Jleknis 3
da3oBi nepexoam Apyroro poay. Busnauyenns.

dazoBuii mepexig Mik ¢azamMu pizHOI cuMeTpil (KpHcTan — piaudHa, Pi3Hi
KpHUCTaIiuHi MoaudikaIii) He MOXe BiIOyBaTUCS HETIEPEPBHUM YWHOM, MOAIOHO 110
TOT0, SIK 11€ MOXJIMBO JIJIs PIAMHU ¥ razy. Y KOXKHOMY CTaHI TiJ10 Ma€e abo oaHy, abo
IHIIy CHMETpII0, TaK IO 3aBXKIM MOXHa BKa3aTH, 10 SKUX 13 000X ¢a3 el cran
BITHOCUTKCS

[Tepexig MK pI3HUMHU KPUCTATIYHUMU MOAU(DIKAIIIMU BAOYBAETHCS 3a3BUYal
nuiXoM  (pa3oBOro MEpEeTBOPEHHS, 3a SKOro BiIOYBa€eThCS CKAYKOMOIIOHA
nepedyioBa KpUCTAMYHOI I'paTKH, 1 CTaH TUIa BiauyBae ckadok. OmHak mopsip 13
TaKUMHU CKAuKOMOJIOHMMHU TepexoJaMu MOXJIUBUM 1 IHIIMM THIT TEPEXOJiB,
MOB’ SI3aHUX 31 3MIHOIO CUMETPII.

JlJis TpOSICHEHHS TPUPOAM TAaKUX IEPEXOMiB 3BEPHEMOCS 10 HACTYITHOTO

npuknany. 3a BUCOKHX TemmepaTyp kpuctan BaTiO, mae ky0Oiuny rpatky 3

HACTYITHOIO KOMIpKOI0: aromu Ba y BepmmHax kyOy, aromu O B IleHTpax rpaHe i

atoMu Tl B IIEHTpax KOMipKH.
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[Tpu 3HWKEHHI TemmepaTypH, 3a AesKoro ii 3HadeHHs, atomu 11 i1 O MOYMHAIOTH

3MINTyBaTUCS B HANpsIMKy OJHOTO 3 pebep KyOy. SCHO, K TUIbKU I 3MIMICHHS
MOYMHAETHCS, CUMETPIsl TPATKU BiApa3y 3MIHIOETHCS, TEPETBOPIOIOYHCH 13 KyOI1YHOT
Ha TeTParoHaJIbHY.

Lle#i mpukmam xapakTepHUN TUM, IO JKOJHOTO CKayka B 3MiHI Tilia He

BiOyBaeThcs. Po3ramryBaHHs aToMiB Yy  KpHUCTaJiuHIA TIpaTIi 3MIHIOETHCS



HerepepBHUM 4yuHOM. OHAK YK€ CKUTBKM 3aBrOJIHO Majie 3MIIICHHS aTOMIB Bif iX
NEPBUHHOTO PO3TAIllyBaHHsS JOCTaTHE JUIsI TOro, abW CHUMETpis IpaTKu Biapasy
3MIHWJIACh. 3MIMCHIOBAHUM TaKUM YHMHOM II€pexiJ BIJ OJHOI KPUCTAJIIYHOI
Moaupikarii 70 1HIIOT HA3UBA€ETHCS (pa30BUM MePeX0A0M JAPYIroro poay Ha BiIMiHY
BiJl y>K€ 3BHUHUX (Da30BHX MEPETBOPEHB, SAKi HA3MBAIOTHCSA (Ha30BUMH IEPEXOAaAMU
nepmioro poxy. ®a3oBi mepexoan APYroro poay 4acTo Ha3WBAaIOTh ToukamMu Kropi
(xoua yacTirne Takuid TEPMiH, K MU T1aM’ SITAEMO, 3aCTOCOBYETHCS B MarHeTUKax I10
BITHOIIICHHIO JI0 3MIHM MArHiTHOI CTPYKTYpH PEYOBHHH).

Taxkum ynHOM, (ha30BUI Mepexia IPyroro poay € HEeIEepEePBHUM Yy TOMY CEHCI,
IO CTaH TiJia 3MIHIOETHCSI HEMEepepBHUM unHOM. [ligKpecnumo, oHaK, M0 CUMETPIs
B TOYIl TEpPeXOJay 3MIHIOEThCS, SICHO, CTPUOKOM, 1 KOXXKHOIO MOMEHTY MOXKHA
CKa3aTH, J0 K01 13 ABOX (a3 BIAHOCUTHCS T110. AJie B TOM Yac, SIK y Todili (Ha3oBoro
Nepexoy MEPIIOTO POAy B PiBHOBA3l 3HAXOAATHCA Tila B JIBOX CTaHaX, Yy TOMYII
Mepexoy APYroro poay cTaHu 000X (a3 CIiBMIaaar0Th.

[Topssn 13 BumagkamMu, B SKAX 3MiHA CHUMETpii Tijga BiIOYyBa€ThCS
MIOCEPETHULITBOM 3MIIlIEHHsI CTPYKTYPHHUX OJHMHHUIIb, 3MiHa CUMETpii mpu (ha3oBomy
Mepexoji APyroro poay Moxe OyTH TIOB si3aHa 31 3MIHOIO BIIOPSIAKOBAHOCTI
kpucTany. [IoHATTS po BIOPSAKOBAHICTH 3’ SIBISIETHCS, SKIIO YUCIIO BY3JIiB IPATKH, B
SAKUX MOXYTh 3HAXOJUTHUCS aTOMH J@HOTO THIY, NMEPEBUIIYE€ YHCIO IMX aTOMIB.
bynemo HasuBatu Miclig, Ha SKUX 3HAXOIATHCS aTOMH JAHOTO POJY B IIUIKOM
YIIOPSIKOBAHOMY KPHCTaIl «CBOIMHU», Ha IPOTHBArY <«UYy)KHM», Ha SKI 4YaCTKOBO
MepeXosiTh aTOMH TPU PO3YMOPSAKYBAaHHI KpuCTamy. Y 0ararbox BHUMAJKaX
BUSIBJISIETBCSI, IO CBOI M UyXI BY3JIM TEOMETPUYHO aOCOJIIOTHO TMOMIOHI
BIJIPI3HSIOTHCSA JIMII THUM, 110 Pi3Hi WMOBIPHOCTI 3HAXOMKEHHH aTOMIB JaHOIO
poay B By3jax. SIKmIo X 3a SKUXOCh OOCTaBHH I WMOBIPHOCTI 3HAXOIKCHHS B
Yy)KUX 1 CBOIX MICIIX 3pPIBHSAIOTHCA (IpH LOMY BOHH, 3BHYaiiHO, HE OYIyTh
JIOpIBHIOBATH OJWHMII), TO BCi IIi BY3JH CTaHYTh CKBIBaJCHTHUMH, a OTXKE
3" SIBJIIOTHCS. HOB1 €JIEMEHTH CUMETPii, TOOTO, MIJABUIIYETHCSI CUMETPis IpaTku. Takui
KpPHUCTAJ 3a3BUYail HA3WBAIOTh HEBIIOPSIKOBAHUM.

[Tosicaum cka3ane Ha npukiani. Llinkom BnopsakoBanuii kpucran CuZn mae

KyOluHy rpatky 3 aromamu CU, po3TallloBaHUMHU, CKaXXiMO, Y BEpIIIMHAX, 1 aTOMaMHu



Zn - B neHTpax KyOiuyaux komipok (Puc). [Ipu po3ynopsakyBanHi (py MigBUIIECHHI
temmneparypu) atomu CU u ZN MIHSIOTBCA MICIIMH, TOOTO, IS BCIX BY3IIB
3" SIBJISIFOTHCS BIJAMIHHI Bijl HYJII WUMOBIPHOCTI 3HaXO/KEHHS aToMiB 000X copTiB. J[o
TUX TIip, TOKA WMOBIPHOCTI 3HaxokeHHsT aroMiB CU 1 ZN y BepmmMHAX 1 IIEHTpax
KOMIPKH HE OJauHaKoBi, (He IJIKOM YIOPSAKOBaHUNA KPHCTal), Il BY3JIH
3aJUIIAI0THCS] HEEKBIBAJICHTHUMH, 1 CUMETPIsl ITPATKU JHUILIAETHCS HE3MIHHOIO. AJle 5K
TIJIBKY 11 KIMOBIPHOCTI 3pi1BHIOIOTHCS, BC1 BY3JIM CTalOTh €KBIBAJIEHTHUMH, 1 CUMETPIs
aTOMIB KpHCTaJly MiJBHIIYEThCA — 3'ABISETHCS HOBUH TpaHCIALiMHUN mepiox (i3
BEpIIMHA B IIEHTP KOMIpKH), 1 KpuCTan 3100yBae 00 €MHOLIEHTPOBaHY KyOiuHY

IpaTkKy.

®/n OCu @ Cu. Zn

Mu roBopwiIM JMII [P0 TEPEXOJd MDK PI3HUMH  KPUCTATIYHUMHU
MoaudikamisiMu. Ase ¢pa3oBi Mepexoau APYroro poay He 000B’ I3KOBO MTOBUHHI OyTH
MOB'si3aH1 31 3MIHOIO CHUMETpii caMme po3TamoBaHuX y rparui aromiB. Ilmsxom
Nepexoly APYroro poay MOXKe 31HCHIOBATUCH TaKOXX B3a€MHE MEPETBOPEHHS JIBOX
(da3, 1Mo BIAPI3HAIOTHCS SKOI-HEOYAb I1HIIOK BJIACTUBICTIO cuMmeTpii. Takumu €
touku Kropi ¢epomaraneruka un aHTH(PEpPOMArHeTUKa: y I[bOMY BUIAJKy MH MAa€MO
CIIpaBy 31 3MIHOIO CHUMETpIi pO3TalllyBaHHS €JIEMEHTapHUX MarHiTHUX MOMEHTIB y
Timi. Da30BUMH TEpEexXolaMd JPYroro poay € TakKoX TMepexi MeTary y
HAQ/IMPOBITHUIA CTaH (32 BIIICYTHOCTI 30BHIIIHBOTO MArHITHOTO TOJS) 1 Tmepexin
PIAKOTO TeNil0 J0 HAAIUIMHHOTO CTaHy. B 000X BUMaakax CTaH Tila MIHSIEThCS
HEMIEpEPBHUM YHWHOM, ajie B TOYIll MEPEXoay TULIO Hal0yBae aOCOJIOTHO HOBUX

BJIACTUBOCTEM.



Takum duHOM, 3MiHA CUMETPIl Tija mpu (Ga3oBOMYy MEPEXOAl APYTOro poay
BOJIOJII€ BEJIbMH CYTTEBOIO BJIACTUBICTIO: CUMETPIsl OJIHOI 13 (a3 € OUIbII BUCOKOIO, a
cUMeTpist Apyroi a3y — O1IBIT HU3BKOIO IO BIAHOIICHHIO OJTHA 10 ojHOi. [IpuitHATO
HA3MBAaTU OUIbII BHCOKOIO CHMETPIEI0 TakKy, IO BKJIOYae B ce0e BCl €IEeMEHTH
(moBOpOTH, BiAA3epKaICHHS W TPAHCISALINHI Iepioan) Apyroi, Okl HU3bKOT (a3u i
3BepX TOro, IIe SKi-HeOyap noaaTKoBi einemeHTd. [limkpecnumo, 1mo 3a ¢a3zoBoro
Mepexoy MEepIIoro Poay 3MiHA CHUMETpPIl HE MijIsIrac MOoAIOHMM OOMEXEHHSM, 1
cuMeTpii 000X a3 MOKYTh HE MaTH HIYOTO CIIJILHOI'O MK COOOIO.

VY Benmue3Hil OIIBIIOCTI BCIX BIIOMUX BHUMAAKIB ()a30BOr0 MEPEXOAY IAPYTrOTO
poay Oulbil cuMeTpruuHa ¢aza BIAMOBITAE OUIBII BUCOKUM TEeMIIEpaTypaM, a MEHIII
CUMETpUYHA — OLIBII HU3BKUM. 30KpeMa, IEPEXia APYroro poay 3 yHOpsSAKOBAHOTO
CTaHy JI0 HEYIOPSJIKOBAaHOTO CTaHy BIZOYBAE€ThCS 3aBXAW 3  IMiJIBUIICHHIM
temrneparypu. lle mnpaBwio, ogHAK, HE € TEPMOJAMHAMIYHUM 3aKOHOM, 1 TOMY
JIOITyCKAa€ BUHATKU. TakuM BUHATKOM, HalPUKIIAL, € HIOKHS Touka Kropi cerneToBoi
coimi  (rerparizpar MOABIHHOI  HATPIEBO-KATI€BOI  COJl  BHHHOI  KHCIIOTH

KNaC,H,O,x4H,C (mapmpam nampilo-kaniio); Ha3BaHa MO iMeHI (paHIy3ChKOTO
antekaps [T’ epa CeH’ €Ta), HUKYE 3a SIKY KPUCTAI BIIHOCUTHCS 0 POMOIYHOT, a BHUIIIE
— 70 MOHOKJIMHHOI cuctemu. Ha T mpuxmani Oyno Bmepine 3HalaeHE SBHUIIE
CTIIOHTAHHOT MOJIApHU3aIlil (CerHETOCTICKTPUKH).

Jlyst cTrcoCTI 3a3BUYail YMOBHO Ha3MBAIOTh OUTBIII CUMETPUUYHY (Pa3y MpocTo
CUMETPHUYHOIO, & MEHIII CAMETPUYHY — HECUMETPUIHOIO.

JIns KiTbKICHOT XapaKTepUCTHKUA 3MIHM CTPYKTYpPH TUIa MPU TPOXOIKEHHI
gyepe3 TOUYKY (a30BOTo MEpexo,Iy MOYKHA BBECTH BEJIMYHHY /) (SKy OyJIeMO Ha3UBaTH
apaMeTpoM IMOPSJIKY), BABHAUEHY TAKMM YHHOM, III00W BOHA HaOyBaJia BiJIMiHHI Bij
HyJas1 (JoAaTHI Yd Bija €MHI) 3HAQUYEHHS B HECHMMETPHUHIN (a3l 1 JopiBHIOBaA HYIIIO
cuMeTpuuHiii ¢azi. Tak, @i mepexofiB, MOB’sA3aHUX 31 3MIMICHHSIM aTOMIB Bij iX

MOJIOKEHb B CUMETPUUHIN (a3i, mij /7 MOKHA PO3YMITH BEJIMUUHY IILOTO 3MIIICHHS.

Jlis mepexojiiB, MOB’ I3aHUX 31 3MIHOKO BIOPSAAKOBAHOCTI KpUcTaia (HApUKIa:, Y

HaBEJICHOMY BHIIE po3risiai crutay CuZn), mapameTp /) Moke OyTH BUSHAYCHHU SIK



WCu ~ WZn

=
WCu+WZn

ae W, 1 W, - AIMOBIPHOCTI 3HaXO/)KEHHs B IKOMYy-HeOynb By3mi aroma CuU uu Zn.
JUis MarHiTHUX MEpexXoAiB MiA /] MOXXHA PO3YyMITH MaKpPOCKOMIYHHMIA MAarHITHHM
MOMEHT (BiTHECEHMH 1O OAMHUII 00 e€My) (epoMarHeTHKa Y MAarHiTHUH MOMEHT
MiATPaTKU —y BUMAAKY aHTH(EpOMarHeTHKa.

[TigkpeciuMo 1e pa3s, 0 CUMETPIsl TiJIa 3MIHIOEThCS (ITiIBUIYETHCS) JIAI Y
TOM MOMEHT, KON /] 00epTaeThcsi Ha HyJb. Bynb-sfike, SK 3aBrOJHO Maje, aje
BiIMiHHE BiJ] HYyJs 3HAUEHHS TMapaMmeTpa MOPSAKY MPU3BOIUTH YK€ 0 3HWKCHHS
cumetpii. Ilpu mnpoxomkeHHI dYepe3 TOUYKy (Pa3oBOro Mepexomy IPYroro poiay
oOepTaHHA /) B HyJb BiAOYBA€THCS HETIEPEPBHUM YHHOM, O€3 CKavKa.

BincytHicTh ckauka crtaHy B Toulll (Da3oBOro mepexojy JIpyroro pouay
OPUBOIUTH JO TOro, IO TepMoauHamidHi (yHKIii cTaHy Tina (Moro eHTpormis,
eHepris, 00'€M 1 T.I.) 3aJUINAIOTHCS HENEPEPBHUMHU IPH TPOXOHKCHHI TOYKH
nepexony. Tomy ¢a3oBuil mepexii Ipyroro poay, Ha BIAMIHY BiI (a3oBoro
nepexoly MEepIIoro pPoAy, HE CYHpPOBOMXKYETHCS BUIUICHHAM abo0 MOTIMHAHHIM
teriotd. OJHAK, TOXITHI BiJ YKa3aHUX TEPMOJUHAMIYHHUX BelnwduH (TOOTO,
TEIIOEMHICTh, KOe(DILIEHT TEIIOBOrO PO3IIMPEHHS, CTUCIMBICTD 1 T.I1.) BIIYyBalOTh
CKa4oK y TOYIll (pa30BOr0 MEPEXOAY APYroro poay.

Cnig matm Ha yBa3i, M0 3 MaTEeMaTHYHOI TOYKM 30py TodYka (ha3oBOro
Nepexoay IPYroro poiay € IEsSKOI OCOOJIMBOIO TOYKOK HOTO TEPMOJMHAMIYHUX
BEIIMYMH, 30KpeMa, TepMoArnHamMidHoro noTeHmiary @ . Jlng Toro, mob mposiCHUTH
JIaHy OOCTaBHHY, HaraJaeMo MOIMEPEaHbO, 0 TOYKa (a3z0BOro MEpexoay MEepIIoro
pony He € ocobnuBicTiO. Lle € Touka, B AKii MOTEHIIaIN ABOX (a3 JOPIBHIOIOTH OJUH

OJIHOMY
CD1(P,T)=CI32(P,T),

IpUUOMY KOXXKHA 13 (QYHKIIH CDl(P,T), CDZ(P,T) 3 000X OOKIB TOYKH IEPEXOay

BIJIMIOBITAlOTh JCAKOMY PIBHOBaXHOMY (X0Y, MOXKIIMBO, i MeTacTaOlIbHOMY) CTaHy.

[Ipu da3oBoMy *x mepexoAl Apyroro poay TEPMOJWHAMIYHHUI MOTEHIIal KOXKHOI 3



¢as3, ko Woro GpopManbHO PO3TIISIIATH MO APYTUi OIK TOYKU MEPEXOAdy, y3arail He
BIJINOBIAA€E sIKOMY O TO HE OyJI0 MiHIMyMY CD(P,T) ).

[3 ocraHHBOIO OOCTaBHHOIO TIOB'si3aHA HEMOXJIMBICTh TIEPETPIBY UHU
MEepeoXO0O/PKeHHST Tpu (Ha30BUX Mepexojax Apyroro pomy, U0 MOKJIMBO MpU
¢dazoBux mepexonax mepmoro poxay. Koxkna i3 a3 y 1boMy BHUIAIKy HE MOXKE
icHyBaTH 10 Ipyruii OiK Bijx Touku (hazoBoro mepexony (BiIBONIKAIOUMCH, 3BUYAIHO,

BiJl 4aCy BCTAHOBJICHHS PIBHOBArH).

Cxka4ok TemnoemHocti. Teopisi paszoBux nepexoais apyroro poay Jlanagay.

Kinpkicua Teopis Jlangay (a3oBUX MEpEeTBOPEHBb APYroro pojay BUXOIUTH 13
O3Sy TEPMOIMHAMIYHAX BEJIMYWH Tijia 32 3aJJaHUX BIIXUJICHD BiJl CHMETPUYHOTO

ctany (To0TO, 3a 3aJaHHUX 3HAYEHb MapaMerpa Mmopsaky /7). Tak, TepMoauHAMIYHHN
MOTEHITIAN MpecTaBsieThes K GyHkiis Big P, T it 7. Ilpu upbomy Tpeda, 3BUUaiiHoO,
MaTy Ha yBa3i, mo y QyHKIil CD(P,T,/7) 3MiHHA /] B JCSKOMY CEHCI HE PIBHOTPAaBHA

31 3minHumu P, T. Toxmi sk Tuck 1 Temmeparypa (Kepyrodi MapameTpu) MOXKYThb
3aJjaBaTUCS JIOBUIBHO, 3HAUECHHS MapaMeTpa /], SKUil peaqbHO (HOPMYETHCS, cCaMO TO
co0l MOBMHHE BH3HAYATUCS 13 YMOBH pPIBHOBaru, ToOTO, 13 YMOBH MIHIMaJbHOCTI
TEPMOJMHAMIYHOTO TTOTEHITIATY CD(P,T,/]) npu 3aganux P, T .

HenepepBHicTs 3MiHM cTaHy npu (a30BOMY MNEPETBOPEHHI IPYroro pomy
MaTEeMAaTHYHO BUPAXKAETHCS B TOMY, IO TOOJIHM3Y BiJ TOYKH MEPEXOy BEIUYUHA /]
npuiiMae CKUTbKH 3aBrOJHO Malli 3HAueHHS. BHBUAlOYM OKIN TOYKH TEPEXOIy,

poskinagemo ®(P,T,77) 3a crenesivu /7

O(P,T,7)=®,+an+Ap*+Cn®+Bnt+...,

ne xoedimientu a,A,B,C,... € pynkmismu Big P,T .

MokHa 1oka3atu, 10 B pas3l, KOJW CTaHU BIAPI3HSIOTHCS CBOEID CUMETPIEIO
(0 HaMHM W TPUIYCKAETHCS), TO WICH MEPIIOrO IOPSAAKY B HABEICHOMY BHIIE
PO3KJIaJICHHI IIOBUHEH TOTOXXHO oOepTaTrcs Ha Hyab, @ =0 (moxigHa 1mo /) MOBUHHA

JOpIBHIOBAaTH HYJIO 1o obuasa Ooku mepexony!). Illo xk crocyerbes koedimieHTy



A(P,T) y uieni npyroro mopsaKy IbOTO PO3KJIAIEHHS, TO JISTKO 0adWTH, IO BiH
MOBUHEH O0epTaTUCs Ha Hylb y camiil Toull nepexony. CropaBii, B CUMETPUUHIM
dasi minimymy @ moBuHHE Biamosimatu 3Hauenus /] =0, npuuomy A>0. Hasmaxw,
0 JpYyruii OIK TOYKH MEPEeXoay, B HECMMETpPUYHIii (asi, cTiiikomy crany (ToOTO,
MiHiMyMy @) MOBWHHI BiNOBiJaTH BiJMIHHI BiJl HYJIsS 3HAYEHHS /], IO MOXIIUBO
munre nipu A<O. Byayuu 10maTHOIO MO OAHY CTOPOHY W Bil €MHOIO IO JAPYTY
CTOpPOHY TOUKH mepexony, Beianunna A(P,T) moBuHHA 0OepTaTUCSA HA HYJIb y caMii
TOUIll (Ha30BOTO MEPEXOY.

Ane st Toro, mo06 caMa ToYKa rmepexoay Oyia CTINKUM CTaHOM, TOOTO, o0 1
B Hii @ sk GyHKIisA Bix /7 mana miHimyM (mipu /7 =0), HeoOXiAHO, 00 y IiK TOYII
o0epTaBcsi Ha HyJIb 1 WIEH TPETHOTO TMOPSAIKY, & WIEH UYETBEPTOrO TOPSAKY OYyB

nogaTHiM. TakuM YMHOM, TOBUHHO OyTH:

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

Bynyun mnosuTuBHMM y camMmiil Toull mepexoay, koedimieHT B, odeBuuHO,
MO3UTUBHUM 1 B CaMOMY 11 OKOJTI.
Jlami nBa Bumagku. YneH TPEThOTo MOPSIKY MOKE BUSBUTHCH TOTOKHO PIBHUM

HyJI0 B cuiy BiactuBocter cumetpii Tima, C(P,T)=0. Toxi aias TOYKH HEPEXOTy
3anumaeTsest ogHa ymosa - A.(P,T)=0. Bona Busnagae P i T sk ¢yHKuito oguH
omgHoro. Takum ywmHOM, B TwiommHi P 1 T IicHye 1ija JiHiS TOYOK (hpa30BOro

NEePeXoay IPYroro poay.

Sgxmo x C(P,T) He 0piBHIOE HYIIO TOTOXHO, TO TOYKH IEPEXOIY

BU3HAYAIOTHCS 13 JIBOX PIBHSHbD!

A.(P,T)=0, C.(P,T)=0.

Y 1poMy BUTNAAKY, SK BHUSBISETHCS, TOYKH HEMEPEPBHOTO (Ha30BOTO TEPEXOTY
MO>KYTh OyTH JIHII 130TbOBAHUMHU TOYKAMHU.

Haii6inpim mikaBUM € BUIAJOK, KOJM ICHYE IIij1a JIiHIS TOYOK HENepepBHUX
($ha30BUX TMEepeTBOpPEHb, 1 B MOAalbIIOMY OyJAeMO MaTh Ha yBasi mia (a3zoBuM

MepPexo70M JAPYroro poay TUTbKM Taki Bumagkud. COau BiTHOCATHCS, 30Kpema,



NEePexo/id, OB’ A3aH1 3 MOSIBOIO YK 3HUKHEHHSIM MarHiTHOi cTpykTypH. Lls o6cTaBuna
€ HACJIJIKOM CHMETpii MO BIAHOIICHHIO J0 3MIHM 3HAKy 4acy. TepMoauHaMi4HHUI
MOTEHIlIAJI TUIa HE MOXKE 3MIHMTHCS MPU TaKOMYy IEPETBOPEHHI, ajie MarHITHUI
MOMEHT (IO BiZlirpae TyT poJib MapameTpa MopsaIKy), 3MiHIO€ 3HaK. SICHO TOMY, IO B

TaKUX BHMaJaKaxX po3kian ® 3a /) HE MICTUTH B3araji WiCHIB HEITAPHOTO TOPSJIKY.
Takum uwmHoM, Oymemo BBaxkatd, 1mo C(P,T)=0, tak 1mo po3kiaaeHHs

TEPMOJIMHAMIYHOTO MTOTEHITIATy Ma€ BUTJISI;

CD(P,T,/7) :CDO(P,T)+ A(P,T)/]2 + B(P,T)/74+

Tyr B>0, a koedimiear A>0 B cumerpuuniii ¢asi i A<O B HecmMMeTpuYHii

(a3zi; TouKka rnepexoay BU3HAUYAETHCS PIBHAHHAM

A.(P,T)=0.

VY Tteopii, 110 BUKIAAAETLCA, MPUIMYCKAETLCA TakoXK, 110 Gynkmis A(P,T) He

Ma€e OCOOJMBOCTI B TOYINl NEpPexoay, TaKk IO MOOJM3y Hei BOHA MOXKe OyTH

PO3KJIa/ieHa B PsiJI MO LILJTUM CTETICHSIM BiJICTaHI1 /10 Ii€1 TOUKH Ha MKl TeMIIeparyp
APT)=a(P)(T-T,),
ne T.(P) - remneparypa nepexony. Koediuienr xe B(P,T) MOXHa 3aMIHUTH HA
B(P) =B(P,T.(P)).
Taxum 9rHOM, PO3KIIAICHHS TEPMOAMHAMIYHOTO MOTEHITIATY MPUHMAE BUTIIS:
®(P,T,7)=®,(P,T)+a(P)(T-T;)n* +B(P)n*,

IpUIOMY B( P) >0.

3anexHICTh MapaMeTpa MOPSAKY BijJ TeMIrepaTypu MoOau3y TOUKU MEPEXOay B

HECUMETpHYHIN (a3l BHU3HAYAETHCSA 13 yMOBU MiHIMyMy @ sk ¢yHKIii /7.

[IpupiBHIOIOYH HYIIIO TOX1THY g%, OTPUMAEMO



n° =2%;(Tc -T)

(kopinb xe /)=0 mpu A<Q Bigmosimae He MiHIMyMy, a MAaKCHUMyMy IIOTEHIiaIy
® ). 3a3HaunMoO, 110 PO3TAIIYBaHHS IBOX (a3 Mo TEMIEPaTypHIil IIKaJi 3aJeKUTh
Bix 3Haky a: mpu a>0 mecumerpuuniit dasi BimmosinaroTs Temmeparypu T <T., a
npu <0 - temneparypu T >T.. YV mogansumioMy Mu s BU3HAYEHOCTi OyaeMo
BBa)XaTH, III0 CUMETPUYHIN (a3l BIAMOBIIaIOTh TemnepaTypu T >T., sk 1e it OyBae B

NepeBaXKHIM OUIBIIOCTI BUIAJKIB, X04a 1 HE € TEPMOJUHAMIYHUM 3aKOHOM, SIK YK
TOBOPHUJIOCS BHIIIE.

VY 3HeXTyBaHHI BULIUMH CTEMICHSMU /] 3HAXOAUMO AJIsi EHTPOMil

90

__ 0D _o _0A,
SETT T ot

: : : : 0P
(wieH 3 MOXiMHOIO BiJl /) TO TEMIIEpPAaTypi BHIANa€ i3-3a TOTO, IO %=O). Y
cuMeTpuuHii pasi /7=0 u S=§), y HecumeTpuuHiil xe

2
S= SO+%(TC -T).

VY camiii Toull nepexoqy LEH BUpPa3 3BOMUTHCA O §), TaKk IO EHTPOIHIS

3aJUIIAETHCA, SIK 1 CITiJ OyJI0 YeKaTH, HEMEePEPBHOIO.

. . . 0S .
3HaiieMo, HacaMKiHelb, TEIUIOEMHICTh Cp :T(G_T o6ox ¢a3z y Ttouri
P

nepexonay. s HecumMeTpuyHOi (pazu MaeEMo

a’T.

Cp =Cpy +—ZB :

s cumerpuuHoi k pasu S=§), 1 Tomy C, =C,,. Takum unHOM, y TOULI (HAa30BOTO
epexoly IPyroro poay TEIUIOEMHICTh BIUyBa€e cKadokK. OCKUIbKU B(P) >0, To B

TOYIIl TIEPEX01y



Cp >Copo,

TOOTO, TEIUIOEMHICTh 3pOCTa€ TMpPU TNEpPexojil BiA CUMETpUYHOiI (a3u 10
HECHUMETPUYHOI (HE3aJIeKHO BiJl IX PO3TAIlyBaHHS HA TEMIICPATypHIH IIKai).

Iopsn 13 C, BigUyBalOTh CKaykd M IHIII BEIMYMHU: TemnoeMHicte G,

KOe(ILIE€HT TEMJIOBOrO PO3UIMPEHHS, CTUCIHUBICT TOIIO. HeBaXkKo BUpa3UTH CKauKH
[IMX BEJIMYMH OJIMH 4Yepe3 oAHOro. Buxoaumo 3 Toro, mo 00’eM Ta eHTpoIlis B TOYII

($azo0BOTO Mepexoy HemepepBHi:

AV =0, AS=0.

[IponudepeHniiroeMo 111 pIBHOCTI IO TEMIEPATYpPl Y3I0BK KPUBOI TOUOK MEPEXOY,

TOOTO, BBAYKaIOUM TUCK (PYHKIIIEIO TEMITEPATYPH,
P=P(T).

Ile o3nauae, MO MOXiAHA MO TemmepaTypl BiA AKOi-HEOyAb PyHKuiI D mMOBUHHA

00YMCITIOBATHCS HaCTYITHUM YHHOM:

oD _(oD) ,dP(dD

oT (0T ), dT\0P);’
VY pe3ynbTati NpuieMo 10 HACTYITHUX BUPA3iB:
oV dP , (adV

A(GT jp T A(GPJT

0S| ,dP (0S) _
oar, wareloe) =©

0,

YpaxoByrwuu, 110

o), =t

OCTaHHIO 3 JBOX MOMEPEAHIX PIBHOCTEH MOYKHA MEPENUCaTH Y BUTIISII!



ac, dP (V) _
T dTA(aTjP_O'

3100yTi JIB1 pIBHOCTI MOB’ I3yIOTh CKAUKH B TOUIIl (Pa30BOT0 MEepexo 1y APyroro poay

Term1oeMHOCTI Cp , CTUCIMBOCTI 1 KOe(iLi€HTA TENI0BOrO PO3MIUPEHHS.

Hudepenmiroroun y3ma0Bxk kpuBoi mepexoxy AP =0, AS=0, (tuck He

3MIHIOETBCSI TIPU TIEPEXOJIi), ajie OOMparoud 3a HE3aJeKHI 3MiHHI TeMIleparypy i

00’ €M, OTpUMAEMO:

3a3HauumMo, 110

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

AC, _dV A(an -0
\%

T dT (dT

__(dPY [ oV
e =g oG,

G VARG YAl
(o]

TaK 10 CKaYKU TEIJIOEMHOCTI ¥ CTUCIMBOCTI MalOTh OJTHAKOBHI 3HAK. 3 OISy Ha

CKa3aHC BHUIIC IIPO CKAYOK TETIJI0EMHOCTI 3Bi,Z[CI/I BI/ITiKa(-I, 10 CTHCJIUBICTh CKAYKOM

najae mpy Mepexo/i Bil HECUMETPUYHOI JO CUMETPUYHOI (ha3H.



