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Abstract:

Keywords:

Magnetocaloric materials based on manganese pnictides

U.T. Berdiev®?, U.B. Suloymonov'®P?, F.F. Hasanov!
Tashkent state transport university, Tashkent, Uzbekistan

The article examines magnetocaloric materials based on manganese pnictides. Analysis of experimental
data showed that the obtained data on the adiabatic change in temperature and the isothermal change in
entropy are not always reliable. In the circuits, in the zone where there is no magnetic field, the working
body is demagnetized, as a result of which the temperature of the working body decreases and heat is
transferred to it from the heat source - the cooled body. After the establishment of temperature
equilibrium, the cycle is repeated.

Magnetic-caloric effect, isothermal, working surface cooling, magnetic, phase transitions, heat capacity,
crystal, Heusler alloys, density.

Annotatsiya:

Marganets pniktidlari asosidagi magnitokalorik materiallar

Berdiyev U.T.}®2 Suloymonov O¢.B.}®°, Hasanov F.F.
1Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Magqolada marganets pniktidlari asosidagi magnitokalorik materiallar ko‘rib chiqilgan. Eksperimental
ma’lumotlar tahlili shuni ko‘rsatdiki, haroratning adiabatik o‘zgarishi va entropiyaning izotermik
o‘zgarishi bo‘yicha olingan ma’lumotlar har doim ham ishonchli emas. Sxemalarda magnit maydon
bo‘lmagan zonada ishchi jism magnitsizlanadi, buning natijasida ishchi jismning temperaturasi pasayadi
va unga issiglik manbai - sovitilayotgan jismdan issiglik uzatiladi. Temperaturalar muvozanati
o‘rnatilgandan so‘ng, sikl takrorlanadi.

Kalit so‘zlar: Magnitokalorik effekt, izotermik, ishchi yuzasi sovitish, magnit, fazaviy o‘tishlar, issiglik sig‘imi,
kristall, Heusler qotishmalari, zichlik
1. Kirish
Xona harorati oralig’ida ishlaydigan sodda, ekologik effektiga ega bo‘lgan texnologiyani ishlab chiqgish
xavfsiz, energiya tejamkor va yugori ishonchli sovutgichni mumekinligini tahlil gilinadi.
yaratish hozirgi kunda nihoyatda dolzarbdir. Bu hozirda Mazkur ishda marganets pniktidlari  asosidagi
ishlayotgan sovutish tizimlariga nisbatan bir gator jiddiy qotishmalarda  magnit-struktura  fazaviy  o‘tishlarini

e’tirozlar bilan bog‘liq. Ma’lumki, xususan, hozirgi vaqtda
ishlatilayotgan sovutish tizimlaridan foydalanishda ozon
gatlamining yemirilishi va global isish kabi jiddiy ekologik
muammolarni  keltirib  chigaradigan ishchi gazlarning
(xladagentlarning) sizib chigishi mumkin [4]. Sowvutish
qurilmalarida qo‘llanilishi mumkin bo‘lgan turli xil muqobil
texnologiyalar orasida magnit-kalorik effekt (MKE) ga
asoslangan magnit sovutish texnologiyasi butun dunyo
bo‘ylab tadgiqotchilarning e’tiborini tobora ko‘proq jalb
gilmoqda [1, 3].

2. Tadgigot metodologiyasi

Bug‘-gaz aralashmalari o‘rniga ishchi suyuqlik sifatida
marganets arsenidiga asoslangan gattiq fazali kompozitdan
foydalanish, muzlatgichning texnologik sxemasini saglagan
holda, fazaviy o‘tish vaqtida yuqori magnit-kaloriya
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o‘rganish ko’zda tutilgan [2, 3]. SHu munosabat bilan
issiglik sig‘imi va magnitlanishni o‘rganish orqali optimal
faza tarkibi va gisterezis kengligini o‘rnatish uchun MnAs
(Marganets arsenid) birikmalarining magnit maydonlarida
magnitokaloriya xususiyatlarini o‘rganish taklif etiladi.

Magnit maydon ta’sirida paydo bo‘ladigan magnit-
kalorik effektni (MKE) o‘rganish dolzarb vazifa bo‘lib,
so‘nggi yillarda katta qiziqish uyg‘otmoqda [3, 4].

MKE magnit faza o‘tishlari hududida eng katta qiymatga
yetadi. MKE tadgiqotlariga bo‘lgan qiziqish magnit sovutish
mashinalarini  yaratish uchun yugori MKEga ega
materiallarga bo‘lgan ehtiyoj bilan ham qo‘llab-
quvvatlanadi. Yugori MKEga ega materiallar alohida
qizigish uyg‘otadi. Bunday materiallarga Gd5(Si2Ge2),
FeMnAsP, Heusler gotishmalari va boshga magnit
materiallar, shuningdek MnAs birikmalari kiradi [2, 5].
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Magnit sovitish texnologiyasi — magnit maydon ta’siri
ostida har qanday magnit material o‘zining temperaturasini
va entropiyasini o‘zgartirish xususiyatlariga asoslangan,
ya’'ni ananaviy sovutish qurilmalaridagi gaz yoki parning
siqilishi yoki kengayishida yuz bergani kabi [3, 6].

Magnit material temperaturasining o‘zgarishi magnit
material ichki eneregiyasining gayta tagsimlanishi natijasida
uning atomlari va kristal panjaralari magnit momentining
tizimlari oralig’ida yuzaga keladi. MKE o‘zining
maksimal giymatiga magnit tartiblangan materiallarda
yuzaga keladi, bunday materiallarga ferromagnetiklar,
antiferromagnetiklar va boshqalar, magnit faza o‘tishlarda
(magnit tartibga solish temperaturalarida — Kyuri, Neelya)
ega bo‘ladi [7, 8, 10].

Magnit sovutiladigan jihozlarning asosiy afzalligi, par
yoki gazning zichligi bilan taggoslaganda dattiq yuzali
materialning zichligi yuqori hisoblanadi. Entropiyaning
o‘zgarishi gazga nisbatan qattiq magnit materiallarning
birlik hajmiga nisbatan 7 marta yuqori bo‘ladi. Bu juda
ixcham, ishchi yuza sifatida magnit materialdan foydalanib,
sovutish qurilmasini tayyorlash imkonini beradi [7, 9].
Magnitning o°zining ishchi yuzasi, ananaviy sovutish
qurilmalarida  qo‘llaniluvchi ~ par  gazli  sovutish
qurilmasining xlodogenti analogi vazifasini bajaradi, va
magnitlanish va magnitsizlanish jarayoni sigilish va
cho‘zilish davrining analogi bo‘ladi. Magnit-kalorik effekt
(MKE) magnit maydon mavjud bo‘lganda adiabatik qobiqda
joylashgan magnitda qgaytuvchanlik hodisasiga asosan
issiglikning yutilishi yoki chiqishida o‘zini namoyon qiladi
[4, 6, 8].

Issiq va sovuq issiglik almashinuvchilari

Doimiy magnit

Magnit kukunli g'ildirak

Magnito'tkazgich

Magnit muzlatgichning ishlash

1-rasm. Magnit maydon mavjud bo‘lganda adiabatik
gobiqda joylashgan magnitda magnit-kalorik effekt
(MKE)ni gqaytuvchanlik hodisasiga tekshirishning
texnologik sxemasi

Magnit sovutgich konstruksiyasi shunday yaratilganki,
g‘ildirak magnit maydon to‘plangan magnitning ishchi
oralig’i orqali aylanadi. Gadoliniyli segment magnit
maydonga kirganda, gadoliniyda magnitokalorik effekt
paydo bo‘ladi va u qiziydi [4, 8]. Bu issiglik suv bilan
sovutilgan issiglik almashtirgich tomonidan chiqariladi.
Gadoliniy magnit maydon zonasini tark etganda esa, teskari
effekt magnitokalorik ta’sir paydo bo‘ladi va material yana
sovutiladi, issiglik almashtirgichni uning ichida aylanib
yuradigan ikkinchi suv ogimi bilan sovutiladi. Bu ogim
aslida magnit sovutgichning sovutgich kamerasini sovutish
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uchun ishlatiladi. Bunday qurilma ixcham bo‘lib, deyarli
shovqunsiz va tebranishsiz ishlaydi, bu uni bugungi kunda
ishlatiladigan bug‘-gazli sovutgichlardan ajralib turadigan
jihati hisoblanadi [4, 9].

3. Xulosa

Magnit sovutgichlarni qo’llash asosida bug*-sigish
sovutgichlaridan 20-30 foiz ko‘proq energiya tejaydi. Ozon
gatlamini yemiruvchi va issigxona kimyoviy moddalari
butunlay yo‘q gilinadi, magnitli sovutgich ekologik toza
texnologiyaga asoslanadi. Bu texnologiyadan foydalanish
natijasida transport tizimlari yetakchi korxonalarining ishlab
chiqish jarayonlarida qo‘llash imkoniyatiga ega bo‘ladi
(vagon refrejeratorlarda, avtomobil transportlarining
sovutish tizimlarida, maxsulotlarni saglash
omborxonalarida).

Foydalangan
References

[1] Gschneidner K. A. The Magnetocaloric Effect,
Magnetic  Refrigeration and Ductile Intermetallic
Compounds. Acta Materialia, 2009, vol. 57, pp.18-28. Doi:
10.1016/j.actamat.2008.08.048

[2] 2.V. l. Mitsiuka, *, A. L. Zheludkevicha, V. I.
Val’kovb, f, A. V. Golovchanb, A. S. Kuznetsovc, A. V.
Mashirove, S. G. Anikeevd, U. Berdyeve, and T. M.
TkachenkoMagnetic and Magnetocaloric Characteristics of
Mixed Manganese Pnictides. Physics of Metals and
Metallography, 2025, No. 9, pp. 1017-1021.

[3] 3. Mityuk V.I, Rimskii G.S., Val’kov V.,
Golovchan A.V., Mashirov AV., Koledov V.V. Low
Temperature Features of the Magnetic and Magnetocaloric
Properties of the Mn1—xCoxNiGe System (0.05<x<0.4) //
Physics of Metals and Metallography. 2022. V. 123. P. 386-
391

[4] 4. Bepmues VY. T., Xacanos ®. ., Kapumes K. T.,
CynaiimoHoB VY. b.,

[5] Muriok B. n. HUccnenosanue
MarHeTokanopuieckoro 3¢ dekra B Manranurax. Boza. I'a3.
Temno. 2025, Marepuanbl MEXIyHApOJHOM Hay4dyHO-
TeXHH4YecKor KoHpepeHun 15—16 mas 2025 roga MuHCK
BHTY.

[6] 5.Mitsiuk V. I, Pankratov N. Yu., Govor G. A,
Nikitin S. A. Magnetostructural phase transitions in
manganese arsenide single crystals // Physics of the Solid
State. 2012. V. 54. 1988-1995.

[7] 6.Val’kov V.1, Kamenev V.1, Golovchan A.V.,
Gribanov I.F., Koledov V.V., Shavrov V.G., Mitsiuk V.I.,
Duda P. Magnetic and magnetocaloric effects in systems
with reverse first-order transitions // Physics of the Solid
State. 2021. T. 63. Ne. 12. C. 1889-1899.

[8] 7.Mitsiuk V.I., Zhaludkevich A.L., Val’kov V.I
Golovchan A.V., Mashirov A.V., Anikeev S. G., Pikula T.,
Tkachenka T.M. Magnetocaloric Effect of Zn-Containing
Manganese Pnyctides. // Physics of Metals and
Metallography. 2024. V. 125. P. 1838-1844.

[9] 8.Mitsiuk V.I., Gurbanovich A.V., Gurbanovich
An.V., Tkachenka T.M., Valkov V.l., Golovchan A.V.,
Mashirov A., Surowiec Z. Magnetic and Magnetocaloric
Characteristics of the Mn1.9Cu0.1Sb Alloy. // Journal of

adabiyotlar /

https://doi.org/10.56143/2181-2438-2026-1-147-149



Journal of Transport ISSN: 2181-2438 Volume:3|lIssue:1|2026

Communications Technology and Electronics 2023. Vol. 68. U.B. Toshkent davlat transport
P 431-435. Suloymonov  universiteti “Elektrotexnika”
[10] 9Mitsiuk V.I, Govor G.A., Budzynski M. kafedrasi, assistent
Reversible Phase transitions and magnetocaloric effect in E-mail:
MnAs, MnAs0.99P0.01, and MnAs0.98P0.02 single crystals utkirbeksulaymonov1995@gmail.c
/l Inorg. Mater. 2013. V. 49 P. 14-17. om
https://orcid.org/0009-0006-5488-
. Crbulal ’ 302
Mualhﬂa_r to g risida ma’lumot/ F.F. Hasanov  Toshkent davlat transport
Information about the authors universiteti “Elektrotexnika”
kafedrasi, Phd dotsent
U.T. Berdiev  Toshkent davlat transport E-mail:
universiteti “Elektrotexnika” fozilhasanov777@gmail.com

kafedrasi t.f.n., prof

E-mail: berdiev1962@inbox.ru
https://orcid.org/0000-0003-3513-
049X

149 March, 2026
https://doi.org/10.56143/2181-2438-2026-1-147-149 Research, Innovation, Results



mailto:berdiev1962@inbox.ru
https://orcid.org/0000-0003-3513-049X
https://orcid.org/0000-0003-3513-049X
mailto:utkirbeksulaymonov1995@gmail.com
mailto:utkirbeksulaymonov1995@gmail.com
https://orcid.org/0009-0006-5488-302
https://orcid.org/0009-0006-5488-302
mailto:fozilhasanov777@gmail.com

Journal of Transport ISSN: 2181-2438 Volume:3|Issue:1|2026

U. Berdiev, U. Suloymonov, F. Hasanov
Magnetocaloric materials based on manganese pnictides............147

Z. Adilova, S. Asenova
Developing a hybrid framework for intermodal planning: an
integrated statistical and operational model applied to

Uzbekistan ............ccooo i e e e e e e e e e e .. 100
F. Hasanov

Energy efficiency of electric motors based on magnetically soft
materialS..........c.cco oot e e n .. 106

VITAYVANIAA / LXHAINOD

Research, Innovation, Results jot.tstu.uz




