Jlekuus 3
®da3oBble epexoabl BTOporo poaa. Onpenesienue.

dazoBbIil mepexox Mexay (azamMu pasnuuHON CHUMMETpUH (KPUCTAT H
KHIKOCTh, Pa3IMyYHble KPHCTALTMYECKHE MOAW(DUKAIIMM) HE MOXKET COBEPIIATHCS
HENPEPBIBHBIM 00pa3oM, NOA0OHO TOMY, KaK 3TO BO3MOKHO JJIsl AKHUAKOCTHU U rasa. B
KaXXI0M COCTOSIHUU TeJjio 00Janaer aub0 OAHOMU, TUO0 Ipyro CUMMETPHUEH, TaK YTO
BCEr/la MOKHO yKa3aTbh, K KOTOpOIl U3 00eux (a3 0HO OTHOCUTCS.

[lepexon Mexay  pasIUYHBIMH  KPHUCTAUIMYECKUMHU  MOIUPUKALUIMU
coBepiiaercs OOBIYHO myTeM (Ha30BOro MepexoAa, MpPU KOTOPOM IPOUCXOAMT
CKauyKooOpa3Hasi MEepecTpoilka KpUCTAUIMYECKOW PEIIETKH, M COCTOSHUE Tena
UCIBITBIBAET CKayokK. OJHAKO HapsAAy C TaKUMH CKayKOOOPa3HBIMU IMEpeXOoiamH
BO3MOYKEH U APYTOM TUI IEPEXOA0B, CBSI3aHHBIX C U3MEHEHUEM CUMMETPUHU.

Jlis BBISICHEHHMSI TPUPOJBI TAaKUX IMEPEXOJ0B O0paTUMCs K CIEAYIOLIEMY
npumepy. Ilpu Beicokmx TemmepaTypax kpuctamn BaTiO, umeer kyOuueckyro

peleTky co cienyromen sueikoil: atompl Bap BepmmHax ky0a, atompl O B
[EHTpaxX TpaHed U aToMbl 11 B LEHTpax sueek. [Ipu MOHMKEHHH TeMITepaTyphl, IPH
HEKOTOPOM OTPEACIICHHOM €€ 3HaueHWH, aToMbl 11 m O HAYMHAIOT CMEIIAThCS B
HAIpaBJIEHUU OJHOTO M3 pebep KyOa. SICHO, YTO Kak TOJNBKO HAa4YMHAETCA STO
CMELIEHUE, CUMMETpPHS PELIETKH Cpa3y MEHSETCs, NMpeBpalasch U3 KyOHYecKon B
TETParoHaJIbHYIO.

OTOT NpUMEpP XapaKTEPEH TEM, YTO HUKAKOIO CKauyKa B UBMEHEHUH COCTOSIHUS
TeJa He IPOUCXOANT. PacnosnokeHne aToMOB B KPUCTAIIMYECKOM PEIIETKE MEHSIETCS
HEenpepbIBHBIM 00pa3zoM. OIHAKO yKe CKOJIb YTOAHO MaJIO€ CMELIEHUE aTOMOB OT UX
[EPBOHAYAJIBHO CHUMMETPUYHOIO PACMOJIOXKEHUSI AOCTATOYHO [UIsl TOro, YTOOBI
CUMMETpUsl PELIETKH cpa3y u3MeHuwnach. OCyLIeCTBIEMbI TaKUM CIIOCOOOM
Hepexo]] OAHON KpUCTANIMYECKOW MOAU(UKALNN B JPYIyIO0 Ha3blBaeTcs (pa30BbIM
Nepexoa0M BTOPOro poAa B MPOTHBOIIOJIOKHOCTb OOBIUHBIM (pa30BBIM MEPEXOAAM,
Ha3bIBACMBIMU IepexoJamMH IepBoro poaa. dazoBble Iepexoasl BTOPOro poaa
HA3bIBAIOT TaKXke ToukaMu Kropu (B 0cOOEHHOCTH B TE€X CIIydasiX, KOTJa OHH CBSI3aHBI
C MI3MEHEHUEM MAarHUTHOW CTPYKTYPHI BEIIECTBA).

Takum 00pazom, ¢GazoBbIil Mepexo]; BTOPOTro poja SBISETCS HEMPEPHIBHBIM B
TOM CMBICJIE, YTO COCTOSIHUE Te€Ja MEHSETCS HeNnpepbIBHbIM 00pa3oMm. IloguepkHem,
OJIHAKO, YTO CUMMETpHs B TOYKE IIEPEX0Jla MEHSETCS, pa3yMeeTcs CKauyKoM, U B
KKl MOMEHT MOKHO YKa3aTh, K KOTOPOH U3 3THX ABYX (a3 oTHocuTcs Teno. Ho B
TO BpeMs, KaK B TOUKE (pa30BOro Mepexoja MepBOro pojia HaXOoAsITCsS B paBHOBECHU
Tejga B JIBYX PA3JIMYHBIX COCTOSIHMSAX, B TOYKE IEPEXO0Ja BTOPOrO POJa COCTOSHMS
obeux (a3 coBmaaaror.

Hapsgy co cioydasmu, B  KOTOPBIX HM3MEHEHHE CHUMMETPUM  Tela
OCYLIECTBJISIETCS TMOCPEACTBOM CMEIIEHUs aTOMOB, W3MEHEHME CHMMETPUU IIpU
($a30BOM 1Epexojie BTOPOrO pojila MOXKET ObITh CBS3aHO C H3MEHEHHEM
yHopsiioueHHoOcTH Kpuctamia. [loHsTHe 00 ynopsAOYEeHHOCTH MOSBISAETCS, €CIU
YUCJIO Y3JIOB PELIETKH, B KOTOPOM MOIYT HAaxOAUTHCA aTOMBl JAHHOTO pOJA,
IIPEBBIIIAIOT YHCJIO ITUX ATOMOB. bynem Ha3bIBaTh MECTa, Ha KOTOPBIX HAaXOASATCS
aTOMbl J@HHOTO pPOJAa BO BIIOJIHE YIOPSAOYEHHOM KpPHUCTAJLIE, «CBOMMHU» B



MPOTUBOMOJOKHOCTh «UYKHM», Ha KOTOPbIE YAaCTHYHO MEPEXOAST aTOMbI MpH
pasynopsA0YMBaHUK KpUCTaula. Bo MHOTMX ciy4yasix OKa3bIBaeTCs, YTO CBOM H
qyXKH€ Y3716l TEOMETPUUYECKU COBEPILIEHHO MOJ0OHBI U OTINYAIOTCS TOJBKO TEM, UTO
pa3ianyHbl BEPOATHOCTH HAXOXKJIEHUS aTOMOB JaHHOro poja. Eciu tenepp 3TH
BEPOSITHOCTH B CBOHMX M YY)XHX MeCTaX CpaBHSIOTCS (IPH 3TOM, OHHM, KOHEYHO, HE
OyIyT paBHATBCS E€IMHUIE), TO BCE OTH Y3JIbl CTaHYT SKBUBAICHTHBIMH, A,
CJIEIOBATENIbHO, TOSBATCS HOBBIE D3JEMEHTHl CUMMETPUH, TO €CTh, IOBBICUTCSA
CUMMETpUs pereTku. Takol KpucTaia 0ObIYHO Ha3bIBAIOT HEYIIOPSIOUEHHBIM.

[Tosicaum cka3aHHoe Ha nmpumepe. Bnonne ynopsaoueHHsli kpuctamn CuZn
UMEeT KyOMUYeCKyl0 pemieTKy C¢ aTtoMaMud ZN, pacloJIOKCHHBIMH , CKaXXeM, B
BepmmHax, W aromamu CuU - B meHTpax KyOmueckux syeek (Puc). Ilpu
pasymnopsinodeHny (pu MOBBINICHUN TemmepaTypbl) atoMbl CU u ZN MEHSIOTCS
MECTaMH, TO €CTh, JJISi BCEX Y3JIOB MOSBISIOTCS OTJIMYHBIE OT HYJS BEPOATHOCTH
HAXO0XJIECHHUs aTOMOB oOoero poaa. Jlo Tex mop, moka BEPOSITHOCTH HAXOXKICHUS
atromoB CU wm Zn B BepmIMHAX M IIEHTpPaxX SUECHKW HEONWHAKOBBHI (HE BIOJHE
YIIOPSITOYEHHBIN KPUCTAILT), 3TH Y3JIbl OCTAIOTCS HEIKBHBAJCHTHBIMU, H CUMMETPHSI
peueTku ocraercs npexkHeld. Ho Kak TOJIBKO 3TH BEPOSTHOCTU CPaBHUBAIOTCS, BCE
y3/1bl CTAQHOBSITCS SKBUBAJICHTHBIMH, U CHMMETPHUSl KpUCTaJa MOBBILIACTCS —
TOSIBJISICTCSl HOBBIM TPAHCISIIIMOHHBIA mepuon (M3 BEpIIMHBI B LEHTP SYCUKH), U
KpHUCTAJL1 IPUOOpeTaeT 00 bEMHOLIEHTPUPOBAHHYIO KYOMUECKYIO PEIIETKY.

MBI rOBOpUIM JIMLIb O MEPEXOJaX MEXIY Pa3InYHbIMU KPUCTAIIIMYECKUMU
moaupukanusmu. Ho ¢azoBble nepexopl BTOPOro poga He 00A3aTENIbHO JIOJIKHBI
ObITh CBSI3aHBl C W3MEHEHHEM CHUMMETPUU HMMEHHO pPACHOJOKEHHBIX B PEIIETKE
atoMoB. [lyTem mepexoma BTOPOTo pojia MOXKET OCYIIECTBISTHCS TaKKE€ U B3aUMHOE
npeBpalieHne AByX (a3, OTIMYAIOUINXCA KaKUM-ITH00 MHBIM CBOMCTBOM CUMMETPUH.
TaxoBsl Touku Kropu ¢eppomarneTnika uinu aHtudeppoMarHeTvka; B 3TOM Ciydae
MBIl HMEEM JIeJI0 C W3MEHEHHMEM CHUMMETPUU PACIIONIOKEHUS HIIEMEHTapHbIX
MarHUTHBIX MOMEHTOB B Tejie. (Da3oBbIMU TEpexoJaMu BTOPOTO POJAA SBISIOTCS
TaKKe Mepexoj MeTajla B CBEPXIIPOBOJSIICE COCTOSIHUE (B OTCYTCTBHE BHEIIHETO
MarHUTHOTO TI0JIS1) U TIEPEXO/] KHUIKOTO TeHs B CBEpXTeKydee cocTosiHue. B obonx
ATUX CIy4asX COCTOSHHE Tela MEHSAETCS HENpephIBHBIM 00pa3oM, HO B TOYKE
[epexo/ia TeJ0 MPUOOPETAET COBEPILIEHHO HOBOE CBOWCTBO.

TaxuMm o0pa3om, U3MEHEHHE CUMMETPUH Tena MpHU (Pa30BOM MEPEXOE BTOPOrO
pona o0nanaer BecbMa CYIIECTBEHHBIM OOLIMM CBOWCTBOM: CUMMETpPHsI OJHOW W3
da3 saBmseTcs Oojiee BBICOKOM, a CUMMETpusl Apyroil ¢asel — OoJjiee HU3KOM IO
OTHOIICHHUIO APYT K JIpyry. [IpuHATO Ha3bIBaTh 00Jiee BHICOKOW CUMMETpPUEH TaKylo,
KOTOpPAst BKJIFOUAET B c€0s1 BCE DJIEMEHTHI (TOBOPOTHI, OTPAKEHHS U TPAHCISIIIMOHHBIE
NEpUOJbI) JAPYrod, Oojiee HU3KOH CHUMMETPUU H, CBEpX TOTO, €mle KaKhe-Tr0o
JOTIOJIHUTENbHBIE 3JIeMeHThl. [loguepkHeM, uTo mpu (a3oBOM MEpexojae MEepBOro
poa W3MEHEHHS CHMMETPUH HE TMOAYMHEHO TMOAOOHBIM OrPAaHUYCHHUSIM, H
CUMMETpUH 00eux (a3 MOTyT HE UMETh HUYETO OOILEro APYT C APYTOM.

B orpomMHOM OOJIBLIMHCTBE BCEX H3BECTHBIX ClIydyaeB (Da3oBBIX MEPEXOJOB
BTOpOro poja Oosiee cUMMeTpU4Has (¢aza COOTBETCTBYET 0o0yiee BBICOKUM
TEeMIIEpaTypaM, a MEHee CUMMETpUYHas — Oosiee HM3KUM. B uvactHocTH, mepexon
BTOPOTO poJia M3 YHOPSJOYEHHOTO COCTOSIHUSL B HEYHOPSAOYEHHOE COCTOSIHHME
IPOUCXOAUT BCEr/la IPHU MOBBIILIEHUM TEMIIEpPAaTypbl. OTO MPAaBUIIO, OJHAKO, HE
ABJIIETCS TEPMOJMHAMMUYECKUM 3aKOHOM U [TOTOMY JIOIIyCKaeT UCKiItoueHus. Takona,



HaIlpyuMep, TaK Ha3blBacMasi HWXKHAA TOYKa Kropu CErHeTOBOM COJIM, HUKE KOTOPOMU
KPHUCTAJIJI OTHOCUTCS K POMOMYECKOI, a BBIIIE — K MOHOKJIMHHOM CHUCTEME.

Jlnst kpaTKOCTH OOBIYHO YCJIIOBHO HAa3bIBAIOT 0o0Jiee CHUMMETPpUYHYIO (hasy
IPOCTO CUMMETPUYHON, @ MEHEE CUMMETPUYHYIO — HECUMMETPUYHOM.

JUis KOJMYECTBEHHOM XapakTEpUCTUKU W3MEHEHUS CTPYKTYpbl Tejla IpH
IOPOXOXKJAECHUN 4Yepe3 TOYKy (Pa3oBOro mnepexona MOXKHO BBECTU BEIUYMUHY /]
(koTopyro OyZeM HasbIBaTh MapaMeTPOM IOPSIKa), OTPEACICHHYIO TaKHM 00pa3oM,
4TOOBI OHa Tpoleransa OTIUYHBIE OT HyJs (IOJOXKHTEIbHBIE WM OTPUIATEIHHBIC)
3HaYeHUs] B HECUMMETPUYHOM (pa3e u ObLia paBHA HYJIIO B CHMMETpHUYHOM da3ze. Tak,
Ui TIEPEXOJI0B, CBSI3aHHBIX CO CMEIIEHHMEM AaTOMOB OT HX TMOJOXEHUH B
CUMMETPUYHON (a3e, moJ /] MOXKHO MOHUMATh BEIMYMHY ATOro cmemeHus. s

MIEPEXO0/I0B, CBS3aHHBIX C M3MCHECHUEM YIOPSIOUYECHHOCTH KpHCTauia (Hampumep, B
NPUBEJACHHOM BBIIIE paccMOTpeHuu cruiaBa CuZn), mapamerp /] MOXET OBITh

OIIpCACIICH KaK

n= Wew — Wz, ’
WCu + WZn

rac WCu n WZn - BCPOATHOCTHU HAXOKICHUA B KaKoM-JIH00 y3JIC aTOMa Cu nmu Zn.

JIns MarHUTHBIX TIEPEXOOB IOA /] MOXHO IOHHMAaTh MAaKpPOCKOIMYECKUN
MarHUTHBIH MOMEHT (OTHEeCEeHHBIH K eauHuIEe o0bema) (eppoMarHeTUKa WIH
MarHUTHBI MOMEHT MTOAPEIIETKH - B CiTydae aHTH(EppOMarHeTHKaA.

[MoguepkHeM emie pa3, YTO CUMMETPHS Tella MeHseTCsl (MOBBIIIACTCS) JIUIIb B
TOT MOMEHT, KorJia /] obpaliaercs B TOYHOCTH B HYJb. JIt000€, CKOJIb yrOAHO MaJoe,

HO OTJIMYHOE OT HYJISl 3HAaYEHHE NapameTrpa MOpSAKa NPUBOAUT yKE K MOHUKEHUIO
cumMeTpuu. [lpu nmpoxoxaeHun uyepe3 TOUYKY (a30BOro IMepexoja BTOPOro pona
oOpartieHue /] B HyJlb IPOUCXOJIUT HEMPEPHIBHBIM 00pa3oM, 0€3 CKauka.

OTcyTCcTBHE CKauyka COCTOSIHHUS B TOYKE (ha30BOro IMepexoja BTOPOTO poja
OPUBOJAUT K TOMY, YTO TEpPMOJAWHAMHYECKHE (YHKIMH COCTOSHHUS Tena (ero
SHTPONHS, HEPrUsi, 00bEM W T.I.) OCTAIOTCS HETPEPHIBHBIMHU IPH MPOXOKICHUH
Toukn mnepexona. Ilosromy a3oBblii mepexoa BTOPOro poAa, B OTIUYHUE OT
MIEPEXOJ0B IEPBOrO poOAa, HE COMNPOBOXKIAETCA BBIICICHUEM WIH IOTJIOMICHHEM
TeroThl. OHAKO, MPOW3BOIHBIC OT yKa3aHHBIX TEPMOJMHAMUYECKHX BEIHUYUH (TO
€CTh, TEIUIOEMKOCTh, KOA((MUIIMEHT TEIUIOBOTO PACIIMPEHHs], COKUMAEMOCTh U T.II.)
MCIBITHIBAIOT CKAYOK B TOUKE (pa30BOr0 Mepexoaa BTOPOro poja.

Crnenyer UMeTh B BUJLY, UYTO C MATEMaTUYECKON TOUKH 3pEHUs TOUKa (Ha30BOro
nepexoja BTOPOTO poja MNpeCTaBisieT cOoOOM HEKOTOPYI0 OCOOYI0 TOUYKY €ro
TEPMOJIMHAMUYECKUX BEJIUYHMH, B YaCTHOCTH, TEPMOJIUHAMHYECKOTO MoTeHIMana P .
Jliist Toro, 4ToObI POSICHUTH TAHHOE OOCTOATENHCTBO, HATOMHUM IPEABAPUTEIIHHO,
YTO TOYKa (Pa30BOT0 MEpexoja MEPBOro poja He MPEACTaBISET 0COOCHHOCTU. IDTO
€CTh TOUYKA, B KOTOPOW MOTEHIMAIbI ABYX (Da3 paBHBI APYT APYTY

le(P,T):CDZ(P,T),



npuueM Kaxaas u3 QpyHkuun CDl(P,T), GDZ(P,T) no 06e CTOPOHBI TOYKU MEPExXo/ia

COOTBETCTBYIOT HEKOTOPOMY PaBHOBECHOMY (XOTs, BO3MOXHO, H METaCTaOMIHLHOMY)
cocrossanio. [Ipu ¢a3oBoM ke Tmepexoie BTOPOTO pojaa TEPMOIMHAMHUYECKHMA
MOTEHITMAN Kaxaou m3 (a3 , ecnmm ero ¢GopMalbHO pacCMaTpuBaTh MO APYTYIO
CTOPOHY TOYKH Iepexojia, BOOOIE HE COOTBETCTBYET KakOMy OBl TO HHU OBLIO
PaBHOBECHOMY COCTOSIHHIO (TO €CTh, KAKOMY OBbI TO HHA OBIJIO MUHUMYMY GD(P,T) ).

C mocnegHUM 0OCTOSTENILCTBOM CBsi3aHA HEBO3MOXKHOCTh SIBIICHUH Meperpena
WM TIEPEOXJTAKIEHUS MpU (DA30BOM TEPEX0/€ BTOPOTO POJA, YTO BO3MOXKHO TPH
($a30BBIX TIEpexoaax nepBoro poaa. Kaxmas u3 ¢ha3 B 3ToM ciaydae BooOIIe HE MOXKET
CYIIECTBOBaTh MO JAPYry CTOPOHY OT TOYKM (pa3oBoro mepexona (OTBIEKAsCh,
KOHEYHO, OT BPEMECHH YCTAHOBJICHHS )

Cxka4ok Temoemkoctu. Teopus ¢pasoBbix nepexonos Jlanaay.

KonuuectBennast teopust Jlannay pa3zoBbIX mepexooB BTOPOTO pojia UCXOJIUT
U3 PacCMOTPEHUS] TEPMOJUHAMHUYECKUX BEIMYMH Tella MPU 3aJaHHBIX OTKIOHEHUSX
OT CHUMMETPHYHOI'O COCTOSIHUS (TO €CTh, NMPH 3aJlaHHBIX 3HAYCHHUSAX Iapamerpa
nopsizka /7). Tak, TepMOIMHAMUYESCKHIA MOTSHITUA TIPECTABIACTCS KaK QYHKIIHS OT

P,T u n. llpu >ToM Hamo, KOHEYHO, UMETh BBHUAY, 4YTO B (yHKIUU CD(P,T,I])

NepeMeHHasl /] B HEKOTOPOM CMEBICJIC HE paBHONpaBHa ¢ repeMeHHbeiMu P, T. B TO
BpeMs, KaK JaBJICHUE W TeMIlepaTypa MOTyT OBITh 3aJlaHbl TPOU3BOJIEHO, PEATLHO
OCYIIECTBJISIONIMECS 3HAYCHUS TapaMmeTpa /] CaMO JIOJDKHO OBITh OMpPENesieHO W3
YCJIOBHSI PaBHOBECHS, TO €CTh, U3 YCJIOBUS MUHUMAIHLHOCTH TEPMOJIMHAMHUYECKOTO
[IOTEHI[HAJIa CD(P,T,/7) npu 3ajandeix P,T.

HemnpepriBHOCTh M3MEHEHHS COCTOSIHUS TIPU (Pa30BOM IMepexojie BTOPOTO poa
MaTEeMaTUYeCKH BBIPAKAETCS B TOM, YTO BOJIM3M OT TOYKH TEPEXO0/]a BEIUYWHA /]
NPUHUMAET CKOJIb YIOJHO MaJble 3HaueHus. PaccMaTrpuBas OKPECTHOCTh TOUYKH
nepexojia, pa3ioKuM CD(P,T,/]) IO CTENEHSM /]

D(P,T,7)=®,+an+Ap*+Cn®+Bn*+...,

rae kodpdurnmenter @, A B,C,... sprsrotcs dyakuusmu ot P, T .

MoxHO 1oKa3ath, 4To eciau coctossHue ¢ /7=0 u 7 #0 oTamyarorcs cBoei
cuMMeTpueld (4To | MpeanojiaraeTcs HamM), TO WIEH TEepPBOr0 MOpSIKa B
NPUBEICHHOM BBIIIE PA3IOKCHUH TOXKISCTBEHHO oOpamaercs B Hynb, a =0.Yto
kacaercs kodpdunuenta A(P,T) B wieHe BTOPOro mopsijaka 3TOM pa3ioKEeHHH, TO
JIETKO BHJIETh, YTO OH JOJDKEH O0pamartbcs B HYJIb B CaMOM TOYKe mepexona. B
caMoOM JieJie, B CHUMMETpUYHOW ¢aze MUHUMYyMy @ HOHKHO COOTBETCTBOBATH
snauenue /] =0, mpuuem A>0. Hanpotus, 1o Apyryro CTOPOHY TOUYKH IEPEXOa, B
HECUMMETPUYHOH (a3e, YCTOWIMBOMY COCTOSHUIO (TO €CTh, MUHUMYMY @ ) HOJDKHBI
COOTBETCTBOBAThH OTJIMYHBIC OT HYJIS 3HAUEHHUS /], 4YTO BO3MOXKHO ToJibko ipu A<0.



Byny4un moOJIOKUTENBHBIM 110 OAHY CTOPOHY M OTPHULIATENBHBIM IO JAPYTIYIO CTOPOHY
touku nepexona, A(P,T) momkHO, cienoBarenbHO, 00OpamaThCsi B Hylb B CaMOii
Touke (ha30BOro nepexo/ia.

Ho nns Toro, 4toObl cama TOYKa TMepexojia sBIsUIACh YCTOWYUBBIM
COCTOSIHUEM, TO €CTh, YTOOBI M B Hell P kak QYHKIHMS OT /] MUMena MUHUMYM (TIpu
1 =0), HeoOX0aUMO, YTOOBI B ATOW TOYKE OOpATHUIICS B HYJIb TAK)KE U WICH TPETHETO

MOPsIZIKa, a YWICH YEeTBEPTOTO MOPSAKA ObUT MOJIOKHUTENICH. TakuM 00pa3oMm, JOJIKHO
OBIThH.:

A.(P,T)=0, C.(P.T)=0, B.PT)>0

Byay4un monoxuteneH B caMoil Touke mepexona, koddpduiueHt B, pasymeercs,
TIOJIO’KUTEJICH U B €€ OKPECTHOCTH.

Bo3moxHbl nmanee nBa ciydas. UnmeH TpPEeThero MOPSAKAa MOXKET OKa3aThCs
TOXKJICCTBEHHO PaBeH HYJIO B cuiy cBoiicTB cummerpuu tena, C(P,T)=0. Torma

A7l TOYKH mepexofa octaerca ogHo yciosue - A.(P,T)=0. Ono onpenenser P u

T xak ¢yHKIMIO APYyT OT npyra. Takum oOpa3oM, B miockoctd P u T cymecTByer
TeJ1ast JJMHKS TOYEK (Pa30BOro Mepexoaa BTOPOro poja.
Ecim xe C(P,T) He paBHO HYyJII0 TOXIECTBEHHO, TO TOYKH Iepexoja

ONPENEISAOTCA U3 JBYX YPAaBHEHUN
A.(P,T)=0, C.(P,T)=0.

B stom ciyuae, ciemnoBareabHO, TOYKHA HEHMPEPHIBHOIO (Ha30BOr0 Iepexoja MOTyT
OBITH JIUIIb H30JUPOBAHHBIMH TOUYKAMH.

Haumbonee wHTepeceH ciyuad, KoOIrjla HWMeEeTCs Ieias JIMHHS —TOYEeK
HENPEPBIBHBIX TIEPEXOJI0OB, W B JalbHEHIIEM Mbl OyJeM IOApa3yMeBaTh IO
($a30BBIM TIEPEXO0JIOM BTOPOTO poOJia TOJBKO Takue ciydaw. Cioja OTHOCATCS, B
JaCTHOCTH TIEPEXOJIbl, CBS3aHHBIC C IOSIBJICHUEM WM HWCYC3HOBCHHUEM MarHUTHOM
CTPYKTYPBI. ITO OOCTOSATEIHCTBO SABJISICTCS CJICICTBUEM CHMMETPHUH 110 OTHOIIICHHUIO
K M3MCHCHHMIO 3HaKa BPEMCHH. TepMOJMHAMHYSCKHN TMOTCHIMAT Teja HE MOXKET
M3MEHUTBLCSA TPH ITOM MpeoOpa3oBaHUM, MEXKIY TeM KaK MArHUTHBIH MOMEHT
(arparomiuii 371ech pojib MapameTpa MopsjaKa), MEHSICT 3HaK. SICHO MO3TOMY, YTO B
TaKMX ClIydasx pasnoxkeHrne @ 1o /7 HE COAEPKUT BOOOIIE YJICHOB HEYETHOIO
HOpsIKA.

Takum oOpaszom, Oyaem cumrath, uro C(P,T)=0, tak 4Yro pasiioxeHHe
TEPMOIMHAMHUYECKOTO TTOTCHIIMAIa UMEET B/

®(P,T,7) =y (P,T)+A(P.T)2+B(P.T)n*+ ..

3nece B>0, a xkoappummenr A>0 B cummerpuunoit ¢daze u A<O B
HECHMMETPHUYHOH (hase; TOUYKA Mepexoa ONpeAesIeTCs ypaBHCHUEM

A.(P,T)=0.



B wusznaraemoii teopum mnpennonaraercs, uro ¢ynkums A(P,T) He mmeer
OCOOEHHOCTH B TOYKE IEpexoia, TaK YTO BOJIM3M HEE OHA pas3lIoKUMa B psif IO
LEJBIM CTEIEHSAM <PACCTOSHUSI» O 3TOM TOUKH

APT)=a(P)(T-T,),
rae T-(P) - temneparypa nepexona. Koaddunuenr xe B(P,T) MO’HO 3aMEHHUTh Ha
B(P)=B(P,Tc(P)).

Taxum o6pa3om, pa3nokeHHe TEPMOINHAMHYECKOTO TIOTEHI[MANA TPUHIUMAET BU/T
®(P,T.7)=®,(P,T)+a(P)(T -T;)n* +B(P)n*,

npuyemM B(P) >0.

3aBUCHUMOCTH MapameTpa Mopsiika OT TeMIepaTyphl BOJIM3HM TOUKU Mepexoja B
HECUMMETPUYHON (aze omnpenensieTcs U3 yciaoBuss MUHUMyMa P kak QyHKUMH /).

(6
IIprpaBHUBas HyIX0 NPOU3BOAHYIO —— , IOJIYYUM

an

n° =2—aé(Tc _T)

(xopenb ke /7=0 npu A<O oTBewaeT HE MHUHHUMYMY, a MaKCHUMyMy IOTEHIIHAIA
® ). OTmMeTuM, 9TO pacIoNIoKEeHHE ABYX (a3 1Mo TeMnepaTypHOU IIKaje 3aBHCUT OT
sHaka a: mpu a>0 mecummerpuunoii pase oTeuaror Temmeparypsl T <T., a mpu

a<O0 - remneparyper T>T.. B nmanbHeiliueM Mbl [l ONpPEIETIEHHOCTH OyjieM
CUHMTaTh, YTO CUMMETPUYHOHN (ha3e COOTBETCTBYIOT TeMrepatypbl | >T., Kak 3TO #

OBIBAaCT B MOJABIISIONIEM OOJIBITMHCTBE CITy4aeB.
B npeHeOpeskeHUH BRICITUMU CTETICHSIMH /] HAXOJIUM ISl SHTPOITHH

=S aT’7

. (6
(wieH ¢ MPOU3BOAHOM OT /] TO TeMIIeparype BhIMagaeT u3-3a Toro, uto — =0). B

0n

cuMMeTpuuHOi dasze /=0 u S=§), B HECUMMETPUYHOM *Ke
S=5, +_(T -T).

B camoli Touke mepexoma 3TO BBIPAXKEHUE CBOAMTICS K §), TaK YTO SHTPOIUS
OCTaeTCsl, KaK U CJIEJ0BAJIO, HEITPEPHIBHOM.



_+(0S
Haxonen, onpenenum temnoemkocts Cp =T Fid obenx ¢a3 B TOUKE Mepexoa.
P

JI71s1 HeCUMMETPUYHOM (pa3bl UMEeM

a’T,

Co =Cap+ 5L

s cummerpuuHoi ke ¢asel S=§), n nosromy C, =C,,. Takum 006pazom, B TOUKE
($a3oBOro mepexoja BTOPOTO POJa TEIUIOEMKOCTh MCIBITHIBAET CKAdOK. [10CKOIBKY
B(P)>0, 1o B TouKe nepexona

Cp >Cpyp.

TO €CTh, TEIJIOEMKOCTh BO3PACTaeT MpPH IEpPeXo/ie OT CUMMETpUYHOU (Daze K
HECUMMETpUYHOW (BHE 3aBUCUMOCTH OT WX PACIOJIOXKCHHS Ha TEMIEPaTypHOU
IIKae).

Hapsny ¢ Cp, ucObITBIBalOT CKaukd U gpyrue BeauuusHsl: C, , ko3ppuunueHt

TEIUIOBOIO PACIIMPEHMS, CXKUMAEMOCTh M T.I. HeTpymaHO BBIpAa3sUTh CKAaYKH 3THUX
BEJIMYUH Jpyr uepe3 apyra. Mcxoaum u3 TOro, yto oOBEM M SHTPOIHUS B TOUKE
IIEpEeX0/1a BTOPOI0 poAa HENPEPHIBHBI:

AV =0, AS=0.

[Iponuddepenurpyem 5TH paBeHCTBA IO TEMIEPAType BIOJIb KPHUBOW TOUYEK
nepexo/ia, TO €CTh, CUUTAsl JaBiIeHHe (PyHKIKEH TeMIepaTyphl,

P=P(T).

DTO O3HayaeT, 4TO MPOMU3BOJHASA MO TeMIlepaType OT Kakol-mubo (yHKkuuu D
JIOJIKHA BBIYUCISATHCS CIAEAYIOIIUM 00pa3oMm:

9D _(dD) , dP(dD

oT \oT ), T dT P )"

B pesysbrare npuaeM K CIeAyOIUM BIPAKEHUSIM:
V) dP (dV

A(OTJPerT A[apl

0S dP (0S
A(ﬁl*d—TA(a—Pl

0,

0.

Y4yuTeiBas, 4TO



o), = ar),

MMOCJICAHCE U3 ABYX NPCABIAYIIUX PAaBCHCTB MOXXHO IIEPECIIUCAaTh B BUJIC.

ac, dP (aV) _
T dTA(aTJP_O'

[lommyueHHble JBa paBEHCTBA CBS3BIBAIOT CKAa4KM B TOuYke (ha30BOTO Iepexoia
BTOpPOro poga TtemnoeMkoctd C,, CKUMaeMOCTH U KO3(PPHULUUEHTA TEILIOBOIO

pacIIMpeHus.

Huddepenunpys Baoab kpuBoi Touku nepexoga AP =0, AS=0, (naBncHue
HE MEHSETCS TpU Tepexojie), HO BhIOpaB B KAaueCTBE HE3aBUCHUMBIX ITEPECMCHHBIX
TEeMIIepaTypy ¥ 00BEM, TOTyIUM

P dv (9P) _
A(aTj\, T A(avjT =0,

AC, _dV A(an -0
\%

T dT (dT

OTMeTHuM, 4TO

__(dPY [ oV
SCERE

G VARG YAl
(o3

TaK YTO CKAaYKW TEIUIOEMKOCTH U CXHUMAEMOCTH MMEIOT OJIMHAKOBBIA 3HAaK. BBuay
CKa3aHHOI'O BBIIIE O CKAYKE TEIJIOEMKOCTH OTCIOAA CIENYET, YTO CKUMAEMOCTb
CKa4YKOM IaJIaeT MpH Mepexo/ie OT HECUMMETPUYHON K CUMMETpUYHOU (hase.



