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By the method of dynamic calorimetry in the range of 298.15-673 K, the heat capacity of titanium-manganite
LaCaTiMnO6, obtained by solid-phase interaction at 800-1200°C from lanthanum, titanium (II),
manganese (III) and calcium carbonate oxides was studied. On the dependence curve Cp°~f(T) in the
specified temperature range, a A-shaped effect was detected at 598 K, probably related to the phase transition
of the second kind. A fundamental constant is determined — the standard heat capacity of LaCaTiMnO®6,
equal to 221£14 J /(mol-K). Its standard entropy, equal to 206£6 J/(mol-K), was estimated by the‘approximate
method of ion increments. Based on experimental data, taking into account the temperature of the phase
transition, the equations describing the temperature dependences of C,°~f(T) and the thermodynamic
functions S°(T), H(T) — H°(298.15) and ®**(T) of the investigated titanium=manganite lanthanum and
calcium are calculated. The standard heat capacity of LaCaTiMnOG6 is also calculated using the Debye
method, the value of which is in good agreement with experimental data. According to the developed
methodology, the standard enthalpy of titanium-manganite formation was' calculated, equal to — 3867.5
kJ/mol.

Keywords: Titanium-manganite, lanthanum, calcium, heat capacity, phase transition, enthalpy of formation,
thermodynamic properties.

Introduction

Manganites with an effect of colossal magneto resistance (CMR) have the significant innovative
perspectives such as the functional materials for sensors in the consumer and industrial electronics and
development of the information technologies [1-3]. Lanthanum manganites doped in B-sublattice with
titanium have the high electrical conductivity:, They can be applied as cathodes of the high-temperature solid
oxide fuel cells, the ceramic membranes of the thermo-resistors and magneto-resistors. Titanium oxides with
transition metal impurities fix, attention as the advancing materials to use in the spin electronics and
catalysis [4]. Many investigations. deseribed that the doping with TiO, can increase the sensitivity and
capacity of devices [5]. Titanates of alkaline earth metals are semiconductors with a large band gap (3.0-3.2
eV). They can also be the potential photocatalysts under UV-irradiation [6]. The intensive studies of
perovskite-like manganites of the'rare earth metals are a basis of materials for various devices, and however,
many fundamental problems of the chemistry of these oxides have not been studied well. Based on the
above, the purpose. of this investigation is to study the thermodynamic properties of titanium-manganite of
LaCaTiMnOe:

This titantum-manganite of LaCaTiMnOs was synthesized by a method of solid-phase synthesis from
oxides of lanthanum (III) (puriss. spec.), titanium (IV), manganese (III) and calcium carbonate (p.a.) in the
SNOL furnace'in four stages: 1) annealing at 800 °C for 5 h, cooling to 25 °Cand grinding; 2) annealing at
1000 °Cfor 10 h; 3) annealing at 1200 °C for 4 h and 4) low-temperature annealing at 400 °C for 10 h.

The identification of an equilibrium composition formation was determined through X-ray phase
analysis conducted on the DRON-2.0 diffractometer. The indexing of the X-ray photogram was performed
by the analytical method. A type of syngony and crystal lattice parameters was determined: LaCaTiMnOs
(cube) — a=13.35£0.02 A; V*=2376.3 £ 5.00 A%; Z = 4; VOeieccer= 594.08 £ 1.25 A>; proent. = 3.96 g/cm?®;
Ppick. = 3.95 £ 0.02 g/cm? [7].

1. Experimental technique

The investigation of the isobaric heat capacity of LaCaTiMnO6 titanium-manganite was conducted
using an IT-C-400 calorimeter over the temperature range of 298.15 K to 673 K. The calorimeter operates
based on the comparative method, using a dynamic calorimeter with a heat meter. Temperature
measurements were taken at fixed intervals of 25 °C. The device offers a precision of £10 %. To ensure
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accurate measurements, the device was calibrated based on the determination of the thermal conductivity of
the KT heat meter [8, 9].

A standard deviation (5 ) was computed for the averaged values of the specific heat capacity at each
temperature, as explained in [9]:

(1

where n represents the number of experiments, C; denotes a measured value of specific heat capacity, and C
represents the arithmetic average of the measured values of specific heat capacity.
The random error was determined for the averaged values of the molar heat capacity, as outlined in [9]:

A= 00 )
=220,

o

where, A - a random error in %, #,— Student coefficient (for n = 5, £,= 2.75 at p.= 0.95 of the confidence
range).

2. Results and discussion

The operation of the device was confirmed by determining of the heat capacity of a-ALO; (p.a.) (TU
6.09-426-75)). In order to prove measurements of the heat capacity of a-AlO3, we compare our results with
new literature data [10] (Table 1).

Table 1

Comparison of the heat capacity of a-Al2Os used to verify a calorimeter operation with the literature data in [10]

T K C, D), J/(mol'K) ToK C, D), J/(mol'K)
’ Our data Data in [10] ’ Our data Data in [10]
180 44,50 43,33 400 94,12 95,21
230 64,86 61,18 450 100,26 101,8
250 70,37 67,08 500 105,47 106,1
280 77,07 74,82 550 110,09 109,7
300 76,31 79,41 600 114,29 112,5
350 86,49 83,86 650 118,20 114,9

The data shows that our scientific results of a-Al,Os heat capacity between of 173-673 K satisfactorily
conform to results described'in [1 0] within the operating accuracy of IT-C-400 calorimeter. Liquid nitrogen
was as a cooling agent in our experiments.

Results of the calorimetric studies are illustrated in Figure and Table 2.
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Figure. Diagram of dependence of heat capacity on temperature LaCaTiMnOs
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Table 2
Experimental data of the heat capacity of LaCaTiMnQe

T.K GO J(gK) G2 A JmolK) | TK G0 J(gK) G, A J/(mol'K)
298,15 0,5861 +0,0136 221+ 14 498 1,0018 +£0,0152 378 £ 16
323 0,7050 +0,0188 266 + 20 523 1,0622 +0,0223 401 £23
348 0,7805 £ 0,0145 295+ 15 548 1,0954 £ 0,0211 414 £22
373 0,8128 +£0,0177 30719 573 1,1096 +0,0135 419+ 14
398 0,8397 +£0,0149 317+ 16 598 1,1794 £+ 0,0289 446 + 30
423 0,8835+0,0133 334+ 14 623 0,9457 £0,0190 357 +£20
448 0,9195 +0,0162 347 +£17 648 1,0880 +0,0177 411419
473 0,9476 +0,0216 358 +£23 673 1,1530 £0,0153 436 £16

By analyzing the values presented in Figure and Table 2, a distinct and abrupt discontinuity was
observed in the temperature-dependent heat capacity of LaCaTiMnQOe. The dependence:curve,sC,°~AT),
exhibited a A-shaped maximum. This remarkable behavior is likely associated with™a second-order phase
transition occurring at a temperature of 598 K. The transition could be attributed-to various factors such as
Schottky effects, the Curie and Neel points, alterations in magnetic resistance [12];/modifications in
electrical conductivity, and changes in dielectric permittivity, and other.

Based on the revealed temperature of the phase transition, the equations<of dependencies of C%~AT),
[J/(mol-K)] were calculated:

C%= (172 £ 9) + (498.1 + 26.4) 10°T — (88.3 £4.7)10°T:% (298-598 K), (3)
C% = (2558 + 136) — (3532.4 + 187.6) 10°T (598-623 K), 4)
C%=—(619+33) +(1567.0 £ 83.2) 103T (623-673 K). (5)

The graph depicted in Figure was generated using the KOMPAS-3D LT program, using experimental
data and equations 3-5 as the basis for plotting.

Direct calculation of S°(298.15) for LaCaTiMnO6 from the experimental data is not feasible with the
computational capabilities of the IT-C-400. calorimeter. Therefore, it was estimated using a system of the
ionic entropy increments [11]. Then, based on the experimental values on C%(T) and a calculated parameters
of §°%(298.15), functions of S(T), HY(T)-H%298.15) and ®*(T) were also calculated (Table 3).

Table 3
Thermodynamic parameters of LaCaTiMnOs in the temperature range of 298.15-675 K

T,K Co(DEA | So(TxA, H°(T)-H°(298.15)+ A | ONT)EA,
J/(mol-K) J/(mol-K) J/mol J/(mol-K)
298.15 221 %12 206 + 6 — 206+ 17
300 224 +£ 12 208 £ 17 445 + 20 206+ 17
325 251+ 13 227+19 6380 + 340 207 £17
350 275+ 15 246 + 20 12960 + 700 209+ 17
375 296 +16 266 +£22 20100 + 1070 212+18
400 316 £17 286 +24 27760 £ 1470 216 +£18
425 335+18 305 +£25 35910 £ 1910 221 +£18
450 353+£19 325+27 44520 £ 2360 226+ 19
475 370 £20 345+29 53550 + 2840 232+19
500 386 +20 364 +£30 63000 + 3340 238 +£20
525 402 +21 383+£32 72860 + 3870 245£20
550 417+£22 402 £33 83090 + 4410 251 +£21
575 432 +£23 421+£35 93710 + 4980 258 £21
600 447 £ 24 440 £ 37 104700 + 5560 265+£22
625 350+ 19 456 +38 114560 + 6080 273 +£23
650 400 +21 471 +39 124060 + 6590 280 +23
675 439 +£23 487 £40 134540 + 7140 288 +£24
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For comparison with experimental values, the standard heat capacity of LaCaTiMnO6 was also
calculated using the Debye method [13]. For this calculation, the Debye characteristic temperatures (Qp, K)
of the constituent elements in the compound and the melting points of the elements in the compound (T mp, K)
were utilized. The melting point of LaCaTiMnOs was determined to be 1273 K. The characteristic
temperatures (Qp) of the elements in LaCaTiMnOes were computed using the Koref equation [13]:

:QD. T ,mell.+T melt.” (6)

where, T'mp. and Tryp. are melting points of the compound and element, respectively. Then the isochoric heat
capacities of the elements were calculated using Debye functions. They were summarized together to
calculate the isochoric heat capacity of LaCaTiMnOs. Isochoric-isobaric heat capacity trangition of
LaCaTiMnOg was made using the Nernst-Lindemann equation:

Cp = Cy+0.0051-T-Cy% Thner. (7)

Based on the above, the following data was used to calculate C°(298.15) of LaCaTiMnOs: T, K for
La=1193, Ca— 1112, Ti = 1941, Mn = 1517, O, = 54.7, the characteristic temperatures: Qp, K for La =

135, Ca — 230, Ti = 380, Mn = 303, O, = 89 [13]. By equation (9) we calculated Ql'), K for La = 144.05;
Ca — 263.30; Ti = 307.74; Mn = 277.56; O, = 429.35. Then, the argumentsof the Debye function (QI'j /T)
were calculated using tabular data: (T=298.15) — La = 0.48; Ca — 0.88; Tir="1.03; Mn = 0.93; and O, =
1.44.

The relevant isochoric heat capacities to Qz) /T on the basis of tabular data are equal to La = 24.64; Ca,
24.02; Ti=23.76; Mn = 24.02; O, = 22.68 J/(mol-K). Then.we used the scheme for calculation:

C, LaCaTiMnOg = C,La.+ C,Ca + C,Ti+ C;Mn + 3C,0.. ®)

We calculated the isochoric heat capacity of LaCaTiMnOs equal to 164.48 J/(mol-K).

The standard isobaric heat capacity of C,’(298.15) of LaCaTiMnOs equal to 224.9 J/(molK) was
calculated using the Nernst-Lindemann equation (10). Its value was consistent with the experimental data of
221.0 J/(mol K) with 1.73 % accuracy.

Based on our developed method [14] and similarly [15], we calculated the standard enthalpy of

formation of LaCaTiMnOs equal to. 3867.5 J/(mol-K). The initial data for calculation were applied as
described in [13, 16-19].

Conclusions

1. The heat capacity oftitanium-manganite of LaCaTiMnOs was first investigated by the
dynamic calorimetry in‘the interval of 298.15-673 K.

2. Using the experimental data, a fundamental thermochemical constant for the standard heat
capacity.of LaCaTiMnOs was determined.

3. The anomalous discontinuity in heat capacity was determined on the dependence curve of
C%~f(T) at 598 K. This feature is likely attributed to a second-order phase transition. Based on a
temperature of the phase transition, the equations of the temperature dependence of the studied
titanium-manganite were derived.

4. Using the experimental data obtained for C%(T) and the calculated value of S°(298.15) with
a 25 K step within the temperature range of 298.15 K to 673 K, the temperature dependencies of
C%(T), as well as the thermodynamic functions S%T), H%(T)-H°(298.15), and ®*(T), were
calculated for LaCaTiMnO®6.

5. The standard heat capacity of LaCaTiMnOs was calculated by an independent Debye
method. It corresponded satisfactorily with the experimental data.

6. According to a method developed by the authors, the standard enthalpy of formation of
LaCaTiMnOgs was calculated.
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7. The obtained results carry both theoretical and practical significance, enabling the prediction
of directed synthesis for similar compounds possessing valuable physical and chemical properties.
Furthermore, these results facilitate the analysis of heterogeneous equilibria involving this specific
compound and other similar phases. The new thermochemical constants are initial data to load into
the fundamental guides and databanks of the thermodynamic constants of substances.

Acknowledgments

This study has been performed within the framework of the program-targeted funding of the scientific
and technical program “Development of novel composite materials with high performance properties based
on rare and rare-earth elements” of the Industrial Development Committee of the Ministry of Industry and
Infrastructure Development of the Republic of Kazakhstan.

References

1 Banakuper B.®. Manranutsl: PaBHOBecHbIe 1 HecTabuibHble cocTosiHus / B.®. banakupes, B.II. bapxatos, 10.B. 'onukos,
C.I'. Maiizens. — Exarepunoypr: YpO PAH, 2000. — 397 c.

2 Bebenin N.G. Collossal magnetoresistance manganites / N.G. Bebenin, R.I. Zainullina, V.V, Ustinov // Physics — Uspekhi.
—2018. — Vol. 61, No 8. — P. 719-738.

3 ®enopoa O.M. BiusiHue KHCIOpOJHOW HECTEXHOMETpUH Ha (pa3oBoe pacclIOeHHE; CTPYKTYpy M MarHUTHBIE CBOMCTBa
cioxxHoro okcuna NdSraMn207 + 5/ O.M. ®enoposa, JI.b. Benmuns, C.A. Ynopos // IlepcnekruBHble MaTepuansl. — 2020. — Ne 2.
—C. 14-21.

4  Mesilov V.V. Soft X-ray absorption spectroscopy of titanium dioxide nanopowders with cobalt impurities / V.V. Mesilov,
V.R. Galakhov, N.S. Udintseva, A.Ye. Yermakov, M.A. Uimin, G.S. Zakharova, D.A. Smirnov, A.F. Gubkin, E.A. Sherstobitova
// Journal of Experimental and Theoretical Physics. — 2017. — Vol. 124, No 6. — P.908-913.

5 Cenusepcrosa E.B. Biusinue Hano4actui cepedpa Ha pOTOASTEKTUPYIOIINE cBOicTBa Hanokomio3uTa TiO2/okcun rpadena
/ E.B. CenusepcroBa, H.X. N6paes, A.)K. )Kymabekos / Ontuka u enekrpockonus. — 2020. — T. 128. — Bem. 9. — C. 1337—
1345.

6 Xanameiina C.B. OcoGeHHOCTH CHHTE3a HAHOIUCIIEPCHOTO THTaHa Oapus W uccienopanue ero csoicts / C.B. Xamameiina
// Xumust, pusuka u texnosnorus noBepxHoctd. — 2010. — T. 1. —Ne 4. — C. 441-449.

7 KacenoB b.K.Cnoco® mnoxydeHHss THUTaHO-MAHTAaHHTOB JIAHTaHAa ¥ IIeJIoYHO3eMeNbHEIX MeTawioB / b.K. Kacenos,
II1.b. Kacenosa, JK.W1. Carunraesa, b.T. Epmaramber, E.E. Kyansmu6ekos, M.O. Typry6aesa // Ilatenr PK na monesnyio moxens
Ne 7012. 3apeructpuposan B ['ocpeectpe m3o6perenmit PK 15.04.2022 .

8 [Ilnarynos E.C. Temnodusnueckne n3mepenns: 1 npudopsr / E.C. [Tnarynos, C.E. bBypasoii, B.B. Kypennn, I'.C. Ilerpos. —
JI.: MamuHocTpoenue, 1986. — 256 ¢

9 TexHuueckoe onucanue U UHCTPYKIMHU Mo BKcrutyatanuu UT-C-400. — AkTioOMHCK, AKTIOOMHCKHI 3aBoa «Taslon», 1986.
—48c.

10 Boapsixor B.1O. KoppelmsiudoHHBIE XapaKTEepHUCTHKUA TeMIepaTypHoro kodd¢uimeHra 0O0BEeMHOT0 pacIIUpeHUs U
terioemkocTu kopyHza / B.JO. boapsikos, A.A. Brikos // Ctekio u kepamuka. — 2015. — Ne 2. — C. 30.

11 Kymox B.H.IIpoGrmema coriacoBaHuss METOIOB OIIEHKH TepMOIMHAMHUUeckux xapakrepuctuk / B.H. Kymok // B c6.:
[Ipsimble 11 0OpaTHBIE 3a1a90 XUMHAIECKOH TepMmoauHamMuki. — HoBocubupcek: Hayka, 1987. — C. 108.

12 Pesuuukuit JI.A. Kanopumerpus tBepaoro tena / JILA. Pesuuukuit. — M.: U3n-Bo MI'Y, 1981. — 184 c.

13 Mopauesckuii A.C. TepmoauHaMuueckue pacuersl B Metayutyprun: crnpaBod. / A.C. Mopauesckuii, 11.B. CnagkoB. — M.:
Mertammyprus, 1985. =137 c.

14 Kacernos B.K. /IBoiiHbIe U TpOifHBIC MAHTAaHUTEL, ()EPPUTHI H XPOMHTHI IIEIIOYHBIX, MIEITOYHO3EMEIIBHBIX H PEKO3EMETbHBIX

metamioB /., b.K& Kacenos, 1I1.b. KacenoBa, XX.M. CarunraeBa, b.T. Epmaramber, H.C. Bekrypranos, .M. OckembexoB. — M.:
Hayunsnii map, 2017. — 416 c.

15 Kassenov B.K. Calculation of thermodynamic properties of earth metals — copper — zinc (Cu-Zn) / B.K. Kassenov,
Sh.B. Kassenova, Zh.I. Sagintaeva, B.T. Ermagambet, E.E. Kuanyshbekov, A.A. Mukhtar // Metallurgija, 2021. — Vol. 60, N 3-4.
— P. 454-456.

16 Tepmudeckue KOHCTAHTHI BEIECTB: cipaBoy.; o pen. B.II. I'mymxko. — M.: Hayka, 1979. — Bem. IX. — 576 c.

17 Tepmudeckue KOHCTAHTHI BEIECTB: crpaBoy.; noj pel. B.II. I'mymxko. — M.: Hayka, 1978. — Bem. XII. — Y. 1. — 536 c.
18 Tepmudeckue KOHCTAHTHI BEIIeCTB: cipaBod.; nox ped. B.I1. [mymko. — M.: Hayka, 1972. — Bpm. VI. — Y. 1. — 370 c.
19 Tepmudeckue KOHCTAHTHI BeIeCTB: crpaBod.; noj pen. B.II. I'mymko. — M.: Hayka, 1974. — Bem. VII. —4. 1. — 344 c.

Cepus «dusnkar». Ne 3(111)/2023 175



B.K. Kasenov, Sh.B. Kasenova et al

b.K. Kacenos, I1I.b. Kacenosa, )K.1. CarpiaraeBa, C.O. baiicanos, H.1O. Jly,
K.C. Bexrypranos, A.K. 3eitnunenos, E.E. Kyansiuoekos

LaCaTiMnOg¢ THTAH MAHTAHUTIHIH TEPMOAUHAMMKAJIBIK KacHeTTepi

298.15-673 K apanbIFelHAaFbl TUHAMUKAIBIK KaJOpuUMETpHs dmiciMer naHTaH, tutaH (II), mapranmen (III)
TOTBIKTApPHI koHe Kanbluii kapooHatel 800-1200°C ke3iHae KaTThl (a3albIK e3apa SPeKeTTeCy HOTHKECIHIIEe
anmpiaraH LaCaTiMnOgs THTaH-MaHTaHUTIHIH JKBUTY CBHIMBIMABUIBIFBI  3€pTTeNAi. PeHTreHorpadusiibiK
omictepMeH OyJl KOCBUIBIC TOp TapaMeTpiiepiMeH Kejecifeil KyOTbIK CHHIOHHMSAa KPHCTaJJaHAThIHBI
aHBIKTAIABE a = 13,35 £ 0,02 A; VO =2376,3 + 5,00 A%; Z = 4; Voyyam = 594,08 + 1,25 A3; ppeur. = 3,96
r/eM?; pumar. = 3,95 + 0,02 r/em?®. Kepcerinren Temmeparypanbik apaisikta Cp°~f(T) ToyemiTik KUChIFbIHIA
598 K — nme A-Topi3mi ocep aiikpiHmamasl, Oy II-TekTi ¢azanblk aybicyra KaTBICTBI 0OTYyBI MyMKiH. OcChL
tdazaneik ayeicy llottku sddekrinepimer, Kiopu, Henb HykTenepiniH 00MybIMEH, MarHUTTIK KeACPTiHIH
e3repyiMeH, 3JIeKTP OTKI3TiLITIKIeH, AWUIJICKTPIIK OTIMAUTIKICH jkoHe T.0. OaiiiaHbICTHI OONYBI MYMKiH.
LaCaTiMnOs xocsutbichiHBIH 221+14 JIx/(Monb-K)-re TeH GonaTbiH, iprenilik TYpaKThIChl —= CTAaHAAPTTHI
KBUTY CHIMBIMIBUIBIFBI AQHBIKTAJIABL. VIOHABIK HHKPEMEHTTEPIHIH JKYBIKTATFaH oficiMeH OHbIH 20616
JIx/(Monb-K) —re TeH GonaThlH CTAaHAAPTTHI AHTPOMMACH Oarananibl. Das3ajblK aybICy TeMIEpaTypachH
eCcKepe JKOHe TIKIPHOETiK MaTiMeTTepre CyieHe OTHIPBII, 3eTPTENIN OTHIPFaH JIAHTAH JKOHE KaJbLUH THTaH
manranuTinig Cp°~f(T) TemnepaTypara ToyenIiIiKTi cHOATTallThIH TeHAeYyIepi MeH Kagambr 25 K Gonatsin
So(T), HY(T) — HO(298.15) u @®*(T) rtepmomuHaMukaislK (yHkuusiap ecentenni. LaCaTiMnOs
CTaHIApTThI JKbUTYy CBHIMBIMIBUIBIFEI Ae0ail omiciMeH e ecenTen[i, OHBIH MoHI TXKipHOEeTiK AepeKTepMeH
KaKChl yiHieceni. O3ipieHreH ojicteMe OOMBIHIIA THTaH-MaHTAaHUTTIH CTAHAAPTTBI TY3ULy SHTAIBIUACHI
ecenrenai, o1 — 3867,5 k/[»/MoJb TeH.

Kinm ce30ep: TUTaH-MaHTaHUT, JaHTAH, KalbIM{, JKBUTy CHIMBIMIBUIBEEI, (A3aibIK aybICy, TY3LIy
SHTAJBIISCH, TPMOANHAMUKAIIBIK KaCHETTEI.

b.K. Kacenos, l11.b. Kacenona, J)K.l. Carunraesa, C.Q. baiicanos, H.1O. Jly, XX.C. bektypranos,
A K. 3eitannenos, E.E. Kyanbimoexon

Tepmogunammnueckue cBoiicTBa TuTano-Mmanranutra LaCaTiMnOg

MeronoM qUHAMHYECKOH KalopuMmeTpun BmHTepBase 298,15-673 K mccrnenoBaHa TEIUIOEMKOCTh THTAHO-
manrannta LaCaTiMnOs, mosmydeHHoro tBepaodasHeiM B3ammozeiictsueM npu 800-1200°C u3 okcuaoB
nantaHa, turaHa (II), mapranma (IlI) wu  xapOoHara Kajiblus. PeHTreHorpaguIecKMMH MeTOJaMU
YCTaHOBJEHO, YTO JAaHHOE COEIUHEHHE KPUCTAJUIM3YeTCs] B KyOWYECKOl CHHIOHHMH CO CJIeIyIOINMHA
napameTpamu pemerku: a = 13,35+ 0,024; V0 =2376,3 £ 5,00 A% Z =4; V54 = 594,08 £ 1,25 A3; ppenr. =
3,96 r/cM’; pum. = 3,95.% 0,02 r/cm’. Ha xpusoii 3aucumoctn Cp°~f(T) B yka3aHHOM HHTepBase
TeMIeparyp oOHapyxeH A<00pazHslitaddext npu 598 K, oTHOCAmMIiCS, BEposATHO, K (azoBoMy mepexoxny 11
pona. lanusiii Gpa3oBblid-fiepexofi, BO3MOXKHO, cBsizaH ¢ dpdexramu [llorTku, Hamudarem Touek Kropu, Hees,
W3MEHEHUSMH MarHUTHOTO CONpPOTUBIICHUSI, JNEKTPONPOBOIHOCTH, AUITEKTPUUECKON MPOHULIAEMOCTH U JP.
Omnpenenena ¢yHraMeHTanbHas KOHCTaHTa — craHgapTHas Terutoemkocts LaCaTiMnOs, paBhas 221+14
Jx/(mons-K). IlpubnrmkeHABIM METOJOM HOHHBIX HHKPEMEHTOB OIIEHEHAa €ro CTaHIapTHas >HTPONHS,
pasnas 2066 J[x/(momab-K). Ha ocHOBaHMH ONBITHBIX JaHHBIX C YU4ETOM TeMIIepaTypbl (a30BOro mepexosa
BBIYMCIICHBL, ypaBHEHUs, OIKChIBamonne Temreparypubie 3aBucumoct Cp°~f(T) m marom uepes 25 K
tepmonuHamMudeckue Qynxuuu SO(T), HO(T) — HO(298,15) u ®*(T) McClIeqyeMOro TUTaHO-MAHTAHWTA
nmanTaHa u Kambuus. CranmaprtHas TemoemkocTh LaCaTiMnOgs paccumrana Takxke mo meromy JleGas,
3HaueHUE KOTOPOH XOPOIIO COTyIacyeTcsl ¢ ONbITHBIMU JaHHBIMU. [To pa3paboTaHHON MeTOAUKE BBIYUCIEHA
CTaHJApPTHAs SHTAJbINSA 00pa30BaHMs TUTAaHO-MaHTaHWUTA, paBHas 3867,5 k[ x/MoOIb.

Kniouesvie cnoea: THTAaHO-MAHTAaHUT, JAHTAH, KalbIMH, TEIUIOEMKOCTh, (Da30BBIN MEpexo], SHTAIbIHUSA
o0pa3oBaHus, TEPMOJMHAMIYECKUE CBOMCTBA.
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