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JI. A Jlannay, E.M.JIudummn, Ctatuctrueckas dpusuka, (Kypc, T.5)
BiiusiHue BHelIHero moJisi Ha pa3oBbIN MEePeXo/.

Paccmorpum Temeph, Kak MEHSIIOTCS cCBoOWcTBa (ha30BOro mepexona Mpu
HAJIOKEHUM Ha TEJIO BHEIIHEro moyist N, aelicTBUE KOTOPOTO 3aBUCHT OT BEJIUYMHBI
napameTpa nopsiaka /). He yrouHsiss ¢u3nueckoil MPUPOIBI  3TOrO MO,
chopmynupyeM B OOIEM BHJE NPEANOIOKEHHUS, IeaeMble OTHOCHTEIBHO €ro
xapaktepa. OHM CBOJATCS K YTBEPXKICHHUIO, YTO HAJOXXEHUE TAKOTO IMOJs
OTMUCHIBAETCS MOSIBIEHUEM B TaMUJIbTOHUAHE TEJIa BO3MYIIAIOUIEr0 CJIaraéMoro TUmna

I:|h=—/7hV,

JMHEWHOTO TI0 HampspKeHHOCTH moiist h, mapametpy nopsiaka 77, V. - o0bem Tena.

Tak, mis ¢eppomarnetrika (BOIM3M ero Touku Kropu — TOYkM mepexoma B
napaMarHuTHYIO ¢asy) mapaMeTpoM /] SBISETCS IUIOTHOCTh MAaKpPOCKOIMHYECKOTO

MarHMTHOTO MOMEHTa, a mojeM N - MarauTHOe mnoje. JIIs CEerHeTO>IEKTPHKOB
mapameTp /] €CTh AIEKTPUUCCKUI TUTIONBHBI MOMEHT €MHUIIBI 00beMa, a oje h -
AIIEKTPUUYECKOE MoJie. B Apyrux ciydasx moie h MoxeT M HE MMETh HPSIMOTO
¢dusznueckoro ciuydas, HO €ro (QopmMaibHOE BBEIACHHE IOMOraeT 0Oojiee TrIyOOKO
YSICHUTH CBOMCTBA (ha30BOT0 Mepexoa.

Kak MBI yXe 3HaeM, TepMOAMHAMHYECKHU mMoTeHIMan @ onpeneneH Kak
¢yukuus P,T,/]. B ciydae Hanuuus BHEIIHEro MOJS K 3THM EPEMEHHBIM HAJo

100aBUTh HANPSHKEHHOCTD 3TOT0 Mot N
o =d(P,T,n,h).

[IpudeM, mapamerp /] He sBIseTcs paBHOmpaBHbIM ¢ mapamerpamu P,T,h. On
JOJDKEH  HAXOAMUThCS W3  YCIOBUS  MHUHUMAIBHOCTH  TE€PMOJMHAMHYECKOTO
noreHmana P .

Kak mMbI moMHUM, BOIM3M TOYKH (ha30BOTO MEPEXoa BTOPOTO Poja mapameTp
mopsiika /] SIBASETCS  MallbIM, YTO  TO3BOJSUIO  HAM  PacKJabIBaTh
TePMOJMHAMHUYECKUN ToTeHIman ® B psg mo 3ToMmy mapamerpy. Craemyer
BCIIOMHUTBH IIPU 3TOM T€ COOOpa)X€HUsl, KOTOpPbIE MO3BOJMIM HAM OIPAHUYUTHCS B
ATOM pa3JIOKEHUH YJIEHAMU HYJIEBOTO, BTOPOTO M YETBEPTOr0 MOPSIKA I10 /7

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

Bynem Temeph cuuTaTth BHemHee mnone N Toxxe wManeim. Torma eciu
OTPaHUYMTHCS MEPBLIM MOPAAKOM 10 N, K MpeapiayIieMy pasinokKeHHIO JOCTaTOUHO
no6aBuTh ciaraemoe —/7hV



®(P,T,7)=®y(P,T)+A(P.T)7*+B(P.T)n*-nhV
BcnomuHas nanee, 9To BOJIM3U TOYKH ITEpeXo/ia
APT)=a(P)t, t=(T-T.), T.=T.(P),
Pa3JI0KEHUEC TCPMOJUHAMNYCCKOI'O IIOTCHOMA1a MOXKET OBLITH 3aIIMCAaHO B BH]C.
O(P,T,7)=®y(P,T)+a(P)t7? +B(P.T)n* -nhv .

OTMeTHM TpeXx/e BCEero, 4TO YK€ CKOJb YroJHO Ci1a0oe TOoje MPHUBOIUT K
TOMY, YTO TMapameTp /] CTAaHOBHUTCA OTJIMYHBIM OT HYJS BO BCEeW 00JacTH
TeMriepatyp. Jpyrumu cioBam#, moJie IIOHMKAET CHMMETPUIO 00JIee CHMMETPUIHON
¢da3pl, Tak 4TO pasHUIA Mexay (asamu ucyesaer. Mcyezaer Takke W TUCKpETHAS
TouKa (Pa3oBOro mepexojia, mepexo «pa3mMbiBaeTcsa». B yacTHOCTH, BMECTO PE3KOTO
CKauyKa TETUIOEMKOCTH BO3HUKAeT aHOMAJus, pacTIHyTas 10 HEKOTOPOMY
TeMIiepaTypHoMy uHTepBaity. [{opsSaoK BETUYUHBI 3TOTO MHTEPBAIa MOKHO OIICHUTH
U3 TpeOOBaHMS

aln? ~nhv .

Ecnu B34Th /7, HAWIEHHOE HA NPEABIAYIIEN JIEKIUN

_[x
1=\2g5"

IIOJIYy4YUM
at 2_aBt ~hv,
OTKyJa
(_p2eBV
a

Jlst GoJiee AETAIBHOTO KOJIMYECTBEHHOTO HCCIIEOBAHUS TEPEX0/Ia 3alHIeM
YCJIOBUE PaBHOBECHS

[aﬁj =0, 2aty+4BP=hV .
6,7 PTh
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3aBUCHMOCTh TapameTpa nopsaka /] ot mons N mmeer pasnuunbli xapakrep npu

TeMIepaTypax Bbllle U HWXKE .. HamoMHuM, 4TO MBI yCIOBHJIHCH CUUTATh, YTO
a>0, tak uro cummerpuunoi ¢ase (/7=0 npu h=0) orseuaer Temneparypa t >0,
wim T >T..

[Ipu t>0 neBas cTopoHa ypaBHEHUS — MOHOTOHHO BO3pacTarommas QyHKIus
ot /] (Puc. 1a).

[TosTOMy ypaBHEHHE MMeeT IPU KaKIOM 3aJaHHOM 3HaueHMH N Bcero oauu
BEIIIECTBEHHBI KOpEeHb, oOpamaromuiics B Hynab npu h=0. Oynkius l7(h)
O/IHO3HAYHa, IPUYEM 3HaK /] coBHaznaeT co 3HakoM N (puc. 2a).

Eciu sxe 1<0, To neBast cTopoHa ypaBHEHHsS — HE MOHOTOHHAast GYHKIUS /]
(Puc. 16), B pe3ynbTaTe 4ero B OIpeJeleHHOM MHTepBane 3HaueHuii N ypasnenue
UMEET TPU Pa3IMYHBIX BEIIECTBEHHBIX KOPHS, TaK YTO (YyHKIIUS I7(h) CTAHOBUTCS
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HEOJITHO3HAYHOM, KaK 3TO n300paxkeHo Ha Puc. 26. I'panuipl 3TOro MHTEpBaja
ONPENENSAI0TCS, OUEBUIAHO, YCIOBUEM

%(Zat/ﬁ 4B77°) = 2at + 128077 =0,

" 3aat0TCs HCPABCHCTBOM

)3/2

VBl/ 2

h<h<h, h= @l Gl

Jlerko, oJHaKo, BHJIETh, YTO BECh y4acTOK KpuBoil BB', Ha koTopom (6/7/ ah)T <0,

OTBEYAEeT TEPMOAMHAMUYECKH HEYCTOHYMBBIM COCTOSIHUSAM. JleficTBUTENBHO,
muddepeHmpys UCX0aHOE ypaBHEHHE 1o N, HaxoauM

oh ).\ a7 ).,

OTtcroa BUIHO, YTO

2
99| <0 npu (97/9h). <.
o7 ),

To ecTth, TepMoaMHaMHuYecKHil mNoTeHUMan P wuMeeT 31ech HE MUHHUMYM, a
MaKCUMYM.

Ha yuactkax e AB u AB' tepmoamnamuyeckuii moTeHIMal MUHUMAJIEH, HO
BEJIMYMHA 3TOr0 MUHHMMYyMa IIPEBBIIIAET MUHUMYMBI, OTBevaromue ydyactkam AD u
AD'. B 3ToM 5erko yoOenuTbCs NPSIMBIM BBIUMCICHHEM, HO PE3YyJbTaT 3apaHee
OYEBHJCH: TIOCKOJBbKY Tmoyie Bxogur B P B BuHme wiena —hV, To
TEPMOJMHAMHUYECKN BBHITOJIHEE, YTOOBI 3HAK /] coBHaman co 3HakoMm h. Jpyrumwu
cinoBamu, yuactku AB u A'B' oTBeyaroT MeTacTaOMIBLHBIM COCTOSIHUSIM Tena. Takum
00pa3oM, HCTHHHBIM PaBHOBECHBII X0J (QYHKIIHN l7(h) JA€TCsl CIUIOLIHOM JIMHUEH
DAAD' na Puc. 26, Bce TOUKM KOTOPOM OTBEYAIOT TEPMOJAMHAMUYECKU YCTOMYHUBBIM
coctosiHusM. Ecnu mpu 3amanHoit Temmepatype (<0 MeHsaTh mone, TO mpH
npoxoxaeHnn uM 3HaueHuit h=0 Bo3HuKaeT (a30BbIi Mepexo] MEepBOro poja: B
ATOU TOYKE HAXOJATCS B PABHOBECUHU APYT C APYroM (ha3bl ¢ IPOTHUBOIMOIOKHBIMU MO
3HAKY 3HAYEHUSIMU

n=x(alt)/2B)".

OnpenenuM BOCIPUUMYHUBOCTD T€JIa KAK IPOU3BOIHYIO



JuddepeHnupys HCX0IHOE PaBSHCTBO 1Mo h, moay4yum
on___V
oh 2at+12Bp?°

Ioncrapnas cioga npu h -0 7?2=0 ana t>0 wm p?=-at/2B mia t<O,
OJIy4HM

npu 1>0, X:%4at npu t<O.

_V

/Y__

2at

Crnenyer oOpaTWTh BHHMaHHE Ha oOpaineHue Y B OecKOHEYHOCTH B Touke [ — O.

Kak nerko BuAEeTh U3 pa3liokKEHUS TEPMOJWHAMHYECKOTO MOTEHIHMANA B PANl IO
napametpy nopsiaka, npu { — O Habmogaercss Bce GoJbliasi MOJOTOCTh MUHUMYyMa
ATOro MOTEeHIMala. BBUAY 3TOIM MOJIOrOCTH yKe HEOOJbIIOE BO3MYIIEHUE CHUIIBHO
MEHSIET PaBHOBECHOE 3HAUEHUE /] .

Beanunna

32 (a‘t‘)slz
n =(§J VB

JaeT 3HAUEHHUE I0JIA, MPU KOTOPOM MHJYLIMPOBAHHBIM IojeM mapamerp /7.4 ~ Xh
CTAaHOBHUTCS TOTO )K€ MOPSIKA, YTO M XapaKTepHas BEJIUYMHA CIIOHTAHHOTO (TO €CTh,

12
0e3 mous) /spont ~(a\t\/ B) . Mona h<h, sBadtoTcsa cnabbiMu «cnaObIMKU» B TOM

CMBICJIE, YTO B NIEPBOM MPUOJIMKEHUH HE BIUSIOT HA TEPMOJAUHAMUYECKUE BEITMUNHBI
tena. IToms sxe h>>h, cocrapnsior 061acTh «CHIBHBIX» M0JIEH, B KOTOPBIX 3HAYEHUS

TEPMOJIMHAMUYECKUX BEJIMYMH B MEPBOM MPUOIKCHUH OMPEACIISIOTCS TOJIeM; MPHU
t =0, oueBnaHO, BCSIKOE IOJE B 3TOM CMEICIIE SIBISETCA CHIIBHBIM. B oOmacTtu
CUJIBHBIX IOJIEW apaMeTp HNOPSIAKA ONPENEISIETCS BEIPAKECHUEM

U3
_(hV
(i)

@uyKkTyanu napamMeTpa nopsiaka.

Ve HEOJHOKpPaTHO HaMH MOJYEPKHUBAIOCh, UYTO TOYKa (pa30BOro Mepexoja
BTOPOIO  poja  SIBISIETCST B JEUCTBUTEILHOCTH  OCO0OM  TOYKOM  JyIs
TepMOJMHAMUYECKUX (PYyHKIMI Tena. dusznueckass MNpupojia 3TOW OCOOEHHOCTH
COCTOMT B aHOMAaJIbHOM BoO3pacTaHuu (uykTyanui napamerpa mnopsaka. Haiinem
3aKOH 3TOTO BO3pacTaHHs B paMKaxX paccmaTpuBaemoil teopuu Jlanmay. Ilpu stom
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Oyaem cuuTaTh, YTO U3MEHEHHWE CHUMMETPUHU NPU NEPEXOJ]e OIMUCHIBACTCS BCETO
OJIHUM TIapaMeTpoM /] .

MunumanbHas pabota, TpeOyemasi JJIsi BbIBOJA CHUCTEMbI U3 COCTOSIHUS
paBHOBeCUsI TMPU 3aJaHHBIX TOCTOSHHBIX 3HAYEHUSX JABJICHHUS U TEMIIEPATYpHl,
paBHa wu3MeHeHutro A®P ee TepMoaMHAMUYECKOro TmoTeHIMana. [loaTomy
BEPOSITHOCTh (PIIyKTyaluu pu NMocTOsIHHBIX P, T omnpenensieTcs: BeipaxkeHueM

AD
W~exp ——|.
{7
bynem o0o3HavyaTh paBHOBECHOE 3HAYCHHE Tapamerpa mopsaka /] kak /7. Ilpwm
MaJIOM OTKJIOHCHUH /] OT PaBHOBECHsl, O] =/1] — /]

0o \, 1 0% \2
¢=¢o+(—] =-mM+35 52| (1=1)"
9 Jort p=n 2000 Joz ey
[TockosbKy B COCTOSIHUM PaBHOBECHS
T ex p=n
it AP =@ — P, nomyyaeM BeIpaKeHUE
1( 0%® \2
po=1{T2| (-gp.
200 Jort 4

Bcniomunas nanee, 4ro

oh)lon®) .

an

a Xx= ( ahj , PAaBHOBECHOE 3HAYEHUE BTOPOM  MPOU3ZBOJHOM  OT
T,Ph-0

TEPMOAMHAMHNYCCKOT'O ITOTCHIIMAJIa MOKHO BbIPAa3UTh Y€PE3 BOCIIPUHUMUNBOCTD

o)V
0 Jorno X

1, CJIEA0BATEIILHO,



_(n=n)’v

w = Aex STy

Koncranta A MoXxeT ObITh OnpeziesieHa U3 YCIOBHSI HOPMUPOBKHU

e 2
AI drnex —(UZT# =1.

Tenepb €CTh BO3MOXKHOCTh BBIYMCIIHMTBH CPEIHUN KBajpaT (IyKTyaluu HapameTpa
nopsJika BOJIM3M TOYKHU Mepexoia

<(/7-/7)2>=A_];d/7(f7—/7)2ex —('72_@(\/ =T\C/X.

Kak mbl yxe yOenunuch, BOCIPHUMYUBOCTH BOMM3M Touku mepexoxa (T — T.)
pe3Ko Bo3pacTaer, Kak 1/ (TC —T).

Taxkum 00pazom, u3-3a GIyKTyaruii B HEMOCPEACTBEHHOW OKPECTHOCTH TOYKHU
nepexoaa teopus JlaHmay, cTporo roBops, HEMPUMEHUMA, MOCKOJIBKY (IyKTyaIuid
HE YYUTHIBAET.

CopaBennmBocth  Teopuu  Jlanmay — ompegensieTcss — NPUMEHHUMOCTHIO
pa3NOKEHHUM, HKCHOJNb30BaHHBIX HamMu  Bbime. Cama K€  NPUMEHUMOCTh
orpaHu4MBaeTcsi TpeOOBaHMEM, YTOObI CpelHUN KBajpar (UIyKTyaluu HapameTpa
nopsjka ObUT MaJl MO CPaBHEHUIO C KBaJgpaTOM CpPEIHEr0 3HAYEHUs MapameTpa
nopsaka (772 - cM. IpeiblAyIIYyIO JEKIHIO)

((r=n) )< 7= 21T,

501050

T a
vc_j(<<ﬁ(T° -T), [To-T|<Te,

1
rae Voorr ~ Morr:  Toorr ~ W
C

N3 COBMECTHOCTH TaKuX HEPABEHCTB CJEAYyeT, 4YTO HMEETCs Yy3Kas o001acTh
TeMriepatyp BOiu3M T., rae Teopus Jlannay HenpumeHnuma. BeiBonbl 3TOM Teopuw,

CJIeIOBAaTEIbHO, HAJAO0 OTHOCUTH K COCTOSIHMIO 00eux (a3 BHE 3TOro MHTEpBaia
temreparyp. Hampumep, nNonydeHHbIE HAMU pAaHEE BBIPAKEHUA JJISI CKAYKOB
TEPMOJAUHAMUYECKUX BEJIMYMH HAJI0 MOHMMATh KAaK PAa3sHOCTH WX 3HAYCHUU Ha

IrPaHULAX J3TOro HHTepBana. HemocpeacTBeHHYX0 OKpPECTHOCTh TOYKH T,
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OTPaHUYEHHYIO OTMEUYEHHBIM MHTEPBAJIOM TEeMIepaTyp, Ha3bIBAIOT
(bAyKTyallMOHHON OKPECTHOCTBIO.

da3oBble Nepexoabl B KPUCTANIAX U Teopus Jlanaay.

CrnenyeTt TakXe OTMETUTh, UTO 3T TEOPHUS 10JKHA OBITH IepeopMyIupOBaHa
TakuM oOpa3oM, 4YTOObl YYMTHIBaTh BO3MOYKHOCTb HAJIWYUSl NPOCTPAHCTBEHHBIX
HEOJHOPOJHOCTEH, IOCKOJIBKY TAaKHE HEOAHOPOJHOCTH IOPOXKAAKTCA CAMHMHU
¢aykryanusmu. KpoMe TOro, B M3J105)KEHHBIX BBIUMCIEHUSX HE YYUTHIBAIACh HUT/E
crnenu@uKka ynpyrux CBOMCTB TBEpAOIO Teja, OTJIMYaromerocs or xuakoctu. He
YUUTBIBAJICA Takke 3(PPexT nedopManuu Tena, TMOABISIOUIMICT pe3yJbTaTe
BO3HHMKHOBEHHUSI B HEM Mopsaka. DTOT 3(h(eKT HazpiBaeTcs cTpuKuueil. B pamkax
teopun Jlanmay 5tu 3(QexTsl He OTpaxkaloTCs Ha BbBIBOJAX, H3JIOKEHHBIX B
npenpiaymux Jekuusx. CoBMecTHOe JeiicTBHe 000MX OTMEUYEHHBIX (DaKTOpOB
MOJKET, OJIHAKO, CYIIECTBEHHO OTPA3UThCA HA (UIYKTyalHMsX MapameTpa mopsjaka, a
TEM caMblM W Ha Xxapakrepe ¢azoBoro mnepexopaa. MccinemoBanue 3TOro Bolpoca
TpeOyeT IMIHUPOKOTO0 MPUMEHEHHUs TEOpUU YIPYTOCTH, MOITOMY B PaMKaxX JaHHOTO
Kypca paccMmaTrpuBatbesi He OyzaeT. OrpaHudyuMmcs JIMIIb YKa3aHHEM HEKOTOPBIX
pe3ynbTaToB.

CrpukiponHas nedopmaryss MOKeT ObITh (B 3aBHCUMOCTH OT CHMMETPHH
KpUCTaJUIa) TMHEHHA WM KBAIPATUYHA T10 MapaMeTpy MOpsaKa. XapaKTep BIHUSHUS
YIPYTUX CBOKWCTB Tesa Ha (pa30BbIM MEPEXOJT B ITUX CIIydasX Pa3InyeH.

B cimyuyae nuHEWHON CTpUKIMM OOO3HAYUM MOCPEACTBOM ) KOIPHUIUEHT

IPONOPLUOHATBHOCTH MEX/Y TEH30pOM AedopManuu U, U ImapamMeTpoM Mopsiaka /7

Bnusguaue storo addexra Ha QuyKTyalud Mallo U MPOSBIAETCA B TOH OKPECTHOCTH
TOYKH TIEpexoa, Ie

at<y?/ A,

A - TOpAMOK BEIMYMHBI MOAYJICH YIPYrocTd TBEpIOro Tteia. B ciydae, xoraa
CTPUKIIMS TIpeACTaBiIsIeT co0oi cialbiii 3ddext (Manoe )), ykasaHHas 0071acTb

TeMIIepaTyp y3Ka W JIGKHT BHYTPH (QUIyKTyarlmoHHOW oOmactu. Tem cambiM Ha
KaueCTBEHHBIX BhIBOJIax Teopuu Jlanmay naHabii 3HPeKT HE cCKa3bIBaeTC.

K apyrum pesynbpTaTam NPUBOAUT KBaJApaTHYHAS CTPHUKIUSA. DTOT Cily4ai
MMEeeT MECTO, HalpuMep, I TIepexoaa u3 mapa- B GeppoMarHUiTHOE COCTOSIHUE, TIC
nmapamMeTpoM TMOpsAKa SBISIETCS BEKTOP HAMarHWYCHHOCTH KpucTaia. JImHeiHas
3aBUCUMOCTh JedopMarii  OT HAMarHMYCHHOCTH HCKIIOYaeTcsl TpeOoBaHHEM
CUMMETPUH OTHOCHTEIBHO OOpalleHuss BPEMEHH, OCTaBIIIONIETO HEHM3MEHHBIM
nedopMaIio, HO MEHSIONIET0 3HAK MAarHUTHOTO MOMEHTa. JTOT 3((exT Taxxe
nojaaBisieT QUIyKTyaluu, HO B Oosiee cinaboit crenenu. Eciu 6e3 ydyeta CTpUKIIUU B
TOYKE TMEPex0/ia TeIJI0EMKOCTh o0paianack Obl B OECKOHEUYHOCTh, TO KBaJapTUIHAS
CPUKIIHSI TIPUBOAWT BMECTO AITOTO K TOSBICHUIO HEOOJBIIOTO CKayKa SHTPOTIIHH.
NupiMu cioBamu, (pa3oBBId Mepexoi CTAaHOBHTCS (a30BBIM MEPEXOJIOM IEPBOTO
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pona, OMU3KUM KO BTOPOMY: TEIUIOEMKOCTh OCTaeTCS NPHU ITOM KOHEYHOU, HO
JOCTUTAET AaHOMAJIBHO OOJIBIITUX 3HAYCHUH.



