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np~ 3BaKya~HH aanaceHHO~ 3HeprHH H3 csepxnpoBOA~mero Mar
HHTa /CM/ B o6MOTKe nOA B03A8~CTBH8M 6wcrpo naAa~mero MarHHT
HOrO non~ B03HHKa~T 3HepreTH48CKMe norepM. Ha-aa Manwx xapaK
repHwx BpeMeH npQ~ecca B CM C BWCOKQ~ nilOTHOCTb~ TOKa noTepM 
B03HHKaiOT s y<;:no'sH~X, 6nM3KHX K aAHa6aTH4ecKHM. OHM Moryr 
OKa3aTb cymecTB8HHOe BilM~HHe KaK Ha CTa6MilbHOC"r"b o6MOTKH npM 
aannaHHPOBaHHOH 3BaKya~HM 3HeprMH /HanpHMep, B HaKOnMTeil~X/, 
TaK M Ha xapaKTep nepeXOAHWX npo~eccos s cny4ae asapHI:iHol:i 3sa
Kya~HH np~-1 nepeXOAe CM B HOpManbHOe cocro~HHe. KpHocraTM4eCKM 

H8CTa~HilM3HpOBaHHW8 o6MOTKM,KaK 3TO 6wno TeOpeTM48CKM M 3KCne
PMM8HTailbHO noKa3aHo B pa6ore 11 ~s npo~ecce 3BqKya~MM Moryr 
nepeXOAMTb B HQpMailbHOe COCTO~HI-18 M3-3a HarpeBa, BW3WBaeMOrO 
norep~MM. 

8 P~Ae Cily4aeB CKOpUCTb pacnpOCTpaHeHH~ HOpMailbHO~ 30Hbl 
a o6MOTKe CM HaMHOro npeswwaer cKopocTb ee pacnpocrpaHeHM~ 
s peaynbTare rennoso~ AH$$Y3MH. HanpHMep, 3KcnepMMeHTanbHO on
peAeneHHa~ B pa6oTe 121senH4MHa 3TO~ CKOpOCTM Ha ABa nOpHgKa 
BWW8, 48M paCC4HTaHHa~ B TO~ me pa6oTe no MOA8ilM OAHOMepHOrO 
pacnpocrpaHeHM~ renna s o6MOTKe. Asropw OTMe4a~T, 4TO npH4HHOH 
TaKOrO pa3Jli-14M~ MOryT 6WTb 3HepreTH48CKMe nOTepM, B03HHKa~mMe 

B CBepxnpOBOAHMKe. 
B pa6oTe 1B1 asrop yKaawsaeT, 4TO rHcTepe3MCHWH Harpes csepx

npoBOAHHKa - BnOilH8 BepOHTHOe 06bHCH8HI-18 nporpeCCHpy~mero yse
ili-1~8HMH CKOpOCTM pacnpOCTpaHeHMH HOpMailbHOH $a3W B H8KOTOPWX 
CBepxnpOBOAHmHX CHCTeMaX B Te48HHe nepeXOAa. 0co6eHHO, KaK 
OTM84aeT aBTOp, 3TO OTHOCMTCH I< npOBOAHMKaM C 60ilbWHMH nore
p~MM, CB~3aHHWMM, HanpMMep, C 6onbWMM warOM CKpyTKM HMTe~ MilK 
BWCOKOA CKOpOCTb~ M3MeHeHM~ nonH npM nepexoge. 

B peaynbTaTe 6wcrporo pocTa OMM4ecKoro conpoTMBneHM~ o6Mor
KM CM, c OAHO~ cropOHbl, naAaer 3$$eKTMBHOCTb 3BaKya~MM, a c 
gpyro~ cropoHw, yMeHbwaeTcA onacHOCTb noKanbHOro neperpesa npo
sogHMKa. An~ CHMmeHMA noKanbHoro Harpesa s P~Ae cny4aes npMHM
MaiOTCH Mepw, segymMe K 6wcrpoMy paBHOMepHOMy paaorpesy o6Mor
KM CM, HanpMMep c noMombiO MMnynbcHoro HarpesaTen~ 4ZOgHaKo 3TO 
C03AaeT AOnOilHMT8ilbHW8 TPYAHOCTM npM KOHCTpyMpOBaHMM M M3rOTOB• 
neHMM CM M, KpOMe roro, ycnomH~eT cxeMy ynpasneHM~. Heo6XOAM
MW~ B gaHHOM Cily4ae paBHOM8pHW~ paaorpeB 06MOTKM MOr 6w npM 
OnP8A8il8HHWX YCilOBM~X npOMCXOAMTb BCil8ACTBM8 DWA8ilR~mMXCn 00 
speM~ 3BaKya~MM D KOMn03MTHOM COepxnpOBOAHMKe 3HepreTM48CKMX 
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B gaHHO~ pa6ore npMBOA~Tc~ peaynbrarw TeopeTM4eCKMX Hc
cnegosaHMH BilH~HM~ 3HepreTH4eCKMX noTepb Ha CTa6MilbHOCTb 1-1 

Ha CKOpOCTb nepexoga B HOpMailbHOe COCTO~HHe 06MOTOK nOCTO~H
HOT04HbiX MarHMTOB C BbiCOKO~ CpegHe~ nnOTHQCTbiO TOKa npM 3Ba
Kya~MH aanaceHHO~ 3HeprMM. noKa3aHo, 4TO np~-1 onpegeneHHbiX 
YCilOBHHX nOTepl-1 MOryT 3$$eKTMBHO nepeBOAMTb TaKI-18 o6MOTKM 
B HOpMailbHOe COC~OHHM8. nposegeHa O~eHKa CKOpOCTI-1 nepeXOAa 
06MOTOK. nony4eHa BeilH4MHa, npeswwa10man CKOpOCTb pacnpOCTpa
H8HM~ HOpMailbHOH 30HW 3a C48T TennOBO~ AH$$y3MH Ha 2+ 3 nop~g
Ka. Bwpa6oTaHW KOHKpeTHWe peKOM8HAa~MM C ~eilbiO C03gaHM~ B03MOlli
HOCTM cymecTBeHHoro BilMHHM~ ~a xapaKrep npo~ecca nepexoga CM. 

1. KPHTH4ECKA~ CKOPOCTb H3MEHEHH~ MAIHHTHOIO non~ 

B MHoromMilbHWX csepxnposogHMKax nog Ae~cTsMeM M3MeH~~meroc~ 
MarHMTHOrO nonn B03HMKaiOT BMXpeBble H rHCTepe.3MCHble noTepM. 
no Mepe yBeilH4eHM~ CKOpOCTM M3MeHeHM~ non~ (B) TOK, MHAY~M

posaHHW~ ~0 BHeWHMX mMnax, AOCTHraeT KpMTM4eCKOrO 3Ha4eHMH, 
M none BHYTPM KOMn03MTHOrO npOBOAHMKa Ha4MHaeT cymeCTBeHHO 
3KpaHMpOBaTbCH 3TMMM TOKaMM. npM CKOpOCT~X M3MeHeHHH nOilH 
60ilbWMX 48M B 6 15{ , 

. 2 
B* = p .J (B,T) .A.D/f /1/ 

c e c P 

~e - nonepe4HOe ygenbHOe conpoTMBneHMe KOMn03MTa, Jc(B, T)
KpHTM48C~an nilOTHOCTb TOKa B mMnax CBepxnpOBOAHMKa, A - K03$
$M~MeHT aanonHeHMH nposoga csepxnposOAHMKOM, D - gMaMeTp npo
soga, f p - W,ar TBMCTa) npOMCXOAHT HaCblmeHMe MHOrOlliMilbHOrO KOM-

' n03MTHOrO npOBOAHMKa. B 3TOM Cilyl.lae norepM B HeM MOmHO BW4MC-
il~Tb, KaK s ogHomMnbHOM csepxnpoBOAHMKe AMaMeTpoM D c 3$
$eKTMBHO~ KpMn14ecKo~ nnoTHOCTbiO roKa A. J c (B, T/61 . np11pocr 
nOTepb Ha eAMHM~Y 06beMa npOBOAHMKa npM M3M8HeHMM MHAYK~MM 
nOilfl Ha Bei1M4HHY dB He 3aBMCMT OT CKOpOCTM V13MeHeHMH nonn 
B M onpeAen~eTc~ BbtpameHHeM 

dW =-~·A·J (B,T)·D·[l+k(J (t)/J (B,T)) 2 ].dB, 
3" c tt c 

/2/ 

rge Jtr (t) - nJlOTHOCTb TpaHCnOpTHOrO TOKa, k - K03$$M~M8HT, aa-· 
BMC~mMA OT reOMeTpMM npoaoga 17~B 4aCTHOCTM, AilH MHOrOmMilbHWX 

/8/ CBepxnpOBOAHMKOB Kpyrnoro Ce4eHM.R k .. l. ,· 
nposegeM o~eHKY a6COiliOTHbiX B8ilM4MH B6 AilA pa3JlM4HbiX KOMno-

311THWX Nbo,s.Ti 0,6 ceepxnpoeoAHI-1KOB e MeAHO~ MaTpM~e. none
pe4HOe YA8ilbHOe conpOTMBileHHe 3TMX npoBOAHHKOB (p

6 
) npaKTM4ec

KM He 3aBMCMT OT COnpOTMBil8HMR M8AM /Ma-aa HailM4M~ BWCOKO
p83MCTMBHOrO 6apbepa MemAY MaTpM~eA M CBepxnpODOAAmMMM lliMna
MM//OI,a onpeAertAeTCJ'l AMaMeTpOM lliMil ct/10,11/ M B8ili-14MHO~ Mar
HMTHOrO nonA /9,1 2 I..Jln~ pac4eTa B*socnonbayeMc~ 3KcnepMMeHranb-

c 
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PHc.l. XapaKTepHan sasHCHMOCTb 

Jc.eup.(B) B ll<H.JlaX l<O~In03HTH01"'0 
cnepxnposo,IJ;HHKa Nb 0,5 Ti 0,5 . J c.w.
cpe,IJ;Hnn KPHTH'!eCJ<aR nJlOTHOCTb TOKa 

n o6MoTKe coneHOH,IJ;a I D =I , 2 MM; 

A =0' 5; 6,. =0 '05 MM/. 

HOCi 3aBV!Cl-1MOCTbiO p 0 (d~,nony4eHHOCi 

"-\ 
D ~ 30~ \ 

• X 
<( 

'o 
~ 20 -, 

\ 
\ 
\ 
'. 
~ 
·~· 

B pa60Taxi10,11(3aBVICVIMOCTb p (B) IIIC-
e '19 !21 

XOAR 1113 3KcnepVIMeHTanbHWX AaHHWX ' , 
MW npH6nMmeHHO annpOKCVIMMpOBanM sw-
pameHMeM 

Pe (d, B)~ Pe(d) · (1 + 0,35· B) (OM· M; T]. 

/3/ 
B.c't 

B.1 

' ......... 

TaKMM o6pa3o~ swpameHHe /1/ Ann Vi30TepMM4eCKMX ycnosMCi npMHVI
MaeT BillA: 

B~~a(d,B)·D·A/~p2 , jL1j 

rAe 

a(d,B)~pe(d) ·J
0
(B)·(1+0,35·B). !51 

B Ka4ecTse JiB) Bb16111paeM xapaKTepHyiO 3aBHCVIMOCTb Ann 
Nb 0,5 Ti 0,5 1131 ' npeACTasneHHYIO Ha PIIIC. 1 . nony4eHHan 3aBMCVIMOCTb 
a OT MHAYKL\VIVI MarHHTHOro nOJlfl AJIH pa3J11114HbiX AVIaMeTpOB CBepx
npOBOAH~MX mMn M306pameHa HB pHC.2a. 

TaKHM o6pa3oM, Bbi6Mpan AJlfl AaHHoro npoBOAHMKa senM4111HY 
a(d, ~,no ¢0pMyne /4/ MOmHO 01..\eHVITb BeJ1M4HHY KpVITH4eCKOCi 
CKOpOCTM H3MeHeHMR MarHMTHOrO nonR. Ha pMc.26 B Ka4eCTBe npM
Mepa npeAcTa8neHa aasl-1CHMOCTb BJ' oT war a TB-;:;c:ra AJHl MarHMTHO
ro nonn 5T /D =1 ,0 MM; A =0,5/. 

B CM nocTORHHoro TOKa, KaK npa8Mno, npHMeHRIOTCn cna6o 
T8HCTMp08aHHWe MHOrOmVIJlbHWe CBepxnpOBOAHMKM, AJ1R KOTOpWX 
ycnos1-1e B > B ~ o6bi4HO BbtnonHneTCA, TO ecTb np111pocT noTepb 
onpeAenneTcn swpameHMeM /2/. 

2. CTA6MflbHOCTb KOMn03MTHWX nPOBOAHHKOB M nOTEPM 
S AAHA5ATM4ECKMX YCflOBH~X nPH HAflM4HM TPAHCnOPTHOrO 
TOKA 

B pa6oTax 113•141 Vt3y4am1Cb 3HepreTV!lleCKMe noTepM 8 KOMno-
3VITHWX npOBOAHMKaX B aAMa6aTM4CCKHX yCJ108MAX npM 3KCnOHeHL\Manb
HOM naAeHVIVI nonn OT MaKCMMoJlbHOH BenM4VIHbl BM AO HYJ1R 6e3 
TpdHCnOpTHOro· TOKa. MccneAOBdHW 3aBVICMMOCTM nOTepb OT pB3JlM4-
HbiX csoc:icTB 11 napa~leTpos npoBOAHVIKa (D, A, Tc, J c (B, 'I')). KaK 
noKa3w8aiOT nony4eHHwe peaynbTaTw,ecnM B!11Xpe8we noTepVI 8 4exne 
MaTpH~W AOCTBT04HO ManW,TO CBepxnp080AH11K 6e3 TpaHCnOpTHOrO TO-
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PHc.2. a/ 3aBHC!iMOCTh K03!l$H~IieHTa a I eM. 4>opMyny I 5/ I 
OT HHP,yK~HH MarHHTHOrO nOJIH ,[I,JIR pa3JlH'IHblX P,HaMeTpOB 

csepxnpOBOP,HmHX HHTeH d. 6/ 3aBHCHMOCTb l<pHTH'J:eCKOH Cl<O

pOCTH H3MeHeHHR MarHHTHOrO nOJIR OT mara TBHCTa ,[I,JIH pag
JlH'l:HHblX ,IJ;Har-leTpos cB epxnpoBop,nr~Hx HHTeH I B = 5 T; 
D =I ,0 MM; A =0,5/. 

Ka He nepeXOAVIT B HOpManbHOe COCTORHMe >13-aa HaJIV1411R o6paTHOA 
C8R3K MemAY pOCTOM TeMnepaTypw K MO~HOCTb~ 8WAeJ!ReMWX noTepb. 
no Mepe npK6nMmeHKR TeMnepaTypw K TcKPKTK4eCKdR nnOTHOCTb 
TOKa CTpeMKTCR K Hynm VI, KaK cneACT8Me, MO~HOCTb nOTepb, 
nponop~MOHBJ!bHan Jc(B,T),TaKme CTpeMVITCR K HYJI~. TeMnepaTypa 
CBepxnp080AHVIKa np116n11maeTCR K KpKTM4eCKOA, HO He AOCTVIraeT 
ee /tlT> 0,15 K/ 1131• . 

KapTMHa MOmer 113MeHVITbCn, ecn11 no csepxnpo80AHVIKY Te4eT 
TpBHCnOpTHWCi TOK. PaCCMOTpVIM CJly4aA, KOrAa nnDTHOCTb TpaHc
nopTHOrO TOKa B npOBOAHMKe Jtr (t) 113MeHAeTCR BO 8peMeHVI CVIHXpOH
HO C MarHHTHWM noneM, T.e. 

B(t) = y . J (t) . !6/ 
tr 

nycTb TpaHCnOpTHWA TOK M, cneAOBaTeJlbH~ MarHVITHOe none 
naAaiOT no 3aKOHy, 6n113KOMY K 3KCnOHeHL\VIaJibHOMy, OT MaKcVI
ManbHOA BeJI114KHW AO HYJIR/cny4aA M3MeHeHKR nonn npM 38aKya~HM 
3HeprVIM M3 CM Ha OMI14ecKoe conpOTVI8neHKeh 

-vr · 
B(t) = B M • e , r = I../R(t) , 17 I 

rAe L - 11HAYI<TVI8HOCTb o6MOTKK CM; R(t) - nomme aKTKBHOe co
npoTKBneHKe 4enM, onpeAenniOmeecn racV~TenbHWM conpOTVI8neHMeM 
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PHc.3. 3aBHCHMOCTb rroneH rrepexoga 
KOMIT03HTHbJX CBepxrrpOBOgHHKOB (pag
JiHqHbiX gHaMe:rpos) c TpaucnopTHbiM 
TOKOM OT MBKCHMBITbHOrO 3HaqeHHH 
HHgYK~HH MarHHTHOrO ITOITH. 

R0 ~ MeHH~m~McH so speMeH~ conpo
T~sneH~eM o6MOTK~ CM r(t). 

B 3TOM cnyqae csepxnposogH~K 
MOmeT nepe~T~ B HOpMBJlbHOe COCTOH
H~e, eCJl~ Kp~T~4eCK~~ TOK /yMeHb
Wa~m~~CH 3a C4eT pocTa 

5 

4 
1-

c: 3 
ell 

2 

1 

0 

r'6.110-• ~· 

/ 
/ 

/ ~ 1,5HM 
/ 

1 4 

TeMnepaTypw HeCMOTpH HB naAeH~e MBrH~THOro nOJlH/ CpBBHH
eTCH C TpBHCnOpTHWM TOKOM /naga~Q~M BO speMH 3BBKYB4H~/. 

5 

CTa6~Jlb.HOCTb 06MOTK~ 3BBHC~T OT K03<)l¢~4HeHTB CBH3~ nnoT
HOCTH TpaHcnopTHoro TOKa ~ MarH~THOro nonH y I eM. <)JopMyny /6/ I. 

B KaYecTse np~Mepa nposegeH pacYeT 3HepreT~4ecK~x noTepb 
B KOMn03~THWX npOBOAH~KaX np~ ag~a6~T~4eCK~X ycnOB~HX 
C xapaKTepHbiM K03<)J<IJ~4~eHTOM y=6, 1 . 1 (J-ST /(A/ M 2) 111

• np~ 3TOM Mbl 
~C[l0Jlb30BBJ1~ <)lOpMyny /2/ ~ MeTOA~KY pac4eTa,on~caHHYIO paHee /l,l 4

{ 

·Ha p~c.3 npegcTasneHw pac4eTHwe 3BB~C~MOCT~ none~ nepexo
ga Bn KoMno3~THbiX caepxnposogH~KOB pa3n~llHbiX g~aMeTpos /c 
napaMeTpaM~ T

0 
=9,4 K; A =0,5; J 0 (B)- CM. p~c. 1; Y = 

6 -s T = , 1 · 10. A/M 2 I oT MaKc~MarrbHoro 3HalleHHH ~HAYKL\~~ MarH~THOI-o 

nonH li.!.To eCTb np~ nageH~~ nonH OT MaKC~MBITbHO~ sen~41o1Hbl BM 
npOBOAH~K nepexOA~T 8 HOpMBITbHOe COCTOHH~e np~ none ~~~aK KBK 
B>B* ,To none nepexoga He 3as~c~T OT cKopocT~ nageHHH. c . • 
~3 p~t.3 B~AHO, 4TO npOBOAH~K~ C 6onbWMM g~aMeTpOM paHbWe 
ne~T B HOpMBITbHOe COCTOHHMe. AHanor~4Hble BblllMCJleH~1H 
noKB3WBB~T, 4TO C yBeiTH4eHHeM A HB6Jl~gaeTCH TeHgeH4MH K 6onee 
paHHeMy nepexogy csepxnposogHHKa. B Ka4ecTse np~Mepa Ha 
pHc.4a npegCTBBneHW 3BBHC~MOCTH noTepb OT BeJlH4HHW MBKC~Manb
HOrO MarH~THOro nOJlH BM AJlH THnHllHOrO KOMn03HTHOrO CBepxnpo

BOAHHKB g~aMeTpOM 1 ,2 MM C TpBHCnOpTHWM TOKOM H 6e3 Hero, 
nyHKTHPHO~ KPHBO~ o6o3HalleHw noTepH npH nepexoge caepxnpo
sogH~Ka B HOpMBITbHOe COCTOHH~e, np~lleM B 3TOM cnyqae noTepM 
BW4~CITHITHCb B ~HTepsane H3MeHeHHH nonH OT MBKC~ManbHOrO 3Ha-
4eH~H BMgo ~HAYK4~~ Bns MOMeHT nepexoga. 

3aBHC~MOCT~ 3HepreT~4ecK~x noTepb s cnyqae nepexoga npo
BOAHI~Ka C TpaHcnopTHbiM TOKOM OT A H 0, KBK H B CITY4Be 6e3 
TpaHcnopTHoro TOKa 114~HMe~T HacwmeH~H. B KaYecTse npMMepa 
Ha p~c. 46 npegcTasneHbl pacqeTHble 3BBMCHMOCTH W=f(D) gnH 
o6pa34B C yKa3aHHWM~ THnlo14HWM~ napaMeTpBMH/ C TpBHCnOpTH~M 

TOKOM H 6e3 Heroh 

6 

J. 

~ 
~ 

II\ 

I o j 

tOO 
X'"6.110"'¥' 

'i 80 
a/ • f,2 MM 

tOO 
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PHC .'4, 3aBHCHMOCTb ITOTepb B KOMIT03HTHOM CBepxnp,OBO,ll;HHKe 
a/ OT BenHqHHbl MaKCHMa.r:ibHOrO MarHHTHOrO IJOITH; .6/ OT p;H
aMeTpa nposop;HHKa. CrrnowHbie KpHBbie - 6e3 rrepexop;a B 
HOpManbHOe COCTOHHHe, ITYHKTHpHbie KpHBbie - ,ll;O rrepexop;a 

'a HOpMaiTbHOe COCTOHHHe, 

~3MeHeH~e TBK~X <)l~3~4eCK~X napaMeTpOB CBepxnpOBOAHHKa, 
KBK KpHTH4eCKBH TeMnepaTypa (T

0
) ~ KpHTH4eCKBH nnOTHOCTb 

TOKa (J 
0

), He BnHHeT cyQeCTBeHHbiM o6pa3oM Ha nepexog csepxnpo
BOAHVIKa, XOTH Ha6niOgaeTCH He3HBll~TeilbHBH TeHgeH4~H K 6onee 
paHHeMy nepexogy npH ysen~4eH~~ J c ~ yMeHbweH~H T c. 

3. nEPEXOA 05MOTK~ 5ECKOHE4Ho An~HHoro conEHO~AA 
~3-3A noTEPb nP~ 3BAKYAU~~ 3HEPr~~ 

5. 

PaccMoTpHM 6ecKOHe4HO grrHHHW~ nnoTHW~ /6e3 KaHanos AJlH 
mHgKoro reJlHH/ COneHOHA C MBKCHMBJlbHbiM flOileM B anepType BMC' 
nycTb 3TOMY 3HB4eH~~ nOITH COOTBeTCTByeT Kplo1T~48CKH~ TOK 
coneHOHga 1

0 
•. npegnonomHI't, 4TO coneHOHA HaMoTaH H3 nposoga 

c ~cxogHbiMH napaMeTpBMH: D,A, T0 , J 0 (B),Bc 2• TonmHHa Memcnoeso~ 
H30ITH4~H - ~- CpegH~~ Ko3<)J¢H4HeHT 3anonHeHHH o614oTKH nposogoM 
A w onpegenHeTcH H3 cnegy~Qero BblpameHHH: 

A w = rrD/ 4(0 + ~) . !81 
CpegHHH KpHT~YecKaH nnoTHOCTb TOKa a o6MOTKe pasHa: 

J cw (B) = J c (B) · A ·A w , /9/ 

rge J
0
(B)- KpHTH4eCKBH nnOTHOCTb TOKB csepxnpOBOARm~x m~n 

I eM. p111c. 1 I. Torrm1-1Ha o6MOTK~ co.[leHo~ga onpegenHeTCH ~3 Bbl-

pameH~R 

48 MC(D + ~) ~MC 
Q = = ---------

1-' o· J cw(B Me) 1-' 0' J c (B MC) •A·rr·D 
/10/ 

PaccMOTp~M sn~RH~e noTepb Ha cTa6~rrbHOCTb o6MOTK~ np~ 3sa
KYB4~~ 3Hepr~Vo V. HB CKOpOCTb nepexoga COJleHO~ga B HOpMBJlbHOe 
COCTORH~e. npegnOJlOlK~M, 4TO yCJlOB~e ~>b: B~norrHeHO, T.e. sw
genR~m~eCR s o6MOTKe noTep~ He 3as~c~T OT B ~ onpegenH~TCH 
BblpameH~eM /2/. ~3-3a MBJlbiX xapaKTepHbiX speMeH npo1.1ecca npeg
nonaraeM, 4TO 3Hepr~H B nJlOTHO~ 06MOTKe BWgenReTCH B BA~a6a
T~4eCK~X ycnos~Hx. 
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' 

nycTb B 06MOTKy aasegeH TOK l<l
0

,npM KOTOPOM HHAYK4M~ Mar

HMTHOrO non~ s anepType B = B _!~eM. pHc.1/. EcnH 3BaKya4H~ 
H MClc -----

3HeprHH npOBOAHTC~ Ha raCMTenbHOe conpOTMBJ1€HMeR
0

,To none M 
TpaHcnopTH~A TOK 6YAYT nagaTb B COOTBeTCTBMH C ¢0pMynoA /]/. 
3Ha~ pacnpegeneHHe MarHMTHoro non~ no o6MOTKe/nMHeAHo naAa~~ee 
OT BH Ha BHyTpeHHeA CTOpOHe AO HY11~ Ha BHeWHeA/, M~ cornaCHO 
DnMCaHHOA paHee np04egype B~4MCJ1€HM~ nepexoga CBepxnpOBOAHMKa 
B HOpMaJlbHOe COCTO~HMe /1/ npOB€11M pac4eT~ A11fl pa~J1M4H~X pagw
anbH~X KoopgwHaT coneHowga. 

PatcMOTpMM a K~4ecTae npwMepa xapaKTepH~d coneHOMA, HaMo
TaHHbiA H3 KOMn03MTHOro npOBOAHMKa C Nb 0 ,5Ti0 ,5 mHnaMM B M€AHOA 
MaTpw4e. nycTb caepxnpoBOAHMK MMeeT cneAY~~we napaMeTp~: Bee= 
=10, 1 T; T 0 =9,LI K; .Tc(B), H306pameHHOe Ha pMc.1; D =1 ,2 MM; ,\ =0,5; 
d =0, 05 MM. 3aBMCHMOCTb Jcw(B)TaKme npegcTaaneHa Ha p~ 

Ha pMc.5 npHBegeHa 3aBMCM~OCTb OTHOCMTeJlbHOA BeJ1M4HH~ 

nonR nepeXOAa Br(Bll OT OTHOCMTeJlbHOA pagHaJlbHOA KOOpAMHaTbl o6-
MOTKM R/Q (R/Q =0 OOTBeTCTByeT BHyTpeHHeMy pagHycy 06MOTKH) 
gnR paanM4HbiX Ha4anbHbiX 3Ha4eHwA nOIJR B H . 

BMAH0,4TO 4eM 6nwme Ha4anbHoe none K KpMTM4ecKoMy,TeM 6onb
waf1 4aCTb o6MOTKI-1 nepexogvn s HOpManbHOe cocTO~HHe. AnR Bn=B Me 
npH 39aKya41-11-1 B HOpManbHOe COCTO~HHe nepeXOAHT OKOJ10 90% sceA 
o6MOTKI-1. 0TM€THM, 4TO npH .pac4eTe. Mbl npeHe6peranH TennoeM
KOCTb~ MemcnoeaoA M30nfi4MI-1, no HaWHM 04€HKaM, np04€CC npoTe
KaeT agHa6aTH4eCKM BHyTpM KOMn031-1THOro npOBOAHMKa. 

npoaegeH~ paC4€T~ BnH~HH~ pa3J1M4H~X ¢aKTOpOB Ha CTa6HJ1b
HOCTb o6t-~OTOK CM. Ha pHC. 6 npeACTasneHbl aaawCMMOCTH nepe:-
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v-:·-, J 

- -- ---
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PHc.S. 3aBHCHMOCTb OTHOCHT€IIbHoro IIOIIR nepexop;a CBepx
npOBOAHHKa B HOpManbHOe COCTOHHHe OT OTHOCHT€IIbHOH Ton
~HHb! rrepeme,tOIIeH tJ:aCTH OOMOTKH O€CKOH€'IHO ,ll;IIHHHOrO cone

HOH,ll;a. a/ BMcr=8 T, 6/ BMtF4 T. 

~ 

~) 
1' 

II 

., 
:) 

a/ 

Q 
cr: 

B,c=8T '&".=~T 

0 
D, MM D,MH 

PHc.6. 3aBHCHMOCTb OTHOCHT€IIbHOH 'I~CTH OOMOTKH, 

nepeXO,ll;H~eA B HOpMaflbHOe COCTOHHHe, OT p;HaMeTpa npo

BOp;a p;nH 6ecKoHetiHo ,o;nHHHoro coneHoH,o;a. a/ B Mc=8 T; 
6/ BMc=4 T. 

XOA~~eA B HOpManbHOe COCTO~HM€ 4aCTM o6MOTKM OT gMaMeTpa 
npOBOAa npM HeM3MeHHWX OCTaJlbH~X napaMeTpaX Anfl 6eCKOHe4HO 
A11MHHbiX coneHOMAOB c paanw4HbiMH KpViTH4eCKMMM non~MH Brvc/s 
Ka4eCTBe QapaMeTpa B~6paHO OTHOCMTeJlbHOe 3Ha4eHMe Ha4aJ1bHOrO 
nonR nepeg 3saKya4weA 8 11/BMc/. BwgHo, 4TO c ysenM4.eHHeM AMaMeT
pa npOBOAa yBeJ1M4MBaeTCfl 4aCTb 06MOTKH, nepeXOAR~afl 8 HOpManb
HOe COCTO~HMe. TaK, HanpMMep, ecnH COJ1€HOMA C KpMTH4eCKI-1M 
noneM BMc=B T HaMoTaH 1-1i nposoga AHaMeTpOM ·0,2 MM M11H MeHbWe, 
TO npH BifQ, 8 BMc OH B006~e He nepeAAeT np1-1 3BaKya4MI-1 B HOp
Manb HOe COCTO~HMe. Ecn1-1 me Bbl6paTb.D "'1 MM, TO B HOpMaJlbHOe 
COCTORHMe nepeAAeT OKOJ10 80~ o6MOTKH. TaKa~ CMJlbHa~ 3aBHCI-1-
MOCTb OT AMaMeTpa o6ycnosneHa TeM, 4TO npMpa~eHwe noTepb npo
nop4MOHanbHO D I eM. /2/ I M, HeCMOTpR Ha TO, 4TO a6coniOTHble 
Beni-14MHW noTepb OT Ha4ana 3BaKya4MI-1 AO MOM€HTa nepeXOAa npM 
D>l MM npaKTM4eCKM He M3MeHRIOTCR /eM. pwc.46/, AMHaMMKa paao
rp;aa114/ TaKoaa, 4TO none nepexoga a 3Ha4MTenbHOA cTeneHM 
onpeAenReTcH AMaMeTpOM npoaoAHMKa. 

Vl3 cpasHeHHfl pwc. 6a H 66 BMAHO, 4TO c soapacTaHMeM B Me 
npM AaHHOM A~aMeTpe yMeHbwaeTcR OTHOCHTenbHaR 4aCTb o6MoTKM, 
nepeXOAR~aR B HOpMaJlbHOe COCTORHMe. Ha PMC.] npeACTasneH~ 

pac4eTHble aaswcMMOCTH 4aCTM o6MOTKM coneHOMAa I BMc=8 T I, 
nepeXOARU\eA B HOpMaJlbHOe COCTORHMe, OT K03$¢M4MeHTa aanOnHeHMfl 
KOMn03MTHOrO npOBOAHHKa Anfl ABYX pa3J1M4HbiX Ha4anbHbiX 3Ha4eHMA 
(BH).B Ka4eCTBe napaMeTpa a~6paH g1-1aMeTp nposoAa. Ha pHCYHKa 
BMAHO, 4TO c ysenw4eHweM K03¢¢M4MeHTa aanonHeHMR A ysenM4w
aae'TcR 4aCTb 06MOTKM, nepeXOAR~aR B HOpManb HOe COCTORHMe. 

3Ta OTHOCMTenbHa.R 4aCTb He 3aBMCMT OT TOn~MH~ MemcnoeBOM -
M30J1Rl!Ml-1, nOCKOJ1bKy np~l ysenM4eHMI1 f!!. He 113MeH.ReTCR OTHCCI1Tenb
HOe pacnpeAeneHMe MarHHTHoro nonR no Ton~MHe o6MOTKH. 

TaKMM o6paaoM, ecnH Heo6XOAMMO H3rOTOBMTb coneHOMA, KOTo
Pbl~ AOnmeH np11 3BaKya4HM paBHOMepHO nepeXOAMTb B HOpMaJ1bHOe 
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a/ ~/B .. c=t.O 

C!J 0,6 +0,7 .... 

-o::oft 

0,2 

0 0.2 o.~ A.o.s o.a 0 0,2 

PHC. 7. 3aBHCHMOCTb tiaCTH 06MOTKH, nepeXO,r:J;5IUieH B Hop
MaJibHOe COCTOHHHe, OT K03qxjmu;HeHTa 3aTIOJIHetu1li I<OMTI0-
3HTHOrO CBepxnpOBO,IJ;HHKa p;JIH 6eCKOHe<JHO ,IJ;JIHIU!OrO cone
HOHp;a B l\H:f8 T, a/ HatiaJibi;IOe none BH=8 T, 6/ BH =6, 4 T. 

COCTOHH~e, TO He06XOA~MO B~6~paTb npOBOAH~K C MaKC~ManbHO 803-
MONH~M~ g~aMeTpOM ~ K03$$~4~eHTOM aanonHeH~H. 

4. nEPEXOA B HOPMAflbHOE COCTO~HME 06MOTOK 
CODEHOMAOB KOHE4HOR AflMHW 

PaccMoTp~M sn~HH~e noTepb Ha cra6~nbHOCTb o6MoTOK rpex xa
paKTepHWX COJ1eHO~AOB npH 3BaKya4H~ 3Hepr~~. nycTb BCe TPH 
coneHO~Aa ~Me~T anepTypy g~aMeTpOM 2a1 =50 MM, MaKCHMarrbHOe 
none B 4eHTpe anepTypbl fMcf8 T, KPHT~4eCK~i1 TOK J 0=225 A. 
npegnono~<~M, 4TO see OH~ HaMOTaHbl H3 KOMI103~THbro Nbo,5 Tio,5 
npOBOga AHaMeTpOM 1 ,2 MM CO cnegy~~~MH CBOi1CTBaM~ H napaMeT
paM~:'l'0=9,4 K; >.. =0,5; fp=25 MM; J

0
(B)'npeACTasneHa Hap_~; 

A=0,05 MM. OcranbHWe napaMerpw coneHov.gos gaHw B Ta6nv.4e: 

Ta6nHu;a 

ConeHoHp; ae b a {3 BMc N L BMaKc 
( MM] ( MM) [T] [ruJ [T/c] 

I . OnTHManhHbiH 85 50 3,40 2,00 7 '72 4000 0,81 21 

2. BbiCOKHll 67,5 150 2,70 6,00 7,64 8500 I ,32 13 

3. HH3KHi1 160 25 6,40 I ,00 7,89 4500 2,42 7 

3geCb a 2 H 2b- BHeWH~R pagv.yc ~ BWCOTa 06MOTKH COOTBeT-
a b 

CTBeHHOj a=_.! ~ {3=-- OTHOC~TenbHble pa3t-!epbl 06MOTKH coneHOH-
a 1 a 1 
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PHc. 8. Ce<JeHHH o6MOTOK xapaKTepHbiX 
COneHOH!J:OB /eM. 'ra6nHu;y/. I1YHKTHp
JlHHHH TIOCTOHHHOll BeJili'Uillbl HHAYKIJ;HH 
HarHHTHoro rronH. CrrnomHble JlHHHH orrpe
p;emiiOT rpaHHIJ;Y nepexop;a o6MOTOI< p;nR · 
pa::inH"l!HbiX Ha<JairhHbiX nonetf I A -
BH/i3M'cP,4; B - BH/BMc=0,6; C - BufBMt 

=1,0/; a/ coneHOHp;'PJ /onTHMaJibHWA/; 
6/ COJ1eHOHA •2 /BhlCOKHH/; B/ cone
HOHp; N93 /HH3KHA/. 

B/ 

6/ 
14or 

r 
120r 

r 
100f 

r 
_ Bor 

N r 
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QS 0.4 
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R ·"" 

0a; N - KOn~4eCTBO B~TKOB B 06MOTKe; L- HHAYKTHBHOCTb 06MOTK~j 

~aKC~aKCHManbHO gonyCTHMaH CKOpOCTb H3MeHeH~H ~HAYK4HH Mar
HHTHOro nonH BO BpeMR 3BaKya4HH 3HeprHH np~ ADnyCTHMOM HanpH
meHH~ Ha KDH4ax o6MOTKH 500 B. 

Ha pv.c.B cxeMarv.4eCKH npegcrasneHw ce4eH~H 3THX rpex o6-
MOTOK. nyHKT~pOM o603Ha4eHbl n~HHH nOCTORHHOro 3Ha4eH~R 
HHAYK4HH MarHHTH6ro nonH. CnnowHwe nHH~H onpeAenH~T rpaHH4Y 

' nepexoAa coneHDHAOB np~ asaKya4v.v. AI1R paan~4HWX Ha4anbHWX 
3Ha4eHv.i1~1 .BHAHO, 4TO AJ1R AaHH~X xapaKrepHwx coneHDHAOB nore
pv. MOryT BeCbMa 3$$eKTHBHO nepeBOA~Tb B HOpManbHOe COCTOHH~e 
6onbWy~ 4aCTb 06MOTK~. 

5. CKOPOCTb nEPEXOAA 06MOTOK B H6PMAflbHOE COCTORHME 
~3-3A 3HEPrET~4ECK~X nOTEPb 

3HaR A~HaMHKY nepexoAa csepxnposOAHHKa v. Y4HT~BaH peanbHwe 
pa3Mepw coneHOMAOB, MOmHO 04eH~Tb CKOpOCTb nepeXOAa 06MOTOK 

Vn[M"c] s HOpManbHOe cocTOHH~e. AnA nposegeH~H 3T~X 04eHOK 

npegnon~~<H~, 4TO none nagaeT OT B11 C HeKOTOpO~ noCTORHHOj;i CKO

pOCTb~ B~B~.Torga aa speMRAt none ~3MeH~TCH Ha sen~4~HY 

~B=(BH-B·~t). noAC4HTaB, KaKaR 4<lCTb o6MOTK~ nepej;iAeT B 
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HOpMa!lbHOe COCTO~H~e ~3-3a nOTepb npH H3MeHeHHH non~ Ha ~8, 
MO>KeM Ol\eHil!Tb CpeAHee 3Ha4eHHe V11 B HHTepsane ~t. YCTpeMil~~ ~t 
K HYil~, nony4aeM MrHOBeHHOe 3Ha4eHHe CKOpOCTH. 

Ha p~C.9 npeACTaBneHa A~HaMHKa OTHOC~TeilbHO~ CKOpOCT~ ne
pexo~a BHopMa!lbHOe COCTO.AH~e 06MOTK~ paC~MOTpeHHOrO BbiWe 6ec
KOH~4HO Ail~HHoro coneHOHAa/ B Me =8 T jnp~ pasn~4Hb1X Ha4anb HbiX 
3Ha4eH~.RX non.R. 3AeCb V11.MaKC- CKOpOCTb B Ha4a!lbHbiW MOMe·H! 1']~
peXOAa• o6MoT~H. Hanp~Mep, Ail.R Bn=0,6 BMc BHyTpeHHHW cno1::\ 
06MOTK~ riepe~OA~T B HOpMailbHOe COCTO.RH~e npH Bn =0 ,95 Bn 
/CM. p~c.5a/; B 3TOT MOMeHT speMeH~ CKOpOCTb nepeXOAa MaKc~-
Ma!lbHa ~ saTeM AOCTaT04HO 6~cTpo naAaeT. Hs pHc.5 B~AHO, , -----
4TO OOilbWa.R 4aCTb 06MOTK~ nepeXOAHT B HOpMa!lbHOe COCTO.RHHe 
B Ha4ane nr~l\BCCa 3BaKyal\H~. no3TOMY paCC4~TaeM CpeAH~~ CKO
pOCTb nepeXOAa 06MOTK~ 3a C4eT nOTBpb B Ha4ailbH~W nepHOg 
3BaKyal\~~, a ~MBHHO, B ~HTepsane H3MeHeHH.A non .A OT ·8H AO 
0,8 Bw· 

Pacc4~Tas no H3nomeHHOW s~we MeTOAHKe 4aCTb o6MOTK~, nepe
weAwew .B HOpMailbHOe COCTO.RH~e rlpH naAeHH~ nOil.R Ha ~ 8=0, 2 Bn, 
MO>KeM Bb14~CI1~Tb Ail~HY CBepxnpOBOAH~Ka, nepeWeAWero np~ 3TOM 
B HOpl~ailbHOe COCTO.RJ;f~e (£ NJ £cnH 3BaKyal\~.A np0~3BOAHI1aCb C no
CTO.RHHO~ CKOpOCTb~ B,TO BpeM~ 1 3a KOTOpOe none ynano Ha 20% 

PHC. 9. .[(HHaMHKa OTHOCHTeJibHOi'! 

CKOpOCTH nepexop;a B HOpMaJibHOe co

CTOfiHHe 06MOTKH 6eCKOHel.JHO AJ1HH

HOI'O conenoup;a /8M0=8 T/ npH 

pa3J1H'IHbiX OTHOCHTBJ1bHbiX HalJ3J1bHblX 

3!!8lJBHIUIX DOJifl. V ll MaKC- CKOpOC Tb 

B H3'13J1bHbll1 MOMBHT nepexop;a 06MoT

KH. 

OT CBOeA nepBOHa4a!lbHOA Bei1H4HH~, 

onpeAen.ReTc.R ~3 s~pameH~.R t = 
=0 ,2 8 1/B,H TOrAa CKOpOCTb nepeXOAa 
o6MOTKH B HOpMa!lbHOe COCTO.RHHB on
PBAe!l~eTC.R no $opMyne 

fN -~wB M v --: [-]. 
11 - t 0,2·B 11 c 

W B~=M 

d 
0$ 

J~ 
~Q 

0~ 

02 0 

/11/ 

PesynbTaT~ pac4eTa npeACTasneH~ Ha pHc.10. 
nony4BHHble 3Ha4eHH.R Ha HeCKOilbKO ·nop.RAKOB npeBbltUa~T xapaK

TepH~e CKOpOCTH pacnpOCTpaHeHH.R HOpMa!lbHOA 30H~ 3a C~eT Ten
IlOBOH AH<!J<!>Y3HH /eM., HanpHMep,/15//. np~4eM CABilaHHa.R BblWe 
01.\BHKa CPBAHeA CKOpOCT~ 3aHH>KeHa, T.K. npH nepexpAe COilBHOH
Aa YBBI1H4HBaeTC.R aKTHBHOe COnpOT~BileH~e 1.\Bfl~, B03paCTaeT CKO-

12 

pOCTb naABHH.A MarH~THOrO f10Ill1 H, KaK CJJeACTB~e, ell\e 6onee 
pacTeT CKOpOCTb nepeXOAa 06MOTKH B HOpMailbHOe COCTO.AHHe. 

Ha na6opaTopHOM MHoroceKL\HOHHOM ·coneHO~Ae, on~caHHOM s pa-
6oTe12~6~n~ npoeeAeH~ 3KcnepMMeHT~ no onpeAeneH~~ ct<opocy~ ne
pexoAa 06MOTK~ B HOpMa!lbHOe COCTO.AHHe.np~ 3BaKyal\~~ 3Hepr~~. 
nony4eHHble 1.\~<!Jpbl no nop.RAKY senH4HH~ cosnaAa~T c nposeAeHHbiM 
BbiWe pac4e.TOM. TaK, ,qn.R HaY,anbHOro nonR Bn=BM'C8 T ~ cKopocT~ 
3BaKyal\HH 8=6,3 T/c, cKopoCTb nepexoAa V 0~25 KM/c. 3Kcnep~MeH
TanbHble CKOpOCTI1 MOrn~ nony4~TbC.R BblWe pac4eTHbiX 3a C4eT 
TOrO, 4TO B HOpManbHOe COCTO.RH~e OAHOBpeMeHHO nepeXOA~nH 
cpa3y HeCKOilbKO CBKL\~A coneHOHAa. 

TaK~M o6pasoM, cTaHOB~Tc~ 04eBH.QH~M, 4TO 3HepreT~4ecK~e 
noTepH MOryT BeCbMa 3QJQJeKTHBHO nepeBO.Q~Tb 06MOTI<H B HOpMaJlbHOe 
COCTO.RHHe. Bonpoc, Hy>KeH HnH He HymeH TaKOW nepeXO.Q 06MOTK~, 
He06XO.QHMO, no-B~A~MOMy, pewaTb B Ka>K,QOM KOHKpeTHOM cny4ae 
OT.QeilbHO. 

Bb!BO.Qbl: 1/ ~CCile,QOBaHO BilHRH~e TpaHCnOpTHOro TOKa Ha 3Hep
reT~4BCK~e nOTep~ B KOMn03HTHbiX CBepxnpOBO.QH~KaX B a,qHa6a
T~4eCK~X ycnoB~.RX. noKa3aHO, 4TO 3T~ nOTepH MoryT nepeBO.QHTb 
npOBOAHHK C TpaHCnOpTHMM TOKOM B HOpMa!lbHOe COCTO.RH~e. 
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~ B,;~i.O 0,6 

~ 
~~ 12 

B,T•c-' 

c 

;-,; 

B 
,--

12 

~ 8 

> 

PHc.IO. 3asHCHMOCTh cpep;Heil 

I B H3MewwTcH oT BH L(o 0, 8 8 11 I 
CKOpOCTH rrepeXOAB 06MOTOK B 

HOpMaJ1bHOe COCTOHHHe OT CKOpoc

TH li3MeHeHHH Mai'HHTHOrO ITOJIH 

DpH 3BBKYaQHH 3HeprHH /orpBHH

tieHHOH MaKCHMaJ1bHblM HarrpmKeHHBM 

Ha KOHQaX COJ1eHOJfAOB 500 B/ npH 

pa3JII-l'-1Hb!X HBl.JBJ1bHblX 3Hal.JeHHfiX 

n.OJ1fl. A/ - coneHoMg N' I I OITTH

MBJ1hHbifr/; B/ - coneHOHA N'2 /Bbi

coKHH/; C/ - coneHOHJI N•3 
/J-IH3KHH/. 

2/ npose,qeH pac4eT A~HaM~K~ 
nepexo,qa 8 HOpMailbHOe COCTORHHe 
06MOTKH 6ecKOHB4HO AilHHHOrO 
nnoTHOro coneHOH,qa ~s-sa 3Hep-
reTH4CCKHX nOTepb np~ 3BaKya
~H~ 3HeprHH. noKa3aHO, 4TO 

Kat< npasHno, Ann OonbwoA ~OCTH oOMOTKH 3TOT nepexo,q ocyll\ecT
sn.ReTc.R e H040no npouocca 3DOKyauHH. 

3/ ~ccne,qOOOI~ Onl1nHH0 CDO~CTD 11 nOPOMCTPOB npOBOAH~Ka Ha 
CTa6HilbHOCTb 00MOTOK npH ~DOKyOI\1111 3HOprHH. 48CTb 06MOTK~, 
nepeXO.Q.All\a.A D HOpMOJibHOO COCTOnHI10, DOSpOCT80T np~ YDei1~4eH~~ 
,q~aMeTpa 11 K03QJ<IJHU11011T~ snnonHOHI1R npODO.QHHKO. 

l3 



4/ nposeAeH paC4eT AHHaMHKH nepeXOAa Tpex xapaKTepH~X 
coneHOHAOB /B ~8 ~-f npH 3BBKya~HH 3HeprHH. 

5/ npoBeAe~~l O~eHKH CKOpOCTeii nepeXOAa 8 HOpManbHOe COCTOfl
HHe nnOTH~X 06MOTOK npH 3BaKya~HH 3HeprHH. nony4eHH~e BenH4HH~ 

npeBbiWBIOT xapaKTepHbte CKOpOCTH pacnpocTpaHeHHfl HOpManbHO~ 
30Hbl 38 C4eT TennOBO~ AH¢¢Y311H Ha 2-3 nOpfl,O,Ka. '3KcnepHMeHTbl, 
npoBe,O,eHHbte HB na6opaTOpHOM coneHOH,O,e, nO,O,TBep>K,O,aiOT npaBHnb
HOCTb nony4eHHbiX pe3)(nbT8TOB. 
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rrepexoga s HopManbHOe cocTOflHHe oOMOTOK cnapxnpononnnmx 
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Ilpoaep;eHbl pacqeTbl DJUf.ITIIHfl OIIOPI'01'1NncKIIlC nOTOPb 1111 C'I'0011Jib
HOCTb H CKOpOCTb nepexo,o,a D IIOPMOJitoiiOO Cnt:TOniiiiO ll1!01'1tblX o(S
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HHH B03MOJKHOCTH Cyll\eCTOOIIIH'li'O OJII!fiiiiii'T 1111 KAPIU<'I'AP llpOI~OCCOD 

rrepexop;a CM. B I<a'recTno npllMI'Ipi'IH pnCt'Mil1'1Holllt.l 1'1lll MllPCKTCiflltbiX 
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Tho lnvtullll&ntlnn hnn h~;~ttn pt>rrorntPtl ttt' tho Lnbnratory of 

High EnarRI "~, .1 INn 
1 ProprlrH ut '"' Ju nl ln•tltuta rur Nuolur noaoorch. Oubno 1902 

Ilepeno,o, 0, r. ,llltllnl'lli1Jili1Utt\, 


