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EopKa C., foH'Iapoe Yl.H., Xyxapeea H.C. P8 - 10891 
3aBHC"MOCTb OT TeMrr;c,paTypbl H MBrHHTHOrO IIOITSI CHIT 

38UeiJITeHHSI BHXpeA I1pH H3MeHeHHH je B WHpOKHX npeaeiTBX 

npaKTH'IeCKH BO BCeli 06ITaCTH CyWeC TBOBBHH Sl C "elllaHHOrO COCTOSIHH 5! 

HCCITenoaaHo rroaeneHue CHITW ITHHHHHra xoiToaHoae¢opMHpoaaHHWX neHT H3 

Nb-80%Zr npH pa3ITH'IHbiX yriTax o MelKay nnocKOCTb!O o6paaua H Hanpaane

HHeM MarHHTHoro rrOITll ( ecerna y l H ) . 
CHITbHaSI yriTOBaSI aaaHCH,tOCTb KpHTH'IeCKoro ToKa noaaonuna KOHTpo

ITHpoeaHHhiM o6pa30M MeHSITb cuny IIHHHHHra Fe B WHpOKHX npeneiTaX. 1!3y-

"'eH nepexon or KpHBhiX Fe (h) I t.o c rrHKOM a6nuau He2 K KynoiToo6paa-

HhiM KpHBbiM, oree'laJOWHM MBIIbiM yrnaM 6. HaiineHhi re~meparypHhre aaaH

CHMOCTH CHIT IIHHHHHJ:'8, npH 06cylKaeHHH peaynbT8TOB npeanonaranOCb, 'ITO 

H3MeHeHHe ¢opMhi Fe (h ) t,</J rrpu H3MeHeHHH yriTa 0 CBSI3aHo ~ nepexo-

noM OT "peWeTO'IHOrO" I1pH6ITHlKeHHSI (a cpeaHHX MBI"'HHTHhlX IIOITS!X) K 

'lKHUKOCTHOMy", 

Pa6ora BbiiTOITHeHa a fla6oparopHK BbiCOKHX 3HeprKli OH 5H1. 

llpenpBHT 06-..euaeaaoro BBCTBTyTa •.11epawx accne.llOB&BBI . .l{y6Ha 1977 

Borka S., Gontcharov I. N., Khukhareva I. S. P8 - 10891 
Dependence of Pinning Force on Temperature 
and- Magnetic Field Forces at Changing Fe 
in a 1-;ide Range 

The macroscopic volume pinning force Fcof the cold
rolled Nb-80% Zr strips was investigated at several angles 
between the sample plane and H (always J.J. H ) , It was 
possible to change Fe in a wide range due to the strong 
angle dependence of jc Apractically continuous transi-
tion from the Fe (h)l t.</> curves with the peak near Hc 2 (small 
le ) to cupola-shape curves (high lc. o ~ 0 ) was observed 

The temperature dependence of pinning forces was found at 
fixed angles anrl h . It was suggested that the change of 
the Fe(h)l 1 .¢> curves shape at different angles is caused 
by transit1on from the "lattice" approximation (at middle 
h) to the "liquid" one. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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© 1977 061oel)uHeHHWU UHC•u•y• A()epHWX UCCAe()06QHUUJ{y6Ha 

BBE;:(EHHE 

B HacTO.Rll\ee apeMH npe.IJ.cTaBJI.ReTcH .IJ.OCTaTO'IHO Ba)I(

HhiM nocTpoeuue Teopuu, KOTopa.R onuchmana fihi oco6eu

HOCTH 3auenneHH.R /nHHHHHra/ BHXpeBhiX HHTeH /BH/ B 

CBepxnpOBO,II.HHKaX BTOpOrO po,II.a B CJiyqae .IJ.OCTaTO'iHO KOH

UeHTpHpOBaHHOH CHCTeMhl llHHHHHr- UeHTpOB /fllV, xapaKTe

pH3YIOU\HXCH TeM, 'ITO CHJihl B3aHMO,II.eHCTBHH Me)I(.IJ.Y HHMH 

u BH ue MaJihi no cpaaueHHIO c cunaMH ynpyroro B3aHMO

,II.eHCTBHH Me)I(.IJ.Y BHXp.RMH /a OTJIH'iHe OT CHTyaUHH, Hanpu

Mep, paccMoTpeuuoii a I 11 I. )l.ns BhiHBJieHHH TaKHX oco6eu

HOCTeH )l(eJiaTeJihHO llpOBO.D.HTh H3MepeHHH 3aBHCHMOCTH 

CHJihl llHHHHHra OT MarHHTHOrO llOJIH H TeMnepaTyphl B ycno

BHHX, KOr,II.a napaMeTpbl CHCTeMbl llHHHHHr-ueHTpOB MeHH

IOTCH, a ~YH.IJ.aMeHTaJibHhle CBOHCTBa o6pa3UOB OCTaiOTCH 

HeH3MeHHblMH. 

U.eJihiO uacTOHU\eH pa6oThi 6hiJIO npoae,II.euue TaKoro 

po.D.a H3Mepeuuii ua o6pa3uax c 6oJihlllHM 3Ha'ieHHeM napa

MeTpa Teopuu I'HH36ypra-JlaH.D.ay I K- 50/. ,l].ns H3MeHeHHH 

06'beMHOH CHJihl llHHHHHra B lllHpOKHX npe,II.eJiaX Mhl BOCllOJih-

30BaJIHCh TeM OfiCTOHTeJihCTBOM, 'ITO B XOJIO,II.HO- ,II.e~OpMHPO
BaHHhiX llJIOCKHX JieHTaX ofipa3yeTCH CHJihHO aHH30TpOUHaH 

CHCTeMa llHHHHHryiOU\HX rpaHHU .IJ.HCJIOKaUHOHHhiX H'ieeK, 

TaK 'ITO npH H3MeHeHHH yrJia Me)I(.IJ.Y MarHHTHhiM llOJieM 

H llJIOCKOCThiO npoKaTKH KpHTH'ieCKHH TOK MeH.ReTC.R BO 

MHoro pa3. 

IIOCTAHOBKA 3KCIIEPHMEHTA 
H PE3YJibTATbl 

06pa3Uhl npe.IJ.CTaBJIHJIH co6oii neHTO'iKH H3 cnnaaa 

Nb-80,5%Zr,BMeJOIUBe nonepe'iHoe ce'ieHue 0,05 x l ..w..w2. 
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Ouu 6wrru norryqeuw nyTeM xorroAHO~ npoKaTKH uurrHHApa 

AHaMeTpOM 6 MM, BbiTO<JeHHOrO H3 CITHTKa, DOABepraarue

rOCH AITH rOMOreHH3aQHH HeCKOITbKHM nepenrraBKaM .; 

06pa3QW HMerrH Tc=7,88 K, Hc2 (2K) = 112 K3. 
3rreKTpOHHO- MHKpOCKODH<JeCKHe HCCITeAOBaHHH*' DOKa

JaiTH, 'ITO B pe3yiTbTaTe XOITOAHO~ Ae<iJopMaQHH o6pa30BarraCh 

CHCTeMa AHCITOKaQHOHHbiX gqeeK C pa3MepaMH /B DITOCKOCTH 
0 ~ 

ITeHTbi/ IIOPHAKa 500-=-1500 A H TOITillHHO~ CTeHOK -200A . 

06pa3Qbl DOMeruaiTHCb BepTHKaiThHO B npu6op, B KOTO

pOM MO)I(HO 6hiiTO IIOITy<JaTb H IIOAAep)I(HBaTb TeMnepaTypy 

OT 1,4 K AO T c.nocrreAHH~ pacnorrararrcg B 3a3ope Me)I(AY 

nomocaMH - KOHQeHTpaTopaMH caepxnpoBOAHwero MarHuTa 

C ropH30HTaiThHbiM HanpaBITeHHeM BeKTOpa HHAYKQHH. ilpH-

6op C o6pa3QOM MOr nepeMeruaThCH aepTHKaiTbHO OTHOCH

TeiTbHO QeHTpa IIOITWCOB AITH H3MepeHHH pa3HWX yqacTKOB 

o6pa3Qa, a TaK)I(e DOBOpa<JHBaThCH BOKpyr BepTHKaiThHO~ 

OCH AITH H3MeHeHHH yrrra ~6 Me)I(AY IIITOCKOCTbW o6pa3Qa 

H BeKTOpOM MarHHTHO~ HHAYKQHH. ilocrreAHHH 6biiT BCerAa 

nepneHAHKyrrgpeu TOKY B o6pa3Qe /eM. puc. 1/. HecKOIThKO 

IIpH)I(HMHbiX IIOTeHQHaiTbHbiX KOHTaKTOB, pacnorraraBUIHXCH 

BAOITb 06pa3Qa Ha paCCTOHHHHX OT 1 AO 2 MM, II03BOITHITH 

CHHMaTb BOITbTaMnepHbie xapaKTepHCTHKH/BAX/ Ha pa3Hb!X 

yqacTKaX. )l,rrg 3aillHTbl OT cropaHHH B crryqae AOCTaTOLJHO 

6orrhiiiHX TOKOB naparrrrerrhHO o6pa3QY Mor B npouecce 

3KCIIepHMCHTa IIOAKITW<JaTbCH IIIYHT C MaiThiM OMH<JeCKHM 

COIIpOTHBITeHHeM, HMeBIIIH~ TaK)I(e DOTeHQHaiTbHbie KOHTaKThl 

AITH KOHTpOITH Ja AOITe~ OTBeTBITHWruerOCH B Hero TOKa. 

BAX Janucbmarrucb Ha ABYXKOOPAHHaTHOM caMonucue, npu

'I eM HHOr Aa AITH yBeiTH<JeHHH LJYBCTBHTeiTbHOCTH CHrHarr YCH

ITHBaiTCH HaHOBOITbTMeTpOM THDa <1>118. 

3a KpHTH<JeCKH~ IIpHHHMaiTH, KaK IIpaBHITO, TOK, IIpH 

KOTOpOM Ha IIOTeHQHaiTbHWX KOHQaX IIOHBITHITOCb Hanpg)l(eHHe 

10 MKB, HITH TOK, llpH KOTOpOM o6pa3eQ CKa<JKOM nepexo

AHIT B HOpMaiTbHOe COCTOHHHe /B TeX crryqagx, KOrAa He 

YAaaarrocb CHHTh CKOIThKo-uu6yAh npoTH)I(eHHyw BAX/. 

* 06pa3Qbl H3rOTOBITCHbl DOA PYKOBOACTBOM p .C.lllMyrre
BH<Ja. 

** BbiDOITHCHbl B.C. THTOBWM. 
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Ha puc. 1 npeAcTaarreHbi peJyrrhTaTbi HJMepeuuH KPHTH

<JeCKO~ DITOTHOCTH TOKa B JaBHCHMOCTH OT MarHHTHOrO IIOITH 

AITH pa3HWX yrrroa ¢ npu TeMnepaType T 'Tc: ~ t =0, 77. 

lllTpuxaMH o6oJHa<JeHhi KpHBbie jc (H).norry<JeHHhie npu nep

BOM DO CITe H3MeHeHHH MarHHTHOrO DOITH BBOAC TOKa B o6pa

JeQ, a ClliTOUIHbiMH - llpll BTOpOM H BCeX llOCJJCAYWillHX 

BBOAaX TOKa. 

no 3THM AaHHbiM 6bJITa Bbll.JHCJJeHa o6bCMHaH llJIOTHOCTb 

CHITbl nHHHHHra Fe - kjc B .::.k jc H ' /r AC Fr: - B OU1l/CM a • 
H- B K3, jc - B A/cM 2 , k- 10 2 0UH/A·K3·CM/ H pe-

3YilhTaTbl IIpHBC)J.CHbl Ha pUC. 2 /o603Ha<JCIIHH TC )I(C, 'ITO 

H Ha puc. 1/. 0TMCTHM HeCKOITbKO OC06CHIIOCTCii. Ilpe)I(AC 
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Puc. 1. Tunu'lHaJI 3aaucuMocm& Kpumu~.JecKoii n-'zomHocmu 
moKa om MaZHUmHozo noAJI OAJI HecKoA&Kux yzAoa ¢I t 
= 0,77/. 
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Puc. 2. 3aeucuMocm& o6oeM1Wii nAomHocmu cu/lbl nuHHUHza 
om MQ2HUmHozo no/IJI I t =0, 77/. 

BCero, B 3Ha'iHTeJibHOM HHTepBaJie H3MeHeHH.H yrJia (f; /npH 

)J,aHHOH TeMnepa Type OT cp .J.. =90 ° )J,O 6 "/ Ha6JIIO)J,aeTC.H llHK-

3$$eKT na KpHBbiX Fe (h) .D.JIB H/H , h ', 0,5 npH o6meM pocTe 

o6beMnou CHJibi nHHHHHra. Kor.D.ci:?yron eme 6JIH30K K 90' , 
BH.LJ.eH He TOJibKO ocHOBIIOH, TaK Ha3biBaeMbiH "aepxHHH" 

llHK, HO H He60JiblliOH llHK Ha ero JieBOM CKJIOHe - "HH)t(HHH" 

/no.ll,p06Hbie pe3yJibTaTbl HCCJie)J,OBaHH.H Fe BO BCeM HHTepaa

Jie h H t )J,JIB 3TOrO CJiy'ia.H ony6JIHKOBaHbl B pa6oTaX '2 ,3/j. 

IlpH )J,aJibHeHllleM yMeHbllleHHH yrJia ( c,b<5") CHJia llHHHHHra 

eme 6onee BOJpacTaeT, a KPHBbie Fe (h) npHo6peTaiOT Kyno

JI006pa3HYIO cPOPMY C MaKCHMYMOM B 06JiaCTH cpe.li,HHX 

noneu. OTHOCHTeJibHOe B03pacTaHHe Fe I h= eonst npH noao-

6 

poTe o6pa3ua OT ¢.J.. K ¢11 =0' ropa3.LJ.O CHJibHee Bbipa)t(eHo 

B o6nacTH cpe.LJ.HHX h, qeM npH h -.1 H h ~ 0 I eM. TaK)t(e 

puc. 3/. AHanorH'iHaB KapTHHa H3MeHeHHB CHJibl nHHHHHra 

npH noaopoTe o6pa3ua Ha6JIIO)J,anacb H npH .ll,pyrHx TeMne

paTypax H3MepeHHB. 

KaK BH.li,HO H3 puc. 4, Ha KOTOpOM llpHBe)J,eHbl B llOJiy

JiorapHcPMH'ieCKOM Macuna6e Ha6opbi KPHBbiX Fe (h) It .D.JIB 

'ieTbipex cPHKCHpOBaHHbiX yrJIOB llOBOpOTa, 3aKOH ll0)J,06HB 

B )J,aHHOM CJiyqae He BblllOJIHBeTCB . .[l.eHCTBHTeJibHO, )J,Jl.H 

pa3HbiX TeMnepa,Typ $opMa KPHBbiX Fe (h) pa3JIH•-ma. KpoMe 

Toro, MaKCHMYMbi f'c ,pacnoJIO)t(eHHbie npaaee h -0,5, c no-

"" l: 
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10 
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0 

1 t ~o.77 \ 

h: 0.~5 

h=D,10 

10 

h :oQ~_2 
h:0.90 

h = 0.95 

20 

':!, ~pao, 
30 

Puc. 3. YzAoeaJt 3aeucuMocm& o6oeMHou nAomHocmu cu/1&1 
nUHHUHZQ 0/IJI H€CKO/IbKUX npueeOeHHbiX MQZHUmHbiX no/leU h. 
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BbllllCHHCM TCMIIeparyphl H3MepeHHJI C)J,BHraiOTCJI B CTOpOHY 

MCHhlllHX rroneH:. XapaKrep :noro C)J.BHra oKa3biBaeTcJI 

auanorHlfHhiM )J.nJI paJnHlfHhiX yr no a I eM. puc. 5/. Ha 

PUC. 6 IIpHBC)J,CHhl TCMIIeparypHbie H3MCHCHHJI CHflbl IIHH

HHHra )J,flJI lfCTb!pex pa3HbiX yrnoB B BH)J,e 3aBHCHMOCTH 

Fe ! h OT H c2 
( t ) . 

OECY)I(,l(EHHE PE3YJlbTATOB 

l. PaccMOTpHM Kalfecraeuuo ua6niO)J,aBlllHecJI BH)J,OH3-

MeHeHHJI tiJopMhi Fe (h) 1 t rrpH rroaopore o6pa3u,a ua ocuoae 

cne)J,yiOill,e ro rrpe)J,nono)i(e HHJI, 6onee ·rro)J,po6uo H3110)I(eH

HOrO B 
4
'. 8 CpC)J,HHX MarHHTHbiX IIOJ1JIX, r)J,e MaKCHMaJ1bHbl 

:JtPtPCKTHBHble MO)J,Y11H yrrpyrOCTH J1 eff pelllCTKH BHXpeBbiX 

HHreu I P BH/, cymecTBYIOT HeKQTOpbie IIP.e)J,enbHhie 3Ha4e-
l\ I' A 

HHH o6beMHOH CHJ1bl IIHHHHHra FP fw1 H F pfim flpH FP Fpfim 
paclfeT )J,J1H OIIpe)J,eneHHJI :JTOH CHflbl MO)I(HO )J,ena Tb B paMKaX 

raK HaJbmaeMoro "pellleTOLfHoro" rrpH6nH)I(CHHH /eM., ua

rrpHMep, , I' .">,oi'j C HCITOflh30BaHHCM /'eff , paCCLfHTaHHbiX )J,flH 

PBH B orcyrcTBHe ITHHHHHr-u.eu.rpoB * . B :JTOH o6nacTH 

yrrpyrHe CHJ1hl B3aHMO)J,CHCTBHH MC)I()J,y BHXpHMH ITpHBO)J,JIT 

K 3HalfHTCJ1bHOMY YMCHblllCHHIO OfibeMHOH CHnhl IIHHHHHra 

ITO CpaBHCHHIO C TOH, KOTOpaH 6biJ1a fihl B OTCYTCTBHC :JTHX 

CHJ1, r.e. ecnH 6bi PBH fihiJ1a rronuocThiO "pacrrnasJieua" 
jlH'Il.'l, 

/o6oJHa4HM :JTY CHny FP /. 
I 

flpH Fp , Fp 'flirn CHJ1bl ITHHHHHra OKa3b!BaiOTCH ropa3)1,0 

CHflbHee yrrpyrHX B3aHMO)J,CHCTBHH H IIOCJ1C)J,HHMH ITPcH OaC-

F. ~. p<l~ll.fl. 
qere p MO)I(HO rrpeue6pe4h. B :JTOH o6nacTH Fp , Fp . 

i\ B 
Me)I()J,y FP fim H FP l'im 11C)I(HT o6nacTh, KOTopaH xap<;lK-

repHJyeTcJI TCM, 'ITO 3)1,CCb yrrpyrHe B3aHMO)J,CHCTBHH MC)I()J,y 

BHXpHMH elll,e Cylli,CCTBCHHO BflHJIIOT Ha pe3yJ1hTHpyiOili,YIO 

CHJ1Y IIHHHHHra, HO IIOflb30BaTbCJI )J,J1JI ee paCLfCTa :J<iJtPeKTHB

HbiM MO)J.yneM ynpyrocTH., rronylfeHHhlM )J.nJI H)J,eanbHOH P BH, 

y)l(e uenhJJI. B paMKax 3TOH rHrroreJhi IIHK Ha Fc(h) a6nH3H 

~3)1,ecb H )J,anee qepe3 Fr o6oJuaqaeTCJI orrpe)J,enHeMaH 
3KCIIepHMCHTanbHO J1106b1M MCTO)J,OM 06'beMHaH IIflOTHOCTb 

CHJ1bl IIHHHHHra. 
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He 2 /a TaK)I(e B o611aeTH MaJILIX. no11e:H/ B03HHKaeT JIHWL 

Tor ,D,a, Kor ,D,a B epe,D,HHX MarHHTHLIX noJIJIX F P < F P 0n. . OH 
llffi 

JIBJIJieTeJI pe3yJILTaToM "nJiaBJieHHJI" P BH, BLI3BaHHoro 

yMeHLWeHHeM 3$$eKTHBHhiX ynpyrHX MO,D,yJieH llpH h ..,1 /a 

TaK)I(e npu h--0/. 

B pa6oTax :2,;3/,r)J.e no,D,po6Ho ueeJie,D,oBaJIHeL 3aBHeHMo

eTH Fe (h. t ) ,D,JIJI PJI.D.a o6pa3UOB e HeBLieOKHMH llJIOTHO

eTJIMH KpHTH4eeKHX TOKOB, B TOM 4HeJie H ,D,JIJI XOJIO,D,HO

,D,e$opMHpOBaHHhiX o6pa3UOB llpH rP..!. =90° , fiLIJIO llOKa3aHO, 

4TO llOBe,D,eHHe eHJI llHHHHHra ,D,OeTaT04HO XOpOWO OllHehi

BaeTeH TeOpHeH JlapKHHa H 0B4HHHHKOBa 1 1 1 /eeJIH He BKJII0-

4a Th 06JiaeTH 04eHL MaJILIX H BhleOKHX MarHHTHhiX llOJieH/. 

B 3TOH TeopHH eymeeTBeHHLJM o6pa30M uenoJIL3yeTeJI 

"perneT04Hoe" npH6JIH)I(eHHe. KaK BH.D.HO H3 puc. 2, npu 

t =0, 77 $opMa F,. (h) MaJIO MeHJieTeH B HHTepBaJie yrJIOB 

14· · ,f, · 90'' /XOTH a6COJIIOTHOe 3Ha4eHHe CHJihl llHHHHHra 

B cpe.iiHHX h B03pacTaeT ll04TH Ha llOpJI,D,OK/. 113 3TOrO 

$aKTa MO)I(HO 3aKJI104HTh, 4TO B TaKOM eJiy4ae BeJIH'iHHa 

F ~- (h·-0,5) Jie)I(HT B 06JiaCTH CHJI llHHHHHra, OTBe4aiO-
p I tm 0 '3 

lUHX yrJiaM 127-14 /T.e. OKa3hJBaeTeJI -10 OWl/CM' /. 

flpH ,D,aJihHeifrneM yMeHbllleHUH yrJia <,~ llpOHCXO,D,HT He TOJihKO 

poeT Fe ( h - 0.5),Ho H BH.D.OH3MeHeHHe $opMLI KPHBOH Fe (h) , 

B qaeTHOCTH, llO,D,beM K TIHKY Ha'iHHaeTeJI B 6oJiee HH3KHX 

MarHHTHhiX TIOJIHX. 3TO MO)I(HO 06bHeHHTh eJie,D,yiOlUHM o6-

pa30M. B eHJIY aHH30TpOTIHOrO paenpe,D,eJieHHJI TIHHHHHryiO

lUHX rpaHHU ,D,HeJIOKaUHOHHhiX Jl'ieeK B XOJIO,D,HO,D,e$opMH-

poBaHHOH JieHTe .D.OJI)I(HO npoucxo,D,HTh yBeJIH'ieHHe F pacll,l.( cb) 1 
p h 

llpH </J -> 0 °. flpH 3TOM B 06JiaeTH yrJIOB, ,D,JIJI · KOTOpbiX 

A 
Fe J h 

0 
~ > F o. nepexo,D, K noJIHOeThiO "paenJiaBJieHHOMy" 

- •" p llffi 

eoeTOJIHHIO PBH oeymecTBJIHeTr::JI npu Bee MeHLWeM na,D,eHHH 

3$$eKTHBHhiX ynpyrHX MO,D,yJieH, KOTOpLie, KaK y)l(e yKa3LI

BaJIOeh, MaKeHMaJILHhl B 06JiaeTH epe,D,HHX h . 

Ha puc. 2 MO)I(HO BH.D.eTL, 'ITO npu t =0, 77 KPHBLie 

Fe (h) HMeiOT KyTIOJI006pa3HYIO $opMy ,D,JIJI yrJIOB ¢ <4". 
I) -

0TCIO,D,a MO)I(HO OUeHHTh BeJIH4HHY F n. (h - 0,6) = 
p (lffi 

= 6-106 ouH/cM 3 /.D.JIJI ,D,aHHOHMHKpoeTpyKTYPhiH t=0,77/. 

KynoJiooo6pa3HaJI $opMa Fe (h) JIBJIJieTeJI xapaKTepHoH: ,D,JIJI 

10 

I 

i 
~ 

eBepxnpoBO.D.HHKOB BToporo po,D,a c BhleOKHMH j I eM., 
e 

paCIIJI. 
Hanp., '7/ I H, no-BH.D.HMOMy, oTpa)l(aeT $opMy F (h).D.JIJI 

~ 6 p 
,D,aHHOH MHKpOCTpyKTYPLI 0 pa3UOB. 

Ha6JIIO,D,aBrneeeJI B ,D,aHHou pa6oTe ,D,JIJI yrJIOB ¢ < 10 o 

OTHOeHTeJihHO MaJioe pa3JIH'iHe Fe I h. 0 B BLICOKHX MarHHT

HhiX llOJIHX TIO epaBHeHHIO C 06JiaCThiO epe,D,HHX TIOJieH 

/eM. puc. 2,3/ MO)I(eT fihiTh 06bJICHeHO TeM, 'ITO "paenJiaB

JieHHaJI" P BH JierKo no,D,eTpaHBaeTeJI no,D, HMeiOIUyiOeH 

eHCTeMy TIHHHHHryiOlUHX rpaHHU ,D,HCJIOKaUHOHHhiX Jl'ieeK, 

peaJIH3YH 6JIH3KYIO K MaKeHMaJihHO B03MQ)I(HOH CHJIY TIHH

HHHra, OTBe4aiOlUYIO ;,)!! =0 H/HJIH TeM, 'ITO ,D,JIJI yKa3aHHo

ro ,D,Hana30Ha yrJIOB ,D,eHeTBHTeJILHOe pa3JIH4He Me)I(,D,y 

!J<H' 11.1. 

FP !h.c) HeBeJIHKO. 

2. TeMnepaTypHhie 3aBHCHMOCTH CHJI TIHHHHHra, TIOJiy

'ieHHhie HaMH, o6cy,D,HM B paMKaX npe,D,JIO)I{eHHOrO B pa6oTe 

JlapKHHa u OB'iHHHHKOBa 1 ' npe,D,cTaBJieHHH o nuHHHHre 

1,0 
,.......-..., 
-+J 

-......____; 

:1 0.8 ....__ 
....lt: 
0 

:r.~ 0,6 

D.~ 

lfJ.= 90° 
-L., ..... ----.. "'., / 

-x ' 
'-x ' 

~=1r 

o.~ 

\' ' 'f· s· ~~x\.~Qo :tX I.D::: 
Jll 

0,6 0.& 1,0 
t 

Puc. 5. H3MeHeHue c meMnepamypou no.lloJKeHUJI nww Ha 
KpU6biX f'c, (h) i t , ¢. 
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Ha .LlBYX oeHOBHbiX THnax HCO)J.HOPO.LlHOeTCH. K nepBOMy 

OTHOeHTeH HCO)J.HOpO)J.HOeTH 3$¢CKTHBHOH KOHeTaHThl MC*-

3llCKTpOHHOrO B3aHMO)J.CHeTBHH g ,ilpH 3TOM nonyqaromaflefl 

)J.llH MaeeHBHhlX o6pa3UOB o6bCMHafl llllOTHOeTb eHnhl llHH

HHHra /a o6naeTH TeMnepaTyp, r)J.e ~ 2 (t) ~(1 t) I HMCCT 

ene)J.yH)IUYJO TeMnepaTypHyJO 3aaueuMoeTb a·~ Fcgi h · (1- t) 1: 5 

Ko BTOpOMy TUllY OTHOCHTCH npoeTpaHeTaCHHbiC HCO)J.HOpO)J.

HOCTH )J.llHHbl CB060.LliiOrO npo6era 3llCKTpOHOB f , npH'-ICM 

F'd' -( 1 t >""' Ecnu a o6pa3uax npueyTCTBYIOT HCO.LlHO

po.IlHOcTu o6oux Tunou, To nonHaH cuna nHHHHHra npe)J.cTaa

nHercH a aH)J.C KBa)J.pa·J a CYMMbl .LlBYX '-lllCHOB, Ka)I()J.b!H H3 

KOTOpbiX OTpa)l(aCT BKJla)J. COOTBCTeTBYJOIUHX HCO)J.HOpO)J.HO

ClCH. 

AHaJIH3 3KcnepuMeHTanbHbiX pe3ynhraToa 2 ,:{ /rnaBHbJM 

o6pa30M TCMIIepa T)'piiOH 3aBHeHMOeTH CHllbl flHHHHHra/ 

)J.llH CCpHH o6pa3QOB C BbiCOKHM 3Ha'-ICIIHCM '' H pa3llH'-IHbiMH 

MHKpOCTpyKTypaMH /KOlOpWM, O)J.HaKO, COOTBCTCTBOBanH 

HCBbiCOKue j <· I noKaJan, '-ITO a HCKOTopbiX o6nacTHX 

CYIUCCTBOBaHHH CMCWaHHOI'O COCTOHHHH flOllHaH CHna flHH

HHHra OllpC)J.CllHC I eH B OCHOBIIOM O)J.HHM H3 BbllllCyKa3aHHbiX 

MexaHH3MOB. TaK, npu TCMnepaTypax, 6nH3KHX K T<' , \g

MCXaHU3M llHHHHHra )J.OMHHHpyeT npaKTH'-ICeKH BO BeCM 

)J.Hana30HC MarHHTHbiX noneu, a flO Mepe llOHH)I(CHHH TCMllC

paTypbl ero aKna)J. OeTaCTeH onpe)J.CllHIOIUHM B ey)l(aJOIUCHeH 

o6naeTH h, llpHMbJKal{)IUCH K HH)I(HCMy KpHTH'-ICeKOMY Mar

HHTHOMY llOlllO. C )J.pyrou CTOpOHbl, \ i' - MCXaHH3M npOHBllH

CTeH llpH )J.OeTaTO'-IHO HH3KHX TCMnepaTypax,npH'-ICM BKna)J. 

ero oKa3biBaeTefl oco6euHo cymecTaeHHbiM a nonHx, 6nu3-

KHX K He
2

. 

TaKafl 3aBHeHMOeTb OT TCMflepaTypbl OKa3biBaeTefl, 

no-aH)J.HMOMy, xap~KTCpHOH H )J.llfl o6pa3QOa C )J.OCTaTO'-IHO 

abiCOKHMH je /a HaeTOfllUCH pa60TC - )J.llfl yrnoa c.f> , 6nH3-

KHX K 0 "I. TaK, H3 puc. 6 BH.IlHO, '-ITO noKa3aTenb eTeneHH 

a abipa)I(CHHH Fe (t) I h ··I l-Icit) lm MCHfleTefl, HanpHMep, .IlllH 

¢ 11 =O"oT m- 1,5 )J.nH h =0,16 .LlO m- 3,5 .Llllfl h?:: 0,8. 

)l.nH yrnOB cP "> 10° a03paeTaHHC ill a BbieOKHX MarHHTHbiX 

nonHx eme 6onbllle /annoTb .LlO ·4,5/. 
H3MCHCHHC OTHOCHTCllbHhlX BKlla)J.oa )J.ayx MCXaHH3MOa 

npH t .. 1 llpOflanfleTefl TaK)I(C B eMCIUCHHH MaKeHMyMa KpH-

~ pacnJI. (h) I 
aOH F t .-1- a eTOpOHy MCHblllHX h , r)J.C )J.OMHHHpyeT 

p •'+' 
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t 

I 
t 

I 

~ 

I 

l 

l~f _il;Q,J6 I b_· 0 ~-- . l CJ1-M>· M 
'kD 

107~ j 
1

"~~- ~ - -~- Jl __ .· __ 1.=-rr{d;s·~~ lm' /1/
1
. ~~-9o '-P 

90
• 

/ - . -~-1-·=-~ 106 

10
'1 j } I f/ . f'l jm' 

101~~ _ / Ho' 
10 so 100 fO 50 100 10 50 100 

Hc2. (t ),d 

Puc. 6. TeMnepamypHble 3aBucuMocmu CU/Ibl nuHHUH2a OAR 
'lembzpex Y2/I06 npu HeKomopblX 3Ha'leHURX npuBeoeHHozo 
MQ21WmH020 110/IJl h 

\g -nHHHHHr /eM. puc. 4/. )].nH <,)If =Ou 3TO BH)J.HO HCno

epe)J.eTBCHHO, a .Llllfl 6onblllHX yr nos· 0 3To MO)I(HO npe)J.no

no)I(HTb H3 epaaHeHHfl aH.Lla KPHBbiX Fe (h)f t, </> e I':~ (h) I t, ¢ ~ 
0 

o 

B MallbiX H 60llblllHX h .0Tpa)I(CHHCM 3TOrO *C ljlaKTa HanH

CTefl O)J.HHaKOBbiH 

flOllO)I(CHHfl flHKOB 

3AKJIJO l.JEHHE 

XapaKTCp H3MCHCHHH e TCMnepaTypOH 

F (h) I .IlllH Beex yrnoa /eM. puc.Sj. 
e ' t 'ch 

TaKHM o6pa30M, a )J.aHHoii pa6oTe Y.Llanocb npoene)J.HTb 

3a noeTeflCHHbiM H3MCHCHHCM aH)J.a noneaou H TCMnepa

TypHOH 3aBHeHMOeTeH 06bCMHOH eHnhl fllfHHHHra npH H3MC

HCHHH CC BCllH'-IHHbl B lllHpOKHX npe)J.enax. EenH rHflOTC3bl, 

BbieKa3aHHbiC 3)J.CCb, enpaae)J.nHabi, TO 6bin Ha6niO)J.CH npaK

TH'-ICeKH HenpephlaHbiH nepeXO)J. OT CHCTCMbl flHHHHHr

UCHTpOa, KOTOpOH OTBC'-IaeT "pellleTO'-IHOe" npHfillH)I(CHHC, 
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K CHCTeMe, xapaKTepH3YJOJ..QeHCH ":>KH)J.KOCTHhiM" npHfinH

:>KeHHeM. 
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