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l·l313ecTHo, 'ITO uccnenoaaane aneKTpoMar.HnTHoli CTPYKTypb! anxpH .. . 
• < '" :·~ 

."rioToKa B · caepxnposoniiHKax BToporo pona ';c y'leToM rpaan<mbiX ycnoann ~.· 

·:aa. noaepxaocT~ · ~6paaixa ~~eT H~Ko~opbxe cymecT~eHH~ aoa~xe peayn~~aT~I, 
OTnH'IHbl9 OT CTpyKTypbl. B~XpH B rny6nae' o6p83U8~ HanpHMep, 6apbep 

.,. 

'.· ........ ' .... Enaa~flHBHHrCTOHa nnH 'B~X~SI, napannenbHoro: noBepXHOCTH o6paaua. I 11' 

nnn "rpn6oannaoe~ pacmnpeane B npimoaep?'HDCTHOM cnoe o6nac'rn ToKoB, 

cBH3SHHbiX c anxpeM, nepneannKynHpHbiM nnocKoli noaepxH;CTH o6p~aua/2l.· ... 
•.· 

.---· 

r 
: 

' 

,, . •· 

'-';.:'. 

" 

Hy:mao .oTMeTHTb, 'ITO cymecT.aeaaoe iwKa:meane cTpyKTypbi anxpett npolic

xonnT nniub B cnoe r.riy6mibi ripoHHKHOBe.HnH "' A a6n.nan noaepxH~CTH 
o6paaua. l1MeHHO a.fa' o6nacTb "'A" Mo:meT 6biTb _Ba:mHa, HanpnMep, npn __ . 

l_f'ccneJlOBSHHH 38K.penneHHH BHxpeli B npnnoaepxHOCTHOM cno'e nmi 'peaKUHH 

CBepxnpOBOAHHKS B CM9WSHHOM COCTOHHHH HS BH9WHee aneKTpOMSrH~THOe 

none. 

B. 6 /3,4/ 6 /2/ 
H~KOTOpblX pa OTSX, HanpHMep peaynbTSTbl pa OTbl · HC- · 

nonb30B8Hbl nnH K8'19CTB9HHOioO 06'bHCH9HHH 9KCJ;t9pHMeHTanbHblX ASHHbiX, 

onaaKo nony~eane· KonnqecTBeHHbtx' oueHoK eme aaTpyliHHTenbHo. B. caS!an 
.. . . . ' . ·~ . . 

. c aTHMH aonpocaMn · B aawefi pa6oTe 6onee noJlpo6Ho ( n«;> . cpaaaeanro'. c 

.. .,.• 

. -· . ,· 

. ·"'" 

,· . 

l 
l 

•"·.: np_nae.cieHHbiMH BbiiDe) , paCCMOTpellbl aneKTpOMarliHT~SH CTpyK~ypa BHXp~· 
. : , .. 

· ., ',.. A6pHK~COBa· B6nH3H noBepXHOCTH o6p83U8 1 H BnHHliHe HCKa:meliHtt' CTpyKTypbl 

· .;,.B6~H3H noBepXHOCTH Ha .B38HMOJlElitCTBHe BHXpett Me:mJly co6ott. 
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CTPYKTypa BHXpH, uarrpaBneuuoro rron rrpon3BOnbHhiM yrnoM 

K noBepxuocTn ·o5pa3ua 

B KaqecTBe MonenbHoii 3anaqn, o5o5maiOmeii pe3ynbTaTbi paooTbi 121 , · 

paCCMOTpeH cnyqaii, KOI"A8 rrpstMonnHeiiHbiH BllXpb Bb!XOAHT K nnoCKOH no-

BepXHOCTll o5pa3U8 (3aHHM810Uiero nonyrrpOCTp8HCTBO Z 

yron 0 c uanpaBneuneM HOpMann K ~Toil noBepxuocTn ( 

'> O); o5pa3yst 

0 < (} < + ·). 
B Ka'leCTBe o5pa3ua paccMaTpnBaeTCH cBepxnpoBonHnK BToporo pona 

c napaMeTpoM rnu35ypra-naunay K '>> 1 , Torna nnH onncaunH MarunT-
~ -· 

UOI"O :nonH BHXpH h· b MO)KUO llCIIOnb30B8Tb o5otSmeHHOe ypaBUeUJie 

nounouo·a (c~ •• uanpnMep, pa6oTy 151) n ypaBueune MaKcBenna: 

-+ ~ 

h b + rot rot 1: b 
217 '. ~ 

I d £ 
L 

... 
8 ( r 

K 

... 
R b ·) (1) =---

~ 

div hb 0 .• ( 2) 

·nanee, ecnn ue oroBopeuo, ncnonb3YIOTCH 6e3pa3MepUbie ennunuhi.• 

·BBeneuuhle.B pa6oTe 161. 
. .~. • . - -+ .... 

de· -aneMeUT nnnUbi Bnonb BllXPHi R b -pannyc -::BeKTop To'leK 

BllXpHj 
.... 
r 

. . ..... • -+ 

-TeKymnii pannyc-BeKTop; L -KoUTyp BnxpR; 8 ( r -R b) -Tpex-

MepUaH 8 -!flyUKUHHo · , . .· . · 
~ ' . ,. . 

0TMeTHM, 'ITO T~~oe npencTaBneune npaBoii qacTJI ypaBUeUHH. nouno-

HOB MO)KUO HCIIOnb30B8Tb nnH H8XO)I{AeHllH TO'IHOM $opMbl B_IIXpH BOnH3H 

IIOBepXUOCTH • ... 
none h e BHe o6pa3ua ynoBneTBOpHeT ypaBHeHHHM MaKCBenna: 

~ ... 
div he r o t h e 

0 .. =· 0 ; 

4 

(3) 

r·· 

r 

•. 

Bnxpb ueceT. KBaUT 1 

rpaunue o6pa3ua, TO 
... ... 

he ( z = 0 ) = h ..... 
( r 'ot h b ) z =. 0 . 

.. 
none h ·b HUie.M B B 

.. . ... 
11 h b l h b l 

... 
h b/ z 0 J"=. 



onbHbiM Yt'UOM 

'eaynbTaThi pa6oTbi 121,. · 

>IXO.IUIT K nnocKoil: no-· 

o z '> 0) ,· o6paaysr 

>CTII ( 0 < (} < - 17
- ·) • ' 2 

>OBDAHIIK BToporD.PDAa 

AnSI onrrcaHIISI Mllt'HIIT-

ueHHDe ypaBHeHrre 

e MaKcBenna: 

) {1) 

( 2) 

~aaMepHhie eAIIHIIUb1 1 

llAIIyC -BeKTOp TO'!eK 

·r ,... · .- R .. ; IIIXpsr; 8 b ~Tpex-

ICTII YPllBHeHIISI, no·HAO

>pMbl B_IIXpSI B6nli3II 

HIISIM MaKcBen:Zm: 

{3) 

·1 . .. ]·' 

,., .; '.i 

.;: .j 

'·' 
Brrxpb HeceT KBaHT noToKa nonsr, HanpaBneHHoro· Brny6b o6paaua. Ha 

rpaHrrue o6paaua, To ecTb npn z = 0 ° 

-+ 0 -+ 
h,(z=O) h b ( ·z 0), 

-+ • 

(rot h b) z = 0 

-+ -+ 
none h 

6 
nme.M B BHAe cyMMhi AByx noneil: H h b2. , rAe: 

-+ ' -+ 
!!.. h b 1 h b 1 0, 

-+ -+ 

h b/ z 0) = h (z 0 ) ' 
" 

H 

-+ -+ 2TT -+ -+ -+ 

!!.. hb2 h b2 J d e . 8 (r Rb ) 
' K L .. 

h;2( z 0 ) 0 

.. 
BHemHee h 

" 
HilleM B BHlle none 

-+ -+ 
rot A 

11 
, h 

" 
rne 

-+ 
!!.A 

" 
A u ( z = 0.) = 0 . 0 • 

' 

nnsr pemeHHH HCllOnb30B8Hbl <jlyHKUHH fpHHa CODTBeTCTByiOIUHX 

ypaBHeHHil: (8), (5).c y'leTOM BnHHHHH rpaHIIUbl /7/• 

nony'leHHb!e pE;!meHHH MO>KHO Bb!p83HTb B 06IUeM BHAe cneAyiOIUIIM 

o6paaoM: 

-~ .~ 

h 
e% 

. l: Cos n ¢ J 1. . ( y r ) • e Y z • f ( y) • y • d y 
n=O 0 .. n n . 

(4) 

(5) 

( 6) 

"•' .. ,· .. 
,: ! 

( 7) . 0 

{8) •, 



t. 

~ ~ . . yz 
h ,~.. = I ..!!__ Sin n rp J 1 n ( Y r ) • e • { n ( Y) • d Y 

e'l' n=I r 0 

h 
er 

00 

+ J 
0 

. oo 

I 
n =I 

oo ·a 
Cos n rp J-

0 ar 
1 

n 

!I (yr) 
yz 

e fo(y)dy 

( yr } eY z f (yr. ) d y 
n 

+ 

(9) ' 

nnn yno6cTaa peliieHHSI ypaaneHHti (5), (6) 1 (8) 38aHCHMOCTb OT T 

abipa)KaeTcn a anne HHTerpana Eeccenn. 

-+ 

h . e 

Bbxpa)Keunn nnn nonn 

nHliib TeM 1 'ITO e y z 

-+ 

h b I OTnH'l810TCSI ,Q.!....!!f!.HaeneHHhiX nnH nonS! 

GaMeueuo ua e - z•VY 2 +~ ,1 H 

-+ .. 1 "'"· exp(-~ 2+(z 6 t"gfJ) 2-2r z 6~g-()C~·;;+(z-z 6 ) 2 
h

6
jr,rp,z)=£ 0·- J dzbl . · -

2K .0 0 2 · · 2 
'r 2 + ( z b tg ()) - 2 r z b tg () • Cos rp + ( z :... z b)· 

exp ( - j r 2 + ( z tg ()) ~ 2 r z tg ()Cos rp + (z + z ) 2 
. b b . . b 

· . J r 2 + ( z 6 tg e_ ) 2 
- 2 r z . b tg () Cos rp + ( z _ + . z 

6 
) 

2 

I ' ( 10)_ 

r . , ¢ 1 z -TeKymne KoopnnuaThi a unmmnpnttecKoti cncTeMe KoopnnuaT 

c OCb.IO z '•. uanpaaneuuott 'uopManbHO K noaepXHOCTH ariiy6b o6paaua H c 
-+ 

HB'IBnOM KOOpnHH8T a TO 'IKe abiXOna anxpSI H8 noaepXHOCTb; £0 -enHHH'l-
. . 

Hhiti aeKTop, nanpaaneHHhiti arnyob · o6pa3ua anonb npSIMonnnettuoro anxpSI. 
~ '. ~ ~~ -

Hcnonb3YH ycnoane (2) div hb = div (h bi+ h 62)·=· 0 1 npn z = 0 

MO)KeM a anne HHTerpanoa abxpa3HTb Koa$$nuneuThi f ~ (v) , 'ITO a o6meM 

anne pernaeT nocTaanenuyiO Ganatty: 

6 

1'\\ 

~ 
~ 

l 

2 Cos 
2 

() 
fn(y)=-

K 

X e -r ~ T • dr . 

3necb 1n(x) 

. UHH /8/• 

Hccnenoaaune rion 

nOCMOTpeTb HeKOTOpbie. 

Ilpe)Kne · ace!'o, .n3 

cny<rafi, cnenyeT perneHJ 

noaepXHOCTH o6p83U8~ 

· HeTpynuo nony<rHT 

·r o r r J 
Cos () 

K 

H Torna MO)KHO 6: 
->c 

rp aapH8UHH non~ h l 

'ITO npn · r » 1 pacxi 

nonH anxpn1 . uopManhuo: 

. (0) • . 1 . 
h.b ,( z=O~r ·»1) "'-- · 

K 

. TO eCTb abiCK838HHOe a 

· HOfi o6naCTH anxpn, "q 

ablllOnHneTCHo 

IlepefineM Tenepb 

BGaHMoneficTI 

PaccMoTpnM nG~e 

neunnKynHpHhiX nnocKoil 
"'"'-;, 



) • d y 

IT.) dy + 

(9) . 

I 38BHCHMOCTb OT r 

rmeneuuhiX nnH nong 

,t H 

., ... -·-· ·---
~-rzbtgOCoscp+(z-z }2 
' ' . . b 

f- z ·~· ). 2 
( 10)_ 

tlf CHCTeMe KOOpJlHllaT 

Brny6b o6paaua H c. 
. . -+ .. 

IIOCTb; fo .. -eJlHHH"l-

~MOnHHeilHOrO BHXpg~ .. .. 
b 2) :.~ · 0 , np11 z = 0 

fn (~} , 'ITO B o6rueM 

·t 
' 

... 

. . ' 

jy 2+ ) - y .00 00 .· 

fdz fl/yr)l/r 
y· 2 I 0 . 

• Sin 0 • J z 2 
..:. I )x f n (y) = ---K-

. _,% 
x e • r dt 0 ( 11) 

3.necb 

181 
1Jx) -COOTBeTCTBYIOIUHe UHTIHII.ApH"leCKHe cpyHK-

UHH . 
Hccne.nosaune Iiony"lel!Hhi~ Bhrpa*eHH fi o"leHb cno*no, o.nuaKo MO)KIIO 

nocMoTpeTh neKoTopbre qacTl!hre cnyqan. 

flpe)K.Ae scei:'o, na nony"leHHhiX Bbrpa*eHHfi oqenb npocTo, KaK qacTHhitl 

cnyqafi, cne.nyeT perneune aa,naqn 121 o ~nxpe, nepneu.AHKyngpuoM nnocKotl 

nosepxuocTH o6paaua. 

HeTpy.nuo nony"lHTb 

Cos 0 -y 
. ( 12) 

Jy 2 +Cos 2 0 K 

H Torna MO)KIIO 6yneT oueuHTb pacnpeneneune 
... (0) 

h b -uyneso·n no 

h
_,;(O) 

BapHaUHH nonH b t npH Z = 0; na. nponenaiii!hiX oueuoK snnuo, 

'ITO npH r >> · 1 pacnpeneneune nong 
... (0) . 

h b cosnanaeT c pacnpeneneuneM 

nonH BliXpH, IIOpManbl!OrO K: IIOBepXl!OCTH, H He ·aaBHCHT OT 0 

roJ . I I 
h ( z =0 • r ·»I) "'-- -

· br ·' K 7 2 

roJ I I 
h b / z =0 , r ·>>I ) "' -;:. r 3 , • ( 13) 

To ecTh BhiCKaaauuoe B./3/ npennono*enne o pacrnnpennn aneKTpoMarunT

uolf o6naCTH BHXpH, "cpeaaeMoif" noBepXIIOCTbiO npH ysenH"leHHH . . 0 · t He 

BhmonuHeTcH • 

ITepelfneM Tenepb K. paccMoTpeHHIO cnenyiOruero sonpoca. 

.. '. 

PaCCMOTpliM H3MeueuHe B.::'aliMOJlefiCTBliH JlBYX BliXpeBh!X IIHTeii, nep-

neH.AliKYnHpllb!X nnocKoii nosepxuocTH o6pasua, o6ycnosneuuoe HcKa)KeHHeM 

7 
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"' '• 
~ ~ ,.,/--., 

,. 

;'+, 

.:";f 

. ' . ' 

... 

• .. 
··.. , ... ~ . 

•. ~ : 1 

'-

.... 

, .. / .. 

. ' 
:.:·-~ . 

·- --~ '.l. 

... , . ;~ 
·' 

aiieKTpoMarnHTnoii: CTpyKTypbi BHXpeii: B ~npunoBepxHOCTnOM cnoe (IICK8)1{e-. 

nne C"'HTaeTCSI. oTnocHTenbno cTpyKTypbi BHxpeii: ~ rny6uHe o5paaua) .• ,,· 'i~ 

·. ""~ 
Bbi"'HCnHM aHepruro BaanMoJleii:cTBIISI KaK "!aCTb_ cBoooJlHoii: aHepruu;·::. ' 

F -CHCTeMbi H3 JlBYX BIIXpell: B CBepxnpOBOJlSIIUeM oopaaue, 38BHCSIIUYIO , 
. . ( . .. /1/)··. 

. · OT B38HMnoro nonO)I{eHHSI BHXpell: KaK JlenaeTCSI1 nanpHMep 1 B · · • 

... 2. ... '2 ... 2 
F= Jff[(hb)+(rothb) ]dv tfff(he) dv 

( z'>O) ( z< 0) 

(z'>O)n z < 0· ) oonaCTb CBepxnpOBOJlHHKa II BnernHee npOCT-

panCTBO COOTBSTCTBenHo. ... ... 
llnH KoMnoneHT nonell: h e n h b ncnonbayeM Bbipa)l{enuH, cneJlyromue 

H3 (9), ( 10) npn 0 = 0; onH COBnariaroT' C nony"'enHbiMII B /2/, nHllib 

h b z Bbipa)l{aeTCSI necKonbKO oTnn"'HbiM o5paaoM: 

Jr-y-2_+_1_;. 

dy + hbJr,z) = _ 1_j 1 (yr ).e-:-z•VY~I 
K 0 0 . . 

ex;r-M·e 2) 

y 

v y .2-+ 1 
(14) 

1 % 

+-f d t 
I 2 2 v' r. + t 

K 0 

ITyTeM npeo5paaoBaHHii:, aHanorn"'HbiX Ill, aneprnro BaanMoileii:cTBIISI ... 

.• 

MO)I{nO Bbip83HTb B BII}le IInTerpanoB OT· KOMnonenT nonH h b Bll.Onb OCTO-

Ba BIIXpSI n BJlonb noBepxnocTu o5paaua. Ha nony"'ennoii: aHeprnn BaanMo-

}lell:CTBHSI. IICKniO"'ena aneprHSI B38IIMOJlell:CTBIISI neB03MyiiiennbiX BIIXpeBbiX 

HIITell: .Fob 121: 

·"" 2rr (0) 

F =- f d z 0 h 12 (d) 
' ob K 

0 
( 15) 

h 
(0) . 

rile_ 
12 

-none, coaJlaBaeMoe B rny5nne o5paaua OJlHIIM na anxpe:ll B TO"'-

Kax na ocn Jlpjroro ·BnxpSI (olio II MeeT ionbKO · z -KoMnoHenTy); d -pac-

. CTOSinHe MS)I{JlY BIIXpSIMHo 

8 

0KOH"'aTenbnoe 

!iF '· o5ycnoBnennoro 
.· 1 ·1 d•>>-- . "!ae 

K K 

. . . !iF 2.:::_ ., ...!!. 
K 

2 2 • 

... 
·L 0 (d) -MoJluljluuupc 

H na · 5onbrnux p 

. 2" r 
!1 F .. 

K2 .d 

. 0TMeTHM1 "'TO ~ 

niiKHOBeHHSI A · 1 T.e; 

TIIBHOMY ycnneHIIIO. B3. 

CTOSinHSIX STO B38HMOJ 

·KaK a rny5nne o5paau 

fpaJlnenT !i F ' 

o5ycnoBnenHyro annHlil 

BeTCTByeT OTTanKHBaH 

T.e. nanuuo aljlljleKTHBl 

pa5o;e. /2/ • 

B aaKnro"'enne o· 

}laeT B03MO)I{HOCTb On] 

BOnbnoii ljlopMbi1 ecnn 

JlnSI·aaJlannoll: reoMe~p 

ABTOp Bblp8)1{88T 

nne n noMOIUb a pa5o~ 

B.B. lllMHilTY aa none 



. .r/~~< 
'IOCT!IOM cnoe (HCK8)Ke-: 

rny6mie o?pa3ua). 

~h cso6oaaolt saeprnn ,· 

o6pa3U9 1 38BHCSilllYIO, 

11_1). anpHMep, B 

2 dv 

IKa H Baewaee npocT-

. ·~. 

Bb!p8)1<9liHSI1 Cn9JlYIOlllH9 
·-1 

IHHbiMH B /2/ • 

'i + 1 -' y 
d y + 

v2-+ z 
( 14) 

nonSI h b Bllonb ocTo- . 

maoii: aaeprHH B38HMO-

>3MYlll9liliblX BHXpeBblX 

( 15) 

OJlHHM H3 BHXpefi B Toq

ixoMnOH9HTy); d -pac-

.. 

;. .... , 

···, 

OxoaqaTenbaoe Bbipa)KeHHe anSI JI36biTKa saeprHH B3aHMoaeltcTBHSI 

11 F ·, o6ycnosneaaoro nnHSIHHeM rlosepxaocTH o6p83U81 HMeeT BHJl -( B cny- __ 
1 ; 1 

q8e d •>> --· - p8JlHYC cepaueBH!Ihi snxpSI); 
K K 

-.h. F 

-+ 

2rr 

K2 

TT -+ { -_ LI 0 (d) - 'L 0 (d) ] - e -4 
2 

'L o(d) -MomiljJnunpoB8HH8SI ljJyaKUHSI CTpyse 181 

J1 H8. 6onbWHX p8CCTOSIHHSIX d I)'> 

2rr 1 

_d 

1 nonyqnif: 

( 16) 

( 17) 

. 0TM9THM1 qTo M8CWT860M )lnHHbi B93Jl9, SIBnSieTCSI _ rny6HH8 npo-

_HHKHOB9HHSI .\ , · T.e. BHilHM1 qTo H8nHqne nosepxaocTu npHBOJlHT K sljJijJeK-

THBHOMY ycnneHHIO B38HMOJleHCTBHSI BHXpeii: B6nH3H aee. H8 6onbWHX p8C

CTOSIHHSIX STO B38HMO)leHCTBHe Cll8Jl89T no CT9ll9HliOMy 38KOHY1 B TO Bp9MSI

'K8K B rny6nae o6p83U8 CllaJl8HHe 3KCllO!IeHUH8nbliOe 

fpaaneHT h. F Jl8CT li8M cuny B38HMOJlefiCTBHSI ABYX BHXpelt1 

o6ycnoBn9HHYIO .BnHSIHHeM llOBepXHOCTH. nerKO BHAeTb1 qTo 3T8 CHna COOT-

] -
BeTCTByeT OTT8nKHB8HHIO H Cll8Jl89T H8 6onbWHX paCCTOSIHHSIX K8K ~ , 1 

. d ,_ 
T.e. H8nnuo sljJijJeKTHBHoe Jl8nbHoaeficTBHe, K8qecTaeaao npeA~K838HHoe B 

pa6o;e 121. 

B aaxn10qemne oTMeTnM, qTo npeano)Ke!IHhifi MeToA pacqeTa. nonelt 

Jl8eT B03MO)K!IOCTb onpeaeneaHSI sneKTpOM8rliHTliOH CTpyKTypbi BHXpSI npoH3-

BOnbaofi ljJopMbi, ecnH H3BeCTH8 ljJyHKUHSI fpHH8 ypaBH9liHSI fenbMrOnbU8 /7/ 

anSI-38Jl8Haolt reoMerpun o6pa3ua, n 381l8H8 ljJopM8 BHXpSI. 

ABTop Bbip8)1{8E:)T 6naroaapaocTb H.B. Py6nay 38 nocToSIHHoe BHHM8-

aue n noMOlllb B pa6oTe, a TaK)Ke 11.H. roaq8poay, 11.C. f(yx8pesofi, 

B.B. illMHATY 38 none3ahxe o6cy)KJle!IHSI aexoTOpbiX aonpocoa. 
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