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§ 1, nocTBHOBKB 3DL!a'lll 

8bi6op MaTepHana caepxnpoBOAHWero pe3oJiaTopa smnHeTcf! onnoH H3 ca-

Mbi~ cnm~<HLIX 3aAa'l npH HCnonb3oaanHu smneHJ1f! cnepxnponoAHMOCTH a CB4-

nuana3one. 3To o6'bHCI!HeTCH qpe3BLJ'Iaiiuo 6onbJUIIMU TexuonorH'IeCKUMU Tpyn

nocTHMu, KOTOPLJe neo6xonuMo npeononeTb npu u3roToanenul1 pe3ol!aTopa. Onna

KO npeAB8pi1TenbHbiH OT60p CBepxnpOBOAII11KOB MQ)J{I!O npOH3B9CTI1 C ITOMOWbiO 

ABYXCBH3110T'O p930118TOpa/} / 1 B KOTOpOM l3119WIIHH '18CTb U3T'OT8Bni1B89TCH He 

113 CBepxnpoBOAIIIIK8 1 11 TOnbKO BHyTp91111UH npoBOAH11K CBMOH npOCTOH qJOpMbl 

o6nanaeT caepxnpoaonmuHMH caoi1CTil!aMI1. ilnH npanHnbnoro onpeneneuuSI CB4-

conpoTHnneni1SI A8HHOT'O THII8 CBepxnpOBOAIIHK8 11906XOAHMO 3118Tb 38BI1CI1MOCTb 

A06pOTHOCTH, KOTOpaSI H3MepSieTCSI B OIILITe, OT IIOBepXHOCTU COIIpOT~BneHHH 

_ BHyTpeHHero u BHewnero npoBoAHHKa. B nannoi1 pa6oTe aTa 3aAa-

qa p·ewaeTCSI npHMeHHTenbHO K ABYXCBSI3HOM y nonOCKOBOMy pe30H8Topy1 

H306p8)J{9HHOMY HB puc, 1, 

06o3HB'IHM noBepxHOCTHoe conpoTHBnenue BHewnero npoBOJlHHKa 

(o6eqai1Kn) qepe3 

M OlllHOCTb noTepb 

tjlopMyne /2/ 

R 
06

., a BHyTpeHnero ( nonoci<H) - qepe3 R non •• 

p B M9Tann~'I9CKHX npOBOAHHK8X Bhl'IHCnSI9TCH no 
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.E... r ii2 ds, 2 s m 
p 

(1.1) -

rne HHTerpnpoBaHne npoBonnTCH no noBepxHOCTH npoBonHHKa, R -noBepx-

HoCTHoe conpoTHBneHne npoBonHnKa B CBI.J, 

nonH xl 

H m - aMnnnTyna MarHHTHoro 

0CHOBHOH BKnan B MOmHOCTb noTepb naroT noTepll Ha noBepxHOCTll 

npoBonHHKOB / 1./ 

Ro6 I 8-. 2 d Rnon I lJ2 =-- s+ m 
2 s o6 m . 2 Suon 

p ds, ( 1.2) 

PesoHaTop npnHHTo xapaKTepnsoBaTb no6poTHOCTbiD: 

Qo=woWdP (1.3) 

rne w 0 -'IacToTa BhiHy}KneHHhiX Kone6aHnfi pesoHaTopa. B npennono}KeHnn 

/2/ ' -
nsonnpoBaHHocTn cncTeMhl sHeprnst,sanaceHHaH B pesoaaTope: 

w = L I pd 2 dv , 
0 2 m 

"o 
( 1.4) 

x/ 
ii ~ '( KOMnfl H e _, wl+tfr J 

m 

->2 -4'~ 

,Hm=HmH!. 

4 

I 

j 

' 

I 
I 

(snecb HHTerpnpoBaHne npoBonnTCH no o6oeMy pesoHa, 

npoHnuaeMOCTb). 

Hs (1.2), (1.3),' (1.4) HaxonnM: 

-> -> 2 

Ro6 In,; ds R I H m ds 
·.so6 non .s 

1 non -- + 
Qo wo I11H~ dv w I11H 2 dv 

0 m 
"o "o 

no6pOTHOCTb Q O li3M9pHeTCH Ha on biTe, w O , . /l 

. T ~2 nH'IllHhi. orna, 3Hast 3Ha'IeHHH llHTerpanoB: I 'Hm ds, 
·.s 

o6 
nerKo aafiTH R 06 , ecnn R non nsBecTao n - Hao6op' 

HTaK; 3ana·qa cBenacb K aaxo}Kneanro pacnpenenei 

MarHHTHoro nonH il m B o6oeMe pesoHaTopa. 

§ 2. 3neKTpoMartmTHoe none B npstMoyronbl 

pesoHaTope 

B nnsneKTpnqecKofi, Henncneprnpyromeu cpene np 

noB ll TOKOB B9KTDpbl aneKTpOMarHHTHOrO nonH ynoBne1 

n'AnaM6epa 

a2 a2 a2 
(--2 +2 +-2- £ .ax ay az 

a 2 £ 
P-

2
-JI ... 1=0, 

ae H 

rne c 0 /l -nnaneKTpH'I9CKaH H MarHHTHaH npOHHuaeM 
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-------l~,_--------~~~~~~----· 

( I. 1) 

lHHKa, R -noaepx-

lnHTyaa M8I'HIITHOI'O 

Ha noBepxHOCTII 

( 1.2) 

. B npea~onomeuuu 

peaollaTope: 

( 1.4) 

r 
i 
I 

( 
j 

(aaecb HHTerpHpoaaune npoaoaHTCSI no o6oeMy peaoHaTopa, 

npOHIIU89MOCTb) • 

J1. -M8I'HIITJI8SI 

Ha (1.2), (1.3),· (1.4) HaxoanM: 

.... 
R I H2

m Ro6 In; ds ds 
·s non snon 

1 o6 
+ ( 1.5) 

Qo .... 2. 
dv Ill ff2 dv (<)0 IilH m (<)0 m vo vo 

noopOTHOCTb Q O II3MepSI9TCSI H8 OnbiTe 1 c.J O 1 J1. -II3B9CTHbl9' Be_. 
;.. 2 .... 2 .... 2 

nH'IHHhi. Toraa, 3H8SI 3H8'19HIISI IIHTerpanoB: I Hm ds, I H m ds, IH m dv, 
s o6 ·snon Vo 

nerKo Haii:TH R 00 , ecnn R non H3BeCTHo II - Hao6opoT. 

HTaK, aa}la.qa caenach K Haxomaeunro pacnpeaeneJIHSI aMnmrTyahi 

MarHHTJioro nonSI H m B oobeMe peaoHaTopa. 

§2. 3neKTpOM8I'HHTH09 none B npSIMoyronhHOM JlBYXCBSI3HOM 

peaoHaTope 

B arraneKTprrqecKoii, HeaucneprHpyromeii cpeae nprr oTcyTcTBHII aapSI-

aoB H TOKOB BeKTOpb! aneKTpOM8I'HHTHOI'O nonSI yaoBneTBOpSIIOT ypaBH9HHIO 

a'AnaMoepa 

( 2.1) 

rae ( 1 J1. -aHaneKTpH'I9CK8SI H M8I'HHTH8SI npOHIIU89MOCTII. 

.... : 



.·, 

PaccMoTpHM llBYXCBSI3Hbiii: OllHopollHbii!: no ocn:. z sonuoBOll1 cetieune 

KOToporo nnocKOCTbiO - z = const HMeeT. TOT :me BHll1 'ITO II Ce'IeHHe 

peaouaTopa1 nao6pa:m:euuoro Ha pn:c. 1. 

B sonHe1 6erymefi Bllorib ocn: z , see senn:'IHHbi noneii: - OT Z 

38BHCSIT no 38KOHY i" z;Z e 1 rlle k =+ v"Yi 
%- - . 

y -Be~eCTBeHHOe -

-iwt 
tin:cno. 

3aBHCHMOCTb OT HMeeT BHll e 0 I'lle CU -KpyroBaSI '18CTOT8 

xone6aHn:ii:. 
-+ -+ 

OpellcTaBn:M BeKTOpbi E , H B BIIlle 

" -+ . -+ -i(CU t- k zZ) 
E(x,y, z~ t)= ReE(x,y)e 

· . . ~ . -Ucut-k zZ) H( x, y, z, t)=ReH( x, y )e 

" " 
rlle ,{(x,y)i firx,y) - KoMnneKCHbie (soo6me rosopg) aMnnn:Tyllbl •. Bbi6opoM 

,, -+ . 

HecymecTBeHHoii: Ha'IanbHoii:. 4Ja3bi .Mo:m:Ho CllenaTJ>1 'IT06bi- E(x,_y)=:_ ' E ( x, y ); 

flrx,y)= H(x,y J · 1 TO eCTh 'IT06bi 3TH aMnnHTYllbl 6binH _llei!:CTBHTenbHbi-

MR. 

II 

·y 2 

YpasHeun:e { 2.1) qpn:MeT BHll: 

2 a2 . .. irx,rJ 
(1._+--y 2 +(/LW 2 )I -+ 1=0. 

ax2 ay 2 H(x,y) 
( 2.3) 

· . I I . . _. afi 
nerKo noK838Tb 3 H3 ypaBHeHn:ii: MaKCBenna· rotE =fLat 

-+ 

rotH = 
aE 

fat 1 'ITO ecnH E z =H z=O 

Torlla npH k = +Vy_2 =cuvi; 

(TEM-sonHbi) 1 To 

f fLCU2 
z 

...;£E,Jx,y)=..fiJ HY (x,y), 

-y££ (x,y )= Y/l H ,J x; y) · 
y 

-+ 

nony'In:M: 

3asn:cn:MOCTb E ( x, y) oT x 1 y naeTCSI pemeun:eM llByMepHoii: 

(2.4) 

aneKTpOCT8TH'IeCKOii: 38ll8'IH: 

6 

·.,, .. 

1 

r 

I 

Q 
.~ 

_. a -- a --E(x,rJ=-(-i +- j )¢(x,y), 
ax ay 

rlle ¢ YllOBneTBOpSieT ypaBHeHHIO nannaca 

a2 a2 
(- +--)¢= 0 

ax 2 ay 2 
xl 

C rpaHH'IHbiMH ycnoBHSIMH: 

¢ (x,y) 
¢ = const 

1 1 
Ha BHeiiiHeii 

¢ = const 
. 2 2 

ua nonocxe 

YpasueuHe ( 2.6) c aallauuoii reoMeTpneii H rp1 

pemaeTCSI Ha 38M. 

B peaouaTqpe aneKTpoMarHIITBoe_ none npencTa 

3HUHIO llBYX npOTHBOIIOnO:m:HO JlBII:H<YllliiXCSI BDnH OllHfll 

TonbKo npn snonue o~pelleneuuoM auatieun:n k z 12/ 

xl 
YpaBHeun:e (2.6) He npoTHBope'IHT {2.3). n 

H3 ( 2.5) B COOTBeTCTBYIOlllHe ypaBHeHI!SI { 2.3) IIpH 

a 3¢. · a~¢ 
-+ =01 

ax ay2 ax3 

a 3¢ a 3¢ 
--'"-- +--=0 • 

ayax 2 · · ay3 

lfHTeJ')mpyn K8:m:llOe H3 3THX ypaBHeHnii OJ]IIH p83
1 

Ill 

:\¢= const. 

Ha-aa o7cyTCTBHSI aapSillOB BHyTpn: nonocTn sonuoso.o 

7 



BOIIHOBOA 1 ceqeaue 

ann, 'ITO u ceqeaue 

lbi- noneii: - OT z 

y -BenieCTBeHHOe _ -

" ' 't ., 

1yrosasr qacToTa 

.,l 

:) aMnnuTyAblo Bbi6opoM 

lTo6bi· l(x,y)~' E(x,y ); .~;·,. · · 

lbl 6binH .neilcTBHTeiibHbi- _ " 

( 2.3) 

· ... aii 
a· rotE ~ 11 at 

(TEM..:a~nHbi), To 

( 2.4) 

aneM nsyMepaon 

I 
-I 

... a ... a ... 
E(x,y)=-(-i +- j }¢(x,y), 

ax ay ( 2.5) 

rne ¢ ynosneTBopHeT ypasaeamo nannaca 

x/ ( 2.0) 

C rpaHB'IHbiMH YCIIOBlHIMH: 

¢ (x,y) 
¢

1 
=canst 

1 
aa saewaen rpaanue 

( 2. 7) 

¢ =canst 
2 2 

aa rronocKe 

Ypasaeane ( 2.6) c aanaaaofi reoMeTpneii: n rpaintttHhiMif ycn·onnHMn 

pewaeTCSI aa 3BM. 

B peaoHaTqpe aneKTpoMarHnTHoe none npencTaBnHeT co6on cyne,mo-

3HUHIO JJ.BYX IIpOTHBOIIOIIO)I<HO JJ.BII)I{ylliiiXCSl BOIIH OJJ.HHBKOBbiX aMIIIIII'l )'A 1 11.0 

TOIIbKO np11 snonae onpeneneaaoM aaaqeanH k ·z /2/ 

x/ 
Ypasaeane (2.6) He npOTHBope'IHT (2.3). noncTaBIIM £,; If E :Y 

H3 (2,5) B COOTBeTCTByiOUil!e ypaBHeHHSI (2,3) IIpH y2 =C/1CtJ
1 

• : 

a 3¢. 
+ 

a~¢ 
=0, 

ax3 ax a y2 

al¢ a 3¢ 
2 

+--=Oo 
ayax ay3 

l1HT€1'J)II)J)'Sl KB)I{JJ.O€ 113 9THX ypaBHeHIIH OJ]IIH paa, IIOIIY'Il!M: 

/~ ¢ ~ const, 

J.13-31l O'ICYTCTBIISI aapHJJ.OB BHyTpH IIOIIOCTH BOIIHOBOAB const = 0. , , 

7 



~. 

k 
z 

7T 
=n--L ,. ( 2.8) 

rae n = 1,2,3, ••• , L -anuaa pe3oHaTopa. 

TioacTaBnHH BMeCTO k 
·% 

ero Bbrpa)KeHne qepe3 w=2rr/>..v;-;;-

HaxoanM L = n >../2 ' 
AMrrnuTyahr E x (x,y) , E /:x.y) HaiiaeM rro (2.5), a rro(2.4). aaii-

aeM aMrrnnTyahr H x (x,y) HY(x,y}_ • AMrrnuTyahr Hm H3 § 1 CBH-

3aHbi C HaiiaeHHbiMH COOTHOilleHHHMH 

fi (x,y, z)=H (x,y)cos(k • z).· m . z 

... 
To o6CTOHTenbCTBO, 'iTO H m(x,y,z) 6yaeT 38BHCeTb OT pa3HOCTH ¢1 -¢2 

u coskz z He oTpa3HTCH ifa 3Haqeann Q
0 

H3 ( L5), TaK KaK BenH'iHHbi · 

H m BxoaHT B 'iliCnlirenb 11 3HaMeHarenb Bbipa)KeHHii; CTOHIIJHX B 

( 1.5). 

§ 3. Pac'l:eTbl Ha 3BM 

YpaBHeane ( 2.8) c rpaHH'iHbiJ\m ycnoliuHMll 

. {A. =0 B 'I' I -

. cp ( x, y )= cp
2 

= j B 

pelllanocb B o6nacTn ( CM• p11c. 1) 

0 < x < 2a 

O~y <2b 

Ha o6eqaiiKe Ha BHelllHeM 
rrpoBoaauKe 

Ha rronocxe Ha BHyTpeaaeM 
rrpoBoaHnKe 

rro rrporpaMMe ELLIPT · 141 , c lllaroM Ax_ = 0,001 M rro ocu x 

/iy = 0,00025 M ITO OCR· y 1 a .= 0,015 M1 b = 0,005 M
1

- d =0,002 M
1

, 

" = o. 

8 

Pacrrpeaeneane rroTeHunana,·aKBHITOTeaunanu, rpa~ 

(puc. 2-8) rrony'ieHbi Ha ancrrnee /5/. 

llnH yao6cTBa pac'l:eToB rrpeo6pa3yeM ( 1.5) K Bnay: 

-
1
- = ( R f (V ¢ ) 

2 
df + R f (V ¢) 2 de) I w 

0 
f ll (V' 

Qo . o6 f . none . . so . 
· o6 non 

rae rroBepxaocTHbiii HHTerpan 6epeTCH rro rrnomaan rrorrepE 

pe30H8TOpa, a KOHTypHbie HHTerpanbi 6epyTCH ITO KOHTypa 

nOCKii1 Ul'p8HH'iHBaiOIIJHM 3Ty ITnomaab1 '\1 = .1_ i 
ax 

·a +-ay 
.TioarrporpaMMa DOBRA Bbi'iHCnHeT u rreqaraer ( 

Benii'il!Hbi! 

IN.ON.SQ = p.
0 

J(V ¢) 2 ds 

L - HOMep KOHTypa ( CM. puc. 9) 

IN.Oty IN= !f (V ¢/ df

IN. oN ·our = !i ('V ¢J 2de 
IN/SQ = !f (V cp) 2df/ f(V ¢) 2ds 

OUT/SQ =f (V ¢) 2 df/ J(V¢]2 ds 

IN/SQ +OUT /SQ 

. ... ... 
CHARGEIN =E 

0 
f V ¢ • df 

... ... 
CHARGEOUT = c 

0 
f V ¢· df • 

. KoHTypHbie HHTerpanbi paCC'iliT.biBam!Cb. ITO HeCKOnbKI 

6.iiH3KO ne)K81IJIIM K ITOBepXHOCTll ITOnOCKll H ooermiiKHo 

:!: 9 



( 2.8) 

5), a no~ (2.4). naii:-

II3 § 1 eBSI-

•T p83HOeTII · cp I - cp 2 

5) t T8K K8K BSnll'!IIHbl . 

:DK9HIIH1 eTOSIIIIIIX B 

'K9 Ha BH9WH9M 
1(9 

e Ha BHyTp9HH9M 
ce ·· 

M no oeM X 

0,005 M 1 •. · d = 0,002 M 1 , 

.I 

I 
I 
1 

. I 

I 
i 

l 
I 
I 
I 

Pacnpenenenne noTenunana,·aKBnnoTenunann, rpa~nKn Ex 

(pnc. 2-8) nony'!eHbi Ha nncnnee 151. 

llmr yno6eTBa pae'!eToB npeo6paayeM ( 1.5) K snny: 

• E Y 

rne nosepxnoeTHbiii: RHTerpan 6epeTesr no nnomann nonepe'!uoro ee'!eHMsr 

peaoHaTopa, a KOHrypHbie RHTerpanbi 6epyTesr no KOHTypaM o6e'!aii:KM II no-

noeKI11 

a -+ a -+ 
Ul'p8HII'!IIB8IOIIIIIM 9TY nnomanh, '\1 "'- i + -- j ax ay 

ITonnporpaMMa DOBRA Bbi'!MensreT II ne'!araer (eM. Ta6nnuy 1) 

B9nll'IIIHbi: 

/N.ON.SQ = p.
0 

f( V ¢) 2 ds 

L - HOM9p KOHTypa (eM. pile, 9) 

/N.ON IN= f (V ¢/de 

IN. oN ·our = f fil ¢J 
2
de 

IN/SQ = f (V ¢) 2 de/ f{V cp) 2ds 

IN/SQ +OUT /SQ 

. -+ -+ 
CHARGEIN =E 

0 
j V ¢. de 

-+ -+ 

CHARGEOUT =Eo j V¢· de. 

( 3,2) 

. KoHTypHbre MHTerpanbi paee'!MT.biBamieh no ueeKonhKIIX, KuurypaM, 

6iiR3KO n9)K8Illl!M K noBepXHOeTl! nonoeKII H 00911£\f!Kll, 
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L 

Dpn L = 1 senn'IHHbi :naTerpanoB" Bbi'!ncns:uoTcSI Ha caMoii nonocKe 

n o6e'!aiiKe, npn L = 2 Ha 6nmKaiiiiieM K nonocKe n o6eqaifKe KOHType . 

n T.ll. (eM. pnc. 9). 

TiocneaHne /lBa HHTerpana npnseaeHbt anSI KocBeHHoii nposepKH pac-

'!eToB, Benlf'IHHbl 1IX Ha pa3HbiX KOHTypax /lOn:lKHbl 6b!Tb paBHbi, T.K. OHH 

paBHbi nnHeiiHofi nnoTimcTII aapSI/la ( BllOnb ocn z ) • 

§ 4. 3aKnto'! eHne 

HTaK, peatoMIIpyg ·cKaaaHHoe, M0:1KHO aanncaTb CBSI3b Me:1KilY ao6poT-. 

HOCTbiO II: noBepXHOCTHbiM conpOTliBneHHeM nonOCKH II: o6eqaifKH B BII/1.9! 

wo = G R + G R 
Q 1 o6 2 non 

rae G 1 n G 2 • ecTb cooTBeTcTBytomiie oTHoiiieHHSI HHTerpanoB B <jlopMy

ne ( 1.5). 3Tn senn'!IIHbi coaep:1KaTCH ·s Ta6nnue 1 H onpeaenSIIOTCSI TOnbKO 

reoMeTpnefi peaoHaTopa H paBHbt: 
-> 

->2 2 G 1 = I H m d s I p.0 I H d v , . 
8
o6 11

0 

G = J H2 d sIp. I H2 dv • 
2s m 0

11
·m 

non . o 

B qacTHOM cnyqae, ecnn nonocKa n o6e'!aiiKa caenaHbt na oaHoro H 

Toro :1Ke MaTepnana (cepe6po) c nosepxHOCTHbiM conpoTnBneHneM R 
, 9 

= 7• 10-3 OM, a C06CTBeHHaSI '18CTOTa peaoHaTopa w
0 

= 11 • 10 CeK- 1, 

nonyqnM 

Q = 1410. 

B aaKnto'!eHHe aBTOpbt Bbtpa:1KatoT 6naroaapHOCTh TOBapnmaM, npnHII

MaBIIIIIM yqacTIIe B o6cy:1KileHHII naHHoii pa6oTbt, C.E. CeBepiiHosy, -JO.H.CMIIp-

HoBy, B.r. llla6paToBy. 
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nnTepaTypa 

1. H~E. Py6IIH, A.A. Ca6aeB, 10.11. · CMIIpiiOB, H.C. ) 

ToB. TipenpiiHT OH.HH PB-4785, lly6Ha,. 1963. 

2. B.B. HIIKonhCKIIii~ TeopiiSI sneKTpoMai'HIITHoro non 
MocKBa, 1964. 

3. n.n. naHaay, E.M. nn<!JIIIIIU. 3neKTpO/lHHaMHKa en. 
foCT9XH3/laT, 1957. 

4. J. s. Hornsby.· Acompu ter · Programme for · 
Elliptic Partia Differential Equa.tion: 
Geneva. 

5. A.B. ryceB, ro.c. llepeH/lSieB, r.H. 3a6HSIKHH, A.A 
'!eHKO, <f>.B. neB'!llHOBCKHii, B.H. Tipiix'ollbi{Q, H.E. 
omm 11-5671, lly6Ha, 1971. 

PyKonHCb nocTynnna B naaaTen 
30 IIIOHSI '1972 I'O/la 
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:SI Ha caMofi nonocKe 

n o6eqail:Ke KOHType 

:BeHHOfi IIpoBepKH pac-

5biTb paBHhl 1 T.K. DHH 

). 

b. cBSI3b Memny no6poT-. 

: n o6eqafiKH B BHne: 

unTerpanoB a !jlopMy-

H onpenenSIIOTCSI.TOnbKO 

~ · cJienanhr Ha onnoro H 

:orrpoTHBnenHeM R . 9 
w0 "· 10 ceK-

1
, 

)CTb TOB8pHlli8M 1 rrpHHH-

:.E. CeaepHnoay, IO.H.CMHp-

.... 

nnTepaTypa 

1. H.B. Py6HH, A.A. Ca6aea, 10.11. ·CMHpHoB, H.C. Xyxapeaa, B.r. llla6pa

TOB. flpenpHHT owm PS-4785, ny6Ha,. 1963. 

2. B.B. HHKOnbcKHfi. TeopHSI aneKTpoMarHHTHoro rronSI. BhiClllaSI lliKonn, 

MocKBa, 1964. 
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