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BIIMAHWNE KOMITJIEKCHOIO AHFTAPMOHU3MA

HA OVUNATOMETPUYECKWVE U KAMTOPUMETPUYECKWVE CBOVCTBA
KOHOEHCUPOBAHHbBLIX CUCTEM B $OPMAJIU3ME
TEPMOAVMHAMMUKN YCTONYMBOCTU

PABHOBECHOI'O ®A30BOI'0O COCTOAHNA

HoHeuknit PU3NKO-TEXHUYECKMUI UHCTUTYT uM. A A. lanknHa

CraTtbsa noctynuna B pegakuuio 24 nors 2020 roga

H3yuenvt 63aumoo6yCciogieHHoCmb OUIAMOMEMPUYECKUX U KALOPUMEMPUHECKUX CEOUCME
KOHOEHCUPOBAHHOU CPedbl C MOUKU 3PEHUSI KOMIAEKCHO20 AH2APMOHUSMA, A MAKICe UX
GIUSHUEC HA YCLOBUSL MEPMOOUHAMULECKOL YCMOUYUBOCIU (308020 COCMOSHUSL CUCHTLe-
mot [1-9].

KirodeBsble ciioBa: TepMouHaMHUYeCKUe KOA(DOUIINESHTHI, KOMILIEKCHBI aHTapMOHH3M,
napamerp ['proHaiizeHa, JUIaTOMETPUs, TEPMOJMHAMHKA YCTOWYMBOCTH, AETEPMUHAHT
YCTOMYUBOCTH

BBenenne

JnnaroMeTpusi — Hayka, M3ydaroniasi CBOMCTBAa KOHJICHCUPOBAHHOW CpEJBbI,
CBsI3aHHBIE C U3MEHEHUEM 00beMa (KOTopoe 00YyCIOBICHO BIMSHUEM TeMIepaTy-
pbl T, naBneHust P, 31eKTPUYECKUX U MAarHUTHBIX MOJIEN, HOHU3UPYIOLIETO U3JTy-
YEeHHUs, BHYyTPEHHUX (PU3NKO-XUMHUECKUX MPOLIECCOB U T.[.) U COMYTCTBYIOLIMX
TOoMY 3 heKTOB (JIOKATbHOE M3MEHEHHE (PU3MKO-XHUMUYECKUX ITapaMeTpoB cpe-
11, (hazoBble peBpateHus) [1-4].

OCHOBHBIMU H3MEPSEMBIMU XapaKTEPUCTHKAMH U30TPOITHOW CpPEeIbl SBIISIOTCS
n300apuyeckuii u anuabaTnyeckuil K03((GUIIMEHTHI TEIUIOBOTO PACIIUPEHHS/CKATHS
cpendsl O.p, g ¥ mapaMeTp I'pronaiizena yg :

1oV 1(oV oP
(XP:_ —_— , (X,S:_ —_— , 'YG:V o .
V[aT]p V(aTjS (avjy

dusnueckas B3aMOOOYCIOBICHHOCTh MAapaMETPOB CBS3aHA C KOMIUIEKCHBIM
AQHTapPMOHHM3MOM U BBIPA)KAETCS uepe3 cooTHomeHue [ proHaii3eHa, 3aMcaHHoe B
crangaptHou hopme [2—4]:
v

=—oapKr,
TG C, piT
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rne Ky = —V(g—i

TePMUYECKUIA KOIPPUITUEHT JaBICHUSI.
Jlerxko moxa3aTh, 4TO napamerp I 'proHaii3eHa MOXeT OBITh MPEICTAaBICH U B
HETpaJAUIIMOHHON (hopme, B acTHOCTH [2-5]:

oP 1 PV
,YG:V( j = _BV'
U ),

1(opP
— M30TEPMUYECKMI MOJYJb YNPYToCTH, [ = 8T -
T

Llenb craTthu — ompeseneHHe CBA3eH MEXIy TEIIOBBIMHU, MEXaHMYECKUMH U
KaJOPUMETPUIECKHUMHU K03(pPHUIIMeHTaMu, KOTOPhIE MOTYT OBITh BHIPAXKCHBI Uepes3
BEJIMYMHBI, XapaKTEePU3YIOIIMe KOMIUIEKCHBIH aHTapMOHHM3M. YKa3aHHbIE KO3(-
(pUIMEHTBI COCTABNIAIOT JETEPMHUHAHT YCTOWYMBOCTU D), (CM. HWKE), KOTOPBIH
COIIACHO MPUHILIUIIAM TEPMOJUHAMUKY SIBJISIETCS OCHOBHOM BEJIMYMHOM, XapaKTe-
pU3YIOLIeH paBHOBECHBIE U aHOMAJIbHBIE COCTOSHUS.

1. Onpenesienne KATOPUMETPUYECKHUX BeJTUYNH

Kanopumerpruueckue kodhdunueHTs 0yaeM onpeaeisTh, HCXOAsS U3 BTOPOTO
npuHOuIa TCpMOANHAMUKHA, 3AIIUCAHHOTO B BUIC

50 =TdS. (1.1)

Juddepennnanst B JTaHHOM ypaBHEHHH MOTYT OBITh TPEACTABICHBI 3aBUCIIIIUMHU
OT Mapbl MEPEeMEHHBIX (X, V), BBIOMPAEMbIX U3 MHOXKECTBA TEPMOIMHAMHUYECKHX
nepemeHHBIX (7, V, P), KoTopble cBsi3bIBaroTCs ypaBHeHueM coctostaust f(1, V, P) = 0.
B o6miem Buze ykazanubie nuddepeHiuansl MOryT ObITh 3allMcaHbl B hopme

00(x,y) = A(x,y)dx+ B(x,y)dy . (1.2)

B pasBepHyTOM Buae 3TH xe OuddepeHnransl OyayT BBINVIAAETh CIeLyHOINUM

obpazoM:
(00 oQ _ a8 oS
8Q(x,y)—(—ax )yd}h{—ay jx dy T(@x] dx + T[Eiy jx dy. (1.3)

Juns Gonee cTpororo 0003HaYEHHSI COOTBETCTBUS KOA(PPHUIIMEHTOB TOMY WU
UHOMY (pU3HUYECKOMY MPOLIECCY BBEAEM BEpXHHE MHJEKCHI, ONMUCHIBAIONIUE MPU-
Ha/JIEXKHOCTh NapaMeTPOB MOBEPXHOCTH z = z(X, ¥). B 3TOM KOHTeKkcTe Bce Kajo-
pUMETpUYECKHE IPOLIECChl MOXKHO pa3OUTh Ha TpU Kiacca: Tepmudeckue (z = 7),
xopuueckue (z = V) u 6apudeckue (z = P).

Takum oOpa3zom, g napsl nepeMeHHsIx (7, V) umeem

PT,v)= (aT) =T| = . (1.4)
(P) aQ (P)_ (a_Sj(P)
IP(T, vy = (an =7| = o (1.5)
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P
3nech CI(, ) _ M30XOpUYECKasl TEIUIOEMKOCTh, XapaKTepu3yIoias n300apudeckue

1P

IMPONECChI, — BCJIMYHHA, XapaKTCPpU3YyIOIias HOFJ'IOH_[CHI/IG/BI)II[CJ'IGHI/IC TCIIIO-

THI IPY U3MEHEHUH 00beMa CUCTEMBI B U300apUUECKIX MPOIeccax.
Jnst m3oxopudeckux npoueccoB z = V, (x, y) = (T, P). CnenoBaTeiabHO, UMEEM

UN(r,P)= (8Tj =T\ = . (1.6)
) )

K, Py = (Zgj —T(g—i] : (1.7)
T T

rae Cp ) _ CTaHJapTHas n300apryecKas TeIoeMKocTs [ 14, I;V) — KOX(PHIIMEHT,

XapaKTepU3YIOIINI U3MEHEHNE TEIUIOTHI IIPY N30TEPMUYECKOM CIAaBIMBaHUU [ 1-6].
JI1s 130TepMUYECKHX MPOLIECCOB MPUHATHI 0003HAYECHUS

(T) (T)
mi(P,V) = (8Qj _T(ﬁj , (1.8)
oP oP ),
(T) (T)
m(P,V)= (an _T(a—sj . (1.9)
ov v )p
3n1ech ml(,T), mg) — K03(pPUIHEHTHI COOTBETCTBEHHO M30XOPHUYECKOTO CIABIIH-

BaHUS U N300apudecKoro pacmupenus [ 1-6].

2. Onpenenenue cBsizeil KAJTOPUMETPHUYECKUX TEPMOIMHAMMYECKHUX
KOI(PPUIHEHTOB MKy cO00i M ¢ JPYTHMH TEPMOIMHAMMYECKHUMH
napaMeTrpamMu KOMOMHHPOBAHHBIM METOI0M
BHeIIHUX 1M PepeHuaIbHBIX (OPM U AKOOHAHOB

3ajaya MONy4YEHUS! BCEBO3MOXKHBIX CBSI3€M MEXIy TEpMOIMHAMUYECKHUMU
MIPOU3BOAHBIMH OJTHUX IMIEPEMEHHBIX 10 ApyruM Ha MHOKecTBe (7, S, P, V') moxer
OBITH pellleHa MEeTO/IaMu BHEIIHUX JuddepeHnmanbubix popm. B padotax [4,10]
MPOJEMOHCTPUPOBAHA CBSI3b MCUUCIECHUS MOCJIEIHUX C METOHOJorueil sikobua-
HOB. B KOHTEKCTe 3TOI HIIe0IoTUN TH000H SKOOMAH CUMBOJIMYECKH MOXKHO pac-
CMaTpuBaTh Kak IpoOb, MPEICTaBIAIONIYI0 coO0M oTHOmmeHHEe auddepeHmanb-
HBIX (JOPM COOTBETCTBYIOIIEH pa3MEepHOCTH. B yacTHOCTH, IKOOMAaH pa3MepHOCTH
2 MOKHO TPEJICTaBUTh B BUJE IPOOU KaK OTHOIIEHHE 2-(hOpM U B MOCIETYIOIIEM
paboTaTh ¢ HHMH, ONMUPAsICh Ha anreOpanyeckue MpaBuia (IO aHAIOTHU C SKO-
O6uanamu, cm. [4,10]).

[TockonbKy B TEpPMOJAMHAMHUKE MBI UMEEM JEJIO C TOBEPXHOCTSIMU, KaXKasi U3
MEPEMEHHBIX BBIIIEYKAa3aHHOTO MHOXECTBA MOXET BBICTYIATh B KayecTBE (PYHK-
IIUU JTIOOBIX ABYX M3 TPEX OCTABIIUXCS.

CornacHO BBILIEU3TOKEHHOMY OyJeM MPHUAEPKUBATHCS CIIEAYIOIIEH CHUMBO-
JUKU:
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duAdy _ 0(u,v)
aany a(x,y)’
I7le IEpEMEHHBIE X # V # U # Vv BblOMpatoTcs u3 MHoxecta (7, S, P, V). Jlokasa-

(2.1)

TEIbCTBO cooTHOMIEeHUs (2.1) TpuBnansHo [4,10].
HMeroT MecTo 0ueBUIHBIE COOTHOILICHUS

auAay _O(u,y) (a_uj " duAdvy _O(u,v) 4
dxAdy a(x,y) \éx), duAdv o@,v)

(2.2)

B nocnenyromux pacuetax OyneM onuparbcs Ha KaJuOPOBOYHOE COOTHOLIEHHE
[4,10]:

o(T,S) dTAdS .
A(P,V) dPAdV

(2.3)

Takum 00pa3oM, W3 MHOXECTBA YETHIPEX IEPEMEHHBIX MOXXHO COCTaBUTh
mecTh He3aBucumbix nap (7, S), (7, P), (T, V), (S, P), (S, V), (P, V) u oGpa3oBathb
COOTBETCTBEHHO IecTh 2-GopM BHIA dTAdS R dTAdP , dTAdV , (~1SA(~1P,
dSAdV , dPAdV . U3 stux 2-¢hopM MOXKHO 00pazoBaTh LIECTh ApoOeil Tuna yc-
noBHo# enunuel [4,10] (2-hbopma, neneHHas cama Ha ce0s):

dTAdS _dPAdT _

dTAdS dPAdT

Kpome Toro, MoxHuo coctaButh 10 map B3auMHO OOpaTHBIX ApoOEi M3 BBIIIE-
[IPUBEAECHHOI0 psAda BUIA

=1, (2.4)

dTAdS . dTAdP
dTAdP ~ dTAdS’
dTAdS . dTAdV
dTAdV ~ dTAdS’
dTAdS . dSAdP
dSAdP  dTAdS’
dTAdS . dSAdV
dSAdV — dTAdS’
dTAdS . dPAdV
dPAdV ~ dTAdS '

(2.5)

OcranbHble mapsl 1podei 00pa3yoTcs aHATOTHYHO.

Takum obpazom, omyckas BepxHue HHIAEKCH B (opmynax (1.4)—(1.9) u wuc-
NOJIB3YysI CHMBOJIMKY YCJIOBHBIX €IMHUI], HalJleM HanOojee MpOCThle COOTHOIIIE-
HUS JJIS1 COOTBETCTBYIOIIMX K03 dunmentoB. Hampumep,

_p 0S8 dSAdV o7 dSAdV dPAdV _
aT, V) — dTAdV dTAdV dTAdS

Vv
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_ pASAAV dPAAY _ L O(S.V) A(P.Y) _ L O(S.V) aPY) _
dTAdS dTAdV — &T,S) o(T,V) oS.T) oT.V)

_ (9 (oP) __
= T(&TL(@T]V TVPagBy . (2.6)

Ecnu ucnons3oBath 00paTHYIO YCIOBHYIO €IMHUILY, TO OyJIeM UMETh

7 OBV _ TaSA&V . dSAdV dTAdS _
oT,V) — dTAdV dTAdV dPAdY

V:

_ [ dSAdV \(dTAdS ) dSAV dPAdV | dTAdS dVAdS
dTAdV )\ dPAdV ATAQV aPAdy |\ aPAdY dVAds

. dSAdV dPAdY | dTAAS dVAdS | _ T((XS,V)@(P,V)](@(T,S)_a(V,S)] _
dPAQY dTAQV )| dVAdSs dPAdY APV AT, V) \aw,S) &P,V

7| 9SD ( j (8_TJ 2.8 ) _
o(P,v)  \or ov )g o,V
(G_Tj a8,V AT,S)\(a,S) aT,S)) _
ov )s\awe, vy a,s) \ap,v) ar.,s)

(G_Tj a(S,V) oT,S) \(a(,S) o(T,S) )\ _
v s\ (T,S) a(P,V) )\ &T,S) o(P,V)

:_TKG_PJ a_Tj ov.S) (18078 1] =

ot ), \ov )\ aT,s) ) aT,s)

=_T(5_Pj (G_Tj (G_Vj (51) :_T(a_Pj (5_‘/) __TVPB, 0.
or ), \ov )\ or )\ or ) or ), \ T Jg

dPAdAT
Ecnu BeIOpaTh 3a yCIOBHYIO €IMHUILY IpOOb BUIA PAaT TO OyJeM UMETh

aSA&V_&PA&T_TdSAdV dPAdT T&SA&V_&(P,T) _
dTAdV dPAAT ~ dPAAT dTAdV ~ dPAdAT o(T,V)

V:

:T(_G_Pj &SA&V'I__T(OPJ dSAdV dPAdV _
oV ). dPAAT ov ). APAJT dTAdS

:_T(apj dSAdV dPAdV _TEa_Pj aS.V) aPV) _
oV ). dTAdS dPAdT V) oT,S) o(P,T)

gcIEIER
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[Tpu mepexonae kK TepMOIUHAMUYECKUM KO3 HUIIMEHTAM MOTydaeM
CV == —TV3KTOLSOLP . (27)

[TpoBepka JaHHOTO COOTHOIIEHUS] METOAOM SIKOOMAHOB AJIEMEHTapHA.
Ecnu B Tonbko 4TO TPOBE/ICHHBIX peoOpa3oBaHUAX 3a BTOPYIO YCIOBHYIO

dVAdT
€IMHUILy BO3bMEM AT TO TOCJE 3JIEMEHTAPHBIX TPE0Opa3OBaHU MPUIEM K

TOXIECTBY
CV:_T(a_Pj (}SA(}V'SIVA(}T:_T(é’_Pj ( as) (an .
oV )p dPAAT dVAdT o oT )y \ 0P Jp
B 1o xe BpEMsA €CJIM UCIIOJIB30BaTh YCJIOBHYIO €IWHUILY BHUA aSAaP TO B
YRR g dSAdP’

pe3yJbTaTe CTaHAAPTHBIX NPeoOpa30BaHUM MOJYYUM COOTHOIIEHUE, CBSA3BIBAIO-
IIee TeII0EMKOCTh C MEXaHWYeCKIUMHU K03 purmeHTamu:

dSAdV dSAdP _ . dSAdV dSAdP _ 7O(8.V) S.P) _
dTAdV dSAdP ~ dSAAP dTAdV — &(S,P) O(T,V)

:T(a_q {(a_Sj (G_P] (a_P] (G_S] }c Kumaﬁv( j .
opP )g \\oT ), \ov ) \or ), \ov ); K Ks\ oV Jr

[IpeobpazyeM npou3BOIHYIO BO BTOPOM CIIaracMoM.

(@] _aS.T) _os.T) ov,P) _ oWV, P) _(a_Pj
ov ). oW, T) oW,T) &S,T) ow.I) \oT ),

V:

=Py .

Taxum 00pa3oM, MOACTaBIAS YKa3aHHYIO BEIMYUHY B IPEJIIESCTBYIOLIEE COOT-
HOUIEHHUE, ONPEeNsieM U3 HEro M30XOPUUYECKYIO TEINIOEMKOCTh BUIA

TVPB}

: 2.8
Ko —K, (2.8)

V =
Ecnau B popmyne (2.8) monoxum PRy, = Kyop (CM. HUXKE), TO HOTy4YUM KBUBA-

JIEHTHOE BBIpaxkeHue [6].
Tenepb mpoBeneM MoA00HBIE NPEOOpPa3OBaHUs € HM300apUUYECKON TEmIoeM-
KOCTBI0. 3aIuIlIeM:

asj _p95.P) . dSAdP qoT dSAdP dPAdV _
oT aT,P)  dTAdP dTAdP dTAdS

CP—T(

dSAdP dPAdV 8(S,P)_8(P,V): T(a_Pj (OV

—) =TPVBgap. (2.9)
T 3raas arnar a(T,S) or,p) \er)s\or ),

Ecnu B mocnenneM npeoOpa3oBaHWU HCIIONB30BATh MHBEPCHYIO YCIOBHYIO €1H-
HUILY, TO OyJIeM UMETh
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C._ T&SA&P.I_ T&SA&P.&SAaT_ TdSAdP dSAAT _
P 3T AdP dTAdP dVAJP ~ dVAdP dTAdP
_ o[ dSAdP | \(dSAAT | _(dSAdP dVAdT )(dSAAT dSAdV ) _
dvAdP )\ dTAdP dVAdP dVAdT )\ dTAAP dSAdV

_ [ 4SAdP dVAdT | dSAAT dSAdV
dVAdT dvAdP )\ dSAdV dTAdP

g dSAdP o(V,T) \( &(S,T) dSAdV ) _ T@(V,T).a(S,T)'ElSA&P_ElSA&V _
dvAdT 8(V,P) )\ &(S,V) dTAdP o(V,P) &S.,V) dVAAT dTAdP

_ 00 T) AS.T) dSAdP dSAdV _p 00T AS.T) 8S.P) AS.V) _
oV, P) &(S,V) dTAdP dVAAT ~ &(V,P) o(S.V) &T,P) o(V,T)

or (oT\ (oS (oS 11 C,
=7 =] 2] 2] =c——— L =Cp.
op ), \ov ) \or),\or),  PB, Vag © T

W3 mocneaHero paBeHCTBA HAWIEM H30XOPHUUYECKYIO TETNIOEMKOCTh B BHJIE

Hccnemxyem n3006apruecKyro TeIIOeMKOCTh:
. dSAdP _ . dSAdP qoT dSAdP dVAdT _ . dSAdP dVAdT _
P77 dradp T dradp dTAdP dVAAT ~ dVAAT dTAdP

:Ta(S,P)_a(V,T) ~ (8_1/) os,p) _1V Ea_sj (G_Pj [asj Kapj
oV.,T) oT,P) ov,T) Ky |\ov ).\or or ), \ov

G Kp\_TvPBy, oS.T) oV.P), . _TVP'By .
K ovn st Tk

_mias.n
KT(G(V,T) Py = V

Takum 00pa3oM, MbI MOJYYHUTIN HECTAHAAPTHOE TEPMOIMHAMHYECKOE COOTHOIIIE-
HUE

TVP?B},

T

Metonamu sIKOOMaHOB WM BHEIIHHUX IU(p(dEepeHInanbHbIX (GOpM JIETKO A0Ka-
3aTh CIIPABEUIMBOCTh CBA3HM MEX]y TEPMOJANHAMUUYECKUMH K0P PULIMEHTaAMHU:
VB_V__a(P:V)/a(TaV) _ a(P:V) _
Ky o(P,T)/o(V,T) o(P,T)

P .
[Tocnennee paBeHCTBO 1MO3BOJISIET HaM 3amnucaTh (2.11) B apyroit popme
Cp=Cy +TPVByap=Cy +TVK 0. (2.12)

CBsxeM n300apHUeCcKyI0 TeIUIOEMKOCTh ¢ mapameTpoM I 'proHaiizena [2-9]:
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V V
=—2P3, =—K;o 2.13
VG C, By o 70p. (2.13)

Ucnonw3ys Takoe omnpexaenenue, u3 (2.12) nomydaem uzBecTHyto dopmyiy [3-7],
CBSI3BIBAIOIIYIO TEIJIOEMKOCTH HCKJIFOUUTENILHO C BEIHMYMHAMHM, XapaKTepU3YO-
MMM AaHTAPMOHU3M HU30TPOMHOM CPEAbI, U TEMIIEPATYPOU:

&=1+TyGaP. (2.14)
CV

[TosryunM elriie 0JJHO Ba)KHOE COOTHOIIEHUE [6] (HO MOIyYeHHOEe HAMU APYTUM
myTeM):

dSAdP dVAdS _ 7 dSAdP dVAdS _ 708, P) oV.S) _
dTAdP dVAdS ~ dVAdS dTAdP ~ o(V,S) o(T,P)

AR AL
ov Js|\er Jp\or ), \or)\or ),
=Tﬁ(m oS.7) oW.P) V. CP]

v 3P.T) 0,P) Ky T

P=

:Tﬁ(m os.T) oW.P) V. ij Tﬁ(_VaP_l_a(V,P)JFL_&j:
v o0.P) APT) Ky T v or.P) Kp T

K Ky
S R LS ) = -TVKg02 +=5-Cp.
v Ky T Ky

Beipasus orctoga Cp , Oy4UM HCKOMOE COOTHOLIEHHE [6]:

K K
Cp=TV—5"1 o> (2.15)
KS_KT

W3yunm wn30TEepMUYECKHE KallopuMeTpuueckue Kodddummentsl. CoriacHo
OHpCI[eJ'IeHI/IIO " B COOTBETCTBUU C BBINICHU3JIOKCHHLBIM UMCCM
AT dSAAT dVAd dSAAT dVAd
i TdS d 1o TdS dr d dP_TdS d dVAdP__T[Z_I;] _
P

e =T T = ~TVa.,. (2.16)
dPAdT dPAAT dSAAT ~ dSAAT dPAAT P

B ciyuyae ycnoBHOM €TMHUIBI BUJA dSAdV /dSAdAV MOJIy4aeM
1) dSAdT e dSAdT dSAdV dSAdT dSAdV

r dPAdT - dPAdT asady dSAdV dPAAT

FOST) ASY)_ T aSY) ary)_ T [a_sj (8Vj _ S o
a(SV) aP,T) Vag &T,V) AP.T) Vag\oT ), \ aP

r OsKr
AHaHOFI/ILIHBIM CHOCO6OM Haxoaum
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W g dsAdr 1 TaSA&T aSA&P_TdSAdT dSAdP _

r dPAAT dPAAT dSAAP ~ dSAAP dPAAT

_ 1 [_d5AdP =—T;(§] S (2.18)
dSAdP | dTAdP ( oP j or )» PRy’
dSAdT oT )
U3 (2.17) u (2.18) caenyet cBs3b
Kgag =—-PByg, (2.19)

YTO JIETKO JTOKA3bIBACTCS C MOMOINBIO BHEMHUX AU (epeHInanbHbIX GOpM W
METOJIOM SIKOOMAHOB.
PaccmoTpum eriie oiiH BapuaHT MpeoOpa30BaHMUs! BBIICYTIOMSHYTOH BETMUUHBI:

) _p dSAdT 1 T&SA&T‘&VA&T_TdSAdT dVAdT _
T 7 dpAdT dPAAT dVAdT ~ dVAAT dPAdT
_ T[&SA&T &PA&V](@_V} _T(ﬁ_Vj (a?SA&T.ElPAaVJ _

dvAadr dpadv \ap ), "\ oP ).\ dPadr dvadr
= ( ) (-1 )dPAdV T(a—V] (a—PJ :—TVPB—V. (2.20)
oP davadr  \ep ) \or ), Ky

C npyroii CTOPOHBI, MOCKOJIBKY

(G_Vj (6_Pj _oW,T) oP,V) _o,T) a(PV) _ (an

:—V ,
op )\or ), ~ a1y aT.v) o.v) ap.T)  \or *p

u3 (2.20) cnenyer (2.16).
Kpowme storo, u3 ypasuenuii (2.16) u (2.20) BbITeKaeT COOTHOILIEHUE
Bonee toro, onupasce Ha (2.19), (2.21), a Takke Ha paBEeHCTBO
Sr _Ks , (2.22)
¢y Kr

NoJy4aeMoe METOJaMH BHEIIHHUX Iu((depeHInanbHbIX GopM Tr00 SKOOMAHOB,
MOJKHO BBIBECTH JIOTIOJIHUTENbHBIE CBSA3M MEXAY TEPMOJUHAMUYECKMMHU KO3 (-
buLUeHTaMH.
Py,
[ToxoGHEIM 06pa3oM npeobpasyeM Bennauty [, :

1P _ T(@_S) _pASAAT . dSAAT dVAdP _
! dVAdT  dVAdT dSAdT

v ) -

TdSAdT dV AdP Ta(P,V):T(a_P) _ 7B, (2.23)
dSAAT dVAAT — &(T.V) oT )y,
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[Tpu ucnonb30BaHUU OOPATHOM YCIOBHOM €TMHUIIBI Oy/IEM UMETh

[Py _p ASAAT  dSAdT _ T( dSAdT IJ( dSAdT lj |

dVAdT dVAdP | dvAdT )\ dVAdP
Ecnu ycioBHBIC eIMHUIIBI B CKOOKAaX OJJMHAKOBBI, TO Pe3yJIbTaT OyJeT OWH, €CIIH
pasHele — TO Apyrou. IIponemoHcTpupyem 310.

jP) _p[ 9SAAT dSAAV |( dSAAT dSAdP) _
dVAdT dSAdV ) dVAdP dSAdP

_ [ dSAdT dSAdV |(dSAIT dSAdP
dSAdV dVAdT )\ dSAdP dvAdP

A BIEL D ) o

I[J'ISI Pa3HbIX YCJIIOBHBIX CAUHUI] UMCEM

jP) _p[ 9SAAT dSAAV | dSAAT dSAdP| _
T dVAdT dSAdV )\ dVAdP dSAAP

_ o[ dSAAT dSAdV |(dSAAT dSAdP ) _
dSAdV dVAdT )\ dSAdP dVAdP

&S G o), e

I(P)

Teneps g npeobpasoBanus napamerpa /; ° MCIOIb3yeM APYTOH THII yCJIOB-

HOM eIWHUIIBI, a TMEHHO:

(P _p GSAT dVAdP _ dSAT dVAdP _

r dVAdT dvadp dVAdP dVAdT
.o, P ):T(O—PJ =TPB, . (2.26)
o, T) or ),

Onwupasich Ha BBIMIEU3I0KEHHYIO METOJIOJIOTHIO, HETPYIHO IOKa3aTh, YTO Ka-
JOpUMETpUYEecKre KOA(PPHUIMEHTHI, XapaKTepH3YIOIUEe COOTBETCTBEHHO TEPMH-
YeCcKHe TPOIECcCHl (T.e. I/ie TeMIepaTypa BBICTYINAeT Kak Imapamerp, 0003Havae-

MBIN BCPXHUM I/IHIIGKCOM) HU3MCHCHUA TCIUIOTBI B PE3YJILTATC HU30XOPHUYCCKOI'O

T
HU3MCHCHUA JaBJICHUA ml(/ ) u I/I3068.pI/I‘leCKOFO H3MeHeHus1 00beEMa m(P ), BbIpa-

xKaroTcs hopMyIaMH

mV_T(aSj =—TVocS:i:L= Cr __Cr , (227
oP )y PRy v Krop Kgsap

10
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mp=T(a—S) :i:&.ﬁ_ (2.28)
p Vap Gy g

3nmech W janee, KOrja OTCYTCTBYET HaJOOHOCTh, HE IMUIIEM BEPXHHUU HHICKC B
0003HaYeHHUAX KOA(P(UIIECHTOB.

Bri3biBaeT nHTEpEC momydeHne 0osee CI0KHOU CBS3H MEXKIY KoddduimeHra-
MU, HAIIPUMED

. _T(gj _TaSAaV_&PA&T_TdSAdV dPAAT _
4 ,  dPAdV dPAAT ~ dPAAT dPAdV

_p LSy _ T (a_s) (6_Sj ((’W) (an
Vap 8(P,T) Voap|\oP ) \oT or )p\ P ), |

Ornpenernsisi IPOU3BOIHYIO

(@j _AS.T) _oS.T) aP.y) _ oY) _
oP ).  o(P, T) oP,T) &(S,T) oP,T)

H IIOACTAaBJIAA €€ B IPCAbIAYIICC COOTHOUICHUEC, ITOJTyYacM

T
Vop

T

AHaIOru4HO HAXOIUM
. T( asj 7 dSAdP dVAdT _ - dSAdP dVAdT _
L Y% dVAdP dVAdT ~ dVAdT dVAdP

_ T as.p_ T (asj (6S] (an (6PJ
- PP, OV.T) PPy, oT ov )\or ), |

[Tockonbky (OS / OV)T = PPy (cM. BBIIIE), OKOHYATEILHO UMEEM

T C K TK
=——| P, L+=Lpp, |=C,+—L. 2.30
mp PBV( By 7 "y BVJ v (2.30)

B mocneayrommx BeIMHCICHUSIX Oy1eM OnmupaThCsl Ha ypaBHEHHE [6]:

=) ELELE) @31
ox ), \ox), \oz)\ox),
rae ¢ = ¢ (x, y, z(x, y)) IpH YCIOBUH y = const, a IEpeMEHHbIE X, ), Z TPOOETaoT
sHauenwus (7, S, P, V).

3anumiem (2.31) ¢ ucnonp30BaHreM BHEITHUX Tu(depeHITnanbHbIX GOpM:

doAdy _ doAdz doAdx dzAdy

(2.32)
dxAdy dxAdZ dzAdx drAdy

11
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B koHKpeTHOM ciydae ompezeNneHusl KaTOpHUMETPUUECKHX MapaMeTpoB IpU HUC-
noJbp30BaHuu popmyiier (2.32) mpu ¢ = S HEOOXOIUMO PACCMOTPETH CIIEIYIONINE
ciydan: 1) y =T, rorga npu x = V (Bapuant A) z = P(V, T'), a npu x = P (Bapuanrt b)
z=WP,T);2)y=V,tornanpu x =T (Bapuant A) umeem z = P(V, T'),anpu y = P
(Bapuant b) z = P(V,T); 3) y = P, torna npu x = T (Bapuant A) z = V(T, P), a npu
x =V (Bapuant b) z = P(V, T).

B mepBoM ciyuae mist BaprianTa A ypaBHeHue (2.32) nmpuoOperaer BUT

dSAdT dSAdP dS Ad V. dPAdT

(2.33)
AVAdT _ dVAdP  dPAdV dArAdr
B TepMI/IHOHOFI/II/I $[KO6I/IaHOB JAaHHOC COOTHOIICHHNEC MOXHO 3aIlluCcaTh KakK
o(S,T) _A(S.P)  &(S,V) &(P.T) 2.34)

o0.T) W.P) oV oI

PaBencTBO (2.34) onpenensieT CBsi3b MEXKIY TEPMOTUHAMUYECKIUMHE TTPOU3BOTHBIMH:

&), A5 AFL ), @
ov ). \ov ), \or),\ov),

B cBoto ouepenpb, BoipakeHue (2.35) MOKHO MPEICTAaBUTh KaK CBA3b MEXAY Tep-
MOJAMHAMUYECKUMH KO3 PuIineHTaMu:

15 =m0 — ) % (2.36)

[ns BapuanTa b 3anucsiBaeMm:

dSAdT dSAdV dSAdP dVAdT

(2.37)
dPAGT _ APAQY | dVAdP dPAAT
B TCpMI/IHOHOFI/II/I HKO6I/IaHOB 3TO paBCHCTBO 6yz[eT BBITJIAACTH KAaK
o(S.T) _a(S.V) , &(S.P) o(v.T) (238)

oP.T) OP.V) oW.P) aP.T)’

COOTBCTCTBYIOH_IEIH CBA3b MCXKAY TCPMOJAUHAMUYCCKUMHU TPOU3BOAHBIMU UMECT BU

CIRC RIS o)
op ), \op), \ov ),\oP),

Bripaxxenue (2.39) MoxxeT OBITh 3aITMCAHO B TEPMHUHAX TEPMOJIMHAMHUYECKHX KO-
3 PHUIHMEHTOB:
v
K =m — D = (2.40)
Kr

Bo BTOpOoM ciyuae (BapuaHT A) BBIpQ)XEHHS, aHAJIIOTHYHBIC BBILICTIPUBEICH-
HBIM, IPHOOPETAIOT BU]]

dSAdV  dSAdP .\ dSAAT dPAdV
dTAdV dTAdP dPAAT dTAdV

(2.41)

12
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C nmomoripio sskoOuaHoB (2.41) 3anmuchIBaeTCs KaK
a(S, V) 6(S P) oS, T) o(pP,V)
oT,V) o7, P) 8(P T) o(T,V)

(2.42)

W3 paBencTBa (2.42) cieqyer COOTHOLIEHUE MEXYy TEPMOJANHAMUYECKUMH MpO-

HU3BOJHBIMU:

Bripaxkenue (2.35) mpencraBisieTcsl Kak CBA3b MEXIY TEPMOAMHAMUYECKUMU
KOd(pUITUECHTAMH:

Cy=Cp+1 PRy, . (2.44)

YuuThiBas, 4TO, KaK IMOKa3aHO BBIIIE, I}V) =Cy /(Krog),a yg=—1/(Tag), u3

(2.44) MO>XHO TIOJTYYUTH COOTHOIIICHHE (2.14).
Paccmorpum Teneps Bapuant b:

dSAdV dSAdT dSAdP dTAdV

(2.45)
dPAQY  dPAAT | ATAGP apAdV

Iocie nepexoz[a K FIKO6I/IaHaM JAHHOC COOTHOIIICHUEC an/Io6peTaeT 23401
oS.V) _a(8.1)  &(S.P) aT.V) (246)

oP.V) OP.T) oT.P) oP.V)

OTCIOI[a BBITCKACT, 4YTO

&) (75, o)
op), \apr), \or),\oP),

CrnenoBartenbHO, T TEPMOJMHAMUYECKIX KO3()(HUIIMEHTOB BEPHO TAKOE PABEHCTBO:

mi) =151 LY (2.48)
PBy
Ecnu npuHATE BO BHUMaHueE, 4to Cp = PBVmI(,T) " I}V)PBV =CyTygop (cm.
BBIIIIC), TO BHOBB MOJIyYHM ypaBHEeHHE (2.14).
Hakomnen, paccmotpum TpeTuii ciayuail. B Bapuante A nmeem
dSAdP dSAdV dSAdT dVAdP
dTAdP  dTAdV dVAdT dTAdP

[TocnenoBarenbHO Mepexos K skoOuaHaM, 3aTeM — K MPOU3BOJHBIM U Jajee — K
k02 unmeHTaMm, morydaeM paBeHCTBO

Cp=Cy +TPVByop. (2.50)

(2.49)

Ot0 ypaBHeHME B cuity (2.21) mpuBOAUTCS K BUY

Cp=Cy +TVK 5. (2.51)

13
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Kpome TOro, ecmm BOCIONB30BAaTHCS OINpEIeNCHHEM mapamerpa [ 'proHaiizeHa
(2.13), To u3 (2.50) u (2.51) MmoxHO OMYUUTH (2.14).
Jns BapuanTa b aHanorn4Ho BeIIECKa3aHHOMY HMEEM COOTHOLICHUE

dSAdP _ dSAAT  dSAdV dTAdP
dVAdP dVAdAT dTAdV dVAdAP’

KOTOPOE MOXKET OBITh TPAaHC(POPMUPOBAHO B PABEHCTBO

(&), A5 55 @
ov ), \ov ), \or ), \ov ),

" JaJIeC 3aIlIMCaHO B BUAC CBA3HU MCKAY KAJIOPUMCTPHUICCKUMUA KOSq)(l)HHI/IeHTaMI/IZ

(2.52)

mi) = 1P +VCTV' (2.54)
P

3. TepmoanHaMHMKa YCTOHYMBOCTH (pa3bl

TpaauMOHHO 1eTEepPMHHAHT YCTOMYMBOCTH — ATO IKOOMaH BUja [2—5,8,9]:

%), &)
oS )y \oVJ)s|_oT,=P) __aI.P)_oP.T)_,

= - = = (3.1)
_(apj _(GPJ oS, yy asvy as.y)
V S

oS ov
B pabotax [3-5,8,9] meTonoM sikoOMaHOB MOJy4YeHA CBSA3b AETEPMUHAHTA YCTOM-
YHBOCTH C KQJTOPUMETPUIECKUMH KO3 (HUIIMEHTaMU:

ot T M) TK T K

__ Lt L mp L Ap , (3.2)
Y CV l](.,V) CP ml(/T) V CV V CP

3anuiieM JeTepMUHAHT YCTOWYMBOCTH B TEPMHUHAX BHEUIHMX TU(epeHIrab-
HBIX (hopM:
_ dPAdT
Y dSAdY
Onnpaacs Ha BI)IHICI/ISJ'IO)KCHHYIO MGTOI[I/IKy, I/ICHOJ'II)Syﬂ yCJ'IOBHYIO CI[I/IHI/IHy —
KaJ'II/I6pOBO‘{HOC COOTHOHICHHUC, ITOJTyYacM AOIMOJIHUTCIIBHBIC pABCHCTBA:
_ dPAdT . dPAT dSAdT _ dPAAT dSAdT
Y dSAdV  dSAAV dVAAP dVAdAP dSAdV
=_a(T,P)_a(T,S):_(a_TJ (a_r} Lo (3.4)
oV,P) o(,S) oV )p\oV )¢ V? apog

(3.3)

Teneps npuMeHUM 00paTHYIO YCIOBHYIO €IUHUILY:
p _APAAT | dPAAT dPAdV _ dPAdT dPAdY
Y dSAAV  dSAdV dTAdS dTAdS dSAdV

14
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_(dPAdT \(dPAdY ) _(dPAdT dPAdS \(dPAdV dTAdV )
dTAdS )\ dSAdV dTAdS dPAdS )\ dSAdV dTAdV

_ (dPAAT dPAdS \( dPAdV dTAdV | _
dPAdS dTAdS )\ dTAAV dSAdV

:(a_T] (a_Pj (G_P] (6_TJ _r2p2 Bsbr (3.5)
os ).\ or ) \ar ),\ as ), CpCy

B 3axmrouenue BeimuiieM Hambosee ymorpedisemsie (cM., Hamp., [3,8,9]) 3a-
BUCHUMOCTH KaJIOPUMETPHUYECKUX KOI(PPHUIMEHTOB U JIETEPMUHAHTA YCTOWYHMBO-
CTH OT TapamMeTpOB KOMIUIEKCHOTO aHTapMOHU3Ma, KOTOpPhIE MOXKHO IOJyYHUTh
BBIIIICYKA3aHHBIM CIIOCOOOM:

I;V)(T,P)z—TyGﬁz Cy =—TVap= Cp , (3.6)
Ky Kpog Kgoug
C Cr K
T Vy=Tye. L =TPB, =Ty -L. =L 3.7
T ( ) YG Y By YG e 3.7

m® = ppag-r -V _ & _ Cp (3.8)
PRy vg Krap Kgop

amy_ Cp _Cp Kr Ky

my’ = = (3.9)
r Vap Cy vg Yo
Cp=Cy(1+Ty50p), (3.10)
Dy:%-V—G. (3.11)
op

B otHomennn paBenctBa (3.11) cienyeT HaOMHUTH HECTAHAAPTHYIO CBA3b Je-
TEPMUHAHTa YCTOWYMBOCTH € KaTOpUMeTpuueckuMu ko3 duuuenramu (3.2).
3ameuanus. OTMETUM HMIMPOKUE BO3MOKHOCTH BBIBEJIEHUS COOTHOILLEHUHN Me-
Ky TEPMOIAMHAMUYECKUMHU KO3 (PUIIMEeHTaMu, TTOJyYeHHBIMU B JIaHHOU CTaThe,
HETPaJUIMOHHBIMU METOAAMM Ha OCHOBe ypaBHeHHH (2.31) u (2.32). Bei3biBaeT
UHTEpeC onpezeneHne ynpyrux Mmoayieit Kg v K7 B 3aBUCUMOCTH OT JIpYTHX Tep-
MOJUHAMUYECKUX KO3((UIMEHTOB, B YACTHOCTH OT MapaMEeTPOB aHTaPMOHHU3MA.
Tak, ecnu nonoxuts B (2.31), 2.32) o =P, x=V,y =S, z=T(V, S), To nocine
BBIKJIQJIOK, aHAJIOTMYHBIX BBIIIECIPUBECHHBIM, MOYKHO HOJIYYUTh COOTHOILIEHHUE

KOTOPOE SKBHBAJIIEHTHO PaBEHCTBY (2.22) npu BeinoaHeHuH (2.14).
Kpome storo, ormerum, uro u3 (3.6)—(3.10) MOXHO TOJYy4HTh, HaNpUMED,

CJICAYIOIIHNE CBA3HU, HAMTIIAHO JCMOHCTPHUPYROINHUE 3aBUCUMOCTD KaAJIOPUMETPUICC-
KHX CBOMCTB BEIIECTBA OT KOMILJICKCHOI'O aHrapMoOHH3Ma:

15
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T 1 q T 1
O - c, k., L_==2 | P_", Cc,— —
T Mp y VRS mr(/T) o T VYG P1+TYG(XP

B Hux cnpaBa Hapsaay ¢ TEpMOJMHAMHYECKUMH NepeMeHHbIMUA T u V' urypupy-
10T IapPaMETPBI, CBS3aHHBIE HCKIIFOUUTENIBHO C aHTAPMOHU3MOM.
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V.V. Shelest, A.V. Hristov, D.A. Chervinskii

EFFECT OF COMPLEX ANHARMONICITY ON DILATOMETRIC

AND CALORIMETRIC PROPERTIES OF THE CONDENSED SYSTEMS
STUDIED BY THE METHODS OF THERMODYNAMICS OF STABILITY
OF THE EQUILIBRIUM PHASE STATE

Interdependence of dilatometric and calorimetric properties of the condensed matter have
been studied from the viewpoint of complex anharmonicity as well as the effect on the
conditions of thermodynamic stability of the phase state of the system [1-9].

Keywords: thermodynamic coefficients, complex anharmonicity, Gruneisen parameter,
dilatometry, thermodynamics of stability, determinant of stability
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