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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-Einstein 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 12 - square of thermodynamic length, ® = ®(E3 - thermodynamic potential, which obviously
depends on other thermodynamic potentials - Ea (a = 1,....,n), n - number of thermodynamic potentials,

from which @ depends Sab = diag(1,1,....,1) and rab = diag(1, —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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where grm(gad) - metric tensor, C =1 grm ¢ +-0["T--— g N 1 - Christoffel symbols. Further, the
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scalar curvature is calculated by formula: R = g acg bdRaxd.

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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det(g) @)

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 u, which
depends on temperature T and area S (two-dimensional volume) with a fixed number of particles N (see
for example [9]):

ju(T,5) - Tin 1- e ST
\Y J (6)

Figure 1shows 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.

0.7

T - temperature 0.55 S - area

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

T - temperature S - area

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]:

B (LN
F(T,L) =( k - 2kBT)In . @)

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

Jn
Formula (7) makes sense atL > a, and near the BKT transition at T = Tc = - when the appearance of a
c

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 Jn =kB=a = 1. Then

F(T,L)=(@2- 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:

2(T + TIn(L) - 0.5)

0
L
T,L)= 2(T+TlIn(L) - 0.

9(T.L)= 2(T+Tin(L)-08) o

L

Determinat of this tensor:

4(T+TIn(L) - 0.5)2

det(g) = -

and the scalar curvature (4):
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Applying the formula for the metrics (2) to the expression (6), we obtain:
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L L
(12)
Determinant of this tensor:
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L (13)
And scalar curvature:
n (t\ ivrT—4 T—TIn(L)—05 T4
4(In(L) =) 4 (In(L)—1)( L2 L —12)
+L 4(T + TIn(L) —0.5)
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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.

Berezinskv-Kosterlitz-Thouless system

?-|§<5<CDQ/

1.5

0.5

T - temperature L - size

Figure 3 - Free energy (8) depending on temperature and system size [20]
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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 (2) become singular at T£(L) = mlln w) and T2(L) = Tl—tln o) respectively. At these values of T

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 Tc= - ), 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
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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FEOMETPOTEPMOAMHAMUKAHbI EK10/ILLEM/1 XXYWNETE UONAAHY:
NWOEANALI BO3E A3 XXOHE AU T1 03APA 3CEPNIECY XYWECI

AnHoTaums. XKymbicTa BepesuH-KocTepmu-Taynec xYWeci MeH ekienwemgi ugeanabl 5ose-ra3 Tepmogu-
HamMUKablK dKyliea 6OMbIHIIA Tene-TeHAIKTIH KenTYpAinik Kacuen reoMeTpoTepMOAMHaMMKa 34ici apKbiibl
3epTTengi. TepMOAMHAMUKaNbIK MOTEHUMaabl ecenke anmain JlexaHap TYprneHgipyiHe KaTbICTbl WHBapUaHTTbI
HaTIKeNep anbiHabl. KapacTbipbin oTbiprad XYl/lenepre caiikec eniemaep MeH CKanap/blK KACLIKTHIK ecenTeni
XX3HE KacveTTepi cunatrangpl.

Ekienwemai KsaHTTbIK TepMogvHaMUKanbiK XYVlenepai 3epTTey Kasipri kesge esekTi caHanagbl. MyHpaii
YVlenepre Mbicanibl, TONONOMMANLIK OKLLAYNArbill, FpadeH, XonnabIH KBaHTTbIK adhekTici 6ap YW enep xaHe T.6.
KYWlenep »ataapl. Bose-diiHLTeliH xaHe ®epmu [upak YnecTipynepiHeH esrelle exieniemai KBaHTTbIK XYleae
CTaTUCTUKaNbIK YnecTipy 601ybl MYMKiH. Ocbl TepMogvHamMuKanbik xYVlenepi reomMeTpoTepmogvHamMmKa 3gici
apKbl/bl 3epTTey 6apbICbiHAA XaHa HITVKENep anblHpl.

3epTTey 6apbiCbiHAA reOMETPOTEPMOAMHAMUKAHBI KOMAaHA OTbIpbIN, eKienemai naeanibl 503e rasbiHbLL XaHe
BepesnH-KocTepnnuy-Taynec xyiieciiil, TepMOAMHAMUKa/IbIK KacUeTTepiH KapacTblpAblK. 3epTTey 6apbiCbiHAa
Hen3n MakcaTbIMbI3 - GIpiHLLI Ke3ewre KaTbiCTbl 503e-OMHLWITENH KOHAEHCALMACHIH KeOETY X3He eKiHLUI Ke3eHre
CAliKeC bIKTUMan aHa (hasablk aybICy/bl i3ecTipy. Xorapbla aTanraH TepMoauHamMuKanbik xYVenepai septtey
YLWiH calikec Tene-TEHMXKILL, KenTYpPAiniriHe KaTblCTbl KOBapPMaHTTbl METPUKANbIK TEH30PAbl, AeTEPMUHAHTTapAbI,
KpuvcTogen cMMBOSbIH, KUCLIKTBIK TEH30PbI )X3HE CIMKEC CKaNAap/bIK KUCBIKTbIKTbI eCenTempkK.

TepMoguHaMMKanblK MOTeHUManabl naiganaHbin, Temneparypa MeH ayfaHHblH KeH aymarbiHa Calikec
reoMeTpuANbIK Wamanapgsl Matlab xYWecin kongaHa OTbIpbin KapacTbipAblK. Sp6ip reoMeTpus/bIK Wwamanap YLuiH
HakTbl hopmynanap anbiHAbl. T >X3He S napameTpnepLuw, 6enrini 6ip AuanasoHbiHa ecenTenreH CKansapbiK
KWUCLIKTapAblH Mbicanbl cypeTTe KepceTingi. CyperteH T »3He S napameTprieplue 6ainaHbICTbl KUCbIKTapAbIH
apTYpni 6onyblHa KapamacTaH ekl MeTpuKara CalikeC KWMCbIKTapra apHanraH CUHIynspnapibiH OpHaslacyblHa
KaTbICTbl Xa/lMbl OPTaK HITWXKe GepeTiHiH agpyre 6onagpl.

Apbikapaii  bepesun-KocTepnnu-Taynec xYleciHe reomeTpoTepMOAMHaMMKA 3AraH  KoOMgaHaplK. bByn
exienwemai xyiie Bose XYVleciHe KaTbicTbl KYLUTi apekeTTeceTll GeniuekTepai KapacTbipagbl. Ocbl YW eperi
hasarnbIK aybiCynap TOMbIK 3epTTenMereH. COHAbIKTAH 6yn xepAe GenlueKTepAiH COHrbl CaHbl XaHe BKT xYleci
Gap upoeangbl exienwemai Bose - ra3 KapacTbipbiirad. TepMOAVMHAMUKaNbIK KYVeHiH TepMoavHaMUKabIk
noTeHUManbl 6onraHfpIKTaH, caiikecwwe XYVeHiH enwemi xaHe TemnepaTypara Tayengwn, epKiHAiK SHepruschbl,
ayfilaH MeH Temrepatypara TayengLn, XMMUANbIK NOTEHLMASbI eCenTensi.

CoHpaii-ak Ywenwemgi cbi3banap 6epinreH, onap TepMoAMHaMMKaSTbIK aiiHbIManblIapAbiH KaHAAA WamManapsbl
LUEKCI3AiKKe Hemece Tenre yMTblIaTbIHAbITBIH KepceTeni, 6yn hasanapiblH aybiCybl MEH KBAHTTbIK 3CEP apKbi/bl
e3apa JpeKeTTeCyAiH bIKTUMANAbITbIH KepceTedi. Vgeanabl ekienwemai bose rasbiHa apHanraH MeTpukaHbiH exl
HyCKacbl fa CKaNspblK KUCbIKTbIH CUHIYAsAp 60nbin 6ip CbI3bIKTbIH 60MbIHAA OpHaiackaHbl KepceTinreH. Byn
OpHaJlacKaH CbI3bIKTap ekienwempi bo3se rasbiHAarbl (hasanbik aybICynap XXypeTiH aiMakka caiikec kenepi. COHbIMEH
KaTap, Temreparypa MeH ayfjaHHbIH Y/IKEH M3LLI HeJire YMTbINaTbIHAbIKTaH KNaccuKanbikK naeanfbl ekienwemai rasra
CaliKec Keneqi.

BepeanH-Koctepnuu Taynec xYVleciHe reoMeTpoTepMoAnHaMMKa 34iciH KonaaHy 6apbiChiHaa XaHa (asanbik
ayblCy aHblkTangbl. MeTpuka OolblHWA ecenTereHAe biKTUMan (asanbik aybicy bepesvH-Koctepnumu-Taynec
aybICyblHaH TEMEH OpHaiackaH (hasasbIK Kellyre, an ecentey 6apbICbiHAA XOrapblja opHanackaH bIKTUMa (has3anbiK
aybIcyra akenegi.

TYViiH cesfep: reomeTpoTepMovHaMuKa, JlexaHap TypneHaipyi, MeTpUKanbiK TeH30p, CKanAp/bIK KUCHIK,
exienwemai bose-ras, bepesuH-Koctepnnu-Taynec Y.
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MPUMEHEHWE TEOMETPOTEPMOANHAMWKN K IBYMEPHBIM CUCTEMAM:
WOEAJIbBHOMY BO3E-T'A3Y N CUCTEME C CN/1IbHLIM BSANMOAENCTBUEM

AHHOTauma. MeTOAOM reoMeTpOTEPMOAMHAMUKM B HACTOALLE paboTe nccnefoBaHbl CBOMCTBA PABHOBECHbBIX
MHOroobpasuii  Cregyowmx TepMOAMHAMUYECKUX CUCTEM: [BYMEPHOrO uaeaibHOro bose-rasa u cucTemsl
BepesuHckoro-Koctepnmuya-Tayneca. MonyyeHbl pe3ynbTaTbl, WHBapWaHTHbIE OTHOCMTENBHO MpPeobpa3oBaHuit
NexaHgpa, T.e. He3aBMCMMble OT Bbl6Opa TEPMOAMHAMMUYECKOrO MOTeHuMana. [nsa paccMaTpyvBaeMbiX CUCTEM
paccuMTaHbl COOTBETCTBYHOLLME METPUKM 1 CK/IAPHbIE KPUBHM3HDI, @ TakXKe OnucaHbl MX CBOMCTBA.

M3yyeHne [IBYMEPHbLIX KBAHTOBbIX TEPMOAMHAMUYECKUX CUCTEM B HaCTOfILLEe BPEMS SABMIAETCA aKTyaSibHbIM.
JocTaTtouHo YynomsHyTb, UTO K TakMM CUCTEMaM OTHOCATCH, Hanpumep, TOMONOrMYecKue W30MATOPbI, rpagdeH,
CUCTEMbI C KBAHTOBbIM appekToM Xonna v T.4. [ByMepHble KBaHTOBble CUCTEMbI MOTYT MMETb CTaTUCTUYECKOE
pacnpefenieHne, OTAMYHOe OT pacnpegeneHnii ®epmu-Avpaka n bose-OiHwWTeAHA. eOMeTpUYeCKMe MOAXOAbl B
M3YYeHWUN 3TUX TEPMOANHAMUYECKMNX CUCTEM, BE3YCNOBHO, OTKPLIBAIOT HOBbIE MEPCMEKTUBBI.

B HacTosLlei paboTe ¢ NOMOLLbIO FEOMETPOTEPMOAMHAMMKI ObIN0 NPOBEAEHO MCCNefoBaHWe TepMOANHAMM-
YECKMX CBOWCTB MAeabHOro ABYyMepHOro bose-rasa u cuctemsl BepesvHckoro-Koctepnvua-Tayneca. OCHOBHON
Lenbio 6bI10 BOCNPOU3BEAEHME KOHAEH AL bose-IiHLIWwTeliHa 419 NepBOi CUCTEMBI Y MOMCK BO3MOXHbIX HOBbIX
(ha3oBbIX MEPEXOA0B A/ BTOPOIA.

Ons  v3yyeHMs  BbllleHa3BaHHbIX TEPMOAMHAMUYECKMX CWUCTEM Mbl  BbIYWCASNAM  MOC/NeA0BaTeNbHO
KOBapWaHTHbIE METPUYECKNE TEH30Pbl COOTBETCTBYIOLMX PABHOBECHLIX MHOIF0O06pasnii, X LeTePMUHaHTLI, fanee
KOHTpaBapuaHTHble METPUYECKMe TeH30pbl, CMMBONLI KpucTodens, TeH30pbl KPWBWU3HbI M COOTBETCTBYHOLLME
CKaNsipHble KPUBU3HBL.

Vicnonb3yst TepMOAMHAMUYECKWIA NOTEHLMa, HaMK Bbinn MonyYeHsbl (C nomowsto cuctembl Matlab) cooTseT-
CTBYHOLLME FEOMETPUYECKME BENIMYMHBI B LUMPOKOM AManas3oHe TeMnepaTtypbl U naowaaun. [na Kakgoin reometpu-
YECKOW BEMIMUYMHDBI TaKkKe OblIN NOyUeHbl SBHble (POPMY/bl, HO BBUAY FPOMO3AKOCTU B HACTOALLER paboTe Mbl UX
He npuBoAMM. TpUMepbl BbIYMCIEHHBIX CKANAPHBIX KPUBWM3H A1 HEKOTOPOro AuanasoHa napametpos T u S
MoKasaHbl Ha PUCYHKaX. /13 pUCYHKOB TaKkXe BUAHO, YTO HECMOTPSA Ha CYLLECTBEHHO pas3/InuHoe NnoBefeHne KpPUBU3H
B 3aBMCMMOCTM OT napameTpoB T ¥ S 06e MeTpuMKM NPUBOJAT K OJHOMY OOLLeMy pe3ynbTaTy OTHOCUTENIbHO
PacronoXeHns CUHTYNAPHOCTEN /11 COOTBETCTBYHOLLMX KPUBU3H.

[Janee Mbl MpYMEHWUNN TeOMeTPOTEPMOAMHAMUKM Ans cucTeMbl bepesuHckoro-Koctepnuua-Tayneca. 310
OByMepHasa cuctema Bo3e - 4acTuy C CUAbHbIM B3aMMOAEACTBMEM (CMSIbHBIM B TOM CMbIC/IE 4YTO BKag B
TEPMOAMHAMUKY CUCTEMbI BHOCAT TOMOMOrMYecKMe AeeKTbl - TOYEYHble BMXPU) CO C/IOKHOW, [0 KOHLA He
M3yyeHol cucTemMoli (ha3oBbIX NepexofoB. PaccMOTpeHbl naeanbHblid ABYMePHbIA Bo3e-ras ¢ KOHeYHbIM YMCIOM
yactuy, 1 cuctema BKT. B KayecTBe TepMOAMHAMUYECKUX MOTEHLMAI0B ANS 3TUX TEPMOLUHAMUYECKUX CUCTEM
6pasmnch, COOTBETCTBEHHO, XMMUYECKMIA NOTEHLMAS, 3aBUCALLMIA OT TeMMepaTypbl 1 M0Waan 1 CBOOOAHaS SHEPrs,
3aBUCALLAA OT TEMMEPATYPbI U pa3mepa CUCTEMbI.

B pabote Takke npuBeAeHbl 3-MEpHblE PUCYHKU, Ha KOTOPbIX XOPOLIO BWMAHO, MPU KakMX 3HAYEHMAX
TEPMOLMHAMUYECKUX NEepPeMEHHbIX CKaSPHbIe KPUBU3HbLI CTPEMATCA K 6ECKOHEYHOCTU UN K HYJHO, YTO YKa3blBaeT
Ha BO3MOXHble (ha30Bble Nepexofbl U Ha BO3MOXHYH KOMMEHCaLMI0 B3aMOLEWCTBUI KBAHTOBbIMU 3(ipeKTamu
COOTBETCTBEHHO.

MokasaHo, YTo 06a BapuaHTa METPUK AN ULEabHOro AByMepHOro bo3se-rasa npuBogAT K OAHOMY U TOMY >e
PacroioKEHU0 NIMHUIA, TAEe CKanspHble KPWBM3HbI CTAHOBSATCS CUHIYASAPHbIMU. 3TO PacrosiokKeHWe IMHUIA
coriacyeTcs ¢ 06/1acTbto, B KOTOPOI MPOMCXOAMT (ha30BbIli nepexof - bo3e KoHAeHcaums B ABymepHOM Bo3e-rase.
Takke NnokaszaHo, 4To Npy H60MbLUMX 3HAYEHUAX MapaMeTPOB TEMMEPaTypPbl 1 NIOWAAN KPUBM3HBI BIM3KK K HYSTIO U
3TO COOTBETCTBYET K/TACCUYECKOMY WAeabHOMY IBYMEPHOMY rasy.

Mpy paccMoTpeHun cucTembl bepesnHcekoro-KocTepnmua-Tayneca MeTo4oM reoMeTpoTepMOAUHAMUKA Bblnn
06Hapy>keHbl BO3MOXHbIE HOBble (ha30Bble Mepexofbl. PacyeT Mo MeTPUKe MPUBOAUT K BO3MOXHOMY (Ha30BOMY
nepexofly pacrnonoxeHHOMY HwXe nepexofa bepesvHckoro-Koctepnuua-Tayneca, a pacyeT npvBOAMT K BO3MOX-
HOMY (ha30BOMY Mepexofy pacrofioXeHHOMY BblLLE.

KntouyeBble CnoBa: reoMeTpoTepMOAMHaMUKa, Npeobpa3oBaHus JlexaHapa, METPUYECKUIA TEH30p, CKaispHas
KPUBW3Ha, BYMEpHBIA bo3e-ras, cnctema bepesnHckoro-Koctepauua-Tayneca.
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