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Caeai1H B.A. 

J~eKT BI1XpeB~X TOKOB B nnaCTI1He 113 npOBOAR~ero 
~eppoMarHeTI1Ka c npRMoyronbHOH nerneH r11crepea11ca 
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nony4eHa CI1CTeMa A11~epeH411anbH~X ypaBHeH11H, Oni1C~Ba~aR npo4eCC 
nepeMarHI1411BaHI1R ~eppoMarHeT11Ka c npRMOyronbHOH nerneH r11crepea11ca 
C y4eTOM MarHI1THOH BR3KOCTI1 11 A11aMarHI1THOrO AeHCTBI1R BI1Xpee~x TOKOB. 
npi1BOARTCR peaynbTaT~ peweHI1R CI1CTeM~ AnA TOHKOH nepMannoeBOH neHT~. 

Pa6ora e~nonHeHa a fla6oparop1111 HeHTPOHHOH ~11311KI1 OHRH. 

Coo6weHHe 06beauHeHHoro HHcruryra HaepHbiX uccneaoeaHufi, 1ly6Ha 1979 

Savvin V.A. 

The Eddy Current Effect in a Plate of Conducting 
Fe rromagnetic with a Rectangular Hysteresis Loop 

pg- 12377 

A system differential equations is obtained which describe the 
process of magnetic reversal of a ferromagnetic with a rectangular 
hysteresis loop taking into account magnetic viscosity and diamag
netic effect of eddy currents. The results of solving the given 
system for a thin permalloy tape are presented. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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BBEAEHHE 

HccneAOBaH~e ~opM~posaH~~ ycKop~~~~x ~Mnynbcos s~xpeso

ro 3neKTp~4eCKOrO non~ B T.H. ~HAYKTOpax n~He~HOro ~HAYK4~-

0HHOrO YCKOP~TenR 3neKTPOHOB nHY-30 I l l nOKa3ano HeOOXOA~
MOCTb 6onee nonHoro on~caH~R npo4eccos nepeMarH~4~BaH~R 
nepManno~, s 4aCTHOCT~, 6onee T04Horo y4eTa sn~~H~~ s~xpe
s~x TOKOB Ha A~HaM~Ky np04ecca np~ KOHe4H~X TOn~~HaX neH
T~ ~eppoMarHeT~Ka. 

H3secTHO ~.al , 4TO npo4ecc nepeMarH~4~BaH~~ ~eppoMar
HeT~Ka c np~MoyronbHO~ nerne~ r~crepe3~ca ;nnr; on~c~saer
CR ypaBHeH~eM 

. 2 2 
B = R(l- B / B5 X 1 + v H A)H A • /1/ 

rAe R, v - A~HaM~4ecK~e napo.MeTpbl ~eppoMarHeT~Ka, ~MeiO~~e 
pa3MepHOCTb OM/M ~ M/A, B, B5 - ~HAYK4~R ~ ~HAYK4~R Hac~-

B dB H w 
l!leH~~, = ·dt-, A - Ae~cTBYIOlJ1ee 3Ha4eH~e MarH~THoro non~. 

HccneAoBaH~e c noMOlJ1biO /1/ nepeMarH~4~BaH~~ HenpoBOAR
ll1~X ~eppOMarHeT~KOB C nnr 3aTPYAHeH~~ He B~3~BaeT, T.K. 
3AeCb OTCYTCTBY~T B~XpeBble TOK~, ~ Ae~CTBY~U1ee MarH~THOe 

none He 3as~c~T or KOH~~rypa4~~ ~eppoMarHeT~Ka. 
B cny4ae ~e, Hanp~Mep, nepMannoes c~rya4~~ ocno~HReTcR 

~3-3a B03H~Ka~ll1~X np~ nepeMarH~4~BaH~~ B~XpeB~X TOKOB, 
KOTOp~e np~BOA~T K HeOAHOPOAHOCT~ H A no 06beMy ~eppOMarHe
T~Ka. 

B AaHHO~ pa6ore npoBOA~TCR Kon~4ecrseHH~~ y4eT Ae~cTB~R 
B~XpeBbiX TOKOB. 

TEOPWl 

nycTb nnaCT~Ha ~3 ~eppoMarHeT~Ka C nnr /p~C. 1/ npOBOA~
MOCTb~ a, TOnlJ1~HO~ 28, KOTOpa~ MHOrO MeHbWe ee An~H~ ~ w~
p~H~, nepeMarH~4~BaeTC~ 80 BHeWHeM MarH~THOM none "(0, Ha
npasneHHOM BAOnb oc~ z. 
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~y 
P~-tc. 1. 

803HI-1Ka~~l-1e np~-t nepeMarHI-141-'tBaH~-tl-1 B1-1Xpee~e TOKI-1 np~-tBOART 
K TOMy, 4TO Ae~CTBY~~ee MarH~-tTHOe none 

H.l1 (x, t) = H(x, t)- H CT (B(x)), /2/ 

r,qe HcT(B) - aae~-tc~-tMOcTb, onpe,qenReMaR cTaT~-t4ecKo~ neTne~ 
rHcTepeaHca, ocna6nReTcR BHYTPH nnacT~-tHbr. Cne,qoeaTenbHO, 

CKOpOCTb nepeMarHH41-1BaHHR ~ B CnORX, pacnono~eHH~X Ha paa

H~X paCCTORH~RX OT nnOCKOCTH CHMMeTpHI-1, 6yAeT paan~-t4HO~, 
B 4aCTHOCTI-1, Ha noeepXHOCTH npH X= o 

. 2 2 2 
13(8, t) = R(l- B0 / B 5 )[H(o,t) -HcT (B0 ) +v(H(o,t) -Jt .~l30 )) J. /3/ 

r,qe 
sa= B(o, t). 

~3 ycnOBH~ CI-1MMeTpHH 

B(x, t) = B(-x, t), 

H.l1 (x, t) = H.l1 (-x, t), /4/ 

cne,qyeT, 4TO 

13(x, t) = B(-x, t), /51 

r,qe X- KOOP,QHHaTa, OTC41-1T~BaeMaR OT nnOCKOCTH CHMMeTp~-tH. 
nocKOnbKy ci>YHK'-IHH B(x, t), Ha(X. t) TaK ~e. KaK H 

H( X, t), RBnR~TCR 4eTHbiMI-1, TO B03MO~HO cne,qy~~ee 1-1X npe,q-
CTaeneH~-te 

4 

00 
2n B(x, t) = B(O, t) + ~ bn (t)x , 

n= 1 !61 

00 
- 2n 

Ha(x, t)=Ha(O, t)\~ 1 hn(t)x , 171 

H(x, t) = H(O, t) + £ h (t)x 2n • 
n= 1 n 17'1 

JlnR npeACTaeneHHR H.l1(x,t) e BH,qe pR,qa j6! peanbHY~ reTn~ 
rHcTepeaHca ,qnR npocTOT~ B~4HcneHH~ aaMeHHM neTne~, 
H306pa~eHHOH Ha PHC. 2. 

8 

B't 

-H. He c 
H 

-81-
PHc.2. 

Tor,qa, c y4eTOM /21, 

H (x, t) = H(O, t) + I h (t)x2n - H (B(O))- _!_ I b (t)x 2n ,/8/ 
.11 n = 1 n CT f..L n = 1 n 
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rAe 

1 

J1 

dHCT 
-(1-8 (-Br .::; B .::; Br ). 

CpasH~BaR 181 ~ 17/, nony4aeM 

HA (0, t) = H(O. t) - H CT (B(O. t)). 

~ 1 191 
hn (t) = h nCt) - -- bn (t). 

J1 

npoA~¢¢epeHu~posas no speMeH~ paseHcTso 161, nony4~M 

• • 
00 

• 2n 
B(x, t) = B(O. t) + L bn (t)x I 1 Ol 

n = 1 

C APYrO~ CTOpOH~, npeACTaBnRR 3aB~C~MOCTb OT X B(~ ~ B 
B~Ae PRAa MaKnopeHa, ~MeeM 

· · 1 a2 8 (x. t) 2 1 a 4B c x, t) 4 8(x, t) = 8(0, t) + --- ----- ---- x + --- ----------- x , .... I 11 I 
2! ax2 4! ax4 

CneAOBaTenbHO, 

2n • 

b cr1 = --~-- -~--!3S~:__!~- 1 

n (2n)! ax 2n X = 0 1121 

~nR B~4~cneH~R npo~3BOAH~x 1121 ~cnonbayeM npasy~ 4acTb 
ypasHeH~R I 1 I, Y4TR, 4TO H A(x, t) ~ 13(x. t) npeACTasneHbl 
B B~Ae PRAOB 161 ~ 171, TOrAa 

B(O. t) = R(1- !30~' 8;)(H 
110 

+ v H io ). 

• 2 , 2 ~ 2R8 ob 1 2 
b (t) = R(1- 13 1 8 )h (1 + 2vH ) - ---------(H + vH ) 

1 0 · s 1 AO 8 2 AO 110 ' 
s 

6 

b
2

(t) = R(1- B~ IB5l[h 2 (1 + 2vH 
110 

) + vh ~ ] -

2 
2 R B0 b 1 - 2 R(b 1 + 2 Babi 

2 --------- ( 1 + 2 v H IJ.O ) · h 1 - -------2---- (H AO + v H AO ) , 
Bs 82 

s 

. ~ - -
b

3
(t) = R(1- B~ I B;)[2 v h 1 h2 

+ (1 + 2vH IJ.O )h
3 

] -

2 · 2R8 0b 1 _ 
2 

_ R ( b 1 +280b~-
------[v h 1+( 1+ 2vHn0 )h 2 ]---------·h 1 ·(1+2vH 110)-

8~ 8~ 

R-b-' 2 :_~~~-t_b_~-~-~2' (H IJ.O + v H 110 ) ' -- 2 

8 s 

rAe 

13
0

- 8(0. t). Hl-(
0 

= H(O, t) - II l :T (8
0 

). 

M~ nony4MnM c~cTeMy AM¢¢epeHu~anbH~x ypasHeH~~. on~c~sa~~~x 
M3MeHeHMe so speMeH~ K03¢¢Mu~eHTOB PRAa 161. 

anR OnpeAeneHMR K03¢¢~UMeHTOB ~~(~ Ha~AeM 3Ha4eH~R 
HanpR~eHHOcTe~ s~xpesoro 3neKTP~4ecKoro ~ MarH~THoro none~. 

nocKOnbKY 

0 · 
E( x) -. - ( 8(x)dx. 1141 

X 

TO, nOACTaBnRR C~Aa 3Ha4eH~e 13(X) ~3 1101 ~ ~HTerp~pyR, 
HaXOA~M 

2n + 1 

E( x) = 8(0)x ' 1 b -~------- I 151 
n = 1 · n~ • 
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An~ sHxpesoro MarHHTHoro non~ 
X 

H(x) = H(O) +a I E(x)dx 
0 

HnH, HCnOnb3y~ /14/, HaXOAHM 

oo b X 2n 
a B(O) 2 }; ___ _::_ _______ _ 

H(x) = H(O) + ---2--- x + an= 1 (2n + 2)(2n + 1) 

CneAOSaTenbHO, cornacHo /7/, 

h1 = ~-~~-2 -' 

h.=------- ----
1 (2i - 1) 2i 

abi- 1 
(i = 2, 3, 4 .... ) 

H 

h1 = -~~~2- b1 
2 - -~-

h . - abi-1 b . 
I - -------- - __ _:_ 

ll (2i-1)2i 
(i = 2. 3, 4 •... ) . 

/16/ 

/17/ 

/18/ 

/19/ 

noACTaHOSKa S CHCTeMy /13/ nony4eHH~X 3Ha4eHH~ K03~
¢H4HeHTOS hi H3 /19/ H MarHHTHOrO non~ S nnOCKOCTH CHM
MeTpHH, Sblpa>KeHHoro 4epe3 SHeWHee MarHHTHoe none H3 /17/ 
npH X=& npespa~aeT /13/ S HenHHe~Hy~ CHCTeMy AH¢¢epeH-
4HanbH~X ypasHeHH~, Hepa3peweHHy~ OTHOCHTenbHO npOH3SOAH~X. 

noeACTasneHHe HHAYK4HH S SHAe P~Aa /6/, rAe K03~¢H4HeH
T~ bi h =1,2,3 _ ... / 3aSHC~T OT speMeHH, n03SOn~eT Ha~TH 
CKOpOCTb pacnpOCTpaHeHH~ SOnH~ HaMarHH4HSaHH~ SHyTpb 
nnaCTHH~. 

nycTb A- KOOPAHHaTa, npH KOTOpo~ HHAYK4H~ HMeeT $HKCH
posaHHOe 3Ha4eHHe, T.e. 

oo 2n 
B(A) = B(O, t) + · }; bn (t)A = const. 

n= 1 /20/ 

8 

npOAH$¢epeH4Hposas no speMeHH /20/, nony4HM 

• 

00 

• 2n • 
00 

2n- 1 
O=B(O,t) + }; bn(t)A + A}; 2nbn(t)A , 

n= 1 n= 1 /21/ 

OTKYAa CKOpOCTb pacnpOCTpaHeHH~ 6yAeT 

• 
00 

• 2n 
. B(O, t) + }; bn (t)A 
A=- --------E-~1 ____________ _ 

l 2n b (t)A 2n- 1 
/22/ 

n= 1 n 

PEWEHHE CHCTEMbl 

0TMeTI1M, 4TO HaHMeHbWa~ CTeneHb nOnHHOMa, Ka4eCTSeHHO 
onHc~sa~~ero npo4ecc nepeMarHH4HSaHH~ ¢eppoMarHHTHo~ 
npOSOA~~e~ nnaCTHH~, pasHa 4eT~peM. 

Ae~cTSHTenbHo, H3 ypasHeHH~ /1/ cneAyeT, 4TO MaKCHManb
Hoe 3Ha4eHHe CKOpOCTH nepeMarHH4HSaHH~ npH S03Ae~CTSHH 
CTyneHbKH SHeWHero MarHHTHOrO non~ H npH AOCTaT04HO 60nb-

8 
wo~ MarHHTHo~ npoHH4aeMOCTH <11 » -1:/-- ) AOCTHraeTc~ npH B .:: 0. 

c 
nocKOnbKY nepeMarHH4HSaHHe SHYTP~HHHX cnoes nOOHCXOAHT MeA-
neHHee, 4eM Hapy>KHbiX, TO M'\KCHMYM B(x) AOCTH raeTC~ CHa4ana Ha 
rpaHH4e,a 3aTeM nepeMe~aeTC~ SHYTPH nnaCTHH~.npH 3TOM MHHH
MYM 6yAeT OCTaSaTbC~ S nnOCKOCTH CHMMeTpHH. MHHHManbHa~ 
CTeneHb nOnHHOMa /10/,npH KOTOPO~ OH MO>KeT HMeTb TPH T04KH 
3KCTpeMyMa /MHHHMYM noH x=O H MrlKCHMYM noH jxj .::; o I, pasHa 
4eT~peM. 3aMeH~~ P~A /10/ cyMMo~ neps~x ero N+1 4neHos, 
nony4HM 

N • 2n 
B(x)::: ,B(O)+}; bnx 

n= 1 /23/ 

CpeAHHe 3Ha4eHH~ CKOpOCTH nepeMarHH4HSaHH~ H HHAYK4HH no 
TOn~HHe nnacTHH~, onpeAen~eM~e KaK 

:- 1 0 . 
B(t) = 8- I B(x, t)dx, 

0 

- 1 0 
B(t) = -- '[ B(x, t)dx, 0 . 

0 

/24/ 

/25/ 
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6ygyT 

N b (t) 
B(t) = 13(0, t) + 1, --~- 0 2n 

n= 12n + 1 ' 

N b n(t) 2n 
B(t) = 8(0, t) + 1. -----o . 

n = 12n + 1 

/26/ 

/27/ 

c~cTeMa A~$$epeHu~anbH~X ypaBHeH~~ /13/, rge K03$$~u~eH
Tbl hi onpegenH~TCH no $opMynaM /19/, gonycKaeT 4~cneHHOe 
peweH~e MeTOAOM nocnegosaTenbH~x np~6n~meH~~ Ha KamgoM 
ware ~Hrerp~posaH~H. np~ pac4eTe npegnonaranocb, 4TO nepe
MarH~4~BaH~e npO~CXOA~T nag B03ge~CTB~eM CTyneHbK~ BHeWHero 
MarH~THOrO nonH. Ha4anbHOe COCTOHH~e - OAHOPOAHOe no BCeMy 
o6beMy H~MarH~4~BaH~e AD 3Ha4eH~H ~HAYKU~~ - fir, BeKTOp 
KOTopo~ aHT~napanneneH oc~ L 

PE3YflbTAT~ PAC4ETA 

nosepxHOCTH~R 3$$eKT paccMaTp~sancH B neHTe ~3 nepMan
noH 50Hn TOniJ1~HoR 10 MKM ~ npOBOA~MOCTb~ 2,22·10 6 /OM·M/ - l, 
np~MeHHeMO~ B cepge4H~KaX ~HAYKTOpOB ycKOp~TenH fl~Y-30. 
Pac4eT nposog~ncH gnH neps~x 16 4neHOB pHga /23/. 

Ha p~c. 3 npegcTasneHbl rpa$~K~ pacnpegeneH~H cKopocT~ 
~3MeHeH~H ~HAYKU~~ no TOniJ1~He o6pa3ua np~ B03geRCTB~~ 
cryneHbK~ sHewHero MarH~THoro nonH HanpHmeHHOCTb~ 140 A/M. 

Kp~BaH 1 npegcTasnHeT pacnpegeneH~e ~(~ B MOMeHT~ 
speMeH~ t =5 ·1 0 · -g c /nocne nepsoro war a ~HTerp~posaH~H/, 
2- B MOMeHT t =4·10-7 C, 3- np~ t =8·10- 7 C, 4- np~ 

·-6 -6 
t=1,2·10 c,5-np~t=1,6·10. c. 

B Ha4anbH~e MOMeHT~ speMeH~ B(~ D np~MepHo og~HaKosa 

no BCe~ TOniJ1~He neHTbl, nOCKOnbKY HanpHmeHHOCTb MarH~THOrO 
nOnH cna6o yMeHbWaeTCH BHYTP~ nnacT~Hbl 1 ~ ~HAYKU~H Be3ge 
~MeeT 3Ha4eH~e. np~MepHo paaHoe - Br. OgHaKo B~AHD, 4TO 
nepeMarH~4~BaH~e Ha rpaH~ue npo~cxog~T 6~cTpee, 4eM 
BHYTP~. npeBbiWeH~e ~ y rpaH~Ubl Hag ero 3Ha4eH~eM BO 
BHyTpeHH~X cnORX np~BOA~T K ysen~4eH~~ HeOgHOPOAHOCT~ 
MarH~THoro nonH s nnacT~He. TaK~M o6pa3DM 6~cTpee nepe
MarH~4~Ba~TCH HapymH~e cno~. 8 pe3ynbTaTe CKOPOCTb ~3Me

HeH~H ~HAYKU~~ gocT~raeT Ha rpaH~Ue csoero a6con~rHoro 
MaKC~MyMa . KaK ~ cnegosano om~gaTb, s nocnegy~111~e MOMeHTbl 

10 

l 

8 
'+,0 

2 

3,0-

2,0~ '3 

"""" 
I 

1,0-

4 

X 
4,0 5,0 

~~c.3. PacnpegeneH~e cKopocT~ nepeMarH~4~BaH~H /r/MKc/ 
no TOn·IJ1~He /MKM/ o6pa3ua B pa3Hble MOMeHTbl BpeMeH~. 

BpeMeH~ MaKC~MYM <!JyHKU~~ B(x) CMe1J1aeTCH BHYTPb nnacT~Hbl, 
yMeHbWaHCb no sen~4~He. B KOHe4HOM c4eTe ~(~ 6yger 
~MeTb OA~H MaKC~MYM np~ X =0, KOTOPbiR yMeHbWaeTCH no Mepe 
HaC~IJ1eH~H HapymH~x cnoes. 

Ha p~c. 4 ~ 5 npegcrasneH~ rpa~~K~ pacnpegeneH~R MRr
H~THoro nonH ~ ;HAYKU~~ no ron111~He o6pa3ua s yKa3a·HHble 
MOMeHTbl BpeMeH~. 
H 

/50 

I 

" 

50 

1,0 2,0 3,0 4,0 
X 

5,0 

P~c.4. Pacnpe
geneH~e HanpHmeH
HOCT~ MarH~THOrO 

nonH /A/M/ no 
TOn1J1~He /MKM/ 
o6pa3ua . 
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8 

1,0 

0.5 J 

J-
1,0 5,0 

-x 
*,0 

-0,5 

-1,0 
I 

P~c.5. PacnpeAeneH~e ~HAYK~~~ IT/ no Ton~~He /MKM/ o6paa~a. 

Ha p~c. 6 npeACTaBneH~ 3aB~C~MOCT~ OT apeMeH~ CKOpOCT~ 
nepeMarH~4~BaH~R np~rpaH~4Horo cnoR neHT~ B nonRx, HanpR 
~eHHOCTb~ 100 A/M- /Kp~aaR 1/, 140 A/M- /Kp~aaR 2/ ~ 
180 A/M- /Kp~aaR 3/. 

8 

P~c.6. 3aa~cw 
MOCTb OT BpeMe
H~ /MKC/ CKO
pOCT~ nepeMar
H~4~BaH~R 

/T/MKC/ np~rpa-
H~4]:10ro en oR 
neHT~ a nonRx 
HanpR~eHHOCTb~ 

100 A/M /Kp~
BaR 1/, 140A/M 
/Kp~BaR 2/, 

L----+-c:------=~-----=:::;:=----- t 180 A/ M I KPW 
0.5 2,0 BaR 3/. 

'l2 

nnR 3T~X ~e 3Ha4eH~~ none~ Ha p~C. 7 noKa3aHO ~3MeHeH~e 
BO BpeMeH~ CKOpOCT~ nepeMarH~4~BaH~R B ~eHTpe nnaCT~H~. 

8 
6,of 

4,0 

--------~~----=~------~ 

1,0 1,5 2,0 

P~c.]. 3as~C~MOCTb OT speMeH~ /MKC/ CKOpOCT~ nepeMarH~4~
BaH~R /T/MKC/ B ~eHTpe nnacT~H~ np~ HanpR~eHHOCT~ BHeWHero 
MarH~THoro nonR 100 A/M /Kp~saR 1/, 140 A/M /Kp~saR 2/, 
180 A/M /Kp~saR 3/. 

B~AHO, 4TO nepeMarH~4~BaH~e s ~eHTpe npo~cXOA~T co 3Ha4~
TenbHO MeHbWe~ CKOpOCTb~ ~, COOTBeTCTBeHHO, npOAOn~aeTCR 
6onee An~TenbHoe speMR, 4eM Ha rpaH~~e. 

Ha p~c. 8 npeACTasneHa aas~c~MOCTb HanpR~eHHOCT~ MarH~T
Horo nonR s ~eHTpe nnacT~H~ OT speMeH~. 8 Ha4anbH~~ MOMeHT 
speMeH~ MarH~THOe none cna6o oTn~4aeTCR OT ero 3Ha4eH~R 
Ha rpaH~~e. 3aTeM, c yaen~4eH~eM cKopocT~ nepeMarH~4~BaH~R, 
Ha4~HaeT yMeHbWaTbCR, AOCT~raeT M~H~MyMa, ~ no Mepe nepe
MarHM4~BaH~R neHT~ MOHOTOHHO B03pacTaeT, npM6nM~aRCb K 
3Ha4eH~~ BHewHero MarH~THOro nonR. 

CneAyeT OTMeT~Tb, 4TO AaHH~~ 3Aecb aHan~a npo~ecca 
nepeMarH~4~BaH~R TOHKO~ npOBOAR~e~ nnaCT~H~ ~3 $eppoMarHe
T~Ka C nnr no3BOnReT AOCTaT04HO T04HO y4eCTb A~aMarHMTHOe 
Ae~CTB~e B~Xpes~X TOKOB, XOTR peWeH~e npMBeAeHHO~ 3AeCb 
c~cTeMbl ypasHeH~~ /13/ Tpe6yeT 3Ha4~TenbHoro speMeH~ pac4e
Ta Ha 38M. 
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H 

200 

3 

2 

50 

L_------------~--------------~ t 
0,5 1,0 1,5 2,0 

P~c.8. 3ae~c~MOCTb HanpflmeHHOCT~ MarH~THoro nonfl /A/M/ 
B ~eHTpe nnaCT~H~ OT epeMeH~, np~ HanpflmeHHOCT~ BHeWHerO 
MarH~THoro nonfl 100 A/M /Kp~eafl 1/, 140 A/M /Kp~eaR 2/, 
180 A/M /Kp~Bafl 3/. BpeMfl B M~KpoceKYHAaX. 

B 3aKn~4eH~e aBTOP C4~TaeT CBO~M np~flTH~M AOnrOM B~pa-

3~Tb 6naroAaPHOCTb H.M.MaTope aa nocTOflHHOe BH~MaH~e K pa-
6oTe ~ PRA none3H~x 3aMe4aH~R. 
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