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MeTOil R3Mepeuag aHR30rponHR aaMarHR'I:eHnocra 

caepxnpoaoagwHX Ka6eneit 

P8 - 11384 

Onachlaaercs Meroa H3MepeHHH naMarHR'I:eHHOCTH caepxnpoBOilHRKOB 
c IIOMOlllbiO .:tayx aaT'I:HKOB Xonna, noaaon!IIOlllHit onpeaenHrb aHH3oTponHIO 
racTepe311CHblX norepb, npRBelleHb! peaynbT8Tbl R3MepeRRit rp8HCDOHRpOB8H
BOrO Ka6eng ceqenHeM 3xl MM 2, coaepJKamero ceepxnpoaollHlllRe HHTB 
llBSMeTpOM 24 MKM, B MSrHHTHI,IX nonRX llO 4 T. nony'feHHb!e pe3ynbT8Tbl 

cpaBRHB810TCH C npellCK838HilSIMH TeOpHH, 

Pa60T8 Bblnonaeaa B na6oparopHH Bb!COKHX saeprHA OHHH. 

flpenpBRT 06bellRBeHHOrO HBCTHTyT8 SlllepHb!X HCC1lellOB8HHA, .Lly6aa 1978 

Krempasky L. et al. P8 - 11384 
Method for IV\:!asuring Magnetization Anizotropy 
in Superconducting Cables 

A method for measuring magnetization and A.C. losses ani
zotropy in s·_.tperconducting cables using two Hall generators is 
described. The experimental results on 3x1 mm 2 fiat superconduct
ing· cable '"ith 24 JLIII filaments in magnetic fields up to 4T are 
compared ·.vith the theory predictions. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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qT06bl npoBeCTH cpaBHeHHe pe3yJibTaTOB TeopeTH'IeCKHX 
H 3KCnepHMeHTaJibHblX HCCJie,IJ;OBaHHH noTepb B HMnyJihCHblX 
caepxnpoao.D;.amux MarHHTax, ueo6xo,IJ;HMO 3HaTb napaMeTphl 
Ka6eJieH, H3 KOTOpbiX H3rOTOBJieHhl 06MOTKH :HHX ycTpOHCTB. 

Hu:>Ke paccMoTpeu MeTo.D;, no3Bon.aromuii H3Mep.aTb auu-
30TponuJO HaMarHH'IeHHOCTH KOpOTKHX o6pa3~0B CBepxnpo
BO.D;.BmHX Ka6eneii u npoaonoK. IIoKa3aHbl pe3yJihTaTbl &3-
Mepeuuii Tpaucnouupoaauuoro caepxnpoBo.D;.amero Ka6en.a 
ceqeuueM 3xl MM

2
. Ha ocuoae napaMeTpoB neTJIH uaMar

HH'IHBauu.a o6pa3ua, KOTOPYJO pucyeT nepo caMonucua, 
onpe,D;eJieHhl rucTepe3HCHble noTepu, 3aBHCHMOCTh KPHTu
qecKoro TOKa OT nOJI.B H K03~Hl{HeHT 3anOJIHeHH.8 Ka6eJI.8 
caepxnpoBO.D;HHKOM. Pe3yJihTaTbl cpaaueHbl c ,IJ;aHHhlMH np.a
MbiX H3MepeHHH BbiWenepe'IHCJieHHbiX BeJIH'IHH H C Teopueii. 

MET0,4HKA H3MEPEHH..JI 

llpH H3MepeHH.8X HCXO,IJ;HJIH H3 MeTO,IJ;HKH, onucaHHOH 
.'1 I B pa6oTe . . 3Ta MeTO,IJ;HKa 6blJia HeCKOJibKO H3MeHeHa: 

BMeCTO o6pa3l{OB B BH,IJ;e KaTyWeK HCnOJib30BaJIHCb o6pa3~bl 
B BH,IJ;e Ky6HKOB. llOBOpa'IHBaHHe Ky6HKOB Ha 90 ° n03BOJI.8JIO 
ocymeCTBHTb H3MepeHH.8 B Tpex HanpaBJieHH.BX OTHOCHTeJib• 
HO MarHHTHOrO DOJI.B. 

H3 4-x Ky6HKOB, CKJieeHHhlX H3 KYCKOB H3Mep.aeMoro 
Ka6eJI.B, 6blJIH COCTaBJieHbl ,IJ;Ba ·noJIJOCHblX HaKOHe'IHHKa 
I puc. 1/. HaKoHe'IHHKH noMemanucb B 3a3op caepxnpoao,IJ;.a
men> coneuou,IJ;a, co3,IJ;aJOmero auewuee MarHHTHoe none. 
Bcne.D;CTBHe uaMaruuqeuuocTH o6pa3~a none B ~eHTpe 3a-

3 



I' 

(£) 

N 

(£) 
~ 

0 
m 
<J N 

---
20 

X1MM 

Puc. 1. <PopMa noAIOCHbiX HalwHe~HuKoe npu U3MepeHUU 
HQMQZHU~€HHOCIIIU. H/1!1pUX06QJI AUHUJI npeCJCI/IQ6AJI€111 OI!I
HOCUIII€AbHOe pacnpe()eAeHUe A(QZHUIIIHOZO nOAJI 0111 o6pa3ija, 
HaMaZHU~eHHozo e()oAb ocu z. IiyKeaMu A,Ii o6o3Ha~eHo 
pacnoAoJKeHue ()am~uKoe XoAAa. 

Jopa Me>K~Y nomocaMH oTnuqaeTcJI OT BHemuero nonJI ua 
BenH'IHHY flll O , npH'IeM 

LlB 0 ~ it
0

M , /1/ 

r~e M - HaMaruuqeuuocn. o6pa3Ua B uanpaBJieHHH ocu z • 
k o - reoMeTpH'IeCKHB cjlaKTOp/2~ KOTOpLIB B HameM cnyqae 
paBeH 0,74. 

4 

~ 

Pacnpe~eneuue MarHHTHoro nonJI oT o6paJua, HaMaruu
qeuuoro B~OnL OCH Z, H306pa>KeHO WTpHXOBOB nBHHeii Ha 
puc. 1. .liyxsaMH A u .6 o6oJHa'leHo pacnono>Keuue ~Byx 
~aT'IHKOB Xonna. Kax BH~Ho H3 puc. 1, ~aT'IHK A H3MepJieT 
none OT uaMaruuqeuuoro o6paJua nmoc BHemuee none u 
~aT'IHK Ji H3MepJieT TOnLKO BHemHee none. ~aT'IHKH Janu
TLIBanHCL OT~enLHLIMH TOKaMH H 6LinB COe~HHeHLI TaK, 
'IT06LI xonnoBCKHe HanpJI>KeHHJI HMenH npOTHBOnonO>KHLie 
JHaxu. Toxu ~aT'IHKOB uacTpausanucL TaKHM o6pa3oM, 
'IT06LI B cnyqae OTCYTCTBHJI o6pa31{a XOJIJIOBCKHe HanpJI
>KeHHJI nonHOCTLIO KOMneHCHPOBanH ~pyr ~pyra. Ilocne 
ycTaHOBKH o6pa3ua B03HHxaeT pa36anauc HanpJI>Keuuii, npo
nopnuouanLHLiii HaMarHH'IeHHOCTH. IleTnH HaMarHH'IHBaHHJI 
o6pa3Ua perHCTPHPOBanHCL Ha ~BYXKOOp~BHaTHOM CaMo
nucue, npH'IeM ua o~HY ocL no~asanocL uanpJI>Keuue c 
WYHTa B uenH nHTaHHJI MarHHTa H Ha ~pyryiO OCL - HanpJI
>KeHHe c ~aT'IHKOB Xonna. IlpeuMymecTBO ~auuoro MeTo~a 
3aKJIIO'IaeTCJI B TOM, 'ITO B OTnH'IHe OT ~pyrHX MeTO~OB 
ou ue Tpe6yeT npuMeHeHHJI HHTerpaTopa, ~peiicjl KOToporo 
orpaHH'IHBaeT 'IYBCTBHTenLHOCTL H TO'IHOCTL H3MepeHHB. 

PE3YJI.bTATM H3MEPEHHH 

I13MepJinHCL napaMeTpLI nnocxoro Tpaucnouuposauuoro 
csepxnposo~JIIUero xa6enJI c MeTannu'lecxoii nponHTKoii, 
pa3MepLI KOTOporo noKa3aHLI Ha pUC. 2. Ka6enL COCTOJin 
H3 12-TH nposonox ~HaMeTpOM 0,5 MM. Ka>K~aJI nposonoxa 
co~ep>Kana 168 csepxnposo~JIIUHX HHTeii H3 cnnasa HT-50 
~HaMeTpOM 24 MKM, CKpy'leHHLIX C WarOM 5 MM H norpy
>KeHHLIX B Me~HYIO MaTpHI.I,y. IlonyqaeMLie KpHBLie HaMar
HH'IHBaHHJI noKa3aHLI Ha puc. 3-5. 3aWTPBXOBaHHaJI nnoll.l,a~L 
Ha puc. 3 nponopuuouanLHa noTepJIM Ja uuxn B cnyqae, 
KOr~a HMnynLC HMeeT cjlopMy TpeyronLHHKa HnH Tpanei.I,HH 
/MarHHTLI I.I,HKnH'IeCKHX YCKOpHTeneii/. ~OBOnLHO HeofiLJq
HyiO cjlopMy HMelOT neTnH HaMarHB'IeHHOCTH B cnyqae, KOr~a 
none uanpasneuo s~onL ~nHHLI xa6enJI I cocTaBnJIJOll.l,aJI By, 
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Puc. 2. 06pa3ell ceepxnpoeoO.RUiezo Ka6e/I.R. 

I 
J I 0,04 
~ M,T 

I 

P~c. 3. IleltiA.R HaMaZHU'IeHHOCIIIU o6pa3fla e Ma/I&IX no/I.RX. 
/B = 0,05 T/c/. 
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0,041 M,T 

Puc. 4. Ilem/I.R HaMazHU'IeHHocmu o6pa311a a 6oA&wux noA.RX. 

/B = 0,05 T/c/. 

pUC. 2/. 3TO, no-BH.IJ.HMOMy, CBJ13aHO C TeM, 'ITO B OTnH"'He 
OT HanpaBneHHJI B x HnH 3 z KpHTH"'eCKHH TOK He .D.OCTHraeT 
MaKCHManLHoii senH"'HHbl B HyneBOM none 131 . CMe~QeHae 
neTnH Ha puc. 4 B o6nacTH noneii CBhiWe IT Bbi3BaHo He
nonHoii KOMneHCal.{Heii HanpJI)I(eHHH Ha .D.aT"'HKaX A H 1i H HX 
HenHHeHHOCTbiO. 

lloTepa JHepraa Ja UHKn B cnyqae MarHHTHoro nonJt, 
C03JJ.aBaeMoro HMnynbCOM TpeyronbHOH $opMbl, npH pa3HOH 
opaeHTaUHH Ka6en.11 npeJJ.cTasneHbl Ha puc. 6, B cnyqae 
non.11, C03JJ.asaeMoro nanoo6pa3Hb1M HMnynLCOM, - Ha puc. 7. 
BH.D.Ho, 'ITO KOr.D.a none HanpasneHo napannenLHo ana nep
neH.D.HKyn.RpHo WHPOKOH CTOpOHe Ka6en.R, noTepH O.IJ.HHaKOBbl. 
llpH npOJJ.OnbHOH OpHeHTal.{HH MarHHTHOrO non.11 noTepH 
6onLwe B non.11x, npesblwaJOIQHX 2T. 

B pa6oTe l 41 noKa3aHo, 'ITO no wapaae neTnH HaMarHH
"'HBaHHJI t:\M I puc. 3/ MO)I(HO onpeJJ.enHTL KPHTH"'eCKHii TOK, 
KOTOpbiB JJ.aeTCJI $opMynoii 

-~F A - 2 
c - d , m , 

llo 
/2/ 

r.D.e: d - .D.HaMeTp CBepxnpOBO.IJ.JIIQHX HHTeH, F - nno~Qa.D.b 
nonepe"'Horo ce"'eHHJI Ka6en.11. 

Ha puc. 8 noKalaHhl peJynLTaThl, nony"'eHHWe npa ac
nonL30BaHHH ypaBHeHHJl /2/ H cpasHeHHhle c A&HHLIMH 
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Puc. 5. lle111A.R HaMaZHU'IeHHocmu o6pa3fla OAR npoOO/IbHOU 
opueH111UfiUU noA.R. 
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Puc. 6. 3aeucuMocmb zucllepe3UCHbiX no11epb 011 eeAU'IUHbl 
nOA.R, C030aeaeMOZO UMnyAbCUMU llpeyZO/IbHOU ¢opMbl. llo
llepu OIIHOC.RIIC.R K 1 CM 3 Ka6eA.R. 
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Puc. 7. 3aeucuMOC111b zuc•epe3UCHbiX no111epb 0111 eeAU'IUHbl 
nOA.R, C030aeaeMOZO UM:JIYAbCUMU nU/I006pa3HOU tPOPMbl. 
fl0111epu OIIIHOC.RIIIC.R K 1 CM Ka6eA.R. 

npBM~X H3MepeHHH KpHTHqeCKHX TOKOB. B ~aHHOM cnyqae 
onpe~eneHHe KPHTHqecKHX TOKOB no KPHBoi HaMarHHq&aaHHB 
6onee BWTO~HO, UOTOMY qyo npH UpSM~X H3MepeHHBX 
He06XO~HMO B KpHOCTaT 3aBO~HTb 60llbWHe TOKH, UOpB~Ka 
HeCKOnLKHX KA. 

H3 KacaTenLHOi 3 K KPHBOH 1 I puc. 3/ nepaHqHoro 
HaMarHH'IIIBaHHB B o6nacTH cna6Lix nonei onpe~ensncs 

Ko34MilH~eHT 3anonHeHHs Ka6ens caepxnpoao~HHKOM A , 
KOTOP~H ~aeTCB ypaBHeHHeM 

A=_ M 
213' /3/ 

Ko34MilHUHeHT ,\, nonyqeHH~i Hcxo~s H3 cpe~Hero ~Ha
MeTpa HHTei 24 MKM, o6~&ero qHcna HHTei 12xl68 H ceqe
HHB Ka6ens 3xl MM2 ,PaBHsncs 0,335. H3 ypaBHeHHB /3/ 
nonyqaeM aenHqHHY A,paBHYID 0,329. 
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Puc. 8. 3aeucuMocmb Kpumu'leCKozo moKa om no;u. o -
npJIMOe U3MepeHUe, e - onpeoeAeHO no HQMQ2HU'IeHHOC1/IU 
o6pa3(#a. 

)J.nR cpaBHeHHR 3KCnepHMeHTanLHbiX pe3ynLTaTOB C Teo
pHe:ii 6LinH onpe.neneHLI nocTORHHLie caepxnpoao.nxiUero 
MaTepuana a c H Bo H BBe,D.eHLI K031}KiJHUHeHTLI At H A 2' lla
paMeTpbl ac H B0 xapaKTepH3YIOT JaBHCHMOCTb KPHTHqecKo:ii 
nnOTHOCTH TOKa B CBepxnpOBO,D.HHKe OT nonR H onpe,D.enRIOTCB: 
H3 ypaaHeHHR KuMa 

ac 
/4/ 

c Bt-Bo 
B o6nacTH ManLix none:ii /npxMaR 1, puc. 8/ nonyqaeM 

ac = 0,345.10t0ATM'2 H B0 = 0,19 T. B o6nacTH none:ii 
6onLme qeM 0,5 T ac= 1,06.10t0ATM-2 H Bo= 1,59 T. 
At- K031}KilHUHeHT 3anonHeHHR nnacTHHbl caepxnpoBO.D.HHKOM. 
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IlnaCTHHa OpHeHTHpOBaHa napannenLHO MarHHTHOMY nomo, 
H ee TO~HHa paBHa ,D.HaMeTpy CBepxnpOBO,D.B:ll\HX HHTe:ii. 
Ko3~HUHeHT At onpe,D.enxeTcx TonLKO B o6nacTH ceqeHHR 
Ka6enx,3anOnHeHHOrO CBepxnpOBO,D.B:IUHMH HHTB:MH, H ,D.aeTCB: 
Bblpa)l(eHHeM 

rrd2 1 A=-----. 
t 4 d(d+W) 

/5/ 

r,D.e W • paCCTOB:HHe Me)I(,D.y HHTB:MH. 
Ko3~HUHeHT A2 onpe,D.eneH H3 OTHomeHHR nnoiUa,D.e:ii, 

3aHHMaeMbiX CBepxnpOBO,D.B:IUHMH HHTB:MH, H ceqeHHB: Ka6enx 
H ,D.aeTCB: BLipa)l(eHHeM 

rr D ' 2 
A2o:N~ • /6/ 

r.ne N - qucno npoaonoK B Ka6ene, D'- .nuaMeTp, orpaHH· 
qsaaiOIUHH CBepxnpOBO,D.B:ll\He HHTH, F - ceqeHHe Ka6enx. 
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Puc. 9. CpaeHeHUe pac'leJIHbiX u 3KCnepuMeHJIQAbHbiX oaH
HbiX: - - •eopu.11, o- 3KcnepuMeHII. 
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Ko34Ml!uuueuT JanonHeHHJI Ka6ens csepxnpoBO.IJ.HHKOM 
onpe,IJ,enJieTcJI KaK npoH3Be,IJ,euue A. 1ft. 2 . 

<l>opMynbl ,IJ,llJI paC1.feTa noTepb npBBO,IJ,JITCJI ,IJ,llJI .IJ.BYX 
o6nacTeii: o6nacTB noneB: HH)Ke non.11 nonuoro npoHBKHOBe
HBJI B 1 u o6nacTH 6onbme I\· B1 onpe,IJ,enJieTcJI KaK 

2 1/2 
B1 =(2.\1ac Pod + 3o) -!30 · /7/ 

llO,IJ,CTaBllJIJI COOTBeTCTBYIOIUHe BellH1.fHHbl ,\ O , ac H I3 O , 
nonyqaeM, "'TO B uameM cnyqae 3 0 = 0,1 T. 

,[J;n.11 !3< I3 1 u nonuoro UHKna noTepu no.IJ.C1.fHTbiBaiOTCJI 
HJ ypaBHeHHJI /5/. 

3 
W = _i ~ ~M(Bo +BM) _ 3 

h1 3 d A";z-;;-- • ):{JtCM /14UKA. 
1 0 c 

/8/ 

,[J;n.11 B > 31 

BM ,\1 da~-~--1 ,;:{JICM-3/i4UKA. W 
_ ,\ ,\ da lln (1 + -B ) -3 ( B + !3M)B M /9/ h-12 c c 0 1 

CpaBueuue TeopeTB1.fecKux u 3KcnepuMeHTanbHbiX ,IJ,aH
Hblx ,IJ,nJI HJMepJieMoro o6paJua Ka6enJI npuBe.D.eHo ua puc. 9. 
KpHBaJI 1 COOTBeTCTByeT ypaBHeHBIO /8/, KpBBaJI 2 -
ypaBHeHBIO /9/, 3KCnepBMeHTallbHble T01.fKB 6blllB nony1.feHbl 
Ha OCHOBe peJynbTaTOB, npe,IJ,CTaBneHHbiX Ha puc. 3 B 4. 
llapaMeTpbl Ka6enJI npBBe,IJ,eHbl B CBO,IJ,HOH ma6AUij€. 

,lJ;nJI npaKTB1.feCKBX Ueneii Ba)KHO 3HaTb, KaK BllBJIIOT 

nynbcauuu TOKa ua noTepu. H3MeHeuue MarHBTHoro non.11 
ua Benu1.fBHY L\B Bb130BeT noJIBneuue napuuanbHbiX neTenb 
HaMarHB1.fBBaHBJI /puc. 4, JamTpuxoBaHHaJI o6nacTb/. Ha 
puc. 10 npBBe,IJ,eHa 3aBBCBMOCTb OTHOllleHBJI nnOil{a,IJ,B nap
uuanbHOii neTnB K o6meB: nnoma.IJ.B neTnH HaMarHB1.fBBaHHJI 
OT aMnnBTY.Il.bl B3MeHeHBJI nonJI L\B ,IJ,llJI pa3HbiX noneii. 

BB.IJ.HO, "'TO BnBJIHHe AB 6onee JaMeTHO B o6nacTu 
HH3KBx noneB:, r.D.e neTnJI uaMarHB1.fBBaHBJI mupe. C no
MOUlbiO puc. 10 MO)KHO onpe.IJ.enBTb BnBJIHHe nynbcauuB: 

12 

1 
I 

-t 

Ta6Au14a 

PasMepbr, MM 

AHaMeTp )Kifn, MM 

KonHGecrso )Kifn 

War CKpyTKH )Kifn , MM 

AHaMeTp csepxnposoaHillHX 
HHTeil:, MKM 
qHcno HHTeil: Ha )Kifny 

ill ar CKpyTKH HlfTeil: , MM 

Koa~~HUHeHT sanonueHHH 

KpHTHGeCKHil: TOK B none 5 T, A 

ITapaMeTp ac • none< 0,5 T, 1010 ATM-2 

" " "-" > 0,5T I "-" 

ITapaMeTp B0 , none< 0,5 T, T 
, , 

"-">0,5T, "-" 

ITone nonHoro npoHHKHOBeHHH B1 , T 

fHcrepe3HCHbie norepH anH 
UHKna TpeyronbHOH ~OpMhl 
B none 3 T , nepneHaHKY
nHpHOM lliHpOKOH CTOpOHe 

o6pasua,B = 0,05 T /c, MA)KCM-3 /uHKn 

B none,napannenhHOM WHpOKOil: 

cropoHe o6pasua , " -" 

e none saonb anHHhi Ka6enH, "- " 

3xl 

0,5 

12 

20 

24 
168 

5 

0,33 

1450 

0,345 

1,06 

0,19 

1,59 

0,1 

36 

37 

44 

TOKa BCT01.fHBKa ua o6IUBe noTepu. HanpuMep, B cny1.fae 
llleCTBclm3HOrO BblnpJIMBTenJI 1.faCTOTa nepBOH rapMOHBKB 
300 r14 B aMnnuTy,IJ,a nynbcauri uanpJI)KeHBJI - 5, 7rfo. 
AMnllBTy,IJ,a nynbCaUBH TOKa JaBBCBT OT HanpJI)KeHBJI BC-
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TOqHBKa B BH~YKTBBHOCTB Harpy3KB. fiynLCaUBB TOKa Be· 
nuquuoii 1% B ~aHHOM cnyqae y:lKe ue npueMneMbl, TaK KaK 
B o6naCTB noneii 2 T la O~HY CeKyHJJ;Y OHB BbllOByT nOBbl" 
weuue noTepL ua senuquuy 6onee 100~. B 6onLWBHCTBe 
peanLHbiX cnyqaeB /HanpJDKeHBe BCTOqHBKa • MeHLWe qeM 
50 B, BH~YKTBBHOCTL MaruuTa - 6onee 10-3TH/ nynLcauuu 
TOKa HaMHOrO MeHLWe qeM 1%. 0AHaKO BOnpO{; nynLCaUBH 
Jacny~BaeT BHBMaHBS B cnyqae MarHBTOB C Manoii BH· 
~YKTBBHOCTLIO npB Me~neHHOM BlMeHeHBB MarHBTHOrO nons. 

3AKJIJO qEHHE 

C nOMOI.QLIO MeTO~BKB, BCnOJILlYIOI.Qeii: ABa ~aTqBKa 
Xonna, 6wna BlMepeua aHBlOTponus rucTepelBCHLIX no
TepL, KpBTBqeCKBe TOKB B ~pyrue napaMeTpbl CBnLHOTQq· 

0 2 4 6 8 10 

.b.B/8, 0/o 

Puc. 10. 3aBUCUMOCIIIb OIIIHOCUIII€AbH020 U3M€H€HUJI ZUCIII€" 
pe3UCHbiX nOIII€pb 0111 OIIIHOCUIII€AbH020 U3M€H€HUJI MQZHUIII" 
HOZO nOAJI. KpUBbl€ COOIIIB€111C1118YK>III pa3HbiM 8€AU'lUHQM 
MQZHUIIIHbiX no.tJeii. 

14 

uoro csepxnposo~s~ero Ka6ens. ITpeBMy:I.QecTBO ~auuoro 
MeTO~a 3aKJIIOqaeTCS B npBMeHeHBB npOCTOH CXeMLI Bl • 
MepeHBS B B TOM, qTo C ero nOMO~LIO MO~O onpe~enSTL 
noTepH B KpBTBqeCKHe TOKB ~ns Tpex HanpaBneHBH Mar· 
HBTHOrO nons OTHOCBTenLHO o6pa3:Qa. CpaBHeHBe nony· 
qeHHbiX pelynLTaTOB C AaHHLIMB npSMbiX B3MepeHBH B C 
Teopueii noKaJano xopowee cornacue. B pa6oTe o6cy~
AanocL TaK~e BnBSHHe nynLCaUBH BCTOqHBKa TOKa Ha 
rucTepe3BCHLie noTepu B MarHHTax. lloKa3aHo, qTo ~ns 
AaHHOrO Ka6ens nynLCa:QBB TOKa AO~HLI 6biTL MeHLWe 1 0/o. 
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