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;mjgh_ jZa\blb_ hilbdb b hkh[_ggh __ | _ogbq_
g_\hafh gh ij_~klzZ\blv [_a bamqg_gby nmg"rzZf_qglZ
mqguo “"bkpbiebg \ khg_IlZgbb k gZmqgufb ~bkpbi
lh pbdgBgylh ih~jZza”_eylv hilbdm gZ nbabqg-_kdm>
kdmXNbabqg_kdZy -hilkldEI\_ggZy lgZmdZdlhf bkke_
"h\Zgby "ey g__ yley-lky_ ijbjh1B k\hokIJEgylh
fm hij_~_e_mibabq_kdZy -hjiZladZe hillbbaimgZxsbc hi
Ibg_kdb_ y\eughyysb_ az jzfdb ijb[eb _gby ]_
hilbdt® 1zdbf y\e _gbyf highkylkydbripzdpgpby k\
IZiheyjbazZpbhggu_,®nlrzddlu wn,nk\glaZzggu _ k- jZkIj
kljzg_gb_f we_dljhfZ]gblguo \heg .\Dj\Zaggbhbhkj M Zc
Ibdhc gZau\Zxl jZa”"y aeZ gblfizklsbcky bamqg_gb\ f y\e
dhlhjuo ijhy\eyxlky d\Zglh\u_ k\hckI\zZ k\_1Z

< wlhf mqg_[ghf ihkh[bb jZkkfhlj_gu hkgh\u n
d\Zglh\hc hilBdbZ]Zxlky hkgh\u ‘Yrmeghliwe d-ljh
fZlgblghc b d\zZglh\hc I.MHbdhkdhlZ\gbfZgb_ m~_
bgl _jn_j _gpbhgguf yl\e _gbyf b bgl*hnj4ldpbipzNjZ
mg]lhn_jzZ b "bnjZdpbhgguwig_dljlldfZflgblghc I- hjbb
I1Z b deZzkkbnbdzZpbb hilbghkllb d&¢ntrq_gby k\_1Z
fhr _ckl\bx baemqg_gby k<\ dhggd\h*Zggh]h b-a”~Zgt
kfZljb\zZxlky hkgh\u d\Zglh\hc hilbdb

P_evx mq_[gh]h ihkh[by y\ey_I|ky nhjfbjh\Zgb_
gbfzgby I_hj_Ibg_kdbo b nbabgq_kdbo hkgh\ kh\j_
ihke_"mxs_]h bkihevah\Zgby wlbo agzZgbc -ijb bz
guo “bkphiidtkdys_ggadijbf,_YhijhkzZf hilhwe_dljhgb
hilbg_kdbo kbkl_f,ibjimZgb

l[jb\_~_f djZldmx bklhjbg_kdmx kijZ\dm h @QZka\blk
IZdh_ k\_I b dZdh\Z _]1h nbadb§VlibdXlyijljkphkZ"Z\gh
\j_f_g \hegh\Zeb g_ekhl\kgh\lglth aZdhgu ]_hf_kbqg_k
Ibdb [ueb ba\_klgu. wsHiwhibg\k_"g_\ghc-"b2 pex
AN_gb_ J_igpki_dIb\akljhghfbg_kdb_ gzZ{dkid\ gcby
\hagbdgh\_gbx ihgylby, Emgad k\dlZhgylbx ijyfheb
ghlh jzZkijhkljZzg_gbgzkéxhZy y\e_gb_ hljz;  \gby |
gZklghklb \ f_IZeebq_kdbollgujdZed&m jZkijhkljZg_
lh \j_f¢j \gb_ ijbreb d ihgbfZgbx aZzdhgzZ hljz" _gt

>Zevg_crb_ gZ[ex”_gby az ijbjh~rhc k\_1Z ih
\hegh\hc |_hjbb<kVIIIZ ijhbahreh hdhgqgzZl_ewgh_
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jh\Zgb_ "\mo ijhib\hiheh guo: Hhjjmk &kmelyjghc b \
gh\h&K lhqdb aj_gby dhjimkdmeyjghc |_hjbb ohjhr
ijyfhebg_cgh_ jZkijhkljZg_gb_ k\_IZ b aZBlhig hljZz
f Ih]l]lmzZdhg ij _ehfe _gby 1Zd°_ g_ ijhlb\hj. ¢be wl
[ueh ijhlb\hj _gbc b k h[sbfb ij ~klzZ\e gbyfb h k
kI\.\ZGh g kfhljy gZ ij _h[ez~"Zgb_ \alJey”h\ gZ dh
ijbjhm k\gzZgibgzZxl jZa\b\ZIlvky b ij_"klZ\e_gby h
ijbjh~r 1_j\h_ hldjukdb”~_1_evkli\mxs__ h \hegh\hc
k\_lZ[lueh k"~ _eZgh blZevygkdbf mqg_guf NjZgq_|
(1618-1663), dhlhjuc azf_llbbeb gZ imlb madh]h imqdz
emqg_c ihklz\blv, 1h 8fZlwdjAglZ\e _gghf, gaZitbem
qZ_|ky j_adhbjizywb _gb jzZadphii Thihhev | _gb ihy\
eyxlky p\_lgu_ .iMéddkwlh_ bf y\le _gb_ mqg_guc gZ
njZdpb=¢bfZev®b h[tykgbe wlh K ydleh &b WIhfnex
bXlhgdZy g_hsmlbfZy) bbMjbhkkVj_g_ k ij_iylkd\b_f
gbdzxl \hegu wlh]lh. ARexb™Mgbf \Z guf hldjulk
_fhlghkysbfky d \hegh\hjwehlldidjulb_ bgl_jn_j g
k\_1z

GZ hkgh\ghc \hijhk ddidbdZ ijbjh*Z gZklbgguc
hi\_1 [ue ihemqg_g lhevdh \h \IlhKiX \,ihZz h)\beg_
iheguc\ i_j\hc ihehXXd :glebckdbc nb@bdZzdk\_ ee
(1831-1879), h[h[sZy aZdhgu we_dljhijblg elbdaf@u\h”*m
h] we dljhfZ]gblghc ijbjh"Zewd tZb_ bkke ~h\Zg
wdki_jbf_glu k we_dljhfZ]gblgufb \helbZfib NihfdiaZ
k\_ 4 wlh we _dljhfZ]gblgh_ baemqgegbhZsk qXkdglhg
\Ze 400" =p a%10* =p, khhI\_1kl\_kggtebghc \hegu h
~0,78 fdf ~R04 fdf Ih k\h_c nbabqg_kdhc ijbjh”_ \b”"b
g_ hlebqz_Iky hl baemqg_gby k [he{BDe bgerbjghc \
djZzkgh_ bagmqgf gdvr_c “"ebghdMheguevljZnbhe_lh
\h_ baemgB®uMN b \b~*bfh_ baemq_gb_ gZaulzZxl
baemq_.gbZfjb«kl ihdZazZzgZ rdZeZ we_dljhfZlgblguc
XxsZy ij_"~klzZ\e_gb_ h [h]ZIkI\_ we_dljhfZ]gblgh]h
gb_f gz "bzishadgpt ba dhlhjuo y\ey_ Iky hilbg_kdbc

GZgbgXX ¥k d\Zglh\Zy | hjby k\ 1Z iheghklvx h)
_"bguo ihabpbc \k_ k\hc®RjZ K\ johc g_jlhc d\zgl
I_hjbb k\_1Z y\ey_Ilky h[tykg_gb\ INk_qgbk\e ,Jbd_oc
dhlihju_ jZg__ dZaZebkv h[tykgbfufb ebrv k-ihabrg
jbbGZijbf_y\e_gby bgl_jn_j_gpbb b ~bnjZdpbb k\_
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| _hjby hibku\z | dzd j_amevlzZIl i_j_jZkij_"~_-e_gby
kljZgklKdZazggh_ jZg__ ko_fZlbg_kdb fh gh ij_~
jbkmdgiizk <2).
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LZd dZd baeh _gb_ fZI_jbzZeZ \ mqg_J[ghf ihkh[k
Ilhjbg_kdbfb ij_~klz\e_gbyfb h-jbljremgk\hiZ2h d\z
Ih\hc hilbldhb\ i_j\hc ]aZdZq_kI\_ \Wh~gh]h,fiZk jbZe
kfZljb\zZxlky hkgh\gu_ aZdhgu ,eazqdhde hijBdbgby
ij_ehfe_gby,khklzneZlu emq_\hc hilbdb b aZdhg K¢

Bek
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OnextpomarautHas XIX
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Jbk<2. Bklhjbg_kdh_ ij_~klZ\e_gb_ ijbjh~u k\.

<h \lhjhc ]JeZ\_ hk\_sZxlky \hegh\u <kélghkhz |

mjZ\g_gb_ \ h~ghf b \'1j_o ijhkljZzgki\.dbgyglbaf j

\hegh\h]lh njhgZah\hc kdhjh&htkdb_ \hegu b b
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oZjzZdl_jbkledHlhjgh_ b dhfie_dkgh_ ij_"klLZ\e_g
ihgylb_ fhghojhfzZlbg_kdiéj \hegugb_ \hegh\h]h q
hilbg_kdhc bgl_gkbdgkKIflzljb\Zxlky kn_jbqg_kdk
d\Zabiehkdb_ . \kbggh\h_ mjzZ\g_gb_ =_evflhe\
iZzjZzdkbzZevguo :\NhhbdkbfZpby Nj_g_ey “ey kn_jb
\hegizZjZ[hehb”r"Zevgulhdgweldu ]Jjmiihthc kdhjhklb

< lj_lv_c Jez\_ jzkkfzljb\zZxlky bgl_jn_j_.gpbh
Bgl_jn_j_gpby “\mo b F \heg k h”bgZdh\ufb 2
h"bgzZdh\ufb jZaghklIpBfdl_nZaj _gpby ijb g_hljZgbq._
dhebg_kI\_ \heg k ]J_hf_ljbg_kdb m[u\Zxsbfb Zfi
h~rbgzZdh\ufb jZaghklyBgl nnajhf_Ilfu FZcd_evkhgZz
NZ[jbl_jhFZozZPZg", KZgvydZ

< q_I\_jlhec JezZ\_ jzZkkfzZljb\Zxlky “~bnjZdpbhg
Ilhgylby ~"bnjzZtplthh ahg Nj_g_ey b ~"bnjZdpby \ iZj
emgigoonjZdpby NjZmgkhnZid ~bnjZdpby NjZmg]
dzd ijhkljzgkl\_ggh_ ij_h[jzah\Byb yIKmjkkgh\gu_
iZjZf_lju “bnjZzdpbhgguo j_r_1lhd

< iylhc Jez\_ hibku\Z_Iky we_dljhfZ]ghlgZzZy
Kbkl_fZ mjzZ\g_gbc FEdigbbeewr mkeh\bypZevgu_
mjzZ\g_,gbyhegh\h_ mjZ\g\ gblhj lhclbgPZZ lky
deZkkbnbdZpby hilbg_kdbo kj_~

< r_klhc ]Jez\_ jZkkfzZljb\Z_lky \azZbfh~_ckl\b_
We dljhggZy |_hjby “bki_jkbb gZ hkgh\_ deZzZkkl
hkpbeeylhjghc fh~_ebh&ylBu h iheyjb&dkgihhgu _
k\VhcklI\Z ZgbahljhigHiidblg_Kdb_ y\e_gby gZ ]jZgbp
kj_"

< k_"vfhc ]Jez\_ ~Zxlky hkgh\u |I_hjbb baemqg_g
eb zZlhfz dzd we_f_glzZjgh]lh bklfilgglbglZzqbae rnd pdla
eylhjHk\_sZ Iky ihgylb_ h _kl_kI\_gghc rbjbg_ k
gbcijb\h~rysbo d jZzkrbj_gbx ki_dljz

< \hkvfhc JezZ\_ jZkkfZljb\Zxlky hkgh\u.d&Z\dl h\hc
Ablky nhjfmez-3wbgkZ ~ey ki_dljZevghc iehlghkl
\_kghlh I_ieh\h]h badpfmebhEZgdiZZkkfZljb\Z _lky
wnn_dl Dhfjimlglhiwnn_dl KlhejbWthZylky ihklmeZlu ;
iZ9Z ijbf_j_ “\momjh\g_\hc wg_j]l_Ibqg_kdhc- kbkl
Ib_ h kihglZgghf b \ugm ™~ _gghf baemqg_gbb

10



Uold |
ACIICUIRY (asSOC JIURSO.
IJusv vz Joyrd s JAVRSR

Bklhjbqgq_kdb keh hghkvingdlb_ h emqgZo k\_1Z ih
iZgvrq_f ij_~klZ\e_gby h \hegh\hc. iljbjjufbh ki_IlZ
Ibg_kdbfb aZzdhgZfb y\bebkv dZd jZa aZdhgu h j
Ihluo emdhthju_ fh gh knhjfmebjh\ZIv \ \b”_ ihkIm

1. K\_1 jZkijhkljZzgy_lky k ihfiBskikggbgbcki_1Z b
imkdzZx| eB@gbh gh gZ[exdtZ]wz hgb “hklib]jgml ~_ | _d

Hilbg_kdZy kj_7~Z oZzZjzZdl_jbam_Jky, dhjlhfjuldhf
gZaul\Z_lky ihdzazl_e_f ij_ehfe_gby

n

ol

(1.2)

1" co— kdhjhklv k\_1Z \ k\n[h~ghf,ghkbjZjgkilv k\ 1Z
kj_o_

2. Ke_~h\Zl_&vdpg_h[oh~bfh_ k\_Im “ey jZKkijh
gby gZ jZkkdhngb_|

t — 1.2

G (1.2)
Dzd \bAtvih \j_fy ijhihjpbhgZevgh ijhibadhth gbx
jh_ gzau\zZx!| hilbg_k¢hébimebfghc hilbg_Kkdh]h imlt

Hilbg_kdbc md. (1.3)

3. < g_h”ghjh”rghc kj_~_ ihdZaZzZlnéy yijeghfley g
nmgdpb_c dhhfF(bg?l < 1Zdhc kj_"~_ hilbgq_kdbc im
az”Zgghlh imlb f_"~m "\AflB hhjgdZfdy: |ky

B

gnd
c

Hilbg_kdblkvim¥(r) ds (1.4)

A
]7"ds—- *bnn_j _gpbZevguc we_f_gl "ebgu \*hev imlb
Ke_~h\zZl,aygftyg_h[oh”bfh_ k\_Im “ey jZkijhkl
f_"Am lhgd¥lhB, ijhihjpbhgZevgh hilbg_kdhfm imlb
4, ljbgpbi N_jfrzi601-1665). K\ _| jZkijhkljZgy_Ftky ih
dhfm imiey ijhoh ~_gby dhlhjhlh _fm Ij_[m_Ilky w
gZs_ \k_]h fbgbfZXjevghzl fZlbg_kdb ijbgpbi N_
fh gh \ujzZablv 1Zd

11



B
G3(r)ds 0, (1.5)
A
]*_ kbf\he / hagZqZ_I(theld _ighigh\h*lgmkdzZay\z_|I
glh hilbg_kdZy ~ebgZ beb fbigébbabdlkbZgahjh\Zg
beb y\ey |ky Ilhgdhcgh h[lbgg@h wlh fbgbfmf
Lzdbf h[jZz&ihfeZzkgh ijbgpbim\ Nk\pfh~ghf- ijh
kljZgkl\_bahljhigéifq ijyfheb8kilgevamy ijbgpbi N_
fZj_rbf ljb az~Zgb ]_hf_ljbg_kdhc hilbdb
AZ"~Zg.Z>hdZ; _dlh ijb hljZ " _gbb gZ b~_Zevghf
mlhe iZ*_gby jZ\_g m]lelmkllyzbaglthypkimh”bl k\_Ih
\hc em\glhl emq iZ*"Z_1 gZ a_jdzZehhihz" m_]lekryflh’\ m
ehf (jbklLl). G h[oh’\bfh "hayZRZlv Ij_~iheh pbflh
emq hljz"° Z_Iky hl a_jdZdBk\jhtbddlh@dmbff Ijbq
gmx |hgdhlghkbl_evgh hljZz Zxs_c ih\_joghklb a_j¢
KhleZkgh ijbgpbimemMgjfZhe g ijhclb<Knblesb
ABC aZ fbgbfzevghbaeap hjlbg _kdZy ~ebgZ imlb "he
fbgbfZevgZgzZdh wlh \hafkelghhqB8bC e “ZI gZ h~
ghc ijyfhic. lhqd& "he gZ gZoh”blvky gZ & Kk _lhqd
"h\Z|_evgh.

AZ"NZRyZ>hdZ™ _f aZdhg Kdj eebmtkzbdlh emg k\_
1Z jZkijhkljZzgyxsbcky \ kj_~_ k ihdzZaZl_m,f ij_
gZdehggh iZz*Z | gZ iehkdmx ih\_joghklv kj_"u K
ehfe_ghyljb i_j_oh”_ \ AjmImx kj_“m emd ijlehfe
NZevg_crbc oh” ihdZbdZg gZ jbk

lhevamykv h[hagZqg_gb3/fdzgZ jb¥ _fy ijhoh ~_gl
emqghf iAB®

P2 ¥+ @+ ¥ FDo+ @, (1.6)

1" _%b % - kdhjhklv k\_IZ \ i_j\hc b \h \lhjhe kj_’
kI\ ggh

Mkeh\b_ wdklj_fmfz ~ey \j f _gb jzZkijhkljZg g
lhgdZzAblC azZibr_Iky 1zd

oOP 1 o S 1 0 6 Swe_
57" 2o q B @M S5l F o @™=

_ 5 & 5 N?2eé _ 5 . . 5 . 1 _

=35 F—= —6®|na5F6®|n 3=0. 1.7

§&:>x Q§(N?é)->x;
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?keb mqglklvihemqgz f \ujZ° _gb_ "ey azZdhgZ ij
gZ ljZgbp_ jZa™_eZ

ggl_ O_ &
Ggl- - & (1.8)
ITagarommit ! OTpasKeHHBbII
Tyd l 1y4
T\ 0 1|6/
~ > e 3epkano

'\\ IInockocTh
IIaJACHIIA

3epkaio

JbK.1 HIjZz" _gb_emqZ k\_IZ hl a_jdZeZz

NhjfmeZ8) hibkulZ_1 ij_ehfe_gb_ k\_1Z gZ 1]jZ¢
ijhajZgguo kj_"~ b gZau\Z_I|ky aZdtZghfgK[gi ee b bchjk |
\' gZqX¥ll \ JheezZzg”kdBbBFf fZlbdhf b Zkljhghfhf <be
jhj~rhf Kg_eebmkpf kdhevdh iharg_ himJ[e
J g_ > _dYjlhf

13



OTpaKeHHBIIT
0,/ «—F— Iy4

ITamaronit

1yd —t—\0:

n,

n,

|
|
IInockocTh i - IIpenoMieHHBIIT
[}
[}

IIagcHUA Iy4
n; | n,
......... d C
6,
o, B T X
X1
AL L_
JbK2 1j_ehfe_gb_ k\_Ih\hlh emqZ ijb i_j_oh”_ba
Afm]mx

Imklv ihdzZzazl_ev ij_ehfe_gby i_j\hq_KjihkhdzZf_g
azZl_ev ij_ehfe_gby \lhjdm, kj. Puj\Zy kj_~Z hilbqg_k
f_g__ iehlgEyZ _keb gZijz\blv emq k\_IZ ba hil
iehlghc kj_~u \ hilbg_kdb [he__ IhethZgimkek*mml k
(18) 1> , b ih f_j_m\_ebqg_gby mJ]eZealfe ghyu_ em
gb jZkoh”ylky hl ]ljZgbpu jZg{bK3, ZA\mo kj_»

JZkkfhljbf kemhPZ ihdZaZzZl_ev ij_ehfe_gby i_j\
[hevig f ihdzZaZzZl_ev ij_ehfe_gbynbmphkt ki _f\Zy
kj_"~Z hilbg_kdb [he._LhiéeRllgey gZijz\blv emq -k\_1Z
Ibg_kdb [he__ iehlghc kj_~u \ hilbg_kdb fllgih ieh
f j_ m\_ebqg_gby mleiz ehfeghbguc emq [m~_I-ijb[et
ky d ljZgbp_ jZa”_egjBkRI3p YkazN_thc”~_I| ih ]1jZgbp_
jZa™, &Zijb “Zevg_cr_f m\_ebqg_gbb mlezZ izZz~_gby
emqg bkqg lagida”rZxsbc emqg [m”~_1| iheghklvx hdjz"zI

14



gbpu jZzar_ezZ "(ibkiBjY "WIh y\e _gb_ gZau\zxl ih
\gmlj_ggbf hljZz" _gb_f \ hilbg_kdb ijhajZqgguo kj_*":

n; n; n; n
A6 ON
o Y\
a) 0) B)
JbK.3. LjZ_dlhjbb iZz*"Zxsbo emqg_c ijb i_j_oh
ba f_g__ iehlghc kj_~u \ [h&__ iehlgmx
ba [he__ iehlghc kj_"u \ f-d,\_ iehlgmx

li_~ _evguc m(hteal)— wih mlhe iZdhghjynfm -khhl
\_IkI\m_| m]he ij_60fpz gbkih\

ag— arcsin @A (1.9)
< wlhf kem&Zb ml]he iZz®» _gby,dimgg ehfe_gguc

emqg hlkmlkb\df | _f hljZz"_gguc emqgq dZd hl b*_Zev
kfaz”ZB.m

AZN"ZqKXK Ih\h” ij _~klZ\ey_ | kh[hc Thgdmx gblv
kdb ijhajZzqgh]lh fz&6ZbAMzZhdZazg \ jZaj_a_-\heh
hilbg_kdbc k\_BhBYhth\e_gguc bakkihd2Zz|_e_f ij_
ehfe_gby k_jrpp\blgdZzazl_ev ij_ehfe_gby m[hehq
K\_I hl bklhggbdZ jZkk _Sgf8h4dhlkdZlB~bg ba-lhjph
Ih\h~Z g_j_a (lharsih EbgéB nhdmkbjm_| emqgb \ k_
\bgn&Zclb ij_~_evguc m]he \\h*Z k\_1Z \ k\_Ih\h"

GZ e_\uc |lhj_p k\_lh\h”rZ ihiz*"Zx]l emqgb ,jZagtl
h~rgzdh jzkijhkljZzgylvky \gmljb k\_Ih\h*Z [ad"m] |
lhju_ ihiz~Zxl gZ _]lh [hdh\u_ ih\_jogthkjlb\ihZ m]e
xsbf mlhe ihegh]h hljz _gby

15



I OGonouka

n,

CepauesuHa OGonouKa
JbK4 LjZ_dihjbb emq_c \ \hehdhggh hilbg_kdh

JZkkfhljbf h[ezklv kY~Ih\hRZblky k\_Ih\h_. baen
AZdhg ij_ehfe_gby (feeddbon & gc e dbjizhxsbo -]jZgb
pm \ha”“mo k_j~p_\bgZ k\_Ih\h~Z dZ \olhtfys f Ihjp

sin :g/sin( ))=n/1, hldm~"Z
sin : @ =sin( 2)-ny, (1.10)
h~rgzZdh gZ ]jZgbp_ k_j*p_\bgZ h[hehqgdZ ijb iheg
jZ°_gbb nhjfmeZ Kg_eebmkZ bf__I \b”"
sin(B=nyny, hldm’&Zmaq_ldfhEs @ — 5, bf__f

cos( o) =ny/ng. (1.11)
Mqgblu)Zykos’( ;) +sin’( ;)=1, bf__f
sin( ))=¥s F :g Jo 6. (1.12)
Ke ~h\Zl,eéhgklZ\¢yh2) \(1.10), ihemqgbf
sin :8=¥sF:d J)bn=¥:1)6F(ngS. (1.13)

Mlh& gZaulZxl 1Zd _ Zii_jlmjgiyb mhéhjfhf-\ha
fh™_g \W\h” k\_I1Z \ kdinlBhg'Zau\Zxl gbkeh\hc Zi_jl
(Numerical Aperture), dhlhjzZy y\ey |ky \Z guf iZjzf_Ijhf k\

NA=sin Y& ¥% F 4. (1.14)
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J_axf Emqg_\Zy khiWdtZjb[eb  _ggh_ jZkkfhlj-gb_ j
kljZzg_gby k\_1Z \ ij_"jméh k\ghbjZzkijhkljZgy_lky \~h
dhlhjuo ebgdmqg << wlhf ijb[eb™ _gbb ij_g [j_]1ZxIl dh
klvx "ebg \hegitkéZllzpyh 0O(ihgylb_ ~ebgu \hegu k!
NZ Tky \ ke_"mxsh®@AZdBydiohljZz" _gby b ij_ehfe_ gl
mi\_j " ~"Zxllh gZ ]jZgbp_ jZza~_eZ “"\mo kj_" ijhbko
b ij_ehfe_gb_ k\_ITh\MIhZempgduc b ij_ehfe _gguc
e_"Zl \ h~rghc iehkdhklb k iZz*"Zxsbf emqghf ,b i_jl
\hkklZgh\e_gguf d ]jZgbp_ jZa~_edjb Ihigd__ gbb_g
mlhe iZz~_gby jZ\_g m]elmbhiljjzehfiebygbb hlgh+y_gb_
gmkZ mlezZ iz*_gby d kbgmkm ml]eZ ij_ehfe-_ggh]
gbx ihdZzazl_ey ij_ehfe_gby \lhjhc kj_~u d-ihdZa
gby i_j\HKc ihfhsvx emqg_\hc fh”_eb fh'gh dzZg_kI\_
gblv jZkijhkljZzg_gb_ k\_1Z ifbkihéwemyfihgylb_ ihe
Jh \gmlj_gg_1lh hljz ' _Bg k\ZyZhilbdZ iha\hey_1I \h
kemqgZyo ~hklZlhggh ohjhrh h[tykgylv aZdhgu hlj.
e _gby kK\HMgyZdh ,ykihh h[ezZklv ijbf_g_gby emqg_\hc
h]jZgbq <glZdbo y\e dfldyobnjZdpby b bgl_jn_.j_gpt
kms_klI\_ggh ijhy\ey_Iky \hegh\Zy igbjdvay kkqgbZzZ|
glh k\_I jzkijhkljzgy_Ilky ijyfhebg_cgh

17



U 11
AL JAoc JAvrsd

2.1. Istdsotsj eOod jddj

L_hjby \hegh\h]lh “\b~_gby kh~_j bllljb iheh  _g

xkms_klI\m_| g_dhlhjZy nbabqdihdEjZYy eligbgidc
fhf_gl \j_f_gb bf__ I \ dZz"~hc lhqd_ ijhkljzgkI\zZ
baf_jbfh_ agZq_gb_

xagZq_gb_ wlhc \_ebgbgu \ dZdhc eb[h lhqd_
\j_f_gb bkiulu\Zlv i_jbh~bq_kdb_ baf_g_gby beb

x\hafms _,gkbms_klI\mxs__ \ g_dhlhjhc lhgd_ ijhk
nZgguc fhf_gl \jifhgad\h”*bl ZgZeh]bggh_ \hafms_

k_~g_c Ihgd_ \ g_kdhevdh [he__ ihaMghd dhd_gl \
eZklv \hafms_gby g_ij_jul\gh i_j_f_sZ_Ilky ba h~g
Ih._

lj_~iheh pbdlh \hafms_gb_ ijhbahreh bdhgdguc
fhf_gl \j_f(ybgZr_f kemqgZ_ gZqgZeh h)lkWylbZ\hja f_
fms_gbkimkly g_dhlhjht_ ifjhyfheyxlky gZ g_dhdhjhf
klhygbb hl gZzgzZevdhgdhlgdb j ~Zxlky k hij_~_ e _g¢
kdhjhklxxgzr_f ke 2/ J, ]"n-ihdZazZl_ev ij_ehfe_¢
kKj_Au

>ey ijhklhlu jzkkfhljbf h”githf gdghjZ\e_zhxk
ijhkljZg_gb_ \hafihs Bo\Wby dZd nmgdpbx dhlzjbbgzl
\j f _gbHq _\b2ghh q_j a tjr®#yggh_ \hafms_gb_ ~hk
lhgdbz+ct, Z kzZfh \hafms_gb_  fh'gh \ujZabl
U f(z ctit t), b _keb \hafms_gb_ jZkijhkljzgy_lIky
gby \ gZijZ\@ §badp Ih "he gh \uihegylvky mkeh\b _

f(z,t) f(z ct,t t). (2.1)

>Zgghfm mkeh\bx m~h\e_I\hjyxbf\hesfims nghbgd
pbhgZevgmx aZibkbfhklv

Uu f(ct 2, (2.2)

L d_kett+t, lhz=z+ct b ih~"klZgh\dZ ~Z_| |Zdhc
1ZIglh b itjbtz=2

U f(cTt t) (z ct)) f(ct ct z ct) f(ct 2).(2.3)

18



< hljbpzl_evghf gzZijz\e :¢VEO)h\th&foms _gby hib

ku\zxlky @?P VY, ]~f g g_ij_julgu_ nmgdpbb
ljh*bnn_j _gpbjm_f ihemg_ggmx nmgdpdhHi \hafm
u f(ct 2
w —\f(ct 2 f(ct 2)
w = ct 2)
WU wif(ct 2)
W et 2)? (24)
u —\f(ct 2 c~\f(Ct 2
Woow \ct 2)
W, Vif(ct 2)
W S w27 (25)
KjZ\gb\Z4) b(25), ihemqgbf
U o1wU .
7 dwk - (26)

WIlh mjzZ\g_gb_ gZXkhedh\bkpZjZdl_jbam_1I jZkijhl
g_gb_ \hafm@@hglyk ihklhygghc kdRjhkdvlaf_g_gb)
nhjfulLZd dzZd wlh mjzZ\g_gb_ _klv ~“bnn_j_gpbZ
\lhjhlh ihjytdzhgh bf_ | "\Z iz BIPYWY b7g=
= B(?P VY b ex[Zy ebg_cgZy dhf[bgZpby wlbo-j_r_g
_lky j_r_gb_f mjZ\g_gby

Ba kzZfh]lh ~“bnn_j _gpbZevgh]lh mjzZ\g_gby g_eva
gb_ h nhjf_ nme(®pmY bB(?P V (fh'gh lhevdh -mlI\_j
“~Zlvglh wlb nmglhygob _ \hggkijhkljZgyxlky gZ\klj_«
Aim] Afjm]m kh kddhjhklvx

< dZqg_kI\_ ijbf_jzZz jzZzkkfhljbf jZkijhkljZzg_gb_ fi
g_kdhc \hegu \ hrghf_jghf ijmkgjzogkif\ZIbq_kdZy \he
ij_"klzZz\ey_ | kh[hc \hegh\mxmndigdplbx ]Zjfhgbqg_Kk
kbgmkhb”Zehigikggmkhb*Z e®gaZd\tbkbfhklv hl \j_f_gt

(VP= 74cos(fi PFGYY 2.7
1" _iZjzZf_HK4 m]leh\Zy qdkl-hiZieblmRZ hij_~ _ebf
iha"

Qlh[u ijh\_jblv Ihlghtz#ZzggZy nmgdpby y\ey_ Ik
_f\hegh\h]h mjZy9~gby_j gpbjm_f
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I|_|| = {Upsin( i PF GV® : G

L1 L RS 7g0s(ii PF GV 2.8)
',—'g L Elsin( i PE GV @)

—g' L Fi%7cos(fi PF G\V. (2.9)

lhemqg_ggu_ \uj238) d®) ih~"klz\bf \ \heghth_ m)]j
g_g2.6):
F&7,cos(fi PF G)\& r—o' 7.0s(fi PF G)V.

Hlikx%Z
G= 7, SR (2.10)
kgzZau\Zxl \hegh\uf qﬂ)lkdhfgh \ujZablv ih: ~jm]hfm
6
W 85
G —'= 5~ ®J— ®. (2.11)

AZ\bkbfhklv \hegh\hc nmgdpbb hl \j_f _gb gZ]e
ke _"mxsb_ izjzZf_lju

74—Zfieblm’\Z Yhegu

6= 1V§-29VH _jbh” fhghojhfzZlbg_kdkcphegu

=1}

=2 & &F o;E|N@N\aor\(§g

FUAOONOBAADHE) : NOOE U EXHEO AERS™®- 3 x

x10% =}

(V= G¥nZah\uc kmdjz

L Q)@—’\ebgz \hegu k\_I1Z \ k\h[h~rghf ijhkljZgkl
L O6®— 6-——"eng \hegu \ fZl_jbZe_ k ihdzZaZzl

ehfe_g’by .
k-\hegh\h_ dtGeeAfw.

GZ jiBK ihdZazgz azZ\bkbfhklv \hegh\®wnghtghdpb
glh \hegz \ I_q_gb_P\j_jf falklbezZkv gz jz¥Klhyghb_
_klv IThgdb k hij_~_e_gghc nZAahfc gblPig jgb kib
ebkv gZlhwlhfm

Qo

an g)z -

&= & (212)
gZau\Zxl nZah\hc kdhgaklvxke BygZ?
20



7(2,1‘) Ulz,t+at)

JbR1 JZKkijhkljZzg_gb_ \hegw \“hev hkb

£ELAP F GdZau\Zxl iheghc nZadklhhZ2guwz\btkbl hl
bz

NZaim{Vy L GVk\yaZggmx k baf_g _mghjHctmglgh]h
\heghgZau\zZxl gZ[_]hf nZau beb nZah\ff_kjb\d]hf
kdh_ f_klh h*bgzZdhl\uo agZq_gbc nZa gZau\Zxl|
< iehkdhc ]Zjfhgbg_kdhc \heg, iwjh géhd&nlellygZ
gZijZ\e _gbx jzZkijhkljZg_gby

2.2. LEEHCOW cOLhEHAYNSOW oistdO o Istejr dLds s jldwn

< h[s_f kemqgZ_ \hegh\h_ mjz\g_gb_ bf__1I \b”"
e __SLT
1° 7= IR (2.13)
17 15— hi_jzlhj EzZiezkZ b \ ~_dZjlh\hc kbkl_f_
kfljbelV)
T 1 L e

A” kv m _ \hegh\Zy nhjfnpeyz) &Z\bkbl hl
7 L(7 & UALV &oB(fi P FE@R N (2.15)

21



1" & &+ &+ 6L jZ "bmk \_dlhj f_klhiheh  _gby

G &+ &+ GG F \hegh\h_ dbkehgghf kem\gdlhj

jZaeh _ggh_ gZ dhfihg_glu \ ~_dZjlh\hc kbkl_f_ d
G Ter UGH VG

lh~rklZz\bf \hegh\mx n@4¥5pbx\hegh\h_ mjzZ\g_g
(2.13). >ey wlh]lh jZzkkgblz_f qzZklgu2-]hhibhayhtguih
dhhjrbgzlzf b ih:\j_f_gb

@ Vg G AN

(@+ G+ G ; @gos(ii PF G&= — 74 iPF G@Y, hlkx"Z
@+ @+ G= G= 5. (2.16)

‘[khexlgh_ agZghimewegh\hlh dbkeln)z
6= G 5@+ G+ G (2.17)

Bkke_"m_f Zjimf_gl2d%kb g (k= f PF G,N
<hegh\u_ njhglu Awmdguih\_jogHklbagZq_gby nzZa h~
dhiyl .

E(NP= APFG,N ?KJMPkx"Z
f(N= G, NnZah\uc k™"\b] beb §@=1?K2&P.\ hij_
N e_ggu_ fhf_glu Y, f, &bts..) iehkdhklb \hEgu
T(N= ?KJORj_"_eyxl iehkdb_ \hegh\u_ njhglu
H~rgZdh
T(N= G&& GT+ GUW GW=2 e®™(M=123..). (2.18)
LZdbf h[jzaB&aZN bf__ | i_jbh*"b@dgBdkll\ k\hx
hg_j.MNbku\Z_1 iZjZzee_evgh b "msb_ Ajm] aZ ~"jm]
gh\u_ njhgiluyji_g”*bdmeyjgu_ d \hegh\ rhe hkadllth | m
njhglu jZag_k_gu ~jm] hl ~jm]Z gZ jZkklhygb _
~_ 6
a= . (2.19)
dgZaulzZxl "ebghc \hegu

22



Y
Bonnosoi BekTOp

—
Z/
Jbk2. JZkijhkljZzg_gb_ iehkdhc \hegu \ Ij_of_jghf i

<hegh\u_ njhglu jZkijhkljZgyxlky ih gzZij&\e gl
kh kdhjhkjlZbghc nZdhbkx2):

? L £8 _p:

. (2.20)
sPe >

2.3. stz jShdts] tfts jHisOadidd]j osddse ¥ n WedSyd2.
(81081 A 1o I vl cicli2atio)

LZd dzd [hevrbgkl\h fzZl_fZlbgq_kdbo hi_jZpbc
Ablv k ihdZazl_evgufb, mqmf &kp bjoflhghf_Iljbglkdbfb
\ugbke_gby jZpbhgZevgh \_klb ke_Ym#%gb¥f h{lZa
dhkbgmkZ b kbgmkZ ihdZzZaZz,lijébghxkhbmlgdgp box \k _
h[oh~bfu_ \ugqbke_gby b \ dhgpkeb_ywimlgkh[ah”bft
ljblhghf_ljbq_kdhc (\atyjf_khhI\_IkI\_ggh ~_cklI\bl_
beb fgbfmx ,gZkkdb ihdZazl_evgzZywhimgudikbg<glz
hkgh\_ ij_~klzZ\e_gby \ dhfie_dkghf \b”_ e_"bl nhj

E*L ?KO x EFOEJX'E AB[E¥1L[E

Re—Real-\_s_klI\_ggZy gzZklv dhfie.dkgh]lh gbkeZz
Im—Imaginary—- fgbfZy gZklv dhfie_dkgh]h gbkeZz
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2kel & 1 h7,A ¢ hibku\Z_| ]Zjfhgbg_kdh_ dhe_[Zc
ieblm~figb mleh\hc qZ&khih¢bh/bH2 ES).
?keb gZqZevgzZy n#eZGjBANgZ2ujZ  _gb_ "ey ]Zjf
gbg_kdh]h dhe_[Zgby [m~_I
TAAK eADo | g KKk c¥Ro ) sRRA A ¢ (2.21)
@)
H[hagZqZy )
6)=7,K70, (2.22)
\Wh~bf ihgylb_ dhfie_dkghc ZfiebIm~u

(p/al)fﬁ)I =1/ Im{U} Im{U}

LA ]¢ Re(t) |""¢ Reft]

Jbk3. =Zjthgbq_kdh_ dhe _[Zgb_ b _]h dhfie_dkgh

LZdbf h[jzalhfie _dkghf \b”_ \hegh\Zy nmgdpby
6.0 =76) A ¢ (2.23)

| j_oh” hl dhfie_dkghc nhjfu d IjbJhghf_ljbq_kd
urh=Re[#1) =-c@t) E Fog (2.24)

1~ 78rty= B)ARY - dhfie_dkgh khijy ' _ggh 76aty:Zq_gb _

Ur=<c@®) A °E B) AV 5

DZd \b~gh b23, jttkfie _dkgZy \hegh\Zy7Zmtingdpb

1izZnbg_kdb ij_~klz\ey_IkyhVhgukjAfZsZ lky k m]e

qZklhl&e2E[OAC P Ebt=0 ]jznbd hih[jZz Z_1 dhfie_

gmx Zfiebli#)nfh~ mev dhlhjhc jZ\_g Zfieblmr_j Z
gu+@ =7,2 Zjlmf_gl jZ\_g gZqZrg{@hc=rdDa_

IhAkIZ\eFyt) = ) A €\ \hegh\h_ mj 2\1$) bmqb
lulZylh hi_jZibhpg_  azZ\bkBIlhi§76,t) L [P76) K¢z
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!T!@gl):!_!g[m) K <= 76) !_!Q[AY = FA@ K SUr) g_ azZ\bkbl
h'tt);

Ll herf) K
[1676) A &-= 768) A ¢
ke_~h\zZl,evgh
167@) +k 57 =0. (2.25)

Wlh mjzZ\g _gb_ gZaulZxl 1Zd _ mjZ\g,_bpb f =

G= —= “5-\hegh\h_ (kk@he)).

J r_gb_ mjz\g_gby = _evflhevpZ fh'gh gZclb ij
liZgbgguo mkeh\byo

Lzdbf h[jZghMklZ\e_gb_ \hegh\uo nmgdpbc \ dl
nhjf_ hle_]Jqz_1 ,jZldgfdL_fzZlbq_kdb_ hi_jZpbb k |
|_evgufb "Zgghf kemqgZ_ k wdkihgnmpdgby fufbu
ihegylv gzZfghlh <e I]hd ijb\_~_gu g_dhlhju_ ijbf_
hi_jZpbc k \hegh\ufb nijgtklbifed ggufb dzd-\ ~_c
|_evgHZd b \ dhfie_dkghehnlZzjdZogdh \uiheg_gb_ hi_
jZpbc bgl_ljbjh\Rmgbipjh\Zdbpg_cgu_ fzZI_fZlbqg_k
hi_jzpbkh ~_ckl\bl_evgufb \hegh\ufb nmgdpbyfb k
hi_jzpbyf \ dhfie_dkghf ij_~K3HB\e lglbb bkdexqg_gt
gZijbf_j hi_jZpbb \ugbke _gby ijhba\_”* _gbc kbgmkl|
pb¢kfljbel). < IZdbo kemqgZyo bkihevamxI|l *_ckl\bl_
p bx

2.4, RIS jfdodshs*, BsPESHs, A jtscd

Bgl_gkb\ghklv hij_~_ey_lky dzd kj_~gyy fhsgh
ih\_joghklb b ijhihjpbhgZevgzZz kj_"g_fm agZq
\hegh\hc nmgdpbb

Irt 2U%rt). (2.26)
=hjbahglZevgZy q_jlZ hagzZqzZ_|I mkj_"g_gb
kfljbel). Mkj_"*g_gb_ ijhbkoh”bl \h \j_f_gghf |
gzZfghlh ij_\urZxs_f i_jbh~bqgqghklv hilbg_&kihc

gzZfgh]lh f_gvrgff bgl_j _kmxsb_ gZk i_jbh”ru
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gZijbf_febl_evghklv hilbg_kdh)]h>déyinméehkgZ kdh]t
"bZiZahgZ i_jbh” hilbg_kdh]h pbdeZ hqg_gv fZe_g

106
T 0310" 310* 3 nk @ -

nk n_flhk_dmi§*Zz

Ijb hij_~_e_gbb bgl_gkifaeehlblbihevah\Zeb- g_dh
jmx \hevghklv k \\h~hf dhwnnbpb2;dl2Z2 Znefuph "crg Ky
m\b~bdlh bgl_gkb\ghklv hilbg_kdhc \hegu [m”_|I
fh mey dhfie_dkghc Zkifelpbmlrunnhjfm¢EI.10)). LZ
dZy \hevghklv “himklbfzZ \ kemqZ_bamegdn$ cc hiijllb c
p_kku bgl_jn_j gpbb b “bnjZdpkk &\ "2_Iky \ hkgl
ijhkljZzgkl\_ggh_ iheh _gb_ fZdkbfmfh\ b fbgbfmft
| evgZy bgl_gkb\ghklv

;he__ Thggh_ hij_~_e_gb_ bgl_gkb\ghklb ~z |
k\_IBaf_jblv baemqg_gb_ hilbqu kdhfdg\hmegwyh g_
\hafh ' ghdijb_fgbd baemqg_gby (ijbghfigndZ gbkeh
nhlhghhklb]Zxsbo gm\kl\bl_evghc iehszZz~db-ijb_f
Ilhjh_ dhg_qgh 1 Nj.fbh wlhc ijbgbg_ g _\hafh gh ij
kihkh[hifhf_sZy hilbg_kdbc ijb_fgbd \ g_dhl'hjmx
jZkijhkljzgy_lky Batghblv __ ZfiebIm2 mjbb fgBdm
k\_1Z [m~_1 j_]bkljbjh\Zlv bgl_gkbkghkdv ggney it
\j_f_g®Zf_ILbdlh \ jZ*"bh”"bZiZahg_ ijb_fgbd-jZ~bh
kijbjm_1 flgh\_ggh_, @dZjbfab gZijy _gghk(Zfihey
ieblm”~m Bh.nZam

Hilbg_kdZy fhsghklv oZjzdl_jbam_Il hilbg_kdm:
ijhoh”"ysmx q_j_a i®hsz”v

Pt 3 r,t dS. (2.27)
S

Hilbg_kdZy wg§ jlbmeywy&Zdhie_ggZy aZ ~Zgguc \
ghc bgl_jYAey_Ilky bgl_]J]jZehf hilbg_kdhc fhsghklb
\j_fy

1
Wg_jlby Pt dt (2.28)

FZl_fZlbq_kdb bgl_gkb\ghklv hilbg_kdhc- \heg
klZ\blv \ dhfie_dkghf \b~_
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~ 12
Irt 2U%(rt) 2 ;“Ur ,
~ 12
Ir ‘U r (2.29)
LZdbf h[jZ&ahfbg_kdZy bgl

_gkb\ghklv fhghojhf.
\heg jZ\gZ d\z”jZIm Z[khexlgh]l]h agZq_gby .dhfie

2.5. aW jtedy jhSOW osdzdz0

<_jg_fky d ‘\hegh\hfm @i@\p_ighxibr_f _]Jh-\ kn_
jbg_kdhc kbkl_f_ dRkegdMbggl~ihehgdhv _Jh j_r_gb_
n_jbqg_kdb kbff, ljbdfphgh ihkimiblv ke_"~mxsbf h[
[11].

ImkIw _klv jz~rbmk Vil h}? _gguc \ ~Zggmx lhqc
gZqgZeZ dhhjhhyzI

N= T5+ P+ P (2.30)
ljhAbnn_j_gpbjm_f "Zggh_ ryZ%hhdb_Ikh,_ggh
ZM-ZT\f—%
Z?MZU\ :é (2.31)
2NF=2 v\ =l
Mqgblu\Zy ihemqg_ggu

_ gZklgu_, alznbr jfgjpgbZeu
_gby "ey khhl\_IklI\mxsbo dhfihg_gl \heghVt+hc nn
qg_kdbo dhhjfbgzZlzZo

Tl e A1 5 10
ICRECRER S
=@l L éLe s el (2.32)
a la a 14
oL@l FL el Sal
Ih~rkl1z\d332) \ \hegh\h_ mj4283),gbemqgbf
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R : & i il 7 A7 _
@+ 3+ 3hT F@+ 3+ 7A5+ 3%
Llpteli Tl 2@l
a a ta a 'a O ¢
o6 Al _ 5 -
GZagZgbf
7= N@&. (2.34)
Lhinrz
170 17 1-70 ;-7 -1 1
=" N®s+ 7,——= N® -+ —+ == N&-+2—;
la la la la ! ! la 1a
1.1 61T _ 51-7°0
Mg bl u\Z.g4): 'I—':: N@‘I—d
hidm~z U nel ell= 2 (2.36)
Ke_"h\zZl, ewgkl Z\ éx35) b(2.36)\(2.33),ihemqgbf
2e - 2@ &l
a la a O l¢
(ad) _ 5 1-(4)
& -6 & (2.37)
J r_gb_ ~Zggh]lh \hegh\h]lh mjZ\g_gby ba\_klgt
N & 7,cod ii PF G)N ﬂ—c'gs(ﬁPFG)l,\l (2.38)
b \ dhfie_dkghf Brup= 18 A e= LI ¢ (2.39)

NZah\u_ njhglu kn_jbg_kdbo \heg ij_"klZ\eyx
ih\_joghklblklZxsb_ “~jm] hl ~jm]zZz gZ MZakklh
kfjbk2.4), ]*_a fh gh gZclb ba khhlghe agWy =
=1,2,3..),

S Ne2ewm
N MakME1, 2,3...0 (2.40)

AZf_Ibdlh ZfiebIm~Z kn_jbq_kdbo \heg aZlmoZz
ijhkljZzg_gby ih 3Zdbgmgkb\gfklv i
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£y= e "55" (2.41)

Hlkx"Z ke,_’qrhh_ldhebq_kl\h,ng1_lj_]dbhxs_c q_j_e
_"bgbpm \hegh\hc ihij_fjbrgjtpbbltbgZeaivg)rke_’\h\z-l_ev
ghihegZy wg_ijhmyhrysZy q_j_a ex[mx dhgp_gljbqg_
jm k p_gljhf \ gZqgzZe, gdhaj2\tbgkdN hd ih\ _joghklv

n_ju jZ~bmkyvgze f

JbR4. NZah\u_ njhglu kn_jbg_kdhc \hegu

AZf_lbdlh \hegu k dhfie_dkghc Z(Reblefarhcizk
ijhkijZgyxIky hi bkIfq@bgghf kemqZ_ gZqZjed théj b
gu k dhfie_dkghc ZfigmimAfe hibku\zZxl \h&kgmey
smxky d gZgZem .dhhj~bgZl

26.D\Zabiehkdb_ \hegu
<hegh\h_ mjzZz\g_gb_ = _evflhevpZ ey iZjZdkbz

GZ ijzdlbd_ g_\hafh'gh kha”Zlv,gkbhggbdksib\_ |
iehkdb_ \hBbg_qgZy ijhly’, gtdikdd ijbgylh Jh\hjbl
dhg_qgZy Zi_jlmjZ, bjllthg"dpd ddZ | lgfim ZfiebIm~Z k\ _|
\uo dhe_[Zgbc baf_gy_IlkyiljiegRHdkléyjghc -gZijzZ
gbx jZlithng gby —-k\\Hdgbdz _| ijhkljzgkI\_¢
fh mebjh\ZggZy<\hjdénZjZgkl\_ggh fhmebjh\Zgghc |
\heg_ agZq_gby ZfiebIm”~u b nZau azZ\bkpif hlldhh
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f_klh kbilmZjblmypbibZevgh hlebgzZxsZyky hl IZdh\h
dhc \hegu

JZkkfhljbf iZjZdkhZjdwnhdku Yyulhegu. . \hegu hj
fZeb \hegh\uo njhglh\ dhlhjuo y\eyxlky (iZhBBkbZe
\ufh emqZeb). >ey ij_"klZ\e_gby IZdbo \heguqiljh"ihe
bf fiehkdmx théigem dkgzZy ZfiebImMAdhkghc
kmsZyhegBaf_g_gby Zfietbhiph\u*mdfld*me ypbdhg
ghc \heguN- dhfie_dkgZy h]lb[ZxeZydhfie_ dkgmx :
ieblm”"m iZzjZzdkbZevguo \heg fh gh ij_~klZ\blv

76N L #: N>R A (2.42)

>ey 1Zdh]lh ijb[ef{Zighdkbf2ptbbiehkdbf \hegZf
g_h[oh”bfh maglhkbvaf_g gb_ dhfie_dkghA(hpb[Zxs
ijhba\h"gZy ih gzZijzt*&degbu [ulv f_ gvrf "ebgZ \he
gu & tew

u(0,0,z) BoJiHOBBIE
|y

JbR5.1ZjzdkbZevgZyzh2kizhkljZg_gb_zih hkb
[-\hegh\u_ njhglu \ iekkdhklb

GZ jB5,ZihdZzazgZ \hegh\Zy nmgdpby iZjZdkb.
ih gZijZz\e_pgloxe0,y=0). GZ jB5,[ ihdZaZgu \hegh\u
njhglu b khhI\_IlklI\mxsb_ ghjfemlbdi egikfd hktb
<hegh\mx nmgdpbx fh gh ij_"klzZ\blke]lhZijb ¢ hkedb
"bly qlh jzkkfzljb\zZ_f jzkijhkljZzg_gb_ ihz giphijz\e_
t=0bx=y=0

7 N)&E=R#:Ncos(AP F GV E{#N). (2.43)

Dzd \b~bf ba \uj@43gbyjbR5,Z \hegh\Zy nmgdp!
ijb :¥0, &0, RO) ij_~klzZ\ey_| dhkbgmkhb~Zevgmx a
hiz k ZfiebImM#0B6, V| b gZgZevghe=M&Zapcy}, dz-

NZy ba dhlhjuo f_gy_Iky ihzgZijZ\e_gbx
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LZd dZd nZah\Zy khkN@&ey¥gZy_gy_Ilky g-agZqg
| _evgh gZ jZkkjlhwditdbrebg_ Ghldhhgbaf_g_gby \hegh\
njhglh\ g_kms_c iehkd6&2edyl, 2...) ITh' _ f-gy
xlky f_~e_ggh b iezaNdhbldhjfZzeb h[jZamx}t iZjZ
gu_ \hephk2.5,[.

Ilh~rklZz\eyy V\hegh\mx nmgdpbx iZjz@KBAewWeeuo \F
gh\h_ mjz\g_gb_ =_@ebhgvgZ _f ~bnn_j gpbZev
mjZ\g_gb_ ~ey dhfie_dkghtNh]b[Zxs ¢

lj_~iheh  _gblh#f N f gy |ky f_~e_ggh ih gZijz\e
ihalhey_| mi\jdidlvgZ jZkklhwgbd baf_g_glp_
gZfghlh f_gvr_ ih Voebioaid . #' #

10 |o o

?keb#:!'—? v:!,—‘lf|, lh =12

_ 28 5= 8 . 0k )
L.d G Vg‘a—p, Ilh — 6<#C;‘-

—' #G
<lhjzy ijhba\h~gZy Ih"_ ~he’gZ f_gylvky f-_ ~e_g
gb@ ke _"~h\Zl:evgh
!.Ol !DI . !.0'
— ' Gg' G#6 G- #; ' G-# (2.44)
>ey "Zevg_cr_]lh ZgZebazZ m”h[gh ij_~klZ\blv h
bghf \b"_

7= T8+ —, (2.45)
]~ 8- ihi_j_qguc hi_jZlhj @zieZkZ L h[hagZqZ_|
i _ g g hklwansverse).

1= —+ (2.46)

||-
Ilh~rklzgh\dZ \hegh\hc nmgdpbb \ mjz\g259b_ =_
g_dhlhju_ ij_h[jZah\Zghy ijb\h~*yl

7(N= #HNAYPR [676N+ F7=0;
A#RYDH_ [#KYDI+ @#KYDJ—O

°Y'°[|6®ﬂ+ 9-A°YD+ # FFX YPE G#ARYPLQ;
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i§@+-— i2k— =0, (2.47)

HAgZzdh khl@a®gh ' k=, ke _~h\ZI, éhgdh ij-g_
. !AO .
[i_qv keZ]ZAu®A47):

iS@ F2F& =0. (2.48)
>Zggh_ mjzZ\g_gb_ gZaulZ_|ky mjz\g_gb-f =_
jZdkbZevguobklbegZjZzdkbZevgh_ mjzZ\g_gb_ =_evf]

GZihfbgzZgfh ~Zggh_ mjZ\g_gb_ ihemqgbehkv
= _evf]l]hevpZ ijb zZiijhdkbfZpbb iehkdhc \hegu \he
f_gyxs_cky hlb[gXZabiehkdZ)y \hegZ

ljhkluf j_r_gb_f iZjZzdkbZevghlh mjZ\g_gby =_
eyxlky 1Zd gZau\Z_fu_ iZjZ[hehb delhgu_ \hemqgZ
xIky ijb ZiijhdkbfZpbb iZjZdkbZevguo.kn_jbq_kdb

I1ZjZ[hehb”Zevgu_>Hiegkiibklhggbd baemqg -gby k
qg_kdbo \heg gZoh”blky \ g4iZ0._ dhhj*bgZl

JZkkfhljbf \hegm A(thndgZoh”ys_cky hg_gv [eb
hkb gh hg_gv “"Ze_dh hllbklhggbdZ

¥Tr oy 822 g 220 g

H"rgZdh ZgZeh]bb k emqg_\hjb Hiigdd&bfZpbb iz
jZdkbZevguo \heg iZjZzdkbZevgufb emqgzfb k fZe_
dehg_gby ih hlghr_gbx d hkb

OEMN3 ]~ 2% "1, I d a6:e'l,>_"

Ke_"h\zZl dagdhh \ujZablv jZz"bmk \_dlhp énb nh]le
ijhkljZzgkl\_gguo dhhijgbgZzl

=T+ P+ B r=¥To+ B+ %= SV @+ —A

JZaeZ]Zy ihke_"~g__ \ujz _gb_ \ jy® L_cehjzZ b
i_j\u_ "\Z ge_gihg¢ytgbf Ziijhdkbfbjmxs__ \ujzZ _g
jZ "bmk \_:dlhjZz

P . 0
r=z3+ EFZ@"'—GF—<E®A

&

6> - (2.49)

r $@+ —éﬁ;z+
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K mg_(h49) dhfie_dkgmx ZfiebIm”m \hegh\hc nm
jbg_kdhc \(tkdga39))fh gh Ziijhdkbfbjh\Zlv
_° ovpa o VRIS p
U(r)—éA = A

I
] v, ~63 v .
(N N AR PR VE (2.50)
>7Z99Zy \hegh\Zy nmgdpby gZau\Z_4kijhdkbg e
fZpb_c kn_jbg_kdbo \heg ijb “hklZlhgghc m~Ze_qgc¢
kn_jbg_kdbo \heg

lhemg_ggmx \hegh\mx@b@gtpdypk ij_~klzZ\blv dzZ
iehkdmx \hegm
#4A’?YD,i
fh*mebjh\Zggmx [he__ f_"e_ggh f_gyxs_cky \heg
5 ?Ylsa—l%p
A
m dhlhjhc @Paz YotV DZd jZa wlZ khklZ\eyxsZy nZ
_llhgg__ k]bmZhdlu iehkdhc \hegu \ \b~_ iZjZ[heht
\_joghk(jbk2.6),l. d mjZ\g_gb_ ~ey iZjZ[hehb"Z
=27 = const.

I
DzZd jZza \ wlihc h[eZklb \hegu ohjhrh Ziijhdkbfb
ehb”rZevgufb \hegZfb

~[lapaboonIHbIEC BOJIHBI
——

*
Xz Z

Ccepuyeckrie BOJTHBI ~TT710CKHe BOHEI

Jbk.6.<b™ kn_jbg_kdbo \heg
ijb [hevrhc m~"Ze_gghklb hl bklhggbdZz
Dhl~rz : ', |h iZjZ[hehb”"ZevgZy nZah\Zy Kkhk
~——— :0b h[sZy nZaZ \hegu 0ZjZdI_jiadm' Bk Ihev
\_ebgb#®gvgZ 1Zdbo jZkkihfygphydky f_~teéhggh-jb
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g_kdmx \hegm gZ 1Zdboz ;ZkKhhgdbijo*klZ\blv iehk
dhe? VPRI

2.7.=jmiih\Zy kdhjhklv

J Zevgu_ \hegu hlebgzZxlky hl fhghaohhhdpgubq I
jZkkfZljb\Zeb gZ ijbf_jZo iehkdhc b knghbjg Zledhc
gu_ \hegu fh'gh ij_~klZ\blv k ihfhsvx wlbo fhgho]
\heg f_Ih~hf jZaeh _gby \(JyYb"Nmkwmffu [_kdhg_«
"eysboky kbgmkhb” b.dhkbgmkhb?

lj_~iheh bdlh bf 2 fZjfhgbg_kdb_ \hegu k-g_ag:
gh hlebqzZxsbfbky mleh\ufb&Zkbh|HhMNgZ \hegZ bf_
_[(AE & mleh\mx qZEIWjmIBY &. KhhI\_Ikl\mxsb_
\hegh\u_ gBke®d) Ih"_ [m~ ml hlebgZlvky m wlbo
H[hagZgbf bGHZB "ey i_j\hc \(lG&Fgdp ey \Ihjhc
\ h e g[@z2].

>ey ijhklhlu ZgZebaZzZ ij_ihewlbf”\_ \hegu bf_
hr"bgzZzdh\mx zZfigbbmpdkijhkljZgyxlky \ h~rghf gZijZz
z Lh]*Z kmi_jihabpby wilbo “A\mo \heg [m~_|I

izt k ' i t k kzz 9, Z
U Uge 7% 5 U,e s
erj Z tke k 'erj t EZkz'Ekz
erj Z kz ej t Zkz 'erj t kzg ej t kz' Zz

U ej ¥ kz @ej >t’Zkz@ej>t kza@
0

=

2U,cos 'Z kze "¢,

U, 2U,cos 'Z kzé *%, (2.51)
lhemqg_ggmx \hegh\mx nmgdpbx fh gh bgl_jij_
bf _f hAgm g_kms@UxelHegmh mebjh\Zggmx f_"e
f_gyxs_cky \hegh& 'kz, dhlhjmx _s_ gZaulzZxl h]b
s_¢jbk2.7).
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?keb g_kmsZy \hegZ jZkijhkljZzgy_|ky k nZa

z
Vi 1o (\ kK\h[h~ghf ijhkljZgkd)_Ih dZd \b/bib[Zx

sZy g_ ™\b _lky k wlhc Kdithjjinkkllwx*\b~ _gby h]lb[Zx
gZau\zZx!l ]jmiih\hc kdhjhklvx

.0 a § V4 .0

» COSK Z1 — .»

a 'k
cos' A 'kz cos, Z% —z
- © Yo o« o Vi

ik T ok (2.52)

JbR7.Kmi_jihabpby "\mo ]JZjfhgbqg_kdbo \he

< lj_of_jghf ijhkljZzgkI\_ ]jmiih\ZyZ kdthjhEkRh\Z\
bf__1 khklZ\eyxsb_ m _ k qZklgufb ijhba\h”rgufb
Vi lz; 2 . vV, L’Z_
w 1y \k liz \N
X y z (2.53)
GZc~_f aZ\bkWfhhilvihdZazZl_ey ij_ehfe_gby hil
kj_AudhlhjZy nmgdpbhgZevgh azZ\bkbfZlL hljZebgu
kfhljbf kemqzZc jzZkijhkljZzg_gby k\_1Z \ ~bki_jl
nmgdpbhgZevgZy aaZhbkbjifhkk¥Z1jb\Z . M)y \ Je
<j_fydhlhjh_ 1jzZIbl h]b[ZkRkEEZyijkbhggh_ \j_fy b
\j_fy aziza)\ZZdgh
35
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