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I • Bne,geHI·fe 

11pM MCCJie,]J.OBaHMM npo6JieMbi 'l'paHCilOpTMpOBKM SJieKTpOMaPHMTHOM (3M) 
SHeprMM BOJIHOBO,lJ.HhWM ycTpOMCTBruiM B03HMKaeT He06XO,lJ.MMOCTb pacqeTa 

3M ilOJiet:i B ~MJIMH,]J.pMqecKMX BOJIHOBO,]J.aX C HeO,]J.HOpO,]J.HhiMM rpaHvt~a.MM/I-5/. 
PacqeT 3M ilOJiet:i B TaKMX CMCTeMID: CBO,]J.MTCR K perneHMID KpaeBOH sa,rr.aqM 

,IJ.M<}lpaK~MM/I/. K qMcJiy OC06eHHOC'l'ei:.1 ,]J.McppaK~MOHHbiX 3~aq OTHOCRTCR 

COM3MepMMOCTb pasMepOB HeO,]J.HOpO~~HOCTet:i KaHaJia C ,]J.JIMHOM BOJIHbi 3M no

JIR, B036Y*,]J.aeMOPO B CMCTeMe M Hl~~Me CJIOmHOH CTpyKTypbi BOJIH B6JIM-

3M rpaHM~ ,rr.HacpparMHpoBaHHb!X KaHaJioB. PacqeT 3M noJieiii ~ BOJIHOBO,lJ.Hb!X 

CMCTe~ax C B~CT~ila.MM M CKaqKoo6pa3HO MeHRID~MMMCR ceqeHVIRM:£1 npOBO,]J.MJI
CR B pa6oTax1I, ,S,IO-I2/. KaK nsBeCTHo (cM.TaKme/141), KpaeBaR sa-

,n.aqa 0 pacqeTe 3M ilOJieiii B BOJIHOBO,lJ.HhiX TpaKTaX CO CKaqKoo6pa3HhiM 

H3MeHeHMeM nonepeqHoro ceqeHMR <!BO,]J.MTCR K perneHVIID MHTerpaJibHhiX ypaB

HeHMM OTHOCMTeJI.bHO ilOBepXHOCTHOPO TOKa. TaK KaK perneHMe TaKvtX CV'IC

TeM npe,rr.CTaBJIReT 3Haq:£1T6JlbHbie Tpy,]J.HOCTM, TO B. pR,rr.e pa60T aBTOphi MC

OOJlh3yroT cpM3MqecKMe npe,rr.nOCbiJIKM, IT03BOJIRID~Me HaMTM npM6JIMmeHHbie 

pemeHHR. 

B HacTo~eiii pa6oTe sa,rr.aqa o Bos6ym,rr.eHYIM 3M noJieiii B ,rr.HacpparMM

poaaHHb!X BOJIHOBO,]J.aX pa3JIMqHOM KOHcpMrypa~vt:£1 (CM.pMC. l) CBe,rr.eHa K 

KpaeBOM sa,rr.aqe SJieKTpO,]J.MHaMMKM 0 B036Y*,]J.6HV1M 3M BOJIH B ilOJiy6eCKO

HeqHbiX BOJIHOBO,rr.ax. PerueHvte nocJII3,lJ.Heiii sa,rr.aqM Haiii,rr.eHo c noMO~bro 

MeTO,rr.a BHHepa-Xopcpa-ffioKa (BX~). ~R B~MCJieHMH ilOJieiii B ,rr.MacpparMMpO

BaHHbiX BOJIHOBO,]J.ax perneHa CMCTeMa napHbiX MHTerpaJibHbiX ypaBHeHMM 

,IJ.JIH nJIOTHOCTM noBepXHOCTHoro TO:\a. PacqeT 3M noJieiii B cJiomHb!X BOJIHo

BO,IJ.HhiX CMCTeMaX (pHc.I, B-M) OC:-IOBaH Ha perneHMM sa,n.aqM 0 3M B036ym

,IJ.6HMM npoCTbiX CMCTeM ( pHc. I , a, ,5) • ,IJ.aJiee perneHHe sToiii sa,rr.aqH pac-

' ilpOCTpaHeHO Ha CJiyqat:i CMCTeM CO CJIOmHOM KOHcpMrypa~Met:i. 
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2. llOCTaHOBKa 3ap;al!R 0 B036y?IQJ:eHin~ npOCTLIX CHCTeM 

H MeTo,g 13e pememur 

PaccMoTpHM sa,n;a-qy o Bos6:{JK,gemm CTa.InfOHapHHX 3M noJieli BHYTPH 
~~parMHpOBaHHHX BOJIHOBO,!(HHX CHCTeM KpyrJioro ce~eHHR (pHc.I) C 
H,IteaJihHO npOBO,I(RIIUiMH CTeHRaMH, KoHcpHrypa.IJ.HR HCTO~HHROB Ta.KOBa, 
~TO OOJUI, B036yj}t,!(ae.Mhle B CHCTI3Me, .R:BJIJIIOTCR a3m.tyTaJihHO CHMMeTpH
~HUMH. BlrtmcJieHH.fi npOBO,I(RTCR J3 IJ,HJIHH,gpliNeCRO~ ClrCTeMe KOOp,gHHaT 

{r 1 tp 1 z}. 

Ko~UeBOll HCTO~HHK B036ylmaeT 3M llOJie MarHHTHOll llOJIRPlr3aiJ,HH 
B CHCTeMe, TIOKa3aHHOR Ha pHC. Ia. Tpe6yeTCR HaHTlr pacrrpe,geJieHHe 
HH.IJYUMPOBaHHOrO llOBepXHOCTHOro TOKa Ha rpaHJ~Ue CHCTeMbl H B036yz
,gaeMoe 3M noJie. 

3M OOJie Ha npo.n;OJIOHOll rpmmue BOJIHOBO,I(a npe,gCTaBHM B BH,I(e 

cynepno 3~H llOJI.fi a.KTHBHOrO HC:TO~HHKa H llOJIJl, HHJJ:YURPOBaHHOrO 
HCTO~HHKOM Ha CTeHKe BOJIHOBO,I(a. C y~eTOM rpaHlftiHIIX YCJIOBHll Ha 

CTeHKe BOJIHOBO,I(a 

{E =0 tg 
npH Z > Z r=a 1 ,· 1 I npH z < z 1 1 r=a 1 ) -- = 0 

'Or 
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CBe~eM CHCTeMY HeO~HOpO~HHX :rpaBHe~H 1kaKCBe~a K CHCTeMe HH

Terpa.JIOHHX ypaBaermii BX~: 

r i wz [ J 1 ( v a 1 ) • (a 1 , a) ( ) + J dwe F1 vr 
-oo J1(va) 

z > z 1 I IlPH r=a 
1 

J1 (vb~ ) (a 1 , a) 

J 
1 

(va) 
j ~ (w) J =0 

(I) 

00 

r dweiwz [ J 1 (vb~ ) J F 1 (w)- ----

--oo J 1 (va1) 
j ~ (w) ] =0 

(2) 

B xa:qecTBe HCTO'tlHHKOB BJ:ltjpaHH ,IU3a xpyroBwc nepeMemrux TOKa 

e,nHBli'tiHOH aMIIJmTY~, pacrro~OJKt~HHHe Ha OCR CHCTeMbi, rrplfCieM b
0 

<< a
1

• 

(pypbe-KOMIIOHeHTH (~K) IIJIOTHOC'rH TOKa TaKHX H3.JIY'tlaTeJieR MO:xtHO 

npe~CTaBHTb B BH~e 

. "' n . J lf' =J A,n (r,w,k) = 
b (r-b 11

' n 
. 0 

Cl' 

-iwz S' (k-k )e OA,n 
0 • 

(z <. z
1 

< z ) 
Of\ on 

:3M IIOJI.fl 8THX H3JIY'tlaTeJieR pa::UI02KHM B ps:r,n; no C06CTBeHHilM BOJIHa.M 

BOJIHOBO~a C p~COM r=a • B ypaBHeHHEX (!),(2) BBe~eHH 0603Ha

'tleHHH 
(1} (1) 

(a
1

, a) =J 
1 

(va
1

) H 
1 

(va) -J 
1 

(va) H
1 

(va
1

) 

r~e J
1 

(x) ,H<~> (x) - 'tf>YHKUH~ EecceJIJI H XaHKeJIJI rrepBoro po.n;a; 

wt = ± ~ k 
2 
-v ~ , Jm k > o, ck == w - 'tlaCTOTa TOKa H3JIY'tlaTeJI.fl; 

0 0 0 0 

z ,z - KOOp~HaTH JieBJrO H IlpaBOrO HCTO'tlHHKa B C06CTBeH-
O/\ on 

HOR CHCTeMe KOOp~HaT. 

· HCIIOJib3YH MeTo,nrucy, HMO>KeHnyiO B / 9/, H Y't!HTHBM, liTO B 06-

JiaCTH z > z1, r > a1 E=O, IIOJIYtiHM Bl:lpaJKeHHe ,I(JIJI TOKa, HH,1(YIJ;HpOBaH

HOro Ha CTeHKax BOJIHOBO~HOR CHCTeMH: 

~ J 1 (vb~ ) } 

l JM1 (va) + "J (va ) 
1 1 -

+ 

w=w n 



(3) 

S.neco J 1 (vx) ± - qmtTOpHSOBamme no MeTo.n;y BX~ cpyHKUIDf EecceJI.H; 
+ w - BO~HOBHe B8KTOpH C06CTB8HHHX BO~H BO~OBO,D;a C p~COM 
- n 

r=a , COOTBeTCTBYIOIIUie HYJI.HM cWHKUIDI J 1 (v 1 a)± ; ± wk - BO~HOBHe 

B8KTOpH C06CTB8HHUX BO~H BO~HOBO,D;a C p~COM r=a 1 , COOTB8TCT
BYJOOUi8 HYJIRM cpyHKD;HH J 1 (v 1 ~ 1 ) ; • 3Bes.n;o't!Koi1 o6osHal!eH c~e.n;yiOII{Hit 
npe.ne~au~ nepexo,u;: -

J~(va)+=lim(w-wn)J 1 (va)+ 1 

w-w 
n 

J~ (va 1 )_ = ~~~1w+wk) J 1 ( va 1 ) _ • 

BupaxeH:He (3) RBJUieTcfr pemetmeM KpaeBoi1 san;al!H .I(JUI CHCTer.m, npR
ne.neHHOH Ha pnc.I a • .Uei!cTBH'Ie~oHO, no,u;cTaB.JI.fUI SHatteHMe F1 (w) HS 
(3) B (I), HaH.n;eM E(z) • ~[ ~Hl!HC~eHHR HHTerpana (I) 3aMKH8M 

KOHTYP HHTerpnpoBaHRR B BepxEeH llO~IIJIOCROCTH (BIT) ROMIIJI8RCHOro 
nepeMeHHOrO w , r,u;e llO,nHHTerp~HHe cpyHR:r:J;mr (II~) RM8IOT He 6o
Jiee l!eM cTeneHHOM poeT npH w --o0. B BIT w ~eHH nepBoro 11 BTopo
ro c~araeMoro 11~, co,u;ep~e noJIIOCH B TO'!Kax w =1k 2

-v
2·, B3aMMHO n o n 

KOMneHc:I1pyiOTCR. C~e,u;oBaTe~Ho, no TeopeMe KoiDM PI c yl!eToM JieMMH 
JKop,u;aHa HHTerpaJI (I) TOJK,11;8CTII8HHO paBeH HYJIIO. B BHpaJKeHHH (2) MH
Terpanu OT nepBoro H BTOporo CJiaraeMHX TaRXe B3aHMHO KOMll8HCMpy

lO:Cfl, ~M B 06 OHX CJiaraeMHX Bhlli8TH BhlliHC~.ffiOTCfl B llOJIIOCax 
wk=- V k~-v~ H paBHH ,u;pyr ;(pyry. 

Cl>K HanproKeHHOCTH 8JI8KTPUli8CROrO llOJI.fl paCC'IHTbiBaeM no <f>oPMY-
Jie 

(4) 
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f" n ' 

= [o I r, b;, n I a] 

J 
1 

(va) 

, 

IIpo.n;eJiaB o6paTHoe rrpeo6pasoBa.Ime fbypr:,e (no nepeMeHHoii w ) B 

<P<>PMYJie (4), ITOJIY'tilm BbipruKeHP.:e .I(JIH SJieKTpHtieCKOrO ITOJI.fi B 06JiaCTH 

z .( z
1

, 0 < r <a B KOOp.D;llHaTHOM npe.n;CTaBJieHHH. BoJIHO~hie Belt-

TOphi rrapUHaJIOHhiX BOJIH B STOM CJIYllae paBHH w-=- { k 2 - v 2 , r.n;e 
n o n 

vna - HYJIH cpyHKD;HH J
1 

(va) • TipH BW!HCJiemm: HarrproKeHHOCTH 

aJieKTpHtiecKoro noJI.fi B o6JiacT~ z <z
1 

nepBoe H BTopoe cJiaraeMoe 

BSa.HMHO KOMITeHCMpYIOTC.fi B noJIICICax wk_=-'./ k;- vt • 

B o6JiaCTH z > z 
1 

, o < r < a 
1 

3M noJie orrpe.n;eJI.fieTC.fi TOJIOKO BOJI-

HOBO.l(HhiMH rapMOHHKaMH,BOJIHOBEe BeKTOphi KOTOphiX paBHhi w~=VJk;-v~· 
H SIBJI.fiiOTC.fi HY.li.fiMH WYHK~ii J 

1 
(va

1
) • CJiaraeMble B F 

1 
, co.n;epJKal1Ule 

ITOJIIOChl w + npH YMHOJKeHHH Ba cpyHI\UHIO HMne.n;aHCa ::1 1 (Vf' > ra."' a.> 
n ' .:J1 ('/D..) 

BsaRMHO YHH~TOxa!OTC.fi C f (r) , co.n;ep~eH Te xe ITOJIIDChl. llpHr=a
1 1\ !) (YO.. ) (Q Q) 

DYT~M paSJIOJK8HH.fi SH~eHaTeJieil qJyHKUHH 1 
jot ~ v ~; H f n (r) 

. B PSI.1l: Ten;ropa B6JIHSH fiYJieH B TOllltax w=w± MOJKHO ITOKaSaTo, liTO 
n 

STH cpyHKnHH paBHhi no Be~tiHH€ H o6paTHhl ITO SHaKY H, COrJiaCHO (4), 
He .l(aiOT BKJia,IJ;a B 3M ITOJie B OCJiaCTH z ::- z

1
, 0 < r < a

1
• C .n;pyro~ CTO-

poHhl, ITpH r~~ 1 STH cpyHKUJUl He HMeiOT nOJIIOCOB B TOliKax w=wn 

H TaKJKe He BHOC.fiT BKJia.n;a B 8N: ITOJie. 

BoJIHOBhle BeKTOphi BOJIH HB~UHPOBaHHOrO TOKa COOTB8TCTBYIDT 

HYJI.RM SHa.MeHaTeJI.fi "HecKoMrreHcHpoBaHHoro" liJieHa J 1 (va)..~- (eM. 
J (va )+ 

<P<>PMY JIY ( 3)) • BoJIH11 TOKa pacnpocTparunoTC.fi no rpaltn:n;e 
1
.!(Hacppai'Mhi 

OT TOliKH z=z B HarrpaBJieirnH z=+ oo • 

B CJIYllaJ CHCTeMhi, ITOKaSaHHOH Ha pHC.I 6,rroJie B 06JiaCTH 

z > z
1 

O<r<.a
1 

paBHO HYJIID H Bl:ij:ruKeHHe .I(JIH ITJIOTHOCTH HaBe.n;eHHoro TO-
, u 

Ka HMeeT CJie)JyiOmHH BH,l(: 

. oo iw ( z -z ) 
J 1 (va) + ~ e n 1 on 

F1 (w)=- L 
J 1 (va1) + h=1 (w-wn) 

'l 

w=w • n 

(5) 



B STOit cpopMJ'JI8 OTCYTCTByeT "iipa.BH~" HCTO'tJHHK ( j n =0 ) , IIOSTOMY 

F
0

n (a
1

) R CYMMa ITO '"k OTCYTCTBYIOT. 

HarrproKeHHOCTL IIOJIJI B 06~IaCTH < z > z
1

, a
1 

r<.a pacctm:TimaeM 

no <Ix>PMYJie 

E(r,z) _1~Joo dweiwz (r' a)· i
~2Jt -oo 

J 
1 

(va) 

X 

-iwz } 01\ e 

B STOM BHpruKeHHH liiHTerpaJI BhPrn:CJIJI8M, 3a.MI:lliM KOHTyp HHTerpHpoBa

HRSI B BIT w , r.n;e II<!? HM88T He 6oJiee 'tJeM CT8II8HHOH poeT rrpH w -co. 
. + 

vJiaraeMHe B <{JnrypHHX CK06Kax, HM8101JUI8 IIOJIIOCbl B TO'tJKax wn , BSa-

HMHO YHWITOJKa.IOTC.fi. ITo TeopeiJII~ Koum 0 BH'tJeTax STOT HHTerpaJI pa.BeH 
+ /t2 2' 

CyMMe BH'tJ8TOB B IIOJIIOCax wk= \ k 0 -vl< , r.n;e vk COOTB8TCTByeT HY-
~ WYHKURH (a 1 ,a)+ . 

... 
llpH a 1 < r < a BOJIHH, q}opurnpyJOmHe 8M IIOJI8 B STOM o6JiaCTH, 

+ 
pacrrpOCTpaH.ffiOTCSI OT TO"tJKH z 1 B + oo C BOJIHOBHMH B8KTOpaMH ""k • 

3. BosdygeHHe SJI8KTpOMarHHTHHX BOJIH B I.l;!FmH.I(PH'tJ8CKHX 

pesoHaTopax c rrog30.D;RffiHM! BOJIHOBogaMH 

PaCCMOTpHM sa.n;aqy 0 BOS,~yiK,IJ;emm: 8M IIOJISI B CHCT8M8, liOKa3aH

HOH Ha pHc. I ,n;. B ciricTeMe HM,~IOTCSI .n;Ba CKatmoo6pasHb1X cyiKeHH.fi no

nepeqaoro cetreHH.fi BOJIHOBO,n;a :3 TO'tJKax z=z 1 H z=z 2 • HaKJia,wi

Ba.fi rpaHR'tJHhle YCJIOBH.fl Ha rrpO,!l;OJI'&HHX CT8HKax ,n;HrupparM Iri HX IIpO,D;OJI-

JteiUm Ha pa.I(Iriycax r=a
1 

Iri r==a 2 , IIOJIY'tJHM ypa.BH8HH.fl ,n;JISI HH.TIJJ.UI-

poBaHHblX TOKOB F 
1 

H F 
2

• BoCIIOJI'&SOBaBIIrnC'& pemeHHeM sa,n;atm:, lipHBe

.n;eHHOfi B II. 2, sarrnmeM tPoPMY·1II:1 ,D;JI.fl orrpe,n;eJieHH.fi liJIOTHOCTiri MH.ItYJ.UI

poBaHHOro TOKa B BH,D;e 
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. 
\ 

r,n;e 

FO/\ =-

F = on 

E ( z) 

J (vb" ) j" 1 0 tf 

J 1 (va1) 

J
1
. (vb n ) . n 

0 J If 

-iwz 
e 2 +Fon(a2,w) (6) 

rne f=f"+fcp +fn - Harrp~eHHOCTo a~eKTp~ecKoro no~H cTopoH-

HliiX HCTOtii-mKOB, pacno~oXeHiill:K. C~eBa OT TOtiKH z i. ( f 1\ ) , MeJK.cy 

TOl!Ka.MR z 
1 

H z 2 ( f c p ) H cnpaBa OT TOtiKH z 2 ( f n ) COOTBeTCT-

BeHHO. ~ BHt!HC~eHHH HHTerp~ra B llOC~e,D;HeM BHp~eHHH 3aMRHeM 

KOHTYP HHTerpMpOBaHPIH B !ill w. Tor,n;a ,n;M A
1

_ (a 1 ,w) no;rytrn:M BHpa-

xeHHe 
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• 

AHaJIOrH1IHO rrpH z > z2 H3 rpaHH"tiHoro YCJIOBH.H Ha HanpmKeHHOCT:b 

aJieKTpHliecKoro rroJI.H ,1(JI.H A
2 

+ (a 
2 

, -w n) no.rry-qaeM: 

J 1 (va 1 )+·J
1 

(va)_ 
+ X 

-:Lw 
e 

J1 (va2)-

J3Il1IHC.JrnB K03cixl>HUH8HTII A1_,A2+,:B 1+,B 2_ H ITO,IJ;CTaBHB HX B (6), 

HaH,It8M nJIOTHOCT:b HH.IJ;YUHpOBaHllOrO TOKa. llo,n;cTaBHB ITOJIYli8HHOe Bhlpa-. . 
zeHHe ,n;JI.H TOKa B (4), Bhi"tiHCJll[M WK HarrpmKeHHOCTH 3JI8KTpHli8CKOrO 

ITOJI.H, B036yjKJ.(aeMoro B CHCT8MO: 

E(r,w)= 1 
J 1 ( vr) { J 1 ( v a) _ • (a , a) 

~ + 

J
1 

(va) ... r
1 

(va
1

) _ 

J 1 (va)+· (a
2

,a) 

J1 (va2)+ 
... 

J 1 (vb~ ) j~· (a
1 

,a) 

J 1 (va1) 

(7) 

lipH a
2
< r < a

1 
:H a

1 
<. r < a ITOJIY1IHM aHa.JIOrH1IHhie BhipaxeHH.H. 

IIpo,n;eJia.B o6paTHOe npeo6pa3oBaHHe <l?yp:oe no rrepeMeHHOH w 

Bbl1IHC.JrnM HanpiDK8HHOCT:O~ 3JI8KT])H1l8CKOrO IIOJI.H B KOOp.IJ;HHaTHO-liaCTOT

HOM rrpe.n;cTaBJI8Hlm B pa3J.mliHhiX rrpOCTpaHCTB8HHbTX 06JiaCT.HX CHCT8IV!bl. 

B o6JiaCTH z l.. z,' 0 < r (. a., B036yJK.n;aeMoe ITOJie orrpen;eJI.rreTCJI 

nepBbiM CJiaraeN!hiM B ( 7) , CO.IJ;8])JKail\HM H8CKOM118HCHpOBaHHbi8 k- -IIOJIIO-. 

CH *) ~ CJiaraeMHe, co.n;ep~Ie m- -no~H,KoMneacHpJIDT .~yr .n;pyra 

*) + 
)LJI.H KpaTKOCTH Ha3oBeM k- -rrOJIIOCa.MH HYJIII cpyHKilJi:ti J 

1 
(va

1
) + ; 

± ~ 0 ± 
rn - ITOJIIOCaMH - HYJIH ~ywm;HH J 

1 
(va 2 ) + H n -rroJIIOcaMH 

HY.Jrn cPYH~HM J 1 (va) + 

IO 



B CH~ rpaHH~Horo yc~oBHR (I). llepBoe c~araeMoe B (7) Hfcp(r) 
-

CO~epJKatnHe n -IIOJIIOCH, B3a.HMJ-IO YHH~T0.7Ka.IOTCR I!pH rrepexo.n;e K KOOp-

,n;HHaTHOMY npe~cTaB~emrro. llpH z < z c~e.n;yeT ytJeCTo ~orro~HHTe~b-
o" . 

HHH B~~ OT ITO~efi BO~, M3E,!tiaeMHX HCTO~HHKOM, pacrro~o~eHHHM B 

TO~Ke z0 " H pacrrpocTpaHRIDIIUJXOR B oTpnuaTe~bHOM HarrpaB~eHHH oc11 z • 

B o6~ac TH . z 1 < z (. z r I 0< r .( a BO s6yJKn;aeMoe 3M rro~e 0 rrpe..n;eM

eTCR nepBHM ~~araeMUM B 7), rrporropqHOH~bHHM BHp~eHHIO 
-lWZ 

(A1- + B 1 +) e ·1 H :HMeiOIUIDII HeCKOMIIeHCMpOBaHHUe n + - ITOJIIOCH, a 

TaiOKe BTOphiM C~araeMHM B (7), IIpOITOPUHOHMbHl:lM (A
2

+ +B
2

_) H HMeiO

mnM HeCKOMIIeHCHPOBaHHHe n- ~ IIOJIIOCH. KpoMe TOro, c~e~eT ytJeCTb 

BM~ B Harrp.IDKeHHOCTb a~eKTpH'tJeCKOro IIOM BO~H, M3JIY~aeM:hiX aKTHB

Hl:lM HCTO'tJHHKOM, paCIIO~O~eHHW~ B 8TOH .7Ke OO~aCTM. W'tJeTH B k +- H 

m- -ITOJIIOCax BK~a..n;a B oM ITOJie He ,.n;aiOT, TaK KaK I!pl1 rr_epeXO):(e R 

KOOp):(HHaTHOMY rrpe):(CTa~eHHIO B (7) OHH B3aHMHO YHM'tJTOEa!OTC.ll B C~a-
iwz !I ( .&") '11 

raeMI:IX, rrporroprzyrOHMbHhiX B 1 +~~- 1 H -1 ~1 Cv~~) , a TaK~e 

B c~raeMHX nponopunoH~bHhi'( • -iwz 2 11 n-~ <" ~~) J~ co-
' ~ B2- e J1 (va..2 

OTBeTCTBeHHO. 0CTMbHhie IIOJIIOObi B ( 7) I!pH nepeXO):(e K ltOOp):(HHaTHO

MY npe..IJ;CTaB~eHmo Hanp.F.OK8HHOC~:'H aJieKTpH't!eCKOrO IIO~.ll B STOll OOJiaCTH 
' . 

OKa311BaJOTC.ll Sa rrpe,n;e~aMII KOW:'ypa HHTerpJ!IPOBaHH.ll. 
"' B o6~aCTH z ;> z2 I 0 < r-( d2 pactJeT Hanp.F.OKeHHOCTH 3M IIO~.ll rrpo

BO.D;liiTCR aHMOrH~HO pac'tJeTy IIO~.ll B OOJiaCTii z < z1 , 0 ( r <.. a1 • Ha

rrp.IDiteHHOCTb a~eRTpH'tJeCKOrO ITOM orrpe,n;e~SI8TC.ll BTOphiM CJiaraeMbiM _ B 

( '7) , co.n;epJK.a.InHM HeCKOMII8HCMpOBaHIIhie m + -ITOJIIOCU, l1 IIO~JDVlli rrapUM~b
HHX BO~H, HCIIyllleHHl:lX HCTO'tJHMICOM, paCIIO~OJK8HHhiM B TO~Re z=z

0 
n 

B.no~oJKHTe~bHOM HanpaBJieHHM oc11 z. C~araeMhle B (7), co.n;epJKa.I.IWe 

k +- H n + -IIOJIIOCJl, B~a,n;a B BO 30yJK,IJ;a8MOe ITO~e He BHOC.llT, TaR KaK 

OHH paCITO~O~eHH BHe KOHTypa HHTerpHpOBaHH.ll. 

PaCCMOTpHM Terrepb BO s6y:tt.n;emre 3M IIOM B CMCTeMe, IIOKa3aHHOH 

Ha pHc.I e. B 8TOfi CHCTeMe ):(Ba KpyrJIJlX BO~HOBO~a pa,n;J!YCOBa 1 H a 

CBSI3aHJ1 0Tpe3KOM BO~HOBO~a MEWIOrO pa~J!YCa a 2 < a1 < a ~~HOH 

Jz
2
-z 1 1 • TaRoro po.n;a CHCTe~ru Hcno~bSYIOTC.ll B TeXHHKe CB~ ):(JIR 

COr~aCOBaHHSI R <f>MbTpaUHH CJ3q CHrH~OB, a TaK}Ke yrrpaB~eHHR 

MOmHOCTbiO. 

llpe.IJ;IIO~OiKMM, liTO ITO CT8HKe BOJIHOBO):(a pa):(HJTCa r=a 1 Te't!eT 

TOR F 
1 

H ITO CTeHKe TpyOH pa.n;nyca r=a 2 Te'tJeT TOI-t F 2 • 

C y~eTOM aCHMMeTpHH CMC~'eMH samru.IeM F 1 H F 2 B BM,n;e 

II 



.I\ 
Jlf 

J 1 (va)_ [ J -iwz J 1 (vb;p) 
+ A2 _Ca 2 ~w)+B 2 +ca 21 1-l) e 2 j~P 

J1(va2)- J1(va2) 

(8) 

(9) 

Kos<fx:PHWieHThl B
1
+(a

1
) 

1 
3

1
_ca

2
) H B

2
+ca

2
) HaxOl(HM H3 ycJio-

BHR H8IIpephiBHOCTH z -ROMITO He H:Thl Harrp.mK8HHOCTH MarlliiTHOrO IIOJI.H Ha 

rrp0.1(0JDK8HHH IIpOJJ;OJI1HhiX CT8HO:t BOJIHOBOl(HOll CHCT8Mhl. 

w=w 

oo __ i_w_m_z_2_ tJ 1 (vb C:) j C: --
B =~e 

2+ L (w-w ) J
1 

(va) ~ • Jx
1 

(·ra
2

) + 
m~i m 

k 

J 
1 

(va) _ • J 1 (va 2 ) + 

J 1 (va)+· J~(va2 )_ 
X 

~rrmneM rpaHH'tiHoe ycJioBRe .n;JI.H HarrpiDKeHHOCTH sJieRTpH'IecRoro rro.JI.H 

E =0 IIPH z
1 

< z < z 2 1 r=a. 2 tq 
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J1 (va2) J1 (va2)-
E(a2,w)= (a

1 
,a)F

1 
(a

1 
)+ ----

J1(va) J
1

(va)_ 

J1(va2)+ [ J·-iwz2. 
+· ·(a2 ,a) A

2
_-tB 2+ e +f" (a 2 )+f 0 (a 2 ) 

J 1 (va)+ 

(10) 

llocJie;n;Hee BI:lpa.JKeHHe o6pamaeTC.1 B HYJib npH nepexo.I(e K Koop.n;HHaT

HOMY npe.n;cTaBJieHHro. 

McrroJioSYR BupaxeHHH ~H B
1
+' B

1
_ 

oo iw z 
1 

I e· n 
A =-

1+ 
n=i (w-wn) 

"""' -iw z 2 
A =-""' e n 2- L 

n=i (w+w ) n 

{ J~(va)_ 

J 1 (va)+ 

J 1 (va1) + 

J 1 (va2)-

HS (IO) Haii.n;eM 

w=w 
n 

.. 
C y~eTOM (8) H (9) BHqlfCJIKM HaiTpR*eHHOCTb 8JI8KTp~eCKOrO ITOJIH 

B paSJIH~riHX ITpOCTpaHCTBeHEihiX 06JiaCT.HX CHCTeM1I. 

llpH z <. z 1 , 0 < r <. a 1 ~K HaJip.IDKeHHOCTH 8JieKTpH~eCKOrO ITOJI.A: HMe

eT BHJJ; 

J 1 (vr) [ ] 
E(r,w)= (a

1
,a)F

1 
+ (a

2
,a)F

2 
+ f(r) 

J 1 (va~ 
(II) 

SM noJie onpe;n;eJIHeTCH cJiaraeMillm, co.n;epJKaiiUfMH k --noJIIOcu. llp:a BH-
. + + 

'qkfCJieHHH HHTerpaJia OT nepBOrO CJiaraeMoro n - H k -ITOJIIOCH OKa-

SUBaiDTCH BHe KOHTypa HHTerpHpOBaHHR H He ,IJ;aiDT BKJiaJJ;a B HaiTpiDKeH-

HOCTo 8JieKTpH~eCKOrO ITOJIH. 

Ilpo.n;eJiaB o6paTHoe npeo6pasoBaHne ~poe, rro.rry~HM BHpruKeHMe 

.ItJLSI Hanp.IDKeHHOCTH aJieKTpH~eCKOrO ITOJIH. IlpH z 1 <. z C.. z 2 , o <. r '-. a npo

;n;eJiaB npeo6pasoBmme <l)ypoe no rrepeMeHHOM w , no.rry~HM BhipaJKeHHe 

,I(JIH HanpmKeHHOCTH SJieKTpH~ecKoro TIOJIH B KOOp.n;HHaTHOM npe,I(CTaBJie

HHH: 

CIO ti.~ 

· E(r,z) 1 Jd 
.Y25l' .w 

-oo + t.f 

iwz e 

I3 



(I2) 

KaR B~HO H3 (II), 3M no~e B 9TOH 06~aCTH ~OpMMpyeTCR napUH~bHH

MR rapMOHHRaMH, BO~HOBHe BeRTJpH ROTOPHX COOTBeTCTBYIDT HY~ 

<l>YHRI.:(FIH J 1 (va 2 ) + • 0CTMoHHe CJiaraeMIIe B3aJIMHO ROMITeHCMpyiOTCR 

RJIR RBJIRIOTCfl aHaHHT~eCRHMH ~YHKUHRMH, He CO~ep~MH OCOOHX TO

tieR JIHOo B BII, mroo B HIT ROMTIJieRcHoro nepeMeHHoro w • IIepBHit HH

TerpM B (I2) B~HCJmM, 3aMllKafl ROHTyp RHTerp:vrpoBaHHfl B BIT, BTO

poii - SaMHRM ROHTYP HHTerpnpoBaHHfl B IITI nepeMeHHoii w • BMa . .n B 

3M TIOJie .n;aroT BI:I'tJeTI:I ~YHRUHM J~ 1 
(va2 ) + B BIT H ~YHRUHM J~ 1 (va

2
) _ 

B HIT nepeMeHHOii w • 

IIpH ~2 , O<.r<.a 

,n:eM H 3 BhlpaiKe IDifl 

1 cc>J+i.E . {J1 (vr) (a2,a) [ 
= dw e 1 wz A (a ) 

V2rt' . - J1 (va)+•J1 (va2)- 2- 2 
-oo+LE 

E(r,z) 

J
1 
(vb~) (r,a) 

+ ------
-iwz } 01\ e 

(I3) 

ROTopoe orrpe.n;eJI.fieTCfl cyMMoii :~:~utieTOB IT<P B HY~ J 
1 

(va) +. HanproKeH

HOCTo s~eRTpH'leCROrO llO~fl B P:oop,n:HHaTHOM npe,n:cTaB~eHMH B STOH 

o6JiaCTH pacctiHTHBaeM no q)optry~e 

E(r,z) = iwz e 

!4 

fA(r)1 

~I4) 



l 
I 
l 
I ilpH BU~C~eHHH HHTerp~a C~e~eT y~eCTb, ~TO B036y~aeMOe 

3M no~e orrpe~e~eTCR CYMMOH no~eH BO~HOBO~HHX BO~H, BO~HOBUe 
'!HC~a KOTOpllX COOTBeTCTBYIOT HYJIRM <f>YHKUHH J 1 (va 1) _ • IIpn z < z 0 1\ 

He06XO~HMO yqecTo B~~ B ITO~e Hany~eHHR OT CTOpOHHero HCTOtiHHKa. 

PacqeT oM rro~eii B CHCTeMaX, ITpHBe~eHHHX Ha pnc.I B,r,*,3,H 
ITpOBO~TCR aH~Or~HO C HCITO~b30BaHHeM rrpnBe~eHHOM BUllie MeTO~HKH. 
BWJHc~eHHe aarrp.IDKeHHOCTH s~eKTpntiecKoro noM, B036y)KJJ;aeMoro B 

3THX CHCTeMax,He COCTaBMeT OC06oro Tpy~a, ITOSTOMY Bup~eHHR ~ 
Hanp.IDKeHHOCTH S~eKTpH'qeCKoro DO~ ~ yKa3aHHHX CHCTeM 3~8Cb He 

ITpHBO..U:flTCR. 

4. 06cy!AeHH8 pe3y~oTaTOB 

CpanHKM no~qeHHHe nume aHanHTnqecRne pe3y~oTaTH c npnBe,neH-
HUMH B pa6oTax/I, 6/. · · 

Bo~HOBO,nHaR.CHCTeMa, riOK83aHHaR Ha pnc.I6, nepeXO.I(HT B CHC

TeMY, pacCMOTpeHHJIO B MOHOrpa.ctm~/I/ (eM.§ 62) IIpH a-oo, z --co , 
0/1. 

j n =0 • CHCTeMa ypanHemfi:i (I) , (2) CBO,JU1TCJI K CHCTeMe napHiiX HH-

Terpa.JibHUX ypanHeHHH, aHa.JIOrH~HUX y¥aBHerniRM (67·73) H (62.I4) 
.n~ BO~H s~eKTp~ecKoli rro~H2auHH/ I. KaR n B I , KpaeBaR Bo~
Ha TOKa MarHHTHOll ITO~M3auHH MO*eT 6UTb npe,nCTaB~eHa B BH,ne npo
R3Be,neHHR Me,n~eHHO MeH.fll(ll{eiic.R: VYHK:r.nm f ( z) Ha sRcrroHeHUHa.Jio

Huii MHO~Te~o exp{iwnz}. 
B pa6oTe/6/ pemeaa 3~aqa ~0 ~ncppaKI.JYIH H1 oBO~HI::l B KPYr~OM 

BO~HOBO~e C ~~nqecROH l(HavparMOH. ~p8*eHHe ~ ~soqacTOT

HOH xapaKTepHCTJIKH KOSqxpHII,neHTa rrepe.n;atiH ~30BpamaT8~JI (BO~HOBO..U:
HaR c.ncTeMa, .nso6pruKeHHaR Ha pnc. I e npll a 1 =a ) , Haii.nemroe rrpR 

ITOMomn <f>oPMY~ (I2), COBn~aeT C TOtiHOCTbiO ..U:O HecymecTBeHHOrO 
MHO~TeM C cpOpMY~OH (20) pa60TH/6/ B C~tiae B036y)KJJ;eHHR ~b 
H 1 O - BO~HH H ITpR BI:liTO~HeHHH y C~OBHR v 1 < ka 2 < ka < v 2 

0TMeTHM Ta~e, '!TO rpaHHtiHOe yc~OBHe, H~a,nHBaeM08 Ha pe6-
pax ~HacpparM Ha KaCaTe~oHJIO COCTaBJ.I.ffiOIIzyiO Harrp.roK8HHOCTH 3~8KTpH
qecRoro ITO~ ( E lf =0) B rrpe.n;JI01K8HHOM ITO..U:XO~e aBTOMaTHl!8CRH BiliTO~
H.R:eTCJI/S/. 

)J)IR HCC~e~oBaHHR ITOBe,neiTHJI ITOB8pXHOCTHHX TOROB B CHCT8Max, 

npe~CTaB~RIOmHX rrpaRTHqecRHll RHTepec B CBq - pa.nnocpH3HRe H YCRO
pzTe~oHOH TeXIDIRe, 6wm Burro~HeHu tiHc~eHHHe pactieTu aa E3Cfli-6 c 
noMOll.{oiO cnei.JYia.JioHoro nru\eTa IIJ:Orpru~I? I. ITapa.MeTpu pactieTa: 

I5 



B036yiK,IJ;aiOlUXIH tiOTOtifillK - Kpyi'0:30H nepeMeHHhiH aJieKTpHt~eCKHll TOR 0 

pa.,neyooM b0 << a 1 , OCJ.U1JIJlliiPYIOIUHll C t~aOTOTOH w
0

=k0 c ceK-I, 

k 0 =II CM-I; MarHHTHUM MOMeii'r TOKa HarrpaBJieH B,D;OJib OCH z ,HC-

TO'tiHHK paOITOJIO~e H Ha OCH Z B TO'tlKe z OA = ( z 1 -1 0) OM ( HaliaJIO KO

Op,n;HHaT ITOMell.leHO B TOliKY z 1 =0 ) ; b 
0 

= I0-
2

oM, a =8 CM, 4 ~ a 1 ~?PM}. 
Ha pHo.2,3 npHBe,n;eHhi 3aBJrOMMOOTH MO,D;YJIJI H q}a3hl TOKa, TeKyme

ro no noBepxaocTH ,n;MacpparMhi, oT Koop,n;HHaThi z • 

IF I 

/ FmaxJ 

J.O . 
• 1.• 

o.s 

0 so 1DCJ f50 200 

PE:c: .2. 
3a.BliiOHMOCTb MO,D;yJI.fi ITJIOTHOCTH ~·oKa (B 6e3pa3MepHhiX e,JzyiHHIJ;ax) , 

HH,D;YIJ;HpOBaHHOI'O Ha OTeHKe ,n;HaQJparMHpOBaHHOI'O KaHaJia ( JU{) , 
H306p~eHHOI'O Ha p~c.I a, OT rrpMBe,n;eHHOfi ~Hhi KaHaJia. 

I - ITJIOTHOOTb TOKa Ha OTeHKe HOJIY6eCKOH8'4:HOI'O BOJIHOBO,n;a (IIB) 

pa,n;eyca ai=6,9 OM~ ITOM~Il.l8HHOI'O BHYTPb decKOH8"qHOI'O BOJIHOBO,n;a. 

f F max 1 = 1:, 4 • IO a/M · ; 

2- ITJIOTHOOTb TOKa Ha OTeHKe J~ paunyca ar=6,9 OM; 
2 rl-1 F maxi~ 3 • IO a/ ; 

3 - ITJIOTHOCTb TOKa Ha CT8HKe f[B pa,n;eyca a1=4,0 OM; 
2 I 2 1 F max 1 = 4 • IO a M · ; _ 

4 - ITJIOTHOCTb TOKa Ha CTeHKe J~ pauHyoa a 1 = 4,0 OM; 

I F 1 = ro2 
a/M

2
• max 
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argF 

argF max 

.. PHc.3. 

2 

Pacnpe.I(eJieHHe B.I(OJTh OCH z cpaShl ITJIOTHOCTH TOKa (B OTHOCHTeJib

HhiX e.I(HHIDJ;ax), HH,eyi(HpOBaHHOrO Ha CTeHKe JlK (CM.pMC. I a). 

I - ITJIOTHOCTb TORa Ha CTeHRe TIB pa.I(Hyca ai=6,9 CM; 

arg F =I,4 pa.n; max 

2 - ITJIOTHOCTb TORa Ha CTeHRe JlK P~MYCa ai=6,9 eM; 
arcr P =I,25 pa.n; 

~ max 

3 - ITJIOTHOCTb TORa Ha CTeHRe ITB pa~ca ai=4,0 CM; 

arg F =I,4 pa.n; max 

4 - llJIOTHOCTb TOKa Ha CTeHKe JlK p~~nyca ai=4,0 CM; 
arg F =I,22 pa.I(. - max 

)tJm CiiCTeNill, HS06pa.JKeHHOH Ha pHG. I a, pacnpe.I(eJiemie MO:rr;y.JIR IIJIOT
HOCTH TORa B.I(OJib OCH z ITOKaSaHI) Ha pHC. 2 RpHBhlMH 2 (ai=6, 9CM) 

H 4(a1=4,0 CM). Pacnpe,n;eJieHHe cp.3.Shl IIJIOTHOCTM TORa HJIJIIOCTpiipyiOT 

RpHBhle 2 (ai=6,9 CM) H 4(ai=4,0 CM) Ha pMc.3. 

Pacnpel(eJieHHe MOJJYJifi H cpaSOI llJIOTHOCTH llOBepXHOCTHOro TOKa 
no OCH z npHBe.I(eHO Ha pHc.4 H 5 COOTBeTCTBeHHq .I(JIH CJIY~aH .I(Ha
cpparMHpOBaHHOrO BOJIHOBO.I(a, HS06pruKeHHOrO Ha pHC.I 6. B BOJIHOBO.I(e 

C .I(HacpparMOM B BH.I(e UHJIHH.I(p~eCKOrO CTep~HH R08cpcpHUHeHT OTp~e

HHH 3M llOJIR OT HCTO~Hl!Ka, pacnOJIO~eHHOrO B TO~Re Z 0 " ( z1 B He
CKOJIOKO paS 60Jibille K08~HI(HeHTa OTpruKeHHH B BOJIHOBO.I(e C .I(Hacppar
MOH B BH.I(e cRa~Ra norrepe~Horo ce~eHHH (pHc.I a). Koa~HUHeHT rre
pe.I(aqH 3M 8HeprHH B CJIY~ae BOJIHOBO.I(HOH CHCTeMH C llOJIY6eCROHe~HHM 

BOJIHOBO.I(OM 6oJiee ~eM B IO pas npeBHmaeT RoacpcpHUHeHT rrepe.naqM ~H 

c~qa,g .I(H~parMHpOBaHHHX CHCTeM (pHc.I a, I 6). 

I? 



''\,·· 

arg F 

arg Fmax ~ 

PRe. 5. 
Pacrrpe~e~eHHe B~O~b OCR z ~3H ~OTHOCTll TOKa (B OTHOCRTe~o
HllX e~Innm;ax) , HH,IzynnpOBaHI-lOro Ha ITOBepXHOCTH ITpOBO,lLHII{ero 

CTepil~HR (CM.p11c.I6). 

I - IIJIOTHOCTb TOKa Ha CTeHRe HB p~:eyca ai=6, 9 CM; 
arg F =1,4 p~; max 

2- IIJIOTHOCTb TOKa Ha ITOBepXHOCTH CTepJKHR pa.JUIYCa ai=6,9 CM; 

arg Fmax =I,46 p~; 

3 - ~OTHOCT1 TOKa Ha CTeHKe Iffi P~HYCa ai=4,0 CM; 

ara F =I,4 pan; 
;J max 

4 - IIJIOTHOCTb TOKa Ha IIOBepXHOCTH CTepiKHR pa,I(eyCa ai=4,0 CM; 

arg F =I,43 pa~. - max 

B c~qae CHCT8MH C ~Ha~parMofi B BM~e CT8piKHR npH ai=6,8 + 7,0 CM, 
a==8 CM K03C{xPHUHeHT rrepe~atni 8H 3HeprHH ( I0-2; 3M ITOJie rrepeHO

CHTCR e~HCTB8HHOM BO~!:IOBO.IJ:HOii rapMOHHKO:fri C w ~ k
0 

B 06JiaCTH 

z > z 1 , a 1 ~ r ~a ( TaKM CHGT8Ma MOiKeT CJIYii'U1T1 ~MbTpOM ~JI.H 
napr.(HaJibHHX BO~H). Mo.rr.yJio IIJIO'~HOCTH TOKa, HH.IJ.YJ.UiPOBaHHOrO Ha 

CT8HKe .n;H~parMH, KaK ~YHKUll.H PanMYCa HMeeT MaKCfiMYM B HeKOTopoli 
TO:tiKe no r • TaR, B c~"tJae cHeTeMhi, rroKa3aHHoli Ha pHc. I a 

_ IF- 1= 4,8·I02 a/M2 rrpH a 1=5,7 eM; ~ cHcTeMH, nso6pa-
max J 2 

xteHHOM Ha PHC. I 6 F ma:>{l~ 32a/M rrpH ai=4, 5 CM. 
M~oMH KpHBHX Ha pHc.2-5 CB.H3aHU c noporoBUMH .HB~eHH.HMH, a 

HMeHHO,C ITO.HB~eHIIeM HOBhiX raP,MOHHK B CIT8RTpe BO~H, B036y>K,Il;a8MbiX 
B BOJIHOBO~e. KaK H3B8CTHO/I5/, ITO.HB~eHHe HOBHX rapMOHHK B CIT8KT

pe COITpOBO~aeTC.H H8MOHOTOHHHJ~ H3MeH8HH8M aMTIJIHTY.IJ: BO~H, B036yiK
.n;eHHHX paHee. TaKHe rroporoBue H3MeHeHH.H B orrTH"tJecKoM ~HarrasoHe 

crre~TPj 6u~ sKcnepHMeHTaJILHo o6HapyiKeHH eme B Ha"tJaJie BeKa P.By
.n;ov/ IG H Ha3HBaiOTC.H aHoMaJIHRMH By,n;a. 
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B nocJie.n;Hicie ro,Ithl B a.KY.CTlUte pa3pa6oTaH Trut Ha3ntBaeMI:aii1: a.RTHB

Huii M8TO.U rameiUiff IIOJieii/I
3/. MeTO.U OCHOBaH Ha aHa.JI.HTlrtieCKOM IIO

CTp08HHH npHeMHO-H3JlY't!aiOII(HX IIOB8pXHOCTei1: IloHreHca. llpH STOM rame

tme IIOJiff llp0H3BO~TC.R: rryTeM pa!3MemeHH.R: CTOpOHHHX HCTO't!HmtOB (pac

npe.n;eJI8HHllX SJieKTpH'ti8CKHX 11 MarHHTHIDC .n;HIIOJie;"') B orrpe.n:e;e~HHX 
TOl!KaX npocTpaHCTBa. B 6oJiee paHHeii pa6oTe/9 (CM.Ta.IOKe B/) KOM

II8HC~.R: 3M IIOJI.R: B 3a.n;aHHIDC T01IKax npOCTpaHCTBa ocymecTBJI.ff.JiaC:O 

nyTeM IIOCTp08HHJ1 CTOpOHHHX HCTO"t!HHKOB IIO M8TO.n;y BX~ B TO't!Kax pa3-

pbtBa rpaHift!HllX YCJIOBHH, liTO SKBHBaJI8HTHO HCIIOJI:030BaHIDO IIpHeMH0-

1. H3JIY't!a.IOIJ:Ut!X IIOB8pXHOCTeH Iloi1reHea. B OTJIH"tllie OT/I3/ npe,UJIOiK8HHbiM 

B HacTo.ameii pa6oTe cnoco6 pac't1eTa noJie:M He HaitJia,I(biBaeT orpaHH

'tleHHii Ha pacnOJIOiK8HH8 npH8MHbiX H H3JIY't!a.IOJlU1X HCTO't!HHKOB - 11 KOMII8H--caTopoB" - B BOJIHOBo.n;e. BI:lnoJIHeHHe ycJioBHH E == 0 B o6JiaCTM, 3a-

H.R:TOH .lUtlacpparMOM, o6ecne't1HBa8TG.R: 3a C1!8T IIOCTpOeHH.R: CTOpOHHHX 

HCTO't!HHKOB Ha pe6pax .n;H~parM. 

5. SaJuno't!eHHe 

l1p8Jl,JIOX8H 0110006 pac't!eTa !3M IIOJieii, B036yJK,n;aeMI:lX HCTO"t!HHKOM 

BOJIH MarHHTHOM IIO.IDipH sa.nHH B .n;nacppar~mpoBaHHHX BOJIHOBO,Uax C H,Ue

aJI:OHO IIPOBO~MM CT8HKaMH. C liOMom:oro 3BM HCCJI8,UOBaHO IIOB8.D;8HH8 

HH.IJ;YIUq)OBaHHOrO TOKa Ha ITOB8pXHOCTH ,IJ;HacpparM. PaC't!8T rrpe,n;cKa3biBa-

8T IIOpOrOBOe H3M8H8HH8 TOKa Ha IIpO.D;OJI:OHOM IIOB8pXHOCTH ,UHacpparMH. 

Ilpe)lJIOJK8HHa.R: M8TO,l(HKa MOJKeT 6bi'r:O HCITOJI:030BaHa ,1lJI.R: pac"t!eTa 3M B03-

6y~eHHJ1 BOJIH SJI8KTpH"t!eCKOM IIO.[ffpH3aqHH B ,UHacpparMHpOBaHHbiX BOJI

HOBO,Uax H pe30HaTopax C IIO.I(BO,IJ;.=mrrnvrn: BOJIHOBO,Ua.MM. 

ABTOphi C't!HTaiDT CBOHM npH.R:'rH1IM ,UOJirOM Bblpa3HT:O 6Jiaro.n;apHOCT:O 

npo<f>eccopy E.IT.JKH,n;KOBY sa HHTe)ec K pa6oTe H A.III.11pKeryJioBy 

3a IIOMom:o B npOBe,UeHHH l!HCJI8HffilX paC't!8TOB. 
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