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B'Ha4ane 50 rr. npH cosAaHHH 3TanoHH~X npH6opoa AnR H3Mepe
HHR TOKO~ B~COKO~ 4aCTOT~ /aMnep- H MHnnHaMnepMeTp0B TepMo-
3neKTPH~eCKO~ CHCTeM~/ samHOe 3Ha48HHe HMenO B~RCH8HHe sonpoca 
0 4aCTOTHO~ 3aBHCHMOCTH aKTHBHOrO conpOTHBneHHR npOBOAHHKOB 
H HaxomAeHHe TaKo~ $OpMw nonepe4Horo ce4eHH.R HarpesaTenbH~x 
npOBOA.Rll\HX 3ne'Me'HTOB H3MepHTenbHO~ 4aCTH, 4T06~1 B onpeAeneHHOM 
AHana30He 4aCTOT HX aKTHBHOe conpOTHaneHHe C 3aAaHHO~ T04HOCTb~ 

He sasHceno oT 4acToT~. 
np.RM~MH 3KCnepHMeHTaMH H TeOpeTH48CKH 6~n0 BW.RCHeHO, 4TO 

TOHKa.R npOBOA.Rll\a.R neHTa An.R 3TO~ uenH He nOAXOAHT, KaKO~ 6w 
TOHKO~ OHa HH 6wna /Aame npH TOflll\HHe, ropa3AO MeHbWe~ rny6HHW 
CKHH-cnoR/. Tenepb H3BeCTHO, 4TO C$OpMynHpOBaHHOMy Tpe6osaHH~ 
MOmeT YAOBneTBOpHTb TOHKOCT8HHW~ Tpy64aTW~ npoBOAHHK. 

PeweHHe 3aAa4H 0 CKHH-3$$eKTe B npoBOAHHK~ np.RMOyronbHOrO 
nonepe4HOrb ce4eHH.R H 4aCTOTHO~ 3aBHCHMOCTH ero aKTHBHOro co
npOTHBneHHR, nony4eHHOe aBTOPOM B 1952-53 rr., He 6wno ony6nH

KOBaHO. 
B nocneAHee speM.R 3Ta saAa4a npHo6pena AOnonHHTenbH~~ HHTe

pec B CB.R3H C 3KCnepHMeHTaMH no nony4eHH~ Mera3pCTeAHWX MarHHT
HbiX none~ /1,21. PeweHHe, npHBOAHMOe HHme, MOmeT OKa3aTbC.R none3-
HWM An.R HHTepnpeTaUHH PRAa 3$$eKTOB, B03HHKa~ll\HX npH npoxom
AeHHH HMnynbcos TOKa c aMnnHTYAO~ AO 1 MA H AnHTenbHOCTb~ noPRA
Ka 1 MKC 4epe3 coneHOHAW Manoro o6beMa. 

nycTb nonepe4Hoe ce4eHHe npoBOAHHKa npeAtTasn.ReT co6o~ 
npfiMOyrOnbHHK CO CTOpOHaMH a H b; COOTBeTCTBY~ll\He AeKapTOBbl 
KOOPAHHaTbl o6osHa4HM x H y I ce4eHHe npoBOAHHKa onpeAeneHo TaK: 

_.!!:.<x< .!_. 
2 - - 2. - _Q_ < ·y < _Q_ /. 

2 - - 2 

npH 06W4HWX npeAnonomeHH.RX 0 KBa3HCTaUMOHapHOCTH 3neKTpOMar
HHTHbiX none~/3/ 3aAa4a 0 CKHH-3$$eKTe CBOAHTCR K HaXOmAeHH~ 
pacnpegeneHH.R TOKa no ce4eHH~ nposOAHHKa cdrnacHO ypasHeHH~ 

An.R nnoTHOCTH TOKa: 

. 2 . 
a2j a j - 4mwa J (x, y) • 
-- + -2-- c 2 ax 2 ay /1/ 

3gecb a -npOBOAHMOCTb MaTepHana npOBOAH~Ka, w - UHKnH4eCKa.R 
4aCTOTa H3MeHeHHR non.R, i - MHHMa.R eAHHHUa. 5yAeM pewaTb ypas
HeHHe /1/ MeTOAOM pa3AeneH~.R nepeMe~HWX, 3anHCWB~.R ~YHKUH~ 
j(x, y) B BMAe 

2 

~"'" 

j(x, y) = jl (x). j2 (y). 

noACTaBHM /2/ B /1/ H neperpynnHpyeM 

1 d
2
j 1 . 2 1 d

2
j 2 . 2 

-. - --- - IP = - - -- + IP ' 
J 1 dx 2 j 2. dy 2 

a /1/ 4neHbl: 

p2 = 21Twa • 
c2 

/2/ 

/3/ 

TaK KaK neBci.R 4aCTb /3/ He 3aBHCHT OT y, a npaBa.R - OT X, OHM 
AOnmHw paBHHTbC.R nocTO.RHHo~; o6osHa4MM e~ C. CneAoBaTenbHO, 
MMeeM ABa 06biKHOBeHHbiX AM$$epeHUHanbHbiX ypaBHeHH.R An.R $YHKUH~ 
h (x) H j2 (y) : . 

d2 j 1 

ctx2 

d2. 
J2 

cty2 

(ip 
2 

+ C)j 1 (x) , } 

= (ip2- C)j 2(y). 

/4/ 

Tenepb MomHo nocTaBHTb rpaHM4H~e ycnoBH.R. $yHKUM.R j 1 (~ Aonm

Ha 5biTb nOCTO.RHHO~ Ha OAHO~ nape CTOpOH np.RMOyronbHHKa (X=± ~ ), 

$YHKUM.R j 2(y) - Ha APYrO~ nape (y =± ~ ): 

j 11 x = ±a/2 = j 10; J21 y =±b/2 = j 20 • /5/ 

PeweHHe ypasHeHH~ /4/ c y4eToM /5/ npoBOAHTC.R 3neMeHTapHo. 
Pe3ynbTaT TaKoe: 

j(x, y) = j 10 j20 
ch x/ip 2 +C 
-------~ 

ch~Jip2 +C 
2 

r 2 chyyip -.C 

ch.!:.jip2 - C 
2 

!6! 

OnpeAenHM nocTO.RHHY~ C PI Bbi.RCHMM c!JH3H4eCKH~ CMblcn npoHsse
AeHH.R nocTO.RHHbiX j 1o · hw a !6! c noMOll\b~ npeAenbHoro nepexoAa 
K nocTO.RHHOMY TOKy. nonomHM B /6/ p, W ~0. npH 3TOM nnoTHOCTb 
TOKa AOnmHa 6b!Tb noc TO.RHHO~ no Ce4eHM~ npOBOAHHKa 1 0603Ha4MM 
ee j 0 : 

j I W->0 = j 0. 171 
TaK KaK /6/ npM p ... o HMeeT BHA 

j(x, y) = J1o·i20 
chx[C" 

ch..!.y'C 
2 

chyJ;C 
b r::· ch-v-C 
2 

TO, MCrfOnb3Y.R /7/, npHXOAHM K BbiBOAY, 4TO nOCTO.RHHY~ C HaAO 
nonomHTb pcisHo~ HynJO, a j 10 J 20 = j o • 

/8/ 

0KOH4aTenbHO nony4aeM An.R nnOTHOCTM TOKa B npOM3BOnbHOH T04-
Ke (x,y) nonepe4Horo ce4eHH.R npoBOAHHKa npM 4aCTOTe ero H3Me

HeHH.R w f,. 0: 
, ............. ---.....~~~ 

®(}1;f,•J:i!<ft;·"I'J· .•, , •• ,,. ;-:··'il· I 
m;u~;Hr..1~;. '.:.;;;.~ :: ::. :~ "' .·;:. :-'!~ I 

GlfaE.JiiY!c/f :..: :/, 
' --
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j (x, y) = j o 

ch xp (1 + i) 
..)2 

ch..!l:L (1 + i) 
2..)2 

ch YP (1 + i) 
..)2 

ch bp (l+i) 
2..)2 

191 

AnR 
genHM 

Tore, 4T06~ H36aBHTbCR OT KOMnneKCH~X B~pa~eHH~, onpe

MOAYilb nnOTHOCTH TOKa; HeTpygHO nOKa3aTb, 4TO 

1-j I = [ 
Jo 

2xp 2xp 2yp 2yp 
ch-::::- + c~s-== ch-=- + cos-=:- 112 

..)2 ..)2 y2 y2 

ap ap 
ch- +cos-

...;2 ...;2 
bp 

ch-+ 
...;2 

cos~ 
...;2 

1101 

Ka~g~R COMHO~HTeiJb no OTABilbHOCTH B KBagpaTHO~ CK06Ke 1101 
onpegenReT pacnpegeneHHe nosepXHOCTHoR nnoTHOCTH ToKa Ha 

COOTBeTCTBY~~~~~X CTOPOHax npRMOYrOilbHOR npOBOAR~eR nonOCbl. H3 

¢opMyn~ 1101 RCHO, 4~0 Ha B~COKHX 4aCTOTaX lrny6HHa CKHH-CIJOH 

8 1 __ c~--
-' ---- <<' a b I v 2rrwa n " , 

TOK COCPBAOT04~!BaeTCR B yrnax nonOCbl 
p 

111 paseH TaM Jo -nnoTHOCTH nocTORHHOro ToKa . EcnH OAHH H3 paa

Mepoe nonepe4Horo ce4eHHH ropa3AO MeHbwe rny6HH~ CKHH-cnoH, 

HanpHMep 

a <<a' 

TO nnOTHOCTb TOKa no TOIJ~HHe nOCTOH~Ha, 
T~ pacnpegeneHa no aaKOHy: 

j ch Y!J. + cos :E:.1. 
IJ (y)l = J 0 : : • I Y I < 

ch-- +cos--
$8 ,J2a 

./11 I 

a no WHPH~e TOHKOA ne~-

b 
2 1121 

TClKHM o6pa30M, TOK no Mepe ysenH4eHHH 4aCT0Tbl OTTeCHReTCR Ha 

KpaR neHt~, HeorpaHH4eHHO y6~BaR B ~pegHeA ~e 4~CTH 18 n~6oA 

T04Ke I; I <...!!... I. 
2 

3TOT peaynbTaT noKa3~BaeT, 4TO o6~4HO HCnOnb3yeM~A n9AXOA 

K 3aAa4e 0 CKHH-3¢¢eKTe 8 nnOCKO~ TOHKOA nnaCTHHe , 3aKn~4a~

~Hf1CR B npeHe6pe~eHHH KOOPAHHaTHO~ 3aBHCHMOCTb~ TOKa 8A0Ilb 

WHPOKoA CTopoH~ TOHKOA neHT~, Henpa8oMepeH. OH 3KBHBaneHTeH 

gnR 3TOrO cny4aR CBegeHH~ ypaBH~HHR /11 K OAHOMepHOMY, HO ~aga-

4a OCTaeTCR ABYMepHOR H npH 3Ha4HieiJbHOM npeB~WeHHH OAHOA CTO

pOH~ npRMOyrOilbHHKa Hag gpyroA. 

HaKoHe~, nqny4HM R8HOe 8~pa~eHHe gn~ aKTH8Ho~o conpoTHBneHHR 

npOBOAHHKa egHHH4HOR AflHHbl c npRMOyrOJ]bHOA ¢opMoA none'pe4Horo 

ce4eHHR. 
TaK KaK s HaweR aaga4e ~neKTPH4eCKoe none HeogHOPOAHO no 

nepHMeTpy Ce4eHHR npOBOAHHKa, onpegenHM HMnegaHC /KOMnneKCHOe 

conpOTHBneHHel eAHHH~~ AilHH~ npOBOAHHKa KaK OTHOW8HHe CpeAHeA 

4 

}; 

]I! 

ll' ~~' 

no nepHMeTpy ce4eHHR HanpR~eHHOCTH npogonbHoro 3neKTPH4ecKoro 

nonR K nonHOMY TOKy, npoTeKa~~eMy 4epes nonepe4Hoe ce4eHHe npo

BOAHHKa: 

E 
a/2 

j~ J 
a a -a/2 

ch~1 + i) . b/2 
Vf' lo 

dx +- r 
ch~(l~i) a -b/2 

2..)2 

ch~(1+ i) 
..g dy 

Ch bp (1+i) 
2..)2 

2j ..)2 a 0 th p (1 + i) + 
2' - 12 
lov bp (1 ') 

----th~ +I • 
bpa (1 + i) 2..)2 apa(1+i) 2..)2 

Tenepb B~4HCIJHM TOK 

J = J j dxdy = - ij _!_ th ap (1 + i) . th bp (1 + i) 
s ' 0 p 2 2..)2 2\12 

H HMneAaHc Z: 

z = ~ 
J 

iy 2p 

42a(l+i)th bp (l+i) 
. 2-J2 

iy2p 
+---

4ba (1+ i) th ap (1+ i) 
2v'2 

1131 

1141 

1151 

B~genHM 8 /151 8e~ecTeeHHY~ 4aCTb - aKTHBHOe conpoTH8neHHe: 

R = \12 p 
Baa 

bp bp bp . bp 
Sh--ch-- + CO~·Bln--

2\12 2..)2 2v'2 2..]2 
sh2 bp 2 bp 2 bp 2 bp +ibid (a-:_ b). 

--=. cos·--=+ eli --==. sin -
2v 2 2\12 2-J2 2J2 

1161 

B~pa~eHHe 1161 MO~Ho npeo6paaosaTb H He~KOIJbKO ynpoCTHTb. 

HecnomH~e BWKIJaAKM npHBOART K OKOH4aTeilbHOMY B~pa~eHH~ AilR 

aKTHBHoro conpoTH8neHHH nposogHHKa egHHH4HOA AilHHbl c npoeogH

MOCTb~ a H CTOpOHaMH nonepe4HOrO Ce4eHHH a H b Ha 4aCTO-

Te ( 2 2rrwa ) . 
w p = -- . 

c2 
bp . bp 

sh-=..+ sm-= 
R = _y' 2p. \12 \12 

Baa bp bp 
ch-- cos-

/2 /2 

y2p 
+--

8ba 

ap ap 
sh-== + sin -==-

v2 ...;2 

ch~- cos~ 
1171 

v2 v"2 
npH HH3KHX 4aCTOTaX (w,p~O) 3TO swpa~eHHe CTpBMHTCR, KaK 

H AOil~HO 6WTb, K BBilH4HHe COnpOTHBilBHHR nOCTORHHOMY TOKy npo

BOgHHKa C npRMOyrOilbH~M nonepe4H~M Ce4eHHeM npH paBHOMepHOM pac

npegeneHHH j no ce4eHH~-npRMoyronbHHKa: 

5 
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Rl 
p-+0 

. 1 ----aab 

------- -----

/181 

Ha BbiCOKoi1 4acToTe (8 = .!.. <<a, b) BblpalKeHHe Am'l R nHWb no
P 

CTORHHbiM K03$$H4HeHTOM OTnH4aeTCR OT COnpOTHBneHHR, HanpHMep 
1 

( - 1 --;;;-) Kpyrnoro npoBOAHHKa R - ---v- : 
- a 

_ _ ..j2rr cr 0 

Rl 
vrr a+b_/w 

->- --;--v- 1191 
p-.-oo 4 cab a • 

<!>opMyna 117 I noKaSbiBaeT, 4TO AalKe AnR TOHKOi1 neHTbl I b > 8, 
a << o I aKTHBHOe conpoTHBneHHe CHnbHO saaHCHT oT 4aCTOTbl: 

1 ...;;- --;; 
R ::: __ J--·v-. 1201 

2aab 4ca a 

ABTOp 6naroAapeH B.H.4epBRKOBO~ sa nOAAeplKKY H BHHMa~He npH 
a~nonHeHHH 3ToA pa6oT~ H H.M.MaTope sa np04TeHHe pyKonHcH H 
nonesH~e saMe4aHHR. 
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EoHq-OcMonoBcKHH A.r. P9-82-571 

CKHH-3¢¢eKT B ITpoao~HHKe ITPHMoyronbHoro ceqeHHH. 

IIonyqeHo TOqHoe perneHHe ~ByMepHOH sa~aqH o paciTpe~eneHHH 

KBa3HCTa~HOHapHoro TOKa ITO ceqeHHID ITpOBO~HHKa, ITpe~CTaBITHIDllieMy 

C060H ITPHMOyrOnbHHK C ITpOH3BOITbHhW COOTHOWeHHeM CTOpOH, 

IloKas-aHo, qTo TOK ueo~Hopo~eH ITO rnHpHHe TOHKOH neHTbl I Ton

lliHHa ropas~o MeHbrne rny6HHW CKHH-cnoa/, TaK qTo ou HeorpaHH

qeHHO YMeHbrnaeTCH C pOCTOM qaCTOTbl B mo60H cpe~HeH TOqJ(e neHTb! 
BblqHcneHbl TaKJKe HMITe~aHC H aKTHBHOe COI!pOTHBneHHe H3 e~H

HH~y ~ITHHbl ITPOBO~HHKa C IIpHMOyrOITbHbiM rrorrepeqHbiM ceqeHHeM, 

KOTOpbie pe3KO 3aBHCHT OT tiaCTOTbl ITpH ITID5biX 3HaqeHHHX ITapaMeT
pOB. 

Pa5oTa BbiiTOnHeHa B J1a5opaTopHH BbiCOKHX 3HeprHH OIDII1. 

npenpHHT 06oeAHHeHHoro HHCTHTyTa RAePH~X HCCfieAOBaHH~. ny6Ha 1982 

Bonch-Osmolovsky A.G. P9-82-571 

Skin-Effect in a Conductor of Rectangular Cross Section 

An exact solution of the problem about the high frequency 

current distribution over the cross section of conductor being 

a rectangular with arbitrary side ratio is performed. It is 
shown that in the case of a thin band /its thickness is 

considerably less than skin depth, so that it infinitely 

descreases with frequency growing in any middle point of the 

band. Impedance and effective are also calculated which strong

ly depend on frequency. 

The investigation has been performed at the Laboratory of 
"High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

Ilepeao~ O.C.BHHorpa~oBOH. 


