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IIpeauciioBue pemakTopa K IepBOMY H3JaHUIO

Nwmsa I'. A. JlopeHna mypoKo U3BeCTHO KAk UMA KPyNHENIIero TeopeTu-
Ka-pu3nKa KoHIla mpolioro ctoieTufa. CoBeTCKMe YUTATENN yH#e M03HaKo-
MHJIUCh C €ro 3amMevaTelbHbBIMH KHUTraMU, BBINIEJNINMU B PYCCKOM Iepe-
Boge: «Teopus snextrponosy (I'TTHU, 1934 r.), «Teopus sneKTpoMarHuTHO-
ro mongy (I'TTHU, 1933 r.), «CTaTUCcTUYECKHE TEOPUU B TEPMOIMHAMUKE)
(OHTH, 1935 r.), «Jlekuuu no Teopuu usnydenus (I'TTH, 1935).

Bo Bcex »TUX KHHrax HpoABIAET-
cA MCRIIOUUTENbHOE MacTEPCTBO aBTO-
pa u3naraTb MaTepHal C NpeaelbHOl
ACHOCTbIO, YETKOCThIO M HU3YMHUTEIb-
HbIM, A Obl cKasal, usAmecTBoM. Bce
3TU ocobeHHocTU JlopeHIlla, He TOJIbBKO
Kak MbICIUTeNA, HO U aBTopa, IPOAB-
JAIOTCA U B €ro JIeKIUAX M0 TepMOJAU-
HaMUKe, COCTaBIAKIIUX OJHY W3 IiIaB
Kypca TeopeTudeckoil ¢usuru. [loato-
MY HeT HYMHJbl HCKaTb ONpaBIaHUA
NOABJIEHUIO B PYCCKOM MeEpeBOfie Tia-
BBl Kypca TeopeTuueckoil pusuru Jlo-
peHIla, TMOCBAIIEHHOH TepMoJUHaAMUKe.
3lech aBTOp, He OCTaHABIMBAACH MOJ-
poOHO Ha aHalu3e OCHOBHBIX TEPMOIU-
HaMHYeCKNX NMOHATHUI — KaK TeIIOoTHI,
paboThl U T.ZA. — U3JNaraeT CYIIHOCTh
NepBOro W BTOPOro Hayal TepMOJUHAa-
MHKM ¥ JlaeT MHOTHe NPUMeHEHUA HX, HanpuMep, K GUHAPHBIM CHUCTeMaM.
HeGoabmoit 06eM KHUTH 00YyCJIOBUI cOO0M HEKOTOPYIO CHATOCTh U3JIOHE-
HUA, OJHAKO, He 3a cuUeT fACHOCTU. KHUra BIONHE JOCTyMHA OJIA UYTEHUA
JAUIIaMU, Jake Malo 3HAaKOMBIMU ¢ TEPMOANHAMUKO#; 6pocaeTcA B riiasa uc-
KJIIOYNTelbHasA JerkoCTh, C KOTOPOIl aBTOp NpeooieBaeT pa3iuyvHble TPY -
HOCTH, BCTalolKe epel HUM KaKk aBTOPOM IPU U3JI0KEeHUU TOT0 WU HHOTO
Bonpoca. B HacToANyI0 KHUTY, €CTEeCTBEHHO, BOILIH JUIIb T€ BONPOCKHI Tep-
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MOJIMHaMUKU, KOTOPbIe B CBOEil COBOKYIHOCTH 00Pa3yiOT TO, YTO MPUHATO
Ha3bIBaTb (KIAcCHYeCKOil TepMOJAUHAMUKONIY, U, KOHEYHO, YNTATeIh He Hali-
IeT 3/lech U3J0MmeHUA TeopeMbl HepHcTa, akcnoMaTHyecKoro 060CHOBaHNA
NepPBOr0 U BTOPOr0 Haval, yueHUA 06 akTUBHOCTHU U T. 1.

JTa KHHUra nepeaaeT TO COCTOAHUE TEPMOJUHAMUKHU, KOTOpoe 0Opuco-
Balloch K KOHIY npouuioro cronetud. OTcyTCTBUE 3TUX «HOBBIX» BONPOCOB
TepMOAMHAMUKU B HacTOAllell KHUTe He CHUaeT ee TOCTOMHCTBA, 160 4u-
TaTeld, B 0COGEHHOCTU Te M3 HUX, KOTOpble MUTAIOT 0COGYIO0 CRIOHHOCTH
K TepMOAVHaMUKe, HallJyT B 3TOI KHUre A4 ce0A MHOI0 LIEeHHOr0 U I0Y YH-
TeJIbHOT0 B (hOpMe U3JIO0MKEHUA TeX UM UHBIX BONPOCOB, PAJ IIEHHBIX 3aMe-
yaHUil ¥ MbIcheil U T. .., u60 aBTOp, U3jarasa cojlepraHue (KIacCHUecKoil
TepMOAVMHAMUKEWY, BCE e He UJET M0 TPAJUIUOHHOMY NYTU, HPUHATOMY
IpYU U3JI0KEHUU OCHOB M NPUMEHEeHWi TepMOJUHAMUKHU B BHJie yIeleHUdA
oco6oro BHUMaHUA yUyeHHIO 00 ujealbHOM rase u T.[I.

[Ipu penakTHpoBaHWM MEpPeBOAa BTOH KHUTM Al He CUMTAl HYHHBIM
cHabaTb ee MpUMEYaHUAMU U CIEeJUI JUIIL 3a TeM, YTOObI EPEBOA BO3-
MO{HO TOYHee Iepejial CMBICI U CYI[HOCTb U3J0MEHHOI'0 MaTepuana.

K. B. Acmazxos
1946 e.



§1. OcHoBHbIE TOHATUA TepMoaAVMHaAaMHUKU

TepmonnnaMuka, UM MeXxaHU4yecKad TeOpHUA TeILIOThl, OCHOBaHa Ha
IBYX OCHOBHBIX IPHMHIIMIIaX: Ha IEPBOM Hayalle — 3aKOHe COXPaHEHUA dHep-
T'Ud, U Ha BTOPOM Hayvaie.

Me1r HauHEM € pacCMOTPEHUA MEPBOr0 M3 3TUX NPUHIWIIOB U HpemJe
BCEro JauM HeCKONbKO KpaTKUX pa3bACHEHWUI OCHOBHBLIX MOHATHM.

KonuuyectBo TenaoTsl [lockonbKy TenaoTy ciefyet paccMmart-
pUBaTh KaK OJJUH U3 BUJOB d3HEPrUH, TO U3 3aKOHA cOXpaHeHHA 3Toil nociel-
Hell BBITEKAET, YTO BHYTPEHHIOIO DHEPrUI0 Tella MOKHO YBEIUUYUTHL MU
YMeHbIINTh IBYyMA cnoco6amMu. Bo-nepBrIx, mpegocTaBida 3To Telo AeiicT-
BHUIO BHEIIHUX CHII, IPOU3BOJAIUX HAJA HUM IOJOMUTENbHYIO WIH OTPHUIa-
TelbHYIO paGoTy, U BO-BTOPBIX, COO6IIAaA 3TOMY Tely U3BHEe WIU OTHUMAaf
TemaoTy. ONBIT YYUT Hac, YTO B HAIIUX HaGIIOJEHUAX MbI BCET/la MOKEM
pPa3iUYUTh 3TU [Ba BHUAA MPOIECCOB, YTO, OJHAKO, HUCKOJIbLKO HE MeIIaeT
HaM paccMaTpuBaThb UX Kak Ipoliecchl cyllecTBEHHO ofnHaKoBble. Temio-
BOil 0OMeH Mem Iy AByMA TellaMH, TAaKUM o0pa3oM, CBA3bIBAETCA B HallleM
npejicTaBIeHUU — KaK TOro u TpebyeT MolleKynApHasA Teopua — ¢ paboToii
CUJ B3aNMOJEeNCTBUA MeRIY MelbyalllMMU YacTUIaMU 000MX collpUKaca-
fomuxcA Tea. Me1 6ygeM Bnpeds Becerja npefnoiaraThb, 4To, IMed JOCTaTOY-
HbIe CBEIeHUA 0 ABIEHNH, Mbl, BO-IEPBLIX, BCEI']a CMOKEM C YBEPEHHOCTHIO
CKa3aTh, KaKOU U3 3TUX JBYX HPOIECCOB UMeeT MeCTO, 8 BO-BTOPBIX, CMO-
JKEM ONpeJeNUTh Ha OCHOBAaHUU HaGMIO/IeHUIl paccMaTpiBaeMoe KOJIIUYeCTBO
TemI0ThI.

BHyTpeHHAA dHepru A BHyYTpeHHAA dHeprufa CUCTEMBI 3aBU-
CUT TOJBKO OT ee COCTOAHNA B JIaHHBI MOMEHT M He 3aBHCHUT OT Ipolecca,
KOTOPBIM cHcTeMa Oblila IpuBefieHa B 3To cocToAHue. ClieoBaTeNbHO, BHY T-
PEHHAA BHePruA ecTb GYHKIUA TONbKO BENIUYHH, ONPEAETAIIUX COCTOA-
Hue cucTteMbl. UTOGBI BhIPa3UTh BHYTPEHHIOI SHEPTHIO CUCTEMBI B KAKOM-
a160 ee COCTOAHUU ONpefieJIeHHbIM YKMCIOM, HEOGXOAMMO BbhIOPATh HEKOTO-
poe «HOpMalbHOE COCTOAHUEY, ANA KOTOPOro 3HEPruA CHUCTEeMbl NPUHUMAa-
eTcA paBHON HYJIIO. ITO COCTOAHME MOKET GbITh BBIOPAHO NPOU3BOJLHO.
Pa3HocTb sHepruit kakoi-mu6o cuctemsl B AByX cocToAHuAX A u B He Oy-
JeT 3aBUCETh OT BbIGopa HOpMalbHOI'O COCTOAHUA, a OyeT GyHKIMell TUIb
camux coctoauuit A u B. O KonuvecTBe TEMIOTHI, MOTYYEHHOM TEJIOM MpPU
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nepexojie u3 cocToAnuA A B cocTofiHue B, TOro #e yTBep#/aTh Helb3fl, TaKk
KaKk KOJMYEeCTBO TEILUIOTHI 3aBUCUT He TOJbKO OT HAYalbHOT'0 U KOHEUHOIO
COCTOAHMII Mpollecca, HO TaK¥e U OT CaMOro Xoja Ipolecca.

PaBHoBecHbie cocToAHUuA. O6GpaTuMble MPOIECCHI
ITox paBHOBECHBIM COCTOAHMEM CHUCTEMbI Mbl IOHUMAaeM COCTOAHUE, B KOTO-
POM OHa MOKeT HaXOAUTbCA HeolpejeleHHO foiaro. B mogo6HoM cocToAHuU
BCe JIOCTYTHbIE HaGIIOeHUIO BeIUUNUHbI, XapaKkTepUusyolue CUCTeMy, Ha-
npuMep, ee pa3Mephl WK UHTEHCUBHOCTb NPUJIOMEHHBIX K CUCTEMe BHEII-
HUX CHJ, OCTaloTcA nocTrogHHeIMU. OTciofa ciefyer, 4TO B PaBHOBECHOM
COCTOAHNY BHYTPEHHAA DHEPrUA TaKk#e HEM3MeHHa.

Jlanee, MbI MO#eM IIpeJcTaBUThL cebe, YTO JaHHAA CHCTeMa NyTeM IIO-
CTeNeHHOI'0 U3MeHEeHUA BHEIIHUX CHJ U COOOIeHUA UIU OTHATUA COOTBET-
CTBYIOILIEro KojJuvecTBa TeIUIOThI NpolLLIa PAX PABHOBECHBIX COCTOAHUI,
BBITEKAIONINX HENPEPBIBHO OJHO U3 APYroro. JTO BO3MOMKHO TONbKO IIPU
YCJI0BUU, YTO INpolLecc ABIAETCA Upe3BbIYailHO Me[ieHHbIM. TouHee, MbI
JOMHBI paccMaTpuBaThb NMpeJelNbHbI cilydail, K KOTOPOMY CKOJIb YTOJAHO
npubIUMKAIOTCA ABIEHUA MO Mepe TOro, KaKk OHU MPOUCXOAAT BCe MeMJEH-
Hee U MeJyeHHee. Torja TOIbKO MbI U MOeM IpeHe6pedh OTKIOHEHUAMU
OT paBHOBecHf, KOTOPBIX Hellb3A U36emaTh NPU ObICTPbIX U3MEHEHUAX.

To, uTo mporecc, COCTOANMI U3 OJHUX TOIbKO PABHOBECHBIX COCTOA-
HUM, MOKET UATU TaKk:Ke U B 00paTHOM HaNpaBleHUHU, IPeJCTaBIAETCA 0Ue-
BuAHbIM. [lanee, eciu 1yA nepeBojia npu MOMOIIY TAKOTO NMpoIecca CHCTEMBI
u3 cocTofinuA A B cocTofanre B TpebyeTcA 3aTpaTa HEKOTOPOIo KOIMYeCTBa
TeII0ThI, TO IPU 0OpaTHOM IIpollecce TOYHO TAaKOE e KOJIMYECTBO TEIIOThI
JON#HO OBITH OTHATO OT CUCTEMBI.

JTOo HemocpeACTBEHHO clleJyeT U3 3aKOHA COXpaHEHUA 3HEPTruu: B 000-
UX mpoleccax paboTa BHEIIHUX CHI U U3MeHeHUe BHY TPeHHell SHepruu oau-
HAKOBBI M0 abCOMIOTHOI BelINYNHe, HO IIPOTHBOINOJOKHEI 110 3HARY.

B nanbHeiimem Temnora, coobllleHHaA CUCTEME U3BHE, OyIeT CUUTATbCA
HOJIOKUTENbHOM, a TemloTa, OTAaHHad CUCTeMOl, — OTpHIaTelbHOI.

§ 2. IlepBoe Haya/o TepMOAUHaAMUKHU

CorsacHo nepBoMy Hayaly TePMOAMHAMHUKH TEIIOTa, COOOIeHHAA CUC-
TeMe, paBHa CyMMe NpHpalleHuil BHyTpPeHHeill 3Hepruu u paboThl, IPOU3-
BeJIEHHOI CHUCTeMOll NMPOTUB BHEIIHUX cull. B cuMBomax

Q=cec3—e1+ A, (1)
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rae () — KOMUYECTBO TEMIOThbI, COOGIEHHOE CUCTeMe, € — BHYTDPEHHAA
sHeprud, A — mpousBeJeHHasA cucTeMoii pabora.
JIna 6ecKOHEUHO Malloro N3MEHEHUA COCTOAHUA

dQ = de + dA. 2)

3HaueHUe cUMBoJa d B pa3iMyHbIX 4leHaX 3[ech pa3Hoe. Tak Kak €
MONHOCTBIO OMpefielifAeTCA COCTOAHNEM CHUCTEMbI, TO de 0603HaYaeT 3[ecCh
[c TOYHOCTBIO O MajbIX BbICIIETO nopﬂ)ma]l H3MeHeHlre 3TOl BeIUUYNHbI U
ABNAETCA, TAKUM 00pa3oM, MOJHLIM AuddepeHnuanom. C Apyroii CTOPOHBI,
d(@) He ABNAeTCA W3MEHEHHEM HeKOTOpoil BenuuuHbl (). B camom gene, He
CyLIeCTBYeT TaKoi BelMYHWHBI (), KoJMUYecTBa TEIIOThI CHCTEMbI, KOTOpasn
ObI MOJIHOCTBIO OTIpefeNfAlach COCTOAHUEM CUCTEMBI: d() eCThb MONMPOCTY He-
KOTOpO€ BechMa Maljloe KOJIMYECTBO TEIIOThI, coobiieHHoe cucTeme. To e
camoe oTHocuTcea U K dA; dA He ABIgeTcd NMOMHLIM AUddepeHualoM Be-
JUYUHBLI A, a ecThb JMIIL HEKOTOpafA BechMa Maijad paGoTa, Ipou3BeJeHHan
CHCTEMOW.

Hanucanue npuBegeHHOro BbINle ypaBHEHUA IIpeAnojaraeT BO3MOMK-
HOCTb OTJUYHUTH APYT OT Apyra TemioTy () u paboty A Kak B HallleM npe[-
CTaBleHUH, TaKk U MpU KOJIMUYECTBEHHOM UX omnpefeieHHU. Bo3aMOMmHOCTHL
3TOr0 pas3inyeHud Oblia y:#e, BIpoueM, Mpeanojo;eHa B TOM pa3bACHEeHUH,
KOTOpPO€E MbI Jalu B caMOM Haydajle MOHATUIO KOJIUYEeCTBA TENJIOThI.

Pa6oTa. [log paboroii cunel K Mbl MIOHUMaeM BEIUYUHY HUHTErpa-

1a /K cos 0 ds, roe § — yron Mexs/ly HanpaBleHUEM CHIbI U 3I€MEHTapHbIM

nepeMeleHuem ds.

B TepmoanHaMuEe MBI YacTO BCTpedyaeMCH CO CilydaeM PaBHOMEPHOIo
JaBlieHUA P Ha NOBEPXHOCTDb 0, HAIIPABJIEHHOr0 110 HOPMaIU K 3TOi IOBEpX-
HocTu. [laBjieHue, NpoU3BOAMMOE CUCTEMOl, PaBHO 10 a6COMIOTHOM Belndu-
He ¥ POTUBOMOJIOMHO 110 3HAaKy NaBJeHUIO U3BHE, TAK 4TO

A:/5cos¢9pda:p/6c0s0d0:p(v2—vl).

3nech 0 — mepeMellieHre 3leMeHTa MOBepXHocTU do, a  — yroia Mmes-
Iy mepeMellleHreM ¢ U HampaBleHUEM AABIEHUA P, HPOU3BOIUMOI0O TEIOM;

d cos § do AaiBN"geTCcA Torga, OueBUIHO, IpUpalleHneM o6bema, vy — vy. ITH

13)16(:]: 1 fajiee B KBaJgpaTHbIe CKOOKU 3aKJIIOYEHbI NnpuMe4daHHusA peJarkTopa repeBoja.
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COOTHOIIEHUA COXPAHAIOTCA U TOrJa, Korja BCA MOBEPXHOCTDb WM YacTh ee
nepemeiaioTca suymps. Torga 6 Gonbie 90° u cosf orpunartenen. Has
GeckOoHEYHO Majoro uaMeHenusa o6vema dA = pdv, a ANA KOHEYHOTO pac-

MIMPEeHNA TpU lepeMeHHOM JaBieHun A = /p dv.

OTMeTuM, UTO TO e caMoe JaBieHue p GyneT
p rOCIOACTBOBaTh NOBCIOJY U B caMOM Telle TOJb-
A KO, Korja Inpolecc fBIfAeTCH 00pamumbim, Tak
4YTO Tello B N1000l MOMEHT HaXOAUTCA B COCTOA-
HUU paBHOBeCHA.

Pa6ora, mnpousBegeHHas TelOM, MOKeT
ObITh n300paseHa rpagpuUecKky Ha JuarpaMme pu
nJ01aAb0 QUrypbl, OrPAaHUUYEHHOI KPUBO, U30-
Opasarolleil npolecc, AByMfA MNapaljelbHbIMU
OCH p NPAMBIMU JIUHUAMHU, IPOBEAEHHLIMU Uepe3
KOHIIBI 3TO KpUBOii, 1 ocbio v. Ha puc. 1 pa6ota
npejcTaBiadeTcA miomaabio ¢urypsl ABba.

IIpu uzoTepmuyeckoM pacHIMpPeHUU Ta3a, NMOAUYMHAIONIEr0CA 3aKOHY
Boitna—MapuoTTa, MbI MOy YUM

Qb-—mm e

P Sy,
Q

Puc. 1

V2 V2
d v v
A:/pdv:C/Tv:Clog%:plvllog%,

v1 v1

Tak Kak
p1v1 = pavg = C.

8 3. lpyroii npuMep BbIUHCJIEHHUA PaboThbI

IIpuBeneM eme ofuH npumMep BblunciaeHud pa6oTel. [lycTs BIOIB cTPY-
HbI pacnpocTpaHAITCA monepedHbie koneGanua (puc. 2). llpoBegem miaoc-
KOCTb P, MEPHEHIURYIAPHYIO K HATAHYTON cTpPyHe, U ompeaeluM paboTy,
NPOU3BOANMYI0 YacThIO CTPYHBI, PACHOJIOMEHHOI cleBa OT MJIOCKOCTHU P,
HaJ 4acTbIO, PACMOJOEHHOI crpaBa oT p.

[lepemernieHne Mo HO NpeACTaBUThL B BUE

y:acosn(t—%),
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rie @ — aMIUIUTy[Ja, v — CKOPOCTb pacHpocTpaHeHUA BOIH U T =
= 27w /n — nepuoa KoueGanuii. PaccmarpuBaeMoil cuioii ABIfAETCA Ha-
TAMEHUE CTPYHbI S, KOTOpPOe ¢ [OMYyCTHUMbBIM [Jf MajbiX KonebGaHuii
npuGIUMEeHUeM MbI IPUMEM MOCTO-

AHHBIM MO BCEH MJUHE CTPYHBI, Y

a TakKe He 3aBUCAIIUM OT Bpe- p

MeHU. JleBaA 4yacTb CTpPYHBI [eii- Qi

CTBYeT Ha IMpaByl0 [0 HalpaBie- S‘/:/_\ X
HUIO S, T.e. BIOAb KacaTelbHOH, O ~___~— ~

KOTopas, KOHEUHO, HelPePbIBHO Me-
HAeTcA. TOUKOI NPUIOHEHUA CUIBI Puc. 2
ABiAeTcd () — TOUYKa NepecevyeHus
CTPYHBI INIOCKOCTBIO P. ay
CMmerlienue Touku () 3a Bpemd dt paBHO 5 Y dt. Kommonenra S mo ocu y
paBHa
Sy = Scos(S, y) = —Ssin(S, z),

HJIH, IMOCKROJIbRY CMeEUIeHUuA MpearnoJjiararorca MajlbIMU,
31/
(9:1:

Pa6ora, npousBoauman 3a BpeMmA dt, paBHa, cliefloBaTelbHO, —S——
a pa6oTa 3a Bech MEPHUO:

Sy = —-Stg(S, z) =
Jy 3y
ox Bt

27 /n

8y8y n2Sa? mnSa’®
—S/aat T/smn( )dt— —

0

PesynbTat, pasymeeTcd, MOJI0OMUTENEH, TAK KaK JeBasd CTOPOHA CTPYHBI
nepeaeT 3HEPrHUIi0 MPaBoil cTOpoHe (KojeGaHUA PACHPOCTPAHAIOTCA cleBa
HanpaBo). JiA KoneGaHWil, pacnpoCTPaHAIONIUXCA CIIpaBa HalleBo, paboTa

OyIeT oTpulaTelbHOH, TaKk Kak B 3TOM ClIy4ae §y = a COSn (t + %

MbI MoeM TaKke CRKa3aTb, YTO B Te4YeHHe OJHOro KoynebGaHuA OT JeBoit

2
. nSa
YacTU CTPYHBI MEPEeXOJUT K MpPaBoi KONMYECTBO YHEPTUM, PaBHOE — .

Ecau IIpou3BOOAUTCAHA, CRameM, CTO BOJH, TO MblI MOseM BUIETb, TAR CKa-

3aTh, PHEPrUI0, KOTOPYIO HecyT ¢ co00if 3TU cTO BoaH. Benuuuny M

MO HO TaRrme paccMaTpuBaTb KaR 3HEPruilo, IpUuXogAllylOCA Ha OAHY IIJII/I—
HY BOJIHBI.
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§ 4. IlpunoskeHue K uaealbHbIM raszam

[IpumeHuM Tenepb nepBoe HaYalI0 TEPMOJANHAMUKY K HEKOTOPBIM NPOC-
TeHIIuM cIy4yaAM U B IepBYIO ouepelb K UAealbHbIM razam. eansHele ra-
3bI MOJUYUHAIOTCA 3aKkoHaM boitna u leii-Jlioccaka, u UX BHyTpeHHAA dHep-
T'UA He 3aBUCUT OT 00beEMa, & 3aBUCUT TOJILKO OT TE€MIIepaTyphl.

PaccmoTpuM equHuIly Macchl UealbHOI'0 ra3a; MycTh v — €€ 00beM,
p — naBneHue u T — TemnepaTtypa. Torga Mbl MoseM HanucaTb

pv = RT.

IIpumeMm v u T 3a He3aBUCHUMBbIEe IEPEMEHHbIE U PACCMOTPUM OeCKOHeU-
HO Maloe u3MeHeHUe, onpenenseMoe dv u dI'. KonuuecTBo TemnoTkl, c006-
I[eHHOe cucTeMe, 0603HaYNM vepes d(). To — He quddepeHMal, a IPOCTO
HEKOTOpoe BechMa Majoe KolnuecTBO TemnoTsl. Torgal

_ _ dv _ [ Oe
dQ =de +pdv=de + RT"; = (8—T>UdT+

O dv
+(8v>Tdv+RT“’

Oe
U, TaKk Kak JJIA UJealbHOro rasa (8_ =0,
v
T

dQ = (g—;) dr + RT2. 3)

TennoeMKocTh ¢ onpefendeTcd Kak KOIUYECTBO TEIUIOThI, HEOOXOIH-
Moe Il IOOHATUA TeMIepaTypbl Ha 1°; eClld UCXOAUTh U3 O€CKOHEYHO Ma-
JIOro MpHUpalleHus TeMIepaTyphl, TO

_
Cc = dT

[Ipu noctoAHHOM 06BbEME

Oc
dQ = (_3T drT,
v
II/IH)IGHCaMP[ NPy 4YaCTHBIX INPOU3BOAHBIX 3[€Cb U [ajiee yHKRa3bIBalOTCA BeJWYUHBI,
KOTopble NMpu AuddepeHIUPOBAHNN CUUTAIOTCA NMOCTOAHHBIMH.
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OTRYylIa C,, TelJIOEMKOCTb IIPHU MOCTOAHHOM oﬁxeme,

Oe )
¢ = (_ .
ar ),
Ecau paBnenue noctofaHHo, To pdv = RdT, u

dQ = (g_;) dT+¥%dT: (g—;) dl' + RdT.

Tarkum o6pasom,

or

rpe ¢, — TeINIOEMKOCTDb IIPpU IOCTOAHHOM JaBJI€HUU.
Taxkum 06pa30M, OJIA ugeajlbHOro rasa

cp = (&> +R=c,+R,

cp—Cy = R.

IMoab3yAch 3TUM COOTHOIIEHHEM, MO#HO ONpeJelUTh MeXaHWdeCKHi
SKBHUBaJleHT TeIoThl. JleficTBUTeNbHO, 3HAA AaBleHHEe HEeKOTOPOH Macchl
rasa, pu 3aJaHHbIX TemIllepaType U o0beMe MOMHO BBHIUUCIUTHL R, a cie-
JOBaTeNbHO, U Cp — Cy, B €AUHULAX PaboThl, U B TO #ie BPeMA U3MEPHUTD ¢;
U C, B TEILIOBLIX eMHULAX KaJopUMeTPUUECKUM IIyTeM.

TemnoeMKoOCTb rasa, onpejeinAaeMad 0OLIYHLIM CHOCOGOM, T.e. MyTeM
BLINyCKAHUA ra3a U3 pe3epByapa uepe3 3MeeBUK, MOMeIeHHbI B Kalopu-
MeTp ¢ Gollee HUBKOI TeMIepaTypoil, ecThb Cp.

O6bem IpOTeKalolero raza He ABIAETCA IOCTOAHHBIM, TAaK e Kak U
naBieHre, n6o ras IpoTekaeT uyepe3 3MeeBHMK MMEHHO OJarojapA pasHoc-
Tu paBienuii. CocpeJoTounM Hallle BAMMaHUe Ha Macce rasa, 3aHMMalomleil
o6beM Memnay ab u cd (puc. 3), U mpocieUM ee [0 TeX MOp, MOKa OHA He
3ajfiMeT MPOCTPAHCTBO, 3aKIIOUEHHOE MemIy, cKameMm, a’'b’ u c'd’. Nanee,
clenaeM yIpolaioliee npeanolo#edne, 4To PeKUM ABIAETCA CTallOHap-
HBIM, TaK YTO KaJOPUMETP MOJyYaeT CTONLKO #e TeIlJOThbl, CKOILKO OH 13-
ayuaet. KoanuyecTBo uaiydaemMoil TemIoTel Mo#eT OLITh onpejeleHo. Beensa
BTH YCJIOBMA, IPUMEHMM IepBOe Hauao.

IIpupaienre BHy TpeHHell 3Hepruy paBHO Pa3HOCTU BHYTPEHHUX DHep-
ruii macc rasa, sanuMamIux oosemsl cde'd’ u abb’a’. 06a 3T 06bemMa JoH-
HBI coJep#aTh OJHY U Ty #e Maccy rasza, KOTopyIo Mbl 0603HauuM depes m.
Ilycth cocToanue rasa B o6beMe aa’b'b onpenenserca Beindunamu pq, 17,
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—_— —_—
b 6" Kasnopuwmetp d d'
-0 _r°r """/ "/==-="=" T T
a a c c'
Puc. 3

V1, €1, IPUUEM MOCJEAHUE IBE BEIMUYUHBI OTHECEHBI K €JUHHUIIE MACChI, a CO-
croanne B cc'd'd onpefenaerca BelUUUHaMU Pa, T5, V2, €3.
Torna

Ae =m(ex —e1),
A = m(pav2 — p1v1)
U, clefoBaTelbHO,
Q = m[(e2 — €1) + (p2v2 — prv1)] = m[(e2 — €1) + R(Tz — T1)],

OTRYa omnpepeideMana TEeIJNIOEMKOCTb paBHa

Q €2 — €1
= +R=cy,+R=c,.
m(T2 —Tl) Tz —Tl Cy Cp

Tonbko 1A HeOOJNbIINX U3MEHEHUH MbI BIIpaBe HanucaTb

€9 — €1 —c
T -1 v

€2 —¢€
B o6mem ciayyae ﬁ GyIeT cpeIHUM 3HAUEHUEM C,, 110 JaHHOMY UHTEp-
2 — 141

Bally TeMIlepaTypbl; Halll ONBIT JaeT, TAKUM 00pa3oM, cpeJHee 3HaUeHUe Cp.

MbI ipeHe6perin KMHeTUUECKOH 3Heprueii razoporo notoka. lpuparie-

1 2 2 1 1. .

HUe ee PABHO im(u2 —uf), rie ug 4 uy — cKopocTH B aa'b'b u c¢c'd'd; aroit
PasHOCTbIO, BIPOYEM, MOMHO MpeHeGpeyb.

8§ 5. CramuoHapHbIi TOK HIKOCTU Uyepe3 TPyOy
c IepeMeHHbIM ceYeHHEM

PaccmoTpuM ellle cTanloHapHBIN TOK #UAKOCTH Yepe3 TpyOy epeMeH-
Hoil mupuHbl (puc. 4). Temneparypa B pasin4HbIX CEUEHUAX MOMKET ObITh
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pas3iIuuHOi, HO CTAIMOHAPHON, W B ONpEAeNeHHbIX YacTAX TPYObI MOMET
MPOUCXOAUTEL COOOIIeHHe WIU OTHATHE TeloThl. HUKAKUX BHENIHUX CHII,
KpoMe JaBleHHA, He HMeeTcA .

Kax u B npenslayiieM ciydae, pac-
CMOTPUM KHUAKOCTL B o6bemMe acdb
¥ TpUMeHMM K Heill IepBoe Hauano. S
Ilycts S; u Sy — muomiaau momepey-
HBIX CEUYEHUH, U] U Uz — CKOPOCTH, a p1
U ps — IUIOTHOCTU MHUAKOCTH B cede- Puc. 4
HUAX ab u cd. Yepe3 nmpoMekyTOK Bpe-

Menu di Hama Macca MUAKOCTH 3aiiMeT, ckaxeM, o6beMm a’'c'd'b’. Pabora
BHENIHUX CHJI 34 3TOT MPOMEKYTOK BpeMeHM GyaeT paBHa

_——m e —— >
<

o QU

o, QU

(p1.S1u1 — p2Sauz) dt.

Otciona, ecnu yepes g dt 0603HAUUTH KOJUUYECTBO TEIIOTHI, COOOIIEH-
HO€ 3a 3TO BPEMHA, TO

(p1S1ur — p2Saus + q) dt

Gy;eT paBHO MPUpAIeHUIO SHEPTUH NepeMeCTUBIISNHCA MacChl UIKOCTH, U,
Clle0BaTelbHO, PA3HOCTH YHEPruil Mace MUMAKOCTH, 3aKIIOYEHHBIX B 00b-
eMax cc'd'd u aa'b’'b. Macca, 3akiOueHHAaA B KamJIoOM U3 3THUX 00BHEMOB,
paBHa p2Syusdt = p1Si1uidt, a 3HAUUT, PA3HOCTh KMHETUUECKUX DHEPruii

paBHa %pzSzuzdt(ug — u?). Paznenus Ha dt, MOMTYy4YUM MCKOMOE ypaBHEHHE

P1S1u1 — paSaus + q = %quzsz(ug —u?) + pauaSa(er — €1),

WiIu, aend Ha p1Siu; = p2Saus:

&_IE_’_Q’:

p1 I2) (’u’g - U%) +e2 — &1,

1
2

31ech yepes €1 U, COOTBETCTBEHHO, Uepe3 €, 0003HaUeHa BHYTPEHHAA
SHEPT¥A, COCTABIAIIAA B CyMMe ¢ KHHETHYECKOI SHEPTHeil OMHYI0 dHep-
r'vio, a yepes ¢' — KOIMYECTBO TEILIOThI, cOO0LIaeMoe 3a BpeMA IIPOXO0HIe-
HUA €JUHUIBI Macchl.

lCnenyeT 3aMeTHTb, YTO B TOM, Kak M B MpeAblAylieM, ciyuae, TPEHHE O CTEHKH
TpyOKH, €ClIM TOJbKO CTEHKU 3TH BHKIIOUEHbI B pacCMaTPUBaeMYIO CUCTeMY, NpPUHaJIe-
JKUT K YUCIY BHYTPEHHHUX CHUJ CHCTEMbI, 0 KOTOPHIX €[Ba JU CTOUT YIOMHUHATh.
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DTo ypaBHeHUe NPUMEHNMO K OOBIYHOMY CIyYaro TedeHHs HHUIKOCTHU
no Tpy6e. Ero MoHO NPUMEHHTH M K NpeAblAyleMy CIy4alo, Olpe/ele-
HUIO ¢, JUIAl Ta30B, Tle Mbl IPeHeOperanu wWieHoM uj — uj.

Ussectnbiit onbiT Keansuna u [Ixoyna ¢ Tpy6oil, pasjeneHHoil mopu-
CTOii NeperopoAKoi, ABNAETCA ONATH-TAKM YACTHBIM CIydYaeM TOIbKO YTO
pasoGpaHHoro fiBieHusA. ['a3 TeueT yepes NeperopojKy, NPy 3HAUUTEIbHOI
PasHOCTH JaBleHHUil, CTaAMOHAPHBIM MOTOKOM. B TeueHue ombiTa aBieHue
no 06e CTOPOHBI NEPEropojKHM OCTaeTcs MOCTOAHHBIM. HaM HysHO Haii-
TH CBA3b Me/y TeMIepaTypaMH 10 o6e CTOPOHBI Neperopoiky, CUNTas,
YTO MPOTEKaHNe ra3a yepes Meperopoky MPOMCXOAUT aguadaTuyecku. Yie-
HOM 43 — u? MOKHO ONATDH NpeHeOpeUb.

YpaBHeHUe npuo6GpeTaeT BUL:

P1U1 — P2¥2 = €2 — €1, (4)
rge v = % — ynaenbHbI 00beM. [lnA uaeanbHOro rasa € 3aBUCUT TOJbKO OT
TeMIepaTyphbl, U Mbl MO#€M HanucaTb

P1v1 — P2v2 = (T2 — Th),

nin
—R(T2 - Tl) = CU(TZ - Tl)v

OTKyJa cllefyeT
T, =1Ts.

[60 —R # ¢y

Ecnu ras He umealnbHbIil, To HabaogaeTcA pa3HOCTL TemmepaTyp (3¢-
dert moynsa—KenbBuna), KOTOpYIO MO#HO HaliTH U3 ypaBHeHUs (4) ¢ mo-
MONIbIO JanbHefiluX 3HepreTuyeckux coobpamenuii. O6paTHo, Haiina us
OTIbITA PA3HOCThL TEMIEPaTyp, MOAHO C/IeNlaTh PAJl 3aKII0UeHHH 00 Heprun
rasa B pasiM4HbIX COCTOAHMAX. [lIA HEU/eANbHOTO rasa SHepPruf ABIAETCA
(yHKUMell He TOIbKO TeMIepaTypbl, HO TaK#H#e U 00beMa.

8§ 6. OgHOpoaHOE Telo

PaccmoTpuM onATh Kakoe-nmu6o ogHOpogHOe Telo. Memay Tpemsd Be-
anuuHamu p, V u T', onpefenfAioUiiMH €ro COCTOAHHUE, CylIeCTBYeT COOT-
HOIlleHUe, Ha3bIBaeMoe ypaBHeHUeM cocToAHuA. [loaToMy 3a He3aBUCHUMBbIE
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InepeMeHHbIe MOT'yT ObITb B3ATHI JUIIb KaKue-I1u60 ABe U3 dTUX Tpex Belln-
YU H.

Ecau 3a HezaBHCHMbIe nepeMeHHble B3ATb ¥V U T, TO IepBoe Hayallo
INpuHUMaeT BUJ

_ (9e Oe
dQ_(av)Tdv—l—(aT)UdT—kpdv. (5)

U3 BrimonHeHHO#1 paGoThI, paBHO! IPOU3BEJEHUIO IaBIeHUA Ha IpUpa-
meHue o6beMa, U KoIUYecTBa COOOLIEHHOH TEIIOThI MOMHO HAallTH, TAaKUM
o6pa3oMm, mpupaiieHue 3Hepruu. [lnA KUAKOCTeH U TBePAbIX Tel paboToii
MOHO 4yacTo npeHe6peun. Tak, HampuMep, B cilyyae MJIaBlIeHUA Pa3HOCThb
SHEPTUil MUJKOU U TBePHOil a3, B3BATHIX MPU TeMIepaType MIaBlIeHN A, U3-
BeCTHa HeNocpeJCTBEHHO U3 TeIIOTHI N1aBleHUA. [IpuMeHuM 3To K Tako-
My ciyualo: B cocy/e ¢ BoJoit Ipu —a° BbI3bIBaeTCA BHe3allHOe 3aMep3aHue
4yacTu BoAbl (HAmpuMep, MyTeM BBeJEHUA MaleHbKOr0 KpHCTALINKA Ibja),
KaKaf 4acTb BOJbI IPU 3TOM 3aMep3HEeT?

Tak Kak U3BHe TeMIOTa He coobllaeTcA, a IPOU3BeJeHHON pabGoToil MbI
MoO3ieM NpeHeGpeyb, TO YHEPTUA CUCTEMbI 0CTAeTCA HEU3MEHHOM!, XOTA TeM-
nepatypa u nogaumMetcd g0 0°. Ilyctes y Hac 1 k2 BoJbl, U3 KOTOpPOTO = K2
3amep3aeT. 0603HaUUM 3HEPrUI0 eIMHUIIBI Macchl BOJbI IpU —a° 4Yepes €z,
npu 0° — 4yepes €1, a PHEPTUIO eJUHUILI Macchl Abjaa npu 0° — depes €3.
Torna

€2 = (1 —x)ey + xes

_f1—-€ _ac

T e1—eg TV
rle ¢ — CpeHAA TeI0eMKOCTh BOJbI B HHTepBane Mexay —a’ u 0° (c npu-
GauzeHHO paBHO 1), a r — Temnora nnasnennd. llpu a > £ orcioga nomy-
4pmock 6eLT £ > 1, 4To He uMeeT cMbIcaa. O6bACHeHNe JIA 3TOro clydas
TaKOBO: 3/leCh He TOIbKO BCA BOJAa 3aMep3HeT, HO 1 OKOHUYaTelbHafA TeMIle-
paTypa abja 6yzeT Huzxe 0°.

B ciyuae ucnapeHus paboToil BHEIIHHX CHJI NpeHeGpeub yike Helb3fl.
IpencraBuM cebe eqUHUIY Macchl KaKoi-1160 KUAKOCTH MO aBleHHeM
ee HaCBIIIEHHBIX MApPOB U MyCThb 3Ta KUJKOCTh HAYHET HCIApATLCH, IpUYeM
TeMIepaTypa cUCTeMbI OCTaeTcA Heu3MeHHoiL. IlycTh v; U V3 COOTBETCTBEH-
HO — y/elbHbIe 06beMbI RUJKOCTH U Napa, r — TelIoTa 1apoo6pa3oBaHu,
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p — IaBlleHUe, €1 — BHYTPEHHAA dHEPrUA MUTKOCTH U €9 — BHYTPEHHAA
sHepruA napa. Torga, coriacHo mepBoMy Havaly:

r=¢e3 — €1+ plveg —v1),
OTKyIa

ea =1+ 17— p(vy —v1). (6)

JTO paBeHCTBO CIpaBeIMBO IpH M060i TeMIepaType, U HOCKOIbKY €1
U3BECTHO [JA BceX TeMIlepaTyp, TO U €3 ONpeAeluTcA Kak QYHKIUA TeM-
nepaTypbl. B To e camoe BpeMd MOMHO ONpeAeldTh U TaK Ha3bIBaeMYyIO
TeINI0OEMKOCTh HACBLIIIEHHOro Iapa, KOTOPYIo Mbl 0603HaunM depes h. Be-
JUYUHA 9Ta ONpefelfAeTcA KaKk KOIUUECTBO TEIIOThI, KOTOPOe He06X0IUMO
COOGIIUTH €QUHUIIE Macchl HACBHIIN[EHHOr0 Mapa AJIA TOoro, YToGbl MOAHATH
ero TeMmeparypy Ha 1° npu TakoM peryidpoBaHuu ero o6bema, YTOOLI nap
ocTaBajicfi Bce BpeMA HacChILIEHHBIM.

IIpexse Bcero

hdT = des + pduvs.

Nucddepenunpys (6) mo T', T. e. IpUMeHAA 3TO YpaBHEHUE K IBYM TeM-
nepaTypam, cilerka oTIMYaloUMcA ApYT OT Jpyra, HaXoJuM

dey _dey \ dr _ dvs  dvy _ a9

ar —ar Tar Par TPar ~ (g
OTKYy/a

dey  dve _derdr dv (L dp

h="Gr P gp =gt ap t g — (v g

A Tak KaK TeIIoeMKOCThb MUIOKOCTU paBHa

d61 d
= tPar

TO IocjieJHee BhIpameHue NMpuHuMaeT BUI

dp

dr
h= ar"

=c+ o —(v2 —v1

ar )

Ctporo rosopsd, ¢ 3/lecb IpeicTaBifeT TelNIOEMKOCTb #UJKOCTU IO
JaBjleHleM ee HachILIeHHOro Iapa, HO MO#HO 0e3 oIy TUMOI OKUOKY MOJI0-

MUTH C paBHOﬁ TEIJIOEMKOCTHU MIPHU NMOCTOAHHOM [JaBJIEHUU.
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Knaysuyc roBopuT o TEemIOeMKOCTU HACBHIN[EHHOT'O Mapa yi#e B Hep-
BOIl cBOeil paboTe, oTHocAmelicA K 1857 rogy. Ero uccinenoBanua npupenu
K OJIeCTANINM DKCIIEPUMEHTANbHBIM NOATBEPHIEHUAM TEOPUU.

Usmepsas r u p and napa, Knaysuyc BeiBen popMmyny:

800,3

h - 1,013 - m.

3HayeHue h OTpHUIIaTeNbHO, ECIH TOJILKO TeMIepaTypa He BecbMa GJu3-
Ka K KpuTudeckoit (maa Boasl 365° C). Takum oGpasoM, AIA MOTYyUYEHUA
HacblllleHHor'o napa Gojiee BbICOKOH TeMIlepaTypbl MyTeM c:kaTUAd HeoOXo-
JUMO OTHATH y Nlapa HEKOTOpOe KOJMMYeCTBO TeIllIOThl. Eciu HachIeHHbIH
nap c:umaeTcA aanabaTHyecKH, TO OH CTAHOBUTCA HeHacbllleHHbIM. Ilpu
anuabaTHyeCKOM pacliipeHUU OH KOHJeHCHUpYeTcH.

lInsa cepoyriepona h Takme oTpUIlaTelbHO, NJIA 3TUIOBOTO 3dupa —
MOJIOKUTENbHO, ANA XJopodopMma — oTpulaTeibHo Hume 120° U MOI0MU-
TeJbHO BblIle 3Toi TeMnepaTypsl. Tak, npu aguadbaTU4ecKoOM pacliupeHuu
HacbllleHHble Napbl 3TUJIOBOr0 3¢upa NepexoiAT B HeHachlllleHHble, a NIpU
amuabaTHYeCcKOM caTUM oOpasdyeTcA o6iako. JTo ObLIo GiecTAlle IMOA-
TBep:#JIeHO cHavana oneiTamu ['upHa, a 3aTeM onbiTamu KazeHa.

§ 7. IlpuMeHeHUe MepBOro Hayaja K XUMUU: TeIJOTa
peaKlMU U TeMIlepaTypa

PacemoTpum B 3akinioyeHue Hallero psAja NpUMepoB OQHO U3 IpUMeHe-
HUI IepBOro Havala B XMMUU — HU3MeHeHUe TeIUIOThl peakllUy ¢ TeMIepa-
typoit. [Ilycth A — cuctema, cocToAIaA U3 HECKONbKUX BEIECTB, KOTOpan
MOKeT NpeBpaTUThCA B pyryio cucTemy B. Pearius 3Ta MoMeT Npoucxo-
IUTb MpU pa3HbIX TeMnepaTypax. [laBienue 6ygemM cuuTaThb MOCTOAHHBIM.

IlycTh KoMMYecTBO TEMIOTHI (), Hy#H{HOE 1A peBpalleHus cucTeMbl A
B cucTeMy B npu TeMnepaType ¢, HaM U3BECTHO TaK e, Kak KoJuuyecTBa
TeINIOThI, IoTpebHble aid HarpeBanue A u B ot ¢t no t + dt; 3T Benuuu-
HbI MO#HO 00603HaUUTh uepe3 cadt u cpdt, TIe c4 U cg — TEMI0EMKOCTHU
cucteM A u B. 3 3TUX [JaHHBIX HAJ0 BHIBECTH KOJIUYECTBO TEMJIOTHI (),
Hy#HOe 1A IpeBpanienud cucteMbl A B cucteMy B npu temnepartype t+dt.
ITockonbKy naBineHue cuuTaeTCA HeU3MEHHbBIM, 00Iee KOIUUECTBO TEMIOTHI,
3aTpauyeHHoe Npu npeBpamenn A B B, Gy/ieT 0AMHAKOBBIM HE3aBUCUMO OT
TOro, IPOU30HJeT JM 3TOT Nepexo] IpU TeMmlepaType {, UIU #e cHadana
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™Mbl A Harpeem jio t+ dt, nepeBenem A B B mpu Toii #e Temnepartype t+ dt,
a 3aTeM oxiaauM B 1o Temmnepatypsl ¢.
Takum o6pa3oM, Mbl MOMEM HamucaTh:

Q = cadt + Q' — cpdt,

unu
Q-Q
dt
TemnepaTypHblit K03QPUIUEHT TEmIOThI (), He0OXOAUMON ANA MpeBpaile-
Hua A u B, paBHAeTcA, TakuM 00pa3oM, PasHOCTU TeMIOEeMKOCTel Ccuc-
TeM A u B. B o6paTHoii peakuuu, npu nepexonae B B A, To #e KOIUYeCTBO
TemnoThl () GyneT, HA060pPOT, BhIJENEHO CaMOil CUCTEMOIA.

= CB — C4g.

§ 8. Bropoe Hauajn0 TepMOAUMHAMHUKU

Ipunnun Knaysuyca MomHO chopMyIupoBaTh cleAyIOMUM 06pa3oM.

B cucteme Ten HeBO3MOMHBI NpoLecChl, 10 OKOHUYAHUKM KOTODHIX Bce
Tela NpUILIK Obl B HavyalbHOe COCTOAHHME, KPOMe IBYX Tel, IPUIIEANINX
B COCTOAHNE, KOTOPOE MOHO MOIYYUTh B Pe3ylIbTaTe Mepexoa TeIIOThI OT
MeHee HarpeToro U3 HUX K 6ojee Harperomy. Kopoue: nepexoq TeninoTst ot
Tella, MeHee HarpeToro, K Tely, 6ojlee HarpeToMy, He COINPOBOK JAIONIUIICA
KaKuM-Tu60 OpyruM MpPoIeccoM, HEBO3MOKEH.

Uto KacaeTcd onpeelneHud «TeMIepaTypbl», TO 3[JeCb MOHO 3aMeTUTh
cregyloliee.

OneIT yuuT Hac, YTO Bce Tejla MOT'YT ObITb paclofio#eHbl B BUJe BOC-
XOMALIero pAfa TakuM o6pa3oM, UTO TeNo, 3aHUMalolllee B 3TOM pARY Golee
BBICOKOE MecTo, OyJeT Bcerja oTAaBaThb TEIUIOTY Tely, 3aHHMarieMy 6o-
llee HU3KOE MeCTO.

IIpu 3TOoM roBOpAT, UTO Tesno, MOMelleHHOE BbIlle, UMeeT Oojee BbI-
COKYIO TeMmIepaTypy. Ba Tena, KoTopble He OTAAIOT TEIUIOThI APYT OPYTY,
3afiMyT OJJHO U TO #€ MeCTO B 3TOM PALY, U UM NPUNKChIBaeTCA OMHAKOBas
TeMmmepaTypa.

YTo6bl BeIBECTHU clleAcTBUA U3 NpuHiuna Knaysuyca, Hago NpuMeHUTD
(IUKIBIY, T.€. MPOIECChl, IPUBOIAININE TeIO WIM cUCTEMY o6paTHO B Ha-
yanbHoe cocTogHue. Heo6xoquMmo Tak#e Bce BpeMsA UMeTh B BUIY Pa3HUILY
Me#ay o0paTUMBIMU 1 HeoOpaTUMbIMHU IponeccaMy. UYTo UMeHHO NOHUMa-
eTcA mojJ 06paTUMBIM TPOLECCOM, ObLIO yi#e padbAcHeHo B § 4.
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89. HNura Kapuo

Muraom KapHo HasbIiBaeTcA KpyroBoil mpoliecc, COCTOAIUNA U3 ABYX
U30TEPMUYECKMX M [ABYX ajuabaTudyeckux o6GpaTUMbIX mpoueccoB. Ha
puc. 5 rpaduyecku mNpeicTaBieH Ha jauarpaMMe pv nukn KapHo mpis
uneanbHoro rasa; 3gecb AB u CD — wusorepmbl. CooTBeTcTBYylOMINE
temnepatypsi — 17 u T, mpuduem Bcerga mnpeanonaraerca T1>Ts.
AD u BC — agunabaThbl.

lIna usoTepmudeckoro mpomnecca AB P A
HeoGX0/IUM TeIIOBOi pe3epByap, coobia-
fomuit paboyemMy Tely KOIUYECTBO TEIIo-
ToI (J1. MbI GygeMm mpenmojaraTh ero o6-
AajalouiuM CTOMbh OGONbIION TemIoeMKoCc-
ThI0, YTO €ro TeMIIEPATypa He MOHUMKAETCA :
Ipu oTJade UM TEIUIOThI pabouemMy Temy. |
Bo Bpems nponecca C'D pabouee Beliect- |
BO OT/J@eT KOJNUUYECTBO Temia ()2 Apyromy, |
noI0GHOMY € TeIIOBOMY pe3epByapy Ra :
temnepatypoii Ts. lIponecest BC u DAue O a d b
COMPOBOKJAIOTCA Mepefaveit TemnoTel. Ta-
KuM oGpasoM, miomags ABCD coorBer-
cTByeT pasHocTH (1 — @o. lleiictButennno, ABCD mnpexacrasiser pabo-
Ty A, npousBeleHHYI0 pabouuM BeIeCTBOM Ha BceM IHKIe, a 3Ta paGoTa
paBHa MOJHOMY KOJMYECTBY TEIUIOTHI, MOJIYUYEHHOMY BelleCTBOM, TaK Kak
BHYTPEHHAA SHepPrufd Mo 3aBepllieHUH NUKJIa NPUHUMAaeT CBOe HayvalbHOE
3HaYeHUe.

Ecnu mporiecc BecTd B oGpaTHOM HalpaBleHUH, TO KOIUYECTBO Te-
mI0Thl (J2 MepexoduT OoT pe3epByapa Rs K pesepByapy Ri; BIo6aBok ele
BHEIIHUE CUJIbI MPOU3BOAAT HajA cucteMoii paboty A, u 3Ta paboTa Tak-
JKe MpeBpalllaeTcA B TEIUIOTY, OTAaBaeMylo pesepByapy R;, Tak 4To 3TOT
pesepByap MolydaeT, B UTOre, KOIMYECTBO TEMI0Thl Q1 = Q2 + A.

MosiHo cebe nmpecTaBUTh, YTO pe3epByaphl BCTYNAlOT B KOHTAKT C pa-
60YMM BeleCTBOM aBTOMATHYECKH, KaK pa3 B HY#HbI MOMEHT.

CoelMHUB MOpLIEHb HUIKUHAPA, COJEP:KAIIEero ras, ¢ 0Chbl0 MaxoBHUKa,
MBI TOJXy4uau Obl ABUTaTelb, paboTalomuil ¢ HarpeTbiM Bo3ayxoMm. Ecau
3Ta MallliHa cTaHeT paboTaTb B o6paTHOM HampaBJleHUH, Temora OyaeT
nepexoluTh OT MeHee HarpeToro k Golee HArpeTOMY pe3epByapy 3a CyeT
SKBUBAlEHTHOr0 KOJIMYecTBa paboThl, MPOU3BEJEHHOI Ha/l ra3oM.

[S Y [

<y

Puc. 5
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P ITogo6HEIM #e 06pa3soM MOMKHO IPOBECTHU
uura KapHo u ¢ Apyrumu cucreMamu: Halpu-
Mep, C MUJKOCTBIO WIU CHCTEMOil, cocTosAmenl
YacThIO M3 BOJBI U YacTbio U3 mapa u T.d. Ha
puc. 6 usobpameH Ha pv-quarpamme nukna Kap-
HO [JIA 3TOH MoclefHell CHCTEMBI, IPH 3TOM
[peANooKeHo, YTO MOpLIeHb HUKOrJa He IOA-
HUMETCA CTO/lb BBICOKO, UTOOBI BCA BOJA MOT-
U  g5a ucnaputhbcd. 30TepMbl 3ech — MpAMEIE,

napannenbibie Qv: ecliu MUIKOCTb U Tap Co-

npHuKacaloTcA APYT ¢ APYTroM, TO JaBleHue NMpu
JNaHHON TeMIepaType MMeeT BIOJHE ONpPeeIeHHYI0 BeIUYNHY.

Puc. 6

§10. KRoaddunueHT mnojse3Horo aeiicTBUA.
YHuBepcaabHaAa ¢pyHKIUA TeMIepaTyphbl

IlepBoe BamHoe 3annioueHue o nukiae KapHo coctout B ToM, 4TO OT-
HOIlIeHWe KOJNUYECTB TemIOThl (J; U (o A nukia KapHo He 3aBHCHUT OT
IpUPOABI paboyero BelleCTBa, a 3aBIUCUT TOJIbKO OT TEMIEPATYPhI Pe3EPBY-
apoB. IlockonbKy oTHOIIEHHe paboThI, IPOU3BEEHHO CUCTEMOIl, K TEIIOo-

. Q1 — Q>
Te, oTOaHHOU Rj, T.e. o Ha3bpIBaeTcA K03 (UIUEHTOM MOJEe3HOr0
1

IeficTBHA, Mbl MO#€eM CKa3aTb Kopoue: K03 (PUIHeHT MoJe3Horo aeiicTBUA
nuria KapHo He 3aBHCHT OT nmpupojbl paboyero BellecTBa.

UTo6bl TOKA3aTh 3TO, MOJOMKUM, UTO KO3(IUIUEHT MOJIE3HOr0 AeicT-
BUA paBeH 7n [JIA OHOTO BellecTBa U n' — miA apyroro. Torga mamuna,
paboTaroiad ¢ NepBbIM BelleCTBOM, M3 00HIero KoauuyecTBa A TemIOBbIX
e[IMHUI, B3ATHIX €I0 y pe3epByapa R, ucnonbsyeT Ha MexaHUUecKyi0 pabo-
Ty nA enunun. [lycTum Teneps BTOpyIOo MauiHy B 00paTHOM HampaBleHUU,
NpUBOJA ee B IBUMEHUe NepBoil MamuHoil. Eciu nepBag MamuHa 3aTpaTUT
Ha BTOPYIO MallluHy paboTy, COOTBETCTBYIONIYIO nA TEMIOBBIM eIUHULIAM,

TO BTOpas MallMHa OTJacT pe3epByapy R; koauuectBo Temnorsl % A. Ec-
n

au n > n/, To pesepByap R; nmomyuui Gbl 3a BeCh UK KOIMYECTBO TEIIO-
ThI A(ﬂl — 1), Takoe e KOJIUYECTBO TEIJIOThI NoTepAn 6ol pesepByap Ro,
n

a ob6a pabouux BelllecTBa BepHYJINCh Gbl, COBEPIINB KPYTOBOII Ipoliecc, B Ha-
yanbHoe cocToAHue. TakuM obpasoM, TemjaoTa Hepeluia 6b1 OT Tela ¢ Horee
HU3KOI TeMIlepaTypoii K Texy c Goliee BBICOKOI TeMIepaTypoil Ipu OTCY T-
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CTBUM U3MEHEHMI BO BCEX OCTalbHBIX TelldaX, YTO IPOTHUBOPEUYUT HPUHIIMILY

Kaaysuyca. CieoBaTelbHo, n He MOET ObITh Gosibile n'. AHAJIOrUYHO T0-

MEHAB POJIAMU 00€e MalIMHbI, T. €. OJ0#UB, YTO [IepBafd MalllHa COBepIIaeT

o6paTHBIN WK OTPULATENbLHbIN, a BTOpad — MOJOMUTeNbHbIN nukI KapHo,

MBI YBUJMM YTO 7o He MOeT ObITh MeHbIue n'. TakuM o6pasoM, eIMHCTBEH-

Haf oCTalINaAcAd BO3MOMHOCTb €CTh 1 = n', UTO U TPeGOBAIOCh N0KA3aTh.
OTciopa cienyer:

Q1
= f(Tb TQ)'
Q2
CaMbIil BUJ 3TON GYHKIMU MOMKHO ONpPEAeNUTb OBYMA My TAMH.
Bo-nepBrIiX, MbI MO#€EM yCIOBUThLCA U3MEPAThL TEMIIEPATypPy ra3oBbIM
TEPMOMETPOM, HAaIOJHEHHBIM HJealbHbIM ra3omM. JTO CBOJUTCA K TOMY,
4yTOoObI CYUTATh TEMIIEPATYPY NPONOPLHOHANBLHON MPOU3BEAEHUIO PV B CO-
oTBeTCTBUHU ¢ 3akoHOM boiina—Ieit-Jltoccaka pv = RT. [IpoBeneM HUKI

- 1
Kapﬂo C ueajJbHbIM ra3goM M HauJeM COOTBETCTBYlIOlllee 3HaAUYEHNE g— Tax
2

Kak 3HauyeHue % He 3aBHCUT OT MPUPOJBI
pabouero BellleCcTBa, TO MONYYEHHbINH pe3yib- P
TaT Gy/IeT cipaBe[JIUB M BO BCeX APYTHUX CIY-
yafx.

Ha puc. 7 niomans dburypst abB A npen-
cTaBiAeT coGoit paboTy, NPOU3BEIEHHYIO ra-
30M NpU H30TepMUuYecKoM mpoliecce AB,
nnomanb ¢urypsl dcC D — paboTy npu uso-
TepMuueckoM mpounecce C'D. BHyTpeHHAA
SHeprud, KoTopaf A HAealbHOro rasa 3a-
BHUCUT TOJNBKO OT TeMIepaTypbl, BO BpeMsd Puc. 7
KaI0ro U3 3TUX U30TEPMUUYECKHUX Mpolec-

CcOB MeHATbcA He Oynger. OTcioja, coriacHo MepBOMY Haualy, IUOMIAdb
¢urypsl abBA usobpamaer temiory 1, a miomanb deCD, nomo6HbIM
e obpasoM, TemioTy (Jz. PadHocTb 3TUX miomjafeil mpeacTraBifeT 3Ha-
yenne Q1 — Q2. Ho Q1 — Q2 usobGpamaercd Takme ILIOMAAbIo (Gury-
pot ABCD. 3To BO3MO#HO JuIIb npu paBeHcTBe miomaneit AadD u BbeC.

CnemoBaTenbHo, paGoTa, NpoU3BeeHHaA CUCTeMoil pu agunabaTudec-
kux nporeccax AD u BC, oguHakoBa. 3TO MOKHO 3aMeTUTb U Hemocpe/-
CTBEHHO, BCIOMHHB, 4TO [AJIA aauabaThl Npou3BeJeHHaA paboTa paBHa
YMeHbIIIEHUIO BHYy TPEeHHell 9Hepruy, a BHYTPEHHAA SHEPruf 3aBUCUT TONb-
KO OT TeMIlepaTyphl U MOATOMY 3Ta paboTa ofUHAKOBa aiA 06eux aguabar.
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1
B03Bpau1aﬂc13 KR olpelejeHnuto %, BO3bMEM YpaBHeHUe [OJA MallbIX
aguabaTUYeCKUX U3MeHeHUit:

0=pdv+ €& (T)dT,

rfie NocieIHUI YieH NpeAcTaBlifeT U3MeHeHHe BHY TpeHHell 9HepTruu, cooT-
BETCTBYIOIlee U3BMEHEHUIO TeMIiepaTypsbl Ha dT'.
Ho, nocronbry pv = RT, oTciona noiyyuMm

_ dv
0=RT; + e'(T)dT

nuddepennuanbHoe ypaHenue aguadatsl. TakuM o6pa3oM, MHTETPUPYA:
logv + % /5'(T)dTT = const

U IPUMEHAA 3TO K paCliIMpeHulo OT vp A0 V3,
T
U2 1 ' dT
logﬁ+§/€(T)T =0.
T

Ms1 BUOUM OTCIOAA, YTO afuabaTUyecKOoe U3MEHEHUE TeMIepaTyphl Mei-
Iy ABYMHA 3a/laHHBIMU €€ TpaHUIlaMu BCerja CoMpOBOK/aeTCA U3MEHEeHueM
B ONpeJelleHHOM OTHOLIEHUU U 00bheMa.

Ilnsa mo6oit touku K Ha AB (puc. 7) MOMHO ONpPENENUTb TaKylO TOY-

Ky L Ha DC, uto6bl L u K nemanu Ha ofiHoii anquabaTte. Takum oGpasoMm,
ol
Ok
leit-JTioccaka

= ¢, rae q 3aBuUcUT Toiabko oT 17 u T,. [lanee, no 3akony Boitna—

(O1-1L): (Ok - kK) = Ty: Th,

1 nostoMy Ll: Kk =Ts: qTi,

Tak 4YTO OTHOIIeHNue }IaB.TIeHI/Iﬁ B JIBYX TOYKax a,III/IaﬁaTbI Tarme 3aBUCUT
TONBKO OT TeMmepaTyp B 3Tux Touykax. CrenoBaTeinbHO, KOHTYpbl aABb
u dDCc, nnomanu KoTopbix u3o6pamaioT Q1 u (J2, MOTYT GbITH MONYUYEHbI
OJUH U3 JPYroro IIyTeM CHaTHUA U pacTAMeHud BA0JbL oceii. YTo6bl nepeiiTu
OT MepBOro KOHTypa KO BTOPOMY, Halo pasMepbl KoHTYypa aABb mo ocu Ov

U3MEHUTb B oTHomeHuu 1 K ¢, a mo ocu Op B orHomenuu q17 & To. Hna

. 1 . T
OTHOIUIEHUA IUIOLWIaflei, T. e. A g—, MBI HaiifleM, TaKKUM 00pasoMm, % qT_ =
2 2
T . .
= 171, YTO M ABIAETCA UCKOMOM (pYHELMEH TeMIepaTyphbl.
P
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Hrak, Ham pe3yabTaT UMeeT BUJ

T (7)
Q: T
3necs Ty u Ty — TeMmIepaTypbl, U3MepeHHbIE ¢ MOMOIIbIO TePMOMeETpa

¢ UjealbHbIM ra3oM, T.e€. abCOMOTHbIE TeMIIepaTyphbl, ONpe/ieleHHbIe U3 3a-
KoHa pv = RT nnAa ujgealbHBIX I'a30B.

§11. lIpyroii cnoco6 onpenaeileHUA yHHUBepPcalbHOM
¢yHKUMU TeMnepaTypbl

HcroMyio ¢yHRIMIO TeMIepaTypbl MOKHO NONYyUYUTh TaK#e U cleay-
IONIUM Iy TeM.
AGconoTHasA TeMmnepaTypa HNONPOCTY ONpeJeNfdeTcA TeM, UTO OTHOIIe-

1 T .
o 21 NpUNKUCLIBAeTCA 3HAUEHUe T—l JIlpyruMu cioBamu, 4TOOLI HAlTH
2 p)

OTHOILEHKe a0COJIOTHBIX TeMIepaTyp Teiaa 1 u Tena 2, Mbl ocyllecTBIAeM
¢ MPOM3BOJAbLHBIM pabouuM BellecTBoM IuKJI KapHo, B KoTopom Tena 1 u 2
clys<aT TelJOBbIMHU pe3epByapaMiy, U olpejelfeM OTHOIIEHHE KOJIWYECTB
TemnoThl Q1 U (J2. U mockoidbKy aGCoMIOTHBIE YMCIOBbIE 3HAYEHUA BCEX
TemIlepaTyp U3BECTHbI, TO €ClIHA MbI [IOJOHUM Pa3HOCTb ABYX IPOU3BOJb-
HO BbIODAHHBIX TeMIlepaTyp paBHOi HeKoTopoMy uuciy (Hampumep, 100
IJIAl Pa3HOCTH Mely TOYKON KHUIEHWA BOJAbl U TOUYKON MIIABIEHUA IbJa),
MbI T€M caMbIM MOJHOCTbIO ONpeaenuM adCcoNI0THYIO TeMIepaTypy. B cuny
CBOEro onpejeleHlA OHa Bcerja NMojlouTelbHa.

OnpeneneHHad TakuM oOpa3oM abGcollOTHad TeMmIepaTypa JodxHa 00-
JafaTh cielyoomuM cBoiicTBoM. OcymecTBuM au MbI Hukal KapHo cHauana
Mem Iy TeMmnepaTypamu ¢y U to (MO IPOM3BOJIBHOM LIKake), a 3aTeM Apyroi
nura KapHo Memny to u t3 Tak, 4To0bI 00llee KOIUYECTBO Tela, OTAaHHO-
ro ¥ NMoJlyueHHOro pesepByapoM Ry ¢ Temnepatypoii ¢, 3a o6a uukiIa, 66110
pPaBHO HYJIO, WIU 3Ke IPOBeJeM HemnocpeicTBeHHO HNUKI KapHo mempay tq
U t3, — OTHOlLIeHUe abCOJIOTHBIX TeMIlepaTyp, COOTBETCTBYIOUUX 1 U i3,
OyneT B 060MX clIydyasX OJAHO U TO e. ITO UMeeT MeCTO B JeHCTBUTENb-
HOCTH.

Mycts mpu BbimonHenuu Hukiaa ¢ Ry (temnepatypa t1) u Ry (Temme-
patypa t3) v pesepByapa R; oTHUMaeTCA KOJIUYECTBO TEIIOThI (1 U pe-
3epByap R, noayvaeT koanvecTBO TemntoThbl (Q1/f(t1, t2). Toraa, mo npe-
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ApiAymeMy, Ha nukie Ry u Rz y Ry HyMHO OTHATH KOJHYECTBO Te-
miotsl (QQ1/f(t1, t2), Tak 4To pesepByap R3 MOIy4YUT KOIMYECTBO TEILIO-
ol Q1/f(t1, t2)f(t2, t3), Torna rak npu uuriae KapHo HemocpeicTBeH-
Ho Memay R; u Rs mocneguuii pesepByap INOJyuYaeT KOJAMYECTBO TeEIIO-
Tl Q1/f(t1, t3). MBI HOMMHBI NOLYUYUTH, TAKUM 06pa3oM,

f(t1, t3) = f(t1, t2) f(t2, t3)-

JTo ycioBUe, IedCTBUTENbHO, COGMIOaeTCA, €CIU MOJIOKUTD

n
T

f(t1, t2) =

§12. BTopoe Haua/io AJA o6paTUMBbIX MPOIECCOB

q) Ql _ Tl
opMy 1y Q_ = jT’ clpaBeNINBY1O IJiA HUKJa HapHo, MO HO 3anucaTtb
2 2
n Tak:
Q@ _,
T T ’
HUJIN e

Y 2o, ®)

r'lle clieBa CTOUT aidrebpanyeckas cyMMa cOOOIIEHHBIX KOJINYECTB TEIIOTHI,
JelleHHbIX Ha COOTBETCTBYIOINIUE TEMIEPATYPhI.

PaccmoTpuM Tenepb mpousBoabHBIN 00paTuMbIi MuKI. TemnepaTypa
CUCTeMbl OyJeT MpU 3TOM MeHATbCA, BooOGIle TOBOpA, HempepbiBHO. Ecnu
Bechb Mpolecc pa3bUTh Ha OTHelNbHble HOCTATOUYHO Malble CTYINEeHH U 060-
3HAYUTh KOIUYECTBO TEIUIOTHI, MONYUYeHHOEe pabouynuM BellleCTBOM Ha 06 oii

Takoil cTyneHu, yepes d(, To
d
JE- 9)

4TO MOMHO paccMaTpuBaTh Kak o6obluieHune ypaBHeHus (8).

Jlokasem 3To cHavana JIIfl CUCTEMbI, COCTOAHIE KOTOPOU onpeenaeTca
ee 06beMoM v U JaBiaeHueM p. Toraa Bech MK, u3obpanmaemblil Ha puc. 8
3aMKHYTOI KpuBoit L, MbI pacceueMm apuabatamu ab, dc, ... U u3oTepma-
M ad, be, ... Ha GeckoHeyHO Manble nUKIbI KapHo adcbh, ... TpeyroanHbie
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¢urypsr no kpaam tuna adl Oynyt p)
GeCKOHEYHO MalbIMK BbICHIEr0 MOPA-
Ka, 1 UM Mo#HO npeHeGpeyb. [lycTh !
Tenepb d(),q — TemloTa, NoNy4YeHHad “
cucTemMoil Ha cTyneHU ad, a dQp. —

Tem1oTa, HonydyeHHasa Ha be, mpuueM

NOPANOK MHOEKCOB Yy dQ [IOKa3bIBaeT L
HanpaBieHue npoiecca. Toraa \‘
C
and Ta
===, Ho d = —d
dec Tb’ ch chv
TaRr 4ToO -
(0] v
and dch -0
Ta + Tb - U Puc. 8
N ecan Tenepb NpoCyMMHUpPOBaThb BCe HO,[[OﬁHbIe OTHOLIEeHHWA, TO IOJy-
d
yum /TQ = 0, rae MHTerpal pacnpocTpaHeH Ha BeChb SaﬂaHHbIﬁ 3aMR-

HYTbI KOHTYD. [elicTBUTENbHO, d(),q MOKHO 3aMeHUTHL depe3 d()q;, Tak
Kak, B cuiy dQig = 0, dQq1 + dQ 4o, 1u dQ 4 — dQ 44, €cTh paboTa Ha HUK-
ne adl, koTopasa BbIpajiaeTcd MJOIMIaAblI0 KOHTYpa adl, 6eCKOHEYHO MaJoi
BTOPOro MOpAJKa.

§ 13. Bropoe Hauano 1A 06paTUMBbIX IIPOLECCOB
[06mumii cayuaii]

, dQ
Ilepeitnem Teneph K 001IEMY NOKa3aTeIbCTBY PaBeHCTBA T = 0 ona

mo6oro obpaTumMoro nukiaa K.

PaccmoTpum 714 3TOro coBepiieHHO MPOU3BOJIbHBIM UK, KOTOPbIi pa-
300beM Ha GeCKOHEUYHO Maible CTymneHU. Mbl MpeanoJo#uM, UTO B 000
MOMEHT BpeMeHM TeMIlepaTypa BcexX yacTeil cucTeMbl oguHakoBa. Ha kasm-
JI0i1 U3 TaKUX CTYIeHel cucTeMa, UMelollasd B 3TOT MOMEHT TeMnepaTtypy 1,
noiydyaeT 6eCKOHEeUYHO Majioe KOJUYeCTBO TeIIoThl d(), Moryiinee 6bITh Kak
MOJIOKUTENbHBIM, TAK U OTpHUIATeNbHbIM. [loMycTUM Tenepb, YTO Kaikaoe
U3 3TUX KoauvecTB d() MoiaydyeHO cUCTeMOi mocpeacTBoM nukia Kapuo ot
e[IMHCTBEHHOI'0 TelJIoBoro pesepByapa R ¢ TemnepaTypoit 8 u cToib 60lb-
0¥ eMKOCThIO, YTO B TedeHHe Bcero mpomecca # ocraeTcd IIOCTOAHHOA.
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[IpennonosxuM, HaKOHel, YTO B Ka#JAOM U3 3TUX BCIIOMOTAaTelbHBIX IHK-
JIOB OJHUM K3 TEIUIOBBIX pe3epByapoB fABifAeTcA R, a IpyrumM — cucrema,
coBepmamomas uuka K. Torga, coraacHo (7), KOIMYeCTBO TEIJIOTHI, MOTe-

. . d
pAHHOe R Ha KamJoil U3 paccMaTpUBaeMbIX CTYIeHel, paBHO O?Q, a A

BCero npomgecca
o [
T

Ho »To BhipaeHue He MO#ET GbITh MOJOKRUTENbHBIM, N00, TIOCKOIbKY CHC-
TeMa, coBepiiuBImIagd MuUKI K, Tak #e Kak U Bce Teja, MCIOJb30BaHHbIE
IJ1 BCIIOMOraTelbHbIX IMKJIOB, BO3BpaATUIUCh B HayalbHOE COCTOAHUE, TO
TemiIoTa, OTHaHHaA pe3epByapoM R, Oblia Obl, TakuM 06pa3oM, MOTHOCTHIO
npespaiieHa B pa6oty. Ho aTo, cornacHo npuHnuny KenbBruHa, HEBO3MOKHO.

[Ipunuun KenbBuHa riacuT: HEBO3MOMKHO, YTOOBI €AIMHCTBEHHBIM pe-
3yJAbTaToM pfila U3MeHeHHUIl B cUcTeMe Tell fABIANAChH NOTepA HEKOTOPbIM
TeloM A ompejeneHHOro KOJIMYecTBa TEIJIOTHI w U HpeBpalleHue ero moi-
HOCTbIO B paboTy. IIpuHIUD 3TOT TecHo cBA3aH ¢ npuHnunomM Kiaysuyca
(cm. §8). HeficTBUTeNbHO, ecin 6bI HEKOTOPOE KOJIMUYECTBO TEIIa W MOH-
HO ObLIO MOJHOCTHIO NIpeBpaTUTh B paboTy, To 3Ta pabora morJia 0bl ObITh
UCTONIb30BaHa B o6paTHoM Lukie KapHo ¢ Terom A B KayecTBe pesepByapa
Gollee BLICOKOII TeMIepaTypbl ¢ TeM, 4TOGbl HE TOJbKO BepHYTb A Terio-
Ty w, HO U COOOLIUTb eMy HEKOTOpoe [106aBOYHOe KOJUYECTBO TEIIOTHI,
OTHATOE OT pe3epByapa B, umeromlero 6oiee HuU3KyI TemnepaTypy. Equn-
CTBEHHBIM pe3yibTaToM 000UX MpolleccoB OblLT ObI TOrja Iepexoj Temia
ot B & A, uto nporuBopeuyuT npunnuny Kiaysuyca.

d d
Tarum 06pa30M, BbIpasieHue 0/?Q, a cjienoBaTelIbHO, U /?Q HEe MO-

d
rytT ObITh MOJNOMKUTENbHBIMU. OcTaeTcd JUIIbL BO3MOMKHOCTh /—Q g 0. Ho

dq

MOCKOJbKY Mpolecc o6paTUMBbIil, TO HepaBEHCTBO /? < 0 pna Takoro
. [d
npoliecca BiedeT 3a coboit /762 > 0 naa obpaTHOro mpoliecca, YTO HEBO3-

MO HO. OTCIO,Ha €JUHCTBEHHOH ocTamlleiicd BO3MOMKHOCTBIO 1A KpYyTroBoO-
ro 06p8TI/IMOl"O npomecca AABJAeTCA

JE

CnoBaMu: (i1l BCAKOTO KPYTOBOr0 06paTHUMOro Ipolecca cyMMa IpuBeieH-
HBIX TEIUVIOT paBHA HYIIO, IpUYeM “NpUBeJeHHAA” o3HauyaeT “IeleHHaA Ha
abCoOMIOTHYIO TeMImepaTypy’”».
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8§ 14. PasauuHble o6paTUMble IIYTH MeKAY OABYMA
COCTOAHUAMHU. DHTPONUA

[Ipennonomxum Teneph, 4To U3 cocToAHUA A B cocTofiHue B MbI MoKeM
nepeiiTH pa3nuYHBIMU 06paTUMbIMK MyTAMU. Torga uHTerpain

BdQ
[T

JOJKEH A M060ro U3 3TUX IIyTeil UMeThb OJHO U TO e 3HavyeHue. JeiicT-
BUTEJNbHO, Nepexoida oT A k¥ B no nytu L1, a 3aTem o6patHo oT B & A 1o
nyTu Lo, MbI COBEpIIMM IONHBIN IUKJ, AJA KOTOPOr0 3HAUYeHHe WHTerpa-

d
Ja /?Q paBHO HY/IO. 3HadeHue 3TOro HWHTerpaja mjfd nepexoga oT Ax B

OyIeT, cileJoBaTelIbHO, PABHO 110 a0COMIOTHOI BelUUNHE U IPOTUBONOIOHHO
Mo 3HAaKy 3HaveHHUIo ero aidA mepexona oT B & A. Ho nockonbky mytu L;
B

u Ly 06a o6paTuMbl, TO Mo#HO nepeiit oT A kK B u no nyTtu Lo, u /?
A
GyZleT Torja UMeTh TO e camoe 3HayeHue, 4To U BAoAb L.

BeiGepem Tenmepr HekoTOpoe cocTofgHMe [N, ¢ KOTOPHIM MOKHO OyneT
CpPaBHMBaTh Bce ocTalbHble COCTOAHUA cucTeMbl'. Eciu A — ofHO U3 3THX
COCTOAHU, TO MbI MO#€eM ce6e MpeicTaBUTh, YTO CUCTEMa llepeBe/ieHa u3 A
B N 10 KakoMy-T0 06paTUMOMY My THU. ITOMY mepexoay 6ymeT cooTBETCTBO-

d
BaThb olipelieJiecHHOE€ 3Ha4YeHHe UHTerpaJa ?Q, KOTOpoO€, KaK 3TO IMoKa3aHo

BbIIII€, HE 3aBUCHUT OT IIYTHU IlepexoJa U, TaKkUM 06pa30M, INOCKOJIBRY COCTO-
Anue N BbIﬁpaHO pa3 u HaBcerga, 3aBUCUT TOJBbKO OT COCTOAHHUA A. dt1o

3Ha4YeHne uHTerpala /— U Hal3bIBaeTCA 3Hmponueu CUCTEeMBI B COCTOA-

uumn A.
MsI 6ymeM 0603HaYaTh SHTPONUIO Beeraa yepes 7).

Jlerxo BUIeTb, YTO BeJIMUMHa NHTerpaja /— IJig repexonga oT Ax B

no o0paTUMOMY HyTH paBHa BO3pacTaHUIO PHTPONUU IIPU 3TOM Mepexofe.
N6o, mockonbKy 3TOT MHTEerpal He 3aBHCUT OT MyTH Mepexoja, cUcTeMa
MoO:KeT ObITh CHauala nepeBejeHa B cocTodgHe [NV, a OTTyaa B cocTogHue B.

1CMm. 3ameuanus o6 sHepruu B § 1.
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Hcromblit uHTerpan GyaeT Torga uMeTh BH:

B N B
/%:/$+/$:n3—m, (10)
A A N

u6o 1o onpenelIeHno

Bd Ad N
[ [ s o [,
N N

CTporo roBops, Takoe OlpejieleHre SHTPOIMU UMeeT CUIY TOAbKO A
PaBHOBECHBIX COCTOAHMH, TaK KaKk 06paTUMbIMU U3MEHEHUAMHM TOIbKO 3TH
COCTOAHUA U JocTumKMbl. Ho ObIBAIOT, ONHAKO, cilydyaH, B KOTOPBIX, He-
CMOTpA Ha OTCYTCTBHE PaBHOBECHA, Mbl BCE € MO#EM TFOBOPUThL 00 9H-
tponuu. OOHUM U3 MOJOGHBIX NMPHUMEPOB ABIAETCA BOJA B NPUCYTCTBUH
napa, yIpyrocTb KOTOPOro HU#e MakcuManbHoii. Ecin BooGpasuth cebe
BOIY U Tap OTJeJeHHbIMH APYT OT ApYra IeperopoiKoil, To Kamaasa ¢asza
B OT/Ie/IbHOCTH Oy/IeT HaXOOUThCA B COCTOAHMU PABHOBECHUA, U MbI MOMEM
TOrJla FOBOPUTh 0 CyMMe HTpPONuii o6enx ¢as.

Ecau coctoanua A u B 10cTaTOYHO Majo OTIAMYAIOTCA APYT OT ApyTa,
T0 opmyaa (10) monyuaer Bug

5 _an. 11
T n (11)

Takum o6pasom, ecin d() — Temnota, Moiy4eHHaA TelIOM M3BHe MpPU
ero mepexozge M3 OOJHOI'0 paBHOBECHOI'O COCTOAHUA B Apyroe, O0eCKOHEeYHO

d .
61U3K0€e, PaBHOBECHOE COCTOAIHUE, TO ?Q ecTb NOJNHBINA auddepeHnuai.

B 3T0i1 ero ¢popme BTOpoe Hauano HaxXoqUT cebe MHOOUHMCIEeHHbIe IPU-
MeHeHUA. BBeisA cooTBeTCcTBYOI[ME IepeMeHHbIe, 3HaUueHNA KOTOPHIX OIpe-
NelAI0T PaBHOBECHOE COCTOAHUE, MO#HO BbIpasuTh d() uepe3 nuddepeH-
[uanbl 3TUX NepeMeHHbIX, a 3aTeM HCNO0Jb30BaTh COOTHOIIEHUA, KOTOpbIe
JOJIAHBI co0MogaTbCcAd MemIy KoddpuireHTaMu NpU 3TUX OuddepeHna-

dQ dQ

71X B BHIDaJKEHUH JUIA <= JUIA TOTO, YTOGBI T 6bL10 MOJTHBIM AU bepeH-

nuanoM. Yto racAaeTcA camoro d(), TO €ro Mbl HONYYUM MO MEPBOMY Haya-
1y, BbIpasuB TEeILUIOTY, NOJYUYEeHHYIO CUCTEMOI, B BU/le CyMMbI NIpUpaleHud
BHYTPEHHE! 3Hepruu u paboThl, IPOU3BEIEHHON CUCTEMOM.
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dqQ

Yro T HonHbIN AuddepeHIIual, 3TO ClIeJyeT, COTIACHO CKa3aHHOMY

dqQ

BBILIIE, U3 PABEHCTBA HYIIO | <= JLIAl BCAKOTO ob6paTumoro nukia. O6paTHo,
d . .
ecin ?Q ecTb AuddepeHnUal HEKOTOPOH BeNMYUHbI [0JHO3HAYHON (GYHK-
d
IUU COCTOAHUA|, TO Mbl MOEM 3aKIIOYUTh, YTO /?Q = 0 gaa BcAKOro

06paTPIMOl"O OHUKIa.

Benuuuna d@) cama no cebe He ABafsercA AuddepeHNUaIoM, a npel-
cTaBifAeT co60il NUIb HEKOTOpoe GECKOHEYHO Malloe KOJIMYeCTBO TEIIOThI.

Insa Bcero nukia /dQ OTJIMYEH OT HYJA U paBeH paboTe CUCTEMBI.

Temnepatypa T ecTh UHTErpUPYIOLINil AeIUTENb BbIpameHus Mia dQ).
Cy1ecTBYyeT, KOHEUHO, GeCKOHEUHOE UNCJI0 HHTET PUPYIOIUX JenuTenell And
BbipaseHus d(), HO 3aMeUaTelbHO TO, YTO OJUH U3 HUX MOMET UT'PATh POIb
TeMIEPaTypPbl, T. €. BEINUYNHbBI, ONpeleldlomlell BO3MOMKHOCTD Nepexojia Te-
IUVIOTBHI OT OJHOT'O Teja K APYromy.

He Bce uHTerpupytomue JeIuTel UMEIOT 3TO0 (pU3UUYEeCKOe 3HAUEHUE.

dQ
Ecnau nna Kaxoro-to Tena, cKameM, Dy 6yaeT moaHeIM quddepeHIraIom,
1
rae D1 — HekoTopasA ¢GyHKIUA IEPEMEHHBIX, ONPeJeNANINX COCTOAHNE Te-
Ja, U aHanoruuno Dy — Takad e QYHKIUA AJA IPYroro Teila, TO 3TH Tela
MOTYT HaXxoJUTbCA B PaBHOBECHUM JAPYT C APYTOM M NpPU YclIoBUM, YTO Di

He paBHAeTcA Dj.!

8 15. HecKoJbKO npocTeHIINX NMPUIOHKEHUH

PaccmoTpuM Tenepb HECKONBKO MPOCTEHIINX PUIOKEHUN BTOPOTO Ha-
yana.

IIycTb Teno umeeT TemnepaTypy 1', OIHY U Ty #e BO BCEX €ro ydacT-
Kax, 3aHUMaeT 06beM v U HaXOJUTCA NOJ AaBleHUeM P, HOPMaJbHBIM K €ro
noBepxHocTU. Memay p, v u T cyuiecTByeT Torja HeKoTopas 3aBUCHUMOCTb;
3TO cIpaBefdNBO 1A ra3oB, MUJKOCTeil U TBepIbIX Tel, eclIU NocieJHUE
HOABEPKEHBI TOILKO MOA0GHOMY JaBIEHUIO.

M3 (11) caepyer, uto T — He eAMHCTBeHHbIH MHTerpupylomuii gerutens aia dQ,
ubo f(n)T, raoe f(n) — npousBoabHaA GyHKLUUA SHTPONNH, €CTb TAK}e UHTErPUPYIOM Uit
peautenb. OueBUHO, Jajee, YTO KOrAa TeMIlepaTypbl ABYX Tel paBHbI, TO M0J00HbBIE
MPOU3BOJIBLHO BbIGPaHHble WHTErPUPYIONIUE AEJIUTENd OTHIOAb He 006A3aHbl PABHATLCA

ApyT Apyry.
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BosbMeM 3a HesaBHUCHMbIE InepeMeHHbIe v U T. Torua 110 1IepBOMY Ha-

yairy
Oe Je
dQ = (_8T)v dT + <_3U>T dv + p dv,

dQ _ 1 ( 9e 1[(0e
L _T(BT)UWT{(%)TW} o,

d
Tar rar ?Q — NOJHBINA AuddepeHunan, To

o 1 (oY Vo [1](ee) |

ao\T\or) |~ or \T [\ov), P|J"
1% _ 1[0 1( 0% , 9%
T 90T Tz{(av)T+p}+T(aTav+aT)’

&)@

Unensl, cTOAIINE B IEPBOil YaCTU PaBEHCTBA, MOKHO ONPEIEIUTh ONbIT-
HBIM MyTeM. BTopoe Havalo mokasbiBaeT HaM, cleloBaTelbHO, BUJ 3aBUCH-
MOCTH BHYTpeHHell sHepruu ot o6bema.

lIna udeaavnoix rasoB pv = RT, Tak uTo

9\ _R
or), v

de\ _RT _ _
(8U)T_ v p=0

MbI BUOMM, YTO BHYTPEHHAA SHEPrUA UIealbHOr0 ra3a He 3aBHCUT OT
o6bemMa. B 3ToM Kak pa3 1 COCTOAIO BTOPOE XapaKTEPUCTUYECKOE CBOUCTBO,
NPUHATOE HAMU [JA WAeanbHOro rasa (cM. §5); mepBoe Takoe cBOHCTBO —
ClpaBeIMBOCTh 3akoHa pv = RT.

Bropoe Hauano TepMoAMHAMHMKM CBA3bIBAaeT MemIy co0oil 3TuU 1Ba

Oc

CBoOiicTBa: Tak Kak, 1 06paTHO, U3 (—) = 0 caegyer
T

OTKYya

Uin

OTKYyIa

ov

Op _
r(5r), -0
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OTKyJa
o\ _p dp_dr
ar), T P T T’
logp =logT + logC,
HIn

p=CT.
[lna GecKoHeYHO Maloro annabaTH4ecKoro U3MeHeHUA

Oe _
(a—T>vdT+de—O7

IPYTUMHM cJIOBaMH, yMeHbllleHue BHYyTpeHHell 3Hepruu paBHO paboTe, Mpo-
W3BeeHHON ra3oM.

JIns KOHEeYHOro u3MeHeHHud 3To AudepeHnralbHOe ypaBHEHNE HYHHO
npouHTerpupoBaTh. Hamumiem ero B Buje

dr

UT +%d11:0.

Toraa, B pe3yinbTaTe HUHTETPUPOBaHUA, €CIIH CUNTATh TEIIOEMKOCTD ¢y IIO-
CTOAHHO, UMeeM
cylogT + Rlogv = C,
¢y logT + (cp — ¢y) logv = C,
logT + (k—1)logv = C,

rue
‘p
Cy ’

k=

W] OKOH4YaTeJlIbHO
T~ = C = Tyvk . (13)

Ecnu u3 storo ypaBHeHusa u u3 pv = RT UCKIIOYUTHL TeMIepaTypy, TO
MOy YUM

pv* = const = povg, (14)
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a eciiM UCKJIIUYUTDL 00beM:

Tkpl_k = const = T(fp(ll_k,
Uau

1
1 1-%

— = t. 15
TP cons (15)
®opmyast (13), (14) u (15) npunagnesar Ilyaccony. OHu cnpaBeaauBbI 1A
06paTHMbIX aguabaTHYecKuX M3MEHEHUIl B MealbHbIX rasax.

§16. OTHomIeHNe TemIoeMKOCTell ¢, U C,

YucnenHoe 3HaueHue k MoeT GbITb ONpejeneHo MyTeM agnabaTuyec-
Koro pacimupeHnud rasa. BosbmeMm 6ainon mapoo6pa3Hoii popMbl, HATIOJIHEH-
HbI{ ra3oM IpU JaBlIeHUU p;, IPeBOCXOAAlleM aTMocdepHoe IaBleHUe Py,
u teminepaTtype 1, paBHO#l TemmnepaType okpy:katomieil cpeianl. Bannon co-
obmaeTtca ¢ TpyOKoil ¢ MHUPOKUM KpaHOM Ha KoHIle. OTKpoeM KpaH, Torja
ras ObICTpo, a cileJoBaTeNbHO, U aguabaTU4yecKU, pacllupuTcA, NIOKa AaB-
leHue B GalllioHe He cpaBHAETCA € pg. TeMepaTypa rasa ynageTr Npu 3TOM
mo T'. Kak ToibKO ras pacuiMpuicA TaKMM oGpa3oM, KpaH CHOBa 3aKphbI-
BaeTcA. Uepe3 HeKOoTOpoe BpeMA TeMIlepaTypa rasa B 6aaioHe BO3BpaTUT-
cA K CBOEMY HaualbHOMY 3HaueHuio T', a JlaBlieHHe BO3pacTeT 10 pa; NpU
3TOM p1 > P2 > Po.

Ilocnegnuit npouecc npousoiieT Npu NOCTOAHHOM 00beMe, TaKk U4TO

Do _ D2 1 _ 7 Po

jTl = T, naiu T = Tp—z.

[TepBeIit mponecc — aanabaTUYecKUil; IpUMEeHUB K HeMy dopmyny Ily-
acCoHa, MMoJay4Ynum:

Ll 1 1
k k k
D _ Do Py P2
T T T
OTHKyJa
L1 1
k k — _
pr F=po Fpey PET = py ek,
niin

(k —1)logp1 = klogps — logpo,
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U OKOHYAaTEJIBbHO
_ logpy —logpo

" logp: —logps’

Taxr Kar p; > p2 > po, T0 k > 1.

Ecnu naBnenusa mano oTauvaroTcd IpYT OT Jpyra, TO pa3HOCTH UX Jiora-
pUGMOB NPUGAU3UTENbHO MPONOPINOHANBHBI PAa3HOCTAM caMUX JAaBleHUi,
u ¢opMyia noiryvaeT BUJ

k= P — po‘
P1— P2

Jyumee ompepeneHue k mo 3TOMYy MeTOLy NpUHAANEHUT PeHTreHy
(Pogg. Ann., CXLI, 1870). Penrren pa6otai ¢ GoabmuM Mapoo6pasHbIM
6annoHoM eMKocThlo B 70 nuTpoB. [laBieHuA H3MepAINCh MeTaliudec-
KHM MaHOMETPOM — BOJNHUCTOM [NIACTUHKOM repMaHCKoro cepe6pa [german
silver], ykpenieHHoi B 0JHOM U3 oTBepcTHil Ganiona. Maieiiinee qBuseHe
NIacTUHKHU, 00ycJIOBIeHHOe U3MeHeHeM JaBieHuA B GalioHe, coobianoch
OJHOBPEMEHHO U 3€pPKalbIly, CBA3aHHOMY C MJIACTUHKON. YT0J OTKIOHEHUA
3epKaia MO#HO GbLIO U3MePATh C MOMOUILIO ONTHUYECKOH TPYOhI U MIKAIBI.
Tar rar meneHudA AMHeKM ObLIN PoKaAUGpPOBaHb! yie 3apaHee, TO IO JIHU-
Helike MOKHO ObLIO MPAMO OTCUUTHIBATH MUJLIMMETPhI PTYTHOTO CTONI0A.

Bo BpemsA 3Tux onbIToB BO3HUK pAA BonpocoB. Oka3piBaia Iy BIUAHNE
GbicTpoTa ucteyeHud? JleiicTBUTENLHO iU mpoliece O6bLT aguabaTudeckum?
Mo:kHO 11 NPUMEHATH 3[lech GOPMYJIbl, CIpaBelIuBbIe 1A UAealbHbIX T'a-
30B7 PeHTreH ucciefoBan paie ymnpyroe moclefielicTBUe MeTallndecKoit
NIacTUHKU — MaHOMeTpa.

PenTren nomyuun ciepyimouue 3HaueHud A k IPU ONbITAX ¢ CyXUM
aTMocdepHbIM BO3ayXoM mpu 17°:

1,4068  1,4032
1,4036  1,4050
1,4073  1,4051
1,4047  1,4049
1,4063  1,4064

rae cpenHee k = 1,4053, npuueM TpeThA nudpa emle T0CTOBepHAa: BepoATHaA
omn6ra pasHa 0,00027.

Penbo monyuun giaa sosgyxa ¢, = 0,2375 waa. Torga MoxHO BbIUMC-
JUThb Cy, 3aT€M U Cp — Cy = R. Ho R Mo#HO BBIYMCIUTH U B eIMHHUIAX
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Povo
T
nojiyyvaeM, 3HafA yaelbHbIi Bec Bo3ayxa mpu 0° C u gaBiaenuu B 760 mm;

AUTP BO3[yXa npu 3Tux yciaoBuax BecutT 1,293 e. Ecau py u vy Bbipake-
HbI B efuHunax cucreMbl CGS, To R BhIpasuTca B sprax. Takum oGpasoM
HaXxoANM MeXaHHYeCKHUil SKBUBaleHT Tem1oThl. OlHa Manad KalopuA SKBU-
BaneHTHa 419 - 10° spros.

MeXaHUUYeCKoil paboThl, MONb3YAChH paBeHCTBOM R = , rme pg, vo u T

§17. Cuctema c MpoOU3BOJbHBIM YHCJIOM IIapaMeTpPOB

PaccmoTpuMm Tenepb Golee o6muii ciyyail — cHUCTEMY, COCTOAHUE KO-
Topoit B omnpepensiercda, KpoMe TeMmmnepatypbl 1, HEKOTOPBIM 4uCIOM (1)
napaMeTpoB «, [3, 7, ... BHYTpeHHAA dHepruf CUCTEMEI € ABNAETCA QYHK-
nueil Bcex »Tux BenuuuH. [Ipupamenue € npu nepexoje u3 B B 6ecKoHed-
HO Gnu3Koe cocTosAHUe B', onpeneinsemMoe 3HaYeHUAMY NAapaMeTpoB « + da,
B+dg,..., T+ dT, paBHo

86 86
de d + 6d6+ 6TdT (16)

Buemnaa pa6ora, Kak Jerko BUIeTb, MOKET ObITh BbIpameHa B GpopMe:
Ada+BdB+ ... +0dT,

rae A, B u T.1. — QYHKIUYU He3aBUCUMBIX lepeMeHHbIX , 3, ..., T.
IlepBoe Hauyano NpMHUMaeT Torja BUL:

dQ = ( +A)da+(g; B)dﬂ+...+(g;+®>d:r. (17)

[Mapametps! «, (3, v, ... MOMHO BbIGPaTh TaK, YTOGbI B BbIPa#EHUU
paboThl oTcyTcTBOBan uineH © dT. [leficTBuTenbHO, Bcerja MOKHO BBec-
T TaKWe MapaMeTpbl, YTO NIOKa OHU He MeHAIOTCHA, BHelIHAA paboTa He
NpOU3BOANTCA, BHE 3aBUCHMOCTH OT M3MeHeHUA TemnepaTyphl. Eciu B3a-
UMoJeiicTBUe MemIy CUCTEMOU U OKpy:kalolleli cpeqoii HOCUT OOBLIUHBIM,
MeXaHUUYeCKU XapakTep, To 3a a, 3, ¥, ... NOCTATOYHO MPUHATH I'eOMeT-
pUYeCKNe BeIWYUHbI, ONpejelflone pasMepbl U GOpMy CHUCTEMBI, BRIIO-
yafd clojJa U B3aMMHOe paclojlo:ieHue ee yacTel, a cilejoBaTelbHO, U II0-
JIOEeHUA TOUEK NPIIO#eHUA cuil. Eciu BelWUHHBI 3TH, KOTOpPble MOMHO
Ha3BaTb 0000LIEHHBIMM KOOpJUHATaMM, OCTAIOTCH NOCTOAHHBIMHU, TO Hal
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cHUCcTeMoOll U3BHe HHUKaKoi paboThl He mpousBoauTcA. Kak mpumeps! nomo6-
HOT'0 pojia KOOPAMHAT yKaskeM 00beM Tena, JJINHY CTep:;HA, ero yrol Kpy-
yenus u T. 1. Koadpdunuentsr A, B, C, ... M0#HO Ha3BaTh 0606IIEHHBIMU
cunaMu. X cMbIca 3aBUCUT OT cMbIcia mapaMeTpoB a, (3, v, ... Tak, Ha-
npumMep, eciu o — o6beM rasa, To pa6ora paBHa pda, Tak uto A = p.
TouHo Tak e o6o0OLIeHHad cuja, COOTBETCTBYIOLIAA MJIUHE CTEPMHA, —
3TO cUJjla, C KOTOPOH CTep:;KeHb pacTArUBaeTcA B JIUHY, 00001IeHHON CUION
7 yria KpyuyeHUuA OyJeT MOMEHT KpYyueHUA, KOTOPbIN JaeT cTepH#eHb Ha
OJJHOM U3 CBOUX KOHLOB. T'akuM o6pasom,

@:l(&+A> do + L (@+B) B+ ...+ 2% ar, (8

T ~ T \da T \9p T OT
dQ
HO - NOIKHO ObITh 110 BTOPOMY Haydaly B TO e BpeMf MOJHbIM Audde-

pennuanom (dn). OTciofa BbITEKaeT PAL YCIOBUI, YUCIO KOTOPBIX PABHO
YUCJIYy COYeTaHUIl MO [Ba U3 He3aBHCHMBIX IepeMeHHbIX. ITH yCJIOBUA pac-
nagaiorcA Ha 2 rpynnbl. OHa U3 HUX COAEPUT 3aBUCUMOCTHU THIIA

i {r ()} =atr (G o0))

UM, Tak Kak T He 3aBUCHUT OT « U [3,

94 _ 0B (19)
B Oa

3aBHCHMOCTH 3TH UMEIOT MeCTO JUIIL TOrAa, KOTa cucTeMa onpejenseTcA
Gonbllle, YeM OAHUM NapamMeTpoM Buaa «, J, ..., U NMOKa3bIBAIOT, YTO 00-
o6IIeHHbIE CUJIBI CYTh YacTHbIE MPOU3BOJHBIE MO , (3, ... OJHOU U TOW e

¢yurnuu W:
A=W p_ oW
oa’ 0B
Tak uT0 Ada+ BdfB + ... ecTb nonusiil nuddepennuan dpyuruun W, ec-
au T noctodgHHo. IpyrumMu cioBamu, paboTa BHENTHUX CUJ NPU MOCTOAHHOMN
TeMIepaType ecTh NONHBIN quddepeHnran. ITO MOMHO JOKA3aTh U IPOIIE:

dqQ

d
pa3 A Bcero uukaa [ TQ =0, To T nonHbIil quddepeHnnan; eciu,

U T. [,

jnainee, T IOCTOAHHO, TO fdQ = 0, Tak uTo d(), a 3HaUUT, 1 paboTa CyTh
nosiHble AU depeHUaNbI.
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YcnoBuA BTOPOI FPYHIBI MOMyYalOTCH KOMOMHUPOBAHUEM IOCIEIHEr0
wiexa gopmyisl (18) co Bcemu ocTanbHbIMK wieHaMu. MbI HOLy4YuM TOrza

YpaBHE€HHUA THUIIA
9 [109s\_ 0 J1 (o
%{Tﬁ}—aT{T(aa“)}’

WY, B pa3BepHyTOM BH/JE,

o) __a.p(o4
(), (), @

U aHaJOIrm4HoO

U T. 1.

8§ 18. 3HaueHUe MOJYyUYEHHBIX 06X PopMya

YTo6bl yACHUTDL cebe cMbIch 3TUX GOPMYI, HaJ0 BCIOMHUTD, UTO Haj
TeloM MOryT GObITh NPOU3BeNeHbl U3MepeHHA ABYX THUNOB. B mamepeHuax
NEePBOro THIA, KAaJOPUMETPUUECKUX, Mbl U3MepAeM KOJIUUYECTBO TEIIOTHI,
a B M3MepeHUAX BTOPOro THUIAa HacC MHTEPECYIOT ToibKo 1', 0606iIeHHbIE
KOOPAMHATHI 1, (3, ... 1 006o6uieHHbie cuibl A, B, ... 3mMepeHnue BTOporo
THUIAa MOKHO Ha3BaTh UCCIeJOBAHUEM YIPYTOCTH B CAMOM IIMPOKOM CMbICIIE
sToro cioBa. TakoBbl, HaIpuMep, B cllyuae rasa onpejeleHye faBleHUA, KaKk
GbYHKIIUU TeMIepaTypbl U 00beMa, 1A PacTAHYTOrO Tella — UCCleJoBaHNe
3aBUCHMOCTHU HaTAMEHUA OT pa3MepoB U TemiepaTyp Tena. IlpeacrtaBum
cebe, UTO 3TH HCCIEIOBAaHUA YNPYTOCTH NPOU3BEAEHbI HACTOJNbKO MOJHBIM
06pa3oM, HACKOIbKO 3TO BO3MO#HO, TaKk 4TO 06o6ieHHbie cuibl A, B, ...
U3BECTHBI Kak QyHKUUu ¢, O3, ..., T, u cipocum cebf, CKOILKO KalOpUMeT-
PUYECKUX U3MepeHuii elle moTpedyercaA, YToObI HAUTU OCTalbHbIe BEIUYU-

HbI, pUrypupyolue B ypaBHEHNH, T. €. @, &, cee &. Ecnu atu n + 1
da’ 0p oT

NpPOU3BOHbIE U3BECTHHI JIIA BCeX BO3MOMHBIX 3HaueHuil «, 3, ..., T, To

Mbl 3HaeM TaK#e U dHeprui, Kak (QYHKIUIO 3THUX BEIUYUH, B KOTOpPOI,

Kak U cllefloBallo OuJaTh, HEKOTOpad IPOU3BOJbHAA NOCTOAHHAA OCTaeTCA

Heonpe;[eneHHofxi.
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IlocmoTpuM cHauana, CKOIbKO KalOPUMeTPUUYECKUX U3MEPEHUI MOTpe-
OyeTcA, ecii He MoOAb30oBaTbcA BTOphIM HavanoM. I[loTpebyerca, oueBua-
HO, n + 1 KalmopuMeTpUUeCKOe U3MepeHne, YTo0bI ONpeJelUuTh U3 ypaBHe-

uuA (17), B KOTOpOM, oJHaKO, O yiKe 0TCYTCTBYET, 3HAUEHUA &, &, vees e
da’ 00 oT
IUIA 3alaHHbIX 3HaueHuit «, (3, ..., T'. COOTBETCTBYIOIINE OMbITHI TAKOBBI:
HauMHafA OT OJHOTO M TOTO #e HaualbHOr'0 COCTOAHUA, GepeM n + 1 B3auM-
HO He3aBHCHMYIO KOMOWHANUIO Tmpupaiienuii da, df, ..., dT u uamepaem
KaK caM¥ 3THU Tpupaiienus, Tak u dQ). llox B3auMHO He3aBUCHMBIMU KOM-
GUHANUAME MpUpANIeHui 3leCh MOHUMAaIOTCA KOMOGUHAIUH, JOCTABIAIOIINE
B3aMMHO He3aBHUCUMbIe ypaBHeHUA Memay n + 1 npousBoaubiMu. s aToit
e MOMHO, HAIPUMep, OCYIIeCTBUTh PAM ONBITOB, B Ka#JI0M M3 KOTOPBIX
MEHAETCA TONLKO OJHA U3 BeIWYUH «, (3, ..., T, niu #e OJWH ONBIT MpPHU
MOCTOAHHBIX @, 3, ... KOMOHHUPOBATh C N APYTUMH, e Menaioted T u «,
T u 3, u T. 1. HekoTopble U3 TUX ONBLITOB MO#HO OCYIIECTBUTL aguaba-
tudeckuM nytem (d@ = 0), Tak 4TO U3MEPATH NPHUAETCA JUIIL IpHUpalle-
Huda da, dB, ..., dT.
IoBTOpPAA MOLOGHOTO POJIa ONMBITHI A BCEBO3MOMHBIX HAYAIbHBIX CO-
CTOAIHUHN, MbI ONpEJIeNNM € U ee MPOU3BOJHbIE, Kak GyHKUUU «, 3, ..., T.
IonydyeHHbIe pe3yabTaThl MO3BONAT TAKHE MPOBEPUTH ONBITHBIM MYy TEM 3a-

KOH coxpaHeHud sHepruu. Ecin, k npumepy, 9e u O U3BECTHBI, KaKk QYHK-

Oa  0p

uuu «, f3, ..., T, ToO MO#HO OIPOBEPUTH COOTHOIIEHNE

g (0 _ 0 ( O¢

B \ da da \ 0
Camo cob6oii pasymeeTcs, eciii 3Ta IPoBepKa He TpeGyeTcA, TO JOCTATOYHO
¥ MeHbIIero 4yucjia KajlopuMeTpUuYecKUX U3MepeHuil.

§19. 3HaueHUe BTOpPOro HayaJja

Mb1 Moem Telnepb CKa3aTb, YTO 3Ha@Y€eHHME BTOPOIro Haydaja 3ar/jaro4va-
€TCA B TOM, YTO OHO IIO3BOJIAET elle 6oJbIie COKpPaTUuTb 4YHUCIo He00X0AUMBIX

Je Oc

KaJopuUMeTpUUeCKUX u3MepeHuii. [leificTBUTeNbHO, 3HAUYEHUA da’ 08"
. a
MO;KHO MOMYYUTh U ¢ NOMOIIbIO ypaBHeHuil (20).
TarkuMm o6pa3om, MO¥HO MOJIYUYUTh AJA € BhIpaskeHUe BUJa

e =Fla, By ..., T) +¢(T), (21)



44 Jexyuu no mepmodurnamure

rge HeusBecTHOI ocrtaerca aumb QyHruua (7). Ina pemenusa sagaun
JOCTAaTOYHO TOT/a chelaTh 10 OJAHOMY KalOpUMETPUUYECKOMY H3MepEHHIO
IJIA KamO0oro 3HAUYEHUA TeMIepaTypbl, NP KOTOPbLIX HavyalbHble 3Haye-

HMA a, (3, 7y..., a Tak#e cnocob, KaKUM MEHAIOTCA 3THU NapaMeTphl U TeM-
nepatypa, MOTYT ObITh BhIGpaHBI 0 Mpou3Boay. JlelicTBUTENbHO, Kamaoe
Oc

, @ 3HauuT, 0o dpopmyne (21), u 3Have-

u3 ngmx u3MepeHUil JaeT HAM +—
7 oT

HUe oo

N3 3Tux coobpanieHuii cieyeT, HapUMep, UTO JJIA YTIeKUCIOThI, eClu
3ajlaHbl ee U30TEPMbI, a TEMIOEMKOCTh €€ MPH MIOCTOAHHOM JaBJIeHUU U3Me-
peHa Kak QYHKIMA TeMIepaTypbl JIA KaKOTO-TO OJHOT0 3HAYEeHUA [aBie-
HUA, IPUTOM NPOU3BOJILHO BbIGpaHHOro, To GYAYyT U3BECTHbI BHYTPEHHAA
SHEPTHA U TelIOEMKOCTh YTIEKUCIOTHI JJIA BCeX ee COCTOAHMII.

He Tpebyet ocoboro ynoMuHaHuA, YTO €CJIH PU 3TOM cJlel1aHOo GoJbIie
U3MepeHUil, yeM HeoOX0JUMO, TO TeM CaMbIM JacTCHA BO3MOMKHOCTh NPOBeE-
PUTH Pa3iUUYHBIMHU croco6aMy BTOpOe Havalo.

Beiiie 6110 TOMYY€HO COOTHOIIEHUE

e _ 04\ .
90 +A=T or)
a T a
BbIBeJeM U3 Hero Hewortopele ciencrBusa. Cormacuo ¢opmyne (17),
{ (3—6> + A} do mpefcTaBifeT co60i KOIUYECTBO TEIOThI d(),, KOTO-
(81
T

poe HeOﬁXOHI/IMO COOﬁIlII/ITb, 4yToObI BbI3BaTh yBelmn4yeHue & Ha BeIUINHYy da,
nory4dyaeM, TaKuM 06pa30M:

dQo _ . (94
da _T(3T>a'

[IpaBas uyacTb 3TOro COOTHONIEHUA TOKAa3bIBAaeT, KAK cHUlla MEHAETCA
¢ TeMIlepaTypoii, a ieBad YacTh paBeHCTBa JaeT TENI0TY, KOTOPYIO HY#HO
coO6IUTh CHUCTeMe NIPU U30TePMUUYECKOM HU3MeHEeHUH.

§ 20. IlpuaoseHuA BTOporo Hauvajda K aguabaTUyeCcKUM
npoiieccam

Ms1 Mo#eM Telepb paccMOTpeTh afuabaTHYecKHe Mpolecchl pas3nny-
HOT'0 poja, Kak, HampuMep, ObICTPOe pacTAMeHHe 3aKpPyUYEeHHOTO CTep:H-
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HA uau GbICTpoe 3aKpyuuBaHuMe pacTAHyToro. O6a sTux amuabaTuyec-
KUX TIpolecca CONPOBOMAAIOTCA U3MeHeHHeM TemnepaTypsel. [Ipeamomno-

#uM, 4To (3, 7, ..., V MOCTOAHHBI, a MeHAITcA aumb o u T. Torga

e ) } ( e ) _

— | +A}da+ | <= dl' =0

{ <8a T or ), ’
OTKy[a
(@) + A
oa ),
dl' = ————da.

().,

dta dopmyna JaeT NpupalleHHe TeMIepaTypbl NPU U3MEHEHUU OfI-
HOro M3 NapaMeTpoB B ciayuae aguabaTudeckoro mpounecca. KRoaddu-
e
or) .,
HO JIOMYCTUTh, YTO 3Ta TEILIOEMKOCTb MO#eT ObITh H3MepeHa, Torja

e

Kak | o— ) + A HemocpeacTBeHHO U3MepUTh Hellb3f. Ho u3 paBencTsa (20)

da
cneﬂyeT:
0A
T (a—T) )
Oe
ar ),

rlle ye BCe BENUUYUHBI JOCTYNHBI uU3MepeHuto. llpumenus sty dopmyiry
IJIA BOMbI, MOJTYYKUM, 3aMeHfIl @ Yyepe3 o6beM 1 A depe3 [naBieHue:

o dp dv
dl = — — | —.
oT ) Cv
v

JTa ¢opMyia He coBceM, OflHAKO, yo6Ha 1A NMpUIokeHUil, n6o dv u3Me-
puthb TpyaHo. [Ipeobpasyem ee, paccMaTpuBas AJd 3Toil neau 6oiee odUIUi
ciayyai.

Ilycts cuoBa 3, 7, ..., v MOCTOAHHBI, a o MeHAeTcA. Torga u3aMeHe-

HUe « MoBJedyeT 3a coboii uaMeHenue T', a clieJoBaTeIbHO, UBMEHUTCA U
o6o6mennas cuna A. Tax kak A — pyusuusa o, 3, ..., T, TO

_ (94 24
dA = (aa>Tda+ <8T)adT.

OHUEeHT — TeEIIOEMKOCTb IIPpHW MOCTOAHHBIX IapaMeTpax; MOM-

ar = — da, (22)
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HopcraBnsas ciona Beipamenve 1if da u3 ¢opmyist (22), umeem
Oe
oT
o

da={-L(04) AT/ a (0A) L 47 (23)
T \oa)r (94 oT o
aT
(e}
4TO JaeT HM3MeHeHHe TeMIlepaTypbl, OﬁyCHOBHeHHOG PE€3KUM H3MEHEHUueM
0606menHoi cunbl A. UToGbl BHIACHUTHL 3HaueHue (Gopmyibl (23), Bbrumc-

UM TeIIOeMKOCTh MPHU MOCTOAHHBIX 3, 7, ..., v U A.
Bo-nepBrix,

_J(a d
dQ = {(8—2)T+A} do + <3—;>adT,

3aTeM, IpU MOCTOAHHOM A,

_ (24 04 _
dA_(aa)Tda+(8T>adT_0’
J0A
aT )
JdA
oa )

IlonctaBnaa HalineHHoe 3HaYeHUe da U BhIpameHUe JJiA (—g‘g) + A,
«
T

Tak 4To

do = — dr. (24)

nonyudeHHoe Boiue [§ 19], B BoipameHnue nid dQ), nmeem

2
(5)
T
Q=14 -1-"7a (&> dT.
(@) or),
Ja T

BeJII/ILII/IHa, cTodAIIad B CI)I/IprHbIX CHOﬁHaX, — TeNJOEeMRKOCTb HpI/I IIOCTOAH-
HoM A; o603HaunM ee yeped c4. COMOCTABUB 3TOT pe3ylbTaT C ypaBHEHU-
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(5).,

(5)
aT
dr = -1——o qa= L (@) dA. (25)
<6A) A\IT ) 4
a4\ .,
oa ) r
dTo — Kiaccuueckas Gpopmyia, farolas U3MeHeHne TeMIepaTypbl IpU
a,[[I/IaﬁaTI/I‘{eCHOM nmpoiuecce.

M (23), HaxoauMm

dA = — CAdT

1
T

WIH, CcOTIacHO ypaBHeHUIo (24),

§ 21. C:kaTue KUOKOCTeM

[IpuBenem HecKoNbKO mpuiomenuit popmyinst (25). Haunem ¢ aguaba-
THUYECKOI'0 CiKATHUA MUJKOCTell; MHOTOUYHCIEeHHble DKCIepPUMEHTHI B 3TOi
obnactu npogenan [lmoynb. [l aToro ciydasa Hamia ¢popMyia IPUHUMAET
BH]

dT = T (g;) dp = % dp, (26)
rge o — Ko3(G(UIUEHT pacliUpeHMA NPH MOCTOAHHOM AaBieHMHU. Boapac-
TaHue JaBJIEeHUA COIIpoBoOAJaeTcH, B006H_[e roBopsfA, NMoBEIIIEHWEM TeMIlepa-
Typsl. Hcrinouenne npegcrasifeT co6oit Boga Huse 4° C, Korga o oTpuna-
TeJbHO.

I[}Hoy.flb Ipoua3Bell MHOT'OYUC/IEHHbIE ONBIThHI HOHOﬁHOFO poaa. OH pPe3ro
yBeau4duBal OaBl/ieHHe, IoMellad Ha NOopIIeHb T'Mpu U U3MepAA IPpU IIOMO-
mun TepMOCTOHﬁI/IHa COOTBETCTBYlIOIllee U3MEHEeHHe TeMIlepaTyphbl. CTpOFO
roBopsf, MJA KOHEYHbIX M3MeHeHUi naBieHUA ypaBHeHue (26) ciemoBaio
OBl INPOMHTErpmupoBaTh. Ho Tax kak o6bem HMUIOKOCTHU IIPpU poCTe JaBJeHUA
yYMeHbIlIaeTCca O4YeHb MajJo W H3MEHEHUA TeMIlepaTyphbl IIpDU 3TOM TaK#Hie
BeCbMa Mailibl, TO U OJIA KOHEYHBIX U3MEHEeHU JaBlIEeHUA MbI CIIOKOMHO MO-
s#eM HamnucaThb

AT = 2T A,
P
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Ikoynb pa6oran ¢ peibbum xkupoM. Huske npuBeneHbl HEKOTOpbIE U3 €ro
pe3ynbTaToB.

Hauannuasa

Ap AT AT
5\ | TeMmeparypa
(B ke/cn?) (°Q) Hab/I10JJeHHOe | BEIUKCIEHHOEe
8,19 16,00 0,0792 0,0886
16,17 17,27 0,1686 0,1758
29,17 16,27 0,2663 0,2837

cp = 0,5223 kaa,

bl
v

(&),

EIHB HHTepecCHee OIbIThI IIPRO}/'.TIH (¢ BOHOﬁ, JaBllye Takue pe3yjabTaThbI:

= 0,0007582.

Havanbnasa

Ap AT AT
(B Ke/cm?) TEMHe?aTypa Hab/I0JeHHOe | BEIUKCIEHHOE
(8 °C)

26,19 1,20 —0,0083 —-0,0071
26,19 5,00 0,0044 0,0027
26,19 11,69 0,0205 0,0197
26,19 18,38 0,0314 0,0340
26,19 30,00 0,0544 0,0563
26,17 31,17 0,0394 0,0353
26,17 40,40 0,0450 0,0476

PesynbTaThl 3TU GbLIM OJHUM W3 MEPBLIX ONBITHBIX MOATBEPKAEHUI
BTOporo Havaia. be3 momormiu BTOporo Haualia Helb3fA MpeAcKka3aThb UCX0/a
STUX ONBITOB. B 3TOM ciyuae Mo#HO GbL10 GbI UL YTBEPHKIATh, YTO Oa-
rofgaps paGoTe, IPOU3BeIeHHON Hal #MUTKOCTHIO MPU agrnabaTUuYeCKOM cHia-
TUU, BHYTPEHHAA 9HEepPruf, 3aBUCAIIAA 0T 00beMa 1 TeMIlepaTyphbl, A0JMKHA
BO3pacTU, HO KaK 5TO NMOBIMAET HA TeMIlepaTypy, Hamepe] cKa3aTh HElb3A.
3ameyaTelbHO, UTO IpU aguabaTUUYeCKOM CaTHU BOABI NpU TeMIepary-
pe, Husmeil yem Ha 4° C, TemnepaTypa najaet, HeCMOTDPA Ha Bo3pacTaHUe
BHYTPEHHE! 3Hepruu.
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§ 22. OnpIiThl IO aguabaTUYECKOMY pacTAMEHUIO
IIPOBOJIOK

JIpyras cepufi SKCIEPUMEHTOB MOCBAIlleHa ai1abaTUuUeCKOMY pacTH#e-
HUIO MeTallnvyecKUX MpPoBoiok. KoopauHaTtoit o ABUTCA Torga anuua [, a
cuna A ectb —P, cuna HaTAKeHUA, B3ATAA C MUHYCOM, MO0 HpU CBOEM
yInuHeHUH Ha dl mpoBonoka npousBoauT pa6oty — P dl. Takum o6pasom,

__T (o
woZ(2) ar

Cp 3JleCb ecTh TeIlIoTa, Hy#Had JJIA NOBLINIEHUA TeMIepaTypbl Beell mpo-
BoJiokU Ha 1°. Ecnu HaTAmeHWe nmocTeneHHO Bo3pacTaeT oT Py mo P, To

P
— T (0l
ron--[L(2)

Po
nin
T—Toz—% (%)P(P—PO). (27)

ITomo6HOro poma ombIThl ObLTM MpojenaHbl [I:koyiieM, HO ero pe3yiabTaThl,
OflHaKoO, He BrojHe xopourn. Haunyumue pesynbrate: nonyuyun Xara (Haga)
(Wied. Ann. XV, 1882).

B ero ombiTax M3MeHeHHe TeMIepaTypbl pacTArMBaeMoil NPOBOJIOKU
“3MepAIoCh TepMonapoii, o06pa3oBaHHOI camMoil MPOBOJOKONH U 0OMOTaHHOMI
BOKDPYT Hee JIpYTroil TOHKOI MpPOBOJOKOI. Pe3ynbTaThl GbIIM CONOCTABIEHBI
¢ ¢popMyJioi

Ta
AT = — 1 AP,
wep
rie A — MexaHWUYecKUil SKBUBAJEHT TEIUIOThI, 8 w — Macca eINHUIIbI

AINHBI MPOBOJNOKH. DTy MNOCIENHIO (OPMYIy MbI NOLydaeM U3 ypaBHe-
Hus (27). JeficTBUTeNbHO, B ypaBHeHuH (27) ¢p 0603HaYaeT TEINIOEMKOCTD
BCell NMPOBOJNOKY, BBIPAMEHHYI0 B MeXaHMYECKHX €JMHHIAX, 3HAYUT, ee
MOHO 3aMeHHUTb uepe3 Alwcp, Tie ¢p — ylelbHaA TEII0eMKOCTb, BbI-

pameHHaﬂ B RaJIOpI/IHX. I[anee
ol )
o) _ ol
(6T »
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1A najgeHus TeMmnepaTyphl CTATLHOU IPOBONOKH JUaMeTpoM B 1,6 suu,
pactaruBaemoit ¢ cunoit B 21,715 &' mpu 17,1° C, Xara moayuun tarue
1192 (1] ) 3 &

0,1042; 0,1050; 0,1046; 0,1051; 0,1018; 0,1043: 0,1026; 0,1030 co cpen-
wum AT = —0,1038.

Bropas cepusA onbITOB Mpu TakOM jKe HaTAMeHUU, Ho npu t = 17°C,
nana cpeaee AT = —0,1049, a B Tpetneit, npu t = 16,70° C, AT paBHsA-
aocs —0,1054.

[lns npoBonOKW M3 repmaHckoro cepebpa [german silver] guameTpom
B 0,105 mm npu pactaruBatomieii cuie B 13,05 xI" Xara namen cpennee AT =
= —0,1063, a npu cune B 21,30 ' AT = —0,1725. Tu pe3dynbTaThl NOj-
TBepsK/JalOT, UTO U3MeHeHUe TeMIlepaTyphl IPONOPLHUOHAIBHO U3MEHEHUIO
pacTAruBalolleil cuibl, Tak Kar AalOT JJIA NajeHuA TeMmepaTypsl Ha 1 kl'
Harpy3ku nudpst 0,00814 u 0,00812. Ilocie TmarenbHOro onpeieleHus cp,
w U Kod(duUNeHTa paclIMpeHUuA ¢ JUIfl CTAIbHOI POBOJOKHU U NMPOBOJIOKHU
U3 repMaHcKoro cepebpa u3 Toil e GOpMyabl GbLI BRIYHCIEH MeXaHUUec-
KUl SKBUBAJEHT TemJoThl. [l1A ONbITOB CO cTalbHOU MPOBOJOKO# Xara mo-
ayuun A = 437,8 kI, a nna repmanckoro cepebpa A = 428,1 I YTto6sl
nonyuuTh A B 3prax, Hajo 3TH HU(pel yMHO#UTL Ha 981 - 10°, Torga mno-
nyunTea 427 -10° u 420 - 10° spros, a B HacTosAllee BpeMA MeXaHHUeCKHUil
SKBHBANEHT TEIIOThI cYMTaeTcA paBHbIM 419 - 10° spros.

He ocobenHo cuibHO pacTAHyTasA pe3nHa 06;1a1aeT OTpULlaTeNbHBIM KO-
s dunuentom pacuupenud. Torga MoxHO Halepe] yTBep:kJaTh, YTO MPH
anquabaTUYeCKOM pacTAMeHUU OHA HarpeeTcH, UTo U ObLIO JOKA3aHO Ha OMbI-
Te; 3TO MOKHO O0HApYKUTh NMPOCTO, NIPUKOCHYBIIUCH K Heil ry6amu.

§ 23. HenocpeacTBeHHbIII BbIBOJ ypaBHEHUA
aguabaTHyecKUX MpPoIlleccoB

YpaBHeHue (25) MO#HO BbIBECTH U HENOCPEACTBEHHO M3 EPBOTrO U BTO-
poro Havana. Bosbmem BMmecTo «, (3, ..., 7T 3a He3aBUCHUMbIe MepeMeH-
uete A, 3, v, ..., T, Torga

_ (9 , 40a e Jole
dQ = <6A+A6A) dA+(6ﬂ+B+ABﬁ) g+ ...

e | 40a
oo + <8T+AE)T) dT.
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A 1A Takux aguabGaTHYecKMX IpoOIleccoB, Korjga MeHaiorea aumb A u T,
Oe da
(aA) T4 (aA)
Oe da
(aT) T4 (a:r)

[Ipeo6pa3yem uyucauTenb, IPUMEHUB BTOPOE HAyajlo: BOCHOIb3yeMCH TeM,

dqQ

UTO —- ecTh MOJHBINA AuddepeHnnan. ITo AacT
o) 1 O¢ Jda _ 0 )1 0e da
ar{r ((35), +4 (35), 1} = 2 [(55), +4 (3) ]}

1(_9% Pa \_ 1 |(0e da —
T <6T8A+A8T6A> T° [<6A) +4 <8A)T] -

_1( 9% 0*a da
T (8A8T g qor 8T>

(%), +4(%), - (%) .

HOI[CTaBI/IB 9TO BbIpasieHHne B YHUCIUTEe]b U 3aMeTHUB, YTO 3HaMeHaTelb

86 +A 8@
oT oT
ecTb He 4TO MHOe, Kak Ko3d¢unueHT npu dI' B BbipameHuu aia dQ@, T.e.
TEIIOEMKOCTb €4 IPHU NMOCTOAHHOM A, MbI IOMyYaeM HCKOMYIO ¢opMmy-
y (25).
B KauecTBe ynpamHeHUA YUTaATelb MOMET 3a He3aBHUCHUMBIE IIepeMeH-
Hble B3ATb Bce cuibl. B Haubojee o6ileM ciyyae 3a MepeMeHHbIE MOM{HO

B3ATh JN100ble BeIUYNHbBL, 6yIb TO 060611eHHbIe CUIbI UM MapameTpbl. Hys-
HO TOJIBKO, YTOOBI YUCIO 3TUX MEPEMEHHBIX ObLIO JOCTATOYHBIM.

dT = — T qA.

U OKOHYAaTeJbHO
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§ 24. IlpumeHeHMe K HUIKUM ILIEHKaM

PaccMoTpuM TOHRYIO MIOCKYIO IeHKY. CocToAHMEe TaKoi MIEHKU MOJ-
HOCTBIO onpejendeTcA ee MIomaabio ¢ u Temnepatypoit 7. O603HauuM de-
pe3 2H HaTAmeHUe INIeHKU Ha eINHNNY ee AnuHbl. Toraa paboTa cucTeMbl
paBHa —2H do; Takum o6pasoMm, A B ¢popmyie (20) Hamo 3aMeHUTDH yepes
—2H, a o — uepe3 g. JTo gaet

9e) _op_op9H
(80>T_2H 275 (28)

Memnay Tem, B ciiydyae cTaTH4yecKoil 1po6iaeMbl Mbl UMeIH ObI IOIPOCTY

9H = (ﬁ) .
do ) 1
Mpumenum ypasuenue (17). Homomus dT' = 0 u mOIb3yACh ypaBHEHU-
eM (28), Haxogum

H
dQ = —279H 45

aT
— KOJMYEeCTBO TEINIOThI, KOTOpPO€ HYMHHO COOﬁH.II/ITb IIJIECHKEe IIPpU yBeIu-
YeHUuHu ee Iiiomanu, YTOOBI TeMIlepaTypa INIEHKHW ocTajdach HEeU3MEeHHOMH.

OH
3uak d() ompenenfeTrcA 3HAKOM o IIpu aguabaTuyeckoM pacHIUpeHUH
IUIEHKU M3MeHeHue TeMIlepaTypbl paBHO

_ 2T 0H
dT = e OT do.

Ecnu nna agua6aTuyeckoro pacumpeHus MIeHKU He00X0JUMO COOGIIUTh Te-
MJIOTY U3BHE, TO NPU aquabaTUUYEeCKOM CATUU TeMIepaTypa OyJeT najarhb.

§ 25. IIpumeHeHUe K rajbBaHUYEeCKOMY 3JIeMEHTY

B aToMm ciayuae nmepemeHHad a He ABIAETCA IeOMETPUUECKON BeTMYH-
Ho#l. [Ipeamnonosum, 4To 3MeMEHT 0OpaTUM; MOA 06PAaTUMOCThIO 3JIeMeHTa
Mbl IOHUMaeM cle[yIol[Ue ero CBOfCTBa: MOKA NeMEHT Pa3OMKHYT U Ipe-
IocTaBleH camoMy cebe, IpU NMOCTOAHHONH TeMIepaType B HeM HUKaKHUX
IpOLIECCOB NMPOUCXOAUTH He GyHeT; ecly ke NPONYCTUTH Yepe3 3JIeMeEHT
OJJMHAKOBBIE KOJNMUECTBA 3IEKTPUUECTBA: OJIUH pa3 B IPAMOM U JpyToil pa3
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B IPOTHBOIOJIOMHOM HAaIllpaB/I€eHUAX, TO B CHIY JJIEKTPOJUTHUYECKHUX IIPO-
IIeCCOB B JJIeMeHTe HpOHSOP’I,HyT paBHbBIE, HO II0O CyTHU NPOTHUBOIIOJOMHbIE
HN3MEHEHHUA. HyCTb E — Pa3HoCTb MOTEHOUAJO0B Mex Ay IMMOJOMHUTEIbHBIM
nojdocoM P u OoTpuuaTeJbHbIM IMOJIOCOM N B cocToAHUU paBHOBeCHA. dTa
BeJIMYHWHA NOCHYHUT HaM Mepoﬁ BJIeHTpO}IBI/I}KyIHeI'/JI cuiabl. O6o3HaUYNM 4ye-
pe3e anreﬁpanquHon CYMMY BC€X ROJINYECTB JJIEKTpHUYeCTBa, IPOTERIINX
yepes dJIeMeHT, cUuTad ¢ HEKOTOPOro HavdaJlbHOro MOMeEHTa; Npu 3TOM TOR
or Nk P 6y}16M CUUTATh NOJOMUTEIbHBIM.

OI‘paHI/I‘{I/IMCH clydaeM, Korga BHyTpeHHee COCTOAHHEe JdJeMeHTa IoJi-
HOCTBIO OompenendaeTca e u T. Ecau e BO3pacTeT Ha de, JJIEMEHT COBEepIIUT
pa6oty F de, Tak uto E urpaer 3gech poib 06006IieHHOM cuibl A.

YToObI TOKA3aTh 3TO, MPEeACTABUM cebe, UTO 3apAjl MePeHOCUTCA C O/I-
HOTI' O II0JIIOCa dJIeMeHTa Ha }:[pyl"Oﬁ C NMoMolbl0O MaJlIeHbKOI'o 1'Ip06H01"0 miapu-
Ka WJIH e 4YTO IIOJIOCHI dJieMeHTa IPUKIII0OYEeHEBI K IIJIJaCTUHaM KOHIeHcaTopa.

B IocjaeqHeM ciyyae OJIA IlepeHoca 4yepesd dJieMeHT HEeKOTOPOoro KoJu-
4yecTBa JdJIeKTpuyecTBa de ¢ OTpHHaTeﬂbHOﬁ Ha IOJIOAUTEJNbHYIO IJIaCTUHY
KOHJleHcaTopa HaJo MIacTHUHbI HECKOJIbKO MpUOAU3UTL IpyTr K apyry. Ka-
KoBa paboTa BHYTPEHHHMX CHJ IpH 3TOM Iporecce?

IInoTHOCTBH OHEPIrun J3JEKRTPUYECRKOT'0 IIOJA Mem Ay IlllaCTUHaMHu KOH-
JeHcaTopa, BbIpasieHHada B <(pElI.II/IOHEI.TIbeIX»1 JJIEKTPOCTaTUYEeCKUX €eqJUHU-
1ax, paBHa )

Fo (29)
roe d— paccToAdHue Mex oy njaacCTuHaMu. Ecan Tenepb S — mnjaomangb Ram-
,110171 M3 IJIaCTUH, TO 3HEPIrufAd KOHAEeHCaTopa paBHa, CllieJoBaTeEJIbHO,

1 E%S

2 d
lanum BeanunHe d npupaiienue dd; Toraa npupaieHue 3Hepruu Gy aeT pas-
HO

1 E?

_1ESs (30)
2 2

HO InpupameHue 3Heprun OOJHHO paBHATLCA CyMMe paGOTbI djleMeHTa Uu

paﬁOTbI BHEIIHUX CHUJI, 3ana‘~IeHHOI7I Ha nepeMenieHrue Apyr OTHOCHUTEJIbHO

JApyra mjiacTUuH KOHJeHcaTopa. ATa nocjieqHAA paBHa

1 E?
§—d25 sd, (31)

1 [Cucrema Xesucaiina — Jopenna.]
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ub0 BIEKTPUYECKOe HATAMKEHWE BJONb CUJIOBLIX IUHUN maeTcd dopmy-
a0# (29), Tak 4TO cuiia NPUTHMEHUA MENIY IIaCTUHAMU paBHA

1E%S
2 @2
YUTo6bI HANTH PaGOTy, MPON3BEAEHHYIO DIEMEHTOM, HAaf0 BBIUECTh pa-
BeHcTBO (31) u3 paBencrBa (30). Tak kar sapAn miacTuHel P paBeH ETS,
To de = —g—fdd ¥, OKOHYATeNbHO, paboTa dleMEeHTa COCTABUT
E de.

JTOo cIpaBeIMBO NpH J1000M BbIGOpE eAUHUI, IPH YCIOBUU, YTO €ANMHUIIbI
3JIEKTPUYECKOT0 3apAa COOTBETCTBYIOT €IMHUIIAM Pa3HOCTH NMOTEHINAIOB
WY 3JIeKTPOJBUKYIIEN CHIIBI.

Hrtak, MbI HallIU, YTO

dQ = %de + g—;dT + Ede,

dq

OTRYJa BEIBeleM najnbHeue COOTHOIIeHUA, MOJb3yACb TeM, UYTO ? —

noJHbIN Juddepenunan, uiu cpasy e npuMmeras ypasuenue (20). Toraa

O _ _ dE
5= B+ T, (32)

E
rage (g—T 3aMeHfeM depes Z—?, CUnuTafd, 4YTO NIPOXOsAeHUEe JIEKTPUIeCT-
e

Ba uepeas dJIeMEeHT He MEeHAET ero BJIeHTpO,HBI/I}KyIHeﬁ CHIJIBI.
HOJIy‘JeHHbIﬁ pe3yibTaT OTIWYEH OT TOr'o0 COOTHOLIEHUA, KOTOpOE Ja-
BaJia IIpesrHAA TeOprusa [FaJIbBaHI/I‘{eCHOFO I-)JIeMeHTa], UMEHHO

e
—=-F. 33
9 (33)
dTo mpocToe NIpaBUIIo BeIBeeHO B IpeAnonoAenun, uto dQ u dT oba paBHbI

uymo. Ecin dopmyna (33) BbiepskuBaeT B HEKOTOPHIX CIydYafX [POBEPKY

Ha OIbITe, TO JUIIb II0 MAaJOCTU YJjeHa %
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Honb3yach ypaBueHueM (32), umeem

dE Oc
dQ = T d +<8T) dT,

OTRyZa BUJHO, UTO AN NOJJep#aHud IOCTOAHHOI TeMIlepaTyphl IPU OJHO-

BPeMeHHOM MepeHOoCce 3IEKTPUUECTBA 3IeMEHTY HeoOX0UMO COOBIIUTD MU

K€ OTHATH Y Hero TemioTy. KonnyecTBo TemIoThl, KOTOPOE HAJO0 COOGIMIUTD

OpY MPOXOMAEHUHM Yepe3 3JeMeHT eIUHHIbI KOJIUYecTBa 3JIeKTPUUECTBa,
paBHO TiE
aT

Ecnu snemeHTy He coo6maTh TEMJIOTY NMPU NPOTEKAHUU TOKA OT OTPU-

dE

dT
oxjnaautcd. B aTtom cilyyae JieMeHT IorJjiomaeT TelmjIoTy H3BHE. Ecau ue-

pe3 BIeMeHT Te4yeT MOCTOAHHBIN TOK %, TO IMOTJIONIeHWe TEMNOThI B eIMHUILY
dE
dT
XO/Ifl U3 3aKOHA COXPAHEHUSA HEPTruU, ypaBHeHue (33), UTo OHA He YUUThIBA-
Jla BO3MOKHOCTHU TEIIOBOro 3¢¢eKTa, NponopIUOHATLHOTO NEPBO CcTENEHN
CHUJIBI TOKA.

HaTeJbHOTO K IOJOMUTEJIBbHOMY IOIIOCY (I/I eciin > 0), TO JJIEMEHT

BpeMmeHH cocTaBUT 1 =—i. [IpesHAA Teopua UMEeHHO NOTOMY U JlaBaia, UC-

§ 26. YpaBHeHnue KuaamneiipoHa
Bepuemen onathb & popmyie (20)
Oe 0A
(56), 4= (52),

U NMPUMEHUM €€ K PaBHOBECHIO MemIy NBYMA (a3amMu OJIHOTO U TOTO e
BemlecTBa. [lapameTp o MoO#HO Toraa 3aMeHUTb 00beMoM v, a A — faBie-
HueM p. [JaBieHue B 3TOM clyuyae 3aBUCUT TOJbKO OT TeMIlepaTyphl, HO He
oT o6bemMa. Mb1 MomeM, TakuM 06pa3oM, HalucaTh

(8), -

HepBoe Ha4dajo JaeT OJA 9TOoro ciydasa

dQ:((g—;) dT—i—{(%) +p} dv.
v T
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de
v
cucTeMe, UTOOLI ee 06beM Bo3pacTall, Ho TeMIlepaTypa ocTaBalach NOCTOAH-
HOIi, paccuuTaHHaA Ha eIMHUIy IpupaueHud oobeMa. 0603HaunM yepes v,
yelbHbIN 06beM (T. €. 06beM eJUHUILI Macchl) IEPBOH (hasbl, a Yepes vy —
yAenbHbIIl 06beM BTOpOil (asbl; MycTh, jJalee, v; > V. IIpU yBeluuyeHUU
o6beMa MU3BeCTHOe KOIMUecTBO BelllecTBa NepeiijeT U3 BTOPoi (asbl B ep-
BYI0; UTOObI BLIPA3UTh €T0 B eIUHAILIAX Macchl, cileflyeT NpupalleHne o6bema
pa3felUTh HA pasHOCTb vy — V. Benu, ganee, r — KOJMYECTBO NOTPeOHOI
IpYU TOM TEILIOThI, PACCUUTAHHOE HA EJUHHUIy Macchl, To dhopmyia (34)
Jaer:

CnemoBaTenbHO, ( ) + p — 3TO TemlIoTa, KOTOPYIO HY#HO COOOIIUTH
T

s

dT ~— v1 —v2’ (35)

J1o — ypaBHenue KRnaneiipona, oqHo U3 HauGonee NpUMedaTelbHbIX YpaB-
HeHUil TepMoJuHAMUKU. BriepBble 0HO ObLIO MPUMEHEHO K CIYyYalo #UAKOC-
TH U ee MapoB; B 3TOM cllyyae 7 — TeIlJIoTa napoobpa3oBaHud, BbIpameHHad
B aprax.

Kakaa u3 ¢a3 cuutaerca 3a nepBylo — Oe3pasinnyHo, 60 BMecTe
C ¥1 — U2 MEHAIeT CBOU 3HAK U 7.

§ 27. OnsiTHasa npoBepka ypaBHeHusa Kianeiipona
(Rnaysuyc)

Knaysuyc npumenun ¢opmyny KnaneiipoHa nisa BelUMCclIeHNA, HAIpPU-
Mep, v; AIA Tapa, UCXOAA U3 [JaBIE€HUA NPU Pa3IUUYHBIX TeMIepaTypax,
onpegeneHHoro PeHbo, 1 TemnIoThl nmapoobpa3oBaHuA; JOCTATOYHO TOUHBIE
3HaueHUA v, GbLIU TaKe U3BeCTHbI. BbIuucleHHble TakUM oGpa3oM 3Ha-
YyeHUA yJenbHOro o6beMa mapa Hiaysuyc cpaBHMBal€ co 3HaUeHUAMH vq,
noiyyeHHbIMU Ha onbiTe ®Pepbeprom u Tatitom (Fairbairn u Tate). Kak
NOKa3bIBalOT NPUBOJUMbIe IIU(PHI, 06a pe3yabTaTa yJ0BI€TBOPUTEILHO CO-
riacyioTces JpyT ¢ ApPYyToM.

Yurartento mnpegocTaBifeTcA BBHIUMCINThL TEINIOTY HapooGpa3oBaHUA
Bogsl npu 100°. U3 onbeiToB PeHbo cienyer, uTo BOAM3M 3TOH TeMmepa-
TypBbI :ll—g = 27,2 mm pTyTHOrO cTonba. Janee, v; = 1658 cu3, a vo MoO#HO
MO0 HUTh PaBHBIM 1 cu3; CPAaBHUTENLHO € 1, 3TO 3HAUYEHHE Vs JOCTATOUHO
TouHO: 1 rpaMM-Kalopus 3KBHUBanedTHa 419 - 10° 3pros.
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TemnepaTypa 06beM 1 2 (B car®)
(B °C) HabJoJaBlIuiicA | BbBIYMCIEHHbIH
58,2 8275 8230
77,18 3723 3740
86,83 2623 2600
117,16 943 947
124,16 759 769
131,77 606 619
139,21 497 505
144,74 450 437
B pesynbrare noayuaerca r = 535,8, Torga kak usMepeHusa PeHbo
nanu r = 537.
Ilepeiinem K paBHOBecHIO TBepAoil U muAKoN ¢da3. bBymem HasbIBaTh
nepBO# MUIKYIO (pa3y; Torga r; — TeIuloTa IJaBleHUA, BeJUYHHA I0JO0-

smuTelbHasA. Eciu niaBieHue compoBoskjaeTcA yBenudeHueM oGbema, To,
corziacHo ypaBHeHuIo (35), Temmeparypa IMUaBleHUA (TeMiepaTypa 3amep-
3aHUA) C POCTOM /aBI€HVA TaK e MOBbICUTCA. B ciiyuae nbjja 1 HEKOTOPBIX
IPYTHUX BeIIeCTB IIaBleHUe CONMPOBOMIAETCA CRaTHeM, TaKk YTO C Bo3pac-
TaHUWEM [JaBleHUA TeMIepaTypa IUIaBleHUA OHUMAETCA.

IloHMKeHNe TOUKH
[Tpupamenue 3amepsanusa (B °C)
naBieHud (B am) | HaGmioaaBlleecs | BBIUMCIEHHOE
8,1 0,0580 0,0607
16,8 0,1289 0,1260

KennBun JOKasalj 3TO Ha OIIbITe. HpI/IBO,HI/IM B Tabaule HEROTOphbIe ero
pe3yiabTaThl O4JA BOAbI. Cam KenbBun paccMaTpuBal 3TO Xopollee corjaacue
OIIBITOB C TeOpHeﬁ KaK 4YucCTo cuyqaﬁHoe, 160 OMNbITHI €ro ObLIM He 0COOEHHO
TijaTeJlbHbIMU.

8§ 28. OnbiThl ne-Buccepa ¢ yKcycHoii KUCI0TORH

Onuu u3 Hauboslee KpacUBBIX OMBITOB 3TOr'0 pojJa — ONbITHI Ae-Buccepa
C YKCYCHOI1 KHCJIOTOIi, olMcaHHble UM B cBoeil auccepTanuy «OnbITHI ¢ Ma-
HoKpuoMeTpoM» (1891 r.). ONBITHI 3TU MOKHO MPOU3BOAUTH U IPU KOMHAT-
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HOU TeMmepaType, Tak Kak TeMmIepaTypa IJIaBlIeHHA YKCYCHOU KHCIOTHI
paBHa 16,5°, 1 M03TOMY TemlI006MeH CUCTEMBI C OKpYy#rawleil cpenoil Gy-
IeT HeBeluK.

[Ipubop, npumenaBmuiica ne-Buccepom u Ha3BaHHBI UM MaHOKPHO-
MeTPOM, COCTOAJ M3 CTEKJIAHHOrO pe3epByapa, HAMOJIHEHHOTO0 YKCYCHOU
KHUCJIOTOU U COEJMHEHHOT0 C BO3AYIIHBIM MaHOMETPOM; CONPUKOCHOBEHUE
Me#y YKCYCHOH KHCJIOTOH M BO3AYXOM IpeloTBpalajoch NpU MOMOIIU
pTyTU. ONBITHI IPOU3BOAUIUCH IPU TAKUX TeMIlepaTypax, Korja yKcycHas
KHUCJIOTa HaXOAUTCA BCEr/la YacThiO B TBEPIOM, YAaCThIO B KUJKOM COCTOA-
Huu. Korpa BeieacTBUe NOBBIIEHUA TeMIIEpaTyphl YacTh TBEPAOI KHCIOTHI
IIaBuiach, TO, B CHIY OJHOBPEMEHHOI'0 yBeluueHUA 00beMa, yBelnuuBa-
Joch U JaBleHue, Tak UYTO NpH 3Toil Golee BHICOKOI TeMIlepaType ycTaHa-

BJIXBaJOCh HOBO€ paBHOBeCHE. OTHomeHue ﬁ HN3MEPAIOCh C IOMOIBIO
1 — U2

KaJopUMeTpa ¢ YKCYCHOM KHCIOTOH, BecbMa MOX0MKero Ha JeIAHoi Kalopu-
MeTp Bynsena. Kpome Toro, r u v; — vy GbLIU ONpe/ieNeHbl TTIOPO3Hb.
B pesynbraTe cBoMX ombITOB jie-Buccep Halen Aid MOBBINIEHUA TOY-
KU IUIaBIeHUA TIpU yBeJIUYEeHUU [aBleHHdA Ha 1 aTmocdepy Beluyu-
Hy 0,02432°C, toraa kak ¢opmyna (35) npu HaGaOIaBUIMXCA 3HAYEHU-
T

X o~ - JiaeT 0,02421. PacxomaeHe MeMay NaHHBIMHM TE€OPUU U OMBITA,
1 — V2

TakuM 06pasoM, BecbMa mailo.

§ 29. PeskenAaunus abaa

OneIT ¢ MeJHO!H MPOBOJOKOH, OXBaThIBaIOIIEll KyCOK Jbja, HINPOKO U3-
BecTeH. Eciy KOHIbI IPOBOJIOKY COEAMHUThL U NPUBECUTb K HUM I'pPy3, TO
IPOBOJIOKA IIPOXOJUT CKBO3b llefl, IPUYEM TaM, I'[le OHA YiKe INPOILIa, el
cHoBa cMmep3aeTcA. O6Ien3BecTHO dIeMeHTapHOe 06'bACHEHNE DTOT0 OMBITA.
IIpu Gonee e TmATENLHOM paccMOTpPeHUU OOGHApYKUBAIOTCA CleqylolIue
06CTOATENLCTRA.

[Ipu cBoeM morpy:eHun B el IPOBOJIOKA BCe BpPeMA OKPYHeHa TOHKUM
cnoeM Bojbl. JlomycTHM, YTO YacTh MPOBOJOKH, OTPy#EHHAA B Jell, TOpH-
30HTajbHAa, U MPoBeleM MepleHIuKYIAPHYIO K Hell miockocTh. [lyeth A —
KpailHAA HUMHAA, B — KpaliHAd BepXHAA TOUKa I0TIepPeYHOro ceYeHHA Mpo-
BOJIOKH, 8 P — HeKoTOpafA ToYKa Ha OKPY#HOCTHU, ONlpeendeMasn IIeHTpalb-
HBIM YTJIOM (, COOTBeTCcTBYIOWMUM nyre AP. [laBieHue B clioe BOAbI OCTe-
MeHHO yMeHbIaeTcA oT A K B nponopiuoHanbHo cos . Tak Kak Bojga u left
MOBCIOJY COIIPUKAcalTCA APYT ¢ IPyroM, To TeMIepaTypa B Ka#oil Touke
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paBHa TeMIepaType IIaBleHUA Ibjla IPH TOM JaBIeHHH, KaKOe CyIIlecT-
ByeT B 3Toit Touke. CienoBaTeinbHo, TeMieparypa Bo3pactaer oT A Kk B,
ONMAThL-TAaKN MNPONOPIHOHANBLHO oS . IIpu Mogo6HBIX YCIOBUAX CYI[ECTBY-
0T TPU MYyTH [JdA Hepexoja TemnoThl u3 B B A: ckBo3b MeTall, yepes el
U, HaKOHel[, Yepe3 BoAAHOH cmoii. Ecnu npeobGiafaer mepBbIil NyTh, TO U3
TEIIONPOBOJHOCTH MeTalljla Mbl HalileM, Kakoe KOJIMYeCTBO TeNI0Thl OTHU-
MaeTcA B CEKYHAY BBepXy U KaKkoe KOJIMYeCTBO TeIJIOTHI coobllaeTcHd BHU3Y,
a 0Tcio/la 1 KOJIMYeCTBO JibJa, pacTasABIIEro BHU3Y U BHOBb oGpasoBaBlile-
rocs HaBepXy. ITHU BEJIUYUHBI PABHHI APYT APYTY.

TonmuHa BOOAHOTO CJI0A YCTAHOBUTCA TaKoil, 4To BeA Bojia, 060pa3oBaB-
manacAd Moj MPOBOJOKOM MpU TagHUU IbJla, CMOKET MepeTeub, BCIEICTBUE
pasHoOCTH JaBieHuil, BBepx. CienoBaTelbHO, TOMIMHA BOJAHOTO CJIOA 3aBU-
CUT OT Ko3dulueHTa BA3KOCTU BoAbl. PacueTs! 3Tu npoussen OpHIITelH,
a coOTBeTCTBYMOIUE ONbIThl — MeepGypr.

8§ 30. 3axoun Credana—BoabiimaHa

Mpumenum popmyny (12) uan me dopmyny (20) k usaydenuo. Boob-
pasuM cebe abCOMIOTHO YepHOe Telo M, moMellleHHOe B 3aMKHY TYI0 9BaKy U-
POBAHHYIO TOJOCTh, C BINOJNHE OTPAMaONIMMKU BHY TPEHHUMHU cTeHKaMmu. Ilo
BCeM HaNpaBleHUAM B MOJOCTU MPOXOJAT TOTJA JIYUYH; MOJOCTh 3alolHeHa
«M3IydyeHrneM aGCoMOTHO 4YepHOro tenay. IlpeacraBum cebe, 4TO chUCTeMe
MOKHO COOOUIMTEL TEIIOTY W IMO0JOCTh MOKeT PacliupATbCA, B TO BpeMA
KaK JPYTUX U3MEHEeHU COCTOAHUA He MPOMCXOAUT. MBI MO#eM JOMYCTUTh
TaK e, YTO U3NydyeHHe MOBCIOAY OJMHAKOBO, MO KpaiiHedl Mepe, eciau Iau-
Ha BOJNHBI Maja 10 CPaBHEHWIO ¢ pa3MepaMu MOJOCTH. JHUp, 3amoNHAL-
Wy monocTh, GyaeT Toraa obaagaTh HEKOTOPON 3Heprueil, 0603HaYUM 3Ty
HHEPTHIO, MPUXOIAINIYIOCH HA €IWHHUIY 00bema, T.e. INOTHOCTb HHEPTHH,
yepes U.

CylecTByeT HEKOTOpafA aHANOTMA MeMIy U3IydYeHHeM U rasoM; SHep-
ruA 06OUX 3aBUCUT OT TEeMIepaTyphl, U, KpOMe TOT0, KaK U3IyueHHe, TaKk
U ras, o61agal0T HEKOTOPLIM AaBieHreM. COTIacHO BIEKTPOMArHUTHON Te-
opuH CBeTa, CBeTOBoe AaBienue paBHo 1/3U.

IycTh monocTh aguabaTUYecKd paclIMpAETCA, Tak YTO TeMIlepaTypa
najgaet. Eciu 3a aguabGaTryeckuM pacuiipeHreM IocledyeT U30TepMudec-
KOe paciiupeHude, agnabaTHyeckoe cxaThe M, HAKOHEl, U30TepMUUYECKOe
ciaTHe, Bo3Bpallailiee CHCTEMY B HadalbHOE MOM0#EHHe, TO CUCTEMA CO-
BepmuT uura Kapuo, k koTropomy npumenumo ypasuetnue (12). Ilycts npu-
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palleHrue v NMpU U30TEepPMHUYECKOM pacliupeHuu paBHO dv, npudyeM U u p
HeusMeHHEbI. [Ipupamenue snepruu paBuo U dv, Tar 4TOo

de) _
<6v>T =

YpaBuenue (12) npuHuMaeT BUL:

_ pdp 1,.dU 1
U=Tor—p=3T — 30U
niin
au _
To5 = 4U,
OTRKy[a
U=CT".

[InoTHOCTHL M3NyUeHUA aOCOMIOTHO YEPHOTO Tella MPOoNOoplUOHAIbHA, TAKUM
o6pa3oM, YeTBEPTOil cTemeHU abCONIOTHOI TeMmepaTypbl — 3aKOH, MOIY-
yeHHbll1 CTedaHOM Ha ombITe ellle 1O TOro, Kak BodblMaH BbIBel ero Teo-
peTHYecKUM Iy TeM.

B paccmoTpeHHBIX Bblllle clydagX pe3yibTaT IOMydalcA ¢ MOMOIIbIO

dQ
dopmyusr (20), KoTopas, B CBOIO ouepelb, BbIBeleHA U3 paBeHCTBA [ —,

paBeH HYJIO Il BCAKOT0 o6paTUMOro Kpyrosoro npotecca. Te e pe3yib-
TaThl MbI MOIJIH ObI IOMYYUTh, pacCMaTpUBasA B KamJOM OTJeIbHOM CclIy4dae

uvka KapHo ¥ npumMmeHAsA ypaBHeHUe % = % anga temnepatyp 11 u Ty,
1 2

BecbMa OIU3KUX APYT K IPYTY.

§ 31. [Ipyrue BbIpa:eHHUA BTOPOT0 HauaJja

[lepeitnem Teneps K ApyruM ¢popMam BTOpPOro Hayana, rjie CyllecTBeH-
HYIO POJIb UT'DAeT MOHATYE SHTPONUU U POJICTBEHHbIE eMY NMOHATHUA cBOGO-
HOU DHEPrUuu U TepMOANHAMUYECKOro MOTeHIIHAana.

Panee 6b110 OKa3aHO, YTO AJA BCAKOTO 00paTUMOI'0 KPyroBOIr'o Ipo-

d
necca /?Q = 0, otkyma BeiTekaeT (§14), uto mnA M0GBIX ABYX o6pa-

dQ
TUMbBIX myTell, Beaymux oT A Kk B, BennuuHa uHTerpana /T JOJHHA
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ObITH OJMHAKOBOIA. Ecnu cocToanusn IIaHHOM CHUCTEeMbI CpaBHUBAKOTCA C He-
B

d
KOTOPBIM COCTOAHHEM A, IIPpUHATBIM 3a HOpMaljlabHO€, TO /TQ ABJIAETCA

A
sHmponuell B COCTOAHUM B, mpuyeM HHTerpail B3fAT N0 o6paTUMOMY MyTH
u3 A B B. Onpejenum, HanpuMep, SHTPONUIO eJUHUIBI MacChl UealbHOr0

rasza. B atom cayuae Oe ) _ 0, u mosTomy (cm. §4)

o),
dQ = c,dT + pdv.

HUcraouaa P c nomomsio 3akoHa boitna—Tleii-Jlioccarka pv = RT, nonyuyum

dQ = c,dT + BT g,

v
OTKYyIa

_[dQ  [cdTl | [ Rdv _ T v
”‘/T‘/T+/ > _cvlogTO—FRlOg%a (36)

rjme vp u TO — o0beM U TeMIlepaTypa rasa B HopMaJIbHOM COCTOAHUMU.
Mb1 OONMYyCTUJIIN 3aeChb C IOJHBIM OCHOBaHuem, 4TO ¢, He 3aBHCHUT OT
oO6bema. ,Z[BI‘/'ICTBI/ITE!JIL:HO7 €CJIU € He 3aBUCUT OT Oﬁ’beMa, TO HEe 3aBUCUT OT

o6bemMa u e = Cy-

or
PaCCMOTpI/IM HN3MEHEeHHe JHTPOIINU OJA HECKOJbKUX IIPOCTHIX ClIyYdaeB.

w _ v
IIpu nocroanHoit Temnepatype n = Rlog g OHTPOINA Tasa pacTeT
opu yBelndeHun oGbema.

d
Ecau Tenno coobItaercA TeJqy HelmoCcpeaCTBEHHO, TO —Q = ﬂ, oTcroga

T T
JIETKO HalTU U3MeHeHue QHTPOIIUU.

JHTpONNA BCAKOTO Tella ONpeenfieTcA TOIbKO ero JaBleHNeM, TeMIle-
paTypoit u T.[., a pacmoloeHue Tela B MPOCTPAHCTBE U JIBUMKEHUE €ro,
Kak 11eJIoro, IIPU 3TOM HeCYIIeCTBEHHBI.

§ 32. CpoiicTBa 3HTpPONHU

JloraseM clefyOIyIO TeOpeMy:
Inmponusa 8CAKOL U30AUPOBAHHOL cuUCmeMbl Mea He MOKHcem YMeHb-
wamovca, a MOHcem moabKo 0CMABAMbCA NOCMOAHHOU UAU YBEAULUBAMbCA.
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Ecnau cucrtema cocTOUT M3 HECKONBKUX Tel, TO TO MOJOMKEHHEe CIpa-
BEJIIIUBO A TMOJHON SHTPONNYU BCEX DTUX Tel. JHTPONUA CUCTEMBI U3 IBYX
Tell eCTh CyMMa SHTPOIMI 3TUX Tell.

HKak npumep, Bo3bMeM fiBa Tella ¢ TeMnepatypamu 11 u Ts, 01HO U3 KO-
TOPBIX OT/IaeT JPYroMy TeIIOTYy myTeM TemjdonpoBoaHocTH. [lycThb, nanee,
T, > T5. Ecan myTeM TeNIONPOBOAHOCTH WU JyYeUclyCKaHUA OT NepBOro
Tella KO BTOPOMY MepeiiieT HEKOTOPOe KOIUYECTBO Temia d(), To SHTPONuA

dq

IepBoro Tejla YMEHBIIMTCHA Ha T—, a 3HTpPOoIIMA BTOPOI'o — YBEJIUUYUTCA
1

d
Ha —Q, Tak 4To obIiad QHTPONUA CUCTEeMEI Bo3pacTeT Ha IOJOMUTEIbHYIO

2
BeINYNHY éﬁ — CClT—Q
2 1

YT0o06bI nepeﬁTH K JORa3aTelbCTBY B obuiem Clly4yae, HalloOMHHUM, 4YTO

d
(cMm. §13) aA mpou3BONBLHOTO LUKIA / —Q < 0, a oA o6paTUMOro MUKJIA

T
d d
Bcerja / TQ = 0. Jlna HeoGpaTUMOro nuKiIa, OAHAKO, /TQ <0.

IIpeacraBum cebe, YTO HEKOTOpafA NMPOU3BOJIbHAA CUCTEMA MEPEXOAUT
KakuM-1u60 o6pa3oM u3 coctoAHuA A B cocToAnue B, npuyem Temmepary-
py B M060ii MOMEHT BpPeMeHU MpPEeANoN0KUM OJUHAKOBON BO BCEX TOUKAaX
Tena. Eciu Temeph BepHYTh cuCTeMy U3 cocTofHUA B B coctoaHue A no
KaKomy-au6o o6pamumomy nymi, Mbl MOJTYYUM 3aMKHY ThI# ITUKJ, K KOTOPO-
MY NpUMeHHMa TONbKO YTO YIIOMAHYTasA obijad Teopema. Henb3a 3a6bIBaTh
npu 3ToM, uTO nepexoq u3 A B B cieayer paccMaTpUBaTh Kak peadbHblil
npoiiecc, 0 KOTOPOM MbI XOTUM 4YTO-TO Y3HaTh, a nepexoq u3 B B A — rak

d
¢urTuBHbIi. Pa3 nepexon uz B B A o6paTuM, TO 1Jd HEro UHTErpai / TQ

paBeH ’l']A — T]B, 1 OJd Bcero quRJia
B dQ
/T +n4a—nB <0,
A
a 1aa nepexojga us A B B
1 dQ
d
- < —_
[ F <nm-na (1)
A

(0 BcrnoMoraTejJbHOM OﬁpaTI/IMOM nepexone u3 B B A Mb B JalbHeneM
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B
ynoMuHaTh He 6ynem). laa aduabamuueckozo mpouecca /? =0, u dop-
myna (37) npuMer BUL A

nB = 1A (38)

Tarkum obpaszoM, npu aanabaTUyecKOM IIpoliecce SHTPONUA He MOMKET yObl-
BaTh; OHA OcTaeTcA HeU3MEeHHO!, ecnu npouecc o6paTUM.

Nrakr, MbI JO0Ka3anu, 4YTO SHTPONUA U30JIMPOBAHHOI CUCTEMBI, T. €. CHC-
TeMbl, He oOMeHMBalOllelicA TeMIOTOl ¢ OKpy:Karlleil cpenoii, He MOKeT
yobiBaTh. Ho Torjga u »HTponus Bceil BcelleHHOI He MoeT yGbIBaTb, 60
BcelleHHad NpejcTasideT co00i U30IMPOBAHHYIO CUCTEMY.

§ 33. CBo6GoaHasA sHeprud

Ilnsa uzomepmuyeckozo npouecca coorHomenue (37) npumer BUA

B
%/dQ+77A—7]B<O>
A

Wiy, M0 NepBoMy Hayamy,
ep—€a+Wap+T(na—ns) <0,
rae W4p — pabora, npousBeneHHas cucremoii. [lonaras
e—Tn=19, (39)
npuyeM BeidnurHa ¥ Ha3bIBaeTCA €80000HOL SHepzuell, MOIYUYUM
Up—U4+Wyup <0. (40)
B yvactHOM cayuae, korma u Wuap = 0,
Up < ¥a. (41)

NHbIMU cioBaMH, B ©30TEPMUYECKOM IIpollecce, IPU KOTOPOM He cOoBeplla-
eTcA paboThl, cBOGOJHAA BHEPTHUA He MozkeT yBenunuuBaTbeA. OHa ocTaeTcA
NOCTOAHHO#, eciu mporecc o6paTuM. B yacTHOM ciyuae, Korja e IMHCTBEH-
HOU BHelllHeil cUoli ABNAETCA AaBieHUe P, Pe3YIbTaT 3TOT CIPaBeIUB 1A
IpOoIeccoB, IPOTeKAOWKX NMpU NocToAHHOM o6beme, n6o Torga Wap = 0.
B o6mewm cinyuae, paccMoTpeHHOM B § 17, eciiu MOCTOAHHBI Bce MapaMert-
pel @, (3, ..., v, To paboTa paBHa HYIIO.
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§ 34. TepmoagnHaMHUYeCKHI1 MOTEHIIUA

PaccmoTpuMm n3oTepmuueckuii nporecc, B KOTOPOM MOCTOAHHBI HE Ia-
pameTpsl «, 3, ..., v, a BHeliHue cunbl A, B, ..., N. BoipaseHnue pa6oTbl
IJIA 3TOTO ClIyvan:

WAB :A(aB_aA)+B(/BB_/3A)+ . e

Ilonoxkus
(=V+Aa+BpB+ ...,

NOJIyYrM, coraacHo ypasHenuio (40),
(B < Ca. (42)

OnpenenenHasa TakuM o6pa3oM GYyHKIUA ( Ha3bIBaeTCA mMepMoOuHAMUYEC-

kum nomenyuarom. Takum o6pa3oM, TepMOAUHAMHUYECKUN MOTEHIUAT He

MO#€eT BO3pacTaTh MPU MOCTOAHCTBE BHEIIHUX CHJ M TeMIIepaTyphl.
RKorna pa6oTy Mo#HO BbIpa3uThb B Buje p dv, ( IpUHUMAET BUJ

(=¥+pv=ec—Tn+pv. (43)

C momombio 3TOMl GYHKIUM MOKHO pa3o6paTh MHOI'O pas3iNWyHbIX BOIPO-
coB. [l 0THOPO/THOTO BeleCTBA B COCTOAHUU paBHOBecus ( UMeeT BIOJIHE
onpeeneHHoe 3HavYeHue. [Ipu 6ecKkoHEUHO MalOM U3MEHEHNH COCTOAHUA Be-
ecTBa COOTBETCTBYOIIEe NpHpalieHue ( paBHO, COTIACHO ypaBHeHuIo (43),

d( =de —Tdn—ndT + pdv+ vdp,
U Tak Kak dQ) = de + pdv =T dn, To
d¢ = —ndT + vdp.

Ecan 3a HesaBucuMble nepeMeHHbie B3ATH p U T, To monydaem (u6o d¢ —
noJHblil quddepenunan dyuruuu ¢):

(8 (),

IIpu gpyrom BriGOpe He3aBUCHMBIX NePEMEHHBIX, HAl[PUMep, eCclld CUUTATh
He3aBUCHUMBIMU NepeMeHHbIMU v U T', geno GyneT o6CTOATH COBCEM He Tak

npocto. Toraa
_(9p dp
dp = <8T)UdT+ ((911)Tdv’
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_ dp dp
dC = |:_T]+'U (3_T)v:| dTl' +v <%>Td’l),

U cleloBaTelbHo,
0 0 0 0
_C = -0 +v —p —C = —p .
ar ), or ), ov)p ov)
Haubonee ygo6HBIMM He3aBUCUMBIMU INlepeMeHHBIMHU A CBOOOJHOM

sHepruu ciy:xatT v u T. Taxoii BLIGOD HE3aBUCUMBIX TIepeMEHHBIX pUAAET
ypaBHEHUAM caMylo npocTyio ¢popmy. U3 ypaBHenus (39) BbiTekaet

MMO3TOMY

dV =de —Tdn—ndT
u, B cuny paBedctBa T dn = de + p dv,
d¥ = —pdv — ndT,

OTKyIa

@), @)

JHTPONUIO Jy4Ullle BCET'0 paccMaTpuBaTh Kak GyHKUUIO € u v. [eiicT-
BUTEJLHO,

_de | dv
dn = T TP
Tar 4To
iy _1 oy _p
(ae)v_T 1 (81} . I (46)

Ecnu 3amana (, kak ¢yHKud p u T', TO MOMKHO HAlTU U BCE OCTalbHbIE
BequuuHbl. [leficTBUTEILHO,

a¢ ¢ a¢ 9¢
— -3 . = — —_— M = — T —_— — i~ . 4
v <8p)T’ . (aT)p, e=¢ (aT (), 6
3uan, TakuM o6Gpasom, Bux ¢yuruuu ¢ = f(p, T'), Mbl cMOMeM y3HaThb
O JaHHOM TeiJjie BCe, UTO TOJIbKO IIOMeJaeM.
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IIycTh Hapg TemoM coBeplaeTcA Mpollecc NPYU MOCTOAHHOM [JaBIE€HUU U
NOCTOAHHOI TeMIepaType, TOrla KOJIMYeCTBO TEIIOThI, KOTOPOe Ha/lo COo-
o6IUTD Tely, ONpeeNUuTcA U3 ypaBHEHUA

9¢ 9¢
(i), (),
WY, TOAb3YyACh NepBoil u3 dpopmyn (47),

e+pv=_— T(g;) . (48)

OcymecTBUTh 3TOT clydail MO#HO, HapuMep, NepeBoAA KaKoe-Iu00 Tesno
CKAayKOM M3 OJHOTO PaBHOBECHOTO COCTOAHUA A B Apyroe coctosHue B,
TaKKe PaBHOBECHOE, NIPU MOCTOAHHLIX 1 U p.

Il pumep. 3a cocroanne A npuMeM COCTOAHUE CUCTEMBI, IPEACTaB-
JAPLell coboli cocyl ¢ CepHOIl KUCIOTOH, OTIeNeHHOH HENpOHULAaeMOil Iie-
pPeropoaKoii oT HaIUTON cBepXy Boabl. CocToAHMe B noiyuum, yaaifAf me-
PEropoiky, Tak 4TO KUJKOCTH CTaHyT cMellnBaTbcAd. Takoii mpoiecc He-
o6paTuM; U dHepPrufa U 3HTponuAa obe OyAyT U3MEHATHCA.

KonnvecTBo TemnoTsl (0HO OTPUUATENBHO), KOTOPOE HYKHO COOGIIUTE
cucTeMe MPU 3TOM IIpollecce, paBHAeTCA, N0 3aKOHY COXpaHEHUA dHEpPruu,

Q=cp—c¢€a +p('UB - vA)a

uiy, mo ypaBHeHuio (48),

_ ¢ ¢
o= =7 (G), |, - | (5),

Ecnu tepMoannamuueckuii notenuuan ( u3BecTeH B 060MX COCTOAHUAX A
u B, rar ¢yHruua p u T, To 3TO BblpameHue MOeT ObITh BbIYHMCIEHO.

8§ 35. CBo6oagHaA 3HEpPruAa ujaeajbHOT0 rasa

Brruncaum cBoGogHyIO »Hepruio uieanbHoro rasza. B stom cayuae
pv = RT, rpe R 3aBucut oT B3ATOI Macchl rasza. CornacHo ypasuenuio (45),

ovy _ __ _ _RT
(31})T_ P=""9
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U, cleloBaTelbHO, P4 NOCTOAHHOM T’
¥ =—RTlogv+ C. (49)
MonoxuB ¥ =0 gaa v = 1, umeem C =0 u
¥ = —RTlogw.

I/ITaR, cBobGogHaA 9Heprud ¢ Bo3pacraHuemM ob6beMa YMeHbIIaeTcA. 0603Ha-

YMM Maccy rasa depes m, TOTja eIMHHIA Macchl 3aiimMeT o6beM ,=. CBo-
GoaHaA 3HepPruA eJMHULBI Macchl PaBHA
v
—RT'log 7,
a A Bcell Macchl rasa
_ v
¥ = —mRT log . (50)

IIpoBepum, noab3yAck 3Toit Gopmyinoil, pyHIaMeHTaIbHOE CBOMCTBO
cB0oOOIHOI1 BHepruu, fokazanHoe B § 33. [IpeacraBum cebe cocyn, pasjaeieH-
HbI TIeperopojikoil Ha 2 yacTH, ¢ 00beMaMy V1 U Vg, COAepKaLIue mi U My
eIMHUIl Macchbl OJHOIO U TOr'O #e HJealbHOro rasa.

YnanuMm neperopoiry. [Ipene6peras cumoit TAkecTH, MbI IOIYUYUM TOT-
Ja OTHOPOAHYIO CMeCh Macchl mj + Mo, 3aHUMAIOMYIO 00BeM vy + v2. Co-
riacHo ypaBuenuio (50), npupaiieHne cBo60JHON SHEprun GyIeT paBHO

RT {m1 log;;L—ll + ms log% - (my +m2)log%}.

O6o3naunuM ero yeped RT®. Torga

0® _ma2  mi+my  MaU; — MV

vy U2 v +vy vo(v1 + v2)

OTRYyJa
0%
B’Uz

ma
20 npu vy 2 g U1

m
OTtcioma caeayet, uTo ¢ gocTUraeT MakcumMyMa MpU vy = m—fvl. Ho gna

3TOro 3HaueHud v, ® = (0, Tark 4TO IpU BceX APYruX 3HAYeHUAX Vo P
oTpunarteinbHo. Utak, Korjia pasHulla U MIOTHOCTU Me# Ay 06eUMU MaccaMu
rasa McuesHeT, cBOGOJHAA 3HepruA yMeHbiiutcA. OueBUIHO, YTO, yAanAd
ePEropofiky MpH —L = ~2 . Mbl HHKAKOrO H3MEHEHUA CBOOOJHOM SHEPruK

mi mo
He MOJYy4YUuM.
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8§ 36. HepaBHOBecHbIEe COCTOAHUA

OnpefenuB ®HTPONUIO, CBOOOAHYIO SHEPTHUIO M TepMOAMHAMUYECKUit
MOTeHIMAal TaK, Kak 3To O6bLI0 caenaHo B §§ 31-34, MbI He UMeeM IMpaBa, ec-
7 paccy#aaTh CTPOro, FOBOPUTH 00 3TUX BeJUYUHAX AIA HEPABHOBECHBIX
coctoguuil. Takoil, HanpuMep, cUCTeMe, KaK KUJKOCTb, COIIPUKAacaloIanacA
CO CBOMMU NapaMu pH JIaBIeHUU, HE COOTBETCTBYIONIEM COCTOAHUIO PABHO-
BecHd, Hellb3A IPUIKUCHIBATh ONpPeleleHHOT0 3HaUeHUA CBOOOIHO DHEeprUuu.
Ho u 3ToT ciyuaii Mo#HO, 0JHAKO, TaK BUJOU3MEHUTD, UTO HAIIK ONpe/ene-
HUA Oy1yT NpuMeHUMBI. JleficTBUTENbHO, OTAENUB NEPETOPOJKOIN HUTKOCTh
OT €e NapoB, CUCTEME, MOTYUYEHHOH TaKUM 06pa3oM, Mbl MOKEM IpPUNKUCATD
BIIOJIHE OIpefleleHHYI0 CBOOOJHYIO DHEpPruio, paBHYI0 cyMMe CBOGOJHBIX
sHepruit obeux ee vacTeil. TakuM ke HCKYCCTBEHHbIM IPUEMOM MOMHO
BOCIIOJIb30BaThCA U A APYTUX CHUCTEM, COCTOAMMX M3 ABYX Wiau Oolee
yacTell unu «bdasy, o6ragamoIUX pa3iIuUyHbBIMU CBOUCTBaMU U CONpHKacaio-
MUXCA OPYT € JPyTroM.

ITomecTuB nogo6HOro poja NeperopoaKy, Mbl, KOHEUHO, BEI30BEM HU3Me-
HeHUA B morpanu4yHoM cioe. Ho 3TUMU u3MeHEHHAMU MOKHO MpeHeGpeub,
€Clii TONbKO TONIIMHA NOrPAaHUYHOT'0 ClIOA AOCTAaTOYHO Maja Mo CPaBHEHUIO
¢ o6beMaMy MUJKOCTU U Napa, U TOrJa MOMHO NMPUMEHATH IpPeAlIecTBO-
BaBIlIMe pacCcyH#IeHuUA.

HeonHopoaHbIii ra3 MoHO GbLIO ObI pa3genuThb MeperopoikamMu Ha OT-
JelbHble AYEKN, a BHYTPU Kam/I0i U3 3TUX AYeeK paccMaTpPUBATh ra3 Kak
onHopoaHbIi. [lox cBoGoaHOI BHEprueil Beell CHCTEMBI Mbl IOHUMAaeM TOra
cyMMy cBOOOAHBIX 3Hepruii ee uyacteil. Taroil npueM cTaHOBUTCHA, OHA-
KO, HE3aKOHHBIM, ecilH BHeIIHWEe CUJIbl NMPOU3BOAAT Bapualuy MJIOTHOCTHU
B BecbMa MalbIX o6beMax, mopagka, ckaxem, 10~6 mm®, ubo crons manas
Macca y#e He o0i1afaeT cBoiicTBaMU OOBIYHOIO rasa.

8§ 37. Heo6paTuMble npoiieccsl

Ilepen Hamu BcTaet emle W Apyroil NpUHIMNNAILHO BasKHBIM BOMpPOC.
Mpu BeiBoge (opmyan (38), (41), (42) Mbl yTBepsjalu, 4To MIA 0OpaTH-
MbIX HPOIECCOB B 3THX (popMyJax HonxeH GbITh B3AT 3HAK paBeHcTBa. Ho
3HAYUT JIU 3TO, YTO AJA NPOIIeCCOB, 3aBeJOMO HeoOpaTUMbIX, 3HAK paBeH-
cTBa He00XOJUMO 3aMeHUTh 3HAKOM HepaBeHCTBAa M UTO paccMaTpuBaeMas
Beauuuna (n, ¥ unu () GymeT OelCTBUTENbHO N3MEHATLCA UMEHHO B TOM
HalpaBleHUH, KOTOPOe clieflyeT U3 Hamux GopMyi?
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OneIT OTBeYaeT Ha ®TOT BOMPOC, MO-BUAMMOMY, YTBEPAUTENbHO. JTO
JIErKO BUJHO B NIPOCTHIX CIy4YaAX, KaK, HApUMep, B cillydae rasa, pacurmps-
IOIerocd B IIyCTOTY, WJIU IPU CONPUKOCHOBEHUH JIBYX TeJ pa3Hoil TeMmepa-
Typbl. Takum, UMeHHO, 06pa3oM — XOTA U C HEKOTOPLIMHU OTOBOpPKaMHU —
Mbl MOEM YCTAHOBUTb CIEAYIOMUil 3aKOH A HeoGpaTHUMBIX MPOIECCOB:
npu aguabaTHUecKOM Ipollecce Bo3pacTaeT DHTPONUA; eclid Ipollecc U30-
TepMUUecKkUil 1 paboTa paBHa HYIIO, TO yMeHblllaeTcA cBOOOAHAA dHEPruf;
eciy IpU U30TEPMHUUECKOM TIpollecce BHEIIHKME CUIbI MOCTOAHHBI, TO YMEHb-
maeTcA TepMOAMHAMHUYECKH MOTeHIHAal.

§ 38. H3oTepmuueckuii nmpoiecc

Jlerro mokasartb, 4TO AJMA U30TEPMUYECKHUX IPOLECCOB /dQ < 0. 370

MOMHO, BIIPOYEM, BBIBECTU M U3 HepaBeHCTBAa /? < 0 (§13), moxo-
#uB T = const.

IIpencraBum cebe cuctemy M, coBepuIaIOIYIO U30TEPMUYECKUN KpPY-
roBoii mpouecc. PesepByap R mycTb UMeeT Ty #e TeMrepaTypy, YTO U CHC-
TeMa. YTo6bI cOOOUIUTL WM OTHATh Yy CUCTEMbI TEILIOTY, He moTpebyercsa
Toraa Hukarux nuriaIoB Kapuo (cm. §13), 60 Temnoo6MeH MO#HO OCYLIECT-
BUTH IOMNPOCTY IpUBelA B COMPUKOCHOBEHHE CHUCTeMY U pesepByap. Mbl

yTBepxaaeMm, uto [ dQ < 0. B camom pene, ecniu [ d@Q > 0, To cucrtema

HOJYyYHUT OT pe3epByapa R 3a Bech IMKJI HEKOTOPOE KOJIMYECTBO TEMIOTHI;
HO MOCKOJIbKY, 3aKOHUMB LMK/, CHCTeMa Bo3BpallaeTcAd B HayalbHOE CO-
CTOAHME, TO 3Ta TEIIOTa, OYEBUIHO, LEIUKOM INpeBpalleHa B paboTy, YTO

npotuBopeunT npunuuny KenbBuna. OTciona 3akiiodaeM, uto | d@Q < 0.

[Ipu o6paTumom npouecce 3Hak < HcKIodaercA. WHpIMU cioBamu, pu
0o6paTUMOM M30TEPMHYECKOM KPYTOBOM Ipoliecce aareGpanveckad cymma
KOJIMYECTB TEMI0ThI, COOGIEHHbIX CUCTEME, a ClleIoBaTelbHO, U paboTa cuc-
TeMbl PaBHbI HYJIO. Yike U3[JaBHa U3BECTHO, YTO HEBO3MOMKHO OCYIIECTBUTH
seunblll deuzameans, T.e. MallluHy, AAONYIO pa6oTy 6e3 BCAKOr0 BO3aeicT-
BUA u3BHe. Tenepb Mbl yOeJUINCh, YTO HEBO3MOMHO OCYIIIECTBUTD U TAKOE
YCTPOHCTBO, BCE YAaCTH KOTOPOTO MMenu Obl OJUHAKOBYIO TeMIepaTypy U
KOTOpOe MPOU3BOAUIO0 GbI PAabOTY 3a CUET IHEPTUH, 3aUMCTBOBAaHHON’ y Ter-
JIOBOTr'0 pe3epByapa TOM e camoil TeMIepaTypbl. JTO HONOKEHNE BhIpaiia-
I0T 0GBIYHO CIOBaMU: HEBO3MOKHO MOCTPOUTD BeHHblU 08U2AIMeAb 6MOPO20
poda.
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Ilonb3yAch TOALKO YTO JOKA3aHHOU TeopeMoi, MOMHO MPUKTH K HO-
BOMY IIpeficTaBJeHHuI0 o cBoGoaHoi 3Hepruu. IlpencraBum cebe onmATL 00-
paTUMBIl U30TEPMUYECKUIl Tpollecc ¢ TEIIOBBIM pe3epByapoM R Toil e
TeMIepaTyphbl, UTO U cucTeMa. Pe3epByap 3TOT HaXoJUTCA B KOHTAKTe C
paccMaTpuBaemoii cucteMoii. Pa3 pabora aia BcAKoro o6paTuMoro u3oTep-
MHUYECKOro [UKJA paBHa HYJ0, TO U paboTa, IpoU3BeleHHad IIpU nepexoie
CUCTEMBbI U3 OHOTO COCTOAHUA B Jpyroe, He 3aBUCUT OT NyTH Iepexona.
JTO NPUBOAMT HAC K 3aKIIOUEHHIO, YTO B KamJOM CBOeM cocTogHuu A
cuctema obnajgaeT crocOOHOCTHIO NPOU3BECTU HEKOTOPOE KOJUYECTBO pa-
60Tb1. BriGpaB HekoTOpoe cocToAHUe N 3a HOpMalbHOE, Mbl Ha30BeM pabo-
Ty, KOTOPYIO IpousBeeT cucTeMa Ipu nepexone u3 A B N 1o o6paTuMomMy
HU30TEePMUYECKOMY IIyTH, CBOGOJHON 3HEpPrueil cucTeMbl B cocToAHUU A.
Takoe ompegeneHre CXOQHO ¢ OlpejieleHUEM BHYTpeHHel DHEPruu, HO 3THU
IBa ollpefle]leHUA Helb3f cMelluBaTh APYT ¢ ApyroM. [lig aToro gocraTtoy-
HO BCIIOMHUTh poiib pe3epByapa R. Pabora, npousBeseHHas cucTeMoil Mpu
nepexoge u3 A B N, He pasna, BooOllle TOBOPA, SHEPIUU, IOTEPAHHON CHC-
TeMOH IIpU 3TOM Ilepexoje, Tak Kak paboTa 3Ta NpOU3BOAUTCA, YaCThIO UIHU
LeINKOM, 3a cYeT TeIlNIOThl, 3aMMCTBOBAHHO!H cUCTeMOH y pe3epByapa.

Pasnuna memay BHyTpeHHeil U cBOOOJHOI sHeprueii ocobeHHO Gpoca-
eTcA B Iia3a B cilyyae ujeaidbHoro rasa. IllpenctaBum cebe, YTO CTEHKU
cocyaa, KyJa 3arjiiouyeH uaealbHbIil ra3, cCOCTABIAIOT YacTh TEMNJIOBOrO pe-
3epByapa. Cocyn ¢ ra3oM MycThb 3aKpbIBaeTcA MopirHeM. YeM MeHbIe ero
06beM, TeM 00JbIIYIO paboTy MOKET NPOU3BECTU ra3 IIpU CBOEM pacliupe-
HUM, TeM GoNibllle, 3HAYUT, U ero cBobogHaA 3Heprud. C Opyroii CTOPOHBI,
BHYTPEHHAA dHEPTHA 3aBUCUT TOJLKO OT TeMIlepaTyphl, a He oT oObeMa. Ta-
KUM oOpa3om, npu o6paTUMOM H30TepPMHUYECKOM pacliipeHUU HealbHbIil
ras copepiiaeT paboTy ILeIUKOM 3a cyeT TellJOThbl, IOTEPAHHOI pe3epBya-
poMm.

IIndg cucTembl Boja-nap NMpU YMEHbIIEHUU BHYTpPEHHEH 3HEPrUH CBO-
0onHaA 3Heprud Aase Bo3pacTaeT, a IpU BO3pacTaHUU BHYTPeHHel 3Hep-
ruu — yMeHblnaetrcd. [leficTBUTeNbHO, IPU HUCIApEHUU BOJAbI CBOOOHAA
3Hepruf yMeHbIlaeTcA, 00 yMeHbIaeTcA CNOCOOHOCTh NMPOU3BOJUTHL pa-
60Ty, B TO € BpeMfA BHYTPeHHAA dHepruA NpU UCIapeHUuU yBeInYnuBaeTCA.

8 39. CBo6oagHan aHepruda u pabora

Insa cpaBHeHuA cBo6ogHbIX 3Hepruil ¥4 u ¥p AByX paBHOBECHBIX CO-
croauuit A u B npeacraBum cebe, UTO cucTeMa fepeBejieHa Mo oGpaTUMOMY
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HU30TEPMUYECKOMY My THU cHavaia ud A B B, a 3aTem u3 B B HopMalbHOe CO-
crofanue. Pabory cuctembl npu nepexone u3 A B B o603nauum yepes Wyp.
Pa6oTa cucrembr npu nepexose u3 B B HopMmanbHOe cocToAHue paBHa Up,
nosToMy BcA pabora coctaBuT Wap + ¥ p. CienoBatenbHo,

Vy=Wuap+V¥p,

nin
Vy—¥p=Wya,

pe3ynbTaT, yie NoaydyeHHbIN npeskne [§33]. Wap MomeT 6bITh, KOHEUHO,
U OTpUIATENbHBIM, €CIN HA CUCTEMY TpaTuUTcA paboTa U3BHe, U cBoOOaHAA
9HEepruf Bo3pacTaeT Ha BeIUUUHY 3TOil paboThl.

Ecau coctoauua A u B Becbma 61u3ku Apyr K Apyry, o ¥4 — ¥p =
= —dV¥ u, crenoBaTelbHO,

—dV = Ada + BdB + ...,

rie B MOpaBoil YacTW paBeHCTBa CTOUT BbIpameHWe BHelIHedl paGoThl
(cm. §17).
CreoBaTelbHO,

A:_(?_\I/’ B:—a—\p U T. 1.
e op

Nrak, eciu ¥ u3BecTHa Kak GyHKIUA KOOPIUHAT, TO Mbl B COCTOAHUY Haii-

TH 0000IIeHHbIe CUJELI.

Eme pa3 mogjuepkuBaem, 4To 3TU ypaBHEHUA CIpPaBeJIMBHI JUIIb A
o6paTuMbIX mpoleccoB. JIaA HeoGpaTUMBIX TNPOIECCOB CleqyeT CTaBUThb
3HaK HepaBeHcTBa. CBoGOmHAA dHEPruAd MOKET TOrJa yMeHbIIaThCHA, ec-
U Jae Telo He coBepllaeT HUKakoil pa6oThl. Korpga e Telo coBepiaet
paboTy, To cBoGOAHAA DHEPTUA YMEHbIIAeTCA HAa BEIUUUHY, OOJbIIYIO, YeM
BeJuurHa pa6oThl. Eciau Ha Teso 3aTpayeHa paboTa U3BHE, TO eI'0 CBOOOJHAA
HEPTUA yBelUYMBaeTCA Ha BEIMYUHY, MEHBINYIO, YeM BellMYMHa BHeIIHel
paboThl, U MOKET Aane yMeHbIIaThcA. Ecan yMeHblleHue cBOOOJHOI 3HED-
TUH, TP KOTOPOM IPOU3BOJUTCA dKBUBaJEHTHOE KOIMUYeCcTBO paboThl, pac-
cMaTpuBaTh Kak no.desHoe, TO Mbl MOMEM CKa3aTb, YTO IPpU HeoOpaTUMbIX
npoieccax IIpouCXoquT Oecrojie3HaA TpaTa cBOOOJHON BHEpPruu.
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§ 40. 0O6061IEeHHBIE CUJIBI

060061eHHbIE CUITBI, 0 IPEIBIAYIIEMY, IPEACTABIAIOT CO00I IPONU3BOI-
Hble 0T CBOOOMIHOI 3HEpPruu 1o mapamerpam «, 3, ..., v, B3AThIe ¢ 006pat-
HBbIM 3HAaKOM. JTOT BbIBOJ MMeeT MHOTOUYHC/IeHHble npuioxenud. IlycTbs Mbl
XOTHUM, HallpUMep, COCTaBUTh ypaBHEHUA paBHOBecuA ymnpyroro tena. las
3TOH IeJW MBICIEHHO BBbIZIEJIUM B YIPYTOM Telle HEKOTOPbIH NPAMOYT0Jb-
HBI Napajulenenune] U pacCMOTPUM HaNpAMEHUd, AeiicTBylollMe Ha ero
rpaHd, U HEKOTOpPble BEIUYUHBI (v, ONpelendoiue fedhopMaluio, T.e. U3-
MeHeHue NUHelHbIX pa3MepoB M u3MeHeHue yrioB. CBoGoaHad sHeprus,
npejAcTaBleHHaAd Kak (QYHKIUA [apaMeTpoB «, MJIA MalblX JedopMaunui
MOeT ObITb pasioxeHa B pAA 10 Bo3pacTamloumuM cTeneHAM a. Hudde-
peHLUpyA MoNYy4eHHbIH pAA, Mbl onpefenuM HanpAxeHusa. U3 TmarenbHo
[IPOBEJIEHHBIX UCCIeJOBAHUI BUHO, YTO BIIOJIHE JOCTATOYHO OTPAHUYUTHCA
B pAfie anA ¥ uneHamu BToporo mopAaka. Ecian 3a HopMmanbHOe cocToAHME
Teja PUHATH ero HeleOpPMUPOBaHHOE COCTOAHNE, TO NponajeT 4ieH ps-
na, He 3aBUcALUN 0T napaMmeTpoB. [lockolbKy B HOpMalbHOM COCTOAHUU
HUKaKMX HalnpAMeHUi HeT, To o0paTATCA B HyJb U YIEHBI C IepBOi cTele-
HbIO @, TaKk 4T0 ¥ MOHO CUMTATh OJHOPOAHOI KBaapaTU4HOI popMoii oT
nedopmanuii®. IlpegcraBum ceGe, HanpuMep, PacTAHYTHIH U B TO #e Bpe-
MA 3aKpYYeHHBIH cTepieHb. 0603HaUUM Yepe3 A yIJIUHEHUe, a Yepe3 w —
yroa kpydenus. [Ipu 3aganHom A, cTepeHb o61agaeT OAMHAKOBHIMU BHYT-
PEeHHell 3Heprueil U 3HTPOINUEN, a cleJoBaTelbHO, U CBOOOJHON 3Hepruei,
He3aBHCUMO OT TOrO, 3aKpYyYeH /M OH Ha JaHHbIH yroJs BIpPaBO UIU BIEBO;
nostoMy V¥ He colep#UT HeueTHBIX cTeneHell w. Urak,

U = kA2 + pA3 + qw? + edw?,

ov _ 2 2

N = 2kX 4 3pA” + cw?, (51)
ov _

B = 2qw + 2edw.

IIpousBognasn ((?)_lf ¢usnvecku npeacrtaBafeT coboii paboTy, HeOOXOAUMYIO

IJIAl pacTAMEHHUA CTePKHA Ha eINHUIY [JIMHBI, T.€. PACTATUBAIOIIYIO CH-
v o . .

ay P, g— — paboTy, 3aTpaueHHYIO AelcTBYIONIEll HA CTep#eHb Napoil 1A
w

3aKpYy4YMBaHUA €ro Ha yroa B 1 paguad, T.e MoMmeHT mapsl §). Ecan A n w
3aMeHUTb HAa @ U 3, T0 A= —P u B = —().

l[O,JIHaHO B rocjiefyrouemM MbI COXpaHUM 4Y/IeHbl TpeThbero l'IOpH}ZlKﬂ.]
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3ameuaTelnbHO TO 06CTOATENLCTBO, yTo U P u () ABnAioTca o6e mpo-
U3BOAHBIMU OJHOU U Toi e QYyHRIUU, UMeHHO, pyHruuu ¥. MaTtemartu-

YeCKHU 3TO BbIpamaeTcA PaBeHCTBOM g—i = g—&) Cuna, HeoOxoauMas AiA
YIJIUHEHUA CTePHA Ha HEKOTOPYIO BEIMUYUHY, 3aBUCUT, TaKUM 00pas3oM,
0T yrila KpyYeHud, U 0OpaTHO, BpamamImuii MOMeHT () 3aBUCUT OT AJIMHBI
crepxHA. OTCI0/1a MOMKHO 3aKIIOYUTE, UTO KPyUYeHNe CTEPHHA BbI30OBET €ro
yKRopauuBaHue, n60 npu P = () BHelIHKe pacTATUBAIOLINE CHIIbI OTCYTCTBY-
10T, U, N0 ypaBHenuto (51), ecnru npene6peub 3pA? no cpaBHenuio c 2k,
nMeeM A\ = —iwz. Pa3ymeeTcs, paccmoTpeHHble 3[ech 3P deKThl BechMa

Maibl.

8§41. YcnoBusa paBHOBecHUA

[IpepmiecTBOBaBIINE TeopeMbl 06 3HTPONUU, CBOGOJHONW IHEPrUU U
TepMOAMHAMUYECKOM MOTEHINale MO3BOJAIOT Tellepb YCTAaHOBUTD yCIOBUA
paBHOBECHUA.

IIpeacraBum cebe, UTO HEKOTOpPOe TeNO WIU CHCTeMa Tel UMEIOT Io-
CTOAHHYIO TeMIlepaTypy U Hapy:kHble YCIOBUA TAKOBbI, UTO BHELUTHHE CHUIIbI
He coBepiialoT paboTsl. Eciu, HanpuMep, BHelllHeil cuioil ABIAeTCA paBHO-
MepHOe [aBileHle HM3BHe Ha MOBEPXHOCTb, TO GyleM COXpaHATh HENM3MEH-
HbIM 00BeM. Ilpu sTOM, ogHAKO, MOT'YT NMPOUCXOOUTHL INpOLecChl BHYTPU
caMoil cucTeMbl, 1 cBoOOJHAA 3HEPTUA MOMeET yMeHbiaTbeA. Ho ecan, Ta-
KUM 06pa3oM, JOCTUTHYTO HEKOTopoe cocTofiine A, B KOTOpoM cBo6GoaHasA
SHeprud MeHbIlle, YeM BO BCEX COCTOAHUAX, GeCKOHEUHO Gnu3kux K A, To
JalbHefillile U3MeHeHUA B cHcTeMe HeBO3MOMHbI, U00 OHUM CONPOBOMKJa-
auch GbI Bo3pacTaHueM cBo6oaHol sHeprun. CocTogHue A ecTh cocmosHue
pasnosecusa. OHO XapaKTepudyeTcAd MUHUMYMOM CBOGOJHON dHEpruu, T.e.
pPaBeHCTBOM HYIIO MpUpalleHNUd CBOOOIHOI SHEPruy NpHU Mepexoje U3 Co-
CTOAHNA paBHOBecUA B Jipyroe 6eckoHeuHo Giuskoe coctoguue. [locnennee
yCJ0BUE clielyeT NOHUMAaTh UMEHHO TaK, KaKk 3TO IIOHUMaeTcA B oblieil Teo-
pHUU BKCTpeMyMOB GyHKIUIi. THBIMU cioBaMU, eciu U3MEHEHUE COCTOAHNA
CHUCTEMBI, OTIpe/leAeMOoe PUpPAaIleHUAMY apaMeTPOB, CUNTATh HECKOHEYHO
Malioii TlepBoro MopsAjaKa, To mpupaiieHue cBo60AHOM sHeprun 6ynaeT 6ecKo-
HEYHO Majofi BTOpOro MopAfka, a eciiud NpeHe6peyb GECKOHEUHO MalbIMU
BTOpOTO MOPAJIKA, TO MpHUpAalleHHue 3TO PaBHO HYIIO.

TaruMm e o6pa3oM BbIpamalTCA yCIOBUA PaBHOBECHA U C MOMOIIbIO
HNOHATUA TepMOJMHAMHUUECKOr0 NoTeH[Hana. B aTom ciyyae nocTOAHHBIMU
JOJHBI OBITH TEMIlEPATypa U BHEIIHUE CUIbI, KaK, HAIIPUMeED, JaBIeHUE p.
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U3 Toro, yTo crasaHo B Hauane § 34, cneayer Torja, 4To B COCTOAHUU paB-
HOBeCUA TEPMOJUHAMHUYECKUI MOTEHIUAN JON#eH UMeTh MUHUMYM.

s Toro 4ToOBI BHIPA3UTh YCIOBHUA PABHOBECHUA C TIOMOIILIO SHTPOIHH,
MbI JIOJKHBI NpeNCTaBUTh cebe, UTO CHCTeMa He NONydyaeT U He OTHAeT
Temiory; Toraa (o §32) sHTponuA He MOMeT yMeHbIIaThcA. B cocTofHun
pPaBHOBECHA DHTPONUA UMEET MaKCUMYM.

Henb3sa 3abbiBaTh, YTO TOJLKO MPH ONpeJENeHHBIX YKa3aHHBIX YCJIO-
BHMAX, Pa3iUYHBbIX AIA KamJ0T0 M3 TPeX clIydyaeB, MbI UMeeM MaKCUMYM
SHTPONUU U MUHUMYM TE€PMOJUHAMHUYECKOT0 NMOTEHIHaIa UK CBOOOMHOM
sHepruu. B cnyudae cBo60/1HOM 9Hepruu HEOGX0JUMO, UYTOObI U3MEHEHUA CUC-
TeMbl ObLIM M30TepMHYECKHMMU U paboTa CUCTeMbl paBHAIACh HYJIO, AIA
TepMOAMHAMUYECKOro MoTeHIINala U3MeHeHUA CUCTEMbI JOJI#HbI ObITh U30-
TepMUUYECKUMHU NPU NOCTOAHHOM JaBlIeHUU; [JIA CIydad SHTPOIUU U3MEeHe-
HUA CUCTEMBI JIOJKHBI GBITh afabaTUYeCKIMU.

§42. CucrteMa B I0Jie KOHCEPBATUBHBIX CHII

CBoiicTBa cBOGOJHOI 3HEPruy MbI MOXydYalu [JO CHUX IOp U3 ypaBHe-
uuA (40), npupaBuuBas Hyno Wap — paboty cuctemsl. [IpocToii pesyib-
TaT HNONYYUTCA U B clIydae, Korja Mpu paccMaTpUBaeMoM Ipoliecce paboTa
coBeplIaeTCA BHEUIHUMU cuUlaMu, uMeromuMu notennuan x.Toraga Wyap =
=Xa — Xp> 0TRYla ¥p + xp < ¥u + x4

B sTtom cnyuae cienyet mpocto 3ameHUTh W uepes ¥ 4 y U MOMKHO
3Ty CyMMY paccMaTpUBaTh Kak cBoGoaHY10 sHepruto. Ho uTo6b! usbekaThb
My TaHUIbI, MbI OyJeM HO-Tpe#HeMy N0oJ cBOOOHOII dHeprueit noapasyme-
BaTb He cyMMy ¥ + x, a Benuuuny V¥, 3aBUCANIYIO TOJbKO OT BHYTPEHHEro
cocToAHMA cucTeMbl. Eciu nmoHago6uTcd, To Mbl OygeM mpubGaBiATh K ¥
noTeHIuanbHyo sHepruto x. 06o3Hauum vepes W 5 pabory, npousBeneH-
HYIO CHUCTeMOil IPOTUB BCeX BHEIIHUX CUJ, KPOMe TeX, KOTOpble CBA3aHBI
¢ moTeHuuanbHoit axeprueit x; Toraa (Vp+xp) —(Pa+x4)+Whip < 0. Ec-
au W) z=0, To ycnoBueM paBHOBecus 6yfeT paBeHCTBO MUHUMYMY U+.

UTo uMeHHO NMOHUMAaETCA MOJ SHTPONUEN U cBOGOAHOI dHeprueil AnA
HepaBHOBECHBIX COCTOAHMIA, — GbLIO y#e cKazaHo B § 36.

§43. I'a3 NI KUJKOCTh B IOJIE CUIbI TAMECTU

PaCCMOTpI/IM HEROoTopoe (I)I/IBI/ILIBCHOG Tello, cocToAllee N3 OJHOTO U TO-
ro »Me BeljecTBa B MUIKOM HIHU FaSOOﬁpaSHOM COCTOAHUU, HAHUMaAloIiee
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HNOCTOAHHBII 06beM U HMMerollee NOCTOAHHYIO TeMiepaTypy. IlycTs Ha Te-
J0 JefiCTBYIOT KOHCEPBATUBHBIE CUIbI, HaIpUMep, cuia TAxecTU. Toraa
eUHHUIla Macchl 3TOro Teina OyaeT obGiajaTb MOTeHIWANbHON »Heprueit X,
¢GyHKIUEH mapaMeTpoB, ONpeeNAoNUX 31eMeHT o6bema dS. Ecau ¥ —
cB0OOOIHAA HEPTUA eIMHUIIBI MacChl, a p — IIOTHOCTb, TO CyMMa cB0OOjI-
HOIi ¥ MOTEHIUANbHON HEPTUH 1A dleMeHTa o6bema dS paBHa p(¥+x) dS,
a Bcero Telna:

= / p(¥ + x) dS. (52)

CocToAHue paBHOBeCUA 6y;[eT HUMETb MeCTO, Korja BeJIru4nuHa P IIpUHHUMAa-
€T MUHHUMaJlbHOE€ 3HaAUYECHUE; 4yTOObI HAWTHU 3TO COCToAHUE, T. €. OlIpeJelIuTb
B 9TOM clly4dae pacnpeneljieHrue BellleCcTBa B IPOCTpaHCTBe, paCCMOTPUM Oec-
KOHEeYHO Maljioe un3MeHeHrue COCTOAHHA, OJIA KOTOpPOoro

0® = 0.

HJIH 3aJJaHHOr0 3jieMeHTa o0beMa X NOCTOAHHO, HO p IIOJyYaeT Ipupauie-
HHue 5p, 4YTO BegeT K U3MEHEHUIO \I’, Tak Kak ¥ 3aBucut oT o6bema v eaun-

. Ilpu noctoannoMm T uMeeM mMo3TOMY

=

HUIIBI MaccCel, a v =

Vs, _10¥
O = G0 = =5 O

YCJIOBI/Ie paBHOBECUA IIPUHUMAET BUJ
5 = /[(xp +X)3p + o] dS =

:/[‘Il—l—x—%%—;ﬂ(MdS:O.

(53)

PaBencTBo sTO clpaBeJInBO OJIA BCeX 3HayYeHum Jp, YAOOBJIETBOPAIOIINX

yPaBHEHHUIO
/5p dSs =0,

BhIpasraroumemMy co60ii NOCTOAHCTBO Macchl Bceil CUCTEMDBI,

/ pdS = M. (54)
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OTcrofa cienyer, 4To MHOMUTENb y dp dS B unrerpaie (53) moiaseH OGbITh
HOCTOAHHBIM, T. €.

107
OcTaeTcA nulb oNpeAeluTb NOCcToAHHYI0 C'. TO BO3MOMKHO, €CIN U3BECT-
Ha cBOGO/HAA PHEePruf Kak QYHKIHUA p UIU v; JeHCTBUTENbHO, pa3peliaemM
ypaBHeHHe (55) OTHOCUTENBHO p U HAXOJUM OTCIO[a p Kak GYHKIHMIO KOOp-
AvHAT (Tak Kak Y TaK#e 3aBUCUT OT KoopauHat). [lofcTaBuB BhIpazkeHue
A p B ypaBHenue (54), noiydum ypaBHeHue oTHocutenbHo C, u6o mac-
ca M paua.

Takr Kak v = =, To ypaBHeHue (55) 3anuilieTcA B BUe

=

lII—va—\II+X C, (55a)

WY, COrnacHo ypasHeHuo (45),

¥+pv+x=0C, (55b)

(+x=0C. (55¢)

ITonyueHHOe ypaBHeHHe coBnajaeT ¢ 00LIeM3BECTHBIMU YCIOBUAMH CTaTH-
yecKoro paBHoBecuA. YT0ObI B 3TOM yGEAUTbCH, 3aMETHM, YTO X U v (WU p)
3aBUCAT OT KOOPJAUHAT &, Yy, Z. Huddepenuupysa nosromy paBencTBo (55a)
no = U cuutad npu 317oM C' NOCTOAHHOU, MOLYYUM

9 (g _,0%) 00 Ox_0x _ 0Wdv _
(‘)v(lp v8v>6w+8m_ax Vvt 0x

_ox Lo (0w _,
oz Yoz \ov) "

YMHOMaf Ha p U NpUHUMasA Bo BHUMaHue (45):

ap ox
— = =0.
or te P o
ox  Ox
AHnajnornunble ypaBHeHHMA NOJyvaloTcA MJA y U z. Tak Kak “9r 9y’

ox
_8_ — KOMIIOHEHTbI BHEIIHUX CHII, J:[eflCTBleLLIHX Ha eJMHUOY Macchbl, TO
A
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9THU ypPaBHEHUA CIyKaT YCIOBUAMU PABHOBECHA MEMKAY CHIAaMHU, JeHCTBY-
IOMUMHU Ha 3JeMeHT oGbeMa.

Ilns ujeanbHOro rasa pv MOCTOAHHO. YpaBHenue (55b) mpuBoguT TOT-
Ja K TOMY MOPOCTOMY pe3ylIbTary, YTO B COCTOAHWUU pPaBHOBECHUA cyMMa
cB0OOIHOI U MOTeHLUAaNbHOI SHEPrUil UealbHOr'0 ra3a Bo BCeX dleMeHTax
o6beMa oJjHa U Ta #e 1o BceMy o06bemy. [loTeHInanbHasA sHEPTUA Ia30BOro
ctonba B IMoJe CUIIbl TAMECTU ¢ BbICOTOI Bo3pacTaeT, HO 3TO NpHpalieHue
YPaBHOBeNINBaeTCA COOTBETCTBYIONINM yMeHbIIeHeM CBOOOJHON SHEPTHM;
cBoOOHAA 3HEPrud 3aBUCUT OT INIOTHOCTH, & MIOTHOCTh C BBICOTOM YyObIBa-
er.

§ 44. PemieHue TOro ;e Bonpoca ¢ NOMOIbIO S3HTPONUU

IIlna nmpocToThl GyeM cunTaTb 06beM CHOBAa MOCTOAHHBIM; TOTJa 3Je-
MeHT ofbeMa MOeT cuuTaTbcA Hen3MeHHbIM. Uepe3 1) 1 € 06003HAYUM 3H-
TPOMUIO U BHY TPEHHIOIO YHEPT U0 AMHUIIBI Macchl A 3neMeHTa o6bema dS
U pPaccMOTpPUM 7) K QYHKIMIO € U v. JHTPONUA BCell cUCTEMbI paBHA

/ 1nas.

YToO6bl MOTYYUTH yCIOBUE pPaBHOBECHUA, NpUPaBHAEM HYIIO BapUaluio
3TOro MHTerpaia ainA 6eCKOHEYHO MajblX U3MeHeHHUil CUCTeMbl NIPU OTCYT-
CTBUHU co0OLIeHUA el UM OTHATHUA OT Hee TelIoTHl. [Ipu 3ToM BennunHaMu
BTOpOro MopAJKa ManocTu MbI npeHeGperaeM. Heo6xogumo nmorpeoBats,
4TOGBI BBIMONHAIUCH U JIBA [IONMONHUTEIbHBIX yCIOBUA; paBeHCTBO (54) u,
KpPOMe TOro, yclloBHe

1
/5(5+X)d5’:0,

nbo eciiu cucTemMa He [ory4daeT U HEe OoTHaeT TelllloTy U pa60Ta paBHa HYJI1O,
TO IIOJIHAA dHEPruA CUCTEMbI IIOCTOAHHA.

Bennuuner v u € MOT'YT MEHATBLCA B KamJI0M U3 IJIEMEHTOB 061,eMa,
npunyeM € MEHAETCH 6nar0)1apﬂ HN3MEHEeHUAM KaK INIOTHOCTHU, TaK U TeMIle-

paTypbl.
HcroMoe ycinoBue paBHOBecHA TaKOBO:

/{%(%55 + %61}) - 0—7725@] dS =0,
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Wiy, coraacHo ypasHeHuwo (46),

/[(%—%) su+ Lse] as =o. (56)

PaBenctBo 3TO clpaBeJJInBO OJA BCeX 3HadeHuii dv u (SE, YAOBJIETBOPAIOIINX
YcCiloBUAM

1 1
5/5d.5'=0 u 6/5(€+X)d5=0,

T.€. ypaBHEHUAM

1
/ Lovas =0 (57)

/{% be — L(e+x) dv] ds = 0. (58)

Bocnoab3syemcs 061en3BecTHBIM MaTeMaTHYeCKIM IPHEMOM — HCRIIOUNM
3aBHCHMble BapHaluy o MeTony Jlarpam:xa. Jif 9Toro yMHOMKUM ypaBHe-
uus (57) u (58) Ha HeroTopsle MHOMuTeMH C1 U C3, ABIAPOIINECA TOCTOAH-
HBIMHU BeJIMYMHAMHY, T.€. OJHUMH U TeMU ke IJIA BCeX 3IeMEHTOB 06beMa,
npuGaBUM pe3yiIbTaT K ypaBHeHHIO (56) U B OIYUYeHHOM BbIpa#eHUHN NpU-
paBHAEM HyITI0 K03 GUIMEHTHI IpK Jv U Je.

TakuM 06pa3oM HaXOIMM ypaBHeHUA!

Ui D Ch Cs _
v2+vT+v2 v2(€+X)_O

MycTb uncao anementos dS paBHo N, Torpa B paBenctBe (56) mpucyrcreytor 2N
Bapuanuit Jv u de. Ecau 6bl Bce 5TH Bapualyl MOKHO GbLIO BHIOMPaTb NPOU3BOJIBHO,
TO KO3QPULMEHT NMpHU KaskJoW M3 HUX paBHAJCA Obl Hymo. Ho B Hamewm ciyuae pgeio
o6cToUT HMHave, U60 BTU BapUaLUU CBA3aHbI MexAy co6oil ypaBHeHuamu (57) u (58),
Tak 4YTO Aumb 2N — 2 U3 HUX MOKHO BbIOpaThb NPOU3BOJAbHBIMU. HMckiI0ouuB U3 ypas-
Henuit (56), (57) u (58) wakue-nub6o NBe BapuaLuH, CKameM, NEPBYIO M BTOPYIO, MbI
NoJlyYuM ypaBHeHHe, cojep:kamee aumb 2N — 2 HeM3BeCTHBIX Bapualuii, u kosddu-
LIMeHTBI NIPU KamJoi U3 HUX JoM#HbI 6yayT paBHAThbeA Hymo. CymecTByeT cilefyomuii
YyIO0OHBII croco6 UCKIIOYEHUA BTUX JBYX BapUallUii: CJ0KUM Bce TPU yPaBHEHUA, IOMHO-
JKMB NpeABapuTenbHo ypaBHeHue (57) Ha C1 u ypasHenue (58) Ha C2. llpeacrasum cebe,
uro C1 u C2 BbIGpaHbI TaK, YTO B MOJNYyYEeHHOM ypaBHEHHH K03 dHULHUEHThI IPU NepBoil
BTOpOIi BapualuAX obpamaioTcA B Hylb, U HCKIIOUEHHUE, cllefloBaTelbHO, OCYIIeCTBIEHO.
Ilpu Tarux sHaueHuax C1 u C2 paBHBI HyIIO U KO03(Q(ULUEHTHI NPH BCEX OCTaNbHBIX
Bapuauuax. Urak, npu Hajseskame BbIOpaHHbIX 3HaueHHAX C1 u C Ko3pPHULNEHTHI Ipu
BceX BapualuAX ofpamaloTcA B HYJb.
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n

L + @ 0

T v
Hs IocjJeqHero ypaBHeHusd ciaegyeTr, 4To TeMilepaTypa OAMHaKOBa BO BCeX
TOYRAax TeiJa. HO,[[CTaBJIHeM B II€epBO€ ypaBHeEHUe Cz = —% U YMHOMaeM

Ha Tv?, Torga
—nT +pv+e+x =—-CT,

a tak Kak C1T — NOCTOAHHAA, TO [0y YeHHOE YpaBHEHHUe COBNANaeT C ypas-
HerueM (55b).

HUrakr, nokasaHa PaBHOCHIbHOCTb 0OOMX METOIOB: MeToja CBOGOJHOM
SHEPrUM U MeTOJa SHTPONMHU. JTa PABHOCHIBLHOCTb COXPaHAETCA BO BCeX
n0J06GHOTO PojJa BONPOCaX, U ClefyeT 0co60 MOJYepKHYTh, YTO NpPOBIeMYy
paBHOBeCHA TePMOJMHAMHMYECKON CHCTeMbl MOMHO pelmarhb, Booblie roBo-
PA, ¥ ¢ [OMOUIbIO BHTPONMA ¥ C MOMOUIbIO CBOGOJHON 3HEPruH, a 4acTo
TaksKe [PU MOMOLIY TePMOAMHAMUYECKOro oTeHuuana. Pesyaprar fonsen
BCerja MOLyYUThCA OAUH U TOT #e. COCTOAHNE CUCTEMBI HE MOMKET, KOHEeY-
HO, 3aBUCETh 0T MaTeMaTHYeCKUX IPUEMOB, BHIOPAHHBIX /A €r0 ONUCAHUA.
OZHO ¥ TO ke COCTOfHWE PABHOBECHA XapaKTepusyeTcf NPU OJHUX YCIO-
BUAX MUHMMYMOM CBOGOJHON 3HEPIUH, a IPH APYTUX YCIOBUAX — MAKCH-
MYMOM 3HTPOMNUHU.

dTo coBNajeHye Pe3yIbTATOB BIOJHE MOHATHO, HOO Kak CBOWCTBA 3H-
TPONUH, TaK ¥ CBOMCTBA CBOGOIHON 3HEPruy GbLIN BbIBEJEHbI U3 BTOPOIO
Hayala TepMOIUHAMUKH.

§45. CucreMa KUIKOCTh-TIap

1A oThICKAHUA YCJIOBUU paBHOBECUA TaKOil CUCTEMBI C MOMOIIbIO
cBobonHOIl aHepruu GyAeM cuuTaTb TeMIepaTypy CHUCTeMbl NOCTOAHHOM,
a CTeHKHU GallloHa, COMEPKallero Hallly CUCTeMY, HeMoABUMKHBIMU (U abco-
JTIOTHO TBEPIbIMHU), TaK YTO paboTa BHEIIHUX CHI paBHA HYIIO.

O6o3HauuM uyepe3d n;, v; 1 ¥; Maccy, yaelbHbIH 06beM U yOEIbHYIO
cBOOOIHYIO SHEPT'HUIO NepBoil dasbl, a uepe3 ng, vy, Yo — Te #e BeIUUYNHBI
1A BTOpoii ¢asel. B cocToanuu paBHoBecua ¥ = n3 ¥y + na Wy mocTuraet
MHUHUMYMa, I03TOMY

(5(711\1'1 + nz\Pz) =0
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IJIf BceX Bapualuii ny, ng, v1 U V2, YAOBIETBOPAIOIIUX YCIOBUAM

d(n1 +mn2) =0,
(5(’!11’1)1 + TLQUQ) =0.

IlepBoe u3 3THX Tpex ypaBHeHUil JaeT

U,6n, + nl% ovy + Uadng + nZ% v =0, (59)
ovy 0vs
BTOpOE —
ony+dne, =0 uam ong = —dny

U, HaKOHell, TPeThe —
v10M1 + N10v1 + v2dns + n2dve = 0,
I
’fl2(5’l)2 = —n15v1 — (’Ul — ’Uz) 6n1.

MopcraBnasa B ypaBHeHue (59) HoiydyeHHble BbIpameHUA MIA Ong U Ovs,
HaXoauM
ov

151)1 — WUydng — %[nldvl + (’Ul - Uz) (5’/1;1] =0.

V21
1011 + 1 81)1 8’02

YenoBuA paBHOBECHA, B CUIIY MPOU3BONBLHOCTU dv; U 0Ny, IPUMYT BUJA

0¥, 0¥, _

8’01 - 81)2 9 T.e. pl _p2 (60)
! 0

3\

‘1’1 — ‘1/2 — (’Ul —’l)z)a—vz2 =
uiy, coraacHo pasexctsy (60),

ov ov

v, - vla_vll =0T, - '028722, T.e. (1= (.

TakuM 06pa3oM, B COCTOAHUM PaBHOBECUA NaBleHNE U yAeIbHbINA TePMOIU-
HaMHYecKUil oTeHIual B 00eux ¢aszax DOM#HbBI ObITh OOMHAKOBBHI.

Tot e pe3yabTaT NOIYYHUM, [0Jb3YACh CBOICTBAMU SHTPONUU. 3a He-
3aBHCHUMbIe MepeMeHHbIe BO3bMEM TOr[a yIeldbHbIi 00BEM v U YIEIbHYIO
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BHYTPEHHIOIO DHEPrUIo € Kam ol ¢asbl; 06beM Beeil cucTeMbl GyaeM cUu-
TaTh NOCTOAHHBIM. B COCTOAHUM paBHOBeCHA N17); + Mal)z UMEeT MaKCH-
MYM [l Bapuanuii nepeMeHHbIX, COOTBETCTBYIOIUX aguabaTHbIM yCJIOBU-
AM, T.e. (60 B HalleMm ciydyae 06beM NOCTOAHEH) MOCTOAHCTBY DHEPIHMU.
HcroMoe ypaBHeHNEe paBHOBecHA €CTh

d(nim +nanz) =0
IIpru OOIIOJIHUTEJbHBIX YC/IIOBHUAX
6(”1 + ’Ilz) = 0; (5(711’[)1 + le’l)g) = 0; (5(1’L1€1 + ’I’L2€2) =0.

JlanbHeiimye BhIKIAAKYU NPEIOCTABIAIOTCA YUTATENIO.

ToT ke Bompoc MOKHO paccMaTpUBaTh U NPU MOMOIIU TePMOINHAMHU-
yecKoro moreHnuana. Torga Hafo ceGe MpeacTaBUTh, YTO CUCTEMA 3aKJIIO-
YyeHa B COCY/l, 3aKPBIThII MOPIIHEM, HAXOIAIUMCAH MO MOCTOAHHBIM JaBie-
HUEM, U TeMIlepaTypa cUcTeMbl mocTofAHHa. [Ipu mepexose w eAMHUI] Macchl
U3 BTOpOil (a3bl B IepBYIO TepMOJUHAMUUYECKUI IOTEH[UAT Bceil CHCTeMbl
nonydaet npupamienue w((; — (o). lnd cocToAHUA paBHOBECHA 3TO NpHUpa-
IIeHUe JIOMMHO PaBHAThLCA HYIIIO, T. €.

¢ = Ca-

Oyers ¢ = fi(p, T) u (o = fa(p, T). YpaBHenue (; = (» maer Toria
HeKOoTopoe cooTHomenue Mexay p u T. Boipasuts (i u (o, Kak QYyHKUUHU P
u T, — 3ajaya [OBOJBHO CIOHAA U MbI IPEANOYTEM BHIBECTH U3 ypaB-
HeHuA (; = (» HOBOe ypaBHEHUe, CBA3bIBalOllee APYT ¢ JPYroM He caMu p
u T, a ux ogHoBpeMeHHble npupamenusa. CpaBHUM Memay coboii 1Ba paB-
HOBECHBIX COCTOAHHUA CHCTEMbI, IPHYEM IE€PBOE U3 HUX XapaKTepU3yeTcA
3HAaYeHHAMH JaBleHuA U Temnepatypsl p u T, a BTopoe 3HaueHUAMHU p + dp
uT +dT. Toroa

Cl (Tv p) = CZ (T: p)7

(T + dT, p+ dp) = Go(T + dT, p + dp). (61

Boeruuran neppoe ypaBHeHH€ N3 BTOPOI'0, HAXO0OUM

48Y USRI ¢} 9¢
o1 1T+ G dp = G AT + 52 dp,
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oTKyna, mo (47),

dp _m—me
dT ~— v1 — v’ (62)

B § 26 6b110 BhIBesieHo ypaBHeHue Hiameiipona

dp _ T

dT - T('Ul - ’Ug).

Ypasuenue (62) nonaxHo coBnacTh ¢ ypaBHeHueMm Hianeiipona, n6o onu o6a
npeAcTaBIAIOT co6oii cleicTBUA BToporo Havana. B aTom nerko y6eautbes,
paccMOTpeB Mepexoj eJUHUIbI Macchl U3 BTOPOIl (a3bl B NepBYIO HpH IO-
CTOAHHOI TeMIlepaType U JaBlIeHUHU, COOTBETCTBYIOIIEM COCTOAHUIO PABHO-
BecuA. llponecc 3ToT 06paTuM, MOATOMY MOMKHO NPUMEHUTHL popmyiry (37)
B BHJIe PaBEHCTBA, U ClEI0BaTENbHO,

r— f—
T—Th 2.

§ 46. PaBHOBecue Tpexda3HOil crucTeMbl

IIpeacraBuM ceGe, UTO HEKOTOpPOE BENIECTBO BCTpPeYaeTCA B TPeEX CO-
CTOAHUAX: TBEPJOM, #HUJKOM U razoobpasHoM. A #uaKoii u razoo6pasHoit
(a3 ypaBHeHUe paBHOBeCHA UMeET BUJ

G =G,

IUIA TBepAoil U razoobpasHoii ¢a3, aHaJOrMYHO, OHO UMEET BUJ
CZ = C37

a 1Jd TBepIod U MUJKON a3 —
C1 =G

OTcioa MOHO BBIBECTH, TaK e, Kak 3T0 GbLIO clelaHo B §45 niA cucTe-
MBI #MUAKOCTh-TIAp, AuddepeHaIbHble ypaBHeHUA, ONpeAeIfAoNINe CBA3b
Me Iy TeMIIepaTypoil U YNpyToCThIO MapoB HajA TBEPAbIM TEIOM U 3aBH-
CUMOCThb Me#1y TeMIIepaTypoii U JaBleHUeM B TOUKe IIaBleHUS.

Ecau 3apans! (q, (2 u (3 B Bujie yHRUuUil p u T', TO MO¥HO MOCTPOUTH
TpPU KpUBbIe paBHOBeCHHA, 110 OJJHOH A Kax ol mapbl pa3. [lono6pas Tenepnb



§46. Pasnosecue mpexdasnoil cucmemol 83

TeMNepaTypy TakK, 4ToObl MakCHMalbHOe P
JaBlleHHe NMapoB HajA KUAKOCTBHIO U HaJ
TBePIbIM TeloM ObLIO OJUHAKOBBIM, MBI
NONYyYMM paBHOBECHE TaKe U MemAy
TBepAOil U MUAKONH ¢Qa3zamu, TaKk HKak
us (1 = (3 u (o = (3 caenyet (1 = (5.
Toura nepeceyeHUsA 3TUX TpeX KPHUBBIX
HasblBaeTcA mpotHnol moukod (puc. 9).

Y Kakoi#l U3 KPUBBIX caMblil KpPyTOi MO b- Y
em? Jlna oTBeTa Ha TaKoil BONPOC Ha- T T+dT

0 B3ATh KaRylo-To abcuuccy B6aAM3U OT (O T
TPOHHONH TOYKU U MOCMOTPETb, A Ka-
KOU M3 KPHUBBIX COOTBETCTBYIOUIAA OpIU-
HaTa okaseTcA HaubOoiabiieil. Ham Hamo,
3HAUUT, PaCCMOTPETh pasHocTb opAuHaT. [lycTh abeuucca paBHa T + dT,
rae T — TeMmepaTypa CUCTeMbI B TpoiiHoll Touke. [lpupalneHuio Temme-
paTypsl d1' cOOTBETCTBYIOT TOr'[ja TPH pa3iUYHbIX NpUpAIIeHUA JaBleHud,
KoTOpble 06o3HauuM d4eped (dp)i2, (dp)as u (dp)si. Ipu nepexome ot T
K T + dT Bpoab KpuBoil (; = (2 NOIYUYUM

0G 8(1 0 9¢
a7 —=dT + (d )12 =97 —=dT + == ap

szgs
C1=C3

Puc. 9

(d )127

nin

(% B %) dT + (v1 — v2)(dp)12 = 0.

Taxkum e 06p830M OJIA OCTAJIbHBIX ABYX KPHUBBIX

(% — %) dT + (’U2 — 1}3)(dp)23 =0

(% - %) dT + (v3 — v1)(dp)s1 = 0.

UTo6b1 nckaOUnThL dI', clofKUM Bee TpM ypaBHeHudA. Ilomydum
(v1 — v2)(dp)12 + (v2 — v3)(dp)2s + (v3 — v1)(dp)31 = 0.

0603HauuB uYepes pio, P23, P31 OPAMHATEHI, COOTBETCTBYIOLIUE TeMIlepaTy-
pe T + dT', n 3amenss (vs — vs) uepes (v2 — v1) + (v1 — v3), HAXOAUM

(P12 — P23): (P31 — p23) = (v1 —v3): (v1 — v2). (63)
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Hrakr, pasHocTH OaBieHHil OTHOCATCA MemAYy coGoil Kak pasHOCTHU
yaoenbHeIXx 06beMoB. OTcioga 3akiIiOyaeM, YTO B3aMHOE pacloJoMeHHe
KPHUBBIX NMEHHO TaKOBO, Kak Ha puc. 9. Kpuasa (; = (3 BbIpamaer paB-
HoBecue (a3 ¢ Haubonblleil pa3HOCTbIO yaenbHbIX 06beMoB. [luarpamma Ha
puc. 9 mocTpoeHa A4 BOfbl, I'Jle TAKUMU pazaMu GYyAYT MUIKad U raszoo6-
pasHad.

§47. YupyrocTthb napa Haj pa36aBjeHHBIM pacTBOPOM

1A cucTeMbl, cOCTOAILIEH U3 MUJKOCTU U ee Mmapa, KoTopas Oblia pac-
CMOTpEeHa B NpejblaylleM naparpade, AaBieHUe NMPU 3adaHHON TeMmepa-
Type ocTaeTcA INOCTOAHHBIM BHe 3aBUCHMOCTH oT obbema. IlycTb cucTte-
Ma 3aR/IoueHa B cocy/]l, 3aKpbIThI{l NOPIIHEM, HAXOAALIMMCA MO MOCTOAH-
HbIM BHENIHMM JaBjleHHeM, Torja paBHoBecue OyneT Ge3pasiuyvHbBIM, T.e€.
He Gy/leT 3aBUCETh OT MOJNO#eHUA NopiuHA. [Ipyroe fgeno, Korga pacTBop
BelllecTBa, KOTOPOe caMoO He HclapAeTcH, CONPHUKAacaeTcA C IapoM pacTBoO-
puTelnd, HapuMep, BoAbl. XOTA AaBleHHe Ha IOpPLIEHb U3BHE IOCTOAHHO,
Kak U B IIepBOM clydyae, HO paBHOBecue Oy[eT, OIHAKO, ycToiHYnBbIM. Ecnu
HOAHATb YYyTb-4yTh MOPIIEHb, TO HEKOTOPOE KOJIUYECTBO BOJbI NepeieT
B Nap, HO He CTOJIbKO, YTOGbl COXpPaHUTh NepBOHavalbHOE AaBJeHUe Iapa.
leficTBUTENbHO, NaBleHKHe, HEOGXOAMMOe [IJIA paBHOBecHsA, OyJeT MeHbIIIe,
TaKk KaK BO3pacTeT KOHIEHTpaluA pacTBopa.

HecmoTpA, ogHako, Ha 3TO HOBOE OGCTOATENLCTBO, YCIOBUA pPaBHOBe-
CUA MOKHO TAaKUM 3Ke MyTeM, KaKk U ITpexsJie, BBIBECTU NMPU MOMOIIU Tep-
MOAMHaMUuecKoro noTeHnuanta. 0603HauuM yepes p AaBieHUe B COCTOAHUU
paBHOBecHH, a T0 mociaejHee HazoBeM cocToAnneM A. HeTpyHo cebe npen-
CTaBUTb LeNbIli PAJ COCTOAHMM, XOTA U HEPABHOBECHBLIX, B KOTOPBIX IIpU
TOM ke CaMOM JIaBJIe€HUU P KOJIUYECTBO BOJLI B PAaCTBOpPE HIU HECKOJIbKO
Gonblile, UM HECKONLKO MeHbllle, YeM B cocTOAHUM A, U COOTBETCTBEHHO
MeHbllle uIu Goiblle BOAbI HAXOAUTCA B BHUIe Hapa.

N3 Takoro cocToAHuA cucTeMa cpa3y ke HepelieT B cocToAHue A,
IpuyeM Iepexold 3TOT — IMpoliecc Heo6paTUMBbIH, U MO3TOMY TepMoJuHa-
MHYecKNil nmoTeHnuan yMeHbinuTcA. Cpein BceX COCTOAHUIN, BO3MOMHBIX
IpU IaBIE€HUU P, COCTOAHUE paBHOBecuA A XxapaKTepusyeTCA MUHUMYMOM
TepMOAVMHAMUYECKOr0 IOTeHI[ajla; IPUPaBHAB HYJIIO0 BapHalli0 TePMOIU-
HaMMYeCcKOro MOTeHIHakia, Mbl MOIYYHM, CleJoBaTelhHO, YpaBHEHUE paB-
HOBeCHA.

PaccmoTpum Bompoc noapo6Hee. CocTosiHME pacTBOpa OmpefelfAeTcA
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ero KOHI[eHTpallieil — KOJIMYeCTBOM Bell[eCTBa, pACTBOPEHHBIM B OIHOI Be-
COBOI1 eINHUIIE PACTBOPUTENA, UK e «pa3baBleHUeM», KOINUYECTBOM pac-
TBOpUTENA k, IPUXOAANMMCA HA €IMHUIy Beca PaCTBOPEHHOrO BellecTBa.
Yepes ¢ mbl 0603HAUYUM TepMOJUHAMUYECKUN MOTEHIHal pacTBopa, Ipu-
XO[MAIUACA HAa eJUHUILY Beca pacTBOPEHHOro BelecTBa; ( MpeACTaBIAIOT
cob6oit pyurnuio p, T' u k. Yepes (; 0603HaYMM TepMOJUHAMUYECKUIN MO-
TeHL[MaJl €IVHUIbI Beca YUCTOr0 PACTBOPUTENA NPU NAaHHOM JaBlIeHUU P U
Temnepatype T, a uepe3 (2 — Ty e BeIU4YuHy aiad napa. Eciu m — Bec
pPacTBOPEHHOI'0 BeIecTBa, TO TEPMOAMHAMMYECKUN MOTEHI[UAJ BCEro pac-
TBOpa paBeH m(.

IIycth Teneps u3 pacTBOpa McnapuTcAd GECKOHEYHO Majoe KOJIUYECTBO
pacTBopuTeld §, TOrjja TePMOAMHAMUYECKUIA IOTEHIIMA Tapa BO3pacTeT Ha

Bennuuny (20, a Tak Kak k yMeHbUIUTCA HA %, TO MpHUpalleHue TepMOANHA-

0
MHYECKOI'o noTeHnuaiza paCTBOpa paBHO 8_2.5. I/ITaH, yCHOBI/IeM paBHOBeCI/IH
C.T[yPRI/IT paBeHCTBO
=2 (64)
27 9k

B koHeuHOM cueTe 3TO ypaBHEHHe CBA3bIBaeT Memay coboit p, T u k. Ha
MepBbIii B3MJIAML 3TO YpaBHeHUe HUYEero He MoeT aaTh. Ho 310 He Tak, nbo
u3 ypaBHeHuA (64) MOKHO BBIBECTH COOTHOLIEHNE ME# /Yy OJHOBPEMEHHBIMU
npupawenuamnu k v p. Eciu TemnepaTypa nocToAHHa, TO (3 3aBUCUT JIHIIb
oT p, a ot p u k. YpaBuenue (64) maet torga
0 0%¢ 0%¢
dp =

RakoB ¢usnveckuii cmbici MpoU3BOAHBIX B 3ToM ypaBHeHuu? CoriacuHo

(2 )
=2 ecTb yHelIbHbI 00beM HACIIEHHOTO apa Haj pac-

Op

TBOPOM. o 00beM pacTBOpa, COEpHAlIero OQHY YacTb PAacTBOPEHHOI0
P 82C

BemecTBa 1 k 4acTell pacTBOPHUTEIH; = Ov npupaileHye 3Toro

ok Op ok

o6beMa Ipu InpubaBleHMHM BechbMa Majoro KoiudectBa dk pacTBopuUTeld,

paccuyuTaHHOE Ha OJHY BECOBYIO eJUHHUIY NPUOGABIEHHOI0 PacTBOPUTEINA.

82

ok Op

npejcTaBiAia 66l co60it 06beM eMHUILI Beca paCTBOPUTENA PU TaHHBIX P

uT.

ypaBHenuto (47),
0

He 6ynb cmatud, BbI3BaHHOr0 pa3baBieHneM pacTBoOpa, IPOU3BOAHAA
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YpaBzenue (65) npuHAMAaET Tenepb BH[

_ ) g = &
(v Ok) dp = ak2dk.

HOCJIG,HHBB YpaBHE€HHE II03BOJAET BbLIYHUCIUTL H3MEHEHUE [OaBJ/ICHHWA, BbI-

¢
3BaHHO€ 3aJJaHHbIM H3MEHEHHueM paSﬁaBHEHI/IH dk. Tar rakr V2 — @ n—-;-

2 ok Ok?

MOJI0MUTENbHBI (UTO 2 > 0, 6yeT JoKasaHo B JanbHeiimeM, — cM. § 51),

TO YIpyrocThb I1apa HajJ pacTBOPOM pacTeT ¢ pa30aBileHHeM pacTBoOpa.

8§ 48. Pasauuue B JaBJ/IeHHH Iapa HajJ YHUCTOM BOAOi
U HajJ pacTBOpPOM

Haiinem pa3HOCTH [JaBileHUil HACHIIMIEHHOr0 Napa HajJ pacTBOPOM U HaJ
YHCTBHIM PacTBOPUTENEM; I 3TOTO Jydlle BCEr0 BOCHONb30BaThCA YpaBHe-
HueM (64), onpeenAoIUM yIPYrocTh Mapa Haj PaCTBOPOM IIPH 3a1aHHOMN
Temnepatype 1. 3anuieM 3To ypaBHeHHe Oonee MOAPOGHO:

9¢

©0) = Gy (66)

C mpyroii cTOpOHBI, YIPyTrocThb Napa Haji YHCTOH BOMOI, Py, 3aJaeTcA ypaB-
HEHUEM

CZ(PO) = Cl(Po)’ (67)
HenocpeICTBEHHO BHITEKAIOMUM U3 ypaBHeHuA (66), Kak ero yacTHbI ciIy-
yaii. HeﬁCTBI/ITeﬂbHO, U3 caMoro CMbICjia BEJIUYNHEBI ;- cjlefgyeT, 4TO C pocC-

ok

TOM k 3HaueHHe 3TOH NPOU3BOAHON cTpemutca K (;. U3 ypaBHenuii (66)
u (67) 3araoyaeM, 4TO

9¢
G = G = G~ G- (68)

.. 2
Hanee, npu NOCTOAHHON TemIepaType D = v9, TAK UTO JieBafd 4acTh
D 14

ypaBHeHus (68) paBHa /vz dp. lonycTum, fanee, 4To map clefyeT 3aKOHY

Po
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Boitna—MapuorTa, v2 = %; Torja ypaBHeHue (68) npuHUMAaET BUA
p_ 9¢C
RT logp—o = 3k(p) Cl(po)- (69)

NuddepeHunpyda ero no temmepaType, Mbl NOJIYyYUM ypaBHeHHUe, B OJHOM
YyacTH KOTOPOro CTOMT YNpyrocTb lapa, a B ApPyroili — HEKOTOpOe KOJH-
4yecTBO Tem1oThl. [lonydyeHHOe ypaBHeHUe, Ile HE3aBUCUMBIMU NEPEMEHHBI-
Mu ciaysaT k u T, aHallOTHYHO COOTBETCTBYIOUIEMY YpPaBHEHUIO A Of-
HOKOMIIOHEHTHO# CHCTeMbl, MMeHHO, ypaBHenuio (35). [lanee, naBienue p
3aBucHUT U 0T k u oT T', a py 3aBucUT TonbKo oT T'. [loaTomy npu auddepen-
nupoBaHuu 1o 1 mpu MOCTOAHHOM k MepeMeHHbIMH GyIyT Kak pg, Tak U p.
Mponuddepennuposats mo T' ypaBuenue (69) — 3HaUUT HamucaThb ero A
IBYX OecKoHeYHO OIM3KUX TeMIepaTyp U NojlyveHHble paBeHCTBa BbIUeCTh
IpyT u3 apyra. Mbl moidy4yuM Torja

d Py _ 0% 9*¢  dp oG 01 dpo
rar (Thog 35) = okIT,)  Okdpy) AT 9T  Oppy T

BTopbIM U 4YeTBepTHIM WieHamMu B NpaBoil yacTu ypaBHenusa (70) MoHO

npeHe6peub. JelicTBUTENBHO, = v; — YAelbHbIN 00bEM pacTBOPUTEIA,

G

ap

¢ 32( ov

aljlee, — = v U IIOTOM = —

Aamee: Bp Y 9kop ~ ok

n v PaCprIBaH J'IEByIO YyacTb paBeHCTBa l'IOJIy‘II/IM, YTO MHOMUTEIAMU
dp dpo RT _ RT

npH o M o O6yoyT BelUYUHBI 5 U P> T-€ yAeIbHble o6beMBbI Hapa

Npy JaBlIeHUAX P U Py, KOTOpble Topasfio Gouablle, yueM v U v. UTag,

— B€JIMYHWHA TOr'O € MopAdKRa, 4TO

R% (T p) _ 9% G (1)

og— )= - .
PoJ  0k0T() 0T (p,)
BCHOMHI/IM Ter[epb, YTO KOJIHUYECTBO Tel'IJ'IOTbI, HOTOpOB BbIJjeJideT CUC-

Tema, Nepexojifi U3 cocTofiHuAa A B cocTofAHue B mnpu MocTOAHHOM JaBle-
HUU P, PABHO YMeHbIIEHUIO QYHKIIUU

¢
oT’

KOTOpPYIO [J1f KpaTKOCcTU Mbl 0603HauuM uepe3 x. IIpu aTom BenrnuunHa x
O6yJeT OTHOCUTLCA K KOJIUYECTBY pacTBOpa, CoJepKalleMy eJUHUIY Beca

(-TS>
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PacTBOPEHHOr0 BellecTBa, a X1 — K elMHMIe Beca pacTBOPUTENA. YMHOMAA
ypaBHenue (71) va T u BeiuuTasA U3 Hero ypaBHeHue (69), HaxoguMm

2 d 09X
RT dT log Do = X1(po) 8k(p) ’
X1(p,) 3@MeHAEM Yepes X1(p). OKoHUaTenbHo,

2 d
R 4L 10 12 = Q, (72)

rie
Ox

Q=x1p) — 75—

(p) ak(p)

KakoB cmblch mpaBoii yactu paBeHncTBa (72)? Q) dk — KonuvecTBO Tero-
ThbI, BbIJEJAEMOE CUCTEMOM, KOrJa K pacTBOpPY, coJepskalleMy eluHUIy Be-
ca pacTBOPEHHOIo BelllecTBa, NpubaBiAeTcA 6€CKOHEYHO Malloe KOJHYeCTBO
Boabl dk moj TeM ke caMbIM AaBieHueM p. Ilpu 3ToM Kak 10 npubGaBieHUA
BOJIbI, TaK ¥ INOCJe Hero, pacTBOP HAXOJUTCA IIOJ OJHUM U TEM e JaB-
nenueM. B camoM Jeie, BoblgeeHHOE KOJIMYECTBO TEIIOTHI PABHO B3ATOMY
¢ 06paTHBIM 3HAKOM IpUpaleHnI0 GYHKIUU X IJIA Beeil CUcTeMbl, 06y CI0B-
JeHHOMY npubasienneM Bojbl. Jlo pasbaBieHua paCTBOpa MbI umenu xidk

IJIA BOMBI U X JUUIA pacTBopa, a nocie pa3baBleHud X + =5 9X i, IJA pacTBopa.

ok

Taxum 06pasoM, 3HauyeHue x IOJaA Bcell CUCTEMbI YMEHbIINJIOCh Ha
9
(X1 _ a—’é) dk = Q dk.

U3BectHoe ypaBHenue (72) 6buto yske gaBHo Haiimeno Kupxrodowm, Ho co-
BepIIeHHO MHbIM MeTojoM. IIpu BeiBofe mpaBoii yacTu ypaBHeHus (72) Mbl
npeHebperaiy, Bo-lepBbIX, YWIEHOM

dv Op Jpo
T(ev=z= _ 22
(8k or ~ o1 )’
COCTOANIMM U3 BeIN4nH, OTOPOIIEHHBIX yie B ypaBHenun (70), a Bo-
BTOPBIX, BbIPAMEHUEM X1(p,) — X1(p)> T-€-

Ox1
(Po —P)a—p,
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WY, BCOOMHUHAA CMBICH GYHKINHT X1,

- (v -752).

®opmyna Kupxroda BepHa TONbLKO TOT/ia, KOT/la TIaBHbBIA W/eH 3TOTO BbI-
paskeHud Mal [0 CPaBHEHUIO C KOJUYECTBOM TEIUIOTHI ().

§49. Cmecu

Ilox cmecvio MbI NOHMMaeM Kak cMech B OOBIYHOM CMbICJIE 3TOT0 CIOBa,
Tar U pacTBop. B manbHeiimeMm ™Mbl GyJeM Bcerja paccMaTpuBaTb CMecCH
IpY MOCTOAHHOM [AaBIEeHUU M TOCTOAHHOU TemmepaType. [[nA oThickaHuA
YCJ0BUIl paBHOBECHUA BOCIOJIb3YyeMCA TePMOJUHAMUUYECKUM MOTEHIIHAIOM,
KOTOPBbIii, KaK MbI YyiKke 3HaeM, He MOKeT BO3pacTaTh, eclid TeMIepaTypa u
JaBlieHue TOCTOAHHBI. UT06bI 061erYuTh cebe pacueThl, 6y1eM MOJIb30BaTh-
CcA U COOTBETCTBYIOI[UMHU reOMeTpPUYECKUMU MpecTaBIeHUAMU, KOTOPbIE
HO3BOJAIOT Jerye YACHUTH cebe, B UeM [ell0, & Ha PAJ BOIPOCOB JAlOT OT-
BET U cpa3sy, NouTU 6e3 BCAKUX BbIUUCIEHUN.

Mbs1 orpaHuunMea ciiyyaeM ABYX U TpeX KOMIoHeHT. ExuHunamMu mMac-
cbl GYAYT CIAY#UTh rpaMMoiekyinbl. IlycTh cMech, 6e3pa3nuuHo, OJHOPO]-
Hafd WM HET, CONEPHUT My U Mo WIH 1M1, Mo U M3 Moleil KoOMIOHeHT. By-
JeM Bcerja CuuTaTh, YTO y Hac OJUH MOJb CMECH, TaK YTO CyMMa 1My + M
UIu e my + my + mg OGyIeT Bcerja paBHa eJUHUIIE.

§ 50. JIByXKOMIIOHEHTHafA cucTeMa

Haunewm co cinyuas aByX KoMnoHeHT. [lonomuM my =xum; =1—xu
6yJeM OTKIaabIBaTh 3HAaUeHUA T U ( 10 ABYM B3aMMHO NepPNeH IUKYIAPHbIM
ocAM KoopauHaT. [Ipou3BonbHY0 NOCTOAHHYIO B BhIpameHun 1A ( BhIGUpa-
€M HacTolbKO 60BN, YTOOBI TePMOAMHAMUYECKU MOTEHI[AAT CMeCH GbLI
Bcerja monoxurened. Cucremy, ana kotopoit ¢ = Ora u ¢ = aA (puc. 10),
HazoBeM cucTemMoit A uiau, uHaue, cMecbio A. Toury A HazoBeM (-TOUKOM
9Toit cucteMbl. Eciu Temeph p Moieit cmecu A cmemansl ¢ 1 — p Mons-
MU cMecu B, To Touka, uzobpasmaronas cocTaB MOJyUYEeHHON cMecH, AelUT
OTpe30K ab Tak, 4TO

ad: bd = (1 — p): p. (73)
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Jlpyrumu ciioBamMu, d — UEHTP TAMECTU ABYX MaTephalbHbIX TOUEK C Mac-
caMu p U 1 — p, MIOMEIEHHBIX, COOTBETCTBEHHO, B TOukax a u b. JleficTBu-
TenbHO, 13 ypaBHeHnus (73) cienyer

O1d=p-01a+ (1 —p)-0O1b,

OTKy/a 3aKkJI0YaeM, YTO KOJMYeCTBO BTOPOH KOMIOHEHTHLI BO Beeil cucTeMe
naetca gauHoit O1d.

O6paTHO, ecid Hac MHTepecyeT JUIIb CO-

A p cTaB cMecH, TO chcTeMa ¢ cocTaBoM d Bcerja

MO3%eT ObITh pasioiieHa Ha [Be CUCTEMBI C CO-

CTaBOM, COOTBETCTBEHHO, a ¥ b; ofUH MOJIb d

bd i ad
ab MOJIEH a U ab

Ecau p moneit a u 1 — y Moneit b He cme-

0, WHMBAIOTCA Mesay co6oii, T.e. He MEHAIOT CBO-

€ro COCTOAHHUA MpPHU CMEIINBAHUU, a 00pasyoT

Puc. 10 «goMIIeKcy (a, b), To TepMOJUHAMUYECKUH NO-

TeHI[Hal 3TOr0 KOMIUleKca u300pamaerca OT-

peakoM dD, oTcekaeMbIM Ha COOTBETCTBEHHON BepTUKAIM npAMoit AB, Tak
Kak

;

naer MoJeit b.

dD = paA+ (1 — p)bB.

Urak, Touka D, ( — Touka Komnuekca [pa, (1—p)b], nekut Ha npamoit AB,
npuyem AD : BD = (1—pu) : g, Takum o6pasom, D — HeHTp TAMECTU JBYX
Mace p v 1 — p, pacnonomeHHbIx B Toukax A u B.

KoMmmoHneHThI, cofepsamnireca B KoMiiekce D, MOTYT GbITh U B MHBIX
COCTOAIHUAX, OHM MOT'YT, HampuMmep, o6pa3oBaTh OJHOPOAHYIO CMeCh — OfI-
Hy a3y — WIH e Mo-Pa3HOMY pPaclpelelaTbCH MeMAY pasiudHbIMU (a-
samu. CocTaB crucTeMbl GyJeT U TOra u306pazaThCcA TOUKOM d, HO (-TOYKa
MOET lleaThb Bbille unu Hume D.

IIpencraBum ceGe, 4To 06e KOMIOHEHTLI HAXOAATCA B #MIKOM COCTOA-
HUU ¥ MOTYT CMENIMBAThCA APYT € APYTOM B JTIOObIX MPOMOPIHUAX, TAK YTO &
mengetcs oT 0 go 1. Toraa (-Toyku MoayvaeMbIX #MUAKUX da3 pacnonomar-
cA 1o HeKoTopoil KpuBoit (puc. 11), HavansHaa (x = 0) 1 KoHeuHas (z = 1),
OpAUHATBLI KOTOPO# 3a1aloTCA TepMOAMHAMUYECKUMHU MOTeHIHAlaMU Yuc-
ThiX KoMnoHeHT O1 P u O2Q).! 3Has 3Ty KpUBYIO, MO#HO HATH, COTJIacHO

1PaccmoTpeHne cucTeM, B KOTOPBIX OIHA M3 KOMIOHEHT NMPUCYTCTBYeT B BeCbMa Ma-
JI0M KOJMUecTBe, OKa3blBaeT, uTo (-KpuBad U3 P upaeTr BHU3, a noaxoad K (Q, mogHUMa-
erca. KacateabHbiMu K (-KpuBoiil B Toukax P u @ cayskat npamsle O1 P u O2Q).
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BbIllIe U3JI0KEHHOMY, 3HaUeHHe TepMOAMHAMUYECKOro moTeHIuan€a 1o6oro
KOMIlIIeKca OBYX a3, T.e. CUCTEMBbI, B KOTOPOI UCXO[AHbIe ¢a3bl HE CMe-
manuch Apyr ¢ aApyroM. Becb Bompoc Temepb B TOM, OCTaHeTCHA JHU TaKaf
cHUCTeMa B CBOEM IIpexHeM JBYX(pa3HOM COCTOAHUU WU e NpeBpaTUTCA
B OJHOPOJHYIO CMeECh.

8§ 51. YcToiluuBble U HeycTOHUYUBbIE HUAKUE (a3bl;
paBHOBecHe Me:KOAy ABYMA MUIAKUMU dazamMu

Ecau (-kpuBas B Toure A (puc. 11) obpaiieHa K 0CH & BBIIYKJION CTO-
poHO#i, To Touka A pacmoioseHa IOJ XOpoii, coequHAIOIEH I00bIe IBE
toukn A’ u A", B3ATbLIe cnpaBa U cileBa OT TOYKM A, HO Ha JOCTATOYHO
MajioM pacCTOAHUU OT Hee. B 3ToM ciiyyae TepMOOMHAMUUYECKUI MOTEHIIU-
a’n A OJHOPOJHON CMecH MeHblIlle, YeM Il COOTBETCTBYIONIET0 KOMIIEK-
ca, coctoamero u3 ¢gas A’ u A”. Urak, ecin daser A” u A’ npusegensi
B CONPUKOCHOBEHHE APYr ¢ APYroM, TO OHU CMEIIUBAIOTCA Memay coboii
C YMeHblIIIeHHeM TepMOIMHAMUUYECKOTro MOTeHIKala U o0pa3yioT oaHodas-
nyio cucremy A. Cucrema se A He MomeT pacnacTbes Ha aBe ¢asel A u A",
160 B TAKOM ciydyae TepMOJMHAMMUYECKUH MOTEHIIMAN YBEIUYUICA Gbl, YTO
HeBo3MoO#HO. IlycTh Teneph B Touke B (-KpuBas obpallleHa K OCH T CBO-
eil BoruyToii croponoii. B’ u B"” — mo0ble ABe TOUKHU, B3ATble HA KPUBOIi
crpaBa U clieBa OT TOYKHM B, HO Ha JOCTAaTOYHO MajoOM OT Hee PacCTOAHHUMU.
Torga Touka B pacnonosena nag xoppoi B'’B"”, u ¢pase1t B’ u B” npu cme-
IUBaHUK He JAIOT YCTOWUUBOI ogHOpoaHoi cMecu. Cuctema B, Ha060poOT,
JerKo pacmajaeTcA ¢ yMeHbIIeHHeM TepMOIMHAMUUYECKOr0 TMOTeHIMana Ha
¢asel B' u B”.

PaBHoBecue B cocTogHMHM A HasbIBaeTCA YCTONYMBBLIM, a B COCTOA-
HuM B — HeycTOWYUBLIM.

XoTA TepMoAMHAMUYECKUI MOTEHIMA] U MOMET YMEHbIIAThCA NpPH
pPacCMOTPEHHBIX BbINIE MpeBpalleHuAX, HO HaAo ellle BbIACHUTH, NelCTBU-
TeNbHO JK OH CTaHET yMEeHbIIATbCAH, GyeT TH UMEeTh MECTO COOTBETCTBY-
foiuil nmpounecc. Okas3biBaeTcA, YTO TAKON Mpoliece, AefcTBUTENbHO, 6y aeT
UMeTb MeCTO, eClId TOJLKO U3MEHEeHHe COCTOAHMA IPU ITOM ABIAETCA He-
IPEPBIBHBIM, €CJIU e Te-1u60 B TeueHue 3TOro mpoiecca 1A nepexona oT
OJIHOT'0 COCTOAHUA K APYTOMY, ¢ MEHBIIUM TEPMOJMHAMMYECKHUM ITOTEHIIH-
aloM, HeoGXOMM HEKOTOPhIH CKauoK, TO caM 10 cebGe, 6e3 BHEIIHEro BO3-
IeACTBHA, MPOLECC HAYATLCA He MOMeT (IpHMep — ABIEHUA NePechIlleHU
U [epeoxIam/IeHu ).
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U3 Bcero mpeabigymiero BUIHO,
YyTO ecld ycToiuuBafd muAKkasa (asa
BO3MO#Ha NpU J1060M 3HAYEHUU T,
To (-KpuBafd J[O/KHA ObITh BCIOOY
oOpaillleHa cBoOeil BBINYKIOH CTOpO-

HOH BHH3, WHBIMHU CcCJliOBaMu, IPOU3-
2

BoagHad F IoJHa ObITh IOJIOMU-
X

TellbHa NMpU BcAKOM z. B Tex Tou-
Kax, rge (-KpuBasA ofpalleHa BHU3

CBOeil BOIHYTOCTBbIO, TaK 4YTO IIPO-
2

n3BOoJHafA F oTpuuaTtelbHa, COOT-
€T

BeTCTByOIlasA oJHodasHad cucreMa
HeyCcTOHUMBa U ee Hellb3A MOIYUYUTH
CMellMBaHUeM [BYX OPYTUX HMUIKUX
Puc. 11 ¢a3. Tawroit cnyuail uzobpaxeH Ha
puc. 11; Tak BeayT cebAa B AeiicTBU-
TelbHOCTH Bojda U 3¢up. CiauBad 3TH [JBe KUAKOCTHU, MOIYyYaeM [ABa CIlOA,
OUH U3 KOTODPBIX COAep:kUT Oojblie BOAbI, a Jpyroit — Ooablie 3dupa.
B momo6ubIx cnyuaax (-KpuBaf uMmeeT aBe Touku meperuba C' u D. Touku
KpuBoii CBD Henb3d ocyllecTBUThL Ha ONbITe, U60 ogHOoda3HaA cucTeMa,
Bpojie cucTeMbl B, cpasy e pacnagercaA Ha aBe ¢asel B’ u B”, 6eckoneu-
Ho O6iau3kMe K B, a Kamjgad u3 3TUX ¢a3 pacnajgercs, B CBOIO ouepelb, Ha
IBe Apyrue ¢asbl, U 3TOT npouecc 6ygeT NpoJo/KaThCA [0 TeX IOp, IoKa
He Gy/leT NOCTUTHYTO cOCTOfHHe paBHoBecuf. Kak 3To OGyneT mokasaHo B
nanbHeilleM, cOCTOAHUE paBHOBecHuA OyJeT JOCTUTHYTO IHUIlb B Touke L,
pacnojoskeHHoil Ha npAMoii H K, oOuieii KacaTelbHOM K (-KpUBOW B TOY-
Kax H u K. Yuactku (-kpuBoii PC u Q D, Kak y:e OblI0 CKa3aHO B Haualje
3Toro naparpada, u3o6pasalT COCTOAHUA YCTOWUNBOI0O paBHOBECHUA, @ CO-
ctoAHuA Mexay C' u D, XoTA U BO3MOKHbIE C TOUKU 3PEHUA MOJEKYIAPHOIA
TEOpHH, — 3TO COCTOAHUA HEYyCTOMUYNBOro paBHoBecUs. Jlerko BUieTh, 4YTO
Bce KOMILIEKChI, n306panaeMble TOUKaMu o01eil kacaTenbHoit H K, neka-
muMu Mexay H u K, TOUHO Tak e HaXOAATCA B COCTOAHUU YCTOUUUBOTO
paBHOBecUs, 160 HEBO3MOMHBI NIPOLECChl, BIBOAALINE U3 3TUX COCTOAHUMN
U CONpOBOMJAamoliecad yMeHbLIEHUEM TepMOJWHaMHUYeCKOro NoTeHIuala.
HUrar, H u K — fBe sxujikue $asbl, KOTOpPble MOT'YT HaXOJUThCA B PaBHO-
BECHUU JPYyT C APYTOM.
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Ho kakoBbI TouKM, Jealivue Mek/J1y TOYKoil Kacanua H u Toukroil me-
peruba C, kak, Hanpumep, Touka S? OgHOpOAHAA cMech, COOTBETCTBYOMIAA
9TOI TOUKe, MOKET IepeliTh, C yMeHbIIeHHeM TePMOJUHAMUYECKOT'0 IIOTEH-
nuaia, B KoMiekce, coctoAamuil us das H u K. OgHako, eciu cocToaHue S
MOKeT HeNpepbIBHBIM o6pa3oM mepeiiTu B coctoAanue H, To cocToAHue K,
HaIpPOTUB, He MOMKET ObITh JOCTUTHYTO U3 S 6e3 HeKoToporo ckauka. [Ipu-
cyTCTBHUe e XOoTA 6bI BechMa Maioro kKoiudecTBa ¢aspl K mnpespamaeT
3TOT CKauOK B HEMpepbIBHLIM mpoiecc. B camom fene, coeauHuM Touky K
PAOM MPAMBIX co BceMu Toukamu (-kpuBoil ot S no H (puc. 12). Torpa
IpU Mepexojie OJHOM YacTH MepBoHAYalbHOU cucTeMbl S yepe3 Bce MpoMe-
myTounble coctoanua S’, S” u 1. 1., o1 S k& H macca dasel K, npucyTcTBY-
Iolllell B CUCTeMe ¢ caMoro Hauamia, OyJeT pacTu HempepbhIBHBIM 06pa3oM.

Puc. 12

Hrak, Touku, pacnonoxeHHble Mex Ay Toukoit H u Toukoii neperuta C,
u306paaloT COCTOAHUA Majlo yCTOHYUBbIe; Haubonee yCTOWYUBBIE COCTO-
AHUA usobpamamTca Toukamu Kpusoit PH, npamoit HK u kpusoit KQ
(puc. 11).

§ 52. PaBHOBecue Me:aAy TBepaoii U }KUAKOU daszamu;
nepeoxjaskaeHue

Ilomo6HOro pona cocTosHuA, camu 1o cebe yCTOMYNBLIE, HO y#e NpHU
He3HAaUYNTEIbLHOM BO3JefiCTBHU U3BHe NepexofiAline B Oolee ycTONWUYUBBIE
KOMIUIEKChI, U3BECTHbI, MIaBHBIM 00pa3oM, y pacTBOpoB (IpuMep — fB-
neHue nepechimenns). 0603HaYNM TepMOANHAMUYECKHI NOTEHIIMAI OHOTO
MOJIfl TBep/I0ii colu yepe3 Zy, #MUIKOIM cou Uyepe3 Z1, a Bojbl — uepe3 W.
Kpusaa Z; W (puc. 13) uzobpamaer TepMognHaMHUUEeCKH€e IOTEHIUAIBI BCEX
pPacTBOPOB, BO3MOKHBIX NIPU JaHHOH TeMIepaType U AaBieHuu. B aTom ciy-
yae KacaTelbHafA Zy A UrpaeT Ty ke pOlb, YTO U obiad Kacatenbhaa H K
B IpejbIAylleM naparpade; cocToAHuda Memay A u Z; Ha puc. 13 coor-
BeTCTBYIOT coctoanuaM memay H u C ua puc. 11. PactBop B, Hampu-
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0, 0,

Puc. 13

Mep, caMm 1o cebe ycToliuuB, U060 ero TepMoOAMHAMHUYECKHI MOTeHIHAl He
MOET MEeHATbCA MyTeM HelpepbIBHOTO M3MeHeHUA cocToAHuA. Ho B mpu-
CYTCTBHMHU CKOJb YTOJHO MAaJOro KOJMYecTBa TBepIoi coinu (cocToAanue Zs)
pacTBOp cpa3y e NepeiieT IIyTeM HelPephIBHOTO U3MEHEHUA COCTOAHHA
B coctofinne B’ u T.1., moKka, HAaKOHell, He OydeT JOCTUTHYTO COCTOHHUE
ycToiiunBoro paBHoBecus B B” — Touke nepeceueHus KacaTelbHOl Z2A ¢
opauHaToil Touku B. ITar, KOHeUHBI pe3ylIbTaT — KOMILIEKC, U300paia-
emblii Toukoit B”. Ha mepBbIit B3riAL He UMeeT CMbICIa TOBOPUTh O Tep-
MOJAMHaMHUUYECKOM MOTeHIHalle CUCTEMBI, COCTOAILIeil U3 TBePJON U MUJKOU
colu TpU OJHON U TO#l ke TeMmepaType, u60 3TU JBe (a3bl HAXOAATCA B
paBHOBeCHUM JPYT C APYTOM TOJbKO NMpHU TeMmnepaType niaaBineHuda. Ho Tou-
HO TaKUM ke 06pa3oM KaK BOAY MO#HO OXJaAUThb B OTCYTCTBUHU Jbja [0
TeMmIepaTyp ropasio Huxe 0°, Tak ¥ paciaBIeHHYIO COlb MOKHO B OTCYT-
CTBUHU TBEPOTO BelllecTBa OXJaJUTh HUME TOUKM MiaBienusa. C npubaBie-
HUEM, OJHAKO, K TaKOil NMepeoXiaJIeHHO! KUIKOCTU TBepJoro BellecTBa
OHa KPHUCTAIIN3YeTCA; 3TOT MPOIEecC JOJHEH CONPOBOMKIAaThbcA YObIBAHUEM
TepMOAMHAMUYECKOro oTeHNInana, u N03ToMy Zs MeHblle Z;.

Cuctema, cocTofllad U3 nepeoxiamIeHHOI colu U HeOOIbIIOro KOIu-
YyecTBa TBepHoil (ha3bl, n306paskaeTcA TOUKOMN, PACIONOMEHHOI HEMHOTO HU-
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e Z1. Tarada cucTeMa My TeM HempephIBHOIO U3MEHEHUA COCTOAHNA Nepeii-
IeT B cucteMy Z;. Puc. 13 cooTBeTcTByeT, KOHEUHO, TeMIlepaType Golee
HU3KOH, 4eM TemnepaTypa miaBienus. llpu TemnepaType niaBieHusa Z;
u Zy COBIAJalOT, a BbIlIe 3TON TeMmepaTypbl Zo Ooiblie, yeM Z;. B mo-
cle[JHEM cilydae TBepaas (a3a HaXO0JUTCA B COCTOAHUM KaK GbI «IeperpesBay
[supergelation], 6yny4u Harpera Bbllle TOYKH MiaBieHusa. Popma u mono-
sKeHUe (-KpUBOH pa3iNyHbl 1JIA pa3HbIX TeMIlepaTyp.

Bce npenbigyiiue paccy:aeHuA ONpeneiAlOTCA, KOHEUHO, TeM, KAKUM
UMeHHO 00pa3oM TepMOAMHaMHYeCKHil MOTeHIHal KOMILIEKCa, COCTaBIIeH-
HOT'0 U3 JIBYX BeleCTB, 3aBUCUT OT TePMOJAUHAMHUUECKUX IIOTEHI[UATIOB 3TUX
BeIeCTB, B3ATbIX B OTAEIbHOCTH, U OT cOCTaBa KOMILIEKcA.

8 53. PaBHoBecue TpexdasHoii cucTeMbl, COCTOAIIEH U3
JIBYX KOMIOHEHT

Tarasa cucTtema He MOKET HaXo-
JUTBHCA B COCTOAHUU paBHOBeCUA IIPU
mo6eix p u T. Ecau, ogHako, Temme-
patypa 3adpuKcupoBaHa, a JaBleHUe
U3MeHAeTCH, TO (-KPUBbIE HENPEPHIB-
HO U3MEHAIOT CBOIO GOPMYy, U NIpU He-
KOTOPOM JlaBleHUU p; (-TOUKa TBep-
ol ¢da3bl MOmKeT lexaThb Ha obuieit
KacaTelbHOI K (-KPUBBIM JIBYX HUJ-
rux ¢as. Torga TBepaasa ¢asa Gyner
HaxXoAUTbCA B PaBHOBECHHU C [BYyMA
MUAKUMU pa3aMu.

OnATb-Taku, (QUKCHUPYA TeMIle-
paTypy, MblI IOJIy YAM BIIOJIHE OINlpefie-
JeHHOe 3HayeHUe [aBleHUsA, NIPU KO- 0, 0,
TOPOM TOJbBKO M MOTYT JBe TBep-
nble (a3bl HAXOAUTHCA B PAaBHOBECUU
¢ mujgKoii dasoit. B aToMm ciyuae npamas, coeguHAoman (-TOYKU 00enX
TBepIbIX ¢a3, OyJeT KacaTelbHOl K (-KpUBOH xuakoil assl. [IBe mugrue
(ha3bl MOy T HaxoOUTbCA B PaBHOBECUU C ABYMA TBepAbIMU (dasaMu JULIb
NIpYA BIOJIHE OINlpefleleHHbIX 3HaYeHUAX Kak TeMIlepaTypbl, Tak U obbeMma.
JTo mojomeHue OyJeT NOTOM A0KAa3aHO U JPYTHM IIyTeM.

Puc. 14
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§ 54. PaBHOBecue pacTBoOpa coJHU € €€ TBepAbIM
ruapaTom

Ha puc. 14 usobpameHa (-KpuBaf A BOJHBIX PacTBOPOB HEKOTOPOi
cosu, MpuyeM TepMOAMHAMUYECKUi OTeHIHal o-Npe#HeMY BbIUHCIAETCA
IJIA oJHOr'0 Molid pacTBopa. TepMofrHaMUUeCcKUil OTeHI[UAT OJHOI'0 MOJIA
TBEPJIOro rujpaTa JaHHo#t conu uzobpasutcAd Toukoit A c abcuuccoit, onpe-
menAeMoi cocTaBoM ruapara (& — KOIUYeCTBO BOAbI, 1 — & — KOIMYECT-
Bo 6e3BofHOI conn). U3 Touku A MomxHO, BooOLIe TOBODA, MPOBECTH [BE
KacaTelbHble K (-KpUBOM, T.€. THApPAT MOMET HaXOAUTbCA B PaBHOBECUU
¢ IByMA pacTBOpaMU pas3iuuHON KoHUeHTpanuu. OJUH U3 3TUX PAcTBOPOB
coflepskuT Oonbllle BOAbI, UeM r'UApaT, a Apyroii menbuie. PactBop D, rae D
JeMUT MemJy Toukamu Kacanua B u C, He MOeT HaxoJUThCA B PaBHO-
BecuM ¢ TBepibIM ruapatoM. A’ ecTb (-TouKa #UIAKOrO TUapaTa, Mepexo-
IAILIEro HeJIUKOM B TBEPAOE COCTOAHNE NMPU NpubaBieHUn XoTA GbI HEOONIb-
IIOr0 KoJrYecTBa TBepjaoro rujapara. llpu npyrux temmepaTypax Touka A
MOKeT JemaTh U Ha camoil (-kpuBoil. Tak 3To u GyneT, Hanpumep, AIA
TeMIepaTyphl MJIaBIeHUA, KOTJa TBEPAbIi M MUJKUNA TUApPaThl HAXOAATCA
B PaBHOBECUH JPYT C JPYTOM.

§ 55. PaBHOBecue Meay AByMA pacTBOpaMH
pas3inuyHOil KOHIIEHTpauuu

Ha puc. 15 (-kpuBas B oJjHOI cBoeil yacTu obGpalleHa BOTHYTOI CTO-
pOHOI1 BHU3, TaKk UTO MbI MOK€eM OCYLIeCTBUThL paBHOBecHe MemIy NBYMA
pacTBopaMu pasiuyHOl KoHlIeHTpauuu. be3aBoanas conb n3obpazkaeTca Ha
puc. 15 (-Toukoit A. U3 A mMoHO npoBecTU K (-KPUBOM TPU KacaTelbHbIE;
IBe U3 HUX KacalTcA KPUBOH B TOYKAX yCTOMYMBOrO PaBHOBECHUA, a Tpe-
ThA (Ha YepTeske OHA He MOKa3aHa) — B TOYKE HEYCTOHYNBOIO paBHOBECHUA.
TakuM o6pa3oM, TBep/Oe BEINECTBO MOKET GbITh B PAaBHOBECUU C IBYMA
pacTBopaMu pa3inyHoil KoHleHTpanuu. Kommneke G, coctoAmuil us TBep-
noit daset A u pactBopa B, MoxeT mepeiiTu ¢ yMeHbllienneM ( B CUCTEMY
u3 aByx pactBopoB E u F, ruge FF — o6mana KacaTelbHad K (-KpUBOIA.
Ecau TBeppasa ¢dasa comepsuT Bogy (3ToMy TUapaTy MYyCTh COOTBETCTBY-
et (-Touka A), To 3Ta haza MomeT GbITh B PABHOBECUU C TPEMA PACTBOPAMHU
pasiUyYHOIi KOHLEHTpaluH.

JlonmycTuM Temepb, YTO BO3MO#HBI [Ba TujpaTa OZHOTO U TOTrO e
BeI[eCTBa, HO C Pa3lNYHbIM COJE€PKAHUEM BOJbI, (-TOYKHU 3TUX T'HIPATOB
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o6o3naunm uepe3 A u B (puc. 16).
IIpoBegem u3 A u u3 B KacaTeib-
Hete AC' u BD ® (-KpuBOii, U MyCThb
nocnefHAd 6yaeT BO BceX TOUKax oG- BE
pallleHa CBOeii BOTHYTON CTOPOHOI
BHU3. PacTBopbl crnpaBa ot D He
MOryT ObITb B paBHOBecuu ¢ obGou-

MH ruapaTtamu, pacTBop D Momer 4 n E
OLITL B PABHOBECHHU C OJHUM TOIBLKO
rugpaToM B, Ho 3TOT pacTBop elie A

He OyIeT HepechIlleHHBIM MO0 OTHO-
MeHWIO K Tuapaty A, coiepaiieMmy
MeHbIIIe BOJIbI, TAK UTO O HACKIIIEHUU
HUYero Hameped yTBep#jaaTh Heab- O 0,
3A. Touku memay C u D usobpana-

IOT PacTBOPbI, MEPECHIIIEHHbIE M0 OT-

HOIIEHWIO K TUApaty B, HO HeHacbllleHHbIE M0 OTHOLIEHUIO K ruapary A.
ITomo6HBIN cnyuail MoxHO HabaiogaTh XOTA Obl Y CEpHOKHUCIIOTO HaTpuf,
B3A1B 0€3BOJHYIO COJIb U rUApar, cojepamuii 10 Moneryn Boasl.

Puc. 15

§ 56. Cucrtema u3 ABYX ruJpaToB

PacemoTpum uaMeHeHUsA, NPOUCXOAALIME ¢ U3MEHEHUEM TeMIIeTaTyPhl
B cucTeMe u3 AByX ruzapatoB. IIpum HeroTopoit Temnepapype Ty npamasd,
coequnmAloman Toukn A u B, kacaerca (-kpuBoii (puc. 17). Ilpu 3ol Tem-
nepaType, Ha3blBaeMoil TeMmIlepaTypoii nepexoja, o6a rujpatra HaxoAATCA
B paBHOBecuH ¢ pacTBopoM. Onpenenad IifA KamJold TeMIepaTypbl 3Haue-
HUe T JUIA pacTBOpa, HaXOAAILeroca B pABHOBECHUU C NIePBbIM I'MAPAaTOM, MbI
IOCTPOUM KPUBYIO PaCTBOPUMOCTH B cucTeme KoopauHat x u T'. Tary1o ke
KPUBYIO CTPOUM U 114 BToporo ruapara. llonydeHHble 1Be KpUBbIe Nlepece-
KaloTcA JIpyT ¢ JPYyroM IpHU TeMIlepaType Iepexoaa. Eciau paccmatpuBathb
Juilb Haubollee yCcTONUMBbIE COCTOAHUA, TO KPUBAA pacTBOPUMOCTHU NpeJ-
CTaBUTCA KPUBOIi, cocToAIllell U3 IByX BeTBeil. [JefdcTBUTENbHO, MOCKOJIb-
Ky TepMoOJMHaMUYeCKU NOTeHIual CTPeMUTCA K MUHUMYMY, TO [IpU JaH-
HOIl TeMmIlepaType paBHOBecHe C OAHUM ruaparom Oojee ycTOHUMBO, 4yeM
¢ ApPYTUM; U TOJBKO IIPU TeMIlepaType lepexona o6a paBHOBECHUA OJUHAKO-
BO yCTONYUBBLI.
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Puc. 16 cooTBeTcTBYyeT TeMIepaType HUMe TeMIepaTypbl Iepexoja,
a puc. 18 — TemnepaType Bblllle TeMIepaTyphl Mepexoa.

T<T, T=T,

Puc. 16 Puc. 17

IIpu T < T, Haubonee ycToitunBble COCTOAHUA U300paxalOTcA TOUKa-
Mu OpAMbIX AB u BD, co0OTBeTCTBYIOIUMH KOMILIEKCAM, aGCIUCChI KO-
TOPBIX JeaT Memay abcuuccamu A u D. Ecau B cucTeMe NpucyTCTBYeT
XOTh HEMHOTo rujapaTta B, nepexon ud E u E' o6fA3aTelbHO Npou30iijeT,
u Torja oGpasdyeTcA TBepiaA cMecb ABYyX rujapaToB. Eciu me rugpatr B
OTCYTCTBYET, TO CCTeMa MoeT U He mepeiitu us £ B E'.

Mpu T > Ty (puc. 18) Hauboiiee ycTOHYMBBIE COCTOAHMA U306PaAKAIOT-
ca Toukamu otpeska AC. Kommniaere F, coctoamuit us rugpata B u pacTBo-
pa D, B npucytcTBuu ruapara A nepeiifer B koMmieke E’, cocToAmuin us
ruapata A u pactBopa C. Eciau rugpat A oTCyTCTBYeT, TO MEPEXOA 3TOT
MoOseT U He mpousoiiTu. B cooTBeTcTBUM ¢ HopMoii (-KPUBOI U TOJOHE-
HueMm (-To4yeK 06OMX T'HAPATOB, Mbl MOMEM MMETh PAJ JPYTHX CIO#HBIX
clyJaeB.

8§ 57. llpyroii cnoco6 nocTpoeHUA (-KpUBOii

CooTBeTcTBYyOI[ME IPadUKRU MOKHO CTPOUTH U ApyruM nyTem. IlycThb
pacTBOp COJEPMHUT & BECOBBIX YacTeil BOAbI M OJHY BECOBYIO YacTb pac-
TBopeHHoro BemiecTBa A. Kak u paHbiile, MbI MO#€eM NOCTPOUTH (-KpUBbIE
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U clelaTh U3 HUX COOTBETCTBYIOI[Ue BbIBoAbL. Ho KpuBble He GyayT orpa-
HUYeHbI abcuuccoii © = 1, a 6yayT HeorpaHMYEeHHO IPOCTUPAThLCA BIOJb
ocu x, n60 IJIA YUCTON BOABI T — 00; (-KpuBafA OyleT TaK#e YXOAUTb
B 6ECKOHEYHOCTD, IIOCKOILKY ¢ BOo3pacTaHhMeM Macchl CUCTEMBI pacTeT U ee
TepMoJMHAMUYECKHI oTeHIall.

MosHo moiiTu U no 6Gojee obmemy nyTu. 0603HAYMM KOJHUYECTBO Be-
mecTBa A uepe3 a; + asr, a KoiauvyecTBO BellecTBa B — uepes (1 0qx,
rae a u 3 — npousBoiabHble nocrogdubie. CMmemaem A ¢ B u TepMonu-
HaMHUYeCKH MOTeHIral MOJLyYeHHOH cucTeMbl OyeM OTKIaAbIBaTh 110 0CU
opAMHAT, a & — 1o ocu abcuuce. Kampmaa ¢asa — TBephad, oIHOPOJHAA
KUIKAA U T. . — OyJeT UMeTh, TAKUM 06pa3oM, CBOIO (-TOUKY.

O6a paccMOTpeHHbIE BhIle clocoba MocTpoeHud (-KpUBOi CYyTh YacT-
Hble cilydad 3Toro Gojiee obuiero Meroia. B mepBoM ciyuyae KoiudyecTBa
BemecTBa A u B paBHAINCH COOTBETCTBEHHO, 1 — 2 U &, a BO BTOpoMm 1 U .

CocTaBuM 110 3TOMY 006LIeMy MeTOAy KOMILIEKC ABYX (a3 ¢ coCTaBOM &
u ', u mycTh Macca nepBoii ¢asbl B 3TOM KoMILIeKce Gy1eT paBHa y, a Macca
BTOpOii 1 — y. CocTaB Becero KoMIIEKCa U COOTBETCTBYIOIIYIO eMy (-TOUKY
MOHO HalTH, 3HaA cocTaB M (-TOUKY KamJoil u3 a3, TaKUM e 00pasoMm,
Kak 1o nepBomy Mmetony (§50).

B camowm Jene, cocTaB KoMIuleKca 3agaeTca (opMyJIoii, IoKasbIBaloLIeli,
CKOJILKO COleP:UTCA B KOMILIEKCe BellecTBa A, a UMEHHO

ylag + azsz) + (1 — y)(a1 + azz’) = a1 + asz”,

T. €.
"

yr+(1—y)z' ==z

I/ITEIR, TouKa x" nemut Mexay ToOYKaMu I U ' u OeJIUT pacCTOAHNE Mei-

Yy
pI)¢ ;! C-TO‘IHI/I KOMIIJIEKCa MEI IIpeaoCcTaBuUM YU TaTello.

Ay HAUMH B OTHOLIEHHUH y . I[OHaSaTeJIbCTBO aHaJOru4HoOro mnoJoeHuAa

e
Ilpu = = —a—; pPaBHO HYJIO KOIUUYECTBO NMEPBOTO BEIIECTBA, a NPU & =

B

= 8 BToporo. [loatoMmy (-KpuBad GyneT 3akil0OYeHa MeMIy OpANHA-
2

TaMH, COOTBETCTBYIOIIUMHU 3TUM IBYM abcluccam.

8§ 58. TpexKOMIOHEHTHbIE CUCTEMbBI

B sTom Cllydae 0Jid I/1306pa}HeHI/IH coCcTaBa U TepMOOUHaAMHUYECROI'O I10-
TeHlnualjla CUCTeMbI HaM MIPpUAeTCA BOCIIOJb30BaTbCA IPOCTPAHCTBOM Yie He
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OBYX, a Tpex usMepeHnuii. Poab ocu abGcruce B IpeabIayIeM ciyydae 3[4ech
GyZleT urpaTb KOOpAUHATHAA MIOCKOCTb Oxy, KOTOPYIO GyleM CUUTATh ro-
pusoHTanbHO#l. U 31ech MbI paccMaTpuBaeM OAHY IpaMMOIEKYNY CMeCH,
Tark 4To my + mo + mg = 1. lloaTomy cocTaB Ka10#1 da3bl UIN CUCTEMBI
(a3 onpenenseTcA IByMA lepeMEHHbBIMU U MO#keT ObITh U300pameH TOUKOMH
Ha rOpPU30HTaIbHOI MIOCKOCTU. ITO MOMHO, IPUTOM, OCYLIECTBUThL CaMbl-
MM pa3inyHbIMU cnoco6aMu. Mbl BbibepeM 3a KOOPAMHATHI TOYKU & U Y
JIAHelHble PYHKIOUU M3, My U M3, YTO B CBOIO oyepelb U my, M2, M3
OyoyT NUHEHbIMU PYHKUUAMU T U Y.

Myctsh Tenepb Touku a u b (puc. 19) Ha ropU3OHTANLHOlN MIOCKOCTH
n3obpaarT coboit Kakue-To ABe ¢a3bl WK ABa KoMIllekca pa3. CmemiaeM p
MoJleil nepBoii cucTeMbl ¢ 1 — 1 MOIAMM BTOpPOIl; MONY4YeHHbIN KOMILIEKC
O6yneT usoOpamaThbcA Toukoil d mpaAMoil ab,
IpyuyeM TOYKa U IpeJcTaBifdeT co00i LeHTp
TAMeCTU Mace y U 1 — 4, moMeleHHbIX, COOT-
BETCTBEHHO, B TOUKax a U b, Tak 4To

ad:bd=(1-—p): p.

B camowm pmene, NOoCKONBRY « U y — JNUHEHHbIE
GYHRIOUU My, M2, M3, TO KOOPIUHATHI TOY-
KU d, nusobpasarolieif 3TOT KOMILIEKC, paBHbI

Puc. 19

xqg = pre + (1 — p)ap,
Yo = WYa + (1 — ) Yp-

Hao6oport, cuctema, cocTaB KOTOpoit u3o6pamaeTca TOUKOH d, MOMKET pac-
nacThCA Ha JIBE€ CUCTEMBI @ U b, re a U b MOTYT GbITh B3ATHI Ha JTHOOOM
pacctoanuu oT d. Ho TakuMu cBoiicTBamMu 061aJal0T HE TONbKO TOUKY IPA-
Moit ab. IIpoBegeM uepe3 TouKky d MpPOU3BOJIBLHYIO NPAMYIO U BO3bMeM Ha
Heil 0 o6e CTOPOHBI OT d ABe TOUKU e u f; Torjga cuctemMa d MOKET pac-
nacTbcA U Ha JBe cUCTeMbI e U f.

8 59. TpexdasHada cucTeMa U3 TPeX KOMIOHEHT

CmMmermmaeMm Tpu ¢a3bl UMM KOMIIEKCH da3 a, b U ¢; Bo3bMeM, COOTBET-
CTBEHHO, [lg, M4p U [t MONEll KamI0i U3 HUX, IPUYEM [, + fp + pe = 1.
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CornacHo JTMHEHHBIM COOTHOIIEHUAM MeIAy KOOpAMHATAMU M BeINYHHAa-
MH M1, M2, M3, TOIYYeHHAA cucTeMa U300pa3uTCA TOUYKON C KOOpAUHATA-
MH

HaTa + pTp + e U [alYa + UbYb + heYe

U COBNAJIeT, TAKUM 00pa3oM, C HEHTPOM THAMKECTH TPeX MAacc g, tp U fic,
NOMeIlleHHbIX B TOYKax a, b u c.

Orcioga ciefyer, 4TO TOYKM, M300pamaiolive Bce CHCTEMbl, Kakue
TOJNLKO MOMHO COCTaBUTh U3 a, b U ¢, GyAyT JesaTh BHYTPU TPEYTOIbHU-
Ka abc Ha rOpU3OHTANBHON mIocKkocTH (puc. 19) UK ke HA ero CTOPOHAX.
OGparHo, mycTh z — Jn106afd ToYka BHYTPHU TPeyroilbHUKa abce, Torga cucre-
Ma z MOeT ObITb COBEPIIEHHO OIpe/leleHHbIM 06pa3soM pasiioiieHa Ha TpU
cucTeMbl a, b 1 c.

CornacHo IPUHATBHIM COOTHOIIEHUAM MEKIY 1M1, Mg, M3 U KOOPIUHA-
TaMu, TPU ONpe/ieleHHbIe TOUKU MOPU30OHTANbHOM MIOCKOCTU, UMeHHO (1,
02, O3, 6ynyT uszobpa;aTbh co60il YUCThIE KOMIIOHEHTHI.

Takum o6pa3oM, o6nacTh rpadUyecKOro H300pameHUA OrpaHUYeHa
tpeyroabHukoM O10,03.! Kakopa 6ygmer dopma «(-TIOBEPXHOCTHY — Te0-
MeTpUuyecKoro Mecta (-Touyek? (-TOURY Ka#JOW CHCTEMBI MbI IOIYYHM
Tak e, KAK U B clydvae JIByX KommnoHeHT. IMeHHO, BoccTaBUM meprieH-
IUKYIAP U3 COOTBETCTBYIONIEH TOUYKM TOPU30HTANbHON MIOCKOCTU U OT-
JOMUM Ha HeM 3HayeHUHE TepMOJMHAMHUUYECKOTo MOTeHIUaka [Jifi TaHHOU
cucTeMbl. B ganbHeiilieM TOYKKM FOPU3OHTANbHOM MIIOCKOCTH Gy 1emM 0603Ha-
4yaTb CTPOYHBIMU GyKBaMu, a (-TOUKU — MPONUCHBIMU OykBamu. OueBuj-
HO, 4TO (-TOYKa KOMILIEKCA, COCTOAIIEr0 U3 fig, tp U fhe MONeil cucTem A,
B u C (upuuem Y p = 1) coBnajaer ¢ UEHTPOM THMECTH TPEX MACC fig,
[y ¥ [ IOMEIIEHHBIX, COOTBETCTBEHHO, B Toukax A, B u C. (-Touku Bcex
KOMILIEKCOB, COCTABIEHHBIX U3 IBYX cucTeM A u B, pacnoioseHbl Ha OTpe3-
Ke AB u (-TouKU BceXx BooOlle KOMIUIEKCOB, COCTaBIEHHBIX U3 cUCTEM A,
B u C, nemar B miockoctu ABC. HakoHen, (-TOYKY ABYX CUCTEM C OJHUM
U TeM e COCTABOM JieaT Ha OJHON U TOil e BEPTUKANU ¥ BO3MOMHOCTh
npeBpalleHuA OfHOU M3 3TUX CHCTEM B JPYTYIO 3aBUCUT TOIbKO OT TOrO,
KaKafl U3 COOTBETCTBYIONIMX (-TOUYEK PaCMOJO#eHa HUMe.

1MomHo mokasaTh, UTO B cilydae JBYX KOMIOHEHT (-KpUBaf KacaeTCA OrpaHUUUBa-
IOMHUX ee KOOPAMHATHBIX JAuHUN ¢ = 0 u & = 1. AHanoruyHbsIM 06pa3oM (-MOBEPXHOCTh
IJA TPeX KOMIIOHEHT Gy/eT KacaTbCA BEPTHKAJbHBIX IIOCKOCTEH, NMPOBEJEHHbIX uepes
n06yro napy touek O1, O2 u Os.
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8§ 60. ®dopma (-1OBepXHOCTU

@opma (-MOBEpXHOCTU pa3iuyHa B 3aBUCUMOCTH OT TOT0, HAXOIATCA
71 B yCTOWUYMBOM paBHOBECUU OXHOPOJHbBIE #UNKNE dasbl Ka#JI0ro TaHHOT0
cocTasa.

Ecnu ¢dasa D nHaxomuTcA B yCTOWUYHMBOM paBHOBECHUU, TO BCEe BepTH-
KalnbHbIe CeUeHHA MOBEPXHOCTHU B Touke D Mo HbI ObITh 06palileHbl B 3TOM
TOYKE CBO€il BhIMYKION cTOpoHO# BHU3. Eciau xoTA 6b1 01HO BepTHRAILHOE
cedeHHe JaeT KPUBYIO, 0OpallleHHYI0 BHU3 CBOell BOTHYTOW CTOPOHOH, TO
tdasza D HeycroituuBa. B camoMm nene, ¢paza D momeT Torja pacnacTbca Ha
aBe ¢dasbl ¢ yMeHbIIeHHEM TepMOJUHAMUYECKOT0 OTeHIIhana; TOUKU ropu-
30HTAJbHOI MIOCKOCTH, M300panaroiue 3Tu JBe (asbl, 6yAyT NemaTh Ha
HEKOTOPO# NpAMOi, MpoxojdAlleil Yyepe3 MPOEKIUIO TOUYKU ) Ha rOpU30H-
TalbHYIO MIOCKOCTh.

YenoBuA paBHOBECHA MOMHO BbICKa3aTh M B JIPYTOil 3KBUBaleHTHOMN
¢opMe, UMEHHO: B OKPECTHOCTU JaHHO#M Touku D (-TOBEPXHOCThL [OMKHA
pacmojiaraTbcA IeJIMKOM HaJl KacaTelbHO MiIockocThio. Eciau ofnHoponHas
da3za a06oro coctaBa OyJeT yCTOWUYMUBOI, TO 3TO ycloBHe OyneT cobiio-
naTbcA B KamJIoi Touke (-MOBEPXHOCTHU, U Takafd (-NOBEPXHOCTh He Oy-
met obragaTh «ckaaaroity (plait). MyeTs x, y, ( — KoopauHATHI Touku D;
z+ Az, y + Ay, ( + A( — roopAUHATHI Kakoit-To Touku F (-moBepxHoC-
TH, leskaleil B okpecTHocT Touku D, a ( + A'( — koopaunara E' Touku
nepeceyeHUA BepTUKalu, NpoBeleHHON U3 F, ¢ KacaTelbHOI IIOCKOCThIO
B Touke D. MBI noly4uM TOT/[a, ¢ TOUHOCTHIO [0 YIEHOB TPETLEro NOpAAKa
MallocTHU 10 cpaBHeHUIO ¢ Ax u Ay,

ac ac 10%¢C 2*¢ 10%¢ 5
Al = a Ay Y+ 3y 2(A z)? + (%aymAeria—(Ay)
u
100G 8
A'C= 5 Aa +8yAy

YenoBreM Toro, uyTo Touka E pacrosoxena Bblie, yeM Touka E', T.e
pastoctb A( — A’( nonomurennHa 1A Bcex 3HadeHuit Ax u Ay, caymar
COOTHOIIIEHUA

0%¢ 0%

2¢ 0%¢
—>0 — >0 u 8—8_>(

9 \?
oz? Oy? )

Oz dy
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IlepBoe unu BTOpoe W3 BTUX HEPABEHCTB ABIAETCA CIEJCTBHEM [ABYX
OCTAIbLHBIX.
KpuBas, onpegendemMas ypaBHEHHEM

0%¢ 9%¢ 0*¢ \?2 0
ooy~ owoy) ="
Ha3bpIBaeTcA cnuuodaavto. CMHOJANEL OTAelNAeT 06JacTh yCTOMYMBBIX da3
oT o6JacTy HeyCTONUYUBBIX (pas.

Ecnu B Kakoii-mu6o yacTu (-MOBEPXHOCTH YCIOBHA PaBHOBECUA HE BBI-
NOJHAIOTCA, T.e. XOTA Obl HEKOTOPble BepTHKalbHble ceueHUsA 0oOpalieHbl
BHU3 CBOeil BOTHYTOIl CTOPOHOIl, TO TakaA (-NIOBepXHOCTb UMeeT CKIa[-
Ky. [logo6Horo poja ckragka MoeT IPOCTUPAThLCA BILUIOTH 10 TPAHUYHBIX
KPUBBIX, HO MO#€T KOHYaTbCA U BO BHYTPEeHHeH yacTu NOBEPXHOCTH.

§ 61. YciaoBuA paBHOBecHA MeM/Ay TBEpPIAOil U UAKOI
dazamu

BriBoab! npeabiaymux naparpacdoB clnpaBelinBbl, KOHEUHO, A J1060-
ro BepTUKalIbHOro ceueHuA (-moBepxHocTu. CienoBaTelbHO, TBepaasa da-
3a F' Gygmer B paBHOBecuu c #UAKOH dasoit G, eciu npamaa F'G nemur
B KacaTelbHON IJIOCKOCTU K (-NOBEPXHOCTHU B Touyke (G. ITO ycCJIOBUE BbI-
HoJlHAeTCA JJ1A 6€CKOHEYHOT0 MHOMECTBA HKUAKUX (a3, UMEHHO, eMy YIO0B-
JeTBOPAIOT Bce uakue Gasbl ¢ (-TOYKaMU, JekRalluMU Ha KPUBOi, BIOMIb
KOTOpPO# KOHYC C BepIIuHOii B Touke F' racaerca (-noBepxHocTu. JomycTum
Jajee, 4TO 3TO — KpHBafd 3aMKHYyTaHd.

Touku (-nMOBEPXHOCTH, Jexallue BHE 3TOH KPUBOIi, U300paxaloT Ta-
Kue KUAKNe da3bl, KOTOpble He MOT'YT HaXOAUThCA B PaBHOBECUU C JaHHOMU
TBepjoil ¢a3oil; pacTBOp 3Jech WM INepechillleH, WM HeHachlmeH. YacTb
MOBEPXHOCTH, 3aKJIIOUYEeHHAA BHYTPHU KPUBOU KacaHudA, u3obparkaeT Malo-
ycToituuBble ¢asbl, pacnajamiuecs B IPUCYTCTBUH XOTA Obl HUUTOKHOTO
KOoJNYecTBa TBepHOil dasbl.

BcA noBepXHOCTh, NpeACcTaBAANIAA MPU 33/IaHHBIX YCIOBUAX COCTOA-
HUA C HAUMEHBbUIUM TepMOAMHAMHUYECKUM IOTEeHI[HaloM, COCTOUT U3 ABYX
yacTeili: kKoHyca F' u (-oBepXHOCTH BHe KPHBOI KacaHHA; OHA Ha3bIBaeTcA
«II0OBEPXHOCTHIO paccefnHoi snepruny (I'n66e).
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§ 62. PaBHOBecue aAByX TBepAbIX ¢as ¢ KUAKUMU
dazamu

lIBe TBepabIe dhasbl F; U F5 MOTYT HaXOAUTbCA B PABHOBECUU C #UAKOM
dasoit G, ecnu npaAmana F) Fy neUT B KacaTelbHOU MIOCKOCTU K (-TOBEpX-
HocTu B Touke (G. 160 B sTOM ciyuae o6e npamvmbie F1G u F>G caymwat
KacaTelbHBIMU K MOBEPXHOCTH. Jlerko BuaeThb, 4To miockocTb Fi FG ecTh
obIjana KacaTelbHasA IOCKOCTh JBYX KOHYCOB, Kacalomuxca (-NOBepXHOCTHU
U UMeIoNX CBOUMH BepunHamu Toukn F u Fy. [loBepxHOCTE paccesHHOM
SHEpPruu COCTOUT B 3TOM cliy4ae U3 TpeyronbHuka Fy F5G, a BHe ero — u3
IBYX KOHYCOB C BepIIMHaMU B Toukax Fj u F5 U, HaKOHel[, YacTH (-IOBepX-
HOCTH, PAcloJIOKEHHO! BHe KPUBBIX KacaHUA.

§ 63. PaBHOBecue Me/ay OABYMA KUIKUMU pa3zaMu

Hccnenyem ycnoBud paBHOBecHUA Memay ABYMA KUAKUMU dazamu H
u K. PaccMoTpuMm mpeme Bcero ceuyeHue (-IOBEPXHOCTU BePTURAIbHOM
MIIOCKOCThIO, MpoxoaAieii yepe3 (-touku H u K, u nokamem, uto ecnu H
u K HaxonaATcA B paBHOBECUU APYT C IpyroM, To npamMasa H K ciy#uT Kaca-
TelbHO# K (-MOBEPXHOCTU Kak B Touke H, Tak u B Touke K. IlycTh, ganee,
h u k (puc. 20) — npoeKUrK Ha TOPU3OHTANBHYIO MIOCKOCTh Touek H u K,
[ u L — touku, usobpaarouue HekoTopslit kommiexe (H, K), Tak 4to pac-
ctosHue [ L onpenensaeT TepMoguHAMIYeCKHil NOTeHL[HA 3TOT0 KOMIIJIeKca.
h' u k' — Touku HekoToOpoOil NpAMOI, npoxoadmeil depes I, u, B106aBOK,
GeckoHeuyHo Gnuskue K ToukaMm h u k. Touku h' u k' coymar npoeknuaMu
Ha FOPU30HTAIBHYIO INIOCKOCTb Touek (-moBepxHoctu H' u K'.

k
% i
/[ k'

h

Puc. 20

Kommiexc, coctoamuit us ¢pas H u K, Mo#eT nepeiTu myTeM 6ecko-
HEYHO Maloro uaMeHeHus coctofnusa B kommiekc (H', K'), kotopomy co-
OTBETCTBYET Ha MOPU30OHTANbHOl MIOCKOCTH Ta #e Touka [. [Ipu aTom 1po-
ecce TepMOJUHAMUYECKHH TOTEeHIUAl He MEHAETCH, CleI0BaTelbHO, MpHA-
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Maa H'K' npoxonut yepes Toury L. Takum o6pasom, yeTbipe Touku H, K,
H' v K’ nemar B ogHoit miockocTu. III0CKOCTh 3Ta CIyMUT KacaTelbHOM
MJI0OCKOCThIO K TIOBEPXHOCTHU Kak B Touke H, Tak u B Touke K, nu6o HK —
kacatenbHafa, a HH' u K K' — nuHeiiHble aeMeHTHI (-MIOBEPXHOCTH.

Hrak, ycioBuem cocyllecTBOBaHUA OBYX KHUAKUX (a3 CIYKUT COBIa-
JeHHe KacaTelbHbIX IIIOCKOCTElH, MTPOBEJeHHbIX K (-MTOBEPXHOCTH B TOYKAX,
uszobpamaromux 3Tu dassl. Ipyrumu cioBamu, 4To6bl HAUTHU ABE COCYIIECT-
ByOIUe KuKNUe hasbl, HAZO0 TOIbLKO IIPOBECTH OOIIYIO KacaTelbHYIO IJI0C-
KOCTb K (-TIOBEPXHOCTH.

IIpoBecTu 06uIyI0 KacaTelbHYIO INIOCKOCTh MOMKHO JULIL TOr[a, KOT-
Ja MOBEPXHOCTh obnajgaeT cknagkoil. IlycTh HaiifieHbl Kakue-TO JBe COCY-
mecTBYyOImUe aspl. Ecnu Teneph o611y0 KacaTelbHYIO IIIOCKOCTh KATUTh
MO0 MOBEPXHOCTU, TO MbI HOJIYYHM M APYTHe NMaphbl COCyLIecTBYOMUX das.
B Tom ciyuae, koraa ckiaika NpocTUpaeTcd 0 OJHOH U3 FPAHUYHBIX KpU-
BbIX (-TIOBEPXHOCTHU, MBI TOJyyaeM, B KOHIle KOHIIOB, paBHOBecHe MeHAY
IByMA dasaMu, coepaliMu JUIllb M0 JBe KoMIoHeHThl. Ho cknagka mo-
JKeT U He JOXOOUTH [0 rpaHull (-NIOBEpXHOCTH, TorjAa obe TOUKHM KacaHUA
IpU HEKOTOPOM IOJIOMEHUN KacaTelbHOH MIOCKOCTHU COBNALYT MEHKAY CO-
6oit. [lpyrumu croBaMu, JBe cocyllecTBYIOMUX ¢a3pl GyIyT HENPEPHIBHO
cOaMmaThCA IpYT ¢ APYTOM 10 CBOEMY COCTaBY U IO IPyT'UM CBOHCTBaM, MO-
Ka, HaKoHell, 00e a3kl He cOBNagyT Mexay coboii. Touka, B KOTOpoii mpouc-
XOJIUT 3TO COBNAJIEHNE, HA3bIBAETCA KOHeYHOU moykoll ckaadku (plaitpoint).

§ 64. JIpyrue cnoco6bl MocTpoeHUA (-IIOBEPXHOCTHU

(-TIOBEPXHOCTh [JIA CUCTEMbI U3 TPEX KOMIOHEHT MOMHO MOCTPOUTH,
Kak U (-KpUBYIO 1A JBYX KOMIOHEHT, CAaMbIMU Pa3HO0Gpa3HbIMU crnocoba-
MM, pUJaBasA pa3iuvHble 3HaUeHUA K03 (UIUEeHTaM B BhIpameHUN IIA T
U y yepe3 BEIUYUHBI M, Mo U m3. Tak, HaIpUMep, YCIOBUMCA BCerja pac-
cMaTpUBaTh PacTBOPLI, COlepAUIMMU OJHY BECOBYIO YacTb BOJbI, I Be-
COBBLIX 4YacTeil BTOPOU U Y BECOBBIX 4acTeil TpeTheil KOMIOHEHTHI. OTHIa-
ObIBafg T U Yy MO JBYM B3aMMHO NEPNEHAMRYJIAPHBIM OCAM, HaliieM TOuY-
Ky, u3oOpaskamolmlyio coboit cuctemy 3agaHHoro coctaBa. COOTBETCTBYIO-
mad (-NoBEPXHOCTh MPOCTUPaeTCA B 6ECKOHEUHOCTh BAOJL 110001 U3 Tpex
KOOPJIMHATHBIX OCeM.

Rak mpumep [ npUMeHEHUA 3TOro rpaguyuecKoro MeToja, Bo3bMeM
paBHOBecue Mexay TBepabiM Pbls, TBepabim KI, ux nBoiiHoil coibio U pac-
TBOpoM, ucciepoBannoe Illpeitnemarepcom.
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Tsepastit KI uso6pasaerca 6ecKkoHeYHO yaajdeHHOW TOYKON Ha ocHU x,
a TBepabiit Pbl; — 6eckoHeuHo yganeHHOl ToyKol Ha ocu y. IBoiiHasA colb
(onATh GepeTcA KOMUYECTBO BeLIECTBa, CoAepskaliee OOHY BECOBYIO 4acTb
BO[IbI) U300pamaeTcA HEKOTOPOIl TOUKON TOPU3OHTAIBLHON MIIOCKOCTHU C CO-
OTBETCTBYIOIUMU KoopauHaTaMu x U y. KacaTenbHble KOHYCHI JJIA TBEp-
neix coneit Pbly u KI nepexonAaT B KacaTelbHble UIUHAPLI. YCIOBUA paB-
HOBeCUA MemIy ABYMA TBepAbIMU U OJHON KUAKOH (pa3oii MOMHO HAHTU
MeTO00M, YKa3aHHbIM Bbimie (B §62). Ho MbI He GymeM 3aHUMaThCA HeTa-
JAMH 3TOr0 BOIpoca.

§ 65. CmemaHHbIe KpHCTaWLIbI

langum KpaTKHe cBelleHUA O NpPUMeHeHUM (-NIOBEPXHOCTU K ClIyyaio
CMEWAHHHIT KPUCTAAALO8.

Ecnu pacTBop HaxoguTcA B paBHOBeCHUU INpU AaHHOU TemIepaType
Y TpU NaHHOM [aBJeHUU ¢ JBYMA TBepIbIMU COJAMU, TO OH UMeeT, BOOO-
Ille rOBOPA, BIIOJIHE ONpeJeNeH bl cocTaB, He 3aBUCALINI OT TOr0, B KaKoi
IpONOPIUY NPUCYTCTBYIOT B ocajike obe TBepable conu. Kar HaiiTu cocTaB
3TOr0 pacTBoOpa € MOMOIIbIO (-MIOBEPXHOCTEeH — 3TO GbLIO yi#e pa3o6paHO
B §62. Ho Progopd (Riidorfl) oTkpsin Takke ciiyyau, Korga cocTaB mogo6-
HOT'0 pacTBopa ocTaBajlcA HeollpeJeleHHbIM, UMEHHO, Koraa o6e colld Kpuc-
TalIu3yloTcA BMecTe, o6pa3yd Tak Ha3biBaeMble cMelllaHHble KPUCTAIbI.
CMemanHble KpucTalibl ObLIM B AanbHelilleM ucclenoBaHbl PeTrepcom u
Bakyusom Posedymom (Bakhuis Rozeboom). Orasanock, uTo Bee cBoiicTBa
CMeIIaHHbIX KPUCTANJIOB HENPEepbIBHO U3MEHAIOTCA B 3aBUCUMOCTH OT UX
cocTasa.

Jlna nocTpoeHua (-MOBEPXHOCTHU Ny4llle IPUMEHUTHL He cloco0 Npebl-
Oyliero maparpada, Korga TOYKU, U3oOpasaBlliie KOMIOHEHTHI B YHCTOM
BUjle, ObLIM y[aneHbl B 6€CKOHEYHOCTb, a Jpyroil cnocol, Gonee yqoOHBINA.
BosbMeM pacTBop uinu TBepayo dasy, rie coieit A u B BMecTe colepUTca
o/lHa BecoBaf 4acTh, CKameM, 1 —x vacrteit A u x yacteit B, a Boasl — y Be-
coBbix yacteil. CocTaB Kam0il (a3bl onpejenAeTcA TorJa COOTBETCTBYIO-
MUMU 3HAYeHUAMHU T U y. ¢ OyJAeT nexaThb B uHTepBaie Mexay O u 1, y —
Memxay 0 u oo; Torga anAa ob6enX YHUCTHIX colieif, COOTBeTCTBeHHO, y = 0,
r=1uy = 0, x = 0. (-mOBepXHOCTb OrpaHNUyYeHa, TaKUM oGpa3oM, ABYMA
napaaielbHbIMU BepTURAIbHBIMM miIockocTAMU = 0 U & = 1 U TpeTh-
eli BepTUKaJIbHON IIOCKOCTbIO Yy = (), MepneHJUuKYJIAPHONA ABYM II€PBBIM.
(-rpuBas cMecH 006elX paclljaBleHHbIX cojlell pacnoloMuTcaA B £(-II0CKOC-
TH, a (-KpuBble, N300paskamline TepMOANHAMUYECKHI OTEHIINAl BOJAHOTO
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pacTBopa KaxIoil U3 coneil, pacloioxaTcA COOTBETCTBEHHO B BepTHKAIb-
HbIX mIockocTAX = 0 m ¢ = 1. Bgonb aTUX Tpex KpUBBIX (-NOBEpPX-
HOCTb KacaeTc BCeX TPeX BePTHRAIbHBIX INIOCKOCTeR (CM. IpuMevaHue Ha
ctp. 101).

§ 66. PaBHOBecue Mem /1y cMecAMH U pacTBOpaMU

IlocTapaemcea ycTaHOBUTH Tellepb yCIOBUA PaBHOBECUA MeEMmIY cMec-
MM U pacTBopamu. CMelllaHHbIE KPUCTAIIbl — HEYTO COBCEM [pyTroe, uyeM
IPOCTON KOMILIEKC. (-TOYKHM CMeIIaHHbIX KPUCTANIIOB, COCTOAMNX U3 IBYX
JAaHHBIX KOMIIOHEHT, PacIooaTcA He Ha NPAMOil, coefUHANEN (-TOUKH
06enX KOMIIOHEHT B YUCTOM BHU[€, a I'Ie-TO BHU3Y, OJ 3TOil npAMOoIii, U o6pa-
3YIOT B MIOCKOCTU x( HEKOTOPYIO KpuByt0. UToOHI HaiiTU Temnepb pacTBOp,
C KOTOPBLIM GYAYT HaXOJUTbCA B PABHOBECHU CMellaHHbIe KPUCTAJIIbI JaHHO-
r'o cocTaBa, HaJl0 MOCTPOUTH IIOCKOCTh, KacamlylocHd Kak (-MOBEPXHOCTH,
Tak U (-KpUBOH cMellaHHbIX KpucTamioB. CornacHo onbiTaM Plofopda, npu
W3MEHEHUU COCTaBa CMellaHHbIX KPUCTANIOB MEHAETCA U MOJOMKEHUE ITOU
KacaTelbHOM MJIOCKOCTH, a clleIoBaTelbHO, U COCTaB PacTBOpPa, C KOTOPLIM
OyoyT HaXoAUThbCA B PaBHOBECUU CMelllaHHble KPUCTAJIb]I Telephb yi#e UHO-
ro coctaBa. Eciu B TBepoit pase npucyTcTByeT AUIIb OJHA KOMIIOHEHTa, TO
Takafd TBeppaas ¢asa GyneT HaXOAUThCA B PAaBHOBECHUU JIHIIL C PACTBOPOM,
coJiep;KaluM OfHY TOJIBKO 3Ty KOMIOHEHTY. Eciu e B 3TUX CMeIaHHbIX
KpHCTa/llaX UMeIOTCA XOTA Gbl HUUTOMHBIE CleJbl BTOPOI KOMIOHEHTHI,
TO 3Ta KOMIOHEHTa GyJeT MPUCYTCTBOBaTh U B pacTBOpe, HO Yike B WHOU
HIpPONOPINH, YeM B CMeIIaHHbIX KpHUCTAalIaX.

Ecnu Bo3MoskHBI cMelllaHHbIE KPUCTANIBI He BCAKOT0, 8 ONpPeJeleHHOT0
cocTaBa, TO COOTBEeTCTBYWOIaA (-KpuBas GyJeT B HEKOTOPLIX CBOUX YacTAX
BorHyTa KHu3y. K Takoii KpuBoil MOMHO MPOBECTH MO3TOMY OOIIYIO Kaca-
TelbHYIO; U IOCTPOUB KacaTelbHYIO INIOCKOCTh K (-TIOBEPXHOCTH, POXOIA-
Iy 4Yepe3 3Ty oOIIYIO KacaTelbHYIO, Mbl Haii[eM TOT pacTBOp, KOTOPbIi
MOeT ObITh B paBHOBECHUH OJHOBPEMEHHO C ABYMA THUIAMM CMellaHHBIX
KPHUCTAa/IOB pa3iNyHOIo cocTaBa.

§ 67. HeompeaeieHHOCTh B BbIpaxeHUH
TepMOJUHaMUYeCcKOro IoTeHlyana

PaCCMOTpI/IM Tenepb TaKkoi BOIIPOC: MOET JIU HEOIIPpEeAECJEeHHOCTDb B BbI-
paxeHnun TepMoJWHaMU4YeCROro IoTeHngualnia, Beayuafa cBoe€ Hadajlo OT He-
OIpeaelIeHHOCTH B BbIPpameHn NJIA SHTPONUU U cB0OOIHOM J9HEepruu, noBJIN-
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ATb HA KOHEUHbIN pe3ylbTaT paccy:#IeHuil, NIpou3BeJeHHbIX NPU MOMOIIU
3TOi GyHKUMU?

B BhIpameHue QA TepMOANHAMHUUYECKOTO MOTEHIIMANa BXOJUT BeJUYU-
Ha C' — T'C'; npu mocTOAHHON TeMIlepaType 3TO — KoHcTaHTa. IlpugaBas
3TOI KOHCTaHTe pa3inuHble YKCJIOBble 3HAUEHUA, Mbl MeHfieM TeM caMbIM
NJIVHY NepleHAUKYJIAPOB, BOCCTABIEHHBIX U3 TOYEK INIOCKOCTU TY U U30-
O6pamaiomux coboii 3HaUeHUA TepMOJMHAMUYECKOro MOTeHI[hala COOTBeT-
CTBYIOIIMX cMeceii; HO 3TO U3MeHeHle Tak0BO, YTO OHO HUCKOJbKO He MOBJIU-
fleT Ha Hallld BbIBOALI OTHOCUTENbHO paBHOBecUA cUCTeMbl. UYTOOBI B 3TOM
ybequThcd, JOCTAaTOYHO pacCMOTpETh, HAlpPUMep, clyydail, n3o0pameHHbII
Ha puc. 14, ¥ noka3aTh IPU 3TOM, YTO COCTaB KUAKOHN (da3bl, MOT'ylIeil Ha-
XOAUTbCA B paBHOBECHM C TBepaoit dasoii A, 6yJeT OMHUM U TeM e Ipu
n1060M 3HaYEeHUHU 3TOU NPOU3BOJIbLHON MOCTOAHHOM.

IIpu 3TOM MBI UCXOOUM U3 TOTO OGCTOATENBLCTBA, YTO €clu JBe (asbl
WIN JBa KOMILIEKCA coJep#aT OJMHAKOBbIE KOJIMYecTBA 00eMX KOMIIOHEHT,
U, clefoBaTelbHO, MOTYT ObITh OOpalleHbl JpyT B [Ipyra, TO UX 3HEpruu,
a TaK:ke 3HTPONUU U TepMOJUHAMUUeCKHe MOTeHIUAaNb] JOMKHbI OTANYaTh-
cA IpYyT OT Jpyra Ha 6noiHe onpedeseHHyi0 6eAULUHY, XOTA BbIpameHUA dTUX
BelIMUMH JJA Kam/aol ¢a3bl U coJep:aT HeollpeJelleHHbIe IOCTOAHHEIE.

IIpugagum Tenepb HeolpeaeleHHBIM MOCTOAHHLIM KaKoe-IH00 YHCIO-
BO€ 3HaUeHUe, IOCTPOUM JIJIA ATOTO 3HaueHUA (-KPUBYIO U MPOBeJleM Kaca-
TelbHble U3 TOUkKM A. IIpu Apyrux sHayeHHAX 3THUX MOCTOAHHLIX TEPMOIU-
HaMUYeCcKHUil MoTeHIUal NMepBOil KOMIIOHEHThI, B3ATON B YUCTOM BHJE, NO-
JYYUT NpUpalleHue a;, a TepMOJUHAMUYECKUN [TOTEeHI Al BTOPOH KOMIIO-
HEHTBHI — ao. CllejoBaTeNbHO, TEPMOAMHAMUYECKHU I MOTEeHIIMAI KOMILIEKCa,
cocToAnero u3 1 — x Moieil nMepBoii KOMIOHEHTHI U & MoJell BTOPOl KOM-
IOHEHTHI, NoayuuT npupamenue (1 — x)a; + xas. Ho cornacuo Tonbko 4To
CKa3aHHOMY, TaKOBO #e Oy[leT U NpupalleHre TepMOJUHAMUUECKOr0 IOTEH-
uajna OJHOPOJHON cMecH ¢ cocTaBoM x. 3aMeHeHue Purypsl, cocrodieit
u3 (-KpUBOil U TOUKU A, 3aKkii0YaeTCA NUIIb B TOM, YTO Ka#/jafd ee TOUKa
CMeCTUTCA BBEpPX Ha HEKOTOpOe paccToAHUe, KOTOpoe MpeAcTaBifeT coboil
auHeliHyo ¢yHkiuio x. RacaTenbHble, MpoBeleHHbIe K (-KPUBOU U3 TOY-
KU A, y4yacTBYIOT B 3TOM IpeoOpa3oBaHiy ILIOCKOCTH U IOcje HEro TOYHO
TaK e oCTaHyTCA MpPAMbIMU, Kacaomumuca (-kpuBoil. [ToaTomy kKamngas
TOYKAa KacaHuA JHUIIb CMECTUTCA HECKOJIBLKO BBEPX, HO ee abcyucca x, onpe-
Jeldwollasd cocTaB CMeCU, OCTaHeTCA IpeHeN.

InAa gqokasaTelbCTBa 3TOr0 MOCIEJHEr0 cBOCTBA KacaTelbHbIX JOCTa-
TOYHO MMeThb B BHU[ly, UTO NpU BbllleyKa3aHHOM Npeo0pa3oBaHUM BCAKNE
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TPU KOJUIMHeapHble TOYKU OCTalOTCA KOJJIMHeapHbIMHU, U B3ATb 3a TaKue
TPpU TOUYKU TOUKY A u 1ABe GecKoHeuHO GIU3KME TOYKHU, KOTOPbIE MOMHO
cuuTaTh OOMIMMU TOYKaMM (-KpPUBON M KacaTelbHOH, NMpoBeJeHHON K Hel
u3 Touku A.

§ 68. Cmech rasoB B MoJie CHJIIbI TAMECTU

PaccmaTpuBas (-moBepXHOCTU, MbI OTPAHUYMBAIUCEH [0 CHUX TIOP JHUIIb
obuumMu coobpaneHuamMu o6 ux gopme. Tenepb MbI pazdepeM 3TH BOIPOCHI
HECKOJIbKO NMoJpo6Hee ¢ MOMOIILIO TeOpUU cMecell, pa3paboTaHHOI BaH-aep-
Baanbcom. BMecTo TepMoanHaMUYeCcKOro noTeHlMala UCIolb3yeM cBOOO-
HYIO DHEpPruio.

Jlns onpefenenus cBOOGOAHOI SHEPT MY CMeCH HY#HO 3HaTh ee BHYTPEH-
HIOIO dHepruio u 3HTponuio. IlonbiTaeMcA HaliTU Nmpexiie Bcero SHTPOIUIO
cMecH JIBYX HjealbHbIX rasoB. [ind »Toro Heo6XoAuMoO 3HATh MpeK]e Bce-
ro SHTPONHIO KaKJOro rasa B OTAeIbHOCTU. 3aTeM MBI cMellaeM oba rasa
KakUM-1160 06paTUMBbIM NPOIECCOM U ONpeeuM TakUM 00pa3oM pa3HOCTh
MeRIy DHTponueill cMecu U cyMMoi s3HTponuit 0601X rasoB, B3ATHIX MO OT-
JeTbHOCTH.

CMemaThb rassl 06paTUMbIM NMyTeM MOKHO € NOMOI[bIO BHEHUIHUX CHUJL.
B ravecTBe Takoil BHellHell cuibl BbiGepeM, Kak Haubolee yI0OHYIO, CUITY
TAMECTU U NPUMEM, B cOTJACUM C KHHETUYeCKOH TeopHell, UTO KamIbIi
ra3 3amnoiHsaeT coboli Becb 00beM Tak, Kak OyATo Obl Opyroil ras coBcem
orcyTcTByeT. IlpencraBumM cebe cMech OBYX rasoB, HampuMep, BoJopojia
U KUCJ0poja, 3aHUMaloIlylo 00beM B BUJe BepTUKajlbHOro cTonaba. IlnoT-
HOCTH 000UX ra3oB pa3iMyHbl, I03TOMY Ha pa3HOil BbIcOTe cMech OynaeT
UMeTb U pa3Hblil cOCTaB.

3aBUCHUMOCTD JaBleHUA OT BLICOTHI A rasa, [eJIUKOM 3alolHAIIIero
IPOCTPaHCTBO, BLIBOAUTCA B aspocTaTuke. llpu a3ToM HexogAaT U3 TOro, 4yTo
Ha 3JeMeHT o6beMa JelicTBYIOT IBe CUJIbl, ypaBHOBeLIMBaloOl[le APYT Apyra:
Pa3HOCTh [aBleHUil cBepXy U CHU3Yy U Bec JaHHOI'O 3jleMeHTa o0bema.

Yepes p; 1 p; 0603HAUUM IIOTHOCTh U JJaBleHUe [EPBOro rasa B HEKO-
TOPOII TOUKE Ta30BOro cTojiba; Torjga p; = c1p;. Fclu HanpaBUTBb OCh z 1O
BePTUKAIN BBepX, TO NpUpalleHre JaBieHUA dp;, COOTBETCTBYIOIIEE NPU-
palleHuI0 BhICOTHI dz, paBHO

dp1 = —p18dz,
OTKYyJa g
dpr _ _ 8 o (74)

dz P Pr=pP10) €



110 Jdexyuu no mepmodunamure
rjie p1(o) — IIOTHOCTH TpU z = . AHaNoOru4Ho, A BTOPOro rasa:

g

p2 = p2(0) . 6_02

ITockonbRy €3 U cy OTAWYHBI APYT OT JApyra, rpaAUeHThbl INIOTHOCTHU AJA
o6oux ra3oB 6yAyT Take pa3invHbI.

§ 69. CmemeHne U pa3fejeHUe IBYX ra3oB

Boo6pasum ce6e Tpu ropusonTanbubix ciod A, B u C Haiiero razoBo-
ro croiba, mpuyeM cioii B pacnoioxen Boiiie A, a A — Bbie C. Beerza
BO3M{HO MOJNYUYUTH N060€ KOIMYECTBO CMeCH cocTaBa A, cMellaB HEKOTO-
pblii 06beM u3 cnoda C' ¢ o6bemMoM u3 cioa B. O6patHo, 11060€e KOINYECTBO
cMecu cocTaBa A MO#HO pa3lomuTh Ha ABe cMecu ¢ coctaBom B u C.

JTO cMellINBaHUe U pa3[eleHue IBYX I'a30B MO¥HO OCYLIECTBUTE U 06-
paTuMbIM nyTeM, ykpenuB B A, B u C ropusoHraibhbie TpyObl. ToT KoHery
KamJoil Tarofl TpyObl, KOTOPBII BBIXOOUT U3 ra3oBoro croiba Hapysy, 3a-
KpbIBaeTcA mopiiHeM. Bynem Tenepb B cioax B u C' BOBUraTh MOPIIHU
BHYTDb, IBUTAA UX, CKaeM, cjieBa HAMpaBo, a B Touke A, Ha060poT, GyaeM
BBIIBUraTh MOpIIEHb Hapy#ky, T.e. cipaBa HaneBo. Torga B B u C Heko-
TOpbIe Macchl raza yiayT u3 ctoiba, a B A, HA060pOT, HOCTYNUT KAaKOH-TO
o6beM cMecH. MbI IpUMeM, YTO B Ka/Joi Takoil TpyGe COlepUTCA HEKO-
TopaA Macca CMecH TOr'0 e caMor'0o cocTaBa, UTO M TOPU30HTANbHBIN Cloii
rasoBoro ctojba, c KOTOpsIM coobuaTcA JaHHaA Tpyoda.

Mycte AB = AC = l; nanee, p1, p1, p2, P2 XapakTepusymT cMmechb A,

Py Dhs Py Py — cviech B it p, pl, plf, pl, — cutech C. Tloaomiu
' P1 ' P2
= — u = —.
P1 kl P2 k2
Torpga

pi =kipi; p = L Pi= k1p1
1

py = kapa; Py = S L= k2po.
2

[ycts, nanee, B enuHuie o6beMa cMecH A COIEpPHUTCA TaKOe #e KOJIMIecT-
BO 060X razoB, 4To U B o0beMe ' cMecu B u o6beme z” emecu C, BMecTe
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B3ATHIX. 3HaueHusa x' U x' ompelelnATca Toraa U3 ypaBHeHU
W] "o o__ W] "o __
P1T +p1T =p1 U P+ Pyl = P2

Otcrona cilenyer, 4To
! klkZ " 1

Thitk T Ttk

Paznenum Tenepb cMech KaKUM-IM60 0GpaTUMBIM My TEM M MOJCUUTAEM 3a-
TpaueHHYO padoTy.

Beenem B A equnuiy o6nema cMmecu, a us B u C BbiBeJjeM, COOTBET-
CTBeHHO, 00beMbl 2’ 1 z'.

Bea paGora, 3aTpaueHHas Npu 3TOM Npolecce, paBHa

p1+p2 — (Py + o)z’ — (pf + py)z";

MoJCTaBiAA cloja 3HaueHua =’ u z'', BUAMM, 4To 3Ta paGoTa paBHa HYIIO.

3lech UMeeTcA HEKOTOpad TOHKOCTh: cMecu B u C, Ha KOTOphle pac-
nanach cMecb A, HOAHATHI HA PA3NUUYHYIO BBICOTY U MPHOGpeNd, TakuM 06-
pasoM, pa3iMYHYIO NoTeHIHalbHYIO s3Hepruio. Ho pa3 paboTa paBHa HyIIO0
U TeMIlepaTypa cUCTeMbI NIOCTOAHHA, TO 3TO BO3MOMHO JHUIIb B TOM CIy-
yae, eclid cUCTeMa OT/ala WU MoNyunia HEeKOTOpoe KOJIUYECTBO TEIIOThI.
3HafA U3MeHeHUe NMOTeHIUalbHOU DHEepruu, HaiijleM KOINYEeCTBO TEIIOTHI,
coo6IIeHHOe CUCTeMe, a 0TCIOla U U3MeHeHHe BHTPOIUU.

[Ipupamienyie noTeHIHaNbHOI SHEPTUU COCTABUT

! / ! 1" Ui 1}
[« (P} + p2) — 2" (P} + p3)]gl,
HO OHO paBHO HOJII/ILIGCTBy TeHJIOTbI, COOﬁH.IeHHOMy CI/ICTeMe7 Tar 4ToO HpI/I—
pailieHue 3HTponuu 6yeT paBHO

l 1! I\ " __lkl_k2 _
7@ (P pa) = 2oy + pa)lgl = =75 = (P = p2)gl. (75)

Ha Taryrno Benuuuny cymMMa sHTponuii o6bema x’' cmecu B U 06b-
ema z” cmecu C Goibllle SHTPONUU eJUHUILI 06bema cMecun A. OTciona
MoKHO HaiTH o6beMbl y' u y'' cMeceit B u C, cymMa 3HTPONUIl KOTOPBIX
paBHa 3HTPONWU €IMHUIIBI 00beMa cMecH A; IiA 3TOro JoBeneM 06beMbl &'
u x' cmeceit B u C o6paTUMbIM H30TEPMUUYECKUM MyTeM 10 06beMoB Y’
Uy’ U cyMMy mpupalleHUHl SHTPONUI 06erX cMeceil MPU 3TOM Mpolecce
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npupaBHfeM BbIpameHuio (75), B3ATOMY ¢ o6paTHbIM 3HaKoM. [Ipupamenue
SHTPONUU And cMecu B cocTaBUT

!/

1 y
7% (p1 + p3) log e

agna C —
1 y"
T (p1 +p3) log R
TaKk 4TO
! 1 k —k
o () + py) log L+ 2" (p) + p)log L = L2 (5 — po)gl. (76)
T T k1 + ko

HopcraBum B ypaBHenue (76) BbIpazkeHue A IaBI€HUN Yepe3 IIOTHOCTH

’ 1 _ b1 P2 _ C1p1 Ca2p2
Pt = et e T e T T

pi + Py = crkipr + cakapa;
TOrjJa Kasablii wieH ypaBHeHusA (76) OyHeT cofiepaTh MHOKUTEIEM pi
i ps. Ho p; U py He3aBUCHMBI APYT OT APYra, MO3TOMY K03()(UIUEHTEI
npu p]_ u p2 B l'IpaBOI?'I U JIeBO#l 4acTAX YpaBHEHHA MO0 OTACJIbHOCTHU paB-
HEBI ApYT ApyTry. 3ameHAd =’ ¥ ' UX BhIpameHUAMH, HalleHHbIMHU BhbIIIe,
nmMeem

"

y' y
C1 (kz IOg y + k?l IOg F) = (kl - kz)gl,

1"

y' y
Ca (kl IOg g + k2 IOg ) = _(kl - k2)gl’

t,L,II

OTKyZa
y' kicy + kaco
log= = —gl ——=—=, 77
Og il?’ g (kl + kz)clcz ( )
y" kico + kocy
log = = gl ————=—. 78
0g 5 = & U+ F2)crca (78)

YpaBuenuio (76) y10BIeTBOPAIOT, KOHEUHO, 1 IpYyTrHUe 3HaveHud y' u y' .
Ho pnA Hac JocTaTO4YHO TOro, YTO CyMMa HTponuil o6bemoB y' u y'" cMme-
ceit B u C, 3ananubix ypaBuenuamu (77) u (78), paBHa sHTponuu cMecu A,
13 KOTOpPO#i 3TH cMecy GbUIN MOJLYUYEHbI.
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§ 70. Ilapagokc I'n66ca

3adurcupyeMm Toury A, Touru me B u C Gygem pa3gBurath Bce Jaib-
Ile U fanbllle Tak, YToObI paccToAHMe [ cTano oyeHb GoabmuM. BeckoHeuHo
yBeanuuBas [, MbI MO#eM MOJONTH CKOJNb YTOAHO GIU3KO K MOJHOMY pas-
JeneHuto o6oux rasoB. [leficTBUTENbHO, cMech B coflepKUT KOIMYeCTBO

k2p1
li !
r — ——
A .
IepBoro rasza U KOJNM4YeCTBO
k1p2
! !
r = ———
P = ks

BTOporo rasa. Cmecb C coep#uT, COOTBETCTBEHHO,

klpl - kzpz

ki + ks k1 + k2
k
IepBOro U BTOPOro rasa, Tak 4TO OTHOIIEHUE BeCOB 060MX ra3oB paBHO k—2
k 1
A cMecu B u k—l 1aa cmecu C. Ho
2
ol !
ki=er, ky=cec2,
T.e.
101 101
ky gl(g—g) ki gl(g—g)
—=e , —=e .
k1 k2
n ky < k ! k2
TaK, IpU ¢; > Cp noayuuM k; < ke u npu | — 00 oTHOIIeHHe T cTpe-
k
MHUTCA Tak#e K GeCKOHEeYHOCTH, a k—l — K Hymo. I[lepexoaa K mpepgeny,
2
MBI MOM€M CKasaTb, 4To B B u3 raszosoro cronba ynaifeTc OAMH JIMIIb
nepBblil Tas, a B C — OOUH IHUIIL BTOPOi ras. JTO KaKeTCA HECKOJIbKO

cTpaHHbIM. PaccMmoTpum, Hampumep, cMech Kuciopoia ¢ BogopogoM. Ha
GoNbINO BBICOTE MIOTHOCThH BOAOPOJA YMEHbIIaeTCA ropasfo MealeHHee,
YeM IJIOTHOCTh KUCJIOPOJa, U Ha JOCTATOYHON BBICOTE CMECh COCTOUT MOY-
TH lleTuKoM u3 Bojopoja. Ho ninoTHoCTb BoJjopojia BecbMa BelUKa U BHU3Y.
U Bce e B HUKHell YacTU ra3zoBoro cTtonba KOHIEHTpaluA KUCIopoaa Ha-
CTOJNIBKO BelHKa, YTO [0 CpaBHEHUIO C KUCIOPOJOM BOAOPOJ NMPUCYTCTBYeT
B HUUTOMHOM KOJIHYECTBE.
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Bosepamasch & o6bemaMm y' u y'’' cmeceit B u C, cymma 3HTponuii
KOTOPBIX paBHA YHTPOMUY eAMHUIbI 00beMa cMecu A, paccMQTpUM, BO 4TO
npeBpaTATCA 3T 06beMbl npu [ = co. Tak Kak oTHOLIEHHe -~ CTPeMHUTCA

k2
K HYJIO, TO B Ipejene, 0 ypaBHeHUIO (77), MbI HOLYYUM

!
log% = —’2’7—117
OTKyZa
Vw1, oo ks
x! k' ki kit ke
noatomy limy’ = 1. Ananoruuno limy” = 1. OTcioma 3aknioyaem, 4TO K-

mponusa cmecu 08yxr 243068 pagHA cCyMMe SHMPONULL 060UX 20308, eCaAl MOALKO
Kaxcovlil 2a3 8 omodeavHOCU 3AHUMAE NPU MeMnepamype cMecu Mom e
00%eM, Mo U 6CA CMeCh.

JTo — u3BecTHBIN napasoke ['n66ca. YTo UMeHHO B HEM mapaJoKcalb-
HO, MbI BCKOp€ BBIACHUM.

ITapagorc 'm66ca Mo#HO Tak}#e NOKas3aTh, NpejcTaBUB cebe Iepero-
POIKY, POHUILlAaeMYIO AJA NepBOro rasa, HO HEIPOHUIIAEMYIO 1A BTOPOro.
[lepenBuras 3Ty neperopogky BAOJIb MUIUHIPA, 3alIOMHEHHOT0 Halllel raso-
BOIl cMechlo, MBI yanuM BTopoii ra3. Ilo cymecTBy 3TOT MeTO[ He OYeHb
CIWJIBHO OTIWYaeTCcA OT TOrO, KOTOPLIN NpHMeHeH B TekcTe. B obomx Mme-
ToAax ImpefrnoiaraeTcd BO3MOMHBIM MeHATb NIOTHOCThL r'asa ¢ IOMOLIbIO
BHELIHUX CHUI.

8§ 71. O606menue Teopemsbl 'n66ca Ha ciayydaii Tpex u
6oiiee raszoB

Teopemy 3Ty Mox#HO 0606IIUTL Ha cMecH Tpex u Oosee raso.. Jler-
Ye BCero MOCTYNUTb TaK: BBeJAeM A KakJOro rasa COOTBETCTBYIOIIYIO
BHEIIHIOIO CUIIY, KOTOpad coOupaeT BeChb JaHHBIN ra3 BOJIM3Y ONpeeleHHOM
TOYKHU TMPOCTPAHCTBA, IPUUEM 3TH TOUKM CTYIIEeHHA BbIGepeM [JIA pasHbIX
rasoB pasin4yHbiMu. CTaHeM CMeNIMBATh ra3bl MIpH NOCTOAHHOM TeMIepary-
pe ¥ MOCTOAHHOM oGbeMe, 6e3 BbIIeJeHUA WM MOTJOIEHUA TelIOThI, TaK,
4yTOGbI DHEPr'UA CMecH, €, paBHAJIACh cyMMe 3Hepruil komnoHeHT. Toraa mo-
Ka3aHHad Bblllle TeopeMa OyIeT cIpaBelINBa U [0 OTHOLIEHUIO K cBOGOIHOM
SHEpPTUH.
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HerpynHo HaiiTu BbIpameHue Aind cBOOOJHON DHEPrUM CMecH JIO-

6oro uwuciia rasos. HyCTb n — YHUCJIO0 KOMIIOHEeHT, v — o6beM cMe-
CH, COCTaBJIEHHON U3 mi, M2, ..., My €OUHUL MAacCCbl 3TUX KOMIIOHEHT,
a Rl, Rg, ey Rn — rasoBble KOHCTaHThI IJA €OWHHWIbI MacChbl 3TUX ra-

30B. Ilonnas cBoGoOHAA BHEPTUA CMECH COCTABUT TOTMA, COTJIACHO ypaBHe-
uuio (50) u teopeme I'u66ea,

U =—-m;R;T log mil — maRyT log mL2 — e,
UIn

U= —Tlogvz -(mR) + TZ(leogm), (79)

npnyeM CyMMHUDOBaHH€ IMPOU3BOOAUTCA IO BCEM KOMIIOHEHTaM.

§ 72. YmeHbllleHHe cBOOO/IHOII dHEPruy Mpu cMelmeHuu
IBYX ra3oB

Tenepb MOMHO BBIUUCIUTh, HACKOIBKO YMEHbIIUTCA CBOOOTHAA SHEP-
T'UfA OBYX ra3oB, ecld UX CMellUBaTh NIPU OCTOAHHOI TeMIlepaType U MpU-
TOM TaK, 4TOGbI 06beM CMeCU PaBHAJICA CyMMe UX MepBOoHAaYalbHBIX 06beM-
OB. JTO yMeHbIlleHHEe paBHO, Mo TeopeMe ['n6Gca, yMeHbIIEHUIO CBOOOAHOM
9Hepruu 060X ra3oB NPU U30TEePMHUYECKOM pacIIMpEeHUU KamJIoro rasa 1o
o6beMa, 3aHUMaeMoro cMmecbio. Bo3zbmeM xoTA 6bI M0 OJHOMY MOIIO Ka-
noro rasa. Ecnu o6a rasa Haxoguiauchb mMepBOHAYalbHO MOA OJHUM U TeM
JKe aBleHUeM U Kam[IbIil U3 HUX 3aHUMAJ, CIeJ0BaTeIbHO, OUH U TOT e
o6beM v, ToO 06'beM cMecH JA0NeH paBHAThCA 2v. TakuM o6pa3oM, Kam abIit
13 ra3oB pacuiupsAeTcA oT odbema v A0 odbeMma 2v, U ero cBoGoaHaA dHEP-
I'vifl, coriacHo paBeHcTBY (49), yMenbiaercs npu 3toM Ha 2RT log 2. Utak,
MOJIHOEe YMeHbllleHre CBOGOIHOM SHEPTUM CUCTEMBI COCTABUT

2RT log 2.

CreayeT moJuepKHYyTh, YTO 3Ta BeJUUYUHA He 3aBUCUT OT MPUPOJLI ra-
3a U OCTaHeTCA OJHOIM U Toii #e, CKOJb GbI Malo HU OTJIMYAIUCh 3TU Ta3bl
IPYT OT Jpyra 1o MojleryliapHomy Becy. Ho 3ToT pe3yibTaT Henb3A NpuMe-
HATH NPU CMelleHUuU ABYyX 06beMOB OJHOTO U TOTO e rasa. B camom gere,
ecilil NlepBoHavalbHO IBe Takue abCONIOTHO OJIMHAKOBbIe Macchl rasa ObLIH
pasjielieHbl KaKoi-TO Meperopoikoil, a 3aTeM Neperopojka Oblia yJaleHa,
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TO cBOGO/JHAA PHEPruA CUCTeMbl He u3MeHuTcA. Mtak, ciyuail IByX uIeH-
THUYHBIX ra30B He.lb3s pacCMaTPUBAaTh KaK MpeflelbHbIN clydail CHCTEMBI U3
OBYX pa3iuyHbIX ra3oB. Heiab3Aa oTpuuath, UTO 3TO 3BYUUT KaK IapajiokKc.
Otcioga v Ha3BaHHWe mapajokca JaiA TeopeMbl 'u66ca.

BeccnopHo, pesynbTaT 3TOT yauBuTeleH. Mbl Mo#eM, BIPOYEM, CKa-
3aTh, 4To TeopeMa I'u66ca, npuBeleHHas Bblllle, clipaBeAdnBa JUIIb, KOT/a
o6a rasa xoTA Obl CKOJIb YTrOJHO Malo OTIUYHBI JPYT OT Apyra, U Heclpa-
BelIuBa IJA [IBYX CO6epUEHHO UIEHTUUYHBIX ra3oB. Mbl MoeM ellle MpH-
6aBUTB, UTO B TAKOM ee BHjle Teopema ['nb66Gca HUKOria ellle He IPUBOAUIA
K IIPOTHBOPEYHUAM IIPU CBOEM NpPUMEHEHUH.

8§ 73. CBo6ogHaA ’HEPruda }KUJKOI cMecH

IlonbiTaeMcsa onpefeluTh Telepb CBOOOIHYIO SHEPTHIO CMECH, yike He
npejAcTaBiaAoNIeil co60il uaearbHOro rasa, Hanpumep, KUAKoil cmecu. na
3TOro NpeacTraBuM cebe, UTO Halla cMech [IpeBpallleHa Iy TeM U3o0TepMuyec-
KOro pacliupeHuf B UjealbHblll ras. [lonycTum, 4To IpU 3TOM pacliupeHuu
cMechb OCTaeTcH BCe BpeMsA OJHOPOJHOM.

IIpumem panee, uTo AnA cMmecell cupaBeAJuB 3aKkOH BaH-Jep-Baanbca,
tdopmynupoBaHHblit UM Bo II yacTu cBoero Tpyna «HenpepbsiBHOCTE ra3oo6-
pa3HoOro U #UAKOTO COCTOAHUIN.

Ina 6uHapHOii cMmecu, cofep:kameil 1 — r Monell mepBoro u x Molieii
BTOPOI'O BellecTBa, 3aKOH 3TOT UMeeT BUJ

(p + U%) (v — b) = RT, (80)

rge KOHCTaHTEI a U b onpenelarTCA CHJIaMUi MOJIERYJIAPDHOI'O MIPDUTAMEHUA
" OTTaJKMBaHUA U padMepaMu 4YacTHull. Onu PaBHBbI

a=(1-2)%a +22(1 — x)as + z%as,
b= (1-12)%by + 22(1 — 2)b12 + 2bs.

ITocToAHHBIE ai, a2, a12 O6yCJIOB.TIeHbI cujlaMy B3auMoeicTBUA Mexrnay
MOJIeRYJlaMU. aj oIlpeneildeTCA CUujJaMHu INPUTHMEHUA MemIy MOJNeRyjlaMu
IepBoOro BeujecTBa, az — CWJIaMU IPUTAMEHUA MEe}OY MOJIEKYyJlaMU BTOPOro
BelecTBa. aj2 06yCJIaBJII/IBaeTCH ChUjJIaMi B3aMMHOTI'O NMPUTHMECHUA MEHAY
MOJIERYy/1aMHn 000K X BellleCcTB. IlocToAanHbBIE bl u b2 — IIOCTOAHHbIE BaH-Aep-
Baannca OJI IIepBOro 1 BTOporo BemiecTna, T. €. y‘{eTBepeHHbIﬁ o0beM Bcex
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MOJIERYIJI, cogepmamuxcAa B OJHOM I10Jie JIaHHOr'o BellecTBa. IlocToAauHan b12
nojiyvyaeTcAa U3 bl Win b2 3aMeHo# auaMeTpa MOJERYJIbl OJHOIr'o BellecTBa
HOHycyMMOﬁ auaMeTpoB MOJIERYI 060X BelllecTB.
Bmecto BbIpamieHuda OJaA b yHOTpeﬁJIHeTCH uHorga u Gojee nmpocToe
BbIpasieHue
b’ = bl(]. — LI}) + bzx.

YuuTbiBag Bce TPYJHOCTU TEOpUU, IPOTUB 3TOH 3aMeHbl 0COGEHHO Bo3pa-
#aTh He MPUXOJUTCA, XOTA MepBoe BbipaxeHue niA b 6p110 GbI Golee TOU-
HBIM.

IIycTb cBOGOAHAA DHepPruf OJHOr0 MOJA KaxJOro BellecTBa paBHa HY-
710, KorjJa OH IpH HeKoTopoil TemnepaType 1T 3aHumaeT 06beM w. Tarum
o6pa3oM, Mbl IpUJAIU ONpe/eleHHbIe 3HAUEHUA MPOU3BOJIbHBIM IOCTOAH-
HBIM B BhIpaskeHUU And cBoGogHOU sHepruu. O6veM BO3bMeEM AOCTATOYHO
6onbIIUM, YTOOBI IMETb BO3MOMHOCTh CUMTATH BEI[ECTBO NPU TAKOM 00b-
eMe 3a ujeanbHblil ra3. Yepes V 0603HaUMM HEKOTOPbIH BechMa GObIIOi
o6beM, a uepe3 v — o6beM Haieit cmecu. Torga cBoGoiHAA SHEPTUA CMeCH

COCTaBUT . .
\I/vle!V—/%—;I;dvzlllv+/pdv,
Tak Kak, N0 ypaBHeHuo (45), %—\5 = —p. Otciona, mo ypasuenuio (80),
v
_ RT  a _ 1 1 V-5
v, —\Ilv—i—/ (—v—b vz) dv—\IJV+a<V v) +RT10g—v—b'

ITo Teopeme I'u66ca ¥y paBHaA cymMMe CBOOOJHBIX DHEPruil 06eUX KOMIIO-
HEeHT, ecly KaskJafd U3 HUX 3aHuMaeT oO6beM Bceil cmecu V. CBoboanas
sHeprufa 1 — x Moineil nepBoro rasa B o6beMe V 1pu HalleMm BbIOOpe NMPOU3-
BOJIbHBIX NOCTOAHHBIX paBHA, M0 ypaBHeHUIo (49),

(1-2)w

1 — 2)RT log ——2=<
(w)ROgV,

a cBobGoHasA JHepruda r MoJlei BTOpOro raaa

zRT log 2¥.
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Hrak,

d-ow —Vx)w + zlog ﬂ] + a(l - l) + RT log V=b

U, =RT|(1—-z)log v v v p—

Yem Goablie o6bem V', Tem TouHee 3TOT pe3yibraT. [loaTomy Gynem Gec-

KoHeyHo yBeauuuBaThb V. Torga

V-b
V

+ RT[(1 — x)log(1 — =) + xlog x] + RT logw.

\Ilv:—%—RTlog('u—b)+RTlog +

Tperuit uneH 3Toro BbIpa#eHUA paBeH HYJIO, & MOCIeAHUI YleH NpHU
NOCTOAHHOI TeMmepaType HpeAcTaBiIfgeT co60ii KOHCTAHTY, KOTOPYIO MO-
HO onmycTuTh. OKOHUYATENBHO,

U, = —% — RT'log(v — b) + RT[(1 — x)log(1 — x) + xlogz].  (81)

JTo — dopMyna, Bcerja npuMeHdemas BaH-iep-Baanbcom.

[Mocnenuuit uneH Boipasenud (81) xapakTepusyeT ABIEHUA, IPH KOTO-
PbIX O/IHA U3 KOMIIOHEHT MPUCYTCTBYET B BeCbMa MajoM KolnudecTBe (CBOIi-
cTBa pa3baBleHHbIX PACTBOPOB, 0OCMOTHYECKOE JaBleHle, YIPYTOCTh NapoB
u T.1.). B aTom ciyuae Teopus GuectAine coriacyeTcs ¢ ONbITOM M KOMH-
yecTBeHHO. [lepBrle ke [Ba WieHa HeyJOBIETBOPUTENbHBI, IOCKOIbKY OHU
ONpeleNAlOTCA ypaBHEHUEM COCTOAHUA [ypaBHeHueM (80) B xaHHOM ciy-
yae|, KOTOPOro MbI He 3HAEM C JOCTATOYHON TOYHOCTBLIO; U HTH [Ba UieHa
BBOJAT B BhIpameHue MiA VU Bce HETOYHOCTH MPUGIMMEHHOTO YpaBHEHUA
COCTOAHMA, KOTOPBIM MBI NMOJAb3yeMCH.

§ 74. OGiee BbIpaskeHHe OJA cBOGOIHOI 3Hepruu
cMecHu

B cBA3M ¢ ToNBKO UTO CleJJaHHBIM 3aMedyaHueM BCTaeT BOIIPOC, GyHET
JIn TpeTI/Iﬁ YJ/IeH IPUCYTCTBOBATh B BbIpameHUU OJA \Ilvv €CJI1 HaM U3BEeCTHO
He l'IpI/Iﬁl'II/IH{eHHOG, a TO4YHOe ypaBHeHHEe COCTOAHHA. ,HJ'IH oTBeTa Ha 3TOT
BOIIPpOC BbIBeJ€M ONATL BhIpameHue OJA \I/.U, He Jejlad Ha 3TOT pa3 HUKaKHuX
npeﬂnonome}mﬁ O BuUJe ypaBHEeHUA COCTOAHUA. KRak u npesge,

Vv
\I/U:\I'V~I—/pdfu.

v



875. Odna u3 KomnoHewm npucymcmeyem 8 MALOM KOAULeCMEE 119

ITonoxum
RT
p="+7,

T.e. p' — K30OLITOK JaBleHUA CMeCH Haj JaBlIeHHeM OJHOTO MOJA Ueallb-
Horo rasa. Torga

1%
\I/,,:\I/V+RT10g%+/p'dv.
v

IlogctaBnAA ciofa HalifeHHOe BbIllle BbipasieHue aafa ¥y, HaxoauMm

\4
]__
% + RTa log 22 +RTlog ¥ —l—/p'dv.

v

U, = RT(1 —x)log

Kar u npexpe, V yBenuunBaeM 6eckoHeUYHO, a nocTogHHyI0 RT logw omyec-
KaeM:

v, = /p’ dv — RT logv + RT[(1 — z)log(1 — z) + = log z]. (82)

v

IIpu BecbMa Goabuinx o6beMax p’ — BecbMa Majlaf BeldurHa, U60 BelecT-
BO BeJleT ce0A Toraa MOYTH aHAOTUYHO UleaTbHOMY ra3y. MomHO Mo3ToMy

(oo}
JOIYCTUTD, 4TO NP 60ibIKX v UHTerpan | p’ dv ecTb He TONLKO KOHeUHa,

v
HO U JOoCTaTOYHO MaJjafd BeJu4YHnHa.

Urar, Mbl BUAMM, 4TO MOCHeJHUI 4ieH B BbipameHuu (82) umeer TOT
3Ke caMblil BIJ, 4YTO U B Boipasenuu (81), HaiinenHom npeae gida ¥,,.

Ilogo6HbIM e oGpa3om HaiigeM W, 0iA cMecH TpexX U OOJbIIEro 4yucia
KOMIIOHEHT. Eclii cMech Collep#UT COOTBETCTBEHHO &, Yy U 1 — & — y Modeit
KamJI0i U3 TpeX KOMIIOHEHT, TO MOCIeJIHUIN YjieH MPUMET BUI

RT[zlogz +ylogy + (1 —z —y)log(l — = — y)].
DTOT MOCIeHUI UleH NOABUTCA U B BhIPAMEHNUU JIA TePMOJIHHAMUYECKO-

ro nmoreHguamna, KOTOPbIM XMMHKH YacTO IOJb3YIOTCA BMECTO c¢BOOOIHOM
JHepruu.
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8§ 75. Cayuaii, Korjga oJHa U3 KOMIOHEHT IPUCYTCTBYeT
B BecbMa MaljloM KOJHU4YecTBe

B nanbHeiinieM Mbl y6equMcA, CKONb BamHYIO POJb MIpaeT MOCIe-
HUil wieH Boipamenuii (81) u (82), ecau ofHa 13 KOMIIOHEHT NPUCYTCTBYET
B BecbMa MaloM KoauuecTBe. [loKa e MbI JUIIL 3aMeTUM, 4TO mpu = 0
u x = 1 cBoGomHafA 3HEPruf ocTaeTcA KoHeuHoi (uGo mpu x — (0 Tarmke

v,

or

u (zlogz) — 0), HO ee NpOU3BOAHAA 6ecroHeuHa. JeficTBUTeNbHO, 11O

ypaBHenuto (81),

0%, _ 1da , RT db T
9z v + RT log

dx + v—bdx 1-z
nocjaeHuii yied npu £ — 0 cTpeMuTed K —o0, a Ipu & — 1 K +0o.

JTo mojoxeHNe cIpaBelUBO U A TepMOAMHAMUYECKOro IOTeHIua-
1a cMecH, u60 B ero BhIpasieHMe TaKk#ie BXOJUT 4jeH, aHaJOTMYHBIA MO-
ciienHemMy uieHy B ¢opmyine (81). 3HauuT, Npu MOCTPOEHUN (-KPUBO 1A
OGuHapHO# cMecu MbI C MOJHBIM Ha TO OCHOBaHHWEM H300pa#iaeM (-KpHUBYIO
Kacawouleiica B cBoux KpailHux Toukax (z = 0 u & = 1) BepTHUKaIbHBIX
IPAMBIX.

§76. PaBHOBecue OBYX (a3, KaxaafAa U3 KOTOPbIX
COCTOUT U3 IBYX KOMIIOHEHT

[IpuMeHUM nonyuYeHHble pe3ynbTaThl K HECKOJIbKUM YacTHBIM clyua-
AM. [IpeactaBum ce6e nBe ¢asbl, conpukacamoueca Apyr c apyromMm. Kasm-
nad ¢asa COCTOUT U3 OJHUX U TeX e JBYX KOMIIOHEHT, HO B pa3HbIX (hazax
OTHOIIEeHNEe KoInvecTB 06enX KOMIOHEHT pa3nuyHo. IlycTs o6beM Beeil cuc-
TeMbl U ee TeMmIlepaTypa NOCTOAHHBI; TOrJa yclOBUeM paBHOBecusa OyneT
MUHUMYM ee cBOOOJHOI 3HEpPrUu.

Kak u mpespe, Hama equHUIla MacChl — OJUH MOJb Ga3bl — coJep-
#KUT 1 — x Modell nmepBoro BemecTBa U « MoJeil BToporo. CocTogHNe 0JHOTO
MoJA 1aHHOH ¢a3bl NMONHOCThIO ONpefielnfAeTcA ero o6beMOM ¥ U 3HAUYEHU-
eM r, XxapakTepusywomuM cocTaB ¢asbl. [[ad nepBoit passl Mbl GyaeM nu-
caTb £ U v, a And Bropoii ' u v'. KonudecTBo Toii u apyroit dassl 6yaem,
KaK U mpesx/ie, BhIpamaTh B MOJIAX U 0603HayaTh yepe3 n u n'. N — uucio
MOJIEKYJ B OJHOM Mojle, TaK 4To obliee YHUCI0 MOJIeKYJ BTOPON KOMIIOHEHThI
paBHo N(nx + n'z'), a obiee uncio Moneryn o6enx KomioHeHT N(n +n').



§76. Pasnosecue deyx das 121

UYepes ¥ 0603HaunM CBOGOJHYIO 3HEPTHUIO OJHOI'0 MOJA NepBoil ¢asbl,
a yepes U/ — Ty e BedMUuHy JiA BTOpo# dasbl. [lonHasa cBoGogHasA sHep-
T'UA CUCTEMBI PaBHa TOrja

n¥ +n' 0.

IdnAa oThicKAHUA MHHUMYMa CBOOOJHOIN 3HEPTUM CHCTEMY HAA0 TOJ-
BEPrHYTb 6€CKOHEUHO MalloMy U3MeHeHHIO cocToAHUA. B cucTeme Bo3aMosk-
Hbl TaKue U3MeHeHUA:

1. IlepemelieHne rpaHullbl pa3feia Mexay GasaMu, CONPOBOAAIOINEe-
cA yBennuyeHreM o6'beMa oJHO# a3kl 3a cueT yMeHbllleHUA o6bema JIpyroii.

2. Ilepexo Manoro KoiuyecTBa KaKoH-11M60 KOMIIOHEHTHI U3 OJTHOM ¢a-
3bl B JIPYT'YIO P HEM3MEHHOM IOJIO;KEHUU T'paHUllbl pa3feia Memay ode-
uMu (pazamu.

YcaoBueMm paBHOBeCHUA CIYKUT PABEHCTBO HYJIIO IpHpaIeHud cBoOOI-
HOI BHEPruu CUCTEMBI NPU BCEX ITUX MU3MEHEHUAX U KaKUX-TUOO UX KOM-
ounanuax. NUraxk,

Uén+nd¥ + ¥ én' +n' 60 =0,

T.e.

T&n—l—n(%—\i dz + %—;dev) +\Il'6n'+n'(gi: oz’ + %‘f,l (51}') =0. (83)

Herotopsie Bapuanuu B ypaBHeHuu (83) 3aBHCHMbBI Mexay coGoi, mo-
3TOMY Helb3fA NMPOCTO NPUPABHATL HYJIIO K03 HUIMEHTH NPU BapuanuAx.
JlonomHUTENbHBIM YcI0BHeM OyeT MOCTOAHCTBO 00LIero KOMUUYecTBa Kam-
J0if KOMIIOHEHTHI BO Beell cucTeMe, T. €. HOJI#HbI 0CTaBaTbCA MOCTOAHHBIMU
KaK KOJIMYeCTBO OJHOI U3 KOMIIOHEHT, TaKk U 06llee KOIUYECTBO 06eUX KOM-
MOHEHT, T.e€.

N(n+n')=const u N(nz+n'z') = const

i
n+dn'=0; zdn+z'o6n' +ndx+n'dx’ =0.

0O61beM Bceil cCTeMbI TaK#e IIOCTOAHEH, T. €.

vén+v én' +ndv+n' v =0.
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YpaBHeHue (83) MOM#HO BBINONHATHCA NPH HATUYUU STUX TPeX YCIOBHIA.
Tpu u3 Bapuanwuii, ckamem, dx’, 6v’, dn', MOHHO UCKIIOUUTD, a B MONYYEH-
HOM YpaBHEHHH NPUPABHATb HYIIO KO3((UINEHTHI NPU OCTAIBHBIX TPeX
BapHalllAX, YTO JaeT Mocje HECKOJIbKUX HECIOHHBIX MpeoOpa3oBaHuUii

o _ v
9r — 0x (84)
!
(?9_‘11;]:%\11;}” T.e. p=7p, (85)
u
DY/ ) ) R/ ) /)
v T vav—\l/ ik W (86)

MBI MOy YWIM TPU COOTHOLIEHUA MEHIY YeThIPbMA MEPEMEHHBbIMU T, v, T’
1 v/, I03TOMY UL OfHY U3 MEePEMEHHBIX MbI MOeM BbIOpATh IPOU3BOIbL-
HO, Yero 4 CJIeJ0Balo OMUIATh.

Yno6Hee Bcero pa3o0paThbcA B 3TUX COOTHOLIEHHAX ¢ NoMombio Y-mo-
BepXHocTell BaH-ep-Baanbca. MbI B fanbHeiilieM Tak U MOCTYIIMM.

§ 77. Cmechb moa geiicTBUMEM BHENIHHUX CHII

Paccmorpum ogHOda3Hy cMech OBYX KOMIOHEHT (TaKylO e, Kak
B §74) mox neiicTBueM BHEIIHUX cuil. MbI OrpAaHUYMMCA CIy4YaeM CHIbI
tamecTu. Ha mo6oil BbIcOTe 2 cOCTOAHME CUCTEMBI ONpeJleNAeTcA & U v,
COCTaBOM M 00BEMOM OJHOT0 MoIA cMecH; v — 0OBbeM OJHOIO0 MOIA —
ompejenfeT U MIOTHOCTh B JlaHHOM Touke cMecu. Ochb z HampaBUM BepTU-
KajlbHO BBepX. B Kamloil TOuKe MIOCKOCTHU, NMEepNEeHANKYIAPHON K ocU z,
COCTOAHME cMecH OJHO U To xe. O6muil 06bemM Bcell CHCTEMBI IyCTh OCTa-
eTcA Heu3MeHHbIM. IIpu TakuX ycCIOBHAX CMech pacCIONOMUTCA TaK, YTO
cBoOo/IHaA dHepruA Bceil cucTeMbl OyaeT MUHNManbHoi. CBoGogHaA 3Hep-
ruf paBHA cyMMe Bbipasenud (82) v MOTEeHUUAIbHON YHEPrUU rasa B I0J€
CUJIBI TAMKECTH.

Hpe}lCTaBI/IM cebe BepTI/IHaJII)HbIﬁ CcTOJ0 cMecH C InonepevyHbIM CeYeHH-

€M, PaBHbIM elMHHIE. DIEMEHT 00beMa BBICOTHI dz CONEPHUT % Mouteit
cmecH, T.e. (1 — .T)% moueit, uin My (1 — )
ThI U w% Moueii, uiu sz%

dz

% TpamM, epBoii KOMIOHEeH-

rpaMm, BTopoii KoMmnoHeHThI. CiieoBaTelbHO,
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IoOTEeHIHalbHAaA dHEepPruAa 3Toro djeMeHTa o0beMa B MoJie CUJIbl TAMKECTU CO-

CTaBUT

[Ml(l - w)% + sz%] 8%,

TaR 4YTO YCJIOBUEM paBHOBECUA CIYHMHUT MUHUMYM cBOOOIHOM JHEepruu,
OHpe,HeHHeMOﬁ BbIpasieHuem

qf’:/%dz-l-Ml/(l—a?)gz%"‘MZ/wgz%’ (87)

rje 3uauenue ¥ naercsa dopmyioit (82).

T U v 30ecb — GyHRUUU z. X Bapuauuy yIoBIeTBOPAIOT YCIOBUAM,
BBITEKAIONINM M3 MOCTOAHCTBA Macchl Kask[Joll KOMIOHeHTHI. Bo Bceit cuc-
TeMe YCIOBUA 3TU TaKOBbI:

5/M1(1—x)%:0, (88)
4YTOo MBI 0003HAaUUM TaK:
dx =0,
nu
dz _
5 [ Mz =, (89)
YyTO0 MbI 0003HAYUM TakK:
5 = 0.

§ 78. BbiBOoa ypaBHEeHUiI paBHOBeCUA

3aBUCHUMble BapHalliil MOHHO MCKIIOUHTbL TeM e CI0oco00M, UYTO
U B Ipe/IIeCTBOBABIIKX cilydanaX. IMeHHO, yMHO# UM paBeHcTBa (88) u (89)
Ha TMOCTOAHHbIE MHOKUTENN [47 U [t2 U NIPUOABUM UX K ypaBHEHUIO

50’ =0, (90)

3aliCaHHOMY B PasBepHYTOM BHje; Npu 3ToM 3HauyeHne U’ paerca dop-
myunoii (87). Torma nmpousBogubie mo & ¥ mo v ot V' + pix + 2@, T.e.
UHTerpana

/[\II+M1(1 —)(gz + p1) +M2w(gz+uz)]%, (91)

AOOJI:KHbI PAaBHATBHCA HYJIO IPU BCAKOM Z.
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NuddepeHnpoBaHyie COCTOUT 37€Ch B CIEAYIOMIEM: MbI CUNTAEM & U U
B OKPECTHOCTH JAaHHOT'O z IeEPEMEHHBIMH, & IPH BCAKOM JPYT'OM z — MOCTO-
AHHBIMU. Torpa 3HaK MHTerpajila MOKHO OMYCTHUTh, M YCIOBUA PaBHOBECUA
3aluIIyTCA B BUJIE

%8—3—U%[‘I/-FMl(l_m)(gz+ﬂl)+M2(gZ+N2)]:0 (92)
u
OL — Mi(gz + ) + Maz(gz + ) = 0, (93)

rlie 41 U jly — HEKOTOpble MOCTOAHHbIE.
Paspemas ypaBhenusa (92) u (93) oTHOCHTeNbHO p3 U 2, HAXOAUM
OKOHYATEJIbHO yCIOBUA PABHOBECHUA B BUJle paBeHCTBA JBYX GOYHKIUIi OT =,
¥, z HEKOTOPBIM MIOCTOAHHBIM, cKameM, Fi (x, y, z) = pu1 u Fy(z, y, 2) = po.
3HafA T U v HA HEKOTOPOU BBICOTE Z, MOMHO ONPENENUTh 3HAUEHHUA fi]

. 0¥
U 2. Eciu x oyeHb Mano, To B BbIpaskeHUH AJ1A IPOU3BOJHOM v (cm. §75)

or

TJIaBHYIO POJb UI'DAET 4ieH, coiepramuii log ¢, Tak YToO —— CBOAUTCA K O]

ox

Homy wieny RT logx. YpaBHenue (93) npumer Torja cielyomui BU:

RTlogz = (My — Ma)gz + My — Mapz

unu
RTlogx = (M; — Ms)gz + C.

OKoHYaTeNIbHO,

Ml—M2

Bl

xr =mxoe RT =7, (94)
e .

roe 9 = e®RT. 3HaueHHe ¢ OyJeT C BBICOTONH HIM yBEIUYHBATHCA WU

YMeHbIIaThCA, CMOTPA M0 3HaKy pasHocTu M7 — M,. Tak, B paz6aBieHHOM
BOJHOM pacTBope coiu (IepBafd KOMIOHEHTA) ¢ GONbIINM, YeM Y BOMIbI MO-
JEeKYIAPHBIM BECOM, KOHIIEHTpAIUA ¢ BBICOTON MOHMMaeTcA, 6o My — My
oTpunarteinbHo. 1A colu ¢ MeHbIIUM MOJEKYIAPHBIM BecoM, YeM Y pac-
TBOpUTeENA, KOHLEHTpaluA pacTBopa c¢ BbicoToit pacteT. Ilpu M; = M-
KOHIIeHTpalUA pacTBopa OJIHA U Ta e Ha Mo6oil BbICcOTeE.



§79. Bmopoil npumep cucmemsl nod deticmeuem SHEWHUT CUL 125

§ 79. BTopoii npumMep crucTeMSI 0] JIeiicTBUEM
BHEIIHUX CUJI

Pasbepewm eme oquH ciayyait cMecu noja AeficTBHEM BHEIIHUX CHUJ, IIPU-
OauKapmuiica yi#e K clIydyal 0CMOTHYECKOT0 JaBleHuUA.

IIpencraBum cebe pacTBoOp NOA AelicTBUEM KOHCEPBAaTUBHOI BHeIIHel
CUJIBI, lepeMeliaolleil B HEKOTOPOM HampaBlIeHNH YacTHIIbI pACTBOPEHHOI0
BemecTBa. U pacTBopuTeNh, M pacTBOPEHHOE BelllecTBO 06a Gy ay T o6nagathb
B II0JIe 3TOI CHJIbI HEKOTOPOIl NOTEHUATLHOU 3HEPTHeil; 3Ty dHeprum AlA
OJJHOT'0 MOJA pacTBopuTeld o603HauuM uepe3 P;, a 1A oJHOTO MOJA pac-
TBOpPEHHOTO BellecTBa — 4epe3 Ps. JonycTuM, 0ia npoctoTsl, uTo P u Ps
3aBHCAT TOJBKO OT OJHOI U3 KOOpPAMHAT, z, U PACCMOTPUM CT0JIO pacTBO-
pa, 0cb KOTOPOTo COBNaAaeT ¢ OChIO z, a MONepedyHoe ceueHne paBHo 1 cm?.
Cnyudaii 3TOT BOo MHOTOM IIOXOJUT Ha NpebIAyLuit. BeifieauM MbIcieHHO He-

KOTOPBIH cloii BbICOThI dz. CoXpaHUB 3a & M v UX NPEHHUN CMBbICH, HaligeM,

YTO 3TOT cioii cofiepsut (1 — w)@ MoJieil IepBoro u m%

> MoJleii BTOpOro
BemectBa. [lyecrs ¥ — cBoGojgHaA 3HEPruf OJHOTO MOJA cMecu (IOTEH-
HUanbHy0 5Hepruio Mbl B ¥ He BKIIOYaeM); TOr[Ja yCIOBUEM DaBHOBECHA,
B CHJIy Heo0XoQuMMOCTH, 4T0ObI cBOOOAHAA 3HEPruA Bcell cucTeMbl Oblia

MHUHUMAaIbHOM, CIY#UT ypaBHEHHE

U+ (1—2)P, + zP
5/ td-ohtal, (95)

v

Rak u npe e, croga Hajo emle 100aBUTh IBa JOMOJHUTEIbHBIX YCIOBUA

1—=x
6/ ,U dz=0 (96)

6/ %dz =0. (97)

Bce BbIKIagkM NPOBOAATCA TaK e, KAk U Ipesae. YMHOMaeM paBeHCT-
Ba (96) u (97) Ha py U po ¥ crIagbiBaeM ¢ ypaBHenueM (95). llpupaBHuBad
HYJIO B IIOJYYeHHOM ypaBHeHUU K03(Q(UIMeHTH! NIpU BceX BapualUAX, Ha-
XOJ¥M YycC/OBUA PaBHOBeCUSA

9 Y+ (A —2)(PL+ ) +3(P + po)
or v

=0 (98)
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9 Y+ (A —a)(PL+ ) + (P2 + p2)
v v

=0. (99)

ATy 1Ba ypaBHEHMA MOJHOCTLIO PelIaloT MpobieMy. fi; W fiz CYTh
OMATb HEKOTOpPble KoHCTaHThI. Pemas ypaeuenus (98) u (99), Haxonum aBe
GYHKLIUY OT T, U U 2, PaBHble, COOTBETCTBEHHO, 11 U iz U COXPaHAMOLINE,
TakKM 06pa3oM, I0CTOAHHOE 3HauyeHre. [IoCTOAHHEIE (1] U [iy ONPENeNAIOTCA
u3 ycnoBuii 3agaun. I3 ypaBuenus (98) caexyet, 4to

ov

%—(P1+N1)+(P2+Hz)=07 (100)

a u3 ypaBHenus (99), uto

\P—v%—f+(1—$)(P1+N1)+CU(P2+,U2):O- (101)

Mpumenssa ypasuenue (101) K AByM TouKaMm, HAXOAANIMMCA Ha PAcCTOA-
HUU dz ApPYT OT gpyra, NOdy4uM

‘Z—‘i’dx +vdp — de(Py + ) + (1 — 2)dPy + de(Py + pz) + zdPy = 0,

rae v 3eMeHeHa Ha —p. Koaddunuent npu dr B 3TOM ypaBHEHUU paBeH

ov

HyI0 coriacHo paBercTBy (100), moaTomy

vdp+ (1 —z)dPy+2dP> =0

wiu
1—2dP; zdPy
dp + — e dz + 3 e dz = 0. (102)

ITonyueHHOe ypaBHeHMe NOKa3bIBaeT, UTO NpUpalleHre JaBleHNA NpU nepe-
X0Jle OT z K z + dz paBHAETCA, KaK TOr'0 U CleJ0Balo OMUAATh, BHENIHeH
cujie, nelicTBYIOIEN Ha CJIOi, 3aKIIOUEHHbIH MexIY z U 2 + dz.
Inda cunbHO pa3baBieHHOr'0 pacTBopa g—q’ MO#HO NMPUOIUHEHHO 3aMe-
T

HuTh Yepe3 RT logx (cm. § 78), u ypaBuenue (100) npuHumaer Bua

RTlogx — (Pr+p1) + (Po+p2) =0 (103)
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unu
P —P,
r=Ce BT |
rie
H1—p2
C=e BT

U3 »To0it hopmynbl BUAHO, YTO paclpejieiieHre pacTBOPEHHOTO BeIeCT-
Ba BJI0Jb B3ATOro cTojba pacTBopa ompejeldeTcAd He TONbKO BHENTHUMHU
cUaMU, AeCTBYIOI[UMH Ha caMo 3TO BelleCTBO, HO TaKke U CHiIaMu, Jeii-
CTBYIOIIMMHY Ha pacTBOpUTeNb. Eciii Ha pacTBOpPHUTeb He JeficTBYIOT HUKA-
KUe CUJbl, TO KOHI[eHTpaluA pacTBopa 6oibllle Bcero TaM, I'ie MoTeHINalb-
Hafd HeprufA pacTBOPEHHOro BelllecTBa MUHMManbHa. Hao6opot, eciu cuibl
JIEeHCTBYIOT TONBKO Ha pacTBOPUTENb, TO KOHIEHTpanufA pacTBopa Gyaer
TeM MeHbllle, YeM MeHbllle MOTeHIUalbHaA HePruA PacCTBOPUTENA B ITOMU
yacTHU pacTBopa.

8§ 80. OcmoTuueckoe naBiaeHue. 3akoH BaHT-I'odda

IIpencraBum cebe cocyl, B HMAHIOIO YacTh KOTOPOro HAJUT BOJHBIM
pacTBOpP HEKOTOPOI'O BellecTBa, a B BepXHIO — uuctad Boga. Cioi uncToi
BOJIbI OT/I€JIEH OT pacTBoOpa MOJdyIPOHUIIaeMOii eperopoaKoit, IpoHUIIaeMoi
TOJNBKO [JIA pacTBOpuTenf. PacTBopeHHoe BellecTBO 6y €T MO3TOMY Bcerja
ocTaBaThCA B HUKHEM clioe. TaKkoil #e pe3ylbTaT MOMHO MOy YUTh, AeiicT-
ByA Ha pacTBOPEHHOE BeLIeCTBO BhIOPAaHHBIMHU COOTBETCTBYIOMUM 06pasoM
cuiamu. IlycThb 3T cuiibl IefiCTBYIOT UL Ha TOPU30HTAILHBIN CI0i Beck-
Ma Majoii Toamuuel. YeMm 6Goiblie AeiicTBYIONIME CHIIbI, TEM MeHbIIe OTHO-
IIeHHe KOHIEHTpaluii cBepXy M CHM3Y 3TOro ciod. B mpegene gemo 6yger
06CTOATb TOYHO TaK e, KaK U B cliydyae MOoNYyNpPOHKUIIAeMOi Meperopoaku.
BHeriHMe cuiibl JeHCTBYIOT 3[eChb TOJbKO HAa pacTBOPEHHOE BENIeCTBO, MO3-
tomy P; = 0, u ypaBuenue (103) npuHumaeTr Bun

RTlogx = —Ps + p1 — o,

OTKyIa

Py = — 1L 4.
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Ypauenue (102) raacut Tenepb

vdp+xdP> =0,
vdp = —xdPy = RT dz,

RT
dp = = dw.
MbI BhIBEIH COOTHOIIEHWE Mey NpHUpalleHuAMHU JaBlIeHUA U KOHIeHTpa-
LUH; ¥ 3[ech epeMeHHa, HO JJd CHIbHO pa3baBieHHbIX PACTBOPOB U3MeEHe-
HUEM v MOHO npeHeGpeub. HHTerpupys, umeem

pP1—Pp2= %(E, (104)

rfle £ — KOHLleHTpaluA CHU3Y OT paccMaTpPUBaeMOro TOHKOTO clofd. ¥paBs-
nenue (104) HasbiBaeTcA 3akomom ocmomuieckozo dasaenus eanm-Iodda.

I—E}—T.ﬁ — HaBJIeHrue, KOTOpoe IMMPOou3BOOUIIO ObI pacTBOpeHHOEe BelleCTBO B ra-

3006pa3HOM COCTOAHUM U B 00beMe, paBHOM 06beMYy pacTBoOpa.

§ 81. [ pyroii BeiBoa 3akoHa BaHT-I'odda

BriBoj, npuBeeHHbII BbIllle, HECKOIbKO HUcKyccTBeHeH. [loaTomy uc-
clefyeM 3TOT cilyyail elle pa3, HO y#e 00bIYHBIM CIIOCOOOM — € IIOMOLIbIO
noiynpoHunaeMoit neperopoaku. IlpaBaa, Mbl He 3HaeM MexaHu3Ma JAeicT-
BUA TAKOI'0 poja NeperopojoK, HO /I pacCMOTPEHUA BOIpOca ¢ TepMOJIU-
HaMHW4eCKO! TOYKH 3PEHUA ITOr0 BOBCe U He HAJ0 3HATh.

Hrak, uccrenyem paBHOBecHe MeIy ABYMA (daszamu, pa3feleHHbIMU
MOJYIIPOHULIAEMON TeperopoaKoi.

IlepBas ¢aza coctouT u3 uucrtoro pactBoputensa W, a Bropag — us
pacTBopa HekoToporo KonudecTBa BemecTBa C' B W. Ileperopoaka npomyc-
rkaeT W, Ho He nponyckaer C. JlonycTuMm, faiee, YTO Kak Ieperopojka,
TaK U CTEHKM cOCy/la C pacCTBOPOM HENOJBUMHBI, TAK UTO paboThl HUKAKOH
He NMPOU3BOJUTCA U yCJIOBHUEM PABHOBECHUA CIYMUT MUHUMYM CBOOOJHOMN
HEPTUU.

EnuHCcTBEHHBIM BO3MO#HBIM H3MeHeHHeM Gy IeT Torja nepexof CKBO3b
[eperopoJKy HEKOTOPOro KoJuyecTBa pacTBOPUTENA U3 OJHON (a3bl B Apy-
rylo.



§81. Jpyeoil sb600 3arona eanm-I'ofda 129

Mycts nepBas dasa conepxut n' moneir W, a Bropas n(1—x) moneit W
u nx moueit C. Ilyctb v' u ¥/ — 06beM 1 cBOGOIHAA IHEPTUA MOIA MepPBO
¢asbl, a v 1 U — Te e BEINYNHBI JJIA BTOPOi ¢asbl.

MuHuMyMa Joi#Ha JOCTUTHYTh TOr[a Beln4YruHa

n¥ 4+ n' ',

npuyeM o6beM Kamjol ¢asbl, obllee KOMMUECTBO 0O0UX BELIeCTB, T.e. nu,
n'v', n+n' ¥ nr KoMMHLI 6bITL MocTOAHHLI. HTaK,

ndv+vdn=0, n dv' +v' én' =0,
dn+dn' =0, ndx + xdn =0,

03TOMY
v = —%Jn, o' =-Lon', on' =—-dn, oz = —%57;. (105)

YcnoBuem paBHOBeCHUA CIYHUT pPaBeHCTBO

nd¥ + U dn+n' 50 + ¥ én' =0,

n a—lp&) + a—\Il&c + U dn + n'a—llﬂé'v' + ' dn' =0.
ov ox o'

[Ipeo6pasys aTo paBeHCTBO, coriacHo paBeHcTBaM (105), HaiineM

o 9V o O
v ox v v Vo

Mo ypaBuenuio (82) cBoGoiHAA SHEPTUA PacTBOPA paBHA

\P/p’dv — RTlogv + RT [wlogz + (1 — z) log(1 — z)].

v

HepEEMGHHaH L BXOIOUT 3J€Chb HE TOJILKO B HOCJIeHHI/II'/'I, HO U B HepBbIﬁ YJIeH.
00

Me1 jomycTuM, OTHAKO, YTO & Malo, U UTO MO3TOMY /p’ dv MOKHO pasio-

v
MUTH B pAO 110 Bo3pacTawIIUM CTelleHAM I (I/IHbIMI/I cjoBaMu, 4TO p’ u ero
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npousBoJHbIe 0 & B Touke £ = () KoHeuHsl). [IpeHeGperas Torga BTOpoOii u
6osee BHICOKUMMU CTENEHAMH T, HAXOIUM, YTO

o0
/pl de =w + k.’L’
Otcroga
av _
¥ - 25" = w - RTlogv + RT log(1 - ),
uinu
v _ x?}_‘l’ Ty + RT log(1 — z),

raoe Uy — 3HaueHue ¥ nua o6vema npu & = (. YciaoBUe paBHOBeCHA NPUMeET
Tenepb BUJ

B\I’ ‘1}/ IB‘I'/

Uy + RT log(l — ) — vo— 50 9

¥y — cBOGOIHAA BHEPTUA OJHOTO MOJIA PACTBOPUTENA B o6beMe v, a ¥/ —
ero cBobopHas sHeprud B o6beme v’'. Ho v u v’ mMano oTnuvamoTcsa APYyT OT
apyra, u6o x MbI CUATAaEM BeCbMa Majioil BeIMYMHON, 03TOMY

!
‘IJ :‘IJI _ /8\1’
0 +(U v)av/7

U ypaBHeHHe paBHOBeCUA IIPpUHUMAaeT BUJ

0¥’ 9v
Y

) + RT log(1 — x) = 0.
OxoHuaTenbHO, coriacHo ypaBHeHuto (45) u 6iarogapsa MalocTy &,

p—p =RT%. (106)

MbI cHOBa BBIBENM 3aKOH OCMOTHUYECKOTO naBJIeHUA. JTtoT pe3yibTaT He

3aBUCUT OT BHUIa /p’ dv B Kam o yacTHOil 3amaue.
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§ 82. O6mue yci0BUA paBHOBecHUA MHOrodasHbIX
cucTeM

Hccnenyem Tenepb paBHOBecHe CUCTEMBI U3 12 KOMIIOHEHT U k ¢as, co-
npuKacammuxca Apyr ¢ apyrom. @asza ecTb n106aa OJHOPOIHAA YacTb pac-
CManHBaeMOﬁ CUCTEeMbl, COCTaBJ/IieHHad, B006U.Ie ropopf, u3 . KOMIIOHEHT.
HOI[ KOMIIOHEHTaMH1 MBI IOHUMaeM 7 He3aBUCHUMBbIX MEHOY co0o0it BeliecTB,
BbIﬁpaHHbIX TaK, 4YTO U3 HUX MOMHO COCTAaBUTb BCe CpaSbI. BbIﬁI/IpaTb KROM-
IIOHEHTHI ciedyeT, OJHaKo, Taw, ‘-ITOﬁbI, BO-II€PBLIX, 7 UM€JI0 HaUMEHbIIee
BO3MOMHO€ 3HaYeHue, a BO-BTOPLIX, HE MOT'JIO OBITH U peudun O pacuiemjieHuu
«KOMIIOHEHT» Ha CoCTaBHbLIE€ 4HaCTH.

Maccy v-Toit KoMImoOHeHTbI B k-Toii (paze 0Go3HAUMM Yepes m,(,k). To-
BOpA, OJHAKO, O HpOI/ISBOJIbHOﬁ qaase nin HpOI/ISBOHBHOﬁ KOMIIOHEHTe, MBbI
6y11eM OIIyCHKRaThb COOTBeTCTByIOHII/Iﬁ HUHIOEKC.

IIpumenum cHavana MeTon cBoGogHOU 3Hepruu. Haiimem MuHUMyM
CYMMBI

LSRR /L L

cuyuTasa 06’beM Bcell cucTeMbl
V=0® 4@ 4 4k

noctoguubIM. Rasnoe u3 ¥ npencrasideT coboil Npu JaHHOI TeMIepaType
(QYHKIUIO COOTBETCTBYIOMIUX U U 1M1, M2, - . .5 M.

JllocTaToyHO paccMOTPETH JIUIIb HEKOTOPhIE YacTHBIE cliyyau 6ecKOHeY-
HO Malloro u3MeHeHud cocToAHUA. [Ipesie Bcero o6beM 0/iHOIT (pas3bl MOMKET
Hony4yuTh GeCKOHEUHO Malloe NpupalleHue 3a cueT TaKoro e yMeHbIIeHUA
o6beMa ApyToil Kakoit-mu6o ¢asbl, MPpU 3TOM Bce 1 NOCTOAHHBI. Ecau Me-
Haores, Hanpumep, Toabko v u v, Tak uro

Sv® = _(51,(1)’
TO ycioBue
oYW o ) 9¥P ¢ () _
500D o'\ + 500 o\ =0
MPUBOJUT K yYPaBHEHUIO

v 9u®

v gy® (107)

nin
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Me1 BHOBB HamIu, TakuM 06pa3oM, YTO IaBlIeHUe UMeeT BO Beex dasax
OHY U TY K€ BEeIUUYUHY P — pe3yibTaT y#e U3BECTHBIM.

3aTeM npejacTaBuM cebe, YTO HEKOTOPOe GECKOHEUHO Majloe KOJIMYecT-
BO KaKoi-Tu60 KOMIOHEHTHI MEPEXOJUT U3 OJHOU (a3bl B APYTYIO MpHU MO-
cToAHCTBe 00beMOB Bcex (a3 v. Ecnu, Hanpumep, HeKoTopoe GecKOHEU-

HO Malloe KOIMYeCTBO w IepBOil KOMIOHEHTHI mepeiiieT u3 mepBoil ¢asbl
g1)
Bo BTOpy0, To ¥() momyuur mpupamenne —a—mw, a ¥ — mpupame-
om
1

2
HUe 8@—((2))@ Ycnosue Y 6W) = 0 npuBogUT TOrJa K ypaBHEHHUIO
omy
1) 2
omy omy

JTO ypaBHEHHE MOMHO CUUTATH YCIOBUEM DaBHOBECUA MEK]Y NEPBLIMU
OByMA ¢daszaMu [0 OTHOIIEHHUIO K MepBONl KOMIIOHEHTE.

AHanorvuHble ypaBHeHUA NoaydaTcd U AlNA BCAKON ApPYroii mapel ¢as
10 OTHOLIIEHUIO K JTI000# cojlepalieiicA B HUIX KOMIIOHEHTE, U JeTKO BUIETh,
YTO TAKUM MYyTEM MbI MIOMYUYUM BCE YCIOBUA PaBHOBECHA.

§ 83. PaBHoBecue Tpex ¢as

IlonyueHHble pe3ynbTaThl IPUBOAAT K BamHbIM clecTBUAM. CocTaBUM
ypaBHeHNdA paBHOBecHUA [JIA NePBOM KOMIIOHEHTHI B IIepBOii U TPeThell U BO
BTOpPO# U TpeThbell pa3sax:

v 9u®)  u®@ _ HuB)
3m§1) 8m§3)’ 8mg2) 3m§3)

U3 stux nByx ypaBHeHuil cienyer ypasuenue (108). IlycTs Temepn oxna
Kakaf-mu6o KOMIIOHEHTa coJepKUTcA B TpeX (asax. Ecinu nepBas u Bropas
¢a3bl HAXOIATCA B PaBHOBECUU OTHOCUTENbHO 3TOM KOMIOHEHTHI C TPETh-
eil ¢aszoil, To nepBad ¢asza GyJeT HaXOJUTbCA B PABHOBECUH M CO BTOPOIl.
JTo mojoxeHNe MOMHO JOKa3aTb U Mo-uHOMY. Tak Kak NepBad U BTopas
(a3bl HAXOAATCA APYT ¢ IPYTOM B PaBHOBECHHM, TO IIPU Tepexojie GeCKoHeY-
HO MAajloro KOJMYecTBa NaHHONH KOMIIOHEHTHI U3 NepBoil (as3bl BO BTOPYIO
cBoOo/IHAaA 3Heprud cucTeMbl He usMeHuTcAd. Ho 3TOT mepexon MoHO ce-
Oe mpelcTaBUTh COCTOAIMM U3 ABYyX 3TamoB. CHauana paccmaTpuBaeMmoe
KOJMYEeCTBO BelleCTBa IIePEeXOAUT U3 MepBoil ¢asbl B TPEThIO, a IOTOM U3
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TpeThelt dasbl Bo BTopyio. [lockonbKy cBoGoaHAA PHePrUfA HEe MeHAETCA HU
Ha OJHOM M3 3THUX ITAIOB, TO OHA HE MeHAETCA U BO BCEM IIpolecce.

IIpocroit npumep nogoGHOrO poga — Tejla, KOTOPble MOTYT BBIAENATH
BoaAHOI nap. [IBe ¢a3bi: colb, colep:kaiiag BoAy, U HachlllleHHbI pacTBoOp
3TOH €ONU, €C/IM OHUA HaXOJATCA B paBHOBECHUHU APYT ¢ Jpyrom, OyAyT B paB-
HOBECHUU U C TpeThbell — ra3oobpa3Hoii ¢asoii, cocTodAllel U3 TeX #e ABYX
KOMIIOHEHT.

§ 84. BpiBoa yciaoBUiI paBHOBECHA C MOMOIIbIO
TepMoJUMHaAMHUeCcKOro noreHIiyajia

IIpu uccnegoBanuu Bompoca 0 paBHOBECUHM METOAOM TepMOANHaMUYec-
KOT'0 TMOTEeHI[Hajla HYKHO IPEANOJ0MKUTb, UTO JaBleHHe p BO BCeX YacTAX
CHUCTEeMbI OINHAKOBO, @ 3aTeM PaccMOTpPeTh ( A KamkIoi (asbl, Kak QyHK-
uto p, T ¥ my, My, ... — Macc Kam/Joi U3 KOMIIOHEHT B 3Toil daze. [Ipex-
cTaBUB ce6e, UTO HEKOTOpOoe GECKOHEUHO Majoe KOMUYeCTBO KakJoli KOM-
MOHEHTHI MEPEINLIo U3 OfAHOH a3kl B JPYTYIO NMPU NOCTOAHHBIX p U T', MbI
HalileM ypaBHEeHHA PAaBHOBECHUA TAKOrO ke BUId, 4To u ypaBHenusa (108).
Tar, Hanpumep, paBHOBecHe Me#Ay NepBoit M BTOpoil ¢a3aMy 1o OTHoIIe-
HUIO K TepBoii KOMIOHEHTE BhIPa3UTCA ypaBHEHHEM

a¢cm ¢

= . (109)
8m§1) 8m§2)

Jlerko yGeuTheA, YTO 3TO YpaBHEHUE PABHOCUILHO ypaBHeHuio (108). Heii-
CTBUTENbHO, CBOOOIHAA dHeprud Kamaoi ¢asel ¥ ects pynruusa v, T, mq,
M2, ..., U 4acTHaA Npou3BoaHaA oT ¥ mo ogHOMY U3 m B ypaBHenuu (108)
OepeTcA He TOJNbKO MPU MOCTOAHCTBE BCeX OCTalbHBIX M M TeMIlepaTyphl,
HO ¥ MpHU MOCTOAHHOM 0GbeMe. 3anucaTh 3TO MOMHO TaK:

(g—i)v. (110)

C mpyroii cTopoHsl, Mbl MeeM B ypaBHeHuu (109) yacTHble MPOM3BOIHBIE

IIpY MOCTOAHHOM JaBJI€HUU
9¢

— ] . 111

<3m> » (111)
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B BbIpasieHUn OJA ¥ Bo3bMEM BMECTO ¥ 3a He3aBUCHUMYIO NIepeMEeHHYIO

v

[laBlI€HUE P U COCTABUM TPOU3BOAHYIO (g— , KOTOpas CBA3AHA C MPOM3-
y m

BozHO# (110) cooTHOLIEHHEM P

(%), (5), - (50)., ),

1

r7le YacTHaA MPOU3BOAHAA (%— GepeTcA MpPU MOCTOAHCTBE BCeX 1M, Tak
v

YTO OHA paBHa —p U m

(5m), = (30), (&),

Ho ¢ = ¥ + pv u, ciegoBaTenbHo,

(¢ _ [ 0¥ Jdv
<8m> - <8m TP \om)
p p p
OTciofa BbITeKaeT paBeHCTBO npousBogubix (110) u (111). Urak, mbI y6e-

[UIUCh, YTO BEIUYUHbI, QUIYypUpYIOLIUe B ypaBHeHUAX paBHoBecus (108)
u (109), paBHbBI MemIy COGOiA.

§ 85. Yuciso He3aBUCHUMBIX YCJIOBUII paBHOBeECHA

OnpepenuM Tenepb 4KCIO B3aMMHO HE3aBUCUMBIX yCIOBHI paBHOBeCUA
U IIOCMOTPHUM, KaKoil pe3yibTaT MOHO oTcloia usBieusb. [Ipu 3agannom T
cBoGO/IHAA BHEPTUA Ka# A0 da3pl — oJHOpPOJHAA GYHKIUA NEPBOTo MOPAL-
Ka OT BEJIUYUHBI U, M1, M2, ... Kcau T ¥ p NOCTOAHHBI, TO TEPMOAMHAMU-
YecKUil IOTeHL[Mal NpeJcTaBifAeT co60ll Tak:Ke OTHOPOAHYIO QYyHRIHUIO Mep-
BOT'0 U3MepeHUA OT BeIUYUH M4, Mg, ... B caMoM Jele, eciy HaM 3a/iaHa
HeKoTopas ¢asa, To Mbl MoxeM cebe NpeAcTaBUTh JPYrylo ¢asy ¢ TeMu

#e puT, HO v, M1, M2, ..., ¥ u ( BTOpPOil passl B n pa3 Gojblle TeX ke

. v ov
BEJIUYUH 1A NepBoii da3bl. [loaToMy Bce mpou3BOJHbIE TUIIA 8_’ ov CyTh

ov’ Om

GYHRIIUU OTHOLIEHUI

L L S (112)
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T.e. QYHRIUU IIOTHOCTel KOMIOHEHT B Kamaoil ¢dasze. TouHo Tak e Bce

NPOU3BOAHbIE —— 3aBUCAT OT OTHOIIEHUIHA
om
ma Mg
m_l’ m_1, e (113)

HymHo uMeTh B BUIY, YTO HEKOTOpble KOMIIOHEHTHI IIPUCYTCTBYIOT HE BO
Bcex ¢aszax M YTO ecThb Takue (a3bl, B KOTOPHIX HE MOKET MPUCYTCTBO-
BaTh Ta WM WHafA KoMmoHeHTa. Hamnuue nmogo6Horo pona ¢as, 0ueBHIHO,
YMEHbUIUT YUCIO YCIOBUil paBHOBecud Tuma ypasaenuii (108) u (109).

Pasbepem o6muii ciyuaii, Korja nepBagd KOMIIOHEHTa NPUCYTCTBYET
B k1 dasax, Bropagd — B ky ¢asax u T.1. [lnA paBHOBecHuA MO OTHOIIEHUIO
K NepBOii KOMIOHEHTe MBI NMOAy4YuM k; — 1 B3aUMHO He3aBUCUMBIX ypaB-
Henuii Tuna (108), nnA paBHOBECHUA 10 OTHONIEHUIO KO BTOPOW KOMIOHEH-
Te ky — 1 ypaBHeHuii u T. 1. Ho y Hac y#e ecTb k— 1 B3aUMHO HE3aBUCUMbBIX
ypaBHenuit tuna (107), rak yto Bcero 6yaet

0= (k=1)+ (k1= 1)+ (ks — 1) + v + (b — 1) =
:k+k1+k2+...+kn—(n+1)

ypaBHeHU# Me:kay Npou3BoAHbIMU 0T ¥ Mo v U Mo m.

Ecau nepBas dasa cogepsut n(!) rommonent, Bropas n® u T. 1., To
yucno oTHomeHui (112) — miaoTHOCTEH OTAENbHBIX KOMIOHEHT B KaKIOoM
(paze — paBHO

b=n® +n® 4 . 4+ nk

unu
b=Fki+ka+ ... +kn.

Urar, ecin k = n+1, T. e. yucio ¢a3 Ha eAUHUITY OOJbIIIe YKcIa KOMIIOHEHT,
TO ypaBHEHUI CTOJNbKO #e€, CKOJbKO HEM3BECTHBIX. JajaHle TeMIlepaTyphl
NOJIHOCTHIO ONIpeJiesifAeT Torja Bce INIOTHOCTH N1000i U3 KOMIIOHEHT B Kark-
noil ¢ase, a ciefoBaTelNbHO, U [aBleHUe, 3aBUcCALlee OT 3TUX INIOTHOCTEN.
TemnepaTypy MbI MOzkeM 3aJaTh IO elaHu0. MeHAA ee, MOAyUYUM paBHO-
BecHe NpU JIpYyroM [JaBleHUU U ¢ APYTUM cocTaBoM ¢a3s, COOTBETCTBYOIIU-
MU HoBoil Temnepatype. llpu k = n + 2 umeeM a = b + 1, yA0oBIeTBOPUTH
BCEM ypaBHEHUAM IIpH J10060i TeMIiepaType Henb3f; n + 2 $asbl HaX0AATCA
B PaBHOBECHUHU TOJbKO IIPU OllpefieIeHHOM 3HaYeHUU TemIlepaTypbl, KOTOopoe
MbI HAX0IUM, Kak U mioTHoctu (112), u3 ypaBHeHUil paBHOBecuUH.
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IInAa cuctembl Boja-map uiu Boja-iex n = 1, k = 2. laA cucremsl,
cocToAIIell U3 COJM, cojiepsalleil Booy, ee BOJHOTO pacTBopa U BOIAAHOIO
napa, n = 2, k = 3. B 3ToM ciiyuae paBHOBecHe BO3MOKHO NP Pa3dUUHBIX
TeMIlepaTypax, HO JIWIIb NMPU BIOJHe ompedeleHHoM maBieHuu. C apyroi
CTOPOHBI, CyllleCTBOBaHUE BOJbI, ibJla ¥ BOJAHOTO Mapa WU #e JBYX TBep-
ObIX TUAPATOB KaKoi-1u60 colu, ee BOJAHOTO pacTBOpa U BOJAHOrO mMapa
BO3MOKHO JIUIIb IPU HEKOTOPOH omNpe/eNeHHON TemIlepaType.

Te e BBIBOJBI MO#HO MOJYYUTh, MOJNb3YACh U TEPMOAUHAMUUECKUM
norennuanom. Torga uucio ypaBHenuii tuna (109) 6yner

a =k +ky+ ... +k, —n,
U 9TU ypaBHeHuA, kpome p u T', comepsaT eme oTHoienus (113), ua uux
BV=n® —14+n® 14+ ... +0® 1=k, +ko+ ... +k,—k

OTHOILIEHNH, B3aMMHO He3aBUcUMbIX. Eciu k = n+ 1, a notomy a’ = b’ +1,
TO NP 33/IaHHOI TeMIlepaType BCe 3TU OTHOUIEHUA MOMKHO ONpPENeIUTh U3
ypaBHeHuil paBHoBecud. Eciu e uucio a3 Ha aBa Gonblle 4ncia KOMIIO-
HEHT, Tak 4yTo ¢’ = b’ + 2, To onpelenuTCcA TaKk#e U TeMIeparypa.

7 BellleCTB, paclpeeleHHbIX MemAy YucioM ¢a3, MeHbIUM 7+ 1, Mo-
I'yT AaBaTh NpU 3aJaHHOI TeMIlepaType MHOMECTBO Pa3INYHbIX COCTOAHUM
paBHOBeCHA, OTINYAIOMNXCA JPYT OT Jpyra JaBleHUEM, INIOTHOCTHIO U CO-
ctaBoM paja ¢as. Ho ecnu usBectHsl p, T 1 Macca Ka#/10ii KOMIIOHEHTHI BO
Bcell CUCTeMe, TO COCTOAHNE PABHOBECHA CHCTEMbI MOIHOCTHIO ONpeeleHo
u B 3ToM ciayuyae. U60o ycioBuA mociefHero TUma AaioT ellle n ypaBHeHU
Mex Iy BennuunHamu m. Bcero ypaBHeHuit 6yget

a +n=k +ky+ ... +kn,
T. €. CTOJIbKO e, CKOJIbKO U HEM3BECTHLIX BEJIMYUH 1M, YUCJIO KOTOPLIX €CThb
n® +n® 4 4 p®),
IIycTh uneno ¢a3 B cucteMe MeHblle, yeM n+ 1. Eciu npu 3aganHoit TeMmne-
paTtype U3Be€CTHbI 00beM CUCTEMbI U KOJIHUUYECTBO Ha}H,HOﬁ KOMIIOHEHTBI, TO

COCTOAHUE paBHOBECUA CUCTEMbI IIOJIHOCTbLIO OIIpeaeJUuTCA. JTO MoyloMeHne
AJOKAa3bIBaeTCA aHajJOrn4Ho mnpeabrgyuemMy.
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§ 86. CpaBHeHUe Me:m Iy co60il By X COCTOAHUI
paBHOBecHA

PemuThb BbIBeJleHHbIE BhIIIe ypaBHEHHA Mbl, BOOOIE TOBOPA, He MOHeM,
u6o He 3HaeM Buaa ynkuuit ¥ u (. Ho cpaBHMBaA aBa BechMa GIM3KUX
Me 1y co6oil COCTOAHUA PABHOBECHA, MOHHO MONYUYHTh KOJHYEeCTBEHHbIe
pesyIbTaThl, MoAAaloNeca NPOBepKe Ha ONbITe. B 0HOM M3 3THX COCTOSA-
HUil (HA30BEM ero nepeviam) cucTema, B KOTopoit n+ 1 a3 u n KoMnoHeHT A,
HaXoJUTCA B paBHOBecHU npu Temneparype T u naBiesuu p. Bmopoe co-
CTOSHUE OTJINYaeTCA OT MepBOT0 TeM, UT0, BO-IepBbIX, TEeMIepaTypa U JaB-
nenuie paBHbl T + 0T u p+ 8p, a BO-BTOPHIX, B CUCTEMY BBe/eHO HeOOoIbII0e
KOJIMYecTBO HOBo# KoMmnoHeHThl C. KonuuecTBo KoMnoHeHTh! C' B Ka#a0i
u3 da3z oboszuaunm uepes ¢V, ¢, . . D) Bee ¢, a Takme 6T u op
6yJeM cYMTaTh GECKOHEUHO MaJbIMU OJHOIO U TOTO e NMOpAJKa.

HauneM c mepBoro cocTOAHHA. 3lech MOMHO yKasaTb n + 1 um-

cer oV, o, ..., o™t orTHOmeEHNA KOTOPBIX ONpPEJENAIOTCA YpaBHEHN-
AMHU
a(l)mgl) + a(2)m§2) + .+ a(”“)mgnﬂ) =0,
(114)
aWm) £ a@m@ 4 4 o)yt 0,

rjie HeKoTopble KO3()PUIUEHTHI MOTYT ObITh HyJdAMH. OOHM M3 3TUX YU-
cell o GyayT, KOHEYHO, OTPUIIATeNbHbIMHU, a JPyTHe MOJoKUTeNbHbIMU. [o-
MYyCTUM, UTO T U3 YHCEN (x MOJOKUTENbHBI, a8 OCTalbHble — OTPUILATEIbHBI.
Toraa Bo3MOM#HO, Kak 3T0 ciefyeT u3 ypaBHenuit (114), Taroe uamene-
HUe COCTOAHMA CUCTEMBI, IPU KOTOPOM TeMIlepaTypa, JaBjeHue, INOTHOCTh
U cocTaB KamJoi (asbl ocTaloTCA MOCTOAHHLIMM, a8 Macchl MepBLIX 7 (a3
BO3pacTaloT 3a CUeT OCTalbHbIX . —r+ 1. MbI onpefenum Takoe U3MeHEeHHe
COCTOAHUA TeM, UTO MOTpebyeM MmpupalleHud Macchl Kasiaoit ¢asbl B OTHO-
menuu 1 K 1+ aw, rge a — 4uciIo, COOTBETCTBYIONIee JaHHOH ¢a3e, w —
HeKoTopasa 6eCKOHEeYHO Majafd MOCTOAHHAHA.

Tak e U3MEHUTCH M TepMOAUMHAMMYECKUI MOTeHIal Kamaoi (asbl.
IlonHbIA TepMOAMHAMUYECKHI NOTEHIIMA IIONYyUYUT IpHUpalieHue

[aD ¢ 4 a@® 4 4 gy,

Ho IpupameHrie TepMoJuHaAaMUYeCKOro noTeHnuaga JOJIHHO PaBHATLCA HY-
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110, TIO3TOMY
AWM 4 g®e@ 4 4 gt g (115)

YpaBuenue (115) MO#HO ¢ IE€TKOCTbIO BBIBECTH U3 YCIOBUN paBHOBe-
cud, mpuBeleHHbIX B § 84, B coueranuu ¢ ypaBuenuamu (114). JHaa atoro
JIOCTAaTOYHO 3aMETUTh, UTO, COTJIACHO § 85, TepMOANHAMUYECKU1 MOTEHIINA
npeacTaBiafgeT co00it OMHOPOAHYIO QYHRIMIO IepBOro NOpPAJKAa OT apryMeH-

TOB M1, M3, ..., My; I03TOMY AJA KamJol ¢dasbl clpaBelJuBO COOTHOIIe-
HUe
¢ o¢ ¢
=m + ma +...+m .
¢ ! omy 8m " Oy,
PaccMoTpuM BTOpoe cocTodgHMe. Bennunubl mﬁ”, m@, ..., beckoHeu-
HO Malo OTJIMYaioliieca OT mg ), m(2), .., 0603HaYalOT Macchl KOMIIO-
HeHT A B oTneabHbIX pasax; &), a®, ..., a1 oposnavaror n+1 uncern,
Heckoneuno Gausknx k all), a(Z), ..., U YIOBIETBOPAIOIUX ypPaBHEHUAM
—(1)—(1) | —(2)—(2 1
a(l)mg ) + a(z)mg ) + ... +a"tVmy (n+ ) = =0,
............................................. (116)
aWmd +a®m + ... +atImt = o.

IlongBepruem cucTemMy U BO BTOPOM COCTOAHUU OHECKOHEUHO MaloOMy U3-
MEHEHUIO NIPU NOCTOAHCTBE TeMIepaTypbl U o6beMa U NpUpaBHAEM HYJIO
COOTBETCTBYIOIYI0 Bapualuio TepMoJuHaMuyeckoro noTeHnuana. Ilyctb
3TOT MPOIECC COCTOUT B U3MEHEHUM Macchl KaJoil KOMINOHEHThI A B Kam-
moit ¢dase B oTHomenuu 1 : (1 + aw), npuyem macca komnoHedTsl C He
MeHsfeTcH.

Torpa macchl epBbIX 1 KOMIIOHEHT My, ... , My BO3PacTyT B Kamaoh
¢ase Ha awmy, ... , AW, ; COOTBETCTBYIOlIee IpUpalleHne E TepMoAHHa-
MUYECKOro noTeHnuana OyaeT paBHO

_(_ 0¢ __ o T4
aw(mla—ml +m28m2 + ... +mn8—mn) (117)

Ho ( — onHoponHas pyHKINA MepBOro NOpAAKA OT apryMeHTOB 1My, Ma, ... ,
My U €, IO3TOMY

_a¢  _ & _ 8C C =
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u BoIpameHue (117) MoxHO nepenucathb B Bije
_ (0O
aw (C — c%)

(=" +po,

TO fICHO, YTO JoKa3aHHoe B §74 nna ¥ crnpaBeqiuBo u anA (; mepemeH-
Hafg r — B JIaHHOM cllyyae ¢ — BCTpedyaeTcA IBHO JHIIb B UjieHe

Tar rak

RT[cloge+ (1 —c)log(l — ¢)].
¢ 10 YCJIOBHIO BECbMa Maio, H03TOMY
(=C(y+ac+ B+ ... + RT[clogc+ (1 —¢)log(l - ¢)],
rae (, — 3Hauenue ( npu ¢ = 0. Urax,
_ ¢
¢— “9¢

.= Co 4+ RT log(1 — ¢) = {y — RTc,
U, OKOHYaTeJIbHO, BhIpaxeHue (117) 3anuiieTca B BUe
aw((, — RTc). (118)

CocTaBUB nofoOHbIe BhIpaseHuA A Ka#goil ¢asbl U NpUpaBHAB HYJIO Ba-
pHanuio TepMOAMHAMUYECKOro NoTeHIHana Beell CUCTeMbl, Mbl HAXOAUM

Y al, - RT ac=0. (119)

§ 87. O61iee cooTHOLIEHHE Me Ay ABYMA COCTOAHHUAMU
paBHOBecHA

IlonyuenHoe ypaBHeHUe, B KOTOpOM cyMma OepeTcA Mo BceM 7 + 1
(asam, Hy#HO Temepb CONMOCTAaBUThL ¢ ypaBHeHuem (115):

ZaC:().

Briutem c aToit neabio ypaBHenue (115) us ypaBuenus (119). Becko-
HEYHO Majioe MpUpalleHne KakoH-1160 BeJIUYMHBI [IPU TIepexoie U3 IepBoro
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COCTOAHNA PaBHOBECUA BO BTOpoe 0603HAUMM, Kak U B ciydyae p u T', de-
pe3 . Tak, dm o3HaYaeT pa3HOCTb T — MM JBYX COOTBETCTBYIOIIUX 3HAUE-
HUil M, §a — pa3HOCTh & — (v, U, HaKoHell, ¢ 0603HayaeT pasHocThb (o — (.
Koadduunent @ Bo BTopoMm uieHe ypaBHenud (119) mMomHO 3aMeHUTDH co-
OTBETCTBYIOIUM (¢, U60 ¢ — GeckoHeuHo Manad BennunHa. Urax,

(5ZaC—RTZac:O

uiu
Za(SC—FZC&a—RTZac:O. (120)
Hanee,
a¢ a¢ a¢ a¢ a¢
0 =596 & . ) =0T op,
C= Fmy ™t Gy 02 e g, O T, 0P
rfie 3HAYCHUA = COOTBETCTBYIOT MePBOMY COCTORHHIO PaBHOBECHS. Mog-
m
cTaBuM 3TO Bhipasenue nid §¢ B ypasuenue (120). Yurem npu aToMm, uTo,
0 0
BO-TIEPBBIX, —a—]{ u 8—C IpeacTaBIAIOT co60ii BHTPONUIO U 06heM KakIoil
¢asbl, m — Macca KamJIoll U3 KOMIIOHEHT A, Tak 4To IpPOM3BOJHAA pi

NpUHKMMAaeT, corjaacHo § 84, olHO U To ke 3HauYeHHe A Beex ¢as. Hanee,
IJIA KamI0i KOMIOHEHTHI, Ha ocHoBaHuM ypaBHeHuil (114) u (116), cupa-
Be/lJIMBO PABEHCTBO

5Zam:0 13807 Za&m:—Zméa.

Haronen, ( — opaHoponHaa ¢GYHRIUA M[epBOro MNOpAAKa OT apryMeH-
TOB 11, Mo, My. MeA Bce 3T0 B BUAY, 3aKjIlOYaeM, 4TO cymMma Y, ad(
paBHa CyMMe [IBYX BblpakeHui

- Z(an) 0T + Z(av) op

9¢
:—a—lemléa— . angmHJa—

:_Z<m1887€+ “ee +mnaaT<> 5a:_ZC5a'

n
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Hrar, okonuaTenbHo ypasaenue (120) mpumer Buj
- Z(an) 0T + Z(av) o0p — RT Z ac=0. (121)

§ 88. CmbIca NOJYyUYEeHHOTI'0 COOTHOLIEHUA

CyMMBI, CTOAIINE B 3TOM YpaBHEHUHU, UMEIOT BeCchMa IPOCTOi CMBICI.
IIpeacraBum cebe u3MeHeHHe COCTOAHUA cucTeMbl (cM. §86), B KOTOPOM
B3aTbie corBeTeTBerHO oV, a® | ..., a(") pa3 maccsl mepBrIX 7 has3, npu-
CYTCTBYIOUIMX B IEepPBOM COCTOAHMHM pPaBHOBECUA, MOJIYUYHIUCHh U3 Macc
ocTanbHBIX (a3, YMHOMKEHHBIX cooTBeTcTBeHHo Ha —a(™t1) . . —q(nt+D),
IIpennonosuM, 4TO 3TO NpeBpalieHHe IPOUCXOAUT NPU NOCTOAHHOI TeMIle-
paType U AaBleHHH, TOrja o0beM CHCTeMbl YBeIWunTcA Ha Av = Y av,
a sHTponuA Ha An = ) an. Tak kak paccMaTpHUBaeMbIil Iponecc 06paTuM,
TO Y, an npejcTaBifer co6oil KoauyecTBO TemnoThl AQ, KOTOpoe Heo6Xo-
JUMO CcOOOUIUThL CHCTeMe MpHU ITOM Ipoliecce, AeileHHoe Ha T. RakoB ke
embica Y, ac? Ilpeamonoxum, YTO pacCMOTPEHHOe MpeBpallieHue, ONmpese-
JAeMoe BeIMYMHAMU (, TPOUCXOAUT TaK#e U BO BTOPOM clyyae, Koria
cucTeMa cofiepHuUT HOBYIO KomnoHeHTy C'. Eciau MbI XoTHM Torja, 4To0bl
3HaueHue ¢ B Ka#aoil ¢ase ocTanoch HEM3MEHHbIM, TO B CHUCTEMY HY#H-
HO N06aBUTb M3BHE HEKOTOpPOE KOMUYEeCTBO KOMMOHeHThl (', paBHOe Kak

pas Y ac.

§ 89. JTo6aBieHHEe HEKOTOPOI'0 BecbMa MaJjoro
KoJM4yecTBa HOBO KOMIIOHEHTBI

W3 TonbKo UTO MONyUYeHHOr'0 YpaBHEHUA MOMHO c/lelaTh PAJX pa3H000-
pasHbIX 3akn0veHnil. Mo#HO mpesie Bcero [0MyCTUTh, YTO KoMmnoHeHTa C'
OTCYTCTBYeT He TOJNIbKO B IEPBOM, HO U BO BTOpoM cocTofsHuu. Torma ypas-
senue (120) cBoguTCA K M3BECTHOMY COOTHOIIEHUIO ME#Iy U3MEHEHUAMHU
TeMIepaTyphbl 1 U3MeHEeHUAMU JlaBleHuA B cucteMe u3 n + 1 ¢das, Haxona-
meiicA B paBHOBecuu. K mMolo6HOMY THUIy OTHOCUTCA COOTHOIIEHUE MEHAY
YIPYTOCThIO Mapa, TeMnepaTypoil (KM ke TOYKOW 3aMep3aHUA) U HaBie-
HUEM.

Bo-BTOpBIX, MBI MO#€eM HccleloBaTh, Kak OTPa3sUTCA Ha paBHOBECUU
JnoOaBiieHle HEKOTOPOro BecbMa Majloro KoJUUYecTBa HOBOI KoMIOHEHTHI C,
CYUTasf MPU 3TOM I IPOCTOTHI 1160 7T, 6o dp paBHbIMU HyNi0. PacTBo-
pUM, HalpuMep, B UAKOCTU A, colmpuKacaiomleiicd co CBOMM IapoMm, Gec-
KOHEYHO MaJjioe KOJIMYecTBO BelecTBa HOBoi kommoneHThl C. HazoBem map
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NepBOii, a MUAKOCTL BTOPOH (pa30ii, a paccMaTprBaeMblii IIPoIleCe MYCTh CO-
CTOWUT B MCIIAPEHUH eIUHMIbI MAaCChl })UAKOCTH. Eciu ¥ map 1 MUIKOCTh CO-
Jlep#iaT Ha eMHUILY Macchl BemecTBa A, cooTBeTCTBeHHO, KonnyecTBa n(l)
u n® pemecrsa C, To 3 ac = n™W —n®; nycrs w® n w® Gynyr yaens-
Hble 06beMbI [o6enx das], Toraa Y. av = wV) —w®, Mpunnmasn, uro 6T=0,

Haxogum (1) (2)
f— n - n .
o = RT = ——5)

€CJIM pacTBOpPEeHHOe BelleCTBO C camo He ucnapAaeTcsa, To

n®

op = —RT
0@ o

5 (122)

1o usBecTHaA ¢opMyla, Haomas yMeHblIeHHe YIPYTOCTH [HachINEHHO-
ro| mapa Haj KHAKOCTbIO, BHI3BAHHOE DPACTBOPEHMEM B Heil KaKOro-1n6o
NOCTOPOHHET0 BelllecTBa.

U3 obmero ypaBHeHHUA J1erKO BbIBECTH IOJ0GHOI0O #e pojAa cCMelleHue
TOYKU 3aMep3aHuA. B 3ToM ciyuyae Mbl cunMTaeMm, 4To BemecTBo A mpu-
CyTCTBYeT 4YacThiO B TBEPJOM U YacThiO B #UJKOM COCTOAHUU, U NEPBOI
HazoBeM TBepayio dasy. Ilonomum Temepsb dp = 0, a 3a n, n? WO L)
COXpaHMM HX IPEHUIl CMbICH, TOIbKO UHIEKC (1) oTHeceM Temepb y#e
K TBepjoii daze. [lanee, nycTh r — ylelbHasA TelloTa MJaBleHUA, BbIpa-

#eHHaf B eIMHMIAX MexaHndeckoit paGotel. Torga > an = —%, u

RT?, 2
0T = =5 (n®) —n®),

Ecnu, B yacTHOCTU, KOMIoHeHTa C' OTCYyTCTBYeT B TBephoil ¢ase, To ¢op-
MyJa yIpoilaeeTcs:
TR2n(2)

T .

(123)

§90. HecKoJbKO 3aKIIOUYHTENbHBIX 3aMedyaHUii

Cojleps#aHue NpeallecTBYOMUX maparpadgoB TpeGyeT HEKOTOPHIX 3a-
MeYaHUM.

IIpesse Bcero Mbl MOK€M CpaBHUBAaTh MeAYy coOOH 3HAUYEHHA CBO-
00HOI 3HEPruu, SHTPONUU WIU TEPMOAUHAMUYECKOT0 NOTeHIMala TOJIbKO
IJfl pa3id4yHbIX COCTOAHUWN OJHOW U TOIl e cUCTEMbl, HO HUKaK He A
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CUCTeM, COBCeM OTJHMYHBIX APYTr OT Apyra. O,E[HaHO HeOﬁXOJlI/IMO TOorga 00b-
v 0C

ACHUTD, MOYeMY Halu GOpMYJbl coJepaT MPOU3BOJHbIE TUIIA —— U ——

om Om’

Ha nepBb1it B3raga sTo KameTcd cTpaHHbIM. Beas nuddepennupoBats cBo-
6onnyto sHepruio ¥ Kakroii-mu6o ¢assbl Mo m — Macce 0JHON U3 KOMIIOHEHT,
coiep:KalleiicA B 3Toil daze, — 3HAYUT TO #e camMoe, UTO CPABHUBATH MEHK-
oy coboit 3Hauenna U pna nByx ¢as, colep:salux Macchl m U m + dm
OJHOH M TOH e KOMIOHEHTHI, T.e. CPaBHUBATh 3HaueHuA ¥ And ABYX cuc-
TeM, B KOTOPbIX HEKOTOPOE BEIIECTBO MPUCYTCTBYET B PasHbIX KOIUYECT-
Bax. Ho npucmMmoTpeBmuch 60iee BHUMaTeIbHO, MbI YBUJIUM, YTO CPaBHUBA-
JHCh B HallleM clIyvae JIUIlb 3HaueHUA CBOOOIHOI SHEPTHUH 1A Pa3iuUHbIX
cocTOAHUIN 00HOU M TOU #e Macchl BelllecTBa, 160 Hac UHTepeCcoBalo U3Me-
HeHHe cBOGOJHO!N dHEPruu BCeil CHCTEMbl, COCTOANEN U3 HECKONbKUX (a3,
a paccMaTpuBaTh 3HaueHue U nuA Bceil cUCTeMbl cCHadala mepef JaHHBIM
U3MeHEeHHEeM COCTOAHMA, 3aTeM IO0cCjIe Hero, Kak CyMMY pfla UYJIeHOB, I'Ie
Kak/JbIf 4ieH OTHOCUTCA K OHOI ompedeneHHoi (a3e, Mbl BIpaBe BIOJHE.

Bo-BTOpBIX, BCIOMHUM, YTO B BhIpasieHUe NJIA BHYTPeHHell SHepPruu
Y 3HTPOIMU MOHO BRIIOUUTDH MPOU3BOJIbHLIE nocToAHHble C' u C’, 3Have-
HUA KOTOPBIX TaK M OCTAIOTCA HeOlpeJleJeHHBIMU U, CIeJ0BAaTEIbHO, B BbI-
paeHde cBOOOJHON 3HEPruy Beeraa Mo#Ho BRIIOUUTD uied C — T'C’'. Mbl
136aBUIKCh OT MPOU3BOJbHBIX MOCTOAHHBIX, MOJOMUB B HEKOTOPOM COCTO-
AHUU cBOGOJHYIO dHepruio paBHoil Hymo. Ho mame 6e3 »Toro gomyieHus
HIpPOU3BOJIbHbIE IOCTOAHHBIE OTCY TCTBOBAIU GbI BO BCeX HAIIMX OKOHYATENb-
HBIX opmytax, 160 OHU He BXOJAT B BhlpaskeHUe pa3HOCTU 3HaueHuit ¥ nna
pasiUYHbIX COCTOAHUI NPH OJHON U TOH e TeMmIepaType.

§91. [ucconuanuAa rasa

Pas6epem Tenepb TepMOAMHAMUUYECKMM METOJOM BOIPOC O AKMCCONIMA-
MU ra3oB.

JlomycTuM, 4TO ra3 MOKET pacnagaThbCA HA AB€ KOMIOHEHTHI, PpHUYeM
B paccMaTpHBaeMoil cucTeMe NMPUCYTCTBYIOT 00e 3TH KOMINOHeHThI. Yucio
MoJleii mepBoro rasa A ¢ MoleKyJIApHbIM BecoM M; mycTb paBHO m1, a Mo
u ng, N u aMy + BM, nycTb GyoyT Te e BeIUYUHBI JJIA BTOpOro rasa B
U XUMHYeCKOro coequHenus o6oux razos C.

IIpencraBum ceGe, 4TO cMechb BceX TpeX ra3oB 3aKiOueHa B 0allIOH
MOCTOAHHOTO 06beMa v M MMeeT Temnepatrypy 1'. YcioBueM paBHOBecHA
CIYHMUT MUHUMYM CBOOOIHOM 3HEPTUM BCel CHCTEMBI.
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Ilycts sHeprus ogHoro Mo raza A, saHumaroiiero o6bem n% U uMe-

omjero Temnepatypy 1', paBHa €1 +c¢1 7', 1, clefJoBaTelbHO, BbIpaseHue i
SHTpoONUH, coriacHo § 31, umeer BuUj

m + c1logT + Rlog n%’

Tfle €1 U 7); — TOCTOAHHBIE.

AHanoruyHoe BbIpa#eHUe MONYyYUTCH U [jaA dHepruu razoB B u C,
TONbKO BMECTO €1, 7)1, €1 OYAYT CTOATH BEIMUMHBI €3, 72, c2 U K, H, C
(R — yuuBepcainbHad raszopas nocrosuuan). Torja, o Teopeme, JoKa3aH-
Hoit B § 70, cBoGoiHaA 3HepPrud Bcell cUCcTeMbl paBHA

-T {nl (771 +c1logT + Rlog n%) +
+ ngy (172 + c2logT + Rlog 7;}—2) +N (H-I— ClogT+Rlog%>] +
+ ’I’Ll(&'l + ClT) + TLQ(&'Q + CZT) + N(E + CT)
Ilepemennsie N, n; U ny He He3aBUCUMBI Mexay coboit. Ecaiu N monyuaer
npupaiesane 6N, To
ony = —adN u dny = —FB4IN.

[loaTomMy HesaBHcHMaf mepeMeHHad 37lech JUIllb OHa, Hampumep, V.

YcnoBue paBHOBecUA — PaBeHCTBO HYJIIO NpHpalieHNud cBOOOJHON SHEPT UM,

COOTBETCTBYIOIIEro npupaienuio N nepemenHoit N, — NPUBOJAUT K ypaB-
HEHUIO

—aler+aT)— B2+ eT)+ (E+CT) —
-T [—a (771 + c1logT + Rlog r%) -p (172 + calogT + Rlog n%) +

+ (H+ClogT+Rlog%) —I—(a—l—ﬂ—l)R] =0.

CyMMy Tpex IOCTOAHHBIX 4JeHOB, He cofepmamux T, 0603HauNM ye-
pe3 P, nocToAHHYIO claraeMylo kosddunuenta npu T B HallleM ypaBHEHUH
0603HauuM yepes (), a koapounuent npu T log T yepes S. YcioBue paBHO-
BecHd NpUMeT TOorja ciledyIOomuii BUs:

,Uoz+,3—1
P+ QT + STlogT + RT log —>——— = 0. (124)
nenl N1
17
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Hama uens pocrurHyTta, u6o u3 ypaBHeuua (124) momHO mnOIy-
4YUTh n‘f’ng u N~! B Buge pynrnuu or T u v. CocToAHHe cUcTeMbl MOJ-
HOCTBIO OlpejeeHo, eclid 3afaHbl 3HAYEHUA MOCTOAHHBIX P, (), S u mMacchl
o6oux rasoB A u B, u6o B 3TOM ciy4yae MbI 3HaeM n; + Na, ns + NS
u n‘f‘ngN_l, a oTclofla ONpeaenuM yke U ny, ng U IN.

N3 ypaBuenus (124) cpady BUAHO, Kak MEHAETCA AUCCOLHUANHUA, €C-
1Y yBelW4MBaTh WJIM yMeHbIIATh 00beM MpHU IMOCTOAHCTBE TeMIepaTyphl.
B camowm perne, ni“ngN_l OyaeT Torjga MeHATbCA MPONOPIIUOHATbLHO peth-1,

Ecau a + 8 = 1, T.e. gucconnaiua He MeHAET 00IIero yucia MOJEKY I
CHCTeMbI, TO CTeleHb QUCCOL[UAINU He 3aBHUCUT OT 00bema GaljoHa ¢ ra3oM.

Ecnu e npu ucconuanuy Yucio MOJIEKYJ yBeluduBaeTcA, T.e. a+ 3 > 1,

ang

TO C POCTOM o0bemMa 6y}16T yBelu4uuBaThbCAad U , UTO MOeT MPOUucxo-

AWUTb JIMIIb TOrga, Korjga nny U ng yBEJIWYHUBaAIOTCA 3a CUeT N. I/ITaH, B 3TOM
cllyyae gucconuanua Mnpu yBeJWn4YeHUU oObeMa pacrerT.

8§ 92. P-noBepxHOCTHU BaH-Jep-Baaibca

Mepeiinem, HakoHell, K FeOMeTPUUECKOMY H300paKeHUIO YCIOBHI paB-
HOBeCHA, KOTOPBIM M0JNb30BAICA BaH-Jep-Baanbe B cBOMX M3BECTHBIX MC-
CIIeIOBAHUAX CBOMCTB KUIKMX U razoo0pas3HbIX cMeceil, — K Tak Ha3blBa-
eMbIM U-I0BEepXHOCTAM BaH-zAep-Baanbca.

Bymem cunrtaTh TemmepaTypy MOCTOAHHOMN; Toraa cBOGOLHAA SHEPTUA
OJHOr0 MOJIfl NpefcTaBiafeT co6oil QYHKIMIO cocTaBa cMecH & U 0GbeMa
Moufl v, BUL KOTOpoii 3anaerca ¢opmyioit (81) unu e dopmynoit (82).

IIycTh & 1 v — NPAMOYTOIbHbIE KOOPAMHATLI HAa TOPU30HTAILHO pacio-
JIOEHHO} MIOCKOCTH, a cBoGoAHaA sHepruA ¢assl ¥ — TpeThA KOOPANHATA
TOYKM B POCTPAHCTBE.

3uauenua x jemaT Mexay 0 u 1, mostomy U-moBepxHOCTb GynmeT
3aKII0YeHa MemJy ABYMA NapajlielbHbIMU BEPTHKAIbHBIMH ILIOCKOCTA-
M ¢ = 0 u & = 1. U-noBepXHOCTh OrpaHNYeHa TaKKe BepTUKAIbHON
II0CKOCTBI0 v = 0 M mpocTHpaeTcA B GECKOHEYHOCTh B MOJOMHUTEIbHOM
HanpasieHuu ocu v. [JaA Toro yTobsl uccaenosaTh Gopmy V-noBepXHOCTH,
pPaccMOTPHUM ee CeUeHNA BEPTURATbHBIMU IIOCKOCTAME IIPY TOCTOAHHOM Z.
Hocnennuit uren B popmynax (81) u (82) ocraercaA TOraa MOCTOAHHBIM,
u, obpamanch K ¢popmyie (81), HaMm ocTaeTcA HCCIENOBATDH JNHULIb BbIpaue-
HUe

U = —% — RTlog(v — b).
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Hanee,

ov' _ a RT
v 2 v —

b - P

Ntak, Tanrenc yria Mesay ¥U/-KpuBoii U 0CbIO v paBeH JaBIE€HUIO, B3ATOMY

¢ OﬁpaTHbIM 3HaKOM.

HOCMOTpI/IM, KaK 3aBUCHUT [aBjieHue OoT oObeMa Ipu MOCTOAHHON TeM-
nepartype; aJd 9TOro BoClo/ib3yeMcA n3orepMaMiu Ha pv-auarpaMmme cCMecu.
CoraacHo TE€OpHUH BaH—ﬂep—Baanbca, 9THU U30TE€PMbI UMEIOT OJA CMeCH TOT

p
T>T,
B_T=T,
T<T,

Puc. 21
T.e.

2a _RT

v® (v —b)?
OTKy[Ja

v=vp=3b mu RT:RTk:28—7

e caMbIil BUA, YTO U [JIA NPOCTOTO
BemectBa. (Ha puc. 21 usoGpasmeHsl
U30TEepMbI HE CMECU, a UMEHHO IIpPOC-
TOro BelllecTBa; MpejnojiaraeTcd, 4TO
nocieqHUe YUTATENIO y#e U3BECTHbI. )
B camom pene, ypaBHeHUE COCTOAHUA
cMecH TaKoOe e, Kak U A MPOCTOro
BellleCTBa, IpHYeM NapaMeTpbl HMeIOT
clienyiomue 3Havenus (cM. § 73):

a=(1-2)%a +22(1 — x)as + z2as,
b= (]. — .’L‘)2b1 + 2$(1 — iﬂ)blg + $2b2.

Ina cmecu Tome CcyLIeCTBYeT
HEKOTOpafA Kpumuieckas usomepmd,
uMemoIlags TOYKY meperuba ¢ TopH-
30HTaNbHON KacaTelbHOU, KoOpAuHAa-
TBI 3TOIl TOUKM — KPUTHUYECKOE [1aB-
JeHWe M KPUTHYECKUil 06beM cMecH.
Ilng 3TOM TOUYKH

dp 82p_
%—O u W_O’
6a 2RT
- =4+ == =0,
vt (v —0b)3

a
b
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TemnepaTypa, onpeeneHHad TAKUM cllocoO60M, Ha3bIBaeTCA KPUTHUYEC-
KOH TeMIepaTypoil cMecu. ITH CI0Ba — TOJBLKO ONlpeJielleHNe KPUTUUECKOM
TeMIepaTyphl.

Ecau MbI paccMaTpuBaeM He cMech, a IPOCTOE BENMECTBO, TO NPU KPU-
THUYeCKOi TeMIlepaType HabloJaeTcA CoOBNajieHne cBoicTB 1By X das. B cay-
yae e cMecH [eno 06CTOUT OTHIOAb He Tar IIPOCTO.

Kputuueckasa Temnepatypa cMecu T}, Bblpa;aeMas nocienHeil ¢op-
MYJIIOi, TOBOJLHO CIOHBIM 00pa3oM 3aBHCHUT OT x; T} MOKeT JOCTUraTb
MaKCHUMyMa I OTHOTO WIIU AIA MHOTMX 3HaueHuil x. OfiHaKo B GONbIINH-
cTBe ciayyaeB npu usMeHeHuu x oT 0 mo 1 T MOHOTOHHO yGbIBaeT WU
Bo3pacTaeT. Uto KacaercA ¢opMmbl Wu-KpUBOI, T.e. KPUBOIi, MOIYyYaeMoii
B Uy-ceuenua V-MoBepXHOCTHU, TO MOTYT NpPEeJCTABUThLCA TPU clydas’.

1.T > Ty.

IIpousBoanas %2—\3 = —% Bciogy noioxutenbHa. [loatomy Wo-rpu-

v

Bafd He MMeeT TOYeK Meperuba W BCIOAY oOpalleHa CBOEH BbIIYKIOCThIO
BHU3.
2. T < Ty, (puc. 22).

2 Y
IIpousBonnan v _ —@ oTpu-

o? ov

naTenbHa B uHTepBane memay B u C,
[I0JI0KUTellbHA BHE 3TOr0 UHTepBala 1
obpaijaeTca B Hylb B Toukax B u C.
IloaTtomy Vv-KpuBasa UMeeT ABe TOUYKU
neperuba, B u C, u o6pasyet usrud.

3. T =T. DB
] dp F ¢, L
IIpousBonnasn W = T no- T<T
JIOMKUTENbHA BCIOAY, KpOMe KpUTHYec- G
iy op »p Vv
KO#l TOYKH, TIne 9 = 0wu 90 =0,
3\ Puc. 22

U, clleJoBaTelbHO, = 0. Tarum

o
o6pa3oM, KacaTelbHas B KPHUTUYECKOii ToUuKe MMeeT 4eThIpe 0OILIUe TOY-
ku ¢ Yy-kpusoii. Ipu Becbma Gonbmux v Wo-KpuBad UAET NMOYTU TOPH-

o
1HpOPI3BOL[HaH &~ — —p Bcerja MeHhbllIe HYJ/IA, KpoMe clly4dyaeB oTpulaTeJbHOIro ABU-

v

JKEHMA, Korja 5Ta NPOU3BOJHAA MoJoMUTelbHa U Wvy-KpUBaA ¢ POCTOM ¥ MOAHMMaeTcA
BBepX.
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30HTanbHO, 160 p Torga BecbMa maio. llpu v, Becbma MalnoM, p BelHKO,
u Uy-KpuBas uaeT NoYTU BepTUKaibHO BBepX. Camo 3HaueHue ¥ npencras-
afAeT co6oil B TAKOM ciIy4yae BecbMa GOJBIIYIO MOJNOMKUTENbHYIO BeIUUYUHY.
B sTOoM nerko y6equTbcA, NPUHAB, YTO v MPEBOCXOJUT b BO BTOPOM UleHe
dopmyusl (81) muuik Ha BecbMa Manyio Bennuuny. Ha puc. 22 usobpaseHbl
nBe Voy-wpuBble: maa T > Ty u T < Tj,.

§ 93. UsmeHeHnue ¢opmbl P-1ioBepXHOCTU
¢ TeMIlepaTypoii

@®opma U-moBEpXHOCTH 3aBUCUT OT TOT'O 3HAUEHUA TeMIepaTyphl, IJA
KOTOPOr'0 CTPOUTCA [JaHHafd MOBEPXHOCTh. Eciam TeMmepaTypa 3Ta Bbllle
KPUTHYECKOIl TeMIlepaTyphl cMecH Mo6oro coctaBa, To HU ogHa U3 Vvy-Kpu-
BbIX He oGpasyeT meperu6a, U MOBEPXHOCTb He MMeeT MO3TOMY HUKaKUX
CKJIAJIOK BIOJb OCH I («IONEpeyHbIX cKIagory). [Ipu Temmepatype, Gojee
HU3KOH, YeM camad HU3Kafd U3 KPUTHUUYECKUX TeMIepaTyp cMeceil Mpous-
BOJILHOT'0 COCTaBa, IIoNlepeyHas CKIajJKka MpoJoJaeTcA BAOIb Beeil MOBepX-
HocTH, oT £ = 0 u g0 x = 1. HakoHen, B Han6Gollee NHTepEeCHOM clyyae —
B ob1acTu MemAy ABYMA KPUTUUECKUMH TeMIlepaTypaMu — IoNepevyHas
CKJIa[Ka CyIIeCTBYeT JUIIbL B HEKOTOPOIi YacTU MOBEPXHOCTHU. 3/ieCh ONATh-
TaKkU BO3MOEH PAJ Pa3IUUHBIX CIyYaeB, B 3aBICHMOCTHU OT TOr'0, MEHAETCA
U KpUTHYeCKasa TeMmepaTypa cMecd B MHTepBaine oT & = 0 10 x = 1 MoHo-
TOHHO, UJIH K€ JOCTUTAeT B HEKOTOPOU TOUKe MaKCUMyMa WU MUHUMYMa.
B nepBom ciyuae Ha MOBEPXHOCTH CYIIECTBYET KOHEUHAA TOYKA CKIAIKU.
Bo BTOpoM e ciydae MoxHO Tak mojgobpaTb TeMIepaTypy, YTO CRIajKa
pAacIoloMUTCA MOCpeau MOBEPXHOCTH, a He Ha ee Kpaax (ecnu Ty mocTu-
raeT MakcuMyMma) Wi e, Hao6opot (ecau T} mocTUraer MUHEMYyMa), He
nocpeay MOBEPXHOCTH, a Ha ee KpafX.

8§ 94. Ceuenusa Y-noBepXHOCTU

lInsa onpeneneHua GOpMbl KPUBBIX, MOMYYAIOIIUXCA MPU CEUEHUU MO-
BEPXHOCTHU TJIOCKOCTAMU TOCTOAHHOTO 00beMa, T.e. Wx-KpPUBBIX, HYKHO
BBIUUCIUTH YacTHYIO npousBoguyio ot ¥ no z. Ho coraacuo gopmyie (81)
3Ta NPOU3BOJHAA paBHa
oV _ 1da RT db

oV _ _lda db T
oz ”da:+v—bda:+RT10g1—x'
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IIpu x, ctpemamemcd & 1 unu 0, mocnegHUN 4iieH 3TOr0 BhIpa#eHUA

CTPpEeMHUTCA COOTBETCTBEHHO K :I:C)O7 IIO3TOMY rje-TO B HHTepBaljle Me-

ayx=0uz =1, ov nomxHa obpamarbea B Hydb. Tak, Wz-KpuBbIe

ox

KacaloTca miaockocTeili + = 0 u & = 1. UHbIMU clioBaMHu, 3THU IMJIOCKOCTHU
ClIy:RaT KacaTelIbHbBIMHU IIJIOCKOCTAMU K \I’-HOBerHOCTI/I. IIaJlee,

9’V _ 1d*a RT (db\*, RT d* 1 1
or? vdx2+(v—b)2(d$) U—bd$2+RT(m+1—$)' (125)

Ecau Wz-rpuBbie obpallleHbl BCIOAY BHINYKJIOCThIO BHU3, TO HE MOMET
ObITH U PEeYH O CYIEeCTBOBAHUU CKIAIKU BIOJbL OCH v («IPOMONLHON CRIa-
ku»). TakuMm o6pa3oM, cyleCTBOBaHME MPOJONLHON CKIAAKU 3aBUCUT OT

0*v
3HaKa 02 IIpu z, 6auskom K 0 unu 1, pemaiouyio poib UrpaeT mocief-
x

Huil uineH ¢opmyabl (125), KoTopbiil Bcerpa Goibine HyJfA. B HekoTopoit
2

Touke Meway ¢ = 0 u ¢ = 1 6_\121 MoOeT ObITb M oTpunaTeibpHoil. 13
5

camoro onpepenenus ¢ u b (em. §92) crepyer, uto

2
d—g = 2a1 — 4a12 + 2as
dx
u
2
b _ 9, — dbyy + 2,
dx
82
HOBTOMy 3HaRK HpOI/I3BOI[HOIU/I W IIpyu JaHHBIX T W vV OIpeldelAdAeTCA
M
3HAYEHUAMHU IMECTH K03 UINEHTOB a1, d12, - .. KAk MbI BCKOpe YBHIUM,

9TH IIECTb BEIWYUH PEINaloT TaKk#e, BO BCeX U IMPOMOPIMAX MOTYT CMe-
mUBaTbCcA Me#Ay co0oil Ba JaHHBIX BelllecTBa. B camoM fene, eciu npous-
2y

BOHAasA % BCIOAy TnonoxuTelbHa u Wx-KpuBasA He oOpa3yeT Ineperu6os.,
TO OJHOpPOJHAA CMechb ABYX BelleCTB He MOieT pacnacTbcd Ha JBe (asbl
¢ yMeHbllleHreM cBoGoaHoM 3Hepruu. C mogoGHBIM cOCOGOM paccy#iaeHu i
MBI y#e BCTpeyaluch MpU paccMOTpeHur (-TIOBEPXHOCTEH U BCKOpPE ONATh
NPUMEHUM BTOT #€e METO]], HO Tenepb y#e K U-MOBEepXHOCTAM.

U3 dopmyast (125) ciaenyet, uyTo Goablivie 3HAYEHUA a1z, by U by cro-

COﬁCTByIOT CMelleHHn0, B TO BpeMA Kak 0oJblie 3HaYeHUA aip, a2 U b12
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CIOCOOCTBYIOT pacnajeHHI0 OJHOPOJHON cMecu Ha ABe ¢dasbl. Bee sTo ner-
KO CleyeT U3 caMoro cMbIcia »TUX Ko3dounueHToB. [leificTBUTENBHO, ec-
U MOJIERYJbl OJIHOTO BeUleCTBa CUILHO NMPUTATUBAIOT MOJEKYIbI JPYTOro
BeIleCTBA, T. €. 412 BEIUKO, TO TaKHe BEIIeCTBA JErKO CMENINBAIOTCA Me-
ny co6oii. [Ipu Goabux v paccyxaeHue, NIpUBEJeHHOE BbIIE, HE TOJUTCA.
B sTOM ciiyyae pemamlyio polb UrpaeT mociefuuit unex dpopmyist (125),
U Mo3ToMy npu HoiabiioM o0beMe niobas napa BellecTB Jerko obpasyeT of-
HOPOJHYIO CM€Ch. )

Ecnu npousBojHas —— B HEKOTOPBIX TOUKAX OTpHUIaTeNbHa, TO Ha M0-
ox?

BEPXHOCTH CyIllecTBYyeT IPOJI0JibHAA CKiIajKa, T. €. CKIafKa BIoJab ocu v. Ta-
Kaf NpoJoJibHaA CKIaJKa BCcTpedyaeTcs, 0-BUJUMOMY, B O0IbLUIMHCTBE Cly-
yaeB y aHOMalbHbIX BellecTB, He NOJUUHAIOMNXCA 3aKOHY COOTBETCTBEH-
HBIX cocToAHuil. [loueMy, ogHaKo, MBI He BCTpedyaeMcA C 3TUM fABJIEHUEM
Y HOPMAJbLHBIX BEIECTB, TPYAHO OOBACHUThL. Y HOPMAalbHBIX BeNIECTB He
cyllecTByeT HUUero Takoro, YTO NpenfATcTBOBaNO0 Obl HAM O3UAATh U 3/€Ch
NOABIEHUA NPOJOJIbHBIX CHIAJOK.

Bo BcAroM ciayuae, B JanbHelilleM MBI OTPAaHUYUMCA paccMOTpeHHEM
[ONlepeYHbIX CHKJIAMIOK, OCTABJIAA B CTOPOHE NIPOJOJbLHbIE CKIAJKHU, T.€. BO-
IIPOC 0 HEBO3MOKHOCTH CMelleHUuA Mex Ay co00li HEeKOTOPhIX BEUIECTB B JI0-
60i1 mponopuuu.

8 95. YciaoBua paBHOBecUA

IlocmoTpuM Tenepb, UTO #e HeoOXOAMMO IJA YCTOMUYUBOCTU NaHHOI
¢da3bl, T.e. 4YTOObI OHa He pacnajajacb Ha JABe WM Oosbliee YUCIO pas-
auyHbeIX (a3. [InA oTBeTa Ha ®TOT BONPOC BOCIOJAb3yeMCA HEKOTOPHIMU
cBoiictBaMu W-MOBEPXHOCTHU, AHAIOTMYHBIMU CBOICTBaM (-TIOBEPXHOCTeEId
(cM. §58); nokasbIBAIOTCA 3THU CBOMCTBA TAK e, KAK U B ciydae (-MOBepX-
HOCTeM.

IlepBoe U3 3TUX CBOUCTB 3aKIIOYaeTCA B clefywomem: nycth A u B —
ABe Npou3BoNbHbIE TOUYKU P-moBepXHOCTH, a C' — LEHTp THMECTU ABYX
Macc, g u 1 — p, momemnieHHbiX B Toukax A u B. Torga Tpu KoopAuHATbHI
touku C' GyAyT BbIpamaTh cOCTaB 06beM U CBOGOJHYIO HEPTUIO KOMILIEK-
ca, Moy YeHHOro U3 i Moneit das3bl A u 1 — p Modeit a3l B, npuBeIeHHbIX
B CONPUKOCHOBEHUE Me##ay coboil, 6e3 Kakux 6bl TO HU ObII0 U3MeHeHUi
B COCTOAHMAX 3TUX (Da3.

Ramxpaa Touka npamoii AB uso6panxaet, TaKUM 00pa3oM, HEKOTOPBIH
KoMmIuiekc ¢as A u B.
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BTopoe cBoiicTBo KacaeTrcA Toro, nepeiger Jdu ¢dasa UIU KOMIUIEKC
das A B gpyryto cucremy, ¥-Touka KOTOpOil B MMeeT Ty #e MPOEKIHIO
HA FOPU30HTAIbHYIO INIOCKOCTh, 4TO U TouKka A. OueBHIHO, UTO TaKOii me-
pexol Bo3MOieH JUIlIbL TOrJa, Korja Touka A pacronoseHa Bblllle TOUKM B.
Tax Kak ropusoHTajlbHble IPOEKIUU TOYeKk A u B coBmagaroT, TO 3TOT Iie-
pexop nmpousoiies 6b1 6e3 H3MeHeHUA 00beMa; CylecTBEHHO, UTO PU TaKUX
ycloBUAX (TeMmepaTypa i 06beM MOCTOAHHbBI) CBOGOIHAA SHEPTUA CUCTEMbI
He MOKeT YBelUunBaThCA.

IlosTomy nannaa ¢a3a He MO;KeT pacmacTbcA Ha JBe, eciu B ee U-Tou-
Ke Bce BepTUKalbHbIe ceYeHUA oOpalleHbl BhINMYKIOCTbIO BHU3, T. €. IOBEPX-
HOCTh PAacIoJjioKeHa B OKPECTHOCTHU 3TOH TOUKHU MOJHOCThIO Had KacaTelb-
HOIl MJIO0CKOCTBIO.

Hckomble yclioBUA paBHOBECHUA BBIBOAATCA TYT TaK #e, KaK U B CIy-
yae (-moBepxHocTeit (§60), 1 UMeIOT crenyomuit Bua:

2
2 2 2 2 2
OW o, XLy, awaw_(aw) > 0, (126)

Oz Ov? ox? Ov? Ox0v

npuyeM IepBO€ WM BTOPOE U3 3TUX HepaBeHCTB ONAThL BbITEKaeT U3 ABYX
oCTalbHBIX.

Ha yuacTke Mexay ABymA ToukaMmu neperu6a Wo-gpusoit uian ¥r-Kpu-
BOIi 3TW yCIOBUA 3aBeJOMO He BBHIIOIHAIOTCA. 3a TOYKaMHU Ieperuba crpa-
Ba or C u cneBa oT B (puc. 22) ecTh elle y4acTOK KPUBOH, Ijie MepBbie
IBa yCIOBHUA BBLINOIHAIOTCA, a TPeThe He BhINOJHAETCA, MO0 10 TpeThe-
My YCJIOBHUIO BhIpa#eHue 0*V 9*V JIOJI#HO GBITh He TONLKO OoJbIle HylA,

0x? Ov? ) 2

HO U 60/bIlle HEKOTOPOi MOJOMUTENLHONH BeJUIMHEI ( v ) . [locnennee

0x0v
ycloBUeE BBINOMHAETCA, HAaUNHaA 0T Touek D u E, npuyeM 3TH TOYKM JemaT
cHapy#u oT Touek neperu6a B u C. lono6usie Touku D u E Bcex Yu-kpu-
BbIX 00pa3yIOT Tak Ha3bIBaeMyIO CMUHOAAlb, ypaBHEHUE KOTOPOi ecThb

2
20 v [ v
922 0 (333 8’0) =0 (127)

§ 96. CocymecTBymomue das3bl

Tenepb Mbl y#e MO}€M OTBETHTb U Ha BOIPOC O COCYIECTBOBaHUU
tdaz. Jee dasvt mozym Haxrodumvca 6 pasHosecuu Opyz ¢ Opy2oMm, ecau OHU



152 Jdexyuu no mepmodunamure

u3obpasxcarmea moikamu Kacanua oouweill kacameavrol naockocmu k V-no-
eéeprHoCMU.

JTO MOJOMEeHHE MOKHO [JOKAa3aTh IeOMETPUYECKH U aHAIUTHUYECKH.
leomeTpuueckoe NoKa3aTelbCTBO UMeET MHOI0 o6IIero co ciydaem (-To-
BepxHocTH (§63) U mpeJocTaBIAETCA HA HTOT Pa3 y#e CaMOMY YUTATelo.
AHanuTuyecKoe e JOKa3aTelbCTBO 3aKIOYaeTCA B CleLyIOUIEM.

YcnoBusA paBHOBecUA MemJIy ABYMA ¢dasaMH, COCTOAMUMHU U3 IBYX

KOMIIOHEHT, TakoBhI (§ 76):
ov) _ (9¥
(5),- (), (120

®)-(),

_ 0% 0 _ (g _ 0% _ 0¥
(lIl TS vav)l <\Il T 1)81))2. (130)

IlepBbie ABa ycnoBHUA MOBOPAT, YTO KacaTelbHble MIOCKOCTH K MOBEPX-
HOCTH, mocTpoeHHbie B W-Toukax 06eux cocyuiecTByomux ¢as, napaiieib-
HbI Me#1y co60il, TpeThe #e yCloBUe YTBEPH#AAeT, UTO 06€ 3TH MIOCKOCTU
OTceKaloT paBHble oTpe3ku 1o ocu V. [loaToMmy 06e KacaTelbHbIE IIOCKOCTU
COBMAAalT APYT C APYTOM.

Mp! Hauuu TakuM o6pa3oM [Be cocyllecTByomine $ha3bl; 3TO BO3MOK-
HO, pa3yMeeTcs, JUIIb TOr[a, KOrjla MOBEPXHOCTh uMeeT ckiaaary. Ilycthb
3TO — IONepevyHas CKIajIka; MpoBeld Torjaa oOLIYI0 KacaTelbHYIO IIOC-
KOCTh, HaiijleM razoo6pasuyio ¢asy, coCylecTBYIONIYIO C HEKOTOPOH HUI-
Kot hazoit. Ecnu kaTuTh 061IyI0 KacaTelbHYO MIOCKOCTh MO MOBEPXHOCTU
CKIAIKU, TO [UJIA Ka#JIOr0 MONOMEHUA 3TOH MIOCKOCTH MbI MOIYYUM CBOIO
napy cocyiecTBylomux ¢as. Kpusas, ciymaiiaa reoMeTpudecKuM MeCTOM
TOYEK, B KOTOPbIX 00Ilasa KacaTelbHafA MIOCKOCTh KacaeTCfl MOBEPXHOCTH,
HOCUT HaszBaHHUe Ounodaiu'. O6IIMe KacaTelbHble B Kam/0i Mape 3TUX TO-
yeK, T.e. NBOIHbIe KacaTelbHble?, pacnonoMeHbl Ha HEKOTOPOH pa3BepThl-
Bamolleiica noBepxHocTu. [IpeacraBum cebe, yto Touku F' u G Ha puc. 22

!B opurunase — woHHonainb. TepMHUH «KOHHOAANb» 3aMeHeH TePMUHOM «GMHOAAIb)
oas efuHoobpasuA ¢ pycckuMm nepeBofoM «Kypca TepmocraTurn» BaH-zep-Baanbca.
(Ipum. nepes.)

2(bitangent» mepeBogMM — «IBOliHAA KacaTelbHaf», T.e. oOmAaA KacaTelbHad B
nByx U-Toukax B TOM 4acTHOM ciydae, KOrjla KacaTelbHble IIOCKOCTH K MOBEPXHOC-
TH B 3THX TOYKaX COBNAJAlOT; BMECTO 3TOr0 YNOTPEGIAIOT U TePMUH Aunun Hod. (IIpum.
nepes.)
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ne:xatT Ha 6uHomanu. CliefyeT UMETh B BUAY, YTO KOOPJUHATHI T IBYX TOUEK,
B KOTOpbIX 00IIad KacaTelbHasA INIOCKOCTh KacaeTcA MOBEPXHOCTHU, BOOOIIE
rOBOpA, HE PaBHbI APYT APYTY, Tak uto Touku F' u G GuHOJganu, pacmoio-
#eHHble Ha ofHOi U Toil e Wvy-KpuBOil, MOT'yT M He u3oOpamaThb coboit
cocymiecTByomue ¢asbl.

MoskeT clayunThed, UTO CKIafKa He NMpojoixaeTca no Beeil U-noBepx-
HOCTH, a KOHYaeTCcA B HEKOTOPOil TOUKe [IOBEPXHOCTH, I'Jle, clleJoBaTelbHo,
o6e cocymiecTBylomMe da3bl COBNAgalOT Memay coboit. Takad Touka Ha3bI-
BaeTCA KoHeuHol moukol ckaadku [plaintpoint]. Eciu kputnyeckan temme-
paTypa cMecH JocTUraeT MaKCUMyMa Wi MUHUMYyMa, TO BO3MOMHBI U Be
TaKkue TOYKU.

8§ 97. MaTtemaTuyeckaa TeOpHUA KOHEUHbIX TOYEK
CRJIaIKU

MaTtemaTuueckad Teopus KOHEYHBIX TOUeK CKIaAKU Oblia pa3paboTaHa
Kopreserom!. MbI 3auMcTByeM U3 Hee clefylolee.

Koneunas Touka cknagku P — »To Ta Touka GMHOmanu, rje coBnajaa-
IOT IPYT ¢ IpyroM o6e TOUKHU NMPUKOCHOBeHUA ¢ Y-OBEpXHOCTLIO ee obieii
KacaTelbHOI mIockocTU. KoHeyHasA TOUKa CRIAIKU JeHKUT TaKkKe U Ha CIIH-
Hopmanu. YToObl 3TO MOKa3aTh, paCCMOTPUM JBe cocyliecTByomue ¢paspr A
U B B OKpecTHOCTU KOHEUHO} TOUKU CKIaJKU.

Ilyctsb npu nepexone or A k¥ B npupamienue o6beMa paBHO dv, a MpH-

. LG
paiiienue x paBHO dx. B cuny ycnoBuit paBHOBecusi 06e MpPOU3BOHbIE ov

av Ox
u % OJOJIKHBI UMEeThb OOHO U TO e 3HaueHle KaK B A, Tak U B B. CJIe,[lO'
BaTeJlIbHO,
o%v 9%V
== ov =
Ox? T+ ox0v v="0
u
0% fiaa\]
PR iy S
8%8’0 T+ 81}2 07
OTKYJa

vy (v _,
0x? Ov? 0xdv

1 Archives Néerlandaises, T. XXIV.
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— YpaBHeHUe CIIMHOJalIn. I/ITaH, eciau Touku A u B COBMaAaloT ¢ KOHEeYHOU
TOYKOM CRJIaJKHu, TO OHHU JieKaT B TO #e BpeMA W Ha CIIMHOJAJIHu.

8§ 98. UccaegoBanve P-MoBEPXHOCTH B OKPECTHOCTU
KOHEYHOH TOUKH CKJaJKU

Hccnenyem Tenepb noBenenne V-moBepXHOCTH B OKPECTHOCTH KOHEU-
HOM ToukM ckaagku P. Jlna storo Touky P mpuMem 3a Havamo HpPAMO-
YTOJbHOM CHCTEMbI KOOpAMHAT, 3a IJIOCKOCTb Ty NMPUMEM KacaTelbHYIO
nmiaockocTh K U-TmoBepXHOCTU B Touke P, a 3a ochb y BbiGepeM KacaTelb-
HYIO B Touke P, mpejcTaBiApIyIo co60il npeaelbHOe MON0MEHNE NBOMHOM
KacaTeibHoli. RacaTenbHasa B Touke P uMeeT ¢ MOBEPXHOCThIO YEThIPE COB-
nagamomue obimue TOYKM. B camoMm gene, npamMas, coegunswoman A u B,
TOYKHM KacaHUA obllell KacaTelbHOM INIOCKOCTU, UMeeT Kak B A, Tak u B B
o ABe CIUBIIMecA o0I[He TOYKH C MOBEPXHOCThIO, a B KOHEUYHOH TOUKe
cknagku o6e OBOiHbIe TOuk A U B cauBaloTcA ApPYr ¢ APYTOM.

IIycTh , y U 2 — KOOpPAMHATHI HEKOTOPOH TOUKU W-TIOBEPXHOCTHU B HO-
BOI1 KoopAnHaTHOI cucTeMe. Torga B 1ocTaTOYHO Maloif OKPECTHOCTH Hava-
J1a KoopAuHAT P z MOMHO pa3ioMUTh B PAJ 0 BO3pacTalOUUM CTENeHAM T
u y. [Ipu 3TOM momyuum, BooGie roBops,

z=a+bix + by + iz + coxy + C3y2 +diz® + dzmzy +
—|—d331:y2 + d4y3 +ejzt+ eza:3y + ...

Onnako B JaHHOM ciydae HeKOTOpble K03 duIUeHTHI paBHbI HyTio. Bo-

mepBhIX, paBHO HYJIO a, 3aTeM by U by, TaKk Kak B Touke P 9z =0wu 9z =0.
0%z 8%z Oz 9y
Hanee, ) =0u 903 = (0, TaKk KaK ochb Yy UMeET C MOBEPXHOCThIO YEThI-
Y Y

pe ofImue TOYKY; cleloBaTelbHO, c3 U d4 Takme paBHbI Hyno. HakroHen,
c2 = 0, u6o Hauano KoopauHAT P pacrnoioxeHo Ha CNUHOAANU, ypaBHEHUE
KOTOpO# ecThb

3?29% _ [ 92 ’ =0 (131)
02 0y? 0z dy '

YpaBHeHMe CIUHOAIM MOAHO 3aucaTh B TaKol (hopMe IOTOMY, UTO JieBas
vyacTh ypaBHeHusa (127) (§95), caysaiero onpejeneHleM CIHHOAANU, UH-
BapuaHTHa IIpK Npeodpa3oBaHUK MPAMOYTONbHBIX JeKaPTOBBIX KOOPAUHAT.
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§ 99. KoHeuHada ToyKa cKJaJKU IIepBOro poja
Wrak, npu Manbix & 4 y

2 2 4
z=czx” +dsxy” +esy°,
uinu

z = cx? + dxy® + ey?. (132)

JomycTtuM, 4To Bce Tpu KodddunueHTa ¢, d U e OTIANYHBI OT HyAA. Ecau
X0TA Obl OAWH U3 Ko3(ddUIMEeHTOB obpalljaeTcA B HYJb, TO TaKoil ciayyait
TpeOyeT cnenualbHOTO paccMOTpeHHA. JTUX clydyaeB Mbl paccMaTpuBaTh
He CTaHeM.

IlockonbRy uneH ¢ x* OTIHMYEH OT HYJA, TO B [EPBOM NPUOIUKEHUU
MO#HO TpeHeOpeub Gojee BLICOKMMU CTENeHAMHU I W NPOU3BeleHuAMHU 22
Ha M06YI0 MOJOMUTENbHYIO CTeNeHb Y. ByneMm Takme npeHeGperatb BceMu
4leHaMM, B KOTOpbIX xy? uiu y? MHOMaTcA Ha MIOGbIe MONOHUTENbHbIE
crenenu x unu y.! Toraa fon#Hbl 6LITH COXPAHEHbI MMEHHO Te TPH uleHa,
KOTOpbIe U GHUrypupyior B popmyie (132).

KoadbdunueHTsI ¢, d U € 3aBUCAT B KaK/JOM OT/€ILHOM cliydae oT ¢op-
MbI IIOBEPXHOCTH.

lanee, kacaTenbHas MIOCKOCTb K MOBEPXHOCTHU, IOCTPOEHHAA B KOHEU-
HOIl TOUKe CKIafKU, Au00 NepeceKaeT MOBEPXHOCTh, 1UO0 UMEET C NMOBEPX-
HOCTBIO OfIHY OGIIYIO TOYRY, T.€. caMy TOYKY KacaHudA. Mbl orpaHuduMcA
[OC/IelHUM clyvyaeM, TaKk Ha3blBaeMoOl KOHEYHOH TOYKHU «IIepBOTO pojay.
IIpumem Take, uTo z = () IUIIbL B Havale KOOPAUHAT, T.€. YpaBHEHUe

2

0

cx? + dxy? + ey?

He UMeeT APYrux KopHeii, kpome x = 0, y = 0. locTaToyHbIM ycllOBHEM
3TOr0 CIY#UT HEPABEHCTBO

4ce — d* > 0. (133)

He orpannunBas o6IIHOCTY paccCyAeHUH, MO¥HO ¢ CYUTATh MOJOMHKU-
TelbHbIM, Il 3TOT0 HY#HO JIWIIb HAPABUTh B COOTBETCTBYIOIIY IO CTOPOHY
och z. CornacHo HepaBencTBy (133) mpu ¢ > 0 tarme u e > 0. Kosdou-
HUEHT d MOKHO c/ieflaTh GONbIIUM HYIA IIyTeM COOTBETCTBYIOIIEr0 BhIGOPA
TMOJIOKUTENLHOI'0 HAalpaBIeHUA OCU .

IT.e. BbIKAAKU BeJyTCA C TOYHOCTBIO [0 o2, IPUUYEM MOPAMOK Y CUUTAETCA He HHUse
nopanka /z. (IIpun. nepes.)
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Iloctapaemca yAacuuth cebe popmy V-noBepxHoctu. g sToro uccie-
IoyeM ceueHHUA ee INIOCKOCTAMH, NapajlllelbHbIMU INIOCKOCTH XY, IIPU BeCbMa
MalbIX IOJOMUTEIbHBIX z; MOJOMUTEIBHBIX IIOTOMY, YTO npu 2z < () ceue-
HUA OYIyT MHUMBIMU.

KpuBasa, nonyuyaemada B TakoM ceUeHUU, HA3bIBaeTCA UHOUKAMPUCOL.

YPaBHeHI/Ie €e uMeeT BUJ
Y

C cx® +dzy® +eyt =20 u oz = z.

[lepBoe u3 AByX ypaBHeHUl onpepens-
eT NMPOEeKIHIO KPUBOIl Ha MIOCKOCTD LY
U MOeT ObITh 3alKCaHO TakK:

{mmm
~

o

CIYHUT Kak Obl «0Ccbioy KpuBoil (134),
[IOCKOJIbKY TOYKM KPUBOH MOHO IO-
JIy4uTh, OTKIAAbIBAA Ha NPAMBIX, a-
pajlielbHbIX OCU &, [Ba PABHLIX OTpe3ka o 06e CTOPOHBI OT Ka# ol TOYKU
napa6oJbl.

Puc. 23

z
Ipu y = 0 5TOT OTpe30K paBeH 4/ =>; ¢ BO3pAacTaHHeM y JJIHHA €ro
yMeHblIaeTcA ¥ IPY HEKOTOPOM 3HAYEHUH Yy obpamaeTcA B HyJb; 3TO CIy-
uyutesa npu y = OC (puc. 23), rae

4dczg
oc ={———.
dce — d

[Ipoeknua WHAUKATPUCHI CUMMETPHYHA, TAKMM 06pa3oM, MO OTHOIIEHUIO
K ocu x. Temepb MbI MomeM cocTaBUTh ceGe MpeicTaBleHWEe U O KpH-
Boit AK B — mojioBiHe MPOEKIUH WUHIUKATPUCHI pH z = zg. B Touke K
¢ opaunaToit y = OC, nemauleil, clieqoBaTelbHo, Ha napa6oie x = —%yz,

KacaTellbHafd K HpHBOﬁ napaJjjienbHa oCHU . YeM MeHbIIIe Zo, TeM KpuBasn
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yi#e, B To BpeMA Kak napabona He mensaercA. OC nponopiuoHanibHo &/Zg,
B To BpeMA Kak OA = OB nponopuuoHaibHO ,/Zg YMeHblIeHHeM zg OC
CTaHOBHUTCA BecbMa GoNbIINM 10 cpaBHeHUio ¢ O A, IpyruMu cloBaMu, MIK-
pUHA KPUBO# yMeHbIaeTcA ObIcTpee ee MIMHBI. B camoil KoHedHON TOUKe
crknagkyu Ha W-MOBEPXHOCTH y#e HeT KPUBU3HBI BIOJIbL OCH Y, 8 OCTaeTCA
Wb KPUBU3HA BJOIbL OCU &, Tak 4T0 V-NMOBEPXHOCTh HAallOMHHAeT co6Goii
nunuHap. Oco6oro BHUMaHMA 3aciyuBaeT Touka [, B KOTOPOil KacaTelb-
HaA napaieibHa ocu y. U3 dopmyunst (134) Haxogum, 4To

dz _ —dy:F (4ce — d?)y?
ay ¢ 2 2 Z0 4ce — d2 4
AVE T
(mpousBoaHan le—z 00603HauaeTCA 3/1eCh 3HAKOM g—fz 1A TOTO, YTOOBI HE CIIy-

TaTh 3HaK auddepennuana d ¢ koapduuuentom d). Urar, Oz obpamaerca
B Hyab nipu y = 0 u npu Y

IlepBrIii KOpeHb He naeT HaM HUYero HoBoro. BTopoil KopeHb [JaeT opau-
HaThl y Touku D u Touku E, cummerpuuHoii ¢ D no OTHOLIEHUIO K OCH T,
T. €.

(135)

OpaunaTta Touku D HecKolbKO MeHblle opAuHATHI Touku K, u6o 4ce > d?
[ypaBuenue (133)]. AG6enucca Touku D

d2 A

e(4ce — d?)’ (136)

Tp = —2e

[Ipu y6eiBaHUM z( OTHOIIEHUE g—g MOHOTOHHO BO3pacTaeT, OTKyJa BHJIHO,

4ToO 10 Mepe HpI/IﬁJII/I?HeHI/IH K KacaTelbHOM IJIOCKOCTH KPUBLIE, I1I0JYYECHHbIE
B C€4YeHUHn \I’-HOBerHOCTI/I INIOCKOCTBIO Z = Zp, BCe 6osee CysiHBarTCH.
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§100. UuagurkaTrpuca, 6MHOIaAb U CIIMHOAA/Ib

Jlorasem Tenepb, uto DFE, o61ad KacaTelbHas K Halleil KPUBOIi, eCTh
He UTO MHOe, KaK IPOeKIUA JBOHHOI KacaTelbHO# kK ¥-IOBepXHOCTH, U, Clle-
JoBaTelbHO, KacaTelbHble IOCKOCTH B Toukax D' u E' coBnagaioT apyr ¢
apyroM. 3geck D' u E' — Touku VU-moBepXHOCTH, NPOCKIUAMEU KOTOPBIX
Ha NJ0CKOCTb xv cayaT Touku D u E.

PaccmoTpuM iBe TOUKH, pacrnono;eHHble CAMMETPUYHO OTHOCUTENbLHO
OCH &, T. €. Te, INIA KOTOPbIX KOOPAWHATHI & U Z OIUHAKOBBI, @ KOOPJUHATHI Y
OTJIMYAIOTCA NUIIL 3HAKOM.

9y = 2cx + dy?,

(137)
9z _ 2dzy + 4ey?®,

T.€. B 3TUX TOYKax 3HadyeHUusd & OJWHAaKOBEI, a 3Ha4YeHUA @ IIPOTUBO-

0 0
i azy

nooHbI 10 3Haky. Ho B Toukax D’ u E' npousBoaHaa ==~ paBHAa HYJIO,

dy
KaK B 3TOM Jlerko y6euThcsA, OJCTaBUB BblpameHud A T U Y, U3 op-
mya (135) u (136).

Hrakr, kacaTenbHble mIocKkocTd K W-moBepxHocTu B Toukax D' u E'
COBMAMal0T APYT C APYroM, YTO U TpeGoBanoch J0Ka3aTh.

Bunogans — reomerpuyeckoe mecto Touek D' u E'. Uckniouus zg u3
dopmya (135) u (136), MbI HOTYYNM NOITOMY ypaBHEHHE NMPOEKIUU GUHO-
llanu Ha INIOCKOCTb xy (9Ta KpuBasA u3obpajxeHa MYHKTUPOM Ha puc. 23).
Urak, ypaBHeHue MpoeKIiY GUHOAIN UMeeT Clefyomuit BUI:

_ _2e, 2
& ==y (138)

YpaBuenue cnuHopanu (cMm. §95):

Pzt ((P2)
0xz? 0y? 0z 0y ’

rje 3HaYeHUA POU3BOJHBIX omnpenenArTca ypasHeHneM (137). Orcrona

_ bee—d? »
T = T v (139)

T.€. ONATH NOJyYaeM mnapaboiy.
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Hrak, Mbl Hamau Tpu nmapabonbl, cONpUKacamIuecA APYT € APYroM
B Hauane KoopauHat O:

Lz= —%yZ, «OChY WY «CPeIHAA NMHUA» UHIAKATPUCHI,
Iz = —%egﬂ — GUHOJAND.

—My2 — chOuHOAAlb
cd ’

6ce — d? 2e d
Ho T > E > 2_C > 0.

CremoBaTelbHO, MepBad mapaboia %
OTRJOHAETCA OT OCU Y MeEHbIle, YeM
BTOpas, a BTopasA MeHbllle, YeM TPEThA
(puc. 24).

YTo BCe 3TH TpU KpHUBbIe CYyTh Ma-
pabosibl — 3TO 06CTOATENLCTBO HAC OT-
HIONb He JO0MMHO yAUBIATL. O6bACHA-
eTcAd OHO TeM, UTO, pasjarafd z B CTe-
MeHHOU pAd, Mbl mpeHeGperanu Goiee
BBICOKUMU cTeneHAMH  u y. [lo Toil ke
caMoii IIpUYMHE MOy YeHHbIE Pe3ybTa-
ThI COXPAHAIOT CBOIO CWJIY JWIIbL B J0-
CTATOYHO Maloi OKpPEeCTHOCTH KOHeu-
HOIl TOUKH CKJIAJKU. Puc. 24

III. z =

—

I

§101. OnpeneneHve KOOpAUHAT KOHEYHOH TOYKU
CKJaJKH HemocpeacTBEHHO U3 caMoro
ypaBHeHuA W-moBepXHOCTU

KoopauHaThl KOHEUHOI TOYKH CKIaJKU MOMHO ONpENelUTh U Hemo-
CcpeACTBEHHO U3 camMoro ypaBHeHUud W-noBepxHoctu. [lnfa sToro Heo6xoqu-
MO, KOHEYHO, BOCIOJIb30BAThCA KAKUM-TO ONpeJeleHHbIM yPaBHEHUEM CO-
croAaHuA. Mbl GyoeM, Kak U Tpexjie, MOJNb30BaTbCA YpaBHEHUEM BaH-Iep-
Baaibca, T.e. popmyioit (81).

YpaBHeHUe CIIMHOAAIU MMeeT BU:

2
_ v ore (920 _
f=5aes ( axav) =0. (140)
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Bun ¢oyHruuu f MoKHO ompemeauTh ¢ noMmombio dopmyist (81). Tarum
o6pa3oM, mepBoe U3 ABYX YCIOBHii, KOTOPbIM [OMMHbI yIOBIETBOPAThH KO-
OpAMHATHI KOHEYHOI TOUYKH CKJIAJKHU, Mbl y#e nonyuunu. Bropoe ycnoBue
noiyyaem clefyomum mytem. [Ipy GecKOHEYHO MaloM MepeMelleHud OT
KOHEYHON TOUYKHU CKJIAAKM BIOJIb CNHUHOMAIU [daBieHHe 0CTAaeTCA HEeU3MeH-
HbIM. YT0ObBI yGeQUThCA B 3TOM, JOCTATOUYHO BCIOMHUTh, YTO JUJIfAl IBYX CO-
cyllecTByoOIuUX (a3, a cliefloBaTelbHO, U B 06eMX TOUKaX KacaHuA obuieit
KacaTelbHOM MJIOCKOCTH, BelIMYNHA AaBieHUA ofdHa U Ta :e. Eciu Temepb
kpuBafd BK D AFE ua puc. 23 6yeT cokpalaThCA, TO [Be TOYKH IOBEPXHOC-
TH, IPOEKIUAMHU KOTOPbIX ciyxaT D u F, nepexoJdaT B TOUKHU, GECKOHEUHO
6au3kue K Havamy KoopauHat O ¥ pacrolioeHHble Ha GUHOJANU, a cielo-
BaTelbHO', U Ha CIUHOAANH.

Bapuanuu x u v npu nepemMenieHuy BAOJb CIMHOAAIN yAOBIETBOPAIOT
YCIOBUIO

of of

5,07+ 500 =0. (141)

ov
HOCHOJIbe e p = ——— IIpHU nepeMelieHn oCTaeTCA IOCTOAHHBIM,

ov

0¥ PUs
axav&C + 2 ov =0,

", cornacHo ypaBHenuio (141),

920 Of 920 of

Ox0v v gv? Or

3ameHsn 31ech f ee BbIpaxmeHnueM B ypaBHenuu (140), momydum

v 2V rY 4 (v o

0x0v §x? Ov® 0xdv) Oxov?

3&Y PV FY (32‘1’>2 P _ g (149)
Ov? 0x0v §z2dv o) 0z

+

Paspemas ypaBuenus (140) u (142) oTHOCHTENBHO & U v, HANRLEM KOOD-
JMHATHI KOHEUHO TOUKM cKIagku. OJHAKO 3TU BbIKIAJKYK BeCbMa CIOMHBI.

11160 sTu mBe KpuUBLIe B Touke () COMPUKACAIOTCA MeHIy CoGoil.
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§102. KpuBafd KOHeUYHBIX TOUYEK CKJAaJKU

[IpencraBum cebe cemeiicTBo U-noBepXHOCTEI, MOCTPOEHHBIX AIA Pa3-
JMYHBIX 3HAUeHUil TemnepaTypsbl. Kamaasa u3 Takux nmoBepxHocTeil o6iana-
eT, BooOllle TOBOPA, CBOeil KOHEUHOI TOYKOH CKIaJKU, U MOKHO TOBOPUTH
0 Kpueol KoHeuHvlx modiek ckaadku [plaitpoint line] — reomerpuyeckom
MecTe KOHEUHBIX TOUeK CKIaJKU AJA pa3inyHbiX TemnepaTyp. Uckmouasa T
u3 ypaBuenuii (140) u (142), nonydaem ypaBHeHHe POEKIUK ITOH KPUBOM
Ha miockocTb Oxv. OcyIlecTBUThL 3TO UCKIIOUEHNE BIIONHE BO3MO#HO, UG0,
B cuny ¢opmyist (81), B Beipamenuu mia ¥ T npucyTcTByeT B mepBoit
CTeNeHH, a 3HaYuT, B ypaBHeHuu (140) — Bo BTOpOIl CTeneHU U B ypaBHe-
uuu (142) — B TpeTbeil.

Kak u mpemsje, MbI paccMaTpuBaeM TOJbLKO TOT clIydYail, Korja Kaca-
TelbHad INIOCKOCTh B KOHEYHO!N TOUKe CKIaJKU He NMepeceKaeT MOBEPXHOC-
TH, T.e€. Cllydail KOHEUHO} TOYKM CRIAAKH «1epBoro poaa» (cMm. §99). Cuy-
yait 4ce — d?> < 0, Korja 3Ta KacaTelbHaf INIOCKOCThL IepecekaeT W-mo-
BEPXHOCTb («KOHEUHAA TOYKA CRJIAIKU BTOPOTO Pojay), Mbl OCTABUM IOKA
B cTopoHe. Be3 paccMoTpeHua ocTaHyTcA U ocobble cliyuyau, MONydaeMble
IpY HEKOTOPBIX YaCTHBIX 3HaUeHUAX Ko3(pPUINEHTOB ¢, d U e B ypaBHe-
uuu (132).

§103. N3meHeHUue qaBieHUA NMPU 6€CKOHEUYHO MaJjaoM
M3MeHEeHHUU COCTOAHUA

PasGepem elie 0qHO NpUMeHEHHE M3JI0KEHHON BbIllle TEOPUHU: MOCMOT-
pPUM, KaKk U3MeHAeTCA AaBleHKe NIPU U30TEePMUUYECKOM Mepexoje OT OJHOTO0
COCTOHHUA PABHOBECHA MEMIY MUIKON U ra3o00pa3Hoii hazaMu K Ipyromy,
GeCKOHEeYHO GJIM3KOMY COCTOAHMIO, TONE PABHOBECHOMY.

RKacarenbnas miockocts B n1060i Touke P(z, v, ¥) M0OBEpXHOCTH onpe-
JenfeTcA oTpe3kaMu g U h, KOTOpble OHA OTcekaeT Ha ocu ¥ U Ha MPAMOIi,
napamienbHoit ocu ¥ u npoxoadineil yepes Touky miockoct Oxv ¢ Koop-
muHatamMu £ = 1 u v = 0.

HerpynHo Bugersb, 4To

—g_ 0% _ 0¥ _ L 9¥
g=yv 5 vav—\Il 5 + pv
u
h:g—i-a—‘P.
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[Ipupamenne g u h npu nepexone or P K Kakroii-nu6o ApPyroii Touyke
HOBEPXHOCTHU, 6€CKOHEYHO 6au3Koi K P, paBHBI

9%V
oxdv

2
—ma q’dm -z
Ox?

— (1Y _ ) O¥
dh=(1-1x) 922 dx + (1 :c)amavdv—i-vdp,

dg = dv + v dp,

oTKyIA
(1 -2)dg+ xdh = vdp. (143)

Mycts A u B (puc. 25) —
x=1 TOYKM, B KOTOpbIX o00Illad KacaTelb-
S *K HaA MIOCKOCThL KacaeTcA MOBEPXHOCTH,
a A'B' — nBoiiHafa kacaTelbHafd K IO-
X B L BepxHocTu, npuueM A’ u B’ nemxar,
C COOTBETCTBEHHO, B OKPECTHOCTAX TO-
A yek A u B. Torpa ypaBuenusa (143)
A CIpaBelJIMBLI Kak Mpu mepexope us B
B B’, tak u npu nepexoge us A B A’.

Ecau Tenepp Touka A ¢ Koopau-
0 U HaTaMM 1, U1 U300pamaeT KUIKYIO
¢dasy, a Touka B ¢ KoopAMHATAMH T3,
Puc. 25 vy — rasoobpasuyio ¢asy, To U3 ypas-

Henud (143) caemyet, uto

(1 —x1)dg+ x1 dh = vy dp,
(1 —x2) dg + 22 dh = vy dp,

OTKyJa
(v2 —v1)dp = (2 — z1)d(h — g). (144)

JTO ypaBHeHHe HYKHO Tellephb Npeobpa3oBaTh TAKUM 06pa3oM, YTOGBI
HalTH cOOTHOLIeHUe Mexay dp u dxr, uinu dxs. IIpogenaem 3To npeobpaso-
BaHMUe.

us
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cleqyeT, 4To

2 2
d(h — ) = $5do + 2. (145)
31ech MpaBylo 4acTh PaBeHCTBA HY#HO B3ATh 1A lepexoja uiu usz B
B B’ nnu me us A B A', u60 nonyyeHHoe BbIpazeHUe MOM¥HO TOr/a MOACTA-
BUTh B ypaBHenue (144).
Nanee, Hy#Ho 3aMeHUTh dv Ha dp. lIpu moctoAanHOM T MoxHO v pac-
cMaTpuBaTh Kak QyHKOUIO x u p. [loaTtomy

_ (0w dv
dv = <8$)pda)—|— (8p)wdp.

ITogcraBaas ciona

(@) 92w
(@) _ oz ), _ Oz 0v
P

oy 3, (&),
(87))96‘ <3p>v 2w

oz Ox Ov

N0y YMM BhbIpazeHue 1A dv, IpU MOMOINK KOToporo ypasuenue (145) npu-
HUMaeT BU[:

ov?

<82\I’)2

920

0° v o dm+(3’”) dp.
p

[Ipumensas 3ty dopmyny K nepexomam cucteMbl u3 B B B’ uuz A B A’
¥ TOJICTABJAA ONYYeHHOE BblpaseHue B ypaBHeHue (144), Haxoaum creny-
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one 1Ba ypaBHEHHA:

0
Vg — V1 — ($2 — 56'1) (a—:;)ll) dp =
p

Wmm¢_<yw>2

2 5.2 510
= (z2 — 71) Oz dv i dry  (146)

0
Vg — V1 — (032 — .1,'1) (8—:;) dp =
p

WWWW_(WWY

ox2 Ov? 0x0v

= (w2 — 71) Tz 7v dxs. (147)
ov?

§ 104. 3aBHUCHMMOCTH JaB/IeHHA OT cocTaBa CMecH

Paccmotpum stu dpopmyiasl 6onee nogpobuo. B ypaBHenuu (80), BbI-
pakaloleM B3aUMHYIO 3aBUCUMOCTb Me#AY JaBileHHeM U 06beMoM, eIH-
CTBEHHbIE BelIUUYNHBI, 3aBUCAIINE OT COCTaBa cMecu x, cyTb a u b. Ciemo-
BaTeIbHO, A ra3oo6pa3Hoiil ¢asbl, re CUIbl MOJERYIAPHOTO NPUTAKEHNA
U pa3Mepbl MOJIEKYJ HrpaloT BecbMa Malylo poilb, 3HaUYeHUA NPOU3BOJ-

81)2
HOM (8— BecbMa ONM3KU K HyJO, u60 B Hamux ¢opMynax v Bceraa
T2
p

o3HayaeT 06beM OJTHOTO MOJA CMecCH.

PasHocTb vy — v1 He HAMHOT'O MeHbIIe vy, T.€e. 06bemMa razooGpasHoit
¢dasbl, B TO BpeMA Kak Lo — x1 3aBeqoMo MeHblie 1. [loaToMy KoadduumeHT
npu dp B neBoit yacTu paBeHcTBa (147) nonoxurenen. TOYHO TaK e MONO-
sKUTeNbHO OyeT U Belpaj)eHue B CKOGKaX B MpaBoii yacTu paBeHcTBa (147),
u6o MbI UMeeM [eno ¢ ycToiuuBeIMU dasamu. ClegoBaTenbHo, dp ToOro e
3HaKa, 4To U (r2 — x1)dxs.
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82171
(ase, npencTaBiafAeT coboil BEIMYUHY TOrO #e NOpAAKA MajloCTH, YTO U 1,
Tak 4TO K03bHUIUEHT NpU dp B 3TOM YpaBHEHUU MOJOMKUTENEH, U 3HAK dp
COBNAfIaeT CO 3HAKOM BbIpameHus (rs — x1)dx;.

CnenoBaTenbHo, dxry U dxy OJHOT'O M TOTO e 3HAKA, a 3TO 3HAYUT, YTO
IpU U3MEHEHUM cocTaBa MUAKON (a3bl cocTaB rasoobpas3Hoil (pa3bl MeHA-
eTcA B TOM € CaMOM HallpaBleHUU.

lanee, npu x2 > x1, dp Toro e 3HaKa, 4To W dr; U drs, eciu
e ro < T1, TO 3HAK dp NMPOTHUBOMNOJIOMKEH 3HARY dr; u drs. Ha cioBax
3TO MOMHO NMOACHUThL TakuM oOpa3oM. Ha3oBeM Ty KOMIOHEHTY, KOTOpPOM
B rasoo6pa3Hoil ¢ase colepxuTcA Oojblle, YeM B KUIKOH, leTyuyell KOM-
noHeHToi. YeM Goiblile cogep}UT TOr[a cMech JeTyuyell KOMIOHEHTBI, TeM
6osbllle U AaBleHNe B razoobpa3Hoii da3ze.

lIBe ¢a3bl, HaxoAAlMecA B paBHOBECUU APYT ¢ ApPyroM, UMeIOT, BO-
o0111e TOoBOpA, Pa3iMUHbIN COCTaB; HO B HEKOTOPBIX CIENUalbHbIX CILyvaax
o6e ¢asbl MOI'yT GbITh U OAMHAKOBBIMHU 10 cocTaBy. lomycTum, uto x; (Ha-
IIOMHHM, YTO 1 OTHOCHUTCA K UIKOH (ase) mocTeneHHO Bo3pacTaeT, Tak
4TO T9 CHayana ObL10 Goablie T, 3aTeM, IPU HEKOTOPOM 3HaYeHUU T1=7T1,
To PaBHO T, a IpU JalbHelllleM BO3pacTaHUU T1, Ty CTAHOBUTCH MEHbIIe,
yeM 1. Torga, cornacto ypaBuenuto (146), p cHayana Bo3pacTaer, JOCTHU-
raeT Npu x; = T; CBOero MakcuMymMa, a 3aTeM yObiBaeT. Ecinu e cHaua-
1a ra < T1,a NOTOM Ty > T1, TO IPU paBEHCTBe 3HaUEHUH L1 U T2 JaBleHUe
OyzneT UMeTb MUHUMYM.

CBoiicTBa pa3HOCTH Ty — X1 FeoMeTpUYecKH U300pasaloTcaA cBoicTBa-
MU JIBOIHOI KacaTelbHO! K moBepxHocTU. Ilpu x93 = 21 NpoekuuA ABOHHOI
KacaTeJlbHOl MapaiienbHa OCH & U OTKJIOHAETCA OT Hee B MPAMO NPOTUBO-
HOJIOKHBIX HAIPaBJIEHUAX, B 3aBUCUMOCTH OT TOT0, YTO GoJblle, T WIH 1.
Ecnu o6myro KacaTelbHYIO INIOCKOCTh KATUTH 10 IOBEPXHOCTH, TO HANpaB-
JeHUe MPOEKIUU [BOHHOI KacaTelbHON Ha miockocTh Oxv GyneT Hempe-
PbIBHO MeHAThCA, NPUOIUMKAACH Y KpaeB NMOBEPXHOCTH, T.e. npu © = 0
Uiy ¢ = 1, K HanpaBJeHUIO OCH v, eclld, KOHEUHO, caMa CKJaJKka IIpocTUpa-
eTcd JOCTAaTOYHO Jajieko — o Kpasd W-moBepXHOCTH.

B camowm pene, npeaenbHbIM cilyuyaeM paBHOBecufi GyleT paBHOBecue
Mexay IByMA (pasamu, cofepalUMHU TOJbKO OJHY KOMIIOHEHTY, a Torja
U r1 U 3 — ob6a paBHbl au6o 0, 1160 1. Ecau me criagra KoHYaeTcA Ha
caMol IOBEPXHOCTU — CyIleCTBYeT KOHeUYHad TOUKa CRIaJKU, — TO IIPOEK-
1A IBOHHON KacaTeJlbHOH CTPEMUTCA COBIIACTH C KacaTelbHON K NPOeKIUHU

v
IIpousBoanas <—1 B ypaBHenuu (146), oTHocAmanACA K UIKOI
P
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GI/IHO,E[aJ'II/I, a 3Ta Moclie[JHAA KacaTeJlbHafA MOMET COCTaBIATh TOT WM UHOU
yroJj ¢ oCbio v.

8§ 105. U306apsI

[lorameM BKparie, Kak HaiiTU Ha WU-MOBEPXHOCTU KPUBBIE MIOCTOAHHO-
ro naBneHuA — uszobapsl. llpugaguM maBieHUI0 p HEKOTOPOE 3HAUEHUE P.
Bynem Tenepr ucraTb Ha Kamgoit Wou-KpuBOM, T.e. HAa KamIoil H30Tep-
Me CMeCH JaHHOI'0 cocTaBa, TaKylo TOURY, IJle HalmpaBleHle KacaTelbHOu

onpejendeTca ypaBHEHUEM o _ —p. 'eomeTpuyeckoe MeCTO 3TUX TOYEK
U JacT HaM uzobapy. v

Ecau Ttemnepatypa T Bbime KpuTuyeckoir (cM. §92) TemmepaTypbl
cMecH JaHHOI0 cocTaBa &, TO Ha Takoil Wv-KpuBoOii cyllecTBYeT JUIIb OJHA
eMHCTBEHHaA KacaTelbHafd 3ajJaHHoro HampaBienuf. Ecau e T < Ty, To
CMOTPA MO BelWYHHE P KacaTelbHbIX OyaeT aubo oaHa, aubo Tpu. M3obapa
MO:KeT, KOHEYHO, IPOXOJUTh U B TOH YacTU IOBEPXHOCTHU, I'[le PAacIo0HeHbI
HeycToHuuBble (asbl.

§106. N3oTepMuuecKoe craTue cMeceit

Touka P nBoiiHOl KacaTelbHOIl, coequHAome Touku A u B o6meii Ka-
caTelbHOM II0CKOCTH, U300panaeT co60ii HEeKOTOpLIN KoMileke has A u B.
Maccer dha3 A u B, comep:aliuec B 3TOM KOMILIEKCE, OTHOCATCA MeH Iy
co6oii kak orpesku BP u AP (cMm. §95). CBoGogHan sHeprua Kommierca U,
usobpaxaemas JJINHOI NepleHIURYJIApa, ONYLIEHHOTO U3 TOoYyKkU P Ha ro-
PU3OHTAIBHYIO INIOCKOCTh, MeHbIle, YeM CBOOOJHafA 3Heprud OJHOPONHOMN
CMecH, coJep:kalleil Te #e KoiuvyecTBa 06€MX KOMIIOHEHT.

Ecnu Tenmepp KaTUTb 00LIyIO0 KacaTelbHYIO INIOCKOCTh IO MOBEPXHOC-
TH, TO MBI [IOJYYUM II0C/eJoBaTeNbHO Bce IBOMHbIe KacaTelbHble, KOTOpbIe
pacmojo:kaTcA Ha HEKOTOpOil pa3BepThiBalolleiicA MoBepXxHOCTU R, 3aMbl-
Kamlleil ckiaary cHuzdy. lloBepxHocTh R BMecTe ¢ yacThio W-moBepXHOC-
TH CHapy#u 0T GUHOJanu o0pa3yeT «dKcIepuMeHTalbHY0» V-TI0BEpXHOCTh,
n3006pazkarollyo JelicTBUTENbHO yCTONUNBbIe COCTOAHUA, KOTOPbIE Bcerjaa
MOkHO HabmonaTh Ha onbiTe. CocTogHUA, u3oOpaxaemble ToukamMu W-mo-
BEPXHOCTHU Mexay OMHOIaNbIo U CIMHOJalbl0, TAK#E BO3MOHbBI; OHU Y10B-
JIEeTBOPAIOT YCIOBHAM PaBHOBECHA, BbIBeIeHHBIM B § 95, Tak uTo pacmnaje-
HUe Ha ABe BecbMa OIM3KHe IPYT K ApYTry ¢dasbl B 3ToH 06JacTU UCKIIOYe-
Ho. Ho 3Tu Touku pacnosoeHs! HaJ pa3BepThIBaIOIIeiicA MOBEPXHOCThIO R
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(uMeHHO, HaJ KpaAMHU 3TOH IOBEPXHOCTH), M KamJgad M3 COOTBETCTBYIO-
MKUX OJHOPOOHBIX a3 MOKET NepeiiTU B KOMIUIEKC ABYX ¢a3, usodpamae-
MBIl HEKOTOPO# TouKoil moBepxHocTd R (cM. §51), npuyem mepexox 3ToT
CONPOBOK/JaeTCA, KOHEYHO, YMeHbIlleHneM cBoGoiHoi sHepruu. [loqo6Horo
poaa ¢asbl — «MeTacTabUILHBIEY — MBI B JajlbHelIlleM paccMaTpUBaTh He
6yneM. Uto ke KacaeTcd Toyek U-NOBEPXHOCTHU, PACHOJOMEHHBIX BHYTPH
cIuHOJanu ¥ BJ0o0aBOK Haj cpefHell yacTbio pa3BepThIBalolleiicA MOBEPX-
HocTH R [Touru mexny B u C Ha puc. 22. Ilpum. nepes.], To cOCTOAHKA,
uzobpanmaemMble dTUMHU TOUYKaMU, COBCEM HeIb3f OCYIECTBUTbL Ha OIBITE,
u60 OHM HEYCTONYMBHI Jlaie [0 OTHOIIEHHIO K 0E€CKOHEYHO MalbIM H3Me-
HeHuAM. I[Ipoernuda sxcnepuMeHTanbHOT Y-OBEPXHOCTH HA INIOCKOCTh LU
COCTOUT CHapy:Ku 6uHomanu u3 npoeknuu V-noBepXHOCTH, a BHYTpU GUHO-
Janu — U3 IpPOeKUUU pa3BepThiBalollelicA NOBepXHOCTU R; B 3Toil mocnen-
Hell yacTu pacnosaraioTca npoekuu K OBoHBIX KacaTelbHbIX, KOTOpbIe
HAYMHAIOTCA M KOHYAIOTCA Ha TOUKax mnpoekiuu 6uHoganu C.

Mer MoxeM yKa3aThb Telepb U3 I'eOMeTPHUUYECKUX CcOooOpaeHuil, 4yTo
MpPOU30HIET, €CIN CMeCh, 3aHMMABIIYIO NepBOHAYATLHO 60JbIN0i 06beM U
MNO3TOMY ONHOPOAHYIO, CKUMaTb M30TEePMUUYECKUM myTeM. [lnda sToro mo-
CTaTOYHO NPOBECTU 4epe3 TOURY ILIOCKOCTU zv, U306paskalollyio Havalb-
HO€ COCTOAHME CHCTEMBI, IPAMYIO (), napaiienbHylo ocu v. Ecau npamas @
He mepecevyeT TONbKO YTO YHOMAHYTOW mpoeknuu 6uHoganu C, To cMechb
IpY U30TEPMUUECKOM C}KATHH OCTaHETCA OJHOPOoAHOI. Takroii ciyyail 6yger
UMeTb MecTo, HalpuMep, KOrja cKiIajJKka He MPOCTUpAaeTcA MO Bcell MUpU-
He TOBEPXHOCTH, a HavyalbHOe COCTOAHUE CHUCTeMbl u3o6paxaeTca TOYKOH,
pacmonoskeHHol, kKak Touka K Ha puc. 25. Ecau me npAamasa () mepeceuer
kpuByio C' B 1Byx Toukax O u E, To ogHOpogHasA cMech, KAK TOIbKO 06heM
ee JOCTUT TIPH U30TEPMHYECKOM CHaTUU BeJIUYUHBI Vp,, pacnajgaeTca Ha
nBe ¢asbl IpU AalbHEHIeM cRaTUK; CUCTEMa ocTaeTcA NBYyX(dasHoii B Mpo-
MemyTKe Memay D u E, a B Touke F npeBpaiiaeTcd onATh B 0JHOPOJHYIO
cMech. CocTaB U Macca KamIoil u3 (a3 moiryvyaemMoro KoMILieKca B IpoMe-
myTre Mexkay D u E onpefensioTcd TeM, ¢ NpoeKIueil Kakoil UMeHHO U3
IBOMHBIX KacaTelbHbIX EpecekaeTcA B IaHHON CBOeil TouKe npAMas (Q; Ta-
KuM 06pa3oM, cocTaB U Macca 00eux ¢as CUCTEMBI B IPOMeKYTHe Memxay D
u E HenpepbIBHO MEHAIOTCA.

I'panuny Memay o60UMHU CIydaAMH — YCTOWUMBOCTBIO OJHOPOIHOM
cMecH U pacnajfieHHeM cMecH Ha [Be ¢a3bl — o0pa3yeT TOT ciyuail, Korja
HavallbHOe IMOoJoMeHue CHUCTeMbl U306paskaeTca OfHOI U3 TOUEK KacaTelb-
HO#l K GUHOJaNM, MPOBEIeHHOI NapanienbHo ocu v. Torga dasa, coctaB Ko-
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TOpOii BbIpamaeTCA KOOPAUHATON &, pABHOI KOOpAUHATE TOUKU KacaHuf S
(puc. 25), y#e He pacnagaercd Ha gBe ¢dasbl. Touka S Ha3bIBaeTCH Kpumu-
weckoll moykoil kacanus (critical point of contact).

Cnemyer elile ykasaTh, 4To eciu Touka D, rie npAamas () BIepBble Ie-
peceraetr npoexuuio C' 6MHOJANN, €CTh KaK pa3 KOHEUYHafA TOYKa CRIAJIKU,
TO pacnajeHue Ha [1Be ¢a3bl HOCUT 0coGeHHbIN xapakTep. [leficTBUTENbHO,
ecind Touka D He ecTh KOHeYHaf TOYKa CKJIaJKU, TO JBOHHAaA KacaTelbHas,
npoxopnmas dyepe3 D, mepeceueT MpoeKlUi0 GUHOJATN B HEKOTOPOH TOY-
Ke C, pacrnonoxeHHOi Ha KOHEUHOM paccTOoAHUM oT Touku D. Torga Touka
nepecedyeHusa MpAMo () co ciegyolleit ABoiiHONM KacaTelbHo#l GyneT Jje-
#aTb BONM3U OJHOI0 U3 KOHIIOB 3Toii mociefnHeii. CiegoBaTenbHO, mpollecc
pacnajeHus oAHOH (pa3bl IPOUCXOAUT TaK: CHayajla BO3HMKAeT B He0OJbIIOM
KoJHYyecTBe OJHa U3 (a3, 3HaUUTeNbHO OTINYAIOaAcA 110 CBOeMY COCTaBy
ot D, a ocranpHadg macca cucTeMbl IepexoJuT B (asy, BecbMa GIU3KYIO
no cBoemy coctaBy k ¢asze D. CoBcem mHaue obcTouT gmeno, korga D —
KOHeuHasd ToyKa ckiaaaku. Torpa nepBad [BoiiHafd KacaTelbHas, HalpaBJe-
HUe KOTOpoil GeCKOHEYHO Malo OTAMYaeTcHd OT HalpaBleHUA KacaTelbHOMH
K OMHOJany B KOHEUYHO! TOYKe CKIaJKHU, coeJUHAET MexAy coboil 1Be Tou-
KU OMHOJaNM, paclnoyoeHHble N0 00e CTOPOHbI KOHEYHO TOYKM CHIafKU
U Ha BecbMa MajloM paccTOAHUU OT 3Toil Touku. Touka nepeceueHud npsa-
Moit () ¢ 3Toit IBOIHOM KacaTelbHOI yie He pacrojaraeTca BGJIU3U OJZHOTO
U3 KOHIIOB JBOIiHON KacaTenbHo#l. CiiefoBaTenbHO, KOIMYECTBA BO3HUKAIO-
mux (a3 — BeJIUYUHBI, YK€ CpaBHUMbIe Mex Iy co0oii, a cocTaB o6eux ¢das
BecbMa Maljlo OTJIMYaeTcA OT cocTaBa CUCTeMbl B KOHEUHOH TOUKe CKIaJKU.

HerpynHo ykasaTb, 4To Ipou30iieT B TOM cilyuae, ecli, Kak 3TO0 Mo-
KeT CIyUUTheA, Ha puc. 25 KoHeYHasA TouKa ckiaajku P coBmnajgaet He ¢ nep-
BOil TOUKO# MmepeceyeHuA npAMoii () ¢ npoeknueit C' 6uHOgaNM, a CO BTOPOH
TOYKO#N nmepecevenusd [T.e. P coBnagaer e ¢ D, a c E.

§107. O6paTHaa KoOHOeHcallUA

3ameuaTelbHOe ABIEeHUE HAOMIOJAaeTCA B TOM Clyuyae, KOrja CiKuMae-
Mas cMechb o6lafaeT TaKUM COCTaBOM, UTO MpAMasn () pacnosoxeHa Meway
KpUTHYeCKOil TOUKoil KacaHuA S U KOHeuHoM Toukoi ckiaanku P. IIpeacta-
BUM cebe, uTo Touka P, Kak 3To u3oOpaxeHo Ha puc. 25, pacrnojiaraeTcd
CO CTOPOHBI MEHLIIUX 00HEMOB, T.€. cieBa oT S, a Touka D nycTb Oynet
NepBOii TOUKOI MepeceueHuA npAMoit () ¢ npoeknueit 6uHonanu. Korpa npu
CHaTUU MBI JOCTUraeM 3TOH TOUKH, TO HAUMHAaeT NOABJIATHCA KUJKasA dasa,
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cocTaB KOTOPO# onpefenaerca koopaunatamu Touku C. [lpu nanbheiiiem
cHATHM CHavyala Macca #UAKON (a3bl yBelInynBaeTc, IPUYEM COCTaB TOM
(ha3bl HENPEPLIBHO MEHAETCA; HO 3aTeM (KaK B 9TOM MOMKHO yGegUTbCA U3
puc. 25) Macca UAKON (asbl yMeHbINAeTCA, U B TOYKe F BeA MUAKOCTh
y#e UCUe3HeT, U Mbl ONAThL MOMyYaeM OJHOPOJHYIO razoo0pasHyi0 cMecCh.
dTO ABNEHUE HOCUT Ha3BaHUe 06pammuoll koHdeHcayuu U GbLIO BIEPBbIE OT-
KpbiTo KysHeHOM anA ciyyas cMecd MeTUIXJIOpUa ¢ ankoroieM. Ecau Ko-
HeYyHafd TOYKA CKJIaJKHU PaclojioxeHa o OTHOUIEHUIO K KPUTUYECKON TOUKe
KacaHWUA CO CTOPOHBI OOJbIIUX 06HEMOB, a NpAMaf () MO-NperHEMY MHpPO-
XO[UT Memay Toukamu S u P, To uMeeT MecTO fiBleHHE, B HEKOTOPOM
CMbICIie TPOTUBOMNOJIO#KHOE ABIEHUIO 06paTHON KoHAeHcauuu. CHavyana mo-
ABIfAeTCcA Ta3oobpasHan ¢asa, KOTopas MpH AalbHeHIeM ciaTUM B KOHIlE
KOHIIOB HCYe3aeT.

Jlna cmecu a06oro coctaBa & = X7 MOMKET CYI[ECTBOBAaTb HEKOTO-
pas TemIepaTypa, NPy KOTOPOH KpUTHUYeCKasA TOYKA KacaHUA JeMHUT Ha
NpAMOR & = 1, MapalielbHON OCH v, a TaKk#e HEKOTopas Apyrad TeMmIie-
paTypa, Ipud KOTOPOH Ha BTOW MPAMOI JEUT KOHEYHAA TOYKA CRIAIKU.
[lepBan Ha3bIBaeTcA kpumuieckol memnepamypoli cMeweHus, a BTopagd —
memnepamypoil konewnod mouxu [plaitpoint temperature].

N3 Bcero mpeapiayiero BUAHO, YTO KPUTUUYECKUE ABIEHUA B CMECAX
PE3KO OTIUYAIOTCA OT KPUTUYECKUX fIBIEHUI B OJHOKOMIOHEHTHON CHC-
TeMme. Bomee mogpoGHoe u3NoxeHWe YUTATENb MOMET HalTH BO BTOPOU
yacTU KHUTH BaH-Oep-Baanbca «Continuitdt des gasformigen und fliissigen
Zustandesy [uau B kuure U. I. Bau-gep-Baanse u @. Konctamm «Rype Tep-
Moctatukmy, 4. I, Bunapusie cmecu (OHTH, 1936)].
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