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ABSTRACT 

The method was developed; the meaf:urements and the calculations 

were done of the energy losses in mult:.filamentary superconductors 

/superconducting conductors/ at a pulSE! of the transverse magnetic 

field under adiabatic conditions .A com;iderable difference in value, 

as well as in the character of the losues dependences under adiabatic 

conditions as compared to those under :.sothermic conditions is shown. 

The possibility of the quench due to the losses during the energy 

removal from the non-cryostable,high current density winding supercon

ducting magnet is demonstrated. 

The investigation has been perforned at the Laboratory of High 

Energies,JINR. 



Paspac5oTaHa M8'l'O,IT,I1Ra, ITpono;~eH1I HsMepeilli.F.I n pac<:IeThl snepre

T:VftiGCI\MX ITO'rep:o B IVli-IoronrnJI:OH.bL"t cnnpxnpono;n;mncax rro;n; nos;n;eticTB.liieivl 

.HNIIIyJI:oca IToiTepe<:I:aoro lirarHitiTI-IOro rroJI.F.I B a;n;ua6aTn<:Ieci\l'IX ycJIOBIIRX. 

iloJiy-qeHa 3Ha<:IUT8JI:bHa.F.I pa3IDII(a EaR ITO B8Jllii<:IUH8, Tai-\ li ITO Xapai\TC

py 3aBHC:iiiMOCTGH IIOT8p:b B a,If,11a6aTifli8CI\JilX YCJIOBMRX ITO cpaBH8HUIO 

c ITOTepBJ\1H B II30Teprv'IH<:Ieci-\liX ycJIOBH.fiX. IIor-casm-ro, '11'0 rrpu snm-cya

rum 8Heprlillfi IIOTGpH MOI'YT .F.IBJI.f.U:OC.R: rrp:H1lliiiOM rrepexo,n;a EpHOCTaTH

'IGCI\H He c"ra6:aJIHs:aponamroii oc5rv'lOTRJI ·cnepxrrpoBo~ero MarH:arra c 

B:UCOI\Oit cpe,n;IIeli ITJIOTHOC'r:OIO 'rOI-ca B I-IOpMaJI:OH08 COCTO.F.Illli8. 

Pa6oTa BhiiTO.TlHeHa B JiaoopaTop:m: BhlCORHX sHeprnn O:vlffii. 
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O,JJJlliM IiS <f)a.I-\TOpOB, BJllf.ffiOJ.I.UI,X EaR Ha CTa6HJI:&HOCT:& CBepxrrpOBO,Illi

ll.\11X MariDITOB (Cl',;I) rrp:rr 8Bai\Yao;Y.Ll! liS HIDC 3a.naceHHO}I 8Heprrm, Tare 

11 Ha xapaKTep rrepexo,n;rmx rrpo:u;eccoB rrpM nepexo,IJ;e CM B HoprvraJI:&Hoe 

COCTOffili'I8, .f"iBJJ.fiK)TCJI 8HepreT.H'l8CI\l'I8 ITOTepn, BOSIDII\aiOII.U18 B 00MOTR8 . 
rro,rr, Bos,rr,ei1:cTBIIeM 6HcTpo rra.n;aromero MariDITHoro rroJm. IIpu'!eM, 11s-sa 

MaJihiX xaparcTepHbiX BpeMeH npo:u;ecca B CM c B:OICOIWii nJIOTHOCT:&Io TOI\a 
nOTE PI-I 

( o6rviO'l'KH B:OIITOJIHGHbi IIJIO'l'HO, des I\aHaJJOB ,IT,JJ.JI OXJlatK,II;8I-lliJI)YB0:3ii.HRaiOT 

B ycJIOBHJIX c5JIHSI\HX K a.rr;HaOaTH'!ecmnv: •. B 'laCTHOCTM, EpnocTaTM'lecrrn: 

I-I8C'rac5JIJI.HSMpOBa.HH:or8 06MO'l'E.H C BhiCOI\OH CIJ8,IUI8M liJlO'l'HOCT:&IO TOI\a, I\aiC 

8TO 6biJIO 8KCIT8pMM8HTaJI:&HO ITOKaSaHO B pac50T8 (I] , B rrpo:o;ecce 

8BaEya:u;nM MOryT rrepGXO,IU'IT:& B HOpMaJ.i:&HOe COCTOJIBJiiG 113-Sa HarpeBa, 

BhiSHBaervroro ITO'I'e.PJIMM. B pJI,IT,e cJiy-Y:aeB cEo poeT:& pacnpocTpaHemm 

HoprvraJI:&Ho:ti soH:oi B o6MOTI\8 Civi rro,rr, BJJHru-rneM rroTop:& HaMHoro rrpeB1IillaeT 

CicopocT:& pacrrpocTpaHOIIHJI sa c'!eT TerrJioBoii .JJ;I1(@ysrnr. Harrpmvrep, B 

pa60T8 [2] 8ECII8pHM.8HTaJI:&HaJI CEOIJOCT:& pacrrpOCTpaH8IDIJI I-Ia ,IJ;Ba ITOpJI,IT,Ea 

BWliO paC'l8THOi1:, ITpOB8,Il;8HI-IOil ITO MO,IJ;8.~'IH O,IUIOMepHoro pacrrpocTpaHe-

Hllli T8ITJia B 06MOTI\8 6es y-qeTa IIOTG:_r:.;:&. 

B pesyJI:&TaTe 6blcTporo pocTa orv.H'IGCicoro corrpoT:VIBJieHnJI o6MOTI\H 

CIVI, c o,IJ;Hoi1 cTopoHhi, rra,IJ;aeT s@.~eET11BHOCT:O sBar\ya:u;un ('I'. e. OTHOlile

:rrn:e B:OIB8,l~8HHOM HS MarHliTa 8HeprJtrn: I< ITOJIHOH sanaceHHOM 8Hepr.HM), 

a, c ,rr;pyroi-1 C'ropoHN, yMeH:OlilaeTc.H onacnocT:o JIOEaJI:onoro rroporpeBa 

TipOBO,TI;IDII\a. ,If,Jm CillDKOIDIJI OITaCHOCTH BblCOEOrO JIOEaJI:OHOrO HarpeBa 

06MOTYJ1: B pJI,IT,e CJiy-qaeB IIpMHl!MaiOTCJI Mepbl, B8.IJY!lUI8 E 6biCTpOMY pa.BHO

M8pHOMY pasorpeBy OOMOTIDI CII/I, HaiiiJl1M8p C TIOMOU\:&10 :VTh1IIYJI:&CHOrO Ha

rpeBaTeJJ.JI [3] . O,IJ;HaKo, 8'1'0 cos.u;aeT ,IJ;OTIOJ'.LIDITeJI:OHble TIJY.UHOCTli rrpn 

EOHC'I' pyr.ApOBaiillli Civi H SHa'!liT 8JI:&HO YCJIOiitH.fi8T CX8Iv'Ty yrrpa:s;rreHYJ.JI. 

BosMO~KHOCTR BJIIDIHHJI Ha rrepexo,nH:ore rrpo:u;occ:or HivieHHO snepreTH

-qecKliMI1: ITOT8p.ffivTI1, HarrpMMep, Bbl60pON CBepxrrpOBO,IJ;HliEa llJIH I\OHCT.PYK-
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IUrn 06IviOTK0: Tpe6yeT 3Ha.HIDI liX B8JllftliUibi II xapaKTepa 3aBHCHMOCT8M 

KaK OT rrapaMeT pOB CMC (:vm,n:ym.u1.FI Mar ill1THOI'O IIOJlfi' CKOPOCT:O ee rra

,neiiiDI, B8JIII'TI'IHa Tpa.T.:J:CIIOPTHOI'O TOI\a), TaK H OT rrapaJv18TpOB CB8P..,'C-

11p0BO,JUIHI\a C.rr.ua.MeTp, K08~IeHT sarroJIHemrn, KpMTH"tieCI\a.FI Ter.mepa

Typa, I\pHTlfC!8CI\a.H: IIJIOTHOCIJ.':O TOI\a, T8IIJI08hiEOCT:O). 0TCYTCTBH8 B JIH

Tepa·l'ype .narumx o IIOTEP.FIX B a,lU'Ia6aTkftleCI\HX ycJIOBII.HX npnBeJio Hac 

K He06XO~OCTH H3Y1J:8Illtff ,naHHOI'O BOITpoca. 

B rrpe,nJio~errnoil pa6oTe rrpnBO~Tc.FI pesyJI:oTaTH rrepBHX maroB no 

H3Y1J:eHIDO B.JIHJIEJ!I.FI ::mepreTH"tiecKH:x · rroTep:o Ha nepe.xo,nHHe rrpo:o;eccH B 

o6MOTI\e CM. IIo,rwo6Ho H3JiaraiOTCR IIOJJY1J:eHillie Ha.MH 8KcrrepnMeHTaJI:OHHe 

H TeopeT:VI1I8CKH8 pe3yJI:OTaTbl. II3Y1J:8IDI.H IIOT8p:O B MHOI'O/IlliJI:OHHX CB8P,X

IIP,OBO,JJ;HHI\ax B a..n;:Ha6aTH1I8CKlDC YCJIOB11f.IX 683 TpaHCIIOP,THOI'O TOEa. 

IIpoBe.n;eim: H3MepeHHR rroTep:o rro.n BJll1RHHeM rronepe"tiHoro Mal'HHTHoro 

noM, ~a.naromero OT onpe,neJiemro:H IviaBCHMaJI:&HoH BeJIH1IHH1I BM .no HYJlfi 

ITO 8I\CIIOH8HIUIB.JI:OHOMY 3aEOHY. 

Paspa6oTaHa MeTO.IU1Ka pac"tieTa a·r:kiX ro'l'8P:i?· HoKasaHa B031.'10rt.HocT:o 

rrepexo,na CB8p,XrrpOBO,I¥Ill.(H8I'O COJieH0E:;I(a B HOpMaJibH08 COCT0illlli8 

rrpn aBaKya.r:um H3 CM sarraceHHofi 8H8I'I'ID1 ns-sa rroTep:o. 

2 !..J}OTj?J2H .J? TVIHOI'Oi!Upii>HHX CB8 p:nipOBO.gHHKgJC IIpH .. 8I\CIIOH81!!J.l'1aJII>F):_QM 

~@I Mar~J'H_QJ'_Q_flOJIL • 

lipn sBaKya.IUin 8Heprnn H3 CM r:oJie yMeHI>maeTcR co cKopoc'l'I>IO, 

3aBJIC~8H OT naparvreTpOB Mal':HHTa H J ·cTpOiiCTBa 8BaKYaiUlli. Ecmi npe-
0 

H86pc1I:O B3aH:MHOH HH.nyKTHBHOCTI>IO MeJ::,IJ,y OOM~l\Oll CM7 RpHOCTaTOllii 1-1 

I\apKaCOM, TO IT.PH HCIIOJII>30BaHHH racHTGJII>HOI'O COITP,OTHBJ18BJ1JI TIOJI8 

M8H.FI8TCR ITO 3aROey 6JlH3I-\011JY K 8I\CIIOH8HI.J,:li1aJll>HOJ.VJY: 

B ( ) -t /£(1) 
t = BM · (2 j rt(f) = L I R(i) 

(I) 
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r,IJ;e: L - I1JUJYETHBHOCTI> odr·ilOTKH CM; RU:) - noJIHoe aKTHBHoe 

conpoT1IBJieH:ae :uemr, onpe,n;eJL<IIOmeec.rr :::acn:TeJI:bH.hfl:JI conpo'l'HBJieHueM 

R
0 

11 VI8H.f.IIOIL\HMCJI BO Bp8NI8HI1 COTipOTIBJI8IDWM OOMOTI\11 CTil Jt(f) 

R(t) = R0 r ;t(/) 

B MHorowJ1JI:&HOM cBepxnpoBo,n;HHKe odMOTI\M CM no,n; ,n;eiicrBneM ns

MeHJIIOmerecJI rVIarimTHOro ITOJIJI, B03HHK:UOT BHXp8B1IG 11 riiCT8p8311CIIhiG 

noTepn. EcJIH :.:mpamrpOBRa MarHUTHoro noJIJI BHYTIJ.il KorvmosnTa Hs-sa 

• 
:HH,Ii:;)i'lij:IpOBaHHblX B H8M TOKOB, B03.HllKaEOIL\HX TI.PH HaJI1FU'il1 B, H83HaYJ1-

1'8Jl:bEa, TO ITpH 8KCITOH8.HII;:VIaJihHOM 11a,II81001 IvT.arimTHOrO ITOJIJI B1IXp8B:U8 

TIOT8p:H Ha 8,1LHHlpzy OO'b8Ma KOMTI03HT8 paBHbi [ 4] : 

lA! = 8~ 1 I = ...&_ ( lp )2 1 (2) 
e fo 1 -ri/T0 

1 0 2 211 <5CL 

,. 

r,n;e ]P - mar CK.PYTKH, ~rz - ::qxpeKTJirBHoe norrepe'IHOe y,n;eJihnoe 

COTI.POTHBJI8HJii8 KOMII03HTa. 

rncTep83llCHbi8 ITOTepn 3a IUlK.Jl 1:a 8;D;l1IDfUY 00'b8rvla CBepxnpOBO,II;-

ImKa B 8TOM CJ:I:Jrqae H8 3aBMCJIT OT c:c:opOCTJi1 II xapal\Tepa l'I3M8H8HHJI 

ITOJIJI: 

\vh =jt.M(B)dB (3) 

r,n;e Ivl(B) - HaMarim'I~HHOCTh KOMII03Ji1~ 1a. 

HpnpocT 8TI1X noTep:& npn H3MGHeH:vrn: IIOJ'.JI Ha dB orrpe,n;eJIJieTc.rr 

TOJl:bKO BJii,Il;OM 3aB1ICHMOCTH KpMTH'IGCJ\Oii TIJIOTIIOCTH TOKa B CBepx-

IIpOBO,Il;Jill\HX iiUIJiax Jc ( 8) : 
(4) 

d w;, = ~ d-:{ (B) [1r k(J11! IJ, ( s»1 
r,n;e d - ,ILHarv18Tp illliJI, Jht - ITJIO'~HOCTh TpaHCTIOpTHOrO TOKa; 

k - K08@>r!IIJ;H8HT, 3aBHCJI!Ul'IYI OT reoJ ,18Tp1illi 00 pas:u;a [ 5]. B 11ac THOCTH, 

,II;JIJI Tv'IHOrOiKI1JlhH1IX CB8pXIIpOBO;D;ImKOB :\pyrJIOrO C8'18HIDI K ~I ( 6] 
• 

ITo Mepe yneJIH'Ienn.rr cKopocTn H3"MeHeHJiUI TviarimTHoro rroJIJI B, 

TOK, HH,TIJ'IJ;:apoBaHH1Ifr BO BHeillHHX /IU'IJI3.X rrpndJI1iiKaeTc.rr K I\PHTn'Iec

KOMY sHa'IeiDIIO, noJie BHYTPH KOMTI03HrHoro rrpoBO,TIJIHKa Ha'IHHae'r 

8KpaimpOBaT:bCJI 8THMH TOKarvru. 3I\paHV1pOBKa C'l'aHOBHTCJI CYll\8CTB8HHOll 
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ITpM OKOpOCT.AX 113M8H8IlliH IIO.JIH IIOpi'"J.,IJ;KH 

B = 2 0 I d A_'12·/ 2 2 
(5) c )eve P 

r.ue A - K08cl$1:UHeHT sarroJIHeBJIH IIJ)OBo.ua oBepxrrpoBo.umuwM. B 

8TOM OJiytiae HaMarHl:Iti8HHOOTb IIpOBO,TI;a 0 TBHOTUpOBa.HHbiMll ii\JIJlaiviJti 

,IUI8.1\18TpO!'Jl d MO/IWT 6:I:Hb Bb!paiKeHa . B BU,UG: 

M(B)=M0 [t + J ~1z £] 
r.ue 2 

Ho = 37r f'o d ~(B) •* [7.] 
l1pn oKooooTmc nsMeHeiDIH rroJLH c5oJI:slillr>C, tiGM B 

0 

B"' = 8 A12 D/2d a c 

(6) 

(7) 

( D - ,IU1aiJl8Tp IIpOBO.UIDIKa) MHOr0/1\.liJibHblti KOMOIIOSHTHbiiil rrpOBO,UHl:IK 

Be.n;eT oe6H KaK o.unor:illJl:SHHii oBepxrrpoBO.UIDiK .u:aa.MeTpOivr D o s@eK

THBHOJd: I\pnTn"l!eoKo~i IIJIOTHOOT:SIO TOEa A Jc [ 8] . Tor.ua rrp:apocT 

IIOT8pb Ha 8,II,liiHHIJ.Y o6~eMa NIHOr01lt:HJI:SHOrO OB8pXITpOBO,UIDIKa OTHOOH

T8JI:SHO l13M8H8HIDI IIOJIJI Ha dB MOiKHC sarm:caT:S B BH,U8: 

dlV= }n A Jc(B) D [ 1 +( ::~h /~(BJ/]dB <sl 

B CIVl IIOCTOHHHOrO TOEa, I\a.K ITpE.BHJIO, ITpHM8HHIO'fOH TBUCTHpOBaHHbi8 

. MHOrOiKHJibHbi8 OB8pXIIpOBO,UHHKH, y KO'I OpbiX IIpH 8BaKYa.I.J;ID1 8H8pr:an 

. ·* 
yoJIOBne B > B

0 
oc51I"l!HO BhiiTOJIHHeToH, T. e. npupooT IIO'l'ep:s rrpn nsoTep-

MJI"l!GCKHX yoJIOBiillX OIIp8,U8.llii8TOH Bbipcmt8IDI8M ( 8). 

]I,Jm T8XHH"l!80KUX, T. 8. H80,UHOpO,UHbiX OBepxrrpOBO,UHHKOB BTOporo 

po,Ua OBH3b IIJIOTHOOTH Kp:IiiTH't!8CKOrO ~'OKa 0 JIOKaJibHbiM 3Ha"l!8HH8M Mar

HHTHOrO IIOJIH XOpOillO 0IlliCbiBa8TOH MO)(GJI:SIO llifMB. [ 9] : 

.Jc (B) -::. Jo B 
0 

/ ( 8 ,- 8 
0 

) ( 9) 

r.ue J0 , 80 - rrooTOHHHb!e BeJIHtiHHbi ;LJIJI .uaHHoro oBepxrrpoBO.UHHKa. 

B pac5oTe rpyrriibi BnJiooHa [ro] no 8KGrrepnMeHTaJI:SH1IM pesyJI:sTaTa.M 

pa00T1I [II] rrpe,UJIOiKeHa ~Pf•liyJia ,UJIH saBHOHMOOTH IIJIOTHOOTH KPHTH-
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'1{8CKOrO TOKa OT HH.I(yKIUU1 lVIarH11THOrC IIOJIJI 11 TervmepaTyphl: 

J (BT) = :Jo Bo [t- T-78 ~2 ] (IO) 
c I B i- 8 T .. 7: 8 2- 8 

0 c 8 c 

r,ne: TB - TeMITepaTypa BaJIHhi; T
0 

- F p11Tl'I'l!ecKrur TeMITepaTypa o6-

pa3u;a (B=O); T - Tervm:epaTypa o6pa3I.a; B02 - BepxHee KPHTH'l!ecKoe 

IIOJI8. 

WOpiVJYJia ( 8) ,ILJIJI rrp:vrpocTa IIOT8I!:O CIIpaBe,lJ;JIHBa TOJI:OKO B 1130-

TeprvrrrqecKOM CJIJ'l!ae (T= const. ). B c:Jiy'l!ae a,IJ;Ha6aTH'l!ecKoro rrpo-
. . 

u;ecca Bhlpa~eHHe ,IJ;Jm rrpHpocTa rroTeph B e,ILHHHIJ;e o6~eMa KOMII03HT-

Horo IIpOBO,IUUH~a IIpHHIDVIa8T CJ18.rzyiOuullt BH,IJ;: 

d W = _g_ A. J (B T) D [1 -1·(J /J 18 J\\
2 )dB (II) 3T c I ill. c \.4 I ) ) 

Ecmr CBepxrrpOBO,ILHHK HaJCO,ILHTC.H B HOpMaJI:OHOM COCTO.HHHH, TO 

B 8KCIIOH8HIJ;HaJI:OHO IIa,ILai0~8M IIOIIepe'l!HOM MarHHTHOM IIOJie (B=BM ) 

H3-3a HH,ICYIU1POBaHH1IX B H8M BHXp8BI:iCC TOKOB B 8,ILHHID.J;8 00~8Ma 

C y,neJI:OHbiM COl1pO-

T11BJ18H118M aneprn:.rr 

(I2) 

rrpH'l!eM 

P= k 

r,ne (J k. - rroJIOiKHTeJI:&Hbie KOPHH '1'~ H KLJ.IAW EecceJIJI nyJieBoro rro-

p.H,IJ;Ka rrepBoro po,na, T.e. pemeHHe ypaBH8ID1.H: 

J ( ) _ oo c- 1)k {L)2k 
of3 --h k!r(k+-1) 2 

3. MeT ()~K~ H3MEI£8Hl!fl p:oT ~lli- ;~?_~a6aT..!r:l~CK~_X9..~9.!3JLHX • 

,ll.Jr.H H3M8p8HH.f:( IIOT8p:O B a,Il;Ma6.s.TH'l!8CICHX YCJIOBH.HX pa3pa6oTaHa 

KaJIOpHM8TpH'l!8CKM M8TO,J.l;1IKa, OCHOBc.HHM Ha OIIp8,IL8J18HHH MaKCHMaJI:O

HOM TeMIIepaTyphl o6pa3u;a ITpH Bhl,IL8JlhLID1 IIOTep:o. Heo6XO,ILHM08 ,ILJIJI 
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HarpeBa ,JJ;O 8TOM TeMITepaTyphi ROJlli'I:!eC~'BO 8Hepr.IDI OITpe,neJIJIJIOC:O 

rryTeM RaJTII6pOBRII C IICITOJI:030BarHieM: IIrffiYJI:OCHOrO HarpeBaTe.Jlff. 

GxeMaTII'I:!ecRoe IIso6pa!KeHue :vrsMeJmTeJI:OHoro rnToRa, · KOTophlfi 

BCTaBJIJieTC.H B anepTypy CBepxrrpOBO,Um~ero COJieHOl'I,JJ;a rrpe,JJ;CTaBJieHO 

Ha pnc.I. 

Pnc.I. GxeMaTII'I:!ecRoe 
:vrso6pa!KeHIIe IllTOI\a .JJ;.Jlff 
H3MepeHJI.H IIOTep:o B 
a,nna6aTH'I:!eCRIIX YCJIOBII.HX. 

06paseu; :vrs nccJie.nyervroro cBepxrrpoBO.JJ;HIIKa I, 

nMeromnfi cpoprey IUIJIIIH,np:a-qecKoti crrnpaJIJI, sa

RperrJieH Ha ':'OHKOM TeRCTOJlliiTOBOM IIO,JJ;BecRe 

4 :a rroMemeH B OTBaK~~poBafiHYID RaMepy 6. 

Bee rro,nBo.nmUIIe rrpoBo,na m~eiOT TerrJioByro pas

BR3Ity Ha JiaryHHOll BTYJIKe 5 • BaKYYfvi, II3-

Mep.HeNI1Ill Ha TeiiJIOM ( T=300K) ROHII;e CTaJI:O-

HOH Tpy6mr 7 (BHYTpeHHIIiif .JJ;HaMeTp IO MM, 

,JJ;JlliiHa I500 V11VI) , COCTaB.JlffJI Be.illi'I:!IIHY IIOp.fi,U-
t..f'f 

Ra O,OI3 ITa. CTerreH:o a.JJ;Ha6aY.HocTJI orrpe-

,neJIJIJiac:o no BpeMeHHOMY rra,ner-HIID TeMIIepaTy

phi o6pasu;a, xapaRTepH1Ili xo.n KoTopofi rrpe,n

cTaBJieH Ha pnc.2. 3a Bpe1m oT Ha'l:!aJia 

rrpon;ecca ,JJ;O MOMeHTa ,JJ;OCTII/KeHII.fi MaRCHMaJI:O

HOll Tm/IIIepaTyphi TeiTJIOOTBO,JJ; COCTaJI.f!Jl He 

6oJiee I% orr Bbi.JJ;eJIJIBillEfic.rr sHepr.IDI. 

10.--------------, 

8 

~--.-

6 

If 

~~~~~~~~~~~~~~ 
0 50 100 150 200 

I , c 

PIIc. 2. TeNmepaTypa o6-
pasua, RaR ~yHRIUIJI BpeMeHJI 
( t =0 - Ha'l:!aJio TerrJioBoro 
HMIIy JI:oca) • 
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:VlrvmyJibCbi MarHHTHOrO IIOJUI C 8KCLOH8HIJ;I1aJI:OHbiM xapa.KT8pOiv1 ero 

IIOB8,JJ;8HH.FI (HI'v1Iv'IHTI1pyei.UUM YCJIOBH.FI, B :t:OTOphDC Hax:O,JUITC.FI 06MOTKa B 

rrpouecce aBaKya.I.J;IDI aHepro H3 CM) co3,naBaJIItic:o rryTeM rrepeKJI[{)'t!eHI1.R: 

CM c :vrcTO't!HHKa TOEa Ha o~m-qecKitie cor~oTHBJieHiti.R: pa3Hoi1: BeJII1't!HHbi. 

BHeiiiHee MarHHTHOe IIOJie HaiipaBJI8HO rrapaJIJieJI:OHO OCR CIIHPaJII1 oopa3I(a. 

IloTepn, B03HI1KaiOI.UI18 B oopa3I(8 HpM H3M8H8HHH IIOJUI OT Ha't!aJI:O

HOH B8JII1't!HHbi BM .no HyAA, HarpeBaiOT nro .no orrpe,neJieHHofi MaKCIDJiaJI:o-

uotl: cJ.)HKcnpyeMoti TervmepaTypH T 111 a.>. • B Ka't!ecTBe ,naT't!HEa TeMIIepa-

Typbi HCIIOJI:03yeTC.FI yroJI:OHbiM pesHCTOp <lMPMbi AJIJieH-Bpe,n;Jm (I/8 BT, 

IOOO OM rrpn 4,2 K, H3MepMTeJI:OHbiM TOJC IO :rvmA), rrpHKJieeHHbiM Ha 

BHYTP8HHIOIO IIOB(.PXHOCTb oopa3I(a 3 (puc.I). Ha HapJiKHYIO IIOBepXHOCT:O 

COOCHO HaMOTaH OHcJ.)HJI.FipHbiH KOHCTaHTaHOBbiM ITpOBOJIO't!HbiH HarpeBaTeJI:O 

2. C IIOMOin:OIO cepiDI pa3p.FI,n;OB H3B8CTHOrO KOJII.fti8CTBa 8HeprHM Ha 8TY 

HarpeBaTeJI:OHYIO 06MOTI~Y ,JJ;JUI KaiiC,JJ;OrO o6pa3I(a IIOCTpOeHH KaJIIti6pOBO't!-

Hhl8 KPHBbie ( T """~ KaK WYHKUH.FI aHep::>:mr), eM. pnc.3. 

10.---------~ 

9 

':::c8 

Ha aToM JKt~ pncyHite rrpnBe;n;eHa pac't!eTHM 

EPHBM T I'YICIX::; # (W) (EpHBM 2)' Bbi

't!HCJI8HHM Jii3 8KCII8pJiiiVI8HTaJI:OHhDC 3Ha't!8HHM 

T8IIJI08M.K01~Tll oopa3I(OB. KaK H CJie;D;OBaJIO 

orur,naT:o, ')Ha JiexmT ue:rvrn:oro Bbiille aKcrre-

-' .______L_2-=-':0-.~.____W-:-I:--___l_----:60:Lo---__L_....,.J8J. pHMeHTaJI:O::IOH KpHBOll ( o6e ;D;AA B=Q) 3a 

PI1c.3. KaJIH6poBO't!Hbie 

KpHBbi e ;D;JI.FI o6pa3Ua J& 3. 

I -aKcrrepHMeHT (B=O); 

2- pac"tieT (B=O); 

3- aKcrrepnMeHT (B=4,6 T). 

HarpeBaTeAA I1 T8pMOM8Tpa. 

C't!8T H8y-q'r8HHOH ;D;OIIOJIHHT8JI:OHO:f1: MaCChi 

ITo KaJIIti6poBO't!HbiM ICp:HBbiM orrpe;n;e ru:I:Jiac:o aHepn.im, Heooxo,JUIMM 

;n;AA HarpeBa o6pa3IJ;a oT 4, Z K ;n;o ;n;auao:ti MaKcMMaJI:oHoil Ter~mepaTypbi 
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rrpH B~8~8HHH ITOT8p:b. l{a pnc.3 ITpHB8~8Hhl ~e 3ECIT8pll118HTaA:bHU8 

Kp:vmue; ~JJ..fl B=O (KpHBa.H I) n ,IJ;JJ..fl B=4,6 T (KpliBa.H 3). IIepece-qe

HI1e KPHBhiX I H 3 roBopnT o TOM, 'ITO cymecTByeT MaKCHMan:bHa.H TeM

nepaTypa rrpn KOTopoit SHTan:r:,rm.H o6pasua B none · 0 H 4,6 T 

O,If,HHaKOBa. 8TO B08MOiKHO 6~aro~ap.ff TOMY, 'ITO C O,If,HOI1 CTOpOHhi y,IJ;en:r:,

HM T8TIA08UIKOCT:b YB8Jllfq}IBa8TC.ff C pOCTOM TIOJJ..fl, a C ~yroit CTOpOHU 

c pocTOM noAA CHMilmeTc.ff TeMrrepaTypa rrepexo.rr.a o6pasua B HopMan:r:,

Hoe COCTO.ffHli8. 

Oxna~mrn:e o6pasua ~o Hcxo~Hoil '1'eNmepaTypu (4,2 K) ocymecTBJJ..fl

~oc:r:, OCTaTO'IHhiM rasoo6pa8HhiM re~er-;, I\OTOphiM Bhi,If,8AAJll!J. M8 yrOA:bHO

ro a,IJ;cop6eHTa 9 (pnc.I) C TIOMom:r:,ro EarpeBaTen.ff 8 . TeKCTO~TOBhiM 

BhiTGCHHTe~:r:, IO, HM8IDIIUiit pes:r:,6y na cBoefi rroBepxHocTn, c~rurT ,IJ;AA 

,TI;Byx IJ;eneit .• Bo-rrepBhlX, Bhi~8~BIIIHMCfl H3 a,IJ;cop6eHTa T8TinhiM OCTaTO'i

HhiM ras, ITpOXO,Il;.ff ITO pes:b60B01VJY RaRE~ H EaCa.HC:b CT8HOE KaM8phi ( 6), 

oxnaiiQ~aeTc.ff ;n;o re~eBofi TeMnepaTyph.. Bo-Brrophrx, STOT pes:r:,6oBoit 

KaHan, HM8IDIIUIM orrpe~eneHH08 rH~aBJM'i8CF.08 COTipOTHBA8HH8, 3a,II;8p

i!UIBa8T ,Il;~T8JI:bHOe BP81VI.H OCTaTO'iHhiM ra3 B B8pXH8M "tiaCTH K8Jill8phl 

IIOCJie BhiRJIIO'i8HH.ff HarpeBaTeAA yrAA :V: CIIOC06CTBY8T 6onee 3@?8KTHBHOMY 

oxJiaiK~etmiO o6pasua. 

llp:a nsM.epeHHH BH;n;ep;romaJic.ff OTII'e;n;eJieHHhii1: peiiGIM Tai\, 'IT061I 

C06Jllo,IJ;a~C:b O,If,.HHaKOBhi8 YCAOBP....ff I~atK);OrO Ji!8M8p8HYLH ( Ha'iaJI:bHa.H T8M

nepaTypa 4,2 K, cTerreH:b ~ra6aTnK:a:. IIocJie o-qepe~oi1: rro,IJ;a'IH B Ha

rpeBaTeJI:b a;n;cop6eHTa orrpe~eJieHHott ~iHeprrur, lVJ.bi ow..H;n;a~ I5 MHHYT 

.no Ha"tiana cne,Izyiomero nsMepei-rn:.ff. 8ToT rrpoMeiKYTOK BpeMemr 61m orrpe

.neneH 8KCTI8pHM8HTaJI:bHO TaR, 'IT06bl o6paseu; ycTieBan OXJia.,IU1T:bC.ff ,Il;O 

re~eBOM T8NIIIepaTyphi, a a;n;cop6eHT- rrornOTHT:b OCTaTO'iHI:lM ra3 H T8M 

C8.MHM C03,IJ;aT:b H806XO,ILVIIVlbiM ,TI;AA ,IJ;8.Jl:bH8Hwl1X H8M8p8IDIM B8.KyyJv1 B Ka

Mepe IIITOI\8.. 

CJI'ill'i18.pHa.H rrorp8IilHOCT:b H8Ivi8p8IDiii, ITO Ha.IiliDVl OIJ;8HIW.Iv1, He XYii\8 
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_1._ .. :VIc c_~_~l)Y_eMbi e _9.QQa.sllli. 

l!IccJie,lJ;OBai-rn o6pasiJ;hi :rvmorouJI:oHHX cBepxnpoBO,TIJumoB c IKJIJiaMM 

113 CTIJiaBa HT-50 [I9] (f/b-50 B8C./; 'J'; ), B M8,II;HOtl IVI.aTp~e. l1apa

M8Tpbi H3M8p8HHHX o6pa3IJ;OB ITpHB8,II;8Hbi B Tao.mrn;e: 

o6p.J~ HanpaBJI. Ce'!GHMe Koaqxp. McMGTp 1ilicJio war KpMTM'I8CK. 
Ma.I'HMTH. o6pasua sanoJIH. tEMJI 11\MJI TBMCTa TervmepaTypa 
IIOJI.ff lVJM MF M lVIM K ---·--·· _ .. , __ -·-···-··~ ...... ·-·--" _ .. ___ -. ......... ~ ...... - ... -~~ ................ _ .... __ -· _ _,,.,__. __ .. _.,.,_.,_ ... __ ,,_ .. ~.·--" ·-~- .... ----··'"'"•'·-···--·--· ·--

I tiD .,._. 0 0'? 0' 50 9' 6 0 E5 GI 25 
2 Cl) ..,_._ 0 I,2 0,49 9,40 JIO 6I 25 
3 o~ 0 I , 5 0 , 47 9, 4 0 140 6I 25 
4 lmD ..._. 3,5x2,0 0,26 9,36 E•O 36I 30 
5. m.- 3, 5x2 , 0 0, 26 9, 36 E;O 36I 30 

Ilpmrt.n;e ncero 6biJIM nsMepe:rm Heocixo,II,IIMble .n;.rm .najl:OHe:ttrnero pac'!e'l,a 

3aBMCHMOCTM KpMT1fli8CI\Oll IIJIOTHOCTH 'l1 C>Ka OT :VIH.IJYI\Ullli MaEI-IllTHOrO no

Jill npn T=4,2 K(pMc.4). 

Pnc.4. 3aBllCHMOCT:O 

lloJry-qeHHW:l pesyJI:oTaTH npn pac'!eTe npe,n

CTaBJI.ffJIMc::. B BH,Il;8 TaOJUID;bl ~C ( fJ) C llH-

T epBaJIOM A 8 =0, 5T H JlliH8.tiHOM HHT ep

IIO.JISII.J;llef;i ·1pOTI'IeJ:tyTO'IHHX 3Ha'I8HMM Jc . 
Ta:KOM cno ;o6 omrcaBJI ~ :J, ( 8) .n;aeT OIIII16Ky 

He Bbil.!Ie I;;. 

,liJI.ff i\aJK.n;oro o6pasua rrpM B=O nsMepe

na Ter.mep:1Typa, :KOToparr orrpe.ueMJiac:o no 

a:Kcnepmv18HTaJI:oHon 3aB1iCHMOCT1I A ( T} 
B Ka'!ecTBe T

0 
BH6npa.mr TeMnepaTypy, 

KPI1Tll'I8CK0ll TIJIOTHOCTH TOKa 

OT IIH,IlyKIJ;IDf MarHMTHOrO nOJ"ill. 
~CJI8HH08 0003Ha'I8Hll8 COOTB8T
CTBY8T .1\~ o6pa3IJ;OB, ITpllB8,Il;8HHblX 

B Ta6JIMUe. 
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cooTBeTCTBYJOII\YID cepe,TI,11He rrepexo;n;a, T. e. R jAN' =0, 5, r;n;e 

R,..;- ocTaTOtiHOe corrpoTHBJiemre CBE)pxrrpoBo;n;H:vrna -p:rrc. 5. 

1,0.-------~--~--~ 

0,8 

zQ6 R 
~Q/ R·Q5-
0: ,<t N 

1QO. 
__ _ T,K ___ _ 

P11:c. 5 8aBHCHiviOCT:h OTHO-

CHT 8JI:hHOrO C OITpOTHBJI8IDUI 

o6p.M I OT T8IvmepaTyp1I rrpH 

B=O. 

10 

8 

~ 
't..: 

" 6 ~ a 
0 

4 

10 15 
T, K 

PH~. 6 3aBMcmvrocTI> y;n;eJII>HOfi 

T8JJI08J.VIKOCTM o6p. J.& 3 OT T8Ivmepa

Ty~bl rrpM B=O. 

113MepeHa TeMTiepaTypHaH 3aBMC iiMOCT:h T8IIJI08Ml\OCTJ1 06pa3IJ;OB 

rrpn B=O. HarrpMM:ep, ,IJ;JIH o6pasu;a 1~ 3 (pHc. 6) 8'1'Y 3aBHCllMOCT:h 

TeiiJI08MKOCTJii B ,IJ;Haiia30H8 TewmepaTyp 4,2-20,0 K B HyJieBOM IVIar

HIITHOM IIOJI8 MOiKHO omiCaT:h CJI8,Il;yrolll0J/M BbipaNteHMID/IPI B 3aBHCIDJIOCTM 

OT T eMIT e pa'rypHoro ,II;}Iarras oHa: 

4,2K ~ T ~ 9,0K 

9, OK <. T < 9, 4K 

9,4K ~ T ~ 20,0K 

3 
C(T)=0,0045 T 

C(T)=-Z10"15T +2i
1
9Sf 

C(T)=0,04T+0,0025 T 

3aBMCMMOCT:h T8IIJI08MI\OCTH OT HH,UyKIU1H MarHMTHOrO IIO.llii, Ha 

OCHOBaHIIJii Ji13MepeHHH, ITpliB8,Il;8HHhlX B pa6oTe [I4], arriipOKCJil~llipOBaH1I 

Bbipailt8IDI8M: 

C(T,B) ~ C(T) (I+0,05B) (I4) 



II 

Hs pesyJI:&TaToB sTo:t1 nte paCSoThi cJielJ,yE T, 'ITO 3aBHCHMOC11 :& E.PHT:vrtieciwli 

T8MIIepaTyphi OT Iv1arHIITHOrO TIOJI.H M01KHC1 aiiTipOECl~ImpOBaT:& B BI1lJ,8: 

(I5) 

llpH paC1!8T8 TIOTep:& Tv'Ibi BOCTIOJI:b30Ba.IDIC::b 8THN!li ypaBHeiDLID.Illi. 

5 .! __ 3EQII8.Q!iM8HTa-!l_EI-ill~~]lJI:&TaTI:~. 

I1sMepemr sHepreT:vrtiecrure rroTepn: B MHoror.mJI:&HhiX cBepxrrpoBOll.HII

Rax 6es TpaHCTIOpTHOro TOI{a ITpH 8ECIIOH8HI(HaJI:&HOM XapaETepe Tiall,8HH5I 

TIOIIepe'IHOro MarHHTHOrO IIOJI.H OT MaECJiEMaJI:&HOM B8Jllii"'lli1Hhi IIOJI.H BM lJ.O 

HYJIH: C Bp8M8HHOM IIOCTOH:HHOM 7: . HccJielJ,OBaHH saBHCHMOCTH IIOT8p:b 

RaE OT BM, Tal\ ll OT Ha'Ia.Jl:&HOM CEOpOCTH B~ rr' • BM M8HH:JIOC:& OT 0, 5 

ll.O 5 T/C. 

Ha pHCYHEe 7 ll.JIH: Bcex o6pasuc•B rrpMBelJ,emr saBHCHMOCTH noTep:& 

Ha 8ll.HHHII;Y 06'b8Ma MHOrOi!UIJI:&HOrO EOMJI03HTHOrO CBepxnpOBOlJ,HHKa OT 

B~ ~ rrpM nocToH:HH1IX sHa'IeHHH:X ruvm.IDITy,UH noJIH: Brvr. HacHJ.UeHHe 

E.PHBOM 3aBHCIIMOCTH IIOTepb OT B8.IDI"'lli1Jibl Bl\/'2 o6ycJIOBJI8HO lJ,OC'fHJ:K8-

HI18M Epl1rrn1!8CEOH CEOpOCTJI JI3M8H8HH5I TIOJI.H (7), EOTOpaH: ITO H8llliD\1 

ou;eHI{ai•1 cocTaBJIH:eT ,....., I TJI/ c. Poc'r W (B
1
/t) ll.JIH: np mvioyroJI:&HOM 

Illi1Hhi IIpH rrepTI8HlJ.HEYJIH:.PHOfi lllll.POEO~I c·ropoHe ( 3, 5 M1'v1) OpH8HTa.I.U1J1 
,..._. 

noM (pnc. 7ll.) np11 B
1
/1 "'>' I TJI/C o·:5ycJIOBJieH nepexolJ,oM rrpH sTo:il 

CEOpOCTJii CB8pXITpOBOlJ,Hl1Ea B HOpMaJI:&HJ8 COCT05IHII8 H3-3a BHXJ18BhiX 

TIOTep:& , B03HHEa.IOI.I.UiX B M8lJ.l1. 

o~----::-------:2:--------3;!;------~ .. t 
B,./ r , r. c' 

0 

5 

01~--r---*2--~3--~4~~ 
BM/T. r.c' 

5 
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I2 

tOOr--------------, 

too·~-----------------, 
~ 80 le .. ~ 
~ &l HT 361 I I 

Cl 
• ~0 A ? 
~- / -·-:::==-"-·~~=~...,"1 

20 ~-::..--o-.::::--o-
;.o-- c 

0 2 3 5 
B,.,/ 7" I TA.i' 

2 

l ., HT 361
1 
J: 

~tO 
-;1,()~-

20 

2 3 
ej-r 1 TA.c' 

0 5 

Pnc.7 3aBMCHMOCTb TIOT8pn OT Ha~a~hHOH CEOpOCTM H3M8H8HHH 

TIOJI.f.(. 

7a - o6p. Je I, 76 - o6p. N? 2, 7B - o6p. 1~ 3, 7r - o6_p. Jf~ 4; 
EpHBhle A, B n C cooTBeTcTByroT Be~~HruJI BM=3, I r1 0,5 T. 
7;n;- o6p. }~5; TD!tKU t:~ 1 A" 4 e COOTB8TCTByJOT Be~~HHa.I'Jl BM =5; 
3 H I T. 

3aBHCMMOCTH TIOTepn OT aMI ~Ty,Il;bl M8.rHMTHOrO TIO~H ITpH TIOCTOHH-

HOM sHa~eHMH Brv/T' rrpnBe;n;eLbl Ha pnc. 8. Jl.,lm: Be ex o6pasu;oB no-

Tepn npaETI.ftiecEM nepecTa.IOT 3aiiMC8Tn OT BM, Ha~HHM c orrpe;n;e~eHHO:fi 

ero B8JIIii1UIHbi. 

2 3 
B,.,, T 

~ 
HT 361, I 

2 

120~-------~----, 

100 HT-50 I 9!2:. 

~~ 80 

• 'i 60 

~40 
B 

4 

cr--

1200 120 

1000 

~ 
c!l 

<00 • 
200 

2 3 
8,., 1 T 

---------.------

J 

2 3 
B,.,, T 

PHC. 8. 3aBHCMMOCTb TIOT8p:b OT Ha~a~bHOrO 3Ha~8Illi.ff (aMTI~-
Ty;n;hl) no~. KpMBble: A - aKcnepnMeHT, B - pac~eT, C - pac~eT rrpH 

nsoTep:rvurqecimx yc~oBnmc. 8a- o6p. J~ I, 86 - o6p. 1~ 2, 8B - o6p . .li! 3; 
.UM pnc. 8 a,6,B: BH ;rz =I T/c. 8r - o6p. }/? 4; KpnBM: 

AI - BM ;r =5 T/c, A2 - BM/~ =I T/c. 
8;n; - o6p. J~ 5; Bl\/'2 =I T/ c. 
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ITpwreM BantHO saMe TnT:& To, ,ITO <IM:rwnpyeMarr MaKCMMaJI:onarr 

Te~AnepaTypa o6pasua B Konue r-m~r.r~:oca no~ He ~ocTnraeT coBero 

KpMTM'leCIWI'O 8Ha'18H:IDI. T. 8. HaChlli{eHMe \AI ( 8 fV/ ) He o6yc~OB
~eHO nepe.XO~OM CBepxrrpOBO~Ea B HOpMaJI:OHOe COCTOmrn:e. Pac

'IJeT IIOTep:o (eM. EpMBhl8 B Ha pnc.8) 8TO IIO~TBep~~aeT. 

~-l_?.C~eT_ IIO!.§.?.:O •.. 

Pac'IJeT rroTep:o rrpoBe~eH c ncno~:~soBaHJiWM g)opMyJlbl (II), EOToparr 

BepHa TipM TIOJIHO:M IIpOIDIEHOBeHMM Mai'ID1:THOI'O TIOJI.H B 06'beivi CBepx

TipOBO~HHEa H CKOpOCTM M8~eH8lllijf MarHMTHOI'O TIOJI.H BHllie EpMTM'leC

EOfi. EcJ!li rrpnn.rrT:o ~onymoHMe, '1':'0 TerrJioo6MeH Me~ Me~Hoii ~:'IaT

pnueti II CBepxrrpOBO,IJ;IDI.U1MH IIU1:Jlai./IIr II~eaJieH, TO T8TIJIOBOM 6aJiaHC B 

KOMOTI8HTe IIpM 8BaKya.u;:vm 8Heprmi B a,II;na6aTH'1eCKIDC YCJIOBMJIX MMeeT 

CJie,II;ylOIUHfi BH~: 

r c(T; B) dT :::; ,d w J rAE (I6) 

C(T,B) - y~e~:OHa.FI TeTIJIOe~lliOCT:O KOMOTI8HTa; ~ - TIJIOTHOCT:O 

I\0Iv'IO£H'l'a. C Y'IJOTOM BhipaiKeill1.FI '.II) ITPM HyJieBOM 'rpaHCTIOpTHOM TOKe 

TIOJIY'JaeM 8aKOH pocTa T8~:mepaTyj)hl KOMOTI08UTa ITpn M8MeHeHlll'I Mar-

IlliTI-IOI'O TIOAA: 

dT 
dB 

2 D :\ 
311 

(I7) 

.U.rur pacLieTCl. Ha 8BM 8Hepre~'M'1eCI\UX rroTep:o cos~ana rrporpaM

Ma, B EOTOpOti Y'IJ.IIThiBaiOTC.FI peaJIJ>HhiO 8aBHC:HMOCTH RpiiTJI'leCI\Oli 

IIJlOTHOChi TOEa YI 'l'eTIJI08lVIIWCTM I:Oiiill08HTHOI'O CBepxrrpOBO~HI1Ka I\al\ 

OT T8IvmepaTyphi, Tai\ I1 OT MH~EIU"il'I tilai'illiTHOI'O ITOJLH. PacLieT TipO

BO,TI;eH CJie,II;yiOII.\1IM o6pa80M. B Ha'IJHJI:OHhiii MOM8HT o6pa88U IIMee'r TeM

rrepaTypy T =4, 2 K II naxo,IUITc.FI B Niai'IDITHOM rroJie BM. lipn 

Yl~en:orneHMll rroJI.FI Ha BeJIH'Ill:rzy ciB TetmepaTypa o6pasua yBeJIH

'IIIBaeTc.rr I-Ia BeJIH'1JiiHY d T , I:OTOpa.FI orrpe~eJI.FieTC.FI ll8 ,II;H@lepeH-

UIIaJI:OHOI'O ypaBH8HU.FI (I?). JJ)I.H 'J'eMnepaTyphi T-rdT 
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rroJLFI B
11
_
1 

- dB ITO rpopMyJie ( IO) oiTp 3,TI;eJI.HeTcJI E.PHTHY:GCKM ITJIOT-

HOCT:b TOEa Jc (8,.,-d ~ TtdT) . .UaJiee ITO cpopreyJie (II) oiTpe,TI;eJieHo rrpn

Paii.Lemre 8H8pr:rr.H d I!J • liOJIHhi8 ITOTep:1 HaM,TI;8H1I C;}71vllVlliTpOBaiUI8M IIO

.TIY1J8HHbiX IIPMPaii.L8HUi1 d lAf B MHT8pBa.Jl8 M3M8H8Ill15I IIOJIJI OT BM ,TI;O 

HYM M, COOTB8TCTB8HHO, TeJI.mepaTypu o6pasu;a OT 4,2 I{ ;o;o T ma:x 

fiOT8pM B ITpiD110yroJl:bHOii IIIUH8 BhHHCJI8Hbi TaKHM IIW o6pa30M, 1\a.I\ 

,Il;M ITpOBO,Il;OB EpyrJioro C8118Hl'IJI. ilpu 3TOM ITpJIMOyrOJI:bHOe C8118lli18 

3aiv18H8HO 8c;'Ml8KTUBHbiM EpyrJihiM C8118HM3Tvi C ,TI;VIaVI8TpOIVI, pa.BHhiivi pa3Mepy 

30Hbi CO CBepxiTpOBO.I(JIIIUflVIH iKHJlaiVlli, ITe;meH,II;MKyMpHOlVJY MarHUTHOTvlY 

ITOJTIO. 8(W?eKTMBHhiH I\08@MD;M8HT 3aiTOJI:-I8IDIJI OITp8,TI;8JI8H M3 ycJIOBMJI H8-

I13M8HHOCTM KOJlli118CTBa CBepxrrpOBO,IUmt\a B lli.l'IH8 M ITpOBO,I1;8 8@81\TMBHO

ro ,Il;HaMeTpa. Bbi1JHCJI8HHhi8 ITOT8pM 3aT3M IT8p8C1IHTaHH Ha e,TI;Hmru;y 06'be-

Ma lliUHbi. 

PesyJI:bTaThi ITpoBe,TI;eHHbiX pac11eTos ITpe,TI;cTaBJiemr Ha pucynKe 8 - KPW~. 

Bble B. Tarvr iKe ,TI;JI.H cpa.BHeHUJI ITpuBe,TI;eH pesyJI:bTaT pac11eTa ITOTepr, B 

H30Teprvrn:118CI\OM c.n:y-qae, T. 8. KOr,TI;a KpiiTifti8CKMii TOR M8HJI8TCJI TOJI:bKO 

Hs-sa YMGH:biiien:vrJI ITOJI.H ( T =4, 2 K) - KPHBHe C. 

PasJrn:liHe B xapaKTepe ::mciTepurvreHTaJI:bHbiX u pac11eTH1IX KPHBhiX 

W (BM) (cM.p~c.8) B 06JiaCTU IviaJih!X Halla.JI:bHblX 3Ha118HUH ITOJI.H o6yc

JIOBJI8HO TeM, liTO l})oprvryJia (II) ciTpa.Be,TI;JlliBa TOJIEKO ,TI;JI5I C.JIY'IM ITOJIHoro 

rrpomrKHOBeHIIJI Marlrn:Tnoro ITOJIJI B KOMII03IIT. B o6JiacTn 'lKe Iv1a.JI1IX BM 

(BM 't IT) sTo ycJIOBJtie He BhiiiOJIHJieTcrr. 

AHaJIOr:wiHbiM o6pa30M Bhi'lliCJI8Hhi rncTepemiCI-Ibi8 (B /~ ~ 0) ITO-M: 
TepJti B MI-IOrOUJI:bHblX CB8pXITpOBO,Il;HUKaX B a,TI;Ha6aTIIY:8CKVIX YCJIOBIIJIX • 

.UJI.H sToro ucrroJI:b30BaHa cpoprvzyJia (II), B ROTopon ,n;HaMeTp KOMII03IITa D 

38MeHeH Ha ,Il;HaMeTp iiUIJibi d II 8~8KTIIBHM KPIITII118CKM ITJIOTHOCT:b 

TOKa A_ Jc (8, T) Ha J c ( B, T) . IloJIYlleHHh!e pesyJI:bTaTbi B mme 

paC118THHX T0118K rrpe,TI;CTaBJI8Hhi Ha p:vrc. 7a,6,B. 8KCIT8pMM8HTaJI:bHbi8 

EpMBhi8 81\CTpaiTOJIMpOBa.Hbi K 8TMM paC'18THhiM 3Ha118HiillM ITynKTUpHhiMIII 

KPMBhUvlli • 
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7. 06Q~.I;(8:tillf3_..!!.Q.JJ.,X:i8HH1IX. ~8!:~TaTOB. 

Be~rqaHa TIOTepn H XapaKTep Y.X 3aBHCHMOCTH OT aMTI~TY~ HH-

1 .IJYKI.Ull! MarHHTHOro TIO.llii BM B a,IUiaC,aTII1.18CKHX ycJIOBHRX 3Ha'IHT8JinHO 

I oT~'IaroTc.H oT cooTBeTcTBYJOmmc BeJJI'1HH noTep:o n saBHCHIVIocTe~i B nso-

1 Tepr,urqecKHX YCJIOBHRX ( CM. pnc. 8) ~ lipH1.1HHOM HaC1II.:U8HHOrO xapaKTepa 

1 mvm~Ty;n;Ho:li 3aBHCHMOCTH noTepn .HH.lliieTc.H HaJIH1.1He o6paTHofi CBJI3H 

Me~ Bhl~eJIHIDmefic.H aHeprnefi n rrpi~ocTOM TeMTiepaTyphl. Hs-sa 6RcTpo

ro ITplifPOCTa TeMTiepaTyp1I, H8CMOTp.r: Ha YM8H:OIIIaiOmeec.H IviariDITHOe TIOJie, 

:J,(e>)}61IcTpo n~aeT. B HTGre rrp:Hp8CT noTep:o, IWTOphlfi nponopr.uroHa

JieH 7 c ( 8 1 T) YMeH:ornaeTc.H. lloJiy-qe:HHM :as pac1.1eTa ~Ha.IVJHI-ta BH~eJie-
mr.H noTep:o n pocTa TeMTiepaTyphl oc>pas~a 12 2 ;n;JIJI ;IJ;Byx aMrr~TY~ noJIJI 

rrpe,D;CTaBJieHa Ha pHCYHK8 9. )J:.JlH Bn=5 T ( CTIJIOIIIHhl8 .T.llUillli) MOIUHOCT:O 

60 

1,0 o,B 0,6 0,4 0,2 0 
8/B., 

BLI,IJ;e~IeH.u.H noTep:o B Ha'IaJie npo~ecca 

MeH:one, 'I eM ;II;.llii BM=2T (TIYHKTHpHhle JIHHIDI), 

T. I\. B 8TOIVI CJiy-qae M8HH!l8 KpHTH1.18CKaJI 

TIJIOTHOCT:O TOI\a. ITo Mepe YB8~1.18llim T8M

rrepa'~YP1l Jc (B, T) Ha1.1HHaeT n~aT:o H 

MomHocT:o noTepn YM8H:OIIIaeTc.H. PasorpeB 

Puc. 9 ,Il:Unrar.lliKa Bbi- ROMOJI3HTa B Ha'IaJie rrpo~ecca rrpH BM=2 T 

,IJ;8JI8HHJI TIOTep:o H pocTa TeM-

rrepaTypbi o6pas~a JP- 2. 

CrrJIOIIIHhle ~HHH: BM:=5 T, 
nyHKTHpmre JIHHIDI: BM=2 T 

TI_90HCXO.WIT COJiee HHT8HCHBHO, H II08TOM:Y MOIUHOCT:O TIOTep:o yrv18H:OIIIaeTCJI 

6ucTpee, 1.1eM rrpn BM=5 T. 

Ha1.1HHM c onpe~eJieHHoro MOM,:mTa, MOIUHOcT:o rroTepn npn BM=2 T 

cTaHOBHTCJI MeH:OIIIe MOIUHOCTH BM=5 T. CYMMaPHaH ~e aHeprn.H, KaK sTo 

BH,IJ;HO H3 p:ac.9, TIOJiy-qaeTCJI TIO'ITH O~IHaKOBOM ~JIJI ;IJ;Byx pa3JIH'IH1IX 

aMTIJIHTY;LJ; TIO.llii. 

ITpn aToM Bail\HO no,n;-qepKeyT:o, 'ITO KaK B pac'IeTe, TaK H B aKcnepH

MeHTe, TeMTiepaTypa CBepxrrpOBO,IJ;Illi:\a He ,IJ;OCTHraeT CBOero KpHTH1.18CKOrO 

sHa'Iemm, a JIHIII:O rrpH6.TJlOKaeTc.H K :re1vry. IIo Mepe rrpn6JIH~eiDIJI Te~;mepaTy-
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PH R Tc, RPHTH'IecKa.H IIJIOTHOCT:O TORE. cTpeNIHTc.rr K HYJIID 11, KaR cJie,n;-

CTBHe, MOIUHOcT:o rroTep:o, rrporropiJ;IoHc:.JI:OHa.H J c, ( 8, T) , TaRiKe 

CTp8MHTCJI I\ HyJIID. 

HruvTI1 6HJI rrpoBe,n;eH pac11eT ,n;M c~rrpe,n;eJierum Bmmmm pa3JIH'IIillX 

cpaKTOpOB Ha B8JIH'IHHY IIOTep:o B a,mraC;aTifti8CKJ'L"{ ycJIOBURX. BH6paB B 

:Ka118CTB8 IICXO,II;HOro o6pa3CU J1~ 2, Nibl HCCJl8,Il;OBaJIH 3aBHCHMOCT:O IIOTep:O 

OT xapaRT8pYICTliii·\I1 U CBOHCTB ROM:OIIO~·MTHOro CBepxrrpOBO,II;IDIEa. 

100~----------------~ 

20 

QO Q2 9,4 9,6 QB 
Jc,K 

Pnc.IO. 3aBIICHMOCT:O TIOTepJJ 

o6p. Ja 2 OT 1\pHTII'ICCIWii T8Ivmepa

TypH. Kprmrur I : BM=5 T, KpHBa.H 2 : 

BM=I T. 

faJ,-----------~ 

0 qs 
A. 

1,0 

P.Hc.II. 3aBIICl'IMOCT:O rroTep:o 

OOp. Jf? 2 0'1' K08qxpr11.U18HTa 3a

IIO.JIH8HliJI TvlHOl'OiiUIJI:OHOrO CB8pX

IIpOBO,Il;HllEa. KprmaH I: BM=5 T, 
1\PIIBa.H 2 : BM=I T. 

Ha pncyrmax IO n II npe,n;cTaBJimm 3amwnuocTH IN ( T ) lii \JJ (A ) 
c 

KpnTH'IeCRa.H Te~~mepaTypa Tc n Ros@m.uieHT 3arroJIH8HIIJI A o6pa3UOB 

Cyll(8CTB8HHO BJli1JitoT Ha B8JlU11JtiHY IIOTUp:O. llpii pacqeTe J11T8HO, 'ITO C 

II3M8H8HIWM A 6y,n;yT M8I-LHT:OC.H T8TIJW8NIKOCT:O II IIJIOTHOCT:O ICOivffi03HTa. 

Ha pnc.I2 rrpe,TI;CTaBJieHa 3aBI1CIIMOCT:b IIOTep:o OT :K, r,ne K=Jc(B)/Jco (B) 

H Jc 
0 

(B) - li3MepeHHa.H Kp1ITH118CI-\a.H TIJIOTHOCTJJ TOKa o6pa3IJ;a J~ 2 ITpli 

4, 2 K. HaH6oJIHIIM 3aBHcnMocT:o Ha6Jm,n;aeTc.H B o6.nacTH MaJlbiX 3Ha1IeHllli IC 
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100.-----------------~ 
... 
·~ 80 
~ 

q 60 
t 

~ ~0 

0 

2 

K 

P:vrc. I2 3aBnc:mv10CT:S 

IIOTep:o o6p. J\~ 2 OT K= Jc. (B)/ J cof 8} 
r,ne J, o (B)- H3MepeHHaH l;\pll
TH118CKaH IIJIOTHOCTb TOEa IIpU 4, 2 1{. 
KpHBaH I: BM=5 T' I\pllBaH 2: BM=I ~~. 

ITpoBe,nen pac11eT saBIICHMOCTII noTep:s oT ;rum.MeTpa I-\OMII031'ITHoro 

rrpoBo.na - D • PesyJI:oTaT B:rvrecTe c TpeMH srwrrepr-mreHTaJI:OH1INIT1 TO'I-

I\alVIH rrpc.ncTaBJieH Ha p:ac. I3 • 

.. too,--------------. 
'I: 
~(fJ 

'itKJ 

~-,ov 
20 

P:vrc. I3 

. . . 

D, ,.,. 

3aBHCl'IMOCT:O IIOTep:o 

oT ;rr,HaMerr'pa :rvrn:oro'!f\.:VIJI:SHoro cBepx

rrpoBO.TI:I-IYma. BM=5 T, Br.,/T' =3 T/C. 
4 - 8KCIIepHM8HTaJI:OH1I8 TO'IKH. 

pac no.no)H..tH 1.4l' ~rcnep1AM E' ltTAhb HbiX rolt F.:K 

pa.~HLI~ed ~ c..~o~cr8ax, o6pasuoB (r8 , A. 

Or Jl Ltll u. e x ~p o..IC. rr. e. p o... 

orn pQc'le·ra. od!lc.Jiol~eHo 

Jc. (B, T) ) , (eM. 'l'a6mr-

uy n p:ac. 4). Hachllll;er-IYre saBHCMT!TOCT~ y,neJI:oHbiX noTep:o oT ;nnaMerrpa 

rrpoBo.na D MOiKHO Tarme 06'b.HCHJ1I'b HaJIII1IU8M o6paTIIOYI CB.H3H WI8iK,IJY 

rrpnpocTJM rroTep:o H pocTOM TervmepaTypH o6pasua. 



IS 

soo~----------------~ 

Q85 Q8 015 
8/B,. 

P:nc. I4 .lll1Ha.IVJltma MOII(HOcTn 

rroTep:n, RPHBa.H I: tJ =5 1vnvr, 
r:pHBWI 2 : JJ =I , 2 :rvrrvr, RpnBM ·;.;:-3 : 

JJ =0, 3 MM. 

Ha pi!ICyRKe I4 II3o6pa;KeHa pacY:eTHac: ;rr,HHatviiii\a B1I,IJ;eJieHIIH MOIUHOcrrn 

rroTep:n ,Il;J'ill rrpoBo,:n;oB ,J:T.HaJ\mTpa 5; I,~: n 0, 3 NIM (BM=5 T, B~,/'!= 3 T/ c) • 

EM rrpoBo;n;a c 6oJIHlliiM D , B com·BeTCTBJ/ill c ypaBHeHMeM (II) Mom-

HocT:n rroT·ep:n B Ha<IaJie rrpou;ecca BeJrn:Ka. 3aTel\1, rro Mepe pasorpeBa 

KOI~ffi031ITa B COOTBGTCTBllli C rra,:n;eHHE!IVI J c (B, T) , OHa pe3:KO yrv18H:b

llla8TCH M B :Ka:KOH-TO MOM8HT CTaHOBIITCH Iv18H:blll8 MOmHOCTH B IIpOBO,IJ;ax 
/3JIUAHUe 

c MaJl1INin ;n;HaMeTpillJru:. l1pH<IeM, no Mupe ynem-r<IeHHH 7b -r o6paTHO:li 

TeMIIepaTypHOil CBH3II Ha B8.Till<IIIHY TIOT8p:b CTaHOBHTCH 60JI88 8~~81\TIIB

HbiM. B CBH3H C 8TIIM CyrVITviapHbre TIOTOpi1, Ha<IliHaH C OTip8.II;8Jl8HHOrO 

;n;uruJieTpa, rrpa:KTH<Iec:rc:rr nepecTa.IOT o~' nero saB:rrceT:n. 

l!T06:bi OD;GHHT:b ypoBGH:b I1 B03HOiKH1Ill BKJia,:n; BJIXp8BblX IIOTep:r:, B 

CJIY<Iae nepexo.II;a o6pasu;a B nopMaJI:nnoe cocToHHHe rrpoBe.II;eH pac<IeT 

TaKJL"'<: TIOTep:n TIO ypaBH8ID110 (I2) - j)MC.I5. 

8 ~-J3JIHHHHE:;_ ppTep:n . H§:_9T<?-i5l1l':.£~IOQ.Tb._ _9_QMQTKI1_ CI'vLJIPl!_8]3._91iY?JUlli 

8J!~.l?}""}lli • 

Ka:K y-;r..e OTMe<IaJioc:n B1Irne, npn 6hicTpoM rra;n;eHHH MarHHTHoro rroJIH 

HarpeB 06MOTKI1 CB8pXTipOBO,U.HJ.Uero JilarHHTa C BhiCOKOfi Cp8,IJ;H8H TIJIOT

HOCT:biO TOEa npoucxo;n;HT B ycJIOBIIHX, 6JIHsEnx I\ a;n;Ha6aTH<Iec:Kmvr. Ta:Koe 
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Pnc. I5 3aBJICRMOCTb 

BRXpeBHX TIOT8pb B MHOrO~~b

HOM CBepxnpOBO,Il;I-il'II\8 B HOpiVIaJib

HOM COCTOHHMH OT 8~~eRTHBHOrO 

y.neJinHoro conpoTHBJieHMH ,nJIH 

pasJIIT~HhlX ,II;llaMeTpOB rrpoBo,na. 

6hiCTpoe Tia.J];eHI18 UIB.rlli1THOrO TIOJI.ff TI[!ORCXO,II;llT BO Bper,'LH 8BaRyarurn: 

sHeprllll Irs CI,i. B HeKOTOphlx pa6oTax:, Harrpmvrep [I5] , paccMoTpeHa 

Im~ecTBeHHM cTopm-ra BJII1.HHH.H noTepi> Ha nepexo,nH1Ie rrpoueccu. 

B sToli ~acTn cTaTbH npoBe.neHo sRcnepHMeHTaJinHoe n pacqeTHoe 

.noRasaTeJibCTBO BOSMOiKHOCT.H nepexo.na )6MOTim CM, He IIMeromeii I\pno

cTaTJiqecRoil CTa6JIJill3au;HM C BbiCOKCM cpe.J];Heil TIJIOTHOCTbiO TOEa 6es 

RaHaJIOB .JJ:M OXJlruK,I1;8HRH ( "TIJIOTHM 11 06MOTKa) B HOp:r·llaJibH08 COCTOIDrn:e 

ns-sa noTepn, B03HRRa.IOIIUiiX rrpH 8BE.Ryarurn: ::meprrm. 8IwnepnMeHThi 

ITpOBe,JJ;eH1I Ha Jia6opaTOpHOM COJI8HOI':,IJ;e rrpn pa3~HhlX a:r;IDJIITTY.JJ:ax 1I 

CROpOCT.FDC R3M:eHeHMH MB.rHHTHOrO TICfJ!H (CIWpOCTb 8BaRYaiJ;ID1) BO Bpm.'LH 

B1IBO.JJ:a sanaceHHo:ftr B HeM sHepr1IH. Pa:~pa6oTaHa MeTo,ruma pacqeTa 

TIOJI8ll nepexo,na 06MOTKR. ilOKasaHO~ '1TO TipH onpe,neJieHHhiX YCJIOBMRX 

TIOJie nepexo,na 06IVIOTKI1 He 3aBI1C1IT OT CROpOCTH 8Bai\YaunR. 

., 
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3KCTI8pl1M8HThl 1TpOB8,I(8Hhl Ha JIL6opaTOpHOM 11 TIJIOTHOM11 C8KIJ;HOHH

pOBaHHOM cBepxnpoBo.n;nueM co.neHon;r;e (B
0

c=8 T, Ic=I47 A, 

Jc cp=O' 8-:-2' 3 ro8 
A/M

2
; we =40 K)~1K' L =4' 8 rH) [ 2] • CeM:O 

cerru;Hfii o6MOTKH cocTO.ffT us MROI'OIKHJI:OH1IX Nh -50 Bee.% T.i npo

BO.UGB C M8,UHOM MaTpiiD;el-i ,I(Uai'v'IeTpmrn: 0, 7; 0, 85 H I, 2 Mlvl; C 1W8clr

WH8HTOM sano.nHeHH.ff ,..., 50%, lilai'OM ·TBHCTa 25 MM II .n;narv'leTpOM ruiJI 

65, 75 n IIO IV1KM cooTBeTCTEeHHO. 3BaKya,wi.ff aHepr1m npoBo.un.nac:o 

Ha OMlftiecKoe conpoTnB_Jie:IDie Ro :0,5 - 6, 0 OM). <l?nKCB.WI.ff no.R:B.ne

HH.ff HOpMaJI:OHOii: 30H1I B 06MOTK8 B npou;ecce 8BaKya.I.U1ll OCJm8CTBJIJI8T

C.ff ,I(8T8KTOpOM, B1IIIO.TlH8HHhlM ITO CXt;Me MOCTHKa CO BCIIOMOI'aTeJI:OHOM 

ItaTymKoil. C:vrrHaJlhl c .IU1ai'OHa.JI.riMH JJIOCTMr-.ca no,n;aJOTC.ff Ha a.neETpOHHhlfii 

6JIOK, r.ue noc.ne yciiJieHH.ff npoBO.UU'PC.ff IIX ce.neKu;II.ff no aMIIJinTy,n;e l:I 

,UJIHT8JI:OHOCTH ,UJIJI OTCTpOfu-\H OT IIO;;I8X l'I CKa'II\OB Mal'IDITHOI'O IIOTOKa • 

.TI.eTeKTop cpa6aTHBaeT np:rr IIOBhlllienm nopora HanpmKCIIll.ff, peryJIHpye

Moro B npe,n;e.na.x 50+200 MB H I+IO rvrc [r6] • 

8I\CII8piiiVI8HTaJI:OHO I1CCJI8,UOBai-bi 3aBIICl:I!v10CTII HH,Uyro.:J;IDi Mai'IlliTHOI'O 

IIOJI.ff (IIOJie, B KOTOpOM HaXO,IWTC.ff BHYTP8Hllli8 CJIOH 06MOTKI1) B MO

M8HT nepexo,n;a (BIIep.) OT Ha'IaJI:OHJI'O 3Ha'IeHI1.ff (BHa'I.) MOT CKO-
• 

pocT:a nsMeHemiH HH.uyKUHII noJIR: B rrpn 8BaKyaQMI1. Ha pHcyHKe I6 

• 
npe,n;cTaBJieHhl saBHcnMocTH Brrep. OT B .UJIJI pasJIH'IHhlX sHa'IeH:rrli BHa'I.· 

YlHTepecHO OTM8TI1T:O 8I\CII8pHM8HTaJl:OHhlti (Qa,KT, 'ITO ,I(J".Lfi KaJK,UOI'O 3Ha-

'I8HI1.ff BHa'I. cymecTByeT orrpe.ue.neHHM KpnTII'IecKM ~, Ha1lliHM 
• 

c KOTopoi1 Bnep. o-qeH:o c.na6o 3aBI1CHT OT B. 

CnJIOIIIHa.ff KPHBa.ff Ha piiCYHKe I7 rrpe,n;cTaBJIJieT co6oli 8KcnepiiMeH

TaJI:oHyiD 3aBI1CI1MOCT:O Bnep. OT Ha~aJI:OHOM MH,UYKUIIII Mai'HI1THOI'O IIOJI.ff 

B1m'I. rrpM B » B~ (:B ~ 8 T/ c) • B11611pM Brrep. .UJIJI .n;aHHol1o Ha-

• 
'IaJI:OHoro sHa'IeHM.ff noJl.ff BHa'I. npY ~MlKCIIMa.n:oHbrx cRopocTHX B, 1~1 

'1 
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BHOY -7,02 T II 
---&----6,48-

5.94 
5,40 __ ....,.--.--'4:86 

.........--.--"-------1 

2I 

Puc.I6 3aBHCl'IMOC'l' b Ivlai'-

-

HHTHoro rroJlJI rrepexo.na o6-
MOTim B HOpMa.7lbH08 COCTO.flill'I8 

OT HatiaJII>HO}i CKOpOCTU H3-

M8H8HHR: ITOJlJI ITpii pa3Jlii'IHbiX 

HatiaJII>HhlX 3Hati8I-iliR:X :VUmyKIJY.il'I. 

8 

Pnc. I7 3aBncHMOCTI> Mai'HWrHoro 

ITOJJ.f:J: rrepexo,na OOMO'l'Kli B HOpMaJib

H08 COCTO.ffill!8 OT HaqaJibHOro 3Ha

't!8IIHJI MH,ILyru.um. 

CrrJIOlliHa.H I\pMBa.H - srwrrepnMeHT, 

ITYHI\TUpHa.H KPMBa.H - pac'IeT. 

TaKIDVI oopa30M IIpl'I6IDiiKa8M ycJIOBliR: 8J\CTiep:mvi8HTa I~ a,rr;¥Ia6aTHti8CKOTvry 

rrpou;eccy. 

8. 2.Jacti~_T._)IOJieli rrepeX9A~ _ _g_6jJ.lQ.'l:'Kg_QIVI B_:~:I_QP:M~:E,l;I08 

CQCTOIDm~_06Q~~ill~(;_£YJib~~aTOB. 

i3HyTpemme CJIOP.r 06MO'l'KH BhiiiOJIH8H.bi H3 CB8pXITpOBO,ILllliKa HaH60Jlb

Ill8rO ,JJ,MaMeTpa ( D =I, 2 rvrM) n Haxo,4.ITc.rr B vraKcF ... MaJII>HOM MarrrnTHOM 

ITOJle, CJI8,ILOBaT8JJ.:OHO, IIpM 8Bai\Yai.J.Jlli MM8HHO B U:HX Bbi,IL8JlJI8TCR: Ha.H60JI:O

Ill88 I\OJlliti8CTBO T8ITJia. 0IJ;eHKa, 1TpOB3,IL8HHa.H ITO cpopMyJie (7) TIOKa3bi-
• 

BaeT, tiTO rrpn cKopocTR:X B ~ I T/,J HacTyrraoT rroJIHoe HachlmeHIIe 

MHoronJI:oHoro cBepxrrpoBO.ILHHKa, rrp:vHeM rrpn B "7 B~ rroTepH He sa-
• 

BHCHT OT B • IloTepH orrpe,ILeJI.fiiOTC.H B 8TOM CJJ.Y'Iae Bblpa.IK8IDI8Iv1 (II) • 

BospacTrume TeMIIepaTypbi EOMrrosHTa s rra.n:aromervr Mari-mTHOM rroJie, KaK 

8TO CJI8,ILy8T H3 BHpa~KeHHM (II) I1 (IS), IJPOHCXO)UIT ITO CJI8.nyiDIU8MY 

3al\Oey: 

dT 

dB 
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Pae"tieT IIOJI8li nepexo,IJ;a CM B HOpMaJibH08 eoeTOIDU18 IIpOB8.U8H 

aHaJIOI'H"tiHO pae"tieTy IIOTep:o B a,IJ;Ha6arli"ti8eKHX yeJIOB:IDIX (eM.Bbllil8) e 

y-qeTOM ,UOIIO.JIIDIT8JlbHOI'O BKJia,IJ;a Tpru-r:mopTHOI'O TOEa. l1pH KaiK,IJ;OM 3Ha-

1I8HHH H3MeHHIDmeroeH ~mrHHTHoro IIOJI[ (mar• H3MeHem1H ~ B=0,005 T) 

pae'lliTaHI-IhiM KpHTH1I8eKH:tl: TOR epaBIDIBaJieH e TpaHeiiOpTH1IM TOKOM. 

CBepxnpoBO,IJ;HUI\ nepeti,IJ;eT B Hoprvra.JI:oHoe eoeTomme, eemr Ie (B, T) pa

BeH HJIH M8H:blli8 YM8HblliaiOll.l8l'Oe.fi TpaHCTIOpTHOI'O TOI\a. 

Pe3yJI:oTaTH pae"tieTa npe.ueTaBJieHU Ha pMeyuRe I7 nyuKTHpHoil 

KPIIBO:li. HeKoTopHe paexotK,IJ;eHIDI ::menepmvTeHTaJI:OHHX :vr pae"tieTmrx ,IJ;aHHHX 

ooyeJIOBJieHhi, no-BH,IJ;l'IMONIY, Hea6eoJIKlTHoii a,IJ;Ha6aT:vrRo:lii rrpou;eeea. AHa

JIOrii"tiHHe pae"tieTH npoBe~eHH ,IJ;JIH ocTaJI:oHHX "tieTupex ee~t eoJieHoH,IJ;a. 

IIoKa3aHO, 1ITO BHyTpeHHM eeEIJ;HH urv.eeT npu sBaEyar.:urn Hau6oJI:oiiiyro 

B8pOHTHOeT:b rrepeXO,IJ;a B HOpMaJI:OHOG eoeTOHffi18, o6yeJIOBJI8I-IHOI'O TIO

T8p.fiMII B MHOI'OiKUJibHOM eBepxrrpOBO,TI;lH1K8. 

H3 BhipaiKeHH:ti (II) u (I6) eJie;nyeT, 1ITO rroJie rrepexo,IJ;a nepe-

eTaeT 3aBIIe8T:b· ,QT e:rwpoeTii H3M8H8bliH MarHHTHOI'O IIOJIH ITpH yeJIOBHii 

rroJIHoro r-raeHll.l8Ill1H IWMTI03HTa, T. e. KOr,IJ;a B > B~ , : 8KerrepuMeHTaJI:OHO 

rro,IJ;o6Hoe Haeumemw Ha6JJIO.uaeTeH Ha pHeynRe I6. He3Ha"tiiiTeJibHbli1 HaEJIOH 

. ··* rrpu B "7 Be o6~HeHHeTeH r-rea6eoJIIOTF. ot1 a,IJ;Ira6aTHROH rrpou;eeca u r-re-

ROTopmJI, XOT.q II H83Ha"tiiiT8JlbHbiiVI, BBJia,IJ;OM B1IXp8B1IX TIOTep:o. Ta:r\UM 
. ·* 

o6pa3oM, npn B > Be YBGJili"tieHHe eFopoe'rH sBaKya:o;:k'm: eJia6o BJIHHeT 

Ha B8JIH1IliHY TIOTep:b B K01\ID03HTHOM C B8pXIIpOBO,IJ;HJiiK8 II B 8TO ilte BpeMH 

y.B8Jll1"tlliBaeT ee 8c@8KTUBHOCT:b [ 2] 

IlpliB8,TI;8M pae"tiGT y,neJI:bHblX TIOTE p:b B KOMII031ITHOM eBepxrrpOBO,IJ;

HHI\8 rrpn a,IJ;:via6aTM1IeeKHX yeJIOBUHX :v: B > ~, 3a BpeMH oT Ha"tiaJia 

8BaKyaiJ;lil'I ,IJ;O MOM8HTa II8p8XO,IJ;a OOMCITKII B HOpMaJl:bH08 eoeTOHHH8, RaK 

WYHRLU1H Ha"tiaJI:oHoro MarHHTHoro rro.JJJ:. Pe3yJI:oTaT rrpe.ueTaBJieH Ha p11e. IS 

eiiJIOIIIHOf{ Rp:VIBOti. J.LM cpaBH8HHH Ha 8TOM /K8 pliCYHR8 rryHRTI1pOM Ha

HeeeH pe3yJII>TaT paC"ti8Ta aHaJIOI'lii.IHHX IIOT8p:b, HO B li30Teprv'Illi.I8CKUX 
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PHc. I8 3aBMCHMOCTH no;Tep:s 

(BH~8~8HHblX OT Ha~a~a 8BaKYauHH 

~o rvroMeHTa nepexo~a) oT Ha~M:&Horo 

Mai'HMTHOI'O no.llii. 

Crmonmasr KPHBasi .... a,IU1:a6aTncrecKIIe 

ycAOBHR, nYHKTHpHasr KpnBasr -

II30T8pMH~8CI\ll8 yc~OBMR. 

yc~OBMRX. 

8,--------------------~ 

6 
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BHay.TII 
7 

PMc.I9 Ter-rwepaTypa 

1ffiOI'O~~~bHOI'O CB8pXITpO

BO~HMKa BHyTp8HH8H C8K

IU'lli ( dl =I' 2 ~JJiv1) B 

MoMeHT nepexo~a, Kai\ 

WYHI\IUI.H Ha~a~:&Horo sHa

~eiDIR HH,IlYI\1-U:IM Mai'Hl'IT

HOI'O noJUI. 

Ha pUCYHK8 I9 nOimsaH pesyJJ:&TaT BbPIHCAeiDIR Ter,mepaTyp1I 

KOMII03HTa B MOMei-IT rrepexo~a, KaK wYJ-mD;:LIR Ha'Ia~:&Horo no.rJJI co~e-

HOH~a. 

_g_._J~~l]?_Q8£I: 

I. PaspaooTa:Ha MeTO.IUIKa usr;epcF .... HR sHepreTJii"tiecKux noTep:n B 

cBepxrrpoBo,IUI:aKax npn a,u;na6aTr.PJecEux ycJLOBIIRX. 

') T-
>v. J!13M8p8H1I IIOT8pH B IviHOI'OiKHJJbHblX CB8pXITpOBO;IJ,HJiiK8.X B sa-

BHCIIMOCTH OT aiv1IIJDi1TY.IJ.bi 11 CKOpOCUI 8IWnOH8HlJ;IIaJlbHO cna;rr,ai-o~ero 

norrepe11noro MarmrTHoro noJUI (B ~ 5 T; Bu /1: ~ 5 T/C) • M '7 

3. PaspaooTana MeTOlJ,I1I\a pac~eTa noTep:s. IIo~y"tieHa y~oBJieT-

BO.PHTeJJ:&HOB COBna;rr,ei-IH8 8ICCnepHMEHTaJI:&H1IX H paC1I8TH1IX pesyJI:&TaTOB. 

4. Oc:hiapy/KeHa sHa1lliTe~Hiasi pasmma~ KaK no B8Jli11IHHe, TaK 

li B Xapai~Tepe 3aBHCHMOCTei1 nOT8J b B a;n;na6aTHi.I8CI~HX ycAOBMIDC no 

cpam-reHHID c noTepm.:m B nsoTeprv:r:vrc: ecmr.A: ycJIOBHRX. 
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5. llpH 3Ha'18IDUIX alvffiJillTY,IJ;bi MaJ'BJITHOrO TIOJI.fi BM Bbiill8 orrpe,n;e

JlGHHO:fit B8.JllPlliH1I, 110T8.PII B a,UIIa6aT1fl[80KilX ycAOBHHX npaKTH'18CI\Jii 

HG saBIICJIT OT 8.1\.ffiJ[HTY,IJ;bi. 11p.HBG,UGHO 06'bHCH8HH8 8TOMJ' JIBJ[e:tHITO. 

6. l'lCCAO,UOBaHO BJTIIJIHH8 pa3Jllii'IH1IX (Qai\TOpOB H CBOTICTB MHOro

'}ItvlAbH11X CBepxrrpOBO,UI-illi\OB Ha B8JIH'11IHY TIOT8pb B a;n;.Ha6aTII'18CI\HX 

ycJIOBIIRX. BeJ[H'tlliHruvrn:, pernarolll,IIM o6pasoM onpe,n;eJrmoll(1nvm ypoBGHb no-

T8pb, RB.llillOTC.H I\piiTJI'18CI\aH TIJIOTHOC'::'b TOI\a, I\p:H'rlii'180KaH TGMTiepa

Typa, T8TIJI08MKOCTb I1 KOBqx,blm;:rreHT :3aTIOJIH8HI1H. 

7. 3IWTI8pliM8HTaAbH1IM II paC'IOT: ·illM nyTOM TIOI\a3aHO, 'ITO TIOT8pli, 

B03IDIKaiOlll,II8 B 06M.OTI\8 Aa6opaTOpHOr·) COJI8HOI1,Ua 0 BHCOI\O}i cpe,UHeit 

IIJIOTHOCTbiO TOKa npn 8BaKya.IJ;.Vrn: 8H8prii:VI MOryr rrepeBOCTli <IaCTb COJI8-

HOH,Ua B HOp:t-.llaJibH08 COCTOHBJI8. 

8. Pac<IeTH11M n 8I\cnepmvreHTaJib[I1IM rryTeM noKasaHo, <ITO rrpn 

orrpe,n;eJieHH11X ycJioBHRX 8BaF.Ya:u;HH B8JIJi'[qHHa MarHIITHoro ITOJ'ill rrepexo.ua 

06MOTKH B HOpMaJibH08 COCTORHII8 H8 3aB1iCliT OT CKOpOCTU 8BaKya.IJ;.Vrn:. 

IloJie nepe.xo.ua orrpe,n;eJI.HeTcR cBolicTBaiVM MHormruiJibHoro cBepxnpoBo,n;-

IDIKa II Ha<IaJibH11M MarHIITH1IM ITOJIOM. 

9. 8KCIT8piiM8HT1I II paC'18T1I TI01\a3aJ[H, 'ITO T8MTiepaTypa o6pa3IJ;OB 

rrpn Bbl,U8JI8HID1 ITOTGpb B a,n;Ha6a'l'II'18CIDIX YCJIOBHRX IIpii6J'ilnKae'rCJI K HX 

l'~PIIT:H'18CKO:tl: TewrepaType (Ha 0, I-0, 2 K). 8To .uaeT B03MOili.HOCTb 

nHTerp:vrpoBa.IlliEM y,n;eJibHOti TerrJioeMROC TH B rrpe,n;eJiax OT 4, 2 K .no 

~TQ OD;8HII. Tb. B8.Jlli'IYIHY ITOTepb. 
/ / // 

C! /r----£1 t-
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