satpormu S. Cle0BaTeNBHO, IPH
l m000M HAYAJBHOM  COCTOSHHMH
(9, Yo» %¢) COCTOSIHUA € MEHE-
NIMMA 3HAYCHUAMEH  SHTPOINH,
;}t)_@g[grffgﬁiﬁgkae Jeamue 1o OJHY CTOPOHY OT
g Tenmo l Tenno MOBEPXHOCTH S (z, y, 2) =
i I =8 (g, Yo, 20); HE MOTYT OHTH
pasoma, | s, paioma  OCTHTHYTHL HUKAKHM 0GpaTEMBIM
obpasom. IloaTomy MOKHO yTREp-
JKIATH, 970 B CKOJb YIOMHO GJim3-
l Ko#i oKpecTHOCTH JI060TO COCTOA-
T agpamunae HU  CYMECTBYeT  COCTOAHHE,
W1 ez )2 | cwewenae B KOTOpDO€ HEBO3MOKHO mepeitw
| HE € HOMOINBI0 06PaTEMOro, HH
l ¢ MOMOINBI0 HEOOPATHMOTO anma-
0aTHIECKOTO IPOTEcca.
31. Paccmorpmm cmech AByX
V. |Cmees easol rasoB: n; Moxei raza 1 Hm n,
Moseii raza 2. Hampmit ras
®ur. 42. nMeer 00bem V, temueparypy T
' ® jaeienue p. llpegmonosxmm,
a10 EpPy3NOHHOe IePeMENIMBAHNE JTHX I'asoB IPeJCTaBJIAT COOOH
obpatuMui mpomecc. B TakoM ciaydae MOKHO Pas3fenHTh BTY CMECH
Ha ras 1 obvemom Vy = Vny/(ny + n,) upm temueparype I' m nas-
nepnn p m raz 2 obsemom V, = Vn,/(ny 4+ n,) mpm temmeparype
T u pasinenmE p 6Ges Kakux-1E00 NHHX H3MEHEHHI CHCTEMB
(upomece I — II ma ¢mr. 42). J[lanee yBeIWYAM HB30TEPMHUECKH
o6weM kasmoro rasa ao V. IIpm srom mpomecce (II — IIT) temnora,
moTJIomaeMas U3 pesepsyapa, upeobpasyercsa B pabory. llocae aroro,
¢HelaB B KQKEOM KOHTeliHepe OfHY CT€HKY HIOXYIPOHHI{aeMOI
(cM. mpumep 5), MOJKHO BIIO}KHTH OAWH KOHTEWHED B Apyroi m, o6pa-
TEMHEM o6pasom (6e3 ofMeHa TeHJIOM I COBePHICHH:A paboTH) cMemas
06a rasa, BepEyThCA B mHexopgHoe cocrogame (III — IV >V =1).
Ipum srom B cymmapEOM mpomecce Ha drame II — III mpomexopur
IOMVIOmMEHre TemIoTH, KOTOpas WeJHKOM Ipeo6pasyercsi B pabory

I
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6es xaxux-1H60 APYIEX HN3MEHEeHHWH CHCTEMHI, YTO HPOTHBOPETHT
oprEnuny ToMcoHa.

32. Koanmuectso Tenna d'(Q, moriomeHHOe CHCTEMOIT, PABHO CyMMe
d'Q" m d'Q". Vs mepBoro 3aKoHA TePMOTHHAMUKM CIefyeT, 9TO

dIQI — C"‘, dT’ +pl dVI H‘ de”-__ C% dTll+p/l d‘[/fll.

Hapnennsa p’ ¥ p” cieBa W CIpaBRa OT TMOPHIHA BCETAA ONMHAKOBEE
(p’ = p”" = p), TAR KaK HaCTH CHCTEMBEI HAXOATCS B MEXaHHICCKOM
paBHOBecHH Me:xRy co6oit. C mHoMOMIBI0 YPABHEHHSA COCTOAHEA M/eaib-
poro rasa pV = RT supasem dV’ m dV” wepes dT’', dp m dT”, dp.
(Qus aroro ymuoxam dV/V = dT/T — dp/p sa pV = RT, 49ro pmaer
pdV = RAT — RTdp/p.) Torga monxyaam

4Q=d'Q"-d'Q"=(Cy + R) dI" +(Cv + R) dT”——f— (I"+1")dp. (1)

B aroit cucreme d'Q smaserca paddepenmmanseoil fopmoit 0T Tpex
mepemernnix I, T m p. Bocmomp3yeMcs Temeps yCIOBHEM CyIme-
CTBOBAHUA MATETPAPYIOMIETO MHOMKHUTONH s POPMBL

X dxy+ Xy dzo -+ X3 das; (2)
3TO YCJAOBHE HMEeT BUJ

% (-2 (-2 e (-0 @

Oxy Oz dzg 0x4 0z

(cm. samewanme 1). Homarags zy=T7", z=T1", 23=p, X;,=Cyv+R,
Xo=Cy+R u Xg=—(R/p)(T'+T"), mpencraBaM IeBy1©0 9acTh
coorHomernus (3) B BHIe

—(Cr+R) R (Cy+ B) & =2 (Cy—C). (%)

JTa BeJMUHHA HE MOJKET 6HTL paBHa HyI0, Tak Kak Cy %= Cy. Cuepo-
BaTelbHO, d'Q He MMeeT WHTErpPAPYIOMEro MHOKHTENS.
damMegarnme 1. Ecam cymecrByer TaKod WHTETrPUPYIOIMMI
MHORHTONS A (Zy, Z3,, Z3), 910 A (Xydry + Xodze + Xadzg) =
- =d (x1, g, x3), TO
a

=Ky, =Ky,

2P )X,

6$ a.tg

Ionaran 0%@/0z0x, = 0%¢/0x,0xy M MCRIOYAA N3 HTUX DPABEHCTB A,
mojydaeM B Ka4ecTBe YCJIOBHsS WHTEIPHUPYEMOCTH COOTHOmeEHHmE (3).

S3aMegarmme 2. JT0T UPEMED CBHIETCILCTBYET O TOM, YTO
B CHCTEMe, TeMmeparypa KOTODOH HeOZHODOAHA, Heo0A3aTeIbHO
cyImecTRyeT METerpHpylomuil MEHOKETeas nud d'Q. Ilpu gorasarens-
CTBE "CYMECTEOBAHHA WHTEIPUDPYOIIELO MHOKHMTENS [PH IOMOIIA
BTOPOTrO 3aKOHa TePMOJAMHAMAKH MH 00f8aTelbHO MOKHEL morpelo-
BaTh mepmuieckoli 00nopo0HOCMU CHCTEMEL.
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33. BmegeM BHYTDPEHHIOI0 DHEPTHUIO I W SHTPOIUIO § HA EIUHHALY
Macchl BemiecTBa. Eeuam

du:(g—;)vdT:g(T)dT, 1)

rge g (T) saeucur ToabKo or T, TO W3 paBeHCTBA
du = Tds — pdv 2)
TOTyIaeM
Tds = g (T) dT + pdv,
4 TawKe, COrJACHO ONpeieeHHIo,

co=T (55 ), =€ (D). (3)

CreoBaTeNbHO, ¢, 3ABHCHT TOABRO OT I, 9ro OKA3BIBAeT YTBED:K/Te-
HEUE «ay.
Hanee, ¢ novompio (1) sammmem (2) B BHAe

dv="as— £ gy,
14 p
Orcrofia caemyer
(57),=7 (3r),— 5 %)
u
(5 )e=% (5 ) ©)

[Iponuddepernupyem (2) mo T u no p

(ﬁu‘_T(és) ((91;) H(au “T(as) (o'?v)
i), =T o), (r), = (5), =T (G5 )e—P (57 )
a sareM IIPUpaBHAEM BTODBIE CMelIaHHBE Hpous3Bofubie 0%u/dp oT
u %u/0T dp. B pesyrvrare monydaem coorromenua Marcsesma

(%)T:_(%)p. (6)
WUs coorroirennit (5) u (6) caexyer paBeHCTBO
(%)T:_%(.—j_;—)p’ (7)

KOTOpoe (JaKTHYECKH TPECTaBiager co0oil J[0Ka3aTeIbCIBO yTBEpK/e-
ansg «O». Urobel yOemurbecd B 2T0M, GyaeM cudraTtbh v (GyHROUeH

or x=p/T u T. Torma
( 0;) — 7z ( = )TJF(;_;)QC G

(7),= (). (57),
(5= (3)e (55 ) =7 (55)s- (9)

_I_
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CremoBaTentno, (7) o3HagYaer, 4TO
v
(57).=0
oT [«
Tarxmm ofpaszom, v 3aBucut TOIABKO of x= p/T (aro m Tpebyerca

moxaszath B m. «O»). Ilo ompepenmenmo ¢, =1 (0s/07)p; Torma ms (3)
u (4) camexyer

c ( ov
D Cy = p oT )p
Tax xak v 3asment TOaABKO or = p/I', us (8) momydaem

v 2 v dv

P (45),~ 4 (), =%

aT Jp — T2 \ez )T dz
CreoBaTenbRO, Pas3HOCTh Cp-—C, TAKJKE BaBUCHT TOJBKO OT Z, YTO
HOKASHIBAET YTBEPMKCHUE (BY.

34. OGosuaunm vepes Cy = (OU/0T)y MOAAPHYIO TEMITOEMKOCTD HPH

moCTOAHHOM o0BeMme, Ife U — sayrpennss sueprus Ha 1 moawp, a V —

mosspublil o6bem. Torpa, yumrsiBasg pemesme Baja4m 15, m. «a»,
MO y4aeM

aCyy _ 2U_ d op {9
( av )T_avaT*—aT[T(aT )V_p:l”T(aTz )v' (1)
Tax war ypasmenme Bau nep Baaabca (1.17) mMosxHO 3ammcath B BHjie
RT a 9
e 2

TO IIpaBasd 4acTh coorHomenus (1) pasma Hydio, T. e. Cy HE 3aBUCHT
or V, a saBumcut tonbko or 1. C momompio cootHomernus (1) B peme-
aup 3a7adu 10 momydaem

U = (f?_)vdT+( oU )=

oT

:CVdT+[T( ), _p]dvchdT+—V"2—dV. 3)

WnTerpupys aTo BHIpasKeHHE, HAXOANM

T
= 5 Cy dT — =< v+ U, (Uy— xomrcranTa). (4)
C momompio (2) m (3) nmb(bepemman 9HTPONMA 33TMCHBAETCA B BHJE
48 =4 U+ 22 v gr L 2, )
OTKYZA
¢ C

S = S YT+ Rln(V—0b)+S, (So— Komcranta). (6)

9 Hybo
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35. Ecam caurars, uro Cy =const, 1o gaa U Gymer cnopaBepiauBo
COOTHOIIGHWE (4) B pemeHWY mpefmpymeil samauu. B cayuae agmaba-
THIECKOT0 KBa3HCTATHYECKOIO M3MeHEHWs COOTHOUIeHWe (D) B pellieHHEE
NpefHAYMeHd 33724l NPWHAMAET BHJ ‘

as =5 ar+ B av = S ar 4 T ay —o

(c y4eToM COOTHOIMEHH Manepa), una

—1) av

- =0,

OTHYHAa Cclefyer
T (V—b)""'=const.

Hopcrasiaag 310 paBeHCTBO B ypaBHEHHE cOCTOAHMA BaH fep DBaadnca,
OyIaeM

(p—}——V%—) (V —b)¥ = const.

[lpu apgmabatmaeckoM pacimupernm B BakyyMm (meobparmmom!) U=
=const, oTKyga caexgyer
1 1
Fo=Ty= ( Vs W) ’

36. B pemenun 3amagm 24 6131.110 MOJYYEHO cleAyoIiee BhIPAHKE-
HEe ana wosddmiumenta Jxmoyia-—— Tomcona:

or 1 oV
AT I AN B F
( dp )H— Cp [T ( aT )p V] : iy
Ucnonnsya ypasHeHue BaH pep Daaabca, 3ammcaHHOe B HPHUOIIIKEH-

HOI (¢ Toumocteio Mo 1/V2%) dopme, p=nRT/V -+n*(RTO—a)/V?,
roJrygaeM

(7),

Q

'I;— 1+(2:/j;)rzz/za/m) ~ [1+ (1%{;‘ b)] @

T 1 2a
(F)a~z (7). ®
rue Cp — MOJIAPHASA TemJIOeMKOCTh TIIpH HOCTbHHHOM JAaBICHUN. I[.TI}I

reMueparypsl uEBepcmu 7';, 1pu Koropoit Koagdumuent J[oyms—
Tomcona (0T/0p)r =0, ua (3) umeem

Ty=-22 (4)

Kpurmuecras remmeparypa 7', = 8a/27Rb (em. ra. 1, npamep 8),
oreyma T; = 27 T, /4.
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37. Ilpocrefimuii cmocof pemeHWss OCHOBAH HA HCHOJIL30BAHHE
coornomenua (0H/dp)y = V — T (0V/0T), (cm. zamauy 15, m. «6v).
Ilopcrapum B Hero H = U -+ pV m npusefieHHOCE B YCIOBHAX 3aaTH
pasaomerne aasi V; Torja

B-+p)+2C+y) pF...=
_—_%(A—TA’H—(B—TB')-}—(C—TC’)P—F e

rme A' = dA/dT, n 1. 1. B npegene p — 0 310 ypapmenne mepexonur
B ypasmemme A — TA’' = (, pemeHne KoToporo mmeeT BHE A =
= const X 7. Torpga abcoanTHYI0 TeMIePaTypy MOKHO OLpPeNeIATh
caegyomum obpasom. Wsmepum 3HaveHnA pV UPH Pa3iMIAEX JABJe-
HESX, HO OpU (WHCHPOBAHHON Temmeparype I, a sarem sKcTpamo-
ampyem »rm smaueHus: lim pV = A (¢mr. 5). Ilpopmenaem raxyio
p—0

’Ke Tpomenypy UpH TeMieparype Kakoi-muGo mpyroii tepMoMerpm-
YecKoi#l TOYKH, HapuMe]p B TPOMHOM TOUKe BOJHI, TeMIeparypa KOTo-
poit T, = 273,16° K touno ¢urcuposasa. Torga wmcromoe 3sHAYe-
‘Hue abGCoMIOTHON TemuepaTypsl OyAeT OOPENeIATHCHS COOTHOIICHHeM
A/ATp_ TOUKA —— T/To.

38. N3 pasencrsa 0Q = T'dS BHTeKaer clefyiolmee OLpPENEIICHHS
CKPHTOH TENmIOTH PAaCIIuPEHA:

T ——a) f

(azecy mcnonnzoBano coornomrenye Makcpenna us sajaum 16, m. «»).
Ecom Bmecto I' ucnonbzosars O, To

oV oV do
( oT ) ( 0 )pﬁ y
IopcraBasaa ato pasencrso B (1), momyuaem L,= —(0V/96), T d6/dT,
nu

dInT L(&V) ___Va@®
a9 L p Ly (®) °

Unrerpupysa mo 0, maxommM
0
a(0)dd ,
In (4 )=— § =10, 8). )

IIpaByro "acTs MOKHO OHPEHENHTH IMyTeM ‘IHCJIGHHQI‘O HHTeTPAPOBA-
HHA, ACHONL3YA HKCICPUMEHTANHHO M3MEDEeHHHe 3HAYCHASA BeAAYHH,
BXOAAMUX B HOJBHTeTpadbHOe BHpaskeHHe. Torga 3To cooTHOMEHH®
H03BOJAT YCTAHOBHTh CBA3h Mexay 0 m 7.

gs
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39. Hogacrasus B coorHOomerme (3) pemenusa samauum 27 COOTHO-
nresne
M(T—8)

AL (1)
KOTOpOe CIIe[yeT M3 DaBEHCTBA
CH
M=yl =7"5,
O y9aeM
oU oM
( oM )T - (2)

YMHOs®aag oba coorHomreHus (2) pemenus 3ajadu 27 ma T, a 3areM
mabdepernupys ux mo M um T, monyuaem coornomenne Maxcsesra
(0S/6M)p = — (OH/3T)3r. G ero moMoIObI0 HAXOMUM

(aCM) _TaZS_ T 0zH -0
oM )Jr— T oM — (aTz)M""’

oTRyfa cimexyer, uro Cyr He 3asucut or M, a sasumeuT ToabKo o1 T
Wnrerpupya monmsit guddepenmuan

(U oU o oM aM
=57 ) 1+ (dh) =it~
HOJy4yaeM
T
U= S CMdT~—————l—const
a mHTerpupya muddepennmarn
dU—HdM ar MdM
ds§ = T - Co—- r ¢ ¢

HAXOIAM

T
daT M2
S= S CMT'—T—*_COHSL
40. CormacHO MEPBOMY W BTODPOMY BaKOHAM TEPMOJIMHAMUKH,
dU=T4dS —pdV-+Hdl, 1)

rae U — BRyTpernas sHeprus, S — dHTPONEAA M [ — MATHUTHSIH MOMEHT
cacremut. Vs (1) cmepyer, 1ro

(%)H:T (%)H_p ( 5

?; (2)
(), -7 (85), - (30),+1 (3),



Pewenusa 133

Tax war 02X/0poF = ¢*X/0H dp (X=U, S,V, I), umeem :
v al )
()= —(F)a (3)

IloncraBasaa B (3) I=yHY, noxydaem
av

(7)== 1V (G )2 (5 ):]

(), [ ()] 2

[Tpene6peras sasmcmmoctpio ¥, 1 (9%/dp)r or H, npomnrerpmpyem oe
gacta o H or 0 go H. 3ro paer

In V+VAV—'H2[[3X (6%) ]’ (5)

rme AV —mamenenme ofsema. OGprano mMosHO cumrars, wro AV/V L 1.
Pasnoxkum mo oTomy mapamerpy eyl 9acTh (D) MW OrpaHMIMMCA
TIeHOM [EpPBOro mopspka. Torga

=g (b= ()]

41. a) CornacEo upmMepy O, MPH H30TEPMEYECKOM IIpOTecce NpH
mOCTOSIHHOM 06beMe SW oy = OF, mosromy
[g@ifmﬂm] __8F 8§ U
ar v

niam

T2 T re -

Mpm nocrosaEOM of6Beve (paGora He NPOM3BOJUTCA) M3 3TOTO COOTHO-
MeHndA Caefyer

§U = 8'Q.

6) Ilpm wm30OTEepMUYeCKOM TIpoIlecce [PHW TIOCTOAHHOM [IaBjIeHAH
OW g = 6G, orryma

[20WunD)] 0609 _ _ o1

aT ]p_—'Tz" T T2

B ¢JjiyTae OOCTOAHWHOIO JABIEHWA M3 2TOTO COOTHOIICHUA CIeAyeT
8H = &'0Q.

42, Tlycrs ypaBmeHHe COCTOSHHS PpeamlbHOrO Tasa BamucaHO B BUAE

pV=1(p, T)=A--Bp+Cp*+ ..

C momompio coorHomenust (0C,/0p)r = — T (02°V/0T?), (cM. samauy 17,
o. «6») HaxomuM

(0) v 9Cp iy T (0%
== ()= -5 (&),
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rge Cy’ —MoaspHAS TEINIOeMKOCTh IPH HysesoM AasieHun. Llopcrasmm
B 3TO COOTHOLICAWE yPABHEHWE COCTOAHMA U IPOBEJEM MHTerPHDPOBAHUEO
¢ yuerom Toro, uro A~7, A"(T)=0 (cM. pemenme sagaum 37).

IIpm sroM momygaem

c;:’:c,+TB'p+%TC”p2+--- - M)

CﬂeﬂOBaTeJILHO, C IOMOIObIO 3TGLO COOTHOHIEHWA MOMHO O9KCTpAmoJIH-
pomars sHauweHms Cp, MOJIyYeHHSE IPH DPASANYEKX p M (PUKCEpOBaH-

20 T T

L

!
!

- 1
]

1
]
i
I
1]
1

P =p/p,

10 —

1
i
1
1
1
1
¥
I
I
1
I
1
]
I
i
1
f
]
i
]
1
1
!
!
1
1
1
i
I
1
7

T T l 1] T T

Aumepuia

- , H

2
Y { 3xcnepumenm)\
A

Baw dep Baanse

T

moil vemnepatrype I, B onpene-

murs Cy°.
43. OOGosHaumM EKpHTHYEC-

Ky TOURy uepes (Pey Ve, Te)
" BBemeM P = p/p.,, b=V/V,,
t=1T/T,. Torna ypasaeame [lu-
Tepmun BAIMINETCH B BHJE

p(2b—1)=texp (Z—sz)
1)

(em. ra. 4, samadga 12). VYemo-

| sne pamemctBa myaw woaddu-
- mumenra  Jlmoyns — TomcoHa

(0T/0p)g =0 osmagaer, 4T
T (0V/oT)p,—V =0, nmm

- (F),=+- ©

il Mudpepentmpysa (1) mo + upm
- mOCTOAHHOM Y H® TIOACTAaBIAAA

tryma (2) sMecro 0H/dt, momy-

qaeM

] b=gie. 3)

4 Hcewarouasgs ¢ TOMOIBI0 9TOrO
pasercrea b m3 (1) Haxommm
4

=

Typ mEBepcuu (AT/dp)g >0, T.

b P=B—nep(g—1). @

Ha ¢mr. 43 msobpasken rpadue
sroii sapmcuMoctm. Ilo ommy
CTOPOHY 0T KPHBOWX TeMmepa-
e. IPDH pAacIIHPEHAM Tasa B Opo-

necce Jmoyna—ToMcoHa mpomcxofuT €ro OXJIasKIeHHe, a IO APY-

ryio (07/0p)y <0, T. e.

OpH pacIIEpPeHNM OPOHCXOAHT HArpeBa-
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ame rasa. Ha ¢ur. 43 npuBefena TaryKe DKCHEPHMEHTANBHAS KpH-
Baa puaa sopopopa H,. Amasormumoe paccMoTpeHme MOYKHO IPOBECTH
m [miig rasa BaH Jep Baansca, ypaBEeHHE COCTOSIHHS KOTOPOTO B IpH-
BOJCHHLIX BEAAYAHAX WMEET BHJ

(v+5) (o—3) =5 )

(cm. ta. 1, upmmep 8). Huddepernumpysn ero mo f, moxyiaem

—5 (&): (0—=3) + (v +55) (5)o=

OTKY A

ap 8

(«Tt)p: 3(p—3/o3 2% © ©
Ioncrasnsaa coga ycaopme I (0V/0T), —V =0, mir
ap
¢ yderoM ypaBHeHWH cOCTOSHES (D) mMeeM
3 1 8 3 2
(p5v) (b—5) =5 t=0 (p—5rt3s) »
OTKYZA
9 1

Hopcrasuss ypasuenue (8) B (), HaxoxuM

18 11\2 8
w(o—3) =3

HIIN

PR 9)
=2/ 51

Ucknowas ¢ nomomsio (9) b =3 (8), monygaem _
p=24)3t—12t—27. (10)

910 ypaBHGHHE W ONpeJeNsAeT KPEBYI0 MHBEPCHHM Ha P — {-THarpaMue.
Kax noxasamo Ha ¢ur. 43, 9Ta KpuBasg mMeeT MAKCHMMYM IpH t=3,
roe p=9.

44. Hoopduument [[smoymns— Tomcora p ompepexasiercsa (cM. 3aja-
9y 24) caemymomuM o0pasoM:

ey =T (g;)p_v, 1)
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rie  v(=1/p)— ymenpunii- obbem, I —abcomorHas TeMmmeparypa.
OGosmaunm uepes ¢, W W' 3Ha9eHHd KOIQPUOUCHTOB Cp W L B DMIH-
pmueckoit TemmeparypHOA mxase 0. OHE MMeOT Bup

ch=cp G5 (22)
, a9 20 :
:(—@-)h:“ﬁ' (26)
ABHajorunyno '
v ov do :

Ecmm 0 — reMueparypa, ompejenxaeMid ¢ IOMOIEBIO Ta30BOI0 TePMO-
Mmerpa, 10 0=-const X v, orry;1a dv/dd = /0. CaeroBaTensuo, cooTHO-
merne (1) ¢ yuerom {3) 6yaer uMmerb Buj

’ . T do
W= gr v

i
dInb ;o .
S =1+ e =10), (4)
OTRY[Ia
6y
Ty (.40
In = {5 (%)

roe ¢yErmus f(0) ompemenserca cootHomenmem (4) W MOKeT OHTH
BRIYUCJACHA IO MU3MEPEHHBIM 3HAYMEeHHAM IIJOTHOCTH 0, YIIeJleOﬁ TeI-
noeMrocTu ¢, 1 Koadpunmenra moynn — Tomcona p’. Ecam usse-
crHo 3Hauenue 7T,, COOTBETCTBYOIPE KaKOW-IUGO CTAHMAPTHOHR TOU-
ke 0y, 70 kamubpoBry Ty m 0, MOKHO OCYIECTBUTDH, TPOBOMAA GHUCIEH-
HOoe HHTerpupoBaHue COOTHOMIERHA (3).
45, CorasacHo cooTHomeHuio (1) pemenwmst upemppymei 3agadwd,
aMeeM
av
T (), =v+ nen

OTKyZJa caegyer, dro

ar  dv  dv 1 . dp 1

T vtpep, v L4pucp p 14ppcp’
HopcraBum croga

¥ OPOUHTETPUPYEM; B PE3YJIbTaTe MOIYIUM

¢
T S o dd 1
In =

Ty 14-ab 1 4-ppey
0
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IIyers T'=100+T7, (t=100), Torma

100
100 o do 1
In (1+ ): | e v 1)
B mepsom mpubmmuermn (1 -+ pucp)™? = 1, rorga Iy =~ 1/a. B crenyro-
meM OpubauKeHN: TIONORIM
' (1-+pucp)t=14f (2)
nm sanmmeM (1) B Bune
100

(1—}—100)2111 (1--1000) - o S Lf” de. 3)
0

Ianee mommo 3anmcath To B Bume [o=oa™l--z, rtorma (3) mpmMmer
BH]

1 + zet/(1 + 100a) ()
ln[ R ]_ § 14+ al d8. (4)

Tak war z m za/(14-100a) manel mo cpaBmeHHIO ¢ o, JEBYI0 FacTb
cootHOmMERusA (4) MOKHO PasJIOHUTh B PAX M OIPAHHIMTHECA JHID
qIIeHOM TIepBOro mopsgiaxa mo z. Torga

100 100

z(m—i)=§ H‘zedeﬁ Sg(e)de. (5)

0

@Oyaromo g (0) = f (0)/(1 + ) MoskEO HAaHTH IO YHCIEHHHIM JaH-
HbIM, OPHBEACHHBIM B Tabuaumme.

6, rpan f(9) g(0)
0 —0,00329 —0,00329
25 —0,00258 —0,00235
50 —0,00198 —0,00167
75 —0,00153 —0,00120
100 —0,00121 —0,00088

VEaskeM Heo0XOUMBE COOTHOMEHHA MEKIY pPasiudEmuMe Qusm-
qecKUMH  enwHAmamu: 1 kaa = 4,18.107 op2, 1 rllem?® =
= 0, 98 10% em. CIC, orxyma ppe, = pu'cp-4,18-107/0,98-108
(rne W ¥ cp — BHAYEHHS B MCHOOJB3OBAHHEIX B YCHAOBHH 3aiadd
epugnnax). Tak kKayk BeJmuUMHA ¢ 3ajJaHa JWMEL YeTHPbMA 3Ha4Ya-
muMy nudpaMa, nag r Heo6xogqumo ToAbKo ase nmdppu. Ilosromy
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B paccMaTpHBaeMoil 3ajave MOKHO OTDAHMYHATECA NPHOIW/KEEHHM
maTerpupoBandeM. llpm stom m3 (D) momyzaem

Hin

—0,269 z = — 0,183,

z = 0,68,

OTKY/IA

T, = (0,003669)-1 -+ 0,68 = 273,2.

OTCTVYILJIEHUE 7

Oncuscumeaw zeaus Kanuyw. B 1908 r. Hammepnunr Ommecy yna-
JIOCH IONYYATH B JKUKOM COCTOSHHM Trenuii, HOCJeNHWil M3 TAaK HA3H-
BAEMBIX (BEUHHIX» Ta30B. TPYAHOCTE OMIKEHHs Telms OGBACHAETCH TeM,
9TO /I HEro teMmeparypa maBepcud adderra [iwoyna — Tomcoma odenp
amska. Iloaromy pug TOro, 9Yro6nl WMETh BOBMOMKHOCTH MCIOJIBH30BATH
afpderr [Imoyna — Tomcoma, Heo0XONMO I pefBapPHTENHHO OXJIAJETH
TeddAil A0 TeMIOePaTypH ;KHAKOT0 Bogopoga. B meTone Kammepamar OHmeca
adpexr J[moyas — TomCcoHa MCIONB3OBAICH TOITAMHO, CHAYAIA OH MIPH-
MeBsICA Mg OXILKASHHS BOJTODOJa, a 3aTeM reiyuda. B macrosmee BpeMsa
mamfosee PACcHPOCTPAaHEH METOX, B KOTOPOM HA IeEpBOM 9Tafe OXJarkpge-
Hi7e IPOP3BONATCA He BOLOPOJOM, 8 UYTeM aImabaTMuecKoro paciidpenRns.
Meron agmafarmdecKoro pacHIHpeHuss BUepBHe 0wyt mcmoapsoam Hio-
nom m XeiidapgoM OpE HOAYYEHVR SKEMIKOTO BO3gyxa, a satem [I. JI. Ka-
73 TPEMEHnN ero s Feans. IIprMepoM OMKIKATEIA TAKOI0 POAA MOKeT

CHAYAHATH MalmnHa Koniunsa.

Yr1o6n mpepcTaBHTh ceGe OCHOBHRI® IIPOHECCH, TPOUCXOFAMNE HDH
OKMEeHAN, paccMorpmMm  ¢$mr. 44—46, THe cxeMarmueckm W300PAIKEHBL
ORUKATENL, ero S — I-mmarpaMma # SHTPONOA Tejmsa. J[Is HPOCTOTH
TENNOBYID H3OJIANMUI0O CHCTeMH OymeM CYAHTATh WHealdbHOH, a MajgeHue
[aBIeHAA BAOAb TPYOOK — NpereGpe;kuMo MaideM. B mpomecce o — b
upn temmeparype 73 (~300° K) mpomsBogmress cmatme rasoo0pasHOTO
TeJds OT HaBiaeRUA py (~1 ammu) mo Goiee BHICOKOro HABJeRWs p» (Ha-
upuMep, 15 amau). 10 cxrarThe mpomcxoxnT agunabaTHUECKH, HOITOMY OHO
COTIPOBOKIAETCH VBEJAMYOHHEeM TeMIEpaTypH rasa. 3areM ras o XJIamiga-
erca (b — ¢) Bopoil go Temmeparypnl 7. [lanee ras oxmasgmaeres (¢ — d)
o Temoeparypst T3 (~77° K) ¢ mOMOTIBIO JKEAKOIO 43074, UPOTEKAIOMETr0
gepes TennoobMesHUK I.

3areM IOTOK rasa pasgeiserca HA [Ba HOTOKa 1 m 2, mepBHl M3 HUX
mowagaer B JeTaHuep, IAe ra3 pacmupseTcs npH axuabaTHgecKmx
yeaosuax. [Ipm srom (sETpomms mocrosiEEa, AS = 0) ras oxia:kmaercs
or T3 mo T, (d — j) m IpOXORAT sepe3 remwnoobmenrux 11, oxmamnas npy-
roit norox (2) razoobpasnaoro reiams. Ilocie 370T6 OH BO3BPAMIAETCH B KOM-
upeccop (j — a). Iloror 2 mpm upoxosxpenun Temaoobmenamka 11 oxmanm-
paercd o Temuepatrypsl I', (d — e). 3areM BTOT HOTOK Jepe3 Kiamal J[:xoy-
Ig — ToMcoHAa HocTymaer B KOHTefiHep A/ SKHAKOTO Trelms. Temmepa-
Typa rasa, mpoXoJAmero 4epes Kjamnaf, MOJKHA OwTh MEHBINE TeMiiepa-
Typsl mHBepcnn »ddexra Ixoyas — ToMcoHa, 9T06BI MOTIO HPORCXOTUTH
OXNAKEHHE Ta3a 3a cJeT 9Toro sgderra. IIpH 5TOM yacTh rasa CKURACTCA
(h). Ocranpuoii ra3 Bospamaercs B Temnoobmenmmy 111 (i — j). Iocaen-
HAY CAYKAT A OXJIAKIAEHENA IOTOKAa NOCTYyHAMmero rasa (e — f) mo
TemMuoepaTypu 7, mpm KOTOpoit paGoraer riaamalH J[:xoyias — TomcoHa,
Jiamee ®TOT ra3 COeAWHsETCA B TOYKe j ¢ HOTOKOM { @ Bo3Bpamaerca
B Kommpeccop (j — a).



Komnpeccop

Bodrnoe -
oxnaxcoenue

a
TennooGmennuk I

d 4
2
=2
E T T Tennoobmernrux I
Jemardep
=ik
e l J
-1 -,
T T Tennoobmernur I
LA,
Lpoccens  f

Beinycx
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7S

EATS

3HaueHHe K. H. J. BCEro IPONECCa OKMKeHAA MOKHO BRIYHCIUTEH Cle-
pyromuM obpasom. IIpomecc Hmoyas — Tomcoma (f — g) Xapakrepn-
3yeTcsi PaBeHCTBOM '
Hy=Hgy (AH =0),
rme H — saranbnus Ha 1 moab Ta3000pasHOTO TeNA, a HASEKCH COOTBET-
CTBYIOT TodkaM auarpaMmsl. C gpyroil cTOpOHEL,
Hy=noHp+{1—n) H;,
e 1¢— OTHOCHTEIbHOe KOJNIeCTBO Ta3a, O;KIKEHHOTO B TOUKe g, a MHIeK-
camMu h W i TIOMeYEHbl 3HAUEHAA DHTAJBHOUH COOTBETCTBEHHO B JKHAKOM
n razoobpassoM cocTosiEAnX. Ilpm oxnasrmeEmym Taza Ha ydYacTke e —» f
IOTOKY ra3a, HAyIeMy U3 KOHTeiHepa JJIs KUAKROCTH (i — j), Hepegaercs
tenno H, — Hy CregosaTennno,

He—Hyp=(1—mno) (H;—H;).
Uckarogas n3 stuX ypapHeunil Hy m Hg, monyyaeMm

H;—H,
= = —————— N
=121 H;—Hn

rjle T~—[0Jds Ta3a B HOTOKE 2.
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FrJABA 3

TepmopmHaMmgeckne pyHKIER
U YCJIOBHA PaBHOBECHA

B sroit rnase B KagecTBe HOBOTO NPHUHTALA BBOAUTCA TPETHI BAKOE
TePMOSWMHAMEKE, OFHAKO OCHOBHAS 3ajadya B3aRJOIAETCsI B TOM,
9robbI CO3JaTh Yy UYHTATENS BOSMOKHO (oJiee SCHOE LPONCTABIEHHS
OTHOCHUTEJBHO 00mell CTPYKRTYPH TepMogumHaMurm. llpmmenemme pas-
JUYHHX TePMOTUHAMHYECKMX (YHKIHNA H coCcTaBIeHHe ypaBHeHUR:
IAA HUX HECKOJbKO HAODOMHHAIOT MaTeMaTHIeCKHe YIpasKHeHH:.
Mur HajieeMest, 9T0 UMTATEb HE 3aMYTAETCA B HTHX PAacUeTax W cyMeer
OpoCHefHTh (QUBMUECKHE W/IeHW, KOTOPHE B HEX 3aKINYeHH. 37ech
eme pas upuBoxuaTcad YOPMYIHPOBKA YCIOBUI TEMIOBOIO PABHOBECHS,
OOCKONBKY MMEHHO OHH Je;KaT B OCHOBE MPUMEHEHUS TePMONWHAMUIKH.
B cBsasm ¢ oM ofCcyiRmanTes TepMOAMHAMUUYECKNE HEePABEHCTB2
n npurnmn Jie-lllarense — Bpayma m paccmarpuBaercs WX mpuMe-
HeHHe K IPOCTHIM CHCTeMAaM.

OCHOBHBIE IOJONKEHRA

§ 1. TepmognuaMuyeckue QyHRUHUH

CucreMa B COCTOSIHMM TEPMOZMHAMHIECKOr0 PaBHOBECHA XapaKTe-
PH3YETCH mepMoOuHaMULecKUMY PyrEyuiny (BId mepmodunamu-
YeCKUMU NOMEHYLLAIaMU), KOTOPEE TPeACTABIAIOT coGoil aKCTeHCHUB-
Hble BEJAHIHHBL — (QYHKNUH COOTBETCTBYIONIMX HE3aBUCUMHX mepe-
MeHHbIX. Bee TepMogmEaMEYecKHe BeJHYWHBI, XapaKTepH3yioLlue
TAHHYI0 CHCTEMY, MOTYT OBITHh HOJYIeHH KaK TacTHHE IIPOM3BOJHEHIE
TePMOAMHAMHIECKUX (YHKIUN, 4 TAK Ha3hHBaeMble TePMOTWHAMUTE-
CKUE YypaBHEHHA HPEICTABJIAIOT CO0OM CBASH MEKAY DTUMH BEIHYH-
pamu (anaaumuveckas Gopmyauposka mepmodurnanuru). Tepmonn-
HaMHUKa MOKET 7aTh TOJBKO OOIIWe CBeJAeHMS OTHOCUTENBHO (HOPMEL
repMopmHAMEIeCKNX QyHRmui (cm. § 8), Ho He MOMKET oUpeNeIHTEH
UX KOHKPeTHHE BHUJ A KaKIOM IaCTHOM CHCTEMHl. JTa 3aBACHUMOCTDH
MOJRHA YCTAHABJIMBATECA SMIMPWYCCKH HMAH € IOMOIIBIO CTATHCTH-
YeCKO MEeXaHHKH.

KHasgana TepmopuaaMudeckaa GYHERIUA 3aBECHT OT CBoero Habopa
OepeMeHHHX. JTH IePeMEeHHHE HASHBAIOTCS eCHECMECHHBMU He308l-
cumvimu nepemeHHumu. Keaa TepMommHaMmuecKass QyHKIAS 3aHaHa
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TepMmonUHEAMITYEC KIS

EcrecTennsie

ITonubiit puddepeHnma

¢ysKIUE (OOpemesieHne) epeMeHHbIe
Bryrperngssomeprun U | S, V, N; AU =TdS — pdV + Y\u;dN; (3.1)
IHTANbIAA S, p, N; dH=TdS 4 Vdp+Np,dN; (3.2)
CeofopHas  sHeprusa
TexpMroanna (iau
npocTo cBoGopEAS | T, V, N; dF = —8dT — pdV 4 DpidN;  (3.3)
SHepPTH)
F=U-TS§
Csofonuasn 9HepPTHA
I'nG6ea * (mam repmo-
KUHaMWUYecKNH HOTeH- | 7, p N, A6 = — 84T+ Vdp-+ ZHidNi (3.4)
ma)
G=F4pV=3N;u;
Bosipmnoit moTeHIMA % 7y 4J— —SdT av ZN'd ) 3.5)
J——pVe=F_G y Vo Mg = p 423894 .
alu  p Wi

durpomus S U, V, N dS:—I,—+—Z,—dV~2,TdNi (3.6)
Oymrmas Macese — (i) Poav_

=7 -—Z%dNi (3.7)
Qynrnua IInanka 1 14

N A= —fd (T)——Y—;dp—-—

D— ;E_ T P N Q1

=—7 — Z':Fl dN; (3.8)
Oynxmra Kpavepea — (i P

J P ivi‘i dg Ud T+Tdv+
=7 T +ZN-d(ﬁ) (3.9
il (5 9)

¥ B nuTepaType HA DPYCCKOM A3HKe HPHHATO HASHBATE 2Ty QYHKUMIO TEpMOIUHaMUYE-

CKUM moTeHnuanom I'mG6ca, uian mpocTo noreHuyalom I'mG6ca.— IIpum. ped.
*% Dra yHRINA HC HMeeT OOMIENIPMHATOTO HAa3BaHWA. B COBpeMEeHHOR JmTeparype

10 CTATHCTUYECKON TePMOIMHAMIKE ee MHOIAa Ha3HBAIlOT O00JbIINM IOTEHIUAJIOM, TaK KaK OHA
eBAaana Co CTATHCTHYECKOH cymMoil mia GONBIIOTO KAHOHHYECKOro aHcambisa.




T. 476. 9HTpOmmA HA

On



XL

i

@ mr. 47r. TepMogEHAMHYECKHH NOTEHIHAJ HAT

o




146 Ia. 3. Tepmodunamnuveckue Pyrnryun w ycaosus pPasHosecus

Kak (VHKIHA eCTeCTReHHHX He33BHCHMBIX TePEeMEHHEIX, TO TePMOIM-
AaMHUYeCKHE CBOICTBA CYCTEMBl ONPENeNeHb HOJHOCTEIO. FCam ke oHa
3afiaHa KaK (YHKIEA APYroro HaGopa HE3aBUCHMEIX LEPEeMeHHBIX,
TO [ OUPEHeNeHnsT BCOX TePMOJMHAMUUECKUX CBOHCTB 3TOTO HEMO-
craroure. | [as npuMepa MOKHO CPABHUTE IBa CAydad, ROTAA 3aTadbi
¢yaraun U (S, V) u U (T, V).l B ra6a1. 2 npuBefieEs! 0CHOBHE®
TepMOANHAMNYeCKHe (YHKOME [N ONHODOJNHOH CHCTEMB!, HIX ecTe-
CTBEHHBIE TIePeMEHBbIe M MONHLE Huddepenuas.

TloBepxmocrn, wmaobpaskammue HEKOTCPHE TePMOJUHAMHYECHHE
dyHRUMYU A TBEPROTO HATPHUs, upmBemeHsr ma ¢ur. 47a — 47r.

§ 2. llpeoGpazosanne Jleswanmpa

B obmem ciygae TepMoguHaMmuecKad (GYHKIuUA L ecTecTReHHHIX

He3aBHCUMBIX IIePeMEHHHX Z, Y, 2, ... WMEET CJeLYIOUHil WOJHBIH
mndpepennuan (npaddosa dopma):

dlL = Xdz +Ydy + Zdz + ... . (3.10)
3mecy X, Y, Z, ... — QyHKOEM IEPEeMEHHEX Z, Y, 3, . - . . 1l peo6-

pasoeanuexn Jexwcandpa HaspBaercs caepyomee npeofpazoBapme
¢yEKnEE L ¥ He3aBUCHMHIX TEePEeMEHHBIX:

L—~>L=1L— Xz,
Zo Yy By ene=>X, Yy By v, (3.11)

TOTHA
dl = — zdX 4 Ydy + Zdz+. . ..

Pazapunbie TepMopmHaMuYeckne (YHKIWW, IpUBeeHHBE B Tadiaume,
HOJY9aoTCA € IMOMOIIHI0 COOTBETCTBYIOMAX npeobpasoBanuil Jlemany-
pa u3 ¢yuxuuit U manm §. Kpome Qyurumii, npuBefleHHEIX B Tabx. 2,
CyIIecTByeT GOJBIT0e KOJWIECTBO JPYTUX PasHOOOPasHBEX TEPMOAWHA-
MUYECKUX (PYHKIHHA, KOTOPHIE MOKHO MOJAYYNTH, HAIPUMEpD, B3 BRYT-
perneit suepram U (S, V, x4, 25, . . ., Ny, No, .. .), OCYOECTBAAA
IIOCJIeIOBaTeNbHO npeobpasoBaHus JleskaHapa mo LEPEMEHHEIM Iy,
X3y o «., X4, X5, o .. . OTH DEpPEeMEHHBIE MOI'YT LIPECTABIITh COOOH
HAOPAKEHHOCTh JMEKTPUIECKOTO HOJSA, HANPMKEHHOCTh MATHHTHOTO
moasn, marsxenme u 1. K. [lostoMy [oBosbHO TPYAHO neAo6paTh
OOAXOo/AINee HA3ZBaHME Ka:KIOW TAKOW TepMOZMHAMHYECKOH (QYHKIUH.

§ 3. Ypasuenne I'm66ca — Jliorema

Ypasuenue ['m60ca — Jdorema umeer Bum

Sdlf —Vdp+ 2 N, du;=0. (3.12)
J
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31ech B ABHOM BHje PacCMaTpmBaeTcs JHINEL pafora, CBA3aHHAS € H3-
MeHeHZeM [aBleHds. 1lockoapRy gucaa gactan Ny, No, . . ., OT KOTO-
peiX 3aBmeaT HoteHnuan ['mb66ca, ABAAKTCA DKCTCHCHBHLIMHA I€pe-
MEHHLIMH, TO, KaK JeTKO BHUJETh,

G(T1 p, aNh O‘N2’ . ') = “G(T’ D N11 NZ’ . . ')-
JuddepeRnupya 9TO COOTHOMEHHE IO o U moiaras a = 1, moxyda-

em 1)
oG
Z Nj ( 0Nj )
j
Ho rtar wak B coorsercreum ¢ (3.4)

96 o
(aNj)T B

,=G (ypasmenue Jiinepa).
T,p, N

MOKHO 3anmcaTb

G:%;Njw(zgnﬁj). (3.13)

Iopgcrasaas  »sror pesymprar B BeHpakenue (3.4) mua dG, mony-
qaem (3.12).

§ 4. OnpeneneHne TepMOAMHAMHYECKHX BEIMINH
H TEePMOTMHAMUYECKAEC COOTHOLICHUS

1. Tenaocemrocme, ydeavias menaoemrocmsd. C HMOMOMBH COOTHO~
mrenuii (1.10) m (2.12) umeem:
TEIVIOEMKOCTD IPH IOCTOSHHOM 00heMe

Cr=(ar )=o) =" (5r), s (.14

TEeIJIOEMKOCTh OPXA HOCTOSHHOM JAaBJICHHUN
Co= (i), = (ar),+ 2 (5r), =7 (5r), 40

2. Illepsvie npouseodnvie mepmoounamuueckur @ynryui. U3
(3.1)—(3.9) mmeem

()en=1 (F)an= =2 (5),, =t G199

as 1 as _p N 0y
(W)V,N—— T’ (G—V_)U,N“ T’ (Wj)U,V,N;: —7 . (316)
1y Yepes N;j 060aHaueHa COBOKYITHOCTh THCEI Niy,i=1,2, ..., opai=j.
2) iEmekc N mpm  mpomsBomBoll obosHadwaer amddepenmmpopanme, HpH
koropoM Bce Ny, Nz, ... OCTAIOICA HOCTOSHHEIMME, :

10*
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(F)rn==5 (F)ew==7 (@) vt @17
(F)on==5 (o= ()npw =t B9

IlpomsBogHEIX OT APYIEX TEPMOAMHAMWUECKMX (GYBKIHA MH He IpH-
BOJIVM.
3. Yoeavnvie moaapHrie seauvunsl. B muozoxomnonenmmoli cucmenme

£ KoMOoHeHTamMu j=1, 2, ... cOoTHOINeHme
o0 =
¥ =; (3.19)

‘BIpefendeT yAeabHYI0 MOJSIPHYIO BeIWYUAY; 3jech 1;— THCIO MOJed
j-ro Kommomenta, a (- HEKOTOpasg HKCTEHCUBHASA TIEPeMEHHAs.

Hanpunmep,

U; = —g—% (ymenbHAA MOIADPHAS DHEPTUsA),

H; = %{{7 (ymeapHas MOJAPHASA SHTANBIUA),

S; = %S-j— (yaensHAS MOJAPHASA SHTPOMHA),

Vj = (%)p (ymenbupIi MonApHHEA 00beM),

@_j:%% (yzenpupiii MOJAPHEIA TepMOIWHAMEYECKUY HOTEHIHAT).

B w@actmoctm, G; ecrh He 9ro HHOe, Kak XHMHYECKHIl IIOTeHI(mal
Ha 1 moasnl).
4. Teopemst ¢aaumnocmu (coommuowerus Marceessa). Ecnm Bripa-
skenme (3.10) sBaserca moaHBM AudQepeRnEamIoM, TO
_‘%‘_:% w T, | (3.20y
ITH COOTHOWEEHA ABIANTCH YCIOBHEM TOT0, 4T0 JeBad YacTh ypas-
merns (3.10) mpemcraBisgeT co6od TOUHHY HOMHHIMA AudQepennman
(ycaoBme HETETPHPYEMOCTH, BN YCJIOBHE CyINecTBoBaHlA QyHRmun L).
Jlerko mammeaTh ypaBHEHHs, COOTBeTCTBYMomme yciaosmio (3.20), mis
maddepennmanok (3.1) — (3.9). Koneuro, He Bce 3TH yCcI0BUA, HABH-
BaeMmuie coomuowenusmu Makceéeasa, ABIAAIOTCS HE3aBUCHMEIMH (CM.
sameuanme k npumepy 2). Ws coormomernwit (3.17) m (3.18) mmeem,

1) B cBsAsH © 9TAM CYIIECTBYIOT DABIWIHE® HAHMEHOBAHMS BEIMIUHH Gy
YHeabHAS MOJNApHAsA CBOGORHAA dHEPrus, crobopnas sHeprus I'm66ca ma 1 xoss,
(MouapHaa cROGONHAS SHEPTHA H T. A.).
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HapEMEp,

() (e ()=~ (59),.00 020

ams (3.7—

(57 )ew= =778 (F )y =T (57 )y e G210

HexoTopsie m3 3THX COOTHOLIGHWH MHI YK€ IOJAYYadd B OpAMEPax H
3ajfiagax Ti. 2, OJHARO B 9TON TiaBe MH HcciaeqyeMm ux (oljiee cmcre-
MATHICCKM.

5. Coomnowenus, noayiaemvie npeobpasosaniiem nepemernuzr. Tep-
MoOUHAMAYeCKHE (YHKIMA W IOJydaeMble W3 HUX TepPMOTHMHAMHYE-
CKUe BeIMYMHH HE BCEIfa PACCMATPUBAITCA Kak (YHKIEE CBOMX
eCTeCTBeHHbIX DepeMeHHHX. B mepMopmHammke uyacTo OHBaer HeoO-
XOAMMO WTDPOW3BOAUTL TY WM WHYH 33MeHY He3aBHCHMHX @epe-
MEeHHHX ¥ BEIBOTUTH COOTHONIEHHA MEKIY PASIUIBKMY IPOR3BOTHEIMA.
Ilpm arom wacro memoanayerca gopmyna (1.23)

ox . {92/0y)x
(_a—y_)z—"' - (02/62)!/ L] ‘ (3-223)
uim B Ooiee ymoOHOM [AJA 3alIOMHHAHEA BUjE
ox dy 0z =
(%), (5). (5),=—1 (3.226)
ITpu npeoGpasopanuy IepeMEHHHX YA00HO HCIIOIb30BATh AKOOHAHEL
a(u, v, ...) d(u, v, ...)0(E, M ...) (3.23)

a(xi y""):a(x7 y"")/a(EY n"") ’
B 9YaCTHOCTH,

Ou _ 0w,y 5 ..
(W)y,z, T 0@ v, 5 ) (3.24)

§ 5. Tpernii 3axon repmopmuoammxm (Teopema Hepsera — Ilzamka)

IHMPONUSL TUMUYECKL O00HOPOOH020 Mmead KOHEuHOlU RAOMHOCMU
npu CMpPeMACHUL MeMNepamypbl K Q6COLIOMHOMY HYAO CMPEMUMCs
E npedeivHOMY SHAYEHUIO, He 3asuciuyemy om 0asieHus, NAOMHOCIMU
uau gaser. Y poouo nosromy npuaumarts cocroanue upu 0° K 3a meroro-
poe mauaneHoe cocrosmme [cM. coorHomeHwme (2.11)] m cumrars, 9TO

limS=S,=0. (3.25)
-0
Torga SHTPOUUA TPOW3BOJILHOTO COCTOSIHHS OIPEAEIseTcAs OFHO3HAY-
muM obpasom. Haiinenayio Taxam o6pasoM 9SHTPONAIO HAa3HBAIOT
mHor[a abcoaroTHOR »HTpOHHEH.
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W3 31Ol TeOpeME MOKHO BHIBECTH HECKOJDBKO BAjKHEIX CJAECTBUIL.
MO-TePBEIX, HUKAKUMU CROCOGAMU Heab3s Jocmuyb abCoalomHo20 HYAs
Bemnepamypwn (memocTH:RUMOCTH abCOIIOTHOTO HYJsI) H, BO-BTODHX,
TeMI0EMKOCTh, KOd(p(UIUEeHT TEITOBOTO DACHIMPeHUs W HEKOTOPHEe
OPYyTAe aHANOTHYHBIC BEIHTUHH HO/UKHH CTPEMUTHCA K HYNO IPH
TeMOepaType, ¢Tpemameiica K Hyaio. Teopema Heprcra — Ilmamxa
oveer Gosblmoe 3HAYeHME NI W3YICHWA XAMHYECKUX peaKmmil
(eM. ra. 4, § 15).

Ecan rosopmrs 06 wcropmu Bonpoca, To 9Ta TeopeMa OHLIa BEIBeTe-
HA U3 IeJOr0 PANA IKCHEPUMEOHTAILHHX (AaKTOB H MOSTOMY IpPeJCcTaB-
afger cobof, KAK W [Pyr@e BaKOHLI TEPMOJWHAMUKA, SMIUPHIECKHN
YCTAaHOBNEHHHH npuanun. BMecre ¢ HYJIEBHIM, HePBHM H BTODHM
33KOHaM# OH o0pasyer CHCTeMY OCHOBHEIX AaKCHOM, HA KOTODHX
DOKOUTCA JIOTHIECKAas CXeMa TepPMOJUHAMHUKH.

C ToYKH BpeHHS CTATHCTUTECKON MEXAHHKH, B KOTOPOH MCIOIB-
3yeTCsT aTOMHCTHYECKUU ITIOAXO0/, TPETHH 3aKOH SABJAAETCA CIeJCTBHEM
KBAaHTOBOMEXAHWIECKON NPHPONEl MHEKPOCKOIMTIECKOTO JBIKEHHUA
MATepHuA.

§ 6. PaBHoBecHe IBYX CHCTEM

Ecam pgse cacremnt A m B HaxoggTca B TepMOUHAMHYECKOM KOH-
TaKTe, TO B SaBACHMOCTH OT UPHWPOAH KOHTAKTA BOSMORHEL CIEHYIO-
IEe YCIOBUS PAaBHOBECHS:

1) MexaHWYecKoe B3amMojelicTBHe (MEXAHWIECKOE PABHOBECHE):

— 1y.
pa =ps E T A1) (3.26a)

2) temnoBoe BzammopeiicTsue (tennoBoi obmen): T, = T'p; (3.266)
3) marepumaiipHOe B3auMmofeiictBue (00OMEH YaCTHIIAMHE BelleCTBA):

it = pf (3.26m)

NMorasaTteanbcTso. Ecim Mb paccMaTp@BaeM H30JHPO-
BAHHYI0O CHCTEMY, TO YCIOBHE PAaBHOBECHs s COCTAaBHOHE CHCTEMEI
mmeer Bug (cM. ra. 2, § 10)

S, + S = max. (3.27)

Tlockonpky cucreMa A - B sBisiercsA W30IAPOBAHHON, MMeeM TaKKe
IOMOIHUTeIbHbE YCIOBHSA

A B
U,+Ug=const, Va-+Vg=const, Nj-+ Nj=-const,
i=1, 2,...
1) B ciayuae HENJIOCKO# TPAaHHNH ¥ OTIMYHOrO OT HYJsA IOBEPXHOCTHOTO

HATAKeHHs [aBienme He Oymer ommEakoBeiM. IlomoGmmle ciyyam 3jech He pac-
cmarpmBaiorca (cM. T 4, § 3).
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It YVCJIOBHSA MOMKHO 3aIlMCATEH CJaeiyIomuUM 06p3301\11

85, +885=0, (3.27)
U+ 6Uz=0, OV +8Vyg=0, ONi+oNFP=0,
i=1,2,.... (3.27

C umovoribio (3.6) mepenminem coorHOmenne (3.27°) B Buie

§Up

8 ug ny
A A= D N L R RV — ) - 0NT =0
B

umm, yunrmeas (3.277),
(gt st (2= 22) o7, 3, (S22 oo,

Yeaorus (3.26a) — (3.26B) MOKHO HOAYYIUTH OTCIO/la, PACCMATPUBAS
PasinyHble BO3MOKHBEIEG W3MEHEHHH COCTOSHWA UPHM 2afaHHBIX OTpa-
HUYEeHNAX.

§ 7. Ycaosusi paBHOBECHMA AJs 3aJAHHOTO TEPMOCTATA

Yei10BHe TeMIoBOrO paBHOBecHs OGBIIO CHOPMYIUPOBAHO B Ti. 2,
§ 10, u ra. 3, § 6. Iomoiimem Temeps K Hemy ¢ Goxee obLiell TOUKHU
3peHus.

Obuwee ycaosue pasnogecus. llycTh paccmarTpupaemas cucTeMa
HAXONUTCS B KOHTAKTe C TePMOCTATOM, XaPARTEPHU3YIONUMCH TeMIle-
parypoit T, gasnenuem pl”), XUMHIeCKMM DOTOHIHANOM j-TO KOMTIO-
HeHTA ;LJ) (G=1,2,...), u oyctb Ha Hee JeficTByOT CHAR X.°.
Bean eocrosiHMe cueTeMBl uperepueBaer BUPTYAJbHOE CMeIHeHHe,
otpegensence peamumpamu OU, 88, OV, ON; (=1, 2,..))
u dz; {i =1, 2, ...) Upu BHIIEYNOMSHYTHX YCJIOBUAX, TO B COOT-
BETCTBUU ¢ mEPBHIM 3akonoM [cMm. (1.5)] mmeem

8'Q = 0U + p@V — 2, X{Vdz; — 2 > uf70N .

B CHNY BTOPOTO 3aKOHA TaKOoe CMeIleHHe He MOMKeT pealu30oBaThbCA,
€CIn

SU — T3S 4 p@8V — D) X{8x; — 2 p@8N;>0.  (3.28)
t 7

310 W ecTh yciaoBme paBHOBecHS B ero Hamboiee obmieil dopme.
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)

W3 wuepasencrea (3.28) cumegyer, uro mma ¢ymruma U (S, V, xy,

Zg, +-.y Ny, N, o..) [OMKHE BHUONHATHCHA CHEAYIOMNE YCIOBHA:
WU # e ou _  w®
s =T="1"  —Zp=p=p"
U _x _ xo ,
F-;i_: i = y l:fl, 2, ) (329)
U

:Mj:H(e)a j=1, 25-'~ )

KOTOPEIE NPEeICTaBIANT cOGOR ycaosus pasHosecus mexcdy cucmemol
1 MePMOCMAmoM. ITH YCIOBUS SABISAIOTCH CIEJCTBAEM PABEHCTBA HYJII0O
BapHANUEA HePBOTO HOPAAKA IeBoil gactu Hepasemcrra (3.28). Ormo-
CUTEIbHO BeNMYNH BTOPOTO TOpsAgKa oM. § 8.

Ina pasnuaaerx 9acTHHIX CAy9aeB coorHomeHwme (3.28) MOKHO
TPEeJICTABUTE B ClELYIOMEM BUJE.

Yeaosua pasnogecus 0Oas samkHymoy cucmemw 8 cayiae, kozda
paboma céa3aHA MOALEO ¢ UIMeHeHUem 06vema, OYLYyT HMETh BH:

8U > 0 B cayuae uocToaBHOro ofmema V um »surpounnm S cucremsi;

(3.30a)

6H >0 B cayuae HOCTOAHHOTO JABNGHHA p = p(®) m sAETpONNH
S cucremsr (3.306)

08 << 0 pusa amuaGaTUUECKOTo Tepexona; (3.308)

0F > 0 B cayvae nocrosiAHOTO 00BeMa V cucremu m 7' = T (3.30r)

6G > 0 pmas nocrossHEOTO pmapmenus p = p® m T = T, (3.30m)

Yemotinusocms menaosozo pasnosecus. B crarmke MaKCHMYM HOTEH-
[MAaJIa COOTBETCTBYET HeYCTONYMBOMY PAaBHOBECHIO; B TPMOMHAMIKE,
OJHAKO, HeycrofiumBoe PABHOBECHE HE MOMKET CymecrBoBathb. Hepa-
percrBa (3.28) mum (3.30a) — (3.30n) osmagaoT, ITO HEOGXOAUMEIM
YCI0OBHEM PABHOBECHA SIBJIAECTICSA PABEHCTBO HYJIO BAPHUAIAM IIEPBOTO
TIOpsifKa. BrlosHenwe 5ToTo YCIOBWA HE TapPAaHTHDYeT, ONHARO,
ycroftumBocTu pasHoBecusi. Heo6xomgwmo, arofsl yclIoBMe MHHAMYMA
WA MaKCHMyMa yIOBJIETBOPSJIOCH H BO BTOPOM (HIu (oJiee BEICOKMX)
nopsigre (cm. § 8).

Memacmabuavroe pasnosecue. PaccMorpum caydait, korga F mmeer
GoJsiee 4eM JBa MEUHHMYMa IPH HOCTOSHHHX, HampuMep, I m V, Kar
nokazaro Ha ¢ur. 48. Ilpm Takux ycioBHsx Haubodee ycmolinusuvi
ABJAETCA COCTOAHHE, COOTBETCTBYIONEE HAWMEHBIIEMY 3HAYCHUIO
cpoboguoil sreprua. HaobGoporT, cocrosame, COOTBETCTBYIONIEE CAMOMY



|0crosnsie noaoxenus 153

MEJIKOMY MHHHMYMY, ABJIACTCA MeTacTabHIbLHEBIM PaBHOBECHLIM
cocrogHUeM. MeracraGuibHOE COCTOAHMIE peaauayeTca B p;eﬁc'mmenb—
HOCTH IOYTH TAK Ke 9aCT0, KaK Hu crabuapHOE COCTOSTHEE (npnMepH:
IepeoXAaKIeHHOe HIN NIepPEeHACHIIMIeHHOe COCTOHHYIB), OJHAKO OHO

[

S
S
oy
x
. ©
S
X 1
A=Y 1
bl 1
0 1
= ' 1
(s H 1
by 1 1
H i
H !

Haubionee Memacmabuns- llepemernaa
ycmodyuboe Hoe COCmosHUR
cocmoAHue cocmoanue

D mr. 48.

Paspymiaercsi COOHTAHHO WM ¢ IMOMOIIBI0 KAKOro-IH00 «CIyCKOBOIO»
MeXaHW3Ma, [pHYeM CHCTeMa HepeXOoJHUT B YCTOWUMBOE COCTOSHUE
¢ MeHBIIWM 3HAYEeHMEeM CBOGONHON JHEPTUU.

§ 8. TepmogmmaMuuecKue HepaBeHCTBA

Urobs cocrosmme, omnpeneasemoe ypasHeHumsamu (3.29), Oblio
PaBHOBECHBIM, jieBasg 4acTh HepasencrBa (3.28) mosxHA OCTaBATHCH
HOJIOMKATENBHON UpPK N060M M3MEHEHMH NAaPAMETPOB COCTOSHMSA Tep-
Moctara. JamumeM s upocrors [em. (2.15)]:

(S, Vs 21, @3, «eny Niy Nay o) =(Yy, Yo, ..0), (3.31a)
(T, =Py Xiy Xoy oo s By -2 )= (s Bos --0) (V=) - (3.316)
Tark xak BapHanus BTOPOro IOPAJKA MMeeT BU
.U =5 3 D srogys Y dYa = D by,
i kR i
TO BHIIHENIDHABEICHHOE YCJAOBHIE 63HaqaeT

oU
i R

niIn

S} 6y:0Y ; = 8765 — 8p6V + ) 8X ;8 -+ ) 58N, > 0. (3.326)
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Yeaosue (3.326) smngerca Gomee obmuM, 4deM (3.32a); HAmpuMep,
©CM B KauecTBe HE3aBUCUMBIX IepeMeHHHX BMecto (3.31a) Brifparn

(y“ yz, s Yry Yooty Y ---), TO HONYYIHM
8y 8y -+ D) L) sy0Y
agi §1 ( oY) )y;'Y]»+1 Yo 1:”{;%1 (6Yh) ¥; y;0Yr+
Oyn P
" 121 k§+1 ( )inrﬂ... oL

d .
=X D (5 ) SYi8Y,> 0. (3.320
Rzr1I2r41

Yeaosue nososmcumesavnocmu sapuayuu emopozo nopsdka. HUToGH
BapHmailus BTOPOrO IOPAOKA, T. €. KBagparudHas dQopma (3.32a)
unm (3.328), OHJIa TOJNOKATENbEA, MOMKHHK OBITH HOJOMKHTESBHBIME
TJIaBHHE MHHODH MAaTpUIE ee KodPpdumumentos ). Haupumep, pmsa

<popmsr (3.32a) mmeeM

92U 92U 92U
Nh, OV, 0V, T aY, 0¥,
92U o2 92U
ayk20Yk1 Yk, T Y, >0 (n=1,2,...). (3.33)
62U 92U
oy kn 3Y_k1 e _ “ .. B—Y?n

1} Ksagparmymaa ¢opma
m
o= Z aip%iTh
i,

MOsReT OBITH HPHBeJeHA K JUATOHANLHOMY BUAY

m
—_ 2
D=3} aiy}
7::1
¢ TOMOILLI0 OPTOrOHANBLHOTO mpeobpasosamma z; = 27 ;,y,. [Honomnrennuas
onpeneleHHOCTh (O 03HAYaeT, 9TO BCE COGCTBEHHEIC BHAYEHH ai, ..., @ MATpHU-
oot A = (a;3) TOJOKATENLHH. Tar Kak 4a . a, = det7T14T =

— detT-! detd detT — detA (mockoapry detl = det71"— 1) ro det 4
DOKeH OHTHh moXoykmTeled. ['IABHEIM MHHOPOM MATPHUB A HA3BIBAGTCH OIpe-
Jenutead n X n MaTPHNH, COCTABIEHHOI M3 Marpumil A ITyTeM Brifopa COOTBeT-
CTBYIOIINX 1 CTONOLOB M CTPOK (i1, i, - . ., ip). KBagparnuEas dopMa, COOTBET-
CTBYIOIAA 9TOH MATPHNE, ABIAETCA JACTHEM caydaeM Qopmel O, IOxyIalommMest
OpH yCIOBHHA, 9TO TOABKO OLIpedelleHHBIe Z; MOTYT OPUHENMATh KOHEUHHE 3HAYe-
aug. CremoBateabHo, sra KBajgparmuHas dopMa ROMKHA OHTH MOJNOIKUTEIBHON .
‘C IOMOIMBIO aHAJOTHIHHX CO00payKeHAH NPUXOJAM K BEIBOLY, 9TO CaM TJIaBHBII
MUHOD HOJKeH OLITh HONOMATEILABIM. TakuM 06pasoM, moiaydaeMm, 9TO JJIA
110JI0'KHUTEJIBHO oxpeendeHHoii dopmu @ Bce IIaBHEE MWHOPH [IOJKHK OBITH
GI0JIO}KUTEABHEL.
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3mect Y, . . ., Y, npejcraBismior co0oll 7 WPOUSBOJBHEIX iepe-
MEHHHYX W3 COBOKYNHOCTH Y4, Yo, ... . AHaZormuanie YCJIOBUS
MOyKHO Haumcath m mias (3.32B).

Tepmodunamuneckue nepasencmea (1). a) llpocretimee us yciaopwuit
(3.33) sawriaiogaercst B TOM, 4TO BCE NHATOHAIBHEIE dJIeMEHTH MATPHIIH
rosdpduumentos (3.32a) mmm (3.32B) AOIHKHH OHTH ITOJIOMKHTEIHHB:

oYE ( Yy, )Yh,'>/0’ (3.34a)
win
o oy .
( ayi )yé'Yr,‘Ll. .. Z O’ ( 6Yk )yl. < Yp Y > O' (3'37{0)
Hamnpmvep,
or r - TN T ]
() =20 @20 (35),=5>0 €20, @35
ap ap )
(a7)s=<0 (57),<0 (3.356)
o op; _
(5h- ) oy =0 (55 )T’ w70 (3.358)

6) ChepyomuM OPOCTENIIUM YCIOBHEM SIBIACTCS YCJIOBUE TONOKMA-
TeABHOCTH ONpeJenmTes s MUHOpA Broporo mopsarxa. Hampumep,

82U 92U 2U \2 T (dp
952 ov2 —(asav) ——W(W)T>/0 (3.36)

{cM. mpumep ).

Tepmodunamuueckue nepasercmea (2). Ecaum B RauecTBe IepeMeH-
eix B (3.31a) mam (3.316) Beare (Y, Yo, ...) w (Y1, Yoy -+ .), TO
THONYINM, UYTO JOJKHEI BHIONHATHCA HEPaBEHCTBA

(%), < (555 )y, (3.37a)
(5)w, < (F0) (3.376)

HAIIPUMED,
(%)p< (-a—g—) , N7 (a—)v< ( 03 )p, tar 910 Cy << Cp, (3.38a)

98 /v
(57).> (5 ), l(—a—)5|>} (g—{,’)T‘. (3.386)
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JNowrasareancTBO coormomenmit (3.37a):

( dy; ) _ 0y yr) Oy yn) (Y, Yi)
Yp

Y ; T YnyR)  8(Y, YR 0(Yy, yr)
(9yi/aYi)yk (5yk/5Yh)yi —(0yi/0Y 1)y (ayh/aYi)yk

i —

@0V Ry,
(Oy:/0Y 1) ,
_ {9 o Y, dy;
B ( Y )Yh (ayk/ayk)yi < ( aY; )Yk : (339)

3pech MBI MCIONB30BATH ypaBHeHue (3.34a) u coornomenne Marcsemna

(0yi) __(5yh .o

oYy Yi - oY ; )Yk o 0Y; 0Yy '

AnanornganM o0pasom HoKaskBaerca HepaseHeTRo (3.376) (cM. sama-
qy 11).

§ 9. lpuannn Je-lllarenve — Bpayna

Hpunyun Jde-Mameave. Ecau cucremMa B COCTOAHWUA PABHOBECUS
moABepraercsa poageiicTsmio A, To npamas peaknusa CHCTeMH 4 Oymer
TaKoBa, YT0OH YMEHBIOIUTH JieficTeue A. 3T0T IPUHOMN IIPeACTABIAET
coGoil ¢usmuecKkylo wHTeprperanmuio mHepasemcTs (3.34a) m (3.346),
BHPayKAIOMMUX YCJIOBHE YCTONIABOCTH PABHOBECHA.

IIpumep. Iyers gBa rena 1 m 2 HaxoAaATCsI B PABHOBECHU OPH
remmeparype I' {¢ur. 49). lIpegnonosxum, 9r0 paBHOBECHe HApyIIH-
J0Ch, HANPHMEp yBeJIMYMIACH TeMmoepaTypa tema 1 (meiictBue A);

Tenno
T+4T == T

® ur. 49.

Torga Temio Oymer mepeXomuTh or rena 1 K Texy 2 (peakuust a). ITo
OPUBOJNT K yMeHbINeHUI0 pasHoctd teMueparyp AT. Hanmune motora

rTenaa 0Q osHayaer ymeHbmeHwe sHTpommE O0S = — O6Q/T Tema 1:
tak Kak (07/0S)y = T/Cy > 0, To remneparypa teia 1 yMeHbIIaeTCH
Ha Beqmuuny 07 = (T/Cy) 88 = — 8Q/Cy.

dameuanune. [lefictBme A H® COOTBOTCIBYIOMAA HpAMasg
peaxnmsa a4 onpefejsioTcs M3MEHEHWEeM CONDSKeHHHX TepMoguHaMu-
YecKWX BenwuuH (y; mw Y; uaua Y; u y;).
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IIpunyun Je-lllameave — Lpayna. Ecam cmcremMa B cocTosaHAER
paBHOBeCHA TOABepraercsi BozfeiicTBHI0 A, TO 00yCIOBJGHHAA 3THM
BO3/lefiCTBHEM KOCBeHHAs pPearudsa b OyHeT CTpeMUThCA YMEHBIIHTDH
meicreue A. IToT OPHEOUN ABAAETCH (QUIWMIECKOW HHTEPUPETAEeR
gepasercTs (3.37a) m (3.376).

II pu Mme p. BemecrBo 3akiIo9eH0 B TEIIONPOBONAINMA IIIKH/]D
¢ nopmaeM (Pur. 50). Ilopmenb ypaBHOBEIIWBAETCA BHENIHUM JaBJie-
HEeM p. JaTeM BemecTBY coo0maerca KoamuecTso remia AQ (meit-
creue A) m papHoBecme Hapymaerca. JIpsAMas pearummsa cocrour

40

\ P

T>T7+A4T —
CmewjeHue

@ ur. 50.

B yBeJTHUeHNN TeMmmeparypH BemectBa AT (peakuus a). Kpome Toro,
MOT'YT H3MEHMTHCA NaBJeHHE W 00BEeM: IIPH HTOM TOPIIeHb CMECTHTCH
(rocBemHaa peannuma b). Hepasencrso (3.38a) osmagaer, wro

(AT)yy>(a7), (As=5%).

TaruM 06pasodM, H3MEHEHUe TeMIepPaTyphl Gymer GOJbile B TOM CIy-
qae, KOTHA HE MOKeT MPOHM30kTH m3MeHeHHsa o0beMa (PUKCHpOBAHHOE
0oJIojkeHHe IOPUIHA), 9eM B TOM Clydae, KOTHa W3MeHeHHe ofbeMa
Jomyckaercs (MOABIGKHBIA Dopmers). llonyuerHoe HepaBeHCTBO O3HA-
qaeT TaXiKe, YTO BO BTOPOM Ciydae MOPIICHB OYHET MBUTATHCA TAKUM
obpasoM, grobn yMeHbmMUTH 9ddert meiicrrua A.

OTCTYIIJIEHUE 8

O wmaszsanusxr mepmodunanuieckur Pynkyuil. CIOBO «IHEPIUA»
(évépyera) MOKHO HAHTH yre B TPyHax ADpHCTOTeNA, ONHAKO TEPMUH
«BHYTpPeHH:s sHeprms» 6511 sBefen TomcormoM (1852) u Kaaysuycom (1876).
IIpmcraBKa «3HY oO3HAUAET €MKOCTh, copgep:kamme (Inhalt — capacity),
a KOPeHb «IDr», aHAJOTHYHO efUHANE C TeM Ke Ha3BaHHEM, IPOHCXONUT
oT cioBa épyov (pabora). TepMuH «HTpOUHUsy Tak:xe TpuHagIexar Hiay-
smycy (1865); o o6pasoBaE OT IPEYECKOTO $VTPénelv (M3MeHeHHe) H O3Ha-
vaer wu3MeHAOmywocd BeamumEy (Verwandlungsinhalt). Kammepamar
Omnrec (1909) mpepao:KAN TEPMEH (IHTAIBIHAY, KPOUCXOIAIAN OT CIOBA
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évBaAneLv (BarpeBaTbes, sich erwirmen) u osEav9aOmMB TEIIOCOAE piRAHTE:
(Wéarmeinhalt). T'n66c HasbBaX 91y BeJMYHHY TEINIOBOIT QyHKmmeil (IpH
MOCTOAHHEOM AaBleHunw). HasBamme «cBoGogmas sHeprus» 00sA3aH0 CBOHM
npoucxosxfenneM PexbMmroxsny (1882); omo memospsyerca pis ofozHa-
9eHUs TOH YACTM BHYTPEHHEH DHEDPIHH, KOTOpasg MoskerT OniTh 1peobpa-
3oBaHa B paboTy, kKax BUAHO u3 ypaBEeHusa dF — d'A 0I5 A36TEpMHUe-
CKOTO KBasHCTaTH4eCKOro mpomecca. Ocraomyiocs dacts I'S BEyTpeHHEI
spepran U = F + TS paEbme 9aCT0 HASHBANU CBA3AHHON BSHeprueir
(gebundene Energie), ogEaro teuepns s1o He mpuasaro. CBobonHas sgep-
rug I'mb6ca (g HOCTOAHHOrO AaBieHnsa) Onuia Beeema I'mOOCoM; Hemelr-
KHe yYeHble 4acTo HasLIBAOT ee cBoGONHOI smranbnumeii (die freie Enthal-
pie). TawnmM obpasdom, TepMogEHAMAHYECKHe (YHKIHWM 9acTO HMEIOT pPas-
JIM9Hbe HA3BAHAA HA HEeMemKOM W aHIVIMACKOM s3biKax 1),

YUrto KacaeTcs ypaBHEHHA COCTOSHAA, To Hammepiamar OHBec Ha3Bal
ypaBEenme p = p (T, V) TepMuueCKHM ypaBHEHHeM cocTOAHHA (thermi-
sche Zustandsgleichung), a ypasmerue U = U (S, V) raqopudeckuM ypas-
HeHmeM cocrosHEa (Kalorische Zustandsgleichung). IImamk sxe (1908)
Ha3BAJ TOCIE[HEe KAHOHAYECKWM ypasEeHmeM cocroguus (kanonische
Zustandsgleichung).

INPUMEPDI

1. Jlokasarp cOpaBefMMBOCTH CHEAYIOMMX [BYX HOJOKEHAH,
HOACHAIOMAX (UBNTIECKHA CMBICA HOHATHA BHTAJNDIIHI:

a) DHTAAbLNA CHUCTeMbl PaBHA CyMMe BHYTPeHHUX BHEPTHUH cucTe-
MBl B HCTOUHHEA PaGoThl, KOTOPHIA OKaswiBaeT HA CUCTeMY daBjeHHe
p'®), paBHOe OJHOPONHOMY NABJEHAI p BHYTPH CHCTEMBI.

6) Ecanm msveHeHWEe COCTOSHHASA CACTEMEBI IIPONCXONAT MPHU MOCTOSH-
HOM gaBJeHnu p®), mpm4eM Kax [[0, TAK H IOCJHe mepexofa oHa HaXO0-
OUTCA B COCTOSHHUE TEHJOBOTO PABHOBECHHA, TO HOTIOMEHHAOE CHCTeMON
KOJIMYECTBO TeljJa DPaBHO BO3PACTAHWIO DHTAJIBINU HE3ABHCHMO OT
TOTO, SABJAAETCA JTH U3MEHEOHWe 00PATUMBIM UJAH HE0OpPATHMEIM.

PEHNIEHHUE

a) PaccmorpuM nmuamBAp ¢ DIOMAAbI0 MOLHEPETHOTO CEYEHHS O,
ToKasaHEEHE Ha ¢ur. 51. Ha meBecoMurit nopmeHb noMemeH Ipys, Tak
910 BHeOmIHee maBieHme p(®), obyciaoBieHHOe TPY30M, PABHO BHYTPEH-
HeMy /JAaBJIeHWI0 rasa. JTO [ABJIGHHE OIPEHeISeTCH COOTHOUIeHHEM

_ e __Me ‘
p=p9==, (1)

Tie g — YCKOpeHWe CHJBl TsKectw, a M — macca rpysa. Ecam mop-
mIeHs HAXOHWTCA Ha BEICOTE -3, TO 3aHUMaeMblil rasoM ob6bseM pameH
V = o0z. Ucrounnkom BEemHANX cui OylgeM CIATATH TPY3, HOMEMIeH-
HBI{ Ha IOPIIeHb, 4 TaK/Ke H06aBOUHHH Ipys, HaXoAdmuiica Ha ¢uKCcH-
poBaEHOM ypoBHe BHe umamugpa. Cumrtasg 5TOT YPOBEHD HYJEBHM,
MH MOKeM B3amHCATH NMOTEHUIWANBHYIO SHEPTHIC IPysa, MOMEMEHHOro
Ha nopmeHs, B Buge U, = Mgz. (Ha camoMm pmene sTa sHEprmsa mpen-

1) CM. mpumedanns Ha cTp. 143.— IIpum. ped.
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craBlifAeT coGoif ®HEPTHIO CIOKHON CHCTEME, COCTOAMEH H3 TPY30B
I 3eMJH, O[HAKO TOCKONBKY MHl HEABHO NpH3HaeM HeH3MEHHOCTE.
COCTOANMSA 3eMiH, TO MMeeM NPaBo HA3LIBATEL Bejdmumpy U, sHeprmei
TPY30B.)

Pacemorpum masee mameHeHWe BHyTpeHHe# smeprum U* moanoh
cucTeMbl, cocrosmeit w3 rasa u rpysoB. O6Go03Badadg BHYTPeHHIOI
smepruio rasa uepes U, samuiumeM mph ydeTe cooTHomeHus (1)

AU* = dU + dU, = dU + d (Mgz) = dU + d (poz)=d (U-+pV),

wim dU* = dH. G 109HOCTBI0 [0 TPOU3BOJIBHOK TOCTOAHHOHN MLR
MoeM moxokute U* = H. Ilepernecem HerorTopsii fo6aBoUHEIl BeC:
dM c AyneBoro ypoBHS Ha

HOPINEeHb; TP 3TOM HPOH3- am @

BOANMAas HANIEMHA pyKaMH .

paboradMg (z + dz) = dMgz
(B upemeSpe:senun wieHa-
MH BTOPOTO [TOPALKA Maio-
et Buga dM dz) parma Vdp.
B Bripamennu

dU* = dU + p dV + V dp

nepBuit aneH dU mpepcras-
asieT co00# H3MeHeRue BHYT-
PeHHER »HePrWH Trasa, a
gi1eH p dV (o6ycaoBieHHERHT
u3MeHeHHeM BBHICOTH HMOPII- \
HSI) BMecTe ¢ 4ieHoMm V dp & NN
cOCTaBJIAET H3MeHEeHIE DHep-
TMA  HMCTOYHMKA BHENTHHX ®mr 51
cHJ. 3aMeTHUM, 49TO T10 IIpel-
TIOJIOYKEHHIO faBICHAE I'asa P |
Bce BpeMs HAXOAWMTCA B DABHOBECHH C BHEIIHAM JAaBieHumeM plo),
a moroMmy nepemenssie (M m z), omMCHBalOmue COCTOANNE BHEMIHEIo:
HCTOYHUKA THCTO MeXaHmuecKoll paboTsl, OMHO3HAYHO ONpPeJensioTCHA
ImepeMeHHEME COCTOSHMSA TePMOJMBAMIIECKON CHCTeMBI (rasa).

6) B coorBercTBEm ¢ mepBHIM 3aKOHOM JJIA Tepexoja 3 OJHOIO:
PaBHOBECHOTO COCTOSHMA 1 B Ipyroe paBHOBECHOe COCTOHHHE 2 TPH
LOCTOSAHHOM flaBnaeHmm p(®), mMeeM

Uz-—'U1:Q+A:Q——p(e)(V2-—V1).

Ilpu sroM mpejmonaraercd, 4To He NPOMCXOJAT HHEKAKOTo o6MeHa
paboToii ¢ oOKpymeEHmeM, 3a MCKIYeHmeM O0OMeHa, CBJABaHHOTO
¢ mameHerneM obbema. [[{axke B TOM ciydae, Korjja faBjieHHe B CHCTe-
Me p He BCe BPeMA COXPAHAETCA PaBHBIM p'®), BHpa)keHHe A paboTht
A = — p© (Vy, — V,) ocraercsa cupasenmusrM.] Ilockoapky ple) =
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= p Kak B cocTogHMA 1, Tak M B cocToAHMH 2, TO, OYEBH[HO,
(Usy + pVo) — (Usy + pVy) = Hy — Hy = Q.

WNmenno mo sroit upuaute H Ha3RBAIOT Menaosol Pynryuel.

Xora B KauecTBe OpmMepa OBLIE PACCMOTPEHEl Ta3bl, OFHAKO
. ZOKa3aTeJbCTBO HOCHT Becbma oOmui xaparrep. HMceroumuk paGorw
MOKeT ORITH WHEIM.

3ameganune. Ha ¢ur. 52 mpencrasieH TpexMepHHE rpadur
suraxpmna H(p, T) gas Bosgyxa. 3pech C — KpHTHIeCKAd TOUKA,

.
9 L
1 — 3000
,rf'((( X
/f( > B g
Fﬂ y N §
:"2000 §
T
I
1000
¢ i
100 -
2, B
oy 200 LI 0
. 0 ' 100 200 300
LK

® ur. 52. JHTAABNHA BO3JyXa.

(0H/8T), = Cp — TennoeMKOCTs IPH TOCTOAHHOM faBieHEH. Uro
raxoe (0H/0p) ?

2. IlokasaTh, 9To CIpPaBefJHBO CIEAYIONIee COOTHONICHME MEKITY
BHyTpenHeii speprueit U, sarponneis S, obremom V, Temmepatrypoit T,
JaBJIEHNEM P W TENJOEMKOCTHI0 HIPH IOCTOAHHOM o6Beme Cy:

(5725 2=T ()= = (T )
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PEIIEHHUE

IlepBoe paBemcTBO y3ke GBLIO MOKAa33HO BHINIE [CM. COOTHOIIGHME
(3.216), a Tarsxe ru. 2, mpuMeps 2 u 4 u 3anava 15]. [Ias gokasaresinb-
cTBA BTOPOr0 paBeHCTBA IpeofpasyeM JEeBYI YacTh COOTHOIIEHMS
MaxcBenna (3.21a), (0S/0V)r, x = (0p/3T)y, y. Ucnoansysa (3.226),

noiygaem
(%IS?)T, N (%)s, N (%S’T—)V,NZ —1
Ho B coorserctenm ¢ (3.14a) (8S/0T)y, v = Cv/T, Tax gro
(%)T,N—: - (%)S,N CIY :

Sameuamnue. Ileppoe paBeHCTBO OBJIO BHIBEJIEHO BEHIIIE
¢ momompo coorHommenus (3.7). Ero, omEako, MOMKHO NIOIyYHTH
u W3 APYrEX YpaBHEHWIl, OpPWYeM B 3TOM Cjaydae 3afada CBOJUTCH
K 3aMeHe IIEpeMEHHHIX B cooTHomenuum Maxkceenana. 9To osHadaer,
4qTO He BCe COOTHOIICHHSA MaKcBenna sABASIOTCA HeszaBHCHMMHIMU. Tak,
B ra. 2, opmMep 2, Mul ucxopmanm u3 ypaBHenus (3.6). Ipyroe moxa-
3aTEJLCTBO IPUBEACHO B PEINeHNHN 3aJadd .

3. Tlorasars, uro ypapHerue cocroAanug p = f (I, V) oupenenser
3aBHCHMOCTH TEILIOEMKOCTH IPH IIOCTOAHHOM naBienma C, (T, p)
OT JABJCHMS W 3aBHCAMOCTD TEIJIOGMKOCTH UPH IOCTOSHHOM 00BeMe
Cy (T, V) or o6wema V. Ilaa —acTHOTO Caydas, Korja ypaBHeHHe
cocToAHHUA 3afaHo B Bupe pasiomenus pV = A (T) + B (T)p +
-+ C* (T) p®> + ..., MOJY4IUTH COOTBETICTBYIOINEe pas/loKeHme s
TeMJIOEMKOCTH, HCIOJb3YA TeMOePaTyPHYI B3aBHCHUMOCTH KO3(dm-
nuentos A, B, C*, . ..

IloxkasaTh mazee, 9T0 JJs rasa, AJdA KOTOPOTO CIIPAaBEIJIUBO ypaB-
HEHHme COCTOSHUs THIA UAEAJBHOTO Ta3a, BHIOIHAETCS COOTHONIEHNE
(0Cp/op)r = 0. HoxazaTp, 9T0 €CJIM M3BECTHO ypaBHEHHE COCTOSAHNA,
TO TEMIIEPATYPHYIO BaBHCUMOCTH (), MOKHO IOJIYIATH U3 TeMOepaTyp-
mo#t saBmcmmoctu Cy (wim HaoGopoT).

PEIIEHUE

Kak morasamo B peireHnH 3afagm 17, cIpaBeiMBEL COOTHOUIEHHST
Magxcseaaa
(%)==(5r), = ()= (3F)
ap)T' oT Jp oV Jr \BT Jyv?

(52),= -7 (5m),

OTKY/a
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TaK 4TO

[
4
Co (T, ) =Co (T, P —T § (575), dp. (1)
Do
Bropoit wmren B 3TOM BHPA)KEHAH MOKHO BHIYACANTH C IIOMONIHIO
- YpaBHEHMA COCTOMHMA. B 9acTHOCTH, ecan

pV=AD)+BO)p+C*T)p*+... , (2)
TO mMeeM

(ZL) @)+ B D0 D ..

W, CJIeI0BaTENILHO,
CpV(T’ p)=Cp(T, po)—
—1 [ 4" (T) In L+ B (T) (p— po) +

+ 3O D =)+ ]

rne Cp (T, p,) upercrasisier co6ofi DYKCIePEMEHTAIBHOE 3HAYEHIE
TEIIOEBMKOCTH INPH JABICHHH Pp. B cayuae wmieainHoro raza A ~ T,
a B=C=...=0, rax gro (0%V/07?), =0. Cinexosarenbuo, moxyaem

(0Cp/0p)r =0
ApanormansM o6pasom mveeM aaa Cy

(%Cl/y;)rzT (%;‘_l;-)v ’

\4
Cy (I, V) =Cy (T, Vo) + T | (L&), @

Vo

TaAK 9TO

rae Vo —npoussonbHO BHIOpaHHBIH (uECUpOBAHHBIHT o0BbeM. B 3ToM
caydae yao0HO IIOJB30BATHCS CJAEAYIONMM BEPHAILHBIM DPa3I0KEHUEM
YDaBHEHHUA COCTOSIHUS:

V=41 +20

C(T)

Faen (5)

Ucnonwsya 570 BHpaykeHMe, YATATENb MOKET HALNCATH PasJoKeHHne
gaa Cy. .

UYro6sr momyunts Cp u3 Cy BAE HA060POT, MOKHO MCHOJTH30BATH
pemenwme sagaur 17, m. «a» w3 ra. 2. MokHO Takke HelCTBOBATH
APYyraM cmoco6oM "W HOPOBECTH BHIYMCICHWS!, AHAJOCHYHEC BEIIOJ-

HeHHHM B (3.39), a mMeEHHO
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(88 (S, p) _ ma(S, p)aT, V)
¢=1 (57),=T ! =

p  d(T,p) o, pe(, vy
_ 7 (@5/0T)v (3p/aV)r — (9p/0T)v (38/0V)r __
(@p/oV)r -

_pT(8Sy _ GerpnY_ (9p(0T)y
=T [(aT )V (6p/6V)T:|_CV_T (@p/aVip * (6)

4

©
2
®
%
¥
S
o

]

|
WA

® mr. 536. Monapaas yAeAbHAA TOIIOeMKOCTH BO3AyXa IUpPH IHOCTOARHOM
ofpeMe.

3mecs M mcmonb3oBanm  coorHomenme Maxcsemna (9p/oT )y =
= (8S/8V)y.” AmanorngasM 06pasom

_p OGS, V) T3S, V)/O(T, p) _ ;[ (05 @V/oT)p ] _
Cv=T @ W = e, Ve, ») ‘T[(aT)p+ ]‘

(0V/op)r
_ (V0T
. =CotT vony - D

Beanumnpy C, — Cy MOKHO HOJY4HTH B SABHOM .BH[E, €CJIH HOJCTa-

puts (2) B (6) u (5) B (7).
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JamMeganne 1. B mpuBegeEHOM BEHIME MeTOHe MCIOIBIYIOTCH
AROOMAHK. JTO YaCTO UPHMEHAEMH MeTox npeoGpasoBaHUA mepe-
MEHBHX, KOTODHHA 0YeHb BaKHO XODPOINO YCBOWTh. JKBHBAJIEHTHOCTH
coorromennii (6) m (7) Jerko moKasaTh ¢ MOMONIbI0 PABEHCTB -

(ap/oT)yy K4 N ( op ) @Vl
(Op/oV)r _( oT )p’ or Jv (oV/ap)r °

dameuarmue 2. @ur. 53a m 536 WIAOCTPEPYIOT 3aBECAMOCTH
MOJAPHOR YAEIBHOH TEMILTOEMKOCTH UPH HOCTOSHHOM AapiaeEnmE Cp
A MOJAPHON YASNBHOM TEIJIOEMKOCTH HpPH mocTosHHOM o6BsemMe Cy
or p u T B crydae Boamyxa.

4. Tloxasats, aro ecam (0U/3V)y = 0, ro u (0U/dp)r = 0. 3pecn
U — prEyrpenussa smeprusa, 7T — aGcoxorHas Temmeparypa, V —
00BeM H p — JaBIeHHe. ‘

PEINEHHE

3azmaua cBopmTCA K UPeoGpPA3OBAHUI0 HEe3aBUCHMHIX II€PEMEHHEIX
or p, T & V, T. Uconoassys (3.24) u (3.23), MosKHO BanmcaThb
ﬁ[_]_) U, Ty e, MoV, T)  (8U/V)r
opJr d(p,T) d(p, T)o(V, T)" (9p/oV)r °
[9T0 paBeHCTBO MOKHO [OKasaTh TaKiKke, €CIH pPaccMaTpHBAaTh
U(V, T) rvar pymrmuwo U (V (p, T), T) n opopuddepeEnmpoBaTh
ee no p.] Takmm obpasom, (0U/dp)y = O mpu(0U/V)y = 0, ecam
ToabKO (9p/dV)p #0 .

5. llokasath, uTO B ciIy4ae OJHOPOMHON BAMKHYTOH CHCTEMEI
TemJOeMKOCTH IPY HOCTOAHHOM AABJICHAW ¥ UPH IOCTOAHHOM oOBeMe
BCEIA NIOJIOKATENBHE W YTO IPH M30TEPMHYECKOM BO3PACTAHHE
JaBiaeHus o6peM yMmeHbmaercs. IloKasats najee, UTO TEMIIOEMKOCTh
IpHU HOCTOAHHOM JABJEHNE HHKOI/Aa He OHBaeT MeHbIIe TeTLIOBMKOCTH
OPHA HOCTOSHHOM 00BeMe.

PENIEHHE

B § 8 amamormumas safjaua y;ke paceMaTpmBajiach ¢ Goxee obmei
TOYKE 3PeHUA. 3[eCh MBI JafuM PEeNIeHHe AJA NAaHHOTO KOHKPETHOTO
cayuas. B coorsercrBum ¢ (3.326) saummbieM ycioBHe YCTORYHBOCTH

B BUje
3T8S — 6pdV > 0. A)

Ecam B xadecTBe HesaBHCHMEIX IepeMeHHHX B3aTs I u V, TO €OOTHO-
meene (1) mepenummerca caegyomEM 06pasom:

(35), 070+ (), 50— (35), oov— (3), 070,
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Hanee, mnockoasky dF = —Sdl —pdV, to (05/0V), = (0p/oT)y
(coorHOmenue Maxcpenna), Tak 94ro u3 (2) HMeeM

Cv ap

G —(5) 87> 0
4, CJIeJoBaTeNbHO,

Cy >0, (j{j) <0. (3)

Ecam sxe B3sATH B KauecTBe HesaBHCUMBIX mepemenuilx I' m p, 1o coot-
somenne (1) mepexomgur B
38 ., (S oV v .
(57), 87+ (55), o087 — (57 ), 0700 — (55 ) 602> 0. (&)

Ucnonpsya coornomenue Makcsenna (0S5/0p)y = — (0V/0T),, mepe-
muneM (4) B Buje

4 v
~TP6T2—2(—27)IJ6T6p—(g—Z)T6p‘“’>O,
TaK 9TO
7
C,>0, (%)T<o. ()
IIpoBosst BEIKNAAKM, aHamormuHble BRIONHeHHEM B (3.39), mHailigem
(i{) _ 0, p_ 95, p (T, V)
aT |p~ G(T, py _ o(T, V) (T, p)
_ (08/8T)y (0p/0V)r —(95/8V)7 (8p/dT)v _

(0p/3V)r
(95 ) (88/3V)r (3p/3T)y a8 0p/aD)y
- ( or v (9p/aV) ( or ) (@p/dV)r -~

[8mecr MB mcmomn3oBamu  coormomienume Maxceenna (8S/0V), =
= (0p/dT)y]. YunrmBasg, aro (0p/dV); << 0, umeem

(15,5 (5), wm it

dameuanne 1. Us (1) nergo moayuurs, uro (dp/dV)g < 0,
rak ar0 Cp/Cy = %p/ns >0, m, CJ‘IeJIOBaTeJILHO mpr Cy = 0 mMeeM
Cp = 0.

3damMeuanue 2. HepaBeHCTBa, AHAJIOTHYPEE HePaBeHCTBAM
(3) m (5), MOKHO TOXNYYIHTH [Jsi TEIIOEMKOCTH, COOTBETCTBYIOMEH
OPOHBBONBHOMY KOHKperHOMY uporteccy. Caenyer 3aMeTuTh, OJHAKO,
9ro B CHyUae HEOJHODPORHOM CHCTEMHl TENJOEMKOCTh MOKeT OHTh
orpunarensHoii. Hampumep, aTo mmeer MecTo B TOM ciydae, KOrma
H3-33 TPABATALMOHHEIX CHJ CHCTeMa 00IIajaeT BEICOKOH IJIOTHOCTHIO
B IeATpe, HIH B ClIydae OTKPHITOH CHCTEMH, oOMeHWBalomeiicsa Beie-
CTBOM ¢ OKpYy:keHmeM (cM. Ti. 4, zagaua 39).
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6. Ilorasars, 9T0 B caIydae KBa3WCTATHICCKOTO PaCIDNPEHOsT OXHO-
PONHOTO Teja IPU IMOCTOSHHOM JABICHAH 9HTPONUA TeJa BO3pacTaer
HJIM YMEHBIIAETCA B 3aBHCHMOCTH OT TOT'O, IOJOKHTEICH MM OTPHUIA-
TeJeH K03(QQUIEIEHT TeII0BOT0 pAaCHIHPEHHNHA UPH TOCTOAHHOM JaB-
JeHWH.

PEMEHNE

Jasa permeHust HAO PAacCMOTPeTHh 3HAK IPOUBBOMHON 0T dHTPOIMH
oo ofbeMy Opu moctosHHoM fasieHum (9S/9V),. Has nccmegoBanus
K02()PHUIHEHTA TEMAOBOIO PACIIUPEHUS UPU IOCTOAHHOM JABJICHHR
a = (1/V) (0V/3T), ynmo6HO B KadecTBe HE3aBHCHMBIX II€DEMEHHHIX
ucronbzosath T u p. Ilpu stoMm 3ajja9a CBOAMTCA K 3aMeHe HE3aBUCH-
MEIX mepemeHHLIX V, p Ha T, p B mpomssogHoi (95/0V),. Iro ocyme-
CTBIAAETCA caedyomquM obpasom [mpumensaem dpopMyast (3.23) m (3.24)]:

(BS) _A(S,p (S, pa(r, py  (98/0T)p  Cp/T
D

9V )p G, p) 9, p/ad, p @Ven), Ve

HKak 65110 mokasaHo B mpmMepe O, miA ofHopommoro teaa Cp >0,
u, ciaefoBarennHo, Tak Kak I > 0 m V > 0, To 3mak (3S/0V), oupe-
neaseTcs 3HAKOM O.

7. Hna upeanabHOro rasza M3BECTHA TEIIOEMKOCTh IPH MOCTOSHHOM
ooveme Cy = Nf(T) (N — amecxo wmoxexyn). Halitm cBoGogHYyIO
sHepruo F, BEyTpeHEDWIO sHepruio U, sHTponuio S M XHUMAYECKWA
morermmals Y (cM. 3agaty 12).

PEIIEHHIE

Unrerpupysa coormomenne (9S/97T)y = Cv/T, nonyuaem
T

T
Cy (T’ ' ) ams
s—{ g ar +gw, Ny=N [ ERlar+ a0 v, ). ()

3nece g, (V, N) ecrb HeroTopasg ¢(yHEIES nepeMeHHnmx V m N.
Iockonery (0F/0T)y = — S, marerpupys (1), Haxogmm

T
Fe— (ST a4, M) =
T 1’
——nfar [ L 10 v, M +a v, M), @

roe g5 (V, N)—¢yurnua or V m V. UBrerpmposanne mo 9actaM jaeT

z o ar ¢ rayar ¢
SdT, ) (g S f__T),___Sf(T’)dT’ @)
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n
r .
U:F+TS:NS F(T) AT’ - g, (V, N). (4)
Ilogcrapnaa Beipasenue (2) B ypasmerme (1.11) (0F/0V)p= —p=
= — NET/V, mmeem ' ’
Ogy Nk O8 _ g

ov vV ! av
M, CIIeH0BATEILHO, '
gi=NEInV ko (N), ga=¢(N). (5)
HoncraBnas manee BepasKeHusA [iA g; U g, B cOOTHOIeHHe (2) mad F
-u pudpdepennupysa mo N, Haxogmm
T

T
__OF ’ f(T) " d(m dq)Z
__W_——Sd]’ S Lol — kP InV—kT SR+ T2 (6)

Tar Kak XUMAYECKAH LOTEHHHAN | IPEeACTABIsACT co601zr \CI)yHKI.IHIO
or V/N, M0oIKHO BHIIONHATHECA COOTHONICHHTE

g%‘: —InN+a, wiu ;= —NIn N+ N+ Na (e — mocrosanas), (7)

37(572 =0, mm @y = N@, (Qo— DocToAHHAA). . )

HMonyaus raxmm oGpasom g, u g» m mogcrasuB ux B (1), (2), (4) u (6),
HAXOJIM
T T

Fe — 5 ar S Cy (T")%—Nk:r In—y- — NKT 4+ Noo— NkTa,  (9)

T
U= | cyryar+ g, (10)
: |
S = §0V<T')‘ZT—T,+Nk1n7‘\’,_+Nk+Nka, (11)
T T
SdT’ S () S — kT In -+ gy — kT =
T
SdT’S (") &+ KT In B 4 o — kT, (12)
G = Ny. (13)

SaMegaHne. Bug ¢yErmua G, oO0HYHO UCHOIb3yeMHI
B clIydae HAeaNBHOTO rasa, NpuUBeleH B pemeHnd 3afaiw 12, cooTHO-
meHue (5). :
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8. Nmeercs yupyras npy;kmHa, mojuuHsnmascsa sakony [yxa:
- IIPE MOCTOAHHON TeMmeparype yAJHHEHWE & IPOHOPHHOHANLHO HATA-
sxepmio X. HomcTanTa mpomopumoHANBHOCTH (yOpyras HOCTOSHHAM)
k asnsercs ¢ymrnwmesr tempeparypsi. Halitm csoGommywo smepraio F,
BHYTpeHHWIO suepruio U m surpouuio S kKak ¢yHrmum r. TenmaoBrim
pacmupeHEneM npeHeGpeds.

PEMNEHUE

Ecam pacecmarpusats F Kak QYHKOUIO YHIMHEHMS T U TeMoepary-
pat T, 1o .
dF = — 8Sd T + X dz. (1)

3gecs X — HaTAKeHHWe IPY/RUHEI, ypaBHOBEIIMBAIOUIeecs BHEMNIHeil
cusoir X, Kak mokasaHo Ha ¢ur. D4, W paBHOe eil B cayuae KBasdm-
CTATHIECKOTO IPOTIECCA. TlosToMy MEl m sanmcanu pabory, coBepmae-
Myl BHemHeid cmioit, B Bume d'A = X, dxr = X dz. U3 coorHOme-
gEs (1) caegyer

(Z—f)szzkx. @)
Hocne mBTETpUpPOBAHMA HOMyHIaeM
F(T,2)=F(T,0)+ 5 ka?, (3)
OTKYyIa . X
ST o)== L0 Lo
=S, 0—gka (K=21), @
U(T, 2)=F+TS=U(T, 0)+5 (k—Tk') z*. e
' ©) @ ur. 54

SaMeuanue. OOHIHO B MexaHHKe
OoTeHNWalibHAA Heprua npy:xuHH U, m ynopyras-cmaa K sammcel—
BAalOTCA B BHUJE
Um-—_—T, K:—--—a—x=—kx.

3aakg K m X pasauumn, Tak kak —K dr = X dr npepcrasiser
co6oil pabory, Ipou3BOAEMYIO BHEIIHEH crioli. B Mexanmke ycaoBus,
Op¥ KOTOPHX IPOWCXONHT C/KATHe WIH PpAacTsKeHWe IPYKHHH, He
BCerfa KOHKDeTH3HPYOTCA ABHHM obpasom; U,, ompepeiseTcsa JuMIIb-
Kak MeXaHAYeCKad OOTeHOHAJLHAS JHEPTHS, O0e30THOCHTEIHHO
K TepMmogmAaMuKe. Kcnm ypjauAeAme OPOMCXOMUT H30TEPMHHYECKH,
to U,, coBmazaer co cBobonmoil aaeprueir F'. Ecam :xe mpomece ocyme-
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crBisieTcs apgmabarmieckd, To U, coBmajaer ¢ BHYTpeHHei JHepTH-
et U. »

9. Hcxonsn m3 TpeThero 3aKoHA TepPMOJUHAMHAKH, MOKA3aTh, 9TO
TeIJIOEMKOCTh CTPeMUTCA K HYJN0 NPH CTPEeMIeHHE TeMOepaTypH
K abCOdIOTHOMY HYIIO. ’

PEIIEHUE

TemnoeMEOCTh A HEKOTOPOTO 3afaHHOT0 MPOLEcca MOKHO 3amu-
catp B Bage C, = T (35/0T),. Bnecwy (9S/8T), mpencraBiger coloi
YaCTHYH HPOM3BOJHYI0 [0 aGCONITHOH TeMmepaType, B3ATYH NpPH
HOCTOSIHHOM 3HAYCHHH BEJMYHHHL T. B COOTBETCTBHHE ¢ TPETHHM 3aKO-
‘HoM mMmeem mpu T — 0.

o TS . [0(TS)/0T]x _ . asy 7 _
N § =lim 7= =lim =Fmon, = Him [s+1(57).]=

=lim S+ lim Cy

T—0 T~0

u lim§=0. Takum o6pasom, lim C, =0.
T>0 T—0

3ANAYH
[A]

1. Jorasars caegymomue crBoificrBa cBoOogHOH vHeprumm I['enbM-
TOJbOA:

a) Cucrema A HaxogATCA B TENJIOBOM KOHTAKTe € TEIJIOBHIM pe3ep-
ByapoM R, mMeomeMm Temmepatrypy Z7(¢), paBHYI0 OJHOPOZHON TeM-
uneparype T sayTpH cEucreMu. smenernme ¢BoGopHOH sHepran I'enbm-
ronpna F cucreMnl A paBHO M3MEHEHHI0 CyMMH BHYTPEHHEH sHepTrHd
CHUCTeMH A M TemjIoBOro pesepeyapa R Ipu ycIOBHH, UTO TeNIOBOM
pesepByap R oTmaer Temlo TONbKO cacTeMe A W HaJ pesepByapoM
He OPOM3BONHTCA HHKAKOH BHemmHeH paloTH.

6) Ilpu msorepmmueckoM mpomecce pabora, HDpoms3BojMMas Hap,
CHCTEMO, paBHa yBeJUWICHHI0 ee CBOOOLHOH HHEPTHH.

2. Bryrpennsas spepras U u saransunsa H cHcTeMH ompeneisioTcs
JasiaendeMm p m obwemoM V. [{orazsars, 4ro B 3TOM CIydae COpaBeIH-
BH CIEIYIONNe COOTHOINOHHA:

C 4V
a) dU:Cvg‘dP-i- (—aﬂ—PV) v o

Cp av
6) dH = (Cy = +V) dp 2L
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3necs Cp, B Cy COOTBETCTBOHHO TEMINIOEMKOCTH IPH MOCTOAHHOM
JABJISHHM. W NOpH IOCTOAHHOM o0BeMe, % — M30TepMHUECKAA CiKH-
MaeMOCTh, & o — KOd)(PUIUEHT TEIIOBOTO PaCUIEpEHHA.

3. B cayuae agmabaTHdecKOr0 KBasHCTATHYECKOTO CIKATHH BEIpa-
3uTh s = (0T/dp)s (apmabaTHdecKmil TeMIepAaTYPHHI KoapdummentT)
geped KodQPUIMEHT TEIIOBOr0 pACIIMPEHHA NPH IOCTOSHHOM
JABlIEHWM O, W TeMIOeMKOCTh TPH IOCTOAHHOM jaBrenmu C,. B
clIyJae KBABHCTATHYECKOT0 DPACHIMPEHHA CHCTeMH HPH IOCTOSHHOM
HaBlIeHUW BEIPA3UTH Yepes Y g BO3PAacTaHWe HHTPONHH.

4. Haiita dopMyny pias BHYMCIEHHA TePMOTAHAMIYECKOT0 MOTEH-
nuaja 'm66ca G, saransnmd H u sATpONHE S 10 9KCOEPHMEHTAIBHEIM
sHageEuAM Koapdmumenros 4 (T), B (T), C (T), ... pasnomenns
YPaBHEHHS COCTOSHMSA

pV=AM+BDNp+C TP +....

5. Wcnoabsya ceobGommyro sHeprumio F H TepMOIMHAMAYCCKUR
moTeHIuaA (G, JOKA3aTh CIPABENIABOCTS CIGIYIOMUX COOTHOUISHNI:

(77) e te=1(F)y (5)e7=—7(5),
6. Tlorasats, uTO

(%)== (57),= =% (5)
op /T aT Jp apls

7. Ilokasarp, 4T0 B cIydae rasa, JaBiIeHNe KOTOPOT0 IpPH IOCTOSH-
HOM O0BbEMe M3MEeHAETCs IMPONOPHHOHAJIBPHO abCoMIOTHOH TeMIepaTtype,
osHTpPOIMA S BO3pacraer ¢ yBeJIMueHHEM o6beMa V.

8. Jlokasarh HepaBeHCTBA:

8) (%)H<O'

9 (37),>0

3pece U, H, §, P 7 V — CoOTBETCTBeHHO BHYTPEHHAs SHEPTH,
SHTAIbIHUA, YHTPOIMAS, AAaBIeHWe M 00BEM.

9. Ilorasarp, 9T0 CAeLYOITHe TPOIECCH SBIAIOTCA HeoGpaTd-
MBIMH: a) cBoGopgHOoe agmabaTmdeckoe pacmupeHme rasa or oGsema V
g0 V +dV (dV > 0) m 6) npomecc [[moyna — Tomcoma, T. e.
anmabaTHIeCcKO® DPACIIEPEHHe rasza M3 COCTOSHUA C [aBJCHAEM P
Io p + dp (dp << 0).

. Koadppunmerr o65eMHEOr0 pacmapeHUss OPH MOCTOSHHOM JaB-
Jlemm R Ta30B moJiokmTeNeH. [lokasaTs, IT0 B CIyYae KBA3HCTATH-
9eCKOro aguabaTHIecKoTo PACIIMPEHUA BCOIJd LDPOHUCXOAUT IMOHAKE-
HEe TeMIepaTypH, KoTopoe mMmeer 0O0abIIyI0 aGCOIIOTHYIO BeJNIEHY,
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YeM IPH COOTBETCTBYIOIEM YMEHBHICHHN JABIeHHA B afuabaTATeCKOM
mponecce Jxoyaa — Tomcoma.

11. a) Ilorasarp, 9TO OTHOINGEWe anmabaTHHYECKON CIKEAMAEMOCTH
K M30TepMHTECKOll pAaBHO OTHOIIEHHIO TENJIOEMKOCTH IPH IOCTOSHHOM
of’seMe K TemI0eMKOCTH IPH HOCTOSHHOM AaBIeHWH (HCIOJIb30BAaTH-
npeoGpa3oBaAme mePeMeHHHIX ¢ MOMONBI) AKOOMaHA).

6) Hoxasarn mepaBeHCTRO (3.376) M MCHOIB30BATH €Yo Hisd CPaB-
HeHAA BeIWYNH C/RAMAeMOCTell NPWM NOCTOSHHOH SHTPONHME A IPH
IOCTOSHHON TeMmepaType. . _

B) [aTe QmanuecKyio MATEPIPETAINI0 3TOTO CPABHEHWS HA OCHOBE
npuanuna Jle-Illatense — Bpayna.

12, TenmoeMroCThL 0OPW TOCTOSHHOM HABIEHWH (OJId 1 MOJeiH)
HealbHOTO rasa O00HYHO 3ANMMCHBAETCA B BHUIE

Cp = nCy + nCyon (7).

3necs () — yneapHasg TeIIOEMKOCTh OPH IOCTOSHHOM [aBJICHHN,

of6ycaoBIeHHas MOCTYHATEILHHM U BPAIIATENbHHM JBAKEHNEM MOJIe-

rya (Cp = °/,R pna rasa opHoaroMHHX Moueryx, Cp = "/,R nns

rasa ABYXaTOMHEIX ModerRyd, Cp = 4R mus rasa m3 MHOTOATOMHBIX

Monexya), a Cgox (T) — yOeabHAss MONAPHAS TENI0EMKOCTH, 00Y-

CIOBNEHHAA MONEKYJIAPHEME KojeGaEmamu [lim Cyoy (T) = Ol
T—0

BuBecra $opMyIE gJIA TEPMOARHAMATECKOTO IOTEHINAIA M HHTPONAH.

OTCTYILJIEHUE 9

Muemonuueckue mepmodunanuneckue duazpanns. Y pasuenue I'nbGca
(3.1) aBaseTcH crexcTBHEM IPEMEHEHHS IEPBOTO M BTOPOT0 3aKOHOB TEPMO-
AWHAMEKY ¥ WHOHHATE3MMATLHOMY KBasWCTATHIECKOMY IIPOIlecCy,
a ypapmenmsa (3.2) — (3.4) moayuaiorcs fallee ImyTeM IOBTOPHOTO IpHMe-

Hemus: npeobpasosamusa Jle:xammpa (3.11).

s Ecam Bu oBiafeld ABYMA OCHOBHHIMA 33KO-

H F(zU) HaMM W 3aTOMHEHIA ONpeJieleHHA TepMOLHHA-
MHUECKHX HOTeHIWANOB, TO /s Bac He Ipexa-

cTaBJIsgeT TPyAa Hammcatrh ypasHenus (3.1) —

4 v (3.4) ¢ moMompI0 HpHWeMa, ONWCAHHOTO BHIIIE.
OpHaKO eme Jydmue 3aloOMHETh M CJIeyIOmuil

G 3 METOM, TAK CKAa3aTb, NP0 YCDHLIH TEHb.
MueMonmYeCKRN CHOCO6 HAIMCAHUA yPaBHE-
T mn# (3.1) — (3.4) ocHOBAaH Ha HCOOIL30BAHAM

MAATPAMMH, TPUAYMAHHOH, Kaskerea, Mawcom
BopaoM eme oxomo 1929 r. Ilpexpe [Bcero
Hall0 HAPHCOBATh JIBE CTPEJKA, NePHEHTHKY-
NAPHLIE OfHA Jpyroii: OgHY cBepxy BHA3 OT S K I, a Jgpyrymo ciesa
HApaBo oT p K V, Kak mnokasaHo ma ¢umr. 55. Pucysa CTpeaxd, BH
LOJGKHE CKasaTh cebe, 4To colHpe (Sun) IOCHIAeT JYYH BHH3 HA [AEPeBhSA
(Trees), a pyueit Teder ¢ BepmmHH (peak) B moammy (Valley). Iaiee Bm
JOMOJIHAETe RWarpaMMy HasBaHHAMHE deTBepreit kpyra E (=U), F, G
n H B anpaBuTHOM HOPSAKe IO acoBoil cTpeire. Temepp BHI MOKeTe
HCHOIB30BATh [AUATPAMMY CiXenyommumMm obpasoM. Hammmem, HAIpEMeEp,

®ar, 55.
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ypasHenme (3.4). EcTeCTBeHEHIMA IepPEMeHHHIMH [JA TePMOTUHAMMYE-
CKOTO HOTeHIHaJa G ABIAKTCA p U T, crogmume Ha Kpaax KBafpaHTa G.
B pupakennn gia dG B mamere —S H -V B Kauecrse KoapdumumenTon
upr dT wu dp COOTBeTCTBEHHO. 3HAK MHUHYC y S CBA3aH ¢ TeM 00CTOATENb-
CTBOM, 4TO [Jis1 TOro, 4robnl or T fgoiitk Ao S, HY:KHO ciaegoBath B ofpaT-
HOM HAUPAaBIEHHN HO OTHOUEHHIO K cTpelke S7T.

B ommcammoii Bsime gmarpamme wied Y, W;dN; onymer mo Toit mpm-

GpHe, YTO AnarpaMMa AByMepHA, a 3TOT WIEH OJWHAKOB NJA BCEX ypaB-
HeEmH (3.1) — (3.4). B caygae He0OXOMEMOCTA MOIKHO HAPHCOBATh bolree

ofmyo pHarpamMMmy, BKIIOYAB Z p;dN; o 4IeHH, CBA3AHHEE C IPYTAMH

Bugamn paborsl. HexoTopnie mpAMepsl MO:KHO HailtH B yyebumre Komerma
{1], rme DorasaHO Tax:Ke, KAK IPHMEHATH NUATPAMMEL NI HANUCAHES
COOTHOLIeHNII B3amMHOCTH Makcpelna.

13. Toayunrs TepMopvHAMAYECKE noTeBNNan 'u6Gca ana cMecu
UeadbHEX ra30B, COCTOSNeH U3 1y MOJed 0JHOTO ¥ 1, MO APYroro
KOMIIOHEHTA. '

14, Ilyrem mamepenus HarsKkeHusa X Pe3UHOBOH IEHTH, PaCTAHY-
Tofi pmo dQurcupoBaHHO® NuWEW [, Bafmeno, uro X = AT, rnme
A (>0) — mocrosHHaxA, 3aBECAmMAs TOJIbKO oT miausH [, a I' — abco-
JotHaa Temmeparypa. Horasats, 9To BEYTpeHHAsS smeprua U taroi
PESHHOBOM JIEHTH ABJAETCA (YHKIWEH TOILKO TeMmepaTypsl, a 3HTPO-
nus ee S yMeHbIIaeTcA ¢ yBeJWYeHWeM JIUHEL.

15. ITokaszath, 9To UpHM aguabaTATECKOM PACTSIKCHUHA ONMMCAHHON
B OpegbAyIOell 3ajade Pe3UMHOBOM JEHTH TeMISPATypPa LOBHIMAETCH.
IToxasarp Tawxe, 94To JeHTA 6yIeT CHHUMATLCHA, €CIH IOBHIIIATH TEM-
nepaTypy, OCTaBIAA HATKeHHe MOCTOSHHEBIM. ,

16. Wiz paccmorpennsa cBoGOJHOW bHEPTMH BLIBECTH ypaBHEHUE
Tu66ca — orema (3.12).

17. IloraszaTes, 94TO B COOTBETCTBUH C TPETHAM 3aKOHOM TEPMO/IH-
HAMUKHN Koddduiment rennosoro pacumpernda (1/V) (0V/4T), u xoag-
purnent (0p/0T)y crpeMarcs k Bydio upm I — 0.

18. Ilycrp X m 2 0603HAYAIOT COOTBETCTBEHHO HATSIKEHHE TPOBO-
JIOKK ® ee mimAy. llorasarp, 94T0

(%)S,p>0 " (%)T,p>0'

19. Ilowrasars, uro
'y
(3% )z,

20. ITapamMarsuTHOE T€JI0 WME€ET N30TEPMHUUECKYI0 MATHUTHYIO
BOCOPUHMIHUBOCTH §p. HadTy CBOGONHYIO sHepruio F Kak (QyHKIHUIO
namargudegHocTy M u temoeparype I B NONy9dTh M3 Hee BHYTPEH-
m10 sHepruio U m surpounio S.
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(Bl

21. Cumcrema coctomr ma3 /N dactum opgHOro copta; U, I', V m p
0603HATAI0T COOTBETCTBEHHO BHYTPEHHIW BHEPIHI0, abCOTIOTHYIO
TeMmepaTypy, 00beM H XUMHUTECKWil NOTeHOmWan HAa OJHY YacTHOY.
HoxrazaTs ciegywomme COOTHOIICHHA:

3) (%)T.V—”:_T(%)V,N;
O ()= G0y () e T

au (ﬂ)ﬂ _(‘ﬂ wyz 1y
E) (5T)V,.M/T_ T Jv, N 0M)T,V(W)T,V_T—/ :

22. BuBectn ¢opMyTy [iA  BHUNCIEHHA TeNIOEMKOCTH HpH
mocrogEHOM ofbeme Cy Rak (yHKnmm abcomrorHol Temueparype 7T,
o0beMa V W XWMWYECKOTO HOTEHIMAJNA L.

23. CpaBHATH TEHIOEMKOCTH CHCTEMHl IIPH TOCTOAHHOM 0o6BeMe
¥ TOCTOAHHOM quejie JacTur Cy, y C TEIIOeMKOCTHI0 TOH ke CHCTeMEE
Cy,y UpH HOCTOAHHEOM 00BeMe H MOCTOSHHOM XMMHEYECKOM ITOTOHIIHA-
ae. O6bACHATE M3MYECKAN CMBICA MOXYIEHHOIO PE3YAbTATA HA OCHO-
Be mpmamuna Jle-lllarenre — Bpayna.

24, Tlorasarh, UTO AJIA NMApPaMAUHOTHKA WMEET MECTO CJCNYIINee
COOTHOIMEHNE MEKIY W30TePMHUECKON W agmabaTW9ecKOX BOCTIpHMM-
YUBOCTAMM:

¢
ts = G

sneck Cp — TEIIOEMKOCTh MPH TOCTOAHHOW HAMarEMYeHHOCTH,
a Cp — TenaoeMKROCTb IPH TOCTOAHHOM MarHmTHOM moiae H. Wsmene-
Hne 06heMa mapaMaTHATHOTO BelecTBa NpefnoaraeTcs npeHeGpe;xu-
MO MaJbM. IIpu YCIOBHMH, 9TO BaBHCHMOCTH HaMarHAIeHHOCTH M
or T mw H samaHa, TOXyIATh TakKe QOPMYJY AAA BHYACICHHSA
Cy — Cy. (Mcnonb3oBaTh npeobpazoBaBye HepeMeHHHX € IOMOIMIBIO
ARoOHMAHA.)

25. Paccmorpers mapaMarHeTHK, BOCIPHUMINBOCTE KOTOPOTO IO~
guasercsa 3axkoEy Hiopm: yr = C/T, a tennoeMkoCTh MpH HYJeBoi
gamMarEmgeEEocTE mMeeT Bum: C, = b/T?. Tlonydunrh TENI0EMKOCTH
IpY IMOCTOSIBHOM MArEATHOM ole Cy, TeII0eMKOCTh IPH MOCTOAHHOMN
HaMarHUYeHHOCTE Cp ¥ aguabaTHdYecKyl0 MarHUTHYH BOCIPHAMYHU-
Boctb ¥ g(Hy) = (0M/0H)g (H = H,) npm 6eCKoHETHO MAaJIOM H3Me-
HeHANW MATHHETHOIO IOJs BOJIw3am 3ajamHOro sHaueHms H,.

26. ITokasaTh, YTO HBOTEPMHIECKAA BOCIPHHEMIHBOCTED Y7 YAOBIE-
topser ycuoBuo 0y /0T — 0 opm T — 0.

27. TlokasaTh, 970 ¢ HMOMOMBI0 axUabaTHICCKOTO PABMATHEHYIWBA-
HEA HeJL3S NOCTHYH abCOMIOTHOTO HYJIA- TEMEEepPaTyPH.
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28. 3apauy, paccMOTPEEHYI0 B IpuMepe 8, MOKHO PEIINTh TaK-
e, MCHONB3yA cBoGogrylo »sHeprmio F* (T, X) = F (T, z)— Xz.
C moMompbio paccyncienmit, aHATOTAYHKX IPOBEJeHHEM B npumepe 1,
BHACHATH (USATICCKHA CMEICH 3TO¥ ¢BOGOXHOMH YHEPIAK U, B YACTHOCTH,
daF* (T, X).

29. CpoGomHYyI0 SHEPTHI0O DAPAMarHeTHKA C W30TEPMHYECKOH Mar-
HATHOH BOCIOPHAMYHBOCTBHIO Yy, OHOMEMEHHOTO B MAarHHTHOE WOJe H
YacTO B3aNMCHIBAKT B BHIE

F*(T, Hy=F*(T, 0)— 5 VyzH?.

AHAJIOTHYHO B KadeCTBe CBOGONHON SHEPrHH THAICKIPHKA € JU3JIeK-
TPHIECKOU NUPOHMIAEMOCTLIO € B HJIGKTPHYeCKOM moie £ MoiHO
HCHOIL30BATh (PYHKIHIO

F*(T, E)=F*(T, 0)— 5= (e—1) B,

ree V — obsem. Cruenya mpemuigymieil sajade, OPOBECTH CPAaBHEHUE
9THX CBOGONHHX bsHeprmit co csoGommaeiMu sHepruamm F (T, M)
a F (T, P), tne M — HaMarEAYEeHHOCTh, a P — moagpmsanus.
Honyunrs raxsme BEpaskeHme AJsi SJETPONHUE B ODOHX CJIydasXx.

30. JlusnerTpuK ¢ saBUCAMEH OT TeMImepaTypH AEIIEKTPUIECKOR
OPOHHENaeMocTsio ¢ (7) moMemeH MEMXAY IIACTHHAMM ILIOCKOTO KOH-
JeHCATOpa, COeWHEHHOro ¢ OaTapeeil, ABAAIMEHCA HCTOYHOKOM

] >
J 4 -+ — L
Ausnexmpux ? ——E—
T =
® rr. 56. ®nr. 57.

HOCTOAHHOU 3. 1. ¢. (¢pur. 56). Uccnemosary Temmoemrocts B caydae
3aMKHYTOH [eIH ¥ ee TOBeJeHHe IPA pasMbKaEnd. O6BeM auaIeKTpa-
Ka OpejIoJaraeTcs Hem3MeHHBIM.

31. OnpepennTh KOJNAYECTBO TEINA, BHJIEJIAMeecs B KOHIEHCATO-
pe, oummcaHHOM B sagade 30, mpm KBABHCTATUYECKOM BO3DACTAHAH
pasHocTH noreHmmamos or 0 mo @,

32. O0BacHATL, mOYEMYy [HMANEKTPHK BTACHBAETCH B KOH[GH-
€aTop, €CJIA BBECTH €T0 MEKAY MIACTHHAME RonuencaTopa KaK HOKa-
3aH0 Ha (i)m‘. a7..
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[B]

33. XuMmpyecKnil moTeHIMAN OJHOKOMIOHEHTHOrO HAEaJbHOIO I'a-
sa mmeer Bug W = @ (I) + kT ln [p/p, (T)]. Ilonyants BEpase-
Hme 1 (Goabpnoro) TepMmopmHaMmyeckoro morenmmaia J (77, V, p)
W [I0KasaTh CHOPABEJIMBOCTL COOTHOImeHHS (3.5).

34. Ha ¢ur. 58 npuBefeHH sKCIepEMEHTAJLHHE HNaHHLE 1A
TEMIIePATYpHOA SaBHCEMOCTA HAUPSKEHHA B  CIydYae ompefe-

JeHHHM 06pa3soM BYJRKAaHH3MPOBaH-

“r o HOM  pesWHOBOH  JIeHTHI, [JIMHA
138 KOTODO#l IOAAEP!KABAETCSA IOCTOSH-

/o/o/#’/o’ moli. Ilyers I, — ecrecrBeHHas
T HOpMaJbHAA [JIWHA JeHTH IPH TEeM-
neparype T,, a l — ee pelicrsu-

Mf,zz reapHasa gamsa. [lomxHoe maTaxkeHue
- (paBHOe HaUPMKEHEAI, YMHOMKEH-

HOMy HAa TOHmepeYHOe CedeHue) CBsi-
00— 13 3amo ¢ I cooTHOmMEHHEM

Hanpaocerue, 10 3e/aM2
N o

-

L o o——0—— 1,05 X =AT {l_lo. —
—0-—+—0_0_0_ 7,03 ! 9
S —U+a@ =Tl (2)} .
g 20 4o 60 &0
Temnepamypda, °G

31ech o — woadbPAOUEHT TEHIOBOTO.
®ur. 38. pacmupeHnsi, DpPAaBHHHE OPUMEPHO

7-407% zpad-!. BHUIACIATE m3MeHe-

uue TtemmepaTypsl AT B ciaydae, KOT/ia Pe3MHOBAs JIGHTa, HAXOIA-
mancsa Opu Temueparype T, OHCTPO ajuaGarmdecKd PACTATUBACTCH
OT ee ecTeCTBeHHOM JamHH ly, 10 JiuHH, B L pas Goxbmeii. (ItoT
sdderr masmsaerca sdpdexrom xoyua.) Ilpemcramrs rpadmueckn

sasucuMocts AT or L.
PEIMEHNIA

1. JloxasaTenbCTBO AHAJOIMYIHO HOpHBefeHHOMY B mnpumepe 1.
B pmamHOM caydae MBI JOJKHE JMIOb PACCMOTPETh KBAa3HCTATHICCKHI
mporecc, TAK Kak TeMmeparypa L0 OIpefeleHHI0 OfHopoxHa. Pac-
CMOTPHEM ypaBHEHWS Ajf WAEQHHATe3NMAJIBHOIO IIporecca.

a) Temmeparypa T(®) TemnoBoro pesepByapa He MeHSETCH, KOIJa
oH oThaer cumcteMe A KoHedHoe KoiwdecrBo Temaa. Tax Kar Hap
TeILIOBHIM pe3epByapoM He CoBepmiaercs HHKAKOH DPaboTH, MOMHO
CUHMTATH, YTO M3IMEHEHHE eI'0 COCTOSHUS CBA3AHO TONBKO C 0TABaeMbIM
nM KoiamuecTBoM Temna d'(Q. VIsMemenme BHyTpeHHeli sHeprmm U(®
u sETpomum S(¢) pesepByapa ompefendeTcs HePBHIM M BTOPHIM 3aKo-
HAMH TePMOZHHAMAKA

’
W= —d'Q u ds9— 22 @

e e
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Ecanm BEYTpPeHHIO DHEPIHIO B SHTPOUAIO cAcTeMH A 0603HAYATH depes
U n S, To BEyTpeHH:AA YHePrUs A SHTPOIAA COCTABHON CHCTEMH OyHyT
U =YU 4+ U® g §* = § 4 S©. 3tu Beanumnn apaswores GyHK-
UAAMA COCTOAHUA COCTaBHOM cHCTeMH. Tak Ka® COCTAaBHON CHCTEMe
He coofImaercsa Temnxa, TO B COOTBETCTBUE CO BTODPHIM 3aKOHOM HMeeM

dS*=0, mwm dS'” = —ds. (2)
Yunrasas (1), Moskem manmcarb

AU =71 389 = 71 4.
Tarmv o6pasoM, u3MeHeHRNe SHEPIMEH COCTABHOH CUCTEMEB
U* = dU -+ dU®
MOKeT OBITh 3amMCAaHO B BHIE

AU =dU —T9 dS =alU —T dS, 3)

rak kar T') = 7. Tlociegmee BHpasKeHHEe 3aMACAHO B IIEPEMEHHHIX,
OUpeReNAHEX COCTOAHNE CUCTeMH A, W IpencraBiseT coboil B mgeii-
creuTeabEOCTH dF.

6) IlpumennaM K cocraBHOU CHCTeMe HePBEHI 3aKOH TePMOIMHAMAK.
Tar war pabGora d'A, coBepmieHHasn HAJ 3a/laHBONH CHCTEMOM, mpef-
cTaBiasier coGoll emmHCTBEHHYO PaboTy, IPOM3BEREHHYIO OKPYIKEHHEM
HAN cocTaBHolt cmeremoit, 10 dU* = d’A. Vumresaa (3), momyuaem

dF = d'A

970 COOTHOMEHRNS A OUPENeNAeT CMEICT TePMAHA «CBOGOIHAA HHEPTHAY.
2. Ecam paccMarpmpaTs S Kak (YHKOHIO IEePEMEHHBIX p H V
to ypasHemus (3.1) u (3.2) mepexopar B

dU:TdS_pdV:T(—) dp+[T(§) —plav, )
dH=TdS—|—Vdp=[T( ) +V]dp+1 ( W) . (2
Ecmm e ‘cumrark S ¢ymxmguen T m V, 1. e. paccMaTpmBaTh

ST, Vy=8(T(p,V),V) (T ectb ¢ymrnma p m V B cmry ypasHe-
HHUS COCTOAHHA), TO

(%)= (&) =F (5 )y )
Ananormuno, cumrax S (T, p)=S T (p, V), p), mmeem ‘
C c
(5),= (), (7)., =7 (&), =1 @
Iipmmenas (1.23) ® coorHOmeHmo (3), HaXOMEM
(_‘2_7_'_) . _ (@V/iop)r __{t_
op @v/e7),, ’

19 e o
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A
as _CV‘K
(55)y =" (%)
Mcromee coormomenna moxydaiorca mpwm noacraHoske (4) u (5) B (1)
u (2). :

Jameganue. IlpeoGpasoBaHume mePeMeHHEHX B COOTHOMEHUAX
(3) — (5) MOMKHO TPOM3BECTH CIETYIONIHM 0GDpasoM:

(35) _os, V) 19(S, Vo, Mila(T, V)/a(p, T)] _
v

Gplv ap, V) dp, V)9 (p, 1)
_(38/0T)y [—(3V/dp)r] _ Cvx
(oV/aT), ~ar ?

(ﬁ) __0(S,p) _ 9(S, p)o(T, p) _ (05/8T)p
oV/]e o(V,p)  dWV,p)o(T, p)  (dV/iD)p *

Caegyer ofpaTuTh BHMUMAHNE HA 3ANMUCH YACTHHIX IPOMBBONHLIX B BHUJE
AKOOMAHOB IyTeM HO0ABIGHUA [HONONHUTENHHHIX NePEMEHHLIX.
3. Tar wax a=(1/V)(0V/dT)p, a Cp=T(3S/0T)p, TO, NOIB~
3yACh METOHOM SKOGHAHOB, MONyYaeM
ﬂ(ﬂT_ 08, 9, 1)op, Ty _
%s=\p )S_ﬁ(S, p) oS, pla(p, T)
_ @Sjap)yy _ OV/OT)p  TVa
T T @Spen,  (@8jil),  Cp
3nech MH npEMeH@IH cooTHomennme MaxcBesna (3.21a), seaAnmeeca
caengcreueM ypasHeHHsA (3.4). 3aBUCHMOCT DHTPOOHME 0T 06beMa IPH
NOCTOAHHOM JaBJIEHHH oupefeaserca penmdamuoir (8§/0V),. Mcnons-
3ysA coorHomeHWe (4) s mpepmpymeit samaunm, Haxomgmm (0S/0V), =
= 1/yg. 9TO MOKHO HONYIHTH TAK;Ke € IOMONIBIO COOTHOIIEHHSH
Maxcgenna (3.21a) m mepBoro paBeHcTBa B (4) comepyromum ofpaszom:

05\ _(88\ (9T _ _(@plol)s(OT\ _(op) _ 1
(ﬁ’—‘)p~ ( or )p ( ‘W)p_ (0p/38)r (aV )p_ ( or )S_Xs )
4. TlomcraBmM ypaBHEHWe COCTOAHHA B coorHomenms V = (9G/dp)r:

(E)T=%+B+Cp+.‘..

op
A TPOMHTETPHPYEM IIONYy4YeHHOE BBIPAKEHHE
1
G(T, p)=G(T, p)+AIn -+ B(p—p)+5C(o*—p)+... . (1)
Orcrona

oG ’ ’
S=—(3), =8 p)—4'mL-—B" (p—py) —

— O (P=P) @
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H=G4+TS=H(T, po)—l—(A—TA’)ln%—}—

FB—TBY(p—p)+5C—TCYp—p)+... .  (3)

3nece A’'=dA/dT n 1. 5. [na onpesenenmsa semmaue G (T, po),
S(T, po), H(T, py) nomwna GelTh H3BECTHA TemioeMrocts. M3 mpm-
BeICBHHX BHpaykeHmit gerxko noxyuuth U m F xax dymrumm p u T.
5. Ws ypasmemma (3.3) mmeem F=U-—TS, S= —(0F/0T)y,
TaK 9T0
oF
U=F—T (%),
Huddepernupys HaligeHHOe COOTHOIMEHWe N0 V U  HOJZCTABIAA
(6F/0V)= — p, nonyuaem (8U/0V)p = — p+4T (dp/0T)y,. ABamormuno
G=H—TS n S= —(0G/0T)p, B, cremoBaTeILHO,

n=G-1(5),

Ns  coormomenus (0G/dp)y = V  womysaem (0H/dp)y =V —
— T (0V/0T)p.

damMedanmme. Ira 3ajgada yiKe pacCMaTpHBAJACh B mpuMepax
2mn4msBrn 2, sagada 15, ogHAKO C IOMONILI0 CBOOOXHOM SHEPTUH
OHA peImaeTcsa IpoIle.

6. 3amawa -amamormuma npmmepy 2. Ilepsas dwacrs yKe pelreHa
(M. samauy 5). Bropoe DaBeHCTBO MOKHO [0Ka3aTh, MOACTABISASE
coorHomenue Maxrcpenna (0V/0T), = — (95/0p)r [koropoe moayqaer-
CA TPH paccMoTpeHmn ToiaHoro ampdepernuana (3.4)] B coorHomenne
(ﬁ) a8, Ty _a(S,T) a(S, p)

ap )t a(,T)  a(S,p) ap, T)

— (2 (%) - ‘p (Z)
—-—(-517 S(C?T)p——— T \apls
7.. YpaBHeHHE COCTOSHMA pACCMATDHMBAEMOrO Tasa UMEET BHJ
p=f(V)T. B coorBercreum ¢ (3.21a)

aS ap . D
(57 )= (57 )y =10 =7
Tax gaxk p>0 u T >0, 10 30ech B mpaBofi YacTH CTOHT UOJOKH-
TeJIbHAA BeJIMYHUHA.

8. a) Ilpm dH =0 monyyaem u3 ypasmesus (3.2) T dS+Vdp=0.
Takum o6pasom,

(Z_i_)H: __Z'<O'
12%
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6) Ws ypapmenua (3.1) mmeem TdS—pdV=0 mpz dU=0,
TaK 9TO

as p
(W )U =7 >0

3amMevanmne. Hak 6suio moKasamo B Ii. 2, IpHEMEp 2, eclH
ypaBHeHMe cocrosnna uMeer Bug p = f (V) T, To BEyTpPeHHAS JHED-
raa’He 3aBucuT oT o6seMa. M1 Moskem HanmeaTs moatomy (3S/0V)y =
= (08/8V)y, Tak 9T0 3a7a9a 7 ABIAETCA JACTHHM CIYIAeM HaCTOSIMIEH
3afaud.

9. B mepnomM cayuae MBI mMeeM Ipolecc, IPHE KOTOPOM IIOCTOSHHA
BHyTpeHHfA »Heprus U; Bo BTOPOM ciydae HOOCTOAHHOH ocTaeT-
ca sHramsmmsa. Ho B mpenmpymei sajgade - GRI0 TOKa3aHO, 4YTO
(8S/0V)y > 0 m (8S/0p)y << 0, rax 410 HATPOOHMA BO3pacraeT B 000mMX
cIy"asx. JT0 8HAUAT, YT0 ofa Ipomecca HeoGpaTHMEL.

10. Ilpn ymeHBIIEHWE BHEIIHETO NABJCHHA NPOUCXOJAT KBa3H-
cTaTnuecKoe ammabaTmdecKoe pacITUpeHme rasza. 1aK Kak faBjeHne
Tasa paBHO BHOIIHEMY [AABICHWIO, W3MEHGHHE TEMOCPATYPHI MOMKHO
ompeneants, Buancaasg (07/0p)g, rme T — abcoawTHAas TeMmepaTypa
u § — pHTpommA raza. JTY BENUUWHY MHl Ha3Bald agmaGaTHIecKAM
TeMIepaTypHHM EKoapdmoueHToM. B 3amawe 3 GHIO ToJayUeHO €€
BHIPAyKeHUE Wepes Koo(QUIMEeHT TemIOBOTO PACHHPEHHA o W TEemnJso-
e€MKOCTb NpH mocTosHHOM HaBiesmm C,. OHo mmeer Bup (07/9p)g =
= I'Va/C,. Tak rax Benmuunsr T, V a C, MOJOKMTEIbHH, TO OPH
o >0 umeem u (0T/dp)g > 0, T. e. TeMnepaTypa TOHEKAeTCA IPH
VMEHBLIICHAN JABIEHUS.

Har Gerro mokazaHno B TiI. 2, 3a7jaga 24, NOHMKEHNE TEMIEPATYPH
B mporecce sroyna — ToMmMcoHa ommcriBaeTcss BHpayKeHHEM

aT av (Ta—1)V

(5)a=17 (5r), V] ="
Jra BeiMImHA He BCETAA NOJOMKATENbHA, OHA MOKET IPUHEMATH
W OTPULATeJbHEE 3HAUeHH (eM. . 2, 3afada 44). TeMueparypa majaer
no tex mop, noka Ta — 1 > 0. B caywae agmaGaTtmuecKoro Kpasu-
CTATHYECKOTO PACIIMPEHUSI B 5TOM HEDAaBEHCTBE OTCYTCTBYeT dien —1.
PaceMmoTpuM mocTaTouHO Masioe mafeHume gaBiaeHus, —Ap > 0. Pas-
Homa Me:kAy moHmmenweM TeMueparyps -—(AT)g > 0 opm agmaGaru-
geckom nponecce 4 —(AT)y > O npm mporecce Isroyna — Tomcona

paBHa

or or 14
[—@D)s—1— AN = [ (55 )s— (57 ) ) (—2P)=g (—Bp) >0
3aMeganume. HKak BOIHO W3 IPHBENEeHHOIO pemeHHs, NIA
OXMAKNEHAsA (HAIPEMeD, OKEKEHHs) Trasa BHIONHEe NPHMEHATDH
KBa3HCTATHUECKOE afnmafaTdUecKoe pacmmEpeHue, yeM mpomece xoy-
aa — Tomcora, Mo ABYyM NPHYMHAM: BO-IEDPBEIX, TAK MOKHO OXJayK-
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ZaTh ai060# ras; BO-BTOPHX, B HEPBOM CJIydYae HajeHAE TeMIepaTypPH
Goavme 1).
11.
#s _ (4V)(@V/op)s _ 8 (V, 8)/0(p, S) _
xr (V) @Vjop)r — 9V, Do, I)
_oW, 8)6(V, 1) _ (85/0T)y _ Cy 1
9(p, 8)/o(p, D)~ (@8/0T),  Cp ° 0
5) (K) _ 0¥y Yy) _ 0(Ys, YR)/O (Yir yr) _
Wi lYy " a(ys, Yr) 9 (vi, YB3 (43> yw)

(0Y3/0Y3)y, (OYR/0yr)y, — (0¥ i/0R)y, (9¥r/0Yi)y, 0
- (OY 1/0yn)y, - 2

Tak wkax dU =y;dY;+y,dYr+ ..., 10, momaran O=U—y;Y; —
— yrY, momydaem

D= —Y,dy,—Yidyn—- ..., wm (%’;)ys(%?)yh (3)

Ioncrasnas (3) B (2), umeem

. . (OY 4/ oyn)}, ;. .
(%)yk:(%)yh_ <ay;/afl§; ) M (gf)yh<(%)yh “)

B s=macrmoctn, ecam Y;=V, yi= —p, Yi=S, yp=7, HaxogmMm
us (4) :
T (oVy2 1
ws=ur—3 (37),72; - (5)

[CoorHOmernme (5) MOKHO TaKKe TOJXYIATh U3 cooTHomeHmA (1)
B HacrosAmeM pemeHny # dopmyust (6) upmmepa 3.] Tarum oGpasom,

%g < Koo ()

B). PaccMoTpUM , HEKOTOPOE KOIHMYECTBO BeMECTBA, 3AKIIOYECHHOE
B IHJMHAP ¢ HopmHeM. lIpHm ABMKeHWE mOpmEA obbeM V MeHAeTcs
ga BempumEy AV << 0. B coorsercrBum ¢ (6) mameHeHHe faBieHHs
AMeer GONBINYI0 BeIWYHHY B TOM CIydae, KOT/la Te[lo He MOKeT
mepeaBaThCA BHYTPS NEIMHAPA, 4eM B ciaydae, KOT/a TeMLIoBol oOMeH
IONyCKaeTcH:
(Ap)s > (Ap)r.

Ilycrs cHa4aZa IPOMCXOAHT afmabaTHUeCKoe C;xATHe BELIECTBA,
a 3aTeM CTAHOBUTCH BO3MOKHHM Tema0Bo# o0meH (¢pur. 59, a). Vame-
HEHWe [aBIEHNA P 5TOM yMEHBIIUTCA OT 3HadYeHHmA (Ap)g mo (Ap)r
(pmr. 59, 6). ITo o3Hauaer, YTO KOCBEHHHIM CJEJCTBHEM TENJIOBOIO

1) OGparmmoe apmaGarmdeckoe pacImpeHme rasa IpuMeHsercA B Typlo-
AeTamgepe Kanausl Ais oREeHHS Bosjyxa.— [Ipux. ped.
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LHOTOKA, BHIBBAHHOIO cyKatmeM A, ABIgeTCs YMeHbIeHHe Hemocpen-
cTBenHoro meiicteusi A (T. e. YMEHBIIeHWe BO3DACTaHUS HABJICHH:A)
B coorpercTBum ¢ upmanmmoM Jle-Illatense — Bpayna.

P
I / Tenno v T --------------
j’: : Aps Abuabama
b=pap
1
a § -AvV v
®ur. 59.

12. BrrumcneHusi UpOBOLATCH Tak ske, Kak B mpmmepe 7. Wmte-
rpapys Temroemrocrs Cp (7) m poGaeaas g (p, n) B Kadecrse
NOCTOSHHON WHTETPHPOBAHHUA, HOJydaeM

T
s={ Cot T+ ep )=

T
TI
:nC%ln T—}—nS CKOJI (T’)%T'f'gl(pr n) (1)
0
Tak xak (0G/9T),= —S, TO, HpOBefiA emle OJHO MHTEIPHPOBAHHE,
HaymeM
G(p,T,n)=—nCy(TInT—T)—
T T/
—n (' { Ca M) Fr—Tas (B W)+ 2 (Pim). (@)
b 0
Yuurssas, aro (0G/0p)r =V, nveem
ogy | 0g2 _ v __nBT
AW
' og_ _nR 0 _
B p " 0,
TAK UTO

g(p,n) = —nRlnp+ g (n), 8= §2(n). (3)
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3nech uepes @y u ¢y 0603HAUCHH! NOCTOAHHBIE WATerpupoBanuA. Iloz-
‘craBana (3) B (2) # yuursiBas, 9ro G/n Be saBUCHT 0T n, HOJYYaeM

¢ (n) =na (o =const) m ¢, (n}) = nlU, (U, = const). (4)

Tagmm obpasom, momaras o — Cp = iR (= const), wuMeeM Hu3

() — &

G(p, T, n)_—n(UO——C%TlnT—}—RTInp—
T i AT
_ S ar’ S Cuon(I") G- —1RT) : (5)
0 0

(BemumHA | HA3KBAETCA XHMHUYeCKol mocrosHHON). Mcemompsysa coor-
sowerne (1) [mma puddepennupyst coorHomeHme (5)], momydaem
BEIDaJKEHUE 1A DHTPOIUH

T
S:n[CglnT—Rlnp+SCHOH(T')QTT—,—HRJFC%]. (6)
0

SaMeuaBue. B coorBercrBuM ¢ BHIpasKeHHeM (D) TepMOIWHAMH-
Yeckuil moTeHNman Ha 1 Mo4b (XMMPYECKWH MOTeHIMAN) MOYKHO 3aNu-
caTb B BHE

G(T, p)=G (T, po)+RT In % (7

3necy G (T, pp) —3HaveHnme G AN HEKOTOPOTC HAYAJLHOTO - JaBie- -
HEA Pg.

13. CpofoxHas 3HEPTHA CMECH WJEAIbHEIX Ta30B B COOTBETCTBHU
¢ Ti. 2, IpUMep O, BammCHIBaeTcsa B BHE

F(T,V,ny, n)=F (T, Vy, ng) -+ Fo (T, Vs, ny)— TAS. (1)
3nece V —npoaunit  o6eeM cMecm rasoB, a Vi=Vn/(n -+ ny)

u Vo=Vny/(n,+n,) — 06peMnbI, 3aHAMaeMEie COOTBETCTBeHHO razamd 1 u 2
40 cMemeHnd. JHTPoONMA cMemeHHs AS 7[aercd BBHIPAsKEHHEM

AS=—R(mIn—"1 — fpln—"2_). (2
)

ny~1g ny4ny

B coorserctBm ¢ coormomemmem (9) umpmmepa 7, F (T, Vy, n)
u Fy (T, Vs, ny) uMeror Bup

F((T,Vy, ny) =n®,(T) —n,RT ln'%

Fy (T, Vs, n2)=n2®2(T)—anTan—z .
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Taxnm oGpasom,

F(T, Vi, )+ nyRT In

——n®, (1) —n,RT 1n;V1_ —F(T,V, ny,

Fy(T, Vs, ns)+naRT In

L)) .
n1+n2 _FZ(T7 V’ n2)-
Caeposarensro, coornomenue (1) mepexogur B

FT,V,n,n)=F (T, V,n)-+Fo(T,V, ny). (3)

Na (3.13) umeem
oF oF - —
G(T, p, ny, ng)=n4 oy T 12 %;:niGi (T, p)+nGe (T, p2). (%)

3mech
_TMRT_ pny _nzﬁT__ phg [ _ (n1+n2) RT]

P1=-y T ongdny ! ="y T ngon p= v
— mapnuanpanie Aasuesnd, a Gy (T, py) n Gy (T, ps) — TepMonuHAMHE-
qecKwe TOTeHDmANH HA :1 Moab pmus Bemecte 1 m 2 UpM JABIEHEAX
Py B p;. OTH BEIMYHHEL COOTBETCTBYIOT XHMUYECKHM HOTEHIAIAM
BEIIECTB B CMECH.

SaMedaHnume. YUHTHBAA B3aMeuaHWe K NpeJnaymed 3amade,
MOKHO IIepelmcarb cooTHOmeHme (4) B BuU/e

G=n Gy(T, p)+1Ga (T, po) + BT (mIn Bt mpIn £2) - (5)

I7ie py ecTh HEKOTOpoe HadasjbHOE NaBieHHe. XMMUYECKUH HOTEHIIHA
KaKJI0T0 KOMHOOHEHTa Oyner

G =G (T, p)) =Gy (T, po) +RT1In i;; . (6)
14, O6osHayuM ceoGommyio sHeprmio depes F (7, l). Torma mmveem

oF
(ﬁ)z =—5, (1)

oF
U=F+TS=F—T(W)I, 2)
oF

X= ('ﬁ_f) T @)

(Becrkomeurno manas pafora d'A mpm H3MEHeHWE IIHHEL ecTb d'A=
=X dl.) Ypaeuenne (2) maer

(Z_LII)T=(?9_€) Taalng X— T( )1’ (%)

a mudepeHnupoBaEme COOTHOMEHUA (1) MPUBOAUT K pPaBEeHCTBY

(%)= —ar——(57).- (5)
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/

i

Iopcrasnan X = AT, maxomum
U as
(57),=0 = (57),=—4<0.
Tarkum o6pasom, U me sasmemr ot [, a S yMmeHbIaercsa ¢ Bo3pacTa-
gmem [. (Crmeqyer OTMeTHTH aHAJIOTHMIO C HIEAJBHEIM Ta30M.)
15. B caydae ammabaTHUECKOTO KBa3HCTATHIECKOTO YHJIHHEHWA
(S = const) umeem

or\ _ @Sy T (4S\ _T4
(_al_)s_ T@spn, T TG ( al )T“ o >0. (1)

3mecs C; ecTh TEINIOBMKOCTh HPH HOCTOSHHOM mHe, & A — KOH-
craHTa, QUrypupyomas B Oopeawnymei sagaze. Umeem Tar:xe

(_6_l_‘ __@xjpr, _ A )

aT )x— T @x/ehy - (@0X/dhp T ‘

Cormacro yciaoBmio TepMommHAMHUYecKoil ycroitamsoctm, (0X/00); >0

fem. (3.34) u (3.356)]. @opmyxnst (1) m (2) m gaoT pemeHme 3a1a9u.

16. HABuaAsgch 9KCTEHCHBHOM BeNIWIHHOM, CBOGOTHAS 9SHEPrusa

F@,V, Ny Ny, ...), nak d¢ymrnma remueparypu I, obbema V

I 9UCJIa YACTWIl, HOJKHA HMETh B[
F(,aV, aN,, aNy, ... =aF (I, V, Ny, Ns, ...).

Huppepennupys mo o w momaras o =1, maxogmm
[ OF or
F=Vv (W)T,N+ E N; (W})T v, Ny’
J

9T0 COOTBETCTBYET

F=—pV+ 2Ny,
Ypaereane (3.12) momywaercs nyrem pudidepeHmupoBaHUA 0feHX
gacTefl IOCJIE[HEr0 ypasHeHM:A mpE yuere (3.3).
17. Coormomernns Marceenna (3.21a) maior:

vy as ap _(9S
(ﬁ)p— - (%)T 1 (W)V_ (W)T'_
B coorBercTBEHM ¢ TperbuM 3aKOHOM SHTPONHS OJHODONHOTO Telda
rpu I' — 0 cTpeMETCS K MOCTOAHHON BeJIMIWHE, HE 3ABHCAMEN OT IaB-
IeHNSA HIW OJIOTHOCTH IPE YCIOBHMW, UTO ILIOTHOCTH OCTAETCA KOHEed-
HOH. ITO SHAYHT, TTO

i (25),=0. 1m (43),9
W, CIIe[j0BATeNbHO,
lim (%;)p:O, lim (%)V=O.

T—0
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Jpyroe pemenme: Ha OCHOBe TPEThEr0 3aKOHA MOKHO 3amHACATDH

W, CJeJ0BATeILHO,

. av
lim ( rra ) » =0.
3nece ucmonb3oBaHo coorHOmeHme (IC,/0p)y = —T (3%V/01%), (cum.

npeMep 3). AHANOTHIAYIO NPOLEAYPY MOJKHO IPAMEHATD W IS BEIUHC-
aerusn (9p/oT)y. )

18. VYumresaa, wro (0U/dx)s= X, wmomxHO wuepenmcars (3.3206)
caeqyomuM o6pasoM: :

26,0 = 8X0x = (%)S ,822>0,
monoxue 65 = 6p=0. Cueposarentro,
0X
(—a; ) 6.0 (1)
Tlonaraa masee 87 =38p =0, mpusegem (3.326) & BuUZY

28,1 — (%)T.pax» 0,

UIA

(% ), >0 @

Jpyroii cmocof pemeHWss OCHOBAH HA MCHOJIB30BAHHE COOTHOINGHUS

X\ _0(X, 9 _ 90X, 80X, 18T _ Cx (_a_X_)
(“a_z“)s“ 8, 8) O0(X,T) oz ) d(z,8) Cx \ 0z JT

{p=const). YumrmBag, uro Cx>0, C,>0, nerko »uaers, 4UTO
npoussopasie (0X/0x)g u (0X/0x)y mMe0T OAWHAKOBEIA 3HAK.

19. Bufmpas B KauecTBe He3aBmCHMHIX nepemeEEmX T, p uw N
w monaras sarem 67 =O0p =0, momywaem m3 (3.326)

25202(%;-)T_p61v2>0, o (g—l’t,)T’p>/0.
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20. 9ta samaua anajormyHa sagade 39, ra. 2, ogpako HocHT Gojee
obuuit xapakTtep. PaccMoTpum epmHRUYHHIT 06beM BemlecTsa, MPUIEM
uameneHneM oGhemMa OymeM mnpeHeGperats. [lua npoumsBOXHHIX OT
cBoGonuol spepruu F (T, M) cupaBeqiuBh COOTHOIIEHH 5

(%)M—: —S, : (1)
—r ()= ®
(%—)T:H. (3)

Ilo ycnoBwio Bajjaum CBA3h MEMKY HaMarHAYeHHocThI0 M W Marmmr-
HHM noneM H gaerca COOTHOIIGHHMEM

M= XTH‘ (4)
Tlopcraasss (4) B (3) m MATerpupYys, HONydaeM
1 M2 1
F(T, M)=F (T, 045 [ =F(T, 0+ 5xB]. (5
Taxum obpasoM,
1 d _
ST, M)=58(2, 0)— (g7 17) M2, (6)
U, M=U(,0)+5 (5@ -T2 @) M2 - (7)

e
S(T, 0)= —F' (T, 0), U(T, 0y=F (T, 0)—TF (T, 0).

3ameuaHme. DB wuacTHOM ciyuae, KOI[Aa CHpPABE/JHB SaKOH
Hropu — Beiicca

Ar = c (8)

pemenne sagaga 39 B ri. 2 momydaercs 6e3 MCHOAB30BAHWA COOTHOMIE-
guit (6) = (7).

21. a) B cayuae HesaBmcmMux mepemeHBHX I, V m N B Rauecrse
TepMoJrHAMHAYecKol (YHKIEH caefyeT BHIOpaTh CBOGONHYI SHEPTHIO
Teasmromsua F (=U —TS), tag uro umeem

oU °F \ o
(W)r,vz”‘T (aT aN)v*”_T(‘aT)V,N
6) MAas mepexoga or HesapucuMux mepemenemx I, V, E=p/T
¥ T, V, p yarem, 910

(—g%)p.,vz ——_;2_’ (%)T,V:%_'
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Torga momyamm
(BN) O(N,E, V) _a(N,E Vya(T,p, V)
V,§

T T E V) aLE VT, m V)

(%)u,v (%]:_)T,V 1 _

(%)u,V (%) (98/0w)r, v

3 , )
{5 ) ey (5 )r v (&)t 7 (F)es

HepBoe cllaraeMoe JIerK0 nepenucarb B BHUIE
N N, mV)_ N, p, NIWN,T,V)__ (n ifl_)
(177' )u,V a(T,u, V) (N, T, VYo (T,pn, V) ( T) (c’?p,

Tarum o0paszom,

(), we= (G ), [ ()5, o)
or Jv,wr \ou /r,vL T T Jv,n] "

TlopcraBiadsa B 5T0 BHpAasKeHHE COOTHOIIEHHE, IIOJNYYEHHOE B II. «a»,
OPUXOANM K HCKOMOMY DesyJiabTary.

B) Jlia pemeHHms 3afaqdM HY)KHO 3HATH PasHOCTH TEMIOEMKOCTE
OpHY TOCTOSHHOM 00BEMe B CJydae MOCTOSHHOTO YHCJIA JACTHI, I B CIy-
gae & = const. Ilepeiina or mesaBmemMmx nepemensmx T, V m §

g T, Vu N, nonyaum
( 5U) _o0W, V) _o,E Ve, N, V)
13

T Jv,y 0T, & V) oI, & VT, N, V)
( aT )N v (%)T,V 1
( 3 ) ( _aa% ) @E/oN)r, v
N,V

= (5 )=ty (3 )y

= (5 )t (5 ) e (57 s v

IlepBoe u3 paBeHCTB «B» IMOAYIAETCA NyTeM IOACTAHOBKHE COOTHOLIE-
HEg «6». [laAa pokasaTenhcTBA HEDPABEHCTBA HCHOJIB3YeM  TOT
¢aKkT, UYTO B HAINEM cjayd9ae cooTHomeHnme (3.35B) nepexopmur
B (0u/oN)y, v > 0. Torma ogeBmgEo, u9ro (ON/Op)y, v =
= 1/(@u/oN)z, v > 0

22. TennoeMKOCTHh OPH IOCTOAHHOM 06BeMe OGHYHO OLpPEReIAETCA
AN TOCTOSAHHOTO dWhciaa dacrum, T. e. Cy, y = T (8S/0T)y, y-.
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Ilepeiinem or mepemesEnx I, Va N v T, V m-u:
( as) (S, N, V) oS, N, VT, m V)
V.N

i 8(T, N, V) —o(,N,V)joT,n, V)
a8 s
(.—a_f-)p,,V (W)T,V 1 aS
TN ON ON/owr, v (W)u,V—
(W)u, v (Tﬂf)r,v

___(@N/oT), v (aS )
@Njopyr, v \'op /1, v
{leperiii wieH B mpaBoil 9acTH CBSI3AH C TEIIOEMKOCTLIO HPW HOCTOSH-
HOM 00'beMe i mocTogaRoM xumadeckoM noreanuaneCy, =T (0S/0T )y, ,.
Ilas mpeo6paszosamma mpomsBofuoil (95/0p)r, v BO BTOPOM 4YileHE BOC-
TmosIb3yeMcsi ofHUM I3 coorHommenmit MawxcBemma. Uz (3.5) mmeem

SZ_(%)V,M’ p=_(%)T,u’ Nz—(%{b—)T,Vl

U, CleNOBATENLIO,

( a8 _ ey ( N )
m )T,V— weT —\ oT Jv,u’
( a8 . ( oS ) (ON/3T)y, |,
W)V N\l Jv,n  (@Nowr, v °
Yuuokas obe croponsl Ha I', momrydaem
. T (dN/3T)}%
Cy n=Cy u___i___/_)"’_”. 2)
! ’ (ON/opw)r, v
23. CormacHo cooTHOmeHHIO (2) HpemAymeil _safadu, HMeeM
(amanormyuo HepaBeHCTBY Cy < Cp)

Cv,n<Cy,p- (1)
Jns BogcHeHEs (EH3AYECKOTO CMBICJIA 3STOTO HEpaBEHCTBa OymaeM
cieoBaTh npumepy, paccmorperHoMy B § 9. Ilyers AT mpepcraniser

g

5

v £
| PesepByap
| wacmuy
TT+HAT <= J,

~

® mr. 60.

yBeJHUeHME TeMIepaTypH B peayiabraTe mepemadm tenmna Q (meficrame
A) cuacreme, OKpYXeHHOH CTeHKaMu, OPOHAIAEMEIME [AA YaCTHIL
(pur. 60). Kpome moToKa Temia, mMeeTcs TAKKe MOTOK 9acTHI J
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(Bropmunas pearuusa b). B coorpercraud ¢ upuaInuoM Jle-Ilatenpe —
Bpayna yseauuerue temueparypit (A7) y B caydae, KOTHA HOTOK J
orcyrTcrByer, Gonbme ee ypeamuenws (A7), Ipu HaJAIUE TAaKOTO
TmoToKa (T. €. IPH HOCTOSHHOM 1)

(AT)x > (AT)u- (2)

Tar rar (AT)y = Q/Cy, y, a (AT), = Q/Cy, ,, BepaBencrsa (2)
u (1) AMeoT OOWH W TOT KE CMBICI.

Gamevganme. B cayuae noCroOAHHOTO [ABJIEHAA HEJIb3s
paccMaTpPHEBATh TEII0eMKOCTE Cp, |, HJISL OMHOKOMIOHEHTHOR CHCTEMBI,
TAK KAK B TOM Cjiydae mepeMeHHbie I, p W [\ HE SBIAKTCA HE3aBH-
CUMBIME, a CBS3aHH ypaBHeHmeM lu66ca — Irorema.

24. Ira sagada aHanormuHa 3axade 19 B ra. 1 m sagaue 14 B ru. 2;
€e pelmeHme, ORXHAKO, MOKHO YUPOCTHTH, HCIOIb3YS AKOOHAHHL.
Nmeenm

oM WM, S) oM, S) oM, T)a(H,T)__
XS*(W) 5(H, S~ oM, T) o, T) a8
(98973 (OM[0H)y _ (OM[0H)r T (8S/0T)yy __ . Car
08/07) g - T (98/0T) g AT Cy

IIpoeoas mpeoGpasoBamms, aHamormymste (3.39), Haxomum

(95 m 0(S, My . 9(S, Mya(T, H)
Cu=T (37 ), =T 530y =T G0 T A =

e |r)a (),

= (0Mj3H)p (BM) (BM)
H
)

=z (o) (i

T

(), (o)l -

as (0M /0Ty (oM /0Ty X
ZT(a_T) —T (GMJoH)r =Cy—T @My * 1)

Ilpn [mepexome K mociefsEell CTpOKe MH NPUMEHWIH COOTHOIIEHHE

Maxcgenna
as oM
()=o) (2)
9TO COOTHOIEHWe NONydaercd, ecam Bmecro dF = —SdT -+ HdM
pacemorpers F*=F —HM =
dF*= —SdT— M dH. 3)

(3mecy Bee enmumEnl S, M, Cp B Cy OIpeAeIeHH HA eAEHHIY MAacCH
MarHeTHKa.)
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25. B coorserctBum ¢ yciaoBEeM 3ajadm

ds (T, 0 b
7200 Cyo = (1)
Wnrerpupys, moxydaeMm
S(T,0)= =32 +B (B=const). 2)

pounterpupyem Teneps coorHomenune dF (T, 0)/dT = —S (7, 0),
B UTOTE¢ MMeeM

b

F(T,0)=A—BT — 5 (A = const). (3)
Ioxcraswe BHPpasKeHHUE
M=5L (C=const) (4)
B coorHomenme (o) samawm 20, HaiizeM
F(T, M)=A—BT— 3+ Té‘f . )
Takum oGpasoM,
ST, My=—L gt w [(6)
OTKYAA
Cu=T(57) =75 (=Co=o). (7
Tarx kax coorHomende (6) MO)KHO mepemmcaTb B BHfe
S(T, Hy= B— e — S, (8)
TO
CH=T(%§—)H= bR, ©)

Jlna monyqenus a,r_ma6a'rmecx<0n MarHETHOH BOCIPAMMYMBOCTY IO CAMOMY
dmaywdecKOMy CMHICIY O5TOH BelMYMEE ciaefiyeT mcrmoumts I w3 (6).
Yumrsisas (4), momyuaeMm

1, (M2 M
swm-s—ti(&F-2
7, CIeOBATENBHO,

_(ﬂ) = (0S/0H)p
Xs=\3H ), p=m, = ~ (@S/oM)g

BM2C2HE _ C b (1)
= M/CCH; M /C T b1 CH}'
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26. B coorsercteEE ¢ TperbmM sakouoM upm I — O sHTpommsa
CTPEMATCA K HEKOTOPOMY NpefelbHOMY 3HAYeHMI0, HE 3aBHCATIEMY
or H. 3ro smamur, gro (8S/0H)y > 0 (I —>0). CaemosarensHo,
YUuTHBaA cooTHOMeHWe (2) ms sajawm 24, moayvaem Lim(OM/0T)y =

-0
s X = 0. Ilomcrasmaas M = y.H,
H=0 HaXO0AM
e Ofr
H¥0 %‘1—12] or =0
SamMedaHnmHme. Orcrona

BHIHO, 4ro Kak 3axoE Hiopm
x=C/T, Tar u saxom Kiwopa —
Beiicca y = C/(T — ©) cnpa-
BeJJAMBE JIMIDB 70 HEKOTOpOH
KoHeYHo# Temmeparyps. llpm
T — 0 momKEwW HAOIIOAATHCHA 071-
KJIOHEHHHS OT 5TUX BaKOHOB.

27. Ecim mOoCTPORTH SHTPOLHIO
MAPAMATHUTHOrO BellecTBA KA
$yHERIUIO TeMUepPaTypH NpHM NOCTOAHEOM H, 70 B COOTBETCTBHH
¢ TpeThEM 3aKOHOM OHA Gyzmer crpemmrhest pH I — 0 K IOCTOSAHHOMY
sEagenmio (ayio) upn aobom H. Kpumese mua H - 0 m H = 0 crpe-
MATCA K ONHOMY H ToMy ke mnpepmexny npdm T — 0, KaK mOKasaHC wa
¢ur. 61. Ina me cammroM Goapminx H MOKHO MCHOJIB30BATH COOTHO-
menne (6) B pemenun 3agaum 20:

®ur, 61.

S=58(T, 0)— (2 xz) M2=S (1, O)—}—%(%XT)HZ.

IIpsg T -0, =xak Obuo TOKAa3aHO B NpeAbAYmEed sanade,
(dyr/dT) — 0. ITo 3HAUAT, YTO €CIW UPH HEKOTOPOH KOHETHOU TeMire-
paType YMEHBIIATH MarHATHOE IOJe OT 3aJ[AHHON BeJHIMHEL 0 HYIA,
T0 TemmepaTypaTIpm 3TOM GymeT yMeHBIIATHCS JHINB /IO OMPefeieH-
HOTO KOHeWHOTO 3HAdeHHA M HuKorja He pocrmraer 0° K.

28. K xommy mpy;KWHH IpPHUBI3aHA IIACTHHA, HA KOTOPOHM ycrTa-
HOBJeH Ipys Maccoit M. Bec aToro rpysa ypaBHOBeIIABaeT HATHKeHNE
npyxuaH X. Ilycrs z, — BHCOTA, Ha KOTOPO# HAXONHUTCA IIACTHHA
opu X = 0m:M = 0, a x — pacrsmxerne npun X = Mg (g — ycko-
perme cBoGopgHOro uajfenns). llommas moTeEmMaNbHAA HHEPTAA
rpysa, HNOMeMIEHEOT0 HA ILIACTHAY, W dacTm rpysa (maccoir M'),
ocTaBIIelica Ha BeICOTE 2o (Pmr. 62), panma

W = Mg (20 — ) + Mgz, =
= — Mgz + (M + M') gz = — Xz -+ const.
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Hanee, ecim F (T, z) oGosHadaer CBOGOXHYI SHEPTHI0 HPYKUHE
npu temneparype I m pacTAKeHHH Z, TO

F* =F (T, z) — Xz = F + W 4 const 1)

ecTb cBOOONHAA SHEPTHA Beell cmeTeMsl, BRaogas rpysH. (Tak rak
IPYSH NPEACTABJIAIT c060i YMCTO MEXaHMIECKYIO CHCTEMY, TO HX CBO-

:

M+ M M
7, AARBAR. 2 . I 71717
Te
R B 2 A
Ddmrr. 62

GomHas »HepPTHA coBHajaeT ¢ unoTeHNuanbHOH.) Ecam ob6osHaduTh
uepes k YOPYryl NOCTOSHHYI IPYKHHH, TO

X =ka | (2)
. |
F=F (T, 0)+5 ke, ®)
TaK 49TO
1 X2
F* = ka*— X+ F (T, 0)= —5-+F(T,0), (4)

dF*=dF (T, 0)+ (kx — X) dz— 2 dX =dF (T, 0)—zdX.  (5)
Tocnemmmit yien B (0) MOKHO IEPeNUCaTh B Buje
—adX =d (5 hat) +dW =d (5 ke?) —d (Xa),

1. e. dF* upencrasuser cofoll cyMMy Bo3pacTaHHS CBOOOKHON SHeprun
OPY;KUHL ¥ YMEHBIERU MOTeRENHaIbHO DHEPIUy IPY30B OPH PacCTs-
JHEHEM [PY/KUHE.

Bameuanrmue. Cuegyer nposepurh, aro (F*/6T)x = — S,
a BemmupmHa F* 4+ I'S = U peficTBHTENBHEO LPENCTABISAET CYMMY
BHYTPEHHEH DJHEPIWA NpPY/KUHH ¥ NOTEHNWAJIbHOH DHEPIEH TPY30B.

29. Kaxr 6njo nowkasano B 3agage 20, mpm OTHOPOAHOM HaMarHM-
9EBAHON IapPaMarHETHOTO Teja oO0BseMoM V ero cBoGopHasi 9Heprus
BospactraeT Ha Bexmuuny Y/,VM?/yr, rae M — npuoGpeTeHHEL TEIOM
MATHATHE MOMeHT (Ha efimHANY 00BHeMa; MOJHE MATHETHHN MOMEHT
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pasern upu sroM V.M). Tarum oGpasom,
F(@,M)=FT,0+5V 5, (1)

rge F (T, 0) — csoGogmasa smeprus npm M = (. JHeprus B3amMO-
JeficTBUA MeKIy BHEIMIAWM moseM H ¥ MarHATHHM MOMEHTOM HMeeT

BHL
= — HMV = — y, H.

(Jra BeamumHA aHAJOTHYHA DHEPTHH B3aHMONEHCTBUA Ipysa ¢ IpaBH-
TANMOHHEIM [OJEM B Upefdeaymmeil sagaue.) Hpuw 3T0M Beauunmy

F*—F 4+ W =F (T, 0)— 23z ll%V )

MOJKHO DpACCMATPHBATH KAK CYMMY CBOOOJHOUW OSHEPTHH CHCTOMEI
M 5HEPTHH B3AEMOIEHCTBHA NApPaMATHETHKA € MATHATHBIM TIOJEM.

g pusreRTpARa ¢ AUDICKTPHYECKOE HPOHHNAEMOCTHIO € HJICK-
TpUUecKas uoaspmsamua P (BegmunHa, AHAJOTHMYHAS MATHATHOMY
MoMeHTy M B pAcCMOTPEHHOM BEIMEe OpHMepe) B BJEKTPHUe-
ckoM mone E npmuumaer smauemwe P = (¢ — 1) E/4n. [Beanunna
(e — 1)/4m coorBercTByer Benmumne y.] Taxum ofpaszom, corsnacmo

coorromenuam (1) u (2),

F(T, P)=F(T, 0)+ 2222 (3)
F*(T, B)=F (T, 0)~ L VE®. (4)

durpormio S MOKHO mOXyumTh Kak m3 F, tak u m3 F*. B cayuzae
MATHETHKA WMeeM

S=—(2), =ST 0~V (apuzt) M2=

or
— S(T, 0)- 2;’% ¥rM? =S (T, 0) 45 VyeH? 5)
u
S=—(2),, =S (T, 0+ Vazi®. (5')
AHanorugHo, A IUAIEKTPHKA
S=_(%)P=—(%‘1)E=S(T’ O)+%8lE2' ®

30. Ua coormomenms (6) mpemmiaymeil samaddm mMeeM

ST E)=5(T,0)+ 5 > F2. (1)
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a) Korma mers saMKHyTa, MeKAY IJACTHHAMH KOHJEHCATOPA YHEp-
JRMBAETCSI NOCTOAHHAH PasHOCTH noreHnmanos O m ycraHaBaMBaercsa
nocrostaace 1osie Ey=®/a (¢ur. 63). M3 coormomenma (1) Haxommm

a8 ' 1 d2
CE=T(—0—T~)E:CO(T)—}—8—ETTT2 E. (2)
3necy Co(T) = TdS (T, 0)/dT.
) Ecau menp BooGmie He 3aMBIKagack, 70 £ = O n rennoeMKocTb
pasHa C, (7). Horma membp 3amBIKaeTca npu Temmeparype 7', Ha

o
A

P S Co

K

@

1111 1 —

D or. 63.

mIacTuHAX KOHAEHCATOpPA HOABJISETCS NOBePXHOCTHHI 3apsAf G =
= D/4n = goE /4n [specs D — piexTpuvecKas HHAYKOHA, &) =
= g (Ty)]. llpm pasMBIKAHNN LHeON IOBePXHOCTHBIA 3apsjl OCTAeTCH
u undykyus D e Ousaexmpuke coxpausem MOCTIOSHHYI0 - 6CAUNUHY.
TenmoeMKoCTh B 9TOM ciydae Oyner

1% de L2
CD:T(W)D=C°(T>+‘§577T7 Bt T-m (55 ),- ©

Tax wag D =g¢E, ameeMm
(6E2 ) __ 2E® de
aT Jp~ = & 4T °
Moncrasnsas aro BLopaskeRwme B (3) M yduTHBafg, uto &FEy=eE =D,
Moy daem
VT D2 ( de \2
— %o () (4)
31. Ilpn m30TEPMHUUECKOM KBA3WCTATHYECKOM YBEJIWYCHAA MOTCH-
mmanaoT 0 g0 @ mwsnerTpur moraomaer temno d'Q =171 dS. 3asucu-
MOCThL SHTPONEE S OT 3ITeKTPHYECKOro HOMA fAaercs coorHomenwem (6)
B pemrenun sapaum 29:
_y de(T) E2
ST, EYy—-S{T,0)=V T B 1)
13%
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Ecam paccroamme Me;xmy miacTEHAMH KOH[EHCATOpA PABHO @, a Pas-
HocTh noreHnuanoB O, To piaerTpmueckoe moie E = ®/a. Tarmm
obpasoM, npm yBeamdeHmE morteEnmaia or 0 mo @ B gEBAEKTpHEKe
BHTENHETCA TeIIo

@

—Q0=— | ras=r[so,n-s(<.1)]=
O=0
—vrn e @

91y opMyny MOKHO Iepemmcarb B IDPYTOM BHE:

—Q:—l-C(Dz dlne1(T) : )
2 dInT
smeck C = gd/4na — eMKOCTH UINOCKOTO KOHAeHcaTopa, A — mwio-
manp naactrH. Beamumna }/,C®* npencraBiser coGoit 9iIeKTpoCTaTH-
YeCKYI0 DHEPIHIO, 3amaceHHYId B KOHEHCATODE:
32. Ilycte @ obosHawaeT paccrofHHe MEXKAY INJIACTHHAMH,
b — mapuny, ! — QUIMHEY NJIACTHH KOHZEHCATOPA, & £ — PAaCCTOAHIe,

——1

Anacmuna a

QUROREE

Huanexmpux

O ur. 64.

Ha KOTOPOe BABMHYT B Iiiy6bh KOHgeHcaTopa AuaneTpHK (dumr. 64).
OGbem musnexrpura V, B mone E pasen V, = abzr. OcraBmuiica
00beM KOBfIeHCATOPA, He BAHATHI [U3IeKTPHKOM, Vo = ab (I — z).
Tar Kak siaexrpuueckoe moie £ = D/a mocrosAHO, MOKHO HCIOb-
30BaTh BHPaKeHue JIA ¢BOGONHON »Beprmu F*, nmonyueHHOEe B peie-
Huu sagaunm 29. I[loxmas CBOﬁOJIHaH 9HepPInsA BANMIIETCH B BE}:[e

Fross=F (T, 0)— 4 (e —1) B* {2 E* =

—F(T, 0)——-“—”’i Bt 2L
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3necs F(T, 0) — cBobopHaA DHEPTHA- BCEr0 NHIIEKTPHKA B OTCYT-
CTBHE 3JIeKTPHYeCKOro moid. Bropoe ciaaraemoe mpepcraBiaser coGoi
CyMMy H3MeHeHHA cBOGOJHOM BHEPIMH AUWdJIeKTPHKA IPH ero IOJApH-
3aI(MHU BACKTPHYCCKHEM IIOJIEM ¥ SHEPIHIO €T0 B3AKMOEHCTBIA C IMOJOM,
a Tperhe cjaraeMoe — SHEPTHIO’ BIeKTPHUeCKoro moasg. llpm Bospa-
CTaHHH I cBODOgHAS DHEPIrWs! YMEHBIIAGTCHA, TaK YTO GHBICKTPHK
BTATUBACTCA B KOHIEHCATOD € CHJIOHR

oF, abe
X — g
33.
J=—pV=—NEkKT, (1)
p:cp+kT1np—’;. (2)
Uz (2) caemyer ;
NET
P = poeh—0/ET = 7 3)
WK
J(T,V, ) = — poVeu=o/iT, *
nppeperimpys mo p u V, nosyuaem, yamrupas (3),
Huapd (4 4 3
()=~ Bor—n o
"
aJ
(3= === ®
WNnmeem Taxxe
aJ _ a1n py  w— _
(37 )y, = —poveronr [  (72?) ] =
- olnpy 09 p—¢ tP
= (kT a7  er T )

Ho B cmny (2) a10 osmauzaer
Yy _
(ET_)v,u—N(aT )p— S @)

34. Cropocrp uBMeHeHHA TeMIeEPaTypPHl PEe3HHOBOH JeHTH IpH ee
agualaTuIaecKOM YIJUHEeHUH MAETCA BHIPAKEHMeM

(aT )S_ (@Sjolyy T (aX ) ' @)

3 )sT T @Sjer), € \or /J,

3nech C;— TONI0EMKOCTE TIPH MOCTOSHHOX mamHe. Ml HCHONB30BAJIH
coorHomerme Maxcsenna  (95/9l)y = — (0X/0T),, mnonyqarmeeca
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u3 coorHomenwa dF = —Sdl' X dl. [laa T =T, umeem

oxX \ _ -2 -2
(W)Z_A(L—L ) — AT,L2,
TAK YTO
T\ _ To 47 g
(W-)S_CZA[L (1 +alq) L2
Wsmernenue rtemmepaTypel, o6ycaoBienHOe amuabaTMdecKUM YBeIude-
sueM pmuHel B L pas (or L=1 mo L), pasro

Ll L
oT Todl
AT = j (W)Sdz:—ocl—Oj [L— (14 alo) L*] dL =
““0 To LiLerL—2(1 4 aTy). (2)

Ilpm T0=300° mmeem O =oal,=0,21. Bropaxenune B. croOxax
B (opmyne (2) ofpamaercs B mymb mpu L=1-1¢, rne & ompeme-
asgeTcss M3 ycuoBma Je--e2=28, 1. e.

2 1 1
8:?6—'§82 ~ 0,14—"3—0,020 =~ 0,13.

Ha ¢ur. 65 upemcrasmena saBumcmmocts AT or L, omnmcrBaeMas
dopmymoi (2).
3ameuanne. CooTHOIIEHHE MERNY HAIDsKeHHOM U medop-
Manued, HCIONL30BAHHOE B DTOH 3aj4ade, MOEeT OHTH I0JIYICHO
IS PesUHHI IyTeéM NPHMEHEHHS MeTo-
OB CTATUCTUIECKON MEXAHWKH B T€O-
puu yopyrocru. Ero MoHO Tamxe
€¢ yCHeXoM IPHMEHATH K HE CIUIIKOM
CHJIPHO BYJIKAaHM3UPOBAHHEIM DPe3mHAM
¥ K HeKOTOPHIM APYTHM BHIAM PE3HMHO-
mOmOGHEIX BemEeCTB. PaccMOTDeHHHH
37ech TemIo0BOH ddeKT HaBHBaETCA
P , . , apderrom [Imoyma. Hax Bumpmro us
20 W 60 s0 ¢ur. 65, mpm Maxsx AedopMALHEAX
%L AT <0, 910 CBA3AHO C  TEMJIOBHM
pacmmmpeHmeM. Hcam ke He TOBODHTH
o6 aroil o0nacTdE, TO TaKue Pe3UHO-
nomoOHBIe BelfecTBa OPH afmadaTHUe-
cKoM ynimHeREE Harpesawores (AT > 0). 910 ABIeHHE XapaRTEPHO
IJIA YOPYTOCTH Pe3MHONOAOGHAX MarepuanoB. B mpasmabHOCTH mOXY-
9eHHHX DEe3yJILTaTOB JIErKo YOe[HThCA ¢ MOMOMIBIO DKCIEPUMEHTOB
C PesmHOBOH IeHTOH. .

ar

@ mr. 65,

» THTEPATYPA
1. Callen H. B., Thermodynamics, New York, 1960,
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PaBHoBecume (a3 m XuMUYecKoe paBHOBECHE

B macroamelt riase He BBOJUTCH HUKAKHX HOBBHIX IPUHITUIOB.
3nech MH OyAeM WMeTh g0 JHME ¢ Hambojee BaKHHIMH OpPHIMEHe-
HIAMH TE€PMOJUHAMZKH B (UsUKe W B (U3HYECKOd XEMHUH, a MMEHHO
¢ ee OpPUMEHEHWAMH K WM3yUeHWIO DABHOBECHA MERIY PAa3IHUHBIMU
dasaMy OFHOKOMIOHEHTHOH CHCTeMH M PaBHOBECHS MexAy Qasamu
CHCTEMH, COCTOAMEH M3 AByX miam Gosjee KOMIOHeHTOB. ME of6cymmM
TaKKe HCOOJMB30BAHNMe TEPMOTHHAMUKYA IPH Peenun oGHHX OpobieM
XIMHYECKOTO PABHOBECHS, CBA3AHHBIX ¢ HuccoNmanumeli M peroMOmHA-
THell 9acTuIl, U3 KOTOPHIX COCTOAT OTHeNbHHE KOMIOHEHTH. B paspe-
ae «OCHOBHLIC IOJIOKEHHS» PACCMATPHEBAIOTCA HEKOTOPEE TEODPEeMEl
H TpeACTaBIeHHA, NOJAe3HHE NPH WCCAETOBAHAH YKA3aHHHX 3axad.

OCHOBHBIE MOJOKEHNA

§ 1. daza

OpHEOpOmHOE B (M3BWUECKOM H XHMAYECKOM OTHOINEHWH BeIIecTBO
MBL paccMaTpmBaeM Kak ogHy ¢asy. Pasnwumme arperaTHHe cOCTOA-
Hus (rasoofpasHoe, KEAKOE), a4 TAKKe PABINYHEE KpHCTAIIHYCCKHAe
COCTOSTHHA INPENCTABIAOT coGo# pasHEE Qasml.

§ 2\ PaBroBecme Me;xmy pasiMYHBLIMA (ha3aMum YHCTOTO BemECTBA

Ilyery mesxny mByma dasamu 1 m 2 (xapakTepmsyomupe @X BeH-
YEEH Gy[eM moMeJaTb COOTBETCTBEHHO Of(HEM MM ABYMS IITpPEXaMm),
HaXOADIIMACA B KOHTAKTe JPYT C IPYTOM, CYIIECTBYeT paBHOBECHE.
B aroMm cnyvae faBnerme mo 06e CTOPOHH HOBEDXHOCTH PAB/IeNa MOMKET
651-1:{, UAW OfJHHAKOBHM, HIH PASHEIM B 3aBHCUMOCTH OT IPHPOIE
3TOH MOBOPXHOCTH.

1) Ilaockasn noseprrocmyv, nepedarwuan dasrenue. N3 cooTHOmerMIE
(3.26a) — (3.26B) mmeem
"'=p" =p, (4.1)

pl II=
T =T"="T (4.2)

wp, I)=p"(p, T), numm G =G". (4.3)
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Cooromenne (4.3) mpepxcraBaser co6oit yeaome a30BOTO PaBHOBE-
cma. B mpocrpaHcTBe mmepeMeREHEX W, p, I JAHBHA IepecedeHHS
HOBEPXHOCTeH U = p' B p = " mpeficraBisger cobol SUHLIO cocyujecmeo-
eanus Osyr ¢fas. Ilpm wpepexome wepes 5Ty JAWHAK NIPOUCXOTHET
gpasoeoe npespauyenue. Beerga peanmayercs gasza ¢ MEHBITAM 3HATCHAEM
XEMITeCKOTO HOTeHOHUANa, IMOCKOIBKRY OHa 604¢e yemoliuusa. Ilopagor
($a30BOro mepexona ompeeasgeTcd MOPAMKOM KOATAKTA MY HOBEDX-
poctaME U = p' m p = p”. Ha ¢ur. 66 npepcrasier ¢aszonwit mepe-
X0 mepPBOTO POja.

a) Dasoewii neperod nepeozo
poda. ¥Ycmosdada mepexoja Imep-
BOTO Pofia mMeIOT BAM: Ap = p' —
—pn”" =0, 0Ap/OT %0 a
O0Ap/dp %= 0. Mz ycmoema (4.3)
uMeeM )

oG G
nnin
dp B85 1 44

ar AV TAV
(ypasrenme Huameiipora — Huaay-
smyca). 3mech
q=TAS=T (8" —3S")

— TemoTa mepexona (Ea 1 moaw),
®ur. 66. a AV —navenenne o6neMa mnpm
nepexone (Ha 1 Moav).

6) Dazoswuii nepexod emopoeo poda. YCIOBHA Tepexofa BTOPOTO
pona mmetor Bup: Ap=0, 9Ap/dT =0, Ap/dp=0, B TO Bpema Kak
TIPOM3BOTHEE BTOPOrO IOPAAKA, BooOMIe ToBOPA, He PaBHH HYJIO.
Taxkmm 06pasoM, BIOAb JHHEAE coCylIecTBoBaHEA (as

ov ov NG
Ay dp+A grdl =0 (5= ) @)
av AC, oG )
A dp——2ar =0 (Z=0).

Iaa toro uro6m Bemmamaa dp/dT Ghna KoHeyHOH, HEOOXOMHMO BHIIOI-
HEAUe YCIOBHUS

AT A

9p " oT o7 A
TG =0, mm ASLAC,+T (Agp) =0. (4.6)
G
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IIpm TakoM OpeBpameHMH CKPHTAA TEIJIOTA IEPEXOfa OTCYTCTBYeT,
ONHAKO B TO4YKe ($as0BOro Iepexoja TeILIOEMKOCTh MOMKET TePIeTh
PaspHB UIA WMETh CHETYJISDPHOCTH.

(DazoBHe TePexofs BTOPOTO POJA, BOBMOKHO, MeHee BHAaKOMEI
amrarento. OFHAKO HETPYQHO HPWBECTH PAJ IPAMEPOB TAKMX Hepexo-
T0B B cojaBaX H B MarHermKax. Ocolmii mATepec mpejcraBider
¢azoBHi mepexof B rasze B Kpuruueckol Touxe I = T, npm mOCTOSH-
HO# NJIOTHOCTH, PABHOH KPUTUICCKOM.

8) Dasoevie nepexodvl Goaee evicorozo nopsdka. Ecim Bce wacrHBIE
OpPOW3BOAHEIE | BIIOTH 10 1 — 1-To MOPSAAKA HENPEPHBHE, a TEPHAT
Pa3pHB JAIb 7-A IPOU3BOAHASL, TO IOBOPAT, UTO EMeeT MecTo (aso-
BHIM IepPexof n-Iro HmOpsaKa.

2) Ecau noBepxHOCTHL pasfesa He SBIAETCA IIOCKOHE, Tak 4TO
CymecTByer, B0oOme roBops, HEKOTOPHH 3dderr, 06ycIoBICHHBIN
nOoGepIHOCMHLLIM HAMANCEHUCM, A TAKIKe eCIH CTeHKA MemAy JByMA
dasaMm DpoHHMIAeMa A BelmecTBa, HO He IiepefaeT [JaBJICHUA,
TO B PasHEIX (asax maBgeHWe Oymer pPasandIHBIM, T. €.

pl # pll.
C gpyroil CTOPOHB, AOJKHK BHIONHATHCA ycaoBua (4.2) m (4.3).
ITo 3HauMT, UTO

G (', 1)=6"(p", T).
Tarum o6pasoM, cRA3L MeKuy p’ U p” ONPEHENSACTCA YCIOBHEEM

V'dp’=V"dp" (ypasmenme I'm66ca — [loftaTunra). (4.7

§ 3. IloBepxHOCTHOE HATMKEHHE

Onpedeaenue nogeprrocmuozo namsaxcenus. Pabora, HeoGxogmmass
ANA TOro, 4TO0OH HBMEHHTH IJIOHIA[b HOBEPXHOCTH MEKIY [BYyMS
dasamu,— 3710 paGoTa DPOTHB CHJ MOBEPXHOCTHOTO HaTsyKkeHus. Eciam
y4ecTh 9T0, TO ypaBHeHme (2.14) s msMeHeHHs SHEPIHH NPH KBASH-
CTATHIeCKOM UPOLmEecce IIPUHUMAEeT BHT

dU = TdS — p'dV’ — p"dV" + ydo + wdN’ + w'dN". (4.8)

3pecs p’ m p” — BHyTpenmee paBieHme ¢as 1 m 2, u' (T, p'),
p” (T, p") — xummgeckue moTeHIMANH Pas, a ¢ — OAOMATH HOBEPX-
Hoctu paspena. IlosepzrrocmHoe Hamsscenue y ONPENEIsAETCA ypaBHEe-

. HEeM
oUu

v= (W)s, Ve, Ve N, N (4.8

Pasnocmny  Oasacnuil,’ 66136aHHAR NOBEPTHOCMHUM HAMANCCHUECH.
B caydae Korjila moBepXHOCTH pasfesa MeAy ABYMa (asaMm Ipe-
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craBiser 'coGoll cpepy pagaycom r, PasHOCTh HABIEHWHA GymeT

2
p—pr =2 (4.9
JTo BHpasKeHHe moiydaerca m3 yciaosus pasHosecwma dU = 0 (3.30a)
upu dS = dN' = dN”" = 0, dV" = — dV’ ¢ yaerom Toro o6cToATE B~

crBa, uro dV'/do =r/2 B (4.8).
Yeaoeus pasnosecus 0as sHepeuu NepeHOCE MACCH, FAWTCSI COOT-
HOIIeHIEeM

wo(Ty p') = u (T, p")s (4.10)

Hampumep, pagmyc r cdepHuecKod KAmiu SKUAKOCTH K HaBIcHHE
e TAPOB CBABAHBL YCIOBHEM

w (7, prt 2 ) =g 2, p) (4.10")
{cM. zapagy 34).

§ 4. PasHoBecne B MHOrOKOMIOHEHTHOIT MHOrOQa3HONW cmcTeMe

IIpepmonosmuM EAsA TPOCTOTH, 9T0 HA NOBEPXHOCTAX pasgeia
PasIHYHHX (a3 cymecTByeT MeXaHWIeCKOoe PaBHOBECHe, TaK UTO AaB-
JieHVe ONHOPOAHO. Pasiamudsie KoMUOHEHTH GyjgeM 0003HAYATHh HHIEK-

camm 1, 2, ..., ¢, a ¢dassl — mEgercamu 1, 2, ..., r. Yciopua
PABHOBECHST HMEIOT BHL
p=p=...=p"=p, (4.11a)
I'=T"—=...=T"=T, (4.116)
Mp=py=...=np",
........... (412)
pe=pi=...=p,
M
Gi=Gi=...=G, j=1,2,...,c (4.12")

Hdowrasarearscrso. [Iposenem 0606IeH e {OKA3ATENbCTRA, /AH-
moro B § 6. Ilycts kampmas ¢asa oGmamaer smrpommeit S, smep-
raeit U® , 00BEMOM V(k), a 4mcHo MOJiell RaMKIOTO0 KOMOOHCHTA 000-
srazmm wepes NS, Torga ycooBms DABHOBECHS 3AMUNIYTCA B BHIE:

6S=\6S'—}—6,S"—{— e e +O8ST =

— 6S<) U as() yek aS(h> w1
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<3Uf—§1 U™ =0, (6)
oV = 2 V' =0, (8)
ON;= 2 SN =0, j=1,2, ..., c (r)

Coormomenus (a) — (r) moayuens: upm yeaosmm, uro U, V u N;
mocTogHHb. UMemoabsyss  meron  HEOHNPENeNeHHWX  MHOMKUTeseit
Jlarpamxa, ymuommm coormomenuwe (6) Ha — 1/7, (8) ma p/T,
a (r) Ba —yp;/T w upuGaBuM HaiifeHHble BHpaskeHus K (a). B mrore
DOy IuM

c
1 p q M .

=1
r

— as 1 Ry as® p Ry |
~E [( A —7) U T( Vo +7 ) oV 5

. a8ty py w7 _
-3 (8-t ],
i

Tar Kak Bapmanuy MOKHO CYHTATH HE3aBUCHMEIME, K03QQUIITeHTH
Opu HWX, OUeBHAHO, paBHH Hyx0. TakmMm o6pasoM, M HOXydaeM
yeaosma (4.11a), (4.116) u (4.12)

OTCTVIIJIEHUE 10 )

Pasnosecue ezemepozennwz cucmen

«3Heprus BceemeHHoil HoCTOAHHA.

JHTpOnMs BCeNeHHON CTPeMHATCA K MAaKCHMyMY».

IraME IPOCTHMH noaoKenusima Kaaysnyc (1822—1888) peSIOMHpOBaJI
comemKaEde cBoeit paborsl «0 Pa3IMYHLIX YXOGHBIX Hist HPIIOKeEni op-
Max OCHOBHHIX YPaBHeHHI MeXaHUYeCKOH Teopmu rTemnay. Jra pabora yBH-
feaa cset B 1865 r., DATHAZNATD JeT CITYyCTA IOCIe OTKPHITHSA BTOPOTO 3aK0-
Ha (coo6meﬂue 0 TeM MOABWTOCH B Poggendorf Annalen [1]). B aroit
YpesBudaiino Basuol pa6ore Kaaysmyc gaer Te ocHOBHEIE (OPMYIHDPOBKE
IePBOTO W BTOPOTO 3aKOHOB TEPMONWHAMHUKM, C KOTODPHIME MBI TeNephb Yie
B3HAKOMEL.

Caycrs pgecars aer, 8 1875 r., Tu66c (1839—1903) nonoxua stz dop-
MYJHPOBKM B OCHOBY CBOEH 3HAMEHHTOI cTaThu «OQ PaBHOBECHH TeTEpO-
TeHHBIX BemecTsy [2]. 3meck T'ub6c, MCXOsA U3 TEPBOTO U BTOPOrO 3aKOHOB
TEPMONOHAMHUKH, faeT Haumbomee 06111on QOPMYIHPOBKY YCIOBHHE PaBHO-
BeCHA [IJIA TeTePOreHHHX CACTEM W BIEPBEIe BBOSHT MOHSTAE XHMIYECKOTO
TMOTEHIIAJA. .

IlpaBmno ¢as — ogmo m3 Hambosee KPACHBHIX CJEACTBHIl YCIOBHR
pPaBHOBecHsa B opmyamposke I'mGoca. CraTha ocraBasach IOYTH COBCEM
HEHN3BECTHOH eBPOIEMCKHM YyIeHHIM B TeueHme 15 xer, go 1891 r., Korma
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OcTBanNL TepeBell ee Ha HeMenKmil g3uK (a mozmmee, B 1899 r., Jle-Ma-
Tenne — Ha (paEnysckmii). OgHA W3 IPHYMH STOTO 3AKIIOYANACh B)TOM,
uto crarba ['mG6ca Onia onmyGJIMKOBaHA B 0U€HL Mallo PACIpPOCTPaHEHHOM
suypraxe Transactions of the Connecticut Academy [3]. Jpyras npuunna
6pliia cBA3aHA C TPYMHOCTHI0 CTATHH [NJA IOHHMAHUA.

OctBansy macand: «CTpeMsAch K HamGoubmeHd OOIHOCTA M CTPOTOCTR
HCCIEOBAHMA, aBTOP BHIOPAJ CTOJb a6CTPAKTHYI0 U TPYZHO yCBamBaeMylo
dopMy H3I0REHHsT, 970 OHA TPeGyeT OT YATATENA He3ayPASHOH BHIMATEIb-
HOCTH ¥ CAaMOOTHAYM».

Korma paGora I'mf6ca CHycTA MHOTO J€T IOCTE ee BHXORA B CBET
cTana maBecTnoi B Eppone, 0Ha COBEpPUIEHHO HE yTPATAAA CBOEf HOBUIHEL.
«Copepxamme paGoOTHl M CETONHS ¥MeeT HENOCPEeICTBEeHHYIO IeHHOCTb,
W MHTEpeC K Hell HA B Koeil Mepe He gBJIAETCA WHCTO mcropmuecknmM. Jlei-
CTBHTEJIHHO, M2 TOTO NOUTH HeWcuepmaeMoro 6orarcrsa pesyibTAToB,
KOTOpHIe B Hell COEePIKATCA WM U3 Hee BHTEKAIOT, IOKa UTO MOkeT OHTh
HCIIOJb30BAHA JHINb OY€HL HeGONbINAas YacTh., 3aKI4YeHHHE B TIIaBax
970l paboTH HETPOHYTHE COKPOBHINA BO BCEM CBOeM DasHOOODASHH X IieH-
HOCTM emie EIYT KCCIeHoBaTesiell — TeOPeTHKOB M 0CO0eHHO 3KCIepH-
MeHTATOPOB. HayuWmBMIMCH HAXOAWTH 3HAUeHWS OHTPONHE HE TOINBKO
I Ta30B, HO W [y OTPOMHOTO Kiacca pas0aBIeNHEX DAacTROPOB, MH
7MeeM Telleph BO3MOMKHOCTH BHPasuTh ofmnue ynrnnd, BXofAmue B THb-
OcoBCKEE YPaBHEHWS, depe3 SKCIePHMERTAILHO ONPEeeIsAeMble BedNIdBH .
YacTAYHO 3TO YK€ CAeNaHo, HO eme (oJbile UPERCTONT CHEeNaThy.

§ 5. IIpasmao (a3 Fu6Gea

Teopema. Hucao cmeneneil c60600s f PaBHOBECHOIO COCTOA-
HAA CHCTeMBI, COCTOAMEH W3 ¢ PASAMYHEX KOMIOHEHTOB B PAasHHX
dasax r, HaeTcs BHPAIKEHAEM

f=c—r+2 (4.13)

Hop wmenoM cremeHeil ¢BOOOAH 1I0JPA3YMEBAETCA HMCI0 BHYTPEHHHX
epeMEeHHEH X, KOTOPHE MOTYT IPOM3BOJIBHO U3MEHATHCA NPH BaJaHHEKIX
YCIOBUAX PABHOBECHA.

HJorxaszateuxbctBo. Bruympennue ycrosus paBHOBeCHs T
0ZHON (/asHl, COCTOAMEH M3 ¢ KOMIOHEHTOB, ONPEIeNAITCH OTHOCH-
TeIbHHME KOBNEHTPANMAMEA KOMUOHEHTOB. JTO 03HAYAET, 4TO MEL HMe-
eM ¢ — | BHYTpDeHHIOJ0 HePEeMeHHYI0, ONHCHBAIINYIO COCTAB (ashl.
Kpome »Tmx mepemMeHHEIX, HMEIOTCS eme mepemeHHble p m I, ofd-
HakoBeie Faa Bcex ¢as. Tar wro B cayuae r ¢as MH [OMKHE
mMers Bcero (¢ — 1) r + 2 mepememnmx. XuMAYeCKHe MOTeHIHAJEE
u§k) k=1,...,rj=1,..., ¢), Kax BHTCHCUBHHE BeJIW4YHHH,
OIIPEJICNIAIOTCA TOABKO DTUME BHYTDEHHAME TEPEMEHHHIMH. TaK Kak
ycaosusa paBHoBecus (4.12) cocrost ms (r — 1) ¢ ypaBmeHmii, umcio
CBOOONHKX TapaMeTpPOB, KOTOPHE MOTYT MEHATHCH B PABHOBECHOM
cocroARmA, Oyner paBHO

f=—Dr+2—-(F—-NYe=c—r+2
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II pmwme p. ParHOBecHme fByX(asHOU OJHOKOMIGHEHTHON cHCTe-
mul: ¢ =1, r =2, f = 1. PaBroBecue TpexdasHOol 0qHOKROMIOHEHT-
ot cmcremm: ¢ = 1, r = 3, f = 0 (rpo#imas Toura). PaBHOBecHme
AByx}asHoil ABYXKOMIOHEHTHOR CHCTeMH: ¢ = 2, r = 2, f = 2.

OTCTYIIJIIEHHUE 11

Haaccugpurayua gasosus nepexodos, paccMorpensas B § 1, BHepsrie
6r1ma mpeprosxeHa Jpendecrom [12]. Ero mpes o mopsake dasoBoro mepe-
X0fa OCHOBEIBAeTcd Ha pasioendr peaxmaumBel Au (T + 47T, p + dp)
8 pap Teitnopa mo crenesam d7 u dp. Eciiv OTAWYHE 0T HYJXA WICHE mep-
BOrO MOPAMKA, TO MBI HMEeM [ePeXo[ ePBOTo pofa. Eciu ke 4ieHs mep-
BOTO TmOPsAAKa o6pamaricda B HyAb 6004t KPHBOH DABHOBECHA M OTIMIHLI
OT HYJA YieHH BTOPOro HOPA[KAa, TO MB HMeeM IEepexXof BTOPOro poja,
KOTOPHH#A, BOOGHe TOBODS, CONDOBOMKIAETCA KOHEunsy CKAYKOM TEIIOo-
©MKOCTH.

VisBecTHO MHOTO ($a30BHX IEPEXON0B NEPROI0 POfa, HampHMep mepe-
XO[ JKANKOCTH — AP B THCTOM BeINECTBE, 3a MCKANYGHHEM KPHTHISCKOR
TOUKH, KOTHAA TEINIOEMKOCTh Cp CTamoBHTCs OeckoHmewnoi (cM. ¢ur. 53a).
Yro xacaercs $asoBHX HePeXO0B BTOPOTO POLA, TO H3BECTHO HAh HEGOIb-
11108 9HCI0 IPHMEPOB, MIPHYEM AMEIOTCS ONpefeleHBRe OTKIOHEHUS OT CXe-
Mel Fperdecra. PaccMoTpuyM, HanpaMep, ciydail mepexoqa #3 CBepXupPOBO-
OAMEro B HOPMaIbHOE COCTOSHWE; DTOT Tepexoj, ODMCHIBAGTCA KPUBOil
paBHOBecHsT B IurockocTd mepemeHHiix H — T (H — MaramTHOe IoJe).
CKpHITag TemaoTa Hmepexofa PaBHA HYJH TOJALKRO B Touke H = 0 Kpmpoi
pPaBHOBECHS, KOTKA TemI0eMKocTh Cp (= Cy) HeCHuIThiBaeT CcKRavdoK. Kax
moxasan Omcarep [4], fua ZBYMEDHOTO W3WHTOBCKOTO (eppOMATHETHKA
apa H =0 remmoemrocts Cg (=Cy) JorapeMagecKd pacXOFUTCH
B TOYKE Iepexopfa ¥ HeIpepHIBHA Besje BHe ee, Tucca [5, 6] ykasam, 910
pasnoskenne B psag Tefiropa HEBOBMOMKHO, IOCKOIBKY RO3QEHIACHTH DU
OPOH3BONHEIX OT U BTOPOro ¥ GoJee BHICOKHX NOPSITKOB AAA OFHOE HaM
obenx das moryr obpamarses B GeckomearoCTs. Tarmy o6pasoM, mepBo-
HaTaabHAg Riaaccmpuranus IpeHdecTa ABAfeTcd B 3HAYNTEILHON Mepe
HeHoAHOH.

Agr u Jdna [7] gorasantm MareMaTHYECKYI0 BKBUBAJEHTHOCTH TEOpPHU
TIepexofa MANKOCTh — Wap ¥ TeOPHI Hepexofa AJA IPOCTHIX MOpeseil
{deppoMarmernka. Ofe TeOPHHI HMET OXMHAKOBYI0 CTPYKTYDPY; KPHBYIO
HaMaTHHIeHHOCTH MOKHO HOJNYIUTH W3 W30TePMEl B IIOCKOCTH p — V
# 5a06OPOT: MATHUTHOE IOJEe COOTBETSTBYeT XMMHYECKOMY IOTeHIWAly,
a HAMarAEBYeHHBOCTh — IIOTHOCTH. JTO O3HAYaeT, 410 HePexof MHKHld-
KOCTH — AP CTAHOBHTCA IEPEXOJAOM BTOPOTO DPOxa, KOTHA WCIapeHue
BEIMeCTBa WPOHCXORHT B arMocfepe ero Napos.

Teunoemrocrs Cp CIEYeT CUBTATh MeHee (yBIAMEHTANBLHON BeH-
quRoit, geM Cy, B TOM CMBICIE, 9TO AHOMAMHMN B IOBEOHNH Cy CBA3aHH
¢ MeXaHWsMOM VIHODAJOYCHHA: [AJbHONEHCTBYIOMYE MOJEKYJIAPHEIe
B3aEMOREHCTBUA BEIZHIBAIOT, HO-BHANMOMY, CKai0K Cy, B TO BpeMsd Kak
KOPOTKOJEHCTBYIOMAEe CHAL HPHBOAAT XK OecKoHeuHoMy 3HaueHHIO Cy
B Touke mepexoma. Paiic [8] moxasam, 4ro ecam RopoTHOEeHCIBymIOmge
‘B3agMOJeiiCTBHe He BaBHCAT OT o6BeMa, IEePexof OCTAeTCH INEePexoaoM
BTOPOTO PORA, OXHAKO B IIPOTHBHOM CJydae CHCTeMa, Yy KOTOpoR Cy =
= o0, 6yHer HeyCTOHINBOH 10 OTHONICHAIO K W3MEeHEHHI0 00'heMa | Iepexor
CTaHOBHTCH NepexomoM nepsoro poxpa. O ycramoBHI, 9T0 OecKOHeUHAS
TeII0eMKOCTH' MOsKeT HaGM0JaThCA TOABKO IPH MEePeXOfax IepPBoro Pofa.
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§ 6. Xumnvuecknii noTeHOHMaa rasa

Xumuueckud moTeRnmail Ha 1 Mo4b (TepMOAWNHAMHYECKMHA HOTEH-
uman I'n66ca) G (', p) OGHOKOMUGHEHTHOr0 HIEAJLHOTO ra3a MMeeT
BH]

G(T, p)=C (I, py)+ RT In - = (4.14)
=G (I)+RT I p. (4.14")
31eck
E 0 ; dTl 7 ’ . N
(T):UO—CpTlnT——TS Sc (I's) dT,— RTi -~ RT In p,
0 0

(4.15a)

— XuMHYecKuil moreHNEaX Opm Temueparype I’ M HOpMAJIbHOM JaBJe-
Huu 1) p, (ecau IPWHATH €T0 PABHHIM eAWHUNE, TO IOCIeNHUA wieH
obparuTcss B HYIb), { — XEMUYECKAsA HOCTOSHHAL.

Iusa sEyTperHeil oHepruu Ha 1 X04b HMeeM TaKe

T
U(T)y=Uy+(CS—R) T + S C' (Ty) dT,. (4.156)
0

3mecy U, — ymeapHass MOJApHAA BHYTpeHHAA sHeprusa upu I = 0,
a C} — ynenbHAS MOJASPHAS TENJIOEMKOCTh IPH IOCTOSHHOM HAaBJie-
HEH, 06YC/I0BIeHHAA MOCTYHATENBHEM W BPAMATEILHHM IBHIKEHHEM
MoJeRyIb (A omHoaToMHOro rasa C% = %/,R, Bis IBYyXaTOMHOTO
CY = "/,R, mgas mmoroaromuoro C% = 4R); C'(T) — ynmenvHas Tem-
JI06MKOCTh, OOYCIOBJEGHHASL BHYTPEHHHMH KOJeOAHHAMH MONEKYJI,
KOTOPHE IpPU KOMHATHOH TeMmmeparype OOBIYHO MAJHI.

Bameuanue. llpm oOnuHEEIX yCHOBUAX, T. €. HJISA He O0YCHB
HU3KAX TEMIEepaTyp M HE CJAMIIKOM JerKWX Ta30B, COOTHOUICHHE
(4.15a) aBasercs xopomum npubamrenneM. OFHAKO y JeTKEX rasos,
HaOpuMep y BOZOPOAA, BPAIATENBHAA TEIIOEMKOCTh He SBIACTCH
nocroauuod mmke 100° K, tax uro coormomensme (4.15a) tpebyer
HOKOTOPHX monpasok (cM. kamry Hybo «Crarmermdeckas MeXaHHKay,
[9], ra. 3, mpumep 1 m safaga 6).

MOJIHpHHE XUMAY9ECKHMI [OTEHIHAJI j-Tr0 KOMIOHEHTAa B CMeCw
udeaivHUX 20308 WMMEeT BHJ

G (T, p)=G3(T, po)+ RTln—— (4.16)
EE‘}(T)—Q—RTlnpjzé‘}(T)—]—RTlnp—}—RTlnyj. (4.16")

1) Nanee pBoiigoi wepToil Hapy cMMBOJNOM (HampmMep, G) 6yXyT OTMEdATHCH
BeJMYNHL, OTHECeHHHE K eIWHHNE o0BbeMa IIPH HOPMAJABHOM JIaBJICHHH.
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3necs G} (T, p,) mpencrasaser cofoil XuMHTecKuil moternuanl) ameroro

j-ro KoMmoHeHTa ©pum JaBieHHE Py, G} () —3T0T Ke XHMMMUECKml
floTeHIHa] [IPX HOPMAJIBHOM JaBIeHHH po= 1, p— nonHoe pamnenme m

Di=Y;p (mapuuanbHOe JaBieHwde),
(4.17)

s
Y= ! (MosApHAM NOJA j-TO KOMIIOHEHTA),
2
TepMOILI/IHaMI/I‘IeCI{HfI NOTEeHNaJd CcMeCH MHAeaJBbHBIX Ta30B 3a0HIICTCSH
B Buje
¢ c
~ N\
G (T, p, ny, n):Z1 n,G; (T, p)= Z GHT, p)—TAS.  (4.18)
= :
3nech

AS=—RY n;lny;= —Rn D y;Iny; (4.19)

— 9HTpONUA cMemeHuA (cM. tia. 2, upumep 5; ra. 3, samaua 13).
Peaavuwie 2asvi. UtoGe ydecrs OTKICHEHHE OT WIEANBHOCTH, MO/~

dunupyem coorHomenus (4.14) m (4.16) cuepyomum o6pasoM:
OMHOKOMIOHEHTHBIA a3

G(T, p) =G (I)+RT In pv, (4.20).
CMeCh
Gi(T, p)=G}(I) - RT Inpv; =
=GS(T)+RTInp+RT Inyv;. (4.21)

Sneck G unm G} ofosHAUAET XUMUUECKHH HOTEHIWAd YHCTOTO rasa IIpH

teMmeparype ' u HOPMAaNbHOM JiaBjieHAW p,. BenumumHa v (wam v;)

Ha3BIBACTCA PY2amUBHOCIILIO B 001aJ[aeT CIIeAYIOIUM CBOHCTBOM:
limv=1, limv;=1. (4.22)

p—>0 p->0

3damMedanme. B ciyuae peanbHHX TrazoB BhpaskeHue (4.15)

nnsa G m G He amnserca TourmM. Hpome Toro, mapmEagbHOe HaBie-
HEe p; = py; B (4.21) mpexcraBaser coboil Temeph JUMb HEKYIO (Gop-
MaJbHO ONDPEXENEHHYH BeIWIWHY W HE EMeeT IPAMOT0 (U3MIeCKOTO
CcMEICJTA, KaK B Ciaydae WAeaTbHOTO rasa. Tar Kar UpW JABJICHHH D,
CTPeMAINEMCS K HyJ 10, BCAKUHA PeadbHHH ra3 mepexo uT B HealbHEIH,
$yraTaBHOCTh Vv HOJIKHA CTPEMUTHCA K efguAmUIme UpH p — 0.

1y B pansmeitmem mapexc 0 Gyger 0603Ha9aTh 4HWCTOE O HOKOMIOHEHTHOS
BEIIECTBO.



208 I'a. 4. Pasnosecue gas u zumuueckoe pasnosecue

§ 7. Xummueckuii MOTEHIBANA M JaBI€HHE HACBIEHHBIX HIApOB
SKAIKOCTEll M TBepIbIX TEX

B coorBercrsum ¢ (4.3) MOARPHBIL TUMUHECKUT ROMEHYUAL YUCMOL
acudrocmu. (meepdoz0 meaa) Gauny (I P) [Grsep (T, p)] momxen Gurs
pPaBeH XIMHYeCKOMY NOTeHTHAJXy HACHIIEHHOTO napa (Upm /aBiie-
HUH D):

E}HP{I{K (T, p)=Gra (T, p) = raa( )+RT ln p. (423)

3nech Gpa; — XAMOYECKHH MOTOHOUAJN HACHMEHHOrc mapa. [Mu
HCIO/IL30BAJN ypaBHEHWe jfId mReanbHoro rasa (4.14), uro Bos-
MOKHO, TaK KaK [aBJIeHWe HACHOIEHHOTO Iapa >KATKoCTed W TBep-
AHIX Tell CPAaBHUTEIBHO MAJO.]

MoaspHuil xumuieckuii nomenyual j-z0 KOMROHEHMA DPACMEOPa

(unm meepdozo pacmeopa) G, wunx (T, p) ompeaeaercs COOTHOMEHTEM

GJ sank (L's P) = J,ras(T p)= ?,raa(T)+RT1nPj- (4.24)

3nech G, a3 — XOMAYECKAN NIOTEHNHAJ j-TO KOMIOOHEHTa B rasoBoil
¢ase (moTopasg paccMaTpHBaercs KaK CMeCch HAEealIbHHX TasoB),

G}, ras — XWMHUYeCKNH IOTEHNHAJN j-TO KOMIOHEHTA IDM HOPMaJbHOM
NaBIGHEHE Dy B TeMueparype 7, a p; — paBJieENe HACHMEHHOTO mapa
j-To ROMIOHEHTa B pacTBope (TBepaom pacrsope) lem. (4.16)]. CpaBan-
Bas CooTHomeHWe (4.24) ¢ aHANOTHYHHEIM COOTHOMMEHHEM MJf 9HCTOTO
FKUIKOTO j-Tr0 KOMIOHEHTa, MOMKHO HEePenucaTh ero CAeyIoumm ofpa-
30M:

P
(7.‘1, e (L's p) = G3, sunwe (T PY)+ RT 1n ';;J? . (4.25)

3neck G, wupre — XUMAUECKUE NOTEHHAT j-TO YHCIOIO JKUKKOTO KOM-
nonenra. J{is Hero mMeem

= 9
; mnnR:Gg, raa+RT1n% ’ (4-26)

I,
rge p] — [NaBieHWe HACHINEHHHX IIAPOR YUCTOTO j-TO JKHTKOTO KOM-

momenra mpu temueparype 7. Uckmwouas G}, ray 73 (4.20) m (4.24),
monygaeMm (4.25).

IIpn paBmerusax, OGmusxkmX K HopMajabHOMYy (Hampmmep, 1 amwn),
XAMAYeCKHR HOTeHOHAN ;KANKOCTH (TBepAoro Texa) ciaGo 3aBUCHT
OT JaBIeHEA, TAK 4r0 PY B G, 1w (T, p}) B coormomenmm (4.25)
MOKHO 3aMeHHTH Ha p. Blpesyasrare coorHOmenme (4.25) ynpomaerca
U TPUHEMaeT BHUJ

G, wene (Ts P) = G2, s (> D)+ RT In gj (4.27)
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Takum 06pasoM, Ml HOTYYHIH BEIDAXKEHHE NJIA XHMHIECKOTO IOTEH-
OHaNa KOMIOHEHTA PACTBOPA 4epe3 XUMHYECKHI mOTeHIHAJ YHCTOR
KAIKOCTY ¥ JIaBJieHEe HACHIIEHHKX IaPOB ANA KAMEOT0 KOMIOHEHTA.
Ecim ydecrs m3MeHeHEe AaBIEHHEA, KOTODHIM MH IpeHeGperid IPH
BEIBOJe cootHOmeHHA (4.27), To BMeCTO HEro moayqmm

Q
P;
G, wanze (T P) = G5, oz (T, )+ RT In =5 +S Vidp., (4.27)
J

o)
Tocreaunit wier 3mech OOLIYHO MAaJ.

§ 8. PazGaBueHHble pacTBOpPHI

Heyzromnonenmuuti pacmeop. Bymem oGo3Hagars pPacTBODPHTEIb
wHfeKCOM 1, a pacTBOpeHHOe BemecTBO — uHAeKcoM 2. Moaapmas
KOHIGHTpANWA PaBHA Zy : Tp (x; + =5 = 1). llpu moctaTogmo Mammx
KOHIEHTPANMAX NaBJeHWEe HACHINEHHHX I1aPOB PACTBOPHTENA Py YHAO-
BAETBOPSIET YPaBHEHHUIO

py = 230§ (T = const, zy — 1, z3 — 0). (4.28)

ITO aMRUPUNECKL YCMAH08AEHHOe NPedesbHoe cOOMHOULEHIe HABKBAIOT
saxorom Payas (Beamuwmea p° ecTh NaBJeHNe HACHIMEHHHX DAapoOB
9ECTOrO pacTBOpuTeA). JlaBIeHNMe HACHINEEHOTO Hapa PacTBOPEHHOrO
BEeWECTBA P, YAOBIETBOPSET sakony Ienpu:

P2 = kzxz (T = const, 5y ~ 0). (4.29)

3mech ko, — IOCTOSIHHASI, XapAKTEPH3YIOMAs PACTBOP. XMMHYECKUT
MOTeHIEAaA KayKIoro KOMIOHeHTa 6ymeT

G\(T, p)=G (T, p+RTlnz, (z,~1), (4.30a)
G (T, p)=G(T, p)+RTIn ";fz -
2
=@ (1) +RT Inzs. (22~ 0) (4.306)

Coormomenus (4.29) u (4.306) BmBOgsATcs W3 ypasHeHWs ['m66ca —
Hworema (cm. zamagy 13).

Mmuozokomnonenmuuii pacmsop. BymeM o6osHagaTh PacTBOPHTEID
manexcom 1, a pacTBopeHHEIE BemIeCTBa — HHAEKcaMH 2, 3, . . .

Moasipasie KOHIEHTPArmUuM pPABHEL ;! Lo L3 . .. . llo aHamormm
¢ (4.28) umeem B npegenex; ~ 1, 2, > 0, £3 - 0, . . . (3axonm Payasn
IJA pasbasAeHHBLEL DACmeopoe)
0
0 Pi—D1
Pi=xyp,, WA —I—)n——=x2—{—x3+ cee . (431)
1 .

B sroM cIydae He OpPENCTABIAETCA BO3MOKHEIM OHpeNeadTh G,
Gg, ..« P2y D3y « . H30JHOTO AHIOb ypaBHenus I'm66ca — Iiorema.

14 Ky6o
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Onmako ecim ONYCTUTH, 9TO B Hpejelie CAJbHO pasGaBIeHHOTO pac-
TBOPA B3aMMOJEHCTBIE MEK/Y PACTBOPEHHHIMA BEmeCTBAME IpeHeGpe-
REMO. MaJ0, TO MOKHO HOJOKHTH

pi=k;x; (]':2 3, ey 25~ 0), (4.32)
G;=G%+RT ln o —qJJ—I—RTlnx] (4.33)

Tarxum 06pazod, ML UMEEM IIOJHYID AHAJOTHIO C JBYXKOMIOHEHTHBIM
CIIy9aeM.

§ 9. HneannHble pacTBOpHl (HaealnpHBIE TBEPIBIE DPACTBOPEI)
H peryisipHble pPacTBOPHI

Hoeanvroim pacmeopom (MAeaNIHHBHIM TBePIHM PACTBODOM B CIydae
TBEPJbIX BEIMECTB) Ra3pBAeTCs CHCTeMa, IJIf KOTOPOH BO Beeil obiacTi
TEeMIIePATYp, HABJIEHHA M KOHNEHTPALIMH CHpaBeJIMBH CJEIYIOMUE

COOTHOUICHN A _ .
@ =G, p)+RT Inz,

G, =G (T, p) - RT In z.

XoTaA Takoe BemecTBo W IPECTABISIET coboll udeasusayuro, OTHAKO
CYIIECTBYIOT PEAJhHLE CHCTeMEl, MaJo OTJHYAIAECHT OT Hero.

Ecan maeansHBIH pacTBOP COCTABASAETCA H3 YHCTHIX BEMIECTB,
TO H3MeHeHHe TePMOXMHAMIUYECKOTO WOTEHI[Maja OPU 9TOM PABHO

(4.34)

AG = 2,G; + 1,6 — :c1§‘1’ — 2,G—= RT (x1n 2+ 25 In 25),
nian
AH =0, AS= —R (x;Inz,+ 2,1n25). (4.35)
Hocne,rmee PaBEHCTBO ompenejisaer 9HTPOIINIO CMemeHIIH A1 ujgealb-

HoOro pactBopa ASinean-
Jlapnenne HACHIIEHHOTO TApa PABHO:

P1=21py,  P2=1Z3D;. (4.36)

Pezyaspruii pacmeop. T'nabre6pany paccMarpuBat PACTBOPH, KOTOPEHIe
OH HA3HBAJ PEryJIApHBIME; AJS HHX

AT 40 1  AS = ASuzean. (4.37)

CymiectByer LBl P PEATBHEIX CHCTeM, I KOTOPHIX CIIPABeJIHBO

aro npuOmmxenuwe. Ilycrse AH saBnserca ¢yHrummeir or z,. Torpma

G4 A2, 2oL L RT Iy =9 (T, p, 9)+ RT Ina,
(4.38)

Gy =G+ AH + 2, — ONT +RT In 2y = @3 (T, p, #2) + AT In z,.
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§ 10. BoipaskeHusa 151 KOHIEHTpPADNH PacTEOPOB

CymecrByoT pasiauuHEble CHOCOOH BHPayKeHHS KOHIEHTPANWH
pacteopa. OObiuHO ymoTpebiAioTCH CIERYIOdIEe:
1) Monpmas (MoiApHAA) ROJS,

Yncao moneit pacTBOPEHHOTO BeIlleCTBA
Xo — Yy = ==
2™ Yygemo momefi pacTBOpUTeNs |- UMCI0 MoJel PACTBOPEHHOTO BemecTBa

M
BT

2) MOIATBHOCTL M, — WUCIO MOJTeil PACTBOPEHHOTO BeIMeCcTBa
B 1 ke pacrBopureis;

3) MOJHPHOCTH, WM MOJApPHAA KoHIeRTpamnus, Cy — uciIo Monei
pacTBopeHHOTO BemecrBa B 1 4 pacTBOpHTEA.

OGosmagum gepes My, m M, cOOTBeTCTBEHHO MOJIEKYJIAPHEI Bec
PACTBOPUTEJS H PACTBOPEHHOTO BEINECTBA, & T6Pe3 P U 0y — MJIOTHOCTD
pacteopa u pacrBopuredisi. llepeuncieHHbIe BeTNYNHE CBA3AHE MEKIY
c000H OoupeRemeHHEIMHE COOTHONICHISIMA:

2:@._1)9&, xzz-—mz—t— y (4.39)
M %0 mg -} (1000/M )

Come— "0 4000, my——o2 . (4.40)
1000 -+ Mqmy p— (C3 M 5/1000)

IMpu z;~0 wux MOKEO NPUGIMIKEHHO NPEHCTABUTE CISTYIOIIEM
obpasoM:

My~ 22 2, Cy~ pims, (4.41)

1

§ 11*, Axruenoers U Ko3PUUHEHT AKTHBHOCTH

Xuvuueckuit mMOTEHIUAI j-TO KOMIIOHEHTAa pacTBOpa MOKHO IO apa-
gormm ¢ (4.34) sammcarb B BUIE

G (T, py=G$(T, p)--RT1na; (T, p) =~ (4.42)
~ GY(T)+ RT ln a; (T). (4.42")

Benuaunn @‘} id C_:‘]' Guinm ompesienenst panee (cM. § 7). CoorHoime-
HHe (4.42) wmm (4.42') ssnserca oupepenermeM akmuswocmu a; (T, p)

j-ro roMmnoHeHTa pacrtBopa. OObiumo 3aBmcmMmocThio Bemmumi G (T, p)
u a; (', p) or paBjieHHA MOKHO IpeHe6peub, Tak YTO COOTHOIICHWE
(4.42") sBaserca xopommMm upmGawskermeM. llomoskwB B ypaBHeHHE
(4.42")

aj

a;=yz;, W y;=—, (4.43)

xj
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ompenenuM koagguyuenm armusnocmi y;. Ilyets p— napnenme HacH-
MeHHoro 1apa, y; — KOHIEHTpanHd j-TO KOMIIOHEHTa M v; — (yraTtus-
HOCTh, ¥ IYCTh /i GUCTOTO JKAKOTO j-T0 KOMIOHEHTa v m p} oGo-
3HAYAIOT COOTBETCTBEHHO YTAaTHBHOCTD W JaBieHVe HACHIICHHOTO apa.
Torpa

yjp Vi yip
IS e v (G4

i b ml. nap -» WAeANbHLIA ras)  Pj

yip vj yip
N > 2 (4.446)

j x]-p‘; vg (HacHINI. map — MAEANbHHIH ras) mjp‘;- :

B cayuae mpmeanbHoro pasfaBieHHOTo pactBopa (z; ~ 1, 2o ~ 0) mmeem

¢ yueroM (4.33)

koo 2
ay~xy, Y1~1, az’\-’p—n, Yo~ —o ¢ (4.45)
2

H pyzoe onpedesenue akmuerocmiL pacmeoperr020 éeujecmsa 8 00uem
cayuae pazbasieHHBr pacmeopos. B 3aBECAMOCTH OT TOro, Kakoe
BHpayKeHEe [ KOHOPHTPANAN HCHOJb30BATH, XUMHUYECKHMH MIOTEH-

Al pacTBOPEHHLIX BEINeCTB B MAeaJIbHBIX pa363BJIeHHHX pacTBopax
MOKeT OBITh 3AMHUCAH HECKOIbRUME Pa3TNIHEBIMA cmocofamu:

Gy=@+RT Inzy= (4.46a)
=¢q,-+ RT 1InC,. (4.468)
31ech
1000

—RT In — = ¢,=¢,— RT Inp,.

1

Yro6u B 00lMeM cayuae 3ammcaTh XHMHYECKWH NOTEHIUAx pasbaBieH-
HOTO pacTBopa B Bupie, aHamormumoM (4.46a) — (4.46B), caemyer BBecTHm
AKTHBHOCTH 43, d,, @, ¥ KO3QOUIMEHTH AKTHBHOCTH V), Vi, Vs C IO-
MOMIBI0 CJIELYIOMAX COOTHOMICHMIL:

Gy=)+RT Inay= g+ RTIn (vjzs)  (a3=1{zs), (4.47a)
Go=@;+ RT Ina;= g, + BT In (yjmy) (2, =vims), (4.476)
Gy=q,+RTIna; =9, RTIn(y;Cs) (a;=v.Cs). (4.478)
B e HAIANBHOTO pa36anneHHoro PacTeopa BCE BejH-
SHHE V;, Y, ¥ Y, papHi 1.
§ 12*, PacTBOpHEl CHIBPHBIX DIEKTPOIHATOB

PacTBOpE], B KOTOPHX MOJEKYNH PACTBOPEHHOTO BeIIecTBa HOJ-
HOCTHI0 JHCCONUMPOBAHE HA MOJOKUTEIbHEE B OTPUIATeNbHEEC HOHEI,
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HA3HBAIOTCA CHIBHEHIMH DJIEKTPONHTAMH. PaccMoTpuM MONEKyIy
pacrBoperHOTrO BemectBa A,+By-, KoTopas mmccommupyeTr B pacrBope
H& v, TOJIOKETEIbHHX HOHOB A% ¢ BaJeHTHOCTSIO Z, H V_ OTPUNATENb-
HHX HOHOB B?~ ¢ BameHTHOCTBHIO [z_]:

AyiBy- — v, A® v B™ (2, >0, z_<0). (4.48)
W3 ycnoBua 2ieKTPOHEHTPAIBHOCTE HIMeeM
vizy + vz = 0. (4.49)
Ecanm z, — KOHIEHTpPAmAs pacTBOPEHHOTO BEMECTBA, I, — KOHIEH-
TPAMASA HOIOKUTETHHEX, 4 I — OTPUOATEJSHHEX MOHOB (B MOJADHHX
DOMAX), TO
T, = VT3, X- = V.Ts. (4.50)
Ilycrs vy, — wosdummenT AKTHBHOCTH HIOJOKHTENBHEIX HOHOB,
a y- — orpmnarenpHnx. Torga cpefEUH KodPOHIEEHT aKTHBHOCTH
Y OUpEeNEIHTCS U3 COOTHOINEHHA
P =YY, Ve R vo =W, (4.51)

MomapHsli XaMI9ecKHit MOTeHINA] PACTBOPEHHOTO BEIECTBA B PacTBOpe
Go= GAv By~ 3aIIUCHBAETCH CJIGTYIOMUIM obpasom:

Gy= C?Av 1By- = P4, B, (I p) +- v+ RT In (y,24) +v-RT In (y-z-) =
= @k, 4B, -~ VRT In 25 -+ RT In (v0+v¥-) + vRT Iny. (4.52)

s wosdunuenta akTHBHOCTH y IMEET MeCTO Y pagHerue [Jebas —
Xwrreasn

- 2z, [z |e2
v = =55 T (4.53a)
Ife \ .
_ 4me2Ng (vy254-v_22) Cy
®? = 10000%T ' (4.536)

3mecs D — pgusnexTpudeckas MPOHHANAEMOCTE, Ny — 4mCcio ABOrafpo
(6,024- 102 mosv=Y), ¢ — aiteMeHTADHEHIA 3JeKTPATCCKAR 3apAL (3apaAx
3ACKTPOHA), @ — CPeNHHH fAmaMerp WOHOB, a C, — MOJAPHOCTH
PacTBOPEHHOTO BellecTBa.

Hounasa cuaa cupepenseTcs COOTHONMECHHEM

1 1
I== D #Ci= - (Va2 +v-2l) s, ‘ (4.54)
Tak gro (4.53a) MoKHO mepemHcaTh CIELYIOIAM 0GPA3OM:

_nln]AVT (4.553)

Wy == Byt
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rie

_ e3N3 27 \1/2 B 8ne2NE \1/2
~ (DRIT)’ (7o) B”(m) : (4.550)

B ciygae pas6aBieHEHX PacTBOPOB B 3HAMCHATe e BHpaxenus (4.53a)
MOKHO IpeHeGpeds BEJWIHHONA %a 10 cpaBHeHHIo ¢ efuenneii. B stom
caydae (4.55a) MOMKHO BaMEHHTH NPHOIIKEHHKM COOTHOUIEHVEM]

Inyp=—z/|z_|AV I (4.56)
AdOumusnocmo snepeuli Oas uonos. Benmumsa @}, ,p,  3aBuCHT

OT BHOOpa HA9aabHOTO COCTOAHHA. B KauyecTsBe TAKOBOrO MOJKHO B3ATH,
HAIpUMep, COCTOAHMA YHCTHX Bemecrs A um B, momoskus

PAyiBy. = VaP,z, -V Ppz_. (4.57)
Yepes (pAZ"L u (pBZ— 0003HaYeHE W3BECTHEIE CBOGOJHEIE »Heprum obpa-

soBaHEs 1 Mosb moHOB A% m B?- B pacrBope m3 UHCTEIX BeMIECTB.

OTH BeJWYHHLE ONPEJeNAIOTCs sKcoepuMeHTanabHO. llpemmososrenme
06 aJqUTHBHOCTH JEKAT B OCHOBE TEOPUH 3IEKTPOIUTHYeCKOH gucco-
umanun Appermyca. OZHAKO HOCROABKY MOHE BCETHA MOSIBJIAIOTCH
B BHJe Iap, KOKAas U3 KOTOPHX COCTOUT W3 MOJO0YKHTEJNBHOI'O M OTPH-
[ATEeJbHOTO NOHOB, 00IYI0 aJINTUBHYIO IIOCTOSHHYIO MOJKHO BHONPATh
npousBoibHEIM o0pasoM. Hus ymoGersa oGBIYHO IOJAraloT

@y (BOm.) = 0. (4.58)

§ 13. Xumnueckoe paBHOBECHE

Paccmorpum Temeph paBHOBecme B clydae XUMHYECKOI DPeaxImu

GA4-0B-- .. == L mM4+ ..., (4.59)
Hian
AdvgB+ ... +vpL+vyyM+ ... =0
vAA +vB -+ VL M -+ (4.59")
(VAZ——CZ, IVB:—b’ "~7'VL:Z’ VM =m, "')'

B pansmEeitmem OymeM Ipenmosnararh, 4ro p ¥ 7 DOCTOAHHE, KaK 3T0

9acTo WMeeT MECTO IPH XHMHYeCKHX peaKIuax.
Tepmoduramuieckull ROMeHYUaL, SHMAALRUL U FHMPONUSL PEAKYUL.

OGosmaunm TepMofuHEAMEUYecEmMit morenmuan ['uGGca dwepes G (na,

ng, - .., p, T). Bymem paccMarpuBarhs H3MeHeHHH UHCJA MoJeid
KasKJ0T0 KOMIIOHEHTa v
Sng=va0h, OSng=vgdh, ...,0np=v0A, .... (4.60)

CooTBercTByOMee maMeneHne OG samuniercsa B BIIE

oG 5
0G = E ménA=67» % VAGA,
A
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Tax uro 9G/0A = AG,

'

AG = D valr= —aGr—bGp+ ... +1GL+mGy+ ... . (4.61)
A
3nech AG — repMoHHAMUYECKIH NOTEHIWAN PeAKIUH, a A — roagffu-
yuenm npodeuscenus peaxyuu ). DnTanpmomio pearxmur AH u sHTpOnHIO
peakuun AS MoskHO moayuuTh w8 AG ¢ TIOMOMIBIO COOTHOLIEHHIT

AG =AH —TAS, (4.62a)
— a AG 5 8 =
AH= —T*—= =7, AS=——7AG. (4.626)

Ipu AG << 0 peakuua (4.59) mger croHmarHO cjiesa HampaBo (IOKa
He HACTyIAeT MOJAaBIEHUA Dearnuu).
Yenosue papuopecusa mmeer sup 8G =0, wim

Cmandapmunli mepmodunamuveckuli nomenyuas pearyuu. Ilyern

G, G, ... — COOTBETCTREHHO XUMWYECKUE [TOTEHIHATH YHCTEHX BEITeCTB
A, B, ... upu remmeparype I’ u HopMasipHOM faBieHnu (oGoiuno 1 amm).
Torga MOKHO BBECTH CHCHYIONAE BEIMIHHBL:

CTAHJAPTHHI TepMOTMHEAMMYECKHUI IOTEHIHAN PearImu

AG = 2 vAéf;; (4.64a)
CTAHJIAPTHAA SHTANBINA PEAKIHA

o 2AGD)

CTAHfAPTHASL HHTPOIMSA peanaxm ~
AS = N waSy = — 28 (4.64)

Baxon Odelicmeyiowpuzr macc. Ecam pearnma (4.59) mporeraer
B rasax, To

. AG=3vs [Ga~+ AT 1n (paf )]
(f o — dyrarusroCcTs %).

1y VlHOTAa 5Ty BeluYMHY HA3HBAIOT TAK/KE XNMHIECKOl IepeMeHHOil ¥iad
gucaoM npoberos peaxmmum. —I7 pur. ped.

2) OyraTuBHOCTH fo — Oe3pasMepHas BeJIWYHHA [BBOAUTCA ABAJOTHYHO
BeIW4WHE VA B (4.21)]. JlaBnenne p A BBIPAMEHO Yepe3 HOPMAALHOE JIABJICHNE po.

Togaree

AG_=Z VA (E&+RT1H P_?_{)A) .
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Teneps (4.63) MoKHO mWepemucaTh B BHE

prM LA =
K= H (pAfA) = . — ¢—AG/RT, (4.65)
ApB oo fAfp---
Bemwuuna K uasmBaercs Eoncmanmoil pasmosecus. Femm raz MommO
paccMaTpEBaTh KAk MAEAABHEIA, mMeeM mpocro fa=fp=...=1.

AmanoruuHo B ciiydae Peaxiimu B pacrBope ycaosme (4. 63) MOYKHO
mepenycatbh B BUIE

K=]] aa= “_LL — e—AG/RT, (4.66)
LlAtlB “ee
Mpumep. YoN,(ras) -+ 3/:H, (ras) = NH; (ras).
Ecin cumrarh rassl mpeasbHBIME, TO B COOTBETCTBAE ¢ (4.65) mMeeM

PNE 1 1 5 3 5
Kp=—1—3—3— exp[ (GNﬁs__GNz—_GH?.):I .
lezszg RT 2 2

I

§ 14. TepmopmaaMuKa 3AEKTPOXHMAYECKOrO 3IEMEHTA

Saermpozumudeckuli aqemenm. Eceam moMecTHT: B DIEKTPOIIAT
(upencraBagmuil O0KYHO JKUAKYI0, HO HEOTZA @ TBEepHy ¢asy)
IBa MeTalIn4ecKAX 5JeKTPOo7a, TO MeKTYy HUMHA BOSHWKAST BIAEKTPO-
CTATHYECKAS PasHOCTh IOTEHIHAJIOR.

Dpumepw
Cu | CuSO, (sox.) | ZnSO, (Box.) | Zn  (snement [Jammais).
’ (4.67a)
Ag (tBepa.), AgCl, (eepa.) | M*Cl- (Bon.)| Hg,Cl, (tBepp.), Hg (rugx.).
(4.676)

Ecau 3aMKEYTH BHEIIHIOW LHEOb JJIE€MEHTR, TO HO HPOBOJOKe OT aHOAA
K KaTogy IOTEKYT SJIeKTPoHEL {¢), mpmieM, BooOme roBops, OygyT
TIPOMCXONUTD 60CCMANO8AeHIe KaToa B okucaente aHoja. Hampmmep,

Cu*+ -+ 2¢ — Cu (BoccraHOBICHES),

(4.68)

Zn — Zn** + 2e (ormcieHue).

B pesynbTare Takdx peakiuil Ha 9IeKTPOJAX B 9JeMEHTe IPOHCXONUT
olpenedeRHad CyMMapHAA PeaKmHs, KOTOPAaA COOPOBORAAETCA mmepe-
Kageil BO BEENIHIONW Henb 3apana ¢. B snemente Hammansa (¢ur. 67)
B coorBeTcTBHA ¢ (4.08) DpPOMCXORWT CIeJYIOMAsA PearmuA:

Zn + Cut* —» Cu + Zn**, uwam Zn -+ CuSO; — Cu + ZnSO,.
(4 69)
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Boo6me rosops, ua (2.25) ciegyer, 970 JOMAKHO BHIIOJHATHCH YCIOBUE
—W L — 6G. (4.70)

3nech (—W) — paGora, coBepIIeHHaA BHeIIHe# cpefoit, a (—0G) —
yMeHBbIIeHNEe TEPMOAMHAMHIECKOTO HOTEHI[MAa.

InexmpoH

/)

N NN N N\ N N N N >
1 AT ET I IV (T VRN R S O

T
I
N

11

A) N
DRRNTERNRNERRNRNINRNN

N
AN

y
% 3

7,

”f/

1

[, A\~ Cu?* SO,z2-

A A AT 7 X P 7
\Z 777 v 74 47 ///w//////////,,/////,////,///,//,

flonynporuGaAEMan _ CmenKa,
Yepe3- Komopyr npoxodam MONbHO UOHS! S04

® ar. 67, Juement JlaHudIA.

Obpamumuiii snemenm. PaccMOTpEM menb, HOKa3aHAYM Ha fur.68.
Ecam ® BHBOJgaM pjieMeHTA ¢ NPHAOMATH PA3HOCTh HOTEHNHAN0B E,
¢ HDOTeHMUOMETPA, TO TOK Yepes BIEMEHT IePecTaHeT Tedb W PeaKIus
B audemeHTe Oyfger cGajaHCHpPORAHA

E.=E (3. x. c. smeMeHTa g).

Ecam, opmEaro, pasHOCTh moTeHNmanoB F, HECRoAbKO MeHbme K,
(E. << E), To peaxmud OygeT HPOHOIKATHCH, a eciau K, HECKOIBKO
Goanbme E, 1o pearnusa Oymer OIpoxoauTh B o6pAaTHOM HAIPaBICHUH.
Ecnm Bce juamueckme ¥ XHMHUYECKHE SBJICHHS, OIPOUCXONAMMUe B Die-
MeHTe, O6paTAMH, TO, HOJEP/KUBASA PA3HOCTH MOTeHOHANOE K, pas-
Hoit E, MOKHO BHI3BATH B DJEMEHTE K6A3UCTNAMUYECKUE UBMEHECHUS.
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JIeMeHT TAKOTO POXA HABHIBAETCA OOPATHMEIM, DJEMEHTH ke, B KOTO-
PHX HMEOTCH KOHTAKTH MEKAY PACTBOPAMH 3JEKTPOJHATOB, OOBITHO
#e0o0pPATHMEI, OFHAKO B HEKOTOPHX CIyYasX UX MOMKHO PaccMaTpPHBATh
npuOIMmKeHHO KAk obparumeie (IpH-
' Mep — siaemeHT [laHm»isa).

LI Saexmpodeurncywyan cuaa o6pamu-
M020 daeMeHma. 3aUAmeM PeaKIHio,
KOTOpas IPOTeKAeT BHYTPH 3IeMEeHTA,
b B Buae (4.59). Ecam wmcno wmoueit
KOMIIOHEHTOB wm3MeHseTcs B OA pas,
TO IPH 3TOM HEPEHOCHTCA HIEKTPHUe-
CKREM 3apAaf

= 2% OA,
rie $ — mocrosinHag Dapapes

Hopmansheid anemenm % = 98 485, 3 Ky /2. oxa,
® ur. 68.

= 2 pas pearkmmz (4.69). PaGora
mpu 9ToM paBEHa —W = E8g. Tax
KaK B JAHHOM ciIydJae Mel ¥MMeeM ofpaTuMeri saemest, To B (4.70)
cieayer B3ATHh 3HAK PABEHCTBA, M st 3. O. ¢. E womygaem
AG
zF !
rae AG — mepmodunamuueckuil nomenyuasl pearyui.
Iuekmpozumuneckuli nomenyuas. Eeam B paccMaTpuBaeMoi
CcHCTeMe, HaXONAEHCaA B HIEKTPOCTATHYECKOM IIOJe ¢ IOTeHIHAIOM
@ (orcumTHBAEMEIM OT HYJIEBOTO IOTEHIHAJA CPefh, KOTOPYIO MH
cumTaeM 3aseMICHHOH), JacTHHA j MMeeT 3apsAf Zje, TO BEIDaKeHHe
(1.76) cmegyer 3aMeHHTH Ha

= 2 (w;+2,6D)dN; = X1 ;dN ;. (4.72)

Beauunna n j=n; + 2 ,e(D HA3HBAGTCA DICKTPOXHMAYCCKAM HOTEHIWA-
JIOM j-TO KOMIIOHEHTA CHCTEeMEL (eciH BCe BeJIWUWHE OTHeCEHH K 1 moub
BemmecTBa, TO ¢ CieXyeTr 3aMeHATH Ha ).

Ecam mmeoTes gpe $ash, HaXogamzecs COOTBTCTBOHEO TPH HOTEH-
mramax @ u @”, vo ycaosud paBHOBeCHA Y:Ke He OYIYT OmpeneiaThCA
cooTHomeHneM (4.3), a saumOTyTCA B BHe YCJIOBHA PABHOBECHA JIJIA
SHePTWH IepeHoca MAcCH JJif j-TO KOMIOHEHTAa [0 OTHODICHWI)
r ¢gasam 1 u 2;

E— —

(4.71)

;=1 (4.73)

3ameuaHue.  Bupakenne (4.71) gns 8. K. ¢. MOIKEO HOJTYIATH,

paccMaTpEBas PaBHOBECHE MEK[IYy PasimdHEIMu (asamMu, HaXONAMIH-
MucA B KOHTAKTe BHYTpu »ieMmeHTta (cM. 3amawy 10).
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§ 15. IlpumeHeHne TpeThero 3aK0HA TEPMONHHAMHKH

B coorBercTBHH ¢ TPETHEM 33KOHOM TePMOSMHAMAKH TEPMOIUHA-
MHYeCKHA# MOTEHOHWAN, WJIN CTAHAAPTHHHN TePMONMHAMHYECKHANR MOTEH-
OpaJl Peariud, OHpegesiseMblii COOTHOIIEHHEeM

AG=AH —TAS,

MOMKHO NOJYUYUTH U3 KAJTOPEMETpHYeCKEX HNaHHHX., Beaumamaa AH
ollpefesieTcd menaomoii peaxyuu, BeanguHy AS MOKHO BHYHCIHTD,
3Has TeII0EMKOCTDh, TeMJIOTY MIABICHUA W TEIIOTY HapoobpazoBaHus
B umHTepBame Temmeparyp or 0° K jo Temmeparypsl, IPH KOTOPOH
IPONCXOOWAT PeaKmus, HAJIA BCEX YIaCTBYIOIIHX B DeaKIMH BEIIECTR.
Hanpudiep, MOKHO HCHOABL3OBATH (HOPMYIY

Ty

, dT L
Sraa([, p)= S Cp,TBep T'ﬁ‘?ﬁ"“
0

Ty T
¢ aT L daT

+ \ Cp, YRUIK —T—+ TZ—+ S Cp, ras T ; (474)
ff Ty

sgech I'; — TOYKA MIaBJIEHWS OPHW AaBieHUM p; L; — Temnora maas-
sgerus; T, — TOUKA KUIEHWA IPH JaBICHWH D; Ly— CEPHTaf TEIIOTA
napoobpasoBaBAd; Cp, reep, Cp, mumxs Cp, rag— TEMIOGMKOCTH IpH
TOCTOARHOM JAaBIeHUN COOTBETCTBYIOMHUX (a3, YKa3aHHHX MATGKCAMH.

Ilonydennre TakmMm ofpasom smadenums AS, maum AS°, coBmagaior
€O 3HAYCHUAMU, HAUJEHHHIMH [0 TeMUepaTypHOH 3aBUCHMOCTH KOH-
CTaHTH PABHOBECHS HJIH IO 3. /. €. djieMenTa. Ha ocHoBaHEE 60JBIIOrO
9HECJIa SKCHePHMEHTANBHEX JaHHKX Taroro poga Hepaer n chopmynnm-
poBaJ TpeTHi 3aKOH TepMopgmHaMuKu. Takmm o0pasoM, MH MOKeM
BHYACIATh LOCTOSHHBE XHMAYECKOIO pPaBHOBeCH:A, 9. 4. C. 3JIEMEHTA
X 7. [. 00 RAJOPHMETPHYECKUM HAHHBIM.

Xumuueckan nocmoshuas. Ioctosanas i B coorHomenun (4.15a)
maer aGCOJIOTHOE 3HAYEHUE HHTPONMY WeabHOTO Tasa. He HaswBaioT
WHOITA HOCTOAHHONA JaBIeHAs Napa, TAK KaK OHA Jaer Tawke abCcommoT-
Hoe 3Ha4YeHue JABICHMA mapa ;KAAKON wim TBReproi gassl. CmoMomibio
CTATACTHNYECKON MeXaHMKU MOJKHO I[OJNYy9IATh e¢ 3Ha49eHne, MCXOHsS
M3 MOJNEKYJISADHOW CTPYKRTYPH rasa. B paMKax TepMOJHHAMUKH,
OJHAKO, HTA BeJHUHHA IPeAcTaBider coboil IPocTo XaparIepusyIouLyo
JlaHHOE BemeCTBO IIOCTOAHHYIO, KOTOPYIO ClefyeT HAXONUTh DKCIe-
puMenTaabHO. Tak Kak 5Ta MOCTOAHHAS OMpeeNseT KOHCTAHTH PaB-
HOBeCHA JJid Ta30BHX peakmuil, ee HASHBAKT TAKKE XMMHAYECKOR
IIOCTOSHHOM.
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OPHEMEPDBI

1. Ilpn remmepaTtype, JNexamed HU:Ke HEKOTOPOH KPHUTHYECKOH,
m3oTepMul BaH #ep Baanbca mMeior B p — V-IIOCKOCTH MUHEMYM B
MaKcHMyM. B mHTepBajie MeXIy MUHAMYMOM H MaKCHMyMOM [aBJeHHe
magaer Npy yMEHBIIEHHN 00BeMa, TAXK YTO COOTBETCTBYIONHE COCTOAHMS
ABIATCS HEYCTONYMBEIME ¥ He MOTYT peannsoBatses. B aroit obaacra
cHcTeMa pasmesiAeTcA Ha ABe $askl: KUKy ¥ rasoobpasmyio. Haxoso
PABHOBECHOE JaBJEHEE COCYMIECTROBAHUA ABYX 5THX (a3 fif samaB-
HOIl maorepMsl Bam 7ep Baansca? Har pacunpepgengerca Bes Macca
cucTeMsl MesiIy sTaMA Gazamu? BrIIoJIHATE COOTBETCTBYIOMEe IOCTPOe-
Hre.

PENIEHUE

Ha ¢ur. 69 npegcrasaena uzorepMa ABCDEFG pua 1 moav rasa
Bal fep Baamnca. Ha yuactre AB BemecTBo HAXORHTCH B KEJKOM

p A

O nr. 69.

cocrostHmE, a Ha ydJacTke FG — B rasooGpasmom. B Tom caydae,
KoTma fgBe (a3H HAXONATCA B DABHOBECHH, JNOJKHH OHTb DAaBHEL
ax naBienda [yciosme (4.1)] m xummdeckme moreEmuans (4.3). Tax,
miIs Toro uToOm cocrosinmsA B m F Haxoquamch B PaBHOBECHE, OHM
HOJKHH JIESKATh HA OJHOH TOpU3OHTANBHON amAmA. Yro Kacaercs
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XAMAYeCKAX TOTeHIAAA0B (TePMOAMHAMHIECKHX NOTEHOWAJIOB Ha
1 moav) cocroguit B, D m F, To BX MOHO CDaBHHTbH, PACCMOTPEB
F3MeHeHHe XHMHUYeCKOTO HOTeHIHANA BXOIb maoTepmul. Vs ypaBHeHHA

dG=Vdp
HaXxoaumM
G(D)—G(F)= | Vdp=naom. (FEDF)
FED
n

G (D) — G (B)=nunom. (DCBD).

Tarkum o6pasoM, cocrossaue .D oGrajgaer 0ojee BHCOKHM 3HAYEHHEM
TepMOIMHAMEYECKOTO IOTeHnuaka, veM B mam F, u, ciegoBaTeabHO,
ABISETCSA HEYCTONIMBEHIM. B COOTBOTCTBMH ¢ HANHCAHHKIMHA BEHIIIE
ypaBHEHUSIMHA HMeeM

G (B)— G (F) = wnom. (FEDF) — niom. (DCBD).

Ecau I‘OPHBOHTaJILHaH JUHHA OPOXOOWT TaKHM 06pa30M, gro obe

aomany paBHEsl, T0 G (B) = G (F), T. e. ME moIyJaeM yCIOBHe PaB-
HoBecusi AByx ¢as. Ecam ropmaoHTadAbHAA JWHUA NPOXOLUT BHIIE

win HosKe, 0 G (B) << G (F) nnm G (B) > G (F) u cTaHOBUTCA YCTOM-
YHBOK .7112160 muprag, ambo rasoobpasmas ¢asa. HMmage  rosops,
KOTZ[a TOpHWB0HTAJbHasA JuHuA BDF paspenser nnomanb Ha [{Be
paBHEIe dacTH, TO KpuBhe AB (muakas ¢asa) m GF (rasooGpasmas
¢aza) cTaHOBATCA YCTOHUYMBEIME HM30TepMaMm. [{as samamEO# Temme-
paTypH COCYIECTBOBAHHE OBYX (a3 WMeeT MecTo IpPH JaBICHOAN
pr (= pp) (naBlIeHHe HACHIEHHOIO IIapa).

Hpu cocymectsoBannn BYX a3 4acTh CHCTEME HAXONUTCH B 3KHJI-
KOM, a 9acTh B rasoobpasmom cocrosgamu. Ilpu atom cocTosiEme cmcTe-
MBI n306pamaeTca Kakoli-nu6o TouKoi Ha rRpumBoit BF. Tarum oGpa-
30M, BH0Jb KpuBo# GFDBA mpomCXOZUT KBASMCTATHYECKOE M30TEP-
madeckoe c;ratme. OTHOIIEHEWe KOJIWUecTBA ABYX ¢(as B HEKOTOPOH
mpoMeKyTodHo% Touke M ompefensiercs crepyomum obpaszom. IlycTs
n3 ofImero umcia n MOJeH BemecTBa nZ MOJell HaXogATCA B JKEAKON
dase. Ilonmmiit ob6wvem nV, mpeacraBaser coboit cymmy nzVg
unn(l—z) Vg mm

, xVB + (1 —_ x) VF - V]y[.
TaxuM 06Gpasom,

1—z - VM—VB ?

T. e. orHOmeHue MF : MB paer oTHOIEHHE UHC/IA MOJeH B ;KUMKOH
®m razoo0pasHoit dasax.
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3ameqanune. Omnpenenenne paBHOBECHON KPUBOH O YCAOBHUIO
PaBHHX IIomajgeil HaseBaercd npasuaox Makceensa.

Crporo ToBOpA, COCTOAHUA, COOTBeTCTBYlomme Kpuroit CDE,
HE MOTYT peajHs0oBaThCA Kak TepMOJMHAMHYECKHNe COCTOSHHA,
MOCKOJNBKY YCIOBHE paBHOBecHs He ymomiaerBopgerca. Ilosromy kBa-
3UCTATAYECKHAE IPOIECCH, BKIOYAINIAE STH COCTOSHHUA, PAKTHIECKH
ABJAIOTCH JIHDIL TUIOTETHYCCKAMH. B OpmBefeHHOM BHIIE peleHHN
MBI IPEMeHSIH ypasHenwne dG = V dp x TAKAM HePaBHOBECHBIM COCTOA-
masaM. [losToMy MOKA3aTeNBCTBO HEJb3A CUMTATH BIOJHE CTPOTHM.
B cayuae rasa Bam gep Baaxsca MOKHO, OJHAKO, YCTPAHHUTH 3TOT
meeKT, WCHONb3Ys APYroe MOKA3ATeIBCTBO (CM. 3ajady 47).

2. TepmommmaMudeckuii moTeHumaa Ha 1 Mo4b B IBYXKOMIOHEHT-
HOil cucTeme ompefengercsa cootHomenmeM G (x) = 2,G; - 22.Gs. 376CH

G

ii\

8

T AR
3

®ur. 70.

1 Ty — OTHOCHTEJIBHBIE MOJISAPHBIE KOHIEHTPAIME KOMIOHeHToB B 1 m 2,
a Gy u Gy — xuMmueckue norenrmanst Ha 1 moas. Iloxazars, uro ecnm

kpuBas saBucuMocTi G (%) (z =2z, WIE Z») OT Z HWMeET B JIBYX TOYKAX
Q' u Q" obmyw racarexsuyio Q'Q" (dur. 70), To cocroamma, nerKa-
mue Mexny Q' u Q7, pacmajjalorca Ha ABe (asil.

PEIIEHUE

Honokmm = zy. I/13 ypasmennst 1'mG6ca — lliorema z, 0Goxy
L 75 0Go/ 0y =0 mMeem

oG dz
1+ 2 + Zg

6.701

aaz

=G, — G,. (1)

Veaosme CcyHiecTBOBAHEA 061]1eﬁ RacaTenLEoﬁ Q’Q" 3aUMmeM B BHIE

ol al Pl L4 a” - G_/
G~ G =B G= 5= . 2)
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3meck MH BBenHW 0003HAYeHHA Gi z(xl)—G1 9 W G1 z(xl)_Gi o2e
YuurtniBas, uro G——xiGi—!—szz, norydaeM m3 (2)

_ _ — _ an er ” x/G» I'GT’
’ ' " — I — 2ol
G —G,=G —G =2 , ,

1 xl—zl
OTKYZa
2,6 —2iGy | GG DG 26 —xiG — Gy Oy — G
x - —z z]—] -0
"
—2aGr - 236y 267 56y 2 G+ 236y —aiC] —;Cy _ -G
—x x5 ] —1x; : 0
Taxum obpasom,
Gl = Gl n G2 — Gg7 . (3>

9T0 SKBHBAaJEHTHO coorTHOomenuio (2). Ecam copamenimso cooTHomIe-
Hue (3), To, oueBuIEO, cupaseqnauso u (2). Coornomenue (3) npemcras-
nsger coboil ycioBHe cocymecTBOBaHHS ABYX $as ¢ PasHBIMU MOJIAD-
HEIMA KOHOOHTPARUAME (0603HAYeHHBMY OTHAM ¥ IBYMA HITPHXAMH).
Tarum o6pasoM, cucTeMa, HMeBINAA MIOTHOCTH Xy, B HHTEPBAJEe MEKIY
Q' m Q" pacmagaercsi ma pBe Qaszsl, OTHOCHTEIBHOE KOIMIECTBO
KOTOPHX PaBHO

i —z Ty—Ty
C'=2"L, C"=-1—%, (4)
zy —x1 z]—x1

mpudeM TePMOJUHAMAYECKEIl mOTeHIHam cucreMsl (10uka Q Ha $ur. 70)
Mmenbine G (z) (Touka R ma ¢ur. 70). Mmaue rosops,

C'G’ +-CG" < G (). (5)

3. OcHorsiBasich HA ompenenesnu (4.8), HORazaTh, 9410 cBoGoxHAA
PHepPrus HA eNWEUNY TIOMAAM HOBePXHOCTH pasfesa pPaBHA IOBEPX-
HOCTHOMY HaTsmKeHH0 y. [lokasaTh Taxwske, 9TO BHYTDPEHHSA DHEPIH
HA eNHHWUOY IUIOMARU TOBEPXHOCTH pasgeia pasHa y — I dy/dT.

PEIIEHHE

3aMeTHM mpesxfe BCEro, 9ro MOHATHEe NOBEPXHOCTHOTO HATMIKEHNSA
AMeeT SCHBIA CMBIC] JUIIB B TOM CJIydae, KOTAA MeKIY ABYMA dazaMn
B COCTOAHHM TeILIOBOTO DABHOBECHS NHMeeTcs UYeTKAasi NMOBEPXHOCTh
paspena. UToGH ompefennrh 8Ty IMOBEPXHOCTH, HAJO PABNEJNHTH BeCh
o06’beM Ha 9aCTH, 3aHEMaeMble ePBoit-u Bropoit gasamu. Torma oymeMm
ametb V=V’ 4+ V'u N = rn'V' + n"V" 1), tne N — noanoe ancio

1) Toumee roBOPsA, IOBePXHOCTH pasieia BHOWpaerTca NEePHEHAHKYIAPHOIL
TpafuenTy n’.
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qactun B o6seme ¥V, a n’ B n” — IIOTHOCTH 9YacTdlm B Kaskgo# dase,
HM3MEepeHHKE [OCTAaTOYHO [HAaJeKO OT TOBePXHOCTH pasgena. llpm
BTOM [iA CIHORHOH cmeremsl Bemwamsa F (T, V', V”, o, N',
N"y= U — TS oramgaercas or meamumax F' (T, V', N') +
+ F" (T, V", N”), t. e. of CyMMH cBOOONHHEX »Heprmil 00HEMOB
V' m V", Ha KoTophe MBI pasielldId CACTeMY. Tak Kax 5TO pasamaue
CBSI3AHO ¢ HAJM9deM OOBEPXHOCTH, TO cBOGOMHAS SHEPrHA TOBEPX-
HocTu F; oupefeisercd CIegyOIuM o6pasoM:

Fy = F — (F' + F"). M
Wz (4.8) MosHBO HONYYINTH CIERYIOINAe YpPAaBHEHUs:
dF =d(U —T8)= —8dT —p'dV — p"dV" +
+ ydo 4 p'dN’ + p"dN",
dF’ = — §8'dT — p’ dV’ + p' dN’
H aHalorudHoe ypasHeHme nag dF”’. U3 mmx maxopum
dF; = — SqdT + vydo. o (2)

3mecs S; = § — (S’ + §") — sETpOonMa moBepxHOCcTH. M3 coor-
‘Homernd (2) BUmHO, uTro F,; aBnserca d¢ymwiumeirs T m ¢. Ecam upm
WOCTOSHHOW TeMiepaType IWHEAHEE pasMeps CHCTEMEl BO3PAaCTAIOT
B ol/2 pas, TO MIOMANh LOBEPXHOCTH YBEJAMYUTCA B o, Pas, TaK 4To
F; (T, ao) = aFs (T, o). JAnpdepeRnupys moxydeHHOE COOTHOIIE-
HMe M0 o W moJjarag o = 1, Haxommm
oF o
Fs=0 7o = OV-

OTclofa BUAHO, 9TO BEJWYNHA Y MIPeACTaBIAeT Co60il MOBEPXHOCTHYIO
¢BOOONHYI0 9HEPIHI0O HA eAWHHNY miaomagd. Hpome Toro, tak Kak
Y ABIgeTcA QYHKIHEH TOIBKO WHTeHCHBHOH mepemeHHOR 7', TOo Aad
TIOBEPXHOCTHON DHTPOIME WMMeeM

oF d

Sg= — 22— g2,
aT ar

Taxmm o0pasoM, BHYTDPEHHAS JHEPTHUA OOPERENACTCA CIAYIOMIEM
00pasom: .
dy U d
Up=Fo+TSo=(v—T )0, wm —2=y—T L.

4, Tlokasath, aro masmenme mapa p,(I') B ciyvae KOHIEHCHPOBAH-
Ho# asel (FKMAKOM WM TBEpHOi) ompexpesserca (opmydoi

T T
Co c'(hy—Cc2 (T
In ps= _ Lo —EEIHT+S% S —()—R—”—(—)dTJri.
b 0
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3mecyr L, — ckpoitag Temrora mapooGpasosamma npm 0° K, a Cp —
yaenpHAs MONAPHAS TENJI0EMKOCTh NOpH IOCTOAHHOM [aBie-
HUHW 151 KOHJeHCHPOoBaEHOH ¢assl [cMsica Bennunn CY, C’' (T) = i aceH
u3 cooTHOImeHWH (4.15) W ciaemyOmMUX 3a HUMH pacCy:KmeHmiil.

PEIIEHUE

drrpounio ana 1 moav rasa momyumm ms (4.14) m (4.15):
T T

S, p=—202_con T+S gc'(T)dT+
0 0

T
+ X Ve @mdr+Ri+-c,—Rinp. (1)
T ¢

B coorBercTBuUm ¢ TpeThHM 3aKOHOM TEPMOTMHAMUKY 3Ta BEINTIWHA
IpescraBiser coGofi Bo3pacTaHHWe SHTPONHY HPH KBABHCTATHIECKOM
HarpeBaEmE 1 Mo4b BelmecTBa B KOHAEHCHPOBAaHHO# (ase IpH gaBie-
aEE p or O go 7° K¥m pmanpHeiimeM KBasmcraTmiecKoM mpeobpaso-
BaHEY ero B ras npu 7° K myrem mepenadm emy crpriToil Temmorst L,
T. €. paBHA

T
L onMmdr
b“P’T—JVT' (2)

Hanee, war mpt smaeMm, L=H'—H" u (0H/0T),=Cp, tax uro

T T
L=L0+S (Co—C2) dT:LO+C%T+S (€' —C)dr. (3)
0 . 0

[Bpecy Lo—=H' (0, p)—H"(0, p) ecTh CKpHTas TeIIOTA Tepexoja
npu 0°K.] IlpupasmmBas sexmuwanl (1) m (2) @ wucmomssys (3),
noryJaem

T T T

dT ’ 1 ’ (1]
S WSC (T)dT + S C'(T)dl +C%1nT -+
4] 0 ]

T
+ P04 [ —cpar.

0

T
C’(T)dT
+C%+Ri— Rln p= S—”i}——

1]

WEBTerpupys mONydyeHHOe BHIPakeHHE IO FaCTAM, HAXOAUM
T
A c; dr

§ SC” (T)dl = — S C”(T)+S
0

0

(4)

45 1l
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Otciofa ¥ IpEXOEM K UCKOMOA dopmyie. [iJsa BHBOLA COOTHOIICHHA
(4) cymecTBeHEyI0 POJIb HIPAET MCHOIb30OBAHHE TOTO 06CTOATENBCTBA,
aro lim C, (T) = 0 (rpermil 3akoH).

-0

SaMedanmune. Eciau ygersHas MOJAPHAS TENIOEMKOCTh, CB-
3aHHAfA ¢ BpallleEMeM U KoJeGaHumeM MONEKRYJI B TasoBoil dase, eCThb
C;, 1o Beqmuman Cp @ C’ (I) MOKHO 3aMeHHTL COOTBETCTEEHHO
Ha 5/,R m C;i (7). 9T0 cuopaBefnmBo JJf JIETKAX Ia3oB THIA

BOJOPOLA W TeTHA.

= - 5. Ha ¢ur. 71 npemcras-
jgena QaszoBas KEATPaMMa CH-
cremsl Cu — Ag. #Hunroit daze
COOTBETCTBYET 00JacTh BHIIe
kpuBoit AEB, cupasa or ACF
Haxogurca obaacTs o-pasu
TBEPIOTO PACTBOPa, a cJjeBa
or BDG — o6nacts f-dass
TBepgoro pacreopa. Tpoiimas
Touka F Has3HBaeTCA DBTOKTH-
9eCKOIL. '

a) Kar Gymer Bect:m cebs

1083
1000

L%

500

Py L i pactsop IOpH OXJIKJEHUH,
Cu BecoBaa  Kowyewmpayua Ag €C/JII IepBOHaYAJBLHO OH HaXO0-
dur. T IAJCSA B KMAKOM COCTOAHWH,

co0TBeTCTBYIOMEM Touke K Ha
¢gur. 71?

6) Uro Gyner OpOMCXONATH IpW HATPEBAHAH TBEPAOTO PACTBODA,
eciIE IepBOHAYAABHO OH HAXOAWJICA B COCTOAHNH, OTBEYAIOIEM
roare H (a-daza)?

PEIUEHUE

a) Vamenenme TeMImepaTyphHl MAMUAKOA (asH NPONMCXOAUT IPAKTH-
TeCHHM [0 BEPTHKAJA [0 TeX HOP, TIOKA CHCTeMa He OPHJET B COCTOABME
K' ma kpmsoik BE (dur. 72). Ilpm remmepaType, COOTBETCTBYIOmei
rouke K’', Haummaer o6pasoBmBaThCA f-dasa TBEpEOro pacrsopa,
IpHYeM KOHIEHTPALMA ee OMPefeliseTcss TOIKOH K’. Tark raxr KoH-
meATpamus cepe6pa B o6pasylomieMcst TBEDAOM pAacTBOpe MEHBIIe
HCXO[HOH, TO B OCTAIOIIEHCA FKUAKOCTH €I0 KOHIEPHTDPANUs BO3pa-
craer. TakmM o6pasoM, IpH AajbHelImeM DOHIKEHHH TeMIepaTyphl
OPOMCXOANT BHOajeHHe f-pasbl TBEpAOTO PacTBOpa ¢ BO3pacTammen
roHuenTpammeir Ag. Ilpm 2ToM m3MeHEHWe COCTOARMA FKUIKOTO
pacreopa onmcuBaercA Kpmsoit K'E, a f-¢gase TBep/ioTo pacTsopa —
kpupoit K'D. Ilocae Toro wax skupkas ¢asa mpujer B COCTOSHHE,
KOTOPOMY COOTBETCIBYeT Toduka E, HaummHaercA BHIajeHAe a-fass
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TBEPJOI0 PAacTBOpa, IPHYeM KOHIOEHTPALHWA B yRUAKOH ¢asze ocraeTcs
TOCTOAHHOMN; 3arBepieBanme o-¢asu (C) u B-dass (D) 6ymer mpomoi-
FHATBCA [0 TeX IOp, IOKA BECH PACTBOP He 3aTBepneer. [Ecam npomoi-
/KaTh DOHWKATh TeMIepaTypy /[0 B8HAYeHHs, COOTBETCTBYIOMIEro,
HampmMme)p, Todke Ky, TO IO WCTEYeHHW JOCTATOYHO NJINTEILHOTO Bpe-
MeHH TBepAEIe PacTBOPH, COOTBETCTBylomue Touram K, m Kg, 6yayT

O
=Y

X
h
1
1
:
>
X

®ur. 72. D mr. 73.

CYIIECTBOBATh B BHE YCTOMIMBHIX TBePAHX cocroadmit, [lpm srom

orHomenue umcaa atomoB N (K,)/N (Kg) pasmo KgK,: K:K,. Qas
YCTaHOBIEHHS PaBHOBecHS TpebyeTcs, oXHAKO, 09eHb OOJBIIOH OPO-
MEKYTOK BPeMEHH, TaK KaK pPedb HIET 0 PEAKIUH MEKITY TBEPIEIMA
daszamm.]

6) AmasormuEo npm Harpesanum or Toukm H (dur. 73) a-dasa
ocTaeTcs HEM3MeHHOM [0 Touky H', Korja HauHeT HOABIATHCA JKUIKASE
¢dasa ¢ Koamenrpamumeir Ag, cooTBercTByIomei Toure H”. Koamenrpa-
uma Ag 6ymer Mensime, eM B TBeproi ¢ase. 1lo mereueHnu gocraTroIHO
GOIBIIOr0 LEePHojia BpeMeHN KOHMeHTpamus Ag B o-fase CTaHET BO3-
pacTaTh, a COOTBETCTBYKIIASA TOYKA Ha ¢uUr. 73 mnepeMemaThCsH
pupaBo. CoOTBeTCTBeHHO KOHIEHTpAmus Ag B JKHEAKON (ase Takke
Oyner yBeauauBaThCs, Tak 9T0 Toukn H' u H” 6ymyT gBuraThcsa BIPaBO.
Hawroner; Toava H' momager 3 H,, a H” B H; u Bce BemecTBO mepeii-
oer B JRUAKOe cocrosgHHe. B Touke M| KoHmemTpamms Ag MOKHA
65ITL TOM sKe, KaKoW oHa Obia B Touxe H, mG0 BCe BeImeCTBO CTAJO
JREFKAM. JTO YCIOBHE W OIpefelsieT mojosxeHne Toaxku H,. JlanpHeit-
mee HarpeBaHme}Gyfer TONBKO HOBHINATH TEMIEPATYpy pacHjaBa.
Ecau, ogHako, Bce BpeMsA YAAIATHh PACHIaBUBIIYIOCA 9acTh PacTBOpA,
TO TBepjad:dasa Oymer cymecrBoBaTH H 3a TouKoi H,, mpmdeMm
B Touke A.'B Hell ocTaHeTcsa JHUIIL ONHO TBepHoe cepeGpo, KOTOPOe
zaTeM Oepeiiier B KUAKOe COCTOSHHe.

15*
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6. HOKaSaTL, 4TO [JiA IIPOM3BOJABHOTO pacCTBOpa CHOpaBedJIMBLI
crenymomue COOTHONICHMS!
(]
P1= D04,
= AT +
70 0
ﬂI‘lw—T(l)—.[q: ——RTllnai.

3neck a4 0603HaTAET AKTUBHOCTH PACTBOPHTENS, Py — [AABJEHHe Iapa,
T — OoCcMOTHYecKoe fnaBieHme, A7 — NOHKEHHE TOYKM TJaBJIeHUA
(wnm moBHImeHWe TOUKA KumeHma), a p;, VI, T} u L; — coorser-
CTBeHHO J[aBieHHE HACHIIEHHBIX NAPOB, MOJAPHHIHA 00beM, TOUKY
INaBIeHNA (MIH KMOEHHS) X MOIAPHYIO CKPHTYIO TOIIOTY IIABICHAA
(mapoo6pasoBaHusa) HAA UmcToro pacrBopurend. llpuw pacemorTpemum
OOBHINEHWA TOUKKA KHUEHHSA WM IMOHMKeHUS TOUKKA LJaBJeHUA CUH-
TaTh, UTO UCHAPAINUACA Ta3 HIK BHIAJANINAS TBepAasa dasa COCTOUT
W3 9YHCTOT0 PACTBOPUTENA.

PEHIEHUE

a) B coorsercrBum ¢ (4.42) XMMMYECKUH MOTEHIHEAN PACTBOPUTENH
B pacTBOpe paBeH

Gy =G (T, p)-RT lna,. (1)

3neck Gy — XUMHUYECKMI IIOTEHIHMAJ YMCTOTO DPACTBOPHUTENA. XUMU-
gecKwil MOTEHIMaJ TasoBoil (assl (B IPEIONOKEHUEN, 4TO OHAa IIpef-
CTABIAET ANeaNbHBIL ra3) ecrb

61, ras :(—;1, ras (T, p)= 5?, ras-+ RT In P1s

re p; — AaBIeHUe Tapa PacTBOPHMTENs. ¥ cIoBUA pasHOBecud G =G 1, ras
ylepennmieM B Buie '

G (T, p)+RTInay=GY, vas (T) + RT In p,. 2)

Janee, napienve HACHIMIEHHOTO Hapa p; YACTOTO PACTBOPHUTENA OIIpe-
HeNnsAeTCA U3 COOTHOMIEHWsA

GY(T, p) =G, ras (T, p1) =GY, raa+ RT In pf. (3)

Bramras (3) us (2) m ucoonssya (4.14), moxyzaem

G (T, p)—G (T, pf)
p1= pja; exp — -

Tax xax Gy (T, p)— G (T, p?) =~ (p— pg) I—/?, s K RT:P?V?, raas

SKCIIOHEHTY B NPAaBOf dYacTH PABEHCTBA MOYKHO 3aMeHNTH €IIHUIIEH.
Torna mMeeMm

P1= pja. (4)
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0) Ecmm uwmcreii pacrBopuTens (NapieHue p,) M PacTBOP (IaBiie-
HOe p) pasfeneHb noJXymnpomumnaeMoll memOpamoit ($ur. 74), To yeuxo-
BUA papHOBecHsA mpu temmeparype I B coor-
BercTBUE ¢ (1) MOKHO 3ammeaTh B Bule

G2(T, po)=G3(T, p)-+ RT In ay.

Tax =war wusMeHenme o0beMa, BHIBBAHHOE
OCMOTHYECKUM  JaBJIGHHEM, O4YeHb  MAaJo,

MOJKHO HCIIONB30BATh Clefyomee IpubmKe-
Hye: NN
L/u«:énbzu - Pacmt
— — — pacmbopumens,::: acmébop
G (T, p)— G (T, po)=Vi(p— po)- D i 2
0 o i
YumTEIBaA Ompeseenue OCMOTHYECKOTO 1aBiie-
HIS 7T == p— pg, NOIyYaEM Nonynjpenugaeman  memEpan
aVi= —RTIna,. (5) ©ur. 74

B) Tax ®Kak MH paccMaTpuBaeM WCIHADHBUIMHCS Ta3 KaK UHCTHIH
PACTBOPHTENh, TEMIEDPATYPy KHWOEHWS CJeTyer CIUTATh DaBHOH ToH
TeMmeparype, UpPH KOTOpoil [aBjenue mapa UACTOT0 PACTBOPUTEN
PaBHO BHYTPEHHEMY HABIEHUIO P, ECIM TOYKA KUNEHWS YHCTOrO
pacrsopure:s ects I, a rouxa kumenms pacrsopa I'y, To ypaBHeHHS
(3) u (2) mepenumryrca caegyOmuM oGpPa3OM:

Gl (19, o) =G ras (T9, po)  (umersit pacTBOpHTEND), (6)
6? (Ty, po)+RT lnay= é? ras (T4, Po)  (pacrsop). (7
Borauraa (7) us (6) u yuurmBas, uro dG/01 = — S, nomydaem pasio-

swerue mo I'(— T ¢ TOYHOCTHI0 [O WIEHOB MEPBOTO IOPA/KA MaJOCTH
—RT,In a’lzég (r, Po)—é? (T?, Po)—
- [(—;?, ras (Ti’ Po) -——é?, ras (T(i’ Po)] =
- - L
= (T —TH[— ST, po) 59, ras (T1, Po)l = (Ti*T?)Tg

", CJaeoBaTeNbHO,

BTN O S
—lna,——T(T?—Ti) . (8)
Ecmu T, —T{=AT LT}, To
+ AT
—ln(h:LiWy (9)

rie
Ly=TY[S), raa (71, po)—S1 (T4, po)l
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— TemI0Ta Hapoo0pa3oBaHHA PACTBOPUTENS IPH LABIECHHH Dy H TEM-
mepatype T7.

3azaga 0 DOHWKEHUH TeMIEPATYpPH IjaBieHMsA aHAJIOIMIHA pac-
cMoTpernoii. Ecain Mu o603maunm gepes 7' Touxy 3aMep3aHHA THCTOTO
pacTBopmTeNs IPH JABIEHHM D, a depe3s [y TemMmepaTypy, HPH KOTO-
poil wmcToe TBEPJAOe PACTBOPEHHOE RBEMEeCTBO HAYAHAET BHIANATH
W3 PacTBOpA, TO [Jid PEIeHWsa 3aJaym HaM [OCTATOYHO JHMIL 3aMe-
HAOTH HOpaBHe dacTd coorTHomeHmd (6) m (7) Ha G?,mep (T2, po)

n @Oi,nep (T4, py)- Torga w3 (8) mam (9) momyumm
L=T} (:5_’(1), TBep—S?) = —Temrora mnasrenma << 0. (10)

Taknm ofpasoM, TOUKA NJABICHHA HOOHIMKAETCA B IPOTHBOHOJOMK-
HOCTH MOBHIIGHHUI0O TOYKHM KHUIEHWS.

daMeuarHHme 3aMeTuM, YTO 3HAK W3MEHEHHA TeMIepaTyphl
KANEeHYA W TOYKE ILTaBIeHHs MOKeT HBMEHHTHCS Ha OOPATHEHIAL B CIy-
qgae, Korma @, OOJLIIE EJUHUITH.

7*%. PaccMOTpEM peryispHEH IBYXKOMIOIOHEHTHHIA PACTBOP, IS

KoToporo Temiora cvmemenus [em. (4.37)] AH = Ax;z,. HecnegoBath
COOTHOIIGHH® MeXIYy [aBJeHAEM ITapa W COCTaBOM. PaceMoTpeTh,
B UaCTHOCTH, CIyd4ad, korma obe Qassl pasuensorcs. HapmcoBaTh
$asoByl0 AHArpaMmy.

PEIIEHWE
O6oszHagnM 9@caa MOJNEH KOMIOHEHTOB Uepes Ny M My, OHTANBLINSM
cvemenusa AH sammmercsa B BUAE

_ nqny
AH = A =72- ()

Tax Kax pacTBOP PErYJAPHHH, TepMOAMHAMUYECKHN ITOTEHIIMA
U BHTPOIMA CMEINIeHNA WMEIT BHT

G (ny, ny) = NG + nyG2 -+ AH — TAS,
AS = — R (ny1n 2; -+ ng In 3).

3necs  z=ny/(n 4+ ne), zz=ny/(ng+ny). Homyaum napumansHble
TepMOIMHAMUYECKHe TOTEHIHAIL KOMIIOHEHTOB ¢ IIOMOIIBIO COOTHOIIe-

mmit G; = 0G/ony u Gy=0G/0n,:
Gi=G+A(1—z)?+RTInz;, i=1,2 (3)

[em. (4.38)]. [aBmenme mapa ompefenmM u3 YCIOBHA @i=6’i, ras.
CunTas map mpealbHEIM Ta30M N memoib3ys (4.16), maxopum

GO, P+ A(l—2:)* +RT In2;= G110 (T)+ RT In py.  (4)

(2)
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3nmecs p; W p,— COOTBETCTBEHHO HapOUajbHHE [JaBJIeHAS KOMIOHEH-
ToB1 ® 2, a p = p; + p,— monHoe faBieHHe. YTO KacAETCA PAcTBOPA,
TO OH TAK:Keé HAXOJATCA MOf HABJIEHWEM p, a er0 TePMOJEHAMUYCCKHA
TOTEHOHAN MOMKHO CUMTATH IPARTHYECKHA HE 3aBHCAMMM OT JAaBie-
BHAA, TAK KA4K pPACCMATPHBAEMEe IKUIKOCTH NOYTH HECKHMAOMEL.
IlosTomy, npemeGperas 3aBHCHMOCTHIO

G (T, p) o p B (4), momyuaem
= piozie™ 1_xi)2/RT )

e pio (T) = €xp {[GO (I)— G, raa]/RT}
— [aBleHWe HACHIIEHABHX HAPOB Y-
croll i-oi1 sHuaKocTy upu reMmeparype I
Hpu A=0 saBucumocts p; oOT x;
JanBeitaa (saxkon Paymsa), onpaxo B 00mem
cxydae, Korma A0, oHa HeammeiiHa.

a) A << 0. dEranpoma npu cMere-
HEN yMeHbIIAeTCHA. INOMIOHEHTH cMe-
IIUBAIOTCHA JErK0, TaR 4TO JABJEHUE D;
JOJKHO OHITH HEKe SHAYCHUA, OIPEefe-
nseMoro saxoHoM Payas (¢ur. 75).
#s 6) A > 0. Onranpuuma npd CcMe-
meHWH Bo3pacraer. CMemeHWe IIPOWC-
XOZUT C TPYAOM, TaK 970 JaBJEHEE D;
JOJKHO OHITH Gonpine, ueM CIexyT A3
saxoHa Payisa (pacTBOpeHHOE BeIECTBO Qzr. 7.
JeTRO memapsiercs). Ecuaum oTHOUTeHHE
A/RT Benmxo, TO HAYAJABHHEIN HAKJIOH KpHBOil p; (£;) B TOUKe
z; = 0!6yger Gompmmm. C pgpyroft cropoHsi, mpum x; —> 1 3HaueHme
P; OpEOAMKAeTCS K JWHAA P; = P;¢L; B COOTBETCTBHHE ¢ COOTHOMIE-
BHeM (5). ITO 3HAYAT, UTO JABJIEHWE p; AOKHO HMETh MAKCHMYM
¥ MWHHMYM, K&K DOKa3aHO Ha ¢ur. 75.

Uz (4) mmeem

[]5 T T T T 7 T T T

P[P

Ly

RT d1n p; :_3_5_, .

0x; ox; ’
Torga ma ycnosus 0p;/dx; << 0 BmrTeraer, uro 9G;/dz; << 0; sT0 Hepa-
BEHCTBO COOTBETCTBYET TePMOAWHAMAYECKA BEYCTORINBEIM COCTOAHAAM.
(Taras cmTyamusa HalOMHEHAET HEYCTOWYHMBEE COCTOSHHS rasa BAH
Zep Baaxwca.) 3Tm HeycTOHYHBEHE COCTOSHHS MOTYT NOSABIATHCS,

ecim KpHUBaA p; (r;) MMeeT MAKCHMyMH M MHEUMYMH. M3 cooTHOmIE-
HEA (D) mMeeM

dlnp;, 1 24 12 9RT

9z; _57“—‘(1 %) = AT [(”?“—'2‘) (1_ 4 )] (6)
tak uro npu A/RT >2 (0<<C2RT/A << 1) »sKcIpeMyMH p; JIeKaT
B obmactr 0 < z; << 1. G npyroii croporsr, npu A <0 mwmu 0 << A/RT << 2

N
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MH Bcerja mMeeM 0p;/0x; > 0. CiegoBarTenbHo, ycioBue pasjeleHAA
¢as sammceiBaeTca B BHIC

s> 1. M

ITOT e pesyJabTAaT MOKHO IIOMYUHTh, WCCASTVH BHPAKeHMe
G (21, 22) = 4Gy -+ 22Gy + Azws -+ RT (2 In 2y -+ 25 In 25), (8)

moTOGHO TOMY Kak 9T0 Obuio ciedamo B mpumepe 2. Mcemonnsys ypas-
Hemwe (2) B pemennu npumepa 1 u coorHomenme (4) HacTOAMETo
mpmMepa, HaXonmM

oG = — —
T G Gy = (G} —Gy) +
G + A=)~} RT In 2. (9)

-, Orcrona caegyer

pLYes RT
o = — 24+ =y > 4RT — 24,

Z

!
;
; ox?
| (10)
: L Tak Kaw [z, (1 —z;)]7! >>4; paseHCTBO
0 05 2y 1 AMeeT MecTO IpH x1 = 1/,. Tarum
% o0pasoM, ecaH HEPABEHCTBO (7) BEIOOJI-
@ ur. 76. HAETCA, TO0 OpH x4y = Y/, mmeeM

0%G/ox? << 0. 310 3HAUAT, UTO y KPH-
BOif aaBumcumocTn G or x; wuMeercs o0MAaA RacateIbHAS B JABYX
TOYKAX, COOTBETCTBYIOMMNX JBYM 3HAUCHMAM HepeMeHHOH z, m, Clle-
JAOBATEIBHO, CHCTeMa pasgelsercda Ha gBe ¢ass. Yrobw HafiTw MOMAP-
HYI0 [OJMI0 ABYX (a3 Z; W x, B 3aBHCHMOCTH OT TeMIepaTypH, Halo
JAMEs HAHTH TOUYKRM KacaHHs ¢ momombio ypaBuenua (9). Tar Kak

mocjefHee CHMMeTPUIHO N0 OTHOMICHWIO K ToURe x; = /o (dur. 76),
TO TOYKA KAacaHWA Z, U Z; ONPEIeNAI0TCS yPABHEHIeM

A(1—22)+ RT In 5 =0,
KOTOpPOe MOKHO 3aimmcarb B BHJE

1 1+y Ay

nian

Ay :
y::th-m . . (12)
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31echk MBI HONOMUIN
, 1 !

Ha ¢ur. 77 noxasamo rpaduaeckoe pemenne ypasaenus (12). Hepanen-
ctBo (7) mpencraBaseT cofoi#l yclloBHe TOro, 9T0 ypaBHEHHE WMeeT
HeTpUBHAALHKE pemennsa. [Hawimom =xpuBoit, B3ajaBaeMoil meBoit
gacreio ypasHeHHs (11), mpu y = 0 cocraBasier 45°. Ilosromy npm
A/2RT > 1 rpuBsie mepeceKanTca elie B OJHON TOYKE, KPOMe TOUKHE
y = 0, Torma xak npu A/2RT <C 1 oHE IlepeceranTCA TOIBKO B TOUKe

1, 14y T
z Iy
To ==z
4y ;
ZRT
[)
: 4 z; 05 z’f ?
¥ z,

dur. 77. ®nar. 78.

y = 0.] 3asucumocrs z, u z, or T, npeicraBiesHyio Ha ¢ur. 78,
MOJKHO IOJYYHTBH, mofictaBue pemerme y (7) ypasHemuma (12) B (13).
Iro m ecThb (aszoBas [AAATPAMMA PACTBOPA. JaWITPUXOBAHHAA 9acTh
COOTBeTCTByeT AByxdasmod obiacrm, rie CHCTeMa He MOMKeT Ipefi-
cTaBAATE coGoil onmy dasy. Ilpm Gomee BHICOKMX TeMmeparypax

I>To=53 (14)
Korzma ycaosme (7) yyKe He BHIOIHHAETCH, OfHO(PABHOE PelleHne HMeeT
MecTo JAis BceX KoHNeHrpanmit. Temumepatypa T',, ompenenseMas
coorHOmeEmeM (14), HaswBaercs Epumuueckoli memnepamypoii
pacTBopa.

8%, B cayuae pas3GaBieHHOTO PAaCTBOPA CHIBHOTO BIEKTPOIMTA,
TUCCOMAEMPYIONEro N0 YpPaBHEHUIO

z+ z=
Ay, By. — v, A" +v.B",
OCMOTWYECKOe fiaBjieHme BhIpaskaerca Qopmydroii

n—_’V02RT
= 000 8-
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Iloxasarb, 9To ocMormueckmil Koapdmumert g1l) ompepmeasercs ¢op-
M yJoi
mag

g=1+—,:—2§ mz(aln\;)T'pdmz, (1)

omy

The o6oamagenua acuu w3 (4.40) m (4.54). [ Vrasanue. Yaects cooTHO-
menne (4.52).]

PEMEHUE

Bynem ciaegosaTs pemreHm0 mpumepa 6, a 3areM BEHIHCIAM aKTHB-
HOCTHb pactBopHuTend a4. llogcTaBnas xmMmuuecKH# moTeHOUAN PacTBO-

peEHOTo BemectBa G [cM. (4.52)] B ypasmemme I'mG66ca — [lrorema
(3.12) _
n,dGy+nydGy =0 (T, p nocrosHHEL),

TOyYaeM ypaBHEHWE A OLPEeJeneHus d;:

sz (dlnzy+-dlny)=0. 2)

Z
1—

dlna;+v

Tax kar a¢;=1 mpm z3=0, To ypaBHeHEme MO}KHO IPOHHTEIPHEPOBATD;
TpH 9TOM LOIydYaeM
Xg

Ing= —wv S (1 1 + 1752 01115) dy =
0

:—v[—ln(i—z2)+§ TR 2"

Tlogcrasms sToT pesdyabraT B BhipaykeRme V= — RT lna,, noxydamm

(s 2y K 1)
x2 -
vRT zy dlny ~
n= 70 [—1n(1—x2)—}—§ 2 ——-dxg],\/

0 1—xzy 0Oy
RT 1t ¢ amy
~ YE2l - ny
~ 3 (1—l- = § 225, dxz) . (3)

1y Ocmomuuecrull rosgguyuenm g ompefenserca oOHIHO cireqyomaM o0pa-
30M. Ilycrh z; ecTh MOJAPHASA KOJA PACTBOPEHHOrO BEIECTBA B PACTBOPE, & XAMH-
UECKUI NMOTEHTAAN €r0 EMeeT BHJ

G, =G{--gRT In z,.

Torna ocMoTHIeCKHil KoagPANEeRT g CBA3AH ¢ aKTHBHOCTRIO Vy [eM. (4.43)] coorrO-
qmeHneM N
ln py=(g—1) Inz,.
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Mcnonssya (4.40) m (4.41), saxommm
o malMy | map Oy
Vo = fo00ve 1000 1000 °
TaK 4ro (3) MOMKHO Iepenmcath B BHJE

me -
. YC»RT 1 dlny
RNW(l_‘_EZ—SmZ o dmz).

3ameganme. Ocmormyeckmii kodPPuumenHT. ¢ XapaKTEPUBYET
OTRIOHEHHe OCMOTHYECKOr0 MABICHHA OT 3HAYEHHA, OIPENeNAeMOoTo
dopuynoit Barr Todda
_ 'VCzRT
~ 1000

Pemas ypasrenwme (1) ormocmTenbHO y mpu yciodam, uro y—> 1 mpm
ms —> 0, monygaem

Pau

— —g)m
—1n 7= S I( g) ma] .
my

0
9T0 BHpasKeHEAe MOKeT GHTH WCIOJIB30BAHO NS HAXOKAEHHA KO3¢d-
¢unmeRTa AKTUBHOCTH, KOTHAA OCMOTHYECKHE KoddumumenT g (ms)
H3BECTEH.

9. B armocdepe HEKOTOPHX 3Be3J WHTEHCHBHO HIPOTEKAET IPOHECC
TeIJIOBOM JHUCCONUANHN MeTAIAIeCKAX IapOB:

—
AT At fe.
C moMompio 3aKOHA NefCTBYIOINEX MacC HANTH 3aBHCHMOCTDL CTEICHH

JACCOMUATIAY ¢, OT TeMIEepPATYPH W AABJIEHHA. JHEPIHA AUCCONAATHE
Ha 1 Mmoav raza papHa W.

PENIEHUE

Ecam crenenp pguccommanmm paBHA o, TO MOJAAPHOE OTHOIMEHHE
A, A" m e ectp (1 —a):a:a, Tak UTO HapOUANbEEE JABICHWSA
KOMIOBEHTOBR ONPENENANTCA CIeAYIIIAM oGpasoM:

1—a [0 a
PA———mp, PA+=mP, Pezmp-
Torpa saxkon peficTBylomux Macce (4.65) maer

p -
atPe = o2 . p:e"AGO/RT_ (1y
ba —a

Ecnu npeme0pedsr BHYTPEHHEMH CTENEHAMM CBOGOAH KOMIOHEHTOB,
TO CTAHJAPTHHE TepMOAUHAMEYECKAN HOTEHINAJ PeAaKIHE ONpeesaer-
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ca ¢ momomsio (4.15):
AG* =G -G — G =
— Uy e+ Use—Uos— o RT In T — RT (i i, — i)
opcrasmsst ato B BEpaskernue (1), HAXOMM

o? 5/2,—W/RT
1—a2p~T e

rge
W=U,,++Up—Uss
— DHePrHA IHCCONHNAIAH.
SaMegaHHne OHePIud WOHWBANHME B Pe3yIbTATE TPOIMECCA
A — AT + ¢ o0m9HO 3HAUMTENBHO MEHBITe, YeM [Jf IIPoIecca
AY — AT+ - e, [losToMy "9acTo MOKHO IpeHeGpeTh IPOIEecCaMu HOHI-
sanum 0oJsiee BBICOKOI'O IOPAIKA.

10. C momompsio ycaoBua paBHOBecHs (4.73) mas ¢das B dieMeHTe
Hamwana noayanrs popmyay (4.71) guasg . a. c¢. (pasHoCcTH IOTEHIHA-
JI0B) Me;y [BYMs BHIBOZHLIMU KOHTAKTaMH 1) (CAeTaHHBIME U3 MEH).
Cunmrats, aro Ha rpanune pacrsopos CuSO,; u ZnSO, pasHoCcTh mOTEH-
[WAJI0B HE BO3HHKAET.

PEIIEHUE

HponymepyeM pas3JInYIHLIC (1)33]:1 ¥ BBEIBOJIHBIE KOHTAKTEL DJIeMEHTa:

Cu | CuSO, (pacts.) | ZnSO, (pacrs.) | Zn | Cu
I II III Iv Vv

1 0603HAYIM COOTBETCTBEHHO moTeHNHaAs (a3 depes Dr, Oy u 1. 1.
Vcnosus paBHOBeCHS [ABYX cocegHHX (a3 3anmmyTcs B BHAE
I — Il (mo orHomenmio k Cu*™):

I I
Ueut+ - 26@1 = peg+ -+ 2eDiy; (1)
II —1III (mo orHOmesmio k SO,7):
11 11
HSOZ" — Ze(Dn = l""SOZ— — 26@111; (2)
III—1IV (mo orHomeHuo K Zn't):
11 v
Bza++ -+ 2eQ111 = pgni+ + 2eDry; (3)

1) Eci® BHBOZHHE KOHTAKTHI CHEJIAHE H3 pPAa3HHX MeTAlJO0B, TO MEXKKY
HUMH CYOIECTBYeT KOHTAKTHASA PasHOCTh IOTEHOUAIOB. J. 7. C. DJIEMEHTA Ompe-
IeNsAeTcsa KaK PAasHOCTh MOTeHUHAAIOB MEKAY ABYMS PA3BOMKHYTHIME BHIBOESLIM I
KOHTAKTAMH, CICIAHHHME U3 OJHHAKOBOTO MAaTepHAaia, YToGn u30exaTh BIHA-
HMA KOHTAKTHOM PAsHOCTH NIOTEHIHUANOB.
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IV—V (mo ormomenmio k {-)JIBI{TI)OHaM)Z

v
pe—eDry = Me —eDy. (4)

Hanee, Tag gar Cu= Cut* -+ 2¢ ma megHOM U Zn — Zn*+ 4 2¢ ma nmAKO-
BOM 3JEKTPOJAX, MOMKHO IIOJIOKUTH

I I I v v 10

Meu = Py + 2, Bzn = Pzn++ —+ 2W. (5)

Ilo mpepponoskenmioo @pp=Dyr, Taxk uro ypasHerwe (2) mepexonut
I I

B Ugor- = Mgoy— M UM MOJKHO upege6peub. Croxus coorHomenmsa (1)

¥ (3) ¥ BHIYTA U3 NOAYIeHHOR CyMMEL Y TBOGHHOC COOTHOMICHNE (4), HalineM

I III Iv 11 v v
Meur++ Bzt — 20 + 26D1 = pogr+ + Pz — 2 — 2eDy.

C momomprio (D) mociejHee COOTHOUIEHME IIEPENWOIEM B BUje

I IV II11
2e (O —Dv) = Mcu++ — Ucu+ Mzn — Wzn++,

HTO 9KBUBAJICHTHO COOTHOIICHHIO

. 2FE = — AG (Cu** + Zn — Cu -+ Zn*Y).

3ATAYN
[A]

1. a) lycrp mas a- m b-$as OMHOPORHOTO BemecTBa M3BECTHBL CBO-
6opunie saeprun F, u F, xar ¢yExnuu 7 n V. llorasars, uro TOYRY
nepexoa MeRIY sTHMA (jasaME MOKHO OIPEeeJdnTh, NPOBeNs OGHIYIO
KacaTeIpHYI0 K KpueniM Fo (V) m Fy (V) npm sagaunnoii Temueparype T
(¢pur. 79).

6) OcHOBEIBafACH HA peINeHNY 1. «a», HONYIATH npaBuio Maresesia
(cM. samedanume K mpumepy 1).

2. Tennora nuasiaenms asna upu 0° C m gasaenmm 1 amm cocras-
aser 80 rkaa/e. OTHOmeHWe yAENBHEIX 00BEMOB JbJa W BOMK PAaBHO
1,091 : 1,000. OnennTs uaMeHEHNe TOYKW IIABIGHAA IPH H3MCHEHNH
JNAaBICHUS.

3. MsmecreH KoadpunumenT N3MeHEHNA TeMIePATYPHl KANEHUA BOIEI
¢ pasiaenmem (upm 100° C m paBiesmm 1 ama):

daT

—_— L 5 epad/mm pm. cm
dp 2112 :

Onenurs TEmIOTY mapooGpasosamma Bogsl mpm 100° C.
4. BOnmsm TpoitHOH TOUYKM KpHBas papHoBecus (xpmeafz p — T)
MEKIY TBepHoil m rasoo0pasHORX ¢asamMm wMeeT o6HYHO GOJNLITHIT
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HAaKJIOH K TeMIeDATypPHOM OCH, 96M KDPHBAA PABHOBECHA MEKAY iRUJ-
Kol m rasoo6pasHo# Qasamum. [aTe TepMommHaMudeckoe 06bACHEHHE
9TOI0 ABJGHHA.

5. Tenunora nnasnenus asma upu 0° C u masnemmm 1 ama paBHA
80 kas/e, a oTHOmeHHe yMeNTBHOIO 06HeMa BOJIH K YIEABHOMY 00meMy

asga paseo 1,000 :1,091. Taprenne
F HACHIMEHHOTO Hapa ¥ TOWJ0Ta Ia-
poobpasoBanms gaa Bogei npa 0° G
COCTABIAIOT COOTBETCTBEHHO 4,58 MM
pm. cm. u 600 kaa/e. Tlo npusenen-
HHIM JAHHHM IPUOIMKEHHEO OT6HATH
TeMIepaTypy Tpoiisoin Touyru. (Vxa-
sanue. TpoftHasa Touka KOILKHA GHITH
ouens (6imska k 0° G, Tax Kak TeM-
mepatypa paBHOBeCcUs MEXTY BOTOW
¥ IBEOM OYEHb MAall0 M3MEeHSeTCHA
¢ HABICHEEM.)

6. Ilpegmomosmu, 9T0 B cHCTEME:
BHIIOJHAITCA CHELYIOMUE YCAOBMS:
a) TeMmeparypa He OYeHb OIH3Ka
K KPUTHUYECKON, TAK YTO JABJEHUE D
HOCTATOYHO Malo; 6) CKPHTYIO Temn-
aory mapoofpasopamusa L MOMKHO
CUNTATh TOCTOAHHOHX BO Beeit paccmarpusaemoit oOmactu. Ilona-
3aTh, YTO B BTOM CIyYae CIpPABENJIABA cClIefylomasa ¢(opMyla Ais
HABJIeHAs HACHIIEHHHX NAPOB KETKOCTH:

IS
<

1
|
1
{
}
H
i
H
H
H
H
i
i
|
[
[
!
|
1
i
h

Omr. 79.

ps ~ e~ L/RT,

7. Iycrs y — NOBEPXHOCTHOE HATsyKeHHEEe KDHBOH IIOBEPXHOCTH
¢ TIAARHEHEIMHA PAfAyCaMy KPWBWAHH O, W Py lloKazaTsh, ITO PABHOCTH
ITaBJICHHNE 10 06€ CTOPOHH LOBePXHOCTH OIMUCHBaeTcs (GOPMynoR

1
) (Ppopmyma Jlamnaca).

1
S

8. Ilorepxrocrroe HatseHue y(I') sajaHO Kak QYHKUHA TeMie-
paryps. HafiTm KoIM9ecTBO TEIJiA, UOrIOMAEMOro IPH H30TepMHTe-
CKOM pAaCIIHpeHHN TaKoW MMOBEPXHOCTHON IIeHKH (CM. npumep 3).
TlorazaTs fajee, 9T0 M3MEHEHNE TeMIepaTypH IPH agmabaTmuecKoM
PACIIMpEHAH OIPEeNACTCA YCIOBHEM

dy
0 —+ = const.
ar — ©ons

9. DmmaprHit pacrBop HAXOJHETCS B PABHOBECHN CO CBOUM HAPOM..
Ha ¢ur. 80 moxasaHa TeMuepaTypHas 3aBHCEMOCTEH (TPH TOCTOAHHOM
NaBJIeHAN) MOJAPHHIX Hoiel KEAKOH u rasomoi das. I'azoobpasmoik
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¢dase coorTsercTByer 06aactTh BHIIE CIJIOINHOE KPUBOH, a SKEIKOE —
ofmacTs HEKe DyHKTEpPHOA. CMech TrasoB IOCTENEHHO OXJAKAAETCH
ot Touknm P. Ilpm »1oM B ToOuke A HAYWHAET MOABIATHCA JKHIKAS
dasa, a B Touke ( rasoofpasHasd ¢asa HMCUESAET MMOJHOCTHIO.

a) Hajitm MouspHEE [0J@ DACTBOPEHHHX BemecTB B Touxe 4.

6) Haiite MoasapHHe [JoJAE B rasoBod ¢ase B Touxe C.

B) Haiita MoaspHEHe [0oNE JKEAKOCTH M Ta3a B IPOMEKYTOTHOM
cocToaHnn, npepcraiendoM Ha ¢mr. 80 rourod B. Ilorasare, 49ro
B 3ToH TOYKe OTHOIIEHHE MAcC TI'asa H JKHIKOCTH OUpefeidaeTcs

peauunsoit BB’ : BB”.

X

®ar. 80. @ ur. 81.

10. BuBapHHK pDacTROP COHEPIKHT ny MoJed O HOTO W R, MoOIelt
ppyroro BemectBa. llycts J ecTh HEKOTOpPAs 9KCTEHCHBHAH BeJMUMHA,
XapaKTepUsyoImasg pacTBOP. 3aBHCEMOCTH Belwdwmnl J/(ng -+ n,)
OT MOJIADHO# foam I, W300paKaeTcsa CLIIOMHON KpmBOW Ha ¢mr. 81.
IyaxrupHas auaua QPR racaerca sToil KpEBO#X B Touke P. Jlokasath
CIpaBefJIABOCTH CJE[YIOMEX COOTHOUICHHMA:

0=(5-), 4 ="
RO’:(%)ZD’ =7

11. OGosmaumm ¢yrarmsHOCTA [cM. (4.22)] ®KOMDOHeHTOB rasoBoit
cmecu uepes v; (i =1, ..., ¢). Ilokasars, 9T0 OpH HOCTOAHHKX
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AaBJIeHHN H TeMmOepaType BRIIOIHACTCA ClHeAyIOolNee COOTHOINeHUE:

c
M nidlnvy, =0.
i=1
3mecs n; (I =1, ..., ¢) — MoJApHAA HoJiA i-T0 KOMIOHEHTA.-
12, Ilycre MoasApHBIE Zoawm ABYX KOMOOHEHTOB B OHHAPHOM PacTBO-
Pe PaBHHL Iy U 2, XAMAYCCKUA NOTEHOHA OFHOTO KOMIOHEHTA OTpe-
IeNIeTCA COOTHOINEHHeM

G =G*(T, p)-+RT In z,.

Iloxasats, uro mpm 3TOM XHMUYECKMI
TMOTEHIEA] BTOPOTO KOMIOHEHTA HMEET
BUT,

Gy=G*(T, p)+ RT In a».

13. B pas6aBieEHOM HIeaIbHOM
IBYXKOMIOHEHTHOM pacTBope (OPH IO-
CTOSIHAON TeMIepaType) JaBJeHHe mapa
pacTBopuUTeas p; MOTYAHAETCS BAKOHY
Payua

D1 = TPy

(3mecn p$ — AaBjIeHHWe mapa AJA YHCTO-

ro pacTBOPHUTENsI). JTO COOTHOIICHHE

@ ur. 82. cupaseguauso upm z; — 1. Ucmonbsys

3TOT 3aKOH # YypaBHeHme ['mG6ca —

Hiorema, monyunts 3axon I'empu (4.29) 1A maBieHus mapa pacTBo-

PEHHOTO BEMEeCTBA P, W Popmyny (4.306) Ais XMMHIECKOTO IOTEHNH-
aja PACTBOPEHHOTO BEIeCTBA. .

14. JlorasaTh CIPaBEIIMBOCTD CAGXYIOMMX YTBED:KASHHH OTHOCH-
TeJILHO KPHBHX 3aBECAMOCTH AaBJICHEA apa p; WK Dz OT MOJAPHOU
molm z, (Wam z,) B crydae GmEApHOTO pacrBopa (pur. 82).

a) Ilyers oy W Op — HAKIOHK KACATENBHEIX K STHM KDHBHM
B Togkax A, m A, cooTBeTcTBeHHO, a P; M P, — HARIOHH JIWHAI,
cBABHBAOMUX Toukd A; n A, ¢ Hagamamn xoopgmaar Oy m O,. Torga

o2 TP
B4 Bo

6) Ecxnm xacatensHas B TouKe A IPOXOANT Yepes HAYAIO KOODJH-
gat 04, TO KacaTeJbHas B Touke A, npoxomgut gepes 0.

15. B caygae wumeansHoro OHMHAPHOTO PacTBOPAa XMMHUYECKHHR
IMOTEeRIAAN i-T0 KOMIOHEHTa BhIpaskaerca Qopmymos (4.34)

Gi=GXT, p)+RT Inz;.
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3nech £; — MoIspHAsA JONd -0 KOMIOHeHTa, a () — ero XHMAYeCKHER
TOTEHIHAJ B YMCTOM COCTOSHHH.

Ilycre Takoii mAeadbHHIA PACTBOP NHOJYYal0T LYTEeM CMemeHHsd
YUCTHX RUAKEX KOMIOHeHToB. JloRasarb, 4ro B 3TOM CIyuae cmpa-
BEIIUBH ClefyIOIWe IIOJOKEHAA:

a) He mpomcxomur msmemHeHMs obBeMa.

6) He npomexogur mornomeHWs M BHeNeHHs TeIia.

B) llsMenHeHme »HETPONNE ;PaBHO BHTpomME cMemeHmsa (4.19).

Haiitn raxxe maMeHeHVe BHYTpPEHHeH pHepruu.

16. Mmeercs wmpeaJipHBI pacTBop, mapH KOTOPOTO MOKHO pac-
cMATpPUBATL Kak mpeanpEbir ras. llowrasaTrs, 9To [aBieHme napa
OpHGIM;KReHHO IPONOPIHOHANLEO ModApHoil moixe [em. (4.36)1. Iloxra-
3aTh lajiee, 4T0 3TO NPUOIHKeHNe CIPaBeIINBO B 6O NBIMHHCTRE CIyTaeB.

17. Boisectu QopMmydy miisi OCMOTHYECKOTO JAaBJCHHA B CJIydae
AfeanbHOro OWEAPHOTO PAcTBODA.

18. B cayuae maeanbHOTO pasbaBieHHOTO pacTBOPA NAaBJICHHE Dy

HACHINEHHEX MapOB PACTBOPHTENSA HPUMEPHO MPOIOPIHUOHAIBHO €ro
MoJApHOi gone x, (~1). Uexoms
M3 3TOTO, IMOKA3aTh, YTO M3MeHe- 1500 T T T T
HP® TOYKYM KHUIEHMS TAKOTO PacT-
BOpPA TPONOPHUOHAIBHO MOJSADP- 1400
HOI potex, (€ 1) pacTBOopeHHOTO
BemectBa. (Cieyer uMeTh B BERY,
9T0 PACTBOPEHHOS BEHmecTBO TOMe
MOKeT MCIapsAThCH.)

19. Homnenrpanmsa pactBo- 1200
PeHHOTO BemiecTBa Z, B TBepROH
dase, BHIamalomedl B 0CagoK H3
pasbaBieHHOr0 PACTBOPa, IIPO-
HOPHUOHANBHA KOHI[eHTP AR
(MomspHON mome zp) pacrBOpeH- 00
HOTO  BelmecTBa B  PpacTBope
(B munroit pase): z, = kz,. 31ech i
k ecrp HewoTopasa QYHKHHES TeM- @ mr. 83. (dasopasd AMArpaMMa cIia-
mepatyps. B upemmoioykeHAd, ’ Ba Cu — Ni.
q9T0 JKEAJKAg (asa NpPefcTaBIACT
coboit maeanbEE pasbaBieHHBIA PacTBOp, a TBepHAad — HACANBHbIH
. pasbaBleHHMI TBEPALIHA PACTBOP, NOJAY4YHTH (GOPMYNy, CBA3HIBAIO-
My W3MEHEHWe TOYKW 3aMEP3AHMS ¢ MONIDHOA poledt Z,.

20. JIBa meranna 1 u 2 (¢ Touramu muasiaenus Iy u T'» u Temyora-
Mu maasiedns Ly u L,) X0pOmIo CMEeMHUBAIOTCA B sKUAKOHA ¢ase u coB-
ceM He cMemmuBawTcA B TBepHoid. Iloayamts ¢asoBylo mHATpAMMY
M ypaBHEHHE NJA OUpEeNelNeHWs! dBTEKTHYECKOH TOUKM, IPENIOJATasL
IJs MPOCTOTH, YTO TEIIOTA IJIABJIEHWS He B3aBHCHT CYIMEeCTBeHHO
OT TeMOepaTypH.

1450

1300

o,
0,6

1100

16 Hybo
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21, Ipa meramna A m B xopomo cMemmuBamTCa KaR B MHJKOI,
Tak B B TBeppoi dasax. Ilycre cmecm Begyr ceba Kak WaeasIbHEIC
PAcTBODH, a4 TeMIGPATYDH IJIaBleEHs W TeIJOTH IIABICHHAA (Ha
1 moav) maa meransioB A u B pasmm coorsercrierno Ty, Ty m Ly, L.

a) Illonydmts ypaBEeHUA AJA KPEBHX coXmgyca (TBepmoit dasn)
7 nukBEAyca (Rupkoi ¢asm) Ha dasoBoidl gmarpaMme B ofmieM ciaydae.

6) YupocTurh mOoTydeHHEIe YpaBHEHWA W IOKa3aTh, 410 Jasosas
ImarpaMma mMeer curapoo6pasuyio gopmy (¢ur. 83), eciu cupapepian-
BB CJE[YIOMFe HPeAIoIoKeHus: 1) sHTPONHN IIABIEHUS AJA MeTal-
aoB A u B (Ha 1 M04b) pAaBHE M EMEIOT NOPAMOK BEIWYHHL ra30Boit
OOoCTOAHHON IR; 2) TeMIlepaTypHOIlI 3aBMCHMOCTBI0 BenudnmH L, m Lo
mosxHO mpenebpeus; 3) | I’y — Ty | K Ty, T

22, TasoBas peaxruus

aA +B 4+ ... =IL+mM-+ ...

OPOMCXOJHAT UPH HOCTOSHHON TEMIEPAType H HOCTOAHHOM 006DbeMe.
Iloxkaszars, UT0 BeaMYMHA

LM ...
[AJ*[B]b ... =Ko (T)

3aBUCHT TONEKO ot TeMuepaTyph (I'yapbepr u Baare, 1867). Ksampar-
Hble CKOOKM 0003HAYAIOT YMCJI0 MOJEKYHa B egumHUNE 00beMa. CUNTATD,
9T0 KaKIHII KOMIICHEHT HoAYuHseTcss opMyaaM AJA HiealbHOro Ta3a.

23. B cay4ae xumumuecKo#l pearmuu B CMECH HeaJbHEX Ta3oB
LOJYYHATHh yDaBHEHWS

dlnk, AU

— = T (msoxopa peaxitum)
H —

dinK 73 =

il AR % (Barr Topd, 1885).

3pecs AU w AH 0603HA9a0T CTAaHJAPTHYI0 BHYTPEHHIOIO SHEPTHIO
H CTaHJAPTHYI0 sHTAJApIMI0 peaknmu (Ha 1 moab).

24, Komcranra papHOBecmsi peaknum A, = 2A, nporexamomeii
B uaeannEOM raze npu 18° C, ompefiensgercs COOTHONIEHHEM

K. (18°C) = %’5 — 1,70 104 moav/cn?,

rie KBajpaTHEe CKOOKE 0603HAYalOT 9HCIO0 MOJEH B eguHHILEe 00BeMa.
OnpefeuTh CremeHb AUCCOLMAIME IpPH JABICHHH TIasoBOH cMecH,
pasHoM 1 amx. Kaxyio BeruanAy JOKHA EMETh CTeIeHb JACCONAAINR
npu 19° C 1 1 amn, ecim Tenmora peaxnum pasHa 5,0-10* kas/moan?

25. PaccMmorpers moraomenne rasa A, TBepauM Tesnom T. Ilpemmo-
jarag, 910 B T MoJdeRyam A, AucCOmMHPYIOT Ha aToMbl A, HahTH
COOTHOMIeHHE MeK/y [aBJIeHHEM Tasa pa, ¥ KoHueRTpammed A B T.
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26. Ilpm marpesanun TBepAuH KapGomar xaxsmusa (CaCOj) gmcco-
nuApyer Ha TBepAyw okumch kKauabnma (CaO) um yrioexmenani  ras.
Ha6monaemoe snauenme (B arTMmocdepax) [gaBiieHHS AHCCONUANHEA
(. e. maBnenme pco, rasooGpassoro CO,) mexpgy 1100 m 1500° K
MOKeT OHTH BHpaskeHo ciaexylomeit dopmyroi:

1g peoy= — o — 5,388 1g T + 26,238,

Hajirzw mamenemme AH'. cramiaprHOH SHTanbOMHM BTol peaknum mmc-
CONMATNH.
27. BEyTpH 9I€KTPOXMMHYECKOTO 3JIeMEHTAa HPOTEeKAeT pPearIud

(4.676)
Ag (rBepr.) 4 % Hg,Cl, (rBepg.) — AgCl (rBepa.) + Hg (xupk.).

Ilpu 25° C m pmaBaenmm 1 amm TONYY9eHH CAeXYIOMHUE SKCIICPHMEH-
TaJbHBE 3HAYCHHS JJiA 5. [. C. ¥ €e TeMIepPaTypPHON 3aBHCLMOCTH!
E = 0,0455 ¢ u (0E/0T), = 0,000338 6/2pad. Onpenennts TepMopm-
HAMAYECKME IOTeHIHMAN, OHTAJBINMIO H JHETPONHIO HTOH pearumu.

28, na prytd mMeoTcsd CIeLyIoMue dKCIePAMEHTAIBEbE TaHHKe:
Touka nnaBaemma T, = 234,2° K; smaueEwe »HTpomEM TBepHoi
PTYTH DDA TemmepaTtype I p,, MONYYeHHOe GHCICHHEM UHTEIPHPOBAHH-
eM TeNJOeMKOCTH IpH HOPMAaJbHOM [aBiieHAH

234,2 d
S (234,2°) = S Cp L
0

= 59,9107 ape/moan -2 pad;

rensora miaasaerns 2330107 ape/moav; Toura wunenus T, = 630° K;
BO3pACTaHMe PHTPONHH JREAKOA DPTyTH, ompefeliseMoe N0 BECHEPU-
MEHTAJBHEM 3HAUYCHHAM TENJI0EMKOCTH IPH MOCTOSHHOM HOPMaJbHOM
ABICHIHE

630
Sy (630%) — S, (234,2°) = S p X — 26,2107 ape/moas-2pad;
234,2

remioTa umapoobGpasosamus 959 300-107 ape/moan. Hexoms m3 atux
HAHHHX H OPEANONATad, ITO HaPH PTYTH MOMKEHO PAaCCMATPUBATh KaK
OIHOATOMHHHI HealbHEN Ia3, DOJYYATh 3HAUYCHUE [JId ee XUMUUCCKONA
MOCTOAHHOM i.

29. Merann, HarperHi#i [0 JOCTATOYHO BHICOKOM TeMmepaTypHI,
HaYXHAeT HCIYCKATh 3JeKTPoHH. Ilokasarp, 970 XAMIYECKYIO IOCTOAH-
HYI0 TeIIOBHX 9JIEKTPOHOB MOIKHO OUPEeNATh o TeMIepaTypHOK
3aBHCHMOCTH JABJIeHHAs 3JeKTPOHHOTO rasa, Haxojdmerocsd B pPaBHO-
BECHHM C METaJIJIOM, eCJIM IpPeIOJOKATEh, 4T0 XHMHYeCKHI noTeRnHAl
9J1e1c'rponon B MeTajie ImOCTOSHEH.

16*
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30. Umeercs anempoxnmnqecxuu 3JIeMeHT ¢ BOJOPONHBIM 3JIEK-

TPOIOM

(Pt)H, (ras) | HC1 (og.), z| AgCl (re2pz1.) Ag (tBepg.),

Ha YJERTPONAX KOTOPOTO NPOMCXOXAT CleAyIIAe DPeaKmum:
%Hz (raz) — H* (HCl, Bog., z) t-e,
AgCl(rsepa.) +¢ —> Ag (rBepa.) + Cl- (HCl, eon., z).

Kaxopa pesynprapyiomas peakmaa? Ilowasate, aro ». 4. ¢. E aroro

AjJemMedra MOoKHO Hpe/]CTaBHTB B BHE
2RT
E:EO—(

) 1o )+ (5-) In plgs

3mech z — xommerrpamus HCl, y — cpeHss AaKTHBHOCTH WMOHOB,
a pp, — JAaBIeHWE ra3o06pasHOT0 BOTOPOIA.

[B]

31. Hmxe KpUTHIECKOW TOUKH paccMaTpHBaeMad CHCTeMa IOM-
anasgercd ypaBHeREmio BaH fep Baaawca. ITorasars, aro mpm ysemnue-

G

®ur, 84.

dL L
ar =Cr—Cp+r—L

HUM TABJIEHAS \IPH MOCTOSHHOM
TeMIeparype H3MeHeHne TepMo-
MMHAMEYECKOTO  OTeHNHANA
HOPOUCXORUT B, COOTBETCTBAH €
¢ur. 84.

O6bacHUTE, KaKme H3MeHe-
HUA TPOMCXOJAT € TaKoil cm-
creMofl IpH aToM Ipoiecce,
eclI TeMImeparypa MeHbIIe
KPUTHIECKOH.

32. llee Passr 1 m 2 mHa-
XOfATCA B pPABHOBECHHM [JPYI
¢ apyrom. Ilokasars, aro’rem-
TepaTypHas 3aBUCHMOCTDH Teli-
JOoTEH mepexona u3 Qasu 1 B 2
oupepensercs ypaBHeHHeM

Vzﬂz—V151
Va— Vs

3necn Cp, u C;, — yAeHbHb MONAPHEE TEIIOGMKOCTH IIPH HOCTOSAH-
HOM JaBieHHHN, a By A P, — KodpPUIEEHTH TEHIOBOTO PACIHAPEHHS
das 1 m 2. [loxasars, B YACTHOCTH, UTO B Ciyuae, Korja mepsas dasa
AIBIAETCA KAAKOM HIA TBepAod, a BTOpas IPeNCTABIAET HAEANBHHII
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ra3, IpMBeJeHHOE BHIIEC YPaBHEHHAE MOMKHO 3aMEHNTH HpHﬁJIHH{eHHHM!

aL

ar CpZ_Cpi'

33. Ilokasarp, 4r0 yHeldbHAA TEMIOEMKOCTh HACHIEHHOT0 mapa
upu temneparype 7', T. €. yAeJbHAA TOMI0EMKOCTh, COOTBETCTBYIOMAL
nponeccy HATPEBAHHS, IPH KOTODOM AP BCe BpeMA OCTACTCA HaCH-
DIeHHHM, JAaeTCH BHIPAKEHHEM

r dr r d r
c=cf—=¢cL - ——=¢l —-(—)
p T pt dar T D+T ar \r
3pecs r o6osHagaeT TemAory NapoofpazoBaHEA HA efUEHIY MAacChi,
a ¢p — YAENBHYIO TEILIOEMKOCTEH RHJKOCTH HPH NOCTOAHHOM HaBJe-
HEAN.
Brrgucanrs ¢ paa sops upu 100° C, ecnm pis mee

dr

57 = — 0,64 waa/z-2pad, r=>539 raulz.

cp=1,01 Bau/z-2pao,
Haror Quswyeckuii CMECI OTPHIATENLERX 3HAYCHHH c?

34. V3z-3a noBepxHOCTHOIO HATSIKEHHS [JaBJeHHe HACHIIEHHOIO
mapa p, HaJ uakoldl kKanjgedl papmycoMm r (dmr. 85) Goabme, geMm
JABJEeHUE Po (OORHYHOE 2HAUCHWE [aBIEHUS ,
HACHIeHHOTO napa) Haj IJOCKOW Trpamuned
HARKOE haskl.

a) BmBectn cooTHOmeHHme MEXEY pPr K T.

0) Ilpm rakoM KpuTHYeCKOM 3HAYEeHHH Da-
AHyCa I, TAKO# KAaIlld OHA MOMKET PACTH B Ie-
PeHACHIMEHBOM Iape, AAS KOTOPOTO p => Doo?

35. Ucxoas m3 TOrOo, 9TO TEMIOEMKOCTD
¢ HACHIIEHHOTO Iapa OTpHiaTexbHa {(CM. 3a-
nagy 33), o6bACEETh, moYeMy UDHW BHEe3aOHOM
pacmmpeHun B Kamepe DBuascoHa BO3HEKaer
TIepecHINe HHA map.

(Vrasanue. Paccmorpers azmabaThl ¥ KDHBYI [daBJIeHHA HACH-
HIEHHOTO mapa B miuocKoetdn p — T.)

36. Ilpu mmsxux TeMmepaTypax HEKOTOPHE METAJJILL CTAHOBATCSH
cBepxupoBogamEME. B aToM cocrosmnu oHy 061a1aioT 3aMedaTeIbHEIM
cBoiicTBOM (a(derr MeiiccHepa), BaKIAOUAIIEMCA B TOM, 4TO BHENI-
Hee MArHETHOE TIolle He TpOHEKaeT BHYTPh Meramia (B = 0 pame
opr H s+ 0). Ogparo, KoTRa BHENIHGe MATHATHOe HOJE€ CTAHOBUTCH
Gospme oppelieneHEOro KpmTHyeckoro sHavemms H, (T), csepxupo-
BOJ[Ailie€ COCTOSHNE PA3PYINAETCSA X EPEXOAUT B HOPMAJBHOE, TAK IT0
B cranorutcs pasmm H (opm | H | > H, umeem B = H). Ha ¢ur. 86
OpuMBefeHa KPHBAS 3aBHCHMOCTH KDPHTHYECKOI0 MATHATHOTO HOJNA
H, (T) or T. Oua pgeamr mwrockocrs H — T Ha jiBe wacTd, COOTBET- -
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CTBYIOIIAe CBOPXNIPOBONAMEMY COCTOSHHIO § H HOPMAaJBHOMY COCTOA-
HUIO . ‘

a) OmpefieIETh CKPHTYI0 TEIJIOTy §— n-mépexoma npm H =4 0
al <Z T 0

6) Brsectm Gopmyny Pyrrepca

(T )emn =7 (277
ar T=To— V T T=T0.

3necs C; m C,, — yAenbHEE MOJSPHHE TEIIOEMKOCTH COOTBETCTBEHHO

CBEPXIPOBOAAINEI0 K HOPMAJBHOr0 COCTOAHWI, a V — yjaeabHHM
MOJNSPEHA 06BEM.

T T T T T B) Hafitu coorHOmEeHHE
Pb mexny Cs m C, mpm mpoums-
BONBHON TeMnepaType, CIuTad,

F~~ 4 uwro H, = Hy |1 — (T/Ty)?.
~ 37. Ilpum BosromKe cMecH
OBYX PAa3HKHX COPTOB KHATKO-
4 crefl MOKeT BOSHHKHYTh TaKas
caryauds, uYTO0 HAAA HEKOTO-
pofl TeMmepaTtypH H KOHIEHT-
J  pammm cocraB pacrBopa Oymer
COBHAIATE C COCTABOM Hapa.
910 ABICHAe HA3HIBACTCHA a3e0-
4 mponueii. Tlogasats, 4T0 yHA-
3aHHAA TeMIeparypa COOTBET-
CTBYeT MaKCHMYMY WJAH MUHH-
: | wmymy Ha KpEBHIX razoo6pasHoil
0 1 2 8 4 56 7 & pu wuagwoit Pa3 Ha (PA3oOBHX
oK gHATrpaMMax THUA A300paKeH-

geix ma ¢ur. 87.
®mr. 86. 38. PacemoTpuM BeIIecTBo
- A, copmepskamee npmmech B.
B o6nacte $asoBoil quarpaMMH, COOTBETCTBYIOMEH MaIkIM KOHIEHTPA-
muaM B, Kpusbe jxkmpko#i m TBeppofl a3 MoskHO NPHGIHKEHHO
cuntaTh opameiMa. OGoamagmm wepes C KoOHIEETpammio Ipummecm B
B TBEP/OH (ase, BHDAfAIEH B 0CATOK A3 KEAKOHR (assl, TIe KOHIEH-
Tpanasa npuMmecd pasHa C,,. Ormomenue C/C, = k HaswBaeTcs KokH-
cmanmoii cezpezayuu. Wsobpaxenmnit ma ¢ur. 88 pacmiaBieHHEH
CTeps&eHs AAMHON [, KOHIEeHTpamEsa BemecTsa B B KoropoM paBHa Cp,,
OXJKIAETCA € JIeBOTO KOHOA W sarBeppaeBaer. llokasarp, 9YT0 KOH-
meHTpanus upmMecu B Ha paccrosHam z OT JIEBOTO KOHIA ONHACHBA-
erca popmynoi - :

C (@) = kC3, (1;%)"”1.

1000

500 [—

H, spcmed

1

LBepxnpobadsnuyee
cocmosHue
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IIpegnonaraercs, aro B TBepRod dase nupdysmm aTOMOB He MPOMCXO-
IHT, a B REAKOH (ase AuPPYsUA TPOHCXONET TAR OHCTPO, YTO KOH-
HEeHTpanHuA BCe BPeMA OCTaeTCHd OZHOPONHOU (EPHHNNI MeToAa 30HHO#R
[JIaBKH).

7 T g

®nr. 87.

7
T Hudras
pasa
TBeplan
Qa3
! \
kCp, Cnm —_—C 0 2

® mr. 88,

39. Jlna HEeKOTOPHX THIOB BHICOKOIOJHMEDHEX DacTBOPOB XHMH-
decKpe IOTEHIHWAJH PACTBOPHMTENS H PACTBOPEHHOTO BeIMecTBa IpH-
OJImeHHO BHPAKAIOTCA CIEAYIOMEUM 00pasoM:

Gi=G (T, p)+RT[lng+ (1—5) (1—p) | +w )2,
C—%z=67§§(T, p)+RT [Ingz— (r—1) (1 — ¢2)] + 1w (1 — @2)*.

3mece r o0osHagaeT CremeHb TONMMEPH3ANNM, & ¢; — 00BeMHBe ION’:
_ Ni _ I'N2
PET N, PN,
rie Ny m N, — COOTBETCTBEHHO THCJIO MOJEKyJ PaCTBODHTEJNS U BHCO-
KOMOJUMEPHBIX MOJEeKyJ PacTBOPEHHOTO BemecrBa. llpeamoxaraercs,
9T0 KAKAAs MOJEKyJIa NoJMMepa COCTONT H3 I MOHOMEPOB, a 00BeM,
3aHMMAaeMH MOHOMEPOM, NPAMEPHO paBeH 00BbeMy MOJEKYIH PacTBO-
parens. B srom cayugae:
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a) mOKasaTh, 4TO HPUBEJeHHBE BHINE XMMHYECKMe IOTEHIIHAJIH
YAOBIETBOPAT ypaBHeHHI I'm66ca — Jliorema;

6) CpaBHUTH SHTPOLMIO CMEMEHHA HaHHOTO PACTBOPA C DHTPOIMeH
CMeleHHsT HAeaJThbHOTO PAacCTBOpA;

B) BHIBECTH COOTHOIIGHHWE, CBA3HBAIONEe TEIIOTY CMEIICHHA
¢ KOHMEHTpaluell pacTBopa;

r) HCCIeT0BaTh 3aBHCHMOCTH OCMOTHYECKOTO HABJCHAA U HaBJICHHH
Hapa PpacTBOPEHHOro BeIIECTBA OT KOHIEHTPAI[MM ero B pacTBope.

40. Bogamii pactBop ¢ KomHmemTpammedr r] mojexyn MTX~™ mammr
B pesepsyap I, a ppyroii pactBop ¢ KOHLEHTpamue#d zj MOJNERy:
M*R- — B gpyroit pesepsyap lI, oThenerBHIl oT mepBOro MOAYIPO-
numaeMoii MemOpamod, depes KoTopyr Ipoxogar moEsl Mt m X-,
HO He wpoxomAr momsl R~ (fur. 89). B pesyasrare pupdysun moHOB
M+ m X~ uepes memOpaHy B cmcTeMe yCTAHABIMBAETCA DaBHOBECHE
(paBrOBecue memOpambl [{ommana). IHafirm paBHOBeCHE(e KOHIEHTDA-
mun xz, u 2, eemecrsa M*X~ B pesepsyapax I u Il. Pacrsopst gas
IIPOCTOTHL CUATATH OYEHB CHJIBLHO Pa3s0aBIeHHHMHA H YAOBIETBOPAKWIIH-
MU BceM COOTHOMieHWAM [Js pas30aBIeHHHX HAEaJIbHBIX PacTBOPOB.
(Vrasanue. PacTBopH Bce BPeMA MOKHEL 0CTABATHCH HJIEKTPHUYECKH
HelfiTpa bREIMH. )

O ur. 89, dur. 90.

41. B cayuae, paccMOTpeHHOM B NpesAyIel 3afade, Ha OPOTUBO-
TOJIOKHEX CTCHKAX HOAYIpOHUIaeMoit MeMOPAHE BO3HIKAET Pa3HOCTh
OOTeHIANA0B., PaccMOTpeB 3JIEKTPOXHMHYECKNe IOTeHIHANH, HOIY-
quTh GOPMyIdy AJst 5T0H PAa3HOCTH IOTEHIHAJOB.

42. Tlonynponrnmaemas meMOpaHa (HempoHHmaeMas st moHOB R™)
nomemena B U-ofpasmyio TpyORy, ofiHA MOJOBHHA KOTOPOH 3amoJHEeH]
pacreopoMm M*R- (¢ur. 90). Msmepserca 0CMOTHYECKOE [aBJIEHHE.
ITpm pnobasnenmunm pacrBopa saekrpoamra M*X~, Koropmii Mosxer
IPOXOauTh depe3 memOpaRy, HaOaofaercss yMeHBIIeHHe 0CMOTHIECKO-
ro napnenda. OOBACHUTD DTO ABIEHWe, CYUTAA A IPOCTOTHL PACTBO-
pH pas3baBIeHHEIME ¥ HIZeaJbHHIMHA.

43. B rabaume npuBefeHH JKCIEPUMEHTATLHEIC 3HAYCHHA NMOHH-
skenms 0 TeMmepaTypsl 3aMep3aHHS B 3aBHCHMOCTH OT MOJATLHOCTH
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Bopuoro pacrsopa HCl. OupegenuTs nmo sTHM JaHHBIM OCMOTHIECKHH
Koa(puIUmeET ¢ W CPABHWTH €ro ¢ mnpefeibHBM 3HaueHHeM (4.56),
moxysaempim w3 sakoHa JleGass — Xiokkema (cm. mpumeps 6 u 8).

103 m,, Moas/x2 102 0, 2pad 102 m,, Moab/xe 102 0, epad
0,627 (0,228 3,528 1,286
1,179 0,434 4,520 1,644
1,245 0,455 6,879 2,494
1,474 0,542 10,633 3,843
2,228 0,815

44. B npuMecHOM HONYNPOBOAHUKE R-THUIA aTOM NPUMECH (HOHOP)
D momnusyerca B xome pearuunm D == D* 4 e, npudem ocBoGoyiaercs
BIAERTPOH UPOBONHMOCTH e. CUmTast KPHCTANI ¢ LIPUMECHI0 ATOMOB
D u momor D* upeanpmniM pas0aBreHHOEIM TBePAHIM DACTBODOM,
a BJIEKTPOHH MPOBOJUMOCTH — HAEANBHEM Ta30M, BEBECTH HA OCHOBE
TePMOUHAMUYECKOTG PACCMOTPEHUA OPMYIY [JsS PABHOBECHOH ILIOT-
HOCTH DJE6KTPOHOB IPOBOIIMOCTH.

3amMegannme. Tark HAK B3JIEKTPOHH TPOBOAMMOCTH MOTYT
cBOGOXHO NBUTATBCS B KPUCTanNe, WX MOKHO PAcCMAaTpUBATB KaK
cBoero popa ras. lIpm HUZKO# KORUEHTPATMH 3JIEKTPOHOB HPUMEHMMO
OpubMIKeRne WAeaJbHOTO rasa.

45. PacnmasierHoe cepeGpo XOpOIIo PacTBOPsETCsI B PaCIiaBieH-
HOM 30JI0Te

Ag (mupgr.) - Ag (8 Au (sRuUmK.)).
Yrobw 9TOT mpoilecc mporeran obparmmo, Barmep m JHreaprapur
COCTABHIHK BICKTPOXMMUYCCKUN DJIEMEHT
Ag (mupr.) | AgCl, KCI (cmecs) | Ag, Auy_,

W U3MEPUIU ero 9. A. €. JIKCOePUMEHTAJILHEIE JAHHLIE OTHOCUTEIBHO

BaBHCHMOCTH 3. I. C. OT KOHIIEHTpDAIMU Z LDHUBEleHB B Tabimiie.
Ilpepmonaras, 9ro IRUFKUE PpacTBOP

Ag Au,_, sBIderca wuOeajJbHEM, HaWTH . e
a.0.c.upuz = 0,5 w 1360° K. B raGanne ’
upuBefieRE AAHHBIE A 3. . C. OPH Ofi-
HO#l ¥ TOIL: ke Temmeparype. OripepenuTs 0,846 0,021
3 STHX JAHHEIX KO(POHIMEHT AKTHB- 0,716 0,045
HOCTH Y, AaBaeMHR d¢opmyxon (4.43). 0,602 0,074
2 0,471 0,114
46. B npuMmeHeHHME K CIy4al XuUMH- 0.263 0,198
9eCcKOT0 paBHOBecua upnuanud Jle-MMarenpe

0o3Ha4aeT cjexyiomee: a) Kcaw upwm mo-
CTOSTHHOM J|aBJeHVH NOBHIIATH TEMIIEPATYPy, TO XAMUYECKOe PaBHO-
BecHe cMeINaercs TaKEM 06pazoM, 4TO0K TPOHCXOAHJIO HOIMIOMEeHHe
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reryia. 6) Ecau mpm mocToABHOHW TeMmepatype YBEJHYWBATH [JaBiie-
HEe, TO XAMHAYECKOE pPaBHOBECHE CABHIaercsl TAaKHM o00pasoM, 4TOOH
00THeM paccMaTPABaeMOil CHCTeMH yMeHBMIAJCHA. [OoKasaTh cIpaBefi-
JHBOCTL HTUX HOJOMKEHHH,

(Bl

47. Howasars upaBmio MakcBenna, paccMOTpeHHOe B npmmepe 1
s rasa BaE jgep Baaanca. 3aMeruM, 9T0 COCTOSHHA, IS KOTOPHX
Ha p — V-nmarpamwme (9p/@V)r > 0, siBuAloTcss He QuaHYeCKuMH,
TaK KaK B HUX HAPYIIAITCA YCIOBHA TEPMOIHHAMIIECKOR yCTOunBO-
cta. [losToMy [isA HOKAsaTenbCTBA PABEHCTBA TePMOTUHAMHOYECKUX

P K

Dur., 9.

worennuanaoB pgis toueR A m E (¢umr. 91) cuemyer paccmaTpmBaTh
KBAa3WCTATHUECKHAR Tpolecc, IPA KOTOPOM CHCTeMA OPOXONHT TOJBKO
qepe3 QUIWUECKWe COCTOAHWS, He 3aTparWBasg YNOMSHYTHE BHIIe
Heduangeckne cocrosana. Memoapzosars ToT pawr, uro Cy ABIAETCA
$ymrmmeir Tonpro I (cMm. samagy 34).

48. B mapamarmmrHON o6macTun Bemie Temmeparyps Hopm T,
MarAEUTHAA BOCIPHEMIMEOCTH (eppoMarHETHKA HOAYMHAETCS BAKOHY
Hropu — Beiicca

A
At = (A — monosmTeNFHAN TOCTOAHHAA).
—4ic

C HOMOIBIO TePMOJUHAMAIECKOTO PACCMOTPEHAA HCCISTOBATH CKATOR
TEILIOEMKOCTH TAaKOTO BEMEeCTBa B TOUKe Hiopwm m CIOBTAHHYIO HaMar-
HAYeHHOCTEH HmKe TemuepaTypsl Kiopu. (Yrasanue. Ecim cBobogmyio
suepruto F (M, T) upencrasurs B Buje pasiaomenma F (M, T) =
=F 0, Ty + Y2 (T) M?> + B (T) M4 4+ . . ., 10 a (T,) =0
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o f (T.) > 0. B rauecrBe npubamuenns PacCMOTPETH PasJioMeHne
IAIL KO 4YieHOB mopspguxa M %))

49. O6BsicHATH ¢ IOMOIIBI0 TEPMOREHAMHUUECKOTO PACCMOTDEHHSA,
oo4eMy B BOLAHOM mape KAallIW BOXH KOHAEHCHPYIOTCA BOKPYT HOHOB
7 mpu OHICTPOM pacmupeHnH kaMepH BuibcoHa B Heit BEAHH clienH
uonoB. (Yraszanue. CBoGOgHAA DHEPTUA BOAH IOHWKACTCA IPH HOJs-
pH3anuy ee DIEKTPHUYECKEM 3apsAfoM HOHA.)

50. OmpepesuTs ycioBHA, NOPH KOTOPHIX BHEICOKOIONAMEPHEIR
pacTBop, OIHCAHHHN B 3agade 39, pacmagaercs Ha ABe (ash

PEWMERDB

1.a) Venosus rensoBoro paBHOBecHA AJdA JIBYyX (az 3aKII0YAI0TCA

B TOM, 4TO [JA 5TAX (a3 JOKEE OHTH PABHH TeMOEPATYDH, JaBJIeHAT
U TePMOAMHAMHYECKHE MOTEHIHA~

am G =F 4+ pV (ma 1 moav) F
lem. (4.1) — (4.3)]. laBuemne
p = — (0F/dV)r oupeneasiercs
B3ATHIM ¢ OOpPATHHIM 3HAKOM HA-
rroroM Kpusoit F (V) mua sagar-
goro saagenns 7. Taxum o6pasom,
B PABHOBECHOM COCTOSHHE HMeeM

oF, aFy

b= v, = v ¢ (1

Hanee, tar xak G,=0Gy, T. €.
Fo+ pVo= Fy+- pVsy, maxommm P

Fo—F
P——V—_—Vf (2)

Coorromernnsa (1) m (2) norasm- c @ .

BAaT, UTO paBHOBECHe YCTAaHAB- 4
ITMBAETCH MEKIY TAKAMA JBYMSA

COCTOAHASAME, KOTOPHIE COOTBET- D

CTBYIOT TOYKAaM HAa KpHBWX F,

n F,, mvetommMm o6mylo Kaca-

teasEy0 (cM. dur. 79) , a b v
6) Ilycrs saBmucmmoctn F —V Dur. 92

COOTBETCTBYET HelpepHBHAA KPpHU- T

Basi, maobpaskemHas ma ¢ur. 92

BBepxy. llomyuenmoe BRme ycjaoBre (2) MOMKHO 3ammcaTh B BHE

b
aF
_ S v =pVe—Ta),

a
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Tark 49To
b
{ pav=p@o—va). )

Coorromenne (3) osmauaer (cM. HWEHIOK wacTh ¢ur. 92), uto mwio-
many ADCEBba pasna nnomamu ABba, v. e. uro mnomans ADCA
pasEa miomanm CBEC. 310 u ecrb npasumo Makcrenna.

2. Ucnoxpsys gopmyny Haaneitpona — Knaysmyca (4.4), monydaem
dlm Ty (r—vg) _ 273(—0,091) 1

i . 5 3 13.103=—~0,99-10”4 epad/cm pm. cm.,

[Ie MCHOJL30BAHO TO OOCTOATENBCTBO, TTO

1 wan/emd =4,18107 ——t

m=3,13-’103 cM pm. cm.

3. C nomompo gopmymst Humameiipona-— Knaysmyca (4.4) maxomum

ar 9
ar  T(wg—uvp"®

Ynensusrit 00beM BOASAHHX NaPOB Uy 3HAYUTEIBHO (OABIIE YNEAHHOTO
obbema Bombt V. IlosToMy MBI MOReM HOJOMHTE Vg — U; & Ug
I HAHTH Vg, BOCHOJB30BABIINCEH YPABHEHHEM COCTOSHHA HAEAJBHOTO
rasa

RT  1,987-373

Ch PMyy0 _760-18,02:5’41'10-2 kaa/mm pm. cm.-2 = 1699 cm¥/e2.

Nmeem, rarkmm obpasom,
g = 27,42-373-5,41-1072 = 547 raa/e.

daMeudanme. OKCOGPEMEHTANHHOE 3HAYEHHE ¢ COCTABIAECT
539,032 kaa/e. B npuBegeHHOM BEIIIE PACYETE€ ITO COOTBETCTBYET
BHAYEHUIO Uy, paBHOMY 1672 cmd/e.

4. U3 dopmynn Huaaneitpona — Kaaysuyca (4.4) mmeem

dp ‘_Sg—Ss
(W)s—g_ngVs
)y _ Y=
(& )l—g—Vg—Vl

(ras — TBepyOe TeNI0),

(ra3 — JKUKOCTD).

M= 3maem, xpome toro, uto Vg >V, Vi m Sg>8,> ;. Haxomum,
TakmM 00pas3oM,
apy _Ss—Ss _S¢=51 (ap
(W)s—gN Vg = Vg (E—f)z—g
5. TpoiiEaa TOYKa ompefelseTrcd NepecedeHWeM - TpeX KPHBHX
paBHOBecHsa B p — I-TIIOCKOCTH, a WMEHHO KDPWBHX TeMHOEDATYDHOM
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SAaBUCHMOCTH DPABHOBECHHIX NABICHHZ Doy, D1y M Pgg; 34ECH HHGKCH
0, 1 u 2 03HAYAWT COOTBETCTBEHHO Jef, BoAy u map. Hawxion xpusoit
PaBHOBECHOro [gaBlIeHMs onpefgedsercsa dgopuymroid HKuanmeiipoma —
HKuaaysuyca (4.4). Kpmsaa py — T pasmoBecms ¢as jen — Bopa
IPOXOJHUT Yepes TOUKY, COOTBETCTBYIINYIO 760 mm pm. cm. mw 0° C;
€6 HAKJIOH B 3TOH TOYKREe paBeH

dpor __ o1 _ 80 lem3 - 2pad
ar  To@e—oy 273 (1,000 1) FAEM - 2pac. 1)

Kpusas pasHOBecms p;, — T MeXAYy BOJAOW M HApOM IPOXOAMT
qepes TOUKY 4,58 mam pm. cm., 0° C; ee HaRIOH B 3TOH TOUKE ropasmo
menbme snadenns (1). [Xors senuunaa g, = 600 kas mourm B 8 pas
Gonpme, 9eM ¢o; B (1), yaenpHHE o0BeM v, Hapa TNpH [ABIEHHU
4,58 mm pm. cm. u TeMmepa-
Type 0° C B 10° pas Goxsine,
geMm v, mwiu vy.] Kpusywo pis
MOJKHO IPAGIIIKEHHO 3aMeHUTH
TPAMOA TOPHU3OHTANBHOW IH-
HUeil, a BHAUOHAE TeMIePaTyPH,
npm  KOTOPOM 5Ta KpHBag
mepeceraeTcsa C KPHUBOM Py,
MOYKHO BHYUCIUTH N0 BeJIH-

fualnexueg

{
|
ggge AT, COOTBeTCTBYWIET s ]’\‘ fap (2)
—Apo1=(760—4,58) mn pm.cm. Py
s (1) monygaem B ‘{
ar - / i
Toor = —0,0075 epad/amn. Fypap——
IIprGan;xenHo MOMHO cYATATH ®mr. 93.

AT = 0,0075 gna —Apy =
= 1 amm. CremoBaTeibHo, TEMIEPATYPA TPOUHON TOUKM JICHKHT 0KOJI0
0,0075° C (naBnenme oroao 4,58 mm pm. cm.).
daMedanue. IKCOePHMEHTAJbLHEC 3HAUYCHNS IJd NaBJIeHHA
H TeMOepaTypsl B TpoHHO#I Toure paBHH 4,579 mm pm. cm.
7 0,0098° C. B 1954 r. TreMuepaTypy TpPOiHON TOYKHE NPMHAIH PAaBHON
0,01° C, ompefenrus TeM caMBIM CTOTPAXYCHYIO IIKAJLY TeMIeparyps 1).
Ha ¢ur. 93 nzobpaskeHH KPABHE Dgg, P1s B Poo. COCTOAREA, M-
CTaBIeHHNE® HNYHKTADHHMEA JIAHASAMH, HE ABIAIOTCA PaBHOBECHLIMH
YCTOMIUBHME COCTOSHASIMA; OHH JIHITh MeTacTaGuanHBL. Tak, paBHO-
BecHme MeKQy BOOH u mapoM mpu 4,58 mm pm. cm. m 0° C aBaserca
MeracTabaabHEM.

1y Cm. cT1p. 78.— Mpum. ped.
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6. B mammoM cirydae ¢dopmyny Huameidipoma — Haaysmyca (4.4)
MOKHO 3alHcaTh B BHJE
dp L
ar T T(vg—w)’

rxe L —crpeitagd Temnora mapooGpasoBaHmA. YcJoBEE <a» O3HAYAET,
910 Vg > v;. llpemeGperas Beawaunofl v; M MCUONB3YA UPUOIMAKEHIE
HAA MAEANBHOTO rasa vg=: RT/p, momydaem

e _ L ar.

p _ RI?
WarerpmpoBarme 3TOr0 COOTHOImMEHHWA ¢ y4YETOM YCIOBHA «6» W faer
P ~ e—L/RT,

7. Ucnonpsyem coorHomenue (4.8). B macTosmeM ciyuae yciaoBme
(3.30a) ycroitamBoro paBHOBECHS MPHMET BHJ

8U > 0.
IIpu sToM HaNOKEHH ClIeyOmue orpaHmYeHUsA: OGMAE 06eM ocTaer-
ca mocrosHEHEM (8v' - 8v” = (), momHas sHTpOIHmA TOCTOAHHA
(8S = 0), umcao wacTu, B KasEmolk (ase
nocroaaHo (0N’ = dN” = (). VYuurupas

BapHaIdd TIepPBOTO HOPAXKA, IIOJydaeM
08U = (—p' + p") 8V' 4 ybo = 0,

TaK 4YTO

’ ” do
Ap=p'—p"=y g7+

Pacemorpum GecKOHEIHO MAaJHA HPAMO-
YroJBHHK, IOCTPOCHHEIH Ha Treofesmiec-
KX, Kak mokasaHo Ha ¢ur. 94. 3pecs
0, u 0, — GecKoHEIHO Malble YIJH, KOTO-
pHie OHMPAIOTCH HA CTOPOHKEL 3TOTO IPAMO-
YroJbHAKA H WMEIT BEPHIMHHE B COOT-

3 BeTCTBYIOIUX IeHTpax KpupmsHH. Ilio-
4 mWagp TaKoro UPAMOYTOJbHHKA PABHA
®ur. 9%. 01020:0,. Ecam moBepxHOCTH pasgena

cMelaerca Ha BeamumEy Op B Hampasie-
HHY pajmyca, T0 06beM M3MeHAETCA Ha GeCKOHEYHO Malyio BeJINYHHY
dV’' = p1p,0,08,0p, a miomans NPAMOYTOJILHUKA BO3pacraerT Ha

do = (py + 0p) (P2 + 9p) 040, — 01020:05 = (P4 + p2) 800,0,.

Nmeem, takum oOpasoM,

do 1 1
av’ " py + P2’
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TAK 9TO pPasHocTh AABJIEHUE ompepenasiercs (opMyJioi
o Lty 2
Ap—v(m +Pz)— p’

rae 1/p —cpenmas xpueusHa nosepxmoctu. CoorHomenwe (4.9) mpep-

CTaBIAET cOOOH wacTHHIL ciyduafi sTOH (opMymsHL.
8. Har moxaszano » mpuMepe 3, DHTPOONUA HOBEPXHOCTH

— dy
Sg—— —U'ﬁr.

Konmuecrro remna @, moraomaeMoe HOBEPXHOCTHOIN MieHKOA OpH KBasm-
CTATUYECKOM H30TepMHYCCHOM .Iporecce, HOorja Maomanb ee yBeauum-
BaeTCA OT BEJIMYWMHEL 0y A0 Oy, OHpeaesdeTcd BhIPayKeHHEM

Q=T1[85; T, o2)—Ss (T, 01.)].

CiemoBarennuo,
d
Q= ——T-(ﬁf— (05— 0y).
IIpn xpasucrarmgeckoM agua0aTHIECKOM IPOIECCE MMEEM
dSs=0.
Takum oO6pazoMm,
%y dy 2. _ o
ag ar? dT-‘]LE—T—dO'—O,
wamn .
do | d(dy/dT) _
st qar =9
OKoHUaTeTHHO WMeeM
dy _
(¢} 'd—z—,- = const.

IT0 M ecTh MCKOMOE YcloBHe B cIiydae anumadarmdeckoro nporecca,
a BenrmymHa 1'; HaxofumrTcsa M3 ypaBHeHHA
dy (Ty) _ o v (T5)

Ot —ar, — %2 gr,

10 W3BEeCTHHIM Oy, T4y 1 O,

OTCTYHJIEHUE 12

Tepmodunanmura u oscusnwb. TepMogWMHAMAKA W HayKa O KH3HA
ABJNAITCA CTADHIMH [PY3bfAMM, 4YTO, BODPOUEM, W He yamBATeJbHO. IX
mpy:x6a Havamach HaBHO, ele HA 3ape TEPMOSHHAMHKH, KOTZA MOJXOMOTO
HeMeIKOro ZoxTopa Maitepa ocenmia reHHAaIbHASA HOeA 00 9KBHBAJIEHTHC-
cTH paboTH M TeILIOTH. [[pyroil OCHOBOLOJIO;KHHUK TepMopaHaMaKH [eabM-
roxsn 6nl, KpoMe TOTO, BeamKuM ¢uamosoroMm (cm. orcrymiende 1).
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Yd4eHHE HOKa eme He Pa3Trajanu TairRy xu3En. Ho passe BrI He Bepure,
9TO KOTHA-AROYAh GHONOTHYECKHE SIBIEHHA GynyT o6BACHEHE € MOMOINHIO
TeX JKe CaMbX (U3WIeCKHAX BAKOHOB, KOTODHM, KAaK MBI 3HAEM, MONYA-
HAIOTCA BCe SBIeHNsI HEOAYMeBIeHAOH npupopu? KoHeIHO, HUKTO He
MOKET OTPHOATH BO3MOKHOCTE HEKOTOPOTO PpPEeBONIONUOHA3APYIOMEro
‘OTKPHITHS COBEPIEHHO HOBOTO NPUHOUIA, YIPABIAOIMEr0 >KA3HEHHHEIMHA
mporeccamd. ONHAKO OYeHDb MAaJIOBEPOSITHO, YT0 TAKOH NIpPAHIHAIN, Aarke
ecan OH Oyger Haliled, OKUKETCA UPOTHBOPEUANMM 3aKOHAM (PABHEEH
u xgMun. Broxorn u GHAOQW3NKA, BO BCAKOM CIyYae, CXOHSTCSI BO MHe-
HAM, 9T0 eIHHCTBEHHHI MIOXOTBOPHEIII HOAXO0X K PACKPLITAIO TAiHK JKA3HA
OCHOBAaH Ra mpmMeHeHdn paboueil rummoressl 06 ofmeill copaBemaIuBOCTA
{UBMICCKAX 3aKOHOB B GHOJIOTMIECKUX IIPONECCAX.

TToxa Ee moay4eHO HUKAKUX JAHHHIX, KOTOPHE TOBODWIH OH O TOM,
970 B OHONOTHIECKHX NPOLECCax MOMKeT HAPYIMATHCA HePBHl 3akon
TEPMOIMHAMAKA — COXPaHEHHe bHeprad. MHl He cMoyxeM paboraThb, eciu
me GyneM ummrarhea. Buonormdgeckume HabMogeHus WIpasinm BRKHEYO POIb
IIPpH OTKPHITAH NEPBOTO 3akoma. HacKoXbKo MH ceifuac 3HAaeM, He CyIe-
CTBYeT Taxoii GopMel DHeprmm, Koropas Orija OB XapaKTepHA HCKIYH-
TeIbHO A ;KUBBIX OPTaHI3MOB: J060if BUL SHEPIHH, C KOTOPHIM MBI CTAJ-
KABAeMCA UPW PACCMOTPEHHH OMOIOTAYECKAX IIPOIECCOB, MOKHO IIONHO-
cThI0 00BSICHUTH, ofpamascs K ¢uswke mian xuMun. HakuM G CHOMKHEIM
HE Kasajdcsa OGHmOAOrudecK®il IIPOmecc, BCeTHa OKasniBaercs, 9T0 Oaxamc
9HePIUH RBBIIONHSETCS B HeM CTPOKAHmuM o6pasoM.

Bonee mexmuaTHRIM SBISSTCS BOUPOC O CIPABENIHBOCTH BTOPOTO
3aKoHa TepMOOWHAMHUKW. OJEHTpoOIHA ecTb Mepa 6Gecmopsankxa. Hmemmo
TAKYI0 ATOMWCTHYIECKYI0O MHTEPHDETaguio BTOPOTO B3aKOHA [JaeT Crarh-
CcTUYecKass Mmexadmwka. Bospacrampme SHTpOUWH, BooOme TOBODA, BHIpa-
3KaeT HeIPeoJOAUMYIO TeHZEHIMIO NPAPOAH K NePeXOAY B MeHee YIODHio-
YeHHOE COCTOAHWE — TeHISHIINI, KOTOPOil MOKHO HPOTHBOCTOATDH, JIMIMID
3aTpaTHB HEKOTOPOE ycmime, T. €. HEKOTopyio paboTy.

«IIpemcrasyienne 0 ToM, 9T0o BeelneHHAs CTpeMUTCA K TAKAM YCIOBHAM,
IPE KOTOPHX SHTPONHMA M CTENeHb (ECIOpAZKA MMET caMylo 0oabmyio
BEJIHYWHY, INTYGOKO MOBIWAIO HA TOYKY 3PEHAS MHOTEX OHOJOTOB HAa LpH-
pory Gwmomormueckux sipieHumii. Bpocaercss B Tiaza TO 0OGCTOATENBCTBO,
Y9TO KUBBIE OPraHmM3MH ODHAPYMUWBAIOT TeHACHIWIO K YHOPAMOUEHAIO HX
OKPYIKeHH, T. €. K CO3MaHUI0 (IIOPSAKA» TaM, THe paEbine GbLI Gecrnops-
nox. JHusHp Kak OB MPOTHBOCTOUT BCeOGIEMY CTPeMIeHHIo K GecIopAnRy.
Haxos cMmuica storo? OsEadaer Jum 9TO, YTO KUBHE OPTAHW3ME HAPYIIAIOT
1[11315/5) MOTYT HApymaTh BTOPOi 3a®oH TepMogwHaMmen?» (B pmmmMen

Maxcsenn omma)kmbl TipencraBmi cefe WCKIOYATENBLHO YMHOE CyIme-
CTBO — [EMOHA, KOTOPHI YUpaBjisgeT 3a[BM/KKOH B CTCHKE, Pa3fendromeil
ABa COCYNa, HATIOJHEHHAKX MOJNEKYJIaMH Ta3a, M BIYCKAeT TONBKO GHICTpHIe
Moaeryun (cM. orcrymumenne 1 B «Cratucrudeckoit Mexammrey [9]). Ecan
DTOT AEMOH [IefiCTBYeT COOTBETCTBYIOIUM 06pazoM, TO ra3s Mo OJHY CTOPOHY
crenku Gymer marpeBaThCs, a MO APYLyI0 — OXJaRfaThcAa. Kaszamock G,
3TO IPOTHBOPEUYAT BTOPOMY 3aKOHY TePMOJHHAMUKH.

YUrobb pemuTh, AEHCTBATENLHO U XeATeNIRHOCTh AeMoHa Marcmemna
HATIPABJIEHA HANEPEKOp IpEpofie, HeoOXOAMMO pasobparheca B TOM, KAk
yerpoeH 910t feMod. Korma B jKMBOM OPTaHA3ME COBEPINAETCH HEKOTOPHIIT
mepexof or GecHopsAmKa K MOPSANKY, BHOJIHE BO3MOKHO, YTO YMEHBIIEHNE
DHTDOIMA KOMIEHCHDYETCA 9€M-TO CKPHBAIOIMIMCA B Ge3HAIEKHEO CIOKHOM
MexXaHN3Me RWSHH.

B macrosamee BpeMs BCe eme Ype3BHYAHHO CIOKHO [OKAa3aTh WA
OIPOBEPTHYTH CyIMEeCTBOBaHWE HeMOHA MaKcsella B JKMBOM OpraHm3Me.
Ilo-pEaEMOMYy, TOYHYIO SKCHePHMEHTAAREYI0 NPOBEPKY YHACTCA OCYIIe-
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CTBHTH JUMb IOCIE. TOFO, Kak OY/eT pemeHa mpoGiema HCKyCCTBEHEOIO
COBIAHHSA JKH3HH 1),

YgraTensM, WHTEPECYOMHAMCH TEPMOTMHAMAYOCKAME  ACHCKTAME
6HONOrMIECKHX HPOMECCOB, MBl MOMKEM NODEKOMEHOBATH HEGOIBIIYIO
KEmxRy Jletimmarepa [11].

9. a) MouspHyI0 M0N0 T, PACTBOPEHHOTO BeNIECTBA B IKUIKOM
¢ase, KoTopas HOABIAETCS B TOUKe A, MOKHO ompejennts, Haxoms
TOYKY mepeceuenna A’ ropH3oHTAJBHON NWAWA, OPOXOAAmeEi dgepes
T09Ky A, W UYHKTUPHOHW JWHWA (AHEAHM JHAKBANYCA).

6) AmanormiEo MOJAPHAsA HOJA Z, B rasoBoil ¢ase B Toure C
maercsa Toukon C'.

B) B of6meMm caydae HeKOTOpDO#l HPOMEXKYTOTHON TeMIepaTypH,
COOTBETCTBYIOIIEH TouKe B, MOJAPHEE TOJIA T, PACTBOPEHHOIO Belle-
CTBA B EIKOH B Taz000pasHON (asax JAOTCA KOOPAHHATAMHA TOUEK
B’ m B” coorBercreenno. OGozHauaM
q@cHo Mojeli B rasoBoil ¢ase wepes Ng, Fro—TTT T
a B JkEAKOM — "gepes N;(Ng + N; = i
=N, + Ny), I

Ngivg—}-‘Nlﬁé:Nz,
re zf W z] OpefcTaBAAIT Co0oi MomAp-
HEEe AOJH BTOPOTO BelllecTBa B ra3000pas-
HOH W JKUAKOHA ¢$asax H BMECTe C TeM
abenucent rouer B” m B’'. Ilopmenms wanm-
CaHHOE COOTHONIEHHE HA TOJHOEe YHCI0
Moseii N, momygam
xgxf - 22k = = 9 (xg+ 1)

H, CJIeloBaTenbHo,

Zg Zg xé—-xz . BB - L

Iy ——1_xg_ x2—‘z§— B"B 75 I T MU IN R T

9T0 W jJaer HCKOMHIH pPe3yibTaT.
3daMegarmume. B paccmarpubae- @ ur. 95.

MOM cJiydae BOSHHKAOMAas :RUOKAaA dasa

BCErla ONHOPONHA (B TPOTHBOIOJIOMKHOCTH TBephol d¢ase, BHIaA-

omei u3 sxumgroro pacteopa). Ha ¢ur. 95 B ragecte mpmmepa npu-

BefieHa (asoBaA mumarpamMa aada cMecum N, — O,.

10. Ilo npeamonoskemmio J ABIgeTCH YKCTEHCHBHOA QyHKRIHOR
TIepeMeHHbIX 7y H Ny, T. €.

J (g, Ang) = AT (ngy mg). (1)

1). OGey:xnenne neMoHAa MaxcBensa ¢ TOYKE BpeHAA TeOpuH HHHOpPMADAR

upuseneHo B kauTe: JI. B pmaapo o r, Hayka n teopma mmpopmamum, M.,
. 1960.— IIpum. ped. - -

17 Ky6o
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Huddepennupysn obe CTOpOHH mo A m momarag A = 1, mMeeM
aJ

J (g, ne) =ny 5 — 0n Tny T2 gy = nyi+ny/e (2)
u
A T+ 2] — M
i —Z3) 1422l (xz-n1+n2) )
TaK 9TO
d J aJ aJ
—EWZJ—Z—Ji"I—(i—Zz) a 1+ X9 2 Jz—:[j. (3)

(Msr mcnombaoBanu S7eCh ypaBHEHHe Fn60ca—ﬂ10reMa, KOTOpOe ToJy-
qaercd B JagHOM ciIydae CJIeleIOll(HM obpasoM:

dJ__dm (9 —!—d 2——J1dn‘+szn2

U3 coormomenua (2) wmmeem: dJ =J dny+Jydns+nidd,--nydl,.
Caxenmoparensto, ndJ+ nsddy=(ny+ny) [(1 —x5)dJ 4+ x2dJ5] =0.)
VYpasnenue paa kacarenbroii QPR MoKHO 3almcaTh TeIepb B BUIE

y=1—=z)Jitx o (Jo—Jp) (2 — ) =J 1+ (Jo—Jy) 2.
31ecs z, — KoopjuHaTa Touku P,
B roure Q: z,=0, 0Q=J,.
B roure R: zp=1, RO"=J,.

11. B cayuae mOCTOAHHOTO JABIGHHA U TEMIEPATYDPH yPaBHEHWE
I'mG6ca — J[rorema mpuHHEMAaeT BHT,

> n;dG;=0. (1)
Us coormomenna p; = pn;/ ) n; umeeMm
dinp;= ons g‘ani
_ AL
"
on;

i
E; njdlnp;= EII on;— .;.Il nj————= E} bn;— E: dn; =0.
- ’ - J - Eni = - !
7 J J ) ¥ 1
?
Ncromsiit pesymnprar momydaercs, ecam mofrcrasuth B (1) ompenemenme

¢pymrmEn G; (4.21) W, MCIOIB30BATH HPHBEJICHAEE COOTHOMIEHH.
12. Bocuoassyemca ypasHenmem I'm66ca — [liorema (3.12) pas cny-
9asd [OCTQAHHOTO NABICHHUA M TeMIepPaTypH

2dGy+ 2, dGy =0 (ry-+zp=1).
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Ecnmn ¢ynrnma G, mssecTHa, mMeeM

dG,— RT % — _RT
zy

dl’z
4

M, CJIeNoBaTelbHO,

4G, = RT %2
Z2
Tlocne mETerpupoBanmsa nomTygaem
Gy=G* (T, p)-- RT In .

13. OGosmaumm xmmmdeckuit moTeHnuman (Ha 1 x04v) pacTBOpUTENT
uepes Gy, a PaCTBOPEHHOIO BemecTBa — qepe3 Gy. Yparmenme I'mGGea —
Iiorema mpum mocrosmueix p m I wmMeer Buf

21 dGy + 25, dGy = 0. (1)

Ucnonbays ompepenerue (4.25) XuMmmyecKux noreHNmanoB Gy u G,
Moy 4aem

z1d1n py-+25d1n py =2, p1 d-ay Pz 2 0. (2y

(910 ypaBHeHHe AJA [ABICHHA D[APA HA3KIBACTCH YpasHenuem Jize-
ma — Mapeyaeca.) B coorBerctBum ¢ sakomoM Payna

dpy __ dzy
p1 zg ?
a Tak Kak zy-+-zg=1, 10 dxy= —dx,. [ostomy mua z,~ 0 umeem
dps __ 4z (3)
P2 Zo
Hurerpupysa, mnonyuaem
p2=kyz, (3akon I'empm), (4)

rpe kg — mocrosiEras. Ilopcrasnas sTor pesynbrar B onpenenenue (4.25),
HAXO/HM

Gy=BT, pi)+RTIn52 — g (1) 4 BT Iny; (5)

‘specs @) (T) =G+ RT In (ky/p;) ectb GyHKUEA TeMIepPATypHL.

3ameuanue. Eciu ofmee masnenme p mojfep/KuBAETCA TOCTOSH-
HEIM, To ypaBHenus (1) m (2) Bemoadsiorca Toyno. Ecim ske cumrarhb
TIOJTHOE JABIEHME p PABHHM CyMMe NapIMAajbHBIX [JABJIeHHH p; W D2,
TO yCJ0BHe IOCTOAHCTBA [JABICHHA He Gy[eT BHIOIHATHLCA TOUHO, TAK
gro (2) coenyer s3aMeHHTh Ha

‘xidlnpi—}—xzdlnpz:f/—g%. , (6)
' ' 17%
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3necs V — Momapubil o6seM pactBopa. OGHYHO OpaBasg dacTh ypaBHe-
aua (6) 3HATATENBHO MEHBII® KAKJOr0 M3 WICHOB, CTOAMHUX B JIeBOI
gactu. Ilycrb, mampmmep, m3memenme Ap jaBieAmA paBHo 1 amu,
V=0,1-103cu3 m T'=300°K. Torma VAp/RT ~ 100.1/82-300 ~
~ 0,004; mociegmas penmumHa cocraBiser Memee 1/100 or wrenos
B JIGBOM d4acTHm.

- 14. [lonaraa mpaByio dacTh cootHoineHEs (6) B pemieHUn TpeH-
AyIleil 3anauu DaBHOH HYIN0, WMeeM

&1 O%p1 % P2 (1)
p1 0z p2 Ozy

Ilpu sajanHofl KOHIEHTpammZ (MoxApHON none) z; (ry > ») HAKJIOH
KacareJbBHOH K KpuWBOH [aBieHMA mapa paBeH o; = 0p;/0x;, a HAKJIOH
p; mmAWE, COeNMHMIOMER 3Ty TOUKY ¢ HAYAJIOM KoopamHaT, f; = pi/x;.
CreproBarensHo, u3, (1) mMeeM

a) %:—:—gzi

0) op=f, (ecum oy=P).

‘Bameunannme. CoorHomenme (1) Mo:keT OHTb HMCIHOAL30BAHO [JIA
IIPOBEPKH TOYHOCTH SKCIEPEMEHTA.

15. B coorsercrBmu ¢ (4.34) samuimeM TepMOAMHAMHYECKHHA IIOTEH-
LA CHCTEMBE B BHTE '

G= 2 nG; = n,-@f (T, pp+ nzég (T, p)+ BT (nyIn z; - nyIn z,).
a) Buamemam o6mem

0(_;,' = =
Ve Bn (G ) g, Vit el
O61eM He JOJKeH H3MEHAThCA.
B) durponnio S = —(0G/0T)p, n sammimeM B BUje
S = n,.-S’—‘l’ + nz.ST‘;-— R (n1n z,--ny In z,).

Taxum 00pazoM, AOKa3aHO IIONOKCHHE «B).
6) Ouranbmuo . H =G TS MoKHO DPENCTABUTH CjeyIOIEM
obpasom:

o 7 T70 ral Qo
H=nH+nH, (Hi=G-+TS3).
9ro 3@AYAT, UTO TEILIOTA CMemeHHA OTCyTcTByer. Hak u B ciayuyae

BHYTpeHHeHl SHEPIMK, SHTAJNBIHA He JOIMKHA WM3MEHATLCH, TaK KAK
He copepImaercA HUKAKOH paGorH. [leficTBATeNbHO, MMeeM

U=H—pV=n,ﬁ:+n2ﬁg (U('):H—.(t’—p.ﬁi))'
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16. W3 (4.27), (4.3%4) m (4.36) nomywmm cpasy p;=az;p]. Hanum,
OZHAKO, eIme W MOJAPOOHHIN BHIBOJ C WMCIIONb30BAHUEM XAMUIECKHX
morennuanos (4.16) m (4.34). Yenosme pasmoBecma G; mnR_G,,ras
MOJKHO 3aIOMCaTh B BHTE

G s (T, p)+ RT In 2y =G}, raa (T)+ RT In py,

a JaBJieHWEe IIapa pg 9YUCTOI'O BeleCTBa MOMHO OIpPEe[e/ATh U3 COOTHO-
MeHu A

_(J!, e (75 P5) = _2, ras (T) -+ RT In pj.
Tarum o6pasom,

pj Iiex G,‘I, HITK (T, p)— ] mnnx( ’ P])
g I p RT .
OueHnM DKCIOHEHTY B IPABOH wacTw, pasjiaras ee apTyMeHT BOimsu pd:
AG; 9G) wupe P—P§ 7 p—p} V3 s PP 1.
~ I e

RT ap RT V? ras 2

CremoBaTenbHO, COOTHOINEHME pj= Z;P} CIPABELIMBO B GOIBIIMHCIBE
CIydJaes.

17. Ecam B pacTEOpe, pPasfejeHHOM NOTYIPOBHEIAEMON MeMOpaHOit,
OPONYCKAIIMEA TONBKO PACTBOPHUTENb, YCTAHOBWIOCh OCMOTHYECKOE
paBHOBECHe, TO YCIOBAe DABHOBECWSi MMeEET BH]T

G1 (P’ 22) =G (P");
smech p’ — maBjieHWe PacTBOpa, p”— JABNEHWE YMCTOTO PaCTBOPHTENA,

a X, —MONAPHAA JIOJA PACTBOPEHBOro Bemectsa. Mcmombsya (4.34),
oIy IaeM

@ (T, p')+RT In (1 —z5) = CU(T, p').
Monaras p’'=p"+n m cumrag & ;qoc'ra'roqﬂo MaJHM, WMEeM

== ﬂ:Vi,

17

ag (T, p")— Eg

TaK YTO
RT
= ———.—_—ln(i—xg). (1)
Vy
3pecy Vy— MonapHHi 0fBeM YHCTOro pPacTBOPHTEA.
Sameuanue. Ecam 2, < 1, 1o coormomenme (1) mepexomur B
?“71 = RTz,, '

T. €. CTAaHOBHTCA "aHaJIOTMYHBIM IO d)OpMe YPaBHEHUIO COCTOAHAA MJAE-.
albHOrO rasa.
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'18. B pamHOM cayuae nuA JaBie€HHA p; Iapa PAacTBOPHTENA CIIPa-
BejuiMB 3aKoH Payms:

pi(T)y= pi(T) y,
a Jnd PacTBOPEHHOro BemecTBa — 3aKoH I'empu:
D2 (T)YZ k(T) z,.

Tourka kmnenmsa T, oupemensieTcss yCIOBUEM

P= py+ p2= po, mma P} (Tv) x4k (Tp) 12 = po. (1)
Touka KHIEHHS 4mCTOro pacTBopuTrens 1§y NaeTcs COOTHOMICHHEM
p: (Tt) = po. (2)

Tlonarag zy=1—25, To=T{+ AT u cunrag 2, uw AT MmagpiMm, MH
MO;KeM pasnoEATh 10 HuM coorHomeHme (1). G TogHOCTHIO 1O WieHOB
TePBOT0 HOPATKA MAIOCTH nonyan

P (T8)— pi (T3) s

Yuaurniraa (2) ¥ #cmonnays (bopMyJIy Haaneiitpona — Kaaysuyca

= Po-

o) L o L pI
MgV T ong, RO
HaXOUM
AT _ RT}
T° = A ('1 —p—l) .’Ez.. (3)

[Monpo6yiire HaiiThm ppyroit cmoco6 PEINEeHAA, WCIOAB3YA COOTHOMIE-
mus (4.30a) m (4.306) u caepys pemenmio upumepa 6.]

3amMeganne. Ecam k = 0 (pacTBopeHHOE BEHIECTBO He JETY-
yee), 10 BeauunHa A7T/THx, onpefeinsercsa TOIBKO CBOMCTBAME PACTBO-
pmrens. Hak mamBecTHO, 5TO 0GCTOATENBCTBO MOMKHO HCHOJB30BATH
ANA ONpEeNeNieHHsA MOJEeKYJISAPHOTO Beca pPACTBOPEHHOTO BemecTha.

19. B cayuae upmeanproit pasbaBieHHON cMeCH XUMHMYECKUH IIOTEH-
ouan pacrBopurens sammceiBaerca B Bupe (4.30a). YumrhiBag, uro
oy=1—2, zy=1—1z;, 2.<1, <1, hoy~—x, Inr~—z,
WMeeM W3 YCIOBHA paBHonecna Gy (T, 25) =Gy (T, )

G4 (I)— BTz, = G4, (T) — RTz;, -

rae G} — XUMEUecKEii TOTEHIWAN YHCTOTO PAcTBOPEHHOTO BeIecTBa
B HEgKOH daze, a G?s—n tBeppoii. Hcmoapsys mpenmolo:xenume
z,=kz,, MOXKHO BHNHCAUTH, TeMmeparypy 7'y, mpm KoTopoil mHaum-
HaercA BHIOAJEHHe TBepP/oid (asHl (TOYKA 3aMep33aHNs), M3 COOTHOMICHUS

Gi(T)—GhL(T)=RT;(1—k)z, 2
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0
Toura 3amepsamma 7y YHCTOTO PACTBOPHTENS ONpENENAeTCH COOT-
HOIOEHWEM

L (T — G (Th =0 (3)
Cumran, gro semumaa AT;=T;—T ? JOCTATOUHO MAJA, HAXOMMM
G(TY) =G (T —(T;—T} S (T).

Taxum obpasoM, u3 (2) u (3) ¢ TOYHOCTBIO [0 WIEHOB IEPBOTO MOPHAKA
no ATy @ x, moTydaeMm

AT [ — 8% (TH +S% (TH1= RT? (1 — k) z,,
I/IJIK

ATy RT?

Ty L,

T 0

3necy Ly= 7Y F (Su —8%s) — remIoTa IUIABIeHHA [ PacTBOPUTEIIA.
daMeganmne. llpm k<1 mpomexogmr HOEMKeHHe TOYKH

saMepsaHusi, a uUpu k£ > 1 (910 03HATAET, IT0 PACTBOPEHHOE BENIECTBO

7'f° MudxaAa

Mudras pasa

JreleYed

T8epdas
K>1 @pasx K<T

X x Iz

@ ur. 96. MsMeHeHme TOYKM 3aMep3aHUA pasbaBIeHHOrO
pacrBopa.

OXOTHEe DPOHHKAeT B TBepAyio (asy, TeM B JKHAKYIO) — IOBHIIEHHE
ToukE samepsanma. Ha ¢ur. 96 mpemcraBieRH (a30BHe AMarpaM-
MBI, WINIOCTPHPYIOINE ABa 9TH CAyIas.

20. B pamHOM ciyZae XWMAUeCKHWHl HOTEHNUWAJ Ka3KAOI'0 KOMIIO-
HeHTA onpenensAeTcd pupamenneM (4.34). YcaoBusa paBHOBeCHA MeKLY
amcToR TBepmo# $asoit 1 m cooTBeTcTBYIOMmEH MuAKOA Pasoi m MeETY
aucTol TBepHOoR (azoil 2 wm sKEAKOU (asoit 2 MMeOT BHUY

Gh-+RTInzy=G%, GH+RTInzy=03. 1)

. w0 A0
. 3mech Ty W o — MONAPHBE JOMM B JKMIKOU (ase, a Gi; U Gis — xuMu-
YecKre NOTEHIWAIES YHCTOTO {-TO KOMIOHEHTA-B KWIKOH W TBePOil



264 Tz, 4. Pasnosecue $as u xumuneckoe pasHogecue

dazax coorpercTBerBO. CooTHomeHmst (1) MOKEO mepemmcaTh B BHJIE

Ty=eM, x,=eh, 2
rme
T T
égs—'agl v_ I_f‘i]s——f?gl Li

M=—T——SW—”=S 7rz M1 = @)

i T;

i Ty _ o, T
_'RTi(i_T)—a‘(—T)' )
3mech Mu mcmoassoBaad coorHomenne d (G/T)/dT = — H . Cne,u;xe'r
uMeTh B BUNY, 4T0 A; = O mpm T = T';. Bemumuaa L; = HY — H};

npencrasader cobof TemIoTy HJaBNEHWS TBEPAOR ¢assl mpH TeMmne-
parype T' u mpepmoiaraercs mHOCTOAHHOH, a o; = L;/RT; ectb He 4T0
WHOE, Kak sETponus wiasneHua AS; = L;/T;, nsMepenHas B eIWHH-
max R. Torga mmeem

x,é=exp[a1(1——€,—‘)], (Ha)
x21=exp[az(1—%2—)] . (56)

ITd ypaBHEHHA QAT KPHUBYI JKUAKOA ¢asy (IWHMIO SMKBEEYCA),
‘a mepeceuenne (9a) m (D6) — IBTOKTHUECKYIO TOURY 7'y

exp[oci(l——TT—;—)]—l—exp[az(l—%)]=1. : (6)

Ioncranaa Tz B (0a) mam (56), moixygaeM B3HAUeHWE KOHIEHTDAIIEH
B IBTERTHYeCKOH Touke. Jlerxo Bmaers, wro (Da) ompepenser JIHHMIO
maksapyca or =1 mo Tourm E, a (56)—or E mo g =1 (dur. 97).

2

1500
1400

1300

1200

100 -

] L ﬂUD —1 1 13 L .
&1 —— 0 o0

%520 —_— 1 —_—,

@O ur 197, . ®rr. 98,
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21. a) Ucmonsays (4.34), sanmmeM yCIOBHMS DABHOBECHs B BHJe
C:'?,—}—RT lnzy= @?ﬁ—RT 1n x4, “
G3, +RT Inzy = GSs+ RT In zy,, )

rie MHAeKCH [ B § OTHOCATCA COOTBETCTBEHHO K JKMIKON M TBeppoit
dasam. Bsoja Bemiramiiit Ay ® Ay (cM. pememme sagaum 20), mepe-
mmem (1) B BEpmE

x Z
e 13 — ekl, 2o — eA-Z_ (2)
T1s Tas
Yumrrisasg, 4ro
rutra=1, Td-zs=1, (3
umeeM m3 (2)
—M T | =1 —eM 4
zye " tryem =1, WM Tuy=-—p——-, (4

—e
—1
xise*l 4 xZSe"Z =1, WM Zps= Te_h_ . (5}

6) Bropoe mpepmoso:KeEme O3HAYAaeT, 4T0 A;  OHDPefienAeICH COOT-
HomenwmeM (4) B pemenmum sagaws 20. B coorserctemE ¢ nepBHM mpex-
[OJIOKeHTeM .

T;
?»,-:oc( —T) , (6)
a B COOTBeTCTBHE ¢ TpeThuM npepmonoxenmem A; < 1. U3 (4) u (5)

moJygaeM

tu= gt [ ha g he Cut M)+ ] (7)
x23=7£—;bz[1—‘—;-7v2+1i27~2(7"1+7“2)+---] . (8)

Ucnonssysa (6), HaxomuM OKOHIATEIHHO
T-—-Ty A (Te—T)(T—Ty)
TUE T Ty T2 T(Te—T9) e ©)

_ (Te—T)(T—Ty)
Los = TZ_T1 +— ZT (TZ'_Ti ! + . (10)

Ilpu Ty << T, 3™¥ ypaBHeHUs [AIOT
T <T<Ty, 290 <o

Ha ¢ur. 98 mpencrasnena gasosas gmarpaMma, TOCTPOeHHag HO ¢op-
mymam (9) m (10) mna T7,=1200°K, T»,=1600°K = a=1. Ora
¢dasoBas @arpaMMa aHAJIOTHTHA dasosoit nmarpamme cumnasa Cu—Ni,
npuBeneHRof B sajmage 21 (cum. dur. 83).
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22, O6osHaumM CBOOOJHYIO DHEPIHWI0 CMeCH MIEAIBHHX TIa3oB
A, B, ... (na, np, ... Moneit) B o6beme V npm temmeparype I’ uepes

F(V, T, na, ', ...),
4 W3MCHEHHNA BeJIUYHAH N, NB, ... B XOJ€ peaKOuyd — uepes
6nA:vA67», GnB:vBM,, cse o

Torga ycmoBHs PAaBHOBECHS MOKHO 3alHCATh B BHIE
or
(5 )y, ==
oL Jv, T
una

S L

j=A, B,... j=A, B,...
‘M, CJEJOBATEJIBHO,

2vG;=0. (1)
Myt monywum yeaosue (4.63). Xummaeckuit moremnman kax QyERUIEA
‘KOHIeHTparm: #;/V mveer Bupg

G;=G}(T)+ RT In—2— .

‘Takmm oGpasom,

K (_”L)vjz(RT)"Z”fexp[—m}EKC(T)- (2)

Vv RT
j=A,B,...
Jlepag @acTh Kak pas M MPeACTaBIsAET OGO WCKOMOe BHIpAKeHHe,
@CIH TONQEKATE Vo= —@, V=1 @ T. 1.
3amezanme. Onpegemmm Benmanny K, (7):
Kp=|]p]i=Kp(D). ®3)
'Cesizp memny K, (T) u K. (T) naerca COOTHOMEHHEM
Ky ()= (RDZV K, (). (%)

‘CooTHOIEHRES (?:) wmm (3) ompepmenser uzomepmy PeAKYUL.
23. C nomomgo (4.60) momydaem

AG 1
anp— —ﬁ= —ﬁ Z VJG}) (T)
#u, ciaenoBareabHO,
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3gecs AH = 2, v ,-I? } — cTaHEApTHAS OHTAIBNMSA peAKIMH (4.646).
Ucnonwaysa coorHomermme (2) B pemmeHu:m 3amaum 22, mmeem

InK,= — = N v; (G3-- RT 1o RY)
N, TakmM oGpasoM,

dln kK 1 = NV 1 =
—ar =7 2 Villi— =gz 2 vi Hi—RD).

Ilpn remmeparype I' m HOPMaTBHOM [aBIEHWHM D] MbL MOMKeM CYATAaTh
PiVi=RT (mna 1 moav). Torma

HY— RT =T
H, ClieJ0OBaTeIbHO,
AU = Y v,03,

rme AT — CTAHJAPTHAS BHYTPEHHAS ODHEPIHMA DEaKIuH.
24. B coorsercremm ¢ (1.14)

p 1,013.108 _
[A]+[As) :77‘—:8,31-107-(273—[—18):4’19'10 5 moab/cm®.

Uckmogass [A,] w3 9T0r0 COOTHOMIEHWS M M3 COOTHOLICHWS! [J/IA BeJH-
ygael K, TNOpUBEIeHHOT0 B VCIOBHM 3ajadd, muonydaeM [A]2=
= (4,19-107° —[A])-1,70- 1074, mmm

[A]=3,5-10"% moav/cMd.
A cremeH” qucconmamum MMeeM TeIephb

[A] 35 —
Al 2[R 2-42—35 0,71.

Uro6nl oTBeTHTH HA BTOPOH BOMPOC, BOCTOAB3YEMCH IIONYYEHHBIM
B MOpegeIAymeli 3amaue ypaBHeHmeM H30XOpPHL pearumu d ln K/dT =
= AU/RT?; rorma :
dlnK _ 5,0-104.4,2.107 —0.30
aT ~ 8,3-107 (2734182 ~ ¢

Taxum oGpasoM,

K (19 C ° o
, 1n#8003=0,30, rak aro K (19°C)=1,35K (18°C).

Jlamee, MPOBOMIS BHIYMCICHAS, AHATOIMYHLC BELIOIHEHHKM BHIIE, HOIY-
gaem [A]%=(4,18.105—[A]).1,35-1,70-107%, Tar uroO :

3 640 momend u 1AL
[A}=3,6-107° Moav/cm H[A]—|—2[A2]"0’75'
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25. JIna pemieHWst 3amavy HeOOXOREMO ONpefesuTh YCIOBEEe PAaBHO-
BecHs A peaknmu A, (ras)==2A (8 T). TaxossmM ycaosueM Asnsercs,

OUEBH[IHO, YCIOBHe Ga, (pas) = 2GA (T), KOTOPO® B COOTBETCTBHH C (4.14")
B (4.34) MoskEO nepemMcaTh B BUjE

In pa,=2Inzs+f(7),
rae f(T)—mBexoropas ; pyERNUa Ttemmeparypu. Ilomydaem, rtaxmm
ofpasoM,
Tp ~ pr.
26. Ycaosue paBHOBecHs qiia xmmmdeckoit peannuu CaCOj (TBepr.) ==
== Ca0 (reepn.) 4 CO; (ras) mmeer BuR
G_CaCO3 (TBEDPH.) — éCaO (rBEPR.) + G—COZ (ras)-

Ecau nperne6peds 3aBUCHMOCTBIO OT JABJCHMA XUMHICCKAX IOTEHIMAJIOB
CaCO; u CaQ, 1o ycioBHe PaBHOBECHS MOKHO HEPEINCATH CJIENYIOIAM
obpasom:

RT In pco, = Gcaco; — Geao — Geoyras) = — AG,
TAK 9TO
dlnbco, 4 (AG\ _AHp
ar - dT(BT)—RTz'

3mech MH MCIONB30BANU ypaBHeHue (4.14'); wepes AHp oGosHageHa
CTAaHJAPTHAA SHTAJIBIUA IEepPexofia, KOTOPYI0 MOMKHO BEIIHCIHTH C IIO-
MOIIBI0 MPHBEeHHOH B 3amade (OPMYIIH

AHp=51,957—10,707T kaa.

27. Tax Kak B paccMATPHBAEMOH DEAKIUM . YJACTBYIOT TOJNBKO
YUCTEE BEIIECTBA, TO TEPMOAWHAMIYECKHE IMOTEHIWAIL PEAKIIMU COBHA-
JAIOT CO CTAHTAPTHEIME TEPMOJWHAMHYECKNMHM IIOTEHIMAJIAME pPeaxI{ny
¥, CIIe0BATEIbHO,

70 790 70 1 =0 .
AG = GAgCl (TBEDI.) "l‘ GHg (CKAOK.) = GAg (TBEDT.) " 7 Gngclz (TBEepa.) —
=AG= —$E.

Wcnonnsys naGmionaemnie 3Hadennss E m (0E/0T),, HAXOZHM AG =
= —23068.0,0455 = — 1050 xas n

AS =% (W)p — 23068-0,000338 = 7,80 Ka./zpad,

TaK d9TO

| AH =AG+ TAS = —1050 + 298,16-7,80 = 1276 raa.
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28. Ilo namBHIM, TPWBEIHHEIM B 3ajade, ONpeIeTHM SHTPOLIIO A‘
raaooﬁpaanon pryTa:

Sras (630°, 1 aman) = (59,9 -+ 220 426,24 39300) g7

=190,1-107 spe/moav-zpad.

C apyroit cropombl, mcmomsdysa (4.14") m (4.15), mmeem {maa smTpO-
mm Ha 1 Moab

ST, p)=R (3107 —Inp+5+i)

(MBr momosxmanm 3mecr Cp = 5/,R). CoriacHO TpeTheMy 3aKOHY TEPMO-
AUHAMEKY, BHYACICHHOE IO 5Tofl dopMyiie 3HAYCHHE DHTPONHH WPH
T=630"K m p =1 amm JO/KHO COBIAJATL ¢ NOJIYICHHEM
BHIme sHaueHmeM. Mwmeem, taxum o6pasom, 190,1-107/8,32-107 =
=164 — 0+ 2,5 +i, nmm

i = 4,2 (amn).

Jna pacgeToB ¢ momompio gorapudpmudecknx Tabamr ymobua Beamdm-
Ha j = i/ln 10, Hocamaa HasBaHMe YCAOBHOH XHEMHYECKOH HOCTOAH-
HOM:

= 1,83 (amnm).

3amMeganmne. Terpog m Cakyp HONYYHIH C IOMOINBIO MOJie-
KYJISPHOTO PACCMOTPEHHA TEOPETHISCKOE BHPAKOHZO:

i = In [(2rim)¥2k%/ 20k 73],

rie h — nocrogEHaA Ilmamka, m — Macca aroMa, k — mOCTOAHHAA
BOJIB!IMaHa ® — CTATHCTHYeCKOH Bec OCHOBHOTO COCTOSHHMA aToMa.
Honyuennoe mamu B 3amave 3HaYeHHEe XOPOMIO COTVIACYETCA ¢ BEHIAHC-
JIGHHKIM IO 9TO# QopMysne, eciu HOJOKHTH B Heil @ = 1. Ormernm,
ATO NMaBiieHHe BHpa)KaeTcd B arMocdepax.

29. B coorsercreum ¢ (4.14') m (4.15) xummueckmit moreHmmAanR
DIIGKTPOHHOTO I'asa BHe MeTalIa 3aMWCHBAeTCA B Bame

G.(T, p)=Uew——RTInT—RTi+RTInp.

Xumugeckn#t potenmmad (G; BHYTPH METAIIA [0 IPENOi0KeHTIO

mocrostaen. VI3 yenoema pasmoBecua G, = G; moaydmm
p= eiTs/ze—W/RT.

sneck W =U,y—G; — mocrosmaas penmamaa. Tax rax In (p/T%2) =
={—W/RT, 3Haqelme i MOKHO OUPENeNUTb, CTPOA B IINOCKOCTH
(1/T, In(p/T®/%)) npsamyo, OPOXONAMYI0 HTepe3 JKCHEPHMEHTAILHO
@afifeHHRe B3HAYEHMS, M HAXOAA TOYKY €€ IePeceTeHHA C OCHIO
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Op{UBAarT;
p

i= lim In o

. T

30. Pesymprmpyomas peakims, HPOTEKAlOas B JAHHOM BJeMenTe,
WMEeT BUJ

- H (ras) -+ AgCl (t8epn.) — Ag (1seps.) + HCI (sox., 2),

Tak YTO TePMOAMHAMUIECKHI [OTEHIWAN PEARIUU ONPETeIseTCs BHPA-
‘jeHmeM

—_— f— —_— 1 —_— —
AG = GAg(TBepn.) + GHCI(Bon.) _ 5 G Ha(ras) — G AgCl(TBepm,)

3nech musa Ag (tepy.) m AgCl (TBep.) MORHO HCIONB3OBATH XHMMUE-
CKMe NOTEHIHANE NP HOPMAIBHOM JaBIeHAH Gg(rsepny B GagCirvepn.)-
Haxons GHz(raa) ¢ HOMO]IIBIO (4.14"), a GHCl(BOn) ¢ moMompio (4.52),
noaygaeM

AG == GAg(TBepn.) + (P(I){Cl + 2RT In (xTV-) -
-3 (Ghigirasy -+ BT In pr,) — GagCi(repn,) =
= AG°+ 2RT In (zy) — RT In piz.

 YunreBaa (4. 71) U BBOASA

AGO = 1% = 1
E = '_'_%}_ = [G%g(}](mepn,) + ) Gglg(raa) - Ggg’(TBEpH.) — (P(I’-ICI:I g ’

HaliieM HMCKOMOe BHpa;KeHWe AJd 3. 1. C.

31. Jasa repMOIMHAMAYECKOrO IOTEHIMAJNA CITPABETIMBO yPaBHEHEE
dG= —S8SdI'+Vdp, rme p, V'u T o6osHagaoT paBreHme, o0DbeMm
M TEeMNeparypy CHCTEMB. SaBHCHMOCTh G OT JABJEHNA OIPENeNdeTCs
M3 COOTHOIICHUA

(52), =V, wmm G (p, T)= § Vip, Ndp+o T ()

¢ynrmusa @ (T) saBucur ToibKO OT Temmeparyphl. O6bem V maxommm

W3 ypaBHeHHs COCTOAHEA BaH fmep Baaabca: :
nRT n2a

_ 2 2

b=y — 72 (@)

Ilna temmeparyp Hm;xe kpurmueckoir T, = 8a/27bR 10 ypaBHeHHe

TPYJHO PemuTH anreGpamdecku OTHOCHTENsHO V. UTOOH mONydnTH

HEKOTOPOE IPeCcTaBIeHne OTHOCHTENbHO 3aBUCHMOCTH G OT /IaBJIeHHA,

clefyeT HCIOIB30BATh TOT (GaKT, UTO BHIpaKeHHe B OpaBoil gact: (1)
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¢ TOYHOCTHIO /10 IOCIO[HETO TIEHA ¢ (T) upepcraBaser coGoi WIOMAL,
3aKII0YCHHYI0 Me}AY W30TepMOd W 0CH0 p B muockocts p — V,
Kak mokasamo Ha ¢umr. 99 m 100."

Ha ¢ur. 99 npefcraBreHH H30TePMH, ONHCHBAEMLIE YPABHEHHEM
(2). Kax Buguo m3 coormomenusa (1), 3HaueHHme TEPMOTUHAMAYECKOIO
noTeRnmada B TOUYKe P paBHO ONOMAfHW, JeKameil mox @30TepMoil
IP, 1. e. mnomagu IPAQOI (maumnas ¢ Touxm | msorepmMa acAMOTOTH-
wecKn unpmGiawiKaerca K ocm V) maoc goGaBounas ¢ymrmus ¢ (7).
Ha ¢ur. 100 sTo smauenme mpencraBieno orpeskoM PA. Horma touxa
P newwerca Baoiab W30TEPME W gocTHraer Touxkm K, sHadenme QyHK-
muu G Bo3dpacraer W craHOBHTCH pasHnM mmomaguy [KXOI umoc
@ (7) Ba ¢ur. 99, nam orpesxky KX ma ¢ur. 100. 3arem msorepma
JexaeT mOBOPOT, HOCIe KOTOPOTO TOUKA P JBMIKeTCA yiKe B OTPHOA-
TeXHHOM HAUPABIEHHH OCH p. JTo sHaumr, uTo dp << 0 m coorBer-
cTRyIOmMe# miyomaxm B cootTHomenmu (1) ciaegyer mpHOUCATH OTPHUIA-
TeNbHEH 3HaK. B rouxke L 3HadeHHme TEPMOAMAAMUTICCKOTO HOTCHIIA N
YMeHBIIAOTCA [0 CPABHEHWI0 ¢O 3FadeHmeM B Touke K Ha Benwuupy
nromana KXY LK, a B touke M — ma senmanay naomana KXZM LK
(¢ur. 99). Tax rak gamee or Toyr® M mzorTepMa ONATH MOBOPAUABAET
B TOJIOKHTEJBHOM HAUPABICHHH OCA P, TO TEPMONWHAMAYECKWI
DOTEHIHAN CHOBA BO3PacTaeT W B Todre () oupemessercsa IIOWATBIO
QBZMNQ nawnec sEauegme B Touke MM, 970 COOTBETCTBYET OTPE3Ky
QB ma ¢ur. 100. Tarmm ob6pasom, WCIOAB3YS YpPaBHEHWE BAH [ep
Baannca, ME TmomydaeM KDHBYIO 3aBHCEMOCTA (G OT p, COHEpIKaIyIo
oTpesok KLM, cOOTBeTCTBYIOMHANE HOYCTOHYHBEIM COCTOAHMAM. B pas-
HOBECHOM - COCTOAHAN, OFHAKO, W30oTepMa u3o0parkaerca HE KpPUBOH
JKLMN, a upawoit muameit JLN, napanneasno# oct V w mpoxons-
mel rakuM o6pazoM, YTOOH B COOTBETCTBHE ¢ IPaBUIoM MawcBeina
wiomana JKLJ a LNM L 6s1ng passw. 'as, KOTOPOMY COOTBETCTBYET
TouKa J, HAXOAHTCA B PABHOBECHH C RUFKOCTHI0, KOTOPOH COOTBET-
cteyer Touka N. Tak Kar mpasuio MaKcBenZa BHIBOTATCA U3 YCIOBHA
PABEHCTBA TOPMOAMHAMAYECKAX IOTeHIMANoB B Touxkax J m N,
Ha ¢ur. 100 stm Touxkm copmamaior. Ecam HpAMeHUTH COOTHOIIEHUE
(1) % womoit msorepme IPJLNQ, 1o moxysmm kpusylo [PNQ =Ha
¢ur. 100. IIpn pemmennn rouxkm P or J B N CKOPOCTH BO3pacTaHms
LIOWANA IpeTepHmeBaeT CKAYOK, TAaK YTO KpuBasg G HMeeT H3IOM
8 rouxe J. Jlerko Bugers, aro wacra J K w MN rpuBoit G, nonydeHHOR
Ha OCHOBe ypasHeHHA BaH Zep Baaabca, 0THOCATCA COOTBETCTBEHHO
K MeTacTabmiabBHM rasy m sxmgrocra. Ilpw T > T, Tepmogunammdae-
CKEii TmoTeHNHWANl G CTaHOBHUTCA IUJIABHOM MOHOTOHHO Bospacraltomei
$ymrnmeis p. Yro Kacaerca Touru I' = T, To kpuBas mis G NiIaBHO
MOAXONAT K HEH CO CTOPOHH BHICOKHX TeMIEpaTyp, HO HMEeT H3I0M
OpH MOAXOMAe CO- CTOPOHE HUBKAX TEMIepPaTyp.

Ilpm =xBasmcrarmueckoM c:Katum rasa upm I << T, HIOTHOCTH
~ GHCTPO BospacTawc ‘yMEHBIIEHEEM 00BeMa, TAR KAK KOJNWIECTBO
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i
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p=r/p:

@ ur. 101. CrobogHas sHeprus Kak ¢ymxnua p m I.

Bce BEIHYMHL BHIPAMKeHsl B NPUBEOCHHBIX eOuHMOax. (IIpm BHIHCICHHHA
XUMIYeCcKO#l TNOCTOAHHON MCIOAb30BaHA ATOMHAA Macca aproHa.)

BeIEecTBa OCTAeTCs DOCTOSHHEIM, a JRALKAA (asa HagmHaeT 06PABOBH-
BaThed yiKe B.Touke J. Horma gacrs rasa mpeBpamaercs B JKEXKOCTD,
cECTeMa CTaHOBWUTCS [ByX(asHoii opmHOKOMuoHentHoH. Ilomywemmas
BHime (YHKIUA G TpefcTaBiadeT coGod TepMOAWHAMHAYECKHHA IIOTeH-
IMaJl Bceil CHCTeMB, COCTOANIeH M3 Ta3000pasHOM W RHEAKOR daa,
7 ocraercst MOCTOAHHON [0 OKOHYAHWA Ipomecca O;RumeHus. Wmenmo
o 9TOH OPWYMHEe TOYKA, ONUCHBAIOINAS COCTOSHAE CHCTEMHl, HE JBU-
JKeTcA HA p -— G-gmarpamme, HO Apmikercd 3 J B N Ha p — V-gma-
rpamme. Horma Bce: BemECTBO CHCTEMEl IIeDeXOAHT B JKHEKOCTS,
18 Kv6o
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COCTOAHMIO cHCTeMEl oTBedaeT Touka N. IIpu manpHeiimeM noBnuIeHEHA
AaBJeHNs OPOHCXOMUT CKaThe uAKoH ¢asn. Bospacramme tepmo-
JEHAMAIECKOT0 MOTEHIMANA TIPH STOM IPOUCXOJHT 34 CYeT TOTO, 9TO
OpHE CMKATHH CHCTEMa HOJYydJaeT paboTy u TeIio OT OKDY)KeHHA.
TepmonnHamMugeckuit moTeHIUAaN Kak ¢yHrrnus I M p upexcrasien
ma ¢ur. 101. ’

32. Temmora mnepexoja onpelenserca PAsHOCTLI  DHTAILHMI

ma 1 moab: L:’ﬁj——ﬁz. Bemomunas, ato Gy =G,, umeem L =T %
X (81— S5). B Bulpaskenmm

aL _6_{4_) 4 oL dp
dT_.(aT p (_O}T)Tﬁ’
npomssofHas dp/dl ompepensercs ypasmeHmem Huameiipona — HKaay-

smyca: dp/dl = L/T (171——172). OcraibHble TPOM3BOJHBIC IOIYIHM CIie-
AyIOIMuM 00Pa3oM:

oLy _ 0(H,—Hy
R

(6[/ )T: 0(H1——H2) :V‘_Vz—;_], 6(S1—~Sz)

“ap ap op ‘
Ucnonbsys coorHomerne Maxcpenna 85/9p = — dV/9T, maxomum
8(S;-— 5 — =
LE00 . Vit Vabs

¥, CASTOBATEIHHO,

dL L L(ViB—V3By)
7 =Co =t T~ 55

daT
B uacrtHOM ciydae, Korma ¢asa 2 mpepcraBiasger coGofi mpueannbHbii Tas,
nmeeM Po=1/T u VL Vs, Tax d9ro
L (V4p1—Vafo) ~
Vi—V,
Orcroma dL/dT = Cp — Co,.
33. Bynem muumcasnth ¢ = Tds/dT Bpoab KpmBoii paBHOBecHs
(kpuBoit naBaenmsa HacHmeHHOTO mapa) p =p(T), 1. e ¢ =
= T (0s/0T), + T (0s/8p)y dp/dT. IlopctaBiasas cioma cooTHOmeHRue

Magcseana 0s/0p = — dv/dT = — vf (B — rosddunmenr remmo-

BOTO PaCHIApeHHs) H ypaBHeHHe Haane#ipofia — Knaysmyca dp/dT =

— /T (¥ — v'), momywaem c¢ = c§ — V*Br/(v® — v'). Tocromsky

v—s; > v' W[4 IieadbEOTO rasa CUPaBeNanBo npuGimuxenne f = T-1,
10 ¢ = ¢& — /T, wma ¢ = cp + dr/idl — r/T = ¢ + Td (r/T)/dT.
3pecs MH y4IE DpuOIWIeHH0e YPABHCHN® U3 PemeHHs sajaunm 32.

L
-
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Hopcrapusas mnpuBefieHHHe. B 3afave BeNWYEHH, IONydaem: s
Bopst mpm 100° C orpunaTensEy0 TeOI0eMKOCTD ¢ = —1,07 Kaalz- 2pad.
OTo 3HAYMT, YTO OPH OTBOJE HEKOTOPOTO KOJIMYECTBA TEIIa Teyre-
paTypa BOAAHHX IaPOB BOSDACTAET TaK, UTOGH He HaPYMHIoch rem-
JI0BOe DaBHOBECHE WX C BOKOM.

Ecam e mcmonan30BaTh IPHGIMKEHNEe WIeaNbHOTO Ia3a, TO oera-
mercs fo6asoumsiii wem —rv'fl(® — v') m Mm morymmm of —
= ¢t -+ Td (r/T)/dT. 3mecs ¢, 06Go3AATACT TEIIOEMEOCTD BIOTE KpH-
Boli paBHoBecms. J[liA BOAEI," OQHAKO, PABHMIA COCTABIAET Juymy
5-107% gaa/e-2pad, Tax UTO €10 MOMKHO TpeHeOpeUh.

34. a) OGo3paunmM faBIeHHe BHYTPH KAIIH JKAXKOCTH Tepes p.
Torpa ycmosmst mexammiecKoro paBHoBecHs (4.9) samumyres B pmpe

p'—p=--. 1)

Venosma pasHOBecus npum 0O0MeHe BEITECTBOM MEKIY Kamield gy ee
mapoM oupexensiTca coorromenmeM (4.107):

Mz(T, pr‘f"zr_v):l"g(Tv p,r); (2)

sgech pr 0003HAYaer JaBieHHME DApa, HAXONAIEToCs B PaBHOBecHH:
C Kamue#l pajmycoM r, T. e. AaBjeHHe HACHMNIEHHOTO IAPA JKHUIKOM
Kamu. B atmx oGosHavenmax OOKYHOE [aBlieHUe HACHIIEHHOIO mapa
Ps BANNMINETCA KAK Ps = Pw. OHO OIpeNeNseTcs yCIoBHEM

p (T, po) = pg (T, Po)- (3)
s (2), (3) m (4.14) nmonygaem
po(prt 2L) — o (peo) =T In L2 %)

VYuureBag TOT QAKT, UTO JKUAKOCTH TPYAHO CREUMAaeMa, T. €. XuMm-
9eCKHIl DOTeHNHAd Maj0 MEHAeTCH NPH H3MEHeRHN JaBJeHHH, M
MOKEM PaBJIO/KHTH JIeBYI0 YaCTh COOTHOMEHHA (4)

121 (pr+ "27?‘)—_—'“1 (pw+pr-pw+_2;Y‘)

0 TepeMeHHoA

2
pr*—poo_l"'?v‘ ?
TOTZiIa MOJydaeM ‘
2

(pr—pm+7t)vz=len§§, )

Hin
Pr ViPo (Pr 44 2
In Do KT (Poo 1 TP ) ’ S (6)

18*
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Te MB MCHONBL30BANA, UTO Up; = du,;/dp. ObosmadmMm yaensHHNE 06BeM
mapa npd JaBICHWE Do, W TeéMneparype I' wepes vy. Tornma v;p./kT =
=v1/vg L 1. Tlonoxus p;/pe =1y, nepemmmenm (6) B Bume

1n(1+y)=Z—;{y+U27_i), (6')

Tax xax v,/v; — 0GHYHO MaZas BexmumHa mopaaka 10-3—10-%, To npa
oupeneeHAA TOYKH Hepece9eHAA QYHKIHAH, CTOSHUX B 06eHX TacTAX

T T T T T T -

S

g3 50
g
E
s 5
“\\’«‘!\ e
v < g
2r
A it
L i 1 1 1 il 1
o 20 &) 60 80 f00 120 J40
y ’:ﬂiT
O mr, 102, ) ® wr. 103,

HallcaEHOTo paseHctBa (6'), MoKHO HpeHeOpedh BeINUMHOR ¥ B CKOG-
Kax B NIpaBO#l dacTd (mpaBag 9acTh HPENCTABJIAET HOUTH TIOPHB0H-
TAIBEYI0 NPSAMYH JMHHMIO, Kak moKasado Ha ¢mr. 102). 910 skBH-
BAaJIGHTHO HCIONb30BaHmI0 BMecro (6) NpubaumKeHHOTO COOTHOIIGHHS

2
| In 22 | (7)
Nz (7) nomydaem
pr= pmeZvlv/rhT‘ (8)

B kauecrse mpmmepa Ha ¢ur. 103 mpuBegeHa 3aBHCHMOCTH JAABJICHUSA
mapa or pagmyca xamiam Bogh mpm 20° C.

6) Hpurudeckuil pajgmyc r. AJisS 3aJJaHHOTO [ABJEHHA D > P,
OIIpeJiesIAeTCA YCIOBEEM P = DPr = Poo Xp (2v,y/rkT). Tar rar map
Kamjield, pagmyc KoOTOpo#l MeHBIIe I, /JaBleHNe Tapa Gojasine p,
T0 TaKasd KAaIifA, ecAW OHA BOSHUKIA, OyJer mcHapAThCA. JTO BHAUHT,
4970 T, ecTh HANMEHBIIHA PAfHyC, IPH KOTODPOM MOMET CYMIeCTBOBATH
yeroituuBasg Kamjid. ;

3ameuganue. Ilo ykasaHHMM IpHYNHAM KaILIe SKATKOCTH
TpynHo o0pasoBarbCA B Mape, B KOTOPOM HeT fAAeD KoHAEHCALUH,
¥ Iap CTaHOBHTCA HEPeCHINeHHHM. EcjH jxe B mape MMeIOTCA MeJib-
qafimme YaCTHIH, HANPHAMED YACTHOE DHIH, TO BOKPYT HEX ofpa-
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8YIOTCA KAaIUIM ;KHAKOCTH NPH YCIOBHH, YTO JAaBIGHHE Mapa BHIIe
BEIW9IAHE Pr, COOTBEICTBYIOMIEH pagmycy dacTdm T.

35. Ha ¢ur. 104 AB npencraBuseT cofoii KPuBYIO JABIeRHA HACKH-
merHOoro mapa. OTpEmateNbHAS TENIOEMKOCTh HACHIICHHOTO IIapa
03Ha4aeT, 4ro JHTPOUNHA ero B Touxke A Goapme, YeM B Toure B.
C npyroii CcTOpOHH, NPH NOHIKEBHH J[ABJIEHAS BIOIb M30TEPMEI
0T ToYKM B DHTpONHs, KaK JEeTKo BHIAETH, BO3PaCTaeT [(as/ap)T =
= — (0v/dT), << 0] u 3HAaueHHe ee B Touke C Ha M30TEPME COBIAKAET
co spauenmeM B Touke A. TaxkmMm 06pasoM, H39HTPOUNYECKAS IHEES

T i + 1 Tl o7 1 T 1," lTvrll_rllllll"l—lﬁx'zsa
| [ Hpumuwechan moyre
Boda S&/1 3T4°c, 218 amm
g8
N 200
- §
= 150
100
" A
1 L 1 1 ! 50
0 5
—_—T
| ISR B e Ve e Py o i b g by g 0
0 00 200 300 400

® ur. 104,

AC uMeer MEHBIIHUI HAKIOH, T€M KPHBAA [aBICHHA NEPeCHINEHHOTO
mapa AB. K sroMy xe pesyJIbTaTy MOKHO NPHUATH, CPABHHBAS ypaB-
menne Huapeiipona — Kaaysmyca dp/dT = L/T (v; — v) ¢ ypas-
merueM (0p/dT)s = ¢p/T (0v/0T)p. Bemommmas pemenme zamaum 33,
HeTPYMHO BHUIETH, 9TO TOCHeTHIE MeTOf 9KBHBAJICHTOH OIPEeseHHIO
3HAKA TENJIOEMKOCTH HEePECHIIIeHHOro mapa. Myl BHEEM Temeph, 910
OpH BHE3ANHOM PACIIEPeHNH Kamepsl BHIBCOHA, IPH KOTOPOM mpo-
HCXONHT afuafaTHYecKoe PACIIEpeHAe HACHINEHHOTO MAapa, COCTOA-
HEe mapa msmeHsercs BRoas CA m yxomar BieBo ot AB B 06iacts
MePecHIIeHHOr0 mapa. ’
SaMeqanue. Kax yKasuHBaJoch B mpeNHAYINe#l sajade, Kam-
JAAM KAAKOCTE TPYAHO 06pa3oBaTeCs AasKe B IEPECHIIGHHOM mape,
ecIm B HeM HeT aep KoHAeHcamum. Korga depes KaMepy IpPoXomdT
. Kagoe-Tm6o wH3TydeHHe, BAOJB ero myTH o6pasyiorcs HOHH. Eeiam
cpasy ke TOCJHe 3TOro IPOMCXOAMT afamabaTAYecKoe pacIIEpeHHe
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KaMepH, To B Hell BOHAKAaeT mepecHmeHHaui nap. 1lpm aToM BO3HUEK-
- IIEe o7, AelcTBEeM U3NydYeHHS WMOHH CIYKaT AXPAMA KOHAEHCAIWH,
Ha KOTOPHX 00pasyiorcs Kamiam TyMaHa. Tarmm oGpasoM HalIoganT
caens gacTHL B KaMepe Bmuncoma. (Cm. sagagy 49, rme o0BsAcHAeTCH,
modeMy HOHHEL SIBASIOTCA SAPAME KOHJSHCAIWW.)

36. a) Creqya pemenmsaM safnaum 24 B ria. 1 m sagaum 29 B ra. 3,
samaieM CBOOOZHYI0 SHEDPTHI0 €MUHANH 00BeMa ¢ ydeTOM 3SHEPIHM
MAUHATHOIO HOAsA B BHJE

F Fo(T)

=7 T&m S HdB.
3pecy Fo(T)— smauenme cBoGomgmoil smeprmm mpu H =0 u B=0.
B mamewm ciywae ymoGmo Bmecto F paccmMaTpmBarh (yHKIHIO

GH, T)=F—VIL (1)

¥ B3ath H B kadecrse oxHOM 13 HE33aBHCUMLIX MePeMeHHEIX. JPexrTt
Meiiccrepa o3Hauaer, 94TO

B(H)=0 upn |H|<<H.

BH)=H upn |H|>H..
Napvu crosamu,

v

o | BAH =Fo(T) upn |H|<H,, )

G,=Fy(T)—

14
G =Fo (T)— 34—

Sy by B 1]

BAH =Fy(T)— - (H*— H?) npn |H|> H.,
3)

TaK 49TO
96, | G, VvV dH} _
Se—8n=——Zr+ 57 =gz a7 » 8
, v 4H}
Q=T (Sn—38o)=—g7 37 - (4)

6) Jlus.TemnoeMKOCTH Beel cucTeMsl, 3aEEMaomeil 00bem V, manm-
neM
. 3(Sp—S Ty d*HG
CCp—Cy=T 2808 TV T e
aT 8n de

\ = [2 eV v L] )
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Ilonarag T’'=7Ty w H,=0 m nepexogd K BelmYWHAM, OTHECEHHHIM
K 1 #soav, momydaem

~ A Vv [ dH,
Co—Com —2 (G72)  @=T0. (6)
B) IMonosmmup Ho=H,{1—(T/T0)?], naiigem m3 (5)
~ ~ VIHZ T \2
Co—Co= 377" [1—3(—5) ]- (7

Kpmsas C,—C, nzobpaena na dur. 105 nyarTApHOH ANHEZeH (cIiIom-
Hasd JHHASA IPEJCTABIAET SKCIEPUMEHTAJBHEE 3HAYCHUA).

X107
10 ¢

i T T T T T T

Sn

Ly
i~3
&
2
« o
Eaf 2
g | =
EZ“‘ { ~
S 1
= 1
1y ! [ ==
{ Sem——— T iR/IVE T,
R ; X 1. 1 i | 1} 1
0 2 3 P 1] / -2 3 4
7 ba 7K
O unr. 105. O ur. 106.

3ameganne Tunmusnit xong kpuBHx C, m (,; HOpHBeIeH
ma ¢ur. 106.

37. OGosHaunM Kaxkylo-HAOYAb M3 KOHHEHTPALUE Z, ANH I, Yepes
Z, & Ta3006pasHyI0 W KAAKYIO (ass GygeM oTMeYaTh COOTBETCTBEHHO
mHgexcamMu g u l. Kpmerie rasoeoii ¢asm z; (T) u mugrod z, (T)
OUPENeNIAINTCA YCIOBAAMA

Gig (T, 2g) =Gy (T, z1), 0
Gog (T, 2)=Gu (T, z).

Vix nosemeHme BGimsm aseorpommyeckoil Tourm (70, 2% = z!) MOXKHO
ompepenuthb, monarag B ypasHemmsix (1) T =T04-0T, zg=xy- Oz,
z; =21+ 0x; m Baxoma coorHomerwe Me;xpy 6T, O6zy m Oz;. Pasnaras
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B pag mo 6T, 8zg, Ox;, momywaem ms ypasHenmil (1) ¢ TORHOCTBIO
0 WICHOB HePBOro nopmma MAaocTH

—8,,8T —r - 6xg = — ST 44 96y 2 O%0 (2a)

—~Szg6T—|— 7, Gaa Sz = (26)

3mecs MH yumm, 9TO BG/BT =—8, = 0603H&‘IKJI]Z[ depes Sig, -
,dGgldzg, ... SHAYCHWS BTUX BENWYUH B A3COTPONUIECKON TouKe.

Ucnonssys  ypasmemusa I['m66ca — Hiorema — S A7+ 2,dGy; -
+ 20dGo; =0 u — S¢dT + 24gdG1g -+ 2290G2g =0, MEL MO}KEM onpese-
ante 07 caemyromum obpasoM. YMHOxasa (2a) Ha zo, a (26) =ma 29
M CHRIAIBBAsS WX BMeCTe, MEL MOMKEM MWCRJITINTH Ozy;. Ilpu sTOM
nonyuaeM — (2381 + x9:85) 87 = — §y0T npanou 9acTH n—SigéT
B IIeBOH, Ije ML YWIH, YTO x?l:xig u le——ng Tax kar S1g
—Su;é 0, To 87 =0. 3710 smauur, uro 6T — BeamumHa mo KpaiHeil
Mepe Broporo TOPAJKA MAJNOCTH BHoNb KpHBOH Tazoo0pasHoii ¢asul
¥ KPHUBOA KHUIKOH (aswl.

38. IpumemM ionepeuHoe cedeHre CTOP:KHA PABHHIM eJUHHIE U 060-
sHagmM gepes €, (T) KORNEHTPAIUI0 IpIMecei B ALKON TaCTH CTEPIK-
HfA, KOrJa [AHHA 3aTBEpJeBINedl YACTH, OTCUHTHBAEeMAas OT JEBOTO
KOHOA, paBHa 2. IlycTs mpomecc saTBepueBAaHUS IPOIOIKAETCS
W JJIHHA 3aTBepjeBINeil yacTm yBejumumBaercsa Ha dz. Ilpm srom roum-
gecTBO mpuMeceil, mepemenmlee W3 JKHAKOH (asel B TBePHLYIO, PAaBHO
kC, (2) dz. 9ra BenmumHa paBHa wusmemenmio d [C,, (z) (L — z)}
RoAmYecTBa mpmmeceil B ;ruproit dase C,, (z) (L — x), Tar gT0

A [Cr (%) (L —z)] = — KCr () dz,

. , 1
Xn (L—2)= — (k—1) C.. W

VaTerpupys sT0 ypaBHeAWe, NONYydaeM
Com(x)=A-(L—2z)*1 (A— nocrosmnas). C(2)

Tar rax ROHueHTpaunﬂ npuMeceil B HcxXoxHOH KEAKOH ¢ase Onima
paHa CY, T0 AL*1=CY m, cienosaTenbHo,

Cm(2)=Con (1—2)" (3)

KonuenTpanms mnpuMmeceil B TBepAod ¢ase, BHIAJAIOMEA B TOYKe I,
ONpPEeReNnAeTCA CIeAYIomuM 06pasoM:

C(@)=hCn (@) =kCh (1—£)". (4)
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Jra ¢yHKnua usobpaena ma ¢ur. 107 gua caysas k < 1. [M3 nomy-
ueHHOH# PopMyaH caexyer, 9ro C () —» oo mpa x — L; aro He BOojHe
rouHo. OmubGra 00yCIOBIeHA MCIIONL-
30BAHAEM NIPEJIONOKEHUsA O HOCTOAH-
CTBE BEJWYHHLE K, 4YTO CIPABEXIHBO
apmb aag maaux C.] Mu Bmgmm, uro
OPUMeCH, cOONPAIOTCs B IPABOM KOHIE
CTePSKHSA, a ero JeBHi KOHem OY’mia-
eTca OT HEX. ce
3aMeuaHHue. J0HHAA ouuCmEQ. oM
IIpg oudcTKe TONYHPOBOMHUKOBHIX
MaTepUanos, HANDUMED KDOMEUA H .o |
repMaHus, CTeP/KeHb ©3 BTOTO MaTe- m
pHaa NPONYCKAT depes3 KATYIIRY HH-
AyEmuoHHOTO Harpesarens (¢ur. 108). g —_— L
Ilpm osToM wacTs Crep:KHsA, HAXOASA- ®ur. 107
masgcd BO6IM3M KaTyNIKM, IJAABATCH o
H TepexKphcTajlIM3yercs, a NIpPUMecH ;
cOGHPAOTCA B IIPaBOM ero kKomne (paciiaBieHHAS YacTh COXpaHAeT
dopmy Onaromaps cmiaM TOBEPXHOCTHOTO Hargkenud). llpmummwn
9TOro ACHH M3 OPHUBEIEHHEIX BHINIE PacderoB. Meron moNydeHdA 0YeHb

Clz)

Kamyura
Haepefamena

nr. 108,

YHUCTHIX BeIeCTB, OCHOBAHHHIH Ha IIOBTOPEHWH TAKOH 30HHOH IJIABKH,
Ha3HBaeTcA 30HHOHA ogmerkoit. Haobopor, mobaBndaa IpEMeCh K 4ACTO-
My BeImleCTBY, MOYKHO ¢ IIOMONIHI0 30HHOH IIAaBKA HOJYIATH BEIECTBO
OHOPOJHO# KOHIEHTPANHE (30HHOE BHpABHUBAHEE KOHIEHTDAINH).

39. a) CoorHOmenns MEEALY @; X MOIAPHEIMA foiAMH T; = N,/ Z N,
HMEIOT BUJ

rPq z P2 . (1)

Xy = —— =
L 2T o1+ 92

Paspemas ux OTHOCHTENBHO ¢;, IOXYIAEM

o xy . rZsy
P1= Tyt-rey ! q)z—z1+rzz' ‘ (2)
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Ucrionsayss npusefieHHOe Bhpa)kemwe maA (;, HaXOAEM Jajee, d9TO
TpH MOCTOSEHHX p u T

3 o [ { e (1-4) ) -
—2w (1—g) | dor+oe [RI {o-+(r—10} —2w(1—g) |dps) =
= (r¢1+ @) ([RT {1+ ez} — 2rvg p.] do; -+

+[BT {@;+res} — 2rwe,pz] des) =0

(rax xax dg; -+ dgs) =0).
6) Tak kax S; = — 0G;/0T, nmeeM

Si=—R[mg+(1—+) ],

§2 =8, —R[ln gp— (r—1) @il
¥, CIeI0BATENBHO,

Sz Z(L‘igi:Z xig(i)—
—R {xi [lncp1—1— (1——:—)%] + 22 [In gz —(r—1) (Pd} =
= 2 x,-@?—-R (21 1n @y + 25 In @3). (3)

3xech B NPOTHBOMOJIOMKEOCTh CIY9Yal0 HIeANBHOTO PACTBOPA B BHIpA-
JKEHMM [JA OSHTPONMH CMEMEHHS BMECTO %; B Ka4eCTBE HE3aBECHMEIX
mepeMeHHBIX [0 BHAKAME JOTapu@MOB CcTOAT OOBEMHEE J0Id .
IIpomssens mpeoGpasoBanue
—R(zyln @+ 22 In @) =
=—R(zxyInz +z31n2)) - R{In[1+ (r—1) xo] — 22 InT},

BHAWM, 4T0 B [JAHHOM ClIydae SHTpoINAA, BoGOIe roBopsd, 0oabile, deM
B cIy4ae HAeaTbHOTO PacTBopa, ecam r>>1.

B) I/IC]IOJILBYH coorHomenme H; =G;+TS;, nomydaeM BHpaKeHEA
AaA yAeNbHOH MOJAPHOH SHTAIBINE:

F73 I7o 2 73 Ijo 2.
H1=Hl+wq)2, Hy= H)+ rwes;
CIIeJI0BATENBHO, TEIVIOTA CMEINeHAA OMPeJeIuTCs CAeAYION[EM 00pasoM:

= 2 aH— D @ HY =w (2193 + rz:9}) = LTy, (4)

Ty Ty

Ona ofpamaercs B Hyiab OpH X3 =0 B 1, =1 1 JocThraer MaKCHMAIb-

soro smavemms rw/(Y/r+1)* mpm 2,=1/(1+V7). Ha ¢ur. 109
8 KadecTBe IPUMEPOB mpmBefeHsl Kpmeee mig r=10 m r=100.-
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r) BrigucaunM Temeps HABIeHWMe [apa M OCMOTHYECKOe fasjeHHe.
Jlna {ororo BocmombayeMcs pesyabraramm mpmmepa 6. Ilpm sagamsom

10 T T T T | T T T T
Eal
3 Sz
= 05 N2 —
Yz
< (74
.
0 1 1 1 1 ] ] ! ! ]
0 05 10
Z2
® nr. 109.

XHAMAYCCKOM MNOTeHIHAJIe AaKTHBHOCTH PACTBOPHUTEINS ONMCHIBACTCA BBHIpa-

JKeHueM
a1=(1—cpz)exp[(1——%) P2+ 7 fpi] .

Takum oGpasoM, MEl HEMeeM

po ai:(l_qh eXpI:(i_‘—) q)2+RT (P2:|'

1
rr = —lha= —ln“—(Pz)—_(i_?) CPz-—-RﬁT- ¢3=

=T¥(7xg——i)72+(?_m)[m12+'”z

zxz—i—( /RT)r2x2+ .o > ).

©)

(6)

(7)
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IIpr odeHP HMBKHX KOHOEHTPALMAX, KaK WM B cJydYae HAeaJbHHX
pasbaBieHHHX PacTBOPOB, BHIOAHAeTCs sakoH Bamt-T'odda. Opgmaro
IpH BEICOKOH CTeIeHH IOJHMEPHSANUHA 7' OTKIOHEHHA OT 9TOTC 3aKOHA
BOBHHRAIT YyiKe NIpPH OTHOCATENBHO MAJHX MOJAPHHX KOHIEHTpPA-
nuax. B wxadecrBe mpuMmepoB Ha ¢ur. 110 upuBegeEH KpHEBEE
3aBECHMOCTH [ABJEHHWA Iapa
1 L pi/pd oT @, mp:E r — oo.
L . 40. Xorsa MeTy pesepBya-
e pavu I u II n npomcxomgur 06-
=, men moHamu M* mw X~, ogHaxKo
2 s B CHUIY YCJIOBHA HJI€KTPHYECKOMN
i \% | HelTpaIbHOCTH

95— — , o
IM+ = TX—» (1a)
rae = 2x-+25.  (10)
Hpowme rtoro, ms saxonos coxpa- .
wenpa aasg MT 1 X~ BHTeraer
/| TS ST N ST ST 2h+ + xye = 2 + 23,
g "'; f Tk xh-=a% ()
: " C [fpyroit CcropoHH, mMeeM
®ur 110, yCII0BHe PAaBHOBECHS

Gux—1 = Gmrx-an, (3)

OTKY/a B IIPEUOIOKEHNA MAeATHHOTO DPasfaBIeHHOTO PAcTBOpPA HMMeeM

RT In (zp+ax-) = RT In (zip+2%-) WIM  Tpax- = Tpdx-. (&)

Mur menonnsoBamm sfech coormomenus (4.33); ofbemubie momA @i+ H

@%- WMeOT ONMHAKOBHe 3HadeHus B peseppyapax I m II. Ua*(1a),

(16) m (2) ponysmm Temepb (zx-)% == (x) —x%-)? = (%~ -+ 23) 2%~
¥, CHACAOBATENBHO,

e — =2
X=7 o0 gy
Ananornano
0 .0 0 x4 0
. Z1 (274 =) X- T3
Tx-=~—5A 2 ym ——=14+=,
2z)4-af ° Tx-~ T ]

910 smaumr, uro BemecrBo M*X~ pacmpepenserca Me:ly pesepBya-
pavm I u II B orHOmemmm (20 -+ z)) : 2).
41. OGosmauum dwepes @; m Dy BIEKTPOCTATHIECKHE NOTEHITHAIEL
das 1 u II. Torga ameKTpoXHMUIECKME IOTERNHANE GYIYT
ni\t['*' = !J'lit[++ e(DIv 7]5(— = P‘i(""_ BCDI,

e+ = Pigs + €@, Mx-= pk-—eDrr.
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M3 ycnoBuii papHOBECHS Tm+= MM+ ¥ Tx- = Nx- HMeeM

Typt —e (O —®p) xx__ [ e (O —®py) ]
e — ), el — | O
TAe MH HCHOJB3OBAIM IS Wi+, - .. coorHomrenme (4.33). Iloacrasnas

8 (1) pesynbrars, DOnydYeHHHE IPY PeMieHWH IIPeJBIAYMIeN 3a1adud,
HAXOUM ’
(DI—CDII—“— l’lx—,),{::ﬂln (1—{—-1%—) .
a:X_ [ .1:1

3amegarmme. WUz coormomenmit (1) MOKHO HONYUHTE COOTHO-
nieane (4) pemieHMs mpeAHymeil 3amadd.

42. 3pech MHL oOmATh WMeeM JeJ0 C paBHOBecHeM MeMOpaHHI
Jounana. OGozHauuMm KOHNEHTPAIMI0O MOHOB L0 OJHY M APYTYI0 CTO-
porer mMemOpamst I m II wepes zm+, zx-, Zir+, Zx~ U Zr-. 1IpE Kobas-
neraum MtX™ ocMOTUYeCKOe faBleHWe CTAHOBUTCS DAaBHHIM

T
== (23+ -+ 2%~ + Th-— Tp+— LX)

(-V—monﬂpﬂmﬁ o6vem Bojmel). Mcmombays pemenue sagaum 40
(upn z3=xR-), 3ammmem

TRh-+2 )
zpo -+ 220
Taxum OGPHBOM, OCMOTHYECKOE [aBJeHHe, WMeEBIliee HaYaJbHOC 3HA-

qerne (RT/V) 2zk-, npu mobGasmenam M* X~ mocremesHo yMeHbHIA-
ercsA, cTpeMsach B mpepene Ooapmmx KodmdecTB M*X~ ® mosoBmHE
CBOEro HAYaIbHOTO 3HAYCHHA. JTOro MW CJIefoBalo oxmmarh. B dase I1
moRE R~ BCe BpeMsA COXPAHANT CBOX KOHOEATPANHI0 Ti-. Lo mobas-
aennsa pacrsopa M*X~ momn M* ge mpoxopsaT Uepes HOJIyIPOHHIAE-
Myio MeMOpaHy mM3-32 3JI€KTPHYECKOTO NPHTSLHeHAA HOBOB R~
n ocraiores B ¢ase II, Tar 9T0 ocMormyeckoe HapieHme mMeeT 3Hage-
HAe, COOTBETCTBYIONee PACTBODPY € KOHIEHTparmei nonos R~, pasHOi#
2xg-. llpm poGasnemmu M*X- pasHOCT, HOHIEHTpanmii moHos M7
m X~ B ¢asax I m Il mocrememHo ymeHbmaercs (BausHMe HAINIAA
moHOB R~ cooTBEeTCTBEEHO 0CHal0iaseTcs), W HAKOHEN| OHW CTAHOBATCH
PAaBHBIMH: DasimIMe MeKLY ABYMA ¢azaMu Temeph 3aKIIOTAETCA
JIAIs B HaNmYud moHOB R~

3aMeganune. B OuomormueckmX saBieHWAX GOJBIIYI0 POIB
arpaet ToT GakT, aro HeGOAbIIAe JOGABKA 9NEKTPOIATOR UPE3BEYANHO .
CHJILHO BJIHAIT HA OCMOTHYECKOe JABJEHNE KOJLIOMAHHEX PACTBOPOB,
manpumep Gedka dim Kpaxmana. (O9eRb MHOIEe W3 TAKHX KOJJIOHLOB
npencraBiadoT coboil Tak HasHBaeMile amM(poTepHEIE HIEKTPOIUTH, B
KOTOPHX Te WU WHEe HOHH MOTYT OHTH I1HGO mOJ0KATENLHEIMA, 1U60
OTDHNATENILHEIMA B 3aBHCHMOCTH OT 8HaveHWs plH.)

—TRS—T=2 (x _—{—ZR—)_2Z’X—=2x —(
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43. Bmsenem mpempe Bcero meob6xonmmmie cooTHomemdg. Jam

MaJLHX 3HAUeHWI %, mMeeM (cM. mpmmep 8)
xa

: vmoM 1 dln
Ina = —vsg = — —==1 102001 &, g=1+x—25$2 azydxz (1)
‘ 0
Mcnoavaysa pemenue npnMepa 6, sammmem
- RTY? RTY Mymy '
AT = ——-———L Ina =V Too0 £ = —vhmyg.

Iloncrapnaa cioma v=2 (rak xak HCl-—H+-+Cl), TI'M= 27?)_,16°,
L,= —1436 raa/moan, R=1,9870 ras/mosv-2pad mn M;=
= 18,016 2/Mmoan, HaxOOMM

_ _RT{®
h=— 1000L;
0= — AT =3,72myg 2pad (m, B Moav/K2).

Ucnonesys [ypaeHenme (4.50) B KawecTBe TEOPETHIECKOTO ypPABHEHAS
Heban — Xworkena m canmrag D = 88,23, e = 4,802-10710 3. crar. ef.,
Ny=6,025-10%® u k=1,38-107"1¢ spz/epad, naxomum A =1,12. Tax
KaK MOMKHO TONOKETL Cp= pyMy X My, EMEEM

Iny=—alm, a=1,12. (3)
Samenss B (1) 22 ma m,, momydaem

M,=1,860 epad-re/moas, @)

m my
o

2 -
. 1 dlnvy _ S 1 .
g—l—}—ﬁz—jmz oy dm2—1-——27n; 4m22dm2—
0 0

Ilo  pamEpiM, OPHBeJEHHHEIM B YCIOBAM 3a[aud, MOKHO BHIIHC/IHATH.
1— g, wenonrsys swipaxkends (2) m (4). Pesyaprarsi cBememsr B Tab--

nmny.

1—-g
=3 moab/xe
mg, 10-3 moasb/ S — ypasHeHHAe Ig;gaa-—}{mx- )
0,627 0,021 0,009
1,179 0,011 0,012
1,245 0,017 0,013
1,474 0,011 0,014
2,228 0,017 0,017
3,526 0,020 0,022
4,520 0,022 0,025
6,879 .0,025 0,031
10,633 0,027 . 0,039
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44. RomneATpan®io JOHOPOB W 3JEKTPOHOB O0GO3HAYAM COOTBET-
crBeEHO wepes Vg u n.. Torpa xomuemrpammm D m DY Gynyr pasem
Ng—n, n n.. Ucmonpays mis s716KTPOHOB NPOBOAMMOCTH NPEOIMKEHTS
MfIeANbHOr0 rasa (pe = nekl), momydaem ms (4.14) m (4.15a) xmmmae-
CKHl TOTEHUHUAN [isf DIEKTPOHA

po=pe—>KT InT —kTi, + kT Inn,,

Ilpexnomaras TRepxsii pacTBOp mpeanbHEM, HafineMm mna D mw D+
3 (4.34):

Nd—~ne

;"‘D‘——'-P‘%) (T1 p)+kT In N;

g

MD+:M(1))+(T’ p)—|—kT1n—N—d .

B coorsercrsum ¢ (4.63) nmpm paBREOBecHHm WUp = P+ e H, CaepoBa~
TEJLHO,

n2

¢ 1
Ny, ~ T2 exp [ — (}Lg—|— p‘l’)-t.—uop)] .

B npasoit "gactm BenmumHA u2+u°D+——u% PAaBHA 9HEPTHH WOHUIANHE
kpucrasma Eg. Taxmm o6pasoM, npu n, < Ng OTBET MOMKHO 3aImcaTh
B BUIE

1 -
ne~Nd/2T3/4e Edlsz‘

45. PesynbpTupylomas peaknusa, S3anWcaHHAA B YCIOBHH 3aJiadH,
npoucxonmT B gBa  9rama:  Ag (mmar.) — Ag* (AgCl — KCl) + e
n Ag* (AgCl—KCl)+e—> Ag (AgyAuy). B coorsercrsum ¢ (4.42)
9. J. C. ONPEReseTcs BHpaKeHneM '

.

TE= éAg(Angul_x) — Gagmmze) =
= G—Ag(munk.) —+ RT In (.’ZJ’V) —_— gAg(mnnR.) =RT In (.23‘\7),

rge v o0osHauaeT arTWBHOCTB. KEcim cumrarh pacTBOP  HACATHHBIM,
10 y=1 m uckoman senmumea npu z=0,5 u T =1360°K 6yner

1,987-1360, 1
— 53060 In 5= 0,082 8.
JHeficTBrTeIbHBE 3HAYCHHA Y MOJKHO ompefielduTh II0 UPUBEJEHHHIM B
ycnopuax spadenmaM z u E, momesyace Hmwxecmemyiomeid Tabnanel.
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x E §E/2,303RT 1g x gy v
0,846 0,021 0,078 —0,072 —0,006 0,986
0,716 0,045 0,167 —0,145 —0,022 0,950
0,602 0,074 0,274 —0,220 —0,054 0,884
0,471 0,114 0,422 —0,327 —0,095 0,804
0,263 0,198 0,734 —0,580 —0,154 O 701

46, Cregya (4.09'), sanumeM XUMHAYECKYI0 DPEAKIHIO
aA+bB+ ... ZIL+mM ... )
B BHJE
YviXp=0 (va= —a, Xg=A, ...). (2)

Koadguiment pearkuum A BBOmUTCA ¢ NOMOIBIO cooTHOmeHuA (4.60),
npudeM B HaganbEOM cocTosEma A = 0. TepmopmHammaeckumit noTernman
Beell cueTeMEl ABIAeTCA QYHKIMel mepeMeHHOll A:

G (na, 1z, ..., nL, ...)=§nk@kEG(x).

XuMaueckoe paBHoBecme ompepgenserca coorHomenmeM (0G/0A),, =0
T. e. B coorerciBam ¢ (4.63):

(Z) ,—a6=Ywfh=0. @

Yrofr paBHOBecHe GBLIO ycToumpsiM, QyRRnuA G (A) mpu sEauwenun A,
OmpesienseMoM ypaBHeHWeM (3), MO/UKHA HMeTh MHHMMYM, T. .

%G OAG 8 =
(67»2 )p,T—( o )p,T—Wzva">O' (4)
a) HNsvernerme A B 3aBmcmMoct# OoT I' IpH DOCTOSHHOM JABJICHNH

ful
omnpezensercss sexmaunoit (0A/0T) & IIpm srom Benmumaa AG jomxHA
0OCTaBaTLCA PABHOH HYN0. 3aMETHM, 9TO

©)

( ) ) 0, AD) o AG) a(h, T) _ (9AGIOT)p,
P, AG

0T Jpag  0(T,AG) O D) o(T, AG)  (9AG/oM),, 1
u
(o AG) =+ - S u=— P uSi=—a5= 2L ()

(rax kar AG=AH —TAS=0). 3guecs AH = >\ viH} ects usmenenme
SHTAJIBINN B XOfIe PEAKIWH, paBHoe B coorBercTBum ¢ (3)  AH/0A.
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Tereps cooTHOmeHme (D) BaNUMIETCA B BUTE
78 1 (BH/MN)p, T
(a—T-) =T AR (7)
P, AG (0AG[3N)p, T
Tar Kax 3HaMeHaTelb B IPAaBOH YaCTH IOJOKATENEH B CHIY YCJIOBHUSA
(4), 7o senmummnt (GA/OT), , 5 & (0H/OM)p, r mMeioT OmMHAKOBE

sgak. Ecam AH > 0, 1o peaxkumsa OymeT SHIEOTEPMAYECKOH m Oynmer
HATA B OPAMOM Haupasjedun (A BO3PACTAET) NIPH TOBLINCHAM TEM-
neparypsl. llpm AH <C 0 uMeeM 3K30TePMHYECKYIO PEAKIWI0, M TIPH
DOBHIOICHAX TEeMIEPATYPH paBHOBeCWEe CHBHTAeTCA B o00parHOM
HALIPaBICHAN.

6) Ecnim paBneHWe p MeHseTcA NIPH LIOCTOAHHON TeMmunepatype 7,
TO MMeeM AHAJOTHYHLIM 00pasoM

(ﬂ) _ (0AG/op) T, 3, _ AV )
op )1, AT (OAG/9N)p, T (OAG/ON) p, 1
3mech

AV = D vaVr= D\ w (%)T: (%%);;,T

ecTh um3MeHeRme o0meMa B Xofie peaknuu. Tak Kak S3HaMeHATelb
B TpaBod 9acTE coorHomenwms (8) NOJOMHUTENEH, TO BEIHIHHLI
(67»/6p)T,A(-; n AV wmmewnr pasewe smarkd. llpm AV > 0, t. e. upn
BO3pACTAaHEE 00BEMA B XOf€ peaKUWym, XHMHYeCKOe paBHOBECHE NPH
peaxnum (1) cmemaercsa Biepo, ecnm ke AV <0, to Bopaso. Taxum

o6pasom, peaxmas AmeT B TaKOM HampaBJeHWH, 4To0H o6muit oOnem
yMEHbIIaJICAH. '

47. HeobxopmMeiMm YCIOBHAME PaBHOBeCHS MeRAYy rasooGpas-
HO#l (paBoH, KoTOPOH cooTBercTBYeT Touka K, m mugkoit gasoit, KoTo-
po#t coorBeTcTBYeT TouKa A (pur. 111), ABAAeTCA PaBEeHCTBO KaBIeHMI
p, Temnepatyp 7' m XWMWYeCKHX IoTeHIEANOB | obemx ¢asz. Ilepene
IBA YCJOBHUA yiKe YIOBIETBOPEHH ABTOMATHYECKHE CAMAM CHOCOGOM
Bei6opa To9eK A m E. [Ipasuno Makceenia MOMKHO MOMYIATL U3 TPETh-
ero yCJIOBHUA

va (y T) = pg (p, T). (D

Has macct M, sarmouenHO# B 0o6beme V, TepMommHaMmuecKwmil
HOTeRIHak, COOTBETCTBYWINUII COCTOAHHIO A, DaBeH

Ga (Pz Ty =Mp, (p, T) = Uy — TS84 + pVa.

Haa cocrosama E mmeem Mypg (p, T) = Uy — TSy + pVg, Tak
9ro cooTHOomerme (1) MOKHO DpeACcTaBETh B BHUJE

(Ug —Us) — T (Sp— S4) +p (Ve — Va) =0. (2
19 Ky6o
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TaknM 06pa3oM, 3aaua CBOAMTCA K HAXOKAEHUIO PA3HOCTH BHYTPEH-
anx sHepruit Uy — U, m surpommit Sp — Su.

VYpasmenue Ban ep Baaabca mus n Moueil rasa B ooneme V mmeer

BHJT

__ nRT n2a 3

P=y %~ 77 - )

31ech @ U b — KOHCTAHTH, XaPaKTepU3yoOIUe BemecTBo, a R —

razopag mocroagmHag. Ciepyer saMeruTb, 4T0 B CIydae PABHOBECHS

2
I% T 1 T 1 !

- s e o
- -

P=P/Pc

l 1 1 ! | |
0 1 2 3 4 5 5

V=vfv=V/V;

O ur. 111,

ypaBHerue (3) upmmeHEMO UMb K gactam KA n EN naorepmsl, T. e.
obaacte ACE wucwaouera, Eciam jxe ypapmenme (3) NpumMeHHMO,
T0 TEIJI0eMKOCTL TP HOCTOSHHOM 0GBEMe ¢y CTAHOBHTCA (QYHKIACH
- toapko T (cM. ri. 2, pemeHme 3amagm 34). UToGm BHYMCINTH pas-
HoCTH DHTpommil S, — S,, JOCTATOYHO PACCMOTPeTh IPOM3BOILHEIA
kpasueraTmdeckumii mpormece AJE, ¢ mOMOMBIO KOTOPOTO MOMHO
0CYImecTBUTD Hmepexoy U3 Touku A B Touky K, He BHX0As M3 obmacTu
OPUMEHIMOCTA ypaBHeHHs (3), HampmMep mpomecc, W300pasKeHHEIR
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nyaKTEpoM Ha ¢ur. 111, Ilpm pukcupoBanHOM 3HaYeHNE M BeimunHa
S aBasierca ¢pynrumeit V u T u ‘
E

SE‘—FSAZ“EdS :51 _?S_)Tdv+(6S ) dT]:
E E
[P P
A A

ITpm mocnenHeM npeobpazoBaHMU MEl HCIOIB30BAJNU COOTHOIICHWE
Maxceenaa (0S/0V)y = (0p/0T)y. Tar rak touxkm 4 u E oTROCATCA
K COCTOSIHHAM C OFMHAKOBOH TeMmepaTypoif, To IOCIefHUE HETETpaJ
B (4) momxeH ofpamarbca B HYAb. Y IATHBAsA ypapHeHUe (3), moay-
qaeM

Vg
S o dV —nR In-E=20 (5)

AHanorgaHEM 00pasoM, ncuo.nbsya (3.216), maiimem pasHOCTH BHYTDEH-
HEX DHepTui

E E
r=va= [ [ [(59), 07+ (35), o] -
E E
_ S [T(_g%)v_p] dV—|—SMcV(T)dT:
A v A
= [ avrome(go- 7). ©
VA

Us (5) u (6) umeem pamee
Ug—Ua) —T (Sp—S.a)= — (nRTlnM—[— V;’ —2).

nb Va
Ho sta pasHocTs kak pas paBHa mETerpany or pdV Bioab mB0TEPMbB
ABLDE, ecin cumrath, 9ro ypasEenme (3) CIpaBejimBO i BCEX
COCTOAHNH, BRIIOYAS MeTacTaOMIbHEIE M HecTaOUIbHEE,

Vg
nRT n2a .
ABLDE v, _
=[nBT In (V—rb) + 55~ it ®)
) 14 V=v,

19*
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v=V/Yy,
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Tagmm ofpasom, yumrthBag (2), moaywaem

pdV=p[Vg—V,). 9)
ABLDE

Tax xak p ects naBnenme B Toukax A m E, o mpasas gacts (9) coor-
BETCTBYeT Iiomagu npsamoyroiasEaka AEWQA ma ¢ur. 111. Jlesas
gacTh cooTBercTByeT miuomanm ¢urypst ABLDEWQA mexpy maorep-
Mot ABLDE u oceio V. Taxum obpasom, coorHomenue (9) osmauaer,
aro maomans DELD pasra naomamm ALBA. 310 m ecrs mpaBmio
Maxcsenna. Yrobn mepeiitm ® yueabHoOMy o0vemy v = V/M, mope-
nuM obe dacru ypaBrerus (9) Ha momaylo Maccy M. Yaensane 06BeMH
B roukax 4 u E, 1. e. v; u vy, cTaHOBATCA QYHKIHAMHA TOJIBKO Hepe-
memmoii T (wam Tonbko p). [[laBmeHnme p nist 3agamHON TeMHOepaTypH
T momuO0 oupepenursh, pemas ypasHeRme (1). OGparHoe monomeHme
TAKyKe CIPABEJJINBO; HANPEMED, IPH p = 1 amm pjs BOXH MONYIEM
T =100°C.]

3ameuamnune, [ua yrobersa Ha dur. 112 nzo6parkeEa noBepx-
HOCTH, ONMCHIBaeMas ypaBHeHAEM COCTOAHWS BaH fep Baaasca, rae
TIOKAa3aHH TakyKe TOPU3OHTAJbHEE JAHAA TAOa AL mHa Qur. 111,
oumpegeideMEe ¢ MOMOmbi0 Upasmiaa MakcBeasla H COOTBETCTBYMOINEE
COCTOAHMAM, B KOTOPHIX COCYMIECTBYIOT Tas0o0pasHas W KEAKaA
dassl.

48, PaccmorpuM cBoGogEyo0 BeprH eamEmns o6vema F (M, T),
npmueM OyHeM CUETAThH, YTO MSMEHEHHeM 00'beMa MO;KHO TnpeHelpeds.
Tar xar Me paccMarpmeaeM ¢eppomarHeTEX BGamsm Toukm Kiopa,
sequumAy M MOskHO cunTaTh Manod. Byaem npegmonaraTh, u9ro
F (M, T) rak ¢yHrmuio M MOKHO pAaB3JNOKHTE B PAN

F(M,T)=F 0, T)+a(@) F+pM A+ ... . (1)

(3nmecs HedeTHHE cremeBH M OTCYTETBYIOT, TaK Kax 06a HampaBieHZA
HaMarsEnaegHOCTH dKBUBaieHTHH.) Hamarmmuennocrs M (H) onmpe-
EenserTcs W3 YCJIOBHsA PABHOBECHS IPH HAJIWIME MATHUTHOTO NOISA

F (M, T) — HM = min. 2)

IMpessne Bcero, upm I > T, nua H s+ 0 samaremyennocts M = yoH
gpomopnumonansia H (gna me cammkoM Goapmux smavenmit | H | ).
IlosTomy, coxpamss B pasiaosxeHEE (1) TOJTBKO WieHH 10 BTOPOTO
gopAgka mo M, moxydaeM H3 ycIoBHA (2)

dr(faar—mn) =0, wm u=f,

TaK 4TO

1 : _T—T,
=, WM @=——. 4)
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Ilpu 7 << T, wosppunment oo B pasnoskennn (1) cramopuTCcA OTpHIA-
TeIBHHM, W KpuBasg 3asmcumoctd F (M, T) or M nmeer MaKCHMYM
apu M = 0. Ecaa f > 0, ro F (M, T) umeer upu M == 0 gsa Munn-
myMa sa cuer wieHoB M* (Ppur. 113). IIpu H = 0 st MuHEMYMSEL 06y-

F(MT)-F(07)

~Ms Mg

®nr. 113. ®ar. 114,

CIOBIUBAIT CIOHTAHHYH HaMarHWYeEHOCTH M. |15 uccremoBamums
moseferns BOausn Todxkm Hiopm Mu Mmoem unoaomuts P (7) ~
~fp (T.), opE 3TO0M HONydaeM

oM+ BM2 =0

H, CIe/[0BATEeIBHO,

B [6(T.—T)7ie
M=y~ B DT, 5
. B B (T (9)
BTO BBIpa}ReHJZ[e H OIIIChIBAET MOBe AeHNe CHOHTaHHOﬁ HaMarimYeHHOCTHu

mmxe 1. (pur. 114).
. Takum obpasom, mpm H =0 mmeeMm

M=0, FT)Y=FO©O,T) gogpm T >T,, (6a)
M=M, FT)=F(, T)—Egi+..-. mpn I <T.. (66)
W3 9TuX COOTHOmICHHH MOMKHO BRYHCIUTL S = —JF/6T n C=

=T10S/0T = —T 0*F/0T?*. Bropoit wien B (66) oupesenser pPaspHp
remiroeMrocra. Vmeem

T
AC = Cremo—Cropo ——s - (7)
Ha ¢ur. 115 xavecTBeHHO TpEeACTABIEH XO0J KPHBON TEmIOEMKOCTH.
49, IlpeacraBuM cebe Ramai0 BOAH PAgUyCcoOM ', B LEHTpPe KOTODPOI
HAXOJATCH 9acTHOA (MOH) PagUycoM a4 ¢ HIEKTPUICCKHM 3aPANOM e.
Ha paccrossamm p 0T meHTpPA KaIJH HMMEETCH 3JEKTPHYECKOe LOIe



Pewenus 205

E = e/ep?, rue & — [WONEKTPWYECKAs NPOHHIAEMOCTh Boxsl. Kak
OLLIO0 TIOKA3aHO B TVI. 3, 3amada 29, BeaencTeue moJApusanmu, oby-
CJIOBNEHHON 3JEKTPHIECKUM I0JIeM, CBOGOIHAA BHEPIUA HA eIMHHLY

IR \‘l_!i T ! T 1 1 7 ‘[ T II 1 11
| Ni
® 015 —
&
Y L
S~
> B 4
g
= L
B 1
010 |~ -
|| [ A T l 11 1 1 ] L L1 ‘ | D
0 100 200 300 4o 500
T
®ur. 115,

obG'seMa yMmeHbInaercsa HA BeamguHny — (& — 1) E?/8n. Hoanoe mame-
HeHue CBOGONHON HHEPIHM Kallid [HOJIydaeM, UHTeTPHPYsS 5T0 BHpa-
yKeHHe II0 o0BbeMy Kamjiu:

r

sr— f e maom (1 1) (A1) £

1—1/e '
=2 ——" L const. 1
are ' ( )

Eeam mocraTouno 6osibimoi 00beM BOASHEX TapoB BMeCTe ¢ Kamiel
paccMaTpHBaTh KaK 3aJaHHYI0 CHCTEMY, a OCTaBIIyICH 9acTh BOAsA-
HHIX MapoB — Kak tepmoctar (ur. 116), To MBI mpmpyeM K yCIOBHAM
paBHOBecust (3.28):

dU — T68S 4+ pd (V' + V") — ud (N' + N") > 0.

OpguM MITPHXOM OTMEYEHH RBEJHIMHEI, OTHOCAMHecH K KEIKOH
dase. Ilogcrasasa mia OU supasxenme (4.8), B woTOpOM yUTeHA
TMOBEPXHOCTHAS DHEPrUA, IOIYIAEM

(p—p") V' +y8c +[w (T, p")—u' (T, p)ION'+
vl (1-1)]=0

2re

Ecau npemebpeus 3aBmcEMOCTBIO & OT DJIOTHOCTH W HOJOMKHETH dO =
=(2/r)dV’, a dr=(1/47r?)dV’, 71O TONy4YeHHOE HEPAaBEHCTBO MOIKHO
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mepemncarh CaeqyiomuM obpasoM:
l4 2 2 1 ! ’ ’ ” ’
[P +p+ 22— (1—5) |V + 1w @, p)—w (@, PISN' > 0.

8nert

Ilpu pasmosecun

p':P+2TV~ e? (1 ._—i—) (ypasaenme [ix. . Tomcoma) (2)

8merd \

H YCJIOBHE
w (T, p’) = n" (T, p)

BHIIONHSAETCA. VI3 9THX NBYX YpaBHEHHH W ounpefessiercs KpHTHde-
CKEil pagmyc r.

Crenyer 3aMeTHTB, 9TO B CiIyvae UJIOCKOH TPAHMIIH HJis HACHIIEH-
HOTO mapa BeimoaHAercs yeioBue p' (ps) = p” (ps), B To BpeMsa Kak
B HACTOAIEM CIydae HePaBEHCTBO w(p) <

n” (p) MoKeT uMeTh MeCTO He TOJNBKO NJfA Ie-
pecmmeHHoro mapa [u (p)<<p” (p)] HO W AiA
HeHacHImeEHOTO mapa [u’ (p) > p” (p)l, rax
KaK OPH JOCTATOYHO MAJHX I yPaBHEHHIO (2)
ymoBaeTBopsiior p’ << p (Au/dp = v>0). Nnnmn
ciroBamu, KuUAKasg ¢asa Goaee ycroiidmsa
(eM. § 2, m. 1) ® KamasA BOTEL MOJKET PacTH.
Taxmm 06pasoM, HIEKTPUIECKNE 3a DAL UIPAIOT
BAJKHYI0O POJIb IPH KOHAGHCATHH BOJAHEIX
mapoB E o006pa3oBaEEM 00JaKOB W TyMaHa B
arMocdepe. OTHOCHTENHHO KaMepH DBuabcoHa
CM. 3aMeYAHMe K PeIIeHHI0 3a7add 3O.

50. O6mme ycaoBus paspfelieHAs (a3 OpHBeJeHH B IpHEMepe 2.
JeficTBYs aHANOTMYHO TpUMEDPY 7 U MCHONB3YA PesyiabTaT sajadm 39,
3anAmeM

® urr. 1186.

28 =1 @) =G+ 2:Go— (G + 0B =

:Tf_w[r<1_<p)1n<1_cp>+cp1ncp+_ﬁ(p<1_q>>]. @

3mech MH 3aMEHHIA @, Ha . DyjaeM majpmme Tak:e 3aMeHATH I
Ha z. Pasgenemme Ha pmBe $ase OPOMCXOONT B TOM Clydae, KOTIZa
Kpusas sasucamoctd AG/RT ot z umeer gBa mmauMyma. Cymma mep-
BHIX JHBYX WIEHOB B KBaJDaTHHX cKoOKax B coorHomeHmu (1) maer
KPHEBYIO, HMEII(YI0 BePTHKAJIBHLE KacaTenbHse Opa ¢ ~ 0 m ¢ ~ 1
u ofpameHHy0 BHIOYRI0ocThI0 BHES npu 0 << ¢ << 1, B To BpeMA Kak
TpeTmii UieH AaeT BHIYRIOCTE BBepx mpum w > 0. Taxmm oGpasom,
ecam sHauenme w/RT pmocrarogHo BeaMKo, Ha KPHBOH mMeloTcA [Ba
MHHEMYMa H MaKcEMyM wmepy Huma. Mcciaegyem sto ycixosue.
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Hpesxge Bcero mmeem
do d rz @2 2 AG _ {(9) g2

——Ei—(—(r—i)x raz ? UM G RT T T rar (2)
Ho f (@) =g (@)/[r— (r—1) @I, rne
g@=r(l—)ln(1—¢)-+9lng+ 2o (1—g), (3)
HAXOIHUM
ey 8 (9) r—1)g(®)
PO =s=—tg T r=c—Der’ (4)
” _ g” 2(r—1)g 2(7‘—1\2 _
Fle)= e R e T e s T
- U U@+20 Dy (©)

Y1065 Tpu KopHa ypaemerus ' (¢) = 0 coBmagand, MOMKEE BHIIOJN-

HATBCSA YCIOBES 1" ((p) =0 u " (p) = 0, 970 BKEUBANEHTHO YCIOBH-
am g" (¢) = O m g” (p) = 0. [Heitcrsutensuo, opu [ = 0 ms (5)
omeeM, 910 g" = 0, a moxydimB m3 (O) 3HaYeHHe f” (¢) M MONOMKHB
ero paBHHM HyJi0, Hahzem g” () = 0. B coorsercreum ¢ (3) stm
ycnoBma MOryT OHTH 3amHCAHBEI B BHAE

r 1 rw
Tt 27 =Y
r 1 (6)
Ai—g2 ¢

ObosHaunM KOpemb THX ypaBHeHmIl 4Tepes ¢.. Tax wak 0<<qp<C1
n 0<<1—o@<C1, ms Broporo ypaBHEHHA uMeeM 1—@c= — Vree
H, CIE/{0BAaTeIbHO, @ =1/ (1—]—Vr). Ioncrasnasa sTo B mepBoe ypas-

HeHHne, HAXOMUM
w 1 1 2 7
R, =2 (1 + w') . (7

Hak yxaseiBaioch BHINe, pasjesieHne Ha gBe $ask mMeeT MeCTO TP
w>0urnT<T, (wWRT>wRT,. Koanertpagun B pasfeJeHHHX
dasax @’ m @" ompepensorca yciaormem [ () = 0.
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