SN -

JOURNAL OF TRANSPORT

".II'.'
iy,
ALIET

.....

ISSUE 3, 2025 vol. 2
E-ISSN: 2181-2438
ISSN:3060-5164

RESEARCH, INNOVATION, RESULTS



TOSHKENT DAVLAT
'I r TRANSPORT UNIVERSITETI
Tashkent state

transport university

JOURNAL OF TRANSPORT

RESEARCH. INNOVATION. RESULTS

E-ISSN: 2181-2438
ISSN: 3060-5164

VOLUME 2, ISSUE 3
SEPTEMBER, 2025

[=] 4 [=]

[=] 2%

jot.tstu.uz



TASHKENT STATE TRANSPORT UNIVERSITY
JOURNAL OF TRANSPORT

SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL
VOLUME 2, ISSUE 3 SEPTEMBER, 2025
EDITOR-IN-CHIEF
SAID S. SHAUMAROV

Professor, Doctor of Sciences in Technics, Tashkent State Transport University
Deputy Chief Editor
Miraziz M. Talipov
Doctor of Philosophy in Technical Sciences, Tashkent State Transport University

The “Journal of Transport” established by Tashkent State Transport University (TSTU),
is a prestigious scientific-technical and innovation-focused publication aimed at disseminating
cutting-edge research and applied studies in the field of transport and related disciplines. Located
at Temiryo‘lchilar Street, 1, office 465, Tashkent, Uzbekistan (100167), the journal operates as a
dynamic platform for both national and international academic and professional communities.
Submissions and inquiries can be directed to the editorial office via email at jot@tstu.uz.

The Journal of Transport showcases groundbreaking scientific and applied research
conducted by transport-oriented universities, higher educational institutions, research centers, and
institutes both within the Republic of Uzbekistan and globally. Recognized for its academic rigor,
the journal is included in the prestigious list of scientific publications endorsed by the decree of
the Presidium of the Higher Attestation Commission No. 353/3 dated April 6, 2024. This inclusion
signifies its role as a vital repository for publishing primary scientific findings from doctoral
dissertations, including Doctor of Philosophy (PhD) and Doctor of Science (DSc) candidates in
the technical and economic sciences.

Published quarterly, the journal provides a broad spectrum of high-quality research articles
across diverse areas, including but not limited to:

e Economics of Transport

o Transport Process Organization and Logistics

e Rolling Stock and Train Traction

o Research, Design, and Construction of Railways, Highways, and Airfields, including
Technology

o Technosphere Safety

e Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio Engineering
and Communications

e Technological Machinery and Equipment

e Geodesy and Geoinformatics

e Automotive Service

e Air Traffic Control and Aircraft Maintenance

e Traffic Organizatsion

o Railway and Road Operations

The journal benefits from its official recognition under Certificate No. 1150 issued by the
Information and Mass Communications Agency, functioning under the Administration of the
President of the Republic of Uzbekistan. With its E-ISSN 2181-2438, ISSN 3060-5164 the
publication upholds international standards of quality and accessibility.

Articles are published in Uzbek, Russian, and English, ensuring a wide-reaching audience
and fostering cross-cultural academic exchange. As a beacon of academic excellence, the "Journal
of Transport" continues to serve as a vital conduit for knowledge dissemination, collaboration, and
innovation in the transport sector and related fields.

jot.tstu.uz Research, Innovation, Results ‘



mailto:jot@tstu.uz

Journal of Transport ISSN: 2181-2438 Volume:2|Issue:3|2025

Study of the magnetocaloric effect of metals

F.F. Hasanov!, O.M. Kutbiddinov'®?, U.N. Berdiyorov'®®°

!Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In the context of increasing requirements for environmental friendliness and energy efficiency of modern
technologies, the creation of compact, safe, and reliable refrigeration systems operating at room
temperature is becoming an extremely urgent task. Traditional cooling methods are accompanied by the
leakage of refrigerants, contributing to the destruction of the ozone layer and global warming. One of the
most promising alternatives is the magnetic cooling technology based on the magnetocaloric effect
(MCE). Perovskite manganites, which have the ability to vary the temperature of phase transitions and
are highly economically accessible, are of particular interest. However, existing studies are primarily
based on indirect methods of MEI measurement, which reduces the reliability of the obtained data. This
work emphasizes the need for direct adiabatic temperature measurements when the magnetic field
changes in manganites of various compositions. Approaches to increasing Curie temperature through ion
substitution are also considered, heat transfer and relaxation processes are analyzed, and models of
magnetic refrigeration machines using solid and liquid working bodies are discussed. The presented
theoretical analysis and generalization of experimental data are aimed at developing effective magnetic
coolers suitable for use at room temperature.

Keywords: magnetic cooling; magnetocaloric effect (MCE); manganites; Curie temperature; phase transitions; heat
transfer; magnetic entropy; magnetic refrigeration machines; perovskite materials; direct measurements
of MCE

HccnenoBanue MarHeToKkajaopu4eckoro 3¢ gexra merajios

Xacanos @.®.!, Kyrouraunos O.M.!®% Bepauépos Y. H.1®P

ITalkeHTCKMH TOCY1apCTBEHHBIN TPAHCTIOPTHBIN yHUBEpCHTET, TalKkeHT, Y30eKucTaH

AHHOTaLUS: B ycnoBusix pocra TpeGoBaHHiT K SKOJIOTHYHOCTH U 3HEPTrod(hPEeKTHBHOCTH COBPEMEHHBIX TEXHOJIOTHH
CO37[aHIe KOMITAKTHBIX, 0€30TacHBIX U HaJIEKHBIX XOJIOAMIBHBIX CHCTEM, paOOTafOMINX TP KOMHATHOM
TEeMIIEpaType, CTAHOBUTCS YpEe3BbIUAHHO aKTyalbHOH 3amaueit. TpaguliMOHHBIE METOJbl OXJIAKACHUS
CONPOBOXKIAIOTCSI YT€UKaMH XJIAJAar€HTOB, CIOCOOCTBYIONIMX pa3pyIICHUIO O30HOBOTO CIIOS H
riobansHOMy moTernieHuio. OnHOHM 13 Hanboee MepCIIeKTUBHBIX ANbTEPHATUB BBICTYIAET TEXHOIOTUS
MarHUTHOTO OXJIAKICHHsI, OCHOBAHHAs Ha MarHeTokaoprueckoM 3¢ dekre (MKDI). Ocobblii uHTEpEC
NPEJICTABIISIOT HEPOBCKUTHBIE MAHTAHUTBI, 00JIaIal0I1ie BO3MOXKHOCTBIO BapbHPOBAHUS TEMIIEPATYPhI
($a30BBIX MEPeXOJOB M BBICOKOH SKOHOMHYECKOW JOCTYymHOCThIO. OJHAKO CyIIECTBYIOIIUE
HCCIIE/IOBaHMs TIPEUMYILECTBEHHO OCHOBBIBAIOTCS HAa KOCBEHHBIX MeTozax u3Mepenuss MKD, uro
CHIDKAeT JOCTOBEPHOCTh MONyJaeMBIX JaHHBIX. Hacrosmas paGora moguépkmBaeT HEOOXOJMMOCTD
TPSMBIX aanabaTHUECKUX M3MEPEHUH TeMIlepaTypsl IPH W3MEHEHHN MarHUTHOTO TTOJISI B MAHTaHUTAX
Pa3IUYHOTO CcocTaBa. Tarkke PacCMOTPEHBI IMOAXOBI K TIOBBIIIEHHIO TemmnepaTypbl Kiopn myTém
HMOHHOTO 3aMeIeHUs, aHATTM3NUPYIOTCS TIPOIIECCHI TETIONEePEHOCa U PeNlaKCalliH, a Takke 00CyKAat0TCs
MOJETH MAarHUTHBIX XOJOJMIBHBIX MAIIMH C HCHONB30BAaHHEM TBEPABIX M JKHIKHX PabdOUMX Tell.
[pencraBneHHbIH TEOPETUUECKUI aHATH3 U 0000IIEHNE IKCIIEPUMEHTAIBHBIX TaHHBIX HAMPaBJICHBI Ha
pa3paboTKy 3(p(HEeKTUBHBIX MArHUTHBIX OXJIaJUTeJIeH, MPUTOMHBIX JJIS MPUMEHEHHS NMPU KOMHATHBIX
TeMmIeparypax.

KuroueBsle cnoBa: MarHuTHOE OXJaxJeHHe; MarHerokanopuyeckuii apdexr (MKD); manranutsr, Temmeparypa Kiopu;
(a3oBBIC TIEpEeXOfbl; TEIUIONEPEHOC; MArHUTHAs SHTPOIHS; MAarHUTHBIC XOJOAWIBHBIC MAIINHEI,
TIEpPOBCKUTHBIE MaTePHAIIB; IpsMBbIe n3MepeHns MKD

DT0 00YCIOBICHO IIEIBIM PSIOM CEPhE3HBIX MPETEH3HU K
HBIHE JEMCTBYIONIMM OXJIKIAIOUINM cHcTeMaM. M3BecTHO,

1. BBeI[EHI/Ie B YAaCTHOCTH, YTO IIPU DKCIUIyaTallud HCIIOJIL3YEMBIX B
HACTOSIIIIEe BpeMsl OXJAXKJAIOMIUX CHCTEM BO3MOJXKHBI

Cosnannsi KOMIIAKTHOTO, SKONOTHYECKH Ge30MacHOro, yTEYKH pabourX ra3oB (XJIaJareHToB), BHI3BIBAIOIINX TAKHE
OHEPreTHYECKH  SQ(EKTHBHOrO M BBHICOKOHAIEKHOTO Cepbe3HbIe JKOJOTHYECKUE IMPOOIEMBbI KaK pa3pylieHne
XONOJMIBHIKE, PabOTAioIIEero B JHANA30HE KOMHATHEIX 030HOBOTO cJ0sl U TnobanbpHOe moteruteHue [1, 3]. Cpenu
TEMIIepaTyp, YPEe3BIaiiHO aKTyanbHa B HACTOSIICE BPEMSI. pa3sHOOOpa3HBIX AaJbTEPHATUBHBIX TEXHOJOTHH, KOTOPHIE
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MOIJIM OBl MCIOJb30BAaThCSA B XOJOJIMJIBHBIX YCTPOMCTBaX,
Bce Ooipllee BHIMAaHHE HCCIENOBaTelell BO BCEM MHpeE
TIPUBJICKAET  TEXHOJOTHUS  MAarHUTHOTO  OXJAXICHUS,
OCHOBaHHasl Ha MarHeTokajtopudeckoM 3¢dpexre (MKDI) [1,
2].

2. MeToauka uccjae0BaHuA

B mocnenHee BpeMs HHTEHCHBHO HCCIIEIYIOTCS
TIEPOBCKHUTHI MAHTAaHUTEI, KOTOPEIE, BO-MIEPBHIX, TO3BOJISIOT
BapbUPOBAThH TEMIEPATYPY (a30BBIX NEPEXOIOB B IIHUPOKOI
o0JracTH TeMIlepartyp 1, TaKUM 00pa3oM, peaan3oBaTh Ooee
HIIMPOKUI TemIepaTypHelii pabounii natepBan MKD, a Bo-
BTOPBIX, SBISIOTCS 3KOHOMHYECKH BBITOAHBIMH [2, 3].
PaboT, MOCBAIIEHHBIX  HCCIECJOBAaHUIO  MAaHTAHUTOB
pasnmuuHoro cocraBa ¥ MKD B HUX JOCTaTOYHO MHOTO,
OJIHaKO B HHX INPAKTHYECKH OTCYTCTBYET MHpopmanus o0
annabaTHIecKOM H3MEpeHNN TIPSIMBIM METOJIOM
TeMIIepaTypsl IPU U3MEHEHUN MarHuUTHOro nois [2, 4]. B
[3, 5] ormeueno, uyro B wMmanranurax Ba-Ca-MnO;
HabmomaeTcss  3HaunmrTedbHB  MKD,  omHako — ux
temneparypa Kiopy 3HauuTeNbHO HM)KE€ KOMHATHOM, YTO
OTpaHMYMBAET  BO3MOXHOCTP HX  TPHMEHEHHS B
OXJIAKJAIONIUX  yCTPOHCTBAX, paboTaromux pu
KOMHAaTHBIX TeMIeparypax. IMonukpucTaTHYECKUX
MOPOIIKA TBEPABIX PACTBOPOB CHCTEMBbl MnAsiyPy
CHHTE3MPOBaHbBl METOJIOM CIUIABICHUS TBepIO(da3HbIX
peaKkIMii HCXOIHBIX KOMIIOHEHTOB B BaKyyMHPOBAaHHBIX
KBapIEBbIX aMITyJllaX B OJHO30HHOH IEYU CONPOTHUBICHUS
[5,7].

3. Pe3yabTaThl HCCJIEI0BAHUS

Opnako yacTuyHas 3ameHa Ca JApyrumMu dJIEMEHTaMU C
OOJBIIIMM HOHHBIM PaJInyCcoM, TakuMHu kak Ba, Br, Pb u T.1.
JSDKET YBEIWYHUTh Temrepatypy Kropu U coxpaHHTh
Beicokne 3HaueHms MKD. B pabore [4, 7, 12],
TOCBSIICHHOM HCCIIeIOBAHUIO MarHUTHBIX )3
MarHeTOKAJIOPUYECKIX CBOICTB MAarHUTHBIX MAaTEpHAlOB,
OBUTO  TOKa3aHO, YTO B  YKa3aHHBIX MaHTaHUTaxX
HaOmoaercst 3HauntenbHBli MKD UM uX Temmeparypbl

MarunutsHoe moae

TEILI000MEeHNIEK ¢
oxiRIAeMoii cpeoi

Hacoce

——
HHrndénTophI
NOTORA

Kropu HaxoasTcs BOIM3M KOMHATHBIX Temnepartyp. OHako,
N30TEepPMHUYECKOEe H3MEHEHHE SHTPOIMHX OBUIO MONYyYeHO He
OpsSMBIM ~ METOJOM, a H3 JAHHBIX  3aBUCHMOCTH
HaMarHWYEeHHOCTH OT TEMIIepaTypsl 1 MarHUTHOTO IIOJS C
MIOMOIIBIO TEPMOANHAMHYECKOTO COOTHOIICHUS
Makcsemna. Amnamms MHOTOYHCIICHHBIX
SKCIIEPUMEHTANIBHBIX JAaHHBIX MOKa3aj, YTO IOJIy4aeMble
KOCBEHHBIM ~ METOJOM  CBEAEHHS O  BEIMYMHAX
aznabaTHIECKOro HU3MEHEHUs TeMIIepaTypbl u
N30TEPMUYECKOM H3MEHEHUH SHTPOINH JaleKo He BCerja
JOCTATOYHO JIOCTOBEPHBI. YacTo 3TH JaHHBIE OTATOIICHEI
3HauuTeNbHOM morpemHocteio [10, 11]. Takum obGpasom,
HO-TIPEKHEMY aKTYaJIBHBIM SIBIISICTCSI BOIPOC 00 M3MEPEHNH
MarHeToKaaopuieckoro 3¢d¢exra mpsMbIM METOJOM MPH
W3MEHEHUH MAarHUTHOTO IOJISI B MAHTAHUTaX Pa3IM4HOTO
cocTaBa. Hamuue 60J1BIIOTO KOJIMYECTBA
SKCHEPHUMEHTAIBHBIX PAa0OT MO HCCICAOBAHHIO (a30BBIX
nepexonoB 1 MKD B MaHranurtax jaHTaHa, IPUBOJUT K
HEO0OXOIMMOCTH aHanm3a IKCTIEPUMEHTAIBHBIX
pE3yJIbTaTOB C IOMOLIBIO PA3IMYHBIX TEOPETHYECKHX
mozeneii [11, 12]. Ha ceronusiiHuii IeHb B HAYYHOH MevaTu
uMeeTcsl 0OIBIIOe YUCIO paboT, B KOTOPBIX 00CYKAAIOTCS
TEOPEeTHYECKHEe MOJENH, O3BOJIAIOINE ONHCaTh (ha30BbIE
nepexonsl ¥ MKD B pa3snuuHBIX MarHUTHBIX MaTepHanax,
OJIHAKO TEOPETHIECKHEe PaOOThI, HO3BOJAIOMINE OIHUCHIBATH
MK3 B  MaHraHurax JaHTaHa, I1aparorudeckuit
OTCYTCTBYIOT. PaccunTaHHBIE Ha OCHOBE TEOPETHYECKHX
MoJieneil MarHeTOKaJOpUYeCKHue CBOMCTBAa HCCIEeTyeMbIX
CHCTEM IIO3BOJIAT IIpeJCKa3aTh HOBBIE II€PCIIEKTHBHBIE
KOMITIO3UIIMOHHBIE COCTaBbl MAHTAHUTOB, KOTOPHIE MOTYT
UMeTh B OyIyIieM OOJbIIOE MPAKTUYECKOE 3HAYEHUE MPH
cO3JaHUM pPabodyero Teaa B yCTPOHCTBAX MArHUTHOTO
oxnaxaeHus. FEmeé oaHol akTyanbHOM 3amaded B
TEXHOJIOTHM MAarHUTHOTO OXJAXICHHS SBISIETCS aHAIN3
MPOLIECCOB  TEIUIONEpPeHOca B sYeHKax —OXJIaKAAIOIINX
YCTPOWCTB, B KOTOPHIX B KadecTBe pabodero Tena
ucnonbp3yroTest  marepuansl ¢ MKD, B yactHocTH,
MaHTraHuTHl. [ TMOCHeAHNX MaTepuajoB 10 CHX IOp He
MIPOBOIHIICS TEOPeTHIECKHI aHanm3 BpEMEH
TEeMIIepaTypHOH peJaKcallii, a TaKkkKe He 00CYXIaanuch
crnocoObl  yBenn4yeHUS  3(PPEKTUBHOCTH  MarHUTHBIX
Matepuaios [7, 10, 12].

Hacoc

TemwnoolMeHInK,
OTBOASLLG Tenno

Bl-wenaemoe
HﬂllpﬂBJlE!l He
HOToKa

Cxema ABIGKEHNUN NOTOKA POTOPA

A ¢ HErUGHTOPAMN NOTORA

Puc. 1. Cxema MATrHUTHO#M X0JOANJILHOH MAIIIHHBI

D¢} dexTHBHOCTE MarHUTHOTO OXJIAXIICHHSI 3aBUCHT HE
Tombko oOT BemmuuHBl MKD, HO W OT BeIMYMHEI
TEIIIOEMKOCTH ¥ BEIMYWHBI M3MEHEHMS! MarHUTHON YacTH
SHTPONMM TpH JeiicTBUM MarHuTHoro moixs [8, 11].
Bbonblryto ponb UrpaeT 3/1eCh TaKkKe BETMUMHA PELIETOYHON

https://doi.org/10.56143/2181-2438-2025-3-76-78

YaCTH SHTPOIHMU Sp, KOTOpas CHJIBHO BO3pacTaeT MpH
HAarpeBaHHHW, BCJICICTBHE YEro MAarHUTHBIE OXJIAJHUTENIH,
HCHOJIb3YIOLINE B KayecTBe paboyHX Tell MapaMarHeTHKH,
spisitoress  HeaddexktmBapiMu  mpu T>20 K. Ilpm
MOBBILICHHBIX TeMIeparypax oOojiee 3(P(eKTHBHLIME
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KauecTBEe PabOuUX TEl ABIAIOTCS MarHUTOYNOPSJOUEHHBIE
BEIIIECTBA, B KOTOPBIX BO3HUKAIOT Oonbume MKD B obmacti
MarHUTHEIX (a30BEIX IIepexoZoB. B mocrmemnme rombl
MpOSIBISIETCS. HMHTEPEC K CO3JAHMI0 HOBBIX  THUIIOB
MarHUTHBIX XOJOAMIBHEIX MantiH (MXM), ocHOBaHHBIX Ha
ucnons3oBanud MKD. IIpu 3ToM B kauecTBe pabouux Tem
TIPeATaracTcsi UCIOIb30BaTh PEIKO3EMETbHBIE MarHETHKH,
criaBbl [eiiciepa, apceHua mMaprania MnAs, coeTuHEHUs
Gds(Si2Ge2), RCo2, La(Fe,Si)i3 u np., obGmagaroriue
6ompmM MKD ¥ M3MeHEHHEM MAarHUTHOH SHTPOIMH B
YIOOHBIX 11 paboOTBl TAakMX MAIIMH HHTEpBajax
Temmneparyp [9, 11].

4. 3akjoyenue

B oxnoit u3 koHCcTpyKImMit MXM TBepaoe pabodee Teao
- MarHeTWK IIMKJIMYECKH  IEepPeMelaeTcsi  MEeXIy
NMPUEMHUKOM M HMCTOYHHKOM TEIUIOTHI  (OXJIQXKACHHBIM
tenom) [10, 12]. B 30He CHIBHOTO MArHUTHOTO IOJIS
pabodee TelNO W3OTEPMUYECKH HAMarHMYMBACTCS, a
TEIJI0Ta, KOTOpast BBIAEIIETCS B paboueM Telle BCIEACTBUE
MKD, mnepemaeTcs NpHEMHHKY TEIUIOTHL. B 30He, Tae
MarHUTHOE  TIOJI€  OTCYTICTByeT,  pabodee  Telo
pa3sMarHUYMBAaceTCs,  BCIEGACTBHE  YEro  TeMIepaTypa
pabodero Tena CHIKAETCS M eMy IepefaeTcsl TeIuoTa OT
HUCTOYHUKA TeIUIOTHl - oxJaxjgaemoro Tena. Ilocie
YCTaHOBJEHHSI PAaBHOBECHS IMKJI IIOBTOpSIETCA. Takum
obpazom, MKD ob6ecnieunBaer paboTy MarHHUTOTEILIOBOTO
Hacoca, KOTOPBIH «OTKaYMBAeT» TEIUIO OT OXJIAXKIAaeMOTO
tena [13, 17]. /[pyroi NepCHEeKTHBHBIA MOJIEIBIO
MAarHUTHOM XOJOAUIBLHON MAUIMHOMN SBISETCSI yCTPONUCTBO,
Tzie 9epe3 001acTh, B KOTOPOH CO3[]aHO CHIIBHOE MarHUTHOE
T0JIe, TPOM3BOIUTCSI MTPOKAYKA KUAKOCTH C HATIOJTHUTEIIEM
B BHJI€ MarHUTHBIX YacTHI] ¢ 6opmm MKD.
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