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2, COARDWAIMCM NoAYDECROHETHRI METAMMYLCKHA caofl Maanft TosmuEs Jasata
K pRIEHHI0  (VHKUMOHAARAOPD YPARHCHHA 284440 PraaHa TeopHH aHAAHTHTSCKHK
| HI KOHTAKTHOM YHACTKE CADA C TROCTRARCTEOM NEDeMelieHHR MPeACTARABHEL B RHAR
| MAAMIOIGEH BOAHE, OTDAUKCHUOR BOAHE, ACKAAMIOBIHHON ROAHB, CABMTOBON

B4 TAK Ke NPSACTABACHE B BHAG CYMM AHOAOTMMEE BOAH, TAS VS ACROAHOBON YACTH
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MEACH TOAWMHEL (dhur. 1), 3aAa9a 2aKAIOMEETCH B ONpeASASHUH EOAHORGION
[IGAST  HA KOHTAKTHOM V4acTKe CAON € DpPoCTPEHCTBOM W B
MBEI0IAEKTPHIECKOTO TPOCTRARCTES,

B aMOAHTYAGX 38873 CEOAMTCA K DENIEHHIO YPaBHerHi [1]

AU+EU =0
e
AD =117
EII'I
¢ KOHTAKTHBIMH  VCAOBHAMH ®|y= =@ B, il J‘L-—u —¢,;' o
- | . .= | = }=0
8 - U|?_uu "'h-=+’-r o, ,g' TAS ('D,(x} 0 mpu x<0, a ‘P_(x} 0
gt @
mpn x>0, A= a3-+7; U —amnasTyas  nepeMemesuit
NpOCTPAHCTRA, D —ammamryaa JABKTPHICCKOTD MOTEHIHA
o SO B .
GJ’;’ = C« _1'I' 355 a —AMIIAHTYAd TaHMHIHAABHRIK HallpAJKeE
au oD k-
D, =es———€,— —aMmAMTyAR KOMIOHEHTH BeKTOpa DJACKTPHYECKOH

Gy dy
HMHAYRIMH, € —YUPYTad [OCTOAHHAH, €, — Nhe303AeKTPHYECKHH MOAYAB,

£)) ~ AMIAEKTDHYECKAf  (pOHMHLaeMacts, Kk =@/c —BorHOBOE  WHCAD,

G=c,+e, /a,, , W —s"acrora KoaeGaHuii.
AAs pellleHus NOCTABASHHOH 3aAa9H BEeAeM PYHEIHH
wlx, v)=Ulx, y)-U,(x. »), (x, 7)=0x, )=, (x, )

CHeBMAHO, 4TO (DYHKUMH u(.r _}f) l‘.|:|I s y} YAOBAETBODAIOT YDABHEHHHAN .
(H)-(2), HO onm yme Ao VACBAETEODATE M YCADBHAM VXOAAILGH RO,

[NpuMenns ® ypasnesuam (1)-(2) npeobpazopanie Dypee, B CHAY B
CEA3aHHoTo OYASM HMETE

a'w
&’
2—
9% op--ttpw
A £y
me 1'(o ]- ~k* a W(o,y), ®(o, y)—npeospasosasun Oypre Gyt

wlx, ), olx, y)

=0

= Tf(x)ef"“dx. —W<T<w,

OIMPEASAHMM TO DellleHWe ypasHeHHS (4), KOTOpOe CTReEMHTCH K HYAID TDH
| }-'| — %0, KOraa 1@) k.anpu |0| <k npeacramaser yxopsuyio soamy. Takoe
DELHEHMEe HMaeT BHA
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=Ulo, y)-e*=% 278(c —k cos8, )= Ae"f'-’i_é;i" ' (6]

5' —k’ nonmMaercs Ta peTsb 3ol (DYHRIME, AAR KOTOPOH HMeeT
e -Jn'z—k"‘—ﬂci mpa |03, Vo' -k’ =-ivki =g’

B ACHCTBHTEALHAR OCb GYAeT OGXOAMTH TOUKy O =—Kk ceepxy, a

= CcHH3Y [2]. TToa 5{0) MOHHMAeTCR HIBecTHad (PyHKIHS AHpaka.

) § onpeaeantcs B aMAe

)— (o, y)- 22 =" 215(c — k cos® o) =Be™™V L B 5(g, ) (7)
By B

€ MCTIOAL3OBAHHEM HOHTAKTHLIX YCAOBMM, NOCAE NPHMEHCHMA K
ssopanus Dypee, GyaeM uMeTh

e, V(o ¥ (o) ;
o) g ). Bo)=- T @

A(i:r) " B(u} B (6)+(7) ¥ HCNOABLIYR TPAHHYHEIE YCAOBKA [TPH

{u)'«P :" 8lo—kcosh, )+ @, (5), ~w<o<x 19)

' Hellﬂ'lr{aug) T{U)

(o)l
lj,é(ihk:)'”1+ a j;' =g, / o ,‘g“G —EO3QPHIHERT IASKTROMEXAHH-

1, TO B AanbHeHINeM, 9TOOH YACBASTBOPHAOCH YCAOBHE YXOAAUIEH
M CYMTATh, YTO ASACTBHTEARHAS OCh ODXOAMT TOYKY o=-0,
8 TOUKY O =0, cHu3y.

ofpasoM, 3apdva CBEAach R pelleHHD KpaeBoHl 3araun Pumana
HIeCKHY byHRIIER (9). Pemensne 3aAa9H CTPOMTCH HECKOABKEO

M 3T0 OORINHO AGAJETCH NMPH PelleHMH xpaeBol 3arawd Pumana [3].
m 3T0  ABA3ETCA B CAYMaE EPaeBOH  3apaus Pumawna,

eM pyHKIHIO R'(U npmcranun €6 B BHAS

_ K(o)=K (o)X (o) (10)
1 ;"""1':?"' peryaspa mpu Ima >0 n Tam He HMeeT Hyaeil, a E_{tx}
L mpit Ima <0 n tam e mmeer mynent (=0 +it). Aas aroro

. Tax xax K(0) umeer uyau n rouxax ta,.

BHM B BHAPR

Fo e T/ Ei)
K{cr]-—R(ﬁ}-—ﬂ*Efd—

E{U‘}= 1 : T{q]—-k:|6|

I~k (o)
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Tar xax R{ }—}-1 u ]n{ }) J pH |U|—}DO. TO, KAK M3BeCTHO
[3] ee MOMHO NpeACTABHTE B BHAS

Rlo)=R.(c)R (o).
rae R, {u} peryaspa npu Ima >0 # Tam He umeer mHyAeH, a R_ l:u:}
peryaspHa upu Imo <0 w Tam He umeer Hyaes,

R, ()= xp(F.(0)), &(0)=cxplF (o))

o a
Fo)= _I-f“"{x)e"{""““":ir.}?_(ﬁ]: IF (x) eV g
o —
F{.x)=i n(R(s))e ™ do (11]
2n

Tak Kak 111(}?(5)) MMeeT TIOPAAOK G mpH |G = 90, To (hymKumA F(x)
npu ¥ — 0 npunmmaer Kowewnoe sHaueHne. TorAa B CMAY M3BECTHEIX
cBoficra unrerparon Qypre F (o) =0 {(G+I'D} ] F(a)= (J[(rr 1{]] ] fnpu

0 — @ . CASAGBATEABHD, DYHEIHK Rj }. L (J'.} CTPEMHTUS K SAMHHLE NPH

0L — 90 B COOTBETCTEVIOIIHX O0AQCTAX peryAdpHOCTH. Torpa 8 cHAY BRIIDEe-
CRATAHHOID
i 1=k -k

- i s
K —_—— G Klo)=——"-R (o
1) Rlow iy ) Kl e R o)
TTpHeTyneM K peuleddin dynkinnoHassiore ypassenns (9). Meooassopas
dropyyay [10), sanumes ce B BHAS
KRV )= o S B oot ) B (5]
g, K (keosB,) K (o)
Adnee, HonoAssoBas dopsmyay [4], [5]
2nid(o —kcosd, )= : e S, R
o—kcosB, —-i0 a-kcosB,+i0

3

—w<g<e (12

OYASM HUMETH

L'(o)=L (o) (13)
rAE
I(0)= R (o)F-(o)+- 25— 1
i F H (kcosB, )& —kcosB, — 0
E'(G}=§*(G)+1 Lty 1 1 )

K (o) ig, K, {kcosﬁ }G—kcosﬂﬂﬂ'ﬂ
AdrbHelIIHe PacCYHMARHHS npono,a.,m-t Kax B pabotax [6], [7] [MpuMmesue K
(13) obparnce npecipaszopanie DypLe, DOAYIHM

L'(x)=L (x) (14)
rae L {x}= 0 npi®x<0; L'{x)=ﬂ' npu x>0, Ma (14) caeayer, gmo [4], [3]
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L(x)=L(x)= gai d;i(f] . (15)

h IPHMEHUB K (15) npeoBpasosanne Oypbe, Gyaen MMeTh
¥ L'(o)=I(o)= Zm (-ife* (16]
=

3 m k. (U} ¥ (6) wmeior nopaaok (o-i0)", K. (6) wmeer
""ﬂ) s ‘1’;{5) HMEET MOPAAOK 0((u'+:ﬂ]_) npH |cr|—:n:o, 10
0 npu |ﬂ't—'§w. o ecte 4, =0, k=0,1,... B cury sume-
'ﬁ?@eunm&m

(EF e le, 1 1 1

ie, K, (kcosd,)o—kcosB, i K (o)

Bt | Klo)
i g, K, (kcosB,) o ~keosh, +iD

Aosatersno, ofosnasan M _(0)=1R, (ko). n(o)=ylko)/k =vo* -1,

W, 0) = k? JeosO,+i0 1 "j,..f 0 o Hrlpest-infalsinlp)
v 1-k} M (C{)S'Bu) 25 [ﬁ—cnsﬂ —i0M (o)n(o)

-»‘_Z g w( )_ cosfl, +i0 I o —i0 -7 iecci-iolsid] do
1-k} M (cos0,) 27i ! (o—-cosH, o —i0)M_ (‘:‘ |°|
CABAYET OTMETHTE, UTo, Kak GYAET HoKaaHo muwe, M _{ ] )rm) or k

AHM TAFME KOHTAKTHEE HATpPAMeHHS.
. B -ikxcosf
G'_WJFU = ~iksin(f, JGe
b cayuae GecKoHewHOTrD cAOA QYHKUMOHAARHOE YpaBHEeHHE {9) mpuMeT BMA
=y A &
K{G]‘I’{ﬁ)=—2ﬂf5[§—kﬂﬂ$ﬂg)

L1

@ = ..-__%.i_ ik 8
(o) ﬂE,,R'(kmsE! ) dlo—kcos8,)
" ,iﬁcflﬂﬂﬁ B¢| —Brces ik xlsing;
My)= ik?|cos0,|—sin 6, ¢
,q,{;, },)_" £ w(x _}') Els = sinf, ootk
£ |C:DS H I sin H

OBATE) bHO, B CAYHae EECKE'AHF“—IHGT‘G CADR CABHIOBAA I[MAOCKad BOAHA e
MYITAeT AOKAAHIOBaHHVE) ROATY.

47



[lpHcTynuM  Teneps K BRMNHCASHHIO ACHMOTOTHYECKHX OPMYyA AAR

dymrumn [ (r, E!)zUU (J‘,G}+ W(.r‘,ﬁ) np Kr— . Aas storo  casaaeM
JAMEHY NIEPEMEHHON 7, = GCOSB—fﬂ(G‘]SiH|ﬂ| B MHTEIPaAe M B KOMIAEKCHON

MAQCHKOCTH (:‘t..} JaMBIKAA OYTH HHTEIDUPOBAHHA HOAVOKDYMHOOTERIC B HHAHEH

MOAYTIAOCKOCTH M MCAOABIVA  AeMMy sKopaaHa, TOAYIHM  CASAYVIOLIME
BRI DAMEHNA

mpu 0] e [D, ?T):

~fikreas(a, +8))

Ulr,0)=U,(r,0)+ ik H(e|+8, —x)+

: 23
sin 8, - ik;|cos 8,

e ey costh -1k sio
ko Tmse +i0 M (o,)e H[jﬂ|+m‘csin(kf)—?':)+

7 Y {—
¥ gl J-_.' [;" fi s }cusE_E-ﬂ-ﬁiw‘lT:;:' Sinlﬁrf}+ .f—[— {l " f:’)cﬂsﬂ R o il L_h__,dt )
H g J2+it -
: ibag }g{— sin/fljcosfl - :'1 cosh— fcos B - 2itsinlf|+1° bll'l|ﬂ|] e o> «t,le o
i | N ma El 2:|Tsm|E|I 10 Jf
L'rE:" E) {r ﬂ} |CGSB | eJ’FNEr e & 512 \IICGEED +il M* (Gl.'-] E.-;*"% "
1 B.__"' |E ﬂ_ ! stnﬂ Ikzces.e | PRy

M _(cosB,) o, —cos,

F 2k =E‘”" “”v{mj Js (2 1) () | G
x M (0059 (~r~msﬁ (.9 —£85 SN+l -
1 “g( sin/|cosB - itcos B - V{E 0- 71151ﬂ|9|+1 5lI1|5‘J g, B, 20 (18)
o T p T

2ai v'ms A- Znsm'ﬂ| -

U(r’ﬂlle;:zun{raﬁl:a:z k4 5."1 "CGSH +10 M {GD)E

M (cosB,) o, - ¢039
Silke=ss) "]f(l-,—i"{ +{})+ j‘(iﬂt ~ﬁ)

2+ft

dT—

i . fi % . T . I
ol jgt—smﬂhosa —JEttGSG—vL{Jﬁ. E-lnsmi_E_ﬂH: smiﬂi)ﬁ_hfhl 0, =0 (19)

dm g yJcos 8- 2sinlf|+ 1
rag oboaHAYEHO
o, =0, /k=(1-k]"
7(6)= ki yeosB+i0 50
I—k? M (cos0,) (s—cosB, )M (s)
'ﬁ [ 0
[cosO,+i0 s*—1 "M (s)

=-2klc;
8ls)=-2ks; M (cos8,) ' —a? s-cos,
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-H3BeCTHAA (PYHKOHS XeBHcaiag,
MEMENHA HA KOHTAKTHOM y4acTKe cA0f ¢ npoctpancrsom (|8 =)

{18)-(19) npeacTaBASHE B BHAZ CYMMBI 9acTeH TAAAIOIEH BOAHEL,

BOAHBI, AOKAAH3OBAHHON BOAHEL, CABMTOBOH OGHEMHOH BOAHLI W

10H  Wa Te XKe BOAHOBEIE CAAraeMBIe T[OAYYEHEl BHYTPH
JHYECKOro  npocrpadcTea  (17), HO  3AeCh  HEBOAHOBOH UacTH
YeT BOAHA, HAYIIAA OT NOBEPXHOCTH CACH.

HARECTHLIE TeopeMEl 08 ACHMOTOTHYECKHX [MOBEACHHAX

THIIA AGNAACE, TIOAYIHM CACAYIOUME ACHMOTOTHIECKHE (DOPMYART

-9}:@3 kr — o0
L o Gl (r(lp|+-8, — ) [6]m
sin 8, ~ ik} |cosB,| |1, |G|=?I:J'.

rkrﬂq.{*—“l ! ’"";l
Jmsﬁ +i0 M, (o, )e g ﬁ}HGB|+amsin(ﬁ'f)—“)+

M, {{:OSE ) o, —cosf,

U0

2 oot [oosB, +10y—cosB-10 | .
{axke M, [c0sB, M _(-cosB) cos® +cos, +f){{kr}""" J -8, nat
Boso [ 1 Fen)] o o
6y —ikJoos 6| sin26, me“ﬂ’.fmehﬂ o), Frlatens
4& 8, +il Hi]] 1 {h}_m +G{{krl:|_i'q}|,

M. (cos8,) 1-cos8,
2 . offry?), =m0,

J_'_ﬂmgf[b $a5) |_1"{3.f4} KT IJ-"4]|- " B
M imsﬂ ) 4mcosé, L{,f,;p}’-" anz () £ Infkr l Of{kf} } lel=n/2

|H'|:TL,H¢::U' +

W] N g Ei|"y2
k2 JJeos8, +i0 M (cosD,)

[ _3k? ‘rk cost] tn{kr}J+G'{{kr} ) fﬂ}e{xﬁ.x]}

agas A =0 cosh -1'15| sin]ﬂ} H HCHOOABIYA AHAAWTHYECKHE CBOHCTRA
AABHOI'O BEIDAMEHWA H AHAAOTHUHEIMH PACCYRASHHAME, NOAYIHM

ey 1 4JcosB+i0 g™

g, 1-k? M_(cos8,) 2mi )
ik "‘:::‘r :T R i

‘!{t_ - |ﬁﬂ — }7 [e"[’” I J +e J {Pg[m-l*-} cn‘sﬁ,,]W_ {e"["““!r“"’t)
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npH |B| =1/2

{I'.l{r, e}: &D,{-?: ﬂ)— 1& ” sin Eill' E—rkl'l::I)SU"ISgﬂ{mlﬁ}]Sinlai}:DiEn1 Br. A0h—
8, 2&, sin@, —ik;|cos@,|

6 15, BT, (0,1/o030, 10 &t
) ;_5.'_ M, [coan)‘js—n g, —cost,
o, 1=k2 M (cosB,) 2mi 3| (t—cos0,)07 (1) (x=cosd, ) (- 7) J
npu 8] e (m/2, 1]

'-'I)(.F., H} = ﬁr[-'r(?‘, ﬁ)— i _— SII:I E}zn _e-J*r{msﬂ—.-'apﬂncsﬂ,.}shl'ﬁ Jest, ) Hg + D]] e
T £y 8inB, —ik icosf, | !

s i M (0, )JcosB, +i0 ¢ trmolcoso-isule)
ria— M GD —
By M, (cos0,)Jo, ©,-cosB,

+

|

—— s o220 2 i T =il 5 -ii2
L Bs ycosB, +10 ™" -2 pive Hle? +1-i0 M,(e b E]T)_ g ik
£, M, (cos8,) 211:{

e N e T T | EERT P
b ™t £1-40 4 ke Pl 1™ W oog,
o vl P 2
T e et 41440 Mh(e o "}1) e "

+ig Y -
28)_2 ) A . GimasfE)
e +1+i0+kle™r T—e

+
cos,

sz T : E T o T = -
€ k 0y 088, HIO oot el j‘\.':-..lli—.!e"u‘r Ji=ier M‘{]—w :j? Tt
b ks o i - H

ekl [k 7 .

. e . : i
kz,, a M (cos8,) i _I‘{I-g'e'"'r}‘—c-'i}{'t+l'|::]—EUS[}D}I‘"IBJ

M3 noayieHHmx BHIpaseHH BHAHO, NTC B Ib2303AEKTPHMECKOH Cpepe

fI?(r, E]). KpoMe BOAHOBBIX 4aCTeH COAGPIKMT, B OTAHYHE OT llepeMemieH, |
HEBOAHOBYIO 9acTh. M3 Tex me suipaxennii MOKHO 2aKAUHTE, 910 HHAYHIHS
JAGKTPHIECKOrD  [OAR  COASPIRHMT  TaKXKe  AOKaAH3OBAHHYIO BOAITY,
PACTIDOCTRAHAIUYIOCH C8 CKOPOCTRIO OFEEMHON BOALL,

Henoabays  uasecrHnie TeopeMuEl 00  ACHMIOTOTHYECKHX HOBeASHHNX
MHTErPAACE THIE AALAGCA, NOAYTHM CABAYIOILYIO ACHMITTOTHIECKYIO hopMyAy

AAT (11{3‘,{}}, Koraa kr —» o0:

im'4 R 12
m{;-,e):"?—fu{rﬁ)—e‘—s : L ,gj x

A £, \n"nmsﬂn + 0 ﬂ?_{cosﬂn}
[ : 2 2 R
x| (k) e ﬂcosf—a-) (k) 1n{h}] 2 O((kr)'J")
\ 2, 2n 2

AHBNOTHIHEIME PACCYHASHHAMH TOAYVSHM CABAVIOUIYIO ACHMMNOTOTHYECKVIO

dhopayay arn Dy B oxpecrnocT pefpa;
|r f R i
es yeosB +i0 Ji
= — g
' 1-k! M (cosB,) vrr

4sing +O(1) npu r—+0,
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| @ TAKIKE ACHMOTOTHEY D?]T,,.;. , KoTAs kr — oo

Ta—rgl

D __Tf-eu yeosf, +i0 {M (msEl )..,lmsl';‘l H:Dsmﬂﬂ oo, o ;tﬂ}
] =

Wa  r M. (cos,) sin B, - ik jcosB,|

PRV o [
+k'ﬂ'a M_{ﬂ;.]i" +
o, —cosB,

e g v 3k o v o
+ mﬁ[(ﬁr] —:E;[kr) In{kr)]+0[(kr] ) +
.0) () gy )™ o{{k} ') 6,20

—=y fnpu kr —» oo
kiv2n
2kr )V + {::r( kr )Y B,=0
Teneps NpHCTYIHM K BREYHCABHHK 4
R{a). R{x). Ars srore pacemorpus :
KOMIACKCHYIO [AGCKOCTR O =0+IiT «© ’ : p
paipezamy, NOKaZaHHLIMH Ha dur. 2, —* + Fm———— e
3aMBIKaA nyrs MATErpHEpoBaHus  (11) -
NOAYOKPYRHOCTRIG B BEpXHeR NOAYTAO- !
CKOCTH (L € YKA3AHHLIMH Pa3PeIaMu i
HCNOALIYS AeMMY AKOpAaHa, NOAYTHM '
Gur. 2
- o+0 B [ kx ] @
R, cr)= Lexpl — Iarc:tm - ;
o+ k ! Vi - |x+0+i0
i i 2 7 '
= -G 1 kix dx
R (o)= Lexpl — Iarc[an = :
o-k iy k= |x—o+i0

OTEYAZ, B 9ACTHOUTH, CTASAYET, TID

_ . ! b
M.(c)=R.(ko)= Gi_ﬁ"‘ exp| 2 '[arctan{ 2 L
otl T | V1-x? [xto+i0

or k He 3apscHT.

Jaech OHIAC HCOOALIOBAHD AHAANTHUSCKOS MNROAOAKeHME thyurumn |{I|.

KOTOPEIM SBARETCH SgII{RE n‘,).

I n
Coraacho dopmyaam Coxouroro [4], [5] ——=—F mﬂ(x}.
xxi) x

Mpuseaenm TaKMe THCAOBLIE AHAHEHHA HHTETPAAGH

1 kix dx

I, (n]:exp —JarC-LEm = - |, BXOAAUIMX B Ko3thpHUMEHTE
T
Rl

Ji-x* |xto+i0

NOAYIEHHBIX  ACHMITOTHYECKMX  (hopMys.  AAR  pacueToBn  BOABMEM

51



COTAGCHO  BEILEAOKA3AHHOMY MMEIOT Mecto  (OpMyARl I_(ﬁ)E I (— G}

2

A E'IS
k. =————=10.494 xoropuii coorercryer MaTepuary PZT-4. Tak kax

-
Bs H L8

:
! {G)f+ (5}=£1+k”—m u, xpome toro, [, (0)= I_{U}=1|I!+ch . TO MOMEeM

n(o)+ kil
OIpaHIIHTECH IHaYeHHAMH J!T+ (G} IpH MIOAQEHTEABHBIX 3HAYeHMAX O
Tabamua 1
B cos(0°) | cos(15°) | cos(30%) | cos(45) | cos(60°) | cos(?5°) | o j
I(o) | 1069 | 1071 | 1076 | 1085 | 110z | 1133 1.063 |
I'(c) | 0043 | 0045 | -0052 | -0.066 | -0.087 | -0.175

Mpusesen Tawke rpaduk gyuxons 1, (o) (dur, 3).
1.225.
1.8}
L:1751 "
1,15}

L. 125¢ ~

1,075
1.05]
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