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APPLICATION OF GEOMETROTHERMODYNAMICS
TO THE TWO-DIMENSIONAL SYSTEMS:
IDEAL BOSE-GAS AND SYSTEM WITH STRONG INTERACTION

Abstract. In the framework of the method of geometrothermodynamics, in present work, we studied the
properties of equilibrium manifolds of the following thermodynamic systems: a two-dimensional Bose gas, a
Berezinsky-Kosterlitz-Thouless system. The results are invariant under the Legendre transformations, i.e.
independent of the choice of thermodynamic potential. For the systems under consideration, the corresponding
metrics and scalar curvatures are calculated, and their properties are also described. Research of two-dimensional
quantum thermodynamic systems is becoming more urgent. It is sufficiently to mention that such systems are related
to, for example, topological insulators, graphene, systems with quantum Hall effect, etc. Two-dimensional quantum
systems may have a statistical distribution different from distributions of Fermi-Dirac and Bose-Einstein. Geometric
approaches in research of these thermodynamic systems certainly open the new perspective.

In this paper the thermodynamic properties of two-dimensional Bose-Gas and Berezinsky-Kosterlitz-Thouless
system have been studied with the help of geometrothermodynamics. The main objective was to reproduce the Bose-
Einstein condensation for the first system and find possible new phase transitions for the second.

In order to study the above mentioned thermodynamic systems, we have consequently calculated the covariant
metric tensors of corresponding equilibrium manifolds and their determinants, then counter-variant metric tensors,
Christoffel symbols, curvature tensors and corresponding scalar curvatures. Using the thermodynamic potential, we
obtained (using the Matlab system) the corresponding geometric values in a wide range of temperature and area.

Explicit formulas were also obtained for each geometric quantity but due to their bulkiness we do not present
them in this paper. Examples of calculated scalar curvatures for a certain range of parameters T and S are shown in
the figures. The figures also show that despite the significantly different behavior of the curvatures depending on the
parameters T and S, both metrics lead to the same General result regarding the location of singularities for the
corresponding curvatures.

Next, we used geometric thermodynamics for the system of the Berezinsky-Kosterlitz-Thoules. This is a two-
dimensional system of Bose particles with a strong interaction (strong in the sense that topological defects - point
vortices-contribute to the thermodynamics of the system) with a complex, not fully studied system of phase
transitions. An ideal two-dimensional Bose gas with a finite number of particles and a Berezinsky-Kosterlitz-Thoules
system are considered. As thermodynamic potentials for these thermodynamic systems, the chemical potential
depending on temperature and area and the Free energy depending on the temperature and size of the system were
taken, respectively. The paper also presents 3-dimensional drawings that clearly show at which values of
thermodynamic variables scalar curvatures tend to infinity or to zero, which indicates possible phase transitions and
possible compensation of interactions by quantum effects, respectively. It is shown that both variants of metrics for
an ideal two-dimensional Bose gas lead to the same arrangement of lines, where scalar curvatures become singular.
This arrangement of lines is consistent with the region where the phase transition occurs - Bose condensation in a
two-dimensional Bose gas. It is also shown that for large values of temperature and area parameters, the curvature is
close to zero and this corresponds to a classical ideal two-dimensional gas. When considering the Berezinsky-
Kosterlitz-taules system, possible new phase transitions were discovered by the method of geometric
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thermodynamics. The metric calculation leads to a possible phase transition located below the Berezinsky-Kosterlitz-
Taules transition, and the calculation leads to a possible phase transition located above.

Keywords: geometrothermodynamics, Legendre transformations, metric tensor, scalar curvature, two-
dimensional Bose gas, Berezinsky-Kosterlitz-Thouless system.

1. Introduction. Interactions in thermodynamic systems in geometrothermodynamics (GTD)
developed by H. Quevedo (described in detail by him and his co-authors, for example, in papers [1-8]) are
determined using the scalar curvature of equilibrium manifolds. This curvature, in turn, is invariant
relatively to Legendre transformations. In thermodynamics, the physical properties of the system also do
not depend on the choice of thermodynamic potentials using which this system is described. Transition
from one set of thermodynamic potentials to another is carried out with the help of Legendre
transformations, and in this sense the thermodynamics is invariant relatively to Legendre transformations.
In GTD, for example, as it is shown in [1], the ideal gas, which particles do not interact with each other,
corresponds to manifold with zero curvature. In the case of interacting systems with nontrivial structure of
phase transitions, the curvature, as shown in [2-5], reproduces the behavior of the system near the points
where phase transitions occur. So, for example, near the phase transitions in gases of Van der Waals, Bose
- Einstein, etc., the scalar curvature of the corresponding equilibrium manifolds tends to infinity, i.e.
becomes singular. This circumstance can be used for searching unknown phase transitions in insufficiently
studied thermodynamic systems. Research of two-dimensional quantum thermodynamic systems is
becoming more urgent. It is sufficiently to mention that such systems are related to, for example,
topological insulators, graphene, systems with quantum Hall effect, etc. Two-dimensional quantum
systems may have a statistical distribution different from distributions of Fermi-Dirac and Bose-Einstein.
Geometric approaches in research of these thermodynamic systems certainly open the new perspectives. In
this paper the thermodynamic properties of two-dimensional Bose-Gas and Berezinsky-Kosterlitz-
Thouless (BKT) system have been studied with the help of GTD. The main objective was to reproduce the
Bose-FEinstein condensation for the first system and find possible new phase transitions for the second.

2. Formalism of GTD method. In order to study the above mentioned thermodynamic systems, we
have consequently calculated the covariant metric tensors of corresponding equilibrium manifolds and
their determinants, then counter-variant metric tensors, Christoffel symbols, curvature tensors and
corresponding scalar curvatures.

For calculating metrics and corresponding metric tensors we used the following formulas [1]:
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where /? - square of thermodynamic length, ® = ®(E") — thermodynamic potential, which obviously
depends on other thermodynamic potentials - E* (a = 1,....,n), n — number of thermodynamic potentials,

from which @ depends o, , = diag(l,1,....,1) and 7, = diag(l,—1,....,~1). Both relations (1) and (2) are

invariant with respect to Legendre transformations [1].
The expression for the curvature tensor has the general form:
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scalar curvature is calculated by formula: R = g“g"R,, .

j — Christoffel symbols. Further, the

Since in the future we deal with systems which depend only on two thermodynamic potentials, the
expression for scalar curvature is simplified to:
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where det(g) — determinant of two-dimensional metric tensor.

3. Two-dimensional ideal Bose gas. First consider the well-known system - two-dimensional ideal
Bose-gas particles with mass m. As a thermodynamic potential we take the chemical potential p, which
depends on temperature T and area S (two-dimensional volume) with a fixed number of particles N (see
for example [9]):

24’ N

,u(T,S)len l—e SmT

)

2

To simplify the formula, let's assume a constant is equal to one and rewrite the expression

(5) in the form:

1

w(T,S)=Tln|1—¢ 5T

(6)
Figure 1 shows a graph (6) for certain range of parameters T and S. Using (1 - 4) and thermodynamic
potential (6) we have obtained (using the Matlab system) corresponding geometric values in a wide range
of temperature and area. For each geometric value we have also obtained explicit formulas, but due to
their extensionality we do not show them in this paper. Examples of calculated scalar curvatures for
certain range of parameters T and S are shown in Figures 2a and 2b for metrics (1) and (2) respectively.
From calculations and figure 2a and (2b) it can be seen, that curvature tends to plus (minus) infinities
when approaching zero of temperature at finite value of parameter of the area, that is just corresponds to
Bose condensation for two-dimensional Bose-gas (see for example [10]). Also from these calculations and
figure 2a and (2b) it is seen, that the curvature tends to plus (minus) infinities when approaching infinity
of density at finite value of temperature. At large values of parameters T and S the curvatures are close to
zero and it corresponds to classical ideal gas.

Two-dimensional ideal Bose gas at low temperatures

x10

-0.5

1(T,S) - chemical potential

0.7
0.6

S - area

0.24
T - temperature 0.55

Figure 1: Chemical potential (6) depending on the temperature and area of two-dimensional
ideal Bose-gas at low temperatures [9]
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Two-dimensional Bose gas at low temperatures Two-dimensional Bose gas at low temperatures

108 «10°

scalarcurvature
scalarcurvature

R
R

0.26

T - temperature . 055 T - temperature

A b
Figure 2 - Dependence of scalar curvature on temperature and area: a) metrics calculated using formula (1),
b) metrics calculated using formula (2).
Figures 2a and 2b also show that despite the significantly different behavior of the curvatures depending
on the T and S parameters, both metrics (1) and (2) lead to one common result related to the location of singularities
for the corresponding curvatures.

4. BKT system. Then we applied GTD to BKT system (see for example [11-15]). This is a two-
dimensional Bose system of particles with strong interaction (strong in the sense that the contribution to
the thermodynamics of the system is made by topological defects - point vortices) with a complicated, not
fully understood system of phase transitions [16-20]. Consider free energy as a thermodynamic potential
[20]:

F(T,L)= (J;r—ZkBT)lnGj (7)

where T — temperature, L — system size, a — vortices size, kp - Boltzmann constant, J — certain constant.

. Jr
Formula (7) makes sense at L > a, and near the BKT transition at 7' =7, = —— when the appearance of a
B
free vortex becomes energetically favorable. At lower temperatures in the system there is a vortex - anti
vortex bound pair and the phase transition is interpreted as a process of dissociation of this pair.

To simplify the following calculations, we assume J7z =k, =a =1. Then
F(T,L)=(1-2T)in(L) ®)

Figure 3 shows the graph (8) for certain range of parameters T and L. Applying the formula (1) to
expression for metrics (8) we obtain the metric tensor:

2T +T1In(L)-0.5)
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Determinat of this tensor:
_ 2
det(g) = — 4T+TIn(L)-0.5)

r (10)

and the scalar curvature (4):
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Applying the formula for the metrics (2) to the expression (6), we obtain:
0 2(T'In(L)—T +0.5)
L
T,L)= -
&(T,L)=| 2(TIn(L)-T +0.5) or -1y
L 7
L (12)
Determinant of this tensor:
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And scalar curvature:
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Examples of calculated scalar curvatures for a certain range of parameters T and L are shown in the
figures 4a and 4b for the metrics (1) and (2), respectively.

Berezinsky-Kosterlitz-Thouless system
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Figure 3 - Free energy (8) depending on temperature and system size [20]
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Berezinsky-Kosterlitz-Thouless system Berezinsky-Kosterlitz-Thouless system
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Figure 4 - Dependence of the scalar curvature on temperature and size of the system:
a) metrics calculated by formula (1), b) metrics calculated by formula (2)

Formulas (11) and (14), as well as Figures 4a and 4b show that the scalar curvatures for metrics (1)
: and To(L) =

and (2) become singular at T} (L) = respectively. At these values of T

1
N1+ (L)) 21—l (L))
and L parameters, GTD predicts possible phase transitions. Moreover, if using the metrics (1), then the
phase transition is located below the BKT transition (in given units T, = % ), and if using (2), then above.
At larger values of parameter T the curvatures, and thus the intensity of the interaction between the
particles of the system (both for metrics (1) and for (2)) are close to zero.

5. Conclusion. Using GTD method in this work, the metric tensors and scalar curvatures are
calculated for equilibrium manifolds of two-dimensional quantum systems.

The ideal two-dimensional Bose-gas with a finite number of particles and BKT system are
considered. Chemical potential depending on temperature and area and the free energy depending on
temperature and size of the system were taken as thermodynamic potentials for these thermodynamic
systems, respectively.

The paper also presents 3-dimensional figures which clearly show at which values of thermodynamic
variables the scalar curvatures tend to infinity or to zero that indicates possible phase transitions and
possible compensation of interactions by quantum effects.

It is shown that both versions of metrics (1) and (2) for an ideal two-dimensional Bose-gas lead to the
same location of the lines where the scalar curvatures become singular. This location of the lines
consistents with the region in which the phase transition occurs (the Bose condensation in the two-
dimensional ideal Bose gas). It is also shown that for large values of the temperature and area the
curvatures are close to zero and this corresponds to the classical ideal two-dimensional gas.

When considering BKT system using GTD method, possible new phase transitions (calculations
based on metrics (1) and (2)) have been found. Calculation by metrics (1) leads to a possible phase
transition located below the BKT transition, while calculation by metrics (2) leads to a possible phase
transition located above. For large values of the temperature the curvatures, and hence the interactions
between particles of the system (both for metric (1) and for (2)) are small.
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TEOMETPOTEPMO/JIMHAMUKAHBI EKIOJIIEM/II )KYHAETE KOJJIAHY:
HIEAJIIBI BO3E I'A3 )KOHE KYIITI ©3APA 9CEPJIECY KYUECI

Annoranusi. Xywmeicra bepesun-Kocrepnuu-Taysnec xyiteci MeH ekienmemai uaeainsl bose-ras tepmosu-
HAMUKAIBIK JKyHeci OOWBIHIIA Tere-TeHMIKTIH KONTYPIUIK KAaCHeTi TeOMETPOTePMOAMHAMHKA OIici apKBLIBI
3eprrenai. TepMOIUHAMHKAIBIK MOTCHIHANIb ecenke anmail JIlexxaHap TypleHIIpyiHe KAThICThl HHBAPUAHTTHI
HOTIWDKENEp alblHABL. KapacThIphIll OTHIpFaH XKylieraepre colkec eJeMaep MEH CKalspIbIK KUCHIKTHIK €CenTemi
JKOHE KaCHETTEPi CHUITATTAIIIBI.

ExienmeM/ii KBaHTTBIK TEPMOJWHAMHKAJIBIK XKYHEJIEpi 3epTTey Kasipri Ke3je ©3eKTi caHamanasl. MyHnmait
XKyitesepre MbICajbl, TOMOJOTHSJIBIK OKIIAYJIAFbIl, rpadeH, XOoIIblH KBaHTTHIK 3 dexTici 6ap xkyitenep xoHe T.0.
Kyienep xaranpl. boze-OnnmTeitn sxone @epmu Jupak ynecrtipynepiHeH e3relie eKieimeMai KBaHTTHIK JKyiene
CTaTHCTHUKANBIK YIECTipy O0aysl MyMKiH. OCHl TEPMOAWHAMHKAIBIK XYHEIepIi TeoOMeTpOTepMOIMHAMUKA OIiCi
apKbUIBI 3epTTEY OapbICHIHAA )KaHA HOTYDKEIIED alIbIH/IBI.

3eprrey OapbIChIHIA TEOMETPOTEPMOJMHAMHUKAHBI KOJIJIaHa OTBIPHII, eKieJIeM i naeansl bo3e ra3biHbIH KoHe
Bepesun-Kocrepnui-Taysiec jxyieciHiH TepMOIMHAMHUKAIBIK KACHETTEPIH KapacTHIPIABIK. 3epTTey OapbIChIHIA
Heri3ri MakcaThIMbI3 — OIpiHIII Ke3eHre KaThiCThl bo3e-DHHINTEHH KOHISHCAIMACHIH KOOSHTY jKOHE eKiHILI Ke3eHTe
colfkec BIKTHUMAJ jkKaHa (a3allblK aybICyIbl i31ecTipy. JKorapeiga atanFaH TEpMOAWHAMHKAIBIK JKYHEIepai 3epTTey
YIIiH CoHKeC Teme-TeHIIKTIH KONTYPIiiriHe KaTbICTHl KOBAPHAHTTHI METPUKAJIBIK TEH30pIbI, JCTEPMUHAHTTAPIBI,
Kpucroden cuMBOIIBIH, KUCHIKTHIK TEH30PBI )KOHE COMKEC CKaIAPIIBIK KUCHIKTBIKTHI €CEeNTe K.

TepMO]II/IHaMl/IKaJ'II)IK INOTCHII A1 AbI HaﬁﬂaﬂaHblH, TeMII€paTypa MCEH ayJdaHHbIH KC€H ayMarbiHa colKec
reoMeTpUsUIBIK iaMaiapzbl Matlab skyiiecin KongaHa OTBIPBIN KapacThIpAbIK. OpOip reOMEeTpHsUIBIK Iamaiap YIIiH
HaKkTbl (opMmynanap anbiHAbl. T >xoHe S mapamerpiiepiHiH Oenrijgi Oip AMAaNa3oHbIHA ECENTEeNreH CKASPIIBIK
KHUCBIKTapAbIH MbIcaibl cyperte kepcerinmi. Cyperren T sxoHe S mapameTpiepiHe OaiIaHBICTHI KHCHIKTapAbIH
opTypii OonyblHA KapamacTaH €Ki MeTpHKara COWKec KUCBHIKTApFa apHaJIfaH CHHTYJISAPIApAbIH OpHAIaCybIHA
KATBICTBI )KAJIIIBl OPTAK HOTIXKE OCPETIHIH Kopyre O0JIaIbl.

Apsbikapaii  bepesun-Kocrepnuu-Taynec kyiieciHe TreoMeTpoTepMOIMHAMHUKA ONICIH KOJJIAHIBIK. by
ekienmempi xyie bBose jkyileciHe KaThICTBI KYIUTI SpeKeTTeceTiH Oeuiektepai KapacTbipanbl. Ockl kyieneri
(hazaibik aybicynap TOJBIK 3eprrenamereH. CoHAbIKTaH Oy kepae OeniekTepliH CoHFbl canbl jxoHe BKT xyiteci
Oap wmpmeangel exiemmiemMai boze — ra3 KapacThIpbUIFaH. TepMOAMHAMUKANBIK >KYHEHIH TEepMOIMHAMHKAIBIK
MOTEHITHAJBI OONFaHIBIKTaH, COMKECIHIIE )KYHEHIH oIIeMi KoHe TeMIlepaTypara TOyeIUTiri, epKiHAiK YHEPTUACHL,
ayJlaH MEH TeMIIepaTypara ToyeJ Ui, XUMHSUIBIK TOTEHINAIIBI €CEITEeIN/I].

Conpaii-aK ymeJimemi chizdanap OepiireH, ojap TePMOAMHAMHUKAIBIK aliHBIMAIBLIAPIBIH KaHIAH IamMaiaphl
IICKCI3/IIKKe HEMECe HOJIIe YMTBUIATHIHABIFBIH KepceTeal, Oy (ha3anapiblH aybICybl MCH KBAaHTTBHIK CEp apKbLIbI
e3apa OpeKeTTeCY/iH BIKTUMAIABIFBIH KepceTeni. Mneannsl exienmemai bo3e raspiHa apHanfaH METPUKAHBIH €Ki
HYCKACHl N1a CKAISAPBIK KHCHIKTBIH CHHTYJSIp OONBIN Oip CHI3BIKTHIH OOWBIHIA OpHAJAcKaHBI KepceTinreH. by
OpHAJIACKaH CHI3BIKTAp eKiemmeM i bose ra3siaaarsl a3aisik aypIcyiap JKYpeTiH aiiMakka coiikec keneni. COHbIMEH
KaTap, TeMIieparypa MeH ayJaHHbBIH YJIKSH MOHI HOJIT'€ YMTBUIATBIH/BIKTaH KJIACCUKAIIBIK UACAIIIbI EKioJIeM/ i ra3ra
coiikec Kenei.

Bepesun-Kocrepnui Taynec xylieciHe TeOMETPOTEPMOIMHAMUKA O/IICIH KOJIZaHy OapbIChIHIIA jKaHa (ha3asbik
aybicy aHbIKTanabl. Merpuka OoifblHIIA ecenTereHie bIKTUMan ¢a3anblk aybicy bepesun-Kocrepnuu-Taynec
aybICybIHaH TOMEH OpHAJIacKaH (ha3asiblK KOIIyre, ajl ecentey 0apbIChIH/IA XKOFAPhI/Ia OPHAACKAH BIKTHMAIT (ha3asibIK
aybICyFa OKeJeIi.

Tyiiin ce3gep: reomerporepMoanHaMuKa, JIexxaHap TypiieHIipyi, METPHKAJIBIK TEH30p, CKAJSIPIBIK KHCBHIK,
ekienmemai bose-ras, bepesun-Kocrepmui-Taynec xyiteci.
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NPUMEHEHUE TEOMETPOTEPMOJUHAMMUKU K IBYMEPHBIM CUCTEMAM:
HJIEAJIBHOMY BO3E-T'A3Y U CUCTEME C CUWJIbHBIM B3AUMOJENACTBUEM

AHHOTaUnMs. MeToI0M TeOMeTPOTEPMOIMHAMUKHI B HACTOSIIEH paboTe MCCIeJOBaHBl CBOWCTBA PABHOBECHBIX
MHOT000pa3uii CIEAYIONNX TEePMOAWNHAMHYECKIX CHCTEM: IBYMEPHOTO uieadbHOro bose-raza M CHCTEMBI
Bepesunckoro-Kocrepimmna-Tayneca. [lomydeHsl pe3yibTaTel, WHBAapHAHTHBIE OTHOCHUTENBHO TIPeoOpa3oBaHUI
Jlexxanzapa, T.e. HE3aBUCHMBIE OT BBIOOpPAa TEPMOAMHAMHYECKOro NOTeHmuama. i paccMaTpHBaeMBIX CHCTEM
paccuMTaHbl COOTBETCTBYIOLINE METPUKHU U CKAJISIPHbIE KPUBU3HBI, @ TAK)KE OMMCAHbI UX CBOMCTBA.

I/I3yqu1/1e JABYMEPHBIX KBAHTOBBLIX TEPMOJUHAMHUYCCKUX CHUCTEM B HACTOALICC BPEMS SABJIACTCA AKTYaJIbHBIM.
IIOCTaTO‘iHO YIIOMAHYTBH, YTO K TaKUM CHCTEMaM OTHOCATCs, HAIPUMEP, TOIOJOTHYCCKUE H30JIATOPLI, rpaq)eH,
CHCTEMBI C KBaHTOBBIM 3(dekrom Xoua U T.4. [IByMEepHbIE KBAaHTOBBIE CHCTEMbI MOTYT MMETh CTAaTUCTHYECKOE
pacopenenenue, oTau4Hoe oT pachpeneneHuit @epmu-Jdupaka u boze-DitHiuTeiina. ['eoMeTpuueckue Moaxosl B
N3yYEHUH STHX TEPMOJANHAMUYECKHX CUCTEM, 0€3yCIOBHO, OTKPHIBAIOT HOBBIE NIEPCIEKTUBHI.

B nacrosmeit padote ¢ MOMOIIBI0 T€OMETPOTEPMOTMHAMHUKH OBIJIO MPOBEACHO HMCCIEIOBAaHUE TEPMOIAUHAMHU-
YECKUX CBOWCTB HMACANBbHOro OBYMepHOro bose-rasa m cucremsl bepesmnckoro-Kocrepnuma-Tayneca. OcHOBHOM
[eNbI0 OBLTO BOCTIPOM3BEICHHE KOHAeHcan bo3e-DiHITelHa U TIEpBOM CHCTEMBI M TIOUCK BO3MOYKHBIX HOBBIX
(ha30BBIX MEPEXOIOB IS BTOPOIL.

st n3ydeHusi  BBILICHA3BaHHBIX TEPMOJMHAMUYECKMX CHCTEM Mbl BBIYHCISUIM  IIOCIEA0BATEIBHO
KOBapHaHTHbIE METPHYECKHE TEH30pPHl COOTBETCTBYIOIINX PaBHOBECHBIX MHOT000pasmii, MX AETEPMUHAHTEHI, Jajee
KOHTpaBapUaHTHbIE METPUYECKHUE TEH30pbI, CHUMBOJIBI KpucTodens, TeH30pbl KPHUBU3HBI M COOTBETCTBYIOLIHE
CKaJISIPHBIC KPUBU3HBI.

Hcnonb3yst TepMOTMHAMUYECKUH MTOTEHIIMAN, HAMU OBUIM IOJIy4YeHBI (C TOMOILbI0 cucteMbl Matlab) cooTBer-
CTBYIOIIE FEOMETPUUECKUE BEIUUUHBI B IIMPOKOM JUAMa30HEe TeMIEpaTypsl U Iuomany. Jius kaxkJol reoMerpu-
YEeCKOH BEITMYMHBI TaK)Ke OBLIH MOJYYCHBI SBHEIC (DOPMYJIBI, HO BBHIY TPOMO3JKOCTH B HACTOSIIECH paboTe MBI HX
He mnpuBoauM. [IprMepsl BBIYMCIEHHBIX CKAJSIPHBIX KPUBU3H JUIsl HEKOTOPOro Juarna3oHa mapameTpoB T u S
[IOKa3aHbl Ha pUCYHKaX. M3 pUCYHKOB TakKe BUIHO, YTO HECMOTPS Ha CYIIECTBEHHO Pa3JIMYHOE NIOBEICHUE KPUBU3H
B 3aBUCHUMOCTH OT mapameTrpoB T um S 00e MeTpHKH NpPUBONAT K OZHOMY OOIIEMY pe3yJIbTaTy OTHOCHTEIHHO
PACIIOJIOKEHUSI CUHTYJISIPHOCTEN JJ11 COOTBETCTBYIOIIMX KPUBU3H.

Jlamee MBI TPUMEHHWIH T€OMETPOTEPMOAMHAMUKH Ui cucTeMbl bepesmHckoro-Kocrepnmma-Taymeca. 3to
JIByMepHas cuctemMa bo3e — 9acTHIl ¢ CHIBHBIM B3aHMMOJACHCTBHEM (CHJIBHBIM B TOM CMBICIIE YTO BKJIaX B
TEPMOJIMHAMHUKY CHCTEMbI BHOCST TOIOJIOTHYECKUE AE(PEKThl - TOYCUHbIE BUXPH) CO CIIOXKHOM, 10 KOHIA HE
M3y4YEHOW CHCTeMOH (ha30BBIX IEPEXOJ0B. PaccMOTpeHbl MiueanbHbIH AByMEpHbId bo3e-ra3 ¢ KOHEYHBIM YHCIOM
YyaCcTul U cucrema BKT. B kauectBe TEPMOJUHAMUYCCKUX MOTCHIUAJIOB IJIA 3TUX TEPMOAMHAMUYCCKHUX CHUCTEM
Opasich, COOTBETCTBEHHO, XMMHUUECKHH TIOTEHIIMAI, 3aBUCAIINI OT TEMIIepaTypsl U IUIOMIaIi U CBOOOIHAS DHEPTHS,
3aBHUCANIAA OT TEMIIEPATYPHI U pa3Mepa CUCTEMBI.

B pabote Taxke NpHBEICHBI 3-MEPHBIC PUCYHKH, HAa KOTOPBIX XOpOIIO BHJHO, NPH KAKUX 3HAYCHUSIX
TEPMOANHAMIYECKUX ITEPEMEHHBIX CKaJISIPHBIC KPUBU3HBI CTPEMSATCS K OECKOHEYHOCTH WM K HYIIO, YTO YKa3bIBACT
Ha BO3MOXXHBEIE (Da30BBIE TEPEXOAbl U Ha BO3MOXKHYIO KOMIICHCAITMIO B3aMMOICHUCTBUI KBaHTOBBIMHU 3(ddekramu
COOTBETCTBEHHO.

ITokazaHo, yTO 0062 BapmaHTa METPHK Ui HACATHFHOTO IByMepHOTro bo3e-raza mpuBOIAT K OJHOMY M TOMY K€
PaCIONIOKEHUIO JMHHUK, TAE CKAIApHBIC KPWUBU3HBI CTAHOBSTCA CHHTYJSPHBIMH. OTO pACIIONOKEHHE JHHUH
coryacyercsi ¢ 001acTblo, B KOTOpOil mpoucxoaut ¢a3oBblit nepexo - bo3e konaeHcanus B 1symepHoM bose-rase.
Taxoke MoKa3aHo, YTO MPH OOJBUIMX 3HAYEHUSIX ITAPaMETPOB TEMIIEPATyphl U IUIONIAM KPUBH3HBI OJIM3KU K HYJIIO U
3TO COOTBETCTBYET KJIACCUYECKOMY HUIIEAIbHOMY ABYMEPHOMY Tra3y.

IIpu paccmotpenun cuctemsl bepesnnckoro-Kocrepnuna-Tayneca METogoM reoMeTpoTepMOINHAMUKY ObLIH
oOHapy»KeHbl BO3MOJKHBIC HOBBIE (ha30BbIe Iepexoabl. Pacuer mo MeTprke NPHBOAUT K BO3MOXHOMY (hazoBomy
Hnepexoay paclojoKEeHHOMY Hmxke nepexoga bepesunckoro-Kocrepnuna-Tayneca, a pacdeT IPUBOAUT K BO3MOX-
HOMY (ha30BOMY IIEPEXO/Iy PacIiOI0KEHHOMY BBIIIE.

KiroueBble ci10Ba: TeOMETPOTEPMOIUHAMUKA, TIpeoOpazoBanus JlexxaHapa, METPUIECKUH TEH30p, CKaISIPHAS
KpuBH3Ha, NByMepHbIi bo3e-ras, cucrema bepesunckoro-Kocrepnuua-Tayeca.
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