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OU3BUUYECKUUN DAKYJIDBTATUB

BHYTPEHHAA 3Heprng
OeanbHOro rasa

HYTPEHHSIA SHEPTUA — BAJK-

Helimmii napamerp Jo6oil mepmo-
Junamuueckotl cucmeMvl. 3aBUCUMOCTD
BHYTPEHHEH 9HEPrUH CUCTEMbI OT OCHOB-
HBIX IIaPAMETPOB, OIPe/IeJIIONINX 6e PAs-
HOBecHOe cocmosinue, N3yd4aeTcss Kak B
paMKax TepMOJMHAMUKH, TaK U MeTO/1a-
MU CTATHCTHYECKON (DU3NKHU.

Cnpaska. B coryvae ognopoanoii oHoKOM-
IIOHEHTHON TepMOAMHAMHUYECKOH CHCTEeMbI
OCHOBHBIX TIAPAMETPOB /IBa —HAIIPUMED, TeM-
neparypa u o6beM. I'oBOpAT, 4TO Takas Cuc-
TeMa 06/1a/1aeT ABYMSI MepMOOUHAMUMECKUMU
cmenensamu c60600vL. 3HAUNT, KaXKIOMY PaB-
HOBECHOMY COCTOSTHUIO CHCTEMBI MOYKHO COIIO-
CTaBUTb OJIHY TOYKY Ha KOOPJMHATHON IJIOC-
xoctu (V,T), a paBHoBecHbIii (KBa3upaBHO-
BECHBII) TpoIecc M306paskaeTcs JTUHUEH Ha
3TOM IJIOCKOCTU. 3HAu€HUe TPEThEero Iapa-
MeTpa — JaBJeHus p — B KaXKIOH TOUKe
IJIOCKOCTH MOJKHO BBIYHCJHUTH C ITOMOIIBIO
ypasuenus: cocmosinusi (B ciydae MjeasbHo-
ro rasa, HalpUMep, C TOMOIIbIO yPaBHEHUS
Knaneitpona—Memnzeneesa).

Bosunkaer ecrecTBEHHBII BOIIPOC: CY-
HIECTBYET JIN KaKasi-HUOY/b CBSI3b MEXK-
[y YPaBHEHUEM COCTOSIHUSI CHCTEMbl U
3aBHCUMOCTBIO BHYTpeHHeN aHeprmn U
OT TMapaMeTpOB, OIPEEJSIONNX 3TO
cocrostHue? MO>KHO JiH, 3Has (DYyHKIINIIO
p(V,T), uro-muGo ysHatb 0 QyHKIMK
U(V,T)? Ilpocreiimuii (HO oueHb Bax-
HbIIT) ITOJIMIOH /ISl U3YYEHHs STOrO BOII-
poca — XOPOIIIO BaM 3HAKOMBIN H/I€aJb-
HbIil ra3. OHaKO HAYHEM MBI C TOTO, YTO
BCIIOMHHM U CHCTEMATU3UPYEM CBEJEHUS
00 nieaIbHOM rase, U3BECTHBIE U3 IITKOJIb-
HOTO Kypca.

WpeanbHbivi ras B
TepMoauHamMmuke. 3akoH [xoynsa

Uem GoJiee pa3pesKeHHbIM SIBJISIETCS Pe-
AJbHBIN Ta3, TeM OJIMKe OH K MAeaTbHO-
My. MHOTOUYHUCJIEHHDbIE JKCIIEPUMEHTDI
JIEHCTBUTE]bHO IIOKA3bIBAIM, YTO YeM
6oJiee paspekeH ras, TeM TO4YHee OH
nojuuHAeTca ypasnenuio Kianeiipona—
MenjesieeBa

pV = VRT . )

MosxHO CKa3aTb, 4YTO C TOYKH 3pEHUA
TEPMOJVHAMUKUN UACaJTbHBIM HA3bIBACT-

s Ta3, TOYHO TIOUMHSIONUIICSA ypaBHe-
Huio cocrosinus (1).

B pamkax mepBoro 3akona (Hauaua,
MOCTyJIaTa) TEPMOAMHAMUKH, BbIPaKa-
IOMIET0 3aKOH COXPAHEHWsI SHEPIUH C
YYETOM TEIIOBBIX IPOIECCOB, HEBO3MOK-
HO, UCXO/ISI TOJIBKO U3 YPABHEHUSI COCTO-
saust (1), momyuutp Kaxkyo-1m60 WH-
dopmanmio o Buge pynxmmun U(V,T).
Kpynneiinme ¢dpusnku mpoiioro croJie-
s (Teii-JTioccak, [soyab, Tomcom)
3aTPATHJIM 3HAYUTEJIBHBIE HKCIEPUMEH-
TaJIbHBIE YCUJIUSA [T Y CTAHOBJICHUS OTOM
3aBucuMocTH. V3 WX 9KCIEPUMEHTOB
YOEUTENBHO CIIEOBAJIO, YTO BHYTPEH-
HAS SHEPTHSA WACANBHOTO Ta3a 3aBUCHT
MOABLKO OM MeMnepamypo:

uvr)uT ),
vvir) Uy ).

ITO COOTHOIIEHNE HA3BIBAIOT 3AKOHOM
J>koy.s.. OHO BBITIOTHSIETCS TEM TOUHEe,
yeM GoJiee pa3pesKeHHBbIM SIBJISIETCS Ta3,
T.€. YeM TOYHee OH TOYMHSIETCS] ypaBHe-
nuto cocrosnus (1).

3akon /[>koyJisi IO3BOJISIET BBIPA3UTh
BHYTPEHHIOIO JHEPTUIO uepe3 JApyTroit
napameTp, 6osee y100HbI /17151 9KCIIepu-
MEHTAJIBHOTO OTIPe/IeIeHNs], — TeILIoeM-
KOCTb 11pu T1ocTosiHHOM o6beMe C,, . Ilo-
CKOJIbKY paGoTa B U30XOPHOM IIPOIlecce
paBHa HYJIIO, U3 NIEPBOTO 3aKOHA TEPMO-
nqunamukn: Q = AU u onpeneneHus
TENJ0eMKOCTH: Q = CVN' cJenyer, yTo
TETJIOEMKOCTD P TIOCTOSTHHOM OGbeMe
€CTb IIPOM3BO/IHASI OT BHYTPEHHeH sHep-
THU TI0 TeMIlepaType:

nian

-
C,=U'lr),

a BHYTPpEHHAA 9HEPrud , COOTBETCTBEH-

HO, — nepBooépaSHaﬁ OT TEILJIOEMKOCTU

U(T) = Jc AT .

OmbIT MOKA3bIBAET, YTO TEILIOEMKOCTH
JIOGOTO  pa3pesKeHHOro Ta3a OCTAETCs
MOCTOSTHHO# B IIUPOKOM /IHalia30He TeM-
neparyp: or 10—40 K mo 1000—
2000 K. TermioeMKOCTb OJHOTO MOJISI
(MoJIIpHAs TEILIOEMKOCTD) JIOG0r0 O/1-
HOATOMHOTO Ta3a B 5TOM J[MAlla30He TeM-

neparyp ojHa u Ta ke u paBHa 1,5R,
JIByXaTOMHOTO — 2,5 R, MHOroaroMHo-
ro — 3R. B arom cuyuae /i1 BHyTpeH-
Hell SHEPrIK MOXKHO HCIOJIb30BATh 11PO-
CTOE BbIpakKeHue

U=CT @

(HAIIOMHUM, YTO SHEPIUA BCEr/1a OIIpe/ie-
JIIETCS ¢ TOUYHOCTBIO 10 KOHCTAHTBI).

3KcnepwmeHTaanoe
noaTeepXXpeHne 3aKoHa JJ,)K0yJ1$I

IKCIIEPUMEHTBI, TPUBEIINE K YCTAHOB-
JIeHu1o 3aKoHa [IKOyJisi, MHTEPECHBI He
TOJIBKO C MCTOPUYECKOI TOYKU 3PEHHS.
OrnuiiieM KpaTKo (PU3MYECKUiT CMBIC/T ATUX
OTIBITOB.

a) Pacmupenne raza B mycrory.
Omnbrtol Teii-JIioccaka u >koyasi. Uro
[IPOU30II/IET, e/ T03BOJIUTD ra3y CBO-
6O/IHO pacIupsThCes B mycroty ? Harpu-
Mep, MOXKHO COEeJMHUTH /[BA COCYyla —
OJIMH C Ta30M, JIPYTrOil OTKAYaHHbIH —
TpyOKoit ¢ kpanom (puc. 1) m maGumo-
JIaTh 32 M3MEHEHNEM TeMIepaTypPhbl rasa
nocse OTKpbIBaHuMs Kpana. Kak Teii-
Jlioccak, Tak ¥ TIOBTOPUBIIIHIA €70 OIIBITHI
(B ycoBepieHCTBOBaHHOM Buje) J[xKo-
VJIb IPUTILIN K BBIBO/IY, YTO TEMIIEPATYPA
JIOCTATOYHO PA3PEKEHHOr0 ra3a B KOHey-
HOM COCTOSTHUM TaKasi ’Ke, KaK B HayaJlb-

Puc. 1

HoM. OpHako TOMbKO JIKOyJab cyMmes
clleslaTh U3 3TOro pesyJibTara IIPaBUib-
HbII BBIBO/L: BHYMPEHHSS IHEP2ZUS PA3-
pexennozo (udearvnozo) z2asa ne 3asu-
cum om obvemal

IIpu pacmmpeHuu B IIyCTOTY Tra3 He
nomydaer Terna (Temmoo6MeHoM 3a Ma-
JI0€ BPEMS PACHINPEHHUS MOKHO peHes-
peub) U He cosepinaer paGoTbl. W3 mep-
BOI'0 3aKOHA TEPMOJMHAMUKK CJIEIyeT,
YTO M3MEHEHUE BHYTPEHHEH sHepruu 3a
BPeMsl PACIIUPEHUS TAKKE PABHO HYJIIO.
3 OIBITOB IIOJIy4aeM

vV )Y E ),
rae V1,V2
06beMBI Ta3a.

HayaJabHbBIA U KOHEUHBIN

IIpu ana/nn3e paclINpPEeHNs ra3a B IyCTOTY
MHOTHE ITKOJIbHUKH JOMYCKAIOT XapaKTEPHYIO



oumOKy. Vcxoas U3 Toro, 4TO TEIIO B 3TOM
TIpoliecce He TTOABONTCS, OHU JeJIAI0T BBIBOJ,
YTO 3TO HE YTO WHOE, KaK aanabaTUIecKuii
[IpoIecc, a HpU aaunabaTHyeckoM pacliupe-
HUW, TOBOPSIT OHU, ra3 oxyaxaaercs! Ourmoka
COCTOUT B TOM, 4YTO aanabaTHYecKuil mpo-
1[ecc — 3TO PaBHOBECHBDIII ITPOIECC, TIPOUCXO-
ISIUI P OYeHb MEeJJIEHHOM PAaCHIUpEHHN
raza 6e3 nojiBosia temuia. [Ipu takom paciim-
peHnu ras coBepiuaer paboTy HaJi Me/IJIEHHO
TiepeMelalonieiics Ieperopo/Koii, 1 ero BHyT-
DEeHHsIs dHeprus /efCTBUTENBHO YMEHbIIAeT-
cs1. Pacmmmpenne ke B mmycrory — Ipoiecc
HepasHo6eCHbLll, Ta3 PACIIUPSIETCS] CBOOO/HO,
He coBepiiasi paboOThI HaJl CTEHKAMU COCY/A,
KOTOpBIE OCTAIOTCS HETO/IBUXKHBIMU.

A uT0 3Ke OyJIeT, ecJiu PaCcIINPEHnIo B
MyCTOTY TO/[BEPTHYTH TJIOTHBIA Ta3, B
MOBEJIEHUN KOTOPOTO HaOJIOAI0TCS 3a-
METHbIE OTKJIOHEHHUS OT W/eaJbHOCTH?
OkasbIBaeTcs, Temmeparypa takoro (pe-
aJIbHOT0) Tasa IPU PACIIMPEHUN YMeHb-
maetcsd. /lesjo B TOM, YTO B peayibHbIX
ra3ax 3aMeTHYIO POJIb UTPaeT NPUTSKe-
HUEe MeK/Iy MOJIeKyJaMH U CBSI3aHHAS C
ITHUM TIPUTSKEHIEM TTOTEHITUATbHAS SHEP-
TUST B3aUMOJIEHCTBUST MEXKIY MOJIEKYJIa-
mu ra3a. [Ipu pacmupenun cpeHee pac-
CTOSTHUE MEXXJy MOJIeKyJaMH YBeJUdU-
BaeTcst, CUJIbI MPUTSIKEHUS COBEPINAIOT
OTpHIATEIBHYIO PAaGOTy, U MOTEHIHAJIb-
Hasi 9HEePI'Hsl yBeTMUNBAETCS. A TIOCKOJIb-
Ky TIOJIHAsI BHYTPEHHSIST 9HEPTUSI OCTaeT-
CsI TIOCTOSTHHOU, KMHETUYeCKast SHEePTHs
MOJIEKYJT, & 3HAYUT, W TEMIIepaTypa rasa
YMEHDBIIAOTCS.

CrnpaBka. HauGosee ynauHOil ¥ IIHPOKO
MPUMEHSIEMON MOJIEJIBIO PEATIHHOTO Tra3a siB-
ssercsi a3 Ban-gep-Baasbcea, mogamHsronTmii-
Cs1 YPAaBHEHUIO COCTOSIHUS

v-ofprik]=rr @

(g ognoro Mo rasa). Ilocrosmubie Ban-
nep-Baanbca @ m b yuuTBIBAIOT MPUTSKEHNE
MeXK/ly MOJIEKYJIaMK Ha GOJIBIITMX PACCTOSTHH-
ax (IocTosiHHAs @) ¥ CUJIbHOE OTTaTKUBaHUe
na Manpix (mocrosnnasg b). ITo OTTaNKUBa-
HHUe JieslaeT HeJOCTYITHBIM BHYTpeHHee IpPo-
CTPaHCTBO Z[aHHOIU/I MOJ'ICKyJII)I JUJId OCTAaJIbHbBIX
MOJIEKYJl ¥ yMeHbIIaeT OOIMil CBOGOHBIN
06beM. BHyTpeHHSISI SHEPTHsSI OJHOTO MOJIST
raza Ban-nep-Baasbca paBHa

a
U=C,T-—. (4)
1%

IIpumep. [dns xkucaopoma a =
=0,137 Tla D/[G/MOJI])Z. O H MOJIb KHUCJIO-
poaa Haxoautes B cocyne obbemom 10 1.
Ha ckospko monHusuWTcs TeMmIeparypa Tasa
1oCJIe COEAWHEeHUs JAHHOTO cocyja C JpY-
ruM cocyzioM o6bemoM Toxke 10 1, HO MoJIHO-
cTpio oTkavanupiM? (HamomnuM, 4to Ternio-
eMKOCTb ofmoro Mons kueraopoga C, =
=2,5R.) OtBer: na 0,33 K.

6) IIpouecc /Axoyas—Tomcona.
ONBITBI IO PACHIUPEHHIO TA3a B YCTOTY

OU3UYECKUUN DOAKYJIBTATUB

Puc. 2

He 006J1a/laTi BBICOKOH TOYHOCTBIO U HE
MOTJII CJIy>KHTb HAJEXKHBIM OOOCHOBA-
HueM 3akona J[[xoyms. CoBMecTHO ¢
Tomconom [[3k0yJib IPOBEJ CEPUIO OIIBI-
TOB 10 IPOCAYMBAHUIO Ta3a Yepe3 Hopu-
CTYIO TIeperopoJky. B aByx wactsax ter-
JIOU30JMPOBAHHOTO  ITHJINHAPUIECKOTO
cocy/ia, pasieJieHHbIX TIOPUCTOM ITepero-
poakoit (B ombrtax J[xoyna—Tomcona
HCII0JIb30BAJIACH IIPOOKA U3 IIJIOTHOI BATHI
U OY€COB IIEJKA), HAXO[UTCS UCCIIe/ye-
Mbiii ras (puc.2). Eciu B seBoii yactu
cocy/ia TO//IePXKUBATH TIOCTOSIHHOE []aB-
JIeHUe py, a B IIPaBOil — MeHblIee /1aB-
JIeHue p,, TO ra3 6y/eT OueHb Me/JTEHHO
IPOCAYNBATBCS CJieBa HalpaBo. Braua-
Jie BECb a3 HaXO/UTCsI CJIeBA OT [epero-
poaxu npu temnepatype T;, a B ombire
usMepsercs temieparypa T, rasa B npa-
Boii yactu cocyna. Vsmenenue temrepa-
Typsl B Takom mporecce (7, T,) Ha-
3bIBaercst aghgpexmom Jxxoyas—Tomco-
na. Ilpm KOMHATHOII TeMIepaType IJist
BCEX MCCJIE/JOBAHHBIX Ia30B ObLT OGHAPY-
JKeH oTpuiaresbublil apdexr [xxoyns —
Tomcona, KpoMe BOIOPOIA, 7SI KOTOPO-
ro addekT ObLI 0JI0KUTENbHBIH. O/1HA-
KO BO BCEX CJydYasix IPU IEpexoje K
6oJsiee paspexXeHHbIM razaM 3¢ deKT
[lxoyns—ToMcoHa CTpeMUJICS K HYJIO.
B mpenene, T.e. IS CUJIBHO Pa3peskeH-
upix (upeanbHpix) ra3os, adpdexr [xo-
yna—Tomcona orcyrcreyer: T, = T,!
Jlerko y6eamTbCs, YTO M3 ITOTO pe-
3yJIbTaTa CJeJyeT BBIBOJ O HE3ABHCHMO-
CTH BHYTpPEHHell 3HepruM WAeaJbHOTO
raza or o6beMa. Ecii HagambHbI 00beM
rasa V|, a koneunblil V,, To paGora rasa
B aTOM Hpolecce pasHa A = —pV, +
+ p,V,. IlockobKy Tennoo6MeH B 11po-
necce orcytereyer (Q = (), 3 mepBoro
3aKOHA TEPMOAMHAMUKH CJIEYET

0=U, U +p,V, - pV,.

Taxk xax T, = T, = T, nu3 ypaBHeHus

COCTOAHUA HU/I€AJbHOIO Ta3a CJaeAyeT

PV =p,Vs.
3HauuT,
U, (v, T)=U,(v,.T).

Nsyuenue npouecca [Ixoyaa—Tomco-
Ha JUIS peaJIbHBIX Ta30B MMeeT 00JIbIIoe
3HaueHUe — KaK Hay4yHoe, TaK U IIPAKTU-
yeckoe. OKazajoch, 4TO IS KaXK/OTrO
rasa CyIIeCTBYeT TaK HasbIBacMasl 1meM-
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nepamypa unéepcuu, HUXKE KOTOPOil
sdpdekr [Ixoyasi—ToMcoHa CTAaHOBUTCS
orpunaresbupiM. [Iponecc [[xxoymsi—
ToMcoHa HCIoNb3yeTCs IS TOJTyYeHHSs]
HU3KUX TEMIIEPATYP.

NpeanbHbil ras B MONeKynsipHO-
KuHeTn4yeckom Teopum (MKT)

C toukn 3penusi MKT, nneanbupim Ha-
3bIBAETCS I'a3, B KOTOPOM MOJIEKY JIBI MEXK-
Iy COyJlapeHUsIMI He B3anMOJEHCTBYIOT
JIpYT ¢ ApyroM. JlaBjieHne ra3a siBIsieTcst
pe3yJIbTaTOM MHOTOUYUCJIEHHBIX Y/apOB
MOJIEKYJT O cTeHKy. Ecisin raz maxomurcest
B TEIJIOBOM PaBHOBECUU CO CTEHKOM, 3TH
coyaapeHnust B cpegHeM ynpyrue. Mcxo-
[l I3 3TOTO, BBIBOJNTCS OCHOBHOE YPaB-
neane MKT nzgeanbHbIX Ta3oB

P =2 n(Ene) )

— JIaBJIEHUE Ta3a MPOIOPIUOHATIBHO €ro
KOHIIEHTPAIMHU ¥ CPeHeil KNHeTUYeCKOH
SHEPTHH MOCTYTIATETBHOTO IBUKEHHS IO
MOJIEKYJI. Y MHOKAM 06€ YacTh ypaBHe-
nus (5) Ha o6beM rasa:

2 2
pv = §N<EHOCT> = 5 EHOCT .
CpaBHuBag 310 ypaBHeHUe ¢ ypaBHEHU-
eM cocrostiust (1), BUUM, 4TO TeMIepa-
Typa rasa /I0JI)KHA OIIPEAEJIATbCS Cpejl-
Hell KMHeTHYeCKOH sHeprueil IocTyma-
TEJIBHOTO JBVXKEHUS €r0 MOJIEKY.JT:

1oCcT

3
E = EVRT . 6)

VIMEHHO TaK OTpe/IeJISIETCST TeMIIEpaTypa
B MOJIEKYJIIPHO-KMHETUYECKOI Teopuu
— 4epe3 CPeHIOI KMHETHYECKYIO SHEP-
TUIO TIOCTYIIATEIBHOTO JABIKEHUST B Pac-
YeTe Ha OJHY MOJIEKYJIY:

() = S AT @

(3necs k = R/N , — nocrosinaas Boutbii-
MaHa).

Cupagka. Uto6bI Takoe onpejiesieHie 6bLIo
3aKOHHBIM, HAJ0 YOEIUTbCS B TOM, 4TO OHO
COIJIACyeTcsi ¢ OCHOBHBIM CBOWCTBOM TeMIIe-
patypbl: PaBeHCTBOM TEMIIEPATYP [BYX TeJ,
HAXO/SIMXCS B TEIJIOBOM PpaBHOBecuu. B
MKT cTporo [0Ka3bIBaeTcs, 4TO €cJH JiBa
ra3a Haxo/sITCsI B TEIJIOBOM PABHOBECHH JIPYT
C IPYTOM, TO CPEJIHKE MOCTYIaTeNbHbIE JHEP-
M MOCTYHATEJIbHOTO JABUKCHUA MOJIEKYJI
9TUX Ta30B OJMHAKOBBI. IJTO ¥ IO3BOJISIET
JlaTh 9HEPreTHYeCcKoe OIpe/iesieHre TeMIepa-
TYPpbl U/I€aJbHOTO rasa.

B cirywyae ogHoatomMnoro rasza KuHeTu-
yeckas 9Heprusd MOCTYIATeJbHOro JIBU-
JKEHUSI — 9TO €JIMHCTBEHHBII BU/I BHYT-
PEHHEWl 3HEPTUU TEIJIOBOTO JIBUKEHUS
(nmoreHnunanbHasg 9SHEPrus B3aUMO/IEi-
CTBUSI MEX/Y MOJIEKYJaMU H/eaJbHOI0
raza CUMTAETCS MPEHEOPEKUMO MaJIolt).
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Tora A1 BHyTpeHHeil SHEPruM Taza u3
Boipaskenus (6) mosyyaem

3
U = JVRT, (8)

T.e. BHYTPEHHSIS 9HEPIHs OJJHOATOMHOTO
raza, BblunMcJeHHas B pamrkax MKT,
3aBHCHUT TOJBKO OT TeMmeparypbl. Coot-
BETCTBEHHO, TEILJIOEMKOCTb O/[HOT'O MOJISI

oanoaromuororasapastua Cy, = (3/2)R.

OO6paTM BHUMaHUE HA TO, YTO B PaM-
kax MKT u ypaBHEHUE COCTOSIHUS H[Ie-
JIBHOTO Ta3a, W yTBEPIKEHIE O HE3aBU-
CHMOCTHU BHYTPEHHeII sHepruu or o6beMa
(4719 0IHOATOMHOIO rasza) MOJIyYaloTCs
TIPH OJTHOM U TOM K€ MTPE/TONOKEHI —
npeHeO6peXUMOil  MAJIOCTH B3aMMOJIeH-
CTBUST MEXK/TY MOJIEKYJIAMHU. DTO MOKA3BI-
BaeT, 4TO BBIPAKEHWE [T BHYTPEHHEN
HHEPTUH JOJIKHO GBITh KaK-TO CBSI3aHO C
yPaBHEHUEM COCTOSTHIS.

Cnpaska. B ciyyae MHOTOATOMHBIX Ta30B
HaJI0 YYUTBIBATh KWHETHYECKYIO SHEPTUIO HE
TOJIBKO MOCTYIIATEJBHOTO, HO U BPAIIATEJb-
HOTO [BWJKEHUSI MOJIEKYJ, a B HEKOTOPBIX
CIy4asX W BHEPrHio KojeGaHmil aTOMOB B
MOJIEKYJIE OTHOCUTEJIBHO JIPYT Apyra. Y4ecThb
STH BUJBI SHEPTUH MO3BOJISIET 3AKOH PAGHO-
pacnpedenenuss snepzun no CMeneHIMm co60-
Obl. DTOT 3aKOH MOKHO CYUTATh 0000IIEHIEM
IHEPTETHYECKOTO OTIPE/IEJIEHNST TEMITEPATY PbI
(7). On yTBepKaaeT, 4To Ha KaXK/IYIO CTEleHb
CBOGO/IbI MOJIEKYJIbI TIPUXOJUTCS B CPEHEM
sueprus (1,/2)kT (B pacuere Ha OHY MOJIe-
kyay). IlocrymarteabHoMy [BUKEHUIO COOT-
BETCTBYIOT 3 CTENEHH CBOGObI, U T0ITOMY
CPE/IHsIST SHEPTHUS TOCTYMATETbHOTO [BIDKe-
nust pasua (3,/2)RT. ¥V 1ByXaTOMHBIX MOJIe-
KYJI €CTb eIlle /[Be CTeleHn CBOGO/IbI, OTBeYa-
I0TI[Ie BPAIIATETbHOMY [BHKEHUIO, TOITOMY
TMOJTHAST KUHETIHIECKAS SHEPTHS STHX MOJIEKY.T
pasna (5/2)kT. Uro Kacaercss KoseGaresb-
HOTO [BUJKEHUSI aTOMOB, TO SHEPIUST ITHX
JIBIDKEHNI OKa3bIBAETCST MPEHEOPEKNMO Ma-
Jioit BIIOTH 1o Temieparyp 1000—2000 K.
OGbsiCHEHIE TAKOMY «3aMOPAKMBAHUIO> OII-
pefleleHHBIX [IBIKEHNUI JTaeT KBAHTOBAsi Me-
XaHUKA.

3akoH [Ikoynsi U BTOpOW 3aKOH
TepMOAUHAMUKN

Korna B cepesnne mpomniioro Beka Obl
chopmyMpoBan BTopoi 3akon (Hauao,
NPUHIIT) TEPMOANHAMUKH, BBISICHUJIOC,
YTO OH HaKJA/bIBaeT OIpe/ie/IeHHbIE Or-
PaHNYEHUA Ha TO, KaK MOJKET BbITJIA/ICTH
suyTpennss sueprus U(V,T) nia sente-
CTBa C OIpe/leJIeHHbIM YPAaBHEHUEM CO-
crostaust p(V,T). B uactaocru, st uje-
QJIbHOTO Ta3a C ypaBHEHHEM COCTOSTHUS
(1) Mosxker GbITh CTPOrO J0KA3aH 3aKOH
[>xoyuid.

Bropoii 3axoH TepMOAMTHAMIKY HaKJIa-
[IBIBAET TaKyKe CTPOTHe OTPAaHMYEHUS Ha
BO3MOXKHOCTD ITpEBPAIleHUs BHYTPeHHe

KBAHT - 2000/Nel

9HEPTUH XAO0TUYECKOTO TEIJIOBOTO JIBH-
SKEHMsSI B MeXaHm4yecKyio paboty. B dop-
mysuposke Tomcona (sopaa Keabsuna)
3TOT 3aKOH ryacut: «HeBoaMmoxkeH Kpy-
TOBOII ITpPOIleCC, €JNHCTBEHHBIM pPe3yJib-
TATOM KOTOPOTO OBLIO GbI TPOU3BOACTBO
paboThI 32 CUET OXJTAKIAECHHUS TEILTIOBOTO
pe3epByapas. [Ipocreiimum ciencTBueM
9TOTO 3aKOHA, WMEIONINM aHAJIUTHYEC-
KyI0 (OPMYJIMPOBKY, SIBJISIETCS TeOpeMa
Kapuo. ChopmynpyeM ee cieayonum
o6pazom: KII /I rerioBoit mamunbsr Kap-
HO JI060T0 THMA, TOJYYalollell TEeIIo
TOJIBKO OT HATpeBaTeJisl C TEMIIEPATY POt
T, 1 oTaI0MIEel TEILTO TOIbKO XOJIO0INTb-
HUKY C TeMmueparypoit T,, He Moxer
npesbitiath KIT/[ o6parumoii ManiHbl
Kapno, paBnoro

_L-T,

T

n 9

Hanomuum, yro Cagn Kapno, kotoporo
0 TIPaBy CYUTAIOT OCHOBOIOJIOKHUKOM
BTOPOTO 3aKOHA TEPMOJAMHAMUKH, c(Pop-
MYJIMPOBAJ CBOIO 3HAMEHUTYIO TEOPeEMY
B 1824 romy, 3a0JiT0 0 OKOHYATEJb-
HOTO YTBEPK/IEHHUSI HE TOJIbKO BTOPOTO,
HO U TI€PBOTO 3aKOHA TEPMOJMHAMMKH.

C nomortbio Teopembl KapHo MoxKHO
MOJTy4aTh pa3andnble (GU3nIecKie cae/l-
crBus. [Tokaxkem, Harpumep, Kak MOX-
HO J/IOKa3aTbh 3aKoH JJKoyJist, mcxo/s
TOJNbKO W3 ypaBHeHust Kiameitpona—
Mengeneesa. ([Ipyrue npumepbl Npu-
MeHeHus TeopeMbl KapHO MOXXHO HallTh
B cTathax «O JeTHUKAaX, CKOPOBapKax
u teopeme Kapno» — cm. Ilpunoxenne
k «Ksanty» Ne4 3a 1995 r. n «Kak
saucut U oT p?» — cM. «KBanr» Ned
3a 1998 1.)

PaccMoTpuM 1Ba cocTOSTHUSI OJTHOTO
MOJISI U/IeaTbHOTO Ta3a, XapaKTepu3ylo-
Hecs OAMHAKOBOH TeMiiepaTypoil T', HO
pasmranbME o6bemamu V, u 'V, (puc.3).
BpruncsiiM pasnoctb BHYTPEHHUX HEP-
ruii sTHX cocroanmit AU = U, — U n
JIOKQJKeM, 4YTO OHa paBHa Hyuo. s
aTOro moctpouM IwWKaA KapHo, MuUHN-
MaJIbHas TeMIIEpaTypa KOTOPOTO Ha OU€Hb
Maayio BeqmuuHy AT oTinvaercs OT
MaKkcuMasibHOW Temmeparypbl T. Pa6o-

A

Puc. 3

Ta, COBEpIIEHHadA ra3oM Ipu U30T€PMU-
YECKOM pacClIMpeHnu, paBHa
Vy

RT V;
A= jpdV = |—=—dV=RTIn2,

4 Vi

Vi Vi

a KOJIMYECTBO TEIJIOTbI, IMMOJYYE€HHOE UM
B 9TOM IIpolecce, paBHO

Q=AU+ A :AU+RT1n£,

1
Pa6ora 84, coBepiieHHas Ta30M 32 IIUKT,
paBHa ILTOMAAM BHYTPHM IHKJIa. Jlad
oJIcYeTa 9TOH IJIOA/IU MOKHO, YUUTbI-
Bast GM30CTb JABYX H30TepM (MaJsocTb
AT ), 3aMeHNTb [[Ba HAKJIOHHBIX aHaba-
THYECKHX y4acTKa BePTUKAIBHBIMH TIPSI-
mbimu. [Tomyunm

V.
3A = RT In-2 -
Vi

V. V.
— R(T - AT)In—% = RAT In %,
i i
Cormacno teopeme Kapno, KII/l aroro

nuKIa, pasHbiil 8A/Q,, momxeH ObITh
pasen AT/T:

v,
RAT In—2
vV, _AT

v, T
AU+RTIn-2 T
Vi
OTKyJla HEMEJJEHHO CJeAyeT, YTO
AU = 0. (OrMerumM, 4TO Takoil e pe-
3yJIBTAT HOIYYHICS ObI /IS IIOGOTO ypaB-

Henust cocrostnus Buga p = f(V)T.)

3ananne. [lonpoGyiite npuMeHUTb Teope-
My Kapuo kx rasy Ban-mep-Baambca — a
UMeHHO, u3 ypasuenus cocrosiaus (3) momy-
unth Boipakenue (4).

Bosnukaer Borpoc: 3auem ke ObLIO
TPaTUTh Takue OOJIbIINE JKCIEPUMEH-
TaJbHbIE YCUJIUS Ha TIPOBEPKY 3aKOHA
JIK0yJIs1, ecii ero MOXKHO TIPOCTO BbIBE-
ctu? He roBopsi 0 caMOCTOSATEIbHON 11eH-
HOCTH 3TUX 3KCIepuMeHToB (0co6GeHHO
onbitoB  J[xoyas—Tomcona), orMerum
caenytomee. Hecomuenno, [[»xoyab n
Tomcon mpekpacHO 3HAJU HE TOJBKO
HepBblil 3aKOH TepMogrHaMUKl (OfLHUM
u3 cosaaTeseil 1 060cHOBaTEIEN KOTOPO-
ro 6611 JIKoyb), HO 1 BTOpON (omHMM
13 OCHOBOIOJIOKHUKOB KOTOPOTO ObLI
ToMcoH) — Befb OHM UPUCTYIIMIN K
CBOWM OTIBITaM YK€ TI0CJI€ UX OTKPBITHSI.
O/1HAaKO UMEHHO B 3TUX YCJOBUSX KCIIE-
pUMEHTAIbHOE TIOATBEPIK/IEeHNE 3aKOHA
JIx0yJ1s1 TIPUOGPETAIO UCKITIOYUTETHHOE
3HAYEHWE — OHO JIOJIKHO OBbLIO Tenepb
CJIYKUTb OJJHOBPEMEHHO MPOBEPKOil 1
YPaBHEHUSI COCTOSIHUSL UJEAJBHOTO Ta3a
(HE3a0JIT0 10 ATOTO yCTaHOBJIEHHOIO
KaareiipoHoM), 1 caMoro BToporo 3ako-
Ha TepMOAMHAMUKH!



