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BaeaeHae 

flonHOCTbiO CTa6HnH3HpOBBHHhie MarHHTHhie CHCTeMbl I} I, B KOTOphiX 

CBepXnpOBOAHHK 3BlliYHTHpOBaH HOpManbHhiM MeTannoM AOCTBTO'IHO 60nblliOrO 

ceqeHHH, o6naAaiOT ABYMH aa*HhiMH npeHMyrnecTaaMH. Bo-nepBhiX, nepexoa 

B HOpManbHOe COCTOSIHHe npOHCXOAHT B HHX KOHTpOnHpyeMhlM o6pa30M, 'ITO 

npeAOTBpamaeT paapyrneHHe COneHOHAa, H BO-BTOpbiX, B HHX O'I'CYTCTByeT :3$

!jleKT AerpaAaUHH KpHTH'IeCKOrO TOKa, BCneACTBHe 'lero MO)({HO no H3BeCTHhiM 

XapaKTepCTHKSM ABHHOro CBepxnpOBOAS!Ulero MaTepaana TO'IHO npeACK838Tb 

I c coneHoH.na. 

0AHBKO 60nblliOe KOnH'IeCTBO MeAH, Heo6XOAHMOH AnSI nonHOH CTa6HnH-

3SUHH, BeAeT K CyllleCTBeHHOMY yaenH'IeHHIO ra6apHTOB coneHOHAa, Beca 

CBepxnpOBOII.HHKa II BCeH 06MOTKH B uenoM, 'ITO HeH36elKHO npHBOII.HT K B03-

paCTBHHIO pacxo.na lKHAKoro renHH. KpoMe Toro, cpeAHHH KpHTH'IeCKaH nnoT

HoCTb TOKa OK83hlBaeTCSI HH3KOH 0 'ITO HBnHeTCSI HelKenaTenbHhiM 0 oco6eHHO 

B TaX Cny'laliX, r.ne Tpe6yiOTCSI BhiCOKHe 3<jxlleKTHBHhie nnOTHOCTH TOKa, Ha

npHMep, B MarHHTHhiX nHH3aX. flo3TOMY npeii.CTaansnOCb HHTepeCHhiM HCCne

AOBBTb noae.neHHe 'IBCTH'IHO CTa6HnH3HpOBSHHhiX 12 I MarHHTHhiX CHCTeM II.D

CTBTO'IHO 6onblliHX p83MepoB, KOTOphie B 3HB'IHTenbHOH CTeneHH nHllieHbl OT

Me'leHHhiX Heii.OCTaTKOB. HHlKe npHBOII.HTCH onHcaHHe H peaynbTaThi acnhiTa

HHH OAHOH H3 TBKHX CHCTeM, paapa6oTaHHhiX H HCCneAOBBHHhiX HBMH B 0lHU1. 

KoHCTPYKUHH MarHHTa 

MarHHT, cocTo!llllHA H3 rnecTH ceKUHA, cxeMaTH'IHO H3o6pa)KeH Ha pac.l. 

OcaoBHhie ll.aHHhie .nns acex ceKUHA npHBell.eHhi B Ta6n. 1. CeKUHH G , I), 
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B H A H8MOT8Hbl H8 OTaenbHb!X K8pK8CaX H HMe!OT OTaenbHhle TOKOnOJl-

BOJlhl 0 'ITO n03BOnSieT nerKO H3MeHSITb BHyTpeHHHH pa60'IHH JlHSMeTp coneHOH-

aa. CeKUHH A ucnonbayeTCH BMeCTe c <jJeppoMarHHTHhiMH KOHUeHTpaTopa-

MH /3/ ua nepMeHJliOpa anH uaMepeHHH a nonHx ao 120 Krc. Hapy)I{Hbie ceK-

UHH G H I: H8MOT8Hhl CeMH)I{HnhHb!M KOM6HHHpOB8HHh!M Ka6eneM ( Hapy)l{-

Hb!H AHSMeTp I MM) C p83Hh!M OTHOWeHHeM MeAHhlX H CBepxnpOBOASIWHX 

)I{Hn (eM. Ta6n. I). KoHTaKThi caepxnpoBOAHHK-caepxnpoBOAHHK, coeAHHHIO

UlHe OTAenbHhie '18CTH Ka6enH Me)I{Jly C060H H CBepxnpOBOASIUlHH Kn!O'I C o6-

MOTKOH' H3r'OTOBneHbl B BHAe M8CCHBHh!X 38)1{HMHb!X 6nOKOB pa3MepOM 

60 X 20 X 10 MM3 H3 MeAH, o6ny)l{eHHOli OnOBSIHHO-CBHHUOBb!M npunoeM. CsepX

npOBOAS!UlHe )I{Hnhi cKpy'leHhi Me)I{AY co6oli H 38)1{8Thi a t5noKH. ToKOBBOAhi 

AnSI CeKUHH G H D BhinOnHeHhl B BHAe MeAHh!X Tpy6oK, oxna)I{A8eMh!X 

napaMH renHH. K HH)I{Heli 'ISCTH Tpy6oK npHnastHa cTa6HnH3HpoaaHHaH caepx

npoBOAstwast neHTa (4) (puc. 1 ), npOXOAS!Ul8SI C Hapy)I{HOH CTOpOHhl o6MOT

KH K MeAHhiM 6noKaM, KOTOpble BMeCTe CO CBepxnpOBOASIUlHM Kn!O'IOM paC

nonO)I{eHhl C H.H)I{HeH CTOpOHbl M8I'HHT8. Bee CeKUHH CH8t5)1{eHhl neperpeaae

MbiMH CBepxnpOBOAS!UlHMH Knl0'18MH 0 KOTOphle n03BOnSIIOT pa60T8Tb C OTKniO

'IeHHbiM HCTO'IHHKOM TOK8 (a pe)I{HMe 
6

38MOpO)I{eHHOI'0° nonH) A8)1{e TOI'AB, 

KOI'Aa ypoaeHb renHH onycKaeTcst AO HH)I{Hero Kpast coneHOHAa. Pacnono)l{e

HHe KOHT8KTOB BHH3Y T8K)I{e B8)1{H0 H C TO'IKH apeHHSI COXpaHHOCTH COneHOH

Aa, KSK t5yAeT nOK838HO HH)I{e. 

3neKTpH'IeCK8SI CXeMa C onTHMH3HpOB8HHblM nHTBHHeM 

BBHAy TOI'O, 'ITO I 
0 

(H ) caepxnpoBOAstlllHX MaTepHanoa cnnhHo aa-

BHCHT OT MBI'HHTHOI'O nonH, KOTOpoe BHyTpH 06MOTKH coneHOHAB MeHl'!eTCSI 

OT MaKCHManbHOI'O 3H8'1eHHSI AO Hynl'l, K OnTHManbHOMY pacnpeAeneHHIO TOKa 

MO)I{HO npH6nH3HTbCl'l nH60 pa36HeHHeM 06MOTKH (npH OAHHSKOBOM Ce'leHHH 

CBepxnpOBOAHHKa no AnHHe ) Ha OTAenbHhle CeKUHH Anl'l nHTSHHSI HX pa3Hhl

MH TOK8M~J nH60 yMeHbllleHHeM Ce'leHHSI CBepxnpOBOAHHK8 no Mepe nepe

XOA8 OT BHyTpeHHHX K Hapy)I{Hb!M cnOSIM. 8 OnHChiBaeMOM coneHOHAe HCnOnh-

30B8Hbl o6a YK838HHb!X cnoco6a. l13MeHeHHe Ce'leHHSI CBepxnpOBOAHHKa ocy

weCTBnstnOCb npHMeHeHHeM AnSI OTAenbHhlX CeKUHH coneHOHA8 Ka6enSI C paa-
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Hb!M OTHOWeHHeM CBepxnpOBOAS!UlHX H MeAHh!X lKHn (Ta6n.1 ) • .anSI aanH 

CeKUHOHHOI'O COneHOHA8 HCnOnb30BanaCb OnTHMH3HpOB8HH8!! CXeMa c A< 

Hb!MH HCTO'IHHKSMH ( pHC.2)! K TOKy OCHOBHOI'O HCTO'IHHKa, npOXOQSIUler 

BeCb coneHOHA, npH6aanl'!IOTCSI B p83Hb!X C9KUHSIX TOKH OT AOnOnHHTenb 

MOUlHh!X HCTO'IHHKOB. TaKHM o6pa30M 0 YAaeTCSI CHH3HTb 06Uly10 CTOHMO 

HHKOB nHT8HHSI H yMeHblllHTb paCXOA lKHAKOI'O renHSI 0 HCnapS!eMOI'O 38 C 

BBOJlOB, TBK KSK AOnOnHHTenhHhle TOKOBBOAhl paCC'IHT8Hbl Ha Cp8BHHTell 

~ TOKH (25 .. 40a) npH OCHOBHOM TOKe nOpliAKa 150 a. BcneACTBHe TOI'O, 'I 

HOM cnyqae HCTO'IHHKH TOK8 COAep)I{8T aneMeHThl, nponyCK810UlHe TOK n 

BeHHO B OAHOM HanpaaneHHH ( CeneHOBh!H BhinpliMHTenb H Tp8H3HCTOpH~ 

TOphi), TO He 6h!n0 He06XOAHMOCTH nocneaoBaTenhHO C K8lKAOli C9KUHe~ 

AH0Ahl 0 KOTOph!e npeAOTBpawanH 6hl npOTeKaHHe TOKa He B 38A8HHOM HS 

Ha 6noK-CXeMe, npHBeAeHHOll Ha pHc. 2, noKaaaHbi! nynhT ynp1 

{5) HCTO'IHHKSMH TOK8 (1,2,3) H CBepXnpOBOAS!UlHM Kn!O'IOM (8), KO~ 

OXB8Th!B8eT BCIO CeKUHIO G coneHOHA8 (9) H HMeeT R 11., 0,2 OM; 

KHli WYHT ( 7) C COnpOTHBneHHeM nopl'!AK8 0,5 OM, napannenbHO KOTC 

'leHhl ynpaBnl'!eMble BeHTHnH; CXeMa HHAHK8UHH nepeXOAa ConeHOHA8 

ManbHOe COCTOl'IHHe H peneliHal'! 38UlHT8 ( 4), OTKI:t10'1810W8SI HCTO'IHHK 

neAHl'll'l cpa6aThiBaeT npe BHeaanHOM noSianeHHH 6onbworo noTeHUHan. 

Ka 10 BOnbT), CBHAeTenhCTBYIOW9I'O 0 naBHH006pa3HOM H8p8CT8HHH C 

neHHSI BHYTPH COneHOHA8. npa 9TOM AO OTKniO'IeHHSI OCHOBHOli HCTO'II 

3blB89TCl'l 38KOpO'IeHHbiM OTKpblB810WHMHCSI ynpaBnSieMblMH BeHTHnSIMH, 

BKniO'IeHhi a npl'IMOM HanpasneHHH. 4aCTb aaepree, aanaceaaoli 8 cone 

BhiaensteTCSI a BHAe Tenna a HapylKHOM wyHTe (7) • .anSI paaHero 0611 

nepexoaa '18CTH o6MOTKH conesoeaa s HOpManhHOe COCTOSIHHe acnon1 

MOCTHKOB8SI CXeMa, nne'I8MH KOTOpOil SIBnSIIOTCSI AB8 npOH3BOnhHhiX y 

coneHOHaa H Hapy)I{Hblil OMH'IeCKHil aenHTenb, 6anaHCHPYIOWHil peaKTH 

npOTHBneHHSI Y'18CTKOB. 4yBCTBHTenhHhlil npe6op, BKni0'19HHblli B AH8I 

MOCTHKa, pearupyeT aa nol'IBneaae O'leHb ManbiX (no cpasaeHHIO c a, 

MOHHAYKUHH) Hanpl'llKeHHli, CBHAeTenbCTBYSI 0 nOl'!BneHHH Manoro 8KTE 

conpOTHBneHHl'l B OAHOM H3 y'laCTKOB ConeHOHA8 (KOTOpblit nei'KO Oni 

no 3H8KY CHI'Hana). 
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OT8Hbl Ha OTJlOJ!bHblX KapK8C8X H HM8!0T OTJl8JlbHbl8 TOKOUOJl-

BOJ!H8T Jl8I'KO H3M8HHTh BHyTpeHHHH pa6oqHH JlH8M8Tp COJ!8HOH

A HCnonhayeTCH BMecTe c ¢eppoMarHHTHhiMH KoHUeHTpaTopa

IPMOHJl!Opa anH H3MepeHHil a nonHx ao 120 Krc. Hapy)!(Hbie ceK-
1 

H8MOT8Hbl C8MH)!(HJ!bHbiM KOM6HHHpoB8HHblM Ka6eJ!8M ( Hapy)!(-

MM) C pa3HbiM OTHOW8HH8M M8JlHblX H CBepXnpoBOJlHlliHX 

I). KoHTaKThi caepxnpoBollHHK-caepxnpoaoaHHK, coeaHHHJO-

e qacTH Ka6en51 Me)!(ay co6oil H caepxnpoaoaHWHil KJ!!Oq c o6-

oaneHbi B BHJl8 M8CCHBHbiX 38)!(HMHbiX 6J!OKOB pa3MepoM 

3 H3 Meal!, o6ny)!(eHHoti onoBSIHHo-CBHHUoBbiM npHnoeM, Caepx

Hnhi cKpyqeHhi M8)!(JlY co6oti H 38)!(8Tbi a 6noKH. ToKoaao.Qhi 

H D BhmonHeHhi a BH.Qe MellHhiX Tpy6oK, oxna)!(.QaeMhiX 

K HH)!(H8H qaCTH Tpy6oK npHn851H8 CTa6HnH3HpOB8HH851 caepx

HTa (4) (pHC, I), npoXOJl5111l851 C Hapy)!(Hoti CTopoHbl o6MoT-

6noKaM, KOTOpbl8 BMOCTe Co CBepXnpoBollSilllHM KnJOqoM pac

)!(HOH cTopOHhi MaPHHTa. Bee ceKUHH CHa6)!(eHbi neperpeaae

BollHlllHMH Kn!Oq8MH, KOTopblO no3BOnHJOT pa6oTaTb C oTKnJO

(a pe)!(HMe "aaMopo)!(eHHoro 0 nonH) .Qa)!(e Tor.na, 

renHH onycKaeTCH ao HH)!(Hero KpaH coneHoH.Qa, Pacnono)!(e

BHH3Y T8K)!(8 B8)!(HO H C ToqKH 3p8HH51 CoXpaHHOCTH ConeHoH

noKa3aHo HH)!(e, 

3neKTpHqecKa51 CX8M8 C onTHMH3HpOB8HHblM OHT8HH8M 

ro, qTo I 
0

(H) caepxnpoao.QHlllHX MaTepHanoa CHnbHo aa-

HTHoro nonS!, KoTopoe BHyTpH 06MoTKH coneHoHaa M8H518TC51 

OI'o 3HaqeHH51 .QO HY11511 K onTHManbHoMy pacnpeueneHHIO TOK8 

HTbC51 nH6o pa36HeHHeM o6MoTKH (npH O.QHH8KOBOM CeqeHHH 

8 no .Qni!He ) Ha oTaenbHble C8KUHH .QJ!SI nHT8HHll HX pa3Hbl

H6o yMeHbWeHHeM ceqeHHH caepxnpoao.QHHKa no Mepe nepe

HHHX K Hapy)!(HbiM CnOl!M, 8 onHCbiB88MOM ConeHOH.QO HCnoJ!b-

38HHbiX cnoco6a. I13MeHeHHe ceqeHHH caepxnpoao.QRHKa ocy

HMeHeHHeM .Qn51 OT.Q8J!bHbiX C8KUHH ConeHoH.Q8 K86en51 C pa3-
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HbiM OTHOW8HH8M CBepxnpoBoll5111lHX H Me.QHbiX )!(Hn (Ta6n,1 ), Jlnll 38nHTKH MHOI'O-

C8KUHOHHOI'O coneHOHJl8 HCnOnb30BanaCb onTHMH3HpoBaHH8SJ CXGMa C .QOnonHHTenb

HbiMH HCToqHHKaM.H (pHc,2): K TOKY oCHOBHOI'O HCToqHHK81 npOXO.Qlllll6I'O qepe3 

B6Cb COneHoH.Q, npH6aanliJOTCll B pa3Hb!X C6KUH51X TOKH OT JlOTIOnHHTenbHbiX1 MORee 

MOWHbiX HCTOqHHKoB, TaKHM o6pa3oM1 yuaeTCll CHH3HTb 061JlyJO CToHMOCTb HCTO"'

HHKOB nHT8HHll H YM8HblllHTb paCXO.Q )!(H.QKoi'O I'enHH1 HCnapl!eMOI'O 38 C"'eT ToKo

BBOJlOB1 TaK K8K aononHHT6nbHbl6 TOKOBBO.Qbl paCCqHT8Hbl H8 Cp8BHHTenbHO Man&Ie 

l TOKH (25 .. 40a) npH OCHOBHOM TOKe nopl!JlK8 150 a, 8cne.QCTBH6 TOI'o1 qTO B Jl8H

HOM cnyqae HCTO"'HHKH ToKa Co.QeplKaT aneMeHTbl 1 nponyCK81011lH6 TOK np8HMY11l8CT- · 

BOHHO B O.QHOM HanpaaneHHH ( CeneHOBbiH Bbinp51MHTenb H TpaH3HCTOpHbl8 perynli

Topbl), TO He 6biJ!O He06Xo.QHMoCTH nocne.QOBaTenbHO C K8lK.Qoil CGKUHeil BKJ!IO"'8Tb 

.QHO.Qb1 1 KOTOpb!O npe.QoTBpawanH 6&1 npoT6K8HH6 ToKa He B 38Jl8HHOM HanpaaneHHH, 

Ha 6noK-CXeMe, npHaeaeHHoil Ha pHc, 2, noKa3aH&I: nynbT ynpaaneHHll 

(5) HCTo"'HHK8MH ToKa ( 1 ,2,3) H CaepxnpOBO.QlllllHM KnJO"'OM (8) 1 KOTOpb!il 

OXB8TbiB86T BCIO COKUHIO G ConeHOH.Qa (9) H HM66T R 
11

., 0,2 OM; OMH"'eC-

KHil WYHT (7) C conpoTHBn6HH8M nopli.QKa 0,5 oM, napannenbHO KOTOpoMy BKJ!J0-

"16Hbl ynpaBJ!li6Mbl6 BeHTHnH; CXeMa HH.QHK8UHH nepeXO.Qa COJ!6HOH.Qa B HOp

ManbHOe COCT051HH6 H peneiiHaSI 381JlHT8 ( 4) 1 OTKiiJO"'8101Jl8H HCTO"'HHKH, noc

Jl6.QHSISI Cpa6aTbiB88T npH BHe3anHOM nOHBn6HHH 6onbWOI'O nOT6HUH8J!a (nopH.Q

Ka 10 BOJ!bT) 1 CBH.Q6T61IbCTBY!Olll6I'O 0 Jl8BHH006pa3HOM HapaCT8HHH conpoTHB

neRHSI BHYTPH COJ!6HOH.Qa, npH 3ToM .QO OTKJ!IO"'OHHSI OCHOBHOil HCTO"'HHK oKa-

3biB86TCSI 38KOp0"16HHbiM OTKpblB8101JlHMHCSI ynpaBJ!H6MbiMH B6HTHJ!HMH 1 KOTOpbl6 

BKJ!IO"'6Hbl B npHMOM HanpaBJ!6HHH, l.laCTb 3H6pi'HH, 3anaC6HHOil B ConeHoH.Q61 

Bbi.QenHeTCH B BH.Qe Tenna a HapylKHOM myHTe (7). llnH paHHero o6HapylKeHHH 

nepeXO.Qa qaCTH 06MoTKH COJ!6HOH.Q8 B HopM81IbHOe C~TOSIHHe HCnOJ!b3Y6TCSI 

MOCTHKOB8H CX6M8 1 n1!6"18MH KOTOpOil HBJlSIIOTCSI JlB8 npOH3BOIIbHblX Y"'8CTK8 

COJ!6HOH.Il8 H HapylKHblil 0MH"16CKHil Jl6J!HT61Ib, 6anaHCHPY!OlllHil peaKTHBHbl6 co

npoTHBJ!6HHH y"'aCTKOB, t.{yBCTBHTOJ!bHbli! npH60p, BKJ!IO'I6HHblil B .QH8I'OH8J!b 

MOCTKKa, pearKpyeT Ha noHaneHHe o'leHb Manblx (no cpaaaeHHIO c a.n.c. ca

MOHHilYKUHH) HanpHlK6HHil, CBH.Il6T61IbCTBYH 0 nOHBJ!OHHH M8J!OI'O 8KTHBHOI'O 

conpoTHBJ!6HHH B O.QHOM H3 y"'aCTKOB ConeHOH.Ila (KOTOpb!il nei'KO onpe.nenHTb 

no 3HaKy CHI'Hana). 
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PesynbTaThl HCIThlTaHHI H HX o6cymneaHe 

PesynbTaThi HCrrhiTaHHI rrpH TeMrrepaTypax 4,2 H 1,8°K rrpencTasneHhi 

B Ta6n, 2 H Ha p!!C. 3, MaKCI!Ma/lbHhie non>! 6hinll rrony'leHhl rrpH ITOHI!meHHOfi 

TeMrrepaType II COCTaBnsinH 95 KI'C B UeHTpe BHyTpeHHefi C9KUHII A allaMeT

pOM 8 MM H 122 KI'C B 3830pe 0,8 MM M9ll<ay nepMeHaiOpOBhiMH KOHUeHTpa-

TopaMH, B CeKUHH G , KoTopag npencTaBnHeT HHTepec c TO'!KH speHHH 

B03MOmHOCTH npHMeHeHHSI 'lBCTH'lHO CTa6HnH3HpOBaHHbiX CBepxnpOBOaHIIKOB ang 

C03aBHHSI Bb!COKHX nonefi B CpaBHHT9HbHO 6onbWHX 06"beMaX, nony'!eHO MaK

CI!ManbHOe none nopHaKa 60 KI'C B o6"heMe ~ 500 cM3, 

YT06hi Oll9HHTb npeHMyweCTBa H HeaOCTaTKH '!aCTH'lHO CTa6HnH3HpOBaH

HhiX CHCT9M C pa3MepaMH, XapaKT9pHhlMH ang CeKUHH G , Mbl npo~enH cpaB

H9HH9 c nonaoCTbJO cTa6nnH3HpoBaHHhiM coneaoHnoM CERL ( BenuKo6pnTaHnH) 141. 

KaK SHaHO H3 Ta6n, 3, name npH HeCKOnbKO MeHbWHX pa60'l9M aHaMeTpe 

H MaKCHManbHOM none s cnyqae coneaouna CERL sec csepxnposonaHKa 

no'lTH s 4 paaa, a seeR CHCTeMhi s 12 pas 6onbwe, '!eM s cnyqae qacTH'l

ao CTa6HnH3HpOSaHHOil: C9KUHII, 3TO SISHnOCb cneaCTSHeM TOI'O, '!TO K09(jlqJHUHeHT 

sanonaeHHSI s ceKUHH G 6hin shiwe, '!eM s coneao11ne CERL , B pesynbTaTe qe

ro 91jl¢>eKTHSHaSI nnoTHOCTb TOKa ( Jc s(jl~j!) B HeH OKa3anacb llO'lTH B TpH pa3a 

6onbwe (aecMOTpH aa aeKoTopy!O nerpanaUHJO), a ee aapymHhiH nHaMeTp ropasno 

MeHbwe, qeM s nomiocTbJO cTa6nnnsnposaaaoM coneaonne. 

BoaanKaeT o6wHil: sonpoc, s KaKHX cnyqagx Shironaee npHMeHHTb '!ac

TH'!HO CTa6HnH3HpOSaHHh!il: CSepXnposonHHK no CpaSH9HHIO C nonHOCTbiO CTa-

6HnH3HpOBaHHbiM? C TO'!KH 3peHHSI pacxona CsepxrrposonHHKa H )I{HnKOI'O I'e

nHSI nepshiil: oKa3b!BaeTcH Shlronaee no Tex nop, noKa aa-aa nerpananHH Kpll-

TH'l9CKOI'O TOKa J c sljl¢>, He OKameTCSI CTO/Ib ~H3KOil:, '!TO SeC CBepxnposon-

HHKa B 060HX cny'!aSIX CTaHeT onHHaKOBhlM, BsHnY. TOI'O, '!TO no CHX nop 

OTCYTCTsyeT TeOpHSI, KOTOpag CSSI3hiBana 6bi K091jl¢>HUH9HT nerpanaUHH nng 

naHHOI'O CBepxnposonHW9I'O MaTepHana C pa3MepaMH CHCT9Mhl, 9Ty CSSI3b npH

xonHTCSI HSXOnHTb 9MnHpH'leCKH. Ha pHC, 3 rrpHBeneHhl peaynbTaTbl HCnhiTa

HHil: npH 4,2oK pgna coneaonnos paann'lHhiX paaMepos (eM. Ta6n. 4), naro-

TOSneHHbiX TaK me, KaK H CeKUHSI G , H3 Ka6eng 65ET 6 + 1 Cu • TaM 

lK9 npHseneHa npenenbHaSI KpHBaSI nng nonHOCTbiO CTa6HnH3HpOBaHHOH 06MOTKH 

H3 sToro me Ka6eng: 

6 

.,. 
I I 

~
·~+,1·. 

·:. ,, 
,' ~ . 

.·1.·.·. '~; 1: 

i ' 

·~5i~ 

.:~. 

1>.· 

• 

=v--·--I 
npen 

Rn (H) 

rne A - 60KOBaSI nosepXHOCTb 1 CM Ka6eng, R " (H) - OCTaTO'lH 

THBneHHe Ka6eng S naHHOM none Ha enHHHUY nnHHhl, a p npen, • 

MOWHOCTb, npH KOTOpOil: HaCTynaeT nneHO'lHOe KHneHHe H CKa'!KOM 

eTCH TeMrrepaTypa OT .. 0,5°K no 60/lbWOil: BenH'!HHbl, R n (H) e 
HO HaMH nocne neperpeBa Y'!SCTKa Ka6eng HeCKOnbKO ShlWe KpHTI 

nepaTyph! H paBHS!nOCb 9,1Q-6 OM/CM B HyneBOM none, nOBbiWaSIC 

18,10-6 OMICM S none 60 KI'C, YTo KacaeTCSI p npen,' TO S UC 

6nnH3HposaHHhiX CHCTeMaX 3Ty senH'lHHY npHHHMSIOT B npenenax 

no 0,4 sT/c~ 141• KaK BHaHo na pnc, 3, qacTH'IHO cTa6nnnanpo 

neHOHnhi nosonbHO KpynHhllt pa3Mepos ycTOil:'IHBO pa60TSIOT S o6n 

3HS'IHTenbHO npeShiWSIOWHX I npen.• paCC'IHTSHHhlil: nnSI MSKCHt. 

KOil: senH'IHHhl p npen, =0,4 STICM
2 

(s YK838HHbiX COneHOHnax 

naHa O'leHb nnoTHOil:, H 9Ta senH'IHHa S neil:CTSHTenbHOCTH OKa38l 

0,01 BTICM2, KaK noKaaanH npS!Mhle H3MBPElHHS!), 

npyi'HM o6CTOS!TenbCTSOM, Tpe6yJOWHM paCCMOTpBHHSI rrpH HI 

HHH 'laCTH'IHO CTa6HnH3HpOBaHHOI'O csepxnposonHHKa, S!BnS!eTCSI S( 

nospe)l{neHHSI o6MOTKH npH nepexone ee S HOpManbHOB COCTOSIHHe 

saeMOM coneHonne nospe)l{neHne Ha6n10nanocb nnwb B pe3y/lbT8TE 

nonsonS!Wei'O Ka6enSI, KOI'na yposeHb r'enHSI 6hin HH)I{e 6nOKOB 0 HB 

nepsoHa'lanbHO Han coneaonnoM, B aTOM cny11ae nepexon B HOPM 

TOSIHHe•'laCTH Ka6en~ He npHBOnHn K naSHH006pa3HOMY nepexony 

HOHna, a HarrpSI)I{eHHe Ha nepewenweM y'laCTKe 6hlnO CnHWKOM Me 

3apei'HCTpHpOSaTb nep¢xon H OTKniO'lHTb SHeWHHil: HCTO'IHHK (MOC 

Ma Torna ewe He npnMeHSinacb). nocne neperopaHHSI nonsona sc 

HaS! 9Hepi'HSI BhinenSinacb S onHOM MeeTS S BHne nyru, liT06hl n: 

ro, Mhi nepeHecnn 6noKH Ha HH)I{HJOJO 'lacTb coneHonna, a Ka)l{nyl 

aawyHTHpOBanH Hapy)I{HhiM WyHTOM C ManbiM conpOTHBneHH9M ( • 

aa KOTOpoM BhinenSinocb 40 t- 50% sHeprHH npH nepexone coneH< 

MallbHOe COCTOSIHHe, 

7 



Pe3yllbTaTbi ncrrhiTamri! 11 IIX o6cy:>KA9HIIe 

aTbl IICIIb!TaHIIH IIpll T9MIIepaTypax 4,2 H 1,8 °K rrpeACTaBJJeHbi 

a p11c. 3. MaKCI!MallbHbie IIOIIH 6biiiii rrony'!eHhi rrp11 IIOHIIlK9HHOil 

II COCTaBIJHIIII 95 KI'C B ll9HTpe BHyTpeHHeli C9Kllllll A AllaMeT-

122 KI'C B 3a3ope 0,8 MM M9)!(AY rrepMeHA!OpOBbiMH KOHll9HTpa-

Kllllll G , KOTOpaH rrpeACTaBI!HeT IIHTepec C TO'IKII 3p9HIIH 

IIp11M9H9HIIH 'laCTII'IHO CTa611111131!pOBaHHb!X CBepxrrpOBOAHIIKOB AilS! 

OKIIX ll0119H B cpaBHIIT911bHO 60IIbWIIX 06'beMaX, IIOI!y'I9HO MaK-

119 IIOPHAKa 60 KI'C B o6'beMe ~ 500 eM3 • 

U9HIITb rrpeiiMyWeeTBa II H9AOeTaTKII '!aCTII'IHO eTa6111!11311pOBaH-

pa3MepaMII, xapaKT9pHbiMII AIIH C9Kllllll G , Mbl IIp0~91JH epaB-

CTbiO eTa6HJJII3HpoBaHHbiM eoneHoHAOM CE!a- ( BenHKo6pHTaHHH) 141. 

Ta6n. 3, AalKe IIpll HeCKOnbKO MeHbWIIX pa6o'!eM AllaMeTpe 

OM none B cnyqae coneHOIIAa CE!a- Bee esepxrrpOBOAHIIKa 

a, a BCeli elleT9Mbl B 12 pa3 60I!bW9 0 '19M B cnyqae '!aeTII'I

OBaHHOil eeKUIIII, 3TO S!BIInOeb cneAeTBII9M TOI'O, 'ITO KOSQJijliiUH9HT 

ceKUIIII G 6hiii BhiWe, '!eM B eoneHOIIAe CE!a- , B pe3yllbTaTe '!e

H IIIIOTHOCTb TOKa ( Jc sljlljl) B Heli OKa3allaeb IIO'ITII B T·pll pa3a 

TpH Ha H9KOTOpy10 AerpaAaUIIIO), a ee HapylKHbiH AllaMeTp ropa3AO 

rronaoeTbJO eTa6111111311poaaHHOM eoneaoHAe. 

9T 061Ili!H BOIIpoc, B KaKIIX elly'laHX Bb!I'OAH99 npiiM9HHTb 'laC-

11311pOBaHHbiH CBepxnpOBOAHIIK no cpaBH9HIIIO e nonaoeTbiO eTa

hiM? C TO'IKII 3p9HIIH paCXOAa eaepxnpOBOAHIIKa II lKIIAKOI'O re

Ka3biBaeTeH Bbii'OAHee AO TeX nop, noKa 113-3a AerpaAaUHII Kpll-

Ka J " sljlljl. He OKaJKeTeH eTOI!b H113KOil, 'ITO Bee eBepxnpOBOA-

eny'laHX CTaHeT OAIIHaKOBbiM, BBIIAY. TOI'O, 'ITO AO eHX rrop 

TeOpHH, KOTOpag eBH3biBana 6bi KOSijlljliiU119HT A9I'paAaUHII AnH 

XIIpOBOAHIII9I'O MaTep11ana e pa3MepaMII eHeTeMbl 0 'STy eBH3b npii

•AIITb SMnllpll'leeKII. Ha p11e. 3 rrpiiBeAeHbi pe3ynbTaTbi llenhiTa-

PHAa COneHOIIAOB pa3nii'!Hb!X pa3M9pOB (eM, Ta6n, 4), 113I'O-

K lK9 0 KaK II eeKUIIH G , 113 Ka6enH 65ET 6 + 1 Cu , TaM 

npeAenbHaH KpiiBaH AnH IIOnHOeTbiO eT9611nll311pOBaHHOH 06MOTKII 

Ka6enH: 
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= V p rrpeA A 
I 

rrpeA 
Rn (H) ( 1 ) 

rAe A - 6oKOBaH noaepxaoeTb 1 eM xa6eng, R n (H) - oeTaTO'IHOe ebrrpo-

TIIBneHHe xa6eng B AaHHOM none Ha 9AIIHIIUY AIIIIHbi, a P npeA, - YA9nbHaH 

MOIIIHOeTb, IIpll KOTOpOi! HacTyrraeT nneHO'IHOe KIIII9HH9 II eKa'IKOM liOAHIIMa

eTeH TeMrrepaTypa OT ., 0,5°K AO 60IIbWOil Benii'IIIHbl, R n (H) 6b!IIO 113Mepe

HO HaMil noene rreperpesa yqaeTKa Ka6eng HeeKOnbKO Bb!We KpiiTII'Ieexoi! TeM

nepaTypb! II paBHHnOeb 9,1Q-6 OM/eM B ayneBOM none, nOBbllllaHeb AO 

18,10-6 OM/eM B none 60 Kre, 'iTO KaeaeTeH p npeA,' TO B nonaoeTb!O eTa-

6Hnii3HpOBaHHbiX elleTeMaX STY Benii'IIIHY npHHIIMaJOT B npeAel!aX OT 0,15BT/ellf! 

AO 0,4 BT/e~ 141• KaK BIIAHO 113 p11e, 3, 'laeTII'IHO eTa6HIJH3HpOBaHHbie eo

neHOIIAbi AOBOnbHO KpynHbiX pa3MepOB yCTOil'IHBO pa6oTaiOT B o6naeTH TOKOB, 

3Ha'IHTenbHO npeBbiiiiaiOIIIHX I rrpeA., paCC'IHTaHHblil AnH MaKeHManbHO Bbieo-

2 . 
KOil BenH'IIIHbl p npeA, =0,4 BTICM (B yKa3aHHbiX eoneHOHAaX 06MOTKa· eAe-

naaa O'leHb rrnOTHOil, H STa BenH'IHHa B AeileTBHTenbHOeTH OKa3anaeb 

0,01 BT/eM2, KaK nOKa3anH npHMbie H3MepeHHH), 

npyrHM o6eTOHTenbeTBOM, Tpe6yiOIIIHM paeeMOTpeHHH IIpH Henonb30Ba

HHH '!aCTH'IHO eTa6HnH3HpOBaHHOI'O eBepxnpOBOAHHKa, HBIIH9TeH B03MOlKHOeTb 

nOBpelKAeHHH 06MOTKH rrpH nepeXOAe ee B HOpMal!bHOe eoeTOHHHe, B OIIHebi

BaeMOM eoneHOHA9 I10BpelKA9HHe Ha6nJOAanOCb nHWb B pe3ynbTaTe neperopaHHH 

I10ABOAHIII9I'O Ka6eng, KOI'Aa ypOB9Hb r'enHH 6bin HHlK9 6nOKOB 0 HaXOAHBIIIHXCH 

nepBOHa'lanbHO HaA eoneHOHAOM, B STOM cny'lae nepeXOA B HOpMallbHOe COC

TOHHHe4'1aCTH Ka6eng He npHBOAHn K naBHH006p&SHOMy nepeXOAY Beero eone

HOHAa, a HarrpS!lK9HHe Ha nepeweAIIIeM y'laeTKe 6hinO enHIIIKOM ManbiM, 'IT06b! 

3aperHeTpHpOB8Tb nep¢XOA H OTKnJO'IIITb BH9WHHil HeTO'IHHK (MoeTIIKOBBSI CXe

MB TOI'AB eme He npHM9HSinBCb), Oocne neperopaHHSI I10ABOA8 BCSI 3anaeeH

HBSI SHeprHSI Bb!Aengnaeb B OAHOM MeeTe B BIIAe AYI'H, LfT06bl H36eJKBTb STQ

I'O, Mbl nepeHeCnH 6nOKII Ha HHlKHIOIO 'IBCTb eoneHOHAB, a KBlKAYIO eeKUHIO 

3BIIIYHTHpOBanH HapylKHbiM IIIYHTOM e ManbiM COI1pOTHBneHHeM (., 0,15 OM), 

HB KOTOpOM Bb!Aengnoeb 40 t- 50% SHepi'IIII rrp11 rrepeXOAe coneHOHllB B HOp-

MaJlbHOe COeTOHHHe, 
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113 Bp9M9HHblX XapaKTepHCTHK TOKB H HanpSDK9HHSI, HB KOHUBX 06MOTKH 

G ( pHC, 4) no M9TOI1Y, onHCBHHOMY B /6 • 7/ 6hinH onpe.neneHbl MBKCHManb-
1 

HOe nepeHanpH)f{9HH9 BHyTpH 06MOTKH ( ~ 300 B) H MBKCHMBnbHO B03M0)f{Hb!J! 

noKanbHbill Harpee ( ~4000C). TaK KaK ceKUHH G BhiACP)f{ana 6onee 15 ne

pexoaoe 6e3 yxyaweHHSI XapaKT9pHCTHK, 9TH B9ilH'IHHbl nH60 He HBUSIIOTCH 

onaCHblMH, UH60 npaKTH'19CKH He 110CTHI"810TCH B onHCblBBeMOM coneHOHAe. 

B aaKillO'IeHHe MO)f{HO CKaaaTb, 'ITO anH coaaaHHH Mal"HHTHbiX nonel! 

50 t- 60 KI"C B 06'beMaX HeCKOilbKO COTeH CM3 MO)f{HO C ycneXOM npHMeHHTb 

'18CTH'IHO CT86HilH3HpOB8HHbl9 CHCTeMbl, KOTOpbl9 0 o6na.QaH pHAOM npeHMyiUeCTB 

nepeJl nonHOCTblO CT86HnH3HpOB8HHblMH 0 n03BOnHIOT Jl0CTHI"8Tb BblCOKHX 91jl

cjleKTHBHblX nnOTHOCTeli TOK8 0 He OnacaHCb noBp9)f{)leHHH COileHOHJl8, 

ABTOpbl npH3HaTenbHbl A.r. 3enb.QOBH'IY 38 BHHMBHHe H UO.Q.Q9p)f{Ky; 

E.H. CaMollnoey, E.IO. KnHMeHKo, B.H. Arypeeey, B.E. KellnHHy, npeano

)f{HBWHM MOCTHKOBYIO cxeMy; B. M • .Upo6HHy, A. n.' KopocTeneey, B. ell. Lfy-

MBKOBY 38 nOMOIUb B H3I"OTOBneHHH H HCllbiTBHHH coneHOHJla, a T8K)f{9 l"pyn

ne H.H. EanaHAHKOBa aa 6ecnepe6o11Hoe CH86)f{eHHe )KHJlKHM renHeM. 

n H T e p 8 T y p B 

l. Stekly Z.J,J,, Zar J,L., Trans. IEEE, N5-12, 367 (1965). 

2, Hancox R., Proc,II Int.Conf. on Magnet Technology, 477, Oxford, 1967. 

3. roHqapOB H. H.,n:rs. N92, 236 (1967 ). 

4. Maddock B. J., Garter C,N., Barratt P.B., Proc II Int. Conf. on 

Magnet 'I'echnology, 533, Oxford, 1967, 

5. Ebl'IKOB 10.11>., BepeiUSI"HH B.r .. KapaCHK B.P., KypraHOB r.E., Manb-
··1 

uee B. A. npenpHHT !1>11AH, N<!ll2, MocKea, 1968. 

6. Taylor C.E., Nel$on R.L., Henning C,D,, Taylor A.R., Harvey A. 

Proc. II Int. Conf. on Magnet Technology, 617, Oxford, 1967. 

7. Desportes H,
1
Proc II Int. Conf. on Magnet Technology, 603, 

Oxford, 1967, 

8. AnbTOB B.A., 3eHKeBH'I B,E., KapacHK B.P., Cbi'!eB B.B., ToeMa B.A. 

nT3, Nd, 203 (1968). 
PyKonHCb nocTynHna B HaaaTenbCKHli oTaen 

10 aeKa6pH 1968 roaa. 
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Ta6nHua l 

• XapaKTepHCTHKa ceepxnpoeoaHmei! CHCTeMbi 

,--

ce1<4u11 Pa~Mepol ""'" npo6oaHuK o5MomKo npuMe'faH 

IJ 1-i- c; .. -: Ql, 
----

-G::s ... 
-G ~:I OJ 

i~" 
o a :s t o() i i.g 'J "' 'll: Ex ~:I :t,. 0 0 ie .. 

1...~ .:.E 0~ ; ~ 3:; 0::. ll: ''X ":s 
Eo eo ,.o uE &c:: ~~ 
:p\0 ,.I: ll.Z:. U:t ~ E ~~ ::s ::s 

... o e., 
~g_ :z;\0 0\G lUI oe a e"'i' oc u~ ca.O :co cOO • D :roO 'leO u I: ou .. ~ .. 

KOIIIMe! ~ 
qto9 

noc.ne NO'Mfa 

Gm !l,2 181 'l7f 3c6epJc, 656T 2,3f1 246& 0,1261 no6e, nniiw~tc 
4Cu ; 

I 
I oocne l(a)l(ac 

G. !26 ti.Z f7f Kc.d]enb\ 0 I fl88 o,m 0,078 C/1011 Cu 'f'OII• 

, 6 •1Cu I 656T q1sA 
2684 D,244 G. 85 88 1261171 ' O.f70 

I I 

G 65 68 181 . f71 I 6~36 0,373 
_,._ 

I 

D 
l<a!ienb 

41 42~ 81 126 7e6epx. - 656T l158 0,30.l 0,2' 

B 18 20 38, 64 npo6on. 2145 0.28 o.~ • HU7T.~/1 A 8 9 17,5 48 npobon 728 0,29 O,f5 

Ta6nHua 2 

MaKCKManbHbi9 3H8'19HHH nons B M8I"HHT9 npH 6nH3KOM 

K OnT~ManbHOMY pacnpeaeneHHIO TOKOB OT Tpex HCTO'IHHKOB 

CeJatD c G+D C-+D+l 

BaytpeJIJUI• ~ E!):a 40 JDI 8101 c 
(91 

JI8KCBIIe 110• B 
QeBtpe,llrc !a4,2°K 52 68 76 

!ai,a"K 60 80 95 
-~~-
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XapaKTepHCTHK TOKa H Harrp~~eHH~ Ha KOHUaX 06MOTKH 

ony, OITHCBHHOMY B /6 r 7/ 6hinH orrpeneneHbl MBKCHManb

' BHyTpH 06\toTKH ( ~ 300 B) H MBKCHManbHO B03MO~Hblit 

~ 40ooc). TaK KaK ceKUH~ G ebi.Uep~ana 6onee 15 rre

HH~ XapaKTepHCTHK, 9TH BenH'IHHbl nu6o He ~BnSIIOTC~ 

KTH'!GCKH He .QOCTHI'aiOTC~ B OITHCbiBaeMOM ConeHOH.Qe, 

MO~HO CKa3aTb, 'ITO An~ C03AaHH~ Mai'HHTHhlX rronelt 

ax HGCKOnbKO COTGH CM3 MO*HO C ycrreXOM ITpHMeHHTb 

OBaHHble CHCTeMbl, KOTOphie, o6naaag PHnOM rrpeHMYWGCTB 

a6HnH3HpOBaHHhlMH1 IT03BOn~IOT t:IOCTHI'aTb BhiCOKHX aljl

elt TOKa, He orracaHCb ITOBPG*AeHH~ coneHOH.Qa. 

TenbHbl A. f. 3enbAOBH'IY 3a BHHMaHHe H ITOJlAGp~Ky; 

10. KnuMeHKo, B. H. Arypeeey, B. E. Keltnuuy, rrpetmo

cxeMy; B. M • .Qpo6uuy, A, n. KopocTeneey, B. ell, l.{y-

B H3I'OTOBnGHHH H HCITbiTaHHH COnGHOH.Qa, a TaK*e I'pyrr

a aa 6ecrrepe6oltuoe cua6*eHue mHAKHM renneM, 

n H T e p a T y p a 

r J,L., Trans. IEEE, N5-12, 367 (1965). 

:U Int.Conf. on Magnet Technology, 477, Oxford,1967, 

3, Nl2, 236 (1967). 

, Carter C.N,, Barratt P,B., Proc II Int. Conf, on 

ogy, 533, Oxford, 1967. 

epewarHH B.r., KapaCHK B.P., KypraHOB r.s •• Manb

N!112, MocKea, 1968. 

lson R.L., Henning C,D,, Taylor A,R., Harvey A, 

f, on Magnet Technology, 617, Oxford, 1967, 

oc II Int. Conf, on Magnet Technology, 603, 

KGBH'I B.S., KapacuK B.P., Cbi'!ee B.B., ToeMa B.A. 

68). 

PyKorrucb rrocTyrruna a uaaaTenbCKHA oTaen 

10 aeKa6p~ 1968 rona. 
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Ta6nuua 1 

• XapaKTepHCTHKa ceepxrrpoeoa~welt cncTeMbi 

,--
ce1<4u11 PQ!!>Meptol I'IM, npo6oaHuK O~MOmi<O npuMe'laHue 

IJ ~a 
... 

~ ~ -&;, oro -& ~, Cl J .. :Jt oO i i.8 •J " 'll: E:r. Q. CL:s x ... 0 0 • L~ .:.E iE 0~ Ql ::1 ::; ~ ..... .. ll: ·z 'Z:J 
Eo eo ,.o l'S u 

3<~~ 
t.o E &c: ~~l :J0\0 ,.:t CLZ: U[ ~E !hll ... o e., ll.O z .. :s :t oc tSt z\0 0\0 

"" a E"i' .. ~ «l<} J:O CI]O • 0 u t: :roO lrO t. .. ou .. 
KOIIfMe.J ~ noc.ne oco ..... aozo c.~tol' 

1 Gm 11.2 181 1 l71 3c6epx., 656T z.-'A 21.6& O,IOS 0,1261 no6c. nniiu1<o QOI 5"" ~c .. i 
I I nocne l(all<aozo 4-lo G. 126 tl.Z f7f KCJOen~rl 

0 
I ff88 o,m 0,078 CliO" Cu cpon~oto 0,05..., 

G. 1 
6 •fCu I 656T q7Sft 

268it o.z« 85 88 1261171 ' 0.470 

: I 

G 05 88 181 '171 I &~38 0,373 _,_ 
I 

I 

D 
~<alien~o -&56T Zt58 D.30.l 41 42,6 81 126 7e6epx. 0,2' 

B 18 20 38. 64 npo6011. 21l,5 0.28 0,4 
(I) HU7T.Vf 

A 8 9 17.,5 48 npobon 728 0.29 O.i5 

Ta6nuua 2 

MaKCHManbHhie aua'leHH~ rrong a MarHHTe npu 6nH3KOM 

K OnT.'IManbHOMY pacrrpeneneHHIO TOKOB OT Tpex HCTO'IHHKOB 

CeKitD c G+D C-+D+_B+A 

BByr:peBD• i5 l!)o: 40 Jill 8JOI c oo.mcaa 
(sasop o,&m) 

II8KCJDI. ooa I 
~e&!pe,*c 'l=4,2°K 52 68 76 103 

!ai,sOK 60 80 95 !22 
_._ 1-
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Ta6nHua 3 

CpaaHeHHe xapaKTepHCTHK rronHoCTbro H qacTHqHo 

CTB6HnH3HpOBBHHhlX CBepxrrpOBOnHmHX MBPHHTOB 

flOJBOCt•m Ct&dB-
.anpoB. Jllrot 
(CERL- AllrDB) 

BaytpeHRBI ~ (padoqBI),MII ~ 
HapyDBI ~ OdiiOtD, 101 400 
:BHC0%1 OdiiOtD, 101 250 
~ :IPJIOC%8%8, 101 560 

Iap8Et9pBCtBQ JlJBta 

CBepxnpoBo.-a•K NJ-Tt. ~ 012S101 

l!KC.IO CBtpXDpOBO,J(. DJI 60 

Ko~est 38"0.IBeiDI.I 
DO CB9pX.) o,f113 

AlmepaBtD I415·Io5 
Od•ll aec caepXDpoao,J(.,Jr 17 
Od..a aec lllrBBta, 1r rao 

ll&KCJDI&A&I toE, A 1650 (2050)X 
ll&KCXMBAB08 DOJJq8BB08 
DO.I8 B tl8B'l'pe, KrC 48{60)X 
la:&cBKa~BHI tox sa oaepx. 
u.v, A 27,5 
Cpe~ DJlotBOCt:IJ IOU (Jicnr) 3, 9•103 

lalYKt .. BOCt•, rB O,f!l 
3anaceoas aaepru, QK 96 (I50)X 

X) Padota B OdJIJCtB B8DOJBOI CtadBD38IUIB. 
xx) ,llaBJDie ,J(.u ! .. I, sOx 

10 

.-

- -

• 

l!8Ct8BO CtldB-
J1113B~OBIBe ll&r-
BBt ceKit. "" -

OIHH) 

85 
18I 
171 
200 

Kaden 

(65:ST) 
~ 0,25-

G-1 + C,.ll 4111 
6 3 

0,25 ~1~ 
8,7•1 

4,5 
I4,5 

138 {162y:a 

52 (60)XX 

23 
I1•I03 

1,7 
I6.s (22,2)xx 
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>:: 
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r " Ul 1-o 
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Ta6nHua 4 

ConeHOIHlLI K3 Ka6eng 65ET 6 + !Cu 

(l1cnbiTaHHSI np11 T=4,2°K). - I BHYTP• BHYTP• Hapyz. BHcon, KpH:r. IIOJJI B ll&KC. 
CO .Ill- ~csoq. m ._:ox. m oCSu. D :rox, zteHTpe, noJJS CcHua Ilpmaeqaaae HOII,li;B D A Jtl'C B OOK., 

HCl pxc.3 Jtl'C 

I 40 44 II4 r32 roo 43,5 50 Hac:roR.aa paOo-ra 

2 40 44 II8 2x32 190 43x) 54 x) Knym. rom.M-
ro.m.zta (noJJS B 

It8HTpe K&lt,ltOI) 

- 3 30 68 7l 237 41 42 /81 -
4 55 II3 r23 145 48 55 • 
5 200 204 200 46,5 r77 r8 41 • 
6 r26 r42 r?I r92 r4,8 15,8 HacTOR~R paOo-ra 
7 ffi 89 18! rn 137 52,5 54 Hapyu.ceJtit. Gill mi42 

D 143 K&08JIII 3+4Ct4. 

8 ffi 89 r42 171 !54 so 52 • B none 14 Jtrc OT aap. 
GW • 

9 ffi 89 142 r71 145 36 37,5 • 
IO 148 r48 Iffi IIS roo 22 28 • 
II I4 r8 ISO r71 IIO 65 /5/ 
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PHc.1. CxeMa MSI'HH Ta. 1 - noniOCbi 1 2 - MeAHbie 6noKH. 3 - CBepxnpoBOASI

mall KniO'Io 4 - TOKOBBOJ:Ibl 1 5 - M8I'HeTOCOnpOTHBneHHSio 6 - J:I8T'IHK 

Xonna. 

12 

--

4,2°/f 

PHc.2. 3neKTpH'IeCK8SI CXeMa. I - OCHOBHOll HCTO'IHHK TOKa. 2,3 
TellbHbie HCTO'IHHKHo 4 - CXeMa 381UHTbi. 5 - ynpaBneHHe 

H CBepxnpOBOJ:ISIIUHM KniO'IOMo 6 - KOHTpOnb TOK8o 7 - Bbl 

8B8pHliH8SI 381UHT8. 8 - CBepXnpOBOJ:ISIIUHll KniO'I. 9 - CBe] 

IUHll coneHOHJ:I. 

13 



HH Ta. I - noniOCbi, 2 - MeliHbie 6noKH. 3 - caepxnpoaoliS!-

4 - TOKOBBOllb1 1 5 - MarHeTOCOflpOTHBneHHSI. 6 - li8T'IHK 

12 

_.,. 

4 

4,2 °K 

9 

P11c.2. 3neKTpH'IeCK851 CXeMa. I - OCHOBHOli HCTO'IHHK TOKa. 2,3 - liOnonHH

TenbHbie HCTO'IHHKH. 4 - CXeMa 381UHTbi. 5 - ynpaaneHHe HCTO'IHHKBMH 

H CBepxnpOBOliS!IUHM KniO'IOMo 6 - KOHTpOnb TOKa. 7 - BbiBOll 9HeprHH
1 

8B8pHJ!HaSI 381UHTa. 8 - CBepxnpOBOliSIIUHJ! KniO'I. 9 - CBepxnpOBOliSI
IUHJ! COneHOHll. 

~ 13 
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Pac.3. XapaKTepHCTHKa caepxnpoao.QHHKOB H pe3fllbTaTbl HCil&ITaaall coneHoa
.Qos. xapaKTepHCTHKa KOpOTKoro o6pa3ua. - - - rpaaaua 
nonaoli CTa6ane3aUHH .Qn!l Ka6en11 65ET 6 + 1 OJ ( 6e3 H3onliUHH). 

/l - llepeXo.Q CeKUHH H3 Nb -75% Zr llpH 4,~°K • 
.t. .;. llepexo.Q ClhtUHH H3 Nb -75% Zr~npa 1,8~. TO'IKH C HOMepa

MH - pe3yllbT8Tbl HCilblTSHHA coneHOH.QOB, H3rOTOBneHHbiX H3 Ka6e-
nll 65ET 6 + J OJ • XapaKTepHCTHKH coneHOH.QOB IIO.Q COOTBeTCTByiO-
IllHMH HOMepaMH llpHBe.QeHbl B Ta6n. 4. 
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Pac.4. BpeMeaatle xapaKTepacTHKH nepexo.Qa ceKUHH G a aopMal 
COCTOSIHHe. 

15 
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CBepxnpOBOAHHKOB H pe3yn&T8Thl HCnhlTSHHA ConeHOH

xapaKTepHCTHKa KopoTKoro o6paaua. - - - rpaaaua 

Ka6en11 655T 6 + 101 (6e3 H3on!IUHH), 

Nb -75% Zr npa 4,2°K. 
CS'KUHH H3 Nb -75% Zr•_npH 1 ,8~, TO'IKH C HOMepa

HCnhiTSHHA coneHOHAOB, H3rOTOBneHHhlX H3 Ka6e

l0a • XapaKTepHCTHKH ConeHOHAOB nOA COOTBeTCTBYID
MH npaaeAeHhl a Ta6n. 4, 
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Pac,4, BpeMeHH~e xapaKTepHCTHKH nepexoAa ceKUHH G 
COCTOSIHHe, 
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