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E- mai I : ab_foJa[Xdir-o""v@.naiLtu

Annoraqus. tr4:noxena reopr{f, MarHrzroKzl[opr4qecKoro :@Qexra n xy6uuecxoM, oAHoocHoM

u nonuKpr4craJrJrlrqecKou $eppollarHeruKax c )^IeroM BpauIeHH{ HaMarHI4qeHHocrH. O6cyx4eHsI

BOrrpocbr co3AaHr4r HoBbIX XOJrOAr.rnbHbrx MarrrHH, r4cnonb3ylouHx MarHuToKzL]]opnqecKufi :QQexr.
K,rroqeesre cJroBa: BpatrleHr4e BeKTopa HaMarHrMeHHocru, ToHKHe MafHI4THbIe nl€luox,

MarHr4ToynoprAorteHHble KpltcTallne, HeyIIoptloqeHHbIe MafHeTHKH.

MarneronoJr opr.rK o rpQexr dpAanr uA a s Hrr.r rypA arn M arHurJI I{ coByrl,Iul
MalrrHHaJIapI{HH gpaTI{IX

Annotasiya. Maqolada magnitokalorik effektini kubik, bir o'qli va polikristall fenomagnit

materiallarda magnitlanishni aylanishini liisobga olib, nazariy jihatdan bayor-r etilgan. shuningdek

magnitokalorik effektdan foydalanib, yangi turdagi sovitish mashinalarini ishlash jarayoni taklif
etilgan.

Kalitli so'zlar: magnitlanish vektorining aylanishi, yupqa qatlamli magnitli qoplamalar,

tartibli magnit kristallar, notartibli magnitiklar.

With the

Abstract. We
into account rotation
refrigerators.

Keywords: rotation of magnitizability vector, thin magnetic film, magneto-ordered crystal,

disordered magnets.

Marsuroxanopuuecxufi sQ$exr (MK3) 3aKmoqaerct B Il3MeHeHnu reMneparypbl

MarHHTHoro o6pa:ua ltpra r43MeHeHuH HaJIox{eHHoro Ha Hero BHeIrIHero MarHurHoro uolr. flpu-
quHoi sroro aQQeKTa tBJlterct I{3MeHeHI4e MarHHTHoro cocrogH}Iq BeilIecrBa II' cJIeAoBareJIbHo, ero

aHyrpeHnefi 3HeprHr4. MK3 e napaMarHerr,rKax yxe HaIITeJI llrllpoKoe rIpI4MeHeHIte B rexHHKe

KprroreHHbrx reMneparyp, B To BpeMr KaK vccleAoBaHue MK3 z ero IIpaKTI{qecKoe [pLtMeHeHI4e B

Q eppo u SepprartlarHeruKax rp e6yror Aansseft ruero pa3Blrrl4t.

tr4:trepeuue MK3 e MarHuroyrropqAoqeHHbrx BeruecrBax Moxer tlpoBoAurr,c.fl ilpu AByx

ilpHHIII4nI4IIIIbHO pa3IIUr{HLIX yCIIOBI'{'X :

- rrpH H3MeHeHrrH Halp{xeHHocTr{ MafHHTHoro IIOJIT oe3 U3MeHeHU.s ero OpIIeHTaIIHH

orHocHTeJrbHo o6pa:qa;
- BparqeHHH MafHHTHOfO froJrg OTHOClrreJrbHo Br,r.4eneHHblx HallpaBneuuil n o6pa:ue.
B lepaolr c[]^{ae .qn.[ r43orpor]Horo o6pa:ua xapaKTepHo H3MeHeHue o6nteusofi 3Hepr]rH, Bo

BTopoM - fi3MeHeHue 3HeprlIH uaruuruofr aHu3orponnu.
B nocreAHlze foAbr o6ocHoeaHa IIepcneKTI4BHocrL co3AaHllg HoBbIX TltIIoB xorlo.IlltrbHr'Ix

Matr11rH, Hcrrorrb3y]oqux MK3 a QeppolaarHerl4Kax [1]. 3ro trpex<4e Bcero cBt3aHo c AocrrlxeHt4flMt4

s o6racru Susuru rBepAoro rena.
OAHH rzs rr4noB naarnurHofi xoJroAunbHofr lraurunrt npeAnoxeH z l2;3). @epponaaruurHoe

pa6ovee reJro rlr4KnlrqecKr{ nepeMeruaercq Mexly npveMHHKoM I4, HcrorlHI,IKoM Te[JIorbI B

Heo.[HopoAHoM MafHHTHoM rroJre. B 3oHe cl4JrbHoro MarHHTHoro I]oJIt oHo H3orepMurlecKu

HaMarHHr{r{Baerct, }i Bbr,{eJreHHar rerrrlora [epe.[acrct rIpHeMHHKy. B soHe cla6oro MarHHTHolo

noJrr BcneAcTBue pa3MarH]'1{r]IBAHt4flTeJrO OXJraXAaeTCfl, H eMy [epeAaeTcq Te[JIoTa or ucroqnuxa. B

KaqecrBe pa6overo rela 6r,r,r HcnoJrb3oBaH Mera,Ilrlu.{ecxHfi rarovuuuit. MK3 B raroJruHlrr

.{ocrrrraer 14 K npra BKnror{eHu}r MarHurHoro no:rs H : 70 x3 npu reMneparype Kroprz 293 K.

help of the magnetic and caloric effect to create new fypes of magnetic
refrigerating machines

present the theory of the cubic, uniaxial and polycrystallic ferromagnetics taken
of magnetic moment. We discussed questiorr of the creating new tnagnetic
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I4cnom,soeaHHe fa.{oJII4HILfl B B03BparHo-rlocrynareJrbHoI MalrnHe o6ecneqzno rpaArzeHT
reuneparyp 46 K.

Irlccregoeaul{e BKJIaAa BpaqeHu-s HaMafHI{rreHHocrH s MK3 no3BoJrnJro c$opuylupoears
HosLIfr ilpllHuun MarHHTHofo oxJraxAeHnr. Paccvorpntr xovnoguquounr,rft SepporrlarHerrax,
BbIfIOTIHeHHStft UZ nap 6roxoe, r4Meloulufi HaMarHr4qeHHocTIz Mp M2 I4 KOHCTaHTU O.{HOOCHOfi

aHll3orponuu R1 uR2 pa3Hbrx 3HaKoB [4-7]. MoxHo noKa3arb, rrro Bpauarcrrlufi troueur raKofo
KoMrIo3HTa Bo BHeIUHeM MafHrrrHoM rIoJIe HanpflxeHHocrbro H uMeer suq,.

L:(k{1+ k2v)sin2a+(ry 1t|!zfin!q. (l)- L'"----y , M, Mz, H .

rge V 1 v Vz 
- 

cyMMapHble o6reutt 6:roxoe; f - )Ton MexAy HanpflxeHHocrr,Io MafHHrHoro
rIoJIt z oAuofr tts ocefi JlerKoro HaMarHHrIHBasus. Alua6aruqecxoe H3MeHeHVe reMnepar)?br rrpr4

noBopore SepporuaruerlrKa B MarHrrrHoM noJre Ha yron Ar.
T AI

A1 = -;;AQ, (2)

Ouenu4uo, qro [oJIHoe H3MeHeHI4e reMrreparypbr AT 3a rrepr4oA BpauleHu-s
KoMrIo3I4IIIroHHoro SeppolrarueTl4Ka B rrocTo.rrHHoM MarHuTHoM none paBHo Hy,qrc. OAsaxo ecJTr4 ero
BpailIeHLIe npolzcxoAl4T B MeH.rlrc[reMc.rr rro aMnnI4TyAe MaTHHTHoM frorre, To Ain voxer 6trrt ouuqen
or Hynt. B qacrnocrv, ecrLr HarrprxeHHocrr, MarHXTHoro rroJr.fi MeHrerc.fl or Hr Io H2 rrpv
Bpau{eHr.rz pa6overo rena Ha yron

d I 4, to rroJrHoe H3MeHeHrze reMrreparypr,r 3a neplroA 6yaer

^. 
_"-* [2k :vl | 2k2v2 d?z k4v1 dMa k22v2 dM2l / L I \ , 1\

vr -L I t-LMt Mz dr Mr dr Mz drJ .Hr H/' (r'
B :asucul,{ocrl4 or BeJIHquH KoHcraHTMarHurHofi aHlr3omonnn. HaMarHr4qegHocrefi u nx

rrpou3Bo.qHbrx rroreMrreparype, a raKxe or 3HaKa pa3Hocrrr (; -;)n1 n)
HaIpeBaHr4e r.rJrr.I oxla)KAeHne TeJra.

MO)KHO nonyrHTb

Creraent oueHKu I{3MeHeHHt reMneparyprr pa6overo reJra 3a pa6ouero reJra 3a nephoA.

Mp^ ^1O+Tr 
dkt2 

-L}3zpr 
dMt,z 

- n a-'l fc 1g7"'
r,2'- '., d.r cm3K, dr = 10-tF, ,-ffi, H-1.032, T-103K, dT =

L0-2 K,
IITO B AaHHOM MaIHHTHOM rroJie rIO IIOpgIKy BenHr{HHbt cooTBeTcTByeT

MarHHToKiuIopHr{ecKoMy eoQerry, cBt3aHHoMy c H3MeHeHIIeM ruarnurnoli qacTr4 3HTponHU
I43orpolHofo o6parua [pl{ HaMarHvrrvrBanvfir. Cyruecrneuuofi oco6esHocrbro srofi xoro.qu.nr,uoft
MaIIrI,IHbr flB rrfler c s. HenpepblBH o e oxnax(AeHu e p a6 ov ero rel a.

Hau6o,ree 6rnrsKrM K rlpnJroxeHlrr4 flwrnercfl. pa6ouee reJro MarHHTHofi xonoAu,'rluoii nraullrrsr,
BbIIIoJIHeHHoe II3 aHl{3orporlHofo Qepporuaruemxa. Awta6arwtecxoe oxJraKAeHHe B raHHoM cJryqae

ocylrlecrBJurercr He pa3MarHr.rqr.{BaHr{eM Qeppouanrvnara, a BparrreHueM MarHr{THoro MoMeHTa or
Ha[paB]reHafl ocl4 nerKofo HaMarHr.rrmBaHur (OJIH) K HanpaBlTeHr{ro oca rpy4rofo HurMrrfHr.Frr{BaHu-fl,

Koropoe Moxer 6rrrs pea,uasoBaHo BpaqeHraen QepporrazlrHerr.rKa B orHopoAHoM MarHr4rHoM nole[7].

flocran,reHnaq IIeJIb rocrl{raercg reM, r{To pa6ouee reJro v3 aHlr3orponHoro

SepponrarneruKa BbrrroJrHeHo B BuAe nuorocrofiHofi crpyrrypbr c MarHurnofi noeepxHocruofr
aHr{3orponHeil xaxgoro a3 cnoeB.

Ha puc.1. noKasaHHonpuHrrrr pa6orrr pa6ouero re,'ro. Pa6o.ree reno irpe.qcraBnqer co6ofi
ua6op cnoeB aHl43orponHofo $eppouarHeruKa, Kax.[si.r uz Korop],rx o6ra4aer nonepxHocruofi
aHH3orponuefi. Pa6o.{ee reno Bparuaerc.rr B oIHopoIH_oM MarHrrrHoM rrorre, Harrprx{eHHocrEro H. llprz
floBopore pa6ouero reJla Ha yfoJr or ry:0 ao V = ; HaA Hr4M coBeprxaercn pa6ora Ha BpanIeHHe

MarHnrHoro MoMeHTa or ocu JlerKoro HaMafHHr{r{BaHur (e [JrocKocr]r n,renxz) K ocr4 lDy,[Hofo
HaMafHrrr{uBanra-a (uopnrilrlb K nJrocKocru rrJreuKu), uro B coorBercrBrzu c pe3yrrbraraMu npvBoAt4T K

oxJraxAeHuro pa6ouero reila kr za6upauuto rerrla or HcrolrHuxa 4. llpu noBopore pa6ouero reJra Ha

yfon oT V:;Ao V= Tt cr4TyA:]Mt [poTlIBoIIono)KHa.f, l] BLI.qeJIHB[Ieect TeilJIo nepeAaeTcfl

rennoo6uennnxy 5. [a:ree uHKJr rroBTo pfl,ercn.
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Puc.1. IIpuHun pa6orrr pa6ouero relo Puc.2 Telrneparypuoil 3aBrzcvrMocrb
HA MAIHHTHOIO IIOJI'.

Bulu nprlroroBJreHr,r rrrreHKH HHKeJrr roluluHofi I 000-3 0000A . floA:roxx aMH flBnflrrr4cr,
fuIacTuHKH cnIoAbI t\ oKclua MalHug,.

Ha puc.2. rIoKa3aHHo 3KcrIpeMeHTzLIIHbIe KpHBr,re, TeMneparypHHX 3aBiisriMocrb Ha

MA|HHTHOIO I]OJI'.
tr{:ruepeul.t-x reMneparypbl npoBoAunucb npr.{ HaMarHI4rlrBaHuH c rroMox{bro rrJreHor{HF,rx

TepNIOAaTTIUKOB H3 ATiOKCTIAa BAHailI"jfl, HaHOClrMbrX Ha nOBepXHOCTH trJreHKU r.r rO.4JrO)KKr4.

MK3 npu HanpaBneHr.Ir{ MafHHTHofo rroJrg HopManbHo K nJrocKocrr{ rrJreHKrr.

llolyveHHrre pe3ynbrarbr corrracylorcr c rtpeArroxeHHeM o BKna.qe nonepxHocruofi
aHhsorponnu e MK?.

Pa6o.Iee re!'Io MarHHruofr xo,loAunurofr MarunHbr n3 aHa3orpofrHofo cpeppolrarHeruxa,
orrHr{arcueec.fl TeM,lITo c ueJrbro cHr{x(eHrrt 3Hepro3arpar oHo BLIiloJIHeHo B BHAe N.rHoroc,'rofrHoil
crpyKrypbr c MarHrrrHori noeepxHocrHofi aHu3orpont,tefr xaxloro r43 cnoeB.

Taxurr o6pa:olr, MoxHo cAeJlarb cnerylouue Br,rBoAF,r:

- IzccJIeAoBaH MarHuroKaropfirrecKuil sQ{exr B MarHuToynopr.4oqeHHbrx MoHoKpt4crarrJrax
c yaleToM rrpoqeccoB BpaueHHr HaMarHHqeHHocTr4;

- ilonyqeHo BllpaxeHze Enfl MarHHToKaJropuqecKoro :QQerra I rlepporuarHuTHoM
rroflrrKpl{cTaJrIe, xopouro orrHcbrBaroilIee 3KcnepnMeHTaJrbHbre pe3ynbTaTr,r;

- npe.qno)Ken Hoerifi rrpuHuhn pa6oru lrarulrrnofi xoJroluJ]r,Hoii ruauruuu, pa6ouuv reJroM
roropofr tBrlserc{ KoMno3ilIluouusril SeppoMafHervK c B3aHMHo fleprreHnrzKyn-rrpHr,rMu ocrMrr
rlefxoro HaMarHHqHBaHLr.s. OxlaxAeHpIe pa6ouero reJra peanu3yercs npr4 ero BpauIeHHH B

crzHxp oHHo H3MeHttoIIeMc.rI IIo aMIIJIHTyAe BHeTUHeM Maf HHTHOM IIOJIe.
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