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npH C03AaHHH ceepxnpoeoAH~HX MarHHTOB /CM/ nOCTOHHHoro To
Ka o6~4HO He Y4HT~Ba~T BnHHHHH 3HepreTH4eCKHX noTepb 8 ceepx
npoeoAHHKe Ha noBeAeHHe o6MOTKH B nepHOA 3BaKya4HH 3HeprHH. 
0AHaKo, KaK noKa3~BaeT 3KCnepHMeHT, KPHOCTaTH4eCKH HeCTa6HnH-
3HpoeaHH~e 06MOTKH C B~COKOA cpeAHeA nnoTHOCTb~ TOKa 8 npo-
4ecce 3BaKya4HH MOryT nepeXOAHTb 8 HOpManbHOe COCTOHHHe 111. 3To 
npOHCXOAHT nOA 803AeACTBHeM Harpeea, 8~3~BaeMoro B~AenH~~HMHCH 
npH naAeHHH MarHHTHOro nonH 3HepreTH4eCKHMH noTepHMH. npH4eM 
no Mepe CTpeMneHHH K B~COKHM cpeAHHM nnoTHOCTHM TOKa 8 o6MOT
Kax CM ycnOBHH HX oxnamAeHHH npH6nHma~TCH K aAHa6aTH4eCKHM. 
B PHAe cny4aee CKOpOCTb pacnpocTpaHeHHH HOpManbHOA 30Hbl B 06-
MOTKe nOA enHHHHeM noTepb HaMHOro n,feBblwaeT CKOPOCTb pacnpocT
paHeHHH 3a c4eT TennoeoA AH<l><l>Y3HH 1 2 

• B pe3ynbTaTe 6~cTporo 
pocTa OMH4eCKOro conpOTHBneHHH CM C OAHOA CTOpOHbl, naAaeT 3<!>
<t>eKTHBHOCTb 3BaKya4HH 3HeprHH, HO, C APYroA, yMeHbWaeTCH onac
HOCTb noKanbHOro neperpeea npoBOAHHKa. TaKHM o6pa30M, H3y4eHHe 
3HepreTH4eCKHX noTepb 8 ceepxnpoeoAHHKax, HaXOAH~HXCH 8 nOA06-
H~X ycnOBHHX, MOmeT noM04b pa3o6paTbCH 8 npoHCXOAH~HX 8 06-
MOTKax CM nepeXOAH~X npo4eccax. no-BHAHMOMY, MOmHO BnHHTb Ha 
3TH npo4ecc~ e~6opoM npoBOAHHKa H KOHCTPYK4HH o6MOTKH. 0TCyT
CTBHe 8 nHTepaType AaHH~X O noTepHX 8 aAHa6aTH4eCKHX ycnoBHHX 
npHeeno Hae K Heo6XOAHMOCTH HccneAOBaTb 3TOT eonpoc. B HaCTOH
~eA pa6oTe CAenaH nepe~A wars H3y4eHHH noTepb e npoBOAHHKax, 
HaXOAH~HXCH 8 aAHa6aTH4eCKHX ycnOBHHX, KOTOp~e HCnonb3Y~TCH 
8 CM nOCTOHHHoro TOKa. H3MepeH~ noTepH 8 MHoromHnbH~X npoBOAaX 
AHaMeTpOM 0,7-1 ,5 MM nOA BnHHHHeM nonepe4HOro MarHHTHOro nonH, 
KOTopoe naAaeT OT HeKOTOpoA MaKCHManbHOA eenH4HH~ AO HynH no 
3KcnoHeH4HanbHOMY 3aKOHy. 

METOAHKA H3MEPEHHH noTEPb 

AnH H3MepeHHH noTepb 8 aAHa6aTH4eCKHX ycnOBHHX pa3pa60TaHa 
MeTOAHKa, OCHOBaHHaH Ha H3MepeHHH MaKCHManbHOA TeMnepaTyp~ 06-
pa34a npH 803AeACTBHH HMnynbca MarHHTHoro nonH. Heo6XOAHMOe 
AnH Harpeea AO 3TOA TeMnepaTyp~ KOnH4eCTBO 3HeprHH onpeAenHnOCb 
nyTeM KanH6pOBKH c nOMO~b~ HMnynbCHOro HarpeeaTenH. 

06paae4 ceepxnpoeoAHHKa, HMe~~HA <t>OPMY 4HnHHAPH4eCKOA CnHpa
nH, noMe~eH 8 KaMepy, KOTopaH C 4enb~ C03AaHHH aAHa6aTH4eCKHX 
ycnoeHA OTBaKyyMHPOBaHa.CTeneHb aAHa6aTH4HOCTH onpeAenHnacb 
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no speMeHHOMY naAeHHID TeMnepaTypw 06paa4a. 3a speMR OT Ha4ana 
npo4ecca AO MOMeHTa AOCTHmeHHR MaKCHManbHOH TeMnepaTYPbl Tenno
OTSOA COCTaSnRn. He 6onee 1 % OT SblAenHsweAcR :meprHH. 

11MnynbCbl MarHHTHoro nonR c 3KcnoHeH4HanbHblM xapaKTepoM era 
naAeHHR /HMHTHPYID~HM ycnoSHR, s KOTOPWX HaXOAHTCR o6MOTKa s 
npo4ecce 3saKya4HH 3HeprHH H3 CM/ coaAasanHcb nyTeM nepeKnID4e
HHR CM C HCT04HHKa TOKa Ha OMH4eCKHe conpOTHSneHHR pa3HOH se
nH4HHbl. BHewHee MarHHTHoe none HanpasneHo napannenbHO OCH cnH
panH 06paa4a. 

noTepH, S03HHKaID~He s 06paa4e npH H3MeHeHHH nonR OT Ha4anb
HOH senH4HHW BM AO HynR, HarpesaIDT era AO HeKOTOpoA MaKCHManb
HOH TeMnepaTypbl Tmax' KOTOpaR ¢HKCHposanacb. Ha HapymHyID no
sepXHOCTb 06pa34a COOCHO HaMOTaH HarpesaTenb, a K SHyTpeHHeA 
nosepXHOCTH npHKneeH S Ka4eCTSe AaT4HKa TeMnepaTypbl pe3HCTOP 
¢HPMW AnneH 6peAnH (1/8 BT, 1000 OM npH 4,2 K, H3MepHTenbHWA 
TOK 10 MKA). C nOMO~bID cepHH pa3PRAOS H3SeCTHoro KOnH4eCTSa 
3HeprHH Ha 3TY HarpesaTenbHYID o6MOTKY AnR KamAoro 06paa4a 
nocTpOeHa KanH6pOS04HaR KPHSaR /Tmax KaK ¢YHK4HR 3HeprHH/. 
no 3TOH KpHSOH onpeAenRnacb 3HeprHR, COOTSeTCTSYID~aR KOnH4ecT
sy Tenna, He06XOAHMOro AnR Harpesa OT 4,2 KAO AaHHOH MaKcH
ManbHOH TeMnepaTypw npH SWAeneHHH noTepb. 

OxnamAeHHe 06paa4a AO HCXOAHOH TeMnepaTypbl 4,2 K ocy~ecT
snRnocb oc-raT04HblM raaoo6pa3HblM renHeM, KOTOpblM MaHHnynHposa
nH c noMO~bID yronbHoro a6cop6eHTa c HarpesaTeneM. 

T04HOCTb H3MepeHHH, no HaWHM 04eHKaM, He xyme 5%. 

11CCJlEAYEMblE 06PA3Ubl CBEPXnPOBOAHl1KOB 

l13MepeHw 06paa4w KOMn03HTHWX csepxnpOSOAHHKOS C mHnaMH H3 
cnnasa HT-SO 131 I Nb - 50 sec.% Ti/ s MeAHOA MaTpH4e. Bee csepx
riposOAHHKH COAepmaT 61 mHny C waroM TSHCTa 25 MM. Ko3¢¢H4HeHT 
aanonHeHHR KOMn03HTa A = 0,5. XapaKTepHCTHKH HccneAOSaHHblX 06-
pa34os npHSeAeHbl s Ta_(5nH_y_e: 

06pase~ ~mlMeTp Kosqxp. ~a.MeTp KpHT. 
N• /w,i/ sanonH. JKHn TeMnep. 

/MKM/ /Kl 

0,7 0,50 65 9,6 

2 1, 2 0,49 
' 

110 9,4 

3 1,5 0,47 140 9,4 

2 

' ) 

'r 

... 

11aMepeHa TennoeMKoCTb 06paa4os. HanpHMep, AnR 06paa4a r3 
~1 ,5 MM TeMnepaTypHyID 3aSHCHMOCTb TennoeMKOCTH s HynesoM Mar
HHTHOM none MOmHO OnHCaTb cneAYID~HMH swpameHHRMH S 3aSHCHMO
CTH OT TeMnepaTypHoro AHanaaoHa: 

4,2 K ::; T ::; 9,0 K C(T) = 0,0045 T3 [Am/Kr•K] 

v✓ 9,0 < T < 9,4 K C(T) = -2,075T +21,955 [Am/Kr• K] 

9,4 ~ T < 20,0K C(T) = 0,04 T + 0,0025 T 3 [Am/Kr. K] 

YAenbHblH sec ,qaHHoro 06paa4a y= 6 ,8 r/cM 3• 3aSHCHMOCTb Tenno
eMKOCTH OT HHAYK4HH MarHHTHoro nonR, Ha OCHOSe H3MepeHHA,npH
SeAeHHWX s pa6oTe14~annpoKCHMHPOSanacb swpameHHeM: 

C (T, B) = C('il') • (1 + 0,05 B) . /2/ 

AnR KamAoro 06paa4a H3MepeHa TaKme KPHTH4ecKaR TeMnepaTypa, 
KOTOpaR onpeAeneHa KaK TeMnep~Typa, COOTSeTCTSYID~aR 3Ha4eHHID 
R/R n = 0,5. 

-KpoMe Toro, H3MepeHa 3aSHCHMOCTb KPHTH4eCKOH nnOTHOCTH TOKa 
OT HHAYK4HH MarHHTHOrO nonR npH 4,2 K. 3aSHCHMOCTb Kp~T~4eCKOH 
nnoTHOCTH TOKa OT TeMnepaTypb1 onpeAenRnacb no ¢opMyne, ·npeAno
meHHOH s pa6oTe 151 : 

Jc (B, T) =Jc (B) . (1 
T-Tb B c2 __ .:.;;;.._), 

Tc-Tb Bc2 - B 
/3/ 

rAe Jc(B) ... KPHTH4eCKaR nnoTHOCTb TOKa npH T ~ 4,2 K; Tc - KpHTH-
4ecKaR 'TeMnepaTypa npH B = 0 ; Tb - TeMnepaTypa sa'HHbl /4 ,2 K/; 
T- TeMnepaTypa 06paa4a;Bc2- sepxHee KPHTH4eCKOe MarHHTHOe 
none. 

3KCnEPl1MEHTAJlbHblE PE3YJlbTATbl 

l13MepeHW 3HepreTH4eCKHe noTepH npH 3KCnoHeH4HanbHOM xapaK
Tepe naAeHHR nonepe4Horo MarHHTHoro nonR OT MaKCHManbHOH senH-
4HHbl nonR BM AO HYnR C speMeHHOH noCTORHHOH To 11ccneAOSanHCb 
aaSHCHMOCTH noTepb KaK OT BM /aMnnHTYAbl/, TaK H OT Ha4anbHOH 
CKOpOCTH era naAeHHR BM Ir. BM MeHRnacb OT - 0, 5 AO 5 T , ·BM -
OT - 0 , 5 AO, 5 T In. 

B Ka4eCTSe npHMepa Ha pHc.1 npHSeAeHa aaSHCHMOCTb noTepb w 
Ha eAHHH4Y 06.;,eMa scero K0Ml103HTHoro_csepxnposoAHHKa AHaMeT
poM 1 ,2 MM OT ·BM/ T npH nocTORHHblX 3Ha4eHHRX era aMnnHTYAW. 
HaCbl~eHHe 3aSHCHMOCTH noTepb OT senH4HHbl ·BM/ T o6ycnosneHO 
AOCTHmeHHeM KPHTH4eCKOH CKOPOCTH H3MeHeHHR MarHHTHOro nonR 151 , 
KOTopaR, no HaWHM 04eHKaM, COCTaBnReT -1 T /c. Ha PHC.2 noKa-
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PHc.l. IloTepH Ha eAHHH~Y o6~eMa KOMil03HTHOro CBepxnpo
BOAHHKa W (~/cM3]AHaMeTpOM 1,2 MM B aAHa6aTHtieCKHX 
YCJlOBHHX B 3aBHCHMOCTH OT HaqanbHOH CKOPOCTH naAeHHH 
MarHHTHOro IlOJlH Bt/r (Tn/c]JlapaMeTpOM HBJlHeTCH aMilJlH
TYAa nonH: A- BM= 3 Tn, B - BM= I Tn, C - BM=0,5 Tn. 
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PHc.2, IloTepH Ha eAHHH~Y o6~eMa KOMil03HTHOro CBepxnpo
BOAHHKa w [ MJJ;K/ CM 3 ] AHaMeTpOM I '2 MM B 3aBHCHMOCTH OT 
aMilJlHTYAbl MarHHTHOro IlOJlH BM ( Tn] IlpH IlOCTOHHHOH BenH
lIHHe BM/ T = 3 T / C; mTpHXOBaH!IaH KpHBaH - 3KCnepHMeHT 
B aAHa6aTHl!eCKHX YCJlOBHHx; KPHBaH ·B - pacqeT B aAHa-
6aTHl!eCKHX yCJlOBHHx; cnnomHaH KPHBaH C - pacqeT 
B H30TepMHqecKHX YCJlOBHHX, 

3aHa 3aBHCHMOCTb w (BM) npH noCTORHHOM 3Ha4eHHH ·BM/r. Ha PHC. 3 
npHBeAeHa BeJJH4HHa YAeJlbHblX noTepb 06paa4os AHaMeTpOM O '7; 1 '2 
H 1 ,5 MM /CM. Ta6n./ ,C\IlR o,qHHaKOBblX 3Ha4eHHl1 BM=5 T ,J\i/r = 
= 3 T/c. 

XapaKTep 3aBHCHMOCTel1 W(Bt,(r) /npH BM= KOHCT,/ H W(B M) 
/npH Btfr= KOHCT./ AilR 06paa4os AHaMeTpOM 0,7 H 1 ,5 MM aHano-
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PHc.3.PacqeTH851 3aBHCHMOCTb IlOTepb w (~/cM3 ] KQM
Il03HTHOro CBepxnpOBOAHHKa B aAHa6aTHqeCKHX yCJlOBHHX 
OT AHaMeTpa npoBOAa D /MM/, npH BM= 5 T H BJr=-3 T/c. 
IlpH pacl!eTe HCilOJ1b30BaHbl napaMeTpbl o6paa~a li'2 
If) I , 2 MM/. IlpHBeAeHhl 3KcnepHMeHTaJ1hHbie TOKH o6paa~oB 
AHaMeTpOM 0,7; 1,2 H 1,5 MM. /BonbmHe noTepH AJ1H npo
BOAa {J O, 7 MM 06ycnoBJ1eHbl Tc = 9, 6 K/. 

rH4Hbl xapaKTepy 3aBHCHMOCTel1' npeACTasneHHblX Ha PHC. 1 11 2 AilR 
06paa4a A11aMeTpOM 1 ,2 MM, --- -

PAC4ETHblE PE3Yflb TATbl 

AnR pac4eTa Ha 3BM 3HepreTH4ecK11x noTepb coaAaHa nporpaMMa, 
B KOTOP011 Y4HTblBaeTCR peaJlbHaR 3aBl1Cl1MOCTb KPHTl14eCKOl1 nnoT
HOCTl1 TOKa 11 TennoeMKOCTl1 csepxnpoBOAHHKa KaK OT HHAYK4HH Mar
Hl1THOro nonR, TaK 11 OT TeMnepaTypbl, Pac4eT noTepb npoBOA11TCR 
no ¢opMy11e, KOTopaR sepHa np11 noJlHOM npOHl1KHOBeHHl1 MarHl1THO
ro nOJJR B o6beM csepxnposo,qHHKa, 11 CKOPOCTl1 H3MeHeH~R MarHHT
Horo noJJR BblWe KpHTl14eCKOl1, B. 3TOM c11y4ae MHOrO)Kl1JlbHbl11 csepx
nposoAHl1K MO)KHO paccMaTpHBaTb KaK o,qHO)Kl1JlbH~l1 C A11aMeTpOM 
A112 .o, r,qe D - ,q11aMeTp MHoro)Kl1JlbHoro csepxnposo,qH11Ka, A -
K03¢¢H4HeHT ero aano11HeHHR. npH H3MeHeH1111 no11R Ha ae11H411HY dB 

. /1/ 
B csepxnpOBOAHHKe Bbl,qenRIOTCR YAeJJbHble n0Tep11 dW : 

2 1/2 . , 
dW=-•A ,D.J (B,T)dB, 

311 C 
/4/ 

r,qe J (B,T)- KpHTl14eCKaR nJJOTHOCTb TOKa B )1(11JlaX csepxnposo,qHHKa. 
C . 

3Tl1 y,qeJJbH~e noTepH np11 113MeHeHHH nOJJR Ha BeJJl1411HY dB B a,q11a-
6aT114eCKHX yCJ10B11RX 11 np11 HaJlH41111 11AeanbHOro Tennosoro KOHTaK
Ta Me)K,qy )KHJlaMH 11 MaTpH4e11 nos~walOT TeMnepaTypy KOM-
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n03HTa Ha Ben"14"1HY dT, KOTopaH HaXOAHTCH "13 AH<l>$epeH4Hanb
Horo ypaBHeHHH, npHBeAeHHOro B pa6oTe /1/. nonHble n0Tep1,1 onpeAe
nHIOTCH CYMMHPOBaHHeM nony4eHHblX np1,1pa111eH"111 dW B "1HTepsane · 1,13-
MeHeHHH nonH OT BM AO HYnH "1' COOTBeTCTBeHHO' TeMnepa.TYPbl 06-
pa34a OT 4,2 KAO T . T04HOCTb pac4eTa BWTeKaeT "13 npaBHnb-

mai · • - w 

HOCT"1 onpeAeneHHH CBOHCTB csepxnpOBOAHHKa, T.e. Kp"1T"14eCK0"1 
TeMnepaTypbl, TennoeMKOCT"1 "1 Kp"1T"14eCK011 nnOTHOCTH TOKa. 

Pe3ynbTaTbl pac4eTOB npHBeAeHbl Ha PHC.2 "1 1_. 

06CYl~.QEHHE PE3YJlbTATOB 

Ben"14"1Ha noTepb "1 xapaKTep "1X 3aB"1C"1MOCT"1 OT aMnnHTYAbl "1H
AYK4"1"1 MarH"1THoro nonH ·BM B aA1,1a6aT"14eCK"1X ycnOB"1HX 3Ha4°"1Tenb
HO oTn"14alOTCH OT COOTBeTCTBeHHblX BeJ1"14"1H noTepb "1 3aBHC"1MOCTel1 
B "130TepMH4eCK"1X ycnOB"1HX • .QnH HarnHAHOCT"1 Ha p1,1c.2 np"1BeAeHa 
KP"1BaH noTepb B "130TepMH4eCK"1X ycnoBHHX. 

Ha Kp"1B011 3aS"1C"1MOCTH noTepb B aA"1a6aT"14eCK"1X ycnOB"1HX OT 
sen"14"1Hbl BM np1,1 - 1 ; 5 T /p1,1c. 2/• Ha6nlOAaeTCH HaCblllleH"1e. np1,141,1-
HOl1 TaKoro noBeAeH"1H HBnHeTCH Han"14He o6paTHOl1 CBH3H MemAY 
BWAenHIOIIIHM"1CH noTepHMH H sen"14HHOl1 npHpocTa TeMnepaTypw.npH 
BWAeneHHH 3HeprHH dW TeMnepaTypa o6pa34a ysenH4"1BaeTCH Ha dT, 
4TO sne4eT 3a co6011 naAeHHe KpHTH4eCKOl1 nnoTHOCTH TOKa J (B,T) 
I 

' C 
HeCMOTpH Ha TO, 4TO MarH"1THOe none 3a 3TO speMH·naAaeT Ha 

dB /. H3-3a 3Toro, B CBOIO 04epeAb, yMeHbWaeTCH AanbHe11wee 
BWAeneH1,1e noTepb, KOTOpble nponop4HoHanbHbl Jc(B, T) /CM! <l>OPMY
ny /4/ /. npaBHnbHOCTb npHBeAeHHblx Bbrwe paccymAeH.Hi1 noA
Tsepm_l:'alOT pac4eTb1.np1,1 3TOM TeMnepaTypa 06paa4a He AOCTHraeT 
KPHTH4eCK011, a TOnbKO np1,16n1,1maeTCH K Hei1. no Mepe np1,16n1,1meH"1H 
,:eMnepaTypbl K Tc, J c<B, T) np1,16n1,1maeTCH K Hynio, H BWAenHIOlllaHCH 
MOIIIHOCTb noTepb dW/dt TaKme CTpeMHTCH K HYnlO. Han"14HeM 06-
paTHOH CBH3H MOmHO OfibHCHHTb 04eHb cna6yl0 3aB"1CHMOCTb YAenb
HblX noTepb OT A"1aMeTpa nposoAa D. 

Ha PHC.3 npHBeAeHa pac4eTHaH KP"1BaH aaBHCHMOCTH YAenbHWX 
noTepb OT AHaMeTpa KOMn03HTHOro CBepxnpOBOAHHKa. npH paC4eTe 
HCXOAHnH "13 AaHHblX (Tc, C(T),Jc(B,T))~nH o6pa34a AHaMerpoM· 1 ,2MM. 
Ha TOM me PHCYHKe npHBeAeHbl 3KcnepHMeHTanbHWe 3Ha4eH"1H YAenb
HblX noTepb A.riH scex Tpex 06pa34os. HeKoTopoe oTnH4He 3KCnepH
MeHTanbHWX To4eK oT xapaKTepa pac4eTa o6ycnosneHo pa3HH4ei1 
B CBOHCTBax 06paa40B. 

. 3KcnepHMeHTanbHWe pe3ynbTaTW H pac4eTw noKa3WBalOT, 4TO 
Ha1,16onee BamHblMH napaMeTpaM"1' BnHHIOIIIHM"1 Ha sen"14J:1HY noTepb B 
aAHa6aTH4eCK"1X ycnOBHHX, HBnHIOTCH KPHTH4eCKaR TeMnepaTypa 06-
pa34a Hero TennoeMKOCTb. 

:6 

BblBO.Qbl 

1. Pa3pa60TaHa MeTOAHKa "13MepeHHH H pac4eTa noTepb KOMno-
3"1THWX c~epxnpOBOAHHKOB B aAH~6aTH4eCK"1X ycnoBHHX. 

2. H3MepeHw 3HepreT"14eCKHe noTepH KOMn03HTHWX csepxnpoBOA
HHKOB A"1aMeTpOM O '7; 1 '2 H 1 '5 MM B 3aBHCHMOCTH OT aMnnHTYAbl 
HHAYK4HH nonepe4Horo MarHHTHOro nonH BM .:S 5 T H Ha4anbHOH 
cKopocTH naAeH"1H nonH Bi,(r.:S 5 TI c. 

3. 3Kcnep1,1MeHTanbHb1e H TeopeT1,14eCK"1e pe3ynbTaTbr noKa3anH 
3Ha4HTenbHYIO pa3HH4Y KaK no senH4HHe, TaK H B .xapaKTepe 3as1,1-
C"1MOCT"1 noTepb B aAHa6aT"14eCK"1X ycnOBHHX no cpaBHeHHIO C noTe
pHMH B H30TepMH4eCK"1X ycnOBHHX. 

4. npH 3Ha4eH"1HX aMnnHTYAbl MarHHTHoro nonH BM BblWe HeKo
TOpoA sen"14HHW noTepH B aA1,1a6aTH4eCKHX ycnOBHHX npaKTH4eCKH 
He 3aBHCHT OT aMnnHTYAW. 

5. BenH4"1HaM"1, pewal0111"1M o6pa3oM onpeAenHIOIIIHMH senH4HHY no
Tepb B aAHa6arn4eCKHX ycnOB"1HX' HBnHIOTCH Tc' JC (B, T)' C (T). 

ABTOpw BWpamalOT 6naroAapHOCTb n.BacHnesy 3a H3MepeH1,1e TeM
nepaTypHOH 3~BHC"1MOCTH YAenbHOH TennoeMKOCTH KOMn03"1THoro 06-
pa34a. 
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