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Resume

In antenna techniques so called antenna radomes are widely used, being aimed on
the protection of the antennas against any physical and radioactive influences.

Very different constructions are used as the radomes, including plane, cylinder,
spherical and other kinds of the dielectric layers. In order to maintain the physical
durability the metal bodies as well, as the periodic gratings formed of such the
bodies are inserted into these layers.

As a matter of fact, the dielectric layers and the metal bodies placed inside
sufficiently change the main characteristics of an antenna. Naturally, the radome
has to be constructed in such a way that electrodynamics of the radome do not
change sufficiently the parameters of the antenna. For this reason, to maintain the
values and structure of the radiated diagram, directed action coefficient, input
resistance, and etc. it’s mandatory to perform radome’s electromagnetic analyses,
in advance, and find the numeric values of the parameters and the conditions,
when the effect of radome to the antenna propagation diagram will be minimum.
For complex form antennas, and non-coordinate form radomes, this kind of
analyses is impossible by mathematical operations. In this case the problem should
be solved by numeric methods (using computer), or by try-and-error, or
experimental method, which needs a long time.

In this dissertation, proposed models are the coordinate-form systems (flat and
cylindrical) and radiators are linear antenas. Which gives us the ability to perform
the electro-dynamic research by analyses method.

All problems proposed in the dissertation are new and original, and also they are
in complete consent with modern radome practical and theoretical requirements.

For solving the problems, proposed in the dissertation, Maxwell electro-dynamic
apparatus, mathematical analyzing methods, and the elements of the theory of
cylindrical functions are used.

In I chapter, the theory of single-layer dielectric radome is developed, in which
periodic grating is installed constructed with ideally conducted, thin, cylindrical
bars (Fig.1). It’s shown, that in the case, when ro/A<<1 (ro is the radius of the bar, A
is the wavelength), and the main parameter of the grating D' = v/ed /A (d- period
of the grating, € — dielectric penetration of the radome), the grating becomes
absolutely transparent for the falling wave, and have no electromagnetic effect on
radome functionality. And the grating only increases the mechanical parameters of
the radome.

In this case transparency coefficient for the transferred wave in the radome T will
be:
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Vzcos [k(l1Ve-15)]

T =
\/(a+1)+(e—1)cos k(liVe-1,)]

(1)

where geometric values of [; and [, are shown in Fig.1.

From (1) expression the main result is that the radome is absolutely transparent
(|T|=1), if two conditions are met:

I, = 421 (v=1,2,3,...) 3)
and

L = === — @m+ DA 4)
(v>(2m+1D)e-1) (5)

width of the radome can be calculated form the expression

L= Lym =[5 1(1+—)—(2m+1)]/1 6).

In chapter II, similar problem is described, but now with two parallel identical
gratings. The role of the second grating is to increase mechanical firmness of the

radome even more. It’'s shown, that radome transparency coefficient T is

. A2n+1
maximum, when [; = PR

In Chapter III, complex form radome electro-dinamic analysis is proposed. Cross
section of the radome in XYZ plain coordinate system is shonw in Fig.3. Radome is
placed in vacuum, which borders radome on Si and Ss surfaces. In (A2) area, which
borders (Ai) and (As) areas by S: and Ss surfaces, periodic grating is installed,
which is consisted by parallel, ideally conducted cylinders, with radius a. M is the
observation point, which has coordinates r and ¢. This point can be in anywhere
in the space.

The fundamental finding of our research is that, for achieving maximum value of
the transparency coefficient, three conditions should be fulfilled:

__ ud (h sA
d_@(+d3) \/_@odl = 8)

(W, gq,s=1,2,3,...), d-period of the grating.

In chapter IV, cylindrical form radome is observed. Placement of the radome in
XYZ rectangle coordinate system is shown on Fig.4. Along Z axis, which passes

ix



symmetric axes of the radome, transmission antenna (dipole) is placed, with H
height. It connects cylinders bases by its terminations, which represent ideal
conductors, and therefore there is no effect of accumulation of charges on dipole
terminations, and due to the effect of mirroring, raised current in the antenna will
not be dependent on Z coordinate.

After solving and simplification of the problem, we get following expression for
the transparency coefficient T:

IT| = 1 — e~78 = f(kA), (A=a-b), (k=21/)) (10)

wherey = — g\/E, 1 is the di-electrical losses angle’s tangencies, in area II, and ¢ is

the real part of the complex dielectric penetration, in the same area. On Fig.5 is
constructed the characteristics of f(kA) function, for different values of y
parameter.

From the graphs, it’s evident that transparency coefficient for short waves (when
kA is large number) is very close to one, Lim;_,|T| =1, and for long waves
(kA<<1), module of transparency coefficient

T| is close to zero, Lim,_,|T| = 0.

In Chapter V, again two layer radome is observed. But in this case in dielectric
ring, circular periodic grating, in c-radial circle is installed for increasing the
mechanical firmness of the model (b<c<a). On Fig.6 cross section of the radome in
X0Y plain is shown. M is the observation point, with cylindrical coordinates r and

.

From the analyses of results, it’s seen that coefficient K is inversely proportional to
the number of conductors placed in the grating (K~1/N), and we can suppose that
the effect of the grating on the electrodynamic functionality of the radome will be
insignificant.

Despite that, it’s established that if N>25, than

22
c =
Vezm

(14)

and this expression gives us the ability to choose radius of the circle ¢, on which
the grating should be placed, such that the condition bsc<a will be satisfied as
well.

In Chapter VI, electrodinamic problem is examined, which relates to the
functionality of the radome in the role of the receiver antenna, which has practical
implications as well. On Fig.7 radome’s cross section is shown in XO0Y plain.
Radome is consisted from two dielectric layers. Inner (III) area includes in its
center linear receiver antenna.



Our task is different from the classical one, that now on the cylinder axis, receiver
antenna is placed, and the basic problem is to define axial currents arised on the
surface of this antenna. For the axial current we get the following expression:
mka|[E31oé[H (ka) O -H{P (ka) £ T

IZ:

where k=2m/\, A-wavelength, €=120m (Q), Héz)(ka) and Hl(z)(ka) are Hankel’s
first and second kind zero and first kind functions, respectively, A, is fallen

(initial) wave amplitude, f0(6) and fo(s) are given values, which are dependent on
parameters kob, koa, ksro, ksb (see dissertation formulae (V1.30) and (VI1.31)).
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(I11.33)

54



Lo

3(3)

W _% g ®
LY =35 Mk + Xphy)

(II1.34)
565EMQ0M5© 33MYWMOD

s, =T, (I11.34)

©)
2 _9 = 1 (3)
r® = ﬁ(xphp ~ X,n$)

(I11.35)

by bogo®mms (I11.32) s (II1.35) Bogligoso (I11.23)-ol dstrx39bs dbodgdo, Gols
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Z OXR pBiagh, Gmd men.

0

Z 9 Sbs  gog30m3z5¢olfjobmm,  ®md  (II1.58)-ob

? 5 boggwo X, ~ I(a"), s80BHmd a’ —ob dgoty

/é 360093690 md900Lsm30L g gds dogMHo
= Z S MGHMEOMOS
o(3L00N0

0

Z OXXR ¥ X, (nz0) (I11.58")

0

% 5 I9bodegdgeros (II1.58)-8o xsdMGo {9360l
2b:e (2 seopnpol DIILZIOILYGS, Gob BgBegy 330RYd>

390bg)

Xa|HP (@) + L (@) Zo(B)] = 210 (@) B (a4 AS” + GpAS” + 1)

(111.59)

(IV.4) 259mbobrmemgdsdo  xsd9mo (9300 Ho®mdmoagbl Si Bgedomosb
569300 GHowmol 31mogl 336O03L, Mmdgwdos 39n03096@900 Fr J060sb
9.9, ©ogmsdaomw 13gd@BHemL, %3 L3gdBHMdo E™ToboMYdL JoMHOMIO BHOWMS
Foe7thox | o003 Fo  Go8msagbl  5693eomo  Ladgmmo  @oaools
5930oMsl (695.8). bmMdoermMo ©o3gdol 89dmbgglsdo, BMEs ©o3gdols
3mobg  0=0, 9693000  FHOWOOL  B0TsMmMIMGdS  I3JIMO  GOEXLOL
Lofoboswdgam 046905 Jodseronwero.

0] sbens (I11.59)-0l dotrx3z9b6s Fbo®mgdo 9930b650BMbgdc Fbmermo doMoms©
09360L, GmIwobmgzobsz p=0, 95006 (II1.59) Fgodwgds F9333395¢mm  Sligomo
3530bsbegdom.

59
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7 =5 (ma B - &8s") — 3t (@ " - &g ")

61



MOy

18) _ B& (_ Wz 1) 5(1) D _ 50w
' =2 (a8 + @ ) + 2 (g By 85"

50500 Bslids (I11.67)—do 335d¢q3L

, _ iXoah
B'= 52 (B0 (1 + %) sin(kvErdy)
0

(I11.68)
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MBslOEM 459EHMJO MO0 bolinsmgds.

B39 sbems Bgdmm 8my3560¢0 LobyBOZO™ 306MHMdJd0 (3boswo Loboom.

(IV.9)—005b 3f96mm
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AoHS? (kb)+AJo (kb)+BNo(kb)=CJo (k3 b)+DNo(k,b) }
HP (kb) Ao+ J1 (kb) A+ Ny (kb)=yE3[J1 (k2 b)C+Ny (kyb)D]

(IV.12)

(IV.10)-0056 33543l

CJo(kp@)+DNo(kya)=MH? (ka) }
VEzlJ1 (kpa)C+Ny (ko) D]=HP (ka)M

(IV.13)

s LoLEBYIS BMEOIoWMESE  5dm3zblbscd C s D-U B0ds®o. LoLEHYIoL

©939M30bs6¢E 00

A, = Jo(kza) No(kza)
17 Wezji(kpa) VEaNy(kpa)

(IV.14)

= V& [Jo(ka) Ny (kya) — J1(kya)Noy(kpa)]

580b 89999 30990930 LEHobIOEHMEIs©

(2
_ 1 [MEP M) NoGed)| _ M @) _ )
_A1 MHfl)(ka) VEzN1(kpa) - Aq [\/S_ZHO (ka)Nl(kza) NO(kza)Hl (ka)]
(IV.15)
_ 1ot MaP G| _ = Jolk@)HP (ka) — Vaz 1 (ko) H (ka) |
& Ve ) MHfz)(ka) A, o2 1 2J1\K2 0
(IV.16)

b9lsg®90s gl 9b5835MMdYd0 9dm3egdIms BsghgOmm

¢ =2£ (ka, k,a)
Aq

(IV.17)

D =2 £, (ka, k,a)
Aq

(IV.18)

boQS3
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fi(ka, kya) = JezHS? (ka)Ny (kya) — No(kya)H® (ka)
(IV.19)

fa(ka, kya) = Jo(ky@)HP (ka) — Vez)1 (kya) HP (ka)
(IV.20)

9990920 36MH™E96Os SLgmos: (IV.17) s (IV.18) mbos Bsgbgsm (IV.12)-ob
9o6x 3965 Bofloerdo, ol 890993 8030090m:

AoHg” (kD) + AJo(kb) + BNo(kb) = o (kzb)fy (ka, kya) + No(kzb)fy (ka, kya)] 5

(IV.21)

AoH® (kb) + AJ,(kb) + BN, (kb) =

Vel (kzb) fy (ka, kpa) + Ny(kob) fo (ka, kya)] 5 (IV.22)

9L LobE9ds 39s3hgMMm T9Im 3 9dMES©

AoHSP (kb)+A]J, (kb)+BN0(kb)=%f3 (ka,k2a,kzb)

AoHP (kb)+4); (kb)+BN1(kb)=%\/§ f,(ka,kya,kyb)
(Iv.23)
Lo

fz(ka, kya, kyb) = Jo(kob) fi(ka, kya) + No(k;b)f(ka, k,a)
(IV.24)

faCka, kya, kyb) = ] (kyb)fi(ka, kya) + Ny(kob)f>(ka, kya)
(IV.25)

Sbs BoFoMms (IV.23) Lobgds BMMOToeMo 59mgblbsm A s Bl 303s00.

LobG9gdob 9EIMT0bIBE 0

Jo(kb) No(kb)| _ 2

J1(kb) Ny (kb) - kb

(IV.26)

Azz
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sdo@md

M
1 |5 fs=AoHG (kD) No(ieb)

A= = A—Z{Nl(kb) <Aﬂlf3 - AoHé”(kw) -

NO#OMALf4—AOH12/H=1A2MAIN1LO)f3—NOkDfE—N1kDHO02/kH—H12£DNO0KDH
AO0=1A2MA1f5+PA0
(Iv.27)

M
A, Hf4—AOH§2)(kb) Ny (kb)

fs = (N1 (kb)fs = No(kb)f3), P = t —

(IV.28)

5b5EMQ0MO5©

1 |Jokb)  Ffa=AoH{® (kb)

8

Jilkb)  Frfy=AoH{ (icb) B
Ai{ kb)( fu— AOH(”(kb)> ll(kb)< fs - AH(”(kb))}

UoUkb) fy — 1 (kb)£5) = (Jo(kbYH® (kb) — J, (kb)HS? (kb)) Ao} =

fo + PA), (Iv.29)

fo = Uo(kb) fs — J1(kb)f3) (Iv.30)

903050M0Mm sbews (IV.11) gob@mengdsl, MHmdgeog (IV.1)—ol msbsbdo sy
Boofgtgds

AgH? (k) + Ao (kro) + BNo(krp) = 0 (IV.31)

(IV.27) @5 (IV.29)-0L gomgzsolfjobgdom 53 2963 ™qd0©sb  s@g0ms
903000900 0565835MEMOSL
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AlAzHéz)(kTo)
0 Jo (k7o) fs+No (kTo) fe

M=-A (Iv.32)

ooy |T| = T—lagod@gbb 2499m30949bmm goMlAEIboIb Aolo Goereols
0

995350900LmM30L.  dmII3bM  39GMaMoxdo gl TgRBOBYdS  293gNYOIMY0s  0d

LoGogoobomgol,  MHMmEILsg  9BGHIBSL 93603l e1-0YgdBHE 030

3900 93500m0d0L Bqbo.

§2. m6Hx96mgzs60 30eobptmo smldpgbo. Mogbgomo dgwgagdo

fobs 9g8mbzg30L96 goblibzoggdoom 58 3964EHTo gobgobowsgm Lo@msgost,
OEgLbYE  FIOLIEIbOL  39bGHMVMEMO  bsfoero,  GMmIgwdog  9BFH9bss
3960531900, sMol oggdBHMozo s dobo ogE9dEMm03Mwo 39T0zs
e1— 53Mgm39 33w gdumEos.

50 990mbggzsdo (IV.32) gm®mImwsdo, Y39weash Losos Boaweocmgdl k-
GOOMMo MoEbgo, »bs dmbgl 89bs33wgds k — k+/€;.

85806 2963w0Mmd0L BmbJE0s sLgo Labgl doowgdl ((IV.32)—ol msbsbdo)

A1A2H(gz)(k17”o)

|T| - Jo(kro) fs(kia,kza,k,b)+No (k7o) fe(kiakzak,b)
(IV.33)

AT
1,0 R X —
; ﬁ//‘ﬁ/’/’/ bob. 10, 11, 12, 13
0.8 =

/ €1>€2>€3 06063@06
os | 365803900,
04 / ™I gdo3
y 0093056 |T|-ob
KA
0 10 20 30 40 50 60

6ob.11
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58300093993l kA-bg OGmEs b s a 356539Ggd0 ©sx0dLoMIOME0S ©
536Mqm39 Reei=1.2, n=0.003, Ree2=4.2, n=0.014.

2055303900056 BoblL, HMI 3630MdOL 3983030960 |T| dmzarg Gowrmgdol
090mbggzodo  sbml  s®OL  gemmsb. AL BOEOL  33oMmdsHg 0o
dmbm@HMmbMMo  d30MIds ©s doolfmozgol  Bmeolzgh, o3 LagLgdoom
069360305 5 3TGBEIOL 500 15 FOOMYBL.

090Lom30lL, ®MmI 093503Lmm, M) OHMIGOo  GHoEol LBoy®dosb ofjgygds
3oOLAgbol BM6J30MboMGds M3EH0Tow M Mg:103d0, Qob30bowMmm Bob.11-Bg
Pom8mygbowo m30LMmdMH030 M9x8030, MHMIgwoiE 0dwg3zs M3G0ToBs300l
3953030960L |T|-U ©o0m300gdw9egdsl kA 3505393HMDg. e—obL bbgswolbgs
96003690 md9d0bsmzgol  (A=a-b), gl M30YdIMEGdS Fgodergds  sbgmo
336mgJLbods300L Loboo {o®mdm3zsA0bmm

n
IT| = 1-e72Ve%2,

(IV.33)

boOE3 N 396339008 3MMbol F9bagblos, bmwm e~ 5960l ogwgd@®03Meo
990(19390™doL Hgoememo bsforo.

30d350 sbaws B 99000396L |T|-b m3G0doew® 3609369 mdsl, MmIgeos
3H5005 sbeEmb bs 0gml gHMsb. 35906 (IV.33)-6 ghgdom

B =1- e—g\/EkA
57956
Zln(ﬁ) a
kA= Ve > kA= 2m
Q5 3535b50509
1
nme
(IV.34)
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9B OIS 9OHDTBYN6 9353800901 oMLIIbOL LoLgls s GOl
Loa®AgL (390990 1 S e-LOMZO.

9m309356mm HoEbz0mo dogowomo: E-80bols 999339e0 m6Mebmwo 5396mgsbo
dobogools, 9.9, ,Lgw9gddgb-5003“ [1] @ogwgd@BH®ozmwo  Fgwfgzomdols
0950 boffoos e=4.2, bagom 1=0.014, o Bsgomgzgwom, ™I f=0.2, d5d0b
(IV.34)-9b6 33mvmdo A=2.33\, 54956 godmool, G&md LsbEodg@cmw
©0535Bmbdo (2,33<A<23.3) 13, bergrem ©930dgGHGMEdo 3o (2,33<A<23.3) ©J.

5336990 IV msgoliomgzgols

d0mbgo350 0dols, MHMA  gMmRIbM3zsbo  AsMLAgbo  3MBLEGHOMIzoMwo
035¢LSBOOLOM Jo0sh FoM3H0305 s 530S ILHTDOYdE0, oo
999dGHOM©0b53039M0  bsgwobo  JmlowmEbgmbg mad) oo
5008mBbY, 995Dy 993HY39wgdl M3EH080BoEo0L 356589GMOLmMZ0L JowgdMEo
ROINs (IV.33), G™mIgelsg dsawbg OGmmwo LBEGOWIGHWGOS 5J3l s sdol
38  dobo  BoBOgMOO  QosBMYds  odbgegdos.  Lomo  sDBMHOIL
3990806569 B396 Im3z5b@0bgm 59 MMMl 53O MJlodsgos (IV.33), Godss
395030s Mm3EH0doDoE0ol 356M599EBHEMmOL MoEb3omo vBYMOTol 3Mmi3gLo. 080
doe005b bgenbogMgeo s0dmBbgds sd3MmMmgdEgdwgdolsmgol.
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V msgo

39¢5M60 BsbsMI0l 9gmbg 3moglosermeo mMmBgbmgsbo smlidgbols
9099 HOM©0653035 s 5683080

§1. 9gls39¢m0 s 58 EsBOl LTy

9m399Me 5330 B396 29630b0sgm obgm Lo@woEost, MmILsg MMTBIEMZ56
©099dBHM03me  2MLAgbdo  BsdMbE90mos  Fg@oio  [iMomwo
33990l (30€00bM9d0LoY6 Fgggbocro dglgHo, GMIgEog AsbmMegLgdME0s
c—6o0oMbob  HOgflomBg obg, Mmd b<c<a, Losz b Fos Fowobo®ol
5001105, brerm a-30 5MLIIHOL Moolo (bob.12).

39BHONOH0  BsbsODO 2539009090
39MLdgbol  d9gdsbozmGo  LodE3oEol

239BMol dJobboom.

65b.12 §o6H3mo9bL 2o6mLdgbols 25603
3390L X0Y, b9 Z=0 ULodM@ygdo. Z
©g0do  [omdmoygbl  9MLdgbols

LodgEHGool ®96dL, 3ol

3LP3M0353  BoBoemos  35MLdgbols

Bab. 12. gomMbidgbols
aobogo 339mo X0Y
LOdGGHYgdo

03390530 boBmgzsbo s6@9bs. B396, 0lg3,
OmamOma fobs msgdo Bsgmzgwmom, ™I

390OLIEYbOL Bdg9d0 MLILOICMPO OEO J9FBHIMYOEMdOL IJmbg mbgwo
306MHR0EGHJO0 560b.

6o 0dds  Mbs gLy emo  Bsbosdmo  ofj393l 08 BwWbJzombowrmeo
(90299 BH®M©0b658039600) G900l F933WL, GMIgeroi dgueoL BsMmM3509
5MLYOMdS Q5MLAY6Jo.

B39b0 853500  53Mm396ss  Fg39MBomm  FguEOL  356539BHMgd0  (BsGIonzol
Goombo ¢, 3905096900  30wob®mgdol  Gsombo  po,  dsbdogro
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3Owob®gdl dmMob b, 30ob®gdol Mom©qbmds N) olig, Gmd dglg®ds 6
56 89333500 mU 5OLGOMEO G900, 56O F9335WMl LSTZ90 oG gdTo.

§2. 9em9gdGH®MBab0GHIO0 39¢00l LEHOYIGHNMS FoMOLAIBOL Goer3ge
5699000

39300035¢0{obmo ol gocgdmgds, MH™A 39 2oMlidgbols yzges dos sGgdo
Q5 936939 Job 25690 FbBMWME JOHNIIOMO 39O E035wm0 Ezi doaqbgwro
593L,  Loog j  9Ggms bmdghos (=1, 2, 3). gb 9dygbgwgdo Mbos
53054mx30e93©b9b 39wd3mw3ol 390G MgdsL 3owobtme
3M0MO0bsGms LobBgdsdo

0%Ez; 10Ez;

+-—=+kiE;; =0, (j=1,2,3) (V.1)

ar? r or

Loy kj = k\/? , k=21/A, & 560L j-9M0 5Ol 3MI3WJuOO (BIMMB0MO)
QO9LJOM03Y0 Fgrfig3omds.

(D—s6980 H™Agerdos 96@gbss Bodmb@)s:190w9eo 59 49bEMEgdol 53mbsblbos
E, = AgH® (kyr) + Al (ky1) + BNo(kq7), (posts<b) (V.2)

boo3g Ao 53990 BO®ol  5330G s, bmwm A ©s B vsbmdo
3M983030963900s. Héz)(klr),Io(klr),NO(klr) 5056 356390l dgmeg 9435M0LS
5 Bmemmgzgsbo Moyol, dgbgarols s 5yodsbols bryarmgzsbo Gogol gmbdiogdo,
d9L50500boE. T 9330603900 M 9OEHOWOL MOOIWOHO  3MMOOBIE 0
(65b.12).

(IT) 56980 (V.1) 356EH™9d0l 5dmbsblbos
EZZ == Dlo(kzr) + MNo(er) + EZZ (VB)

boog ky =kve, , & () o6 3m33egdbn®o  @ogrgddO0zwo
990019390™055, D 05 M «3b6mdo 3m953030963H90095, begwm (93600
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E,, = KZ¥=1 Héz) (kp1) (V.4)

5oL Bs3MBE 95900 39HomEo dglMol Foge godmbboggdmwo 39wo,
Looi K, D 0o M 3m953030963H90096 90050 560L «3bmdo ooy

1, = T2+ c2 + 2rccos(@ — @,), (V.5)

5y v=1, 2, 3,..., N 8960l 8995096900 30wwob®mol bmdgemos, 1, sGol v—
B0mdmol 30wob®mosb dsbdowo ©s3306039008 M oM@ owsd®y; @v=vn, n—
3mombgs Mo dgHBMdYo 30¢00bEMOL M5O 0O gdgdl dmMol
(65b.12), N 560b (300006O®s MM bmds dqlig®do. B396 BPogmzwom, Gmd N

o ®ogbgos.

(V.4) 950mbobmamgds 990dengds  ©9309396mm  Moibgomo  sbasmodolmgols
bowlog®ger gm®dsBg. s doBbom 30LsMRGOTM® T930Mgdol  MgME9dom
3Owob®Mwo gmbdiog9dolmgol [20, 21], Gmdgwog B396L dgdmbggzsdo sbig
Boofgm9ds

Zgi—oo iils(kzr)Hs(z)(kzc)eis((p_Vn)'(T<C) (v.6)
TR0 iils(ky OHP (kyr)eis@=vm) (r>c) v.7)

H(§2) (kzrv) = {

0] sbeos (V.6) o (V.7)-1 Bsgbgsdom (V.4)-8o 3030093,

+) o @)
~ E ka1, N)=K Y52 _ oo Fs(N)Is(kzC)H, ko),
EZZ(k2’ , N) = { Z2 ( 2T ) S I ( ) ( 2(:) s ( 27«) (T>C)

ES;) (kar N)=K $2 oo Fs (N5 (kzr)H) (k2),(r>0)

(V.8)
(V.9)
boQS3
, _.N-1_sin Ens
F,(N) =)  e"V =e "z "—Sin((ins))
2

(V.10)

(IIT)=56980 (356MLAI6OL otom) 909G M0 390l AVDMEMdS 56+ (V.1)
396 Mgd0L 5dMbsblbos
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E,;= M*Héz) (kr) (asr<oo)
(V.11)

Logoi M™ 536M9m39 936Mmd0 Loogs.

83. LELBP3HM 30MMBYDO s 9ol 3MIBOE0IEGHIJOOL gsbLLBLIMS

Mbmd 3m980E0IBGHMS MOoMm©gbmds, M®MIwgdoi 39wol HBydmmdmygzsboen
3990bObHMgdqddo BogMM0Mgd9bd B39bo 58M39B0L 909335 LoboBL3zO™
3060009306 by 4obolsBE3IO™L. gl 30MHMdJO0 FMmoMbM3zab (39w 3gme
3gms  399Ymy Bgo30M90Dg 99dBHOMWO 390l SJIDMEMDIOOLS @S
3500 o393 gdol GHMeErmdsL. oo SO BMOTsIMHO Lobyg sd30m

E, = 0, ®mgs r=po (V.12)

Ez1=Ez>

* *
BEleaEZZ
or ar

V.13
}, Heos b 1)

boQS3
Ez, = [Aly(ky7) + BNo(k17)]=p (V.15°)

EZZ=EZ3 (V15)
9Ez2_0Ez3(> ﬁ)(‘)eb r=a (V.16)
or or

b LsbOBOZIOM 30OMBYOO 35O LEBOM sbg ASTMOY)MHYdS
AOH(()Z)(klpo) + Aly(kypo) + BNo(k1po) = 0 (V.17)

Alo(klb) + BNo(klb) = Dlo(kzb) + MNo(kzb) + Kllul(kzb, sz)
(V.18)

kAl (kyb) + ky BNy (kyb) = kDI, (kyb) + kyMN, (kob) + Kky W, (Kb, k)
(V.19)
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DIo(k,a) + MNy(kya) + KWs(kyc, kpa) = M*HS? (ka)
(V.20)

k,DI, (ko) + koN; (kpa) + Kk, W, (kyc, kya) = kM*H (ka)
(V.21)

Dlo(kzro) + MNo(ero) + Kllus(kzro, sz) == 0
(V.22)

Lo

W, (kyb, ky€) = X2 oo Fs(N) I (kb)) H? (k)
(V.23)

W, (kyb, kyc) = X2 oo Fs(N)1's(kyb) HE? (keyc)
(V.24)

Wy (kyb, ky€) = Y2 oo Fs(N)I5(kyc) H? (kya)
(V.25)

Yy (kyb, ky€) = N2 oo Fy(N) s (kyc) HE (kyb)
(V.26)

Wy (kyb, ky€) = N2 o Fs(N) 15 (kyro) HE (K5c)
(V.26)

(V.24)-80 60360 (')-6508653L 99Ho03mgdsls 569396FH00m.

5039050, (V.17)=(V.22)  9909mbobmemgdgdo  0derg3osb  993Lv)36mdosh
396@™Mgdsms LoliEgasl, HMIWosbsg Mbs gobolisdbrgdmb A, B, D, M, K

s M* 30953030963)9d0.
50b0dbmo LolGgds Jgodergds sdmoblbsl godmmoibzol dgommom; dolo
399my9gbgdom M* 30m9530330963)0Lsm30L, MHMIGEroE F9MLIIH0IE olmeo

GO0l 530G, 3030090 SBYMO Fodmbsbwyargds
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A A1A2
0 Io(k1po)Ps+No(k1po)Ps

(V.27)

M =—

boog Ay=-2m/a, Ay=-2m /b

Ps =
[kNy(kib)ay — kzNo(k1b)a2][ﬁ4H(gz) (ka)k, — :82H1(2)(ka)k] + [kN;(kb)a, —
K2ZNOk1Dadf1kH12/a— £ 2L3H 1 2ka (V.28)

Pe =
[kpaylo(kib) — k1a111(k1b)][,34H(§2) (ka)k, — ﬁszz)(ka)k] + [kpaqaly(kib) —
#1a2/1k16F1kH12ka— kZ2F3H02ka (V.29)

50 259mbsbwegd9gddo

a1=10(k1b)—a‘1’1, a2=N0(k2b)—N'I’1}
az=I1(kzb)-0¥,;, as=Nq(k;b)-R¥,

(V.30)

,31=10(k2a)—a‘1’3, B2=N1(k2a)—N’P3}
B3=I1(kza)-0¥y, Ba=Ni(kya)-8¥,

(V.31)

o = lo(ky10)/¥s, X = No(ka10)/¥s
(V.32)

ky = kyEy, ky = kg, k=21/\
(V.33)

Sbg, Mmd (V.27) gm6dMmolb ds6x3gbs dbseg 8godergds, 3m33099¢gem0ol
L5FMOGO0M,  SEZOWSIP  JOIMZOMZOWM®  MHOELZMOM0350  FoMLIIYHOL

69doldogeo 39™39GHMO0Mo 356599BHM0bY, ©O099JAHHM03I0
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09009350M0dgd0Ls €1, €2 @S ool Log®dolb A godloMgdmwo Gogbzomo
360093690 md900Lsm300.

§4. AgbMob 3o3wgbs oMLidgbol BmbJsomboMgdsby s Mogbzomo dgwgagdo

dgLEol JobgM oMLIEIBo dgddboro ggaro (V.4) gmGImwomss dmEgdeo,

Gdgwdog 593wodEmo 309530309630 K, 990degds (ocmdmgsaobmam
sbgo Lsboo (ob. gm®J. (V.22))

K = —[DIy(ky1o) + MNo(ky1o)]/Ws (Ko, kac)
(V.34)

0¥ 5g Im30mbM3m, M LML 306MdS

No(k,19) =0
(V.35)

5649

k,ry = Xén) (n=1,2,3,...), by X(gn) — (V.35) 296¢megdolb 539139009, 39GdM©
1 _ (2) _ (3 _ _
X, =0.885,X,” =3.96,X,” =7.1, ..., 35906 (V.34)-0l bsggwsw 33996905

Io(x5™)

K = —D _Ws(Xén)’kzc)

, (n=1,2,3,...)
(V.36)

0585b50539 K 30m9530330063%35 d90dgds 8oommb 69dolidogmo Gomegbmdols

oL3M9Ewo 3603369 mdqd0.

(V.36) 3m&@3mes 08 99dbgnzs00s bodsMmromnerosbo, 0¥y ©ogmgdGHMolmeo
5396900L5M30L  MYMGIJYMBO0S  ©IBZIMRIO0  LoMdMDY, 9.0. oo

©099dEHM03Mw0 390303900 FBMEM® Mo Mo HOEH39d0s.
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lIf’5(X kZC) a3mbdzos 8m3gdnwos (V.26") gm®dnmom, GMmdgwog b

b9log®9eos (omdmgo00bmom slgmo bobom

WXV, k) = FoIo(X™ )HE? (kpc) + Fy (NI XV VH Geg) + + -+

(V.37)

bogS3

.N—-1

SInOD) 4oy = e i )

sinn

Fo(N) = TyN, Fy(N) = Ty S“‘(( )) Fy(N) = 1y

Lo0IBsE BIBL, OMI v 300bMmgdol Mogbgo dgug®do N=4, 35906 (V.37)
30360300 ©MI0boMgOL  doMzgro (9300 @  F9a30dwos  Bs3hgmMm
305HEMGOI0MO GHMEMDS

(X5, k) = TyNIo (XS )HEP () (N24)

3L, ™I K sbgo Labgl doowgdls

__ b
ruHéz)(kz c)’

(V.38)

6mIol dmmeo

D]

IK| = :
N ngz)(kzc)+1v32)(k2c)

(V.39)

N-ob oo 86083690 Md9d0Lsm30L 030 obYds 9O  FgsMgdom
docrosh 93069 Loog (N<<1); 500FH™MI  5¢gdMME  296EHMEgdImS
bobBgdsdo  (V.17)—~(V.21)  8godewgds K- 9993390  §936900L
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ooz  MBOMb3gwymzowo  0db6gds  goMldgbol  Mm3EGH0doerEo
13bJz0mbo®mgdols Mgs0do.

d9Lgeol 3600l To(x) 5gbggdo Bm3gdEos doge Moy 3bmdsmgddo [20,
24]; 35000 253MmM3Es SQOZ0¢005, 009 30LIMPIOJI™ 0T 2o6M9dmMmgdom, MM ;v
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x>1, 85006 ¥gLgwol gmbdzos godegds 89333395emm dobo SLOA3GHMEGHYIMO
3930bIbgdom

Ih(x) = \/gcos(x —1m/4)

L50@IBIE HOZ0WSE 33MMWMOM, MM 53 B6J300L Bgggdos
x, =X =vn +%Tl’

B396L d9dmbgggzsdo (VI.40%)—ob osbsbds

a, = %(41/ +3)A(v=0,1,2,...)

(V1.41)

50 gmO3Mol  Bs3MeEgdom 530S  JJodEgds  39FMZOMNZIIMM
39OLBIEIbOL  goMgms  MoEomlol  360d3bgermds  Boeol  LogMdol
1304LoGMIOMo 3603369 MdGOOLIMZOL.

51336900 VI ;msgolsmgzgols

Bo5bGHIbM  oMLIghgdo  B0dWgdo  9b63HJ6gdol  OHMWBsE SO gdYD. 53
d9dbgg35do  LoFoMMs  oMLIIboL  4gmIgBHBOMo s g 9dBHOICO
356599@®900L obg FgeBy3s, MMT 5M93WO0  FSwMOol 533oGM©s o3
d90d@gds 30b03ogr Mo 0ymb. 530b ©oqbs 30 85806 6oL dqlsdergdgero,
0¥) 9b 5330 GHMS 9650 BNMO Lobom 0gbgds Fomdmagbowo. Gmmwo
3MbLEGHOMJ300L 9BFGHI67d0L (H3MEOO, L3N0 s 5.0.) dgdmbggzsdo 50

59m3960L 25005(Y3930 965¢00HME BMMAsdo 99w9degdgE0s.

B390bL F0gM  FgMmo35Hd0e  2oMlAEIbol Mg olsm3z0l, GMIgEdos
9090900 5639bol O™l bsBM3sbo 96FHIbs SuEHgdl, Fglsdergdgwro gobs
50m3obol 9650 BMmO  Loboo  fomdmagbs.  dopgdmo  dggyo 30
Pommpqboos (VI.38), (VI.39) s (VI.41) 056553560md9g00L boboom.
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UsgMo™ s153369d0

96535053960 356 ©@0ggdBHMozmw 2sMldgbgddo TgEHowmo (35BsMMgdIOL
3990g9bgd0ols 0gs B0 56 5®OL. 58 0O NMEgdom Lsdg3bogMm IO MTgdol

[26, 27] o6Lgdmds, %96 3093 [1]-00s d0b0dbgdeo. sbgom BbsOHdL
09969096 565356GH™ 250LAIboL d9dsbo3MMo LodBHoEol FoBM©Ol doBbom,
55990 LobdoMol GFsemm Bmewdo dolo M3EH0TsMMO B6J30mboMgdol

OBONBIILLIYMBOWIE.

50 9035 gdom  LsdgaboghHm  IOHMIgdol  Momabmds  dgodgs.
999 GHMM0b5d0308 Fo9853H032IM0 5350530l 9630000609053 gliodwgdgero
3obo@s  9MMRIbM356 ©OgEgdBHM03ME gocgdmdo 3gMomEeo  dglMgdols
39933900  396MLAY6dOL  BOBOIMMO  M30L9d9d0lL  Tglfogwrs  F3oEMO
950995303600 89000Mq00L godmygbgdols bogdzgedy [4, 29, 30, 31]; 0I3s
50 96mIgddo  gmemoegds  9Jd393d> FBmEm© s  dbmwm  dguegdol
9099dGHOM©065803900  Yymxsd3930l  ©ogbsl — dolo  96M933wols o
3963000@MdoL 3953030963930l bgMOTL, FogMsd 56 SMOL oMLIYBOIL
3930Mb0E0  BHOowmol 259330035 MdOL  3M9B030Y6EGHOL  MomMm©ybmdMmogz0
056585MH@MO0L  3bso  Lsboom  (o®mdm@aqbs  oMLdgbol  4gmdgEHMmome
35658990056 o BHow ol LogyMdgbmsb d0dsMmMYdST0.

939999 (I 5300) 4mM9M9ds goIMds 53 BogBH™MEMOL Tgbfogarslis s dsbmsb
053938060907 0655066MH)n  40003egdL.  ©OYIBOW0s M) G5 30MHMdYdT0
396G0mEo Igbgho 56O J933wol s639gbol BMbdzomboMgdol 0d Mggodl,
GdgeoE 5L 9Ol 2o69dg 3Jmbos.

UfmMgo 99500 dymIomgmdls 65OMmddo JoMgdmwo bsdgiboghm Losbeng,
Gdgoig I 0ogdos sefgdoo.

(II) 09300 @sLIMYWO s A5NMY39BHOWOo sIM3Bs, MHMIgEroE gbgds ™mGo
3960mo dgbcol d99339¢ 39MLIIBOL gegdEH™m©obsdolsl LOMEos©
3boE0s, 04 8069dMwo 999900l Bosmgwom. Bz9b dbgozgermdsdo §3543L
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0965835MMdgd0 (11.32), (I1.33) s (I1.33’), MMIgemsgsbsi 306390 dsmysbo
0d93s 39MLIYboL BMb30MmboMGOOL M3EH0ToMO Mg0d0L IAJHOL
LodMogdsl,  bemem  @bsMPRIbo  MIbIFIMIEMIGBO 30 9T Mgz0dol
9500B30Sb.

39Mom@emo  dgbeol  899339geo  Bsdxgbmgsbo 09w gdBH®03Io

390OLBIEIbOL  gargdBHOMPObsTozMmMo  ™M30LgdYdOL  33g3s 30639
1539360960M WO EIMSEHMOSTo B396L ogH 0oL FoMdmygboro.

330930l 350935@03MM0  535M5@G0  JOM0MOPIE  JYMHEbmMds 08 FJgaqdL
HMIWgdog 300gd0s b5IOMATo [5], Lysg ob30mMYdMwos Bgdoldogo
(5©0MLoL dmbg dg@ow Mo 30w0bEMgdoligsb dgoagbowo 3gMomomeo
dgleolL 935360  bsEOBMMO  MgmEos. B39l  Fgdmbgzgzsdo gl MgMM0
9037950539 ©0YE9JBHHM03 896580 BsdMbE 590 3gHomE gl
@5 399©0L  96Mm3orools dmgzegbsl. 938 Jgdmbggzsdo Lodmorgds dma39(3d
5339995690065 3938060 gL 39H0MELS s GHoweol LoaMdgl dmeob,
39 ds3 MHMMB3gym 2oMlIEIbol 53mbd30MmboGmgdol 9:080L Qom3ws.

9ONRIbM3z60  30wobemeo  oMLAIbOL  33¢0g350  250F306M35¢0MdOL
309303096@0LmM30L GO LEBOWYJEHMOOL FogdsEH03 MO0 ASTMBbMEgdOL
00090599 030943505, Bro3 5O 0dgzs BodMsgdsL BodsMgl 53 F9w9aol
R0DBOZMOO  2o5HMYds @o  PoMLAIbol  3HMgdBH0MmYOOLMZOL  LosbAIMOTM
RMOIMEgool JoMgds. 3MMEILYOOL 2MbogMMEds 2ooBMYOT  Q9BISOMMBDS
dma39b©0bs  JogdmEo G BWbJ30Mmbosrmo  ITMIOIOICGdOL
3360mgbods30s,  M5ds3  1S3MOLO  sTIXIMGOMdOom  dmblbs  Bgdmom
50b0dbmo  3MMdegds. B396 Ibg3zgwmdsdo 3543 (IV.33) o (IV.34)
RMOIMIO0 QI 5MgM39 bob.14-Bg fo®Imagbowo aMog303900.

50m@3sbs,  OMIgwoi  65dGMIol V. 09300 @@dobdMo,  Loglgdoom
6020050 s 53539 ©OML  sbowo. 0ao  gbgds  MmMOHB9bm3zs6o

©099dBHM03Meo  oMLAIbol  gergdBHO™mobsdozmem  sboobl  0d
d900bg935d0, OMELSE dsLdo  BIO®ME0s  2odBIM0  300bMIOOLAE
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d9goboo  iMomwo  3gMomol  djmbg  AgbgGo. (Moo  dgueol
9099dGHOM©06580379600 565¢00Bols 3OrMm39Ld0 2553(Y393H0 B0 Jgolicrmems
30wobemwo  gmbdi0900Lblmgol  J9309d0l  MYMEmIIOL  EOMEds @S
9I899GHOs 259mygbgdsd, 05953 doe0sb 255530 oMbdgbol 0bsgobMHyemo
360m9dBH0Mgd0lL 3MHmEgLo. b A9M9dMgds, 3830JOMOM, OMI 5063 YMHGLYOL
139(30000LEHOL. FoMgdMo  TJIRJO0  M3MOYObIWMEmOS  BMRMO;

3935090 51939 IJPOYO>WES.

30093 9MH0 60005 MMH0 993GH®M©0b59039600 50m 35655
0900005359900 65dGMmIol VI :53d0.

600650 H05 080@ M, MMI 59 390mb3z935d0 (30€0bEMHIo 9HNTBGbM3560
390OLI©9gbo  Boygbgdmeos  Fodmgdo  sbFgbol  Gmedo.  498MMZWOW0
396LIIB0IL 5693e00 FOEPOL 5693300l 3M9RB0(3090630L 360T36gEMdS.
15305(0Bs©  CIMETs  3OMEFIOMOMEDs 650D Ts LodEGdEMDS B33
9339030065, ) G5 30MMddTo  04690Mm©s 9693300l 3mgR0E096EOL
dmo  mdgoMglbo. 58 99dmbggzedo  oMLdgbby s3I0
9099dGH™M35b0GH M0 969605 00mMJIol INE0sbs© 490993995 oML gbTo
396053L9de 808090 56@gbsl s 50dMH3L Job BYs30MHBY sglosw M b

(VI.38), ®©m39¢03 90933°¢) 600 096905 300900 Logboswrols.
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©3656m0 I (IV.5) gm@dmemmols domgds

39OLBIEIbOL  qotgms  S1 BgedomBy  sdmo 993035 9dEGHWMO

999dHOMo ©9bo, HMIgEoE s5glosEIMHO J0TIMMNIGOOLSS JOTMOMIEGdS
35™dowo gm®IMwoom [28]

Iz=Hg3, Om@3s r=a

3b90s, B396L ddmbgzg3sdo gl ©9bo MsbsdGsE 046905 obsffowrgdmmo -
3Mobglbmob  308sOHgdsdo  (0b.6sb.9). 3 @gbols doge sBgms Logcmgdo
(Loga®ogergdo)  gobboggdo  gegdHOYwo  39ewolb  39HHOIW OO
dp9bgero Ezz 890dwqds 3056g500dmm 3mGHgH—3060b3Mm308 BmOHI)ocm
[21], ®™3gbsg sbgomo bobg 593l

Ezs :-i“"Z‘Oa fOZHIZH(()Z)(k\/r2 + a2 — 2racos(p — @"))dg’ (. 1(1))

(Ho = 41 x 1077 39660/ 89¢9@0 ), Loog @® ©d @' 5M036 goMgms LogMEgdo
053306039006 M {gHGHool s S1 BgsdomBg dgdstg M’ Fod@owol
30O 30mOHE0bs3HJo0. 30obMwo BMbdiEogdolsmgzols G936m9d0l
09mMH9gdob 0sbsbdo

H(()Z)(k\/rz + a? — 2racos(@ — (p')) =y® . Is(ka)H§2) (kr)ei(‘PﬂP')s
3ol BsLds (.1(1))-80 s 89damdo 063 aMoMgds ¢'-00 335deg3L
Ezs = HE (k) (r22)

boQS3

iwpga
2

M =

6oLO 93039053 330DM..
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365Gmo II (VI.20) s (VI.21) gm®3engdol g53my3s6ss
30639@ Gogdo (V1.19)-©s6 369G
DI (Ksrg) + PN, (ksrg) =0
H0390E 0303)MQ J05YgMBowEYDs, M) 3)IZ9dM, GmI
Dm = RN (K3r) 5 Py = =Ryl (Ks1o) (©.2(1))

booE Rm— sboewo v36mdo Lowogs. gl sdmbabwegdgdo Bogligom (VI.3)—-ob
ds6rx39b6s bofoerdo, Mob 9909y 903009000 b LoLEBHYIL Bm s Cm
3M9303096@900Lm30l

Im(kzb)Bm+CmNm(k2b)=RmFEr11) }
VEZ [l 1 (kzb)Bm +Cin Ny (kz b) ]| =Rp L2

(©-2(2))
Lo
F$ = Npp (Kso) Iy (ksb)- Iy (k3 ro) Ny (ks b) (©.2(3))

F = N (Karo)!'m (Ksb)- Iy (Kzro) N’ (kb) (0.2(4))

(00.2(2))- LobEBH9IOL FMOTSEMOO 53MbIBLBO Bm @O Cm LOWOWYgOOL J0TSMID

SLgo0s

B, = ing’)Rm (©.2(5))
Cm = 3~ Fi R (©.2(6))
boQS3

Fia) = Ve PN i (kyb)- Fi Ny (kb)) (©2(7))
Fia) = V&5 |[F I (kob) - Fg Ui (k) | (©2(8))

Sbs LoFoMmMd Bm @5 Cm-ol 3609369crmdgdo Bsglgsm (VI.17) Loli@gdol
o6 3965 Abs6gdo, Mog 3maz39dL slgo LoLEHIIL Am @S Rm 36mdgd0LsmM30L
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HEIZI)(ka)Am—ki—ng)=—imlm(ka)Ko (©0.2(9))
HE' (Ka) A~ kB2 2R ) =i 11 (k) o N
Lo
Fio’ = In(k)Fry + Npn (k) Fry (©:2(10)
Fin’ = Um(k)Fy + N'm (o) Fry (©2(11)
59 LoLEBHYIOL 5FMbIBLBOS

ki™mA '
Am =y |[Veslm ()P — ' (k)Y | (A= 2/mkb) (©-212)
imA ’ ’
R = = 522 (HE (ka)l'm (ka) — B (ka) i (k2 (©2(13))

%3030 3OBbowgddo ImmogLgdmwo AsdMBsbmEgds 0oL g3Mmblzosbo,
090 MO0l [24]

{...}=-2i/mka (©.2(14))

Em=—k[VEHP (ka)F — HY" (ka)F | (2(15))
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©5656000 III Ag- 3m9530G096¢0L gs6LsBEZMs

(IV.1) gm®mdnwsdo (gzdo Ezy = KOH(()Z)(klr) 3ol 30¢0bOOMEO  GHowmo,
OIJLs3 96GHYboL sJBosemo gbo Iz0 Sbboggdl (I)- 4o09gdmdo. 3 gbols

LoOY MOOHOL

1 O0E k,A
Izo = Hpolr=r, = 20 - %0 4@ k), ky = ke

iwpug Or iwpg

)b szoms@  3maEmdm Ay =-ilze/VErb ;Y (ko) , boss & =
1207 (m080),1z9 MBS o0bmImL 9du396H0d9bEws.
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