da3oBblie nepexoanbl. Ucnmapenue u KOHIeHCALMS.

PaccmoTpum mepexon Mexay KUIKOM M Tra3o00pasHod ¢dazoil. ITOT
Nepexol, Kak MOKa3aHO Ha PUCYHKE, IPOUCXOIUT MPU MOCTOSIHHOM TeMmepaType
Y J1aBJI€HUU. DTO AaBieHUe P(T) Ha3pIBaeTCs AABJIECHHUEM HACBILIEHHOIO Napa Mpu
temriepatype T. IlycTh Bcsl cucTema Haxoauiaach W3HAYAIBHO B JKUIKOW dase
(coctostue 1). Ecnu cructeMe coOOIUTh HEKOTOPOE KOJMUYECTBO TEIlIa, TO YacTh
KUIKOCTH TIEPEHeT B Ta3, UCMapeHue OyJeT MPOJI0JDKAThCS 0 TeX Top, IMoKa
CHUCTEMa HE NEpeHIeT B COCTOsSHME 2 — IMOJHOCTHIO Ta3000pa3HOE COCTOSHUE.
Heo6xoammo oTMETUTH CleayIolIre BaKHBIE 00CTOSTENHCTRA!

a) B TeUEHHE BCEero ()a30BOTo Mepexoja JaBJICHUE U TeMIepaTypa OCTAIOTCS
MIOCTOSIHHBIMU;

0) B cMmecH ra3 — JXKUJIKOCTh COCTOSIHUE J>KHUJKOCTH BCErJa COBIAIACT C
COCTOSIHMEM B TOUKe 1, a cOCTOsIHME ra3a COBMAaJIaeT C €ro COCTOSHUEM B TOUKE 2.

Takum 0Opa3oM, Ui MOJHOTO omucaHus (a30BOTO IMEpexoja T0CTATOYHO
3HATh JIMIIb CBOMCTBA CUCTEMBI B cocTosiHUSIX 1 m 2. B TeueHne Bcero (hazoBoro
nepexona u3orepma Ha P —V nuarpamme ropusontanbHa. ['azooOpasnas ¢aza
UMeeT MEHBIIYI0 IUIOTHOCTh, 4YeM XKuIKas ¢aza, MO3TOMY, KOrja HEKOTOpOe
KOJIMYECTBO JKUAKOCTHU TIEPEXOINT B Ta3, MOJHBI 00EM CHCTEMBI YBEITUYUBACTCS,
XOTS IaBJICHUE M TeMIIEpaTypa OCTAIOTCS MPEKHUMH. Takol Mmepexo1 Ha3bIBaeTCs
(a30BBIM TIEPEXOIOM TIEPBOTO POJIA.

Kak wmbl yxe yOexnamuch, paBHOBecre (a3 B CHCTEME OIpeiemsercs,
IOMHUMO pPaBEHCTBA TEMIEparyp W JaBlICHHW, pPAaBEHCTBOM XUMHYECKHX
TIOTCHIIUAJIOB

(P, T)=1,(P,T).



XUMHUYECKHE MMOTEHIIUAIBI SIBJISIFOTCS byHKIUSIMA COCTOSIHUS
COOTBETCTBEHHO JUIsl KUJIKOCTM W rasza. HamomuHuMm, 4To i Kaxaod ¢asbl

BBITIOJIHATCA COOTHOIICHUC
M) —_5 [OH) —_
o), = (ap) =

rne 0 U V - COOTBETCTBEHHO, DHTPOIHUS U 00BEM Ha €IMHHUILY MacChl. MBI BHIUM,
4yTo mepBble npousBoanbie pynkumii 4 (P,T) u f,(P,T) He paBHBI Apyr Apyry
IIpU TeMIIepaType U AaBjeHuH (pa3oBoro mepexoza

a —_
(,UST,Uz) =~(0,-0,)<0,
P
a —_
(Iu(;PIUZ) ] =(v,=V,)>0.

[ToaTomy 3TOT mepexo/1 1 Ha3bIBaeTCs (Ha30BBIM MEPEXOOM MEPBOTO POJA.
Bo3moxHbI Takxke Takue (pa3oBble IepexoIbl, IPU KOTOPHIX

(0,-0,)=0, (v,-v,)=0.

[Ipy »>TOM mepBbIE MPOM3BOJHBIE XUMHUYECKOTO IMOTCHIIMAIa OKa3bIBAIOTCSA
HENPEPBIBHBIMU B TOYKE (pa30BOTO mepexoia. Takoil mepexom yke He sIBISIeTCS
$a30BBIM TIEPEXOJOM TIEPBOTO poOJa, €ro H30TepMbl HE OyayT HUMETh
ropu3oHTanbHON yactu Ha P —V muarpamme.

Cxema Jpendecra.

Opendect BBen ompeneneHue ¢Ga3oBOro mepexona N - To MOPSIKAa Kak
TaKOTO MEPEeX0/a, AJis1 KOTOPOTO B TOUKe (ha30BOTO Mepexoa

0"y , 0", 0"y, 0"Hy
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a BCe IMPOU3BOJHBIE OOJee HHU3KOro MOpsaKa paBHbI Apyr apyry. He cuwuras
XOpOILIO M3BECTHOIO MEPEX0Ja ra3 — >KMJIKOCTb, U3BECTEH TOJbKO OJMH IPHUMEP
¢dazoBoro mepexoma, KOTOPBIM YIOBIETBOPsT Obl cxeme OpeHdecta, - 3TO
(da3oBbIil mepexoa BTOPOTO pojia B CBEPXMPOBOJHUKAX. BMmecte ¢ Tem mmeercs
MHOTO MPUMEPOB (a30BbIX MEPEXO0B, KOTOPhIE HE MOTYT OBITH OMUCAHBI 3TOU
cxemor. Haumbonee wu3BeCTHBIMM M3 HHUX SBISIOTCS (Da30BbI mepexoa B
deppomaraerukax B Touke Kropu, A - mepexon B KuAKOM Tenuu. Bo Bcex atux
CllydasX YyJelbHas TEIUIOEMKOCTb JOrapuMUUECKH pacXxoJuTCsi B TOUKE



nepexona. Tak Kak yJenbHas TEIJIOEMKOCTb CBsi3aHAa CO BTOPOM IIPOU3BOJHOU
XUMUYECKOTO TMOTEHIMala, B ATHUX CiIy4asX I[IOBEJEHUE CHCTEM HE MOXKET
XapaKTEepU30BaThCS MPOU3BOAHBIMU 00Ji€€ BBICOKOIO MOPSAKA, MOCKOJBKY OHHU
IpoCcTO HE cyuecTByloT. Takum oOpa3oMm, cxema OIpeHdecTa HeE SBIsSETCA
HauOosee olmei kinaccudukamnueit ha3oBbIX MEPEXOI0B.

YpaBHeHue cocTOsiHMS BaH aep Baaabca

Kak mbl Buaenu, B ciaydae (a30BOro mepexoja >KUIKOCThb-ra3 Ha P —V
auarpaMMe Ha M30TepMe Tporiecca Habmomaaercs wiaro. Kak Mpl 3HaeM, 0OBIYHBIC
U30TEPMbI Ul UACATbHOTO Tra3a TaKMX TOPU3OHTAJbHBIX YacTeil HE HMEIOT
(Puc. 1). CnenmoBaTenbHO, TMOSBICHHWE TaKUX IJIATO CBS3aHO C HAJIWYHEM
B3aMMOJICUCTBUS MEX]ly YacTUIlaMu cucTteMbl. Ban nep Baanbc nonbiTasncs HaTu
IpPOCTOM  KAyecTBEHHBbIM  crmocod  ydera  3(P(GEeKTOB  MOJEKYJISIPHOTO
B3aMMOJICUCTBUS B YPaBHEHUU COCTOSIHUSA Pa3peKeHHOro rasa. B pesynbraTe OH
MOJIYYHJI YPABHEHHE COCTOSIHHMS, KOTOPO€ HOCHT Ha3BaHUE YpPaBHEHHUS BaH Jep
Baaibca.

Jl7is OOJIBIIMHCTBA BEIIECTB MOTEHIIMAIbHAS SHEPTUS B3aUMOJICHCTBUS IBYX
MOJIEKYT Kak (QYHKUUS MEXKMOJEKYJISIPHOTO PAaCCTOSHUS MOXKET OBITh
IIPE/ICTaBIICHA B BUJIE, N300pakeHHOM Ha Pue. 2. YacTh moTeHIIMaIbHOM YHEPTHUH,
COOTBETCTBYIOIIAs MPHUTSDKEHUIO, OOYCIIOBI€HA B3aUMHOW  3JIEKTPUUECKON
HOJIIpU3alMel JABYX MOJIEKYNl, a 4YacTbh, COOTBETCTBYIOLIas OTTaJKWBAHUIO,
00yCIIOBJI€HA KYJOHOBCKHM OTTaJKHMBAaHUEM MEPEKPHIBAIOIINXCA SJIECKTPOHHBIX
obonouek Mosiekys. Ban nep Baanbc HeCKOJbKO MaeaM3UpoOBal 3a7a4y, 3aMEHUB
MOTEHIIMAJ OTTAJIKUBAHUS PEATIbHBIX MOJIEKYJT OECKOHEUHO OOJBIINM MMOTEHUATIOM
OTTAJIKUBaHUs TBepAbIX MmapukoB Puec. 3. Takum oOpa3om, Kaxaas MoJyeKyJa
paccMaTpuBaeTcs Kak TBepaas ynpyras chepa auamerpom d, OKpyKEHHas MOJIeM
cuil npuTsbKeHud. [103ToMy posib CUJT OTTaNKUBAHUS U CHJI MPUTSHKEHUS MOMKET
00CyX1aThCsl HE3aBUCUMO.

OcHoBHOI 3 (exT, CBSI3aHHBIN ¢ B3aMMHON HENPOHUIIAEMOCTHIO MOJIEKYII,
COCTOUT B TOM, YTO HEKOTOPBI 00BEM BOKPYT KaXKIOW MOJIEKYJIbI OKa3bIBAETCS
HEJOCTYIHBIM JAJI1 MPOHUKHOBEHUS APYrux mojekynl. Eciu V - momHblid 00beM,
3aHUMaeMbIil cucTeMoi, TO 3 ()EeKTUBHBIA 00bEM, B KOTOPOM MOTYT HAXOAUTHCSA
MOJIEKYJIbI, Oy/IeT MEHBIIIE Ha HEKOTOPYIO BEIMYUHY, ONPEACIIEMYI0 CYMMOI BCexX
TaKUX 00HEMOB, HEIOCTYITHBIX JJI1 TPOHUKHOBEHUS MOJIEKYII

V4 =V -Db,
rae b - xapakTepHas JJI1 JaHHOTO BEMIECTBA IOCTOSIHHAS, KOTOpas 3aBHCHT OT
JMaMeTpa MOJIEKYJI U UX YHCIIA.

KauecTBeHHO HallMuve MOTEHIMaNa OPUTSKEHUS MNPUBOAUT K TOMY, 4YTO
CUCTEMa CTPEMHUTCSA K 0Opa30BaHMIO CBSI3aHHOTO COCTOsIHMS. Ecnu mputsxkenue
JIOCTaTOYHO CuJbHOE, TOo cucreMa N Tenm OyneT HaXOAUTHCS B CBSI3AHHOM
COCTOSIHMM, KOTOpO€ He TpeOyeT IJisi CBOEro yAep>KaHWsl BHEIIHEH OOO0JIOYKH.
CnenoBaTellbHO, MOXHO MPEANOJIOKUTh, YTO MPUTSKEHUE MPUBOAUT K



YMEHBIIICHUIO [IaBJICHUSI, KOTOPOE OKa3bIBAET CHCTEMA HA BHEIIHUE CTEHKH.
CreneHb yMEHBIICHUS JABJICHUS MPOINOPIMOHATIbHA YHCIY TIap MOJEKYI,
HaxXOJSIIMXCS BOJM3KM CTEHKM B  CJO€, TOJIIMHOW TIOpsAKA pajauyca
B3aUMOJICHCTBHA. Ta BeIMYMHA NPUMEpPHO mporopiuoHaneHa N2/V2,
[TocKOJIBKY YMCIIO YacTUIl U Paguyc JCHUCTBHS MEKMOJEKYJISPHBIX CHII
MOCTOSTHHBI, TO UICTUHHOE JIaBJicHHuE P B cHUCTEMEe MOXET OBbITh Pa3JIOKEHO Ha JBE
YacTH

_ a
P=Ran~yz
rac a - Apyrad XxapaKTepHasa IIOCTOsSIHHAas CUCTEMbI U Pkin - JaBJICHHUC,
OoIpeaAcCIACMOC YPaBHCHHUEM COCTOSHUA Ira3a.
Ban nep Baanbsc npeamonoKu, 94To A1 MOJIS BEMIECTBA CIIPABEIINBO
CIEYIONIEE YPABHEHHE COCTOSHUS
Vg R, = RT,

rac R - ra3zoBas IOCTOSAHHAs. CJ'ICI[OBaT CJIbHO, YPAaBHCHUC COCTOAHHA HMCCT BUI
(v -b)P+2 |=RT (0.1)
V2 - L] .

OTO M ecTh Tak Ha3plBaeMoe ypaBHeHHe Ban nep Baanbca. Heckonbko m3orepm,
COOTBETCTBYIOIIIMX 3TOMY YPAaBHEHHMIO COCTOsIHMs, Moka3aHo Ha Puc.4. Ilpu
HEKOTOpOW Temmeparype T., Ha3bIBaeMOM KpUTHYECKOW TeMIEpaTypoil, n3rud Ha

u3oTepMax mponanaet. Touyka mepernd6a C Ha3bpIBaeTCd KPUTHYECKOM TOYKOM.
CootBercTBylomue € nasnenue P. u 00veM V.., a Taxke Temneparypa T, MOTYT

OBITh BBIPXKCHBI Uepe3 MOCTOsIHHBIE a u D creayronmm 00pa3om.

8a 8a
RTC:ﬁ’ PC=2—7b2, VC=33'

BBost 6e3pa3mMepHbIC BETUINHBI
p=P =T y=V
PC TC VC
ypaBHeHUe BaH nep Baanbca MOXKHO mepenucarh B BUC
~ 1\(s5. 3)_8=%
V-Z|[P+2 |=2T.
( 3X VJ 3

DTO ypaBHEHHE 3aMEUATEIbHO TEM, YTO OHO HE COJIEP’KUT HU OJHOM MOCTOSIHHOM,
xapakTepusyroliei ganHoe BemectBo. Eciau Ob1 mpeanonoxenue Ban nep Banbca



OBLIO ClIpaBCAJIMBbIM, TO YPAaBHCHUC BbIIIOJIHAJIOCH OBI JJIA BCEX CHCTCM.

yTBCp)KI[CHI/IC, 4YTO YPaBHCHHUC COCTOSAHHUC, 3allMCAHHOC B TCpMUHAX MMPHUBCACHHBIX

= P =T S_V
BenuunH P=—, T=—, V =——, aBusercs yHUBEpCaJIbHbIM ypaBHEHUEM JJIs

PC TC VC
BCE€X CUCTEM, HAa3bIBACTCA 3AKOHOM COOTBCTCTBCHHbBIX COCTOSIHUHM.



